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NMPEOUCIOBUE

B nocnenHee BpeMsl pyKOBOAUTEINU CUCTEMBI BBICIIETO MPO(hECCUOHAIBHOIO
o0pa3zoBaHUs YOEISIOT BHUMAaHME M3YYEHMIO METOIOB CO3IaHUSI MHTEJICK-
TyaJIbHbIX CHUCTE€M, BKJIIOYas B Y4eOHbIE HpPOrpaMMbl BY30B IUCIMILIAHBI
MoJ Ha3BaHUSIMU:
«MHTeNeKTYaIbHbIe MH(MOPMALIMOHHBIC CUCTEMEI»;
«CHuCcTeMBl MCKYCCTBEHHOIO WHTEJIEKTa»;
«HerlipoHHbIE ceTn»;
«HTEeNeKTYyalbHbIE CUCTEMBI»;
«MHTenneKTyalbHble CUCTEeMbl M TEXHOJIOTUU»;
«HTEeNeKTYyallbHbIe TEXHOJIOTUM»;
«OCHOBBI MCKYCCTBEHHOIO WHTEJICKTa»;
«ITpukynagHble METOObl MCKYCCTBEHHOIO MHTEJIEKTa»;
«MHTeNIeKTyanbHbI aHAINU3 JaHHBIX».
B upe3BbIYailHO BBICOKOIM BOCTPEOOBAHHOCTM YKa3aHHBIX IMCIMILIMH
aBTOp 2TOM KHUIM MHOTOKPATHO YOEXIaJiCsi, COTPyOHUYAas CO MHOTUMU
¢dupmamu — pa3paboTyrkaMu U mHojb3oBaresiMu IT-mpomykiyum, a Takxke
yuTasg 3TU OUCHUIUIMHBI BO MHOTMX YHuBepcuTeraXx. Kak mokasbiBaeT
OIIBIT, M3YYE€HME METOJOB CO3JaHUSI MHTEJIEKTYaJIbHBIX CUCTEM OOBIYHO
HE OrpaHMYMBAETCS cAadeil 3a4eToB M 3K3aMeHOB. OCBOMB TEOPETUYECKYIO
0a3y M TEXHOJOTMM CO3JaHUSI WHTEJUICKTYaJIbHbIX CHUCTEM, CTYICHTEHI
MOPOIOJDKAIOT UX IIPUMEHSTHh IIPY BBIIIOJHEHUM KYPCOBBIX, IUILIOMHBIX,
MarucTepCKmMx, KAaHAUAATCKUX U JOKTOPCKUX pPadOT. YKe I10CIe OKOHUYAHUS
By3a, BBIIIYCKHMKM J€Jal0T ceOe Kapbepy, CO30al0T CBOM COOCTBEHHBLIC
VMHHOBALIMOHHBIE IIPEANPUATHUS, pa3padaTbiBasi W BHEAPSsS HWHTEJICKTY-
albHble MHMOPMAaIMOHHbLIE CUCTEMbl B 3KOHOMMKE, B IIPOMBIIIJIEHHOCTH,
B OM3Hece, B OJIUTOJIOTMM U COLIMOJIOTUY, B MEAULIMHE U KPUMUHAJIMCTUKE,
negaroruke u ncuxojiorun u T. 4. Ilpumyem cdepa ux AesdTeIbHOCTU
U BHEOPEHUM ITOCTOSHHO PACILIMPSIETCS, a YCIIEXW YMHOXAIOTCS.

Kaxk 3aMeTns1 n3BeCTHBIN MOJLCKUIM CIIEUAIMCT B 00JIaCTH HeMpoceTe-
BBIX TexHosornii Peimapn TanmeyceBud B cBoeil mocienHeii kaure !, «Momna
Ha IIpUMEHEeHHE [MEeTOOOB MCKYCCTBEHHOIO WHTEJIeKTa] IIPOIdOJIKAETCs

DBnementapHoe BBegeHME B TEXHOJOTMIO HEMPOHHBIX CETeil ¢ IMpUMepamMu
nporpamm / Ilep. ¢ monbck. U. . Pynunckoro. — M.: Topsiuasg nunust — Tenekom,
2011. — 408 c.
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U Jaxe pacuupsieTcs... B HEeKOTOpbIX Kpyrax He3HaHMEe HEMPOHHBIX ceTeit

HadYMHaeT TPAaKTOBAaThCI KaK CBETCKas OecTaKTHOCTH! ... BocxmmieHue Hei-

POHHBIMMU CETSIMU UMEET BIIOJIHE KOHKPETHbBIE U BaKHbIC IIPUYNHBI. [ 1aBHas

MPEAIoChlIKA UX OTPOMHOM IOMYJSIPHOCTU — AEHMCTBUTEIBLHO IMpPEKpacHbIe

pe3yJbTaThl, IOJydaeMble C MTOMOIIBIO 3TOr0 HOBOI'O MHCTPYMEHTApUS MpU

pelleHMM MHOTMX 3ajlay, U3JaBHA CUYUTABIIUXCS OCO0O CIOXHBIMU».
Ha3oBeM HECKOJbKO TaKUX <«IIPEKPACHBLIX PE3YJIbTaTOB», MOJYYEHHBIX

CTyIEHTaMM W acliMpaHTaMu BY30B U COTPYOAHUKAMM TPEANPUITUN MO

PYKOBOACTBOM M IIpM yY4aCTUM aBTOpA BTON KHUTIH.

1. Pazpaborana cumcTemMa JIMAarHOCTMKMW aBUALIMOHHBIX JBUTATEJel, II0
TOYHOCTM U CIIEKTPY OOHapy:KMBaeMbIX Oe(EKTOB MPEBOCXOASIIAS
CYLIECTBYIOILNE WHXXEHEPHbIE METOIUKH V.

2. B 2006 r. 6buta cnporHosupoBaHa mobema JI. MeaseneBa Ha TIpe3u-
NeHTCKUX BblGopax 2008 r. IIpornos? 6bul ony6iukosaH B 2007 r. —
3a MoJTopa Toga A0 BbIOOPOB, Korma Ju4yHOcThb JI. MedaBemeBa Kak
TMOJIMTHKA elle OblJla Majo M3BeCTHAa M ero modemga Ha BBIOOpax Mayio
KEeM OXWuaanach, OJHAKO ITPOTHO3 HEWPOHHOM CEeTU OKa3ajcsl BEPHbIM.

3. B 2008 m 2010 rr., korma mpe3uneHT JI. MenBeneB Haxomuyicsd Ha
BEpIIMHE CBOEHl MOIMYJSPHOCTU, OBbLIM OMyOJMKOBAaHBl PaGOTHI>),
B KOTOPBIX HMCKYCCTBEHHBIII WHTEJJIEKT MPOTHO3UPOBAI €My CHMXKEHUE
peWTHHra, Torma Kak ApyroMy noiauTuky — B. 2KupnHoBcKOMy, TIipo-
THO3HBIC KpUBbIE MpeAcKa3alii MOCTEIIEHHBII POCT IOMYJSIPHOCTU, YTO
1 HaAOII0JAIoCh B MOCEAYIOLINE TOHBI.

4. B 2013 r. BBINOJNHEH M ONYyOIMKOBaH® IOATBEpOUBILUIICS BIOCIHE-
CTBUM>) TIPOTHO3 MecTa B HEOo(MULMAIbHOM KOMAHIHOM 3aueTe poc-
cuiickux cnopTcMeHoB Ha 3uMmHeit Onumnuane-2014. Kpome Toro,
ObLIM pa3paboTaHbl PEKOMEHIALMU MO YIYYLIEHUIO pe3yJbTaTUBHOCTU

D Konee C. B., Cuuunasa 3. H., Hcnuyrxuii JI. H. TIpuMeHeHUe HeipOCETEBBIX
TEXHOJIOTUI [JIsI NTUAarHOCTUKHW HEWCIIPaBHOCTE! aBMAIIMOHHBIX ABUTaTeseii. BecTHUK
ITepmckoro yHuBepcuteta. Cepusi: Marematuka. Mexannka. MHGopmaTtuka. 2005.
Ne 2. C. 43—47 c.

2D Jenuyruir JI. H. VIHTeIUIeKTyaTbHbIe MH(MDOPMALIMOHHBIE TEXHOJIIOTHH M CHCTEMBI.
IMepmb: Ilepmckuit ynusepcuret, 2007. 271 c.

3 enuyruii JI. H. O BO3MOXHOCTSIX TIPUMEHEHHUSI METOIOB MCKYCCTBEHHOTO MHTEN-
nekTta B nonurosiorun // BectHuk Ilepmckoro yHuBepcuteta. Cepusi: [Monuronorus.
2008. Ne 2. C. 147—155.

Hcnuyrxuii /1. H., Yepenanoe @. M. O BO3MOXKHOCTSIX IPUMEHEHUST HEMPOCETEBBIX
TeXHOJIOTUII B nosutosoruu // HeilpokomribloTepbl: padpadboTka, rnpumeHeHue. 2010.
Ne 8. C. 47-53.

D Jenuyruiit JI. H., ITasroe H. B., Yepenanoe D. M. TIporHO3MpOBaHUE Pe3yb-
TaToB oJiuMmiuiickux urp 2014 r. B HeodulMaTbHOM KOMaHIHOM 3ayeTe MeTodaMu
WCKYCCTBEHHOTO WHTeiuieKTa // CoBpeMeHHbIe TPOOJIeMbl HAyKu W OOpa30BaHUS. —
2013. — Ne 6; URL: http://www.science-education.ru/113\nobreakdash-11206
(mata oGpameHwus: 25.12.2013).

Shttp://www.psu.ru/news,/prognoz-uchenykh-pgniu-okazalsya-vernym.
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OTJIEJbHBIX criopTcMeHoB ). HekoTopble M3 3TUX peKOMEHIALMiA ObLIM
yuyTeHbl TpeHepaMMu U Aaliy pesyabraT Ha Onumnuane-20142).

eB Xxome pa3paboTKM W WCCIESOTOBAaHUI HEWPOCETEBOM CHCTEMBI
JUATHOCTUKM 3a00JIeBaHUI CepACYHO-COCYAUCTOM CHUCTEMbl METOHAMU
WCKYCCTBEHHOTO WHTEJUIEKTA BBISBIIEHBI HOBBIE MEIULIMHCKUE 3HAHUS,
B pe3yJbTare 4ero, Iocjie OOCYXIAEeHWIl ¢ aBTOPUTETHBIMM BpadyaMM-
3KCMepTaMU, CclejJaH BBbIBOA> O HEOOXOAMMOCTU KOPPEKTUPOBKHU Cy-
IIECTBYIONIEH MPAaKTUKX NPOGUIAKTUKUA U JICUCHUS KapAUOJIOTMUECKUX
3a00JIeBaHUIA.

5. Ha caiite Ilepmckoro ornenenusi Hayunoro Coera PAH 1o meTomono-
T'MY UCKYCCTBEHHOTO nHTe/ieKTa www. PermAl.ru B pasneine «[IpoekTbr»
B CBOOOJIIHOM AOCTyIMe BbLIOXEHBI MPOrpaMMbl, MO3BOJISIIONIME: TPOTHO-
3UpPOBaTh BEPOSTHOCThL OAHKPOTCTBA POCCUICKMUX OAHKOB; BBHISIBISITD
CIOCOOHOCTM JItoAel K HaydyHOW AeATeJbHOCTH M K PYKOBOASIIEH
JesITeJIbHOCTU; TIPOTHO3MPOBATh YCMEIHOCTh Kapbhephbl CTYIEHTOB MOCe
OKOHYAHUS By3a; MPOTHO3MPOBATb MPOYHOCTb CEMbH; BBISBISATL IpE-
PACIIONIOKEHHOCTD JIIOACH K HAPKO3aBUCUMOCTH, K CYULIUIY, K HACUJIHIO,
K aHOPEKCHUM; CTAaBUTh OMATHO3bI 3a00JIEBaHUII CepIeuyHO-COCYINCTOMN
CUCTEMBI 1 BBHINOJHSTH IIPOrHO3MPOBAHUE UX Pa3BUTHUS Ha OMKaulime
rogpl. Bocronb30oBaBIIMCh YKa3aHHBIMU IIpOrpaMMaMM, YUTATENIU 3TOM
KHUTA MOTYT BBIOpaTh st cebs cdepy OesITeIbHOCTU, 3aHMMAasCh
KOTOpOI1 OHU T0OBIOTCS HAMOOIBIINX YCIEX0B; OMPEesaT ONTUMAIbHYIO
IJis1 cebsl TpaeKTOpUI0 OOydYeHHUsl B By3e; OIpelessT ONTHUMAaJbHBIC
IJis1 ceOsl Mepbl II0 CHIDKEHMIO X IIPEApPacoNOXEHHOCTH K TaKUM
3a00JIeBaHUSIM, KaK HApKOMaHUS, CYULMZ, aHOPEKCHS; IOCTaBAT cebe
JUArHo3bl 3a00JieBaHUN CEepAeYHO-COCYAUCTON CHUCTEMbI U OIPENessiT
OoNTUMAaJIbHbIe IJIs1 ce0s1 Mepbl 110 M3JIEYEHUIO 3TUX 3a00JieBaHMIA;
OpOBEpSITh Ha CKOJBKO HaAexXeH OaHK, BBIOpAaHHBIN [jId XpaHEHUS
cOepexeHn.

Asnssace mpeacenarenem Ilepmckoro otaeneHuss HaydHoro coseTta Imo

METOAOJIOTUM MCKYCCTBEHHOTO WMHTeJUIeKTa Poccuiickoii akageMuu Hayk,

D Genuyruii JI. H., Buykosa O. B., Yepenanose @. M. Tlporuos pesyabraros Onnum-
nuanbi-2014 B My>KCKOM OOWHOYHOM (DUTypHOM KaTaHUM METOIaMU HMCKYCCTBEHHOTO
uHTtesuiekTa // CoBpeMeHHBIe TIpoOJieMbl Hayku W obpaszoBaHust. — 2014. — Ne 1;
URL: http://www.science-education.ru/115\nobreakdash-11339 (nara oOpalie-
Hus: 25.12.2013).

2)B yxazaHHoOI#i pa6ote ¢urypucty E. [ITOIIEHKO MPOTHO3MPOBAIOCh 2-€ MECTO Ha
Onumnuane-2014. OmHakKo, B 3TOM 3Ke paboTe eMy ObLIIO peKOMEHIOBAaHO cOaBUTh Bec,
Cc 4eM M corlacuiicst ero tpeHep A. MuimuH (cM. http://www.poisknews.ru/theme/
infosphere/8916/). B pe3ysibTare, B KOMaHIHBIX cOpeBHOBaHUsIX Ha Onumnuane-2014
E. IlmronieHKO mokasajn OecTSIIuid pe3ysbTaT, Ojaromapsi 4eMy KOMaHIa MOoIyduiia
30JI0TYI0O Medab.

3 Yasnitsky L. N., Bogdanov K. V., Cherepanov F. M., Makurina T. V.,
Dumler A. A., Chugaynov S. V., Poleschuk A. N. Diagnosis and Prognosis of
Cardiovascular Diseases on the Basis of Neural Networks // Biomedical Engineering.
2013. T.47. Ne 3. C. 160—163.
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COTPYIHUKOM Heckoabkux IT-¢dupMm, npodeccopom msaTH YHUBEPCUTETOB,
aBTOP KHUTU MOXET AOJITO MNEePeUUCIsATh JOCTUXKEHUS CBOUX OBIBLIMX
CTYIEHTOB WM aCIMPaHTOB, HbIHE YCIEIIHbIX OM3HECMEHOB, WHXKEHEPOB,
Hay4YHBIX paOOTHUKOB, negaroroB. CBoeil Xe IJ1aBHOM 3aCyroil OH CUMTAET
NOMyJISIpU3alMI0 3TOM HOCTAaTOYHO CJIOXHOM HAy4YHOW AUCUMILJIMHBI —
co3fgaHue MpocToii U 3(pGEeKTUBHOU METOAMKMU ee MperojaBaHusl, 4acTblO
KOTOPOM SIBJISIETCSl TaHHAsl KHUra.

KHura uMeeT Xopolllo 3apeKOMEHIOBaBIIUI ce0sl TPOTOTUIl — y4yeOHOoe
nocobue JI. H. flcHuiikoro «BBegeHue B MCKYCCTBEHHBIM MHTEJIEKT», Mep-
BOHAaYaJIbHO BbINyllleHHOe IlepMCKHUM TrocylapCTBEHHBIM YHUBEPCUTETOM
B 2001 ., a 3areM mepeusmaHHoe WM3maTeabCKUMM ILIEHTPOM <«AKameMUs»
(Mocksa) B 2005, 2008 u 2010rr. B Hacrosiee BpeMsi 3TH KHUTU
WCIIOJIB3YIOTCSI B y4eOHOM TIpollecCeé MHOTMX BY30B U O HX BBICOKOH
BOCTPEOOBAHHOCTU CBUJETEJILCTBYET OOJBIIOE KOJIWYECTBO LUTUPOBAHUIA,
3acpukcupoBaHHbix eLIBRARY, Akanemuss GOOGLE u np.

BINATOOAPHOCTH

ABTOp UCIIOJIb30BaJl PYKOMWCHbIE MaTepuajbl M3 OUOIMOTeKU Mep-
BOTO 3aBeldylolllero Kadeapoil TIpukiagHoii wMaremMaTuku IlepMckoro
rocyJapCcTBEHHOIro YyHuBepcutTeTra (HbiHe IlepMckuii rocynapcTBeHHbIN
HallMOHAJIBHBIA MCCaeaoBaTeIbckuii yHuBepcuteT) IOpust Bragumuposuya
JeBuHrTams, IOJApeHHOW yHUBepcuTeTy BanentuHoii BacuibeBHOI
JeBuHrtanmb. KpoMe Toro, B KHUTE IIPUBOIUTCS WH@OpMaIus, TI00C3HO
MpeaoCTaBJI€HHAsT aBTOPY CHEHMAJIMCTaMM B 00JIACTM MCKYCCTBEHHOIO
uHtemnekra: P. I1. A6yceBoiM, WM. A. I'pubanoBeiM, B. A. rommHbIM,
B. A. KpacHobOaeBbiM, M. A. MapueniokoMm, C. W. YUynpuHoii. Kowmiibio-
TepHasl peajusalysl MAEeU COLMAIbHO-TEHETUYECKOro ajroputMa U €ero
anpobaius BbIIOJHEHBI coBMecTHO ¢ [. WM. MypamoBbiM. IlpuHLIMDIBL
MOCTPOEHUSI HEMPOCETEBOM CHUCTEMbl MIUArHOCTUKM aBUAIIMOHHBIX OIBHU-
ratejieii pa3paboTaHbl COBMECTHO C HayaJbHMKOM OTHEela AUArHOCTUKU
AO «ABuagsurarenb» B. @. XanuyuInHBIM, a €€ IIPOrpaMMHYIO peain3aiio
BoinojgHWIu 3. Y. CuunHaBa u C. B. KoneB. IIpuHUUOMaIbHBIE OCHOBBI
Cco37JaHusl CUCTEMbl KapAWOAWArHOCTUKM pa3pabaThiBaJlUChb COBMECTHO
C BpavyoM-KOHcyJbTaHTOM IlepMcKoro KapauoOJIOrM4eckoro ILeHTpa
0. K. ®unonenko wu poueHToM IlepMcKoOil TOCyJapCTBEHHOTO MeEau-
LIMHCKOrO yHMBepcuTeTa uM. akagemuka E. A. Barnepa A. A. lymiepowm,
a ee mporpamMMHasl peajiu3alus U KOMIIbIOTEPHbIE dKCIEPUMEHTHI BBIIOJI-
HeHbl M. A. TanaueBoit u A. H. [IBopsiHuHoBo#i, @. M. UepenaHOBbIM
K. B. bornanosbiM, T. B. MakypuHoii, A. C. [ImocHuHbIM.  OTNBITHO-
MPOMBIIIUIEHHbIE HWCIIBITAHUSI, OKOHYaTeJIbHasl O0opaboTKa M BHeApEHUE
KapAuOAMarHOCTUYECKON CHCTEMbI OCYIIECTBIISZIOCHh IIOA PYKOBOICTBOM
mupekTopa 3A0 «MubopManumoHHO-BeIYncauTeIbHBIe cetn» A. H. Iloie-
myka npu duHaHcoBoi moaaepxkke IIpaBurtenbcTBa Ilepmckoro kpas.
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B pa3paboTke MHTENIEKTyalbHbIX NH(POPMALIMOHHBIX CUCTEM B 00J1acTU
DKOHOMUKH, OM3HEca, IOJUTOJIOTMH, COLMOJIOTUHY, IIeNarOrukKu, MeIUIIMHbI
W Jp. IIPUHUMAJIM y4aCTUE CTYIEHTbI, MAaIrMCTPAaHThI, aCIIMPAHTHL U COTPYI-
HUKM TNPaKTUYECKU BCEX IEPMCKHUX BY3O0B.

MHorue HelpoceTeBble MOAECIU BBIIOJIHEHBI C MCIOJb30BAaHMEM CIIE-
LAAJIBLHO CO3AAHHOTO IJisl 3TUX lLiejeld MPOrpaMMHOr0 MHCTPYMEHTapusl —
«Heitpocumynsitopa 5.0», siBUBIIErocst pe3yJbTaTOM MHOTOJIETHEr0 COTpY.I-
HuuectBa aBTopa ¢ . M. YepenaHoBbiM. COBMECTHO C HUM K€ CO3IaH
JIabOpaTOPHBIM MPAKTUKYM IO HMCKYCCTBEHHOMY MHTEICKTY M MHTEJICK-
TyaJIbLHOMY aHaJIu3y JaHHBIX, pa3MeEIIeHHBbI Ha caiite www.LbAi.ru.

ABTOp BBIpaXaeT CBOIO IIPU3HATEIBLHOCTL pyKoBomuTelsiM Haydnoro
CoBeta PAH no MeTomoJiorMu MCKYCCTBEHHOTO WHTEJJIEKTa aKaaeMUKY
B. JI. MakapoBy u npodeccopy . W. lyopoBcKkoMy 3a BHUMaHUE W IIOJ-
JIEePKKY CBOEro mepMckoro cuimana.

ABTOp 4Ype3BbIYaliHO OJlarojapeH CBOMM HAacTaBHMKaM M KoJjuleram
0 pemaklMOHHOM KoJuleruu XypHana «HeiipokoMIibloTepsl: pa3paboT-
Ka, npumeHeHue» A. M. lanymkuny, A. B. Yeukuny, JI. C. KypaBckomy,
B. B. bopucony, A. B. CaBenbeBy.

BceM, kTo mpemocTaBuJl MHGOpPMAaLMIO, IPUHSJI y4acThe B pa3paboTKe
WHTEJUIEKTYaJIbHBIX CHUCTEM M B IIOATOTOBKE MaTepuajoB KHUTU, BCEM
OpsSIMBIM U KOCBEHHBIM ydacTHUKaM IlepMcCKoii HaydHOU IIKOJBI MCKYC-
CTBEHHOTO MHTEJUIEKTA aBTOP BbIpaXkaeT MCKPEHHIOI 0J1arogapHOCTb.



maBa 1

NMPOLUJIOE U HACTOSALLUEE
UCKYCCTBEHHOI'O UHTEJNEKTA
U UHTEJINEKTYAJIbHbIX CUCTEM

1.1. NCTOPUYECKUN OYEPK

YenoBeK — 3TO CaMBbIfl CIIOKHBIA M3 MHOCTYITHBIX IUISI HAIIIETO BOCTIPUSITHS
00BEKT, a CIOCOOHOCTh MBIILICHUSI — €r0 IJIAaBHOE CBOWCTBO — aTpPUOYT.
Hckyccmeennolii ummennekm — 3T0 HayKa, IEJIbI0 KOTOPOIl SIBIISIETCS
U3ydyeHUue U MOJeJUpOBaHUE aTpuOyTa 4elOBeKa — MblULICHUS.

KakoBa mpupona MbeinnieHus? Kakue Tpoliecchl TTPOUCXOIST B HaIeM
opraHm3Me, KOrma MBI JyMaeM, YyBCTBYeM, BUAVMM, moHMMaeM? Bo3MoxxHO
JIM B TIPMHIIMIIE TTOHATH, KaK paboTaeT HAIll MO3T, M 3aCTaBUTb MBICIUTD
HeXuBYI0 MaTepuio? Ha mpoTsskeHuu TBICSYETeTH YeIOBeK 3amaBajics
5TUMHM BONpPOCAaMM, HO MO CHX IIOp MBI HE MOXEM OTBETMTb Ha HHX
C TIOJIHOM ONpeaeieHHOCTHIO.

[TonbITKN MOHATHL U (HOPMATN30BaTh MEXaHU3M MEIIIJICHUS YeJloBeKa
umetoT gaBHo ucroputo. Eie IMnaton (IV B. no H.3.), Apucrorens (IV B.
Jo H.2.), Pene Jekapt (1596—1650), benenukr CnwunHosa (1632—1677),
TI'ordpun Bunbrenom JleinGuui (1646—1716), Jxopax byns (1815—1864)
W MHOTHE IpyTHe HCCIemoBaTeIM HAa YPOBHE COBPEMEHHBIX MM 3HAHUWM
CTPEMWINCH OIMMCATh MBIIIICHNE KaK COBOKYITHOCTh HEKOTOPBIX 3JIEMEH-
TapHBIX OIepaluii, IpaBWwI U Mnpouenyp. B momHom obbeme dopmaibHas
aKcruoMaTM3alusl JIOTUYECKUX PacCyXIeHU MpeacTaBieHa B paboTax TaKMX
Benukux ¢unocodon, kak @punpux Jlroapur I'otnod dpere (1848—1925),
Beptpan Aptyp Yuiabsam Paccenr (1872—1970), Kypr I'énens (1906—1978).

IlepByto, 3aUKCUPOBAHHYIO B MCTOPHMU TIOIBITKY CO3MAaHUs MAIIWHBEI,
MOJEIVPYIOIIE YeIOBEYECKUIl pa3yM, CBS3BIBAIOT C MMEHEM CpeaHeBe-
KOBOTO MCITAaHCKOTO pBILIaps, mo3Ta, ¢gmuiaocoda, OOrocjaosa, alXUMUKa,
n3obperarens Paiimynma Jlymmuas (1235—1315, pwuc. 1.1). Ilpencrasiser
OrPOMHBIM MHTEpeC caMa JIMYHOCTb 3TOro 4ejoBeka. JlroOumel KopoJs,
IYSJISTHT U TTOoBeca, KaK O HEeM MUIIYT UCTOPUKHU, pbilapb Patimynn Jlymmwit
B Bo3pacTe 24 JIeT BOPYr HEOXWIAHHO OTKAa3bIBAETCS OT CBETCKHUX pa3BJie-
YeHUI M WUIOET B MOHACTBIPb, YTOOBI cTaTh MynaperoM. CorjacHoO JieTeHIe,
ero pelreHre MpOIUKTOBAHO BeChMa OJIATOPOIHON 1IEJbI0 — ITOCTUYh HAYKH
U C MX TOMOIIBIO M3JIEYUTHh OT TSKEION OOJIE3HM CBOIO JaMy Cepila.

K coxajneHuto, UCTOPUU HEU3BECTHO, yaajoch Ju JIyaauio J0CTUYb
cBoeli OylaropogHoii 1enu. M3BeCTHO TOJBKO, 4TO B Bo3pacTe 80 jeT BO
BpeMsI KapKOro CIIopa €ro HacMepTh 3a0MJIM KaMHSIMH ONIOHEHTHI — Te€,
KTO OBLIM HE COIJIaCHBI ¢ ydyeHueMm Jlymams...
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Puc. 1.1. Crarysa Paitmynpa Jlymius B bapceloHCKOM yHUBEPCUTETE

Bo Bpemena Jlymus, a 3to 6601 XIII B., yueHble ObUIM 3aHSTHL HOMCKOM
HEKMX YHUBEPCAIbHBIX MOHATUHA W WUCTHUH, KOTOpbIe, Oyayuyu CBSI3aHHbI-
MU MeEXIy coOoil, maBajiu Obl OOILIYI0 KapTUHY MUPO3AaHUS, a 3HAUYMT,
M OTBETbl Ha BCE MHTEPECYIOIME YeJOBEYECTBO BOIPOCHI. DTO OBbLT BEK
duocooB-MyApelIOB, acTPOJIOTOB M aJIXMMUKOB, 3aHITBHIX HOMCKAMU
duocodcKoro KaMHsI.

Pa3BuBast TpaaulMy y4eHbIX CBOEro BpeMeHU, JIyJuinii CKOHCTpyupoBal
MEXaHNYECKOE YCTPOMCTBO, COCTOSIIEE U3 CUCTEMBI KpyroB (puc. 1.2), ume-
IOIIMX BO3MOXHOCTh Bpamlathbcsi. Kaxaplid Kpyr ObL MOAEJEH Ha CEKTOPHI,
OKpallleHHbIe B pa3Hble 1IBeTa U MOMeYeHHbIE JaTMHCKUMU OykBamu. Kpy-
M COSAUHSIJIUCH APYT C APYrOM, U, TPUBOMIS UX BO BpallleHHUE, MOXHO ObLIO
MOJIYYUTh Pa3JIMYHbIE COYETAHUSI CUMBOJIOB M IIBETOB — TaK Ha3bIBaEMYIO
«(OpMYyy UCTUHBI».

Mamunsl Jlyanusa morau paboTath B pa3IMUHBIX IIPEIMETHBIX 00ja-
CTSX U JaBaThb OTBEThl HA BCEBO3MOXHbBIE BOIMPOCHI, COCTABJISITb TOPOCKOITbI,
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Puc. 1.2. OnuH U3 Kpyros JIOTMYECKOW MaluuHbl Jlymmus

CTaBUTh NMAarHo3bl OOJIE3HEH, AejlaThb IIPOrHO3bl Ha ypoxaii. B Haumboiee
nmo3mHeM BapuaHTe MmamiuHa JIyjumis cocrosiia u3 14 KpyroB, pa3Me4eHHBIX
OyKBaMU U pacKpallleHHBIX B pa3jddYHbIe 1IBETa, KOTOPhle CUMBOJM3UPOBA-
JIV pasiIUYHbIe MOHATHSI, DJIEMEHTHI, CTUXUU, CYOBEKThl U OOBEKTHI 3HAHMSI.
Kpyru npuBoauiiuch B JBMKEHUE CUCTEMOI pbiyaroB. IloBopaunBasich, OHU
MoIIM 0o6pa3oBaTh okoso 18 kBagpwuinoHos (18 - 10'°) pazHoo6GpasHbIX cO-
yeTaHU OYKBEHHBIX U LIBETOBBIX «MCTHH». 3alpoChl B MAIIMHY BBOIWINCH
C TIOMOIIBIO MOBOPOTA BHYTPEHHEro Kpyra, Ha KOTOPOM OBLJIO HauyepTaHO
JIeBATb BapuaHTOB BoIPocoB: «UTo?», «[louemy?», «M3 dero?», «CKOJIBKO?»,
«Kakum obpazom?», «[me?», «Korma?», «Kakoe?», «Kortopoe m3 aByx?».
[To cymectBy, MammHa JlyJumms IpeacTaBiisiia coOOl MeXaHWYeCKYIO
SKCIEPTHYIO CUCTEMY, HaJeJIeHHYIo 0a30ii 3HaHUI, yCTpoiicTBaMHu BBoOza
U BBIBOJA, €CTECTBEHHBLIM SI3bIKOM OOIIeHUsI. CBECTH K JOIMYECKUM OIle-
palusIM eclii He BCe 3HAHWUSI O MHUpPE, TO XOTS OBl YacTb U3 HUX, a 3aTeM
MMOPYYUTh HE YEIOBEYECKOMY MO3TY, a MEXaHUYeCKOMY YCTPOMCTBY IIPO-
LieAypy BbIBOJAa <«(pOpMYyJ 3HAaHMSI», CICOYIOIIMX W3 HAKOIUICHHON 0a3bl
3HAHWI, — 3Ta MJesd UCKYCCTBEHHOIO WHTE/UIeEKTa. BriepBble oHa Obljla BbI-
cKazaHa M peajin30BaHa CpPeJHEBEKOBBLIM phillapeM Paitmynnom Jlymauem,
MPOXWIA CeMb BEKOB M JOCTUIVIA B HAIIM JHU CBOEro pacliBeTa W TpuyMda.
B 40-x rr. XX B. C TIOSIBJIECHUEM 3JICKTPOHHO-BBIYUCIUTEIBHBIX MaIllnH
UCKYCCTBEHHBIN MHTEJIJIEKT 00pes BTopoe abixaHue. [1pon3011LIo BelaeaecHIE
WCKYCCTBEHHOI'O MHTEJUIEKTA B CAMOCTOSITCIbHOE HAayYHOE HarpaBlIeHUE.
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CaM TepMUH «MCKYCCTBEHHBI MHTeJIeKT» (artificial intelligence) ObL1 nipe-
JoxeH B 1956 1. Ha ceMMHape C aHAJIOTMYHBLIM Ha3BaHWEM, ITPOBOIVMMOM
B Crandopackom yHusepcutrere (CLIA).
C Tex mop MCTOpHUs MCKYCCTBEHHOrO MHTEJIEKTa IIpPeAcTaBiisia co0oit
MOCTOSIHHBIE CIIOPBHI M METAaHUS MEXIY IBYMSI KPallHOCTSIMU — OIITUMU3MOM
U reccuMu3MoMm. MHTepecHbl 3HaMEHUThbIE MpeacKa3aHusl aMepUKaHCKOTO
9KOHOMMUCTA M COLIMOJIora, McclienoBaTesisi B 00JIaCTU TEOpPUM YIpaBiie-
HUSI, MOJEIUPOBAaHUSI COLMAJbHBIX MPOLIECCOB, HOOEJIEBCKOTO Jiaypeara
I'ep6epra CaitmoHa, caemaHHble B 1957 r. IlpuBeneM HEKOTOpbIE M3 ITHUX
npeacKazaHuid:
— B Ommxaiiniee gecsartwietne DBM 3aBoioeT TUTyJ YEeMIIMOHA MUpa
Mo IIaxMaTam;

— B npeneiiax gecatu JieT DBM OTKpoOeT M cyMeeT 0Ka3aTh BaKHYIO
HOBYIO MaTeMaTU4YeCKYyl0 Teopemy;

— B JIECATUJIETHUI CPOK OOJIBIIMHCTBO TEOpUil B 00JIACTU TCHUXOJOTUU
MIPUMET BUI HPOrpaMM Ijis BBIYMCIMTEILHONM MAaIlHBI.

Ceituac, ciycTs 0oJjiee mojiBeKa, Mbl BUAUM, 4TO Iipeackazanus I'. Caii-
MOHA IIOCTENIEHHO COBIBAIOTCSI, YTO OH OINMOAJICI TOJBHKO B CpoKax. MEI
TaKXe MOXEM OTMETUTb, UYTO 31 (MOpHUsi BOKPYT UCKYCCTBEHHOTO MHTE/IEKTa
uMeJla Kak TOJIOKUTEJbHbIC, TaK W OTpulaTeJIbHble Mocaeactsus. C o-
HOI CTOPOHBI, OHAa CTUMYJMPOBaja MHTEpPEC OOIIECTBEHHOCTU K HOBOMY
Hay4YHOMY HampaBJj€HMIO, BHIPA3UBILIMICS B BbIIECJICHUN KPYIHBIX I'PAHTOB
npasuteabcTBOM CIIA. C gpyroit CTOpoHBI, MCKYCCTBEHHBII MHTEJUIEKT
cTal OOBEKTOM BeChbMa PE3KOM KPUTUKU 00Jee «TPEe3BOMBICIISIINX» Yyde-
HBIX. MBI TakKe 3HaeM, K KaKUM TSDKEIbIM IOCJEICTBUSM IIpHUBeaa 3Ta
kputuka B CCCP, korma 3a penreHue Npo0jeM HaydHbIX TUCKYCCUI B3sUICS
rocyaapCTBEHHbII pelpecCUBHbBIN amrmapaT: KubepHeTuka Oblia o0bsBIeHA
«OypXKya3HOil JDKeHayKol», a Te, KTO el 3aHMMAaJICsl, — «BparaMu Hapojaa».

Bckope mocie mpusHaHUsS MCKYCCTBEHHOIO MHTE/JIEKTAa CaMOCTOSITEIb-
HOM OTpacjibl0 HayKyd IIPOM3OIILI0 €ro pasfejeHue Ha OBa OCHOBHBIX
HarpaBJIeHUS: HelUpoKubepHemuKky N KUOepHEemUKY <«UepHO20 SULUKA».
[Tonxon K CO3MaHUIO MHTEJIEKTyaJlbHbIX CUCTEM, UCMOJb3yeMblii B Heil-
POKMOEpHETUKE, MHOTIA Ha3bIBAIOT HUBKOYPOBHEBbIM, WU B0CX00AUUM,
a B KUOEpHETUKE YEPHOTO SIIUKA — GbICOKOYPOBHEBbIM, VTN HUCXOOAULUM.

OCHOBHYI0O UAEI0 HEMPOKUOEPHETUKU MOXKHO C(HOPMYJIUMPOBATH ClEdy-
omuM ob6pa3oM: «ETWHCTBEHHBIN OOBEKT B IMPHUPOIE, CIIOCOOHBIN MBIC-
JINTh, — 3TO YEJIOBEYECKUII MO3r, MO3TOMY JI000€ MBICIISIIEE YCTPONCTBO
IOJDKHO OBITh 00s13aTeIbHO BBIIIOJHEHO IO 00pa3y M MOZOOMIO YeloBeYe-
CKOTO MO3Tra, BOCIIPOU3BOJAUTH €r0 CTPYKTYPY M €ro MPUHLMUIT JCHUCTBUS».
Takum ob6pa3oM, HEMPOKHNOEpHETUKA 3aHUMAETCSI MOJIEJIMPOBAaHUEM CTPYK-
Typbl MO3Ta U €ro AesITeIbHOCTH.

Kak n3BecTHO, MO3T YeloBeKa COCTOUT M3 OOJIBIIOro KOJIMYECTBA B3aM-
MOCBSI3aHHBIX HEPBHBIX KJIETOK — HellpoHoe. I1oaToMy ycunns HelpoKuoep-
HETHUKOB COCPEIOTOYEHBI Ha pa3pabOoTKe 3JIEMEHTOB, ITOAOOHBIX HEPOHAM,
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U OObEAMHEHUU 3TUX 3JEMEHTOB B CUCTEMBbl — Hellpocemu WU HelUpoKoM-
noromeput. [lepBbie HEHPOCETH U HEMPOKOMITBIOTEPBI OBLIM CO3JAHBI aMe-
PUMKaHCKMMU y4eHbIMU — YoppeHoM Mak-Kannokom, Bansrepom ITurrcom
n ®penepukoMm PozeHOmaTToM B KoHIue 1950-Xx rT. DTO OBLIM YCTpPOMCTBA,
MOJIECIUPYIOLIYE YeJIOBEYECKMI TJ1a3 M €ro B3auMOACKMCTBUE C MO3IOM.
YcrpoiicTBa yMeau paclo3HaBaTh OyKBBHI ayidaBuTa.

B oTnuume oT HEMpOKMOSPHETUKM KUOEpPHETHKA «4YEPHOTO SIIIIMKa» HE
MpuaaeT 3HaYeHUsl CTPYKTYpe W TPUHLUIY IeACTBUSI MBICISIIETO YCTPOW-
crBa. [71aBHOe, 4TOOBI OHO AaAEeKBATHO MOJIEJIMPOBAJIO CAMBI BBICOKUIA
YPOBEHb [IeSITEJIbHOCTU MO3Ta — YPOBEHb WHTEJUICKTYaJbHBIX (QYHKLIWIA.
DTO HampaBlieHHME MCKYCCTBEHHOIO WHTEJICKTa OPMEHTHUPOBAHO Ha IIO-
WCKU aJITOPUTMOB PEILICHUs] MHTEJUIEKTYaJbHBIX 3ada4y C KCIOJb30BaHUEM
CYLIECTBYIOLIMX KOMIIBIOTEPOB HE3aBUCMMO OT MX allllapaTHO#l 0a3bl.

[TocTtaBuB nepen coboil 3agauy MoAeaMpoBaHUsl (PYHKLMI Mo3ra, Mpe-
CTaBUTEIM 3TOrO HAYYHOI'O HAIpaBJIeHUSI CTOJKHYJIWCH C CEPbE3HON MpOo-
onemoii. Okazanoch, YTO, HECMOTPSI Ha MHOI'OBEKOBYIO MCTOPHUIO HCCJIe-
JIOBAaHMM HM OIHA U3 CYILIECTBYIOIIMX HaykK (¢uiaocodusi, MCUXOIOTus,
JIMHTBUCTUKA U JIp.) HE CMOTJIa MPEIJIOKUTb CKOJIbKO-HUOYIb KOHKPETHBIM
aJITOPUTM YesioBedyeckoro MuiuieHus. [loaTomy mporpaMmmMucTtamM NpuilLioCh
co3fgaBaTh COOCTBEHHBIC MOJEJU MBbILLICHMUSI.

B koH1ue 50-x rr. XX B. mosiBUIach Modeas aabupunmuoeo noucka. Co-
[JIACHO 3TOMY ITOAXOAY pelIeHWe WHTEISKTYyalbHOM 3a4a4d BBITIOJHSIIOCH
IMyTeM Mepebopa OrPOMHOTO KOJMYECTBA BAapMAHTOB, KOTOPOE IIpelcTaB-
JISIJIOCh B BUJE IOBVXKEHMSI MO JTaOUpuHTY. B Hacrosilee BpeMsl MoIelb
JIAOMPUHTHOIO TOMCKA NPU3HAETCS TYNUKOBOM M MMEEeT OrpaHMYeHHOE
KCIIOJIb30BaHWE B MIPOBBIX KOMITBIOTEPHBIX ITpOrpaMmmax.

B nHavame 1960-Xx IT. Havalach 3II0Xa IBPUCIUUECKO20 HNPOSPAMMU-
poeanus. Kak mucaia aBTOp 3TOr0 TEePMHHA, aMEPUKAHCKUI MaTeMaTHK
I1. Ioiia, «lenb >BPUCTUKU — UCCIIEIOBATh METOABI U TIpaBWia, KaK AeaaTh
OTKPBITUS U M300pETCHUS».

OTO O4YeHb CJIOXKHas IpobiemMa. eno B ToM, 9To ApXUMend, BBIIIPHIT-
HYBIIMII U3 BaHHBI C KPUKOM <«3DBpHuKal», HUKOMY HE OOBSICHWJI, KaK OH
Joragajcsi, 4To Tejo, MOrpPYKeHHOe B KUIKOCTb, TepsieT B CBOEM Bece
POBHO CTOJIBKO, CKOJIbKO BECUT BBITECHEHHBI MM 00beM Boabl. Hblo-
TOH OTKpPBLI CBOIM 3aKOH BCEMUPHOIO TSTOTEHUsI, HaOJIomas 3a naaeHueM
s0y10ka. MeHaeneeB yBUaeaA MPUHIUI MOCTPOSHUS IIEPUOANIECKO Tabau-
bl BO cHe. [103TOB M My3BIKAHTOB BIOXHOBJISIIOT HAa TBOPYECKHME IMOMCKU
BO3BBILLIEHHBIE YYBCTBA, Pa3o0opaThbcsl B KOTOPBIX B IMIPUHIIMIIE HEBO3MOXHO.

YToObl MOHATH MEXaHM3MBI TBOPYECKOIO MBIIICHUSI, aBTOPEl 3BPUCTU-
YeCcKOro Mmojaxojaa IpoBeINd 3KCHEepUMEHT. bblia orobpaHa rpymnna CTyaeH-
TOB, HE 3HAKOMBIX C MaTeMaTU4YeCcKOl Jorukoi. Kaxablii CTyNeHT HOJIKEeH
OBbLII CaMOCTOSITEILHO O0KAa3aTh OMHY WJIM HECKOJILKO TeOopeM U3 Y4eOHU-
Ka, He 3amisiapiBast B Hero. [Ipy 3TOM OH IOJIKeH ObLI pacCyXIaTh BCIYX,
JleJlaTh JIIOOble 3aIllicH, MpeKpalaTh padboTy, €CId CTAaHOBUJIOCH SICHO, YTO
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BbIOpaH HEBEpHbINi MyTh, M HauuMHaTh Bce cHayajia. O6paboTaB MarHu-
TO(OHHBIC 3aIllMCU, BBIKJIAAKU W YEPHOBUKHU CTYAEHTOB, IPOIPAMMUCTBI
HAllUIM B HUX 36PUCMUKU — HEKHE TIpaBWIa, KOTOPBIMU II0JIb30BAJIUCh
CTYIEHThI, JOKa3biBasi TEOpPEeMbl. DTHU IpaBUja He MMEIU CTPOTUX MaTe-
MaTUYECKUX OOOCHOBAaHUI, M UX MCIIOJb30BAaHME HE BCerga MNPUBOAUIIO
K 3XejlaeMoMy pe3yabTaTy. OgHako MOporpaMma, B KOTOPYIO 3aJIOXWIU
9BPUCTUKU CTYIAEHTOB, CMOIJIa J0Ka3aTb BCE TEOpPEeMbl, KaKue HMEIUCh
B y4eOHUKe, U c(OPMYJUPOBATh JOMOJHUTEIbHO €llle IBEe TeOpEeMbl, KO-
TOPBIX HE XBATajlO IO MOJHON JIOTMYECKOM 3aBepllieHHOCTH Kypca! Tenepb
BTy OpOorpaMMmy, U3BECTHYIO IO Ha3BaHUEM <«JIOTMK-TeOpeTUK», MPUHSITO
CUMTATh PONOHAYAIBLHULICH 38PUCMUUECKO20 NPOSPAMMUPOBAHUSL.

CerogHsi MHCTpYMEHTaMM HUCXOMASIIEro IOAX0Ja K CO3JaHUI0O WHTEN-
JIEKTYaJIbHBIX CHUCTEM SIBJISIFOTCS 3aKOHbI (pOpMajbHOM JIOTUKU, TEOPUU
MHOXECTB, rpacoB, CEMaHTUYECKUX CeTell M Jpyrue MAOCTUXKEHUSI Hay-
KM B 00JIaCTU JTUCKPETHBIX BBIYMCIAEHUU. SICHO, YTO yCmexu HUCXOMSIIEro
HoAaXoda CBsSI3aHbl C pa3BUTHMEM BO3MOXHOCTei DBM u mcKyccTBa mpo-
rpaMMMpPOBaHUsS, T. €. C yCIeXaMd KOMIUIEKCAa HAayYHBIX MCCICIOBaHUIA,
KOTOPBII HA3bIBAIOT «KOMIIBIOTEPHBIMU HayKaMu». B IIpOTMBOMNOI0XHOCTH
9TOMY YCHEXM BOCXOMSIIEro IMoaxoaa (OT HU3KOIO YPOBHSI K BBICOKOMY)
CBsI3aHbI C yCIeXxaMM HayK O 4eJIOBEKe.

O06a noaxoaa K CO3MaHUI0 MHTEIEKTYyaIbHbIX CUCTEM CBSI3aHbI C MOJE-
JINPOBaHUEM, OTHAKO B IEPBOM ClIy4ae Mbl UMEEM JIeJIO ¢ MOJACINPOBAHUEM
(eHOMEHOJIOTUYECKUM, MUMUTALIMOHHBIM, a BO BTOPOM ClIy4yae — C MOJe-
JINPOBAaHUEM CTPYKTYPHBIM.

Cepbe3HBIil NPOPHIB B MPAKTUYECKUX TIPUIOKECHUSIX HUCXOMSIIETO IO~
Xolla K CO3MaHUI0 WHTEJIEKTyaJlbHbIX CHCTEM IIpou30lIesl B cepeauHe
1970-x rr., Korga, OTKa3aBIIKMCh OT MOMCKOB YHUBEPCAJbHOIO ajiropurMa
MBIIIUICHUSI, TIPOrpaMMMCTBI HayaJii MOJACIUPOBaTh KOHKPETHBIC 3HAHUS
CHeLaInCTOB-3KCcepToB. OTKPLUIOCH HOBOE HAIlpaBJIeHUE MCKYCCTBEHHO-
ro MHTEJLIEKTa — 3KCHepmHble CUCHEeMbl.

C mosgBIE€HUEM DKCHEPTHBIX CUCTEM Ou3HeC B cepe MHTEJUIEKTyalb-
HBIX MH(MOPMALMOHHBIX TEXHOJIOIMil BIIEPBbIE CTAHOBUTCS PEHTAOEIHLHBIM.
C cepenunbl 1980-X IT. MCKYCCTBEHHBI WHTEJUIEKT IMPEBPAaTUJICS B OJIHO
U3 HauboJiee MpUBJIEKATEIbHbIX B KOMMEPYECKOM OTHOIIEHUM HarpaBiie-
HUIA KOMIIBIOTEPHOM MHIYCTpUM. PacTyT exXxerogHble KaIlUTaJOBJIOXCHMS,
CO3JAI0TCS MPOMBIIIJICHHBIE U BOCHHBIE JKCIIEPTHBIE CHUCTEMBI.

OpHako mobena, opepkaHHash NPUBEPKEHLIAMU HUCXOASIIETO IOAXO-
ma B 1980-x rr., okaszajach HEOKOHYATeIbHOM. Pa3zoOpaBiinch B mMpUIMHAX
cBOoUX Heyaad (MoapoOHO 00 3TOM CM. TJl. 4) U BBIMOJHUB Psifi CEPbE3HBIX
byHIaMeHTAJILHBIX HUCCIIeIOBaHUI, yYeHbIe-HeMPOKMOSPHETUKN BHILILIM Ha
PBIHOK TPOTPaMMHOI MPOAYKIIUU C HelUpoHHbiMU cemsmu. B pesynbrare
1990-e rr. 0O3HAMEHOBAIMCH MPUXOAOM MCKYCCTBEHHBIX HEHMPOHHBIX CETE
B OM3HEC, Ille OHU I10Ka3aJii CBOIO peajbHyI0 3(D(PEKTUBHOCTD IIPU PELICHUN
MHOTHMX MNpaKTMYECKMX 3amad. B mocieaHee BpeMst Hapsiny C YKa3aHHBIMU
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BBILIIE OBYMsSI CTpaTeTMYECKMMM IMOAXOJaMU K IIpoOjaeMe MOJIEIMPOBaHUS
MBIIIJICHUSI M1 MHTEJUICKTYaIbHBIX CUCTEM aKTUBHO pa3BUBAcTCS TPETUIA, Ha-
3bIBaEMBbIil 360.110UUOHHBbIM. CMBICI 3TOTO MOAX0AA COCTOUT B TOM, UTO IPO-
LiecC MOACIUPOBAHUS YEJIOBEUYECKOI0 MO3ra 3aMeHSIeTCSI MOASIUPOBAHUEM
Ipoliecca ero 3BOMIOLUMN. 31IeCh LIMPOKO HCIIOJNb3YIOTCS TOCHOACTBYIOIIVE
B XXWBOIl NpPUPOAE MEXaHU3MBlI €CTECTBEHHOro OTOOpa M TIeHETMYEeCKOIro
HacjenoBaHusl. [IpupoaHbIe 9BOJIOLMOHHbBIE MPOLECCHI, ONUChIBAEMbIE T€O-
pueit Yapap3a JlapBuHa, KJIaayTcsl B OCHOBY IOBEICHUS IIPOCTEHINNX CYIII-
HOCTEN — UHMEeNNeKMYAAbHbIX A2eHMO0E8, HE UMEIOLIUX TeJl, HO CIOCOOHBIX
YyBCTBOBAaThb, ACHCTBOBaTb, OOpPOThCS 3a CYIISCTBOBAHME, Pa3MHOXAThCS,
pa3BUBATBCS U XUTh, KaK 3TO IMPOMCXOOUT B (PU3MUYESCKOM MUDE.

B 3akiioyeHue OTMETHUM, YTO MCCJICOOBAHMUS II0 MCKYCCTBEHHOMY WH-
TEeJUIEKTY BCErJa HaXOOWINCh Ha IepeaHeM Kpae MHGopMaTUKU. MHorue
BOCHPUMHUMAIOIIKECS HBIHE BITOJIHE OOBIYHBIMHM IIPOrpaMMHbBIE CPEICTBa,
YCOBEPIIICHCTBOBAaHHBIE CHUCTEMBI IPOrpaMMUPOBAHUSI, ONEpallMOHHEIC CH-
CTeMBI, TEKCTOBBIC PEIAKTOPbI, CUCTEMBI pacIlO3HAaBaHUsS 0OOpa3oB, paHee
paccMaTpUBaJINUCh KaK pa3pabOTKM MCKYCCTBEHHOro WMHTEJUIeKTa. Teopuw,
UIeM U METOIbl MCKYCCTBEHHOrO WHTEJJICKTa BCerda IpUBIEKAIU U, Be-
pOSITHO, €Illie JOJITO OyayT NpUBJIEKATh BHUMaHUE TeX, KTO CTPEMMTCS
pacIipuTh 001acTh NPUMEHEHUSI M BO3MOXHOCTU KOMIIBIOTEPOB, CIejiaTh
ux 0ojiee <«IpyKeCTBEHHbIMU», OoJjiee IMOXOXHWMU Ha PasyMHbIX CYIIECTB,
C KOTOPBIMH ITIPUSITHO OOIIATHCS M padOoTaTh.

1.2. OCHOBHbIE CTPATEIMnn

McKycCTBEHHBIM MHTEJJIEKT — 3TO HaydHasl oTpaciib, 3aHMMAaloLIasics MC-
cliefoBaHMEM M MOJIEJIMPOBAHMEM €CTECTBEHHOIO MHTE/UIEKTa 4YeJIoBeKa.
EcTecTBeHHBIII MHTEJUIEKT 4YEI0BEKa SIBISIETCS OYEHBb CIIOXKHBIM OOBEKTOM
KUCCIEAOBAaHUI, U €r0 MOJSIUPOBAHNE OCYILIECTBIISIETCS HA Pa3HBIX YPOBHSIX
abctparupoBaHust [33]. MoXHO BBIOCIUTH TPU TAKUX YPOBHSI, KOTOPBIM
COOTBETCTBYIOT TPU OCHOBHBIE cmipameuu CO3JaHUS WHTEJICKTYaJbHBIX
cucteM (puc. 1.3):

1) TeXHOJIOTMM 3KCIIEPTHBLIX CUCTEM (BBICOKOYPOBHEBasl CTpaTerusi);

2) HelpoceTeBble U HEHMPOKOMITLIOTEPHBIE TEXHOJOTMU (HU3KOYPOBHE-

Basi cTpaTerusl);

3) TEeXHOJIOTMU 3BOJIIOLIMOHHOIO MOIEIMPOBAHMSI.

CaMOMy BBICOKOMY YPOBHIO aOCTparMpoBaHMsSI COOTBETCTBYIOT MEXHO-
A02UU IKCHEePMHbIX CUCMeM — CUCTEM, OCHOBAHHBIX Ha SIBHBIX 3HAHUSIX
o 1mipenMeTHOI o6Onactu. CorjlacHO 3TUM CTpaTervsiM, 3HAHUSI O IIpel-
METHOI 00JIaCTH MOJIy4aloT OT CHELUAIUCTOB-3KCIIEPTOB WMJIU U3 APYTUX
MH(OPMaIIMOHHBIX MCTOYHMKOB. MIMEHHO 4YeJIoBEeK-3KCIIEPT, O0JadarolInii
3HAHUSIMM O MPEAMETHOM 00JIaCTU, CITOCOOEH AeliCTBOBAaTh HA CaMOM BBHICO-
KoM ypoBHe. Ero 3HaHus ¢opMaan3yloTcsl M 3aKauuBalOTCSI B IPOrPaMMHBIIA
KOMILJIEKC — DKCIIEPTHYIO CUCTEMY, KOTOpasi Ha OCHOBE 3TUX 3HAHUI Jejia-
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TexHonoruu
DKCIIEPTHBIX
CHUCTEM

TexHonorum
co3IaHus
MHTEJJIEKTYaIbHbIX
CUCTEM

TexHonorun
3BOJTIOLIMOHHOTO
MOJEMUPOBAHUS

HeiipoceTeBbie
1 HEHPOKOMIIBIOTEPHEIE
TEXHOJIOTU U

Puc. 1.3. OcHOBHBIE CTpaTeruy CO3HAaHUSI MHTEUICKTyaJbHBIX CHUCTEM

€T JIOTUYECKM OOOCHOBAaHHBIE TI0JIE3HbIE BBIBOJBI, TEM CaMbIM MOJACIUPYS
WHTEJUIEKT 4YeJloBeKa-3KcIepta. MMEHHO 3Ty CTpaTreruio BIEpBBIE ITpUMeE-
Hun B XIII B. ucmanckmii yuenniii Parimynn Jlynnuii. UMeHHo ¢ Hee Oeper
Havyayio 00JjlacTh HAayKW, Ha3blBaeMasi MCKYCCTBEHHBIM WHTEJLICKTOM.

Ha caMoMm HIDXKHEM YypOBHE aOCTparMpoBaHUsI HAXOMATCS HeUpoKoM-
noromepHvle U Helipocemeesvle mexHonrocuu. COIIaCHO 3TOW CTpaTeruw,
CTPOUTCSI MOJIEJIb, YYUTHIBAIOIIASI CTPYKTYPY MO3ra, COCTOSIILIETO U3 MHOXE-
CTBa HEWPOHOB, COEAMHEHHBIX HEPBHBIMU BOJOKHAMU. 3HAHUSI MOCTYIAIOT
B TaKyl0 MOIENIb B XOIe e¢ OOYYeHMsS Ha CIeIMaJIbHO MOZOOpaHHBIX MPH-
Mepax, XapaKTepH3yIoIINX IMpeaMeTHYI0 obiacTh. Tak Xe, Kak U B MO3Te,
3HAHWS XPAHATCS B HEeSIBHOM (hopMe — KOIUPYIOTCS B BUIE MHOXECTBA CUA
cunanmuueckux ceszetl (00 3TOM ToiAeT peyb B IUI. 4), UMUTUPYIOLIUX
3JIEKTPOIIPOBOTHOCTb MEXHEMPOHHBIX COeNUHEHU. OCHOBOIOJOXHUKAMU
9TOI CTpaTeruu, MosiBuBILIeics B cepearHe XX B., SIBISIIOTCS aMepUKaHCKUeE
yueHble Y. Mak-Kamnok, B. ITutrc u ®. PozeHbaarr.

Hcropryecku mepBoiil OblIa MOMIENIb MHTEJIJIEKTa, OCHOBAHHOTO Ha SIBHBIX
3HAHMSX (TEXHOJIOTUS DKCIEPTHBIX CUCTEM), KOTOpas 0e3pa3aeibHO rOCIo-
crBoBajia ¢ XIII B. u no cepenunnl XX B. BosHnukHoBeHue B 1940-x rr. anb-
TepHATUBHON CTpaTeruu U MOsIBJIeHWE MEPBOTO HEHPOKOMITbIOTepa, Ha3BaH-
HOTO nepcenmpoHOM, PAaBHO KaK U MEPBbIE €ro YCrnexu, ObLIM BCTPEUYEHbI
¢ OOJIBIIMMU HaleXKIaMU U DHTY3Ma3MOM, KOTOPbBIIA, BIpoOYeM, MPOoaepKaICs
Heposro. K cepenune 1980-x rr. monasisitoliee OONBIIMHCTBO WHTEJIEKTY-
aJIbHBIX CHCTEM IIPEACTABIISIM COO0M IKCIIEPTHBIE CUCTEMbI, OPMEHTHUPOBAH-
HbIe Ha KOHKPETHBIE ITpeaMeTHbIe oonacTu. OmHako nmobdeaa BbICOKOYPOBHE-
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BOIl cTparernu okasajiacb BpeMeHHo#. Konenr XX B. u Hauano XXI B. o3Ha-
MEHOBAJIUCh ITMPOKOMACIITAOHBIM HACTYIUICHUEM HEMPOCETEBBIX M HEMPO-
KOMITbIOTePHBIX TexHonoruii. [IprueM MMeno MecTo Kak MpUMEHEHUE 3THUX
TEXHOJIOTUII B HOBBIX IIPEIMETHBLIX 00JACTSIX, TAK U BBITECHEHUE DKCIIEPT-
HBIX CHUCTEM M3 TexX o0JyiacTeil, rae OHU TPaguLIMOHHO MPUMEHSUIMCh paHee.

YXe B TeueHUE MOoJyBeKa MeXAy BbICOKO- M HU3KOYPOBHEBOI cTpaTe-
TUSIMU CO3JIaHUSI MHTEJUIEKTYaJIbHbIX CUCTEM MAET KecTouaiiiias KOHKY-
peHlus. BMecTe ¢ TeM MHOrue CHEeUUaJuCTbhl OTMEYaloT HaMeTUBIIMIACS
B MHocjedHee BpeMsl IPOLeCC MHTErpaluy KOHKYPUPYIOIIMX CTPaTEeruid.
M3BecTHBI, HAIIpUMEp, YCIIEIIHbIC MONBITKU CO3JAHUSI U IPUMEHEHUS eu-
OpUOHBIX UHMEANeKMYANAbHbIX cUcmeM, KOMOMHMPYIOIIUX HuIeu o0enx
9TUX aJIbTePHATUBHBIX CTPATETUIA.

