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MpeaucnoBue

UTto Takoe HCKYyCCTBEHHbIE HEWpoHHbIE ceTu? UTo oHu MoryT nenatb? Kak onu
pabortaroT? Kak mX MOXXHO HCIOJI30BaTh? ITH U MHOXKECTBO MOAOOHBIX BOMPOCOB 33/af0T
CHeIMAIUCTBl M3 pasHbIXx oOnacreil. HaiiTu Bpa3yMUTENbHBIH  OTBET  HEJNETKO.
YHHUBEPCUTETCKUX KypCOB Majlo, CEMHHapbl CIHUIIKOM JOPOTH, a COOTBETCTBYIOIIAs
auTepaTypa CIMIIKOM OOMIMpHA U CHelUalu3upoBaHHa. [oToBsmuecs K MedaTH
MIPEBOCXOJHBIE KHUTHM MOTYT O0OECKYpa)XUTh HadyMHAOMMX. YacTo HamMcaHHbIE Ha
TEXHUYECKOM >KaproHe, MHOTHE W3 HUX MPEANOoNaraloT CBOOOIHOE BIaJICHHWE pa3aelaMu

BBICIICH MaTCMaTUuKH, pCAKO UCIIOJb3YCMBbIMU B IPYTIUX 001acTsX.

OTa KHHUTa SIBISIETCS CHCTEMaTU3UPOBAHHBIM BBOJIHBIM KypCOM sl TpodeccroHalos,
HE CIeHUaIN3UPYIOLUXCcsl B MaTeMaThke. Bce BakHble MOHATHS (OPMYNIHUPYIOTCS CHaydaja
OOBIYHBIM  SI3BIKOM. MareMaTH4ecKie BBIKJIAIKA HCIONB3YIOTCS, €CIHM OHHU JIENal0T
u3JNIoKeHne Oosiee sICHBIM. B KOHIIE I1aB MOMEIIEHBI CIIOKHBIC BBIBOIBI M JJOKA3aTEIbCTBA, &
TaK)K€ TMPUBOAITCS CCBUIKM Ha JApyrue padboThl. OTH CCBUIKA COCTABISIIOT OOLIMPHYIO
oubmrorpaduio BaxKHEHIIUX paboOT B 00JIaCTSIX, CBSI3aHHBIX C UICKYCCTBEHHBIMU HEHPOHHBIMU
ceTsmu. Takoil MHOTOYpOBHEBBIM TOIXOJ] HE TOJBKO MPEJOCTABISET YUTATENIO0 0030p IO
HUCKYCCTBEHHBIM HEHUPOHHBIM CETSIM, HO TAaKXe I[I03BOJISIET 3aUHTEPECOBAHHBIM JIULIAM

cepbe3Hee U IIy0xke U3yUUTh MPEeAMET.

3HaYUTENbHbIE YCHIIMS ObUIM TPUJIOKEHBI, YTOOBI clejaTh KHUTY MOHSATHOW u 0e3
Ype3MEpPHOT0 YIPOIIEHUsT Marepuana. UYuTarensM, MOXKEIABIINM MPOJOIDKUTE Ooliee
yIiIyOJIeHHOE TEOpeTUYecKoe H3Yy4YeHHe, He HpuleTcs nepeyuuBarbes. [Ipu ympoineHHOM

W3JI0KEHUH JAI0TCS CCHUIKK Ha 0oJiee o IpoOHbBIE PabOTHI.

KHI/II‘y HE 06;13aTeano qUuTaTh OT Ha4dajla 4O KOHIIA. Kamnaﬁ Tj1aBa npeArnojiaractcsa
3aMKHYTOI71, MO3TOMY JId MOHHUMAHUA JOCTATOYHO JIMIIb 3HAKOMCTBA C COACPKAHUCM TJI. 1
u 2. X0TsI HEKOTOPOE TMOBTOPEHHE MaTepuajga Hen30€KHO, OOJBIIMHCTBY YUTATEICH 3TO HE

OyaeT oOpeMEeHUTENHHO.

Kanra uMmeer mpakTHUYECKyIO HAMpPaBIEHHOCTh. ECIU TIIaBbl BHUMATEIHHO H3YUYEHBI,
TO OOJIBIIYIO YacTh CETEH OKa3bIBAETCS BO3MOXKHBIM PEaTN30BaTh Ha OOBIYHOM KOMITBIOTEPE
oOuiero Ha3HaueHUs. UMTareno HACTOSATENbHO PEKOMEHIYETCs TaK U MocTynarh. Hukakoit

JIPYTOi METOJ] HE TIO3BOJIUT IOOUTHCS CTOJIb YK€ TIIyOOKOTO IIOHUMAaHHS.

BJIATOOAPHOCTU

[Ipexne Bcero camyro riyO0OKyt0 MPU3HATEIBHOCTH 51 XOTeN OBl BBIPa3UTh CBOCH jkeHe
Cape 3a TO, 4TO OHaA BOOAYIIEBJISAJIA MEHS, a TAK)KE 3a €€ TEPIIEHUE B TEUEHUE TEX MECHIIEB,

KOTOpBIE 51 TPOBEN 32 MUITYIIEH MAIlIMHKOM.



S xoren Obl MOOIArOAapUThL MOUX Jpy3ed M KOJUIET, KOTOPhIE TaK BEIHMKOYITHO
JapwiId MHE CBOE BpEMs M 3HaHUS, MCHPABSUIM MOM OIIMOKK M co3fgaBaiid atmocdepy,
CITOCOOCTBYIOIIYIO pa3BUTHIO WeH. S xoTenm Obl BRIPAa3UTh MOIO OCOOYIO MPU3HATEIHHOCTH
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. bmaromapro Taxxke Kyla Carlson m Nang Cao 3a momomis B

MOArOTOBKE WILTIOCTPALUM.

Ha mue JICKUT, Pa3yMCCTCs, OTBCTCTBCHHOCTDb 3a BCC OCTABHIMCCA HCUCHIPABJICHHBIMU

OIHI/I6KI/I, TaK KaK MOHM JPYy3bA U KOJIJIETH HC MOTJIM OIICKATh MCHA € KEMUHYTHO.

BBepneHue

NMOYEMY UMEHHO UCKYCCTBEHHbIE HEWPOHHbIE CETU?

Ilocie ABYX ZLCCSITI/IJ'ICTI/II\/'I IIOYTHU IIOJIHOI'O 336BGHI/IH HHTCPCC K HCKYCCTBCHHBLIM
HEHPOHHBIM CETSIM OBICTPO BBIPOC 32 TOCIEIHHE HECKOJIBKO JieT. CIeualucThl U3 TaKHX
JajleKkux oO0JacTed, Kak TEXHWYECKOe KOHCTpyupoBaHue, ¢unocodus, (HU3NOIOTHUS U
MCUXO0JIOTUA, 3aUHTPUTIOBAHBI BO3MOXKHOCTAMHU, IMPCAOCTABISACMBIMU 3TOU TeXHOHOFI/Ief/’I, )41

HUIIYT OPUIIOKCHUA UM BHYTPU CBOUX JHUCHUILINH.

OTO BO3pOXKIECHHE UHTepeca ObUIO BBI3BAHO KaK TEOPETHMUECKUMHU, TaK U
MPUKIATHBIMA JOCTHXKEHUSIMU. HeoXkuIaHHO OTKPBUIMCh BO3MOXXHOCTH HCIIOJIb30BaHUS
BBIUKCIICHHUH B cepax, A0 ITOTO OTHOCSIIUXCS JIUITh K 00JIACTH YeTIOBEUECKOTO UHTEIIJICKTa,
BO3MOXXHOCTH  CO3JIaHUSI MAIIMH, CIHOCOOHOCTh KOTOPBIX YYHTBhCS W  3allOMUHATh
YIMBUTEIBHBIM 00pa30M HAINlOMUHAET MBICIMTEIbHBIE MPOLIECCHl YEIOBEKA, U HAIOJHEHUS
HOBBIM 3HAYUTENIBHBIM COJIEpPXKAaHUEM KPUTHUKOBABILErOCs TEPMHUHA <«HUCKYCCTBEHHBIN

HUHTCIICKT.

CBOMWCTBA UCKYCCTBEHHbIX HEMPOHHbIX CETEMU

HckyccTBeHHbIE HEMPOHHBIE CETH MHAYLHMPOBAaHBI OMOJIOTHEH, TaK KaK OHH COCTOST
U3 DJEMEHTOB, (PYHKIMOHAIbHbIE BO3MOKHOCTH KOTOPBIX AaHAJOTUYHBI OOJBIIMHCTBY
ANIEMEHTApHBIX (PYHKIIMH OMOJOTHYECKOTO HEHpOHA. DTH JIEMEHTHI 3aT€M OPTraHU3YIOTCS 10
croco0y, KOTOpPBIH MOKET COOTBETCTBOBATH (MJIM HE COOTBETCTBOBATH) aHATOMHUHM MO3Ta.
HecmoTpss Ha Takoe IIOBEpPXHOCTHOE CXOJACTBO, HCKYCCTBEHHbIE HEMPOHHBIE CETH
JEMOHCTPHUPYIOT YAMBUTEIBHOE YHCIO CBOWCTB HpUCyIMX Mo3ry. Hampumep, oHHM
00y4JaroTCsi Ha OCHOBE OIBITA, 00OOMIAIOT MPEIBIAYIINE MPEIESACHTH Ha HOBBIC CIydaun H
W3BIIEKAIOT CYIIECTBEHHBIC CBOWCTBA W3 TOCTYyMawIeld WHPOPMAIUU, COAepIKaIIeiH

HU3JIUITHUEC JAHHBIC.



HecMmotpst Ha Takoe (QpyHKIMOHAIBHOE CXOJCTBO, /Ia)XXe€ CaMbIii ONTUMUCTHUYHBIN HX
3alUTHUK HE MPEANOJOXKUT, YTO B CKOpPOM OyIylIeM HCKYCCTBEHHblE HEUpPOHHBIE CETH
Oynyr ayomupoBaTh  (YHKIMM  YEJIOBEYECKOro  Mo3ra. PealbHbBIl  «MHTEIEKTY,
JIEMOHCTPUPYEMBI CaMBIMU CJIOKHBIMU HEHPOHHBIMU CETSMM, HAXOJAUTCS HHXKE YpPOBHS
JOKJIEBOTO YEpBsl, U DHTY3MA3M JIOJDKEH OBITh YMEpPEH B COOTBETCTBUU C COBPEMEHHBIMU
peanusMu. OfHAKO paBHBIM 00pa3oM ObLJIO Obl HEBEPHBIM HTHOPHPOBATH YIAMUBUTEIBHOE
CXOJICTBO B (DYHKIIMOHHPOBAHUU HEKOTOPHIX HEUPOHHBIX CETEH C YEIOBEUYECKHM MO3TOM.
DT BO3MOXHOCTH, Kak Obl OHM HU OBUIM OTPAaHUYEHBI CETOJHS, HABOISAT HA MBICIH, YTO
ry0OKoe TPOHUKHOBEHHWE B YEJOBEUSCKMW  MHTEJUIEKT, a TakKKe MHOXECTBO

PEBOJIIOLIMOHHBIX PUIIOKEHUHN, MOTYT OBITh HE 32 TOpaMH.

OO0yueHnue

HckyccTBeHHBIE HEHPOHHBIE CETH MOTYT MEHSTh CBOE MOBEJCHHE B 3aBUCUMOCTH OT
BHEITHEW cpenbl. DTOT akTop B OOJbIIEH cTeneHu, YeM JIto00il Ipyroi, OTBETCTBEH 3a TOT
WHTEpEC, KOTOPBI OHM BBI3BIBAIOT. [locie mpenbsBICHUS BXOIHBIX CHTHATIOB (BO3MOXKHO,
BMECT€ C TpeOyeMbIMH BBIXOJAaMH) OHHM CaMOHACTPaWBaIOTCS, YTOOBI 00eCreunBaTh
TpeOyemyro peaknuo. bputo pa3paboTaHO MHOKECTBO O0YYAIOIIMX AJITOPUTMOB, KXKABIH CO
CBOMMH CHJIBHBIMH U cllabbiMu cTopoHamu. Kak Oyner ykazaHO B 3TOH KHUTE TO3JHEE, BCE
elle CYIIECTBYIOT MPOOJIEMBI OTHOCHUTEIBHO TOTO, YeMYy CETh MOXET OOYYHThCS W Kak

00y4eHHE T0JKHO TTPOBOIUTHCS.

O0o00menue

OTKIHK ceTH mocie 00y4eHUs: MOXKET OBITh 10 HEKOTOPOU CTETIEHU HEUYBCTBHUTEJICH K
HGGOHBH_II/IM NU3MCHCHUSIM BXOJIHBIX CHUTHAJIOB. 3Ta BHYTpeHHe HpI/Icymas{ CHOCOGHOCTL
BHJICTh 00pa3 CKBO3b IIyM M HMCKaKCHUS >KM3HECHHO BaXKHa JUIs pPacliO3HaBaHHs 00pa3oB B
peasibHOM  Mupe. OHa TO3BOJSET TMPEOJOJeTh TpeOOBaHHE CTPOTOM  TOYHOCTH,
HpeI[’bﬂBHHCMOC 06BI‘{HBIM KOMHBIOTepOM, nu OTKpBIBaeT IyThb K CHCTEMC, KOTOpaSI MOXKET
UMECTHh JICJI0O C TEM HCCOBepH_ICHHBIM MI/IpOM, B KOTOpOM MBI KHUBECM. Ba)KHO OTMCTHUTH, UTO
HMCKYCCTBEHHAsl HEWpOHHAs CEeTh JenaeT OO0OOIIEeHHs aBTOMAaTHYECKH Orarojapsi CBOEH
CTPYKTYpe, a HE C TIOMOIIBIO HCITOJIb30BAHMS <«JEIIOBEUYECKOTO HMHTE/UIEKTa» B (opme

CIICHUAJIBHO HAITMCAHHBIX KOMIIBIOTCPHBIX IMPOTrpaMM.

AOcTparupoBanue

Hekotopble M3 HMCKYCCTBEHHBIX HEMPOHHBIX ceTeld 001aJaloT CIOCOOHOCTHIO
U3BJIEKaTh CYLUIHOCTb M3 BXOJHBIX CHrHaioB. Hampumep, ceTb MoxeT ObITh OOyueHa Ha
MIOCJIEIOBATEIbHOCTh HCKAKEHHBIX BepcHil OykBbI «A». [Tocie cooTBeTCTBYIOIIEr0 00ydeHUs

NpeIbsIBICHHE TAKOTO MCKaKEHHOT'O MpUMeEpa MPHUBEAET K TOMY, YTO CETh MOPOAHUT OYKBY



COBepILEHHON (OpMBI. B HEKOTOPOM CMBICIIE OHA HAYYUTCS MOPOXKAATh TO, YTO HUKOIJIA HE

BHUIEIA.

Ota CcHocoOHOCTh U3BIEKaThb HACATBHOE U3 HECOBEPILIEHHBIX BXOAOB CTaBUT
UHTEepecHble Quocopckue Bornpockl. OHa HATOMHHAET KOHLEIIUIO MEalIOB, BBIABUHYTYIO
[Tnatonom B ero «PecmyOiuke». Bo BcsikoMm citydae COCOOHOCTh M3BIIEKATh HJICAJIbHBIC

IMPOTOTHUIIEI ABJIACTCA Y J'IIOI[CI\/'I BECbMa ICHHBIM Ka4€CTBOM.

IIpumeHuMoOCTD

HckyccTBeHHBIE HEMPOHHBIE CETH HE SBISAIOTCA TaHareed. OHU, OYEBUIHO, HE
rogAaTCA OJisd BBIIIOJHCHHMA TaKHX 3aJad, KaK HaA4YUCJICHHC 3apa60TH0171 I1JIAQTHI. HOXO)KG,
OAHAKO, 4YTO UM 6yI[eT OTAaBaThCA HpGI[HO‘ITeHI/IC B 60JII>H_IOM KJj1acce 3aaa4d paCHOSHaBaHI/ISI

00pazoB, ¢ KOTOPBHIMHU TIJIOXO MJIM BOOOIIE HE CIPABIISIOTCS OOBIYHBIC KOMITHIOTEPHI.

WCTOPUYECKWUN ACMNEKT

Jlromeit Bcerga MHTEPECOBAIIO MX COOCTBEHHOE MBIIIJICHHE. DTO CaMOBOMIPOIICHHE,
JyMaHMe Mo3ra o cebe caMoM SIBJSIeTCS, BO3MOXHO, OTIMYUTENBHOW YEepTOW 4YeloBeKa.
NmeeTcss MHOXECTBO Pa3MbIIUICHHH O MPUPOJIE MBIIUICHHS, TPOCTHPAIOIIUXCS OT JYXOBHBIX
70 aHatomMuueckux. OOCyXIEHHE JTOr0 BOMPOCA, NPOTEKAaBIIEE B TOPSAYMX CIOPAX
¢m10cooB U TEOJOroB ¢ (PU3HOIOraMu U aHATOMAMH, TIPUHECIIO MaJIO MOJIB3bI, TAK KaK caM
IpeaMeT BechbMa TPYyIEH Ui u3ydeHus. Te, KTo omupalicsi Ha caMOaHaIU3 M pa3MbIILUICHHE,
OpUIUIM K BBIBOJAM, HE OTBECYAIONIMM YPOBHIO CTPOTOCTH (DU3WYECKUX HAyK.
OKCHEepUMEHTATOPHI JKe HAIlUTM, YTO MO3T TPYACH Ul HAOIIOACHUS M CTaBUT B TYIMHK CBOCH
opranuzanueii. Kopoue roBopsi, MOIIHBIE METOJbI HAYYHOT'O HMCCJIECIOBAHUS, W3MEHUBIINE
Halll B3I Ha (PU3MUECKYI0 PEaJbHOCTh, OKA3alUCh OECCHIIBHBIMA B MOHHMAaHHHM CaMOTO

YCJIOBCKaA.

HeiipoOronorn u HEWpoaHATOMBI JIOCTUTJIM 3HAYUTEIBHOTO Tporpecca. YcepaHo
u3ydas CTPYKTypy ¥ (YHKIIUU HEPBHOW CHUCTEMBl 4YEIIOBEKa, OHM MHOTOE TIOHSUIH B
<OQIEKTPONPOBOJKE» MO3Ta , HO Mall0 y3HAIM O ero (yHKIIMOHMpOBaHWH. B mporecce
HAKOIUICHUSI MU 3HAHUM BBISICHIIIOCH, YTO MO3T UMEET OLIEIOMIISIFOILYIO CI0KHOCTh. COTHU
MUJTMAP/IOB HEHPOHOB, KaXAbI U3 KOTOPBIX COCAMHEH C COTHSAMHU WIM ThICSYaMU JIPYTHUX,
00pa3yloT cucTeMy, JaleKo TMPEBOCXOMSIIYI0 HAIId CaMble CMEJIble MEUThl O
cynepkoMIibloTepax. TemM He MeHee MO3T IOCTENEHHO BBIAAET CBOM CEKPEThl B Ipoliecce

OIHOT'O M3 CaMbIX HAIIPAXKCHHBIX U YeCTOJIFOOMBBIX I/ICCJ'IG,Z[OBaHI/Iﬁ B NUCTOPHHU YCIIOBCUCCTBA.

Jlyumee monuManue GyHKIIMOHUPOBAHUS HEMPOHA M KAPTHUHBI €r0 CBS3EH MO3BOJINIIO
HUCCIICAOBATCIIEIM  CO3J1aThb MATCMATHYCCKUC MOJACINW [JII TPOBCPKU CBOHUX TGOpI/IfI.
DKCIepUMEHTHI TeNeph MOTYT MPOBOJAUTHCS HA IU(PPOBBIX KOMIIbIOTEpAaxX 0e3 MpHUBICUCHUS

YCJIOBCKAa WM JXUBOTHBEIX, 4YTO PEIIaCT MHOTHUC IMPAKTUYCCKUC H MOPAJIBbHO-3THUYCCKHUE



npobaembl. B mepBhIX ke paboTax BBISCHWIOCH, YTO 3TH MOJEIU HE TOJIHKO MOBTOPSIOT
(GYHKIIMM MO3ra, HO W CIHOCOOHBI BBITIOJNHATH (PYHKIIMH, HMEIONIME CBOK COOCTBEHHYIO
IIEHHOCTbh. [103TOMY BO3HUKIIM M OCTAIOTCSl B HACTOSIIIIEE BPEMsI JIBE B3aMMHO 00OOTAIAIOIIHE
Jpyr-Ipyra Leidd HEHMpOHHOTO MOJEIHUPOBAHUS: IepBas — MOHATh (DYHKIIMOHHUPOBAHUE
HepBHOﬁ CUCTCMbI YCJIOBCKAa Ha YPOBHC (pI/I3I/IOJ'IOI‘I/II/I " IICUXOJIOTHUU U BTOpPAsA — CO34AThb
BBIYUCIIUTENILHBIE CUCTEMBI (MCKYCCTBEHHBIC HEWPOHHBIC CETH), BBITOJHSIOMNE (DYHKIIHH,
CXOmHbIE ¢ (QYHKOUSAMU Mo3ra. VIMEHHO 3Ta TOCHemHss IeNb W HaXOIUTCS B IICHTpPE

BHUMAaHUS 3TOU KHUTH.

[TapannensHo ¢ mporpeccoM B HEHPOAHATOMHM W HEHPO(PHU3MOIOTHM IMICHUXOJIOTAaMHU
OBLITM CO37aHBI MOJICTH YesioBeueckoro oOydeHus. OMHON M3 TaKMX MOJENEH, OKa3aBIICHCS
HauOoJiee TI0OTBOPHOU, OblIa momenb J[. X200a, koropseiii B 1949r. mpenioxuin 3akoH
oOy4yeHHus, SIBUBIIUICS CTAapTOBOM TOUYKOH Ui QJITOPUTMOB OOYYEHHMS HCKYCCTBEHHBIX
HEUPOHHBIX ceTel. JIONMONMHEHHBIA CEerogHs MHOMKECTBOM JPYIMX METOJAOB  OH

MIPOJEMOHCTPHUPOBAI YYEHBIM TOTO BPEMEHH, KaK C€Th HEMPOHOB MOXKET 00y4YaThCsl.

B natunecsTeie M miecTUAECATbIE TOABI TPYIa HccienoBarenedl, 00beIUHUB 3TU
Ouonorudeckne M (HU3NOIOTHIECKUE TIOIXO/IBI, CO3/1aa ePBhIe NCKYCCTBEHHbBIEC HEHPOHHBIC
ceTH. DBBIMONHEHHBIE TMEpPBOHAYAIBHO KaK »JJIEKTPOHHBIE CETH, OHU OBUIM MO3]HEe
nepeHeceHsl B 0ojiee THOKYIO cpefy KOMIBIOTEPHOIO MOJIEIHUPOBAHUS, COXPAHUBLIYIOCS U B
HacTosee BpeMs. IlepBble ycrexu BbI3BajdM B3pbIB aKTMBHOCTH M ONTUMHU3Ma. MUHCKUH,
PozenOmnart, Yuapoy wu Japyrue paszpaboTaid CeTH, COCTOSIHE W3 OJHOTO  CIIOS
HCKYCCTBEHHBIX HEHpOHOB. YacTo Ha3bIBaeMbIE MEPCENTPOHAMH, OHU OBUIH HCIOJIb30BAHBI
JUIsL  Takoro MIMPOKOTO  Kjiacca  3agad, KakK MpeAcKa3aHue TOrojbl, aHaliu3
AIIEKTPOKAPINOTPaMM M MCKYCCTBEHHOE 3peHue. B TeueHne HeKOTOpOoro BpeMEeHU Ka3asloch,
YTO KIIOY K MHTEUICKTY HAWJIEH U BOCIPOW3BEICHIE YEIOBEYECKOTO MO3Ta SBISETCS JIUIIIb

BOIIPOCOM KOHCTPYHPOBAHUS JOCTATOYHO OOJBIION CETH.

Ho sta mmtro3ust ckopo paccestiack. CeT HE MOTIIM pellaTh 3a/1a4d, BHEIIHE BeCbMa
CXO/HBIE C TEMH, KOTOpPBbIE OHM ycIienrHO permraini. C 3TUX HEOOBSICHUMBIX HEyJad Hadaycs
nepuoa MHTCHCHUBHOI'O aHalinu3a. MI/IHCKPII;’I, HCIOJIB3YSA TOYHBIC MATCMATHYCCKUC MCTOMBI,

CTpPOTO J0Ka3all Psiji TEOPEM, OTHOCAIIUXCS K (PYHKIIMOHUPOBAHUIO CETEH.

Ero wuccnepoBaHusi mpuBEIM K HANUMCAHUIO KHUTU [4], B KOTOPOM OH BMECTE C
[TalinmepTomM AO0Ka3al, 4TO HCIOJIB3YEMBIE B TO BpPEMS OIHOCIOHHBIE CETH TEOPETUYECKH
HECTIOCOOHBI PENINTh MHOTHE IMPOCThIE 3a/adl, B TOM 4YHCIIE peaan30BaTh (PYHKIIHUIO
«Mckmouatoree  MJIM». MuHckuit Takke He ObUT ONTHUMUCTUYEH OTHOCUTENIBHO

MOTCHIHAJIIBHO BO3MOXKHOI'O 3€Ch ITporpecca:

IlepcenTpoH moka3zan ceOs 3aciy)KHBAIOIIMM HM3y4YCHHUs, HECMOTPS Ha >KECTKUE
orpaHu4eHuss (M paxe Omarojaps HuM). Y HEro MHOIO TPUBJIEKATEIbHBIX CBOWCTB:

JUHENHOCTh, 3aHUMaTelbHas TeopeMa 00 O0O0ydeHHH, MPOCTOTa MOJENH TMapaieIbHBIX



BLIHHCHGHHﬁ. HeT OCHOBaHI/Iﬁ noJjaraTrb, 4TO 3TH JOCTOMHCTBA COXpaHSITBCSI HpI/I HGpGXOI[C K
MHOT'OCJIOMHEIM CHCTEMaM. TeM He MeHee MBI CUATAEM BaKHOU 3amaueil JUIST MCCIIETOBAHUS
MOAKPEIUICHUE (MJIH OMPOBEPKEHUE) HAIIETO MHTYUTUBHOTO YOCKICHHUSI, UYTO TAaKOU MEPEX0/I

OecIIo/IEH.

Bo3moxHO, OyJIeT OTKphITa Kakas-TO MOIHAs TEopeMa O CXOAMMOCTH WM HaiJleHa
ryOOKasi TPUYHMHA HEyAad JaTh WHTCPECHYIO «T€OpeMy OOYUYSHHsS» ISl MHOTOCIIOWHBIX
MamuH ([4], ¢.231-232).

brneck u crporocts aprymeHtanuu MUHCKOTO, a TakKe €ro MPEeCTHXK IMOPOAMIN
OI‘pOMHOG IIOBepI/Ie K KHUI'C — €€ BBIBOJIbI GBIHI/I Hey513BI/IMLI. PaSO‘-IaPOBaHHBIe HCCIJICAOBATCIIN
OCTaBWJIM TIOJIE MCCIIENOBaHMM paau Oosee oOemiaromux oOJacTed, a MpPaBUTEIbCTBA
nepepacipe/ eI CBOM CYOCHIUH, M HCKYCCTBEHHBIC HEHPOHHBIC CETH OBLTH 3a0BITHI TIOYTH

Ha ABa ACCATUIICTHA.

Tem He MeHee HECKOJbKO HamboJiee HACTOWYHMBBIX YYCHBIX, TakuxX kak KoxoHew,
['pocchepr, AHmepcoH MPOAOIKUIN UcchenoBanHus. Hapsiy ¢ mioxuM GUHAHCUPOBAHHEM U
HEJOCTAaTOYHOW OLICHKOW psii MCCienoBaTeNeill UCIBIThIBAT 3aTPyIHEHUS ¢ MyOIHUKaIUsIMHU.
HOBTOMy HUCCICAOBaHUA, OHYGHHKOBaHHBIe B CCMUACCATHIC U Ha4YaJI€ BOCBMHUACCATHIX I'OA0B,
pa30dpocaHbl B Macce pasUYHBIX JKYPHAIOB, HEKOTOPBbIE W3 KOTOPHIX MaJOU3BECTHBHI.
[TocTerieHHO TMOSBUJICS TEOPETHYECKH (yHIaMEHT, Ha OCHOBE KOTOpPOTO CEroiHs
KOHCTPYHUPYIOTCS HambOoJiee MOIIHbIE MHOTOCTOMHBIE ceTH. OmneHka MUHCKOTo OKa3ajiach
HU3JINIIHEC HGCCHMHCTH‘-IHOFI, MHOT'MC U3 MOCTABJICHHBIX B €T0 KHUI'C 3a/la4 PCIIAOTCA cemyac

CETSMU C TIOMOLIBIO CTAHJAPTHBIX MPOLIEAYD.

3a nocieAHNe HECKOJIBKO JIET TEOPUs CTala MPUMEHATHCS B MPUKIIAJHBIX 0071acTAX U
HNOSIBUJIMCh HOBBIE KOPIOPALUMH, 3aHUMAIOLIUECS KOMMEPUYECKHMM MCIIOJIb30BaHUEM STOU
TexHosioruu. Hapacranue Hay4HOH aKTHBHOCTH HOCHJIO B3pbIBHOM XapakTep. B 1987 r. Gb110
IIPOBEJCHO YEThIpE KPYNHBIX COBELIAHMSI 110 MCKYCCTBEHHBIM HEHPOHHBIM CETSIM U

ony6nrkoBaHo cBbIire S00 HaydHBIX cO00MEeHn — (heHOMEHaIbHass CKOPOCTh POCTA.

YpoK, KOTOpBIiI MOKHO HM3BJ€Yb M3 3TOW UCTOPHUH, BhIpakaeTcs 3akoHoM Kiapka,
BBIIBUHYTBIM IHcaTeneM U ydyeHbIM Aprypom KiapkoM. B HeM yTBepxknmaercsi, 4To, e€ciu
KPYIIHBIM yBa)KaeMblil y4eHBIN TOBOPUT, YTO HEYTO MOKET OBITh BBHIMOJIHEHO, TO OH (MJIM OHA)
nouTu Bcerna npas. Eciu ke ydeHbli TOBOPUT, YTO 3TO HE MOXKET OBITh BBIIIOJHEHO, TO OH
(v OHA) TMOYTH Bcerga He mpaB. Mcropuss Haykd SIBISICTCS JIETONHCBIO OIMIMOOK U
YaCTUYHBIX UCTUH. TO, 4TO CErofHs HE IOABEpPracTCcsd COMHEHMSM, 3aBTpa OTBEPraercs.
Hexputnueckoe Bocnpusatre «(hakToB» HE3aBUCHUMO OT UX MCTOYHMKA MOXKET Mapain3oBaTh
HayuHblii Touck. C OJHOW CTOpOHBI, OyecTsimas Hay4dHas pabora MHMHCKOTO 3ajaeprkana
pa3BUTHE MCKYCCTBEHHBIX HEHpOHHBIX cereil. Her comHeHuid, ofHaKko, B TOM, YTO 00JjacTh

nocrpagajia BCICACTBUC HEOOOCHOBAHHOTO OITHMH3Ma U OTCYTCTBHUA HOCTaTOqHOﬁ



TeopeTudeckoid 0a3pl. M BO3MOXKHO, YTO IIOK, BBI3BaHHBIM KHUTON «llepcenTpoHb»,

obecreunst HeoOOXOAMMBIN 711 CO3PEBAHUS ATOW HAYYHOU 00JIaCTH TTEPHUOI.

WCKYCCTBEHHbIE HENPOHHbIE CETU CEFO1HA

Nmeercs MHOro BHEYATISIONIMX JIEMOHCTpAlMid BO3MOXKHOCTEH HMCKYCCTBEHHBIX
HEHPOHHBIX CETEeH: CeTh HAaydyWIH MpEeBpamiaTh TEKCT B (OHETHUECKOE MpECTaBICHUE,
KOTOPOE€ 3aTe€M C IMOMOIIBIO YK€ MHBIX METOJOB IPEeBpaIliajioch B peub [7]; npyras cerb
MOXXET pacro3HaBaTh pPYKONMHUCHbIE OyKBBI [l]; CKOHCTpyHMpoBaHa CHCTEMa CXKaTHUSA
n300pakeHUi, OCHOBaHHAs Ha HEUPOHHOW ceTu [2]. Bce OHM MCIONB3YIOT CeTh 0OpPaTHOTO
pacmpocTpaHeHUs] — HauOoJiee YCHENIHbIH, MO-BUANMOMY, U3 COBPEMEHHBIX alTOPHTMOB.
OO6paTHOe pacrpocTpaHeHHEe, HE3aBUCUMO MPEUIOKEHHOE B TPEX pa3inyHbIX padortax [8§, 5,
6,], ABIISETCA CHCTEMAaTHYECKUM METOAOM JIJIs1 0OYYEeHHsI MHOTOCIIOWHBIX CETEH, M TEM CaMbIM

MIPEO0JIeBaCT OrpaHUYCHHUS, yKa3aHHbIe MUHCKUM.

Kak nmomuepkuBaeTcs B CIeIyIONINX TaBax, 00OpaTHOE paclpocTpaHEeHHE HE CBOOOIHO
ot npobueM. Ilpexne Bcero HET TrapaHTUH, YTO CETh MOXET ObITh OOyueHa 3a KOHEYHOe
BpeMsi. MHOTO yCWIIMH, NU3pacXOIOBaHHBIX HAa 00YYEHHUE, POTMaJaeT HalpacHo Mocye 3aTpat
OO0JIBIIIOTO KOJMYECTBAa MAIIMHHOTO BpeMeHHU. Korzma 3To MpoMCXOAMT, MONBITKA 00Y4eHUs
MOBTOpsieTCsl — 0e3 BCSAKOW YBEpPEHHOCTH, YTO pE3yJbTaT OKaxkeTcs Jyuine. Her Taxoke
YBEPEHHOCTH, YTO CETh OOYUYHTCS HAWIYYIIMM BO3MOXKHBIM 00pa3oM. AJTOPUTM OOY4ECHHS
MOJKET TOTIACTh B JIOBYIIKY» TaK Ha3bIBAEMOTO JIOKAJBHOTO MHHUMYMa M OYIET MOJy4eHO

XyALIEe peLeHHE.

Pa3paboraHo MHOTO JPYrHX CETEBBIX AITOPUTMOB OOYYCHHUS, HMEIOIIUX CBOU
cnenuduyeckue npeumyiiectsa. Hekotoposie U3 HUX 00CYXJIAIOTCS B MOCJIEIYIONIUX TJIaBax.
Crieyer NOJYEpKHYTh, YTO HUKAKAasl U3 CErOJHAIIHNX CETEH HE SBIIETCA NaHaleel, BCe OHU

CTpaaaroT OT OFpaHI/I‘-IeHI/Iﬁ B CBOUX BO3MOXKHOCTAX 06yanI>CSI U BCIIOMHUHATh.

Msbl uMeeM Aeno ¢ 00JacThIO, MPOAEMOHCTPUPOBABIICH CBOIO PabOTOCIIOCOOHOCTS,
UMEIONIeH YHUKAIbHbIC MOTECHIIMATbHBIE BO3MOXXHOCTH, MHOTO OIPAaHUYCHUH M MHOXKECTBO
OTKPBITBIX BOMPOCOB. Takas cHUTyaIlliss HACTpaWBaeT HAa YMEPEHHBIH ONTHMH3M. ABTOPBI
CKJIOHHBI HYGJ'II/IKOBaTB CBOHM YCIICXHU, HO HC HCyHda4du, CO3JaBasi TCM CaMbIM BIICUATJICHHUC,
KOTOPOE MOXET OKa3aThCsl HEPeaMCTHYHBIM. Te, KTO HMINET KamuTal, YTOObl PUCKHYTH U
OCHOBaTh HOBbIC (HUPMBI, JOJDKHBI MPEACTABUTH YOCAUTEIBHBIH MPOCKT IOCICIYIOIIEro
ocyriecTBieHuss U npuObuTH. CyIecTBYET, CIe0BaTEIbHO, OMACHOCTh, YTO MCKYCCTBEHHBIC
HEHpOHHbIE CETH HAuHYT NpPOJAaBaTh paHbIIe, YeM MpHUIET HX Bpems, oOermas
q)YHKL[I/IOHaHBHLIC BO3MOXHOCTH, KOTOPBIX IIOKa HCBO3MOXKXHO HOOCTHUIHYTb. Ecmu »t0
NpOM30iIeT, TO 00JacTh B IIEJIOM MOXET IMOCTpaaaTh OT IMOTEPU KpEAUTa JOBEPHUS U
BEPHETCS K 3aCTOMHOMY MEPUOIY CEMHIECATHIX TOf0B. [l yAydIIEHUs CYIIECTBYIOIIMX

cereid TpeOyeTcs MHOTO OCHOBATeNbHOH paboThl. JlOMKHBI OBITH pPa3BUTHI HOBBIC
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TCXHOJIOTHUH, YIYUHICHBI CYHICCTBYIOIIUC MCTOABI W PACIIUPCHBI TCOPCTUUCCKHUEC OCHOBBI,
nmpexac dYEM JaHHasg 00/1aCTh CMOYKET MOJHOCTBIO p€ain3oBaTb CBOMW MNOTCHUOUAJIBHBIC

BO3MOKHOCTH.

NEPCNEKTUBbI HA BYYLLEE

HckyccTBEHHBIE HEHPOHHBIE CETH IPEUIOKEHBbI Ul 3a4ad, MPOCTUPAIOLIUXCS OT
yIpaBiieHUs1 60eM 10 IpUCMOTpa 3a peOeHKOM. [ToTeHIIMaTbHBIMU TPUIIOKEHUSMU SIBIISIOTCS
T€, I/1€ 4YeJIOBEUECKUI MHTEIUIEKT Masl03(h(heKTUBEH, a OOBIUHBIC BBIYUCICHUS TPYJOEMKU WIN
HEaJIeKBaTHBL. OTOT KJIAcC TPUIOKEHUH BO BCSIKOM ClIydae HE MEHbIIE Kiacca,
00CITy’)KUBa€MOT'0 OOBIYHBIMH BBIYHCICHUSMH, U MOKHO IPEANoJaraTb, YTO UCKYCCTBEHHBIC
HEHpPOHHbBIE CETH 3aliMyT CBOE MECTO Hapsily C OOBIYHBIMHU BBIYMCICHUSMH B KayecTBE

JOITIOJTHCHHUS TAaKOTI'O XK€ o0beMa U BaXKHOCTH.

I/ICKYCCTBGHHBIG HeﬁPOHHbIe CE€TH U IKCNIEPTHBIC CUCTEMbBI

B NOoCICAHUC ToAbl HaAd HWCKYCCTBCHHBIMU HGﬁpOHHLIMPI CCTSAIMU NOMUHHPOBAJIN
JJOTUYCCKHUC u CHUMBOJIbHO-OIICPAITMOHHBIC JAUCIHHMITIINHBI. HaHpI/IMep, IIUPOKO
npornaraHaAupoOBaAJINCh SKCIIEPTHBIEC CUCTEMBI, Y KOTOPBIX UMCETCA MHOT'O 3aMETHBIX YCIICXOB,
TaK K€, KaK W HEydad. Koe-kT0 TOBOPHUT, UTO HMCKYCCTBCHHBIC HeﬁPOHHBIC CETH 3aMCHIT
coboit COBpeMeHHLIfI HCKYCCTBCHHLIP’I HUHTCJUICKT, HO MHOI'OC CBUACTCIBLCTBYCT O TOM, YTO
OHH 6y,[IYT CyHIeCTBOBATh, OGBGHI/IHHHCL B CUCTEMAX, I'Ac Ka)KZ[Hﬁ noaxoJ UCIOJIb3YCTCA IJId

pelIeHns TeX 3a/1a4, ¢ KOTOPBIMU OH JIy4YIlle CIIPaBIIsETCS.

OTa TOYKa 3pEHUS MOIKPEIUISETCS TeM, KaK JIoAu (PYHKIIMOHUPYIOT B HAIlleM MUDE.
Pacrnio3naBanue 0O0pa3oB OTBEYAET 3a aKTUBHOCTH, TPEOYIOUIYI0 ObICTpol peakuuu. Tak kak
JEHCTBUSL COBEPIIAIOTCSA OBICTPO W OECCO3HATENBHO, TO ATOT CHOCOO (HYHKIMOHMPOBAHUS
BaOXEH IJI BBDKHUBAHHUS BO BPaXKICOHOM OKpyx)eHHWU. BooOpasuTe TONBKO, YTO OBLIO OFI,
ecii OBl HAIIM TPEIKH BBIHYXICHBI OBUIM OOAYMBIBATh CBOIO PEAKIMIO0 HAa TPBHITHYBIIETO

XHUIIHUKA?

Korpa nama cucrema pacro3HaBaHusi 0Opa3oB HE B COCTOSIHHUU J1aTh aJICKBATHYIO
MHTEPIPETAIMIO, BOIPOC IEpeaacTcss B BhICHIME OTAENHbl Mo3ra. OHM MOTYT 3alpOCHTh
n00aBouHyI0 MHGOPMAIMI0O W 3aiMyT OOJbIIE BPEMEHHM, HO KadeCTBO ITOJIYYCHHBIX B

pe3ynabTaTe PEIICHU MOKET OBITh BBIIIIE.

MOXHO mpeAcTaBUTh ceOe MCKYCCTBEHHYIO CHCTEMY, MOJPAXKAIOUIYI0 TaKOMY
paszneneHuto Tpyaa. MckyccTBeHHass HEWpOHHas ceThb pearupoBaia Obl B OOJBIIMHCTBE
CllyyaeB MOAXOJAIIMM 0Opa3oM Ha BHEIIHIOW cpeny. Tak Kak Takue CEeTH CHOCOOHBI
YKa3bIBaTh JOBEPUTEIIBHBIN YPOBEHb KaXI0I0 PELICHUs, TO CETh «3HAET, YTO OHA HE 3HACT» U
IepeaacT NaHHBIA CIlydal I paspelleHUs SKCIEPTHOM cucreMe. PeleHus, npuHUMacMble

Ha 3TOM OoJiee BBICOKOM YPOBHE, ObUTM Obl KOHKPETHBIMH U JIOTHYHBIMH, HO OHU MOTYT
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Hy)KI[aTLCH B c60pe JOIIOJIHUTCIIBHBIX (paKTOB JJIA HOHy‘IeHI/IH OKOHYATCJIIBHOI'O 3aKJIKOUCHUA.
KomOunanus nByx cuctem Obuta Ob1 O0siee MOIIIHOM, YeM KaXKJash U3 CHCTEM B OTIIECIBHOCTH,

cJemysl TP 3TOM BBICOKO3((HEKTUBHON MOJCIIH, JaBAEMON OMOJIOTUYECKON IBOJTIOIIUECH.

CooOpaxeHnsi HAIEKHOCTH

[Ipexae ueM MCKyCCTBEHHBIE HEHPOHHBIE CETH MOXHO Oy/eT UCIOIB30BaTh TaMm, Te
MOCTaBIICHBI HA KApPTy YENIOBEUECKas JKU3Hb WIH IICHHOE UMYIIECTBO, JOJIKHBI OBITH PEIICHBI

BOITPOCKHI, OTHOCAIIHUECA K X HAACKHOCTH.

IlonoOHO mnrOAsM, CTPYKTYpY MO3ra KOTOPBIX OHHU KOIHUPYIOT, HMCKYCCTBEHHBIE
HEHUPOHHBIE CETU COXPAHAIOT B OIPEAEICHHONM MEpE HENpEeACKa3yeMOCTb. EIMHCTBEHHBIN
CHoco0 TOYHO 3HATh BBIXOJI COCTOMT B MCIBITAHHM BCEX BO3MOXKHBIX BXOJHBIX CUTHaJoB. B
OonbLION CeTH Takass IIOJIHAs MPOBEpPKAa MPAKTUYECKH HEOCYILECTBUMA U JIOJIKHBI
UCIOJIb30BATHCS CTATUCTHUYECKUE METOJbl Ul OLIEHKH (PYHKIMOHMpPOBaHMA. B HEkoTOpbIX
ciyyasix 3To HenxomyctuMmo. Hampumep, 4To SBISETCS NOMYCTUMBIM YPOBHEM OIIMOOK ISt
CeTH, YNPABISIOMIEH CUCTEMOM KOCMHYECKOH 00O0poHBI? BOJNBIIMHCTBO IIOACH CKaxXer,
ar00as omunbKa HeIOIMyCTUMA, TaK KaK BEeJET K OTPOMHOMY YHUCIY JKE€PTB U pa3pylIeHUH. ITO
OTHOILICHHE HE MEHSETCS OT TOr0 OOCTOSTENBLCTBA, YTO YEIOBEK B OJOOHON CUTYallUU TaKXe

MOYET JIOMYCKaTh OLUIMOKH.

[IpoGneMa BO3HWKAET W3-3a JOMYIICHUS TOJHON OE30IMMOOYHOCTH KOMITBIOTEPOB.
Tak Kak HMCKYCCTBEHHBIC HEHPOHHBIC CETH WHOTAA OyIyT COBEpHIaTh OUIMOKH Ja)xe NpU
NpaBUWIBHOM  (YHKIIMOHUPOBAHMM, TO, KaK OMIyIIAeTcs MHOTMMH, OTO BeAeT K

HCHAACKHOCTU — KaYCCTBY, KOTOPOC MbI CHUTACM HCAOMMYCTUMBIM JJII HAIIMX MAIIIWH.

CxonHasi TPYAHOCTh 3aKJIOYAETCsI B HECIIOCOOHOCTU TPATUIIMOHHBIX HUCKYCCTBEHHBIX
HEHUPOHHBIX ceTel "OOBSICHUTH", KaK OHHM pEIIAOT 3aJady. BHyTpeHHee mpejicTaBiICHHE,
noJryyaromieecss B pe3yiabraTte oOydeHUs, 94acTO HACTOJIBKO CJIOXHO, YTO €r0 HEBO3MOKHO
MpoaHaJIn3nupPoOBaTh, 3a HCKIIOUYCHHUCM CAMBIX IPOCTBIX CIIYYacCB. D9TO HAaOMHUHAET Hainry
HECIOCOOHOCTh OOBSACHUTH, KaK Mbl Y3HAEM YEJIOBEKa, HECMOTPSI Ha pa3jInyue B PacCTOSHUM,
yrie, OCBEUICHUH M Ha MPOUIEANINE TOAbl. DKCIEPTHAs CUCTEMa MOXKET MPOCIEINUTh MPOLEecCe
CBOMX pACCYXICHHI B OOpaTHOM TMOPSAKE, TaK 4YTO YEJIOBEK MOXKET IMPOBEPUTH €€ Ha
pazymMHOCTh. COOOIIATOCH O BCTpaBaHUM 3TOM CIIOCOOHOCTH B MCKYCCTBCHHBIE HEUPOHHBIE

cetu [3], 4TO MOKET CYIIECTBEHHO MOBJIUATh HA TPUEMIIEMOCTh 3TUX CUCTEM.

BbiBOAbI

HckyccTBeHHBIE HEHPOHHBIE CETH  SBIISIFOTCS BaXXHBIM PACIIMPEHHEM IOHATHUSA
BbaucieHus. OHU 00emaoT CO3/JaHie aBTOMATOB, BHITIOTHSIONINX (YHKIIMH, ObIBIINE paHee

UCKIIIOUUTEIIBHOM IIPEpOraTHMBOM 4YesioBeKa. MaluHbl MOIYT  BBIINOJHATH  CKY4YHBIE,
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MOHOTOHHBIC MW OITACHBIC 3aJaHHusA, U C PA3BUTUCM TCXHOJIOTUHU BO3HUKHYT COBCPIICHHO

HOBBIC ITPHUJIOKCHUS.

Teopusi HMCKYCCTBEHHBIX HEHWPOHHBIX CETEM pa3BUBACTCS CTPEMHUTEIBLHO, HO B
HACTOsIIee BpeMsl OHA HEIOCTaTOYHA, YTOOBI OBITH OMOPOI A1t Hanbosiee ONTUMUCTUYECKIX
IPOEKTOB. B peTpocnekTuBe BUIHO, YTO TEOPHs pa3BUBAJIACh OBICTpEE, YeM IMpeICKa3bIBAIN
IIECCUMHUCTBI, HO MEJICHHEE, YeM HaJeAJUCh ONTUMHUCTBI, — THUIUYHAs CUTYyallHsl.
CeroHsAIIHUNA B3pbIB MHTEpECA MPUBIECK K HEUPOHHBIM CETAM TBHICSYM HCCIEeI0BaTENEH.
Pe30HHO 0HaaTh OBICTPOrO POCTA HAIIETO MOHUMAaHMS MCKYCCTBEHHBIX HEHPOHHBIX CETEH,
BEAyllero K Oojiee COBEPUICHHBIM CETEBBIM MapagurMaM M MHOXKECTBY HPUKIIAJIHBIX

BO3MOKHOCTEM.
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NnhaBa 1.
OCHOBbI UCKYCCTBEHHbIX HEMPOHHbLIX ceTen

HckyccTBeHHbIE HEWPOHHBIE CETH YpPE3BBIYAfHO pa3HOOOpa3Hbl IO CBOUM
koHpurypanusm. HecmoTpss Ha Takoe pazHooOpasue, CETEeBbIE MapagurMbl UMEIOT MHOTO
obmero. B 3Toif rmaBe mogo0HBIE BOMPOCH! 3aTParuBalOTCs JJISI TOTO, YTOOBI YUTATENb ObLT

3HAKOM C HUMH K TOMY MOMCHTY, KOrJa rmo3JJHc¢ OHU CHOBA BCTPECTATCA B KHUT'C.

Hcnonb3yemble 31ech 0003HauUeHUS U rpaduuecKkue MpencTaBleHus] ObUIN BHIOpaHbI
Kak HanOoJee MUPOKO UCIIONIb3YEeMbIE B HACTOsIIEe BpeMs (OMyOIMKOBAaHHBIX CTaHAAPTOB HE

UMeEEeTCsl), OHM COXPAHSIOTCS HA MPOTSHKEHUU BCEH KHUTH.

BMOJTIOTMYECKUA NPOTOTUNN

Pa3zBuTne HMCKyCCTBEHHBIX HEHPOHHBIX ceTel BIOXHOBiseTcs Ouonormeit. To ecTh
paccMaTpuBas CETEBble KOH(QUIypalMM U aJrOPUTMBbI, HCCIEAOBATENN MBICISAT HX B
TEPMHMHAX OpraHU3alUMyd MO3TOBOM nesArenbHOcTH. HO Ha 53TOM aHamorus MOXKET U
3aKOoH4YMThCsA. Hamm 3HaHus o paboTe Mo3ra CTOJb OrpaHMYEHBI, YTO Majio Obl HAIUIOCH
PYKOBOJSIIIUX OPUEHTHPOB IS T€X, KTO CTak Obl eMy mojapaxark. [loaTromy paspaboTunkam
ceTell MPUXOAMUTCS BBIXOJUTH 3a MPEeAEsbl COBPEMEHHBIX OMOJIOIMYECKUX 3HAHUH B MOMCKaxX
CTPYKTYp, CHOCOOHBIX BBINOJIHATH 0JIe3HbIE (PYHKIMK. Bo MHOTUX Cilydasx 3TO NPUBOJIUT K
HEOOXOJMMOCTH OTKa3a OT OHOJOTHYECKOro IpaBAONOA00Hs, MO3I CTaHOBUTCS IPOCTO
MeTaopoil, M CO3MAIOTCS CETH, HEBO3MOXKHBIC B JKMBOM Marepuu WU Tpedyromme

HEIPaBIOTNO0I00HO OOJIBIINUX JAOMYIICHUH 00 aHATOMUHU U QYHKITMOHUPOBAHUU MO3Ta.

Hecmotpss Ha TO 4YTO CBsI3b C Owoyormedl ciiaba W 3a4acTyl0 HECYIICCTBCHHA,
UCKYCCTBEHHBIC  HEUPOHHBIE CETU IPOAOKAIOT CpaBHMBATbCA €  MoO3roM. Hx
(YHKIMOHUPOBAHUE YAaCTO HATIOMUHAET YeJIOBEYECKOEe TIO3HAHUE, I03TOMY TPYIHO U30eKaTh
5TOo aHamormu. K CcoXaJleHWIO, TakWe CpPaBHCHHS HEIUIOJOTBOPHBI W CO3/AIOT
HEOIpaBIaHHbIC OXHJIAHUS, HEH30C)KHO BEIylIMEe K pa3odapoBaHuio. McciemoBaTenbckuit
3HTy3I/Ia3M, OCHOBaHHBIfI Ha JOXHBIX HaACKOIAX, MOXET I/ICHapI/ITBCSI, CTOJIKHyBIHI/ICB C
CypOBOfI HeﬁCTBHTGHBHOCTBIO, KaK J5TO y)KC OJHAXbI GBIHO B HMCCTHACCATBIC T'OAbl, U
MHOTOOOeIamas o007JacTh CHOBAa NPHAET B YHAJAOK, €CIM HE OyaeT coOaoaaThes

HeoOXoauMas CIACPKaHHOCTb.

HecMmotpss Ha chenaHHple MpemyNpekICHUs, IMOJE3HO BCE KE 3HATh KOE-4TO O
HEPBHOW CHUCTEME MIICKONUTAIOMINX, TaK KaK OHA YCIEIIHO PEIIaeT 3a/Ja4yH, K BBHIMOJTHCHUIO
KOTOPBIX JIMIIb CTPEMSTCS HCKYCCTBEHHBIE cucTeMbl. [lociemyromiee oOCyXIeHHE BecbMa
Kkpatko. [Ipmnoxenue A comepxuT Oosiee oOmuUpHOE (HO HM B KOEM cCllydyae HE TIOJIHOE)
paccMOTpeHHEe HEPBHOM CHUCTEMBI MJICKONHUTAIOMIMX JJIs T€X, KTO XOYeT y3HaTh Oojbiue 00

9TOM BOCXUTUTCIIBHOM IIPCAMCTC.
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HepBHaH CUCTCMa YCJIOBCKA, MOCTPOCHHAA M3 3JICMCHTOB, HA3bIBACMbBIX HGprOHaMH,
MMEET OLIETOMIISIONIYIO CI0KHOCTh. OKOJIO 10" HEUPOHOB YYAaCTBYIOT B MPUMEPHO 10"
NepealouX CBA3SX, UMEIOLUX JUIMHY MeTp U Oosee. Kaxaplit HelipoH o0i1agaeT MHOTUMU
KauecTBaMH, OOLIUMHU C JIPYTMMHU JJIEMEHTaMH Teja, HO €ro YHUKAIbHOH CIOCOOHOCTHIO
ABJISIETCS TIpUeM, 00paboTKa U miepeiada 3JIEKTPOXUMUUECKUX CUTHAJIOB IO HEPBHBIM IYTSIM,

KOTOpBIE 00pa3yl0T KOMMYHHKAIIMOHHYIO CUCTEMY MO3Ta.

TBRO XKACIHKI

Aercpue:

LHHERE

Puc. 1.1. Bnonornyeckuii HelipoH

Ha pwuc. 1.1 mokazana cTpyKkTypa mapbl THIMYHBIX OHMOJIOTMYECKHX HEHPOHOB.
JleHapuTel MAYT OT Tena HEPBHOM KIETKM K APYTMM HEWpOHAM, € OHM MPUHHUMAIOT
CUTHAJIBl B TOYKAaX COEIMHEHHUsI, Ha3bIBa€MbIX CUHaIcaMu. [IpuHATBIE CHHAIICOM BXOIHBIE
CUTHAJIBl TOABOJATCSA K TENy HEWpoHA. 34€Ch OHU CYMMHUPYIOTCS, IPUYEM OJHU BXOJbI
cTpeMsTCcs BO30yIUTh HEMpOH, Opyrue — BOCIHPEISATCTBOBATH €ro Bo30yxkaeHuto. Korna
CyMMapHO€ BO30YyXJEHHE B TeJie HEHPOHAa TPEBBINIACT HEKOTOPHIH TOpOT, HEHPOH
BO30yXKJIaeTCs, MOChUIasi 1O aKCOHY CHTHAJI JpyruM HeWpoHamM. Y OTOW OCHOBHOMU
(YHKIMOHATBHON CXEMBI MHOTO YCIOKHEHMH W UCKJIIOUYEHUH, TeM HE MeHee OOJBIIMHCTBO

UCKYCCTBEHHBIX HEMPOHHBIX CETEW MOJEIUPYIOT JIUIIb 3T IIPOCTHIE CBOMCTBA.
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WCKYCCTBEHHbIA HEMPOH

HckyccTBeHHBI  HEHpOH HUMHUTHPYET B IEPBOM  TNPUOIMKEHUH  CBOWMCTBA
Ononornyeckoro HeipoHa. Ha BXoa HCKYCCTBEHHOTO HEWpOHA TIOCTYMAaeT HEKOTOPOe
MHO>KE€CTBO CUTHAJIOB, KXl U3 KOTOPBIX SABJISIETCA BBIXOJOM APYroro HeipoHa. Kaxmabiil
BXOJI YMHOKA€TCS Ha COOTBETCTBYIOIIMN BEC, aHAJOTHYHBI CHHANTUYECKON CHUJIE, U BCE
MPOU3BENICHUS] CYMMHUPYIOTCS, OMNpenensiss ypOBEeHb akTuBauuu Heilpona. Ha pwuc. 1.2
MIPEACTABICHA MOJENb, peaau3yrouas 3Ty HAC. XOTS CETeBble MapaJurMbl BeCbMa
pa3HOOOpa3Hbl, B OCHOBE IOYTH BCEX HUX JIGKUT 3Ta KOHPUTypalus. 371eCh MHOXECTBO
BXOJIHBIX CHTHAJIOB, 0003HAYEHHBIX X, Xy, ..., Xy, [IOCTYMAET HA UCKYCCTBEHHBIH HEUPOH. DTH
BXOJIHBIC CUTHAJIBI, B COBOKYITHOCTH 000O3Ha4YaeMble BEKTOPOM X, COOTBETCTBYIOT CHUTHAJIAM,
MPUXOAIIAM B CHHAICHI OHOJOTMYECKOro HeWpoHa. Kakaplii cUTHam yMHOXaeTcs Ha
COOTBETCTBYIOIIMHA BEC Wi, Wa,..., Wy, U TOCTYINAaeT HA CyMMHPYIOITUN OJIOK, 0003HAYCHHBIN
Y. Kaxnaplii Bec COOTBETCTBYET «CUJIE» OJHOW OWOJIOTMYECKON CHHANTHYECKOW CBS3U.
(MHOXeCcTBO BECOB B COBOKYITHOCTH 00o3HauaeTcst BektopoM W.) Cymmupyromuit 010K,
COOTBETCTBYIOIIUN Telly OHOJOTHYECKOTO 3JIEMEHTA, CKJIAJbIBA€T B3BEIICHHBIE BXOJbI
anreOpandyecku, co3faBas BBIXOJ, KOTOpbIi Mbl Oynem Has3bpiBaThb NET. B BeKkTOpHBIX

0003HAYEHHSIX ITO MOXKET OBITh KOMIIAKTHO 3aITMCAHO CJICTYIOIUM 00pa3oM:

3 o
\§

NET = XW.
] |
|
1
X 2o NET=XW
— Z : > EROmESEAS
L3 b/ ! }
T
1 i
4

r—
]
]

Puc. 1.2. UckyccTBeHHBIN HEHPOH

AKTHBALMOHHBbIC QYHKIUU

Curnan NET nanee, xak mpaBujo, mpeoOpa3yercss aKTUBAIMOHHOW (yHKIuen F u
naeT BBIXOAHOM HelpoHHBIN curHan OUT. AkTuBannoHHas QYHKIUS MOXKET OBITh OOBIYHON

JMHEHHOW (QyHKIMEeH

OUT = K(NET),

rne K — nocTosiHHas!, MOpOroBoi (GyHKIUU

OUT =1, ecmu NET > T,
OUT = 0 B ocTanbpHbIX Clly4asx,
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rne T — HEKOTopasl MOCTOSIHHAsi MOPOTOBasl BEJIMYMHA, WIN ke (QyHKIuUeH, Oosee
TOYHO MOJENIUPYIOUIEH HETUHEHHYI0 NepeNaTOYHYI0 XapaKTePUCTHKY OHOJIOrMYecKOro

HEHWpOHA M MPECTABIISAIONICH HEMPOHHOM CETH OOIBIINE BO3MOKHOCTH.

NET F
w . _
&z £ > E »_ bt ovr=FIVET)
e w,z / “
/ HreKyoemBEHHBIIE HELFOH
Lz

Puc. 1.3. UckyccTBeHHBIN HEHPOH ¢ aKTUBAIIMOHHON QyHKIIHEH

Ha puc. 1.3 610k, 0603Hauennsbii £, mpuaumaet curdai NET u Beimaer curaan OUT.
Ecnu 6510k F cyxaer nuana3oH u3meneHus BennuuHbl NET Tak, uTo npu i1ro0bIX 3HAUSHHSIX
NET 3nauennss OUT npunaiiexaT HEKOTOPOMY KOHEYHOMY HMHTEpBally, TO F Ha3bIBaeTCs
«corcumarowety gyukyueiu. B KadecTBe «CKHMaromed» (QYHKIIMM YacTO MCIOJIb3YeTCs
JIOTUCTUYECKAs WIN «CUrMouAaIbHas (S-00pa3Has) GhyHKIUS, MOKa3aHHas Ha puc. 1.4a. Ota

(yHKIMS MATEeMATHYECKU BhIpaxkaetTcs kak F(x) = 1/(1 + ™). Takum o6pazom,

1
OUT = T4 oo

[lo amamoruu C DIEKTPOHHBIMH CHCTEMaMH aKTUBAIMOHHYIO (YHKIHIO MOXKHO
CUNTAaTh HEJIMHEHHOW YCWJIUTEIIbHOM  XapaKTEPUCTUKONM HMCKYCCTBEHHOTO HEHpOHa.
Koaddurnment ycuneHus BBIYUCISICTCS Kak OTHOIIeHWE mpupamenus BeaununHabl OUT k
BBI3BaBIIEMY €ro HeOosbiomy mnpupamnieanio BennuuHbl NET. OH BbIpakaeTcsi HAaKJIOHOM
KPUBOH TMPU OMpPEEICHHOM YPOBHE BO30YXKIEHHUS M M3MEHSIETCS OT MAJbIX 3HAYEHUH MpHU
OONBITUX  OTPHIATENIBHBIX  BO3OYXKACHHSX  (KpuWBas TIOYTH  TOPHU3OHTAIBHA) 1O
MaKCHMaJbHOTO 3HAUEHUs NIpPHU HYJEBOM BO3OYKIEHHMHM M CHOBAa YMEHbBIIAETCS, KOTraa
BO30Y)KJICHHE CTAaHOBHUTCSA OOJBIIUM IMOJNOXUTENbHBIM. ['poccOepr (1973) obuapyxwuiu, yTo
nooOHass HeNWHEeHHash XapaKTepUCTUKA pelIaeT IMOCTABICHHYI) UM IHJIEMMY IIyMOBOTO
Hacelmenns. Kakum oOpa3oM ofHa M Ta K€ CeTh MOXKET o0pabaThiBaTh Kak clladble, TaK U
cuibHble curHanpl? Crnalble CUTHalbl HYXKIAIOTCS B OOJBIIOM CETEBOM YCHJICHUH, YTOOBI
JaTh MPUTOAHBIA K HCIIOJIB30BAHHUIO BBIXOJHOW CUTHAl. OIHAKO YCHIMTENbHBIE KacKaJbl C
OonpmMu KO3 (GUIIMEHTaMU YCHUIICHHSI MOTYT MPUBECTH K HACHIIICHUIO BBIXOJA ITyMAaMH
ycwnrtenen (caydailHbIME (DIIYKTyanusiMu), KOTOpPbIE MPUCYTCTBYIOT B JII0O0N (Pu3HUECKH
peann3oBaHHOM ceTH. CUIbHBIE BXOJHBIE CUTHAJIBI B CBOIO OYepeb Takke OyAyT IPUBOJUTH
K HACBIIEHUIO YCUIUTEIBHBIX KaCKaI0B, HCKITFOYast BO3MOKHOCTH TMOJIE3HOTO HCIIOTh30BaHUS

BbIxoJ1a. LleHTpanbHas 001acTh IOTUCTHYECKON (DYHKIINHU, UMEIOIIast 00IbIION KO PHUIIMEHT
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YCUJICHUS, peliaeT npobiieMy oOpabOTKM ClabbIX CHUTHAJIOB, B TO BpeMs Kak 001acTu ¢
NaJalolUM YCHJICHHEM Ha IIOJIOKHUTEIBHOM W OTPHIATEIbHOM KOHIAX IOIXOMAT IS

Oonpiux Bo3OyxneHuid. Takum oOpa3zom, HEHPOH (QYHKIIMOHUPYET C OOJBIIUM YCUICHHUEM B

IIUPOKOM JHAIA30HC YPOBHA BXOAHOT'O CUTHAJIA.

1

aur
FH ANOZUUELNAT YHNUHS

1
7 NET

Puc. 1.4a. CurmounganbHas JJorucTudecKas QyHKIus

Jpyroii = MUPOKO  HUCHOJB3yeMOW  aKTHBALMOHHOM  (yHKIHMEW  sBiseTcs
runepoonuyecknii TanreHc. Ilo ¢gopme oHa cxomHa ¢ JOrHCTHYECKOM (YHKIMEH W 4acTo
UCIIOJIb3yeTCs OMOJIoraMH B Ka4eCTBE MaTeMaTHUECKOW MOJIEIN aKTUBALIMU HEPBHOM KIIETKH.
B kadecTBe akTHBAIMOHHOW (PYHKIIMM MCKYCCTBEHHOW HEWPOHHOW CETH OHA 3allMChIBACTCS
CJIeTYIOIIIUM 00pa3oM:

OUT = th(x).

avr T
!

NET —=

Puc. 1.40. @®ynkuus runep00JIn4ecKoro TaHreHca

[TomoOHO orucTHyecKor QYHKIIUHN TUIIEPOOTNUECKUN TaHTEHC SBIIeTCs S-00pa3HOi
¢dyHKIMEH, HO OH CUMMETPHYEH OTHOCHUTENBHO Hauana KoopauHaT, U B Touke NET = 0

3HaueHne BbIxogHoro curHama OUT paBHo Hymo (cMm. puc. 1.46). B oriauume ot
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JOTHUCTUYECKON (YHKIMH TUNEpOONMYECKH TAaHTeHC MPUHUMACT 3HAUYEHUS PAa3IUYHBIX

3HAKOB, YTO OKa3bIBACTCS BBITOJAHBIM IS psiia ceTel (cm. 1. 3).

PaccMmoTpenHas mpoctas MoJenb HCKYCCTBEHHOTO HEWpPOHa WTHOPUPYET MHOTHE
CBOWCTBA CBOETO OMOJIOTMUYECKOro JBOIHMKa. Hampumep, oHa He MPUHUMAeT BO BHUMaHHE
3aZICP’KKNU BO BPECMCHU, KOTOPLIC BOSI[GﬁCTByIOT Ha IJWHAMHKY CHUCTCMBI. BXOIIHI:IC CHUTHAJIbI
cpa3y jK€ MOpOXKIAIOT BBIXOAHOM curHan. M, uyto Oojee BaKHO, OHA HE YYUTHIBACT
BO3JICUCTBUI (YHKIMM YaCTOTHOM MOIYJIALNMH WIM CHHXPOHU3HPYIONIEH (GYHKIUH

OMOJIOTUYECKOTO HeHPOHA, KOTOPBIE P UCCIIEA0BATENEH CUMTAIOT PELIAIOIIUMH.

Hecmotrps Ha »53TM oOrpaHuYeHHs, CETH, IOCTPOEHHBIE U3 OTUX HEWPOHOB,
00HapyXHBaIOT CBOMCTBA, CHJIBHO HAalTOMHHAIOIINE OMOJIOTMYECKYIO CUCTEMY. TOJIbKO Bpems
U UCCIENOBaHUS CMOTYT OTBETHTb Ha BOIIPOC, SIBISIOTCA JM TOJOOHBIE COBIAJCHUS
CIIydallHBIMM WJIM CIEACTBHEM TOrO, YTO B MOJEIM BEPHO CXBAYEHBI BAXKHEUILINE UYEPTHI

OMOJIOTUYECKOT0 HEHpOHa.

OOHOCIONHbIE UCKYCCTBEHHBLIE HEULPOHHBIE CETU

Puc. 1.5. OaHocJ10iiHas HelipOHHAA CeTh

XOTsl OIMH HEUPOH U CIIOCOOCH BBITMIOIHATH MPOCTEHIITNE TTPOLIETYPhI pacIiO3HABAHUS,
CUJIa HEMPOHHBIX BBIYMCICHUN MPOUCTEKAET OT COCAMHEHU HEHPOHOB B ceTax. [Ipocreiimias
CeTb COCTOMUT M3 TPYMIBI HEHPOHOB, OOpa3yIOIIMX CJIOH, Kak MOKa3aHO B IMpPaBOH yacTu
puc. 1.5. OTMeTuM, 4TO BEPILINHBI-KPYTH CJIEBA CIIY)KaT JIMIIb AJI PACIPEAEICHUS BXOIHBIX
curtanoB. OHM He BBINOJHSIOT KaKWX- JIMOO BBIYUCICHUN, U MOITOMY HE OYyAyT CUMTAThCS

cioeM. 1o 310l mpuunHEe OHU 0003HAYEHBI KPYraMy, YTOOBI OTINYATh UX OT BBIYMCIISIOMINX
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HEHPOHOB, O0003HAYEHHBIX KBaapaTamMu. Kaxaplii SIEMEHT U3 MHOXKECTBAa BXOJ0B X
OTAEIBHBIM BECOM COEJAMHEH C KaXXJbIM HCKYCCTBEHHBIM HEHPOHOM. A KaXAblii HEHPOH
BBIZIACT B3BEIICHHYIO CyMMY BXOJIOB B C€Th. B HCKYCCTBEHHBIX M OHOJIOTHYECKHX CETSIX
MHOTHE COEIMHEHUS MOTYT OTCYTCTBOBAaTh, BCE COCIMHEHUS MOKA3aHbI B LESX OOIIHOCTH.
MoryT UMEeTh MECTO TaK»K€ COEIMHEHMS] MEXK]y BBIXOJIAMU M BXOJIaMH 3JIEMEHTOB B CIIOE.

Takue KoOHPUTYpaIUU pPacCMaTPUBAIOTCS B TII. 6.

Y10o6HO cuuTaTh Beca dneMeHTamMu Marpuilbtl W. Marpuia uMmeeTr m CTPOK U 71
CTOJNOIOB, TAE M — YHCIO BXOAOB, a N — YHCIO HeipoHoB. Hampumep, ws3 — 3TO Bec,
CBSI3BIBAIOIIMK TpEeTUH BXOJX €O BTOpPHIM HeillpoHoM. Takum o00pa3oMm, BBIYHCICHHE
BBIXOAHOTO BekTOpa N, KOMIOHEHTaMH KOTOpOro sABJSOTCS BbIXoabl OUT HEHpOHOB,

cBonutcs kK MaTpuaHomy yMHOkeHHIO0 N = XW, rie N u X — BEeKTOPBI-CTPOKH.

MHOIOCJTIOMHBLIE UCKYCCTBEHHBIE HEUPOHHBIE CETU

Bosnee kpynHble U COKHBIE HEHPOHHBIE CETH 00J1a/1al0T, KaK MPaBUIIO, U OOJIBIIUMHI
BBIYUCIIUTEILHBIMU BO3MOXKHOCTSIMH. XOTS CO3JaHbl CeTH BCeX KOH(Urypauui, Kakue
TOJIBKO MOXHO ce0e IMpelCTaBUTh, MOCIOHasl OpraHu3alis HeHPOHOB KOMUPYET CIOUCTHIE
CTPYKTYpBI OIIPEAEIEHHBIX OTAEN0B Mo3ra. OKa3aloch, YTO TaKU€ MHOI'OCIOWHBIE CETH
001agatoT GOJIBIIMMHI BO3MOKHOCTSIMHU, YeM OJIHOCTIOWHBIE (CM. TJI. 2), U B MOCJIEIHUE TOJIbI

ObLTH pa3paboTaHbl AIMTOPUTMBI I UX OOYUCHHS.

]
Y
M
i

)

— 3= Y.

]
'
]

Z Ky Z
MEZLOHE BELOBEIX MZLLUE BELCOBRLY

KOTRIEUY U EHINO8) KOTGOGOHE UEHTTIOB
7 A

Puc. 1.6. /IByxc/oiiHast HeHPOHHAs CeTh
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MHorocnoitHble ceTH MOTyT 00pa30BBIBAThCS KaCKaJaMM CIIOEB. BBIX01 0HOTO Ciost
SIBJISICTCSI BXOJIOM ISl TIocyieyromiero ciosi. [lomoOHas ceth moka3aHa Ha puc. 1.6 u cHOBa

H306pa>1<eHa CO BCEMH COCIUHCHUAMMU.

HesunHeiiHasi aKTUBAIMOHHAAA (PYHKUMS

MHorocnoiHble CETH HE MOTYT IIPUBECTH K YBEIMUEHHUIO BHIYUCIUTEIBHON MOLTHOCTU
[0 CPAaBHEHHUIO C OJHOCIIOMHOM CEThIO JUIIb B TOM ClIy4yae, €ClId aKTUBAIMOHHAs (YHKIUS
MEXy CIOosIMH OyleT HeIMHEeHHOW. BrruncineHne BbIXo/Aa CI0s 3aKI0YaeTCs B YMHOXKEHUU
BXOJIHOTO BEKTOpa Ha IMEPBYIO BECOBYI0 MATPHUIy C MOCIEIYIOIIUM YMHOXEHHEM (eciu
OTCYTCTBYET HEJIMHEHHAasi aKTUBALMOHHAs (PYHKLMS) pE3yIbTUPYIOIIETO BEKTOpA Ha BTOPYIO

BECOBYIO MaTpHUILy.

XW)W;

Tak Kak yMHOXEHHE MaTpHIL] ACCOLIUaTUBHO, TO

X(W;W,).

OTO MOKA3bIBAECT, YTO JBYXCIOHAs JUHEHHAas CEThb HKBHBAJICHTHA OJHOMY CIIOK C
BECOBOW MaTpHIICH, paBHOW MPOM3BEICHHUIO JABYX BECOBBIX Marpwuil. CleqoBaTenbHO, TH00as
MHOTOCIIOIHAsI TUHEIHAs ceTh MOKET ObITh 3aMEHEHA YKBUBAJICHTHOW OJTHOCIONHON CEThIO.
B ri. 2 noka3aHo, 4TO OJJHOCTIOMHBIE CETH BECbMA OTPAHUYEHHBI 10 CBOUM BBIYUCIUTEIBHBIM
BO3MOXHOCTSIM. Takum 00pa3oM, Ui pacHIMpeHHss BO3MOXKHOCTEH CeTeil Mo CpaBHEHHIO C

OJTHOCJIOWHOM CEeThI0 He0OXOAMMa HeTMHEeHHAs: aKTUBAIIMOHHAST (DYHKITHSL.

CeTn ¢ 00paTHBIMHU CBSI3IMU

VY ceteil, pacCCMOTPEHHBIX JI0 CHX TOp, HE OBIJIO 0OpaTHBIX CBSI3€H, T. €. COCTUHCHUH,
UAYIMHUX OT BBIXOZAOB HEKOTOPOIO €O K BXOJAaM JTOTO K€ CJIOS WIH INPEALIECTBYIOIINX
cJI0eB. DTOT CHEUUANbHBIN KiIacc ceTed, Ha3bIBaEMBIX CETAMU 0e3 OOpaTHBIX CBS3EH WK
CETSIMHU IPSIMOTO PAacCIpPOCTPAaHEHUs, MPEACTABISAET UHTEPEC U IIUPOKO ucnoib3yercs. Cetn
Oosiee 00IIEr0 BUJA, UMEIOLINE COSIMHEHMs OT BBIXOJIOB K BXOJlaM, Ha3bIBAIOTCS CETAMHU C
oOpaTHBIMU CBs3AMHU. Y cerell 0e3 oOpaTHBIX CBA3€H HET NaMsTH, MX BBIXOJ IMOJHOCTBIO
OTpeneNsIeTcsl TeKyIIMMH BXOJaMU M 3HAYCHHMSIMU BECOB. B HEKOTOPBIX KOHQUTyparusx
ceTell ¢ OOpaTHBIMH CBSI3SIMH TIPEIBIIYyIINE 3HAYEHUS BBIXOJOB BO3BPAILAIOTCS HAa BXObI;
BBIXOJl, CJICJOBATEIBHO, ONPEACNACTCS KakK TEKYyIIUM BXOAOM, TaK W MPEIBLIYyLIIUMH
BeIxojamu. [lo 3Toil mpuymMHe ceTn ¢ OOpaTHBIMM CBSA3SIMM MOTYT 00jalaTh CBOMCTBAMH,
CXOJHBIMHU C KPaTKOBPEMEHHOM 4€JI0BEUECKOM MaMSThIO, CETEBBIE BHIXO/Ibl YACTUYHO 3aBUCST

OT IPEABIAYIINX BXOIO0B.
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TEPMUHONOINA, OBO3HAYEHUA U CXEMATUYECKOE WU3OBPAXEHWUE
UCKYCCTBEHHbIX HEUPOHHbIX CETEN

K coxanennro, 11 MCKYCCTBEHHBIX HEHPOHHBIX CETEH eIle HET OIMyOJMKOBAHHBIX
CTaHJApTOB M YCTOSBIIMXCS TEPMUHOB, O0O3HAYeHHUH W TpaUUecKUX MpPECTaBICHUN.
[Topoil wuOEHTHYHBIE CceTeBble MapaJurMbl, MPEACTABICHHBIE pPA3JMYHBIMU aBTOpPaMH,
MOKAXYTCsl JaJIeKUMH JIpyr OT Jpyra. B 53Toil kHure BblOpaHbl Hauboiee MIHPOKO

HCIOJIb3YCMbIC TCPMUHBIL.

TepmuHoJiorus

MHuorue aBTOpBI U30E€ral0T TEPMHHA «HEHPOH» AJisi 0003HAYECHHS HCKYCCTBEHHOTO
HEWpOHA, CUYUTAsT €r0o CIUIIKOM TPyOOil MOJEIbI0 CBOETO OMOJIOTHYECKOro mporoTumna. B
ATOW KHUTE TEPMUHBI «HEHUPOHY, «KIIETKAY, «AJIEMEHT» UCIIOJIb3YIOTCA B3aUMO3aMEHSIEMO IS

0003HaUYCHUS «HUCKYCCTBCHHOTI'O HeﬁpOHa)) KaK KpaTKuUC U CaMOPa3bACHAIOIMIUC.

AunddepenunaibHbie ypaBHEHUS WIH PA3HOCTHbIE YPAaBHEHUS

Anroput™mbl 00y4eHHs, KaK M BOOOIE UCKYCCTBECHHbIE HEMPOHHBIE CETH, MOTYT OBITh
MpPEACTaBICHBl Kak B auddepeHmaibHoi, Tak U B KOHEYHO-pa3HOCTHOH ¢dopme. [lpu
UCTIONB30BaHNN AU (EepeHIMaNbHBIX  YpaBHEGHWH  MPEAINONIAraloT, YTO  MPOIECCHI
HEMPEPbIBHBI U OCYHIECTBISIOTCS MOJO0OHO OO0JIBIION aHAoroBoi cet. s Guonorunyeckon
CHCTEMBI, pacCMaTpPUBAaEMON HAa MHKPOCKOIIMYECKOM YpPOBHE, 3TO HE TaK. AKTHUBAI[MOHHBIN
YPOBEHb OHMOJIOTHYECKOTO HEWpOHA OMNpeAessieTcs] CpeaHell CKOPOCThI0, C KOTOPOM OH
NOCBUTAET JUCKPETHBIEC MOTECHIMAIbHBIE UMITYJILCHI IO CBOEMY akcoHy. CpenmHsisi CKOpOCTh
OOBIYHO paccMaTpUBaeTCs KaK aHaJoroBas BeNWYMHA, HO BAXHO HE 3a0BIBaTh O

JEUCTBUTEIILHOM ITOJIOKECHUH BEIIEH.

Ecnu MonennpoBaTh HCKYCCTBEHHYIO HEHPOHHYIO CETh Ha aHAJOTOBOM KOMITBIOTEPE,
TO BECbMa JKEJATEJIbHO HCIIOJIb30BaTh MPEJCTaBICHUE C IMOMOIIBI0 anuddepeHnnanbHbIX
ypaBHeHud. OpHako cerogHs OOJBIIMHCTBO pabOT  BBINONHAETCS Ha LU(POBBIX
KOMITBIOTEpax, YTO 3aCTaBIIE€T OTJAaBaTh HMPEANOYTCHHE KOHEYHO-PA3HOCTHOH (hopMme Kak
HauOoJyiee JIeTKO mporpamMmmupyemoin. [lo 3Tol mpuymHE HA MPOTSKEHUHW BCEH KHHUTH

HCIOJIB3YCTCA KOHCUYHO-PA3HOCTHOC IMPCACTABJIICHUC.

I'pa¢dpuueckoe npeacrabiienne

Kak BumHO M3 myOnukanuid, HET OOIICTIPUHATOrO CIOCO0a MOACYEeTa Yhcia CIOEB B
cetd. MHOrocoiHasi CeTh COCTOUT, KaK MOKa3aHO Ha puC. 1.6, U3 Yepeayrolmuxcs MHOXKECTB
HEpOHOB W BecoB. PaHee B cBsA3u C puc. 1.5 yxke roBOpmioch, YTO BXOJHOH CIIOW HE
BBITIOJIHSIET CYMMUPOBAHUSA. DTH HEUPOHBI CIY>KAaT JUIIb B KAaYeCTBE PAa3BETBICHUM Jis
IIEPBOIO0 MHO>KECTBA BECOB M HE BIIMAIOT HA BBIYMCIUTENIBbHBIE BO3MOXHOCTU ceTH. [1o 3Toit

IpUYMHE TEpBBIA CIOH HE MPUHMMAETCSd BO BHUMAaHUE NPU IMOJACYETE CIOEB, U CETh,
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nogo0Hast 300pakeHHOW Ha puc. 1.6, cunTaercs ABYXCIOWHOW, TaK KaK TOJBKO JBA CJOS
BBITIOJIHAIOT BbIYMCIEHUA. Jlanee, Beca CIOsI CUMTAIOTCA CBA3aHHBIMH CO CIEIYIOIIMMH 3a
HUMH HelipoHamu. Clie1oBaTeNbHO, CIOM COCTOMT M3 MHOKECTBA BECOB CO CIECAYIOIIMMU 3a

HUMH HEUpOHAMU, CYMMUPYIOIIUMU B3BELICHHBIC CUTHAJIBL.

O0y4yeHne MCKYCCTBEHHBIX HEIPOHHBIX ceTeil

Cpenn BceX MHTEPECHBIX CBOMCTB HMCKYCCTBEHHBIX HEHPOHHBIX CET€ HM OJHO HE
3aXBaThIBAECT TaK BOOOPAKEHMsS, KaK UX CIMOCOOHOCTh K 0OydeHmio. x oOydeHue 10 Takou
CTENEHN HAIlOMUHAET MPOLECC MHTEIUIEKTYalIbHOIO Pa3BUTHUS YEJIOBEYECKOM JINYHOCTH YTO
MOYET IO0KAa3aThCsl, YTO JOCTUTHYTO TIyOOKOE MOHMMaHue 3Toro mporecca. Ho mposBisis
OCTOpPOKHOCTh, CIEAYeT CAEpKUBaTh didopuio. BozMoxHOCTH 00yueHHs] MCKYCCTBEHHBIX
HEHUPOHHBIX CeTel OrpaHWYeHHBbl, U HYXKHO PEUIUTh MHOTO CIOXHBIX 3a]a4, 4YTOObI
ONpEeNeanTh, Ha IMPABWIBHOM JM IYTH Mbl HaxoAWMCs. TeM He MeHee YXKe IOJIy4YEeHBI
yOeauTensHble JOCTHKCHHS, TaKue Kak «roBopsimas cerb» CeilHoBckoro (cMm. Ti. 3), u

BO3HMKAeT MHOI'O IPYI'MX IIPAKTUYECKUX IIPUMEHEHUMN.

Learb 00yuenus

Cetb 00ywaeTcsi, 4TOOBI JJIT HEKOTOPOTO MHOXKECTBA BXOJIOB JaBaTh jkKellaeMoe (MJIH,
o KpaitHeil Mepe, cooOpa3HOe C HUM) MHOXKECTBO BBIXOZOB. Kaxkmoe Takoe BXOgHOE (MU
BBIXOJHOE) MHOXECTBO paccMaTpuBaeTCs Kak BekTop. OOydeHHe OCYIIECTBISETCS IyTEM
MOCJIEZIOBATEIBHOTO MPEABbSIBICHUS BXOIHBIX BEKTOPOB C OJHOBPEMEHHOM MOJCTPOHKOI
BECOB B COOTBETCTBHHU C OIPEACICHHOW mMpolreaypoil. B mporecce oOydeHus Beca ceTu
MOCTETIEHHO CTAHOBSTCS TAKUMH, YTOOBI KaXKJIbIii BXOJAHOW BEKTOP BHIPAOATHIBAN BBIXOIHOM

BEKTOD.

