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Mpeaucnosue

Uro Takoe HCKYyCCTBEHHblE HEHpoHHBIE ceTu? UYTo oHM MoryT aenath? Kak oHu
pabotaror? Kak MX MOXHO HCIOJIB30BaTh? DTH M MHOXECTBO MOJOOHBIX BOMPOCOB 337at0T
CIIENMAJIUCTBI W3  pa3HbIX oOsacteir. Haiitm  Bpa3syMHUTENBbHBIA  OTBET  HEJETKO.
YHUBEPCUTETCKUX KYpCOB Majlo, CEMHUHAaphl CJIMIIKOM JIOPOTH, a COOTBETCTBYIOLIAS
JUTEpaTypa CIMIIKOM OOIIMpHA M CIEUUAJM3UpOBaHHA. [ oToBsIIMEcs K Ie4yaTu
MPEBOCXOJHbIE KHUTH MOTYT O0OECKYpaXMTh HayMHAIOMMX. YacTo HamMCcaHHbIE Ha
TEXHMYECKOM >KaproHe, MHOTHE M3 HHUX IMpEAnoyaraloT cBOOOJHOE BiaJieHUE pas3aeiaMu

BBICILIEH MAaTEMATUKH, PEAKO UCIIOJIb3YEMBIMU B IPYTUX 00JIaCTSIX.

OTa KHUTA SIBIIETCA CUCTCMATU3UPOBAHHBIM BBOJHBIM KYPCOM IJIA HpO(I)eCCI/IOHaJIOB,
HE CIeHUATH3UPYIOUXCS B MaTeMaTtuke. Bece BakHble MOHATHS (OpMYITUpPYIOTCS CHaudaja
OOBIYHBIM SI3BIKOM. MareMaTu4yeckie BBIKJIAJKU HCIONB3YIOTCS, €CIU OHM JIeNaroT
u3NoKeHue Oosiee sICHBIM. B KOHIIE TJ1aB MOMEIEHBI CIIOKHBIE BBIBOJBI M JI0KA3aTEIbCTBA,
TaKXKe TMPUBOJATCS CCBHUIKM Ha Jpyrue paboTbl. DTH CCBUIKM COCTaBISIOT OOIIMPHYIO
Ooubnmorpaduio BaXHEHITUX padoT B 007aCTsIX, CBA3aHHBIX C UCKYCCTBEHHBIMH HEHPOHHBIMU
ceTssMi. Takoil MHOTOYPOBHEBBIN IMOIXOJ HE TOJHKO MPEIOCTABISET YUTATEIIO 0030p IO
HNCKYCCTBCHHBIM HCﬁpOHHBIM CCTAM, HO TaKXC IO3BOJIACT 3aWHTCPCCOBAHHBIM JIMIAM

cepbe3Hee U Ty0xke N3yUUTh MPEeMET.

3HaYuTeNbHbIE YCUIUS OBLIM MPUIIOKEHBI, YTOOBI CcleNaTh KHUTY TMOHSATHOW u 0e3
Ype3MEpHOTO YIpOULIeHHWs MaTepuana. YuTaTenlsM, MOXKEIaBIIUM MPOJOJDKUTE Oojee
yIayOJIEHHOE TEOpeTHYeCKOe W3ydeHHWe, He TMpHIETCs mepeydnBaThes. Ilpu ympormeHHOM

W3TI0’KEHUU JTAI0TCS CCHUTKH Ha OoJiee moapoOHbIe paboTHI.

KHury He o0s13aTenbHO 4uTaTh OT Havana 10 koHua. Kaxaas riaBa mpearnosaraercs
3aMKHYTOH, MOATOMY JUIsl IOHUMAHUS JOCTAaTOYHO JIMIIb 3HAKOMCTBA C COJAEpXaHHUEM I 1
1 2. XOTsI HEKOTOPOE MOBTOPEHUE MaTepuaia HEM30€KHO, OONBIINHCTBY YUTATENEH 3TO HE

OyJeT 0OpeMEHUTENBHO.

Kuura nMeer mpakTH4ecKyro HampaBleHHOCTb. Eciu rimaBbl BHUMATENBHO W3YYEHBI,
TO OOJIBIIYIO YacTh CETEHl OKa3bIBAETCS BO3MOXKHBIM PEaM30BaTh Ha OOBIYHOM KOMITBIOTEPE
oOuiero Ha3HaueHus. YuTaTento HaCTOATEIbHO PEKOMEHAYETCs Tak M mocTynath. Huxakoit

JIpYToi METOJ] HE TIO3BOJIHUT JOOUTHCS CTOMb XK€ TITyOOKOTO MOHUMAHUSI.

BJIATOOAPHOCTHU

[Ipexae Bcero camyto riryO0OKyI0 MPU3HATENBHOCTH 5 XOTEN Obl BBIPa3UTh CBOCH JKeHE
Cape 3a TO, YTO OHA BOOJYILIEBJIsJIa MEHS, a TAK)KE 3a €€ TEPIEHHUE B TEUEHUE TEX MECSIIEB,

KOTOpBIE 5 IIPOBEJI 32 MUIIYLIEH MAIlIMHKOM.



51 xoten Obl MOONArOmapUTh MOUX JApy3eH M KOJUIET, KOTOPbIE TaK BEIMKOMYIIHO
JapyiId MHE CBO€ BpEMS M 3HAHHs, MCIPABIIUIM MOM OIIMOKM M CO3JIaBaiu arMmocdepy,
CHOCOOCTBYIOLIYIO pa3BUTHIO uiei. 51 xoTenm Obl BBIpAa3UTh MOIO 0COOYIO MPU3HATENBEHOCTh
Dr. Surapol Dasananda, Santa Clara University; Dr. Elizabeth Center, College of Notre
Dame; Dr. Peter Rowe, College of Notre Dame; Caries Rockwell, Microlog Corp.; Tom
Schwartz, The Schwartz Associates; Dennis Reinhardt, Dair Corp.; Coe Miles-Schlichting;
and Douglas Marquardt. brnaromapio Taxxke Kyla Carlson u Nang Cao 3a momomp B

MOATOTOBKE WILTIOCTPALUH.

Ha mue JICKUT, pa3yMECTCA, OTBCTCTBCHHOCTL 3a BCC OCTABHIMCCA HCUCTIPABJICHHBIMU

OLHI/I6KI/I, TaK KakK MOM JPYy3bs U KOJIJICTH HC MOTJIM OIICKATb MCHA C)KCMUHYTHO.

BBepeHue

NMNOYEMY UMEHHO UCKYCCTBEHHbIE HEAPOHHbIE CETU?

ITocne nBYX AecATHICTHH MOYTH MOJTHOTO 3a0BEHHS HMHTEPEC K HCKYCCTBEHHBIM
HEHPOHHBIM CETSIM OBICTPO BBIPOC 3a TOCJIETHHE HECKOJIBKO JieT. CIenuaincTsl U3 TaKhX
JaneKkux oOyacTei, Kak TEXHWYECKoe KOHCTpyHpoBaHue, ¢uiocopus, (uznomorus u
NICUXOJIOTHS], 3aMHTPUTOBAHbI BO3MOXKHOCTSIMU, MPEIOCTABIIEMBIMH ITOH TEXHOJIOTHEH, U

HIIYT NPUITOKECHUA UM BHYTPHU CBOUX TUCHHUILIWH.

DTO BO3pOXKACHHE WHTEpeca ObUIO BBI3BAHO KaK TEOPETUYECKUMH, TaK U
NPUKIAAHBIMU  TOCTHXKEHUSIMU. HeoXuaaHHO OTKpPBUINCH BO3MOXKHOCTH HCIIOJIb30BaHUS
BBIUKCIICHUH B cepax, A0 ITOT0 OTHOCAILIUXCS JTUIIb K 00JaCTH YeI0BEYECKOTO UHTEIICKTA,
BO3MOXXHOCTH  CO3[JaHUSl MAIllMH, CIOCOOHOCTh KOTOPBIX VYYHMTbCS U  3allOMUHATH
YIAUBUTEIBHBIM 00pa30M HAIIOMHUHAET MBICIIMTENbHBIE MPOIIECCHl YEJIOBEKA, M HAIOJHEHUS
HOBBIM 3HAYUTENHHBIM COJICP)KAHUEM KPUTHKOBABIIETOCS TEPMHHA «HMCKYCCTBEHHBIH

HHTCIIICKT).

CBOMCTBA UCKYCCTBEHHbIX HEMPOHHbIX CETEN

HckyccTBeHHBIE HEMPOHHBIE CETU MHIYLMPOBAaHbI OMOJIOTHEHN, TaK KaK OHU COCTOST
u3 OSJICMCHTOB, (I)YHKL[I/IOHEUIBHBIC BO3MOXHOCTH KOTOPBIX aHaJIOT'MYHbI 6OJ'H:H_II/IHCTBy
3JIeMEHTapHBIX (YHKIUN OMOIOTUYECKOT0 HEHpOHAa. DTH 3JEMEHTHI 3aTeM OPraHUu3yITCs 10
croco0y, KOTOPBIM MOXET COOTBETCTBOBATH (MM HE COOTBETCTBOBATH) aHATOMHH MO3Ta.
HecmoTpss Ha Takoe TOBEPXHOCTHOE CXOJICTBO, WCKYCCTBCHHBIC HECHPOHHBIC CETH
JEMOHCTPUPYIOT YIUBHUTEIBHOE YHCJIO CBOWCTB Mmpucymux wmo3ry. Hampumep, oHHM
00y4aroTCsl Ha OCHOBE OMbITa, 0000IIAIOT MpeAbIAYIUEe MPELeJeHTHl HAa HOBBIC CIy4Yaul U
W3BJICKAIOT CYIIECTBEHHBIE CBOWCTBA W3 TOCTyMawIned uWHQOpMaIuu, cojaepKalien

U3JIUIIHUE JaHHBIC.



Hecmotpst Ha Takoe (DyHKIIMOHAIBHOE CXOJICTBO, JaXK€ CAaMbId ONTHMUCTUYHBIN HX
3aIIUTHUK HE TMPEINOJIOKHUT, YTO B CKOPOM OyIyIIeM HCKYCCTBEHHBIE HEUPOHHBIE CETH
Oynyt nmyOomupoBaTh  (YHKIIMH  YEJIOBEUECKOTO MoO3ra. PeallbHBI  «HUHTEIUIEKTY,
JEMOHCTPUPYEMBIA CaMbIMHU CJIOKHBIMA HEHPOHHBIMH CETSIMH, HAaXOJIUTCS HUXKE YPOBHS
JOKIEBOTO 4YepBs, U DHTY3Ha3M JOKEH OBITb YMEPEH B COOTBETCTBHM C COBPEMEHHBIMU
peamusivu. OgHAKO paBHBIM 00pa3oM OBLIO ObI HEBEPHBIM WTHOPHPOBATH YIUBUTEIBHOE
CXOACTBO B (DYHKIIMOHUPOBAHUU HEKOTOPBIX HEUPOHHBIX CETEH C YETOBEUECKHM MO3TOM.
OTH BO3MOXHOCTH, KaKk Obl OHM HU OBLIM OrpaHUYECHBI CErofHs, HaBOJAT Ha MBICIb, UTO
rIyOOKO€ TNPOHUKHOBEHME B  UYENOBEYECKUM  HWHTEJUIEKT, a TakKkKe MHOXECTBO

PEBOJIOIMOHHBIX MPUIIOKEHUH, MOTYT OBITH HE 32 TOPAMHU.

Oo0yuenue

HckyccTBeHHBIE HEWPOHHBIE CETH MOTYT MEHSTH CBOE MOBEICHHE B 3aBUCUMOCTH OT
BHEIIHEH cpebl. ITOT pakTop B OOJIBIICH CTEMEHHU, YeM JII0O00H JApyrol, OTBETCTBEH 3a TOT
WHTEpPEC, KOTOPBI OHM BBI3BIBAIOT. [lociie MpenbsSBICHHUS BXOMHBIX CHTHAJIOB (BO3MOXKHO,
BMeCTe ¢ TpeOyeMbIMH BBIXOJAMH) OHHM CaMOHACTPAMBAIOTCS, YTOOBI 00ECre4YnBaTh
TpeOyeMyo peakiuo. beiio pa3paboTaHo MHOXKECTBO 00YYaIONIMX aIrOPUTMOB, KaXKIbBIH CO
CBOMMH CHJIBHBIMHU ¥ cl1a0biMu cTOpoHamu. Kak Oyner ykazaHo B 9TOW KHHUTE TO3IHEE, BCE
eIl CYIIECTBYIOT MPOOJIEMBI OTHOCHUTEIBHO TOTO, YeMYy CETh MOXET OOyUYHThCA M Kak

00yueHHe JJOKHO MTPOBOIUTHCS.

O000IEHNE

OTKIIMK ceTH nociie 00y4eHHs: MOKET OBbITh 10 HEKOTOPOM CTENIEHN HEUYBCTBUTENECH K
HEOOJBIINM H3MEHEHUSIM BXOIHBIX CHIHAJIOB. DTa BHYTPEHHE NPHUCYyINas CIIOCOOHOCTH
BUETh 00pa3 CKBO3b IIYM M MCKA)KEHUS JKU3HEHHO Ba)KHA Ui paclio3HaBaHHs 00pa3oB B
peampHOM Mupe. OHa TMO3BOJIIET TPEOJOJETh TpeOOBaHHWE CTPOrOM  TOYHOCTH,
IpEABSIBIAEMOE OOBIYHBIM KOMITBIOTEPOM, M OTKPBIBACT IIyTh K CHUCTEME, KOTOpask MOXKET
UMETh JIeJI0 C TEM HECOBEPUICHHBIM MHPOM, B KOTOPOM MBI )KMBEM. BaXHO OTMETHTB, YTO
UCKYCCTBEHHass HEHpOHHas ceTh JenaeT oOOOIIeHUs aBTOMATUYECKH Ojaronmaps CBoeH
CTPYKType, a HE C TOMOIIbIO HCIOJB30BaHUS «YEJIOBEUYECKOTO HWHTEIEKTa» B (opme

CIICHHUAJIBHO HAITMCAHHBIX KOMIIBIOTECPHBIX ITPOTpaMM.

AOcTparupoBanme

Hekotopple M3 HCKyCCTBEHHBIX HEHPOHHBIX ceTell 007a1alT CrocOOHOCThIO
U3BJIEKaTh CYIIHOCTh M3 BXOJHBIX CUTHaiOB. Hampumep, ceTb MokeT ObITh OOyueHa Ha
HIOCJICIOBATENEHOCTh NCKKEHHBIX BepCHid OYKBBI «A». [1ociie cooTBETCTBYIONIETO 00y YeHUs

NpeIbsIBICHHE TAaKOTO MCKa)KEHHOTO NMpUMEpa MPUBENET K TOMY, UYTO CETh MOPOJUT OYKBY



coBepuIieHHON (opMbl. B HEKOTOPOM CMBbICIIE OHA HAYYHUTCS MMOPOXKIATh TO, YTO HUKOI/IA HE

BuacCIa.

Ora cmocoOHOCTh W3BIEKATh WACATBHOEC U3 HECOBEPIICHHBIX BXOJOB CTaBUT
uHTepecHble Quocodcekue Bompocskl. OHA HATOMHUHAET KOHIEHIMIO UICalOB, BBIIBUHYTYIO
[Tnatonom B ero «PecmyOmnuke». Bo BcsikoM ciydae CrOCOOHOCTh M3BJIEKATh HIeallbHbIE

IMPOTOTHUIILI SABJIACTCA Yy J'IIOI[GI\/'I BE€CbMa ICHHBIM Ka4C€CTBOM.

IIpumeHuMoOCTH

I/ICKYCCTBCHHBIC HCﬁpOHHBIC CeTH HE SBIISIOTCSA ITaHalleeH. OHI/I, O4YCBHUAHO, HC
ToaiATCA JIsA BBIIIOJJTHCHHMS TaKHMX 3ajad, KaK Ha4YHCIICHHC 3apa60TH0171 IJIaThI. HOXO)KG,
OJHaKO, 4TO UM 6y,IL€T OTAAaBaThCA NPCAINIOYTCHUC B OOoJIBIIIOM KJIacce 3aaa4 pacriO3HaBaHUsA

00pa30B, ¢ KOTOPHIMH IIJIOXO UJIM BOOOIIE HE CIIPABIISIFOTCS OOBIYHBIC KOMITBIOTEPHI.

WCTOPUYECKWUIA ACNEKT

Jlrozmeit Bcerja MHTEPECOBAIO MX COOCTBEHHOE MBINUIEHHE. DTO CaMOBOIPOLICHHUE,
JyMaHHe Mo3ra O cebe caMOM SIBJISI€TCS, BO3MOYKHO, OTJIMYUTENBHONW YepTOM 4eIOBeKa.
NMmeercss MHOXKECTBO Pa3MBILUIEHUN O MPUPO/IE MBIIUIEHUS, IPOCTUPAIOLIUXCS OT JYyXOBHBIX
no aHaromuueckux. OOCyXIeHHE 3TOro BOINpOCAa, MPOTEKABIIee B TOPSYUX CHOpax
¢mtocodoB U TEOIOToOB ¢ (prU3HOIOraMu U aHATOMAaMHU, IIPUHECIIO MAJIO MOJIb3bl, TaK KaK cam
IIpeIMeT BeCbMa TPYJEH I U3ydeHus. Te, KTO ONMpascs Ha CaMOAHAIU3 U Pa3MBIILICHUE,
OpUIUTA K BBIBOJAM, HE OTBEYAIONIMM YPOBHIO CTPOTOCTH (U3NYECKHX HayK.
DKCIepUMEHTATOPHI )K€ HAIIUIM, YTO MO3T TPYJIEH Ul HAOIIOICHHS U CTAaBUT B TYNHK CBOCH
opranusanueii. Kopoue roBops, MOLIHBIE METOABI HAYYHOI'O HMCCIEAOBAHHS, U3MEHUBLINE
Halll B3MUIAJ HAa (DPU3HYECKYIO PEATbHOCTb, OKa3aJlUCh OECCHWIIBHBIMU B IOHUMAaHHUU CaMOIo

YCJIO0BCKaA.

HeiipoOuonorn u HelpoaHATOMBI JOCTUTIIM 3HAYUTEILHOTO Tporpecca. YcepaHo
u3ydasi CTPYKTYpy U (YHKUMHM HEPBHOM CHCTEMbl 4YeJlIOBEKa, OHM MHOTOE€ TOHSIN B
«3IEKTPOIIPOBOAKE» MO3ra , HO Majlo y3Haiu o ero (yHKUMOHMpoBaHMHM. B mponecce
HAKOILJICHUSI MU 3HAaHUM BBISICHUIIOCH, YTO MO3T UMEET OIISTIOMIISIOLTYIO CII0KHOCTh. COTHU
MUJUIHAPJIOB HEUPOHOB, KXl U3 KOTOPBIX COEAMHEH C COTHSAMHU WJIM ThICSYaMH JPYTUX,
o0pa3yloT cucrteMy, JallekKo MPEBOCXOMASIIYI0 HAlld CcaMble CMeJble MEuThl O
CylepKoMIbroTEpax. TeM HEe MEHEeEe MO3T MOCTEIEHHO BBIJAET CBOM CEKPETHI B MPOLIECCE

OIHOTI'0 U3 CaMbIX HAIIPSKCHHBIX U YECTOIIOOUBEIX I/ICCJIC,Z[OBaHI/Iﬁ B UCTOPHHU YCIIOBCUCCTBA.

Jlydmee noHuMaHue (pyHKIIMOHUPOBAHMS HEWPOHA U KapTHUHBI €r0 CBS3€H M03BOJINIO
UCCIICOBATENIM  CO34AaTh MAaTEMAaTHYECKHE MOJEIM Ul IPOBEPKH CBOUX TEOpHH.
DKCIIEpUMEHTHI TeTeph MOTYT IMPOBOJUTHCS HA IU(PPOBBIX KOMITBIOTEpaxX 0€3 MpHBIICYCHUS

YCJIOBCKAa MJIM JKUBOTHLBIX, YTO PCIIACT MHOTHUC MNPAKTHUYCCKHUC U MOPAJIbHO-3THYCCKUC



npobnemsl. B mepBbIX ke paboTax BBISICHWIOCH, YTO 3TH MOJENHM HE TOJIBKO MOBTOPSIOT
(GYHKIMM MO3ra, HO ¥ CIIOCOOHBI BBINOJHATH (YHKIUH, UMEIOIINE CBOK COOCTBEHHYIO
[EeHHOCTb. [103TOMY BOZHUKIIM M OCTAIOTCSI B HACTOSAIIEE BpEeMs JIBE B3aUMHO 00OTraIaromme
JpyT-Apyra Lend HEWPOHHOIO MOJAEIHPOBAHUA: TepBas — MOHATh (DYHKIMOHUPOBAHHE
HEpBHOM CHCTEMBbI YellOBEKa Ha YPOBHE (PU3MOJIOTMM U IICUXOJOTHMM M BTOpas — CO3/aTh
BBIYUCITUTENFHBIE CUCTEMBI (MCKYCCTBEHHBIE HEWPOHHBIC CETH), BBITOIHSIONME (YHKIINH,
CXOAHBIe ¢ (QYHKIMAMH Mo3ra. VIMEHHO 3Ta MOCHEAHSAs LEeNb W HaXOIUTCS B LIEHTpE

BHUMAaHUS STOW KHUTH.

[TapamiensHO ¢ mporpeccoM B HEMpPOAHATOMUU W HEUPODU3HOJIOTUM TICHUXOJIOTaMU
OBLIM CO3JIaHBI MOJCIN YelloBedYeckoro ooyueHus. OMHON U3 TaKuX MOJAENeH, OKa3aBIIecs
Haubosee TI0A0TBOpHOM, Obiia moaens JI. X360a, xotopbiit B 1949r. mpeanoxkuin 3akoH
o0y4eHHUs, SBUBLIMIICS CTApTOBOM TOUKOW MJisi alrOpUTMOB OOYYEHHS HCKYCCTBEHHBIX
HEUpPOHHBIX ceTel. JIOTOJIHEHHBI CErofHsT MHOXECTBOM JIpYITMX METOAOB  OH

MPOJEMOHCTPHUPOBAI YUCHBIM TOTO BPEMEHH, KaK CeTh HEHPOHOB MOXKET 00ydaThCs.

B msatupecsiteie W miecTHIECSAThIE TONBI TPYIIa HCcienoBaTeleld, 00bEAMHUB 3TH
Ouosoruueckre U (pU3MOIOTHUECKHE OIX0/Ibl, CO3/ala MepBble UCKYCCTBEHHbIE HEUPOHHBIE
CeTH. BBIMOTHEHHbIE TMEPBOHAYAIBHO KaK »JJEKTPOHHBIE CETH, OHU OBUIM IO3/HEe
nepeHeceHsl B 6oiee THOKYIO Cpefy KOMITBIOTEPHOTO MOJICIUPOBAHUS, COXPAHUBIIYIOCS U B
HacTosmee BpeMs. [lepBble ycrexu BbI3BAIM B3pPHIB aKTUBHOCTU U ONTUMHU3Ma. MUHCKHA,
Pozenbnarr, VYuapoy u JApyrue pa3paboTaiul CeTH, COCTOSIIIME U3 OJHOTO  CIIOS
HCKYCCTBEHHBIX HEHpPOHOB. YacTO Ha3bIBaEMbIE MEPCENTPOHAMHU, OHM OBUIM HCIIOJIE30BaHBI
JUIs  Takoro IIUPOKOro  Kjacca 3a4ad, Kak INpeAcKa3aHue TOTrofbl, aHalu3
ANEKTPOKAPAUOTPAMM U MCKYCCTBEHHOE 3peHHe. B TeueHne HEKOTOPOro BpeMEHH Ka3alioch,
YTO KIIIOY K MHTEJJICKTY HalJIeH U BOCIIPOU3BEIACHHUE YEIOBEYECKOTr0 MO3Tra SIBISETCS JIUIIb

BOIPOCOM KOHCTPYUPOBAHHUS JOCTATOYHO OOJIBIION CETH.

Ho »Ta mmnro3us CKOpO pacceainach. CeTtu He MOriH peuaTth 3aja4, BHCIIHC BCCbMa
CXOOHBIC C TEMH, KOTOPLIC OHU YCIICUIHO pCIIAJIH. C 3TuX HEOOBIACHUMBIX HCyJa4 HadaJICsA
Nnepuoa MHTCHCHUBHOI'O aHaIM3a. MHHCKHﬁ, HCIIOJIB3Ys TOYHBIC MATCMATHUYCCKHUC METOMIBbI,

CTPOrO JI0Ka3all psifi TEOPEM, OTHOCIIIUXCS K ()YHKIIMOHUPOBAHUIO CETEH.

Ero uccnepgoBanusi mpuBenM K HamUCaHUI0O KHUTH [4], B KOTOpOH OH BMECTE C
[lalimepTomM AOKa3aj, 4TO HKCIOJb3yEMBIE B TO BpPEMs OJHOCIIOMHBIE CETH TEOPETUYECKH
HECIOCOOHBI PEHINTh MHOTHE NPOCThIE 3aJaud, B TOM YHCIE peanu3oBaTh (YHKIHIO
«Uckmouaromee WJIM». MuHckuil Takke HE OB ONTHUMUCTUYEH OTHOCUTEIBHO

MOTCHIMAJIBHO BO3MOKHOI'O 3/ICCh MTpOTrpecca:

[lepcenTpoH moOKa3anm ceOsi 3aciyKUBAIONIMM HW3yUYCHHs, HECMOTpS Ha IKECTKUE
orpannyeHuss (M pgaxe Omaromaps WM). Y HEro MHOTO TIPUBJICKATEIBHBIX CBOMNCTB:

JMHEHHOCTh, 3aHMMATENbHAs TeopeMa 00 oOydeHHH, NPOCTOTa MOJENU HapalIeTbHBIX



BbIuMcIeHn. HeT ocHOBaHMI moJiarath, YTO 3TU JOCTOMHCTBA COXPAHATHCS MPHU NEPEXO0IE K
MHOT'OCJIOUHBIM cUCTEMaM. TeM He MEHEE MBI CUMTAEM Ba)XHOW 3aJadeil Ui WCCIIEIOBAHUS
MOJIKpEIUIeHHEe (UM OTPOBEPKEHHE) HAIIIETO HHTYUTUBHOTO YOCKICHMSI, YTO TAKOU MEePEXO]

O€eCIUIOIEH.

Bo3MokHO, OyIeT OTKphITa Kakas-TO MOIIHAs TEOpeMa O CXOAWMOCTH WM HaiiieHa
nIyOOKasl MPUYMHA HEyJad JaTh HHTEPECHYIO «TeOpeMy OOYYCHHsS» IJIT MHOTOCIIOHHBIX
MmamuH ([4], ¢.231-232).

breck M cTporocTp aprymMeHTanuu MUHCKOTO, a TakkKe €ro MpPecTHX ITOPOIMIN
OTPOMHOE JIOBEpHE K KHHUTE — €€ BBIBOJIbI ObLUTH HEYSI3BUMBL. PazouapoBaHHbIE HCCIIEAOBATENN
OCTaBWJIM TIOJIE HMCCIENOBaHUN pagu Ooyee obOemaromux obiacTedf, a MpaBUTENIbCTBA
niepepacrpeeiiii CBOM CyOCHINH, U HCKYCCTBEHHBIE HEWPOHHBIE CETH OBLTH 3a0BITHI TIOYTH

Ha JBa JECSITUICTH.

Tem He MeHee HECKOJbKO HauOoyiee HAaCTOMYMBBIX YYEHBIX, Takux Kak KoxoHew,
I'poccOepr, AHnepcoH mpoaokuiIn uccieaoBanus. Hapsaay ¢ muioxum ¢punancupoBanuem u
HEIOCTaTOYHON OIIEHKON psij MCCcliefoBaTeNel NCIBITHIBAN 3aTPYAHEHUS C ITyOJUKALMSIMU.
[TosToMy HccnenoBanus, OMy0OJNKOBaHHbBIE B CEMUJIECAThIE U Hadalle BOCBMUECATHIX T'O/0B,
pazbpocaHbl B Macce pa3iM4YHBIX >KypHAJIOB, HEKOTOpPbIE M3 KOTOPBIX MAaJOM3BECTHBI.
[locreneHHO TOABMICS TEOpEeTUUYECKUH (PyHIaMEHT, Ha OCHOBE KOTOPOTO CErojHs
KOHCTPYUPYIOTCSI HauOoJiee MOLIHbIE MHOrocioiiHble cetd. OneHka MHHCKOTro oka3zajiach
W3JIMIIHE IECCUMUCTUYHON, MHOTHE M3 IIOCTABICHHBIX B €r0 KHUTE 3a7a4 PEUIaloTCs celdac

CETSIMU C MTOMOUIBIO CTAaHJAPTHBIX MPOLIEAYD.

3a MOCJICAHUC HCCKOJIBKO JICT TCOPUSA CTala TPUMCHATHCS B IIPUKIIAAHBIX OGH&CTHX )41
MOSIBIJIUCh HOBBIE KOPIOPALMU, 3aHUMAIOIIMECS KOMMEPYECKHUM HCIIOJIIb30BAHUEM 3TOM
TexHoJioruH. Hapactanue HaydyHON aKTMBHOCTH HOCHJIO B3pBIBHOM XapakTep. B 1987 r. Ob110
MMPOBCACHO YCTLIPEC KPYIHBIX COBCIIAHHUA 110 HWCKYCCTBCHHBIM HGprOHHLIM CEeTsSIM U

ormyOkoBaHo cBbiie 500 HaydHBIX COOOIIEeHNH — (DeHOMEHANIbHAS CKOPOCTh POCTA.

VYPOK, KOTOpBII MOKHO WM3BJIeYb U3 3TOM HCTOPHHM, BbIpakaeTcs 3akoHoM Kiiapka,
BBIIBUHYTBIM IHcaTeneM U ydeHbIM Aprypom Knapkom. B Hem yTBepxknmaercs, 4ro, €Ciu
KPYITHBIA yBa)KaeMbIi YUCHBIH TOBOPUT, YTO HEUYTO MOKET OBITH BBIITOJIHEHO, TO OH (MJIH OHA)
NOYTH Bcerja mnpas. Eciu ke ydeHblid TOBOPHUT, YTO 3TO HE MOXKET OBbITh BBIMOJIHEHO, TO OH
(v oHA) MOYTH Bcerga He npaB. VcTopus Haykd SIBISETCSl JIETONMCHIO OMIMOOK M
YaCTUYHBIX MCTHUH. TO, YTO CEroiHs HE IOABEPraercs COMHEHMSIM, 3aBTPA OTBEPraercs.
Hexputndeckoe Bocnpusitue «(hakTOB» HE3aBHCHMO OT WX MCTOYHHMKA MOXKET IMapajnu30BaTh
Hay4yHbIil mouck. C OmHOHN cTOpOHBI, OnecTsmas HaydHas pabota MUHCKOro 3ajeprala
pa3sBUTHE MCKYCCTBEHHBIX HEHpOHHBIX ceTell. Her comHeHui, ofHaKko, B TOM, YTO 00JacThb

nocTtpagaia BCICACTBUC HEOOOCHOBAHHOI'O OIITHMH3Ma U OTCYTCTBUA ,I[OCTaTO‘IHOfI



TeopeTnueckoi 0Oa3bl. M BO3MOXKHO, 4YTO IIOK, BBI3BaHHBIH KHUTOW «llepcenTpoHby,

obecrevr1 HEOOXOIMMBIN JJIsI CO3PEBAHMSI TOW HAYYHOH 00JIaCTH TIEPUOI.

WCKYCCTBEHHbIE HEWPOHHbIE CETU CEFrOHA

Hmeercs MHOro BHEUATISIOMIMX JEMOHCTPALUMH BO3MOXHOCTEH MCKYCCTBEHHBIX
HEMpPOHHBIX CeTel: CeTh HAay4MJIM IpeBpallaTh TEKCT B (POHETHUYECKOE NpECTaBICHHUE,
KOTOpPOE€ 3aTEM C IMOMOUIbI0 YK€ HHBIX METOJOB IpeBpalalioch B peub [7]; Apyras ceTb
MOXET paclo3HaBaTh pPYKOMHCHbIE OykBel [l]; CKOHCTpyMpoBaHa CHCTEMa CHKAaTHUs
n300pakeHNii, OCHOBaHHAs Ha HEHpOHHOHM ceTH [2]. Bce oHM HCIONB3YIOT CeThb 0OpaTHOIrO
pacnpocTpaHeHHs — HauOosiee YCIHEIIHbIM, MO-BUAMMOMY, U3 COBPEMEHHBIX aJTOPUTMOB.
OO6patHOe pacnpocTpaHEeHUE, HE3aBUCUMO TMPEUIOKEHHOE B TPEX Pa3IMYHBIX padoTax [8, 5,
6,], ABJsIETCS CHCTEMaTHYECKIUM METOJIOM il 00yUYEHHsI MHOTOCTIOWHBIX CETeH, U TEM CaMbIM

mpeoaoJieBacT OrpaHUYICHU A, YKAa3aHHBIC Munckum.

Kak noguepkuBaeTcs B CIEAYIOIINX TIaBax, 00paTHOE PacHpOCTpaHEHUE HE CBOOOTHO
ot mpobsiem. [lpexxae Bcero HET rapaHTHH, YTO CETh MOXKET OBITh OOydeHa 3a KOHEYHOE
BpeMs. MHOTro ycuiInid, U3pacxoJIOBaHHBIX Ha 00y4eHHue, MpOoMaaeT HalpacHo MOCie 3aTpar
OO0JIBIIOr0 KOJMMYECTBA MAIIMHHOTO BpeMeHH. Koria 3To MpOMCXOIUT, MOMBITKA O0Yy4eHUs
HOBTOpSIETCST — 0€3 BCSKOH YBEPEHHOCTH, YTO pe3yJibTaT OKaxkercs nydme. Her Takke
YBEPEHHOCTH, YTO CETh OOYyUMTCS HAWJIy4dlUM BO3MOXHBIM 00pa3oM. AJITOpUTM O0y4YeHUS
MOZKCT NOIACTh B «JIOBYUIKY)» TAK HA3bBIBACMOI'O JIOKAJIbHOT'O MUHUMYMa U GYIICT MOJIYUCHO

Xyauiee peuicHue.

PazpaboTaHO MHOro JpyruX CETEBBIX aIrOPUTMOB OOYYEHUs, HMEIOLIIUX CBOHU
cnenuduyeckne npenmyniecTsa. Hekoropeie n3 HUX 00CYKIAIOTCS B MOCIEAYIONINX TIaBax.
Crnenyer NoAYEpKHYTh, YTO HUKAaKasl U3 CETOAHSIIHUX CETEH HE SIBISIETCA MaHalleel, BCE OHU

CTpaadaroT OT Ol"paHI/I‘leHI/Iﬁ B CBOHUX BO3MOKHOCTAX 06yanbc51 1 BCIIOMHUHATh.

Mpb1 umeeM 1ieio ¢ 00JIacThiO, TIPOJEMOHCTPUPOBABIIIECH CBOIO pabOTOCIIOCOOHOCTS,
HMGIOHIGﬁ YHUKAJIBHBIC MOTCHUUAIBHBIC BO3MOXHOCTH, MHOI'O Ol"paHI/ILIeHI/II\/JI U MHOXCECTBO
OTKPBITBIX BONPOCOB. Takas CHUTyalsl HAaCTpPauBaeT HAa YMEPEHHBIM ONTUMHU3M. ABTOPBI
CKJIOHHBI IyOJIMKOBATh CBOM YCIIEXH, HO HE HEyJauH, CO3/1aBas TEM CaMbIM BIICYATJICHHUE,
KOTOPOE MOXET OKa3aThCsl HEPEATUCTHYHBIM. Te€, KTO HINEeT KalWTal, YTOObl PUCKHYTh U
OCHOBATh HOBBIE (UPMBI, JOJDKHBI TIPEACTaBUTH YOEAWTENBHBIA MPOEKT MOCIEIYIOIIEro
OCYHICCTBJICHUSA U HpI/I6BI.HI/I. CyH_IeCTByeT, CJICAO0BATCIIbHO, OMACHOCTb, YTO MCKYCCTBCHHBLIC
HCHpPOHHBIC CETH HAYHYT TNpPOJaBaTh paHbIIe, 4YeM MPHAST WX BpeMs, oberas
(YHKIIMOHATLHBIE BO3MOXXHOCTH, KOTOPBIX TOKa HEBO3MOXKHO JIOCTUTHYTh. Eciam 310
Mpou30iAeT, TO 00JacTh B IEJIOM MOXET IOCTPaAaTh OT IMOTEPU KPEAHWTa JOBEpUS U
BCPHCTCA K 3aCTOI>'IHOMy nepuony CEMHUACCATBIX T'OHOB. I[JISI YIydlIeHHA CYHICCTBYIOMIUX

ceteii TpeOyeTcss MHOTO OCHOBAaTeNbHOW paboThl. JIOKHBI OBITH pa3BUTHI HOBBIC
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TEXHOJIOTHH, YJIYYIIEHbl CYIIECTBYIONIME METOJAbl U PACIIUPEHbI TEOPETUUYECKHE OCHOBBI,
Ipekae 4YeM JaHHas 00JIaCTh CMOXKET IIOJHOCTBIO pPEaM30BaTh CBOU IOTEHIHAJIbHBIE

BO3MOHOCTH.

NMEPCMNEKTUBbI HA BYOYLLUEE

HckyccTBeHHBIE HEMPOHHBIE CETH INPEMJIOKEHBI U 3ajad, NMPOCTHPAIOUIMXCSA OT
yTpaBiIeHus: 60eM /10 TPUCMOTpa 3a pedbeHKOoM. [IoTeHITHaTEHBIMU TIPHUIIOKEHUSMU SIBIISIOTCS
T€, IJIe YeJIOBEUECKUI MHTEIUIEKT Maiod(h(heKTUBEH, a OOBIYHbIC BHIYMUCICHUS TPYI0EMKH WIIN
HEaJeKBaTHBl. OTOT KJIAcC IMPWIOKEHHH BO BCSKOM ClIy4ya€ HE MEHbLIE Kiacca,
00CITy’>kMBaeMOro OOBIYHBIMU BBIYMCICHUAMHU, U MOYKHO IPEAIoaraTrb, 4YT0 UCKYyCCTBEHHbIE
HEHpPOHHBIE CETU 3aliMyT CBO€ MECTO HAapsAAy C OOBIYHBIMHU BBIYMCIEHUSMU B KadeCcTBE

JOIIOJIHCHUSA TaKOI'O K€ 00beMa U BaXKHOCTH.

I/ICKyCCTBeHHbIe HeﬁpOHHble CE€THU U IKCIEPTHBLIEC CUCTEMbI

B mocnennue roasl Hajg MCKYCCTBEHHBIMH HEHPOHHBIMU CETSMHU JOMUHHPOBAIU
JIOTUYECKWE H  CHMBOJIbHO-OTICPAIIMOHHBIE  JWCIUIUIMHBL. ~ Hampumep,  mMUpOKo
MPOTIaraHIuPOBAIUCH YKCIIEPTHBIE CUCTEMBI, Y KOTOPBIX UMEETCSI MHOTO 3aMETHBIX yCIIEXOB,
TaKk ke, Kak U Heynad. Koe-KTo roBOpHUT, 4TO HUCKYCCTBEHHbIE HEHPOHHBIE CETH 3aMEHSIT
co00i1 COBPEMEHHBII MCKYCCTBEHHBIM WHTEIJIEKT, HO MHOTO€ CBHJETEIHCTBYET O TOM, UTO
OHM OYJIyT CyIIECTBOBATh, 00BEINHASICH B CHCTEMAaX, IJI€ KaK/IbIH MOAXO0 UCTIONB3YETCS IS

pPeICHHUA TCX 3aaa4, C KOTOPBIMHA OH JIYUIIC CIIPaBIACTCA.

Ota TouKa 3pEeHUs MOAKPEIUIIETCS TeM, KaK JIIoIu (YHKIHOHUPYIOT B HAIlleM MHpE.
PacnosnaBanue 00pa3oB OTBEYAET 3a aKTHBHOCTH, TPEOYIOLIYI0 OBICTpOH peakiuu. Tak kak
JEUCTBUSI COBEPIIAIOTCS OBICTPO M OECCO3HATENBHO, TO 3TOT CMOCO0 (DYHKITMOHUPOBAHMS
Ba)XCH JUI BBDKMBAHUS BO BpaXaeOHOM OKpyXeHHH. BooOpasuTe TONBKO, 4TO OBLIO OB,
ecnu Obl HallM MPEIKU BBIHYKICHBI ObLTM OOyMBIBaTh CBOIO PEAKIUIO HA IMPHITHYBILIETO

XHUITHUKA?

Korna nama cucrema pacrio3HaBaHusi 00Opa3oB HE B COCTOSIHMM JaTh aJ€KBaTHYIO
MHTEPIIPETALNIO, BOMNPOC IEPENaeTCsl B BbICIIME OTAENbl Mo3ra. OHM MOTYT 3alpOCHUTh
n00aBoYHyI0 HMHGMOpManMio U 3aiiMyT OOJblle BpEMEHHM, HO KadeCTBO IOJTYYECHHBIX B

pe3ynbTare peleHuil MOXeT ObITh BHIIIIE.

MoxHO TpencTaBUTh ce0€ HCKYCCTBEHHYIO CHCTEMY, IOAPAXKAIOIIYI0 TaKOMY
pasnenenuto Tpyna. McKycCTBeHHass HEMpOHHAs CeTh pearupoBaja Obl B OOJNBIIMHCTBE
CIy4aeB MOIXOISAIIMM OO0pa30M Ha BHEIIHIOW cpedy. Tak Kak Takue CETH CIIOCOOHBI
YKa3bIBaTh JOBEPUTEIbHBIN YPOBEHb KaXJI0r0 PEHIECHUs, TO CETh «3HAET, UYTO OHA HE 3HAET» U
NepenaeT AaHHbIN clly4yal i pa3pelieHus] SKCIEPTHOM cucteme. Permenus, npuHuMaemMble

Ha 3TOM OoJiee BBICOKOM YPOBHE, ObUTM OBl KOHKPETHBIMH U JIOTUYHBIMH, HO OHHU MOTYT
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HYXIaThCsl B cOOPE JOMOTHUTENIbHBIX (DaKTOB JJI TIOTYYCHHS] OKOHYATEIIHHOTO 3aKITFOUCHUS.
KoMOunamwms 1Byx crcreM Obuia ObI O0JIee MOITHOW, YeM KaKJas U3 CUCTEM B OTICIHHOCTH,

CJIeysl IPU 3TOM BBICOKOA((PEKTHUBHOM MO/IEIH, JaBa€MOM OMOIOTUYECKON 3BOTIOLHEH.

CooOpakeHus1 HAJIeKHOCTH

[Ipexxae ueM MCKyCCTBEHHbIE HEHPOHHBIE CETH MOKHO OyIeT MCIOJB30BaTh TaM, Te
MOCTaBJICHBI HA KapTy YeJIOBEUECKAasl KU3Hb WIIA IICHHOE UMYIIIECTBO, JOJIKHBI OBITh PEIICHBI

BOIIPOCHI, OTHOCAIIUCCA K UX HAACIKHOCTH.

[TomobHO mIOASM, CTPYKTypy MO3ra KOTOPBIX OHH KOMHPYIOT, HCKYCCTBEHHBIE
HEUPOHHBIE CETH COXPAaHSAIOT B OMPEACICHHON Mepe HENpeaCcKa3zyeMoCTh. EIMHCTBEHHBIN
cnoco0 TOYHO 3HATh BBIXOJ COCTOHUT B HCIIBITAHHHU BCEX BO3MOKHBIX BXOJHBIX CUTHAJIOB. B
OONBLION CeTH Takass IIOJHAs TPOBEpPKA MPAKTHUECKH HEOCYIIECTBUMA U JOJDKHBI
UCIIONB30BATHCSl CTATUCTUYECKUE METONBI Al OIECHKU (YyHKIMOHMPOBaHHS. B HEKOTOPBIX
cily4asix 3To Hepomyctumo. Hampumep, 4to sBiSeTCs AOMYCTUMBIM YPOBHEM OIIMOOK JIst
CETH, YIpPaBJIAIOMIEH CHUCTEMOW KOCMHUYECKON 0OOpOoHBI? BONBIIMHCTBO JIOJEH CKaxerT,
aro6ast omuoOKa HEJOMyCTUMA, TaK KaK BEIeT K OTPOMHOMY YHCITY JKEPTB U pa3pylIeHUNA. ITO
OTHOIIICHHE HE MEHSETCS OT TOTO 0OCTOSTENBLCTBA, YTO YETIOBEK B MOJIOOHOMN CUTYalluu TaKxkKe

MOXET OO0ITYCKaTh OIIINOKH.

[Ipobmema BO3HWKAET M3-3a NOMYIICHHUS TMOJHOW O0€30IMO0YHOCTH KOMITBIOTEPOB.
Tak Kak MCKyCCTBEHHBbIC HEHPOHHBIE CETH MHOrna OyJIyT cCOBeplIaTh OLIMOKM Jaxe Hpu
MNPaBUJIBHOM  (YHKIIMOHHPOBAHMM, TO, KaK ONIyI[aeTcss MHOTMMH, JTO BeIeT K

HCHAAC)KHOCTHU — KQYCCTBY, KOTOPOC MBI CHUTAEM HEAOIYCTUMBIM JId HAIIKMX MAIllVH.

CxomHas TpyAHOCTD 3aKIIOYAETCSl B HECTIOCOOHOCTH TPAIUIIMOHHBIX HCKYCCTBEHHBIX
HEHpOHHBIX ceTell "OOBSACHUTH", KaK OHHM peIlaloT 3ahady. BHyTpeHHee mNpeicTaBieHHE,
MOJTy4Jaroleecss B pe3yibTrare 0Oy4deHHs, 4acTO HACTOJBKO CIOKHO, YTO €ro HEBO3MOXKHO
MPOaHAIU3UPOBATh, 332 HCKIIOYEHHUEM CaMbIX MPOCTBHIX CiIy4aeB. JTO HAIOMUHAET HaIly
HECIIOCOOHOCTh OOBSICHUTD, KaK MBI y3HAEM YEJIOBEKA, HECMOTPS Ha pa3jInyie B PACCTOSHUM,
yIJle, OCBEILIEHUH U Ha MPOLIEAINE TOAbl. DKCIEPTHAs CUCTEMA MOYKET IIPOCIIEIUTD MTPOLECC
CBOMX pacCyXIeHUH B OOpaTHOM MOpPSAKE, TaK YTO YEIOBEK MOXET IMPOBEPUTH €€ Ha
pasymHOCcTh. CO00IIIaIoCh O BCTPAaWBaHUK 3TOH CIIOCOOHOCTH B MCKYCCTBEHHBIE HEHPOHHBIE

ceTH [3], 9TO MOXKET CYIIECTBEHHO MOBJIUSITH Ha MPUEMIIEMOCTh ITUX CUCTEM.

BblBOAbI

HckyccTBeHHBIE HEMPOHHBIE CETH SBISIOTCS BAXKHBIM PACIIUPEHUEM TOHSTHUS
BbIYKCiIeHns. OHU 00EMIaloT CO3/1aHke aBTOMATOB, BBITTOTHSIONTUX (DYHKIIMH, OBIBIIINE PaHEE

HCKITIOUUTCIIHHOM HpepOFaTI/IBOfI yegoBeka. MammHE MOTYT BBIIIOJHATE CKYYHBIC,
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MOHOTOHHBIC W OITACHBIC 3adaHHWA, U C PA3BUTUCM TCXHOJOTMHM BO3HUKHYT COBCPIICHHO

HOBBIC IMTPUIIOKCHUA.

Teopuss HCKYCCTBEHHBIX HEMPOHHBIX CETEM pa3BUBACTCS CTPEMUTEIBHO, HO B
HACTOsIee BpeMsl OHA HEJI0CTaTOYHA, YTOOB! OBITh OMOPOH AJs Haubosiee ONTUMUCTUYECKHX
IPOEKTOB. B perpocnekTrBe BUIHO, YTO TEOPUsS pa3BUBAIACh ObICTpee, YeM IMpeJICKa3bIBAIN
IIECCUMHCTBI, HO MEIJICHHEE, YEeM HAJEANUCh ONTUMUCTBI, — THIIMYHAs CHUTyalHs.
CeromHsAIIHUM B3pBIB MHTEpPECA NPUBIEK K HEMPOHHBIM CETSAM THICAYM HCCIENOBaTENEH.
Pe30oHHO OXxMIaTh OBICTPOro pocTa HAlero MOHMMAHUS UCKYCCTBEHHBIX HEHPOHHBIX CETEH,
BEJylIero K Oojiee COBEPIIEHHBIM CETEBBIM MapajurMaM U MHOXKECTBY HPUKIATHBIX

BO3MOKHOCTEH.
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NhaBa 1.
OCHOBbI UICKYCCTBEHHbIX HEUPOHHbIX CeTen

HckyccTBeHHBIE HEHpPOHHBIE CETH YPE3BBIYAMHO Pa3HOOOpPA3HBI 10 CBOUM
KoHpurypamusM. HecMoTpsi Ha Takoe pa3HOOOpas3ue, CEeTeBbIE MapagurMbl UMEIOT MHOTO
obmiero. B 370l riaBe momoOHbIe BOMPOCHI 3aTParuBarOTCs AJsl TOTO, YTOOBI YUTATEIh ObLI

3HaKOM C HUMHU K TOMY MOMCHTY, KOI'Jla ITIO3AHEC OHHU CHOBA BCTPETATCA B KHUI'C.

Hcnonp3yemsie 31ech 0003HaUCHUS U TpaduuecKue MpeCTaBlIeHHs] ObUIN BBHIOpaHbI
Kak HauboJiee MUPOKO HCIIOIB3yEeMbIE B HACTOAIIEE BpeMsl (OIMyOJIMKOBAaHHBIX CTAHAPTOB HE

I/IMCGTCH), OHHU COXPAHAIOTCS HA MIPOTAKCHUN BCEI KHUTH.

BMOJIOMTMYECKUA NPOTOTUNN

Pa3BuTHE MCKYCCTBEHHBIX HEUPOHHBIX CETEH BIOXHOBIseTCs Ouosorueit. To ecthb
paccMaTpuBass CCTCBBLIC KOHq)HpraIII/II/I U aJIrOpUTMbI, HCCIICAOBATCIIM MBICIAT HUX B
TCPMHHAX OpraHu3alunu MO3IrOBOH NCATCIIBHOCTH. Ho Ha »TOoM anamorua MoOXKET U
3aKOHYUTHCS. Hamm 3HaHus 0 paboTe MO3ra CTOJNb OTPaHMYEHBI, YTO MaJlo OBl HAILIOCHh
PYKOBOJISAIINX OPUEHTUPOB ISl TEX, KTO CTall Obl eMy nojapaxarb. [loaTomy pazpaboTurikam
cerent MPUXOOUTCA BBIXOAUTH 3a MPCACIbI COBPECMCHHBIX 6I/IOJ'IOFI/ILICCKI/IX 3HAHUHU B IIOMCKaX
CTPYKTYP, CHOCOGHBIX BBITIOJIHATH ITOJIE3HBIC Q)YHKL[I/II/I Bo mMHOrux ClIy4dasXx 9TO IMPUBOAUT K
HEOOXOJUMOCTH OTKa3a OT OMOJOTHYECKOro MpaBAONOn00Ms, MO3T CTaHOBUTCS MPOCTO
MeTadopoil, M CO3JAIOTCS CETH, HEBO3MOXKHBIE B JKHBOW MaTepuu WU TpeOyrouiue

HEMPaBIONOI00HO OOJIBIINX JAOMYIICHUI 00 aHATOMUHU U (yHKIIMOHUPOBAHUU MO3Ta.

Hecmotpss Ha TO 4TO CBsI3b C Oumonorueil crmaba M 3a4acTyl0 HECYIECTBEHHA,
UCKYCCTBEHHBbIE  HEHPOHHBIE CETH MPOJODKAIOT CpaBHUBAThCA €  Mo3roMm. MUx
(YHKIIMOHUPOBAHHUE YAaCTO HAIIOMUHAET YEJIOBEYECKOE [TO3HAHUE, I0ATOMY TPYAHO U30€XKaTh
Toil anamoruu. K coxaneHuio, Takue CpaBHEHHUS HEIUIOAOTBOPHBI M CO3/AIOT
HEOTNpaBJaHHbIE OXHJIaHUS, HeH30eXKHO BeAyllHe K pazodapoBaHuio. MccienoBaTenbCKHid
SHTY3Ma3M, OCHOBAaHHBIM Ha JIOKHBIX HAIEKIaX, MOXET HCIAPUTHCS, CTOJKHYBIIUCH C
CypOBOM JEHCTBUTEIBHOCTBIO, KaK 3TO YK€ OJHAXIbl OBLUIO B IMIECTUACCATHIE TOIBI, U
MHorooOemaromas 001acTe CHOBa MpPUIET B YHAIOK, €cid He Oyaer coOaroaaThes

HeO6XOI[I/IMa$[ CACPIKAHHOCTD.

HecMmotpss Ha cnenaHHble MpeaynpeXIeHHs, TOJE3HO BCE K€ 3HATh KOE-4TO O
HEPBHON CHUCTEME MJICKOIUTAIOIIMNX, TAK KAK OHAa YCIEIIHO PEIIaeT 3aJayH, K BBIIOIHEHUIO
KOTOPBIX JIMIIB CTPEMATCS MCKyCCTBEHHbIE cucTeMbl. [locnenyromee oOcykiaeHue BechbMa
kpaTtko. [lpunoxenue A coxepxut Oosiee oOmMpHOE (HO HM B KOEM cllydyae HE IOJIHOE)
paccMOTpeHHe HEPBHOM CHUCTEMBbI MIIEKOMUTAIOMIMX ISl TEX, KTO XOUYeT y3HaTh Oojbiie 00

9TOM BOCXUTHUTCIBbHOM NIPCAMETC.
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HepBHast cuctema denoBeka, MOCTPOSHHAS M3 AJIEMEHTOB, Ha3bIBAEMBIX HEHPOHAMH,
FMEET OIICIOMISIIONIYI0 CIOKHOCTh. Okono 10'' HeifporoB yuactByror B mpumepro 10
NepeAaAoNNX CBA3SAX, UMEIOIUX JIUHY MeTp U Oonee. Kaxplii HelipoH o0siagaeT MHOTUMU
KayecTBaMH, OOIIMMHU C APYTUMH DJIEMEHTaMHU Tejla, HO €r0 YHUKAIBHOW CIOCOOHOCTHIO
SIBIISICTCS TIPHEM, 00paboTKa | mepenava dJICKTPOXUMHUECKUX CUTHAJIOB 110 HEPBHBIM ITyTSIM,

KOTOpbI€ 00pa3y0T KOMMYHUKAIIMOHHYIO CUCTEMY MO3Ta.

TBAO KACIRKEL

Aercous

LLHENL

Puc. 1.1. buoJsiorn4yeckuii HelpoH

Ha pwuc. 1.1 mokazana cTpykTypa Mapbl THUIHWYHBIX OHOJOTHMYECKHUX HEHPOHOB.
JleHnpuTsl UAYyT OT Telda HEPBHOW KJIETKUM K JPYrMM HEWpOHaM, IJ€ OHM IMPUHUMAIOT
CUTHAJIbl B TOYKaX COEJUHEHMsI, HA3bIBAEMbIX CHHarcaMu. [IpHHSTBIE CHHANICOM BXOJHBIE
CUTHAJIBl NOABOJATCS K TEIy HEHWPOHA. 311eCh OHM CYMMHPYIOTCS, NMPUYEM OJHHU BXOJbI
cTpemsTcs BO30yIUTh HEMpOH, Apyrue — BOCHPEMATCTBOBaTH €ro Bo30yxaeHuto. Korna
CyMMapHO€ BO30Yy)XIEHHE B TeJle HEHpOHa IMPEBBIIAET HEKOTOPBIH MOpOr, HEHUpOH
BO30yXKIaeTcsd, MOChUIas IO AaKCOHY CHUTHAl JpyrdM HeWpoHamM. Y 53TOH OCHOBHOH
(YHKIIMOHAJIBLHOM CXEMBbl MHOTO YCJIO)KHEHUH M HCKIIIOYEHUI, TeM He MEHee OOJBLIIMHCTBO

HCKYCCTBEHHBIX HEPOHHBIX CETEW MOJCIHUPYIOT JIMIIb 3TH IPOCTHIE CBOMCTBA.

15



WCKYCCTBEHHbIA HEUPOH

HckyccTBeHHBIE HEHpPOH UMHTHPYET B TIEPBOM  TNPUOJIIKEHHUH  CBOWCTBA
Omojorudeckoro Hepona. Ha BXOJI HMCKYCCTBEHHOTO HEHpOHA IMOCTYMAaeT HEKOTOpOe
MHO>KECTBO CUTHAJIOB, KaXKJbI M3 KOTOPBIX SIBISETCS BBIXOJOM JApPYroro HeipoHa. Kaxxaslii
BXOJI YMHOKA€TCsl Ha COOTBETCTBYIOIIMI BEC, aHAJIOTMYHBIA CHUHANTUYECKOM CHIIE, U BCE
IPOU3BENECHUSI CYMMHpPYIOTCS, ONpENeNsisi ypOoBEHb akTuBauuu Heipona. Ha puc. 1.2
MpEACTaBICHA MOJENb, peANU3yIollas ATy HJe0. XOTS CETEeBble MapaurMbl BeChbMa
pa3HoOOpa3Hbl, B OCHOBE MOYTH BCEX HMX JEXKHUT 3Ta KOH(UTryparus. 3eCh MHOXECTBO
BXOJIHBIX CUTHAJIOB, 0003HAYEHHBIX X), X, ..., Xn, HOCTYIAET HA UCKYCCTBEHHBIH HEUPOH. DTH
BXOJIHbI€ CUTHAJIbl, B COBOKYITHOCTH 0003HayaeMble BEKTOPOM X, COOTBETCTBYIOT CUTHajaM,
NPUXOMAIIIM B CHHAICH OHOJOTMYECKOro HelpoHa. Kaxkmelii cWrHam yMHOXKAaeTcs Ha
COOTBETCTBYIOIIUNA BEC Wy, Wy, ..., Wy, U TIOCTyMaeT HA CYMMHUPYIOIINKA OJIOK, 0003HAUYEHHBIH
Y. Kaxnprii Bec COOTBETCTBYET «CHJIE» OJHON OHOJIOTMYECKON CHHANTHUYECKOW CBS3H.
(MHOecTBO BECOB B COBOKYITHOCTH OOo03HauaeTcsi BekTopoM W.) CyMmmmupyromuid OJI0K,
COOTBETCTBYIOIIMI Tely OHOJOTMYECKOro 3JEMEHTa, CKJIAaJbIBaeT B3BEILICHHBIC BXObI
anreOpandecku, co3faBas BbBIXOJ, KOTOpbld Mbl Oyaem Ha3eiBaTh NET. B BekTOpHBIX

0003HAYECHHSIX 3TO MOXKET OBITh KOMITAKTHO 3aIlMCAaHO CIIEAYIOMNUM 00pa3oMm:

NET = XW.

1 |

}
X N NET=XW
— Z : - AR U

o @, |

° I i

—— I g

Puc. 1.2. UckyccTBeHHBIH HelipOH

AKTHBallMOHHBbIE PYHKUIMHU

Curnan NET nanee, kak mpaBujo, mpeoOpa3yeTcsl aKTUBaLMOHHOW (yHKIue F u
naeT BeixoAaHoW HelpoHHbii curHan OUT. AxktuBannoHHas pyHKIHUS MOXKET ObITh OOBIYHOMN

JTUHEHHON QyHKIHEH

OUT = K(NET),

rae K — nmocrosiHHas, MOporoBoi (pyHKIUN

OUT =1, eciu NET > T,
OUT = 0 B ocTanbHbIX CIyyasx,
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rae T — HEKOTOpas NOCTOSHHas MOpPOroBasl BEIMUYMHA, WIU ke (yHKuuel, Oosee
TOYHO MOJIETUPYIOUIEH HEIMHEWHYIO0 IEepeAaTOuYHyl0 XapaKTEpPUCTUKY OHOJIOrMYECKOTo

HEeMpOoHa U MPeICTABIAIONICH HEHPOHHOM ceTH OOJIBIINE BOZMOKHOCTH.

NET F
w . _
&z £ > E >t ovr=FVET)
-] wﬂ / “
/ HeKyremBEHHBLIE HEWROH
L7

Puc. 1.3. UckyccTBeHHBI HeiPOH ¢ AKTHBALIMOHHON (PyHKIMEH

Ha puc. 1.3 610k, o603Hauennslii £, npuaumaet curian NET u Boigaer curnan OUT.
Ecnu 6ok F' cykaer nuama3od n3meHeHus BeauanHbl NET Tak, 9To mpu 1r00bIX 3HAYSHHSIX
NET 3nauenus OUT npunaanexar HEKOTOPOMY KOHEYHOMY HHTEpBaly, TO F Ha3bIBaeTCs
«cocumaroweny @yukyuel. B KadecTBe «CkuMaromend» (QYHKIMHM YacTO HCIOJb3YeTCs
JIOTUCTHYECKAsl TN «CUTMoUanbHash (S-o0pa3Has) QyHKIHs, MOKa3aHHas Ha puc. 1.4a. Ota

(GyHKIMsS MaTEMaTHYECKH BEIpaxkaeTcs Kak F(x) = 1/(1 + ™). Takum oGpaszom,

1

1+e ™M1

OUT =

Ilo anamorum c SJIEKTPOHHBIMM CUCTEMAaMH AKTHBALMOHHYI (YHKLHUIO MOXHO
CYMTAThb HEJIMHEHHOM YCWIMTEIBHOM XapaKTEPUCTUKOM HCKYCCTBEHHOIO HEHPOHA.
KoadduuuenTt ycuneHus: BbIUUCIAETCS KaK OTHOLIEHHWE mpupamieHus Benuuuael OUT k
BbI3BaBIIEMY €ro HeOosbiIoMy npupanieHuto BeauuuHbsl NET. OH BbIpakaeTcss HaKIOHOM
KPHUBOH NP OINpPENEIEHHOM YPOBHE BO30YKICHUS M U3MEHSETCS OT MalbIX 3HAUY€HUH npu
OOJBIIMX  OTPUUATENBHBIX  BO30YXKJIEHUSAX  (KpUBasi TOYTH  TOPU3OHTAIbHA) [0
MaKCHUMAaJbHOTO 3HAUEHHUs MpPU HYJIEBOM BO30YXKICHWHM U CHOBA yMEHBIIAeTCs, KOrja
BO30Y>KJICHHE CTAHOBHUTCS OONBLINM MOJ0XKUTEeNbHBIM. ['poccOepr (1973) obOHapy:xwui, uTo
noJo0Hasi HEJIMHEHHas XapaKTepUCTUKA pPEUIaeT MOCTaBJIEHHYIO MM JWJIEMMY LIyMOBOI'O
HaceimeHus. Kakum o0pa3oM o/Ha W Ta e CeTh MOXKET 00padaThIBaTh Kak cialble, TaKk U
cuibHble curHanbl? Crabble CUrHaibl HY>KAAIOTCS B OOJBIIOM CETEBOM YCHUIICHUH, YTOOBI
JlaTh MPUTOAHBIA K MCIOJB30BAaHUIO BBIXOJHOM curHaji. OIHAKO yCHIMTEIbHbIE KacKalbl C
O0nbIIMMH KO3(PPUIMEHTAMU YCHUJIEHUS MOTYT MPHUBECTU K HACBIEHHUIO BBIXOJA LIyMaMHU
yCHIUTENeH (CIrydallHBIMU (UIYKTyalusMHu), KOTOPbIE MPHUCYTCTBYIOT B JIIOOOH (U3NYECKH
peanu3oBaHHOM ceTu. CUIIbHBIE BXOJIHBIE CUTHAJIBI B CBOIO OUEPE/Ib TaKkKe OyIyT NMPUBOIUTH
K HAaCBIIIEHUIO YCHJINTENIBHBIX KaCKal0B, UCKIIK0Yas BO3SMOXKHOCTb ITOJIE3HOTO UCTIOIb30BAaHUS

BbIxoa. L{enTpanpHas 001acTh JOTUCTHYECKON (DYHKIIUU, IMEIOIIast OOJBIION KOA(PDUITUSHT
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YCUJICHUS, pemiaeT mpodiemMy oOpabOTKH cla0bIX CHUTHAJIOB, B TO BpeMsl KaK OOJacTH C
NaaloNIMM YCHWJICHHEM Ha IMOJIOKUTETFHOM M OTPULATEIHHOM KOHIAX IOAXOIAT ISt
OonbInx Bo30yxaeHuil. Takum 00pa3oM, HEHMPOH (HYHKIIMOHUPYET ¢ OOJIBIIUM YCUICHUEM B

IIUPOKOM JUAIIA30HC YPOBHSA BXOJHOI'O CUTHAJIA.

1

our
5t APUYELNET QOGHNYUS

o
V74 NET

Puc. 1.4a. CurMmonganbHas JOrucTHYCCKAA (PYHKIUS
Jlpyroii  mHUPOKO  HUCHONB3YEeMOM  aKTHBAIlMOHHOW  (yHKuMeW  sBIseTCS
runiepbonmveckuii Tanrenc. [lo ¢opme oHa cxXomHa ¢ JIOTHCTHYECKOW (YHKIIMEH W 4acTo
UCIIOJIb3yeTCsl OMOJ0raMu B KaU€CTBE MATEMaTUYECKOW MOJIENIN aKTUBALIMM HEPBHOM KJIETKHU.
B kxauecTBe akTMBAIIMOHHON (DYHKIIMM MCKYCCTBEHHOH HEHpPOHHOH CeTH OHa 3amHChIBaeTCS

CIEYIOIINM 00pazoM:
OUT = th(x).

auvr T
!

NET —=

Puc. 1.46. ®yHkuus runepooIu4ecKoro TaHreHea

[TogoOHO morucTrueckoi HYHKIMM TUTIEPOOTUIECKUN TAaHTCHC SBIIIETCS S-00pa3HOn
¢yHKIMEH, HO OH CUMMETPUYEH OTHOCHUTEIBHO Hauyajga KoopauHaT, U B Touke NET = 0

3HayeHue BbIxogHoro curHana OUT paBHo Hymio (cm. puc. 1.46). B ornuume or
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JIOTUCTHYECKON (PYHKIMM TUNEPOONMYECKUH TAHTE€HC MPUHMMAET 3HAUYCHUS Pa3INYHBIX

3HAKOB, YTO OKa3bIBACTCS BHITOAHBIM IS psiia ceTei (M. TiI. 3).

PaccmorpenHas mpocras MOJENIb MCKYCCTBEHHOIO HEHPOHA HUTHOPUPYET MHOTHE
CBOWCTBa CBOEro OMOJIOTMYECKOro ABoiHMKa. Hampumep, oHa He MpUHMMAaeT BO BHUMAaHUE
3aJIepP’KKH BO BPEMEHH, KOTOPBIE BO3JCHUCTBYIOT Ha JMHAMHUKY CHUCTEMBI. BXOIHBIE CHTHAIIBI
cpa3y XKe IOpOXKAalT BbIXOAHOM curHai. M, yto Oonee BakHO, OHAa HE YYMTHIBAET
BO3JCUCTBUIM (YHKIIMM YaCTOTHOW MOAYJSIIMUA WM CHHXPOHU3UpYIOUIEH (QYHKIUN

OHMOJIOrMYECKOro HeHpOHa, KOTOPhIE PsAJl HCCIeA0BaTENeH CUNTAIOT PEIIAIOIIUMHU.

Hecmorps Ha 95TM OrpaHMuYeHHs, CETH, IOCTPOCHHBIE W3 OTUX HEHUPOHOB,
00Hapy’KUBAIOT CBOWCTBA, CUJIbHO HAIIOMUHAIOIIUE OUOIOTHYECKYIO CUCTeMY. TOIBKO BpeMs
U HCCIEOBaHHUSA CMOTYT OTBETUTh Ha BOIPOC, SIBJISAIOTCS JIM MNOJOOHBIE COBIAJAEHUS
CIIy4allHBIMU WJIM CJIEJCTBHEM TOIO, YTO B MOJCIIM BEPHO CXBAa4YCHBI BAKHEHUIIUE YEPTHI

OMOJIOrMYECKOro HeHpoHa.

OAHOCIIOMNHbIE UCKYCCTBEHHbIE HENPOHHbIE CETU

Puc. 1.5. OxHocioiiHasi HeHPOHHAs CeTh

XOTsl OIMH HEWPOH U cIOCOOEH BBIMTOJIHATH MPOCTEHIITNE TTPOLIEAYPHI PACIIO3HABAHUS,
CUJIa HEHPOHHBIX BBIYKMCIICHUN IPOUCTEKAET OT COEJUHEHUN HEUPOHOB B ceTaX. [Ipocreiimas
CeTb COCTOUT M3 IpyMIbl HEHPOHOB, 00pa3yloIUX CJIOH, Kak IMOKa3aHO B MpPaBOil 4acTu
puc. 1.5. OTMeTHM, 4TO BEPIIMHBI-KPYTHU CJIEBA CIYyXKaT JIMLIb ISl PACIPEAECICHNAS BXOIHBIX
curHasioB. OHU HE BBIMOJIHAIOT KaKUX- JTUOO BBIYUCICHHH, U MOITOMY HE OyIyT CUMTATHCS

cioeMm. Ilo aToi IMPUYIUHE OHU 0003HaYEHBI Kpyramu, YTOOBI OTJIMYATh UX OT BBIYHMCIAOIIMX
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HEHPOHOB, O00O3HAYCHHBIX KBajgpaTamMu. Kaxaplii 2JIEeMEHT M3 MHOXKECTBa BXOAOB X
OTJICIbHBIM BECOM COEIMHEH C KaXKJIbIM HCKYCCTBEHHBIM HEHPOHOM. A KaXAbli HEMpOH
BbIAACT B3B€H_I€HHYIO CyMMy BXOJOB B CCThb. B I/ICKyCCTBeHHBIX nu 6I/IOHOFI/I‘-IGCKI/IX CCTAX
MHOTHE COEIMHEHUSI MOTYT OTCYTCTBOBATh, BCE COCAMHEHMS TMOKa3aHbl B IIENAX OOITHOCTH.
MoryT UMETh MECTO TaK)K€ COCIMHEHHS MEX]y BBIXOJAMH U BXOJIaMH JJIEMEHTOB B CJIO€.

Taxue KOHGUTYpaIul pacCMaTPUBAIOTCS B IIIL. 6.

Yno6HO cuuTarth Beca sneMeHTaMu Matpuibl W. Matpuia uMmeer m CTPOK H 7
CTOJNIOLIOB, TI€ M — YKUCJIO BXOJOB, a N — 4YHCIO HelpoHoB. Hampumep, w,3 — 3TO Bec,
CBSI3BIBAIOIIMI TPETH BXOA CO BTOPHIM HeWpoHOM. TakuM o00pa3oM, BBIYHCICHUE
BBIXOZIHOTO BekTOopa N, KOMIIOHEHTaMH KOTOPOro sBisArOTCs BbIxoabl OUT HelpoHOB,

cBoautces K MaTpuuHoMy YMHOKEHUIO N = XW, rie N 1 X — BEKTOpBI-CTPOKH.

MHOIOCJIOMHbIE UCKYCCTBEHHbIE HEMPOHHbIE CETU

Bosiee kpynHbBIE M CIOKHBIC HEHPOHHBIC CETH O0JIAAI0T, KaK MPABUJIO, U OOJBITUMH
BBIYUCIUTCIIbHBIMHU BO3MOXHOCTSIMMA. XOT?I CO3daHbl CE€THU BCEX KOH(l)HpraHHﬁ, KaKHe
TOJILKO MOHO ce0e MpeICTaBUTh, MOCIOWHAS OpraHU3alus HEHPOHOB KOMHUPYET CIOUCTHIE
CTPYKTYpPBl OMNpPENEICHHBIX OTAeN0B Mo3ra. Oka3ajaoch, UYTO TaKW€ MHOTOCIOWHBIE CETH
00J1a1a10T OOJIBIITUMHU BO3MOYKHOCTSIMHU, Y€M OJHOCIIONHBIC (CM. TJI. 2), U B TIOCIICTHUE TObI

ObLIM pa3paboTaHbl AITOPUTMBI IS UX 00yUYEHUS.

™
Y
™
i

)

— ¥,

]
'
]

Z Ky Z
MEECLE BECOFSIX MZLrHE BELOBBLY

KOTRUU LU IO ROTDGHHUEH IO
/4 A

Puc. 1.6. /IByxcJ/i0iiHasi HelipOHHAs CeTh
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MHoOroCI0iHBIE CETH MOTYT 00Pa30BhIBATHCS KacKagaMu CJIOeB. BbIXom oHOTO Ciios
SBJISICTCSL BXOJIOM I mocieaytomiero ciosi. [logoOHas ceTh mokasana Ha puc. 1.6 u cHoBa

MU300pakeHa CO BCEMH COEIMHCHUSMHU.

HenuuneiiHas akTuBauMoOHHast GyHKIUA

MHoOrocnoiHbIe CeTH He MOTYT ITPUBECTU K YBEJIMYEHUIO BBIYUCIUTEIBHON MOIIIHOCTH
10 CPaBHEHUIO C OJHOCIOWHOW CETHIO JIMIIb B TOM CIIy4ae, €ClIM aKTUBAIIMOHHAS (PYyHKIIUS
MEXIy CI0sSMHU OyaeT HeMuHeHHOW. Beruncienue BbIX0O/a CIIOS 3aKII0YACTCS B YMHOXKECHUU
BXOJTHOTO BEKTOpa Ha MEPBYID BECOBYIO MATPHUIYy C TMOCIEAYIOUIMM YMHOXEHHEM (eCciH
OTCYTCTBYET HEJIMHEHHasl aKTUBAIlMOHHAsA (YyHKIHS) PE3yIbTUPYIOIIETO BEKTOPAa HA BTOPYIO

BECOBYIO MATPHILY.

XW)W,

Taxk xak YMHOXCHHUEC MaTpul] aCCOMAaTUBHO, TO

X(WW,).

DTO NMOKa3bIBAET, UTO ABYXCJIOWHAs JMHEHHAs CEeTh SKBUBAJEHTHA OJHOMY CJIOIO C
BECOBOM MaTpuIled, paBHOW MPOU3BEACHHUIO IBYX BECOBBIX Marpull. CienoBaTenbHO, Tr00as
MHOTOCJIOMHAs JIMTHEWHAs! CETh MOXKET OBITh 3aMEHEHA KBUBAJICHTHOW OJHOCIOMHOW CETHIO.
B 1. 2 noka3aHo, 4TO OIHOCTIOMHBIE CETU BEChbMa OTPAHUYEHHBI 10 CBOUM BBIUHUCIUTEIHHBIM
BO3MOXKHOCTSIM. TakuM o0pa3om, Uis pacIIupeHHus BO3MOXKHOCTEH CeTeil M0 CpaBHEHHIO C

OJIHOCJIOMHOMW CEThIO HEOOX0IMMa HEeJTMHEHHAsT aKTUBAIMOHHAs (DYHKITHSI.

CeTn ¢ 00paTHBIMHU CBA3SIMH

VY cereid, paCCMOTPEHHBIX JI0 CHX TOP, HE OBLIO OOPATHBIX CBSI3CH, T. €. COCIMHCHUH,
HAYIIHUX OT BBIXOAOB HCKOTOPOI'O CJIOA K BXOJaM 3TOIO KE€ CJIOA WM NPCAIICCTBYROIIUX
CJOeB. DTOT CHEIHMAlbHBIN KJacc CeTei, Ha3bIBaeMbIX CEeTIMH Oe3 OOpaTHBIX CBs3ed WIIH
CETSIMU MPSIMOTO PACHPOCTPAHEHUs, MPEICTABISET UHTEPEC U HIMPOKO HcHoib3yeTcs. CeTn
60.]166 O6H.I€FO BHAa, UMCIOIIUE COCAMHCHHUA OT BBIXOJOB K BXOJaM, HA3bIBAKOTCA CCTAMH C
oOpaTHBIMU CBS3SIMU. Y ceTeil 0e3 OoOpaTHBIX CBsI3eH HET MaMSTH, MX BBIXOJ| MOJHOCTBHIO
onpezensercs TeKyIIMMU BXOJaMU M 3HAUYEHHUSAMH BeCcOB. B HEKOTOPBIX KOH(pUTryparusx
ceTeit ¢ O6paTHI)IMI/I CBA3SAMU MNPCABIAYIINEC 3HAUCHUA BBIXOJOB BO3BpALIAIOTCA HA BXOJbI,
BBIXOJ, CJIEHOBATEIbHO, OMpPENEIIETCd KaK TEKYIIMM BXOJOM, TakK MW MPEAbIAYIIUMU
BbIxogamu. [lo »Tol mpuunMHe ceTu ¢ OOpaTHBIMU CBS3SIMH MOTYT 0OOJNaIaTh CBOMCTBamH,
CXOIHBIMU C KPAaTKOBPEMEHHOM YEeI0BEYECKOM MaMsAThIO, CETEBbIE BHIXO/Ibl YACTUYHO 3aBUCT

OT IPEABIIYIIUX BXOJ0B.
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TEPMUHONOINA, OBO3HAYEHUA U CXEMATUYECKOE W3OBPAXEHUE
UCKYCCTBEHHbIX HEMPOHHbIX CETEW

K coxanenuto, I MCKyCCTBEHHBIX HEHPOHHBIX CETEH elle HeT OMyOJIMKOBAaHHBIX
CTaH/JapTOB M YCTOABILUXCS TEPMHHOB, OOO3HAYEHUIl W Trpa@UuecKuX MpeACcTaBICHUM.
[lopoii wuaeHTHUYHBIE CceTEBblE€ MApaJWUrMbl, MPEICTABICHHBIE pPAa3JIMYHBIMU aBTOpPaMH,
NOKAXYTCA JAJIeKUMU Jpyr oOT Jpyra. B 9Toif kHuMre BbIOpaHbl HauOoliee HIMPOKO

HCIIOJIb3yCMBbIC TCPMHUHBI.

TepmuHoJIOT U

MHorue aBTOpbl M30€TaloT TepMUHA «HEHPOH» Al 0003HAUEHUS HCKYCCTBEHHOTO
HEHpoOHa, CUMTAas €ro CIWIIKOM TpyOOil MOJENBI0 CBOETO OMOJOTHYECKOro MpoToTura. B
9TOU KHUTE TEPMUHBI KHEUPOH», KKIIETKA», «3JIEMEHT) UCIOJIb3YIOTCS B3aUMO3aMEHSIEMO /IS

0003HaYEHU «HUCKYCCTBCHHOI'O HeﬁpOHa)) KaK KpaTKHUC U CaMOpPa3bACHAOUINUC.

JAunddepenunaibibie ypaBHEHUsI WM Pa3HOCTHBIC YPABHEHU S

Anroput™bl 00yUYeHHsI, KaK U BOOOIIE MCKYCCTBEHHbIC HEMPOHHBIE CETH, MOTYT OBITh
npejcTaBieHbl Kak B AuddepeHnuanbHOM, TaKk M B KOHEYHO-pasHOCTHOM Qopme. Ilpu
UCTIONB30BaHUU AU PEepeHInanbHbBIX  YpPaBHEHHH  MPEANoNaraioT, YTO  MPOILECCHI
HEIPEPHIBHBI M OCYIIECTBIISIFOTCS TIOJTI0OHO OOJIBIIION aHaOTOBOM ceTH. JIjisi OMOIOTHYeCKOM
CHUCTEMBI, PaCCMaTPUBAEMON HAa MUKPOCKOMMYECKOM YPOBHE, 3TO HE TaK. AKTHUBALMOHHBIN
YpOBEHb OHOJIOTHYECKOT0 HEWpOHA ONpEeAessieTcss CpeIHEel CKOpPOCThIO, C KOTOPOl OH
MOCHUTAET JAUCKPETHBIE MOTEHIMAJIbHBIE UMIYILCHI MO CBOEMYy akcoHy. CpeaHsisi CKOPOCTb
OOBIYHO paccMaTpUBaeTCs Kak aHajoroBas BeJIMYMHA, HO BaXXHO He 3a0bIBaTh O

JEUCTBUTEIILHOM ITOJIOKEHUH BEIIIEH.

Ecnu MoznennpoBaTh UCKYCCTBEHHYIO0 HEMPOHHYIO CETh Ha aHAJIOIOBOM KOMIIBIOTEPE,
TO BeChbMa JKEJaTeNbHO HCIOJB30BaTh MPEACTABICHUE C MOMOIIBI0 AU(PEpeHInaTbHBIX
ypaBHeHui. OmHAKO CerogHs OOJBIIMHCTBO pPaOOT BBIMOJIHSAETCS HA MHUQPPOBBIX
KOMIIBIOTEpAX, YTO 3aCTaBseT OTAaBaTh NPEINOUYTEHHE KOHEYHO-Pa3HOCTHON (opme Kak
HanOosnee Jerko mnporpammupyemoil. Ilo 3Toil mpuyMHE Ha NPOTHKEHUHM BCEH KHUTH

HCIIOJIB3YCTCA KOHCUHO-PA3ZHOCTHOC NNPEACTABIICHUC.

I'paduyeckoe npeacrasiaenune

Kak BumHO M3 myOnmkanuii, HET OOIIEHIPUHATOrO crocoda IMojcyera 4rcia CIOEeB B
ceTd. MHOrocs0lHas CeTh COCTOUT, KaK MOKa3aHo Ha puc. 1.6, U3 ueperyromxcs MHOXKECTB
HEHWpPOHOB M BecoB. PaHee B cBsi3u C puc. 1.5 yke TrOBOPWJIOCH, YTO BXOJHOHM CJIOW HE
BBITNOJIHACT CyMMHUPOBAaHHA. OTH HEHUPOHBI CIIy’KaT JIMIIb B KAauyeCTBE DPA3BETBICHUM UL
IIEPBOT0 MHO>KECTBA BECOB M HE BIIMSIOT HA BBIYMCINTEIbHBIE BO3MOXKHOCTH ceTH. [lo aToi

IIPUYMHE IIEPBBIM CIIOH HE IPUHUMAETCS BO BHUMAHHME IPU IOJACYETE CJIOEB, U CETh,
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nmojo0Hass M300pakKeHHOW Ha pHC. 1.6, cuuTaeTcs IBYXCIOWHOM, TaK KaK TOJBKO JBa CIIOS
BBITIOJIHAIOT BbIYMCICHHs. Jlaee, Beca CJIOS CUMTAIOTCS CBSI3aHHBIMHU CO CJCAYIOIIMMH 32
HUMHU HelipoHamu. CrneoBaTelibHO, CIOW COCTOMT U3 MHOXKECTBA BECOB CO CIEAYIOUIUMU 3a

HUMHU HeﬁpOHaMH, CYMMUPYIOIIUMHA B3BCHICHHBIC CUT'HAJIBI.

OOy4eHHne MCKYCCTBEHHBIX HEHPOHHBIX ceTeH

Cpenu Bcex MHTEPECHBIX CBOMCTB HMCKYCCTBEHHBIX HEHPOHHBIX CET€l HU OJHO HE
3aXBaThIBACT TaK BOOOPaXKEHUS, KaK X CHOCOOHOCTh K 00yueHHIo. X oO0yueHue a0 Takoit
CTENIEHM HAIlOMHUHAET IPOLIECC MHTEJUIEKTYaJbHOTO PA3BUTHUS YEJIOBEYECKOW JIMYHOCTH YTO
MOJKET IOKa3aThbCs, YTO JOCTUTHYTO IIyOOKOe MOHMMaHue 3Toro mporecca. Ho mpossiuss
OCTOPOXKHOCTh, CJIEeAyeT cAepKuBaTh dhdopuro. Bo3M0oXKHOCTH 00y4eHMsI MCKYCCTBEHHBIX
HEHpPOHHBIX CETe OrpaHUYCHHBI, M HYXXHO pEIIUTh MHOTO CJIOXHBIX 3a/1ad, YTOOBI
ONpEACINTh, Ha NPAaBUIBHOM JIM IYTH Mbl HaxoAuWMcsa. TeM He MeHee yXKe IOJIy4EHBI
yOenuTenbHble JAOCTHXKEHMS, Takue Kak «ropopsimas cerb» CelHOBckoro (cm. ri.3), u

BO3HHUKACT MHOI'O JPYTHUX NPAKTHUICCKUX HpI/IMCHeHI/If/'I.

e o0yuenus

Cetb 00OyuaeTcst, 94TOOBI 711 HEKOTOPOTO MHOKECTBA BXOJOB JIaBaTh *kKelaemoe (Wiy,
1o KpaifHeil Mepe, cooOpa3HOe ¢ HUM) MHOXKECTBO BbIX0Z0B. Kaxioe Takoe BXoaHoe (Win
BBIXOJJTHOE) MHOXKECTBO paccMaTpHUBaeTcsi Kak BeKTop. OOyueHHE OCYIIECTBISAETCS IMyTeM
IIOCJIEIOBATEIbHOTO IIPEABSBICHUS BXOIHBIX BEKTOPOB C OJHOBPEMEHHOW MOJACTPOHUKOU
BECOB B COOTBETCTBUHU C OIpPEAENEHHOW Mpoienypoil. B mporecce oOyueHusi Beca ceTH
IOCTETNIEHHO CTAHOBATCS TAKMMHU, YTOOBI KaX/Iblii BXOJHON BEKTOP BbIPAOaThIBaJl BBIXOJHOMN

BEKTOP.