TpeTbst cTpaterusi, mosiBUBIIAsicsl Ha cBeT B cepenuHe 1970-x rr. 6aaro-
napsi paboram mpogeccopa MuuuraHckoro yHuepcuteta JIK. XosulaHna,
HaBesiHa JlapBUHOBCKOI Teopreil BOZHUKHOBEHUSI U 3BOJIIOLIMM XU3HU Ha
3eMiie. P60ar0UUOHHbIE MOOeAlU HAYMHAIOT CBOIO paboOTy C co3gaHUs 1ie-
JIOM MOIYJISILUM 0co0eil — KaHAUIATOB Ha peleHue mpoodaeMbl. OTaeabHbIE
0COOM TOMYJSLUMU OLIEHUBAIOTCS II0 OIpPEAeIEHHOMY KPUTEpPUIO, IT03BO-
JISIIOIIEeMYy OTOOpaTh JydlliMe, KOTOpble 3aTeM BUIOU3MEHSIIOTCS, Hacjiemys
MOJIOXKUTE/IbHbIE CBOWMCTBAa poauTeseid U oOpa3ysi HOBblE MOKOJEHUSI. DTOT
MOAXOM TIpearoyaraeT MOUCK MCTOYHMKA WHTEJJIEKTa B cCaMOM Mpoliecce
SBOJIOLUMN Y B3aUMOIEUCTBUS ocobeil. 3HaHUS B DBOJTIOLMOHHBIX MOJEIISIX
MPUOOPETAIOTCSI B XOA€ KOHKYPEHTHOU OOPBOBI MEXIY OCOOSIMM.

IMogBoass MTOTr KpaTKOro 0030pa CYIIECTBYIOIIMX CTpATeTUil CO3MaHUS
WHTEJUIEKTYaJbHBIX CHCTEM OTMETMM, UYTO Ha CEromHSIIHWIA JeHb 0e3-
YCJIOBHBIM JIMAEPOM KaK B 00JIaCTU TEOPETUUYECKUX HCCIAEAOBaHMIA, TakK
U B YaCTU MPaKTUUYECKUX TMPUIOXKEHUM SIBISIIOTCS HEMPOCETEBbIE TEXHOJIO-
ruv. MojaenupoBaHUe MO3ra Ha CaMOM HU3KOM ypOBHE abCTparupoBaHUs —
Ha ypOBHE HEHPOHHOI CTPYKTYpbl — IPUBOIUT K Hambojee MIOTOTBOPHBIM
TEXHOJIOTUSIM CO3JAHUSI MHTEJJIEKTYyalbHbIX MH(POPMALIMOHHBIX CUCTEM.

1.3. NUAWPYIOLLAA HAYYHAA OTPACIb

B pa3Hble meprobl CyIIeCTBOBAHMS LIMBWIM3ALUN JIUAUPYIOIIMMU HaIIpaB-
JICHUSIMM HAy4YHBIX HCCJIeOOBaHMN ObUIu (umocodusi, MateMaTuKa, acTpo-
Jorus, anxumus (cpeaHMe Beka), pasdmenabl duszuku: Mexanuka (XIII B.),
ayeKTpuYecTBO U MarHeTu3Mm (XIX B.), KBaHTOBasI MexaHUKa, pU3UKa 3J1e-
MEHTapHBLIX 4YacTul, siaepHass ¢us3uka (koHeu XIX B., ImepBas ITOJIOBUHA
XX B). Co BTOpOIii IOJOBUHBEI XX B. M IO HACTOSILEe BpeMs JIUIECPCTBO,
KakK B TeMIIaX pa3BUTUSI, TaK U B MPUIIOXKEHUSIX, TIePeIIo K uHpopmamu-
ke (puc. 1.4). B cBoio ouepenb, cpeay MHOXECTBA pas3nejioB MHGOPMATUKU
HauOoJjiee 3KCIIAaHCHUPYIOIIMM, KaK B 00JaCTU TEOPETUYECKUX pa3padOTOK,
TaK U MOPUIIOXECHUSIX, SIBISIETCS UCKYCCMBEHHbLI UHMEANeKI.
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HNHudpopmaTtuka

MckyccTBeHHBI
UHTEJIEKT

DKCIepTHbIe
CHCTEMBI

HeiipoHHbie
ceTu

Puc. 1.4. CoBpeMeHHOE pacIipelie/ieHue MPUOPUTETHBIX HAMpPAaBICHUN pa3BUTHUS
Hay4YHBIX OTpaciei

Hckyccmeennbiii unmensekm Takxke MMeEeT HECKOJbKO pas3neiioB, IIpHU-
YyeM IIPUOPUTETHl MEXIY 3TUMM pas3dejaMu ITOCTOSHHO MeHstoTcs. boiee
TOTO, MEXIY YYEeHBIMM, Pa3BUBAIOLLIMMM pPa3IMIHbIC pa3leiabl UCKYCCTBEH-
HOTO WHTEJUIEKTAa, MPOUCXOAWUT KOHKYPEHIIWS, 3a4acTylo MNpUHUMAIOIIAS
BecbMa XecTkue dopMmbl. Y mobeautensiMu B 3TOM KOHKYPEHLMU MOIIe-
PEMEHHO OKa3bIBalOTCS TO OJHU, TO Apyrue: axuorax 1950-x rr. BOKpyr
MEepBOro HEMPOKOMIIBIOTEPA CMEHSIETCS JIUASPCTBOM IKCHEPMHbIX CUCIEM,
KoTopoe Ipoposkaercs mo cepeauHbl 1980-x rr. OngHako B TeYeHUE ABYX
MHOCJIEMHUX OEeCATWICTUA Mbl HaOMIOJaeM, KakK 3KCIEPTHBIE CHUCTEMBI IO-
CTENEHHO YCTYIAIOT JUAEPCTBO HEUPOHHBIM CETSIM.

M cKyCCTBEHHBIN MHTEIIEKT YK€ JABHO CTaJl «TOpPSYEi TOUKOW» HayYHBIX
uccienoBaHuii. 3aech, Kak B (pOKyce, CKOHLIEHTPUPOBAHbI YCUIUSI MaTeMaTH-
KOB, (hU3UKOB, HEHPOOUOIOTOB, TICUXOJIOTOB, MPOrPaMMUCTOB, (UITOCOMOB,
MHXEHEPOB. 3[IeCh pellalTcs INI00albHbIE BOIIPOCHI, CBSI3aHHBIE C IIyTSIMU
pa3BUTHS HAy4YHOUW MBICIM, C BO3ICHCTBUEM KOMIIBIOTEPHON WHIYCTPUU
Ha XHW3Hb OyAyIIUX IMOKOJECHMN. 31eCh POXIAIOTCS 1 IIOJy4yaroT IIpaBoO Ha
KW3Hb MOTPAaHUYHBIC WIEU — PEe3yJIbTaT OOBEAWMHEHUS PAa3TMYHBIX AUCILIW-
TUIMH, Hay4dHbIX HampaBjieHUi 1 objacTeil. 31ech BOZHUKAET U (DOPMUPYETCS
TO, YTO Ha3bIBaeTcsl (PUIOCOMCKUM OCMBICIEHHMEM Hay4YHbIX Pe3yJbTaTOB.

bricTpoMy pa3BUTHIO UCKYCCTBEHHOI'O MHTEJUIEKTA KaK HAyYHOI oTpaciu
B 3HAYUTEJIbHOI MEpE CIIOCOOCTBYET CTaBIlasl MOBCEMECTHOM TOCTYIIHOCTD
KoMmmbloTepHO# TexHuKu. 1o caoBaM m3BeCTHOro (hpaHIy3CKOIo MaTeMaTu-
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ka XK. A. Ilyankape, «Hayka — 310 kiambuiie rumnored». Jliobast goranka,
mobasg HoBasl Maesl cHadaja SIBJISETCS HaydHOM TUITOTe30M M JOJDKHA
ObITb OO MOATBEpKIAEHA, JMOO OTBEpPrHyTa B XOI€ 3KCIIEPHUMEHTaIb-
HOI TpoBepKU. B MHBIX HAayYHBIX OOJIACTSIX HA MPOBEPKY TUIIOTE3 YXOIST
gecsatuietusi. Ho 3To He OTHOCUTCSI K COBPEMEHHOMY HCKYCCTBEHHOMY
WHTEJUIeKTY. biaromapsi 1OCTYITHOCTH KOMIBIOTEPOB CYIIECTBYET BO3MOXK-
HOCTb OBICTPOTrO KOMIBIOTEPHOTO BOILIOIIEHUSI HOBBIX UIel, BO3MOXHOCTb
UX HeMeIJIEHHOI peaau3allud W BCECTOPOHHEH MPaKTUYECKOW MPOBEPKU.
Takast BO3MOXHOCTb SIBJISIETCSI CUJIBHEUIIUM CTUMYJIOM, CIOCOOCTBYIOIINM
JINAEPCTBY UCKYCCTBEHHOTO MHTEJLIEKTa B TEMIIAX €ro pa3BUTHUS, KaK B TEO-
pPETUYECKOM, TaK U B IPAKTUYECKOM AacCIIeKTaX.

1.4. OCHOBHbIE C®EPblI NPUMEHEHUA

CeronHsi UCKYCCTBEHHbINI WHTEJUIEKT — 3TO OOLIMpHAasi 00JacTb MCCeno-
BaHUI U pa3pabOTOK MHTEJUIEKTYaJbHBIX CHUCTEM, IIpeIHA3HAYCHHBIX IJIS
caMBIX pa3HOOOpa3HBIX cdep 4YelaoBeUeCKOM aedrenapHocTH. Jmsg 3amaq,
pelllaeMbIX METOJaMM MCKYCCTBEHHOIO WHTEIUIEKTA, XapaKTepHO HaMdue
0OJIBILIOro YKciia cTereHell CBOOOIbI C YMCIOM BapUMaHTOB MOKCKA PEILIEHUH,
MpUOMIKAIOIIMMCS K 06CKOHEUHOCTU. B oT/IMume oT XXKeCcTKo AeTepMUHUPO-
BaHHBIX KOMIIBIOTEPHBIX IIPOrpaMM, CUCTEMbl MCKYCCTBEHHOI'O MHTEJIJICKTa
caMM MIIYT IIyTU PELIeHMs] MOCTAaBJIeHHOM 3agayu. [Ipy 3TOM OHU MOTyT
MEHSITh CBOM IapaMeTpbl U CTPYKTYpPY, YyTKO pearupoBaTh HAa M3MEHEHUS
BHEIIIHE cpeabl, caMoo0OydaTbCsl, CaMOCOBEPIIICHCTBOBATLCSI U Pa3BUBATh-
cs, XKUTb CaMOCTOSITEILHOI, He 3aBUCSIICH OT pa3paboT4yrKa KU3HBIO.

Pacno3naBanue oopa3oB. K pacriozHaBaHUIO 00pa3oB B MCKYCCTBEH-
HOM UHTEJIJIEKTE OTHOCST IIMPOKUI KPyr MpobyieM: paclio3HaBaHUe U300pa-
KEHUI, CUMBOJIOB, TEKCTOB, 3aIlaXOB, 3BYKOB, IIIyMOB, cutyanuii. Ha peiHke
IIPOTPAMMHBIX CPEICTB UMEIOTCS CUCTeMBI, OCHOBAaHHbIE HA PACIIO3HABAHUU
10 MpU3HAKaM, OCHAIllEeHHbIe 0a3aMM MaHHBIX M 3HAHUI, MMEIOIIUE BO3-
MOXHOCTb afanTtauuy U ooydyeHust. OIHAKO B IMOC/IeIHee BpeMsI CTAHOBSTCS
MOIYJIIPHBIMM TUOPUIHBIE CUCTEMBI, B KOTOPBLIX HapsiAy C TEXHOJOTUSIMU
SKCHEPTHBIX CUCTEM HCIIONB3YIOTCS M HEMpPOCeTeBbIE TEXHOJIOTUU.

HUrpsi. TpagulIMOHHO UCKYCCTBEHHBIM MHTEJIEKT BKJIIOYAET MHTEJLICK-
TyaJlbHBbIC 3aJa4y, pellacMble IPU WIpPe B IIaxXMaThl, IIAIKW, o, Kajlax.
31ech OYEeHb IIMPOKO MPUMEHSETCS OOUH U3 METONOB — JaOUPUHTHAST MO-
JIelib TUTI0C 3BpUCTUKU. KpoMe TOoro, B COBpeMEHHBIX MpOorpaMMax-UTrpoKax
HauOoJiee MOJHO YAalI0Ch pealnu30BaTh LEHTPAJIbHYIO UACI0 UCKYCCTBEHHOTO
WHTeJJIeKTa — O0ydyeHHe, caMOoOO0yYeHHe M CaMOOpraHu3aluio.

B 111MpokoM cMbIC/Ie CIoBa TMOJ Uepoli TIOHUMAETCs HeKasi KOH(MIMKTHAas
cuTyalusi, YY4aCTHUKUA KOTOPOM CBOMMM ACUCTBUSIMM HE TOJBKO HOCTUTaA-
IOT CBOMX JIMYHBIX 1IeJieil, HO 1 BIUSIIOT HA JTOCTMKUMOCTD Liejei NPyruMu
y4aCTHUKAMU UTphL. SICHO, UTO IIOJ TaKO€ TOJIKOBaHMWE WUTIPHI IOAINAAAIOT
MHOTHE 3KOHOMMYECKHE, TTOJIMTUYECKUE M BOCHHBIE KOHMIUKTHI.
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KomMnbloTepHoe TBOpYeCTBO. MeToAbl MCKYCCTBEHHOIO WHTEJJIEKTa
OPUMEHSIIOTCS [UISI CO3JaHMM KOMITBIOTEPHBIX IIPOTPpaMM, MOIEIMPYIOIINX
TBOPUYECKYIO OeSITEIbHOCTh YesioBeKa. Iloka TOIbKO TeOpeTUYECKUT MHTEPEC
MOPEACTABISIIOT NPOrpaMMBbl, COUYMHSIONIME MY3bIKaJIbHBIE M ITO3TUYECKHE
MpPOM3BEICHMS, CO3AIOIINE XYI0XXECTBEHHbIE MOJ0THA. ITpakThyeckuii nH-
Tepec TpeACTaBIsSIeT MOAEIUPOBAHUE TBOPYECKOU MESITEbHOCTU YYEHBIX,
HarpuMep MaTeMaTUKOB, JOKa3bIBAIOIINX TEOPEMBI, IIPUMEHSIOIINX HECTaH-
JapTHBIE METOABI pPellIcHUsI KpaeBhIX 3amad. Tak, B padore [12] maHO omu-
canme nporpaMmmMbl REGIONS, npenHasHayeHHOM IJIST HAXOXIACHUS aHAJIM-
TUYECKNX PEIIeHWI KpaeBbIX 3amay MaTteMaTudeckoi ¢u3mku. ITomoOGHBIE
CUCTEMBI 001amaioT 0aszaMM 3HAHUM, COAEpXKAIIMMU HYXHBIE TEOPEMBI,
MaTeMaTU4eCKUe 3aBUCUMOCTUM W 3BPUCTUYECKME TpaBuia, o00OIIaiolime
ONBIT 1 MHTYMLIMIO MaTeMaTuKa, CIIOCOOHBI K OOYYEHMIO C IOMOIIBIO yUr-
Tenss M K camooOydeHuio. MHTepec K «KOMITBIOTEPHBIM MaTeMaTHUKaM»
0OyCJIOBJIEH TJIaBHBIM O0Opa3oM TE€M, YTO OHM CIIOCOOHBI IIOJIy4aTh TOYHBIC
aHAJIMTUYECKUE PEIIeHUs KpaeBhIX 3amad [68, 71, 72, 77, 80—81, 85—87].
Takue pelieHUsI HE MMEIOT BBIUYMCIMTENbHBIX ITOIPEIIHOCTEM, YTO BeCchMa
aKTyaJIbHO IJISI MHXXEHEPHBIX PACYETOB 3KOJOIMUYECKM OIIACHBIX OOBEKTOB
U MPOLIECCOB OTBETCTBEHHOI'O Ha3HAYEHMUSI.

KomvnblorepHast iuareucTuka. Hauunas ¢ 50-x rr. XX B. U M0 HacTo-
gliee BpeMsi OOHOM M3 MOMYJISIPHBIX TEeM MCCICIOBAHUM MCKYCCTBEHHOTO
MHTEJIJICKTa SBJISIETCS 00JacTh MAIIMHHOTO IIEpeBOJa TEKCTOB C OJHOIO
sa3pika Ha apyroii. B 1954 r. B CIIA Obuia co3maHa KOMIIBIOTEpHasl IIPO-
rpamMma, KOTopasi YCIELIHO IepeBeia ¢ OMHOro s3bika Ha apyroi 60 d¢pas.
B CCCP paborel B obOiacTu MaIIMHHOTO IIepeBoaa Havyaiuch B 1955T.
C cOo3lIaHusl MPOTpaMMbI-NIEPEBOIUMKA C AHIJIMMCKOIO SI3blIKa Ha PYCCKUM.

B mepBhIX mporpamMmax-nepeBoJUMKax IIpUMEHSUIach MAes ITOCJIOBHO-
ro mepeBojia, YTO, €CTECTBEHHO, HE€ ITO3BOJISIO ITOJydyaTh KauyeCTBEHHBIE
pe3yabTaThl M3-3a OOJBIIOr0 KOJIWYECTBA CHMHOHMMOB M MHOI'O3HAYHBIX
CJIOB €CTECTBEHHBIX SI3bIKOB. IIOoCTEMEHHO CTPYKTYphl €CTECTBEHHO-SI3bIKO-
BbIX MHTEP(}EiiCOB YCIOXHSINCh, U B HACTOsSILEe BpeMsl B IIporpaMMax-
MepeBOIUMKax B 00513aT€IbHOM TIOPSIAKE MPUMEHSIIOTCS:

e MopdosorMyeckuii aHajau3 — aHajlu3 CJIOB B TEKCTE;

e CUMHTAaKCUMYECKMI aHajlu3 — aHaJiu3 MpeaIoXeHUil, rpaMMaTuKu
U CBS3EU MEXIY CIIOBaMU;

e CEMAaHTUYECKUI aHaIW3 — aHaAJM3 CMBICIA KaXXOOro MpeaOKEeHUS
Ha OCHOBe 0a3bl 3HAHMI, HA KOTOPYIO OPMEHTHMPOBAaHA KOHKpETHAas
porpamMma-IiepeBoOa4YrK;

e IMparMaTu4yeckKuil aHaau3 — aHaJu3 CMbICIA TNPEAIOXEHUIl B OKpY-
JKalolleM KOHTEKCTe ¢ TOMOIbI0 0a3bl 3HAHUIA.

JobaBieHue 6a3 3HAHUM U HUCIIOJIB3YIOIIMX UX aHAJIM3aTOPOB B MpOrpaM-
Max-IIepeBOIYMKAaX IT03BOJIMIO CYIIECTBEHHO YJIYYIIUTh KauyeCTBO MEpPEeBO-
10B. OCOOEHHO OIIYTMMBIX PEe3yJbTaTOB YyIalOoCh OOOMTHCS B IIEPEBOAAX
Y3KOCIIeIMAJIM3UPOBAHHBIX TEKCTOB, TaKMX KaK TEKCT IIPOrHO3a IOTOAbI.
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TeM He MeHee KOMMBIOTEpPHbIE MEePEeBOAbI, KaK MPaBUIO, BECbMa NaJeKU OT
COBEpIICHCTBA, HO, HECMOTpPSI HA 3TO, OHM IIMPOKO MPUMEHSIOTCS IJisi 00-
pabOTKM TEXHUYECKMX, KOMMEPUYECKMX, IIPaBUTEIbCTBEHHBIX TOKYMEHTOB,
a TakXe IOKYMEHTOB, onmyOJMKOBaHHBLIX B MHTepHeTe.

Hpyroii mpo0jeMoil KOMITBIOTEPHOU JIMHTBUCTUKU SIBJISIETCS pa3paboT-
Ka eCTEeCTBEHHO-SI3bIKOBOTO MHTepdeiica MeXay 4eJ0BeKOM M MalllMHOM.
31ech HeMaJlOBaXKHYIO POJb MOLYT ChIrpaTh HelpoceTeBble TEeXHOJOTUMU,
C TIOMOIIBIO KOTOPBIX yIAaeTCsl HAYYUTb KOMIIbIOTEp IMPaBUJILHOMY ITPOMU3-
HoIIeHMIO cJioB. B mpoekrax co3manms kKommnbiotepoB V um VI mokonmeHuit
pEelIeHUIO 3TOM MpoOJieMbl YAEJICHO IePBOCTEIIEHHOE BHUMAaHMUE.

HHTelieKTyalbHble Po00ThI. POGOTHI — 3TO TEeXHUYECKUE YCTPOIii-
CTBa, TpelHa3HaYeHHbIe JJIsI aBTOMAaTU3alluM 4ejoBeueckoro tpyaa. Camo
CJIOBO «po0oT» nosiBusioch B 20-x rr. XX B. Ero aBrop — uelickuii nucareib
Kapen Yamexk.

B Hacrosiiiee BpeMsi B MPOMBIIIIJIEHHOCTU TIPUMEHSIETCSI OTPOMHOE KOJIM -
YeCTBO pOOOTOB-MaHUIY/ISITOPOB, pabOTAIOIIMX I10 XECTKOM CXeMe yIIpaBJie-
HUs. B oTimyre oT HUX MHTEJUIEKTyaabHble pOOOThI 00JIaHal0T CIIOCOOHOCTHIO
caMoo0yJaTbCsl M CaMOOPTraHU30BBIBAThCS, amallTUPOBATHCS K M3MEHSIO-
1eiicsl oKpyXamlleil 00CTaHOBKE, MPUHUMATh CAMOCTOSITEIbHbIE PELLICHMUSI.

[Ipy coszmaHuM TIEPBbIX HWHTENJIEKTyalbHbIX POOOTOB B HUX 3aKJja-
IbIBaJIUCh 0a3bl TpaBWi, MNPEANUChIBAIOIIUX MX IoBeAeHue. Hampumep,
3aKiiaabiBajgach MHCTpYyKUIUs: «[logHSTh mpaBylo HOTy Ha 15 cM, BBITSIHYTb
ee Brepen Ha 20 CM M IIOCTaBUTh Ha CTYIEHBKY, onycTUB BHU3 Ha 30 cM»,
U, €CJIM OTOM CTYNEHbKM HE OKa3biBaJIOCh, pOOOT majajl. 3aTeM IS yIpaB-
JIEHUSI TOBEACHUEM POOOTOB CTajlM IIPUMEHSITBCSI HEHPOKOMIILIOTEPHBIE
TexHoJioruu. biaromapss aToMy poOOTHI MPUOOPENU CIIOCOOHOCTb anarTH-
poBaTbCsl K OKpyXalolleil cpeiae, rMOKO pearupoBaThb Ha €€ W3MEHEHMUS,
CaMOHaCTpauBaTbCsl U CaMOOOYy4yaThCs.

WHTtepecHble 3KCIEPUMEHTHI MPOBOMSATCS MO IIPUMEHEHUIO 3BOJIIOLIM-
OHHBIX Momedeil ympaieHus poboramu. CHaOXeHHE HUX IIPUPOTHBIMU
MEXaHM3MaMM CaMOCOBEPIICHCTBOBAHUS >XKMBBIX OPraHM3MOB, TaKMX Kak
ceJIeKMsI, CKpelllMBaHue, MyTallusl, €CTeCTBEHHbIIA OTOOp, MpeacTaBsieTCs
BeCbMa IePCIIEKTUBHbBIM.

HMHTepec, a MHOTIA U HEAOYMEHUE BbI3bIBAIOT MPOEKTHI, CBSI3aHHBIE C CO-
3MaHUEeM aHTPOIOMOPGHBIX POOOTOB — MaKCUMAaJIbHO UMUTUPYIOLIUX YEI0-
Beka. B naugame XXI B. muaepoM KanmMTaJIOBIOXEHUNW B IMPOEKTHI CO3TAHUS
aHTPOITOMOP(MHBIX poboTOB cTana AnoHus. JocTm:KeHUSIMA SITIOHCKOTO TTPO-
eKTa cTajl poOOT, Urparoninii Ha elTe KaK 4eJOBeK, ITepeaBUTAIOIINICS Ha
JIByX HOTax Kak 4eJIOBEeK, YJIbIOAIOIIUICS U KIAHSIIOIIUIACS KaK YeJIOBeK U T. 1.

Poccusi B Hacrosiiiee BpeMsli UMEET MPUOPUTET B 00JacTU pa3paboOTKu
MaTeMaTUYEeCKOW TEOPUU IMOLIMOHATbHBIX pOOOTOB Garonapsi MIMOHEPCKUM
moHorpadussm npodeccopa O. I'. [lenckoro ¢ coaBropamu [42, 43].

NcKyccTBeHHAs1 KH3Hb, F€eHETHYECKHE AJITOPUTMbI, MYJIbTHATEHT-
Hble CHCTEeMbI. OTU TpPU HaIIpaBJIeHUS OepyT CBOE HaAyajlo C OIILITOB
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npodeccopa MuuuraHckoro yHubepcureta K. XoyiaHaa, KOTOPbIi, ITbI-
TasiCh MNOATBEPAUTH JIapBMHOBCKYIO TEOPMIO SBOJIOLMU KU3HU Ha 3eMIIe,
HaceIW1 KOMIIBIOTED BHUPTYaJIbHBIMU OCOOSMU-IpOrpaMMaMu, 3acTaBUB
UX, TOJOOHO peajJibHbIM 3€MHBIM CYIIECTBaM, OOpPOThCS 3a BBIKMBAHUE,
I0OBIBaTh ceOe MUILY, Pa3MHOXATbCS U yMUpaTh. HaydHbIMu paboTamMu I10-
JOOHOro poja mnoja oOlIMM HazBaHUeM «MCKycCTBEHHasl KM3Hb» U celiuac
3aHMMAIOTCSI MHOTHWE OMOJIOTM, 9KOJIOTH, YYeHble, paboTalolire B 00JacTu
HayK o 3emJie U yejoBeke. OmMHAKO IIUPOKOE IMPaKTUUECKOe IMPUIOXKEHUE
uaein [x. XomnaHaa Ha4yajloch, Korma ObLIO OOHApy:KEHO, YTO JapBUHOB-
CKUI aJITOPUTM CaMOCOBEPIIIEHCTBOBAHUSI BCErO KMBOTO, MOXKET C yCIIEXOM
OPUMEHSTHCS IJIs PEeLIeHUS ONTHMMMU3ALMOHHBIX 3amad. BeIssIcCHMIOCH, 4TO
MNpPUPOJHbIE ONTUMM3ALIMOHHBIE aJlOPUTM, Ha3BaHHbIE eeHemuUecKUMU,
JIETKO CIIPaBJISIIOTCA C TMOMCKAMM TJ00ajbHbIX 3KCTPEMYMOB MHOTO3KC-
peMaibHBIX (YHKLMWI, ¢ 4eM TpaguLMOHHbIE TI'pPagUEHTHBLIC METOIbI, KaK
MpaBujo, CIIpaBUThCS HEe MOTyT. B Hacrosiiiee Bpemsi TeHETMYECKHUE ajiro-
PUTMBl aKTUBHO MHPUMEHSIOTCS IIPU PEIIeHMM MHOI'MX OINTHMM3allMOHHBIX
3aJadax, BCTPEYaIOUINXCS MPEeUMMYIIECTBEHHO B 3KOHOMHKO-MaTeMaTuye-
CKOM MOEIMPOBAaHMHU, a TakKxKe HpU OOyYeHMU HEMPOHHBIX CETEM.

Jpyroe mpakTU4ecKoe IIPMMEHEHHE aJITOPUTMOB HCKYCCTBEHHOM >KM3-
HU CBSI3aHO C HCIIOJIb30BAHUEM AeeHMHbIX (MYAbMUASEHMHBIX) CUCHIEM.
[Tporpammamu-oco6ssMM, Ha3bIBaeMbIMM areHTaMu, Hacelisiercs cerb MH-
TepHeT. JleiCcTBYsI caMOCTOSITeIbHO, areHThl BHIIOJIHSIOT MOJIE3HYI0 padoTy
B MHTEpecax CBOETO pe3uacHTa — IoJib3oBaTesss. OHU CIEOsT 32 COOBITUSI-
MU B MUpe, DOOBIBas II0JIE3HYI0 MH(POPMALIMIO, UTPAIOT HA OUpPXKe LIEHHBIX
Oymar, n1oOMBasCh MaKCHMMAaJbHBIX OUBUIACHIOB IJISI XO3SIMHA, COOOILAIOT
eMy 00 yrposax u MpeaoTBpallaloT uX, UHOTAA BCTynasi B OOpbOy C YyKUMU
areHTamu.

Komnblorepubsie Bupychbl. CerogHsi TpyIHO Ha3BaThb KOMITbIOTEPHO-
ro I10Jb30BaTelsl, M30€XaBIIero 3HAKOMCTBA C 3TUM BHUIOM IIPOrpaMMHON
MHPOOYKIIUN.

CrnenyeT npu3HaTh, YTO MOCJIEAHME ITOKOJIECHUSI BUPYCOB 00/1a0al0T BCEMU
CBOICTBaMU CUCTEM MCKYCCTBEHHOTO MHTesIekTa. OHM CBOOOMHO TepemMe-
LIAI0TCSI MO KOMIIbIOTepaM, MYTHUPYIOT M Pa3MHOXAlOTCSI, CAaMOOOYYaloTCsI,
CaMOCTOSITEJILHO U3MEHSIOT CBOU IapaMeTpbl M CTPYKTYpY. Bupychl >KMBYT
CaMOCTOSITEeJIbHOM, HE3aBUCUMOM OT WX co3daTesieil >XXU3HbIO.

BpenoHocHoe BO3meiicTBUE KOMIIBIOTEPHBIX BUPYCOB 3HAYUTEIBHO BO3-
pocio ¢ mosgBiaeHueM cetn MHTepHer. OmHAaKO, MO IIPOTHO3aM CIICIIM-
aJIMCTOB, HEIMPUATHOCTU, C KOTOPHIMU MBI BCTpEYaeMCsl CETrOOHs, Mpel-
CTaBJISIIOTCSI HUYTOXHBIMU 110 CPaBHEHUIO C TEMM, KOTOpbIC OXUIAIOT
Hac C IIPOHMKHOBEHMEM KOMIIBIOTEPHBIX BUPYCOB B cdepy AeSITeIIbHOCTHU
MHTEJUIEKTYaJbHBIX POOOTOB.

NHTeeKTyallbHblid aHAM3 NaHHbIX (Data mining) — n3BiieyeHne
3HAHMMA M3 JAaHHBIX. OTa 3amaya cTaja OCOOCHHO aKTyaJbHOWl B CBS3M
C o0MJIMeM CTaTUCTUYECKOW MH(POpMaLiM, KOTOPOil OyKBaJIbHO «3a0uTa»
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ceTb MIHTEpHET M KOMIILIOTEPHI, OOCIIY:KMBaIOIINE ICSITCJILHOCTh pa3Iind-
Horo poxa ¢gupmM m opranmsaumii. OOHAKO 3a MHOXECTBOM OE3JIMKNX
HUdp CKPBIBAIOTCS 3aKOHOMEPHOCTU. DTH 3aKOHOMEPHOCTHU IIPEACTABIISIOT
co00I1 3HAHMSI, KOTOpPbIe HEOOXOIMMBI MEHEIKepaM IJIsI BBIPAOOTKHM Bep-
HbIX pemieHuili. Ho yBumeTh Takue 3aKOHOMEPHOCTU 4YEJIOBEYECKUI TIJ1a3
He B cocTosHuu. HezaMeHMMBIM MHCTPYMEHTOM CO3JaHMSI CUCTEM W3-
BJICYEHUSI 3HAHUI W3 MAHHBIX Y TIOOOEPXKM MPUHSATUS pElIeHUI Ha UX
OCHOBE SIBJISIIOTCSI METOIbl MCKYCCTBEHHOI'O WHTEJUIEKTa, B YaCTHOCTU —
HelpoceTeBble TEXHOJIOTUU.

KOHTPOJIbHbIE BOMNPOCbI U 3A0AHUA

1.

IMonbITaiiTech caMOCTOSTENILHO C(OPMYJIMPOBATh OIpeaesieHUsT UHTEN-
JIeKTa M MCKYCCTBEHHOTO WMHTEJUIEKTA.

. Korga m keM Oblia Ipou3BelcHa IepBasg IIOINbITKA MOAEIUPOBAHUS

UHTEJUIEKTA 4YejloBeKa?

. OnummTe Ha3zHaYeHUE U IIPpPUHIUIT JercTBUS MaluuHbI P. .HYIIJ'[I/ISI.

B yem CyTb MOIEC/IHN J'[a6I/IpI/IHTHOFO TIOMCKa U 3BPUCTUYECCKOIO merona?

. B 4eM cocTouT NMpMHUMONAIBHOE pa3iInuve MeXAy KMOepHETUKON «dep-

HOIO SIIMKa» U HEMPOKMOEPHETUKON? B 4yeM CMBICT TEpMUHOB «BOC-
XOIsIlee» U «HUCXOAsIee» HaIlpaBJIeHUSI UCKYCCTBEHHOTO MHTEJLIeKTa?
YTo Takoe 3BOJIOLIMOHHOE MOJeJIupoBaHue?

[Mepeuncnnure M oxapakTepu3yilTe OCHOBHBIE CTPAaTErMU CO3JaHUSI WMH-
TeJUIEKTyaJlbHBIX cHucTeM. Ha3zoBuTe ocHoBaTelss W NOPUMEPHYIO OaTy
MOSIBJIEHUSI KaXXIOI'0 CTPAaTeTMYeCKOro HarlpaBJICHUS.

. Kak HpI/IO6pCTaIOTCH 1N B KaKOM BHMJIC XpaHATCA 3HaHUA B MHTCIICKTY-

aJIbHBIX CHUCTEMax, CO3JaHHbIX COIJIaCHO TPEM OCHOBHBLIM CTpaTeFI/IHM?

. Kakas nayyHast o6yacth, 10 BamieMy MHEHUIO, SBJISIETCS JIMAUPYIOIIEH

B HacToslIee BpeMsi?

. 33.I>JIZ[HTC B CCTb I/lHTCpHeT 1 C IIOMOIIBIO ITOMCKOBHMKA HOHpO6YI>JIT€

BBECTHM KJIIOUEBBIC CJIOBA: <«MCKYCCTBEHHBII WHTEJUIEKT», «3KCIIEPTHEIC
CHICTEMBI», «<HEHPOHHBIE CETU», «HEHPONMH(POPMATHUKA», «HEHMPOKOMITHIO-
Tep», «areHTHBIE CUCTEMbI», «MHTEIEKTYaJIbHbIe POOOTHI», «MHTEJICK-
TyaJIbHBIM aHaJIM3 JaHHBIX». BpiOepuTe 3auMHTEpecOBaBINyIO0 Bac MHQPOP-
MalMIi0O M HaIIMIIWTE HAa €€ OCHOBe pedepaT WM MOATOTOBLTE HOKJIAI
Ha KaKylo-J11ubo U3 Cleaylollux TeM, HaIlpuMep:

e Ycriexu MCKYCCTBEHHOI'O MHTEJIJICKTA;

HMctopusi MCKyCCTBEHHOTO WHTEJIEKTA;

CoBpeMeHHbIe NpOo0JeMbl MCKYCCTBEHHOIO WHTEJUIEKTA;
CoBpeMEeHHBIE TEXHOJOTMM CO3HaHMsI WHTEJJIEKTYyaJIbHBIX CHUCTEM;
bynyiiee 1MCKycCTBEHHOro MHTEJLIEKTA.



maBa 2

MOLENW NPEOCTABINIEHUA 3HAHUU

2.1. OAHHbIE U 3HAHUA

Kak mpaBuiio, maro0ast, maxe camas IIpocTas KOMIIBIOTEpHAasi NporpamMma,
OIepUPYET He TOJIBKO C JAHHBIMU, HO U cO 3HaHUSIMU. Harnpumep, pparmMeHT
MIpOrpaMMBbl, IpeaAHA3HAYEHHOM 11 BBIYUCICHUS TUIOIIAAN KPyTa paanycoM
20 cM Ha sa3bike Pascal BBIISIIUT CIEOyIOIIMM OOpa3oM:

A
R := 20;
Pi := 3.14;

S :=Pi * R * R;
WRITELN (‘Ilmomanms xpyra S=’, S, ‘kB. cM’);

IlepBele nBa omepaTtopa MPEACTABISIOT COOOM HaHHBIC, a TPETUM
oreparop — 3HaHUe. DTO BCeM M3BeCTHas (popMyna Il BBIYMCIEHUS ILIO-
manu kpyra. OHa sBJsieTCSl pe3yJbTaTOM MHTEJIEKTYaJlbHOU AesTeJIbHOCTHU
BEJIMKUX T'€OMETPOB IPEBHOCTH.

[Ipexne yem cchopMyaupoBaTh onpeaeiaeHe 3HaHUl, BCIOMHUM [5, 23],
YTO COOOI MPeAcTaBJISIIOT JaHHbBIE.

Jlannbie — 3mo omdenbvHble akmol, xXapakmepuzyrujue 00beKmbl,
npoyeccovl U A6ACHUS NpedMemHOolU 001acmu, a makice ux ceolicmad.
Ilpu o6paboTke maHHBIE IIOCAEAOBATEILHO TPaHC(HOPMUPYIOTCS:
e JaHHbBIC, CYLISCTBYIOIIUE KaK pe3yJibTaT U3MEPEHUI U HAOIIONEeHMIA;
e JIaHHBIE HA MaTepUaJIbHBIX HOCHUTEISIX WH(OpManuu — B TaOJIMIIAX,
MIPOTOKOJIaX, CIIPAaBOYHUKAX;
e JaHHBIC, IIPEACTABIICHHbIE B BHUAC auarpaMMm, rpaukoB, (QYHKIIWIA;
e JJaHHBIE B KOMIIbIOTEpPE Ha SI3bIKE OIMMCAHMsS JaHHbIX;
e 0a3bl JAHHBIX.
3HaHus ocHO8blIBAIOMCS HA OGHHLIX, HO HNpedcmasasarom coboll
PE3YALMAM  MbICAUMEAbHOL 0essmeNbHOCMU Yen08eKd, 00obuarom ezo
OnbIM, NOAYHEHHDBI 8 X00e NPAKMUUYECKOU 0esamenbHOCMU, UAU HAYUHbIX
uccnedoganuii. OHM MOTYT BbIpaxkaTb 3aKOHBI IIpUPOIbLI M OOILECTBa,
3aKOHOMEPHOCTM KOHKPETHBIX IIPEIMETHBIX O0JIaCTeil.
I[Ipn obpaboTtke Ha BDBM 3HaHUS TpaHCHOPMUPYIOTCS aHAJIOTUYHO
JTaHHbBIM:
e 3HaHMUS, CYLIECTBYIOILIME B IAMSITU YeI0OBEKa KaK pPe3yabTaT O0yUeHUsI,
BOCHUTAHUS, MbIIIJICHU,
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e 3HAHWS, IIOMEIICHHbIE HAa MaTepUaJIbHBIX HOCHUTEJISIX: B y4COHUKaX,
WHCTPYKLUSX, METOOUUECKUX IMOCOOUSIX, KHUTaX;

e 3HaHUs, OIMMCAHHBIE Ha SI3bIKAX IIPEICTaBJICHUSI 3HAHUM U IIOMe-
IIIEHHbIE B KOMIIBIOTED;

e 0a3pl 3HAHUI.

st XpaHeHUsT JTaHHBIX B KOMITBIOTEpE MCHOJb3YIOTCS 0a3bl JaHHBIX. [JIst
HUX XapaKTepHBI OOJBIION O0OBbEM M OTHOCUTEILHO HEOObIIAss CTOMMOCTh
nHpopmaumu. s XpaHeHUsI 3HAHUM WCHOJB3YIOTCS 0a3bl 3HAHMIA.
OHu, HA0OOPOT, OTIMYAIOTCS CPABHUTEIBHO HEOOJBIIMMH OOBEMaMHM, HO
HUCKJIIOUUTEJIBHO TOPOTUMU MH(GOPMALMOHHBIMA MAaCCUBAMU.

B mpuBeneHHOM BbIllle ()parMeHTE MPOrpaMMbl BBIYMCICHUS TUIOIIAAN
Kpyra 3HaHHMS pPacTBOPEHBI B CaMOM TEKCTe IIporpaMMbl. Takoii Bup
MpeAcTaBIeHUs] 3HAHWI Ha3bIBAIOT ApouedypHuimM. KOppeKTUpPOBKA TaKMX
3HaHUU TpeOyeT M3MEHEHUsI caMoro TeKcTa mporpammbl. [loaToMy c¢ pas-
BUTHMEM MCKYCCTBEHHOI'O MHTEJIJIEKTa Bce OOJIbllIasi 4acTh 3HAHMWiI cTaja
COCPEIOTOUMBATLCS B OTHCIABHBIX CTPYKTypaxX. Takue 3HaHUS Ha3bIBAIOTCS
0eKAapamuéHbIMU.

CylecTBYIOT OECATKUA CIIOCOOOB mpenacTaBieHus 3HaHuil [23, 25, 40].
MBI KpaTKo pacCMOTPUM TOJBKO ISITh HanOojee M3BECTHBHIX CITOCOOOB:

e IMPOAYKILIMOHHAS MOJEIb;

e (bpeiiMoBasi MojeIb;

e ceTeBass MOJEJb;

e JlornyecKasi MOJIellb;

e CHUHAIITUYECKAsT MOIEIb.

2.2. NPOAYKUMOHHASA MOAEINb

[TponykiiMoHHasl cHUCTEMa COCTOUMT M3 TpeX OCHOBHBIX KOMITOHEHTOB,
cXeMaTU4HO u300paxkeHHbIX Ha puc. 2.1. TlepBblii M3 HUX —3TO0 0aza
npaBui, cocrosaimux u3 npasui tuna: ECJIN (ycioBue), TO  (meiicTBue):
ECJIN xonomuo, TO namets myoy; ECJIW uner moxab, TO B3sATh 30HTUK
U T. 1.

MexaHu3M BbIBOJA

CorocraBieHue
Mopudukanus [Touck
Pa6ouas baza
MaMsITh TpaBUII

Puc. 2.1. Biaok-cxema IPOOYKLIMOHHON CHUCTEMbI
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BTOpbIM KOMITOHEHTOM SIBJISIETCSI pabouasi TaMsiTb, B KOTOPOI XpaHSITCS
WCXOJHBIE JaHHBIE K 3aa4e 1 BbIBOIBI, ITIOJIyYEHHBIE B XO[I€ PAOOTHI CUCTEMBI.

Tpernii KOMIIOHEHT — MEXaHU3M JIOTMYECKOIO0 BBIBOIA, MCIIOJb3YIOIIUA
npaBuia B COOTBETCTBUM C COAEPXKMMBIM paboyeil ImaMsTu.

PaccMoTpuM KOHKpETHBIN ITpuMep [45, 46]. B 6a3e mpaBm1 sKCIepTHOM
CUCTEeMbl MMEIOTCSI ABa IpaBUJa.

Ilpaeuao 1: ECJIN «HamepeHUe — OTAbIX» U «dopora yxaoucras», TO
«HCIIOJIb30BaTh JIXKUII».

IIpaeuao 2: ECJIN «MecTo oTabixa — ropbel», TO «Iopora yxaGucras».

HomyctuM, 4To B pabouylo mamsTh MOCTYIIMJIM MCXOOHBIC HaHHBIE:

«HaMepEHUSI — OTIBIX», «MECTO OTAbIXa — FOpbI».

MexaHu3M BbIBOJA HAUMHAET COMOCTABJSITH OOpa3lbl U3 YCIOBHBIX Ya-
CTel MpaBUJI C obpas3laMu, XpaHUMBIMU B padoueil mamsaTu. Eciau obpasibl
U3 YCJIOBHOM 4YacTU MMEIOTCSI B paboueil MmaMsTH, TO YCIOBHasl 4acTb CUYU-
TaeTcsl UCTUHHOW. B TIpOTMBHOM ciyyae — JIOXKHOIA.

B manHOM mpuMepe IIpyM pacCMOTPeHUM IIpaBuWia 1 OKas3bIBaeTcsi, 4TO
obpaszel «HaMepeHNe — OTOBIX» MMEEeTCS B pabodeil maMsITH, a oOpasel] «I0-
pora yxabucrasi» OTCYTCTBYET, II0O3TOMY YCJIOBHAs 4acTh IIpaBwia 1 cuuTaeTcs
noxHoit. Ilpu paccMoTpeHUM TipaBuUyia 2 BBISICHSICTCSI, UTO €T0 yCJIOBHasl
YyacTh MCTUHHA. MeXaHM3M BbIBOJIa BBITIOJHSIET 3aK/IIOYMTEIbHYIO YacTb 3TO-
ro npasuja, U obpasell «10pora yxabucrasi» 3aHOCUTCS B pabo4yiO MaMsiTh.
IlpaBuiao 2 mpu 3TOM BBIOBIBaeT M3 YWCIa KaHAWIATOB HAa PacCMOTpPEHUE.

CHoBa paccMaTpMBaeTcsl IIpaBMIo 1, yCaoBHasI 4acTb KOTOPOIO Tellepb
CTAaHOBUTCS MCTUHHON, U COIEepXUMOe pabdoueil maMsTd MOMOJIHSIETCS 00-
pa3loM «MCIIOJIb30BaTh IXXKUIM». B uTore mojyyaercs, 4To IIpaBMjl, KOTOPbIE
MOXHO ObLIO Obl TIPUMEHSITh, HE OCTAeTCsl U CHUCTeMa OCTaHaBJIMBAETCS.

B paccMoTpeHHOM mpuMepe TpUBEIeH IPSIMON BBIBOI — OT JAaHHBIX
K Toucky Heiad. OIHaKo MPUMEHSIIOT U OOpaTHbIN BBIBOI — OT LEAU IS
€€ MOATBePKIeHMUs K JaHHBIM. [IponeMoOHCTpUpyeM 3TOT CIOco0 Ha HaIleM
npuMepe. Jormmyctum, 4To Hapsay C UCXOOHBIMM JAaHHBIMU «HAMEPEHUS —
OTIBIX»; «MECTO OTIbIXa — FOPbl» MMEETCS 1eJb «UCIIOJIb30BaTh IXKUII».

CormnacHo mpaBuily 1, IS TOCTUMXKEHMSI ITOM lieJuM TpeOyeTcsl BbIMOJ-
HEHHE YCJIOBUSI «I0pora yxabucrasi», mo3TOMYy yCJIOBUE CTAHOBMUTCS HOBOI
uenbto. I[lpu paccMoTpeHUM TpaBuia 2 oKa3blBaeTCsl, YTO YCJIOBHAs 4acTb
9TOrO MpaBuJia B JaHHBI MOMEHT MCTUHHA, MO3TOMY pabdoyasi maMsTh IMO-
MHOJIHSETCS 00pa3LoM «aopora yxabucras». IIpyu IMOBTOpHOM pacCMOTPEHUN
npaBwia |1 moaTBepXHaeTCs LEJb. <«MCIIOJb30BaTh IXKUII».

Ilpu oOpaTHOM BBIBOAE CHMCTEMa OCTAHABJIMBACTCS B ABYX CIIydasix: JIM-
00 JocTUraeTcsl mepBoHauyalbHasl liejdb, JUOO KoHuaroTcsl TpaBuia. Ilpu
MNpsSIMOM BBIBOJE CHUCTEMa OCTaHAaBJIMBAETCS TOJBKO TOTHA, KOrJa KOoHYa-
I0TCSl MpaBuja, JUOO TpuU TOSIBJIEHUWM B paboyeil MaMsSITU CHELUaTbHO
IpeayCMOTPEHHOro obpaslia, HallpuMEpP <«HCIIOJIb30BaTh JKUII».

B mpuBeneHHOM mpuMepe Ha KaxKIOM 3Talle IIPSIMOrO BBIBOAA MOXKHO
OBLIO MCIOJIb30BaTh TOJILKO OJHO IpaBwmwiIo. B oOiiem ke ciaydyae Ha Kax-
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JIOM 3Talle BbIBOJA TaKWUX IPaBUJ HECKOJbKO, U TYT BO3HMKaeT MpobieMa
BbIOOpa. Hampumep, BBegeM B pacCMOTpEHME €Ille OAHO ITPaBUIIO.

IIpasuao 3: ECJIN «HamepeHue — OoTObIX», TO «HyXHa CKOPOCTb».

Kpome Toro, BBemeM YCJIOBHME OCTAaHOBA CHUCTEMbI — IOSIBJICHUE B pa-
Ooueill ImaMaTH oOpa3lia «MCITOJAb30BaTh JKUII».

Ternepr Ha MepBOM 3Tare MPSIMOIO BbIBOJA MOSIBISIETCS BO3MOXHOCTb
MPUMEHSTH MO0 MpaBwio 2, nubo npaBwio 3. Eciau cHavaja MpUMEHUTH
MpaBujIo 2, TO Ha CJIENYIOIIEM 3Talle MOXHO OyneT MPUMEHSITh MmpaBujo 1
n mpasuio 3. Eciim Ha 3TOM 3Tane NMpUMMEHUTH ITPaBUio 1, TO BBIIOJHUT-
Cd yCJIOBUE OCTAaHOBAa CHUCTEMBbI, HO €CJIA IpeXae MPUMEHUTh IPaBUIO 3,
TO TIOTpedyeTcs ellle OOWH 3Tall BbIBOAA.

OTOT MpUMep MOKa3bIBaeT, YTO BHIOOP MPUMEHSIEMOTO ITpaBujia OKa3biBaeT
MpsiMoe BvsiHUE Ha 3(p(peKTUBHOCTb BbIBOJA. B peanbHOIl cucteMe, rie uMe-
€TCSl MHOXECTBO IMpaBUJ, MOSIBISIETCSI MpobieMa UX ONTHUMAabHOIO BhIOOpA.

Ecnu Ha KaXIoMm 3Tame JIOTMYeCKOro BbIBOAA CYILECTBYET MHOXKECTBO
MMPUMEHUMBIX MPAaBUJI, TO 3TO MHOXECTBO HOCUT HAa3BaHUE KOH@DAUKMHOZ0
Habopa, a BbIOOPp OOHOTO U3 HUX HA3BIBACTCS pa3peuleHuem KoHupaukma.

AHajnornyHasi cuTyalysl BO3HMKAeT M IIpyu oOpaTHOM BbiBoje. Hampu-
Mep, OOMOJHUM MPedbIAyIIUI MpUMEp elle OOJHUM IIPaBUJIOM.

Ilpaeuao 4: ECJIN «mecto oTabixa — misixk», TO «gopora yxabucrasi».

Ecnu Ha OCHOBaHMM B3TOrO YCJIOBUSI MOATBEPXKIAETCS lieJb <«UCMOJb-
30BaTh JXKUM», TO IJIs IOCTMIKEHMSI TIepBOHAYAIbHON LU ITOCTAaTOYHO
MIPUMEHUTh TOJILKO OJHO IMpaBWIO 1, OMHAKO, YTOOBLI MOATBEPIUTH HOBYIO
LIeJIb «I0poTra yXabucTas», OTKPBIBAETCS BO3MOXHOCTb IIPUMEHEHUSI ITpaBy-
Ja 1, Hy>kKHO MCIOJIb30BaTh JUO0 mpaBwio 2, 11ubo npasuio 4. Eciu cHavana
MPUMEHUTH IIPaBUJIO 2, TO 3TO OyIeT caMblii yOayHBIil BbIOOP, IOCKOJIb-
Ky cpa3y e MOXHO IpuMeHUTh M mpaBwiio 1. C apyroil CTOpOHBI, €CIIHU
MOIBITATHLCS MPUMEHUTH MPaBUJIO 2, TO, IMOCKOJILKY 00pa3ia «MeCTO OTHbI-
Xa — IUISLK», KOTOPBIi SIBJISIETCS YCIOBMEM IIpaBuiia 4, B pabodyeil mamsTu
HE CYIIECTBYET M, KpOME TOrO, He CYIIECTBYET IpaBuJia, MOATBEPKIAIOIIE-
ro ero, JaHHBIM BBIOOp SIBJISIETCST HeydauyHbIM. M UIIb CO BTOPOTO 3axola,
MPUMEHSISI TIPaBUWIO 2, MOXHO MOATBEPAUTH LIEb «I0pora yxaducras».

Crnenyer obpaTUTh BHUMaHHE Ha TO, YTO MpU OOpaTHOM BBIBOIE Mpa-
BUJIO 3, KOTOpPOE HE OKa3bIBaeT IPSIMOIO BIWUSIHUSI Ha JOCTUXKEHUE LEIU,
He MNpUHMMAJIOCh B pacueT ¢ caMoro Havajga. Takum oOGpa3om, mjisi 00-
pPATHBIX BBIBOJOB XapaKTepHa TCHACHIUS UCKIIOYEHUS M3 PaCcCMOTPEHUS
MpaBUjI, He MMEIOLIMX IIPSIMOIO OTHOIIEHUS K 3aJaHHOM 1IN, YTO I03-
BOJISIET TOBBICUTHh 3(M(PEeKTUBHOCTh BBIBOMAa. OOpaTHBINM BBIBOM, IIPUMEHSIIOT
B TeX cJyyasix, KoTJga LeJW M3BECTHbl U WX CPAaBHUTEJIbLHO HEMHOTO.

[TponykliMOHHasE MOJieJib — 3TO HauboJiee 4acTO MCIOJb3YeMbIid CIOCO0
MpeacTaBlieHUs] 3HAHWI B COBPEMEHHBIX BKCIepTHBIX cuctemax. OCHOB-
HBIMHM IPEUMYIIECTBAMU TIPOAYKIIMOHHON MOMENMN SIBJISIIOTCS HATJISITHOCTD,
BBICOKASI MOJIYJIBLHOCTb, JIETKOCTh BHECEHUSI U3MEHEHMIA M JIOTMOJHEHUIA,
IIPOCTOTAa MEXaHM3Ma JIOTUYECKOIO BbIBOAA.
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2.3. ®PEAMOBASA MOQEJb

B ncuxonoruu u punocodun UCIOIb3yeTCsl TOHSTHE abCTpaKTHOro obpasa.
Harmnpumep, clioBO «aBTOMOOWJIb» BBI3BIBAECT Yy CJYIIAIOIIUX 00pa3 yCcTpoii-
CTBa, CIIOCOOHOIO MepeMellaThbCsl, UMEIOIEero YeThblpe KoJjieca, CajloH s
modepa M IaccaxkupoB, IBUTATENb, pyab. CUUTAETCS, YTO COBPEMEHHBIN
YeJ0BEK MCIONb3yeT abCTpaKTHBIC 00pasbl WISl XpaHeHUSI B CBOEH IaMsITH
uHpopMauu 00 OKpYXKallleM MUpE.

Dpeiim — 3TO MOJe/b aOCTPaKTHOro odOpasa, KOTOPYIO MPOrpaMMMUCTHI
WCITOJIB3YIOT IS XpaHEHUsI 3HAHUM O paccMaTpuUBaeMol IpeaIMeTHOH 00-
nactu. PpeiiM COCTOUT U3 MMEHM U OTAEJbHBIX €IUHMII, Ha3bIBaeMbIX
cromamu. OH UMEET OJHOPOIHYIO CTPYKTYpY:

Nmst dpeiima
HUma 1-ro cnora: 3HaueHUe 1-ro ciora.
Mg 2-ro cinora: 3HaueHUE 2-TO CJIOTA.

Mg N-ro ciora: 3HadeHue N -ro cioTa.

B kauecTBe 3HauYeHUsI CjIOTa MOXET BBICTYNaTb MMS Apyroro ¢pei-
ma. TakuMm obGpaszoM ¢peiiMbl 00OBeIMHSIIOTCI B ceTh. CBoiicTBa (ppeiiMOB
HacCJIemyIoTCsS CBEpXy BHHU3, T. €. OT BBIIIECTOSIIMX K HIDKECTOSIINM dYe-
pe3 AKO-cBsa3u (HavajibHble OyKBbI aHIJIMMcKuX cioB «A Kind Of», yrto
MOXHO IepeBecTu KakK «3To»). Cnor ¢ mmeHeM AKO ykaspiBaeT Ha MM
¢peiima 0ojiee BBICOKOTO YPOBHSI MEpapXuM.

Hanpumep, Ha puc. 2.2 dpeiim «CTyaeHT» MMeeT CCbUIKM Ha BbIIIECTO-
smue dpeiimbl: «YemoBek» U «Miekonuratoliee». [loaToMy Ha Bompoc:
«MoXeT M CTYOEeHT MBICIUTH?» OTBET OYHET IOJOXUTEIbHBIM, TaK KakK
3TUM CBOMCTBOM OO0JIagaeT BbIIIECTOSIINN Ppeiim «HemoBek».

Ecnu omHO M TO XK€ CBOMCTBO YKAa3bIBACTCS B HECKOJIBKUX CBSI3aHHBIX
MeXay coboii ¢peiiMax, TO TPUOPUTET OTIAAETCS HUXKECTOsIeMy dperi-

Manexonuratouiee
AKO JKusas marepust Yenosek
Cocrout n3 AKO MutekonuTaioLiee Yenosex
Boszpacr Bospacr AKO
Poct 50—180 cm Vuurces

Cnaer 9K3aMeHbl

T

Wmg carora  3HadyeHMe cjioTa

Puc. 2.2. Crpykrypa ¢ppeiiMOB
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CrurneHaus BY3
A A
oJIyyaeT 3TO
YUTCS B aboTaeT B
CryneHT Y YHuBepcurer |« P

9TO 9TO

| YeoBeK |

CIacT 5K3aMCHbI

»| TIpodeccop

Puc. 2.3. CemaHnTH4UecKasl CeTh

Mmy. Tak, Bo3pacTt ¢peiima «CTyaeHT» HE HACJIEOyeTCS M3 BBILIECTOSIINX
dpeitmMoB.

OCHOBHBIM TIPEUMYIIECTBOM (peliMOB KaK CcIIoco0a IIpeAcTaBlICHUs
3HAHUI SBJISICTCS HArJISIAHOCTh UM T'MOKOCTh B ymoTpeOiieHuu. Kpome Toro,
dpeiiMoBast CTPYKTypa COIVIAaCyeTCSI C COBPEMEHHBLIMM IIpeICTaBICHUSIMU
O XpaHEHUM MHMOpPMALUU B IMaMSITH YeIOBeKa.

2.4. CETEBAA MOMEIb

B ocHOBe 3TOoro cmoco6a TIpeACTAaBICHUS 3HAHWI JIEKUT HUACST O TOM,
YTO JIIOOble 3HAHUSI MOXHO MNpPEACTABUTh B BUAE COBOKYITHOCTH MOHA-
muii (00beKTOB) U omuouwienuil (cBsi3eir). Ha pucynke 2.3. mpuBeneH
npuMmep rpadU4ecKoro M300pakeHUs CETU, BEPIIMHBI KOTOPOM IpeacTaB-
JISIOT COOOM TMOHATHS MPEIMETHON 00JIACTH, a CBS3BIBAIOLIME WX JIMHUU —
OTHOLIEHUST MEXAY 3TUMHU MOHATUSAMHU. CaM TEPMUH <«CeMaHMuU4ecKds»
O3HAYaeT «CMBICIIOBAS».

OCHOBHBIM ITPEUMYILIECTBOM 3TOI MOJEJIU SIBJISIETCS HAIJISIIHOCTh, a TaK-
K€ COOTBETCTBHME COBPEMEHHBIM NpPEACTAaBICHUSIM 00 OpraHu3alyu IOJIro-
BpPEMEHHOM MaMATH 4ejaoBeka. HemocTaTok — CI0XXHOCTh MOKCKA BBIBOMA,
a TakXe CJIOXHOCTh KOPPEKTHUPOBKHU, T. €. YHAAJIEHWS W IOMOJHEHUS CETH
HOBBIMM 3HAHUSIMU.

2.5. JIOTUYECKAA MOAEIJb

Jlornueckasi Monesib 3HAHUN MpeACcTaBisieT cOOOil COBOKYMHOCTb YTBEp-
KaeHuid. O KaxaoM YTBEPXIEHUM MOXHO CKa3aTb, MCTMHHO OHO WJU
JIOXHO. YTBepXaeHus1 AesaTcs Ha (akThl 1 mpaBuia. COBOKYITHOCTh (hak-
TOB IIPEACTABJISIET CO0OM 0aly JaHHBIX, JIEXKAIlyl0 B OCHOBE 0a3bl 3HAHMUIA.
IIpaBuna mmeror dopmy «ECJIIM A, TO b». MexaHu3m BbIBOJla OCHOBaH
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Ha amnmapaTe MaTeMaTU4YeCKOil JIOTMKM, Ha3bIBAEMOM MCUYMCIIEHHMEM IIpe-
JIUKATOB IepBoro mnopsaka. Jlorndyeckass Mozieb 3HAHUM JIEXKUT B OCHOBE
a3bika [TPOJIOT.

HpI/IKJIa,Z[HLIC BO3MOXHOCTH 3TON MOIEIM BECbMa OrpaHMYCHbI.

2.6. CMHANTUYECKAA MOMENDb

Wnes sToit Momenu 3aMMCTBOBaHA Yy OMOJIOTOB, IIPEACTABIISIIONMIMX MO3T
B BUAE HEPBHbIX KJIETOK — HEUPOHOE8, COEAVHEHHBIX HEPBHBIMU BOJIOK-
HaMu, U OOMEHUBAIOIIMXCS MEXIy CcO0Oil BJIeKTPUYECKMMU CHUTHaJIaMMU,
KOTOpbI€ TIepeaaroTcsl Mo HEPBHBIM BoJIoOKHaM. CorjacHO 3TUM MpPeacTaB-
JICHUSIM BCs MH(OpMAIUs M BCe 3HAHUSA, KOTOPBIMU pacroyiaraeT MO3T,
3aKONMPOBAaHbI B BHUAEC MATPUIILI CUI CUHANMUYECKUX C6s3eil, TIoH KO-
TOPBIMU TTOHMMAIOTCSI 3JIEKTPOTIPOBOTHOCTH CUHANCO8 — TOUYEK KOHTAKTOB
HepE8HbIX B80N0KOH C OeHOpumamu — OTPOCTKaMU HEHPOHOB, NMPUHUMAIO-
LIUX BJCKTPUYECKUE CUTHAJBI.