OO0y4eHue ¢ yunrtenem

Paznuuarot anroputMel oOydeHus ¢ yuuteneMm u 6e3 yuutens. OOydeHue ¢ yuuTelieM
OperonaraeT, 4ro Ui KaXJOTO BXOJHOTO BEKTOpa CYIIECTBYET IIEJICBOH BEKTOD,
npeCTaBIsIomui co0oi TpeOyemblii BbIxoA. BMecTe oHM Ha3biBatoTCsi 00ydaromieil mapou.
OObuHO ceTh OOydaeTcsi Ha HEKOTOPOM 4Mcie Takux oOydaroumx mnap. IlpeawsBisercs
BBIXOJTHOW BEKTOP, BEIYUCIISIETCS BBIXOJ] CETH U CPABHUBAETCS C COOTBETCTBYIOIIUM IIEJIEBBIM
BEKTOPOM, Pa3HOCTh (OIIMOKa) C TOMOIIBIO OOpaTHOW CBSI3M TMOJAETCS B CETh M Beca
U3MEHSIOTCSI B COOTBETCTBUU C aJITOPUTMOM, CTPEMSIIMMCS MHUHUMHU3UPOBATH OIIHUOKY.
BekTopel 00yuaromero MHOXECTBa MPEIbSBISAIOTCS IOCIEIOBATEIBHO, BBIYUCIAIOTCS
OIIMOKK U Beca MOJCTPAUBAIOTCS ISl K&KAOTO BEKTOpa JI0 TEX IOp, MOKa OIMIHOKA 10 BCEMyY

o0OyJaronieMy MacCUBY HE JOCTUTHET MPUEMIIEMO HI3KOTO YPOBHSI.
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OO0Oy4enue 0e3 yuureJast

HeCMOTpﬂ Ha MHOTI'OYHMCIICHHBIC IMPUKIAAHBIC OOCTUKCHUA, o6yquHe C YUHUTCIIEM
KPUTHUKOBAJIOCHh 32 CBOIO OHMOJIOTMYECKYIO HEMpPaBAONOA00HOCTh. TpyaHO BOOOpa3UTh
00yJaronMii MEeXaHU3M B MO3T€, KOTOPBIM ObI CpaBHHBAJ >KEJaeMble M JICHCTBUTEIHHBIC
3HAYEHUS BBIXOJIOB, BBITIOJHSS KOPPEKIMIO C MOMOIIBIO 00paTHOW cBsi3u. Eciaum momycTuth
MOOOHBIN MEXaHW3M B MO3Te, TO OTKYy/a TOTJa BO3HHKAIOT jKelaeMble BhIX0Abl? OOyueHue
0e3 yuuTeNns SBIAETCS HaMHOrO OoJjiee TpaBAONOAOOHONH Mojenblo OOydeHHs B
ounonornueckoi cucreme. Pazsuras KoxoneHom [3] m MHOTMMH APYTHMH, OHA HE HY)KIAaeTCA
B I[CJICBOM BCKTOPC IJid BbIXOAOB U, CJIICAOBATCIBHO, HC Tpe6yeT CpaBHCHUA C
npeaonpeACiICHHbIMU UACAJIbHBIMHA OTBCTAMU. 06yan0Luee MHOXECTBO COCTOUT JIMIIb U3
BXOJIHBIX BEKTOpOB. O0yJaromuii aaropuT™M MoACTpanuBaeT Beca CeTH TakK, YTOOBI MOIy4aIiCh
COTJIACOBAaHHBIE BBIXOJHBIE BEKTOPHI, T.€. UYTOObI TNpEAbSBICHUE AOCTATOYHO OJIM3KUX
BXOJAHBIX BCKTOPOB MOaBajl0 OAWMHAKOBLIC BBIXO/bI. HpOHCCC o6yquH51, CJICOOBATCIIBHO,
BBIICTISIET CTAaTUCTHYECKHUE CBOWCTBAa OOYYArOMIET0O MHOXECTBA W TPYNIHUPYET CXOIHBIE
BEKTOPHI B Kjacchl. [IpenbsaBieHne Ha BXO BEKTOpa U3 JAHHOT'O KJlacca AAacT OMpPeeIeHHbII
BBIXOJIHOW BEKTOp, HO 110 OOydYeHHs HEBO3MOXHO IpeAcKa3aTh, Kakoil BbIXOA Oyxaer
MPOU3BOAUTHECA JAaHHBIM KJIIACCOM BXOIHBIX BCKTOPOB. CHGI[OB&TGHBHO, BBIXO/bI HO,Z[O6HOI>1
CeTH JOJDKHBI TPAaHCHOPMHUPOBATHCS B HEKOTOPYIO TOHATHYIO (opmy, OOyCIOBICHHYIO
mporeccoM OOydeHHs. DTO HE SBISETCS Ccepbe3HoM mpolOsieMoi. OOBIYHO HE CIIOXKHO

I/II[GHTI/I(bI/II_II/IpOBaTI: CBA3b MCXKY BXOJAOM U BbIXOJ0M, YCTAHOBJICHHYIO CCTBIO.

AaroputMbl 00y4eHu st

BoJIbIIMHCTBO COBPEMEHHBIX AITOPUTMOB OOY4YEHHS BBIPOCIIO M3 KOHIENIHid X3060a
[2]. Um mpennoskeHa mMojens oOydeHust 6e3 yuuTens, B KOTOpOW CHHAnTh4YecKas cuia (Bec)
BO3PACTacT, €CM aKTUBUPOBAaHHBI 00a HEHpOHA, UCTOYHUK W TMPUEMHHK. Takum oOpa3om,
YacTO HCIOJIb3yeMble MMYTH B CETH YCHJIMBAIOTCS M ()EHOMEH NPUBBIUKU M OOY4eHHUS depe3

MOBTOPEHUE I0JTy4aeT OObSICHEHHE.

B wuckyccTBeHHON HEWpPOHHOW CeTH, UCHONb3yIolelH oO0ydeHne 1o X300y,
HapallBaHUE BECOB ONpEICISETCS MPOU3BEICHUEM YPOBHEH BO30YKICHHS MEPEAAONIETO U

IIPUHUMAIOILET0 HEHPOHOB. DTO MOYKHO 3aIUCaTh KakK

wij(n+1) = w(n) + aOUT; OUT;,
rae wi(n) — 3Ha4YeHUE Beca OT HEWPOHA [ K HEHPOHY j N0 MOACTPOMKH, wi(n+l) —
3HaYeHHE Beca OT HEHpOHA i K HEWPOHY j Mocie MOJACTPOUKH, 0 — KOA(P(PHUIIMEHT CKOPOCTH

obyuenus, OUT; — BeIxo HelipoHa i v BXxoJ HeiipoHa j, OUT; — BbIxoz HElipoHa j.

Cern, ucnons3ytone od0ydenne mo X300y, KOHCTPYKTUBHO Pa3BHBAIKCH, OJHAKO 32
nocienaue 20 et OblTH pa3BUTHI OoJiee 3G(HEKTUBHBIC AITOPUTMBI 00ydeHus. B yacTHOCTH,

B pabotax [4 — 6] u MHOrMX ApPyrux OBLIM Pa3BUTHI AITOPUTMBI OOYYEHHUS C yUHUTEJEM,
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MPHUBOJIAIINE K CETSAM ¢ 0oJee MMPOKUM JIUANAa30HOM XapaKTEPUCTUK OO0YUArOIINX BXOIHBIX
00pa3oB M OOJBIIUMHU CKOPOCTSIMU OOYUYEHHsS, YEM HCIIOIB3YIONIUE MPOCTOE OOYYCHHE IO
X2060y.

B mHacrosimiee BpeMsi HCIIONIB3YEeTCS OTPOMHOE  pazHOOOpaszue  0Oydarommx
anroputMmoB. [lorpeboBanace Obl 3HaUMTENHHO OoJblIasi MO 00BEMY KHHUTA, YeM 3Ta, IS
paccCMOTpPEHHsT JTOTO TMpeaMeTa MOJHOCThIO. UTOOBI paccMOTpeTh 3TOT  MpPEaMET
CHUCTEMATHUYECKH, €CIIM W HE WCUEPIIBIBAIOIIE, B KAXKIOW M3 MOCIEAYIOIUX TJaB MOAPOOHO
OTKCaHBl AITOPUTMBI O0YUEHUS Il pacCMaTpUBAaeMOl B TllaBe MapajurMel. B nononHeHue B
npuioxenuu b npencrasneH obmuit 0630p, B onpeeneHHol Mepe 6osee OOIMPHBIN, XOTS U
HE OYCHb TITyOOKMid. B HEM AaH MCTOPUYECKHI KOHTEKCT aJTOPUTMOB OOYyUEHHMsI, MX 00IIas
TAKCOHOMUSI, PSJl MPEHMYIIECTB U OTpaHHUYCHHA. B crily HE0OXOAMMOCTH 3TO MPUBEIET K

IIOBTOPEHMIO YaCTU MAaTepUala, ONpaBIaHUEM €MY CIIy’)KUT PaCIIMPEHUE B3IUIA1A HA IPEAMET.

neonor

B nmocnenyronmx riaBax MpeacTaBiIeHbI M IPOAHAIM3UPOBAHbl HEKOTOpPbIE Hanboiee
Ba)KHbIE CETEBbIe KOH(UTypalMy U UX alropuTMbl o0ydeHus. [IpencraBieHHble mapagurMbl
JAIOT TPEJICTaBICHHEe 00 HMCKYCCTBE KOHCTPYMPOBAHHS CET€ B IIETIOM, €ro MPOILUIOM U
HACTOSIIEM. Mmnorue Apyrue ImnapaaurMbl Npu TIIATCIBHOM PACCMOTPCHUU OKAa3bIBAKOTCA
mumb X  Momudukamusamu. CeromHsIIHEe pa3BUTHE HEHPOHHBIX CETeH  CKopee
HBOJIIOLIMOHHO, Y€M PEBOIOLHNOHHO. [I0aTOMY MOHMMaHNe NpeCTaBICHHBIX B JaHHON KHUTE

napaJurM Mo3BOJIUT CIEAUTH 32 MPOTPECCOM B 3TOM OBICTPO pa3BUBAIOIIEHCS 00IACTH.

yHOp CACJIaH HAa MHTYUTUBHLBIC U AJITOPUTMHUYCCKUC, a HC MATCMATUYCCKUC ACIICKTHI.
Knura azapecoBana ckopee TMOJb30BATEI0 MCKYCCTBEHHBIX HEUPOHHBIX CETEH, YeM
teopetuky. Cool1aeTcsi, cae0BaTeNbHO, JOCTATOYHO WH(GOPMAaLIUK, YTOObI 1aTh YUTATEIIO
BO3MOXHOCTh ITOHUMATh OCHOBHBIC HJCH. Te, KTO 3HAKOM C IporpaMMupOBaHUCM, CMOTYT
pCaIn30BaTh HIO6YIO n3 dtux cereil. CloKHBIE MaTEMAaTUYECKUE BBIKJIAIKH OITYIICHBI, CCJIN
TOJILKO OHM HE MMEIOT MPSIMOT0 OTHOUIIEHMS K peaju3aluu ceTd. [ 3aMHTepecOBaHHOTO

YUuTaTeIIs NPpUBOAATCA CCBIJIKKM Ha Ooiee CTPOru€ M MOJIHBIC pa6OTI>I.
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MaBa 2.
MNMepcenTpoHbI

NEPCENTPOHbI N 3APOXOEHUE UCKYCCTBEHHbIX HEUPOHHbIX CETEN

B xauyecTBe Hay4yHOrO IpeaMETa UCKYCCTBEHHBIEC HEPOHHBIE CETH BIIEPBBIE 3asIBUIIH O
cebe B 40-e roner. CTpeMsich BOCTIPOM3BECTH (DYHKITUHU YETIOBEUECKOTO MO3Ta, UCCIICIOBATEIN
CO3/IaJTM TIPOCTHIE armapaTHBIE (2 MO3Ke IPOrPaMMHBIEC) MOJIEH OMOJIOTUYECKOT0 HEHPOHA U
cucTeMsbl ero coequHennid. Korna Helipodusnonorn gocturiim 6osee riry0OKOro MOHUMAaHUs
HepBHOfI CUCTCMbI YCJIOBCKA, 3TH PAHHHUC IIOIBITKA CTaJlM BOCHPHUHUMATHCA KaK BECbMa
rpyOble anmpokcuManuu. TeM He MeHee Ha 3TOM IMYTH OBUIM JOCTHTHYTHI BIIEUATIISIONINE
pe3yNbTaThl, CTUMYJIMPOBABIINE JAbHEHININE UCCIIETOBAHMS, IPUBEAIINE K CO3IaHUI0 Ooee

M3OIIPEHHBIX CETEH.

Zy w,
\ /79 /Vﬂ 2

b/
Lo 2 : e I — T

Puc. 2.1. IlepcenTpoHHBbII HEHPOH

[lepBoe cucremaTudeckoe HW3YYCHHE HCKYCCTBEHHBIX HEHPOHHBIX ceTel ObBLIo
npennpuHsaTo MaxkkamokkoM u I[lutrcom B 1943 r. [I]. Tlo3dmnee B pabore [3] oHuM
UCCIICIOBANIA CETEBBIC MApaaWTMbl I PACIIO3HABAHUS HW300paKEHUHM, IOABEPTracMbIX
capuraMm W noBopotaMm. IIpoctas HeillpoHHas Mojelb, TOKa3aHHas Ha pwuc. 2.1,
MCITOJIH30BaJIaCh B OOJIBIIIEH YaCTH UX Pa0OTHI. DJIEMEHT X YMHOXKAET KaKJIbIi BXOJ X Ha BEC
W M CyMMHUpPYET B3BEIICHHbIE BXOIbl. Ecimm 3Ta cymma Ooblie 3alaHHOTO MOPOTOBOTO
3HAYEHUS, BBIXOJ] pABEH €AMHUIIE, B TPOTUBHOM Cllydyae — HYJI0. DTH CUCTEMbI (U MHOXKECTBO
UM TIOAOOHBIX) TMOJYYWJIM Ha3BaHHWE nepcenmporos. OHU COCTOAT W3 OJHOTO CJIOA

UCKYCCTBEHHBIX HEWPOHOB, COEAMHEHHBIX C TMOMOLIbI0 BECOBBIX KOI(DPHUIMEHTOB C
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MHOXECTBOM BXOJIOB (CM. pHC.2.2), XOTsI B HPUHIUIE OMHCHIBAIOTCA M 0OJee CIIOKHBIC

CHCTCMBI.

B 60-¢ roapr mepcenTpoHbl BhI3BAIN OOJBINION UHTEpEC U ONTUMH3M. Po3eHnOnart [4]
JIOKa3all 3aMeyaTelbHYI0 TeopeMy 00 OOy4eHHH MEpCEeNTPOHOB, OOBSICHAEMYIO HHUXKE.
Yunpoy [5-8] man psg yOenuTenbHBIX JAEMOHCTPALMNA CHCTEM MEPCENTPOHHOTO THUMA, U
UCCJIEIOBATEId BO BCEM MHUpPE CTPEMWINCh U3YUYUTh BO3MOXKHOCTU 3THUX CHCTEM.
[TepBonavanbHas sHdopHst CMEHUJIACh pa30uyapoOBaHUEM, KOTIa 0Ka3ajJoCh, YTO MEPCENTPOHDI
HE CIIOCOOHBI OOYYHTBCS PEIICHUIO psAaa MTPOCThIX 3amad. MuHckui [2] cTporo
MPOAHATM3UPOBAII 3Ty NMPOOJIEMY U MOKa3al, YTO UMEIOTCS KECTKUE OTPAaHUYCHHUS Ha TO, YTO
MOTYT BBIMIOJIHATH OJHOCTIOMHBIE MEPCENTPOHBI, U, CIEA0BATEIbHO, HA TO, YEMY OHHU MOTYT
oOyuaThcs. Tak Kak B TO BpeMsi METO bl 00y4€HUsI MHOTOCJIONHBIX CeTell He ObLIN W3BECTHBI,
MCCJIEIOBATENU MEPeNuIH B 0ojiee MHOTOOOEIIAIINE 00IaCTH, U UCCICIOBAHMS B 00JIACTH
HEHpPOHHBIX ceTe mNpuIUM B ynaaok. HenaBHee OTKpPBITHE METOAOB OOy4YEHHUs
MHOTOCJIOMHBIX CeTel B OOJIbIIEH CTENEeHH, YeM KaKOW-THO00 MHOW (hakTop, MOBIHUSAIO HA

BO3PO’KICHHE HHTEPECa U UCCIEA0BATEIbCKUX YCHIINH.

“ | > = [ lwy
2 Z —— [ oy
Zn > b— [ |—=uon

Puc. 2.2. IlepcenTpoH cO MHOTHUMH BbIXOJaMH
PaGora MuHCKOro, BO3MOXKHO, M OXJIaJWia MbUI AHTY3UAaCTOB MEpPCENTpOHAa, HO
obOecrieunsia Bpemsl Al HEOOXOIMMOM KOHCOJHMJALMK W Pa3BUTUA JIeKallell B OCHOBE
Teopud. BaxkHO oTMeTHTH, 4TO aHanu3 MuHCKOro He Obul ompoBeprHyT. OH ocTaeTcs

BaXHBIM UCCJICJOBAHUCM U JOJIKCH U3Yy4aThCH, yTOOBI OIIHOKH 60-X TOA0B HC MOBTOPUIIUCK.

Hecmotpss Ha cBoM OrpaHHYeHHs] MEPCENTPOHBI HIMPOKO H3YYaJUCh (XOTS He
CJIMILIKOM IIHPOKO MCIOJIB30BATUCH). Teopus mepcenTpoHOB ABISETCS OCHOBOM UIsI MHOTHUX

JIPYrUX TUIIOB UCKYCCTBEHHBIX HEHPOHHBIX CETEH, U MEPCENTPOHBI ULIIOCTPUPYIOT BAKHBIE
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NPUHLUIBL. B cuily 3THX NPUYMH OHU SBIAKOTCS JIOTMYECKOM HMCXOJHOM TOYKOW JJIst

M3YUYEHHS UCKYCCTBEHHBIX HEUPOHHBIX CETEH.

NMEPCENTPOHHASA NPEOCTABJIAEMOCTb

JlokaszaTtenbCcTBO TEOpeMbl OOy4deHHUs IepcenTpoHa [4] mokaszayio, 4TO TMEpPCENnTPOH
CIOCOOCH HAYYHTHCS BCEMY, YTO OH CIOCOOCH MpEeACTaBIATh. BaxkHO MpH ATOM YMETh
pa3nuyath NpPEeACTaBIsIEMOCTh UM 00ydaeMocTh. [IoHATHE MpencTaBIsIeMOCTH OTHOCUTCA K
CITOCOOHOCTH TIepcenTpoHa (MM APYrod CeTH) MOJAEIHUPOBATH OMpENeTIeHHYIO (YHKITHIO.
OO0yyaeMOCTh k€ TpeOyeT HaJMYhs CHUCTEMATHYECKON MpOIeAyphl HACTPOHWKH BECOB CETH

JUTSI pealIi3aiuy 3Tol (yHKIIUH.

4
N
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° oD
g

Puc. 2.3. Cucrema pacnozHaBaHusi H300paKeHn

JUia  wimocTpauud  OpoOJeMbl  MPEACTaBIAEMOCTH JOMYCTUM, YTO Y HAac €cTh
MHOXECTBO KapT, MoMe4YeHHBIX muppamu ot 0 no 9. JlomycTuM Takxke, 4To MBI oOsiagaeM
TUMOTETUYECKOW MAIIMHOW, CIIOCOOHOHN OTIHYaTh KapThl C HEUYETHBIM HOMEPOM OT KapT C
YETHBIM HOMEPOM U 3a)KUTAIOLIEH MHAUKATOP HAa CBOEH MaHENIN IPH NMPEAbIBICHUN KapThl C
HEYETHBIM HOMepoM (cM. puc. 2.3). [IpencraBuma in Takas mammHa nepcentpoHom? To ecTh
MOXET JIM OBITh CKOHCTPYMPOBAaH MEPCENTPOH M HACTPOCHBI €ro Beca (HEBAXHO KaKUM
o0pa3oM) Tak, 4ToOBl OH OOJIaZal TaKo ke paszzensonieii cnocodHocThio? Ecnu 3T0 Tak, TO
TOBOPST, YTO MEPCENTPOH CIIOCOOEH MPECTABNIATH KEIaeMyl0 MamluHy. Mbl yBUAUM, 4TO
BO3MOKHOCTH TPEJCTABICHUS OJHOCIOMHBIMM IE€PCENTPOHAMH BECbMa OTPAaHUYEHHBI.
Mmeercss MHOTO MPOCTBIX MAIIMH, KOTOPbIE HE MOTYT OBITH MPEICTABICHBI MEPCEITPOHOM

HC3aBUCHUMO OT TOI'O, KaK HACTpAUBAKOTCA €ro BCCa.
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Ipodaema pynkuun ICKITIOYAIOLIEE NJIN

OmuH M3 caMbIX NECCUMUCTUYECKHX pPe3yabTaTOB MUHCKOTO ITOKa3bIBaE€T, YTO
OJIHOCJIOMHBIA TEpCenTpPOH HE MOXET BOCHPOM3BECTH TaKyl0 MPOCTYIO (YHKIHIO, KaK
NCKITFOYAIOIIEE MJIN. OT0 dhyHKIMS OT IBYX apryMEHTOB, KaXKJIbIH M3 KOTOPHIX MOXKET
OBITh HyJIeM Uiy eauHuield. OHa MPUHUMAET 3HAYCHHUE AMHHUIIBI, KOTJa OJNH U3 apTyMEHTOB
paBeH enuHuiie (HO He o0a). [IpobGieMy MOXKHO MNPOWIUTFOCTPUPOBATH C TOMOIIBIO
OIHOCJIOMHOW OAHOHEHPOHHOM CHCTEMBI C JIByMsl BXOJaMH, IOKa3aHHOW Ha puc. 2.4.
O603HauMM OAMH BXOJ Y€pe3 X, a APYroil uepes y, TOoraa BCe MX BO3MOXKHBbIE KOMOMHAIIUU
OyIyT COCTOSITh U3 YETHIPEX TOYEK Ha TIOCKOCTH X-y, KaK MOKa3aHo Ha puc. 2.5. Hampumep,
touka x = 0 u y = 0 o6o3HayeHa Ha pucyHke kak Touka A Ta6u. 2.1 moka3biBaeT TpedyeMyro
CBA3b MEXIY BXOJIaMU U BBIXOJOM, TJie BXOJHbIE KOMOHMHAIIMH, KOTOpPbIE OJKHBI JaBaTh

HYJIEBOU BBIXOJI, MOMEYEHBI Ao U A |, eAMHUYHBIN BbIX0OJ — By 1 B.

& w,
\ 2 NET

— T

Y
ay

Puc. 2.4. OnHoHeiipoHHasi cucTeMa
B ceru na puc.2.4 ¢yakuus F sBrusercs oObMHBIM moporoMm, Tak uto OUT
NpUHUMaET 3HadeHue Hoib, korma NET menvmie 0,5, u enuHuna B ciydae, koraa NET

6ounbuie wim pasHo 0,5. HelipoH BBIMOTHSET CIIEAYIOIIee BEIYHCICHHE:

NET =xw; +yw, (2.1)
Hukakas xomOMHanus 3Ha4Y€HUN ABYX BECOB HE MOXET J1aTh COOTHOLICHUS MEXKIY
BXOJIOM U BBIXOJIOM, 3aaaBaeMoro 1adim. 2.1. UToObl MOHATH 3TO OrpaHUYCHUE, 3aPUKCUPYEM
NET na Benunuune nopora 0,5. CeTb B 3TOM cilydae ONUCHIBAETCS ypaBHeHueM (2.2). O1o
ypaBHEHHUE JIMHEWHO MO X M ), T.€. BCE 3HAUYCHUS IO X U ), YAOBJIETBOPSIOIIUE 3TOMY

ypaBHEHUIO, OYAYT JIe)KaTh Ha HEKOTOPOU MPSIMOM B MIIOCKOCTH X-.

xwy +ywr =0,5 (2.2)

Ta6auna 2.1. Tadauna ncruanoctu 1 pynkuun UCKIIIOYAIOIEE NJIN

Tpebyemprii
Touku 3HaYEeHUs X 3HayeHus y
BBIXO/
Ay 0 0 0
By 1 0 1
B, 0 1 1
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Ay 1 1 0

JIroOble BXOJHBIC 3HAUEHHS JUISL X M ) HA 3TOW JMHUM OyayT NaBaTh MOPOTOBOE
sHauenne 0,5 mis NET. BxogHbie 3HaueHHS ¢ OTHOM CTOPOHBI IPSIMOM oOecriedar 3HauYeHUs
NET Oonbme nopora, ciemoBarenbno, OUT=1. Bxognsie 3Ha4eHHsS MO APYTYIO CTOPOHY
npsamoii obecnieyar 3HaueHus: NET menbine noporosoro 3HaueHwust, nenas OUT paBubiM O.
W3MeHeHMs 3HAUYE€HU wi, W, B Topora OyIyT MEHSTh HaKJIOH U IMOJIOKeHHe mpsMoin. [lis
Toro 4to0Osl cerhb peanuzoBana (pynkmuio MCKJIIOYAIOIIEE WJIN, 3amannyto Tabmd. 2.1,
HYXKHO PacroJIOKUTh MPSAMYIO TaK, YTOObI TOYKH A OBLIU C OJHOM CTOPOHBI MPSAMOIL, a TOUKH
B — ¢ apyroii. [loneiTaBimce HapucoBaTh TaKyko MPSAMYIO Ha puc. 2.5, yoexxaaeMcsi, 4To 3TO
HEBO3MOXXHO. DTO 03HAUYaeT, YTO Kakue Obl 3HAYCHUs HU MPUIMCHIBAIMCH BECaM H IMOPOTY,
CETh HECIOCOOHA BOCIIPOU3BECTH COOTHOIIECHHUE MEXY BXOJIOM U BBIXOJOM, TpeOyemoe s
npeacrasnenns pynkinuu MCKJIIOYAIOLIEE NJIN.

7A

T, + g, = flopoe

Puc. 2.5. IIpodaema HCKJIIOYAIOIIEE UJIN

B3rasinyB Ha 3amady ¢ gpyroit Touku 3peHusi, paccMoTpuM NET kak moBepXHOCTh HaJ
IJIOCKOCTBhIO X-y. Kakass Touka STOM MOBEPXHOCTH HAXOAUTCA HaJ COOTBETCTBYIOIICH
TOYKOM IUIOCKOCTH X-y Ha pacCTossHuU, paBHOM 3HaueHHIO NET B 3T0i TOuke. MOXHO
MOKa3arh, 4TO HAKJIOH 3TOM NET-mOBEpXHOCTM OAMHAKOB I BCEM MOBEPXHOCTH X-y. Bce
TOYKH, B KOTOpbIXx 3HaueHWe NET paBHO Belu4uHE MOpora, MPOCKTUPYIOTCS Ha JIMHUIO

ypoBHs miockoctd NET (cm. puc. 2.6).
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Puc. 2.6. Ilepcentponnas NET-miockoctb
SIcHO, 4TO BCE TOYKM MO OJHY CTOPOHY IMOPOTOBOM MPSIMOM CHPOEHUPYIOTCS B
sHauenust NET, Gonbimme mopora, a TOUYKH IO JPYTylH0 CTOPOHY AaayT MEHBIIHNE 3HAYCHUS
NET. Takum o6pa3zom, moporoasi mpsMasi pa30OMBaeT IIOCKOCTh X-y Ha B¢ obmactu. Bo Beex
TOYKax IO OJIHYy CTOpPOHY NoporoBoil npsmoil 3HaueHue OUT paBHO enuHule, 1Mo JIpyryro

CTOPOHY — HYJIIO.

JIuneiiHas pa3aeauMoCcTh

Kak MBI BHIEnH, HEBO3MOXKHO HApHUCOBaThb INPAMYIO JIMHHIO, Pa3lelsIOIIyIo
IUIOCKOCTh X-y Tak, 4ToObl peanu3oBbiBanack ¢yHkuus HMCKIIIOYAIOLIEE WM. K
COXAJICHUIO, 3TOT IMpHMEpP HE €JUHCTBEHHBIH. MMeercst oOIMIMpPHBIN Kinacc (QyHKUIUH, He
peanu3yeMbIX OJHOCIOWHON ceThlo. OO0 ATUX (PYHKIHMSAX TOBOPAT, YTO OHHU SBISIOTCS
JUHEMHO HEpasfcIMMbIMM, W OHHM HAKJIAaIbIBAIOT OIPEACICHHBIE OrpaHUYEHUs Ha

BO3MOKHOCTHU OJTHOCJIOMHBIX CETEM.

Jluneiinas  pa3nenuMocThb OTPAaHUYMBAET  OJHOCJIOWHBIE CeTH  3aJadyaMu
KJ1accu(puKauy, B KOTOPBIX MHOXKECTBA TOUYEK (COOTBETCTBYIOIIUX BXOJIHBIM 3HAYCHHSIM)
MOTYT OBITh pa3AelieHbl TeOMETPUYECKH. JIJIs HAIIeTO CiTydas ¢ ABYMS BXOJIaMHU pa3euTelh
ABJIIETCS IPSIMOM JIMHUEH. B cilydae Tpex BXOAOB pa3AeiIeHUE OCYILECTBIIAECTCS INIOCKOCTHIO,
paccekaroIiel TpexMepHoe MpocTpaHcTBO. [ deThipex win Oojiee BXOJIOB BU3YyaTU3aIlHs
HEBO3MOKHA U HEOOXOIUMO MBICJIEHHO MPEICTABUTh N-MEPHOE MPOCTPAHCTBO, PacCEKaAEMOe
«TUMEPIUIOCKOCTRIO» — TEOMETPUYECKHUM OOBEKTOM, KOTOPBIA pacceKkaeT MPOCTPAHCTBO

YCTBIPCX WA OOJIBIIIETO YHCIIa I/ISMepeHI/II\/'I.

Tak kak nuHEWHas pa3leNMMOCTh OTPAHMYMBAET BO3MOXKHOCTH IEPCENTPOHHOTO
MIPEJICTaBICHUSI, TO BaKHO 3HATh, ABJSETCS JIU JaHHAs QyHKIus pazaenumoil. K coxanenuro,

HE CYIIECTBYET MPOCTOTO CIIOCO0a OMPEACTUTH 3TO, €CIH YUCIIO TIEPEMEHHBIX BEJIHKO.
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o n
HeI/Ip0H C n ABOUYHBIMH BXOAAMH MOXET HMCTHb 2 Pa3IMYHbBIX BXOJHBIX 06pa303,

COCTOSAIIMX W3 HyNel M enuHUIl. Tak Kak KaXIblid BXOJHONH 00pa3 MOXET COOTBETCTBOBATH

n o
JIBYM pa3InYHBIM OMHAPHBIM BBIXOAaM (€IUHUIIA ¥ HOJIB), TO BCEro uMeercs 2~ (QyHKIUA OT

n MNEpCMCHHbIX.

Tab6auua 2.2. JIuneitno pasaesnmblie QyHKIUA

n o Yucno TMHEHHO pa3aenuMbIX QyHKIHHA
1 4 4

2 16 14

3 256 104

4 65536 1882

5 4,3x10° 94572

6 1,8x10" 15028 134

(B3saTo u3 R. 0. Winder, Single-stage logic. Paper presented at the AIEE Fall General
Meeting, 1960.)

Kak BugHO M3 Tabm. 2.2, BEpOSTHOCTh TOTO, YTO CIAy4ailHO BbIOpaHHAas (QYHKIUS
OKaXkeTCs JIMHEWHO pa3[eNuMOM, BECbMa Majla JaXe IUIsl YMEPEHHOIO 4HCJa IEPEMEHHBIX.
Ilo »TOM mnpHUYMHE OAHOCIOMHBIE IEPCENTPOHBI HA IPAKTUKE OrPAaHUYECHBI IPOCTBIMU

3aJadyaMu.

IIpeoxo/ieHue orpaHuYeHUs1 JTUHEHHON Pa3IeJJMMOCTH

K koniy 60-x romoB mpoOiema JIMHEWHOW pa3aeuMOCTH Oblia Xopomio moHsaTa. K
TOMY k€ OBUIO W3BECTHO, YTO JTO CEPbEe3HOE OrPaHUYCHHE MPEICTaBISIEMOCTH
OHHOCHOﬁHLIMH CECTAMU MOXHO HpCOI[OJICTB, IIOGaBI/IB JOIIOJIHUTCIIBHBIC CJIOWN. HaHpI/IMep,
JIBYXCIIOMHBIE CETH MOXHO TOJIYYUTh KaCKaJHBIM COCIMHEHHEM JBYX OJIHOCIOWHBIX CETEH.
OHU CcTOCOOHBI BBIMOJHATE Oosiee OOIIMEe KiacCU(UKAIMU, OTACNSS T€ TOYKH, KOTOPHIC
COI[ep)KaTCH B BBIHyK.HLIX OI‘p&HH‘ICHHBIX NI HGOFpaHI/I‘-IeHHI:IX 06J'IaCT51X. O6HaCTB
Ha3bIBACTCsA BI:IHyKJIOI\/‘I, CCJIN IJIs JIIOGBIX IIBYX €€ TOUCK COC,Z[I/IH}IIOH_[I/II\/JI nux OTpe3OK IICIIUKOM
nexuT B oOnactu. OOnacTh HaA3bIBACTCS OTPAHUYEHHOHW, €CIIM €€ MOXKHO 3aKJIIOYHTh B
HEKOTOPBIA Kpyr. HeorpanwmueHHyro 00JacTh HEBO3MOXKHO 3aKJIIOYUTh BHYTPh Kpyra
(HampuMmep, o0JacTh MEXIy IBYMS NapajieNbHBIMU JMHUAMH). [IpuMepbl BBITYKIIBIX

OTPaHWYCHHBIX ¥ HEOTPAHUUYEHHBIX 00JIacTel IpeCcTaBlIeHbl Ha puc. 2.7.
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BoIBYREELE DOXRENIE

\ % HEOSHARUYERHBIE
[PIRROBITIBLE)

JEpaARUYEHHBLE
(BEKDBINEIE)

Puc. 1.7. Boinykiible OTpAHUYEHHbIE M HEOTPAHUYEHHbIE 00J1aCTH

Uto0bl yTOUHUTH TpeOOBaHHE BBIMYKIOCTH, PACCMOTPUM MPOCTYIO ABYXCIIOHHYIO
CEeTh C JIByMsI BXOJaMH, MMOABEICHHBIMH K JABYM HEHpOHAM MEpPBOTO CJIOS, COCAMHEHHBIMU C
€IMHCTBEHHBIM HEWPOHOM B ciioe 2 (cM. puc. 2.8). IlycTs mopor BeIXOJJHOTO HEHPOHA PaBEH
0,75, a oba ero Beca paBHsl 0,5. B aToM ciydae asist Toro, YToObI HOPOT OBUT MPEBBIIIECH U HA
BbIXOJIC MOSIBUJIACH €AUHHIIA, TpeOyercs, 4ToObl 00a HeHpoHa MEePBOrO YPOBHSA Ha BBIXOJE
UMenu enuHHIy. TakuM o0pa3oM, BBIXOJHOW HEHPOH peanusyeT Joruyeckyro ¢yHkiuo U.
Ha puc. 2.8 xax/plii HelipoH ciost 1 pa3duBaeT MIOCKOCTh X-y Ha JIBE MOJIYIJIOCKOCTH, OJUH
oOecrieynBaeT €IMHUYHBIA BBIXOJ AJISl BXOJOB HIDKE BEpXHEH JIMHUM, JPYrod — IJisi BXOJOB
BhIIIC HWKHEH JuHMHM. Ha puc. 2.8 mokazaH pe3ynbTaT TaKOro JBOWHOTO pa3OWEHHS, TJIe
BBIXOJIHOM CHTHAJl HEHMpOHAa BTOPOTO CJIOS PABEH €IWHUIIE TOJBKO BHYTpPH V-00pa3HOM
00acTH. AHAJIOTHUYHO BO BTOPOM CJIO€ MOXET OBITh MHCIOJIB30BAaHO TPU HEHpOHa C
JNaTbHEHITUM pa30MEeHHEeM TUIOCKOCTH M CO3JIaHMeM O0JacTH TPEyroiabHOW (OPMBL.
BxiroueHneM J0CTaTOYHOTO YWCIa HEMPOHOB BO BXOJHOM CIIOM MOXET OBITH 0Opa3oBaH
BBIITYKJIBI MHOTOYTOJIBHUK JTI000i1 sxenaemoii hopMmel. Tak kak OHH 00pa30BaHbI ¢ TOMOIIBIO
onepauun W Hang oOnacTsMu, 3aaBaeMbIMU JIMHHUSAMH, TO BCE TaKM€ MHOTOTPAHHUKU
BBIMYKJIBL, CIJIEJJOBATEIbHO, TOJBKO BBINYKJIbIE O0OJacTM W BO3HHMKAIOT. TOUYKH, HeE
COCTABJISIIOLIUE BBITYKJIOW 00JIACTH, HE MOTYT OBITh OTIEJIEHBI OT APYTUX TOYEK IIOCKOCTH

JIBYXCJIOMHOM CETHIO.
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Puc. 1.8. Beinmykiasi 00J1acTh pelieHni, 3aaBaeMasi IBYXCJIOHHOI CeThbI0

Heiipon BTOoporo cnosi He orpanndeH ¢yHkuueir M. OH MOXeT pealn30BBIBATH
MHOTHE Jpyrue (yHKUMU TpU MOIXOSIIEM BbIOOpe BecoB M mopora. Hampumep, MOXHO
cenaTh TakK, 4TOOBl €IMHUYHBIM BBIXOJ JHOOOT0 M3 HEHPOHOB MEPBOIO CIIOSI MPUBOIMI K
MOSIBJICHUIO CIMHULBI HAa BBIXOJE HEWpPOHA BTOPOrO CJOSA, PEATU30BAB TEM CAMBIM
noruueckoe MJIN. Mmeercs 16 nBoMuYHBIX (QYHKIUI OT IBYX NepeMeHHbIX. Eciu BbIOUMpaTh
HNOIXOASIIUM 00pa3oM Beca M MOpOr, TO MOXKHO BOCHpou3BecTH 14 u3 Hux (Bce, Kpome
NCKIIIOYAIOLIEE NJIN n UCKJIIOYAIOIIEE HET).

Bxoapl He 00s13aTeNbHO JOJDKHBI ObITh JBOMYHBIMHU. BEKTOp HENpephIBHBIX BXOI0B
MOYET IPEJCTaBIATh COO0H MPOU3BOJIBHYIO TOUKY Ha IUIOCKOCTU X-y. B 3TOM ciydae Mbl
UMEEM JIEJIO CO CIIOCOOHOCTBIO CETH pa30HMBaTh IIOCKOCTh Ha HENPEpPhIBHBIE 00JIACTH, a HE C
pas3zieleHueM JUCKPETHBIX MHOXKECTB TodeK. [ Bcex 3TuX (yHKUMH, OJHAKO, JMHEHHas
pa3feIMMOCTh ITOKA3bIBAET, YTO BBIXOJ HEHPOHA BTOPOIO CJIOS PAaBEH €IUHULE TOJBKO B
YacTU IJIOCKOCTHU X-y, OTPAaHUYEHHON MHOTOYrosibHOM oOnactbro. IlosTomy nnst pasmeneHus
iockocteil P u Q Heo6xoaumo, uToObl Bce P nekanu BHYTPH BBITYKJIOH MHOTOYTOJBHON

obryacTtu, He coneprkaiei Touek Q (v Hao0opoT).
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Puc. 2.9. «Boruyras» 00J1acTh pelieHUi, 3a1aBaeMasi TPEXCJIOHHOMN CeThI0

TpexcnoitHast ceTh, OJHAKO, sBIseTcs Oojee oOmei. Ee xmaccudumupyromme
BO3MO>XHOCTH OTPAaHUYCHBI JIUIIb YHCIIOM UCKYCCTBEHHBIX HEHPOHOB U BecoB. OrpaHUYeHUS
Ha BBIMMYKJIOCTh OTCYTCTBYIOT. Terneps HEMpPOH TPETHETO CIIOS MPUHUMAET B KaUeCTBE BXOJA
HAaOOp BBIMYKJIBIX MHOTOYIOJbHUKOB, M HUX JIOTUYeCKass KOMOMHALUS MOXKET ObITh
HeBbIykyio. Ha puc. 2.9 wumoctpupyercs ciaydaid, Korja ABa TpeyrojbHuka A u B,
CKOMOMHHMPOBAHHbIE C TOMOINBIO QYHKIUH «A 1 He By, 3a1ai0T HeBbimykiIyto o0nacts. [lpu
n00aBIECHUN HEHPOHOB M BECOB YHCIO CTOPOH MHOTOYTOJIBHHKOB MOKET HEOTPAaHUYCHHO
BO3pacTaTh. OTO TIO3BOJISET AamNIpPOKCUMHUPOBATh 001acTh 000K (opMmbl ¢ JFOOOM
TOYHOCTHIO. B06aBOK He BCe BBIXOJHBIE O0JIACTH BTOPOTO CIJIOSI TOJIKHBI TEpPeceKaThCsl.
Bo3MokHO, cienoBaTelibHO, OOBEAWHITH PA3IMUHBIC O0JIACTH, BBIMYKIBIC W HEBBITYKIIbBIE,
BbI/IaBasi HA BBIXOJIC CIWHUILY BCSIKUU pa3, KOT/Ia BXOAHOW BEKTOp MPUHAMIEKHUT OAHOU U3

HHUX.

HecmoTpst Ha TO 94TO BO3MOKHOCTH MHOTOCJIOWHBIX CETEH OBLIM M3BECTHBI JABHO, B
TCUYCHHUEC MHOTHUX JICT HEC 61:1.]10 TeOpeTI/I‘-IeCKI/I OGOCHOBaHHOFO aJIFOpI/ITMa JJIA HﬁCTpOfIKH nux
BCCOB. B HOCHGI[yIOIJ_[I/IX rjijaBax M™Mbl JOC€TAaJIBHO I/I3y‘-II/IM MHOFOCHOﬁHBIe 06yanomHe
QJITOPUTMBI, HO CeWYac JOCTATOYHO ITOHMMATh MPOOJIEMYy W 3HATh, YTO MCCIICIOBAHUS

MIPUBEJIN K OMPEEICHHBIM PE3yJIbTaTOM.
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P PeKTUBHOCTH 3aIIOMUHAHUS

Cepbe3Hble  BOIPOCH HMEIOTCS OTHOCHUTENBHO 3()(PEKTUBHOCTH 3allOMHHAHUS
nHpopManuu B mepcenTtpoHe (WM JIOOBIX NPYrUX HEHPOHHBIX CETSIX) MO CPABHEHHUIO C
OOBIYHOM KOMITBIOTEPHOU MaMATHIO U METOAaMH Toucka wHbopmaruu B Heil. Hanpumep, B
KOMIBIOTEPHOH  MaMATH  MOXHO  XpaHUTh BCE  BXOJHBIE OOpa3bl BMeECTe C
kinaccupumupyomumu 6uramMu. KoMneiotep moimkeH Hailtu TpeOyemblii o0pa3 U 1aTh €ro
Kjaccudukanuoo. Pa3nuyHbpie XOpOoLIo HW3BECTHBIE METOIbl MOTJIM Obl OBITH HCIOJIb30BAHBI
JUIsl yCKOpEeHMsI TToucka. Ecii TouHOe COOTBETCTBHE HE HaiIeHO, TO JIIsl OTBETa MOXKET ObITh

UCIIOJIB30BAHO MPABUJIIO OJIM)KAUIIIEro cocea.

Uncno OWTOB, HEOOXOAMMOE /Il XpaHEHUs OTOW ke HHPOpMAIMM B Becax
MEPCENTPOHA, MOXET OBITh 3HAYUTEIHHO MEHBIIUM IO CPABHEHHIO C METOJOM OOBIYHOI
KOMITHIOTEPHOM MaMSITH, €CIM 00pa3bl JOMYCKAIOT SKOHOMUYHYIO 3anmuch. OgHako MuHCKUA
[2] mocTpoms MATOJOTHYECKHE MPHUMEPHI, B KOTOPBIX YHUCIO OWUTOB, TpeOyeMBIX JUIS
IPEJCTAaBICHUS BECOB, PACTET C Pa3MEPHOCTHIO 33/a4u ObICTpee, YeM HKCHOHEHIMaIbHO. B
ATUX Cllydasix TpeOOBaHHUS K MaMSATH C POCTOM Pa3MEPHOCTH 3a/layll OBICTPO CTAaHOBSITCS
HEBBINOJIHUMBIMU. Eciln, Kak OH MPEeANoNoKuI, 3Ta CUTyallsl HE SBJIIETCS UCKIIOUYEHUEM, TO
HEPCENTPOHbl YacTO MOTYT OBITh OTpPaHUYEHBI TOJBKO MaJbIMU 3a7adyamu. Hackosbko
OoOLIMMU SIBJISIIOTCSI TaKM€ HEMOJATIMBBbIE MHOXeCTBa 00pa3oB? DTO OCTAETCS OTKPBHITHIM
BOIPOCOM, OTHOCSIIIIUMCS KO BCEM HEUPOHHBIM ceTsM. [loncku oTBeTa Upe3BbIYAHO Ba)KHbI

JUISL KCCIIEIOBAHUI 110 HEUPOHHBIM CETSIM.

OBYYEHUE NEPCENTPOHA

CriocoOHOCTh MCKYCCTBEHHBIX HEWPOHHBIX ceTeil 00ydarbesi sIBISETCS UX Hamboiiee
UHTPUTYIOIIUM  CcBOiCTBOM. IlomoOHO  OHONOTMYECKMM  cuUcTeMaM, KOTOpbIe OHH
MOJICTIUPYIOT, 3T HEWPOHHBIE CETH CaMU MOAEIHPYIOT ce0sl B Pe3yabTaTe MOMBITOK JOCTHYb

J'Iy‘-IH_IGI\/'I MOACIN ITOBCACHUS.

Hcnonb3yst KpuTepuil JNTHHEWHOW pa3lIeTUMOCTH, MOXHO PEIIUTh, CIOCOOHA In
OJIHOCTIONHAs HEMPOHHAs CETh PeaM30BBIBaTh TpeOyemyro (yHkmuio. /axke B ToM ciydae,
KOI'Jla OTBET MOJIOXKUTENbHBIN, 3TO IPUHECET MaJIO MOJIb3bl, €CJIM Yy HAac HeT cnocoba HalTH
HY)KHBIC 3HAUEHUS JJIsi BECOB M MOPOTOB. UTOOBI CeTh NPEACTABISsLIA MPAKTHYECKYIO
LEHHOCTh, HYKEH CHUCTEMAaTHUYECKHI METOJ (aIrOpUTM) ISl BBIYMCIICHHS 3TUX 3HAUYCHHI.
Poszenbnart [4] caeman 3TO B CBOEM arOpuTME OOYYECHHS TIEPCENTpOHA BMECTE C
JIOKa3aTeNbCTBOM TOTO, YTO MEPCENTPOH MOXKET ObITh OOyueH BCEMYy, YTO OH MOKET

PCaIN30BbIBATD.

OOyueHne MOXeT ObITh C yuuTeneM uian 6e3 Hero. s oOyueHHs ¢ yduTeneM HyKeH
«BHEIIHUI» YYWTENIb, KOTOPHIH OICHWBAN OBl IOBEJCHHWE CHUCTEMBI M YIPABIAI ee

nocienyronmumMu  MoaudukamusaMu. I[lpu oOydennn 0e3 yduTens, paccMaTpUBaeMOro B
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NocCJaCAyromunx TrjaBax, CCTb MYTCM CaMOOpraHu3aluu [ej1acT Tpe6yeMLIe N3MCHCHUS.

OO0yueHune nepcenTpoHa SBIACTCS 00yUEHUEM C YIUTEIIEM.

Anroput™M OOydeHHs TIEpCenTpOHAa MOXKET OBITh peaju30BaH Ha MHPPOBOM
KOMITBIOTEPE WJIM JPYTrOM 3JIEKTPOHHOM YCTPOMCTBE, U CE€Th CTAHOBUTCSA B OIPEIACICHHOM
CMBICIIe camonoacTpanBatonieiics. [1o 3Toil npuyrHe npoueaypy MOACTPORKH BECOB OOBIYHO
HA3bIBAIOT «OOY4YEHHEM» U TOBOPST, UTO CeTh «oOydaercs». JlokazarenbcTBO Po3eHbOnaTTa
CTaJl0 OCHOBHOW BEXOM U J1aJI0 MOIIHBIA UMITYJIbC HCCIICOBAHUAM B 3TON oOsactu. Ceromus
B TOM WM WHOU ¢dopMe dIIEMEHTHI aaropuTMa OOydUeHUs TEPCENnTpPOHa BCTPEUYAIOTCS BO

MHOT'UX CCTCBBIX IMapaaurmax.

ANITOPUTM OBYYEHUA NEPCENTPOHA

[lepcenTpoH 00yuaroT, mMomaBas MHOXKECTBO OOpa30B IO OAHOMY Ha €ro BXOI M
MOJICTparBasl Beca JIO0 TE€X IMOp, MOKa JJIsd BceX 00pa3oB HE OyIeT MOCTHUTHYT TpeOyemblid
BbIX0A. JlomycTuM, 4TO BXOJHBIE 00pa3bl HAHECEHBI HA IEMOHCTPAIIMOHHBIE KapThl. Kaxknas
KapTa pa30uTa Ha KBaJpaThl U OT KAXJIOTO KBaJIpaTa Ha MEPCENTPOH Mmojaaercs Bxoi. Eciu B
KBaJpaTe MMEETCsl JUHHS, TO OT HEro IMOJAeTCs €IWHUIA, B NMPOTHBHOM Ciydae — HOIIb.
MHOKECTBO KBaJpaTOB Ha KapTe 3allaeT, TakKuM 00pa3oM, MHOXKECTBO HYJICH W €IUHWUII,
KOTOpO€ M TOJaeTcs Ha BXOAbl mepcenTpoHa. Llemp cocrouT B TOM, YTOOBI HAY4YHUTh
MEePCENTPOH BKIIOYATh WHAMKATOP IPH IOJa4e HAa HETO0 MHOXECTBAa BXOJOB, 3a/IaOIIHX

HCYCTHOC YUCJI0, U HC BKJIIOYATH B CJIy4a€ YC€THOI'O.
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Puc. 1.10. IlepcenTpoHHasi cucTeMa pacno3HaBaHUs H300paKeHUil
Ha puc. 2.10 nmoka3aHa Takasi nepcenTpoHHast KoHpurypamus. J[omyctum, 4to BEKTOp
X sBusieTcs 00pa3oM pacro3HaBaeMOM JEMOHCTPALMOHHOM KapThl. Kaxmas KoMIOHEHTa
(xBampat) X — (X1, X2, ..., Xn) — YMHOXKAETCSI Ha COOTBETCTBYIOIIYI0 KOMIIOHEHTY BEKTOpa
BecoB W — (wy, wy, ..., wy). DTH TPOU3BEACHUSI CYMMUPYIOTCS. Ecin cymma mpeBbIiaeT
nopor ®, To BbIXOJ HeWpoHa Y paBeH €AUHULE (MHAMKATOpP 3a)KUTAeTCs), B MPOTUBHOM
ciaydyae oH — Hojib. Kak Mbl BUJenu B TJ. 1, 3Ta omepanus KOMIIAKTHO 3allUCHIBAETCS B

BekTOpHOH (hopme kak Y = XW, a mocie Hee ClieIyeT MOporoBasi orneparms.

Jlnst oOyuenust cetu 006pa3 X momaeTcs Ha BXOA W Beumcisercs Bbixon Y. Ecom Y
HpaBI/IJIeH, TO HHNYECTO HEC MCHACTCA. OI[HaKO €CJIM BBIXOJ HCHpaBI/IJICH, TO BE€Ca,
NPUCOCTUHEHHBIE K BXOJaM, YCHJIMBAIOUIMM OIIMOOYHBIA pe3ynabTaT, MOAUDUIUPYIOTCA,

4TOOBI YMEHBIIIUTH OITHOKY.

UTo0b! yBUIETH, KaK 3TO OCYLIECTBISETCS, JOMYCTUM, YTO JEMOHCTPALIMOHHAS KapTa
¢ mudpoi 3 mogaHa HAa BXOA U BbIXoA Y paBeH | (mokasbiBask HEUETHOCTH). Tak Kak 3TO

HpaBI/IHLHLH\/'I OTBCT, TO BE€Ca HEC HU3MCHAIOTCA. ECJII/I, OlHAaKO, Ha BXOJ MNOAACTCA KapTa C
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HOMEPOM 4 U BbIXOJ Y paBeH eAuHulle (HEUETHBIN), TO Beca, MPUCOEAUHEHHBIE K € AMHUYHBIM
BXOJIaM, JOJIKHBI ObITh YMEHBIIEHbI, TaK KaK OHU CTPEMSTCS JaThb HEBEPHBIH pe3yJbTaT.
AHaJOrM4HO, €CIM KapTa ¢ HOMEPOM 3 IaeT HYJIEBOM BBIXOJ, TO Beca, MPUCOCIUHEHHBIE K

€MHUYHBIM BXO/IaM, JOJKHBI ObITh YBEIMYEHBI, YTOOBI CKOPPEKTUPOBATH OIITUOKY.
DTOT MeTo 00yUEHUSI MOXKET OBITh MOBITOKEH CICTYIOIIUM 00Pa30M:

1. Tlomath BXOmHO¥ 00pa3 U BHIYUCIHTH Y.
2a. Ecnu BbIXOJ MpaBWIbHBIN, TO NEPEHTH HA miar 1;

6. Ecnmu BBIXOI HENpaBWIBHBIH W paBeH HYIIO, TO J00aBUTh BCE BXOABl K
COOTBCTCTBYIOIIIMM MM BCCaM; UJINU

B. Eciu BbIXOJ HENMpaBWIBHBIA M paBeH €IUHHUIE, TO BbIUECTh KaXIblii BXOA U3
COOTBETCTBYIOILIETO EMY Beca.
3. [Ilepeiitu Ha mar 1.

3a KOHEYHOE YHCJIO IIAr0B CETh HAaY4YUTCA pa3ACiIATb KapThl HA YCTHBIC U HCUCTHBIC

IpU YCJIOBHM, YTO MHOXXECTBO LU(]p JTUHEHHO pa3genumMo. DTO 3HAYUT, YTO IS BCEX
HEYETHBIX KapT BbIXOJ OyAeT OoJjblle mopora, a jisl BCeX YeTHBIX — MeHblIe. OTMETHM, 4TO
3TO 00y4YeHHE II100aIBHO, T. €. CeTh 00yJaeTcsl Ha BCeM MHOXECTBE KapT. Bo3HHKaeT BOmpoc
0O TOM, KakK 3TO MHOKCCTBO HOOJUKHO MPCABABIATHCA, I-IT06I>I MHUHUMU3UPOBATL BpPEMA
oOyueHusi. JIOMKHBI JIM AJIEMEHTHI MHOXECTBA NPEIBSIBIATHCS- MOCIEI0BATENIbHO APYr 3a
JIPYroM WM KapThl CIEIyeT BBIOMpaTh ciaydaitHO? HecinoxHas Teopus CIyXHT 3/eCh

IIyTEBOIUTEIIEM.

JeabTa-npaBujio

Baxxnoe 0000menune anroputMa OOyYeHHsS TEpPCENTpOHA, Ha3bIBaeMoOe JeibTa-
NPaBUJIOM, TIEPEHOCHT TOT METOJ Ha HEMPEPBIBHBIC BXOJBI M BBIXOABI. UTOOBI MOHATH, KaK
OHO OBUIO TMONy4yeHo, Imar2 auropurMa oOOy4eHHs TEepCEeNnTpPOHa MOXKET OBITh
chopMynupoBaH B 0000IIEHHOHN (hopMe ¢ TTOMOIIBIO BBECHUS BEIMUUHBI O, KOTOpasi paBHA

Pa3HOCTH MEXAy TpeOyeMbIM HIIH LEIEeBbIM BbIX0A0M T U peanbHbIM BBIXOJOM Y

0=(T-Y). (2.3)
Cayudait, koraa 6=0, COOTBETCTBYET mIary 2a, KOrja BbIXO/] IPAaBUJICH U B CETH HUYETO

He u3Mmensiercs. [llar 26 coorBeTcTByeT cimyvaro 6 > 0, a mar 2B ciay4aro 0 < 0.

B nmr060M U3 3THX ciTydaeB MepCcenTPOHHBIN aIrOpUTM OOYUCHHSI COXPAHSIETCs, €CIU O
YMHOXACTCA Ha BCIWYUHY KaXAOTO BXOJa X; H 3TO HPOU3BCACHHUC IIOGaBHHeTCSI K
cooTBercTBytonieMy Becy. C 1menbio 0000meHuss BBOAMTCA Kod(DUIMEHT «CKOpoCcTH
00y4eHHUsD» 1)), KOTOPBIA YMHOXAETCS Ha OXj, YTO MO3BOJISICT YIPABIATH CPEIHEH BETHUNHON

HN3MCEHCHHA BECOB.
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B anreGpanyeckoii popme 3anucu

A; =ndx;, (2.4)

w(n+1)=w(n) + A, (2.5)
rae Aj — KOppekius, CBsi3aHHasi ¢ 1-M BXOIOM Xxj; wi(n+1) — 3HaueHue Beca 1 mocie

KOPPEKIIUH; Wi{n) -3HaYeHNE Beca 1 0 KOPPEKITHH.

JenbTa-npaBWio MOAM(HUUIMPYET Beca B COOTBETCTBUM C TpeOyeMbIM U
JIEUCTBUTEIIBHBIM 3HAYEHUSMM BBIXOJA KaXKIOW IOJISIPHOCTU KaK JUI HEIPEPBIBHBIX, TaK U

JUIA 6I/IHapHBIX BXOJ0B U BBIXOJ0B. OTH CBOMCTBA OTKPBIIM MHOKCCTBO HOBBIX HpHJIO)KeHI/II)’I.

TpyaHnocTH ¢ anropuTMoM 00y4eHHsl epCcenTPOHA

MoskeT oKa3aTbcsl 3aTPYAHUTEIbHBIM OIpPENETIUTb, BBINOJIHEHO JH YCIOBUE
pa3neNMMOCTH JJIE KOHKPETHOTO O0Oydaromero MHOXkecTBa. Kpome TOro, BO MHOTHUX
BCTPEUAIOIIUXCS HA TPAKTHKE CUTYAIUSX BXOJbI YACTO MEHSIOTCS BO BPEMEHHU U MOTYT OBITh
pa3nenuMbl B OAMH MOMEHT BpEMEHHM U HepaslenuMmbl B Jpyroid. B mokaszarenbcTBe
anroputMa OOy4YeHHs MepCenTpoHa HUYEro HE TOBOPHUTCS TakXKe O TOM, CKOJIBKO IIaroB
TpeOyercss st oOydeHHsS ceTH. Majo YTEeIUTENbHOTO B 3HaHUM TOTrO, 4TO OOyueHue
3aKOHYUTCS 32 KOHEUHOE YHUCIIO IIAroB, €Clid HEOOXOIMMOE AJIs 3TOTO BPEMsl CPAaBHUMO C
reoJIornueckoi 3moxoil. Kpome Toro, He g10Ka3aHo, YTO MEPCENTPOHHBINA aJTOPUTM OOYICHHS
Oosee OBICTP MO CPABHEHMIO C MPOCTHIM MEePedOPOM BCEX BO3MOXKHBIX 3HAYCHU BECOB, U B

HCKOTOPBIX CIIydadXx 3TOT HpI/IMI/ITI/IBHLII\/'I noaxod MOXKET OKa3aThbCs JIYUIIIC.

Ha »Tu BOmpoChl HHKOrZa HE HaXOAWIOCH YAOBICTBOPUTEIBHOTO OTBETa, OHU
OTHOCATCS K Npupoae oOydaromero Marepuana. B pasnuuHoii gopMe OHUM BO3HHMKAIOT B
NOCJIEAYIOUINX IJaBax, IZI€ PacCMaTpUBAIOTCSl JAPYrHME€ CETeBble MapaaurMbl. OTBETHI IS
COBPEMEHHBIX CeTell KakK MPaBHIIO He OoJiee YAOBIETBOPUTENILHBI, YeM /IS IEPCeNTpOHa. DTH

MPOOJIEMBI SIBIISIFOTCS] BAXKHOM 00JIaCThIO COBPEMEHHBIX UCCIIEI0OBaHUI.
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NnaBa 3.
Mpouenypa obpaTHOro pacnpocTtpaHeHUsA

BBEAOEHWE B NPOUEANYPY OBPATHOIO PACNPOCTPAHEHUA

Jlonroe Bpemsi HE OBIJIO TEOPETUYECKH OOOCHOBAHHOTO aJTOPUTMA JUIsi OOydeHUS
MHOTOCJIOMHBIX UCKYCCTBEHHBIX HEMPOHHBIX CE€TEU. A TaK KaK BO3MOXHOCTHU MPEACTaBICHUS
C MIOMOLIBIO OJHOCJIOWHBIX HEMPOHHBIX CETEM OKAa3aJMCh BECbMA OIrPAaHUYEHHBIMH, TO U BCS

00J1aCTh B 11€JI0M MpHIILIA B YIAJ0K.

Pa3pabotka anropurma 0OpaTHOrO paclpOCTpaHEHHsS Chirpaja BaXKHYIO pOJib B
BO3POKICHUM  HMHTEpeca K  HCKYCCTBEHHbIM  HEWpoHHBIM  ceTsiM.  OOpaTHOe
pacmpocTpaHeHHE — 3TO CHCTEMAaTHYeCKUH MeToi Uil OOYYeHHS MHOTOCIIONHBIX
UCKYCCTBEHHBIX HEHpPOHHBIX ceTeil. OH MMeEeT COJMIHOE MaTeMaTHuecKoe OOOCHOBaHHME.
HecmoTpss Ha HEKOTOpbIE OrpaHUYEHHS, MPOLEAypa OOpPaTHOTO PACHpPOCTPAHEHUS CHIIBHO
pacmupmia ob6iacTb MmpoOjeM, B KOTOPBIX MOTYT OBITh HCIOJb30BaHbl HCKYCCTBEHHBIE

HEHPOHHBIEC CETH, U YOSAUTEIHLHO MPOIEMOHCTPUPOBAJIA CBOIO MOIIIb.

Wutepecna ucropus pa3paboTku mpouenypbl. B [7] Obuto maHO sicHOE M TOJHOE
onmcanue npoueaypbl. Ho kak Toiapko 3Ta pabora Oblia OmyOJMKOBaHa, 0Ka3aa0Ch, YTO OHA
ObLa mpenBocxuieHa B [4]. A BCKOpe BBISICHUJIOCH, UTO €III€ PaHbIe METOJ OB ONKUCaH B
[12]. ABTopbl paGoThl [7] coKOHOMUIU OBl CBOM ycwiMs, 3Haih oHM o pabore [12]. XoTs
noo0HOoe JNyOIMpoBaHUE SBISICTCS OOBIYHBIM SIBJICHHEM I KaXAOW HaydHOH oOiacT, B
UCKYCCTBEHHBIX HEMPOHHBIX CETSX TMOJOXKEHHE C OTUM HAMHOIO Ccephe3Hee U3-3a
MOTPAaHUYHOTO XapaKTepa caMoro IMpeaMeTra uccienoBaHus. MccnenoBanusi Mo HEHPOHHBIM
CeTSM MYONUKYIOTCS B CTOJNb pa3MUYHBIX KHUTAaX M OJKypHaJIaX, 4YTO Jake CaMOMy
KBAJTM(HUIIMPOBAHHOMY MCCIIEIOBATENIO TPEOYIOTCS 3HAUMUTENbHBIE YCWIHSA, 4TOOBI OBITH

OCBEJIOMJICHHBIM O BCEX Ba)XKHBIX pabOTax B 3TOH 00JIACTH.
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OBYYAIOLLIMA ANTTOPUTM OEPATHOIO PACIMPOCTPAHEHUSA

CeTteBble KOHpUTYpALTUT
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Puc. 3.1. UcKkyccTBeHHBI HEHPOH ¢ AKTHBAIIMOHHHON (pyHKIMeH
Hefipon. Ha puc. 3.1 mnoka3aH HEHpOH, HMCHOJb3yEMbIH B KadeCTBE OCHOBHOI'O
CTPOMTENBHOTO OJIOKa B CeTAX 0OpaTHOro pacnpoctpaHeHus. [logaercs MHOXXECTBO BXOJIOB,
UAYMMX JTU00 HU3BHE, TUOO OT IpeauiecTByromero cios. Kaxaplii U3 HUX yMHOXKaeTcs Ha
BEC, W TPOM3BEICHUS CYMMHPYIOTCA. JTa cymma, oOo3Hadaemas NET, momkHa OBITH
BBIYMCIIEHA JUISl KaXJ0ro HelpoHa cetu. Ilocne toro, kak BenmnunHa NET Bbluuciena, ona

MOJIUGPUIHPYETCsI ¢ TOMOIIBIO aKTUBAIIMOHHON (yHKIMHU 1 nonmydaercs curaain OUT.

V77744 T

a8

7 NET —>=

OUT=FINET)=1/{7+2 ")

Y
FINET)= a7 = QU T(1-0U7)

Puc. 3.2. CurmonajibHasi aKTUBAMOHHAS (PYHKIIUS.

Ha pwc.3.2 mnokazana akTtuBanuoHHas (QYHKIUA, OOBIYHO HWCIOJb3yeMas IS

00paTHOTO PAaCIPOCTPAHCHHUSI.
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1
OUT = —— . (3.1)
1+e NET
Kak mnokassiBaer ypaBHeHue (3.2), 3Ta (QyHKIUS, Ha3blBaeMasl CueMoudoM, BeCbMa
yao0Ha, TaKk KaK HMEeT IPOCTYI0 IPOM3BOJIHYIO, YTO HCIOJB3YETCS MpH pealu3aluu

QITOPUTMa 00PaTHOTO PAaCIPOCTPAHCHUSI.

oOUT
ONET

Curmonzi, KOTOpbI MHOTJA HA3bIBACTCS TAKXKE J02UCMUYECKOU, WIN Cocumarouett

= OUT(1 - OUT). (3.2)

@yuxyuet, cyxaet nuamna3on usMenenus NET tak, uro 3HaueHue OUT nexut Mexay HyJaem
u enuHuied. Kak ykas3piBanoch BbIIIE, MHOTOCJIONHBIC HEMPOHHBIEC CETH 00JIanaoT OobIIeit
MPEJCTABIISIIONIE MOIIHOCTBhIO, Y€M OJHOCJIOWHBIE, TOJBKO B Cllydae MPUCYTCTBUS

HenuHerHocTH. CxuMaromasi GyHKIUs 00ecreunBaeT TpeOyeMyro HETMHEHHOCTD.

B neiicTBUTENPHOCTH MMEETCST MHOXKECTBO (DYHKIM, KOTOpble MOTJIH OBl OBITh
UCTIONB30BaHbl. [l anroputma OOpaTHOTO paclpoCTpaHEHHs TpeOyeTcs JHIIb, YTOOBI
byaknus Obuta Bcroay auddepermupyema. CUTrMOHU YIOBIETBOPSAET ITOMY TPEOOBAHUIO.
Ero nmononHuTeNnbHOE MPEUMYILECTBO COCTOUT B aBTOMAaTHYECKOM KOHTpoOJje ycuineHus. J{is
cmabeix curHanoB (BenmmumHa NET Onuska K HyI0) KpuBas BXOZ-BBIXOJ UMEET CHIIBHBIN
HaKJIOH, Jarouiuii Oomnpinoe ycuineHwe. Korma BenW4yMHAa CUTHalIa CTaHOBUTCS OoJible,
yCWJICHHE TajgaeT. TakuMm o00pa3oM, OOJbIINE CHUTHAIbI BOCIPUHUMAIOTCS CEThIO 0e3

HACBIIICHHMS, a CJIa0ble CUTHAIBI TPOXOJIST MO CETH 0€3 Ype3MEPHOTO OCTIA0ICHHS.

MpuorocJjoiiHasl CeThb.

Ha puc. 3.3 u3o0pakeHa MHOTOCIJIOIHAS CETh, KOTOPasi MOKET 00y4aThCs C TTIOMOIIBIO
nmpoueaypsl oOpaTHoOro pacrpocrpanenus. (s scHocTH pucyHOK yrpotieH.) IlepBolit cioit
HEHWPOHOB (COCTMHEHHBIM C BXOIAaMH) CIIYKHUT JIUIIh B KAYECTBE PACIPEACIUTEIbHBIX TOUEK,
CYMMHUPOBaHMSI BXOJOB 37€Ch HE MPOMU3BOAUTCS. BXOMHONW CHUTHA MPOCTO MPOXOIUT Yepe3
HUX K BECaM Ha UX BBIXOJaX. A KaXKJIbIii HEHPOH MOCIEAYIOMNX CcJ0eB BbiaaeT curuaisl NET

n OUT, Kak oImucaHo BEIIIIE.
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Puc. 3.3. /IByxcJ/10iiHas1 ceTh 0OPATHOI0 PACPOCTPAHEHHS (€ — ’KeJIaeMblil CUTHAJ).

B nutepatype HeT eamHOOOpa3us OTHOCUTEIBHO TOTO, KaK CYMTATh YHCIO CIOEB B
Takux ceTsx. OHU aBTOPHI UCIIOJIB3YIOT YUCIIO CI0EB HEMPOHOB (BKIIIOUAs] HECYMMUPYIOIIHNI
BXOJHOW CJIOM), ApyrHe — YHCIO CJIOE€B BeCOB. Tak Kak IIOCJIEIHEE OIpEACIICHHE
(GYHKIIMOHAJIBHO OMHCATEIbHOE, TO OHO OyAeT HCIOJIb30BaThCS Ha MPOTSHKEHUM KHUTH.
CorymacHO 3TOMY OIIpENEIEHHUIO, CETh Ha pHC. 3.3 paccMaTpuBaeTCs Kak BYXCIIOIHas.
Heiipon o0benHeH ¢ MHOXKECTBOM BECOB, NMPUCOSANHEHHBIX K €ro BXoay. Takum obpazom,
BECa MEPBOro CJI0s OKAaHYMBAIOTCS HAa HEMpOHax IMepBoro cios. Bxox pacnpenenuTenbHOro

CJIOA CYHUTACTCA HYJICBBIM CJIOCM.

[Ipouenypa oOpaTHOTO pPacHpOCTPAHECHUS MPUMEHUMA K CETSAM C JIFOOBIM YHCIOM
cinoeB. OgHAKO IS TOTO, YTOOBI MPOJEMOHCTPUPOBATH AITOPUTM, JAOCTATOYHO JBYX CIIOEB.
Ceituac OymyT paccMaTpuBaTbCs JIMIIb CETH TMPSAMOTO JCHCTBUSA, XOTS oOpaTHOE
pacrnpocTpaHeHHE NPUMEHHMO U K CeTsIM C OOpaTHBIMH CBSA3SIMH. OTH Cilydau OynyT

paccMOTpPEHBI B IaHHOM IJ1aBe MO3/IHEE.

OB30P OBYYEHUA

Lenbto oOyueHusi ceTu SBIsETCS Takasl MOJICTPOIlKa ee BECOB, YTOOBI MPHIIOKEHUE
HEKOTOPOTO MHOKECTBAa BXOJIOB MPHUBOJIWIO K TpeOyeMOMy MHOKECTBY BBIXOJOB. Jlis
KPaTKOCTH 3TH MHOXECTBAa BXOJOB M BBIXOJOB OYAyT HasbIBaTbcs eexmopamu. llpu
00y4YeHHHU TPEAIOIAraeTcsl, YTO JJIS KaXKJAO0r0 BXOJHOTO BEKTOPA CYIECTBYET MApHBIA eMy
IIEJICBOM BEKTOp, 3afaromuii TpeOyemblid BBIXOA. BmecTe OHUM Ha3BIBAIOTCSA oOyuarouel
napou. Kak mpaBwmiio, cerb 00y4aeTcsi Ha MHOTHX mMapax. Hampumep, BXomHas 4YacTh

oOydJaromieil mapsl MOXET COCTOSTh W3 Habopa Hyled W eIUHHI], NPEJCTaBISAIOIIETO
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JBOUYHBIN 00pa3 HEKOTOpoil OykBbI anaBuTa. Ha puc. 3.4 moka3aHo MHOKECTBO BXOJIOB IS
OykBbl «A», HaHECEHHOW Ha ceTke. Ecimum depe3 KBaapaT NTPOXOAWT JIUHUA, TO
COOTBETCTBYIOIIMI HEUPOHHBIN BXOJ PAaBEH €AMHUIIC, B MPOTHUBHOM CIy4yae OH PAaBEH HYIIIO.
Brixoa MokeT OBITh YHCIIOM, IPEIICTABISIFOIINM OYKBY «Ay, WU IPYrUM HAOOpOM u3 Hyneil
U €IUHUI], KOTOPBIA MOXET OBITh WCIONB30BAH IS TMOTYYSHHs] BBIXOJHOTO oOpasa. [lpu
HEOOXOIUMOCTH PacCIO3HaBaTh C MMOMOIIBIO CETH Bce OYKBHI asipaBuTa, MOTPEOOBAIOCH OBI 26

oOyuaronux nap. Takas rpymmna o0ydaromux nap Ha3blBa€TCs 00yUarouuM MHOHCECHBOM.

Puc. 3.4. Pacio3naBanune n3o0pakeHnu

[lepen nadamom oOydeHUsST BCEM BecaM JIOJDKHBI OBITh TPHUCBOEHBI HEOONbBINNE
HavalbHbIC 3HAYCHUs, BHIOPAHHBIC CIIydailHBIM 00pa3oM. DTO rapaHTHPYET, YTO B CETH HE
MPOM30MIET HACHIIEHUS OOJBIIUMH 3HAYCHUSMHU BECOB, W IPEIOTBpAINACT P APYTHX
MaTOJIOTUYECKUX ciydaeB. Hampumep, eciu BceM BecaM NpPHUIATh OJMHAKOBHIE HAYaIbHBIE
3HaueHus, a I TpeOyeMoro (pyHKIIMOHMPOBAHUS HYKHBI HEpaBHBIC 3HAUCHUS, TO CETh HE

CMOXXET O0YIHUTHCHI.
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OOyueHne ceTH OOpPAaTHOrO pPACHpPOCTPAHEHUs TPEOYEeT BBINOIHEHUS CIEIYIOIMINX
onepanuii:

1. BoiOparb ouepennyio oOydaromlyro mapy U3 oOydyaroIlero MHOXKECTBA; MOJaTh BXOIAHOM
BEKTOp Ha BXOJ| CETH.

2. Brprancnuth BbIXOJ CCTH.

3. BbuMCINTh pa3HOCTh MEXKIY BBIXOJIOM CETH U TPEOYEeMBIM BBIXOJIOM (IIEJIEBBIM BEKTOPOM
o0yyaromiei mapsr).

4. TlonkoppeKTupoBaTh Beca C€TH TaK, YTOObI MUHUMHU3UPOBATh OLINOKY.

[ToBTOpsATH mIaru ¢ 1 mo 4 A KaxI0ro BEKTOpa 0Oydyarollero MHOXKECTBA 70 TeX MOp,
II0Ka OIINOKA Ha BCEM MHOKECTBE HE JIOCTUTHET MPUEMIIEMOTO YPOBHS.

Onepanuy, BeIMONHAEMbIE MaraMu | U 2, CXOOHBI C TEMH, KOTOPBIE BBIIIOIHIIOTCS
npu (QYHKIMOHMPOBAHUU YyXKe OOYYCHHOH ceTH, T.e. MOJaeTcs BXOAHOH BEKTOp U
BBIUMCIISIETCS] TOJTyYaroluiicss BeIXOA. Bwluncienus BbINONHAIOTCA mocioiHo. Ha puc. 3.3
CHayvaja BBIYMCIIOTCA BBIXOABI HEUPOHOB CIJIOS j, 3aT€M OHU MCIOJB3YKOTCS B KAaueCTBE
BXOJIOB CJIOS K, BBIYUCIISIOTCS BBIXOABI HEHPOHOB €J10s k, KOTOpbIE U OOPa3ylOT BBIXOJHOU

BEKTOD CETH.

Ha mare 3 xaxaelii U3 BBIXOJOB CeTH, KOTOpble Ha puc. 3.3 obGo3nauenst OUT,
BBIYMTACTCS M3 COOTBETCTBYIOMIEH KOMITOHEHTHI II€JIE€BOTO BEKTOpA, YTOOBI IOJIYYHThH
omuOKy. DTa omuOKa MCIIONIB3yeTCs Ha mare 4 a1l KOPPEeKIMK BECOB CETH, IPUYEM 3HAK U

BEJIMYMHA U3MEHEHUN BECOB OIMPEIEISIOTCS AITOPUTMOM 00yUeHUs (CM. HUXKE).

Ilocne 1OCTaTOYHOrO uMCiIa MOBTOPEHMM ATHX UYETBIPEX IAroB PAa3sHOCTb MEKIY
JEHCTBUTEIbHBIMUA  BBIXOJAMU M LEJIEBBIMM BBIXOJAMH JIOJDKHA YMEHBIIMTBCS 110
MPUEMJIEMOM BEJIMYUHBI, IIPH 3TOM TOBOPSIT, YTO Ce€Th 00y4ymnach. Tenepb ceTh UCMOJIb3yeTCs

AJId paCliO3HaBaHUA U BE€Ca HC UBMCHAIOTCA.

Ha marm 1 u 2 MOXHO CMOTpeTh Kak Ha «IpOXOJ BIEpen», TaK KaK CUTHAI
pacmpocTpaHseTCs 1Mo CeTH OT Bxoja K Beixoay. Illaru 3, 4 cocTaBisitoT «0OpaTHBIN TPOXOI»,
3/1eCh BBIYMCIISIEMBI CUTHAJI OLIMOKHU pacnpocTpaHsieTcsi oOpaTHO MO CETH U HCIOJIb3YyeTCs
JUIS TIOJICTPOWKM BECOB. DTH JBa MPOXOJAa Terepb OyAyT AETAIU3MPOBAHBI U BHIPAKCHBI B

Oosiee MmaremaTuyeckot opme.

IIpoxon Bmepea. Illarm 1 m 2 moryr OBITH BBIpaKEHBI B BEKTOPHOH ¢opme
CJIEAYIOIKUM 00pa3oM: MOJAaeTcss BXOAHON BeKTOp X M Ha BBIXOZE IMOJy4aeTcsi BeKTop Y.
Bekropnas mapa Bxog-uenb X u T Oepercs u3 oOydaromiero MHOXXECTBa. BwrumcieHus

MIPOBOJIATCS HAJT BEKTOPOM X, UTOOBI IMOTYIUTh BHIXOHOM BEKTOp Y.

Kak MbI BUienu, BIUACIECHUS B MHOTOCJIOMHBIX CETSX BBIIOIHSIOTCS CIOM 3a CIOEM,
HauMHAs ¢ Omkaiimero k Bxoxy cios. Bemmumna NET kaxkgoro HelipoHa MepBOTO CIIOS
BBIUUCIISICTCS] KaK B3BEIICHHAs CyMMa BXOJOB HEWpoHA. 3aTeM aKTHBAIMOHHAs QyHKIus F

«cxkumaer» NET wm pmaer Benmumumny OUT mns kaxkmoro HedipoHa B 3ToM crioe. Korga
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MHOXCCTBO BBIXOOOB CJIOA MOJTYUCHO, OHO ABJISICTCSA BXOAHBIM MHOXKXCECTBOM AJIA CJICAYIOIICTO
ciosi. [Iporecc moBTOpsieTcs CIIOW 3a cJI0eM, MoKa He OyAeT IMOJIy4eHO 3aKITIOYUTEIFHOEe

MHOX>XECTBO BBIXOA0B CCTH.

OTOT Mmpolecc MOXET OBITh BBIPAKEH B CXKAaTOW (opMe € MOMOIIBIO BEKTOPHOM
HoTanuu. Beca Mexy HelipoHaMH MOT'YT paccMarpuBarhes kak matpuna W. Hanpumep, Bec
oT HeipoHa 8 B cioe 2 Kk HeipoHy 5 cios 3 obo3Hauaercs wgs. Torga NET-Bektop cimost N
MOXXET OBITh BBIp@XKEH HE KaK CyMMa NpOW3BEICHWM, a Kak mpousBeneHne X u W. B
BekTopHOM 0003HadeHnu N = XW. IlokomnoHneHTHbIM npuMeHeHneM (yakiun F x NET-
BekTopy N momydaercs BbixogHod BekTop . Takum o0pazom, sl JaHHOTO CIIOS

BBIYMCIINTEILHBIN IMPONIECCC OMUCBIBACTCA CICAYIOIINM BBIPAXKCHUCM!

0 = F(XW). (3.3)
BbixonHOW BEKTOp OJHOTO CJOSI SIBJISIETCS BXOJHBIM BEKTOPOM ISl CIEAYIOIIETO,
MO3TOMY BBIYMCIIEHHE BBIXOJIOB IOCIEIHEro ciiosi TpeOyeT nmpuMeHeHus: ypaBHeHus (3.3) k

KaXXa10MYy CJIOKO OT BXOJa CETHU K €€ BbBIXOdY.

OO0paTHblii mpoxoa. [loocmpotika 6ecoé 68vbix00H020 clos. Tak Kak IS KaXKIoro
HEHpOHA BBIXOMHOTO CIIOSI 3aJlaHO IIEJICBOE€ 3HAYEHWE, TO IMOJACTPOMKA BECOB JIETKO
OCYIIECTBIISICTCST C  HCIOJB30BAHUEM MOTUGPHUIIMPOBAHHOTO JAETbTa-IpaBWiIa W3 TIIL 2.
BHyTpeHHUE CIIOM Ha3bIBAIOT «CKPBITBIMU CIOSIMHUY, JIJISI MX BBIXOJOB HE UMEETCS LEJIEBBIX

3HaYeHU A1 cpaBHeHHA. [109TOMY 00ydeHne yCnoKHIeTCs.

Ha puc. 3.5 noka3zan npouecc o0y4eHust sl OJTHOTO Beca OT HEHpPOHA p B CKPHITOM
CJI0€ j K HEHPOHY ¢ B BBIXOJTHOM cjoe k. Beixon HelipoHa cios k, BBIUMUTAACHh U3 IIEJIIEBOTO
3Hauenust (Target), maet curHan ommOku. OH YMHOXKAeTCs Ha MPOU3BOJHYIO CKUMAIOIICH
¢ynkuuun [OUT(1 — OUT)], BeluMCIeHHYIO Ui 3TOro HelpoHa cios k, naBasi, TaKuM

00pa3oM, BETUUUHY 0.

0 =0UT(1 — OUT)(Target — OUT) (3.4)
3arem O ymHoxaercs Ha BenmuuuHy OUT HelipoHa j, U3 KOTOPOrO BBIXOAUT
paccMaTpuBaeMblil Bec. DTO NMPOU3BEICHNUE B CBOIO OYepelb YMHOXKAETCS Ha KOA((UIIUEHT
ckopoctr oOydenus 1 (06eraHO OT 0,01 10 1,0), 1 pe3ynbTaT MpUOABISIETCS K BeCy. Takas ke
IpOLEAYypa BBINONHIETCS AJI1 KaXI0ro Beca OT HEHWPOHA CKPBITOTO CJIOSi K HEHPOHY B

BBIXOJHOM CJIOC.
Cnez[yfomne YPaBHCHUA UIINTIOCTPUPYIOT 3TO BBIYHUCIICHUC:!
Awpq,k =M Sq’k ouT (3.5)

Wpqk(n+1) = wpq k() + Awpqk (3.6)
T Wpq k() — BEIMYMHA Beca OT HEHPOHA p B CKPBITOM CJIO€ K HEHPOHY ¢ B BEIXOIHOM

CJIOC Ha marc n (IIO KOppeKLII/II/I); OTMETHM, YTO HMHJICKC k oTHOCHUTCS K CJIOK0O, B KOTOpOM
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3aKaH4YMBaCTCA IIaHHI:II\/'I BEC, T.C., COIMIaCHO MNPUHATOMY B 3TOIl KHHIE COrjiIalmcHu0, C

KOTOPBIM OH OOBEIHMHEH; Wpqk(n+t1) — BenmuumHa Beca Ha mare n + 1 (mocie KOppekuun);

dqx — BEIMUMHA O 1JIs1 HEHpPOHa ¢, B BbIXOAHOM cioe k; OUT, ; — Bennunna OUT mnd HelipoHa

P B CKPBITOM CJIO€ .
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Puc. 3.5. Hactpoiika Beca B BBIX0OJTHOM ¢JI0€

Ioacrpoiika BecOB CKPBITOro €10s. PaccMOTpUM OAMH HEMPOH B CKPBITOM CIIOE,

MPEIIIECTBYIONIEM BBIXOJHOMY cioto. IIpu mpoxoae Bmepea ATOT HEUPOH MepedaeT CBOM

BBIXOJHOM CHUTHAJI HEHPOHAM B BBIXOJHOM CJIO€ Yepe3 COEIUHSIONMNE MX Beca. Bo Bpems

oOy4yeHHs1 3TH Beca (YHKUMOHUPYIOT B OOpaTHOM TMOpSAIKE, MPOIyCKass BEIUYMHY O OT

BBIXOHOT'O CJIOS Ha3al K CKPbITOMY CJIOHO. Ka)KI[BII\/'I N3 5TUX BCCOB YMHOXACTCA HAa BSIIMYUHY

0 HEelpoHa, K KOTOPOMY OH MPHCOCIWHEH B BBIXOJAHOM ciioe. BennunHa o, HeoOXoaumast aJis
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HEHpOHA CKPBITOIO CJ0s, IIOJy4aeTCsd CYMMHPOBAaHUEM BCEX TaKMX IIPOU3BEICHUN H

YMHOXEHHEM Ha IPOU3BOJHYIO CXKUMarOIIed QyHKIuu:

§,, =OUT, (1-OUT, ) Z 8 Woq (3.7)
q

(cm. puc. 3.6). Korga 3HaueHue 6 MOJIy4eHO, Beca, MHUTAIOIIUE TIEPBBIA CKPBITHIM YPOBEHb,
MOTYT OBITh TIOJKOPPEKTHPOBAHBI C MOMOIIbI0 ypaBHeHHH (3.5) u (3.6), rAe HMHAEKCHI

MOJIU(DUIMPYIOTCS B COOTBETCTBUU CO CIIOEM.

BeLxoPuor
JTOEPB U EXBH BT LKpsimsid caod (F)
oxor (7) ozow (7)
w I
ouT;

Hedpon P )

o 0O

Puc. 3.6. HacTpoiika Beca B CKPbITOM CJI0€
Jas xaxaoro HelpoHa B JAHHOM CKPBITOM CJIO€ JIOJDKHO OBITh BBIYHCIEHO O H
MOJICTPOEHBI BCE BECA, ACCOLIMUPOBAHHBIE C ITUM CIIOEM. DTOT MPOLIECC MOBTOPSETCA CIIOHN 3a

CJIOEM IO HAIPABJICHUIO K BXO/Y, IOKa BCE Beca He OyIyT MOAKOPPEKTUPOBAHBI.

C moMoIbI BEKTOPHBIX O0003HAYCHUHN oOmeparus oO0paTHOro pachpOCTpaHCHUS
OIIMOKM MOKET OBIThH 3alKCaHa 3HAYUTEIbHO KoMmakTHee. O003HAYNM MHOYKECTBO BEIUYHH
O BBIXOJHOTO cJiosi uepe3 Dy M MHOKECTBO BECOB BBIXOJHOTO cIIOsI Kak MaccuB Wy. UTOObI

noy4uTh Dj, 6-BEeKTOP BBIXOIHOTO CIIOSI, TOCTATOYHO CIEAYIOIINX ABYX OMEPAIIHIA:

1. VYMHOXHUTH 0-BEKTOP BBIXOAHOTO Clios Dy Ha TPaHCIIOHMPOBAHHYIO MaTpHIly BecoB W'y,
COEIMHSIOLLYIO CKPBITBIN YPOBEHB C BBIXOJHBIM YPOBHEM.

2. YMHOXUTh KaXIyKH0) KOMIIOHEHTY IIOJyYEHHOI'O IIPOM3BEACHUS HA IPOU3BOIHYIO
CKUMaroIel (yHKIMU COOTBETCTBYIOIIETO HEMPOHA B CKPHITOM CJIO€.

B cuMBosbHON 3anucu
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D; = DWW’ $[0; $(1 - 0))], (3-8)
rze oneparop $ B 1aHHOI KHHUTre 0003HAa4aeT MOKOMIIOHEHTHOE MPOU3BEICHUE BEKTOPOB, O —

BBIXOJHOM BEKTOP €Ji0s j ¥ I — BEKTOp, BCE KOMIIOHEHTHI KOTOPOTO paBHHI 1.