OOyuenne ¢ yuuresaem

Paznuuator anroputMel o0yueHHs ¢ yuuTeneMm u 6e3 yuutens. OO0ydeHue ¢ yuuTenem
npernoiaraeT, 4ro Ui KaXKJAOro BXOJHOTO BEKTOpa CYIIECTBYET IIEJICBOM BEKTOP,
MIPEICTABISIIONINI cOO00M TpeOyemblii BbIX0O. BMecTe oHM Ha3bIBaloTCs 0OydJaromiei mapoi.
OObIyHO ceTh OOydaeTcs Ha HEKOTOPOM uucie Takux oOydaromux map. Ilpenbssisercs
BBIXOJTHON BEKTOP, BBIYMCISETCS BBIXOJ CETH M CPABHUBAETCS C COOTBETCTBYIOLIUM IIE€JICBBIM
BEKTOPOM, Pa3HOCTh (OIIMOKa) C TOMOIIbI0 OOpaTHOHM CBs3M TOJACTCSI B CETh M Beca
U3MEHSIOTCS B COOTBETCTBHUH C QJITOPHUTMOM, CTPEMSIIAMCS MHHUMHU3UPOBATh OIIUOKY.
Bektopbl 00ydYaromero MHOXKECTBA TPEIBSIBISIOTCS MOCIEIO0BATEIBHO, BBIYHACISIOTCS
OMOKM M Beca MOJCTPANBAIOTCA JUIsl KaXIOT0 BEKTOpa J0 TeX MOp, MOKa OINOKa M0 BCeMy

06yqafomeMy MaCCHUBY HC NOCTHUI'HCT IPHUEMIICMO HHU3KOI'O YPOBH:.
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OOyuenue 0e3 yuurens

HecMoTpss Ha MHOTOYHCIICHHBIC TPHKIATHBIC IOCTHKCHHS, OOyYCHHE C YUIHUTEIEM
KPUTHKOBAJIOCh 3a CBOI OHOJOTHYECKYIO HEMpaBIONoA00HOCTh. TpyaHO BOOOPa3UTH
o0ydJamuid MEXaHW3M B MO3re, KOTOPbI Obl CpaBHUBAJ >KEJIaeMble M JIEHCTBUTEIbHBIC
3HAYEHUS BBIXOJIOB, BBIMOJIHSS KOPPEKIMIO C MOMOIIbIO 00paTHOU cBsi3u. Eciau nomycTUTh
MOJO0HBIM MEXaHU3M B MO3Tre, TO OTKyJa TOT/Ia BOSHUKAIOT KeJlaeMble BhIX0Abl? O0ydeHue
0e3 yuuTens SBIAETCS HAaMHOro Oojiee TMPaBAONOJOOHOM MOJENnbl0 O0O0ydeHUs B
ouosnorudeckoi cucreme. Passuras KoxoneHoM [3] 1 MHOTUMH APYTUMHU, OHA HE HYKIACTCS
B LIEJIEBOM BEKTOpE /Uil BBIXOJIOB U, CIJIEJOBATEIbHO, HE TpeOyeT CpaBHEHUS C
MIPEIOTIPEICIICHHBIMA UICATbHBIME OTBeTaMu. OOydarolee MHOKECTBO COCTOUT JIMIIb U3
BXOJIHBIX BEKTOpOB. OOyJaromuii aNropuTM MOJCTPanBaET BeCa CETH TaK, YTOOBI TIOTyUYaHCh
COTJIaCOBAaHHBIE BBIXOJHBIE BEKTOPHI, T.€. UYTOOBI MpEAbSBICHUE HOCTATOYHO ONM3KUX
BXOJHBIX BEKTOPOB JlaBajo OJMHAKOBBIE BbIXOABI. lIpomecc oOyueHus, cienoBaTeNbHO,
BBIJICTISICT CTAaTHCTUYCCKUE CBOMCTBA OOYYAOIIErO0 MHOXKECTBA M TPYMIHPYET CXOJHBIC
BEKTOPHI B KJIacchl. [IpenbsiBieHrne Ha BXO/ BEKTOpa U3 TaHHOTO KJlacca JacT OMpPe/IeICHHBIH
BBIXOJIHOH BEKTOp, HO 10 OOy4YeHHs HEBO3MOXKHO TMpeAcKa3aTh, KaKOH BBIXOI OyIeT
MIPOU3BOJUTHCS JAHHBIM KJIACCOM BXOIHBIX BEKTOpOB. CienoBaTeNbHO, BBIXOJbI MOJ00HOM
CETH JIOJDKHBI TPaHC(OPMHUPOBATHCS B HEKOTOPYIO TOHATHYIO (DOopMy, OOYCIIOBICHHYIO
nporeccoM OOydYeHHUs. DTO HE SBISETCS Cepbe3HOoW mpobiemoil. OOBIYHO HE CIOKHO

I/I,ZLCHTI/I(I)I/ILII/IPOBaTB CBA3b MCXKY BXOIOM U BBIXOJIOM, YCTAHOBJICHHYIO CCTBIO.

AJITOPUTMBI 00y4eHHs

BOIBIIMHCTBO COBPEMEHHBIX AJITOPUTMOB OOYUYEHHUS BBIPOCIO M3 KOHIENui X300a
[2]. UM nmpemioxena moaenb o0yueHust 0e3 yuuTensi, B KOTOpOH CHHANTHYecKas cuiia (Bec)
BO3pacTaeT, €clii aKTUBUPOBAHHBI 00a HEMpOHA, UCTOYHUK W MpHUEMHHUK. Takum obOpa3om,
4acTO HCIOJIb3YyEeMbIe MyTH B CETH yCHJIMBAIOTCA U ()EHOMEH NMPUBBIUKK M OOy4UEHHUS uyepe3

HOBTOPEHHE MOJy4aeT OOBbSICHEHUE.

B uckyccTBeHHOW HEWpPOHHOW ceTH, WCHONb3ymome obydenne 1o X300y,
HapalMBaHNUEe BECOB OMPEIEISICTCS MPOU3BEICHUEM YPOBHEH BO30YKICHHS TEPEIArOIIEro U

MPUHUMAIOIIETO HEUPOHOB. DTO MOYKHO 3aIUCATh KaK

wij(n+1) = w(n) + aOUT; OUT;,
rae wi(n) — 3HA4EHHWE Beca OT HEWpOHA i K HEUPOHY j IO MOIACTPOMKH, wi(ntl) —
3HAUYCHHE Beca OT HEWpOHA i K HEHPOHY j MOCJe MOJACTPOUKH, 0 — KOI(DPHUIIMEHT CKOPOCTH

o6yuenus, OUT; — BeIxon HelipoHa i u Bxox HelipoHna j, OUT; — BeIXoz HelipoHa j.

Cern, ucnonp3ytonye odyyeHue mo X360y, KOHCTPYKTUBHO pa3BUBAJIHCh, OHAKO 3a
nocyeanue 20 et ObUTH pa3BUTHI Oosee A3 PEKTUBHBIC ANTOPUTMBI 00y4eHus. B yacTHOCTH,

B pabotax [4 — 6] u MHOrMX Jpyrux ObUIM Pa3BUTHI AJTOPUTMBI OOYYEHHUS C YUHTEINIEM,
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NPUBOJSIINE K CETSIM C OoJiee MHUPOKUM AUATIA30HOM XapaKTEPUCTHK O0YYarOIINX BXOIHBIX
00pa3oB U OOJNBIIMMHU CKOPOCTSIMU OOYYEHHS, Y€M HCIIOJIB3YIONIHE MPOCTOe OOYyYEeHHE TI0
X»060y.

B Hacrosimee BpeMsi HCIONB3YyeTCs OTPOMHOE pa3HoOoOpasue  00ydarommx
anroputmoB. [loTpeboBanack Obl 3HAUUTETHLHO OOJbIIAs TO OOBEMY KHHUTA, YeM 3Ta, JJIA
paccMOTpeHHsI 3TOrO TpEeAMEeTa IMOJHOCThI0. UTOOBI  paccMOTpPeTh JTOT MpPEeaMeT
CHUCTEMAaTHUYECKH, €CJIM U HEe UCUEPIIbIBAIOIIE, B KAKIOW M3 MOCIEAYIOMHUX TJaB MOJPOOHO
OTMCaHbl AITOPUTMBI OOYYCHHUS I pacCMaTPUBAEMOH B TJIaBE NapaJurMbl. B ponoigHeHne B
npwioxkeHnu b npeacrapien oduuii 0030p, B onpeelIeHHON Mepe 0oiee OOIUPHBIN, XOTSI U
HE OYeHb IIyOOoKHid. B HEM JaH MCTOPHYECKUI KOHTEKCT alrOpUTMOB OO0Y4YeHHMs, UX 0O0Ias
TAKCOHOMHS, PsiJl MPEUMYIIECTB U OrpaHHUYeHHd. B crily He0OXOAMMOCTH 3TO MPUBEICT K

MOBTOPEHMIO YAaCTH MaTepuaa, opaBJaHUEeM €My CIIyKHUT pacllipeHHe B3TJsa Ha IpeIMeT.

neponor

B nocnenyromux riaBax NpencTaBlIeHbl U MPOAHAIU3UPOBAHBI HEKOTOPbIE HanboIee
Ba)KHbIE CETEeBbIC KOH(UTYpalUu M UX aaropuTMbl o0ydyenus. [IpeacraBieHHble napaaurmsl
JIAl0T MpeJCTaBlIeHHEe 00 HCKYCCTBE KOHCTPYUPOBAHMS CETeH B I€JIOM, €ro MPOLUIOM U
HacTosieM. MHorue Jpyrue napajurMel MPHU TIIATEIBHOM PACCMOTPEHHMU OKa3bIBAIOTCS
b ux  Moaupukauusmu. CerogHsIHEe pPa3BUTHE HEHPOHHBIX CETed  cKopee
IBOJIIOLIMOHHO, YEM PEBOIIOLMOHHO. [103TOMY MOHMMaHUE NPEACTABIECHHBIX B IaHHON KHUTE

napajurm Mo3BOJIUT CICOUTH 3a IPOTPECCOM B 9TOHU 6LICTpO pa3BHBaIOIHeﬁCH obmnactu.

VYrop caenaH Ha UHTYUTUBHBIE M AITOPUTMHYECKHE, 3 HE MAaTEMaTHYECKUE aCTIECKTHI.
Kaura azapecoBaHa ckopee IIOJIB30BATEN0 HCKYCCTBEHHBIX HEMPOHHBIX CETEH, YeM
teopeTtuky. CooOrraercsi, cienoBaTeiabHO, JOCTATOYHO MH(OPMAIUK, YTOObI JaTh YMTATEIIO
BO3MOKHOCTh TIOHHMaTh OCHOBHBIC Haeu. Te, KTO 3HAKOM C MPOrpaMMHUPOBAHUEM, CMOTYT
peann3oBath 100yI0 U3 3TuX cereil. ClI0XKHBIE MaTeMaTHYECKHE BBIKIAIKU OMYIICHBI, €CIN
TOJILKO OHM HE MUMEIOT NPSMOT0 OTHOWICHHS K pealn3aluuu ceTH. J{Js 3anHTepecOoBaHHOTO

YUTATCIIAA NPUBOAATCA CCBUIKW Ha Ooiee CTPOruc " MOJIHBIC pa60T51.
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MaBa 2.
MepcenTpoHbI

NMEPCENTPOHbI U 3APOXOEHUE UCKYCCTBEHHbIX HEUPOHHbIX CETEN

B kauecTBe HayyHOTrO MpeAMETa NCKYCCTBEHHBIC HEHPOHHBIC CETH BIEPBHIC 3asSBUIIH O
cebe B 40-e rompl. CTpemsch BOCIIPOU3BECTH (DYHKITUH YEIIOBEUECKOTO MO3Ta, UCCIIEOBATEIH
CO3/aJIu IIPOCTHIE amnmnapaTHble (a M03Ke MPOrpaMMHBIE) MOJENIHN OMOJIOTMYECKOT0 HEHpoHa 1
cuctembl ero coeanHennid. Korna nelipodusuonoru nocTuriu 6osiee riryO0OKOro MOHUMAHHS
HEPBHOW CHUCTEMBI YEJIOBEKA, STU PAHHUE MOMBITKU CTajdl BOCIPUHUMATHCS KaK BechbMa
rpyOble anmpokcuMmanuu. TeM He MeHee Ha 3TOM IYTHU ObUIM JOCTUTHYTHI BIIEUATIISIOLINE
pe3yabTaThl, CTAMYJIMPOBABILIKE NabHEUIIINE UCCIIECIOBAHUS, IPUBEIIINE K CO3JJaHUI0 OoJiee

U30LIPEHHBIX CETEH.

&y w,
\ ﬂpﬂpg

Z2 atd - ~ [ pooor

Puc. 2.1. IlepcenTpOHHBbI HEHPOH

[lepBoe cucTeMaTH4eckoe H3yUYEHUE HWCKYCCTBEHHBIX HEHPOHHBIX CeTe ObLIO
npennpunsto Makkaigokkom u Ilutrcom B 1943 r. [I]. Tlo3smHee B pabore [3] oHuM
UCCJIEIOBAJIM CETEeBbIE MapaJurMbl JJI PACIO3HABAHUSA W300pa)K€HUi, MOJABEpraeMbIxX
caBuraM u nosoporaMm. llpocras HelipoHHas Mojedb, IIOKa3aHHas Ha puc. 2.1,
UCIIONB30Baach B OOJBIICH YACTH UX PAOOTHL. DIIEMEHT X YMHOKAeT KKl BXOJ X HA BEC
W M CyMMHpYET B3BELIEHHbIE BXonbl. Ecnmm 3Ta cymMma Oomblie 3aJaHHOTO IMOPOrOBOTO
3HA4YE€HUs, BBIXOJ] PaBEH EMHHUIIE, B IPOTUBHOM CIlIydae — HyJIl0. DTH CUCTEMBbI (U MHOKECTBO
UM TIOAOOHBIX) TIOJYYWIM Ha3BaHHE nepcenmporos. OHU COCTOSIT W3 OJIHOTO CJOS

HNCKYCCTBCHHBIX HCprOHOB, COCAMHCHHBIX C IIOMOIIBIO BCCOBBIX KOZ—)(b(bI/IL[I/ICHTOB C
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MHOKECTBOM BXOJIOB (CM. puc. 2.2), XOTS B MPHUHIUIIE OMHCHIBAIOTCS W OOJIEE CIIOXKHBIC

CHUCTCMBI.

B 60-¢ roapl mepcenTpoHbl BRI3BAIH OOJBIION HHTEPEC U ONTUMU3M. Po3eHOnaTT [4]
JoKa3and 3aMedaTelbHyI0 TeopeMy 00 OOy4YeHMHM TMepCenTPOHOB, OOBICHAEMYIO HIXKE.
Yunpoy [5-8] man psg yOemuTenbHBIX JEMOHCTpAIMd CHCTEM IEePCENTPOHHOTO THIA, M
UCCJIEIOBATEIM BO BCEM MHUpPE CTPEMUINCh HU3YYUTh BO3MOKHOCTH JTHUX CHUCTEM.
[TepBonauanbHas 31 (opHst CMEHIIIACH Pa30yapoOBaHUEM, KOTIa 0Ka3aJo0Ch, YTO MEPCENTPOHBI
HE CIOCOOHBI OOYYHTHCA PEIICHHUIO psAda TNPOCTHIX 3amad. MuHCkuit [2] cTporo
IPOAHAIU3UPOBAI 3Ty NMPOOJIEMY U MOKa3all, YTO UMEIOTCS )KECTKHE OTPAHUYEHUS HA TO, UYTO
MOTYT BBINOJHATH OAHOCIONHBIE MEPCENTPOHBI, U, CIEAOBATEIBHO, HA TO, YEMY OHU MOTYT
oOyuatbes. Tak Kak B TO BpeMs METO/bI 00y4eHUs MHOTOCIIOMHBIX CETel He ObLITM N3BECTHBI,
MCCJIeI0OBATENN TEepenuIn B 00Jee MHOrooOemarnye 00JacTi, U UCCIICIOBaHUs B 00JIacTH
HEHUpOHHBIX ceTell mnpuuuM B ynaaok. HenaBHee OTKpbITUE METOJOB  OOy4EeHMS
MHOTOCJIOMHBIX ceTeil B OoJiblIel CTENeHH, YeM KaKOH-TMO0 MHOHM (hakTop, MOBIUAIO HA

BO3POXKIACHUC UHTCPECA U UCCIICAOBATCIIbCKUX YCHHHﬁ.

“ > ~ _[ Lo

‘t” Z 3 __’_ — G077

Puc. 2.2. IlepcenTpoH cO MHOTUMH BbIXOIaMHU
PaGora MuHckoro, BO3MOXHO, W OXJIaJWJa TBUI SHTY3MACTOB IEPCENTPOHA, HO
obOecrieunyia Bpemsl i HEOOXOIMMOW KOHCONHIAIMK W DPAa3BUTHS JIeXkKAlled B OCHOBE
Teopuu. BaxkHO OTMETHTH, 4TO aHaanM3 MwuHCKoro He OblT ompoBeprHyT. OH ocTaercs

BAXXHBIM HMCCJICIOBAHUECM U JOJIKCH U3ydaTbCs, yTOOKI OIIMOKU 60-X roaoB HE MOBTOPHUIINCE.

Hecmotpss Ha cBoM oOrpaHMdeHHs] NEPCENTPOHBbl IIUPOKO H3ydaauch (XOTS He
CJIMIIKOM IIHMPOKO MCIOJB30BAINCh). TeopHs nepcenTpoHOB SBISETCS OCHOBOM I MHOTHX

APYTrUxX THUIIOB HUCKYCCTBCHHBIX HCﬁpOHHBIX CCTCI‘/'I, " ICPCCUTPOHBI UJINIFOCTPHUPYIOT BAKHBIC
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NPUHLMIBL. B CHIly 3TMX NPUYMH OHHU SBIAKOTCA JIOTMYECKOM HMCXOJHOM TOYKOW MJIst

W3Y4YEHUs] HCKYCCTBEHHBIX HEHPOHHBIX CETEM.

NEPCEMNTPOHHAA NPEACTABNAEMOCTb

Jloka3zaTenbCTBO TeopeMbl O0yuyeHMs MepcenTpoHa [4] mokazano, YTo MepCcenTpoH
CHocOo0€H HAay4YMTbCS BCEMY, YTO OH CIIOCOOEH MpeJCTaBlATh. BakHO NpU ATOM yMETh
pasnuyath NpeJCTaBIsIEMOCTh M 00yuyaemocThb. lloHsATHE MpencTaBiISEeMOCTH OTHOCUTCS K
CHOCOOHOCTH TEpcenTpoHa (WM JPYrod CeTH) MOJECIMPOBATH ONPEACICHHYIO (YHKIHIO.
OOyuaeMocTh ke TpeOyeT Halu4yMs CUCTEMAaTH4YEeCKOM MNpoLeqypbhl HACTPOWKH BECOB CETH

JUTSL peain3aly 3Tol QyHKINU.

0
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2 —
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g

Puc. 2.3. Cucrema pacno3HaBanus H300pakeHui

Jis wmrocTpalMu  MpoOJeMbl MPEACTaBIsSEMOCTH JIOMYCTUM, YTO y HAc ecTh
MHOKECTBO KapT, moMe4eHHBIX mudpamu ot 0 1o 9. JlomycTum Takxke, 4To MbI 00yajaem
TUTIOTETHYECKOM MAIIMHOW, CIIOCOOHOM OTJIWYaTh KAPThl C HEUETHBIM HOMEPOM OT KapT C
YETHBIM HOMEPOM U 3a)KUTAIOLIeH MHAMKATOP HA CBOEH MaHENu MpPU MPEAbSIBICHUN KapThl C
HEYETHBIM HOMepoM (cM. puc. 2.3). [IpeacraBuma nu Takas mamrnHa nepcentpoHom? To ecTb
MOJKET JHM OBbITh CKOHCTPYHpPOBAH MEPCENTPOH U HACTPOEHBI €ro Beca (HEBAXKHO KaKUM
00pa3oMm) Tak, 9ToOBI OH 00181 TaKOH ke paszuensonieit ciocoonocTrio? Ecim 310 Tak, TO
TOBOPST, YTO MEPCENTPOH CHOCOOCH MPENCTaBIATh JKEIaeMyl MalluHy. Mbl yBUAUM, 4TO
BO3MOKHOCTH TPEJCTaBICHUS OJHOCIOWHBIMU NEPCENTPOHAMU BEChbMa OTPAHUYECHHBI.
HmeeTcsi MHOTO IPOCTBIX MAIlUH, KOTOpble HE MOTYT OBITh IMpPEICTaBICHbI MEPCENTPOHOM

HE3aBUCUMO OT TOI'O, KaK HACTPaMBAIOTCA €ro BECa.
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I[Ipodaema pynknun UCKITIOYAIOLIEE UWIN

OauH M3 camblX NECCUMHCTUYECKUX Ppe3yJbTaTOB MUHCKOrO IOKa3bIBAET, YTO
OJTHOCJIOMHBIN MEPCENTPOH HE MOXKET BOCIPOU3BECTH TaKyl0 NPOCTyI0 (YHKIHIO, Kak
NCKJIFOYAIOIIEE MJIN. D10 ¢yHKIMS OT ABYX apryMEHTOB, KaXJIbli U3 KOTOPBIX MOXET
ObITh HyJIeM WK enuHuLeld. OHa NpUHUMAET 3HAaYE€HUE eUHUILIbI, KOTJa OJIUH U3 apryMEHTOB
paBeH enunuie (HO He o00a). [Ipobiemy MOXHO NPOWUIIOCTPUPOBATH C TOMOIIBIO
OJIHOCJIOITHOW OJIHOHEMPOHHON CHUCTEMBI C JABYMs BXOJaMH, IIOKa3aHHOW Ha puc. 2.4.
O0603HauMM OJIMH BXOJ uepe3 X, a APYroi yepe3 y, TOrjga BCe MX BO3MOXHbIE KOMOMHALUU
OyIyT COCTOSITh M3 YETHIPEX TOUYEK Ha IUIOCKOCTH X-y, KaK MOKa3aHo Ha puc. 2.5. Hampumep,
touka x = 0 u y = 0 o003HaueHa Ha puCyHKe Kak Touka A Tabum. 2.1 moka3piBaeT Tpedyemyto
CBSI3b MEXIY BXOJaMH U BBIXOJOM, TJi€ BXOJHbIE KOMOMHAIIMU, KOTOpPBIE JOJDKHBI J1aBaTh

HYJIEBOM BBIXOJI, TOMEYEHBI Ag U A, €eIMHUYHBIN BbIXoa — By u B;.

& Wy
\ NET
2 - F —our

Puc. 2.4. OnHoHelipoHHasi cUcTeMa
B cerm Ha puc.2.4 ¢yHkums F sBiusercss OoOBIMHBIM moporoM, Tak 4yto OUT
npuHUMaeT 3HaueHue Houb, Korga NET menbmie 0,5, u enununa B cimydae, korga NET

6onbie uau pasHo 0,5. HelipoH BBIMOHSET ClEAyIOLIee BHIUNCICHUE:

NET =xw; +yw, (2.1)
Hukakas xomMOuHaIMsl 3HaYEHWH JBYX BECOB HE MOXKET JaTh COOTHOIICHUS MEXKIY
BXOJIOM U BBIXOJIOM, 33/1aBaeMoro 1adiu. 2.1. UToObl MOHATH 3TO OrpaHuYeHHe, 3aUKCUPYEM
NET na Benuuune mopora 0,5. CeTb B 3TOM ciiydae ONMUCHIBAETCS ypaBHeHHEM (2.2). D10
ypaBHEHHE JMHEHWHO MO X W ), T.€. BCE 3HAUCHUS IO X U ), YIOBJIECTBOPSIOIINE STOMY

ypaBHEHHIO, OYyT JIeXKaTh Ha HEKOTOPOIl MPsIMOI B IMJIOCKOCTH X-.

xwy +yw, =0,5 (2.2)

Tadoauua 2.1. Tabamua ucrunroctu 18 pynkuunn HCKITOYAIOIEE NJIN

Tpebyemblit
Touku 3HayeHUs X 3HaueHus y
BBIXO/]
Ay 0 0 0
Bo 1 0 1
B, 0 1 1
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Ay 1 1 0

JIroOble BXOIHBIC 3HAYCHHS Ui X W Y HAa ATOH JUHUM OYyAyT NaBaTh IOPOTOBOE
3nayenue 0,5 st NET. Bxonnble 3Hau€HUs ¢ OHOM CTOPOHBI NMPsIMOM oOecneyaT 3HaYeHUs
NET 6onbme nopora, ciaenoBarenbHo, OUT=1. BxongHble 3HaueHUs MO APYryr CTOPOHY
npsimoii ooecnievar 3HadueHuss NET mensiie moporooro 3Hauenus, aenas OUT paBabiM 0.
W3menenus 3HadeHUil wi, wy U mopora OyAyT MEHATb HAKJIOH U MOJOXKeHUe NpsiMou. J[is
Toro 4tooOnl ceth peanuzoBaia pynkuuio NCKIIIOYAIOUIEE WJIN, 3agannyio Tadm. 2.1,
HY>KHO PacIOIOKUTh NMPSMYIO TaK, YTOObI TOUKU A ObUIM C OJJHOW CTOPOHBI MPSMOIi, a TOUKH
B — ¢ npyroii. [TonbITaBmmMcs, HAPUCOBATH TAKYIO MPSIMYIO Ha pHC. 2.5, yOexaaemMcs, 4TO 3TO
HEBO3MOKHO. JTO O3HAYaeT, YTO Kakue Obl 3HAUEHHUS HU MPHUIHMCHIBAINCH BECaM U IOPOrY,
CeTh HECTIOCOOHA BOCIIPOM3BECTH COOTHOIIEHUE MEX]Yy BXOJOM M BBIXOJIOM, TpeOyemoe st
npezncrasienus ¢pynxuu MCKJIIFOYAIOLIEE WJIA.

A

LU, + gy, = flopos

g 7 s

Puc. 2.5. lIpodaema NCKJIIIOYAIOIIEE NJIN

B3risinyB Ha 3aa4y ¢ apyrou Touku 3peHus, paccMoTpuM NET kak noBepxHoOCTb Hax
IUIOCKOCTBIO X-y. Kakgas Todyka 3TOM NOBEPXHOCTHM HAXOAUTCSA HaJ COOTBETCTBYIOLICH
TOYKOW TUIOCKOCTH X-y Ha PacCTOsiHWM, paBHOM 3HadueHWto NET B 3Toil TOuke. MOXHO
MOKa3aTh, YTO HAKJIOH 3TOM NET-OBEpXHOCTHM OIMHAKOB JIJIsi BCEM MOBEPXHOCTH Xx-y. Bce
TOYKHM, B KOTOpbIX 3HaueHue NET paBHO BenmdyuHEe 1nopora, NPOEKTUPYIOTCS HA JIMHUIO

ypoBHs wiockoctd NET (cwm. puc. 2.6).
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NET
LEMEBAT TOBERNHOLINE

;—/szm,v KOHEIRETHITE

¥ —

Puc. 2.6. Ilepcentponnas NET-miockocTs
SIcHO, 4TO BCE TOYKHM IO OJHY CTOpPOHY IIOPOrOBOM IPSMON CIPOCLHUPYIOTCS B
3nayenuss NET, Oonpiime mopora, a TOYKH IO APYTYyIO CTOPOHY AanyT MEHBIINWE 3HAYCHHUS
NET. Takum o6pa3oM, moporoBas mpsMas pa30MBaET IIIOCKOCTh X-) Ha ABe oOnactu. Bo Bcex
TOYKaX IO OJIHY CTOPOHY mnoporoBoi mnpsmoit 3HaueHue OUT paBHO enuHMIE, MO IPYTYIO

CTOPOHY — HYJIIO.

JIuHeliHas1 pa3aeIMMOCTh

Kak MBI BHOenu, HEBO3MOXKHO HApUCOBATh MPSAMYIO JIMHUIO, DPAa3ACIAIOLLYI0
IJIOCKOCTh X-y Tak, 4ToObl peanu3oBbiBanack (ynkus HMCKIIIOUAIOUIEE WJIN. K
COKaJIEHMIO, 3TOT NpPUMEpP HE E€AMHCTBEHHBbIM. MMeercs oOWIMpHBIA Kiacc (QyHKUUH, HE
peanu3yeMbIX OAHOCIOWHOM ceTbto. OO0 3THX (YHKIMSIX TOBOPAT, YTO OHHU SBISIOTCA
JUHEVHO HEPAa3AEIUMBIMM, W OHM HAKJIAJbIBAIOT OIpPEACICHHbIE OrPaHUYEHUs Ha

BO3MOKHOCTH OJHOCJIOUHEIX CETEH.

JIuneiiHasgs  pa3sAeIMMOCTh  OTPAHUMYMBACT  OJHOCIOMHBIE  CETHM  3aJadyaMu
KJaccu(UKaui, B KOTOPbIX MHOXECTBAa TOYEK (COOTBETCTBYIOIIMX BXOJIHBIM 3HAYCHUSM)
MOTYT OBITh pa3JieIeHbl FTeOMETpUYEcKU. JlJIs HaIllero ciiyydas ¢ JByMs BXOJIaMH pa3/iesIuTelNb
ABJIAETCS MIPSIMOM JTMHUEN. B cilydae Tpex BXOIOB Pa3AeIeHUE OCYIIECTBIAETCS INIOCKOCTBIO,
pacceKaroleil TpexMepHoe MPOCTPaHCTBO. [y deTelpex uiau 0ojee BXOAOB BH3YyalH3allUs
HEBO3MO)XHa M HEOOXOJMMO MBICJICHHO IMPEJICTABUTh N-MEPHOE MPOCTPAHCTBO, PACCEKAaeMOe
«TUMEPIUIOCKOCThIO» — TEOMETPUYECKHUM OOBEKTOM, KOTOPBIH paccekaeT IMpOCTPaHCTBO

YeTbIpeX WJIH OOJIBIIETO YUCIIa U3MEPEHUH.

Tak kak JnMHENHas pa3leIMMOCTh OIPAHUYMBAECT BO3MOXHOCTH IIEPCENTPOHHOTO
NpeCTaBJICHHUS, TO BaYKHO 3HATH, SIBJIACTCS JIM JaHHas QyHKIMs pazaenumoit. K coxanenuto,

HC CYLICCTBYCT MPOCTOI'O crocoba OMPEACIIUTL 3TO, €CJIU YUCIIO IICPEMCHHBIX BCJIIUKO.
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o n
HeI/IpOH C n ABOMYHBIMH BXOJaMH MOXCT HMCTb 2 PAa3IMIHBIX BXOIHBIX 06pa30}3,

COCTOSIIUX W3 HYJIEW M eAUHUIl. Tak Kak KaXKIblii BXOJIHON 00pa3 MOXXET COOTBETCTBOBATH

n .
JBYM Pa3IMYHBIM OWHAPHBIM BBIXOAaM (€IUHUIIA ¥ HOJb), TO BCEro uMeercs 2° (QyHKIUi OT

n NMNEpeMCcHHbIX.

Tabanna 2.2. JInneiiHo pazaeaumblie QyHKIUH

n 22" Ywucno nuHEHHO pa3nenuMbIX QyHKITAN
1 4 4

2 16 14

3 256 104

4 65536 1882

5 4,3x10° 94572

6 1,8x10" 15 028 134

(BzsTo u3 R. 0. Winder, Single-stage logic. Paper presented at the AIEE Fall General
Meeting, 1960.)

Kak BumHO u3 Tabm. 2.2, BEpOSTHOCTH TOTO, YTO CIy4YailHO BBIOpaHHAs (yHKIUS
OKa)XeTCs JIMHEWHO pa3eNiuMoii, BecbMa Malla Jaxe JUisi YMEPEHHOTO YHClia TepEeMEHHBIX.
[lo »TOli mnpuYMHE OAHOCIOWHBIE NEPCENTPOHBI HA MPAKTUKE OTPAHMYEHBI MPOCTHIMHU

3agad4aMHu.

IIpeonosieHue orpaHu4YeHusi JJUHEHHOM Pa31eJIJUMOCTH

K xonmy 60-x romoB mpobiiema JMHEHHON pa3fenuMOCcTH Obuta Xopomo moHsTa. K
TOMy e OBbUIO U3BECTHO, 4YTO JTO CEPbE3HOE OrpAaHUYEHHE MPEeACTaBISIEMOCTH
OJTHOCJIOMHBIMHU CETSMH MOXHO IPEO0JI0JIeTh, J00aBUB IOMOJIHUTENbHBIE ciion. Hampumep,
JIBYXCIIOMHBIE CETH MOXHO MOJYYHUTh KacKaJHBIM COCTUHEHHUEM ABYX OJHOCIIOMHBIX CETEH.
OHM crocoOHBI BBIOJHATE Oosiee oOmMe KiacCcUu(UKALUU, OTAEISSI T€ TOYKH, KOTOpBIE
coJepkarcs B BBIMYKJIbIX OrPaHMYCHHBIX WJIM HEOTpaHUYEHHBIX obnacTsax. OO0nacth
Ha3bIBAETCS BBITYKIIOHN, €CIM JUIsl JIIOOBIX IByX €€ TOYEK COSAMHSIOUINM X OTPE30K LEITUKOM
nexuT B oOmactu. OOnacTh Ha3bIBAETCS OTPAHUYEHHOM, €CIM €€ MOXKHO 3aKJIIOYHUTh B
HEKOTOphId Kpyr. HeorpanndyeHnyio o007acTh HEBO3MOXKHO 3aKIIOUUTh BHYTPh Kpyra
(HampumMep, o00JacTe MEXIY JBYMs MNapajulelbHbBIMM JHHHUAMH). [IpuMepbl BBIMTYKIIBIX

OTrpaHMYEHHBIX 1 HEOTPAaHUUEHHBIX 00JacTe! MpeicTaBiIeHbl Ha puc. 2.7.
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BHIYRABE POAZEMU

\ % HLOSRERUYENHEE
{OIRREIIBLE)

DEpanuyEHHEE
(B KDBIIEIE)

Puc. 1.7. BeinykJibie orpaHu4eHHble M HEOTPAHUYEHHbIE 00/1aCTH

UroObl YyTOUHUTH TpeOOBaHHE BBIMTYKJIOCTH, PACCMOTPHUM IMPOCTYIO IBYXCIOMHYIO
CeTh C JABYMsl BXOJAaMH, MOJIBEICHHBIMU K JIBYyM HEMpOHAM NEPBOTO CJOSA, COEAUHEHHBIMU C
€IMHCTBEHHBIM HEHPOHOM B cioe 2 (cM. puc. 2.8). [lycTs mopor BEIXOJIHOTO HEWpPOHA paBEH
0,75, a oba ero Beca pasHbI 0,5. B aTOM citydae [1st TOro, 4TOOBI TIOPOT OBLT TIPEBHIIICH H HA
BBIXOJIE MOSIBUJIACh €AMHHUIA, TpeOyeTcs,, 4ToObl 00a HeHpoHa MEepBOrO YpOBHsS Ha BBIXOJIE
uMenu enuHuily. Takum oOpa3oM, BBIXOJHOM HEHpOH peanusyeT jJoruueckyro ¢yHkiuio M.
Ha puc. 2.8 xaxap1ii HelipoH ciosi 1 pazduBaeT IIOCKOCTh X-) Ha JBE MOJYIUIOCKOCTH, OJIUH
oOecrieunBaeT €IUHUYHBIN BBIXOJ JJI1 BXOJOB HM)KE BEpPXHEH JIMHUU, APYTrol — AJis BXOJOB
BbIllle HIDKHEH nuHuHM. Ha puc. 2.8 mokazaH pe3yJbTaT Takoro JBOMHOTO pazOMeHus, IIe
BBIXO/JIHOM CHUTHall HEMpOHA BTOPOTO CJOS PaBeH EIMHHUIE TOJBKO BHYTpU V-00pa3HOii
o0nacTi. AHAJIOTMYHO BO BTOPOM CJIO€ MOXET OBbIThb HCIIOJIB30BAHO TpPU HEHpoHaA C
JAIbHEWIIUM pa3OMeHUEM IUIOCKOCTH U CO3/1aHHeM o00JacTh TpeyrojbHOW (HOpMBI.
BriitoueHneM 10CTaTOYHOTO YHMClIa HEHPOHOB BO BXOAHOH CiOM MOXKeT ObITh 00pa3oBaH
BBIMYKJIBIF MHOTOYTOJIBHUK J1000# sxenaemoii popmbl. Tak kak OHM 00pa30BaHbI C TOMOIIBIO
onepaun W Han obnactsMu, 3a1aBaeMbIMU JIMHUSIMH, TO BCE TaKU€ MHOTOTPAHHUKH
BBIMYKJIbI, CJIEJOBATEIbHO, TOJbKO BBINYKJIbIE OOJACTH W BO3HHUKAIOT. TOUKH, He
COCTaBJIAIONIME BBIMYKIOW 007acTH, HE MOTYT OBITh OTJEJIEHBI OT JPYTUX TOYEK IIOCKOCTH

JIBYXCIIOMHOM CETHIO.

33



¥ —— BIIXCOYOU CHEHAA HEUTOREZ
2-20 LAOF NMPHHUMEEN LOR-
HUTHOE SHAVEHHE MORBNG 8
IO POARLTIU,

& =

Loroi

Puc. 1.8. BeinykJias 00J1acTh penieHuii, 3a1aBaeMasi IBYXCJI0MHOM CeThIO

Heiipon Broporo cnosi He orpanumueH ¢yHkuuei M. OH MOXeT pealn30BbIBATh
MHOTHMe Jpyrue (yHKIMM NP MOAXOJsAIEM BblOOope BecoB U mopora. Hampumep, mMoxHO
cAenaTh TakK, 4TOObl €MHUYHBIA BBIXOJ JIFOOOTO M3 HEHPOHOB MEPBOTO CJIOS MPUBOIWI K
MOSIBJICHUIO CIMHMIBI HAa BBIXOAE HEMpPOHAa BTOPOrO CJIOS, PEAIM30BAaB TEM CAaMbIM
noruueckoe NJIN. Umeercs 16 nBonuHbIX (GyHKIUN OT ABYX MepeMeHHbIX. Ecnu BrIOMpaTh
HOIXOAALIMM 00pa3oM Beca M IOpOr, TO MOYKHO BOCHpoM3BecTH 14 u3 Hux (Bce, KpoMme
NCKIIIOYAIOIEE NN u UCKIIIOYAIOIIEE HET).

Bxoapl He 00s3aTeNnbHO JODKHBI OBITH JBOMYHBIMU. BEKTOp HENpephIBHBIX BXOA0B
MOJKET IPEJCTaBIATh COOOM MPOM3BOJIBHYIO TOUKY Ha IUIOCKOCTH Xx-y. B 3TOM ciydae Mbl
MMEEM JIEJI0 CO CIIOCOOHOCTBIO CEeTH pa30MBaTh MIIOCKOCTh HA HENPEPhIBHBIE 001AaCTH, a HE C
pa3zeneHueM JAMCKPETHBIX MHOXKECTB Todek. Iy Bcex 3TuxX (DyHKIMHA, OJHAKO, JIMHEHHas
pa3feIMMOCTh IOKa3bIBAE€T, YTO BBIXOJ HEHpOHA BTOPOTO CJIOS PAaBEH E€IMHULE TOJIBKO B
YacTU IUIOCKOCTH X-), OTPaHMYEHHON MHOroyroibHO# obOnactero. [losToMy st paspenenus
iockocteit P u Q HeoOxoaumo, 4To0bl Bce P nekanu BHYTpH BBITYKIIOH MHOTOYTOJBHOMN

obmnactu, He coaepkaiiel Touek Q (i Hao0opoT).
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HEGInyxAas PORALIME A U HEB

| Toeyeoaski A TWweyeombHEk B

Laoi 1 Luon 2
Ly
Lo F
Lp >
Wy
Lz

Puc. 2.9. «Boruyras» 00J1acTh pelieHuil, 3a1aBaeMasi TPEXCJI0HHOI CeThIO

TpexcnoitHast ceTh, OJHAKO, sBiseTcs Oonee oOmieil. Ee kmaccudumupyrorime
BO3MOXKHOCTH OTPaHHYEHBI JIMIIb YUCIOM HCKYCCTBEHHBIX HEMPOHOB M BeCOB. OrpaHUYCHHUS
Ha BBINYKJIOCTh OTCYTCTBYIOT. Tenepb HEUPOH TPETHETo CJO0s MPUHUMAET B KauecTBE BXOJa
HAa0Op BBIMYKIBIX MHOTOYTOJBHUKOB, M HX JIOTHYECKas KOMOMHAIMS MOXKET OBITh
HeBblykJo. Ha puc. 2.9 nmmoctpupyercss cilydail, Korga jaBa TpeyroipHuka A u B,
CKOMOMHHMPOBaHHbBIE ¢ MTOMOIIBIO (yHKIUN «A U He By, 3a1at0T HeBbIMyKIIyIo o6nacte. [Ipu
n00aBJICHUY HEHPOHOB M BECOB YUCIO CTOPOH MHOTOYTOJBHHKOB MOKET HEOIPAaHUYEHHO
BO3pacTaTb. JTO TIO3BOJISET AaNMpOKCUMHUPOBATH 001acTh J000H (opmbl ¢ THO00M
TOYHOCTHIO. B/100aBOK HE BCE BBIXOJHBIE OOJACTH BTOPOTO CIIOSI JOJKHBI MEPECEKAThCS.
Bo3moxHO, crnemnoBaTenbHO, OOBEAMHATH pa3lUYHbIE OONACTH, BBINYKIbIE U HEBBIMYKIIbIC,
BbI/IaBasi Ha BBIXOJIE€ €IMHUILY BCSAKHUH pa3, KOrJa BXOJHOW BEKTOp MPHUHAIJICKUT OAHOW U3

HHX.

HecMoTpst Ha TO 9TO BO3MOXHOCTH MHOTOCJIOMHBIX CETeil OBUIM M3BECTHBI JIAaBHO, B
TE€YCHHE MHOTHUX JIET HEe OBLJIO TEOPETHUYECKH 0OOCHOBAHHOTO QJITOPUTMA ISl HACTPOUKH UX
BecoB. B mocnmenyronmmumx TriaBax MbI JIETABHO HW3YYUM MHOTOCIOMHBIE OO0yYaroline
QITOPUTMBI, HO celuYac JOCTATOYHO IMOHUMATh MPOOJIEeMy M 3HATh, YTO HCCJIEIOBAHUS

IMMPUBCJIN K ONIPCACIICHHBIM PE3YJIbTATOM.
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¢ PeKTUBHOCTH 3alIOMUHAHUSA

Cepbe3Hble  BOMPOCH HUMEIOTCS  OTHOCHTENBHO 3(P(PEKTHBHOCTH 3allOMHUHAHHUS
UHPOpPMALIMK B MepcenTpoHe (WM JIOOBIX JIPYTHMX HEUPOHHBIX CETSAX) MO0 CPaBHEHUIO C
OOBIYHON KOMIBIOTEPHOH MaMAThIO U METOJaMM noucka uHdopmanuu B Heid. Hanpumep, B
KOMIBIOTEPHON ~ MaMATH  MOXXHO  XpaHUTb BCE BXOAHbIE 00pa3bl BMeCTe C
KiIaccupuupyromumMu outamu. Kommnbrotep nomkeH HaiTé TpeOyemblii o0pas3 W aTh €ro
Kiaccupukanuio. Pa3nnyHbie XOpoUo M3BECTHbIE METOJbl MOIJIM Obl OBITH HCIIOJIb30BaHBI
JUIS yCKOpEeHHsI ToucKa. Eciu TouHOoe COOTBETCTBHE HE HAalCHO, TO AJISl OTBETA MOXKET OBbITh

UCIIOJIb30BaHO MPABUIIO OJIMKAKMIIIEro cocea.

Uwncno OWTOB, HEOOXOAMMOE I XpaHEHUs OJTOM ke wuHpopMamum B Becax
MEPCENTPOHA, MOXET OBITh 3HAYUTEIHHO MEHBIIUM IO CPAaBHEHUIO C METOJOM OOBIYHOM
KOMIIBIOTEPHOMN MaMsTH, €CITU 00pasbl JOMYyCKAIOT SKOHOMUYHYIO 3amuch. OnHako MUHCKHMA
[2] mocTpowms MATOJOTHYECKHE TPHMEPHI, B KOTOPBIX YHCIO OWUTOB, TPEOYEMBIX ISt
MPEICTABJICHHS] BECOB, PACTET C PA3MEPHOCTHIO 3aJa4l OBbICTpEe, YeM IKCIIOHEHIIMAIbHO. B
ITHX Cchydasx TpPeOOBaHUS K MaMSITH C POCTOM Pa3MEPHOCTH 3aadydl OBICTPO CTAHOBSTCS
HEBBINIOJIHUMBIMU. Ecu, Kak OH Npenonokuil, 3Ta CUTyalus HE SIBISETCA UCKIIOYEHUEM, TO
MEePCENTPOHbI YaCTO MOTYT OBITh OTPAaHUYEHBI TOJBKO MaJIbIMH 3amadamMu. Hackoibko
OOIIMMHU SIBJISIFOTCSL TAKU€ HEMOAATIMBBIE MHOXKECTBA 00pa3oB? DTO OCTA€TCS OTKPBITHIM
BOIIPOCOM, OTHOCSIIIUMCSI KO BCEM HEMPOHHBIM CeTsAM. [IoMCKM OTBETa Ype3BhIUAHO BaXKHBI

JUISL UCCIIEIOBAHMH 110 HeﬁpOHHBIM CCTAM.

OBYYEHUE NEPCENTPOHA

CnocoOHOCTh MCKYCCTBEHHBIX HEHPOHHBIX CETeH 00yuyaThCs SIBIAECTCS UX Hambosee
UHTPUTYIOIIUM  cBoicTBOM. [lomoOHO OuoNOrMYeckuM CHCTEMaM, KOTOpbIE  OHH
MOACIIUPYIOT, 5TU HCﬁpOHHLIe CCTU CaMU MOJCIIMPYIOT CCGH B pC3YyJIbTATC MOMIBITOK JOCTUYb

JydIeid MOACIIH MOBEICHHUS.

Wcnonb3ys KpuTepuil JIMHEWHON pa3eIMMOCTH, MOXHO pELIUThb, CIIOCOOHA JU
OJTHOCJIONHAsi HEWPOHHAs CeTh pean30BbIBaTh Tpebyemyto gyHkuuio. Jlaxe B ToM ciyuae,
KOTJ]a OTBET IOJIOKUTENbHBIN, 3TO MPUHECET MAJIO IMOJIb3bl, €CJIM y Hac HeT crnocoba HalTh
HY)KHbIE 3HAu€HMsl Uil BECOB M HOpOroB. UToObI ceThb MNpPEACTaBisIa MPAKTUYECKYIO
LIEHHOCTh, HYKEH CHUCTEMAaTUYECKUH MeTOJ (aJropuTM) JUIsl BBIUMCIEHMS ITHX 3HAUEHUH.
PoszenOmart [4] caeman 3TO B CBOEM alropuTMe OOYyYECHHSI TEPCENTPOHA BMECTE C
JI0Ka3aTelbCTBOM TOTO, YTO IEPCENTPOH MOXKET ObITh OOy4eH BCEeMY, YTO OH MOXET

PC€aIn30BbIBATh.

OO0yueHne MoeT ObITh ¢ yuuTeseM uiu 6e3 Hero. [[inst oOydeHus ¢ yuuteneM HykKeH
«BHEUIHUI» YYMUTENlb, KOTOPBIA OLIEHUBAJ Obl IOBEIEHHE CUCTEMbl U YIPaBIsI €€

nocienyomumMn  MoaupukanusamMu. Ilpu oOydeHun Oe3 yduTens, paccMaTpUBAeMOro B
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nmocjacaAyromux rjaBax, C€Tb IIYTEM CaMOOpPraHu3anuu aAciaacT Tpe6yeMLIe U3MCHCHUA.

OOyueHue mepcenTpoHa SIBJISICTCS 00YICHHEM C YUUTEIICM.

Anroput™M 00ydeHHS TepCeNTpOHAa MOXKET OBITh peajn30BaH Ha IH(PPOBOM
KOMITBIOTEPE WJIM JPYTOM 3JIEKTPOHHOM YCTPOWCTBE, U CEThb CTAHOBUTCS B OINPEIACICHHOM
CMBICIIE camomno icTpauBarotieics. [1o 3Toil mpuurHe mporenypy MoJACTPONKHA BECOB OOBIYHO
Ha3bIBAIOT «OOyYEHUEM» M TOBOPSAT, YTO CeTh «oOydaetcs». [lokazarenpctBo Po3enbOnarra
CTaJI0 OCHOBHOM BEXOW W J1aJI0 MOIIHBIA UMITYJIhC UCCICOBAHMIM B 3T0H oOnactu. CeromHs
B TOW WM MHOM (OpMe AJIEMEHThl alropuTMa OOy4YeHHs MepCenTpoHa BCTPEYAIOTCS BO

MHOI'UX CCTCBLIX IMapagurmMax.

ANMOPUTM OBYYEHUA NEPCENMTPOHA

IlepcenTpon oOydaroT, moAaBas MHOXKECTBO OOpa30B IO OAHOMY Ha €ro BXOJ H
MOJICTpauBasi Beca A0 TeX MOp, MOKa JAJs BceX o0pa3oB He OyAeT NOCTUTHYT TpeOyeMblii
BbIX0/. JlomycTuM, 4TO BXOAHBIE 0Opa3bl HAHECEHBI Ha JIEMOHCTpAIMOHHBIE KapThl. Kaxmas
KapTa pa30uTa Ha KBaJpaThl U OT KaXKJOro KBaJpaTa Ha MEPCENTPOH nojaercs BxoA. Ecnu B
KBaJpaTe MMEETCs JIMHMS, TO OT HEro MOJAETCS €IUWHULA, B MPOTHUBHOM CIy4ae — HOJIb.
MHoOkecTBO KBaJpaTOB Ha KapTe 3aJaeT, TakuM o0pa3oM, MHOKECTBO HyJeW W eIUHHUII,
KOTOpOE€ M TOJaeTcsi Ha BXOoJbl mepcenTpoHa. llenb coctour B TOM, 4YTOOBI HAYYHTh
NEPCENTPOH BKIIOYATh MHAMKATOP IpPU IOAAYe HAa HETO MHOYKECTBAa BXOJOB, 3a/JalOIUX

HCYCTHOC YUCII0, U HC BKJIKOYATH B CJIy4ac 4YC€THOTO.
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Puc. 1.10. IlepcenTponHasi cucTeMa pacno3HaBaHUs M300paKeHN i
Ha puc. 2.10 nmokazaHa Ttakasi nepcentTpoHHas KOHPUrypauus. JJomycTum, 94To BEKTOp
X sBuseTcs o0pa3oM pacro3HaBaeMOM JAEMOHCTPAllMOHHON KapThl. Kaxkmas KOMIOHEHTa
(xBampat) X — (X1, X2, ..., Xn) — YMHOXAETCS HAa COOTBETCTBYIOIIYI0 KOMIIOHEHTY BEKTOpa
BecoB W — (w1, wa, ..., Wp). OTH NPOU3BEACHUSI CyMMHUPYIOTCS. Eciau cymMMma NpeBblILIacT
nopor ®, To BBIXOJ HeWpoHa Y paBeH equHHIlC (MHAMKATOP 3aKUTAeTCs), B MPOTUBHOM
ciy4yae oH — Hojib. Kak Mbl Bugenu B ri. 1, 3Ta omepaiys KOMIAKTHO 3alMCHIBACTCS B

BEeKTOpHOH popme kak Y = XW, a 1mociie Hee CiieyeT IOporoBasi Oneparus.

s oOydenus cetu oOpa3 X mojaeTcss Ha BXOJ W BbIYHCIsAeTcsS BbIxon Y. Ecom Y
NpaBUJIEH, TO HUYEro He MeHserca. (OJOHAKO eciau BBIXOJA HENpaBWIEH, TO Beca,
MPUCOCIMHECHHBIE K BXOJlaM, YCHJIMBAIOUIUM OIMWOOYHBIN pe3yJbTaT, MOIUDUIMPYIOTCS,

YTOOBI YMEHBIIUTH OIINOKY.

Yro0BI YBUAETH, KAK 3TO OCYILECTBIAETCS, JOIIYCTUM, YTO AJEMOHCTPAIIMOHHAS KapTa
y 5 Yy ) y 5
¢ mudpoit 3 mogaHa Ha BXoA W BbIXoA Y paBeH | (moka3biBasi HEUETHOCTH). Tak Kak 3TO

HpaBHHBHBII;'I OTBET, TO B€Ca HEC HU3MCHSIIOTCA. ECJ'II/I, OIHAaKO, Ha BXOJ IIOJACTCA KapTa C
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HOMEPOM 4 ¥ BBIXOJ Y paBeH eauHuIle (HEUETHBIN), TO BEca, MPUCOSTUHEHHBIC K eIUHUIHBIM
BXOJIaM, JOJKHBI OBITh YMEHBIICHBI, TAK KaK OHHM CTPEMSTCS /1aTb HEBEPHBIM pE3yJbTar.
AHAJIOTUYHO, €CIU KapTa ¢ HOMEPOM 3 JaeT HYJIEBOM BBIXOJ, TO BECA, MPUCOCTUHEHHBIE K

€IMHUYHBIM BXOJIaM, JOJDKHBI OBITh YBEJIIMYCHBI, YTOOBI CKOPPEKTHPOBATH OLIHOKY .
DTOT METO/T 00YUEHHUS MOXKET OBITh MOJBITOKEH CIEAYIONTUM 00pa3oM:

1. TlomaTth BXOJHOM 00pa3 v BEIYHCIUTH Y.
2a. Ecnu BpIXOJ IPaBUJIBHBIN, TO EPEUTH Ha wwar 1;

6. Eciu BpIXOn HempaBWJIBHBIA M paBeH HyNIIO, TO J00aBUTh BCE BXOAbl K
COOTBETCTBYIOIIUM UM BECaM; HJIN

B. Ecim BBIXOA HEMpaBWIBHBI M pPaBeH EIUHHIIC, TO BHIUECTh KAXKIBI BXOH U3
COOTBETCTBYIOIIIETO €My Beca.
3. [Ilepeiitn Ha mar 1.

3a KOHEYHOE YMCJIO IIaroB CETh HAYUUTCS Pa3/eisiATh KapThl Ha YETHBIC U HEUYCTHHIC

IpU YCIOBUHM, YTO MHOXECTBO HH(p JIMHEHHO pa3AenuMo. DTO 3HAYUT, YTO ISl BCEX
HEYETHBIX KapT BhIXOJ OyAeT OoJjbllle mopora, a JijIsl BCeX YETHBIX — MeHbIe. OTMETHM, UTO
9T0 00yYeHHE TII00ANTBHO, T. €. CeTh 00yUYaeTcs Ha BCEM MHOXKECTBE KapT. Bo3HHMKaeT Bompoc
0 TOM, KakK 3TO MHOXECTBO JOJDKHO TMPEABSIBIATHCSA, YTOOBI MUHHUMH3UPOBATH BPEMsI
oOyuenus. JOMKHBI M 3JIEMEHThI MHOXECTBA MPEIbSIBISATHCS- MOCICIOBATEIHLHO JIPYT 3a
IpyroM WM KapThl CleqyeT BBIOMpaTh ciydaiiHo? HecnoxkHass TeopHus CIyXUT 31€Ch

IMyTCBOAUTCIICM.

JeabTa-npaBuiio

Baxnoe 0000menne anropurMa OOYYEHHs TIEPCENTPOHA, HAa3bIBAEMOE JIEJbTa-
MMpaBUJIOM, NCPCHOCUT 3TOT MCTOJ HAa HCIIPCPBIBHBIC BXOAbI U BBIXOIBI. I’ITO6I:.I IIOHATH, KaK
OHO OBUIO TIOJYYCHO, Imar2 aiuroputMa oOOydYCHHs IEpPCENTPOHAa MOXET OBITh
chopmynupoBaH B 00001IeHHON (hOpME C TTOMOIIBIO BBEJCHUS BEJIMYMHBI O, KOTOpasi paBHA

Pa3HOCTU MEXKTY TpeOyEeMBbIM HIIH LIETIEBBIM BBIXOJO0M T U peanbHbIM BBIXOJAOM Y

0=(T-Y). (2.3)
Crnyyaii, korna 6=0, COOTBETCTBYET IIary 2a, KOT/1a BBIXOJI MPABWJICH U B CETH HUYETO

He uzMmensiercs. [llar 26 coorBeTcTBYET citydato O > 0, a miar 2B ciryvaro 0 < 0.

B m1060M U3 3THX CcllyyaeB NepCENTPOHHBINA aNrOPUTM 00yUEHUS] COXpaHIETCsl, €CIU O
YMHOXKA€TCS Ha BEJIMYUHY KaXJIOTO BXOJA X;i M 93TO TPOHM3BEACHUE H00aBIsETCS K
cooTBeTCcTByIoNeMy Becy. C 1enpio 0000mIeHHsT BBOAUTCS KOADOUIIMEHT «CKOPOCTH
00ydeHHs» 1), KOTOPBI YMHOXKaeTCsl Ha OX;, YTO IMO3BOJISIET YIPABIATH CPEIHEH BETHIUHON

N3MCHCHMHA BECOB.
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B anre6panueckoii popme 3anucu

Ai = ndx;, (2.4)

w(n+1)=w(n) + A, (2.5)
rae A; — KOppeKIus, CBI3aHHAs C i-M BXOJOM Xj; wi(n+1) — 3HaueHWe Beca 1 mocie

KOPPEKIIMU; Wi{n) -3Ha4eHne Beca 1 10 KOPPEKILIUH.

HenbTa-npaBuio MoauduuupyeT Beca B COOTBETCTBMM C  TpeOyeMbIM U
JEMCTBUTENBHBIM 3HAUEHUSIMU BBIXOZA KaXJIOW MOJSIPHOCTH KaK JJIs HENPEPBIBHBIX, TaK U

JJIsA 6I/IHapHLIX BXOA0B U BBIXOJOB. OTH cBOHCTBa OTKPBUIN MHOKECTBO HOBBIX HpI/IHO)KCHI/If/'I.

TpyaHocTu ¢ anropuTMomM 00y4eHus epcenTpoHa

MoxeT oKa3zaTbCsl 3aTPyIHUTEIBHBIM OIPEICIIUTh, BBIIOJHCHO JIM YCJIOBUE
pa3genTMMOCTH Il KOHKPETHOTO OOydaromiero MHOXecTBa. Kpome TOro, BO MHOTHX
BCTPCHAIOMUXCA HA MPAKTUKE CUTyallUsAX BXOAbl HaCTO MCHAIOTCA BO BPEMCHH U MOT'YT OBITH
pasacivmMbl B OAWH MOMCHT BpPCMCHU W HCPA3ACIUMbI B ,Z[pyFOI\/'I. B J0Ka3aTCJIbCTBEC
QITOPUTMa OOYYCHHUsI TEPCENTPOHA HUYETO HE TOBOPUTCS TAKXKE O TOM, CKOJIBKO IIAroB
TpeOyercst misg OOydeHHss ceTH. MaJio yTEHIHMTENbHOTO0 B 3HAHWM TOTO, YTO OOydYeHHE
3aKOHYMTCS 32 KOHEYHOE YHCJIO IIAroB, €CIM HEOOXOIUMOE JJIsl STOTO BPEMSI CPaBHHMO C
reoJoruveckoi smoxoit. Kpome Toro, He q0Ka3aHO, YTO MEPCENITPOHHBIN aITOPUTM O0YUYEHUS
Oosiee OBICTP MO CPABHEHHIO C MPOCTHIM MEPeOOPOM BCEX BO3MOXKHBIX 3HAYCHUI BECOB, U B

HEKOTOPLIX CIy4dasaX 3TOT HpI/IMI/ITI/IBHblf/'I moaAXO0d MOKET OKa3aThbCA JTydlie.

Ha »Tu Bompocel HUKOIZa HE HaXOAWJIOCH YAOBJIETBOPUTEIBHOTO OTBETA, OHU
OTHOCATCSL K TNpHpoJe OoOydamomero marepuana. B pa3znuuHoil ¢opme OHHM BO3HHMKAIOT B
MOCNEAYIONINX TJIaBaX, TJ€ PacCMaTPUBAIOTCS JIPYTHE ceTeBble mapagurMbl. OTBETHI IS
COBpPEMEHHBIX CEeTell Kak MpaBuiio He 0oJiee yA0BICTBOPUTENbHBI, YEM JJISl IEPCENTPOHA. ITH

POOJIEMBI SIBIISIFOTCS] BAKHOM 00J1IaCThIO COBPEMEHHBIX UCCIIEJOBAHUM.
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MnhaBa 3.
NMpoueanypa o6paTHOro pacnpocTpaHeHus

BBEAEHUE B NPOLIEAYPY OBPATHOI'O PACINMPOCTPAHEHUA

Honroe BpeMs He ObLIO TEOPETUYECKH OOOCHOBAHHOIO AJITOPUTMA sl OOydEHUs
MHOT'OCJIOMHBIX UCKYCCTBEHHBIX HEHPOHHBIX CETEM. A Tak Kak BO3MOXHOCTH IIPEJICTaBICHMUS
C TIOMOILBIO OJHOCJIOWHBIX HEMPOHHBIX CETEH OKa3aJuCh BECbMa OIPAHUYECHHBIMH, TO U BCS

00J1aCTh B 1IEJIOM TPHIILIA B yHAJA0K.

PazpaboTka anropurmMa OOpaTHOTO pACHpPOCTPAHEHUS ChIrpajla BaXXHYIO pPOJIb B
BO3POXKJICHUM  HMHTEpeca K  HMCKYCCTBEHHBIM  HEUPOHHBIM  CETAM. Ob6partHoe
pacmpocTpaHeHHE — 93TO CHCTEMaTHYeCKHil MeToa g OOy4eHHS MHOTOCIIONHBIX
HMCKYCCTBCHHBIX HEUPOHHBIX ceTeil. OH HMMEeT COJMIHOE MaTeMaTHYeCKoe OOOCHOBAaHHME.
Hecmotpst Ha HEKOTOpBIE OTrpaHUYECHUS, MPOIEAYpa OOpaTHOTO PACHpPOCTPAHEHHUS CHUIIBHO
pacmupuia o0xacte MpoOieM, B KOTOPBIX MOTYT OBITh MCIIONB30BaHbl HMCKYCCTBEHHBIC

HeﬁpOHHBIC CCTHU, U Y6C,Z[I/IT6J'IBHO NpoACMOHCTPpHUPOBAJIa CBOO MOLIb.

HNutepecna ucropusi paspaboTku mporeaypbl. B [7] ObUT0 maHO sSCHOE W TONHOE
onucanue npouenypsl. Ho kak Toiabpko 3Ta paboTa Obuta OmyOIMKOBaHa, 0Ka3ajloch, YTO OHA
ObL1a mpeaBocxuieHa B [4]. A BCKOpe BBISICHUIIOCH, UTO €IIe paHbIle METOJ ObLI OMUCaH B
[12]. ABTOpBI paboOTHI [7] COKOHOMUIM OBl CBOM yCHWIHs, 3Haii oHM O padote [12]. Xots
no00HOoe TyOIMpoBaHUE SBISCTCS OOBIYHBIM SIBICHHEM ISl KaXKIOW HAaydHOW OOJIacTH, B
UCKYCCTBEHHBIX HEHPOHHBIX CETSIX TMOJOXKEHHEe C OJTHUM HAMHOTO Cephe3Hee U3-3a
MOTPAHUYHOTO XapaKTepa caMoro mpeaMera uccienoBanus. McciaenoBaHusi Mo HEHPOHHBIM
CeTsIM MyOJMKYIOTCSI B CTOJb pa3MYHBIX KHHUrax M OJKypHaJlax, 4YTO Jaxe CaMoMy
KBTH(UIIMPOBAHHOMY HCCJICIOBATEII0 TPEOYIOTCS 3HAYMUTENBHBIC YCHIIUS, YTOOBI OBITH

OCBEJJOMJICHHBIM O BCEX BaXKHBIX paboTax B 3TOM 00JACTH.
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OBYYAIOLLUUA ANFTOPUTM OBPATHOIO PACMPOCTPAHEHUSA

CereBble KOH(pUrypanuu
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Puc. 3.1. UckyccTBeHHBIH HeliPOH ¢ aKTUBALIMOHHHOM QyHKIMel
Heiipon. Ha pwuc. 3.1 noka3zaH HEHpOH, HCIOJIb3YEMbII B KaueCTBE OCHOBHOIO
CTPOUTENIBHOTO OJIOKA B CETSAX 00paTHOro pacmpocTpaHeHus. [logaercss MHOKECTBO BXOOB,
UAynmx a0 u3BHE, JMO0 OT MpeAlIecTBYIOMIEro cios. Kaxaplii U3 HUX YMHOXKaeTcs Ha
BEC, M TMPOM3BEICHUS CyMMHUpPYIOTCA. JTa cymma, obo3Hawaemass NET, momkHa OBITH
BBIYMCIICHA JUISl KaXa0ro HehpoHa cetu. [locne Toro, kak BenmumHa NET Beruuciena, ona

MOJIU(PHUIMPYETCS C MOMOIIBIO AKTUBAIIMOHHON (QYHKIMHU U noiyyaetcs curaan OUT.

V7l744 T

a8

/4 NET —>

OUT=FINET)=1/(7+e ")

g,
FINET) = g7 = OUT(1-0UT)

Puc. 3.2. CurmonajbHasi AKTUBAlIMOHHAS (DYHKIIUS.

Ha puc.3.2 nokasaHa akTUBalMOHHass (YHKUMSA, OOBIYHO UCHONb3yeMas MaJs

00paTHOTO PaCIPOCTPAHCHUSI.
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1

Kak mokaspiBaer ypaBHeHue (3.2), 3Ta (QyHKIMA, Ha3bIBaeMas CuUeMOUOOM, BEChMa
YZ[O6H3_, TaK KaK HMCECT IPOCTYIO IPOU3BOJHYIO, YTO HCIOJL3YCTCA IIPpU pCain3alrn

ITOPUTMa 0OPAaTHOT'O PACIPOCTPAHEHUSI.

oouT
ONET

CI/II‘MOI/II[, KOTOpBIfI MHOraga Ha3bIBACTCA TaKXKC JZOZMCI’I’IMQQCKOIZ, 2004} CJfCMMaIOWQMV

= OUT(1-OUT). (3.2)

@yukyueu, cyxaet nuana3zoH usmenenust NET Ttak, uro 3nauenune OUT nexuT Mexay HylieMm
u enunaMIei. Kak yka3pIBajioCh BBIIIE, MHOTOCJIOWHBIE HEUPOHHBIE CETH 00IaIat0T OOJIbIIIeH
IIPEACTABILIIONIE MOIIHOCTBIO, 4YE€M OJHOCJIOWHBIC, TOJBKO B CIydae MPUCYTCTBHS

HenmuHerHocTH. Cxxumaromias GyHKIUsS o0ecrieunBaeT TpeOyeMy0 HeTMHEHHOCTb.

B nmeficTBUTENBPHOCTH HMMEETCS MHOXXECTBO (DYHKIMH, KOTOpbIE MOIJM Obl OBITH
WCIIONIB30BaHbl. JIJiss anropuTMa OOpaTHOTO PACIPOCTPAHECHHS TPEOYETCs JHIIb, YTOOBI
¢ynkuus Obiia Bcroay auddepennupyema. CUTMOHI yAOBIETBOPSET 3TOMY TPeOOBaHUIO.
Ero AOMOJHHUTCIBHOC MPCUMYIICCTBO COCTOUT B aBTOMATHYCCKOM KOHTPOJIC YCUJICHUS. I[JISI
cnabpix curHanoB (BeamynHa NET Onm3ka K HyII0) KpuBas BXOJ-BBIXOJ] MMEET CHIIBHBIH
HAKJIOH, naromuii Oompmioe ycwieHwe. Korma BemMuMHA CHTHaja CTaHOBHUTCS OOJbIe,
ycuwiieHne mnagaer. Takum o0pa3om, OOJbIIME€ CHUTHAJIbI BOCHPUHHUMAIOTCA CEThIO 0e3

HACBIIICHMS, a C1a0ble CUTHAIIBI IIPOXOJAT MO CeTH 0€3 Upe3MEPHOT0 OCIA0ICHUSI.

MHuorocjioiiHaf ceThb.

Ha puc. 3.3 nzo0OpakeHa MHOTOCTIOWHAS CE€Th, KOTOpask MOXKET 00y4aThCsl ¢ IIOMOIIBIO
npolenypsl 00paTHOro pacnpoctpaHeHus. (s sicHocTH pucyHOK yrpoiieH.) [lepBsiii croit
HENPOHOB (COEAUHEHHBIN C BXOJAMH) CIIYXKUT JIMILIb B KaUE€CTBE PacCIpeeIUTEIbHbIX TOUEK,
CyMMUPOBaHUsSI BXOJIOB 37€Ch HE NMPOU3BOAMUTCS. BXOAHOW CUTHAN MPOCTO MPOXOAUT 4Yepes3
HUX K BeCaM Ha MX BBIXOJIaX. A KaKJbIii HEMPOH MOCIEIYIOMMX CI0€B BblgaeT curHayibl NET

n OUT, kak onucaHo BBIIIIE.
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Puc. 3.3. /IByxci10iiHas ceTb 00PaTHOr0 pacnpocTpaHeHus (€ — AKeJIaeMbli CHTHAJ).

B nureparype HeT eauHOOOpa3Hsi OTHOCUTENBHO TOTO, KAaK CUUTATh YHCIO CJIOEB B
Takux ceTssXx. OHU aBTOPHI UCTOIB3YIOT YHUCIIO CI0EB HEHPOHOB (BKIIOYAst HECYMMUPYIOIIUIT
BXOJHOW CJIOH), JApyrHWe€ — YHCIO CJIO€B BECOB. Tak Kak TIOCJIEIHEE OIPEACIICHHUE
(YHKIIMOHAJIBHO ONMCATENbHOE, TO OHO OYJET HCHOJB30BAaThCA HA NPOTSHKEHUM KHUTH.
CornacHO 3TOMY OIIpPENENEHUIO, CETh Ha pHC. 3.3 paccMaTpUBaceTCsl Kak JABYXCIIOHHas.
Heiipon o0bearHEH ¢ MHOKECTBOM BECOB, MIPUCOEAMHEHHBIX K €ro BXxoay. TakuMm oOpazom,
Beca IMEpBOro CJIos OKAaHYMBAIOTCS Ha HEHpOHaX MepBoro ciosd. Bxoa pacmpenenutenbHOro

CJIOA CHYUTACTCS HYJICBBIM CJIOCM.

[Ipouenypa oOpaTHOTO pacmpoCTpaHEHHs] MPUMEHUMA K CETSIM C JIIOOBIM YHUCIOM
cnoeB. OgHAaKO A7 TOTO, YTOOBI MPOJEMOHCTPUPOBATH AJITOPUTM, JOCTATOYHO JIBYX CIIOEB.
Ceituac OyayT paccMaTpUBaTbCA JIUIIbL CETH MPSIMOrO JICUCTBHS, XOTS oOpaTHOE
pacmpocTpaHeHHEe NPUMEHUMO U K CeTSIM C OOpaTHBIMH CBS3SIMH. OTH CIy4aw OyIyT

paccMOTpEHBI B JAHHOM IJ1aBE MO3/IHEE.

OB30P OBYYEHUA

Lenbto oOydeHus ceTu SBJISETCS Takas MOJICTPOMKa ee BecOB, YTOOBI MPUIIOKEHUE
HCKOTOPOro MHOXCCTBA BXOJOB IMPUBOANIIO K Tp€6y€MOMy MHOXCCTBY BBIXOJ0B. I[J'I?I
KpPaTKOCTH OSTH MHOXXECTBA BXOJOB M BBIXOJOB OyIyT HasbIBaTbcs eexmopamu. llpu
00y4eHUU TpeArnoaaraeTcs, 4YTo sl KaXXKIOro BXOAHOTO BEKTOpa CYIIECTBYET MapHBIA eMy
IIEJICBOM BEKTOpP, 3aJaroliuii TpeOyeMmblii BBIXOA. BMecTe OHM Ha3bIBAIOTCS oOyuarowell
napou. Kak mpaBmiio, cetb oOydaercs Ha MHOTMX TNapax. Hampumep, BXOJgHas 4YacTh

oOyuaromield mapel MOXET COCTOSTh W3 Habopa HyJel W eIuHHI, NPEeACTaBISIOIIEIO
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JTBOMYHBIN 00pa3 HEKOTOpoi OykBHI andaButa. Ha puc. 3.4 moka3zaHO MHOXECTBO BXOJIOB TSI
OykBbl «A», HaHECEHHOW Ha ceTke. Ecnum depe3 KBaapaT NPOXOIUT JIMHHS, TO
COOTBETCTBYIOIIMI HEHPOHHBIM BXOJ PaBEH €IUHHIIE, B IPOTHBHOM CIy4yae OH paBeH HYIIIO.
Boixoa MokeT OBITH YHCIIOM, MIPEICTABISIONINM OYKBY «A», UM IPYTUM HAOOpPOM U3 HyJeh
U €IUHUI], KOTOPBIH MOXKET ObITh HCIOJIb30BaH IS MOJIy4eHUs BBIXOIHOTo oOpasza. [lpu
HEO0OXOJMMOCTH PACIIO3HABAThH C IOMOIIIbIO CETHU Bce OYKBBI andaBuTa, NoTpedoBaioch Obl 26

oOyuaromux nap. Takasi rpynmna o0ydJarouiux nap Ha3bIBACTCA 00yUaAouWUM MHONCECMBOM.

Puc. 3.4. PacniozHaBanue n300paskeHnH

Ilepen nHavamom oOydeHHs] BCEM BecaM JOJKHBI OBITH TPUCBOEHBI HEOOJBIINE
HayaJbHblE 3HAYEHMsI, BbIOpaHHBIE CIydallHBIM 00pa3oM. DTO rapaHTHUPYET, YTO B CETU HE
NPOM30UJET HACBHICHUS OOJIBIIMMU 3HAYCHHSIMU BECOB, M NPEJOTBpALIAeT psa JAPYTHX
NaTOJIOTUYECKUX cliydaeB. Hampumep, eciu BceM BecaMm IpHIATh OJWHAKOBBIE HAaYalIbHBIC
3Ha4YeHus, a i1 TpeOyeMoro (yHKIIMOHHPOBAHUS HYKHBI HEpPAaBHBIC 3HAYEHUS, TO CETh HE

CMOJKET O0yYUTHCS.
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OOydeHne ceT OOpaTHOTO PACTPOCTPAHEHHS TPEeOyeT BBIMTOJHEHHS CIIECIYIOIINX
onepaunuid:

1. BriOparb odepenHyro o0yyaromyio mnapy u3 oOydarollero MHOXECTBA; M0JaTh BXOIHOM
BEKTOD Ha BXOJ CETH.

2. Brpranciauth BBIXO/J CCTH.

3. BbIYHCIUTH PA3HOCTh MEXK/TY BBIXOJIOM CETH U TPEOYEMBIM BBIXOIOM (IIEJIEBBIM BEKTOPOM
oOyuJaroteit maper).

4. TlonkoppeKTUpoBaTh Beca CETH TaK, YTOObl MUHUMHU3HUPOBATDH OIIHOKY .

HOBTOpHTB maru ¢ 1 mo 4 AJIL KaXX0Tro BEKTOpa o6yqa101uero MHOXXECTBa 00 TEX II0p,
MoKa OImMOKa Ha BCEM MHOKECTBE HE AOCTUTHCT NPUEMIICMOI'O YPOBHHI.

Onepannu, BbINONHAEMbIE MAaraMu | U 2, CXOOHBI C TEMH, KOTOPBIE BBIIOJIHAIOTCS
npu (QyHKIMOHUPOBAHUU YK€ OOYYEHHOM CeTH, T.€. IMOJaeTcs BXOJHOM BEKTOp U
BBIUMCIISIETCS] TIOJYYalOLIUICs BbIXOJ. Bpluncinenus BwINonHAIOTCS mocioiHo. Ha puc. 3.3
CHayaja BBIYMCISAIOTCA BBIXOJAbI HEWPOHOB CIIOS j, 3aTEM OHHU HCIIOJIB3YIOTCS B KadeCTBE
BXOJIOB CJ10s1 k, BBIYUCISIOTCS] BBIXOJBI HEHPOHOB cJ0A k, KOTOpbIE U 00Pa3ylOT BBIXOJHOM

BEKTOp CETH.

Ha mare 3 xaxnaelii U3 BBIXOJOB CETH, KOTOopble Ha puc. 3.3 ob6o3znauensr OUT,
BBIUUTACTCA U3 COOTBGTCTByIOH.[Cﬁ KOMITIOHCHTBI 1ICJICBOI'O BCKTOpa, ‘ITO6BI HOJIy‘-II/ITB
ommnOKy. DTa omubKa UCTIONIb3yeTCs Ha mmiare 4 /Ui KOPPEeKIMHU BECOB CETH, MPUYEM 3HAK U

BEJIMYMHA U3MEHCHHUI BECOB OMPEEISAIOTCS alTOPUTMOM O0yUYeHUS (CM. HIKE).

[locne nmocTaToyHOro ymcia MOBTOPEHHUH 3THUX YETHIPEX ILIArOB Pa3HOCTb MEXKIY
NeHCTBUTENFHBIMU ~ BBIXOJAMH M LEJIEBBIMM BBIXOJAMHU JIOJDKHA YMEHBIIUTHCA 10
IpUEMIIEMON BEJTMUYMHBI, IIPU 3TOM FOBOPSAT, UTO CETh 00yUYMIIach. Teneppb CeTh UCIOIb3YETCS

AJId paCliO3HaBaHUsA U BECAa HEC U3BMCHAIOTCA.

Ha marm 1 m 2 MOXHO CMOTpPETb Kak Ha «IpOXOJl BIIEpEN», TaK KaK CHUTHAJ
pacmpocTpaHsieTcs 10 CeTH OT BXoAa K Bbixony. Lllaru 3, 4 cocTaBnsioT «0OpaTHBINA POXOI»,
3/1eCh BBIYUCISEMBIH CUTHAJ OMIMOKU PACIpPOCTpaHseTCs 0OpaTHO MO CETH M MCIOJIb3yeTcs
JUI TIOACTPOMKU BECOB. DTHU JiBa MPOXOoJa Tenepb OyayT AEeTalu3HpPOBAHBI U BBIPAXKEHBI B

Oosnee mareMaTudeckoi popme.

IIpoxox Bmepea. Hlaru 1 u 2 Morytr ObITh BBIp@XEHBI B BEKTOPHOH (opme
CIEIYIOIINM 00pa3oM: IMOAAeTCs BXOMHOW BeKTOp X M Ha BBIXOJE MOJy4yaeTcsl BeKTop Y.
Bekropnas mapa Bxox-tienb X u T Oepercss u3 oOydaromiero MHOXKECTBA. BbramcieHus

MPOBOJIATCS HAJl BEKTOPOM X, UTOOBI MOJTYYUTh BBIXOHOUM BEKTOP Y.

Kax MbI BUi€ny, BBIYUCIEHNUS] B MHOTOCIIOMHBIX CETAX BBIIOJIHSIOTCS CIIOH 3a CIIOEM,
HauMHasg ¢ Omkaiimero kK Bxoay cios. Bemuumna NET kaxaoro HelpoHa MEpBOTO CIOS
BBIUHUCIIICTCS] KAaK B3BEIICHHAas CyMMa BXOJIOB HEMpoHa. 3aTeM aKkTUBAlMOHHAs (QYyHKuus F

«cxkumae™» NET u maer Bemmumny OUT ms xaxgoro HeiipoHa B 3ToM cioe. Korma
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MHOXECTBO BBIXOJIOB CJIOA IMOJIYUYCHO, OHO SABJISICTCSA BXOJHBIM MHOXKCCTBOM JJIA CICAYIOIICTO
CJI041. Hpouecc IIOBTOPACTCA cIIoN 3a CJIOEM, IIOKa HE€ 6y,IL€T MOJIYUCHO 3aKJIHOYUTCIIBHOC

MHOXXCCTBO BbIXOJOB CCTH.

DTOT mpoIlecc MOXKET OBITh BBIPAXKEH B CKaToOW ¢GopMe ¢ MOMOIIBI0 BEKTOPHOM
HoTauuu. Beca Mexmy HepoHaMHU MOTYT paccMaTtpuBaThes kKak maTpuiia W. Hanpumep, Bec
OT HelipoHa § B cioe 2 K HelpoHy 5 cios 3 obo3Hauaercs wgs. Torma NET-Bekrop cimost N
MOXET OBITh BBIpRXEH HE KaK CyMMa IpPOM3BEACHWH, a Kak mpousBeneHue X u W. B
BekTopHOM O0O03HaueHnn N = XW. [lokommoHneHTHBIM npuMeHeHneM (ynkiuu F k NET-
BekTopy N mnosydaercs BbIXxogHOM Bektop . Takum o0pazoMm, uisi JaHHOTO CJIOS

BBIYHMCIIUTECIBLHBIN nmponecc ONMChIBaCTCAd CJICAYIOINIUM BbBIPAKCHUCM:

O = F(XW). (3.3)
BbIxogHOH BEKTOpP OAHOIO CJOS SBJSETCS BXOJHBIM BEKTOPOM [UISl CIIEAYIOLIETO,
MOSTOMY BBIYMCIICHHE BBIXOAOB IOCIEAHEro ciosi TpedyeT mpuMeHeHus ypaBHeHus (3.3) k

KaKIAOMY CJIOIO OT BXOJa CE€TU K €€ BbIXOY.

OopatHblii mpoxoa. /loocmpoiika 6ecog 6bixoOHo2o cnosi. Tak Kak IJisl KaKIoro
HEllpoHa BBIXOJHOTO CJOS 3aJaHO LEJIEBOE 3HAa4Y€HHE, TO IMOJCTPOMKA BECOB JIETKO
OCYIIECTBIIICTCS. C HCIIOJIb30BaHUEM MOIU(MUIIMPOBAHHOTO JIelbTa-MpaBWia U3 T 2.
BHyTpeHHHEe clioM Ha3bIBAIOT «CKPBITHIMU CIOSMU», AJS UX BBIXOJOB HE MMEETCS LEIEBBIX

3HaYeHHH s cpaBHeHus. [loaToMy oOyueHne ycnoKHIeTCs.

Ha puc. 3.5 nokazan npouecc 00ydeHMsl 1 OJTHOTO Beca OT HEWPOHA p B CKPHITOM
clloe j K HelpoHY ¢ B BBIXOJHOM cioe k. Bbixoa HelipoHa cios k, BBIYUTAACH U3 LIEJIEBOTO
3HayeHus (Target), naer curHan ommOku. OH yMHOXaeTcs Ha MPOM3BOJIHYIO CKMMAIOLIEH
byuakmuu [OUT(1 — OUT)], BbIYHCICHHYIO Il 3TOrO0 HEHWpOHA Cjosl k, JaBasi, TaKuM

00pa3oM, BEIUYUHY O.

0 =0UT(1 — OUT)(Target — OUT) (3.4)
3atem O ymHoxkaercs Ha BenuuuHy OUT HeiipoHa j, W3 KOTOPOTO BBIXOJIUT
paccMaTpuBaeMBbIii Bec. DTO MPOU3BEICHNE B CBOIO OuYepeab YMHOXaeTcs Ha Koddduument
ckopoctu o0yuenus 1 (06sr4ao ot 0,01 o 1,0), u pezynprar npubasnsercs K Becy. Takas ke
npoleaypa BBIIOTHSAETCS i1 KaXJIOro Beca OT HEHpOHA CKPBITOrO Closi K HEWpPOHY B

BBIXOJHOM CJIO€C.
CJ‘IeIlyIOHII/Ie YPaBHECHUA HIUIFOCTPUPYIOT 3TO BEIYUCIICHUC!
Awpq,k | Sq,k ouT (3.5)

Wpq(n+1) = wpq (1) + Awpqx (3.6)
TJIE Wpqi(N) — BEJIMUMHA BECA OT HEWPOHA P B CKPBITOM CJIOE K HEHPOHY ¢ B BHIXOJHOM

CJIOC Ha Harc n (,Z[O KOppeKHI/II/I); OTMCTHM, YTO HMHIACKC k otHOCHUTCS K CJIOKO, B KOTOpOM
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3aKaH4YMBAETCS JAHHBIM BeC, T. €., COIJACHO HPUHATOMY B 3TOW KHMIE COIVIAIIEHHUIO, C
KOTOPbIM OH OOBEIMHEH; Wpqk(nt1) — BennumHa Beca Ha mare n + 1 (mocie KOppeKiun);
Oqk — BeIIMUUHA & A7l HelipoHa ¢, B BbIxogHOM cioe k; OUT,; — ennunna OUT i HelipoHa

P B CKPBITOM CJIO€ j.
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Puc. 3.5. Hactpoiika Beca B BBIXOJHOM cJio€
IMoacTpoiika BecOB CKPLITOro cja0s. PaccMoTpuM OMH HEHPOH B CKPBITOM CIIOE,
NPEIIECTBYIONIEM BBIXOAHOMY cioro. [Ipu mpoxoze Bmepen 3TOT HEHPOH IepenaeT CBOM
BBIXO/JIHOM CHUTHajJ HEMpOHAM B BBIXOJHOM CIIO€ uUepe3 COeNUHSIONINEe MX Beca. Bo Bpems
0o0yueHus: 3TU Beca (DYHKIIMOHHPYIOT B OOpAaTHOM MOPSIKE, MPOMYCKas BEJIMYUHY O OT
BBIXOJJHOTI'O CJI0A Ha3aad K CKPBITOMY CJIOIO. Ka)KIH)If/'I 13 3TUX BECOB YMHOXACTCA HAa BEJIMYUHY

0 HeWpoHa, K KOTOPOMY OH MPUCOEINHEH B BHIXOJHOM cioe. Bennunna o, HeoOxomumas Jist
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HEHpoOHA CKPBITOTO CJIOS, MOJydYaeTcs CyMMHpPOBAaHHEM BCEX TaKUX MPOU3BEICHUN U

YMHOKEHUEM Ha NMPOU3BOJIHYIO CKMUMAIOIEN (QyHKIUU:

8, =OUT_ ,(1-0UT, ) Z 8 i Wk (3.7)
q

(cM. puc. 3.6). Korga 3HaueHue § MOIMy4yeHO, Beca, MUTAIOIIME MEPBBIA CKPHITHIH YPOBEHbD,
MOTYT OBITh TOJKOPPEKTUPOBAHBI C TOMOIIbI0 ypaBHeHu# (3.5) u (3.6), rae HHIEKCHI

MO,Z[I/I(I)I/II_II/IpyI-OTCH B COOTBCTCTBHH CO CJIOCM.

BrIXoPHL

JTOEPB U EXBH B2 Lxwsirmsid i (£)
oaoU (Z) oxoi (7)

/4
/.4

ouT;

Hegpor P )

o O

Puc. 3.6. HacTpoiika Beca B CKPBITOM cJ10€
Jna kaxnporo HelipoHa B JAHHOM CKpPBITOM CJIO€ JOJDKHO OBITh BBIYHMCICHO O H
HOJICTPOEHBI BCE BECA, ACCOLIMUPOBAHHBIE C 3TUM CJIOEM. DTOT MPOLECC MOBTOPSIETCS CIIOM 3a

CJIOEM IO HaIPaBJIEHUIO K BXOJY, IOKa Bce Beca He OyAyT MOJKOPPEKTHPOBAHBI.

C mnoMoIpl0 BEKTOPHBIX O0O3Hau€HUM omepanus OOpaTHOro paclpoOCTPaHEHUS
OIIMOKU MOKET OBITH 3alMCaHa 3HAYUTEINBHO KOMITakTHee. O003HAYNM MHOKECTBO BEITUUYUH
O BBIXOAHOTO ciost uepe3 Dy M MHOXKECTBO BECOB BBIXOJHOTO cJosi Kak MaccuB Wy. UTOObI

noyty4uTh Dj, 0-BEKTOP BBIXOAHOTO CJIOS, JOCTATOYHO CISAYIOMIMX ABYX OMEpaIuii:

1. YMHOXHUTH 0-BEKTOP BBIXOAHOTO CJiost Dy Ha TPaHCIIOHMPOBAHHYIO MaTpuily BecoB Wy,
COCIMHSIOLIYI0 CKPBITBIN YPOBEHb C BBIXOJHBIM YPOBHEM.

2. YMHOXHUTh KaXIyKH KOMIIOHEHTY TOJY4YEHHOTO TMPOU3BEACHUS Ha MPOU3BOJIHYIO
CKUMaroIen (yHKIUU COOTBETCTBYIOIIETO HEHPOHA B CKPBITOM CJIOE.

B cuMBospHON 3amucu
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D; = DW’y $[0; $(1 - 0))], (3.8)
rje oneparop $ B JaHHOI KHHUIre 0003Ha4aeT IOKOMIOHEHTHOE NPOU3BEIeHHE BEKTOPOB, O —

BBIXOTHOM BEKTOp cj10s j ¥ I — BEKTOp, BCe KOMIOHEHTHI KOTOPOT'O PaBHBHI 1.