[TonbITKM KOMITBIOTEPHOTO MOJAEIMPOBAHUS JIEKTPOUH(MOPMAIIMOHHBIX
MPOLIECCOB, MPOMUCXOASIIMX B MO3I€, OKa3ajluCh YPE3BbIYANHO TJIOIO-
TBOPHBIMM M TIPUBEJIM K TIOSBJICHHUIO HOBOTO pas3dena MCKYCCTBEHHOTO
WHTEJUIEKTa — HeMPOCETEBHIM M HEHPOKOMIIBIOTEPHBIM TEXHOJIOTHSIM, ITO-
IpOOHOMY M3YyUYEHHMIO KOTOPBIX ITOCBSIIEHA III. 4.

KOHTPOJIbHbIE BOMNPOCHI

HazoBute o01iuMe u OTJIMYMTENIbHbIE MPU3HAKU JAHHBIX UM 3HAHUMN.

2. HazoBute M oxapakTepusyilTe U3BECTHbIE BaM METOMAbI MPEACTaBICHUS
3HAHUM.

3. Kakoii, 1Mo BallleMy MHEHMWIO, METOJ MpeACTaBJIeHUS] 3HAHUN MCIOJb-

3yeTcsl B 4EJIOBEYECKOM Mo3re?

—
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OKCMNEPTHbLIE CUCTEMbI

3.1. NPEOMETHbIE OBJIACTU

3HaHUs, KOTOPBIMU O0JIafaeT CHEIMaJINCT B KaKOH-IM00 0071acTH, MOXHO
pa3genuTh Ha opMaam3yeMmble, IJIOXO ¢opMaiu3yeMble U He (opmanu-
3yemble. DopManu3yemble 3HAHUS M3JaraloTcsi B KHUTraX U PyKOBOACTBaX
B BUIIE 3aKOHOB, hopMyi, Moaeseit, aaroputMoB. PopmMann3yeMble 3HAHUS
XapakKTepHBI IjI TOYHBIX HayK, TaKMX KaK MaTeMaThkKa, (pu3mkKa, XUMUS,
actTpoHomusi. Hayku, KoTopble MPUHSITO Ha3bIBaTh OMKUCATEbHBIMUA, OOBIYHO
OIEepUPYIOT ¢ IUIOXO ¢opMaau3yeMbiMM 3HaHUSIMU. K Takum Haykam
MOXHO OTHECTH, HallpUMep, 300JIOTUI0, OOTAHUKY, SKOJIOTUIO, TIeIarOruKy,
MEIULUHY U AP.

CylIecTBYIOT 3HaHMSI, KOTOpbIe HE IIONANAlOT B KHUTU B CBSI3U C MX
HEKOHKPETHOCThIO, CYOBEKTUBHOCTBIO, TTPUOIU3UTENHLHOCTBIO. 3HAHUS 3TO-
ro poja SIBJISIFOTCS Pe3yJIbTaTOM MHOTOJIETHUX HAOII0JeHUM, OMNbITa pabOThI,
UHTYUIMU. OHU OOBIYHO MPEACTaBISIOT COOOKW HeKue SMIUpUYECcKUe
U DBPUCTUYECKHUE IpueMbl W mnpaBuiia. OObBIYHO OHU IEpeAaloTCs U3
MOKOJICHUSI B TIOKOJIEHUWE B BHUIE ONpeAcICHHBLIX HABBIKOB, HOY-Xay,
CEKpETOB peMeca.

EcTb Takke 3HaHMsI, KOTOPEIE HE MOT'YT ObITh BBIpAXKEHLI HA B MaTeMaThye-
CKOM BU[Ie, HU B TepMUHAX OOBIYHOIO YeJIOBEYECKOIo sI3blKa. TakuMu 3HaHU-
SIMU 00JIaIAlOT PEJIUTMO3HbIC OESITEeNIU, SKCTPACEHChl, KOHTAKTEPhI, 1IaMaHbI.

Kracc 3amay, oTHOCSIIMXCS K TIJI0XO (popMaliudyeMbIM 3HAHUSIM, U He
dopManu3lyeMbIM 3HAYMTEJBHO IIMpe Kiaacca 3amad, IJis KOTOPBIX 3HAHUS
MOTYT OBITh JIETKO (hOpMaIM30BaHbl. DTUM OOBSICHSICTCS 0C00asl MOMYJIsIp-
HOCTb U LIMPOKOE TIPAKTUUECKOe IMPUMEHEHNE SKCIIEPTHBIX CUCTEM, KOTOPHIE
clefaay BO3MOXHBIM TMPUMEHEHUE KOMITbIOTEPHBIX TEXHOJIOTHI B Ipel-
METHBIX O0JIacTsIX, B KOTOPBIX 3HAHUS ILJIOXO ToanalTcs ¢opMaaiu3aluu.

3.2. CTPYKTYPA U PEXWMbl PABOTDI

DKCIIEPTHBIE CHUCTEMbI — 3TO CJIOXKHEBIC IIPOrpaMMHbIE KOMILIEKCHI, aKKy-
MYJIMpPYIOIINEe 3HAHUS CHEHUAIMCTOB B KOHKPETHBIX IIPEAMETHBIX 00JIaCTsIX
YU HCIIOJIb3YIOIIMe 3TU 3HAHUSI C 1IeJibl0 BbIPaOOTKU JIOTUYECKU OOOCHO-
BaHHBIX PEKOMEHAALUI U pelIeHU IMpo0yieM, a TakKe IJISI KOHCYJIbTallUii
MeHee KBaJIM(UIMUPOBAHHBIX Ioab3oBateseid [23]. TummuyHas cTpykKTypa
9KCIIEPTHOM CHUCTeMBbI M300paxkeHa Ha puc. 3.1.
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Puc. 3.1. TunuyHasg CTpyKTypa 3KCHEPTHOM CHCTEMBI

OOBIYHO B COCTaB 3KCHEPTHON CHUCTEMBI BXOIST CJEAYIOILIME B3anMMO-
CBsI3aHHBIE MeXay co0oil MOmyJu:

ba3za 3nanuii — 9ApO IKCINEPTHON CUCTEMbI, COAEPXKUT 3HAHMS, TIPEACTaB-
JIEHHbIE OTHUM M3 CIIOCOOOB TpeACTaBIeHUs] 3HAHUI, PACCMOTPEHHbIX BBbIIIIE.

Humepdgpeiic pa3zpabomuuxa — nporpaMma, ¢ IIOMOIIbIO KOTOPOM WH-
JKEHEP-KOTHUTOJIOT U IIPOrPaMMUCT MOTYT CO31aBaTh 0a3y 3HAHUI B IMAJIO-
TOBOM pexkmme. BximiogaeT B ceOs CMCTEMBI BIIOXKEHHBIX MEHIO, IITa0JIOHOB
s3bIKa TIpencTaBlIeHUsI 3HaHMI, Ionacka3ok (help-pexxum) m Apyrux cep-
BUCHBIX CPEICTB, OOJIeryamlux paboTy ¢ 0a30i 3HAHWIA.

Humepgheiic noavzoeamens — KOMIUIEKC TIpOrpaMM, peaausyloliux aia-
JIOT TI0JIb30BaTe/Isl ¢ BKCIIEPTHO CUCTEMON Ha CcTaaiuMy KakK BBoma MHGOp-
MalMy, TaK U MOJy4YeHUSI Pe3yJIbTaTOB.

Mexanuzm 6vi600a (CUHOHUMBL: 0e0yKMUBHASL MAWlUHA, 010K A02U-
YeckKko0eo 6vleoda, peulamens) — IPorpaMMa, MOICIMPYIOIIAsl XOH pPacCyK-
JeHU SKcIepTa Ha OCHOBAaHWM 3HAaHMI, UMEIOIIMXCS B 0a3e 3HAHUIA.
MexaHu3M BbIBOJA ONpeaesisieT, Kakue MmpaBuiia (3HaAHUS) HY>XKHO BbI3BaThb,
BBITIOJIHSIET MpaBuja, oIpeaessieT, KOoraa HaiaeHo TMpueMieMoe pelleHUE,
nepegaeT pesyabTaT Iporpamme <«uUHmepgeiic noab3oeamensi».

Iloocucmema obssicnenuii — IIporpaMma, IMO3BOJSIONIAST TOJH30BATETIO
mojyJyaTh OTBEThI Ha BOIIPOCHI: «Kak ObLaa IojiydeHa Ta WM MHasl PeKo-
meHganusa?» u «Ilouyemy cucrema mpuHsUia Takoe pelmieHue?». OTBeT Ha
Boripoc «Kak?» — 3T0 TpaccupoBKa (MocjeaoBaTebHbI BbIBOA HAa MOHHU-
TOp WJIM B MeyaTb) BCEro Iipoliecca MOJyYeHUs pellleHus] C YKa3zaHUeM
UCTIONHSIOIUX (hparMeHTOB 0a3bl 3HAHMMA, T. €. BCEX IIAroB LN yMoO3a-
kimoueHuii. OrBer Ha Bompoc «IloueMy?» — cChIKa Ha yMO3aK/IIOYEHUE,
HEMOCPEACTBEHHO IIPEIIIeCTBOBABIIEEe ITOJYYEHHOMY PEIIEHUIO, T. €. OTXOJ,
Ha OAWH IIar Has3am.



3.3. Dranbel U TexHoJOrusA paspaborku 35

B KoJUIEKTMB pa3pabOTYMKOB 3KCIIEPTHOM CHUCTEMbI BXOISAT KaK MWHMU-
MYM YeThbIpe CIleIMaIucTa (MJIM YeThIpe TPYHITbI CIICUANIMCTOB): DKCIIEPT,
WHXEeHEep-KOTHUTOJIOT, TIPOrpaMMUCT, MOJIb30BaTellb. BO3raBiaseT KoJJIeK-
TUB WMHXEHEP-KOTHUTOJIOT — KJIIoUeBast (urypa Ipu pa3paboTKe CHUCTEM,
OCHOBaHHBIX Ha 3HaHUSIX. OOBIYHO 3TO PYKOBOAUTENb IIPOEKTa, B 3a1a-
4y KOTOPOIo BXOAUT OpraHu3aliusi BCEro Ipoliecca COo3daHusl IKCHEePTHOM
cuctembl. C OIHON CTOPOHBI, OH AOJKEH OBITh CHELMAJMCTOM B 00JacTU
HUCKYCCTBEHHOTO MHTEJUIEKTa, a C APYroil — AOJKEH pa3doupaTbesi B Iped-
METHOM o0JiacTu, OOILIATBhCS C DKCIEPTOM, M3BIeKas U GopManu3ysl ero
3HAHUS, NepeJaBaTh MX MPOTPAMMUCTY, KOTOPBII KOAUPYET W IOMellaeT
3HaHUS B 0a3y 3HAHUI SKCIEPTHOI CHUCTEMBI.

OKcnepTHasl cucTeMa paboTaeT B IBYX peXXuMMax: NpuoOpeTeHUsl 3HaHUI
U pelleHus 3aJad WM KOHCYJbTallWiA.

B pexume npuobpemenus 3HaHuii TIPOUCXOAUT (OpMHUpPOBaHUE Oa3bl
3HaHuil. B pexume pewenus 3adau oOleHUE C SKCHEPTHON CHUCTEMOM
OCYLIECTB/ISIET KOHEYHBIN I0JIb30BATEb.

OOBIUHO 3HAHMSI, KOTOPBIMU PacIiojlaraeT dKCIIepT, Pa3IMYaroTCs CTeIe-
HbIO HAIEeXHOCTH, BaXXHOCTH, YETKOCTU. B 3TOM ciyyae oHU CHaOXKaloTCs
HEKOTOPbIMU BECOBbIMU KO3(M(PULIMEHTaMU, KOTOPblE HAa3bIBAIOT K03g-
duyuenmamu odosepusi (yeepennocmu). Takue 3HaHUS 0OpadaTHIBAIOTCS
C TIOMOIIbIO AJTOPUTMOB HEUETKON JIOTMKHU.

B mpouecce ombITHOH 3KCIUTyaTaluyd KO3(M@UIIMEHTHI OOBEPUS MOLYT
MoaBepraThcsl KOPPEeKTUPOBKe. B 3TOM ciyyae roBOpSIT, UTO MPOMCXOMUT
o0OydeHue aKcnepTHoi cuctembl. IIpomnecc oOyyeHMsT 3KCIEPTHOM CUCTEMBI
MOXET MPOU3BOIUTHCS aBTOMATUYECKU C MMOMOIIBLIO 00YYarolIero ajirOpuT-
Ma JIMOO TyTeM BMeIIaTelbCTBA WMHXKE€HEepa-KOTHUTOJIOTA, BbIMOJHSIIOIIETO
pOJIb YUMUTES.

Ecnu B mpoliecce paboThl 3KCIEPTHOM CUCTEMBbl MEXaHWU3M BbIBOIA 0O0-
HapyXuBaeT, YTO MOXHO BbI3BaTh 0o0Jjiee OOHOIO IpaBuja, TO AeIaeTcs
BBIOOp, MpUYEM NPUOPUTET OTIAETCSd JIMOO IIpaBMIaM, MMEIOIIMM OoJjiee
BBICOKMI KO3(GUIUEHT OoBepus, JUOO IIpaBWaM, KOTOPbIE YYMUTHIBA-
0T OoJiblliee KOJIWYECTBO TEKYILIMX HAaHHBIX. DOTOT TMpOoLecC Ha3bIBaeTCs
paspeuieHuem KOHOAUKMA.

3.3. JTAIMNbl N TEXHOJIOINA PA3PABOTKH

TexHonorus pa3pabOTKU 3KCHEPTHHIX CUCTEM HECKOJIBKO OTJIMYACTCS OT
TEXHOJIOTUU Pa3pabOTKN OOBIYHBIX KOMITBIOTEPHBIX IIpOrpaMM. DTO pasin-
yye OOYCJIOBJIICHO pa3HMIICH MX XapaKTepuCTUK (Tadi. 3.1).

[Ipu pa3paboTKe SKCHEPTHBIX CUCTEM IIMMPOKO WCHOIB3YIOTCS MpOmO-
munvt — KOMITBIOTEpHBIE MOJIEIN OyIyIIero mporpaMMHOTo TpoaykTa. Mmes
MMPOTOTUMU3ALMMA COCTOUT B TOM, UTOOBI Ha paHHeil cTaguy pabOTHl Hal
IIPOEKTOM CO3[aTh YIPOIICHHYIO BEPCHUI0 KOHEYHOI MpOrpaMMbl, KOTOpast
MOTJIa OBl MOCIYXKUTh T0KAa3aTeIbCTBOM MHPOAYKTUBHOCTH OCHOBHBIX WIEH,
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Tabauya 3.1
TpaauuuoHnHbIe
DKcnepTHbIE pajwn
XapakTepucTHKa KOMIIbIOTEPHbIE
CHUCTEMBI
MpOrpaMmbl
Tun o6paboTkm CumMBoJbHAs YucnoBas
Meton OBPUCTUYECKUI TOUCK | AJITOPUTM
3aganue maroB pemeHuss | HesBHoe TouHoe
HckoMoe pemieHue VY 10BIIeTBOPUTEILHOE OnruManabHOe
VYnpasieHve U JaHHbIE [lepemeriaHbl PazneneHnbt
3HaHus HetouHsie TouHsble
Monudukam Yactbie Penkue

TMOJIOXKEHHBIX B OCHOBaHME ITpPOeKTa. [IpoTOTUIT HOKEH OBITh CITOCOOEH
pelaTh KaKylo-JImbo U3 HeTPpUBUAIBHBIX 3a1a4, XapaKTepHBIX IJIs 3aIaHHOMN
obmactn nmpuMmeHeHuss. Ha ocHoBe aHaim3a omnpITa padbOTHI C IIPOTOTUIIOM
pa3paboTYMKK MOTYT YTOUHUTh TpeOOBaHUSI K CUCTEME B 1ICJIOM M €€ OCHOB-
HBIM (PYHKIIMOHAJIBHBIM XapaKTepUCTUKaM. 3aKa34yMKU SKCIIEPTHOI CUCTEMbI
MOJIy4aloT BO3MOXHOCTb OLIEHUTDH 11€J1€CO00Pa3HOCTh BBIMTOJHEHUST MPOEKTa
elle OO0 TOro, KaK Ha Hero OyayT IOTpadyeHbl 3HAYMTEJbHBIE CPEACTBA.

IIpunsaTo pasniuyaTh CAeoyIollre MPOTOTUIIBI AKCHEPTHBIX cuctem [23].

Zlemoncmpauuonnslii. npomomun — SKCIepTHas cCUCTeMa, KoTopas pe-
IIaeT 4YacThb TPeOyeMbIX 3amad, IeMOHCTPUPYS KM3HECIIOCOOHOCTb METOHA
WHXeHepuMu 3HaHuii. basa 3HaHwuii cocraBiaser Bcero 50...100 mpaBui.
BpeMs pa3paboTKuM TaKoi 3KCIEPTHOM CUCTeMBI — 6...12 Mec.

Hccaedosamenvckuii npomomun — 3KCNepTHasl cUcTeMa, KOTopasl pe-
IIaeT Bce TpeOyemble 3adayud, HO HEYCTOMYMBA B pabOTe U HE IOJHOCTBIO
nposepeHa. baza 3nanmit comepxxut 200...500 mpasui. Pa3paborka 3aHu-
maeT 3...6 Mec.

Zeiicmsyrowuii npomomun — HaAeXHO pellaeT BCE 3aldayd, HO IS
pelIeHrsT CIOXHBIX 3agady MOXeT IMOTpedOoBaTbCSI MHOIO BpeMEHU U Ma-
matu. baza 3nanwmii comepxut 500...1000 mpaBumi. Bpemst pa3padborku —
6...12 mec.

Ilpombiuwinennas sxcnepmuas cucmema — 00SCIICUNBAECT BBICOKOE Ka-
YeCTBO peIlIeHUs BCeX 3amad IIpM MUHUMYyME BpPEMEHU M MaMSITH, 4TO
JOCTUTAeTCS TIepelMChIBAHUEM IIPOTpaMM C MCHOJb30BaHUEM OoJiee Co-
BEPIICHHBIX MHCTPYMEHTAJIbHBIX CPEICTB M SI3bIKOB HM3KOTO ypoBHS. baza
3Hanuii cogepxut 1000...1500 npasun. Bpemst pazpadorku — 1...1,5 roxa.

Kommepueckas sxcnepmunas cucmema — OTINYAETCS OT MPOMBIIILIEH-
HOI TeM, YTO IIOMUMO COOCTBEHHOI'O MCITOJIb30BAaHMS OHA MOXKET MPOIaBaTh-
¢S pa3MYHBIM notpedutensaMm. baza 3nanuit conepxut 1500...3000 mmpasn.
Bpemsa pazpaborku — 1,5...3 roga. Croumocts — 0,3...5,0 MaIH moJu.
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Puc. 3.2. TexHoyiorust pa3pabOTKM 3KCIIEPTHOI CUCTEMBbI

B xode paboT IO CO3JaHUIO 3KCIEPTHBIX CHUCTEM CJIOXWJIACh Olpese-
JIEHHasl TEeXHOJIOTUsl, BKJIIOYAIOIasi OCHOBHBIE 3Tallbl (CXeMaTUYECKU OHU
n300paxeHbl Ha puc. 3.2).

1. Hoenmugpuxkayus (mmocraHoBka 3amayu). Ha stoM sTame ycraHas-
JIMBAIOTCST 3aJa4, KOTOpbIe ITOIJIEKAT PEIIeHUIO, BBISIBIASIOTCS LEIN pa3-
paboTKM, TpeOOBaHUSI K IKCIEPTHOM CHUCTEME, PEeCypchl, HCIOJIb3yeMbIe
MOHSTUSI U X B3aMOCBSI3U, ONpPEACSIOTCS MeToAbl pelneHus 3anad. Lleab
aTarna — c(hopMyJIMpoBaTh 3aJady, OXapaKTepu30BaTh MOIEePXKUBAIOIIYIO €€
0asy 3HaHMI M TakKuMM o0O0pa3oM oO0ecreuyuTb HavyaJdbHbI WUMMYJIbC IJIs
pa3BuTUsl 0a3bl 3HAHMIA.

2. Konyenmyanuzayus. IlpoBomutcs coaepxXaTeJIbHBIM aHalu3 Ipo-
6J1eMHOI1 00J1aCTH, BBISIBISIIOTCSI UCIIOJb3yeMble TOHITUS U UX B3aUMOCBSI-
31, ONpPEeHCsIOTCS METOObl pEelIeHMsT 3aaad.

3. @opmanuzayus. OTnipeaesiioTcs Coco0bl MpeACTaBACHUS BCEX BUIAOB
3HaHUM, (POPMaTU3YIOTCSI OCHOBHbBIE MOHSITUSI, ONPENEIISIIOTCS] CIIOCOObI MH-
TeprnpeTaluy 3HaHU#, OLIEHUBAETCsI, HACKOJIbKO alleKBaTHBI LIEJISIM CUCTEMBbI
3a(MKCUpPOBaHHLIC ITIOHSATHUS, METOIbl pEIICHMsI, CPEACTBa IIPEACTaBICHUS
1 MaHUNYJUPOBAHUS 3HAHUSMMU.

4. Botnoaunenue. Ha aToM aTane aKcIepT HaroaHsaeT 0a3y 3HaHuil. I1po-
Lecc MpUOOPETEHUS 3HAHWI pa3fesioT Ha MOJydYeHUe 3HAaHUM OT DKCIIepTa,
OopraHusaluio 3HaHu#, obecneunBamlyo 3(h(GEKTUBHYIO pPabOTy CUCTEMBI,
U TIpeICTaBlieHWEe 3HAaHWUI B BUIE, TOHSTHOM 3KCIEepTHON cucteme. M3-
3a OBPUCTUUYECKOTO XapakTepa 3HaHUK MX MpUOOpeTeHUe SIBISIeTCSI BeCcbMa
TPYIOEMKUM.

5. Tecmupoearnue. DKCepT U MHXEHEP IO 3HAHUSIM B MHTEPAKTUBHOM
pexXrMe, UCIONb3Ysl OUAIOTOBbIe U OObSICHUTEbHBIE CPEACTBA, IIPOBEPSIOT
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KOMIIETEHTHOCTb 3KCMEpPTHON cucTteMbl. IIpoliecc TecTMpoBaHUSI MPOHO-
JKaeTcsl OO0 TexX IIop, IOKa BKCIEPT He PeIlIUT, YTO CHCTeMa IOCTUIJIa
TpeOyeMOTo ypOBHSI KOMIIETEHTHOCTH.

6. Onvimnasn skcnayamayus. TlpoBepsieTcss MPUTOAHOCTh SKCIIEPTHOM
CHUCTEMBI MUISI KOHEYHBIX IIoab3oBaTesieil. Ilo pesyiabratam 3TOro sTama
MOXET MOTpeboBaTbcsl MOAUMUKALIMS 3KCIIEPTHOM CUCTEMBI.

7. Mooduguxkauyus. B xone cozmaHusi 3KCIEPTHON CUCTEMBbI MOYTU IO-
CTOSIHHO TIPOU3BOAUTCS €€ MoaubuKanus: nepechopMyJIupoBaHue MOHSITUI
U TpeOOBaHUI, IEPEKOHCTPYUPOBAHME IIPEACTABIICHUS 3HAHUM U YyCOBEp-
IIICHCTBOBAaHUE IIPOTOTHUIIA.

YcoBepiieHCTBOBaHUE IIPOTOTUIIA OCYILIECTBIISIETCS B IPOLIECCE LIUKIM-
YEeCKOTO IIPOXOXKASHMS 4Yepe3 3Tallbl BBIIIOJHEHUS W TECTUPOBAHUS IS
OTJIafKV TIpaBUJI U TPOLIEAYP BbIBOAA.

[TepekOHCTpyupoBaHUE BEIOPAHHOTO paHee criocoba MpeacTaBlIeHUs] 3Ha-
HUI mpearojaraeT BO3BpaT OT 3Tana TeCTUPOBaHUs Ha 3Tarn ¢opMaaiu3aluu.

Ecau BozHukIMe mpoOiieMbl eile Oojiee cepbe3Hbl, TO IIOC/Ie Heydauu
Ha 3Talle TeCTUPOBAHMS MOXKET MOTPeOOBaThCSI BO3BpAT Ha 3TAIl KOHLIEMTY-
anu3auuy M uaeHTudukanuu. B aToM ciiyyae peuyb uueT o nepedopmynm-
pOBaHUM IIOHSTUI, UCIIOJIb3YEMbIX B CHCTEME, T. €. IepelpOeKTUPOBAHUM
CUCTEMBI 3aHOBO.

[IpuBeneHHas TOCJIEIOBAaTEbHOCTh Pa3pabOTKU OSKCMIEPTHBIX CUCTEM
npemioxeHa D. A. [lonmoBeiM KHuUTe [44]. JlaHHasg TEXHOJIOTMSI OTpaxka-
€T OIIBIT pa3pabOTKU M BHEAPEHUS MHOTOUYMCICHHBIX 3KCIIEPTHBIX CHUCTEM
IIMPOKOro Ha3HaueHMs1. B 3Toil xKe KHUre yKasbIBalOTCS TPYOHOCTHU, XapaK-
TepHBIC IJISI KaXKI0M CTaauM, U JAIOTCS PEKOMEHIALMHY 10 UX IPEOI0JICHUIO.

3.4. NMPOrPAMMHBbIA UHCTPYMEHTAPUN

WHcTpyMeHTallbHBIE TTPOrpaMMBI, TIpUMEHSIeMbIe IIPU pa3paboTKe 3KCIepT-
HBIX CUCTEM, MOXHO Pa3feanuTh Ha YeThIPEe JOCTATOYHO OOJIbIINE KATETOPUU.

1. O060.109KH 3KCHEPTHBIX cucTeM. CHCTEMbI 3TOrO TUIIA CO3MAIOTCS,
KakK TMpaBUJIO, HA OCHOBE KaKON-HUOYIb 3KCHEPTHON CUCTEMBbI, TOCTAaTOYHO
XOPOIIO 3apeKOMEHIOBaBIIel cebs Ha TpakTuke. [Ipy co3naHuu 060104YKU
U3 BKCIIEPTHOM CHUCTEMBI-TIPOTOTUIIA YIAJSIIOTCSI KOMITOHEHTBI, CIMIIKOM
cnelrduyHbie 1151 00J1aCTU €€ HEeMOCPEICTBEHHOTO MPUMEHEHUs], U OCTaB-
JISIOTCS T€, KOTOPbIE HEe MMEIOT Y3KO# creunanuizauuu. [IpuMepoM MoXeT
cayxuth cuctemMa EMYCIN, co3maHHasi Ha OCHOBE IIMPOKO M3BECTHOM
SKCIIEPTHON cHUCTeMbl MeauIIMHCKONM nuarHoctTuku MYCIN.

JIOCTOMHCTBOM MpPOrpaMM-000JIoueK SIBIASETCS TO, YTO OHM IMO3BOJISIIOT
HEeMmporpaMMHUCTaM BOCIIOJIb30BaTbCsl pe3yjbTaTaMu pPabOThl MPOrpaMMMU-
CTOB, pelllaBIIMX aHaJOrM4YHble MpobyieMbl. HemoctaTkoM oboJiouek SIBIIsI-
eTCsl UX OPUEHTHUPOBAHHOCTh HA JOCTATOUYHO Y3KMI KJIacC 3a1ady, XOTsS OH
Oojiee IIMPOKUiII, YeM MHporpaMma, Ha OCHOBE KOTOpOil ObLIa cO3JaHa Ta
WA MHas 000Ji0YKa.
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2. TpaaunMOHHbBIE SI3BIKH MPOrPAMMMPOBAHMSI. DKCIEPTHHIE CUCTeE-
Mbl MOTYT CO3[JaBaThCs C MOMOIIBIO TPAIULIMOHHBLIX SI3BIKOB MPOrpaMMMU-
poBaHus, Takux kKak C, C*", Java, Basic, Fortran, Pascal u ap. DTy s3bIKu
JIaI0T TIPOSKTUPOBIIUKY SKCIEPTHBIX CUCTEM 3HAYMTEIBHO OOJIBIIYIO CBOOO-
Iy OelCcTBUil, yeM 000Jiouku. ['mOKOCTh, IpenocTaniiseMas TpaaulluOHHBI-
MU SI3bIKaMU MPOrpaMMUPOBaHMsSI, OCOOEHHO BaXKHa B TeX Clydasx, Koraa
HEBO3MOXHO 3apaHee OIpeNeIMTh ONTUMAaJIbHbIE CIIOCOOBI IpeaCTaBICHUS
3HAaHUM U YIpaBJeHUsT JJOTUYECKUM BbIBOJOM. IIpenmMyllecTBOM MCIOJIb30-
BaHUS TPAIULIMOHHBIX SI3BIKOB IIPOTPAMMMUPOBAHUS SIBISETCS BO3MOXHOCTD
JOCTUKEHUST BBICOKOI 3(P@MEKTUBHOCTH IIPOTrpaMMHOIrO MPOAYKTa, CBSI3aH-
Hasl ¢ UX OJIM30CThIO K MAalllMHHON apxuTekrype. Ellle 0IHO TOCTOMHCTBO —
BO3MOXHOCTb BKJIIOUCHUSI pa3padaTblBaeMbIX UHTEJJIEKTYaIbHbBIX MOACUCTEM
B KpyIHbIe MpOrpaMMHbIe KOMIUIEKCHI OOIlEro Ha3HauyeHUs.

HenoctaTkoM HCMOJb30BaHUSI TPAAWLIMOHHBIX SI3BIKOB MPOrpaMMUPO-
BaHUS SIBJISIIOTCSI 3HAUUTENIbHbIE TPYa03aTpaThl MPOrpPaMMUCTOB, OOYCIOB-
JICHHBIE CJIAa00¥ TPUCIOCOOJICHHOCTBIO 3TUX SI3BIKOB IJISI paOOTBI C CHUM-
BOJIbHBIMM M JIOTUYECKUMU HAHHBIMMU.

3. SI3bIKM MCKYCCTBEHHOro HMHTe/LteKTa. K s3hIKaM MCKYyCCTBEHHOIO
WHTEeJJIeKTa B MepBylo odyepenb NpuHsATo oTHocuTh LISP 1 PROLOG. OHu
OTJIMYAIOTCSl OOraTbiIMU BO3MOXHOCTSIMU OOpabOTKM CHUMBOJIBHBIX W JIOTH-
yecKux JaHHbIX. 36K LISP cKpblT OT MporpaMMMCTOB YCTPONCTBO MaMsITU
OBM, a PROLOG mo3Boaua MM HE 3a00TUTBCS O IIOTOKE YIIPaBJICHUS
B Tiporpamme. EcCTeCTBEHHO, 4YTO TakKoe IIOBBILIEHHE SI3bIKOBOTO YPOB-
HSI TIPUBEJIO K CHMXXEHHUIO TMOKOCTM UM YHUBEPCAJIBHOCTU IO CPaBHEHUIO
C TPagULMOHHBIMU SI3BIKAMM MPOrPaMMUPOBAHMUSI.

S3pik LISP Ob1 pa3padboraH B CT3H(MOpPACKOM YHUBEPCUTETE B Ha-
gajge 1960-xrr., a PROLOG —B MapcenbckoM yHUBepcuteTe B 1971 r.
HauGompmryio monynsipHocTh s3Ik PROLOG mpuobpen B 1980-x rr., KO-
roa Ojarogapsl YCUJIMSIM MaTeMaTHUKOB ObLI OOOCHOBAH JIOTMYECKUIA Oa3uc
STOTO $I3bIKA, a TAKXKe B CHIJIYy TOrO, YTO B SITOHCKOM MPOEKTE BBIUMCIIU-
TeabHBIX cucTeM V 1okojieHus sI3bIKk PROLOG ObIT mpUHAT B KayecTBe
0a30BOro IJjisi MalllMHbI BBIBOJA.

Crnenyer, o1HaKO, OTMETUTh, YTO B MOCJeAHEE BpeMsl IPUMEHEHUE SI3bI-
koB LISP m PROLOG HeckombKO coKpaTwioch. OOBSICHSIETCS 3TO ITIO-
BUAUMOMY TE€M, YTO CHUCTEMbl MCKYCCTBEHHOTO WHTEJUIEKTa 4YacTO CJIyXkKaT
MOMYJISIMUA APYTUX OOJIBIIMX MPUIOXKEHUI, MO3TOMY CTaHAAPTHI pa3pabOTKU
MIPUBOAAT K HEOOXOOMMOCTU MCHOJb30BAHUSI €IMHOIO SI3bIKA MPOrpaMMMU-
pOBaHUS BCEro IPUIOXKECHUS.

4. NaTerpupoBaHHbIE Cpeabl NMOAEPKKH Pa3padOTKH UHTEJLIEKTY-
AJBbHBIX CUCTEM . DTO CBOEro poja HaJACTPONKM Haj sI3bIKaMU MCKYCCTBEH-
Horo uHteiuiekTa, Takue Kak ART, KEE, G2. ®akTtnyecku OHU SIBJISIIOTCS
0OIBLIMM HAOOPOM XOPOIIO MHTETPUPOBAHHBIX MapagurM HCKYCCTBEHHO-
ro MHTEJJIEKTa, UYTO IO3BOJISIET I10JIb30BATEI0 KOMOMHUPOBATh B IpOLiecce
pa3pabOTKM SKCHEPTHOM CUCTEMbI pasHble CTUJIM HPOrpPaMMUPOBAHMSI.
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3.5. WHXEHEPUA 3HAHUWU

[Ipu pa3paboTKe 3KCIEePTHBIX CUCTEM OMHUM M3 BaXKHEHIIMX 3TAIlOB SIBJIsI-
eTcsl TIPOeKTUpOBaHKe 0a3 3HAHUM, T.e. TMOoJydeHue 3HAaHU# CIelraaricTOB
MpeaMeTHBIX obJiacTeli. DTOT pasien UCKYCCTBEHHOTO MHTEJUIEKTa MOJTy4I
Ha3BaHUE UHICEHepUU 3HAHUIL.

B HacTos1iee BpeMs CI0XMIOCh HECKOJBKO CTpaTeruil MoJIydeHUsT 3Ha-
HUA.

Haubosiee paHHUM SIBJIsIeTCsS CHOCOO MOJyYeHUs] 3HAHUU B pesysbTa-
T€ XUBOTO KOHTAaKTa MHXEHepa I0 3HAHUSIM C 3KCIEPTOM JIMOO APYrum
WCTOYHUMKOM 3HaHWI, HampuMep CO CHelMalbHOW JuTepaTypoil. MHorue
aBTOPbI HAa3bIBAIOT 3TY CTPATETUI0 U3GAeHeHUEeM 3HAHUIL.

KenaHnue aBTOMaTHU3UPOBATh TPYAOEMKUIA IIPOLIECC IOJyYeHMsI 3HAHUMA
IpPUBEJIO K MOSBJICHUIO ABYX CTpaTeruii, OCHOBAaHHBLIX Ha IPUMEHEHUU
OBM: npuobpemenue 3Hanuii 1 gopmuposanue 3HAHUIL.

Ilpuobpemenue 3HaHuii — 3TO CIIOCOO TOCTPOEHUsI 0a3bl 3HAHUM TMO-
CPEICTBOM JMajora 3KCHepTa ¢ KOMIIbIOTEpHOW mporpaMmoii. OObIYHO
Takye MporpaMMbl OPUEHTUPOBAHbI HA KOHKPETHBIC TNpeaIMeTHbIE 00J1acTH,
pa3paboTaHbl C YYETOM MX CTPYKTYpPbl U KOHKPETHBIX OCOO€HHOCTEMH, T. €.
OHM HE SIBJISIIOTCS YHUBepcalbHbIMU. Hampumep, omHa U3 HEpBBIX CHUCTEM
nomooHoro poxa — TEIRESISA — npenHaszHadyeHa OJ1s1 MMOMOJHEHUsST Oa3bl
3HAHMK CUCTeMbl MemnunuHckoi nuarHoctuku MYCIN.

Crparerusi, Ha3blBaeMasi popmupoeaHuem 3HAHUL, BKIOUAET TMpUMeE-
HeHHe aJITOPUTMOB aBTOMATUYECKOTO IMOPOXIEHUSI TMIIOTE3 METOAOM OO0Y-
YeHUs] Ha mpuMepax MNPUHSITUSI PELIeHU B TMpeIMeTHON o00JacTu.

CrpaTerud aBTOMAaTHU3UPOBAHHOIO IIOJAYyYE€HHMSI 3HAHUK (IIpuoOpeTeHue
u ¢GopMUpOBaHME 3HAHMIA) SIBJISIIOTCSI BeCbMa IIEPCHEKTMBHBIMU U OBICT-
PO Pa3BUBAIOIIMMMUCS pa3faesiaMy MHXEHEPUU 3HAaHUI, OMHAKO IO CUX IOp
OHU HEe AOCTUTJM MPOMBIIIJIEHHOTO YPOBHS U MPEACTaBISIOT OOJblle Hayd-
HBII, HeXelu mpakTudyeckuii uHtepec. Haubonbliiee e pacnpocTpaHeHUe
B HacTosllliee BpeMsl MO-TIPeXKHEMY MMEET CTpaTerusi «py4HOro» MpOEeKTH-
poBaHUsl 0a3 3HAHWUM, T.€. U3BJEUCHUE 3HAHUN MYTEM XKUBOTO OOIIECHUS
WHXEeHepa MO 3HAaHMSIM C 3KCIIEPTOM WJIM IPYTMM MCTOYHMKOM 3HAHUIMA.
OTO BecbMa TpydoeMKasl Mpoleaypa, 1M, KaK OTMeYaloT MHOIME Ccrelua-
JINCTBI, OHA SIBJISIETCSI «y3KMM TOPJBIIIKOM» B OOIIEM MPOLIECCE CO3MaHUS
3KCMEPTHOM CUCTEMBI.

Cyl1iecTByeT MHOXECTBO PEKOMEHIAlUi MO OopraHu3alyu paboThl 3KC-
nepra, BbIOOpPY ero MnoBedeHUs. 3HAKOMCTBO C IIpeAMETHON 00JacThbio
PEKOMEHIYeTCsI HAUMHATh C U3YYEeHMsI COOTBETCTBYIOIIEH INTepaTyphl, yueo-
HUKOB, MOHOTpaduii, cTaTeil, oT4ETOB, cBeaeHni u3 cetn MHTepHeT. 3aTem
1eJ1eco00pa3HO MPUMEHEHUE KOMMYHUKAMUBHbIX METOMIOB, IIoapa3yMeBa-
IOLIMX BCTYIJICHWE B KOHTAKT ¢ 3KcrepTamMmu. KoMMyHUKAaTMBHBIE METOIbI
pa3aensiloT Ha TacCUBHBIE M aKTUBHBbIE. [laccuseHbie BKIIOYAOT HabJOAE-
HUSI 32 OOBEKTOM (TEXHOJOTMYECKUM IIPOLIECCOM U Ap.), COCTABJISIIOLIUM
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TpeAMETHYIO 00JIacTh, HAOJIOMEHUST 3a pabOTON 2KCIepTa, 3a IMPOILeCCOM
NpuHATAS pemreHuii. K IMacCUBHBIM MeTOJaM OTHOCHUTCSI TakKXe IIpO-
CIYIIMBAaHWUE JICKIIUI, YUTAEMBIX 3KCIEPTOM, M3YyYeHHE €ro WHCTPYKIIWi
1 TIPOTOKOJIOB «MBICJIEH BCIIyX» — IOMBITOK OOBSICHUTH ITPUHUMAaeMble UM
pelIeHus.

Axmuenvie MeTOAbl OTIWYAIOTCS IIMPOKUM pa3HOOOpa3reM acCOpTH-
MeHTa. DTO aHKEeTHpPOBaHHWE, WHTEPBBIO, CBOOOMHBIN TUAJIOT, SKCIIEPTHHIC
UTPHI, TUCKYCCHU 3a KPYIJIBIM CTOJIOM C Y9aCTHUEM HECKOJBKUX 3KCITEPTOB,
MO3roBoii MTypM. B pesynbrare mHXeHep MO 3HAHUSAM (HOPMHUPYET KOH-
UuenmyanvHyro cmpykmypy TIpeOIMETHOM 00JacTh — MOIeNb TPeaMETHOMN
00y1acTH, BKJTIOYAIOINIYIO ONHCAHHME €€ OOBEKTOB W CBS3eil MeXIy HHUMU.
KoHlenTyaabHyl0 CTpYKTYypy M300paxaioT B Buie rpadoB, dpeiiMoB JUO0
OIMUCHLIBAIOT cjloBaMU. 3ateM (QOpPMUPYETCs @DYHKUUOHAAbHASL CMPYKMY-
pa TpeIMETHON 00JJacTH — MOJEeIb PAcCyXISeHUI 3KCIlepTa M IIpolecca
MpUHATASA pelneHnii. OHa MpencTaBisieTcss B BHUIOE TaOMUIbBI, rpada WiIm
B BUIE IPEITOXEHUN €CTeCTBEHHOTO sI3bIKa. 3IeCh MOIYT IPHUCYTCTBO-
BaTh MaTeMaTU4yeckue (popMysibl, OoTpaxkaloline BHYTPeHHHE 3aKOHOMEPHO-
CTU TIPEOIMETHOI 00JacTH, a Takke MPOAYKIIMOHHBIE IpaBuia, MMEIOIINe
SBPUCTUYECKYIO MPUPOAY, a MOTOMY CHaOXeHHBIE KO3(hGHUINEHTAMU yBe-
PEHHOCTH.

[Mponecc mpoeKTUpoBaHUS 0a3bl 3HAHWII 3aKaHYMBAaeTCsS ee (opMau-
3allMeil 1 NporpaMMHONM peanu3aluei.

KOHTPOJIbHbIE BOMNPOCbI U 3A0AHUA

1. IIpuBeauTe mpuMepHl IPEeIMETHBIX 00JIacTell, B KOTOPhIX 3HaHUS 1) jer-
KO mopmaroTcs dopManm3anuu, 1) mioxo moagaiorcs (opMaiu3alui,
1) He MoryT OBITH (hOPMaTU30BAHLI.

5. Jlaiite ompenejieHue 1 CchOPMYJIUPYiUTe Ha3HAYEHUE SKCIEPTHOW Cu-

CTEMBI.

[TpuBenuTe mMpUMephl M3BECTHBIX BaM 3KCHEPTHBIX CHUCTEM.

. Uto Takoe 00070YKa SKCIIEPTHOM CHUCTEMBI?

8. Kakoii, mo BallleMy MHEHUIO, IOJDKEH OBITh KOJUIEKTUB Pa3paboTYMKOB
BDKCIIEPTHOM CHUCTEMBI?

9. Ilepeyncaure M OXapaKTepU3YWTE CTAAMM M BTaIlbl pa3pabOTKM BKC-
MEPTHBIX CUCTEM.

10. HazoBuTe OT/IMUYMUTEIbHbIE MPU3HAKU 3KCIEPTHONM CHCTEMBI.

11. HazoBuTe u oxapakTepusyliTe OCHOBHbIEC CTpaTEerMu MOJyYeHUs] 3HAHUIA.

12. ITouemy 3amady M3BJICUEHMSI 3HAHUM HA3BIBAIOT «Y3KUM TOPJIBIIIKOM»
B IIPOEKTUPOBAHUM OSKCHEPTHBIX cucreM? Kakue uaen Bbl MOXETe
MOPEIJIOXKUTh IS YCTPAHEHUSI 3TOM cUTyauuu?

N o
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NMOHATUE O KNACCUYECKOM
HEMPOHHOW CETU

41. MO3I' U KOMMNbLIOTEP

HeiipoHHble ceTM M HEHMPOKOMIBIOTEPHI — 3TO OJHO W3 HaIrpaBICHUMN
KOMIBIOTEPHOI WHIYCTPUM, B OCHOBE KOTOPOIO JIEXWUT HIAEs CO3MaHUS
MCKYCCTBEHHBIX MHTEJICKTYaIbHBIX YCTPOMCTB <«II0 00pasy M IOJ00MIO»
geyjoBeYeckoro wmogsra. Jlejo B TOM, 4YTO OOJBIIAHCTBO COBPEMEHHBIX

KOMIIBIOTEPOB  MMEIOT apXUTEKTypy (OH
apXUTEeKType, OHHU UMEIOT LIEHTPaJIbHbBIN

Heiimana. CoracHo 3T1oit
NpolEeCccCop, 3aroMHHAaIoLIee

YCTPOMCTBO, YCTPOMCTBA BBOMA, YCTPOMCTBA BBIBOMIA, YCTPOMCTBA XPaHEHUS
uHdopmanuu. 1o cBoell CTPYKType U CBOICTBAM 3TU KOMIIBIOTEPHI BeChMa
JaJeKM OT HAaIlleT0 €CTECTBEHHOIO KOMIIbIOTEpa — YEJIOBEUYECKOro MO3ra.
B moarBepxnenue stoMy B Ta0id. 4.1 mpuBemeHbl NMPU3HAKK, OTIAMYAIOIINE
YeJI0BEYECKMiII MO3T OT HEeHMaHOBCKOI'O KOMIIbIOTEpa.

Tabauya 4.1

ComnocrasJieHr€e MPUHIAIIOB MOCTPOEHHUS M CBOWMCTB COBPEMEHHOI0 KOMIIBIO-
Tepa (Mamuabl ¢on Heiimana) U 4yejioBeYE€CKOro mMo3ra

IIpusHaku Komnbrorep YenoBeyeckuii MO3r
CoXHBIT [TpocToit
I1poueccop BBICOKOCKOPOCTHOM HuzkockopocTHO
OouH WIN HECKOJIBKO Bosblioe KoanmyecTBO
OtaeneHa OT IIpolieccopa WuterpupoBaHa B IIpoliec-
IMamsaTb cop
Jlokanu3zoBaHa PacnpenenenHast
Anpecalysi He IO Anpecalys 1o CoaepKaHuIO
coJiep>XKaHUIO
LlenTpann3oBaHHbBIE PacnpeneneHHbie
Brruncnenus IMocnenoBarenbHbIC IMapamtenbHbIie
XpaHUMBbIE TIPOTPAMMBbI Camoo0yueHure
HanexHoctb Bricokast ysa3BUMOCTH KuBydecTtb
Cpena ¢yHkuu- | Ctporo omnpenencHHasI [110ox0 omnpeneneHHast
OHUPOBaHUS
Crporo orpaHu4yeHHast be3 orpaHuyeHui
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Puc. 4.1. HelipoHbl uyenoBedyeckoro mosra

OcHoBaTen ke HeipokubepHeTUKHU ) 3a1aluch LIENbIO CO3MaTh JIeK-
TPOHHBIC YCTPOMCTBA, aJcKBaTHbIE MO3TY HE TOJBbKO Ha (PyHKIIMOHAILHOM,
HO M Ha CTPYKTYPHOM YypoBHe. 11 3TOro MM IIPUIILIOCH OOpPaTUTHCS 3a
cBeneHUsIMU K OmonoraMm. Kak ke ycTpoeH 4elIOBeYEeCKMiII MO3r?

W3BecTHO, YTO MO3r YeJIoBeKa COCTOMT M3 OEJI0ro M Ceporo BellecTBa:
0esioe BeIeCTBO — 3TO Tejla HEPBHBIX KJIETOK, Ha3bIBaeMbIX HEUpOHAMU,
a cepoe BelIeCTBO — COCNUHSIONIMEe WX HEPBHbIE BOJIOKHA. Kazknprit
HEUPOH COCTOUT M3 TPEX YacTeill: Tejia KIETKU, ACHIPUTOB U aKCOHa
(puc. 4.1). Jlendpumor 1 aKcon — 3TO HEPBHBIE OTPOCTKHU, Yepe3 KOTOpbIE
HEMpPOH OOMEHMBAETCS 3ICKTPUICCKMMU CUTHAJIAMU C APYTUMU HEMPOHAMM.
Kaxmerit Heitpon Moxet umetb 10 10 000 geHapuUTOB M BCETO JUIIL OIWH
akcoH. Yepe3 HneHOPUTHI HEHPOH MNPUHUMAET 3JICKTPUYECKUE CUTHAJIBI,
MOCTYIAIIWEe OT APYTMX HEWPOHOB II0 HEPEBHbIM GOAO0OKHAM, KaK IO
npoBoxaM. Eciau curHaaoB MHOTO M OHM JOCTaTOYHO WHTEHCHUBHEI, TO
HEMpPOH TIIepexXoJuT B BO30YXIECHHOE COCTOSIHME M caM BbIpabaTbIBacT
SIEKTPUYECKUI CHUTHAJI, KOTOPBIM IepesacT B aKCOH. AKCOH Ha CBOEM
JIPYrOM KOHII€ pa3BETBISIECTCS Ha THICIYM HEPBHBLIX BOJIOKOH, KOTOpPBIE
3aTeM COEAMHSAIOTCH C NEHIPUTAMU APYIUMX HEMPOHOB. MecTa CoelMHEHUs
HEPBHBIX BOJIOKOH C JCHAPWUTAMM HA3bIBAIOTCSI CUHANCAMU.

Kak xe d4enoBedyeckKuii MO3T 3allOMMHAaeT WMHGOpMALMIO M KakKk ee
oOpabateiBaeT? OTBEeTUTH Ha BTOT BoIpoc Ouonorn He Mmoriau. Ho 3arto
OHM 3HalIW, YTO OOIlllee YMCIO HEHPOHOB B TeYeHUE >KM3HMU 4YesoBeKa
MpPaKTUYECKM HE H3MEHSETCSI. ODTO 3HAYUT, YTO MO3I pedeHKa M MO3T
B3POCJIOr0 4YejoBeKa coAepxKaT IPUOJIM3UTEIBbHO OJMHAKOBOE KOJIMYECTBO

1)9Ty CTpaTerulo CO3aaHUsA HUHTCIJICKTYaJIbHbIX CHUCTEM B TIJI. 1 KHUTM MBI TaKXe
Ha3bIBAJIU HU3KOYPOBHEBOM, WJIM BOCXOLSLIECH.
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HeiipoHoB. [IpuMepHO OOMHAKOBOE KOJIMYECTBO HEMPOHOB COMEPKUT MO3T
YYEHOTO, OJIUTUYECKOrO JIesTeNs, cojigata, crioprcMeHa. OTIMYne COCTOUT
B BEJIMYMHAX 3JICKTPOIPOBOIHOCTEM CHHAIICOB.

Kak u3BeCTHO U3 3JEKTPOTEXHUKHU, 3JEKTPONPOBOIHOCTH IPOBOIHUKA

0 —3TO BEJIMYMHA, OOpaTHas €ro 3JeKTPUUYECCKOMY COIPOTHBIECHUIO R,

T.€. p = % ComnporuBienne R BxoguT B 3akoH Owma, U = IR, xak

KO3(OUIMEHT MIPONOPLUOHAIBHOCTA MEXIYy MPUIOKEHHON K KOHIAM
MpPOBOJHMKA Pa3HOCTU MoTeHUManoB U u cuioit Toka I, BO3HUKAIOIIETO
B MPOBOJHUKE TOA JEMCTBMEM JTOM pa3HOCTU TMOTeHLaloB. YeMm
BBILIE BJIEKTPONPOBOIHOCTh MPOBOJHUKA p, TEM JIydllle €ro CIOCOOHOCTb
MHPOBOJIUTL 3ICKTPUIYECKUI TOK.

Buonoru »aeKTponpoOBOIHOCTU CUHAIICOB HA3bIBAIOT CUAAMU MeENCHell-
POHHBbIX cuHanmuueckux cesseil. I1o ux MHEHHIO, MO3T OJHOTO 4YeIoBeKa
OTJIMYaeTCsl OT MoO3ra Jpyroro 4ejaoBeKa Mpexae BCero BeJUYMHaAMU
CUJI MEXHEMPOHHBIX CHUHAIITUYeCKMX cBs3eil. Ha stoM ocHoBaHuM Oblia
BbICKa3aHa TMIIOTE3a O TOM, YTO BCE HAlllM MBICJIM, SMOLUU, 3HAHUS, BCS
vHdOpMaLIMsI, XpaHSIIAscs B YEJIOBEUECKOM MO3Te, 3aKOIUpOBaHA B BUIE
OrPOMHOIO KOJIMYECTBA YUCEJ, XapaKTECPU3YIOLIUX CHIIbI MEXHEMPOHHBIX
CUHANTUYECKUX CBS3EH.

A Teriepb MoIpodyeM OLIEHUTbh, CKOJIBKO XK€ YMCeJI CIIOCOOeH 3allIOMHUTD
TaKOil TUMNOTETUYECKMI MO3T, €CJIU IIPUHSTh, YTO C IIOMOIIBLIO OJHOM
CUHAINTUYECKON CBSI3U MOXHO 3aKOAMPOBATb OIHO YUCJO.

B 4yesoBeuecKOM Mo3re comepxkuTcs npubnusutensHo 10'' HeiipoHOB.
Kaxnaplit HeitpoH cBsizaH ¢ 103...10* npyrumu Heiiponamu. Takum o6paszoM,
6uoJiornuyeckass HelipoHHasl CEThb, COCTABIISIONIAS MO3T YEJIOBEKa, CONEPXKUT
10'#...10"5 cunancos. IMony4aercsi, YTO MMEHHO TaKO€ KOJIMYECTBO UMCEI
CIOCOOEH XPaHUTh YEJIOBEYECKUIA MO3T U YTO UMEHHO TAKUM KOJIMYECTBOM
yuces 3aKOJMPOBAaHbI B HallleM MO3Ie BCE HAlllM 3HAHMS, BECh XXU3HEHHbBIA
ONBIT, BCE MBICIM WM 3MOLMHU, BCsI MHGOpPMALMI, KOTOPYIO MBI ITOJIydaeM
Ha IIPOTSKCHUU KU3HU.

IIpuBeneHHBIE BHILIE TIPEACTABICHUS O CTPOSHUU U (PYHKIIMOHUPOBAHUU
MO3ra B HACTOsIIee BpeMsI CUUTAIOTCSI HAYyYHO O00OCHOBaHHBIM (pakToM. Hu
Yy KOTO U3 yYEHBIX HE BBI3BIBACT COMHEHMUIA, UTO pa3yM YeJIOBeKa CO3[AeTCs
OTPOMHBIM KOJIMYECTBOM MeEJIbYalIINX HEPBHBIX KJIETOK — HEMPOHAMH,
HEMpPEPbIBHO WCIIOJHSIOIIMMU CBOU «uUH@OpMayuouHblit marney». YTo 310
3a «TaHell», Mbl pacCMOTPUM B CJIeOyIOIIMX Iaparpadax.

4.2. MATEMATUYECKUW HEWPOH
MAK-KATNNTOKA—TTUTTCA

[lepBoii pabGoToii, KOTOpasi 3ajoXuja TeopeTU4YecKuil (yHIaMeHT sl
CO3JaHUSl MHTEIEKTYIbHBIX YCTPOWCTB, MOJSIUPYIOLIMX 4YeTOBeUYECKUI
MO3T Ha C€aMOM HM3IIEM — CTPYKTYPHOM — YPOBHE, IIPUHSITO CUMTATh
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onybiavkoBaHHyl B 1943 r. cratbio Yoppena Mak-
Kannoka n Baremepa I[lummca «Maen norudecKux BbI-
yucJieHnil B HepBHOI nesrenbHocTu» [100]. Ee aBTOpHI,
aMepUKaHCKME YydYeHble MaTeMaTHKU-Heipo(pU3NOoIorH,
[0 TpaBy CYMTAIOTCSI OCHOBATEISIMM HepOMHOOpMaATH-
Ku. OHU TIPEIIOKIIN MaTeMaTUIeCKYIO MOJIEb HeMpoHa
MO3ra 4YejoBeKa, Ha3BaB €€ MmamemamuyecKum WIN
MOOEAbHbIM HelpPOHOM.

V. Maxk-Kamtok u B. TTutre npemnoxuwim usobpaxars Puc. 4.2. Mare-
HEHPOH B BUIE KPYXOUKA CO CTPEJIOUKAMH, KaK MoKa3aHo MAaTHUECKUi Hel-
Ha puc. 4.2. CTpeIKy 03HAYAIOT BXOIBI M BBIXOH Heiipona, POH Mak-Kaiio-
Yepe3 BXoObl MaTeMaTUYECKUII HEWpPOH MPUHUMAET Kxa—Tlurrea
6X00Hble CUSHANbI X|, X2,..., Xj,..., X; W CYMMHUDPYET HX, YMHOXas
KaXIbIii BXOIHOW CHUTHaJl Ha HEKOTOPLI 6ecoeoil Kosgduyuenm wj:

J
S=Y wyx;. 4.1)
J=1

[Tocne BBIMOMHEHUSI OIEpallMd CYMMMWPOBAHUS MaTeMaTUYECKU HEpoH
dopMHpyeT BBIXOTHOUW CHTHAJ ) COTJIACHO CIICAYIOIIeMY ITpaBUIIY:
y= 1, ectm S > 6,
0, ecm S<0,

rae 6 — nopoe 4y8cmeumenbHOCmU HeUpoHa.

TakuM o0Opa3oMm, MaTeMaTUUECKMI HEWPOH, KaK M ero OMOJIOTMYeCKUA
MIPOTOTUI — HEUPOH MO3Ta, MOXET CYIIECTBOBAaTb B JIBYX COCTOSIHUSIX —
BO30Y:XIEHHOM M HeB030yxXmeHHoM. Ecim B3BellleHHasT cyMMa BXOIHBIX
CUTHajoB .S MeHbIIe IIOPOrOBOil BEJIMYMHBLI @, TO MaTeMaTU4ECKUii
HEpOH He BO30YXIEH M ero BBIXOOHOM CUTHAJ paBeH Hymo. Ecim ke
BXOIHBIE CUTHAJIBI JOCTATOYHO MHTEHCUBHBI U MX CyMMa AOCTUTAET IIOpora
YYyBCTBUTEJILHOCTU 6, TO HEWPOH MEPEXOOUT B BO30YXKIEHHOE COCTOSHUE
1 Ha ero BbIxoae ¢opMupyeTcss curHaid y = 1.

BecoBble KO3(DGULUMEHTEI W; UMEIOT ONPENEIEHHbINA (DU3UYECKUI CMBICIL.
OHM UMUTUPYIOT 3JIEKTPOIIPOBOJIHOCTA HEPBHBIX BOJOKOH, TEX CaMBbIX,
KOTOpble OMOJIOTM HAa3bIBAIOT CUAAMU MENCHEUPOHHBIX CUHANMUYECKUX
ces3ell WU cuHanmuveckumu eecamu. UYem 3T cujibl OOJiblle, TeM
GoJIbllIell BeTMUYMHBI CUTHAJIBI TTOTIAJaI0T B HEMPOH U TEM BHIIIIE BEPOSITHOCTD
ero mnepexoga B BO30YXIECHHOE COCTOSHUE.

PaHee MBI yXXe oTMedain, 4TO GMOJIOTH MPUIAIOT CUJIAM CUHAITUYECKUX
CBsI3€ii OYeHb BaXkKHOe 3HaueHue. MHorme M3 HUX I0JIaraloT, YTO MMEHHO
C UX TMOMOIIBIO YEJIOBEUECKHUI MO3T KOAMPYET BCIO HMMEIOIIYIOCS Yy HEro
nHpopmanmio. Kak MBI yBUOIMM Jajiee, B MCKYCCTBEHHOM MO3T¢ —
B HEHPOHHBIX CETSIX M B HEHPOKOMITbIOTEpPAX — IMPOUCXOIUT TO XKE CaMoe.
Bcs vHdpopmanyss B HUX TOXe KOOUPYETCS B BUAC MHOXECTBA 4MCEl,
XapaKTepU3yIOIUX CUJIbI MEXHEHPOHHBIX CMHANTUYECKUX CBA3EH w;.

4.2)
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y ) y
}f —— 1 1
|
|
I
0 o S 0 S 0 S
-1
a) 0) 6)

Puc. 4.3. [loporoBrsie akTMBallMOHHBIE (DYHKIMU HEMpOHa, 3alaHHbIe (HOpMY-
gamu: a — (4.2); 6 — (4.4); 6 — (4.5)

Jlornueckass ¢yHkuus (4.2) Ha3bIBaeTCsI aKMUBAUUOHHOU QYHKUUell
netipona. Ee rpaduueckoe m3oOpaxkeHue, IpeacTraBieHHOe Ha puc. 4.3, a,
no ¢opMe HalOMMHAEeT CTYINEHbKY, TO3TOMY €€ Ha3bIBalT @YHKyUell-
CHMYNEeHbKO.

TakuMm oOpa3om, MaTeMaTUYECKUII HEUPOH MpeacTaBJIsIET COOOI Iopo-
TOBBI 2JIEMEHT C HECKOJbKWMU BXOJaMW M OIHUM BbIXoaoM. Kaxmbiit
MaTeMaTU4YeCKU HEWPOH HMEET CBOE OIpeleJIeHHOE 3HauyeHWe Iopora
YYBCTBUTEJIBHOCTU 6.

ABTOpBI MateMaTndeckoro HeipoHa Y. Mak-Kamrok u B. IIurrc B cBOCH
cratbe [100] Takke moka3ajM, YTO C IOMOIIbLIO MaTeMaTHU4YECKOIOo Heil-
pOHa MOXHO MOJEIMPOBATh pa3jMyHble Jorudeckue (yHKIUU, HAIpUMEp
¢byHKUMIO Joruyeckoro ymHoxeHusi «M» (ee Takke ob6o3HaualoT «AND»),
¢byHkuio gorudeckoro ciaoxeHus «MUJIN» («OR») n ¢pyHKINIO JTOTMYECKO-
ro orpuuanusg «HET» («<NOT»). Tabaulibl UCTUHHOCTU ITUX JIOTMUYECKUX
GbyHKIUA TpuBeAeHBI B Ta0. 4.2, B KOTOPBIX 3HAYEHME JOTMYECKUX (PYyHK-
LU «MCTUHHO» 3aKOIUPOBAHO €IUHUIIEH, a 3HAUEHUE <«JIOXHO» — HYJIEM.