JloGaBiieHHe HEIPOHHOr0 cMemieHUsi. Bo MHOruX ciydasx >kelaTeabHO HaAeNsAThb
KOKIBIH HEHpPOH 00ydaeMbIM CMEIIEHHEM. OTO IMO3BOJSIET CABUTATh HAYAIO OTCUYeTa
jJoructuueckor  pyHkmuu, maBas  3¢G(GEKT, AaHAJIOTHMYHBIA  TOJACTPOMKE  Iopora
MEPCENTPOHHOTO HeMpOoHa, U MPUBOJIUT K YCKOPEHUIO Ipolecca 00yueHus. ITa BO3MOKHOCTb
MOYET OBITh JIETKO BBeJIeHa B 00YJaIONIUil aJITOPUTM C MTOMOIIBIO 100aBISIEMOT0 K KOKIOMY
HEHpPOHY Beca, MPUCOCTUHEHHOTO K +1. DTOT Bec o0y4yaeTcs Tak ke, KaKk U BCE OCTaIbHbBIE
BeCa, 3a UCKIIIOYEHHEM TOT'0, UTO MOJjaBaeMblii Ha HETO CUTHaJ BCera paBeH +1, a He BhIXOay

HEWpPOHA MPEIbIAYIIETO CIOSL.

Hmnyabe. B pabore [7] omucan merox ycKopeHHs OOy4deHHs ISl aJIrOpHTMa
00paTHOTO PacIpOCTPaHEHUS, YBEIMUMBAIOIINHN TaKKe YCTOWYMBOCTD MpoLecca. ITOT METO,
Ha3BaHHBIH HMITYyJIbCOM, 3aKJIIOYaeTCs B J00ABICHMM K KOPPEKIMH Beca 4ICHA,
PONOPIMOHATIFHOTO BEIMYMHE IMPEIbIIYyIIero U3MeHeHus: Beca. Kak TONBKO MPOUCXOAMUT
KOPPEKIUsI, OHA <«3allOMMHACTCS» M CIYXHUT JUISI MOAM(HUKAIMM BCEX MOCIETYIOUINX

KOppEeKLHii. YpaBHEHHs] KOPPEKIIUU MOIUPULIUPYIOTCS CIETYIOIUM 00pa3oM:

AWpq(nt1)=1n dqx OUT,; + AW k(1) (3.9)

Wpqk(+1) = wpqi(n) + Awpqk(n+1) (3.10)

rae (0 — ko3 HUIMEHT UMITYJIbCa, OOBIYHO yCTaHaBIMUBaeTcs okoiio 0,9.

Ucnonws3ys Meroa wuMIyiabca, CETh CTPEMUTCA HATH MO JAHY Y3KUX OBparoB
MOBEPXHOCTH OIIMOKHU (€CIM TaKOBbIE UMEIOTCA), a HE JBUTAThCS OT CKIIOHA K CKJIOHY. DTOT
METO/I, I0-BUAUMOMY, XOPOILIO paboTaeT Ha HEKOTOPBIX 3ajjauyax, HO JaeT CJIa0blid WK Jaxe

OTPHIIATENbHBIN 3 (PEeKT Ha APYTHX.

B paGore [8] ommcaH CXOIHBI METOA, OCHOBAHHBI Ha OSKCIOHEHIMATHHOM

CIJIa)KUBaHUH, KOTOPBIM MOXKET UMETh IPEUMYILIECTBO B Psiie MPUIOKEHHH.

Awpg(nt1)= (1-0) 8qx OUTp; + AAWpq k(1) (3.9)

3aTeM BBEIUHCIISICTCS N3MCHEHHE Beca

Wpg k(1) = wpq(n) + NAWpq(nt+1), (3.10)
rae o ko3hUIMEHT criiakuBaHus, Bapbupyemblid u auana3zone ot 0,0 1o 1,0. Ecnu O paBen
1,0, To HOBast KOPPEKIIUS UTHOPUPYETCS M MOBTOPSIETCS mpeasinymas. B o6mactu mexay 0 u
I xoppekiusi Beca CIVIAKMBAETCsl BEIWYMHOW, MPONOpUUOHAIBHON O. [lo-mpexHeMy, m
ABIsIeTCd KO3(PPHUIMEHTOM CKOPOCTH OOyUYeHHMs, CIyXalluM [UIs YIOpPaBICHHUS CpeaHen

BEJINYMHOM NU3MEHEHHS Beca.
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DANBbHEULME ANFTOPUTMUYECKUE PA3SPABOTKU

MHOTMMH  UCCIIEIOBATENSAMH  OBLIM  MPEIUIOKEHBl  YAYYIIeHUS W 000O0IIeHUs
OIIMCAHHOTO BBIIIE OCHOBHOTO aJlTOPUTMa 0OpaTHOroO pacnpocTpaHeHus. Jluteparypa B 3TOH
00JIaCTH CITUIIIKOM OOIIMpPHA, YTOOBI €€ MOXHO OBLIO 37eCh OXBaTUTh. Kpome Toro, ceitvac
ellle CIMIIKOM PaHO JaBaTh OKOHYATEJIbHbIE OLEHKH. HekoTophle M3 3THX MOIXOI0B MOTYT
OKa3aTbCsd JCHCTBUTENBHO (PYHIAMEHTAJIbHBIMH, JPYTHe >K€ CO BpPEMEHEM HCYE3HYT.

HekoTtopsie 13 Hanboaee MHOroo0emamux pa3padoToKk 00CYKIAIOTCS B 3TOM pasele.

B [5] ommcan Meroxm  yCKOpPEHHS  CXOAMMOCTH  alTOPUTMa  OOpPaTHOTO
pactpoctpaHeHus. Ha3BaHHBIM OOpaTHBIM pacCHpPOCTPAHEHHUEM BTOPOTO TMOPSAKA, OH
UCIIOJNIb3YET BTOPHIE MPOU3BOIHBIE JIsl 00Jiee TOYHOM OIEHKU TpeOyeMoil KOPPEKIIMH BECOB.
B [5] noka3aHo, 4TO 3TOT aJITOPUTM ONTHUMAJIEH B TOM CMBICII€, YTO HEBO3MOKHO YJIYUIIIHTh
OLICHKY, MHCIIOJIb3yd NPOM3BOJHBIE Oojiee BBICOKOro mopsiaka. Meton  Tpedyer
JOTIOTHUTENBHBIX BBIYMCICHUN TO CPAaBHEHUIO C OOpaTHBIM paCIpPOCTPAHEHHEM IIEPBOTO
nopsiaka, u HGOGXOI[I/IMI:I II&JIBHGIZH.IPIC SKCHCPUMCHTHI JJIsI JOKa3aTCJIbCTBA OIPAaBAaHHOCTU

ITHX 3aTpart.

B [9] omucan npuBieKaTeNbHBIA METOA YAYUIICHHUS XapaKTEPUCTHUK OOy4YeHUs ceTeit
oOpaTHOrO pacmnpocTpaHeHus. B pabore ykaswpiBaeTcs, 4to oOmenpuHsATeidi oT 0 g0 1
JUHAMHYECKHI /Hara3oH BXOJOB M BBIXOJOB CKPBITHIX HEHMpPOHOB HeonmTuMasieH. Tak Kak
BEJIMYMHA KOPPEKLMU Beca Awpqk NPONOPLHOHANIBHA BBIXOJHOMY YPOBHIO HEHpOHA,
nopoxgaromero OUT,;, To HyleBoi ypoBEHb BEJET K TOMY, YTO BeC He MeHsercd. Ilpu
JBOMYHBIX BXOJHBIX BEKTOpax IOJIOBMHA BXOJOB B CpeAHEM OyAeT paBHa HYNIO, M Beca, C
KOTOPBIMHM OHM CBSI3aHbI, HE OynyT oOydarbesi! PemieHne cocToMT B MPUBENECHUH BXOJIOB K
3HaUYCHMsIM )2 W J100aBIEHUW CMENICHUS K COKUMaromied (QyHKIMW, 9TOOBI OHA TaKKe

npUHUMalIa 3HaueHus +%2. HoBas cxxumaromiast QyHKIMS BBITJSIIUT CISAYIOIUM 00pa3oM:

S VU S
our=-1 Ty (3.13)
C nomomipio TaKuX MPOCTHIX CPEACTB BPEMs CXOJAUMOCTH COKPAIIACTCS B CPEIHEM OT
30 no 50%. D10 sBISETCS OJHUM U3 MPUMEPOB MPAKTUUECKOH MOJIU(PUKAIIUH, CYILIECTBEHHO

yIy4IIaoel XapakTepUCTUKY allTOpUTMA.

B [6] u [1] onrcana MeToMKa IPUMEHEHHUsT OOPATHOTO PAaCIPOCTPAHEHUS K CETSIM C
O0OpaTHBIMU CBSI3SIMH, T. €. K TAKMM CETSIM, Y KOTOPBIX BBIXOJIbI MOJAIOTCS Yepe3 0O0paTHYIO
CBs3b Ha BXxojbl. Kak mokazaHo B 3Tux paborax, oOyueHHE B MOJOOHBIX CHCTEMaxX MOXKET

OBITh OYEHb OBICTPHIM U KPUTEPUU YCTOMUHUBOCTH JIETKO YIOBIETBOPSIIOTCS.
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NMPUMEHEHUA

OOpatHoe pacmpocTpaHeHHEe OBLJIO HCIIOJIB30BAaHO B HIMPOKOH cepe MpUKIaTHBIX
uccienoBaHuid. HekoTopele U3 HUX ONMUCHIBAIOTCS 371€Ch, YTOOBI MPOIEMOHCTPUPOBATH MOIIh

9TOr0 METOJA.

@upma NEC B SInonun o0ObsBUIIa HEIaBHO, YTO OOpAaTHOE paclpocTpaHeHne ObLIO €0
UCIIOJIB30BAHO Il BU3YAJILHOTO PACHO3HABaHUS OYKB, MPUYEM TOYHOCTH IpeBbicHiIa 99%.
OT0 yiyullleHHe ObUIO JOCTUTHYTO ¢ MOMOILBIO KOMOMHALUN OOBIYHBIX aJITOPUTMOB C CEThIO

00paTHOTO pacIpOCTPaHEHHUSI, 00CCIICYHBAOIIECH TOTIOJHUTENLHYIO IPOBEPKY.

B pab6ore [8] mocturnyr Bmnewarsstromuii yerex ¢ Net-Talk, cucremoii, xoropas
IpeBpalaeT NeyaTHbIH aHTJIUMHCKUI TEKCT B BHICOKOKAUYECTBEHHYIO peyb. MarHuTo(hoHHas
3aIlUCh Mpoliecca 00yueHHs CUIbHO HAIIOMHHAET 3ByKH peOeHKa Ha pa3HbIX 3Tanax o0ydeHus

peun.

B [2] oOparHoe pacmpocTpaHEeHHE HCIOJIb30BAJIOCh B MAIIMHHOM PACIO3HABAHUHU
PYKOIIMCHBIX AHIJIMHCKHUX CJIOB. DyKBbI, HOpMaJM30BaHHBIE MO pPa3MEpPy, HAHOCWIUCH Ha
CeTKy, M Opajguch MNPOEKUMU JMHUN, MEpEeceKarolluX KBaApaTbl CETKU. OTH MNPOEKLHU
CIIY’KWJIM 3aTe€M BXOZAaMHU Ui CETH 0OpaTHOTO pacmpoctpaneHus. Cooduianock 0 TOYHOCTH

99,7% mpu UCIIOIB30BaHUH CIOBAPHOTO (pUibTpa.

B [3] coobmanock 00 ycmenmrHoM NpUMEHEHHH OOpaTHOTO PacHpoOCTPaHEHHUS K
CKATHUIO N300paKEHH, KOT/1a 00pa3bl MPeACTaBISUIICh OJHUM OUTOM Ha TTUKCEIb, YTO OBLIO

BOCBMUKPATHBIM YITYUYIICHUCM 110 CPAaBHCHUIO C BXOAHBIMU JTAHHBIMU.

NMPEAOOCTEPEXEHUE

Hecmortps Ha MHOT'OYHCICHHBIC yCIICIIHbIE MPUMEHEHUS oOpaTHOTO
pacrpoCcTpaHEHHs, OHO HE SIBJISETCS maHauee. bosbine Bcero HEMPUATHOCTEH MPUHOCUT
HEONPENEIICHHO JOJTUM Mporiecc o0yueHus. B clI0KHBIX 3amadax st OOy4eHUs CeTH MOTYT
noTpedoBaThCs JHU WM JaKe HEIelId, OHa MOXKET U BooOIe He oOyuuThes. JmuTenbHoe
BpeMsi 00yueHUsI MOKET OBITh Pe3yJIbTaTOM HEONTUMATHHOTO BBIOOpA JUIUHEI Iara. Heymauun
B O00Oy4eHMH OOBIYHO BO3ZHHMKAIOT IO JBYM IPUYMHAM: Tapajnya CETH M TIOMAaJaHus B

JIOKAJIbHBIM MUHHUMYM.

IMapaanu ceTn

B mporiecce 0o0ydeHUs CeTH 3HAUEHUS BECOB MOTYT B pe3ylibTaTe KOPPEKIUU CTaTh
OYCHb 60J'H>I_HI/IMI/I BEJIMUYMHAMHU. JTO MOXKET NpUBCCTU K TOMY, YTO BCC HJIA 60.IIBI_HI/IHCTBO
HEHWPOHOB OYIyT (PYHKIIMOHHPOBATH MpH O4YeHb Oosbmux 3HaueHusXx OUT, B obGnactu, e
MPOU3BOIHAS CXKUMAIOIIECH (QYHKIIMKM OueHb Maja. Tak kKak mocbuiaeMasi 0OpaTHO B IPOIIecCce

o0Oy4yeHus: OmMOKa TMPOIMOPIUOHATIBHA ATOH NMPOM3BOJHON, TO TMPOLECC OOYUYEHHUS MOXKET
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MPAKTUYECKH 3aMepeTh. B TeopeTHueckoM OTHOIIEHHHM 3Ta MpoliieMa IJI0OXO HU3ydYeHa.
OOBIYHO 3TOro M30€erarT yMEHBbUICHHEM pa3Mepa Iara 1), HO 3TO YBEJIWYHBACT BpeMs
oOyueHusi. PaznuuHble 3BPUCTUKU HCIIOJIB30BAIUCH IJIA MPEIOXPAaHEHUs OT Mapajuya Wiu
JUIs. BOCCTAHOBJICHHMSI TOCJIE HEr0, HO IMOKAa YTO OHM MOTYT pacCMaTpPHUBAThCA JUIIb Kak

9KCIICPUMCHTAJILHBIC.

JlokaJbHbBIE MHUHUMYMBI

OO0patHOe pacnpOoCTpaHEHHE UCMONb3YeT Pa3HOBUIHOCTh IPAJUEHTHOrO CIIYCKa, T. €.
OCYILIECTBISIET CIYCK BHMU3 0 IOBEPXHOCTH OIIMOKH, HENPEpHIBHO MOJCTpauBas Beca B
HANpaBICHUU K MHUHUMYMY. [IOBEpXHOCTh OIIMOKM CIOXHOM CETH CWIBHO H3pe3aHa Hu
COCTOUT M3 XOJIMOB, JIOJIHMH, CKJIaJIOK U OBParoB B IPOCTPAHCTBE BBICOKOM pa3mepHOCTH. CeTh
MOJKET IONAacTb B JIOKAJIbHBIH MUHUMYM (HEINIyOOKYIO IOJMHY), KOIZla psSAOM HMeeTcs
ropasio Oosiee TiyOOKMH MHUHMMYM. B Touke JI0KalbHOrO MHHHMMyMa BCE HalpaBICHUs
BEIYT BBEPX, U CETh HECIOCOOHA M3 HEro BeIOpaThcs. CTaTHCTUYECKHE METONbI 00ydeHHUs
MOTYT MOMOYb HM30€XaTh ATOH JIOBYIIKM, HO OHM MeluieHHBL.. B [10] mpeanoxen meron,
OOBEIMHAIONIMNA CTAaTUCTUYECKUE METOAbl MamMHbl Kol ¢ IpagueHTHBIM CITyCKOM
00paTHOrO PacIpOCTPAaHEHUS WU MPHUBOMAIIMN K cHCTEMe, KOTOpas HaXOAWUT TI00albHBIN
MHUHHMYM, COXPaHsisi BBICOKYIO CKOPOCTh OOpaTHOTO pacHpoCTpaHeHUs. ITO 00CyXaaeTcs B

. 5.

Pa3mep mara

BaumartenpHBIl paz0op Jg0Ka3aTenbCcTBa CXOAMMOCTH B [7] TIOKa3bIBaeT, dYTO
KOPPEKIMH BECOB MPEIOaraloTcsi 66CKOHEUHO MajbIMH. SICHO, 4TO 3TO HEOCYIIECTBUMO Ha
IPaKTHKE, TaK KaK BeAeT K OeCKOHEUHOMY BpeMeHH o0yueHus. Pa3mep miara nomkeH Oparbes
KOHEUHBIM, M B 9TOM BOIIPOCE MPUXOAUTCS ONMUPATHCS TOJNBKO Ha OnbIT. Ecnu pa3mep mara
OYeHb Mall, TO CXOAMMOCTb CJMIIKOM MEJUICHHAs, €CIM K€ OYeHb BEJIMK, TO MOXET
BO3HUKHYTh Mapajuy WIM IOCTOSHHAas HeycTtolumBocTb. B [11] ommcaH amanTuBHBIN
QITOPUTM BBIOOpA IIara, aBTOMATHUYECKM KOPPEKTUPYIOIIUI pa3mep Iiara B Ipolecce

00y4eHMsI.

BpeMenHast HEyCTOHYHBOCTH

Ecnu cerp yunTcs pacno3HaBaTh OyKBBI, TO HET CMbICIA y4uTh «by», ecim mpu 3Tom
3a0biBaeTcst «Ax. IIponecc oOydeHus JOKEH ObITh TaKUM, YTOOBI CETh OOydanach Ha BCEM
oOyuaronieM MHOXeCTBe Oe3 TMPOIyCKOB TOrO, 4YTO YK€ BBIYYeHO. B 1mokaszarenbcTBe
CXOIUMOCTH [7] 3TO yclIOBHE BBINOIHEHO, HO TpeOyeTcsl TakxkKe, YTOOBI CETH MPEIbSBIISIINCH
BCE BEKTOPHI OOy4arollero MHOXKECTBa IMPEXAE, YeM BBINOIHIECTCS KOPPEKIHsS BECOB.
HeoOxoauMblie M3MEHEHHsI BECOB JOJDKHBI BRIYMCIISATHCS HA BCEM MHOXKECTBE, a 3TO TpeOyeT

JIOTIOJIHUTENILHON TMaMsTH; TOCIEe psiAa TakuxX OOydJarolmuxX IIMKJIOB Beca COMAYTCS K
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MHUHHMAaJIbHON OIMOKE. DTOT METOJ] MOXKET OKa3aThCsl OECIIONE3HBIM, €CIIU CETh HAXOAUTCS B
MOCTOSIHHO MEHSIIOIIEICS BHEIIHEW Cpesie, TaK YTO BTOPOM pa3 OJUH U TOT K€ BEKTOP MOXKET
yXKe He TOBTOpHUThCS. B 3TOM cimydae mporecc oOy4eHHs MOXKET HUKOT/Ia HE COWTHCH,
OecriennbHO ONyXKAas WIM CHIIBHO OCLIJUTMPYS. B 3TOM cMmbIcie oOpaTHOE pacnpocTpaHeHue
HE MOXOXKe Ha Ouonoruyeckue cucrembl. Kak Oyner ykasaHo B TJI. 8, 3TO HECOOTBETCTBHE

(cpenu mpounx) npuseino k cucreme ART, npunannexameii ['poccoepry.
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MnaBa 4.
CeTn BCTpEYHOro pacnpocTpaHeHus

BBEAEHUE B CETU BCTPEYHOI'O PACINPOCTPAHEHUA

Bo3MokHOCTH ceTH BCTPEUHOTO pacmpocTpaHEHHUs, paspaboraHHo B [5-7],
MIPEBOCXOISAT BO3MOXXHOCTH OJTHOCIIOWHBIX ceTeil. Bpems ke oOydeHHs] MO CpaBHEHHUIO C
00paTHBIM pacIpOCTPaHEHHUEM MOKET YMEHBIIATHCS B CTO pa3. BcTpeuHoe pacnpocTpaHeHue
HE CTONIb O0I0, KaKk OOpaTHOE PacIpOCTPaHEHHE, HO OHO MOXKET JaBaTh PEIICHUE B TEX
NPWIOKEHUAX, TAe aoiras oOywaromias mpolieaypa HEBO3MOXKHA. Byner mokaszaHo, 4To
MOMHMO TPEOJOJCHHS] OTPAaHUYECHUN APYTUX CeTeil BCTpEUHOE pacHpocTpaHeHue oOyagaeT

COOCTBEHHBIMHU HUHTCPCCHBIMHA U MMOJIC3HBIMHA CBOMCTBaMHU.

Bo BCTPCHHOM PACTIPOCTPAaHCHUU O6’be,Z[I/IHeHI>I JABa XOpOoIIO M3BCCTHBIX aJIrOpUTMaA:
camoopranusytomasics kapra Koxonena [8] u 3Be3na I'poccOepra [2-4] (cm. mpunoxenue b).

Nx oObenuHeHne BeeT K CBOMCTBaM, KOTOPBIX HET HU y OJHOTO M3 HUX B OT/ICIBHOCTH.

MeTobl, KOTOpBIE TOA0OHO BCTPEUHOMY PACIPOCTPAHEHUIO, O0BETUHSIIOT pa3InyHbIe
CeTeBbIe MapaJAUrMbl KaK CTPOUTENIbHBIE OJIOKH, MOTYT MIPUBECTH K CETsIM, Oosiee OJIM3KUM K
MO3TY 10 apXUTEKType, YeM JII00bIe Jpyrue OAHOPOIHBIE CTPYKTYphl. Iloxoke, 94To B MO3ry
UMEHHO KAacKaJIHble COCIMHECHUS MOAYJeH pa3IUYHON CIEHNUaIH3aldd  TO3BOJISIOT

BBIINIOJIHATH TpCGyCMBIe BBIYUCICHUSA.

CeTp BCTPEYHOTO pACIPOCTPaHEHUS (YHKIIMOHUPYET TMOAOOHO CTONY CIIPaBOK,
crmocoOHOMYy K 0000meHuto. B mporecce o0yueHHs: BXOJHBIE BEKTOPHI aCCOLMUPYIOTCS C
COOTBETCTBYIOIIMMH BBIXOJHBIMH BEKTOPAaMH. OTH BEKTOPbI MOTYT OBITH JIBOWYHBIMH,
COCTOSAILIMMH M3 HyJIEH W €IWHUI], WIU HenpepbiBHbIMHU. Korna cetb oOyueHa, MpUIIOKEHHUE
BXOJHOTO BEKTOpa NPUBOAUT K TpeOyeMoMy BBIXOJHOMY BekTopy. Oobobmaromas
CHOCOOHOCTh CETH TIO3BOJISIET TIOJYYaTh TPABWIBHBIA BBIXOJ JaXe MPH TPUIOKCHUU
BXOJITHOTO BEKTOpa, KOTOPBIH SIBIISIETCS HETOJHBIM WIIH CJIeTKa HEBEPHBIM. DTO ITO3BOJISET
UCIIONIb30BaTh JIaHHYIO CETh IS pacro3HaBaHUS 00pa3oB, BOCCTAHOBJICHHs OOpa3oB M

YCUJICHHA CUTHAJIOB.

CTPYKTYPA CETU

Ha puc. 4.1 nokazana ympomieHHas BEpCHUsl NPSIMOTO JEUCTBUS CETH BCTPEUYHOTO
pacnpoctpanenus. Ha HeM miutmrocTpupyroTcss GyHKIIMOHABHBIE CBOMCTBA TOW MapaJaurMbl.
[TonHast nByHampaBieHHAas CETh OCHOBAaHA Ha TeX )K€ MPHUHLHUIAX, OHAa O0CYXKIaeTcs B 3TOU

rJ1aBe MO3JHEE.
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HELDOHEL APXOHERZ — Hedporst [pocedenza

Puc. 4.1. CeTb ¢ BCTpe4HbIM pacno3HaBaHueM 0e3 00paTHBIX cBsi3eil

Hetliponsl cnost 0 (moka3zaHHbIE KpPY)KKaMM) CIIy>KaT JIUIIb TOYKAMU Pa3BETBICHUS U HE
BBINOJHAKOT BbluuciaeHu. Kaxapiii HeiipoH cios 0 coeMHEeH ¢ KaXXIbIM HEHpOHOM cios 1
(Ha3piBaeMoro cioeM KoxXOHeHa) OTHENBHBIM BECOM Wp, OTH Beca B LIEIOM
paccMaTpuBaroTCs Kak MaTpuua BecoB W. AHaJIOTMYHO, KaKIblii HEHPOH B cioe KoxoHeHa
(cnoe 1) coenuHeH ¢ KaxabIM HeilpoHoM B cioe I'poccOepra (cioe 2) BecoM Vpp. OTH Beca
o0Opa3yroT matpully BecoB V. Bce 3T0 BecbMa HallOMHMHAET ApPYrHe CETH, BCTpEUaBIIMECS B
IPEIBIAYIINX TJ1aBaX, pa3jaudne, OJHAKO, COCTOUT B OINEpalMsX, BBIIOJIHAEMBIX HEHPOHAMU

Koxonena u ['poccoepra.

Kak u MHOrMe npyrue cetu, BCTPEUHOE paclpocTpaHeHHe (YHKIHOHHMPYET B JIBYX
peXumMax: B HOPMaJIbHOM pEKHME, NPU KOTOPOM INPUHMMAETCS BXOJHOW BEKTOp X H
BbIIa€TCSl BBIXOAHOW BEKTOp Y, U B pexume OOydeHHs, MPU KOTOPOM IOAAETCS BXOJIHOM

BEKTOp M BeCa KOPPEKTUPYIOTCS, YTOOBI 1aTh TPeOyeMblil BBIXOJHON BEKTOP.

HOPMAJIbHOE ®YHKUMOHUPOBAHUE

Ciaou Koxonenna

B cBoeii npocreiimeit popme crnoit Koxonena GyHKIMOHUPYET B yXe «I00EIUTENh
3abupaeT Bcey, T. €. U1 JAaHHOTO BXOJHOTO BEKTOpA OJMH U TOJBKO OJUH HelipoH KoxoHeHa
BBIJJACT HAa BBIXOJE JIOIMYECKYI0 E€IMHHUILy, BCE OCTAJbHBIC BBIIAIOT HOJb. HelpoHsb
KoxoHeHa MOKHO BOCIIPUHUMATh KaK HAOOP 3JIEKTPUUECKUX JIAMIIOYEK, TaK YTO I JII0O0T0

BXOAHOT'O BEKTOpaA 3aropacTcda oaHa U3 HUX.
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AcconuupoBaHHOE ¢ KaxAbIM HeiipoHOoM KoXOHeHa MHOKECTBO BECOB COEIMHSIET €ro
¢ KaxapM BxoaoM. Hampumep, Ha puc. 4.1 neilipon Koxonena K; umeer Beca wyj, way, ...,
Wmi, COCTaBJsIOIIME BecoBOM BeKTOp W,. OHM COCAMHSIOTCA-Y4EpPE3 BXOJHOW CIOH C
BXOJIHBIMH CHTHaJlaMH X|, X2, ..., Xm, COCTaBJISIOIIMMH BXonHOW BekTop X. IlomoOHO
Heiiponam GonbiinHCTBa cereil Beixoq NET kaxmoro Helipona KoxoHeHa siBIsieTcs MpOCTO

CYMMOI1 B3BEHICHHBIX BXOOB. DTO MOXET OBITh BHIPAXKEHO CIEIYIOIIHUM 00pa3oMm:

NET; = wijer + wopxo + ..o+ WiniXm 4.1)

riae NET; — sto Berxox NET nelipona Koxonena j,
NET, =) xw, (4.2)
WUJIM B BEKTOPHOM 3aIllUCH

N =XW, (4.3)
rae N — BekTop BeixoJ10B NET cios Koxonena.

Heiipon Koxonena ¢ makcumansabiM 3HaueHneM NET sBnsercs «mobenurenem». Ero

BBIXO/] paBCH CAUHUILIC, Y OCTAJIbHBIX OH PAaBCH HYIIIO.

Caoii I'poccOepra

Cnoit I'poccbepra ynkmumonupyer B cxomgHoi manepe. Ero Beixonm NET sBusercs
B3BEIIIEHHON CYMMO# BBIXOAOB ki,k, ..., ky ciost Koxonena, oopa3yroniux Bektop K. Bexrop
COEJIMHSAIOIIUX BECOB, 0003HAUEHHBINH uyepe3 V, COCTOUT M3 BECOB Vii, Vi, ..., Vpp. lOrIa

Bbixosr NET kaxkmoro Heitpona ['poccOepra ecth
NET, =) kw;, (4.4)
rae NET; — Beixon j-ro Helipona I'poccOepra, uiu B BEKTOpHOI hopme

Y =KV, (4.5)
rae Y — BbIxonHOM BekTop ciosi I'poccoepra, K — BoixoaHoit Bektop cinost Koxonena, V —

MaTpuiia BecoB cios ['poccoepra.

Ecmu cnoit Koxonena ¢pyHKIIMOHUPYET TaKUM 00pa3oM, YTO JIMIIb y OJTHOTO HEHpoHa
BennunHa NET paBHa equHuLe, a y OCTAIBHBIX PaBHA HYJIIO, TO JIMIIb OJUH JJIEMEHT BEKTOPA
K ornuueH oT Hyns, U BBIUKCIEHUS OYEHb NPOCThl. PaKTUYECKH KaXKIblii HEHPOH CIIOsS
['poccOepra numb BbAACT BEIMYMHY Beca, KOTOPBIM CBS3bIBAET OSTOT HEUPOH ¢

€IMHCTBEHHBIM HEHYJIEBBIM HEHpoHOM KoXxoHeHa.
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OBYYEHMUE CJ10A KOXOHEHA

Crnoit KoxoneHa kiaccu(uIUpyeT BXOAHBIE BEKTOPbl B TPYIIBl CXOXHX. ITO
JIOCTUTAETCS C TIOMOIIBIO TaKOW MOACTPOHKH BecoB ciosi KoxoHeHa, 4To OJIM3KHE BXOJIHBIE
BEKTOPhl AaKTUBUPYIOT OJIMH M TOT >K€ HEHPOH JAHHOrO CJOos. 3aTeM 3ajadeil cios

['poccbepra siBisieTCs MoJTy4yeHHEe TPeOyeMbIX BBIXOJIOB.

Oobyuenne Koxonena sBisgercs camMooOydeHHEM, NPOTEKAOMUM 0€3 Y4uTels.
[ToaTomMy TpyaHO (M HE HYXHO) MpeICKa3bIBaTh, KakOi MMEHHO HelipoH KoxoHeHa Oyaet
AKTUBUPOBATHCS UL 3aJIaHHOTO BXOJIHOTO BEKTOpa. HeoO0XoauMo IWIIb rapaHTHpPOBATH,

4TOOBI B pe3ysbTaTe 00yueHHs pa3AesUICh HECX0KHUE BXOIHBIC BEKTOPHI.

IIpenBapurenbHasi 00padoTKa BXOJAHBIX BEKTOPOB

Becpma sxenmarenbHO (XOTS M HE 00s3aTEIbHO) HOPMAJIM30BAaTh BXOJHBIE BEKTOPBI
nepea TeM, Kak MPEABSBISATh UX CETH. DTO BBHIMOJHSACTCS C MOMOINBIO JICJICHUS KaKIOU
KOMITIOHCHTBI BXOJHOI'0O BCKTOpAa Ha IAJIMHY BCKTOpA. Orta JJIMHA HaXO0JUTCA H3BIICYCHHUEM

KBaJPaTHOT'O KOPHS M3 CYMMBbI KBaIpaTOB KOMIIOHEHT BeKTopa. B anreGpandeckoit 3anucu

X al (4.6)

i 2 2
\/x1 +x, +..tx,

OTO mpeBpalaeT BXOAHON BEKTOpP B €IUHUYHBIA BEKTOpP C TEM K€ CaMbIM HAIPABIICHUEM,

T. €. B BEKTOp €AMHUYHON JUIMHBI B N-MEPHOM IIPOCTPAHCTBE.

VYpaBuenue (4.6) 00001maeT XOpomIo W3BECTHBIM Cly4dall IBYX HM3MEpPEHUH, KOTna
JUTMHA BEKTOpPA PaBHA THIIOTEHY3€ MPSMOYTOJBHOTO TPEYTroIbHUKA, 0OPa30BaHHOTO €T0 X U )
KOMITIOHEHTaMHU, KaK 3TO ClIeyeT u3 m3BecTHou Teopembl [ludaropa. Ha puc. 4.2a Takoit
JBYMEPHBIA BEKTOp V TpPEACTaBIE€H B KOOpAMHATaX X-y, NpUYEeM KOOpAMHATA X paBHA
YeThIpEM, a KoopJuHaTa ) — TpeM. KBaapaTHbli KOPEHb M3 CYMMbI KBaJIpaTOB ATHUX
KOMIIOHEHT paBeH nATU. JleneHue Kaxaoll KOMIIOHEHThl V Ha MsATh JaeT BEKTop V ¢
komroHeHTamu 4/5 u 3/5, rme V' yka3plBaeT B TOM K€ HAIPaBJICHUU, YTO U V, HO UMEET

CIMHUYHYIO JJINHY.

Ha puc. 4.26 nmokazaHO HECKOJBKO E€IUHHUYHBIX BEKTOpOB. OHM OKaHYMBAIOTCS B
TOYKaX €AMHUYHON OKPYKHOCTU (OKPY>KHOCTH €IUHUYHOIO paguyca), 4YTO HUMEET MECTO,
KOTJa y CeTH JHINb JBa BXojAa. B ciiydyae Tpex BXOAOB BEKTOPHI MPEICTABISUIUCH OBl
CTpeJIKaMH, OKaHYMBAIOIIMMUCS HA MOBEPXHOCTH EAMHUYHON cdepbl. ITU NpeACTaBICHUS
MOTyT OBbITh MEPEHECEHbl Ha CETH, UMEIOIINE MPOU3BOJIBHOE YHCIO BXOJAOB, IJI€ Ka)bIil
BXOJHOM BEKTOpP SBJISIETCS CTPEIKOM, OKAHYMBAIOUIEHCS HAa TOBEPXHOCTH E€IWHUYHOU
runepcdepsl  (Mone3HON alOcTpakuueil, XOTs W He JJOMYCKaloleld HermocpeacTBEeHHON

BU3YQJIU3ALIH).
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J/8

Puc. 4.2a. EXMHMYHBIA BXOJHOW BEKTOP

Puc. 4.26. /IBymepHbIe eAUHUYHBbIC BEKTOPbI HA ¢ANHUYHOH OKPY/KHOCTH

[Ipu oOyuenun ciosi KoxoHeHa Ha BXOJ MOJAETCS BXOJHOW BEKTOP M BBIYHUCISIOTCS
€ro CKaJSIpHbIE NPOU3BEACHUS C BEKTOPaMHU BECOB, CBS3aHHBIMH CO BCEMHU HEHMpPOHAMHU
Koxonena. HeiipoH ¢ MakCHMaJIbHBIM 3HAYEHHEM CKAJSIPHOTO MPOU3BEACHHS OOBSIBISCTCS
«mobemuTeneM» W €ro Beca TMOJCTPaWBalOTCsI. Tak Kak CKalspHOE MPOU3BENCHUE,
UCIIOJIb3yeMoe i BelunciieHus: BenuunH NET, sBisieTcs Mepoi CXOACTBAa MEXKIY BXOJHBIM
BEKTOPOM U BEKTOPOM BECOB, TO IMpoliecc 00y4eHUs COCTOUT B BbiOOpe HelipoHa KoxoHeHa ¢
BECOBBIM BEKTOpPOM, Hanbosiee OIM3KUM K BXOJTHOMY BEKTOPY, U JAaJbHEHIIEM MPUOIHKEHUN
BECOBOTO BEKTOpa K BXOAHOMY. CHOBa OTMETHM, YTO MPOLECC SBISETCS CaMOOOydeHHUEM,
BBHIMIONHSAEMBIM 0e3 yuutens. CeTb caMOOpPTaHU3yeTCsl TAKUM 00pa3oM, 4TO JaHHBINH HEHpPOH
KoxoHeHa mMeeT MakCUMalbHBIM BBIXOJ JJIA JAHHOI'O BXOJHOTO BEKTOpa. YpaBHEHHE,

OTHUCHIBAIOIIEE TIPOIIECC OOYUCHUS UMEET CIICIYIOITUN BU/I;

Wy = We + 0(x — W), 4.7)
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I7ie Wy — HOBOE 3HAUEHHUE BECA, COCIAMHSIONIETO BXOAHYIO KOMIIOHEHTY X C BBIUTPABIIUM
HEHPOHOM; W, — PEIbIAYyILee 3HaYCHHUE 3TOro Beca; O — KO3 (HUIMEHT CKOPOCTH 00yUYeHHUS,

KOTOPBI MOXKET BapbUPOBATHCS B MpoOIecce 00yueHusI.

Kaxnplii Bec, CBsA3aHHBIM C BBIMUIPAaBIIMM HeWpoHOM KoxoHeHa, u3MeHseTcs
IIPONOPLUOHAIBHO PAa3HOCTH MEXKJY €ro BEJIMYMHOW M BEIWYMHOM BXOJa, K KOTOPOMY OH
npucoeauHeH. HanpapiieHne M3MEHEHUsT MUHUMHU3HUPYET Pa3HOCTh MEXKIY BECOM H €T0

BXOJIOM.

Ha puc. 4.3 sT0T mporiecc moka3zaH T€OMETpUYECKH B JAByMepHOM Bujae. CHagana
HaxoauTcs BeKTOp X — W, 11l 3TOro MpOBOAMUTCS OTPE30K U3 KoHia W B koHell X. 3arem
OTOT BEKTOpP YKOPAYUBAETCS YMHOXEHHEM €r0 Ha CKALIPHYIO BEIUYUHY O, MEHBIIYIO
CAVUHUIBI, B PC3YJIbTATC YCTO IIOJIYyHAaCTCsA BCKTOP HN3MCHCHUA 6 OKOHYATEILHO HOBBIA
BECOBOW BeKTOp W, SBIIIETCS OTPE3KOM, HAIMPABJICHHBIM W3 Hadaja KOOPAWHAT B KOHEI]
BekTopa O. OTCroa MOXKHO BUIETH, 9TO 3P(HEKT 00yudeHUs] COCTOMT BO BPAIIEHUHU BECOBOTO

BCKTOpa B HAIIPpaBJICHUH BXOOHOI'O BEKTOpa oe3 CYIIECTBEHHOT'O UI3BMCHCHU €TI0 AJIWHBI.

R I -
Z'- BXPPHOH
BEXIZED

Puc. 4.3. BpameHnue BecoBoro Bekropa B npouecce 00ydenusi (W, — BeKTOp HOBbIX
BeCOBBIX KO3(ppuuenToB, W, — BEeKTOp CTapbIX BeCOBbIX KOI(PPULIIEHTOB)

Ilepemennas x siBisiercs:i KO3((UIUMEHTOM CKOPOCTH OOYYEHHUs, KOTOPBIA BHayase
00br9HO paBeH ~ 0,7 U MOXET IOCTENEHHO YMEHBIIATHCS B Ipoiecce OO0ydeHHs. ITO
MO3BOJISICT ACNIaTh OOJIbIIINE HAYaJIbHBIC IIard JIsi OBICTPOro TPpyOoOro OOY4YEHHS M MEHBIIIHE

marv npy noaxonac K OKOHYATEIIFHOW BEITUUHHE.

Ecnu 651 ¢ kaxapM HelipoHoM KoxoHeHa acCOIMMPOBAJICS OJUH BXOAHOIH BEKTOp, TO

cnoit Koxonena mor Obl ObITh OOy4eH C IOMOIIBIO OJHOTO BBIYMCICHHS Ha Bec. Beca
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HEHWpOHA-OOeANTENSI TPUPABHUBAIUCH, Obl K KOMIIOHEHTaM oOyudarormiero Bektopa (O = 1).
Kak mpaBuiio, oOydaroriee MHOKECTBO BKIIIOYA€T MHOTO CXOJIHBIX MEXIY COOOW BXOIHBIX
BEKTOPOB, M CETh JOJDKHA OBITh 00OydeHa aKTHBHPOBATH OJWH M TOT ke HelpoH KoxoneHa
JUTST KOKIOr0 W3 HHUX. B 93TOM cioydae Beca .9TOr0 HEHpOHA JOJDKHBI MONy4aThCs
YCPCAHCHUCM BXOJHBIX BCKTOPOB, KOTOPLIC MHOJIKHBI €TI0 AKTUBUPOBATD. IlocTenennoe
YMCHBIICHUC BCJIMYUHBI a YMCHBIIACT BOSI[CﬁCTBHG KaXaoro OGy‘-IElIOH.ICI‘O nrara, Tak 4To
OKOHYATeJIbHOE 3HaueHHe Oy[eT CpeqHel BEIMYMHON OT BXOIHBIX BEKTOPOB, HAa KOTOPBIX
npoucxoauT obydeHue. TakuM o0Opa3oM, Beca, acCOIMHUPOBAHHBIE C HEUPOHOM, MPHUMYT
3Ha4YCHUE BOJM3H «IICHTPa» BXOJHBIX BEKTOPOB, JJIsi KOTOPBIX JAHHBIA HEHPOH SIBISECTCS

«rro0enuTeneEM.

Br100op HayaJIbHBIX 3HAYEHUI BECOBBIX BEKTOPOB

Bcem Becam cetu mepesa HavyajaoM OOy4eHUs CleAyeT NpUAaTh HayalbHbIC 3HAYCHUS.
OOenpuHATON NMPaKTUKOW MpU paboTe C HEHPOHHBIMHM CETSAMHU SBISETCS MPUCBAUBAHHE
BecaM HEOONBIINUX clydaidHbIX 3HaueHuil. [Ilpm oOyuenun cinos KoxoHeHa ciay4aitHO
BbIOpPAaHHBIE BECOBBIE BEKTOPHI CIIEAYET HOPMaIN30BaTh. OKOHYATE/IbHBIE 3HAUEHHS BECOBBIX
BEKTOPOB TMociie OOy4eHHs COBMAJAIOT C HOPMAJIM30BAHHBIMU BXOJHBIMH BEKTOPAMHU.
[TosToMy HOpManM3alMs Hepea HadaioM OOydyeHHMs MPUOJMKAET BECOBBIE BEKTOPHI K HMX

OKOHYATEJIbHBIM 3HAaYEHUSIM, COKpaIllasi, TAKUM 00pa3oM, o0y4arouuii npoiuecc.

Pannomusanust BecoB cinoss KoxoHeHa MOXET MOPOJUTh CEpbe3HbIe MPOOIEMBbI MPHU
0o0y4eHHH, TaK KaKk B pPE3yJIbTaTe €€ BECOBBIC BEKTOPHI PACHPEICISIOTCS PAaBHOMEPHO II0
noBepxHoCTU rumnepcdepsl. 13-3a TOro, 4To BXoHbIE BEKTOPHI, KaK MPaBUIIO, paCIpeIeIeHbI
HEPAaBHOMEPHO U HMMEIOT TEHACHLHUIO TPYIIUPOBATHCA HA OTHOCHUTEIBHO MAaJIOM YacTH
MOBEPXHOCTHU THIEpCcQephl, OOIBIINHCTBO BECOBBIX BEKTOPOB OYIyT TaK yJaJieHbl OT 0000
BXOJIHOTO BEKTOpa, 4TO OHM HUKOTJa He OYyAyT JaBaTh HAWJIYYIIEro COOTBETCTBUS. DTH
Heliporsl KoxoHeHa OyayT Bcerjja MMeTh HYJIEBOM BBIXOJ U OKaKYTCsl Oecrosie3sHbIMH. boiee
TOT0, OCTABIIMXCSl BECOB, JAIOIIUX HAUIYYIIHE COOTBETCTBUS, MOXKET OKAa3aThCS CIHIIKOM
MaJio, 4TOOBI Pa3/ICIUTh BXOJHBIE BEKTOPHI Ha KIIACChI, KOTOPHIE PACIIOI0KEHbBI OIU3KO IpyT

K JpYyry Ha IOBEPXHOCTHU TUIepchepsl.

JlommycTM, 4TO MMEETCSl HECKOJIBKO MHOXKECTB BXOJHBIX BEKTOPOB, BCE MHOYKECTBA
CXOJ/IHbIE, HO JIOJKHBI OBITh pa3zielieHbl Ha pa3iuuyHble Kiacchl. CeTh T0JKHA ObITh 00y4eHa
aKTUBHMpOBAaTh OTHENbHbIN HelpoH KoxoHeHa s kaxporo kiacca. Ecnu HaudanbHas
IUIOTHOCTh BECOBBIX BEKTOPOB B OKPECTHOCTH OOYyYaromMX BEKTOPOB CIMIIKOM Maja, TO
MOJXET OKa3aTbCsl HEBO3MOXHBIM pa3lelUTh CXOAHbBIE KJIACChl M3-3a TOrO, YTO He Oyxer
JIOCTATOYHOTO KOJMYECTBA BECOBBIX BEKTOPOB B MHTEPECYIOIIEH HAC OKPECTHOCTH, UTOOBI

MNpUNrUCaThb 1Mo OJHOMY M3 HUX KaXKJOMY KJIIACCY BXOJHBIX BEKTOPOB.

61



HaoGopoT, eciau HECKOJBKO BXOAHBIX BEKTOPOB IOJIYYEHBl HE3HAYUTEIbHBIMHU
M3MEHEHHUSMHU U3 OJHOTO U TOro e 00pa3lia U JIOJKHBI ObITh 00BEAMHEHBI B OAUH KJacc, TO
OHM JIOJDKHBI BKJIIOUATh OJUH M TOT ke HelipoH Koxonena. Ecnu ke IIIOTHOCTH BECOBBIX
BEKTOPOB OYEHb BHICOKA BOJIM3M TPYIIIBI CJIETKA Pa3IMYHBIX BXOAHBIX BEKTOPOB, TO KaXKIbIH
BXOJIHOM BEKTOpP MOJKET aKTUBUPOBATh OTHAEIbHBIM HEilpoH KoxoHeHa. JTo He sBIseTCS
KatacTpodoi, Tak Kak cior ['poccOepra MoKeT 0TOOpa3uTh paziuyHble HepoHbl KoxoHeHa

B OJIMH U TOT 7K€ BBIXOJ], HO 3TO pacTOYUTENIbHAs TpaTa HelipoHoB KoxoHeHa.

Haubonee jxenmaTenbHOE pEIICHHE COCTOMT B TOM, YTOOBI PACIpeAeNsiTh BECOBBIC
BEKTOPHl B COOTBETCTBHHM C IUIOTHOCTHIO BXOJHBIX BEKTOPOB, KOTOPHIE JOJDKHBI OBITh
pas3ziesieHbl, MoMelas TeM CaMbIM OOJIbIIle BECOBBIX BEKTOPOB B OKPECTHOCTH OOJBIIOTO
YHClla BXOJHBIX BEKTOpoB. Ha mpakTHke 3TO HEBHIMOIHUMO, OJJHAKO CYILECTBYET HECKOJIBKO

MCTOJ0B HpI/I6HI/DK€HHOFO JOCTHIKCHHA TCX KE uenef/i.

OnHO W3 pelieHuil, W3BECTHOE IMOJ Ha3BAaHUEM Memoodd 6bINYKIOU KOMOUHAyUU
(convex combination method), cocTouT B TOM, 4TO BCE Beca MPHUPABHUBAIOTCS OJHON M TOU

KE BECIINYHUHEC

I7€ n — YUCJIO BXOJOB M, CIICOBATEIHHO, YHUCIO KOMIIOHEHT Ka)KIOTO BECOBOTO BEKTOpA.
brnaronapst 35ToMy Bce BECOBBIC BEKTOPHI COBMANAIOT W MMEIOT €IMHHYHYIO IauHy. Kaxmoi
’K€ KOMIIOHEHTE BX0/a X MPUIAETCs 3HAaUCHHE

1-a
X, =ax; +

i 9
Avn
rac n — 4ucjio BXOOOB. B Ha4yajge O OYECHb MaJjlo, BCJICACTBUE 4YCTO BCC BXOJHBIC BeKTOpBI

UMEIOT JJIHNHY, OJIHM3KYI0 K %/—, U TOYTH COBMAJAIOT C BEKTOpaMu BecoB. B mpouecce
n

oOyueHust ceTd O TOCTENCHHO BO3pPACTAaeT, MPUOMIKASCh K EAWHMIE. DTO TO3BOJSET
pa3iensaTh BXOJIHBIC BEKTOPHI M OKOHYATEIHHO MPUIUCHIBACT UM WX HWCTHUHHBIC 3HAYCHHS.
BecoBbie BEKTOpPBHI OTCIICKHBAIOT OJUH WA HEOOJBINYIO TPYIIY BXOJIHBIX BEKTOPOB U B
KOHIle OOyueHHUs MAlT TpeOyeMylo KapTHUHY BBIXOAOB. METOJ BBIMYKIOW KOMOWHAITUU
Xopomio paboTaer, HO 3aMeUIsIeT Tmporecc OOydeHHs, TaK KaK BECOBBIC BEKTOPHI
MOACTPANBAIOTCS K M3MEHSIomEeHcs 1enu. [pyroi moaxoa COCTOUT B JI0OABJICHUU ITyMa K
BXOJIHBIM BEKTOpaM. TeM camMbIM OHH TOJBEPrarOTCs CIy4allHbIM U3MEHCHUSIM, CXBAThIBas B
KOHIIE KOHIIOB BECOBOH BEKTOp. ODTOT MeETOJ Takke paborocmocobeH, HO eme Oonee

MEJICHEH, YeM METO/I BBIITYKJION KOMOMHAITUH.

Tpertuidk MeTOA HAYMHAET CO CIyYallHbIX BECOB, HO HAa HAYaJIbHOM CTAaJUU

06yqammero nponecca nmoacCTpamBacT BCC BECA, 4 HC TOJIBKO CBA3AHHBIC C BbIMI'PABUINM
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Heliponom KoxoneHa. Tem caMbIM BeCOBBIE BEKTOPHI IMEPEMEMIAIOTCS OKe K 00JIacTh
BXOJIHBIX BEKTOPOB. B mpouiecce o0yueHus: KOppeKys BECOB HAUWHAET MPOU3BOAUTHCS JTUIIb
JUIs Omkaimux K mooenutento HelpoHoB KoxoHeHa. DTOT paanyc KOPPEKIMH MOCTEIIEHHO
YMEHBIIAETCs, TaK YTO B KOHIIE KOHILIOB KOPPEKTHPYIOTCS TOJBKO BEca, CBSA3aHHBIE C

BBIMTPaBIIMM HelipoHoM KoxoHeHa.

Eme oamn wMeron  Hagenser Kaxabld  HeiipoH  Koxonena  «YyBcTBOM
crpaBenTUBOCTHY. ECITM OH cTaHOBUTCS MOOEAMTENIEM Yallle CBOSH 3aKOHHOW JTOJIM BPEMEHU
(mpumepno 1/k, rae k — uncno HeiiponoB KoxoHeHa), OH BpeMEHHO YBEJIIMYUBAET CBOM MOPOT,
YTO YMEHBINAET €ro MIAHCHI Ha BBIMTPHIMI, JaBas TEM CaMbiM BO3MOXHOCTH OOy4aThbCs U

JIPyTUM HEMpOHaM.

Bo MHOrMX TpHIOKEHUSX TOYHOCTh pe3yibTaTa CYIIECTBCHHO 3aBHUCHUT OT
pactipenenieHusi  BecoB. K cokaneHuio, A(PQPEKTUBHOCTh  PA3NUYHBIX  PELICHUN

MCUEPIIBIBAIOIINM 00pa30M He OIIEHEHA U OCTAETCs MPOOIIEMO.

PexxuMm nHTEpnOISIIMHA

Jlo cux mop Mbl 00CYKIanu aaropuT™M oOydeHHs, B KOTOPOM JUIsl KaXJI0r0 BXOJHOIO
BEKTOpa AKTUBUPOBAICA JHUIIb OJUH HelpoH KoxoHeHa. DTO Ha3bIBaeTCs Memooom
axkkpeoumayuy. Ero TOUHOCTh OrpaHMYEHA, TaK KaK BBIXOJ MOJHOCTBIO SIBIIsCTCS (DyHKIMEH

JIMIIb 0JJHOTO HeiipoHa KoxoHeHa.

B wmemooe ummepnonayuu tuenas rpymnmna HelpoHoB KoxoHeHa, HWMEROIIMX
HanOOJIbIINE BBIXO/BI, MOXET IEpeaaBaTh CBOM BBIXOJHBIE CUTHaJbl B cioi ['poccOepra.
Yucno HEWpPOHOB B TaKOM TIpymie IOJKHO BBIOMpATbcs B 3aBUCUMOCTH OT 3ajlaud, U
yOeIUTENbHBIX JAHHBIX OTHOCHUTEJIBHO ONTHUMAJIBHOIO pa3Mepa Ipynnsl He umeercs. Kak
TOJIBKO TPYIINa ompejesieHa, ee MHOkecTBO BbixoaoB NET paccmarpuBaeTcs Kak BEKTOP,
JUIMHA KOTOPOTI'0 HOPMAJIM3YEeTCsl HAa €AMHULYY AcleHreM Kaxaoro 3HadeHuss NET Ha kopeHb
KBaJpaTHbIA M3 CyMMbl KBajapartoB 3HaueHU NET B rpynme. Bce HEMpOHBI BHE IPYIIIBI

HMCIOT HYJICBBIC BBIXO/bI.

MeTtoa MHTEpHOJALMM CHOCOOEH YCTaHABIMBATH OOJIee CIIOXKHBIE COOTBETCTBHUSA U
MOXET JaBaTh Oojiee TOYHBbIE pe3ynbTarhl. [lo-mpexHeMy, OJHAKO, HET YOeAMTEeNbHBIX

JAaHHBIX, TO3BOJIAIOIINUX CPABHUTL PC)KUMbI HHTCPIIOJIALUNA U aKKPCAUTAIUH.

CraTtucTtuveckne CBOWCTBA 00y4eHHON ceTH

Merton oOydyenuss KoxoHeHa o00sagaeT MOJE3HOW W HMHTEPECHOW CIOCOOHOCTHIO
U3BJIEKATh CTATHUCTUYECKUE CBOMCTBA M3 MHOXKECTBA BXOJHBIX JaHHBIX. Kak mnoxaszaHo
Koxonenom [8], naisi MONHOCTBIO OOYYEHHOM CETH BEPOSTHOCTH TOTO, YTO CIIydailHO
BBIODAHHBIA BXOJHOH BEKTOpP (B COOTBETCTBUM C (YHKLUMEH IUIOTHOCTH BEPOSITHOCTU

BXOJHOTO MHOXKECTBa) OyzmeT OmkaimmM K J000My 3aaHHOMY BECOBOMY BEKTOPY, paBHA

63



1/k, tne k — uucno HeiiponoB KoxoHeHa. DTO sBISETCS ONTUMAIBHBIM paclpe/ieieHuEM
BecoB Ha rumnepcdepe. ([Ipeamonaraercs, 4To HCHONB3YIOTCS BCE BECOBBIC BEKTOPBI, UYTO
MMeeT MECTO JIMIIb B TOM CIIydae, €CIIM MCIOJIB3YeTCS OJWH U3 OOCYKIABIIMXCS METOIOB

pacnpezesieHus BECOB. )

OBYYEHMUE CJ10A4 TPOCCBEPTA

Croii I'poccbepra obyuaeTcsi OTHOCHTENBHO MPOCTO. BXOMHON BEKTOp, SBISIOUIUICS
BBIXO/IOM cios KoxoHeHa, momaeTcsi Ha CioW HeWpoHOB ['poccOepra, W BBIXOABI CIOS
['poccOepra BBIYUCIAIOTCS, KaK NP HOpMaJIbHOM (DyHKIIMOHMpOBaHUHU. [lanee, Kaxaplii BeC
KOPPEKTUPYETCS JHIIb B TOM CIIy4ae, €CJIM OH COeUHEH ¢ HelipoHoM KoxoHeHa, uMeromum
HEHYJIEBOM BBIXOJ. BennunHa KOppeKkuuu Beca NMPONOPLMOHAIBHA PA3HOCTH MEKIY BECOM U

TpeOyeMbIM BBIXOZIOM HelpoHa ['poccOepra, ¢ KOTOPBIM OH COeTMHEH. B CUMBOIBHOM 3amucu

Viin = Vije T B — vijo)ki, (4.8)
rae ki — BeIxoJ i-ro HelipoHa KoxoHeHa (ToabpKo 11 ogHoro Helipona KoxoHeHa OH oTiandeH

OT HyJIs1); j — j-as1 KOMIIOHEHTa BEKTOpA ’KEJIAEMbIX BBIXOJIOB.

IlepBonauansuo [3 Gepercst paBHbIM ~0,1 W 3aTeM IMOCTENCHHO YMEHBIIAETCS B

rporiecce 00ydeHUsI.

Otcrona BUAHO, 4TO Beca ciosi ['poccOepra OyayT CXOAUTHCS K CPEIHUM BEITMYMHAM
OT XKCJIAaC€MbIX BBIXOOOB, TOrJa KaK BECa CJI0A Koxonena 06yan0Tc;1 Ha CPpCIHUX 3HAYCHUAX
Bxon10B. OOyuenue cnost ['poccbepra — 3To oOyueHUE ¢ y4dUTeNIeM, alTOPUTM PACIOIaraeT
KEJTaeMbIM BBIXOJIOM, TI0 KOTOpoMy OH oOy4aetrcs. OOydvaromnmuiics 0e3 y4duTens,
camoopraHusyomuiicst cioii KoxoHeHa faeT BBIXOJABI B HEIETCPMUHHPOBAHHBIX MO3UIIHSIX.

Onu oToOpakaroTCs B JKeIaeMble BBIXOIbI ciioeM ['poccOepra.

CETb BCTPEYHOI'O PACINPOCTPAHEHUA NOJIHOCTBLIO

Ha puc. 4.4 noka3zaHa cerb BCTPEYHOrO PACIPOCTPAHEHHsS ULEIUMKOM. B pexume
HOPMAaJIBHOTO (DYHKITMOHUPOBAHUS MPEABSIBISIOTCS BXOJHbBIE BEKTOPHl X U Y, U OOydeHHas
CeTh JAaeT Ha BbIXOJE BEKTOPbl X’ W Y’, SBISAIOIIMECS ANMPOKCUMAIUSIMU COOTBETCTBEHHO
g X u Y. Bekropel X u Y mpeanonararores 34€Ch HOPMAJIM30BaHHBIMU €IMHUYHBIMU
BEKTOpaMH, CIIEJIOBATEIbHO, TMOPOXKIAeMbIle Ha BBIXOJIE BEKTOPHI TaKke OyAyT HMEThb

TCHACHII WO OBITh HOPMaJIW30BaHHBIMH.

B mpouecce oOyuenust BekTopsl X ¥ Y MOAAIOTCA OJHOBPEMEHHO M KaK BXOJHBIE
BEKTOPBI CETH, U KaK jKeJlaeMble BBIXO/IHbIC cUTHAJBL. BekTop X ucnonb3yercs st o0ydeHus
BBIX0JI0B X’, a BekTop Y — s 0o0y4deHust BoixonoB Y’ cios ['poccOepra. CeTh BCTPEUHOTO
pacnpocTpaHeHHs LETUKOM 00y4yaeTcs ¢ UCIOIb30BaHUEM TOTO K€ CaMOr0 METOa, KOTOPbIi

onMchIBaiCs A ceTu mnpsimoro aeicteus. Heliponsl KoxoHeHa NpuUHUMAOT BXOAHBIE
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CUTHAJIBI KaK OT BEKTOPOB X, TaK U OT BEKTOPOB Y. Ho 3TO HEOTIIMYMMO OT CUTyaluu, Koraa
UMeeTCs OJMH OONBIIONW BEKTOP, COCTABIICHHBIH M3 BEKTOpOoB X W Y, M HE BIHUACT HaA

aJITOPUTM OOyUCHUS.
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Puc. 4.4. ITosiHasi ceTh BCTPEYHOIr0 pacnpocTPaHeHHs

B kauecTBe pe3ynbTHPYIOLIETO MOIyYaeTcs eIUHHUYHOE OTOOpakeHUe, MPU KOTOPOM
NpeIbsBICHUE Mapbl BXOAHBIX BEKTOPOB MOPOXKAAET KX KONUM Ha BbIXOJAE. OJTO HE
MPEJICTaBIsIeTCS. OCOOCHHO HMHTEPECHBIM, €CIM HE 3aMETUTh, YTO MPEIbSIBICHHUE TOJIbKO
BekTopa X (¢ BeKTOpoM Y, paBHBIM HYJIIO) MOPOXKJIAET KaK BBIXOJbI X’, TaK U BBIXOJBI Y’.
Ecnu F — ¢ynkuus, oroOpaxkatomas X B Y’, TO ceTh anmpoKCUMHpYeT ee. Taxxke, ecnu F
obpaTtuMa, TO TPEAbSBICHHE TOJBKO BekTopa Y (mpupaBHHMBas X HYJ0) Mopoxkaaer X’.
VYHukanpHast CIOCOOHOCTh MOPOXKIATh (PYHKITUIO M 0OpaTHYIO K HEH JIEIaeT CeTh BCTPEYHOTO

pacrpoCTpaHEHHUS MTOJIE3HOU B PSIAE IPUIOKECHUH.

Puc. 4.4 B ortnuuue OT mepBOHAYAIBHONH KOH(HUrypauuu [5] HE IEeMOHCTPUpPYET
MIPOTUBOTOK B CETH, MO KOTOPOMY OHa MOJIydyWsia CBOe Ha3BaHue. Takas ¢opma BblOpaHa
MMOTOMY, YTO OHA TaKXXe WJITIOCTPUPYET CeTh 0€3 0OpaTHBIX CBSI3EH M TMO3BOJISET 000OIIHTH

MOHATHUA, PA3BUTHIC B IPCABIAYIIUX IIaBaX.
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NMPUNOXEHUE: CXKATUE OAHHbLIX

B nomonHenume K OOBIYHBIM (YHKLIHSM OTOOpPaXEHHST BEKTOPOB BCTPEYHOE
pacnpoCTpaHEHNE OKA3bIBACTCS TOJIE3HBIM U B HEKOTOPBIX MEHEE OYEBHIHBIX MPHKJIATHBIX

obnacTsx. OI[HI/IM W3 Hauboee HHTCPCCHBIX ITPUMCEPOB ABJIACTCA CXKATHUEC JaHHBIX.

CeTb BCTPEYHOTO PACTIPOCTPAHEHHS MOXKET OBITh MCIIONH30BAHA JUISI CXKATHS JTAHHBIX
nepen WX Iepenadyeil, yMEHbIIas TeM CaMbIM YHCIO OHTOB, KOTOpBIE IOJKHBI OBITh
nepenansbl. Jlomyctum, yTo TpedyeTcs mepeaarb HeKoTopoe n3oodpaxkeHue. OHO MOXKET OBITh
pazouto Ha moam30o0pakeHUs S, Kak Moka3zaHo Ha puc. 4.5. Kaxmoe mommzoOpaxkeHue
pa3dburo Ha mHUKcenun (MenpyaiiMe 3NMeMeHThl  u300pakeHus). Torma  Kaxaoe
noau300pakeHNE SIBJISIETCSI BEKTOPOM, OJJIEMEHTaMH KOTOPOTO SIBIISIOTCS THKCENH, U3
KOTOPBIX COCTOMT Moau3o0pakeHue. JlomycTuM it IPOCTOTHI, YTO KaXKIblii MTUKCEIb — 3TO
eauHUIA (CBET) WK HYJb (YepHoTa). Eciu B mogn300pakeHny UMeeTCsl 7 TUKCENIeH, TO JJIs
ero mepenaun norpedyercs n Out. Ecnm nomycTuMbl HEKOTOpbIE HCKaKEHHs, TO IS
nepeaayd THUIMYHOTO HM300pakeHus: TpeOyeTcs CYIIECTBEHHO MEHbIIee YUCIO OWUTOB, YTO
MO3BOJISIET TIepenaBaTh W300pakeHHs ObICTpee. DTO BO3MOXKHO H3-3a CTaTUCTHYECKOTO
pacripesie/ieHus] BEKTOPOB Mon300pakeHuil. HekoTopble U3 HUX BCTpEeyaroTCs 4acTo, TOT/AA
KaK JIPyrHe BCTPEUAIOTCS TaK PEKO, YTO MOTYT OBITh Ipy00O ammpoKCHMHUPOBAaHBI. MeTof,
Ha3bIBAEMBI GEKMOPHbIM KEAHMOBAHUEM, HAXOIUT OoJiee KOPOTKHE TOCIEI0BATEIbHOCTH

OMTOB, HAMIYYIIIUM 0OpPa30M MPECTABISIONINE STH TTOAN300paKESHHUS.

S

Sz Sin

[TUKCERD

mi mn

Puc. 4.5. Cucrema c:xxaTust n300pakeHuit.

CeTh BCTPEUHOTO PACHpPOCTPAHEHHUS MOXKET OBITh HCIIOJIb30BaHA IS BHITIOJHEHUS
BEKTOPHOTO KBaHTOBAaHMS. MHOXXECTBO BEKTOPOB MMOAM300pPaKEHUN HCIHOJIb3YeTCsl B

KadecTBe BXoja Juisi oOydeHus cinos KoXOoHEHa Mo MeTOoay akKpeauTallid, KOTrja JIHIIb
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BBIXOJI OJHOTO HeipoHa paseH 1. Beca cnost I'poccOepra oOyuaroTcst BblaBaTh OMHApPHBIN
KOJl HoMepa Toro HelpoHa KoxoHeHa, BbIxo1 KoToporo paseH 1. Hampumep, eciin BBIXOAHOM
curHan HewWipoHa 7 paBeH 1 (a Bce ocrambHbie paBHBI 0), To cimoi I['poccOepra Oymer
obyuathbcst BbimaBath 00..000111 (mBomunbid kKOn umcna 7). DTo U OyAeT SBIATbCA Oolee

KOpOTKOI\/'I OUTOBOMU NMoCJICA0BATCIIbHOCTBIO NICPEAABACMbBIX CUMBOJIOB.

Ha nmnpuemMHOM KOHIlE HAEHTUYHBIM 00pa3oM o0Oy4eHHas CeTh BCTPEYHOIO
pacnpocTpaHEHUs] MPUHUMAeT JBOMYHBIA KO U pealn3yeT oOpaTHylo (yHKIUIO,

ANMPOKCUMUPYIONIYIO IEPBOHAYATIBHOE MTOAN300paXKeHHUE.

DTOT METOA NMPUMEHSJICS KaKk K peyd, Tak U K u300pakeHHsM, ¢ KoddduumeHTom

'

cxkatuss gaHHbix ot 10:1 mo 100:1. KagecTtBo ObLIO ' mpUeMIIEMBIM, XOTS HEKOTOPHIC

HCKAXXCHU NaHHBIX Ha IPUEMHOM KOHIIC HEN30C)KHBI.

OBCYXOEHUE

PobGepr Xexrt-Hunbcon, co3marens cetu BcTpeuHoro pacnpoctpanenusi (CBP),
oco3HaBasl ee orpaHuueHus: «CBP, koHeuHo, ycTymaer oOpaTHOMY pacHpOCTPaHEHHUIO B
OOJIBIIMHCTBE MPUIIOKEHUH, CBA3aHHBIX C CETEBBIMU OTOOpakeHusiMH. Ee mpeumyiiectBa B
TOM, 4TO OHA MPOCTA U JAET XOPOIIYI0 CTATUCTUYECKYIO0 MOJEIb AJIsl CBOEH Cpelbl BXOAHBIX

BekTOpOB» ([5],c. 27).

K »sromy MoOXHO 100aBUTH, YTO CETh BCTPEYHOIO PpACHPOCTPaHEHUs OBICTPO
oOyyaeTcsi, U TpU MPaBHIBHOM HCIOJIb30BAHUM OHA MOXET COKOHOMUTH 3HAYUTEIBHOE
KOJINYECTBO MAIIMHHOTO BpeMeHH. OHa Moje3Ha Takke Ui ObICTPOro MOJAETHPOBAHHUS
cucrteM, rae Ooublas TOYHOCTH OOPATHOTO PACHpPOCTPAHEHUS BBIHYXKAAET OTAATh €My
MpeINoYTeHuEe B OKOHYATEIbHOM BapHaHTEe, HO BaKHA OBICTpas HavajabHAs almpoKCUMAIIHS.
Bo3MoxxHOCTE MOpokIaTh GYHKIUIO U 00paTHYIO K HEll Takke HAlLIo MPUMEHEHHE B psle

CHUCTEM.
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MnaBa 5.
CToxacTunyeckme metoabl

CroxacTudyecKkue METOJbI MOJIE3HBI KaK AJisi OOY4eHHUs MCKYCCTBEHHBIX HEHPOHHBIX
ceTel, Tak W JUIsl TIOJIYYCHHs BBIXOJIa OT YK€ 00ydeHHOH ceTh. CTOXaCTUYECKHUE METOIbI
00y4YeHHSI TPUHOCAT OOJBIIYIO TOJB3Y, MO3BOJISISI HMCKJIIOYATh JIOKAIbHBIE MHUHHUMYMBI B

nporiecce o0yueHus. Ho ¢ HUMM Takxke CBs3aH psJl MpoOIeM.

Hcnonp3oBaHWEe CTOXACTUYECKHX METOZOB JUIS TIONYYEHHsS] BBIXOJA OT YiKe
00Yy4YEeHHOM CETH paccMaTpUBaJIOCh B pabote [2] u obcyxmaercs HaMu B Ti1. 6. JlaHHas Ti1aBa

MNOCBAIICHA MECTOAAM O6y‘-ICHI/I$I CCTH.

NCcnoJib3OBAHUE OBYYEHUA

HckyccTBeHHass HeMpoHHas ceTh 00y4aercsi MOCPEACTBOM HEKOTOPOTO Ipolecca,
Monupuuupyromero ee Beca. Ecnu o0ydeHue ycrenrHo, To NpeabsBI€HUE CETH MHOXKECTBA
BXOJIHBIX CUTHAJIOB MPHUBOJAUT K MOSIBICHUIO KEJIAaeMOT0 MHOKECTBA BBIXOJHBIX CHUTHAJIOB.

Nmeercs 1Ba Ki1acca 00y4aroUIMX METO/IOB: IE€TEPMUHUCTCKAN M CTOXAaCTHYECKHIM.

Jemepmunucmcekuii memoo obyuenus IIar 3a IIAroM OCYLIECTBISIET MPOLEAYPY
KOPPEKIIMH BECOB CETH, OCHOBAHHYIO Ha MCIOJb30BAaHUU UX TEKYIIMX 3HAYCHHUI, a TakxKe
BEJIMYMH BXOJOB, (PAKTMYECKHX BBIXOJOB M KENAaeMbIX BbIX0A0B. OOydyeHHE mepcenTpoHa

SBIISICTCS IPUMEPOM MOI00HOTO JETEPMUHUCTCKOTO MOAX0Aa (CM. TI1. 2).

Cmoxacmuyeckue memoobl 00y4YeHuss BBHIOIHAIOT TICEBIOCITyYailHbIE W3MEHEHHS
BEJIMYMH BECOB, COXpaHss T€ U3MEHEHUS, KOTOpble BEeAyT K yiydiieHUusM. UToObl yBUIETH,
KaK 3TO MOXET OBITh CIENIaHO, PaCCMOTPHUM puc. 5.1, Ha KOTOpoM H300pakeHa TUIIUYHAs
C€Thb, B KOTOPOW HEHWPOHBI COEAUHEHBI C IMTOMOLIBIO BECOB. BBIXO HEHWpPOHA SIBISAETCS 3/1€Ch
B3BCLICHHON CyMMOW €ro BXOJOB, KOTOpas, NpeoOpa3oBaHa C TOMOIIbIO HEIMHEHHOU
byaknun (moApoOHOCTH CM. Ti. 2). Jlna oOydeHust ceTH MOXKET OBITh HCIOJIb30BaHa
cleayromas mpouenypa:

1. BpIOpath Bec ciydailHBIM 00pa30M U MOJAKOPPEKTHPOBATH €ro Ha HEOOJBIIOE CIIyJaitHOe
Hpeﬂ’bHBI/ITB MHOXCCTBO BXOAOB U BBIYUCIIUTDH IMOJTYHYAOIIUCCA BbIXOABI.
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2. CpaBHUTH 3TH BBIXOJBI C JKEJIA€MbIMU BBIXOJAAMHU M BBIYMCIUTH BEIUYHUHY Pa3HOCTH
MCXKIAY HHUMU. OGL[ICHPHHHTLIP'I MCTOHA COCTOUT B HAXOXKACHUHU Pa3HOCTU MCKIY
(akTUYeCKUM U JKEeJaeMbIM BBIXOJAAMM JUIsl KaXJOTO 3JeMEeHTa 00ydaeMoil maphl,
BO3BEJCHUE pPA3HOCTEH B KBAApaT M HAXOXKICHUE CyMMBbI JTHX KBajparos. llenbro
oOydeHHsl SBIACTCS MHUHUMH3AIMA OSTOM PA3HOCTH, 4YacTO Ha3bIBAEMON yenegotl

@yHryueil.
3. BriOpath Bec ciydaitHbIM 00pa30oM U MOJAKOPPEKTHPOBATH €ro Ha HEOOJBIIOE CIIyJaiHOe

3HayeHue. Eciu xoppekuus momMoraer (YMEHBIIAET LENeBYI0 (DYHKIMIO), TO COXPAHUTh
€€, B IPOTUBHOM CJIy4ae BEPHYTHCS K IEPBOHAYAIbHOMY 3HAUYEHUIO BECa.

4. TloBropsaTh maru ¢ 1 g0 3 1o Tex mop, moka cerb He OyaeT oOydeHa B JOCTaTOYHOU

CTCIICHU.
K
Zy - — >V,
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Puc. 5.1. /IByxcioiiHas ceTb 0e3 00paTHBIX CBsi3eil

DTOT Ipoecc CTPEMUTCS MUHUMHU3UPOBATh LIEJIEBYI0 (DYHKIIUIO, HO MOYKET IOMACTh,
KaK B JIOBYILKY, B HeyAauHoe penieHue. Ha puc. 5.2 noka3zaHo, Kak 3TO MOXET UMETbh MECTO B
CUCTEME C EIUHCTBCHHBIM BeCOM. JIONyCTMM, 4YTO NEPBOHAYAJIBHO BEC B3SAT PAaBHBIM
3HauYeHHIO B Touke A. Ecnm ciydaifHbple mard mo Becy Majbl, TO JIOObIE OTKJIOHEHHS OT
TOYKA A yBEIMUYMBAIOT LIENEBYI0 (PYHKIMIO U OyxyT oTBeprHyThl. Jlydinee 3HaueHue Beca,
npuHUMaeMoe B Touke B, Hukorja He Oyner HailieHo, U cucTeMa OyAeT MoiMaHa B JIOBYIIKY
JIOKaJIbHBIM MMHHMYMOM, BMECTO IJI00aJIbHOr0O MUHUMyMa B Touke B. Eciu ke cimydalinble
KOPPEKIMH BEca OUEHb BEJIMKH, TO KaK TOUYKa A, Tak M Touka B OyayT yacTo mocemarscs, HO
TO Xe camoe OyJaeT MMEThb MECTO M Ui KaXJIoW ApYyroil Touku. Bec OymeT MEHSATHCS Tak

PE3KO, YTO OH HUKOIr'Jla HC YCTAHOBUTCSA B KCIIACMOM MUHUMYMCE.
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Heresrs
PHHRYHUR

A V]

Puc.5.2. IIpo6aema jJ0KaJIbHBIX MUHUMYMOB.
[Tone3nas crparerus s u30eKaHUS TOMOOHBIX TPOOIEM COCTOMT B OOJIBIIMX
HAYaJbHBIX LIarax M MOCTENEHHOM YMEHBIIEHHUU pa3Mepa CPeAHEro ciydaiHoro mara. JTo
MO3BOJIACT CCTU BBIPBIBATBHCA H3 JIOKAJBbHBIX MUHUMYMOB H B TO K€ BPCMA TapaHTUPYCT

OKOHYATCJIbHYIO CTa6I/IHI/I3aLII/IIO CCTH.

JIOBYIIKHM JIOKaJbHBIX MHHHUMYMOB JOCQXJalOT BCEM alropuTMaM OOydYeHHs,
OCHOBAaHHbIM Ha TIOMCKE MHMHHMMYMa, BKJIIOYas MEpPCEeNTpOH M CETH OOpaTHOro
pacnpoCTpaHEHUs, U MPEICTABISIIOT CEPhE3HYI0 M IIUPOKO PAaCHpPOCTPAHEHHYIO TPYIHOCTb,
KOTOpOH 4acTo He 3amedaroT. CToXacTHYeCKHe METO/bl MO3BOJISIOT PELIUTh ATY MPOOIIEMY.
CrpaTerusi KOppEeKLMH BECOB, BBIHYXJAIOIlas Beca MPUHUMATh 3HAUEHHUE TIJI00ATBHOTO

OINITHUMYMa B TOYKEC B, BO3MOJKHa.

B kadecTBe OOBSCHSIONIEH aHAIOTMH TMPEATOIOKUM, YTO Ha puc. 5.2 u3o0pakeH
[IapUK Ha MOBEPXHOCTU B KOpoOke. Eciu kopoOKy CHIBHO MOTPSICTH B TOPU30OHTAIBHOM
HAIpPaBJIEHUH, TO MAPHUK OyneT OBICTPO MepeKaThIBaThCs OT OAHOTO Kpas K apyromy. Hurne
HE 3aJIepP’KUBasACh, B KX/bIiI MOMEHT IIapUK OyJIeT C paBHOI BEPOATHOCTHIO HAXOAMUTHCS B

7110001 TOUKE MOBEPXHOCTH.

Ecnmu mocrenenno YMCHBIIATE CHUIIY BCTPSAXUBAHUSA, TO 6yz[eT AOCTUTHYTO YCJIOBHUC,
IpU KOTOPOM MIApUK OyIeT Ha KOPOTKOE Bpemsl «3acTpeBaTh» B Touke B. Ilpu eme Gonee
c1a0OM BCTPSIXMBAHUU IIAPUK OyZEeT Ha KOPOTKOE BpeMsl OCTaHABIMBATHCS KaK B TOUKE A,
Tak U B Touke B. Ilpu HempepbIBHOM yMEHBIIEHUH CHJIBI BCTPSIXUBAHUS OyIET NOCTUTHYTA
KPpUTHYCCKAsA TOYKa, KOrga Cujia BCTPAXHBAHUA NJOCTATOYHA IJId NMEPCMCIICHUA MIapuKa U3
TOYKH A B TOUKy B, HO HeocTaTouHa ISl TOTO, YTOOBI IIAPUK MOT BCKapaOkaThes U3 B B A.
Takum 00pa3zoM, OKOHYATENIBHO MIAPUK OCTAHOBUTCS B TOUKE INI00AIbHOTO MUHUMYMa, KOTaa

AMIUINTYda BCTPAXUBAHUA YMCHBIIUTCA 40 HYJIA.

HckyccTBeHHbIE HEHpPOHHBIE CETH MOTYT 00y4yaTbCs IO CYILECTBY TEM XK€ CaMbIM
00pa3oM TMOCPEACTBOM CIy4yallHOM KOPpeKIMHW BecoB. BHauane nenmatorcs OoJblme
ciydaifHble KOPPEKIUU C COXPAaHEHHEM TOJBKO T€X MU3MEHEHHH BECOB, KOTOPhIE YMEHBIIIAIOT
[ENEeBYI0 (PYHKIHIO. 3aTeM CPEeIHUIA pa3Mep Iara MoCTENEeHHO YMEHBIIIAETCs, U TI100aIbHBII

MHWHUMYM B KOHIIC KOHIIOB JOCTHUIACTCA.
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DTO CWIbHO HAllOMUHAET OTXKUT MeTalljla, I[MOATOMY [UJIsi €€ OIMUCAaHUs YacTo
HCIIONIB3YIOT TEPMHUH <«HMMHUTAlUsl OTXKHUIra». B Meramie, HarperoM 10 TeMmeparypsl,
MPEBBIIIAIONICH €ro TOYKY IUIaBJICHHUS, aTOMbl HAaxoOJATCS B CUJIBHOM O€CHOpSIOYHOM
nBkeHnH. Kak u BO Bcex (HM3MYECKHX CHUCTEMaX, aTOMBI CTPEMSTCS K COCTOSHHIO
MUHHUMYMa SHEPTUH (€IMHOMY KPUCTAJLTYy B JAHHOM CITy4yae), HO MPU BBICOKUX TeMIIepaTypax
SHEPTUsl ATOMHBIX JIBM)KEHMI MPEMATCTBYET 3TOMY. B mponecce nocTeneHHoro OxXyiakIeHus
MeTaljla BO3HUKAIOT Bce 0ojiee HU3KOAIHEPreTHUECKUE COCTOSHUS, TIOKa B KOHIIE KOHIIOB HE
OyZleT JOCTUTHYTO HAWHM3IIEe W3 BO3MOXHBIX COCTOSHUN, TI00aNbHBIH MHHMMyM. B
MPOLECCE OTKUTA PACHPENECIECHUE SHEPreTUYECKUX YPOBHEUW OINMCBHIBACTCS CIIEAYIOLIUM

COOTHOIICHUCM:

P(e) = exp(—e/kT) (5.1)
rae P(e) — BepOSITHOCTh TOTO, YTO CHUCTEMa HAXOAMTCS B COCTOSHUU C JHEprueu e; k —

nocrosiHHas bonbimana; T — temnepatypa no mkaine KenbBuHa.

IIpu BbIcOKMX TemmepaTypax P(e) npuOmmwkaercs K €IWHMIE I BCeX
DHEPreTHYECKUX COCTOSIHMM. TakuM 00pa3oM, BBICOKOIHEPTETHUECKOE COCTOSHHUE MOYTH
CTONIb K€ BEPOSATHO, KaK M HHU3KOdHepreTmueckoe. [lo Mepe yMEHBIICHHS TEeMIIepaTyphbl
BEPOSITHOCTh ~ BBICOKOYHEPTETHYECKMX COCTOSHHA  YMEHBIIACTCS 10 CPaBHEHUIO C
HU3KORHEpreTHUeckuMu. [lpu mpuOmmkeHHn TeMIepaTypbl K HYJIIO CTaHOBHTCS BEChbMa

MaJIOBCPOATHBIM, 4TOOBI CHCTEMA HaxOoJquJIaCh B BBICOKOSHCPICTUICCKOM COCTOAHUHN.

BoabuMaHoBcKoe 00yueHue

DTOT CTOXaCTHMYECKUH METOJ HEMOCPEACTBEHHO MPUMEHHUM K  OOYYEHHIO

HMCKYCCTBEHHBIX HEUPOHHBIX CETEH:

1. Onpenenuts nepeMeHHy0 7, TPEACTABIAIONIYI0 UCKYCCTBEHHYIO TemmnepaTypy. [lpunars
T Goubiioe HaYaIbHOE 3HAYCHUE.

2. IlpeabsiBUTH CETH MHOKECTBO BXOJIOB M BBIYMCIUTD BBIXOJIBI M IIEJIEBYIO (DYHKITHIO.

3. JaTte cnydaiiHO€ M3MEHEHHME BECy M IEPECUMTATh BBIXOJA CETH M M3MEHEHHUE LIEJIEBOU
(GYHKLIMU B COOTBETCTBHUHM CO CAETAaHHBIM U3MEHEHHEM Beca.

4. Ecnu ueneBast GyHKIUS YMEHbIIWIACH (YIYYILIHIACH), TO COXPAaHUTh H3MEHEHHE Beca.

Ecnu n3meHeHne Beca MPUBOJIUT K YBEIMYCHHIO 11€JIEBOM (DYHKIIMH, TO BEPOSTHOCTh

COXpPAaHCHUA 3TOTO UBMCHCHU S BLITUCIIACTCA C IOMOIIBIO paCIIPCACIICHUS BO.HBLIMaHaZ

P(c) = exp(—c/kT) (5.2)
rae P(c) — BEpOSTHOCTh M3MEHEHUS ¢ B 1EJIeBOM (PYHKIMM; kK — KOHCTaHTa, aHAJIOTUYHAs
KoHCTaHTe bonblMana, BbiOMpaeMass B 3aBUCUMOCTH OT 3ajgaud; 7 — HUCKYCCTBEHHas
TeMIIepaTypa.
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BreiOupaercs cny4aiiHOe 4YMCIO # U3 PaBHOMEPHOIO pACHpeleNeHUs OT HyIs 0
equaunbl. Ecnmu P(c) Gomnble, 4yeM 7, TO U3MEHCHHE COXPAHSETCS, B MPOTUBHOM CIIydae

BCJIMYMHA BE€Ca BO3BPAIIACTCA K MPCALIAYIIEMY 3HAUYCHUIO.

DTO0 NO3BOJIET CUCTEME JIeaTh CIy4JailHbIN LIar B HAIIpaBJIEHUHU, OPTALIEM LIEJIEBYIO
(YHKLMIO, TIO3BOJISISI € TEM CaMbIM BBIPBIBATHCS M3 JIOKAIBHBIX MUHHUMYMOB, Te JHO00H

MaJibli 1Iar yBEJIMYUBAET 1IEJIEBYIO (PYHKIIMIO.

Jlst 3aBepiieHUs1 OOJBIIMAHOBCKOTO OOYYEHHS TIOBTOPSIOT IIaru 3 U 4 I Kax#c002o
U3 BECOB CETH, IOCTENIEHHO yMEHbIIas Temreparypy I, moka He OyIeT JOCTHTHYTO
JIOMTYCTUMO HHU3KOE 3HA4YCHHE LENEeBOM (YHKUMHU. B 3TOT MOMEHT mpeabsBisercs Apyrou
BXOJIHOM BeKTOp M mporecc oOydeHuss mosTopsieTcs. CeTb oOydaeTcsi Ha BCEX BEKTOpPax
00y4aroniero MHOXECTBa, C BO3MOXHBIM MOBTOPEHHMEM, MOKa IeneBast (QyHKIUs HE CTaHEeT

IIOHYCTPIMOP'I JJId BCEX HHX.

Beanunna CHy‘IafIHOFO U3MEHEHUS Beca Ha IIare 3 MOXKeT OIMPCACIIATHCA PA3JIMYHBIMHA
cnocobamu. Hampumep, MOmMOOHO TEIUIOBOW CHCTEME BECOBOE WM3MEHEHHE W MOXKET

BbIOUPATHCS B COOTBETCTBUHU C TayCCOBCKUM paclpeiesieHUEM:

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

rae P(w) — BepOSITHOCTh U3MEHEHMsI Beca Ha BEJIMUMHY W, T — UCKYCCTBEHHAsl TEMIIEpATypa.
Takoii BBIOOp U3MEHEHUS Beca MPUBOIUT K CUCTEME, aHAJIOTHYHOH [3].