Jlob0aBjieHHe HeWPOHHOrO cMelleHus. Bo MHOTMX ciiy4yasx »KeJaTelbHO HANENATh
KaXIblii HEHpOH 00ydaeMbIM CMENmIEHHEM. OJTO TMO3BOJSET CABHraTh HAdajlo OTCYeTa
JOTHCTUYECKOM  (GyHKIMH, JaBas A3PQeKT, aHaJOrM4YHBIH  MOJACTPOWKE  IMopora
HEepCeNTPOHHOrO HEMPOHA, M MPUBOAMT K YCKOPEHUIO Ipoliecca 00ydyeHus. ITa BO3MOKHOCTh
MOJET OBITh JIETKO BBEJICHA B 00YYAIOLIUIl alTOPUTM € MOMOILBIO JOOABIAEMOTr0 K KaXJIOMy
HEMpOHy Beca, MPUCOSTUHEHHOTO K +1. DTOT Bec 0OydaeTcst Tak ke, KaKk U BCE OCTAJIbHBIC
BeCa, 32 UCKJIIOYEHUEM TOT0, YTO 10/1aBaeMbIi Ha HErO CHTHAJI BCerJa paBeH +1, a He BBIXOAY

HEelpoHa MpebIyIIEro CIosl.

Hmnyabse. B pabGore [7] omumcaH MeTon YCKOpPEHHS OOydYeHHs Il ajlrOpuTMa
00paTHOTO pacIpOCTPAHEHUS, YBEIMUUBAIOIIUHN TaK)KE yCTOMYMBOCTD Tpoliecca. ITOT METO/,
Ha3BaHHBI HMMITyJIbCOM, 3aKJIOYaeTcss B JOOAaBJICHMHM K KOPPEKIMHM Beca 4ICHa,
MPOMOPIMOHAIFHOTO BETUYMHE MPEbIAyIIero u3MeHeHus: Beca. Kak TOJIbKO MPOUCXOTUT
KOPpEeKILIUs, OHAa «3allOMMHAETCA» U CIYXKUT i1 MOAU(PUKALUU BCEX MOCIEAYIOMNX

KOppEeKIUi. Y paBHEHUS KOPPEKIIUHA MOIUDHUIIUPYIOTCS CIEAYIOMUM 00pa3oMm:

Awpgr(nt1)=1n 8qx OUT,; + 0lAwpq k(n) (3.9)

Wpgk(DFH1) = wpqi(n) + Awpgk(nt1) (3.10)

rze (o0 — KoapPUIHUEHT UMITyJIbCa, 0OBIYHO ycTaHaBIMBaeTcst 0koiio 0,9.

Ucnonws3ys MeTon wuMMylibca, CEThb CTPEMUTCA HATH TIO0 JHY Y3KHX OBpParoB
MOBEPXHOCTH OIIMOKH (€CJIM TaKOBBIE UMEIOTCS), & HE JBUTATHCA OT CKJIOHA K CKJIOHY. DTOT
METO/I, O-BUAUMOMY, XOPOIIO pabOTaeT Ha HEKOTOPHIX 3aJjauyax, HO JAAaeT Cladblii WK Jaxe

OTpHUIIATENbHBIN 2P (DEKT Ha APYTHX.

B pabGorte [8] omucaHn CXOAHBIM METOJ, OCHOBAaHHBIM Ha SKCIOHECHIIMAILHOM

CIVIAKUBAHUM, KOTOPBIM MOXKET UMETh IIPEUMYILECTBO B PSE IPUIOKCHUH.

3aTreM BBIUMCISIETCS H3MECHEHHE Beca

Wpak(n+1) = wpqi(n) + NAWpe(nt1), (3.10)
rze o Kod(h(HUIMEeHT CriIaXuBaHus, BapbupyeMblid 1 auana3zone ot 0,0 xo 1,0. Ecnu o paBen
1,0, To HOBasi KOPPEKIMsI UTHOPUPYETCS U MOBTOPsieTCs nmpeasiayias. B obnactu mexay 0 u
1 xoppekuMs Beca CIJIQ)KMBAaeTCsl BEIMYMHOMN, mpomnopiuoHanbHO o. Ilo-mpexuHemy, m
sBIsieTcs KOd(D(PUIMEHTOM CKOpOCTH OOYYeHHs, CIyXKAaIluM Ui YIPaBICHHUS CpPEIHEH

BEJIMUYMHOM M3MCHCHHUS Beca.

50



OANbHENLLUUE ANTOPUTMUYECKUE PA3PABOTKHN

MHOTHMH ~ WCCTIEIOBATEISAMH  OBUIM  TIPEJUIOKEHBI  YIYYIIEHUS H  000O0IICHUsS
OIMCAaHHOTO BBIIIE OCHOBHOT'O JIFOPUTMa 0OpaTHOTO pacrpocTpaHeHus. Jluteparypa B sToi
00J1aCTH CIUIIKOM OOIIMPHA, YTOOBI €€ MOKHO OBLIO 3/1eCh O0XBaTuTh. Kpome Toro, ceituac
elle CIMIIKOM PaHO AaBaTb OKOHYATEJbHBbIE OLEHKH. HekoTopele M3 3THX MOAXOIO0B MOTYT
OKa3aTbCsA JCWCTBUTENHHO (YHIAMEHTAIBHBIMH, JAPYTHE € CO BpPEMEHEM HCUE3HYT.

Hexotopsie n3 Hanbosnee MHOr000eIAIOIKX pa3padoTOK 00CYKIAIOTCS B 3TOM pasJiele.

B [5] ommcan MeTonq  YCKOpPEHHsl  CXOIMMOCTH  airoputMa  oOpaTHOTO
pacnpocTtpanenusi. Ha3BaHHBIM 00paTHBIM pacHpOCTpaHEHHWEM BTOPOTO TMOpPSAKAa, OH
UCIIOJIb3YET BTOPbIE MPOU3BOHBIE ISl 00JIe€ TOUHON OLEHKU TpeOyeMOoil KOPPEKIMH BECOB.
B [5] noka3aHo, 4TO 3TOT aJrOPUTM ONTUMAJIEH B TOM CMBICIIE, YTO HEBO3MOYKHO YJIyUILIUTh
OLICHKY, HCIOJB3ys TMPOU3BOJHBIE Oojee BBICOKOro mopsaka. Metonq TpeOyet
JIOTIOIHUTEJIBHBIX BBIUMCICHUNA IO CPaBHEHHIO C OOpAaTHBIM pPACIPOCTPAaHEHHEM IEPBOTO
NOpsJIKa, U HEOOXOIMMBI JallbHEHIINE SKCIEPUMEHTHI IS JOKa3aTeJIbCTBA ONpPaBAAHHOCTH

ATHX 3aTpar.

B [9] omucan npuBneKaTenbHBIA METO yIyUIIEHHS XapaKTEPUCTUK OOY4YEHUs ceTeid
obpatHOTO pacmpocTpaHeHusi. B pabore ykasbiBaercs, uyto obOmenpuHsaTteii oT 0 mo 1
JMHAMUYECKUN JTara3oH BXOJOB M BBIXOJOB CKPBITBIX HEWPOHOB HEONMTHMAaNeH. Tak Kak
BEJIMUMHA KOPPEKLUUH Beca Awpgx HpPONOPIHOHATIbHA BBIXOJHOMY YPOBHIO HeilpoHa,
nopoxaatomero OUT,;, To HyneBoll ypoBeHb BEJET K TOMY, YTO Bec He MeHsercd. Ilpu
JIBOMYHBIX BXOJHBIX BEKTOpax IMOJOBHHA BXOJOB B cpelHEeM OyJeT paBHA HYJIIO, U Beca, C
KOTOPBIMH OHH CBSI3aHBI, HE OyayT oOydarhcsi! PemieHre COCTOMT B NMPHUBEICHHH BXOJIOB K
3HaYeHUsIM +%2 W 100aBIEHUH CMEILEHUS K CKUMaromed (yHKIUH, 4yTOOBl OHAa TaKXe

NpUHUMAaJa 3Ha4eHus +72. HoBas cxxumaromas GyHKINS BBITISAUT CISAYIOUUM 00pa3oM:

S VA S
ouT=- 1+ e (3.13)

C moMoIIbI0 TaKHUX MPOCTHIX CPEACTB BPEMS CXOIUMOCTH COKPAIIAETCS B CPEAHEM OT
30 no 50%. D10 ABNSETCS OJHUM M3 MPUMEPOB MPAKTHUECKOW MOIU(PHUKAINHU, CYIIECTBEHHO

yIy4IlIAoEend XapaKTEPUCTUKY AJITOPUTMA.

B [6] u [1] onucana meTtoanka MpUMEHEHUsI OOPATHOTO PaCIPOCTPAHECHHUS K CETSAM C
OOpaTHBIMHU CBS3AMH, T. €. K TAKUM CETSAM, Y KOTOPBIX BBIXOJBI IOJAIOTCA Yepe3 0OpaTHYIO
CBs3b Ha BXOJpl. Kak moka3zaHo B 3THX paboTax, oOyuyeHHE B MOJOOHBIX CHUCTEMAX MOXKET

OBITH O4€Hb OBICTPHIM M KPUTEPHH YCTOHUMBOCTH JIETKO yJIOBJICTBOPSIIOTCS.
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NMPUMEHEHUA

ObpartHoe pacmpocTpaHeHre OBLIO HCIOJIB30BAaHO B HIMPOKOH chepe MpUKIaIHBIX
HCCHGHOB&HHﬁ. HCKOTOprG U3 HUX OIIMCHIBAIOTCA 34€ChH, YTOOBI NpoOACMOHCTPHUPOBATH MOIIb

9TOIro0 METOJ4a.

®upma NEC B Slnmonnu o0bsBIIa HETABHO, YTO 0OpAaTHOE pacipoCTpaHEHUE OBLIIO €10
WCIIOJIb30BAHO VISl BU3YAJIbHOTO pacro3HaBaHUs OyKB, MPUYEM TOYHOCTH MpeBbicmiia 99%.
D710 ynydiieHre ObUIO JOCTUTHYTO C TIOMOIIBI0 KOMOMHAIIUY OOBIYHBIX ITOPUTMOB C CETHIO

00paTHOrO PacHpOCTpaHEHNUs1, 00ECIIEUUBAOLIECH JOMOIHUTEIbHYIO IPOBEPKY .

B pabGore [8] mocturnyt BnewaTisitonuii yemex ¢ Net-Talk, cucremoii, xoTopas
IpeBpallaeT Me4YaTHbIM aHIVIMHCKUNA TEKCT B BBICOKOKAUYECTBEHHYIO peub. MarHutooHHas
3aIuCh Mpolecca 00y4eHUs CHIIbHO HAIIOMUHAET 3ByKH peOeHKa Ha pa3HbIX dTanax o0y4eHus

peuu.

B [2] oOpatHOe pacmpocTpaHEHHE HCIOJIH30BAJIOCh B MAIIMHHOM PAaclO3HaBaHUU
PYKOIIMCHBIX AHIJIMHCKHUX CJIOB. ByKBBI, HOPMAJIM30BAaHHBIE IIO pa3MeEpy, HAHOCUJIIUCH Ha
CeTKy, M Opaluch NPOEKIMU JHHUHN, MEPECeKAIOIUX KBaIpaThl CETKU. ODTH TNPOEKLUHU
CIIyKHJIA 3aT€M BXOJAMHM ISl CETH 0OpaTHOro pacmpoctpaneHus. CooOianoch 0 TOYHOCTH

99,7% nipu UCTIOIB30BAaHUH CIIOBAPHOTO (UIBTPA.

B [3] coobmanock 00 ycHemHoOM NOPUMEHEHHU OOpaTHOTO pacHpOCTPaHEHUS K
CKaTUIO N300paskeHui, Kora 0Opa3bl MPEACTaBISIINCh OJHUM OUTOM Ha MUKCEINb, YTO OBLIO

BOCBMUKPATHBIM YJIYUIICHUCM 11O CPABHCHHUIO C BXOAHBIMU JJaHHBIMH.

NMPEAOCTEPEXEHUE

HecmoTps  Ha ~ MHOIOYMCIEHHBIE  YCIELIHbIE  MPUMEHEHHS o0OpaTHOTO
pacnpoCTpaHEeHUsl, OHO HE SBJIAECTCS NaHaleed. bomple BCEro HENpUSITHOCTEH MPUHOCUT
HEOMpeAeNIeHHO JAO0ITUN mporecc o0ydeHus. B cloxHbIX 3aadax uist 00y4eHUsS CETH MOTYT
noTpedoBaThCs AHU WM JaKe HEJENId, OHa MOXKET W BooOlle He oOyuuThes. JmuTenbHoe
BpeMs 00y4€HHUsI MOXKET OBbITh PE3yJIbTaTOM HEONTUMAIBHOIO BbIOOpA JIHHBI Iara. Heynauu
B 06y‘-IeHI/II/I OGBII-IHO BO3HUKAIOT IO ABYM IpPUYWHAM: IIapaJiida CCTU U IOoNaJaHus B

JIOKaJIbHBIM MHUHUMYM.

IHapaauu cetu

B npomecce oOydeHus: ceTH 3HAYEHUS BECOB MOTYT B PE3yJIbTaTe KOPPEKIHH CTATh
OUYCHb OOJIBITUMU BEIMYMHAMH. ITO MOXKET MPUBECTHU K TOMY, YTO BCE WM OOJBIITUHCTBO
HEHpOHOB OyQyT (QYHKIIMOHHUPOBATH MPU OueHb Oonbiux 3HaueHusx OUT, B obnactu, rae
NPOM3BOIHAS COKUMaroIIel (QyHKIMK OYeHb Maia. Tak Kak mockliiaeMasi 0OpaTHO B Ipoliecce

00y4eHus: OmMOKa MPOMOPIMOHAIIBHA 3TOW MPOM3BOIHOM, TO MPOIECC OOYYECHHS] MOXKET
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NPaKTHYECKH 3aMepeTh. B TeopeTHdeckoM OTHOWICHWH 3Ta MpobjeMa IUIOXO H3y4eHa.
OOBIYHO 3TOro M30€ral0T yMEHBIIEHMEM pa3Mepa Ilara 1, HO 3TO YBEJIUYMBAET BPEMs
oOyueHust. PaznuuHble 3BPUCTHKH HCMOIB30BAIUCH JUIS MPEIOXPAHEHHUs OT Mapajuda WId
JUIS. BOCCTAQHOBJICHHSI TOCJIE HEro, HO TOKa YTO OHM MOTYT PacCMaTpUBAThCS JIMIIb Kak

OKCIICPUMCHTAJILHBIC.

JlokajbHbIE MHUHUMYMBbI

OOpaTHOe pacnpocTpaHEHHE UCIOIB3YeT Pa3HOBUIHOCTh TPAJAMEHTHOTO CITyCKa, T. €.
OCYUIECTBIIIET CIYCK BHU3 IO MOBEPXHOCTH OIIMOKHM, HETMPEPHIBHO MOJCTpavMBas Beca B
HarpaBjieHUU K MHUHHUMYMY. [IOBEpXHOCTH OIIMOKH CIIOHOW CETH CHJIBHO H3pEe3aHa U
COCTOHUT U3 XOJIMOB, JIOJIMH, CKJIaJIOK U OBParoB B MPOCTPAHCTBE BBICOKOM pa3zmepHOocTU. CeTh
MOJKET IONAacTh B JIOKAJIBHBIH MUHUMYM (HETITyOOKYIO JOJUHY), KOT/Ia PSAIOM HMEETCS
ropazno Oonee rnyOokuii MUHUMYM. B TOYke JOKamTpbHOrO MHHMMyMa BCE HampaBlICHUS
BEIIyT BBEPX, U CETh HECTIOCOOHA M3 HETo BhIOpaThcs. CTaTHCTHUECKHE METOJbI 00yUYeHUS
MOTYT TIOMOYb H30€XaTh 3TOW JIOBYIIKM, HO OHU MemieHHbl. B [10] mpennoxken meron,
OOBEAMHSIOMNUN CTATUCTHYECKUE METOAbl MammHbl KoM ¢ TIpagueHTHBIM CITyCKOM
00paTHOrO pacmpoCTpaHEHHUs M MPUBOIAIIMNA K CHCTEMe, KOTopas HaXOAMT TIIOOaIbHBIH
MHUHHUMYM, COXPaHsSIsl BBICOKYIO CKOPOCTh OOPAaTHOTO PacIpOCTPaHEHUs. DTO 0OCYKIaeTCs B

. 5.

Pa3mep mara

BHumatenbHbIll pa3bop OKa3zaTeNbCTBA CXOAUMOCTH B [7] moOKaspIBaer, 4YTO
KOPPEKIIUU BECOB MPEANOIaraloTcs 0eCKOHEYHO MajbIMU. SICHO, 4TO 3TO HEOCYIIIECTBUMO Ha
MPAKTHKE, TaK KaK BeJeT K 0eCKOHEUHOMY BpeMeHHU oOyudeHus. Pa3zmep miara nomkeH Oparbest
KOHEYHBIM, U B 3TOM BOIIPOCE MPUXOAMUTCS ONMUPATHCS TOJBKO Ha ombIT. Eciu pazmep mara
OYEHb Majl, TO CXOJMMOCTb CIIMIIKOM MEIJIEHHAs, €CIM K€ OYEHb BEIMK, TO MOXET
BO3HUKHYTh TMapajvd WA TMOCTOSHHAsg HeycToMumBocTh. B [11] omwmcan aganTUBHBIN
aIrOpuUTM BBIOOpa Iara, aBTOMAaTHUECKH KOPPEKTUPYIOLIUI pa3Mep IIara B IpoLEcce

00y4eHusl.

BpemenHasi HeyCTOMYNBOCTH

Ecnmu cetb yuuTcs pacnio3HaBaTh OYyKBBI, TO HET CMbICIIA YUUTh «by», ecnu mpu 3ToM
3a0bIBaeTcsa «A». [Iporecc 00yueHus M0JDKEH OBITh TaKUM, YTOOBI C€Th 00ydagach Ha BCEM
oOyJaromeM MHOXXECTBE O€3 MpOITyCKOB TOTO, YTO YK€ BBIyueHO. B mokaszarenbcTBe
CXOUMOCTH [7] 3TO YCJIOBHUE BBIMOJIHEHO, HO TPEOYETCs TaKkXe, YTOOBI CeTH MPEAbIBISIINCH
BCE BEKTOPhI OOYyYalolero MHOXECTBa MPEXKIC, YEM BBIMOJIHSICTCS KOPPEKIIMS BECOB.
HeoOxonnmblie M3MEHEHUST BECOB JTOJKHBI BEIUMCIATHCS HA BCEM MHOXECTBE, a 3TO TpeOyeT

IIOHOJIHI/ITGHI)HOP'I namMsATH; IO0CJIC pAda TaKuxX 06yqa}0umx OUKJIOB BECa COﬁHYTCﬂ K
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MHUHHMMaJIbHOHN OoIMOKe. DTOT METO/ MOXKET OKa3aThCsl OECIIONE3HBIM, €CJIN CETh HAXOAUTCS B
IIOCTOSIHHO MEHSIOIIEHCS BHEIIHEN Cpelie, TaK YTO BTOPOM pa3 OJUH U TOT K€ BEKTOP MOKET
y’)K€ HE TOBTOPHUTHCA. B 3TOM ciiydae mporecc OoOydueHHs MOKET HUKOT/Ia HE COWTHCH,
OecrienbHO Ony:XJasi MM CUIBHO OCLMJUIMPYS. B 3TOM cMmbIcie oOpaTHOe pacnpocTpaHEeHUe
HE IM0XO0ke Ha Omosyormueckue cucteMmbl. Kak Oyner yka3aHo B IVl. 8, 9TO HECOOTBETCTBUE

(cpenu mpounx) npuseno k cucreMe ART, npunannexameii ['poccoepry.
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MnaBa 4.
CeTun BCTpe4HOro pacnpocrpaHeHus

BBEAEHWE B CETU BCTPEYHOI'O PACINPOCTPAHEHUA

Bo3MoXHOCTH ceTH BCTPEYHOTO pacmpocTpaHeHus, paspaboraHHod B [5-7],
MPEBOCXO/IST BO3MOXKHOCTU OJIHOCIOMHBIX ceTell. Bpems ke 0OydeHHs MO CpaBHEHUIO C
00paTHBIM pacTpoCTpaHEHHEM MOXET YMEHbIIATHCS B CTO pa3. BeTpeuHoe pacnpocTpaHeHue
HE CTOJb 0010, KaKk 0OpaTHOE pacHpoCTpaHEHHE, HO OHO MOJKET JaBaTh PELIEHUE B TEX
NPWIOKEHUAX, TAE Joiras oOydwaromias TMpoueaypa HEBO3MOXKHA. Byner mokasaHo, 4TO
MOMHMO TIPEOJIOJICHUSI OTPAaHWYEHUHN NPYTUX CETEH BCTPEUYHOE pacCIpOCTpaHEHUE O0yamaeT

COOCTBEHHBIMHU HHTCPCCHBIMU U IOJIC3HBIMU CBOMCTBaMHU.

Bo BcTpeuHOM pacmpocTpaHeHHH OOBETUHEHBI JBa XOPOIIO M3BECTHBIX aTOPHTMA!
camoopranusyromascst kapra Koxonena [8] u 3Be3ga I'poccOepra [2-4] (cM. mpunoxenue b).

Nx O6’beIlI/IHeHI/I€ BCICT K CBOfICTBaM, KOTOPBIX HCT HU Y OJJHOT'O U3 HUX B OTACJIBHOCTH.

MeToabl, KOTOpbIE OA00HO BCTPEUHOMY PaclpOCTPaHEHHIO0, 00BEAUHSIOT pa3InyHbIe
CEeTeBbIE MapaJurMbl KaK CTPOUTENbHbIE OJOKH, MOTYT NMPUBECTU K CETAM, Oojee OIU3KUM K
MO3Ty II0 apXUTEKTYype, YyeM JIto0ble APYyTUe OJHOPOJAHbIE CTPYKTYphL. [loxoxe, 4To B MO3ry
MMEHHO KAacCKaJHblC COCIMHEHHs MOJYJIEH PA3IUM4YHOM CHEUUAIU3alUd  ITO3BOJISAIOT

BBITIOJIHATD Tpe6yeMLIe BBIYUCICHUA.

CeTb BCTPEYHOrO pacHpocTpaHeHHs (YHKIMOHUPYET MOAOOHO CTONY CIIPaBOK,
crocoOHOMY K 0000mennto. B mpomecce o0yueHHs BXOIHBIE BEKTOPHI aCCOIMUPYIOTCS C
COOTBETCTBYIOIIUMH BBIXOJHBIMU BEKTOpaMU. OTH BEKTOPbl MOTYT OBITH JBOMYHBIMH,
COCTOSIIIMMHM W3 HyJIeW M eIUHHWI, WIH HempepbslBHBIMU. Korma cetb o0ydeHa, MpHiioXKeHue
BXOIHOTO BEKTOpa TMPHBOAMT K TpeOyeMOMy BBIXOJAHOMY Bekropy. Oobobmiaromas
CHOCOOHOCTh CETH TO3BOJIAET MOJNYy4aTh NPABMIIBHBIA BBIXOJ JaXe IpH NPUIOKESHUU
BXOJHOT'O BEKTOpa, KOTOPBI SIBJISETCS HEMOJHBIM WIIM CJIErKa HEBEPHBIM. DTO MO3BOJISET
UCTIONB30BaTh JAHHYIO CETh JJIsl paclo3HaBaHHS 0O0pa30B, BOCCTAHOBJIEHHUS 00pa3oB M

YCUJICHUSA CUT'HAJIOB.

CTPYKTYPA CETU

Ha puc. 4.1 nokazaHa ynpollueHHas Bepcus MPSMOTO JEHCTBUS CETH BCTPEUYHOIO
pacripocTpaHeHus. Ha HeM mimocTpupytoTcst (yHKIMOHAIbHbBIE CBOMCTBA ATOM MapagurMsl.
[TonHast 1ByHanpaBlieHHasl CETh OCHOBAHA Ha TEX K€ NPUHIMIIAX, OHA 00CYyXKJIaeTcs B 3TOU

TJ1aBC IO3JHEC.
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Puc. 4.1. CeTb ¢ BCTPpEeYHBIM pacno3HaBaHHeM 0e3 00paTHBIX CBA3eH

Heiipons cnost 0 (moka3aHHble KPY>KKaMH) CITy»KaT JIMIIb TOYKAMU Pa3BETBICHUS U HE
BBITIOJIHAIOT BhiuuciaeHu. Kaxapiii HeilpoH ciios 0 coeMHEH ¢ KaXIbIM HEHMpoHOM cios |
(Ha3piBaeMoro cioeM KoxoHeHa) OTHETbHBIM BECOM Wy, OTH Beca B IEJIOM
paccMaTpuBarOTCs Kak MaTpuiia BecoB W. AHaJIOTMYHO, KA/l HEHpOH B cioe KoxoHeHa
(cnoe 1) coenrHeH ¢ KaXXIbIM HEWpoHOM B cioe I'poccOepra (cioe 2) BECOM Vyp. DTH Beca
00pa3yroT Matpuily BecoB V. Bce 3TO BechbMa HAallOMUHAET JAPYTHE CETH, BCTPEUABIIUECS B
NpeAbIIyIIUX [JIaBaX, pa3jinuue, OJHAKO, COCTOUT B OINEpalUsiX, BHIMIOIHIEMbIX HEHPOHAMHU

Koxonena u I'poccoepra.

Kak n MHOrue apyrue cetu, BCTPEYHOE pPacHpOCTpaHEHUE (PYHKIMOHUPYET B ABYX
peXUMax: B HOPMAJbHOM DPEXHMME, IPU KOTOPOM IPUHUMAETCS BXOAHOW BEKTOp X M
BBIJIACTCSA BBIXOJHOW BEKTOp Y, U B pEeKUME OOy4eHHUs, MPU KOTOPOM IOJACTCS BXOTHOU

BEKTOp M Beca KOPPEKTUPYIOTCs, YTOOBI 1aTh TPeOyeMblIil BEIXOIHOW BEKTOP.

HOPMAJIbHOE ®YHKUMOHUPOBAHUE

Ciaoun Koxonenna

B cBoeit mpocreitmeii popme cioit KoxoneHa GyHKIIMOHUPYET B IyXe «MOOCIUTEIH
3a0upaer Bce», T. €. s JaHHOTO BXOAHOTO BEKTOpa OJUH M TOJNBKO OauH HelipoH KoxoHeHa
BBIJIACT HAa BBIXOJIC JIOTUYECKYIO EIMHHUILY, BCE OCTAIbHbIC BBIIAIOT HOJb. HelpoHsI
KoxoHeHa MOKHO BOCIIPUHUMATDH KaK HA0Op AJMEKTPHUECKUX JIAMITOYEK, TaK YTO IS JIF0O0T0

BXOAHOI'O BEKTOpa 3aropactcs 0JJHa U3 HUX.
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AcCCOIMUPOBAHHOE C KaXJIbIM HEMpOHOM KOXOHEHA MHOXECTBO BECOB COCJIUHSIET €0
¢ KaxnapM BxogoMm. Hampumep, Ha puc. 4.1 neiipon Koxonena K; umeer Beca wiy, wai, ...,
Wmi, cocTaBisitolue BecoBod BekTop Wi . OHM COEIUHAIOTCA-4epe3 BXOJHOM CJIOH C
BXOJHBIMH CHUTHAJIAMU X|, X2, ..., Xm, COCTaBISIOUIMMH BXofHOW BekTop X. IlomoOHo
HelipoHam OosbmmHCeTBa ceTeil Beixon NET kaxmoro nelipona KoxoHeHa sBIsieTCS MPOCTO

CyMMOM B3BEIICHHBIX BXOJIOB. DTO MOXKET OBITh BBIPAXKEHO CIETYIONTUM 00pa3oM:

NET; = wipr) + wapey + ...+ Winjxm (4.1)

rae NET; —sro Beixon NET neiipona Koxonena j,
NET, = > x,w; (4.2)
WJIM B BEKTOPHOM 3alucu

N=XW, (4.3)
rae N — Bektop Bbixoq0B NET ciost Koxonena.

Heiipon Koxonena ¢ MakcumanbHbiM 3HaueHueM NET sBnsercsa «mobeaurenem». Ero

BBIXO/] paBC€H CAUHHUILC, Y OCTAJIbHBIX OH PaBCH HYJIIO.

Caoii I'poccoepra

Croii I'poccbepra ¢ynkmuonupyer B cxonHoit manepe. Ero Beixom NET sBisercs
B3BEIICHHON CyMMOI BBIXOMOB Kki1,k2, ..., ky crost KoxoneHna, obpazyromiux Bexktop K. Bekrop
COEIMHAIOUX BECOB, 0003HAUYEHHBIM uyepe3 V, COCTOMT U3 BECOB Vii, V21, ..., Vnp. lOrIa

BbIxoa NET kaxmoro Heiipona ['poccbepra ecth
NET; =D kw;, (4.4)
rae NET; — Beixon j-ro Helipona I'poccOepra, uin B BEKTOpHOU Gopme

Y =KV, 4.5)
rae Y — BbIxoaHO# BekTop cnosi ['poccoepra, K — Beixonnoit Bekrop crnosi Koxonena, V —

MaTpuIia BecoB cios [’ poccoepra.

Ecmu croit Koxonena GpyHKIIMOHUPYET TaKUM 00pa3oM, YTO JIMIIb y OJTHOTO HEHpoHa
BenuuuHa NET paBHa enunuile, a y OCTaJIbHBIX paBHA HYJIIO, TO JIMILIb OAWH 3JIEMEHT BEKTOPA
K ornvueH oT Hyns, U BBIYMCIEHUS OYEHb MPOCTbl. DaKTUUYECKH KaXKIbI HEHPOH CIOs
['poccOepra nwmb BBIJACT BEIMYMHY Beca, KOTOPBIM CBS3BIBAET OSTOT HEUPOH C

€IMHCTBEHHBIM HEHYJIEBBIM HEMPOHOM KoXOHEHa.
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OBYYEHMUE CJ10A KOXOHEHA

Cnoii KoxoHeHa kiacCUpUIUpPYET BXOJHBbIE BEKTOPbl B TPYHIbl CXOXKHX. ITO
JOCTUTAeTCs ¢ MOMOIIBIO TaKOi MOACTpoiiku BecoB ciosi KoxoHeHa, uro OnM3KUE BXOJHBIC
BEKTOPbl aKTUBUPYIOT OAMH U TOT € HEWPOH [aHHOrO CjosA. 3aTeM 3aJadeil cios

['pocchepra siBseTCS MOTyUYeHHE TPEOYEMBIX BBIXOJIOB.

OOyuenne KoxoHena sBisiercds caMOOOy4E€HHEM, MPOTEKAOIUM 0€3 yduTes.
[TosTomy TpynHO (M HE HYXHO) INpelcKa3biBaTh, Kakoil mMeHHO Heiipon Koxonena Oyxer
aKTUBUPOBATHCS Ul 3aJaHHOIO BXOJHOIO BekTopa. Heo0xoauMmo nuiib rapaHTHpOBATH,

YTOOBI B pe3yJibTaTe 00yUEHUS pa3AesuINCh HECX0KHUE BXOJIHBIE BEKTOPHI.

IIpeaBapuresbHas 00padoTKa BXOAHBIX BEKTOPOB

Becbma xenatenbHO (XOTS W HE 00s3aTENIbHO) HOPMAJIM30BaThb BXOJHBIE BEKTOPbI
nepes TeM, KaK HPEIbsBIATb UX CETU. OTO BBINOJIHAETCA C IOMOIIBIO AEIEHUS KaKIOU
KOMIIOHEHTBI BXOJHOIO BEKTOpa Ha JJMHY BEKTOpa. JTa JJINHA HAaXOJUTCS W3BIICYCHHEM

KBaJIpaTHOTO KOPHS U3 CyMMBbI KBaJpaTOB KOMIIOHEHT BekTopa. B anrebpandeckoii 3anucu

X al (4.6)

i:
\/xf + X X

9T0 npeBpamacT BXOJIHOM BCKTOD B € TUHUYHBIN BCKTOp C TEM KC€ CAMBIM HAIIPAaBJICHHUCM,

T. €. B BEKTOP €IUHUYHON JJIMHBI B N-MEPHOM MPOCTPAHCTBE.

VYpasHenue (4.6) 0000maeT XOpOMIO W3BECTHBIM Ciydall IBYX HW3MEPCHHMA, KOTJa
JUIMHA BEKTOpa paBHA THIIOTEHY3€ MPSMOYTOJIBHOTO TPEYTOJIbHUKA, 00Pa30BaHHOTO €T0 X U Y
KOMIIOHEHTaMH, KaK 3TO cjledyeT W3 u3BecTHOM Teopemsl Iludaropa. Ha puc. 4.2a Takoit
JBYMEDPHBIM BEKTOp V IpEICTaBICH B KOOPAMHATAX X-), IMPUYEM KOOpPAHMHATA X paBHA
YeThIpeM, a KoopAuHata )y — TpeM. KBaapaTHbIi KOpeHb U3 CYMMBbI KBaJpaTOB 3THUX
KOMIIOHEHT paBeH IATU. JleleHue KaKI0oi KOMIIOHEHTBHI V Ha IIATh JaeT BEeKTop V ¢
KoMmroHeHTaMu 4/5 u 3/5, rne V’ yka3bIBaeT B TOM )K€ HallpaBJIEHUH, 4TO U V, HO UMEET

SIMHUYHYIO JJIUHY.

Ha puc. 4.26 noka3aHo HECKOJIbKO €IUHUYHBIX BEKTOpPOB. OHM OKAaHUMBAIOTCA B
TOUKAaX €IUHUYHOU OKPYKHOCTH (OKPY>KHOCTH E€AMHUYHOTO paauyca), 4TO MMEET MECTO,
KOIrJla y CeTH JHMIIb JBa BXoJa. B ciydae Tpex BXOJOB BEKTOpHI MPEICTABISUIUCH ObI
CTpeJIKaMH, OKAaHYMBAIOIIMMUCS HA MOBEPXHOCTH EAMHUYHON CQephl. ITH MpeaCTaBICHUS
MOTYT OBITh NMEPEHECEHbl Ha CETH, UMEIOIIUE MPOHU3BOJIBHOE YHCIO BXOJOB, II€ KaXKIbIH
BXOJTHOM BEKTOp SBJSETCS CTPEIKOM, OKAaHYMBAIOIIEHCS HAa TIOBEPXHOCTH EIMHHYHOM
runiepcdepsl  (MONE3HON aOCTpakiueld, XOTS W He JOIMyCKalolmeld HernocpeaCTBEHHOM

BU3YaJIU3alUN).
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J/s

Puc. 4.2a. ETuHUYHBIH BXOHOH BEKTOP

Puc. 4.26. /IBymepHbie eIMHUYHbIE BEKTOPbI HA eIMHUYHON OKPY’KHOCTH

[Ipu oOyuenun cimosi KoxoHeHa Ha BXOJ MOAETCS BXOJHOW BEKTOP M BBIYMCIISIFOTCS
€ro CKaJIApHbIC TMPOU3BEACHUS C BEKTOPAMH BECOB, CBSI3aHHBIMU CO BCEMHU HEHPOHAMH
Koxonena. Heiipon ¢ MakcMManabHBIM 3HAYEHHEM CKAJSPHOTO MPOU3BEACHUS OOBSBISETCS
«mobenuTenemM» W €ro Beca MOACTpauBalOTCsA. Tak Kak CKalspHOe MpPOM3BEICHUE,
ucronb3yemMoe s BbranciieHns BennunH NET, sBiseTcs Mmepol ¢X0ACTBa MEXKIY BXOIHBIM
BEKTOPOM M BEKTOPOM BECOB, TO MPOIIECC OOYUYCHHS COCTOUT B BEIOOpE Helipora KoxoHeHa ¢
BECOBBIM BEKTOPOM, HanboJjee OJIM3KUM K BXOJHOMY BEKTOPY, M JalbHEHIIEM MPUOINKESHUN
BECOBOT0 BEeKTOpa K BxogHOMY. CHOBa OTMETHM, YTO MPOIIECC SBISETCS CaMOOOY4YEHHEM,
BBIMOJIHSEMBIM 0e3 yuutens. CeTb caMOOpPraHu3yeTcsi TakuM 00pa3oM, YTO JaHHBIA HEHpOH
KoxoHena mMeeT MakCHMaJIbHBIM BBIXOJA JJISI JAHHOTO BXOJHOTO BEKTOpa. YpaBHEHUE,

OIHCHIBAIOIIEE MPOIIecC OOYUCHUSI UMEET CIICTYFOIINIA BU/I;:

Wy = We + ox — we), 4.7)
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I7Ie Wy — HOBOE 3HAa4YCHHE BECa, COCAMHSIONIETO BXOAHYIO KOMIIOHEHTY X C BBIUTPABIIUM
HEHPOHOM; W, — MpEAbIayIee 3HAYCHNE dTOT0 Beca; oL — KOA(PPUIIMEHT CKOPOCTH 00yUEHUS,

KOTOPBIM MOKET BapbUPOBATHCS B Mpoliecce 00ydeHusl.

Kaxnapiii Bec, CBsI3aHHBI C BBIMTpAaBIIMM HelipoHoM KoxoHeHa, HW3MeEHsETCs
IIPONOPLMOHAIIBHO Pa3HOCTH MEXAY €ro BEJIMYMHOM M BEIWYMHOW BXOJa, K KOTOPOMY OH
npucoenrHeH. HampaBieHue M3MEHEHUS MUHHUMM3UPYET Pa3HOCTb MEXKIY BECOM M €ro

BXOIOM.

Ha puc. 4.3 >T0T npouecc mokazaH T€OMETPUYECKH B AByMEepHOM Bujae. CHavana
HaxoauTcs BekTop X — W, Ul 3TOro nmpoBOJIUTCS OTpe30K U3 koHua W B koHen X. 3aTem
3TOT BEKTOP YKOPAauMBAE€TCs YMHOKEHMEM €ro Ha CKAJSIPHYI0 BEIMYHMHY O, MEHBUIYIO
€IMHULIBI, B PE3yJIbTaTe 4YEro IOJIy4yaeTcsl BEKTOp H3MeHeHHs 8. OKOHYaTeIbHO HOBBIN
BecoBoi BekTop W, sIBiIleTCS OTPE3KOM, HAIIpaBJICHHBIM W3 Hayaja KOOPJIWHAT B KOHEI]
BekTopa 0. OTcroa MOXKHO BHIETh, YTO 3(dekT 00yueHus: COCTOMT BO BpalllEHUH BECOBOTO

BCKTOpA B HAIIPABJICHUH BXOJHOI'O BEKTOPaA 0e3 CYHIECTBCHHOT'O UBMCHCHHS €T0 JJINHBI.

1 -
- BYOPHDH
BEXIED

Puc. 4.3. Bpamenue BecoBoro sekropa B npouecce odyuenus (W, — BEeKTOp HOBBIX
BeCOBBIX K03 (puuneHToB, W, — BEKTOP CTAPBIX BeCOBbIX KOI(PPUIIHEHTOB)

[lepemennast k saBnsgeTcs KO3PPUIMEHTOM CKOPOCTH OOy4eHHS, KOTOPBIA BHaAYale
00b1YHO paBeH ~ 0,7 W MOXET TMOCTENEHHO YMEHBINAThCS B Mporecce oOydeHHs. ITo
MO3BOJISIET JIeaTh OOJbIINE HAaYaJIbHBIC IIATH JJIs1 OBICTPOro Tpy0oro o0ydeHHsI U MEHbIINE

Iarv npu noaxonc K OKOHYATEIbHOM BEJIMUMNHE.

Ecmu 05l ¢ KaXXIbIM HeﬁpOHOM Koxonena aCcCoOMUPOBAJICA OAUH BXOJIHOU BCKTOp, TO

cinoii Koxonena mor Obl ObITH OOyYeH C IMOMOIIBIO OJHOTO BBIYMCIICHHS Ha Bec. Beca
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HEHWPOHA-TIOOEANTEIS MPUPABHUBAINCH OBl K KOMIIOHEHTaM oOydaroriero Bekropa (o = 1).
Kak mpaBuio, oOyuaroiiee MHOXKECTBO BKJIIOYA€T MHOTO CXOIHBIX MEXIY COOOW BXOIHBIX
BEKTOPOB, M CETh JOJDKHA OBITh OOydeHa aKTUBUPOBATH OJHMH M TOT ke HelpoH KoxoHeHa
Ul KaXJIOr0 W3 HUX. B 3TOoM ciydae Beca .3TOr0 HEWpOHA OJDKHBI TOIYyYaThes
YCPCAHCHUEM BXOAHLIX BEKTOPOB, KOTOPBLIC MJOJKHBI €TI0 AKTUBUPOBATDH. ITocTtenennoe
YMCHBIICHUC BCIWMYHUHBI O YMCHBIIACT BO3ILCI\/JICTBI/IG Kaxaoro 06yqafomero mnrara, TaKk 4To
OKOHYATEJIbHOE 3HAaueHHE OYJEeT CpelHEil BEIUYMHOW OT BXOJHBIX BEKTOPOB, Ha KOTOPBIX
NPOMCXOMUT OoOydeHue. Takum 00pa3oMm, Beca, aCCOIMMPOBAHHBIC C HEHPOHOM, TMPUMYT
3HaueHue BOJIM3U «IEHTPa» BXOJHBIX BCKTOPOB, IS KOTOPBIX [[aHHBIfI HeﬁpOH ABJISICTCSL

((HO6€I[I/IT6J'ICM».

Bb100p HaYaTbHBIX 3HAYEHHUI BECOBBIX BEKTOPOB

Bcem Becam cetu mepesn HadanoMm oOydeHHUs CleAyeT NMpUIaTh HadyalbHbIE 3HAYECHHUS.
OO1enpuHITON NPAaKTUKOW NpU paboTe C HEWPOHHBIMH CETAMHU SIBISIETCS IpHCBalBaHHUE
BecaM HEOONbIIMX choyyaiiHbiX 3HayeHud. [lpu oOydenum cnos KoxoneHa cmyuaitHO
BbIOpAaHHBIE BECOBBIE BEKTOPHI ClIeAyeT HopMaln30BaTh. OKOHYATENIbHBIE 3HAUEHHS BECOBBIX
BEKTOPOB TMoOcjie OOydYeHHs] COBIAJAIOT C HOPMAIU30BAHHBIMH BXOJHBIMH BEKTOPAMH.
[TosTomMy HOpManu3aiusi mepen HadaioM OOy4eHHs MPUOIMKACT BECOBBIE BEKTOPHI K UX

OKOHYATEJIbHBIM 3HAYCHUSM, COKpPAIasi, TAKUM 00pa3oM, 00ydaromuii mporecc.

Pannomusanus BecoB cinos KoxoHeHa MOXeET HMOPOJHUTH Cepbe3Hble MPOOJIEMbI MPHU
0o0yueHHH, TaK KaK B pe3yJIbTaTe €€ BECOBBbIE BEKTOPHI PACHPENEIISAIOTCS PABHOMEPHO IO
noBepxHocTu runepcdepsl. M3-3a Toro, 4To BXOJHbIE BEKTOPHI, KaK MPABUIIO, PACIPEEIICHBI
HEPaBHOMEPHO M HMEIOT TEHICHUUIO TPyNIUPOBATHCA HA OTHOCUTEIBHO MAJOW 4YacTH
MOBEPXHOCTH TUnepcdepsl, OOIBIIMHCTBO BECOBBIX BEKTOPOB OYIYT TaK yJIaJleHbl OT JH0O0ro
BXOJHOIO BEKTOpAa, YTO OHM HHUKOrJa He OyIyT JAaBaTh HAWIy4YIIEro COOTBETCTBUA. OTH
Heliponbl KoxoHeHa OyyT Bcer/ia MMeTh HyJIEBOM BBIXOJ U OKaXyTcs Oecrioye3HbiMu. boee
TOT'0, OCTaBIIMXCS BECOB, JAIOLIUX HAWIYYIIHE COOTBETCTBUS, MOYKET OKa3aThCsl CIIMILKOM
MaJlo, 4TOOBI pa3/esInTh BXOJHBIC BEKTOPHI Ha KJIACChl, KOTOPBIE PACIION0KEHBI OJIM3KO APYT

K JpyTy Ha TIOBEPXHOCTH rumnepchepsl.

JlomycTrM, 4TO MMEETC HECKOJIbKO MHOKECTB BXOJHBIX BEKTOPOB, BCE MHOXECTBA
CXOJIHBIE, HO JTOJDKHBI OBITH Pa3/ieieHbl Ha pa3indHble Kiacchl. CeTh JOKHA OBITH 00ydeHa
aKTUBHUPOBATh OTACIBbHBIM HelpoH KoxoHeHa nns kaxnoro kinacca. Ecnu HauanbHas
IUIOTHOCTh BECOBBIX BEKTOPOB B OKPECTHOCTH OOYyYarOIIMX BEKTOPOB CIIMIIKOM Maja, TO
MOJKET OKa3aThCs HEBO3MOJKHBIM pPa3elIuTh CXOAHBIE KJIAacChl M3-3a TOrO, YTO HE OyJeT
JIOCTAaTOYHOT'O KOJMUYECTBA BECOBBIX BEKTOPOB B MHTEPECYIOIIEH HAC OKPECTHOCTH, YTOOBI

MMpUIHNCATh IO OAHOMY M3 HUX Ka)KAOMY KJIACCY BXOJHBIX BEKTOPOB.
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HaobGopoT, eciu HECKONBbKO BXOAHBIX BEKTOPOB TOJYYEHBl HE3HAUUTEIbHBIMU
U3MCHCHUAMU U3 OAHOI'O U TOT'O XK€ 06pa3ua U OOJI’KHBI 6I>ITI) O6L€IH/IH€HI>I B OJUH KJ1acC, TO
OHU AOJDKHBI BKJIKOYATh OAWH MU TOT XK€ H€I>'IpOH Koxonena. Ecinn sxe IIOTHOCTH BECOBBIX
BEKTOPOB OYEHb BBICOKA BOJH3U TPYIIBI CIETKA Pa3TUYHBIX BXOJHBIX BEKTOPOB, TO KaXKIbIi
BXOJHOM BEKTOP MOXKET aKTUBHPOBATh OTAEIbHBIN HeipoH KoxoHeHa. DTo He sBseTcs
karacTpogoii, Tak kak cioi ['poccOepra MokeT 0TOOpa3uTh pa3nuuHbie HelpoHbl KoxoHeHa

B OJIUH U TOT K€ BbIXOJ, HO 3TO paCTOUUTCIIbHAA TpaTa HCﬁpOHOB Koxonena.

Haubonee »xenaTenbHOE pelIeHHE COCTOUT B TOM, UTOOBI pacmpeneisTb BECOBbBIE
BEKTOpPbl B COOTBETCTBHHM C TIUIOTHOCTHIO BXOJHBIX BEKTOPOB, KOTOPBIE IOJDKHBI OBITH
pa3JeNeHbl, MoMeIas TEM CaMbIM OOJIbIIIE BECOBBIX BEKTOPOB B OKPECTHOCTHU OOJBIIOTO
YHClia BXOJHBIX BEKTOPOB. Ha mpakTuke 3TO HEBBITOIHUMO, OJTHAKO CYIIECTBYET HECKOJIBKO

METO/I0B MPUOIMKEHHOTO IOCTHKEHUS TEX JKE TeTIeH.

OnHO W3 pelieHud, W3BECTHOE I0J] HA3BAHUEM Memood 6bINYKIOU KOMOUHAYUU
(convex combination method), cocrour B TOM, YTO BCe Beca MPUPABHUBAIOTCS OHON U TOU

K€ BCIIMYHUHC

TAC n — YUCJIO BXOAOB H, CJICAOBATCIIBHO, YHCJIO KOMIIOHCHT KaXAOT'O BCCOBOI'O BCKTOpPA.
Bnaronap;l 9TOMY BCC BCCOBBIC BCKTOPbI COBIAAAOT U UMCHOT CAMHUYHYIO HJINHY. Kaxc):[oﬁ
7K€ KOMIIOHCHTEC BXOAa X npruaacTCsa 3HAYCHHUE

l-a
X, =ox. +

1 1 b
Vn
IJe n — 4MCIIO BXOA0B. B Hauane o oueHb Majio, BCJICACTBUEC YCTO BCC BXOIHBIC BCKTOPBI

HUMCIOT JIMHY, 6J'II/13KYIO K %/—, U IIOYTHU COBIAAAKOT € BCKTOpaMH BCECOB. B mponecce
n

oOydYeHHsI CeTH . TOCTENEHHO BO3PACTAaeT, MPUONMKASICh K EIWHUIE. DTO TO3BOJISET
pa3iessaTh BXOJHBIC BEKTOPHI M OKOHYATEIBHO MPHUIKMCHIBACT UM WX HUCTHHHBIC 3HAYCHMS.
BecoBbie BEKTOpBI OTCIICKHMBAIOT OJAMH WM HEOOJBIIYIO TPYIITy BXOIHBIX BEKTOPOB M B
KOHIIE OOydYeHHUs JalT TpPeOyeMyr KapTHHY BBIXOJOB. METOJ BBIMYKIOW KOMOWHAIHH
xopomo paboTaer, HO 3aMeIIsSeT TMpolecc OOydYeHHUs, TaK KaK BECOBBIE BEKTOPHI
MOJICTPANBAIOTCS K M3MEHSIONIeHcs nein. Jpyroil moaxom cocTouT B J00aBIICHUH IIyMa K
BXOIHBIM BeKTOpaM. TeM caMbIM OHH IOJBEPTAIOTCS CIIyYallHbIM U3MEHEHHUSM, CXBAThIBasI B
KOHIIE KOHIIOB BECOBOM BEKTOp. ODTOT METOJA Takxke paboTocmocobeH, HO emie Oosee

MCOJICHCH, YEM MCTO/ BbIHyKHOﬁ KOMGI/IHaHI/II/I.

TpeTI/Iﬁ MCTOA HA4YMHACT CO CﬂyqaﬁHLIX B€COB, HO Ha HadaJbHOH cTaaun

O6yanOH_[CFO mponecca moacTpanBacT BCE BECA, a HC TOJIBKO CBA3aHHBIC C BBIMI'PABIIUM
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HeripoHoM Koxonena. TeM cambiM BECOBBIE BEKTOPHI NEPEMENIAOTCS OJMKe K 00IacTu
BXOOHBIX BECKTOPOB. B mnmponecce 06y‘~ICHI/I$I KOppCKIUA BECOB HAUMHACT MMPOU3BOJAUTLCS JIMIIb
JUTsE Onvkaiimux K nmodenutennto HelpoHoB KoxoHeHa. DTOT paauyc KOPPEKIIUU MOCTETIEHHO
YMEHBIIIAETCSA, TaK YTO B KOHIIE KOHIIOB KOPPEKTHPYIOTCS TOJIBKO Beca, CBA3aHHBIE C

BBIUTPABIIUM HeHpoHOM KoxoHeHa.

Eme omun Meroxm  Hagemser Kaxapli  HelWpon  Koxonena  «YyBcTBOM
CIpaBeTMBOCTY». ECIIM OH CTAaHOBUTCS MOOEAUTEIEM Yallle CBOCH 3aKOHHOU J0JIH BPEMEHHU
(mpumepHo 1/k, e k — uncno HelipoHoB KoxoHeHa), OH BpEMEHHO YBEJIMUMUBACT CBOU MOPOT,
YTO YMEHBIIAET €ro IIAHCHhl HAa BBIUTPHIINI, JaBasi TEM CaMbiM BO3MOXHOCTh OOy4YaThCA H

JIpYTUM HEHpOHaM.

Bo wMHOrmX mpHUIOXKEHUSX TOYHOCTh pE3yJbTaTa CYHIECTBEHHO 3aBUCUT OT
pacnpenenenus BecoB. K coxaneHuto, d3(PPEKTUBHOCTb  pPa3IUYHBIX  pEIICHUMN

MCYEPIBIBAIOIINM 00pa30M HE OLIEHEHA U OCTAETCs MPOOIEMOI.

Pesxxum uHTEpIOIASIIAT

Jlo cux mop MbI 00CYKIany adropuT™M 00yUYeHHsI, B KOTOPOM JUIsl KaXX/I0TO BXOJHOTO
BEKTOpa aKTHUBHMPOBAIICA JHIIL OAWH HelWpoH KoxoHeHa. DTO Ha3bIBaeTCs Memoodom
axkpeoumayuy. Ero TOUHOCTh OrpaHUu€Ha, TaK KaK BBIXOJl MOJHOCTBIO SABISETCS (YHKIUEH

JUIIb OOHOTO HelpoHa KoxoHeHa.

B memode umwmepnonayuu uenas rpynmna HeiipoHoB KoxoHeHa, HMEIOMIHUX
HauOObIIINE BBIXOJbI, MOXKET MepeaaBaTh CBOM BBIXOJHBIE CHUTHANBI B cioil I'poccOepra.
Ywuciio HEHpPOHOB B TaKOW Tpymme JOKHO BBIOMpPAThCA B 3aBHCHMOCTH OT 3aJa4y, |
yOeIUTeNbHBIX JNaHHBIX OTHOCHUTEIIFHO ONTHMAJbHOTO pa3Mepa rpynmsl He uMeeTcs. Kak
TOJIBKO TpyIIa OIpefesieHa, €€ MHOXKeCTBO BbIXOonoB NET paccmarpuBaercs Kak BEKTOp,
JUTMHA KOTOPOr0 HOPMAJIM3yeTCsl Ha €IMHHUILY AelieHHeM Kaxaoro 3HadueHuss NET Ha kopeHb
KBaJpaTHbIM M3 cyMMbl kBaapaToB 3HaueHui! NET B rpynme. Bce HelpoHBI BHE TpymIibl

HUMCIOT HYJICBBIC BBIXO/bI.

MCTOII HWHTCPIIOJISINUN CII0co0eH YCTaHaBJIMBATb 0oJiee CIIO)KHBIE COOTBETCTBUS H
MOXCT JaBaTb 0ojiee TOYHBIE PC3yJIbTAThI. Ho—npexcHeMy, OAHAaKO, HCT Y6G,Z[I/IT6IIBHI>IX

JAaHHBIX, IMO3BOJIAIONIUX CPABHUTH PEKUMBI MHTCPIOJIALUN U aKKPECAUTALIUH.

CraTucTuyeckue cBoOiicTBa 00y4eHHOM CeTH

Meton oOyuenus Koxonena oOnagaer MONE3HOH M WHTEPECHOH CHOCOOHOCTHIO
U3BIIEKAaTh CTATUCTHUYECKHE CBOWMCTBA M3 MHOJKECTBAa BXOJAHBIX JaHHBIX. Kak mokazaHo
KoxoneHnom [8], mIs TOJHOCTBIO OOYYEHHOW CETH BEpPOSTHOCTH TOTO, YTO CIIy4ailHO
BBIODaHHBIA BXOJHOH BEKTOp (B COOTBETCTBHM C (YHKIHEH TIUIOTHOCTH BEpPOSTHOCTH

BXOJHOTO MHOJKECTBa) OyAeT OMKalIliuM K JI000My 3aJaHHOMY BECOBOMY BEKTOpPY, paBHA
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1/k, tne k — uucno HeiipoHoB KoxoHeHa. DTO SIBISETCS ONTHUMAIBHBIM paclpeeieHueM
BecoB Ha rumepcdepe. ([Ipeamonmaraercsi, 9To UCTIONB3YIOTCS BCE BECOBBIE BEKTOPHI, UYTO
HMECT MCCTO JIMIIb B TOM CJIy4ac, €CJIU HUCHOJb3YCTCA OOWH U3 OGCY)KI[&BIHI/IXCSI MCTOO0B

pacripeielieHus! BECOB.)

OBYYEHMUE CJ104 TPOCCBEPIA

Croit I'poccbepra oOydaeTcsi OTHOCUTEIBHO MPOCTO. BXOAHOM BEKTOp, SBISIOIIHICS
BbIXoloM ciosi KoxoHeHa, momaercs Ha ciod HeipoHoB ['poccOepra, W BBIXOABI CIOS
['poccOepra BBIUUCISAIOTCS, KaK MPH HOPMalIbHOM (YHKIIMOHHpOBaHUHU. Jlanee, KaxXIblil Bec
KOPPEKTUPYETCS JUIIb B TOM CIIy4ae, €ClIM OH COEIMHEH ¢ HEMpOHOM KOXOHEHa, UMEIINUM
HEHYJICBOM BBIXOJl. BennunHa KOppeKIuy Beca MponoplUuOHaIbHA PA3HOCTH MEXKIY BECOM U

TpeOyeMbIM BBIXOAOM HelipoHa ['poccOepra, ¢ KOTOPBIM OH COSAMHEH. B CUMBOJIBHOM 3amTucH

Vi = Viie T B — viie)ki, (4.8)
rae ki — BeIxo[ i-ro HelipoHa KoxoHeHa (TonbKo Juist oqHOTO HeipoHa KoxoHeHa OH oTiInYeH

oT Hy.]'[f[); Yj —j-aﬂ KOMITOHCHTA BEKTOPA KCJIACMbIX BbBIXOJ0B.

[lepBonavanpHo [3 Oepercs paBHbIM ~0,1 W 3aTeM IOCTENEHHO YMEHBIIACTCS B

npouecce 00yueHusl.

Otcrona BUIHO, 4TO Beca cios I'poccOepra OyayT CXOAUTHCS K CPEHUM BEITMUMHAM
OT JKEJIAeMbIX BBIXOJIOB, TOTJa Kak Beca ciiosg KoxoHeHa 00y4aroTcst Ha CPEeIHNX 3HAUYCHHIX
BxonoB. OOyuenue ciost I'poccOepra — 3T0 00ydeHHE ¢ yUUTEIEM, AITOPUTM PACIOIAraeT
KENaeMbIM BBIXOJIOM, II0 KOTOpoMy OH o0Oyuaercsa. OOyuwaromuiics 0e3 yuuTend,
caMoopraHusyrommiicss cioii KoxoHeHa JaeT BBIXOABI B HEIETEPMUHHPOBAHHBIX MO3HIUIX.

OHu oToOpaXkaroTCs B JKeJaeMble BBIXObI ciioeM [ 'poccOepra.

CETb BCTPEYHOI'O PACIMPOCTPAHEHUA MNOJIHOCTBLIO

Ha puc. 4.4 mnokazana ceTb BCTPEUHOTO paCIpOCTpaHEHHUS IEIUKOM. B pexume
HOPMaJIbHOTO (D)YHKIIMOHHPOBAHHUS NPEIbABISAIOTCS BXOJAHBIE BeKTOpHl X M Y, U 00y4eHHas
CeTh JaeT Ha BBIXOJE BeKTOphl X’ W Y’, SBIAIOIIMECS AMMpPOKCUMAIUSIMHU COOTBETCTBEHHO
a1 X u Y. Bekropel X u Y mpeanonararorcsi 37€Ch HOPMaJIW30BaHHBIMU €IMHUYHBIMHU
BEKTOpAaMHU, CIIEJOBATEIbHO, MOPOXKIAEMbIE Ha BBIXOJIE€ BEKTOpPHI TakkKe OyayT HMETh

TCHACHIIUIO OBITE HOPpMaJIM30BAHHBIMHU.

B mpornecce o0yuenust Bektopel X U Y TOJAIOTCS OJHOBPEMEHHO M KaK BXOJHBIC
BEKTOPHI CETH, U KaK JKeJlaeMble BBIXOHbIC CHTHAIBL. BekTop X ucmonb3yeTcs st 00y4eHust
BbIX0JI0B X’, a BeKTop Y — ny1si 00yueHus: Boixos10B Y’ cios ['poccOepra. CeTb BCTPEUHOTO
pacnpocTpaHeHUs ETUKOM 00y4aeTcsl ¢ UCIIOIB30BAHUEM TOTO JK€ CAMOTO METO/a, KOTOPBIH

OIMUCBIBAJICA JIA CCETH MPAMOIO JCUCTBUS. HeﬁpOHLI Koxonena MNPUHHUMAIOT BXOJHBIC
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CUTHAJIBI KaK OT BEKTOPOB X, Tak 1 OT BeKTOpoB Y. Ho 3T0 HEOTIMYMMO OT CHTyanuu, Korja
UMeeTcsi OIWH OOJIBIION BEKTOp, COCTAaBJICHHBIH M3 BeKTOpoB X W Y, WM HE BIMSIET Ha

QITOPUTM O0yUECHHS.
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Puc. 4.4. IlosiHasi ceTb BCTPEYHOI0 PACPOCTPAHEHUS

B kauecTBe pe3ysbTHUPYIOIIEro MOIy4YaeTcs €AUHUYHOE OTOOpaXKeHHE, IIPU KOTOPOM
NPEIbSABICHUE TMapbl BXOJHBIX BEKTOPOB IOPOXKAAET MX KOMHWM Ha BBIXOAE. OJTO HE
NpPECTaBIsIeTC OCOOCHHO HMHTEPECHBIM, €CIIM HE 3aMETUTh, YTO MPEIAbSBICHHE TOJIBKO
BekTopa X (C BEKTOpOM Y, paBHBIM HYJII0) MOPOKJIAET KaK BBIXOABI X’, TaK M BBIXOABI Y.
Ecmu F — ¢ynkmus, otobpaxaromas X B Y’, TO CeTh anmpoKCUMUpyeT ee. Taxxke, ecnu F
oOpaTtuMa, TO NpeabsBlIEHUE TOJIbKO BekTopa Y (mpupaBHHBas X HyJ0) nopoxiaaer X’.
YHHUKaJIbHAs CIOCOOHOCTh OPOXKIaTh (DYHKIMIO U 0OpaTHYIO K HEil 1eiaeT CeTh BCTPEUHOro

pacnpoCcTpaHeHUs MOJIE3HOUN B PAAE MPUIOKECHUH.

Puc. 4.4 B ornuume OT mepBOHAYANBbHOW KOH(UTypanuu [5] HE IEMOHCTPUPYET
MPOTUBOTOK B CETH, MO KOTOPOMY OHa TOJYy4YWIa CBOE HasBaHue. Takas ¢opma BbiOpaHa
MOTOMY, YTO OHA TaKXkKe HIUTIOCTPUPYET CeTh 0e3 OOpaTHBIX CBsI3€d M MO3BOJSET 000OUIUTH

IOHATHS, PA3BUTHIC B MIPCALIAYIINUX I'IaBax.
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NMPUNOXEHUE: CXKATUE OAHHbIX

B nmomonHenme K OOBIYHBIM (YHKIHSAM OTOOPaXCHHS BEKTOPOB BCTPEYHOE
pacIpoOCTpaHEHHUE OKa3bIBACTCS IOJIE3HBIM M B HEKOTOPBIX MEHEE OYEBMJHBIX ITPUKIAIHBIX

obnacTax. O,Z[HI/IM n3 HaubOoee HHTCPCECHBIX IIPUMCPOB ABJIACTCA CXKATHUC JaHHBIX.

CeThb BCTPEYHOTO PACIPOCTPAHEHUSI MOXKET OBITH MCITOJB30BaHA ISl COKATHS JaHHBIX
nepes WX Tepeaaveid, yYMEHbIIAs TeM CaMbIM YHUCJIO OWTOB, KOTOPBIC JIOJDKHBI OBIThH
nepenanbl. JlomyctuMm, uto TpedyeTcs mepenatb HeKoTopoe n3odpaxenue. OHO MOXKET OBITH
pa3douto Ha moau3zoOpakeHus S, kKak mokazaHo Ha puc. 4.5. Kaxmoe moamnzoOpaxkeHue
pa3buro Ha TUKcenu (MeTpYAMIIME DJIEMEHTHl  HW300pakeHws). Torma  Kaxmoe
MOJIN300paKEHUE SIBIISICTCS BEKTOPOM, 3JEMEHTAMH KOTOPOTO SIBJISIOTCS IHKCEIH, W3
KOTOPBIX COCTOHT MOAM300pakeHue. JJomycTuM IJisi MPOCTOTHI, YTO KaXKIbI MUKCEIb — 3TO
eauHUIA (CBET) Wiu HyJb (depHoTa). Ecnu B moan3o0pakeHUn UMeeTcs # MUKCENel, TO JIs
ero mepemayn moTpedyercss n OuT. Ecmu JAOMyCTUMBI HEKOTOpPBIE WCKXKEHHUS, TO IS
nepeiayd THITHYHOTO W300paKeHHsT TpeOyeTcs CYIIECTBEHHO MEHBIIEE YHCIO OWUTOB, UYTO
MO3BOJIICT TMEpeAaBaTh H300paxeHusi ObICTpee. DTO BO3MOXKHO H3-3a CTATHUCTUYECKOTO
pacrpeiesieHus] BEKTOPOB Mo u300pakeHuid. HekoTopbie W3 HUX BCTpEYArOTCs 4acTo, TOT/IA
KaK JPyrue BCTPEYAIOTCS TaK PEIKO, YTO MOTYT OBITh Ipy0O ammpoKCUMHPOBAaHBI. MeTof,
HA3BIBACMBI GEKMOPHLIM K8AHMOBAHUEeM, HAXOIUT 0oJiee KOPOTKHE TOCIICIOBATEIIEHOCTH

OUTOB, HAMITY4IIMM 00pa30M NPEACTABISIOIINE 3TH MTOAU300paKESHUS.

7
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Puc. 4.5. Cucrema c:kaTusi u300paKeHuil.

CeTh BCTPEUHOI'O PACHPOCTPAHEHUS MOXKET ObITh HCIOJIb30BaHA JUIsl BBINOJIHEHUS
BEKTOPHOTO KBAaHTOBaHUSA. MHOXECTBO BEKTOPOB MOAU300paKEHUM MCIONb3yeTCS B

KayecTBe BXoja aisi oOydeHus cios KoxoHEHa Mo METOAy aKKpeIWUTaIluH, KOTAa JUIIb
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BBIXOJI OJTHOTO HelipoHa paseH 1. Beca cmost I'poccOepra oOyvaroTcst BbIaBaTh OWHAPHBINA
KoJ HoMepa Toro HeilpoHa KoxoHeHa, BbIXo/ koToporo paseH 1. Hampumep, ecinu BbIXOIHOM
curHan Heiipona 7 paBeH | (a Bce ocrampHbie paBHbI 0), TOo cmoit ['poccbepra Oyner
oOyuatbesa BbigaBath 00..000111 (aBouunbl KOA umcia 7). D10 U OyAeT sABIAThCA Oojee

KOPOTKOM OUTOBOI MOCIIEIOBATEIHFHOCTHIO TIEPETIABAEMBIX CHMBOJIOB.

Ha mnpuemMHOM KOHIIE HWACHTUYHBIM 00pa3oM OOyYeHHass CEeTb BCTPEYHOTO
pacmnpocTpaHeHHsl TNPUHUMAeT JBOMYHBIA KOJA W peanusyeT oOpaTHylo (yHKIHIO,

ANNpPOKCHMHUPYIOILYIO IEpBOHAYAIbHOE MOAN300pakeHue.

DTOT METOA NMPHUMEHSIICS KaK K PedyH, Tak U K U300paKeHHsM, ¢ K03 HUITMEeHTOM
'

ckarusg naHHbIx oT 10:1 mo 100:1. KauectBo ObUTO ' MpHEMIIEMBIM, XOTSI HEKOTOPHIC

HCKAKCHHUA NAaHHBIX HA IPUCMHOM KOHIIC HEN30E)KHEL.

OBCYXOEHUE

PoGepr Xexrt-Humbcon, cosmarens cetu BerpedHoro pacrmpoctpanenus (CBP),
oco3HaBasl ee orpanmueHus: «CBP, xoHe4yHo, ycTymaer oOpaTHOMY pacHpOCTPaHEHHUIO B
OOJBIIMHCTBE MPUIIOKEHUH, CBSI3aHHBIX C CETeBBIMU OoTOOpakeHHsMHU. Ee mpenmyiiecTBa B
TOM, YTO OHA MPOCTA M JAET XOPOIIYI0 CTATUCTHYECKYIO MOJIEIb JUIsl CBOCH CPEibl BXOIHBIX

BeKTOpOB» ([5],c. 27).

K sromy MoxHO n00aBUTh, YTO CETh BCTPEYHOIO PACHPOCTPAaHEHUS OBICTPO
oOyyaeTcs, ¥ NpU TNPABHIBHOM HCIOJB30BAaHUM OHA MOXET COKOHOMHUTH 3HAYUTEIHHOE
KOJIMYECTBO MAIIMHHOTO BpeMmeHu. OHa TMoNe3Ha Takxke Ui OBICTPOro MOJEIUPOBAHMUS
cucTteMm, rie Oonbllias TOYHOCTb OOPATHOTO PACIPOCTPAHEHMsI BBIHYXKAAET OTIATh €My
IPEINOYTEHUE B OKOHYATEIHbHOM BapHaHTE, HO BaKHA OBICTpasi HauaJbHasl allpOKCUMAIUS.
Bo3MokHOCTh TIOpOXIaTh (PYHKIHIO U OOpAaTHYIO K HEW TakXke HaIlIo MPUMEHEHHE B psijie

CHCTCM.
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MnaBa 5.
CtoxacTuyeckue metoabl

CroxacTudeckre METOJbl IMOJIE3Hbl KaK JIsi OOyYeHHUs MCKYCCTBEHHBIX HEHPOHHBIX
ceTed, Tak M Ui IMOJyuYeHHs BBIXOAA OT yKe oOydeHHOW ceTH. CTOXacTUYECKHE METOIbI
0o0yuyeHHs] NPUHOCAT OOJBINYIO MOJb3Yy, MO3BOJSS HMCKIIOYATh JIOKAJIbHbIE MUHUMYMBI B

nporiecce o0ydenusi. Ho ¢ HuMu Takke cBsizaH psij mpooiem.

Hcnons3oBaHne CTOXaCTUYECKUX METOJOB JUIsl TIOMY4Y€HHs BBIXOJAa OT YXKe
00y4EeHHOI CeTH paccMaTpuBaIOCh B pabote [2] u 0Ocyxkmaercs Hamu B 1. 6. JlaHHas riiaBa

IIOCBALICHA MCTOAaM o6yquI/m CCTH.

MCMNoJib3OBAHUE OBYYEHUA

HckyccTBeHHasi HEHpOHHAsh CeTh 00ydYaeTcsi MOCPEACTBOM HEKOTOPOTo IMpoliecca,
MoudHUIHpyomero ee Beca. Ecim o0yueHne yCrenrHo, To MPeabsSBICHNE CETH MHOKECTBA
BXOJHBIX CHTHAJIOB NMPHUBOAMUT K TOSBJICHUIO YKETAEMOTO MHOKECTBA BBIXOJHBIX CHUTHAJIOB.

HMmeeTcs nBa kiacca 06yqa101ul/1x MCTOOOB: I[CTCpMI/IHI/ICTCKI/Iﬁ U CTOXAaCTUYCCKUH.

Jlemepmunucmcerkuti memoo o00yyeHus 1Iar 3a IIaroM OCYILECTBISET HPOLEAYpPY
KOPPEKIMU BECOB CETH, OCHOBAHHYIO HAa MCMOJb30BAaHUM UX TEKYIIMX 3HAUYEHHUM, a TaKxKe
BEJIMUMH BXOJOB, (DaKTMUECKUX BBIXOJOB U >KEIaeMbIX BBIXOJ0B. OOydeHHE mepcenTpoHa

SBJISICTCS] IPUMEPOM TTO00HOTO AETEPMUHUCTCKOTO TOAX0a (CM. TIL. 2).

Cmoxacmuueckue memoObl 00y4enus BBIIOIHIIOT ICEBIOCTyYaliHble W3MEHEHUs
BEJIMYMH BECOB, COXPaHss T€ U3MEHEHHsS, KOTOPBIC BEAYT K yIydlneHusM. YTOObl yBUIETH,
KaK 3TO MOXET OBITh CHENaHO, PAaCCMOTPHUM puc. 5.1, Ha KOTOpoM H300pakeHa TUITUYHAS
CeTh, B KOTOPOW HEHPOHBI COEAMHEHBI C TTOMOIIBIO BECOB. BbIX0a HEHpOHA SIBISETCS 3/1€Ch
B3BEIIEHHON CyMMOW €ro BXOJOB, KOTOpas, MpeoOpa3oBaHa C IOMOILBIO HEJIUHEHHOU
byskiuu (moapoOHOCTH cM. Ti.2). [lns oOydeHHs ceTH MOKeT OBITh HCIIOJIb30BaHA
Cleyromiast mpoueaypa:

1. BpIOpath Bec cirydyailHBIM 00pa3oM M MOJAKOPPEKTUPOBATH €r0 Ha HEOOJBIIOE CIydaifHOe
Hpeﬂ’bHBI/ITB MHOXCCTBO BXOAOB U BBIYUCIIUTH MMOJTYYArOIIHUECS BBIXOIbI.
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2. CpaBHHUTHb 3TH BBIXOJBl C EJIA€MbIMH BBIXOJAaMU W BBIYHUCIUTH BEIUYUHY Pa3HOCTH
Mexay HuUMH. OOMIECTIPUHATHIA METOJ COCTOUT B HAXOXICHUH Pa3HOCTH MEXKIY
(bakTUYeCKUM M JKETaeMbIM BBIXOJAaMHU JMJIs KaXJOro »3JieMeHTa o0ydyaeMoil mapsbl,
BO3BEJCHUE pa3HOCTEH B KBaJpaT M HAXOXKJIECHHME CYMMBI 3THX KBajparoB. llenbro
oOydeHus1 SBJISICTCS MUHHUMM3AIlMA OSTOM Pa3HOCTH, YacTO Ha3bIBAEMOU yenegotl
Gynxyueu.

3. BriOpath Bec ciryuaiiHbIM 00pa3oM U MOJAKOPPEKTUPOBATH €r0 Ha HEOOJBIIOE CIydaifHOe
3HadyeHue. Ecnu koppekius momoraer (yMEHBIIAET LENEeBYIO0 (PYHKILHUIO), TO COXPAHUTh
ee, B IPOTHBHOM CJIy4ae BEPHYThCS K IIEPBOHAYAIHPHOMY 3HAYCHHUIO Beca.

4. Tlostopsate maru ¢ 1 10 3 1o Tex mop, moka ceTh He OyaeT oOydeHa B JTOCTAaTOYHOMN

CTCIICHU.
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Puc. 5.1. JIByxcioiiHasi ceTb 0€3 00paTHBIX CBsA3el

DTOT NPOIECC CTPEMUTCSI MUHUMH3UPOBATh 1EJIEBYI0 (DYHKIIMIO, HO MOKET IOTAaCTh,
KaK B JIOBYIIIKY, B HeyAauHoe pemenne. Ha puc. 5.2 mokazaHo, Kak 3TO MOKET UMETh MECTO B
CUCTEME C EIUHCTBEHHBbIM BecOM. JlomycTWM, YTO NEPBOHAYAJIBLHO BEC B3ST PABHBIM
3HaueHuIo0 B Touke A. Ecnu ciydyaiiHble miard mo BeCy Malibl, TO JItOOble OTKJIOHEHHUS OT
TOYKH A yBETWYMBAIOT IEJEBYI0 (QYHKIHMIO W OyayT OTBeprHyThl. Jlydiee 3HaueHue Beca,
IpUHUMaeMoe B Touke B, HUKorga He OyAeT HaliieHo, U cucTema OyJeT noiMaHa B JOBYLIKY
JIOKAJIbHBIM MHHMMYMOM, BMECTO TJI00aThbHOTO MUHUMYMa B Touke B. Ecnm ke ciydaiiabie
KOPPEKIIUU Beca OYeHb BEJIMKH, TO KaK TOYKa A, Tak U Touka B OyayT yacTo mocemarscs, HO
TO K€ caMoe OyJeT MMETh MECTO W JUIsl KaXJOW Apyrol TOuku. Bec Oymer MeHSATbCS Tak

PE3KO0, YTO OH HUKOIrJJa HC YCTAHOBUTCH B KEJIAaCMOM MUHHUMYMC.
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Puc.5.2. [Ipo6Jiema JiokaJbHBIX MUHUMYMOB.
[lone3nast ctparerust myisg u30€kaHUs MOAOOHBIX MPOOJIEM COCTOMT B OOJBIIMX
HAYaJbHBIX I1arax U MOCTENIEHHOM YMEHBIIEHUU pa3Mepa CPEeIHEro ciydailHoro mara. JTo
MO3BOJISIET CETH BBIPHIBATHCSA U3 JIOKAIBHBIX MUHUMYMOB U B TO )K€ BpEMs rapaHTHPYET

OKOHYATCJIbHYIO CTa6I/IJ'II/ISaHI/IIO CCTH.

JloByIIKM JIOKaJbHBIX MHHMMYMOB JOCQXJIAlOT BCEM aIroputMaMm oOyueHwus,
OCHOBAaHHBIM HAa TIOMCKE MHMHHMYMa, BKJIOYas NEPCENTPOH MU CETH OOpaTHOro
pacnpoCTpaHEHUs], U MPEACTABIAIOT CEPbE3HYIO U IIMPOKO PACIPOCTPAHEHHYIO TPYIHOCTD,
KOTOPOH 4acTo He 3ameuaroT. CTOXaCTUUECKUE METO/bI MO3BOJIAIOT PELIUTh 3Ty MpodaeMy.
Crpareruss KOpPpEeKIMH BECOB, BBIHYKIAIOIIas Beca MPUHUMATh 3HAYEHHE TII00aTHHOTO

ONTHUMyMa B TOUKe B, BO3MOXKHa.

B kauecTtBe OOBSACHSIOIIEH aHAJOIMM IMPEANOJIOKHM, YTO Ha pHC. 5.2 H300pakeH
IIapUK Ha MOBEPXHOCTU B KOpoOke. Ecian kKopoOKy CHIBHO MOTPSACTH B T'OPU30HTAIBHOM
HaIlpaBJICHUH, TO IMApUK OyJeT ObICTPO MepeKaThIBaThCs OT OAHOTO Kpas K apyromy. Hurme
HE 3a/ICP)KUBASICh, B KKl MOMEHT IIApUK OYJET ¢ PaBHOM BEPOSITHOCTBIO HAXOAUTHCS B

JIF000I TOUKe IMOBCPXHOCTH.

Ecnn nmocreneHHO yMeHbIIATh CHITy BCTPAXHMBAHUA, TO OyJEeT AOCTUIHYTO YCIIOBHE,
IpU KOTOPOM IAapuK OyAeT Ha KOpPOTKOE BpeMs «3acTpeBaTb» B Touke B. Ilpu eme Oonee
cJ1ab0OM BCTPSAXMBAHMU LIAPUK OyJIET Ha KOPOTKOE BPEMsSI OCTAHABIMBATHCS KaK B TOUKE A,
Tak U B Touke B. IIpu HenpepbIBHOM yMEHbBLIEHUH CHJIbI BCTPSIXMBAaHUS OyAeT JOCTHTHYTa
KpUTHYECKAsl TOYKa, KOIJa CHJIa BCTPAXUBAHUS JIOCTATOYHA Uil NEPEMELICHUs IIapuKa U3
TOYKU A B TOUKy B, HO HejocTaTouHa /7S TOro, 4ToOBI IApUK MOT BCKapaOkaThcs U3 B B A.
Taxkum 06pa3oM, OKOHYATENBHO IAPUK OCTAHOBUTCS B TOUKE TJ100aJIbHOTO MUHUMYMa, KOorzia

AMINIMTY A BCTPAXUBAHHA YMCHBIIUTCA 10 HYJIA.

HckyccTBeHHBIE HEHMPOHHBIE CETH MOTYT OOYy4YaThCs IO CYIIECTBY TEM K€ CaMbIM
00pa3oM TMOCPEJICTBOM CIIy4ailHOW KOpPPEKIMU BecOB. BHawanme nenaroTcss OoIbIIue
CIIy4yaliHble KOPPEKIHMH C COXPAHEHUEM TOJIBKO T€X U3MEHEHUI BECOB, KOTOPHIE YMEHBIIAIOT
1eeByo QyHKIHIO. 3aTeM CPEAHHUI pa3Mep Iara MoCTeTICHHO YMEHBIIACTCs, U TI100aTbHBIHN

MHWHHUMYM B KOHIIC KOHIIOB JOCTUTAaCTCA.
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OTO CWJIBHO HAllOMHHAET OTXKHUI METajula, IMOATOMY Uil €€ ONHMCAHUA YacTo
UCIIOJIB3YIOT TEPMHUH «HMMHTAIMS OTXKuray. B Metamne, Harpetom 10 TeMIeparyphl,
MPEBBIIAIONICH €ro TOYKY IUIABIICHUS, aTOMBl HAXOJATCS B CHJIBHOM OECHopsIOoYHOM
neukeHnd. Kak ¥ BOo Bcex (U3MUYECKHUX CHCTEMax, aTOMBl CTPEMSTCS K COCTOSHHIO
MUHUMYMa SHEPruu (€AMHOMY KPUCTAJUTY B JAaHHOM ClIydae), HO IIPHU BHICOKUX TeMIepaTypax
SHEPTUs aTOMHBIX JBWKEHUU MPEMSTCTBYET 3TOMY. B mpoliecce MOCTENEHHOTO OXJIaK ICHUS
MeTaJlJla BO3HUKAIOT Bce 0oJiee HU3KODHEPTeTHUECKUE COCTOSHUS, TIOKa B KOHIIE KOHIIOB HE
OyJneT NOCTUTHYTO HaWHU3IIEe M3 BO3MOXHBIX COCTOSHUHM, I100albHBI MuUHUMYM. B
IIPOLIECCE OTKUTA pPACIpPEAENIEHUE SHEPreTHUYECKUX YPOBHEW OIUCHIBAETCS CIELYIOIINM

COOTHOIICHHUEM

P(e) = exp(—e/kT) (5.1
rae P(e) — BEpOSTHOCTh TOrO, YTO CUCTEMA HAXOAUTCS B COCTOSIHUM C dHeprueu e; k —

nocrosinHas bonpnMana; 7 — temneparypa o mkaine KenbBuna.

IIpu BeICOKMX Temmeparypax P(e) mnpuOnmxaercs K €IUHMLIE IS BCEX
SHEPreTUYECKUX COCTOSIHUH. TakuMm 00pa3oM, BBICOKOIHEPIeTUYECKOE COCTOSIHME MOYTH
CTOJIb K€ BEPOSTHO, KaK M HHU3KOdHepreTuueckoe. [lo Mepe yMmeHblIEeHUS TeMmmepaTyphl
BEPOATHOCTb  BBICOKODHEPIe€TUUYECKUX COCTOSIHUM YMEHBIIAETCS 10 CPaBHEHUIO C
HU3KO3HepreTuueckumu. llpu npuOamkeHHMM TemrmepaTtypbl K HYJIO CTAaHOBUTCS BechMa

MaJIOBCPOATHBIM, YTOOEI CHCTEMA HaxoJuiaach B BBICOKOOHCPIr€TUICCKOM COCTOSHHNU.

BoabumaHoBcKkoOe 00yueHue

OTOT CTOXaCTHUYECKUH METOJ  HEMOCPEJICTBEHHO NPHUMEHUM K OOy4eHHIO

UCKYCCTBEHHBIX HEHPOHHBIX CETEH:

1. Omnpenenuts nepeMeHHy0 7, IPEICTABISIONIYI0 HCKYCCTBEHHYIO TemmepaTypy. [lpuaars
T GoJbIIIOE HAYAIBHOE 3HAYECHUE.

2. HpeI[’LHBI/ITB CCTU MHOXKXCCTBO BXOAOB U BBIYUCIIUTD BbIXOAbI U LICJICBYIO (I)YHKI_[I/IIO

3. Jlatp ciyuailHOE M3MEHEHHE BECYy M TMEPECUUTATh BBIXOJ CETH M W3MEHEHHUE IIeJIEBOU
(GYHKIIMU B COOTBETCTBHH CO CIICJTAaHHBIM U3MEHEHUEM Beca.

4. Ecnm nenesast GyHKIMS yMEHbIIHIACH (YIyUIIAIACh), TO COXPAHUTh H3MEHEHHUE Beca.

Ecnn n3menenue Beca MNpUBOAUT K YBCIIMYCHUIO 1eJeBoi (I)YHKI_[I/II/I, TO BCPOATHOCTD

COXPAaHCHUSA 3TOro USMCHCHHS BbIYHUCIACTCA C MIOMOIIBIO PACTIPEACIICHUA BOJ'IBHMaHaZ

P(c) = exp(—c/kT) (5.2)
rae P(c) — BepOATHOCTh MU3MEHEHHsI ¢ B LI€NIEBOM (QYHKIHMH;, kK — KOHCTaHTa, aHAJIOTUYHAs
KoHcTaHTe bonbliMana, BeIOMpaeMas B 3aBUCUMOCTH OT 3aiaud; 1 — HCKYyCCTBEHHas

TeMITEpaTypa.
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Boibupaercss cinyuaifHOoe YHCIIO 7 U3 PAaBHOMEPHOTO paclpeneieHus OT HyJsd 10
equaunel. Eciu P(c) Oonblie, 4emM 7, TO U3MEHEHHE COXPAHSETCs, B MPOTHUBHOM CIydae

BCJIMYMHA BECAa BO3BPAIIACTCA K IPCABIAYIICMY 3HAYCHUIO.

DTO0 MO3BOJSET CHCTEME JIeNIaTh CIy4YailHbIN IIar B HAIIPABICHUH, MOPTSIILIEM IEIEBYIO
GYHKIUIO, TIO3BOJISASE € TEM CaMbIM BBIPBIBATHCS U3 JIOKAJIBHBIX MHUHUMYMOB, /i€ JIO0OM

MaJTBIH IIIar YBEITUYHUBACT IIEICBYIO (PYHKIIHIO.

Jnist 3aBepiieHus 00JIbIIMAHOBCKOTO O0YYeHMs MOBTOPSIOT Iaru 3 u 4 as Kaxcooeo
U3 BECOB CETH, IIOCTENIEHHO yMEHblIas Temmeparypy I, moka He OyAeT IOCTUTHYTO
JIOITyCTUMO HH3KO€ 3HA4YCHHE IENEeBOM (YHKIMU. B 3TOT MOMEHT NpenbsBiseTcss APYrou
BXOJHOH BeKTOp M mporecc oOyudeHus: mnoBTopsiercsi. CeTb oOywaeTcss Ha BCEX BEKTOpax
00yuyaroIero MHOXXECTBa, C BO3MOKHBIM IOBTOPEHHEM, MOKa IieneBast (QyHKIUS HE CTaHET

JIOTTY CTUMOM JIJIs1 BCEX HUX.

BenuuunHa cinydaifHOTO U3MEHEHHUS Beca Ha miare 3 MOXKET ONPEAeNISIThCS Pa3TMIHbIMU
cnocobamu. Hampumep, momoOHO TEIUIOBOW CHCTEME BECOBOE HM3MEHEHHE W MOXKET

BLI6I/IpaTBC$I B COOTBCTCTBUH C I'ayCCOBCKUM PACIIPEACIICHUCM:

P(w) = exp(-w*/T") (5.2)

rae P(w) — BepOsSTHOCTh U3MEHEHUs Beca Ha BEIMYMHY W, T — UCKYCCTBEHHAsl TeMIepaTypa.
Tako# BEIOOp M3MEHEHHS Beca MPUBOINT K CUCTEME, aHAIOTMYHOH [3].

Tak kak HYXHa BCJIMYHMHA WU3MCHCHUA BECa AW, a HC BCPOATHOCTb M3MCHCHUSA BECA,
HMCIOIICTO BCIMYUHY W, TO MCTOL MOHTC-KapJIO MOJKET OBITH HMCIIOJIb30BaH CJICAYIOIINUM

o0Opa3zom:

1. HaliTu KyMyJATHBHYIO BEpPOSITHOCTH, COOTBETCTBYIOIIYIO P(W). DTO ecTb MHTEerpan OT
Pw) 6 mpemenax or0 mow. Tak kak B maHHOM ciydae P(w) HE MOXET OBITh
MIPOMHTETPUPOBAHA AHAIUTUYECKH, OHA JIOJKHA UHTETPUPOBATHCS UUCICHHO, a PE3yJIbTaT
HE00X0IMMO 3aTa0yIMPOBATH.