C momomipio 3TuX Tadmun u gopmyi (4.1)—(4.2) HeTpyaHO yOeOUTHCS,
YTO MaTeMaTU4eckKuili HeillpoH (puc. 4.4), UMewlMnid 1Ba BXoaa C €IUMHUY-
HBIMU CUJIaMU CUHANTUYECKUX CBSI3e wi| = wyp = 1, MoaenupyeT GyHKIUIO
JIOTUYECKOr0 YMHOXeHUs1 «M» mpu 6 = 2, DTOT Xe HEUpPOH MOAECIUpYyeT
GyHKUMIO Jormyeckoro cioxeHusi «MJIW» nipu 3amanum 6 = 1. Marema-

Tabauya 4.2
Tabéaunbl UICTUHHOCTH JIOTHYECKUX (DYHKUMIA

X1 X y X1 X2 y X Yy
0 0 0 0 0 0 0 1
0 1 0 0 1 1 1 0
1 1 1 1 1 1

«N» <IN »
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X X3 X X,

«U» «AJIA » «HET»

Puc. 4.4. MaremaThu4yecKrue HEWPOHBI, MOACIUPYIOLINE JIOTMYecKue (QYHKLIU

TUYECKUII HEHWpPOH C OAHUM BxomoMm mopenaupyeT ¢yHkuuioo «HET» mpu
3agaHuu w= —1 u 6=0.

B coBpeMeHHOIi JauTeparype WHOTrAAa BMECTO TIOHSITMS MOpora 4YyB-
CTBUTEJILHOCTU HEWpOHa 6 UCHOJB3YIOT TEPMUH HeUpoHHOe cmeujerue b,
KOTOpOE OTJIMYaeTcs OT # TOJBKO 3HakKoM: b = —0. Eciam ero mo6aBUTH
K cymme (4.1):

J
S=> wx;+b, (4.3)
Jj=1
TO IMOoporoBasi aKTMBalLlMOHHasd @YHKHI/ISI HeI‘?IpDHa IIPpUMET BUI.

_J1, eciu §>0;
Y 0, ecm S<O0,

I'pacdbmueckoe mpeacraBieHe 3TOM aKTUBALIMOH-
HOM (yHKUMM IIpuBedeHO Ha pwuc. 4.3,6. Eie
OoJiee CMUMMETPUYHBIN BUI, MPEICTaBICHHBINA Ha
puc. 4.3,6, akTMBalUMOHHAsl (DYHKLUs HeilpoHa
npuoOpeTaeT Mpu MCIOJb30BaHUU (DOPMYJIbI:

_ 1, ecm S > 0;
Y -1, ecmm S0,

B dopmyne (4.3) HelipoHHOE cMellleHUEe b MOX-
HO paccMaTpHUBaTh KaK BeC Wy HeKoToporo no- FPuc. 4.5. HeiiponHoe
IMOJIHUTEJIBHOTO BXOAHOIO CUTHAjA Xo, BeJIMyuHa CMCEMICHNC b wHTEpIpeTH-

KOTOpPOTO BCEr[a paBHA CAMHULIE: pyercst Kak BEC NOTOJIHN-
TCJIBbHOI'O BXOda C CUIOU

4 o CUHANTUYECKON CBSI3U Wy,
S = E :WJxJ + woxo = E W;X;. (4.6)  curnan xoroporo x, Bce-
J=1 J=0 raa paBeH €OUHULIE

(4.5)

HeitpoH Cc [OOIOJHUTENILHBIM BXOOOM X( H300-
paxxeH Ha pwuc. 4.5.

IMogBoass UTOr M3IIOXKEHHOMY, €llle pa3 OTMETHUM, 4YTO, COIJIACHO HaM-
bosice pacIpPOCTPAaHEHHBIM COBPEMEHHBIM HAyUHBIM IIPEICTaBIICHUSIM, BCS
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vuHOpMalLMsI U BCE 3HAHUSI B UYEJOBEYECKOM MO3re KOOUPYIOTCS U Xpa-
HATCS B BUJE MaTPUIbl CUJI MEXHEUPOHHBIX cUHaNTUYecKux cBsizeil. Ha
S3bIKE DSJEKTPOTEXHUKW CHUIA MEKHEUPOHHOM CHMHANTHUYECKOM CBSI3U —
3TO 3JIEKTPOINPOBOJHOCTh CUHAIICA, KOTOPBIA NPEACTaBISET COOOM TOUKY
BJIEKTPOXMMUYECKOTO KOHTaKTa MEXIy IEHAPUTOM HEeUpOHa U HEPBHBIM
BOJIOKHOM. Marematnyeckuii HelipoH Mak-Kannoka — [lutTca — 310 Ma-
TeMaThu4ecKass MOAeIb OMOJIOTUYECKOTO HEMpOHA MO3ra, yYMThIBAIOIIAST €TO
CTPYKTYpPY U (PYHKIIMOHAJIbHbIE CBOMCTBA.

KOHTpOﬂbeIe BOMpoCbLI U 3agaHuA

1. Ha3oBuUTe HECKOJBKO OTIMYMTENILHBLIX IPU3HAKOB B MPUHLMIIAX JCii-
CTBUSI COBPEMEHHOIO KOMIIbIOTEPA, BBIIIOJHEHHOTo 1o cxeme MoH
Heiimana, ot mo3sra.

2. CKOJIbKO HEHpPOHOB MMEET YeJIOBEYECKHIT MO3r?

3. CKOJBKO NEHIPUTOB M CKOJBKO aKCOHOB MOKET MMeTh HeipoH? Ka-
KOBO HX HazHadyeHUe?

4. B xakoM BuUIe XpaHUTCS WH(POpPMaLUsI B YEJIOBEUECKOM MO3Tre?

5. OOBsICHMTE Ha SI3BIKE DJICKTPOTEXHMKM 3HAUYeHUE TEPMMHA «CHUJIa CHU-
HamnTUYEeCKOM cBsI3M». B Kakux emuHuMIIaXx OHA mM3MepsieTcs?

6. Kakoit 00beM mamMaTy MMeeT 4yeaoBedecKruii Mo3r? CKOJIBKO 4HMcesl OH
MOXXEeT 3allOMHUTH?

7. Hanuiurte (opmyabl, ¢ IIOMOIIBIO KOTOPBIX IIPOMCXOOUT IIpeodpas3o-
BaHME CHUTHAJIOB B MareMaTudeckoMm HeilpoHe Mak-Kamnoka—IIutrca.

8. Hapucyiite rpadpuyeckoe n3obpaxkeHue aKTMBALMOHHON (DYHKIIMM Ma-
TeMaThudyeckoro HeilpoHa Mak-Kamnoka—IIutrca.

9. HapucyiiTe MareMaTU4eCKHE HEWPOHBI, peaIU3YIOIINe JIOTM4YecKue
¢byskuuu «WU», «AJIW», «<HET» u npuBenutre COOTBETCTBYIOIINE MM
3HAYCHUS CUJI CHMHAIITMYECKMX CBSI3Cid M IOPOTOB.

10. 3aitgure Ha caiiT www.LbAi.ru u BbImOJIHUTE J1a0OpaTOPHYIO pado-
Ty No 1 — oOyuynTe MaTeMaTUYEeCKMII HEpPOH MOAEIUpOBaTh (PYHKIIMU
«MN» n «MJIN». B ciyyae 3aTpygHEHUN WM 3aWHTEPECOBAHHOCTU
oOpaTuTech K y4eOHO-MeToOU4ecKuM mocoousim [73, 88].

4.3. TEPCENTPOH PO3EHBJIATTA U ETO OBYYEHUE

Kak oTrMeuasnoch paHee, amepukaHckue ydeHble Y. Mak-Kamtok u B. Tluttc
MOPEeIIOXKUIN MaTeMaTUYECKYl0 MOJe/b HelipoHa MoO3ra 4ejoBeKa, Ha3BaB
ee MareMaTHM4YeCKMM HelpoHoM. Tak ke, KaK M OMOJIOTMYECKUil HEMPOH,
MaTeMaTU4EeCKNil HeApOH MMEET HECKOJIbKO BXOJOB M OJWH BBIXOH, MOXET
CYILIECTBOBaTh B BO30YKAEHHOM M HEBO30YXKIECHHOM COCTOSHUSIX, IIpUYEM
nepexol B BO30YXIEHHOE COCTOSIHME 3aBUCUT OT BEJMYUHBI ITOCTYIAlO-
IIMX K HEMY CUTHAJIOB M CUJI MEXHEWUPOHHBIX CUHANTUYECKUX CBSI3El.
TakuMm o6pa3zoM, MaTeMaTUIeCKUIA HEMPOH BechbMa IPaBaONOJ00HO MMUTH -
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CuHarichbl
JleHapUuThHI

HepsHoe
BOJIOKHO

Heiipon

AXcoH

Puc. 4.6. MartemaTuyeckre HEHpPOHbI, CBSI3aHHbIC MeXIy COO0OI IPOBOIAMU
B HEHPOHHYIO CEThb

pYET CTPYKTYPY U CBOMCTBA CBOErO MPOTOTUINA — OMOJOTMYECKOTO HEHpPOHa
mosra. Ha atom ocHoBanuu Y. Mak-Kamnok u B. Ilurrc B cBoeii cra-
The [100] BbICKazaau BecbMa CMEIYIO M JaXe HECKOJbKO (paHTaCTUUYECKYIO
TUMNoTe3y, KOTOpasi BIOCACACTBUM Jierja B OCHOBY COBPEMEHHOM HeHpo-
nHpopMatuku. OHU OPEATONOXWIN, UTO €CJIM MaTeMaTu4eCKue HEUpOHbI
CBSI3aTb MeEXAy CcOO0Oi MpoBOAAMU, MMMUTUPYIOIIMMU HEPBHbIE BOJIOKHA
Mosra (puc. 4.6), U MyCTUTH MO MPOBOJAM 3JEKTPUUYECKME CHUTHAIbI, KakK
9TO TIPOMCXOJUT B MO3re, TO TaKOW MCKYCCTBEHHBIM MO3r OyIeT CcIoco-
OeH pellaThb WHTEJUIEKTyalbHbIE 3alauyu IOJOOHO TOMY, KaK 3TO JAejaeT
€CTeCTBEHHBbI 4eoBeYecKMidi Mo3r!

U sTa unest, KOTOpyro KpUTUKY Ha3blBaau aOCypaHOI, yepe3 15 et Oblia
OsecTsiie MOATBEpPXKIeHAa aMEepPUKAHCKUM YYeHbIM DPpsnkom Pozenbram-
mom [48, 101, 102]. B 1958 r. oH co3man KOMOBIOTEPHYIO IIPOrpaMMy JIs
IBM-794, sMmynupylollyio AeITeIbHOCTb MaTeMaTUYECKUX HEUPOHOB. DTO
ObLIa mepBasl HelpoOHHAs cemb WM COKpallleHHO — Helipocems. OHa ObLia
Ha3BaHa MepcenmpoHoM OT AHIJIMMCKOTrO ClIoBa perception — OCO3HAHUE.

3areM, criycTs ABa roga, Po3eHO1aTT CMOHTUPOBA 3JeKTPOHHOE YCTPOii-
CTBO, B KOTOPOM (YHKILUU MaTeMaTUYECKUX HEHUPOHOB BBIMOJHSIM OT-
JleJIbHbIE 3JIEKTPOCXEMbI, paboTalollle Ha 3JIEKTPOHHBIX JlaMMax. DTO ObLI
NEPBBIN HelipoKoMnbromep, KOTOPbI YCIEIITHO pellal CJIOXHEHIITYIO UHTE-
JIEKTyaJIbHYIO 3aJady — paclio3HaBaJl OyKBbI JIATUHCKOro aiacgaBuTa, n3o0pa-
JKEHHbIE Ha KapTOYKax, MOAHOCHMMBIX K €ro CUYMTBIBAIOILEMY YCTPOUCTBY —
3JIEKTPOHHOMY TIJ1a3y.

HNrak, cmenyro runoreldy Mak-Kanmoka — IIutrca ymamoch IOATBEP-
JIUTb 3KCIIEpUMEHTAIbHBIM TTyTeM. Ho pa3 aKcriepuMeHT ynajicsi, 3Ha4uT,
MPaBUJIbHBIMU OKa3aJIMCh HAllM MPEACTABICHUS O OUOJIOTUYECKOU CTPYyK-
TYpe U CTPOEHUU MO3Ta, O €ro BHYTPEHHUX 3JIEKTPODU3NOJOTHUYECKUX
mpolieccax, O CIOcoOe 3arloMHMHAHUS W XpaHeHus uHdopManuu. bei-
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Puc. 4.7. IlepcentpoH, KiaccuUIUPYIOIINA YKCIa Ha YETHBIE M HEYETHEBIC

Jla IOATBEpKIeHAa aAeKBaTHOCTb MaTeMaTU4YeCKOTO HeHpoHa, KaK MOACIU
OroJIorMYecKoro HelipoHa. bblia moaTBepXiIeHa aaeKBaTHOCTh Helpoce-
TU U HEMPOKOMIIbIOTEpA, KaK Mojaeau Mosra. «Heawv3s ckazams, umo mbl
MOUYHO 80CNPOU3BO0UM pabomy uenogeueckoz2o mosea, — nucai ®. PozeH-
OJ1aTT, — HO NOKAa Nepcenmpon Oaudce 6ce20 K UCIMUHE».

Paz6epem npuHLMI OeiCTBUS MepcenTpOHA HAa MpUMepe pelllcHUs] KOH-
KpeTHbIX 3aga4. Ha pucyHke 4.7 npuBeneH oguH 13 IIPOCTECHIINX BApUAHTOB
WCIIOJIHEHUS TIepCEITPOHa, MPeaHA3HAYEHHOIO IS KJIacCU(UKALIMU Yucel
Ha 4JeTHble M HeuyeTHble. [IpencraBuMm cebe MaTpuiy u3 12 doTosaneMeH-
TOB, PACIOJIOXKEHHBIX B BUIIE€ YETbIPpEX TOPU3OHTAJIbLHBIX PSIOB MO TpU
¢doToaieMeHTa B KaxaoMm psiny. Ha MaTpuily ¢hoTosneMeHTOB HaKjadblBa-
eTCs KapTodka ¢ mu3o0paxkeHueM Ludpbl, Hampumep, «4», (cMm. puc. 4.7).
Ecmu Ha xakoit-nmn6o ¢otosneMeHT monamaer ¢pparMeHT HU@pBI, TO 3TOT
(GoTO3/IEMEHT BbIpabaThIBACT CUTHAJ B BUIE €IWHUIILI, B IPOTUBHOM CITy-
yae — HyJb. Ha puc. 4.7 Ha miepBblii (hOTOJIEMEHT He momnan (parMeHT
oudpel, 1 IMO3TOMYy ero curHaa x; = 0; Ha BTOpoii (POTO3JAEMEHT MOoIajl
¢parMeHT LUbPbI, U MO3TOMY OH BbipabaThbIBaeT CUTHaI X; =1 U T. 1.

CormacHo dopmynam (4.1)—(4.2), mareMaTUYECKUII HEMPOH BBHIIOJIHSIET
CYMMUPOBaHHME BXOIHBIX CUTHAJIOB X;, TOMHOXEHHBIX Ha CHUHANTUYECKUE
Beca Wwj. 3aTeM pesyJbTaT CYMMUPOBaHMA S CpPaBHUBAETCd C IOPOrOM
YYBCTBUTEJILHOCTU 6 U BbIpAaOATHIBACTCS BBIXOJHOIM CHUTHAJ ).

IlepBoHayanbHbIE 3HAYEHUA CUHANITUYECKUX BECOB W; U TIOpOTra YyBCTBHU-
TeJibHOCTU 6 Po3eHO7aTT 3amaBaj AaTYMKOM CJydaliHBIX 4YMCesl, TTO3TOMY
Ha BBIXOJIe MEpCeNTpOHa CIy4yaliHbIM OOpa3oM BbIpabATHIBAJICSI CUTHAJ:
6o 0, mu6o 1.

3amaua cocTosia B ciaedylomieM. TpebdoBanoch moaodpaTh 3HAYEHUST CU-
HalTUYECKUX BECOB W; TaKUMU, YTOOBI BBIXOJHOW CUTHAJl y MPUHUMAI
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3HaUYeHUEe €IMHUIIA, €CIM Ha KapTouke ObLIO M300pakeHO YETHOE YMUCIIO,
U HyJb, €CJIM YUCIO ObLIO HEUYETHBIM.

Oty 3agauy ®@. PozeHOIATT pemini ImyTeM ITOOYEepEeaIHOIO HAaK/IaAbIBAHUS
Ha (HOTOJIEMEHTBI KapTOUYeK U 0OyueHus TIePCENTPOHA, MyTEM KOPPEKTU-
POBKM CHHAIITUYECKUX BecoB w;. Ecii, Hampumep, Ha BXOZ IEPCENTPOHA
MpeabsBIsIach KapTouka ¢ LHU(ppoil «4» U BBIXOAHON CUTHAN y CIy4yaiiHO
OKa3bIBaJICsl PaBHBIM €IMHUIE, O3HAYalolIell YETHOCTb, TO KOPPEKTUPO-
BaThb CMHAMNTHUYeCKHE Beca ObLJIO HE HYXXHO, TaK KaK peakiysl mepcenTpoHa
MpaBuUJbHA. A €CJIM BbIXOJAHOM CUTHAJl OKa3ajics paBHbIM HYJIIO, YTO Helpa-
BUJIBHO, TO CJIENOBAJIO YBEJIUYUTH (IMOOUIPUTH) BECAa TEX aKTUBHBIX BXOJOB,
KOTOphIE€ CIIOCOOCTBOBAJIM BO30Y:KIEHMIO HelipoHa. B maHHOM ciydae yBe-
JIMYEHUIO TIoAjiexXanu wyp,wi; W Jp.

Crenyst 3Tolt uaee, MOXHO c(HOPMYIUPOBATh UMEPAUUOHHBLU AACOPUMM
KOPPEKTUPOBKU CHHANTUYECKUX BECOB, obOeclieuuBaloliiii odyyeHue Iep-
CenTpoHa B HYXXHOM HampaBjJeHUU.

Illae 1. [aTtyukoM CJIy4aliHBIX YMCEJI BCEM CHMHANTUYECKUM BecaM
w; ( = 1,..., 12) m mopory 4yBCTBUTEJIBHOCTU HEWpoOHa 6 IIPUCBOUTH
HEKOTOpbIE MaJible CllydaiiHble 3HAYeHMUSI.

Illac 2. TlpeabsaBuTb MNepcenTpoOHY Kakylo-nubo uudpy. CucreMoit
(oTO271EMEHTOB BbhIpabaTBHIBAETCA BXOMHOW BeKTOp X; (= 1,..., 12).

Illaz 3. HelipoH BBINOJHSET B3BEIIEHHOE CYMMUPOBAHUE BXOIHBIX

CUTHAJIOB 12
S= wx
=1

U BbIpabaThIBaeT BLIXOAHOU curHan y=1, eciu S >0, unu y=0, eciu S <6.
Illaz 4, a. Ecnn BEIXOOHOM CUTHAaJ MPaBMJIBHBIN, TO TIEPEHTH HA wae 2.
Illaz 4, 6. Ecin BBIXOIHOW CUTHAJ HENPABWIbHBIA M paBEeH HYJIIO, TO

YBEJIMYUTh BeCa aKTUBHBLIX BXOJOB: HaIlpUMep, O00aBUTb KaxKAOMY j-My

CUHAIITUYECKOMY BeCy BEJMYMHY j-TO BXOJHOIO CUTHaja

w;i(t + 1) = wi(?) + x;.

Torna, ecim BXon Obll HEAKTUBEH, T.e€. X; = 0, TO j-ii CHHANTUYECKU

Bec He usmeHurcd. Ecim ke Bxon Obll akTWBEH, T.e. X; = 1, To j-

CUHAIITUYECKUI Bec OyleT yBeJIMYeH Ha COUHUILY.
31ech W gajee ¢ o3HAYaeT HOMEp UTepalliMd, KOTOpPhIE B MCKYCCTBEH-

HOM WHTE/UIEKTE Ha3bIBAIOT 3noxamu; wi(t + 1) —HOBoe 3HavyeHue (Ha

HOBOWi 3I10XE) /-0 CHUHANTUYECKOro Beca; w;(f) —ero crapoe 3HaYyeHUe

(Ha TIpedbIoyIICii 3I0Xe).

Illae 4,6. Ecnu BBIXOOHOI CUTHaJl HENpaBWIBHBIA M paBEeH €IMHMUIIC,

TO YMEHBIIWTL Beca aKTUBHBEIX BXOIOB, HAIlpuMep, C ITOMOIIBIO aHaJIo-

TUYHOI (hOpPMYJIBI:

"
"

w;(t + 1) = w;(f) — x;.

Illae 5. Tlepeiitu Ha wae 2 WIW 3aBEPILIUTH MPOLECC OOYYEHMSI.
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B npuBeneHHOM 31eCh alropuTMme wiae 4, 6 Ha3blBalOT Nep8biM NPaABUAOM
Xebba, a wae 4, 6 — e6mopsim npasuiom Xebba B 4eCTh KAaHAICKOTO YYEHOIO
¢dusuonora JI. O. Xeb66a, nipenioXuUBIIEro 3TOT aaroputMm B 1949 r. [94].

OTMETUM, UYTO AJrOPUTM OOYUYEeHMs MEepPCEenTpOHa C MOMOIIbIO TpPaBUII
Xe0bOa youBUTEJILHBIM 00pa30M HAaNOMWHAIOT IIpolecc oOydeHUs1 pebeH-
Ka WIW CTyIAEHTa METOJIOM <«IIOOIIPEHUS] — HaKa3aHUs» (MU IPEeCCUPOBKU
JKMBOTHOTO METOJIOM <«KHYTa W TpsiHUKa»). OOpaTHM BHMMaHUE TakKXKe Ha
TO, YTO TNEpPBOHAYaJbHbIE 3HAYEHUS CHUHANTUYECKUX BECOB W; 3alaloTCs
JAaTYMKOM CJIy4yalHbIX 4yMucesl. DTO COOTBETCTBYET TOMY, UTO NPU POX-
JIEHUW 4YeJIOBEKAa WJIM >XMBOTHOTO €ro MO3I €lle He HaKOMWJ 3HaHUM,
YA IO3TOMY CWIbl CHHANTUYECKUX CBA3EH W; MMEIOT KaKue-TO Clly4ai-
Hble 3HaueHMs. Kak M B ciiydasix ¢ peOEHKOM, CTYAEHTOM U >KMBOTHBIM,
00yyaeMOM METOJIOM «IMOOIIPEeHUSI-HAKAa3aHUsI», aJITOPUTM OOydeHMs Tiep-
CEeNTpOHa 3a KOHEUYHOE YMCJIO MOMBITOK (MX HA3bIBAIOT uUmepauusmu, Wiu
9noxamu) MOXeT MPUBECTU K LIeJIM — MepCenTPOH B KOHIE KOHIIOB YCBO-
UT HEOOXOAMMble 3HAHUS, 3aKOAUPYET MX B BUIE KOHKPETHBIX 3HAUYECHMIA
MaTpulUbl CUJI CHUHANTUYECKUX CBA3€d wW; U, TaKUM OOpa3oM, HAy4HUTCA
pasnuyaTh YEeTHble M HEYETHbIE 4Hucia.

PaccMOTpeHHbIN BhILIE aJITOPUTM OOYyUEHMUST TIepCENTPOHA MOXKHO TIpe/i-
cTaBUThL B Oosice obOmieil ¢opme. Ecim depe3 d 0003HAUUTH TpeOyeMbIid
BbIXOAHOH curHayl (OT cJIOB desire response, 4TO B TepeBOjAE C aHIJIMMA-
CKOI'O O3HayaeT — XeJjlaeMbIii OTKJIMK), TO Ha KaXOOW 3II0Xe OO0ydeHUS
MOXHO OIPeNesiTh pa3HUIly MeXIy TpeOyeMbIM OTBETOM MepcenTpoHa d
U peaibHbIM 3HAYEHUEM ), BBIYUCISIEMBIM Ha €ro BbIXOJE:

e=d-—y.
Torna:
e ciyvaii € =0 coorBercTBYeT 1uary 4,a;
e ciyvaii € > 0 coorBercTByeT wuary 4,60,
e ciyuaii € <0 coorBercTByeT 1uary 4,e.

Nnes1 anroputMa odydyeHus nmepcenTpoHa ¢ MOMOIIbI0 mpaBu Xebba co-
XpPaHUTCSI, €CJIM WUTEePallMOHHBII MpPOlLieCC KOPPEKTUPOBKU CUHANTUUYECKUX
BECOB BeCTU Mo (hopmyJiam

w;(t+ 1) = w;(r) + Awy; 4.7)
Aw; = ex;, (4.8)

rae w;(f) u wj(f+1) — ctapoe U HOBOE 3HaYEHUS BECOBBLIX KO3(DOUIIMEHTOB
MepCeNnTpoHa; j — HOMepP BXOOHOTO CHMTHAJa.

Kpome Toro, MoOXHO MONYYUTh aHAJIOTUYHYIO UTEPALIMOHHYIO (DOpPMYILY
IJIsI TIOACTPOMKKU HEMPOHHOTO CMEILIEHMSI b, €CIU Y4eCTh, YTO €ro MOXK-
HO MHTEPIIPETUPOBaTh KaK BEC Wy IOOIOJHUTEIBHOIO BXOIA Xj, 3HAUCHUE
KOTOpOTo paBHO enuHwuie (cMm. puc. 4.5 n dopmynsl (4.3)—(4.6)):

wo(t + 1) = wo(?) + Awy; 4.9)
Awg = &. (4.10)
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B wutepanivoHHble ¢opMyJibl TMOJE3HO BBECTU Koagguyuenm ckopocmu
00y4enuss n, ¢ TIOMOIIBIO KOTOPOTO MOXKHO YIIPABJISITH BEJIMIMHON KOP-
pPEeKIIUM CUHANTUYECKUX BECOB M HEMPOHHOTO CMEIICHMUS:

Aw; = nex;; (4.11)
Awgy = ne. (4.12)

I[Ipr n = 1 Ko3(hOULKMEHT CKOPOCTHM OOyYeHUsI He BIUSIET Ha UTepalu-
oHHbIN Tipouiecc. [Ipu n > 1 mpolecc oOyyeHUsT YCKOpSIeTCsl, OAHAKO Mpu
CJIUIIKOM OOJIBIIINX 3HAUYCHUSIX KO3(h(hUILIMEeHTa 17 UTEPAllMOHHBIN Mpoliecc
MOXET TOTEepPSATh YCTOMYMBOCTb M pazoituch. Ilpu n < 1 urepaumoHHbIA
MpOLECC OOBIYHO CTAOMIM3UPYETCS, HO IIPU 3TOM MOTYT UYpe3MEepHO BO3pac-
™1 Bpemennrie 3arparbl. Ha npaktuke Ko3h@ULUMEHT CKOPOCTH OOYYEeHUsI
n 3agaloT B mnpeneaax ot 0,05 mo 1,5.

AJITOPUTM OOYYeHHUsI TIepCEeNTpOHA C MCIOJb30BaHUEM 3TUX (HOPMYJ
U3BECTEH I10J Ha3BaHUEM deabma-npasuid.

EcTtecTBEHHO, BO3HMKAET BOMPOC, BCETHA JIA aJTOPUTM OOy4EHUS Tep-
CEeIITPOHA MPUBOMUT K XKeJlaeMoMy pe3ybTary. OTBET Ha 3TOT BOIIPOC IAET
meopema cxooumocmu NnepcenmpoHa.

Ecau cywecmeyem muoxcecmeo 3HaueHuil eecos, Komopble obecne-
yuearom mpebyemoe pacno3Hasaunue oodpa3zos, Mo 6 KOHEUHOM Umoee
aneopumm obyueHuss nepcenmpona NPUSOOUM AUOO0 K IMOMY MHOICECMEY,
AUb0 K Opyeomy MHOMCECMBY, MAKOMY, 4mo mpebyemoe pacno3HA8aHUe
obpaszoe bydem docmueHymo.

Kak ciegyeT u3 3TOif TeopeMbl, 3agadya HAXOXKIASHUS MaTPHUILBI BECOBBIX
KO3(hULNVEHTOB W;, O0ECIIEYMBAIOIINX PACIIO3HABAHUE OOPa30B, MOXET
MMETh MHOXECTBO DPEILICHUI — TaKMX MaTpULl MOXET ObITh MHOro. C mpy-
rOli CTOPOHBI, B (DOPMYIMPOBKE TEOPEMbI HE TOBOPUTCSI, YTO TaKKWE€ MAaTPULIbI
BCErga CYIIECTBYIOT, M 3HAYMT, HE BCErga CYILIECTBYET pEIIEHWE 3aJayu.

B Hacrosiiee BpeMsI CUMTAETCSI, YTO IO YMCJIy BBHIIIOJHEHHBIX HOKa3a-
TEJIbCTB TEOpPEMa CXOAUMOCTHU MEPCENTPOHA 3aHUMAET TEPBOE MECTO B MUPE.
Panee caMoii nokazaHHOI B MMpe TeopeMoli cuuTanach Teopema Iludaropa.

KOHTpOﬂbeIe BOMpPOCbI U 3agaHuA

1. Yem ornmyaeTcss HEHpPOHHASI CETh OT HEMpPOKOMIIbIoTepa?

2. KaknMm obpa3zoM BBIpadATHIBAIOTCS BXOIHBIC CUTHAJIBI X|, X3, X3... Iep-
CEeNTPOHA, KIAacCU(PULMPYIOIIETO YMc/ia Ha YEeTHbIe M HedeTHbIe?

3. KakuM oOpa3om 3agaloTcsl TepBOHayajbHble 3HAYE€HUSI CUHANTUYECKUX
BECOB Wi, W, W3,... U KaK OHU 3aTeM KOPPEKTUPYIOTCS?

4. B kakoMm Buje MepcenTpoOH XpaHUT 3HAHUSI, HEOOXOAMMBbIE IJISI pacro-
3HaBaHUA 1MPpP?

5. Yto mompa3ymeBaeTcs Hod BBEACHHBIMM HaMu OOO3HaueHusIMu d u y?
YeM OHM OTIMYAIOTCS?
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6. Hamumure (GopMysbl, MO KOTOPLIM COTIJIACHO AaJITOPUTMY AeiabTa-Ipa-
BUJIa KOPPEKTUPYIOTCS CHHAIITUYECKUE Beca U HEHPOHHBIC CMEIICHMUS.

7. Kakag Teopema cyMTaeTcs caMOil HOKa3aHHOW B MHUpE Teopemoii?

Haiite (popMyJIMPOBKY T€OPEMbI CXOAMMOCTHU II€pPCENTPOHA.

9. 3aiinute Ha caiiT www.LbAi.ru u BbIIIOJHUTE J1abOpaTOpHYIO pado-
Ty No 2 — 0o0yuynTe IepcenTpOH KIacCU(PUIMPOBATh YMCJIa Ha YETHEIC
U HedeTHble. B ciiyyae 3aTpynHEHUiIl WM 3aHTEPECOBAaHHOCTH OOpa-
TUTECh K y4eOHO-MeTommuecKuM mocobdusm [73, 88].

&

4.4, PACNO3HABAHUE BYKB

JanbpHeiilliee pa3BUTUE WUIEW NEPCENTPOHA M aJTOPUTMOB OOYYCHUSI CBSI-
3aHO C YCJIOXHEHMEM €ro CTPYKTypbl M (YHKIMOHAJIBHBIX cBOiicTB. Ha
pucyHke 4.8 mpeacTaBjleHa cxeMa IepcenTpoHa, MpeaHa3HAauYeHHOIo s
pacrno3HaBaHUsI OyKB pycckoro ancgasura. B oTiamume ot mpeaploylneit
CXEMBbI, TaKOW IepcenTpoH uMMeeT 33 BBIXOOHBIX HEWpOHA: KaxXkdaou OyKBe
andaBUTa COOTBETCTBYET CBOI BBIXOMHOII HeupoH. Ilomaraercs, 4tro cur-
HaJl MEepBOro BBIXOAHOIO HEHMpOHA Y| JOJLKEH ObITh paBeH €IUHUIIE, €CIu
MepCENTPOHY IMpeabsBlicHa OYKBa «A», U paBEeH HYJIIO, €CIU IPEIbsIBIsSICT-
cs mobasi apyrasi OykBa. Bbixon BToOporo HeiipoHa ), HOJKeH ObITh paBeH
eIVHULIE, eCJIM IIEPCEIITPOHY IIpeabsiBiieHa OykBa «b», M paBeH Hy/II0 BO
BCEX OCTaJIbHBIX ciydasix. M Tak mamee mo OYyKBBI «S».

AJroput™M 00y4eHHUSI JAHHOTO MEPCENTPOHA BBHINISIAUT CICAYIOLIMM O0-
pazoM.

Illae 1. JlaTynKOM CJIy4aliHBIX 4YMCEJ BCEM BECOBBLIM KO3(h(UIIMEH-
TaM Ww; U HEHPOHHBIM cMewleHusaM w; (i =1, ..., 33, j =1, ..., 12)
MNPUCBAaMBAIOTCS HEKOTOPhIE Majible ClydailHble 3HA4YCHUSI.

Illae 2. TlepcenTpoHy IIpembsIBISIETCS Kakas-1ubo OykBa andaBu-
Ta, CHUCTeMOM (OTO3IEMEHTOB BbIPAOATHIBACTCA BXONHOM BEKTOD X;
G =1, ..., 12). CurHaapl OONOJIHUTEIbHBIX HEWPOHHBLIX BXOIOB IIPU-
CBaMBAIOTCSl €OMHUYHBIMU: Xo = 1.

IIlae 3. Kaxnplii HEHpPOH BHINOJHSET B3BEIIEHHOE CYMMHPOBaHME

BXOOHBIX CUTHAJI0B
12
Si =) wpx;
J=0

U BbIpabaTbiBaeT BbIXOAHOW curHan y; = 1, eciu S; > 0; y; =0, ecniu S; < 0.
Illae 4. JIns Kaxmoro HeMpoHa BBIYMCISIETCS €ro owlubKa

& =d; —yi,

rae d; — BEeKTOp IIPaBMJIbHBIX (CK€JIaeMBbIX) OTBETOB IIEPCEIITPOHA, HAIIpU-
Mmep, ot OykBel «A» dy =1, dr, =0, ..., d33=0 u 1. 1.
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Puc. 4.8. IlepcenTpoH, IpeaHa3HAYeHHBIN IJIs paclo3HaBaHUsS OYKB PYCCKOTro
asihaBUTA

Illae 5. TlpousBoauTcsl KOPPEKTUPOBKA BECOBBIX KO3 (PULIMEHTOB
U HEMPOHHBIX CMEILIECHUI:

W,'j(f +1)= WU(t) +Awy;  Awy = ngix;,
wio(t + 1) = wio(?) + Awio;  Awio = ne;,

rne t—Homep amoxu; i=1, ..., 33; =1, ..., 12.

Illae 6. TloBropeHue waeosé 2—5 HEOOXOOAMMOE KOJUYECTBO pas.

3aMeTuM, 4TO B 3TOM aJIrOpUTMe (DOPMYJIbI JJIsSI KOPPEKTUPOBKU HEHPOH-
HBIX CMEIIEHU W;y MOXHO HE THMCaTh, TAK KAK OHU OYIyT BBIITOJIHSTLCS aB-
TOMATUYECKU, €CJIM LUKJI 10 MHIAEKCY j HAYMHATh He OT €IWHULIbI, a OT HYJIS.

Kak yxe oTMmeyasoch paHee, MEpBblil AEMCTBYIONIUN MHEPCENTPOH ObLI
co3mad B 1958—1961 rr. OH 6bUT TIpegHa3HAYeH UIST paclo3HaBaHUSI OYKB
JIaTUHCKOro ajihaBuTa. ByKBbI, OTIeuaTaHHbIE Ha KapToukKax, IMoodyepe-
HO HaKJaAbiBaJiM Ha Tabjo (POTORJIEMEHTOB M OCYIIECTBIISIIM MPOLIECC
0o0y4yeHUsl MepcenTpoHa COrjacHO IMpUBEeIeHHOMY 3Aech aaroputrmy. Ilocre
BBITIOJIHEHUSI TOCTATOYHO OOJIBIIOTO KOJIWYECTBA 3MO0X MEePCENTPOH HAYUMII-
cs1 0e301IMO0YHO pacIio3HaBaTh BCe OYKBBI, y4aCTBOBABIIME B OOYyUYEHUM.
TaknuMm oOpa3om, ObIJIa MOATBEpPXACHA TUIIOTE3a O TOM, UYTO KOMIIBIOTED,
IMOCTPOEHHbIN MO 00pa3y U MOAOOUI0 YeJIOBEeYECKOro Mo3ra, MOXeT pellaTh
WHTEeJUIeKTyaJlbHbIC 3aJay M, B YACTHOCTM, pelllaTh 3aJaudy paclo3HaBaHUS
00pa30B — OYKB JIATUHCKOIO ajipaBUTa.

Ho at0 6110 He Bce. [loMrMO TOrO, YTO IEPCENTPOH HAYYMJICS pacHo-
3HaBaTb 3HAKOMBIE 00pasbl, T.e. T¢ 00pasbl, KOTOPbIE JEMOHCTPUPOBATIUCH
eMy B mpoliecce OOydeHMs, OH YCIIEIIHO CIIPaBJIsUICSI C paclo3HaBaHU-
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eM 00pa30B, KOTOpHIE «BHUIAEI» BIEpBble. BBISICHMIIOCH, YTO MEpPCEHTPOH
oKazajicsl CIIOCOOHBIM pacIio3HaBaTh OYKBbI, OTHEYaTaHHbBIC C HEOOJbIIM-
MU MCKaXK€HUSIMHU M Oaxe APYTUM IIpU(TOM, €Cliv IIPUPT HE CIUIIKOM
CUJIBHO OTJIMYAJCSI OT MCHOJb3yeMOro IMpU OOyYeHUM MepCenTpOHaA.

CBoIicTBO MO3ra y3HaBaTh 00pa3bl, KOTOPbIE €My BCTPETUJIUCH BIIEPBHIC,
Ha3bIBAETCS CBOWCTBOM 0000uieHusi. DTO CBOWCTBO ObUIO YHACIEOOBAaHO
MEepPCENTPOHOM HEMOCPEACTBEHHO OT €ro mnpororuna — Mo3ra. OHO ObI-
JIO YHACJIeOOBaHO Ojaromapsi TOMY, YTO IEPCEHTPOH SIBISIETCS aleKBaTHOM
MOJIENIbIO MO3ra, YIa4YHO OTpakawlleil Kak ero CTpyKTypHBIe, TaK U (DYHK-
HUOHAaJbHbIE KayecTBa. UMEHHO CBOMCTBO 06006ujeHus1 BIOCIECICTBUM T103-
BOJIMJIO TIPUMEHSTh HEHMPOHHBIE CETU IJIs pelleHUs IIUPOoYaKIlIero Kpyra
MpaKTUYECKUX 3adad, HEAOCTYIHBIX I TPagWulLIMOHHBIX METOHOB MH@Op-
matuku. MIMeHHO O6jarogapsi 3TOMY CBOMCTBY HEWpPOHHBIE CETHU CTaJlu
a(pPeKTUBHEHIIIUM MHCTPYMEHTOM HAyYHBIX MCCICOOBAHUI M IIpaKTUYe-
CKUX npuiaoxeHuii. MMeHHO Ojaromapsi 3TOMY CBOMCTBY HEWpOCETEBbIC
1 HEMPOKOMIIbIOTEPHBIC TEXHOJOTMU 3aHSUIM TO JIMAUPYIOLIee IOJOXKECHUE,
KOTOpO€ OHM 3aHMMAIOT B HacTosdllee BpeMs (CM. puc. ??).

KOHTpOﬂbeIe BOMpoOCblI U 3agaHuA

1. Yro Takoe KO3(h(UIMEHT CKOPOCTU OOydeHMs, IJIsI 4ero OH HyXeH
M B KaKuX IIpeaesax ero oobldyHo 3amarT? K dyemy mpuBOAST CIUIIKOM
OOJBIINE M CIMIIKOM MAaJIeHbKME 3HAaYeHUSI CKOPOCTU OO0ydeHus?

2. YeM omimyaeTcd cxeMa MEpCeITpOHa, IIpeaIHa3HAauYeHHOIro IS Kiac-
cudUKalMu 4YMCesl Ha YeTHble WM HeueTHbIe, OT CXeMbl IIepCerTpoHa,
pacro3Hampliero 0ykBbl pycckoro ajiganurta?

3. Kakoe KOJMYEeCTBO BBIXOJHBIX HEUPOHOB MOJKEH HUMETh IEepPCEITPOH,
npeaHa3HauYeHHbIM U1 pacro3HaBaHUSI HE TOJBKO OYKB, HO U Liubpp?

4. Yto moHMMaeTCs I104 CBOMCTBOM OOOOIIEHMS, KOTOPHIM 00JaIaeT MO3T
YyeJIoBeKa M €ro MOoJIellb — IepcenTpoH?

5. Kak HayuyuTh NepcenTpoH pacliO3HABAaTh HE TOJBKO MeYaTHBIE, HO U PYy-
KOMUCHbIE OyKBbI?

6. 3aiimute Ha caiit www.LbAi.ru u BbImosHHUTE JaGopaTOpHBIE PaOOTHI
Noe 3, 4 — oOyuuTe TepcernTpoH pacro3HaBaTh OyKBbl ajdaBurta. B ciy-
yae 3aTpyJHEHUIl WIM 3aMHTEPEeCOBAaHHOCTU OOpaTUTECh K Yy4eOHO-
MeTogn4YecKuM ItocooussMm [73, 88].

4.5. CUTMOUWOHAA AKTUBALMOHHAA PYHKLUA
W OBOBLWEHHOE AENbTA-NMPABUIIO

[TepcenTpoH, cxeMa KOTOpPOro IpuBeleHa Ha puc. 4.8, mpenHazHayeH sl
pacrno3HaBaHusI OykKB ajihaBuTa. MOXHO MOIBITAaTHCS MCHOJB30BaTh €ro
IJIST pelIeHUsT APYTUX IIPAaKTUYEeCKUX 3amad, HallpuMeEp CTaBUTb MTMArHO3bI
0oJIe3Hel WU OIpeAesisiTh. CBOM MJIM 4YyXOM caMOJIET ITOAJIieTaeT K Ipa-
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vy, (MHdapkr)

Y

>e_ ¥, (Csoii)

¥, (Yyxoit)

Puc. 4.10. IlepcenTpoH, npegHa3HAYEHHbINA IJIs1 pACIIO3HABAHUS BOSHHBIX O0b-
€KTOB

HULAM cTpaHbl. Bce 3aBHCUT OT TOro, Kakoi CMBIC]I MPUIABATh BXOTHOMY
BEKTOPY X; U BBIXOJHOMY BEKTODY V;.

Tak, Hampumep, eciu B KauyecTBEe X; Ha BXOJ IEPCENTPOHa I01aBaTh
CUTHAJIbI, KOIUPYIOLINE CUMITOMbBI 3a00JeBaHUs 4YeIOBeKa, a B KauyecTBe
y; Ha BBIXOIE ITepCEeNTPOHA CHUMATb CUTHAJBI, KOTWUPYIOIIWE IUArHO3bI
ero 3abosneBanuii (puc.4.9), To Ha OCHOBE TaKOro IepCeNTPOHA MOXHO
MOCTPOUTH CUCTEMY MEIMLIMHCKON JUArHOCTUKH.

A ecnM B KayecTBE X; Ha BXOJ INEPCENTPOHA I0ONaBaTb CUTHAJbI C pa-
Japa, KOTOpbI OOHAPYXW IOJIETAIOIIMI K TpaHULIAM CTPaHbl CaMOJIET
(puc. 4.10), a B Ka4yecTBe ); Ha BBIXOHE IIEpPCENTPOHA CHUMATh CUTHAJIBI,
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e

Puc. 4.11. CurMouaHas akTuBaLUMOHHass PyHKLUS y = f5(S)

S

Koaupymolue HHGOpMaLuIo O TOM, SIBJSIETCS JIM 3arleJIeHrTOBaHHBIM caMo-
JIET «CBOUM» WJU <«4Yy>XXMM», TO Ha OCHOBE TaKOTO MepCcernTpoHa MOXKHO
co37aTh CUCTEMY OOHAapyXEHUSI-paclO3HAaBaHUSI BOEHHBIX OOBEKTOB.

OnHako cieayeT 3aMeTUThb, YTO JJISl NPYTUMX KJIACCOB 3ajay, HalpuMmep
MMPOTHO3UPOBAHME TTOTOIBI, TEMIIEPATYPhI BO3IMyXa, IIPOrHO3MPOBAHNE KOTH -
POBOK aKIIMii ¥ KypCOB BaJIIOT, TAKOW TMEPCENTPOH HE TOAMTCS, TaK KaK OH
MOXET BblJIaBaTh TOJIbKO OMHApPHBIC Pe3yJIbTaThl TUMA «HYJIb» U «CIUHULIA».

Kpyr penraeMbIx 3aa4 3HAUYUTEIbHO PACIIMPUTCS, €CIAM HAYYUTh Mepcer -
TPOH BblJIaBaTh HE TOJBbKO OMHAPHbIE BHIXOJHbBIE CUTHAJIbI, HO U aHAJIOTOBBIE,
T. €. UMEIOIIIMe HEelpepbiBHbIE 3HaUeHUsl. Takoe pa3BUTHUE TMEepCEeNTPOHA ObI-
JIO cAejlaHO aMepMKaHCKUMU yuyeHbIMU b. Yudpoy n M. E. Xogpghom [107],
KOTOpbhI€ BMECTO CTYIIEHYaTOW aKTUBAaLMOHHOW (yHKUuUM (cM. puc. 4.3)
BBEJIM HEMPEPHIBHYIO

- 1
y e 4.13)
rpa¢uK KOTopoil uzobpaxkeH Ha pwuc. 4.11.

OTy (DYHKILMIO Ha3Balu cuemMoudoil 3a TO, YTO ee rpaduueckoe m300-
paxeHue HaMOMMHAeT JIATUHCKYI0 OykKBYy «S». JIpyroe Ha3BaHUE CUTMO-
WUIOBl — A0cucmuveckas @ynkyus. JIJisi curMounbl TIPUHSUTM 0003HAYEeHME
Y =1-(S).

ITomo6HO OOBIYHOI MOPOTOBOM (DYHKIIMM aKTMBALIMM, CUTMOMIA OTOO-
paxaeT TOYKU 00JacTu orpenesieHust (—oo, +oc) B 3HAaUEHUSI U3 MHTepBaJia
(0, +1). INpakTnyeckn curmMounga obecreyrBaeT HENMPepbIBHYIO alllPOKCU-
MallMI0 KJIACCUYECKOW IMOPOTOBO (PYHKIIMM.

[TosiBeHMEe MEpCeNnTPOHOB C HEMPEPbIBHBIMU aKTUBAIIMOHHBIMU (HYyHK-
LUSIMU OOYCJIOBUJIO IIOSIBJICHME HOBBIX ITOAXOAOB K MX oOyueHuio. b. Yum-
poy u M. E. Xodd npeaioxunin MUHUMUA3UPOBATh KBAAPATUIHYIO OIIMOKY,
onpenensieMyo (QOpMYyJIOii:

e =

N |—

7
> (di —yi)?, (4.14)
i=1

B KOTOpOI1, KaK U paHblie, d; — TpeOyeMblii (3KeaaeMblii) BBIXOH, i-TO Hell-
pOHA, a y; — BBIXOJ, KOTOPBIM MOJYYMIICS B pe3yJbTaTe BBIYMCICHUN TIep-
CeNnTpoHa.
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Y1

Puc. 4.12. TlepcenTpoH ¢ J Bxogamu M [ BBIXOOaMM

PaccMoTpuM anropuTM KOPPEKIIMHM BECOBBIX KOX(M@PUIIMEHTOB IIE€pPCEI-
TpoHa, uMmeloniero J BxomoB u I BbIxomoB (puc. 4.12).

KBampatnyHas omnOKa OOydeHHUsI IIEpCEeNTpOHA & 3aBUCUT OT TOTO,
KaKUMHU ABJISIOTCSA BECOBbIE KO(MMUUUEHTBI Wy. Ipyrumu ciioBamu, & sIB-
JsgeTcd (PyHKLMEH OT MHOXECTBA BECOBBIX KOS(POUIMEHTOB: & = &(wy;).
Hnst ee rpaduueckoro mpeiacTaBJIeHUSI TpeOyeTcss MHOIOMepHasl CHUCTE-
Ma KOOPAMHAT, KOTOPYI0O Mbl B HallleM TPeXMEPHOM MHpPE IIPeICTaBUTh
cebe He MoxeM. B 3Toii MHOroMepHON CHCTEME KOOpAMHAT (DYyHKIIUS
& = e&(wj;;) n300paxaercss B BUIE MHOTOMEPHON IOBEPXHOCTHU, HA3bIBAEMOU
2UNEPNOBEPXHOCMDBIO.

YtoObl XOTh KaK-TO IIPEICTaBUTh ceOc TUIIePIIOBEPXHOCTh, MPEIIo-
JIOKMM, 4YTO BCE apryMEHThl W; «3aMOPOXEHbLI», T. €. HE MEHAIOTCH, 3a
UCKIIIOYEHUEM [IBYX, HAllpUMEP W;; U W;;+1, KOTOpBIE SABJISIOTCA Iepe-
MeHHbIMU. Torma B TpeXMEpPHOH CUCTeME KOOpAMHAT (W;;,Wij+1, €) THU-
MEPHOBEPXHOCTh OyIeT MMETh BUI (DUTyphbl, HAIIOMUHAIOIIEH MapaboIou,
KOTOPYIO Ha3oBeM ncesdonapabasoudom (puc. 4.13). Ilpouecc oOydeHus
MepCeITpoOHa TEIleph MOXKHO IIPEACTaBUTh KaK OTBICKAHUE TaKOIo CO-
YeTaHUs BECOBBIX KO3(M@MUUMEHTOB W;;, KOTOPOMY COOTBETCTBYET camas
HIUDKHSISA TOUKa eunepncegdonapabonrouda. 3agadyv MOJOOHOTO poaa Ha-
3bIBAIOTCSL ONMUMUBAUUOHHbIMU. [OBOPST, YTO ONTUMU3ALMOHHAS 3adaya
COCTOUT B MUHUMUZAUUU DYHKYuU & = &(W;) B MHOTOMEPHOM IIPOCTPaH-
CTBE MapaMETPOB Wi;.
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Puc. 4.13. TI'padpuueckoe wuszobpaxeHue QYHKIUN-OLIMOKM MEpCenTpOHA
& = &(wj;) B TPEXMEPHON CHUCTEME KOODAMHAT Wjj, W;j+1, £

Takum o06pa3oM, ecliu paHbllie Mbl TOBOPUJIM, YTO MEPCENTPOH obOyya-
IOT METOJIOM <«IOOIIPEeHUSI — HaKa3aHUs», TO Telepb Mbl OyIeM TOBOPUTD,
YTO 3amadya OOy4YeHMS TIepCenTpoHa — 3TO 3amada ONTUMU3AINN (MUHUMU-
3anuu) GYHKIMU-OIIMOKU IepcenTpoHa € = g(wy;). MIHOrma ee Ha3bIBaIOT
MOTPEITHOCTBIO TIEPCENTPOHA.

CyliecTByeT MHOXECTBO METONOB PEIIeHUST ONTUMU3AIMOHHBIX 3amad.
HauboJsiee mpocTbIM METOAOM SIBJISIETCSI Tepedop BeCOBBbIX KO3GhGUIIMEH-
TOB W;; C IOCJENYIOUIMMU BbIYUCIEHUAMU U CPAaBHEHUAMU MEXIY COOOM
3HAYEHU (PYHKILUU €, COOTBETCTBYIOIIMX 3TUM KoadduimeHtam. OaHaKo
0osnee 3(p¢peKTUBHBI TaK HA3bIBAEMbIE 2padueHmHble Memoobl.

I'pamueHT GYHKIUK SIBISETCS OUYCHb BaXXHBIM MaTeMaTHYECKUM ITOHSITH -
€M, C KOTOPBIM OOBIYHO 3HAKOMSITCS Ha MEPBBIX Kypcax By30B. HarmomHumM,
YTO TPagUEeHT (PYHKUUU & = £(w;;) TPEICTABIAET COOOM BEKTOp, IPOEK-
LMSIMA KOTOPOTO Ha OCU KOOPAWHAT SIBJISIIOTCS YaCTHbIE MPOU3BOIHBIE OT
(GyHKIMM & TO 3TUM KoopauMHaram Je/0w;;, U 4YTO TPAAUEHT (QYHKLUUU
BCerla HampaBjJeH B CTOPOHY €€ HauOoJblliero Bo3pacTaHus. [locKoibky
3a0a4a COCTOMT B OTBICKAHMM MHMHUMyMa (QYHKUUU & = &(w;), TO HaM
HaIO ONMyCKAThCS IO MOBEPXHOCTU OIIMOOK, UYTO OOECIIeUMBAETCS IBUXKE-
HUEM B CTOPOHY, MPOTHUBOIIOJOXHYIO TrpamveHTy 3Toi dynkiumu. OTciona
Ha3BaHUE — Memoo epadueHmHo20 CHYcKd.

JIBUKeHUE B CTOPOHY, MPOTUBOIIOJOXHYIO IpaaueHTy, OyIeT OCYILEeCTB-
JIATBCA, €CJAM Ha KaXIOH smoxe K KOOpAMHATaM TeKylled TO4YKM wj;
MBI, MCITOJIB3ys] 3HAKOMYIO HaM M3 IIPOILIOro Iaparpada MTepalioOHHYIO
opmyny wy(z + 1) = wy(¢) + Awy;, OyneM [D00aBIATH BEJIWYUHY, INIPAMO
MPOINOPLIMOHAIbHYIO YAaCTHON INPOU3BOAHOW IO KOOPAMHATE W;;, B3SATYIO
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C IIPOTHUBOIIOJOKHBIM 3HAKOM:

Awy = —n 08 (4.15)

31ech 7 — HEKOTOpbIt KOR(hOMUIIMEHT, OOBIYHO 3aJaBaeMblii B Mpeaesaax oOT
0,05 mo 1,5 u HaszbIBaeMblii, KaK U paHbliie, KOap@uuyueHmom cKkopocmu
o0yueHus.

OOpaTtuTe BHUMaHUE, 4TO, corjacHo dopmyiie (4.15), Mbl IBUXEeMCS HE
TOJIbKO B CTOPOHY YObIBaHUsSI (DYHKIIMM, HO U CO CKOPOCTbIO, MPSIMO MPO-
MOPLMOHAJIBHON CKOPOCTU yObIBaHUS (T. €. KpyTU3HE) (DYHKIMUM, TaK KakK
JenaeM war Aw;;, NpONOPUMOHAJbHBIA IIPOU3BOJHOM, B3SITOM CO 3HAKOM
MUHYC.

KBanpaTuuHasi olmbKa & sIBJseTCsl CJIOKHOW (pyHKIIMel, 3aBUCSIIE OT
BBIXOJHBIX CUTHAJIOB MEpCenTpoHa y;, KOTOphble, B CBOIO Ouepellb, 3aBUCST
oT wj, T.e. &€ = &(yi(wy)). Tlo npasuny aub@epeHUMPOBAHUA CIOXHOMI
byHKIIUN

8W[j 8y,~ 8W[j ’

de — Ode Oyi (4.16)

BoixomHble cUTHAaJIbI HeﬁpOHOB Yi BBIHUCIAIOTCA C TIIOMOIIbIO CHUTI-

MOUIHBIX aKTUBALIMOHHBIX GYHKUUNM y; = f,(S;), aprymeHToM Ko-
J

TOPBIX SIBISIIOTCS  CYMMBL S; = ) W;X;, WIM, 4YTO TO XK€ caMmoe:
Jj=1

Si =wiaxy twpxy + .o+ wx; Lo+ wiyxy. CienosarenbHo,

i — WolS)) OSi — £1(6. V.
owy 0, owy Jr(S% (4.17)

AHaJIOrMYHBIM 00pa3oM, BcrioMuHas dopmyiy (4.14) u BbIMOJHSST OAU(D-
¢depeHLIMpOBaHUE £ IO y;, IIOJIy4aeM:

Se = —(di —y). (4.18)
IMoncrasuB (4.17) u (4.18) B (4.16) 1 3aTeM TNOJY4EHHOE BbIpAXKEHIE
B (4.15), okoHuYaTeJbHO OyIeM HMMETb

Awy = = (—(d; — yfy(Si)x;) = n(d; — vy (Si)x;. (4.19)

DTO BbIpaXeHUE MOJIYYEHO MJIsI HEMPOHOB C aKTUBALIMOHHBIMU (DYHKIIM-
amu moboro Buma. Ecau f,(S;) — curmounma, 3amaHHass ¢dopmyioir (?2?),
TO

SUS) = ((1+e™5)™0 = £(8) (1 - £(S)) . (4.20)

IloacraBuB 3TO BbIpaxkeHue B (4.19), monyuum:

Awy; = n(di — yi)fo(Si) (1 = f(S) x; = n(di — y)yi(1 — yi)x;. (4.21)

Takum 00pa3oM, Mbl NONYYWIU UMEPAUUOHHYIO dopmyay Ajisi oOydeHUS
nepcenTpoHa
wii(t+ 1) = w;(f) + Awy, (4.22)
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B KOTOpOM

0; = yi(l — yi)(d; — yi). (4.24)

Benuuuny 6;, BBEISHHYIO 3[1€Ch C IIOMOIIBIO (DOPMYJIHI (4.24), B HaJdbHEHIIIEM
OymeM Ha3bIBaTb HeUpoHHOU oulubkoii. AnroputMm (4.22)—(4.24) Ha3biBa-
0T 0006weHHbIM deabma-npasuiom. Ero mpemmyIiiecTBo Mo CpaBHEHUIO
C OOBIYHBIM JebTa-MpPaBUJIOM COCTOUT B 0oJiee OBICTPON CXOIUMOCTHU
U B BO3MOXHOCTHU 00Jiee TOUYHOI 0OpabOTKM BXOAHBIX U BBIXOAHBIX HEIpe-
PBIBHBIX CUTHAJIOB, T. €. B paclIUpPeHUU Kpyra peliaeMbIX IepcernTpoHaMu
3amad.

Wrak, BBeneHrMEe CUTMOMAHON (PYHKLMM aKTUBALIMM BMECTO (DYHKILIHM-
CTYNEHbKM U TIOSBJICHHE HOBOIO ajropuTMa OOy4YeHHUS — O0OOOIIEHHOTrO
neabTa-TpaBuja — paclIMpuiIo O0JacTb NPUMEHEHUsS mepcenTpoHa. Te-
nepb OH MOXET OIlepUpOBaThb HE TOJbKO C OWHApPHBIMU (TUIIA <«HYJIb»
U «CIUHUILIA»), HO U C HeNpepbIBHBIMU (aHAJIOTOBLIMM) BBIXOAHBIMU CUT-
HaJlaMu.

KOHTpOﬂbeIe BOMpoOCbl U 3agaHuA

1. Hapucyiite cUrMOUAHYIO aKTHMBALMOHHYIO (DYHKIIMIO W HAIUILIUTE ee
MaTeMaTU4eCcKylo (hopMyy.

2. Yem curmoumHasa (pyHKLUUS aKTUBALMK Jydile (MIM XyxXe) (DYHKIMH-
CTYNEeHbKU?

3. Hanuimwure ¢dopmyny miIsl BBIYUCIASHMS KBaApaTUYHOM OLIMOKU IIep-
centpoHa. OT KakuMX BeJIWYUH OHA 3aBUCUT?

4. [Insg yero Hy:XeH MHOXuUTelb 1/2 B ¢opmyie s KBaapaTUUYHOU
olIMOKM 00y4yeHus mepcentpoHa? Yrto OydeT, eciaud 3TOT MHOXUTEb
HE HCII0Jb30BaTh?

5. B Bume kakoil reomMeTpuyueckoil (Urypbl M3o0paxkaeTcsl KBaapaTU4yHas

omnbKka oO0ydeHus IlepcenTpoHa?

Yem runepriceBmonapadbojiona oTiMyaeTcss OT IceBaorapadonionna?

B uem cyThb MeToIa IpaJMeHTHOro cltycka?

8. TlonmpoOyiiTe MPUMEHUTh AJITOPUTM MeTo/a TPaAUEHTHOTO CIycKa K 3a-
Jade MOMCKA TOYKM MUHUMyMa (QYHKLUUU Y = X°.

9. Hamuiuure ¢opMyabl MTEPALIMOHHOTO IIPOILIECCa, COOTBETCTBYIOIIETO
000011IeHHOMY AebTa-IIPaBUIYy.

10. MoxXHO 11 NpUMEHSTh aJITOPUTM OOBIYHOrO (HeOOOOIIEeHHOro) AeibTa-
npaBuja st oOydeHUsl MepCcenTpoOHa C CUTMOMIHBIMU aKTUBALIMOH-
HbIMU (DYHKLUSIMU?

11. MoXHO 1 TIpUMEHSTh OOOOIIEHHOE AeibTa-MpaBUIO s OOy4YeHUs
MepCenTpoHa CO CTYNEHYAThIMUA aKTUBAIIMOHHBIMU (DYHKIIUSIMU?