Tak kak Hy)XHa BeJIMYMHA U3MEHEHUs Beca Aw, a HE BEpPOATHOCTh U3MEHEHMUs Beca,
MMEIOIIETO BEIUYHHY W, TO MeTtoJ MonTe-Kapio Moker ObITh MCIIONB30BaH CIEAYIOIIUM

obpazom:

1. HaliThu KyMyJSTUBHYIO BEPOSTHOCTb, COOTBETCTBYIOIIYyI0 P(w). DTO ecTh MHTErpanx oT
Pw) 6 mpemenax ot 0 mow. Tak kak B mgaHHOM ciydae P(w) He MOXET OBITh
MIPOMHTErPUPOBAHA AHATIUTUYECKHU, OHA JJOJKHA HHTEIPUPOBATHCSA YUCIEHHO, a PE3Yy/bTaT
HEOO0XO0AMMO 3aTa0yIHPOBATh.

2. BpiOparh ciydaitHoe 4YMCIIO W3 paBHOMEpPHOro pacnpenenenus Ha untepBaie (0,1).
Hcnonp3ys 5Ty BeMMYMHY B KayecTBe 3HadyeHus P(w)}, Haidth B Tabiuue
COOTBETCTBYIOIIEE 3HAYCHUE JJIs1 BEJIMYUHBI H3MECHEHMS BECA.

CroiictBa mammHbl bosjbiiMana mupoko m3ydanuch. B pabote [1] mokaszano, 4to
CKOpPOCTh YMEHBIICHHS TEMIIEPaTyphl JOJDKHA OBITH 0OPaTHO MPOMOPIHMOHAIBHA JIorapupmy
BpEMEHH, YTOObI Obl]a JOCTUTHYTAa CXOJUMOCTh K IJI00aIbHOMY MHHUMYMY. CKOpOCTh

OXJIXKCHUS B TAKOW CHCTEME BBIPAKAETCS CISAYIOIIUM 00pa3oMm:

T(t) = Iy

log(1+1) (54
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rae 1(f) — UCKycCTBEHHas TemIeparypa Kak (QyHKIOUS BpeMeHH; 1) — HaudanbHas

HCKYCCTBEHHAsl TEMIIEPATypa; ¢ — UCKYCCTBEHHOE BPEMSI.

DTOT pa304yapoOBBIBAIOLIUI pE3yNbTaT MPEACKA3bIBAET OUYE€Hb MEMJICHHYIO CKOPOCTh
oxJlaxAeHus: (M JaHHBIE BBIUMCICHUS). DTOT BBIBOJA MOJATBEPIAWICS SKCIEPUMEHTAIBHO.

Mamunsl bonbiimMana yacto TpeOyroT 11t 00ydeHHs 0OueHb OOJIBIIOTO pecypca BpEMEHHU.

Oo0yuenue Komm

B paGote [6] pa3But meTon ObicTporo oOydeHHs MOIOOHBIX cucTeM. B aToM merone
Opy  BBIYUCIIEHMM BEJIMYMHBI Imara pacmpeneneHue bosibiMaHa 3ameHsieTcss Ha
pacripenenenue Komm. Pacnpenenenune Komm mmeer, kak moka3aHo Ha puc. 5.3, Oonee
JJIUHHBIC  «XBOCTbD», YBCJIIMYHMBAd TCM CaMbIM BCPOATHOCTH 6OJII>H_II/IX maros. B
JNIEHCTBUTENBHOCTH  pactipeaeneane Komu wuMeer OeCKOHEUHYIO (HEONpEeIeseHHYIO)
mucnepcuto. C  MOMOILIBIO TAaKOro MPOCTOrO0 HM3MEHEHHs] MaKCHMajbHasi CKOPOCTh
YMEHBIICHUS TEMIIEPATyPbl CTAHOBUTCS 0OPaTHO MPOMOPLUOHATBHON JIMHEHHON BenTu4nHe, a
He jorapudmy, Kak Ui aaroputma oOydeHus bonmpimMana. OTO pe3KO yMEHBIIAET BpeMs

00y4eHHs. ITa CBA3b MOXKET ObITh BRIpAXKEHA CIICIYIOITUM 00pa3oM:

I()= ljjft (5.5)

Pacnpenenenue Komm nmeer Bujg

P(x) = —1O)

S (5.6)

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

PREAPECEREREE KDY

f
- 0 Aacnpelererue
LOTBYMBHEZ

Puc. 5.3. Pacnipenesienne Komm u pacnpenenenne boinbnmana

B ypaBHenuu (5.6) P(x) MOXeT ObITh NIPOMHTEIPUPOBAHA CTAHAAPTHBIMU METOIAMHU.

Pemrast orHOCHTEIIBFHO X, IOJIydacMm

X = P T(1) tg(P(x)), (5.7)

rzae P — ko3 HUIUEHT CKOpOCTH 00YUEHUSs; X, — U3MEHEHUE Beca.
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Tenepp npumenenune wmeroga Monte Kapno craHoBUTCS OuY€Hb HPOCTBIM. Jlis
HaXOXJEHMs X B OTOM Cilydae BbIOMpaeTcs CilydailHO€ YHCIO M3 PaBHOMEPHOIO
pacmpesieieHuss Ha OTKPBITOM HHTepBajie (—TU2, TV2) (HeoOX0IUMO OTpaHUYUTH (YHKITHIO
tanreHca). OHo mozcrasisiercss B ¢popmyny (5.7) B kauecTBe P(X), U ¢ MOMOUIBbIO TEKyIIEeH

TCMIICPATYPhI BIYHUCIACTCA BCJIMYMHA 11ara.

MeToa MCKYCCTBEHHOM TENJI0eMKOCTH

Hecmotps Ha ynydienue, gocturaemoe ¢ nomoinpio Merona Komu, Bpemst o0yueHus
MOYKET OKa3aThCs BCE €Ile CIUIIKOM OoibiiuM. Crocod, yXOAsIuil CBOMMU KOPHSIMH B
TEPMOJIMHAMUKY, MOXET OBITh MCIOJIB30BaH JIUIsl YCKOPEHHsI 3TOro mpouecca. B atom meroze
CKOpPOCTb YMEHBILICHHSI TEMIEPATYPbl H3MEHSETCS B COOTBETCTBUH C HCKYCCTBEHHOU

KTEIIIIOEMKOCTBIO), BBIYHCIISIEMON B mponecce O6yquI/IH.

Bo Bpems omxkura wmeramia MOpoucxXoaaT (a3oBbIE IEPEXObl, CBS3aHHbBIE C
JUCKPETHBIMU M3MEHEHUSIMH ypoBHEH sHepruu. llpum kaxxaom (a3oBoM mepexone MOXKeT
UMETh MECTO PE3KOE M3MEHEHHE BEIIMYMHBI, HA3bIBACMOU TEIUIOEMKOCTBIO. Tennoemkocmo
ONpeAeisAeTCs KAaK CKOPOCTh HW3MEHEHHs TEMIlepaTypbl C DJHeprue. IM3smeHeHus
TEIJIOEMKOCTH IIPOUCXOJAT W3-32 IONAJAHMUS CUCTEMBbI B JIOKAJIBHBIE JHEPIeTHYECKHUE

MUHHUMYMBI.

HckyccTBeHHBIE HEHPOHHBIE CETH TPOXOMAT aHAJIOTHYHBIe ha3pl B Ipoliecce
obyuenus. Ha rpanmme ¢a3zoBoro mnepexoga MCKYCCTBEHHas TEIUIOEMKOCTh MOXKET
CKauyK0OOpa3HO U3MEHUTHCS. ITa MCEBIOTEIUIOEMKOCTh OMPEAEISAETCS KaK CPEaHssl CKOPOCTh
U3MEHEHMs TEeMIEepaTyphbl C 1eneBod (yHkiuend. B mpumepe mapuka B KOpoOKe CHIIbHas
HayaJbHasi BCTPSACKA [IE€JaeT CPEAHIO BEIWYMHY IelieBod (GYHKIUU (AKTHYECKH HE
3aBUCSAIICH OT MaJIbIX M3MEHEHHUM TEeMIepaTyphl, T. €. TEIUIOEMKOCTh OJM3Ka K KOHCTAaHTE.
AHAJIOTMYHO TIPU OYEHb HU3KHUX TEMIIepaTypax CHCTeMa 3aMep3aeT B TOUKE MUHHUMYyMa, TaK
YTO TEIUIOEMKOCTh CHOBA OJHM3Ka K KOHCTaHTE. SICHO, YTO B KaXKIOW M3 ATUX oOJacTeu
JIOMTYCTUMBI CHJIBHBIE HW3MEHEHHSI TEeMIEpaTypbl, TaK KaK HE MPOUCXOAUT YJIy4UIICHUS

1eJIeBOM (DYHKIIUH.

[Ipu kxpuUTHUECKHUX TeMIepaTypax HeOOIBIIIOE YMEHBIICHUE TEMIIEPaTyphl IPUBOIUT K
00JIBIIIOMY M3MEHEHMIO Cpe/lHell BeMUYMHBI 1eseBoi GyHkuu. Bo3Bpaiasch K aHalIoruu ¢
IAPUKOM, TIPU «TeMIIepaType», Korja Mmapuk o0JaaeT JOCTAaTOYHOM CpeaHel SHepruei,
yTOOBI TIepeiT 3 A B B, HO HegocTaToyHOM i mepexoaa u3 B B A, cpenHssi BenmudnHa
1eeBOM (PYHKIIMHM UCHBITHIBACT CKAYKOOOpa3HOE M3MEHEHHE. B 3TUX KPUTHYECKUX TOUYKAX
QITOPUTM JOJDKEH H3MEHSTh TEeMIIepaTypy OYeHb MEJICHHO, YTOOBI TapaHTUPOBATh, UYTO
CHCTeMa HE 3aMEp3HET CIy4YalhHO B TOYKE A, OKa3aBIIMCh MOMMAaHHOW B JIOKAJIbHBIN
mMuHuMyM. Kputnueckas temmnepatypa MOXeT ObITh OOHapy:KeHa MO PEe3KOMY YMEHBIICHUIO

UCKYCCTBEHHOU TEIUIOEMKOCTH, T. €. CPEAHEN CKOPOCTH U3MEHEHMs TEMIIEPATyphl C LICJIEBOU
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¢ynkuumeit. Ilpy  NOCTHKEHMHM KPUTHUYECKOW TEMIEpaTrypbl CKOPOCTb  HM3MEHEHUS
TeMIepaTypbl OJIKHA 3aMEUIAThCS, YTOObI TapaHTUPOBATh CXOAUMOCTh K TIJI00aJIbHOMY
MuUHUMYMy. IIpn Bcex ocTanmpHBIX TemIepaTrypax MOXeT 0e3 pHUCKa HMCIIOJIb30BaThCs Oosee
BBICOKAsl CKOPOCTb CHMXKCHHUS TEMIIEPATypbl, YTO MPUBOAUT K 3HAYUTECIBHOMY CHUKEHUIO

BpPEMEHU 00yueHHUSI.

NMPUNOXEHUA K OBLLUUM HENTMHEAHBIM 3A0AYAM ONMTUMU3 ALK

Jlo cux mop B OOCYXIEHMHM Ipeanojaraioch, 4To Mbl KOPpPEKTHpYyeM Beca B
TPaJULIMOHHBIX HMCKYCCTBCHHBIX HEHPOHHBIX ceTsAX. DakTHYeckH, OQHAKO, 3TO €CTh JIMIIb
HEKOTOPBI YacTHBIA Cilyyail. DTH CTaTUCTUYECKHE METOJbl HOCSAT 3HAUUTENbHO Oolee

001l XapakTep U COCOOHBI peliaTh MHOXKECTBO 3a]1a4 HETMHEWHON ONTUMU3AIIHH.

Henuneiinas onmumusayuonnas 3a0aua BKIIOYAET MHOXKECTBO HE3aBHCHMBIX
MEPEMEHHBIX, JETEPMUHUCTCKUM 00pa3oM CBSI3aHHBIX C 3HAUYEHUEM IeeBOM (YHKIUH.
[lenbto sBISETCS HAXOXKIEHHE TAKOI'O MHOYKECTBA 3HAYEHWM HE3aBUCUMBIX [EPEMEHHBIX,
KOTOPO€ MUHUMU3UPYET (MJIM MAaKCUMHU3UPYET) 1eTeBylo GyHKIUI0. PaccMoTpum, Hanpumep,

HAaXOXKICHHEe MUHAMYMa GyHKImA F{x) = 3x° + 6x” — 2x + 3.

31ech UMeeTcsl eAMHCTBEHHAs He3aBUCUMasl TIGpEMEHHAs X, YIPaBJISIOIas 3HaYCHUEM
neneBoil pyHkuu F(x), KoTopas NOJKHA OBITh MUHMMHU3MpPOBaHA. JTa mpocTtas (yHKUIUsS
JIETKO MUHHMH3HPYETCSI C TIOMOIIBI0 METO0B Ju((HepeHIIMaIbHOTO UCUUCICHUS, OJHAKO
MUHHMH3UPOBATh TOMOOHBIM 00pa3oM Oojee clokHbIe (YHKIIMA OT OOJBIIOr0 4YHCia

NEPCMCHHBIX MOXKCT OKa3aTbCA 3aTPYAHUTCIIbHBIM.

BO MHOT'UX HpaKTI/I‘-IeCKI/IX CI/ITyaLII/IHX (I)YHKLII/IOHaHBHaSI CBA3b Menc,uy HC3aBUCHUMBIMU
MePEMEHHBIMU | 11eJIeBOM (YHKIIMEH HEHW3BECTHA M (PAaKTHUUECKH HE MOXKET OBITh M3BECTHOM.
CHOXHBIA XUMHYECKUM MPOLECC MOXKET HE MUMETh aJ€KBATHOW MAaTeMaTHYECKOW MOJEIH.
E,Z[I/IHCTBGHHLIMI/I I/IBMep}ICMLIMI/I BCIIMUYNMHAMU MOFYT 6LITI: «BBIXOI», «Ka4CCTBO», «I€HaA» U
T. O., KOTOprC ABIIAOTCA HCEU3BCCTHBIMU (1)YHKLII/I$IMI/I oT 6OHLH_IOF 0O 4Yuciia TaKux

HE3aBHCHMBIX ITEPEMECHHBIX, KaK TEMIIepaTypa, BPeMs H XapaKTEPUCTUKHU CHIPhSI.
[TogoOHas 3agada MOXKET peraThCs CISAYIONUM 00pa3oM:

1. Cucrema HaOmOgaeTCs W COOMPAIOTCS JaHHBIC JJIS COCTABJICHHS OO0Yy4aromero
MHOKecTBa. Kak[plii 3IeMeHT 00ydarolero MHOXKECTBa COCTOUT M3 3aMEPOB BO BpeMs
HaOJIFOJICHUH W BKJIIOYACT 3HAYCHHUS BCEX BXOJOB (BXOJHOW BEKTOpP) M BCEX BBIXOJOB
(BBIXOZHO BEKTOD).

2. Cetb oOyuaeTcst Ha 3TOM oOydaromeM MHOxecTBe. OOy4eHHEe COCTOUT U3 MPEIbSBICHUS
BXOJIHOTO BEKTOpA, BHIYMCIIEHUS BBIXOJHOI'O BEKTOpPA, CPABHUBAHUS BBIXOAHOI'O BEKTOPA
C BXOJHBIM BEKTOPOM, IOJIyYECHHBIM B Ipoliecce HAOMIOAEHUH, U KOPPEKLUHU BECOB,
MUHUMU3HPYIOIIEH pa3HOCTh MEXAy HUMH. Kax/blil BXOJHOM BEKTOP NPEAbSBISIETCA 110
ouepeau, U ceThb YacTUYHO oOydaetcs. [Tocae GomnblIoro yucnaa npeabsBIEHUN BXOIHBIX
BEKTOPOB CE€Thb CONAETCA K PpELIEHUI0, KOTOPO€ MHMHHUMM3UPYET PA3HOCTb MEXIY
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KEJIaeMbIMM M HW3MEPEHHBIMU BBIXOJAaMM CHCTeMbl. DaKTMYeCKH CETb CTPOUT
BHYTPEHHIOIO MOJIEJIb HEM3BECTHOM cucteMbl. Ecinu oOyyaromiee MHOKECTBO JTOCTaTOYHO
BEJIMKO, CETh CXOIUTCSI K TOYHOM MOJENM CHCTeMBl. ECiiM ceTH npeabsBUTh HEKOTOPBIN
BXOJHON BEKTOP, OTIMYHBINA OT JIFOOOTO U3 BEKTOPOB, NPEAbIBICHHBIX IPH 00YYEHUH, TO
MOJIHOCTBIO O0Y4€HHasl CETh BBIJACT TOT K€ CAMBIM BBIXOJHON BEKTOP, YTO M HACTOSILAS
cUcTeMA.

3. Makcumuszupyercst ueneBass ¢yHkuus. lLleneBas QyHKUMA BBIXOJOB [OJKHA OBITH
CKOHCTPYHPOBaHA TaKUM 00pa30oM, YTOOBI BBIPAXKATh CTETMCHD «YIOBIECTBOPUTEIHHOCTIY
pesynbTata. Temepp BXOHIBI CTAHOBATCS TNEPEMEHHBIMH JUisi 0OydeHHOW cetu. OHuU
MOJICTPAMBAIOTCS C TIOMOINBID TOTO € CamMoro OO0YyYaroIIero AalropuTMa, KOTOPBIH
MpPUMEHSUICS JJ  BBICTABJICHHS BECOB Ha IIare 2, OJHAKO WCIOJb3YIOTCA s
MaKCUMM3AINH [IeTIEBOU (PyHKIIUU.

Bo MHOrux ciyyasix MOTYT MPHCYTCTBOBATh OIpaHUYEHUS, HAKJIAIbIBAEMbIC 3a/1a4eH.
Hampumep, Moker OBITh HEBO3MOXXHO (PU3MUECKH OpaTh 3HAYEHUs TEPEMEHHBIX BHE
HEKOTOPOTO TMana3oHa. DTH OrpaHHYeHHsI (KOTOPBIE MOTYT OBITh CIIOKHBIMU BBIPKECHHSIMH )
MOTYT OBITH JIETKO YYTEHBI OTOpachlBaHHMEM Ha Imnare 3 Jr000ro H3MEHEHHs BXOTHOU

IIEPEMEHHOH, KOTOPOE HapyLIaeT OrPaHUYECHHUE.

JT10 00001IEHIE METO]a CTOXACTUYECKOM ONTUMHU3ALINY MTO3BOJISIET €T0 MCIOIb30BaTh
JUTSL IMPOKOTO Kpyra ONTUMU3AILMOHHBIX 337a4. MOXHO NPUMEHATh U APYTrUe METOJIbI, HO
CTOXACTHUYECKHI METOJI TIO3BOJISIET MPEOA0NETh TPYAHOCTH, OOYCIOBICHHBIE JOKAIBHBIMHU
MUHUMYMaMH, C KOTOPBIMH CTaJKHUBAETCS METOJ OOpPAaTHOTO PACIPOCTPAHCHUS U APYTUE
METOJIbl TPaJHEeHTHOTO ciycka. K cokaneHuio, BEpOATHOCTHAsI IPUPO/Ia Mpoliecca 00ydeHHs
MOKET MPHUBOJAUTH K OOJIBIIOMY BPEMEHHU CXOAuMOCTU. lcmonb30BaHHE METOJIOB
TMICEBJOTEIUIOEMKOCTH MOXET CYIIECTBEHHO YMEHBIIUTH 3TO BPEMs, HO MPOIECC BCE PABHO

OCTAacTCA MCAJICHHBIM.

OBPATHOE PACIMPOCTPAHEHUE N OBYYEHUE KOLLU

OO0patHoe pacnpocTpaHeHue o0nagaeT MPerMyILECTBOM IPSIMOro IOUCKaA, T. €. Beca
BCErJa KOPPEKTUPYIOTCS B HAINpPaBICHUH, MUHUMU3HUPYIOUIEM (YHKLIHIO OIIMOKH. XOTs
BpeMs OOy4eHHsS M BEJIMKO, OHO CYLIECTBEHHO MEHbIIE, YeM IpU CIy4allHOM IIOMCKE,
BBINOJIHAEMOM MamnMHOM Koy, korja HaxoauTes r100aabHbIl MUHUMYM, HO MHOTHE ILIaru

BBITTIOJIHAKOTCA B HEBEPHOM HAIIPABJIICHUH, YTO OTHUMACT MHOI'O BPEMCHU.

CoenuHeHNEe 3TUX JIBYX METOJOB Aajl0 XOpoliue pe3ynabTarsl [7]. Koppekuus Becos,
paBHas CyMMe€, BBIYMCIICHHON aJrOpUTMOM OOpaTHOTO pacHpOCTPaHEHUs, U CIIydailHbIH mar,
3ajaBaeMblii anroputMoMm Komm, NpuBOIAT K CHCTEME, KOTOpas CXOOUTCS W HaXOAUT
ro0anbHBIM MUHUMYM OBICTpEEe, 4YeM CcHcTeMa, oOydaemas KaXIblM H3 METOJOB B
otnensHocTH. [IpocTas 3BpHCTHKA UCTIONB3YeTCs Uil U30ekKaHus Mapajnda CeTH, KOTOPBIN
MOYKET UMETh MECTO KakK MpH 0OpaTHOM paclpOCTPAaHEHUH, TaK U MPH OOyYEHUHU 1O METOY

Komm.
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TpyaHocTH, CBA3aHHBbIE ¢ 00PATHBIM PacCIPOCTPAHEHUEM

Hecmotpss  Ha ~ MoOmb,  NPOAEMOHCTPHPOBAHHYIO  METOJOM  OOpaTHOTO
pacrnpocTpaHeHHs, IPU €ro MPUMEHEHUU BO3HHUKAET Psii TPYAHOCTEH, 4acTb M3 KOTOPBIX,

OJJHaKo, obneryaercs 6J1aroz[apﬂ HCIIOJIB30BAHHUIO HOBOI'O aJITOpUTMaA.

Cxogumoctb. B pabGore [5] moKazaTesbCcTBO  CXOAMMOCTH — JAaeTCsl Ha  SI3bIKE
nudepeHIaTbHbIX YPAaBHEHUH B YAaCTHBIX MPOU3BOJHBIX, UYTO JIENAET €ro CHpaBeUBBIM
JMIIb B TOM Cily4yae, KOTJa KOPPEKIHs BECOB BBIMOIHAETCS € MOMOLIbIO OECKOHEYHO MaJbIX
maroB. Tak Kak 3TO BeAeT K OECKOHEYHOMY BPEMEHM CXOIMMOCTH, TO OHO TEepseT CUILy B
NPAaKTUYECKUX NPUMEHEHUSAX. B JeHCTBUTENBHOCTH HET J0Ka3aTelbCTBAa, YTO OOpaTHOE
pacripocTpaHeHue OylIeT CXOAMTbCA TPU KOHEYHOM pa3Mmepe Iara. KCIEPUMEHTHI

MOKA3bIBAIOT, UTO CETU OOBIYHO 00Y4aI0TCsl, HO BpeMsi 00y4eHUs BEIUKO U HEMPEICKa3yeMo.

NokanbHble MUHMMYMbI. B 00paTHOM pacnpocTpaHeHMM Ml KOPpPEKLUH BECOB CETH
UCIIOJIb3YETCSl TPAJMEHTHBIM CIIyCK, MNPOABUTAIOIIMNCA K MHHMMYMY B COOTBETCTBUHU C
JIOKAJIbHBIM HAKJIOHOM MOBEepXHOCTH oumOku. OH Xopomo padoTaeT B cilyyae CHIIBHO
M3PE3aHHBIX HEBBIMYKIIBIX TOBEPXHOCTEH, KOTOPBIE BCTPEUYAOTCS B IPAKTUYECKUX 3a7adax. B
OJIHUX CIy4YasX JIOKaJbHbI MUHUMYM SIBJIIETCS IPUEMIIEMBIM PEIICHUEM, B APYTUX CIIydasx

OH HCTIPHUCMJICM.

Jlaxxe mocie Toro Kak cetb 00y4eHa, HEBO3MOXKHO CKa3aTh, HAMJIEH JIM C IMOMOIIBIO
00paTHOTO pacrpocTpaHeHH ITI00ATBHBII MUHUMYM. Ecim penienne HeyaoBIETBOPHUTENBHO,
NPUXOJUTCA JlaBaTh BECaM HOBBIC HauyalbHbIE CIy4ailHble 3HAYEHHUS U MOBTOPHO 00ydaTh
ceTb 0e3 rapaHTuH, 4YTO OOY4YEeHHE 3aKOHUYUTCS HA 3TOW MOMBITKE WM YTO TIO00ATBHBIN

MHUHHMYM BOOOIIE OYAEeT KOT1a 1100 HalIeH.

Mapanuy. [Ipy HEKOTOPBIX YCIOBUSIX CETh MOKET MPH OOYUYEHHUH MOMACTh B TAKOE COCTOSIHUE,
KorJa MoAu(UKaIKsa BECOB HE BEJET K JICHCTBUTEIbHBIM U3MEHEHUAM ceTH. Takoi «iapamny
CeTU» SIBIISICTCSI CEphE3HOM MPOOIEMOii: OJUH pa3 BOSHUKHYB, OH MOXXET YBEIHUYUTH BpeMs

00yueHus1 Ha HECKOJIbKO MOPSAKOB.

[Mapanuu BO3HHMKaeT, KOrJa 3HAYMTENbHAs YacTh HEHPOHOB TOJyYaeT Beca,
JOCTaToO4YHO Oosbine, 4ToObl naTh Ooibinue 3HaueHuss NET. DTo mpuBOIUT K TOMY, 4YTO
BenmmunHa OUT mpuGmmkaercs K CBOeMy NpeAeIbHOMY 3HAUYEHHUIO, a MPOU3BOJAHAS OT
cxuMaromed (QyHKIuM mpuOImKaeTcss K Hyao. Kak Mbl BUIENH, aaropuTM oOpaTHOTO
pacrpoCTpaHeHHsT TP BBIUYMCICHUM BEIWYMHBI HM3MEHEHHs Beca HCIONB3yeT 3Ty
MPOU3BOJIHYIO B ¢opMyne B KaudecTBe kodpduimenta. [jis MOpaKEHHBIX MapagndoM
HEHpPOHOB OJM30CTh NPOM3BOJHONW K HYIIO MNPUBOJUT K TOMY, YTO M3MEHEHHE Beca

CTaHOBHUTCA OJIM3KHM K HYJIIO.

Ecnu nogoGHbIe ycoBUS BO3HUKAIOT BO MHOTHUX HEMpOHAX CETH, TO 00yuYeHUE MOKET

3aMCAJIMTBCA 40 IIOYTHU IMOJTHOM OCTaHOBKH.
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Her Teopum, cnocoOGHOHM mpenckas3biBaTh, OyIeT JM CETh Mapajiu30BaHAa BO BpPEMs
o0y4eHHs MM HET. ODKCIEPUMEHTAIbHO YCTAHOBJIEHO, YTO Majble pa3Mephbl IIara pexe
INPUBOAAT K Mapajudy, HO IAr, MaJbli [l OJHOW 3aJaud, MOXKET OKa3aTbCsl OOJIBLIMM IS
npyroii. llena ke mapanuya MOKeT OBITh BBICOKOW. IIpum MopenMpoBaHMHM MHOTHME Yachl

MAaIIMHHOT'O BPEMEHHU MOTYT YHTH Ha TO, YTOOBI BBIWTH U3 Mapaanya.

Tpyanoctu ¢ anropurmom odydennst Komm

HecmoTrpss Ha ymydmeHue cKOpocTH oOydeHus, aaBaeMoe MmamuHoW Komm mo
CPaBHEHHIO C MalMHOW bonbliMaHa, BpeMs CXOAMMOCTH Bce eme MoxeT B 100 pa3
MPEBBIIIATh BpeMs JJIsi alropuTMa OoOpaTHOro pacrpocTpaHeHus. OTMETHM, YTO CETEBOM
napanuy 0coOeHHO omaceH it anroputma oOydenuss Komm, B 0cOOGHHOCTH AJSl CeTH ¢
HEJIMHEWHOCTBIO THIIAa JIOTUCTHYECKOW (pyHKuMU. beckoHeuyHast aucrepcusi pacrpeaeiaeHus
Komu mnpuBOIUT K H3MEHEHHUSIM BECOB HEOrpaHWYEHHOW BenuuyuHbl. J[lanee, Oosbliue
W3MEHEHUS BECOB OyayT WHOT/a NPUHUMATHCA JaKe B TeX CIOydasX, KOrja OHH
HEONaronpusATHBL, YacTO TMPUBOAS K CHIIBHOMY HACBIIICHHIO CETEBBIX HEWPOHOB C

BBITCKAIOIIMM OTCIOJIa PUCKOM IIapaJinya.

KomOunupoBanue o0paTHoro pacnpocrpaneHus ¢ ooyyennem Komm

Koppekiusi BecoB B KOMOMHHPOBAHHOM aJTOPUTME, HCIOJB3YIONIEM OOpaTHOE
pacnpoctpaneHue u obOydenue Komu, cocrout u3 nByx kommoHeHT: (1) HampaBieHHOM
KOMITOHEHTHI, BHIYUCIIIEMON C MCIOJb30BAHUEM aIrOpUTMa OOPATHOTO PAaCHpPOCTPAHEHUS, U

(2) cmydaifHON KOMITOHEHTBHI, oTpeiessieMon pactpeaenenueM Kormm.

OTH KOMIIOHEHTHI BBIYUCIIIOTCS AJId KaXAoro BeECa, U HUX CyMMa SABJIACTCA
BeHPI‘-IHHOfI, Ha KOTOPYIO M3MCHACTCA BCC. Kak u B AJIropurMe KOH_II/I, IIOCJIE€E BBIYUCIICHUSA
M3MEHECHHS Beca BBIYHCISETCS 1eneBas GyHKus. Eciiu mMeer MecTo ynydiieHne, U3MEHEHHE
cCOXpaHsieTcs. B TPOTHBHOM ciydae OHO COXpaHSETCS C BEPOSTHOCTBIO, OIpPEessieMOn

pacupeneneHueM boabnmMana.

Koppekius Beca BBIYMCIISETCS C UCIOJIb30BaHUEM IPEICTABICHHBIX paHEE YPaBHEHUN

JJI1 KaXXO0T0 U3 aJITOPUTMOB:

Wmn,k(n+1) = Wmn,k(n) + n [aAWmn,k(n) + (1 - G) 8n,k OUTm,j] + (1 - ﬂ) Xy
rae N — K03 UIMECHT, YIPaBIAIONINN OTHOCUTEIBHBIMU BennunHaMu Ko u oGpaTHOTO
pacrnpoCcTpaHEeHHs B KOMIIOHEHTaxX BECOBOTo miara. Eciu 1 nmpupaBHUBAETCS HYIIO, CHCTEMA
CTaHOBUTCA MNOJHOCThIO MamnHOM Komm. Ecau m npupaBHUBaeTcs €IMHHUIE, CUCTEMA

CTaHOBUTCS MAIIMHOW 0OPAaTHOTO PACIPOCTPAHEHUSI.
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V3MeHeHne JIUIlb OJHOTO BECOBOIO KOA(UIIMEHTAa MEXIY BBIYMCICHUSIMU BECOBOM
byakuun HeapdekTuBHO. OKa3anoch, YTO Jy4IIe Cpa3y M3MEHSATH BCE Beca IIEJIOTO CJof,

XOTA AJ1d HEKOTOPBIX 3a4a4 MOKET OKa3aThbCA BBII'OJHEC WHAA CTPATCIvsl.

MpeoponeHne ceteBoro napanuya KOMGUHUPOBaHHbIM MeToAoM obyyenus. Kak u B maiuHe
Komu, ecnu u3MeHeHne Beca yXyAIIaeT LENeBYI0 (PYHKIUIO, — C TIOMOIIbIO paclpeieieHus
bonbimana pemaeTcsi, COXpaHUTh JIU HOBOE 3HAUEHUE Beca WJIM BOCCTAHOBUTDH IMPEbIAYILEe
3HaueHue. Takum o00pa3oM, UMeEeTCsl KOHEYHas BEPOSTHOCTH TOTO, YTO YXYIIIAKOIIee
MHOXECTBO TIpUpaIleHUi BecoB OymeT coxpaHeHo. Tak kak pacmpeneneHue Komu mmeer
OECKOHEUHYIO AMCIEPCHUIO (IMana3oH M3MEHEHUsS] TAaHTE€HCa MPOCTUPAETCS OT — 0 JI0 + 00 Ha
00J1acTH OomNpeAeNeHNs), TO BeChMa BEPOSATHO BOSHUKHOBEHUE OOJBIINX MPHUPAIECHUH BECOB,

4acTO MPUBOJSIIMX K CETEBOMY Mapainyy.

OdeBHIHOE pEIICHHE, COCTOSAIIee B OTPAHMYCHUU UANa30Ha M3MEHEHUS BECOBBIX
[1aroB, CTaBUT BONPOC O MaTEMaTHYECKONH KOPPEKTHOCTH MOJYyYEHHOIO0 TakuM 00pa3zom
anroputMma. B pabore [6] mokazaHa CXOIUMOCTb CUCTEMBI K TJIOOATbHOMY MUHUMYMY JTHIIIb
JUTsE UICXOAHOTO anroputMa. [1ogoGHOro IT0Ka3aTenbCcTBA MPH UCKYCCTBEHHOM OTPAHHYEHUU
pa3Mcepa mara HC CyHICCTBYCT. B IIGfICTBHTG.HBHOCTH SKCIICPUMCHTAJIbHO BBIABJICHBI ClIy4au,
KOT/Ia ISl peaTn3alii HEKOTOPO GyHKIIMU TPEOYIOTCs OOJIBIINE Beca, U ABa OOJBIITUX Beca,

BbIUYUTAACh, JAIOT MaJIylO pa3HOCTb.

Jlpyroe penieHre COCTOUT B paHIOMHU3ALMK BECOB TEX HEHPOHOB, KOTOPBIE OKA3aJIUCh
B COCTOSIHMM HachllleHUs. HepocTtaTkom ero sBisieTcs TO, YTO OHO MOJMKET CEPbE3HO

HapyIIUTh 00YYAFOIINI TIPOIIECC, MHOT/IA 3aTSTUBAs €ro A0 OECKOHEYHOCTH.

Jnst  pemieHuss mpoOsieMbl Mapaiduva ObUT HAWACH METOJA, HE HapyIaIoIUMd
JOCTUTHYTOTO 00yueHusi. HachllieHHbIe HEHPOHBI BBISBIISIOTCS C IMOMOIIBI0O U3MEPEHHS UX
curnanoB OUT. Korga Benmunna OUT mpubnmkaercs K cBoeMy IpeIeIbHOMY 3HAYCHHIO,
MOJIOKUTEIBHOMY WJIM OTPULIATEIbBHOMY, HAa BECa, MUTAIOLIME STOT HEUPOH, IEHCTBYET
cxumaromas ¢GyHkuus. OHa mog00Ha MCTOIB3YEeMOM NIl TIOJyYeHUsT HEHPOHHOTO CHUTHaIa
OUT, 3a UCKJIIOYEHUEM TOTO, YTO IUAMA30HOM €€ U3MEHEHUS ABIISIeTCs] HHTepBal (+5,-5) win

JIPYToe MOAXOAsIIee MHOKECTBO. Toraa MOAH(PUITMPOBAHHBIC BECOBBIC 3HAUYCHUS PaBHbI

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

mn

Ota (YHKIUS CHIIBHO YMEHBIIACT BEJIMYMHY OY€Hb OOJBIIMX BECOB, BO3ACHCTBHE HA
MaJible Beca 3HauuTeNnbHO Ooiee crnaboe. Jlanee oHa MOANEPKUBACT CUMMETPUIO, COXPAHss
HEeOOoJIbIINE pa3Inyusl MKy OOJIBIIMMU BecaMH. DKCIEPUMEHTAIBHO ObUIO MOKa3aHO, YTO
9Ta (pyHKIMS BBHIBOAUT HEHPOHBI M3 COCTOSHHS HACHIIIEHUS 0€3 HapyIIeHHs! JOCTUTHYTOTO B
cetn oOydeHus. He ObIIO 3aTpadeHO CEpPhE3HBIX YCHIIMH AJIST ONTUMM3ALUHN HCIIOIb3yeMOMH

(byHKUIMH, Ipyrue 3HaYCHUsI KOHCTAHT MOT'YT OKa3aThCsl TYULIHMHU.
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AkcnepuMeHTansHoe pesynbTatbl. KOMOMHUPOBAHHBIN aITOPUTM, UCIONB3YIONIUI 00paTHOE
pacnpocTtpaneHue W obOydyenue Komm, mpuMeHsuics st 0Oy4eHHsS HECKOJBKUX OOJBIITUX
cereii. Hampumep, 3TUM MeTOAOM ObUIa YCHENIHO OOyYeHa CHCTEMa, paclo3HAroIIast
pyKomucHbIe KuTaiickue uepornudel [6]. Bce ke Bpems 0oO0ydeHHS MOMKET OKa3aThCs

00abIUM (TIPUOTH3UTENBHO 36 YacOB MAIIMHHOTO BPEMEHU YXOIUIO Ha 00Y4YEeHHE).

B npyrom skcnepumente 3Ta ceth obOydanack Ha 3amade MCKIIFOYAIOIIEE WJIN,
KOTOpas Oblja HCIOIb30BaHa B KAYECTBE TECTA JJIsl CPABHEHHUS C JPYTUMU alnroputmamu. J{is
CXOJUMOCTH CETH B CpeIHeM TpeboBajIoch OKOJO 76 TpeabsBICHUH OOYy4aroIero
MHOKECTBa. B KadecTBe cpaBHEHUS MOXXHO yKa3aTh, YTO MPHU HCIOJIB30BAHUHU OOPATHOTO
pactpocTpaHEHHUs B CPEIHEM TPEOOBAIOCH OKOJIO 245 MPEeAbsBICHUU JIJISl PEUICHUS dTOU Ke
3amaun [5] u 4986 wrepanuii mpu UCMONIB30BAaHUM OOPATHOTO PACIPOCTPAHEHUS] BTOPOTO

opsI/IKa.

Hu opHo u3 oOydeHHMH He MNpHUBENO K JIOKAJIBHOMY MHHHMYMY, O KOTOPBIX
coobmanock B [5]. bonee Toro, Hu ogHO M3 160 00y4eHHIT HE OOHAPYKUIO HEOKUIAHHBIX

MaTOJIOTUH, CETh BCET/1a MPaBUIIBHO 00yYaach.

DKCIIepUMEHTHI ke C YMCTOW MammuHOW Komu mpuBenw K 3HAYUTEIBHO OOJIBIINM
BpeMeHaMm oOyuenus. Hampumep, pu p = 0,002 i oOydeHus ceTu B CpeHeM TpeOoBaIoCh

0K0J10 2284 npeabsBICHUN 00YJaroIIero MHOKECTRA.

Oo6cy:xxknenue

KomOuHupoBaHHas ceTb, MCIONB3YIOIIAass O0OpaTHOE pacHpOCTpaHEHUE U OO0ydeHue
Ko, oOydaeTcst 3HAaUUTENBHO OBICTpEE, YeM KaKIbIH M3 JITOPUTMOB B OTAEIBHOCTH, U
OTHOCUTEIIbHO HEUYBCTBUTEJIIbHa K BeluuuHaMm KoddduuueHTtoB. CXOOuUMOCTh K
r106aJTbHOMY MUHUMYMY TapaHTupyetcst anroputMom Kormiu, B COTHSIX AKCIEPUMEHTOB I10
0o0y4eHHIO CeTh HU pa3y He TMomnajaja B JIOBYIIKM JIOKAJbHBIX MHHUMYMOB. IIpoGiema
CETEeBOT0 Mapajyya ObUla pelleHa C MOMOIIBI0 AJTOPUTMA CEJICKTHBHOIO CXKAaTHUsS BECOB,
KOTOpBI o0ecnednsl CXOIMMOCTh BO BCEX IMPEAbABICHHBIX TECTOBBIX 3aJayax 0Oe3

CYIIECTBEHHOI'O YBEJIMYEHHUs 00yUYaloIero BpeMEH!.

HecmoTpst Ha Takue OOHAIEKMBAIOIIME PE3yabTaThl, METOJ €Ille HE HCCIEeNIOBaH 10
KOHIIa, OCOOCHHO Ha OONBIIMX 3a/adax. 3HAuMTEeNbHO Ooiblnas paboTa moTpedyercs s

OonpeacIICHUA €ro JOCTOMHCTB U HCJOCTAaTKOB.
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MnaBa 6.
Cetn Xondumnpa

Ceru, pacCMOTpeHHBIC B TPEIBIIYIIUX TJ1aBaX, HE MMEIH OOpPATHBIX CBS3CH, T. €.
CBsI3€H, WAYIIUX OT BBIXOJOB ceTei u ux Bxogam. OTCyTCTBHE OOpaTHOM CBSI3U FapaHTUPYET
0€3yCIIOBHYIO YCTOMYHMBOCTh ceTel. OHM HE MOTyT BOWTH B PEXKHM, KOTJa BBIXO]
OecnpepbIBHO OJIYyXK/TaeT OT COCTOSHHS K COCTOSHHUIO M HE NMPUTOJCH K MCIOJIb30BaHUI0. Ho
9TO BEChbMa JKEJIaTeNbHOE CBOMCTBO JIOCTHTaeTcs He OecIiaTHO, ceTh 0e3 0OpaTHBIX CBS3Ei
obnamaroT 6oee OrpaHUYCHHBIMU BO3MOXKHOCTSIMH TI0 CPABHEHHUIO C CETSMH C OOpAaTHBIMHU

CBA3sIMH.

Tak kak ceTn ¢ OOpPaTHBIMU CBSI3SIMH UMEIOT ITyTH, TIEPEIAIOIINE CUTHAJIBI OT BBIXOJIOB
K BXOJaM, TO OTKJIMK TaKHUX CCTCP’I ABJIACTCA JUHAMHUYCCKUM, T. €. I1IOCJIC HpI/IJIO)KeHI/IH HOBOTI'O
BXOAa BBIYUCIIACTCA BBIXOA H, HepellaBaHCB 110 CE€THU 06paTHOﬁ CBA3U, MOIII/I(bI/ILII/IpyeT BXO.
3aTeM BBIXOJ TOBTOPHO BBIYHCIAETCS, W TIPOIECC TOBTOPSAETCS CHOBA W CHoBa. Jlis
YCTOWYMBOW CETH TIOCJIEIOBATEIbHBIE UTEPAIlMH TPHUBOAIT K BCE MEHBIIUM H3MEHEHUSIM
BbIXOJ4a, IIOKa B KOHIEC KOHIOB BbIXOA H€ CTAHOBHUTCA IIOCTOSAHHBIM. I[JIH MHOTUX ceTeﬁ
HpOI_ICCC HUKOrga HEC 3aKaH4YMBACTCA, TAKUEC CCTH HA3bIBAIOT HGyCTOﬁ‘-IHBBIMPI. HeyCTOﬁqHBBIe
ceTu 00JIaIal0T MHTEPECHBIMU CBOMCTBAMH M M3YYaJUCh B Ka4eCTBE MPUMEpPa XaOTHUECKHUX
cucrteM. OHAKO TaKo# OOJBIION MPEIMET, KaK XaoC, HaXOAUTCS 3a MPeeIaMi dTOW KHUTH.
BmecTo 3TOro Mbl CKOHLIEHTPUPYEM BHUMAaHUE HA YCTOMYMUBBIX CETAX, T. €. HAa TE€X, KOTOPBIE B

KOHII€C KOHIIOB Jar0T MMOCTOSIHHBIN BBIXO/.
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[Ipobnema ycTOMYMBOCTH CTaBUIIA B TYNUK MEPBBIX HccienoBateneii. Hukro He Ol B
COCTOSIHUU TPE/ICKa3aTh, KaKUe U3 ceTell OyayT yCTOMYMBBIMHM, a Kakue OyAayT HaXOJIUThCS B
IIOCTOSIHHOM M3MEHeHuHu. bojee Toro, mpobiema MNpencTaBisiack CTOIb TPYAHOH, YTO
MHOT'HE MCCIIEIOBATENN OBUIM HACTPOCHBI IECCUMUCTUYECKH OTHOCUTENIFHO BO3MOKHOCTH O€
pemenns. K cyacteio, B pabore [2] Oblna mosydeHa Teopema, ONMUCABINAS MOAMHOKECTBO
ceTell ¢ OOpaTHBIMM CBSI3IMH, BBIXOJbl KOTOPBIX B KOHIE KOHIIOB JOCTUTAIOT YCTOWYMBOIO
COCTOSIHUSA. DTO 3aMEUYaTeNIbHOE JOCTHKEHUE OTKPBUIO AOPOTY JAJIBHEUIIUM HCCIIEI0BAaHUAM
U CErofjHs MHOTME YYE€HbIE 3aHMMAIOTCSI MCCIEAOBAHUEM CJIOXKHOTO TIIOBEJACHHUS U

BO3MOXHOCTEN DTUX CUCTEM.

Jx. Xonduna caenan BaXHBIA BKJIAJl KaK B TEOPHIO, TaK U B MPUMEHEHHE CHCTEM C
oOpatHbIMU  cBsi3AMU. [lodTOMYy HekoTOophle U3 KOHGUIYypaluUld H3BECTHBI KaK CEeTH
Xondunna. U3 o630pa nurepaTypbl BUAHO, YTO HCCIEIOBAHMEM 3TUX M CXOIHBIX CHUCTEM
3aHuManuck MHorue. Hampumep, B pabore [4] wusyuyanuch oOuIMe CBOWCTBa ceTeid,
AQHAJIOTMYHBIX MHOTUM, PACCMOTPEHHBIM 37ieCh. Pab0OThI, HIUTUPYyEMbIE B CIIUCKE JIUTEPATYPhI
B KOHIIC TJIaBbl, HE HAIpaBJE€Hbl Ha TO, YTOOBI JaTh MCUEPIBIBAIOIIYIO OHOIHOTpaduio mo
cucTeMaM ¢ 0OpaTHBIMH CBA3sIMU. CKOpee OHM SBJISIOTCS JIUIIb JOCTYIHBIMH HCTOYHHKAMH,
KOTOPBIE MOTYT CIYKUTb JJIsi OOBSICHEHHUs, paclIMpeHust B 0000IIEHUsI CONEPKUMOTO STOU

KHHTH.

KOH®UTYPALIUN CETEU C OBPATHbIMU CBA3AMU

Ha puc. 6.1 mokazaHa ceTh C 00paTHBIMH CBSI3SIMHU, COCTOSINAs U3 IBYX cioeB. Criocob
IPECTaBICHNUS HECKOIBKO OTIIMYAETCS OT UCMOJIb30BaHHOTO B pabore Xonduiga U pyrux,
HO SKBHUBAJICHTEH UM C (YHKIIMOHAJIbHOW TOUKH 3PEHUs, a TAaKXKE XOPOIIO CBSI3aH C CETSIMU,
PacCMOTPEHHBIMU B MpeabAyInX rinaBax. HyneBoil cioi, kak ¥ Ha NpeAbIAYIIMX PUCYHKAX,
HE BBIIIOJHSET BBIYUCIUTEIHLHOU (I)YHKI_II/II/I, a JIMIb pacupeaCsi€T BbIXOAbl CCTU 06paTHO Ha
BXOIHbI. Ka)KI[bII\/'I HeﬁpOH MEPBOro CJI0s BBIYHUCIACT B3BCIHICHHYIO CYMMY CBOMX BXOIOB, JaBas
curHan NET, koTopslii 3aTeM ¢ TOMOIIBI0 HETMHEHHON QyHKIMHN F Mpeodpa3yeTcss B CUTHAIT

OUT. Otu oneparuu CXOIHBI C HEUpOHAMHU IPYTUX ceTel (CM. TI1. 2).

bunapHbie cucTeMbl

B mepBoit pabdore Xondunga [6] dyHkums F Obula IpOCTO MOPOTroBOM (hyHKIHEH.
Bbeixon Takoro HeillpoHa paBeH €IMHHUIIE, €CIU B3BELIEHHAs CyMMa BBIXOJOB C JPYTHUX
HEWpOHOB Oosbie mopora 7j, B MPOTUBHOM ciliydyae OHa paBHa Hym0. OH BBIYHCIACTCS

CJICAYIONUM 00pa3oM:

NET, = ;wijOUTi +IN,, (6.1)
17)

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

OUT ue usmensercs, ecnu NET; = T,

our,

JU7;

ha

Lon G (ROl 1

Puc. 6.1. OnqHocJ10iiHasA ceTh ¢ 00pPaTHBIMU CBA3SAMM.
IIyHkTHpPHBbIE TUHUN 0003HAYAIOT HYJIeBbIE Beca

Cocmosanue cemu — 3TO TMPOCTO MHOXKECTBO TeKylmux 3HaueHuM curHainoB OUT ot
BCEX HEWpOHOB. B mepBoHauanbHOM ceTn Xonduiga COCTOSIHUE KaKI0TO HEHPOHA MEHSIIOCH
B IUCKPETHBIC CITyyailHble MOMEHTHI BPEMEHH, B MOCIIEAYIOIIEH paboTe COCTOSHUS HEHPOHOB
MOTJIM MEHSAThCS OJTHOBPEMEHHO. TaK Kak BbIX010M OMHAPHOTO HEHPOHA MOXKET OBITh TOJIBKO
HOJIb WM €AUHMIIA (IPOMEXKYTOUHBIX YPOBHEH HET), TO TEKYIIee COCTOSHHUE CETH SIBISETCS

JIBOMYHBIM YHCIIOM, KaXIbIH OUT KOTOpoTo siBisieTcs curnaiom OUT HekoToporo HelipoHa.

OyHKIIMOHUPOBAHUE CETH JIETKO BU3yaJIM3UpyeTcs reomerpudecku. Ha puc. 6.2a
[I0OKa3aH Cllydail JABYX HEMPOHOB B BBIXOJAHOM CJIO€, IPHUYEM KaXKIOW BEpLIMHE KBajgpara
COOTBETCTBYeT OAHO M3 dYeThlpex cocrosiHuii cucremsl (00, 01, 10, 11). Ha pwuc. 6.26
MoKa3aHa TPEXHEUPOHHAs CHCTEMa, MPECTaBICHHAs KyOOM (B TPEXMEPHOM MPOCTPAHCTBE),

HMCIOIIIUM BOCCMb BCPIIMH, KaXAass HU3 KOTOPBIX IMMOMCYCHA TpCXGI/ITOBLIM 6I/IHapHI:IM

n
yucioM. B ofmieMm ciydae cuctema ¢ n HEHpOHaAMU MMeEeT 2 pa3iMYHbIX COCTOSHUN U

NPECTaBISIETCS N-MEPHBIM TUIIEPKYOOM.
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Puc. 6.2a. /IBa HelipoHa MOPOKIAIOT CHCTEMY € YeThIPbMS COCTOSIHUMH

111

101

110

774

arng

a0g

Puc. 6.26. Tpu HeiipoHa MOPOKIAIOT CUCTEMY € BOCEMbIO COCTOSTHUSIMU
Korna nopaercss HOBBIM BXOAHOW BEKTOpP, CETh MEPEXOAUT U3 BEPIUMHBI B BEPLIUHY,
IIOKa H€ CTaGI/IJ'II/BI/IpyCTCH. YcroituuBas BCpIIMHA ONpeAciIdCTCsa CCTCBBIMU BCCAMU,
TEKYIIMMH BXOJIAMH M BEJTMUMHON mopora. Eciii BXOJHON BEKTOp YaCTHYHO HEMPABUIICH WIIN

HETOJIOH, TO CETh CTAOUITM3UPYETCS B BEPIIMHE, OIMKANIICH K )KeJIaeMOH.

YcroiiuuBOCThH

Kak u B apyrux cersx, Beca MeXAy CIOSIMU B 3TOH CETH MOTYT pacCMaTpUBaThCs B
Buze matpuubl W. B paGote [2] moka3aHO, 4TO ceThb ¢ OOpAaTHBIMU CBSI3SIMU SIBJISICTCS
YCTOMYMBOM, €CIIM €€ MaTpuila CAMMETPUYHA M UMEET HYJHM Ha IJIaBHOW HAroHal, T. €.

eci wi; = wji M wy; = 0 U1 Beex .

VCTOMYMBOCTh TAKOM CETH MOXKET OBbITh JOKAa3aHa C I[IOMOILBIO DJIEraHTHOIO
MaTeMaTH4eCKoro meroza. JlomyctuM, uyTo HaiiieHa (QyHKIUS, KOTOpasi BCera yObIBaeT Mpu
W3MEHEHUHN COCTOSHUS CETH. B KOHIIE KOHIIOB ATa (YHKIHMS JOHKHA JOCTUYh MUHUMYMa U

MPEKPATUTh W3MEHEHHE, TapaHTHPys TeM CaMbIM YCTOHYMBOCTh ceTH. Takas (yHKIuS,
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Ha3piBaeMas ¢yHkuueil JlamyHoBa, [Uis paccMaTpUBAaeMbIX CeTe ¢ OOpaTHBIMU CBS3SIMU

MOKET OBITh BBEJICHA CJICAYIOIIUM 00pa3oM:

E= —%Z > w,OUT,OUT; - > 1,0UT, + > T,0UT, (6.2)
b i i

rae £ — MCKyCCTBEHHAs SHEPIUs CETH; Wij — BEC OT BBIXOJA HEHMPOHA [ K BXOJY HEWpOHA j;

OUT; — BbIX0x HEWpPOHA j; [j — BHEIIHUI BXOJ HEWPOHA j; T; — Opor HEHpoHa ;.

N3menenue sHepruu £, BBI3BAHHOE U3MEHEHUEM COCTOSIHUS j-HEHPOHA, €CTh

8 =| 3,(w,0UT,) +1, =T, |SOUT, = -[NET, ~T,]50UT  (6.3)
17]

riae SOUT; — u3sMeHeHue BbIX0/1a j-T'0 HEWPOHa.

JomyctuMm, uyto BenmuumHa NET welipona j Oonbiie mopora. Toraga BeIpakeHHE B
CKOOKax OyneT MOJIOKUTEIbHBIM, a W3 YpaBHeHus (6.1) cimemyer, 4To BBIXOJ HEHWpOHA j
JIOJDKEH M3MEHHUTHCS B TOJOXKHUTEIbHYIO CTOPOHY (MJIM OCTarhCsi 0€3 M3MEHEHus). OTO
3HauuT, 4T0 O0OUT. MOXKeT OBITh TOJNBKO MOJIOKHUTEIBHBIM WIH HYJIeM U OF TOIKHO OBITh
oTpuuaTenbHbIM. Cle10BaTebHO, YJHEPTHS CETH J0JKHA MO0 YMEHBIIUTHCS, JINOO OCTaThCs

0€e3 U3MEHEHNS.

Hanee, nomyctum, uto BeauduHa NET wmenbiie nopora. Torama BeauuuHa SOUT;
MOJKET OBITh TOJBKO OTpULIATENbHON WK HydeMm. ClenoBaTenbHO, OMATh YHEPTHs JOJIKHA

YMCHBIIUTHCA UIIN OCTATHCA 0e3 U3MEHEHHS.

N oxonuatensHo, ecan BenuunHa NET paBHa mopory, §; paBHa HYNIO M DHEpIus

ocTtaercs 0e3 U3MEHEHUS.

OTO mMOKa3bIBaeT, YTO J000E H3MEHEHHE COCTOSHHUS HelpoHa MO0 YMEHBIIUT
SHEPTHIO, JINOO OCTaBHUT ee Oe3 n3MeHeHus. biaronaps TakoMy HENPEPHIBHOMY CTPEMIICHHIO
K YMCHBIICHUIO SHEPrusi B KOHIIE KOHIIOB JOJDKHA JOCTHUTHYTh MHUHHMYyMa M IIPEKPATUTh

u3meHenue. 1o onpeneneHnro Takas ceThb ABJIAETCS YCTOMUUBOM.

CI/IMMCTpI/ISI CCTU ABJICTCA AO0CTATOYHBIM, HO HC HGOGXOI[I/IMLIM YCJIOBUEM JJIA
YCTOMYMBOCTU CUCTEMBI. IMeeTCcsi MHOTO YCTOMYMBBIX CUCTEM (HAIpUMep, BCE CETH MPSMOT0
nercTBus!), KOTOPhIE €My HE YIOBJICTBOPSIOT. MOXKHO MPOJAEMOHCTPUPOBATH MPUMEPHI, B
KOTOPBIX HC3HAYUTCIIBHOC OTKJIIOHCHUC OT CUMMCTPUU MOXKCT IMMPUBOJUTH K HCIPCPBIBHBIM
ocumwusausaM. OHAaKO NPUOIMKEHHOW CUMMETPUU OOBIYHO JOCTATOYHO Uil YCTOHYHMBOCTH

CHCTEM.
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AcconMaTuBHAA NAMATDH

UenoBeueckass mnamsiTh acCOIMATHMBHA, T.€. HEKOTOPOE BOCIOMHUHAHUE MOXET
MOPOXKJaTh OOJBIIYI0 CBA3aHHYIO ¢ HUM oOjacTb. Hampumep, HECKONBbKO My3bIKaTbHBIX
TaKTOB MOTYT BbI3BaTh LIEyI0 TaMMy UYYBCTBEHHBIX BOCIIOMHWHAHUM, BKIIOYas IMeW3axu,
3ByKH U 3amaxu. HampoTuB, OObIYHAS KOMIBIOTEPHAs TMaMSTh SBISIETCS JIOKAJIBHO

aJipecyeMoii, mpeabsBIseTCs apec U U3BIeKaeTcs HHPOPMALIUs IO AITOMY aJipecy.

Cerp ¢ oOpaTHON CBsI3pIO (OPMHUPYET accOlMATUBHYIO TmamMsTh. [logoOHO
YEeJIOBEUECKOW MaMsITH TIO0 3aJaHHOM 4YacTH HYKHOW wuHOOpMaAnuu BcsS HMHPOPMAIIHS
U3BJICKACTCS U3 «IIaMATH». YTOOBI OpraHu30BaTh aCCOLMATHBHYIO MAMATh C TIOMOIIBIO CETH C
00paTHBIMU CBSI35IMH, Beca JJOJDKHBI BRIOMPATHCS TaK, YTOOBI 0Opa30BBIBATh YHEPreTUUECKHE

MUHUMYMBbI B HY’)KHBIX BEpPIIMHAX €IMHUYHOTO TUIIEPKYOa.

Xondwung pa3paboTan acCONMATHBHYIO TaMSATh C HEMPEPHIBHBIMUA BBIXOJIAMH,
M3MEHSIOMUMHUCS B mpeaenax oT +1 g0 —1, COOTBETCTBYIOIIMX ABOMYHBIM 3HaueHusiM 0 u 1,
3anmomuHaemass WHGOpMAIUs KOJUPYETCS BOMYHBIMU BEKTOpPAMHU W XPAHUTCS B Becax

COTJIACHO CIIeAyroIel Gpopmyie:

wu=d§KOUTMOU1ﬁ) (6.4)
=]..m

Tac m — 4YUCJIO0 3allOMUHACMBIX BBIXOJHBIX BEKTOPOB, d— HOMCEp 3alIOMHMHAEMOTI'O BBIXOJHOT'O

BekTopa; OUT;; — i-KOMITOHEHTa 3aIIOMMHAEMOT'0 BBIXOJHOI'O BEKTOPA.

OTO BBIpa)KEHHE MOXET CTaTh 0oJiee SICHBIM, €CJIM 3aMETUTh, YTO BECOBOI MaccuB W
MOXKET 6BITI> Haf/'II[eH BBIYUCJICHUCM BHCIIHCI'O MPOU3ZBCACHHUA KaKAOI0 3allOMHHACMOI0
BEKTOpa C caMuUM c000H (ecimu TpeOyeMblil BEKTOpP MMEET # KOMIIOHEHT, TO 3Ta OIepalus
o0Opazyer MaTpuIly pa3MepoM 7 X 1) WU CYMMHPOBAHHEM MATpPHII, TOJTYYECHHBIX TaKUM

00pazoM. DTO MOKET OBITh 3aMKCAHO B BUJIC
W=>DD,, (6.5)

rae D; — i-i 3anoMUHAaeMBbIil BEKTOP-CTPOKaA.

Kak Tonpko Beca 3agaHbl, CETb MOXET OBbITh HCIOJb30BAHA JUIS IOJTY4EHUS
3alIOMHEHHOT'O BBIXO/IHOTO BEKTOpPA MO JAHHOMY BXOJHOMY BEKTOPY, KOTOPBII MOXKET OBITh
YaCTUYHO HENpPaBWIbHBIM WM HEMOJHBIM. JlJI1 3TOro BBIXOJAM CETH CHayala MPUAAIOT
3HA4EeHUs HSTOrO BXOJHOIO BEKTOpa. 3aTeM BXOAHOH BEKTOp YyOWpaeTcs M CeTH
IPEJOCTABIIAETCS. BO3MOXKHOCTh «pacciaaOUThCs», OMYCTUBIIUCH B ONMMKAHIIMN TITyOOKHH
MuHUMyM. CeTh uHAyIias MO JIOKAJbHOMY HAKJIOHY (YHKIMHM SHEPrHH, MOXET OBITh
3axBayeHa JIOKAJIbHBIM MHHMMYMOM, HE JOCTUTHYB HAaWIy4IIEro B TIJI00AJbHOM CMBICIIE

pelIeHus.
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HenpepbIBHBIE CHCTEMBI

B pabore [7] paccMOTpeHBI MOJENU C HENpephIBHON aKTUBAMOHHOW (yHKuuen F,
TOYHEE MOJICIUpYIONeld Ouosornueckuii HelpoH. B oOmem cimydae 310 S-00pasHas Wi

JorucTuyueckas GyHkuus

1

) = e (CANED)”

(6.6)

rae A — KodpQHUIUEHT, ONPEaeIISIOMNN KPYTU3HY CUTMOHIAIbHON (yHKImu. Eciu A
BEJIMKO, F’ IpuOIMKaeTcs K ONMMCAHHOM paHee nmoporoBoil GyHkuuu. Hebonbinue 3HadeHus A

naroT 0oJIee MOJOrUil HAKJIOH.

Kak w s OWHApHBIX CHCTEM, YCTOMYMBOCTh TapaHTUPYETCS, €CIH Beca
CUMMETpPHUUHBI, T.€. Wi = Wji U wj = 0 mpu Bcex i. DyHKIMSA SHEPrHH, JOKA3bIBAIOILAS
YCTOWYMBOCTh TOJOOHBIX CHUCTEM, ObLIa CKOHCTPYHMpPOBaHa, HO OHa HE paccMaTpUBaeTCs
3/1eCh M3-32 CBOETO KOHIICTITYaJbHOTO CXOJCTBA C JUCKPETHBIM ciydaeM. MHTepecyrommecs
YUTATEIM MOTYT 00paTUThes K padote [2] s 6osee moJIHOTO pacCMOTPEHUS 3TOTO BaYKHOTO

npeaMera.

Ecim A Benmko, HempepbIBHBIE CHUCTEMbI (YHKIMOHHPYIOT MOAOOHO JUCKPETHBIM
OMHApHBIM CHCTEMaM, OKOHYATEIbHO CTA0MIN3UPYSICh CO BCEMH BBIXOAAMHU, OJU3KUMU HYITIO
WIN €IMHUIC, T. €. B BEPUIMHE €AMHMYHOTrO Turnepkyda. C yMmMeHbIIEHHEM A yCTOHYMBBIC
TOYKH YIQJISIOTCSl OT BEPLINH, ITOCIIEI0BATEILHO UCcUYe3ast 0 Mepe MPUOIMKEHHS A K HYIIIO.
Ha puc. 6.3 nokasaHsl JUHUU SHEPreTUYECKUMX YPOBHEH HENPEPHIBHOM CUCTEMBI C JIBYMS

HEWpOHAMH.

Cetn Xonduaaa u mammua boasumana

Henocratkom ceteit Xomndunna sBiseTcss WX TEHACHIUS CTaOWIM3UPOBATHCA B
JOKaJbHOM, a He [I00aJbHOM MHUHHUMyME (YHKIMM SHEpruv. OTa TPYAHOCTh
IIPEO0JICBACTCS B OCHOBHOM C ITOMOIIBIO KJIacca CEeTEH, U3BECTHBIX 0] Ha3BaHUEM MaIlUH
BonbiiMana, B KOTOPBIX U3MEHEHHsI COCTOSIHUI HEMPOHOB 00YCIIOBIEHBI CTATUCTUYECKUMH,
HE JIETEpPMUHUPOBAHHBIMU 3aKOHOMEPHOCTAMHU. CyLIECTBYET TECHAs! aHAJIOTHSI MEXAY dTUMHU
METOAAMHM U OT)KMI'OM MeTajula, IO3TOMY M CaMHM METOJbl 4acTO Ha3bIBAIOT HUMUTALUEH

OT>XKHUra.

TepMozmHaanecmae CHUCTEMBI

Mertan OT)KHTaloT, HarpeBas €ro 0 TEMIIEPaTypbl, MPEBBIIIAIONIEH TOYKY €ro
IUIaBJICHUS, a 3aTeM JaBas €My MEIJICHHO OCTHITh. lIpu BBICOKMX TeMmmepaTypax aTOMBI,
o0J1aast BRICOKMMH YHEPTUSAMHU M CBOOOI0M MepeMelieH s, CIydaiiHbIM 00pa3oM MPUHUMAIOT

BCE BO3MOXHBIE KOHGurypauuu. [Ipu MOCTENEHHOM CHM)KEHUU TEMIIepaTypbl SHEPruu

87



aTOMOB YMGHLH_IaIOTCH, U CHUCTEMA B I[ICIIOM CTpeMI/ITCH HpI/IHHTB KOH(i)I/IpraL[I/IIO C
MHUHUMaJbHOW dHepruei. Korma oxnaxaeHue 3aBeplIeHO, JOCTUTAETCS COCTOSIHHE

r100abHOT0 MUHUMYMa SHEPTUH.

Puc. 6.3. JIuHnM IJHepPreTHYECKUX YPOBHEH

[Ipu duxcupoBaHHO# TeMIlepaType pacupeeicHue YHEPTUA CHCTEMBbI ONPEaeIIsIeTCs

BEPOSTHOCTHBIM (pakTopom bonbimana

exp(—E/kT),

rae E — sHeprust cucteMsl; k — nocrostHHas bonbiimana; 7 — Temreparypa.

OTCIOI[a MOKHO BHUACTb, YTO HUMCCTCA KOHCYHAA BCPOATHOCTH TOIr0, 4YTO CHUCTCMaA
00J1a1aeT BBICOKOM SHEPTHEH Ja)ke MPHU HU3KHUX TemrepaTrypax. CXoaHbIM 00pa3oM MMeeTCs
HeOOoJIbIIasA, HO BBIYUCISIEMas BEPOSITHOCTh, YTO YaWHUK C BOJIOM Ha OTHE 3aMEp3HET, MPEkKIe

YCM 3aKUIICTh.

CrarucTrueckoe pacmpesiesieHue SHEpPruil MO3BOJISIET CHUCTEME BBIXOJUTHh U3
JIOKQJIbHBIX MHHHMYMOB JHEpruu. B TO ke Bpemsi BEpOATHOCTb BBICOKOIHEPIeTHUYECKUX
COCTOSTHUH OBICTPO YMEHBIIIAETCS CO CHUKEHHEM TeMreparypsl. CiiejoBaTeabHO, IPU HU3KUX

TEMIICpaTypax UMCCTCA CUJIbHASA TCHACHIUSA 3aHATh HU3KOOHCPICTUYCCKOC COCTOSIHHUC.

CraTtucrtudexkue cetu Xonpuiaa

Ecnu mpaBmia u3MeHEHUs COCTOSHUHM 1 OuHapHOW cetnm Xomduina 3agaHbl

CTaTHUCTUYECKHU, a HE JETEPMUHUPOBAHHO, KaK B ypaBHeHHH (6.1), TO BO3HHMKAET cUCTEMa,
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HMUTHUDPYIOIIAsA OTXKUT. I[HSI €C pcajim3ali BBOJAUTCA BCPOATHOCTL HM3MCHCHHS BCCA KakK

(GYHKIMS OT BETUYMHBI, Ha KOTOPYIO BbIxo 1 HelipoHa OUT mpessimaet ero nmopor. [1ycts

Ek = NETk - Gk,

rne NETy — Beixon NET HeiipoHa k; 8 — nopor HelipoHa &, u

_ 1
“1+exp(=8E, /T)’

P

(oTMeThTe BepOsATHOCTHYIO (pyHKIMIO BonblimMana B 3HameHarene), rae 7' — UCKYCCTBEHHAs

TeMIeparypa.

B cragum QyHKIIMOHMpPOBAaHMS HWCKYCCTBEHHOW Temmeparype 7 TpUITHCHIBACTCS
6OHLI_HOG 3Ha4YCHUC, H€I>'Ip0HI>I YCTaHABJIMBAKOTCA B HAYaJIbHOM COCTOAHHHU, ONPCACIACMOM
BXOAHBIM BCKTOPOM, U CCTH NPCAOCTABIACTCSA BO3MOXHOCTbL HMCKaTb MUHHUMYM SHCPIruu B

COOTBETCTBUU C HIXKECJIEAYIOIIEH MpOLIeaypOil:

1. IlpunucaTh COCTOSIHHIO Ka)KIOrO HEWpOHAa C BEPOSATHOCTBHIO py 3HAYEHUE €AUHUILIA, a C
BEPOSITHOCTBIO 1—py — HYJIb.

2. llocreneHHO yMeEHbIIATh MCKYCCTBEHHYIO TEMIIEpaTypy M HOBTOPSATH IIar 1, moka He
OyZeT TOCTUTHYTO paBHOBECHE.

O0001IeHHBIE CeTH

[TpuHuun mamuHel bonbiMana MOXET OBITh TTIEPEHECEH HA CETH MPAKTUYECKH JIFOOO0M
KOH(Urypamnuu, XOTs YCTOMYMBOCTh HE rapaHTHpyercs. s 3Toro AocTatoyHo BbIOpaTh
O/IHO MHOKECTBO HEHPOHOB B Kau€CTBE BXOJIOB U JIPYrO€ MHOXKECTBO B KaU€CTBE BBHIXOOB.
3areM MpUAaTh BXOJHOMY MHOKECTBY 3HAU€HHUS BXOJHOTO BEKTOpa U MPEJOCTaBUTH CETH

BO3MOXHOCTD PEIIAKCUPOBATH B COOTBETCTBUU C OIIMCAHHBIMU BBIIIC ITPaBUJIaMU 1u2.

[Ipouenypa oOyueHUs UIsI TaKOW CETH, ONMUCAaHHAS B [5], COCTOMT W3 CIEAYIOIIMX

1aroB:
1. BbIYMCIUTh 3aKpeIICHHbIE BEPOSITHOCTH.
a) MpUAaTh BXOJIHBIM U BBIXOAHBIM HEHpOHAM 3HAUECHUS 00YUaIOIero BEKTOpa;
0) IpeI0CTaBUTh CETU BO3MOXKHOCTh UCKATh PAaBHOBECHE;
B) 3amMcaTh BHIXOAHbBIC 3HAYECHHUS JIJIsl BCEX HEHPOHOB;

r') MOBTOPUTH IIark OT a JI0 B JUIsl BCeX 00y4aroUIMX BEKTOPOB;

1) BBIYUCIMTH BEPOSTHOCTL P, T. €. 10 BCEMY MHOXECTBY 00YUaIOIIUX BEKTOPOB

ij

BBIYUCIIUTH BEPOATHOCTH TOI'0O, YTO 3HAYCHUA oboux HeﬁpOHOB PaBHbI CAUHUIIC.

2. BBIYUCIUTD HE3AKPEIJICHHBIE BEPOSITHOCTH.
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a) npeaoCTaBuUTh CCTU BO3MOKHOCTH ((CBO60,Z[HOFO JABWXKCHUSA» 0e3 3aKpCIUICHUA BXOJ0B

WJIM BBIXOAO0B, HA4YaB CO cnyqaﬁHoro COCTOAHMUA,

0) NOBTOPUTH LIAT 2a MHOT'O Pa3, pETUCTPUPYsI 3HAUEHUS BCEX HEUPOHOB;

B) BBIYUCIUTH BEPOSTHOCTh P, , T. €. BEPOSITHOCTb TOTO, YTO 3HAYCHHSI 0OOMX HEHPOHOB

ij
PpaBHBI €IUHUIIC.

3. CKOppEeKTUPOBATh BECA CETH CIICIYIOIINM 00pa3oM:
dw;; = r](Pij+ - F),

rae ow;; — U3MEHEHHUE Beca wi;, N — KOdhGUIIMEHT CKOPOCTH OOYUEHUSL.
\l >

NMPUNOXEHWUA

AmnaJjioro-uugpoBoii npeodpazoBareib

B nenaBuux paborax [8,10] paccmaTpuBaiach 3J1€KTpUUECKasi cXeMa, OCHOBaHHAs Ha
ceTh ¢ O0OpaTHOM  CBA3bIO, peanu3yiollas YeTbIpeXOUTOBBIM  aHAIOro-IU(PPOBOH
npeoOpazoBarens. Ha puc. 6.4 mokazaHa OJIOK-CXeMa 3TOTrO YCTPOWCTBA C YCHIIMTEIISIMH,
BBINOJIHAIOUIMMH POJIb UCKYCCTBEHHBIX HEHPOHOB. CONPOTUBIIEHHUS, BBIIOJIHSIIOIINE POJIb
BECOB, COCIMHSIOT BBIXOJ KaXJOTO HEHpOHa C BXOJAaMH BCEX OCTaIbHBIX. YTOOBI
YIIOBJIETBOPUTH YCIOBHUIO YCTOMUMBOCTH, BBIXOJ HEMPOHA HE COEUHSIICS COIIPOTHUBIEHUEM C
€ro COOCTBEHHBIM BXOJIOM, a Beca OpaJUCh CHUMMETPUYHBIMM, T.€. CONPOTUBIEHHE OT
BBIX0JIa HEHpPOHA i K BXOJYy HEHpOHA j MMENO Ty K€ BEJIIMYMHY, YTO U CONPOTUBIECHHUE OT

BBIX0J1a HEHPOHA j K BXOJly HEUPOHA I.

3aMeTuM, 4YTO YCWIMTEIM HMMEIOT MNPSAMOA M HWHBEPTUPOBAHHBIM BBIXOABL. ITO
MO3BOJISIET C TIOMOIIBI0 OOBIYHBIX IOJIOKUTEIBHBIX COMPOTHUBICHUNA PEaIM30BBIBATH U TE
CiIy4au, KOT/ia Beca JIOJDKHBI ObITh OTpullaTeIbHbIMU. Ha puc. 6.4 moka3aHbl Bce BO3MOKHBIC
COMPOTHBIICHUS, TIPU STOM HHUKOTJA HE BO3HHMKACT HEOOXOAMMOCTH TPHUCOCTUHSTH Kak

IIPSIMOM, TaK U UHBEPTUPOBAHHBIN BBIXO/bl HEHPOHA K BXOAY APYroro HeMpoHa.

B peanpHO#l cucTeMe KaxAbld yCWIMTEIh OOJagacT KOHEYHBIM BXOIHBIM
CONIPOTUBIICHUEM U BXOAHOM €MKOCTBbIO, 4YTO JOJKHO YYUTBIBATHCA IIPU pacyeTe
JUHAMUYECKON XapaKTepUCTUKU. [ yCTOWYMBOCTH ceTH He TpeOyeTcs paBeHCTBa ITHX
napameTpoB ISl BCEX YCHIIMTENIEH U UX CUMMETPUYHOCTU. Tak Kak 3THU mapamMeTpbl BIUSIOT
JIMIIb HAa BpEeMs MOJIyYEHHUs PEUICHUs], a HE HAa CaMO peuleHue, Uil YIPOUIEHUS aHAINn3a OHU

HCKJIIKOYCHBI.

[Ipenmonaraercs, 4To KCHOJB3YyeTCs MOporoBas QpyHKUUS (TMpeAes CUTrMOUIATHHON
byukuuu npu A, crpemsiieMcs K OeckoHedHocTH). Jlajgee, BCe BBIXOJBI H3MEHSIOTCS B

Ha4dajl€ JUCKPCTHBIX MHTEPBAJIOB BPEMCHH, HAa3bIBACMbBIX 3I10XaMHU. B naugane K&)K,I[Oﬁ OIIOXH
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UCCIIEIyeTCsl CyMMa BXOJIOB Ka)KJ0ro HelipoHa. Eciu oHa GoJbliie mopora, BIX0] IPUHUMAET
€IMHUYHOE 3HAYEHUE, €CIIM MEHbIIC — HyJaeBoe. Ha MpOoTsyKeHUHU 3MOXHU BBIXOABI HEMPOHOB

HE U3MCHSAIOTCA.

N L% o ]

:
RS
o
o
ot fest e
}/7\/7‘/}\/
S

Puc. 6.4. YerpipexonToBbIii aHa0ro-1u¢poBoii npeodpaszoBarelib,
HCIOJIb3YIOIMH ceTh Xonduiga

[enpto siBNIsIETCS TaKOH BBIOOP CONMPOTHBIICHUH (BECOB), YTO HEMPEPHIBHO PACTYIIEE
HanpspkeHue X, NpUIIOKEHHOE K OJHOBXOJOBOMY TE€PMHHAIY, MOPOKIAET MHOMXECCTBO W3
YeThIpEX BBIXOJOB, MPEACTABIAIONMX JBOWYHYIO 3allMCh YHWCIA, BEJIMYMHA KOTOPOTO
OpUOIMKEHHO paBHA BXOJHOMY HampspkeHHio (puc. 6.5). OmpenenuM cHavana (QyHKIUIO
SHEPTUH CIIEAYIOMNUM 00pa3oM:

2
E:—% X—ZzJOUTj +Z22j'lOUTj(1-OUTj), (6.7)
] ]

rae X — BXOJIHOE HapsiKEHUE.

Korpa £ MUHUMHU3UPOBAHO, TO MOJIy4arOTCs HY)XKHbIE BBIXOJBL. IlepBoe BhIpakeHHE B
CKOOKax MHHHMMHU3HpPYETCS, KOTJa JIBOMYHOE 4YMCJIO, 0Opa30BaHHOE BBIXOJaMH, Hambosee
O0mm3ko (B CpeJHEKBAJAPATUYHOM CMBICIE) K aHAJIOroBOW BennuumHe BXxojma X. Bropoe
BBIpDAKEHNE B CKOOKax oOpamiaercst B Hyib, KOT/Ia BCE BBIXOZBI paBHbI | mim 0, TeM caMbIM

HaKJIaJIbIBast OrpaHUYCHUC, YTO BbIXOJAbI IPUHUMAIOT TOJILKO JBONYHBIC 3HAUCHUA.

Eciu ypaBHenue (6.7) neperpynnupoBaTb M CPaBHUTH C ypaBHeHHEM (6.2), TO

MMOJIY4YUM CJICAYIOIICC BIPAXKCHUEC IJIA BECOB!
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_ A L i
Wi =2y, =2, (6.8)
rae wj - IpOBOAMMOCTb (BEIMYHMHA, 0OpaTHas CONPOTUBIIEHHIO) OT BbIXOJA HEHWPOHA I K

BXOJY HEHpOHa j (paBHas TakKe MPOBOAMMOCTH OT BbIX0J1a HEHPOHA j K BXOJly HEUpOHa i} y; —
IIPOBOJMMOCTB OT BX0OJa X K BXO1Yy HEMPOHA i.

UroObl MONYyYUTh CXEMYy C TPUEMIIEMBIMH 3HAYCHUSIMH CONPOTHBICHHHA U
noTpeOIsIeMOit MOIIIHOCTH, BCE Beca JOJKHBI ObITh TPOMACIITAOMPOBAHBI.

ouT, 00T, 0uT, 0UT, _
7 1 1 7 _—
1 1 1 d .
1 7 d 1
1 1 0 0 -
10 1 1 —
10 10 .
T/ g g 1 —
Gungpad 1 0 0 0 —
seixo? g 4 f -
g 7 1 0 -
g 7 0 1 —
g 1 4 0 -
g ¢ 1 1 —
g g 1 0 —
g g 0 1 -
g 0 0 0 + —

7 12 3456789101 12151415

Bxod, B

-

Puc. 6.5. UneanbHas XapaKTepUCTHKA YeThIPeXOMTOBOI0 aHAJIOr0-iu¢poBoOro

npeodpazoBareJist
WNneanpHass BBIXOAHAS XapakTEPUCTHKA, u300pakeHHas Ha pwuc. 6.5, Oyxmer

pcajii3oBaHa JIMIIb B TOM CJIydac, €CJIM BXO/JAbl YCTAHABIIMBAIOTCA B HYJIb IICPCA BBIMIOJICHUCM

npeoOpazoBanus. Ecim 3TOro He AenaTh, CEThb MOXKET IMOMACTh B JIOKAJIBHBIM MHHHUMYM
SHEPTHUH U JIaTh HEBEPHBIN BHIXO]I.

3agaya KOMMHBOSTKepa

3agaya KOMMMBOSDKEpaA SABJISIETCA ONTHUMHU3AUMOHHOW 3ajladyeild, 4aCcTO BO3HHUKAIOIIEH

Ha mpakTuke. OHA MOXET ObITh CPOPMYJIUpPOBAHA CIEAYIOIIUM O0pa3oM: Ui HEKOTOPOH
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TPYMIBl TOPOJIOB C 33JJaHHBIMU PACCTOSIHUSMU MEXKIY HUMU TpeOyeTcs HaWTH KpaT4aliiuit
MapLIpyT C MOCELIEHUEM Ka)KJI0OT0 ropojia OJMH pa3 U C BO3BPALIEHHUEM B UCXOJHYIO TOUKY.
bbulo nokazaHo, 4TO 3Ta 33jaya MPUHAAIEKUT OOJIBIIOMY MHOXECTBY 3a/1ay, Ha3bIBAEMbIX
«NP-nionHpIMU» (HEIETEPMUHUCTCKU NoJuHOMUAIbHBIMU) [3]. st NP-monubix 3amay He
M3BECTHO JYYIIIEr0 METOJa PEIICHUs, YeM MOJIHBIN mepebop BCceX BO3MOKHBIX BapUaHTOB, U,
M0 MHEHHIO OOJBIIMHCTBA MAaTEMaTHUKOB, MAJIOBEPOATHO, YTOOBI JIydlINil METOJ ObUT KOTaa
nubo HaiineH. Tak Kak TakOW TMOJIHBIA MOMCK MPAKTHUYECKH HEOCYIIECTBHM JIJIsi OOJIBIIOTO
YHCJIa TOPOJIOB, TO 3BPUCTUUYECKUE METOJIbI MCIIONB3YIOTCA JJI HAXOXKIEHUS MPUEMIIEMBbIX,

XO0TsA U HCOIITUMAJIbHBIX pemeHHﬁ.

Onucannoe B pabore [8] pemieHre, OCHOBAaHHOE Ha CETAX C OOpaTHBIMHU CBS3SIMU,
SIBIISICTCS. THIMYHBIM B TOM OTHOIICHHWH. Bce ke OTBeT moirydaercsi Tak ObICTpPO, 4TO B

OMPCACIICHHBIX CIIydadX MCTOH MOXKCET OKa3aTbCs IMMOJIC3HBIM.

JlommycTuM, 9TO TOpPOJa, KOTOPBIE HEOOXOUMO MMOCETUTh, MOMe4eHbI OykBamu A, B, C

u D, a paccTosiHUS MEXTy ITapaMu TOPOJIOB €CTh dyp, dye U T. 1.

Pemenuem sBisieTcs ynopsiioO4eHHOE MHOKECTBO M3 N TOpoAOB. 3ajlaya COCTOUT B
OTOOpaXEHUHM €ro B BBIYHUCIUTEIBHYIO CETh C HCIOJIB30BAaHHUEM HEHPOHOB B PEXKHUME C
OOJIBIION KPYTH3HOM XapaKTEepUCTHKHU (A MpUOMKaeTCsS K 0eckoHeuHOoCTH). Kakapiii ropos
MPEJCTaBJICH CTPOKOM M3 N HEHPOHOB. BBIXOJ OMHOrO M TOJBKO OJHOIO HEHMPOHA U3 HUX
paBeH eIuHUIE (BCE OCTAJIbHbIE PaBHbI HYJI0). DTOT PaBHbI €AUHUIIE BBIXOJ HEWpOHA
MOKA3bIBAET MOPSAKOBBIA HOMEp, B KOTOPOM JaHHBIA TOpOJ mocemaercs npu obxomxe. Ha
puc. 6.6 okazan ciydaii, korga ropoa C nmocemiaercs nepBbIM, ropoa A — BTOpbIM, ropos D
— TpeThUM | Topoj B — derBepThiM. [j1si TakoTO NpeACTaBiICHUST TpeOyeTcs n* HEUPOHOB —
YHCII0, KOTOPOE OBICTPO pacTeT C YBEIMYCHHEM YHCIIa TOpooB. JlJMHA Takoro Mapuipyra
ObuTa OBbI paBHA dcy + dag + dap + dpe. Tak Kak KaXKABIA TOPOJI MOCEIIASTCS TOIBKO OJHMH pa3 U
B K&XXJIbIii MOMEHT MOCEIIAETCs JIMIIb OJIUH TOPO/J, TO B KXJI0M CTPOKE U B KAXKIOM CTOJIOIE
MMEeTCsl Mo OJHOW eauHuie. sl 3amadn ¢ n ropogaMu BCEro uUMeeTcsl n! pa3jiuyHbIX
MmapuipytoB o0xozna. Eciau n = 60, To umeercs 6934155x10"® BO3MOXKHBIX MapuipyToB. Eciaun
NPUHATH BO BHUMAHHE, 4TO B Harei ranaktuke (Mieusom [Tyti) umeercs mump 10 38esn,
TO CTAHET SICHBIM, YTO TOJHBIA Mepedop BceX BO3MOXXHBIX MapmpyToB s 1000 ropomaor
Ja)ke Ha caMOM OBICTPOM B MHpPE KOMIIbIOTEPE 3ailiMET BpeMsi, CPAaBHUMOE C T'€0JIOrMYECKOi

SII0XOMH.

[IponeMoHcTpUpyeM Tenepb, Kak CKOHCTPYMPOBATh CETh ISl pelieHus 3Tod NP-
MOJTHOU MpoOsieMbl. Kaxkplii HeMpoH cHa0XKeH ABYMS MHACKCAMHU, KOTOPHIE COOTBETCTBYIOT
ropofly M TOpPAIKOBOMY HOMepy ero mnocemieHus B wmapupyre. Hampumep, OUT =1

MOKA3bIBAET, YTO TOPOJ X OBLI j-BIM IO MOPSAIKY TOPOJIOM MapIIPyTa.

OyHKIMS SHEPTUH J0JDKHA YIOBJIETBOPATH JBYM TpeOOBAHUSM: BO-TIEPBBIX, JOJKHA

OBITH MAJIOM TOJIBKO JIJISl T€X PEIICHUM, KOTOPhIE UMEIOT IO OJTHOM SAMHUIIE B KAKI0M CTPOKE
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U B KaXKI0OM CTOJI6I.I€; BO-BTOPLIX, JOJIKHA OKAa3bIBaTh HNPCAINOYTCHUC PCIICHUAM C KOpOTKOﬁ

JUTMHOW MapIipyTa.