2. BpiOparh ciyuyaiiHOe 4YHCIIO W3 paBHOMEpPHOro pacmpezaeneHuss Ha uHTepBaie (0,1).
Hcnone3yss 9Ty BenMuuHy B KadecTBe 3HaueHus P(w), Haidthu B Talnuie
COOTBETCTBYIOIIEE 3HAYEHUE JJIs1 BEJIMUYNHBI U3MEHEHMS BECa.

CpoiictBa mammubl bosjbiMana mmpoko u3ydanuck. B paborte [1] mokaszano, 4rto
CKOpPOCTh YMEHBILIECHHs TEMIIEPATypbl JOKHA OBbITh 0OPaTHO MPONOPLHUOHATIBHA JOTapu(pMy
BPEMEHH, 4TOObI ObLIa JOCTUIHYTa CXOAMMOCTb K IJI00adbHOMY MHHMMYyMY. CKOpOCTh

OXJIKJCHUS B TAKOW CUCTEME BBIPAXKAETCS CIEIYIOIIMM 00pa3oM:

T,

)

(5.4)
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rae 7(f) — WHCKycCTBeHHas Temmeparypa Kak QyHKuus BpemeHu; 7o HavyabHas

UCKYCCTBEHHAs TEMIIEpaTypa; { — UCKyCCTBEHHOE BpEMSI.

OTOT pa30uyapoOBBIBAIOLIMM PE3YyJbTAaT MPEACKA3bIBAET OYEHb MEIJIEHHYIO CKOPOCTb
OXJIaX/IeHUS! (M JaHHBIE BBIYUCIEHMS). DTOT BBIBOJA HOATBEPAMIICS 3KCIIEPUMEHTAIBHO.

Mammunasl bonbiimana yacto TpeOyroT Juisi 00y4eHHs OueHb OOJIBIIIOTO Pecypca BPEMEHHU.

O0yuenne Komn

B paGore [6] pa3BuT MeTon ObicTporo o0y4yeHus MoJoOHBIX cUCTeM. B aTom merone
NPy BBIYUCICHWM BEIMYMHBI IIara pacnpezeiicHue bosibliMaHa 3aMeHsieTcs  Ha
pactipeaenenne Kommu. Pacnpenenenme Komm mmeer, kak moka3aHo Ha pwuc. 5.3, Oomee
JUIMHHBIE ~«XBOCTBI», YBEJIMYHBAsi TEM CaMbIM BEPOSATHOCTh OoONbIIMX Imaros. B
NeHCTBUTENFHOCTH pacmpereneHne Komm uMeeT OECKOHEUHYHO (HEONpPEIEeIICHHYIO)
mucnepcuto. C  MOMOIIBI0 TaKOro MPOCTOrO M3MEHEHHMs MaKCHMajbHas CKOPOCTh
YMEHBIICHHS TEMIIEPATyPbl CTAHOBHUTCSI 00paTHO MPOTIOPIMOHATIHLHON JIMHEHHOM BETMUMHE, a
He sorapudmy, Kak s anropurMa oOydeHus bombiMana. 3TO pe3KO YMEHBIIAET BpeMs

o0yueHust. JTa CBsI3b MOXKET ObITh BBIpAXKEHA CIEAYIOLUIMM 00pa3oM:

T(t) = 1741 (5.5)

Pacnipenenenue Komu nmeer Bus

Px) =10

T >0

rae P(x) ecTb BEpOSITHOCTD 11ara BEJTUYHUHBI X.

PRrErpeCENEREE RO

f
-~ 0 Arcnpelearrus
LOIBUYMZHLEZ

Puc. 5.3. Pacnpenenenue Komu u pacnpenesienne boabumana

B ypaBuenun (5.6) P(x) MOXeT ObITh MPOUHTErPUPOBAHA CTAaHAAPTHBIMU METO/IAMHU.

Pemas oTHOCHTEIBHO X, IOJIy4yacm

Xe = p 1(2) tg(P(x)), (5.7)

rzae p — K03 HUIUEHT CKOPOCTH 00YUYCHHUS; X, — U3BMEHEHHE Beca.
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Tenepp npumeHenne Meroga Mourte Kapio cTaHOBUTCS O4Y€Hb MPOCTHIM. JlJist
HAaXOXJEHUsS X B OTOM Cclly4ae BBIOMpaeTcs ClydyalHOe YHCIO W3 PaBHOMEPHOIO
pacmpeneneHuss Ha OTKPBITOM HHTepBaie (—m/2, 1/2) (HeoOX0AUMO OTPaHUYUTH (PYHKITHIO
tanrenca). OHo nozcTasiseTcss B Gopmyiny (5.7) B kadecTBe P(X), M C TIOMOIIBIO TEKYIIEH

TEMIICPATYPbI BEIYUCIIACTCA BCIIMUMHA 1Iara.

MeToa MCKYCCTBEHHOM TeNmJI0eMKOCTH

HecMmotps Ha ynyunieHue, [ocTuraeMoe ¢ moMolnbio Metona Ko, BpeMs o0yueHus
MOJKET OKa3aThCsl BCE emle CIMIIKOM OonbmuM. Croco0, yXOIsIIMii CBOMMHU KOPHSIMHU B
TEPMOJMHAMUKY, MOXET ObITh UCIOJB30BaH ISl YCKOPEHUS ATOro npoiecca. B atom metone
CKOPOCTh YMEHBIIICHHUSI TEMIEPATyphl H3MEHSAETCI B COOTBETCTBUM C HWCKYCCTBEHHOM

«TETJIOEMKOCTBIOY, BBIYUCIIIEMO B Mporiecce 00yIeHHUS.

Bo Bpems omxkura wmetamia npoucxonaT (a3oBble IMEPEXOAbl, CBsI3aHHBIE C
JUCKPETHBIMU HM3MEHEHHsIMH ypoBHeW sHepruu. llpu kxaxmom ¢a3zoBoM mepexonie MOXKET
UMETh MECTO PE3KOE M3MEHEHHE BEJIIMYMHBI, Ha3bIBAEMOW TEIUIOEMKOCTbIO. Tennoemkocmy
ONpezAenseTcss KaK CKOpPOCTb HW3MEHEHUs TeMIeparypbl ¢ JHepruel. M3meHeHus
TEIUIOEMKOCTH TPOUCXOASAT M3-3a TMOMAaJaHUsA CHCTEMbl B JIOKAJbHBIE JHEPreTUYECKUE

MUHHUMYMBI.

HckyccTBeHHBIE HEMpPOHHBIE CETH MPOXOIAT aHAJIOTWYHble (a3sl B mpoliecce
oOyuenuss. Ha rpanune ¢a3oBoro mnepexoja HCKYCCTBEHHAs TEIJIOEMKOCTb MOXET
CKa4K00Opa3HO U3MEHUThCA. JTa ICEBIOTEINIOEMKOCTh ONPENENIeTCsl KaK CPeIHss CKOPOCTh
U3MEHEHHsI TeMIepaTyphl ¢ IeneBoi gyHkuueil. B mpumepe mapuka B KOpoOKe CHIIbHAsS
HayalbHas BCTPACKA [EJIaeT CPEAHIOI BEIUYMHY LeJeBOM (YHKIMU (DAKTUYECKH He
3aBUCALICH OT MaJbIX M3MEHEHUIl TeMIepaTypbl, T. €. TeMJIO0EMKOCTh OJM3Ka K KOHCTaHTE.
AHAJIOTMYHO NpU OYEHb HU3KUX TEMIIEPATYPAX CHCTEMa 3aMep3aeT B TOYKE MMUHHMMYMa, TaK
YTO TEIIOEMKOCTH CHOBAa OJM3Ka K KOHCTAHTE. SICHO, YTO B KaXXIOW M3 JTHX oOJacTel
JOTyCTUMBl CWJIBHBIE M3MEHEHMsSI TEMIIEpaTypbl, TaK KakK HE IMPOUCXOAUT YJIyULICHUS

1eNeBOr QyHKITUH.

IIpu kpuTHUYECKHX TEMIIEpaTypax HEOOJIBIIOE YMEHBIIEHUE TeEMIIEPaTypbl IPUBOIUT K
00JbIIOMY M3MEHEHHUIO CPEJHEHN BEJIMYUHBI LeneBol (yHKUMU. Bo3Bpalasch K aHaJOTuu C
IIAPUKOM, TIPU «TEeMIIEpaType», Korjaa MIapuK oOlagaeT IOCTaTOYHOH CpeaHel SHepruet,
4yT0oObI NepeiiTu u3 A B B, HO HemocTatouHOU Juia mepexoja u3 B B A, cpenHss BennunHa
1IeJIeBOM (DYHKIIMU HCIBITBIBAET CKaYKOOOpa3HOE M3MEHEHHUE. B 3THMX KpUTHUYECKUX TOYKax
QITOPUTM JIOJDKEH HM3MEHATh TEMIIepaTypy OYE€Hb MEUIEHHO, YTOObl rapaHTUpPOBAaTh, UTO
CHUCTEMAa HE 3aMEp3HET CIydallHO B TOYKE A, OKa3aBIIUCh MOHMAaHHOW B JIOKAJIbHBIN
MUHUMYM. Kputnueckas temnepaTypa MOKeT ObITh OOHapy’kKeHa M0 Pe3KOMY YMEHBIIECHUIO

HMCKYCCTBEHHOM TEIIOEMKOCTH, T. €. CPEIHEN CKOPOCTH U3MEHEHUSI TEMIIEPATYPHI C LIEIEBOM
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bynkmuet. [lpy  TOCTXKEHHMM  KPUTHYECKOW  TeMIEpaTypbl CKOPOCTh  W3MEHEHUS
TEMIICPATYpPbl JOJDKHA 3aMCIAJIATHCH, LITO61>I rapaHTupoBaTb CXOAUMOCTL K FJ'I06aJ'H)HOMy
MUHUMYMY. [Ipy Bcex OCTalIbHBIX TeMIIepaTypax MOXKET 0e3 pHUCKa HCIIONIb30BaThes Ooliee
BBICOKAsl CKOPOCTh CHIDKEHHUS TEMIIEpaTypbl, YTO MPHUBOIUT K 3HAUYUTEIHHOMY CHU)KCHUIO

BPEMEHU O0YUYCHUS.

NMPUNOXEHUA K OBLLUUM HEJIMHEUHBIM 3A0AYAM OMTUMU3ALIUU

Jlo cux mop B 0OCYXIEHHUU TPEAINoaarajoch, 4ro Mbl KOPpPEKTHpPyeM Beca B
TPaIUIMOHHBIX MCKYCCTBEHHBIX HEHUPOHHBIX ceTsX. DaKTUYECKH, OJHAKO, 3TO €CTh JIHIIb
HEKOTOPBIA YaCTHBIM cCllydail. DTH CTaTUCTUYECKHE METOJbI HOCST 3HAYUTENBHO OoJee

001K XapaKTep U CIIOCOOHBI PEIIaTh MHOXKECTBO 3a/1a4 HEJTMHEHHOW ONTHMU3AIUH.

Henunetinas onmumusayuonnas 3adaya BKIIOYAET MHOXKECTBO HE3aBHCHUMBIX
NEPEMEHHBIX, JETEPMUHUCTCKUM OOpa30oM CBSI3aHHBIX C 3HAYEHHUEM 1eJIeBOH (YHKIIHMH.
[lenbro sBIsIETCA HAXOXKACHHE TAKOIO MHOYKECTBA 3HAYCHWM HE3aBHCHMBIX IIEPEMECHHBIX,
KOTOpPOE MUHUMH3HUPYET (MM MAaKCUMHU3UPYET) LeNeByIo GyHKIHI0. PaccMoTpum, Hanpumep,

HAXOKICHHE MUHIMYMa QyHKIHH F{x) = 3x° + 6x* — 2x + 3.

31eck UMeeTCsl eAMHCTBEHHAs He3aBUCHMasl TIEpEeMEHHas X, YIPaBIAIonas 3HaYeHHEM
neneBoil hyHkuuu F(x), KoTopas MODKHA ObITh MUHMMHM3UPOBaHA. JTa mpocTas (QPyHKIUS
JIETKO MUHHMHU3HUPYETCSl C MOMOIIBI0 METONOB AuddepeHInanbHOro UCUUCICHUs, OTHAKO
MUHMMHU3UPOBATh MOJOOHBIM 00pa3oM Oojiee ClIOKHBIE (PYHKIUMM OT OOJBIIOTO YHUCIA

IMEPEMCHHBIX MOXKET OKA3aTbCA 3aTPY AHUTCIbHBIM.

Bo MHOrux npakTH4ecKux CUTyalusx (yHKIMOHAIbHAsS CBSA3b MEXy HE3aBUCUMBIMU
NEPEMEHHBIMH U 11eJIeBOM (YHKIIMEH Heu3BecTHA U (PAaKTUUECKHU HE MOXKET ObITh W3BECTHOM.
CnoHBIM XMMHUYECKUN IPOLIECC MOXKET HE MMETh aJEKBATHOM MaTEeMaTHMYECKON MOJEIH.
ENMHCTBEHHBIMU HM3MEPSIEMbIMHM BEJTMUMHAMH MOTYT OBITh «BBIXOI, «KaYECTBO», «ILI€HA» U
T. ., KOTOpbIE SBISIOTCS HEHU3BECTHBIMH (YHKIMSAMHM OT OOJBLIOrO 4YHCiIa TaKHX

HE3aBUCUMBIX IIEPEMEHHBIX, KaK TEMIIEpaTypa, BpeMsl U XapaKTEPUCTUKHU ChIPbSI.
ITomoOHas 3a1a4a MOKET peIaThCs CAeIYIOIUM 00pa3oM:

1. Cucrema wHabmogaeTcss U coOMpalOTCS JaHHBIE [JIs COCTaBIEHUS O0O0ydYaromiero
MHOXecTBa. Kaiplil eMeHT 00ydJaromero MHOKECTBA COCTOUT M3 3aMEPOB BO BpEMs
HaAOJIIOZICHUI W BKIIIOYAET 3HAYCHHUS BCEX BXOJOB (BXOJHOW BEKTOP) M BCEX BBIXOJOB
(BBIXOIHOM BEKTOD).

2. Cetb 00y4aercst Ha 3TOM oOy4aromeM MHoxecTBe. O0yueHHe COCTOUT U3 MPeIbsIBICHUS
BXOJHOI'0 BEKTOPA, BBIYMCIICHHS BBIXOAHOTO BEKTOPA, CPAaBHUBAHUS BBIXOJHOT'O BEKTOpa
C BXOJHBIM BEKTOpOM, IOJIyY€HHBbIM B Ipolecce HaOIroAeHUH, U KOPPEeKIHH BECOB,
MHUHHMU3UPYIOLIEN Pa3HOCTh MEXAY HUMH. KaKIblil BXOAHON BEKTOP IMPEABABISIETCS 110
ouepear, U ceThb YacTUYHO oOyuaercs. [locie O0NbIIOro yucia NpeabsBICHUN BXOIHBIX
BEKTOPOB CETh COWJETCA K PELICHUID, KOTOPOE MHMHUMHU3HMPYET pa3sHOCTb MEKIY

75



KEJIaeMbIMM M HW3MEPEHHBIMU BBIXOJAMHM CHCTEMBl. DaKTHMYECKH CETb CTPOUT
BHYTPEHHIOIO MOJIEJIb HEU3BECTHOW cucTeMbl. Eciu 00ydaroniee MHOKECTBO TOCTaTOYHO
BEJIMKO, CETh CXOIUTCS K TOYHOM MOJENH CHCTeMBbl. ECay ceTn mpexbsiBUTH HEKOTOPBIN
BXOJIHOM BEKTOp, OTIIMYHBIN OT JII0O0T0 U3 BEKTOPOB, MPEABSABICHHBIX MIPU 00YUYECHUH, TO
MIOJTHOCTBhIO OOyYEHHAasi CETh BBIJACT TOT € CaMblil BBIXOJHOW BEKTOP, UTO M HACTOSILAsS
cUcTeMa.

3. Makcumusupyercsi ueineBas (yukuusg. lLleneBas QyHKIMS BBIXOAOB JOJDKHA OBITh
CKOHCTPYHPOBaHA TaKUM 00pa3oM, 4TOOBI BBIPAXKaTh CTENEHb «YIOBICTBOPUTEIBHOCTI
pesynbpTata. Temepb BXOIBI CTAHOBSITCS IEPEMEHHBIMU i 00ydeHHOW cetn. OHuU
MOJICTPAMBAIOTCS C TOMOIIBIO TOTO K€ CaMOro OOydYarollero ajroputMa, KOTOPBIN
MPUMEHSJICA JUIsl  BBICTABIIGHUS BECOB Ha IIare 2, OJHAKO HCIOJNB3YIOTCS IS
MaKCUMHU3AINH LIeJeBON (DYHKIINU.

Bo MHOTHX ciydasix MOTYT NPHCYTCTBOBATh OTPaHUYCHUS, HAKIIA[bIBAEMbIC 3a/1a4CH.
Hanpumep, Moxer OBITh HEBO3MOXXHO (HU3MUECKH OpaTh 3HAYCHHsS IEPEMEHHBIX BHE
HEKOTOPOTo Juana3oHa. OTH OrpaHUYeHus (KOTOPbIE MOTYT OBITh CJIOKHBIMHU BBIPAYKEHHUSIMHU)
MOTYT OBITH JIETKO YYTEHBI OTOpachlBaHMEM Ha Imiare 3 J000ro M3MEHEHHS BXOIHOMN

NEPEMEHHOI, KOTOpOE HapyIlIaeT OrPaHUYECHHE.

310 00001IeHNE METO]a CTOXAaCTHYECKOW ONTUMHU3AIIUH TTO3BOJIAET €r0 MCIOJIb30BaTh
JUIS IIMPOKOIO Kpyra ONTUMHU3ALMOHHBIX 337a4. MOXXHO MPUMEHSTh U IpyrHe METO[bl, HO
CTOXAaCTUYECKUH METOJ MO3BOJIAET IMPEOAOJIETh TPYAHOCTH, OOYCIIOBJIECHHBIE JIOKAJIBHBIMU
MUHHUMYMaMH, C KOTOPBIMH CTAJIKHUBAETCSI METOJ] OOpaTHOTO pPacIpOCTpAaHEHHS U JpyThe
METO/bI TPAJUEHTHOTO ciycka. K coxanieHuro, BEpOsITHOCTHAS MPUpoJa mpolecca 00ydeHus
MOXET MpPUBOAUTH K OOJNBLIIOMY BpEMEHHM CXOAMMOCTH. Mcmonab30BaHHE METO/0B
IICEB/IOTEIVIOEMKOCTH MOXKET CYIIECTBEHHO YMEHBIIUTh 3TO BPEMs, HO MPOLECC BCE PABHO

OCTAacTCA MCIJICHHBIM.

OBPATHOE PACIMPOCTPAHEHUE U OBYYEHUE KOLLU

OObparHoe pacnpocTpaHeHHe O0JIaZaeT MPEUMYILECTBOM IMPSIMOTO MOUCKA, T. €. Beca
BCEr/la KOPPEKTUPYIOTCS B HAIMpPaBJICHWH, MHUHUMH3UPYIOUIEM (QYHKIMIO OMIMOKH. XOTs
BpeMsi OOy4YeHHUS M BEJIUKO, OHO CYIIECTBEHHO MEHBIIE, YeM IMpH CIy4yallHOM IOHCKe,
BBINOJIHSIEMOM MamHON Ko, xorma HaxoauTcs Ti00albHbId MUHUMYM, HO MHOTHE IIIaru

BBITIOJIHAIOTCA B HCBCPHOM HAIlpaBJICHUHW, YTO OTHUMACT MHOT'O BPCMCHH.

CoenuHeHne THUX JBYX METOJOB AAJI0 XOpoIluue pe3ynbratsl [7]. Koppekuus Becos,
paBHasi CyMMe, BBIYUCIICHHOW aJITOPUTMOM OOPaTHOTO PACTIPOCTPAHEHUS, U CITyYaiHBIN IIIar,
3amaBaeMblii anroputMoM Koim, npuUBOAST K cuUCTEME, KOTOpash CXOAUTCS U HaXOIUT
ro0anbHbIi MUHMMYM OBICTpee, 4eM cucrema, oOyuyaemas KaXIbIM U3 METOJIOB B
otnenbHOCTH. [IpocTas sBpHUCTHKA MCTIONB3YyeTCs ISl M30ekKaHUs Mapajnda CeTH, KOTOPBIH
MO’KET UMETh MECTO KaK IPU 0OpaTHOM PAaCIpOCTPaHEHHH, TaK U MPH OOyUEHUU MO METOIY

Kommn.
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TpyaHocTu, cBI3aHHBIE ¢ 00PATHBIM PacPOCTPAHEHHEM

Hecmorps  Ha ~ Mo, IIPOIEMOHCTPUPOBAHHY IO METOA0M 00paTHOTO
pacIpoCTpaHEHHUs], IIPU €r0 NPUMEHEHUM BO3HMKAET psll TPYAHOCTEH, 4acTb U3 KOTOPBIX,

OJQHAaKo, obneryaercs 6narozlap51 HCIIOJIb30BAHHUIO HOBOI'O aJIrTOPpUTMaA.

Cxogumocts. B pabore [5] [o0Ka3aTenbcTBO  CXOAUMOCTH  JAETCs Ha  SI3BIKE
Qg QepeHraIbHbIX YPAaBHEHUH B YaCTHBIX MPOU3BOIHBIX, YTO JEJIAET €r0 CHpPaBEITUBBIM
JIMIIIb B TOM cnyqae, Koraga KOppGKI_[I/ISI BC€COB BBIITIOJIHSACTCS C IIOMOIIIBIO 6€CKOHG‘-IHO MaJIbIX
nraroB. Tak Kak 3TO BeleT K OECKOHEYHOMY BPEMEHHU CXOIMMOCTH, TO OHO TEpsieT CHIIY B
MPaKTUYECKUX TMPUMEHECHUSX. B NEeHCTBUTENIBHOCTH HET J0Ka3aTelIbcTBa, YTO OOpaTHOE
pacripocTpaHeHue OyAeT CXOAUTHCS TIPH KOHEYHOM pa3Mepe Iara. OKCIEPUMEHTHI

MOKA3bIBAIOT, YTO CETU OOBIYHO OOYYArOTCs, HO BpeMsi 00YUECHHsI BEJIMKO U HETPEACKA3yeMO.

NokanbHble MUHUMYMbL. B 00paTHOM pacnpoCTpaHEHHMH Ui KOPPEKIMH BECOB CETH
UCTIONIB3YETCSl TPAJUCHTHBIA CITYCK, MPOJBUTAIONINICS K MHUHHMYMY B COOTBETCTBHH C
JIOKaJbHBIM HAKJIOHOM TMOBEpXHOCTU omuOku. OH Xopomo paboTaeT B ciydae CHIIBHO
H3PC3aHHBIX HCBBIITYKJIbIX HOBerHOCTeﬁ, KOTOPBIC BCTPCHAKOTCA B MIPAKTUYCCKHUX 3a/lavdax. B
OJTHUX CIIy4YasiX JOKaJbHBI MHHUMYM SIBJISICTCSI IPUEMIIEMBIM PEIICHUEM, B IPYTUX CIydasix

OH HCTIPHUEMIICM.

Jlaxxe mocie Toro kak cetb 00yuyeHa, HEBO3MOXKHO CKa3aTb, HAWJEH JIM C MOMOIIbIO
00paTHOTO pacrpoCTpaHeHUs IN100aNbHBIM MUHUMYM. Eciu pelieHue Hey10BIeTBOPUTEIBHO,
NPUXOAMUTCS JaBaTh BecaM HOBbIE HadajbHbIE ClIydaiiHble 3HAYEHUS U MOBTOPHO 00ydaTh
ceTb 0e3 rapaHTHH, 4TO OOy4YEHHE 3aKOHUUTCS HA 3TOM IOMBITKE MM YTO TJI00aJbHBIN

MHUHHMYM BOOOIIIEe OyIeT Koraa Tubo HaleH.

Mapanuy. [Ipy HEKOTOPBIX YCIOBUIX CETh MOXKET IPU 00yUEHHH IOMACTh B TAKOE COCTOSHUE,
Korjaa MoauduKkarys BECOB HE BelIeT K JEHCTBUTENbHBIM U3MEHEHHSIM CeTH. Takoil «mapanud
CeTH» SIBIIIETCS CEPhE3HOI MpOoOJIeMOil: OIMH pa3 BOSHUKHYB, OH MOXET YBEJIUYUTb BPEMs

O6yq€HHﬂ Ha HCCKOJIBKO ITOPSAAKOB.

[Mapannu BoO3HHMKaeT, KOrJa 3HAYUTENbHAas YacThb HEHPOHOB IMOJMy4YaeT Beca,
JIOCTaTO4YHO OojibiIne, yToObl AaTh Oonbiiue 3HaueHuss NET. DTo mpuBoAUT K TOMY, 4YTO
BenuunHa OUT mpubnmkaeTcs K CBOEMY MpeaelbHOMY 3HAYCHHUIO, a MPOU3BOAHAS OT
CKAMaromed (QyHKIUU mpuOmmkaercs K Hymo. Kak Mbl BHIENW, alnroput™M OOpaTHOTO
pacmnpocTpaHeHHsl TpU BBIYUCICHUM BEJIUYMHBI H3MEHEHHs Beca HCIOIb3yeT JTY
NpOM3BOJHYI0O B QopMyse B KadecTBe KodpduuueHta. [l MOpakeHHBIX MapalnvyoM
HEWpOHOB ONM30CTh TNPOM3BOTHOM K HYJIO IMPHUBOIUT K TOMY, YTO H3MEHEHHE Beca

CTAHOBUTCS OJIM3KUM K HYJIIO.

Ecnu nogo6Hble yciaoBUsl BOZHUKAIOT BO MHOTHX HEHPOHAX CETH, TO 00yYEHHE MOKET

3aMCAJIUTHCA OO ITOYTHU IOJTHOM OCTaHOBKH.
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Her Teopum, cnocoOHOI mpenackasbiBaTh, OyneT U CeTh Napalu30BaHa BO BpEMs
0o0y4eHHs WM HEeT. DKCIEPUMEHTAbHO YCTAHOBJIEHO, YTO Majble pa3Mephl IIara pexe
NPUBOJAT K Mapanudy, HO IAr, MaJbli /Ui OJHOW 3a7aud, MOKET OKa3aThCsl OOJIBIIMM ISt
npyroil. llena ke mapanuya MokeT ObITh BbICOKOW. [Ipym MoaenMpoBaHMM MHOTHE Yachl

MAaIIMHHOTO BPEMEHU MOTYT YWUTH Ha TO, YTOOBI BHINTH U3 MMapannya.

Tpyanoctu ¢ anropurMom 00yueHuss Komu

Hecmotpss Ha ynyuiieHue ckopocTH oOy4yeHHs, naBaemMoe MamuHoi Komm mo
CpPaBHEHMIO ¢ MamMHOW bosblMaHa, Bpems cxogumocTH Bce emie MoxeT B 100 pas
IPEBBIIATh BpeMs AJIS alropuTMa oOpaTHOro pacrnpocTpaHeHus. OTMETHUM, 4TO CeTeBOM
napaand 0coOEHHO omaceH A anroputMa oOyuenus Kommw, B 0COOEHHOCTH IJISi CETH C
HEJIMHEHMHOCThIO THMA JIOTUCTHUYECKOW (pyHKuuH. beckoHeuHas aucriepcus pacrpeleneHus
Komu mnpuBoAMT K H3MEHEHHMSM BECOB HEOrpaHMYeHHOH BenuuuHbl. Jlanee, Ooiblune
U3MEHEHHUs BecoB OyIyT HMHOIJa HPUHUMAThCA Jaxe B TeX Cilydasx, KOrja OHHU
HEONMaronpusITHbI, YacTO IMPHUBOJAS K CHUJIbHOMY HAaChIIICHUIO CETEBbIX HEHPOHOB C

BBITCKAIOIUM OTCHOJId PUCKOM I1apaJinya.

Kom0nnupoBanune odpaTtHoro pacnpocrpanenus ¢ odyyenuem Komm

Koppekimust BecoB B KOMOWHHUPOBAHHOM QJITOPUTME, HCIOJIB3YIOLIEM 00paTHOE
pacripoctpanenne ¥ oOyudeHue Komm, coctouT u3 IByX KOMMOHEHT: (1) HampaBiieHHOH
KOMIIOHEHTbI, BHIYUCIISIEMOM C MCIOJB30BaHUEM QJITOPUTMa OOPAaTHOTO PacHpOCTPAaHEHUs, U

(2) cmy4daiiHO¥ KOMITOHEHTBHI, OIlpeiesieMoii pacpeaenenuemM Komu.

OTH KOMIIOHEHTBl BBIYUCISIOTCS JUISI KaXIOro Beca, U HMX CyMMa SIBIISETCS
BEJIMYMHOM, Ha KOTOpylo m3MeHsieTca Bec. Kak m B anroputme Komm, mocie BbIYMCIEHUS
M3MEHEHUs Beca BbIUUCsieTcs LeneBas QyHKuus. Eciau uMeer MecTo yiydilleHue, U3MEHEHHE
coxpassieTcd. B IpPOTMBHOM cilydae OHO COXpaHSETCS C BEPOSTHOCTBIO, OINpPEAEIAEMOU

pacnpenenenreM boibiimaHa.

KOppeKHI/Iﬂ BECa BBIYUCIIACTCA C UCIIOJIB30BAHUCM IIPCACTABJICHHBIX PAHCC ypaBHeHI/Iﬁ

JJId KaXKA0TO U3 aJITOPUTMOB!

Winnk(n+1) = Wi k(n) + 1 [0AWmak(n) + (1 — o) dpx OUTy ] + (1 —n) xo,
rae 1 — K03 puuueHT, yrnpaBisiOUMid OTHOCUTENFHBIMU BenuunHamMu Komwm u oOpatHOro
pacmpocTpaHeHHs] B KOMIIOHEHTaX BECOBOTO Iara. Eciu n mpupaBHUBaeTCs HYIIO, CUCTEMA
CTAHOBUTCS TOJHOCThIO MammHOW Komm. Eciaum 1 mnpupaBHUBaeTcss eawHUIE, CUCTEMaA

CTaHOBUTCS MAIIMHON OOPaTHOTO paclpOCTPaHEHHUS.
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W3MeHeHue nuIb OJHOIO BECOBOro Ko3(duumeHTa Mex1y BBIYMCICHUSAMU BECOBOM
¢ynkunn HeaddexkruBHO. OKaszanock, UTO JydIle cpa3y M3MEHATh BCE Beca IENIOro Ciosl,

XOTd [JIsd HCKOTOPBIX 3a/1a4 MOXKCET OKa3aTbCs BHIT'OAHCC MHAA CTPATCTUS.

I'Ipeo.qonel-wle ceTeBOro napanuya KOM6VIHVIpOBaHHbIM MeTo40M OGy'-IEHVIil. Kak u B mammne
Komm, ecnu n3MeHeHne Beca yxXy/IIaeT LEeleBY0 (YHKIHIO, — C TIOMOLIbIO pacrpeieIeHus
bonbimana pemaeTcsi, COXpaHUTh JIM HOBOE 3HAYEHHE Beca WM BOCCTAaHOBUTH IpEAbLAYyIIee
3HaueHue. Takum 00pa3oM, HMMeEeTCs KOHEYHas BEPOSTHOCTh TOTO, YTO YXYIIAOIIee
MHOKECTBO TpHUpaIlleHUd BecoB Oyaer coxpaHeHo. Tak kak pacnpenenenue Komm mmeer
OECKOHEYHYIO TUCIEPCUIO (AMAa30H U3MEHEHUsl TaHTeHCa MPOCTUPAETCA OT — o0 JI0 + 00 Ha
00JacTH ompeeseHus1), TO BeCbMa BEPOATHO BO3ZHUKHOBEHHUE OOJBIINX MPUPAIICHUI BECOB,

4acTO NPUBOAIINX K CETEBOMY Mapainyy.

OdeBHIHOE pEIIEHHE, COCTOALIEe B OTPAaHMYEHUU Uana3oHa W3MEHEHHS BECOBBIX
IaroB, CTaBUT BONPOC O MAaTEeMAaTHYECKOH KOPPEKTHOCTH IOJyYEHHOTO TaKUM 0Opa3om
anroput™a. B pabote [6] noka3aHa cXOIUMOCTh CUCTEMBI K II100aJTbHOMY MUHUMYMY JIHIIb
JUIsl UICXOoAHOTo anroputMa. [logoOGHOro 1oKazaTrenbcTBa MPU MCKYCCTBEHHOM OTPaHHUYEHUU
pasMepa 1ara He CyulecTByeT. B 1eHCTBUTENIBHOCTH SKCIIEPUMEHTANILHO BBISIBJICHBI CIIy4aH,
KOTJIa JUIS peali3aiui HeKOTopoi pyHKIMK TpeOyroTCst O0bIne Beca, U 1Ba OOJIBIINX Beca,

BbIYUTAACH, JAOT MaJIyIO0 pa3HOCTh.

I[pyTOC pemieHuC COCTOUT B PAHAOMHU3AIIUH BECOB TCX HeﬁPOHOB, KOTOPBIC OKa3aJIMCh
B COCTOSAHHMH HACBIIICHUS. HeI[OCTaTKOM €ro ABJIKICTCA TO, YTO OHO MOXET CEPBLE3HO

HapyLIUTh 00yYaroIIMii poLecc, MHOT/Ia 3aTATUBast €ro 10 0ECKOHEYHOCTH.

Jns  pemeHuss mnpoOieMbl napanuya ObUT HaiiieH MeToJ, He HapyLIaroIui
JOCTUTHYTOTrO 00y4eHwus. HachilieHHbIe HEWPOHBI BBISBISIOTCS C MOMOIIBIO U3MEPEHUS UX
curHaioB OUT. Korna Benmunaa OUT nmpubnukaeTcs K CBOEMY NMPEAeTbHOMY 3HAYEHUIO,
MOJIOKUTEIBPHOMY WJIM OTpPULATEIbHOMY, Ha Beca, MUTAIOLIME 3TOT HEWUPOH, JAEHUCTBYET
coxuMaromas GyHkuus. OHa moJ00HA HCIIONB3YEMOH Ui MOJIy4eHUs] HEHPOHHOTO CUrHaja
OUT, 3a UCKIIIOUEHUEM TOTO, YTO IUANAa30HOM €€ U3MEHEHUS SBIseTCS HHTepBan (+5,—5) ummn

JPYTO€ TOIXOIAIIEee MHOKECTBO. Torna MoauGUIIUPOBAHHBIC BECOBBIC 3HAUCHUS PABHBI

. =5+10
1+exp(-w, /5)

mn

Ota QyHKIUS CHIIBHO YMEHBIIACT BEIIMYMHY OYCHb OOJIBIIUX BECOB, BO3JICHCTBHE HA
MaJlble Beca 3HauYUTeIbHO Oojee ciaboe. Jlanee oHa MOAIEpKUBACT CUMMETPHIO, COXPaHSIs
HEOOJIbIIINE pasindusa MCXKAy 6OJ'IBHII/IMI/I BECaMHU. 3KCHepI/IMeHTaJ'II)HO OBLIO IIOKa3aHoO, 4TO
oTa (I)yHKI_II/ISI BBIBOJIUT HeﬁpOHLI N3 COCTOSIHUA HACBIIICHUA 663 HAapyHICHUA OOCTUTHYTOI'O B
cetn o0y4eHus. He ObLIO 3aTpavyeHO CEphE3HBIX YCHUJIMHA JIJISI ONTUMH3AIMHA HCIIOJB3YyEMON

GbyHKIUY, Ipyrue 3Ha4eHHs KOHCTAaHT MOTYT OKa3aThCsl JIyUIIUMHU.
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dkcnepumeHTanbHoe pesynbtatbl. KOMOMHHPOBAHHBIN aJITOPUTM, HUCIIONIB3YIOMUNA 00paTHOE
pacnpocTpanenue u oOydeHue Kommm, mpuMeHsuics Uiss OOyYCHHSI HECKOJIBKUX OOJBIIHX
cereil. Hampumep, stum MetogoMm ObUla yCHemHO OOydYeHa CHCTeMa, pacro3HaroIiast
pYKONHUCHBIE KHTalickue uepornuder [6]. Bce >xe Bpemst 0OydeHHMs MOXKET OKa3aThCs

OosbUM (TTPUOIU3UTENBHO 36 YaCOB MAIIMHHOTO BPEMEHHU YXOAMIO Ha 00ydYeHHE).

B npyrom skcnepumente 3ta cetb oOydanachk Ha 3amade MCKIIFOYAIOUIEE WJIN,
KOTOpasi ObLIa NCTIOJIB30BaHA B KAUECTBE TECTA JUIsl CPABHEHUS C IPYTUMHU aroputMamu. s
CXOJMMOCTH CETH B CpelHeM TpeOOoBaJIOCh OKOJO 76 MpeabsBICHUH OO0yYarollero
MHOXecTBa. B KauecTBe cpaBHEHHsS MOXKHO YKa3aTh, YTO TPU HCIIOJIB30BAaHUH OOpPATHOTO
pacrpocTpaHeHHs B CpeiHeM TPeOOBaIoCh OKOJIO 245 MpeAbsSBICHUN IS PELICHUS 3TOH ke
3amaun [S] u 4986 wurepainuii mpu UCHOIB30BAaHUU OOPATHOTO PACTIPOCTPAHEHHS] BTOPOTO

MopsiJiKa.

Hu ogHo u3 oOyueHuidl He NpUBENO K JIOKaJbHOMY MHHMMYMY, O KOTOPBIX
cooburanock B [5]. Bonee Ttoro, Hu onHo u3 160 oOydeHuil He OOHAPYKUIIO HEOXKUTAHHBIX

HaTOHOFHﬁ, CCTh BCCTra NPaBUIIbHO 06yqanac5.

DKCHEPUMEHTHI Ke€ ¢ YUCTOW MammHoW Ko nmpuBenu K 3HAYUTEIBHO OOJIBIITNM
BpemeHaMm oOyuenus. Hampumep, npu p = 0,002 1151 o0ydeHus cetu B cpeHEM TpeOOoBaIoCh

0KO0JI0 2284 npebsBIEHUN 00y4aoIero MHOKECTBA.

Obcyxaenne

KomOuHMpoBaHHas ceThb, MCIONB3YIONMIAs OOpaTHOE PACIpPOCTPAHCHHE W O0ydeHHe
KOIHI/I, O6y‘-Ia€TC$I SHAYUTCIBbHO 6I>ICTpee, qyeM Ka)K)IBII\/JI U3 aJIropuTMOB B OTACIIBHOCTH, U
OTHOCHUTEIIbHO ~ HEUYBCTBUTEIbHA K BenuUuMHaM Kod(p¢uiueHtoB. CXOOUMOCTh K
rJ100aTbHOMY MHUHUMYMY TapaHTUPYETCsl anroputMoM Korim, B COTHSX AKCIEPUMEHTOB IO
oOyuYeHHIO CeTh HU pa3y HEe Tomajaja B JIOBYIIKH JIOKaJIbHBIX MHUHHUMYMOB. [IpoGiiema
CETEeBOTO Mapainya ObUla pelieHa ¢ MOMOIIBI0 AJTOPUTMA CEJIEKTHBHOTO CXKATHS BECOB,
KOTOpBIﬁ O6CCHC‘-II/IH CXOOUMOCTh BO BCCX TMPCABABICHHBIX TCCTOBBIX 3aJladax 663

CYHICCTBCHHOI'O YBCIIMYCHUSA 06yqalomero BPCMCHH.

Hecmotpst Ha Takue oOHaIEKMBAIOIIUE PE3YJIBTAThl, METOJ €Ile He MCCIEJOBaH 0
KOHIIa, 0COOCHHO Ha OONBIIMX 33hadax. 3HAYUTENBHO OosblIas paboTa moTpedyercs aus

OmnpeaciicHrud €ro JO0CTOMHCTB U HEAOCTATKOB.
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MnaBa 6.
Cetu Xondmnpa

Ceru, paccMOTpeHHBIE B NPEIBIAYIIMX TJIaBaX, HE MMETU OOpaTHBIX CBS3EH, T. €.
CBSI3€H, HIIYIIMX OT BBIXOJOB ceTel M ux BXojaM. OTCyTCcTBHE 0OpaTHOM CBSI3U TapaHTUPYET
0C3yCIOBHYI0 YCTOWYMBOCTH ceTel. OHM HE MOTyT BOWTH B PEXHM, KOTJa BBIXO]
OecrpepbIBHO OJY>KIAeT OT COCTOSIHUS K COCTOSIHUIO M HE MPHUTOJIeH K MCMob3oBaHu0. Ho
9TO BeChbMa JKeJaTelIbHOE CBOWCTBO JOCTUTaeTCs HE OecriaTHO, ceTH 0e3 OOpaTHBIX CBs3ei
obnanmaroT 60jee OrpaHUYEHHBIMU BO3MOXKHOCTSMH IO CPaBHEHUIO C CETSIMU C OOpaTHBIMH

CBA3SIMU.

Tak xak ceTu ¢ OOpaTHBIMH CBSI35IMH UMEIOT ITyTH, MIEPEJAIOIIMe CUTHAIBI OT BBIXOJIOB
K BXO/IaM, TO OTKJIMK TaKMX CETEH SABJISAETCS NMHAMUYECKUM, T. €. ITOCIIE IPUIIOKEHUS HOBOTO
BXOJIa BBIUUCIIAETCS BBIXOA U, NE€PEaBasiCh 10 CETH OOPaTHOH CBA3M, MOIUPHULIHUPYET BXOA.
3areM BBIXOJl TOBTOPHO BBIYMCISAETCS, U IPOLECC IMOBTOPSIETCS CHOBa U CHOBa. Jlis
YCTOMYMBOM CETH IIOCIECAOBATEIBHBIE UTEPAlUd IPUBOAAT K BCE MEHBIIUM H3MEHEHUSM
BBIXO/Ia, IIOKa B KOHIIE KOHIIOB BBIXOJ HE CTAHOBUTCS IMOCTOSHHBIM. JlJI1 MHOTHX ceTel
IIPOLIECC HUKOTJA HE 3aKaHYMBACTCs, TAKME CETU HA3bIBAIOT HEYCTOMYMBBIMU. HeycToiunBeie
ceTH 00JIaJJal0T NHTEPECHBIMU CBOMCTBAMM M M3YYaIMCh B KAUECTBE NMPUMEPA XAOTUUECKUX
cucteM. OJJHaKO Takoi OOJBIION MpEIMET, KaK Xaoc, HaXOAUTCS 3a MpeAeaMH 3TOH KHUTH.
BmecTo 3TOro Mbl CKOHIEHTPUPYEM BHUMAHHE HA YCTOMUYMBBIX CETSAX, T. €. HA TEX, KOTOPHIE B

KOHIIC KOHIIOB Jar0T TOCTOSTHHBIH BBIXO/I.
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[TpobeMa ycTOHYMBOCTH CTaBWIIa B TYIHK MEPBBIX HccienoBareneii. Hukro He Obl1 B
COCTOSIHUM IIpeJicKa3aTh, Kakue U3 ceredl OyayT yCTOWYMBBIMU, a Kakue OyAyT HaXOIUThCS B
IOCTOSIHHOM H3MeHeHHH. bosee Toro, mpoOieMa mpeacTaBisulach CTONb TPYAHOH, YTO
MHOTHE UCCIeIOBaTeNN ObLTH HACTPOEHBI MECCUMUCTUYECKH OTHOCUTENLHO BO3MOKHOCTH €€
pemenusi. K cuactero, B pabore [2] Obula modydeHa Teopema, OMHCABIIAsl TOJIMHOXECTBO
ceTen ¢ O6paTHI)IMI/I CBA35IMH, BBIXOJblI KOTOPBIX B KOHIC KOHIOB JOCTUIAlOT yCTOI\/JI‘-H/IBOFO
COCTOSIHUS. ITO 3aMeYaTeabHOe JOCTUIKCHUC OTKPBIIO AOPOTry I[aJII:HefIIHI/IM HUCCIICA0BAHUAM
U CErofHss MHOTHE YYeHble 3aHMMAIOTCSI KCCIEAOBAHUEM CJOXKHOTO TOBEACHUS U

BO3MOKHOCTEN DTUX CUCTEM.

Jx. Xonduny caenan BaXHbIH BKJIAJ KaKk B TEOPUIO, TaK U B IPUMEHEHHE CUCTEM C
oOpaTHbIMU CBA3sIMU. [lo3TOMy HEKOTOpble M3 KOHGUIypaluil HM3BECTHbI KakK CETH
Xondunna. U3 o630pa nuTepaTypsl BUAHO, YTO HCCIEAOBAHMEM ITHX M CXOJHBIX CHUCTEM
3aHUMaIuCh MHorue. Hampumep, B pabore [4] wu3ydanuch oOIIME CBOWMCTBA CeETEH,
AQHAJIOTUYHBIX MHOTUM, PACCMOTPEHHBIM 37ieChb. PaboThl, IUTUPYEMBIE B CIIMCKE JINTEPATYPhI
B KOHILIE IJIaBbl, HE HAIPaBJICHbI HA TO, YTOOBI JaTh MCUEPIbIBaIOILy0 OuOIuorpaduio mo
cucreMaM ¢ oOpaTHbBIMH CBA3sIMU. CKOpee OHM SIBJIAIOTCS JIUIIb JOCTYIHBIMH HCTOYHHUKAMU,
KOTOpPBbIE MOTYT CIIYKHTb JUIS OOBSCHEHHS, paCIIUPEHUs] U 0000IICHUSI CONEPKUMOTO STOU

KHHUTI'H.

KOH®UTYPALMU CETEN C OBPATHBLIMU CBA3AMU

Ha puc. 6.1 noka3zana cetb ¢ 0OpaTHBIMH CBSI35IMH, COCTOSIILAs U3 ABYX cioeB. Crocob
NPEICTaBICHNs] HECKOIBKO OTJIMYAETCS] OT UCIOJIb30BAaHHOIO B padore Xonduiaa u Apyrux,
HO SKBHMBAJICHTEH UM C (YHKIMOHAJIBbHOW TOYKU 3PEHUS, a TAKXKE XOPOILIO CBSA3aH C CETIMH,
PacCMOTPEHHBIMM B IPEAbIAYIIUX IIaBaxX. HyyieBol ClIOM, KaK ¥ Ha IPEAbIAYIIUX PUCYHKAX,
HE BBINOJIHSACT BBIUMCIUTENBHOW (DYHKINH, a JIMIIb pacHpeessieT BBIXObl CETH 00paTHO Ha
BXOJbl. KayKIpIil HEHPOH MEPBOTO CJIOS BBIUUCIISIET B3BELICHHYIO CyMMY CBOUX BXOJOB, 1aBast
curnan NET, koTopsIii 3aTeM ¢ MOMOIIBI0 HeMMHEHHON (QyHKIMH F mpeoOpasyercs B CUTHAI

OUT. OTH onepanuu CXOAHBI ¢ HEWPOHAMH IPYTUX ceTel (CM. T 2).

BI/IHapHLIe CHUCTEMBbI

B nepgoit padore Xondunga [6] dyHkus F ObUia MPOCTO MOPOTOBON (yHKIIMEH.
Beixon Takoro HeWpoHa paBEeH €IMHMUIE, €CIM B3BEIICHHAs CyMMa BBIXOJOB C APYTHX
HEeWpoHOB Oomblie nopora 7j, B NMPOTHBHOM Cly4yae OHa paBHA HyI0. OH BBIYHCISETCS

CIEeYIOIINM 00pazoM:

NET, = > w,OUT, +IN,, (6.1)

1#]

OUT, =1, ecniu NET>T;,
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OUT. =0, ecniu NET;<T;,

OUT ne usmensercs, ecnu NET; = T,

our,

auT,

Lron 7 Lroi 7

Puc. 6.1. OnHocnoiiHasi ceThb ¢ 00PAaTHBIMH CBS3SIMH.
IlyHkTHpHBIE JJMHUU 0003HAYAIOT HYJIEBbIE Beca

Cocmosinue cemu — 3TO MPOCTO MHOXKECTBO TeKylux 3HaueHui curHanoB OUT or
BCEX HEHpOHOB. B mepBoHauanbHOM cetn Xomnduina cOCTOSHUE KaXI0ro HEHpOHa MEHSIOCh
B JIMCKPETHbIE CIyyaiiHble MOMEHTHI BPEMEHH, B MOCIeAyIoIel paboTe COCTOSIHUS HEHPOHOB
MOTIJIM MEHSThCS OJTHOBPEMEHHO. Tak Kak BbIXOJIOM OMHAPHOIO HEMPOHA MOXKET OBITh TOJIBKO
HOJIb WM €IMHUIA (IPOMEXYTOUYHBIX YPOBHEH HET), TO TEKYIIEE COCTOSHUE CETH SIBISETCS

JBOMYHBIM YHCJIOM, KaX/IbIi OUT KoTOporo siBisieTcs: curnainoM OUT HekoToporo HeipoHa.

OYHKIIMOHUPOBAHUE CETH JIETKO BHU3yalu3upyeTrcs reomerpuuecku. Ha puc. 6.2a
MOKa3aH ciay4all JBYX HEUPOHOB B BBIXOJHOM CJIO€, MPHUYEM Ka)XKJIO0W BEPIIMHE KBajapara
COOTBETCTBYET OJHO M3 4YeThlpex cocrosHuii cucremsl (00, 01, 10, 11). Ha pwuc. 6.26
MoKa3aHa TPEXHEHpPOHHAsI cHUCcTeMa, TPECTaBIeHHAs KyOoM (B TPEXMEPHOM MPOCTPAHCTBE),

HMCIOIIUM BOCCMb BCPIIHNH, KaXAass HW3 KOTOPbBIX IIOMCYCHA TpeX6I/ITOBBIM 6I/IHapHLIM

n
yuciaoM. B obmiem ciydae cucrema ¢ n HeMpoHaMu HMMeEET 2 PAa3JIMYHBIX COCTOSHUHM WU

NPECTaBISETCA N-MEPHBIM THIIEPKYOOM.
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a1 11

a0 77

Puc. 6.2a. /IBa HeiipoHa MOPOKAAIOT CUCTEMY € YeThIPbMS COCTOSTHUMU

111

101

170

2/

arg

aq00

Puc. 6.20. Tpu HelipoHA MOPOXKAAIOT CHCTEMY C BOCEMbIO COCTOSTHUAMM
Korna nmogaercst HOBbIM BXOJHOW BEKTOp, CETh MEPEXOAUT U3 BEPILMHBI B BEPLIUHY,
IOKa He CTa0win3upyercs. YCToH4MBas BepIIMHA ONPEAEISeTCd CETEBBIMH BECAMU,
TCKYIIHUMU BXOJaMH1 U BEIIMYHHOMN nopora. Ecmm BXOI{HOfI BCKTOP YaCTUYHO HCIIPABUJICH UJIN

HETIOJIOH, TO CETh CTAOMIM3UPYETCS B BEpIIMHE, ONMKalIIel K xKeTaeMoH.

YceToliunBOCThL

Kak u B npyrux cersix, Beca MeXIy CIOSIMH B 3TOW CETH MOTYT paccMaTpHUBAaThCs B
Bune marpunbl W. B pabore [2] mokazaHo, 4TO CETh C OOpPAaTHBIMU CBSI3SIMH SIBIISCTCS
YCTOMYMBOM, €ClM €€ MaTpulla CUMMETPUYHA M MMEET HYJIM Ha IJIaBHOM JMaroHai, T. €.

ecim wj; = wj 1 wii = 0 U1 Beex .

YCTOMYMBOCTE TAaKOH CETH MOXKET OBITh J[OKa3aHa ¢ IIOMOIIBIO DJJIETaHTHOIO
MaTeMaTH4ecKoro meroza. Jlonmyctum, uto HaiiieHa QyHKIMS, KOTOpasi Bcerja yobIBaeT Mpu
N3MCHCHHHN COCTOAHUS CCTH. B KOHII€C KOHIIOB 3Ta (bYHKI_[I/ISI JOJIDKHA JOCTUYb MI/IHI/IMYMa nu

NOPEeKpaTUTh HM3MEHEHHUE, TapaHTUPys TEM CaMbIM YCTOHYMBOCTb ceTu. Takas (yHKuus,
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Ha3biBaeMmas (yHKuued JlamyHoBa, NI paccMaTpUBaeMbIX ceTeld ¢ OOpaTHBIMHU CBS3SIMU

MOJKET OBITh BBEICHA CJICTYIONTUM 00pa3oM:

E:—%ZZwijOUTiOUTj ¥ 1,0UT, + Y. T.OUT, (6.2)
i j ]

rae £ — NCKyCCTBEHHAsl SHEPIUs CETH; Wjj — BEC OT BBIXOJA HEHpPOHA i K BXOAYy HEHpOHA j;

OUT,; — BbIX01 HEMPOHA j; [; — BHENIHUI BXOJ HeipoHa j; 7; — opor HEHpOoHa j.

N3meneHune sHepruu £, BBI3BAHHOE U3MEHEHUEM COCTOSIHUSA j-HEHPOHA, €CTh

SE=|> (w,OUT,)+ I, - T, [5OUT, =—[NET, -7, ]50UT,  (6.3)

1#]
rae 60UT; — n3ameHeHne BbIX0/a j-r0 HEHPOHa.

Honyctum, yto BennunHa NET Helipona j Oosbiie mopora. Torga BbIpakeHuE B
cKoOKax OyJeT MOJIOKUTENbHBIM, a U3 YpaBHeHus (6.1) crmemyer, 4To BBIXOA HEHWpoHa j
JIOJDKEH M3MEHUTBCS B TOJIOKUTENBHYIO CTOPOHY (WJIM OCTaThesi 0€3 HM3MEHEHus). ITo
3HauuT, 9T0 OOUT. MOXET ObITh TONBKO IMOJOKUTEIBLHBIM WX HyJIeM U OF JOIKHO OBITH
oTpunatenbHbIM. Cle10BaTeNbHO, SHEPTUS CETU JOJIKHA JINOO YMEHBIIUTHCS, JINOO OCTAThCS

0€e3 U3MEHEHUS.

Hanee, nomyctum, uto BenuunHa NET mensme nopora. Torma Benmumna SOUT;
MOXXET OBITh TOJBKO OTpUIIATEIbHON wiu HysneMm. ClenoBaTeiabHO, OMATh SHEPTHS JTOJDKHA

YMCHBIIHUTHCA UJIU OCTAThCA 0e3 U3MECHCHHS.

N oxonuatensHo, ecnu BenuunHa NET paBHa mopory, d; paBHa Hy/IIO M JHEprus

ocraeTcsa 0e3 N3MEHEHH .

OTO mOKa3bIBaeT, 4YTO JH000€ H3MEHEHHWE COCTOSIHMA HEWpoHa JHMOO0 YMEHBIIUT
DHEPTHUIO0, MO0 OCTaBUT ee Oe3 u3MeHeHus. biarogaps TakoMy HENpPEPHIBHOMY CTPEMIICHUIO
K YMEHBILICHHIO PHEPrusi B KOHIIE KOHIIOB JIOJDKHA JOCTUTHYTh MUHUMYMa M TIPEKPaTUTh

n3MeHenue. [1o onpenenenuto Takas ceThb SIBJISIETCS YCTOMYUBOM.

CumMeTrpusi CeTH SIBISIETCA JIOCTAaTOYHBIM, HO HE HEOOXOJUMBIM YCJIOBHEM JUIsS
YCTOWYMBOCTH CUCTEMBI. FIMEeTCs1 MHOTO YCTOMUYMBBIX CUCTEM (HAIIPUMED, BCE CETH MPSMOT0
neiictBus!), KOTOpble eMy He YIOBJIETBOPSAIOT. MOXHO HPOJEMOHCTPUPOBATh MPUMEPHI, B
KOTOPBIX HE3HAYNTENBHOE OTKIOHEHHE OT CUMMETPUU MOXKET NPUBOAUTH K HENPEPHIBHBIM
ocunusinusiM. OgHako MpUOIMKEHHON CHMMETPUM OOBIYHO JIOCTATOYHO JJISl YCTOMUMBOCTH

CHUCTECM.
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AcconuaTuBHAA NAMATL

UYenoBeueckass naMsATh acCOLMATHBHA, T.€. HEKOTOPOE BOCIHOMMHAHUE MOKET
NOpOX/1aTh OOJIBIIYIO CBSA3aHHYIO ¢ HUM o0nactb. Hampumep, HECKOJIBKO My3BIKAIbHBIX
TaKTOB MOTYT BbI3BaTb LIEIYyI0 F'aMMY YyBCTBCHHBIX BOCIIOMHUHAHHMW, BKJIXOYas IEU3aXH,
3ByKH M 3amaxu. HampoTuB, oOOBIYHAs KOMIBIOTEpPHas MaMATh SIBJIAETCS JIOKAJIbHO

aZipecyeMoi, IpeabsBISIETCS apec U U3BJIEKaeTCss HHPOpMAIUs 110 ITOMY aJIpecy.

Cerp c oOparHOW CBsA3bIO (OPMHPYET AaCCOLMATHBHYIO mamATh. [logoOHO
YeJIOBEYECKOW MaMATH M0 33JaHHON 4YacTH HyXHOW wuH(popMmauuu Bcs HHOpManus
U3BJIEKACTCS U3 «IaMATH». UTOOBI OpraHN30BaTh aCCOIMATHBHYIO MaMSITh C TIOMOIIIBIO CETH C
06paTHI)IMI/I CBA3sMH, BECA NOJIKHBI BBI6I/IpaTBC$[ Tak, YTOOBI 06p3,30BI)IBaTI) OHCPICTUUCCKHUC

MHWHUMYMBI B HYKHBIX BCPIIMHAX CAUHUYHOT'O rHHepKy6a.

Xondung pa3paboTan acCOIMATUBHYIO TMaMSATh C HEMNPEPHIBHBIMU BBIXOJIAMHU,
M3MEHSIOIUMUCS B Tipeaenax ot +1 10 —1, COOTBETCTBYIONIMX TBOMYHBIM 3HaueHUsiM 0 u 1,
3aHOMI/IHa€Ma$I I/IH(bOpMaIII/IH KozmpyeTc;[ JTBOUYHBIMUAU BCKTOpaMI/I n XpaHI/ITCﬂ B BECax

corjlacHo cieaytoeii popmyse:

wﬁszXOUTMOUﬂﬂ) (6.4)
=l..m

TAC m — YUCJIO0 3allIOMUHACMbBIX BBIXOAHBIX BEKTOPOB, d— HOMCDP 3allIOMUHACMOI'0 BBIXOJHOI'O

BekTopa; OUT;; — i-KOMIIOHEHTAa 3alIOMMHAEMOT0 BBIXOJHOI'O BEKTOPA.

DTO BBIpaKEHUE MOXKET CTaTh OOJiee SICHBIM, €CIIM 3aMETHTh, YTO BECOBO MaccuB W
MOKET OBbITh HaWJeH BBIYUCICEHHEM BHEIIHETO IPOU3BEACHUS KaXKIOro 3allOMHHAEMOTO
BEKTOpa C caMuM c000H (ecau TpeOyeMblii BEKTOpP MMEET 7 KOMIIOHEHT, TO 3Ta OIepaIlHs
oOpazyer Marpuily pasMepoM n X 1) U CYMMHUPOBAHHEM MATPHIl, TMOJYYCHHBIX TaKUM

00pa3oM. DTO MOXKET OBITh 3aMMCAHO B BUJIC
wW=>DD,, (6.5)

rae D; — i-i 3anoMuHaeMblil BEKTOP-CTPOKA.

Kak TOnBKO Beca 3afaHbl, CeTb MOXKET OBITh HCIIOJNB30BaHA ISl IOJTyYEHHS
3alIOMHEHHOTO BBIXOJIHOTO BEKTOpA MO JAHHOMY BXOJHOMY BEKTOPY, KOTOPBIH MOXET OBITh
YaCTHYHO HETPAaBWIIBHBIM MM HEMONHBIM. [l 3TOro BBIXOZAaM CETH CHadala HPUAAI0T
3HAYCHHsI JTOTO BXOJHOTO BEKTOpa. 3aTeM BXOJHOM BEKTOp yOHWpaeTrcs | CeTH
NPEJOCTABIISETCS BO3MOXKHOCTh «pacciabuThCs», OMYCTUBIIMCH B OMIDKaHIIMK riryOOKuid
MuHMMYyM. CeThb uAyIIas MO JIOKAJbHOMY HAKJIOHY (YHKUMH SHEPruH, MOXET ObITh
3aXBayeHa JIOKAJbHBIM MHUHHMYMOM, HE JOCTHIHYB HAWIy4IIEr0 B TJIOOANTBHOM CMBICTE

peueHus.
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HenpepbIBHBIE CHCTEMBbI

B pabote [7] paccMOTpeHbl MOJAENU C HENPEPHIBHOW aKTUBALMOHHON (QyHKIUEH F,
TOYHEEe MOJeNupyonel Ouomornueckuii HelpoH. B obmem cioyuyae 310 S-oOpasHas win

JJOTUCTHYCCKas (1)YHKI_[I/IH

1

F(x)= :
1+ exp(-ANET)

(6.6)

rae A — ko3 dunuenT, onpeaensomui KpyTH3HY CUTMOUAaIbHON GyHKImu. Ecimm A
BEJIMKO, F IpuOIMKaeTcs K ONMCAaHHOW paHee moporoBoil (pyHkunu. HeGonmpime 3HaYeHUs A

maroT 0oJIee IOJIOrMi HAKJIOH.

Kak wu pana OWHApHBIX CHCTEM, YCTOMYMBOCTb TapaHTUPYETCS, €CIM Beca
CUMMETPHUYHBI, T. €. Wi = Wj U w; = 0 npu Bcex i. DyHKUMA >HEPruH, NOKa3bIBAIOLLAS
YCTOWYMBOCTh MOAOOHBIX CHCTEM, Oblla CKOHCTPYHpOBaHa, HO OHA HE paccMaTpPUBAETCS
3JIeCh U3-3a CBOETO KOHIIETITYaJIbHOTO CXOJACTBA C JUCKPETHBIM ciiydaeM. MHTepecytomuecs
YUTATEIU MOTYT 00paTuThes K padote [2] st 6oiee MOTHOTO PACCMOTPEHUS ATOTO BAXKHOTO

peaMera.

Ecnmu A Benuko, HENpepbIBHbIE CHUCTEMbI (YHKIHOHHUPYIOT MOJOOHO JUCKPETHBIM
OMHApPHBIM CHCTEMaM, OKOHYATEJIbHO CTAOUIN3UPYSCh CO BCEMHU BBIXOAAMM, OIM3KUMHU HYJIIO
WIA €UHULE, T. €. B BEpIIMHE eIWHUYHOro rumnepky6a. C yMeHbIIEHHEM A YCTOWYHBBIC
TOYKHU YIAJSAIOTCS OT BEPLIMH, MOCIEA0BAaTENLHO Hcue3as 10 Mepe MPUOIKEHUS A K HYJIIO.
Ha puc. 6.3 nokasaHbl JUHUU SHEPreTUUECKUX YPOBHEH HENPEPHIBHOM CHCTEMBI C JIBYMS

HEHUPOHAMM.

Ceru Xonduiaga u mamuHa boasumana

Henocratkom cereli Xomduiuga sBiseTcs WX TEHACHIHUS CTaOWIM3UPOBATHCS B
JIOKaJbHOM, a He MJIO0AIbHOM MHUHUMYME (YHKIMM DSHEPrHH. OITa TPYIHOCTH
MIPEOJI0JIEBAETCS B OCHOBHOM C TTOMOIIBIO KJIacca CETeH, M3BECTHBIX IO HA3BAHHEM MalllUH
Bonpiimana, B KOTOPBIX U3MEHEHUS COCTOSIHHI HEMPOHOB 00YCIOBIICHBI CTATUCTUYECKUMHU, a
HE JETePMUHUPOBAHHBIMH 3aKOHOMEPHOCTSIMH. CyIIecTBYEeT TECHasl aHAIOTHS MEXIYy STUMHU
METOJaMH ¥ OT)KUTOM MeETajlla, MOATOMY M CaMH METOJbl YacTO HAa3bIBAIOT WMHUTAIMEH

OTXXHura.

TepMozmHaanecmae CHUCTEMBbI

Meramn OTXKWTraroT, HarpeBas €ro 10 TEMIIepaTypbl, IPEBBIMIAIONICH TOYKY €ro
IUTABJICHUSA, a 3aTeM JaBas €My MEJIEHHO OCThITh. IIpM BBICOKMX TemIiepaTypax aTOMBI,
00saias BHICOKUMH SHEPTUSIMHU U CBOOOI0H MepeMeIIeH s, CIy4aiiHbIM 00pa3oM MPUHUMAIOT

BCE BO3MOXHBIE KOHGHUryparuu. [IpMm NOCTENEHHOM CHUXXEHHU TEMIIepaTypbl SHEPIUu
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aTOMOB yMEHBUIAIOTCA, M CHCTEMa B I€JIOM CTPEMHUTCA IMPUHATh KOH(PUIypaluio ¢
MUHHMAJIBHOM d3Heprued. Korpa oxnaxkIeHune 3aBepIIEHO, JOCTHIaeTcs COCTOSHHE

17100aTbHOTO MUHUMYMA SHEPTUH.

v

e e e e

Puc. 6.3. JInnnu 3HepreTu4ecKuX YpoBHEH

IIpu ¢ukcupoBaHHOM TeMIiepaType pacnpeaeIeHUe YHEPIUi CUCTEMBbI ONpeeNsIeTcs

BEPOATHOCTHBIM (pakTopoM bonbiiMana

exp(~E/kT),

rae E — sHeprus cucteMsl; k — mocrostuHas boneimana; 7' — temneparypa.

OTcrola MOXKHO BHJIETb, YTO MMEETCSl KOHEYHas BEPOSITHOCTb TOrO, YTO CHCTEMa
o0Janaer BBICOKOH dHEpruei naxe npu HU3KUX Temrneparypax. CXoAaHbIM 00pa3oM UMeEeTCs
HeOOJIbIIIast, HO BHIUYMCIIAEMAsi BEPOSTHOCTb, YTO YaHHUK C BOJOW Ha OTHE 3aMEp3HET, MpexIe

YCM 3aKHUIICTh.

CratucTyeckoe pacHpelercHUe HHEPruil I03BOJSET CUCTEME BBIXOJUTH U3
JIOKaJIbHBIX MMHMMYMOB JHEpPrHH. B TO ke BpeMs BEpOSATHOCTb BBICOKOIHEPIETHYECKHUX
COCTOSIHUHM OBICTPO YMEHBIIAETCS CO CHI)KEHUEM TemnepaTypbl. Clie1oBaTeNbHO, IPU HU3KHX

TEMIICpATypax UMECTCA CUJIbHAA TCHACHIUSA 3aHATH HU3KOOHCPICTHUICCKOC COCTOSIHHUC.

Cratuctudexkne cetn Xonduiaaa

Ecmu mpaBuia w3MeHeHUs cOCTOSHHMIA ainsi OuHapHOW cetn Xondwiga 3agaHbl

CTaTHUCTUYECKHU, a HE JAETEPMUHUPOBAHHO, KaK B ypaBHEHHM (6.1), TO BO3HHMKAaeT cucTeMa,
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HUMUTHUPYIOIIAss OTXMUI. ,Z[J'ISI €€ pfam3alii BBOJMUTCA BCPOATHOCTH M3MCHCHHS BCCA KakK

(GYHKIUS OT BEJIMUYMHBI, HA KOTOPYIO BbIxo/ Helipona OUT npessbiiaer ero nopor. I[lycts

Ek = NETk — ek,

rne NETy — Beixox NET neiipona k; © — mopor HelipoHa k, u

1
“ 1+exp(-8E, /T)’

(oTMEThTE BEpOATHOCTHYIO (GYyHKIUIO bonbliMana B 3HaMmeHatene), rae 7' — MCKYCCTBEHHas

TeMITEpaTypa.

B cragum ¢GyHKIMOHMpPOBAaHUS HMCKYCCTBEHHOH Temmepatype 7 NPHUIHMCHIBACTCS
0oblII0€ 3HAYEHHE, HEWPOHBI YCTAHABIMBAIOTCS B HA4aJlbHOM COCTOSIHUM, ONpEAEsieMOM
BXOJHBIM BEKTOPOM, M CETH IPEIOCTABIIACTCS BO3MOXKHOCTb MCKAaThb MUHUMYM 3HEPIHH B

COOTBETCTBUU C HIKECIICAYIOIIEH MTPOLETYPON:

1. IlpunucaTh COCTOSHHUIO KaXXJOTO HEHpOHA C BEPOSITHOCTHIO pyx 3HAUYCHHE E€IMHMIIA, a C
BEPOATHOCTBIO 1—py — HYJIb.

2. llocreneHHO yMeHbIIATh MUCKYCCTBEHHYIO TEMIIEpPATypy M IOBTOpPSTH Liar 1, moka He
OyZeT JOCTUTHYTO paBHOBECHE.

O0001IeHHDBIE CETH

[Ipuaimn mamuHbl bonbliMana MOXeT ObITh IEPEHECEH Ha CeTH MPaKTUYECKH JTH000M
KOH(UTypaly, XOTs yCTOMYMBOCTh HE rapantupyercs. i 3TOro mocTaToyHo BbIOpaTh
OJIHO MHOXECTBO HEHPOHOB B KAa4€CTBE BXOJOB M JIPYrO€ MHOXECTBO B Kau€CTBE BBIXOJOB.
3aTeM npuaaTh BXOJHOMY MHOECTBY 3HAUEHHsI BXOJHOTO BEKTOpAa U MPEIOCTAaBUTH CETU

BO3MOJXHOCTb PCIaAKCUPOBATH B COOTBETCTBHUU C OIIMCAHHBIMU BBILIC ITPpABUIAMHU 1u?2.

[Iponienypa oOydeHus il TaKOHW CETH, ONMHUCAHHAS B [5], COCTOMT M3 CIEAYIOIINX

I1aroB:
1. Beruuciaurs 3aKPCIUICHHBIC BCPOSATHOCTH.

a) MPUJATh BXOJHBIM U BBIXOJHBIM HEHPOHAM 3HaYCHHUsI 00YUarOIIero BEKTOPa,

0) MpeaoCTaBUTh CETH BO3MOKHOCTh UCKaTh PABHOBECHE;

B) 3aIlInuCaThb BBIXOJAHBIC 3HAUYCHUA TJIA BCEX HeﬁpOHOB;

r') MOBTOPHUTH IIATH OT a JI0 B JUIS BCeX 00yUarolUX BEKTOPOB;

J1) BBIMUCIIMTH BEPOSTHOCTb P, T. €. 10 BCeMy MHOKECTBY 00y4arolux BEKTOPOB

BBIYUCIIUTHb BEPOATHOCTH TOI'O, YTO 3HAUYCHUSA oboux HCI\/JIpOHOB PaBHbI CAVMHUIIC.

2. BeraucianTs HC3aKPCIIJIICHHBIC BEPOATHOCTHU.
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a) MPEAOCTaBUTh CETH BO3MOXKHOCTH «CBOOOJHOTO JBMKCHHUS» 0€3 3aKpEIICHUsT BXOJ0B

WM BBIXOJOB, HaA4YaB CO CJ'Iy‘-I&fIHOFO COCTOSAHHA,

0) MOBTOPHTH IIAr 2a MHOTO pa3, pETUCTPUPYS 3HAUCHHS BCEX HEHPOHOB;

B) BBIYUCIUTH BEPOSTHOCTH Py,

T. €. BCPOATHOCTb TOI'O, YTO 3HAYCHUA 0boux HeﬁpOHOB

PpaBHBI CIUHUIIC.

3. CKOppeKTHpOBaTh Beca CETH CIECAYIOIUM 00pa3oM:

SWij = n(Pij+ - Pu) )

rie Owj — U3MEHEHUE Beca Wij, 1| — KO3 (QULIMEHT CKOPOCTH 00yUEHUSI.

NMPUNOXEHWUA

AHaJioro-unposoii npeodpaszosaresib

B nepaBHux padorax [8,10] paccMarpuBanachk 3yeKTpudeckas cxema, OCHOBaHHas Ha
CeTH C OOpaTHOM CBS3bIO, peATM3YIOIIas YeTHIPEXOUTOBBI  aHAJIOTO-IU(POBOM
npeoOpaszoBatenb. Ha puc. 6.4 mokazaHa OJIOK-CXeMa 3TOrO YCTPOMCTBA C YCHIJIMTENSMH,
BBIMOJIHSAIOIIMMU POJIb UCKYCCTBEHHBIX HEHPOHOB. CONPOTUBIIEHUS, BBINOJIHSIOMIUE POJIb
BECOB, COCOUHSIIOT BBIXOJ KaXJOrO0 HEHpOHa C BXOJAaMH BCEX OCTaIbHBIX. YTOOBI
YAOBJIETBOPUTH YCIIOBUIO YCTOWYMBOCTH, BBIXOJ] HEHPOHA HE COEIUHSIICS CONPOTHUBIEHUEM C
€ro CoOCTBEHHBIM BXOJIOM, a Beca OpaluCh CHUMMETPUYHBIMH, T.€. CONPOTUBICHHUE OT
BBIXOJa HEHpOHA i K BXOJMy HEHpOHA j MMEJO Ty K€ BEJIIMYMHY, YTO U CONPOTHUBICHHE OT

BBIX0J/Ia HEHPOHA j K BXOJly HEUpOHA .

3aMeTUM, 4YTO YCWIUTENIM HMEIOT MPSAMOM M HMHBEPTUPOBAHHBIA BBIXOABL. ITO
MO3BOJISIET C MOMOIIBIO OOBIYHBIX MOJOKHUTEIBHBIX COMPOTHBICHUH pEaln30BbIBATH U TE
cilydau, KOTJja Beca J0JDKHBI ObITh oTpHuLaTebHbIMU. Ha puc. 6.4 moka3aHsl Bce BO3MOYKHbBIE
COIIPOTHBJICHUS, NPU 3TOM HHUKOIAA HE BO3HMKAET HEOOXOIUMOCTH IPHUCOEAUHATH Kak

IIPSIMOM, TAK U UHBEPTUPOBAHHBIN BBIXOJIbI HEMPOHA K BXOAY JPYroro HeMpoHa.

B peampHOW cucTeMe KaXIbIA YCHIUTENb O0JaJaeT KOHEYHBIM BXOJHBIM
CONPOTUBIIEHUEM U BXOJHOM €MKOCTBbIO, UTO [JIOJDKHO YUYUTBHIBATBCA NIPU pacyere
JTUHAMWYECKOW XapakKTEePUCTHKU. JIJIT yCTOMYMBOCTH ceTH HE TpeOyeTcs paBEeHCTBA ITUX
MapaMeTpOB MJI BCEX YCHIIMTENEH U UX CHMMETPUYHOCTU. TaK Kak 3TH mapameTphbl BIUSIOT
JIMIIb HA BpeMsl MOJIyYEHHUsI PELICHHMs], 4 HE HAa CaMO PEUIEHUE, ISl YIIPOLIEHUs aHAIN3a OHU

HCKIIHOYCHBI.

IIpennonaraercs, 4To MCHONb3yeTcs: MoporoBas (QyHKIMs (Mpenen CUrMOUAATBHON
GyHKIMM TIpU A, CTpemsmieMcsi K OecKoHe4HOcTH). Jlamee, BCe BBIXOABI HU3MEHSIOTCS B

Ha4daJi¢ JUCKPCTHBIX MHTCPBAJIIOB BPCMCHU, HA3BIBACMbBIX 3IIOXaMH. B nauane Ka)KHOI\/'I SIIOXH
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UCCIIeTyeTCs CyMMa BXOJIOB KaKJ10ro HelipoHa. Ecnu oHa Oosbliie mopora, BbIXOJ] IPUHUMAET
eIMHUYHOE 3HAYCHUE, €CIIM MEHbIe — HyJieBoe. Ha mpoTseHun 3moxu BBIXO/Abl HEUPOHOB

HC U3MCHSAIOTCA.

LMW KAk kA ka K

b

=

=
IEC RO R
}\/?\/7\/}\/

Puc. 6.4. YeTbipexOMTOBBIH aHAJOTO-UM(PPOBOI MPpeodpa3oBarTelib,
HCIOoAb3YIIMHI ceTh Xonduiaga

Lenbto siBnsieTcss Takoil BBIOOp COMPOTHUBIEHUN (BECOB), YTO HENPEPHIBHO pacTylee
HanpspKeHue X, MPUIOKEHHOE K OJHOBXOJOBOMY TEPMHHATY, MOPOXKIAET MHOMKECCTBO M3
YEeThIpeX BBIXOJAOB, MPEACTABIAIONIMX JBOMYHYIO 3alHUCh YKCIA, BEJIWYMHA KOTOPOTO
MpUOIMKEHHO paBHA BXOJHOMY HampspkeHuio (puc. 6.5). Ompenenum cHavayia (QyHKITHIO
SHEPTUHU CIACAYIOIIMM 00pa3oM:

2
E:—% X-Ejlziomj +Zj:22j'IOUTJ.(1-OUTJ.), (6.7)

rae X — BXOJHOE HalIpsAKCHUC.

Korga £ MUHHMM3UPOBAHO, TO IMOJY4YarOTCs HyXHbIE BbIXObl. [IepBoe BbIpakeHHE B
CKOOKax MHHHUMH3UPYETCS, KOTJa JBOMYHOE YHMCIIO, 0O0pa30BaHHOE BBIXOJaMH, Hamboiee
Omu3ko (B CpelHEKBaJpPaTHYHOM CMBICIE) K aHAIOTOBOW BenwunHe Bxoma X. Bropoe
BbIpaXXEHHE B CKOOKax oOpalaercsi B HyJb, KOTJa BCE BHIXOABI paBHbI 1 wimn 0, TeM caMbIM

HaKJIaJbIBasg OrpaHUYCHUEC, YTO BbIXOJbI IPUHUMAIOT TOJIBKO ABONYHBIC 3HAYCHHSI.

Ecnu ypaBHenue (6.7) meperpynnupoBaTh M CpaBHUTH € ypaBHeHHEM (6.2), TO

MOJIy4YrM CJICAYIOMICC BBIPAKCHUC AJI1 BECOB:
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_ itj _ Al
Wi=-2",yi =2, (6.8)
rje wj - OpOBOAMMOCTb (BEIMYMHA, OOpaTHasi CONPOTUBIIEHHIO) OT BbIXOJA HEWpoHA i K

BXOJly HEeWpoHa j (paBHas Tak)Ke MPOBOJIMMOCTH OT BBIXOJ]a HEMPOHA j K BXOJly HEMpOHA i Vi —
MPOBOAUMOCTH OT BX0Ja X K BXOJly HEUpOHa 1.

UroObl MOJy4UTh CXEMy C TpPUEMJIEMBIMH 3HAUEHUSMU COMNPOTHUBICHUN U

noTpebIIeMOi MOIITHOCTH, BCE Beca JOJKHBI OBITh TpOMacIITaOupOBaHbI.

ouT, 00T, 00T, 007 _
7 4 7 .
11 10 .
1 7 0 f
1 1 00 -
f 0 1 —
10 10 .
1 0 0 7 —
Gungpaord 1 0 0 0 -
sao? g 4 4 f —
g 7 1 0 -
g 1 0 1 -
g 1 0 0 —
g g 1 f —
g ¢ 1 0 -
g g 0 1 —
g 0 0 0 + —

7 12 545678 91011211415

Bxod, B

B e

Puc. 6.5. UneanbHasi XapaKTePUCTHKA YeThIPeXOUTOBOI0 aHAJIOT0-UU(pPoOBOro
npeodpa3oBareJis

WneanbHass BBIXOJHAS XapaKTEpHUCTUKA, W300pakeHHas Ha pwuc. 6.5, Oyner

peain30BaHa JUIIb B TOM CIy4yae, €CJIM BXO/bl YCTAHABIMBAIOTCSA B HYJIb MIEPE]l BHITIOJIICHUEM

npeoOpazoBanus. Eciu sToro He nenarb, ceTh MOXET MMOMACTh B JIOKAIbHBIH MUHUMYM
SHEPrUM U JaThb HEBEPHBINA BBIXOJ.

3amaya KOMMUBOSIKEpPa

3az[aqa KOMMMUBOSKEpPaA ABJISCTCA ONTUMM3ALMOHHOMN 38.,[[3‘16171, YacTO BO3HUKAIOIICH

Ha mpakTtuke. OHa MOXET OBITh CHOPMYJIHMpOBaHA CIEAYIOINIMM 00pa3oM: Il HEKOTOPOH
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TPYIIBI TOPOJIOB € 33JJaHHBIMU PACCTOSIHUSMU MEXAY HUMHU TpeOyeTcs HalTHU KpaTdalinui
MapuipyT C IIOCEHIEHUEM KaK0r0 ropoja OJUH pa3 U ¢ BO3BPAILLEHUEM B UCXOJHYIO TOUKY.
Bruto mokazaHo, yTO 9Ta 3a7aya MPUHAMICKUT OOJBIIOMY MHOXECTBY 3a]ad, Ha3bIBAEMBIX
«NP-nonubiMuy (HemeTepMUHUCTCKU TonuHOMHUanbHbIMU) [3]. s NP-monHbix 3amau He
M3BECTHO JIYYIIEr0 METO/a PEIICHHUs, YeM IMOIHbIN 1epebop BCceX BO3MOKHBIX BapUaHTOB, U,
[0 MHEHHIO OOJIBIIMHCTBA MaTEMaTHKOB, MAJIOBEPOSITHO, YTOOBI JyUIIHM MeTOJ ObUl KOraa
an0o HaiineH. Tak Kak TakoH IMOJIHBIA MOUCK MPAKTHUYECKH HEOCYIIECTBUM JUIS OOJIBIIOTO
4yyuciaa ropoAoB, TO IBPUCTUUECKUE METOJbI UCIONB3YIOTCS ISl HaXOKJIECHUS NPUEMIIEMBIX,

XOTs 1 HECONITUMAJIbBHBIX pCIHGHI/If/'I.

OnucanHoe B pabote [8] pelneHHe, OCHOBAaHHOE Ha CETAX C OOpaTHBIMHU CBSI3SIMHU,
SIBIISICTCS. TUITMYHBIM B 9TOM OTHOIICHWHW. Bce e OTBET mojyyaercs Tak ObICTPO, YTO B

OMPECACIICHHBIX ClIy4dasaX METOJ MOXKCT OKa3aThbCA MOJIC3HBIM.

JlomycTum, 94TO TOpo/Ia, KOTOphIe HEOOXOAUMO MTOCETUTH, TOMeUYeHbI OykBamu A, B, C

u D, a paccTostHUSA MEXly TapaMu TOPOJIOB €CThb dab, die U T. 1.

Pemienuem siBisieTcss ynopsiio4eHHOE MHOKECTBO M3 N TOPOAOB. 3ajada COCTOUT B
OTOOpaXEHUH €ro B BBIUMCIUTEIbHYIO CETh C MCIIOJIB30BAHMEM HEHPOHOB B PEXHUME C
00JIbIION KPYTU3HOM XapaKTepucTHKHU (A mpubmmkaercs Kk 6eckoHeuyHocT). Kaxasiii ropos
MPEACTABIEH CTPOKOM M3 N HEWPOHOB. BBIXOJ OJHOrO M TOJNBKO OJHOIO HEMPOHA U3 HUX
paBeH enuHUIE (BCE OCTalbHBIC PAaBHBI HYIIO). DTOT paBHBIM €OUHUIE BBIXOJ HEHpoHa
MOKa3bIBACT TOPSIKOBBIH HOMEpP, B KOTOPOM JaHHBIA ropoj mocemaercs npu ooxomae. Ha
puc. 6.6 nokaszaH ciyyail, korga ropox C mocemaercsi nepBsIM, ropoa A — BTopbIM, ropoa D
— TpeTbuM U ropoa B — gerBepthiM. [l Takoro mpenactaBieHust Tpedyercs n* HEHUPOHOB —
YHCII0, KOTOPOE OBICTPO pacTeT ¢ yBEIWYEHHEM 4YHClia TOpoAoB. J[IuMHa Takoro mapuipyra
Obu1a OBbI paBHA dey + dag + dgp + dpe. Tak Kak KaXKIBIA TOPOJT MOCEUIASTCS TOIBKO OAWH pa3 U
B Ka)KJbli MOMEHT IOCEUIaeTCs JIMIIb OJUH TOPOJ, TO B K&XKJOM CTPOKE U B KaXJA0M CTOJIOIE
uMeeTcsl MO0 OAHOM enuHuue. g 3amauM ¢ 7 TOopoJamMH BCEr0 UMEETCsl n! pasindHbIX
MapuipyToB ooxoaa. Ecnu n = 60, To umeercs 6934155x10" BOBMOXKHBIX MapuipyToB. Eciu
MPUHATH BO BHUMaHKE, 4YTO B Hamiel ranaktuke (Mmeunowm I[lyTn) umeercs nuib 10" 3Besz,
TO CTaHET SICHBIM, YTO TOJHBIA Tepedop BceX BO3MOXKHBIX MapmipyToB s 1000 ropomos
ke Ha caMOM OBICTPOM B MUpPE KOMIIbIOTEpE 3aliMET BpeMsl, CPAaBHUMOE C T€0JIOTHYECKON

SIIOXOM.

[IponeMoHcTpUpyeM Temepb, Kak CKOHCTPYUPOBATh CETh Uil pelieHus 3Tod NP-
NoJHOM mpoOnembl. Kaxplii HElpoH cHaOXeH IBYMs MHAEKCaMH, KOTOPBIE COOTBETCTBYIOT
ropofy M IOpPAIKOBOMY HOMepy ero mnocemieHus B Mapumpyre. Hampumep, OUT =1

MOKA3bIBAET, YTO TOPOJ X OBLI j-bIM MO MOPSAIKY TOPOJAOM MapLIpyTa.

OYHKIMS SHEPTUU JOJIKHA YJOBJIETBOPATH IBYM TpEeOOBAHMSIM: BO-IIEPBBIX, JTOJIKHA

OBITH MaJION TOJNBKO ISl TEX PEUICHUH, KOTOPhIe UMEIOT 110 OAHOM €IUHMIIE B KaXKI0M CTPOKE
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U B KAXKIOM CTOJ'I6I_[C; BO-BTOPBIX, JOJDKHA OKa3bIBATh MPCANIOUYTCHUC PCHICHUAM C KOpOTKOfI

JUIMHOW MapLIpyTa.

[TepBoe TpeOoBaHME yIOBICTBOPSETCS BBEICHUEM CIEAYIOMIEH, COCTOSAIICH M3 Tpex

CYMM, ()YHKLIUU SHEPTUU:

2
E:%ZZZOUTxiOUTXj+§ZZZOUTxiOUTyi+% D> > 0UT, |-n| , (6.9
— o = - X 1

1 j#i I X y#x

rie A, B u C — HEKkoTOpble KOHCTAaHTBHl. JTUM JIOCTUTACTCS BBIMOJHEHUE CIIETYIOUIUX

YCIIOBMIA:

1. TlepBas TpoifHas cymMMa paBHa HYJIO B TOM M TOJBKO B TOM CIIy4ae, €Clii KaKJaasi CTpOKa
(ropo) conmepkut He 00Jiee OTHOM eTUHUIIBL.

2. Bropas TpoiiHas cymMa paBHa HYJIO B TOM M TOJBKO B TOM CIy4yae, €CIIU KaKIbIH
crooer (MOPsAKOBBI HOMEp MMOCEUICHHUST) COACPIKUT HE 00JIee OTHON eTUHUIIBI.