12. Kakue mpeumyllecTBa U HEAOCTaTKU MMeET O0OOIIEHHOe AebTa-IIpa-
BUJIO TIepen HeOoOOOIIeHHBIM?

N
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4.6. ONPAHMYEHHOCTb OOQHOCIIOMHOIO NMEPCEMNTPOHA

HTak, yueHbIM yaaaoch OOYyYUThb MEPCENTPOH paclo3HaBaTh OYKBbI ajiaBu-
Ta. DTO ObLI KOJOCCAILHBIN YCNeX: JaeKmpoHHOe YCMPOUcmao, cO30aHHoe
no obpaszy u nodoburo uenoseuecKkoeo moszea, o0yueHHoe NodoOHO 4eno-
8EKY, YCHEeUHO MOOeAUPO8AN0 UHMEANeKMYAAbHble (DYHKUUU YeA08eKd.
BDT0 OBLI yCIleX B IO3HAHUM CaMOil MPUPOIBI YEJIOBEYECKOTO MBIIIJICHUS.
Mos3r Hayall pacKpblBaThb CBOM TaiHBI. [losIBUJIaCh BO3MOXHOCTbH HCCJIe-
JIoBaTb MO3I MeTOJaMM MOJEJIMPOBaHUs, He Ipuberass K CIOXHEHIIUM
AHTUTYMaHHBIM W Maji0 YTO IalolINM HATYPHBIM SKCIEpUMEHTaM. DTO
ObLIa ceHcallvsl, MpUKOBaBllasi K cebe BHUMaHME MBICISIIUX JIIOAel BCero
mupa. Kazanoch, 4To KUY K WHTENJIEKTY ObLI1 HaileH W TI0JIHOE BOC-
MIPOM3BeIeHUE YEeJI0BEUECKOIO0 MO3Ta M BceX ero (yHKUMIA — BCETo JIUIIb
Boripoc BpemeHu. IlucarensaMm-paHTacTaMm, ydeHbIM, MHXEHepaM, OU3HeCMe-
HaM, TIOJIMTUKAM BUIEIUCH CaMble Pany>KHbIE MEPCIIEKTUBBI IIPAKTUUYECKOTO
MpUMEHEHUs] Uaeil MCKyccTBeHHoro wuHrteiuiekra. [IpaBurensctBo Coenu-
HeHHBbIX LllTaToB AMepHWKHN BBIACIWIO KpPyHHBIE CYOCUIMM Ha pa3BUTHE
HOBOI0 MEpPCNEeKTUBHOIO HAay4YHOTO HampaBJIeHMS.

biaromapst n300peTeHUI0 CUTMOMIHBIX aKTUBALIMOHHBIX (DYHKIIMI 1 aj-
ropyuTMa TPaJIUEHTHOTO CITyCKa KJIacC pelllaeMbIX HEHMpOCEeTIMM 3aJad pac-
mupsuics. [dellainuch NONBITKA IMPUMEHEHUS! TePCENTPOHOB IJIsl pelleHUs
3a7a4 NPOrHO3UPOBAHUSI, TAKMX KaK IpeAcKa3aHue IOroabl, KypCOB BaJllOT
u akuuit. [lepcenTpoHbl MBITAJUCh TIPUMEHSTh IS aHAIM3a 3JeKTpoKap-
JUOTpaMM, IUJIsl pelleHusl 3amad MEIUIIMHCKON JMarHOCTUKM.

Ho no Mepe paciuivpeHust (ppoHTa HaydHbIX MCCIeI0BaHUIN MOSIBISUIMCH
TpynHocTu. HeoXumaHHO 0OKa3alloch, YTO MHOTHE HOBbIE 3adadyd Iepcer-
TPOH PELIUTh HE MOT, IIOTOMY YTO C POCTOM YMCJIa 30X OLIMOKA O0y4YeHUS
£ He cTpeMmiach K Hymo. Eciau mist omHMX 3agad KpuBasi, M300pakarolas
3aBUCUMOCTb & OT ! OBICTpPO HpuOMIKajaack K ocu abcuucc (puc. 4.14, a),
TO IJIST ApYrux 3agad (U ux ObUIO IOAABISIIONIEee OOJBIIMHCTBO!) IOIrpel-
HOCTb & OOYYEHUsI He ydaBajoCh CHU3UTh Jaxe MPU OOJbILIOM KOJIUYECTBE
smox ¢ (puc. 4.14,6).

B xauecTBe mpumepa MOXHO IMPUBECTH IPOBAJl aMEPUKAHCKOTO IIpO-
€KTa CO3JaHUSI CUCTEMBI MPOTHUBOBO3AYIIHON OOOPOHBI C MCIIOJIb30BAHUS
nepcentpoHa. Hu orpoMHBIe TrpaHThl HAyYHBIX MCCIIEIOBAaHUI, HU yCIIe-
XU B CO3JaHUU OBICTPOAECHCTBYIOLIUX KOMIBIOTEPOB HE MOMOMIM OOYUYUTh
MepcenTpoOH pellaTh 3aJauyd pacrno3HaBaHMsl JIBVKYILIMXCSI BOEHHBIX OOb-
€KTOB Ha «CBOIl» U «4yxXoii». [IpryeM 3TH HOBbIE BaXKHbIE 3a4ayd B ILJIaHE
MaTeMaTUYECKOM IMOCTAHOBKM IPAaKTUYECKM HUYEM HE OTIMYAIIUCH OT TeX,
C KOTOPHIMHM TNEpPCENTPOH YCIIEIIHO CHpaB/IsLIcS paHee. BpeMs 1o, urte-
paluy TPOOOJDKAINCh, a IIOTPEIIHOCTh OOydyeHus He Iagana. BosHukiia
HeoOXOIMMOCTh OOBSICHEHUSI MapagoKCOB, IJTyOOKOro aHajiM3a W CO3JaHUs
TeopeTuyeckoit 6a3bl HelpoMH(MOPMATUKU.
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g, %A e, %4
110 1101
90 90
70 70
50 50
30 30
10 10
200 600 1000 ¢ 200 600 1000 ¢
a) 0)

Puc. 4.14. Chayyaii, xorma ommbOKa OOydYeHUsI & C POCTOM 4HCJIa BIOoX [
CTpeMUTCSI K HyI0 (a), U Cilydail, Korma TakKoro cTpemjeHus HeT (6)

Crnenyoluii Mepruoj, MCTOPUU MCKYCCTBEHHOTO MHTEJUIEKTa Havacs
¢ nostBieHHsT B 1969 . KHUTH ABYX M3BECTHBIX aMEPUKAHCKUX MaTeMaTH-
KoB M. Munckoeo n C. Ilaiinepma <«IlepcentpoHbl» [34]. ABTOpBI 3TOI
KHUTUM MaTeMaTUYeCKM CTPOro J0Ka3ajiu, 4YTO WCIIO0JIb30BaBIIUECS B TO
BpeMS OJHOCJIOWHBIE IEePCENTPOHbI B IMPUHIIMIE HE CHOCOOHBI pellaTh
MHOTHUE TIpocThie 3amauu. OmHy M3 TaKUX 3aJa4, BOIICAIIYID B MCTOPUIO
HelipouHGopMaTUKU 1o Has3BaHMeM IpobieMbl «Mckmouatoniero MW »,
MBI PAaCCMOTPUM IOAPOOHO.

«MAckmouarinee MJIW» — 310 nornueckass ¢GyHKUMSI IBYX apryMeHTOB,
KaXIblii M3 KOTOPBIX MOXET HMEThb 3HAYEHUE <«UCTUHHO» JIMOO <«IOX-
Ho». CaMa OHa NpPUHMMAET 3HAUCHUE <«UCTUHHO», KOIIa TOJbKO OIWH
M3 apryMeHTOB HMMeEeT 3HAuYeHUWE <«UCTUHHO». Bo Bcex OCTallbHBIX CITy-
yasix 9Ta (byHKUMs MPUHUMAET 3HAUYeHUE <«JI0XHO». Eciau 3akoaupoBaTh
3HaUEHUE <«UCTUHHO» €IWHULICH, a 3HAUeHMUE <«JIOKHO» — HYyJIeM, TO Tpe-
OyeMoe COOTBETCTBUE MeXAy aprymMeHTaMHu Xj, X, M camMoi (yHKLUUEH y
MOXHO TIpeACTaBUTh B BHAe TabOmd. 4.3, Ha3bpIBacMOM
TabnuIeld UCTUHHOCTU JIOTMYECKOUW (DYHKIIUU.

Jlormueckas ¢ynkuusa «Mcxkmouatomee WUJIM» mo-
XeT OBITh BBIpaxeHa uYepe3 (DYHKIUU JIOTUYECKOTO
yMHOXeHUust «M» («<AND»), J10Ormyeckoro CJIoXeHUs
«AJIN» («OR») u noruuveckoro otpuuanus <«HET»
(«<NOT») ¢ momolblo JIOTUYECKOU (hOpMYJIbl

X X3

y
¥y = (x;AND NOT x;) OR (x;AND NOT x;). (4.25)

Puc. 4.15. OgHo-
HEWpOHHBII mep- 3amaya COCTOMUT B TOM, YTOOBI HAYUYMThCS MOICIIM-

centpoH ¢ aBymMs poBarh ¢yHKuuo «Mcxmouaromee UJIM» ¢ momoinbio
BXOaMU M ONHUM OZHOHEHPOHHOTO IEpPCEeNTpPOHA C IBYMSI BXOJAMHU X
BBIXOIOM U X, U OOHUM BbIXomoM y (puc. 4.15).
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Tabauuya 4.3 Tabauya 4.4
Tabéiauna MCTHHHOCTHM JIOrHYe- TaGéauia MCTUHHOCTH  JIOTMYECKOM
ckoil pynkmum <«Vckiaouaro- dbyuknuu «Uckmouawiee UJIN», no-
mee WUJIW» noJjiHeHHasi Toukamu A, B, C, D

X1 X> y Touku X1 X2 y

0 0 0 A 0 0 0

0 1 1 B 0 1 1

1 0 1 C 1 0 1

1 1 0 D 1 1 0

M. MuHckuit u C. I1aiinept B cBoeli kHUre [34] npeanoXuiu reoMeTpu-
YecKylo MHTepIpeTaluio K npooneme «Mckmouatomero MJIW», cocrosiyio
B cieayoneM. OHU TpeaioXWiIu KU300pa3uTh Ha KOOPAWHATHOM ILIOC-
KOCTU X|, X» BCE BO3MOXHbI€ KOMOWHALMM BXOMHBIX CUTHAJIOB B BUIE
yeTbIpex ToueK: A, B, C, D, kak 1mokaszaHo Ha puc. 4.16. Touka A umeer
koopauHaTel x; = 0, x» = 0; Touka B mMeeTr koopauHathl x1 =0, xp =1
U T.J. corjacHo Tao6i. 4.4.

Tornma B Touke A BBIXOJ MEpCEeNTpOHa Yy MOJKEH ObITh paBeH HYIIO,
B Touke B — eauHulie, B Touke C — eIuHULE U B TOoukKe D — HyIIO.

B cootBeTcTBUM ¢ popmynamu (4.1)—(4.2) ogHOHEHPOHHBIN NEePCENTPOH
(cMm. puc. 4.15) ocymecTisier npeodbpa3oBaHUe

S = Wi1X] + WaX2, (426)

_ {1, ecnu S > 0;
y—

0, ecm S<0, (4.27)

Paccmorpum ciydyaii, korma S = 6. D10 3HA4uT, 4TO, cormacHo (4.25),
BBITIOJTHSIETCSI PaBEHCTBO:

wix1 + waxy = 6. (4.28)

A

0 I S

Puc. 4.16. Il'eomerpuueckass mHTeprnpeTaluss K oObsICHeHUIO TipobyieMbl «Mc-
kinovatouero UJIW»
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Ecim B 3TOM ypaBHEHUM BEJIMYMHBI X{ WU X, CUMTaTh IIEpPEeMEHHBIMH,
a 6, wi U W, — KOHCTAaHTaMM, TO HA KOOPAUHATHOM IIJIOCKOCTHU X|, X)
paccMaTpuUBaeMoe ypaBHEHUE M300pasuTCst B BUIOE MPSIMOI JIMHUM, IOJO-
KEHME W HaKJIOH KOTOPOM OIpelessioTcss 3HAYeHUSIMHU KO3(h( ULIMEHTOB
w1, wy U Tiopora 6. [ BceX TOYeK IIJIOCKOCTH X, Xp, JIEXKAIIUX Ha 3TOM
JIMHWUM, BBIMOJHSETCS PaBEeHCTBO S = #, U TO3TOMY, COIJIaCHO (opMye
(4.26), BBIXOOHOWM CUTHAJI IIepCENTPOHA paBeH eauHule. s Todek, jexa-
IIMX BbILIE YKa3aHHOW JWUHWU, CyMMa WiX| + wpXx, OOJiblle 6, U TO3TOMY,
cormacHo (opmysnam (4.25)—(4.26), BBIXOZHOM CHUTHAJ IepCENTPOHA TaK-
Ke paBeH enuHuie. I Touek ke, JIeXallUX HMXKE 3TOW JIMHUU, CyMMa
W1X| W)X, MEHbIIIE 6, U BBIXOAHOI CUTHAJ IMepCcenTpoHa paBeH Hyso. I1o-
3TOMY JIMHUIO, M300paxkamwllylo ypaBHeHUE (4.27), Ha3bIBaAlOT MOPO208Oi
npAMOLL.

A Ternepb MOCMOTPUM Ha TaOJUIly MUCTUHHOCTH (yHKIMU <«Mckioua-
omee WJIM» (cMm. tab6mn. 4.4). CorjtacHo 3Toit Tabiune, B Toukax A u D
BBIXOJI TIEPCENTPOHA AOKEH OBITH HYJEBBIM, a B Toukax B u C — equHNY-
HbIM. Ho miIst 3TOro Hamo pacIioJIOXUTH ITOPOTOBYIO IPSIMYIO TaK, YTOOBI
TOYKM A 1 D nexanm HUXKE 3TOM JIMHUHM, a ToOdKu B m C — BBIIIE, YTO
HEBO3MOXHO. ODTO 3HAYUT, UYTO, CKOJbKO OBl MEPCENTPOH HU OOyvaliu,
Kakue Obl 3HAUEHUS] HU MpUIaBajJM €ro CUHANTUYEeCKMM BecaM W IOpo-
ry, MNepcenTpoOH B IPMHIMIIE HE CIIOCOOEH BOCHPOM3BECTU COOTHOIIEHUE
MEXIY BXOJAaMM M BBIXOAOM, TpeOyeMoe TaOnulleil MCTUHHOCTU (bYHKILIUHU
«Mckmouaromee UJIN».

ITomumo mnpobnembl «Uckmouatomero MJIM» B yrnomMsHyTOl BblIlle
kHure M. Munckuit n C. [laitmept mpuBenu psin OpyTMX 3agad, B KOTO-
pPbIX TOUKH, M300paxalrollye BXOAHbIC CUTHAJIbI, HE MOTYT ObITh pa3nesieHbl
MOPOroBoii MpsSIMOM (B MHOTOMEPHBIX CiIy4asiXx — IJIOCKOCTbIO, TUIEPILIOC-
KocTblo). Takue 3agayd TMOJYYUJIU Ha3BaHUE JAUHEUHO Hepa30eauMbiX.

ITocne BeIxoma B cBer KHUTHM M. Munckoro u C. Ilavinepra «Ilepcemn-
TPOHBI» BCEM CTaji0 SICHO, YTO IMPEeANPUHMUMABIINUECS B TO BpPeMs ITOMNBITKUA
o0y4yaTh MepCcenTPOHbl PEIICHUI0 MHOTHUX 3aJady, KOTOPbIe, KAaK OKa3aJioCh,
OTHOCSITCSI K KJIacCy JIMHEHHO HepasleIMMbIX, C caMOoro Haudaja ObLIM 00-
pedeHbl Ha mpoBajl. DTO OblLIa IycTasl TpaTa BpeMEHU, CUJI U (PMHAHCOBBIX
pPeCypcoB. YCHEIIHOCTb Xe OOydyeHMsl MepcenTpoHa paclio3HaBaHUIO OYKB
JIAaTUHCKOTO aJi(haBUTa — 3TO CYACTJIMBAsI CIAy4ailHOCTb — 3ajlaya OKaszajlach
JIMHEWHO pa3fgenauMoli, YTO B XXKM3HM BCTpPEYAETCs KpaliHe peako.

Wrak, 1okazaHO, 4TO OJHOHEHUPOHHLIN ITEPCEIITPOH HE MO3BOJISIET MOMIC-
JIMpoBarth jJorudeckyro ¢yHkuuio «Mckmouatomee NJIWM» u peuiats apyrue
JIMHEWHO HepasaeJuMble 3aJauM.

KOHTpOﬂbeIe BOMpPoOCbI U 3agaHuA

1. Hapucyiite TaOauubl UICTUHHOCTU JIoTMYecKUX (yHKuuii «M», «UJIN»,
«HAckmouaroiee NJTN».
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2. JlaiiTe ompenejeHWe MOPOTroBOi TPSIMOM.

3. Ilepepucyiite puc. 4.16 1 HayepTUTE HAa HEM IMOPOTOBYIO IPSIMYIO TakK,
yTOOBbl OMHOHEMPOHHBINM IIEPCENTPOH, ITapaMeTPbl KOTOPOIO COOTBET-
CTBYIOT HApHCOBAHHOM BaMM MOPOrOBOM IIPSIMOM, MOIECIUPOBAI:

— noruyeckyio ¢GpyHKUu «M»,
— Jiornyeckytro yHkuuwo «UJIN».

4. Tlonb3ysiCb CBOUM PUCYHKOM, OOBSICHUTE, TTOYEMY OJHOHEHPOHHBII mep-
CEeNTPOH HE MOXeT MoaeaupoBaTh (yHKUMIO «Mckmouarinee NJIN».

5. YeM MOXHO OOBSICHUTb, YTO OOHOCJIOMHBINA IIEPCENTPOH, HECMOTPS

Ha OOHaApyXWBIIMKCS B 3TOM mHaparpacge HeZOoCTaTOK, BCe-TaKU CMOT
Hay4YUTbhCSl pacIio3HaBaTh OYKBBI JATMHCKOIO ajipaBuTa?

. JlaiiTe ompeneneHue JUHEHHO HepasdeIUMBbIX 3aaad.

7. TlomymaiiTe Hang TeM, KakK 3acTaBUThb MEPCENTPOH pellaTh JUHEHHO
HepasaearMMble 3a1aul.

(@)

4.7. NEPCEMNTPOH CO CKPbITbIM CINIOEM HEMPOHOB

INossenienne xuurm M. Muuackoro m C. Ilaitnepra «IlepcenTpoHBI» BBI-
3BajIo IIOK B HaydyHoM Mupe. CrTporue mareMaTHMdecKue AOoKa3aTeIbCTBa
M. Munckoro u C. INaiinepra ObLIM HeysI3BMMBI. BceoOlmii 3HTy3Ma3M
CMEHMJICSI HE MeEHee BCEOOIIMM NeCCUMMM3MOM. B razerax crajau IOsIB-
JISITbCSI KPUTUYECKME CTAaThd C COOOIIEHUSIMU O TOM, YTO YYEHBIE MYXU
B CBOMX HCCJEOOBAaHMSX 3allUId B TYNMK, BIIYCTYIO M3pacXOIOBaB OAEHb-
i1 HayororateabplIMKoB. [IpaBurenbctBo CIIIA HememIeHHO NpeKpaTHIIo
¢uHAHCHUpPOBAaHUE HEUPONPOEKTOB M IIPUCTYNMIO K ITOMCKAM BMHOBHBIX
B pacTpaTe rocydapCTBEHHBIX AcHer. Bbu3HecMeHbI, MOTEpSBIIME HAIEXIy
BEPHYTb BJIOXKEHHBIE KaIlMTaJIbl, OTBEPHY/JIUCHh OT YUYEHBIX, U HEUPOKMOEp-
HeTuKa ObllIa IIpelaHa 3a0BeHMIO, AnuBIIeMycs Ooiyiee 20 JIeT.

Tem He MeHee pabOTBI B 00JacTH HEHWPOCETEBBIX W HEMPOKOMITHIO-
TEPHBIX TEXHOJIOTMM MPOIOJLKAIUCh OTACAbHBIMM 3HTy3uacTamMu. PaboThl
MPOOOIKAIMCHh U B 3aCEKPEYEHHBIX HAYYHO-HCCJIEI0BATEAbCKUX WHCTUTY-
tax CoBerckoro Coro3a, OTAEJIEHHOIO B TO BpeMsl OT 3arana <«keJe3HbIM
3aHaBecoM». He mmes mHpopMalMyi O HAaCTPOSHUSIX 3apyOeKHBIX KOJUIET,
COBETCKHME YYEHbIC CIIOKOMHO MNpPOAOJIKAJIM 3aHMMAThCS 3axBaTUBIICH UX
yMBI TeMOH M K Hadaiay 80-X IT. YOUBUJIM MHpP IIOSIBJICHUEM HE TOJIBKO
HEHUPOKOMITBIOTEPHBIX CUCTEM pAaCIIO3HABAHUS «CBOW-4YyXKOIi», HO U HEU-
POKOMIIBIOTEPOB, YIIPAB/ISIONINX IOJeTaMU pakeT U caMoyieToB. CoBeTCKue
CUCTEMBI YIIPABJIE€HUS, B OTJAMYMUE OT aMEPMKAHCKMX, CTOMKO II€PEeHOCHIIN
JIOBOJIbHO Ce€pbe3HbIe TOBPEXKIEHUsI, TIPOAOJIKAsI paboTaTh B CJIOXKHBIX YCJIO-
BUSIX, UTO OBLJIO OCOOCHHO BaXXHO IjIsI OOBEKTOB BOCHHOI'O Ha3HAYECHMS.
BreIsiBUIIOCH €llle OMHO, OYE€Hb BaxKHOE [JISI BOGHHBIX CBOMCTBO HEMPOKOM-
MbIOTEPOB, YHACJIEIOBAHHOE MMM OT MO3Tra — CBOWMCTBO J#CUBYHECHIU.

CoserckuM yueHbIM C. O. Mkpmusnom ObLia uznaHa kaura «HelipoHbl
M HEWpOHHBIC CeTU. BBemeHme B Teopuio (GopMaibHBIX HelpoHOB» [35],
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Puc. 4.17. HeiiponHas cetb, Moneaupyoias ¢pyHkuuio «Mckmouatoiee UJI1»

B KOTOPOU OH MOKa3ajl, YTO C ITOMOIIbIO MHOTOCJIOMHBIX MEPCENTPOHOB
MOXET OBbITb CMOJEIMpOBaHa JiroOasi jorudyeckass (OYHKIIUS, €CIU TOJIb-
KO M3BecTHa ee joruveckass cdopmyna. bonee Ttoro, um ObuL1 pazpadboraH
CIIEIMAJIbHBIM MaTeMaTU4YeCKUi armapar, IMO3BOJISIONINN KOHCTPYUPOBaTh
Takve nepcenTtpoHbl. Okazanoch, uro mpobnema «Mckmouatomero M »,
SIBUBIIASICSI KaMHEM IIPETKHOBEHMS III OOHOHEWPOHHOIO IIEpPCEeNTpOHA,
MOXeT OBITh pa3penieHa ¢ ITOMOIIbI0 HEMPOHHOM CETH, COCTOSIIEH M3 Tpex
HEHPOHOB — TPEXHEMPOHHOTO TIepCcenTpoHa, M300paxkeHHoro Ha puc. 4.17.

PaGoTta sTOro mepcenTpoHa MPOWCXOOUT IO CJIEAYIOLIEMY aJTOPUTMY.
Heiipon No I S1=0, 5x; + (=0, 5)x,;

_J1, eciu S >0,
V1 0, ecmm 5] <4.

Heiipon No 2: S> = (—0,5)x; +0, 5x;
_J1, ecmm 8 > 6;
V2 0, ecom 5, <46.

Heiipon No 3: S3=1-y1+1- -y
_J1, ecim 835> 6;
V3 0, ecmm S5 <46.

3amaBiiuch 3HaYyeHUeM nopora 6 = 0, 5 1 3aMOJHUB C TIOMOIIbIO 3TUX (GHop-
MyJ TabJ1. 4.5, JIerko YOeaUThCsI, UTO TPEXHEUPOHHBIM MEPCENTPOH YCIEIIHO
monenupyeT pyHkuuio «Mckimouatomee U ».

BnocneactBuu ObLIO MOKAa3aHO, YTO M ApYyrue JMHEMHO Hepasnesiu-
Mble 3amauu, npuBeacHHble B KHUre M. Munckoro u C. Ilaiitnepra, moryt
OBbITh pElleHbl C TOMOIIbIO HelipoceTell, conepxKalluxX OAUMH WIM HECKOJb-
KO CKpbimbiX HEWPOHHBIX CJOEB, T. €. CJI0EB HEMPOHOB, PACITOJOXEHHBIX
MEXIY BXOOHBIM M BBIXOOHBIM CJIOSIMU.

MHorue wucciaegoBaTeNl MNOHUMAJKM, YTO HYXKXHO coO3daBaThb Helipoce-
TH 0oJiee CIIOXKHOM apXUTEKTYphl, COOEpKalllle CKPBIThIE CIOM HEMPOHOB,
HO He IpeACTaBIsIM, KaK Takue ceTu oOyuarb. IIpaBuna Xeb6ba u meiab-
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Tabauya 4.5
IIponecc ¢ropMHupoBaHHSI CUTHAJIOB B TPEXHEHPOHHOM Mep-
cenTpoHe
X1 | x S S Yi | 2 | S5 | yv3 |y
0 0 0 0 0 0 0 0 0
0 1 -0,5 0,5 0 1 1 1 1
1 0 0,5 -0,5 1 0 1 1 1
1 1 0 0 0 0 0 0 0

Ta-TPaBUJIO TOAWINCH TOJIBKO JUISI KOPPEKTHUPOBKM CUHAITUYECKUX BECOB
HEMPOHOB BBLIXOJHOIO CJIOS, TOTAA KakK BOIPOC O HACTPOMKE IapaMeTpoB
CKPBITBIX HEMPOHHBIX CIOEB OCTABAJICA OTKPBLITHIM.

KOHTpOﬂbeIe BOMPOCHLI U 3agaHuA

1. Hapucyiite mepcenTpoH, MoIeaupylomuii ¢yHkouio «Mckinovaroliee
NN ».

2. C nomoubio ¢GopMyJl, OIMCHIBAIOIINX pabOTy MaTeMaTUYECKOTo HeHpo-
Ha, yoeauTech, YTO HAPUCOBAaHHBIII BaMM IIEPCEINTPOH AEUCTBUTEIBHO
monenupyeT pyHkuuio «Hckmouatomee WU ».

3. IlonpoOyiite M300pa3uTh APYIoil IepcenTpoH (APyroil CTPYKTyphl) TO-
K€ CIIOCOOHBII MOIEIMPOBaTh JIOTUYECKYI0 (yHKIMIO «McKiovaroiiee
NN ».

4. TloyemMy He ygaeTcs IMPUMEHSTHh M3BECTHBLIE BaM aJITOPUTMEI OOY4YeHUS
(mpaBuwiia Xe006a, AeabTa-IIpaBUIO, OOOOIIEHHOE AebTa-IIPaBUIIO) IJISI
o0y4YeHUsI MepCEenTPOHOB, MoAeaupylomux (yHkuuwo <«Vckiwoyamoliee
NJIN»?

5. IlonpiTaiTech MpuayMaTh aJITOPUTM OOYYEHHUS IIepCEeNTpOHa, CoAepKa-
IIEr0 OOWH CKPBITBIA CJIOM.

4.8. MHOIOCNOWHbIA NEPCENTPOH
n ANNrTOPUTM Er0 OBYYEHUA

BDPheKTUBHBIN aJIrOpUTM OOYUYEHUsS] MHOTOCJIOMHBIX MEPCeNTPOHOB, OT-
KPBIBIIUI MYTh X IMMPOKOMY TTPAKTUIECKOMY IIPUMEHECHUIO, CTAJl M3BECTEH
ToIbko B 1986 r. Gnaromaps nyonukauusm /. Pymeavxapma, I. Xuamo-
Ha n P. Buaesamca [103]. Unoesa storo anropuTMma 3aKJIIOYaeTCsI B TOM,
YTO OIIMOKM HEWPOHOB BBIXOAHOIO CJOs & = d; —y; UCIOJb3YIOTCS IS
BBIUMCJIEHUST OLIMOOK HEMPOHOB, PACMOJOXEHHBIX B CKPBITBIX CJIOSIX. 3HA-
YEeHUSI OLIMOOK KakK Obl pacIpOCTPaHSIOTCS OT BBIXOJHOIO CJIOSl HEHpPOHOB
BOBHYTPh CETH OT MOCJIEIYIONINX HEHPOHHBIX CJIOEB K MpeablmyimM. OT-
clola Ha3BaHME METONA: a/120pUmMm 00pamHoO20 pacnpocmpanerus oumuoKuy
(back propagation).
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Puc. 4.18. TIpodeccop A. N. l'anymkuH — aBTOpP MEPBbIX aITOPUTMOB OOYYCHUS
MHOTOCJIOMHBIX HEMPOHHBIX CETeil MEepCeNnTPOHHOIO THUMa

NHTEpeCcHO OTMETUTb, YTO aJrOPUTM OOYUYEHMsSI MHOTOCJIOWHBIX Heli-
POHHBIX ceTeil, KaK U MHOTMe APYrye BblIalolirecs: HaydHble OTKPBITUSI, Ha
caMOM Jiejieé MMeeT HECKOJbKO aBTOpPOB. Tak, BIIOCIEACTBUU BBISICHUIOCH,
YTO aJITOPUTM OOPATHOIO PACIIPOCTPAaHECHMS OIIMOKM OBLI IPedjIoKeH Ha
oouH ron paHee B paborax A. [lapkepa n A. Jle-Kana, n3naHHBIX He3a-
BHUCHUMO OgHa OoT apyroi. Kpome Toro, okazanaoch, uto emie B 1974 r. aTor
MPOCTON W M3SIIHBINA anroput™ Obu1 3amuiueH [1. /Ixc. Bepbocom [106]
B ero JOKTOpPCKOW aucceprauuu. bojee Toro, uaeu M ajaropuTmbl oOy-
YEeHUSI MHOTOCJOMHBLIX CTPYKTYp MEPCeNTPOHHOTO TUMA MOXHO HalTu
B emle OoJjiee paHHUX IIyOJIMKAIMSX COBETCKMX Y4YeHbIX: A. U. Taaywku-
na (puc. 4.18), B. A. Banwwuna, JI. C. 3axa, b. Il. Troxoea [4, 6—10],
otHocsiuxcsa K 1970—1974 rr. IlocinenHee o0OCTOSITEIBCTBO ITO3BOJISIET CHE-
naTh 3akiaodyeHue o mnpuopurere CoBerckoro Coio3a B 3TOM BOUCTUHY
KOJIOCCAIbHOM Hay4YHOM OTKPBITMU, KOTOPOE€ BBIBEJIO HeHpOMHMOPMATUKY
U3 TyNUMKa M MpeBpaTUJIO ee B caMylo MPUKJIAJHYI HaydHYlO OTpacib.

PaccMoTpuM uaero ajaroputMa oOpaTHOTO pacIpOCTpaHEHUsl OLIMOKMU,
MOMBITABIIMCH O0OOIIUTH AebTa-IIPaBUJIO Ha CAydail OOy4eHUSI d8yXcaoil-
HO2o TIEpCeNTpoHa, MMeIIIero N BXomoB, / BBIXOIOB U CKPbLMbLIL CIIONI
u3 J HeiipoHoB (puc. 4.19). Ha camoMm ngene 3TOT IEpCEenTpOH HMMEET TpU
CJIOsl, OTHAKO B JIMTEpAType €ro Ha3bIBalOT IBYXCIOWHBIM, MOCKOJbKY HEl-
POHBI BXOJIHOTO CJIOSI UMEIOT BCEro OJWH BXOA, HE MMEIOT CUMHANTUYEeCKUX
BECOB U HE BBITNOJHSIOT CyMMUPOBAHUSI BXOAHBIX CUTHAJIOB, a JIUIIb Tepe-
IAOT OOIWH €IWHCTBEHHBIA BXOOHOM CUTHAJI HEMpPOHaAM CJIEAYIOIIETO CJIO4.

AJITOPUTM KOPPEKTUPOBKM CHHAIITUYECKMX BECOB HEMPOHOB BBIXOIHOTO
CJIOSI OCTAaBUMM TaKMM K€, KakK IJis OJHOCJIOMHOIO IlepcenTpoHa (CcM. 0000-
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Y1

Puc. 4.19. JIByxclioiiHbli1 TiepcenTpoH ¢ N BXxomamu, / BbIXOOAMU U CKPBITHIM
cioeM u3 J HEWpoOHOB

LIEHHOE HeJIbTa-IpaBuiio Gopmyisl (4.22)—(4.24)), 3aMEHUB B HUX X; HA V; D:

wii(t+ 1) = wi(t) + Awy; (4.29)
AW,’j = 7751')/j; (430)
0; = yi(l — y)(d; — yi). (4.31)

CuHantuyeckue Beca HeMpPOHOB CKPBITOrO CJI0S1 MOIMbITAEMCSI KOPPEKTU -
poOBaTh C IIOMOIIBIO Bce Tex ke (opmyn (4.22)—(4.24), B KOTOPBIX MHIACKC
[ 3aMEHUM Ha j, a WUHIAEKC j 3aMEHUM Ha UHIEKC A.

Win(t + 1) = wi, (7) + Awyy,; (4.32)
Aan = néjx,,; (433)
0; = y;i(1 = y)(d; — y;). (4.34)

[Tpn ncnonb3oBaHUU 3TUX HOPMYJT BOZHUKACT BOIIPOC O BHIYMCIICHUM HEM-
POHHOW omMUOKM (d; — y;), KOTOpas ISl CKPLITOro cios HeusBecTHa. Mnes
aBTOPOB pacCMaTpMBAEMOro aJifTOPUTMAa COCTOSIA B TOM, UYTOOLI B KauyeCcTBe
STOl OLIMOKM HCIIOJIb30BaTh CyMMapHbIe HEMPOHHbIE OIIMOKU C BBIXOI-
HOTO CJI0sI, OMHOXEHHBIE Ha CUJIBI COOTBETCTBYIOIIMX CHUHANTHYECKMX
CBsI3€i, T. €.

1
(di—y) = oiwj. (4.35)
i=1

D IIpuunHbl 5TOi 3aMEHBI CTAHOBSITCSI TOHSITHBIMU, €CJIM MTPOCACIUTD IIYTH MTPOXOXK-
JICHUsI CUTHAJIOB, cpaBHUBas1 puc. 4.12 u puc. 4.19: eciu B OAHOCJIOMHOM TlepcenTpoHe
(puc. 4.12) Ha BXOI HEWPOHOB BBIXOZHOIO CJIOS IONABAJMCh BXONHBLIE CHUTHAJBI Xj,
TO B JBYXCJIOWHOM TiepcentpoHe (puc.4.18) Ha BXoI HEHPOHOB BBIXOAHOIO CJIOSI
TOAAIOTCSI BBIXOJHBIE CHUTHAJIbI HEMPOHOB C IPEABIAYIIETO (CKPBITOIO) CIIOS Yj.
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k—1 k k+1
-O—0O—0-
Hk*l Hk Hk+l

Puc. 4.20. MHOroCIOMHbBIA TMepcenTPpoOH

I/lTaK, IJIs1 CKPBITOI'O CJIOSI OKOHYATCJIbHO MMECM:
Aan = 775]')(?,1; (436)

7
& =y(1 =) > owy. (4.37)
i=1
Bocnonb30BaBIIMCE 3TOM Maeeli, HECIIOKHO pacIiMcaTh aJlfOPUTM 00paTHOTO
pacmpocTpaHeH!sI OIIMOKMW I OOydeHUsI TepCerTpoHa, MMEIOIIEro IIpo-
M3BOJIBHOE KOJMYECTBO CKPBITHIX CIoeB. OTHAKO MPeXae OTMETUM, YTO MBI
OyleM HCIOJIb30BaTh HEHPOHBI, MMEIOIINE CUTMOWIHYIO aKTUBALIMOHHYIO
¢byHkuMio (4.13) ¥ BBHIMOJHSIONIME OINepalMi0o CyYMMUPOBaHUS MO (GopmyJie
(4.6). CornacHo 3Toif (hopMysie KaXIOblil i-ii HEHPOH BBIYMCISIET CYMMY

J
8= wix;,
J=0

B KOTOPOM W;y — BEC IOINOJHUTEIBHOIO BXOAA i-T'0 HEMPOHA, UMUTUPYIOLLIUIA
ero cMmemieHue b;, a xo = 1 — BeJIMYMHA CUTHAa/JA AOIIOJHUTEIBHOIO BXOHa.
AJITOpUTM OOpPaTHOI'O PACIIPOCTPAHEHMUS OINMOKM paCITMIIEM IJisi MHO-
TOCJIOMHOrO TIepCEeINTPOHAa, MMEIOIIEro BXOAHON ciioit k = (0, HECKOJbKO
CKpPBITBIX cyioeB kK =1,2,..., K — 1 n BeixogHoi ciioii kK = K (puc. 4.20).
HeiipoHbl BXOZHOIO CJ10S1 HE BBIMOJIHSIOT MaTeMaTUYECKMX IIpeodpa3oBa-
HUI, a JUIIb IIepedaloT BXOOHbBIE CUTHAJIbI HelipoHaM mepBoro cios. bymem
moJiaraThb, YTO KaxXXIbI k-i1 ciioii comepxuT H); HeitpoHoB. TaknMm odopasoM,
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nepcentpoH umeer N = Hy BxogoB u M = Hyg BbeixogoB. B anroputme
OylIeM HCIIOJb30BaTh CJEAyIOIINe OOO3HAYEHUS: [ — IOPSAKOBBIM HOMEpP
HelipoHa Kk-To cjos; j — IMOpPSOKOBBIM HoMep HelipoHa (k — 1)-ro cios;
[ — nopsnKoBBIM HOMep HelipoHa (k + 1)-ro cimos (cM. puc. 4.20, eHu3zy).

Illae 1. VHunuanuzanysi CUHAOTHUYECKHUX BECOB M CMEIICHMIA.

B uuknax mo k=1, 2, .., K; i=1,2, .., Hy; j=0, 1, 2, ..., Hr_
JaTYUK CJIyYallHBIX 4YMCeJI MPUCBaMBacT CUHANTUYECKMM BecaM M CMelle-
HUSIM wf.j{‘) MaJjible BEJIUYMHBI, HallpuMep, U3 MHTepBaja oT —1 mo 1.

Illaz 2. OtkpuiTue uukia mo g =1, 2, ..., Q. IlpencraBieHue wus
0o0yYawlllero MHOXECTBAa IPUMEPOB OYEPEAHOTO BXOAHOTO BEKTOpA
X; = (x1,x2, ...,XN)q U COOTBETCTBYIOLIEIO €My 3KE€JIAEMOIO BBIXOIHO-
ro Bektopa D, = (d1,d>, ...,dpy)g, THE g — HOMED IIpUMeEpPa B OOyYalolleM
MHOXECTBE.

Illae 3. Tlpsimoii TIpOXO/I.

B nmukimax mo k=1, 2, ..., K; i=1, 2, ..., H; BbIUUCISIOTCS BBIXOJ-
Hble CUTHAaJbl i—Tr0 HelipoHa B k-M cloe

Hyy
(k) — (k) (k—1)
yi' =Jfs § Wiy , (4.38)
rmue yj(.o) =Xxj; X0 = 1; y(()k_l) =1; y; = yl(.K) — BBIXOJHbBIE CUTHAJILI Mepcer-

TpOHa.

Illaec 4. OOGpaTHbBIN TIPOXO/I.

B muknax nmo k=K, K—1,...,1; i=1,2,..,Hy; j=0,1,2,..., Hr_|
BBIYMC/ISIIOTCSL CMHANTUYECKME Beca Ha HOBOM 3II0Xe

wiO @+ 1) = wi () + Awl (4.39)
rae
Aw (k) = 775(k))’j ), (4.40)
MIpUYEM IJisI BBIXOZHOIO CJIOSI k = K cornacHo (4.30)
5t =yl = y)(d; = yo),

a U1 BCeX NIPYIMX CKPBITBIX CI0eB cornacHo (4.37)
k) _ (k (k k1) (k+1
6( ) y( ) )) Z 6( ) ( )‘

Illae 5. 3axpeiTMe LMKJIA MO ¢.

Illaz 6. TloBTOpeHue IIAroB 2—5 HEOOXOAMMOE KOJIWYECTBO pas.

Bekropbl obyuarommx npuMepos X, u D, Ha waze 2 anropurMa ooObly-
HO TIPEIACTaBJISIOTCS MOCAeA0BaTeJIbHO OT MEPBOTO A0 MOCAeAHEro, T. €.
qg=1,2, ..., O, rne Q— obiiee KoaudecTBo nmpumMepoB. Hampumep, B ciiy-
yae pacrio3HaBaHus OykB pycckoro aidasura Q = 33. Ilocie Toro kak
UIST KaXXIoro oOydalollero mnpuMepa OyayT CKOPpPEeKTUPOBAHBI BECOBBIC
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K03 (PUIMEHThI MepCcenTpoHa, T.e. waeu 2—4 OyayT moBTOpeHBI 33 pa-
3a, Ha waee 6 aNrOpUTMa BBIYMCIISETCS CpedHEeKBaJpaTH4yHAas OIIMOKa,
yCpeIHEHHas MO BCEM OOYYaloIyM IIpUMeEpaM:

o M
o=\ | ohr o (= y)}). (441)

g=1 i=1

IToMuMoO cpemHeKBaapaTUUHON OIMMOKM MOXKET OBITh TaKKe OlLleHEeHa MaK-
cuMajbHasl Pa3HOCTb MEXIY XeJIaeMbIM M MPOTHO3HBIM (TO, YTO BBIYMCIIWI
MepCenTPOH) BBLIXOAAMU IIepCEITPOHA:

& = max ((|dl-—yl-|)q); i=1,2, ... M; g=1,2,...,0. (442

HTepalliOHHBIN TIpoliecc, 3aJaBaeMblii wiaeom 6, 3aKaHUYMBaeTCsl TOCHe
TOro, Kak olnubka &, BbluuciseMas 1o dopmynam (4.40) uiu (4.42), no-
CTUTHET 3aJaHHOM BEJIWYMHBI JUOO Korma OydeT HOCTUTHYTO IIpeae/ibHOe
KOJIMUECTBO 3I10X oOydyeHMs1. B pesynbrare mepcenTpoOH OOYYMTCSI BBINOJI-
HATb HYXHOE OTOOpaXeHMe JIIOOOTr0 BXOLHOIO BeKTopa X, Ha BBIXOIHOWM
BeKTOp Y,, ommMyaronuiicd OT XeIaeMOoro BeKTopa [);, Ha HEKOTOpYIO
Majylo BEJIUYMHY.

Ternepr npeacTtaBuM, 4TO Ha BXOAHOE Tabjo (OTORJIEMEHTOB IOMa-
Jla KapTouka ¢ KaKOM-JMOO OyKBOW, BBIMOJHEHHOW APYTMM IIPUGTOM.
DoTosseMeHTH cOPMUPYIOT BXOOHOM BeKTOp X, HE COBHANAIOIIMIA HU
C OIHMM M3 BEKTOPOB MHOXeCTBa oOydaromux ImpumepoB. Eciu mpudrt,
KOTOPBIM BBIIIOJIHEHA BXOAHAasi OyKBa, HE CIMIIKOM OTJIMYAETCs OT LIpudTa
IpUMEPOB OOYYaOILIero MHOXKECTBA, a IIEPCEINTPOH XOPOILIO CIIPOEKTUPO-
BaH M OOyYeH, TO OH BBIYMCIUT BeKTOp Y, B KOTOPOM BBIXOJA HeEMpoHa,
COOTBETCTBYIOILETO MPEACTAaBJICHHOM Ha BXod OyKBe, OyJaeT UMeThb MaKCH-
MajibHOe 3HauyeHue. TakuMm o0pa3oM, IMepcenTpoOH, HECMOTPSI Ha MOMeXU
M HMCKaXeHMsI BXOOHOro oOpasa, BbIIACT IIPaBUJIBHOE 3aKJIIOUEHHE O €ro
OPUHAIIEKHOCTY K TOMY WIM MHOMY Kiaccy. CBOMCTBO mepcernTpoHa
«y3HaBaTb» 00pa3bl, KOTOPHIX HE OBLIO BO MHOXKECTBE OOydYaloIIMX IIpU-
MEpPOB, Ha3bIBaeTCsl CBOMCTBOM o0606uienusi. Kak yxe OBIJIO OTMEUYEHO
paHee, 3TO CBOWCTBO, KOTOpOE€ IMEPCEeNTPOH YyHACJIeIoBajl OT CBOEro Mpo-
TOTUIIA — MO3Ta, MMeEeT OYEHb BaxkHOE 3HayeHUe ISl €ro IpakKTUUYeCKUX
NPUIOXKECHUMN.

IlonBenem UTOrM M3y4eHUS AJITOPUTMOB OOYYCHUSI HEMPOHHBIX CETEH.

IlepBBIM aropuTMOM OBIIM TIpaBMJIa Xe00a, TpegHa3sHAYCHHBIC IS
00Oy4YeHHUST OMHOCJOMHOIO IIEPCEITPOHA C HEMpPOHAMM, MMEIOIIUMU CTy-
rMeHYaThle aKTUBAallMOHHBIC (PYHKIIMU. 3aTeM ObLIO BBEIEHO ITOHSTHE Heli-
POHHOI OLIMOKM KaK pa3HMUIIbI MEXAy TpeOyeMbIM BBIXOAOM HelipoHa d;
U ero peajibHbIM 3HaYyeHUEeM Y;. B pesyabrare ajaroput™m oOydeHUs Iep-
CenTpoHa C TMOMOIIBIO MpaBMJI Xebba ObLI 00O0OIIEH B BHAC aJTOpUTMAa
IenbTa-npaBuwia. B urepallmoHHBIX (hopMysax ajiropuTMa JaenbTa-IipaBujia
nosiBUJICS KOIM@PUIMEHT CKOPOCTU OOy4YeHUs 77, TTO3BOJISIIOIIUIA BIAUSATH Ha
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BEJIMYMHY WTEpPallMOHHOIrO Iara. 3aTeM ObLIa IIpeajioKeHa CUTMOUIHAas
aKTUBAaLlMOHHAS (DYHKIMS U OBLJIO BBEASHO ITOHSITHE KBaAPaTUYHOM OIIMO-
K1 oOy4YeHUs IepcenTpoHa. B pesynbraTe mosiBUIOCH 00OO0IIEHHOE JdeJIbTa-
MIPaBUJIO, peaiu3ylolllee METOA T'PaIUeHTHOrO CITyCKa M ITO3BOJISIONIee pa-
00TaTh HE TOJBKO C OWHAPHBIMU, HO W C HEMNPEPLIBHBIMU CUTHAJIAMMU.
AJITOpUTM 0OpaTHOrO pPacHpOCTPAHCHUsSI OINMOKM SIBISIETCS CJICIYIOIINM
00001IeHeEM OO0OOIIEHHOTO JejbTa-TipaBUjia M MO3BOJSIET oOydaTb He
TOJILKO OTHOCJIOiHBIE, HO WM MHOTOCJIOHBIE TEPCEIITPOHEI.

KOHTpOﬂbeIe BOMPOCHLI U 3agaHuA

1.

2.

OOBSICHUTE, B YE€M COCTOMT HAEs aJITOpUTMa OOpaTHOTO pacHpocTpa-
HeHusl omubku? OTpaxaeT JM Ha3BaHUE aJropuTMa ero uacro?
Kakyto poJib B MeTOJie 0OpaTHOTO pacipoOCTPaHEHUST OIIUOKY BBITTOJIHSIET
KO3(ppULMEHT CKOPOCTU OOydyeHust n?

. ITompoOyiiTe 3amporpaMMuUpoOBaTh aJITrOPUTM OOPATHOIO pacIpoCTpaHe-

HUS OIIMOKM Ha KaKOM-JIMOO aJrOpUTMHYECKOM SI3BLIKE.

. CKOJIBKO alropuTMOB OOyYe€HMSI HEMPOHHBIX ceTeil Bam m3BecTHO? Ha-

30BUTE MX U OXapaKTepU3YHTe UX BO3MOXKHOCTH.
loguTtcst 1 aaropuT™M oOpaTHOrO pacHpOCTpaHEHUs! OLIMOKU IJisi 00y-
YeHUsI MepCcenTpoOHa CO CTYMEHYATHIMU aKTUBALIMOHHBIMU (DYHKLIUSIMU?
logstcst v npaBuia Xeb66a aisi 00yYeHuUs TepcerTpoHa ¢ HelpoHaMu,
WMEIOIMMU CUTMOMIHBIE (DYHKIIMM aKTHBALIUM?

. Tomurtcs nmu menbra-npaBUIIo It OOy4YeHUsI TIepCeNTpoOHa ¢ HelipOHaMU,

WMEIOIIMMU CUTMOMIHBIE (DYHKIIMM aKTHBALIUM?

Ha3oBuTe mnpeuMyllecTBa M HEOOCTATKM aJrOpUTMa OOGpPaTHOroO pac-
MPOCTpaHEHUsI OIMMOKK IO CPaBHEHUIO CO BCEMU W3YyYEeHHBIMU paHee
MeToIaM1 OOy4YeHUs] HEHPOHHBIX CETeil.

. 3aiigute Ha cauT www.LbAi.ru u BbImOJHMTE JIaboOpaTopHyIO pabdo-

Ty Ne 5 — obGyunTe nepcenTpoH mMoaeanpoBath MyHKUuM «W», «UJIN»,
«MAckmouaromee UJIM». B ciaydae 3aTpymHeHMM WM 3aMHTEPECOBAaH-
HOCTU 0O0paTuTech K ydyeOHO-MeTommueckKuM mnocobusm [73, 88].



maBa 5

BO3MOXHOCTU U COEPHLI
NMPUMEHEHUA HEWPOHHbIX CETEW

5.1. BO3MOXHOCTWU UHTEJNJIEKTYANIbHOIO
AHANN3A OAHHbIX

C mosBIIeHMEM alTOpUTMa OOpPAaTHOIO PACHPOCTPAaHECHMSI OIIMOKM Hadaycs
Hepuo IKUPOKOTO IPAKTUIECKOr0 MPUMEHEHUST HEMPOCETEBBIX TEXHOJIOI Ui
IJIST pellieHUs caMbIX pa3HooOpa3HbIX 3agady. C IOMOIIBI0 MHOTOCIOMHO-
ro mnepcenTpoHa CTajo BO3MOXHBIM CTPOUTb MaTeMaTUYeCKue MO,
BBITIOJIHSIIONIME CJIOXKHBIE MHOTOMEPHbBIE OTOOpaKeHUsI BXOJHOIO BEKTOpa
napamMeTpoB X Ha BBIXOJHOI BeKTop Y.

3agady IMOOOOHOTO POJa YacTO BCTPEYAIOTCSI B CAMBIX Pa3HOOOPA3HBIX,
Ka3ajoch OBbI, HE MMEIOIIMX HWYEro oOIIero obiacTdax, TaKhx KakK IIpo-
MBIIIUIEHHOCTh, 9KOHOMMKA, OM3HeC, (DMHAHCHI, OJIUTOJIOTUS, COLIMOJIOTHS,
TICUXOJIOTUSI, DKOJIOrusI, MeIuIuHa U T. 1.

[IpakTUyecKU B KaxKaou mpobseMe, pelaeMoil IpUuKIagHbIMU HayKaMmu,
TpeOyeTcsl CTPOUTb MOJENU SIBJICHUI, MPOLIeCCOB, OOBEKTOB, T. €. BBISIBJISITh
1 MaTeMaTHU4YeCKH OTMUChIBAaTh 3aBUCUMOCTU OAHUX KOMILJIEKCOB ITapaMeTpOB
oT apyrux. Tpedyercs cTpouTh MaTeMaTudecKue (PYHKIINN, KOTOPbIE MOXKHO
WCIOJIb30BaTh IJjis OoJiee IIyOOKOro aHaiu3a MOACIUPYEMbIX OOBEKTOB,
HarpuMep HalTU ONTUMMAaJIbHOE COYETaHME VYIIPABIISIIONIUX MapaMeTPOB,
obecrneynBamlIuX MaKCUMYM HEKOTOPOW IejaeBoil (PyHKIIMU, TaKoW Kak
peHTa0eIbHOCTb, TPUOBLIBHOCTb, IPOYHOCTh, TeMIlepaTypa, CKOPOCTb,
BbicOTa UM T.1. MM BBINOJIHUTH IIPOTHO3UPOBaHUE, T. €. MpeacKasarhb,
Kak OynyT pa3BUBaThCS COOBITHMSI B 3aBUCMMOCTM OT TOIO WM MHOTO
BO3ICKCTBUS HAa MOJENMPYEMBIi OOBEKT, M KaK ITOBJIMSITh HAa 3TU COOBITHUS
OyTeM BbIOOpAa HYXKHOTO BO3IECTBUSI.

Ilpu oOyuyeHuu B By3e, Ja U MPOCTO B XM3HU Bbl HE Pa3 CTAIKUBAIWCH
C METOJIOM MaTeMaTUYECKOro MOIEJMPOBAHUS U HaBEepHSIKA OLEHWIU €ro
acddekTuBHOCTL. Hampumep, B 1IKoJjie Bbl pellaid 3agadyy O JIBUXKEHUU
TeJia, OPOILIEHHOTrO MOJ YIJI0OM K ropu30HTYy. MMest MaTeMaTuuecKylo Mojie)ib
ATOrO SIBJICHUS — yPaBHEHUS, CBS3bIBAIOIIME YIroJ OpocaHusi, HadyajJbHYIO
CKOpPOCTb, BBICOTY IIOJbEMa M OAJbHOCTb MOJIeTa, MCCAeAys 3Ty MaTeMa-
TUYECKYI0O MOMEIb, pelllas ypaBHEHMS, IPOCUUTHIBASI Pa3HbIE BapHAHThI
BbIOOpA MCXOMHBIX MAapaMETPOB, BbI JIETKO OIIPEACIUIN OITUMAIbHBIN yIoJj
OpocaHusl, obecreynBarolIuii MaKCUMMaabHYI0 AaJbHOCTh TojieTa Tena. Jlist
39TOTrO BaM He Hado ObLIO CTaBUTh HUKAKUX HATYPHBIX SKCIEPUMEHTOB, HE
MOTPeOOBAIOCH BBIXOAUTH BO JBOP M OpocaThb KaMHHU.
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['oBOpS1 0 BaxXKHOCTU METOAa MaTeMaTU4YeCKOTo MOAEIUPOBaHUS B Hallleit
XKWU3HM, OTMETHUM, 4YTO B HACTOSIIEEe BpeMSI OH SBISIETCA OMNHUM U3
caMbIX O(P¢EeKTUBHBIX METONOB MOJYy4YeHUSI HayYHbIX 3HaHMK. MeTo-
JIOM MaTeMaTU4eCKOr0 MOIEIMPOBAHMS PACCUMTHIBAIOTCS, IIPOEKTUPYIOTCS,
ONTUMU3HUPYIOTCS HOBBIE HHXXEHEPHbIC U CTPOUTEIbHBIE KOHCTPYKIIMH,
JieJlaeTcs MPOTHO3 TOrojbl, NPeacKa3blBalOTCS CTUXUIHBIE OenCTBUS,
BBITIOJIHSIOTCSI 9KOHOMMYECKME TIPOTHO3bI, HA OCHOBE KOTOPBIX CTPOUTCS
9KOHOMMUYECKAs] MOJUTUKA OTAEJbHBIX (DPUPM M LEIbIX TOCYIapCTB.

HoBble Hay4yHble 3HaHHUS, MOOJYyYEHHBIE METOIOM MAaTeMaTU4eCKOro
MOAESIUPOBAaHUSI, HE pa3 OKa3blBaJMd pellaliee BIUsSHUE Ha (HOpMU-
poBaHMe Hamei nuBwian3aluu. Heckolabko Takux IIpMMEpPOB MHPUBEICHBI
B KHure [68]:

1. OntuMusalys opMbl Kpbla caMmoyieTa METOAOM MaTeMaTHYeCKOro
MmopenupoBaHusi, BbiTogHeHHass H. E. 2KykoBckuMm, C. A. YaluibIrMHBIM
U UX yYEeHUKaMM, TOJIOXKMIAa HAayajo YCHEUIHOrO Pa3BUTUSI aBUALIMU.

2. M3obpereHne apTWLIEPUUCKUX CHAPSAOB KYMYJISITUBHOIO OeWCTBUS
U TIPOTMBOTAHKOBOI TIpaHaThbl, CIPOEKTUPOBAHHBIX METOAOM MaTeMaTHu-
YeCKOro MoAeaupoBaHMs akageMukoM M. A. JIaBpeHTbEBBIM C Y4YE€HMKa-
Mmu [32], crocoGcTBOBaloO IiepesioMy B xoae BTopoii MUpPOBOII BOMHBI.

3. Ycriexu B pa3BUTMM METOJOB pelIeHUsI KpaeBbIX 3aJady U Mare-
MaTUYECKOe MOJEJIMPOBaHUE HaMpsKeHHO-Ae(OPMUPOBAHHOTO COCTOSIHUS
pakeTHBIX aBuratencit [77] cImocoOCTBOBAIM TOCTUKEHUIO OITepEKaIOIINX
TEMIIOB OCBOEHHUSI KocMuueckoro IipoctpaHcTBa CoBerckuMm Coro3om
B 1960-x u Havame 1970-x rr.

4. bnaromapss MeTogy MaTeMaTUYECKOTO MOICIMPOBAHUS OBLIIO OTKPHITO
SIBIICHUE sA0epHOll 3UuMbl — TJI00AIbHOE TIOHMXXEHUE TeMIlepaTypbl MOBEpX-
HOCTU TIJIaHEThI, BbI3BAHHOE MACCOBBIMU SIAEPHBIMU B3pbiBaMHU. HUKTO
Y HUKOTAa 3TO sIBJIeHWE B AEWCTBUTEIbHOCTM He Habswonan. OHO ObLIO
oTKphITO [1, 99] Ha sKpaHEe KOMIILIOTEpa B PE3yJbTaTe BHIYMCIAMTEIbHBIX
9KCHEPUMEHTOB HaJl MaTeMaTUYeCKUMU KOMIBIOTEPHBIMU MonaensimMu. Y aTo
OTKPBITHE PagUKaIbHBIM 00pa3oM IIOBIMSIIO HA TOCYIapCTBEHHYIO HOJIUTUKY
BeIuKux aepxkaB. CTajio ICHO, UTO ITOOeaUTE/ e B SIICPHOM BOMHE He OyOeT.
beccMmrbiciieHHas TOHKa BOOpPYXXKEHMI ObLIa MpeKpaiieHa. [1obanbHbIii MUpP
Ha TIJ1aHeTe ObLI COXpaHEH.

o TosiBlieHUsI HEWPOHHBIX CeTell M HEWPOKOMIbIOTEPOB MaTeMaTu-
YyecKMe MOAEAM TPagulMOHHO CTPOMJIMCh Ha OCHOBE (DyHAaMEHTaJIbHBIX
3aKOHOB IIPUPOAbI, TaKWX KaK 3aKOHBbI COXPaHEHUS MAacChl, 3HEPIHU,
KOJIMYECTBA ABMDKEHUS M Ap. DTU 3aKOHBI 3allMCHIBAIMCh B BUIE ajl-
reopanueckux Jubo nuddepeHIalbHbIX M WHTETpaJibHbIX YpaBHEHUIA,
K KOTOPBIM J00aBJSUIMCh YpaBHEHUS, OTpaxKkalolle 3aKOHOMEPHOCTU KOH-
KPETHBIX MpeAMETHBIX objacteit. st moaydeHus: pe3yabrara MpUuxoauioch
pa3pabaThiBaTh M NPUMEHSTH aJTOPUTMBI COBMECTHOIO pEIIEHUS BCeX
9TUX YpPaBHEHUI, COCTABJISIOLIMX MaTeMaTUYECKYIO0 MOIEIb MCCIEAyeMOii
NpeIMEeTHON O0JIacTH.
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HeitponH(popMaIMOHHBIE TEXHOJOTMU OTKPBUIM WHOI TTOAXOI K CaMoit
METOAMKE MOCTPOCHMSI KOMITbIOTEPHBIX MaTeMaTU4yecKux moaeieit. Tereps,
HE 3aIyMbIBasiCh Hal 3aKOHaMu (UMUMKW, XMMUU, OUOJIOTMU, MEIULIMHBI,
0011IECTBEHHOIO Pa3BUTHS U T. [I., KCXO/sI U3 OAHOIO TOJBKO SMIIUPUYECKOTO
OIbITA, MPEIACTABICHHOrO0 OOYYaIOIIUMU MpUMEPaAMU, MOXKHO CTPOUTh
KOMITBIOTEpHBIE MaTeMaTH4YeCKUe MOICIN, KOTOpbIe CaMW M3BJIEKAIOT 3T
3aKOHBI W TIO3BOJISTIOT WX 3(GEKTUBHO WCITOIb30BaTh [JI PEIIeHUs
IIMPOKOTO Kpyra NpaKTUYeCKMX 3amad. [losBHJICSI HOBBIM WHCTPYMEHT
MU3BJCYCHUS 3HAHUI M3 JAHHBIX, ITO3BOJISIOLIMIT 3aHOBO OTKPHhIBaTh (pyHIa-
MEHTaJIbHbIE 3aKOHBI IIPUPOJIbI, BHISIBJISATh paHEe HEM3BECTHbIE 3aBUCHMOCTU
M HUCIOJIb30BaTh MUX IS PELIEHUs] KOHKDPETHBIX IPaKTUYECKMX 3amad.
HeiipoHHBIE CeTH CTalM OOHUM K3 Haubojee 3¢ GEeKTUBHBIX MHCTPYMEHTOB
WHTEJUIEKTYaJIbHOTO aHaIu3a JAaHHBIX.

OcobeHHO B(ddEeKTUBEH 3TOT HOBbIM MHCTPYMEHT oOKazajics Mpu
MOCTPOCHUM MaTeMaTHYEeCKUX MOJAeNIell W WHTe/UIEKTyaJlbHOro aHaIn3a
JAHHBIX IUIOXO (OpMaanM3yeMbIX IIPEAMETHBIX oOOJjlacTeil, TakKuX, Kak,
HampuMep, MeIuiMHa.