[IepBoe TpeGoBaHUE yIOBICTBOPSETCS BBEICHUEM CICAYIOUIEH, COCTOSIIEH U3 Tpex

CyMM, (DYHKIIMH SHEPTHUU:

2

E :%ZZZOUTxiOUTXj %22 > OUT, 0UT,, +% [ZZOUTxiJ -n| ,(6.9)
i ] i i

X 1 j# 1 X y#X X

rie A, B u C — HEKoTOpble KOHCTAaHThl. DTUM JOCTHIAaeTCA BBIIOJHEHHE CIEAYIOLIUX

YCJIOBUU:

1. TlepBas TpoiiHas cymMMa paBHa HYJIIO B TOM M TOJIbKO B TOM Ciy4ae, €CJIM KaxKJas CTpoKa
(ropon) comepkut He 00Jiee OAHONU €TUHUIIBL.

2. Bropas TpoiiHas cyMMa paBHa HYJII0 B TOM U TOJBKO B TOM CIIydae, €CIU Ka)JIblid
croJioer (MOpsIKOBBIA HOMED MOCEIIEHHUS) CONECPKUT HE O0sIee OTHOM ¢TMHUITBI.

3. Tperbss cyMMa paBHa HYJII0 B TOM M TOJIBKO B TOM CIIydae, €CJIM MaTPHULA COACPKHUT
POBHO 71 €JUHULL

[Topsimok ciieroBanust

ropoja
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. MapumpyT KoMMHBOsIZKepa
Btopoe TpeGoBaHune — mpeanovTeHre KOPOTKUM MapIIpyTamM — YIOBJIETBOPSETCS C
MTOMOIIBIO JO0OABJICHUS CIAEAYIOMIETO YieHa K (DYHKIIMH SHEPTUU:
_D

> > > d,,0UT, (OUT,,, +OUT, ), (6.10)
23 yEX 1

3amMeTuM, 9YTO OTOT 4WIEH NPEACTaBIsieT CcOo00N AIUHY JTHO00r0 JOMYCTHMOTO
Mmapiupyta. [l ynoocTBa HHAEKCHI onpenensatoTes no Mmoaymo n, T. €. OUTy; = OUT;, a D —

HEKOTOpasA KOHCTAHTaA.

IIpu gocrarouno Gonpmux 3HadeHUAX A, B u C HU3KOAHEPreTUUECKHUE COCTOSHUS
OyIyT HpeACTaBIsATh JOMYCTUMBIE MApIIPYThI, a Oonblve 3HaYyeHus D rapaHTupyoTr, 4To

OyZeT HalIeH KOPOTKHI MapIIpyT.

Tenepb 3aaaguM 3HA4YCHHA BECOB, T. €. YCTAHOBHUM COOTBCTCTBHEC MCXKAY YJICHAMU B

(YHKLIMYU HEPTrUH U WieHaMu o01eit GopMbl (CM. ypaBHeHHE 6.2)).

[Tonyuaem
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Wyiyi = —Adxy(1 — ) (He normyckaeT 0oJiee OJTHOW eTUHUIIBI B CTPOKE)

—Bo;i(1 — 6xy) (e momyckaeT 60s1ee OJTHOM eIMHUITBI B CTOJIOIIE)
—C (rmobGanpHOE OrpaHUYCHUE)
—Ddy(8;i+1 + dji-1) (4neH, OTBEYAOIIMM 32 JJIMHY LIUKJIA),

rae O = 1, ecnm i = j, B mpoTuBHOM ciydae 0i) = 0. Kpome Toro, kaxuiplii HEHpPOH HMeEET

CMEIIAOIIMN BEC Xj, COeAMHEHHBbIN ¢ +1 1 paBHbII Ch.

B pa6ore [8] coobmraeTcst 006 3KcriepuMeHTe, B KOTOPOM 3ajja4a KOMMUBOSDKEpa Obliia

pewena st 10 ropoaos. B aTom ciydae Bo3Oyxaatomiast pyHkius Oblia paBHa

OUT =% [1 + th(NET/Uy)].
Kak noka3zanu pesynbrarsl, 16 u3 20 nporoHoB CONUIMCH K TOIMYCTUMOMY MapLIPYTy U OKOJIO
50% pemieHnit OKa3alMCh KpaTyalllMMH MapIIpyTaMH, Kak 3TO ObUIO YCTAHOBJIEHO C
MOMOILBIO TOJIHOTO Tmepebopa. DTOT pe3yslbTaT CTaHeT Oosiee BIEYATISIONIMM, €CIIU

0CO3HAaTh, 4To uMmeeTcsa 181440 1omyCcTUMBIX MapIIPyTOB.

Coo001manoch, 4T0 CXOAUMOCTh PEIICHHUH, MOJYYCHHBIX MO MeToxy Xorduima s
3a/1ayl KOMMUBOSDKEpPA, B CHUJIBHOW CTENEHU 3aBUCUT OT KOI(DPUIIMEHTOB, U HE HUMEETCS
CHUCTEeMAaTHUYECKOTO MeToja ompeneieHus ux 3HaueHuil [11]. B aroit pabote mpemioxeHa
npyrasi GyHKIUS SHEPTHH C €IWHCTBEHHBIM KO3(DPHUIIMEHTOM, 3HaUYe€HHWE KOTOPOIO JIETKO
omnpezaenserca. B mononHeHne npeaiokeH HOBBIM CXOAAIIMNUCS alropuT™M. MOXKHO 0KUAATh,
4YTO HOBBIE OOJiee COBEpIICHHBIE METOJbl OyayT pa3pabaThIBaThCS, TaK KaK MOJHOCTHIO

YIIOBJIETBOPUTEIHLHOE PEIICHNE HAILIO Obl MACCY TPUMEHEHUH.

OBCYXIOEHUE

JlokaJbHbBIE MHUHUMYMBI

Cerb, BbINONHSAIOWIAS aHAJOro-udpoBoe mpeodpa3oBaHue, BCErja HaXOIUT
€IMHCTBEHHOE ONTHUMAJIbHOE pelieHrne. ITO 00yCIOBICHO MPOCTONW MPUPOJONH MOBEPXHOCTH
SHEPruM B 3TOU 3anaue. B 3amaue KOMMHUBOsDKEpPA MOBEPXHOCTh PHEPIMM CHIIBHO M3pE3aHa,
M300MIIyeT CKJIIOHaMH, JTOJIMHAMU U JIOKAJIbHBIMU MUHUMYMaMU U HET TapaHTHH, YTO OyJeT
HaliZIeHO TJI00aNbHOE ONTUMAlbHOE pEIIEHHe U YTO [IOJIyYeHHOE pelieHue OyneT
JornmycTUMbIM. [Ipy 3TOM BOHHKAIOT CEPhE3HBIE BOIIPOCHI OTHOCUTENIBHO HAJIEKHOCTU CETU U
JIOBEPHsI K €€ PelICHUSIM. DTHU HEJOCTaTKH CETH CMATYaloTCsl TeM OOCTOSTEIbCTBOM, UTO
HaXO0XJICHUE TIO0AIbHBIX MHUHMMYMOB s NP-mojHbIX 3amay SBISETCS O4Y€Hb TPYAHOM
3ajaueid, KoTopas He MOKET OBbITh pelieHa B MPUEMIIEMOE BPEMsI HUKAKUM JPYTUM METOJIOM.

ﬂpyme METOJbI 3HAYUTCIIBHO boiee MCIJICHHBI U JAaKOT HC JIYUIIUC PC3YJIbTATHI.
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CkopocTh

CnocoOHOCTh ceTH OBICTPO TPOM3BOAWUTH BBIUUCICHUS SBISICTCS €€ TJIAaBHBIM
nocronHcTBOM.  OHa  OOycJOBIICeHa ~ BBICOKOW  CTCNCHBIO  paclapajuieiBaHUs
BBIYMCIIUTENFHOTO TIporiecca. Ecnm ceTh peajM3oBaHa Ha aHAJIOTOBOH DIEKTPOHHKE, TO
pELICHUEe PEOKO 3aHMMAaeT IPOMEKYTOK BPEMEHHU, OOJNBLIMHA HECKOJIBKUX IOCTOSHHBIX
BpeMeHHu ceTH. bosiee Toro, BpemMsi CXOIUMOCTH €J1a00 3aBUCHT OT Pa3MEPHOCTHU 3aJadu. DTO
PE3KO KOHTPAcTUpyeT ¢ Ooyiee 4eM HIKCIIOHCHIHUAIbHBIM POCTOM BPEMEHH PEIICHUS MpPU
VICTIOJIb30BAaHUH OOBIYHBIX MOAXOMOB. MOJEIHPOBAaHUE C ITOMOLIBIO OJHONPOLECCOPHBIX
CHCTEM HE TII03BOJISIET HCIIOJIb30BaTh MPEUMYIIECTBA IMapalICIbHOH apXUTEKTYphl, HO
COBpPEMEHHBIE MyJbTHUIIpOLiecCOpHbIe cucTeMbl Tuma Connection Machine (65536

mpoiieccopoB!) BechbMa MHOTOOOCIIAIONIN TSl PEeIISHUS TPYIHBIX 3a/1a4.

DyHKIHA JHEPIUH

Onpenenenue (yHKIMM 3HEPrUM CETH B 3aBUCHUMOCTH OT 3aJjaud HE SBIAETCS
TpuBHaJIbHBIM. CyIIeCTBYIONIIUE PELICHNUs ObUTH MOJyYeHbI C TOMOILBIO H300peTaTeIbHOCTH,
MaTEMaTHYECKOI'0 OIbITa U TaJllaHTa, KOTOpble He pa30pocaHbl B M300mInU. JlJ1i HEKOTOPBIX
3a/1a4 CYHIECTBYIOT CHCTEMAaTHYECKHE METOAbl HAXOXKJIEHUsS BECOB CETU. OTH METOJBI

HU3JIararTcs B L. 7.

EMKkocTE ceTn

AKTyaHLHLIM npeamMeToM I/ICCHCI[OBaHI/II\/'I ABJIIACTCA MAaKCUMAJBbHOC KOJIHMYCCTBO

3aroMrHAeMO HHGOPMAIUH, KOTOPOE MOKET XPaHUThCS B ceTh Xonduiaa. Tak kak ceTh u3

n
n JBOWYHBIX HCHUPOHOB MOXKCET HMCTH 2 COCTOsIHHUHU, TO HCCIICOAOBATCIN ObLIH YAUBJIICHEI,

O6Hapy}KI/IB, 9TO MaKCHMaJjbHasl EMKOCTh IIaMATH OKa3aJlaCh 3HAUYNTEIHFHO MEHBIIICH.

Ecim ObI MOTJIO 3aIIOMHUHATELCS OOJBIIOE KOJUYSCTBO MH(POPMAITMOHHBIX €IUHUII, TO
CeTh HE CTaOMIM3UpPOBaIach Obl HA HEKOTOPBIX M3 HUX. bojee Toro, oHa Moryia Obl MOMHUTH
TO, YeMy €€ H€ YYWUJIHU, T.€. MOIVIa CTaOWIM3UPOBATHCS HA PELICHUH, HE SBISIOMIEMCS
TpeOyeMbIM BEKTOPOM. DTH CBOWCTBA CTABWJIM B TYITHK IIEPBBIX HCCIICIOBATEICH, KOTOPBIC HE

HUMCEIIN MaTEMaTHYCCKUX METOJ0B JJIsA Hpe,Z[BapHTeHBHOﬁ OLICHKH €EMKOCTH IIaMsATHU CCTH.

[locnennue wuccnenoBaHus TMPOJMIM CBET Ha 3Ty npobiemy. Hampumep,
IPEeNoiaragoch, YTO0 MaKCHUMAaJbHOE KOJIMYECTBO 3allOMHHAeMOW HMH(OpMaIuu, KOTopoe
MOYKET XPaHUTBCS B C€TH U3 N HEHPOHOB U 0€30I1NO0YHO U3BJIEKATHCS, MEHBIIIE YEM cN’, rae
¢ — TOJIOKUTENIbHAsL KOHCTaHTa, OoJblIas €JUHMIBI. XOTS 3TOT MpeAea M JOCTUraeTcs B
HEKOTOPBIX ClIydyasX, B OOIIEM Cllyyae OH OKazajcs CIMIIKOM ONTUMHUCTHUYECKUM. B pabote
[4] OBLIO PKCIIEPUMEHTAIBHO MIOKA3aHO, YTO B OOIIEM CiTydae MpeaeabHOe 3HaUeHHUEe eMKOCTH

ommke k 0,15N. B paGote [1] ObulO MOKa3aHO, YTO YMCIO TAKUX COCTOSHUNA HE MOXKET
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IMMPCBLIIIATD N, 4TO COrJjIaCyeTeCs C Ha6J'IIOI[eHI/ISIMI/I Hala pCaiIbHbIMU CUCTCMAaMH U ABJISICTCA

HAaWIy4YIllel Ha CErOAHSAIIHUN I€Hb OI[EHKOM.

BbiBOAbI

Certu ¢ O6paTHI>IMI/I CBA3SAMU SABJIAIOTCA IEPCIICKTUBHBIM 00BEKTOM JUISA I[aJ'IBHeﬁH.IPIX
I/ICCJICI[OBaHI/II\/'I. Hx AUHaAMHUYCCKOC IMMOBCACHHUC OTKPBIBACT HOBLIC MHTCPCCHLIC BO3MOXKHOCTU
n CTaBUT CHeLII/I(pI/I‘-ICCKI/Ie Hp06HeMbI. Kak ormeuaercs B il 9, 9T BO3MOXHOCTH H

pOo0OJIEMbI COXPaHSIOTCA TP pean3alii HEUPOHHBIX CeTel B BUAE ONTHUYECKUX CUCTEM.
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MaBa 7.
[lByHanpaBrieHHasa accoumaTuBHas namsTb

[TamsTH YesoBeKa 4acTo SIBJISIETCS aCCOLMATUBHOM; OJIMH MPEIMET HAIIOMUHAET HaM O
Ipyrom, a »3TOT Apyro o TperbeM. EciM mO3BOJUTH HAIUM MBICISAM, OHU OyIyT
nepeMeniaThes OT MpeAMETa K IpeaMeTy o LeToYKe YMCTBEHHBIX accounanuid. Kpome toro,
BO3MOXXHO HCIIOJIb30BaHUE CIOCOOHOCTH K acCCOLMALUSAM JJisi BOCCTAaHOBICHUS 3a0BITBHIX
00pa3oB. Eciu MbI 3a0bUTH, TJIe OCTABUJIM CBOM OYKH, TO MBITAEMCS BCIOMHHTD, TJI¢ BUACTH
uX , B TOCIHEAHMM pa3, ¢ KeMm pasroBapuBagu u uro jgenanu. [locpenctBom 3TOro
yCTaHABIMBAECTCSl KOHEI| LENOYKH acCOlMalfii, 4TO MO3BOJIAET Halled MaMsITH COEAUHSTHh

accolManuu JJs MoxydeHus TpedyemMoro oopasa.

AcconpaTtuBHas MaMsTh, pPACCMOTpPEHHas B TIJ. 6, SBIAETCS, CTPOro TOBOPS,
aBTOACCOLMATUBHOM, 3TO 03HAYaeT, YTO 00pa3 MOXKET ObITh 3aBEpIICH WJIM UCIIPABIICH, HO HE
MOXXET OBITh acCOIMUPOBAH C ApyruM oOpa3oMm. JlaHHBIA (akT sBIAETCS PE3yIbTATOM
OJHOYPOBHEBOM CTPYKTYpbl ACCOLMAaTUBHOM IAMSTH, B KOTOPOM BEKTOpP MOSBISAETCS Ha

BBIXOJI€ T€X K€ HEHPOHOB, HAa KOTOPbIE IOCTYIAET BXOHOU BEKTOP.

JIByHanpaBiieHHast accornmaTuBHas namsath (JAIl) sBisieTcss reTepoaccormaTUBHOMN;
BXOJIHOM BEKTOp NOCTyNaeT Ha OJWH HaOOp HEHpPOHOB, a COOTBETCTBYIOIIMN BBIXOTHOU
BEKTOp BbIpalaThIBaeTcs Ha Jpyrom Habope HeiponoB. Kak u cersr Xondunma, HAII
criocoOHa K 0000IeHUIO, BhIpaOaThIBasi MPABWIbHBIC PEAKIIMHM, HECMOTPS Ha HMCKaKCHHBIC
Bxoabl. KpoMe TOoro, moryr ObITh peanu3oBaHbl amantuBHble Bepcun JAIl, Beimemnstomme
ATAJIOHHBIA 00pa3 M3 3alIYMIIEHHBIX SK3EMIUIIPOB. DTH BO3MOXHOCTH CHJIBHO HAIIOMUHAIOT
IIPOLIECC MBIIIJIEHUS YEJIOBEKA U IO3BOJIAIOT MCKYCCTBEHHBIM HEHPOHHBIM CETSM CHEIaTh

mar B HaIrpaBJICHUU MOJACIIMPOBAHUA MO3Ta.

B mocnemnux myOnukarmusax [9,12] mpencraBieHO HECKOIbKO (GopM peanu3anuu
JIBYHAIIPABJICHHON accOIMaTUBHON maMaTu. Kak O0NBIIMHCTBO BaXKHBIX UJEH, U3JI0KCHHBIE B
TUX paboTax uAeH HMEIOT TIIyOOKHMe KOpHH; Hampumep, B pabore ['poccOepra [6]
npeAcTaBiIeHbl HeKoTopblie BaxkHble mias JIAIl konmenmuu. B manHO#N paboTe CCBHUIKH
MPUBOJATCS HE C IIEJIbI0 pa3pellieHus] BOMpoca O MPUOPUTETE UCCIIEN0BATEIbCKUX paboT, a

HUCKIIFOYUTCIIBHO JJIsI OCBCUICHUA UX BKJIada B UCCIICAOBATCILCKYO TCMATHUKY.
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Puc. 7.1. Kondurypanusi 1ByHANIPaBJeHHOH aCCONMATHBHONH NAMATH
Ha puc. 7.1 npuBenena 0a3zoBas koHburypauus JAIl. Drta xondurypamus
CYIIECTBEHHO OTJIMYAETCs OT UCHOib3yeMoi B pabote [9]. Ona BbiOpaHa TakuMm oOpa3om,
YTOOBl TOAYEPKHYTH CXOJCTBO C ceTsMU Xonduiga U NPeayCMOTPETb YBEIUYEHUS
KonudecTBa cioeB. Ha puc. 7.1 BxomHoi BekTop A oOpabarpiBaeTcs MaTpuileii BecoB W

CEeTH, B pE3yJbTaTe Yero BeIpabaThIBACTCS BEKTOP BBIXOJHBIX CUTHAIOB HelipoHoB B. Bektop

B 3arem o00pabaThIBacTCS TPAHCIIOHMPOBAHHOH Matpuieii WU BecoB cerm, Kortopas
BLIpa6aTbIBaeT HOBBIC BbIXOJHBIC CUTHAJIbI, TPCACTABIAIONINUC CO6OI>'I HOBBIN BXOI[HOﬁ BCKTOP
A. DTOT mpoI1iecc MOBTOPSETCS A0 TEX MOP, MOKa CETh HE IOCTUTHET CTAOMIHLHOTO COCTOSHUS,
B KOTOPOM HU BEKTOp A, HU BeKTOp B HEe M3MeHstoTCs. 3aMeTM, 4TO HEUPOHBI B CJIOAX 1 1 2
(YHKUMOHUPYIOT, KaK W B JPYrHUX MapajurmMax, BBIYUCIAS CyMMY B3BEIICHHBIX BXOJOB U
BBIUUCIISAS 110 HEH 3HaueHue (YHKLIMU aKTUBAUUHU F. DTOT MpPOIEcC MOXKET OBITh BBIPAXKEH

CJICTYIOIUM 00pa3oM:
b, :F(zajwij) (7.1)
j

WIH B BEKTOPHOM (hopme:
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B = F(AW), (7.2)
rae B — BEKTOp BBIXOJIHBIX CHUTHAJIOB HEMPOHOB CJIOSl 2, A — BEKTOP BBIXOJIHBIX CHUTHAJIOB
HeiipoHoB ciost 1, W — marpuna BecoB cBsizell mexay ciosmu | u 2, F — ¢yHKuus

aKTHUBAaIHUU.

AHalorn4yHo

A = F(BWY) (7.3)
rne WU sBisercst TpaHCHO3ULIMEN MaTpULlbl W.
Kak ormeueno B 1.1, I'poccOepr mnokazan mpeuMMyIIECTBa HCIOJIB30BAHUS

CUTMOMIAJIBHON (JIOTHCTHYECKOM ) PYHKIIUN aKTHBAIIUU

OUT, = ! (7.3)
1 +exp(—ANET)

rae OUT; — Beixon Heiipona i, NET; — B3BemeHHass cyMMa BXOJ/IHBIX CUTHAJIOB HEHpOHA i, A —

KOHCTaHTa, OIIpCACIAroas CTCIICHb KPUBU3HBI.

B mpocreitmux Bepcusix JIAIl 3HaueHWe KOHCTaHTHI A BBIOMpAacTCs OOJBINNAM, B
pesynbTaTe yero (yHKUMs AaKTUBALMHM MPUOIIKAETCS K MPOCTO moporoBoil ¢yHkiuu. B
JATbHEHIINX PacCyKACHUSIX OyaeM IpearosaraTh, 4To HCIOIb3yeTcs MOoporoBast (QyHKIUS

AaKTHBallUuH.

[Ipumem Taxoke, 4TO CYIIECTBYET MaMATh BHYTPU Ka)KIOro HEHpOHa B closAX 1 u 2 u
YTO BBIXOJHBIC CUTHAJIBI HEUPOHOB W3MEHAIOTCS OJHOBPEMEHHO C KAXKIbIM TaKTOM
CUHXPOHHU3allM{, OCTaBasCh IIOCTOSHHBIMU MEXAYy OSTUMHM TakTaMHu. Takum oOpa3oM,

MOBE/ICHUE HEHPOHOB MOXKET OBITH OMMCAHO CJICAYIOIUMU TPABUIAMU:
OUTj(n+1) =1, ecnmu NETj(n)>0,
OUTj(n+1) =0, ecmu NET;(n)<0,
OUTj(n+1l) = OUT(n), ecmu NETj(n) =0,

rae OUTi(n) mpencraBisieT cOOOH BEIMYMHY BBIXOJHOI'O CUTHAlIa HEHpOHA i B MOMEHT

BPEMEHH 7.

3aMeTHhM, YTO KaK M B ONMMCAHHBIX paHee CeTAX cJIoM 0 He MPOU3BOJUT BHIYMCICHUNA U

HC HUMCECT IaMATHU, OH ABJIICTCA TOJBKO CPEACTBOM pacCIpEACICHUS BBIXOAHBIX CHI'HAJIOB

CJ10s1 2 K JIEMEHTAM MaTpUILIbI Wt

BOCCTAHOBJEHUE 3ANOMHEHHbLIX ACCOLIMALIUNA
JlonroBpemMeHHas MaMATh (WM acCOLMAlMM) peau3yeTcs B BECOBbIX MaccuBax W u

WU, Kasxisrit 00pa3 COCTOMT W3 JIBYX BEKTOPOB: BEKTOpa A, SBJISIFOIIETOCS BBIXOJOM CJiosl 1,
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U BekTopa B, accounuupoBaHHOTO 00pa3a, SBISIOMIETOCS BBIXOAOM cios 2. Jlns
BOCCTAHOBJIEHHSI aCCOIIMMPOBAHHOTO o0Opa3a BEKTOp A WM €ro 4acTh KPaTKOBPEMEHHO
yCTaHABIMBAIOTCSA Ha BbIXOAax cios 1. 3aTeM BeKTOp A ynausieTcs U CeTh INPUBOJUTCS B

cTaOMIIbHOE COCTOSIHME, BhIpadaThIBasi aCCOIMUPOBAaHHBINA BekTOp B Ha BbIXOz€ cios 2. 3ateM

BeKTOp B  Bo3melicTByeT uepe3 TpaHCHOHHMpOBaHHYIO Marpuiry WY  Bocnpomssoms
BO3JIEUCTBUE HMCXOJHOTO BXOJHOrO BEKTOpa A Ha Bbixoae ciyios 1. Kaxnpiii Takod Huki
BBI3BIBACT YTOYHEHUE BBIXOJHBIX BEKTOPOB cjosg 1l w 2 g0 Tex mop, moka He Oyner
JOCTUTHYTa TOYKA CTA0MJIIBHOCTM B CETH. OJTa TOYKAa MOXKET OBbITh pPacCMOTpeHa Kak
pPE30HAHCHAs, TaK KaK BEKTOp MepenaeTcsi 0OpaTHO U BIEpe] MEXAY CIOSIMU CETH, BCeria
oOpabaTrbiBasi TEKYIIME BBIXOAHBIC CHTHANBI, HO Oonbmie He wu3MeHss ux. CocrosHue
HEHPOHOB IpezcTaBisieT co0oii kpaTkoBpeMeHHYI0 nmamMsaTh (KII), Tak kak OHO MOXKET ObICTPO
U3MEHATHCS NP MOSIBIIEHUU APYroro BXOAHOIO BeKTopa. 3HaueHus: K03 (ULMEHTOB BECOBOI
MaTpullbl 00pa3yloT JOJTOBPEMEHHYIO HaMsATh M MOTYT M3MEHSThCS TOJIBKO Ha Oolee
JUTUTEIbHOM OTPE3KE BPEMEHM, HCIIONb3ysl MNPEJCTABICHHbIE HMIXKE B JaHHOM pasJiesie

MCTOABI.

B pabGore [9] moka3zano, uTo ceTh (YHKIIMOHUPYET B HAMPABICHUM MUHUMH3AIIUU
dbyakuun sHeprun JISmyHOBa B OCHOBHOM TaKHM K€ 00pa3oM, Kak W ceTh Xomnduiga B
nporecce cXoauMocTu (cM. Ti. 6). Takum 00pazom, KaxKAbIH UK MOIU(UITUPYET CUCTEMY B
HAlpaBICHUU HHEPreTHUYECKOr0 MHUHUMYMa, pacloJIOKEHHE KOTOpPOro OmpeaessieTcs

3HA4YCHHUAMU BECOB.

PeIunoc8Is O-: / /%’Jmmmf
AHEM / MIYE

YA 177 4 4

Puc. 7.2. DHepreTuyeckasi NOBEPXHOCTH JIBYHANIPABJIEHHOH aCCOMATUBHON NaMATH
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DTOT mpouecc MOXKET ObITh BHM3YaJIbHO NpEACTaBiIeH B (hopMe HampaBICHHOTO
JBWKEHHUS Ms4Ya [0 PE3MHOBOW JIEHTE, BBITAHYTOM HaJ CTOJIOM, IPUYEM KaKIOMY
3alIOMHEHHOMY 00pa3y COOTBETCTBYET TOYKA, «BIABJICHHAs» B HANPABICHUH MOBEPXHOCTH
crona. Puc. 7.2 wnmocTpupyeT JaHHYIO aHATIOTHIO C OJJHUM 3alIOMHEHHBIM 00pa3oM. JlaHHbII
nporecc  (GopMHpyeT MHMHHMYM —TPaBUTAllMOHHOM SHEPrMM B  KAXIOW  TOUKeE,
COOTBETCTBYIOLIIEH 3allOMHEHHOMY 00pa3y, C COOTBETCTBYIOUIMM MCKPUBICHUEM IO
MPUTSDKEHUS B HANIPaBJICHUH K JaHHOW Touke. CBOOOAHO ABMKYILMNCS MY NOMAJAeT B MOJIE
NPUTSOKEHUS. M B pe3ysbTare OyJaeT ABUraThCsl B HANIPABJICHUH YHEPTETUUYECKOr0 MUHHUMYMA,

1€ 1 OCTAHOBUTCA.

KOOWPOBAHUE ACCOLMALIUNA

OO6buHO ceTh OOy4yaeTcss paclo3HaBaHWIO MHOXKECTBa 00pa3oB. OOyueHue
MIPOM3BOJIUTCS C UCTIOIB30BAHUEM O0Y4aroniero Habopa, COCTOSIIEro 13 map BEKTOpoB A u B.
[Tpouiecc obyuenus: peanuzyercs B GopMe BBIYUCICHUI; 3TO 03HAYAET, YTO BECOBAsI MaTpHIla
BBIUUCIIICTCS KaK CyMMa MpPOU3BEICHHMU BCEX BEKTOPHBIX Map oOyuwatomiero Habopa. B

CHUMBOJILHOH hopme
w=>AlB,

[IpeanonoxumM, 4TO BCE 3allOMHEHHBIE OOpa3bl MPEACTABISIOT OO0 JBOMYHBIE
BCKTODPHI. 910 OTrpaHUYCHHUC IIOKAXKCETCA MCHCC CTpOruM, ¢C€CJIM BCIIOMHUTHL, 4YTO BCC
conepxkumoe bubmmorekn Konrpecca mMoxer ObITh 3aKOAMPOBAHO B OJIMH OYEHb JUIMHHBIN
JIBOWYHBIM BekTOp. B pabore [11] moka3zaHa BO3MOXKHOCTH JOCTHDKCHHS 0OJie€ BBICOKOM
IPOU3BOIUTEIILHOCTU TPU HCIIOJIB30BAaHUHM OHUMOJISIPHBIX BEKTOpOB. [Ipu 3TOM BekTOpHas
KOMIIOHEeHTa, Oonbinas yem 0, cTaHoBUTCA +1, a KOMIIOHEHTa, MeHbIas wiu paBHas O,

cTaHoBuTcs —1.

IIpeanonoxum, 4ro TpeOyercss OOy4UTh CETh C LEIbI0 3alOMUHAHMS TpeX Map
JIBOMYHBIX BEKTOPOB, IPUYEM BEKTOPBI Aj UMEIOT Pa3MEPHOCTb TAKYIO )K€, KaK U BEKTOpHI B;.
Hano oTMeTuTh, YTO 3TO HE SIBISCTCS HEOOXOIMMBIM YCIOBHEM Jisi pabOThl aJrOPUTMA;

accolLMaluu MOTYT ObITh CHOPMUPOBAHBI U MEX1Y BEKTOPAMH Pa3IMYHON Pa3MEPHOCTH.

VcxoHblii BeKTOp ACCOLMHPOBAHHEI BEKTOP Bunaphas sepcus

A, =(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)

Brrunciisiem BeCOByO MaTpuLly
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W = A’]t B’] + A’zt B’z + A’gt B’3

Janee npukiaasiBast BXxoaHoH BekTop A = (1,0,0), BeraucisieM BbIX01HOU BekTOp O

1 -1 3
0=AtW=(1,00)x -l 3 -1 = (-1-13)
3 -1 -l

Hcnons3ys moporoBoe npaBuiio
b;=1, ecmu 0; > 0,
b;=0, ectm 0; <0,
b; =0, He u3MeHseTcs, eci 0; = 0

BBIYUCIIACM

B’l = (0,051)5
4yTO SIBJISIETCS TpeOyeMol accoruaiueid. 3aTteM, moaaBas BekTop B’; depes oOpaTHyio CBS3b

Ha BX0J] epBoro ciost K Wi momyaaem

1 -1 3
O0=B, Wt=(0,0,1)x -1 3 -1 = @G-L-D)
3 -1 -1

yto naer 3Hadenwe (1,0,0) mocime mpUMEHEHHUs MOPOTOBOW (YHKIMHU, oOpasysl BEIUYHHY

BEKTOpa Aj.

OTOT mpUMep MOKa3bIBAET, KAK BXOJHON BEKTOP A C MCIOJIb30BaHUEM MaTpulbl W

IIPOU3BOJUT BBIXOJHOM BeKTOp B. B cBOIO 04epens Bexktop B ¢ Mcnonp3oBaHrMeM MaTpHUIb

W1 npousBosuT BekTOp A, TakMM 00pa3oM B cucTeMe (hOpPMUPYETCs YCTOMUMBOE COCTOSHHE

Y PE30HAHC.

JAII obmamaer cnocoOHOCTHIO K 00001IeHUI0. Hanpumep, ecimu He3aBepIICHHBIA HIIA
YaCTUYHO MCKAKEHHBIN BEKTOP MOJIaeTCs B KaUuecTBE A, CETh MMEET TEHCHIIMIO K BHIPa0OTKE
3alIOMHEHHOT0 BeKkTopa B, KOTOpHI B CBOIO OYepellb CTPEMHUTCS MCHPABUThH OIIMOKU B A.
Bo3MmoxkHO, Ui 3TOro mnoTpedyercss HECKOJbKO IIPOXOJ0B, HO CE€Thb CXOIUTCS K

BOCITPOM3BEICHUIO OJIMKANIIIETO 3alIOMHEHHOTO 00pasa.
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Cuctembl ¢ 0OpaTHOM CBSI3bI0 MOTYT UMETh TEHJCHILIMIO K KOJIEOAHUSAM; 3TO O3HAYAET,
YTO OHM MOTYT IIEPEXOJUTh OT COCTOSHUSI K COCTOSIHAIO, HHKOTZA HE JOCTHUTas
crabmwipbHOocTH. B [9] mokazano, uto Bce JIAIl 06e3yciioBHO CTaOMIBHBI TPU JHOOBIX
3HAYEHHUIX BECOB CETU. DTO BaXKHOE CBOMCTBO BO3HUKAET U3 OTHOIIECHUS TPAHCIIOHUPOBAHUA
MEXIy JBYMSI BECOBBIMH MaTpUIIAMU M O3HAUYAET, 4TO JIOOO0W HAa0Op accomMaluii MOXKET

OBITh M3y4YeH 0€3 PHCKa BOSHUKHOBEHUSI HECTAOUIILHOCTH.

CymectByer B3auMocBsizb Mexay JAIl u paccMoTpeHHBIMM B TI1. 6 CeTAMH

Xondunna. Eciu BecoBas matpuna W sBIseTCS KBaJpaTHOW M cUMMeTpu4HOH, To W=WL!, B
9TOM CiIy4ae, €clid cJiou | u 2 SBISAIOTCS OJHUM W TeM ke Habopom Helponos, JIAII

IPEBpAIAeTCs B aBTOACCOIIMATUBHYIO CETh XOM(pHiaa.

EMKOCTb NAMATHU

Kak u cern Xondunaa, JJAIl umeer orpaHndyeHuss Ha MAaKCUMaJIbHOE KOJIMYECTBO
accolManui, KOTOPbIE OHA MOYKET TOYHO BOCIIPOM3BECTU. ECIIM 3TOT JIMMUT NpEBBILIEH, CETh
MOJKET BbIPA0OTaTh HEBEPHBIN BBIXOJHOW CUTHAJ, BOCIPOM3BOJSA acCOLMALUU, KOTOPbIM HE

oOyueHa.

B pabGore [9] mnpuBeneHBI OIEHKHA, B COOTBETCTBHH C KOTOPBIMH KOJHYECTBO
3alIOMHEHHBIX aCCOLIMALMNA HE MOXKET MPEBbIIIATh KOJIMYECTBa HEHPOHOB B MEHBIIEM CIIOE.
IIpu »53TOM mpenmosaraercsd, 4YTO €MKOCTb HaMATH MaKCUMHU3MpPOBaHa IOCPENCTBOM
CIEMAJIBHOTO KOJIMPOBAHUS, NPU KOTOPOM KOJMYECTBO KOMIIOHEHT CO 3HA4EHUSIMH +1
pPaBHO KOJHMYECTBY KOMIIOHEHT CO 3HAYEHUSIMH —| B KaKJOM OHMIOJSPHOM BeKTOpe. JTa
OIICHKAa OKa3ajach CIMIIKOM ONTHMHUCTHYHOW. Pabora [13] mo oOmeHKEe eMKOCTH ceTel
Xomndunaa MmoxeT ObITh JieTKo paciupena ais JJAIL. MoxHo nokas3arb, 4To eciii L BeKTOpOB
BbIOpaHbl CIy4allHO M TPEACTaBICHBl B YKa3aHHOW BbIlie ¢opme, U eciid L MeHbIe 4eM
n/(2 logy n), Tae n — KOIMYECTBO HEHPOHOB B HAUMEHBIIIEM CJIOE, TOTJa BCE 3alIOMHEHHBIE
0o0pa3bl, 3a UCKIIOYEHHEM «MaJloM 4acTH», MOTYT ObITh BOCCTaHOBJIeHbl. Hampumep, eciu
n = 1024, Torna L nomxHo O6b1Th MeHble 5S1. Ecnu Bce 00pa3bl TOMKHBI BOCCTAHABIUBATHCA,
L nomxHO ObITh MeHbIe re/(4 10g; n), To ecTh MeHble 25. DTH, CKopee 03aJadyuBarollie,
pe3yapTaThl MOKA3bIBAIOT, YTO OOJBIIME CUCTEMbl MOTYT 3allOMMHATH TOJIBKO YMEPEHHOE

KOJIMYECTBO aCCOIHAIIAH.

B pa6ote [7] moxazano, uto JAIl MoxkeT UMeTh 10 2" CTaOUIBLHBIX COCTOSHHUH, el
MOpOroBoe 3HaueHue 1 BBIOMpAETCS s KaXIoro Heripona. Takas koHpurypamus, KOTOPYO
aBTOpbI Ha3Banu HeromoreHHou JIAll, siBisercs pacimpenreM ucxoaHoi romorenHon JIAIL,
B KOTOpOW Bce MOpOrd ObUIM HyJEeBbIMH. MoauduuupoBaHHas mnepenarouHas (GyHKIUS

HEWpOHA MPUHUMAET B 3TOM CJIy4ae CJICAYIOIINI BUI:

OUT;(n+1) = 1, ecu NETi(n) > T},
OUT;(n+1) =1, ecmu NETi(n) < T},
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OUTj(n+l) = OUTj(n), ecnmu NETj(n) = T;,

rae OUT;(¢) — BeIXo HElipoHa i B MOMEHT BPEMEHH L.

[TocpencTBoM BbIOOpa COOTBETCTBYIOIIETO MOPOra AJsl KaKJO0ro HEMpOHa KOJIMYECTBO
CTAaOMIBHBIX COCTOSIHHM MOXKET OBITH CAEIaHO JIIOOBIM B Auama3oHe oT 1 7o 2, rae n ecThb
KOJIMYECTBO HEHPOHOB B MeHbIIeM cioe. K cokalaeHwro, 3TH COCTOSHUS HE MOTYT OBITh
BBIOpaHbl CIy4yallHO; OHHU OMNPEACIIAIOTCS JKECTKOW TeoMeTpHYecKo mpoueaypoil. Ecim
MOJIb30BaTEIb BBIOMpaeT L COCTOSHUW Clay4dailHBIM o0pa3oMm, mnpuueM L MEHbIIEe
(0,68)n°/ {[loga(n)] + 4}2, U eCJIH KaxIblii BeKTOp umeeT 4 + logyn KOMIOHEHT, paBHBIX +1, 1
OCTaJIbHBIE, PaBHBIE —1, TO MOKHO CKOHCTpyHpoBaTh HeromoreHHyrw JIAll, nmerouryro 98%
ITUX BEKTOPOB B Ka4eCTBE CTaOMIIBHBIX coctossHuid. Hampumep, ecomm n = 1024, L nomxHO
ObITh MeHbIle 3637, 4YTO SBISICTCS CYIIECTBEHHBIM YIIYYIICHUEM TI0 CPaBHEHHIO C

1024
2

romoreHHbIiMHU JIAIl, HO 3TO HAMHOTO MEHbIIIE BO3MOKHBIX COCTOSTHUM.

OFpaHI/I‘IeHI/Ie KOJIMYCCTBA CAUHUIL BO BXOIHBIX BCKTOpAX MPCACTABISACT CCPLC3HYIO
npobiieMy, TeM Oosee, YTO TEOpus, KOTOpasi MO3BOJSET MEPEKOAUPOBATH MPOU3BOJIbHBII
Ha0Op BEKTOPOB B TAKOH «pa3peKECHHBIN» HAOOP, OTCYTCTBYET. BO3MOXKHO, 0OHAKO, YTO €IIIe
Oonee cepbe3HOU SBIsIETCS MPoOJieMa HEKOPPEKTHOU cxXoAuMOCTH. CyTh 3TOW TpOOIEeMBI
3aKJII04YacTCd B TOM, YTO CCThb MOKCT HC MPOU3BOJUTH TOYHBIX accounaunﬁ BCJIICOCTBUC
MPUPOBI MO MPUTSHKEHUS; 00 ee (popMe M3BECTHO OYEHb HEMHOroe. JTO O03HayaeT, uTo
JAIIl He sBiseTCs accoMaTOpOM IO OTHOIICHHWIO K Onmkaiiemy cocemHeMmy obpasy. B
HeﬁCTBHTGHBHOCTH OHa MOKCT NPOU3BOJUTH aCCOIUALIMN, UMCIOIINC cna6oe OTHOLICHUEC KO
BXoIHOMY BekTopy. Kak u B ciyuae romoreHHelx JIAII, mMoryr BCTpeyaTbCsl JIOKHBIE

CTaOMIBHBIE COCTOSHHUSA M HEMHOI'0E U3BECTHO 00 UX KOJIHMYECTBE U mnpupoae.

HecmoTtps Ha atu mpo6siemsl, JIAIT octaercsi 00b€KTOM HHTEHCUBHBIX MCCIICIOBAHUMN.
OcHoBHas npusiekareabHocTh JAIl 3akmiouaercs B ee npocrore. Kpome Toro, ona Moxer
ObITh peanm3oBaHa B Bujae CBUC (mubo aHanoroBbix, au00 HUQPPOBBIX), YTO JENACT €€
MOTEHIMAIBLHO HeIoporor. Tak Kak HaIIM 3HAHUS MOCTOSIHHO pactyT, orpanuueHus JJAII
MOTyT OBbITh CHATBHL. B 3TOM ciydyae Kak B SKCIIEPUMEHTAJBHBIX, TaK U B MPAKTUYECKUX
npunoxenusx JAIl OynmeT sBIATbCS BechbMa MEPCHEKTUBHBIM U TOJIE3HBIM KJIACCOM

HMCKYCCTBEHHBIX HEMPOHHBIX CETEM.

HEMPEPbLIBHASA OATn

B mpemmectByromeM oOCyxIeHUH HEHPOHBI B closiX 1 M 2 paccMaTpUBaIMCh Kak
CHHXPOHHbBIC, KaXIbli HEWpOH oO0NagaeT NamsThio, MPUYEM BCE HEUPOHBI H3MEHSIOT
COCTOSIHUSI OJHOBPEMEHHO I10JI BO3JCHCTBMEM HMITyJbCa OT LEHTPAJbHbIX 4YacoB. B
ACHHXPOHHOU cHucTeMe JI000H HEHPOH CBOOOICH U3MEHSITh COCTOSIHHE B JIFOOOE BpeMsi, Koraa

€ro BXOJ MPEIUCHIBACT ATO CeaTh.
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Kpome TOro, mpu omnpeneneHur (QyHKIMM aKTUBAlMM HEHPOHA HCIOJIb30BAJICS
MIPOCTOM TMOPOT, TEM CaMbIM 00pa3ysi pa3pbIBHOCTh MEpPeAaTOYHON (yHKIIMK HeWpoHOB. Kak
CUHXPOHHOCTh (PYHKIIMOHUPOBAHUS, TaK U Pa3pbIBHOCTh (PYHKIMM, SIBISIFOTCS OMOJIOTUYECKU
HEMpaBAONOJ00HBIMH M COBCEM HEO0OS3aTe/IbHBIMU; HENpepbIBHbIE acuHXpoHHbIE JAII
OTBEPralOT CHHXPOHHOCTh U Pa3pbIBHOCTb, HO ()YHKIHOHHUPYIOT B OCHOBHOM AaHAJIOTMYHO
JUCKPETHBIM BepcHsIM. MOXET MoKa3aThCs, 4YTO TaKuWe CHUCTEMbl JOJDKHBI SBISTHCS
HecTtabmibHBIME. B [9] moka3ano, uro HenpepoiBHbIe JAIl sBIsrOTCS cTaOMIBHBIME (OJTHAKO

JJI1 HUX CIPaBCIJIMBBI OrpaHUYCHUSA CMKOCTH, O6C}’)KI[€HHBI€ paHee).

B paGorax [2-5] moka3zaHO, YTO CHTMOWJa SIBIISIETCS ONTUMAaIbHOU (yHKUMEH
aKTHUBaLMU Onarojaps ee criocOOHOCTH YCHIJIMBATh HU3KOYPOBHEBBIE CUTHAJIBI, B TO JK€ BpEeMsI
CXKMMas JUMHAMUYeCKWil auana3oH HedpoHoB. HenpepeiBHas JIAIl Moxer wuMerh
CUTMOMJIAIbHYIO (YHKIHIO C BEIMYHHON A, OJM3KOW K eIuWHHUIEC, 00pasys TeM CaMbIM
HEUPOHBI C IUIABHOW W HENPEPHIBHOM peaKlUe, BO MHOTOM aHAJOTMYHOM pEaKIuu HX

OMOJOrHYSCKUX IIPOTOTHUIIOB.

HenpepoiBasts JIAIl moxer ObITh peanu3oBaHa B BHJE AHAJOTOBOM CXEMbI M3
pesuctopoB u ycunureneil. Peanuzanus takux cxem B Buge CBUC kaxeTcss BO3SMOXKHOU U
SKOHOMHUYECKH TpuBlekaTenbHOM. Eme ©Oonee olbemaromeit  sSBIsSETCS  ONTHYECKAS

peanu3arys, paccMaTpuBaemas B TJ1. 9.

AOANTUBHAA OANN

B Bepcusx IAII, paccMaTpuBaeMbIX A0 CHX IOp, BECOBask MaTpHIla BBIUUCISIETCS B
BUJE CYMMBbl NPOM3BEJEHUI NAp BEKTOPOB. ODTU BBIYUCICHUS IIOJE3HBI, IOCKOJIbKY OHHU
JTIEMOHCTPHUPYIOT QYHKIIUU, KOTOpble MOKeT BhINOMHATH [JJAIl. OgHako 3TO onpeaeeHHo He

TOT CHOCO0, MMOCPEACTBOM KOTOPOTO IIPOU3BOIUTCS OTPE/ICIICHAE BECOB HEUPOHOB MO3Ta.

AnantuBHas JIAIl u3MmeHser cBom Beca B Tporecce (DYHKIIMOHHPOBAHUSA. ITO
03HAYAEeT, YTO IMO/IaYa Ha BXOJ| CETH 00ydJaromero Habopa BXOJHBIX BEKTOPOB 3aCTaBIISIET €€
U3MEHATh  DHEPreTHYECKOe COCTOSHWE 1O TOdydeHHs pe3oHaHca. [locteneHHO
KpPaTKOBPEMEHHAsI MaMsITh MPEBpPAIIaeTCs B JOJITOBPEMEHHYIO TNaMsATh, HACTpaWBas CETh B
pe3ynbpTaTe ee PyHKIMOHUpPOBaHUs. B mpoiiecce 00y4eHHs BEKTOPHI MOAAIOTCS Ha CIOi A, a
aCCOLIMMPOBAaHHBIE BEKTOpPHI Ha cioil B. OamH w3 HuX win o0a BEKTOpa MOTYT OBITh
3alIyMJICHHBIMH BEPCHSIMU JTaJOHA; CETh O0YydYaeTcs MCXOJHBIM BEKTOpaMm, CBOOOIHBIM OT
myma. B 3TOM ciydae OHa WM3BJEKAeT CYIIHOCTh ACCOLMAIMK, O0yYasch STaJIOHAM, XOTS

«BUACIIA» TOJBKO 3alIyMJICHHBIC alIIIPOKCUMAIIUU.

Tak kak nokazaHo, uro HenpepbiBHas [IAIl sBisieTcst cTaOMIBHOW HE3aBUCHUMO OT
3HAYEHUS BECOB, OXKUAACTCA, YTO MEUICHHOE HU3MEHEHHE €€ BECOB HE JIOJDKHO HAPYIIUTh

aTOM crabunbHOCTH. B padore [10] moka3zaHo 3TO mpaBUIIo.
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[Ipocreiimmii o0y4aromuil aaropuT™M HCHOJIB3yeT NpaBmiio X300a [8], B KOTOpoM
U3MEHEHHE BeCca MPOMOPIHOHAIBFHO YPOBHIO aKTHBALMH €r0 HEHPOHA-MCTOYHHUKA M YPOBHIO
aKTHBALMKM HelpoHa-pueMHUKa. CHUMBOJIMYECKH 3TO MOYKHO HPEACTABHUTH CIIEIYIOMINM

obpazom:

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

rjae dwj; — U3MEHEHHE Beca CBsS3M HEHpOHa i ¢ HEWpPOHOM j B MaTpuuax W uiu Wt OUT; -
BBIXOJl HEWpoHa i cios | wiam 2; M — TMOJOXKUTEIBHBI HOPMHUPYIOMUNA KO3(PGUIIHEHT

00y4eHus1, MEHBITTHH 1.

KOHKYPUPYIOLLAA OAT

Bo MHOTMX KOHKYpHUPYIOIIUX HEUPOHHBIX CHCTEMaX HAOIIOAI0TCS HEKOTOPBIC BUIBI
KOHKYPEHIIMM MEeXAy HeilipoHamu. B HelipoHax, oOpa0aThIBalOIIMX CHTHAIBI OT CETYATKH,
JaTepaibHOE TOPMOXKEHHE MPHUBOJIUT K YBEJIIMYEHHUIO BBIXOJA HanOoOJiee BBHICOKOAKTHBHBIX
HEHPOHOB 3a CYET COCEOHUX. [aKue CHCTEMbl YBEIWYMBAIOT KOHTPACTHOCTh, IOJHUMAs
YPOBEHb AKTUBHOCTU HEHPOHOB, MOACOCAMHEHHBIX K SIPKOW OOJIAcCTH CETYAaTKH, B TO KE

BpeMms elile 6osiee 0cnadiisis BEIXOAbI HEHPOHOB, MOJACOSAMHEHHBIX K TEMHBIM 00JIaCTSIM.

B JAIl kOHKypeHLHS pealu3yeTcsi B3aUMHBIM COCAUHEHHUEM HEHWPOHOB BHYTPHU
Ka)KIOr0 CJIOosi TIOCPEICTBOM JOIMOJHUTENBHBIX CBsi3eid. Beca stux cBszeld GopmupyroT
JIPYT'YI0 BECOBYIO MATPUILY C MOJOKUTEIbHBIMU 3HAYEHUSIMU 3JIEMEHTOB TJIABHOW JHAaroHain
W OTPUIIATEIHLHBIMU 3HAYCHUSMU OCTAJIBHBIX djeMeHTOB. Teopema KoxeHn-I'poccoepra [1]
MOKAa3bIBAET, YTO TaKas CETh SBJsSIETCS 0OEe3yCIOBHO CTAOMIIBHOW, €CIIM BECOBbIE MaTpPHIIbI
cuMMeTpuyHbl. Ha mpakTuke ceTu OOBIYHO CTaOWJIBbHBI Jake B Cllydyae OTCYTCTBHS
CUMMETpPUU BecOBbIX Marpuil. OIHAKO HEU3BECTHO, KaKHME OCOOCHHOCTH BECOBBIX MAaTPHI]

MOTYT MPUBECTH K HEYCTOMYMBOCTU (DYHKIITMOHUPOBAHUSI CETH.

3AKIIOYEHUE

Orpannuennass emkoctb mamsitu  JIAII, J0XHBIE OTBETBI M HEKOTOpas
HEMpPEACKa3yeMOCTh MOBEACHHS MPUBEIM K PACCMOTPEHUIO €€ KaK YCTapeBIlIed Mojeiu

UCKYCCTBEHHBIX HEMPOHHBIX CETEH.

DTOT BBIBOJI OIpPEIEICHHO sBisieTcsl mpexaeBpeMeHHbM. [JAIl umeer MHOro
MIPEUMYIIECTB: OHa COBMECTHMA C aHAJIOTOBBIMH CXEMAaMH M ONTHYECKUMU CUCTEMaMH; JJIS
Hee OBICTPO CXOIATCS KakK Mpoliecc O0ydeHHsI TaK, U MPOIECC BOCCTAHOBIICHUs UH(OpMAIINH;
OHa MMEET MPOCTYI0 U UHTYHTHUBHO MpHUBJIEKATENbHYIO (GopMy (HyHKIMOHHpOBaHUA. B cBs3n
C OBICTPBIM Pa3BUTHEM TEOPUH MOTYT OBITh HAWJCHBI METOIbI, OOBICHSIOIINE TOBEICHHUE

JAII u pa3pemaroniue ee mpooJIeMBbl.
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MnaBa 8.
ApanTuBHas pe3oHaHCHas Teopus

Mo3r dYenoBeka BBINOJHAET TPYIHYIO 3agadyy oOpaOOTKM HENmpephIBHOIO MOTOKA
CEHCOpHOM HMH(OpMaLMH, MOTy4aeMON W3 OKpyXkamomero mupa. M3 moToka TpuBHAIbHOU
nH(pOpMaMu OH JOJKEH BBIJICTUTH JKU3HEHHO BaXXKHYIO HHoOpMaIuio, oopaboTats €€ W,
BO3MOXXHO, 3aperucTpupoBaTh B JOJroBpeMeHHOM mnamsth. I[lonnmanue mponecca
YeJIOBEYECKOM NaMsiTH MpEACTaBIsSeT co00il cephe3Hylo mpodieMy; HOBbIe 00pasbl

3alIOMMHAIOTCS B TakoWl (opme, YTO paHee 3allOMHEHHbIE HE MOJUQPHUIMPYIOTCS U HE
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3a0bIBAIOTCSA. DJTO CO3AAa€T JWIEMMY: KakKUM OOpa3oM MaMsTh OCTaeTCs IUTACTUYHOM,
CIOCOOHOM K BOCIIPUSATHUIO HOBBIX O0pa3oB, U B TO K€ BpPeMs COXpPaHSET CTaOWUIbHOCTD,
rapaHTHPYIOIIYI0, YTO OO0pa3bl HE YHUYTOXKATCS W HE paspymarcs B Iporecce

(byHKIMOHUPOBAHUS?

TpaauumoHHbIEe HCKYCCTBEHHBIE HEHPOHHbIE CETH OKA3aJIMCh HE B COCTOSIHMM PEIIUTh
npobjemMy CTaOMIIBHOCTU-TIACTUYHOCTH. OdveHb YacTo 0Oy4YeHHe HOBOMY o0pasy
YHUYTOXKaC€T WM HW3MEHSET pe3yJdbTaThl TMPEAIIECTBYIOMET0 OO0y4YeHus. B HEKoTOpbIxX
cilyyasix 3TO He cyuiecTBeHHO. Ecnu mmeercst ToabKO (UKCHPOBAaHHBINH HAOOp 00ydaromIux
BEKTOPOB, OHU MOTYT NPEABABIATbCA NMPU OOYUYEHHHM IUKIMYECKH. B ceTsix ¢ oOpaTHhIM
pacrpocTpaHeHHEM, HampuMmep, OoOydaromMe BEKTOPbl TMOJAIOTCS Ha BXOA  CETH
MOCJICIOBATEIBHO JI0 TEX TOp, MOKa CeTh He OOyduTCsS BCeMy BXonHOMy Habopy. Ecmm,
OJIHAKO, TOJIHOCTBIO OOyUeHHAas CeTh JOJDKHA 3allOMHUTHh HOBBIA OOy4yaromMid BEKTOp, OH

MOJKET U3MEHUTH BeCa HACTOJIBKO, YTO OTPEOyeTCs MOIHOE epeo0yueHUe CeTH.

B peanbHO#l cuTyanmm ceth OymeT MOABEPraTbCs TOCTOSHHO W3MEHSIOIIUMCS
BO3/ICHCTBUSM; OHA MOXET HUKOT/]a HE YBUICTh OJMH U TOT K€ 00YJarOIINil BEKTOP JTBAXK/IBL.
[Tpu Takux 0OCTOSATENHCTBAX CETh 4YacTO He OymeT o0ydaThCs; OoHA OyAeT HEempepbIBHO

HU3MCHATH CBOU BECa, HC NOCTUIAsd YAOBJICTBOPUTCIIbHBIX PC3YJILTATOB.

bonee toro, B pabote [1] mpuBemeHbI MpUMEPHI CETH, B KOTOPOH TOJBKO YETHIPE
00yJarIux BEKTOpa, MPEABSBISEMBIX IUKIMYECKH, 3aCTABISIOT Beca CETH H3MEHSTHCS
HCIIPCPBIBHO, HUKOrJa HC CXOIACH. Takas BPCMCHHAaA HeCTa6I/IJIBHOCTB saBUJIaCb OJHUM H3
IJIaBHBIX (haKTOpPOB, 3acTaBUBLINX ['poccOepra u ero COTpyIHUKOB MCCIEI0BATh PaJAUKAIBLHO
OTJINYHbIE KOH(pUrypanuu. AnantuBHas pe3oHaHcHas Teopust (APT) sBisercs ogHuMm u3

PE3YJIBTaTOB MCCIICIOBAHUS ITOM MpoOsiemsl [2,4].

Ceru u anroputmbl APT COXpaHSIOT MIAaCTUYHOCTh, HEOOXOAUMYIO Ui H3y4CHHS
HOBBIX 00pa30B, B TO K€ BpeMs MpeAoTBpalas M3MEHEHUE paHee 3allOMHEHHBIX 00pa30B.
DTa crmocoOHOCTh CTUMYJHpoBaia Oonbmoil wHTEpec Kk APT, HO MHOrHMe mcciemoBaTen
HallUTK TEOPHIO TPYIHOW 11 moHMMaHusA. Maremarmdeckoe ommcanue APT sBusercs
CJIOXKHBIM, HO OCHOBHBIE HJEM U TMPUHLMIBl peaTU3alud JIOCTATOUYHO MPOCTHI MJIA
MmoHUMaHus. MbI CKOHIIGHTpUpyeMcs aanee Ha oOmeMm omucannu APT; marematnuecku
Oojiee MOATOTOBJICHHBIE YUTATENM CMOTYT HAaWTH M300WJIME TEOpPUU B JIUTEPATypE, CIHCOK
KOTOpPOW TpHBEACH B KOHIIC TJaBbl. Hameill menpio sBisieTcs oOecrleueHue T0CTaTOYHO
KOHKpETHOW HH(OpMAIUel, 4TOObI YUTATENh MOT TIOHSITh OCHOBHBIC UJIEU U BO3MOXKHOCTH, a
TaK)K€ MPOBECTH KOMIIBIOTEPHOE MOJICIHPOBAHUE C LIETBI0 HCCIEIOBAHUS XapPaKTEPUCTUK

S3TOr0 Ba’KHOI'O BUIIA CETEN.
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APXUTEKTYPA APT

AnanTuBHas PE30HAHCHAs TEOpPHUs BKIIOYACT JBE MapaJurMbl, KaAas U3 KOTOPBIX
onpenensiercss (OpMO BXOAHBIX JaHHBIX M criocoboM ux obpabotku. APT-1 paspaborana
I1si 00pabOTKM JBOMYHBIX BXOJHBIX BEKTOPOB, B TO Bpems kak APT-2, Oonee mo3gHee
o0o0menne APT-1, moxer kinaccuuuupoBaTh Kak JBOWYHbBIC, TaK M HENpPEPHIBHBIC
BeKTOphl. B manHoii pabore paccmarpuBaercst Tonbko APT-1. YuraTens, MHTEpeCyIOLIerocs
APT-2, MoxHO oTOCHaTh K padoTe [3] s MOJTHOTO M3YYEHUsI TOTO BAXKHOTO HAIIPaBJICHUSI.

Hns xpatkoctu APT-1 B nanbreiimem Oynem o6o3Havath kak APT.

Onucanue APT

Cerp APT mnpencraBisier co0oii BeKTOpHBIM KiaccupukaTop. BxomHoW BekTOp
KJIaccu(UUIUpPyeTcss B 3aBUCMMOCTH OT TOr0, Ha KaKOW M3 MHOXECTBAa paHee 3allOMHEHHBIX
o0pazoB oH moxox. CBoe kimaccudukamuonHoe pemeHue cetb APT Bwipaxkaer B dopme
BO30Y)KJICHUS OJHOTO W3 HEMpPOHOB pacro3Haromero cios. Eciu BXOJHONH BEKTOp He
COOTBETCTBYEeT HHM OJHOMY U3 3allOMHEHHBIX 00pa3oB, CO3MaeTCsl HOBas KaTeropus
IIOCPEJICTBOM 3allOMHUHAaHMUA 00pa3za, HIEHTUYHOIO HOBOMY BXOJHOMY Bekropy. Ecmn
OIPENIEIEHO, YTO BXOAHON BEKTOP MOX0X HA OJIMH U3 PaHEe 3alIOMHEHHBIX BEKTOPOB C TOUKU
3pEHHs OIPENEJICHHOTO0 KPHUTEPHsl CXOJACTBA, 3allOMHEHHBIM BEKTOp OyIeT H3MEHSAThCS
(oOyuaTbcs) MO BO3JACHCTBHEM HOBOTO BXOJHOI'O BEKTOpa TakUM 0Opa3oM, 4TOOBI CTaTh

0oJiee TOX0KUM Ha 3TOT BXOJAHOU BEKTOP.

3anoMHEHHBIM 00pa3 He OyJeT M3MEHATHCS, ©CIM TEKYIIMHA BXOJHON BEKTOp HE
OKaXeTCA JOCTAaTOYHO TIOXOKMM Ha Hero. Takum oOpa3oMm pemraercs aujiemMma
CTaGI/IHLHOCTI/I-HHaCTI/I‘{HOCTI/I. Hospbrit 06p8.3 MOKET CO31aBaTh JOIIOJIHUTCIIbHBIC
KJIacCU(UKALMOHHBIE KAaTerOpUH, OJIHAKO HOBBIM BXOAHOW 00pa3 HE MOXET 3acTaBUTh

HU3MCHUTHCA CYHICCTBYIOIIYIO ITaMSTh.

Yupomennas apxurekrypa APT

Ha puc. 8.1 mokaszana ynpomeHHas koHgurypauus cetu APT, npencraBieHHas B
BUJIC MATH QYHKIHMOHATIBHBIX MOy eil. OHa BKIIIOYAET /IBa CJI0S1 HEMPOHOB, TaK HA3bIBAEMBbIX
«CJIOW CpaBHEHMs» W «cJIoW pacmno3HaBanus». [lpuemuwmk 1, Ilpumemuux 2 u COpoc

00ecIreunBaroT yrpasistonue GyHKIIUN, HEOOXOAMMBbIE SISl OOyUeHHUS U KJIacCHU(PUKAIIIH.

Ilepen paccmoTpeHueM BONPOCOB (YHKIMOHMPOBAHUS CETH B 1I€JIOM HEOOXOIMMO

paccMOTpeTh OTAENBbHO (DYHKIIMU MOIYJIEH; Aanee 00Cy IatoTcs PYHKIMH KaXKI0ro U3 HUX.

Cnon cpaBHeHuss. (IOl CpaBHEHMS TMOJy4aeT JBOMYHBIA BXOJHOM BeKTOp X H
NEPBOHAYAIBHO MPOITYCKAET €ro HEM3MEHEHHBIM JUIsl JOPMHUPOBAHUS BbIXOAHOTO BekTopa C.
Ha Oonee mo3gHeil (aze B pacmo3HAIONIEM CJIO€ BbIpa0aThHIBACTCS JBOMYHBIA BEKTOp R,

Moaubunupyromuii Bektop C, Kak OMrMcaHo HUXKE.
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Kaxxnpiii HEMpoH B ciioe cpaBHEHUs (puc. §8.2) moiyiyyaeT Tpu ABOMYHBIX Bxoja (0 win

I): (1) xommoHeHTa X; BXOAHOTO BeKTOpa X; (2) curHanm oOpaTHOW CBs3U R; — B3BEIICHHAS

CyMMa BBIXOJIOB pacrosHaromiero ciosi; (3) Bxoa ot Ilpuemuuka 1 (0auH U TOT K€ CHUTHAI

MO/AETCsl Ha BCE HEUPOHBI 3TOTO CIIO0).

Lopor
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Puc. 8.1. Ynpomennas cerb APT
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Puc. 8.2. YnpoiueHHbIi CJIOH CPABHEHHUS
YroObl MOJYYUTh HA BBIXOJE HEHpPOHA €IMHUYHOE 3HAYEHUE, KaK MUHMMYM JIBa U3
TPEX €ro BXOJOB JOJDKHBI PAaBHATHCSA €IMHUIEC; B IPOTUBHOM Cllydae €ro BbIXOJ OyzeT
HyneBbIM. Takum o00pa3oMm peanusyercs MpaBWIO JBYX Tperei, omucanHoe B [3].
[TepBonauanbho BeIxoAHOHM curHan Gl IlpumemHuka 1 ycraHoBieH B eMHUILY, oOecrieunBas
OJIMH U3 HEOOXOAMMBIX JJIs1 BO30YX/I€HUs] HEHPOHOB BXO/0B, & BCE KOMIIOHEHTHI BekTopa R
ycraHoBieHbl B (; cienoBaTenbHO, B 3TOT MOMEHT BekTOop C MJIEHTHYEH [BOMYHOMY

BXOJHOMY BEKTOpY X.

Cnoit pacnosHaBaHusa. CJ0H pacno3HaBaHUs OCYIIECTBISET KIACCHU(DPUKAIMIO BXOJHBIX
BEKTOpOB. Kaxkaplii HEHPOH B CJI0€ paclO3HABAHUS MUMEET COOTBETCTBYIOIIMN BEKTOP BECOB
B; Tonbko OIMH HEHPOH C BECOBBIM BEKTOPOM, HAamOOJIe€ COOTBETCTBYIOUIMM BXOJHOMY

BEKTOPY, BO30Y>KIaeTCs; BCE OCTAbHBIC HEHPOHBI 3aTOPMOKEHBI.

Kak nokaszano Ha puc. 8.3, HEHpPOH B PACIIO3HAIOLIEM *CJIO€ MMEET, MaKCUMAJIbHYIO
peakuuio, eciau BeKTop C, ABISIIOIIMICS BBIXOJOM CJIOS CPaBHEHHUs, COOTBETCTBYET HabOpy
€ro BECOB, CIIEI0BATEIbHO, BECA IMPEJCTABIAIOT 3allOMHEHHBIH 00pa3 WM IK3EMIUIAp IS
KAaTE€ropuu BXOIHBIX BEKTOPOB. OTH Beca SBISAIOTCA ACUCTBUTEIbHBIMU 4YMCIAMHU, a HE

JBOUMYHBIMHM BCIIMYMHAMM. ﬂBOI/I‘-IHaSI BEpCUA ISTOTO O6p8.33. TAKXKXC 3allOMHHACTCA B
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COOTBETCTBYIOIIEM HAaOOpe BECOB cJios cpaBHEHUS (puc. 8.2); 3TOT HAOOp COCTOUT U3 BECOB
CBsI3EH, COCTUHSIOMINX OTPE/ICIICHHbIC HEMPOHBI CIIOSI PACIIO3HABAHMUS, OJIMH BEC HA KaXKI(bIH

HEUPOH CJI0S1 CPAaBHEHUS.

B mpornecce GpyHKIMOHUPOBAHUS KAKIbIH HEHMPOH CIIOS paclo3HAaBAaHHs BBIYUCIAET
CBEPTKY BEKTOpa COOCTBEHHBIX BecoB M BXxoaHoro Bekrtopa C. Heiipon, nmeronmii Beca,
Hau6Oosiee 6u3kue BekTopy C, OyeT IMETh caMblil OOJIBIIION BBIXOJ, TEM CaAMBIM BBIUTPHIBAS

COpPEBHOBaHHUE U OJTHOBPEMEHHO 3aTOPMa)kKBasi BCE OCTAJIbLHBIC HEHPOHBI B CIIOC.

Kak mnoxazaHo Ha puc. 8.4, HEHpOHBI BHYTpU CJOS pAacCHO3HABAaHUSA B3aUMMHO
COCIMHEHBbl B JIATEPAIbHO-TOPMO3SIIYI0 ceThb. B mpocteiliiem ciydae (€IMHCTBEHHOM,
PaccCMOTPEHHOM B JIaHHOHM paboTe) mpeaycMaTpuBaeTcsi, UTO TOJIBKO OJMH HEHPOH B ClO€
BO30YX/1aeTcsl B KaXK/Iblii MOMEHT BpeMEHH (T. €. TOJIbKO HEWPOH C HaWBBICIIUM YPOBHEM
aKTUBalMU Oy/IeT UMETh SAMHUYHBIN BBIXOJ; BCE OCTAIbHBIE HEHPOHBI OYIyT UMETh HYJIEBOI
BBIXOJ1). DTa KOHKYPEHLIUS PEeau3yeTcsi BBEACHUEM CBs3€l C OTpUIATENbHBIMU BecaMHu /i C
BBIXO0/Ia KQXJI0T0 HEHPOHA 7i HAa BXOJABI OCTAJIbHBIX HEHPOHOB. TakuM 00pa3om, eciiu HEHPOH
nMeeT OOJIBIIION BBIXOJI, OH TOPMO3UT BCE OCTANIbHBIE HEHPOHBI B ciioe. Kpome Toro, KaxabIid
HEHPOH MMEET CBS3b C MOJIOKHUTEITHHBIM BECOM CO CBOETO BBIXOJIa HA CBOW COOCTBEHHBIN
Bx0J. Eciin HelipoH mMmeeT eAMHUYHBIN BBIXOAHON YpOBEHb, 3Ta 00OpaTHas CBSI3b CTPEMHTCS

YCUIIUTDH U IOAACPHKATD €TO0.

out out out

net net net
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Puc. 8.3. YnpoueHHbIi CJ10i pacno3HaBaHUSA
Mpuemuuk 2. G2, Beixoa [IpueMHrka 2, paBeH €IMHHUIIE, €CIIM BXOJAHOW BEKTOP X UMEET XOTA
Obl OAHY €QUHUYHYIO KOMIOHEHTY. bonee Touno, G2 sBmsiercs normueckum UJIM ot

KOMIIOHEHTAa BEKTOpa X.

NMpuemnuk 1. Kak u curnan G2, Beixonnou curan Gl [Ipuemuunka 1 paBen 1, eciau X0oTs Obl
OJIHa KOMIIOHEHTa JBOUYHOTO BXOJHOTO BeKTOpa X paBHA €AMHMIIC; OJHAKO €CIIU XOTs Obl
olHa KoMmIoHeHTa BekTopa R paBna emunuue, Gl ycraHaBiauBaercss B Hylb. Tabnuua,

omnpeaciraromas 3Tu COOTHOIICHUA:

1/

Puc. 8.4. Cii0ii pacniozHaBaHMA C JIATePaJbHBIM TOPMOKEHHEM

NJIN ot xoMmnoHeHTa NJIN ot xomMmnoHneHTa
Gl
BekTOopa X BekTopa R
0 0 0
1 0 1
1 1 0
0 1 0

C6poc. Moaynp cOpoca wu3MepsieT cxoacTBo Mexay Bektopamu X u C. Eciu oHu
OTJIMYAIOTCS CHIIbHEE, YeM TpeOyeT mapameTp CXOJCTBa, BhIpadaThIBAacTCs CUTHAN cOpoca

BO30YXJICHHOTO HEMpOHA B CIIO€ PACTIO3HABAHMUS.

B nponecce ¢yHKIMOHUpPOBaHMS MOIYJIb cOpoca BBIUMCISET CXOACTBO Kak
OTHONIIEHUE KoJinuecTBa enauHull B BekTope C K mx kojuuectBy B BekTtope C. Ecim 310

OTHOIICHUC HUKC 3HAYCHUS ITapaMCTpa CXOACTBA, BLIpa6aTI:IBaCTCH CHUI'HaJl C6pOC3.
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dyuknuonuposanmne cetu APT B npouecce kiaccupuxkanumn

IIponece knaccudpukamuu B APT coctout M3 Tpex OCHOBHBIX (pa3: pacrio3HaBaHHE,

CpaBHCHHC U ITOUCK.

®asa pacnosHaBaHuA. B HauyalbHBIE MOMEHT BPEMEHM BXOJHOW BEKTOp OTCYTCTBYET Ha
BXOJIE CETH; CJIE0BATEIbHO, BCE KOMIIOHEHTHI BXOAHOIO BEKTOpa X MOXHO paccMaTpuBaTh
Kak HyneBble. Tem cambiM curHan G2 ycraHaBnuBaerca B 0 M, ciemoBaTelbHO, B HYJb
YCTaHABJIMBAOTCS BBIXOJIbl BCEX HEHPOHOB CII0sl pacno3HaBaHus. [lockonbKky Bce HEHPOHBI
CJIOSl PacIO3HABAHUS HAUMHAIOT PabOTy B OJUHAKOBOM COCTOSHMM, OHM HMMEIOT paBHBIE

[IaHCBI BBIUI'PATH B HOCHGI[yIOH.ICfI KOHKYPCHIIUU.

3areM Ha BXOJ CETH IIOJACTCA BXOJHOW BEKTOp X, KOTOPBIA JOJDKEH OBITh
KJaccu(UUUpoBaH. ITOT BEKTOP JOJDKEH UMETh OJHY WM 00Jiee KOMIIOHEHT, OTJIMYHBIX OT
HyJsis1, B pe3ysbrate yero u Gl, u G2 cTaHOBATCA PaBHBIMU €IMHUIIE. DTO «I10JIKAYMBACT)
HEHPOHBI CIIOSI CpaBHEHMs, 0OecrieunBasi OJMH U3 JIByX €IWHUYHBIX BXOJOB, HEOOXOAMMBIX
JUI BO30Y)KI€HHSI HEHPOHOB B COOTBETCTBUU C MPABUIIOM JBYX TPETEH, TEM CaMbIM I103BOJISIS
HEHpPOHY BO30YXIaThbCs, €CIM COOTBETCTBYIOIIAs KOMIIOHEHTa BXOJIHOIO BeKTOopa X paBHA
enunune. Takum 0Opa3oM, B TeUeHHE JaHHOH (ha3bl BEKTOP S B TOUHOCTHU JYOIUPYET BEKTOP
X.

Jlanee Iuisi KaXKI0TO HEHpOHA B CIIOE PACIO3HABAHHS BBIYHCISIETCS CBEPTKA BEKTOpA
ero BecoB Bj u Bektopa C (puc. 8.4). Heiipon ¢ MakCHMaJIbHBIM 3HAYEHHEM CBEPTKH MMEET
BeCa, HAWIy4YlIUM OOpa3soM COOTBETCTBYIOIIME BXOJHOMY BeKTOpYy. OH BBIMIPBHIBA€T
KOHKYPEHIIMI0O M BO30YKIaeTcs, OJHOBPEMEHHO 3aTOpPMa)KMBasi BCE OCTAJbHBIC HEWPOHBI
atoro ciosi. Takum oO6pa3zoM, eIMHCTBEHHAs: KOMIIOHEHTa 7j BekTopa R (puc. 8.1) ctanoBuTcs

paBHOﬁ CIAUHUIIC, a4 BCC OCTAJIbHBIC KOMIIOHCHTBI CTAHOBATCA paBHBIMU HYJIIO.

B pesynbrate, cetb APT 3anomunaet oOpa3bl B Becax HEMPOHOB CII0S pacliO3HABaHUA,
OJIMH HEMpOH Ul KaXJoW Karteropuu kiaccuduxanuu. Heiipon cros pacrnoszHaBaHus, Beca
KOTOPOr0 HaWIydlIMM OOpa3oM COOTBETCTBYIOT BXOJHOMY BEKTOPY, BO30YXIaercs, €ro
BBIXOJ] YCTAHABIIMBAETCS B €AMHUYHOE 3HAYCHUE, a BBIXO/bI OCTAJIbHBIX HEHPOHOB 3TOTO CIIOS

YCTaHABJIMBAKOTCA B HYJIb.

®a3sa cpaBHeHusi. ENMHCTBEHHBIH BO30YK/ICHHBIH B CJI0€ PaCIIO3HABAHUS HEWPOH BO3BpAIIAET
€IMHHIy OOpaTHO B CIIOH CpaBHEHHMs B BHJE CBOEr0 BBIXOJHOIO CHUTHama 7. OTa
€IMHCTBEHHAs €MHULA MOXET ObITh BU3YaJIbHO IPEJCTABIICHA B BUJE «BEEPHOI'0» BBIXOAA,
NOJAIOILErOCs YEPE3 OTACILHYIO CBA3b C BECOM fjj HA KaXKIBIA HEHPOH B CIO€ CPAaBHEHHI,
obecrieynBas KakIblii HEHPOH CUTHAJIOM pj, PABHBIM BEIMYMHE?; (HYIIO0 WM €IUHUIIC)

(puc. 8.5).
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Puc. 8.5. IlyTh curuajia oTae1bHOro Bo30yK1€HHOI0 HeHPOHA B CJ10€ PACIIO3HABAHUA
ANropuT™Mbl MHULMATIU3ALUY U OOy4eHUs IOCTPOEHBI TaKUM 00pa3oM, YTO KayKIbli
BECOBOM BEKTOD 7} MMEET ABOMYHLIE 3HAYEHUS BECOB; KPOME TOI0, KaXKbIH BECOBOM BEKTOP
B; npezacrapaser coboil MacmTabMpPOBaHHYIO BEPCHIO COOTBETCTBYIOIIEr0 BekTopa 7i. OTO
03HauaeT, YTO Bce KOMIOHEHTH! P (BeKTOpa BO30YXKIEHUS CIIOSI CPAaBHEHMSI) TAKXKeE SIBIIAIOTCS

JBOHNYHBIMH BCIIMYMHAMHU.

Tak xak Bektop R He sBisiercst Oonbiie HyneBbM, curHain Gl ycranaBiuBaercs: B
Hy/b. Takum 00pa3oM, B COOTBETCTBUU C MPABHIIOM JBYX TpeTei, BO3OYIUTHCS MOTYT TOJIBKO
HEHPOHBI, MOJIYYaloIAe HAa BXOAEC OJHOBPEMEHHO EAMHMIBI OT BXOJHOrO BeKTOpa X H

BekTopa P.

Hpyrumu crnoBamu, oOpaTHasi CBsI3b OT PACIMO3HAIOLIETO CJIOS JICHCTBYET TaKUM
o0pa3oM, 4TOOBl yCTaHOBUTh KOMIOHEHTH C B HyJb B Cllydae, €CIIM BXOJHOH BEKTOp HE

COOTBETCTBYET BXOJHOMY 00pa3y, T. €. eciii X u P He UMEIOT COBMaJaloIMX KOMIIOHEHT.

Ecom wumerorcs cymecTBeHHble paznmuuus Mexay X u P (Majgoe KOJIM4ecTBO
COBIAJIAIONIMX KOMIIOHEHT BEKTOPOB), HECKOJIbKO HEHPOHOB Ha (aze cpaBHEHHUS OyIyT
B030yk1arbcst 1 C OyneT coaepKarh MHOTO HYJEH, . B TO BpeMs Kak X COAEPXKUT €IUHUIIBL.
DTO O3HAYaeT, YTO BO3BpAIlEHHBI BEKTOp P HE sABISETCS MCKOMBIM W BO30YXICHHBIC
HEHUPOHBI B CJIO€ pACHO3HABaHUS JOJDKHBI OBbITh 3aTOPMOMKEHBL. OJTO TOPMOXKEHHUE
npou3BoauTCs 6;10KoM cOpoca (puc. 8.1), KOTOpbIl CpaBHUBACT BXOAHOM BEKTOp X U BEKTOP

Cu BLIpa6aTbIBaCT CHUI'HaJl C6pOC3, €CJIn CTCICHb CXOACTBA 3JTUX BCKTOPOB MCHBIIC
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HEKOTOpOro ypoBHSA. BiusHue curHama cOpoca 3aKiloyaeTcss B YCTaHOBKE BBIXOJA

BO30YX/ICHHOTO HEpoHa B HyJIb, OTKJIIOYAsl €ro Ha BpeMs TeKyIlel Kiaccu(puKauu.

®asa nowucka. Eciin He BbIpaboTaH curHai cOpoca, CXOJCTBO SIBJISI€TCS aJE€KBATHBIM, U
npoliecc KiaccupuKaiy 3aBepiiaeTcs. B mpoTuBHOM cilyyae Apyrue 3alilOMHEHHBIE 00pa3bl
JOJDKHBI  OBITH MCCIIEJIOBaHBl C LEJbI0 TOMCKAa Jydllero coorBeTcTBusa. Ilpu sTom
TOPMOXKEHHE BO30YKJCHHOTO HEHpPOHA B PAaCHO3HAIOLIEM CJIO€ IPUBOJUT K YCTAHOBKE BCEX
komnoHeHT Bektopa R B 0, Gl ycranaBmuBaeTrcs B 1 W BXOAHOM BeKTOp X OIATHh
npukiaaeiBaercsa B kauectse C. B pesynbrare Apyroil HEMpOH BBIUIPHIBAET COPEBHOBAHUE B
CJI0Oe paclo3HaBaHUs M JIPYroil 3allOMHEHHBIN 00pa3 P Bo3Bparaercss B ClIOM cpaBHEHUS.
Ecmm P ne cootBerctByer X, BO30YKIEHHBI HEHPOH B CJIO€ pacro3HaBaHHS CHOBA
TOPMO3UTCS. DTOT NPOLIECC MOBTOPSAETCS A0 TEX IOP, IOKA HE BCTPETUTCS ONHO M3 IBYX

COOBITUI:

1. Haiinen 3amoMHeHHBIH 00pa3, CXOJICTBO KOTOPOIO C BEKTOPOM X BBIIIE YPOBHS
napameTpa CXo/CTBa, T. €. S>P. Ecnu 310 mpoucxoaurt, mpoBoAUTCS 00y4yaromuid UK, B
npouecce KOTOpPOro Moaupuuupyrorcs Beca BekropoB Tj u  Bj, cBA3aHHBIX

BO30YXICHHBIM HEPOHOM B CJIO€ paclo3HABaHUSI.

2. Bce 3amomHeHHbBIe 00pa3bl IPOBEPEHBI, ONPEIEIEHO, YTO OHM HE COOTBETCTBYIOT
BXOJIHOMY BEKTOPY, U BCE HEUPOHBI CJIOSI PACIIO3HABAaHUSA 3aTOPMOXKEHBI. B 3TOM Citydae
IIPEIBAPUTEIILHO HE PaCIpEe/ICHHbIM HEMPOH B PAaCIO3HAIOIIEM CJIOE BBIIENSETCSA 3TOMY
obpasy u ero BecoBble BekTOphl B; u T; ycTaHaBIMBalOTCA COOTBETCTBYIOIIUMH HOBOMY

BXOJIHOMY 00pa3sy.

Mpo6nema npoussogutenbHocTn. OIKMcaHHAas CETh J0JKHA TPOU3BOIUTE MOCIEA0BATEIbHBIN
MOUCK CpeAM BCEX 3alOMHEHHBIX 00pa3oB. B aHanoroBeix peanmusanusx 3T0 Oyzaer
IPOUCXOIUTh OYEHb OBICTPO; OJHAKO MPH MOJCIMPOBAHUM Ha OOBIYHBIX LU(POBBIX
KOMIBIOTEpPAX ATOT MPOIECC MOXKET OKazaThbCAd OYeHb UTeNbHbIM. Ecnmu ke cetb APT
peasinzyeTcsl Ha NapajulesIbHbIX MPOILIECCOPax, BCe CBEPTKU Ha PaCIO3HAIOLIEM YPOBHE MOTYT

BBIYUCIIATHCSA OJHOBPECMCHHO. B sTtom CJIydac NOUCK MOKET OBITH OYEHD GBICTpLIM.

BpeMH, H€06XOI[I/IMOC JJISA CTa6I/IHI/I3aL[I/II/I CCTHU C JIaTCPAJIbHBIM TOPMOKCHUCM, MOKCT
OBITh JUIUTEIBHBIM TIPU MOJICIIMPOBAHUM Ha TOCIICAOBATEILHBIX MHU(POBBIX KOMITBIOTEpAX.
UtoOs1 BEIOpaTh moOEaUTENS B TIPOLIECCe JIaTepaIbHOTO TOPMOKEHUS, BCE HEHPOHBI B CIIOE
JOJI?KHBI 6LITB BOBJICUCHBI B OJHOBPCMCHHBIC BBIYHUCJICHUA U IICpClaaydy. DTO0 MOXKET
HOTp€6OBaTB IMPOBCACHUA 6OJ'ILH_IOI‘O 061>eMa BBIYHCJICHUN nepea 10CTUKCHUEM CXOAUMOCTH.
JlatepanbHble TOPMO3SIIME CETH, aHAJIOTHYHBIC WCIOJIh3yeMbIM B HEOKOTHHUTPOHAX, MOTYT

CYIIIECTBEHHO COKPATUTh 3TO Bpems (1. 10).
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PEAJNIU3ALNA APT

00630p

APT, Kak 3TO MOXKHO YBHUJETh U3 JIMTEPATyphl, IpeACTaBIsIeT co00il HeuTo Oobliee,
yeMm (unocourio, HO HAMHOIO MEHee KOHKPETHOE, YeM IporpaMma Jjisi KOMIboTepa. JTO
IIPUBEJIO K HAJIMYMIO IIMPOKOro Kpyra peanusanuu, coxpanstommx uaen APT, Ho cuibHO
OTJIMYAIOIINXCS B AeTanix. PaccMaTpuBaemas faniee peayv3anusi OCHOBaHa Ha pabote [5] ¢
OTIPENICTICHHBIMU W3MEHEHUSMH 11 OOCCIEYCHHS COBMECTUMOCTH C paboroit [2] u
MOJIEISIMU, PACCMOTPEHHBIMH B JJaHHOU paboTte. DTa peain3anusi MOKET pacCMaTpuBaThCs B
Ka4yecTBE THUIIOBOW, HO HEOOXOAMMO HMMETh B BHUAY, YTO JAPYrHe YCIEIIHBbIE pealu3aluu

HAMEIOT OOJIBIINE OTINYHUS OT HEE.

dyukuuoHuposanue cereit APT

Paccmorpum  Gosnee neranpHO TATH a3 mporecca (GyHkuuonupoBanus APT:

MHULMAIU3AIHI0, pacliO3HAaBaHUE, CPAaBHEHUE, TIOUCK U O0yUYEeHHE.

Wnunumanusauus. [lepen Hauanom mporecca 0Oy4eHHUs CETH BCE BECOBBIE BEKTOPHI BiuTa

TaK)Xe MmapaMeTp CXOACTBA P, JOJKHBI OBITh YCTaHOBJICHBI B HAYaJIbHBIC 3HAYCHU.

Beca BexTopoB B; Bce MHULIMAIM3UPYIOTCS B OJJMHAKOBBIE Majible 3HaYeHus. CorinacHo
[2], 9TU 3HAYEHUS JOJKHBI YIOBIETBOPSThH YCIOBHUIO
L

b. <—— A BCex i, J, 8.1
I J (3.1

I7Ie M — KOJIWYECTBO KOMIIOHEHT BXOJIHOTO BEKTOpa, L — KOHCTaHTa, Oonbinas 1 (0ObraHO

L=2).

OTa BeIWYHHA SBISCTCS KpHTH‘ICCKOﬁ; €CJIM OHa CJIMIIKOM 60.]'[1)].[135[, CETh MOXET

pacnpeeNuTh Bce HEMPOHBI PACIIO3HAIOIIETO CJIOSI OJJHOMY BXOJAHOMY BEKTODY.

Beca BCKTOPOB TJ BCC MHUIUAJIUBUPYIOTCA B CAMHUYHBIC 3HAUYCHUS, TAK UTO

t;=1 i Bcex j,i. (8.2)
OTH 3HAYEHMS TAKXKE SIBIISIIOTCS KPUTUUYECKUMH; B [2] MOKa3aHO, YTO CIUIIKOM MAJICHbKHE

BECa NMPUBOJAT K OTCYTCTBHIO COOTBECTCTBUA B CJIOC CPABHCHUA U OTCYTCTBUIO 06YLI€HI/I$I.