3. Tperbst cymma paBHa HyJIO B TOM U TOJIBKO B TOM CIydae, €CJIM MAaTpULa COAECPIKUT
POBHO 71 €IUHMUII.

[Topsimok crnegoBanus
ropoa
1 2 3 4
A 0 1 0 0
B 0 0 0 1
C 1 0 0 0
D 0 0 1 0

Puc. 6.6. MapmpyT KOMMHUBOsSTKepa

Bropoe TpeGoBaHme — mpeAnovYTeHHEe KOPOTKUM MapIIpyTaM — YyJIOBIETBOPSIETCS C

IIOMOIIIBIO I[068,BJ'IGHI/I$I CJICAYIOLICTO YJICHA K (I)YHKI_[I/II/I OHECPTHUHU:

E=2
2

> > >d,0UT,(OUT,,, +OUT,,,), (6.10)

X y#EX 1

3aMeTUM, 4YTO 3TOT WIEH MpPeACTaBiIseT coOO0H AIuMHY JI000ro IOIyCTUMOTO
MapuipyTa. g y1o6cTBa HHAEKCHI ONpeelstoTes no Moayto i, T. €. OUT,: = OUTj, a D —

HCKOTOpAast KOHCTAaHTA.

[Ipu nocrarouno Gonpimux 3HaueHUAX A, B u C HU3KO’HEpreTHYECKHUE COCTOSHUS
OyIyT MpencTaBisATh NOMYCTUMbIE MapIIpPyThl, a Oojblune 3HadeHus D rapaHTHUpyIOT, 4TO

OyJeT HailJIeH KOPOTKUI MapuIpyT.

Tenepb 3aladuM 3HAYCHHUA BCCOB, T. €. YCTAHOBHUM COOTBCTCTBUC MCIKAY WICHAMU B

GyHKIMH SHEPTUH U 4jeHaMu o01el Gpopmel (cM. ypaBHeHHE 6.2)).

[Tomyyaem
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Wyiyi = —Ady(l —85) (He momyckaet 0oJiee OQHOM €TUHUIIBI B CTPOKE)

—Bd;(1 — 0xy) (e momyckaet 0oJiee OAHOM €IUHUILIBI B CTOJIOIIE)
—C (rmoGanbpHOE OTpaHUYCHHE)
—Ddyy(8;i+1 + 6j-1) (4neH, OTBEYAIOIINH 32 AJIMHY 1MKIIA),

rae 8; = 1, ecnm i = j, B mpoTuBHOM citydae 81 = 0. Kpome Toro, kaxnaplii HEHpOH UMeeT

CMENIAIONINN BEC X, COCAMHEHHBIN ¢ +1 1 paBHBIN Ch.

B pabote [8] coobmaetcst 06 3KCIEpIMEHTE, B KOTOPOM 33j1a4ya KOMMHUBOsDKEpa Obliia

pemena aiis 10 ropogoB. B aTom ciydae Bo30ysknaromas QpyHKIMs Obliia paBHa

OUT =% [1 + th(NET/Uj)].
Kak nokazanu pe3ynbratel, 16 u3 20 IpOroHOB COIUIKCH K TOMYCTUMOMY MapIIPyTy U OKOJIO
50% pemieHuit OKa3aduCh KpaT4aWlIMMH MaplIpyTaMu, Kak 3TO ObUIO YCTaHOBJEHO C
MOMOIIIbIO TOJTHOTO Tepedopa. DTOT pe3yabTaT CTaHEeT O0oJiee BICUATIISIONIUM, €CIIU

0CO3HaTh, uTo uMmeercs 181440 nomycTUMBIX MapUIpyTOB.

Coo01manoch, YTo CXOAMMOCTb PEIIEHHH, MOJYyYEHHBIX MO0 MeToxy Xomndwuiga At
33724l KOMMHBOSDKEPA, B CHJIBHOW CTETEHH 3aBUCHT OT KOA(QHIMEHTOB, U HE HUMEETCS
CUCTEeMAaTHYECKOTO METOJa ompeaeneHus ux 3HadeHuil [11]. B aroit pabote mpemioxeHa
napyras (YHKUMS SHEPTUU C €IMHCTBEHHBIM K03((uIMEeHTOM, 3HAYeHHE KOTOPOTO JIETKO
ompezensercs. B nonoiHeHne npemiosKeH HOBBIN CXOISMIIUIiCS anroput™. MOXKHO 0XKHAATh,
9YTO HOBBIC OOJIee COBEpIICHHBIE METOJbl OyAyT pa3padaTeiBaThCs, TaK KakK MOJTHOCTBHIO

YIOBJIETBOPUTEIHHOE PEIICHUE HAIIIO OBl MacCy MPUMEHEHUH.

OBCYXAOEHUE

JlokaJbHbIE MHUHUMYMbI

Cetb, BBINOJHAIOMAS aHAJIOrO-IM(poBOoe mpeoOpa3oBaHUE, BCerJa HaXOIUT
€MHCTBEHHOE ONTHUMATIbHOE pelleHrne. ITO 00YCIOBIECHO MPOCTON MPUPOJION MOBEPXHOCTH
SHEPruu B 3TOH 3anaue. B 3amaue koMMUBOsIKEpa MOBEPXHOCTh SHEPTUU CHIIBHO M3pE3aHa,
U300MITyeT CKIIOHAMH, JIOJIMHAMH U JIOKQJIbHBIMM MUHUMYMaMH M HET TapaHTHH, YTO Oyjaer
HaliieHo Tno0adbHOE ONTHUMAIbHOE peIIeHHEe M YTO TMOJy4YeHHOE pelleHue OyaeT
JOMyCTUMBIM. [Ipu 3TOM BOHMKAIOT CEpbE3HBIE BOMPOCH OTHOCUTENIBHO HAJAECKHOCTU CETH U
JIOBEpHsI K €€ PEIICHHUsM. DTH HEIOCTATKH CETH CMSTYAIOTCS TeM OOCTOSITEIhCTBOM, UTO
HAXOXXJCHHUE TIOOAIBHBIX MHHUMYMOB Ui NP-TIONHBIX 3a7au sIBISieTCS O4Y€Hb TPYIHOU
3a/1a4yeil, KoTopasi He MOKET OBITh peIIeHa B MPUEMIIEMOE BPEeMsI HUKAKUM JIPYTUM METOJIOM.

Jpyrue MeToibl 3HAaUUTENBHO O0JIee MEJICHHBI U TAIOT HE JIyYIlue pe3yIbTaThl.
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Ckopoctb

CrocoOHOCTh CeTH OBICTPO TMPOW3BOAUTH BBIUUCICHUS SIBISETCS €€ TJIaBHBIM
noctonHcTBoM.  OnHa  oOycnoBlieHa ~ BBICOKOM ~ CTENEHbIO  pachapauleIHBaHUs
BBIUUCIUTEILHOTO TIporecca. Eciu ceTh pealn3oBaHa Ha aHAJIOTOBOW 3JICKTPOHHKE, TO
pelleHre pPEenKo 3aHMMaeT MPOMEXYTOK BPEMEHH, OOJBIIMNA HECKONBKHX ITOCTOSHHBIX
BpeMeHH ceTH. bojee Toro, BpeMs CXOIUMOCTH CJIad0 3aBHCHUT OT Pa3MEPHOCTH 3a/1a4H. ITO
PE3KO KOHTPACTHpPYyeT ¢ Ooyiee ueM H3KCIOHEHUMAIBHBIM POCTOM BpPEMEHH PEIICHHs IMpH
UCIIOJIb30BaHUM OOBIUHBIX IOAXO0J0B. MOJETMPOBAHUE C IMOMOIIBIO OJIHOMPOIECCOPHBIX
CHUCTEM HE TI03BOJISIET HCIOJIB30BaTh NPEUMYIIECTBA MApaUICIBHOW apXUTEKTYphl, HO
COBpEMEHHBbIE MyJbTHIpoOIeccOpHble cuctembl Tuna Connection Machine (65536

nporeccopoB!) BeCbMa MHOTOOOCIIAOIIY /IJIsl PEIICHUS TPYAHBIX 3a]1a4.

DyHKIMSA SHEPrUH

Omnpenenenre (QYHKIUH YHEPTHM CETH B 3aBUCHUMOCTH OT 3aJaud HeE SBISETCS
TpuBHaAIbHBIM. CyIlIeCTBYIONINE PELIEHUS ObLIU MOJIYUYEHbI C MTOMOIIBI0 H300pEeTaTeIbHOCTH,
MaTeMaTHYECKOTO OMbITa W TaJlaHTa, KOTOpbIe HE pa30pocaHbl B M300mmmu. st HEKOTOPBIX
3aa4 CYyIIECTBYIOT CHCTEMAaTUYECKHE METOAbl HAXOXKIEHHS BECOB CETH. OJTH METOJbI

HU3JararoTcs B I, 7.

EMkocTh ceTn

AKTyaJIBHBIM npeamMeToM I/ICCJ'ICI[OBaHI/Iﬁ ABIACTCA MAaKCHUMAJIbHOC KOJIHMYCCTBO

3aroMHHaeMoN HHPOPMAILIUU, KOTOPOE MOXKET XpaHUThCS B ceT Xomduinaa. Tak kak ceTb u3

n
n IBOWYHBIX HCUPOHOB MOXKET UMCTH 2 COCTOSIHHMH, TO HCCIICAOBATCIIN ObLIH YAUBJICHBI,

O6Hapy)KI/IB, 4TO MaKCUMaJIbHAasg €MKOCThb MaMsITH OKa3aJlach 3HAUNTCIILHO MEHBIIICH.

Ecnu 661 MOTJI0 3a1IOMHHATBCS OOJIBIIOE KOJIMYECTBO MH(DOPMAIIMOHHBIX €IUHMIL, TO
CeTh He CcTabmIn3KupoBanack Obl HA HEKOTOPBIX U3 HUX. bonee Toro, oHa Moria Obl TOMHUTh
TO, YEMy €€ HE YUYWIM, T.€. MOrja CTaOMIM3UPOBATHCS Ha PELIEHUHU, HE SBISIOLIEMCS
TpeOyeMbIM BEKTOPOM. DTH CBOMCTBA CTaBHJIU B TYIHK IEPBBIX UCCIIEAOBATENEH, KOTOPHIE HE

HUMCIIM MaTCEMATUYCCKUX MCTOA0B AJIA HpeHBapHTCHBHOﬁ OLICHKH €EMKOCTH IMTaMsTH CCTH.

[locnennue wuccrnenoBaHMs MPOJNMIM CBET Ha 3Ty mnpobinemy. Hampuwmep,
MPEIOJIarajioch, YTO MaKCHMaJIbHOE KOJHMYECTBO 3allOMHUHACMOW WH(OPMAIMH, KOTOPOE
MOJKET XPaHUTHCS B CETH U3 N HEUPOHOB U 0€30MTMO0YHO U3BIIEKATHCS, MEHBIIIC YEM cN’, rre
C — IIOJIOKUTCJIbHAsA KOHCTAHTa, GOHBH_IaSI CANHUIBI. XOTq 3TOT npeacii 1 10CTUTracTCsa B
HEKOTOPBIX CIydasx, B OOIIEM CIydyae OH OKa3ajcs CIMIIKOM ONTUMHUCTHYECKUM. B pabote
[4] OBLTO PKCTIEPUMEHTAIBHO MMOKAa3aHO, YTO B OOIIEM ClIydae IpeIelibHOE 3HAYCHHE EMKOCTH

ommxke k 0,15N. B pabore [1] ObulO MOKa3aHO, YTO YHUCIIO TAKWX COCTOSIHHM HE MOXKET
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IMPEBBIIIATH ]V, 4gTO COrjacyeTcsd C Ha6J'IIOI[eHI/I5IMI/I Haa p€ajlbHBIMU CUCTCMAaMHM U ABJISCTCA

HaWJIy4ylled Ha CErONHSAILIHNUI A€Hb OLEHKOM.

BblIBOAbI

Cetu ¢ 0OpaTHBIMH CBSI3SIMU SIBISIOTCS MEPCIEKTUBHBIM OOBEKTOM IS NajdbHEHIINX
uccienoBanuii. Ix nuHamMmyeckoe MoBeIeHNE OTKPHIBAET HOBbIE MHTEPECHBIE BO3MOXKHOCTH
u cTaBuT crnenuduueckue npoodsembl. Kak orMmeuaercs B T 9, 3TH BO3MOXHOCTH U

po0JIeMbl COXPaHAIOTCS IPU pPeaTn3alui HEUPOHHBIX CETel B BUAE ONTUYECKUX CUCTEM.
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MNaBa?7.
[ByHanpaBneHHas accounatMBHas NnamsTb

[TamsTH YestOBEKa 4acTO SIBISAETCS aCCOUMATUBHON; OJUH MTPEAMET HAIIOMUHAET HaM O
OpyroM, a 3TOT Jpyroil o TperbeM. EciaM MO3BOMUTH HALIMM MBICISAM, OHU OyIyT
IepeMeIaThCs OT MpeaIMeTa K IPEAMETY IO LIENIOYKEe YMCTBEHHBIX accounanui. Kpome toro,
BO3MOXHO HCIOJIb30BAHUE CIIOCOOHOCTH K acCOLMAlMAM JUIsl BOCCTAHOBJIEHHS 3a0BITHIX
o0pa3oB. Eciu MbI 3a0bU1H, TJ1€ OCTABMIJIM CBOM OYKH, TO MBITAEMCS BCIIOMHUTD, TJ€ BUEIH
UX , B IOCIEAHUN pa3, ¢ KeM pasroBapuBanu M 4ro genanu. I[locpexnctBom 3TOrO
YCTaHABJIMBAETCS KOHEIl LIETIOYKH acCCOLMALMM, 4TO IMO3BOJIAET HAlEH NaMATH COCIUHATH

accoIMaIuy JJIs IMOoJydeHus TpedyemMoro oopasa.

AcconpaTtiBHas TaMATh, PAacCMOTpPEHHass B TUI. 6, SBISETCA, CTPOTO TOBOPA,
ABTOACCOIIMATHBHOM, 3TO 03HAYAET, 4TO 00pa3 MOXKeT ObITh 3aBEPIICH WU UCIPABIICH, HO HE
MOKET OBITh aCCOIMUPOBaH C JpyruM oOpa3om. JlaHHBIN (akT SBIsIETCS Pe3ybTaToOM
OJHOYPOBHEBOM CTPYKTYphl ACCOIIMATUBHOM MaMATH, B KOTOPOW BEKTOP MOSIBISETCS Ha

BBIXOJEC TCX XK€ HGI\/'IpOHOB, Ha KOTOPLBIC MOCTYIAcCT BXOILHOfI BCKTOp.

JIByHanpasieHHas accouuaTtuBHas namsath (JAIIl) sBasercs rerepoaccolnaTUBHOM;
BXOJHOI BEKTOp MOCTyNaeT Ha OJWH HaOOp HEMpPOHOB, a COOTBETCTBYIOIIMN BBIXOJHOMN
BEKTOp BBIpabaThiBaeTCs Ha JApyroM Habope HeipoHoB. Kak u cerb Xomdwunma, JJAII
croco0Ha K 0000IIEeHHI0, BBIpadaThiBasi MPaBHIbHBIE PEAKIUU, HECMOTPS Ha MCKa)KEHHBIC
Bxozabl. Kpome Toro, moryTt ObITh peanu3oBaHbl anantuBHble Bepcuu JIAIl, Bbaemstomue
STAJIOHHBIA 00pa3 M3 3alIyMJICHHBIX 3K3EMIUIIPOB. DTH BO3MOKHOCTH CHIBHO HAIIOMHHAIOT
IPOILIECC MBILUIEHUS YeJIOBEKa M MO3BOJISIOT MCKYCCTBEHHBIM HEHPOHHBIM CETSIM CJIENaTh

mar B HaIrpaBJICHUU MOACIIMPOBAHUA MO3Ta.

B mnocnennux myOnukammax [9,12] mpeactaBieHO HECKONBKO (OpM peanu3anuu
JByHaNpaBIeHHON accOMaTUBHON mamsaTH. Kak G0NBIIMHCTBO BaXKHBIX UJEH, U3I0KEHHBIE B
9TUX paboTax uIed HMEIT TIyOOKHe KOpHH; HampuMmep, B pabote I['poccOepra [6]
NPEJICTaBICHB HeKoTophie BaxkHble st JIAIl xonmenmmu. B nmaHHOW paboTe CCHUIKH
NPUBOJATCS HE C IENBIO pa3pelieHus BOIpoca O MPHOPUTETE MCCIEI0BATENbCKUX PadoT, a

HUCKIIFOUYUTCIIBHO IJI1 OCBCUICHHUA UX BKJIa[ld B HCCICAOBATCIIBCKYIO TCMATHUKY.
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CTPYKTYPA OAN

- A
Liavid tao 7l A Lok 2

Puc. 7.1. Konpurypanusi 1ByHANpaBJeHHON aCCOUMATUBHOM MaAMATH
Ha pwuc.7.1 npusenena 6a3zoBas xkoHburypamus JIAIl. DOta xkondurypamus
CYIIECTBEHHO OTJIMYACTCS OT WCIOIb3yemMol B padore [9]. OHa BeIOpaHa TakuM o0Opa3om,
4TOOBI MOJYEPKHYTHh CXOJICTBO C CeTAMH Xompuiaa Hu MPeIyCMOTPETh YBEITUYEHUS
KosnmyectBa cioeB. Ha puc. 7.1 BxonHoW BekTop A oOpabareiBaeTcsi mMaTpulieii BecoB W

CETH, B pe3yJIbTaTe YeTro BhIPaOaThIBAETCS BEKTOP BBHIXOAHBIX CHUTHAJIOB HeiipoHOB B. Bektop

B 3areM oOpabaThiBaeTcsi TpaHCHOHHMpOBaHHON Matpuueii W! BecoB cerm, KoTopas
BbIpa0aThIBa€T HOBBIE BBIXOAHbBIE CUTHAJIBI, IPEACTABIIAIOINE COO0M HOBBI BXOJHON BEKTOP
A. DTOT npoliecc MOBTOPSAETCS A0 TEX MOP, TOKA CETh HE IOCTUTHET CTA0OMIIBHOIO COCTOSIHUS,
B KOTOPOM HM BEKTOp A, HU BeKTOp B He u3menstorcs. 3aMeTuM, 4To HEMpPOHHI B ci10sAX 1 u 2
(YHKIMOHMPYIOT, KaK U B JPYIMX MapajurMax, BBIYUCISISL CyMMY B3BELICHHBIX BXOJOB U
BBIUUCIIAA 110 HEM 3HaueHue (QYHKIMM aKTUBALUHU F. DTOT HpOIEecC MOXKET ObITh BBIPAXKEH

CIEAYIOIHUM 00pa3oMm:

b, =F()_ a;w) (7.1)

WIN B BEKTOPHOH (opme:
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B = F(AW), (7.2)
rae B — BEKTOp BBIXOJHBIX CUTHAJIOB HEHPOHOB €0 2, A — BEKTOP BBIXOJHBIX CHUTHAJIOB
HelipoHoB cnost 1, W — Marpuia BecoB cBsizeil Mexay ciosmu | u 2, F — QyHKuus

aKTHUBaluu.

AHaIOTUYHO

A = F(BWY) (7.3)
rme Wt seiseres TpaHCHO3ULIMEN MaTpuLibl W.
Kak ormeueno B 1. 1, ['poccOepr mokaszan MpeuMyIIecTBa HCIOIb30BAHUS

CUTMOUAANILHON (JJOTUCTHYECKOH) (PYHKIIMM aKTUBALIUU

OUT, = ! (7.3)
1+ exp(—ANET,)

rae OUT; — Beixon Helipona i, NET; — B3BemeHHasi CyMMa BXOJHBIX CHTHAJIOB HEHPOHA i, A —

KOHCTaHTa, ONpCACIIsAroas CTCIICHb KPUBU3HBI.

B mpocreitmux Bepcusix JIAIl 3HaueHHe KOHCTaHTHI A BbIOMpaeTcs OOJbIINM, B
pesynbpTare 4ero (pyHKUMS aKTHBAIMK MPUOIMKAETCS K MPOCTOH moporoBoil ¢yHkiuu. B
JaNbHEHIINX pacCy X AeHUsX OyaeM MpenarnojaraTb, 4YT0 MCIOJIb3YETCsl MOpPOroBas (pyHKUHUS

AKTHUBaIl1H.

[IpumeM Takke, 4TO CYIIECTBYET NMaMsITh BHYTPU Ka)JOT0 HEMpoHa B CiIoAX 1 U 2 u
YTO BBIXOAHBIC CHUI'HAJIBI HeﬁpOHOB HU3MCHAIOTCA OJHOBPECMCHHO C KaXIbIM TaKTOM
CUHXPOHU3AIIUHU, OCTaBasAsChb IIOCTOAHHBIMHU MCKIAY OTHUMHU TaKTaMH. Taxum 06pa30M,

MIOBEJICHUE HEHPOHOB MOXKET OBITh OMUCAHO CICAYIONIMMHU PaBUIAMU:
OUTj(n+1) =1, ectu NETj(n)>0,
OUTj(n+l) =0, ectu NET;(n)<0,
OUTij(n+l) = OUT(n), ecmu NETj(n) = 0,

rae OUTi(n) mpeacraBnsier co0oil BeIMUMHY BBIXOJHOTO CHUTHaja HEMpoHa i B MOMEHT

BPEMEHH 7.

3aMeTI/IM, YTO KaK U B OIMMCAHHLBIX PaHEC CCTAX ciori 0 He IMPOU3BOANUT BBIYHCIICHHUH 1

HC HUMCCT IaMsiATU, OH ABJISICTCA TOJIBKO CPCACTBOM paACIPCACIICHUA BBIXOAHBLIX CHIHAJIOB

c71051 2 K 2meMeHTaM MaTpuis WL,

BOCCTAHOBJEHUE 3ANOMHEHHbIX ACCOLMALIMA
JlonroBpeMeHHas MaMsTh (WM acCOLMAIMU) PEealn3yeTcsi B BECOBBIX MaccuBax W u

WU, Kasxzplii 06pa3 cOCTOUT M3 JIBYX BEKTOPOB: BEKTOpA A, SIBIISIOMIErOCs BBIXOAOM CIos 1,
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u Bekropa B, accomuupoBaHHOro 00pasza, SBISIIONIETOCS BBIXOAOM  ciost 2. Jlis
BOCCTAHOBJICHUSI aCCOIIMMPOBAHHOTO 00pa3a BEKTOP A WM €ro 4YacTh KPAaTKOBPEMEHHO
yCTaHaBJII/IBaIOTCH Ha BbBIXOAaX CJIOsS 1 3aTeM BGKTOp A yI[aJISIeTCH N CCTh HpI/IBO,Z[I/ITCH B

CTaOMIBLHOE COCTOsAHUC, Bpra6aTbIBa$I aCCOHHHpOBaHHLIﬁ BCKTOP B Ha BeIXOAE COs 2. 3areM

BeKTOp B BO3JeiicTByeT uepes TpaHCHOHMpOBaHHyI0 Matpuiy WL — Bocmpoussoms
BO3/ICICTBHE MCXOJHOIO BXOAHOIO BEKTOpa A Ha Bbixoae ciod 1. Kaxaelii Takod LUK
BBI3BIBAET YTOUHEHHE BBIXOAHBIX BEKTOpOB ciosil M 2 10 Tex mop, Mmoka He Oyper
JOCTUTHYTa TOYKAa CTa0MJIBHOCTH B CETH. OJTa TOYKa MOXET OBITh PAacCMOTpPEHa Kak
pPE30HAHCHAsA, TaK KaK BEKTOp IepeAaeTcss oOpaTHO M BIEpe] MEXIy CIOSIMH CETH, BCernaa
oOpabaTbiBasi TEKyIlME BBIXOJHBbIE CHUTHalbl, HO Oosbiie He u3MeHsss ux. CocrosHue
HENpPOHOB npezcTaBisgeT co0o0il kparkoBpeMeHHY10 namsTh (KII), Tak kak OHO MOXeET ObICTPO
U3MEHSTHCA MIPU MOSBICHUH JPYTOTr0 BXOJIHOTO BEKTOpa. 3HaUCHHs KO PHUIIMEHTOB BECOBOM
MaTpullbl 00pa3yIOT JOJTOBPEMEHHYIO0 MaMATh M MOTYT HM3MEHSATbCS TOJBKO Ha Oosee
JUINTEJIBHOM OTPE3KE BPEMEHM, HCIOJb3Yysl INPEACTABICHHBIE HIKE B JAHHOM pasjeie

METOABI.

B pabote [9] mokaszano, uTo ceTh (PYHKIHMOHUPYET B HANpaBICHUU MUHHUMU3ALUN
dbyHkuu sHepruu JIsmyHOBa B OCHOBHOM TakKUM K€ OOpa3oM, Kak M ceTH Xomnduiga B
mporiecce CXoauMocCTH (cM. 1. 6). Takum 00pa3zom, KaXKablid MUK MOIUPHUITUPYET CUCTEMY B
HANpaBJICHUN DSHEPreTHYECKOr0 MHUHHMYyMa, pPAacIOJIOKEHHE KOTOPOTO  OIpEeNeNseTcs

3HaA4YCHUSAMHU BECOB.

PEIUROBET O-: / //%*Jp»raﬁzz.e
FULm // i

VA 777 4 4

Puc. 7.2. JHeprernyeckasi NOBEPXHOCTDH ABYHANIPABJICHHONH ACCOLMATHBHOM NaMATH
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DTOT mpoLecc MOXKeT ObITh BHU3yaJlbHO MpeAcTaBlieH B (opme HampaBlIEHHOTO
JBUKEHMSI Msi4a [0 PE3MHOBOM JIEHTE, BBITAHYTOW HaJ CTOJIOM, IpPUYEM KaxaoOMy
3alIOMHEHHOMY 00pa3y COOTBETCTBYET TOYKA, «BJABJCHHAS) B HANPaBJICHUHU MOBEPXHOCTU
ctona. Puc. 7.2 wimtocTpupyeT JaHHYIO aHaJOTHIO C OJJHUM 3alIOMHEHHBIM 00pa3oM. J[aHHBIH
npouecc  (GopMHpyeT MUHUMYM  TPaBUTAlMOHHON SHEPrud B  KaXJOH  TOUKe,
COOTBETCTBYIOIIEH 3allOMHEHHOMY 00pa3y, C COOTBETCTBYIOILUM HCKPHUBIIEHUEM IO
NPUTSHKEHUS B HANPaBJICHUH K AaHHOW Touke. CBOOOIHO MBMKYIIMKACS MY MOMAJAET B MOJIe
NPUTSHKEHUS U B pe3ysbTare OyJeT ABUTaThCs B HAIMIPABJICHUU SHEPTETUYECKOT0O MUHUMYMA,

1€ 1 OCTAHOBUTCSI.

KOOAWPOBAHMUE ACCOLIMALIMA

OObluHO ceThb O0OydaeTcsi paclo3HaBaHMIO MHOXecTBa 00pas3oB. OOyueHue
IPOU3BOUTCS C HCIOJIBb30BaHUEM 00ydaromero Habopa, COCTOSIIEro U3 map BeKTopoB A u B.
Ipouecc 0Oydenus peanusyercs B popMe BBIUHCICHUI; 3TO 03HAYAET, YTO BECOBAs MaTpHIa
BBIUUCIIICTCS KaK CyMMa IPOW3BEJCHMM BCEX BEKTOPHBIX Map oOywaromero Habopa. B

CUMBOJIBHOH (opme
w=>AlB,

[Ipeanonokum, YTO BCE 3allOMHEHHBIE O0pa3bl MPECTABISAIOT COOON JIBOMYHBIC
BEKTOpHI. DJTO OrpaHWYCHUE TMOKAXKETCS MEHEee CTPOTUM, €CIM BCIOMHHUTH, YTO BCE
conepxkumoe bubnuorekn KoHrpecca MoOXeT OBITH 3aKOJUPOBAHO B OJIMH OYCHH JIMHHBIN
IBOMYHBIM BekTOop. B pabote [11] mokazaHa BO3MOXXHOCTH JOCTIKEHHs Ooliee BBICOKOH
MIPOU3BOAUTEIILHOCTH TIPU HWCIIOJIB30BAaHWU OHWIIOJISIPHBIX BEKTOPOB. [Ipu 3TOM BekTOpHas
KOMIIOHEHTa, Oonbmias dem 0, cTaHOBUTCSA +1, a KOMIIOHCHTa, MeHbINas wuiau paBHas 0,

cTaHoBUTCH —1.

[Ipennonoxum, uro TpeOyercs OOyuUTb CETh C LEJNbIO 3alIOMMHAHUS Tpex Hap
JIBOUYHBIX BEKTOPOB, IPUUEM BEKTOPBI A; UMEIOT pa3MEPHOCTh TaKylo )K€, KaKk U BEKTOph! Bi.
Hano orMeTuth, 4TO 3TO HE SBISETCS HEOOXOJMMBIM YCIOBHEM Ui pabOTHl alrOpUTMA;

aCCOIMALIMU MOTYT ObITH C(HOPMHUPOBAHBI U MEXKY BEKTOpPAaMH Pa3IMYHON pa3MEPHOCTH.

HcxoaHblil BeKTOp ACCOLMUPOBAHHbII BEKTOP BuHapHas Bepcus

A1 =(1,0,0) B, = (0,0,1) A =(1-1,-1) B’ =(-1,-1,1)
A>=(0,1,0) B, =(0,1,0) A’ =(-1,1,-1) B’ = (-1,1,-1)
A;=(0,0,1) B; = (1,0,0) A’ =(-1-1,1) B’ =(1,-1-1)

BoruncrnisieM BecoBy10 MaTpuily
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W = A’]t B,l + A’zt B,z + A,3t B’3

Janee npuknanasiBast BXoaHo# BekTop A = (1,0,0), Bbuncisiem BbIXOIHOM BeKTOp O

1 -1 3
0=AtwW=(1,00x -1 3 -1 = (-L-13)
3 -1 -1

Hcnonb3yst moporoBoe npaBuiio

bi=1,ecnu0; >0,
b;=0, ecmu 0; <0,
b; =0, He n3MenseTCs, eciii 0; = 0

BBIYHCIISIEM

B,l = (070:1)9
YTO ABJIACTCA Tp66yeMOI71 aCCOHHaHI/Ieﬁ. BaTeM, nogaBasi BEKTOpP B,l qepes3 06paTHyIO CBA3b

Ha BX0J1 nepBoro cnos k Wt nonyuaem

1 -1 3
0=BWt=(0,0,)x -1 3 -1 = G-1L-D
3 -1 -1

yro naer 3HaueHue (1,0,0) mocie mpuMeHEHHsT MOPOTrOBOW (YHKUIMH, 00pa3ysl BEIUYHHY

BEKTOpa A;.

DTOT NpUMEp MOKA3bIBAECT, KaK BXOJHOM BEKTOP A C HCIOJIb30BAHMEM MaTpulibl W

IIPOU3BOAMUT BBIXOAHOUW BeKTOp B. B cBOIO ouepenpr BekTop B ¢ HMCNoOnb30BaHMEM MaTPUIIbI

Wt npousBoaut BekTop A, TAKUM 06pa3oM B cucTeMe GOpPMUPYETCs YCTOHYHMBOE COCTOSIHHE

Y Pe30HAHC.

JAII obnanaer ciocoGHOCTBIO K 00001IeHnto. Hanpumep, eciin He3aBepIIeHHbIH HITH
YaCTHUYHO MCKa)KEHHBIM BEKTOP MOJIAETCs B KAUYeCTBE A, CETh UMEET TEHICHIIUIO K BHIPAOOTKE
3alIOMHEHHOTO BEeKTOpa B, KOTOpHIN B CBOIO ouepenb CTPEMUTCS WCIPABUTH OIMIMOKH B A.
Bo3moxHO, 111 3TOro mOTpeOyeTcsi HECKONbKO IIPOXOAOB, HO CETh CXOJIUTCS K

BOCIIPOM3BEICHUIO OJIMKANUIIIETro 3alIOMHEHHOT0 00pasa.
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CuHcTeMbl ¢ 00paTHOM CBSA3bIO MOTYT HMETh TCHJICHIIMIO K KOJICOAHUSM; 3TO O3HAYAET,
9TO OHH MOTYT IEPEXOJUTHh OT COCTOSHHUS K COCTOSIHHIO, HHUKOTJa HE JOCTHTas
crabunpHOocTH. B [9] mokazano, uto Bce JIAIl Oe3ycinoBHO CTaOWIBHBI TPH JTHOOBIX
3HAYCHHSIX BECOB CETH. DTO Ba)KHOE CBOMCTBO BO3HHMKACT M3 OTHOIICHHS TPAHCIIOHHMPOBAHUS
MEXy JTBYMsS BECOBBIMH MATpPHUIIAMH W O3HAYAET, YTO JIIOOOW HAOOp acCOIMarMii MOXKET

OBbITh N3y4€H 0€3 prcKa BO3HUKHOBEHUS HECTAOUIIbHOCTH.

CymectByer B3auMocBsi3b Mexay JAIl m paccMOTpeHHBIMM B TJ. 6 CETSIMHU

Xongunna. Eciu Becopas matpunia W sBIseTcs KBaApaTHOM u cuMMeTpudHoii, To W=Wt, B
9TOM cilydae, eciu ciou | u 2 SBIAIOTCS OJHUM U TeM ke Habopom HelpoHoB, J[AII

IpeBpallaeTcs B aBTOACCOLMATUBHYIO ceTh Xonduia.

EMKOCTb NAMATU

Kak n cern Xon¢unna, JAIl nMeer orpaHnueHrs Ha MaKCUMalbHOE KOJUYECTBO
acconuanui, KOTOpble OHa MOKET TOYHO BOCIIPOM3BECTHU. ECIIM 3TOT JIMMUT IIPEBBILLIEH, CETh
MOJKET BBIPa0OTaTh HEBEPHBIN BBIXOJHON CUTHAJ, BOCIPOU3BOIS acCOLMALlMU, KOTOPbIM HE

oOyueHa.

B pabGore [9] mnpuBeneHBI OLIEHKH, B COOTBETCTBHH C KOTOPBIMU KOJHMYECTBO
3alIOMHEHHBIX aCCOLMALUNA HE MOKET MPEBBIIIATh KOJIMYECTBA HEHPOHOB B MEHBILIEM CJIOE.
[Ipu »TOoM mpeamonaraeTcsi, 4YTO €MKOCTb MaMATH MaKCUMH3UpPOBaHA IOCPEACTBOM
CIIEMAJIbHOTO KOAMPOBAaHHUs, IMPU KOTOPOM KOJMYECTBO KOMIIOHEHT CO 3HadeHusMu +1
PaBHO KOJUYECTBY KOMIIOHEHT CO 3HAYECHHSIMHU —| B KaXJIOM OHUIOJIIPHOM BeKTope. JTa
OIICHKA OKa3ajach CIUIIKOM ONTHUMHCTHUYHOW. Pabora [13] mo oleHKe eMKOCTH ceTeit
Xondunaa MmoxkeT ObITh JIerko pacimupena s JAIL MoxHo mokasate, 4To eciiu L BEKTOpOB
BbIOpaHbl CIy4yallHO M TNpeACTaBlieHbl B YKa3aHHOW Bbilie ¢opMme, U eciu L MEHblIe 4YeM
n/(2 log, n), Tae n — KOJIMYECTBO HEHPOHOB B HAMMEHBIIIEM CJIO€, TOTJa BCE 3alIOMHCHHBIC
o0pa3bl, 32 HCKIIOUEHUEM «MaJlOi 4acTH», MOTYT OBITh BOCCTaHOBJIEHBI. Hampumep, eciu
n=1024, torna L nomxHo O6bITh MeHbIIe 51. Ecniu Bce 00pas3bl T0KHBI BOCCTAaHABINBATHCS,
L nomkHO ObITh MeHbIIe re/(4 10g, 1), TO ecTh MeHbIIe 25. DTH, CKOpee 03aJa4rBaIoIIne,
pPE3yNBTATHl MOKA3BIBAIOT, YTO OOJBIIME CUCTEMBI MOTYT 3allOMHHATH TOJBKO YMEPCHHOE

KOJIMYECTBO aCCOLIUALINN.

B pabote [7] nokazano, uto JJAIl MoxkeT uMeTh 10 2" CTAOMIBLHBIX COCTOSHUM, eciu
MOPOTrOBOE 3HaUCHHUE I BBHIOMpAETCS IS KaXA0ro HelpoHa. Takas KOHGUTYypalus, KOTOPYIO
aBTOPHI Ha3Banu HeromoreHHoM JIATl, siBnsieTcs pacimpenrem ucxoanoi romorenHou JIATI,
B KOTOpPOW BCE MOPOTH ObUIM HYJeBRIMU. MonuduuupoBaHHas mepenaToyHas (QYHKIIHS

HCﬁpOHa MNPUHHUMACT B 3TOM CJIydac C.]'ICI[y}OIJ_II/Iﬁ BHUA:

OUT;(n+1) =1, ecmu NETj(n) > T;,
OUT;(n+l) =1, eciu NETj(n) < T},
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OUTj(n+1) = OUTj(n), ecmu NET;(n) = T;,

rae OUT;(¢f) — BeIxo1 HEipoHa i B MOMEHT BPEMEHHU .

ITocpencTBOM BBIOOpA COOTBETCTBYIOIIETO MOPOTa JUIsl KaXKJ0T0 HEHpPOHA KOJIMYECTBO
CTaOUIIBHBIX COCTOSIHUN MOXET OBbITh CJENIaHO JIOBIM B AHana3oHe oT 1 1o 2, rae n ecTh
KOJIMYECTBO HEHPOHOB B MeHbIeM ciioe. K coxaneHuto, 3TU COCTOSIHUSI HE MOTYT OBITb
BBIOpaHBl CIy4YailHO; OHU OIPEACNAIOTCS KECTKOW TreoMeTpuuecKoil mpoueaypoi. Ecnm
NOJIb30BaTENb BBIOMpAaeT L COCTOSHUM ciyd4allHBIM 00pa3oMm, TmpudyeM L MeHbIIe
(0,68)n°/{[logy(n)] + 4}%, 1 ecin KaxIbI BeKTOp UMeeT 4 + l0gyn KOMIIOHEHT, paBHBIX +1, 1
OCTaJIbHBIE, paBHBIE —1, TO MOKHO CKOHCTpyupoBaTh HeromoreHHyto JIAIl, umeromnryro 98%
3TUX BEKTOPOB B KadecTBE CTaOMJIBHBIX cocTosiHM. Hampumep, econ n = 1024, L nomxHO
ObITh MeHbIle 3637, YTO SBNSETCS CYIIECCTBEHHBIM YIYYIIEHHEM IO CPaBHEHHIO C

1024
2

romoreHHbiMH JIAII, HO 3TO HAMHOTO MEHBIIIE BO3MOKHBIX COCTOSTHHH.

OrpannyeHne KOJMYECTBA €IWHUI] BO BXOAHBIX BEKTOPAX MPEICTABISET CEPHE3HYIO
npobiemy, TeM Oosiee, YTO TEOpHUs, KOTOpas MO3BOJIAET MEPEKOIUPOBATH MPOU3BOJIBHBIN
Ha0Op BEKTOPOB B TaKOW «pa3peKEHHBIN» HA0OP, OTCYTCTBYET. BO3MOXKHO, OJJHAKO, YTO €Ille
OoJiee Cepbe3HOM SBISIETCS MpoOJieMa HEKOPPEeKTHOH cxoaumocTh. CyTh 3TOW TPOOIEMBI
3aKJII0YAaeTCs B TOM, YTO CETh MOXET HE IMPOW3BOAWUTH TOYHBIX ACCOLMAIMIA BCIIEICTBHE
IOPUPOABI TOJI MPUTSDKEHUs; 00 ee (hopMe M3BECTHO OYEHb HEMHOToe. JTO O3HAa4aeT, YTO
JAIIl He sBIsieTCS acCOIMATOPOM IO OTHOILICHHIO K OJIMKaWIeMy coceaHeMy oOpasy. B
JEHCTBUTEIILHOCTH OHA MOJXKET IMPOU3BOAMTH aCCOIMAINN, UMEIONIHE CJIad0e OTHOIICHUE KO
BXOAHOMY BekTopy. Kak m B cimyuae romoreHHbix [IAIl, mMoryT BCTpedaThCsl JIOKHBIC

CTaOUJIbHBIE COCTOSIHUSL 1 HEMHOT'O€ M3BECTHO 00 UX KOJIUYCCTBE U npupone.

Hecmotps Ha T ipobnemsr, JIAIT octaeTcss 00b€KTOM MHTECHCUBHBIX HCCIIEAOBAHUM.
OcHoBHas npusiekatenbHOCTh JIAII 3akimouaerca B ee npoctore. KpoMme TOro, oHa MoOXeT
ObITh peanm3oBaHa B Buae CBUC (6o aHanoroBeiX, auO0 MU(POBBIX), YTO JCNIaeT €
NOTEHLUAIBbHO HeAoporo. Tak Kak Halll¥ 3HAHMS MOCTOSHHO pacTyT, orpaHudeHus JIAII
MOTYT OBITH CHSTBHL. B 3TOM ciyuyae Kak B JKCIEPUMEHTANIBHBIX, TaK U B MPAKTUUYECKUX
npunioxkeHusix JIAIl Oyner sBIATbCA BechbMa MEPCIEKTHBHBIM M MOJE3HBIM KIJIACCOM

HCKYCCTBEHHBIX HEHPOHHBIX CETEH.

HEMPEPbIBHASA OAN

B mpenmectByomeM 00CyXKIeHUHM HEHPOHBI B COsX | M 2 paccMaTpUBaIMCh Kak
CHUHXPOHHBIC, KaXKAbIi HEHWpOH o0sagaeT NaMsTbio, NpPUYEM BCE€ HEHPOHBI H3MEHSIOT
COCTOSIHUSL OJHOBPEMEHHO [0/ BO3JEHCTBMEM MMITyJIbCa OT IIEHTPAJIbHBIX YacoB. B
ACHHXPOHHOH crucTeMe Jr000i HelipoH CBOOOCH N3MEHSITh COCTOSTHHE B JTF000E BpeMsi, KOTa

CT0 BXOA MPCANMUCBIBACT 3TO CACIIATD.
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Kpome TOro, mpu omnpeneneHur (QyHKIUM AaKTHBAalMU HEHWPOHA MCIOJIb30BAJICS
MIPOCTOM MOPOT, TEM CaMBIM 00pa3ysl pa3pbIBHOCTh MepeaaToIHON (QyHKIMK HepoHOB. Kak
CUHXPOHHOCTh ()YHKIIMOHHPOBAHUS, TaK U Pa3pbIBHOCTh (PYHKLUH, SBISAIOTCS OMOJIOTHUECKU
HENpaBAONOJOOHBIMH U COBCEM HEOOsA3aTeNIbHBIMU; HENpepbiBHbIE acUHXpoHHble J[AII
OTBEPraloT CUHXPOHHOCTb M Pa3pbIBHOCTb, HO (DYHKLIMOHUPYIOT B OCHOBHOM aHAJIOTMYHO
JUCKPETHBIM BepcUsiM. MOXET T1oKa3aThCsl, 4YTO TaKUE CHUCTEMbl JOJDKHBI SIBISTHCS
HecTabuinbHBIMU. B [9] moka3zano, uro HenpepsiBHbIe JJAIl sBisitoTCS cTaOUIBHBIME (OAHAKO

JUISL HUX CTIPaBEUIMBBI OTPAaHUYEHHS] €MKOCTH, OOCYKICHHBIE PaHee).

B paborax [2-5] moka3aHO, YTO CHUTMOHJA SBISIETCS ONTHMAIbHOW (QYyHKIHEH
aKTUBAIMK OJlarogaps ee CocoOHOCTH yCUIIMBATh HU3KOYPOBHEBBIE CUTHAIBI, B TO YK€ BpEeMs
CKMMasi JUHaMUYecKMid Juana3oH HelipoHoB. HenpepoiBHas JIAIl wmoxer wumMerh
CUTMOHJIAJIbHYI0 (DYHKIIMIO C BEIMYMHOW A, OJMU3KOM K eauHHUIe, o0pa3ys TeM CaMbIM
HEHPOHBI C IUIABHOM M HENPEPBIBHOW pEaKUued, BO MHOIOM aHAJOTMYHOM PEaKUHUH HX

OMOJIOTHYECKUX IIPOTOTHUIIOB.

HemnpepriBHass [IAIl Moxer ObITh peann3oBaHa B BHAE aHAJIOTOBOM CXEMbl H3
pe3uctopoB U ycunurenei. Peanuzanus takux cxeM B Bujue CBUC kaxeTcss BO3MOXKHOW U
SKOHOMHUYECKM TMpuBIekaTenbHOU. Emie Oomnee olemaromieit  sBISETCS  ONTHYECKAS

peanusanus, paccmMarpuBaeMas B I 9.

ADANTUBHAA OAN

B Bepcusax JIAIl, paccmMarpuBaeMbIX 10 CHUX MOp, BECOBask MaTpHUlla BBIYUCISAETCS B
BUIAC CYMMBI HpOI/IBBCI[eHI/Iﬁ nap BCKTOPOB. OTH BBIYHCIIEHUS IMOJIC3HBI, ITOCKOJIbBKY OHH
JEMOHCTPHUPYIOT (PYHKIHH, KOTOpbIe MOXKET BhIONHATH JJAIl. OmHako 3TO ompeaeneHHo He

TOT CHOCO6, noCpeaACTBOM KOTOPOT'O MPOU3BOJAUTCA OITPCACIICHHUE BECOB HeﬁpOHOB Moa3ra.

AnantuBHas JIAIl w3Mensier cBou Beca B mporecce (YHKIIMOHHPOBAHUS. ITO
03HAYaeT, YTO IoJlaya Ha BXOJ CETH 00ydyaroliero Habopa BXOJHBIX BEKTOPOB 3aCTABIIAET €€
U3MEHATh  DHEPreTHUYECKOE  COCTOSHHME 0 MOJdyuyeHuss pe3oHaHca. IlocreneHHo
KpaTKOBPEMEHHasl MaMsTh MPEBpaIllaeTCs B JOJTOBPEMEHHYIO MaMsTh, HACTpauWBas CETh B
pesynbTare ee pyHKIMOHUpOoBaHMs. B mpoiecce 00yueHns BEKTOPHI TOIAOTCS HA CIIOU A, a
acCOLIMMPOBAHHbIE BEKTOphl Ha cioil B. OauH u3 Hux unu oba BeKTOpa MOTYT OBITh
3alIyMJICHHBIMHA BEPCUSIMH 3TaJIOHA; CETh 00Yy4aeTcsi MCXOIHBIM BEKTOpaM, CBOOOJHBIM OT
mryma. B 3TOM ciiydae oHa M3BJIEKAaeT CYIIHOCTh accoluanuii, o0ydasich 3TalOHAM, XOTS

«BHACTIA» TOJIBKO 3alllyMJICHHBIC alllIpOKCUMAaIH.

Tak kax nokxazaHo, uro HemnpepbiBHas JIAIl sBisiercsa cTaOuIbHOM HE3aBHUCHUMO OT
3HAQ4YECHMsI BECOB, 0XKUAACTCS, YTO MEIUICHHOE M3MEHEHHME €€ BECOB HE JIOJDKHO HApYIIWTH

aTol ctabunsHOCTU. B padote [10] mokazaHo 3To mpaBuio.
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[IpocTeitmmii 00ydJarmMii aaroOpuTM HCIONB3YEeT MpaBMWiIo X300a [8], B KoTOpoM
HN3MCHCHHEC BCCa MPOMOPLHMUOHAIBHO YPOBHIO aKTUBAllMU €TI0 HeﬁpOHa-HCTOHHHKa H YPOBHIO
aKTUBAllUM HeWpoHa-npueMHUKa. CHUMBOJIMYECKH 3TO MOXKHO MPEICTABUTH CIEAYIOIIUM

obOpazom:

dwi =1 (OUT; OUT)), (7.5)

riae 0w — N3MEHEHHUE Beca CBA3M HEHpOHA I ¢ HEHPOHOM j B MaTpuiax W M Wt, OUT; —
BBIXOJ HEWpoHa i ciosi | wium 2; 1 — TOJOXKHUTEIBHBI HOPMUPYIOMUN KO3(PDUITUSHT

o0yueHus1, MeHbIIUH 1.

KOHKYPUPYIOLLAA OAIN

Bo MHOruX KOHKYpHUpYIOHIMX HEMPOHHBIX CHCTEMaxX HaOII0/Ial0TCS HEKOTOPhIE BUIbI
KOHKYPEHIIMM MEXAy HelpoHamMu. B HelipoHax, oOpa0aThIBAIOIIUX CHTHAIBI OT CETYATKH,
JaTepaibHOE TOPMOXKCHHE MPHUBOIUT K YBEIMUYEHUIO BBIXOJA HAWOOJEe BBHICOKOAKTHBHBIX
HEHPOHOB 3a CYET COCEOHUX. TaKhe CHUCTEMbl YBEJIMYMBAIOT KOHTPACTHOCTh, MOJHUMAS
YpPOBEHb aKTUBHOCTH HEWPOHOB, MOJCOCAUHEHHBIX K SIPKOH 00JacTH CETYAaTKH, B TO K€

BpeMs errie 00s1ee 0CIa0IIsisi BBIXOIbI HEHPOHOB, IMOJACOSAMHEHHBIX K TEMHBIM 00JIACTSIM.

B JIAIl koHKypeHIMS peanu3yeTcsi B3aMMHBIM COEIMHEHUEM HEHPOHOB BHYTpHU
KaXJI0Or0 CJI0s IOCPEICTBOM JIONOJIHUTENbHBIX CBA3ei. Beca stux cBsszeit Qopmupyror
JIPYTYIO BECOBYIO MAaTpUILy C IOJOKUTEIBHBIMU 3HAYCHUSMH DJIEMEHTOB TJIABHOM IHMaroHaIu
¥ OTPHUIIATEIBHBIMHA 3HAUYEHHUSIMH OCTAJIbHBIX 3yeMeHTOB. Teopema Koxen-I'poccoepra [1]
MIOKA3bIBAET, YTO TaKas CeTh SBJISIETCS OE3yCIOBHO CTaOWMIBHOM, €CM BECOBBIC MAaTPHUIIBI
cumMMeTpuuHbl. Ha mpakTuke cetn OOBIYHO CTaOWNIBbHBI Jake B clydae OTCYTCTBUSA
CUMMETPHUH BECOBBIX MarTpull. OJHAKO HEU3BECTHO, KAKHE OCOOCHHOCTH BECOBBIX MAaTpPHIL

MOTYT NPUBECTH K HEYCTOMUMBOCTH (PYHKIIMOHUPOBAHUS CETH.

3AKITIOYEHUE

OrpannuenHas emkocth mamsitd  JIAIL, Jo0xHBIE OTBETHI U HEKOTOpAs
HENpPEeICKa3yeMOCTh MOBEACHUS MPUBEIU K PACCMOTPEHHUIO €€ KaK ycTapeBlIel Monenu

HCKYCCTBEHHBIX HEHPOHHBIX CETEH.

OTOT BBIBOJA ONPEIEIECHHO sBiseTCs MnpexnaeBpeMeHHbIM. J[AII umeer MHOro
NPEUMYIIECTB: OHA COBMECTUMA C aHAJIOTOBBIMU CXEMaMH W ONTHYCCKUMHU CUCTEMaMU; IS
Hee OBICTPO CXOATCS KakK Mpoliecc 00ydeHHsl Tak, U MPOIECC BOCCTAHOBJICHUS HH(OpMaIInu;
OHa MMEET NMPOCTYI0 U MHTYHTUBHO TPUBJIEKATENbHYIO (hopMy (HyHKIIMOHMpOBaHUsA. B cBs3n
C OBICTPBIM DPa3BUTHEM TEOPUU MOTYT OBITh HAWICHBI METOMbI, OOBSICHSIIOIIME TOBEACHUE

JAII u pa3pematoiue ee npooaeMsbl.
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naBa 8.
ApanTuBHas pe3oHaHCHasA Teopus

Mo3r 4enoBeka BBINOJIHAET TPYIOHYIO 3ajadyy OOpabOTKM HENpPEpBIBHOIO IOTOKA
CEHCOpHOW HMH(OpMaIUK, MOIy4aeMol M3 OKpY’Karomero mupa. M3 moToka TpUBHAIBHON
UH(POPMALIMU OH JIOJDKEH BBIACIHUTH JKU3HEHHO BaXKHYI0 HMH(popMmaluio, oopaboTats ee u,
BO3MOXHO, 3aperucTpupoBaTb B JOJrOBpeMeHHOW mamatu. IloHumanue mnpouecca
YEeJIOBEUYECKOW TaMATH TMPEJCTaBIsET COOOM CEephe3HyI0 MpoOJieMy; HOBBIE 0OOpa3bl

3alIOMHHAIOTCS B TaKoH ¢opme, YTO paHee 3allOMHEHHbIE HE MOJUPHIMPYIOTCS U HE
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3a0bIBAIOTCS. OTO CO3JaeT JWIEMMY: KakUM o00pa3oM MaMAThb OCTAeTCs IUIACTHUYHOMH,
CIIOCOOHOM K BOCIPUSITUIO HOBBIX 00pa3oB, U B TO K€ BPEMS COXpaHSAET CTaOMIbHOCTD,
rapaHTUPYIOLIYl0, 4YTO 0O0pa3bl HE YHMUYTOXKATCA M HE paspyliarcs B Ipolecce

GYHKIIMOHUPOBAHHUS?

TpaaunmoHHBIE HCKYCCTBEHHBIC HEHPOHHBIE CETH OKA3aJIMCh HE B COCTOSIHHU PEIIUTh
npobiaeMy  CTa0MIBHOCTH-TIACTUYHOCTH. (OueHb YacTo oO0ydeHHe HOBOMY 00pasy
YHUUYTOXAET WJIM HU3MEHSET pe3yJbTaThl MpealIecTBYIOmero olyueHus. B HEKOTOpbIx
CIyyasx 3TO HE CylecTBeHHO. Ecnmm mMeercs TOJNBKO (PMKCUPOBAHHBIM HAOOp OO0yYArOIINX
BCKTOPOB, OHU MOTYT MNPCABABIATHECA IPU O6y‘-ICHI/II/I OUKIINYCCKU. B cerax ¢ 06paTHBIM
pacmpocTpaHEHUEM, HalpuMmep, OOydalollue BEKTOpPhl TOJAIOTCS Ha BXOJ CETH
MIOCJICIOBATENIBHO JI0 TE€X MOp, MOKa CeThb He OOydYuTCs BCeMy BXOaHOMY Habopy. Eciwm,
OJTHAKO, TOJTHOCThIO OOyUYEHHAsi CeTh JOJDKHA 3allOMHHUTHh HOBBIM OOYyYaroOlMid BEKTOp, OH

MO’KET U3MEHUTh BECa HACTOJIbKO, YTO MOTPEOyETCsl MOTHOE EPEe0OyUEHHE CETH.

B peanbHO#l curyanuu cerb OyAeT IOABEPraThCsl MOCTOSHHO W3MEHSIOMIUMCS
BO3JICCTBUSIM; OHA MOXKET HUKOT/Ia HE YBHJICTh OJIMH U TOT )K€ O0YYarOIIUI BEKTOP JIBAXKIBI.
[Ipn Takumx OOCTOSTENHCTBAX CETh 4YacTO HE OyaeT o0yuaThCs,; OHA OyJEeT HEMpPEPBHIBHO

HN3MCHATH CBOU BECA, HC NOCTUIrasA YAOBJICTBOPUTCIbHBIX PC3YJIbTATOB.

Bonee toro, B paGore [1] mpuBeneHbl mMpuUMephl CETH, B KOTOPOW TOJIBKO YEThIpe
0o0yyarolux BEKTOpa, NPEIbABISEMBIX IMKINYECKH, 3aCTaBISIOT Beca CETH HM3MEHATHCS
HENpEepPbIBHO, HUKOTJa HE CXOJACh. Takas BpPEMEHHAas HECTaOWJIbHOCTh SIBUJIACh OJAHUM M3
TJIaBHBIX ()aKTOPOB, 3acTaBUBIIMX ['poccOepra u ero cOTpyIHUKOB UCCIEIOBATh PaAUKAIBEHO
OTIMYHBbIE KOH(UTypauuu. AnantuBHas pe3oHaHcHas Teopus (APT) sBusercs ogHuM u3

pe3yJIbTaTOB HCCIEAOBAaHUS ATOU poOsieMsl [2,4].

Ceru u anroputMbl APT coxpaHSIOT ITUIACTHYHOCTH, HEOOXOIUMYIO NJIsi M3Yy4YCHHS
HOBBIX 00pa3oB, B TO € BpeMs IpPeNOTBpallas U3MEHEHUE paHee 3allOMHEHHBIX 00pa3oB.
Orta crnocoOHOCTh CTUMYyNUpoBana Oonbinol wHTEpec Kk APT, HO MHOTHE HcclenoBaTenu
HallUIU TEOpUIO TPYAHOM 1 moHuMaHuss. Maremaruueckoe onucanue APT sBusercs
CIOXKHBIM, HO OCHOBHBIE HJE€W W MPUHLHIBI PEAIM3alUNd JOCTATOYHO NPOCTHI s
NOHMMaHUA. Mbl CKOHIIEHTpupyeMcsi jajnee Ha obmem omnucaHuun APT; MaremaTuuecku
0osiee TOATOTOBJICHHBIC YUTATEIM CMOTYT HalTH M300MJIME TEOPHH B JINTEpAType, CIHCOK
KOTOpOW TpHBENEH B KOHIE IMaBbl. Hameil nenpto sBIseTcs oOecreueHue TOCTaTOYHO
KOHKpETHON MH(pOopManuen, 4ToObl YNTaTeNlb MOT IIOHATH OCHOBHBIE UJIEH U BO3MOXKHOCTH, a
TaK)K€ IMPOBECTH KOMIIBIOTEPHOE MOJEIUPOBAHUE C LEIBI0 HCCIEAOBAHMUS XapaKTEPUCTUK

3TOT'0 BA)KHOI'O BUJIA CETEH.
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APXUTEKTYPA APT

AnanTuBHas pe30HAHCHAs TEOpHUsl BKIIOYAET JBE MapaJurMbl, KaKaas U3 KOTOPBIX
omnpenensercss GopMoil BXOJHBIX JAAHHBIX U criocoboM ux obpaborku. APT-1 paspaborana
JUIsi 00pabOTKH JBOMYHBIX BXOJHBIX BEKTOpPOB, B TO Bpemsi kak APT-2, Gonee mosmHee
o6o6menne APT-1, moxer xmaccupuiupoBaTh Kak JABOWYHBIE, TaK W HEMPEPHIBHBIC
BEeKTOpbl. B nanHo#l pabore paccmarpuBaetcst Tonbko APT-1. YuraTens, uHTepecyromerocs
APT-2, MmoxHO oTociath K padote [3] A MOTHOTO M3yUYeHUsl TOTO BAKHOTO HAIPABICHUS.

s kpatkoctu APT-1 B nanbueiimem Oyaem o6o3Hauath kak APT.

Onucauue APT

Cerp APT mpexacraBmsier coOoii BeKTOpHBIN Kiaccudukarop. BxomHoil BekTop
KJIaccu(UIUpyeTcss B 3aBUCUMOCTH OT TOTO, Ha KaKOW M3 MHOXECTBa paHee 3allOMHEHHBIX
o0pa3oB oH moxox. CBoe kmaccuukanmonnoe pemenue cetb APT Bbeipaxkaer B (opme
BO30Y’KJCHHUSI OJHOTO M3 HEHWPOHOB pacrmo3Haromero cios. Eciau BXOOHONM BEKTOp He
COOTBETCTBYET HM OJHOMY U3 3allOMHEHHBIX O0pa3oB, CO3JaeTCsl HOBas KaTeropus
MOCPEJICTBOM 3allOMHHAHUS 00pa3a, HMIEHTHYHOIO HOBOMY BXOJHOMY BekTopy. Ecmm
OTIpPEIeJIEHO, YTO BXOJHOM BEKTOP IMOX0K HA OJUH M3 paHee 3alIOMHEHHBIX BEKTOPOB C TOYKU
3peHHusl OINpPEAENECHHOTO0 KPUTEpUS CXOJCTBA, 3allOMHEHHBIM BEKTOp OyJeT H3MEHSAThCS
(oOydarbcs) 1O BO3JIEHCTBHEM HOBOTO BXOJHOTO BEKTOpa TaKMM 00Opa3oM, 4TOOBI CTaTh

0oJiee MOX0XKUM Ha ATOT BXOJHOU BEKTOP.

3anoMHEHHBI 00pa3 He OyJeT HM3MEHATHCS, €CIM TEKYIIUH BXOJHOH BEKTOp He
OK@XeTCsl JIOCTaTOYHO TIIOXOKMM Ha Hero. Takum oOpa3oM pemaercs AujieMMa
CTa0WIBHOCTU-TIACTUYHOCTH.  HoBBI  00pa3  MoXeT co3jgaBaTh  JIONOJIHUTEIbHBIE
KJIaccu(UKAIMOHHBIE KAaTEerOpWH, OJHAKO HOBBIA BXOAHON 00pa3 HE MOXET 3aCTaBUTh

N3MCHUTBHCA CYIICCTBYIOUIYIO IMaMSTh.

Ynpomennas apxurekrypa APT

Ha puc. 8.1 mokazana ympomeHnHnas koHdurypanus cetu APT, mpencraBieHHas B
BUJIE IATH (PYHKIMOHAIBHBIX MoyJiel. OHa BKIIIOYAET J1Ba €0 HEHPOHOB, TAK HA3bIBAEMbBIX
«CTIOW CpaBHEHUS» M «cioi pacno3HaBanus». [lpuemuuk 1, Ilpuemuuk2 u CoOpoc

o0ecrnevynBaroT yrpasisiiomue GyHKIUN, HeOOXOAUMbIE At 00y4YeHUS U KIacCU(PUKAIUU.

[lepen paccmoTpeHuemM BOMpPOCOB (PYHKIIMOHUPOBAHUS CETU B LEIOM HEOOXOAUMO

paccMOTPETh OTAEIBHO PYHKIIMK MOAYJIEH; nanee 00CyXAatoTcsl GYHKIIMHM KaXA0T0 U3 HUX.

Cnot cpaBHeHus. Cioli CpaBHEHHs IIOJydyaeT J[ABOWYHBIA BXOJHOW BEKTOp X U
NEPBOHAYAJILHO MPOITYCKAeT €ro HEM3MEHEHHBIM /17151 POPMHUPOBAHUS BBIXOIHOTO BekTOopa C.
Ha Oomee mo3mneit (a3ze B pacmo3HaloOmeM CJ0€ BbIpadAaThIBACTCS JBOMYHBIN BEKTOp R,

MouduIHpyonmii Bektop C, Kak ONMCaHO HUXKE.
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Kaxxnprit HelipoH B ciioe cpaBHeHUs (puc. 8.2) moyrydaeT Tpu ABOMYHBIX Bxojaa (0 wim
I): (1) xomnoHeHTa X; BXOAHOTrO BekTopa X; (2) curHayi oOpaTHO#l cBA3M R; — B3BELICHHAs
CyMMa BBIXOJIOB pacmno3Haroriero ciosi; (3) Bxox ot Ilpuemuuka 1 (0guH U TOT K€ CHTHAN

moaacTCsAa Ha BCEC HeﬁpOHLI 9TOTO CJ'IOSI).
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Puc. 8.1. Ynpomennas cerb APT
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Puc. 8.2. YnpouieHHbIi CJI0H CPaBHEHUS
YT00B5I IMOJIYUYUTb Ha BBIXOAC HCﬁpOHa CAMHUYHOC 3HAUCHUC, KaK MMHHMYM JBa U3
TPEX €ro BXOHOB OOJDKHBI PABHATHCA CAWMHUIIC, B IMPOTHBHOM CJIydYaC €TI0 BbIXOJ 6y)1eT
HyneBbIM. TakuM o00pa3oM peanu3yercs MpaBUIO JABYX TpeTel, omucanHoe B [3].
[TeponavanbHo BbhixomHOM curHan Gl IlpuemHuka 1 ycTaHOBIIEH B €IUHUILY, OOeCIieunBas
OIUH U3 HCO6XOI[I/IMI)IX JJIA B036Y)KI[6HI/I$I HGprOHOB BXOO0B, @ BCC KOMIIOHCHTELI BCKTOpPa R
YCTaHOBJICHBI B 0, CJICOOBATCIIbHO, B 3TOT MOMCHT BCKTOP C HICHTUYCH ABOUYHOMY

BXOJHOMY BEKTOpPY X.

Cnoit pacnosHaBanusa. CIiolf pacro3HaBaHUS OCYIIECTBISET KIACCH(DUKAIIMIO BXOIHBIX
BEKTOpOB. Kak1plil HEHPOH B CJI0€ PAclO3HABAHUSA MUMEET COOTBETCTBYIOIIMN BEKTOP BECOB
B; Tonbko oAMH HEHPOH C BECOBBIM BEKTOPOM, HauOolIee COOTBETCTBYIOIIUM BXOAHOMY

BEKTOPY, BO30YKIAeTCs; BCE OCTaJIbHbIE HEHPOHBI 3aTOPMOIKEHBI.

Kak nmoka3zano Ha puc. 8.3, HEHpOH B PaclO3HAIOIIEM °CJIO€ UMEET, MaKCUMAJIbHYIO
peakiuio, eciau BekTop C, SBIAIONIMICA BBIXOJOM CIIOSI CPAaBHEHHSI, COOTBETCTBYET HAOOPY
€ro BECOB, CJIEZIOBATENIbHO, Beca MPEACTaBISIIOT 3allOMHEHHBIH 00pa3 WM SK3eMIULIp AJs
KaTeropuy BXOJHBIX BEKTOPOB. OJTU BecCa SBISIIOTCS [IECUCTBUTECIBHBIMU YUCIAMM, a HE

JBOMYHBIMH BCIHMYHNHaAMU. HBOI/ILIHaH BEpCUs STOTIO 06pa3a TaKKC 3allOMHHACTCI B
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COOTBETCTBYIOIIIEM HAa0Ope BECOB CJIOSI CpaBHEHHUsI (puc. 8.2); TOT HAOOP COCTOUT M3 BECOB
CBSI3CH, COCTUHSIONINX ONpeAeiiCHHbIC HEHPOHBI CIIOS PACTIO3HABAHMSI, OJIMH BEC HA KaXKIbIH

HEUPOH CJI0S1 CPABHEHUSL.

B mporecce GyHKIIMOHMPOBAHUST KaXKIbIi HEMPOH CIIOSI PACIIO3HABAHMS BBIYUCIISCT
CBEpPTKY BEKTOpa COOCTBEHHBIX BecOoB M BxomHoro Bektopa C. HeiipoH, nmMerommii Beca,
HaubOosee Oiu3kue BekTopy C, OyaeT UMEeTh caMblii OOJBIIION BBIXO/, TEM CaMbIM BBIUTPHIBAS

COPCBHOBAHUC U OAHOBPCMCHHO 3aTOpMaxuBasd BCC OCTAJIbHBIC HCprOHBI B CJIOC.

Kak mnokazano Ha puc. 8.4, HEUpOHBI BHYTPU CJIOA pPACIHO3HABAHMS B3aHMMHO
COCIMHEHBI B JIATEPAIbHO-TOPMO3AIIYI0 CeTh. B mpocreiimiem ciyyae (€IUMHCTBEHHOM,
pPacCMOTPEHHOM B JaHHOW paboTe) MpeaycMaTpUBaEeTCs, YTO TOJIBKO OJUH HEWPOH B CIIOE
BO30Y’KIaeTcsl B KaXIblii MOMEHT BpEMEHH (T. €. TOJbKO HEHPOH C HAMBBICHIMM YPOBHEM
aKTHBAIMU Oy/EeT UMETh €AMHUYHBINA BBIXOJI; BCE OCTAIbHBIC HEUPOHBI OYAYT UMETh HYJICBOU
BBIXOJ). DTa KOHKYPEHIUS PEaan3yeTCs BBEIECHHEM CBA3EH C OTPHLATEIbHBIMU BECAMHU [jj C
BBIXO/Ia KaXJI0TO HEWPOHA 7 Ha BXOJBI OCTAbHBIX HEHPOHOB. TakuM 0OpazoM, ecinu HEHpOH
uMeeT O0MbIOI BBIXOM, OH TOPMO3HT BCE OCTalIbHBIE HEHPOHBI B ciioe. KpoMe Toro, KaIblii
HEHPOH MMEET CBSA3b C IMOJIOKUTEIHHBIM BECOM CO CBOETO BBIXOJa Ha CBOM COOCTBEHHBIM
Bx0J. Ecnu HellpoH MMeeT eMHUYHBIN BBIXOJHOW YPOBEHb, 3Ta 00paTHas CBSA3b CTPEMUTCS

YCUJIUTDH U MMOAACPIKATD CTO.
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Puc. 8.3. YnpoueHHblii ¢JI0i pacrio3HaAaBaHUs
Mpuemuuk 2. G2, Boixon [Ipuemnuka 2, paBeH €UHULIE, €CTTU BXOAHOU BEKTOP X MUMEET XOTS
Obl OAHY €IWHUYHYIO KOMIOHEHTy. bomnee Ttouno, G2 sBnsercs norumueckum MJIN ot

KOMIIOHEHTa BeKkTopa X.

Mpuemuuk 1. Kak u curnan G2, seixogHoi curnan G1 Ilpuemnuka 1 paseH 1, ecnu xots Obl
OJlHa KOMIIOHEHTAa JBOWYHOTO BXOJHOTO BeKTOpa X paBHA €IMHUIIE; OJJHAKO €CIIU XOTs OBl
oJlHa KoMmmoHeHTa Bekropa R paBHa enunune, Gl ycranaBmuBaeTcst B Hylb. TaOnwuua,

omnpeacisaromas 3T COOTHOICHMA

+ B

1/

Puc. 8.4. Csi0ii pacnosHaBaHus ¢ JJaTepajbHbIM TOPMOKEHHEM

NJIN ot xoMmioHeHTa MNJIN ot xoMmnoHeHTa
Gl
BekTopa X BekTopa R
0 0 0
1 0 1
1 1 0
0 1 0

C6poc. Moaynp cOpoca wu3mepser cxoiacTBo Mexnay Bekropamu X u C. Eciu onm
OTJIMYAIOTCS CUJIbHEE, YyeM TpeOyeT mapameTp CXOJICTBA, BhIpaOaThIBACTCS CHUTHAJ cOpoca

BO30Y’KJICHHOTO HEHpOHA B CJIOC PACIIO3HABAHUSI.

B rmpouecce (yHKIMOHMpOBaHMS MOAYJIb CcOpOCa BBIYUCIAET CXOJICTBO Kak
OTHOIIIEHHE KoimdecTBa eauHull B BekTope C k mx kosmyectBy B Bekrope C. Ecim ato

OTHOIIICHHE HUKE 3HAUEHUS TapaMeTpa CXOJICTBA, BhIpabaThIBaeTCs CUrHAI copoca.
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®ynkuuonnposanne cetu APT B npounecce kiaccupukannu

Iponece knaccudpukamuu B APT coctouT m3 Tpex OCHOBHBIX (Da3: pacro3HaBaHWE,

CpaBHCHHC U IMOUCK.

®asa pacnosHaBaHus. B HadalbHBII MOMEHT BPEMEHU BXOJHOM BEKTOpP OTCYTCTBYET Ha
BXOJIE€ CETH; CIIEA0BATEIbHO, BCE KOMIIOHEHTHI BXOJHOIO BEKTOpa X MOXKHO pPaccMaTpHUBaTh
Kak HyJeBble. Tem cambiM curHan G2 ycraHaBnuBaercs B 0 U, CleI0BaTeNbHO, B HYJIb
YCTaHABIIMBAIOTCS BBIXOJABI BCEX HEUPOHOB CJ0s pacno3HaBaHus. I10CKOIbKYy Bce HEMPOHBI
CJIOSl pacro3HaBaHUS HAYMHAIOT pabOTy B OJMHAKOBOM COCTOSHMM, OHM HMEIOT paBHbIE

IIAHCHI BBIUTPATh B MOCIEAYIONIEH KOHKYPEHIIUH.

3aTreM Ha BXOJl CETH MOJAETCs BXOJHOW BEKTOp X, KOTOPBIA JOJIKEH ObITh
KJIaccu(UIUpPOBaH. ITOT BEKTOP JOJKEH UMETh OJHY WM 00jiee KOMIIOHEHT, OTJIMYHBIX OT
HyJs, B pesyabrate 4ero u Gl, u G2 craHOBATCS paBHBIMM €AMHHLIE. DTO «IOJKAUYUBACT
HEMPOHBI CII0sI CpaBHEHMs, 00ecrieunBasl OJMH U3 JBYX €AMHUYHBIX BXOJOB, HEOOXOAMMBIX
JUIsl BO30Y K/I€HUsI HEHPOHOB B COOTBETCTBHUHU C MPABUJIOM ABYX TPETEH, TEM CaMbIM I103BOJISSA
HEHpOHY BO30YXKAAThCS, €CIIM COOTBETCTBYIOIIAsi KOMIIOHEHTAa BXOJHOTO BeKTopa X paBHa
eaunuie. Takum oOpa3oM, B TeUeHUE JAHHOM (a3bl BEKTOp S B TOYHOCTU TyOIHUPYET BEKTOP
X.

Janee st KaXX/10ro HEHMpOHa B CJIO€ paclo3HaBaHMs BBIUUCISIETCS CBEPTKAa BEKTOpa
ero BecoB Bj u Bektopa C (puc. 8.4). HelipoH ¢ MakCUMabHBIM 3HAYCHHEM CBEPTKU UMEET
Beca, HAWIydlIuM oOpa3oM COOTBETCTBYIOIIUE BXOJHOMY BeKTOpy. OH BBIUTPHIBACT
KOHKYPEHLIUIO M BO30YXkJaercs, OJHOBPEMEHHO 3aTOpPMa)kMBasi BCE OCTaJbHbIE HEWPOHBI
sToro ciosi. Takum o0pa3oM, eJMHCTBEHHAs! KOMIIOHEHTa #j BekTopa R (puc. 8.1) craHOBUTCA

paBHOﬁ CAUHUIIC, 4 BCC OCTAJIbHBIC KOMIIOHCHTBI CTAHOBATCA PABHBIMU HYIJIIO.

B pesynbrare, cetb APT 3anomunaeT 006pasbl B Becax HEHPOHOB CIIOS paclio3HaBaHUS,
OJIMH HEWUPOH I KaXJou kareropum kiaccupukanuu. Hepon cimost pacrmo3HaBaHus, Beca
KOTOPOTO0 HAWIy4IIUM OOpa3oM COOTBETCTBYIOT BXOJHOMY BEKTOpY, BO30YXZaeTcs, €ro
BbIXO/J[ YCTAHABJIMUBACTCA B CAMHUYIHOC 3HAYCHHUC, a@ BBIXOAbI OCTAJIbHBIX HeﬁpOHOB 3TOT'0 CJIOA

YCTaHaBJIMNBAIOTCA B HYJIb.

®asa cpaBHeHusi. EqnHCTBEHHBIN BO30YXICHHBIN B CJIO€ pACIIO3HABAHUS HEHPOH BO3BpAIIACT
€IMHMIly OOpaTHO B CIIOM CpPaBHEHHMsA B BHJE CBOEr0 BBIXOJHOIO CHUTHajma 7. OTa
CAUHCTBCHHAs €AWHHNIIA MOXKET 6LITI> BU3YAJIbHO MPCACTABJICHA B BUJC «BCCPHOT'0» BbIXO/a,
HOJAIOUIEroCsl Yepe3 OTACIbHYIO CBSI3b C BECOM fjj Ha KaXKIblil HEWPOH B CI0OE€ CpaBHEHUS,
obecrieunBas Kak[blii HEHPOH CHIHAJIOM pj, PAaBHBIM BEIWYMHEL; (HYJIIO WIN €IUHHILE)
(puc. 8.5).
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Bosdywlernue

HPHDOH 8 LAOE
DALAOIHRELHIUA

Y poERAE:
Lo corese

Y
l

Puc. 8.5. IlyTh curnana oraebHOro Bo30yKI¢HHOI0 HEPOHA B CJ10€ PACIIO3HABAHUSA
ANTOpUTMBI MHULIMAIU3ALMN U OOYYEHHUS MOCTPOEHBI TaKUM 00pa3oM, UTO KaXKIbIH
BECOBOU BEKTOp 7 MMEET JABOMYHbIE 3HAUEHUSI BECOB; KPOME TOT0, KaKAbli BECOBOM BEKTOP
B; npencrasnger coboii MacmITaOMPOBAHHYIO BEPCHIO COOTBETCTBYIOLIETO BekTopa 7. OTO
03HAYaET, YTO BCE KOMIOHEHTHI P (BekTOpa BO30YKACHUS CIIOSI CPABHEHMS) TAKXKE SIBJISIOTCS

JABOWYHBIMHU BCIIMYMUHAMU.

Tak kak BekTop R He siBisieTcst Oonble HyneBbiM, curHan Gl ycraHaBiuBaeTcs B
HyJb. Takum 00pa3oM, B COOTBETCTBUH C MPABUIIOM ABYX TpeTell, BO30YAUTHCS MOTYT TOJIBKO
HEWPOHBI, TMOJYYalOIIUe Ha BXOAE OJAHOBPEMEHHO EJMHHIIBI OT BXOJHOTO BEKTOpa X U

BekTopa P.

Hpyrumu cioBamu, oOpaTHasl CBSI3b OT PACIO3HAIOIIETO CJIOs ACHCTBYET TaKuUM
0o0pa3oM, 4yTOoObl yCTaHOBUTH KOMIIOHEHTHI C B HyIJIb B Clydyae, €Clid BXOJHOW BEKTOp He

COOTBETCTBYET BXOJHOMY 00pa3sy, T. €. eciii X 1 P He IMEI0T COBMaAaromuX KOMIIOHEHT.

Ecnu wumerotcst cymiecTBeHHble pasznuuus Mexay X u P (Manoe KoiaumdecTBo
COBMAJIAIONIUX KOMIIOHEHT BEKTOPOB), HECKOJbKO HEWpPOHOB Ha (haze cpaBHEHHS OyIyT
B030y>knathest u C OyAeT cofepaTh MHOTO HYJIEH, . B TO BpeMsl KaKk X COJEPKUT €AUHUIIBI.
OTO 03HA4aeT, YTO BO3BpAILEHHBIM BekTop P HE sABIsAETCS MCKOMBIM U BO30YXKIECHHBIE
HEHpOHBI B CJIO€ pACMO3HABAaHUS JIOJDKHBI OBITh 3aTOPMOXKEHBL. JTO TOPMOXKEHUE
pou3BOAUTCS 0110KOM cOpoca (puc. 8.1), KOTOPBIN CpaBHUBAET BXOJHOW BEKTOpP X W BEKTOP

C u BBIpabaThIBAaCT CUTHAN cOpOca, €CIM CTCICHb CXOACTBA ITHX BEKTOPOB MEHBIIEC
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HEKOTOpOro ypoBHS. BrnusHue curHama cOpoca 3akiio4yaeTcs B YCTAaHOBKE BbIXOJa

BO30YKIIEHHOTO HEWpPOHA B HYJIb, OTKJIFOYAsl €r0 Ha BpeMs TeKyIer Kiaccudukanuu.

®asa noucka. Eciiu He BbIpaboTaH curHam cOpoca, CXOJCTBO SIBIISICTCS aJE€KBATHBIM, U
npoliecc KiaccupuKaluy 3aBepiaercs. B npoTUBHOM cilydae pyrue 3allOMHEHHbIE 00pa3bl
JOJDKHBl  OBITH  MCCIIEZIOBAaHBl C LEJNBI0 IOMCKa Jiydmiero coorBeTcTBusa. Ilpu sToMm
TOPMO>KEHHE BO30YKJIEHHOIO HEHPOHA B PACIIO3HAIOIIEM CJI0€ IPUBOJUT K YCTAHOBKE BCEX
komnoHeHT Bektopa R B 0, G1 ycranaBmuBaerca B 1 u BxogHoW BekTop X OINSTH
npukiaabiBaeTca B kauectse C. B pe3ynbrare Apyroil HEMpPOH BHIMTPHIBAET COPEBHOBAHHE B
CJI0€ paclo3HaBaHMs WM JIPYroll 3alOMHEHHBIM 00pa3 P Bo3Bpalaercs B ciIOW CpaBHEHUS.
Ecnmu P He coorBerctByeT X, BO30YXICHHBI HEHpOH B CJ0O€ pacrlo3HaBaHHUS CHOBA
TOPMO3UTCSI. JTOT IMPOLECC MOBTOPSETCS N0 TEX IMOP, NOKa HE BCTPETUTCS OJHO M3 JIBYX

COOBITHIA:

1. Haiinen 3amomMHeHHBIH 00pa3, CXOJCTBO KOTOPOrO € BEKTOpOM X BBIIIE YPOBHSA
napameTpa CXO/CTBa, T. €. S>p. Eciu 370 mpoucxoauT, mpoBOIUTCS 00YYaromuil UK, B
npolecce KOTOporo Moaubuuupyrorcs Beca BekTopoB T; u  Bj, cBA3aHHBIX C

BO30Y’KJICHHBIM HEHPOHOM B CJI0€ PACIIO3HABAHUS.

2. Bce 3amomHeHHBIE 00pa3bl TPOBEPEHBI, OMPEIENECHO, YTO OHH HE COOTBETCTBYIOT
BXOJTHOMY BEKTOPY, U BCE HEMPOHBI CJI0SI pacliO3HaBaHMs 3aTOPMOXKEHBI. B aToM ciyuae
MIpEeABAPUTENILHO HE PACTIPEEICHHBIA HEHPOH B PACIO3HAIOIIEM CJIO€ BBIAEISIETCS 3TOMY
o0pa3zy u ero BecoBble BeKTOpbl Bj n T; ycTaHaBiImBaroTCs COOTBETCTBYIOLIMMU HOBOMY

BXOJTHOMY 00pa3y.

Mpo6nema npoussoauTensHocTi. ONMCaHHas CETh JIOJKHA MPOU3BOIUTH MOCIE10BATEIbHbIN
MOMCK CpeAM BCEX 3allOMHEHHBIX 00pa3oB. B aHamoroBeix peanmzanusix 5To0 OyaeT
MPOUCXOAUTh OYEHb OBICTPO; OAHAKO NPU MOJEIMPOBAHMM Ha OOBIYHBIX LHU(POBBIX
KOMITBIOTEPAX 3TOT MPOLIECC MOXKET OKa3aThCsl OYeHb AnuTenbHBIM. Ecnmu xe cets APT
peau3yeTcs Ha MapaJuleIbHbIX MMPOLECCOPAx, BCE CBEPTKU HA PACIIO3HAIOIIEM YPOBHE MOTYT

BBIYUCIIATHCA OJHOBPEMECHHO. B sTom CJIy4dac IOHUCK MOXKET OBITH OYEHb 6BICTpBIM.

Bpewmsi, HeoOxoaumoe i1t cTaOUIU3aliK CETH C JJaTEPATbHBIM TOPMOKEHHEM, MOXKET
OBITh JJIUTENBHBIM TIPU MOJACITUPOBAHWU HA TOCIEIOBATENBHBIX IMHU(PPOBBIX KOMIIBIOTEPAX.
UtoObl BbIOpaTh MOOEIUTENST B MPOIECCE JIATEPaTbHOTO TOPMOXKEHUS, BCE HEHPOHBI B CIIOE
JIOJDKHBI  OBITH BOBJICUCHBI B OJHOBPEMEHHBIC BBIUMCICHUS M Tepeaady. OTO MOXKET
noTpeOoBaTh MPOBEACHUS OOJBIIOTO 00BEMa BHIYUCICHHUN Mepe]l JOCTHKEHUEM CXOAUMOCTH.
JlaTepasibHble TOPMO3SIIIME CETH, AHAJIOIMYHBIE HCIIOJIB3YEMbIM B HEOKOIHUTPOHAX, MOTYT

CYILIIECTBEHHO COKpPATHUTh 3TO Bpems (1. 10).
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PEAJIU3ALNA APT

O0630p

APT, xak 3T0O MOXXHO YBUETh M3 JUTEPATYPHI, IPEACTABISACT OO0 HeuTO OobIIee,
yeMm (usocouio, HO HAMHOTO MEHEe KOHKPETHOE, YeM Iporpamma Jiisi KOMIbIoTepa. ITo
MPUBENIO K HAMYMIO IIUPOKOTO Kpyra peanu3anuu, coxpastoumx uaeun APT, HO cunbHO
OTJIMYAIOIIUXCS B JeTalsax. PaccMarpuBaemas nanee peanusamusi OCHOBaHa Ha padore [5] ¢
OTIpPE/ICICHHBIMA HM3MCHCHHSIMH JIJIT  O0SCIICYCHUST COBMECTUMOCTH ¢ pabotoit [2] u
MOJIETISIMU, PACCMOTPEHHBIMH B JaHHOW paboTre. DTa peanu3aiius MOXKET pacCMaTPUBATHCS B
KayecTBE THIIOBOI, HO HEOOXOAMMO WMETh B BHUIY, YTO ApPYTHE YCHEIIHbIE peanu3aliu

HMEIOT OOJIBIINE OTJIMYMS OT HEe.

@®yuknuonnposanue cereir APT

Paccmorpum Gosnee nerampHO 1ATH a3 mponecca (yHKiuoHupoBanus APT:

WHUIIUAJIN3alui0, paCIiIO3HABAHUEC, CPABHCHUC, ITIOUCK U 06yquI/Ie.

WHuumanusaums. Ilepen HauamoM mpouecca oOydeHHs ceTH Bce BecoBble BeKTopsl B u Tj, a

TAKXXC mapaMeTp CXO0ACTBa P, JOJIKHBI OBITE YCTAHOBJICHLI B HAYAJIbHBLIC 3HAYCHUS.

Beca BCKTOPOB Bj BCC MHUIIMATIU3UPYIOTCA B OAMHAKOBBIC MAJIbIC 3HAYCHUS. CormacHo
[2], 9TH 3HAYCHUA JOJIKHBI YAOBJICTBOPATH YCIOBHUIO
L

<——— A BCeX i, j, (8.1)

UL 14+m

TAC m — KOJUYCECTBO KOMIIOHCHT BXOAHOTI'O BCKTOpPA, L — KOHCTAaHTa, 6OJ'ILH18.$I 1 (06LI‘{HO
L=2).

OTa BeJIMYMHA SBISCTCS KpHTH‘-IGCKOfI; €CJIM OHa CJIMIIKOM 6OJ'II)IHa$I, CCTh MOXCT

pacnpeaciinTb BCC HeﬁPOHBI pacno3Haromero CjaIosd OAHOMY BXOAHOMY BEKTODY.

Beca BCKTOPOB Tj BCC MHUIIUATIU3UPYIOTCA B CAMHUYHBIC 3HAUCHU A, TaK YTO

ti=1 g BCex j,i. (8.2)
OTH 3HAYCHHUS TAKXKE SBISAIOTCS KPUTUYECKUMU; B [2] MOKa3aHO, YTO CIUIIKOM MaJIeHbKHE

BECa NPHUBOJAT K OTCYTCTBHUIO COOTBETCTBUA B CJIOC CPABHCHUA U OTCYTCTBUIO 06y‘IeHI/I$I.