5.2. OWATHOCTUKA 3ABOJIEBAHUA YEINIOBEKA

[TepBble MONBITKY CO3MaHUS HEPOCETEBBIX MEIUIIMHCKUX JMAarHOCTUYECKMX
cucteM otHocaTcsd K 40—50-mrr. XX B., T.€. cpa3dy IIOCje IIOSIBICHUS
ocHoBoroJjaralonux pabor Y. Mak-Kanoka, Y. Ilurrca, ®@. Po3zen6Gnarra,
3aJIOXKUBIIMX TEOPETUUECKUI (DYHIAMEHT HEMPOCETEBBIX U HEMPOKOMIIbIO-
TepHBIX TexHoJioTui. OgHAKO IPaKTUYECKOe IPUMEHEHME TaKue CHUCTEMBbI
Havajayd HaxoguThb Toubko B 1980—90-x rr. B HacToslee BpeMsl B cpeacTBax
vuHGoOpMalMM M Hay4YHOM JUTEpaType MMEETCSI MHOXKECTBO COOOIICHUIA
00 yImayHOM ONBITEe NPUMEHEHMUsS HEHPOHHBIX CeTed IJIsI ITOCTAaHOBKU
IMarHO30B 3a00JIeBaHMI B pa3IMYHBIX O0JIaCcTSIX MeIMIMHBI. PaccMoTpum,
KaK CTpOSITCSI M OOYy4aroTCsl TakKuhe CETH.

IlpoBenem HaOmomeHWE 3a TeM, KaK Bpad CTaBUT IMAardHo3 OOJIe3HU
nanueHTa. Ilpexme Bcero OH BBISICHSIET M 3alMChIBacT MMS, BO3pacT,
OoJI, MECTO padoThI, 3aTeM, KaK IpaBWIO, M3MepseT AaBJICHUE, ITPOBOIUT
BHEIIHUI OCMOTP, BBICIYIIMBAET XajloObl OOJIBHOr0, 3HAKOMUTCS C MCTO-
pueii ero OoJyie3HU, pe3yJbTaTaMU aHaJIW30B, JAaHHBIMU PEHTreHorpaduu,
u3ydyaeT 3JeKTpoKapauorpammy. B pesynbrare y Bpaya HakaruBaeTcs oT 20
mo 100 u Oonee mapamMeTpoB, XapaKTePU3YIOIIMX MallMeHTa M COCTOSIHUE
€ro 3I0pOBbSI. DTO M €CTh MCXOIHBIC IMapaMeTpbl, 00paboTaB KOTOpHIC
C IIOMOIIBIO CBOMX MEAUIIMHCKMX 3HAHWI 1 ONbITa, Bpay AejiacT 3aKJII0UeHUE
o 3a0oJieBaHUM TallMEHTa — CTaBUT JMarHo3 3abojieBaHUS.

3amaBlIUCh 1IEJIbI0 MOCTPOUTh HEMPOCETeBYI0 MaTeMaTUUECKYID MOJeJb
Bpaya, MbI IIPEXIE BCErO MOJKHBI OIPEIEIUTHCSI C BXOOAHBIM BeKTOpoM X
M BBIXOOHBIM BeKTOpoM D), 3amaB MX pa3sMEpHOCTU, U YCIOBUTBCSI O CO-
IepXXMMOM KaxXKIoro KommnoHeHTa. B Bektope X JOrMYHO IIPeayCMOTPETh
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napaMeTphl, KOTOpbIe Bpad BBISICHSAET y OosbHOro. Hampumep, B KayecTBe
KOMIIOHEHTHI X| MOXHO 3a1aTh JaTy POXICHUS, B KQUECTBE Xy — 3aKOAUPO-
BaTh MOJ (HAIIpuMep, C MOMOIIbIO HYJIS M €IMHUIIBI), B Ka4eCTBE X3 — BEC
0OJIBHOTO, X4 — apTepUajbHOE HABJICHUE, X5 — TeMIIepaTypy Teda U T. 1.
Henumbue ydyecTh Takke LBET TIJ1a3, ILBET BOJOC M Jpyrde ATaHHEIC,
OIpenesiiolue OCOOEHHOCTU OpraHu3Ma U, CJIeIoBaTebHO, BJIMSIOIIUE
Ha BEpPOSTHOCTb BO3HMKHOBEHWUSI TE€X WJIM WHBIX 3a00JIeBaHUIA.

B BeixomHOM BekTOope [I) cienyer 3aKogupoBaTh BCE€ BO3MOXHEIC
JIMarHo3bl 3a00JIeBaHMIi, KOTOphIe CHOCOOEH OOHAPYXUTh Bpad.

PasmepHocTh BekTOpa ) MOXHO CYILIECTBEHHO CHU3UTH, €CIM MOICIIM-
poBaTh Bpaya, CIELUAIN3UPYIOIIETOCS B y3KOM 007acTH MEAULIMHBI. Tax,
€CJIM Mbl BbIOpain Bpaya-KapauoJiora, To B BekTope D cienyeT KonupoBaTh
TOJIBKO 3a00JieBaHUsI CepAeYHO-COCYAUCTON cucTtembl. Hampumep, MoXHO
npuHATL di = 1, eciim y 6onbHOro nHMapkr, u d; = 0, ecan nHPapKTa HeT.
AHaJIOTMYHO ¢ MOMOIIbIO d> MOXHO 3aKOAMPOBATh HAJTUUUE U OTCYTCTBUE
nmemuueckoir 6onesnu cepnua (MBC),..., dys — creHoKapauu.

Takum o0pa3om, BBIXOOHOI BEKTOp IiepcenTpoHa I OymeT cOCTOSIThb
U3 MHOXECTBA HyJIed U OOHOW WIM HECKOJIbKUX e€IMHUIL (eciu Oone3Hei
HECKOJIbKO). OOHaKo, KakK IoKa3biBaeT OIbIT [69, 108], MemumuHCcKue
JIMAarHo3bl JIydllle KOAMPOBaTh IO ISITU-, JECATU- WM CTOOAJUILHOM
mkane. Torma Ha 3Tamne MOATNOTOBKM OO0YyYalolllero MHOXECTBa MPUMEPOB
C IOMOIIBIO 0aJJIOB MOXHO OyIeT yUYMTHIBAThb CTEIEeHb YBEPEHHOCTH Bpada
B MNpPaBWIbHOCTU €ro AuarHo3a (MM CTeleHb pPa3BUTOCTU 3a00JIeBaHMUSA).
Hanpumep, ecnm BeIXOIHBIC TTapaMeTphl MMeIloT 3HadeHus: d; = 0, d, = 100
u dy = 75, To 3TO O3HAYaeT, 4YTO, II0 MHEHHMIO Bpaya, y IaldeHTa
HeT MH(dapKTa MUOKapaa, ecTb ulllemMuyeckass O0oJjie3Hb ceplla, U ecTb
CTEHOKapIWsI, OMHAKO B TOCJICIHEM JMarHo3e oH yBepeH He Ha Bce 100%,
a ToNbKO Ha 75% (wnuv, cTereHb Pa3sBUTOCTU OlieHUBaeTcs B 75%).

Hanee ciienyeT MOATOTOBUTh MHOXKECTBO OOydYarolmux IIpuMepoB. MBI
BO3IEPXKMMCSI OT COBETOB IIO OpraHM3alliyd COBMECTHOrO Tpyda Bpada
U MOPOrpaMMMUCTa, B pe3yjabTaTe KOTOPOro OydeT CO3MaHO HeoOXOIMMOe
KOJIMYECTBO oOy4Jaroux npuMepoB. OTMETHUM TOJbKO, YTO KaUYeCTBO HEHPO-
CETEBOI TMAarHOCTUYECKOM CHUCTEMBI HapsSIMYIO 3aBUCHUT OT KBaJIM(pUKALIUIU
MPaKTUKYIOILIEro Bpaya, Ha IMpuUMepax paboTbl KOTOPOro OHa OOyyajachk.
Heno B ToMm, 4TO HeHpOHHasl CeTb HacjeayeT OT Bpauya He TOJbKO €ero
3HAHMWS, HO W MpoOeabl B €ro MeTUIIMHCKOM oOpa3oBaHuu. I1oHATHO, 4TO
OHa OyIeT JOITyCKaTh T€ Xe BpauyeOHBbIe OIIMOKM, KOTOPbIE IOIIyCKAeT Bpay.
IToaTtomy nj1si oOecriedeHusT BHICOKOTO KayeCcTBa MUArHOCTUKU HEHPOHHYIO
ceTh cielyeT oOyyaTh Ha MpuUMepax padboThl BHICOKOKBAIU(MUIIMPOBAHHOTO
Bpaya WM JaXxe Ha pe3yjbTarax paboThl BpaueOHOro KOHCUJIMYMa. A eciu
K paboTe Mo OOy4YeHWIO HEMPOHHOU CceTu MNpUBJIeYb €llle W MaTOoJOro-
aHaToOMa, MCK/IIOYAIOIIEero OIIMOKM BpauyeOHOM OUAarHOCTUKU, TO OymyT
BCE€ OCHOBAHWUSI HAAEsSIThCs, YTO OOydyeHHasi TaKMM CIIOCOOOM HEKWpOHHasi
CeTh IO KA4Y€CTBY BBICTABISEMbIX OMArHO30B MNPEB30MIET Bpayeh-JIIOICH.
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¥; (CreHokapnus)

Puc. 5.1. IlpuHuunuanpHas cxeMa HEWPOCETEeBOl CHUCTEMbI MEIMIIMHCKOM
NIUAarHOCTUKU

B 3TOoM cinydae HeilpoHHAasI CeTh MOXET OOHAPYKUTh U 3aJI0KUTh B MOEIb
TaKve 3aKOHOMEPHOCTH YeJIOBEUECKOTO OpraHu3Ma, KOTOPhle COBPEMEHHO
MEIULIMHE BOOOIE HEU3BECTHBHI.

OTMeTUM TakKKe, YTO MPU CO3JaHUU MHOXKECTBA OOy4YalolIuX IMPUMEPOB
MOXET MCIOJIb30BaTbCs METOI aHKETUPOBAHMS: Bpay, BBICIYIIMBAS KaJIOObI
HalyeHTa, NpedBapUTENIbHO 3alloJIHIST AaHKeTy, a IIPOrpaMMUCTHI Ha
OCHOBaHMM aHKETHBIX JAHHBIX (POPMUPYIOT 0Oy4arone BeKTopel X, u Dy,.

[TapameTpbl BXOAHOro BeKTOpa X, MOIYT IIOCTYNAaTh C KakKoro-aubo
MEIUILIMHCKOIO M3MEPUTENILHOIO Ipubopa: MaMMmorpada, 3JeKTpoKapImo-
rpada, uMnegaHcoMeTpa U Ap. MoXeT TakXke HPUMEHSITHCS CMEIIaHHBIX
cnoco® cOopa MCXOOHBIX JaHHBIX: YacTh IapaMeTpOB IMOCTYHAIOT ¢ MEOU-
LUHCKUX IIpUOOPOB, a 4acTh — C aHKET.

B pesynbraTe COBMECTHOIM pabOThl KOJIJIEKTHBA CIICUAINCTOB-MEINKOB
U MIPOrpaMMUCTOB OyIEeT HAKOIUIEHO MHOXECTBO OOYyYalolIUX HPHUMEPOB,
cocrogdlllee M3 MHOXecTBa mnap BektopoB X, u D, (¢ = 1,2, ..., Q).
Teneppb 3agadya COCTOUT B TOM, YTOOBI CIIPOSKTUPOBATh IIEPCENTPOH U IIyTEM
oOy4yeHHUs1 IiepedaThb €My 3HAaHUSI M OIIBIT, COIepXKalluecsl BO MHOXKECTBE
oOy4JaplIux OpUMEpoB. Bompochl mpoeKTUpOBaHUS IIEPCEIITPOHOB, T. €.
noadopa KOJIMYECTBA CKPBITHIX CJIOEB, KOJIWYECTBA COHEPXKAIIMXCS B HMX
HEWpPOHOB M TUIOB aKTWUBALIMOHHBIX (PYHKIUI, paccMaTpUBAIOTCS Hajiee
B IJI. 6, MOBTOMY ceiiyac MBI 3TUM 3aHUMAaThcd He OymeM (puc. 5.1).

B pe3yiabTaTe IEpCENTPOH MOJKEH HAy4YMThCS OTOOpaxkaTh JII000i
BEKTOp oOy4aroumiero MHoxectsa X, Ha BekTop Y,, coBHagaloluii
(in6bo mouTu coBHnagaromuil) ¢ BektopoM D, Kpome Toro, mnpu
MHOSIBJICHUM HOBOIO IIalIMEHTAa, XapaKTEepU3YIOIIErocss HOBBIM BXOIHBLIM
BeKTOpOM X o+, MEPCENTPOH NOJKEH BBIYMCIIUTD U1 HETO HOBBI BEKTOD
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Y o+1, colepxXaluii NpaBWIBHBIA TWAarHO3, TIOCTABJIEHHBINA IIEPCENTPOHOM
yxe 0e3 momoinu Bpada. pyrumm cjaoBaMu, NEPCEOTPOH OOKEH YMETh
0606uwameb TNEepelaHHBbIM €My ONBIT Ha HOBbIE, HE BCTPEYaBIIMECS paHee
MpUMEPHI IIPEAMETHOM 00JIaCTH, — CTAaBUTh AMArHO3bl 3a00JIEBaHMII HOBBIM,
HEe BCTpPEYaBIIMMCSI paHee IallMeHTaM.

[Tocne Toro, kak OymeT ycTaHOBJIEHa aleKBaTHOCTh HeHpOCeTeBOl Ma-
TeMaTUYEeCKOl MOJeIM W paccMaTpuMBaeMoOil MNpeaMeTHOil o0jacTu, T. e.
MOSIBUTCSI YBEPEHHOCTh, UTO IEPCENTPOH IPaBUJIBHO CTAaBUT AUATHO3bI Ma-
LeHTaM, B TOM 4YMCJI€ HOBBIM, KOTOPBHIX B OOydYarollleM MHOXECTBE HeE
OBLJIO, MOXHO HPOBOAUTH MCCIEAOBAHUS IPEeIMETHON 00JIaCTU IYyTEM BbI-
MOJIHEHUSI 3KCIIEPUMEHTOB Hal HeWpOoCeTeBOll MaTeMaTU4YeCKOM MOAEbIO.
Hanpumep, nmocTtaBUB ¢ TOMOIIbIO MEPCENTPOHA KaKOMY-JTUOO TMalUEeHTY
JIMAarHo3, MOXHO MOMpPoOOBaTh IMOBApbUPOBATh €ro BXOAHbIE IMapaMeTphl.
Tak, yBennuuB Bo3pacT nauueHTa Ha 5 uiau 10 JeT 1, BBeAsl ero B KauecTBe
BXOJHOTIO IapaMeTpa IepcelnTpoHa, MOXHO CIIPOTHO3UPOBaTh, KakK OYydyT
pa3BUBaThCS e€ro 3abojieBaHUS B OymyiieM. MOXHO IMOITBITAThCS YIYYIIUTh
IIPOTHO3HBIE MMATHO3bl IMallMEHTA MyTeM W3MEHEHUS HEKOTOPBIX BXOMIHBIX
napaMeTpoB, HallpuMep, CMOJIEIMPOBaTh U3MEHEHME oOpa3a XU3HU Iallu-
€HTa: OTKa3aThCsl OT 3JIOYMOTpeOysieHuil Kode, KypeHHEM, HapKOTUKAMM,
U3MEHUTD JUETYy, 3aHSITbCS CIIOPTOM, COPOCUTh BEC, TOHU3UTH C TOMOIIIbIO
JIeKapCTBEHHBIX IIpernapaTtoB apTepuajibHOe AaBlieHWe U T. 1. B pesynabrate
HaOJIIOAeHMS 32 COOTBETCTBYIOIIMMU M3MEHEHUSIMU-OTKIIMKAMU BBIXOIHOTO
BEKTOpPa, MOXKHO BBIITOJHUTD IIPOTHO3UPOBAHUE COCTOSIHUS 300POBbSI AL~
€HTa B 3aBHCHUMOCTU OT M3MEHSIEMbIX BXOMHBIX IapaMeTPOB U pa3paboTaTh
Ha OCHOBaHMM 3TUX IPOTHO30B IOJE3HbIE PEKOMEHAALWM: ONTUMAaJIbHbBIA
o0pa3 XKU3HU U OINTUMAJbHBINA KypcC JieueHUsl OOJbHOTO.

OJIMH U3 UHTEPECHBIX MPUMEPOB MOAOOHOTO PoAa UCCAEIOBAHUI BbIMOJ-
HEH IepMCKUMM ydeHbIMU [69, 108, 109]. HeiipoceTeBass MaremMaruyeckast
MOMEIb IIO3BOJIMIA HAa KOJMYSCTBEHHOM YpPOBHE MCCJIEIOBAaThb M3BECTHBIMN
B MeaMlHe (aKT BIAUSHUS YIOTPeOJeHUs ajJKOTOJIsI Ha CKJIOHHOCTD K 3a-
0oJIeBaHUSIM CEepPAEYHO-COCYAMCTON cucTeMbl. OKa3ajaoch, UTO 3TOT 3P PeKT
3aBUCUT OT TaKUX IMapaMeTpoB MalMeHTa, KaK pOCT, MHIACKC MacChl, BO3-
pacT, Mo, KypeHue, 3aHsSTUSI CIOPTOM U Jp., U B KaXJIO0M KOHKPETHOM
cllyyae OH MOXET TPOSIBISITbCSI HE TOJBKO C OTpULIATEIbHBIM, HO U C TI0-
JIOXKUTEJIbHBIM PEe3yJIbTaTOM.

To ke camoe BBISICHWIOCH C COOJIIOACHUEM TUIOX0JIECTEPUHOBOM IUETHI,
yIoTpedjaeHueM Kode, 3aHATUSIMU (PU3NYECKONW KyJIbTypoii, CHIKEHHEM
Beca, YMCTBEHHBIX U (DU3MUYEeCKUX HArpy3o0K 1 mp. OKa3ajaoch, YTO 3aKII04Ye-
HUE O MOoJib3e WIW Bpeae MOJOOHBIX peKOMEHAALIMI 3aBUCUT OT COYETaHUS
0OJIBILLIOr0 KOMILJIEKCA BXOAHBIX IapaMeTPOB CHUCTEMbI, XapaKTepU3YHIOLIUX
KOHKPETHOIO TMallMeHTa U €ro COCTOSIHME 3I10POBbSI.

Hanmo ormeruth, uyTo obHapyxeHHbie B [108, 109] ¢ momolibio Hekpo-
CETeBOI MMArHOCTUKO-IIPOTHOCTUYECKOM CUCTEMbl 3aKOHOMEPHOCTU HE CO-
IJ1aCyIOTCS CO CJIOXMBIIECHCS B COBPEMEHHOM MENUIIMHE MPAKTUKONM OaBaTh
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OJHU M Te XKE& PEKOMEHIAIMU BCeM 0Oe3 MCKIIOUEHUSI KapauOJIOTUYeCKUM
OOJIBHBIM: COOJIIOAATH T'MIIOXOJIECTEPUHOBYIO OUETY, OTKA3aTbCS OT «BpeI-
HBIX IPUBBIYEK», OrPaHUYUTH YNOTpeOseHrue Kode, CIUPTHBIX HAIUTKOB,
MHOXYyAETh, OIPAHUYUTL YMCTBEHHYIO U (PU3UIECKYIO HArpy3Ky U T. 4. Kom-
ObIOTePHBIE SKCIEPUMEHTHI IOKA3aIM, YTO JaHHAas MEIUIIMHCKAs MpaKTUKa
HyXaaeTcs B IepecMoTpe!). DTU pekoMeHAaluu AEHCTBUTEIbHO I0JIE3-
HBI, HO TOJBKO HE€ [JISI BCEX, a JJIsI OOJIbIIMHCTBA OOJIbHBIX. Pe3ynbraThl
HEpPOCETeBOro MOJEJIMPOBAaHMS MMOKAa3aiy, YTO yKa3aHHBIC peKOMEHIALN
IUISI HEKOTOPBIX OOJIBHBIX, KOJIMYECTBO KOTOPBIX COCTaBJIsIeT oT 3 mo 15%,
HE TOJBKO HE€ II0Je3HbI, HO M MOTYT IIPUYMHUTH Bpeld. BBIIBUTH TaKMx
JIIOAE TO3BOJISIIOT HEMPOCETeBble IMAarHOCTUKO-IIPOTHOCTUYEKUE CHUCTEe-
mbl [108, 109], crtocoOHBIe aHaAJIM3UPOBATh COTHU ITapaMeTpOB IallMEHTA.

Takum oOpa3oM, Mbl MOXeM KOHCTaTUPOBaTh (haKT, MMEIOIIMI BaxK-
HOE METOIOJIOTMYECKOe 3HaueHMe: HeillpoceTeBas cucreMa, oOydeHHas Ha
peajbHOM MEIUIIMHCKOM OIbITe (0e3 IpUBJICUYCHUS TPaIUIMOHHBLIX aKa-
JIeMUYCCKUX MEOULIMHCKUX 3HAHWI), CMOIJa BBISIBUTH 3aKOHOMEPHOCTH,
HEU3BECTHbIE MEIUIIMHCKON HaykKe. DTU HOBbIE 3aKOHOMEPHOCTH MOXKHO
YYUTHIBaTh B MEOULIMHCKOM MpakTUKE IJIs ONTUMM3AlUM 00pasa >KM3HU
U JIeYCHUST OOJIbHBIX.

O0patuThCs K pa3paboTKe IMePMCKUX YYEHBIX — MHTEICKTYaJIbHOM T1-
arHOCTUKO-TIPOTHOCTUYECKON CUCTEME, MPOBEPUTH COCTOSHUE 3I0POBbS
M BBINOJIHUTH IPOTHO3BI Pa3sBUTUSL OOHAPYXKEHHBIX 3a00jieBaHUI cepaed-
HO-COCYIMCTOM CHCTEMBI, a 3aTe€M II0CTapaThbCs YJIYYIIUTh 3TU IPOTHO3BI
3a CYeT M3MEHEHMS 00pas3a M yCIOBHUM XXKM3HU MOXKHO U3 pasaeina «IIpoek-
Thl», caiita IlepMmckoro otnenenue Hayunoro coBeta PAH mo meromosoruu
HMCKYCCTBEHHOTO MHTesIekTa www.PermAl.ru.

B 3akiiouyeHue enie pa3 yKaXeM IIPUYMHBI, HA OCHOBAaHUM KOTOPBIX
MOXHO OXWIaTh, YTO MCKYCCTBEHHBII HEMPOCETEBOM Bpay IIPEeB30MAECT
€CTEeCTBEHHOTO.

Bo-niepBbiX, KauecTBO pabOThl MCKYCCTBEHHOrO Bpada BCErga CTaOWIb-
HO M HE 3aBHUCUT OT €ro HACTPOCHMS U COCTOSHUS 300pOBbs. BO-BTOPHIX,
M 3TO TJIaBHOE, HEMpOHHasl CeTh CIOCOOHA M3BJIEKATb U IIPUMEHSITH 3Ha-
HUSI, KOTOpbIE COBPEMEHHOI HayKe HEM3BECTHbI. Bpau o06mamaeT TOJBKO
TEMM 3HAHUSIMHU, KOTOpPHLIC IIPEIIOJalOTCSI B MeJaKaJaeMHUSIX U MHMEIOTCS
B MEOULIMHCKOI Jmtepatype. HelipoHHast XKe ceThb M3BJIeKaeT 3HAHUS U3
peaJbHOro IPaKTMYECKOro Marepuajna, KOTOphIi Ooradye TeOpeTUYeCKOro.

IToaToMy ecTh OCHOBaHMS OXHMIAThb, UTO, Ojaromapsi IIPUMEHEHUIO Me-
TOIOB MHTEJUIEKTYyaJbHOIO aHalu3a AAaHHBIX, B OymyIllleM HECOBEPIIEHCTBO
COBPEMEHHOII MEIMIIMHLI OyIeT B 3HAYUTEIbHOI CTENECHU JTUKBUIAMPOBAHO.

D3r0T HayuHBI pe3ysIbTaT, MOTYyYeHHBI METOIOM HEHPOCETEBOTO MHTEJUIEKTYalb-
HOTrO aHaju3a JAaHHBIX, XOTsI BCTYIMaeT B HEKOTOPOE MPOTUBOPEYME C TPAAULIMOHHBIMU
MEIUIIMHCKUMU MPEACTaBISHUSIM, OIHAKO ObLI MPU3HAH HAyYHOU OOIIECTBEHHOCTHIO,
4TO MOATBEPKIAETCS MyOJIUKALIUSIMU B aBTOPUTETHBIX PELIEH3UPYEeMbIX HAYYHBIX Kyp-
Haylax MeauuuHcKoro mnpoduist [108, 109].
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Ecth ocHOBaHuMS oOXWAaTh, YTO IIPUMEHEHME HEHPOCETEBBIX TEXHOJIOTUIA
B MEIMIIMHE ITO3BOJIMT II0-MHOMY IIOJOWTHU K IPpOoOJIEeMe MOJy4eHUST HOBBIX
MEIULIMHCKUX 3HaHUMN.

EcTh ocHOBaHMS OXWaaTh, 4YTO B HemajlekoM OynyiieM 3ddeKTUBHBIM
MHCTPYMEHTOM MOJIy4eHUSI HOBBIX HAayYHBIX 3HAHUI B MEIMIIMHCKON HayKe
(1 He TOJBKO B HEM) CTAaHYT NMArHOCTUKO-IIPOTHOCTUYECKHNE CUCTEMBbI, I0O-
CTpOEHHBIE Ha MPUHIUIIAX paOdOThl HEMPOHHBIX CeTell 1 HEMPOKOMIILIOTEPOB.

KOHTpOﬂbeIe BOMPOCHLI U 3agaHuA

1. Korma BO3HUK METOA MaTeMaTUYEeCKOro MOJEIUPOBaHUS?

2. IlpuBenute mpuMepbl IPUMEHEHUSI METOJA MAaTEeMaTUYECKOTO MOJIE/IM-
pOBaHUSI.

3. YUeM oTiamyaercsd MeTOAUKA ITOCTPOSCHMSI MaTeMaTUYECKUX MOJIENeid Ha
OCHOBE HEWPOTEXHOJIOTHUI OT TpagulIMOHHOM?

4. Omnmiurte, Kak Obl BBl CTajdu (pOpMUPOBATh MPUMEPHI IJis OOy4YEeHUS

repcenTpoHa CTaBUTb IMArHo3bl 3a00JIEBaHUM.

CKOJIbKO Balll MEpCenTpOH OOXKEH MMETb BXOAOB W BbIXOHOB?

6. Kak OBITh, eciiid Bpad-3KCIEepT HE COBCEM YBEpeH B IIPaBUIBHOCTHU
BBICTaBJISIEMOI'O UM JMarHosa?

7. Ilouemy HeipoceTeBOKM Bpady MOXKET IIPEB30MTU OOBIYHOrO Bpaya IIO
Ka4eCTBY NOCTAaHOBKM AWArHO30B 3a00JieBaHU1?

8. OTKymna HellpoceTeBOM Bpay I10JIy4aeT MEAULIMHCKME 3HAHUS, U B KAKOM
BUJE OH XpaHUT UX B CBoeil mamsTu?

9. 3aiinuTe Ha caiit www.LbAi.ru u BbeIOJIHUTE JIaOOpaToOpHLIE pado-
TBI Ne 6, 7 — oOy4unTe IIepCenTPOH CTaBUTh OHATHO3BI 3a00JICBaHMIA:
«ITneBmonus1», «Octpoe pecnmparopHoe 3abosieBanue (OP3)», «3mo-
poB». B ciyyae 3aTpymHeHUiI WM 3aMHTEPECOBAaHHOCTH OOpaTUTECh
K yu4eOHO-MeTommueckKuM mocobusm [73, 88].

10. 3aiimute Ha caiiT www.PermAl.ru B pa3nen «IIpoeKTbl» U C ITOMOIIBIO
WHTEJJIEKTYaJbHOW TPOTrHOCTUKO-AMArHOCTUYECKON CUCTeMBbl MOIMPO-
OyiiTe MPOBEPUTH COCTOSIHUE CEPIEUHO-COCYIMCTOM CUCTEMBI Ballle, Ba-
1LIero OTLia, MaMbl, AeAYLIKHU, 6aOyIIIKH, 3HAKOMbIX. BBIMOJIHUTE MPOTrHO3
ero/ee COCTOSIHUSI 3MOPOBbs Ha Onmwkaiimue 2, 3, 4, 5 ner. BoisicHure,
Kak cjeayeT M3MEHUTh o0pa3 Balleil Xu3HM (COpoCcUTh WU HaOpaTh
BEC, 3aHATHCS CIOPTOM WMJIM JiedeOHOM (PU3KYJIBTYpOIi, OTKa3aThCs OT
KypeHUsI U aJIKOroJjs, CJIeIUTh 3a JaBICHUEM M T.d.), a TaKXKe >KU3HU
BalllMX POJICTBEHHUKOB M 3HAKOMBIX, YTOOBI YJIYYIIMTh 3TOT IIPOTHO3.

hd

5.3. OUATHOCTUKA TEXHUYECKUX YCTPOUCTB

He xacasicb pa3HOOOpa3HbIX NPUMEHEHMII HEMPOHHBIX CETe I ymnpaB-
JIEHUSI TIPOMBIILJICHHBIMM POOOTaMU M TEXHOJIOTMYECKUMM IIPOLECCaMMU,
PacCMOTPUM BaXXHYIO TEXHUYECKYIO MpoO0JeMy AUArHOCTUKM HEUCIIPaBHO-
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CTell CJIOXXHBIX TEXHUYECKUX YCTpoucTB. CuuTaeTcs, 4TO 3Ta Ipodiema
MpPOIIE PACCMOTPEHHOI BBIIIE ITPOOJIEMBl IMATHOCTUKU 3I0POBbS YEJIOBE-
Ka. JleiicTBUTENBHO, €CIM CTPOUTH AMATrHOCTHMYECKYID CUCTEMY METOIaMu
TPAgULIMOHHOIO MaTeMaTUYECKOIO MOJENIMPOBAHMS, OCHOBAHHOIO Ha 3a-
KOHaX IpUPOAbl — (PU3UKKU, XUMHUU, OUOJOTMU U Ip., TO 3TO YTBEPXKICHUE
cnpaBeiuBo. [lesio B TOM, 4YTO IJIs TEXHUYECKOIO YCTPOMCTBA, KaKUM Obl
CJIOXXHBIM OHO HM ObLIO, BCEraa U3BeCTHO (hyHKIMOHAIbLHOE Ha3HauYeHUeE
JIIOOOr0 CKOJIb YrOAHO MEJIKOIO y3Jla, YTO HeJib3sl CKa3aTb O 4YelOBeKe.
EcTecTBeHHO, UTO 3TO OOCTOSTEIBCTBO SIBJISIETCSI CEPhE3HBIM MPEISITCTBUEM,
YCJIOXHSIOIMM ITOCTPOSHME aleKBAaTHBIX MaTeMaTUYECKUX MOIEIEH 4elio-
BeKa TpPagMLIMOHHBLIMHU criocobamu. HelipoHHas Xe ceThb camMa H3BJIEKaeT
HeoOXoaUMble 3HaHUS U3 00yJyallIUX MPUMEPOB, caMa yCTaHABIMBAET HEU3-
BECTHBIC 3aKOHBI U pacKpbIBaeT (DYHKIIMOHAIbHbBIE CBSI3U MEXIY 3JIeMEeHTaMu
ucciaenyemoro oobekra. I[loaTomy B cilyyae HeillpoceTeBOro MojeJIMpoBa-
HUSI HET NMPUHUMIINAIBHOI pasHULILI MEXAY AUAarHOCTUKOI 3aboJieBaHUIA
YeJoBeKa M JUMArHOCTMKOM HEWCIPAaBHOCTEM TEXHUYECKOTO YCTPOMCTBA.

HeitipocereBoii momxon K pelIeHUIO 3amad MEIUIIMHCKOW IHAarHOCTH-
KM, PacCMOTPEHHBI paHee, MOXHO IIOUTH 0e3 M3MEHEHUIl NPUMEHUTH
K pEeLIeHUIO0 TMpoOJieMbl NUArHOCTUKW HEUCHPABHOCTEH CJIOXHBIX TeXHU-
YyecKuX YyCTpoucTB. IIpomeMOHCTpupyeM 3TO Ha MOpUMEpe AUArHOCTUKU
HEUCIIPaBHOCTEl aBUALIMOHHBIX IBUTraTesei.

CneumanucThl, 3aHMMAIONIMECS 3TOM MpoOJeMOil, yCTaHABIUBAIOT OaT-
YMKH, U3MEPSIOIIME ITapaMeTphbl paOOThl aBUAABUTaTeJIeld BO BpeMsl IOJIETOB.
®Daiin JaHHBIX MOJETHOIO MOHUTOPUHIA OOBIYHO COIOCPXKMUT TaKue Mapa-
METphbl, KaK HOMep moJjieTa, Jara IiojieTa, oOiass HapaO®oTKa OBUTraTes,
TeMmrepaTrypa M JaBjJeHUE BO3lyXa Ha BXOJe B JBUIaTelb, TeMIlepaTypa
U JaBJieHUEe rasa 3a TypOMHOI, TeMreparypa JIonaTOK, YPOBEHb U TeMIIe-
patypy maciia B Macjo0joke W T. . YKCIo MOJeTHhIX NMapaMeTpoOB MOXET
JOCTUTaTh COTHU U OoJiee, YTO, KCTaTH, COU3MEPUMO C YMCJIOM IIapaMeTpOB
0OOJIBHOTO IIPY ITOCTAHOBKE MEIMIIMHCKOIO IMarHo3a ero 3abojeBaHUSI.

ITocne BBINIOMHEHUST OIPEASICHHOIO KOJIMYECTBA I10JIETOB (OOBIYHO MO-
psiaKa ThICSIYM) ABUraTe/b CHUMAIOT C camMoJjieTa U TOABEepPraroT CTEHIOBOM
pazbopke (puc. 5.2), BO BpeMsi KOTOPOIl BBISBISIIOT M YCTPaHSIOT €ro mie-
¢ekThl. XapakKTepHbIMU AeeKTaMMu aBUaiBUTaTENIC SIBISIIOTCS: TpelldHa Ha
COIJIOBOM arperate, 3a0OMHbBI, pa3pyllieHue aedJieKTopa, pa3pylleHre Moi-
IIMITHUKOB, HAIMYME CTPYXKM B Mmacie (Bcero okoyio 30 BuIoOB Oe(EKTOB).

3amaua MHXXEHepa-aIuarHocTa COCTOUT B TOM, YTOOBI, MCIIOJIb3Ysl TaHHbIE
MOHUTOPMHIA, BBISIBUTH OE(MEKThl ABUTATEIS IO €ro MnpoduiakKTUIeCcKOu
pa3zbopku. TpaaulIMOHHO 3Ta 3aJaya pellaeTcs C MOMOIIbI0 METOAUK, OC-
HOBaHHBIX Ha (PU3UYECKUX 3aKOHOMEPHOCTSIX: KaXKAblii Ae(eKT BbI3bIBAET
omnpeaeieHHbIe OTKJIOHEHUSI TeX WJIM MHBIX TOJIETHBIX MapamMeTpoB padoOThl
IBUTATENIsI, IO3TOMY, aHAJIM3UPYS XapaKTep MX M3MEHEHMsI, MOXHO CIesIaTh
MNPEANOIOXEHUSI O MOSBICHUU Ie(DEKTOB, BBI3HIBAIOIIMX 3TU HM3MEHEHMS.
IToHsiTHO, YTO BBUIY 3HAYUTEIBHBIX OOBEMOB MH(MOPMALIMM U CIOXKHO-
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Puc. 5.2. Ilocne BBITOJHEHUS OIIPEASIIEHHOIO KOJIMYECTBa ITOJIETOB IBUTATEIIb
CHMMAETCSl C caMoJieTa M IIoJABepraeTcsl CTeHIOBOIN pa3bopke

CTH CYIIECTBYIOIIMX B3aMMOCBS3eil MexXny JedeKTaMu U U3MEpEeHHBIMU
napaMeTpaMM, 3ajada aHaju3a JaHHBIX IT0JSTHOIO MOHMWTOPUHIA U BBI-
SBJICHUSI Ne(EeKTOB aBMaIBUTATENICil SIBISIETCS HAJIeKO HE TPUBUAJILHOM M,
ObIBacT, pellaeTcs HeHaeXKHO M HeKauyeCTBEeHHO. B pesynbTaTe 3TO MpHU-
BOJIMT JIUOO K HEOIpaBAAHHO paHHEN OTIpaBKe ABUTATENSI B PEMOHT, 100
K TparmnyeckuM I1OCJICACTBUSIM.

PaccMoTpuM, Kak MOXKHO pellaTh 3Ty 3a1a4y ¢ IIOMOILbIO HEMPOCETeBOIO
MopenupoBaHusi. IIpexae Bcero oTMeTMM, YTO BO BXOAHOM BEKTOpE IEp-
cenTpoHa XcienyeT npeaycMoTpeTh MecTa JIsl BceX MapaMeTpoB MOJETHOIO
MOHUTOPUHTA, Ha 3HAYeHUs KOTOPBIX OKAa3bIBAIOT BJIMSHME BBISBIISIEMbIC
nedekTsl. Bo3aMoxxHBIe 1eeKThl aBUagBUATATEISI MOXKHO 3aKOOUPOBATH B BhI-
XOIHOM BekTope D) ¢ mOMOIIbI0 BCce TeX Xe Hyleld M eauHull. BeKTopbl
KeJIaeMbIX BBIXOLOB D), COCTaBIAIOTCA IO pe3ylbTaTaM CTEHIOBBIX Da3-
Oopok aBurareneili. B ornmuyne oT MEIMIIMHCKOW OMArHOCTUKM, 3[I€Ch HET
HEeOoOXOOMMOCTA BBOIUTh MHOrOOAJUIbHYIO IIKajdy AUArHo30B, ITOCKOJIBKY
BCe MMArHO3bl B OOydYarlleM MHOXecTBe mpuMepoB mMmeioT 100%-10 mo-
CTOBEPHOCTb, T. €. CUTyallMsl aHaJIOTUYHA CJIydyalo, KOraa AvMarHo3 0oJjie3HU
CTaBUT MATOJOrOaHATOM IIPM BCKPBITMU Teja MalUeHTa B Mopre.

Kpome Toro, pazyMHO IMpeanoaoXuThb, YTO MPU NEPBBIX BBIJIETaX HOBOTO
WIN OTPEMOHTHUPOBAHHOIO CaMoOJIeTa €ro IBUTraTelib ITOJHOCThIO MCIIpaBeH
U 1eeKTOB HEeT, TOrjJa KakK IIpY MOCJIEIHUX BhIJIETaX ABUTATENlIb YK€ MME
Te caMble AedEeKThbI, KOTOphIE BBISBMJIMCHL NHpU ero paszodopke. IToatomy
M3 BCEro MHOXKECTBa IapaMETPOB IIOJIETHOIO MOHMTOPWHIA LEHHOCTbH JJIst
00y4eHUsT HEMPOHHOI CETU MMEIOT MapaMeTphbl MEPBOTO M MOCICIHETrO I10-
JIeTOB camMoseTa. TaknuM oOpa3om, IJIs KaXKIOro IBUTATENsI, ITOOBIBaBIIECTO
Ha pa30opke, ¢opMupyeTcs Iapa oOydaromux BeKTopoB X, u D,.
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(O6pHIB
nedaekTopa)

(TpewrHa
COTLIOBOTO
. arperara)

(Ctpyxka
B MacJe)

Puc. 5.3. l_[pI/IHHI/IHI/IaJTI)HaH cXeMa HeﬁpOCCTCBOﬁ CUCTEMbI TMAarHOCTUKM aBHa-
ITMOHHOTIO OBUTaTC/IA

Ecnu KoinyecTBO obOydyaloliMx NpUMEpoB OyIeT JOCTaTOUYHBIM, TO Mpa-
BUJIBHO CIIPOEKTUPOBAHHBIN MHOTOCJIOMHBIN MepCcenTpoH (puc. 5.3) o0yuuT-
Csl HaJIEX)KHO CTaBUTbh JMArHO3bl HEUCITPABHOCTEN aBUALIMOHHBIX JBUTATENEH,
B TOM 4YMCIIE U TeX, KOTOpPbIe B OOydJalolleM MHOXECTBE HE Y4acTBOBAJIU.
A eclin TakKuM IIepCcenTPOHOM O0OpPYyIOBaTh OOPTOBOII KOMIIBIOTEP CaMOJIe-
Ta, TO OH OymeT cooOlaTh O IOSBAeHUU AcceKTa IBUTraTessl B peaJbHOM
BpPEMEHHM, T.€. KaK TOJIbKO CJIOXHUTCSI COOTBETCTBYIOLIAsT KOH(MUTypalus
BEKTOpa BXOJHBIX IMapaMeTPOB — Pe3yJIbTaTOB U3MEPEHUI, CHUMaeMbIX BO
BpeMs ToJieTa caMoJieta. EcTecTBeHHO, YTO mpexie, YeM MOoMacTh B KaOUHY
MUJIOTOB, CUTHAJIbLI MEPCEeNTpOHa JOXKHBI 00padaThIBaTLCS KOMITBIOTEPOM,
BbIPabaTHIBAIOIINM MHCTPYKLUMU 00 aleKBaTHBIX ACHCTBMSIX SKUITaXKa MpU
CO3JABIINXCS YCIOBUSIX.

YKaxeMm Ha elle OJHO IMPEHMMYIIECCTBO HEeHpoceTeBOro MeToda AUarHo-
CTUKM Tiepel TpaaAuLIMOHHBIMU IUATrHOCTUYECKUMMMU METOJaMM, OCHOBaH-
HBIMU Ha SIBHbIX 3HaHUsX. Jlydie Bcero aTo caeiaTh Ha MpuUMepe ciydas,
OJHAXIbl MPOUCIIEAIIETO MPU BHIMOJHEHUU MPOEKTa CO3JaHMSI CUCTEMBbI
JUArHOCTUKU aBUALIMOHHBIX aurarteieit [30].

IIpexne Bcero 3aMmeTHM, YTO CIIELIUANTMCTHI, 3AaHUMAIOLIMECS TPAIULIMOH -
HBIMU METOJAaMU JUATHOCTUKU TEXHUUYECKUX YCTPOMCTB, OOBIYHO IBITAIOTCS
Y4eCTh KaK MOXHO OOJIbIlle B3aMMOCBS3C MEXAYy 3HAYCHUSIMU U3MEpsi-
eMbIX TIOJIETHBIX MMapaMeTpOB U MOSIBJEHHWEM TeX WM MHBIX JIe(eKTOB
auratesisi. B CIIOXHBIX TEXHUUYECKUX YCTPOMCTBAX KOJIMYECTBO TaKUX B3a-
MMOCBSI3eli HACTOJIBKO BEJIMKO, YTO MOCTPOUTH TMOJHYIO MaTeMaTU4eCKylo
MOJIeNIb, a0COJIIOTHO aJIeKBATHYIO MOJEINPYEMOMY YCTPOMCTBY, TPAIAULIMOH-
HBIMU METOJaMM MAaTeMaTHMYECKOro MOACIUPOBAHUSI MPAKTUYECKU HEBO3-
MOXHO. KpoMe TOro, B CIOXHBIX TEXHUUYECKUX YCTPOMCTBAX CYIIECTBYIOT
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U TaKue B3aMMOCBSI3M, O KOTOPBIX CHELMAJIMCTBl He 3HaWT. Tak, B JABUra-
TEJIECTPOCHUM M3BECTeH NOedeKT, Ha3bplBaeMbIll «CTpyXKa B Macijie» — IIpU
paboTre TPYLIMXCS 4YacTeil MHOTAAa o0pa3yeTcs MejKas CTPYXKKa, KoTopast
rnagaeT B IMOAAOH ¢ MacioM. CrneluanucraM W3BECTHO, YTO BO3HMKHOBE-
HUe 3Toro gedekTa He BIMSET HM Ha OOWH U3 M3MEpPSIEMBbIX JAaTYMKaMU
rnapamMeTpoB pabOThl JABUIaTeNsl, BCIEACTBUE YEro He CYIIECTBYET Tpaau-
LIMOHHBIX METOAUK, CIHOCOOHBIX BBISIBIASATH 3TOT AedekT. CiaeaoBaTesbHO,
U HelpoceTh, Ha BXOJ KOTOPOU MOAAIOTCS MMEHHO 3TU MapameTpbl JIBU-
raTessi, IIPUHLIMUITMAIIBHO HE JOJKHA CTAaBUTh JAUATHO3 «CTPYKKA B Macje».
Ho, kxak 3adukcupoBano B pao6orte [30], HelipoHHas ceTb 3TOT IMArHo3
CTaBMJIa, U OKa3bIBajlach ITpaBal

CkJaaplBajoch BMeYyaTJIeHUWE, UTO HeWpOHHas ceTb MNpUHMMAET IMpa-
BUJIbHBIC PELICHUsI, WCIIOJb3Ysl MH(MOPMALIUIO, HEAOCTATOYHYIO, C TOYKU
3peHUs] TPaAULIMOHHON JIOTMKU. B XU3HU 3TO CBOWMCTBO MO3ra IIPUHSITO
Ha3bIBaThb «MHTYWUIIUCH» WIN «IIIECTBIM YyBCTBOM». B CBsI3M ¢ 3TUM B pabo-
Te [63] OBUIO BBICKA3aHO MHEHME, YTO HEHpPOHHAsA CETh, BBHIITOJIHEHHAS «IIO
obpa3y M MomoOMIo» MO3ra, yHacjedoBajlia OT HEro W 3TO 3aMedaresibHOe
CBOMCTBO 4enoBeka Ho mocie oOcyXaeHUid U OAUCKYCCHUI CO CIIELIMaIMCTa-
MU MapagoKc OOBbSICHUIIU TEM, YTO, MO-BUIUMOMY, HE OKa3bIBasi 3aMETHOIO
BJIMSIHUSI Ha KaXIbIi OTAENbHO B3SITHII TapaMeTp ABUraTessi, IOSIBICHUE
CTPYXKHW BCE-TaKW BJMSIET Ha OOIIYI0 KOH(MUTypalMio BXOAHOIO BEKTOpA,
YTO M BBI3BIBAET COOTBETCTBYIOILIYIO PEaKIMI0 HEHPOHHOI CEeTH.

BnocnenctBuu MBI He pa3 HaOIIOmAIM, KaK HEMPOCETU CTABUJIN IPABUIIb-
HbIe IVUAaTHO3bl U BBIIABAJIU MOATBEPAUBILIMECS 3aT€M IIPOTHO3bI, OOBSICHUTD
KOTOpPbIE B paMKaX TPaIULIMOHHOM JIOTMKY OBLIO 3aTPyIHUTEIBHO, 4 TEPMUHBI
«MHTYMLUST» U <«IIECTOE YYBCTBO HEMPOHHEBIX CETEli», BBEICHHBIC U IPOIC-
MOHCTPHpPOBaHHBIC B KHUTE [63], cTanm yrmoTpeOasTbcss MHOTUMU aBTOPaMHU.

KOHTpOﬂbeIe BOMpoOCbI U 3agaHusA

1. Onuiute, Kak Obl Bbl cTaJu (POPMUPOBAThH IIPUMEPHI JIJIsI OOy4YEHUS
nepcenTpoHa CTaBUTh AMArHo3bl HEWUCIIPABHOCTE aBTOMOOWJILHOTO
JBUTATEJISI.

2. CKOJBKO Ball IIEPCENTPOH IOKEH MMETh BXOJIOB M BBIXOIOB?

3. MoxeT am HelpoceTeBass TUAarHOCTHUYECKass CUCTEMAa IPEB30MTU Tpa-
JULIMOHHYIO TUAarHOCTUYECKYI0 CUCTeMY, OCHOBaHHYIO Ha SIBHbIX 3Ha-
HUSIX (DKCIIEPTHYIO CUCTEMY) IO KauyecCTBY ITOCTAaHOBKM JIUArHo30B?
OOBbSICHUTE MOYEMY.

4. Otkygma HelipoceTeBasi JUaTHOCTUYECKAsI CUCTeMa MOJydaeT TeXHUYe-
CKME 3HAaHMS M B KaKOM BMJE OHA MX XPaHUT B MHaMSITU?

5. Uro moHMMaeTcs Moa TepMUHOM <«MIHTYyULIMSI HEMPOHHBIX ceTeii»?
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5.4. AUWATHOCTUKA SKOHOMMUYECKOIO COCTOAHUA
NPEANPUATUN

CeromHsi B MHUPE CYIIECTBYET MHOXKECTBO Pa3JIMYHBIX METOAUK IPOrHO3UPO-
BaHUSI 0AHKPOTCTB MPEeAIpUsaATUil. B TO ke Bpemsi, M0 MHEHMIO CIIELIMAJINCTOB,
€IMHOTO OOILIENPUHSITOIO METONA NMAarHOCTUKM SKOHOMMYECKOTO COCTOSIHUS
MIpeAIpusITUii B HAacTosIIee BpeMsl He cyllecTByeT. KpoMe Toro, Kak orMeya-
IOT MHOTHE POCCUICKHE aBTOPHI, MHOTOYMCIEHHBIC ITOIBITKA MPUMEHEHUS
MHOCTPaHHBIX MOZEJeil IIPOrHO3UPOBAHUS OaHKPOTCTB B OTEYECTBEHHBIX
YCJIOBUSIX HE MO3BOJWIM ITOJYYMTh AOCTATOYHO TOYHBLIC PE3yJIbTaThl.

ABTOopamMu pa6oTthl [70] ObIa MpenIpuHSATA ITOILITKA CO3IaHUs HEelpo-
CETeBOM CHCTEMBI, OLIEHMBAIOIICH BEPOSTHOCTh OAHKPOTCTBA POCCHUNCKUX
0aHKOB, OCHOBAaHHOI Ha 3aKOHOMEPHOCTSX POCCHUICKON HEHCTBUTEIBHO-
CTH, OTpaxKeHHBIX B (pHaHCOBOI1 oTyeTHOCTU L[Bb P®. B xauecTBe BXOMHBIX
napaMeTpOB HEMpOCeTeBOM MaTeMaTUYeCKOil MOAESIM ObLIM BBIOpAaHBI: JO-
CTaTOYHOCTb COOCTBEHHBIX CPEICTB; KO3 (UIIMEHT MTHOBEHHOM JTUKBUIHO-
cTY; KO3Gh(UIUIMEHT TeKYyIel JUKBUAHOCTU; KO3GOUIMNEHT A0JTOCPOUYHOMI
JIMKBUIHOCTHU; PEHTA0EIbHOCTb aKTUBOB, IOpod, B KOTOPOM pAaCHOJIOXKEH
0aHK; ImpaBoBas popma; pa3Mep YyCTaBHOI'O KaluTaja; pa3Mep aKTUBOB; IO-
KazaTeJlb MCIIOJb30BaHUSI COOCTBEHHBIX CPEICTB IJis IIPUOOPETEHUST aKLIUii
JIPYIUX IOpUIMYECKMX JIML, W Op., Bcero 15 mapamerpoB. BreIxomHas mepe-
MEHHasl y NMpUHUMaeT 3HaueHue, paBHOE «eIMHUIIe», eclu y O0aHKa Oblia
OTO3BaHa JIMILEH3US, W 3HA4YCHUE <«HYJb», €CJIM OaHK IIPOJOJIKAeT CBOIO
JIesITeIbHOCTh. BBIIO cpopMHpoBaHO MHOXKECTBO, comep:kaiee 111 tpum-
MEpOB, M3 KOTOPBIX 52 mpumepa SBISIOTCS JaHHBIMH OOaHKPOTHBIIMXCS
0aHKOB, 59 mpMMEPOB OTHOCATCS K paboTaiomumM OaHkaM. Bce MHoOXe-
CTBO TIPUMEPOB Pa3dbMTO Ha oOyyalollee, MCMOJIb30BAaHHOE IS OOyYeHUS
CeTu, W TecTupylolllee, MpeaHa3HAaUYeHHOEe Jisl MPOBEPKU €€ IPOTHOCTU-
YeCKMX CBOMCTB. EcTecTBEHHO, UTO IIpUMEpPhl TECTUPYIOLIETO MHOXECTBA
npu oOyYeHMU CETU HE HCIOJIb30BaJIUCh.

OnrumanbHasl CTPYKTypa HEMPOHHOM CeTH MpeiacTaBisia COOOM mep-
CEeNTPOH, UMEIOIINI 15 BXOIHBIX HEMPOHOB, OOUH CKPBLITBHINA CIION C IISITHIO
HelpoHaMM 1 OOMH BBIXOTHOI HEeMpoOH. B KayecTBe aKTMBALIMOHHBIX (DYHK-
Ui HEHPOHOB CKPHITOIO CJIOSI M BBIXOJHOIO HEMpPOHA MCIOJIb30BaIMCh
CUTMOUIHBIE (DYHKIINU.

[Tocine oOyyeHHUsS] MPOTHOCTUYECKHE CBOMCTBA CETU IPOBEPSUIMCh Ha
TeCTUpPYIOIIUX HpuMepax. M3HavyajlbHO cpemHeKBaApaTU4yHas OIIMOKa Te-
CTUPOBaHMsI HEMPOHHOU ceTu coctaBwia 13,5%, mMosTOMYy M3 MHOXECTBa
OPUMEPOB BPYYHYIO ObLIM yHajleHbl OaHKW-0aHKPOTHI, IMIPUYMHOI OT3bIBa
JIMIIEH3UA KOTOPBIX ObLIa HEKOPPEKTHO COCTaBjJ€HHas (UHAHCOBas OT-
YeTHOCTh. JleJ0o B TOM, UTO 3TU IPUYMHBLI HE SIBJISIOTCS OOBEKTUBHBIMU,
a IMMOTOMY JIaHHbIE O TaKMX O0aHKaX BBLIITAAAIOT M3 OOIIMX CTATUCTUYECKUX 3a-
KoHOoMepHocTeit. ITocie ymaaeHust mogoOHBIX JaHHBIX CpeIHeKBaApaTUYHast
olKOKa TeCTUpOBaHUA cocTaBwia 6,3%.
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3areM B mpoliecce OOydyeHMsI U TECTUPOBaHMUSI HeMpoceTu ObLIM 00-
HapyXeHbl BBIOPOCHI, BBISIBIEHHBIE C ITOMOIILIO MeToauku (cM. § 6.5,
a takxe [57]). B uucio BEIOpOCOB, OOHAPYKEHHBIX C MOMOIIBIO 3TOH Me-
TOOMKM, IONaJiM AaHHBIE O ABYX OaHkKax: «CeMOaHK» U <«AHKOpP-0aHK».
JlaHHBIC O TIepBOM OaHKe OBLIM KBAJIM(MUIIMPOBAHBI HEMPOHHOM CEThIO KaK
BbIOpOC, MO-BUAMMOMY, B CBSI3W C TEM, UTO y HEro Oblja OTO3BaHa JIMLIEH3US,
XOTsl OaHK MMeJT XOpollre ToKa3aTeJu AJOCTaTOUHOCTU KamnuTajia u Koaddu-
LIMeHThl JUKBUIHOCTU. BTOpoii 6aHK, HA000pOT, HE TOABEPICS CAaHKLUSIM
b P® xots uMmes 1OBOJIbHO HU3KME ITOKA3aTeJIM JOCTATOYHOCTU KaIluTaja
U CaMblil MaJIeHbKMI pa3Mep YCTaBHOIO KamuTaja M3 BCeil BBIOOPKM.

Ilocne ynmanmeHuss oOHapyXXEHHBIX HEMPOCETbIO BBIOPOCOB U OOy4YEeHMS
CceTu cpedHeKBaapaTUyHas ollidKa TecTUpoBaHUs (00OOIIEHUSI) CHU3WJIACH
c 6,3% mo 2,6%.

HccnenoBaHue HeWpoCEeTEeBOW MaTeMaTHYeCKON MOIEIU BbIMOJHSIIOCH
IMyTeM NPOBEASHUS BUPTYaJbHBIX KOMIIBIOTEPHBIX 3KCIEepUMEHTOB. B xonme
9THUX IKCIIEPUMEHTOB BBIYMCJICHUSI C IOMOIIbIO HEMPOHHOM CETU BBHIMOJI-
HSUIUCh IIPYM M3MEHEHMM OIHOIO M3 BXOOHBIX IAapaMETPOB, a OCTaJbHbIC
rmapaMeTphl «3aMOPaXXUBAJIUCh», T. €. COXPAHSUIMCh HEM3MEHHBIMU. B mpo-
liecce McClieoBaHUsSI HEHpOCEeTeBO MOJEIM pellaJuch 3aAayd BBISIBJICHUS
3aKOHOMEPHOCTEl paccMaTpuMBaeMON MNpeaMeTHOI 00JacTu — 0aHKOBCKOI
cucteMbl Poccum. MBI ITONb30BajIUCh TeM, YTO OOy4YeHHasl HelpoceTeBast
MOAEIb pearupyeT Ha M3MEHEHHE BXOOHBIX ITapaMeTpPOB U BedeT cedsl Tak
Xe, Kak Bema ObI cebd cama mpemMeTHass 001acTh.

PaccmarpuBanuch XapakTepUCTUKM ABYX OaHKOB, IIE€PBbIA M3 KOTOPBIX
M3HAYaJbHO KiacCM(UIIMPOBAJICI KaK OaHKPOT, a BTOpOMl 0aHK — KakK He
0aHKpOT. baHKM CyIIeCTBEHHO OTJIMYAlOTCS MOKas3aTejeM KCIO0JIb30BaHUS
COOCTBEHHBIX CPEACTB IS TPUOOPETEHUS! aKILUi APYyrux HOPpUAMYECKUX
JIVLl, PEHTA0EeJbHOCTbIO aKTHBOB M pa3MEpOM ycTaBHoro kamwurtajna. Kak
BUIOHO U3 puc. 5.4, HAa KOTOPOM IIPUBEIACHBI PE3YyJIbTaThl BHIYMCINTEILHBIX
9KCIIEPMMEHTOB, HAa BEPOSATHOCTb MpPU3HAHUS OaHKa 0AHKPOTOM CYIIECTBEH-
HO BIUSIET KO3(M(OUIMEHT MOJTOCPOYHOM JMKBUAHOCTH, IIPUYEM KPUBBIC
nMmeloT U-o0pasHyo ¢opmy. IloBeilieHre KoadduiimeHTa A0JITOCPOUYHOMN
JIMKBUJHOCTU 1O OIpeIeSIeHHOTO YPOBHSI OKa3bIBaeT MOJOXUTEIbHOE BJIM-
sSIHME Ha JesITeJIbHOCTh 0aHKa, BEPOSITHOCTh OaHKPOTCTBA YMEHBIIACTCS.
OnHako ¢ OMNpeneJeHHOro MOMEHTa MpPU JajibHellleM MOBbIIIEHUU JaHHO-
ro ImokasaTejisi BEpPOSTHOCTb OaHKPOTCTBA yBeauduBaeTcs. OnTuMaabHBIM
mokasaTejieM JOJITOCPOYHON JMKBUAHOCTU IS U3HAYAIBHO HAIEXKHOIO pac-
cMaTpuBaeMoOro 0aHkKa okasajoch 3HadeHue 40, a mra 6anka 6ankpora — 50.

JanbHellne BbIYMCIUTEbHbIE 9KCIEPUMEHThI MoKa3aiud, YTO Ha 3KO-
HOMMYECKOE COCTOSIHME OaHKOB 3aMETHOE€ BJMSIHUE OKa3blBalOT U ApYrue
rnmapaMmeTphbl, HalIpMMep MX OpraHu3allMOHHO-TIpaBoBasi (hopMa, MECTO pac-
noaoxeHus U ap. OmHaKO BIMSHUE OTOEIbHO B3STHIX ITapaMeTPOB HEOTHO-
3HAYHO M B KaXXIOM KOHKPETHOM CJIy4ae MOXET MPOSIBIISITHCS I10-pa3HOMY,
B 3aBUCUMOCTU OT MHOXECTBa JPYyTUX MMapaMeTpPOB, XapaKTepu3ylolux OaHK.
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Puc. 5.4. BausHue koaddulimeHTa JOATOCPOYHOM JIMKBUIHOCTA Ha BEPOSITHOCTh
Npu3HaHUsI OaHKa GaHKPOTOM. MapKepoM yBEJIMYEHHOTO pa3Mepa OTMEUEHO pe-
aJIbHOE COCTOSTHME MCCIIeNyeMbIX OaHKOB

HMHTemIeKTyanbHasl cucTeMa IPOTrHO3UPOBAaHUSI BEPOSITHOCTU OAHKPOT-
CTBa POCCUIMCKMX OAaHKOB MOXET ObITh MCIIOJIb30BaHA JISI OLIEHKU PHUCKOB
MeXXOaHKOBCKUX KPEAUTOB KaK METOAMKA MPOBeAScHUSI BHYTPEHHETO ayauTa,
a TakxKe IS MONIEPXKHW IIPUHSITUS pellleHWil, HalpaBJICHHBIX Ha COBep-
LIIEHCTBOBaHUE NeITeIbHOCTH 0aHKOB. BocCIonb30BaThCs CHUCTEMOI MOXHO
n3 pasgena «IIpoekTwl» carita www.PermAl.ru.