[TapameTp cxoncTBa P ycTaHaBiMBaeTcs B auanazoHe ot 0 mo 1 B 3aBUCMMOCTH OT
TpeOyeMol CTeleHu CXOACTBA MEXKAY 3allOMHEHHBIM 00pa3oM U BXOJHBIM BekTopoM. [Ipu
BBICOKHMX 3HAYEHHSIX P CEThb OTHOCUT K OJTHOMY KJIacCy TOJIbKO OYE€Hb CJ1a00 OTIMYAIOLIUECS
oOpa3pl. C npyroil CTOpPOHBI, Majloe 3HAYEHHE P 3aCTaBIIET CETh IPYNIMPOBATH 00pasbl,
KOTOpbIE HMMEIOT cjaboe CXOJACTBO MEXIy co0oi. MoKeT oKa3aThCs IKeIaTeIbHOU

BO3MOXHOCTh HM3MEHATh KO3((PUIMEHT CXOJICTBAa HAa MPOTSKEHUU Iporecca OOydeHHS,
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oOecrieunBasi TOJBKO TIpyOylo Kiaccu(UKalUI0 B Hayaje Mporecca OOydeHHUs, W 3aTeM
MOCTENIEHHO yBEJMUMBas KOA(PPHUIIUEHT CXOACTBA JIsi BRIPAOOTKH TOYHOM KJIaCCU(PUKAIINK B

KOHIIE MpoIiecca 00ydeHus.

PacnosHaBanue. [losBieHre Ha BXOJe CETH BXOAHOTO BEKTOpa X HHHLIHAIM3HPYET (azy
pacnio3HaBaHMs. Tak Kak BHauaje BBIXOJHOH BEKTOP CIIOSl PacllO3HABAHMsI OTCYTCTBYET,
curHan Gl ycranaBnmuBaetrcs B 1 dynkumeit MJIM Bektopa X, obecnieunBasi Bce HEUPOHBI
CJIOSI CPaBHEHMS OJIHMM M3 JIBYX BXOJIOB, HEOOXOJIMMBIX JJIsi WX BO30YyKIeHus (Kak TpeOyeT
IpaBUJIO JBYX TpeTei). B pesynbrate nro0as KOMIIOHEHTa BEKTOpa X, paBHas €IUHHIIC,
o0ecreynBaeT BTOPOM €IMHUYHBIA BXOJl, TEM CaMbIM 3aCTaBJIsisi COOTBETCTBYIOIIUI HEHPOH
CJI0Sl CpaBHEHHUsI BO30YKIAThCSl M YCTaHABIIMBAas €ro BbIXOJA B €IuHUIy. TakuMm oOpa3om, B

ATOT MOMEHT BpeMeHHU BeKTOp C UIEHTUYEH BEKTOPY X.

Kak oOcyxnanoch paHee, pacrio3HaBaHHE pPEaU3yeTCs] BBIYUCICHHEM CBEPTKH IS

KaXxXja0ro HeﬁpOHa CJIOA pacliO3HaBaHUA, OHpeIlCJIHCMOI\/'I CJICAYIOIIUM BBIPpA)KCHUCM:

NETj = (Bj ° C), (83)
rae Bj — BecoBol BEKTOp, COOTBETCTBYIOUIMH HEHpPOHY j B cioe pacrnosHaBanus; C —
BBIXOJIHOM BEKTOp HEHWPOHOB CJIod cpaBHEHMs; B 3T0oT MoMeHT C pasHo X; NET; —

BO30YXK/JICHHE HEHPOHA j B CJIO€ pacIiO3HABaHUSI.

F sBisieTcst moporoBoii GyHKIHMEH, OnpeaesseMon CIeayonuM 00pa3oMm:

OUT; =1, eciu NET>T, (8.4)
OUT; = 0 B npOTUBHOM CIy4ae,

rae T npexacraBisgeT coboil mopor.

[IpunsTo, 4TO NaTepasIbHOE TOPMOKEHHUE CYIIECTBYET, HO UTHOPHUPYETCS 31eCh AJIs
COXpaHEHHUs MPOCTOTHI BbIpakeHUH. OHO oOecnedmBaeT TOT (akT, UYTO TOJIBKO HEUPOH C
MakcuMainbHbIM 3HaueHrneM NET Oyaer mMeThb BBIXOJ, paBHBIA €AMHUIE; BCE OCTAIbHBIC
HEHpOHBI OyqyT WMETh HYJIEBOW BBIXOJ. MOXXHO pPacCMOTPETh CHUCTEMBI, B KOTOPBIX B
pacmo3HamIIeM ClI0e BO30YXKIAOTCS HECKOJIbKO HEHPOHOB B KAXKIbIi MOMEHT BPEMEHHU,

OJTHAKO 3TO BBIXOJIUT 32 PaMKH TaHHOW paOOTHI.

CpaBHenue. Ha 3Toii (haze curnan oOpaTHON CBSA3M OT CIIOS PACcIO3HABAHUS YCTAHABIMBAET
G1 B Hysb; IpaBUIIO JABYX TPETEH MO3BOJISIET BO30OYKAATHCS TOJBKO TEM HEHpOHAM, KOTOpbIE

HMCIOT PAaBHBLIC CAMHUIIC COOTBETCTBYIOIINE KOMIIOHCHTBI BEKTOPOB PuX.

biok cbpoca cpaBHuBaer BekTop C W BXOAHOW BEKTOP X, BBhIpaOaThIBasi CHUTHAI
cOpoca, Korja WX CXOACTBO S HHWKE TMOpora CXOJICTBA. BBIUKCIEHHE 3TOT0 CXOICTBA
YIpomacTcsa TEM OGCTOHTGHBCTBOM, qTo 063. BCKTOpA ABJIAKOTCA ABOUYHBIMU (BCC 3JIEMCHThBI

au60 0, 6o 1). Cnegyromas nporeaypa npoBOAUT TpeOyeMoe BEIYMCICHUE CXO/ICTBA:

1. Bpruaucauts D — KOJTUYECTBO €IUHUIL B BEKTOpE X.
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2. Bbruucnuts N — konnuectBo eauHull B Bektope C.

3aTeM BBIYUCIUTD CXOJICTBO S CIEAYIOMNUM 00pa3oMm:

S=N/D. (8.5)
Hampumep, npumem, 4to
X=1011101 D=5
C=0011101 N=4

S=N/D=0,8

S MoxeT u3MeHATbes OT 1 (Haumyuree cooTBeTcTBrE) 10 0 (HanmXyiiee COOTBETCTBHUE).

3aMeTHM, YTO IIPABWIIO ABYX TpeTer nenaeT C JIOrn4eckuM MpOU3BEACHUEM BXOIHOTO
BekTopa X u BekTopa P. Ongnaxo P pasen Tj, BeCOBOMY BEKTOPY BBIMI'PABILEIO COPEBHOBAHUE
Helipona. Takum oOpazomM, D MOXeT OBITh OINpeAeNeHO KaK KOJMYECTBO CIAWHHII B

JIOrM4YeCKOM npousBenieHnu BekTopoB T n X.

Mouck. Eciin ¢X0ACTBO .S BhIMIpaBIIEro HEMPOHA MPEBBIIAET MTAPAMETP CXOJICTBA, TOMCK HE
TpeOyercs. OIHAKO eclu ceTh MpeaBapUTEIbHO ObUTa OOy4YeHa, TOSIBICHHWE Ha BXOJE
BCKTOpPA, HC UJICHTUYHOI'O HU OAHOMY U3 MNPCABABJICHHBIX PAHCC, MOXKCT BO36y,Z[I/ITB B CJIO€
pacro3HaBaHMs HEHPOH CO CXOACTBOM HIDKe Tpedyemoro ypoBHs. B cooTBercTBHM C
QIrOpUTMOM OOY4YEHHS] BO3MOXKHO, YTO JpPYroil HEHpoH B cJloO€ pacro3HaBaHus OyneT
obecrieunBaTh 0oJiee XOpOIee COOTBETCTBHE, MPEBBIMIAs TPeOyeMblld YPOBEHb CXOICTBA
HECMOTpPA HaA TO, 4YTO CBCPTKA MCKAY €TI0 BCCOBBIM BCKTOPOM U BXOJIHBIM BCKTOPOM MOKCT

MMeTh MeHblllee 3HadeHue. [Ipumep Takoil cuTyalny mokazaH HUXeE.

Ecom cxoncTtBo Hmpke TpeOyeMoro YpoOBHS, 3allOMHEHHBIE OOpa3bl MOTYT OBIThH
MPOCMOTPEHBI C IIENIbI0 MOMCKA, HanboJiee COOTBETCTBYIOIIETO BXOJHOMY BEKTOpY oOpasa.
Ecnu Ttakoii o0pa3 OTCyTCTBYeT, BBOAMTCS HOBBIM HECBSI3aHHBIM HEHpPOH, KOTOpBIM B
nanpHedmem Oymer oOydeH. s WHMNMAIM3allMd TIOMCKAa CHUTHA cOpoca TOPMO3UT
BO30Y)KJICHHBI HEHPOH B CJIO€ pacro3HaBaHHWS HAa BpeMs MpoBeAcHUs moucka, curaan Gl
YCTaHABIMBACTCSI B EAMHHUILY W JPYroil HEWUpPOH B CJIO€ pACIO3HABAHMS BBIUTPHIBACT
copeBHOBaHUE. Ero 3amomMHeHHBIH 00pa3 3aTeM MPOBEPSETCS HAa CXOJICTBO M TIPOIECC
MOBTOPSIETCS 10 T€X IMOP, IOKAa KOHKYPEHIIMIO HE BBIMTPAET HEHPOH U3 CJIOSl pacro3HaBaHUs
CO CXOJICTBOM, OOJBIIMM TPeOYeMOTro YPOBHS (YCIICUIHBIN MMOUCK), JTMOO TIOKa BCE CBA3AHHBIE

HEHpOHBI He OyIyT MPOBEPEHBI M 3aTOPMOKEHBI (HEYAauHBIN MTOUCK).

Heynaunbrii mouck OyneT aBTOMaTHYECKH 3aBEepUIAaThCS HAa HECBSI3AaHHOM HEHPOHE,
TaKk KaK €ro Beca BCE€ paBHbI €IMHHUIIE, CBOEMY HadajlbHOMY 3HaueHuio. IlosTomy mpaBuio
JIBYX TpeTed MpUBEAET K HUIAESHTUYHOCTH BekTopa C BXOAHOMY BEKTOpY X, CXOJCTBO S

MNpUMCET 3HAUYCHUC CAUHUILIBI 1 KpI/ITepI/II\/'I cXoacTBa 6YI[€T YAOBJICTBOPCH.
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O6yuenue. O0ydyeHHe MpeICTaBIseT COOOW MpoLEecc, B KOTOPOM HAaOOp BXOAHBIX BEKTOPOB
HOJAaeTCs TOCIIEIOBATEIFHO HAa BXOJ CETH M Beca CETH HM3MEHSIOTCA INPH 3TOM TaKUM
00pa3oM, 9TOOBI CXOAHBIE BEKTOPH! AKTUBU3HPOBAIN COOTBETCTBYIONINE HEHPOHBL. 3aMEeTHM,
YTO 3TO — HEYIPaBIsieMOe O0yUeHUE, HET YUUTENS U HET LEJIEBOT0 BEKTOPA, OMPEACIISIOIIErO

TpeOyeMblil OTBET.

B pabGore [2] pazmmuaror aBa Buaa oOOydeHHs: MemieHHOoe U ObicTpoe. [lpu
MEIJICHHOM OOy4YeHHH BXOJHOW BEKTOp MPEIbSIBISCTCS HACTOIBKO KPATKOBPEMEHHO, YTO
B€Ca CCTU HC HMCHOT HNOCTATOYHOI'O BPCMCHH IJII NOCTHIKCHUSA CBOUX ACCUMITOTHYCCKUX
3HaYeHUH B pe3yJbTaTe OJHOTO NpeAbsBicHHs. B 3Tom ciiyyae 3HaueHHs BecOB OyayT
OTPENEeNAThCS CKOpee CTAaTHCTUYECKUMHU XapaKTePHUCTUKAMH BXOJHBIX BEKTOPOB, YeM
XapaKTEPUCTHUKAMH KaKOT'O-TO OJHOTO BXOJHOTO BEKTOpa. JlMHaAMHKa ceTH B Iporecce

MEIJICHHOTO 00yueHusl onuchiBaeTcs AudpepeHnnanbHbIMU ypaBHEHUSMHU.

BbricTpoe oOyueHue sBIsIETCS CIEUUAIBHBIM CIlydaeM MEIUICHHOro OOy4eHHs, KOorja
BXOJHOH BEKTOp MPHKIAABIBACTCS HA JOCTATOYHO JUTMTEIBHBI MPOMEKYTOK BpPEMEHH,
YTOOBI MMO3BOJIUTH BECaM NMPHOJIM3UTHCS K MX OKOHYATENbHBIM 3HaueHHUsAM. B aToM ciydae
nporecc oOy4deHHsl OMUCHIBACTCS TOJBKO anreOpanyecKMMM BblpaxkeHusiMH. Kpome Toro,
KOMITOHCHTBI BCCOBBLIX BCKTOPOB TJ NPpUHUMAKOT IOBOUYHLIC 3HAUCHUA, B OTIUYUC OT
HEIPEPHIBHOTO JIMara30oHa 3HauYeHUM, TpeOyeMoro B ciydae ObicTporo oOyuenus. B manHoi
paboTe paccMaTpuBaeTCs TOJBKO OBICTpOe OOy4YeHHE, WHTEPECYIOIIHUECS YUTATeTd MOTYT

HAlTH MPEBOCXOAHOE OnKcaHue Oosee 00IIero ciyyas MeaJIeHHoro obydenus B padore [2].

PaccmoTpenHblii  fanee OOydYalolIMii  aNrOpUTM HUCHOJNb3YeTCs Kak B Cydae

YCIICIIHOI'0, TaK U B CJIy4a€ HCYCIICITHOTO ITOKUCKaA.

Th BEKTOp BecoB B; (cBsA3aHHBIN C B JICHHBIM HEMPOHOM j pacro3Harouer
ITycts BexTOp BecoB B; (cBsa3a ¢ BO30yxIe CHPOHOM j PACIO3HAIOLIETO
CJ0s) paBeH HOpManu3oBaHHOW BenuunHe BekTopa C. B [2] 3T Beca BBIYUCHSIOTCA

CIIeTYIOIIUM 00pa3oM:

bij L—1+IZ:Ck
k

TA€ ¢ — i-1 KOMIIOHCHTA BBIXOJHOTO BEKTOpa CJIOS CPaBHEHMS; j — HOMEDP BBIUIPABILIETO
HElpOHa B CJI0€ Paclo3HaBaHuUs; bjj — BeC CBA3HU, COENUHAIONIEH HEHPOH i B CJI0€ CPAaBHEHMS C

HEHPOHOM j B ciloe pacro3HaBaHus; L — KoHCTaHTa > 1 (00bI4HO 2).

KommoreHTEI BEKTOpa BECOB Tj, CBJA3aHHOI'O C HOBBIM 3allOMHCHHBIM BCKTOPOM,
U3MEHAKOTCA TaKHM 06p330M, YTO OHM CTAHOBATCA PaBHbBI COOTBCTCTBYIOIIMM JIBOWYHBIM

BenuuuHaM BekTopa C:

ti=¢; IS BCEX I, (8.7)
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IJe fj ABISAETCA BECOM CBS3M MEXY BBIUTPABIIMM HEMPOHOM j B CJIOE€ PACIIO3HABAHMS U

HEUPOHOM I B CJIO€ CPAaBHEHHSI.

NMPUMEP OBYYEHUA CETU APT

B o6mux geprax ceth 00ydaeTcst MOCPEICTBOM U3MEHEHHUS BECOB TAKUM 00pa3oM, 4TO
MpeIbsBICHUE CETH BXOJHOTO BEKTOpA 3aCTaBIISET CETh aKTHBH3UPOBATH HEHPOHBI B CIIOE
pacrmo3HaBaHusl, CBSI3aHHBIC C CXOJHBIM 3allOMHEHHBIM BeKTOpoM. Kpome sToro, oOyueHue
MpOBOAUTCA B (opMe, HE paspyllarollel 3allOMHEHHbIE paHee o0pa3bl, IPeJoTBpaIias TeM
caMbIM BPEMEHHYIO0 HECTaOMJIbHOCTh. JTa 3a/laya yrnpaBisieTcs Ha YpOBHE BbIOOpa KpUTEpHs
cxonctBa. HoBelii BXomgHOW o00pa3 (KOTOpBIM CeTh HE BHIENA paHblle) HE OyneT
COOTBETCTBOBATh 3aIIOMHEHHBIM 00pa3aM ¢ TOYKH 3pPEHHsI MapamMeTpa CXOACTBA, TEM CAMBIM
dbopMupysi HOBBIM 3arOMHUHaeMbld 00pa3. BxomHod 00pa3, B JOCTAaTOYHOW CTEICHU
COOTBETCTBYIOIIMK OJHOMY W3 3allOMHEHHBIX 00pa3oB, He OymeT (opmMupoBaTh HOBOTO
DK3EMILISApa, OH MPOCTO OyAeT MOAU(HUIMPOBATH TOT, HA KOTOPHIM OH MOXOX. Takum
o0pa3oM TpU COOTBETCTBYIOIIEM BBIOOpPE KPHUTEpPHUS CXOACTBA MPEAOTBPAIIACTCS

3allOMUHAHUE paHee U3yYeHHbIX 00pa30B U BPEMEHHAsI HECTAOMIIbHOCTD.
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Puc. 8.6. IIpouecc o0yuyennsa APT
Ha puc. 8.6 moxazan tunuunblii ceanc oOydyenus cetu APT. BykBbl mnokasaHbl
COCTOALIMMHU U3 MaJICHBKUX KBaJpaToB, Kakaas OykBa pazMepHOCTbio 8X8. Kaxkaplii kBagpat
B JIEBOM YAaCTH MpPEACTaBIsAET KOMIIOHEHTY BekTOpa X C €AMHMYHBIM 3HAYEHUEM, HE
IIOKa3aHHbIE KBAJpaThl ABISIOTCS KOMIIOHEHTaMH C HYJIEBBIMHM 3HAau4€HUSAMH. ByKBBHI crpaBa
IPEJCTaBISIOT 3allOMHEHHBbIE 00pa3bl, KaKIblH sBIsAETCS HAOOpPOM BEJIMYMH KOMIIOHEHT

Bekropa T;.
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Bravane Ha BXOJ 3aHOBO NPOMHUIIMMPOBAHHOW cucTeMbl mojaerca OykBa «C». Tax
KaK OTCYTCTBYIOT 3allOMHEHHbIE 00pa3bl, (pa3a MOMCKA 3aKAHYMBAETCS HEYCIICIIHO; HOBBIN
HEHpPOH BBIJCIAECTCA B CIIOC pacro3HaBaHusi, M Beca T; ycTaHaBIMBarOTCA pPaBHBIMU
COOTBETCTBYIOLIMM KOMIIOHEHTaM BXOJIHOIO BEKTOpa, NpU OTOM Beca B; mpencrasisior

MaciTaOupoOBaHHYIO BEPCHIO BXOJHOTO BEKTOPA.

Hanee npenwsBisiercs OykBa «B». OHa Tak)ke BBI3BIBAET HEYCICITHOE OKOHYAHHE
¢da3pl MoMcKa M pacmupeiesieHue HOBOTO HEMpOHA. AHAJIOTHYHBIA MPOIECC MOBTOPSICTCS AJIS
OykBbl «E». 3atem cnabo uckaxeHHas Bepcust OykBbl «E» monmaercs Ha Bxoj cetu. OHa
JIOCTAaTOYHO TOYHO COOTBETCTBYET 3allOMHEHHOM OykBe «E», 4TOOBI BbIIEPKATh MPOBEPKY HA
CXOJICTBO, IO3TOMY HCIIONIb3yeTcs st o0ydeHus: ceTu. OTCYyTCTBYIOIIMM MUKCEIb B HUKHEHN
HOKKe OykBbI «E» ycranaBnuBaet B 0 COOTBETCTBYIOINIYIO KOMIIOHEHTY BekTopa C, 3acTaBisis
o0yJaromuil aaropuT™M yCTAaHOBUTH 3TOT BEC 3alIOMHEHHOr0 o0Opa3a B HyIlb, TEM CaMbIM
BOCIIPOM3BO/Sl MCKA)XEHUS B 3allOMHEHHOM oOpase. JlomoJHUTEIbHBIH H30JIMPOBAHHBIN
KBaJpaT HE M3MEHsET 3allOMHEHHOro o0pa3a, Tak KaKk HE COOTBETCTBYET €JIMHHULE B

3allOMHEHHOM 00pa3se.

YeTBepThIM CUMBOJIOM sBisieTcsl OykBa «E» ¢ IByMs pa3snUYHBIMU HCKaKEHUSIMH.
OHa He COOTBETCTBYET paHee 3allOMHEHHOMY 00pa3y (S MeHbIe yeM p), MOITOMY JUIs €€

3alIOMUHAHUS BBIJIETAECTCS HOBBIM HEUPOH.

OTOT mpUMep WLTIOCTPUPYET BaKHOCTh BBIOOPAa KOPPEKTHOTO 3HAYEHUSI KPUTEPHUS
cxozactBa. Ecnu 3HaueHMe KpUTEpUs CIUIIKOM BEJIHKO, OOJIBIIMHCTBO 00pa3oB HE OyIyT
MOJITBEPK/IaTh CXOJICTBO C paHee 3alIOMHEHHBIMH U CETh OyJeT BBIIEISITh HOBbIM HEUPOH IS
KOKIOr0 M3 HUX. DTO NPUBOJUT K IUIOXOMY OOOOIEHHIO B CETH, B pe3yjbTare aaxe
HE3HAYUTENIbHBIE U3MEHEHUS OIHOT0 00pa3a OyayT co3/1aBaTh OTJEIIbHBIC HOBBIE KATETOPUU.
KonuuecTBo Kareropuil yBEIMYMBAETCS, BCE JOCTYIHBIE HEHPOHBI paclpencisioTcs, M
CIIOCOOHOCTH CHUCTEMbI K BOCHPUSTHUIO HOBBIX JTaHHBIX Tepsercsa. HaoOopot, ecinu kpurepuit
CXOJICTBA CIIUIIKOM MaJj, CHJIBHO paziMyarouiyecs: oopasbl OyIyT IpyNIUpoOBaThCS BMECTE,
UCKa)kasi 3alIOMHEHHBIM 00pa3 10 TeX Iop, MoKa B pe3y/lbTaTe HE MOJIYYUTCS OYCHb Majioe

CXO0ACTBO C OAHUM M3 HHUX.

K coxaneHuto, OTCYTCTBYeT TEOPETHUECKOE OOOCHOBAaHHE BbIOOpAa KpUTEpPUS
CXOJ/ICTBA, B Ka)/IOM KOHKPETHOM Cllydya€ HEOOXOJUMO pPELIUThb, Kakas CTENEHb CXOJCTBA
JIOJDKHA OBITh TMPHUHATA Ui OTHECEHHs 00pa3oB K OJHOM KaTeropuu. ['paHUIBl MexIy
KaTEroOpusIMU 4acTO HESICHBI, U PellIeHHe 3aJauu i1 OOJbIIOro Habopa BXOJHBIX BEKTOPOB

MOJKET OBITh YPE3MEPHO TPYAHBIM.

B paGote [2] mpennokeHa mporeaypa C HCIOJIb30BaHUEM OOpAaTHON CBS3U JIA
HACTPONKHU KO3 UIIMEHTa CXOJCTBA, BHOCSAIIAs, OJHAKO, HEKOTOPHIE WCKAKEHUS B

pe3yibTaTre KJ'IaCCI/I(I)I/IKaLII/II/I KaKk <«HaKa3aHHuEC» 3a BHCIIHCC BMCIIATCIBCTBO C MCJIBIO
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yBenuueHus: koddduuumenta cxoactBa. Takue cucTeMbl TpeOyIOT MpaBHI ONpEIeSICHUs,

SBJISIETCS JIU MTPOU3BOIMMAs UMH KilaccU(PUKAIUS KOPPEKTHOM.

XAPAKTEPUCTUKU APT

Cuctembl APT uMeroT psii BaAXXHBIX XapaKTEPUCTHK, HE SIBISIOLIMUXCS OYEBUIHBIMH.
@opMyJIbl U AITOPUTMBI MOIYT Ka3aTbCs IPOU3BOJBHBIMHU, B TO BpeMs Kak B
JEMCTBUTENILHOCTH OHU OBUIM TIIATEIBHO OTOOpPAHBI C LIEJIbIO YAOBJIETBOPEHUs TpeOOBaHUN
TEOPEM OTHOCUTEIBHO MPOU3BOAUTENBHOCTH cucTeM APT. B naHHOM pa3znene onuchiBarOTCs
HekoTopble anroputmbl APT, packpsiBaroiue OTAEIbHBIE BOIMPOCH HHUIMATU3ANNN U

oOyueHwusl.

Nuaunnuanu3anus BecoBbiX BeKTOpoB T

N3 panee paccMoTpeHHOro mnpumepa OOydeHHUs CeTH MOXXHO ObUIO BHUIETb, YTO
MPAaBUJIO JIBYX TpPETeH MPUBOAUT K BhluKciieHUI0 BekTopa C kak pyHKuuu U Mex1y BXOAHBIM
BEKTOPOM X M BBIMTPABLIMM COPEBHOBaHHUE 3anmoMHEeHHBIM BekTopoM T;. CuenoparenbHo,
mro6ast koMmnoHeHTa Bektopa C OyaeT paBHa €IMHUIE B TOM CIydae, €CJIM COOTBETCTBYIOIINE
KOMITOHEHTBI 000MX BEKTOPOB paBHbI efauHuIle. [locie oOyueHus: 3TH KOMIIOHEHThI BEKTOpa

Tj OCTAarOTCA €CAMHUYHBIMU, BCC OCTAJIbHBIC YCTAHABJIMBAIOTCA B HYJIb.

OT0 O00BACHSAET, HOYeMy Beca fj AOJDKHBI HHUIMAIN3UPOBATHCA €IUHUYHBIMH
3HaueHusMU. Ecnu Obl OHM OBUTM MPOMHHUIIMAIM3UPOBAHBI HYJIEBHIMH 3HAYCHHUSIMH, BCE
KOMIOHEHThl BekTopa C ObulM Obl HyJIEBHIMM HE3aBUCUMO OT 3HAYEHHH KOMIIOHEHT
BXOJIHOTO BEKTOpa, W OOy4aromMil ajdroputM MpefoXpaHsul Obl Beca OT HU3MEHEHHS HX

HYJICBBIX 3HAYECHUM.

OOydeHre MOXKET paccMaTpUBaThCS KaK TPOIECC «COKPAIICHUS» KOMIIOHEHT
3alIOMHEHHBIX BEKTOPOB, KOTOPbIE HE COOTBETCTBYIOT BXOJHBIM BEKTOpaM. DTOT MPOLECC
HeoOpaThM, €Clii BEC OJHAXKIbl YCTAaHOBJEH B HYJb, OOYYaloOIIMWA aJIrOPUTM HUKOTAA HE

BOCCTAHOBHUT €0 CAMHHUYHOC 3HAYCHUC.

3TO CBOWCTBO MMEET BaYKHOE OTHOIIEHUE K Tporeccy ooyuenus. [lpeamnonoxum, 4ro
rpynmna TOYHO COOTBETCTBYIOLIUMX BEKTOPOB JOJDKHA OBbITh KiacCU(PUIMpPOBaHA K OJIHOMI
KaTerOpHH, ONPEACIIIEMON BO30YKICHHEM OJTHOTO HEHPOHA B CJIO€ pacro3HaBanus. Eciu atu
BEKTOpa IOCITEIOBATEIbHO MPEIBIBIAIOTCS CETH, IpPU MPEeIbsSBICHUU MEpBOro Oyxaer
pacripelesiAThCsl HEHPOH paclo3HAIOIIEro CJosd, €ro Beca OyayT OOydeHbl C IEJbIO
COOTBETCTBUS BXOJHOMY BeKTOpy. OO0yueHue Mpy NpeabsBICHUNA OCTAIbHBIX BEKTOPOB OyJIeT
MPUBOJUTh K OOHYJIEHHIO BECOB B TEX MO3MIMAX, KOTOPbIE MMEIOT HYJIEBbIE 3HAUYEHUS B
J1000M M3 BXOJHBIX BEKTOPOB. TakuM 00pa3oM, 3alIOMHEHHBIN BEKTOP MPEICTABISET COOOH
JIOTHYECKOE TepecedyeHue BceX OOy4arolMX BEKTOPOB M MOXET BKIIOYATh CYIECTBEHHBIC

XapaKTEePUCTUKU JAaHHOW KaTeropun BecoB. HOBBIM BEKTOp, BKIIOYAIONIMN TOJIBKO
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CYIIECTBEHHbIE XapaKTEPUCTUKHU, OyJIeT COOTBETCTBOBATh 3TOM Kareropuu. Takum oOpazom,
CeThb KOPPEKTHO pacHo3HaeT o0pa3, HHUKOIAAa HE BHJCHHBIM paHee, T.€. peanusyercs

BO3MOXHOCTbB, HAITOMUHAOIIAA IIpOoUeCC BOCIIPUATHA YCTTOBCKA.

Hacrpoiika BecoBbIX BeKTOpPOB B;

BripakeHnue, onuceiBaroliee npouecc HacTpOHKU BeCoB (BbIpaxeHHe (8.6) MOBTOPEHO
3/1eCh Ul CHPABKU) SBISETCS LEHTPAIbHBIM JJIs1 ONHMCAaHUs Mpolecca (yHKIMOHUPOBAHUS
cereit APT.

b; i
L-1+ z Cy
k
Cymma B 3HaMeHatese NpeJCTaBiseT cOOOW KOJMYECTBO €IMHHI] Ha BBIXOJAE CIIOS
CpaBHEHHMsI. JTa BEIMYMHA MOXKET OBITh PACCMOTpPEHA KaK «pa3Mep» 3TOro BekTopa. B Takoit
UHTepIpeTanun «0oabiue» BekTopbl C mpou3BoaaT 0ojaee MaJeHbKUE BEIMYMHBI BECOB b,
yeM «MasieHbKHe» BekTopa C. DTO CBOMCTBO caMOMAacIITaOMPOBAHUS JIE€TA€T BO3MOYKHBIM
pas3zenieHre IByX BEKTOPOB B cliydyae, KOTJa OAWH BEKTOpP SIBISETCS MOJAHA00POM JpPYroro;
T. €. KOrga Ha6op CAVMHHUYHBIX KOMIIOHCHT OIHOTO BCKTOpa COCTABJIACT ITOAMHOXKCCTBO

CAWHHUYHBIX KOMIIOHCHT APYIroro.

UroObl  MPOAEMOHCTPUPOBATh  MPOOJIEMY, BO3HHKAIOIIYID TPH  OTCYTCTBHHU
MacCIITaOUPOBaHUs, HCIOIB3yeMOTO B BbIpakeHUU (8.6), MPEANOoNIOKUM, YTO CeTh 00ydeHa
JIByM MPUBEICHHBIM HUKE BXOIHBIM BEKTOpaM, MPHU 3TOM Ka)XJAOMY pacrpeaeiicH HEMpOH B

CJIOC paCIiO3HaBaHUA.

3ameTuM, yTto X sABJseTcs mogHadopom X,. B oTcyTcTBHE CBOMCTBAa MacIITabupoOBaHUs Beca
bij n tij HOHY‘I&T 3Ha4YCHUA, UACHTUYHBIC 3HAYCHUAM BXOIHBIX BCKTOpOB. ECHI/I HadYaJIbHBIC

3HaYeHus BbIOpaHbl paBHbIME 1,0, Beca 00pa3oB OyayT UMETh CIEAYIOIINE 3HAUCHHS:

Ecim X mpukiagsiBaeTcsi TOBTOPHO, 002 HEMpOHA B CJIOE pacIO3HABAHUS MOJTYYarOT
OJIMHAKOBBIEC AaKTWBAIMH; CJIEIOBATEIbLHO, HEUPOH 2, OIMMOOYHBIM HEUPOH, BBIUTPACT

KOHKYPEHLUIO.

Kpome BbITIOTHEHUST HEKOPPEKTHON KIacCH(PUKAIMU, MOKET OBITh HAPYIIEH MPOIIEeCC
o6yuenus. Tak xak T, paHo 11100, Tonpko TepBas eIMHHIIA COOTBETCTBYET CIWHUIIC
BXoJHOro BekTopa, u C ycranaBiuaercss B 1 0 0 0 0, kpurepuid cX0ACTBa YIOBIETBOPSAETCS
U QITOPUTM OOyYeHHs YCTaHABIMBAET BTOPYIO U TPEThIO enuHUIIBI BekTopoB T> u B, B HyIb,

pas3pylias 3alIOMHEHHBI 00pa3s.

MacmtabupoBanue BecoB bj; NPENOTBpALIaeT 3TO HEXENaTeIbHOE IOBEACHHE.

[Ipeamnonoxxum, 9To B BeIpakeHUH (8.2) UCTIOIB3YETCS 3HAaYeHHE L=2, TeM CaMbIM OIPEIeIsis

crenyrouy Gopmyy:
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2c¢;

bi L=1+Y ¢,
k

3Ha4yeHUs BEKTOPOB OYAyT TOTAa CTPEMHUTHCS K BETHUYUHAM

[TogaBast Ha BXOJ ceTH BeKTOp X , MOJIYYUM BO30Yyxkmaromiee Bosnaeiicteue 1,0 ms
HelipoHa 1| B cjoe pacno3HaBaHusi M ‘2 1 HEWpoHa 2; TakuM o00pa3oM, HeHpoH 1
(MpaBWIbHBIN) BBIMTPAET COPEBHOBAHME. AHAJIOIMYHO MpPEAbSIBICHUE BEKTOpa X; BHI30OBET
ypoBeHb BO30OyxnaeHuss 1,0 s sedipona 1l m 3/2 nns Heiipona 2, TeM camMbIM CHOBa

MIPaBUIILHO BBIOMpAs MOOCAUTEIS.

HNuunmanuzanms BecoB bj;

WMuunmanusanys BecoB bj; MalbIMM 3HAYEHUSMM SBISETCS CYLIECTBEHHOM Ul
KoppekTHoro ¢yHknuonupoBanus cucteM APT. Ecniu oHu cnumikom Oolbliiue, BXOIHOM
BEKTOpa KOTOPBIA paHee ObUT 3allOMHEH, OyJIeT CKOpee AaKTUBU3MPOBATh HECBS3AHHBIN
HEWpOH, YeM paHee 0O0ydeHHBIH. Bripakenue (8.1), ompenenstoniee HavalabHbIE 3HAYCHUS

BCCOB, ITIOBTOPACTCA 34€Ch JIA CIIPABKU

b; <ﬁ JUTST BCeX 1, ], (8.1)

YcTaHoBKa 3TUX BECOB B MaJlble BEJTMYMHBI TAPAHTUPYET, YTO HECBSI3AaHHBIC HEHPOHBI
He Oyayr mnosyyatb BO30YXAEHHUS OoJblero, 4eM oOOy4YeHHble HEHPOHBI B CIIOE
pacnosHaBanusA. Mcnonesys npensinymuii npumep ¢ L=2, m=5 u b;<1/3, npousBoIbHO
ycTaHoBUM b;=1/6. C Takumu BecaMH IpeIbsBICHHE BEKTOPA, KOTOPOMY CeTh OblIa paHee
oOy4eHa, mpuBeneT K Oojiee BBHICOKOMY YPOBHIO aKTHBAllUU Ul NPAaBUIBHO OOY4E€HHOTO
HEHpOHA B CIIO€ paClO3HABaHUA, 4YE€M Ul HECBA3aHHOIO HelipoHa. Hampumep, mid
HECBsI3aHHOTO HelpoHa X OyJeT mpou3BOAUTH BO30YyXaeHUE 1/6, B TO BpeMs Kak X, OyaeT

MIPOU3BOJUTE BO30YKIIEHUE Y25 U TO U Apyroe Huxke BO30YKIACHUS 1151 O0y4EHHBIX HEHPOHOB.

Mouck. MoxeTt IOKa3aTbCsd, YTO B ONHWCAHHBLIX aJITOPUTMAX OTCYTCTBYCT HCOGXOI{I/IMOCTL
Hanmnuus (a3el MOMCKA 32 UCKIIOUEHUEM CITydasi, KOT/Ia JJIsl BXOJJHOTO BEKTOpa JOJIKECH OBITh
pacrpeiesieH HOBBIM HECBSI3aHHBIA HEHMPOH. JTO HE COBCEM TAaK; MPEIbSIBICHUE BXOIHOTO
BEKTOpa, CXOIHOr0, HO HEe a0COJIIOTHO HMJIEHTUYHOI'O OJIHOMY M3 3allOMHEHHBIX 00pa30B,
MOET MpPHU MEPBOM HCHBITAHUM HE O00ECIEeYUTh BHIOOP HEHpOHa CJI0S paclO3HaBaHUS C

YPOBHEM CXOJICTBA OOJIBIIUM P, XOTS TAaKOH HEHPOH OYAET CyIIeCTBOBATh.

Kak u B mpenpiaymieM npumepe, MPEArnoiaokUM, 4TO CeTh OOydaeTcsl CIeIyIOIUM

JIBYM BEKTOPaM:
X;=10000
X,=11100
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C BEKTOpaMu BecoB Bj, 00y4eHHBIMU CIIEAYIOIUM 00pa3oM
B, =10000
B,=%"%"%200

Teneps npunoxum BxoHoM BekTop X3 =110 0 0. B atom cinydae Bo30yxaeHue Heripona 1
B cioe pacno3HaBanus Oynet 1,0, a Hefipona 2 Tonbko 2/3. Heiipon 1 Beliiner noGeaurenem
(XOTST OH HE Jy4YIIMM O00pa30M COOTBETCTBYET BXOJHOMY BEKTOPY), BekTop C MOIyddT
3nauenue 11000, S 6yner paBHo %2. Ecniu ypoBeHb cxozcTBa yctaHoBlieH B 3/4, HelipoH 1
OyneT 3aTopMOXeH U HelpoH 2 Beiurpaer coctszanue. C cranet pasubiM 1 1 0 00, S craner

paBHBIM 1, KpuTepuil cX0ACTBa OyAET YAOBIETBOPEH U MOUCK 3aKOHUYUTCSI.

Teopembl APT

B pabote [2] nokazaHbl HEKOTOPBIE TEOPEMBI, TTOKA3BIBAIOIINE XaPAKTEPUCTHKN CETECH

APT. Yetsipe pe3yabTaTta, IpUBEACHHBIC HIDKE, SIBJISIOTCS OJTHUMH M3 Han0oJiee BaKHBIX:

1. Iocne crabunuzanuu mporecca OOydeHHs MPEIbSIBICHUE OJHOTO U3 OO0ydYaromMX
BEKTOPOB (WM BEKTOpPAa C CYIIECTBEHHBIMH XapaKTEpUCTUKAMU KaTeropum) Oyner
aKTHUBU3UPOBAaTh TpeOyemblii HEHPOH CJI0S pacrmo3HaBaHusl Oe3 TmMoucka. OTa
XapaKTEPUCTHKA «IIPSMOTO JOCTYMa» OMpeAessieT OBICTPhIA AOCTYN K INpeIBapUTEIbHO

U3y4eHHBIM 00pa3am.

2. Ilpouecc noucka siBasieTcsl ycTounBbIM. [lociie onpenesneHus BEIMTPABIIEro HEMPOHA B
ceT He OyneT BO30YXKACHUN APYruX HEHMpPOHOB B pe3ysibTaTe€ W3MEHEHUS BEKTOPOB

BbIX0/Jla CJIOS CpaBHCHUSA C, TOJIBKO CUT'HaJI C6p008. MOXCT BBI3BAaTh TAKUC U3MCHCHU .

3. Ilpomecc oOy4enuss sBisgercss ycrouuBeiM. OOydyeHue He Oyaer BbI3BIBATh

MIEPEKITIOYCHUS C OTHOTO BO30YKIICHHOTO HEWPOHA CJI0SI Paclio3HABAHUS Ha JPYTOW.

4. Ilpomecc oOydenus koHeueH. JIroOasi IMOCIEIOBATENBLHOCTh IMPOU3BOJBHBIX BXOJHBIX
BEKTOPOB Oy/eT MpPOM3BOANTH CTAOUIBHBI HAOOP BECOB IMOCIE KOHEYHOTO KOJIHYECTBA
00yJaromx Cepuil; MOBTOPSIONIMECS MOCIEAOBATEIHLHOCTH OOydYalOmUX BEKTOPOB HE

OyayT NPUBOJUTH K LIUKINYECKOMY U3MEHEHUIO BECOB.

3AKIIOYEHUE

Cetru APT sBISIFOTCS MHTEPECHBIM M BaXXHBIM BUJIOM cucTeM. OHHM CTIOCOOHBI PEITUTh
AUWICMMY CTa6I/IJ'H>HOCTI/I-HJIaCTI/I‘-IHOCTI/I H XOopomo pa60Ta}0T C Jpyrux TOYCK 3pCHUA.
Apxurektypa APT CcKOHCTpyHpoBaHa MO NPHUHIMIYY OHOJOTHYECKOTO TMOJ00UsS; 3TO
03HAYaEeT, YTO €€ MEXaHHW3Mbl BO MHOTOM COOTBETCTBYIOT ME€XaHHU3MaM Mo3ra (Kak Mbl UX
noHumaeM). OJTHaKO OHU MOTYT OKa3aTbCs HE B COCTOSIHUM MOJIETIMPOBATH PaCHpeIesIEHHYIO
naMsTh, KOTOPYI0O MHOTHE PACCMATPHUBAIOT KaK BAKHYIO XapaKTEPHUCTUKY (YHKIMA MO3ra.

Oxzemmisippl APT mnpexacraBnsior coOoit «0aOyIIKMHBI Y3€JIKH»; IOTEpPsS OJHOTO y3lia
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pa3pymact BCHO IIaMATh. ITamsaTe MO3ra, HaIllpOTHUB, pacHpCAC/iCHa 110 BCHICCTBY MO3ra,

3allOMHEHHbIE 00pa3bl MOTYT 4YacTO MEPEXUTh 3HAUUTEIbHbIE (DU3MUECKHE MOBPEKICHUS

Mo3ra 0e3 MOJIHOW WX TTOTEPH.

Kaskercst TOrmuHbIM HU3YUCHHUC apXUTCKTYpP, COOTBCTCTBYIOIIHUX HAIICMY IMOHUMAHUIO

opranumzauud M (QyHKIMA Mo3ra. YenoBedeckwii MO3I MPEICTaBISET CYIIECTBYIOIIEE

JIOKa3aTeJIbCTBO TOTO (haKTa, YTO PEIICHHE MPOOJIEMBbI pacro3HaBaHUs 00pa30B BO3MOKHO.

Kaxxercst pasyMHBIM 3MYJIHpOBaTh pabOTy MO3ra, €Cid Mbl XOTUM IOBTOPHUTH €ro padoTy.

OI{HaKO KOHTPApryMmMCHTOM SBJIACTCA HUCTOPHA IHOJICTOB; YCIOBCK HC CMOI' OTOPBATBHCA OT

3CMJIM 10 TCX MOP, ITOKa HEC NCPCCTAT UMUTHUPOBATH JIBUKCHUS KPBUJILCB W ITOJICT IITUIIL.
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NnaBa 9.
OnTnyeckme HeMpPOHHbIE ceTn

Hcnonp3oBanue u oOydyeHHUEe HEHPOHHBIX ceTell TpeOyeT B OCHOBHOM JABYX THIIOB
onepauui HaJ JAHHBIMU: BBIYMCICHMH M Iepeladyd JaHHbIX. BelunciaurenbHble (QyHKIUN
JIETKO W IIPOCTO BBIIOJIHAIOTCS IEKTPOHHBIMUA CHCTEMaMU. DJIEMEHTBI HHTErPalIbHBIX LEeNel
paboTaloT B HAHOCEKYH/IHBIX HHTepBasax. Kpome TOro, OHM UMEIOT pa3Mephl, H3MepsieMble B

MHKPOHAX, U MOT'YT UMCTb CTOUMOCTb MCHECC coTtoit OCHTA 3a BCHTUJIb.

3ajaun Iepefayd JAHHBIX pPEHIAloTCd HE MPOCTO. OJIEKTPOHHBIE CHUTHANIBI B
MHTETPaJIbHbBIX CETAX TPEOYIOT HAJIMUYUSA KOHAEHCATOPOB IS NIEpeauyd CUTHAJIOB OT BEHTHIISA
K BEHTWIIO. XOTSI KOHJIEHCATOPHl UMEIOT MHUKPOHHBIE Pa3Mephl, 3aHUMAEMOE MTPOCTPAHCTBO
(c y4yeToM mpoCTpaHCTBa, HEOOXOAMMOTO JUIsl U30JISILMKA OJHOTO KOHAEHCATOPa OT JPYroro)
MOJKET CTaTh HACTOJBKO OOJBIIMM, YTO Ha IUIACTUHE KPEMHMs HE OCTaHEeTCs MecTa Jis
pasMelleHHs] BBIYMCIUTENbHBIX Liened. HecMoTps Ha TO, 4TO CyIIECTBYET TEXHOJIOTHUs
peanu3an OOBIKHOBEHHBIX IIM(PPOBBIX KOMIBIOTEPOB B BUJE OONBIINX (PYHKIIMOHAIBHBIX
OJIOKOB C OTHOCHTEIBHO HEOOJIBIIMM KOJMYECTBOM KOH/IEHCATOPOB, 3Ta TEXHOJIOTUS HE
FOJUTCA B CIIy4ya€ MAacCOBOIO Mapajulean3Ma. AHAJIOTMYHOE pEIIeHHE Ul MCKYCCTBEHHBIX
HEHUPOHHBIX CETeM B HACTOAILIEE BPEMS HEU3BECTHO. MOIIHOCTb HEHUPOHHBIX CETEH
onpenensercss OOJbIIUM KOJMYECTBOM CBS3€H; B3AThIE OTAEIBHO 3JIEMEHTHl HMEIOT

OTHOCHUTCIIBHO MaJIbI€ BbIYHCIINTCIBHBIC BO3SMOXHOCTH.

Cepbe3Hyro npo0OsieMy MpencTaBlIsAeT JOCTH)KEHHUE TpeOyeMOM CBA3aHHOCTH B
NeKTpoHHBIX Hensx. B [10] npeanonaraercs, 4To MIOTHOCTh KOHAEHCATOPOB B JIBYMEPHOI
CHUCTEME JIOJDKHA YMEHbLIATbCs OOpaTHO MPONOPLUMOHATIBHO KBaJpaTy PpAacCTOSHHUS OT
HEHPOHA-UCTOYHUKA; B IPOTUBHOM CJIydae OTCYTCTBYET BO3MOXHOCTb PeaIN3alli CHCTEMBI
B BHJIC MHTETPAIBHBIX LENEeH. DTO OrpaHUYEHUE UMEET 0CO000€ 3HAYEHHE NPH Pealu3aluu

CeTel C MOJHBIMHU B3aUMHBIMU CBSI3SMHU.

Peanuzanusi HepOHHBIX ceTel B BHUJI€ ONTUYECKHUX CHUCTEM MO3BOJSET PELIUTH 3TY
npobiemy. B3anmmHOe coennHEHHME HEMPOHOB C TIOMOIIBIO CBETOBBIX Jydel He TpeOyer
M3OJISIIIUM MEXAY CUTHAIBHBIMHU ITyTSIMH, CBETOBBIE IOTOKH MOTYT IPOXOJIUTH OJUH 4epe3
JIpyroii 6e3 B3aMMHOTO BIUsHUA. bojee Toro, CUTHaIbHBIC MTyTH MOTYT OBITh PACIOJIOKEHBI B
Tpex u3Mepenusx. (MHTerpanbHble ey SBISIFOTCS CYIMIECTBEHHO IUIAHAPHBIMU C HEKOTOPOI
penbedHOCTRI0, OOYCIOBICHHOM MHOXKECTBOM cJioeB.) IlMOTHOCTH TyTe mepemadu
OrpaHHuY€Ha TOJIBKO pa3MepaMU HCTOYHMKOB CBETa, WX JUBEpPreHuuedl u pazMepamu
nerekropa. [loTeHIuanbHO 3TH pa3Mepbl MOTYT MUMETh BEJIMYMHY B HECKOJIBKO MHUKPOH.
Hakowner, Bce curHalibHbIE TTYTH MOTYT paboTaTh OJHOBPEMEHHO, TEM CaMbIM OOecrednBast
OTPOMHBIM TEMIT TIepeladll JaHHBIX. B pe3ynpTaTe cucrema crocoOHa O0OECTeYUTh MOTHBINA

Ha0op cBsI3ei, pabOTAIOIIUX CO CKOPOCTHIO CBETA.
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Ontuyeckre HEMPOHHBIE CETH MOTYT TaKXKe 00ECIIEYUTh BaXKHBIE MPEHMYILECTBA MPU
NPOBE/ICHUN BBIYHMCICHUN. BelnynHa CHHANTHYECKUX CBS3€H MOXKET 3allOMUHATHCS B
roJorpaMMax C BBICOKOH CTENEeHBIO IJIOTHOCTH; HEKOTOPBIE OLEHKU JAI0T TEOPETUYCCKHUU
Hpenen B 10" 6ur ma KyOudeckuii caHTHUMeTp. XOTs Takhe 3HAYeHHs Ha NpPAKTUKE He
AOCTUTHYTHI, Cy]J_IGCTBYIOH_[I/Iﬁ YPOBCHb INIOTHOCTHU IMaMATH OYCHb BBICOK. KpOMe TOro, Beca
MOTYT MOJU(MUIIMPOBATHCS B TIporecce pabOThl ceTH, o0pa3ysl IMOJTHOCTHIO aJalTUBHYIO

CUCTEMY.

VYuurbiBass 3TH INPEUMYIIECTBAa, MOXHO 3aJaThb BOIIPOC, II0YEMY Hapsay
ONTUYECKUMU HEHPOHHBIMH CETSIMM BOOOIIE pacCMaTpUBAIOTCA JPYrHe  CIOCOOBI
peanuzanuu. K coxaneHuto, BO3HUKAeT MHOKECTBO MPAKTUYECKUX MPOOJIEM MpHU MOMbBITKAX
ONTHUYECKON peann3aniui HEHPOHHBIX ceTed. ONTHYecKre yCTPOMCTBA UMEIOT COOCTBEHHBIC
¢u3nyeckue XapaKTepUCTUKH, YAaCTO HE COOTBETCTBYIOIIME TPeOOBAaHMUSM HCKYCCTBEHHBIX
HEHPOHHBIX ceTeil. XOTS OHU B JEHCTBUTEIILHOCTU MIPUTOIHBI 11 00pabOTKH M300paKeHUH,
M300paXeHUs] OT ONTHUYECKUX HEUPOHHBIX CEeTEHl, MOJIyueHHBIE JO HACTOSIIEr0 BpEMEHH,
ObuUIM pa3oudapoBbIBarOlle MIOXUMU. OAHAKO JOCTATOYHO B3IJIIHYTh Ha IEpBble MPOOBI
TEJIEBU3MOHHBIX M300pa)XeHUH, 4TOOBI IMOHATH, KaKOH OrPOMHBII MpOrpecc BO3MOXKEH B
MOBBIIIEHUN KayecTBa M300paxeHus. HecMoOTps Ha 3TH TPYJHOCTH, a TaKKe Ha TaKue
npo0sieMbl, KaK CTOMMOCTb, pa3Mepbl U KPUTHYHOCTb K OPHUEHTALMM, MOTEHIUAIbHbIE
BO3MOYKHOCTH ONTHYECKUX CHCTEM TMOOYKIanu (M TMOOYXIAr0T) TOMBITKH TMPOBEICHUS
MHTCHCUBHBIX M IIMPOKUX HCCIEAOBaHHMMA. B 3Toil obmactu mpoHCXoasT CTpEeMHUTENIbHBIC

M3MEHEHHUS U B OImKaiiiiee BpEMs OKUAAKOTCA BAKHBIC YIIYUIIICHUA.

MHorue wusy4yaemble KOH(PUTYpAllMd ONTHYECKHMX HEHUPOHHBIX CETEH MOXKHO
pa3nenuTh Ha JB€ KaTeropuu, PacCMOTPEHHBIE B JIaHHOM TIJjaBe: BEKTOPHO-MATPUUHbBIE
YMHOXHUTENH H TojJorpadguueckue KOppemsTopbl. 3aMeTUM, 4YTO JeTadbHOE OIMCaHUue
BOIPOCOB ONTHYECKON (U3MKH BBIXOAUT 3a pPaMKU JaHHOW paboTel. Bmecto 3Toro
MPUBEICHO KAYECTBEHHOE OMUCaHNe pabOThl CUCTEM M B3IJIST aBTOPA HA IOCTHKEHUS B 3TOM

o0OJracTu.

BEKTOPHO-MATPUYHbLIE YMHOXWUTEJA

[Ipouiecc GyHKIMOHUPOBAHUS OOJBIIMHCTBA WCKYCCTBEHHBIX HEHPOHHBIX ceTei
MOXET OBITh ONMCAaH MAaTeMaTHUYECKH B BUJE IOCIEIOBATEIbHBIX YMHOXXEHUI BEKTOpa Ha
MaTpHIly, OJHAa OIllepanusi yMHOXCHMS B KaXIOM ciyoe. [l BBIYMCICHHMS BBIXOAA CIIOS
BXOJIHOM BEKTOP YMHOJKaeTcs Ha MaTPUIy BeCOBBIX Kod(¢uimenton, o0pasys Bektop NET.
K sTtoMy BekTOpy mHpuKiIaabIBaeTcsi 3aTeM (yHKUuUs akTtuBanuu F, oOpasys Bekrop OUT,

SIBIISTFOIIIMIACS BBIXOJO0M CJIOs.

CUMBOJIMYECKHU

NET = XW,
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OUT = F(NET),
rae NET — BekTop B Buie CTPOKH, C(HOPMUPOBAHHBIN B3BEIICHHBIMH CyMMaM# BXx0110B; OUT

— BBIXOZIHOHM BEKTOP; X — BXOJHON BeKTOp; W — MaTpu1lia BECOBBIX KO (HUITUEHTOB.

B Ouonormuecknx HEMPOHHBIX CETSAX OSTa ONepauuid BBIIOIHAETCS OOJBIINUM
KOJIMYECTBOM PaOOTAIOIIMX OJHOBPEMEHHO HEHPOHOB, MOITOMY CHCTeMa paboTaeT ObICTpO,

HECMOTPS Ha MEJUVICHHYIO pa0oTy OT/EIbHBIX HEHPOHOB.

Korma wuckyccTBEHHblE HEHPOHHBIE CETHM MOJAEIUPYIOTCS Ha YHUBEPCAIBHBIX
KOMIIbIOTEpaX, MPUCYIIAs UM IapajulelibHas IPUPOJA BBIYMCIICHMM TEpsEeTCs; Kaxaas
onepauus J0JKHA ObITh BBINOJHEHA IocienoBaresbHO. HecMoTps Ha OONbILIyI0 CKOPOCTh
BBIIIOJIHEHUS]  OTJEJIbHBIX BBIYUCIEHHM, KOJIMYECTBO ONEpaluid, HEOOXOAMMBIX Jis
BBIIIOJIHECHUS. YMHOJXKEHUs MATPUL, INPONOPLHUOHAIBLHO KBaApaTy pa3MEPHOCTU BXOAHOIO
BEKTOpa (€CJIM BXOJHOM M BBIXOAHON BEKTOPHI MMEIOT OJJMHAKOBYIO Pa3MEPHOCTB), U BpeMs

BBIYMCJICHHI MOXKET CTATh CIUIIKOM OOJIBIIIHM.

3.]'IeKTpOHHO-OHTI/I‘[eCKI/Ie MAaTPpUYHbIC YMHOKHUTECIH

DJEeKTPOHHO-ONTUYECKHE HEHPOHHBIE CETH 00ECIIEUMBAIOT CPEJCTBA IS BBINOJIHEHUS
napajyieIbHOr0 YMHOXEHHs Marpull. Paccmorpennsle B pabortax [3,6,7] Takue cetu
paboTarT CO CKOPOCTBIO , OrPAaHMYEHHON TOJIBKO JAOCTYHMHBIMH 3JIEKTPOHHO-ONTUYECKUMU
KOMIIOHEHTaMH; BPEMs BBIYMCICHHH MOTEHIUAIBHO PACHOJAaracTcs B CYyOHaHOCEKYHJIHOM

Iuaras3oHe.

Ha puc.9.1 nmnoka3ana cucrema, CIOCOOHas  BBINOJHATH  YMHOXKEHUE
IIECTUIIEMEHTHOTO BXOJHOIO BEKTOpa Ha MAaTpHUIly Pa3MEpPHOCThIO 6X5, MpOU3BOAS Ha
Beixosie maTuAieMeHTHBIM BekTop NET. ChpaBa pacronoxkeH CToj0er CBETOBBIX
UCTOYHUKOB, JY4YM KOTOPBIX MPOXOJAT 4Yepe3 IWIMHIPUYECKHE JIMH3bl; KaKIbIA JIy4

OCBEILIAET OJJHY CTPOKY BECOBOM MacCKH.

Takum obOpazom, ayu | ocBemaer u wj; wi; wis. B KauecTBe MacKu MOXKET OBITh
UCIIO0JIb30BaHa (POTOIUICHKA, Y KOTOPOM MPO3PaYyHOCTh Ka)JA0ro KBajpara MpornopiroHaibHa
Becy. C JIeBOM CTOPOHBI pacrlojoKeHa BTopas HWIMHAPUYECKas JTMH3a, POKyCHpYIolas CBET
OT KaXKJIOTO CTOJI0I1a MaCKH Ha COOTBETCTBYIOIIMIA oTomerekTop. Takum 06pazom, CBETOBOI
NOTOK Ha (oTopeTekTope 1 sBIIseTCSI CyMMOW MPOU3BEACHUIN CBETOBBIX MHTEHCUBHOCTEH Ha

nepeaaTrouHyro GyHKIuoo croiomna 1. B cuMmBonbHON hopme
NET; =3 WX, ,

rae NET; — Beixoq NET nefipona j (Beixog oronerexropa j); Wij — Bec CBA3U OT HEWPOHaA I K
HEeHpoHy j (BenrurHa 00paTHO MPONOPLHOHAIbHAS PO3PAYHOCTH BECOBOM MACKH B CTPOKE I,

croJione j); Xj — i-s KOMIOHEHTa BXOIHOTO BEKTOpa i (BBIXOJ] ICTOUHHUKA CBETA ).
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Puc. 9.1. D1eKTPOHHO-ONITHYECKHI1 BEKTOPHO-MATPUYHbIN YMHOXKHUTEIb

Bbixon kaxmoro (oTOIETEKTOpa SIBISETCS CBEPTKOM MEX Iy BXOIHBIM BEKTOPOM H
COOTBETCTBYIOIIIMM CTOJOIIOM BECOBOWM MaTpuIlbl. Takum o0pa3om, Ha0Op BBIXO/OB
NpEeJCTaBIsieT COOOW BEKTOP, pPaBHBIM TPOHM3BEACHUIO BXOJHOTO BEKTOpAa Ha BECOBYIO

MaTpHly.

DTO MaTpPUYHOE YMHOXKEHHE BBINOJHSIETCS mnapajuienbHo. [lpu  ucnosb3oBaHuuU
COOTBETCTBYIOIIUX BBICOKOCKOPOCTHBIX CBETOM3IIy4alOUIMX AU0A0B U (oTtoaeTexkTopoB PIN
YMHOXEHHE BEKTOpa HAa MaTpPUIly MOXKET OBbITb BBIIOJHEHO MEHEe YeM 32 HaHOCEKYHIY.
Bonee Toro, ckopocTh YMHOKEHHUSI MPAKTUYECKU HE 3aBUCUT OT Pa3MEPHOCTH MACCHBA. JTO
MO3BOJISIET HapallMBaTh CETH 0€3 CYIIECTBEHHOTO YBEIUYCHUS BpPEMEHHU BbIUMCICHHHA. B
JAHHOM IIPOCTOM NpUMEpe Beca CeTU (PUKCHUPOBAHBI, OHU MOTYT U3MEHATHCA TOJIBKO IMPHU
MOJICTAHOBKE Pa3IMYHBIX BECOBBIX MacoOK. J[J1s1 MCIOIb30BaHus B a[JaliTUBHBIX CHCTEMax Beca
JOJIKHBI OBITh TepeMeHHbIMH. CyIecTByeT MHOTOOOCIIAIOIINI METOJl, OCHOBAaHHBIA Ha
WCIIOJIb30BAHUU JKUJKOKPUCTAJUTMYECKOTO KIlaraHa BMECTO (oTorpaduveckoro HeraTHBa.
OTO MO3BOJSET H3MEHATh Beca AJIEKTPOHHBIM CHOCOOOM B TeYeHHE MHUKpPOCEKyHI. B
HACTOSIIEE BpeMS KUIKOKPUCTAIUIMUECKUN KJIaraH MOKET UCIIOJIb30BaThCs AJIs peanu3alun
JBOMYHBIX BECOB, HO MMEET HEJOCTATOYHYI0 CTA0MIBHOCTh M KOHTPACTHOCTH IS
peanu3alud HENPepbIBHBIX MEPEMEHHBIX BECOB. JTa CUTyallUsi MOXET H3MEHUThCA B

OnmKanieM OyayIiem.
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Cetu Xonduiga Ha 0a3e 3JIeKTPOHHO-ONTHYECKUX MATPUYHBIX YMHOKUTeJIEH

Ecnu  BBIXOZBI (OTONETEKTOPOB B CETH IOAAIOTCA OOpaTHO JJsl yIpaBJICHUS
COOTBETCTBYIOIIIIMH CBETOBBIMH BXOJAaMH, pPEaTH3yeTCs OSJICKTPOHHO-ONTHYECKAs CETh
Xondwunga. [ BBIMOTHEHUS 3TOr0 JAOKHA OBITH oOOecriedeHa moporoBast (QYHKIIHS
akTuBalMu. B Hacrosiee BpeMs (yHKIMS aKTHBALMU HAWIY4IIUM 00pa3oM peanusyercs C

MMOMOIIBIO 3JICKTPOHHBIX ueneﬁ, CJICAYIOIINX 3a KaXK/IbIM (I)OTO,Z[GTGKTOPOM.

Jlnst ynmoBneTBOpeHHs TpeOOBaHWN CTaOWMILHOCTH MAaCCHB BECOB JIOJDKEH OBITH

CHUMMETPUYHBIM C HYJIEBBIMH KOX(PHUIMEHTaMU 1JIs KBaJapaTOB TJIABHOW JWaroHamu (wij,

Wi, Wmn)-

OneKTpPOHHO-ONTUYECKasA ABYHanpasrieHHas accumMaTuBHas namatb (OAM). Eciu 1Be CHUCTEMBEI,
MoKa3aHHbIe Ha puc. 9.1, coenMHEHBI B KacKaj (BBIXOJl BTOPOW CHUCTEMBI MOJIAETCS Ha BXOJ
NepBoil), peasmsyercs anekTpoHHo-onTuueckas JAIL. Jlns obecrieueHus CTaOMIBHOCTH

BTOpPasi BECOBAsi MacKa JIOJIKHA ABJIATHCS TPAHCIIO3ULUEH IIEPBOM.

B [9] ommcana xommnakTHasi CUCTEMa, B KOTOPOM IS pealu3aluu SJIEKTPOHHO-
ontuieckoit JIAIT TpebyeTcsi TOMbKO OJHA Macka M ONTHYecKas cucreMa (puc. 9.2). 31ech
KaK7ble POTONETEKTOp M CBETOBOW MCTOYHHK 3aMEHSIFOTCS Mapor (POTOAETEKTOP — CBETOBOM
UCTOYHUK. DYHKIIMOHMpPYET JaHHAs CUCTEMAa AHAJIIOTMYHO paHEe OIMNHUCAHHOMY IPOCTOMY
(GOTOONTUYECKOMY YMHOMKUTENIO, 3@ MCKJIIOYEHHEM TOro, 4YTO BBIXOJA  KaKIOTrO

q)OTOHCTCKTOpa YIIPABIIACTCA CBA3aHHBIM C HUM CBETOBBIM MCTOYHHUKOM.

B nporuiecce paboThl cBETOBOM MOTOK OT Ka)JI0r0 MCTOYHUKA CBETA CIpaBa MPOXOAUT
4yepe3 LWIMHIPUYECKYIO JIMH3Y, OCBEILasi COOTBETCTBYIOILYKD CTPOKY CBETOBOM Macku. JTa
JMH3a Pa3BOpPauMBACT CBETOBOH IMOTOK B TOPU30OHTAIBHOM HAIPABICHHUU, OCTABIAS €ro

HEPa3BEPHYTHIM B BEPTUKAIBHOM HampaBiCHUH.

Kaxnplii oToeTeKTop cieBa MoiaydyaeT CBETOBOM MOTOK OT CTOJIOIA BECOBOM MacKu
U C TIOMOIIBIO MOJKITIOYEHHBIX K HEMY 3JIEKTPOHHBIX LIETIEH peain3yeT MOPOroByr0 QyHKIIUIO
TSl BBIpaOOTKH AnekTpudeckoro BeixoaHoro curHania NET. Curnan NET 3arem ympasmiser
COOTBETCTBYIOIIUM JIaHHOMY (OTOJETEKTOPY CBETOBBIM HCTOYHHKOM, CBET OT KOTOPOTO
IPOXOAUT Yepe3 ONTHUYECKYIO IMOJCHCTEMY, OcBelas TOT ke crtojber. CieayeT OTMETHTb,
4YTO OJHO U TO JK€ OINTHYECKOE IPOCTPAHCTBO HCIOJIB3YETCS CBETOBBIMU 0Opa3amu,
MIPOXOAAIIMMHU CJIEBa HAImpaBO M CIpaBa HaleBO. Tak Kak CBETOBbIE IIOTOKH HE

B3aUMOJICCTBYIOT MEXTy COOOM, 3TO HE BBI3BIBACT MPOOIIEM.
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Puc. 9.2. D1eKTPpOHHO-ONITHYECKAs] ABYHANIPABJICHHAsl ACCONMATHBHAS NAMATH

Kaxnplii ¢oroneTekTop pearupyer Ha CBETOBOH MOTOK OT BCEH CTPOKH, €ro
AJIEKTPOHHAS YaCTh PeajM3yeT MOPOroBYIO (DYHKIHMIO M PE3yJIbTUPYIOLIUI CUTHAN YIIpaBIseT
CBSI3aHHBIM C HUM CBETOBBIM MCTOYHUKOM. TeM caMbIM 3aMbIKaeTcsl METiIsi 0OpaTHOM CBA3H,
BKJIIOYAIOL[asi CBETOBbIE UCTOUYHUKHU, (DOTOAECTEKTOPBI U ONTHYECKYIO CUCTEMY. 3aMETHM, YTO
ycroitunBocTh J{AIl rapantupyercs, fnaxe €ciu MaTpulla HE CUMMETPUYHA; KPOME TOrO, HE

TpeOyeTcs 0053aTeIbHOr0 PaBeHCTBA HYIIIO JIEMEHTOB IJIaBHOM TUaroHasu.

MaccuBbl nuHeHbIX mMoAaynATopoB. JIMHEWHBIM MOAYJISATOP, HEAOCTATOYHO HM3YYEHHOE 0
HACTOSIIIETO BPEMEHU YCTPOMCTBO, IMO3BOJSET HAAECATHCA Ha CYIIECTBEHHOE YIPOILECHHE
CTPYKTYpPbl 3JIEKTpOHHO-ONTUYeCKHX ceTeil. Kak mnokazano Ha pwuc. 9.3, JIHHEHHBIHA
MOAYJISATOP TIPEACTABISCT COOOM TOHKYIO IIACTUHY C YEPEAyIOIIMMHCS TOJIOCKaMU
CBETOYYBCTBUTEIIBHOIO MaTepHasia M MOJIOCKAMH ONTHYECKUX MOAYJIsATOpoB. [Ipo3payHocTh
KQKIOW TOJIOCHI, COOTBETCTBYIOIICH ONTUYECKOMY MOIYISITOPY, MOXET OBITh H3MEHEHa

AIIEKTPOHHBIM CIIOCOOOM.
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Puc. 9.3. MaccuB JTHHEeHHBIX NPOCTPAHCTBEHHO-CBETOBBIX MOAYJIATOPOB

Ha puc. 9.4 mnoka3zana ynpolleHHas KOHCTPYKIMS W3 JIMHEHHBIX MOJYJISTOPOB,
UCIIOJIb3yeMasi B KayeCTBE ONTHUYECKOTO YMHOXKHUTEIS Marpull. ['Opu30OHTaIbHbBIE MOJIOCHI
ONTUYECKUX MOJYJISTOPOB YIPABISAIOTCA AJIEKTPOHHBIM CcrocoboM. CBeTONMpPOBOIHOCTD
KQKJIOM IIOJIOCHI COOTBETCTBYET BEIMYMHE COOTBETCTBYIOIIEH KOMIIOHEHTBI BXOJHOTO
BekTOpa X, TEM CaMbIM OIpEEsisi BEIMUYMHY CBETOBOIO IMOTOKA YEpe3 COOTBETCTBYIOLIYIO
CTPOKY BECOBOW MaTpHIlpl. B 3TOI cUCTEME HET OTIEIbHBIX CBETOBBIX IMOTOKOB I Ka)I0U
CBETOBOM CTPOKHM; OJHMH MCTOYHUK CBETa 4Yepe3 KOJUIMMATOP CO3/1aeT CBETOBOM IOTOK,
BXOJSIIMM CIIpaBa M MPOXOIAIIMN Yepe3 KAy MOJOCY MOIYJISATOPA Ha BECOBYIO MAcCKy.
Caet, NpoxoJsilIui 4Yepe3 ATy MacKy, MONaJaeT Ha BEPTUKAJIbHBIE CBETOYYBCTBUTEIbHBIC
cronOupl. Kaxnpii cronber; NPOW3BOAUT BBIXOH, MPOMOPIHOHATBHBIA CYMMapHOMY
CBETOBOMY MOTOKY, IPOXO/ISIIEMY Yepe3 COOTBETCTBYIOIINMA CTOJIOEI] BECOBOM Macku. Takum
o0pa3oMm, pe3ynbTaT aHaJOrMYeH ONUCAaHHOMY paHee JUid JIMH30BOM  CHCTEMBI,
KOHI[EHTPUPYIOIEH CBET Ha MalieHbKOM (DOTOJETEKTOpe; OaHHAs CUCTeMa MPOU3BOIUT

YMHOXXCHUC MATPHILl C TOYHO TaKUM KC PC3YJIbTATOM.
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Puc. 9.4. JInneiiHbIii MOAYJISAITOP, HCIOJIb3YyeMbIi B KauecTBe
ONTHYECKOr0 MATPUYHOI0 YMHOKUTEJIS.

Tak Kak MacCUBBl JIMHEWHBIX MOIYJISITOPOB TMEPEAAIOT CBET, MPOIICAIIHI
KOJUTUMATOp, Ui JTAHHOM CHUCTeMbl He TpeOyeTcs UMWIMHAPUYECKHX JUH3. DTO pelaeTr
TPYAHYIO TIPOOJIEMYy T€OMETPUYECKHX HCKAKEHHH, CBSI3aHHYIO C UCIOJB30BaBIICHCS paHee
ontukoi. I[IpenmymiecTtBa KOMIAKTHOM KOHCTPYKIIMM M ONTHYECKOM MPOCTOTHI, B TO XK€
BpeMsi, MPUBOAAT K OTHOCHUTEIbHO HH3KOHW CKOPOCTH (PYHKIIMOHHUPOBAHHUS, COBPEMEHHBIE

TCXHOJIOINHU Tpe6y10T ACCATKOB MUKPOCCKYH/ IJIA IICPCKIIFOYCHU S CBCTOBBIX MOAYJIATOPOB.

Peanusauus [OAMN c wucnonb3oBaHMEM MacCUBOB fMHeMHbIXx MoaynstopoB. Ha puc. 9.5
npuBeaeHa cTpykrypa JHAIl, cCKOHCTpyMpOBaHHOW C MCIOJIB30BAHUEM MAaCCHUBOB JIMHEHHBIX
MoaynsaTopoB. OHa aHajJOrMyHa CTPYKTYpe OIMCAHHOIO BBIINIE YMHOXHUTENS, 34
UCKITIOYEHUEM TOTO0, YTO KaXKJas IOJIoca CTOJOIA CBETOBOTO ACTEKTOpa ClieBa YIPAaBISET
MOPOTOBBIMU LIEMSIMU, KOTOPBIE B CBOIO OUEPE/b YIPABISAIOT CBETONPOBOJHOCTHIO CBSI3AHHOU
C HUMU BEPTHKAJIBHOM MOJOCH. TakuM 00pa3oM, MOAYIMPYETCS] BTOPOUM CBETOBOM MCTOYHUK
ClleBa M COOTBETCTBYIOLIMI CTOJOEI BECOBOW MAack IMOJy4aeT YIPaBISIMbI ypOBEHBb
OCBEILIEHHOCTH. JTO BbIpabaThIBaeT HEOOXOMMMBIM CHUTHAJI OOpaTHOW CBs3M  JUIS
TOPU30OHTAJIBHBIX CTPOK CBETOBBIX JETEKTOPOB CIIPaBa; MUX BBIXOJHBIE CHUTHAJIBI
0o0pabaThIBalOTC ~ TOPOTOBOM  (YyHKIMEH W YIOPaBIAIOT  CBETOMPOBOHOCTHIO
COOTBETCTBYIOIIMX TOPU3OHTAJIBHBIX CBETOMOIYJIUPYIOIIMX I0J0C, TEM CaMbIM 3aMbIKas

netiio oopatHoi cszu JAIL
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Puc. 9.5. OnTtuyeckasi AByHanpaBjJeHHAas! ACCONUATUBHAA MAMSATbD,
HCMOJIb3YI0IIAs MACCHUBBI JIUHEHHBIX MOTYJIATOPOB.

FONNOrPA®UYECKUE KOPPEJIATOPDI

Cy1iecTByeT MHOKECTBO BaPHAHTOB PEAIM3AIMH TOJIOTPadUIecKuX KOPPEIsTOPOB U
TEM HE MEHee WX OCHOBHBIC MPHHIMUIBI (DYHKIIMOHUPOBAHHS OYEHb CXOXH. Bce OHHM
3alIOMHHAIOT 00pa3I[OBbIE H300paKEHUS B BUE JIMOO TIIOCKOM, THOO 00BEMHOM TOJI0TrPaMMBI
U BOCCTAHABJIMBAKOT UX NPHU KOICPCHTHOM OCBCHICHUU B IICTJIC 06p3.THOI>i CBA3U. BXOI[HOG
I/I306pa)KeHI/Ie, KOTOPOC MOXKCT 6BITI> 3al0yMJICHHBIM HWJIM HCTIOJHBIM, IIOAACTCA HA BXOL
CHUCTEMBl W OJIHOBPEMEHHO KOPPEIHPYETCS ONTHYECKH CO BCEMH 3allOMHEHHBIMU
00pa3oBbIMH M300pAKEHUSIMU. DTU KOPPEIAHH 00padaThIBAIOTCS MOPOTrOBOM (PyHKIMEH 1
IIOAarTCA 06paTHO Ha BXOJ CHCTCMBbI, I'1€ HaI/I6OHee CUJIBHBIC KOPPCIIAIUKU YCUIIUBAIOT (I/I,
BO3MOXXHO, KOPPEKTHPYIOT WM 3aBEPIIAIOT) BXOJHOE H300paKeHUE. Y CHICHHOE
N300pakeHNE MPOXOIUT Yepe3 CUCTEMY MHOTOKPATHO, UMEHSSICh TPU Ka)XIOM TPOXOJIE IO
TEX T0p, IMOKa CUCTEMA HE CTAa0MIM3UPYyeTCs Ha TpeOyeMOoM H300paKeHUU. 3aMETUM, YTO IS
OMHCAHUS PACIO3HABAEMBIX OOpa30B HCHOIB30BAICS TEPMUH <«HU300paxeHHe». XOTS
pacrno3HaBaHuC 1/1306pa>1<eH1/H71 ABJIACTCS HaI/I6OHee AICKBATHBIM  [PWJIOKCHHUCM  IJIA
ONTUYECKUX KOPPEISATOPOB, BXOJ CHCTEMBI MOXET pacCMaTpUBAThCs Kak OOOOIICHHBIN

BCKTOP U CUCTEMA ITPH 3TOM CTAHOBUTCA 06H_IGLI€J'I€BOI71 aCCOMAaTUBHOM IaMATHIO.

MHorue uccienoBaTen claenaad OONbLIIOW BKJIAL B Pa3BUTHE ToJOrpaduuyecKux
KOppEeNsATOPOB M JIeXkallell B ux ocHoBe Teopuu. Hampumep, B pabotax [2,4,8] npoBeneHb!
MPEBOCXOHBIE HcchaenaoBaHus. B pabore [1] paccMoTpeHa BreuaTisiomas CHCTEMA,

SIBIISIOIASICS OCHOBOM CIIEAYIOIIETO HIKE OOCYXKICHHUS.
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Puc. 9.6. OnTuyeckasi cucreMa pacno3HaBaHusi H300paKeHUil

B xondurypauuu, mnokazaHHOW Ha puc.9.6, BXOJOM B CHUCTEMY SBISETCS
nzo0paxenue, cHOpPMUPOBAHOE TPAHCHAPAHTOM, OCBEILEHHBIM JAa3€pPHBIM JIy4OM. OTO
n300pakeHHe 4Yepe3 JeNUTeIb Jiyda IepelaeTcsi Ha IOpOroBO€ YCTPONCTBO, (YHKIUU
KOTOpPOrO OmHcaHbl HukKe. V3o0paxeHne OTpakaeTcsi OT IOPOTrOBOIO YCTPOMCTBA,
BO3BpALIAETCS HA JIMUTENb Jyda U 3aTeM MoMajaeT Ha JIMH3Y 1, KoTopas Gokycupyer ero Ha

MEpPBOI roJI0rpaMme.

[lepBas rojorpaMma COAEPXKHUT HECKOJIBKO 3alIOMHEHHBIX M300pa)keHUil (Harpumep,
M300paXEHUST YEThIPEX CaMoJeTOB). BXxomaHoe m300pakeHHe KOPPEeIUupyeTcsl ¢ KaKIbIM U3
HUX, 00pa3ys cBeToBble 00pa3bl. SIPKOCTh 3THX 0Opa30B M3MEHSETCS B 3aBHCUMOCTU OT
CTETNEHU KOPPEJSIIIUH, OMPEIEISIIONIEH CXOICTBO MEXKIY ABYMs M300pakeHUsiMU. JIuH3a 2 1
oTpakaTeib | MPOEKTHPYIOT M300paKeHUE KOPPEISIIUi Ha MHUKPOKAHAIBHBIM MacCHUB, TJIE
OHHM MPOCTPAHCTBEHHO pa3zAeiiAtoTcsi. C MUKPOKAHAJIBHOIO MAacCMBa MHOXECTBO CBETOBBIX
00pa30B mepemaeTcs Ha OTpa)kaTelb 2 4epe3 JIMH3Y 3 M 3aTeM MPUKIIAIBIBACTCS KO BTOPOM
rojiorpamMMe, KOTopasi UMeeT T€ K€ 3allOMHEHHbIE H300pakeHHUs, YTO U TepBas rojorpaMma.
Jlunza 4 m otpaxarenb 3 3areM NEpPeAaroT CYNEPHO3MIMI0 MHOXKECTBA KOPPEIUPOBAHHBIX

n300pakeHN Ha OOPaTHYIO CTOPOHY ITOPOTrOBOTO YCTPONUCTBA.

[ToporoBoe yCTpONCTBO SIBIISICTCS KJIIOUEBBIM ISl (DYHKIIMOHUPOBAHUS STON CHCTEMBI.
Ero nepenHsss NOBEPXHOCTb OTpakaeT Haubojiee CUIBHO TOT 00pa3, KOTOpBIN SBISETCA
CaMbIM SIPKMM Ha €ro oOpaTHON NMOBEpXHOCTH. B naHHOM ciiydae Ha 0OpaTHYIO IOBEPXHOCTh
NPOCKTHPYETCsl HAaOOp M3 4YeThIpeX KOPPEesIMiA KaKIOro U3 4YeTbIpeX 3allOMHEHHBIX

n300pakeHN ¢ BXOJHBIM H300paskeHHeM. 3allOMHEHHOE M300paskeHune, Hanboiiee moxoxee
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Ha BXO/JHOE M300paKEHUE, UMEET CaMyIO BBICOKYIO KOPPEJISIIHIO, CIeI0BATeIbHO, OHO OyIeT
CaMbIM SIPKUM ¥ HarOoJiee CHIIbHO OTPa)KaeMbIM OT MEPEIHEN MOBEPXHOCTH. DTO YCHICHHOE
OTpaKEHHOE M300paKCHUE MPOXOINT Yepe3 ACTUTENh JTyda, MOCJe Yero MOBTOPHO BBOIUTCS
B CUCTeMy JUIs JajbHeWliero ycuieHus. B pesynaprare cucrema OyIeT CXOIUTCS K
3alOMHEHHOMY H300pakeHHI0, Hambojee MOX0oKeMy Ha BXxogHoi BekTop. [locie 3toro
MO>XHO yOpaTh BXOAHOM 00pa3, M 3alIOMHEHHBIN 00pa3 OyAeT mpoI0JDKaTh [MUPKYIUPOBATh B

CUCTEMe, TIPOU3BO/IS BBIXOHOE H300pakeHHe, 10 COpoca CUCTEMEI.

3anucaHHas Ha BHJICOJICHTY AEMOHCTpALMs 3TOM CUCTEMBbI MOKa3aia ee ClIoCOOHOCTh
BOCCTaHABIIMBATh IOJIHOE H300pakeHHEe B Cllydae, KOIJAa TOJBKO YacTh M300pa)KeHUs
IIOJIaeTCsl HA BXOJ CHUCTEMBI. DTO CBOMCTBO MMEET BaXHOE BOCHHOE IPHUMEHEHHE, TaK KaK
pacro3HaBaHME LIEJIM YacTO JOJDKHO ObITh BBIOJIHEHO B YCIOBHSX YAaCTHYHOM BUJIUMOCTH.
Kpome TOro, BO3MOXHBI MHOTME JpPYIM€ IPOMBIIIJICHHBIE NPUMEHEHUs, pPaclo3HAaBaHUE

00BEKTOB KaK MHOKECTBA JIMHUH SIBJIAETCS 3a/1a4eid, peraeMoi Ha MPOTSKEHUH MHOTHX JIET.

HecMmotps Ha moTeHIMaNbHBIE BO3MOXXHOCTH ONTHYECKHX KOPPEISTOPOB, KayecTBO
M300paXeHUsI B CYILIECTBYIOIIMX CHUCTEMaxX SBJISETCS HEBBICOKUM, a HUX CJIOXHOCTb U
CTOMMOCTh BBICOKH. KpoMe Toro, B HacTosiiliee BpeMs ONTHYECKUE KOPPEIATOPbl UMEIOT
Oonpive pasMepsl W TPYAHBI B Halaake. bonblive MOTEHIHAIbHBIE BO3MOXKHOCTH
ONTUYECKUX KOPPENATOpPOB OYyAyT CTUMYJIHMPOBATh IPOBENECHUE MCCIEIOBAHUN IO
COBEPUICHCTBOBAHUIO TAKUX CHCTEM, OJIHAKO B HACTOSIIEE BPEMsi MHOTHE BOIIPOCHI OCTAIOTCS

oe3 OTBCTA, HCCMOTPA HAa UX MTPAKTUYICCKOC 3HAYCHUC.

O0beMHbBIE TOJIOTPAMMbI

Hexortopsie kpuctamibl [8] HMCKPUBIAIOT XapaKTEPHbIA ILIBETOBOM JIy4; BEJIIMYHMHA
UCKPUBJICHUSI MOXET MOIu(UIUpPOBaThCA Ja3epoM. Eciu CKOHCTpyHMpOBaHBI BEWPOHBI,
CHOCOOHBIE TMOJIy4yaThb M IIOCBUIATh CBET, 3TH (POTOPEPPAKTUBHBIE KPUCTAIBI MOTYT
UCTIOJNB30BAThCS JJIi OpPraHM3allMd BHYTPEHHUX cBs3edl B Oospmmx cersax. B [11]
UCCIIeIOBaHa NOTEHLHUAaIbHAs IJIOTHOCTh TAaKUX BHYTPUCBSI3aHHBIX CHUCTEM WU IpUBEJCHA
OIICHKA, YTO MPAKTUYECKH MOTYT OBITh pPEaIM30BaHbI CETH C IJIOTHOCTHIO OT 10® go 10"

BHYTPEHHUX CBsI3eH Ha KyOMYECKHI CAaHTHUMETD.

Benuunna w HampaBieHHE, B KOTOPOM JIyd HCKpuBIsAeTcs (GoTopepakTHBHBIM
KPUCTAJUIOM, OTPEIEISIETCS BHYTPEHHEW TrojiorpaduuecKkoi pemeTko, chopMUpOBaHHOM
Ja3epHbIM JIy4OM BBICOKOM HMHTEHCHUBHOCTH. JIOKaNbHBIM MHAEKC pedpakiuy KpHcTaia
aBsieTcs (DyHKIMEH JIOKalIbHOM IUIOTHOCTH ero 3apsaa. Jlasep mepepacnpenensier 3apsin
NyTeM CMEUICHUs DJJCKTPOHOB, TeM caMbiM (opMupyst oOJacTH HM3MEHEHHOM CHJIBI
pebpakuuu. Ecnm  cBeToBOW 7yd, COCAMHSIONMIMNA Tapy HEWPOHOB, TIOMajaeT B
COOTBETCTBYIOIIYIO TOYKY KpHCTaJUla, OH OyAeT HCKPUBIATHCS (pearnpoBaTh) Ha

COOTBETCTBYIOIIMN YIOJI B HAIIPABJICHUU HEMPOHA-IIPUEMHUKA.
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Bonee Toro, cuma KakI0W pPEIIETKH MOXKET YIPABIATHCS Ja3€pPHBIM JIy4OM, TEM
CaMbIM H3MEHSASI MPOLIEHTHOE COOTHOIICHHE pe(parupyoomero jayda. OTO IO3BOJISET

3¢ (HEeKTUBHO U3MEHATH Beca BHYTPEHHHUX CBSA3EH B COOTBETCTBUU COOYUYaAIOIIUM aJITOPUTMOM.