[TapameTrp cxoacTBa p ycraHaBiuBaeTcs B auarnasone oT 0 mo 1 B 3aBUCHMOCTH OT
TpeOyeMoil CTEereH! CXOACTBAa MEXIy 3allOMHEHHBIM O0pa3oM U BXOJIHBIM BekTOpoM. Ilpu
BBICOKHMX 3HAYEHUSX P CETh OTHOCHUT K OJIHOMY KJIACCy TOJBKO OYEHb C1a00 OTIMYAIOIIHeCs
oOpa3pl. C Ipyroil CTOpOHBI, Majlo€ 3HAYEHHME P 3aCTaBIsET CETh I'PYyNIUPOBaTH 00pasbl,
KOTOpble HMMEIOT ciaboe CXOJICTBO Mexay co0oil. MoXKeT oKa3aTbCsi KelnaTeabHON

BO3MOXXHOCTb HM3MCHATH K03(1)(1)I/II_[I/IGHT CXOACTBa Ha TNPOTAKCHUU IIpoLecca 06yquI/m,
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obecrieunBas TOJBKO TPyOyrO KiacCH(UKAIMI0O B Hadaje Mporecca OOydeHHs, U 3aTeM
MIOCTETICHHO yBEeJIMYUBasi K03()PHUIIMEHT cX0/ICTBA /ISl BHIPAOOTKU TOYHOM KIIACCHU(UKAIIUU B

KOHIIE Ipo1iecca 00yUYeHHUsI.

PacnosHaBaHue. [losiBieHNEe Ha BXOJE CETH BXOJHOTO BEKTOpa X HHUIMANH3UpPYET (azy
pacrio3HaBaHus. Tak Kak BHadajle BBIXOJHOW BEKTOP CJIOSA PACIO3HABAaHUSA OTCYTCTBYET,
curian G1 ycranaBnuBaercs B 1 ¢ynkuuerr MJIM BekTopa X, obOecrieunBasi BCe HEUPOHBI
CJIOSl CPAaBHEHHS OJHUM U3 JIBYX BXOJIOB, HEOOXOAMMBIX JUIsI UX BO30YkaeHus (Kak TpeOyeT
mpaBUjIO JIBYX Tperei). B pesynprare mobas KOMIIOHEHTa BekTopa X, paBHas €IMHMIIC,
oOecrieurBaeT BTOPOW €IUHUYHBIN BXOJ, TEM CaMbIM 3acTaBiisii COOTBETCTBYIOLINI HEHpPOH
CJIOSl cpaBHEHUSI BO30YKIAThCS W YCTAaHABIMBASI €T0 BBIXOJA B €OUHHILY. TakuMm o0pa3oM, B

9TOT MOMCHT BPEMCHU BCKTOP C HACHTHUYCH BCKTOPY X.

Kak oOcyxnanoch paHee, paclio3HaBaHUE PEaM3yeTCsl BBHIYUCICHHEM CBEPTKH IS

Ka)/I0r0 HEHPOHA CJI0s1 paCIO3HABAHUS, ONPEAEIISIEMON CIENYIOIINUM BbIPAKEHHEM:

NETj = (Bj ° C), (83)
rae Bj — BecoBO BEKTOp, COOTBETCTBYIOIIMI HEMpPOHY j B cioe pacnosHaBaHus; C —
BBIXOJIHOW BEKTOpP HEHPOHOB cjos cpaBHeHus; B 3T0T MoMeHT C paHo X; NET; —

BO30YyK/IeHHE HEHPOHA j B CIIOE PAcIIO3HABAHUS.

F aBnsiercs moporoBoii (hyHKIIMEH, OnpeesieMon CIeIy oM 00pa3oM:

OUT; =1, ecmu NET>T, (8.4)
OUT; = 0 B npoTUBHOM ciIy4ae,

rae T nmpencraBiseT coOOM MOpor.

[IpunsTO, YTO NaTepasbHOE TOPMOXKEHHE CYIIECTBYET, HO UTHOPUPYETCS 3/1€Ch IS
COXpaHEHMs MPOCTOTHI BhIpakeHHMH. OHO oOecrmeunBaeT TOT (PaKT, YTO TOJIBKO HEHUPOH C
MakcuMaibHbIM 3HaueHneM NET Oyaer umeTh BBIXOJA, paBHBIN €IMHHIIEC, BCE OCTAlIbHBIC
HEHpOHBI OyIyT MMETh HYJEBOW BbIXOA. MOXHO pPAaccCMOTPETh CHCTEMbI, B KOTOPBIX B
pacno3HaroIeM cjI0€ BO30Y)KIAIOTCS HECKOJIBKO HEHPOHOB B KaX/blii MOMEHT BPEMEHH,

OJTHAKO 3TO BBIXOMT 33 PAMKU JAHHOW PaOOTHI.

CpaBHeHnue. Ha »Toli (pase curnanm oOpaTHO# CBS3HM OT CJIOS PacHO3HABAHHs YCTAaHABIMBACT
G1 B HyJIb; IPABUJIO JIBYX TPETEH MO3BOJISET BO30YKIATHCSA TOJIBKO TeM HEHPOHAM, KOTOPBIC

HUMCIOT paBHBIC CANMHUIIC COOTBECTCTBYIOIINEC KOMIIOHCHTBI BEKTOPOB PuX

bnok cOpoca cpaBHuBaer BekTOop C M BXOAHOW BekTop X, BbIpaOaThiBas CHUTHAI
cOpoca, KOorga HMX CXOJACTBO S HIDKE IOpora CXOJCTBa. BwluMcieHHe 3TOro cXojacTBa
yHIpouaercs TeM 00CTOSATENBLCTBOM, UTO 00a BEKTOpA SIBJIAIOTCS IBOMYHBIMU (BCE JIEMEHTHI

6o 0, 6o 1). Crexyromas mporeaypa MpoBOIUT TPeOyeMoe BIYUCICHUE CXOCTBA:

1. Bbruncnutb D — KOIMYECTBO €IUHULL B BeKTOpE X.
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2. Bpraucaute N — konuecTBO equHuIl B BekTope C.

3areM BBIYHCIUTH CXO/CTBO S CIEIYIOIIM 00pa3oM:

S=N/D. (8.5)

Hanpumep, npumem, 4To

X=1011101 D

Il
W

C=0011101 N

Il
N

S=N/D=0,8

S MoxeT u3MeHsIThes OT 1 (Hammydinee coorBercTBre) 10 O (Hauxyaiiee COOTBETCTBHE).

3amMeTuM, 4TO MpaBujIo IBYyX Tpereu nenaet C JOru4ecKuM Mpou3BEIEHUEM BXOJHOTO
BekTopa X u Bektopa P. Ognako P paBen Tj, BeCOBOMY BEKTOPY BBIMIPABIIETO COPEBHOBAHUE
Helipona. Takum oOpazoM, D MOXET OBITb OINPEAEICHO KaK KOJUYECTBO CIAWHUI[] B

JOTrU4eCKOM IpousseneHnu BekTopos T u X.

Mouck. Eciu ¢XxoAcTBO .S BBIMTpaBIIero HEHpOHa MPEBBIIIAET MapaMeTp CXOJCTBA, IOUCK HE
Tpebyercs. OgHAKO €cCiM CeTh TMPEeABApUTEIbLHO Obl1a OOydeHa, TMOSBICHHE HAa BXOJE
BCKTOpA, HC MACHTHUYHOI'O HU OJHOMY H3 NPCABLABICHHBLIX PAHEC, MOKCT BO36YI[I/ITI) B CJIOC
pacmo3HaBaHUs HEHPOH CO CXOJICTBOM HMXe TpeOyemoro ypoBHS. B cooTBeTcTBHM C
QITOPUTMOM OOYYCHHsT BO3MOXKHO, 4YTO JPYrod HEHpPOH B CJIO€ pacro3HaBaHUs Oyjaer
obecrieunBaTh 00JIee XOpOIIEEe COOTBETCTBHE, IMPEBBINIAs TPEOYeMbld YPOBEHb CXOJICTBA
HECMOTpPA HA TO, UTO CBCPTKA MCKAY €TI0 BECOBBIM BCKTOPOM M BXOJHBIM BCKTOPOM MOKET

UMETh MEHbllIee 3HaueHue. [Ipumep Takoi CUTyanuu NOKa3aH HUXKE.

Ecnmu cxoactBo Hmxke TpeOyeMoro ypoBHs, 3allOMHEHHbIE 00pa3bl MOTYT OBITh
IPOCMOTPEHBI C LEJIbI0 TIOMCKA, Hauboyiee COOTBETCTBYIOLIETO BXOAHOMY BEKTOpY oOpasa.
Ecnu Takoit o0pa3 OTCYyTCTBYeT, BBOIUTCS HOBBIM HECBSI3aHHBIN HEHPOH, KOTOPHIA B
nanpHeimem Oyzaer oOydeH. Jlns WHUIMaIM3allMd IOMCKA CHUTHAT cOpoca TOPMO3HT
BO30YK/ICHHbIII HEHPOH B CJI0€ pacro3HaBaHUs Ha BpeMs MpOBeAEHUs noucka, curHaa Gl
YCTaHaBIMBAETCS B EIUHMIYY M Jpyroil HEHpPOH B CIO€ pPACIO3HABAHUS BBIMIPHIBAET
copeBHOBaHHe. Ero 3anoMHeHHBI 00pa3 3aTeM MpOBEPAETCS HAa CXOACTBO U IIPOLECC
MOBTOPSIETCS JI0 TE€X IOp, MOKAa KOHKYPEHIIUIO HE BBIUTPACT HEMPOH U3 CII0S pPaCIO3HABAHUS
CO CXOZCTBOM, OOJIBIINM TpeOyeMoro ypoBHs (yCHEIIHbIH OUCK), TUOO TOKa BCE CBSI3aHHbIE

HEHWPOHBI HE OYIyT MPOBEPEHBI M 3aTOPMOKEHBI (HEYJaUHBIN TTOUCK).

Heynaunplii mouck OyAeT aBTOMaTHYECKH 3aBEpLIaTbCsl HA HECBA3aHHOM HEHpPOHE,
TaK Kak €ro Beca BCE PaBHbI CIMHMIIC, CBOEMY HAadalbHOMY 3HadeHMIO. [loaTomy mpaBuio
JIBYX TpEeTed NpUBEAECT K HAECHTUYHOCTH BekTopa C BXOOHOMY BEKTOpY X, CXOACTBO S

MPUMET 3HaYEHUE €TMHUIBI U KPUTEPUH CXOACTBA Oy/IeT YIOBIETBOPEH.
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O6yyeHune. OOyueHre TpeCcTaBiIsIeT coO0M MpoIecc, B KOTOPOM HaOOp BXOIHBIX BEKTOPOB
MOJIAeTCSl TOCJICIOBATCILHO HAa BXOJ CETH W BECa CETH M3MCHSIOTCS MPH 3TOM TaKHM
00pa3oM, 4TOOBI CXOIHBIE BEKTOPHI aKTUBU3UPOBAIU COOTBETCTBYIOIIME HEHPOHBI. 3aMeTuM,
YTO 3TO — HEYIpaBIisieMoe 00yUeHHUE, HET YUUTENSl M HET 1IeJICBOr0 BEKTOPA, ONPEICIISIONICTO

TpeOyeMblii OTBET.

B pabGore [2] pasznuuaroT nBa Bujma oOydeHHs: MemjieHHOe u ObicTtpoe. [lpu
MCOJICHHOM O6y‘-IeHI/II/I BXOHHOﬁ BCKTOpP HOPCABABIIACTCA HACTOJIBKO KPATKOBPCMCHHO, 4YTO
BECa CETH HE MMEIOT JIOCTATOYHOTO BPEMEHH ISl JAOCTHIKEHHS CBOMX ACCHMIITOTHYCCKHX
3HAUCHUN B pe3yJIbTaTe OJHOTO MPEIbsABICHUS. B 3TOM ciydae 3HAYeHHUS BECOB OyIyT
ONpeaACIITbCA CKOPCC CTATUCTHYCCKUMH XAPAKTCPUCTHUKAMHU BXOJHBIX BCKTOPOB, YCM
XapaKTEePUCTHKAMH KaKOTO-TO OJHOTO BXOJHOTO BEKTOopa. J[MHaMHMKa CeTH B Ipolecce

MEJJICHHOTO O0y4eHHS ONMHUChIBaeTCs nuddepeHITnanbHbIMA YPABHCHUSIMHU.

BricTpoe oOydeHue sBISETCS CIEMUATBHBIM CIy4aeM MEUIEHHOTO OOYyYeHHs, KOoraa
BXOJHOH BEKTOp NPUKIAIBIBAETCS Ha JOCTaTOYHO JUIMTENIBHBIA MPOMEXKYTOK BPEMEHH,
9TOOBI TTO3BOJIMTH BECaM MPUOJIHM3UTHCSA K MX OKOHYATEIbHBIM 3HaueHHsM. B sToMm ciydae
npouecc o0ydYeHHsI OMHCHIBAETCS TOJNBKO airedpandeckuMu BelpakeHHsMH. Kpome Toro,
KOMIIOHEHTbI BECOBBIX BEKTOpOB T NPUHUMAIOT [BOUYHBIC 3HAYEHUsS, B OTJIUYHE OT
HETPEPHIBHOTO JIMaNa30Ha 3HauYeHUi, TpedyeMoro B ciydae ObicTporo o0yuyenus. B nanHoi
paboTe paccMmaTpuBaeTCsi TOJNBKO ObICTpoe OOydYeHHE, WHTEPECYIOLIHecs YUTATeITH MOTYT

HaWTH IPEBOCXOHOE OMKMCaHue 0oJiee 00IIero cirydyas MeUICHHOTo 00ydeHust B padote [2].

PaccMoTpenHblii  nanee oOyuaroluil alropuT™M HCHOJB3YETCS Kak B Cilyyae

YCIICIIHOI'O, TaK U B CJIy4aC HCYCIICIITHOI'O ITOUCKaA.

ITycts BekTOp BecoB B; (cBsi3aHHBIN ¢ BO30YKAE€HHBIM HEHPOHOM j PaclO3HAIOLIETO
CJI0s) paBeH HOpMaiau3oBaHHOW BenuunHe BekTopa C. B [2] 3T Beca BBIUUCISIOTCS

CIEAYIOIHUM 00pa3oMm:

:L—C (8.6)

b L-1+>¢,
k

TA€ C¢; — i-1 KOMIIOHEHTa BBIXOJAHOI'O BEKTOpa CJIOS CPAaBHEHMS; j — HOMEDP BBIUIPABILIETO
HEWpoHa B CJI0€ PACIO3HABAHMUsA; bij — BEC CBSI3H, COSAUHSIIOMEH HEUPOH i B CII0€ CPABHEHUS C

HEHWPOHOM j B CJIO€ pacro3HaBaHus; L — KoHCTaHTa > 1 (00BIYHO 2).

KommoHeHTBI BCKTOpa BECCOB T', CBA3aHHOI'0 C HOBBIM 3alIOMHCHHBIM BCKTOPOM,
HU3MCHAIOTCA TaKUM 06pa30M, YTO OHHU CTAHOBATCA PABHBI COOTBCTCTBYIOIIUM JIBOUYHBIM

BCJIMYMHAM BCKTOpPa C:

ti=¢; JUTSL BCEX 1, (8.7)
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rle tj SBISIETCS BECOM CBS3M MEXKAY BBIUTPABLIMM HEWPOHOM j B CJIOE€ PACHO3HABaHHA U

HEHPOHOM I B CJIO€ CPABHEHUS.

NMPUMEP OBYYEHUA CETU APT

B 00mumx ueprax ceTh 00y4aeTcs MocpeCTBOM U3MEHEHHS BECOB TAKUM 00pa3oM, YTO
NPEIbSBICHHE CETH BXOIHOTO BEKTOpa 3aCTaBISIET CETh aKTHBU3WPOBATH HEHPOHBI B CIOE
pacrno3HaBaHUs, CBS3aHHBIC C CXOJHBIM 3allOMHEHHBIM BeKTOpoM. Kpome 3Toro, oOyueHue
npoBoauTCA B (popMme, HEe pa3pylIarolieil 3allOMHEHHBIE paHee o0pa3bl, MpeAoTBpaIias TeM
caMbIM BPEMEHHYIO HECTaOMIBHOCTh. JTa 3ajjauya yMpaBiseTcss Ha YPOBHE BbIOOpa KpUTEPHS
cxonactBa. HoBbIM BXomHOM 00pa3 (KOTOpBIM CETh HE BHJENIA paHblle) HE Oynaer
COOTBETCTBOBATH 3aIIOMHEHHBIM 00pazaM ¢ TOYKH 3PEHUS MapaMeTpa CXOJCTBA, TEM CaMbIM
dbopMupys HOBBI 3amoMUHaeMblii 00pa3. BxomHoli o0pa3, B JOCTaTOYHON CTEMEHU
COOTBETCTBYIOIIMI OJHOMY M3 3allOMHEHHBIX 00pa3oB, He OyaeT (GopMHUpOBaTH HOBOTO
9K3EMIUISIpa, OH MPOCTO OyAeT MOJU(PHUIMPOBATH TOT, HAa KOTOPBIA OH IMOXOX. Takum
0o0pa3oM TpPU COOTBETCTBYIOIIEM BBIOOpE KPUTEPHUS CXOACTBA NPEAOTBPALIACTCS

3allOMMHAHUE paHee U3yueHHBIX 00pa30B U BpeMEHHAast HECTaOMIIbHOCTb.
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Puc. 8.6. IIpouecc o0yuyenuss APT
Ha puc. 8.6 mokazan tunuyHblii ceanc oOyuenus cetu APT. BykBbl mokaszanbl
COCTOSIIMMHU U3 MAJICHbKUX KBaJpaToB, KaXkaas OykBa pasMepHoOCcTbio 8X8. Kaxaplil kBagpar
B JICBOM 4YacTU MPEICTABIACT KOMIIOHEHTY BEKTOpa X C €IMHHYHBIM 3HA4CHUEM, HE
[IOKa3aHHbIE KBAJApaThl SIBJIAIOTCS KOMIIOHEHTAMM C HYJIEBBIMU 3Ha4eHUsAMU. DyKBBI clipaBa
NPECTaBISAIOT 3allOMHEHHbIE 00pa3bl, KaXIbld sBIsSETCS HAOOpPOM BEIWYMH KOMIIOHEHT

Bexropa T;.
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Bnavane Ha BX0/J 3aHOBO NMPOWMHUIIMMPOBAHHOW cHUCTEMBI mogaeTcs OykBa «Cx». Tak
KaK OTCYTCTBYIOT 3allOMHCHHBIC 00pa3bl, (a3a MOMCKA 3aKAHYMBACTCS HEYCICIIHO; HOBBIH
HeﬁpOH BBIACISICTCS B CJIOC paCHOSHaBaHI/Iﬂ, U BeECa Tj yCTaHaBJII/IBaIOTCSI paBHBIMI/I
COOTBETCTBYIOIMM KOMIIOHEHTaM BXOJIHOIO BEKTOpa, NpH 3TOM Beca B; mpeacraBisioT

MacImTaOuPOBAaHHYIO BEPCUIO BXOIHOTO BEKTOPA.

Hanee npenbsBigercs OykBa «B». OHa Takke BBI3BIBAET HEYCIEIIHOE OKOHYAHUE
(a3el oMcKa U pacrpenaesieHue HOBOro HEHpOHA. AHATOTHYHBINA MPOIECC MOBTOPSETCS IS
OykBbl «E». 3arem cnabo uckaxkeHHas Bepcusi OykBbl «E» momaercs Ha Bxoxa cetu. OHa
JIOCTAaTOYHO TOYHO COOTBETCTBYET 3alIOMHEHHOH OykBe «E», 4TOOBI BBIIEPKATh MMPOBEPKY HA
CXOJICTBO, TIOATOMY HCIIOJNIb3yeTCs A 00ydeHus: cetd. OTCyTCTBYIOIINI MUKCENb B HUKHEH
HOXKe OykBbI «E» ycTanaBnuBaeT B ) COOTBETCTBYIOIIYIO KOMIIOHEHTY BekTopa C, 3acTaBiss
0o0y4Jaromuil alropuT™M YCTaHOBUTH 3TOT BEC 3allOMHEHHOr0 o0Opa3a B HYJb, TEM CaMbIM
BOCIIPOM3BO/SI HMCKAKEHUS B 3allOMHEHHOM o0pase. JlomosHUTENbHBIA H30JUPOBAHHBIN
KBaJpaT HE M3MEHSAET 3allOMHEHHOro o0pa3a, Tak Kak HEe COOTBETCTBYET €IWHHIEC B

3aIIOMHCHHOM 06pa3e.

YeTBepThIM CHMBOJIOM sBJsieTcsl OykBa «E» ¢ IByMs pa3snn4HBIMU HCKaKCHHUSMHU.
OHa HEe COOTBETCTBYET paHee 3allOMHEHHOMY 00pa3y (S MEHbIIe 4eM p), TIO3TOMY s ee

3aIIOMHUHAHUS BBIIEIIAETCS HOBBI HEMPOH.

DTOT mpUMEp WUJUTIOCTPUPYET BAKHOCTH BHIOOpAa KOPPEKTHOTO 3HAYEHUS KPUTEPHS
cxoncTBa. Ecnm 3HaueHHWe KpUTEPHUS CIMIIKOM BEJIUKO, OOJBITMHCTBO O0pa3oB HE OyAyT
MNOATBEPKAATE CXOACTBO € paHEC 3alIOMHCHHBIMHA U CCTh 6y,[[€T BBIJACIATH HOBBINU Hef/’IpOH JJIS
KaXJI0r0 U3 HUX. OTO MPHUBOAMT K IUIOXOMY OOOOIIECHHIO B CETH, B pE3yJbTare Ia’ke
HE3HAYUTEIbHBIE U3MEHEHUSI OHOTO 00pa3a OyIyT cO3/1aBaTh OTAENbHbIE HOBbIE KATETOPHUHU.
KonnuecTBo Kareropuii yBEIWYMBAETCS, BCE JIOCTYIIHbIE HEWPOHBI PACHPEACISIIOTCS, U
CIIOCOOHOCTh CHCTEMbI K BOCIIPHSITHIO HOBBIX JaHHBIX Tepsercs. HaobGopor, ecnu kpurepuii
CXOJICTBA CJIMIIKOM MaJl, CWJIbHO pa3nuyaromuecs: o0passl OyIyT IpyNIUpoOBaThCs BMECTE,
HCKaXkasi 3alIOMHEHHBIA 00pa3 A0 TeX Mop, MOKa B pe3yJbTaTe He MOJYUYUTCS OYEHb Malloe

CXO0ACTBO C OAHUM M3 HHUX.

K coxaneHuio, OTCYTCTBYET TEOpPETHUYEeCKOe OOOCHOBAaHHE BBIOOpPA KPUTEPHS
CXOJCTBA, B KaXJJOM KOHKPETHOM CiIydae HEOOXOJMMO pPEINTh, KaKas CTENEHb CXOACTBA
JOJDKHA OBITh TPHHATA Al OTHECEHHsS OOpa3oB K OAHOW KaTeropuu. I'paHUIBI MeXay
KaTErOpUsIMH YacTO HESICHBI, M PEIIeHHE 3a/1a4d Ui OOJBIIOT0 HabOpa BXOTHBIX BEKTOPOB

MOYET OBITh UPE3MEPHO TPYAHBIM.

B paGore [2] mpeanokeHa mpolenypa C HCHOJb30BaHUEM OOpAaTHOW CBS3M IS
HACTpOMKM KoO3((UIMEHTa CXOJCTBA, BHOCHINAS, OJHAKO, HEKOTOpblE MCKAKECHHUS B

PE3YJIbTATC KJ'IaCCI/I(i)I/IKaIII/II/I KakKk <«HaKa3aHHuC» 3a BHCIIHEC BMCHIATCILBCTBO C 1CJIBIO
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yBenudeHus: kKod(dduimenta cxonactBa. Takue CHUCTEMBbI TpeOyIOT MpaBWJ OIMpEeICHHUS,

SIBJISICTCSI JIU IPOU3BOIUMAsI UMH KJIACCH(UKAIINS KOPPEKTHOM.

XAPAKTEPUCTUKU APT

Cuctembl APT uMEIOT psii BaXKHBIX XapaKTEPUCTUK, HE SIBISIOIIUXCS OYEBHIHBIMU.
@opMyabl M ANTOPUTMBI  MOTYT Kas3aTbCA IPOM3BOJBHBIMM, B TO BpeMs Kak B
JNEHCTBUTEILHOCTH OHU OBUTH THIATEILHO OTOOpaHBI C IENIBI0 YIOBJICTBOPECHUS TPEOOBAHUH
TEOpPEM OTHOCHUTENIbHO NMpou3BoauTenbHOoCTH cucteM APT. B nanHOM pasniene onuchIBaroTCs
HekoTopble anroputMmbl APT, packpeiBatrouiue OTIAEIbHBIE BOINPOCHl WHULMAIU3ALMM U

00yueHusI.

Nuauuuanusanus BeCOBbIX BeKTOPOB T

N3 panee paccMOTpeHHOro mnpuMepa OOYUYEHHS CETHU MOXHO ObUIO BHJIETh, YTO
NPaBUJIO IBYX TpPETel MPUBOIUT K BhIYMCIIeHUIO BekTopa C kak pyHKiun M Mexay BXOTHBIM
BEKTOpOM X U BBIMIPAaBUIMM COPEBHOBAaHUE 3allOMHEHHbIM BekTopoM Tj. CiemoBareibHo,
mtobast komnoHeHTa Bektopa C OyJeT paBHa eIUHUIIE B TOM CIlIy4ae, €CIH COOTBETCTBYIOLIUE
KOMITOHCHTHI O6OI/IX BCKTOPOB pPaBHbLI CAWHUIIC. ITocne 06y‘~I€HI/Iﬂ OTW KOMITIOHCHTLI BCKTOpa

Tj OCTArOTCA CAMHUYHBIMU,; BCC OCTAJILHBIC YCTAHABJIMBAIOTCA B HYJIb.

D10 O0OBSCHSAET, MOuYeMy Beca f; JOKHbBI WHHULHUAIU3HUPOBATbCA €IUHUYHBIMU
3HayeHusMU. Eciu Obl OHM OBUIM NPOMHULMAIN3MPOBAHBI HYJIEBBIMH 3HAYEHUSIMH, BCE
KOMITIOHeHTHl BekTopa C ObUTM OBl HYJIEBBIMH HE3aBHCHMO OT 3HAYCHHH KOMIIOHEHT
BXOJHOTO BEKTOpAa, W OOYHYAIOUIMI aJrOpUTM MpeloXpaHsia Obl Beca OT M3MEHEHHS HX

HYJICBBIX 3HAYCHUMH.

OOydeHue MOXXET paccMaTpHUBATBCS KaK IPOLECC «COKPALICHUS» KOMIIOHEHT
3allOMHEHHBIX BEKTOPOB, KOTOPHIE HE COOTBETCTBYIOT BXOJHBIM BEKTOpaM. DTOT MpPOLECC
HEoOpaTHM, €CIM BEC OJHAXKIbl YCTAHOBJIECH B HyJb, OOyYarollMil alropuTM HHUKOTJA HE

BOCCTAaHOBHUT €ro € AMHUYHOC 3HAYCHUC.

JTO CBOICTBO UMEET BaXKHOE OTHOLIEHHUE K Mpoleccy o0yuenus. [Ipenmnonoxum, 4ro
rpynna TOYHO COOTBETCTBYIOLIMX BEKTOPOB JOJDKHA OBITh KiIacCH(UIMpPOBaHA K OJHOU
KaTeropuu, onpeaessieMoi BO30yKICHHEM OJHOTO HelipoHa B clioe pacno3HaBanus. Ecnu ot
BEKTOpa IOCIEAOBATENbHO TMPEAbSBISIOTCS CETH, MPHU MPEeIbsSBICHUH MEpBOro OyaeT
pacmpenensTbCcss HEWPOH pAaclo3HAIOIIETO CJIosi, €ro Beca OyayT OOYyYeHBI C IENbIO
COOTBETCTBUS BXOJHOMY BekTOpy. OOyueHue mpu NpeabsIBICHUN OCTAIBHBIX BEKTOPOB OyaeT
IPUBOJUTH K OOHYJIGHHIO BECOB B TEX MO3ULHUAX, KOTOPbIE MMEIOT HYIJIEBbIC 3HAYCHUS B
J1000M U3 BXOJHBIX BEKTOPOB. TakuM 00pa3oM, 3alIOMHEHHBIA BEKTOP MPEACTABISIET COOO0M
JIOTHYECKOE TEpecedyeHre BCeX OOYYaroMMX BEKTOPOB M MOXKET BKIIOYATH CYIIECTBEHHBIC

XapaKTePUCTUKUA JAHHOW Kareropuu BecoB. HOBBIM BEKTOp, BKIIOYAIOIIMKA TOJIBKO
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CYILIECTBEHHBIE XapaKTEPUCTHKHU, OyJEeT COOTBETCTBOBATh 3TOM KaTeropuu. Takum oOpazom,
CeTh KOPPEKTHO pacrlo3HaeT o0pa3, HUKOTJa HE BHUJICHHBIA paHee, T.€. pean3yercs

BO3MOXHOCTb, HAITIOMHUHAIOMIAA MTPOLECC BOCIPUATHUS YCIIOBCKA.

Hacrpoiika BecoBbIX BeKTOpOB B;

Bripaxxenue, onuchIBaroiee mporecc HacTpoOKku BecoB (BhIpakeHHE (8.6) MOBTOPEHO
30€Ch OJId CHpaBKI/I) ABJIICTCA LCHTPAJIBHBIM IJId OIIMCAaHUA ITpOoIecca q)yHKIII/IOHI/IpOBaHI/ISI
cereit APT.

__ Lo (8.6)

b; i
L—-1+ Z Cy
k
CymMma B 3HameHaTelle MPEJCTaBISET COOOH KOJMYECTBO €IUHMII HA BBIXOJE CIIOS
CpaBHEHHs. JTa BEIMYMHA MOXKET OBITh PACCMOTPEHA KaK «pa3Mep» ITOro BekTopa. B Takoi
UHTEpIpeTanuu «0oabimue» BeKTopsl C npon3BoaaT 0ojee MaJeHbKUE BEJIHMYMHBI BECOB bjj,
yeM «MajieHbkre» BekTopa C. DTO CBOWCTBO caMOMAaCIITAaOMPOBAHUS JETIAeT BO3MOXKHBIM
pasziereHre IBYX BEKTOPOB B cillyyae, KOI/la OAMH BEKTOp SIBJIETCS MOJHAOOPOM JIpyroro;
T. €. Korjaa HaOop €IMHUYHBIX KOMIIOHEHT OJHOIO BEKTOPAa COCTaBJIAET IMOAMHOKECTBO

CAMHUYHBIX KOMIIOHCHT APYTIOIo.

UroObl  MPOAEMOHCTPHPOBATH  MNPOOJIEMY, BO3HMKAWOIIYIO TIPH  OTCYTCTBUHU
MaciuTaOupoBaHMsl, MCIOJIb3YEMOr0 B BbIpaXeHUH (8.6), MPEeanoIokKUM, YTO CETh 0OydeHa
JIBYM IIPUBEJCHHBIM HUXE BXOJHBIM BEKTOpaM, IIPU 3TOM Ka)KJOMY paclpe/ieiieH HEeHpoH B

CJIOC paCIiO3HaBaHUA.

3ameTnMm, uTo X ABIseTcs noaHadopom Xo. B orcyTeTBHE CBOMCTBA MacITaOMpOBaHUs Beca
bij u t; momyyar 3HauCHUs, UACHTUYHbIC 3HAUCHUSM BXOIHBIX BEKTOpOB. Eciu HauanbHbIe

3Ha4YeHUs BeIOpaHbl paBHBIMU 1,0, Beca 00pa30B OyIyT HMETh CJICTYIONINE 3HAUCHHUS:

Econ X mpuknagsiBaeTcsi TOBTOPHO, 00a HEWpOHA B CJI0€ PACIIO3HABAHUS TMOTYYaAIOT
OJIMHAKOBBIC AKTHUBAIIMM, CJIEIOBATEIbHO, HEWPOH 2, OIMOOYHBIM HEHPOH, BBIUTPACT

KOHKYPEHIIHUIO.

Kpome BbImoTHEHNUsST HEKOPPEKTHOM KilacCU(UKAIIUU, MOXKET OBITh HapYIIEH MpOoIecc
o0yuenusi. Tak kak T, paBHo 11100, Tonpko TepBas €IMHHUIIA COOTBETCTBYET €IUHMUIIC
BXx0oJHOro BekTopa, u C ycranasnusaetcst B 1 0 0 0 0, kpurepuil cxoncTBa yI0BIETBOPSIETCS
U QIrOpUTM OOYyYEeHHs YCTaHABIMBACT BTOPYIO U TPEThIO eNUHUIBI BekTopoB T, u B, B Hy1b,

paspyiasi 3alOMHEHHBIN 00pa3.

MacmrabupoBaHue BecOB bjj HpPEAOTBpALla€T 3TO HEXKENIATEIbHOE IOBEACHHUE.
[Ipennonoxum, 4To B BelpakeHuH (8.2) Ucnonbp3yeTcs 3HadyeHue L=2, TeM caMbIM OIpeaesiss

cleayouyw GopMyy:
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B 2c¢;

b L—1+2ck
k

3HaueHUs BCKTOPOB 6y,lIYT TOrga CTpEMUTLCA K BEIIMUYMHAM

IlomaBas Ha BXOA ceTu BeKTOp X , MOIy4yuM Bo30Oyxnaromee Bo3aevictue 1,0 mist
HelipoHa | B cijoe pacmo3HaBaHust U ‘2 I HeWpoHa 2; TakuM o00pa3oM, HeHpoH |
(MpaBUJIbHBIN) BBIMTPAET COPEBHOBaHWE. AHAJIOTUYHO MpeabsBlIeHHE BEKTOpa X, BBI3OBET
ypoBeHb BO30OyxmeHus 1,0 s Hewipona | wm 3/2 s HelipoHa 2, TeM caMbIM CHOBa

NPaBUIBHO BHIOMpAs MOOETUTEIS.

Nuannunannsanus BecoB bj;

WMuunmanusaunss BecoB bjj MalbIMU 3HAUEHHMSMHU SBISETCA CYLIECTBEHHOM JUIs
KoppekTHoro ¢yHkuuonupoBanus cucreM APT. Ecim onm ciumkom Oonblime, BXOAHOU
BEKTOpAa KOTOpPbI paHee ObUl 3allOMHEH, OyJIeT CKOpee aKTUBU3MPOBATh HECBS3aHHBIM
HElpoH, ueM paHee 0oOydeHHbIN. Bripaxenue (8.1), ompesensroniee HadalbHbIC 3HAYCHHUS
BECOB, MIOBTOPSETCS 371ECh JIJIsl CIIPABKH

L

<—— nnaBcex 1, ]/, 8.1
L-1+m / @1

i

VYcTaHOBKa 3THX BECOB B MaJIble BEJIMUMHBI FapaHTHPYET, YTO HECBSI3aHHbIC HEHPOHbI

He OyayT moiy4daTh BO3OYXICHHUS OONbIIero, 4emM OOydYeHHbIE HEWPOHBI B CJIOE
pacnozHaBaHus. Mcnone3ys mpeaplnyinuii mpumep ¢ L=2, m=5 u b;<1/3, mpou3BoibHO
ycraHoBuM b;=1/6. C TakuMu BecaMu NpEIbsBICHUE BEKTOPa, KOTOPOMY CETh Oblla paHee
oOyueHa, npuBeAeT K 0ojiee BBICOKOMY YPOBHIO AaKTHBALMHU Ul MPaBWIBHO OOYyYEHHOIO
HEpOHa B CJIOE pAaCMO3HABAaHWSA, YeM IS HECBSA3aHHOrO HeWpoHa. Hampumep, mms
HECBSI3aHHOTO HelpoHa X; OyJeT mpou3BOIUTH BO30YxaeHue 1/6, B To BpeMs Kak X, Oyzaer

HOPOM3BOJIUTH BO30YKAECHUE /2; U TO U Ipyroe HUKe BO30YKAECHUs 17151 00y4EeHHBIX HEHPOHOB.

Mouck. MoXeT NOKa3aTbCs, YTO B ONHCAHHBIX ANTOPUTMAaX OTCYTCTBYET HEOOXOJUMOCTb
Hanuuus (pas3bl MOUCKA 3a UCKIIOYEHHUEM clydasl, KOIr/a JUIsl BXOJHOTO BEKTOpa JOJKEH ObITh
pacnpeneieH HOBBIM HECBS3aHHBI HEHPOH. JTO HE COBCEM TaK; IPEIbSIBICHHE BXOIHOIO
BEKTOpa, CXOJHOr0, HO HE abCOJIOTHO HAEHTHMYHOIO OJHOMY M3 3allOMHEHHBIX 00pa3oB,
MOJKET IPHU NEPBOM HCIBITAHUM HE 00ECHeunuTh BBIOOP HEHpOHA CIlIOsl paclo3HaBaHMS C

YPOBHEM CXOZCTBa OOJIBLINM P, XOTSI TAKOW HEHPOH OyIET CyIIeCTBOBATh.

Kak u B mpenpinymem npumepe, HNPeAroNokuM, 4TO CeTh 00ydaeTcs CieXyroInuM

JIBYM BEKTOpaMm:
X;=10000
X,=11100
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¢ BeKTOpaMu BecoB Bj, 00y4eHHBIMHU CIIEAYIOITIM 00pa3oM
B, =10000
B,="%"%%00

Teneps mpunoxxuM BxoHoM BekTop X3 =11 00 0. B aTrom ciiyyae Bo30y»xaeHue HelipoHa |
B cioe pacno3naBanus Oyzaet 1,0, a Heitpona 2 tonbko 2/3. Heiipon 1 BeifizeT mobeautenem
(XOTsI OH HEe Jy4ylIMM OO0pa3oM COOTBETCTBYET BXOJHOMY BEKTOpY), BekTop C mosydur
3nayenue 11000, S Oyner paBHo 2. Ecnu ypoBeHb cxoacTBa ycTaHOBJIEH B 3/4, HelipoH 1
OyzeT 3aTOPMOKEH U HEepoH 2 Beiurpaet coctsazanue. C craner paBubiM 1 1 00 0, S craner

paBHBIM 1, KpUTepHii cxo/icTBa OYJET YOBIETBOPEH U MOUCK 3aKOHYUTCS.

Teopembl APT

B paGore [2] moka3aHbl HEKOTOPBIE TEOPEMBI, TTOKA3BIBAIOIINE XaPAKTEPUCTUKU ceTei

APT. quLIpe pe3yiibTara, NpUBCACHHBIC HUXKE, ABJIAIOTCSA OAHUMHU U3 Hanboee Ba)KHBIX:

1. Tlocne crabunuzanuu mporiecca OOYYeHUS NPEABABICHHE OJHOTO M3 O0yYaroIIuX
BEKTOPOB (WM BEKTOpa C CYIIECTBEHHbIMH XapaKTEpUCTUKaMHM KaTeropuu) Oyner
aKTUBU3UPOBaTh TpeOyeMblii HEHpOH clos paclo3HaBaHMs 0Oe3 Toucka. OITa
XapaKTepUCTHKA «IIPSMOTO JOCTYIa» OIpenesseT ObICTPbIM JOCTYI K MpEeABAPUTEIBHO

M3y4YeHHBIM o0pazam.

2. Ilponecc noucka siBisercs yctoiuuBbiM. [locie omnpeneneHus: BEIMTPABILIEr0 HEWPOHA B
ceTu He Oyner BO30OYXICHHMH IPyTruX HEUPOHOB B pe3ysbTaTe H3MEHEHHUS BEKTOPOB

BbIXOJla CJIOSI CpaBHCHUS C; TOJIBKO CUTI'HaJI C6pOC3 MOXKCT BBI3BAaTh TAKHC U3SMCHCHM .

3. Ilpouecc oOyueHus sBisieTcss ycronuuBbiM. (OOyueHue He OylIeT BBI3BIBATh

HEPEKIIIOYEHHUS ¢ OJJHOTO BO30YKIECHHOTO HEHPOHA CII0s PAacIIO3HABAHUS HA JIPYTOM.

4. Tlpomecc oOydeHusi koHedeH. JlroOas mocneAoBaTENbHOCTh MPOU3BOJIBHBIX BXOIHBIX
BEKTOPOB OyJeT MPOU3BOJAUTH CTAOMIBHBIM HAOOP BECOB IMOCIIE KOHEYHOTO KOJIHYECTBA
00y4Jaromux Ccepuil; MOBTOPSIOLIUECS MOCIEA0BATEIBHOCTH OOY4YalOIMIUX BEKTOPOB HE

OyIyT IPUBOAUTH K IIUKIUIECKOMY U3MEHEHHIO BECOB.

3AKITIOYEHUE

Cetu APT aBRSIOTCS HHTEPECHBIM U BaXXKHBIM BUI0M cucTeM. OHU CIOCOOHBI PEIIUTh
JUIEMMY CTaOMJIBbHOCTH-IUIACTUYHOCTH U XOpOHIO paldoTarT ¢ JIPYrHX TOYEK 3pEHHUS.
Apxurektypa APT CcKOHCTpyupoBaHa 10 MPHUHLUMUIY OHOJOTMYECKOrO0 NOA00US; 3TO
03HAYaeT, YTO €€ MEXAHU3Mbl BO MHOTOM COOTBETCTBYIOT MEXaHM3MaM Mo3ra (Kak Mbl HX
noHumaem). OZJHaAKO OHM MOT'YT OKa3aThCsl HE B COCTOSIHUM MOJAEIMPOBATH Paclpe/IeICHHYIO
namsTh, KOTOPYI0 MHOTHE PacCMaTpHUBAIOT KaK BA)KHYI XapaKTEpUCTUKY (PyHKUuUIl Mo3ra.

Ox3zemmuisipel APT mpencrtaBisitor coOoi «OaOyIIKMHBI Y3€JIKW»; IMOTEPs OJHOTO Y3J1a
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paspymaer Bcio mamsTh. llamsaTh Mo3ra, HampoTuB, pacHpelesneHa MO BElIEeCTBY MO3ra,

3alIOMHCHHBIC O6paSI)I MOTYT 4YaCTO IEPCKUTb 3HAYUTCIbHBIC (i)I/ISI/I‘-IGCKI/Ie MOBPCIKACHUA

Mo3ra 0e3 MOJIHOM UX TOTEPH.

Kakercst TormaHbpIM HN3YYUYCHUC APXUTCKTYP, COOTBCTCTBYIOIIUX HAIICMY IMOHUMAaHUIO

opranu3zanu ¥ QyHKIMA Mo3ra. YemoBedecKMid MO3T MPEACTABISET CYIIECTBYIOIIEE

JIOKA3aTeNIbCTBO TOTO (haKkTa, YTO PEIICHHE MPOOJIEeMBbI pacro3HaBaHUsi 00pa30B BO3MOXKHO.

Kaxercs pasyMHBIM 3MyJIMpoBaTh pabOTy MO3ra, €Cd Mbl XOTHM MOBTOPUTH €ro padoTy.

O,I[HaKO KOHTPApryMmeHTOM SBJIICTCA MCTOPHA IIOJETOB; YCJIOBCK HE CMOI' OTOPBATHCA OT

3C€MJIM 1O TEX I1OP, MMOKAa HC IEPCCTAl UMHUTHPOBATH ABVIKCHUS KPBUILEB U MOJICT IITUILI.
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MnaBa 9.
OnTnyeckne HeMpPOHHLIE CeTU

Hcnonp3oBanne n oOydyeHHE HEHPOHHBIX ceTeil TpeOyeT B OCHOBHOM JBYX THIIOB
onepauuii HajJ AAHHBIMU: BBIYMCICHUN W TEpelauyd JaHHBIX. BelunciaurenbHble (yHKIUN
JIETKO Y MPOCTO BBIMOJIHSIOTCS 3JIEKTPOHHBIMU CHCTEMaMU. DJIEMEHTbl HHTETPaIbHBIX LIETNei
paboTaroT B HAHOCEKYHAHbIX MHTepBajax. Kpome Toro, oHu MMEIOT pa3Mepsl, U3MepsieMbIe B

MHKPOHaX, 1 MOT'YT UMCTb CTOUMOCTb MCHEC coToit OCHTA 3a BCHTUJIb.

3ajauM NepeJauyd JaHHBIX pEIIaloTCs HE NPOCTO. OJEKTPOHHBIE CHUTHAbl B
UHTETPATBHBIX CETSIX TPEOYIOT HATHYUS KOHIICHCATOPOB JIJIS TIepeayll CUTHAIOB OT BEHTHJIS
K BEHTWIIO. XOTS KOHACHCATOPHl UMEIOT MUKPOHHBIC pa3Mepbl, 3aHMMaeMOe MPOCTPAHCTBO
(c yueToM mpoCTpaHCTBA, HEOOXOAMMOTO JIJIsl M30JISIIIMK OJJHOTO KOHJEHCATOpa OT JIPYroro)
MOXKET CTaTb HACTOJIBKO 6OJIBIJ_II/IM, 4TO Ha IJIACTUHC KPECMHUA HC OCTAHCTCA MCECTa IJIA
pa3MellieHHs] BBIYMCIUTEIBHBIX Ienei. HecMoTpst Ha TO, YTO CYHIECTBYET TEXHOJIOTHS
peanu3anui OOBIKHOBEHHBIX ITU(POBBIX KOMITBIOTEPOB B BHJIEC OOJBIINX (PYHKIIMOHATHHBIX
OJIOKOB C OTHOCHUTEIHBHO HEOONBIINM KOJUYECTBOM KOHACHCATOPOB, ATa TEXHOJIOTHS HE
TroauTCd B Cliydya€ MACCOBOT'O IapaJuiCiin3ma. AmHasoruudoe pemicHUC I UCKYCCTBCHHBIX
HCHPOHHBIX CETel B HACTOAIICE BpPEMS HEHM3BECTHO. MOIIHOCTh HEMPOHHBIX CeTei
orpenensiercsi OONBIINM KOJHMYECTBOM CBSI3€H; B3AThIC OTACIHHO OSJEMEHTHl HMEIOT

OTHOCUTCIBHO MaJIbIC BIYHCIINTCIBHBIC BO3MOXKHOCTH.

Cepbe3Hyio mpoOiieMy TpeACTaBIsIeT JOCTH)KEHHE TpeOyeMol CBSI3aHHOCTH B
aneKTpoHHBIX Lemnsax. B [10] npeamnonaraercs, 4To MIOTHOCTh KOHAEHCATOPOB B JIByMEpPHOMN
CHUCTEME JOJDKHA YMEHbIIATbCs OOpaTHO NPONOPLUOHAIBHO KBAApaTy pPACCTOSHUS OT
HEHpOHa-UCTOYHHKA; B IPOTUBHOM CJIy4a€ OTCYTCTBYET BO3MOKHOCTb PEAIU3allUi CUCTEMBI
B BHJIC MHTETPAJbHBIX IIeNel. JTO OrpaHHYEHHE MMEET 0co00e 3HA4YeHHE MPH peaTu3aluu

ceTell ¢ MOJHBIMY B3aUMHBIMU CBS3SIMH.

Peanuzanusi HEMPOHHBIX CETEW B BUJIE ONTHYECKUX CHUCTEM IO3BOJISIET PEIIUTH 3Ty
npobiieMy. B3anmHOe coennHeHHE HEHPOHOB C IMOMOIIBIO CBETOBBIX Jyued He TpeOyeT
N30 AU MCKAY CUTHAJIbHBIMU IMYTSAMH, CBCTOBBIC IIOTOKM MOTYT HNPOXOAHUTH OJUH 4YCPEC3
npyroiil 6e3 B3auMHoOro BIusHUs. bonee Toro, curHajqbHbIE IyTH MOTYT OBITh PacloyIOKEHbI B
Tpex uzMepeHusx. (MHTerpanbHble HEnH sBIAIOTCS CYIECTBEHHO IUIAHAPHBIMU C HEKOTOPOMH
penbe@HOCThI0, OOYCIOBIEHHONM MHOXECTBOM cioeB.) IlmoTHocTs mnyTedl mnepenayu
OrpaHUYECHA TOJBKO pa3MepaMu MCTOYHUKOB CBETA, UX [IUBEPreHUUEH U pa3MepaMu
nerekropa. lloTeHIManbHO 3TH pa3Mepbl MOTYT UMETh BEIMYMHY B HECKOJbKO MMKPOH.
HaKOHeH, BCC CUI'HAJIbHBIC ITYTH MOTYT pa6OTaTI) OOAHOBPEMCHHO, TCM CaMbIM obecrieynBas
OTPOMHBIN TeMII Mepelaun JaHHbIX. B pesynbraTe cucrtema crocoOHa 00eCreYuTh MOTHBIN

Ha0op cBs3el, pabOTaOLINX CO CKOPOCTBIO CBETA.
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Onrtuyeckre HEHPOHHBIE CETH MOTYT TaKXe 00€CIeYUTh BayKHbIC IPEUMYIIECTBA IPU
IPOBEJCHUM BBIYUCICHUN. BenuunHa CHHAaNTHYECKUX CBA3€M MOXET 3allOMHMHATHCA B
rojorpaMmax ¢ BBICOKON CTENEHbIO IUIOTHOCTH; HEKOTOPBIE OLIEHKU AAIOT TEOPETUYECKUI
npexen B 10'? 6ur Ha Kybuueckmii caHTHMeTp. XOTS TAKHE 3HAYCHHS HA HPAKTHKE HE
JOCTUTHYTHI, CYIECTBYIOUIMNA ypOBEHb IUIOTHOCTH MaMSITH OYeHb BBICOK. Kpome Toro, Beca
MOTYT MOAM(UIIMPOBATHECS B TpoLEcce padOThl CeTH, 00pa3ysl MOJIHOCTHIO aJalTHBHYIO

CUCTEMY.

YyureiBas 3TH INPEUMYIIECTBA, MOXKHO 3aJaTh BOINPOC, IOYEMY HapsAxy ¢
ONTUYECKUMU HEUPOHHBIMU CETAMU BOOOIE paccMaTpUBAIOTCS JApPYTHE  CIOCOOBI
peanuzanun. K coxaneHuio, BO3HUKAeT MHOXKECTBO MPAKTHUYECKUX MPOOJIEM MPH MOMBITKAX
ONTUYECKOH peanu3aluu HEMpOHHBIX ceTeld. OnTHYecKre yCTpOiCTBa UMEIOT COOCTBEHHBIE
(Gu3nuecKkne XapakTepPUCTHKH, 4aCTO HE COOTBETCTBYIOIIUE TPEOOBAHUSAM HCKYCCTBEHHBIX
HEHUpPOHHBIX ceTeil. X0Td OHU B AEMCTBUTEIBLHOCTU NMPUTOAHBI JUIsl 00pabOTKU M300pakeHU,
U300paKEHUsT OT ONTHUYECKUX HEHPOHHBIX CeTeH, MOJy4YeHHbIE JI0 HACTOSIIEr0 BPEMEHH,
ObulM pazodapoBbIBaolle MIOXMMH. OJHAKO JOCTAaTOYHO B3IVISIHYTh Ha IEpBbIE MPOOBI
TEJICBU3UOHHBIX H300pakKeHHH, YTOOBI TOHSITh, KAKOW OTPOMHBIA MPOrPecC BO3MOXKEH B
NOBBIIIEHUH KadyecTBa M300pakeHWs. HecMoTpss Ha 3THM TPYAHOCTH, a TaKKe Ha TakKue
npoOJaeMbl, Kak CTOMMOCTb, pa3Mepbl M KPUTHYHOCTh K OPHEHTAIMM, IMOTEHIHAJIbHbIC
BO3MOXHOCTH ONTHYECKHUX CUCTeM NOOyxaaiu (M NOoOY>KAAal0T) MOMBITKH IPOBEAECHUS
MHTEHCUBHBIX M IIMPOKHUX HCCeNoBaHUN. B 3Toi 001acTé MpoOMCXOAAT CTPEMUTEIbHBIE

W3MEHEHHS U B OJInKaiiliee BpEMA OKUAAIOTCA BAXKHBIC YITYUYIICHHA.

MHorue wu3ydaemble KOH(PUIypalMd ONTHYECKUX HEHPOHHBIX CeTeld MOXHO
pa3feNnTh Ha JBE KAaTErOpUHM, PAacCMOTPEHHBIE B JIaHHOW IJaBe: BEKTOPHO-MAaTPUYHbIE
YMHOXKHTEIM M rojorpaduyeckue KOppesTopbl. 3aMEeTHM, 4YTO JETalbHOE OINHCaHHE
BOIIPOCOB ONTHYECKOH (M3MKH BBIXOOUT 3a paMKd JaHHOH paboTel. Bmecto »TOro
NPUBEJCHO Ka4eCTBEHHOE ONMMCAaHUE pabOTHl CUCTEM U B3TJISI aBTOpa Ha JIOCTUKEHUS B STOU

oOJactu.

BEKTOPHO-MATPUYHbLIE YMHOXUTEJIAN

[Iponiecc GyHKIMOHUPOBAHUSI OOJBITUHCTBA HCKYCCTBEHHBIX HEHPOHHBIX CeTeH
MOYKET OBITH OIIMCAaH MATEMATHYECKH B BUJAC ITOCJIIEAOBATCIBHBIX YMHO)KGHI/Iﬁ BCKTOpa Ha
Marpuny, OoAHa OIcpanus YMHOXCHUA B KaXIAOM CJIOC. I[JISI BBIYUCIICHUS BbIXOJa CJIOA
BXOJTHOM BEKTOP YMHO>KAeTCsl Ha MaTPHUIly BECOBBIX KoddduimeHToB, o0pa3ys Bektop NET.
K aToMy BekTopy mpukiambiBaeTcs 3aTteM (QyHKius aktuBanuu F, obpasys Bexktop OUT,

SIBJIFOIIIAICS BBIXOJIOM CJIOS.

CUMBOJIMUECKH

NET = XW,
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OUT = F(NET),
rne NET — BekTop B Buje CTpOKH, CHOPMHUPOBAHHBIN B3BEIIEHHBIMU cyMMaMu Bxos10B; OUT

— BBIXOJIHOM BeKTOp; X — BXOJHOM BeKTOp; W — MaTpuIia BeCOBbIX KOA(h(PUIIHEHTOB.

B Owuonormyeckux HEHPOHHBIX CETAX JTa OMNEpaluil BBIMOIHACTCS OOJBIINM
KOJINYECTBOM pabOTAIONIMX OJHOBPEMEHHO HEHPOHOB, MMO3TOMY CHUCTeMa paboTaeT ObICTpO,

HECMOTPs Ha MEJICHHYIO PabOTy OT/EIbHBIX HEHPOHOB.

Korga wuckyccTBEHHblE HEMpPOHHBIE CETU MOJEIUPYIOTCS Ha YHUBEPCAJIbHBIX
KOMITBIOTEPAX, IpUCyLlass WM MNapajulesibHas INPUPOJA BBIYMCICHMM TEpseTCs; Kaxaas
orepanusi A0JDKHA OBITh BBINOJIHEHA IociiefoBaTenbHO. HecMoTpst Ha OOMNBIIYI0 CKOPOCTh
BBITIOJTHEHUSI  OTNEJIBbHBIX BBIYMCICHHUH, KOJIMYECTBO OMepanuii, HEOOXOTUMBIX IS
BBIIIOJIHEHHUSI YMHOKE€HHSI MaTpHll, MPONOPLUUOHAIBHO KBaJapaTy pa3MEPHOCTH BXOAHOTO
BEKTOpPA (€CJIM BXOJHON M BBIXOJHOW BEKTOPHI UMEIOT OJJMHAKOBYIO Pa3MEPHOCTb), U BPEMsI

BBIYMCJICHUI MOKET CTAaTh CIUIIKOM OOIBIINM.

BJICKTPOHHO-OHTI/I‘ICCKHC MAaTPUYIHBbIC YMHOKHUTEC/IN

DNEKTPOHHO-ONTHYECKHE HEHPOHHBIE CeTH 00eCTIEUNBAIOT CPECTBA ISl BBITIOTHEHHUS
napajuyieIbHOTO YMHOXEHUs Matpull. Paccmorpennbie B paborax [3,6,7] Takue cetu
paboTarOT CO CKOPOCTHIO , OTPAHMYECHHOW TOJIBKO JOCTYIMHBIMH 3JIEKTPOHHO-ONTUYECKUMHU
KOMIIOHCHTaMH,; BpCMs BBIYHCJIEHUN MOTCHIMAJIbHO pacriojlaractcsd B Cy6HaHOCCKYHI[HOM

JAUaria3oHe.

Ha pwuc.9.1 nokazana  cucrema, CHocoOHash  BBIMOJHATH  YMHOXKEHHE
HIECTURJIEMEHTHOIO BXOJHOIO BEKTOpa Ha MaTpHIly Pa3MEpHOCTBIO 6X5, mpou3BOAs Ha
Bbixosie maTudnemMeHTHbI Bektop NET. ChopaBa pacnosokeH crosiGer] CBETOBBIX
HCTOYHHUKOB, JIy4Yd KOTOPBIX MHPOXOIAT YCPC3 HHUIMHAPUUYCCKHUC JIMH3BI; Ka)KILHﬁ JIyd

OCBCIHIACT OAHY CTPOKY BECOBOM MAacKH.

Taxkum obOpaszom, yiyd 1 ocBemaer u wj; wi; wis. B KadecTBe MacKd MOXKET OBITh
UCIIOJIb30BaHa (POTOTUICHKA, Y KOTOPOU MPO3PAYHOCTh KaXI0T0 KBaapara MpONOpIHOHATbHA
Becy. C NeBOil CTOPOHBI PacMoNIOKEeHa BTOpasi IMIMHIPUIECKast JIMH3a, (POKYCHPYIOIIas CBET
OT KaXXJ0ro cTo0I1a MACKU Ha COOTBETCTBYIOIMN poTomerexTop. Takum oOpa3zom, CBETOBOI
MOTOK Ha QoTOoAETEKTOpE 1 sABIAETCS CyMMOM MPOU3BEICHUN CBETOBBIX MHTCHCHBHOCTEH Ha

nepesaTouHyro QyHKIuio ctoibua 1. B cumBoiabHON hopme
NET, = ZWini ,

rae NET; — Beixon NET HelipoHna j (BbIxon goTtonerekropa j); Wij — Bec CBS3M OT HEHpPOHA i K
HeHpoHy j (BeTruuHa 0OpaTHO MPONOPLUUOHAIBHAS IPO3PAYHOCTH BECOBOW MacKH B CTPOKE i,

cTonbie j); X; — i-1 KOMIOHEHTa BXOJHOTO BEKTOpa I (BBIXO/ UCTOUYHUKA CBETA ).
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Puc. 9.1. D1eKTPOHHO-ONTHYECKUI BEKTOPHO-MATPUYHBIH YMHOKUTEIb

Beixon kaxmoro (oToeTekTopa SBISETCS CBEPTKOW MEXIY BXOTHBIM BEKTOPOM H
COOTBETCTBYIOIIUM CTOJOLOM BecOBOM Marpuipbl. Takum oOpa3om, HaOOp BBIXOJ0OB
Ipe/CTaBIseT COOOM BEKTOpP, PAaBHBIA IMPOHM3BEICHHUIO BXOJHOTO BEKTOpa HA BECOBYIO

MaTpHILy.

OTO MaTpUYHOE YMHOXKEHHUE BBINOJIHAETCS NapamienbHo. llpu ucnonb3oBaHUM
COOTBETCTBYIOIIMX BBICOKOCKOPOCTHBIX CBETOM3IYYAIOIIUX AUONOB U (oTomeTekTopoB PIN
YMHOKEHUE BEKTOpa Ha MATpHIly MOXKET OBbITh BBIIOJIHEHO MEHEE YeM 3a HAHOCEKYH]Y.
bonee Toro, CKOpocTh yMHOXKEHHS MPAKTUYECKU HE 3aBUCUT OT Pa3MEPHOCTH MacCUBa. JTO
MO3BOJIAET HapalUuBaTh CETH 0€3 CYyIIECTBEHHOIO YBEJIWYEHMsI BPEMEHHU BblUMCICHHHA. B
JTAHHOM TIPOCTOM IpHUMEpe Beca CeTH (PUKCHUPOBAHBI; OHU MOTYT M3MEHATHCS TOJBKO HpHU
MIOJICTAHOBKE PA3JIMYHBIX BECOBBIX MAacOK. /[J1s1 MCIONb30BaHUS B aJaITUBHBIX CUCTEMAaXxX Beca
JIOJDKHBI ObITh NepeMeHHbIMH. CyllecTByeT MHOI0OOO€LaroIluii METOJ, OCHOBAaHHBIM Ha
UCIOJIb30BAaHUHU KUJAKOKPUCTAINIMYECKOTO0 KjlamaHa BMECTO (oTorpapuueckoro HeraTHBa.
OTO TO3BOJISIET HM3MEHATh Beca DJIEKTPOHHBIM CHOCOOOM B TEYEHHE MHUKpPOCEKyHA. B
HACTOALIEE BpeMs KUJKOKPUCTAIUIMUECKNN KJIAllaH MOKET UCIIOJIb30BATHCA IS pealu3aliu
JBOMYHBIX BECOB, HO MMEET HEAOCTATOYHYI0 CTaOWIBHOCTh M KOHTPAaCTHOCTb IS
peanu3aly HENPEPHIBHBIX IEPEMEHHBIX BECOB. OJTa CUTyallUs MOXET HU3MEHUTHCS B

OnmKaiieM Oyyniem.
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Cern Xonduiga Ha 0a3e JJIEKTPOHHO-ONTHYECCKMX MATPUYHBIX YMHOKHUTeIEH

Ecmu  BBIXOABI (POTONETEKTOPOB B CETH IMOJNAIOTCS OOpaTHO U yIPaBJICHUS
COOTBETCTBYIOIIIMMH CBETOBBIMHM BXOJaMH, PpEaIU3yeTCs 3JIEKTPOHHO-ONTHYECKAsl CETb
Xonpunma. Jlng BBINOJHEHHS 3TOro J0JDKHA ObITh oOecreyeHa MoporoBas (GYHKIUS
akTUBalMU. B HacTosmiee Bpems (pyHKLMS aKTHUBAllMM HAWJIy4dlIMM 00pa3oM peanu3yercs

MTOMOIIIBIO JIEKTPOHHBIX IENEH, CISAYIONUX 32 KaXKIbIM (POTOIETEKTOPOM.

Jns  ynoBieTBOpeHHs TpeOOBaHMN CTaOMIIBHOCTH MAacCHB BECOB JIOJDKEH OBITh
CHMMETPHYHBIM C HYJEBBIMH KOX(QQHUIMEHTAMH I KBAJAPAaTOB TJIABHOM auaroHamu (wii,

W12, Wnn).

OneKkTpoHHO-ONTUYECKasi ABYHanpaBfieHHas accumaTuBHas namaTb (OAN). Eciou 1Be cucTeMsl,
MoKa3aHHbIe Ha puc. 9.1, coeqMHEHBI B KackaJ (BBIXOJ BTOPOW CHUCTEMBI MOJACTCS HA BXOJ
nepBoi), peamusyercs anekTpoHHo-onTuyeckas JAIL. Jna obecneueHuss cTaOMIBHOCTH

BTOpasi BECOBasi MacKa J0JKHA SBJISTHCS TPAHCIO3UIIMEH MepBO.

B [9] ommcana xommakTHas cuCTeMa, B KOTOPOW i peaju3aluu SJIECKTPOHHO-
ontuyeckoit JIAIl tpeOyeTcst ToMbKO OfHA Macka M onThueckas cucrema (puc. 9.2). 3aech
KaXJble (POTOJIETEKTOP M CBETOBOW MCTOYHHUK 3aMEHSIOTCS Mapoil (POTOETEKTOP — CBETOBOM
UCTOYHUK. DYHKIIMOHHUPYET JaHHAs CHUCTEMa aHAJIOTMYHO paHee OIMHMCAHHOMY IPOCTOMY
(GOTOONTUYECKOMY  yMHOXHUTEIIO, 33 HWCKIIOYCHWEM TOTO, YTO BBIXOJ KaXIOTO

(I)OTOIICTGKTOpa YHOpaBJId€TCA CBA3aAHHBIM C HUM CBCTOBBIM UCTOYHHKOM.

B npornecce paboThl CBETOBOM MOTOK OT Ka)KJOTO UCTOYHHKA CBETA CIpaBa MPOXOAUT
yepe3 IIINHIPUYECKYIO JIMH3Y, OCBEIllas COOTBETCTBYIOLIYIO CTPOKY CBETOBOW Macku. JTa
JIMH3a Pa3BOpPAYMBAET CBETOBOM IMOTOK B TOPU3OHTAJIBLHOM HANpPABJICHHH, OCTaBIsIA €ro

HCPA3BCPHYTHIM B BCPTUKAJIbHOM HAIIPABJICHUH.

Kaxnplif poToneTekTop cieBa Moxy4yaer CBETOBOM MOTOK OT CTOIOIa BECOBOM MacKu
U C MIOMOUIbIO MOAKIIOYEHHBIX K HEMY 3JIEKTPOHHBIX LIeTIeH pean3yeT MOpOoroByro (pyHKIUIO
JUIs BBIPAOOTKH anekTpudeckoro BeixonHoro curaaiga NET. Curnan NET 3arem ympasmser
COOTBETCTBYIOIIUM JaHHOMY (DOTOAETEKTOPY CBETOBBIM HCTOYHHMKOM, CBET OT KOTOPOTO
HOPOXOJIUT Yepe3 ONTHYECKYIO MOJACUCTEMY, OCBelas TOT e crtondern. Ciexyer OTMETUTH,
YTO OJHO U TO K€ OINTHYECKOE IPOCTPAHCTBO HCIOJIb3YETCs CBETOBBIMU OOpa3amH,
IIPOXOJSIIMMM CJIeBa HANpaBO M CIpaBa HaleBO. Tak Kak CBETOBBIE IIOTOKM HE

B3aUMO/ICHCTBYIOT MEXIy COOOM, 3TO HE BBI3bIBAET MPOOIIEM.
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Puc. 9.2. D1eKTpOHHO-ONTHYECKAS IBYHANIPABJIEHHAS] ACCOLUATUBHAS NAMATH
Kaxnprit  gorogeTexkTop pearupyeTr Ha CBETOBOM IOTOK OT BCEH CTPOKH, €ro
AIIEKTPOHHAS YaCTh PEAM3yeT MOPOTOBYIO (DYHKIMIO U PE3YIbTHPYIOIINI CUTHA yIPaBISIET
CBSI3aHHBIM C HUM CBETOBBIM MCTOYHUKOM. TeM caMbIM 3aMBIKAE€TCS IIETIIS O6paTHOI>'I CBA3H,
BKJIIOYAIOIIAasl CBETOBBIE HCTOYHUKH, (POTOAECTEKTOPHI U ONTUYECKYIO CUCTEMY. 3aMETHM, UTO
ycroiuuBocTh JIAIl rapantupyercs, 1axke eciiv MaTpulla HE CUMMETPUYHA; KpOME TOro, He

TpeOyeTcst 00513aTENbHOI0 PABEHCTBA HYJIIO 3JIEMEHTOB IJIABHOM 1MaroHaiu.

MaccuBbl NIMHEWHbIX MOAOynATOPOB. JInHeHHbBIN MOAYJIATOP, HCAOCTATOUHO HU3YUYCHHOC 10
HACTOAIIETO BPEMEHU YCTPONCTBO, TO3BOJSET HANECATHCS HA CYLIECTBEHHOE YIIPOIICHHE
CTPYKTYpBI 3JIEKTPOHHO-ONTHYECKUX ceTed. Kak mnokazaHo Ha pwuc. 9.3, JTUHEUHBIN
MOJYJISITOP NPEJICTaBIsIET COOOM TOHKYIO IUIACTUHY C YEpeayIOIIMMHUCA TOJOCKaMH
CBCTOYYBCTBUTCIIBHOI'O MaTCpuajia U IMOJIOCKAMU ONTUYCCKHUX MOAYJISITOPOB. HpOSpa‘IHOCTL
KaXIOW TMOJOCHI, COOTBETCTBYIOIIEH ONTHYECKOMY MOAYJSTOPY, MOXET OBITh H3MEHEHa

3JICKTPOHHBIM CITOCOOOM.
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Puc. 9.3. MaccuB JTMHEHHBIX NPOCTPAHCTBEHHO-CBETOBBIX MOYJISITOPOB

Ha puc. 9.4 nokazana ynpolieHHas KOHCTPYKLMS U3 JIMHEWHBIX MOJAYJSITOPOB,
UCIIOJIb3yeMasi B KAa4eCTBE ONTHUYECKOTO YMHOXMTENA MaTpull. ['OpM30HTaJIbHBIE MOJOCHI
ONTHUYECKUX MOJIYJISATOPOB YIPABISIIOTCA SJICKTPOHHBIM CrOcOO0OM. CBETOMPOBOIHOCTH
KKJOM TOJIOCBI COOTBETCTBYET BEIMYMHE COOTBETCTBYIOIIEH KOMIIOHEHTBHI BXOJHOTO
BeKTOpa X, TEM CaMbIM ONpENENsis BEIMYMHY CBETOBOI'O MOTOKA YEPE3 COOTBETCTBYIOIIYIO
CTPOKY BECOBOM MaTpullbl. B 3TON cucTeMe HET OTAEIbHBIX CBETOBBIX MOTOKOB JJISI KaXI0M
CBETOBOM CTPOKH; OJIMH HCTOYHHK CBETAa Yepe3 KOJUIMMATOp CO3/1a€T CBETOBOM IOTOK,
BXOJSIIIMNA COpaBa U MPOXOJALIMN Yepe3 KaXAYH0 MOJIOCY MOAYJATOPA Ha BECOBYIO MAcCKYy.
CBeT, MpOXOASAIIMI Yepe3 3Ty MACKy, MONAJacT Ha BEPTHKAJIbHbIE CBETOUYBCTBUTEIbHBIC
cronOupl. Kaxnprit cronbenr TPOUBBOAMT BBIXOJ, MNPOTMOPIUOHAIBHBIA CyMMapHOMY
CBETOBOMY TIOTOKY, MPOXOSAIIEMY Yepe3 COOTBETCTBYIOIINI CTONOEI BeCOBOI Macku. Takum
o0pa3oMm, pe3yibTaT aHAJOTHYEeH ONHCAaHHOMY paHee Ui JIMH30BOM  CHCTEMBI,
KOHIICHTPUPYIOIIEH CBET Ha MaJleHbKOM (DOTOJIETEeKTOpe; NaHHAas CHUCTEMa MPOU3BOIUT

YMHOKCHHUEC MaTpUl] C TOYHO TaKUM K€ PC3yJIbTAaTOM.
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Puc. 9.4. JInneiinblii MOLYJISITOP, HCIIOJIB3YyeMblil B KauecTBe
ONTHYECKOr0 MATPUYHOI'0 YMHOKHUTEIS.

Tak kak MaccuBBl JIMHEHHBIX MOZYJATOPOB IE€PENAIOT CBET, IPOLICILINIMA
KOJUIUMAToOp, IJIi JAaHHOH CUCTEMbl HE TpeOyeTcs LMJIMHAPUYECKUX JIMH3. DTO pelaer
TPYJIHYIO NMPOOJIEMYy I'€OMETPUUYECKUX HCKaKEHUM, CBSI3aHHYIO C HCIOJIb30BAaBIIEHCS paHee
ontukoi. IIpeumyinecrBa KOMIIAKTHOM KOHCTPYKLMM M ONTHYECKOW INPOCTOTHI, B TO XK€
BpeMs, NPUBOJAAT K OTHOCHUTEJIIBHO HU3KOH CKOPOCTH (PYHKLMOHHPOBAHUS; COBPEMEHHbIE

TEXHOJIOTHH TPEOYIOT AECITKOB MUKPOCEKYH/I JUISl IEPEKITIOUEHUS CBETOBBIX MOIYJISITOPOB.

Peanusaumsa JAMN c ucnonb3oBaHMEM MacCUMBOB nuHeWHbIX mopynstopoB. Ha puc. 9.5
npuseneHa crpykrypa JIAll, cKoHCTpyHMpOBaHHOW C MCIOJIb30BAHUEM MACCHUBOB JIMHEHHBIX
MonynATOpoB. (OHa aHAJIOrM4YHA CTPYKTypE€ ONMCAHHOIO BBINIE YMHOXHUTENA, 3a
UCKJIIOUEHHEM TOr0, YTO Ka)/ias IMoJioca CTONOLAa CBETOBOIO JETEKTOpa CJIEBA YMpaBIIsIeT
IIOPOTOBBIMH LIENSIMU, KOTOPBIE B CBOIO OYEPEAb YIPABIISIIOT CBETOIIPOBOIHOCTBIO CBA3aHHOU
C HUMH BEPTUKAIBHOM MOJ0Chl. Takum o0pa3oM, MOIyTUpPYETCS BTOPOIl CBETOBOM MCTOUHUK
ClleBa M COOTBETCTBYIOLIMM CTONOEI] BECOBOM MAacKu IIOJy4aeT YINpPaBJIAMBbIH YPOBEHb
OCBEIICHHOCTH. OTO BhIpabaThiBaeT HEOOXOAMMBIA CHUTHAT OOpaTHOW CBS3M A
TOPU3OHTAIBHBIX CTPOK CBETOBBIX JETEKTOPOB CIIPaBa; MX BBIXOJHBIE CHUTHAJIBI
oOpabaTbIBaloTcs ~ MOpPOroBoil  (yHKIMEH W yOpPaBIsIOT  CBETONPOBOJHOCTHIO
COOTBETCTBYIOIIIUX TOPU30HTAJIBHBIX CBETOMOAYJIUPYIOIIUX IIOJIOC, TEM CaMbIM 3aMbIKasl

neTiro obpatHoit cBsizu JJAIL
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Puc. 9.5. OnTnyeckasi AByHANIpaBJeHHAs1 ACCOLMATUBHASA NaMATh,
HCIOJIB3YI0IIasi MACCHBBI JTUHEIHBIX MOy JIITOPOB.

rOJIOrPA®UYHECKUE KOPPEJNATOPDI

Cy1ecTByeT MHOKECTBO BAPHAHTOB peaIM3alluy ToOJIOTrpahuIecKuX KOPPEIATOPOB U
TEM HE MEHEe HUX OCHOBHBbIC MPUHUUNBI (YHKIMOHHUPOBAHUS OUYEHb CXOXU. Bce oHHM
3alIOMHMHAIOT 00pa3LloBble H300paKeHHsI B BUJIE JINOO TIOCKOH, INOO 00BEMHOM roJI0rpaMMbl
U BOCCTAHABJIMBAIOT MX IPU KOIEPEHTHOM OCBELICHMU B IeTiie oOpaTHOW cBs3u. BxogHoe
n300pakeHne, KOTOpPOe MOXKET OBITh 3allyMJICHHBIM WM HETOJNHBIM, TOJAETCs Ha BXOI
CUCTEMBl U OJHOBPEMEHHO KOPPEIMPYETCSI ONTUYECKH CO BCEMHM 3allOMHEHHBIMU
00pa3OBBIMU M300paXEHUAMHU. DTU KOppesnuu 00pabaThIBalOTCsl MOPOroBor (GpyHKLUEH 1
NOJAa0TCs OOpaTHO Ha BXOJ CHCTEMBI, I'/leé HauboJyiee CUIIbHBbIE KOPPENALUN yCUIUBAIOT (U,
BO3MOXXHO, KOPPEKTHPYIOT WM 3aBEpILIAIOT) BXOJHOE H300pa)keHHE. Y CHIIEHHOE
n300pakeHHe MPOXOJUT Yepe3 CHCTEMY MHOTOKPATHO, UMEHSSICh MPHU KaXIOM MPOXOJE IO
TeX MOp, MOKa crUcTeMa He CTabuiIu3upyercs Ha TpeOyeMoM M300pakeHNnU. 3aMeTUM, UTo JUIs
ONHUCaHMs pAaclo3HaBaeMbIX OOpPa30B MCIOJIB30BAICA TEPMHUH «H300paxeHue». Xors
pacro3HaBaHHe W300paKeHWH sABNseTCS HauOoliee aaeKBAaTHBIM TPHIOKEHUEM  JUIS
ONTUYECKUX KOPPEIATOPOB, BXOJ CHUCTEMbl MOXET paccMaTpuUBaTbhcs Kak OOOOIIEHHBIN

BCKTOp U CUCTEMaA IIPU 3TOM CTAHOBUTCS O6H.[CI.ICJ'ICBOI>1 acCOIMaTUBHOM MaMSThBIO.

MHorue uccienoBaren caeiaad OoJbIIOW BKJIAX B Pa3BUTHE ToJOrpaduyecKux
KOPPEJIATOPOB U JIeXKalled B UX OCHOBe Teopuu. Hampumep, B pabotax [2,4,8] mpoBeneHsI
NpeBOCXOJHbIE HccienoBaHus. B pabore [1] paccMoTpeHa Bmeyarssiomas CHCTEMA,

SIBJISIOIIASICS. OCHOBOM CJICAYOIICTO HUKE 06CY)KZ[6HI/I$I.
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Puc. 9.6. OnTuyeckasi cucrema pacino3HaBaHusl M300pasKeHH i

B koHdurypanum, mnokazaHHOM Ha puc.9.6, BXOJOM B CHUCTEMY SBJISETCS
n3o0paxkeHne, cHopMUpOBaHOE TPAHCIIAPAHTOM, OCBEIICHHBIM JIa3epHBIM JIydOM. OTO
U300paKeHHe dYepe3 JACNUTENb Jiyda MepeNaeTcss Ha IMOPOroBO€ YCTPONCTBO, (YHKIUH
KOTOpPOTO oOmucaHbl Huxke. M300pakeHne oTpakaeTcsi OT TIOPOTOBOTO YCTpOICTBa,
BO3BpAIllaeTCsl Ha JENUTENb JIyda U 3aTeM IonaaeT Ha JIUH3Y 1, KoTopasi GOKyCHpYEeT ero Ha

IIEPBOM rOJIOrpaMMme.

[TepBast romorpamMma COJAEPKUT HECKOJIBKO 3alIOMHEHHBIX M300pakeHui (Hampumep,
U300paKEHHs YETHIPEX CaMoJIeTOB). BxomHOe M300paKeHHE KOPPEITUPYETCs C KaKIbIM M3
HUX, 00pa3ysi CBETOBbIE OOpa3bl. SIPKOCTh ATHUX 00pa30B M3MEHSIETCS B 3aBUCHMOCTH OT
CTCTICHH KOPPEJSIUH, OMPEISISIIONICH CXOICTBO MEXKAY ABYMs m3o0pakeHusmu. JIuH3za 2 u
oTpaxkatenb | MPOEKTHPYIOT M300pakeHHe KOPPEeNsuil Ha MUKPOKAHAIBHBIM MAacCHB, TIE
OHU TIPOCTPAHCTBEHHO pa3aeistoTcs. C MHKPOKaHAJIBFHOTO MAacCHBa MHOKECTBO CBETOBBIX
00pa3oB mepeaaeTcss Ha OTpakaTesb 2 4yepe3 JUH3Y 3 U 3aTeM MPUKIIAIbIBACTCS KO BTOPOU
rojorpamMme, KOTopasi UMeeT T€ K€ 3allOMHEHHbIE H300paKeHHs, YTO U MepBasi roJiorpamma.
JluHza 4 m oTpakatellb 3 3aTeM IEPENAlOT CYMNEPHO3HUIUI0 MHOXECTBA KOPPEIUPOBAHHBIX

M300paKeHHU Ha OOPATHYIO CTOPOHY IMTOPOTOBOTO YCTPOMCTBA.

[ToporoBoe ycTpoiCcTBO SBISAETCS KIFOUEBBIM T (DYHKIIHOHUPOBAHHS STONH CHCTEMBI.
Ero mepenHsisi MOBEpXHOCTh OTpakaeT HauOojee CHUIBHO TOT 00pa3, KOTOPBIH SBISIETCS
caMbIM SIPKMM Ha ero oOpaTHOM MoBEpXHOCTU. B naHHOM ciydae Ha 00paTHYIO OBEPXHOCTh
INPOEKTUPYETCsl HA0Op W3 YeThIPeX KOPPEISALMHA KaKAOro U3 4YeThIpeX 3allOMHEHHBIX

N300paKeHM ¢ BXOJHBIM M300paXeHHEM. 3allOMHEHHOE M300pakeHne, HanboJee moxoxee
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Ha BXOJHOE M300paKeHHEe, UMEET CaMyl0 BBICOKYIO KOPPEJIALMIO, CIe10BaTeIbHO, OHO OyAeT
CaMbIM SIPKUM U HanOoJjee CUIIbHO OTPa)KaeMbIM OT NEpeHEN MOBEPXHOCTU. DTO YCUIIEHHOE
OTpa)KEHHOE M300pa’keHUe MPOXOAUT Yepe3 JIIUTEINb JIyda, [OCIe Yero MOBTOPHO BBOAMTCS
B CHCTeMy /Js JanbHeimiero ycuieHus. B pesynbrare cucrema OyAeT CXOAUTCS K
3allOMHEHHOMY H300pakeHHuio, HauOoisiee MoxokeMy Ha BxoaHoil Bekrop. Ilocime storo
MO’KHO yOpaTh BXOJHOW 00pa3, ¥ 3allOMHEHHBIN 00pa3 OyAeT MpoaoiKaTh HUPKYJIUPOBATh B

cucTeMe, MPOU3BO/IS BBIXOIHOE U300paKeHHe, 10 cOpoca CUCTEMBI.

3anucaHHas Ha BHUJICOJICHTY JE€MOHCTpAIMs 3TOM CUCTEMBbI MOoKa3ana ee CloCOOHOCTh
BOCCTAHABIIMBATh IIOJHOE H300pa)X€HHWE B Clydae, KOrja TOJbKO YacTh H300pa’KeHUS
MO/IA€TCSI HA BXOJ CHCTEMBbl. JTO CBOICTBO MMEET Ba)KHOE BOEHHOE NMPHUMEHEHHE, TaK Kak
pacrmo3HaBaHHUE eI YACTO JOJDKHO OBITh BBIMIOJHEHO B YCJIOBUSAX YACTMYHOW BUIAMMOCTH.
Kpome TOro, Bo3MOXHBI MHOTHE JPYrHe MPOMBIIIJICHHbIE MPUMEHEHHUs, pacro3HaBaHHe

00BEKTOB KaK MHOXKECTBA JINHUH SIBJISICTCS 3anaqel?1, pemaeMoﬁ Ha NPOTAKCHHUU MHOT'UX JICT.

HecmoTpss Ha mOTEHLMAIBHBIE BO3MOKHOCTU OINTUYECKUX KOPPENISATOPOB, KA4ECTBO
U300paXeHHs] B CYIIECTBYIONIMX CHCTEMax SIBJISETCS HEBBICOKMM, a HX CJIOXHOCTh M
CTOMMOCTh BBICOKH. Kpome Toro, B Hacrosiiee BpeMs ONTHYECKHE KOPPEIATOPHI UMEIOT
Oonpiive pasMepbl M TPYyAHbl B Hanajgke. bosbiine nNOTEHIMalbHbIE BO3MOKHOCTH
ONTUYECKUX KOPPEIATOPOB OyAyT CTUMYJIHMpPOBAaTh IPOBEJICHHE HCCICNOBAHUNA II0
COBEPILEHCTBOBAHUIO TAKUX CUCTEM, OJIHAKO B HACTOSLIEE BPEMS MHOTHE BOIPOCHI OCTAIOTCS

0e3 OTBE€TA, HCCMOTPA HA UX IMPAKTUYCCKOC 3HAUYCHUC.

O0bemMHBIC T010TPaMMBbI

Hekotopeie kpuctamiabl [8] HCKpUBISIOT XapaKTEpHbI LIBETOBOM Jy4; BEIMYMHA
UCKPUBJICHUS MOXET MoAu(UIUpoBaThca Ja3epoM. Ecinu CKOHCTpYyMpOBaHBI BEHPOHHI,
CHOCOOHBIE TMOJIy4aTh W IOCBUIATh CBET, 3TH (OTOpepakTUBHBIE KPUCTAIUIBI MOTYT
WCIIOJIB30BAaThCA JJISI OpraHU3allMM BHYTPEHHUX CBs3ed B Oompmmx cersix. B [11]
UCCJIEIOBaHa MOTEHLHUANIbHAsl IUIOTHOCTh TaKUX BHYTPUCBA3AHHBIX CUCTEM W IPUBEICHA
OIIEHKA, UTO MPAKTHYCCKH MOTYT OBITh Peatu30BaHbI ceTd ¢ miotHocTsio ot 10° g0 10"

BHYTPEHHUX CBA3EH Ha KyOMUECKUI CaHTUMETD.

Bennuuna u HampaBieHHe, B KOTOPOM Jy4 HCKpUBIseTcs (GoTopedpakTHBHBIM
KpUCTAJUIOM, OIPEJEISETCS BHYTPEHHEHW royorpaduueckoil pemeTrkoil, chopmMupoBaHHOM
Ja3epHbIM JIy4OM BBICOKOW HMHTEHCUBHOCTHU. JIOKaJbHBI MHIEKC pedpakuuu KpucTauia
aBnseTcss (yHKUMEH JOKaIbHOM MIOTHOCTH ero 3apsana. Jlazep mepepacmpesnenser 3apsif
NyTeM CMEIEHUsI DBJIEKTPOHOB, TEeM caMbiM (QOopMHUpPYsS 00JAaCTH H3MEHEHHON CHIIbI
pebpakiuu. Ecnm  cBeTOBOM  yd, COEAMHSIONIMKA Mapy HEWPOHOB, TIOMAAaeT B
COOTBETCTBYIOIYI0 TOYKY KpHCTalla, OH OyJIeT WCKpUBIAThCA (pearupoBaTh) Ha

COOTBETCTBYIOIINI yTOJI B HAIIPABJIEHUU HEHpOHA-NIPUEMHUKA.

139



bonee Ttoro, cuma Kaxaod pelmIeTKH MOXET YHPaBIATHCS JA3€pPHBIM JIyuOM, TeM
CaMbIM H3MEHSS TIPOLIEHTHOE COOTHOUICHHWE pedparupyromero iayda. IJTO TO3BOJISET

3 PEKTUBHO U3MEHATH BECa BHYTPEHHHX CBSI3€i B COOTBETCTBUH COOYUAIOIIUM aJITOPUTMOM.

Onrtuyeckas ceTb XOH(l)HJIZ[a, HCITOJIb3YyoLIast 00bLeMHBIE roJiorpamMmmanl

B paGote [12] ommcana MOJHOCTHIO ONTHYECKAs PEKypEHTHAs HEUpPOHHAs CETh,
CKOHCTPYHMPOBAHHAsI C HCIOJB30BAHUEM OO0BEMHBIX TojorpamMM. CeTb MpEACTaBISIET COOOM
ONTUYECKYIO pealn3aluio cetd Xomnpuijga, yCTaHABIMBAIOUIYI0O MHHMMYM Ha OINTHYECKU
CT€HEPUPOBAHHOM HYHEPreTHUECKOl moBepXxHOCTH. Koraa npeabsBisercs 3allyMICHHbBIN WU
HENOJHBIA BXOAHOM 00pa3, cucreMa CXOIUTCS K Haubosee MOXO0XKEMY 3allOMHEHHOMY

MU300paKCHHIO, TEM CaMbIM (DYHKIIMOHUPYS KaK ONTHYECKAst aCCOIIMATUBHAS MTaMSTh.