5.5. YNPABJNEHUWE KUBEPHETUYECKUM OBBEKTOM

Heiipocetb, ucnonab3dyemyo IJjis yOpaBleHUs MOBEAeHUEM POOOTa, UCKYC-
CTBEHHOTO CITyTHMKA 3eMJiM, OECIUJIOTHOIO camoJieTa, KaKoro-iubo Ku-
OepHETUYECKOro 00beKTa WK IIepCOHaXa KOMMBIOTEPHOI UTIPHI, Ha3bIBAIOT
HelpoKoHmpoarepom. YTIpaBsieMblii OOBEKT HAXOIUTCS B OKpYXKalollei
cpelie, KoTopasi IOCTOSIHHO M3MeHsIeTcs. 3apaHee IpeIycMOTpeTh BCEe BO3-
MOXHbBIE CUTyallMM HEBO3MOXHO. Maess mpuMeHeHUs] HeHpOCEeTU COCTOUT
B TOM, YTOOBI OOYYMTh €€ HA KOHEUHOM YHCJIE CUTYalluii, a 3aTeM IIpeaocTa-
BUTH HEMPOCETH BO3MOXHOCTh CAMOCTOSITEJIbHO pearupoBaThb Ha CUTYyalluH,
KOTOPBIX B OOy4YamllleM MHOXKECTBE IPUMEPOB He OBLIO.

JormyctuM, pedb UAET O KOMIIBIOTEPHOII WMIPE, B KOTOPOIl IEpCOHAaXK,
B 3aBUCUMOCTH OT CHUTyallUM, MOXET IpPEANPUHATL OOHO M3 YeThIPEX
NEVICTBUIA:

1. ArakoBarb;

2. TlepenBurarbcs;

3. IlpsTatbcs;

4. YoeraThb.

BbeIOOp neiicTBUSI 3aBUCUT OT TOrO, CKOJIBKO BparoB BUIUT IIEPCOHAXK,
HACKOJIbKO XOpOIIO OH BOOPY:XEH M Kakoe Yy HEero 3I0pOBbe B JaH-
HBIII MOMeHT. B Tabi. 5.1 mpuBeneHO MHOXECTBO OOYyYaIOIIUX IIPUMEPOB:
B IIepBOM CTOJIOLE (X)) moMelleHa MHPOpMALUS O KOJUYECTBE BpParos,
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Tabauya 5.1
MHOXKeCTBO 0O0yYaIIMX NPUMEPOB IEHCTBUI MEPCOHAXKA KOMMNbIOTEPHOIM
Wrpbl
Koi-Bo | Ilepconaxk Ilepconax 3mopoBbe HeiicTBUe
BpParoB | MMeEET HOX | UMEET MUCTOJIET | MEePCOoHaKa nepcoHaxka
(x1) (x2) (x3) (x4) @
0 0 1 1 2 (nmepenBUraThCs)
1 0 1 1 1 (atakoBaThb)
1 0 0 1 4 (yOeratn)
1 0 0 0 3 (mpsiTaTbCs)
1 1 1 0 3 (TIpsATaThCs)
1 1 0 1 1 (atakoBaTb)
0 1 1 0 2 (nmepeaBUraThCs)
5 1 1 2 1 (atakoBaThb)
10 1 1 2 4 (yberatb)

BO BTOPOM M TPEThEeM (X U X3) — MH(POPMALUSI O BOOPYKEHUM ITEPCOHA-
Ka, B 4eTBepTOM (Xx4) — mHPopMalusi o ero 3mopoBbe (0 — mmoxoe, 1 —
YIOBJIETBOPUTEIbHOE, 2 — Xopollee) U B IsAToM (d) — NeliCTBHE, KOTOpOeE
clieayeT TMPeanpUuHSITh TePCOHaXY.

IlepcenTpoH, CHAaGXEHHbBINA YETBIPbMSI BXOAHBIMU M OJHUM BBIXOIHBLIM
HelipoHamMM, U OOy4YeHHBIM Ha mpumepax Tabj. 5.1, cmocobeH TreHepupo-
BaTh BIIOJIHE aJeKBaTHhIE PEKOMEHAALIMM O JEHCTBUSIX TIepcoHaXa, IpuieM
OH «HE TepsieTCSI» U B TaKUX HEIPEeIBUACHHBLIX CHUTyallMsIX, KOTOPBIX BO
MHOXECTBEe O0Yy4yamlluX MPUMEPOB HE ObLIO.

Eme pa3 oOpaTuM BHMMaHUE, YTO B KayeCTBE YIIPaBISIEMOIO MO-
XKeT OBbITh JII0OOI KMOEpHETUYECKMII OOBEKT, HAIIpUMEpP MCKYCCTBEHHBIN
CIyTHUK 3emiM, Oa/IncTUYecKas pakeTa, caMoJeT-OeCIMIOTHMK, IIy0o-
KOBOJIHBIN aImapar, KOTOPbIi YIIPaBISIEeTCS aBTOHOMHO WJIM C KOTOPBIM
MEPUOINYECKHN TEPSIETCS CBSI3b M KOTOPBIM BCIIEACTBUE 3TOTO CaM JOJDKEH
NPUHMMATh PEUICHUS O CBOEM JaJIbHEUIIEeM ITOBEICHUU

5.6. NMPOrHO3NPOBAHME MONMUTUYECKUX COBbITUA

BeposiTHOCTh HACTYIUJIGHUSI TOTO MJIM WHOTO MOJUTHUYECKOrO COOBITUS 3a-
BUCUT OT MHOrux (aktopoB. Hampumep, pe3yabraThl BBIOOPOB IIpPEe3UIeHTA
CTpaHBl 3aBUCAT OT KOHOMMWYECKOIl M IIOJIMTUYECKO OOCTAHOBKM B MU-
p€, aKTMBHOCTHM CPEACTB MAacCOBOM MH(OpMalMu, aKTUBHOCTA U CTEIICHU
MOJIUTU3UPOBAHHOCTA CaMUX M30upaTesieii, B3aMMOOTHOIICHU U IIOJIUTU-
YEeCKMX XOJIOB MapTHii, KayecTBa NPeaBLIOOPHON KOMIAHUM, (arbcudu-
Kalluii 1 MHOTOIO APYroro. Y4ecTb M MHPaBWIbHO OLICHUTb BIMSHHE BCEX
3TNX (PAKTOPOB Ha MCXOH BHIOOPOB Ype3BBIUYaitHO Cc0KHO. Ho ecTh m Takme
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(daKTopbl, KOTOPBIE OMPEACISIIOTCS TOJABKO CaMOIi JIMUHOCTBIO MpPEeTeHICHTA
B NpPE3UJICHTBI. DTO €ro BO3pacT, I0JI, CeMEHOe ITOJIOKEHUE, KOJIUYECTBO
JIeTeil, pol 3aHSITUIA, COLMAabHAS MPUHAIJICKHOCTh U Ap. MOXHO U Hpu
MOCTPOEHUM MPOTHOCTUYECKON MPOrpaMMBl OrPAaHUYMUTLCS YUYETOM TOJIBKO
STUX JIMYHOCTHBIX XapaKTePUCTUK MpeTeHAcHTa?

OnmHa M3 MHTEpPeCHEHIINX IIOIBbITOK WMHTEJUICKTYaJbHOTO aHajin3a HdaH-
HBIX C ILIEJIbIO OTBETa Ha 3TOT BOIIPOC ObLIa IPEIINpUHSTA CTyIeHTaMU
MEepMCKUX YHMBEPCUTETOB M omucaHa B pabotax [71, 82, 89]. B skcnepu-
MEHTaX MCIIOJIb30Bajlach HEMPOHHAS CETh C ISIThIO BXOAAMU: X| — BO3pacT
OpeTeHIeHTa B IIPE3UICHTHI, X, — ero IpoucxoxaeHue (1 —wu3 OemHBIX,
2 —cpeoHUi Kjacc, 3 — MHTEJUIMIreHIusi, 4 — u3 OoraThiX); X3 — CEMei-
Hoe mojioxkeHue (1 —xkeHaT, 0 — XOJIOCT); X4 — KOJIWUYECTBO NeTei; X5 —
OCHOBHAas 00J1acTh aesiTeabHOCTU (1 — BoeHHas, 2 — moauTudeckas, 3 — 00-
ImecTBeHHas1, 4 — s3KoHoMmu4eckast). CeTb MMesla ONMH BBIXOTHOIM HEWMPOH,
BBIXOJIHOI CUTHaJl KOTOPOIro ¢ MOr IIPMHMMAaTh 3HadyeHMe 1, O3HAYarOLIWii
nobeay mpeTeHIeHTa Ha BblOopax u (0 — mopaxkeHue.

MHOXeCTBO IIPUMEPOB, B3SITBIX U3 UCTOPUU NPE3UTEHTCKUX BHIOOPOB
CIHIA u ®paHuuu, O0bUIO pa3dUTO Ha obyudaloliee (Tadi. 5.2), UCIIOJIb30-
BaHHOE IS OOYyYeHUsT CETHU, U TecTupylolee (tadiu. 5.3), mpeaHa3HaYeHHOE
JIJIST TIPOBEPKM €€ IPOrHOCTUYECKUX CBOMCTB. ECTeCTBEHHO, YTO IIpUMEpPHI
TECTHUPYIOIIET0O MHOXECTBa IpU OOYYEHUU CETU HEe HCIIOJb30BAIKCH.

B T1abm. 5.3 B mpenmociaenHeM CcTOJIOE ¢ TIOMEIIEeHBl KeJIaeMbie BbI-
XOObpl HEWpoceTH, T.e€. Te, KOoTopble mMmenu Mecto B wucropum CIIA
n ®paHuMU, a B IIOCIEIHEM CTOJ0LIe — IMPOTHO3 CETU y, OOYYeHHON Ha
MHOXeCTBe IpuMepoB Taoi. 5.2. Kak BugHO 13 Tabn. 5.3, HelipoceTh, XO-
TS M C IIOTPEIIHOCTHIO, COBEPIICHHO IIPaBUJIBHO «IIpelcKa3ajia» I100emy
HOx. Kennenu, A. JlunkonbHy 1 J. DiizeHxayspy u nopaxkenue — M. [lyka-
kucy u k. MakroBepHy. DTO 3HAa4UT, YTO OHA CMOIJIa M3BJIEYb U3 BeCbMa
CKPOMHOI0O 00y4Jalollero MHOXECTBAa HEKYI CKPBITYI0O 3aKOHOMEPHOCTH
1 NPUMEHUTHb €€ IMPU TECTOBOM IIPOTHO3UPOBAHUM.

HesepositHo, HO (akT! IlomydyaeTcs, 4To peUTUHT IIPETEHACHTOB B Mpe-
3UACHTHl CTPaH IMPaKTUYEeCKU He 3aBUCUT OT MOJUTUYECKON KOHBIOHKTYPHI,
JIO3YHIOB, oObGemiaHuii, moiauTudeckux 1ardopm. Iloiydyaercs, dto pe-
3yJITAT TOJIOCOBAaHUII B NEPBYIO O4YEpeldb OIIPEACSIeTCS HEKUM YIauHbIM
COYETAaHMEM €ero CYOBEKTMBHBIX JIMYHOCTHBIX XapaKTEPMCTUK, KOTOpOeE
BBISIBUJIA HEUPOHHASI CETh.

CrymeHTaMM TIEPMCKUX YHMBEPCUTETOB ObLIa BBeleHa elle OJHa Ma-
JIoOOOCHOBaHHAas1 runote3a. OHU TIPUHSUIM OOMYIIEHWE, YTO MEHTAJIUTET
pOCCUSIH HEe OT/IMYaeTcs OT MEHTajmTeTa ()paHIy30B M aMepUKaHIIEB U Ha
MPEICTOSIIIUX Yepe3 TMoATopa rofa BeIOOpax Mpe3uaeHTa CBOEel CTpaHbl poCc-
cusiHe OyIyT OTHABaTh roJIoCa, PyKOBOACTBYSICh aHAJIOTUYHBIMUA KPUTEPUSIMU.

CobOpaB HeOOXOMMMbIE JMIYHOCTHBIE JaHHBIE Ha BO3MOXKHBIX POCCUMCKIX
npereHaeHToB (Tabi. 5.4) U NpUMEHUMB K HUM OOY4YEeHHYI0O Ha (dpaHILy3-
CKOM U aMepPUKaHCKOM OIbITaX HEMPOCETh, IIEPMCKHUE CTYACHThI BHITTOJIHWIN
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Tabauya 5.2
OO0Oyuamoliee MHOXKECTBO NPUMEPOB MNpe3uIeHTCKuX BbioopoB B CIITA
u OpaHuum
% v g , 2
I1 § § @ ’E q; 2 s % 2 5 g
PETEHIEHTDI a8 £ 8 A TR g A &

3 & E 55 g & 33 SE S

g | B |08 | 2% | & | E=E
X1 X2 X3 X4 X5 d
A.Top 52 3 1 3 2 0
b. l'onnyotep 58 4 1 2 2 0
b. KimmatoHn 46 2 1 2 2 1
B. 2Kuckap 55 2 1 2 2 0
J1. BalmmyHrron 57 1 1 0 1 1
. Amamc 62 3 1 1 2 1
. byur mo. 54 4 1 2 4 1
. By cr. 64 4 1 1 4 1
J1. briokeHeH 66 4 0 0 2 1
. Joyn 73 2 0 0 1 0
. K. Amamc 58 3 1 2 2 1
. Keppu 61 4 1 2 2 0
. Menucon 58 4 1 0 2 1
. Monpo 49 1 1 2 1 1
. Teiinep 51 3 1 15 2 1
. ®opn 61 2 1 2 1 1
K. M. Jle Ilen 74 1 1 3 3 0
XK. IIupak 63 2 1 2 2 1
JI. 2Kocnien 58 2 1 0 2 0
P. Peiiran 70 2 1 2 2 1
T. dxedepcon 58 4 1 1 2 1
Y. MoHzen 56 2 1 3 2 0
®. MuTtTepaH 75 2 0 1 3 1
®. INupc 49 4 1 0 2 1
1. ne lomb 68 3 1 3 1 1

MPOTHO3 TpPEe3uIeHTCKUX BbIOOpOB B Poccum na 2008 T.
crosbel Taba. 5.4).

(cM. mociegHuit

Ha pucyHke 5.5 3TM HOpOrHo3bl IpeAcTaBieHbl B BUIE TUCTOrpaM-
Mbl. Eciu monydeHHble B pesyjibTaTe MNpoOrHo3a HUMpPbl paccMaTpuBaTb
KaK CpPaBHMUTEIBHBIM DPEUTUHT IPETEHICHTOB, TO MOXHO 3aKJIIOYUTh, UTO
HauOONBIIIE IIAHCHI CTaTh NMpe3uneHToM Poccum HeiipoHHas ceTh OTHa-
na JI. MenBeneBy, a HaumMeHblnue — FO. TpyrHeBy. PeliTMHIM ocCTalbHBIX
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Tabauuya 5.3
TecTupymoiiee MHOXKECTBO NPUMEPOB MNPE3UIEHTCKHX BBIOOPOB
£t :
e - : = I
= ¥ =
IIpereHaeHTBI g g9 ’;.) ; 2 = g A % ; E
perent S 25 |5 | 52|55 |%s8| %€
) )
A | E&% |08 2% | & | 258 | E8
X1 X2 X3 X4 X5 d y
Jx. Kennenu 44 4 1 2 2 1 0,82
A. JIMHKONBH 52 1 1 4 1 1 0,93
M. dykakuc 56 2 1 2 2 0 0,00
JIx. MakroBepH 59 2 1 0 2 0 0,11
J1. DiizeHxaysp 63 2 1 2 1 1 1,04
Tabauya 5.4

JIMYHOCTHBIE XAPAKTEPUCTHKH BO3MOXKHBIX MPETEHIAEHTOB HA NMOCT Npe3u-
nenra Poccunm M mporHos pesybTaToB BbiOOpOoB Ha 2008 r.

= g 8 % _In 2]
Bo3MoKHbBIE 2 § ° £ ; g = 3 2 £
=7 = ) L3 == = =
NnpeTeHIeHThI 8 g_ z cEa = 5 4 8 9 g_ =
A | E&% | OE | 2% | X8 | 28
X1 X2 X3 X4 X5 Yy
C. MBaHOB 55 2 1 2 1 0,91
. Mengenes 42 2 1 1 3 1,59
b. I'pbiznoB 58 2 1 2 4 1,01
I'. 3roraHoB 64 1 1 2 2 1,04
B. ZKupuHoBckuii 62 1 1 3 2 0,79
. Poro3uH 45 3 1 1 2 1,14
IO. TpyTHeB 52 2 1 2 2 0,13

MpPETEHIEHTOB, 3aHUMAasl MPOMEXYTOYHOE IOJOXKECHUE, OTIUYAIOTCS MEXIY
Cco0oi1 HEe3HAYUTENbHO.

Ewe pa3 obpatuM BHUMAaHME, YTO HAHHBIM IIPOrHO3 BBIITOJHEH U OITyO-
nukoBaH B kHure [71] B Havazne 2007 r., T.e. 6oJjiee yeM 3a roj 10 BbIOOPOB
Ilpesnnenrta Poccun, cocrogmmxcss B 2008 r. IMomutnyeckass o6cTaHOBKA
B TO BpeMs CKJadblBajach TaK, YTO O IperojaaBaTesie By3a, MOJIUTUYECKOM
n obmiecTBeHHOM Aedaresie Jmurpnu MenBeneBe BoOOIIe Majlo KTO CJIBIIIA.
JlaHHBIE HEMpPOCETEBOIO0 IPOTHO3UPOBAHUSI XOTS U ObUIM ONYOJIMKOBAaHBI,
OJJHAKO C KOMMEHTapHUSIMHU, YTO K 3TOMY IIPOTHO3Y «HE CTOUT OTHOCUTHCS
Cepbe3HO», TaK KaK <«IPOTHO3 BBIMOJHEH B MPEANoJIOXKEHUU, YTO M30Upa-
TeJIbCKUE MEHTAJIUTEThl (PPAHIIy30B, aMEPUKAHIIEB U POCCUSIH COBIIAIAlOT,
YTO, IIO-BUIMMOMY, HeBepHO. Takoii peUTUHI ObLI Obl y MPETEHIEHTOB Ha
noct npe3uneHTa He B Poccumn, a B AMepuke wiu Bo PpaHLIN».



5.6. IIporHo3upoBaHUe MOJUTHYECKUX COObITHI 95

—1

1,6
1,4
1,2 3

1-
0,8
0,6
0,4-
02+

N

Puc. 5.5. IlporHo3 npe3uneHTckux BbIOOpoB B Poccum Ha 2008 r., BBIMIOJHEH-
HBIA CTyOE€HTaMU MNePMCKMX YHUBepcuTeToB B Hauvaime 2007 r. [71]

1 — 1. MenseneB; 2 — . Poro3sun; 3 — I'. 3roranoB; 4 — b. I'peiznoB; 5 — C. MIBaHOB;
6 — B. XKupunosckuit; 7 — 1O. TpyTtHeB

Bnocnencreum [I. MenBeneB AeiicTBUTEIbHO oOeau Ha Beioopax 2008 T.
u cran npesuaeHToM Poccum. Kak Buaum, Mbl HampacHO COMHEBAJUCh
B pe3ysibTaTax HelpoceTeBOro IporHo3mpoBaHus. HeilpoHHast ceTh oka3za-
Jack nipasa. [ITporHo3 pe3ysbTaToB NPE3UIEHTCKUX BHIOOPOB, BBIIIOJTHEHHBIM
CTyIEHTAMU TMEPMCKUX YHUBEPCUTETOB, MOATBEPAMUIICS, UTO MOXHO CUU-
TaThb CEPbE3HBIM YCIIEXOM METOAAa MHTE/UICKTYaIbHOTO aHaln3a JaHHbIX Ha
OCHOBE HEMpOCeTeBOro MaTeMaTUUYEeCKOro MOJEIUPOBAHMUSI.

MeTtoabl HEHPOCETEBOrO MOMAEJIMPOBAHUSI MO3BOJISIIOT HE TOJBKO Tpe.-
CcKa3blBaTh OyAyllude COOBITHSI, HO U MCCJIEHOBAaTh WX, CTaBUTh Haa HUMMU
BUPTYyaJIbHbIC SKCIIEpUMEHThI. MI3MeHsIsT BXOAHBIC MapaMeTpaMu O0y4YeHHOI
HEUPOHHOM CETU W TPOU3BOJIS BBIYMCICHUSI, MOXHO ITOJYUYUTh OTBEThI HA
MHOTHE BOIIPOCHI, MHTEPECYIOLINE TTOJUTTEXHOI0roB. Hanpumep, naMeHsst
BO3pACT TOJUTUUYECKOTO JEesSITels] W MPOU3BOMASI BBIYMCICHUS C TTOMOIIIBIO
HelpoceT, MOXHO TMPOCENUTb, Kak OyIeT MEHSITbCSI €ro PEHTUHT CO BpeMe-
HeM, OOHApyXXUTh MUKW €ro TMOMyJsIpHOCTU Cpelu u3dupareyieil u BbIOpaTh
MOMEHT, KOIJIa €My JIy4llie BCETO YITU B OTCTaBKy. Tak, B pabotax [82] u [89],
onyosmkoBaHHbIX B 2008 u 2010 rr., korna mpe3uaeHT /. MenBeneB ObLT
Ha BepIIMHE CBOEM IOMYJSIPHOCTU, HEHPOHHBIC CETU IIPOTHO3MPOBAIU
eMy CHMXeHHe peitmHra (puc.5.6,a), Torma Kak APYroMy ITOJTUTUKY —
B. ZKupuHOBCKOMY, IIPOrHO3HbIE KPUBBIE MPEACKa3aJii ITOCTCIICHHBII POCT
MTOMYJIIPHOCTU (CM. puc. 5.6, 6), 4TO 1 HAOIIONAIOCH B IMTOCICAYIOIINE TOIbI.

[IpoBoas 1iejeHalpaBieHHbIE WCCIeIOBaHUSI HEeWpoceTeBOl MOeiu,
MOXHO pa3paboTaTb pPEeKOMEHAALIMM, KaKWM O0pa3oM TOMY WJIM WHOMY
MOJIUTUYECKOMY AESITeI0 U3MEHUTh CBOil peiituHr. Ha pucynke 5.7 mpu-
BElIEHbl PE3YJIbTAaThl MOJEIMPOBAHUS PA3IUUYHBIX BO3MOXHBIX W3MEHEHUI
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Puc. 5.6. 3aBucumocts peittunra 1. Menseaesa (a) u B. ZKupunosckoro (6) ot
ux Bo3pacta. IIporHo3 omy6imukoBaH B 2008 1 [82], korma nmpe3uneHT . MenBenes
ObLT Ha BEpLIMHE CBOEW MOMYJISIPHOCTU

B JIMYHOM M TIOJIMTUYECKOW XKU3HU M3BECTHOTO ITOJIMTUUYECKOIO IESTes,
KaHouaaTta B Tpe3naeHThl Poccum Ha BeIOOpax 2004 r. MpuHBI Xakamamsbl.

Kak BugHO M3 TMCTOrpaMMBbI pHc. 5.7, TIOBTOPHOE y4acTHE B BHIOOpaX yBe-
JIMYUT YUCITO Tonocyrommx «3a» 10 8,4% (2) (mpotuB ucxomHeix 3,5% (1)),
a BOT TpEeThs TOIBITKA CTaTh MPE3UACHTOM CTpPaHbI, HAOOOPOT, MPUBEIET
K CHIDKEHUIO KOJIM4ecTBa rojiocoB A0 1,7% (3). CMeHa mapTuy Ha <«IIpaBsi-
1IIyI0» IIpUBEIET K MajeHuio ee maHcoB a0 Hyis (4). Ecnu Mpuna Xakamana
CMEHUT CBOIO JEITEIbHOCTh C DKOHOMUYECKOW Ha CIIOPT WM KYJBTYpY,
TO ee peUTUHI yBeauuutcs a0 8,5% ronocoB (5). Eciu oHa usbeper Bo-
€HHYIO Kapbepy, TO 3TO mpuHeceT el 17,5% romocoB (6), a eciud cTaHeT
MMPEeeMHUKOM TIpe3uaeHTa CTpaHbl, TO 3a Hee OymyT rojiocoBath 67,4% wu3-
ouparteieii (6). Ecan oHa pa3Benercs, TO ee IIaHChl MOOeAUTh Ha BhIOOpax
yranyTt 1o Hyns (8). Eciim ¢cMeHUT 1oJ1, TO ee peMTHHT MOBBICUTCS 0 5,5%
ronocoB (9). Eciu 3aBemer eile omHOro pebeHKa, TO PEUTUHI BO3PacTeT
10 9,6% ronocos (10). Eciin oHa 3aBefeT ABOUX IETEI, TO PEUTUHT MMOBBI-
cutea 10 16,5% (11), a ecnu tpoux, 1o 10 24,1% (12). Ecnu U. Xakamane
yaacTcsl paiuKajlbHbIM 0O0pPa3oM MOBBICUTh CBOIO TOMYJSIPHOCTb, TO OHa
MMeEET LIaHCHhl Nonyduth 47,8% romaocoB poccuiickux uzbupartenein (13).

B 3akioyeHre OTMETHM, YTO IMTOMMMO IIPOTHO3UPOBAHUST MPE3UIACHT-
CKHMX BbIOOPOB HeMpoceTeBble MaTeMaTU4eCKrMe MOJIEIN MOTYT OBITh MC-
MOJIb30BaHbI JJIsI IIPOTHO3UPOBAHUSI MCXOJOB JIIOOBIX BUIOB T'OJOCOBAHUIA,
HarpuMep BBIOOPOB pPEeKTOpa By3a, BEHIOOPOB B 3aKOHOAATEIbHbBIE COOpaHUsI
obGacTeit u KpaeB, B akageMuku PAH u np. OHM MOTYT GBITH MCITOB30Ba-
HBI JIJTSI BBISIBJICHUSI TIEPCIEKTUBHBIX KaHIWIATOB, a TaKKe ST pa3paboOTKH
pPEeKOMEHIALIMIA 110 U3MEHEHHMIO UX DPEeHTUHTOB.

Wrtak, nmpuMeHeHUe MeToda WHTEJUICKTYyaJbHOIO aHajiu3a JaHHBIX Ha
OCHOBE HEMPOCETeBOr0 MOIEIMPOBAHUS IMO3BOJSIET BBISIBIATL U aHAIU3U-
pOBaTh 3aKOHOMEPHOCTU TAaKOI'O CJIOXHOIO IMOJMTUYECKOrO SIBIICHMSI, KaK
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Puc. 5.7. Pe3ynbraThl MOOEIMPOBAHUS BIMSHUS BO3MOXKHBIX U3MEHCHUI B JIMU-
HOIl U moJMTHUYECKOM Xu3Hu M. Xakamanbl Ha €€ PEeUTHHT

1 — BCXOmHOE COCTOSIHME, 2 — BTOPOI pa3 ydacTBOBaThb B BbIOOpax; 3 — TpeTuii pas

y4yacTBOBaTh B BBIOOpaxX; 4 — CMEHUTh IIAPTUIO HA <«IIPaBSIIYIO»; 5 — CMEHUTbH OesI-

TEJIbHOCTh Ha CHOPT WU KYJIbTYpy; 6 — CMEHUTbH HESITEIbHOCTh Ha BOEHHYIO; 7 —

CTaTh MPEEMHUKOM IIPE3UICeHTa; 8 — pa3BeCTUCh; 9 — CMEHUTH I10JI Ha MYXKCKO; 10 —

3aBECTM eIle OgHOro pebeHka; 11 —3aBecTu eme aBoux nAete; 12 — 3aBecTu ernne
Tpoux AeTeit; 13 — paguKaJlbHO ITOBBICUTH CBOIO ITONYJISIPHOCTh

npesuaeHTckue BbiOOpHI. [lpuuem HeipoceTeBble MaTeMaTUYECKUE MOJe-
JIN TIpeaHa3HAYeHBbl HE TOJBKO IS TACCMBHOIO TIPEACKa3aHWs OymyIIux
CcOOBITUIA — MO0ea WM mopaxeHuUid KaHaupaTtoB. Mccnemyss 3t momenu
1 BBIIBJISS 3aKOHOMEPHOCTH, MOXKHO HAy4YMThCS ITOHUMAaTh, KaKMM OOpa-
30M CJIeJlyeT OKa3blBaTh BJIMSHUE HAa 3TU Oyayliue coObITUsI, pa3BOpauyuBaTh
UX TPAeKTOPUIO Pa3BUTHUsI B HYXXKHOM HampaBJIe€HUM, CO3[IaBaTh OJaronpu-
SITHYIO CUTYyallMIO JUISI TOCTHMXKEHMSI CBOUX LIEJIEH.

KOHTpOﬂbeIe BOMPOCHLI U 3agaHuA

1. Kakass umHpopMalusl MCIOJIb30BaIach I CO3daHUsS OOy4Yarollero
MHOXEeCTBa MPUMEPOB MPU MOCTPOSHUU MPOTrpaMMbl, MPOTHO3UPYIO-
el pe3yabTaThl MPEe3uAeHTCKUX BbIOOpoB B Poccuun?

2. JIng 4ero HyXXKHO TECTUpPYIOIEE MHOXECTBO MPUMEPOB, U YEM OHO
OTJIMYAETCS OT OOYyYalollero MHOXeCTBa MPUMEpPOB?

3. IlompoOyiiTe co3maTh MporpaMmy, IPOrHO3UPYIOIIYIO Pe3yJIbTaThl IIpe-
3UICHTCKUX BBIOOPOB B Poccuu, uCIoib3yss B Ka4eCcTBE OOy4arolIux
NPUMEPOB OTeUeCTBEeHHBIN OmnbIT. [locTpoiiTe 3aBUCUMOCTL peHTHHTA
npe3ugeHTa oT ero Bo3zpacta. [lompoOyiiTe CMECTUTh MUK MOMYJISIP-
HOCTU TIpe3uJieHTa Ha OoJiee 3peJiblii BO3pacT 3a CYET M3MEHEHUS
ero rnapameTpos.

4. KaknM o00pa3oM MOXKHO WCIOJIb30BaTh HEHpPOCETh I pa3padoT-
KM pEeKOMEHHAIUN IIOJIMTUYECKUM JESATEISIM II0 IIOBBIIICHMIO HUX
peviTnHra?
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5.7. BbIABJIEHUME CNOCOBHOCTU YEJNIOBEKA
K BU3HECY

B memarormyeckoil HaykKe HEMpPOCETM MOTYT HAWTU NpUMEHEHUE, HaIlpu-
Mep, IpM PElIeHUMM TaKMX BOIIPOCOB KakK: KakKylo IIpodeccuio BbIOpaTh?
Kyda IONMTU YYUThCS?

HauneMm ¢ BbIOOpa npodeccun. KTo M3 Hac He pemian 3Ty npoodiiemy? Ot
MPaBUJIBHOTO BbIOOpA Mpodeccuu 3aBUCUT BCsl TajIbHEeHIIast cyap0a YeJaoBeKa.

IIpn BBIOOpE Tpodeccun OYeHb BAXKHO IIOHATH M OLIEHUTh BO3MOXK-
HOCTU CBOEro OpraHuM3Ma, CBOU CIOCOOHOCTU, HAWTU MMEHHO Ty HUIIY
B XM3HM, Ty 00JaCTh HESITEIbHOCTH, TIe MOTYT MaKCUMAaJbHbIM 0O0Opa3oM
PACKPBITBCSI CITOCOOHOCTH YeJIOBEKa, 3aJIOKEHHBIE B HETO IIPUPOMON.

B Hame BpemMs MHOTME MOJOAbIE JIIOAM KeJalT B OydylleM cTaTb
OousHecmMeHamu. Ho ydeHble yTBepxKIaroT, UTO K MNpearnpUHUMAaTEIbCKOMN
JIEITeIbHOCTU B CpeaHEM CIOCOOHBI He 6ojiee 7—10% HaceneHus. U 4to xner
TeX, KTO BBIOEpET 3TOT IIyTh, HE 3Hasl, YTO MPUPOJA HE OTHEC]a ero K 3TOU
30JIOTOM IeCsITKE TPOLIEHTOB: OAHKPOTCTBA? pa3opeHms? pazodapoBaHUs?

Wcropust 3HaeTr Hemano mpumepoB [68], Korma MacTHUTBIE YydYeHBIE,
aBTOPbI I'€HUAJIbHBIX OTKPBLITUIA, MBITAJIMCh BHEAPSITH CBOM OTKPBITUS, Op-
raHu3oBaTh Ha UX 0a3e MHHOBALIMOHHBI OM3HEC, HO TepIlieiu Heymady,
B TO BpeMsl KakK JIpyrue Joau, He UMEeIollIue CTOJb r1yO0oKOoro oopa3oBaHuUsl
U MHTEJUIEKTa, C JIETKOCTbIO PeaM30BbIBAIN TPOEKThl yUEHBIX.

3HAYUTEIbHOE YMCIIO MCCIeAoBaTeeii MPUIEePXKUBACTCI MHEHUS, 4YTO
HAy4YuTh MPEINPUHUMATEIBCTBY HENb3sI, UTO IJjIsI 3TOTO pojaa JIesiTelb-
HOCTM HEOOXOIMMBI 0coOBIe crmocoOoHocTu. IIpmpomHOit XKe TIpearnocChlI-
KOIl pa3BUTHUSI CIIOCOOHOCTEM SIBJISIETCS HaIUuMe 3a0amK08 — HEKOTOPbIX
BPOXIIEHHBIX aHATOMO-(U3UOJIOTUYECKUX OCOOEHHOCTEe MO3ra U HEpBHOI
cuctembl. K 3agarkamM, coriacHO MO3UIIMM M3BECTHOTO OTEYECTBEHHOTO
y4yeHoro-1icuxoJjora mpodeccopa B. A. Kpyreukoro, oTHOCSITCS TUIOJIOTH-
YyeCKMe CBOIMCTBA HEPBHOIM CHUCTEMBI, MPUPOAHbIE CBOMCTBA aHAJIU3aTOPOB,
WHIWBUAYaJIbHbIE BapUaHThl (DyHKIIMOHMPOBAHUS KOPBI TOJOBHOIO MO3Ta.

YTBepXKIeHUe, YTO «IpeAIIPUHUMATENIEM HAI0 POAUTHCS», MOMTBEPKAA-
eT clienyromuii akT: 1mo obdciegoBaHusiM, npoBoguMbiM B CIIIA u gpyrux
crtpaHax, B 50—72% cny4aeB y ocHoBaTeleil (hMpM Mo KpaiiHel Mepe OTWH
U3 poguTesieii MeeT cBoOOmHYyI0 npodeccuto. B I'apBapackyio mkoiy 6m3-
Heca, HalpuMep, IIPUHUMAIOT JII0Jei, 00J1aJalolnX peanpUuHUMATETbCKUM
TUIIOM JIMYHOCTHU IIO CIleIMaJbHOMY Tecty Meiiepc-bpurrc.

Cy1iecTByeT MHOXKECTBO TTONBITOK HAYYUThCS BBISBIISITh JIIOACH, CIIOCO0-
HBIX K IIPeANPUHMUMATEIbCTBY. TakK, rpynia aMepruKaHCKUX YUYEHBIX TIpoBesia
HUccleoBaHMe U J0Ka3aja, UYTo JIIOJAU C FoJyObIMU Tjla3aMM HAMHOTO CIO-
cobHee TeMHOrIJIa3blX, U y HMX ropasno 0ojee pa3BUTO CTpaTermyeckoe
mbliuieHue. [1o MHEHUI0O MHOTHX CIIELMaIUCTOB B 00JaCTU METO/IOB OLICH-
KM U Ttogbopa IMepcoHaja, CYIISCTBYIOT 3aBUCUMOCTU MEXKAY LIBETOM IJa3
M YCHEIIHOCThIO B OM3HEce.
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Kak MBI yXe HEOOHOKpaTHO YOeXIaauCh, I BbISIBJICHUS 3aBUCUMO-
CTeli, He MOAAAIOLIMXCS OOBSICHEHUIO, 1 JJISI IIOCTPOEHUSI MaTeMaTUIeCKUX
MoOAeJIeil, MCIOJb3YIOIIUX TaKWE 3aBUCHUMOCTH, IIE€PCIEKTUBHO IIpUMEHE-
HUE METOIOB MCKYCCTBEHHOI'O MHTEJUIEKTAa, B YaCTHOCTHU — armapaTra Heli-
poceTeBbix TexHonoruii. Ilo-Buammomy, BIEpBBIE Takasl IONbITKA ObLia
MpeAnpuHsITa aBTopaMu padboThl [84].

Kak MBI yXe 3HaeM, npu (GpopMHUpPOBaAaHUM HEHPOCETEBOl MaTeMaTU-
YeCcKOil Mozeau OOJIbIIOE 3HAaYeHHE HMMEET BbIOOP 3HAYMMbBIX BXOIHBIX
nmapaMeTpoB, T.€. TeX IlapaMeTpPOB MpPeaMETHO 00JacTu, KOTOpbIE OKa-
3bIBAIOT BAMSIHME Ha pPe3yJIbTaT MOAEAMpoBaHMsS. MOXHO Ha3BaTb MHOXKE-
CTBO (paKTOPOB, BIAMSIONIMX HA YCIIEIIHOCTb Ou3Heca. OgHAKO MHOTHE U3
5TUX (aKTOPOB HE IOMIAIOTCS KOJUYECTBEHHOI oneHKe. Jpyrue ¢akro-
pbl HEBO3MOXHO BKJIIOUMTh B MaTeMaTUUYECKYIO MOJEJIb BBUAY OTCYTCTBUS
nH(boOpMaLlMK O 3HAYCHUSIX TpeOyeMbIX IokazaTesieil. ABTOpbl paboThl [84]
BKJIIOYWJIM B MOJEJb B KadyeCTBE BXOJHBIX MapaMeTpOB (aKTOPbI, BIIM-
SIOIIME Ha YCIIEIIHOCTb IIPEANPUHMMATEILCKON MesTeJIbHOCTU B pa3pese
MTOHSTHUS «IIPEANPUHUMATELCKUIA TyX», B OCHOBE KOTOPOTrO, MO MHEHUIO
MHOXeCTBa 3apy0eXXHbIX YYEHBIX M YCIICUIHBIX IIPEAIIPUHUMATENCH, JEKUT
noHsTue «rpeanpuHumaresbckod JIHK». B cBsI3u ¢ 3TUM OCHOBHasl 4acThb
BBIOpAHHBIX (DAKTOPOB SBISUIACh XapaKTEPUCTUKONM OMOMETPUYECKUX IT0-
KazaTesieil yejoBeka. [IpyHuMas BO BHMMaHMs YKa3aHHBIE OTrpaHWYCHUS,
B KA4yeCTBE BXOJHBIX IMapaMeTpOB HeWpocCeTeBOM MaTeMaTUYEeCKOW MOIenu
OBLIM HCIIOJIb30BaHbI:

X1 — BO3pacT IpeAIpUHUMATEIS;

Xp — TIOJI;

X3 — KOJIMYECTBO JETEM;

X4 — obOpa3oBaHUeE;

X5 — cdepa HeITeIbHOCTA, B KOTOPOM IpeAlpUHMMATENb IIJIAHUPYET

BEeCTU OM3HEC;

Xg — LIBET IJ1a3 IIpearpuHUMAaTeIs.

B kayecTBe BBIXOOHOrO IIapaMeTpa HEMPOHHOM CeTH ObLia IPUHSITA Be-
JIMYMHA, KOTOPYIO aBTOPHI paboThI [84] Ha3BaM BEPOSITHOCTBIO YCIIEIITHOCTU
ousHeca: d = 1, ecim OusHec ycnemeH, u d =0, ecau HeyCIelIeH.

B kayectBe OOyyarommux NMpUMEpOB Oblla MCIOJIb30BaHa MHOOpMaIUs
0 OusHecmeHax u3 ypHajia Forbes (Bbimyck —maii 2009 r. «100 Gora-
TeHIIMX OU3HECMEHOB»), HaHHble M3 ceTU VIHTepHET M JaHHbIE COLMO-
JIOTMYECKOro ompoca. B oOyualomine MHOXECTBAa BXOIWJIM HPUMEPHI KakK
ycnemrHoro 6usHeca (d = 1), tak u HeycnewHoro (d = 0). ITocine o0yuyeHus
CEeTh TECTUpPOBAJIaCh Ha IpUMeEpax, B3SITBIX M3 TeX K& MCTOYHMKOB, HO HE
y4aCTBOBABIIMX B IIpoliecce oOydyeHMs ceTu. MakcuMaibHasl MOrpelIHOCTh
IIPOTrHO3a Ha TECTOBBIX MpuMepax cocTaBwia 13,1%. AHanu3 3HaYMMO-
CTHU BXOIHBLIX ITapaMETPOB MOKa3aj, 4YTO BCE€ OHU SBJISIIOTCSI BaXKHBIMU,
IMOCKOJIbKY yHaJIeHHE€ JII0OOTO M3 HUX HPUBOAUT K PE3KOMY YBEIMYECHUIO
MOrPELIHOCTY MPOTHO30B HA TECTOBBIX IIPUMEpax.
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BeposiTHOCTB
YCIELUHOCTH
6usneca 0,4

LBeT rnas:
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Puc. 5.8. 3aBucumocTtb BEPOATHOCTU YCIICIIHOCTHU OM3Heca oT BOo3pacTa W 1LIBE-
Ta IJa3 MNPCAIIPUHUMATCIIA, ABIAIOLIICTOCHA 0e3IeTHBIM M}DK‘II/IHOﬁ, UMCIOLICTO
BbICIIICC 06pa3OBaHI/I€ U 3KeJlalollero 3aHsITbCS OU3HECOM B C(bepe Cl)I/IHaHCOB

Takum o6Gpa3oM, 3kcnepuMeHT [84] MOXHO cuUMTaThb ydauyHbIM: HeEil-
pOHHasi ceThb XOTsS M C TIOrpelIHOCTbIO, HO YCBOWJA 3aKOHOMEPHOCTU
MIpeaMETHOM 00JaCTM M €€ MOXHO IIPUMEHSTh B KayeCTBe MaTeMaTh4e-
cKoil Momenu 5Toil obiactu. OHa MOAXOAWUT KaK JJIs ITPOTHO3UPOBAHUS
YCIIEIIHOCTU Ou3HEca >KeJIaloLIMX 3aHSThCS MPEAIPUHUMATEILCKOM Aes-
TEJIbHOCTBIO, TaK M JJIsg U3yUYeHUsT 3aKOHOMEPHOCTE 3TOro CJIOXKHOIO
siBjieHUs1. [1pou3Boasi BBIYMCIEHUSI C TOMOIIBIO HEMPOHHOW ceTu, usMe-
HsISl TIPU BTOM OJHUM BXOJHBIE MapaMeTpbl U COXpaHsisd HEeU3MEHHbIMU
JIpyTUE, MOXHO MOCTPOUTH 3aBUCUMOCTU BEPOSTHOCTU YCIEIIHOCTU Ou3-
Heca OT BXOIOHBIX MapaMeTpoB. OIHA U3 TaKMX 3aBUCUMOCTel rpaduuecku
npencTaBieHa Ha puc. 5.8.

Kak Bumum, HauOoOJbIIE CKIOHHOCTBIO K OM3Hecy B cdepe (ruHAHCOB
cpenu Oe3NeTHBIX MYXXUMH C BBICIIMM OOpa3oBaHHWEM HMMEIOT obJsaaaTesv
cepbiX TJia3, 3aTeM WIyT 3eJieHOIJIa3ble, rojiyoorjasble M Ha MOcaeaHEM
MmecTe — obsanatean Kapux ria3d. [lpuyem HeszaBUCUMO OT 1iBeTa IJia3, Be-
POSITHOCTh YCIELIHOCTU OM3Heca CHUXKaeTcsi ¢ Bo3pacToM M K 40 rogam
OpUOIMXKaAeTCsI K HYJIIO.

B pesynbrate mpoBeAeHUS OallbHEHINMX BBIUMCICHUN W TTOCTPOCHMUS
aHAJIOTUYHBIX TUCTOrpaMM OBLIM BBISIBJICHBI APYTrde€ 3aBUCUMOCTH MEXIY
BXOJAHBIMU TIapaMeTpaMM U BEPOSITHOCTBIO YCHEUIHOCTU TpearnpuHUMA-
TEJILCKOW AeATebHOCTU. DBbLIO YCTaHOBJIEHO, UTO LIBET IJ1a3 MOXET Kak
OKa3blBaTh BJIMSHUE, TaK U COBCEM HE€ BJMSITh HAa BEPOSITHOCTH YCIelll-
HOCTU MPEANPUHUMATEIBCKON NesTeIbHOCTU. Tak, y BBIITYCKHUKOB BY30B
(My>X4MH), IJIAHUPYIOIIUX OTKPHITh CBOE 0 B c(hepe PO3HUUYHOI TOPrOB-
JI1 TOBapaMu HAapOJHOIO IOTpeOJIeHUsI, LIBET IJ1a3 HE3HAYUTEJIbHO BJIUSIET
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Ha CTeNeHb YCIIEIIHOCTU IPEAIIPUHUMATENbCKOM NeITSIAbHOCTUA, OIHAKO
BEPOSITHOCTb YCIICLIHOCTU BbIIIe Yy oOjlamaTesieil Kapux Ija3, 3aTeM UOYT
oOJamaTesn 3eJIeHbIX U ronyObix ria3. Camasi HU3Kasi BepOSITHOCTh YCIIEI-
HOM oOpraHM3allii COOCTBEHHOro zAeja y oOjamaTteieil cepbix rIia3. Yro
KacaeTcss Oe3AeTHBIX MYXKXYMH C BBICIIMM OOpa3oBaHMEM, ILJIAHUPYIOIINX
OpraHm3oBaTh CBOE€ JEJI0 B MEIMIIMHE, TO caMasl BBICOKas BEPOSTHOCTb
YCIIEIIHOCTU y o0OsiafaTesiel cepbiX riaas, 3aTeM UIyT oOiafaTeud royyobIX,
3eJICHBbIX M, HaKOHel, Kapux IJjia3.

B 3aBucuMoOCTH OT pasjMYHBIX COYETAHMI BXOMHBIX MapaMeTPOB, ObLIU
BBISIBJIEHBI CJTydyaM, KOTJa LIBET IJ1a3 He OKa3bIBajl BIMSHMS Ha BEPOSITHOCTb
YCHEIIHOCTU NPeANpUHUMATEIbCKOM AeSITEeIbHOCTU. TakK, 0€3IeTHBIM MYXK-
YMHAM C BBICIIIMM OOpa3oBaHMEM, HE3aBUCHUMO OT lIBeTa rja3, He cleayeTr
3aHMMAaTbCs aBTOMOOMJIBHBIM OM3HeCOM. MyKYMHaM C BBICIIUM O0Opa3oBa-
HUEM B Bo3pacTe A0 36 JieT, BHE 3aBUCUMOCTM OT I[BETa UX IJIa3, MOXHO
PEKOMEHI0BaTh OTKpPhIBaTh OM3HEC B chepe PO3HUUYHOI TOPIOBIIM.

B 3akiioueHne oTMeTHUM, YTO yKa3aHHBIE 3[€Ch 3aKOHOMEPHOCTU U Clie-
JIyIOIIYEe M3 HUX PeKOMEHIAllMM HE OXBaThIBalOT BCEro MHOrooOpa3us 3Ha-
HUIA, U3BJICYCHHBIX HEMPOHHOM CEThIO M3 MHOXECTBA OOyYalOIIUX IIpUMe-
poB. Kaxnplii OM3HECMEH U €ro IpearnojiaracMblii OM3HEC XapaKTEePU3YIOTCS
CBOMM KOMIIJIEKCOM BXOJHBIX ITapaMETPOB, U ITO3TOMY BEpPOSITHOCTD YCITEIII-
HOCTU ero OuzHeca B KaXXIOM KOHKPETHOM cJjiyyae MOJIe3HO OlIeHMBAThb
NyTEM BBIYUCIECHUI C IIOMOIIbI0 HEUPOHHOM CETU — MHTEJUIEKTYaJIbHOM
CUCTEMBI IIPOrHO3MPOBAHMS YCIIEIIHOCTY MPEANPUHUMATEIbCKOMN IesTeIb-
HOCTH, pa3paboTaHHOI aBTOpaMHu paboThl [84]. OOpaTUTHLCS K 3TON CUCTEME
U IIPOBEPUTH CBOIO CKJIOHHOCTh K IMPEANPUHUMATEIbCKON MEsTeIbHOCTH,
a TakKe BbIOpaTh HaubOoJiee MPEANOYTUTEIbHYI0 chepy AesITeTbHOCTH MOXK-
HO c caiita www.PermAl.ru (pazgen «IIpoexTbl»).

Hanmo orMeTruTh, 4TO JaHHAs MHTEJUIEKTyaJlbHasl CUCTeMa MMEET LIUPO-
KUl criekTp npuMeHeHMss. OHa MOXKET OBbITb MOJIE3HOW MJIs1 HAaYMHAIOIIMX
MNpearnpuHUMaTeeii, a TAKKe CIIY>KUTh B KAYECTBE MHCTPYMEHTA IOMIEPKKI
pelieHuli, TIPUHUMAEMBbIX 3peJIbIMU OM3HECMEHAMM M JKCIepTaMyd WHBEe-
CTULIMOHHBIX KOMMNaHMWi. M, KOHEUYHO Ke, OHa HEeOLICHMMa [JISI MOJIOIBIX
JItofieli, pellaplInX BOMPOC O BbiOOpe Oyayiiei mpodeccuu.

5.8. BbIABJIIEHME CMNOCOBHOCTU YEJIOBEKA
K HAYYHOWN OEATENBbHOCTHU

Kak oTrMeuanoch B mpenbiaylieM Itaparpade, criocoOHOCTU K OM3Hecy oOHa-
pyXuBamTcst He 6ojiee yeM y 7—10% HaceneHus. CuuTaercs, 9YTO HaydHOMI
JeSITeIbHOCTBIO CITOCOOHO 3aHWMAThCs €Ille MEHBIIWI MPOIEHT JTIOACHA.

B pabore [3] HeiipoceTeBasl cucTeMa, MNPOTrHO3UPYIOIIAasi CKJIOHHOCTb
K Hay4dyHOM [esITeIbHOCTH, CO3IaBajlaCh IIyTeM OOydeHusi Ha Ouorpacdpu-
YeCKMX HaHHBIX Bblgaromuxcs ydeHbiX XIX—XX BB. Bo BHumaHume Ipu-
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HUMaJIUCh TaKWe MapaMeTpbl Kak: IM0JI; HAallMOHAJIbHOCTb MaTepu; HalUO-
HaJILHOCTh OTILA; 3THOJMHIBUCTUYECKASI TpyIina; ObUIM JIU B CEMbE JIIOOU
CBsSI3aHHBIE C HAyKOI; ObLI JIM BYHACPKMHIOM B paHHEM BO3pacTe; IO
KaKUM IIpeaMeTaM yJuiIcd Ha 4 u 5; 3aHMMaJICSl JIM II0J PYKOBOICTBOM
BBIJAIOIIEIOCS YYEHOTO; Pa3HOCTOPOHHOCTh MHTEPECOB; MOJUTUYECKAsT aK-
TUBHOCTb; PACCESIHHOCTb W HEINPUCHOCOOJEHHOCTh K peaibHON KU3HMU;
npobyieMbl, CBI3aHHbIE C JNYLIEBHBIMU PacCTPOMCTBAMM; OTpacib HAYyKM.

BreIxogHOIT mapaMeTp Moaesin d KOmWUpOBay pe3yabTaT HmporHosa: 1 —
CIIOCOOEH K HayyHO#l desTelbHOCTH, (0 — HE CIOCOOEH K HayyHOMH aesi-
TEIbHOCTHU.

Bcero 0n110 moarorosieHo MHOXKecTBO 13 200 ipuMepos: 100 mpumepoB
CO 3HaYeHHeM BBIXOJHOro mapamerpa d paBHbIM enuHuiia u 100 mpumepon
CO 3HayeHueM BbIXOgHOro mapamerpa d = 0.

Kak yxe ormevanoch, mpu (GOPMUPOBAHUU TPUMEPOB C BBIXOAHBIM
napamMeTpoM d = 1 UCNOJAb30BAIMCH JaHHbIe U3 ceTu MHTepHEeT o BblAato-
muxcs yyeHblx XIX—XX BB., Takux kak: B. JI:k. Pentren, 1. 1. MeyHuKOB,
I1. Kiopu, . K. ®. l'aycc u np. C mpumepamu ke, B KoTtopbix d = 0,
BO3HUKJIM TIpOOJIEMbI, CBSI3aHHBIE C OTCYTCTBUEeM MHpopmauuu. B cBsasmu
C 3TUM OBLJIO BBEAECHO MPEIIOJOXEHUE, UTO KOJUYECTBO JIIOACH, UMEIOLIUX
CMOCOOHOCTU K Hay4yHOW [esITeIbHOCTU, 3HAYMUTEJIbHO MEHbIle KOJuue-
CTBa JIIOJEi, HE HMEKIIUX TaKUX crnocobHocTeii. Ha ocHoBaHuM 3TOro
npu (GpopMUPOBAHUM TIPUMEPOB, B KOTOPBHIX d = (0, BXOZHBIC MapaMeTphbI
TeHepUPOBAJIMCH CIIyYalHBIM 00pa3oM, OJHAKO C YYETOM M3BECTHBIX CTaTH-
CTUUYECKMX HAHHBIX: KaXKIblii YEpBEPTHIM-NATHIIA YEJIOBEK B MUPE CTpagaeT
MCUXUYECKMMU PACCTPOMCTBAMU; BYHIEPKMHILI cocTaBisior 1% Haceme-
Hus; Ha 100 meBouek mpuxoautcss 107 manbumkoB u ap. Ilociie ynaneHust
BBIOpOCOB 110 MeToauke [57] (cMm. § 6.5), TIosiBJieHMEe KOTOPBIX, IO-BUIM-
MOMY, OOYCJIOBJIEHO HEIOCTOBEPHOCTbIO MH(MOPMALIMU, a TaKxkKe TPyOOCTbIO
BBEIEHHBIX TMITOTE3 MOIPELIHOCTh TECTUPOBAHUS yIAJI0Ch CHU3UTD 10 18%.

Kak BugHO u3 puc. 5.9, ucciegoBaHusi NpeIMETHON o00JacTu, BbI-
MOJIHEHHBbIE C ITOMOIIBI0 HEHPOCETeBOM MOMAECIM, MOKa3zaau, YTO Haumboliee
3HAYMMbIMU MapaMeTpaMu, ONPeIesIIoIIMMU CIIOCOOHOCTD UesloBeKa K Ha-
YYHOU JeSITeIbHOCTU, SIBJISIIOTCS:

1) 3aHumancst M Noja PyKOBOACTBOM M3BECTHOTO YUYEHOTO.

2) bbul 1M BYHIEpPKMHAOM B paHHEM BO3pacTe.

3) Bbu1 1M pa3sHOCTOPOHHE Pa3BUTHIM YEJIOBEKOM.

4) bbul 1M pacCessHHBIM M HEIPHUCIIOCOOJEHHBIM K XKM3HU.

5) bbun 1M B ceMbe 0O, CBSI3aHHbIE C HAYKOIA.

Ha pucynkax 5.10 u 5.11 npuBeneHbl pe3yJbTaTbl UCCIIENOBAHWIA BIIM-
SIHUSI U3MEHEHMUSI BXOJHBIX IapaMeTpPOB Ha pe3yJbTaT MOACJIMPOBAHUS —
CIOCOOHOCTh K HaydyHOW nesitebHOCTU. McciiemoBaHue BBIMOJHEHO IyTeM
«3amMopaxuBaHUsS» ((pUKcallMK) OOHUX U ITOCTENEHHOr0 M3MEHEHUST APYTUX
BXOIHBIX MapaMETPOB IIpU OJHOBPEMEHHBLIM HAOJIOAEHMU 3a 3HAYCHUEM
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Puc. 5.9. PacrnipenesieHne 3HaUMMOCTU MapaMeTpoB, OT KOTOPBIX 3aBUCUT CIO-
COOHOCTH 4esioBeKa K HayYHOU NIesiTeIbHOCTU

1 — 3aHMMaJICST T MOA PYKOBOICTBOM M3BECTHOIO YYEHOroO; 2 — ObUT JIM BYHACPKUH-
JIOM B paHHEM Bo3pacTe; 3 — ObLI JIM pa3HOCTOPOHHE Pa3BUTHIM UYEJIOBEKOM; 4 — GbUT
JIM pacCesTHHBIM U HEITPUCIIOCOOICHHBIM K >KU3HU; 5 — ObUI JIU B CEMbE JIIOAU, CBSI3aH-
HBbI€ C HayKOil; 6 — ObLI JIM MOJUTUYECKN aKTUBHBIM YEJIOBEKOM; 7 — HALIMOHAJTIbHOCTD
orua; 8 —Ioj ydeHoro; 9 — 1o kakuM InpeameraMm yuuwicss Ha 4 u 5; 10 — Hauumo-
HaJILHOCTb MaTepu; 11 — oTpacib HaydHOI OesITeIbHOCTU; 12 — 3THOJMHIBUCTUYECKAS
rpymnna; 13 — O6bUIM 1M TpOOGJIeMbl, CBSI3aHHBIE C AYIIEBHBIMU PAaCcCTPOMCTBAMMU

BBIXOJTHOTO CUTHaja ceTU. BupTyanbHble 3KCHEPUMEHTHI ITPOBOAUINUCH Hall
nByms yuyeHbIMU: A. DiiHmTeiiHoM u WM. I1aBaoBbIM.
AHanu3upysl JaHHbIC ITOJYYCHHBIX B PE3yJbTaTe BBIYMCIUTEIbHBIX DKC-
MEPUMEHTOB T'MCTOIPaMM MOXHO OTMETHUTb Psii MHTEPECHBIX PE3yJIbTATOB.
1. Ecnu Ol DitHiuteiiH u IlaBioB He MMeNM B KAauyeCTBE CBOMX YYM-
TeJieli M3BECTHBIX YYEHbIX, Yy HUX ObLIO Obl 3HAUYUTEJ]bHO MEHbIE
IIAHCOB CTaTh 3HAMEHMUTHIMU YYEHBIMU.
2. Takoii ke »ddexkT HabmomaeTcsi, ecii Obl 00a yYeHBIX HE ObLIU
Pa3HOCTOPOHHE Pa3BUTHIMU JIOJIbMMU.
3. Ecaim Obl DUWHIITEHH He OBLI paccesTHHBIM M HEIPUCIOCOOJICHHBIM
K >XM3HU 4YeJIOBEKOM, TO 3TO HE IIOBJIMSIJIO Obl Ha €ro CIOCOOHO-
CTU K HayyHoi aesaTenbHocTU. Ecnm Obl IlaBioB ObLT paccesiHHbIM
U HENpUCIIOCOOJEHHBIM K >KM3HM YEJOBEKOM, TO €ro IIaHChl CTaTb
3HAMEHUTBIM YYeHBIM yrnanu Obl 10 4%.
4. Kak wusBecTHO, JiiHIITelH u [laBnoB He ObUIM BYHIEPKUHAAMU
B paHHeM Bo3pacte. Ecim Obl 3TO OBUIO HE TakK, T.€., €CIU ObI
B paHHEM BO3pacTe OHU ObLIM BYHIEPKMHAAMMU, TO MX CIIOCOOHOCTHU
K Hay4yHOi paboTe OoCTaJMCh Obl MO-IPEKHEMY BBHICOKUMM.
5. MI3BeCTHO, 4YTO B CEMbSIX, B KOTOPBIX BOCIUTBHIBAIMCH DUHIITEHH
u [laBmoB He ObLIO JIONEH, CBSI3aHHBIX ¢ Haykoul. Eciau Obl 3TO OBbI-
JIO He TaK, TO HX CIIOCOOHOCTM K Hay4YHO#l paboTe IOo-TIpexXHeMy
OCTaJINCh BBICOKUMM.
6. Kak umsBecTHO, DUHINTEHH aKTUBHO 3aHUMAJICS IOJIWTHUKON, TOTHA
Kak ITaB10B BBICOKOI MOIUTUYECKO aKTMBHOCTU He IposBiisii. Kom-
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Puc. 5.10. Pe3ynbraThl KOMOBIOTEPHBIX 3KCIIEPUMEHTOB, BBIITOJHEHHBIX HPU
BUPTYAJIbHOM M3MEHEHUU COLMAJIbHBIX, OMOJOrMUYEeCKUX U 61MorpadruuecKuxX JaH-
HBIX A. DHHIITEHA

1 — ucxogHoe cocTosiHUE; 2 — ecid Obl HEe 3aHUMAJICS T10JI PYKOBOJICTBOM M3BECTHOIO
y4yeHoro; 3 — eciu Obl He ObLIIO Pa3HOCTOPOHHOCTHM MHTEpPEecOB; 4 — ecii Obl He ObLI
paccessHHBIM W HETPUCHOCOOJIEHHBIM K XXW3HU; 5 —ecau Obl ObUT BYHOSPKUHIOM
B paHHMM BO3pacTe; 6 —eciim Obl B CeMbe OBLIM JIIOOW, CBSI3aHHBIC C HAyKoil; 7 —
ecsii ObI HEe OBLI TMOJUTAKTUBHBIM; 8 — eclii Obl OTell ObLI CIaBIHWHOM WJIW apMSHU-
HOM; 9 —ecnu Obl oTell ObUT (DpaHIy30M, OEJIbIMiilieM, aHIJIMYaHUHOM, UTaJIbSHLIEM,
rojnaHaueM; 10 —ecau Obl MaTh ObLla aHIVIMYAHKOM, JIATHIIIKOM, BEHIepKoii, UTa-
JISTHKOM, TOJUTaHAKOM; 11 — ecnm OBl OBLT XXeHIIMHOM; 12 — ecyi ObI OBT HEeoOyJYaeM
B neTrcTBe; 13 —ecnam OBl paGoTajl B 00JlacTU XUMHUM, (PU3UOJIOTUU, OMOJIOTUU, BO
MHOTHUX OOJIacTsIX

MBIOTEPHbIN 3KCIEPUMEHT MOKA3bIBAIOT, YTO €CJIM Obl ObLIO HA00OPOT,
T. e., eciu Obl I1aBaoB ObLI MOJUTUYECKH AKTUBEH, a DUHIITEHH —
HET, TO Ha MUX CMOCOOHOCTM K HAy4YHOU AeSITeIbHOCTU B3TO Obl HeE
MOBJIMSLIIO.