Onruueckas cetb Xondpuiaa, MCmoyib3ymas 00beMHbIe I0JJOrPaMMBbI

B paGore [12] omucana MOJHOCTBIO OINTHYECKas PEKypeHTHas HEHpPOHHAs CeTb,
CKOHCTPYMPOBAHHAsl C UCIOJb30BAHUEM OOBEMHBIX rosorpamMMm. CeTb MpeacTaBiseT coOOU
ONTHUYECKYIO peajn3aluio ceTh XOom(uijaa, YCTaHABIMBAIOIIYI0O MHUHHUMYM Ha ONTHYECKU
CTE€HEPUPOBAHHOM SHEPreTHUeCcKOr moBepxHOCTU. Korjga npeabsaBiaseTcs 3alyMICHHbBIA WIH
HEMOJHBIM BXOAHOH 00pa3, cucTtemMa CXOOUTCid K Hauboyiee MOXO0XKEeMy 3allOMHEHHOMY

U300pakeHHIO0, TeM caMbIM (PYHKLIIMOHUPYS KaK ONTHYECKasi aCCOIIMATUBHAS MTaMSTh.

Puc. 9.7 npeacrasisieT ynpoiieHHYI0 KOH(HUTypaluio cUCTeMbl. Pe3oHaHCHas meTiis
BKJIIOYAET MACCUB OITHYECKUX HEHPOHOB, ONTUYECKYI0 MAaTPHIly BHYTPEHHUX CBS3eH U
COOTBETCTBYIOIINE ONTHYECKHE KOMIIOHEHThI. M300paxenus (peabsBiisieMble KaKk BEKTOPHI)
MPOXOJIAT 4Yepe3 KOHTYp C OOpaTHOW CBSI3bIO B OMNMpPEACIsiEMOM MAacCHBAaMH HaIpaBlICHUH,
YCHJIMBASICh B IMpoOIECCE 00pabOTKU. ITO SABISAECTCS TOYHOW aHAIOTHEH (PYHKIIMOHHPOBAHMS
cern Xondunaa. ONTHUECKUI MACCUB HEMPOHOB CyMMHPYET BXOJHBIE CUTHAJIBI M CUTHAJIBI
0o0paTHOW CBS3M W 3aTeM peaJU3yeT CUIMOMAATIbHYI (YHKUIHUIO aKTHUBAIMM, ONTHYECKas

MaTpHUlla BHYTPEHHUX CBSI3€H BBINOIHIET BEKTOPHO-MATPUYHOE YMHOKEHHUE.

Korma BxomHO#l BekTOp (BO3MOXKHO MPEICTaBISIONIMN COO0M HW300pakeHHE)
IIPUKIJIAJbIBAETCS CIIpaBa, OH IONAJAaeT 4epe3 JeNuTens jyda BS; Ha MaccuB onTuueckux
HENPOHOB. 371ECh OH YCUJIMBAETCS, U C IIOMOILBIO HACHIIAIOLIETOCS ABYXJIyYEBOTO YCHUIIUTENS
BBIUUCIIAETCS. CUrMoMJasibHast (QyHKIMs. CxKaTblii BBIXOJHOW BEKTOP YAaCTUYHO OTpaXKaeTcs
jgenurenem Jyda BS; Ha nuH3y L 1 3aTeM BBOOMTCS B ONTHUYECKYIO MATPUIy BHYTPEHHUX
cBsizedl. YacTh BBIXOJHOTO CBETOBOIO IOTOKa MpoxoauT uepe3 BS; m obpasyer BbIXxon

CHUCTCMBEI.

OnTuyeckasi MaTpHlla BHYTPEHHUX CBS3€H COCTOMT U3 JBYX OOBEMHBIX TOJIOrpamw,
KOTOpBIE XpaHAT 0Opa3LoBble H300paKEHUS B BUJAE 3alMCAHHBIX Ja3€pPHBIMHU JIydyaMu
TUPpPakIMOHHBIX 00pa3oB. OHU CHyXaT BecaMH BXOJHBIX KOMIIOHEHT M HAalpaBJSIOT
KOKIYI0 B3BELICHHYI0O CYMMY Ha COOTBETCTBYIOIIMN 3JEMEHT ONTHYECKOIO BBIXOJHOTO

BEKTOpA.
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Puc. 9.7. Ontuueckas cetb Xonpuiaa

OnTtuyecknin HepoH. Ha puc. 9.8 mokazaHa KOHCTPYKIMS THUIIMYHOI'O 3JIEMEHTA MacCHBa
ONTHUYECKUX HEHPOHOB. OH (YHKIMOHUPYET KaK ONTHYECCKH HAKAYMBAIOIIMI JBYXJIy4€BOU
Hachlmaommii - ycunurenb B Kpuctawie BaTiOs. JlazepHblii HakauumBaromui — Jyd,
OPUIOKEHHBIM TOJ yrJIoM ¢, B3aUMOAEWUCTBYET C BXOJIHBIM JIy4OM Uil BBIPAOOTKU
YCWJICHHOW KOIIMM BXOJHOI'O CHUTHAQJIA C IOCIEAYIOLIIMM BBIYACICHUEM CUTMOWIAIBHOMN
(YHKIMM aKTUBAIMK, AHAJIOTHYHOW TIMOKa3aHHOW Ha puc. 9.9. C wucmoap30BaHUEM 3TOU
TEXHUKH OBUIO JOCTUTHYTO ONTHYECKOE YCUJICHHE MpUOIu3uTensHo B 60 pa3. 3ameTum, 4To
Ha puc. 9.9 yron ¢ Mexay BXOIHBIM Jy4OM M JIMHMEW ocu Kpuctauia C KpUTHYEH U1

MPaBWIBHOTO (YHKIIMOHUPOBAHMSI 3TOTO YCTPOICTBA.

OnTuyeckass MaTpuua BHYTPEeHHUX cBsized. B onThueckoil Marpuile BHYTPEHHUX CBS3€i
BBIXOJIHOM CHTHaJl MacCHBa ONTHUYECKUX HEHUPOHOB MOMAJAaeT B ONTHYECKYIO CHUCTEMY,
coJiepKalryio J1se 00beMHbIe TosiorpaMMel. Ontudeckoe npeodpazoBanne Oyppe BXOJHOTO
CHUTHAJIa MPOU3BOJUTCS C UCIOJIb30BAHUEM CTAHAAPTHON ONTUYECKOU TEXHUKU Dypbe. 3aTem
CUTHAJI IMOCTyMaeT Ha MEepBYyI0 OOBEMHYIO TOJIOrpaMMy, B KOTOPOW XpaHSTCS 00pa3loBbIE
BEKTOpHI B (pa30koanpoBaHHOM IpocTpaHcTBe Dypbe. BIxos 3T0M roiorpaMmsl MOCTymaeT
Ha BXOJ JABYXJIyUYEBOTO ONTHYECKOIO YCWINTENS, AHAJIOTMYHOIO YCUJIMTENIO ONTHYECKOTO
HelipoHa, HO paboTarouleMy B HEHACHIIICHHOM pexume. B pesynbrate ycuiieHue
IIOAHUMAETC [0 YPOBHSA, B KOTOPOM BO3MOXHa LHKJIMYECKas pereHepanus. 3areMm
ONTUYECKHU BBINOJHAECTCA oOpaTHOe mpeoOpazoBanne Dypbe YCHIEHHOIO CHUTHalIa U
pe3yibTaT MOJAaeTCs Ha BTOPYI0 OOBEMHYIO TOJIOTPaMMy, B KOTOPOM XpaHITCA Te€ JKe
00pa3noBbele HM300paKE€HUs, HO Ha OTOT pa3 B OOBEKTHOM TIPOCTpaHCTBE (a HE B
dazokoaupoBaHHOM mpocTpaHcTBe Dypbe). BbIXogoM CUCTEMBI SBISIETCA CYNEPIIO3ULIUS

BCKTOPHO-MAaTPUYHBIX HpOI/IBBeIleHI/Iﬁ BXOAHOTO BCKTOpa M 3alIOMHCHHBIX O6pa3L[0BLIX
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BEKTOPOB. DTOT ONTHYECKUN 00pa3 BBIPAOATHIBACTCS ONTHUECKOW MAaTpHUIed BHYTPEHHHX

CBf3€M M MPUKIAJBIBAETCS K MACCHUBY ONTHYECKUX HEMPOHOB, 3aMbIKas KOHTYp OOpaTHOI

CBsI3H.
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Puc. 9.8. MaccuB onTu4ecknux HelipoOHOB

OO6cyxaeHue ONTUYECKOW MaTpHIbl BHYTPEHHUX CBSI3€H 3/1€Ch CHIIBHO YIIPOIICHO;

JeTalld peaju3aldyd BKIIOYAIOT CIIOXKHYIO ONTHYECKYI0 TEXHUKY (YHKIHOHUPOBAHUS,

BBIXOJIAIIYIO 32 PAMKH JJaHHOW paboThl. IHTEpecyronmecs YyuTaTeian OTChUIaloTCs K paboTam

[12] u [5].

HHITENCHBH OIS
EIINCOHO2L £LEH2A0

}

.

HHTT EH U BROLIE
BACOHO2E CHEHRAL

Puc. 9.9. CurmonaanbHast yHKUMS aKTUBAIUU
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3AKINIOYEHUE

OnTuyeckre HEWPOHHBIE CETH IPEAJAraloT OrPOMHBIE BBITOJABI C TOYKH 3PEHUS
CKOPOCTH M IUIOTHOCTH BHYTPEHHHX CBs3eil. OHM MOTryT OBITh MCIOJB30BaHbl (B TOW WIIU

WHOU (hopMe) IS pealu3aiii ceTeil (akKTHIECKH C JII000H apXUTEKTYpOil.

B Hacrosimee BpeMsi OrpaHUYEHHsS 3SJIEKTPOHHO-ONTHUYECKUX YCTPOWCTB CO3HAIOT
MHO>XKECTBO Cepbe3HLIX HpO6HeM, KOTOpble JOJI?KHBI 6LITB pCH_IeHLI Hpencue, YEM OIITUYCCKUC
HEHPOHHBIC CETH TOJydaT IMUpoKoe mpuMmeHeHne. OJHAKO YYMUTHIBas, 4YTO OOJBIIOE
KOJIMYECTBO IPEBOCXOJHBIX HCCIeN0OBaTeNel paboTaeT Haa ATOM MPOOIEMOM, a Takke
OOJIBLIYIO0 TOJAECPIKKY CO CTOPOHBI BOEHHBIX, MOXKHO HaJesThCsl Ha OBICTPBIM Mporpecc B

3TOM 00J1aCTH.
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NaBa 10.
KOrHUTpOH N HEOKOrHUTPOH

Jlronu pemaroT CIOXKHBIE 3a/a4d paclo3HaBaHHUs 00pa3oB C 00ECKypaXKHBAroIEH
JerKocThio. JIByxieTHuil peOeHoK 0e3 BUIUMBIX YCHJIMN paziudaeT THICSYM JIMI U JPYTUX
00BEKTOB, COCTABJISIOIINX €r0 OKPYKEHHE, HECMOTPSI Ha U3MEHEHHUE PAcCCTOSHHUA, TIOBOPOTA,

MNECPCICKTUBLI 1 OCBCIICHHA.

MoXeT 1MoKa3aThCsl, YTO U3YUCHUE ITUX BPOXKICHHBIX CIIOCOOHOCTEH TOJKHO CIENIaTh
NpOCTOM 3amady pa3pabOTKH KOMIBIOTEpa, MOBTOPSIONIETO CIOCOOHOCTH YeloBEeKa K
pacrio3HaBaHu0. Hu4To He MOXeT ObITh OoJiee JalleKuM OT MCTUHBI. CXOJICTBO U pa3iuyus
06pa303, ABJIAIOIIUECA OYCBUJIHBIMU JUIA YCJIIOBCKA, IIOKA CTAaBAT B TYIIUK JAKC HaI/I6OHee
CJIOKHBIC KOMITBIOTEPHBIC CHCTEMbI pAaclo3HaBaHUs. TakuMm o00pa3oM, OECUMCIIEHHOE
KOJIMYECTBO BAXKHBIX MPHUIOKECHHH, B KOTOPBIX KOMITBIOTEPHI MOTYT 3aMEHHTH JIIOJICH B
OIMAaCHBIX, CKYYHBIX WJIM HENPHUATHBIX padoTax, OCTAIOTCS 3a MNpelesiaMH HMX TEKYIIHX

BO3MOKHOCTEH.

KommbrlotepHoe pacno3zHaBaHue o00pa3oB sBiseTCs OOJIbllIE HCKYCCTBOM; HayKa
OrpaHHuY€Ha HAJIUYUEM HECKOJIIbKMX METOAMK, HMMEIOIIUX OTHOCUTEIBHO HEeOOJbIIoe
UCIIOJIb30BaHUE Ha TMpakTuke. VHXeHep, KOHCTPYUPYIOIIMA THUIIOBYID  CHUCTEMY
pacrio3HaBaHMs 00pa3oB, OOBIYHO HAYMHAET C pACIIO3HABAaHUS IEYATHOTO TEKCTa. ODTH
METOJIbl YacTO SIBJISIFOTCSI HEaJeKBaTHBIMU 3ajlade, U CTapaHusl pa3pabOTUMKOB OBICTPO

CBOJATCA K pa3paboOTKe aroOpuTMOB, Y3KO CIIELM(PUUHBIX IS JAaHHOW 3a/1a4H.

OOBIYHO TIENbI0 KOHCTPYMPOBAaHUS CHCTEM pAaclo3HaBaHUsT OOpa30B  SBISETCS
onTUMH3AIUs e¢ (YHKIMOHUPOBAHUS HaJ BHIOOPOYHBIM HabopoMm o00pa3oB. O4eHb YacTo
pa3paboTUMK 3aBepuIaeT ATy 3a/Jady HAXOXKJIEHHEM HOBOTO, MPHUOIM3UTENHHO MOXO0XKEro
o0Opa3a, 4TO NPUBOAMUT K HEYIAYHOMY 3aBEPIICHUIO AJITOPUTMOB. DTOT MPOIECC MOXKET
MIPOJIOJKATHCS. HEOMPEACNIEHHO JI0JIT0, HUKOTJa HE MPUBOAS K YCTOWYMBOMY PEILICHUIO,
JIOCTaTOYHOMY [IJIsl TIOBTOPEHUSI MPOLECCa BOCIPHUATUS YEJIOBEKA, OLICHUBAIOIIETO0 KauyeCTBO

(GYHKIIMOHUPOBAHUS CUCTEMBI.

K cuactbio, MBI MMeeM CYIIECTBYIOILIEE JI0KA3aTeIbCTBO TOTO, YTO 3aJadya MOKET
OBITH peIIeHa: ITO CHCTEMa BOCIPHUSTHUS UYEIOBEKAa. YUUTHIBas OTPAHUYCHHOCTH YCIIEXOB,
JOCTUTHYTBIX B pe3yNbTaTe CTPEeMJICHHsS] K COOCTBEHHBIM H300pETEHHSIM, KaXeTCs BIIOJTHE
JIOTUYHBIM BEpPHYTbCA K OMOJOTMYECKMM MOJIEISIM U TOMNBITaThCA OINPEAETUTh, KaKUM
o0pazoM OHHM (QYHKIHOHUPYIOT Tak Xxopomro. OYeBHAHO, YTO 3TO TPYAHO CHENATH IO
HECKOJIbKUM TPUYMHAM. BoO-TIEepBBIX, CBEPXBBICOKAS CJIOXKHOCTH YEJIOBEUECKOTO MO3ra
3aTpy[dHSET TOHMMaHWE NPHUHIMIIOB ero (QyHKIHOHUpOBaHUSA. TpynHO MOHATH 0OIUE
MPUHIUIIB (PYHKITMOHUPOBAHUS M B3aUMOJCHCTBUS €ro MPHUOIU3UTEITHHO 10" HEUPOHOB U

10'*  cuHamTHueckux  cBs3eil. Kpome Toro, cymecTtByeT MHOXECTBO MpoOJIeM Tpu

144



MMPOBCACHUHN SKCHICPUMCHTAILHBIX HCCHGHOB&HHﬁ. MI/IKpOCKOHI/I‘IeCKI/Ie HCCIIEA0BAHUA
TpeOYIOT THIATEIBHO TIOATOTOBJIECHHBIX O00pa3IoB (3aMOpO3Ka, Cpe3bl, OKpacka) I
MOJTyYCeHHUSI MaJICHBKOTO JBYMEPHOTO B3IVIAAAa Ha OOJBIIYI0 TPEXMEPHYIO CTPYKTYpY.
TexHuKa MUKPOMPOO MO3BOJSET MPOBECTH UCCIICOBAHNS BHYTPCHHEH SJIEKTPOXUMHUH Y3IIOB,
OJIHAKO TPYAHO KOHTPOJIUPOBATH OJHOBPEMEHHO OOJBIIOE KOJMYECTBO Y3JIOB M HAOIIOIaTh
X B3auMojeicTBHE. HakoHel, ATHYECKHEe COOOpaKeHHUs 3alpelialoT MHOTHE Ba)KHBIC
OKCIIEPUMEHTBI, KOTOPBIE MOTYT OBITh BBIIIOJIHEHBI TOJBKO Ha JIOAAX. Bojbimoe 3HaueHHe
HUMCJIN SKCHCPUMCHTBI HaZ JXUBOTHBIMHU, OJHAKO JXUBOTHBLIC HC OGH&H&IOT CHOCO6HOCT}IMI/I

YCJIOBCKA OIIMChIBATH CBOM BIICUATIICHUA.

Hecmotpss Ha 5Tm orpaHuveHusi, MHOTO€ OBUIO H3y4deHO Ojaromapsi Onectsie
3aJyMaHHbIM JKcriepuMeHTaMm. Hampuwmep, B [1] ommcaH sKCHepuMEHT, B KOTOPOM KOTATa
BbIpalliUBaJINCh B BU3YaJIbHOM OKPYXCHUHU, COCTOAIICM TOJIBKO U3 TOPU3OHTAJIbHBIX YCPHBIX
u Oenbix moioc. M3BeCTHO, YTO OMNpeJeNieHHbIE O0IacTH KOPbl YYyBCTBUTEIBHBI K YTy
OpUCHTAIlMU, TI0TOMY Yy O3THX KOTOB HE pa3BWINCh HEHUPOHBI, YYBCTBHUTEIBHBIC K
BEPTUKAIBHBIM TOJI0CAM. DTOT PE3yJIbTaT HABOAHUT HA MBICIb, YTO MO3T MJICKOIIMTAIONINX HE
ABJIACTCA IIOJIHOCTBIO «IIpCayCTaHOBJICHHLIM) JaXKe Ha MMPUMUTUBHOM YPOBHC
pacno3HaBaHusA OpPHUCHTAIHUU JIMHUH. HaHpOTI/IB, OH IOCTOAHHO CaMOOPTaHHU3YCTCA,

OCHOBBIBAsICh Ha OIIBITE.

Ha wmukpockonuueckoM ypoBHE OOHApyKeHO, 4YTO HEHPOHBI O00JaJar0T Kak
BOO30YKJAIONIUMH, TaK U TOPMO3SAIIMMH cuHaricamu. [lepBeie cTpeMaTcs K BO30YXKICHUIO
HEHpOHa; MOCIeIHUE MOAABISAIOT €ro BO30yXaeHue (CM. MpuiiokeHue A). DTO HaBOAWT Ha
MBICIIb, YTO MO3I aJaNTUPYyeTCss JUOO H3MEHEHHEM BO3JEHCTBUS 3THUX CHHAICOB, JHOO
CO3JIaHMEM WJIM DPAa3pyLIEHUEM CHHAICOB B pe3yJbTaTe BO3ACUCTBUS OKPYXKAIOIIEH Cpeabl.
JlaHHOE TIPENIoNIOKEHHE OCTAeTCsA IMOKa THUIOTe30H C OrpaHHYEHHBIM (DU3HMOIOTHYECKUM
noaTBepkaeHueM. OHAKO UCCIIEOBAHMSI, TIPOBEACHHBIE B paMKaX dTOW TUIIOTE3bI, PUBEIN
K CO3/IaHUI0 IU(POBBIX MOeNel, HEKOTOphle M3 KOTOPBIX IMOKA3bIBAIOT 3aMeyaTesIbHbIE

CITOCOOHOCTH K aJJaliTUBHOMY PacliO3HaBaHUIO 00Pa30B.

KOrHUTPOH

OCHOBBIBaACh Ha TEKYUIMX 3HAHHUSIX aHATOMMU U (U3UOJOTHMHM MO3ra, B pabdore [2]
pa3paboTaH KOTHUTPOH, THUIOTETHYECKass MOJENIb CUCTEMbl BOCIPHSATHS 4YeJlOBEKa.
Komnberorepubie Mopjenu, UcCaeNOBaHHbIE B [2], MPOAEMOHCTPUPOBAIN BIEYATISIOIINE
CHOCOOHOCTH AJaNTUBHOTO pAcro3HaBaHUS 00pa3oB, MoOYykAas (PU3UOIOTOB HMCCIEIOBATH
COOTBETCTBYIOLIME MEXAHU3Mbl MO3Ta. JTO B3aUMHO YCHJIMBAIOLIEE B3aUMOJECHCTBUE MEXIY
UCKYCCTBEHHBIMM HEHPOHHBIMHM CETSIMM, (PU3MOJIOTMEH M ICUXOJIOTMEH MOXKET OKa3aTbCs
CPEICTBOM, IIOCPEACTBOM KOTOpPOro OyAeT CO BpEMEHEM JIOCTUTHYTO IIOHUMaHHE

MCXaHHU3MOB MO3Ta.
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Crpykrypa

Koruutpon koHCTpyupyeTcst B BUIE CI0€B HEUPOHOB, COEAMHEHHBIX cuHarncamu. Kak
nokazaHo Ha pwuc. 10.1, npencuHanTUYECKUd HEHUPOH B OJHOM CJIO€ CBSi3aH C
MOCTCUHANITUYECKUM HEUPOHOM B CIIeIyloleM cioe. MmerTcs aBa Tula HEUpPOHOB:
Bo36y>1<1{aloume y3J'H:I, KOTOprC CTpCMﬂTCH BbI3BAThb B036y)K,Z[eHI/IC IIOCTCHUHAIITUYCCKOT'O
y3J1a, U TOPMO3SIINE Y37bl, KOTOPBIE TOPMO3ST 3TO BO30YyxkaeHue. Bo30yxkaeHue HelpoHa
OTIPEIEeTISICTCSl B3BEIICHHOW CYMMOM €ro BO30YXKIAIOIMIUX W TOPMO3SIIHMX BXOJIOB, OJHAKO B

HeﬁCTBHTGHBHOCTH MEXaHM3M SIBJIIETCI OoJiee CJIOKHBIM, YEM IMPOCTOC CYMMHUPOBAHUE.

STOCIICH MUY ELNI O
HELZpOHS!

JIOECUKGATIIUYECKUE
HERPOREL

/

Puc. 10.1. IIpecunanTuyecKkre ¥ MNOCTCHHANITHYECKHE HEHPOHBI
Ha puc. 10.2 noka3aHo, 4TO KaXIblid HEHPOH CBSI3aH TOJIBKO C HEMPOHAMU B COCEIIHEM
001acTH, Ha3bIBAEMOU 00.1acmbio €8A3uU. ITO OrpaHUYEHUE OOJIACTH CBSI3U COTJIAacyeTcs ¢
aHATOMHEW 3pUTENBHOW KOpPBI, B KOTOPOW PEIKO COCAMHSIOTCS MEXAy CcOo00il HEeWpOHHBI,
pacriojararouyecs JApyr OT Jpyra Ha pacCTOssHUM Oosiee OJHOro MmuwuiMMerpa. B
paccMaTpuBaEMOU MOJEIIN HEMPOHBI YIIOPSALOYEHBI B BUJIE CIIOEB CO CBS3AMH OT OJTHOTO CJIOS
K CIEIYIOIIEMY. JTO TaK)K€ aHAJIOTUYHO IOCIONMHON CTPYKTYpE 3pUTENBbHON KOPHI U JPYTUX

qacTeW roJJOBHOTO MO3ra.
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Puc. 10.2. O61acThb cBsizeli HelipoHa

O0y4yenue

Tak Kak KOTHUTPOH pEajJu30BaH B BUJIE€ MHOTOCIOWHOM CETH, BOBHUKAIOT CIIOKHBIE
poOJIeMbl 00YYCHHS, CBSI3aHHBIC C BBIOPAHHOW CTPYKTYpOH. ABTOp OTBEpPTr YIPABISIEMOE
oOy4yeHne, Kak OMOJIOrMYecKH HemnpaBAonog00HOe, UCIOJIb3Yys B3aMEH 3TOro o0ydeHue 0e3
yuutens. Ilomyuyass oOydarommii HaboOp BXOAHBIX 00pa3oB, CEThb CaMOOpPraHHU3YeTCs
MOCPEACTBOM HM3MEHEHHUS CUJIbl CHHANTHYeCKuX cBsizedl. Ilpu 3TOM  OTCYTCTBYIOT
MIPE/IBAPUTENILHO ONpEeNIEHHbIE BBIXOIHbIE 00Pa3bl, PEACTABISAIONINE TPEOYEMYIO pEeaKlIuIo
CeTH, OJHAKO CETh CAMOHACTPAMBAETCS C IEJIbI0O PACIO3HABAHUS BXOJHBIX OOpa3oB ¢

3aMeyvaTeIbHOM TOYHOCTEIO.

Anroput™M oOydeHHUsI KOTHUTPOHA SBJISIETCS KOHLENTYaJbHO MpHUBIEKaTeIbHbIM. B
3aJIaHHON 00JIaCTH CJIOS1 00y4aeTcst TOJbKO Hanbosiee CHIIbHO BO30YKICHHBIM HEUPOH. ABTOD
CPaBHUBACT 3TO C «3JUTHBIM OOyYeHHEM», NMPU KOTOPOM OOYYalOTCS TOJBKO «yMHBIE)
arieMeHThl. Te HeHpOoHbBI, KOTOpbIE YK€ XOpoumo OOy4eHbI, YTO BBIPAXKAETCS CHUJIOH HX
BO30YX/JCHUS, NOJIy4daT MpHUpPALICHHE CHJIBI CBOMX CHHAICOB C I€JIbI0 JaJIbHEHUIIEro

YCUJICHUS] CBOETO BO30YXKACHHUS.

Ha puc. 10.3 mnokazaHo, uYTo 0O0NacTH CBS3M COCEJHHX Y3JIOB 3HAYMTEIHHO
NEPEKPBIBAIOTCS. DTO PacTOUUTENIbHOE AyOiaupoBaHue (YHKIUI OMpaBAbIBACTCS B3aUMHOU
KOHKYpEHIIMEH MEXTy OJKaumumMu y3aamu. Jlaxke ecii y3iibl B HadadbHbIi MOMEHT UMEIOT
a0COIIIOTHO HMICHTUYHBIN BBIXOJ, HEOOJBIINE OTKIOHEHHS BCEr/ia UMEIOT MECTO; OJIUH M3
y3JI0B Bcerja OyaeT uMeTh 0oJiee CUIBHYIO PEaKIMI0 Ha BXOJHOW o0pa3, yem cocenuue. Ero
CHIIbHOE BO30yXaeHue OyAeT OKa3blBaTh CIEpXKUBAIOIIEe BO3CHCTBUE Ha BO30YXICHHE
COCEIHUX Y3JIOB, U TOJBHKO €r0 CHHAICHI OYAyT YCHJIMBAThCS; CHHAICHI COCEIHHX Y3JI0B

OCTAaHYTCS HCU3MCHHBIMU.
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Bos6yxaatowmin HeipoH. ['py00 roBOps, BBIXOJ BO30YKIAIOIIETO HEWpPOHA B KOTHUTPOHE
OTIPENIeTIICTCS OTHOIIEHUEM €ro BO30YKIAIOIIMX BXOJOB K TOPMO3SIIMM BXOJaM. OTa

HeoObluHas (yHKUMS MMEeT BaXKHbIE MPEUMYIIeCTBa, KaK [paKkTUYeCKHue, TaKk U

TCOPCTUYICCKUC.
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Puc. 10.3. O01acThb cBA3H € 00J1aCTHI0 KOHKYPEHIUH

CyMmMapHblii BO30YXKAAIOIUil BXOJ B HEWPOH B3BEIIEHHOW CYMMOH BXOJOB OT
BO30Y)XJAIOIIUX MPEIIIECTBYIONIEM Clloe. AHAJOIMYHO CYMMAapHbI BXOJ / sBIseTCA

B3BEIIEHHON CyMMOM BXOJOB OT BCEX TOPMO3SIINX HEHPOHOB. B CHMBOJILHOM BUE

E=Z:aiui , 1 =ijvj ,
i i

rlie a; — BEC i-ro BO30Y)KIAIOIEro CUHAIICA, U; — BBIXOJ i-ro BO30Y)KIaloIero HeMpoHa, b; —

BEC j-I'0 TOPO3ALIETO CUHAIICA, Vi — BBIXOJ j-T'0 TOPO3SILEro HEWPOHa.
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3aMCTI/IM, 49TO B€CAa UMCIOT TOJIBKO ITOJOXUTCIBbHBIC 3HAUYCHU . BLIXOI[ HeﬁpOHa 3aTeM

BBIYHCIISIETCSI CIICTYIOIIMM 00pa3oMm:

1+E
1+1

OUT = NET, pu NET>0,

NET = 1

OuUT =0, mpu NET<0.

[Ipennonaras, uro NET wmMeeT MNOJIOKUTEIBHOE 3HAYEHHUE, 3TO MOXKHO 3alucaTh

CJIETYIOIIUM 00pa3oM:

E-1
1+17

OuUT =
Korga ropmossmuii Bxoa mai (I << 1), OUT moxeT ObITh anmpOKCUMHUPOBAHO KaK

OUT=E-]
YTO COOTBETCTBYET BBIPAXKECHUIO I OOBIYHOIO JIMHEHHOTO IOPOTOBOTO 3JeMeHTa (C

HYJIEBBIM TTIOPOTOM).

AnroputM oOy4yeHHs] KOTHMTPOHA IIO3BOJIIET BECaM CHHAIICOB BO3pacTaTh 0Oe3
orpaHuueHui. biaromapss OTCYTCTBMIO MEXaHHW3Ma YMEHBIIEHUS BECOB OHM IPOCTO
BO3PaCTalOT B mpouecce oOydeHus. B OOBIYHBIX JIMHEHHBIX MOPOTOBBIX IEMEHTAX 3TO
npuBesio Obl K MPOU3BOJBHO OOJBIIOMY BBIXOAY dJeMeHTa. B KorHuTpoHe Oosibliue

BO30YX/Ia0I1IM€e U TOPMO3SIINE BXO/Ibl PE3YJIbTUPYIOTCSI B OTpaHUYUBAIOLIEH popMmyrie BUa:

OUT=§—1,eCHI/IE>>1H]>> 1.

B nannom cioygae OUT ompexpensercss OTHOIIEHHWEM BO30YXKIAIOMIUX BXOJOB K
TOPMO3SIILUM BX0/1aM, a HE X pa3HOCThI0. Takum obpazom, BenmunHa OUT orpanuunBaercs,
eciu o0a BXOJIa BO3pacTalOT B OAHOM U TOM ke Auamna3one X. [Ipeamonoxus, 4to 3To TaK, £

U [ MOXKHO BBIPA3UTh CJIEIYIOIKUM 00pa3oMm:

E=pX, 1= qgX, p,q — KOHCTaHTBHI,

U TI0CJIe HEKOTOPBIX MPeoOpa3oBaHUM

out=L"%.]1+ th(log(pq)j
2q 2

Ota ¢yHKIUA Bo3pacTaeT mo 3akoHy BeOepa-dexHepa, KOTOPBI YacTO HCIOIL3YETCS B
HEHpOo(U3HOJIOTUU U1l allPOKCHUMAllMM HEJIMHEWHBIX COOTHOLIEHHM BX0J1a/BbIXOJa
CEHCOPHBIX HEUPOHOB. [IpyM HMCIONB30BaHWM ATOTO COOTHOLUECHHUS HEUPOH KOTHUTPOHA B

TOYHOCTH JIMYJIHUPYET PEAKIUI0 OMOIIOTMYECKUX HEHPOHOB. DTO NENaeT ero Kak MOIIHBIM
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BBIYUCIUTCIBHBIM  3JICMCHTOM, TaK H TOYHOM MOACIBIO  IJIA (1)I/IBI/IOJIOFI/I‘-I€CKOFO

MOACIIMPOBAHUS.

TopMo3ssime HenpoHbl. B KOTHUTPOHE CJIOM COCTOMT M3 BO3OYKIAIOUIMX U TOPMO3SILIUX
y310B. Kak mokaszano Ha puc. 10.4, HeiipoH cnos 2 umeeT 001acTh CBA3H, JUII KOTOPOH OH
UMEeT CHHAINTHYECKUE COeIMHEHHs ¢ HaOOpOM BBIXOZIOB HEMPOHOB B ciioe 1. AHAIOTHYHO B
cioe 1 cymecTByeT TOPMO3SIIUI HEHPOH, UMEIOIIHNK Ty ke 00s1acTh CBsi3H. CHHANITUYECKHE
Beca TOPMO3SIIMUX Y3JIOB HE H3MEHSIOTCA B Mpolecce oOydeHHs; MX Beca 3apaHee
YCTaHOBJICHbI TAKUM 00pa3oM, YTO CyMMa BECOB B JIFOOOM U3 TOPMO3SLIMX HEWPOHOB paBHA
equHuLe. B cOOTBETCTBMM C 3TUMH OrpaHUYECHUAMH, BBIXOJA TopMo3siero ysna INHIB
SIBJISICTCSI B3BEIIIEHHON CYMMOM €ro BXOJIOB, KOTOPHIE B IAHHOM CITydae MPEeCTaBISIOT CO00M
cpenHee apuU(pMETHYECKOe BBIXOJOB BO30YXKJAIOIIMX HEHPOHOB, K KOTOPBIM OH

nojcoeanHeH. TakuMm oOpazom,

DORZL7#E
AOHKYDERH 1L
§INE 7

O: BO3OYNOEHKELE
HELLOOR D!

= 2T CTMONEH ~

Jonacme HBIE HELDOHBEL

£EF3EH {
Vet - &4

— = FOFOYNOLRITU LT
exes
— Q=M EOMEIRULH L
exod

Puc. 10.4. C10u KOTHUTPOHA

INHIB=> ¢,0UT,,

rue z ¢, =1, ¢; — BO30yxaarouii Bec i.

1

Mpoueaypa o6y4enus. Kak 00bsCHAIOCH paHee, Beca BO30YKAAOIINUX HEHPOHOB H3MEHSIOTCS

TOJIBKO TOT/A, KOTrJa HEWpPOH BO3OYXKICH CHJIbHEE, 4YeM JII0OOW W3 Y3JIOB B 00JacTH
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KOHKypeHLuu. Eciiu 3To Tak, n3MeHeHHe B mpolecce 00yueHHs JIIo00ro U3 ero BeCOB MOXKET

OBITH OIIPENIEIICHO CIICTYIOIINM 00pa3oM:

da; = qciju;,
rJie ¢j — TOPMO3AIINI BEC CBA3M HEMpOHaA j B €i1o€ 1 ¢ TOPMO3AIMM HEHPOHOM i, Uj — BBIXOJ

HelpoHa j B ciioe 1, a; — BO30YKIaromiuii Bec i, ¢ - HOpMUPYIOIIHI K03hPHuImeHT o0yueHus.

HN3MeHeHne TOpMO3AIIUX BECOB HEWPOHA I B CJIO€ 2 MPOMOPLHMOHAIBHO OTHOIIEHUIO
B3BEIICHHON CYMMBI BO30YKIAIOMIMX BXOJOB K YABOGHHOMY TOPMO3SIIEMY BXOY.

Brraucnenus mpoBosaTcs o hopmyiie

g2 a;
ob. -3
' 2« INHIB,

Korna Bo30yx1eHHBIX HEHPOHOB B 00JIaCTH KOHKYPEHIIMU HET, JIJIsl U3MEHEHUS BECOB
UCIIONIL3YIOTCSL JPYTHUE BBIPAKEHHUS. OJTO HEOOXOIMMO, TOCKOJBKY TpoIecc OOydeHHs
HAQYUHACTCA C HYJICBBIMU 3HAYCHHUAMHU BCCOB; IO3TOMY ICPBOHAYAILHO HCT B036y)KIIeHHLIX
HEHWPOHOB HHM B OJHOM 00JIACTU KOHKYPEHIIMU, U O0ydeHHe MPOU3BOAMTHCSA HE MOXKeT. Bo
BCEX CIy4YasiX, Korja rnodeautess B 001acTH KOHKYPEHIIMN HEHPOHOB HET, U3MEHEHHE BECOB

HEHPOHOB BBIYUCIICTCS CICTYIONMUM 00Pa3oM:

Aa; = q’cjuj, 0b; = ¢’INHIB,

r7e ¢’ — MOJ0XKHUTEIbHBIN 00yyaromuii K03 PHUIUEHT MEHBIINN, YeM ¢.

[IpuBenenHas ctpaTerusi HaCTPOWKM TapaHTHPYET, YTO Y3Jbl C OONBLION peakuuei
3aCTaBJISIIOT BO30YKAIOIINE CHHAIICHI, KOTOPHIMUA OHH YIPABJISIIOT, YBEJIUYHBATHCS CUIIBHEE,
4eM TOPMO3SIIUE CUHAIChl. M1 Hao00pOT, y37bl, UMEIOIIME MaIYI0 PEAKIMIO, BBI3BIBAIOT
Majoe BO3pacTaHUe BO30OYKIAIOMIMX CHHANCOB, HO OOJbIIEe .BO3PACTAHUE TOPMO3SIIUX
cuHaricoB. Takum oOpazom, eciu y3en 1 B cioe 1 mmeer OONbIIMA BBIXOJ, CHHAIC )
BO3pacTeT 0oJbIie, yeM cuHarc b;. 1 Hao00poT, y3I1bl, UMEIOIINE MaJIblidi BBIXOJI, oOecrevar
Majayl0 BEIMYMHY Ui npupameHus . OIHAKO Ipyrue y3iabl B O0JacTH CBSI3M OyayT

BO30YX/aThCs, TeM caMbIM yBenuuuBasi curaai INHIB u 3Hauenus b;.

B mporecce oOyueHust Beca Kaxa0ro y3ia B CI0€ 2 HACTPAaWBAIOTCS TaKUM 00pa3oM,
YTO BMECTE OHHM COCTAaBJISIFOT MIA0JIOH, COOTBETCTBYIOUIMI 0O0Opa3aM, KOTOpbIE YacTo
MPEABSBIISIIOTCS B Tporiecce oOydeHus. [lpu mpenbsBieHHH cXomgHOro oOpasa IalioH
COOTBETCTBYeT €My M Yy3eld BblpabaThiBaeT OOJbIION BBIXOAHOW curHail. CHIIBHO

OTIMYAIONINICSA 00pa3 BbIpabaThIBaET MaJIbIi BHIXO U OOBIYHO MOJABISAETCS KOHKYPEHIIUEH.

NarepanbHoe Topmoxenue. Ha puc. 10.4 mokaszaHo, 4To KaXXAblii HEHPOH CJIOA 2 TMOTy4YaeT
JaTepaibHOE TOPMOKEHHE OT HEWPOHOB, PACIONIOKEHHBIX B €ro 00JIaCTH KOHKYpPEHLHUHU.

TopMo3sIIMii HEUPOH CYMMHPYET BXOJbI OT BCEX HEHPOHOB B 00JIACTH KOHKYPEHIIUU U
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BBIpA0aTHIBAET CHUTHAJ, CTPEMSIIUNCA K TOPMOXEHHUIO IIEJIEBOrO HEHpoHA. DTOT METOJ
aBisieTcss dPQPEKTHBIM, HO C BBIUYMCIMTEIBHOM TOUKH 3peHus MeajieHHbIM. OH OXBaTbIBaeT
OOJIBIITYI0O CHUCTEMY C OOpaTHOW CBS3BI0, BKIIIOYAIONIYIO KXl HEHPOH B CJIOE; NI €ro

CTa6I/IHI/I3aI_[I/II/I MOXCT HOTpe60BaTLC$I 0OJIBIIIOE KOJIMYECTBO BEIUHUCIMTEIBHBIX HTepaHHﬁ.

Jns ycKOopeHHsl BBIYMCICHUH B pabore [2] HCHOIB3yeTCsl OCTPOYMHBIM METO[
YCKOPEHHOT'0 JaTepalibHOrO TopMokeHHs: (puc. 10.5). 3aech TOMOJHUTENBHBIN y3em
JATEPAIbHOTO TOPMOKEHUS 00pabaThIBaeT BBIXOJ KaKIOro BO30YXKIAOIIETO y3ia IS
MOJICIIMPOBAHUS TPeOYeMOro JarepajbHOro TopmoxkeHus. CHayaa OH OIpenesseT CUTHa,

paBHBII CyMMapHOMY TOPMO3SIILEMY BIUSHUIO B 00JIACTH KOHKYPEHIIUU:

dinrcme
KOHKYGEHU N

j
i
|
[
1

_—

/43

F b onl;

@

frmmmmmm—m

Puc. 10.5. YckopenHoe TopMokeHHE
LAT INHIB=) ¢,OUT,,

rae OUT; — BeIxo[ i-ro HelipoHa B 00J1aCTH KOHKYPEHIINH, gi — BEC CBA3U OT 3TOr0 HEeMpoHa K

JaTepaibHO-TOPMO3SIIEMY HEUPOHY; g BbIOpaHbl TaKUM 00pa3oMm, YTO z g =1

1

Brixonx Topmossiero neiipona OUT’ 3aTem BBIUKCISETCS CISAYIONAM 00pa3oM:

+ .
our=_ L*OUT  _
1+LAT INHIB
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biiaronapss ToMy 4TO BCE BBIYMCIICHMS, CBSI3aHHBIE C TAaKUM THUIIOM JIATEPATIbHOTO
TOPMOKEHHUS, ABIISIOTCS HEPEKYPCUBHBIMH, OHU MOTYT OBITh ITPOBEJIEHBI 32 OJUH MPOXOA [

CJ105, TeM caMbIM onpeessist 3p@exT B Buae 00JIbII0NH YKOHOMUU B BHIYUCIICHUSIX.

DTOT METOJ| JIaTepajbHOTO TOPMOXKEHHUS pELIaeT U JPYrylo CIO0XKHYIO MpoOsiemy.
[Tpenmnonoxum, 4To y3el B .cjaoe 2 BO30YKIAaeTCsl CUIIbHO, HO BO30YKJIEHHE COCEIHUX Y3JI0B
YMEHBIIIAETCsl MOCTENEHHO C YBEIMYEHHEM pacCcTOsiHMA. [Ipy MCHonb30BaHHMM OOBIYHOTO
JaTepabHOIO TOPMOKEHMsI OyneT oOy4aTbCs TOJIBKO LEHTPalbHbIM y3en. [lpyrue y3isl
OTIPENIeNISIIOT, YTO IEHTPAIbHBIA y3el B MX 00JACTH KOHKYPEHIIMM HMMeeT 0ojiee BBICOKUI
BbixoA. C mpeuiaraeMoil CUCTEMON J1aTepaJlbHOIO TOPMOKEHHUSI TAKON CUTYallMH CIIyYUThCS
HE MOXET. MHOXECTBO Y3JI0B MOXXET 00y4aTbCsi OJHOBPEMEHHO U Iporecc oO0ydeHus

SBJIgeTCA OoJjiee JOCTOBCPHBIM.

PeuentuBHass o6bnactb. AHAamU3, MPOBOJUMBIA JO OSTOT0 MOMEHTa, OBbLUT YIPOIIEH
pPacCMOTPEHHEM  TOJIBKO  OJHOMEpPHBIX CcJoeB. B JIeHCTBUTETBHOCTH  KOTHUTPOH
KOHCTPYHPOBAJICSl KaK KacKaJ JBYMEPHBIX CJIOEB, IPUYEM B JAHHOM CJIO€ KaXIblii HEHPOH
MOJTy4aeT BXOJlbI OT Habopa HEMpOHOB HAa YacTH JIBYMEPHOTO IIaHa, COCTABIISIIOIICH ero

00J1aCTh CBSI3U B NpeaAbIAYIIEM CJIOC.

C 270l TOYKU 3pEHUS KOTHUTPOH OPraHU30BaH MOJ00HO 3PUTEILHON KOpe YelOBEKa,
MPEJICTaBIISIIONIeH COO0ON TPEXMEPHYIO CTPYKTYPY, COCTOSIIIYIO U3 HECKOJIBbKUX Pa3INYHBIX
cioeB. OKa3bIBAeTCs, YTO KAXKIBIA CJIIOW MO3ra peajim3yeT pa3jiuvHble YPOBHU 00O0OIIEHNS,
BXOJIHOHM CJIO 4yBCTBUTENIEH K MPOCTBHIM 00pa3aM, TakKuUM, KaK JIMHUHU, U UX OPUEHTALUU B
OTIpPENICIICHHBIX O0JIACTSIX BU3yallbHOW 00JacTH, B TO BpeMsl KaK peakius JIPYTUX CJIOEB

SBJISIETCS O0JIee CII0KHOM, aOCTPAKTHON M HE3aBUCUMOM OT MO3UIIMH 00pasa.

Ananornusple (YHKIMHM pEalu30BaHbl B KOTHUTPOHE IIyTEM MOJEIMPOBAHUS
opranuszanuu 3purenbHoi kopel. Ha puc. 10.6 noka3aHo, 4To HEMPOHBI KOTHUTPOHA B €JI0€ 2
pearupyroT Ha OmnpeieNeHHYI0 HeOoJblyto o0nacte BxoaHoro cios 1. Helipon B cioe 3
CBSI3aH C HAOOpOM HEHWPOHOB CJIOS 2, TEM CaMbIM pearupys KOCBEHHO Ha Oojiee MUPOKUM
Habop HelipoHoB cnos 1. ITlomoOHBIM 00pa3oM HEWPOHBI B TOCICAYIOMIMX CJIOSIX
YyBCTBUTENIBbHBI K Oojiee IIMPOKUM 0O0JacTsM BXOJHOrO obOpa3a A0 TeX MOp, IMOKa B

BBIXOJHOM CJIOC K&)K,Z[I:Iﬁ H€I>'Ip0H HC CTAaHCT p€arupoBaTb Ha BCEC BXOAHOC I10JIC.

Ecam obmactk CBsI3M HEHPOHOB MMEET MOCTOSHHBIN pa3Mep BO BCEX CIIOsIX, TpeOyeTcs
6OHLHIO€ KOJIMYCCTBO CJIOCB JIA IEPCKPBITHUA BCCIO BXOHOI'O I1OJISA BBIXOAHBIMU HeﬁpOHaMH.
KonnuecTBO c€0eB MOXET OBITh YMEHBIICHO IIyTeM pacCIIUpeHHs OONacTH CBsI3U B
nocineAyroumx cioax. K coxaleHuto, pe3yabTaTOM 3TOrO0 MOKET SBUTHCS HACTOJIBKO
OOJIBIIIOE TIEPEKPBITHE O0JacTe CBSI3M, YTO HEWPOHBI BBIXOJHOTO CJIOA OyayT HWMETh
OJIMHAKOBYIO peakmuio. [l pemieHuss 3ToW MpoOIEeMBl MOXKET OBITh HCIOJIB30BaHO

pacipeHuc obiactu KOHKYPCHIIUU. Tak kak B JaHHOM obactu KOHKYPCHIIUHU MOKCT
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BO30YIUTHCS TOJBKO OJMH Y3, BIUSHUE MaJIOW pa3HUIIbl B PEAKIIUAX HEMPOHOB BBIXOJHOTO

CJIOA YCUIIUBACTCA.

Lavd 2 Laok 3

Puc. 10.6. Ob6sacTH cBsi3eil KOTHUTPOHA

B amprepHaTMBHOM BapuaHTE CBS3M C [MPEABLAYIIUM CJIOEM MOTYT OBbITh
pacnpesieieHbl BEepOSTHOCTHO C OONBIIMHCTBOM CHUHANTHYECKHUX CBS3€M B OTPaHUYCHHOUN
obrmactu W c Oonee NTUHHBIMU COCIUHEHHSIMH, BCTPEUAIOIIUMUCS HAMHOTO pexe. IJTOo
OTpakaeT BEPOSTHOCTHOE pacipesesieHue HeHpoHOB, OOHapyKeHHOE B Mo3re. B KorHuTpoHe
3TO MO3BOJISET KaXIAOMY HEMpPOHY BBIXOIHOIO CIIOSI pearupoBaTh Ha IMOJIHOE BXOJHOE IOJIe

I[IPpU HAJIMYHUU OTPAHUYCHHOI'O KOJIMICCTBA CJIOCB.

PesynbTtatbl mopenupoBavuAa. B [4] omnuceiBaroTcs  pe3ynbTaTbl  KOMIIBIOTEPHOIO
MOJEIUPOBAHUS  YETBIPEXCIOMHOIO  KOTHUTPOHA, IPEIHA3HAYEHHOTO A LeleH
pacrio3HaBaHusi 00pa3oB. Kaxieni cioii coctouT W3 MaccuBa 12X12 BO30y»)marouux
HEHWPOHOB M TAKOTO K€ KOJUYECTBA TOPMO3AIMIUX HEHUpOHOB. OOJACTh CBSI3HM MPEACTABISICT
co0oii KBaJpar, BKIOYAOLUIMK 5XS5 HelipoHoB. O0nacTh KOHKYpEHLIMH UMeeT ¢popMmy pomba
BBICOTOH M IIMPUHOM B MATH HEHPOHOB. JlaTepaabHOE TOPMOKEHHUE OXBATHIBAET 00J1acTh 7X7
HeiipoHoB. HopMmupyromue napameTpsl 00ydeHHs YCTaHOBJIEHBI TakUM 00pa3oM, uTto ¢=16,0

u ¢’=2,0. Beca cuHaricoB npoMHUIMAIN3UPOBaHbI B ().

Cerp oOOyuasach TIyTeM TPEABSBICHUS TIISITH  CTHUMYJIHPYIONMX  00pa3os,
MIPEACTABISIIONUX cO00M m300pakeHust apabckux mudp ot 0 1o 4, Ha BXxoaHOM cioe. Beca
CeTH HACTPAaMBAJKCh MOCJIE MPEAbABICHHUS KaxI0i UQpbI, BXOAHOH HAOOp mojaBaics Ha
BXOJ] CETH IIMKJIMYECKH JI0 TEX IOp, MOKa Kaxablii 0Opa3 He ObLI MperbsBIEH CyMMapHO

20 pas.

OddekTuBHOCTL Tmporiecca OOydeHHs] OICHWBAjJach IIyTeM 3allycka CeTH B
PCBECPCUBHOM PCKHUME; BbBIXOIAHBIC O6p8.3]>1, ABJIAOIIUECA peaKL{Heﬁ CCTHU, IIOJaBaJIMCh Ha
BBIXOJIHbIE HEHPOHBI M PaCIPOCTPAHSIIMCH 00PaTHO K BXOAHOMY ci0t0. OOpa3bl, MOJyYEeHHBIE
BO BXOJIHOM CJIO€, 3aT€M CPaBHUBAJIHCH C UCXOIHBIM BXOJHBIM 00pazoM. UToOkI caenaTh 3To,
OOBIYHBIE OJTHOHATIPABJIICHHBIC CBS3H MPUHUMAIHCH TPOBOISAIIMMU B 00PaTHOM HaNpaBICHUN
U JIaTEpaJbHOE TOpMOXKeHUe oTKIrovanoch. Ha puc. 10.7 noka3zaHbl TUIMYHBIE PE3YJIbTAThI

TecTupoBaHus. B cTosbie 2 mokazanel 00pa3bl, MPOU3BEACHHBIC KAKI0M 1TM(poi Ha BBIXOJE
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ceTd. OTu 00pa3bl BO3BpALIAUCh 00paTHO, BhIpadaThiBas Ha BXOJE CETH 00pa3, ONM3KHUM K
TOYHOM KOTMHMH HMCXOJHOTO BXOAHOro oOpasza. Jlisa cronbia 4 Ha BBIXOA CETH IMOAABAICS
TOJILKO BBIXOJT HEWpPOHA, UMEIOIIEr0 MaKCUMalIbHOE BO30OykieHne. Pe3ynbrupyroriye oopasbl
B TOYHOCTH T€ K€, YTO M B CIy4ae MOJa4d MOJHOTO BBIXOJAHOTO 00pasa, 3a UCKIIOUECHUEM
udpst 0, UIsT KOTOPOH y3e1 ¢ MaKCHMMAalbHBIM BBIXOJIOM pacrioyiarayics Ha nepudepun u He

IMOKpPEBIBAJI ITOJHOCTBIO BXOJHOI'O I10JIA.
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Puc. 10.7. Pe3yabTaThl 9KCIIEPUMEHTOB ¢ KOTHUTPOHOM

HEOKOIHUTPOH

B monbiTkax yaydmuTh KOTHUTPOH OblTa pa3paboTaHa MoIIHAS TapagurMa,
Ha3BaHHas HeokocHumpou [5-7]. B TO BpeMsi Kak KOTHUTPOH M HEOKOTHUTPOH HUMEIOT
OTpe/IeIECHHOE CXOJACTBO, MEXAY HUMHU TaKKe CYILIECTBYIOT (yHIaMEHTAJIbHbIE pa3JInyus,
CBSI3aHHBIE C  9BOJIIONMEH  WcciemoBaHuii  aBTopoB. (O0a  oOpasma  SIBISIOTCA
MHOT'OYPOBHEBBIMU HEPAPXUUYECKUMHU CETSIMU, OPraHW30BAaHHBIMH aHAJIOTHYHO 3PUTEIBHOU
Kope. B To ke BpeMs HEOKOTHHUTPOH 0OJiee COOTBETCTBYET MOJIEIH 3PUTEIBHOU CHUCTEMBI,
npemiokeHHo B paborax [10-12]. B pe3ynbTaTe HEOKOTHUTPOH SIBISIETCS HAMHOTO OoJiee
MOIIHOM MapaurMoi ¢ TOUKH 3pEHHUs CIOCOOHOCTH paclio3HaBaTh 00pa3bl HE3ABUCUMO OT UX
npeoOpa3oBaHuii, BpAIICHUM, HMCKAKEHUH M HW3MeHeHWi Macmraba. Kak W KOTHUTpOH,
HEOKOTHUTPOH HUCIOJB3YeT CaMOOPTaHM3AIMI0 B MpoIlecce OOY4YeHHUs, XOTs ObLIa omucaHa

Bepcus [9], B KOTOPOI BMECTO 3TOTO MCIIOJIH30BAJIOCH YIIPaBIsieMOe 00yUeHHE.

HeokorHuTpoH OpHEHTHMPOBAaH HAa MOJEIMPOBAHUE 3PUTEIHHONW CHUCTEMBI YeJIOBEKA.

OH monyuyaeT Ha BXOJ€ JABYMEpHbIE O0pa3bl, aHAJIOTHYHBIC H300pAKEHUSM Ha CETYATOU
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o0oJyouke ria3za, U o0pabaTbiBaeT UX B MOCIEAYIOIIUX CJIOSAX AHAJOTHYHO TOMY, KakK 3TO
ObIO0 OOHApY)KEHO B 3pUTEIBHOM KOpe deroBeka. KoHeYHO, B HEOKOTHHTPOHE HET HUYETO,
OTPAaHMYMBAIOLIETO €r0 HCIOJIb30BAaHHE TOJBKO IS OOpaOOTKM BU3YalIbHBIX TaHHBIX, OH
JIOCTAaTOYHO YHHMBEPCAJICH U MOXET HalTH IMPOKOe MpUMEHEHHe Kak 0000IIeHHas cucTeMa

pacrio3HaBaHus 00pa30B.

B 3purenbHOii Kope ObUIH OOHAPYKEHBI Y3JIbl, PEarupyIOIINe Ha TAKUE FIEMEHTHI, KaK
JIMHUM U YIIIbl ONpeesieHHo opueHTaui. Ha 6osee BBICOKMX YPOBHSX Y3JIbl PEarupyroT Ha
Oosiee clOXHBIE W aOCTpakTHbIE OOpa3bl TakuWe, KaK OKPYKHOCTH, TPEYrOJIbHUKH U
npsMoyronbHuKkd. Ha eme 6osiee BHICOKUX YPOBHSX CTENEHb aOCTPaKIMU BO3PACTAET JI0 TeX
1op, MOKa HE OIpPEAENATCS Y3Jbl, pearupyrolue Ha JiMia U clokHble ¢opMbl. B obmem
cilydae y3Jibl Ha 0oJiee BHICOKMX YPOBHSX MOJYYaroT BXOJ OT I'PYIIbl HU3KOYPOBHEBBIX Y3JIOB
U, CJIEZIOBATENIbHO, pearupyroT Ha Oosiee MIMPOKYH 00JacTh BHU3yasibHOro moss. Peakuuun
y3JI0B 0oJjiee BBICOKOTO YPOBHS MEHEE 3aBUCAT OT MO3ULIUU M Oojiee YCTOMYUBBI K

HCKa>XCHUSM.

CTpykTypa

HeokorHUTpOH HWMEeT HepapXU4YecKyl CTPYKTYpY, OpPHUEHTHUPOBAHHYI Ha
MOACIINPOBAHUC 3pI/ITeHLHOI>’I cucteMbl uenoBeka. OH COCTOUT U3 II0CIIEA0BATCIIBHOCTU
00pabaThIBAIONINX CJIOEB, OPTaHM30BAaHHBIX B HEpapXUUYECKylo CTpykTypy (puc. 10.8).
BxomgHoit o0pa3 momaercs Ha TEPBBIM CIOH W TMEpemaeTcss dYepe3 IIOCKOCTH,
COOTBCTCTBYIOIIHUC MTOCIICAYIOIIUM CJIOAM, 0 TCX IIOP, MMOKAa HC NOCTUTHET BBIXOJHOI'O CJIOA,

B KOTOPOM HJCHTU(PULIUPYETCS pacliO3HABAEMBIN 00pa3.

Brooroi ) BEIxooror
WY 77/ Laou 7 Lol 2 Vol 27274

T

Puc. 10.8. CtpykTypa cj10eB HEOKOTHUTPOHA
CTpykTypa HEOKOTHUTpOHA TpyJIHA [Js NPEICTaBICHUS B BUJE JHAarpaMMbl, HO
KOHLIENTYAJIbHO MpocTa. YTOOB! MOAYEPKHYTH €r0 MHOTOYPOBHEBOCTH (C LIEJIBIO YIPOIICHUS
rpagYecKoro MpEACTAaBICHUS), HMCHOJNB3YEeTCs aHaIW3 BEPXHEro ypoBHA. HeokorHUTpoH
MOKa3aH COCTOSIIUM U3 CJIOEB, CJIOU COCTOAT U3 Habopa IIOCKOCTEH U TIIOCKOCTH COCTOST U3

Y3JI0B.

Cnou. Kaxnapiii ol HEOKOTHUTPOHA COCTOMT W3 JABYX MAacCHBOB IIOCKOCTel (puc. 10.9).

MaccuB TJI0OCKOCTEH, COACpKANTUX MPOCTHIC Y3JIbl, MOTYYaeT BBIXOABI MPEIbLIYIIETO CIIOS,
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BBIJICTISIET OMPE/ICIICHHBIE 00pa3bl U 3aTeM MepeaacT X B MACCHB IUIOCKOCTEH, COACpKAIINX

KOMIUIEKCHBIC Y3JIbI, TJIe OHU 00pa0aThIBAIOTCS TAaKUM 00pa3oM, YTOOBI CENIATh BBIJICICHHBIC
00pa3bl MEHEee TIO3UITMOHHO 3aBUCHMBIMH.

Mnockoctu. BHYTpHU €105 INIOCKOCTU IIPOCTBIX U KOMIUIEKCHBIX Y3JI0B CYILECTBYIOT IapaMHu,
T. €. Ul IUIOCKOCTH IPOCTBIX Y3JIOB CYIIECTBYET OJHA INIOCKOCTh KOMIUIEKCHBIX Y3JIOB,

obOpabaTeiBaromiasi ee BhIXOABL. Kakmas TIOCKOCTh MOXKET OBITh BH3yallbHO IPEACTABIICHA
KaK JBYMEPHBIN MacCHB y3JIOB.
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Puc. 10.9. CTpykTypa nmiockocreil HECOKOTHUTPOHA

MpocTble y3nbl. Bee y311b1 B JaHHOM TUIOCKOCTH MPOCTHIX Y3JI0B PEArnpyroT Ha OJIMH U TOT e
00pa3. Kak nokazano Ha puc. 10.10, mIocKOCTs MPOCTHIX Y3JI0B MPEACTABIISIET MACCUB Y3JIOB,
KOKIBIA M3 KOTOPBIX «HACTPAaWBaETCsS» HA OJUH crieluduueckuil BXogHOH o0pa3. Kaxmbrit
MPOCTOM y3€Jl YyBCTBUTEJICH K OTpaHUYCHHOW 00JIacTH BXOJHOTO o0Opa3a, Ha3bIBAEMOU €ro
penenTuBHOW obnacThio. Hampumep, Bce y3iibl B BepXHEH IUIOCKOCTH MPOCTHIX Y3JIOB Ha

puc. 10.10 pearupyrot Ha «C». ¥Y3en pearupyer, eciu «C» BCTpedaeTcst BO BXOJHOM o0pase u
eciu «C» 0OHapyKEeHO B €ro pelenTUBHOM 00acTu.

Ha puc. 10.10 nokazaHo, 4To Apyrue MmiIOCKOCTH MPOCTHIX Y3JI0B B 3TOM CJIO€ MOTYT
pearupoBath Ha ToBopoT «C» Ha 90°, npyrue Ha moBopot Ha 180° u T. 1. Eciu 10mKHBI OBITH

BBIICTICHBl JIpyrue OyKBbI (M WX HMCKAKEHHBIE BEPCUHU), JOMOJIHUTENbHBIE TUIOCKOCTH
TPeOYIOTCS ISl KQXKI0M U3 HUX.
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PenenTuBHBIE 0671aCTH Y3JI0B B KaX/10H MJIOCKOCTH MPOCTHIX Y3JIOB MEPEKPBHIBAIOTCS C
LEJIbI0 TIOKPBITHS BCEro BXOJHOro oOpaza 3Toro cios. Kaxaplil y3en moiydaer BXOIbl OT
COOTBETCTBYIOIIUX 00JIaCTEH BCEX IMJIOCKOCTEH KOMIUIEKCHBIX Y3JI0B B MPEABLAYILEM CIIOE.
CrnenoBatenbHO, IPOCTOM y3€l pearupyer Ha HOSBICHHE CBOEro obpasza B Jr000# CloKHOU

IMJIOCKOCTH HPCAbIAYIICTO CJI0A, €CJIIM OH OKAKCTCS BHYTPU €TO peI_IeHTI/IBHOI\/'I o0iacTH.

Lo N-1 Lo NV
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Puc. 10.10. CucreMa HEOKOTHUTPOHA
KomnnekcHble y3nbl. 3aﬂaqel71 KOMIIJICKCHBIX Y3JIOB ABJIACTCA YMCHBIICHHUC 3aBUCHUMOCTU
PEaKIMK CHCTEMBI OT IO3UIUU 00pa30B BO BXOMHOM ToJje. [ JOCTH)KEHUS STOTO KaKIIbIi
KOMIUIEKCHBIN y3€J MOJy4aeT B Ka4yecTBE BXOJHOTO 00pa3a BBIXOJBI HA0Opa MPOCTHIX Y3JI0B
U3 COOTBETCTBYIOIIEH IIJIOCKOCTH TOTO € CJIOS. OTH MPOCThIE Y3J7bl TMOKPBIBAIOT
HEMpEpbIBHYI0 00JacTh TMPOCTOM IUIOCKOCTH, Ha3bIBAEMYIO PELENTUBHOM 001acThIO
KOMIUTIEKCHOTO y3ia. Bo30yxkaeHue ro00ro mpocTOro y3jga B JTOW OO0JACTH SIBISETCA
JOCTaTOYHBIM i1l BO30Y)KIEHHsI JaHHOTO KOMIUIEKCHOTO y3na. Takum  oOpasom,
KOMILIEKCHBIN y3€Jl pearupyeT Ha TOT e 00pa3, UTO U MPOCTHIE Y3JIbl B COOTBETCTBYIOIICH

€My TUIOCKOCTH, HO OH MEHEe YyBCTBUTEJICH K MO3ULIUU 00pa3a, ueM JIF000i 13 HUX.

158



TakuMm 00pa3zom, KaAbli CIOW KOMIUIEKCHBIX Y3JIOB pearrpyer Ha 0oliee HMIHPOKYIO
o0yacTb BXOJHOrO o0Opas3a, 4eM 3TO JAENANOCh B MPEALIECTBYIOIIUX CIOSX. DTa MPOrpeccus
BO3pacTaeT JUHEHHO OT CJIOsl K CJIO0, MPUBOJS K TpeOyeMOMY YMEHBIICHHIO MO3UIIMOHHOMN

YYBCTBUTCIBHOCTHU CUCTCMbI B LICJIOM.

O0o001menue

Kaxxnpiii HelipoH B cioe, OJM3KOM K BXOJHOMY, pearupyeT Ha omnpejelieHHbIe 00pa3bl
B ONpPEACICHHOM MECTE, TAaKHWE, KaK YroJl C ONPEACJICHHONW OpUEHTaluMel B 3aJaHHOU
no3unu. Kaxaelii cio B pe3yiabTare d3TOro uMeeT Oosee abCTpakTHYIO, MEHeEe
crneuu(pUYHYIO PeaklrIo M0 CPAaBHEHUIO C MPE/IIECTBYIOIINM; BHIXOIHOM CIION pearupyer Ha
IIOJIHBIC 06pa31>1, ITOKa3hbIBas BLICOKYIO CTCIICHBb HE3aBUCUMOCTHU OT UX ITOJOXCHUAI, pa3Mepa 158
OpHEHTAIlMd BO BXxoAHOM mosie. Ilpw wWcmonap30BaHMM B KadecTBe Kiaccudukaropa
KOMIUTICKCHBIM y3€J BBIXOJIHOTO CJIOS C HAWOOJBINEH peakiuedl peanu3yeT BBIIACICHHE
COOTBETCTBYIOIIErO0 oOpa3a BO BXOJHOM Tmoje. B wuaeanbHOM ciiydyae S5TO BbIACIICHUE

HCYYBCTBUTCJIBHO K ITO3UIMHU, OPCHTAIUU, PA3MEpaM HUJIU APYTUM UCKAKCHUAM.

Beruuciaenus

[IpocThie y37161 B HEOKOTHUTPOHE HMMEIOT TOYHO TaKUe K€ XapaKTEepPUCTUKH, YTO U
OTIMICAHHBIE JIJISI KOTHUTPOHA, M UCIIOJIB3YIOT Te K€ (POPMYIBI ISl ONPEISICHUS UX BBIXOJA.

371eCb OHM HE IOBTOPSIIOTCSL.

Topmo3ssimumii y3en BeipabaThIBaeT BBIXOJ, MTPONOPLUUOHAIBHBIN KBAJPaTHOMY KOPHIO
U3 B3BEIICHHON CyMMBbI KBaJpaTOB €ro BXOJOB. 3aMETHM, YTO BXOZbl B TOPMO3SILUN Yy3em
UJCHTHYHBI BXOJaM COOTBETCTBYIOIIETO MIPOCTOrO y3Jia U 00JacTh BKIIOYAET 00JIaCTh OTBETA

BO BCE€X KOMIIJICKCHBIX IJIOCKOCTSIX. B CHMBOJIBHOM BUAC

TAC vV — BbBIXOA TOPMO3ALICTO Y3Jia, i — 06HaCTL Haa BCCMHU KOMIIJICKCHBIMU Y3JIaMH, C
KOTOPBIMU CBSI3aH TOPMO3SIIIHMK y3€iI; b; — BEC i-i CUHANTHYECKOW CBSA3U OT KOMILIEKCHOTO

y3J1a K TOPMO3SILIEMY Y3I1y; U — BBIXOJ I-T'0 KOMIUIEKCHOIO y3I1a.

Beca b; BbIOMpAIOTCSI MOHOTOHHO YMEHBIIAIOUIMMHUCS C YBEITUUYEHUEM PACCTOSHUS OT

LIEHTpa 00J1aCTH PeaKLny, IPH 3TOM CyMMa WX 3HAYCHH JOJKHA ObITh pPaBHA €IMHUIIE.

OO0yueHnue

TonbKO IPOCTHIE Y3JIbl UMEIOT HACTPAUBAEMbIE BECA. DTO BECA CBA3ECH, COCTMHSIOIINX
y3el C KOMIUICKCHBIMH Y3JaMHd B MPEIBIAYIIEM CJIO€ W HUMEIOIUX H3MEHSEMYIO CHIIY
CHHAIICOB, HACTPAUBAEMYIO TaKUM 00pa3oM, 4TOOBI BEIPA0OTaTh MAKCUMAIbHYIO PEAKLUIO Ha

OnpezieNieHHbIe CTUMYJIMpYIOLUE CcBoiicTBa. HekoTopble M3 3TUX CHHAICOB SIBIISIFOTCS
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BO30Y)KJAIOIMMHU M CTPEMSATCSl YBEIMYUTH BBIXOJ Y3JIOB, B TO BPEeMs KaK JIpyrue sBISIOTCS

TOPMO3AIMMHA 1 YMCHBIIAIOT BbIXO/ y3J1a.

Kremru.
O — 8O TYWOEHHBIL

@—Jﬂprﬂpxﬁﬁﬁyﬁ'
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— MPOU PULUTYENBIE
BOI0YWORIOHLUE

—O MOCH@UEHTYOHUE
IROUMOIHLEE

HEMPIUDELETYEHEIE
BOIOYWORIOBLE

Puc. 10.11. CBsi31 0T C/105KHBIX KJIETOK OHOT0 YPOBHS
K IIPOCTBIM KJIETKaM CJIeYIOIIero ypoBHs

Ha puc. 10.11 noka3aHna moJjiHasi CTPYKTypa CUHANITHYECKUX CBS3EH MEXIY MPOCTHIM
y3JIOM M KOMIUIEKCHBIMH y3JaMHd B TMpeaulecTByromeM cioe. Kaxaplii mpocTod y3en
pearupyeT TOJNBKO Ha HAO0OpP KOMIUIEKCHBIX Y3JIOB BHYTPH CBOEH DELIETITUBHON 0O0JacTH.
Kpome Toro, cyiecTByeT TOpMO3AIIUNA y3€J, pearupyomuii Ha Te )K€ camble KOMILIEKCHBIE
y371b1. Beca cuHAncoB TOPMO3SIIETO y3/1a He 00y4aroTCsi, — OHU BEIOMPAIOTCS TAKUM 00pa3om,
4YTOOBl y3€J pearupoBajl Ha CPEIHIOI0 BEJIMYMHY BBIXOJIOB BCEX Y3JIOB, K KOTOPBIM OH
MOAKIIFOYEH. ENMHCTBEHHBI TOPMO3AIINUI CHHAIIC OT TOPMO3SILIETO y3J7a K IPOCTOMY Y3y

oOydJaercsi, Kak 1 JJpyrue CUHAICHI.

O6yyeHue 6e3 yuutens. Jlyisi oOydeHHS HEOKOTHHTPOHA Ha BXOJl CETH IOAAaeTCs 00pas,
KOTOpBIi HEOOXOAMMO pacro3HaTh, M Beca CHHAICOB HACTPaMBAIOTCS CJIOW 3a CIOEM,
HauuHas ¢ Habopa MPOCTHIX Y3JI0B, OMKalIuX KO BXoy. BennunHa cMHAaNTHYECKOH CBS3U
OT Ka)0r0 KOMIUIEKCHOT'O y3JIa K JaHHOMY IIPOCTOMY Y3J1y YBEJIMYUBAETCA TOTA U TOJBKO
TOTI'/1a, KOT/1a YAOBIETBOPSIOTCS CIEAYIOIINE J1BA YCIOBHUSA:

1) KOMILIEKCHBIN y3€] pearupyer;

2) mpocTod y3en pearupyer Oojee CHIBHO, YeM JII0OOW M3 €ro CoceaHuX (BHYTPU €ro
00J1IaCTH KOHKYPEHIINH).
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Takum o0pa3zom, MpocToi y3en oOydaeTcst pearupoBaTh Oojiee CHIBHO Ha 00pasbl,
NOSBJIAIONIMECS Haubojee YacTO B €ro penenTHBHOW 00JacTH, YTO COOTBETCTBYET
pe3yinpTaTaM HCCIEIOBAHUH, TONYYEHHBIX B OKCHEPHUMEHTax ¢ KoTatamu. Ecmm
pacrio3HaBaeMblii 00pa3 OTCYTCTBYeT Ha BXOJ€, TOPMOZSILIUN Y3el MpeloXpaHseT oOT

CIIy4aifHOTO BO30OYX/IEHUSI.

MareMaTrueckoe onucaHue mporecca O0yIeHUsT B METOJ] peaTu3aliy JaTepaaTbHOrO
TOPMOXKCHHSI AHAJIOTHYHBI OINWCAHHBIM JJIi KOTHHTPOHA, IOTOMY 37eChb OHH HE
IMMOBTOPAIOTCA. HCO6XOI[I/IMO OTMCTUTBb, YTO BbIXOAbI IIPOCTHIX HW KOMIUICKCHBIX Y3JIOB
SABJIAIOTCA aHAJIOTOBBIMU, HCIIPCPBIBHBIMU U JIUHEVHBIMH M 4YTO AJIrOPUTM O6y‘-ICHI/IH

npearojgaracT uX HCOTpUuuaTCIbHOCTb.

Korma BbeIOMpaeTcsi mpocToil y3en, Beca CHHAINCOB KOTOPOTO JIOJDKHBI OBITh
YBCIMWYCHBI, OH PpaCcCMaTpuBACTCA KaK MPCACTABHUTCIIb BCCX Y3JIOB B INIOCKOCTHU, BbI3bIBAaAd
YBEIIMYCHHE UX CHHAMITHYECKUX CBS3EH Ha TOM ke caMoM oOpa3ze. Takum 0Opazom, BCe y3JIbl
B IJIOCKOCTH OOYYarOTCs pacro3HaBaTh OAHU M TE€ K€ CBOMCTBA, W IOCJEe OOy4eHHS OymyT
JenaTh A3TO HE3aBUCUMO OT TO3MIHMH o0pa3a B TMoOJie KOMIUIGKCHBIX Y3JIOB B

NpeaAlICCTBYOLICM CJIOC.

Orta cucTteMa UMEeT IIEHHYIO CIIOCOOHOCTh K CaMOBOCCTAaHOBJICHHIO. Eciym maHHBII
y3eJ1 BBIMIET U3 CTPOs, OyJET HaiJeH APYrou ysei, pearupyromuii 0oyiee CUIBHO, U 3TOT
y3en OyaeT oOydeH paclio3HaBaHUIO BXOJHOTO 00pasza, TEM CaMbIM IEpPEKpbIBas JEHCTBHS

CBOCTO OTKA3aBUICT'O TOBApHUIIA.

O6yueHue ¢ yuutenem. B paborax [3] u [8] omucano camoopraHusyromieecss HeynpaBisieMoe
oOyuenue. Hapsany ¢ 3TMMuU BHeUaT/ISIIOIIMMU PE3yJIbTaTaMu, ObLIM OIyOJUKOBAHBI OTYETHI O
JIPYrUX SKCIEPUMEHTaX, HCIHOJB3YIIMX oOydyeHwe ¢ yuutenem [9]. 3meck TpeOyemas
peakiusi KaXKIOTrO CJOs 3apaHee oOmpelessieTcs JKCIEpPUMEHTATOpOM. 3aTeM  Beca
HACTPaUBAIOTCS C UCIOJIb30BAHUEM OOBIYHBIX METOJOB ISl BEIPAOOTKH TPeOyeMOil peakiuu.
Hanpumep, BXOIHOW CIIOM HAacTpauBajiCs U4 PACIIO3HABAHUS OTPE3KOB JIMHUN B Pa3IMYHBIX
OpUEHTAIMSIX BO MHOIOM aHAaJOrMYHO IIEPBOMY CJIOI0 OOpaOOTKH 3pUTENIbHON KOPBHI.
[Tocneayrommue ciou oOydanuch pearupoBaTh Ha OoJiee CIOXKHBIE U a0CTPaKTHBIE CBOMCTBA
JI0 T€X TOp, TTOKa B BBIXOJHOM Ciioe TpeOyemblii oOpa3 He Oyaer BwimesneH. [Ipu oOpaboTke
CETH, MPEBOCXOJHO paCHO3HAIOIIEH pYKONMUCHbIE apabckue HUpbl, SKCIEPUMEHTATOPHI
OTKa3aJKCh OT JOCTIKEHUS OMOJIOIMYECKOTO MPaBaOMoAo0us, odparias BHUMaHUE TOJBKO

Ha OJOCTHUXKCHUC MaKCHUMaJIbHOM TOYHOCTH PE3YyJIbTATOB CUCTCMBI.

Peanusaumus o6y4yeHus. B 0ObIUHBIX KOHQUIypalMaX PELENTUBHOE I0JI€ KaXKIOro HeHpoHa
BO3pacTaeT IpH Iepexone K ciuenyromeMy cior. OIHAKO KOJINYECTBO HEHMPOHOB B CIIOE
OyleT yMEeHbIIAThCs MPHU MEepexoae OT BXOAHBIX K BBIXOJIHBIM ci10siM. HakoHel, BBIXOAHOM
CJIOM MMEET TOJBKO OJIMH HEHWPOH B IUIOCKOCTU CJIOXKHBIX y3510B. Kaxaplii Takoil HEHMpoOH

MIPEACTABISIET ONpPEACIICHHBIH BXOMHOW 00pa3, KOTOpoMy ceTh Obuta oOydeHna. B mporiecce
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KJIacCU(UKALUU BXOAHON 00pa3 MoJaeTcsi Ha BXOJl HEOKOTHUTPOHA U BBIYUCIISIFOTCS] BBIXO/IBI
CJIOM 3a clloeM, HayMHas ¢ BXOJHOro ciiosi. Tak Kak TOJBKO HEOOJbIIas 4acTh BXOJHOTO
o0pa3a nmojaercsi Ha BXOJ] KaX/10r0 IPOCTOTO y3j1a BXOAHOIO €105, HEKOTOPbIE MTPOCTHIE Y3JIbI
PETUCTPHUPYIOT HAIMYHE XapaKTEPUCTUK, KOTOPHIM OHM OOy4YeHBI, W BO30OyxKAaroTcs. B
CIIEYIOIIEM CII0€ BBIACHSAIOTCA OO0Jee CIIOXKHBIE XapaKTEPUCTUKH KaK OMpe/eICHHbBIE
KOMOMHAIIMKM BbIXOJ0B KOMIUIEKCHBIX Y3710B. CJioM 3a €l0eM CBONCTBA KOMOMHHUPYIOTCSI BO
BCE BO3pacTaloOUleM JHara3oHe; BbIIEAI0TCs 0osiee 00IIHMe XapaKTepUCTUKN U YMEHbILIAETCS

Mo3nruOHHAasAg YyBCTBUTCIIbHOCTD.

B uneansHOM ciiydyae TOJIBKO OJMH HEHPOH BBIXOJHOIO CJIOS JOJDKEH BO30yAuThes. B
JIEHCTBUTEIILHOCTH OOBIYHO Oy/eT BO30YKIaThCsl HECKOJIBLKO HEUPOHOB C Pa3IMYHON CHIIOH,
U BXOJHOW 00pa3 JOKEH ObITh ONpPENENIeH C Y4eTOM COOTHOILIEHHUS MX BbIX0AOB. Eciu
UCTIOJB3YeTCsl CHUJla JIATEPaIbHOTO TOPMOXKEHHUs, BO30YKIaTbcs OyAeT TOJbKO HEUpOH ¢
MaKCHUMaJIbHBIM BbIXOJ0M. OHAKO 3TO YACTO SBIISETCS HE JIy4IMM BapuaHToM. Ha mpaktuke
npocTtasi QyHKIMS OT HEOOJIBIIION TPYIITBI HAanboJIee CUIILHO BO30YXICHHBIX HEUPOHOB OyAeT

4acTo YJIydllaTh TOYHOCTh KJIacCU(PUKAIUU.

3AKINIOYEHUE

Kak KOrHMTpOH, TaKk MU HEOKOTHHUTPOH INPOU3BOIAT OOJBIIOE BIEYATIEHUE C TOUYKH
3peHUs] TOYHOCTH, C KOTOPOW OHHM MOJAEIHMPYIOT OMOJOTMYECKyI0 HEpBHYIO cHCTeMy. ToT
(daKkT, YTO 3TH CHCTEMbl IOKAa3bIBAIOT PE3YJIbTAThl, UMHUTHPYIOIIME HEKOTOPHIE ACIEKTHI
CHOCOOHOCTEH uenoBeKa K OOYy4eHHIO M TI03HAHWIO, HABOJUT HA MBICIb, YTO Halle
NoHMMaHue (QYHKUMH Mo3ra mnpuOIMKaercs K YpPOBHIO, CHOCOOHOMY TMPUHECTH

MPAKTUYECKYIO MOJIB3Y.

HeokorHutpon sBisE€TCS  CIOKHOM CHCTEMOM U TpeOyeT  CyYIIeCTBEHHBIX
BBIYUCIIUTCIIBHBIX PCCYPCOB. IIo »tum INpUYrUHaM KaXCTCA MaJIOBCPOATHBIM, YTO TaKUC
CUCTCMbI PCAIU3YIOT OINTUMAJIBHOC HWHKXCHCPHOC PCHICHUC CCTOAHAINIHUX np06neM
pacniozHaBaHusi 00pazoB. OmHako ¢ 1960 r. cTOMMOCTB BBIYHCIICHU YMEHbINAIach B ABa pa3a
KaXKble J1Ba-TPU roja, TEHJCHIUs, KOTopas, 0 BCEil BEPOATHOCTH, COXPAHUTCS B TEUEHUE
KaKk MUHUMYM 6HI/I)KaI‘/JIIJ_II/IX ACCATHU JICT. HeCMOTpH Ha TO, YTO MHOI'€ MMOAXOAbI, Ka3aBIINCCA
HCPCAIM3YCMbIMU HCCKOJIBKO JICT Ha3ad, ABJIAKOTCA O6H.I€HpI/IH$ITLIMI/I CCrogHd M MOT'YyT
0Ka3aTbCs TPUBHAJIBHBIMH 4Y€pe3 HECKOJBbKO JIET, pealu3alusi Mojesneldl HEOKOTHUTPOHA Ha
YHHUBEpCAIbHBIX KOMIIbIOTEpaX sBisgerca OecnepcrnekTuBHOW. HeoOxonuMo JOCTUTHYTh
TBICAYCKPATHBIX y.HyLIH_IeHI/Iﬁ CTOUMOCTH U IPOU3BOAUTCIILHOCTHU KOMIIBKOTCPOB 3a CHCT
CHelMaIu3alud  apXUTeKTypsl u BHeapeHuss tTexHonorun CBUC, uroObl crenats
HEOKOTHUTPOH MPAKTUYECKOW CHUCTEMOW JUIsl PELIeHMs CIOKHBIX MPOoOJIeM pacro3HaBaHUs
00pa30B, OJJHAKO HU 3Ta, HU Kakasg-1u0o0 Apyras MOJENib UCKYCCTBEHHbIX HEHPOHHBIX ceTeil

HC JOJIKHBI OTBEPTraThbCd TOJIBKO Ha OCHOBAHWUN WX BBICOKUX BBIYUCIIUTCIIbHBIX TpC6OBaHHﬁ.
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MpunoxeHune A.
Buonornyeckne HeMpPoOHHLIE CEeTH

YENOBEYECKWUA MO3T:
BMOJNIOrTMYECKASA MOJENNb ANA UCKYCCTBEHHbIX HEMPOHHbIX CETEN

CTpyKTypa MCKYCCTBEHHBIX HEHpPOHHBIX CeTeil ObUla CMOJENMPOBaHA KAaK PE3ysbTaT
U3YyYCHHs YeJIOBeuecKoro Mo3ra. Kak Mbl OTMeuanu BBINIE, CXOJCTBO MEXIY HHUMHU B
JICWCTBUTEIIFHOCTH OYEHb HE3HAYMTEIbHO, OJHAKO JAXe 3Ta CKPOMHAs SMYISALUS MO3Ta
NPUHOCHUT OIIyTHMBIE pe3ynbTaThl. Hampumep, MCKyCCTBEHHBIE HEHpPOHHBIE CETH HMEIOT
TaKue aHAJOTHYHBIE MO3TY CBOMCTBA, KaK CIOCOOHOCTh 00Y4aThCsl Ha OMBITE, OCHOBAHHOM Ha
3HAHUSAX, JeJlaTh a0CTPAaKTHbIE YMO3AKIIOUEHHs] U COBEpIIATh OMIMOKHU, UTO sABIsETCs Oosee

XapaKTEPHBIM 1JIsd JeJI0OBEUECKOM MBICJIM, YEM U1 CO3JaHHBIX YCJIOBEKOM KOMIIBIOTCPOB.

YuyurbiBas ycmexu, JIOCTUTHYTbIe IpPH HCHOJb30BAHUU TPyOOW MOJENH MO3ra,
KQ)KETCSI €CTECTBEHHBIM OXHUIAaTh JAJbHEUIIEro MPOABUKEHUS BIEPE] NP UCIOJIb30BAHUU
Oonee TouHOW Moxenu. Pa3paborka Takoil Moaenu TpeOyeT NeTaabHOrO IMOHMMAaHUS
CTPYKTYpbl W (QYHKIUI Mo3ra. OTO B CBOIO ouepelb TpeOyeT OIpeaeNeHus TOYHBIX
XapaKTepUCTUK HEHMPOHOB, BKJIIOYAsi UX BBIUMCIUTENbHBIE 3JIEMEHTHI U 3JIeMEHTHI cBsizu. K

COXaJIeHHI0, HH(pOpMAIIHS HE SIBIISETCS MMOJTHOM;

60.]1]9]_]_[351 YaCThb MO3ra oCcTracTcCsa TaﬁHOﬁ IJIA TIOHUMAaHUSL. OCHOBHLIC HCCIICAOBAHUA
MpOBEACHBI B oOnactu uaeHTU(uKanuu (YHKIMA MO3ra, OJHAKO M 37IeCh OTCYTCTBYIOT
MOJXOJbI, OTJIMYAIOIIMECS OT YHUCTO  «CXEMATHYCCKHX». bDHOXMMHS  HEHPOHOB,
(I)YHI[aMeHTaHLHBIX CTpOI/ITCJIBHLIX 6HOKOB MO3ra, O4Y€Hb HCOXOTHO paCKpBIBaeT CBOH
cekpeThl. Kaxkaplii roJ; IpUHOCUT HOBYIO MH()OPMAIIMIO OTHOCUTEIBHO IEKTPOXHUMHUYECKOTO
MOBEJICHUS HEWPOHOB, MPUYEM BCErJa B HAIPABICHHH PACKPBITHS HOBBIX YpPOBHEH
CIIOXHOCTH. SICHO OJIHO: HEHPOH SIBIISETCS HAMHOTO 0O0JIee CIOKHBIM, YeM IPEJICTaBISUIOCH

HCCKOJIBKO JICT Ha3all, U HCT IIOJIHOI'O TOHUMAaHUA IIpo1ecca €ro (I)YHKLII/IOHI/IpOBaHI/I}I.