Puc. 9.7 npencraBnseT ynpouieHHY0 KOH(QUTYpalulo CUcTeMbl. Pe3oHaHCHAs HeTist
BKJIFOYA€T MAacCHUB ONTHYECKMX HEHPOHOB, ONTHYECKYIO MATpHIly BHYTPEHHUX CBS3eH M
COOTBETCTBYIOIIME ONTHYECKHNE KOMITIOHEHTHI. M300paskeHns (mpeabsBisieMble KaKk BEKTOPHI)
NPOXOJAT Yepe3 KOHTYp ¢ OOpaTHOW CBS3bIO B ONpEAETISIeMOM MAacCHBaMHU HAaIpPaBJIICHHHU,
YCHIIMBAsICh B Ipoliecce 00paboTku. DTO ABJISETCA TOYHOW aHANoOrueil (yHKIMOHHPOBAHUS
cetu Xondunna. OnTuyeckuif MacCUB HEHPOHOB CYMMHUPYET BXO/HBIE CUTHAJIbI M CUTHAJIBI
OOpaTHOM CBSI3M M 3aT€M peajn3yeT CUTMOUAAIbHYIO (DYHKIMIO aKTHBAIMH, ONTHYECKas

MaTpula BHYTPCHHUX CBSI3€H BBITTOJIHSACT BCKTOPHO-MAaTPUYHOC YMHOXKCHHUC.

Korma BxomHOil BekTOop (BO3MOXHO MPEACTABISAIONIMKA €000l  M300paXkeHue)
NPUKJIA/IbIBAECTCS CIpaBa, OH IMOMAJaeT 4yepe3 JenuTenb Jiyda BS, Ha MaccuB ONTHYECKHX
HEWPOHOB. 3/1eCh OH YCHJIMBACTCS, U C TOMOIIBIO HACHIIAIONIETOCS ABYXIy4E€BOTO yCHUINTEIS
BBIUUCIISICTCS cCUrMouabHast GyHKIus. CxKaTblii BBIXOJHONH BEKTOP YAaCTHYHO OTPaXKaeTCs
nenutenem yyda BS; Ha nuH3y L) 1 3aTeM BBOAMTCS B ONTHYECKYIO MAaTPUILy BHYTPEHHHX
cBsizeil. YacTh BBIXOJHOIO CBETOBOI'O IMOTOKAa MpoXoauT udepe3 BS; u oOpasyer BbIxon

CHCTCMBI.

OnTuueckas MaTrpuia BHYTPCHHHUX CBSI3€l COCTOUT M3 ABYX 00BEMHBIX TroJiorpamm,
KOTOPBIC XPAHAT 06pa3u01sble I/I306pa)KCHI/I$I B BHUAC 3allMCAHHBIX JIA3CPHBIMU JIydaMU
,I[I/I(i)paKI_II/IOHHBIX O6p8.30B. Onn CJIy’KaT BE€CaMM BXOJHBIX KOMIIOHCHT U HAIIPaBJIAKOT
KaXAYHO B3BCHICHHYIO CYMMY Ha COOTBCTCTBYIOHII/Iﬁ OJICMCHT OIITHYCCKOI'O BBIXOAHOI'O

BEKTODA.
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Puc. 9.7. Ontuueckas cerb Xonguiaa

OnTtuueckuin HeipoH. Ha puc. 9.8 mokazaHa KOHCTPYKIUS THUIIMYHOTO 3JIEMEHTA MacCHBa
ONTUYECKUX HEHpOHOB. OH (PyHKIMOHUPYET KaK ONTHYECKH HAKAYUBAIOIIMN JIBYXIy4eBOH
Hachlaromuii - ycunurens B kpuctauie BaTiOs. JlazepHslii HakayuBaroummii - jyd,
NPUJIOKEHHBIM TOJ yIJIoM 6, B3aUMOAEHMCTBYET C BXOAHBIM JIy4OM [UIsl BbIpaOOTKH
YCUJIEHHOW KOIHMH BXOJHOTI'O CHUIHaja € NOCIEAYIOUMM BBIYHCICHUEM CUTMOUJIAIBHOU
(YHKIMM aKTHBAallUM, AaHAJOTMYHOM NOKa3aHHOW Ha puc.9.9. C wucrnomb30BaHHEM ATOMH
TEXHHUKHU OBLTO JOCTUTHYTO ONTHYECKOE yCcuJieHHe Mpubau3uTenbHo B 60 pa3. 3ameTum, 4To
Ha puc. 9.9 yron ¢ Mexay BXOIHBIM Jy4OM M JUHUEH ocu Kpuctauia C KpUTHYEH IJIs

NPaBUIBHOTO (PYHKIIMOHUPOBAHHUSI STOTO YCTPOICTBA.

OnTuyeckass mMaTpuua BHYTPeHHMX cBsA3ed. B onruueckoil MaTpulle BHYTPEHHUX CBA3EH
BBIXOJIHOM CHUTHAJl MAacCHUBa ONTHYECKUX HEHPOHOB IIONAJAET B ONTHUYECKYIO CHUCTEMY,
coJepKallylo Be 00beMHbIe rosorpamMbl. Onrudeckoe npeodpazoBaHue ypbe BXOJHOTO
CUTHaJIa IPOU3BOAMTCS C UCIIOJIb30BAHUEM CTaHAAPTHOW onTHueckoi TexHuku Dypobe. 3aTem
CHUTHAJI MOCTYMAeT Ha IMEPBYI0 OOBEMHYIO rojorpammy, B KOTOPOIl XpaHATCS 00pa3LoBbIE
BEKTOpHI B (ha30K0UPOBAaHHOM npocTpaHcTBe Dypbe. Boixoa 3Toi rosorpaMMsl moctymnaer
Ha BXOJ JIByXJIy4€BOI'O ONTHYECKOIO YCWIMTENS, aHAJIOTMYHOIO YCHIIUTEIIO ONTUYECKOTO
HeiipoHa, HO paOoTarolieMy B HEHACHIIIEHHOM pexuMme. B pesynbrate ycuieHue
NOJHUMAETCS JO0 YPOBHA, B KOTOPOM BO3MOXXHAa LHUKINYECKas peEreHepauus. 3aTeM
ONTUYECKU BBHIMONHAETCS oOpaTHoe mpeoOpa3oBaHue @Dypbe YCHIEHHOIO CHUTHala u
pe3ynbTaT IMOAAETCS Ha BTOPYIO OOBEMHYIO TOJOTPaMMYy, B KOTOPOM XpaHSTCS T€ e
o0pa3uoBele M300paKeHHs, HO HA O3TOT pa3 B OOBEKTHOM IMPOCTpaHCTBE (a HE B
(azokoqupoBaHHOM HpocTpaHcTBe Dyphe). BbIX0goM cHCTEMBI SIBISETCS CYNEpIO3ULHs

BEKTOPHO-MATPUYHBIX TPOU3BEICHUII BXOJHOTO BEKTOpAa W 3allOMHEHHBIX OOPa3LOBBIX
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BEKTOPOB. JTOT ONTHYECKUA 00pa3 BBIpAOATHIBACTCS ONTHYECKOW MAaTPHUIEH BHYTPEHHHX
CBS3€M M NPHUKJIAABIBAETCS K MAacCHUBY ONTHYECKUX HEHWPOHOB, 3aMblKasi KOHTYp OOpaTHOM

CBs3H.
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Puc. 9.8. MaccuB onTH4ecKnX HeiipoOHOB
OO6cyxaeHre ONTUYeCKOW MaTpHUIlbl BHYTPEHHHUX CBSI3€H 371eChb CHUIIBHO YIPOUICHO;
JIeTald  peaTM3alliil BKJIIOYAIOT CJIOXKHYIO OINTHYECKYI0 TEXHHUKY (YHKIMOHHPOBAHHS,

BBIXO/ISIIYIO 32 paMKH JIaHHOM paboThl. MIHTepecyromuecs YyuTaTenu OTChUIaloTes K paboTam
[12] u [5].
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Puc. 9.9. CurmonaajnbHasi QyHKIMSA AKTHBALUA
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3AKNIOYEHUE

OnTuueckne HEWPOHHBIE CETH IMpeaaraloT OrPOMHBIE BBIFOJAbI C TOYKH 3PEHUS
CKOPOCTH M IUIOTHOCTH BHYTPEHHMX CBsi3eil. OHM MOTYT OBITh HMCIIOJIB30BaHbI (B TOW WK

UHOM (hopme) g peann3alnu ceTeil PaKkTHIEeCKH ¢ 000N apXUTEKTYPOil.

B Hacrosimiee BpeMsi OrpaHWYEHHUs] SJIEKTPOHHO-ONTHUYECKHUX YCTPOWCTB CO3JAIOT
MHOXECTBO CEPhE3HBIX MPOOIIEM, KOTOPBIE OJDKHBI OBITH PEIICHBI MPEXKIE, YEM ONTHIECKUE
HEHpOHHBIE CETH MOJyyaT IIUpOKoe mpuMeHeHue. OAHAKO YUYUTHIBAs, 4YTO OOJBIIOE
KOJIMYECTBO TMPEBOCXOIHBIX HCCleqoBaTeNeil paboTaer Haja 3TOM mpobieMoil, a Takxke
0O0JIBIIYIO0 TOAJEPKKY CO CTOPOHBI BOEHHBIX, MOKHO HAaJEAThCA Ha OBICTPBIA Mporpecc B

9TOU 00JIaCTH.

Jlureparypa

1. Abu-Mostafa Y. S., Psaltis D. 1987. Optical neural computers. Scientific
American, March, pp. 88-95.

2. Anderson D. Z. 1985. Coherent optical Eigenstate memory. Proceeding of the
Optical Society of America 1985 Annual Meeting.

3. Athale R. A., Friedlander C. B., Kushner C. B. 1986. Attentive associative
architectures and their implications to optical computing. Proceedings of the
Society of Photo-Optical Instrumentation Engineering 625:179-88

4. Dunning G. J., Marom E., Owechko Y., Soffer B. N. 1985. All-optical associative
holografic memory with feedback using phase conjugate mirrors. Proceedings of
the Society of Photo-Optical Instrumentation Engineering 625:179-188.

5. Fainman N. H., Klancnik E., Lee S. H. 1968. Optical Engineering 25:228.

6. Farhat N. H., Psaltis D., Prata A., Paek E. 1985. Optical implementation of the
Hopfield model. Applied optics 24:1469-75

7. Fisher A. D., Giles C. L, Lee J. N. 1985. An adaptive optical computing element.
Proceedings of the Optical Society of America Topical Meeting.

8. Jannson T., Karagaleff C., Stoll K. M. 1986. Photo-refractive LiNbO3; as a storage
mediume for high-den-sity optical neural networks. 1986 Optical Society of
America Annual Meeting.

9. Kosko B. 1987. Optical bidirectional associative memories. Proceedings of the
Society of Photo-Optical Instrumentation Engineering: Image Understanding and
the Man-Machine Interface 758:11-18.

10.Mead C. 1988. Paper presented during plenary session. |IEEE Second
International Conference on Neural Networks. San Diego, June.

11.Psaltis D., Wagner K., Brady D. 1987 Learning in optical neural computers. In
Proceedings of IEEE First International Conference on Neural Networks, edc. M.
Caudill and C. Butler. San Diego, CA:SOS Printing.

12.Stoll H. M., Lee L. S. 1988. Continuous time optical neural networks. Proceedings
of IEEE International Conference on Neural Networks. San Diego, CA:SOS
Printing.

143



MNnasa 10.
KOrHUTPOH N HEOKOrHUTPOH

Jlromu pemaroT CIIOKHBIE 3aJaud paclio3HaBaHUs 00pa3oB € 00ECKypaKMBAroOIIEH
JeTKOCThI0. JIByXieTHUil peOeHOK 0e3 BUIMMBIX YCHIMHA pa3inyaeT THICSYM JIMIl M JAPYTHX
00BEKTOB, COCTABJIAIOIIUX €ro OKPYKEHHE, HECMOTPsl Ha U3MEHEHHUE PacCTOSHMSI, TIOBOPOTA,

NEPCICKTUBBI U OCBCIICHUS.

MoskeT noka3aTbcsl, 4YTO U3yUYE€HHE ITUX BPOKICHHBIX CIIOCOOHOCTEN JJOJKHO CAENATh
IpOCTO 3amauy pa3pabOTKH KOMIIbIOTEpa, IOBTOPSIOIIETO CIIOCOOHOCTH YEelIOBEKa K
pacno3HaBaHuio. Huuto He MokeT ObITh Oosiee JanekuM OT UCTHHBI. CXOACTBO U Pa3IUYHUS
00pa30B, SBISIIONIMECS OYEBHIHBIMH JIJISl YEJIOBEKa, MOKa CTaBAT B TYNHK Jake HambOosee
CIIOXKHBIE KOMIBIOTEPHBIE CHUCTEMBI paclo3HaBaHud. Takum o00pa3oM, OecuyUClIEHHOE
KOJIMYECTBO BAXKHBIX NPWIOKEHUH, B KOTOPHIX KOMIBIOTEPHl MOTYT 3aMEHHUTHb JIOJEH B
OMACHBIX, CKYYHBIX WJIM HENPUITHBIX paboTax, OCTAlOTCA 3a MpeaelaMH HUX TEeKYIIUX

BO3MOKHOCTEM.

KomnproTepHoe pacno3HaBaHue oOpa3oB sIBISETCS OOJbIIE HCKYCCTBOM; HayKa
OrpaHMYEHA HAJIUYMEM HECKOJIbKHUX METOAMK, MMEIOIIMX OTHOCUTENIBHO HeOobIIoe
UCTIOJIb30BaHUE Ha  TpakTuke. VHXEHep, KOHCTPYUPYIOUIMHA  THIIOBYK)  CHUCTEMY
pacmo3HaBaHusi 00pa3oB, OOBIYHO HAYHMHAET C PACHO3HABAaHUS MEYAaTHOTO TEKCTa. OTH
METOABI YacTO SIBISIOTCS HEAJCKBATHBIMU 3aJade, M CTapaHus pa3pabOoTYUKOB OBICTPO

CBOJIATCS K pa3pabOTKe aJITOPUTMOB, Y3KO CIIEHU(PUUHBIX JUIsl JAaHHOM 3a/1auH.

OOBIYHO 1IeNbI0 KOHCTPYUPOBAHUS CHCTEM paclo3HaBaHUS 00pa3oB SBISETCS
onTUMU3aNKs ¢ (YHKIIMOHMPOBAHUS HAJl BBIOOPOYHBIM HabopoM oOpa3oB. OYeHb YaCTO
pa3paboTYMK 3aBepIIaeT 3Ty 3aJady HaXOXKICHHEM HOBOTO, MPHUOJIM3UTENHBHO TOXO0XKETO
o0Opa3a, 4TO MPUBOJUT K HEYJAYHOMY 3aBEpIICHHIO AJITOPUTMOB. DTOT MPOIECC MOMKET
NPOJIOJIKATBCS HEOINPENEICHHO JI0JIT0, HUKOI/Ia HE TPUBOJAS K YCTOWYMBOMY PEIICHUIO,
JOCTATOYHOMY JUTSI TIOBTOPEHUS MPOIIecca BOCIIPHSITHS YEJIOBEKa, OI[CHUBAIONIETO KAa4eCTBO

(YHKIMOHUPOBAHUSI CUCTEMBI.

K cuacTbio, MBI MMeeM CYILIECTBYIOIIEE IOKA3aTEIbCTBO TOTO, YTO 3aJadya MOKET
ObITH pElIeHa: 3TO CHUCTEMa BOCIPHUATHS YElIOBEKa. YUUThIBAas OrPAaHHMUYEHHOCTb YCIIEXOB,
JOCTUTHYTBIX B Pe3yJbTaTe CTPEMJIEHHS K COOCTBEHHBIM M300pETEHUSM, Ka)KETCSl BIIOJHE
JIOTUYHBIM BEpPHYTHCSI K OMOJOTMYECKHMM MOJEISM M IOMBITaThCS ONPEAEIUTh, KaKUM
o0pa3oM OHM (YHKIMOHHMPYIOT Tak Xopomro. OYeBHIHO, YTO 3TO TPYAHO CHENaTh IO
HECKOJIbKMM IIpUYUHAM. Bo-IEpBBIX, CBEPXBBICOKAs CIIOKHOCTb YEIOBEYECKOTO MO3Ta
3aTpy/HAE€T MOHMMAHHUE MPHUHLIMIOB €ro (QyHKUMOHMpOBaHUSA. TpyAHO NOHATH o0OLIME
NPUHIHIBL (YHKIHOHAPOBAHHS M B3aMMOJEHCTBUs ero mpuOmmsutensho 10" HelipoHOB n

14 .
10" cunanTuueckux cBszed. Kpome Toro, cymiectByeTr MHOXECTBO MpoOsieM IpHU

144



NPOBEICHUHN SKCIIEPUMEHTAIBHBIX ~HCCIIENOBaHUH. MUKPOCKOIMYECKHE HCCIICOBAHUS
TpeOyIOT TIIATEIIEHO TMOATOTOBICHHBIX O00pasloB (3aMOpO3Ka, Cpe3bl, OKpacka) JUIs
MOJyYEHUsI MAaJICHBKOTO JBYMEPHOTO B3TJISa Ha OOJNBIIYI0 TPEXMEPHYIO CTPYKTYpY.
TexHrKka MUKPOIPOO MO3BOJISET MPOBECTH MCCIICIOBAHNS BHYTPEHHEH IIEKTPOXHUMHH y3JI0B,
OJTHAKO TPYJHO KOHTPOJHPOBATH OJHOBPEMEHHO OOJIBIIIOE KOJIMYECTBO Y3JI0B M HAOJIIOIATh
ux B3aHMOﬂeﬁCTBH€. HaKOHGH, ITUYCCKUC C006pa)K€HI/I$[ 3arpeuraroT MHOTHUEC BaXKHBIC
SKCIICPUMCHTBI, KOTOPBIC MOTYT 6I>ITB BBIIIOJIHEHBI TOJIBKO Ha JIHOAAX. bonbnioe 3HaueHue
UMEIT SKCIIEPUMEHTHI HaJl )KUBOTHBIMH, OJTHAKO YXMBOTHBIE HE OOJIAaI0T CIOCOOHOCTSIMHU

YCJIOBCKA OIIMChIBATh CBOU BIICYATIICHMA.

HecmoTpss Ha 5TH orpaHuueHus, MHOroe ObUIO HM3y4yeHO Omaronmaps OisecTsie
3aJyMaHHBIM JKcriepuMeHtaMm. Hampumep, B [1] omucaH sKcrepuMEHT, B KOTOPOM KOTATa
BBIPALIMBAINCH B BU3YaJTbHOM OKPYKEHHUH, COCTOSIIIIEM TOJIBKO U3 TOPU30HTAIBHBIX YEPHBIX
u Oenbix monoc. M3BecTHO, YTO oOmpeneNneHHble 007acTH KOPbl YyBCTBUTEIBHBI K YTy
OpHEHTAIlMH, TO03TOMY Yy OTHX KOTOB HE pa3BWINCh HEHPOHBI, UYyBCTBHUTENIbHBIE K
BEPTUKAIbHBIM 0J0CaM. DTOT pe3yabTaT HAaBOJUT HAa MbICIb, YTO MO3T MJIEKOIHUTAIOLINX HE
SBISIETCSI  TIOJIHOCTBIO ~ «IPEAYyCTAaHOBJICHHBIM»  Jake Ha  INPUMUTHBHOM  ypPOBHE
pacro3HaBaHusl OpWUEHTAUMU JUHWA. HampoTUB, OH TMOCTOSIHHO CaMOOpPTaHHU3YeTCs,

OCHOBBIBaACHh Ha OIIBITC.

Ha wMukpockonnyeckoM ypoBHE OOHapyKE€HO, YTO HEHpOHbI O00JIaAal0T Kak
BOO30YKAAIOIUMH, TaK U TOPMO3AIIMMHU cuHancaMmu. [lepBble cTpeMsATCS K BO30YXIECHUIO
HelpoHa; MOCJIeJHIE MOJABISAIOT €ro Bo30yXkaeHue (CM. MmpuiiokeHue A). DTO HaBOAMUT HA
MBICJIb, YTO MO3T aAallTUPYCTCA 1100 M3MEHEHHEM BOSIIGfICTBHSI O9TUX CHHAIICOB, 100
CO3/laHMEM WIM Pa3pyllIEHHEM CHHAICOB B Pe3yJbTaTe BO3AEHCTBHS OKPYKAIOLIEH Cpelbl.
JlaHHOE TpPEeNNOIOKEHUE OCTAeTCs IOKa THIOTE30M ¢ OrpaHMYEHHBIM (DU3HOJIIOTHYECKUM
MNOATBCPKACHUCM. OILHaKO HCCIICA0BaHMs, MPOBCACHHBIC B paMKax ITOM TUIIOTE3bI, ITPUBCIIU
K CO3MaHUI0 LU(POBBIX MOJENEH, HEKOTOpPbIE M3 KOTOPBIX IOKA3bIBAIOT 3amMeyaTesbHbIe

CIIOCOOHOCTH K AAIITUBHOMY PACIIO3HABAHUTIO 06pa30B.

KOrHUTPOH

OCHOBBIBasICh Ha TEKYIIMX 3HAHUSIX aHATOMHHM W (PU3HOJIOTHU MO3ra, B pabdote [2]
pa3paboTaH KOTHUTPOH, THIOTETHYECKAass MOJIeNb CHUCTEMbl BOCIPHUATHUS YEJIOBEKa.
KommnbrorepHsie Mojenu, HcCcleqOoBaHHbIE B [2], MPOAEMOHCTPUPOBAIM BIECYATIISAIOIINE
CIIOCOOHOCTH aJalTHBHOTO paclo3HaBaHUs 00pa3oB, moOykaas (hU3HOJIOTOB HCCIEIOBAThH
COOTBETCTBYIOIINE MEXaHMU3Mbl MO3ra. DTO B3aMMHO yCHJIMBAIOIIEE B3aUMOJICHCTBUE MEXTY
HMCKYCCTBEHHBIMH HEHPOHHBIMU CETAMH, (PU3MOJOTHEH U TICUXOJIOTHEH MOXKET OKa3aTbCs
CPEIICTBOM, TOCPEICTBOM KOTOPOro OyIeT CcO BpeMEHEM JOCTUTHYTO IOHUMAaHHE

MEXaHU3MOB MO3ra.
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Crpykrypa

KorHuTpoH KOHCTpyHpYyETCsl B BUJIE CIIOEB HEMPOHOB, COEMHEHHBIX cuHancamu. Kak
nokazaHo Ha pwuc. 10.1, mnpencuHanTHYECKMI HEHPOH B OJHOM CJO€ CBSI3aH C
IIOCTCUHANTUYECKMM HEHPOHOM B cleaymoueM cioe. MMerooTcs aBa Tuna HEHPOHOB:
BO30Y KJaIOIIUE Y3JIbl, KOTOpPBbIE CTPEMATCS BBI3BATh BO30Y’KACHUE MOCTCHHANTUYECKOIO
y37a, U TOPMO3SIINE Y3JIbl, KOTOPbIE TOPMO3ST 3TO BO30ykaeHue. Bo3OyxneHue HeiipoHa
OTIpeNieNIIeTCsl B3BEIICHHON CYMMOM €ro BO30YXKAAIOUINX W TOPMO3SIIUX BXOJOB, OJHAKO B

JEUCTBUTEIILHOCTH MEXaHU3M SIBIISICTCS Ooiee CJIOKHBIM, 9YE€M IPOCTOC CYMMUPOBAHHC.

LTOCICHH AT YELNIEE
HEZPOHS!

IIOECUHZRTTIUYECKUE
HERPOREL

'

Puc. 10.1. IIpecunanTyecKue ¥ NOCTCHHANITHYECKHE HEHPOHBI
Ha puc. 10.2 noka3aHo, 4To Kax/ablii HEUPOH CBSA3aH TOJBKO C HEMPOHAMU B COCEHEN
00J1aCcTH, Ha3BIBAEMOUN 0071acmbio c6s3u. ITO OTpaHUUYEHHE OOJACTH CBS3U COTJIACYeTCs C
aHATOMHUEH 3PUTEIBHON KOpPBI, B KOTOPOW PEAKO COCAMHSIOTCS MEXIy COO0OW HEWPOHHI,
pacmonarampomuecst JApyr OT Jpyra Ha pacCTOSHUM Ooiee OAHOro MuwuiMMeTpa. B
paccMaTpuBaeMOM MOJENIHN HEMPOHBI YIIOPSAOUYEHBI B BUJIE CJIOEB CO CBSA3SIMU OT OJTHOTO CJOS
K CIEIYIOIEMY. JTO TakKe€ aHAJIOTUYHO MOCIOMHON CTPYKTYpE 3pUTEIbHOU KOPBI U IPYTUX

4acTe roJIOBHOTO MO3ra.
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Puc. 10.2. Obaacth cBsA3eil HelipoHa

OOyu4enue

Tak Kak KOTHUTPOH peajlu30BaH B BHUJE MHOTOCIOWHOM CETH, BO3HMKAIOT CJIOKHBIE
npobaemMbl 00yueHHsI, CBSI3aHHbIE C BBIOPAHHOH CTPYKTYpOH. ABTOp OTBEpr yIpaBisieMoOe
o0OyueHHe, Kak OMOJIOrMYecKH HENpaBaoNoA00HOe, MCIOJb3ysl B3aMEH 3TOro odydeHue 0e3
yuutens. llomydass oOydvaronuii HaOOp BXOJHBIX O0O0pa3oOB, CETh CaMOOPTaHU3YETCS
NOCPEACTBOM M3MEHEHHUS CUJbl CHHANTUYeCKUX CBs3ed. Ilpu 3TOM  OTCYTCTBYIOT
IpeBapUTENbHO ONpEACICHHbIC BHIXOAHBIE 00pa3bl, MPECTABIAIOMINE TPEOYEMYIO peaKIuio
CeTH, OJHAKO CEeThb CAMOHACTPAMBAETCSl C LEJNbI0O PACHO3HABaHUS BXOJHBIX 00pa3oB C

3aMevuaTeIbHOM TOYHOCTEIO.

Anroput™m oOydueHHs] KOTHUTPOHA SIBISIETCS KOHIIENTYaJIbHO IPHBIIEKATENFHBIM. B
3aJaHHOI 00J1acTH €105 00yyaeTcs TOJIBKO Haubosee CHIIbHO BO30YXK/IEHHBI HEWPOH. ABTOD
CPaBHHMBAET ATO C <«OIUTHBIM OOyYEHHEM», MPHU KOTOPOM OOYydYalOTCS TOJIBKO «yMHBIE)
9JeMEeHThI. Te HEHWpOHBI, KOTOPHIE YK€ XOpOIIO OOYyYEHBI, YTO BBIPAKACTCS CHIOW HX
BO30Y’KJEHUs, MOJydyaT MpUpAIlEHUE CHUJIbl CBOMX CHHAIICOB C II€JIbI0 JaJIbHEHIIEro

YCUJICHUSA CBOCTO B036y)K,Z[eHI/I$I.

Ha puc. 10.3 mnokazaHo, 4YTto o001acTd CBA3M COCEAHHMX Y3JI0B 3HAYUTEIBHO
NEPEKPBIBAIOTCSA. DTO pacTouUTENbHOE AyOnupoBaHHe (DYHKUUN ONMpaBAbIBAETCS B3aWMHOM
KOHKYpEHIIUEH MEXTy OKalIuMu y3JiaMu. Jlaxe eciu y3/1bl B HauadbHbII MOMEHT UMEIOT
a0CONIOTHO MJEHTHYHBIM BBIXOJ, HEOOJBIINE OTKIOHEHHUS BCEr/a MMEIT MECTO; OJUH U3
y370B Bcerna OyAeT UMeTh 0osiee CHIIbHYIO peaklliio Ha BXOJHOUM o0pa3, yem cocennue. Ero
CHUJIbHOE BO30YXAeHHE OyJeT OKas3blBaTh CACP)KUBAIOIIEE BO3JACHCTBHE HAa BO30YKICHHE
COCEHUX Y3JI0B, M TOJILKO €r0 CHHAICHhl OYIyT YCHIUBATHLCS; CHHAICHI COCEIHUX Y3JIOB

OCTAHYTCId HCU3MCHHBIMMU.
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Bo36yxaatowmini HenpoH. ['py00 TOBOpPs, BBIXOA BO30YXKAArOIIEr0 HEHpPOHAa B KOTHHUTPOHE
OTIPENIETISICTCS. OTHOIICHUEM €ro BO30YXKTAONIMX BXOJOB K TOPMO3SIIMM BXOAaM. JTa
HeOOBIYHAS (1)yHKLII/I$I HUMCECT BAXHBIC TPCUMYHICCTBA, KaK IIPAKTUYCCKUC, TaK H

TCOPCTUUICCKHC.

]
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Puc. 10.3. O61acTh CBA3M ¢ 00/1aCTHI0 KOHKYPEHIUH

CyMMapHbIii BO30YXKIAIOIMUKA BXOJ B HEHPOH B3BEHICHHOM CyMMON BXOJOB OT
BO30Y)KIAIOMIMX TPEAIISCTBYIONIEM CJoe. AHAJIOTHYHO CYMMAapHBIA BXOZ / SBISCTCS

B3BELIEHHOM CYMMOM BXOZI0B OT BCEX TOPMO3SIIUX HEHPOHOB. B CHMBOJIBHOM BHJIE

E:Z:aiui , I:Z:ijj ,
i i

rJe a; — BeC i-r0 BO30YyKAAIONIEro CHHAICA, Ui — BBIXOJ [-r0 BO30Y KIAIOILEro HeWpoHa, b; —

BEC j-T'0 TOPO3SILEro CUHAIICA, Vj — BBIXOJ j-T0 TOPO3ALIET0 HEUPOHA.
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3aMeTUM, 4TO BECa UMEIOT TOJIBKO MOJIOKUTEIbHbIC 3HaUCHHs. BhIX0/ HEelipoHa 3aTeM

BBIYHCIISIETCSI CJIETYIOIUM 00pa3oM:

1+E_
1+7

OUT=NET, npu NET>0,

NET = 1

OuUT =0, npu NET<O0.

IIpennonaras, yto NET umeeT mNOJOXKUTEIbHOE 3HAYEHHE, 3TO MOXKHO 3aIUCaTh

CIEAYIOIHUM 00pa3oMm:

E-1
1+7

OUT =
Korna topmossumii Bxoa man (I << 1), OUT moxeT ObITh aIPOKCHUMHUPOBAHO KaK

OUT=E-1
YTO COOTBETCTBYET BBIPAKEHUIO [JI1 OOBIYHOTO JIMHEHHOTO TOPOTOBOrO 3JeMeHTa (C

HYJIEBBIM MIOPOTOM).

AnroputM 00yd4eHHsT KOTHMTPOHA TIO3BOJIIET BecaM CHHAIICOB BO3pacTath 0e3
orpanuueHuil. biarogapss OTCYTCTBHMIO MEXaHHW3Ma YMEHBIIEHUS BECOB OHM IPOCTO
BO3pacTalOT B Ipouecce oO0yueHHs. B OOBIUHBIX JIMHEHHBIX MOPOTOBBIX 3JIEMEHTAaX 3TO
npuBeno Obl K MPOW3BOJIBHO OOJBIIOMY BBIXOMY JJIEMEHTAa. B KOrHUTpoHE OoJblnne

BO30YKJIAIOIINE U TOPMO3SIIUE BXO/IbI PE3YIbTHPYIOTCS B OTpaHUUMBAIOIIEH (GopMyJie BUA!

OUT=§—1,CCJ‘II/IE>> lul>>1.

B nannom cinywae OUT omnpenensiercs OTHOLIEHHMEM BO30YXKAAIOIMIUX BXOJOB K
TOPMO3SIIIMM BX0J1aM, a HE UX pa3HOCThIO. Takum o6pa3om, Benmunaa OUT orpanuaunBaeTcs,
ecau 00a BX0/1a BO3pacTaloT B OHOM M TOM e nuarnaszone X. [Ipeamnosnoxus, 4to 310 Tak, £

U [ MOXKHO BBIPA3UTh CICIYIOIIUM 00pa3oM:

E=pX, I=qgX, p,q — KOHCTaHTHI,

U 110CJI€ HEKOTOPBIX NIPe0Opa3oBaHui

ouT=L"94|1+ th[—log(p ‘])j
2q 2

Orta QyHKUMs Bo3pacTaeT IO 3akoHy BebOepa-dexHepa, KOTOPBIM 4acTO HCHOIB3YETCS B
HEHpOhU3NONOTHH ISl allPOKCHUMAIIMA HENMHEWHBIX COOTHOLIECHHH  BX0Ja/BbIXOJa
CEHCOpPHBIX HEUpOHOB. [IpyM HMCHONB30BaHMU 3TOTO COOTHONIEHUS HEUPOH KOTHUTPOHA B

TOYHOCTH SMYJUPYET PEaAKIUI0 OUOJIOTHYECKUX HEUPOHOB. DTO JENAET €ro KaK MOIIHBIM
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BBIYHMCIIHUTCIBHBIM  3JICMCHTOM, TaK H TOYHOU MOACIBIO  JJIA (bHSI/IOJTOFI/I‘IeCKOFO

MOJEIIUPOBAHMS.

Topmossilume HerpoHbl. B KOTHUTpOHE CIOW COCTOMT M3 BO30YKIAIOMIMX M TOPMO3SIIMX
y3no0B. Kak nokazano Ha puc. 10.4, HeilpoH cios 2 umeeT 001acTh CBS3H, AL KOTOPOH OH
MMEET CHHAINTUYECKHE COSTUHEHHUsI ¢ HAOOPOM BBIXOJOB HEUPOHOB B ciioe 1. AHAJOTHYHO B
cioe 1 cyiiecTByeT TOPMO3SIINK HEUPOH, UMEIONUN Ty e 001acTh CBA3U. CHHANITUYECKHE
Beca TOPMO3AILIMX Y3J0B HE HM3MEHAIOTCS B Ipoliecce OOydeHus; MX Beca 3apaHee
YCTaHOBJIEHBI TAKMM 00pPa30M, YTO CyMMa BECOB B JIFOOOM M3 TOPMO3ALIMX HEHPOHOB pPaBHA
equHue. B COOTBETCTBUM € 3TMMM OTpaHWYEHUSIMH, BBIXOA TopMosdmero ysna INHIB
SIBJISICTCS B3BEILIEHHOM CYMMOM €ro BXOJ0B, KOTOPHIE B JAaHHOM CJIydae MPeJCTaBISIOT COOOH
cpeaHee apu(METHYEeCKOe BBIXOJOB  BO30YXKAAIOLIMX HEHPOHOB, K KOTOPBIM OH

nojcoeauHeH. Takum oO6paszom,

Goralins
AORKGDER UL
YT E

O: BOIOYNOEHHBIE
HERGOHB!

= 2 TIOUMOMER~

donacme HBIE HELJOHBE

CEIIH <
per /- 41

— = FOFOYNORITHIUT
8x08
—Q=INOTMEIRU
exogd

Puc. 10.4. Ciou KOTHUTPOHA

INHIB=¢,0UT,,

rIe Zci =1, ¢; — Bo30y>knaroiuii Bec i.

1

Mpoueaypa o6yueHus. Kak 00BsICHAIOCH paHee, Beca BO30YKIAIOIUX HEHPOHOB U3MEHSIOTCS

TOJBKO TOTJAa, KOrja HEHWpOH BO30YXKICH cuibHEee, 4eM Jro00i n3 y3/10B B 00gacTtu
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KOHKypeHuuu. Eciu 370 Tak, u3MeHeHHe B rpolecce 00yueHHs Jr000ro U3 ero BECOB MOXKET

OBITh OIPECIICHO CIEAYIOIIUM 00pa3oM:

da; = qciu;,
rJie ¢j — TOPMO3SAIIMKA BEC CBA3M HEWPOHA j B €10€ 1 ¢ TOPMO3AIUM HEMPOHOM i, Uj — BBIXOJ

HelipoHa j B cioe 1, a; — BO30YKIArOIIHi BeC i, ¢ - HOpMUPYIOMUi K03pPurreHT o0yaeHus.

W3meHeHne TOPMO3SIIUX BECOB HEHPOHA i B CJI0O€ 2 MPONOPLHOHAIBHO OTHOLIEHHUIO
B3BELICHHON CyMMBbI BO30YXJAIOLUIMX BXOJOB K YJBOCHHOMY TOPMO3SIIEMY BXOIY.

Brraucnenus mpoBoasres o Gopmyie

anjuj
8b, = ———— .
2 o INHIB,

Korna Bo30yX1€HHbIX HEHPOHOB B 00JIaCTH KOHKYPEHILIUH HET, JAJIsl H3MEHEHHs BECOB
UCIIONB3YIOTCS JAPYTHE BBIPAXKEHHUA. OTO HEOOXOAMMO, IOCKOJbKY IpoLecc OOydeHUs
HAUYMHAETCS C HYJEBBIMU 3HAUYEHUSMHU BECOB; MOITOMY MEPBOHAYAIBHO HET BO30YKICHHBIX
HEHpPOHOB HU B OJHOW OOJIACTM KOHKYPEHIIMH, U OOy4YEeHHE NMPOU3BOAUTHCS HE MOXeT. Bo
BCEX CllyyasiX, KOrja nooeauress B 00JacTH KOHKYPEHLMH HEHPOHOB HET, U3MEHEHHUE BECOB

HEHPOHOB BBIYMCIIAETCS CIEIYIONIMM 00pazoM:

Aa; = q’cjuj, ob; = q’INHIB,

rze ¢’ — NOJ0XKUTENbHbIN 00yydaronui Ko3QpPUIUEHT MEHbIINH, YeM g.

[IpuBeneHHass cTparerusi HACTPOMKK TapaHTHUPYET, YTO Y3JIbl C OOJIBIION peakiuen
3aCTaBISAIOT BO30YXAAIOIINE CUHAIICHI, KOTOPHIMU OHU YIPAaBIISIOT, YBEIUUNBATHCS CHIIbHEE,
YCM TOPMO3AIINC CHUHAIICHI. 4! H&OGOpOT, Yy3Jibl, UMCIOMIUC MAJIyI0 PCAKIHUIO, BBI3LIBAIOT
Majoe BO3pacTaHUe BO30YXKIAIOUIMX CHHAICOB, HO OOIbIIee .BO3pPACTAaHHWE TOPMO3SIIUX
cuHaricoB. Takum o0Opa3om, ecnu y3en 1l B cioe 1 mumeeT OOJBIIMI BBIXOA, CHUHAIC d)
BO3pacTeT Oosnblie, yem cuHarc b;. Y1 Hao00poT, y371bl, UMEIOIINE Majblid BBIXO, obecredar
MaJlyl0 BEIMUYMHY s npupameHus ai. OgHako Apyrue y3ibl B 00JacTh CBSI3M OyIyT

BO30Y’KIaThCsl, TeM camMbIM yBenuuuBas curnan INHIB u 3nauenus b;.

B npomecce 00ydenust Beca KaxI0ro y3ia B CJIo€ 2 HACTPAHBAIOTCS TAaKUM 00pazoM,
YTO BMECTE OHM COCTAaBJIIOT MIA0JIOH, COOTBETCTBYIOIIMM o0Opa3zaMm, KOTOpBIE YacTo
NpeIbABISAIOTCS B mpouecce oOydeHus. Ilpum mpeawsiBiaeHnu cxonHoro oOpasza mabiaoH
COOTBETCTBYET €My U Yy3ed BblpaOaThiBaeT OONbIIONW BBIXOAHOM curHaia. CHIIBHO

OTIMYaoIuics 00pa3 BbIpadaThIBa€T MaJIblil BBIXO M OOBIYHO MOJIABISETCS KOHKYPEHIUEH.

NaTtepansHoe Topmoxenue. Ha puc. 10.4 mokazaHo, 4TO KaXJbli HEHPOH CJIOS 2 TOJIydaeT
JaTepaibHOE TOPMOKEHHE OT HEWPOHOB, PACIONIOKEHHBIX B €ro OO0JIACTH KOHKYPEHIIWH.

Topmo3zsmuii HEHpOH CyMMHUpPYeT BXOJbl OT BCEX HEMPOHOB B 00JACTH KOHKYPEHLUH WU
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BBIpa0aThIBACT CUTHAJ, CTPEMSIIUUCS K TOPMOXXEHHUIO IIEJIEBOTO HEWpOHA. DTOT METO.
ABIISIETCS YPPEKTHBIM, HO C BBIYUCIUTEIHLHOW TOYKH 3peHUs MeIIeHHBIM. OH OXBAaThIBACT
OOJIBIIYI0 CUCTEMY C OOpaTHOW CBS3bI0, BKIIOYANOIIYIO KXKIBIA HEHPOH B CJIOE; ISl €T0

CT8.6I/IJ'II/I3aI_II/II/I MOXKECT HOTpe6OBaTI>C$I 0O0JIBIIOE KOJTUYECTBO BEIYUCITUTEIBHBIX I/ITepaI_[I/Iﬁ.

Jlnst yckopeHusi BBIYMCICHUNM B paboTe [2] HCMONB3yeTcs OCTPOYMHBIM METO.
YCKOPEHHOT0 JaTepajibHOro TopMokeHus (puc. 10.5). 3mech OMOTHUTEIBHBIA y3€l
JaTepaTbHOTO TOPMOXEHHsSI 00pabaThIBACT BHIXOA KaXJIOrO BO30YXKIAIOMIEro y3la I
MOJIeJTMPOBaHUs TpeOyeMoro JarepajbHOro TopMokeHus. CHauana OH OIpenessieT CUTHal,

paBHBIN CyMMapHOMY TOPMO3SIIIEMY BIUSHHUIO B 00J1aCTH KOHKYPEHIINU:

GJenazcme
KOHKYGEHU U

|

Foo— DIH}I

I
I
I
|
i
|
I
[
!
|
|
i
|
|
!
|
|
|
|
I
|

@

| —

Puc. 10.5. YckopeHHOe TOPMOXKEHHE

LAT_INHIB=) g,OUT,,

1
rae OUT; — BbIXoJ i-TO HelipoHa B 00J1aCTH KOHKYPEHIINH, g — BEC CBSI3U OT ATOT0 HEHpOHa K

JaTepagbHO-TOPMO3AIIEMY HEHPOHY; gi BRIOPaHBI TAKUM 00pa3oM, 4TO Z g =1

1

Brixon Topmossuiero neiipona OUT’ 3aTeM BBIUKCISETCS CIEAYIOMHUM 00pa3oM:

ou—_ 1*OUT,
1+LAT _INHIB
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Bnaronapﬂ TOMY 4YTO BCC€ BBIYHCJICHHSA, CBA3AHHBIC C TaKWUM THUIIOM JIaTCPaJIbHOT'O
TOPMOIKCHUS, ABJIAIOTCA HCPECKYPCHUBHBIMU, OHU MOT'YT OBITH IPOBCACHBI 3a OAWH IMPOXOa AJIA

CJI0s1, TEM caMbIM orpeneisist 3p(eKT B BUe OOJIBIION 3KOHOMUU B BBIYUCICHHUSX.

OTOT METOA JaTepajJbHOI0 TOPMOXKEHHUS pellaeT U JAPYIrylo CIO0XKHYIO HpoOieMmy.
[IpennonoxumM, 4to y3ei B .cioe 2 Bo30yKAAETCs CUIIBHO, HO BO30YXKJEHHE COCETHUX Y3JI0B
YMEHBIIAETCS TMOCTENEHHO C YyBeJIW4YeHHeM paccrostHus. I[Ipu ucnonb3oBaHMM OOBIYHOTO
JaTepaJbHOTO TOPMOXEHHs1 OyJeT o0y4aTbcs TONBKO IEHTPAJIbHBIN y3en. Jpyrue y3isl
OINpENeNSAI0T, YTO LIEHTPAIbHBIN y3el B UMX 00JacTH KOHKYPEHLIMH HUMeeT 0ojee BBICOKHUI
BbIxoa. C mpeanaraeMoil CUCTEMOH JIaTepajlbHOTO TOPMOXKEHHS TAKOW CUTYALUU CITyUUTHCS
HE MOXXeT. MHOXECTBO Y3JIOB MOXKET 00yd4aTbCsi OJHOBPEMEHHO M TIpOLEcC OOydeHUus

ABJIgeTCA OoJiee AOCTOBCPHBIM.

PeuentuBHas o6nactb. AHanM3, NPOBOAMMBIN JO 3TOr0 MOMEHTa, ObLI YIPOIIEH
pacCMOTPEHUEM  TOJBKO  OJHOMEPHBIX CJIOE€B. B JEHCTBUTEIBHOCTH  KOTHHTPOH
KOHCTPYHMPOBAJICS KaK KacKaJ JBYMEPHBIX CIIOEB, IIPUYEM B JTAHHOM CJIO€ KaXKIbli HEMPOH
MoJlydaeT BXOJbl OT HaOopa HEMpPOHOB HA YACTH JBYMEPHOTO IJIaHA, COCTABIISIIOIICH €ro

00J1aCTh CBSI3U B MPEIBITYIIEM CIIOE.

C 3TOl TOYKM 3peHUsI KOTHUTPOH OPraHU30BaH MOAOOHO 3pUTENBLHOM KOpE 4esoBeKa,
NpEeCTaBISIOMEH CO00H TPEeXMEPHYIO CTPYKTYPY, COCTOSIIYIO U3 HECKOJBKUX PA3TUUHBIX
cioeB. Oka3pIBaeTCs, YTO KXKABIA CIOM MO3Ta peanu3yeT pa3ludHble YPOBHU OOOOIICHHS,
BXOJTHOM CJIOM 4yBCTBUTEJEH K MPOCTHIM 00pa3am, TakKuUM, Kak JIMHUU, U UX OPHUEHTALIUU B
OTIPENICICHHBIX 00JIACTAX BHU3yaJbHOW OOJIACTH, B TO BpeMs KaK PEaKIHs IPYTUX CIOEB

SBIIsieTCS O0JIee CI0XKHOM, aOCTPaKTHOM W HE3aBUCUMOM OT MO3ULIMHU 00pa3a.

AHanoruuHble (QYHKIHH pEATU30BaHbl B KOTHUTPOHE TYTEM MOJEIHPOBAHUS
opranu3anuu 3putenabHoi kopel. Ha puc. 10.6 nokazaHo, 4TO HEMPOHBI KOTHUTPOHA B CJIOE 2
pearupyroT Ha OIpEACIICHHYIO HEeOOIbIIy0 o0nacTh BXxomHoro cios 1. Heitpon B croe 3
CBsI3aH ¢ HAOOPOM HEHPOHOB CIIOSl 2, TEM CaMbIM pearupys KOCBEHHO Ha 0oJiee MIMPOKUI
Habop HelipoHoB ciosi 1. IlomoOHBIM 00pa3oM HEHpPOHBI B MOCIEAYIOUIUX CIOSX
YyBCTBUTEIBHBI K 0oJiee IMIMPOKUM OOJACTAM BXOJHOTO oOpaza 10 TeX TMop, TMOoKa B

BBIXOJHOM CJIO€ KaXKIIbIH HGﬁpOH HC CTAaHCT p€arupoBaTh Ha BCC BXOAHOC IT10JIC.

Ecnu o6macth cBsi3u HEHPOHOB MMEET MOCTOSHHBINA pa3Mep BO BCEX CIIOSX, TpeOyeTcs
00J1b1110€ KOJIMYECTBO CJI0EB JJIS IEPEKPHITHUS BCEIO BXOIHOTO IOJISl BBIXOJHBIMH HEHPOHAMHU.
KonnyecTBo ci10eB MOXKET OBITh YMEHBIIEHO IyTEM pacIIUpeHus o0JacTu CBA3M B
nocienyrmux ciosx. K coxkaneHuio, pe3ylbTaToM 3TOT0 MOXET SBUTHCS HACTOJIBKO
0oJbIIIOE TIEpPEeKphITHE 00JacTei CBA3HM, UYTO HEWPOHBI BBIXOAHOTO CJIOS OyIyT HMETh
OJIMHAKOBYIO peakuuio. Jlis pemeHuss 3Tod mpoOiaemMbl MOXET ObITh MCIOJIb30BaHO

pacmupenue 00JacTH KOHKypeHIMH. Tak Kak B JaHHOW O0JIaCTH KOHKYPEHIIMH MOKET
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BO30YIUTHCS TOJILKO OJIMH Y3€J, BIMSHUE MaJloil pa3HUIIbI B pEaKUUsAX HEHPOHOB BBIXOIHOTO

CJIOA YCUIIMBACTCA.

(aod 1 Laoi 2 Lood 5

Q1 ——
Q]

Puc. 10.6. O6;1acTH cBsizeil KOTHUTPOHA

B anprepHaTMBHOM BapHaHTE CBS3M C MPEABIAYIIAM CIOEM MOTYT OBITh
pacripeielieHbl BEPOSTHOCTHO C OOJIBIIMHCTBOM CHHANTHYECKUX CBA3€H B OrpaHUYEHHOU
obmactu U ¢ Oosnee JUIMHHBIMU COEAMHEHHMSMM, BCTPEUAIOIIMMUCS HAMHOIO pexe. OTo
OTpakaeT BEPOSITHOCTHOE pacIpe/ieIeHue HEMPOHOB, 0OHApPY)KEHHOE B MO3re. B KOrHUTpoHE
9TO MO3BOJISIET KAKIOMY HEHPOHY BBIXOJHOIO CJIOS pearupoBaTh Ha IIOJIHOE BXOJHOE IOJIE

IIPU HAJIMYHUHU OTPAaHUYCHHOI'O KOJIMYCCTBA CJIOCB.

Pe3ynbtatel mopenupoBanua. B [4] onuchiBalOTCS  pe3yiabTaTbl  KOMIIBIOTEPHOIO
MOJIETIUPOBAHUSI ~ YETBIPEXCIOWHOTO  KOTHUTPOHA, NPEJHA3HAYEHHOro s Lenei
pacnio3HaBaHus o0Opa3oB. Kaxknelii cimoil coctouT w3 MaccuBa 12X12 BO30YKIaromimx
HEHPOHOB M TAKOTO K€ KOJUYECTBA TOPMO3SIIUX HEUpOHOB. OONACTh CBSA3M MPEACTABISAET
co0oi KBaapart, BKIOUYarOmMid 5X5 HelipoHOoB. O01acTh KOHKYpeHIIMU uMeeT hopMmy pomba
BBICOTOM M HIMPUHOM B MATH HEWPOHOB. JlaTepanbHOE TOPMOKEHHE OXBaThIBaeT 001acTh 7X7
HelpoHoB. HopMupytomye nmapamMeTpbl 00y4eHHsl YCTaHOBJIEHBI TaKUM 00pa3om, 4to ¢=16,0

u ¢’=2,0. Beca cuHarncoB mpouMHHUIIMAIU3UPOBAHBI B 0.

Cerp oOydanmach TMyTeM TMPEABABICHUS TSTH CTUMYJIUPYIOMUX  00pa3os,
MPEICTaBISIIONMX coO00i n300paxkeHus: apabeckux mudp ot 0 g0 4, Ha BXxoaHOM croe. Beca
CETH HACTPAMBAINCH TOCIE MPEIBABICHUS KaxaoW Iudpbl, BXOAHOW HAOOp TMOJaBayICs HA
BXOJI CETH IUKIUYECKH 0 T€X IMOp, MOKa KaKIbIK o0pa3 HE ObUI MPEIbSIBICH CyMMapHO

20 pas.

D¢ddexTuBHOCTL TMpoliecca OOydYeHHUs OICHMBAllaCh IIyTeM 3allycka CeTH B
PEBEPCUBHOM DPEKMME; BBIXOJHBIE 00pa3bl, SBISIOLIMECS peaklueld CeTH, MOoJaBajich Ha
BBIXOJIHBIC HEHPOHBI U PACTIPOCTPAHSIIMCH OOPATHO K BXOJHOMY ci1010. OOpasbl, MOIyYEeHHBIC
BO BXOJJHOM CJIOC, 3aTCM CPaBHUBAJIUCH C UCXOAHBIM BXOJHBIM 06pa30M. qT06LI caciaaTth 3TO,
OOBbIUHBIE OJJTHOHAIIPABJICHHBIE CBS3U MPUHUMAIINUCH MPOBOSIIMMU B OOpaTHOM HampaBICHUH
U JIaTepaIbHOE TOPMOXKEHHUE OTKIro4anoch. Ha puc. 10.7 moka3aHbl TUMUYHBIE pE3yJIbTaThl

TecTUpoBaHUs. B cTonbie 2 moka3zansl 00pa3sl, MPOU3BEACHHBIC KAXKI0W ITUGPOH HA BBIXOJIE
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ceTd. DT o0pa3bl BO3BPAIIAIUCH 0OPATHO, BRIpabaThIBass Ha BXOJIE CETH 00pa3, ONHM3KHUM K
TOYHOW KOIHMHM HMCXOJHOTO BXOAHOTO oOpaza. [lns cronbia 4 Ha BBIXOJ CETH IOJaBaJICS
TOJILKO BBIXOJI HEWPOHA, UMEIOIIET0 MaKCUMAalIbHOE BO30YkAeHue. PesynbTupyromme oopasbl
B TOYHOCTH T€ )K€, YTO U B Clyyae MOJAYU IMOJHOTO BBIXOJHOTO 00pa3a, 3a MCKIOYCHUEM
dpst 0, 111 KOTOPOH y3elI ¢ MaKCHUMAJIBHBIM BBIXOJIOM pacrojaraics Ha nepudepun u He

IMMOKPLIBAJ MOJIHOCTBIO BXOAHOT'O ITOJIA.
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Puc. 10.7. Pe3y1bTaThl 3KCNIEPUMEHTOB ¢ KOTHUTPOHOM

HEOKOI'HUTPOH

B mombiTkax yay4ymuTh KOTHUTPOH ObUTa pa3paboTaHa MoOIMHAS Mapajurma,
Ha3BaHHasi HeoxocHumpoH [5—T7]. B TO BpeMsl Kak KOTHUTPOH M HEOKOTHUTPOH HMEIOT
OTIPENIEICHHOE CXOJCTBO, MEXIy HUMH TaKXKe CYIIECTBYIOT (pyHJaMEHTaJIbHBIE pa3IUyus,
CBA3aHHBIE C DJBOJIOLMEH  wHccrneaoBaHuid  aBTopoB. (O0a  oOpa3na  SIBISIOTCS
MHOTOYPOBHEBBIMU HEPAPXUUYECKHUMH CETSIMH, OPTaHU30BAaHHBIMU aHAJOTHYHO 3PUTENBHOI
Kope. B To e Bpemss HEOKOTHHUTPOH 00Jiee COOTBETCTBYET MOJENH 3PUTEILHOW CHCTEMBI,
npeiokeHHoi B pabotax [10-12]. B pe3ynpTare HEOKOTHUTPOH SBISIETCS HAMHOTO Ooiiee
MOIIIHOM MapaiurMoi ¢ TOUKH 3PEHHUsI CIOCOOHOCTH Paclio3HaBaTh 00pa3bl HE3aBUCUMO OT UX
npeoOpa3oBaHMiA, BpalICHUHM, WCKAKCHWA W W3MEHEeHWH wmacmraba. Kak W KOTHHUTpPOH,
HEOKOTHUTPOH HCIOJBb3YET CAMOOPTAaHU3AIMI0 B Ipolecce o0ydeHHs, XOTs Obla omnmcaHa

Bepcust [9], B KOTOPOIi BMECTO 3TOTO HCIIOIH30BAIOCH YIIPABIsieMOe 00ydeHHe.

HCOKOFHI/ITpOH OPHUCHTHPOBAH Ha MOACINPOBAHUC 3pHTeJ’ILHOﬁ CHUCTCMbI 4YCJIOBCKA.

OH monydaeT Ha BXOJE JIBYMEpHbIe 00Opa3bl, aHAJIOTHMYHblE H300paKEHUSM Ha CETYATOU
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000710UKe TNIa3a, U 00pabdaThIBA€T UX B MOCIEAYIOUIUX CJIOSX AHAJIOTMYHO TOMY, KaK 3TO
OBLIIO OOHAPYKEHO B 3pHUTEIBHOU Kope delioBeka. KOHEeYHO, B HEOKOTHUTPOHE HET HUYETO,
OrpaHUYMBAIOUICTO €TI0 UCIOJB30BAHUC TOJIBKO IJIA O6p2160TKI/I BU3YaJIbHbBIX HOAHHBIX, OH
JIOCTAaTOYHO YHHBEPCAJICH MU MOXET HAWTH IUPOKOE MPUMEHEHHUE KaK 0000IIeHHAas: CUCTeMa

pacro3HaBaHusi 00pa3oB.

B 3purenbHOii KOpe ObTH OOHAPYKEHBI y3JIbl, PEarupyIOLINE Ha TAKUE FIEMEHTHI, KaK
JMHUY U YTIIBI ONpeiesieHHON opueHTanu. Ha 6osee BRICOKHUX YPOBHSX Y3JIbl pEarupyroT Ha
OoJyiee CIOXHBIE M aOCTpaKTHbIE O00pa3bl TakKWe, KaK OKPYKHOCTH, TPEYTOJbHUKH W
npsiMoyroibHUKU. Ha eme 6osee BHICOKMX YPOBHSIX CTENEHb aOCTpaKIMU BO3pPACTAaET A0 TEX
1op, TMOKa HE OIpPENeNATCs y3Jbl, pearupyronye Ha JMLIa U CIoXHble (Gopmbl. B obmem
citydae y3Jibl Ha 00Jiee BRICOKHX YPOBHSX MOJIYYarOT BXOJ] OT IPYIITBI HU3KOYPOBHEBBIX y3JIOB
U, CIIeJIOBATEIbHO, PearupyroT Ha Ooljiee MMPOKYI 00JacTh BH3yalbHOTO mois. Peakuuun
y3710B 0oJiee BBICOKOTO YpPOBHS MEHEE 3aBHCAT OT IO3UIMKW W 00Jiee YCTOWYUBBI K

HCKaAXKXCHUAM.

CrtpykTypa

HeokorHUTpoH uMeeT HepapXUyecKyl0 CTPYKTypy, OpPHUEHTHPOBAaHHYIO Ha
MOJIEJTMPOBAHUE 3pPUTEIBHON CcUCTEMBbI uejoBeka. OH COCTOMT U3 TOCJEI0BaTEIIbHOCTH
00pabaThIBAIOIIMX CJIOEB, OPraHU30BAaHHBIX B HEPAPXUYECKYI0 CTpYKTypy (puc. 10.8).
BxomHoit o00pa3 momaercs Ha TEpBBIM  CIOW M mepemaeTca 4epe3  IIOCKOCTH,
COOTBETCTBYIOIIINE MOCIEAYIOUIUM CIIOSIM, A0 T€X IMOp, MOKa HE TOCTUTHET BBHIXOJAHOTO CIIOS,

B KOTOPOM HUJICHTU(DHUIIMPYETCs pacrio3HaBaeMbIid 00pas.

Broowow ) Borxodnoi
VX 77/ Lo 7 Lrod 2 LADU

L - ——tI o 00

Puc. 10.8. CTpykrypa cji0eB HEOKOTHUTPOHA
CTpyKkTypa HEOKOTHHUTpPOHA TpyAHA Jid NPEJICTaBICHHUS B BUIE IUArpaMMbl, HO
KOHIICTITYaJIbHO TpocTa. YTOOBI MOAUYEPKHYTh €r0 MHOTOYPOBHEBOCTH (C IENIBIO YIIPOIICHUS
rpauuecKoro MpeJCTaBICHUS), UCIONb3YETCsl aHalu3 BEpXHEro ypoBHs. HeoxorHutpon
MOKa3aH COCTOSIIINM M3 CJIOEB, CIIOM COCTOST M3 Habopa MIOCKOCTEN U TNIOCKOCTH COCTOST U3

y37I0B.

Cnowu. Kaxplii ciioii HEOKOTHUTPOHA COCTOMT U3 JIBYX MAacCHMBOB IockocTei (puc. 10.9).

Maccus HHOCKOCTCﬁ, COACPpKaUX IMPOCTBIC Yy3JIbI, MOJTYYaCT BBIXOAbI NPCABIAYIICTO CJI04,
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BBIJICIISIET ONpEIeNIeHHbIE 00pa3bl U 3aTeM IMepeaacT UX B MAaCCUB IUIOCKOCTEH, COAEpKAIINX

KOMIIJICKCHEIC Y3JIbI, TAC OHU 06pa6aTLIBaIOTCH TaKUM 06pa30M, YTOOKI caciaTb BbIACICHHBIC
06pa351 MCHCC IMO3NMIIMOHHO 3aBUCHUMBIMU.

MnockocTtun. BHYTpI/I CJIOS TNIOCKOCTH IIPOCTBIX U KOMIIJICKCHBIX Y3JIOB CYHICCTBYIOT IIapaMU,

T. €. OJId INIOCKOCTHU IIPOCTBIX Y3JI0B CYHIECTBYET OAHA IINIOCKOCTHh KOMIINICKCHEBEIX Y3JI0B,

oOpabartbiBatomiast ee BbIXoJbl. Kaxkaas MIOCKOCTh MOXET ObITh BHU3YyalbHO IpEACTaBICHA

KaK JBYMEPHBIN MAaCCHUB Y3JIOB.
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STROLRCITY JIROLROLTIH
RPOLINBIY NAEIMCK CRCHHBIN KIEVICK

Puc. 10.9. CtpykTypa mJI0CKOCTeil HEOKOTHUTPOHA
MpocTble y3nbl. Bee y3i1bl B TaHHOM MJIOCKOCTH MPOCTHIX Y3JI0B PEarupyroT Ha OAUH U TOT Ke
o0pa3. Kak nokazano Ha puc. 10.10, mmockocTh NPOCTHIX Y37I0B MPECTABISIET MACCUB Y3IIOB,
KQKJIBI U3 KOTOPBIX «HACTPAMBACTCS» HA OJUH crenuduueckuii BXogHo obpas. Kaxmwrii
MPOCTOM y3€JI UyBCTBUTEICH K OTPAaHUYEHHOM 00JIacTU BXOJIHOTO 00Opa3a, Ha3bIBA€MOU €ro
peuentuBHONH oOnacThio. Hampumep, Bce y37ibl B BEepXHEW IMIJIOCKOCTU IMPOCTHIX Y3JIOB Ha

puc. 10.10 pearupyrot Ha «C». ¥3en pearupyert, eciu «C» BcTpedaeTcs BO BXOJHOM o0pase u
eciu «Cy 00HApYKEHO B €r0 PEIeNTUBHON 00IaCcTH.

Ha puc. 10.10 noka3aHo, 4TO ApyTrye IIOCKOCTH MPOCTHIX Y3JIOB B 3TOM CJIO€ MOTYT
pearupoBaTh Ha ToBOpoT «C» Ha 90°, npyrue Ha moBopoT Ha 180° u 1. A. Ecnu 1oymKHbBI OBITH

BbIIETICHBl Jpyrue OyKBbl (M WX HCKaXEHHbIE BEPCHM), AOIMOJHHUTENBHBIE IUIOCKOCTH
TpeOyIOTCS Al KaXA0M U3 HUX.
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PenentuBHBIE 00J1aCTH y3710B B KaX/10H IUIOCKOCTH MPOCTHIX Y3JI0B NEPEKPHIBAIOTCS C
LENIbI0 TMOKPBITHUS BCErO BXOJIHOTO oOpasza 3toro cios. Kaxxnplii y3en mosydaer BXOIbl OT
COOTBETCTBYIOIIMX O0JAaCTEl BCEX IUIOCKOCTEH KOMIUIEKCHBIX Y3JIOB B MPEABLIYIIEM CIIOE.
CrnenoBarenbHO, TPOCTON y3€N pearupyeT Ha MOSIBICHHE CBOEro oOpas3a B J000M CIOKHOM

IUIOCKOCTH MPEABIAYIIETO CIIOs, €CIIU OH OKa)KETCS BHYTPU €ro PeLenTUBHOM 00acTu.

Lupd N-1 Lok NV
Jraocxecmy | STROEROCL STEOEROENTH
CROWHBIX KAETIOR POLERBIN KAETOK LHOWHELX KAENILK

]
° o
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o ° LAEDYIOREED
CACK
[+]
o
o
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Puc. 10.10. CucremMa HEOKOrHUTPOHA
KoMnnekcHble y3nbl. 3amadeil KOMIUIEKCHBIX Y3JI0B SIBIIICTCS YMEHBIICHHE 3aBUCHMOCTH
pEeaKIMu CUCTEMBI OT MO3UIIMK 00pa30B BO BXOAHOM Tosie. JIJist TOCTHXKEHHS 3TOTO KaXKIbIi
KOMHHCKCHBIﬁ y3eJ1 nonyqaeT B KQUCCTBC BXOAHOI'O 06pa3a BbBIXOAbI Ha6opa HpOCTBIX y3HOB
U3 COOTBETCTBYIOLIEH IUIOCKOCTH TOTO K€ CJOsl. OTH MPOCThIE Yy3Jbl MOKPBHIBAIOT
HETPEPHIBHYIO 00acTh MPOCTOM IUIOCKOCTH, HA3bIBAEMYIO PEIENTUBHONW 00JaCThIO
KOMIUIEKCHOTO y37la. Bo30yknaeHue IJo00ro TpOCTOro y3jia B OTOW OOJIACTH SBISCTCS
JOCTaTOYHBIM JUJIsl  BO3OY)KIEHHS JaHHOTO KOMIUIEKCHOro y3na. Takum obOpasom,
KOMIUIEKCHBIN y3e] pearupyer Ha TOT ke 00pa3, 4TO U MPOCThIE Y37Ibl B COOTBETCTBYIOIICH

€My IJIOCKOCTH, HO OH MEHEee UyBCTBUTEJEH K MO3ULIUK 00pa3a, ueM JII000i U3 HUX.
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Taxkum oOpa3zoM, KaKJIbIi CJI0M KOMIUICKCHBIX Y3JI0B pearupyer Ha 0ojiee MIUPOKYIO
00J1aCcTh BXOJHOTO 00pasa, 4eM 3TO JIeNaloCh B MPEAIISCTBYIONINX CIIOSAX. JTa MPOTrPeccus
BO3PACTaeT JMHEHHO OT CJIOS K CJIOK0, MPUBOJSA K TPeOyeMOMY YMEHBILICHHIO MO3UIIHOHHON

YYBCTBUTCIIbHOCTHU CUCTEMBI B LICJIOM.

0O000menune

Kaxnpiii HSWPOH B ClI0€, OJIM3KOM K BXOJHOMY, pearupyeT Ha onpeeiieHHbIe 00pa3bl
B OIpEACIICHHOM MECTE, TaKHe, KaK YroJl C OIPEIEICHHOM OpHUEHTalMeW B 3aJaHHOU
no3unuu. Kaxaplii cioit B pesynpTare 3TOro uMeer Oojiee aOCTpakTHYIO, MEHee
cHenu(PUYHYIO PEAKIIMIO 110 CPABHEHUIO C MPEALIECTBYIOIINM; BEIXOJHON CIOM pearnpyer Ha
TIOJTHBIE 00pa3bl, MOKa3bIBasi BEICOKYIO CTENEHh HE3aBUCUMOCTH OT MX TIOJIOKEHUs, pa3Mepa u
OpHEHTAIlMK BO BXOAHOM Tmose. [Ipu wucmonb30BaHMM B KadecTBe Kiaccudukaropa
KOMIUIEKCHBIH y3€Jl BBIXOAHOTO CJIOSI C HauOOJbIleH peakuued peaau3yeT BblIeICHUe
COOTBETCTBYIOIIEr0 oOpa3a BO BXOJHOM Mosie. B wmaeanbHOM ciaydae 3TO BbIIEJIECHUE

HCYYBCTBUTCIIbHO K MMO3UIMKU, OPCHTAIIUH, pasMEpaM HUJIU APYTUM UCKAKCHUAM.

Brurunciaenus

HpOCTLIG y3Jibl B HCOKOTHUTPOHC HMMCIKOT TOYHO TAKHUC KC XAPAKTCPHUCTHUKU, UYTO U
OIMMCAHHBIC IAJId KOTHUTPOHA, U UCIOJB3YIOT TC XKC q)OpMy.]'ILI AJI OIIPCACIICHUA UX BbIXOJA.

31eCh OHU HE MIOBTOPSIFOTCS.

Topmo3simuii y3en BblpadaThIBa€T BBIXOJI, IPONOPIUOHAIBHBIA KBaJAPATHOMY KOPHIO
U3 B3BEIIEHHOM CyMMBI KBaJpaTOB €r0 BXOJOB. 3aMETHM, YTO BXOJAbl B TOPMO3SLINM y3€i1
UJIGHTUYHBI BXOJIaM COOTBETCTBYIOLIETO MPOCTOrO y3ja U 00JacTh BKJIIOYAEeT 00JacTh OTBETA

BO BCEX KOMIUICKCHBIX INIOCKOCTAX. B cCHMBOJIBHOM BUJIC

IIe vV — BBIXOJ TOPMO3SIIEro y3/1a; i — 00JacTh HaJ BCEMHM KOMIUIEKCHBIMU Y3JIaMH, C
KOTOPBIMH CBSI3aH TOPMO3SIIIUHN y3ell; bj — BeC i-il CHHaNTHYECKOW CBA3H OT KOMILJIEKCHOTO

y3J1a K TOpMO3AIIEMY Y3J1Y; Uj — BBIXO[J [-TO KOMILJIEKCHOTO y3ia.

Beca b; BbIOMpalOTCS MOHOTOHHO YMEHBIIAIOIMIMMHUCS C YBETUUCHUEM PACCTOSHUS OT

[EHTpa 00JaCcTH peakuy, IPH TOM CyMMa UX 3HaUYEHH JOJKHA OBITh paBHA €IMHHUIIC.

OO0y4yenue

Tonpko IpocThIE Y3716l UMEIOT HaCTpauBaeMbl€ Beca. JTO Beca CBA3EH, COENUHSAIOINX
y3eJ C KOMIUICKCHBIMH Yy3J1aMH B TPEABIAYIIEM CJI0€ W HMEIONIMX HM3MCHSEMYIO CHITY
CHHAIICOB, HACTPAUBAEMYIO TaKMM 00pa3oM, 4TOOBI BEIPAOOTATh MAKCUMAIBLHYIO PEAKITHIO Ha

OTIpEICTICHHBIE CTUMYJIHMPYIOIIUE CBOMCTBA. HeEkoTOphie W3 AITHUX CHHAICOB SIBJISIIOTCSA
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BO30YKJAIONIMMH U CTPEMSITCSI YBEJTMUUTH BBIXOJ Y3JIOB, B TO BpeMs KakK JIPyTrHe SIBISIFOTCS

TOPMO3AIIMMU U YMCHBIIAIOT BBIXO/[ y3JIa.

Kremiu.
O — 8OITYWOEHNBIL

@—Jﬂmppﬂpxﬁﬁﬁmf

LEF5H:

— MOOUPUBUTYEMPIE
EOIOYMORICHLUE

—O MOOH@REUTYOMUE
IROUMOIARLEE

HEMPOUGELHTYEHBIE
BOTOYNORIOIRLE

Puc. 10.11. CBsI3H OT CJIOKHBIX KJIETOK O/{HOT'0 YPOBHA
K NPOCTBHIM KJIE€TKaM CJIeyIolero ypoBHs

Ha puc. 10.11 noka3ana nosiHasi CTpyKTypa CUHANTUYECKUX CBSI3€H MEX]y MPOCTHIM
y3JI0M U KOMIUIEKCHBIMHU Y3JlaMH B IpeAlecTByromeM cioe. Kaxnaplii mpocroil y3en
pearupyeT TOJbKO Ha HA0Op KOMIUIEKCHBIX Yy3JI0B BHYTPU CBOEH PELENITUBHON 00JacTu.
Kpowme Toro, cymectByer TOpMO3SIIUN y3€ll, pearupyromnuil Ha T€ ke CaMble KOMILJIEKCHBIE
y37bl. Beca cuHancoB TOpMO3AIIETO y3/1a He 00y4aroTcs, — OHU BBIOMPAIOTCSI TAKUM 00pazoM,
4YTOOBI y3€ll pearupoBall Ha CPEOHIOI0 BEIMYMHY BBIXOJOB BCEX Y3JIOB, K KOTOPHIM OH
noJKJItoueH. ENMHCTBEHHBIM TOPMO3SIIMIA CHHAIC OT TOPMO3SILEro y3Ja K MPOCTOMY Y31y

oOyuaercs, Kak U Apyrue CUHAICHI.

O6yueHue 6e3 yuutens. Jlyis oOyueHUss HEOKOTHHUTPOHA Ha BXOJ CETHU MOAAaeTcs o0pas,
KOTOPBI HEOOXOAMMO paclo3HaTh, W Beca CHHANCOB HACTPAMBAIOTCS CJIOH 3a CIIOEM,
HauMHas ¢ Habopa MPOCTHIX Y3JOB, OJMKaWIINX KO BXOMy. BenmuunHa cuHanTU4ecKkoil cBA3u
OT KaXXJI0TO KOMITJIEKCHOTO y371a K JIAHHOMY MPOCTOMY Y37y YBEITUYMUBAETCSA TOTJA U TOJIBKO

TOr4a, Koraa ya0BJICTBOPAIOTCA CIICAYIOIIUC IBA YCIIOBUA!

1) KOMIUICKCHBIN y3€l pearupyer;
2) mpocToi y3en pearupyer Ooljiee CWIBHO, YeM JIO0OW W3 €ro COCeTHHUX (BHYTPH €ro
001acTH KOHKYPEHIINH).
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Taxkum oOpazoMm, MPOCTON y3enl oOydaeTcs pearupoBaTh 0oJiee CHILHO Ha 00pasbl,
NOSBIISIONIMECST HamboJiee YacTo B €ro pPeUenTHBHON 001acTH, 4YTO COOTBETCTBYET
pe3ylibTaTaM HCCHCHOB&HHﬁ, IOJIYUCHHBIX B OKCIICPUMCHTAX C KOTATaMH. Ecmu
pacro3HaBaeMblii 00pa3 OTCYTCTBYeT Ha BXOJE, TOPMOBZSIIMA y3eld MpPeIoXpaHseT OT

CITy4aiiHOTO BO30OYKICHUSI.

MareMaTH4eCKOe OIMHCAHNE mpounecca 06y‘ICHI/IH U MCTOA pCain3allvi JIAaTCPpaJIbHOTO
TOPMOKCHUS AHAJIOTUYHBI OIMMCAHHBIM JIA KOTHHUTPOHA, IIO3TOMY 34CChb OHU HC
IOBTOPAIOTCA. HCO6XOI[I/IMO OTMCTHUTHb, YTO BBIXOABI IPOCTBIX M KOMILUICKCHBIX Y3JI0OB
SABJIAIOTCA AHAJIOIOBBIMHM, HCIPCPBIBHBIMU H JIMHEHMHBIMA M 4YTO AJIrOpUTM 06yquI/1$[

nmpeamnojgaract uxX HCOTpuuaTCJIbHOCTD.

Korma BbeiOmpaercss mpocTol y3en, Beca CHHANCOB KOTOPOTO JOJDKHBI OBITh
YBEJIMUYCHBI, OH PAacCMaTPUBAETCS KaK MPEACTaBHTENb BCEX Y3JIOB B IUIOCKOCTH, BBI3BIBAS
YBEIMYCHUE UX CUHANTUYECKHUX CBS3€H HA TOM e camoM oOpa3e. Takum 00pa3om, BCe y3IIbI
B IJIOCKOCTH O0YYaroTCsl pacro3HaBaTh OJHH M Te )K€ CBOMCTBA, U mociie oOydeHus: OyayT
JenaTh 3TO HE3aBHCHUMO OT TO3MIMH o0pa3a B TIOJie KOMIUIEKCHBIX Y3JI0B B

MPEIIICCTBYIOIIEM CIIOE.

DTa cucTeMa MMEET IIEHHYIO CIIOCOOHOCTh K CaMOBOCCTAaHOBJIEHHUIO. Ecnmu naHHBbIN
y3€ll BBIMJAET U3 cTpos, OyJeT HaiifieH Apyroi ysel, pearupyromuil 6ojiee CUIBHO, U 3TOT
y3en Oyner oOydueH pacrlo3HaBaHHIO BXOJHOTO o0pas3a, TeM caMbIM TEpPEKpbIBas JEHCTBUS

CBOCTO OTKa3aBUICT'O TOBapHUIla.

O6yueHue c yuutenem. B padotax [3] u [8] onmucano camoopranu3yromieecss HeynpaBisieMoe
oOyuenue. Hapsaay ¢ STUMH BIEYATIISIOMIKMME pe3yIbTaTaMH, ObUIH OMyOJIMKOBaHBI OTYETHI O
OPYTHX SKCIEPUMEHTaX, HCHONB3YIOIUX o0yueHue ¢ yuumrtenem [9]. 3mecy TpeOyemas
peakuus KaXIOro CJOos 3apaHee oOmpelensercs OSKCIepUMEHTaTOpoOM. 3aTeM Beca
HACTPauBalOTCS C UCIOJb30BaHUEM OOBIYHBIX METOJIOB JUIsl BEIPAOOTKU TpeOyeMol peakiuu.
Hanpumep, BXOQHOM €101 HACTpauBaJICA VISl PACIIO3HABAHUS OTPE3KOB JIMHUW B PA3JIMYHbBIX
OpUEHTAIMSIX BO MHOTOM aHAJIOTMYHO TEpPBOMY CIIOI0 OOpabOTKH 3pUTENBHON KOPBHI.
[Tocnenyromue cion oO0ydyanuch pearupoBaTh Ha OOJiee CIOKHBIE W aOCTpPaKTHHIE CBOMCTBA
JI0 T€X TOp, MOKa B BBIXOJHOM CJI0€ TpeOyemblii 00pa3 He Oyaer BwimesneH. [Ipu oOpaboTke
CeTH, MPEBOCXOJHO pAaclo3HAIOIIEH pPYKOMHMCHBIE apaOCKue IHU(PBI, IKCIEPUMEHTATOPHI
OTKa3aJKiCh OT JOCTHKEHHS OMOJIOTMYECKOTO MPaBIONoA0Ous, oOpalias BHUMaHUE TOJIBKO

Ha JOCTHIXXCHHEC MaKCHMaJILHOM TOYHOCTH PE3YIBTATOB CUCTEMBIL.

Peanusaumsa o6yuyeHus. B OOBIYHBIX KOH(MUTYpaLUAX PEUENTHBHOE TOJE KaXKIO0ro HEeWpoHa
BO3pacTaeT NpH Mepexojie K cieayrmeMy ciaow. OIHAKO KOJIMYECTBO HEUPOHOB B CJIOE
OyJeT yMEHbBIATHCS MPHU MEPEX0/ie OT BXOTHBIX K BBIXOIHBIM ClIOSIM. HakoHel, BBIXOIHOM
CJIONl MMEET TOJBKO OJIMH HEHWPOH B IJIOCKOCTU CJIOKHBIX y3JI0B. Kaknplii Takod HEHPOH

MIPEJICTABIISICT OMPECIICHHBIM BXOIHOW 00pa3, KOTOpOMY ceTh Oblia oOydeHa. B mporecce
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KJaccu(uKanuyu BXOIHON 00pa3 MoJaeTcsl Ha BXOJI HEOKOTHUTPOHA U BBIYUCIISIIOTCS BBIXOIBI
CIIOM 3a CJIOEM, HauWHAasg C BXOJHOro ciof. Tak Kak TOJIBLKO HEOOJIbIIas 4acTh BXOJHOTO
o0Opa3a moiaeTcs Ha BXOJ KaXKI0TO MPOCTOTO y3j1a BXOJHOTO CJIOSl, HEKOTOPHIE MPOCTHIE Y3IIbI
PETUCTPUPYIOT HAIUYHE XapaKTEPUCTUK, KOTOPbIM OHU OOydYeHbl, M BO30yxmaroTcs. B
CICAYIOIIEM CJIO€ BBIJEISAIOTCS 00JIee CJIOKHBIE XapaKTePUCTUKH KakK OTMpeCIICHHBIC
KOMOWHAIIUKA BBIXOJIOB KOMILUIEKCHBIX y3JI0B. CJIOM 3a CIIOEM CBOWCTBAa KOMOWHHUPYIOTCS BO
BCE BO3pACTAIOIIEM JHAa30He; BRIICISIOTCS OoJiee 00IMe XapaKTePUCTHKN U YMEHBIIACTCS

MO3UMIUOHHAA YYBCTBUTCIBHOCTD.

B uneansHOM ciydae TOJIBKO OWMH HEUPOH BBIXOJHOTO CIIOS JJOJDKEH BO30YyIUThCs. B
JIeHCTBUTENIFHOCTH OOBIYHO OyJeT BO30YKIAThCSI HECKOJIBKO HEHPOHOB C PAa3IUYHON CHIIOM,
U BXOJHON 00pa3 MOJKEH ObITh ONpENEeNeH C yYeTOM COOTHOLIeHMs HMX BbIXOA0B. Eciu
UCIIONIb3YETCsl CHUJIa JIATEpalbHOTO TOPMOXKEHUS, BO30YKIaTbcs OyIEeT TOJIBKO HEUPOH C
MaKCHUMaJIbHBIM BBIX0JI0M. OJTHAKO 3TO YacTO SABJSAETCS HE Jy4YIIUM BapuaHToM. Ha mpakTuke
npoctas QyHKIHS OT HeOOIBIION TPYIITEl HauboJiee CUIIbHO BO30YKICHHBIX HEHPOHOB OyaeT

YacToO yJay4dmaTb TOYHOCTDb KJIaCCI/I(l)I/IKaI_II/II/I.

3AKNIOYEHUE

Kak KOrHHTpOH, Tak U HEOKOTHUTPOH MPOHU3BOIAT OOJIBIIOE BIEUATICHHE C TOYKH
3peHHUs] TOYHOCTH, C KOTOPOW OHH MOJICIHPYIOT OMOJOTHYECKYIO HEPBHYIO CHUCTeMy. TOT
(dakT, 4TO ATH CHCTEMBl MOKA3bIBAIOT PE3yJIbTaThl, UMUTHPYIOIIME HEKOTOPbHIC ACIEKTHI
CHOCOOHOCTEH uYenoBeKa K OOYYCHHIO W TO3HAHWIO, HABOJIWT HA MBICIb, YTO HaIllle
noHUMaHue (QYHKIMA Mo3ra TpHOIMXKAETCSs K YPOBHIO, CIIOCOOHOMY TPUHECTH

MPaKTUYECKYIO MOJb3Y.

HeoKorHuTpoH sBIseTCS  CIOXKHOM CHUCTEMOM M TpeOyeT CYIIECTBEHHBIX
BBIUHCIUTENBHBIX pecypcoB. [lo ATHUM mpuUYMHAM Ka)KETCs MallOBEPOSITHBIM, YTO TaKHe
CHUCTEMBl pEaIu3yI0T ONTUMAIbHOE WHXEHEPHOE pElIeHHE CETOMHSAUIHUX Mpo0iIeM
pacrnioznaBanusi 00pazoB. OnHako ¢ 1960 1. cTOMMOCTH BBIUUCIIEHUN yMEHbINAIach B JBa pas3a
KaX7ble 1Ba-TPU roja, TEHICHLMs, KOTOpasi, 10 BCEM BEPOATHOCTH, COXPAHUTCSI B TEUCHHE
KaK MUHUMYM Onvkalimux aecatu net. HecMoTpst Ha To, 4TO MHOTHE TIOJIXO/IbI, Ka3aBIIHeCs
HEpeaTu3yeMbIMU HECKOJIBKO JIET Ha3ajl, SBJSIOTCS OOIICTIPUHATHIMU CETOAHS U MOTYT
0Ka3aTbCsl TPUBHAJIBHBIMU YEPE3 HECKOJBKO JIET, pealu3alus MoJeled HEOKOTHUTPOHA Ha
YHHUBEpCAIBHBIX KOMITBIOTEpax sBisercss OecnepcnekTuBHONH. HeoOXxomumo JOCTHUTHYThH
THICSTYEKPATHBIX YIYUYIICHUH CTOMMOCTH M MPOU3BOJUTEIILHOCTH KOMIIBIOTEPOB 3a CYET
CTIeNMaU3alik  apXUTEKTyphl W BHenpeHuss TexHojorun CBUC, droObl caemarth
HEOKOTHUTPOH MPAaKTHUYECKON CHUCTEMOM AJis PEIICHUs CIOXKHBIX IPOOJIEM pacro3HABaHMS
00pa3oB, OJJHAKO HH 3Ta, HU KakKasg-TuOO0 JIpyras MOJENb UCKYCCTBEHHBIX HEHPOHHBIX ceTel

HE TOJKHBI OTBEPTraThbCs TOJBKO HAa OCHOBAHHU MX BBICOKHMX BBIYHCIIMTCIBHBIX TpC6OBaHHI>'I.
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MpunoxeHue A.
Buonornyeckme HeMPOHHbIE CEeTH

YEJNIOBEYECKUNA MO3T':
BMOJNTIOMMYECKAA MOOENb ANSA UCKYCCTBEHHbIX HEMPOHHbIX CETEW

CTpyKTypa MCKYCCTBEHHBIX HEHPOHHBIX CeTel OblIa CMOJEIMPOBAHA KAK PE3yJbTaT
M3y4YCHHs YEeIOBEYECKOro Mosra. Kak Mbl OTMedYanu BBIIIE, CXOICTBO MEXKIYy HHMH B
NEHCTBUTENBHOCTH OYEHb HE3HAUUTENBHO, OJHAKO AK€ ITa CKPOMHAs AMYJIALMS MO3ra
IPUHOCUT OLIYTUMBIE pe3yJbTaThl. Hampumep, HMCKyCCTBEHHBbIE HEWPOHHBIE CETH HMEIOT
TaKue aHaJOrMYHbIE MO3TY CBOMCTBA, KaK CLIOCOOHOCTh 00y4aThCsl Ha OMbITE, OCHOBAHHOM Ha
3HAHMAX, /1€1aTh a0CTPAKTHBIE YMO3AKIIIOUEHHS U COBEpIIATh OIIMOKH, YTO SIBIIsETCs Oosee

XapaKTCPHBIM JIA YeJI0BCUECKOM MBICJIN, YCM IJId CO3AAaHHBIX YCIIOBCKOM KOMIIBIOTCPOB.

VYuuTeiBasg ycHexu, JOCTUTHYTbIE MpPHU MCIOJIb30BaHMM TIpyOoil Mojenu Mo3ra,
Ka)KETCSI €CTECTBEHHBIM OXKUJATh JAIbHEHIIET0 MPOABIKECHUS BIEpe MPU HCIIOJIBE30BAHUH
Oonee TouHOM Monenu. Pa3zpaboTka Takoil Mojenu TpedyeT MeTallbHOTO IMOHUMAaHMS
CTPYKTYpbl W (yHKIMA Mo3ra. JTO B CBOIO ouepelnb TpeOyeT ompeneieHuss TOYHBIX
XapaKTEePUCTHK HEHPOHOB, BKIIIOYAsl MX BBIYMCIMTEIBHBIC DJIEMEHTHI U AJIEMEHTHI CBsizu. K

CO’KaJIeHHI0, UH(OopMalMs He SBISETCS MOJTHOMU;

OopIIasi YacTh MO3ra OCTaeTCsl TalHOUM i moHUMaHus. OCHOBHBIE MCCIICIOBAHMS
NpoBeleHbl B 00JIacTH HIeHTHU(UKAIUU (YHKIHA MO3ra, OJHAKO U 37eChb OTCYTCTBYIOT
NOAXOJbI, OTJIMYAIOMIMECS OT YHCTO  «CXEMaTHYECKUX». bBHOXMMHUS ~ HEHpPOHOB,
(GyHIaMEHTAIIBHBIX CTPOWTENBHBIX OJIOKOB MO3ra, OYEHb HEOXOTHO PACKpPBIBAET CBOM
cekpeTsl. Kaxkaplii roJ; MpUHOCUT HOBYIO HH(OPMAITUIO OTHOCHTEIBHO AJIEKTPOXHUMUYECKOTO
NOBEJICHUS HEHPOHOB, NpPUYEM BCErZa B HANPABICHUU PACKPBITUS HOBBIX YpPOBHEH
CIIOKHOCTHU. SICHO OZHO: HEHPOH SIBJISIETCSI HAMHOTO 0OJIee CIIOKHBIM, YeM IMPECTaBISIOCH

HECKOJIBKO JICT Has3ad, U HET IIOJHOI'0O IOHUMAaHUs Ipouecca €ro q)YHKI_[I/IOHI/IpOBaHI/IH.