Opnako, HECMOTpsST Ha HAIIM OTPAaHUYCHHBIE TIO3HAHHS, MO3T MOXKET OBITh
MCIIOJIb30BaH B KaueCTBE LIEHHON MOJIENH B BOIPOCAX PA3BUTHUSI UCKYCCTBEHHBIX HEMPOHHBIX
cereil. Mcnonb3ys meroa npod U ommOOK, HBOJIOLMS, BEPOSITHO, IpUBENA K CTPYKTypawm,
ONTUMANFHBIM O00pPa30M TPUTOJHBIM JJsl pelieHus mpobieMm, Ooyee XapaKTEpHBIX IS
gyenoBeka. KakeTcs ManoBepOSTHBIM, YTO MBI TOJIY4YHM Oojiee XOpollee pelieHue.
TimarenbHO MOAETUPYS] MO3T, MbI MPOJIBUTAaEMCsl B UCCJIEIOBAaHUU MPUPOIBLI U B OyIylemMm

6YIICM, BCPOATHO, BOCIIPOU3BOANUTD 00JIbIIIE BO3MOXKHOCTEH MO3ra.

JlaHHOE TIPWIIOKEHHE COACPKHUT IITPUXOBbIE HAOPOCKH COBPEMEHHBIX 3HaHUUN
OTHOCHUTEIIBHO CTPYKTYpbl M (GYHKIHMM Mo3ra. XOTsS H3JI0KEHHE ATHX CBEICHUN OYeHb

KpaTKO€, Mbl MBITAJUCh COXPAHUTh TOYHOCTh. ClieAyrolue pa3aenbl WUIIOCTPUPYIOT TEKCT
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JaHHOU paboTHI U, BO3MOXKHO, OYAyT CTUMYJIUPOBATh MHTEPEC K OMOJIOTUYECKHM CHCTEMaM,

YTO MPUBEAET K Pa3BUTHIO HCKYCCTBEHHBIX HEUPOHHBIX CETEH.

OPIrAHU3ALINA YENNOBEYECKOIO MO3rA

YenoBeyecknii MO3T COJIEPXKHUT CBBIIIE THICAYM MHJUIHAPAOB BBIYHCIMTEIBHBIX
AJIEMEHTOB, HA3bIBAEMBIX Helporamu. 1IpeBbllias Mo KOJIMYECTBY YMCIO 3Be37 B MieuyHOM
[Tyt ranakTuku, 3TU HEHPOHBI CBSI3aHBl COTHAMH TPUIUIMOHOB HEPBHBIX HUTEH, Ha3bIBAEMBIX
cunancamu. JTa CeTh HEMPOHOB OTBEYAECT 3a BCE SBJICHUS, KOTOPHIE MBI HA3bIBA€M MBICIISIMH,
SMOILMSAMH, TO3HAHUEM, a TAK)KE U 32 COBEPIICHNE MUPHAT0B CEHCOMOTOPHBIX U aBTOHOMHBIX
¢ynkuumit. [Toka Majao MOHATHO, KAKUM 00pa3oM BCE 3TO MPOUCXOAUT, HO YK€ HCCIIEIOBAHO
MHOT'O BOIIPOCOB (PU3HOJIOTMUYECKON CTPYKTYpPBI U ONpeieieHHble (PYHKIIMOHAIBHBIE 00JacTh

IMMOCTCIICHHO M3Y4Yar0TCAa UCCICA0OBATCIIAMMU.

Mo3T TaKkxe COAEPKUT TYCTYIO C€Th KPOBEHOCHBIX COCYIOB, KOTOPBIE 00ECIICUNBAIOT
KHUCJIIOPOJAOM U TIHUTATCIIbHBIMU BCIICCTBAMH HeﬁpOHLI U Jpyruc TKaHHU. Orta cucreMma
KPOBOCHA0KEHMSI CBSI3aHA C TJIaBHOW CHCTEMOM  KPOBOOOpAIIEHHS TOCPEICTBOM
BBICOKOX((DEKTUBHON  (DUIBTPYIOIIEH CHCTEMBI, Ha3bIBAEMOU 2eMamodHye@daiuiecKum
bapvepom, PTOT Oapbep SBISACTCS MEXaHHU3MOM 3aIlIHTHI, KOTOPBIA MPEIOoXpaHsIeT MO3T OT
BO3MOJXHBIX TOKCHYHBIX BCHICCTB, HAXOAAIHNXCS B KPOBHU. 3aH_II/ITa O6€CH€‘-II/IB3_CTC$I HU3KOU
NPOHHUIIAEMOCTBI0 KPOBEHOCHBIX COCYIOB MO3ra, a TakKe IUIOTHBIM TIEPEKPHITHEM
[JIMANBHBIX  KIETOK, OKpYXKalolmMx HeHpoHbl. Kpome 93Toro, rimanbHbIE KIETKA
00ecreYnBarOT CTPYKTYPHYIO OCHOBY Mo3ra. DakTUYecKd BeCh 00BEM MO3ra, HE 3aHSATHIN

HGﬁpOHaMH N KPOBCHOCHBIMH COCYylaMU, 3aI10JIHCH I''IMAJIbHBIMU KJICTKAMMU.

I'emaTosnnedanueckuii 6apbep SBIACTCS OCHOBOHM /I 00ECIICUCHUSI COXPAHHOCTH
MO3Ta, HO OH 3HAYUTEIHHO OCIIOKHSET JICUCHNUE TEPaNeBTHUECKUMHE JiekapcTBaMu. OH TaKke
MEIIaeT MCCIACAOBAHUSAM, HW3YYAIOIIUM BIUSHUE PAa3JIUYHbIX XUMUYECKHUX BEIIECTB Ha
dbyHkuH Mosra. Jlunis HeOOobIas YacTh JIGKAPCTB, CO3JIaHHBIX C LEIbI0 BIMSHUS HA MO3T,
MOKET TIPEO0JI0JIeBaTh 3TOT Oaprep. JIekapcTBa COCTOST U3 HEOOIBIINX MOJIEKYJ, CITOCOOHBIX
NPOHHUKATh Yepe3 KpOIIEYHBIC MOPHI B KPOBEHOCHBIX cocynax. YToObl BO3ECTBOBATH Ha
(GYHKIIMM MO3ra, OHU JTOJDKHBI 3aT€M MPOUTH Yepe3 IIHalbHbIC KIETKU WM PAaCTBOPHUTHCS B
ux MeMOpaHe. JIuIb HEKOTOpBIE MOJEKYIbl HHTEPECYIOUIUX HAC JIEKAPCTB YIOBIECTBOPSIOT
STUM TpeOOBAHUSAM; MOJIEKYJIbl MHOTHX TEPaNeBTHUECKUX JICKAPCTB 3aJCPKUBAIOTCS ITHM

OGapbepoM.

Mo3r sBisieTcss OCHOBHBIM MOTpPEOHTENEM dHEprun Tena. Bxmoyas B cebs mumb 2%
Macchl T€la, B COCTOSHUHU TMOKOS OH HMCHOJb3yeT mpuOmusutensHo 20% kuciopoaa Tena.
Jaxe korma Mbl CHHM, PacxoJOBaHUE SHEPrUM MPOAOKAETCI. B  IeMCTBUTEIBHOCTH
CYUIECTBYIOT J0Ka3aTeJbCTBA BO3MOKHOCTH YBEJIMYEHHS] PACXOJOBAHUS SHEPTUU BO BpeMs

¢da3pl cHa, compoBokaaeMoil nBwxkeHueM rna3. Ilorpebmsist Tombko 20 Bt, mosr c
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HHEPTreTUYECKOM TOUKH 3pEHUsI HEBEPOSATHO dPdexTrBeH. KoMmbroTepsl ¢ 0JHON KpOLIeYyHON
JI0JI€ BBIYMCIUTEIbHBIX BO3MOXHOCTEH MO3ra NOTpeOIIAI0T MHOTO ThICSY BAaTT U TPeOyroT
CIIOXKHBIX CPEACTB U1 OXJAKIACHUS, NPEIOXPAHAIONIETO HX OT TEMIEPATypHOro

camMopa3pyLICHHUS.

Heiipon

Heiipon sBisieTcss OCHOBHBIM CTPOMTEIBHBIM OJIOKOM HEpBHOW cucTteMbl. OH.
SBJISICTCSL  KJIETKOHM, TOAOOHON BCEM JPyruM KJIETKaM Teja, OJHAKO OIpeIesIeHHbIE
CYILIECTBEHHbBIE OTJIMYUS I103BOJIAIOT €My BBIIIOJIHATH BCE BBIYUCIMTENbHbIE (YHKLUUU U

(GYyHKLIMU CBSI3U BHYTPH MO3Ta.

Kak noxazano Ha puc. A.1, HEHPOH COCTOUT U3 TPEX YaCTEW: Teja KIETKH, IEHIPUTOB

M aKCOHa, KaxxJasl 4aCTb CO CBOMMH, HO B3aUMOCBsI3aHHBIMU (bYHKHI/I?IMI/I.

TEAL KEEIKEU
TERO KEEHKY

E L Erncpumel

LURENRE

Axcor 7

Puc. A.1. KomnoHeHTbI HelipoHa
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OYHKIMOHAIBHO JACHAPUTHI MOYYaIOT CUTHAIBI OT APYTUX KJIETOK Yepe3 KOHTAKTHI,
Ha3bIBaeMble cuHarcaMu. OTCIO/Ia CUTHAIIBI IIPOXOJIAT B TEJIO KJIETKHU, TJI€ OHU CYMMUPYIOTCS
C JPYTUMH TaKUMH K€ CHTHaIaMu. Eciu cyMMapHBI CHTHaJll B TEUEHHE KOPOTKOTO
MPOMEXKYTKA BPEMEHU SIBIIIETCS IOCTATOYHO OOJBIINM, KIETKa BO30yKIaeTcs, BhIpabaThiBas
B aKCOHE HMMITYJIbC, KOTOPBIM TepenaeTcs Ha cieayronme KieTku. HecMoTpst Ha o4eBUIHOE
YIIPOIICHHUE, 3Ta cXeMa (yHKIIMOHUPOBAHUS OOBICHIET OOJIBIINHCTBO U3BECTHBIX MPOIIECCOB

MoO3ra.

Teno syveitkn. HelipoHbl B MO3ry B3pOCIIOrO Y€JIOBEKAa HE BOCCTAaHABIMBAIOTCS; OHU
OTMHMpAIOT. OJTO O3HAYaeT, 4YTO BCE KOMIIOHEHTBHI JIOJKHBI HENPEPHIBHO 3aMEHATHCS, a
MaTepuaigbl OOHOBIATHCA IO Mepe HeoOXOAUMOCTU. bBOJBIIMHCTBO 3THUX MPOLIECCOB
MIPOMCXOJIUT B Telle KJIETKH, IJIe U3MEHEHHE XUMUYECKUX (PaKTOPOB MPUBOAUT K OOJIBLINM
WU3MEHEHHUSAM CJIOKHBIX MOJIeKyll. Kpome 3Toro, Teno KIETKH yIpaBisgeT pacXoA0M SHEPrUu
HEHpOHA U peryaupyeT MHOXKECTBO JIPYTHX IPOLIECCOB B KJIeTKe. BHemHsas memOpaHa Tena
KJIETKH HEHpOHAa HMMEET YHUKAJbHYIO CIIOCOOHOCTh T'€HEpUPOBATH HEPBHBIE HMITYJIbChHI
(moTeHIMaNbl ACUCTBUSI), SABISAIOLIMECS XU3HEHHBIMH (YHKIUSMU HEPBHOW CHUCTEMBI U

HCHTPOM €€ BBIYUCIIUTCIIbHBIX CIIOCOOHOCTEH.

Kuemru
TP XL RBE

Kopsunyanas
KAEmKa

Vo2 Y e

deesduamas
L XAEIAG

JEOK UL
KLERKE
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Puc. A.2. Tunsl HeHPOHOB

beimn naeHTHUIIMPOBaHBI COTHU TUIIOB HEHPOHOB, KaXKIBIH CO CBOEH XapaKTEPHOU
dopmoii Tena kietku (puc. A.2), umeromeit 0o6pryHO OoT 5 g0 100 Mkm B amamerpe. B
HACTOSIIEEe BpeMsl 3TOT (haKT pacCMATPUBACTCS KaK MPOSBICHUE CIIy4aHOCTH, OJTHAKO MOTYT
OBITh HaWJEHBl pa3IMuHble MOP(GOIOTrHYeCKUe KOH(PUTYpalMK, OTPAKAIOIINE BAKHYIO
GbyHKIMOHANBHYIO crnenuanu3anuio. OnpeneneHue (QyHKUUNA pa3IUYHBIX TUIIOB KJIETOK
SBIISIETCS. B HACTOSIIEE BpeMsl MPEAMETOM WHTCHCHBHBIX HCCIEIOBAHUNA W OCHOBOM

MOHUMAaHUsI 00padaTHIBAIOIINX MEXaHU3MOB MO3Ta.

Oexaputbl. BOJIBIIMHCTBO BXOJHBIX CUTHAJIOB OT JPYIMX HEHPOHOB MOMAJAal0T B KIETKY
yepe3 JEHIPUTHI, MPEACTABIAIONME COOOM T'ycTO BETBSLIYIOCS CTPYKTYPY, UCXOMSIIYIO OT
Tena KieTku. Ha neapurax pacnonararoTcsi CHHANTUYECKHE COCIMHEHMS], KOTOPbIE MOIY4atoT
CUTHAJIBI OT APYTUX akCOHOB. Kpome 3Toro, cyiiecTByeT OrpOMHOE KOJIMYECTBO CUHAIITUYEC—
KHMX CBSI3€H OT aKCOHa K aKCOHY, OT aKCOHa K Telly KJIETKH M OT JEHApPUTa K JCHAPUTY; UX
(GYHKIIMHM HE OYEHb SICHBI, HO OHM CJIMIIKOM HIMPOKO PaCIpPOCTPaHEHBI, YTOOBI HE CUUTATHCS C

HHUMMU.

B oTiinume OT 3NeKTpUYeCKuX Ienei, CHHATUYECKUE KOHTAKThI OOBIYHO HE SIBISIOTCS
(bu3MUeCKUMU WM 3JIEKTPUYECKHMHU COequHEeHUsIMU. Bwmecto 3TOoro wumeercs y3koe
IIPOCTPAHCTBO, HA3bIBAEMOE CUHONMUYECKOU Weblo, OTACIIAIONIEE NIEHIPUT OT MEPEJAOILIEro
akcoHa. CrienManbHbIe XMMHYECKHE BEIIECTBa, BEIOpACchIBaEMbIE aKCOHOM B CHHANTHYECKYIO
menb, AUPPYHIUPYIOT K  ACHAPUTY. OTH XUMHUYECKHME BEIIECTBA, HA3bIBACMBIE
HeupompancmMummepamuy, YIaBIUBAIOTCS CHEIUAIbHBIMM PELENTOPAMH Ha JEHIAPUTE H

BHCAPAKOTCA B TCJIO KIICTKH.

Omnpeneneno 6omnee 30 BumoB HeilporpaHcMuTTepoB. HekoTopble M3 HUX SBISIOTCS
BO30Y)KJAIOIMMHU M CTPEMSTCS BbI3bIBaTh BO30YKICHHE KIETKH M BbHIPAOOTaTh BBIXOTHOU
UMITyJbC. Jlpyrue sSBISIFOTCS TOPMO3SIIIMMU M CTPEMSTCS HOAABUTH TAaKOW UMITyabC. Teno
KJIETKH CYMMHUPYET CHUTHAJbI, MOJYYEHHbIC OT JCHIPUTOB, W €CIM WX PE3YJIbTHPYIOMINH
CUTHAJI BBIIIE TIOPOrOBOrO 3HAYEHMS, BBIPAOATHIBACTCS UMIYIIbC, IPOXOIALINMA M0 aKCOHY K

JIPyTUM HEHpOHaM.

AkcoH. AKCOH MoOXeT ObITh Kak KOpoTkuMm (0,1 MM), Tak W TIpeBHINIATh IIUHY 1 M,
pacmlpocTpaHsisiCh B JIPYTyI0 4acTh Tela 4ejoBeka. Ha KOHIlE aKCOH HMMEeT MHOXECTBO
BETBEH, KaXKJasi U3 KOTOPBIX 3aBEPIIACTCS CHHAIICOM, OTKY/a CUTHAJ MEpPEAaeTcs B APYrue
HEHPOHBI Yepe3 JACHIPUTHI, 2 B HEKOTOPBIX CIIydasX MPsSMO B TEJIO KIETKU. TakuMm oOpa3om,
BCEr0 OJMH HEHPOH MOXET TeHEpHUPOBATh HMITYJIbC, KOTOPBIA BO30YKHAaeT WIH
3aTOPMaKMBAET COTHH WM THICSYM JPYTUX HEHUPOHOB, KAXKIBIA M3 KOTOPBIX, B CBOIO
ouepellb, 4epe3 CBOM JICHIPHUTHI MOXKET BO3JICHCTBOBaTh HA COTHHU WIU TBHICSYU IPYTUX
HeiipoHoB. TakuM 00pa3oM, 3Ta BBICOKAs CTENEHb CBS3aHHOCTH, a HE (YHKIMOHAIbHAs

CJIOHOCTBH CaMOT0 HEeHpoHa, 00ecrieunBaeT HEMPOHY €ro BHIYUCIUTENbHYIO MOIIHOCTD.
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CuHantuyeckasi CBs3b, 3aBEpIIAIOIIAs BETBh aKCOHA, MPEJICTABIIACT COO0N MaTeHbKUE
VTONILEHUs, CcoAepXkallue CcQpepudeckue CTPYKTYpbl, HA3bIBAEMbIC CUHONMUYECKUMU
ny3vblpbKamu, KaxAbIH M3 KOTOPBIX COAEPXKUT OOJBIIOE YHUCIO HEHPOTPAHCMHUTTEPHBIX
Mosiekysl. Korna HepBHBI UMIYJIbC NPUXOJUT B AKCOH, HEKOTOPHIE M3 3TUX IMY3bIPHKOB
BBICBOOOXKJAIOT CBOE COJEPKUMOE B CHHANTHYECKYIO IIENb, TEM CAMbIM WHUIUATH3UPYS

MPOIIECC B3aUMOJICHCTBUSI HEUPOHOB (puc. A.3).
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Puc. A.3. Cunamnc

Kpome pacmpocTtpanenuss Takoro OWHApHOTO  CHUTHajga, 00OECIEYHBAEMOIO
BO30YX/JICHHEM IEPBOTO UMITYJbCa, B HEHpOHAX mpu cIab0il CTUMYISIIIMH MOTYT TaKkKe
pacIpOCTPaHATBCA ~ AJIEKTPOXUMHUYECKHE CHUTHAJIBI €  IOCJIEAOBATEIbHOW  PEAKIUEH.
JlokanpHbIE IO CBOEW MPHUPOJIE, ITH CUTHAIBI OBICTPO 3aTyXarOT C YAAJICHHEM OT MecTa
BO30YXKJIeHUsI, €cl He OyayT ycwieHsl. [Ipupoaa UCIoab3yeT 3TO CBOMCTBO MEPBBIX KIIETOK
MyTeM CO3/aHUS BOKPYT aKCOHOB M3OJHUPYIOIICH 000TOYKM U3 MIBAHKOBCKHX KIIETOK. JTa
000yI0uKa, Ha3bpIBaeMas MUEIMHOBOM, TMPEPHIBACTCS MPUOIHU3UTEILHO Yepe3 KaxIblid
MHWJJTUMETP BIIOJIb aKCOHA Y3KMMH pa3pblBAMH, HA3bIBAEMBIMH V31amMu, WIN nepexsamamu
Pansve. HepBHBIE UMITYIIBCBI, TTPUXOIAIINE B aKCOH, MEPEAAIOTCA CKAYKOOOpa3HO OT y3ja K
y3imy. Takum 06pa3om, akCOHY HET HYXKIIbI PAaCX0J0BaTh YHEPTHIO JJIS MOACPKAHUS CBOETO
XAMHUYECKOTO T'PAJUEHTA MO BCEU CBOEH JUIMHE. TOJIBKO OCTaBIIMECS HEU30JUPOBAHHBIMU
nepexBaTbl PaHBbE SIBISAIOTCS OOBEKTOM T€HEpAIMM TEPBOTO HUMITYJIbCA; IS Tepeaadu

CUTHAaJIa OT y3Jla K Y31y Ooisiee 3((eKTUBHBIMU SIBISIOTCS TpaayalibHble peakuuu. Kpome
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ATOr0 CBOMCTBA 00O0JIOUKH, 0OECIIEUMBAIONIETO COXPAHCHHUE HYHEPTUU, M3BECTHBI €€ APYrue
cBoiicTBa. Hampumep, MHeIMHU3MPOBAHHBIC HEPBHBIC OKOHYAHUS IEPENAIOT CHUTHAJIBI
3HAYUTENILHO OBICTpee HEMUETWHU3UPOBAHHBIX. OOHApPY)KEHO, YTO HEKOTOphIe OO0Je3HU
IMPUBOAAT K YXYIUICHUIO 3TOM U30JISILUU, YTO, I10-BUIUMOMY, SIBISETCA MPUYMHOU IPYrUX

0o0JIe3HEN.

MemoOpana KJIeTKH

B Mo3ry cymiectByert 2 Thna cBsizei: nepeaada XMMUYECKUX CUTHAJIOB Yepe3 CUHAIIChI
Y Tmepefaya 3JEKTPUYECKUX CUTHAJIOB BHYTPH HEpoHa. BenunkosenHoe CioKHOe JeiCTBHE
MeMOpaHbl CO3[aeT CIIOCOOHOCTh KJIETKM BbIpaOaThIBaTh M MepeAaBaTh 00a THUMA ITHX

CHUTHAJIOB.

MembOpaHa KJIETKH UMEET OKOJIO 5 HM TOJILIMHBI U COCTOUT U3 JIBYX CJIOEB JIMITUIHBIX
MoJieKyll. BerpoeHHble B MeMOpaHy pa3jiMyHbIe ClieNUalbHbIE TPOTEMHBI MOKHO Pa3/IeIUTh

Ha IIATh KJIACCOB: HACOCHI, KaHaJIbl, PCLCIITOPbI, SH3UMbI U CTPYKTYPHLIC IIPOTCUHBI.

Hacocbl akTHMBHO MepeMemalT HOHBI Yepe3 MEeMOpaHy KIETKH JUIsl MOAJep>KaHus
rpaJueHTOB KOHIEeHTpauuu. KaHajabl NpOMmycKalOT HMOHBI BBIOOPOYHO U YIPABISIOT HX
MPOXOXKACHHEM uepe3 MeMmOpany. HekoTopble KaHalbl OTKPBIBAIOTCS WU 3aKPBIBAIOTCS
pacTpOCTPAHSIONIUMCS. 4epe3 MeMOpaHy dJJIEKTPUYECKHM TOTEHIIMAIOM, TEeM CaMbIM
oOecrnieunBasi OBICTPOE U UyBCTBUTEILHOE CPEACTBO M3MEHEHUS MOHHBIX I'paJueHTOB. Jlpyrue
TUIIbI KAaHAJIOB YINPABJISIIOTCS XMUMHUYECKU, U3MEHSSI CBOIO NMPOHMIIAEMOCTh MPHU MOJy4YEeHUH

XAMHUYECKUX HOCUTEIIEN.

Penenropamu sIBISIIOTCS MPOTEHHBI, KOTOPHIE PACIIO3HAIOT U MPUCOEIUHSIOT MHOTHE
THUIIBI MOJIEKYJI U3 OKPYXEHUS KJIETKU C OOJIBIION TOUHOCTHIO. DH3UMBI O0OJIOUKH YCKOPSIIOT
pa3HOOOpa3Hble XMMHUYECKHE pPEaKIUH BHYTPU WJIM OKOJIO KJIETOYHOH MeMOpaHbl.
CTpyKTypHBIE IPOTEUHBI COEIUHSAIOT KJIETKH M MOMOTAIOT MOAJAEPKUBATh CTPYKTYpY CaMoOil

KIJICTKH.

BuyTpenHsis KoHIEeHTpauus HaTpus B KieTke B 10 pa3 HuUXke, 4eM B €€ OKPYKEHHUH, a
KOHIIeHTpanus Kaiaus B 10 pa3 Bbie. ITH KOHIICHTPAIIMH CTPEMSTCS K BBIPABHHBAHUIO C
MOMOIIBI0 yTEUYKH UYepe3 MOphl B MeMOpaHe KIeTKU. UTOOBI COXpaHHTh HEOOXOIUMYIO
KOHI[EHTPAIINIO, TPOTEHHOBLIE MOJIEKYJIbI MEMOpaHbI, Ha3bIBaeMble HATPUEBHIMH HACOCAMH,
MOCTOSIHHO OTCAChIBAIOT HATPUW U3 KJIETKH U MOJAKAYMBAIOT Kalnui B KIETKy. Kaxkp1ii Hacoc
nepeMeniaeT IpPUOIU3UTEIHHO JBE COTHH MOHOB HATPHUS U OKOJIO CTa TPUALIATH MOHOB KaJIUS
B cekyHay. HelpoH MoXeT MMeTh MUJUIMOHBI TaKMX HACOCOB, MEPEMENIAIONIUX COTHHU
MUJJIMOHOB HOHOB Kallusg W HAaTpus dYepe3 MeMOpaHy KIETKH B KXY CeKyHay. Ha
KOHIICHTPAIIUIO KAJIUS BHYTPHU SIYEUKH BIUACT TAKKE HATHMYKME OOJBIIOTO YKCIIA TMTOCTOSTHHO
OTKPBITHIX KaJIMEBBIX KAHAJIOB, T. €. MPOTEHHOBBIX MOJIEKYJ, KOTOPHIE XOPOIIO MPOITYCKAIOT

HOHBI KaJiusd B KIICTKY, HO MPCHATCTBYIOT IIPOXOKIACHUIO HATPUA. KOM6I/IH8.I_II/IH 9TUX JBYX
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MCXaHU3MOB OTBCYACT 3a CO3MAaHUC W NOAACPKAHHUC JUHAMUYCCKOIO PABHOBCCHA,

COOTBETCTBYIOLIETO COCTOSAHHUIO HCﬁpOHa B ITIOKOC.

['pagueHT MOHHON KOHLEHTpALUU B MEMOpaHe KJIETKHU BhIpabaThIBACT BHYTPH KIETKU
anekTpuyeckuit noreHuan —70 MB oTHocuTeNnbHO ee okpyxkeHHs. UToObI BO30YIUTh KIETKY
(cTMMynupOBaTh BO3HUKHOBEHME IOTEHLMANA JAECUCTBUSA) CUHANTHUYECKHE BXOJbBI JIOJIKHBI
YMEHBIIUTH 3TOT YpOBEeHb 10 mpudausutenbHo —50 MB. Tlpu 3TOM MOTOKM HATpUs U Kajus
Cpa3y HamlpaBisIOTCS B OOpaTHYIO CTOPOHY; B TEUE€HHE MMJUIMCEKYHJ BHYTPEHHUI
NOTEHLMA] KJIETKM CTaHoBUTCS +50 MB OTHOCHTENIBHO BHEIIHErO OKPYXEHMs. OTO
U3MEHEHHE MOJSIPHOCTH OBICTPO PACHPOCTPAHMUTCSA UEpe3 KIETKY, 3acTaBiisisi HEpPBHBIN
MMITYJIBC PACIPOCTPAHUTHCS 110 BCEMY AKCOHY JI0 €ro NpeCHHANTH4YeCKuX OKoH4YaHui. Koraa
UMITYJIbC JIOCTUTHET OKOHYaHUsl AaKCOHA, OTKPBIBAKOTCS YIPABIEMbIE HAINPSKEHUEM
KaJbIIMEBble KaHAJIbl. JTO BBI3BIBACT OCBOOOXKIEHHE HEHPOTPAHCMUTTEPHBIX MOJICKYT B
CHUHANTHYECKYIO LIENb U MPOLIECC paclpoCTpaHseTcs Ha Apyrue HelpoHsl. Ilocne renepanumn
MOTEHIIMaja IeUCTBUA KIIeTKa BOWIET B pePpakTOPHBIN NEpUO Ha HECKOIbKO MUJIJTUCEKYH/I,
B TEYEHHH KOTOPOr0 OHA BOCCTAHOBUT CBOM NEPBOHAYAIBHBIN IMOTEHUIHAN JJISl TIOATOTOBKH K

TreHCpaluu CICAYIOIICTO UMITYJIbCA.

Paccmorpum sToT mpomecc Oosee aetanbHO. llepBoHauanpHOE  MONYYEHUE
HEUPOTPAHCMUTTEPHBIX MOJIEKYJ CHU)KAET BHYTPEHHHM MOTeHIMan kietku ¢ —70 1o —50 mMB.
[Tpu 5TOM 3aBUCHMBIE OT MOTEHI[MAIa HATPUEBbIE KaHAIbl OTKPHIBAIOTCS, MO3BOJISISE HATPUIO
IMPOHUKHYTH B KJICTKY. 3910 CIIC 60.]166 YMCHBUIACT MOTCHIHMAJI, YBCIIMYNBAA IPUTOK HATPUS B
KIIETKY, U CO3JaeT CaMOYCHJIMBAIOIIMIICS MPOIECC, KOTOPBIA' OBICTPO pacmpocTpaHsIeTCs B
coceqHue o0O0JacTH, M3MEHSS JIOKAJIbHBI MOTEHLMAd KIETKU C OTPULIATEIbHOrO JI0

ITOJIOKHUTCIBHOTO.

Uepe3 HEKOTOpOE BpeMsl IOCHE€ OTKPBITHS HATPUEBBIE KaHAbl 3aKPBIBAIOTCA, a
KaJIUEBbIE KaHAJbl OTKPBIBAIOTCA. JTO CO3[A€T YCHJICHHBIM MOTOK MOHOB KaJMs U3 KIIETKH,
YTO BOCCTaHABIMBAeT BHYTpeHHUH moreHnuan —70MB. 310 ObIcTpoe U3MEHEHHE
HaIpsDKEHUsT o0pa3yeT MOTEHIIUAal JeUCTBHS, KOTOPBIM OBICTPO pacHpoCTpaHsETCs MO BCeH

JJIMHEC aKCOHa HOI[O6H0 JJaBHHC.

HatpueBble u kanueBble KaHAJIBI pearupyoT Ha MOTEHIUAN KIETKHU U, ClIe0BaTENbHO,
MOKHO CKa3aThb, YTO OHHU YIPaBIAIOT HampsbkeHueM. Jlpyroil THI KaHalOB SIBISETCS
XUMUYECKH YIPaBISIEMbIM. JTH KaHaJbl OTKPBIBAIOTCS TOJBKO TOT/A, KOT/A CleluaibHas
HENPOTPAaHCMUTTEPHAs MOJIEKYJIa MONAAAaeT Ha PELIENITOP, U OHU COBCEM HE UyBCTBUTEIIbHBI K
HanpsokeHuto. Takue KaHanbl OOHApY)KHMBAIOTCSI B IOCTCHHANTHUYECKUX MeMOpaHax Ha
JNEHJApPUTAX W OTBETCTBEHHBl 3a PEAaKIUI0 HEHpOHOB Ha BO3JAEUCTBUE PA3IUYHBIX
HEHpPOTPAaHCMUTTEPHBIX ~ MOJEKyd.  UyBCTBUTENBbHBI K  AIETWIXOJUHY  OEJIoK
(aLeTUIXOIMHOBBIA PELENTop) SBISETCS OJHUM M3 TaKHMX XUMHUecKux kaHanoB. Korna

MOJIEKYJIbI alleTUJIXOJMHA BBIIESIOTCS B CHHANTUYECKYIO IIeib, OHU TUGOYHIAUPYIOT K
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AlCTWIXOJIMHOBBIM  pCUCNTOpaM, BXOAAIIMM B TTOCTCHUHAINITHUYCCKYHO MCM6paHy. Ot
perenTopbl (KOTOphIE TakKe SBISIOTCS KaHallaMH) 3aTeéM OTKPBIBAIOTCS, oOOecreunBast
CBOOOIHBIA MPOXOJ KaK Kaius, TaK WM HaTpUs Yepe3 MeMOpaHy. DTO TNPUBOIUT K
KPaTKOBPEMEHHOMY JIOKAJIbHOMY YMEHBIIEHUIO OTPULIATEIIBHOIO BHYTPEHHETO IIOTEHIIUaia
KJIETKH ((OpMHUPYs TOJIOKHUTEIbHBIN UMIYNbC). Tak KaKk UMITYJIbCHI SABISIOTCS KOPOTKUMH U
c1abbIMH, TO 4YTOOBI 3aCTaBUTh KIETKY BBIPA0OTaTh HEOOXOAUMBIA AJICKTPUUCCKUM

IHOTCHI UAaJl, Tpe6yeTc;[ OTKPBITUC MHOI'MX TaKHMX KaHaJIOB.

ALETUIIXOJIMHOBBIE ~ PELENTOPbI-KaHAJIBI  MPOIYCKAalOT M  HAaTpUi, M  KaJui,
BLIpa6aTLIBaH TEM CaAMbIM ITOJIOXKUTCJIBHBIC I/IMHy.HLCLI. TaKI/Ie I/IMHy.HBCBI SABJIAKOTCA
BO30Y)KJIaIOIIIMMH, TTOCKOJIBKY OHHU CHOCOOCTBYIOT MOSIBJICHHIO HEOOXOJAMMOTO MOTEHIHANA.
Jlpyrue XMMHYECKH YIIpaBisieMble KaHAJIbI MIPOITYCKAIOT TOJBKO KaJIHEBbIC MOHBI U3 KIICTKH,
HpOI/ISBO[[H OTpHHaTeHbHBIﬁ I/IMHy.HLC; 9THU I/IMHy.HBCBI ABIAKOTCA TOpMOSHIJ_[I/IMI/I, HOCKOHBKy

OHH IPEMSATCTBYIOT BO30YXKIEHHUIO KIETKH.

lNamma—amunomacisiHas  kuciota ([CAMK) sBnsercss omHuMm w3 Oosiee  OOIIMX
TOPMO3HBIX HelpoTpaHcMUTTEpoB. OOHapY)KEHHas MOYTH MCKIIOUUTEIBHO B TOJIOBHOM U
CIIMHHOM MO3Te, OHA MOMaAaeT Ha PEIENnTop KaHalla, KOTOPBI BHIOOPOYHO MPOITYCKAET MOHBI
xjaopa. Ilocne BXojga 3TU MOHBI YBEJIMYUBAIOT OTPULATENIbHBIA MOTEHIMAN KIETKH U TEM
CaMbIM TPenATCTBYIOT ee Bo3Oyxaenuto. edbumur 'AMK cBszan ¢ xopeeit XaHTUHITOHA,
MMCIOIIEH HEUPOJOTHYECKUNA CHHIPOM, BBI3BIBAIOIIMN  OECKOHTPOJIBHOE JIBH)KCHHE
Myckynarypel. K HecuacTelo, remMarodHiedanndeckuii 6apbep MPensTCTBYET YBETUYCHUIO
cHaOxxenuss [AMK, 1 kak BBIATH U3 TOTO IMOJIOKEHHUSI, TIOKA HEM3BECTHO. BeposATHO, 4TO U
JIpyrue HeWpoJOTHYeCKHue U YMCTBEHHbIE pacTpoiicTBa OynyT HaOMIOAAThCs MPU MOAOOHBIX
HapyLICHUSIX B HEUPOTPAHCMHUTTEpPAX WM JAPYTHMX XUMHUYECKHX HOCHUTENAX. YPOBEHb
BO30YyX/euss HEWpOHA OmpenesieTcss KyMyIsSTUBHBIM d3(dQexToM OOoNbIIOro  dwucia
BO30YXTAIOMIUX U TOPMO3SIINX BXOJOB, CYMMHPYEMBIX TEJIOM KIETKUA B TEYCHHE KOPOTKOTO
BpEMEHHOT0 HWHTepBaja. l[lomyueHune Bo30OyXIaromeld HEUPOTPAHCMHUTTEPHONW MOJICKYJIIBI
OyzneT yBeIM4MBaTh YpOBEHb BO30OYKIEHHUS HEHpOHA; MX MEHbIIEEe KOJIMYECTBO WU CMECH
TOPMO3SIIUX MOJIEKY]l YMEHbBIIIAET YpOBEHb BO30YyXkaAeHUA. TakuMm oOpa3oM, HEUPOHHBIN
CUTHAJl SBJISIETCS HMITYJbCHBIM WJIHM 4YacTOoTHO-MoayinupyemMbiM (UM). 3Ortor wMeton
MOAYJISIMK, IIUPOKO HCIOJIB3YEeMbI B TexHUKe (Hampumep, YUM-pamno), wumeer
3HAUUTENbHBIC MTPEUMYIIECTBA NMPU HATMYUU MOMEX MO0 CPABHEHUIO C JIPYTHMH CIIOoco0aMu.
UccnenoBanus mokazaid U3YMISIONIYIO CIOXHOCTh OHMOXMMHYECKHX IPOIIECCOB B MO3TE.
Hanpuwmep, MpeaInonaracTcs HaJIN4He CBBIIIIE 30 BemiecTs, SIBJISTFOIIIX CST
HEHUPOTPAaHCMUTTEPAMU, U OOJBIIOE KOJIMYECTBO PELENTOPOB C Pa3IUYHBIMU OTBETHBIMHU
peakuusiMu. bosee Toro, 1elicTBUE ONpPEEIEHHBIX HEHPOTPAHCMUTTEPHBIX MOJIEKYH 3aBUCUT
OT THUIIA PEIeNnToOpa B IMOCTCHHANTUYECKOW MeMOpaHe, HEKOTOpbIe HEHPOTPaHCMUTTEPHI
MOTYT OBbITh BO3OYXKIAIOIIMMH JJII OJHOTO CHHAICa W TOPMO3SIIKUMHU ajst npyroro. Kpome

TOTO, BHYTPU KIETKH CYIIECTBYET CHCTEMa <«BTOPUYHOTO IEPEHOCUYUKa», KOTOpas
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BKJIIOYAETCS] TMPU TOJIYYEHUH HEUPOTPAHCMHUTTEPA, YTO MPHUBOIHUT K BHIPAOOTKE OOJIBIIOTO
KOJIMYECTBA MOJEKYJd UMKIMYECKOro afeHo3uHTpudocdara, TeM caMblM MPOU3BOISL

3HAYUTENIbHOE YCHIIeHNnEe (PU3UOIOTHUECKUX PEaKIIHA.

HccnenoBateny Bceria HalGIOTCSl HAWTH MPOCThIe 00pa3bl Al YHU(DUKALIUN CIIOKHBIX
¥ MHOTrooOpa3HbIX HaOmroaeHuil. s HeHpoOHOIOrnyecKX HUCCIEIOBaHUI TaKhe MpPOCThIe
00paspl 10 CUX TOp HE HAWIEHBI. BOJIBIIMHCTBO PE3yabTaTOB MCCIICAOBAHHM TOJIBEPralOTCs
OOJBIIOMY COMHEHHIO TPEXKAE, YeM HMH BOCHOJNB3YIOTCA. OIHUM M3 TaKMX PE3yJbTaTOB B
U3YYEHUH MO3Ta SBUJIOCH OTKPBITHE MHOXECTBA BUIOB AJIEKTPOXHUMUYECKON ACATEIbHOCTH,
oOHapyKeHHbIX B paboTe Mo3ra; 3ajadell sBIsSETCI HMX OOBEJUHEHHE B CBSI3aHHYIO

(YHKIIMOHATBHYIO MOJICTTb.

KOMMBbIOTEPbI U YENTOBEYECKUA MO3I

CymiecTByeT mogooue MeXIay MO3TOM M IU(PPOBBIM KOMIBIOTEPOM: 00a ONMEPUPYIOT
AJIEKTPOHHBIMU CUTHAJIAMHU, 002 COCTOAT U3 OOJBIIOr0 KOJUYECTBA MPOCTHIX 3JIEMEHTOB, 00a
BBITIONHSIOT (YHKIMH, SBISIIOIIMECS, TPyOO TOBOpS, BBIYUCIUTEIBLHBIMH. Tem He MeHee
CYUIECTBYIOT M (QyHAaMeHTaJbHble OTIU4Ms. [0 cpaBHEHHIO C MUKPOCEKYHIHBIMU U JIaXKe
HAHOCEKYHIHBIMH HWHTEpPBaJaMH BBIYUCICEHUH COBPEMEHHBIX KOMIBIOTEPOB HEPBHBIE
UMITYJbCBHl SIBJISIOTCSL CIUIIKOM MEJUICHHBIMH. XOTS KaXKIbId HEHUpoH TpeOyeT Halmudus
MUJUIMCEKYH/IHOTO MHTEpBaJla MEXIy IepelaBaeMbIMU CUTHAJlaMHU, BBICOKas CKOpPOCTh
BBIUMCJICHUM MO3ra 00EeCreunBaeTcsi OrPOMHBIM YHUCIIOM MapajljIeNIbHbIX BBIYUCIUTEIbHBIX
OJIOKOB, MPHYEM KOJIMYECTBO HMX HAMHOIO TPEBBHIMIAET OCTYMHOE COBpPEeMEHHBIM DBM.
Juanazon omubOK mpeacTaBiseT apyroe QyHaaMeHTaabHOe oTiaumuue: OBM mpucymia
cBOOOJIa OT OIMOOK, €CIIM BXOJHBIC CUTHAJIBI O€3yNpeyHO TOYHBI M €€ allapaTHOE U
nporpaMMHOe oOOecrieueHue He MOBPEeXKIeHbl. MO3r ke 4YacTo MpOU3BOJIUT JIydllee
yrajplBaHue W TNPUOTIDKEHHWE MPH YaCTUYHO HE3aBEPIIEHHBIX W HETOYHBIX BXOIHBIX
curHanax. Yacrto oH ommubaercs, HO BEIWYMHA OMIMOKU JIOJDKHA TapaHTHPOBATh HAIle

BBDDKMBAaHUE B TCUCHNUEC MUJIJIMOHOB JICT.

[lepBbie nHdpoBbIE BHIYUCIUTENN YACTO PACCMATPUBAIUCH KAK <«QJIEKTPOHHBIA MO3I.
C TOYKM 3peHHs HalIMX TEKYIIUX 3HAHUM O CIIO)KHOCTH MO3ra, TaKoe 3asiBIICHUE
ONTUMHUCTUYHO, J1a U IPOCTO HE COOTBETCTBYET UCTUHE. DTH JIBE CUCTEMBI SIBHO Pa3INYalOTCA
B Kax10i cBoedl yacTh. OHM ONTUMH3UPOBAHBI JUISI PELIEHUS Pa3IMYHbIX THIIOB MPOOIeM,
UMEIOT CYIIECTBEHHbIE pa3jiuuus B CTPYKTYype U HUX paboTa OLEHUBACTCS Pa3IU4YHbIMU

KPUTEPHUSIMH.

HekoTtopsie TOBOpSAT, YTO HCKYCCTBEHHBIE HEWPOHHBIE CETH KOTAAa-HUOYAh OymayT
nyonupoBaTh (YHKIIMU 4eroBedeckoro mosra. [Ipexae yem qoOUTHCS 3TOro, HEOOXOIUMO
MOHATh OPTaHM3aMI0 W (QYHKIMH Mo3ra. DJTa 3ajava, BEpPOSATHO, HE OyaeT peleHa B

Oommkaiiem OyaymeMm. Hazo oTMeTuTh TO, 4TO COBpEMEHHBIE HEWpOceTH 0a3zupyroTcs Ha
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OYCHb YIPOIICHHON MOJAEIH, UTHOPUPYIOIIEH OONBIIMHCTBO T€X 3HAHUN, KOTOPhIE Mbl UMEEM
0 JeTabHOM (YHKIIMOHUPOBAHUHU Mo3Ta. [loaTomy HeoOxoauMo pa3padoTaTh 0oJjiee TOUYHYIO

MoO/JIeJIb, KOTOpas MorJjia Obl KaueCTBEHHEE MOJIEJINPOBATh paboTy Mo3ra.

[IpopbIB B 061aCTH UCKYCCTBEHHBIX HEMPOHHBIX ceTell OyaeT TpeboBaTh pa3BUTUS UX
TeopeThdeckoro QyHaamenta. TeopeTHuecKue BBIKJIAJIKU, B CBOIO OuYe€pelb, JOJDKHBI
IPEIBapATHCS YIyUIIEHUEM MATEMaTHYECKHX METOJIOB, NOCKOJIBKY HCCIIEI0BaHUs CEPbE3HO
TOPMO3STCSA HAlllell HECIIOCOOHOCTbIO MMETh AEJO C TAKMMM CHCTEMaMH. Y CHOKauBaeT TOT
(dakT, YTO COBpPEMEHHBI YpPOBEHb MaTeMaTHUYECKOro oOecredeHuss ObUT JTOCTUTHYT MOJ
BIIMSHUEM  HECKOJIBKMX  IIPEBOCXOAHBIX  HCcienoBareneid. B 1eHCTBUTENBHOCTH
AHAJIUTHUYECKUE MPOOJIEMBI SBIISIOTCS CBEPXTPYIHBIMHU, TaK KaK pacCMaTpPUBAEMble CHCTEMBI
ABJISIIOTCSI OYEHb CJIOXKHBIMM HEJIMHEHHBIMU JUHAMHUYECKMMHU cucTeMamu. Bo3MoxkHO, s
OMUCAHUS CHUCTEM, HMEIOIIMX CJIO)KHOCTh TOJOBHOTO MO3Ta, HEOOXOIUMBI COBEPILIEHHO
HOBbIE MaTeMaTH4yecKue MeToAbl. MokeT OBITh W TakK, YTO pPa3paboTaTh MOJHOCTHIO

YIIOBJIETBOPSIIOUINM BceM TpeOOBaHUAM anmapaT HEBO3MOXKHO.

Hecmotpst Ha cymiectBytomye mpoOieMbl, *kKellaHue CMOJAEIUPOBATh 4YeIOBEYECKUN
MO3I' HE yracaer, a MOJy4eHHE 3a4apOBBIBAIOIINX PE3YIbTATOB BJAOXHOBISAET HA JaJbHENUIINE
ycunus. YCHEIIHblE MOJENIM, OCHOBAHHBIE HA IPEANOJIOKEHUSAX O CTPYKTYpe MO3ra,
pa3palaThIBatOTCsl HeilpoaHaTOMaMu W HeHpo(dU3HOJIOoraMu C ILeNIbl0 MX H3Y4YeHUS IS
COTJIAaCOBAHUS CTPYKTYpbl M (YHKIUKA 3TUX Mojenei. C Ipyrol CTOPOHBI, YCHEXH B
OuoNIOrM4ecKoil Hayke BeIyT K MOAM(UKALUU U TINATEIbHOM pa3paboTKe MCKYCTBEHHBIX
Mojiele. AHAJOTMYHO HHKEHEPHl NPUMEHSIOT HUCKYCCTBEHHbBIE MOJENM JUIsl peanu3aluu
MHUPOBBIX MPOOJIEM M TOJYYarOT MOJOKUTEIbHBIE PE3yJbTaThbl, HECMOTPSI Ha OTCYTCTBUE

IIOJIHOI'O B3aMMOIIOHHMMAaHHA.

OObenvHeHNEe HAy4YHBIX JMCUMIUIMH M M3Y4YEeHUS MpoOJIeM HMCKYCCTBEHHBIX
Heipoceteil nmpuHeceT 3¢ ()eKTUBHBIE Pe3yNbTaThl, KOTOPBIE MOTYT CTaTh OECIIPUMEPHBIMU B
UCTOPHUHU HayKu. buosoru, aHatomsl, pU3HOI0TH, HHKEHEPhI, MAaTEMAaTHKH U Jjake PHI0co(bl
AaKTUBHO BKJIIOYMJIMCH B Ipolecc uccienoBaHuil. [Ipobiemsl sBISIOTCS CIOXKHBIMH, HO 1I€Ib

BBICOKA: ITO3HACTCA CaMa YCJI0OBCUYCCKas MBICJIb.
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MpunoxeHue b.
AnroputmMmbl 06yyeHuUs

HckyccTBeHHbIE HEMPOHHBIE CeTH 00y4aroTcs CaMbIMU Pa3HOOOpa3HBIMU METOIAMHU.
K cuacTbio, GONBIIMHCTBO METOJOB OOYYEHUS HUCXOIAT U3 OOLIMX MPEANOCHUIOK U UMEET
MHOTO HWJCHTHUYHBIX XapakTepucTuk. llenpio AaHHOrO MNpuiIoXKeHUs sBIsSeTcss 0030p
HEKOTOPHIX (PYHIAaMEHTAJbHBIX QJITOPUTMOB, KaK C TOYKM 3pEHUS UX TeKyllen
IIPUMEHUMOCTH, TaK U C TOUKH 3pEHUS UX UCTOpUUEeCcKON BaxxHOCTH. ITocie o3HakoMieHMs C
3TUMH (DyHIaMEHTAIbHBIMU aJITOPUTMaMU JIPYTHe, OCHOBAHHbIE HA HUX, aITOPUTMbI OyAyT
JIOCTATOYHO JIETKH JJIs MOHUMAaHUs U HOBbIE pa3pabOTKU TaKKe MOTYT OBbITh JIy4llle OHSTHI U

pa3BUTHIL.

OBYYEHUE C YYUTENEM U BE3 Y4YUTENA

OO6yuaromye anropuTMbl MOTYT OBITh KJIAaCCU(UIIMPOBAHBI KaK aJTOPUTMBI 00yUYEHUS
C yuuTeneM u 0e3 yuutens. B mepBoMm ciydae CymIecTBYET YUHTENb, KOTOPBIA MPEIbSIBISCT
BXOJIHBIE OOpa3bl CETH, CPAaBHUBACT PE3yJIbTHPYIOUIHE BBIXOABI C TpeOyeMbIMH, a 3aTeM
HACTpaMBaeT Beca CETH TaKUM 00pa3oM, 4TOOBl YMEHBIIUTH pa3indus. TpyaHO MPEeaCTaBUTh
TaKOW OOydarommii MeXaHW3M B OHOJIOTMYECKHX CHCTEMaX; CJIEIOBATENbHO, XOTS JaHHBINA
MOJXO/ TPUBEN K OOJNBIINM YCIieXaM TpPU PEUICHWH MPHUKIAIHBIX 3a/1a4, OH OTBEpraetcs
HCCIICAOBATCIIEIMU, IIOJIAratOlluMMH, YTO MHCKYCCTBCHHBLIC HeﬁpOHHBIC CCTU 06H33TCHLHO

JOJIDKHBI UCITOJIB30BAaTh TC XK€ MCXAaHU3MbI, UTO U YeJI0OBEUECKUM MO3T.

Bo BTOpOM ciiydae oOydeHne IpoBOAUTCS 0€3 YUUTEls, IPH MPEAbIBICHUN BXOIHBIX
00pa3oB CeTh CaMOOPraHW3yeTCsl IOCPEACTBOM HACTPOMKH CBOMX BECOB COTJIACHO
OIpENIeJICHHOMY QJIrOpUTMy. BcneacTBue OTCyTCTBUSL yKazaHUs TpeOyeMoro BBIXOJa B
mporecce OoOydeHUs: pe3yabTaThl HEMpeAcKadyeMbl C TOYKH 3PEHHSI  OIpeAeTeHUs
BO30YXKJAIOIINX 00pa30B JJIsi KOHKPETHBIX HeHpoHOB. [Ipu 3TOM, 0JTHaKO, CETh OpraHU3yeTCs
B (hopme, oTpakarolieil CyIeCTBEHHbIE XapaKTepUCTUKHU oOyudaromero Habopa. Hampumep,
BXOOHBIC 06p213LI MOTYT 6BITB K.HaCCI/I(I)I/II_[I/IpOBaHLI COIJIaCHO CTCIICHHM HUX CXOACTBA TAK, UTO

00pa3bl OJJHOTO KJ1acca aKTUBU3UPYIOT OJUH U TOT 5K€ BBIXOJHON HEHPOH.

METOA OBYYEHUA XOBBA

Pabora [2] obecnedymia OCHOBY MJisi OOJBITMHCTBA AJITOPUTMOB OOYYCHHS, KOTOPBIC
ObLTM pa3paboTaHbI TOCHIE €€ BBIXO/Aa. B mpenmecTByonmx 3To padoTe Tpynax B 00IIeM
BUAC OIIPCACIIAIOChH, YTO 06yquHe B 61/IOJ'IOI‘I/I‘IGCKI/IX CUCTCMAX IMPOUCXOAUT MOCPCACTBOM
HEKOTOPHIX (PU3MUYECKUX M3MEHEHUI B HEMPOHAX, OJJHAKO OTCYTCTBOBAIM MU O TOM, KAKUM
00pa3oM 3TO B JEHCTBUTEIILHOCTH MOXKET UMETh MecTO. OCHOBBIBAsICh Ha (DU3HOIOTHYECKIX

U TICHXOJIOTHYECKUX HMCCIEAOBaHUAX, X700 B [2] MHTYUTUBHO BBIABUHYJ THIOTE3Y O TOM,
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KakuM oOpa3oM MoxeT oOy4yarbcs Habop Ouonornyeckux HeiipoHoB. Ero Tteopus
IpEAIoaracT TOJIBKO JIOKAIbHOE B3aMMOJCHCTBHE MEXIY HEHpOHAMHM TPH OTCYTCTBUHU
r7100abHOTO YUHTENs; CIIE0BAaTEIbHO, 00ydeHHe sBIsieTcsl HeynpasisieMblM, HecMoTps Ha
TO YTO €ro paboTa HE BKJIIOYAET MATEMaTHYECKOro aHaju3a, WCH, M3JI0KEHHBbIE B HEH,
HACTOJIBKO SICHBI M HENPHUHY>KACHHBI, YTO MOJYYMIIH CTAaTyC YHUBEPCAIbHBIX IOMYLICHUH.
Ero xHura crama KiIacCMYeCKOH W HIMPOKO M3y4aeTcs CICHHAINCTaMH, HMEIOIINMHI

CEphE3HBIN HHTEPEC B ITOU 00JIACTH.

AnaroputMm o0yuenusi X300a

ITo cymectBy X300 mpeAnoaoKui, YTO CHHANTHYECKOE COCTUHEHUE JIBYX HEUPOHOB
YCUJIMBAETCS, €CIM 00a 3TH HeHpoHa BO30YXKJIEHBI. JTO MOXKHO MPEICTABUTh KAaK YCUJICHHE
CHHAIICa B COOTBETCTBUU C KOPPEIALMEH YPOBHEH BO30YKICHHBIX HEHPOHOB, COCAMHAEMBIX
JIaHHbIM cuHaricoM. [lo aToit mpuumHe anroputm oO0ydeHHss X200a HMHOTJA Ha3bIBACTCS

KOPPEJIALMOHHBIM aJITOPUTMOM.

Nnes anroputMa BbIpa)KaeTCs CIACAYIOUM PaBEHCTBOM:

Wij(l“f‘l) = wjj(f) + NET; NET;,
riae wij(f) — cuna cuHarca oT HelpoHa i K HelipoHy j B MoMeHT BpeMenH #; NET; — ypoBenn
BO30yxJIeHHsd npeacuHanthueckoro Heifpona; NET; —  ypoBeHp  BO30OYXIeHUS

MOCTCUHANTUYECKOTO HEUPOHA.

Konnenuus X>06a oTBeyaeT Ha CIOXKHBIM BOIPOC, KAKUM 00pa3oM 00ydeHHE MOXKET
npoBOANTHCS 0Oe3 yuutensa. B wmerome Xo00a oOyueHue SIBISETCS UCKIIOYUTEIBHO
JIOKAJIbHBIM SIBICHHEM, OXBAaTHIBAIOLIMM TOJIBKO JIBA HEHPOHA M COSAMHSIONINI X CHHAIIC; HE

TpedyeTcs TII00aTbHOM CUCTEMBI 0OPATHOM CBSI3H JIJIs Pa3BUTHSI HEHPOHHBIX 00pa30BaHMIA.

[Tocnenyromee wucnoiab3oBaHue MeTofa Xd300a ans oOydyeHUs HEWPOHHBIX ceTei
OpUBEJIO K OOJBIIMM yclieXaM, HO HapsAgy C 3TUM II0Ka3al0 OTrPaHUYCHHOCTh METOJIa;
HEKOTOpble 00pa3bl MPOCTO HE MOTYT HCIIOJIB30BATHCS Ui OOYYEHHS 3TUM METOAOM. B
pe3ynbpTaTe MOSBUIOCH OOJBIIOE KOJIMYECTBO PACHIMPEHUI M HOBOBBEACHH, OOIBIIMHCTBO

U3 KOTOPBIX B 3HAYUTENIBHOM CTENEHN OCHOBAHO Ha paboTte X300a.

MeToa CMTHAJILHOTO 00yueHust X300a

Kak wmpl Buzmenu, Bbixog NET mpocToro HMCKycCTBEHHOrO HEWpOHa SBIISETCS

B3BEIIIEHHON CYMMOM €ro BXOJOB. DTO MOXKET OBITh BEIPAKEHO CIIEIYIOITUM 00pa3oM:

NET; =3 OUT,w,
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rae NET; — Beixox NET neiipona j; OUT; — BbIX0J HEHpPOHA i;Wj; — BEC CBA3M HEHWpPOHA i C

HEUPOHOM J.

MoOXHO MOKa3aTh, 4TO B 3TOM CJIy4ae JMHEWHAss MHOTOCIOHHAsl CE€Th HE SIBISETCS
0osiee MOIIHOM, YeM OJHOCITIOWHAS CETh; PaCCMaTPUBAEMBIE BO3MOXXHOCTU CETH MOTYT OBIThH
YIYYIIEHBI TOJIBKO BBEJCHUEM HETMHEHHOCTH B EpeAaToOuHylo (GyHKIMIO HelipoHa. ['oBopsT,
YTO CETh, UCIIOIB3YIOMAs CUTMOMIAIbHYIO (DYHKIIMIO aKTUBAIIMU M MeTOJl oOydeHust X300a,
oOydaeTrcss TO CHTHaJIbHOMY MeTony X200a. B 9srtom ciywae ypaBHeHue Xn00a
MOIUDHUIIMPYETCS CICTYIONUM 00pa3oM:

1

OUT. = = F(NET.
" 1+exp(-NET)) (NET)

wii(t+1) = wij(f) + OUT; OUT;
rie wj(f) — cuaa cuHartca OT HepoHa i K HeMpoHy j B MOMeHT BpeMenH ¢, OUT; — BbIXoiHOM
YPOBEHb InpecuHanTuyeckoro Heipona pasuelii F(NET;); OUT; — BbIXOAHOW YpOBEHBb

nmocTCUHanTH4YecKkoro Heripona paBabid F(NET).

Meton nupdepennuanbHoro odyuenus X300a

Mertox curHanpHOro oOyueHus X900a mpeamnonaraeT BBIYMCIEHHE CBEPTKH
OpebIAYIINX U3MEHEHUH BBIXOJIOB JUUIsl OTIPE/IeIeHUsl U3MEeHEHUs BecoB. Hacrosmmii meron,
Ha3bIBaeMbId MeTOJIOM nuddepeHmanpHoro o0ydeHus: X300a, HCIOJIB3YET CIICAYOIIee

PaBEHCTBO:

wij(t+1) = wji(¢) + [OUT;(¢) — OUT;i(+~1)][ OUT;(¢) — OUT;(z-1)],
rae wij(f) — cuia CHHamca OT HelpoHa i K HeiipoHy j B MoMeHT BpemeHu t; OUT;(f) —
BBIXOJIHOM ypOBEHb IIPECHHANTUYECKOr0 HepoHa B MOMeHT BpeMeHH ¢; OUT;(f) — BbIxoqHOM

YPOBEHb IIOCTCUHANITUYECKOT0 HEMPOHA B MOMEHT BPEMEHU /.

Puc. B.1. Cers «MHCcTap» I'poccoepra
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BXOAOHbLIE U BbIXOOHbIE 3BE3[bl

MHoro oOmmx wuaei, HCIOJNb3yeMbIX B HMCKYCCTBEHHBIX HEHPOHHBIX CeTSX,
npociexuBaloTcs B pabotax I'poccbepra; B KauecTBE IpHUMepa MOXKHO yKas3aTh
KOH(UTrypallMi BXOJIHBIX M BBIXOAHBIX 3Be3] [I], ucmonb3yeMble BO MHOTHX CETEBBIX
napagurmax. BxogHas 3Be3na, kak nokaszaHo Ha puc. b.1, coctouT U3 HelipoHa, Ha KOTOPBII
I0JIaeTCsl Irpylnna BXOAOB YEpe3 CHHAICHMUYECKHE Beca. BbIXxoaHas 3Be3fa, NOKa3aHHas Ha
puc. b.2, sBisieTcss HEUPOHOM, YIPABJISIONIUM IPYNION BeCOB. BXOAHBIE U BHIXOAHBIE 3BE3/1bI
MOTYT OBITh B3aUMHO COEIMHEHBI B CETH JII000# cloKHOCTH; ['poccOepr paccmaTpuBaeT ux
KaK MOJIeJIb ONpe/IeNIeHHbIX Onosoruueckux GpyHkiuii. Bua 3Be3pl onpenenser ee Ha3BaHHE,

OJIHAKO 3Be3/bl OOBIYHO U300PAKAIOTCS B CETH HHAYE.

Puc. b.2. Cerb «AyTtcrap» I'poccoepra

OO0y4yeHune BXOJTHOM 3Be3/1bI

BxonHas 3Be3ma BBIMOJNHSIET pacro3HaBaHWE o0pa3oB, T.€. OHa oOydaercs
pearupoBaTh Ha OIpPEACIICHHBIH BXOJHOW BEKTOp X M HHM Ha KaKoOW JIpyro. Ito oOydeHHE
peaiu3yeTcsi IyTeM HACTpPOMKHM BECOB TakUM o00Opa3oM, uYTOObI OHM COOTBETCTBOBAJIHU
BXOJHOMY BEKTOpPY. BBIXOJ BXOAHOW 3BE3[bl OIPENEIAETCS KAK B3BCIICHHAs CymMMa €€
BXOJOB, KaK 3TO OIMMCAaHO B NPCALLAYIINX pasaciiax. C HpYFOfI TOYKHU 3PCHUSA, BBIXOJ MOXKHO
paccMaTpuBaTh KaK CBEPTKY BXOJHOTO BEKTOpa C BECOBBIM BEKTOPOM, MEpy CXOJCTBa
HOpMaJIM30BaHHBIX BeKTOpoB. CrenoBarenbHO, HEWPOH MJOJDKEH pearupoBaTh Hauboliee

CWJIBHO Ha BXOAHOU 00pa3, KOTOPOMY ObLIT O0YYEH.

ITpouecc 00y4eHust BEIpaskaeTcsl CIEAYIOIUM 00pa3oM:

wi(t+1) = wi(?) + a[x; — wi(®)],
r€ Wi — BEC BXOJaA Xi, Xj — i—i BXOJ; O — HOPMUPYIOIHKA KOIDPUITMEHT 00yUueHHUs, KOTOPBIi

uMeeT HavasbHoe 3HayeHue 0,1 1 mocTeneHHo yMeHbIIaeTcs B Ipolecce 00ydeHus..
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[locne 3aBeprieHust oOy4yeHHs MpeIbsIBICHHE BXOAHOTO BekTopa X Oyzaer
aKTHUBU3UPOBATh OOyUYEHHBI BXOJHOW HEUPOH. DTO MOXKHO paccMaTpUBaTh KaK €IMHBINA
oOyJaromuii UK, ecau O YCTaHOBIEH B |, OAHAKO B O3TOM Ciydyae HCKIIIOYAeTCs
CHOCOOHOCTh BXOJHOM 3Be3/bl K 00001eHHI0. Xopouo o0y4yeHHass BXOJAHAs 3Be3la Oyxaer
pcarupoBate HC TOJIBKO Ha OHpCZ[eHGHHBIﬁ eIII/IHI/I‘-IHLII\/'I BCKTOpP, HO TaKXC€ HW Ha
HE3HAYUTEJIbHBIE M3MEHEHHUS 3TOr0 BEKTOpA. DTO JOCTUTAETCA IMOCTENEHHOW HACTPOMKOMN
HEHPOHHBIX BECOB MPHU NPEIbSBICHUH B Ipoliecce 00ydyeHUs] BEKTOPOB, MPEACTABIISIOMINX
HOpMaJbHBIE BapUallMd BXOJAHOTO BEKTOpa. Beca HacTpamBaroTCs TakuM 0Opa3oM, 4TOOBI
YCPEAHUTh BEIMYMHBI OOYyYaloONIMX BEKTOPOB, M HEHPOHBI MOJIY4YalOT CHOCOOHOCTh

pearupoBath Ha JIFOOOH BEKTOP 3TOTO Kilacca.

O0y4yeHne BbIXOJTHOM 3Be3/1bI

B TO Bpems kak BXonHas 3Be3fa BO30YKIAeTCs BCSIKUM pa3 MpH TOSBICHUU
OMpCACIICHHOI'O BXOJHOI'0 BCKTOPA, BbIXOAHAsA 3BC34a MMCECT HOIOJIHUTCIBHYIO d)yHKI_II/IIO,
OHa BbIpabaThIBaeT TpeOyeMbIil BO3OYKIAIOIMIMI CUTHAI IJIs1 IPYTrUX HEHPOHOB BCSIKHUM pas,

KOria BO30y»XaaeTcsl.

Hnst Toro 4roObl 00Y4YMTh HEHPOH BBIXOJHOW 3BE3[bl, €0 BECa HACTPAUBAIOTCA B
COOTBETCTBUU C TpeOyeMBIM IEJIEBBIM BEKTOPOM. AJFOPUTM OOydeHHs MOXeET OBITh

MIPEACTABIICH CHMBOJIMYECKH CIICTYIOIINM 00pa3oMm:

wi(tt1) = wi() + Blyi — wi(9)],
rae [3 mpencraBisier co0oil HOpMHPYIOMIME KOA(pGUIKMEHT 00ydeHUs, KOTOpBI B
Hayase MpUOIM3UTEIHLHO PaBeH €IUHHIIE U MOCTENIEHHO YMEHbBINAETCS 10 HyJs B IpoIecce

oOyueHwusl.

Kak wm B ciydae BXOAHOM 3Be3/bl, BECa BBIXOJHOW 3BE3/bl, IOCTENIEHHO
HACTPaMBaIOTCA HaJl MHOXECTBOM BEKTOPOB, NPEACTABIAIOIIUX cOO0M OOBIYHBIE BapHalUU
UeaIbHOr0 BEKTOpa. B 3TOM ciyuae BBIXOAHOH CHUTHAJd HEHPOHOB NPEICTaBISIET COOOU
CTaTUCTHYECKYIO XapaKTePUCTUKY oOydaromero Habopa W MOXET B JEHCTBUTEIBHOCTH
CXOAUTBCS B IpolLecce OOy4eHUs K MJCaIbHOMY BEKTOPY IMpPU HPEIbSIBICHUH TOJIBKO

HCKa)KEHHBIX BEPCUI BEKTOpA.

OBYYEHUE NEPCENTPOHA

B 1957 r. Pozen6Onart [4] pa3pabotan Mozaeib, KOTOpasi BeI3Basia OOJNBIIION HHTEPEC Y
uccnenoBareneil. HecMoTpsi Ha HEKOTOpbIE OTpaHMYCHHS €€ MCXOJHON (OopMBI, OHa cTaja
OCHOBOH JJI1 MHOTUX COBPEMEHHBIX, HAaM00JIee CIOKHBIX aJITOPUTMOB OOYUEHHS C YUUTEIIEM.

HepCGHTpOH ABJIACTCS HACTOJIBKO BaXXHBIM, YTO BCs I'JI. 2 IIOCBsIIICHA €0 OITMCaHHIO, OJJHAKO
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9TO OIIMCAHHUC ABJIICTCA KPATKUM U IIPUBOAUTCA B (I)opMaTe, HECKOJBbKO OTJIHMYHOM OT

KCIIOJIb3yeMOT o B [4].

[TepcenTpoH sBISETCS JIBYXYpOBHEBOH, HEPEKYPPEHTHOW CEThIO, BHJ KOTOPOM
nokaszaH Ha puc. b.3. OHa ucnonb3yer anropuT™M OOy4EHHS C YUUTENEeM; APYITMMHU CIIOBAMH,
oOyyaromasi BHIOOpKa COCTOUT U3 MHOXKECTBA BXOJHBIX BEKTOPOB, JUIS KaX/I0TO U3 KOTOPBIX
yKa3aH CBOM TpeOyemblii BEKTOp Ieiau. KOMIOHEHThI BXOJHOTO BEKTOpA TMPE/ICTaBIICHBI
HENPEPBIBHBIM JHANa30HOM 3HAYEHUI; KOMIOHEHTHI BEKTOpa LENU SBISAIOTCS JBOMYHBIMU
BenmnunHaMu (0 wnu 1). Ilocne oOydeHust ceTh MOJydaeT Ha BXOJA€ HAaOOp HEMPEpPBIBHBIX

BXOJIOB U BbIpa0aThIBaeT TpeOyeMblil BHIXO/ B BUJIE BEKTOpA C OMHAPHBIMU KOMIIOHEHTaMH.

Wyy
‘rf - = y A
Wyg
Way
w
-]
@ °
-] ° [-]
-]
Wiy
Wy
'z.m' d 2o = y n

Puc. b.3. OnHocjionHasi HeiipoHHAasI ceTh

OOy4eHue OCyIIECTBISIETCS CASAYIOIIUM 00pa3oMm:

1. PanpoMu3upyroTcst Bce Beca CETH B MaJjible BETUUUHBI.

2. Ha Bxop cetu mopaercsi BxoaHoH oOy4aromuii BekTop X u Beruucisercs curian NET ot
K2)KIOr0 HEMPOHA, MCIIONb3Yys CTAHAAPTHOE BBIPAKECHUE

NET, => xw; .

3. Beruncnsercs 3HayeHue MoporoBoil ¢pyHkuuu aktuBanuu Juist curHana NET ot kaxmoro
HEHpOHa ClIeAyIOINUM 00pa3oM:

OUT;=1, ecau NET; 6oabiue yem nopord;,
OUT;=0 B IpOTUBHOM CiIyHae.

3necy 0; mpexacTtaBiseT coOOM IOPOTr, COOTBETCTBYIOLIMH HEHWPOHY j (B IpocTeHIeM
cllydae, Bce HeHPOHBI HMEIOT OJIMH U TOT )K€ TIOpOT).

180



4. Beraucngercs ommOKa A KaKAOTO HEHpPOHA IOCPEACTBOM BBIYMTAHUS ITOJYYCHHOTO
BBIX0J1a U3 TpeOyeMOoro BhIXO/a:
error; = target; — OUT;.

5. Kaxzbiii Bec MOIU(UIMPYETCsE CICAYIOMUM 00pa3oMm:
Wij(#+1) = wi(¢) +ax;error;.

6. [loBTOpsItOTCA 1Iard cO BTOPOrO IO MATHIA 10 TeX MOp, MOKa oOmMOKa HE CTaHeT
JIOCTaTOYHO MaJoM.

METOA OBYYEHUA YUOPOY-XODDA

Kak Mbl BUaenIH, MEpCENTPOH OTPaHUYMBACTCS OMHAPHBIMH BBIXOAAMHU. YHIPOY
BMECTE CO CTYJCHTOM YHHBepcuTeTa Xohdom pacimmpuian anroputM o0y4eHus: nepcenTpoHa
Ha Cioy4ail HENpEepBIBHBIX BBIXOJIOB, MCIOJIB3Ys CUTMOUJaIbHYIO GyHKIUo [5,6]. Kpome
TOT'0, OHU Pa3padOoTa MaTEMAaTHYECKOE JT0KA3aTeIbCTBO TOTO, YTO CETh MPU ONPEICICHHBIX
ycioBusAX OyIeT CXOAMTbCA K JH0O0O0H (YHKUIMH, KOTOPYIO OHAa MOXET IpelIcTaBUTh. KX
nepBasi MOJieNlb — AJIaMH — UMEET OJMH BBIXOJHOW HEWpoH, Oojiee MO3AHAS MOJENIb —

Mananus — pacimpsieT €€ Ha Cliydail C MHOITMMU BBIXOJHBIMUA HEMPOHAMHU.

BelpaxkeHusi, omnMchiBarolue Imporecc O0O0ydeHUus AJanuHa, OYEeHb CXOXH C
nepcenTpoHHbIMU. CyIlECTBEHHBIE OTJIMYUS UMEIOTCSA B YETBEPTOM ILIAre, € UCIOIb3YHOTCS
HenpepbiBHble curHaibl NET Bmecto 6unapusix OUT. MoaudunupoBansblil mar 4 B 3ToM
cilyyae peajau3yeTcs CIeIyIuM o0pa3om:

4. Beraucnsgercs omuOKa i KaXA0ro HEHpPOHAa MOCPEJACTBOM BBIYMTAHHS IOJYYCHHOTO
BBIXO/Ia U3 TpeOyeMOoro BbIX0/a:

errorj = target; — NET;.

METOAbl CTATUCTUYECKOIO OBYYEHUA

B rn. 5 nmeranpHO oOmmMCaHBl CTATHCTHYECKHWE METONBI OOY4YECHHs, MOITOMY 3/1eCh

MNPUBOJUTCA JINIIb 0630p 9THUX MCTOOOB.

OpHoCnONHBIE CETH HECKOJIbKO OIPaHUYEHbI C TOYKU 3pEHHsI TPO0IIeM, KOTOPbIE OHU
MOTyT peliaTh; OJHAKO B TEYEHHWE MHOTUX JIET OTCYTCTBOBAJIM METOJbl OOy4YeHUS
MHOTOCJIONHBIX ceTeil. CraTucTuyeckoe oO0ydyeHue o0ecneurBaeT IyTh PELICHHS ITHX

npooiem.

[To anamormm o0Oy4YeHHE CETH CTAaTUCTHYECKUMHU CIOCOO0aMHU IOJ00HO TMPOIEcCy
OTXHra MeTajuia. B mporecce oTkura temreparypa MeTajula BHadajie IOBBIIIACTCS, MOKa
aTOMbI MCTAJUIAa HC HAYHYT MNEPCMCIIATHCA ITOUTHU CB06OZ[HO. 3aTem TEMIICpaTypa MNOCTCIICHHO

YMEHBIIAETC M AaTOMBl HEIPEPBIBHO CTPEMATCS K MHUHUMAJIbHOM DHEPreTUYECKON
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KoHpurypauuu. IIpm HEKOTOpPOH HH3KOW TeMIlepaType aTOMbl MEpPEeXOAAT Ha HHU3IMIUN

SHEPreTUYECKUN YPOBEHbD.

B HCKyCCTBEHHBIX HEMPOHHBIX CETSX IOJIHAS BEJIMYMHA YHEPTUU CETH ONPEICIIACTCS
Kak (yHKIHMS ONpEAECHHOTO MHOXKECTBA CETEBBIX IEpeMEHHBIX. VICKycCTBeHHas
NEepeMEeHHas TeMIepaTypbl MHULUUPYETCS B OOJBINYIO BEIUYMHY, TEM CAMbIM I103BOJISS
CETEBbIM IIEPEMEHHBIM IIpeTepreBaTh OoOJbIINE CilydailiHble H3MeHeHus. M3meHeHus,
IIPUBOIALINE K YMEHBILICHHUIO ITIOJIHOM YHEPIUH CETH, COXPAHAIOTCS; U3MEHEHMS, TPUBOIAIIIE
K YBEJIMYCHHIO OSHEPTHH, COXPAHSIOTCS B COOTBETCTBUU C BEPOSTHOCTHOM (DyHKIHEH.
HckyccTBeHHass TeMIleparypa IIOCTEIIEHHO YMEHBIIACTCS C TEYECHUEM BPEMEHU U CETh

KOHBEPrUpyeT B COCTOSIHUE MUHUMYMa MOJIHOM SHEPTUu.

CymiecTByeT MHOrO BapHaliii Ha TeMy CTaTHCTHUYeCKoro oOyueHus. Hampumep,
riio0anbHas SHEPTUsi MOXKET OBITh OIpejesieHa KaK CPelHsAs KBaJpaTU4yHas OUIMOKa MEeXIy
NOJYYeHHBIM U JKEJIAaeMbIM BBIXOJHBIM BEKTOPOM M3 O00y4aeMOro MHOXXECTBa, a
HepeMEHHBIMH MOTYT OBITh Beca ceTH. B 3ToM cirydae ceTb MOXeT ObITh 00ydeHa, HauYMHAs C

BBICOKON MCKYCCTBEHHOU TeMIIepaTyphbl, IIyTeM BBIIIOJHEHUS CJIECAYIOLUX 1IAroB:

1. [Togate oOydarommii BEKTOpP HAa BXOJ CETH U BBIUACIUTH BBIXOJ COIJIACHO
COOTBGTCTByIOIJ_II/IM CCTCBbBIM HpaBI/IJIaM.

2. BBIUMCIUTH 3HAYEHUE CPEAHEN KBaJIPATUYHON OIIMOKH MEXIY JKEIaeMbIM U MOJYyYeHHBIM
BBIXOJXHBIMU BEKTOPAMH.

3. 3menuTh ceTeBble Beca CIy4yallHBIM 00pa3oM, 3aT€M BBIYMCIUTH HOBBIA BBIXOJ H
pe3ynbTUpyomyo omuoKy. Ecian ommbka ymeHbIIMIAch, OCTaBUTh W3MEHEHHBIH BeC;
ecyy omulKa yBEJIUYMIACh, OCTABUTh U3MEHEHHBIH BEC C BEPOSTHOCTHIO, ONpPEAEsieMOi
pacnpeaciiCHuCM BOHLL[MaHa. Ecnu n3sMeHeHus BecoB He MMPOU3BOAUTCA, TO BEPHYTH BEC K
€ro NpeAbIayIIeMy *3HAUEHUIO.

4. TloBTopuTh maru ¢ 1 mo 3, MOCTENEHHO YMEHbIIAsi HCKYCCTBEHHYIO TEMIIEPATYPY.

Ecom BenwumHa CiiydaliHOTO HM3MEHEHHsI BECOB OIPEACNISCTCS B COOTBETCTBHH C
pactpenenenueM  bonbiiMaHa, CXOOUMOCTh K  TJIOOQJIBHOMY  MHUHHMYMY  OyneT
OCYILIECTBIATHCS TOJABKO B TOM CiIyyae, €ClIM TemIeparypa HU3MEHSeTcs OOpaTHO
MPOMOPLIHUOHAIBHO JOTapu(My MPOIIEIIIET0 BPEeMEHU OOydeHHUs. JTO MOXKET MPUBECTU K
HEBEPOSITHON JJIMTEILHOCTH MpoIlecca 00ydeHHUs, O3TOMY OOJIbIIIOE BHUMAHUE YJIEISAI0ChH
MOKCKY Oosiee OBICTPBIX METONOB 00ydeHus. Beibopom pa3zmepa miara B COOTBETCTBHU C
pactupenenenueM Komm MoXeT OBITh JOCTUTHYTO YMEHbBIIIEHHWE TeMIepaTypbl, OOpaTHO
MIPOTIOPIIMOHATIFHOE  O0OyJaroIeMy BpPEMEHH, 4UTO CYIIECTBEHHO YMEHBINAeT BpeMs,

TpedyeMoe Jisi CXOTUMOCTH.

3aMeTI/IM, 4TO CYHICCTBYCT KJIACC CTATUCTHYCCKUX MCTOHOB JIA HeﬁpOHHBIX CCTCI>'I, B
KOTOPBIX TEPCMCHHBIMHU CCTH SABJIIFOTCA BbIXO/bI H€I>'Ip0HOB, a He Beca. B 1.5 »aTHm

ITOPUTMBI pacCMaTPUBAIHCH TIOJJPOOHO.
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CAMOOPIAHU3ALUA

B paGote [3] ommuchIBaIMCh MHTEpECHBIC M TOJE3HBIC PE3yAbTaThl MCCIEIOBAHUI
KoxoHeHa Ha caMOOpPraHU3yIOIUXCs CTPYKTypax, UCIOJIb3yEMbIX /IS 3a/1a4 Paclo3HABAHUSA
00pazoB. BooOiie 3T CTpyKTypbl KiIacCuGUIMPYIOT 00pa3bl, MPECTAaBICHHBIC BEKTOPHBIMU
BEJIMYMHAMHU, B KOTOPBIX KaKIbli KOMIIOHEHT BEKTOpa COOTBETCTBYET 3JEMEHTY 00pasa.
Anroputmbl KoxoHeHa OCHOBBIBAIOTCS Ha TeXHUKE 0OyueHus 6e3 yuurend. [locne oOydenus
1ojadya BXOJHOINO BEKTOpa M3 [JaHHOIO Kijacca OylneT MpUBOAUTHE K BbIPAOOTKE
BO30Y)KJAIOILEr0 YPOBHS B KaKJOM BBIXOJHOM HEHPOHE; HEHpOH C MaKCHUMaJlbHbIM
BO30Y)KJCHHEM MpeACTaBseT Kiaccupukanuioo. Tak Kak oOydeHue NpoBOAUTCA 0Oe3
yKa3aHusl LI€JIEBOr0 BEKTOpPa, TO HET BO3MOXXHOCTH OIPEACIATh 3apaHee, Kakod HEUpoH
OylleT COOTBETCTBOBATh JIAaHHOMY KJacCy BXOAHBIX BEKTOpPOB. TeM He MeHee 3TO

IUTAHUPOBAHUE JIETKO MTPOBOAUTCS ITyTEM TECTUPOBAHUS CETH I0OC)Ie 00yUeHUSI.

ANTOpUTM TpakTyeT HabOp M3 7 BXOJIHBIX BECOB HEHpPOHA KaK BEKTOP B 7-MEPHOM
npoctpanctBe. [lepen oOydeHMeM  KaXIblH  KOMIIOHEHT 3TOTO  BEKTOpa  BECOB
MHULIMAIU3UPYETCS B CIIy4dailHyr0 BEJIMYMHY. 3aTeM KaXblii BEKTOp HOpPMaJIU3yeTCs B
BEKTOP C €AMHMYHOM [JIMHOW B IPOCTPAHCTBE BECOB. JTO JENAETCS ACJIEHUEM KaXKI0Tro
CIIy4allHOTO Beca Ha KBaJpaTHBIM KOPEHb U3 CyMMBbI KBaJpaTOB KOMIIOHEHT 3TOI0 BECOBOI'O

BEKTOpA.

Bce BxonHbBIE BeKTOpa 00yyaromero Habopa Takyke HOPMaJIU3YIOTCS U CETh o0ydaeTcs

COTJIaCHO CJIEYIOIIEMY aJITOPUTMY:

1. BekTop X nmomaercst Ha BXOJ| CETH.

2. Ompepnenstoress paccrosHust D; (B n-MEpPHOM IPOCTPAHCTBE) MEXAY X M BECOBBIMHU
Bekropamu W, KaX[0ro HeupoHa. B €BKIMJIOBOM IIPOCTPAHCTBE 3TO PACCTOSHHE
BBIUUCIISIETCS 10 clieAytouleit popmyre

IZIe X; — KOMIIOHEHTA [ BXOJIHOrO BEKTOpa X, Wj; — BEC BXO/a [ HEWPOHa j.

3. HeiipoH, KOTOpBII HMEET BECOBOM BEKTOp, caMblii Onu3kuii K X, OOBABIAETCA
nobenuTesieM. DTOT BECOBOM BEKTOp, Ha3blBaeMblii W., CTAHOBHUTCS OCHOBHBIM B I'pYIIIE
BECOBBIX BEKTOPOB, KOTOPHKIE JIEKAT B Ipeenax pacctosiuus D ot W.

4. I'pynma BeCOBBIX BEKTOPOB HACTPAaUBAETCSl B COOTBETCTBUH CO CIEAYIOLIMM BBIPAKECHUEM:
W;(t+]) = W;(®) + a[X — W;(?)]
JUIsL BCEX BECOBBIX BEKTOPOB B Ipefenax pacctosduus D or W
5. INoBTopstorcs mary ¢ 1 mo 4 1y1st KaXkJ10ro BXOAHOI'O BEKTOPA.

B nporiecce 00yueHus HEHPOHHON CeTH 3HAYCHHUS D U O TIOCTENEHHO YMEHBIIAIOTCA.
ABTop [3] pexkomeHaoBai, yTOOBl KO3(pPHUIMEHT O B Hadaie OOy4yeHHMsS yCTaHABIMBAJICA
npuOIM3UTENBHO PaBHBIM | U yMeHbInaics B mporecce oOyuenus 1o 0, B To Bpems kak D

MOXET B Hayaje OOy4eHMs DPAaBHATHCS MAKCHUMAJIbHOMY PACCTOSIHUIO MEXIy BECOBBIMHU
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BEKTOpaMH U B KOHIIE OOy4YEHHUsI CTaTh HACTOJIBKO MaJlEHBKUM, 4TO OyneT 00y4aTbCs TOJIBKO

OJVH HEUPOH.

B cooTBercTBHM C CylIECTBYIOMIEH TOYKOM 3pEHUS, TOUHOCTh Kiaccupukamuu Oyner
yAyqlaTbcs MpH JOMOJHUTENbHOM o0yueHnu. CorjacHo pexkomeHpanmu KoxoneHa, s
MOJIy4CHUA XOpOHJCﬁ CTaTUCTUYECKON TOYHOCTH KOJIUYECCTBO 06yqa}01u1/1x OUKIIOB OOJIKHO

OBITh, TTO KpaiiHel Mepe, B S00 pa3 0obliie KOJWYECTBA BEIXOIHBIX HEHPOHOB.

OOyuaromuii ~ aJIfOPUTM  HACTPaWBAaE€T  BECOBBIE BEKTOPbl B OKPECTHOCTH
BO30YXJICHHOTO HEHpPOHA TaKhUM 00pa3oM, YTOOBI OHU OBLIM 0OJee MOXOKUMHU Ha BXOIHOM
BeKTOp. Tak Kak BCe BEKTOPbI HOPMAJIU3YIOTCS B BEKTOPBI ¢ €IMHUYHOMN JJIMHOM, OHU MOTYT
paccMaTpuBaThCS KaK TOUYKM Ha TIOBEPXHOCTH €AMHHYHOM rumnepcdepsl. B mpouecce
oOyueHusi Tpylma COCEIHUX BECOBBIX TOYEK MepeMeniaercs OJke K TOYKE BXOJHOTO
BekTopa. IIpeamonaraercsi, YTO0 BXOJHBIE BEKTOPHI (PAKTUYECKH TPYNIUPYIOTCS B KIACCHI B
COOTBETCTBUH C MX IMOJIOKEHHEM B BEKTOPHOM IpocTpaHcTBe. OmpenesieHHbIi Kiace Oyaer
acCOLIMMPOBATBCS C ONpPENETICHHBIM HEWpPOHOM, IepeMelasi ero BEeCOBOHM BEKTOp B
HAIpaBJIEHUU IIEHTpa Kjacca U CIOCOOCTBYS €ro BO30YKIEHHUIO MpPH IMOSBICHUH Ha BXOJE

J1I000r0 BCKTOpPA JAaHHOI'O KJIacca.

[Tocne obydenus kmaccudukaiys BBHIIOTHSIETCS MOCPEACTBOM IMOAAYM HA BXOJ CETH
HCITBITYEMOTO BEKTOPA, BBIYUCICHUS BO30YXKIEHUS JJIsI KaXKJI0T0 HEHpOHA C MOCIEAYIOINUM
BHIOOpDOM HEHpPOHA C HAWBBICIIMM BO30YKIEHHEM KakK WHAMKATOpa TMPaBHIBHOU

KJaccu(uKanuu.
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