OpHako, HECMOTpsST Ha HAlIM OrPAaHUYEHHbIE TO3HAHUSA, MO3I MOXET OBITh
UCIIOJIb30BaH B KAUECTBE LIEHHOM MOJIEIMN B BOIPOCAX PA3BUTHS UCKYCCTBEHHBIX HEHPOHHBIX
ceteil. Mcmonb3yst Meroa mpoO U OMIMOOK, SBONIOIMS, BEPOSTHO, MpHUBENa K CTPYKTypawm,
ONTUMAJIbHBIM 00pa30M MPUTOAHBIM JUISl pelieHusi mpoOsieM, Oosiee XapaKTEPHBIX IS
yenmoBeka. KakeTcss MaloBEepOATHBIM, 4YTO MBI IOJYyYuM Oojiee XOpoIlee pelieHHe.
TmaTenbHO MOAETUPYS MO3T, MBI MPOJABUTAEMCSl B MCCICIOBAHUU MPHUPOJBI U B OyayIiemMm

6yI[CM, BEPOATHO, BOCIIPOU3BOJAUTH 0oJIbIIIE BO3MOKHOCTEHN MO3Ta.

JlaHHOE TPWJIOKEHHE COACPKHUT IUTPUXOBbIE HAOPOCKM COBPEMEHHBIX 3HaHUMN
OTHOCHUTENIBHO CTPYKTYpbl M (GyHKIMA Mo3ra. XOTA H3JI0KEHUE STUX CBEIACHUN OYEHb

KpaTKOC, MbI IbITAIUCh COXPAHUTL TOYHOCTD. Cneﬂyloume pasaciibl WINIKOCTPUPYIOT TCKCT
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JTAHHOU paboThl U, BO3MOXKHO, OYIyT CTUMYJIUPOBATh UHTEPEC K OMOJIOTHYECKUM CHCTEMaM,

YTO MPUBEJET K PA3BUTHIO HCKYCCTBEHHBIX HEHPOHHBIX CETEH.

OPrAHU3ALUNA YENTOBEYECKOIO MO3TA

YenoBedyeckUii MO3I COACPKHUT CBBIIIE THICAYM MWUIMAPAOB BBIYACIUTEIBHBIX
JJIEMEHTOB, Ha3bIBAEMBIX Helponamu. IIpeBblmas Mo KOJIWYECTBY YMCIIO 3Be3] B MiedyHOM
[lyTH ranakTHKu, 3T HEHPOHBI CBSI3aHbl COTHSIMH TPUJJIMOHOB HEPBHBIX HUTEH, HA3bIBAEMBIX
cunancamu. JTa ceTb HEHPOHOB OTBEYAET 3a BCE SIBJICHUS, KOTOPHIE Mbl HA3bIBAEM MBICIISIMH,
SMOLMSIMM, TO3HAHUEM, a TAKXKE U 3a COBEPILIECHNE MUPHUAJOB CECHCOMOTOPHBIX U aBTOHOMHBIX
¢ynkuuii. [Toka Mano NOHATHO, KAKUM 00pa3oM BCE 3TO MPOUCXOIUT, HO YK€ MCCIEJOBAHO
MHOT'O BOIPOCOB (hN3HOJIOTHIECKOM CTPYKTYPHI M OIpeiesieHHbIe (QyHKIIMOHABHBIE 001acTH

MOCTCIICHHO U3YyYarOTCA UCCICAOBATCIAMU.

Mo3r Takxke COIEPKHT T'yCTYIO CeTh KPOBEHOCHBIX COCYOB, KOTOpbIE 00€CIeunBaOT
KHCJIOPOIOM W THUTAaTEJIbHBIMM BEIIECTBAMH HEHpPOHBI M Jpyrue TKaHU. OJTa CHUCTEMaA
KPOBOCHAa0)KEHHsI CBSi3aHAa C T[JIaBHOW CHUCTEMOM  KpOBOOOpallleHUsI IOCPEICTBOM
BBICOKO()(DEKTUBHOW  (UIBTPYIOIIEH CHUCTEMbI, Ha3bIBAEMOW cemamodnyedaruyeckum
bapvepom, 3TOT Oapbep SIBISETCS MEXaHU3MOM 3aIUThI, KOTOPbIM NMperoXpaHseT MO3r OT
BO3MOXHBIX TOKCHUYHBIX BEILECTB, HAXOASIMUXCA B KPOBH. 3alUTa 00ECIEeUnBACTCS HU3KOU
IPOHUIIAEMOCTBI0O KPOBEHOCHBIX COCYJIOB MO3ra, a TakKe IUJIOTHBIM HEPEKPhITHEM
[NIMAJbHBIX  KIETOK, OKpYXKarouux HeWpoHsl. Kpome 3Toro, rivanpHble KIETKU
o0ecrneunBaroT CTPYKTYpHYIO OCHOBY Mo3ra. MakTH4Yeckd Bechb 00bEM MO3ra, HE 3aHATHIN

HeﬁpOHaMH 1 KPOBCHOCHBIMH COCYJaMH, 3alIOJIHCH I'NIHAJIbHBIMHA KIICTKAMH.

I'emarosHnepanmyeckuit 6aprep sSBISETCS OCHOBOW JJisi 00ECIEYCHHSI COXPAHHOCTH
MO3ra, HO OH 3HAYUTCIBHO OCJIOXHACT JICUCHUC TCPAIICBTUUCCKHUMU JICKAPCTBAMMU. OH TaKxe
MENIaeT MCCIAEAOBAHUSAM, H3YYalONIMM BIHMSHHE Pa3MTUYHBIX XUMUYECKUX BEIIECTB Ha
¢bynkuu mMosra. Jlumis HeOobIIas 4acTh JIEKApCTB, CO3/IaHHBIX C LIETBI0 BIUSHUS HA MO3T,
MOJKET TPEO0I0IeBaTh 3TOT Oapbep. JIekapcTBa cOCTOAT U3 HEOOIBIINX MOJIEKYJI, CIIOCOOHBIX
NPOHMKATh Yepe3 KpOILIeuHble MOpPhl B KPOBEHOCHBIX cocynax. YToObl BO3/eiCTBOBATh Ha
(GYHKIIMM MO3ra, OHU JOJDKHBI 3aT€M MPONTH Yepe3 IIIHalbHBbIe KIETKU WIH PACTBOPUTHCS B
ux MemOpaHe. JIuibp HEKOTOpble MOJIEKYJIbl MHTEPECYIOIIUX HAC JIEKapCTB YJIOBJIETBOPSIIOT
9TUM TpC6OBaHI/I$[M; MOJICKYJIBI MHOTHX TCPANCBTUYCCKUX JICKAPCTB 3aJCPKUBAIOTCA I3TUM

OapbepoM.

Mo3r siBisieTcss OCHOBHBIM NOTpeduTesneM 3Hepruu Tena. Brmrodas B ceOs aumb 2%
Macchl Tela, B COCTOSIHUU IOKOS OH HCHOJb3yeT HpubmusutensHo 20% kuciopoaa Tena.
Jaxe korma Mbl CIOHM, PacxoJOBaHUE DSHEPrUM NPOAOJKAETCA. B  IEeMCTBUTEIBHOCTH
CYIIECTBYIOT J10Ka3aTEIbCTBA BO3MOXHOCTH YBEIWYEHUS! PACXOJOBAHUS SHEPIHUU BO BpeMs

da3pl cHa, compoBOXKIaeMoil nBmwkeHHeM Tia3. IloTpebnsas Tompko 20 Bt, mo3r ¢
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SHEPTeTHYECKOM TOUKH 3pEHUSI HEBEPOATHO I PexTBeH. KoMIbIOTEphI ¢ OAHONM KPOIIEYHOM
J10JIel BBIYMCIUTENBHBIX BO3MOYKHOCTEH MO3ra MOTPEOISIIOT MHOTO ThICSY BaTT U TPeOYyrOT
CJIOXHBIX CpCACTB I OXJIAXKACHHUA, MNPCAOXPAHAIOIICTO HUX OT TCMIICPATYPHOTIO

camMopa3pyIleHHs.

Heiipon

Helipon sBnsieTcsi OCHOBHBIM CTPOMTENBHBIM OJOKOM HEpBHOM cucTeMbl. OH.
ABJIAETCS KIIETKOM, IOJOOHONW BCEM JpyruM KJIETKaM Tela; OJHAKO OHIpENeNICHHBIE
CYILIECTBEHHbIE OTJIMYMS IO3BOJIAIOT €My BBIMOJIHATh BCE BBIYHUCIMUTENbHBIE (YHKLUU WU

GYHKIIUU CBSI3U BHYTPU MO3Ta.

Kak nmoka3ano Ha puc. A.1, HEMpOH COCTOUT U3 TPEX YACTEU: Tella KIETKH, JCHAPUTOB

Hn aKCOHa, KaXXaas 94aCTb CO CBOMMH, HO B3aMUMOCBA3aHHBIMHA Q)YHKHI/ISIMI/I.

TEAL KEEINKEU
TERD KEEIKY

E L ERCDumEl

Lurene

Axcor ]

Puc. A.1. KoMnoHeHTHI HelipoHa
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QDYHKIMOHAIBHO JCHAPUTHI MOJIy4alOT CUTHAJIBI OT APYTHX KJIETOK 4epe3 KOHTAKTHI,
Ha3bIBaeMble cuHancaMu. OTCro1a CUTHANIBI IPOXOAT B TEJIO KIETKH, TJI€ OHU CYMMHUPYIOTCS
C JpyruMU TakMMM >X€ CuUrHagamu. Ecim cyMMapHBI CUTHaja B TEYEHHE KOPOTKOTO
IPOMEXKYTKA BPEMEHH SIBJISETCS JOCTATOYHO OOJIBIINM, KJIETKa BO30Y KAaeTcsi, BoIpaOaThIBast
B aKCOHE HMITYJIbC, KOTOPBIM MepenaeTcs Ha ciaeayomue KieTkn. HecMoTpss Ha odeBHIHOE
YIPOIIEHHE, 3Ta cXeMa (PyHKIIMOHUPOBAHHS OOBSCHSIET OOJBIIMHCTBO N3BECTHBIX MPOLIECCOB

Moa3ra.

Teno s4veikn. HelWpoHbl B MO3ry B3pOCIOrO YEIOBEKa HE BOCCTAaHABIMBAKOTCS; OHHU
OTMHUPAIOT. DTO O3HAYAET, YTO BCE KOMIIOHEHTHI JIOJKHBI HENPEPHIBHO 3aMEHSTHCS, a
MaTepuaibl OOHOBJIATHCA IO Mepe HEOOXOAMMOCTH. bBONBIIMHCTBO ATHX MPOIECCOB
INPOMCXOIUT B TeJE KJIETKH, 7€ U3MEHEHHE XUMHUUYECKUX (PaKTOPOB MPUBOJUT K OOJIBIIUM
MU3MEHEHUSIM CJIOXKHBIX MOJeKysl. Kpome 3Toro, Teno KIEeTKM yIpasisieT pacXOAOM DSHEPrUHU
HEelpoHa M peryjJupyeT MHOKECTBO JPYTuX MPOILECCOB B KieTke. BHemHsAs MeMOpaHa Tena
KJIETKH HeHpoHa HMMEeT YHHMKaJIbHYIO CIHOCOOHOCTh T'€HEPHpPOBATH HEPBHBIC HMITYJIHCHI
(moTeHUuaNnbl JEHCTBUA), SBIAIONIUECS >KU3HEHHBIMH (YHKLUHSMU HEPBHOW CHUCTEMBI U

LOEHTPOM €€ BbIYUCIUTCIIBHBIX CIIOCOOHOCTEM.

Keemrxu =
TEONLHBE
Kopsunyamas

Aaermwy
V42 1Y) e

Jeesduamas
" XAEIMAZ

S
7
JEoR U2y
NEEM KR
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Puc. A.2. Tunbl HeHPOHOB

bbun uaeHTUGUIMPOBAHBI COTHU TUIIOB HEHPOHOB, KaXIIBIA CO CBOEH XapaKTepHOM
dopmoii Tena kmetku (puc. A.2), umeromieit o6bpraHO oT 5 mo 100 Mmkm B amamerpe. B
HaCTOsILee BPeMs ITOT (GakT pacCMATPUBAETCS KaK MPOSBICHUE CIIy4allHOCTH, OAHAKO MOTYT
OBITh HAWIEHBI pa3nuYHble MOPQOJOTHUECKHE KOHPHUTYpAIlMH, OTpPAXKAIOIUE BAXKHYIO
GyHKIMOHANMBHYIO crenuanu3anuio. OmnpeneneHue (YHKIMA pa3IUYHBIX THUIOB KJIETOK
SBISIETCS B HACTOSILEE BpeMs INPEAMETOM WHTCHCUBHBIX MHCCIEJOBAaHUN M OCHOBOH

NOHMMaHUs 00padaThIBAIOIINX MEXAHU3MOB MO3Tra.

DeHppuTbl. BOIBIIMHCTBO BXOJHBIX CHTHAJNOB OT JPYI'MX HEHPOHOB IONAAalOT B KIETKY
yepe3 JAECHAPUTHI, MPEACTABISAIONINE COOOM I'yCTO BETBSAIILYIOCS CTPYKTYpPY, UCXOMSLIYIO OT
Tena kneTku. Ha nenpurax pacronararoTcsi CHHaNTHYECKAE COCIUHEHUS, KOTOPBIE MOy YaroT
CUTHAJIBI OT JIpYTUX akcoHOB. Kpome 3T0ro, cyniecTByer OorpoMHOE KOJIMYECTBO CHHAIITHYEC—
KHUX CBSI3€M OT aKCOHa K aKCOHY, OT aKCOHa K Tely KJIETKH U OT ACHIPHUTA K ACHIPUTY; UX
(YHKIIMU HE OYEHb SICHBI, HO OHM CIIMLIKOM HIMPOKO PaCHpPOCTPAHEHBI, YTOObI HE CUUTATHCS C

HUMU.

B oTyimume OT 35IeKTPUIECKUX Ienel, CHHAITHISCKIUE KOHTAKThI OOBIYHO HE SIBIISIOTCS
GU3MYECKUMU WM DJIEKTPUYECKUMH COCIMHEHUSMU. BMECTOo 3TOro wuMmeeTcs y3Koe
MIPOCTPAHCTBO, HA3bIBAEMOE CUHONMUYECKOU UjeIblo, OTACISIONIEE AEHIPUT OT MEePEJAOILEro
akcoHa. CrieninaiabHble XUMUYECKUE BEILIECTBA, BHIOpAChIBAEMble AKCOHOM B CHHANTHYECKYIO
menb, auGPyHIUpYOT K ACHIPUTY. OTH XUMHUYECKHE BEIIECTBA, HA3bIBACMBIC
HeupompancmMummepamu, YJIaBIUBAIOTCS CHEUUAIbHBIMU pELENTOpaMu Ha JEHIAPUTE U

BHCAPAKOTCA B TCJIO KIICTKH.

Omnpeneneno 6osnee 30 BUIOB HEUPOTPAaHCMUTTEPOB. HekoTOphle M3 HUX SBISIOTCS
B036Y)KI[aIOHII/IMI/I U CTPCMATCA BbI3bIBATH BO36y7KI[eHI/Ie KIJICTKU U BBIpa6OTaTB BBIXOI[HOﬁ
UMITyJbC. Jlpyrue SBISAIOTCS TOPMO3AIIMMU U CTPEMATCS MOJABUTh TAKOM MMILyJIbC. Telo
KJIETKA CYMMHPYET CHUTHANbI, MOJTY4YEHHBbIE OT IEHAPUTOB, U €CIH WX PE3YIbTHUPYIOUIUI
CUTHAJI BBILLIE TIOPOTOBOTO 3HAUEHUS, BHIPAOATHIBACTCS UMITYJIbC, MPOXOAAIIUI MO aKCOHY K

JIpYTUM HEHpOHaM.

AKkcoH. AKCOH MoXeT ObITh kKak KopoTkuMm (0,1 MM), Tak W mpeBbIIaTh UIMHY 1 M,
pacrpocTpaHssCh B JPYTyl 4YacTh Tesa yeloBeka. Ha KOHIle akCOH HMMEEeT MHOKECTBO
BETBEH, Kak[as U3 KOTOPBIX 3aBEPILAETCS] CHMHAIICOM, OTKYJa CHIHAJl NEepeAaeTcss B Apyrue
HEWPOHBI Yepe3 JCHAPUTHI, & B HEKOTOPBIX CIIydasx MpsSMO B TEJIO KIETKH. Takum o0paszom,
BCEr0 OJMH HEHPOH MOXKET TEeHEPUPOBaTh UMIIYJIbC, KOTOPbIM BO30OYXXKAaeT WK
3aTOPMaXMBAaET COTHM WM ThICAYM JPYIMX HEMPOHOB, KaXIbIH M3 KOTOPBIX, B CBOIO
ouepellb, 4epe3 CBOM JAEHAPUTBHl MOXKET BO3JEHCTBOBaTb HA COTHM WM ThHICAYM JAPYIHX
HelipoHoB. TakuM 00pa3oM, 3Ta BBICOKas CTENEHb CBS3aHHOCTH, a HE (DYHKIMOHAIbHAS

CJIO)KHOCTh CaMOT'0 HepoHa, 00eCrieunBaeT HEHPOHY €ro BHIYUCIUTEIBHYIO MOIIHOCTb.

168



Cunanrtuyeckas CBsI3b, 3aBEpIIAIOIIAsl BETBb aKCOHA, IPEJCTABISET cO00I MaleHbKHUE
YTONIIEHUSA, COJEpXKallue CQPEpUYecKue CTPYKTYpbl, Ha3bIBAEMBIE CUHONMUYECKUMU
nY3bIpbKamMu, KaKIBIA M3 KOTOPBIX COAEPKUT OOJNBIIOE YHCIO HEWPOTPAHCMHUTTEPHBIX
Mmonekys. Korna HepBHbI MMIYJIbC MPUXOJUT B AaKCOH, HEKOTOPBIE M3 3THX ITy3bIPHKOB
BBICBOOOXKJIAIOT CBOE COAEPKMMOE B CHHANTHUYECKYIO ILENb, TEM CaMbIM HHULUAIU3UPYS

MPOIIECC B3aUMOJICHCTBUSI HEUPOHOB (puc. A.3).
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Puc. A.3. Cunanc

Kpome pacnpocTtpaHeHusi Takoro OHHApHOTO CHUrHala, O0OECIeYMBAEMOIO
BO30Y’KJICHHEM IMEepPBOTO UMIYJbCa, B HEHpOHAX MPHU ClIa0oil CTUMYNALHUUA MOTYT TaKxke
pacrpoCTpaHATBCS  AJIEKTPOXMMHMUYECKHE CHUTHAJIbl C  MOCIEAOBATENIBHOW  pEAKLHUEH.
JlokanbHble MO CBOEH MPUPOJE, 3TU CHUTHAIBI OBICTPO 3aTyXaloT C YyJaJeHHEM OT MecTa
BO30YXKJIEHUsI, eclii He OyayT ycuieHsl. [Ipupoia UCHoab3yeT 3TO CBOMCTBO MEPBBIX KIETOK
MyTeM CO3[aHHUs BOKPYI aKCOHOB HM3OJUPYIOIIEH OOO0JOYKH M3 LIBAHKOBCKHUX KIJIETOK. JTa
o0oyiouka, Ha3blBaeMas MUEIMHOBOM, TpEPHIBACTCS MPUONHU3UTENBLHO 4Yepe3 KaKIIbli
MUJUJIMMETP BJIOJIb AKCOHA Y3KHMH pa3pblBaMH, Ha3bIBAEMBIMH V31aMu, WIN nepexeamamu
Pansve. HepBHBIE UMITYJIBCHI, IPUXOJSIINE B aKCOH, MEPEAAIOTCA CKAaYKOOOPa3HO OT y37a K
y3ny. Takum 00pa3oM, aKCOHY HET HYKIbl PacX00BaTh SHEPTHUIO AJIsl TIOJACPKAHUS CBOETO
XMMHYECKOI0 I'paJueHTa MO Bce cBoed uinHe. TOJbKO OCTaBIIMECS HEU30JIMPOBAHHBIMU
nepexBatbl PaHBbe SBIAIOTCA OOBEKTOM TEHEpalMd NEepBOTO HMITYJbCa; U Mepeaadu

CUTHaJIa OT y371a K y31y Oojee 3(h(eKTUBHBIMU SBJISAIOTCS IpadyaibHble peakiuu. Kpome
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ATOTO CBOMCTBA OOOJIOUKH, OOECIICUMBAIOIIECTO COXPAHCHHE DHEPTUH, M3BECTHBI €€ JIPYyTHe
cBoiicTBa. Hampumep, MHUEIMHU3HPOBAHHBIC HEPBHBIC OKOHYAHHS TEPEHAIOT CHUTHAIIBI
3HAYUTENBHO OBICTpee HEMUEIUHU3UPOBAHHBIX. OOHAPYKEHO, YTO HEKOTOphIe OO0JEe3HU
NPUBOJAT K YXYAIICHHIO TOH W30JIALIUH, YTO, TO-BUAUMOMY, SIBISCTCS MPUYUHOW JPYTHX

OoJIE3HEN.

MemOpaHa KJIeTKH

B mo3ry cymectByer 2 THna cBsi3eil: nepegadya XuMUYECKUX CUTHAIOB Y€pe3 CHHAICHI
U Tiepejiaya AIICKTPUYSCKUX CUTHAJIOB BHYTpPU HeipoHa. BesmkosemHoe cliokHOe JeicTBhe
MeMOpaHBbI CO3/1ae€T CIIOCOOHOCTHh KJIETKHM BBIpaOAThIBaTh M IepeaBaTh o00a TUMA ITHX

CHUT'HAJIOB.

MeM6paHa KJIETKH MMEET OKOJIO 5 HM TOJIIIUHBI U COCTOUT U3 JIBYX CJIOCB JIMIIUAHBIX
MOJICKYIJI. BCTpO@HHHe B MCM6paHy PAa3JIMIHBIC CIICHHUAJIIBHBIC TIPOTCUHBI MOKHO Pa3ACIINTb

Ha MSTh KJIaCCOB: HACOCHI, KAHAJIBI, PELIETITOPHI, SH3UMbI U CTPYKTYPHbBIE IPOTEHHBI.

Hacocbl akTMBHO mnepeMelaroT HOHBI 4epe3 MeMOpaHy KIETKHM Ui MOJJEpKaHUs
IPaAMEHTOB KOHIEHTpanuu. KaHambl NpOMyCKalOT HOHBI BBHIOOPOYHO M YHPABISAIOT HMX
NPOXOKJIEHHEM uepe3 MeMOpaHy. HekoTopble KaHaiabl OTKPBIBAIOTCS WM 3aKpbIBAIOTCS
pacnpoCTpaHsAIONIMMCA 4Yepe3 MeMOpaHy 3JeKTPUYECKUM IOTEHLUANIOM, TEM CaMbIM
oOecrnieunBasi OBICTPOE U YyBCTBUTEJIBHOE CPEACTBO U3MEHEHHUS HOHHBIX IpaiueHToB. [Ipyrue
TUIBI KAaHAJIOB YIPABJIAIOTCA XUMHWUYECKH, U3MEHsS CBOIO IPOHULAEMOCTb IIPU IOJIYy4YECHUU

XUMHUUYECKUX HOCHUTEIICH.

Penentopamu sBISAIOTCA NMPOTEHHBI, KOTOPBIE PACIO3HAIOT U MPUCOCIUHIIOT MHOTHE
TUIBI MOJIEKYJI U3 OKPY’KEHUS KJIETKH C OOJBIION TOYHOCTHIO. DH3UMbI 000JI0UYKU YCKOPSIIOT
pa3HOOOpa3Hble XUMHUYECKHE pEaKIMW BHYTPU MM OKOJIO KJIETOYHOM MeMOpaHBbI.
CTpyKTypHBIE IPOTEUHBI COCIUHAIOT KIETKA U IIOMOTAIOT MOANEPKUBATE CTPYKTYPY CaMoOi

KJICTKH.

BuyTpenHsst KOHLIEHTpalusa HaTpus B KieTke B 10 pa3 HUXKe, yeM B €€ OKPYKCHHH, a
KOHIeHTpauus Kanust B 10 pa3 Bblmle. OTH KOHLEHTPALMU CTPEMSTCS K BBIPABHUBAHUIO C
MOMOIIbI0 YTEYKH dYepe3 MOophl B MeMOpaHe KJIeTKH. UTOOBI COXpaHUTh HEOOXOAMMYIO
KOHIICHTPAIHIO, TIPOTEHHOBBIE MOJIEKYJIBI MeMOpaHbl, Ha3bIBa€Mble HATPUEBBIMU HACOCAMH,
MOCTOSIHHO OTCAChIBAIOT HATPUM M3 KJIETKU M MOJKAYMBAIOT KW B KJIETKY. Kaxxp1ii Hacoc
nepeMeniacT NpUOIH3UTENLHO ABE COTHU HOHOB HATPUS M OKOJIO CTa TPUALIATH MOHOB KaJHs
B CcekyHay. HelpoH MoOXeT HMMETh MWUIMOHBI TAaKUX HACOCOB, IMEPEMEUIAIONINX COTHH
MUJUTHOHOB WOHOB KaJHWsl M HATpUs Yepe3 MeMOpaHy KIETKH B KaXIyr cekyHmay. Ha
KOHIICHTPAIIMIO KaJusl BHYTPU SUEUKHU BIUSCT TaKKe HAIMYKUE OOJBIIOrO YHUCIA MOCTOSHHO
OTKPBITHIX KaJIHEBBIX KAHAJIOB, T. €. MPOTEHMHOBBIX MOJIEKYJI, KOTOPbIE XOPOIIO MPOMYCKAIOT

MOHBI Kalusg B KJIETKY, HO MPEMSITCTBYIOT MPOXOXAeHUI0 HaTpus. KomOMHanus 3THX NIBYX
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MCXaHU3MOB OTBC€YACT 3a CO3AaHHUC MW TMMOAACPKAHUC OUHAMHUYCCKOI0O pPaBHOBECHA,

COOTBCTCTBYIOLICT'O COCTOAHUTIO HeﬁpOHa B ITOKOC.

I'pasgyeHT MOHHON KOHIIEHTpALMU B MEMOpaHe KJIETKH BhIpaOaThIBACT BHYTPH KIIETKH
anekTpudeckuit noteHnuan —70 MB oTHOcUTeNbHO ee OKpykeHHus. UToObl BO30OYIUTH KIETKY
(cTUMyNnHMpOBaTh BO3HUKHOBEHHE IOTEHIMANA JCUCTBUSA) CHHANTHUYECKHUE BXOJbI JIOJKHBI
YMEHBIIUTH 3TOT YPOBEHb A0 npubnusutensHo —50 MB. [Ipu 5TOM NMOTOKM HaTpus W Kaius
Cpa3y HampaBisIOTCd B OOpaTHYIO CTOpPOHY; B TEUEHHE MMJUIMCEKYH]I BHYTPEHHUH
MOTEHIMAT KJIETKH CcTaHoBUTCA +50 MB OTHOCUTEIBHO BHENIHErO0 OKPYXEHUA. ITO
U3MEHEHHE TIOJSIPHOCTH OBICTPO PACHpPOCTPAHUTCS Yepe3 KIETKY, 3acTaBlisisi HEPBHBIN
MMITYJIbC PaCIpPOCTPAHUTHCS IO BCEMY aKCOHY 0 €ro NpecUHanTUYecKuX okoHyaHuil. Korma
UMITyJIbC JOCTUTHET OKOHYaHUSl aKCOHA, OTKPBIBAIOTCS YMPAaBIIEMble HANPSKEHUEM
KaJbI[MEBble KaHaJbl. JTO BBI3BIBAET OCBOOOXKIECHHE HEHPOTPAHCMUTTEPHBIX MOJIEKYJT B
CHUHANTHYECKYIO ILeJb U MPOLIECC pacIpOCTpaHseTcss Ha Apyrue HelpoHsl. [locie renepanuu
NOTEHIIMAaja IeHCTBUS KIIETKa BOWIET B pepakTOPHBIN Mepro/] Ha HECKOJIBKO MUJUIUCEKYH],
B TEUEHHH KOTOPOI'0 OHA BOCCTAHOBUT CBOM NMEPBOHAYAIBHBIN IMOTEHIMAN JJIsl TOATOTOBKU K

TeHEpAINH CJICTYIONEro UMITYJIbCA.

Paccmorpum 3TOT mpouecc Oonee  aertanbHO. IlepBOHadanbHOE MONMy4eHHE
HENPOTPAaHCMUTTEPHBIX MOJIEKYJI CHUKAET BHYTPEHHMN MOTeHIMa KieTku ¢ —70 no —50 MB.
[Tpu 3TOM 3aBUCHMBIE OT MOTEHLMAIa HATPUEBBIC KaHAJIbl OTKPBIBAIOTCS, MO3BOJISAS HATPUIO
IPOHUKHYTh B KJIETKY. DTO ele 00jiee yMEHbIIAET MOTEHIMAJl, YBEJIMUMBas IPUTOK HATPUs B
KJIETKY, U CO3JaeT CaMOYCHUJIMBAIOUIUIICS MpoIecc, KOTOPBIA' OBICTPO pacpoCTpaHseTcs B
coceHue 00JacTH, M3MEHSSI JIOKAIbHBIA MMOTEHIMAN KJIETKH C OTPUIATEIbHOTO J0

ITOJIOKHUTCIIbHOT'O.

UYepe3 HEKOTOpOe BpeMs IIOCIE OTKPBITHS HATPHUEBBIE KaHAJbl 3aKpbIBAIOTCS, a
KaJIMEeBbI€ KaHAJIbl OTKPBIBAIOTCA. DTO CO3/1a€T YCHJIEHHBIM MOTOK MOHOB KajHs U3 KJIETKH,
YTO BOCCTaHABIMBAeT BHYTpeHHUH moTeHuuan —70mMB. Drto ObicTpoe u3MeHeHHE
HanpspKeHUs: o0pa3yeT MOTeHLUaNl JEHCTBHs, KOTOPBIA OBICTPO pacrpocTpaHsieTcs Mo Bcei

JUIMHE aKCOHA IT0J00HO JaBUHE.

HatpueBble u kanueBble KaHaJIbl pearupyioT Ha NOTEHLUAN KJIETKH U, CJIE10BaTENbHO,
MOKHO CKa3aTb, YTO OHM YIPABJIAIOT HalpsDKEHHEM. Jlpyroil TN KaHaJIOB SBISETCS
XMMHYECKH YIPaBJSIEMBbIM. JTH KaHaJbl OTKPBIBAKOTCS TOJBKO TOTAA, KOTAA CIELHaIbHas
HEHUPOTPAaHCMUTTEPHAS MOJIEKYJIA TIONAAacT Ha PELENITOP, U OHU COBCEM HE YyBCTBUTEIBHBI K
HanpspKeHuio. Takue KaHaiubl OOHAPY)KUBAIOTCS B TIOCTCHHANTHYECKUX MeMOpaHax Ha
JNEHApPUTaX W OTBETCTBEHHBl 3a PEAKIUI HEMPOHOB HAa BO3JAEHCTBUE Pa3JINYHBIX
HEMpPOTPAaHCMUTTEPHBIX ~ MOJEKyJd.  UyBCTBUTENBHBIH K  AETWIXONUHY  O€JIoK
(aLeTUIXOJIMHOBBIN peLenTop) sABISETCS OJHMM M3 TAaKMX XMMHYECKMX KaHaioB. Korma

MOJICKYJIBI AIETHIXOJIMHA BBIACISAIOTCS B CHHANTHYECKYIO IIeNb, OHU IUGOYyHIUPYIOT K
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AIETWIXOJIMHOBBIM PELENTOpaM, BXOJIIIMM B IOCTCHHANTUYECKYI0 MeMOpaHy. OTH
perenTopsl (KOTOpBIE TaKKe SBISIOTCS KaHAJIaMH) 3aTeM OTKPBIBAIOTCS, OOecrednBast
CBOOOJHBI MpPOXOJA Kak Kajus, TaKk M HAaTpus depe3 MeMmOpaHy. ITO MNPHUBOJUT K
KPaTKOBPEMEHHOMY JIOKQJIbHOMY YMEHBUICHUIO OTPHUILATEIbHOIO BHYTPEHHEIrO MOTEHIMAIa
KJIeTKU ((PopMHUpYS MOTOKUTEIbHBIN UMITYJIbC). Tak Kak UMITYJIbCHI SBIISIOTCS KOPOTKUMHU U
CIa0bIMH, TO 4YTOOBI 3aCTaBUTh KJIETKY BBIPA0OTAaTh HEOOXOIMMBIN 3JIEKTPUICCKUI

INOTCHIMAJI, Tp€6yeTCSI OTKPBITUC MHOTUX TAKUX KaHAJIOB.

ALICTUIXOJMHOBBIE  PELENTOpPbI-KaHAJIbl MPOMYCKAIOT W  HAaTpUil, W  KaJui,
BEIpA0aThIBasi TEM CaMbIM IIOJIOKHUTEIBHBIC WMITYJIbChI. TaKWe WMITYJIbCHI SIBJISTFOTCS
BO30Y>KIAIONINMH, TIOCKOJIBKY OHH CHOCOOCTBYIOT MOSIBICHUIO HEOOXOAMMOTO MOTCHIIHANA.
Jlpyrue XuMHUYECKH YIPABISIEMbIE KaHAJbI MPOITYCKAIOT TOJIBKO KAJIMEBbIC UOHBI U3 KJICTKH,
MPOU3BOJIS OTPUIIATSIIBHBIA UMITYJIBC; 3TH HMITYJIbCHI SIBJISIFOTCS TOPMO3SIIMMHE, TTOCKOIBKY

OHH MPEMITCTBYIOT BO30YKIEHUIO KIJIETKH.

I'amma—amunomacisHas kucinora (FAMK) saBmsercs omnumMm u3  Oosiee  OOIIMX
TOPMO3HBIX HEUpOTpaHCMUTTEpOB. OOHapy)XKEHHAs MOYTH HCKIIOYUTEIBHO B T'OJOBHOM M
CIIMHHOM MO3T€, OHA I0Ma/IaeT Ha PELEeNTop KaHaja, KOTOPbI BEIOOPOYHO MPOITyCKAET HOHBI
xjopa. [locne BXxoaa 3TH HMOHBI YBEJIWYUBAKOT OTPHUIATEIBHBIA MOTEHUHUAT KIETKH U TEM
CaMbIM TIPEMATCTBYIOT ee Bo30yxaeHuto. lepumur TAMK cBsizan ¢ xopeeit XaHTHHTTOHA,
UMEIOIIe  HEeHPOJOTHYECKH CHHAPOM, BBI3BIBAIOUINN  OSCKOHTPOJIBHOE  JBUKCHHE
Myckynatypbl. K HecuacTbio, rematosHieainyeckuii O0apbep MPEnsTCTBYET YBEIUUYECHUIO
cua0xenus: [AMK, u kak BBIMTH M3 3TOTO MOJOKEHMsI, IOKAa HEM3BECTHO. BeposiTHO, 4TO U
JIpyTHe HEHMpPOIOTUYECKUE U YMCTBEHHBIE pacTpoiicTBa OyayT HAOMIOIATHCS MPU MOAOOHBIX
HapyLICHUSIX B HEUPOTPAHCMUTTEpPAX WM APYTUX XUMHUYECKHX HOCHUTENAX. YPOBEHb
BO30OyXaeusi HEHpOHa OmpeAenseTcss KyMYyJISTHBHBIM 3(ddexkToM OOJbIIOT0  4YHCIa
BO30YXIAIONIUX U TOPMO3SIIUX BXOJIOB, CYMMHPYEMBIX TEJIOM KJIETKH B T€UEHHUE KOPOTKOTO
BpeMeHHOro HHTepBajia. llomydyeHue Bo30yxnparomieid HEHPOTPAaHCMHUTTEPHOM MOJIEKYJIbI
OyIeT yBeIMYMBaTh ypOBEHb BO30OYXKIEHHUS HEMpOHA; UX MEHbIIEe KOIUYECTBO HIIM CMEChH
TOPMO3SIIIIMX MOJIEKYJl YMEHBINIAeT YPOBEHb BO30YXKIeHUS. Takum 00pa3oM, HEHUpPOHHBIN
CUTHQJ SBISIETCS WMIYJbCHBIM WM 4acTOTHO—MoxayiupyembiM (UM). OrtoTr wmeton
MOJYJISIIMM, IIMPOKO HCHOJB3YEeMbI B TexHHMKe (Hanpumep, UM-panno), wumeer
3HAYUTENIbHbIE IPEUMYIIECTBA MPU HAJIMUYMU MOMEX MO CPABHEHHIO C APYTHMHU CIIOCOOAMHU.
HccnenoBanus Mmokazajiu HM3YyMIISIONIYIO CIOKHOCTb OMOXMMHYECKHX MPOIIECCOB B MO3TE.
Hanpuwmep, MpEIoIaracTcs HaJIN4NE CBBIIIE 30 BerecTs, SABJISFOIINXCS
HEHPOTPAaHCMUTTEPAMU, U OOJBIIOE KOJIMYECTBO PEIENTOPOB C PA3TUYHBIMH OTBETHBIMH
peakuusimu. bonee Toro, nelicTBre onpeneaeHHbIX HEMPOTPAHCMUTTEPHBIX MOJIEKYJ 3aBUCUT
OT THUIA pEeLEeNTopa B MOCTCHHANTHYECKOH MeMOpaHe, HEKOTOpble HEHpOTpaHCMUTTEPHI
MOTYT OBITh BO30Y KIAIOIUMU JUIsI OJTHOTO CHHAIICAa W TOPMO3SIIUMU It Apyroro. Kpome

TOro, BHYTPU KICTKH CYHICCTBYCT CHCTCMAa «BTOPHUYHOI'O TMECPCHOCYHHKA», KOTOpPAA
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BKJIIOYAETCS TPU TMOJYYEHUH HEHPOTPAHCMUTTEPA, YTO MPHUBOIUT K BBIPaOOTKE OOJIBIIOTO
KOJIMYECTBA MOJIEKYJl LUKIMYECKOro ajaeHo3uHTpudocdara, TEM caMbIM POH3BOJIS

3HAYUTEIbHOE YCUIICHUE (PU3HOIIOTUYECKUX PEaKIIii.

HccnenoBatenu Bceraa HAACIOTCS HAWTHU MPOCThIC 00Pa3bl sl YHU(PHUKAIIMU CIIOKHBIX
U MHOT0O0Opa3HbIX HaOmofeHui. [ HelpoOMOIOTHYECKUX HCCIICIOBAHUN TaKWe TMPOCTHIC
00pa3bl 10 CHX MOp HE HAWJCHBI. BOJNBIIMHCTBO Pe3yJIbTATOB MCCICAOBAHUIN TOIBEPTAOTCS
6OJIBLHOMy COMHCHHIO IIPCIKAC, YEM HMMHU BOCIIOJIB3YROTCH. OI[HI/IM N3 TaKuX pPE3yJIbTaTOB B
W3yYEHUH MO3Ta SIBUJIOCH OTKPHITHE MHOXECTBa BUIOB AJIEKTPOXHUMUYECCKON JEATEIBHOCTH,
oOHapy>XKeHHBIX B paboTe Mo3ra; 3ajadcii sBIACTCI HX OOBCIAWHEHHUE B CBS3aHHYIO

(GYHKIMOHATBLHYIO MOJIEIb.

KOMMNbIOTEPbI U YENTOBEYECKUIA MO3I

CymectByeT momodue MeXIy MO3roM U IU(PPOBBIM KOMIBIOTEPOM: 00a ONEPUPYIOT
3MIEKTPOHHBIMU CUTHAJIaMHU, 00a COCTOSIT U3 OOJIBIIOr0 KOJMYECTBA MPOCTHIX JIEMEHTOB, 00a
BBIMOJHSIOT (DYHKUIMHU, SBISAIOIIMECS, IpyOO TOBOpS, BBIYUCIUTEIbHBIMU. TeM He MeHee
CYHICCTBYIOT U q)YHl[aMeHTaJIBHBIe orinunuus. Ilo CpaBHCHHIO C MUKPOCCKYHAHBIMU M JAXKC
HAHOCEKYHJIHBIMA HWHTEPBAJlaMU BBIYUCICHUH COBPEMEHHBIX KOMIIBIOTEPOB HEPBHBIC
UMITYJIbChI SIBIISIIOTCSA CIIMIIKOM MEJUICHHBIMH. XOTS KaXAbli HEUpOH TpedyeT Haludus
MUJUIMCEKYHAHOTO MHTCPBAJIa MCKAY MNE€pcaaBaCcMbIMU CHIHAaJlaMH, BBICOKAadA CKOPOCTb
BBIUYHCJICHUN MO3Ta OGGCHG‘H/IBaeTCSI OTPOMHBIM YHUCIIOM MAPAJIJICIIBHBIX BBIYUCIUTCIIBHBIX
OJIOKOB, MPHYEM KOJIMYECTBO MX HAMHOTO IMPEBBINIAET JOCTYMHOE COBpPeMEeHHbIM DBM.
Juanazon omuOOK mpenacraBiseTr aApyroe dyHaameHTanbHOoe oTimune: OBM mpucymia
cB0OOMAa OT OIIMOOK, €CIM BXOJHBIC CUTHAIBI OE3yNpEeYHO TOYHBI M €€ ammapaTHOe |
nporpaMMHOE OOECTieYeHHe HEe TMOBPEXKACHBI. MO3T e YacTO NPOM3BOAMUT Jydllee
yragplBaHue M MPHOIIKEHWE TMPU YaCTHMYHO HE3aBEPIICHHBIX M HETOYHBIX BXOIHBIX
curHanax. Yacrto oH omubaercd, HO BeIWYMHA OMIMOKM [OJKHA TapaHTUPOBATH Hallle

BBIDKMBaHUEC B TCUCHHUC MHUJIJIMOHOB JICT.

[epBbie M(pOBHIE BBIYUCIUTEIN YACTO PACCMATPUBAINCH KaK «3JICKTPOHHBIN MO3I».
C TOukM 3peHMs HAlIMX TEKYIIUX 3HAHWUM O CIO0XHOCTH MO3ra, TaKoe 3asBICHHE
ONTHMHCTUYHO, 14 U IPOCTO HE COOTBETCTBYET UCTHUHE. DTH JBE CUCTEMBI SIBHO Pa3JIN4aAIOTCS
B Kax10i cBoed yacTu. OHM ONTHUMM3UPOBAHBI JJI PEUICHUs] Pa3IMUYHBIX TUIIOB MPOOJeM,
UMEIOT CYLIECTBEHHBIC pa3M4yMs B CTPYKType M HX padoTa OLIEHUBACTCS Pa3THYHBIMU

KPUTEPHUSIMHU.

HekoTtopeie TOBOpAT, YTO HCKYCCTBEHHbIE HEHPOHHBIE CETH KOrAa-HUOynb OyayT
nyOnupoBaTh (PyHKIMHU YelloBeuecKoro Mo3ra. [Ipexxae dem JOOUThCsS 3TOro, HEOOXOIUMO
NOHATh OpraHM3alMi0 UM (QYHKUMH Mo3ra. JTa 3ajada, BEpOATHO, HEe OyJeT pelieHa B

ommxkaiimeM OyaymeM. Hamo oTMeTuTh TO, 4TO COBpEeMEHHBIE HEHpoceTH 0a3upyroTcs Ha

173



OUYCHb YIPOIIEHHON MOEITN, NTHOPUPYIOLICH OOJIBITMHCTBO T€X 3HAHUH, KOTOPBIE MBI HMEEM
0 JeTaJIbHOM (PYyHKIIMOHUPOBaHUU Mo3ra. [loaTomy HE0OX0IMMO pa3paboTaTh O60JIee TOUHYIO

MOJIeJTb, KOTOpasi MOTJia Obl KaueCTBEHHEE MOJISITUPOBATh pabOTy MO3ra.

[IpopsiB B 00651aCTH MCKYCCTBEHHBIX HEHPOHHBIX ceTel OyaeT TpeboBaTh pa3BUTHS HX
TeopeTrueckoro ¢yHaamMeHTa. TeopeTHYecKHe BBIKIAIKA, B CBOIO OYEpenb, TOJDKHBI
MPEABAPATHCSA YIAYUIIEHUEM MAaTEMAaTHYECKUX METOAOB, OCKOJIbKY MCCIEIOBAHMS CEPHE3HO
TOPMO3ATCSl HAIlle HECIIOCOOHOCTHIO UMETh IO C TAaKUMHU CHCTEMaMH. Y CIIOKauBaeT TOT
(dakT, 4TO COBPEMEHHBIN YPOBEHb MAaTEMaTHUYECKOro OOecCredeHHs ObUT JOCTHUTHYT O]
BJIUSIHUEM  HECKOJIBKMX  MPEBOCXOJHBIX  HCcleaoBareiieii. B 1eMCTBUTENBHOCTH
AHATUTUYCCKUE TPOOTIEMBI SBISIOTCS CBEPXTPYIHBIMH, TaK KaK pacCMaTPUBAaEMbIE CHCTEMBI
SIBJITIOTCS OYEHb CJIOKHBIMH HEJIWHEHHBIMM JTUHAMHYSCKMMH CHCTEMaMH. BO3MOXKHO, s
OTIMCAHUsl CHCTEM, HMMEIOIINUX CJOKHOCTh TOJIOBHOTO MO3ra, HEOOXOJUMBI COBEPIICHHO
HOBBIC MaTeMaTHYeCKHEe MeETOoAbl. MoXeT OBITh M TaK, 4YTO pa3padoTaTh MOJHOCTHIO

YIOBJIETBOPSIONINK BCEM TPEOOBAHMUSAM armmapar HEBO3MOXKHO.

Hecmotpss Ha cyiecTByrole NpoOieMbl, JKeIaHUEe CMOAEIUPOBATh UYEIOBEUECKUMH
MO3T HE YracaeT, a MOJIy4YeHHUE 3a4apOBbIBAIOIINX PE3YJIBTATOB BIOXHOBIIAET HA JAJIBHEHUIINE
ycwiIud. YcCHelHble MOJEIM, OCHOBAaHHBIE Ha MPEIINOJIOKEHUAX O CTPYKType MO3ra,
pa3pabarbIBalOTCsl HeWpoaHaTOMaMH W HeWpodusznonoramMu C LEAbI0 MX H3YYCHHS IS
COIJIACOBAHUS CTPYKTYphl M (QYHKUUH 3THX Mojeneid. C 1apyroil CTOpPOHBI, yCHIEXH B
OMOJIOrNYEeCKON HayKe BeAyT K MOAU(UKALMU M TIATEIbHOM pa3pabOTKe HMCKYCTBEHHBIX
Mojiefel. AHaJOTUYHO MHXKEHEPBI MPHUMEHSIIOT MCKYCCTBEHHbBIE MOJENH JUIsl peanu3aliu
MHUPOBBIX IPOOJIEM M IOJYYaAIOT IOJIOXKUTEIbHBIE PE3yJbTaThl, HECMOTPS HAa OTCYTCTBUE

IIOJIHOI'O B3aMMOIIOHMMAaHM.

OObenvHeHNe Hay4YHbIX JAWCHUIUIMH JUId HU3y4YeHHs] MpoOJieM HCKYCCTBEHHBIX
HelpoceTeil mpuHeceT YPPEKTUBHBIE PE3yJIbTAThl, KOTOPbIE MOTYT CTaTh OECIPUMEPHBIMU B
UCTOpUHU HayKu. bruosoru, aHatomsl, PU3HOIOTH, HHKEHEPBI, MATEMAaTHKH U AaxKe QPUI0CO(BI
aKTUBHO BKJIIOUMJIMCH B Ipolecc uccienoBanuil. [Ipodaemsl SBIAIOTCS CIOXKHBIMH, HO II€b

BBICOKA: ITO3HACTCA caMa Y€I0BCUCCKasA MbICJIb.
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MpunoxeHue b.
Anroputmbl o6y4yeHus

HckyccTBeHHBIE HEHPOHHBIE CETH 00YYalOTCsI CAaMBIMH Pa3HOOOpPa3HBIMU METOAMH.
K cyactpio, OOJIBIIMHCTBO METOJOB OOYyYEHHUS HCXOIAT M3 OOLIMX MPEINOCHIIOK U MMEET
MHOIO HJEHTUYHBIX XapaKTepUCTHK. Llenplo OaHHOrO NpPUIIOKEHUs sBIsSETCS 0030p
HEKOTOPBIX (DyHIAMEHTAJIbHBIX QJITOPUTMOB, Kak C TOYKM 3pEHHA MX TeKylleH
IIPUMEHUMOCTH, TaK U C TOYKHU 3PEHHUS UX UCTOPUYECKON BaXHOCTH. llocie o3HaKoMieHus ¢
3TUMHU (PyHIAMEHTAJIbHBIMH aJTOPUTMAMH JIpYTHe, OCHOBaHHbIE HAa HUX, aJTOPUTMBI OYyIyT
JIOCTaTOYHO JIETKU JJIs HOHUMaHUS U HOBbIE Pa3paOOTKU TaKKe MOTYT OBITh JIydllle MOHATHI U

Pa3BUTHI.

OBYYEHMUE C YYUTENEM U BE3 Y4YUTENA

OOyuaromiyie alropuTMbI MOTYT OBITh KJIAaCCH(DUIIMPOBAHBI KaK alTrOPUTMBI 00yUCHHS
¢ yuureneM u 0e3 yuutens. B nmepBoMm ciiyyae CyIIeCTBYET YUUTEIb, KOTOPBIH MpeIbsIBISIET
BXOJHbIE 00pa3bl CETH, CPABHUBAET PE3yJIbTUPYIOIIME BBIXOJbI C TpeOyeMbIMH, a 3aTeM
HAacTpaMBaeT Beca CETU TaKUM 00pa3oM, YTOObl YMEHBIIUTh pa3auuus. TpyaHO MPEeICTaBUTh
TaKOW OOydYaroUmIMii MEXaHW3M B OMOJOTMYECKHX CHCTEMax; CJIEIOBATEIbHO, XOTS JaHHBIN
NOJXO/ MpHBeN K OONBIIMM yCrexaMm NpH PEUIeHUH MPUKIAJAHBIX 3a]a4, OH OTBEpraercs
UCCIIIOBATENSIMH, IOJIATaloLIMMM, 4YTO MCKYCCTBEHHBIE HEHpPOHHBIE CeTH 00s3aTeabHO

JOJIXKHBI UCITIOJIb30BaTh TC K€ MCXaHHU3MbI, UTO U YeJIOBEUYCCKHI MO3T.

Bo BTOpoM ciyuae oOyueHre npoBoAUTCS 0€3 yuuTensl, Ipu MPEeAbIBIEHUN BXOIHBIX
00pa3oB ceTh CaMOOPTaHMU3YeTCsl MOCPEICTBOM HACTPOMKH CBOHMX BECOB COIJIACHO
OlpesieIecHHOMY alropuTMmy. BcerienctBue OTCyTCTBUSI yKa3aHHsl TpeOyemMoro BBIXOJA B
npouecce OOy4YeHHUs pe3ysbTaThl HENPEACKa3yeMbl € TOUYKH 3PEHUS  OIpEleTICHUS
BO30YKJIAIOMIUX 00pa30B JJIsi KOHKPETHBIX HEHpoHOB. IIpu 3TOM, 0/1HaKO, CeTh OpraHU3yeTcs
B dopMe, OTpaxkarolieil CyIliecTBEHHbIE XapaKTepUCTUKH oOydaromero Habopa. Hampumep,
BXOJIHbIE 00pa3bl MOTYT OBbITh KJIacCH(ULIMPOBAHBI COTJIACHO CTEMEHH MX CXOJCTBA TakK, UTO

00pa3bl OAHOTO Kjlacca aKTUBU3UPYIOT OJIMH U TOT 7K€ BBIXOJHON HEHPOH.

METOO OBYYEHUA XOBBA

Pabora [2] obecrieunsia OCHOBY AJisi OOJIBIIMHCTBA aJTOPUTMOB OOYUYEHHS, KOTOPHIE
ObUTH pa3paboTaHbI MOCIE €€ BbhIXoJa. B mpenmiecTByromux 3Tol padoTe TpyAax B oOIIeM
BHUJIC OTNPEEISUIOCh, YTO O0y4YEeHHE B OMOJIOTHYECKHX CHCTEMax IPOUCXOIUT IOCPEICTBOM
HEKOTOPBIX (PM3NYECKUX U3MEHEHUH B HEHPOHAX, OJJHAKO OTCYTCTBOBAJIM UACH O TOM, KAKUM
00pa3oM 3TO B JEHCTBUTEILHOCTH MOXKET UMETh MecT0. OCHOBBIBAsICH Ha (PU3HOIOTMUYECKHX

N IICUXOJOIM4CCKUX HCCICOAOBAHHUAX, X500 B [2] HUHTYWUTUBHO BBIABHUHYJI THIIOTE3Y O TOM,
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KakuM o00pa3oM MOXKeT oOydaThCsi Ha0op Ouonormyeckux HeWpoHoB. Ero Tteopus
MPEIoJIaracT TOJBKO JIOKATLHOE B3aMMOJICHCTBUE MEXKIy HEHpPOHAMU TPU OTCYTCTBUH
r7100abHOTO YUYHTENS; Clie0BaTeNbHO, 00yUueHHe sSBIIsCTCS HEeynpaBisieMbiM, HecMoTps Ha
TO YTO €ro paboTa HE BKIIIOYACT MATEMaTHUYECKOTO aHaliu3a, WICH, M3JIOKECHHBIC B HEH,
HACTOJILKO SICHBI M HETIPHHYKIICHHBI, YTO IMOJYUYWIA CTAaTyC YHHUBEPCAIBHBIX IOIMYIICHHA.
FEro xuura crama XiIaccU4ecKOH U IHUPOKO H3Yy4dACTCA CHCUHAIMCTaAMU, HWMCIOIIUMHU

CEpbE3HBIN UHTEPEC B ITOM 00IACTH.

AaroputMm o0yuenust X300a

[To cymectBy X200 Mpearonokui, 4TO CHHANITHYECKOE COCTMHEHHUE JIBYX HEHPOHOB
YCHIIUBAETCsI, €CITM 00a 3TH HEHpOHa BO30YXKACHBL. ITO MOKHO IMPEJICTABUTH KaK yCHIICHHE
CHHAIICA B COOTBETCTBUHU C KOPpEIsILUe ypoBHEH BO30YKICHHBIX HEMPOHOB, COCTUHIEMBIX
JNaHHbIM cuHarncoM. [lo 3Toil mpuumHe anroput™m oO0ydyeHus X300a HMHOTAA Ha3bIBaeTcs

KOPPEJSILIMOHHBIM aJTOPUTMOM.

I/IILCSI AJIrOpUTMa BBIPAXKACTCS CIICAYIOIIUM PAaBCHCTBOM!

wij(#+1) = wij(¢) + NET; NET;,
riae wij(f) — cuila cuHarca oT HelpoHa i K HelipoHy j B MoMeHT BpeMeHH f; NET; — ypoBeHb
BO30YKJEHUs — ImpeicuHanTudeckoro Hedipona; NET; —  ypoBeHb  B030YXIeHUS

IMOCTCUHAIITHYCCKOT'O HeﬁpOHa.

Konmemnius X700a oTBe4aeT Ha CIOXKHBIH BOMPOC, KAKUM 00pa3oM O0yYEHUE MOKET
mpoBOMUThCS 0Oe3 yuutens. B metome X»o00a oOydeHHe SBISICTCS HMCKIIOUUTEIBHO
JJOKAJIBHBIM SABJICHUEM, OXBAaThIBAIOIIIUM TOJIBKO ABa HeﬁpOHa n COGI[I/IHHIOHII/Iﬁ HUX CHHAIIC, HC

TpebyeTcs ri1o6aabHON CUCTEMBI OOPaTHOM CBSI3U JUIsS Pa3BUTHS HEHPOHHBIX 00pa30BaHHIA.

[Tocnenyromee wucnonb3oBaHWE MeTona X»00a ang 0OydeHHs] HEMpPOHHBIX ceTei
IpHUBEI0 K OOJBIIMM yclexaM, HO Hapsijay C 3THM II0Ka3ajio OrPaHWYEHHOCTh METO/a;
HEKOTOpbIe 00pa3bl MPOCTO HE MOTYT HMCIIOJIB30BATHCA [JIsi OOy4YEHHUsS 3TUM MeToaoM. B
pe3ynbTare MOsSBUIOCH OOJIBIIOE KOMWYECTBO PACIIMPEHUN M HOBOBBEICHUMN, OOJBIIMHCTBO

N3 KOTOPBIX B 3HAUYUTEILHOM CTEIIEHH OCHOBAHO Ha pa60Te Xn00a.

MeTtoa curHajJbHOro 00y4yenust X360a

Kak w™mbl Buzgenu, Bbixog NET mpocToro HMCKyCCTBEHHOTO HEHWpOHA SIBISAETCS

B3BEIICHHON CYMMO# €r0 BXO/IOB. ITO MOXKET OBITh BBIPAKECHO CIETYIOIINM 00pa3oM:

NET; = > OUT,w;

176



rae NET; — Beixog NET mnelipona j; OUT; — BeIXoq HEWpOHaA i;wj; — BEC CBA3M HEHPOHA I C

HEHPOHOM ;.

MoXHO MOKa3aTb, 4TO B 3TOM Cilydae JIMHEWHAas MHOIOCIOWHAs CeThb HE SIBIAETCS
0oJsiee MOIIHOM, YeM OJHOCIIONHAs CeTh; pacCMaTpUBAaEMble BOSMOXKHOCTU CETU MOTYT OBITh
yJIy4lIeHbI TOJBKO BBEICHMEM HEJIMHEHHOCTH B IIepelaTOuHYO (DyHKIMIO HEeHpoHa. ["oBopsT,
YTO CETh, UCIOJB3YIOLIAsl CUTMOMIAIbHYIO (DYHKIIMIO aKTUBALIMKU U MeTO/ o0ydeHus X»00a,
o0yuaeTcs TO CHUTHaJbHOMY Meroay Xn00a. B 3stoM ciywyae ypaBHeHue X»00a
MOAUPUIIUPYETCS CIICTYIONUM 00pa3oM:

1

OUT, = = F(NET,)
1+ exp(=NET))

wij(#+1) = wii(¢) + OUT; OUT;
rie wj(f) — cuia cuHarca oT HeHpoHa i K HelpoHy j B MoMeHT BpemeHH f;, OUT; — BeIxoqHOI
ypOBeHb npecuHanThdeckoro Heipona paseelii F(NET;); OUT; — BbIXOAHOH ypOBEHB

HoCTCHHANTHUecKoro Heiipona paBublii F(NET).

Meton nupdepenunanbHoro odyuenus X306a

Meron curHanbHOro oOy4yeHuss X900a mpearosiaraeT BBIYMCICHUE CBEPTKU
HpeABITYIINX U3MEHEHHH BBIXOJIOB JUIS ONpEeAeIeHUs] H3MeHeHHs BecoB. HacTosmuii meron,
Ha3bIBaeMbId MeTonoM auddepeHnmansHoro odydeHus: X300a, HMCIONB3YyeT Clexyroliee

PaBEHCTBO:

wi(t+1) = w;(f) + [OUT;(¢) — OUT;(+~1)][ OUT;(¢r) — OUT;(+-1)],
rae wij(f) — cuia cuHamca OT HEeWpoHa [ K HeHpoHy j B MomeHT Bpemenu f; OUT;() —
BBIXOJHOH ypOBEHb IIPECUHANITHYECKOrO HelipoHa B MoMeHT BpeMeHnu £; OUT|(#) — BeIxogHOI

YPOBCHBb MOCTCUHAIITUICCKOTO HeﬁpOHa B MOMCHT BpPECMECHH .

Puc. b.1. Cerb «AncTap» I'poccoepra
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BXOAHbIE U BbIXOAHbIE 3BE3bl

MHoro oOumx wuael, HCIOJIb3YEMbIX B HCKYCCTBEHHBIX HEWPOHHBIX CETSX,
npocnexuBaloTcsi B paborax ['poccOepra; B KkauecTBe MpUMEpa MOXKHO —YKaszaTh
KOH(QUrypalMy BXOJHBIX W BBIXOJHBIX 3Be31 [I], McHonb3yemble BO MHOTHX CETEBBIX
napagurmMax. BxoaHas 3Be3na, kak mokaszaHo Ha puc. b.1, coctout u3 HelipoHa, HA KOTOPBIM
IIO/IaeTCsl TPyMNa BXOAOB 4YEpe3 CUHAIICUYECKHE Beca. BbIXOIHas 3Be3na, MOKa3aHHAs Ha
puc. b.2, sBnsercs HeMpOHOM, YNIPaBJISAIOIIMM IPYIIOi BeCOB. BXOHbBIE U BBIXOJHBIE 3BE3/bI
MOTYT OBbITh B3aMMHO COEJMHEHBI B CETH JI000# crnoxHocTH; ['poccOepr paccMarpuBaeT Mx
KaK MOJIeJIb ONpEeeNICHHbIX Ononornyeckux GyHKIMA. Bua 3Be3/pl onpenenser ee Ha3BaHHUE,

OJTHAKO 3B€3/Ibl 00BIYHO M300pakKaOTCA B CETH MHAYE.

Puc. B.2. Cetb «AyTcTap» I'poccoepra

O0yuyeHue BXOTHOM 3Be3/1bI

BxomHass 3Be3ga  BBIOJIHAET paclio3HaBaHWe oOpa3oB, T.€. OHa oOO0ydJaercs
pearupoBaTh Ha ONPEACICHHBI BXOAHOW BEKTOp X M HM Ha KaKoW Apyroi. 9to oOyueHue
peanu3yercss MyTeM HAcTPOMKH BECOB TakUM 00pa3oM, 4TOObI OHM COOTBETCTBOBAIU
BXOJHOMY BEKTOpPY. BBIXOA BXOZHOW 3B€3[bl ONpPEAEIAETCS KAaK B3BELICHHAs CyMMa €€
BXO/JIOB, KaK 3TO OIMCAHO B MpeAblAyluX paszaenax. C qpyroil TOUKH 3p€HUs], BBIXOJ MOKHO
paccmaTpuBaTh KaK CBEPTKY BXOJHOTO BEKTOpAa C BECOBBIM BEKTOPOM, MEpY CXOJCTBA
HOPMAaJIM30BaHHBIX BEKTOpoB. CienoBaTeiabHO, HEHPOH JOJDKEH pearupoBaTh Haumboisiee

CHJILHO Ha BXOJHOU 00pa3, KOTopomMy ObLIT O0yUeH.

[Ipornecc oOydeHus BbIpakaeTcs CASAYIONIIM 00pa3oM:

wi(t+1) = wi(?) + afx; — wi(?)],
TJIe Wi — BEC BXOJA Xi, Xi — i—i BXOJ; 0L — HOPMHUPYIOINH KOAPPHUIHEHT 00ydeHMsI, KOTOPBIH

uMeeT HavanbHoe 3HadeHne 0,1 ¥ MOCTENeHHO YMEHBINAETCs B TIPOIlecce O0yUCHHUS.
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ITocne 3aBepmieHust o0Oy4YeHUsT TPEIBSABICHHWE BXOJHOTO BekTOpa X Oyner
AKTUBU3UPOBATh OOYyYEHHBIH BXOJHOW HEHPOH. JTO MOXKHO paccMaTpWBaTh KakK €IWHBIN
oOydJaromui [UKI, €CIH O YCTaHOBJIEH B |, OAHAKO B ATOM CIydae HCKIIOYaeTCs
CIOCOOHOCTh BXOJIHOHM 3Be3/bI K 0000meHnt0. Xopomo o0y4eHHass BXOJHas 3Be3la Oyner
pearupoBatb HE TOJBKO Ha OMNPEACICHHBIM €IWHUYHBI BEKTOp, HO TaKKe U Ha
HE3HAUUTENbHbIE M3MEHEHHS 3TOr0 BEKTOpa. DTO JIOCTUTAeTCs MOCTENEHHOW HACTPOUKOM
HEHPOHHBIX BECOB MPHU MPEIbSIBICHUU B MpoOIlecce O00yUYeHUs BEKTOPOB, MPEACTABISIOMINX
HOpMaJIbHBIE BapHallMi BXOJAHOTO BEKTOpa. Beca HacTpawBaroTCs TakuM OOpa3oM, YTOOBI
YCPEAHUTHh BEIWYUHBI OOyYalOmMX BEKTOPOB, U HEHPOHBI TMOJY4YalOT CIOCOOHOCTH

pearupoBaTh Ha JIF00OH BEKTOpP 3TOTO Kiacca.

O0yueHue BBIXOIHOI 3Be3/IbI

B TOo Bpems kak BxoJHas 3Be3la BO30yXKIaeTcsd BCAKUNH pa3 NpU TMOSBICHUU
OIPENIENIEHHOT0 BXOJHOI'O BEKTOpA, BBIXOAHAS 3BE3/1a UMEET JOIOJHUTEIbHYIO (DYyHKIHIO;
OHa BbIpalOaThIBaeT TpeOyeMblii BO30YKIAIOLUI CUTHAN 71 APYTUX HEMPOHOB BCSIKUU pas,

KOT1a BO30Y KIaeTcs.

Jns Toro 4roObl OOYyYUTh HEWPOH BBIXOJHOM 3BE3[bl, €0 BECa HACTPAUBAIOTCS B
COOTBETCTBUM C TpeOyeMbIM II€JIEBHIM BEKTOPOM. AJTOPUTM OOY4Y€HUS MOXKET OBbITh

MPEJICTABICH CUMBOJIMYECKH CIEIYIONTIM 00pa3oM:

wi(t+1) = wi(?) + Blyi — wi(9)],
rae B mpeacraBisgeT coboit HopMUpYROMUK Kod(hdUIIMEHT 00y4eHHs, KOTOPHIA B
Havaje MPUOIM3UTEIBHO PAaBEH €IMHUIC M IMOCTEIIEHHO YMEHBIIACTCs J0 HYJs B Ipoliecce

00yueHUsI.

Kak m B ciyyae BXOJHOW 3B€3bl, BECa BBIXOJHOW 3BE3/bl, IOCTEIEHHO
HACTPaWBAIOTCS HAJ MHOXXECTBOM BEKTOPOB, MPECTABISIONMIUX COO0OW OOBIUYHBIC BapUaAIUU
UCaNBFHOTO BEKTOpa. B 3TOM ciydae BBIXOAHOW CHTHal HEWPOHOB MPEICTABISAET COOOM
CTATUCTUYECKYIO XapaKTEPHUCTHKY OOydaromero Habopa M MOXET B JACHCTBUTEIHHOCTH
CXOJIUThCA B Mpolecce OO0ydeHHs K HUIACATHbHOMY BEKTOPY NPH TPEABSIBICHHUH TOJIBKO

HCKaXXCHHBIX BepCI/Iﬁ BCKTOpA.

OBYYEHUE NEPCENTPOHA

B 1957 r. PozenOnatt [4] pa3paboTan Mojaelb, KOTOpas BbI3Bajia OOJIBIIION HHTEPEC Y
uccienoBareneii. HecMoTpsi Ha HEKOTOpbIE OTpaHUYCHHUSI €€ MCXOJIHOM (OpMBI, OHA CTaya
OCHOBOH AJI MHOTUX COBPCMCHHBIX, HaI/I60JIe€ CJIOXKHBIX aJITOPUTMOB 06yquH;1 C YUUTCIICM.

HepCCHTPOH ABJIACTCA HACTOJIBKO BaXXHBIM, YTO BCA I'N. 2 IIOCBALICHA €I'0 OIIMCAHHUIO, OJHAKO
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OTO OIMCAaHHUEC ABJIACTCA KpPATKUM MW IIPUBOAUTCA B (bopMaTe, HECKOJBKO OTJINMYHOM OT

HCIIOJIB3yEeMOTO B [4].

IlepcenTpoH sBISETCA ABYXYpPOBHEBOM, HEPEKYPPEHTHOM CETBIO, BHJ KOTOPOU
noka3aH Ha puc. b.3. OnHa ucnonb3yer alropuTM oOy4YeHHs C y4HUTeIeM; IPYTUMHU CIIOBaMH,
oOyuaroias BbIOOpKa COCTOMT U3 MHOXKECTBA BXOJHBIX BEKTOPOB, Ul KaXKIOTO U3 KOTOPBIX
yKa3aH CcBOM TpeOyemblii BeKTOp Lieau. KOMIIOHEHTHI BXOJIHOTO BEKTOpa MpPE/ICTaBICHbI
HETPEPHIBHBIM JIMANIa30HOM 3HAYCHHI; KOMIOHEHTHI BEKTOpa LIEIH SBISIOTCS TBOMYHBIMHU
BenmuuHaMu (0 wumum 1). Ilocnme oOydeHUs ceTh MoJiydaeT Ha BXOJE Ha0Op HEMPEPBIBHBIX

BXOZIOB ¥ BBIpa0aThIBacT TPeOYEMBbIi BBIXO/] B BUJIE BEKTOPa C OWHAPHBIMU KOMITOHEHTAMH.
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Puc. B.3. Onnoc/ionHasi HeiipoOHHAasA ceTh

OOyueHme OCYIIECTBISICTCS CISAYIONUM 00pa3oM:

1. PannoMu3upyroTcsi Bce Beca CETU B MaJIble BEJTMYHHBI.

2. Ha Bxop cetu nopaercst BXogHoU oOyuvaromuii Bektop X u Beruucisercs curian NET or
Ka)KIOr0 HEMPOHA, UCIIONb3Ys CTAaHJAPTHOE BBIPAKEHUE

NET, =) xw; .

3. Beruncnsercsa 3HaueHHe MoporoBoil ¢yHKIMM aktuBanuu Uit curaaga NET ot kaxmoro
HEMpoHa clieayoumM 00pa3oM:

OUT; =1, ecau NET; 6onbiue yem nopord;,
OUT;=0 B NpOTHMBHOM CIIy4ae.

3nechk 6 mpenctaBisieT coOON MOPOr, COOTBETCTBYIOLIMM HEHpoHy j (B mpocTeiiiem
cilydae, Bce HEHpOHbBI UMEIOT OJJMH U TOT %€ MOpor).
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4. Belyncnsercs ommOKa Ul KaXJOro HeipoHa MOCPEICTBOM BBIYUTAHUS IOTYYEHHOTO
BBIX0J1a U3 TPeOyEMOro BBIXO/A:
error; = target; — OUT;.

5. Kaxnprit Bec MoguduIupyercs cleayonmm o0pa3oMm:
Wi(t+1) = wy(f) +oxierror;.

6. [ToBTOpsItOTCS 1ark €O BTOPOTrO MO MATHIM 1O TEX MOp, MOKa OMIMOKa HE CTaHeT
JOOCTAaTOYHO MaJIOMH.

METOA OBYYEHUA YUOPOY-XODDA

Kak MbI Buzenu, HepcenTpoH OrpaHUYMBAETCSl OWHAPHBIMU BBIXOJAMH. YHUAPOY
BMECTE CO CTYJICHTOM YHUBepcuTeTa Xo(pPoM pacIvpriig alropuTM 00ydeHHs IEPCenTPOHA
Ha CIy4ail HempepbIBHBIX BBIXOJOB, MCHOJIB3YsS CUTMOMJANbHYI0 (QyHKuuio [5,6]. Kpome
TOTO, OHM pa3paldoTanyu MaTeMaTHYeCKOoe JJ0Ka3aTelbCTBO TOr0, YTO CETh IPU ONPeAETICHHbIX
YCIOBUSIX OyAeT CXOIUThbCS K JIH0OOM (PYHKLMH, KOTOPYIO OHAa MOXKET MNpencTaBUTh. Mx
nepBasi MOJeNIb — AJAIMH — MMEET OJUH BBIXOJHOW HEHpOH, Oosiee MO3AHSSI MOJAEIb —

Majanus — paclIMpseT €€ Ha ClIy4ail ¢ MHOTUMU BBIXOJHBIMU HEHPOHAMH.

BoipaxkeHusi, omnmMchIBalolmue mporecc oO0ydeHus AJaluHa, OYEHb CXOXH C
nepcenTpoHHbIMU. CyIlIeCTBEHHbIE OTJINYHSA UMEIOTCS B YETBEPTOM ILIAre, /1€ UCTIONb3YIOTCS
HenpepsbiBHble curHaibl NET Bmecto Ounapubix OUT. MoaudunupoBanHsblil mar 4 B 3TOM
Cllyyae pealu3yercs cIeIyoUuM o0pa3oM:

4. Bpruucnsgercss ommOKa Ui KaXJ0ro HeHWpoHa IMOCPEACTBOM BBIYMTAHHS I1OJyYEHHOTO
BBIX0JIa M3 TPeOyeMOT0 BBIXO/A:

error; = target; — NET;.

METOAblI CTATUCTUYHECKOIO OBYYEHUA

B 1.5 geranpbHO omMCaHbl CTaTUCTHUYECKHUE METOJIBI o6yquI/m, IO3TOMY 3ICCh

MIPUBOAMTCS JIUITH 0030p ITUX METOJIOB.

OAHOCIOWHBIC CETH HECKOJIBKO OTPAaHUYCHBI C TOYKHU 3PCHUS MPOOIJIEM, KOTOPhIE OHU
MOTYT pC€liaTb, OJAHAKO B TCYCHUC MHOTHUX JICT OTCYTCTBOBAaJIM MCTOIBI 06y‘{eHI/IH
MHOTOCTIOWHBIX ceTed. CrarucTuueckoe OOydeHHE OO0eCreyrMBaeT IyTh PEIICHUS 3THX

npobJieM.

Ilo anamoruum oOyueHHE CETH CTATUCTHUYECKHMMHM CII0OCOOaMU TOJO0HO Mpoleccy
OTXKMTa MeTauia. B mpolecce oTkura Temmeparypa MeTajla BHAayajie IMOBBIIIAETCS, TOKa
aTOMBI METaJlIa He HAYHYT IepeMetlaThCsl MOYTH CBOOOHO. 3aTeM TeMIepaTypa MOCTENEHHO

YMEHBIIAETCA W aTOMBbI HENPEPBIBHO CTPEMATCS K MHUHUMAJIbHOM OJHEPreTHYECKOU
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koH(puryparuu. Ilpu HeEKOoTOpoi HHM3KOW TeMmIlepaType aTOMBI TEPEXOAT Ha HU3IIUN

HYHEPreTUYECKUM YPOBEHB.

B uckyccTBEHHBIX HEMPOHHBIX CETSIX MOJHAs BETUYMHA YHEPTUU CETH ONpeesieTcs
KaKk (YHKIUS OIpEeAeNeHHON0 MHOXXECTBAa CETEBBIX TNepeMeHHBbIX. VckyccTBeHHas
NepeMeHHas TeMIIepaTypbl MHUIUUPYETCS B OOJBIIYI0 BEIWYHHY, TEM CaMbIM I103BOJISIS
CETEeBBIM TIEPEMEHHBIM TMpeTepreBaTh OoJbllIMe CilydalHble HW3MEHEHHs. VI3MeHeHus,
MPUBOSIINE K YMEHBIICHUIO MMOJTHOW SHEPTHH CETH, COXPAHSIOTCS; U3MEHEHUs, TPUBOISIINE
K YBEJIMYEHHUIO HHEPrUH, COXPAHSIOTCS B COOTBETCTBHUM C BEPOSITHOCTHOW (yHKIUEH.
HckyccTBeHHass TemmepaTypa TMOCTEIIEHHO YMEHBIIACTCSl ¢ TEYCHHEM BpPEMEHH U CETh

KOHBEPrUPYET B COCTOSIHUE MUHUMYMA [TOJIHOW SHEPTHH.

CyiecTByeT MHOTO BapuallMid Ha TeMy cTaTucTuyeckoro oOyuenus. Hampumep,
riio0anbHasl SHEPrHsi MOXKET OBbITh ONpeAeeHa Kak CpeJHss KBaJpaTHUHas OLIMOKAa MEXAy
MOJyYEHHBIM M JKEJAaeMbIM BBIXOJHBIM BEKTOPOM U3 00y4aeMOro MHOXECTBa, a
NepPEMEHHBIMH MOTYT OBITh Beca ceTH. B 3ToM cityuae ceTb MOXKeT ObITh 00yueHa, HaUMHAas C

BBICOKOM HCKYCCTBCHHOP'I TEMIICPATYPhI, ITYTEM BBIITOJHCHUSA CICAYIONIUX IIIaroB:

1. [Tomate oOy4aromuii BEKTOP HAa BXOJ CETHU W BBIUUCIUTH BBIXOJ COIJIACHO
COOTBGTCTBYIOH_[I/IM CCTCBbBIM HpaBI/IHaM.

2. BBIYHCIUTH 3HAUCHHUE CPEeIHEH KBAAPAaTHUYHON OMIMOKH MEXIY KeJTaeMbIM H MOJIy4YeHHBIM
BBIXOJIHBIMU BEKTOpPaMHU.

3. 3mMeHuTh ceTeBble Beca CIOyYalHBIM O0Opa3oM, 3aTe€M BBIYUCIUTH HOBBIM BBIXOJ H
pe3yabTHpYIONyt0 omuoOKy. Ecnu ommOka yMeHbIIMIAch, OCTaBUTh M3MEHEHHBIH BeC;
eclii OIKOKa yBeIMYMIach, OCTABUTh U3MEHEHHBIN BEC C BEPOATHOCTHIO, OMpeneIsieMon
pacnpeaciiCHUEM EOJII:I_IMaHa. Ecmu nu3menenus BecoB HE MMPOU3BOAUTCA, TO BEPHYTH BEC K
€ro MpebIaylIeMy *3HAUYEHHUIO.

4. TloBTropuTh maru ¢ 1 mo 3, MOCTENEHHO YMEHBIIIAsi UCKYCCTBEHHYIO TEMIIEPATYPY.

ECJII/I BCJIIMYMHA CHy‘I&fIHOFO N3MCHCHHS BECOB onpenenﬂeTc;I B COOTBECTCTBHUU C
pacnpenenenueM  bonbliMaHa, CXOOUMOCTh K  TJI00alNbHOMY  MHHHUMYMY  OyIeT
OCYIIIECTBIIATHCS TOJNBKO B TOM CiIydae, €CJIM TeMIlepaTypa H3MEHSeTCs oOpaTHO
MPOMOPITMOHATILHO JIOTApU(PMy TPOIICIIICTO BPEMEHH OOYYCHHS. DTO MOXKET MPHBECTH K
HeBepOHTHOfI JJINTCIIBHOCTHU Hpouecca O6y‘-I€HI/ISI, HOZ—)TOMy 60.]11)]_]_[06 BHUMAHUC y;[ensmocs
noucKy Ooree OBICTPBIX METOA0B 00ydeHus. BbiOopom pasmepa miara B COOTBETCTBUU C
pacripeaenenrneM Komm MokeT OBITh JOCTUTHYTO YMEHBIICHHE TEMIIEpaTyphbl, OOpaTHO
MPOTMOPIIMOHAIBHOE  00Yy4arolleMy BpPEMEHH, YTO CYIIECTBEHHO YMEHBIIAET BpeMs,

TpedyeMoe /Ui CXOAUMOCTH.

3aMeTHM, UTO CYLIECTBYET KJIACC CTATUCTUUYECKUX METOIOB Il HEMPOHHBIX CETEH, B
KOTOPBIX TEPEMEHHBIMU CETH SIBJISIIOTCA BBIXOJbl HEUPOHOB, a HE Beca. B 1.5 atm

QITOPUTMBI PACCMaTPUBAIHMCH IOPOOHO.
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CAMOOPIrAHU3ALNUA

B pabote [3] ommchIBaIMCh WHTEPECHBIE M TIOJIE3HBIE PE3yJbTaThl HCCIECIOBAHUI
KoxoHeHa Ha caMOOPTraHU3YIOIUXCA CTPYKTYPax, UCTIONb3YEMBIX Ul 33/1a4 paclio3HaBaHUs
00pa3oB. BooOmie 3Ty cTpyKTyphl KiaccuuuupytoT o0passl, MpeaCTaBICHHbIE BEKTOPHBIMU
BEIMYMHAMHU, B KOTOPBIX KaX/blii KOMIIOHEHT BEKTOpa COOTBETCTBYET 3JIEMEHTY o0pa3a.
Anroput™bl KoxoHeHa OCHOBBIBAIOTCSI Ha TEXHUKE 00yueHus 0e3 yuurens. [locie oOyueHus
nojadya BXOJHOTO BEKTOpa U3 JAaHHOro Kiacca OyneT MpHUBOAMTH K BBIPaOOTKE
BO30YK/JAIOIIET0 YPOBHSA B KaXJIOM BBIXOJHOM HEWpOHE; HEHpOH C MaKCHUMAaJbHBIM
BO30YXJICHUEM TMPEACTaBIsSET KiIaccupuKamuio. Tak Kak oOOydeHHe TMpOBOAUTCS 0e3
yKa3aHUs IIEJICBOT0 BEKTOpPA, TO HET BO3MOXKHOCTH ONPEACINATh 3apaHee, KaKod HEWpoH
OyZeT COOTBETCTBOBAaTh JAHHOMY KIJIACCy BXOJHBIX BEKTOpoB. TeM He MeHee JTO

IJIAaHUPOBAHUE JICTKO ITPOBOAUTCA ITyTEM TECTUPOBAHUA CCTU ITOCJIC 06yquH;1.

AJroput™ TpakTyeT HaOOp M3 7 BXOJHBIX BECOB HEMpPOHA KAaK BEKTOpP B N-MEPHOM
npoctpanctBe. Ilepen oOydyeHMeM  KaXIblid  KOMIIOHEHT 93TOTO  BEKTOpa  BECOB
MHULMAIN3UPYETCS B CIy4YallHyl0 BEIMYMHY. 3aTEM KaXblii BEKTOp HOpPMAalM3yeTCs B
BEKTOp C €AMHUYHOW JUIMHOW B INPOCTPAHCTBE BECOB. JTO JIEJACTCS ACIICHHEM Ka)XJ0ro
CIIy4allHOTO Beca Ha KBaJpaTHBIM KOPEHb U3 CyMMBbI KBaJIpaTOB KOMIIOHEHT 3TOI'0 BECOBOIO

BEKTOPA.

Bce BxoaHble BekTOpa 00ydaroniero Habopa Takke HOpMAJIU3YIOTCS M CeTh 00ydaeTcst

COTJIaCHO CJICAYIOHIEMY aJIr'OPUTMY':

1. Bekrop X nomaeTcsi Ha BXOJl CETH.

2. Ompegnenstorcss pacctossHust D; (B n-MEpHOM IPOCTPAHCTBE) MekAy X M BECOBBIMHU
BeKTOpamMu W, KaXJ0oro HelWpoHa. B eBKIMAOBOM IPOCTPAHCTBE 3TO PACCTOSHHUE
BBIUUCIISIETCS 110 clieyromel opmysie

e X; — KOMIIOHEHTA { BXOJHOI0 BeKTopa X, Wij — BEC BX0Jla [ HEMPOHa j.

3. HeiipoH, KkoTopwlii WMeEET BECOBOM BEKTOp, caMblii Onu3kuii K X, OOBABIAETCS
noGenuTeneM. DTOT BECOBOW BEKTOp, Ha3bIBaeMblil W, CTAHOBUTCSI OCHOBHBIM B TPYIIIE
BECOBBIX BEKTOPOB, KOTOPHBIE JIEKAT B IIpeienax pacctossuus D ot We.

4. I'pynma BECOBBIX BEKTOPOB HACTPAMBAETCS B COOTBETCTBUHU CO CIICTYIONTUM BBIPAXKCHHEM:
W;(#+]) = W;(0) + a[X — W;(1)]
JUTSI BCEX BECOBBIX BEKTOPOB B mpezenax pacctosuus D ot W,
5. IoBTopsitoTcs mary ¢ 1 mo 4 11st KakI0ro BXOJAHOTO BEKTOPA.

B nponecce 00yueHust HEHpPOHHOW ceTH 3HAa4eHMsI D U oL TOCTENIEHHO YMEHbILAIOTCS.
ABtop [3] pexomeHnmoBas, 4TOOBI KOA(@UIMEHT O B Hayajge OOy4eHHUs yCTaHaBIMBAJICA
MPUOIM3UTEIBPHO PaBHBIM | M yMeHbINANICA B mporecce o0ydenust 10 0, B To BpeMs kKak D

MOXCT B Hadajic 06y‘~IeHI/I${ PaBHATHECA MAKCUMAJIbBHOMY pPAaCCTOAHUIO MCKIAY BCCOBBIMU
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BEKTOpPaMH U B KOHIIE 00y4YEeHMsI CTaThb HACTOJIbKO MaJ€HbKUM, YTO OyAeT 00ydaTbCs TOIBKO

OJVH HEUPOH.

B cooTBeTcTBUM € CyIIECTBYIOIIEH TOUKOH 3peHUs, TOYHOCTh Kiaccuukanuu Oynet
yJIydmaTtbCss HOpU JONOJHUTENbHOM o0ydeHuu. CoryacHo pekomenpanuu Koxonena, ms
HOJYYEHHUs XOPOILIEH CTaTUCTUYECKOM TOYHOCTH KOJMYECTBO OOYYarOIIMX LUKIIOB JIOJIKHO

ObITh, TIO KpaitHelt Mepe, B 500 pa3 OosbIie KOJIMYECTBA BBIXOAHBIX HEHPOHOB.

OOyuyaromuii  aNroOpuT™M  HACTPAMBAE€T BECOBBIE BEKTOPBI B OKPECTHOCTH
BO30YXJICHHOTO HEHPOHA TaKUM 00pa3oM, YTOObI OHH OBLIM 00Jiee TTOXOKMMH Ha BXOJAHOU
BEeKTOp. Tak Kak Bce BEKTOPbI HOPMAIU3YIOTCS B BEKTOPBI C €AMHUYHOMN JJIMHOW, OHU MOTYT
paccMaTpuBaThCA KaK TOYKM Ha TIOBEPXHOCTH eAMHWYHOW rumnepcdepbl. B mporecce
oOyueHHsI TpyNma COCEJHHX BECOBBIX TOYEK IMEpEeMEIIaeTcsl ONMMKEe K TOYKE BXOJHOTO
BekTopa. Ilpeamonaraercsi, YT0 BXOJHBIE BEKTOPHI (PAKTHUECKU T'PYNIHUPYIOTCS B KIACChl B
COOTBETCTBUM C WX IOJIOXKEHHEM B BEKTOPHOM IpocTpaHcTBe. OnpenereHHbIH Kilacc OyaeT
ACCOLIMMPOBATBCA C ONPEJCICHHBIM HEHPOHOM, TiepeMelias ero BECOBOH BEKTOpP B
HalpaBJICHUU LIEHTPa KJIacca U CIIOCOOCTBYS €ro BO30YXKICHUIO TIPU TOSBICHUU Ha BXOJIE

T000Tr0 BCKTOpa JAaHHOI'O KJj1acca.

[Tocne oOyuenusi kinaccuduKaius BBIMOIHICTCS MOCPEACTBOM TOJAaYu HA BXOJ CETH
UCIIBITYEMOTO BEKTOpA, BBIYUCICHUS BO30YKIEHUS IS KaXKIOTO HEHpPOHA C MOCIETyOIIIM
BHIOODOM HEpoHa C HaWBBICIIMM BO30Y)XKIEHHEM KakK MHIUKATOpa MPaBHIBHOM

KJ1acCu(P KA.
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