7. Ecim OBl oTeul DiHIITEeHHa OBI HE €BpeeM, a CIAaBIHUHOM WIJIA
apMSHMHOM, TO €TO CIIOCOOHOCTM K Hay4yHOIl paboTe OCTaJucCh Obl
Mo-mnpexXHeMy BbICOKMMU. Ecau Obl ero orel; OblUl (hpaHIy30M,
OesbruiilieM, aHrIMYaHUHOM, WUTAIbSIHLEM WJIW TOJJIaHALEeM, TO €ro
CITOCOOHOCTU K HAay4YHOU paboTe ymayjv Obl 10 HYJIS.

8. Ecim Obl MaTh DiiHIITEiHA OblIa HE HEMKOI, a aHIJIMYaHKOM, JIAThILII-
KOIi, BEHTEepKOM, UTAJIbIHKON WJIN TOJUIAHIKOM, TO €r0 CITOCOOHOCTU
K Hay4yHOI paborte ymaau Obl A0 HyJIs.

9. Ecim 656l otelr wim Math IlaBinoBa ObUIM He PYCCKMMM, a JI000M Ipy-
roii HallMOHAJILHOCTU, TO crocobHocTu I[laBioBa K HayuyHOIi paboTe
OCTJIUCh Obl MO-TPEXHEMY BbICOKUMU.

10. Eciu O6b1 DHINTENHH ObLT XKEHIIMHOMN, UMEIollell TaKue XK€ XapakTe-
PUCTUKM, TO y HEro Obl He ObLIO CIIOCOOHOCTEM K HaydyHOU pabore.
Ecnu 6n1 IlaBnoB ObLT KEHIIUHOIM, TO €ro CIOCOOHOCTU K Hay4YHOM
pabore ObuUIM Obl Ha 7% MeHbLLE.
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Puc. 5.11. Pe3ynbraThl KOMITBIOTEPHBIX 3KCHEPUMEHTOB, BBIIIOJHEHHBIX NPU
BUPTyaJIbHOM M3MEHEHUU COLMAIbHBIX, OMOJIOTMYECKUX U OMorpaduiecKux JaH-
Hbeix WM. IlaBnoBa

1 — ucxomHoOe cocTosiHUE; 2 — eCJii Obl He 3aHMMAaJICSl MO PYKOBOIACTBOM M3BECTHO-
ro yuyeHoro; 3 —eciau Obl He OBLIIO Pa3HOCTOPOHHOCTHM MHTEPEcOB; 4 — ecyiu Obl He
OBbIT pacCessHHBIM M HEIIPUCIOCOOJIEHHBIM K XW3HU; 5 — ecau Obl ObLI BYHOSPKWH-
IOM B paHHMM BO3pacTe; 6 — eciau Obl B CeMbe OBUIM JIIOAU, CBSI3aHHBIC C HayKOIA;
7 —ecnu OBl OBLT MOJUTAKTUBHBIM; 8 — eciau OBl OTell ObLI JIIOOOW Ipyrowl Halmo-
HaJILHOCTU;, 9 — ecau Obl MaTh ObLIa JIOOO0U Apyroi HaluuoHajabHOCTU; 10 — eciau ObI
ObLT XKeHIIMHOM, 11 —eciaum Obl ObUT HeoOydyaeM B OeTcTBe; 12 —eciau Obl paborali
B 00JaCTU MaTeMaTUKU, (U3UKU, XMMUHM, BO MHOTUX OOJIACTSIX

11. Ecim On1 DiiHmTeitH u IlaBioB Obuid OBl HECIIOCOOHBI OOYy4YaThCS
B JETCTBE, TO y HUX Obl HE OBLIO CIIOCOOHOCTEIl K HaydyHOIi paborTe.

12. Ecniu Obl DitHIITEH BMecTO (u3MKU padboTajl B 00JacTU XUMMHU,
¢dusunosgoruu, OUOJOTUM WJIM BO MHOIMX APYTMX OO0JACTSIX, €ro IIaH-
Cbl CTaThb 3HAMEHUTBHIM YYE€HBIM CHU3WIMCHL Obl A0 Hyjs1. Eciu Obl
ITaBnoB BMecTO (pU3HMOJOrMM padoTad B O0JACTHM MaTeMaTukKu, (u-
3UKU, XUMWUU UM BO MHOTUX APYTUX OOJACTSIX, TO €ro IIaHChl CTaTb
3HAMEHUTHIM YYEHBIM YMaJIu Obl OO HYJIS.

[TonBoasi UTOr BBIMOJHEHHBIM HCCIEAOBAHUSIM, OTMETUM, UYTO IpHU-
BElICHHbIC 3[1eCh BBIBOJbI Ha MEPBBbIA B3MISIA KaxXyTcsl Oecrojie3HbIMU
U COMHUTeNbHBIMU. Ho, BO-mepBbIX, HAITOMHUM, UTO OHU SIBJSIIOTCSI pe-
3yJIbTATOM KOMMBIOTEPHBIX 3KCIIEPUMEHTOB HaJ MaTeMaTU4eCKOil MOAEbIO,
aIeKBAaTHOCTb KOTOPOI IOKa3aHa CPaBHUTEIBbHO HM3KOW IMOTPEITHOCTBIO,
ITOJTyYeHHOM Ha TECTOBBIX NMpUMepax. A BO-BTOPBIX, KOMITbIOTEpHAsS ITIPO-
rpaMMa, peaausymollas MaTeMaTUYecKyl0 MOIeIb, MOXKET OBITh peab-
HO HUCIIOJIb30BaHAa KaK MHCTPYMEHT ICUXO(MU3UOJIOTUYECKON TUarHOCTUKU
u npodopueHtaunu. Hanpumep, MoJIOABIM JIIO/ISIM, MEUTAIOIIUM 3aHUMATh-
Csl HAyKoi, MOXHO MoaOuparh HauboJjiee TMOAXOASILYIO s HUX HAayYHYIO
00J1acTh, B KOTOPOU MX CIIOCOOHOCTM MOTYT PacKphIThCsl Hanbosaee ahdek-
TUBHBIM 00pa3oM. Bocmosb30BaThCsl TaKUM CEPBUCOM MOXKHO B pasmesie
«ITpoexTrl» caiita www.PermAl.ru.
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5.9. CBOWCTBA HEMPOHHbIX CETEWN,
YHACNEOOBAHHbBIE OT MO3rA

HeiiponHasi ceTb — 3TO cucTeMa, BBIIIOJHEHHAsi IO 00pa3y M MOA00MIO
YeJIOBEUeCKOro Moara. BmojiHe ecTecTBEeHHO, 4YTO OHa <«HAacJeoyeT» ero
CBOICTBA, IPUYEM HE TOJBKO IOJOXKMTEIbHBIE, HO W OTPUIATEJIbHEIC.

Kak u yeyioBeueckuii MO3r, HEipOHHasl CeTh CIOCOOHA MOJy4YaTh 3Ha-
HUSI U3 JAaHHBIX M OOHApyXHBaTh CKPbITbiE B HUX 3aKOHOMepHocTU. Ho,
KakK M 4YeJOBeK, HEHpOHHasl CeTb HEe B COCTOSIHUM OOBSICHSITb, KaK OHa
3TO jaeJiaet?

ApxuMen OTKPBUJI CBOM 3aKOH, Jiexka B BaHHe, HbroTOH — Habmonas 3a
nageHuem sojoka. Ob6a yyeHble TeHHaIbHBIM 00pa30oM Aoragajuch, HaILIU
WCTUHY, He OOBSCHUB, OIHAKO, KAaK OHU 3TO CHeJaJM.

HeiipoHHasi ceTb, M3BJeKash 3aKOHOMEPHOCTHM W3 JAaHHBIX, TOXE CITO-
coOHa moJjyyaTh 3HaHWs, AejdaTh OOTaiKW, OTKPbIBATb 3aKOHbI MPUPOIIbI.
Ho Tak e, KaKk W 4YeJOBEK, HEWpOHHasi CeTb HE CIIOCOOHA K YeTKOM
(OpMYIUPOBKE IIYHKTOB ajrOpUTMa, MO3BOJMBIICIO €l caeldaTh TO WM
nHoe yMoszakiawodyeHue. OHa He cmocobHa eepbaauzosams (OT (paHILy3-
cKoro verbal — «CJIOBECHBII1») CBOU BBIBOIBI, T. €. OOBSICHUTH MX CJIIOBAMM.
3HaHUsI, KOTOPbIMU OHAa 00JIanaeT, HegepOaabHbl, T. €. HEOObSICHUMbI T10-
CPEICTBOM CJIOB.

CorlacHO COBPEMEHHBIM 330TEPUUYECKUM TEOpUSIM, TeHUH B MOMEHT
03apeHUsT «CUMTBhIBAaeT MH(MOPMALIUIO U3 MHapajiebHbIX MUPOB», MO3TOMY
OH HE€ MOXET BBICTPOUTH JIOTMYECKYIO LIEOYKY, HE MOXKET OOBSICHUTh, KaK
OH poragajics. Pazymeercs, Hejeno ObUIO Obl yTBEpXKOaTh, YTO HEMpPOHHAas
CeTh B MOMEHT U3BJICYEHMsS 3HAHUU IIPONEIbIBA€T aHAJOTMYHYIO OIlepa-
11110, MOATOMY MOJIEJIMPOBaHUE AEATEIbHOCTH MO3Ta JaeT HaM OCHOBaHUSI
BO3pa3uTh MPOTUB 330TepUUYECKO Teopuur nmo3HaHus. [lo-BuaumMomMy, MHO-
rue u3 (peHOMEHOB, KOTOpbIe AEMOHCTPUPYIOT 3KCTPACEHCHI, KOHTAKTePbl
VI 1IaMaHbl, MOXHO OOBSICHMTH CBOMCTBOM MO3ra M3BJIeKaTh MHMOpMa-
LUIO U3 HEMNOJHBIX JaHHBIX — CBOMCTBOM, KOTOPOE€ YAAeTCs MOIEINPOBATh
C TIOMOILBIO HEMPOHHBIX CETEM.

B mnpakTtuke MNpuUMeHEHUS! HEMPOHHBIX CETell M3BECTHBI ciydyau, KO-
rma HEMpOHHBIE CETU JIEMOHCTPUPYIOT (PeHOMEH, Ha3blBaeMbIli B XKU3HU
«ILIECTBIM 4YYBCTBOM». Illecmoe uyecmeo, WU UHMYULUS — ITO CIOCOO-
HOCTb 4eJIOBeKa JejaTh IMpaBUJbHbIE BbIBOAbI W MPUHUMATh MpaBUJIbHbBIC
peleHusI, pPyKOBOACTBYSICh MH(pOpMaleil, KOTOPOM ISl JIOTUYECKOro 00b-
SICHEHHUSI TaKuUX BBIBOAOB M pelleHuil HemoctaTouyHo. OOBIYHO CUMUTAETCH,
YTO «IIECThIM YYBCTBOM» B OOJIbIIICI CTEIIEHU O0JIamaeT XXeHCKasl TTOJOBUHA
YyeJIOBEYECTBA: OYEHb YacTO >KEHIIMHBI COBEpIIAIOT MOCTYNKM M TPUHU-
MaloT pelleHUs, KOTOPble MYXUYUHBI (C TOUYKM 3pEHUSI UX TPAAULIMOHHON
JIOTUKU) OOBSCHUTH HE MOTYT, — M HEPEAKO TaKue IMOCTYNKU U PelIeHUs
OKa3bIBAIOTCSI €AMHCTBEHHO MpaBUJIbHBIMU.
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HelipoHHbIe ceTu ¢ ycIleXoM M3BJeKalT 3HaHUS MpU aHajiude UHGOp-
Maluy, U3 KOTOPOM, KasajJoCch Obl, 3TW 3HAHUS H3BJIE€Yb HEBO3MOXHO.
Panee, B § 5.3, ObUI HOpuBeIeH NOpUMEP IMATHOCTUKUA HEMCIPaBHOCTEH
aBUALIMOHHBIX ABUTraTeJeii II0 COBOKYNHOCTM HX IIOJIETHBIX ITapaMeTpPOB.
DdeHOMEH 3aKIII0YaeTcs B TOM, YTO IIOMMMO BCEX IMPOYUX HEUCIIPABHOCTEM
HEMpOHHAs CeTh AMArHOCTUPYET M TaKue, KOTOPhle HEBO3MOXKHO BBHISIBUTH
TpagULIMOHHBIMU JTUATHOCTUYECKMMHU METOJaMM, OCHOBAaHHBIMU Ha 3aKO-
Hax ¢u3uku. Tak, medekr «CTpyxXKa B Macje» OOHapy>KMBAaeTCsI TOJIbKO
MOcCJie BCKPBITUS aBUAABUTATENsI. DTOT Ae(heKT He BBISBISCTCS TpPaaULIMOH-
HBIMU JUATHOCTUYECKMMU METOAAMMU, IIOCKOJILKY €ro HajJu4ue, 10 MHEHUIO
CIIeLMAJIMCTOB, HUKAK HE BIMSET HM Ha OOUH M3 CHUMAEMbIX C aBUAIABHU-
raTesis TOJIETHBIX TapaMeTpoB. TeM He MeHee, HeCMOTpsi Ha OTCYTCTBUE
KakKoi-1100 CBsI3M MeXIy MOsIBIeHWEM 3TOro jnedekra v rmapaMmeTpaMu pa-
0OThl aBuaJBUTaTessl, HEMPOHHASI CETh BCE-TakKM OOHApPYXKMBAeT CKPBITYIO
OT OOBIYHBIX BepOaJIbHBIX METOJOB AUArHOCTUKM 3aKOHOMEPHOCTb U CTaBUT
MpaBWIbHBIM IMAarHO3 OTHOCUTEIBHO HAJIMYMS WIA OTCYTCTBUSI CTPYXKH.

Kak MOXHO OOBSICHUTH 3TOT (peHOMeH?

Haite oObsicHeHue cocTouT B ciaeaylomuMm. JeiicTBUTENbHO, COTJIaCHO
OOLIENTPUHSITOMY MHEHUIO CIIeLUANTMCTOB, MOSIBJIGHUE CTPYXKU B TMOMJIOHE
JIBUTaTeJisl, He CKa3blBaeTCsl Ha ero TeMIlepaType, BUOpaLusX, IIymax,
rnepernanax AaBJeHUSI U Mp., a CJeloBaTebHO, HE BBI3bIBAET CEPbE3HbBIX
OTKJIOHEHUII HU OJHOI0 M3 3HAYC€HMM ITapaMeTpoOB BXOMHOIO BekTopa X:
X1, X2,.... Ho BOo3MOXHO, 4yTO HeOOJbIIME, He3aMeTHBIC IJId Tjla3a CIie-
LIAAJINCTOB OTKJIOHEHMSI B IlapaMeTpax pabOThl JABUTaTelisl BCE-TaKM €CTb.
IIpuyem, BO3MOXKHO, IOSIBICHUE CTPYKKM IIPUBOAUT K HM3MEHEHUSIM HE
OJTHOTO Y HE JIBYX, a Cpa3y MHOTMX KOMITOHEHT BekTopa X, U HeillpoceTb pea-
TUpyeT Ha 3TOT KOMIUIEKC He3aMEeTHbBIX a3y U3MeHeHUil. Benb oHa «ciaeanT»
He 3a OJJHUM M He 3a ABYMSI, a cpady 3a BCeMU KOMIOHEHTaMu BeKTopa X!

DdecHoMeHBI MOAOOHOr0 poja B IPAaKTUKE MPUMEHEHUSI HEeMpPOCEeTEeBBIX
TEXHOJIOTUI HE SBISIOTCS pedKocThio. OCOOEHHO YacTo OHM HaOII0OAroT-
Csl IPU MCCAEAOBAaHUU JOCTATOYHO CJIOXKHBIX OOBEKTOB, KOI/la HEMpPOHHbBIE
CETU BBISIBIISIIOT CBSI3M M 3aKOHOMEPHOCTH, O CYILICCTBOBAaHUU KOTOPBIX
COEeLMaIUCThl He 3HAIOT. BBISIBISIIOTCS aXke TakuMe B3aMMOCBSI3U U B3aUM-
HBIC BJIMUSHUS, KOTOPbIC IIPU MOBEPXHOCTHOM PACCMOTPEHUU IIPOTUBOpEYAT
3ApaBOMY CMBICJIY CIIELIMAJIMCTOB M CTAHOBSITCS MOHSTHBIMU U OOBSICHU-
MBIMU TOJIBKO IIOCJe OoJjiee TIIATEJIbHOIO M3YYeHMsI OObEKTa.

CI10cOOHOCTh HEUPOHHBIX CceTell W HEHPOKOMIMBIOTEPOB BBISBISITH
U MCHOJIb30BaTh HEM3BECTHBIE paHEe 3HAHUSI — BTO, O€3YyCJOBHO, MX IIO-
JIOXXUTETBHOE CBOWCTBO, «yHACJIE€IOBAHHOE» UMU OT CBOEr0 €CTECTBEHHOIO
MPOTOTUNA — MO3Ta. MBI yXe ObLIM CBUAETEISIMU TOMY, KaK 3TO CBOMCTBO
MO3BOJIMJIO CO37aTh HEMPOCEeTeBYKD CHUCTEMY AUArHOCTUKMU aBHAllMOHHBIX
JIBUTaTesIell, CIOCOOHYIO BBISBIISATH AE(EKThI, KOTOPble TPaauLIMOHHBIMU
METOlaMM HE BBISABIAIOTCS. B npyrux ciydasix obHapyxkeHue Heipocere-
BbIMU MOJEJISIMU HOBBIX, HEM3BECTHBIX paHee 3HAHWI U 3aKOHOMEPHOCTEI
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MpeaMEeTHBIX 00JIacTei MOXET MPUBOIAUTH K OTKPBITUSIM, U3MEHSIOLIUM
TpagULIMOHHBIE HAay4HbIC€ MPEACTABICHUS U IapaaurMbl, MOPOXIAIOIIUM
MHHOBALIMOHHBIE IIPOPLIBBI B TOM WJIM MHOI Hay4yHOIl objactu. Tak, mccie-
JIOBaHUWE HEeWpOCeTeBOM KapAuO-AUAarHOCTUKO-IIPOTHOCTUUECKON CUCTEMBI
(cm. §5.2 u [69, 108, 109]) mo3Bonmiau coejiarth MPUHLMITHAIBHO HOBBIA
BbIBOJ, O TOM, 4YTO OOIllMe peKOMEeHAallMu, OOBIYHO [JaBaeMble Bpayamu
BCceM 0€3 HCKIIOUEeHUS KapAuOJOTMUYeCKMM OOJBbHBIM O HEOOXOIUMOCTHU
COOJIIOIEHUSI TUITOXOJECTEPUHOBOM UEThl, OTKa3a OT ynmoTpebJjeHus: kode
M aJIKOroJjisi, CHVMXXKEHMsSI Beca, OrpaHuyeHus (pU3MIYECKUX Harpy3okK u Ip.,
IJIsI HEKOTOPBIX ITAlIMEHTOB MOTYT OKa3aTbCsl HE TOJbKO HE MOJIE3HBIMU,
HO u npuuuHUTH Bped. MccnenoBanus [108, 109] mokaszanu, 4to Takue pe-
KOMEHIAlUU JOJXKHBI JaBaThCsl C yUeTOM WHAWBUIYAJTbHBIX OCOOCHHOCTEM
OOJIbHBIX, OIMpPEAeasieMbIX JOBOJbHO OOJIBIIIUM KOMITJIEKCOM UX MapaMeTpOB.

B oTnnuue oT BKCIEepTHBIX CUCTEM, B KOTOpPbIE 3HAHMSI 3aKjadblBalOT-
csl BKCIepTaMU-pa3paboTUMKaMU, HEHPOHHBIE CETU MPUOOPETaroT 3HAHWUS
aBTOMATUYECKM, M3BJIEKas HX U3 IIPUMEPOB IIPAKTUUECKOrO IIOBEACHUS
npeaMeTHbIX obnacteili. M 3mech ymecTtHo BcrmoMHUTH cioBa lere: «Cyxa
Teopusi, MOI Ipyr, HO APEBO XKU3HM 3eJieHeeT». Bcskas Momenab Mupa Bce-
roa orpaHuyeHa. Bcesikas Teopusi 6enHee mpakTuku. [ToaTomy HelpoHHBIE
ceTu, oOyyJarlIrecs: HEMOCPEACTBEHHO Ha MPaKTUYECKUX MpUMepax peasb-
HOI >XM3HU, B MPUHILIUIIE CIIOCOOHBI U3BJEKATh U yCBauBaThb TaKUe 3HAHUSI,
KOTOpbIE CIIeIMAJIMCTaM-3KCIIEpTaM M YYE€HbIM, a 3HA4YUT U CO3AaTeJIsIM
ADKCHEPTHBIX CHUCTEM, HE M3BECTHHI.

boinee Toro, oHn cnocoOHbI U3BJIEKATh U UCIOJIb30BaTh U TaKue 3HAHMSI,
KOTOpbIE Ha COBPEMEHHOM 3Talle Pa3BUTUSI TPAAULIMOHHON HayKU OOBSICHUTH
He ymaetcs. Hampumep, TMoBbILIEHUWE TOYHOCTU IMPOTHO30B Kypca BallOT
B ciydyae ydeTa (PaKTOPOB KOCMMYECKOW mpuponbl [71] uau — BausiHue
BeTa I1a3 MpeAIIpUHUMATENsT Ha YCIEIIHOCTh ero ousHeca (§ 5.7 u [84]).

Wrak, HeeepbanrbnHocmb M uHmyuyuss HEMPOHHBIX CETEl — 3TO CBOM-
CTBa, «yHacJielOBaHHbIe» UMK OT Mo3ra. llpuuem, ecim mepBOe U3 ITUX
CBOMCTB SIBJISIETCS BpEeOHBIM, TO BTOpPOE — MOJIe3HbIM. HeeepbaarvHocmb
BBI3bIBAECT TPYAHOCTU B MPUMEHEHUU HEUPOHHBIX CETell U OCJIOXHSIET Ha-
XOXIIEHUE OOIlero s3blka C MOTPEOUTENSIMA TIPOrPaMMHOM TIPOAYKIMU,
KOTOPBIM 4YacTo TpeOyeTcsl He TOJIbKO IMOJYyYWUTh KaKOM-JIMOO BBIBOA, HO
U OOBSCHUTH, HA OCHOBAHUM 4yero oH creyiaH. CBOWCTBO uHmyuyuu, Ha-
000pOoT, AendaeT uX OMHUM M3 3(h(HEKTUBHENIINX UHCTPYMEHTOB, I10JIE3HBIX
IJIsI HAyYHOTO M MPaKTUYECKOTO IIPUMEHEHMSI.

WHTepecHO OTMETUThH, YTO KPOME BBIIIEHA3BaHHBIX OOHAPYXUINCH
U JIpyrue CBOWCTBA HEWUPOHHBIX CETEM, TOXE YHACJEOOBAaHHBLIE OT MO3-
ra. OTo, HaNpumep, — cgoiicmeo xcugyyecmu. VI3BECTHO, 4YTO MO3I OYEHb
KMBYY: OBUIM CJTydad, KOTIa JIFOOM, MOTepsiB B pe3yibTaTe TpaBM a0 30%
o0beMa Mo3ra, BeJIM CeOs BIIOJIHE aaeKBaTHO U IIPOAOJIKAJIM COBEpIIaTh
o0ayMaHHbIE TIOCTYNKHU. Kak BBISCHMIOCH, HEMPOKOMMbBIOTEPHI (B OTJIM-
Yyye OT OOBIYHBIX (DOH-HEHMMAHOBCKMX KOMIIBIOTEPOB) TOXKE ITPOMOJIKAIOT
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(GYHKIIMOHUPOBATh MPU TOBOJIBHO 3HAYUTEJIbHBIX MOBpexXaeHUs1x! OHU Mpo-
JIOJDKAIOT MPUHMMATh IPaBUJIbHbIE PEIICHUS B Clydyae HapylIeHUS OZHOIO
WIA HECKOJbKMX BHYTPEHHUX COCAMHEHUI — CHMHAINTUYECKMX CBs3eil. OHU
MIPOAOJIKAIOT pelllaTh MOCTAaBJIIEHHbIE IIepe] HUMHU 3adadyy Jaxe B ciaydae
yaajJeHUsT U3 HUX HEKOTOPOro KOJIMYEeCTBA HEWPOHOB.

Ellle omiHUM CBOMCTBOM, yHAcJeIOBaHHBIM OT MO3ra, MO-BUIUMOMY, SIB-
JISIETCSI CBOMCTBO euneppazmeprHocmu (U1 nepeodyueHust), TojJ KOTOPbIM
MOHUMAETCSl yXyALIeHWEe 00O0OIIAIIINX CBOMCTB HEUpPOCETU MPU U3JIUILIHE
OOJIBLIIOM KOJIMYECTBE CKPBITHIX HEMpOHOB (cM. § 6.1). B kauecTBe aHamorum
U3 PeaJIbHOM XXKM3HU MOXKHO IIPUBECTU M3BECTHOE HAOIIOIEHUE IICUXOJIOTOB
TOTO, YTO DPYAMULIMS U KPEaTUBHOCTb PEIKO YKMBAIOTCS B OMHOM UYEJIOBEKE,
YTO 3TM Ka4yecTBa JIIOJAEW YacTo SBISIIOTCS B3aMMOUCKIoYamimmuMmu. Eimne
OIVH TIpUMEpP MOTYT IPUBECTU OIBITHBIE MEAaroru, 3HaWIIue, YTO B pe-
aJIbHOM XXW3HU TPOSUHUKU OOBIUHO yCTpauWBaKOTCS JIydllle, YeM OTJIMYHUKH.

HTak, mepcenTpoH, SBISISICh MOJEJIBIO YEJTOBEYECKOTO MO3ra, HacJieoyeT
ero CBOMCTBA, MPUYEM HE TOJBKO ITOJIOXKHUTEIbHBIE, HO M OTpULIATEIbHBIE.

K monoxuTelbHBIM CBOMCTBAM OTHOCSTCS CJCAYIOILIME CBOMCTBA:

e oOyueHnue;
obobueHue;
uséneueHue 3HAHUL U3 OAHHBIX,

UHMYUUUST,
HCUBYUECMb.

OTpuLaTeJbHBIMI KayeCTBaMU SIBJISIIOTCSI HegepOaibHOCMb U eunep-
pasmepHocms. 3aMETUM, 4YTO CBOMCTBO OOydYeHMs IIepBOHAYaIbHO ILIa-
HUPOBAJIOCh MEPBBIMU CO3MATEISIMU HEMPOKOMIIBIOTEPOB, TO OCTaJbHbIC
OOHAPYXWJIKCh B NaJbHEHIIEM IO Mepe 3KCIIyaTalluu, pa3BUTUSI U U3Y-
YEHUSI HEMPOHHBIX CETEM M HEMPOKOMIIbIOTEPOB.

KOHTpOﬂbeIe BOMPOCHLI U 3agaHuA

1. Tlepeuncnure MOJIOXUTENbHbIE U OTPULIATESIbHBIE CBOWCTBA, KOTOPbIE
MepcenTpOH HaCIeq0BaI OT CBOETO MPOTOTUIIA — YEJIOBEYECKOTO MO3ra.

2. Kakue 3HaHUSI Ha3bIBAKOTCS HeBepOaibHbIMU?

3. BcriomHuTe, KakuM o0pa3oM BepOaIM3YIOTCs BBIBOJbI, TOJydaeMble
C TIOMOILIBIO 3KCIIEPTHBIX CUCTEM.

4. TlomymaiiTe Ham TeM, KaK MOXXKHO BepOaIM30BaTh HEMPOCETEBbIC 3HAHMSI.

5. Haiite ompepeneHue uHTyuuuu. [lpuBeaute mpumepbl HpPOSIBICHUS
STOr0 CBOMCTBA y Y€JIOBEKA W Y HEUPOHHBIX CETEH.

6. B kakmx cirygasx MOXKeT ObITh ITOJIE3HO CBOMCTBO JKMBYYECTH HEM-
POKOMMbBIOTEPOB?

7. IlpuBenute TpuUMEpHI BBISIBICHUS C MOMOIIBIO METOIa HeWpoceTe-
BOTO MOJEIUPOBAHUSI 3aKOHOMEPHOCTEU, KOTOpble HA COBPEMEHHOM
aTare pa3BUTUSI TPAAULIMOHHOW HaykKu OObSICHUTH He yaaercsd. I[lo-
MNbITAUTECh AaTh OOBSICHEHUE ITUM 3aKOHOMEPHOCTSIM.
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5.10. KPYI' 3A0A4, PELLAEMbIX
MNP NOMOLLUU HEMPOHHbIX CETEN

IIpuBeneHHBIC BHILIE TPUMEPHI, a TAaKXe AaHAJINU3 JIMTePATYPHBIX JAHHBIX
U MUHTEPHET-UCTOYHUKOB YOEOUTENIbHO I10KAa3bIBAalOT, YTO HeipoceTeBbIe
TEXHOJIOTUY — 3TO YHUBEPCAJIbHBIM U BechbMa 3(P(GEKTUBHBIA MHCTPYMEHT
IJIST TIOCTPOEHMSI MaTeMaTU4YeCKUX MOJEJIeil 1 MHTE/JIEKTYaJIbHOIO aHaIn3a
JaHHBIX B CaMbIX pPa3HOOOpa3HBIX (U3NYECKUX, TEXHUYECKMX, XUMUYEC-
CKUX, 9KOHOMHWYECKHUX, COLMATIBHBIX U JPYroro poja oObEeKTax, Mpoleccax
u gpiieHussx. [IpoBoas McciienoBaHUEe TPEeIMETHBIX 00JIACTE C IOMOIIBIO
BTUX MOJeJiell, Mbl MOXEM pellaTh pa3HOOOpa3HbIC MPAKTUUYSCKUE 3a1auu.
Hanpumep, ecnu HaM ymanoch MOCTPOUTh MAaTEMaTUYECKYI0 MOIEIb KaKO-
rO-TO CJIOXHOTO TEXHOJIOTMYECKOro Ipollecca (CKaXkeM, BBIIJIABKUA CTald
B 2JIEKTPOAYTOBOM IEYM, WJIM KpeKWHra HedTH B XMMHUYECKOM peaKTope,
WIN MPOU3BOJACTBA 3JEKTPOIHEPTUN Ha JIEKTPOCTAHIIMU), TO UCCIENysT 3Ty
KOMIIBIOTEPHYIO MaTeMaTUUeCKYI0 MOJIeJb, MIPOBOAS Hal HEW supmyaavbHble
SKCnepumeHmol, N3ydasi ¢ UX IOMOIIbIO BIMSHUE BXOJHBIX MapaMeTPOB Ha
BBIXOAHBIC, MOXHO PEIIUTh 3adavy ONMUMU3AUUY MOICIUPYEMOIrO TEXHO-
JIOTUYECKOTIO IIpoliecca. DTO 3HAYUT, YTO MOKHO MOA0OpaTh ONTUMAIbHOE
coueTaHue BXOMHBIX IApaMETPOB, OOECHEYMBAIOIIMX, HAIpUMEpP, MaKCH-
MaJIbHO BBICOKOE KA4eCTBO BBHIILJIABJISIEMOM CTaIM; MOXHO pacCuuMTaTh Hau-
0oJiee OJIAarOIIPUSATHBIN XO4 XMMUYECKON peaKluy KpeKUHTa HeTHU; MOKHO
BbIOpaTh Hanbosee 3(pHEKTUBHBINA PeXXUM PadOTHI BJIEKTPOCTAHLIUM U T. 1.

AHAJIOTUYHO pelIarTcsd 3aJadd ONTUMHU3alluu B cdhepe OM3Heca U 3KO-
HOMUKU. B 3TOM ciiyyae BBIXOOOM HEHPOHHOI CETU MOXKET OBbIThb HeKas
ueneeas @yHKuus, WMeEOIIas CMBICI JKOHOMUYECKON 3(h(EKTUBHOCTU
OpPEaNpUSTUS: BaJIOBOIO IIPOAYKTa, IMPUOLUIA WU PEHTA0CIbHOCTA (DUPMBIL.

Ecnu matemaTtuyeckasi MOJE/b SIBISIETCSI HECMAUUOHAPHOU, T. €. COCTaB-
JIeHa ¢ y4eToM (hakTopa BpeMeHHU, TO €€ MOXHO MCITOJIb30BaTh JJIsl PelleHUs
3ada4 npoeHO3UpPO8aHUs. DTO 3HAYUT, YTO C MOMOIIBIO MaTeMaTUYECKOU
MOJIEIM MOXHO y3HaTh, KAKUMU OYIyT TEXHOJOrMYecKue, SKOHOMUYECKUE,
colpaabHble, MOJUTUYECKUE, CIIOPTUBHbIC, MEIULIMHCKUE, SKOJOTMYeCKUe
U ApyTrue moKaszaTesd MOISIMPYEMOIo OO0beKTa WM IIpoliecca B Oymayllem
M KaK Ha HUX MOXKHO IMOBIMSTH, IPUHMUMAsI T€ WJIM WHbIE MEpPbhl CETOIHS.

Ecim MaTtemarudyeckasi MOJIe/ib pabOTaeT B peajbHOM PEKMME BPEMEHM,
T. €. OIlePaTUBHO MOJIy4aeT CBEACHMUsI O TEKYILIMX M3MEHEHMUSIX IapaMeTpOB
MOJIEIMPYEMOro OOBEKTa; €CIAU PEe3yabTaThl MAaTeMAaTUYECKOTO MOIEIUPO-
BaHUS MOTYT OBITh IEpelaHbl ONepaTopy, YIPaBISIONIEMY OOBbEKTOM, WU
HEIMOCPEACTBEHHO BBEIEHbBI B IPUOOPHI, JO3UPYIOLINE TTOAAYy PYAbl, KUCIO-
pola M IPYruxX XMMUYECKUX KOMIIOHEHTOB B 3JIEKTPOIIeYb 1100 B IIPUOOPHI,
yIIpaB/IsIOIIe ITapaMeTpaMy padOThl XMMUYECKOTO WU SIIEPHOIO peaKTO-
pa, TO Takasi mMaTeMaTuyeckasi Mojeib OyaeT peliatb 3adaxy YnpaeieHus
MOIEIUPYEMBIM OOBEKTOM WU IPOLECCOM.



5.10. Kpyr 3azay, pemaembIx Ipu nomoiqu HeripoHHbIx cereii 111

HakoHell, eciau HelipoceTb KaKMM-JI100 0Opa3oM BepOain3oBaTh, TO €€
MOXHO MCHOJIb30BaTh IS NOHUMAHUsS SIBIEHUH U TPOLECCOB, MPOUCXO-
IAIIUX B M3y4aeMoil IIpeaMeTHOI 00JacTu.

Kpome mnepedunciieHHbIX 3a7ay — MOHUMaHUsI, ONTUMM3ALIMU, MPOTHO-
3MPOBaHUSl U YMpaBJIeHUS — MEPCENTPOH MOXET pellaTh 3aAayd pachno-
3Haeanusi 1 Kaaccuguxkayuu obpazoe. o obpazamu 3aech MOHUMAIOTCS
3pUTEJIbHbIE M300paXkKeHUsl, CUMBOJbI, TEKCTbl, 3araxu, 3BYKHW, IIyMBbI,
Habopbl MapamMeTpoB (BEKTOPHI), XapaKTEepU3YIOIIHUE COCTOSIHUE 3H0POBbSI
MalyeHTa WU COCTOSIHUE TEXHWYECKOTO YCTpOMCTBa U Mp.

OTMeTuM, YTO BO BCEX paHEe PACCMOTPEHHBIX MPUMEpax MOCTPOEHUs
HEWPOCETEBBIX MATEMATUUECKMX MOJIEIEN HEe TPeOOBaIOCh 3HAHUE U HUCIIOJb-
30BaHME 3aKOHOB IMPUPOIbI, SKOHOMUKH, oOlecTBa. BMecTo 3TOro HyXHO
ObLJIO JIMILIL HAa3HAYUThb BXOJHBIE U BBIXOAHBIE IapaMeTpbl CO31aBaeMOi
MOJAEIN W MOATOTOBUTH MHOXECTBO IMPUMEPOB, COAEpXKAIllee CTaTUCTUYEe-
CKue JaHHble O TOBEACHUM MpeaMeTHOM obOmactu. M, eciu mpeamMeTHast
00J1aCTh TaKOBa, YTO MEXIY BXOIHBIMU M BBIXOAHBIMM IapaMeTpaMu MoOJie-
JIU CYLIECTBYIOT B3aUMO3aBUCHMOCTU, 2 MHOXECTBO MPUMEPOB JOCTATOUYHO
penpezenmamuéno (NPENCTaBUTENbHO), TO HEUPOHHAs CEeThb cama M3BJe-
KaeT 3aKOHOMEPHOCTMU TIpeIMETHON 00JacTu U KOOUPYEeT UX B BUIE CUJI
CUHANTUYECKNX CBsI3€M TakK, YTO HEWpoceTeBas MaTeMaTW4yecKash MOJE/b
CTAaHOBUTCSI aICKBATHOM IO OTHOIIEHMIO K pacCMaTpUBAEMOI MPEIMETHOMN
obsacTtu.

KOHTpOﬂbeIe BOMPOCHLI U 3agaHuA

1. B yem cocTrouT 3agaya ONTUMHU3ALUU MOIACIUPYEMOro OObEKTa WJIU
npoliecca, U Kak OHa pellaeTcsl ¢ MOMOIIbIO HEeMpPOCeTeBbIX TEXHO-
noruit? IlpuBenute mpuMepHl.

2. B yeM cocrouT 3amaya IPOTHO3UPOBAHUSI CBOMCTB MOAEIMPYEMOIO
00beKTa, SBJICHUSI WIM Mpoliecca, M KaK OHA pPellaeTcsl ¢ MOMOIIbIO
HelipoceTeBBIX TexHoJioruii? IlpmBeanTe mpuMepHI.

3. B yem cocrTouT 3amada ympaBieHHUsS MOACIUPYEMbIM OOBEKTOM WU
MpOLIECCOM, M KaK OHa pellaeTcsi C MOMOIIbI0 HEHpPOCEeTeBbIX TeX-
Hojioruii? IlpuBenure NmpUMEpHI.

4. B yeM cocTouT 3amada paclio3HaBaHUs (Kiaaccudukauuu) o0pa3os,
M KaK OHa pelraeTcs ¢ MOMOIIBI0 HelpoceTeBhIX TexHomornin? Ilpn-
BEIUTE TIPUMEDHI.

5. YUeMm oTiiMyaercsi UCKYCCTBEHHAs] HEHMPOHHAsI CeTh OT HEMPOKOMIIbIO-
Tepa?



[maBa 6

ONTUMAJIbHOE MNMPOEKTUPOBAHUE
N OBYYEHME HEWPOHHbIX CETEWU

6.1. TEOPEMbIl CYLUECTBOBAHWUA

W3 npenpiayniero M3a0XKEeHUs CIEOyIOT IBa BaXKHBIX BBIBOIA.

1. B >xm3HM BCTpedaeTcsl MHOXKECTBO MpPaKTUYECKM BaxKHBIX 3a1ad,
peIIUTh KOTOPbIE MOXKHO METOIOM MAaTeMaTUYECKOTO MOISIMPOBAHMSI,
T. €. IIyTeM ITIOCTPOCHMSI HEKOTOPOIl CIOXHOM (DYHKIIMU, OCYILIECTBISIONIEH
npeobOpa3oBaHUEe BEKTOpa BXOAHLIX IapaMeTpoB X B BEKTOP BBIXOTHBIX
napaMmeTpoB D.

2. YHUBepCaJIbHBIM MHCTPYMEHTOM IIOCTPOCHMS TaKOi (byHKIIMM SIBJISI-
IOTCSI HEMPOCETEBbIE TEXHOJIOTUU.

EcrecTBeHHO, BO3HMKAIOT BOIIPOCHI: BCEraa JU MOXHO IIOCTPOUTH
HEUPOHHYIO CETh, BBINOJHSIONIYIO IIpeoOpa3oBaHUE, 3aJaHHOE JIIOOBIM
MHOKECTBOM OOydYalolux MpUMEPOB, M KaKUM TpeOOBaHUSAM JOJIKHA
YIOBJIETBOPSITh 3Ta HEWPOHHAsl CETh?

Hano npu3HaTh, 4TO NO CUX IIOp MaTepuall, KOTOPbIA MBI U3y4allu,
HOCUJI B OOJIbIIEHl CTENEeHUW ITO3UTUBHBIN, «pPEKJIaMHBI» XapakTep. Mel
MHOI'O TOBOPWJIM O IIPEUMYILECTBAX M IIMPOKMX BO3MOXKHOCTSIX MeEToda
HEMpPOCETeBOro MOACIMPOBAHUS, HO IIPAKTUYECKMU IIOYTH HHUYEro — O €ro
HegocTaTKax. Mbl HE yIIOMMHAJIM O TPYIHOCTSIX, CBSI3aHHBIX C IIPUMEHEHUEM
aToro Meroga. Ho ocBouts 1100011 METOI MOXHO, TOJIBKO MO3HAKOMUBIINCH
CO BCEMM ero IpobjeMaMu, M3y4uB CIIOCOObI MX MPEOAOJIEHUS, U3YYUB
U TIOHSIB €TO TEOPETUYECKYIO Oazy.

C onHoOI1 U3 TaKMX TpyAHOCTEel, Ha3BaHHOI «[1pobjieMoil NCKITIOYAIOIIEro
NJIN», MBI yXXe CTOJAKHYJIUCH MpU u3ydeHuu § 4.6 v Temepb 3HAEM, 4YTO
MepPCEenTPOH MOJKEH HMMEThb CKPBITHIM CJI0M HEMPOHOB, HO OCTaJOCh JBa
BOIIpOCa.

1. Bcerma 1m MOXHO CHpPOEKTUPOBATH M OOYYUTb MHOTOCIOMHBIA
nepcenTpoH, obeclieuuBalolIvil pelieHue Jboi 3amaun?

2. Kakum oOpa3oM Jiydiile 3agaBaTh KOJMYECTBO BHYTPEHHUX HEPOHHBIX
CJI0EB M KOJIMYECTBO HElpoHOB B HUX? MoxeT 6bITh, KaKk B Moare, — 10!
HelipoHoB? MoxkeTr, yeM ux OymeT OoJjibllle, TeM Jiydiie?

OTBeTbl Ha 3TU BOMNPOCHI Mbl BBISCHUM, TMO3HAKOMUBIIUCH C meope-
muueckoil 6a30ll HelpOHHbIX cemell.

Baxneiiliee MecTo B TeOpMM HEHMPOHHBIX CETeil 3aHMMAaeT meopemda
Aproavoa— Koamoeopoea— Xexm-Huavcena, 10Ka3aTeabCTBO KOTOPOU 10~
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CTaTOYHO CJIOKHO M MOATOMY B HallleM Kypce He paccMaTpuBaeTcsl. TeM He
MEHee caMa MCTOPUSI TOl TeopeMbl IIPEICTaBJIsSIeTCs BeChbMa MHTEPECHOM
U TIOYYUTEIbHOM.

Kak ™Mbl yxXe He pa3 oTMedaau, C (QU3HMIECKOM TOYKM 3pEeHUSI
MEePCEeNTPOH — 3TO YCTPOMCTBO, MOJIEIMPYIOIIEE 4YeTOBEYSCKMIA MO3r Ha
CTPYKTYpHOM ypoBHe. OmHako, aHaau3upysl (opMysbl, MO KOTOPbIM OH
npeoopa3yeT CUTHaJbl, MOXHO 3aMeTWUTh, UYTO C MaTeMaTUYeCKON TOYKHU
3pEHUsI TIEPCENTPOH — 3TO BCEro JIMIIb ANMPOKCUMAMOpP, 3aMEHSIOIINUI
(GYHKIMIO MHOTMX apryMeHTOB CYMMOM (DYHKLIMI, Kaxmass M3 KOTOPBIX
3aBUCUT TOJILKO OT OJHOIO aprymMeHta. Bompoc o Tom, Bcerma au
MOXHO JII00YI0 (DYHKLIMIO MHOTUX apryMEHTOB MPEACTABUTh B BUAC CYMMBI
GYHKIMA MEHBIIEro KOJIMYeCcTBAa apryMeHTOB, MHTEpecOoBaJl MaTeMaTUKOB
Ha TIPOTSIKEHUU HECKOJbKUX CTOJICTHUIA.

Tak, B 1900 r. Ha BcemupHoM MaTeMaTuyeckoM KoHrpecce B Ilapiske
3HAMEHMTBI HemelKuil mMarematuk JlaBua I'masbept chopmynupoBan 23
MMPo0JIEMBbI, KOTOPbIE OH TPEIJIOXWI pelllaTh MaTeMaTUKaM HAauYMHAIOIIETOCs
XX B. OnHa u3 3Tux 1npoodsueM (rmom HomepoM 13) Kak pa3 u aexiapupoBaja
HEBO3MOXXHOCTh TaKOTO MpeAcTaBieHus. Takum o6pa3oM, MPUTOBOP HOBOI
0071aCTM MCKYCCTBEHHOTO WHTEJJIeKTa ObLI BbIHECEH 3a MoJiBeKa A0 ee
nosiiaeHust. Ilojsyyanoch, 4To TEpCENnTPOH, CKOJIbKO Obl HEMPOHOB OH HU
uMeJl, He Bcerga MOT MOCTPOUTH HYXKHYH MaTeMaTHM4ecKylo (YHKIIUIO.

MHuorue npo6iembl 'mnbbepra ObUIM YCIIEIIHO PEelIeHbl MaTeMaTUKaMu
XX B. Ero yrBepxKaeHUs-TUNOTE3bl IIOATBEPXIAINCh OIHA 3a APYroil, HO
BOT C TPUHAOLATOM BO3HUKIIM IPOOJIECMBI.

COMHEHUSI OTHOCHUTEJIBHO BO3MOXKHOCTEI IIEpCEIITPOHOB pa3Besuiv
COBETCKME MaTeMaTHUKHu — akageMuku B. U. Apnonbn [2, 66] u A. H. Kon-
MmoropoB [27, 28]. WM ypmajioch aoKazaTb, 4YTO Jito0Oasi HempepbiBHAs
¢GyHKIMSI #n  apryMeHToB f(xi,X»,...,X,) BCErga MOXET OBbITb Ipel-
CTaBJeHa B BHUIE CYMMbl HEIPEPBIBHBIX (DYHKIIMI OJHOTO apryMEHTa:
Silx) + L) + ...+ fu(x,). Tem cambim tunore3a I'uiabbepra ObLIa
ONPOBEPrHyTa, a HeMpUHMOPMATUKE OBbLI OTKPBIT «3€JICHBIA CBET».

B 1987—1991 rr. npodeccop KanudopHuiickoro ynuepcuteta (CILIA)
P. Xexr-Hunbcen [95, 96] mepepaboran teopeMy ApHonbia — KoMoroposa
MPUMEHUTEIbHO K HeUpOHHBbIM ceTsiM. OH aokasajl, u4To das 10020
MHONCECMEa pazAuvaroumuxcs mexcdy coboit nap eexmopoe X, n Dy,
NPOU3BONBHOU PAZMEPHOCIU Ccyulecmeyem O08YXCAOUHbLIL Nepcenmpon
C CUCMOUOHBIMU AKMUBAUUOHHBIMU (DYHKUUAMU U C KOHEUHbIM UUCAOM
Helponos, Komopblil 041 Kaxncoo2o 6xo0nozo eexkmopa X, ¢opmupyem
coomeemcmeyroujuilt emy 6vixoonoi eexmop D,. Takum o6pasom ObLia
JloKazaHa TIPUHLMIIMAJIbHASI BO3MOXHOCTbh TOCTPOCHUSI HEHPOHHON ceTH,
BBITIOJIHSIONIE! TpeoOpa3oBaHue, 3alaHHOE 1/00bM MHOXKECTBOM pasjinya-
IOLIUXCI MEXIy co0oil 0OydJalolux NpUMEpOB, U YCTAHOBJIEHO, YTO TaKOI
YHUBEPCAJIbHOM HEHMPOHHOMN CETBhIO SBJSETCS NBYXCIOWHBIA IEPCENTPOH —
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MEPCENTPOH C OAHUM CKPBITHIM CJIOEM, IPpUYEM aKTUBALMOHHbIC (DYHKIIUN
€ro HEMPOHOB MOJDKHBI OBITh CUTMOUIHBIMU.

Teopema ApnHonbaa — KonmoropoBa — XexT-HunbceHa wuMeeT oOYeHb
BaxkKHOE€ [JISI MPAKTUKU CJEeNCTBUE B BUAe (POPMYJbl, C MOMOIIBIO KOTOPOI
MOXHO OIIPEeAesITh HEOOXOOAMMOEe KOJUYECTBO CHUHANTUYECKUX BECOB
HEWPOHHOU ceTu:

TT 10 (O) +leoyg§(Q) < Nw <N, (N% + 1) (Nx+ N, + 1)+ N,, (6.1)
rae Ny — KOJIU4eCcTBO HEMPOHOB BXOAHOTO CJIosl; V), — KOJIMYECTBO HEWPO-
HOB BBIXOJHOTO cJI0s1; Q — KOJIMYECTBO BJIEMEHTOB MHOXECTBA O0yYarolInux
IIPUMEPOB, T. €. KOJMYECTBO IIap BXOIHBIX U BBIXONAHBIX BEKTOPOB X, U Dy;
N,, — HEoOXOIMMOE YMCIIO CHMHANTHYECKUX CBSI3EH.

OlLleHMB C IIOMOIIbIO 3TOH (OopMyJIbI HEOOXOAMMOE 4YMCJIO CHHAaIl-
TUYECKUX CBsI3eil NV,,, MOXHO pacCUMTaTb M HEOOXOOMMOE KOJMYECTBO
HEMPOHOB B CKPBITHIX cJIosiX. Hampumep, KOJnM4ecTBO HEMPOHOB CKPHITOTO
CJIOSI IBYXCJIOMHOTO TepcerTpoHa OyAeT paBHO:

= M (6.2)

[TocnenHsiss (popMysa CTaHOBUTCSI OYEBUIHOI, €CAU €€ JIEBYI0 U IMpaBylo
yacTu yMHOXuUTb Ha (N, + N,) U HapucoBaTb CXEMy [IBYXCJIOWHOTO
nepcenTtpoHa (T. €. MepCenTpOHA C OAHUM CKPBLITHIM CIIOEM).

A Temnepb 3amagiuMCSI BOIPOCOM: 4YTO OBIO OBI, €Ccid OBl THUIIOTE-
3a 13-i1 mpoOnempl I'mnpbepra okasanack BepHoi? OueBUIHO, TOTIA
y HelipouHdopMaTuKu He ObUIOo Obl TeopeTudeckoro ¢dyHaameHra. Ee
MpUKJIaIHbIE BO3MOXHOCTU OBLIM Obl CEPbE3HO OrpaHUYCHBI; OoJjiee TOro,
camMa IMpPaBOMEPHOCThb €€ CYIIEeCTBOBaHMSI KaK OO0JacTM HayKM oOKaszajlach
061 1101 BoripocoMm! KoMy Hy:KeH HEMpPOKOMIbIOTEP, KOTOPbIIA B IIPUHIIMIIE
HE MOXET pellaTh psi 3adad, JJIs pEelIeHUsI KOTOPBhIX OH IIpeaHa3HadyeH?
He Obu1o Obl y HelipouH(pOpPMAaTUKNA €€ MHOTOYMCICHHBIX IIPAKTUYeCKUX
NPUJIOXKEHUM. ..

Ho onu ectb! B HacTosiiee BpeMmsi HelipouH(OpMaTUKY MOXKHO 3aHOCHUTD
B KHury pexkopnoB ['mHHeca: oHa moOwia BCE PEKOPAbI MO KOJIWYECTBY
MPUJIOKEHUI B caMbIX pa3HOoOOpa3HbiX objacTsax! KuU3Hb cama OsecTsiiie
MOATBEPAMIA TEOPEMbl M JOKa3aTeJbCTBA, BBIMOJHEHHbIE B 1956—57 1T.
HaIlMMM cooTeduecTBeHHNKaMu — AHnpeeM Hukomaesnuem KomMoropoBeim
n Bmagmmupom Uropesmuem ApHoabaom!

Mexay TeM, cpeiu MaTeMaTUKOB He MPeKpallaroTcsl MOMbITKU Pa3BUTHUS
u ycujieHus1 TeopeM ApHoJbaa — Konmoroposa — Xexr-Hunbcena. Tak,
U3BECTHBIM poccuiickuM ydyeHbiM A. H. 'opGanem nokaszaHo [16, 17], 4ro
YHMBEPCAJIbHBIEC alllIPOKCUMALIMOHHBIE CBOMCTBA HEMPOCETEH OMPEaEIIIOTCS
HE KOHKPETHBIM BbIOOPOM (YHKIMM aKTUBalUM (MMHU HE 00s3aTeIbHO
IOJDKHBI OBITH CUTMOMIbI), & CBOMCTBOM HEJIMHEMHOCTU 3TUX (DYHKIIUI:
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«IOCTaTOYHO, YTOOBI aKTUBALIMOHHbIE (PYHKILIMM OBLJIM HEJWMHEWHBI W IBa-
XKIbl HEeIpepbIBHO IUGGEPEHLIPYEMBbI».

Y Hac HET OCHOBaHMWII COMHEBATBbCSI B CTPOTOCTM MAaTEeMaTUYECKUX
nokazaTenbCcTB TIpodeccopa A. H. I'opbOaHsg, HO mpakTMKa HpUMEHEHUS
HEMPOCETEBBIX TEXHOJIOTMM YOEOUTENIbHO I1I0KA3bIBaeT, YTO HAWJIyJIllve
HelipoceTeBble MOAeU (IIEPCEIITPOHHOIO TUIIA) ITOJYYaloTCs B TEX CIIyYasix,
KOTJa B Ka4yeCcTBEe aKTUBALIMOHHBIX (YHKILMWI MCIIONb3YIOTCS (YHKLIUU
MMEHHO CUTMOUJIHOTO THUIIA — T€, KOTOpble 3a(pUMKCHUPOBAHBI OMOJIOTAMU
Py U3Yy4YEeHUU MO3Ta, T. €., KOTOpble MPUAyMaJIM He MaTeMaTUKHU, a cama
I1pupona.

XoTs, BO3MOXHbI U MCKITIOUECHMUSI.

6.2. METOAbl NPOEKTUPOBAHUA HEMPOHHbIX CETEN

Kak cnenyer u3 teopem ApHoibaa — Koimoroposa — Xext-HuibceHa, aist
IIOCTPOCHUSI HEWPOCETEBOM MOAECAM JIIOOOr0 CKOJb YTOJHO CJIOXKHOTIO
00beKTa JOCTAaTOYHO HCIOJb30BaTh IIE€PCENTPOH C OMHUM CKPBITHIM CI0EM
CUTMOMIHBIX HEMPOHOB, KOJMYECTBO KOTOPBIX OIpeAessercs (opmyiaMu
(6.1), (6.2). OgHako B MpaKTUYECKUX peaiu3aliisgx IMEePCelNTPOHOB OINTH-
MaJbHOE KOJMYECTBO KaK CJIOeB, TaK U HEPOHOB B KaXkI0M M3 HUX HEPEIKO
otanyatTcsl oT Teoperudeckux. K Tomy ke, nHorma ObIBaeT 1ieJeco00pa3Ho
HCITOJIb30BaTh MEPCENTPOHBI ¢ OOJBIINM KOJUYECTBOM CKPBITBIX CIIOEB.

Crporoii Teopur BbIOOpa ONTUMAJIbHOIO KOJMYECTBA CKPBITHIX CJIOEB
1 HEUPOHOB B CKPBITHIX CJIOSIX MOKa He cyliecTByeT. Ha mpakrtuke yaiie
BCEro MCIIOJIb3YIOTCS MEPCENTPOHBI, MMEIOIIME OAMH WJIM JOBAa CKPBITHIX
CJ10sl, TIPUYEM KOJMYECTBO HEMPOHOB B CKPBITHIX CJI0SIX OOBIYHO KOJIeOIeTCst
oT Ny/2 no 3Ny.

[Ipy MpoeKTUPOBAHUMU IEepCEeNTPOHA HEOOXOAMMO MOHMMATh, YTO OH
JIOJDKEH HE TOJbKO IIPaBWJIBHO pearupoBaTh Ha MPUMEpPHI, HA KOTOPBIX OH
00y4eH, HO M yMETb 0000u;ams MIPUOOPETCHHBIE 3HAHUS, T. €. IIPaBUILHO
pearupoBaTh Ha IIPUMEPbI, KOTOPBHIX B OOyYarolleM MHOXECTBE HE OBbLIO.
YTOoOBI OLIECHUTH CIIOCOOHOCTb CETH K OOOOIIEHUIO, IIOMMMO OOYYarollero
MHOXeCTBa MpuUMepoB L B paccMOTpeHUE BBOASAT HEKOTOPOE KOJIUYECTBO
TECTOBBIX MPUMEPOB, 00pasyIoIUX TecTupylouiee MHoxecTBo T (puc. 6.1).
[Tpruem mpuMepbl TECTUPYIOIIEIO MHOXECTBA OTHOCSTCS K TOH K€ camMoi
MNpeaMEeTHOM o0yiacTH, HO B Ipoliecce OOydyeHMsI HE y4aCTBYIOT.

ITocne oOydeHUST BBIUMCIISIIOT CPeOHEKBAaApaTUYHYIO (MJIM MaKCUMalb-
HYI0) OIIMOKY HEMPOHHOM CETHM KaK pa3HUIy MEXIY IOJyYUBIIUMMUCS
B pe3yjbTaTe BbIYMCICHUM KOMITIOHEHTAaMU BBIXOJHOTO BeKTopa Y U €ro
KeJlaeMbIMM (3aJaHHBIMM B TIpUMepax) KOMIIOHeHTaMu BekTopa . Omub-
Ky, BBIYUCJICHHYIO Ha MNpUMepax oOydyaroliero MHoxecTtBa L, Ha3bIBAIOT
ouubKoil 00yvenuss 1 0003HAYAIOT KaK &7, a OLIMOKY, BBIYMCICHHYIO Ha
puMepax TEeCTUPYIOILIEro MHoOXecTBa 7 Ha3bIBAIOT OulUOKOIU 0000uleHust,
WIA OWuUbKoll mecmupoganus U 0003HAYAIOT KaK £7.
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IIpumepsbl noBeaeHUS
npeIMETHOM 00JacTh

Ooyuaromee
TecTupyomee

MHOXeCTBO
L MHO3KeCTBO
T
[Moarsepxaaiomee
MHOKECTBO

P

Puc. 6.1. [leneHue npuMepoB MOBEIEHUSI MPEIMETHOM 06JacTh Ha obydaroliee
MHOXecTBO L, TecTupyloluiee MHOXecTBO 7 M MHOITBEpXKAAIOIIEe MHOXECTBO P

% %
70 70
60 60
50 50
40 40
30 30
20 20
10 10
10y 100

Puc. 6.2. XapakTepHble 3aBUCUMOCTU OIIMOKM OOy4YeHUsI &7 W OIIUOKM
00001IeHNsT (TeCTUPOBAaHMUSI) £7 OT KOJMYECTBA CKPBITBIX HEHPOHOB N

OOpaTuM BHUMaHME, UTO OIIMOKa OOYy4YeHUsI &7 BBIUMCISIETCSI Ha Tex
npuMepax IMpeaMeTHON 00JlacTh, Ha KOTOPbIX ceTh oOydanack. OmuoKa ke
0000IIeHNS &7 BBIYMCISICTCS Ha IpUMepax TOM K€ IMpeaMeTHOM o0JiacTu,
HO KOTOphIE CeTh HUKOIIa «He Buuesia». [loaToMy olMOKY £, U £77 UMEIOT
pasHylo MPUPOILY U, COOTBETCTBEHHO, pa3HbIii XapakTep mnoBemeHwust. Ilpu
YBEJIMYEHUM KoinyecTBa /N HEMPOHOB CKPBITHIX CJIOEB MepCeNnTpOHa OlIMOKa
00y4eHUs1 £;, OOBIYHO YMEHBIIIAETCS, TOTAAa KaK OIIMOKa OOOOIIEHUs &7
CHavaJla yMEeHbIllaeTcsl, a 3aTeM (HauuHasi C HEKOTOPOTO OITUMAaJbHOIO
KOJIMUEeCTBA HEUPOHOB CKpbITOro ciosi N = /Ny) BHOBb BO3pacTaerT.
XapakTepHble KPUBBIE 3aBUCUMOCTU OIIMOOK OOy4YeHUsI U OOOOIIEeHUS
OT KOJIMYECTBAa CKPBITHIX HEMPOHOB NpPUBEIEHBI Ha puc. 6.2.
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® — o0yyarolIne NPUMepPH
O — TeCTOBbIE TPUMEPHI

Puc. 6.3. AnmnpokcuMmalusi JaHHBIX TPEIMETHONW O0JacTU C ITOMOIIBIO TTOJIM-
HOMOB TepBOro rmnopsinka (KpuBasi [), BToporo ropsinka (kKpuBasi 2) W TISITOTO
nopsinka (KkpuBass 3)

[ToBeneHMEe STUX KPUBBIX JIETKO OOBSICHUTBL, €CJIM BOCIIOJIb30BaThCS
aHaJloTMeil ¢ anmnpokcuMmalueid Habopa JAaHHBIX ITOJIMHOMaMM METO-
JIOM HaMMEHbIIMUX KBagpaToB. Kak wu3BecTHO, 3amaya aInIpoKCHUMAaLU
COCTOUT B TOM, 4YTOOBI TOZOOpaTh ITOJMHOM, Hamboyiee MNPaBUIILHO
OTpaxKalolllMii XapakTep 3aKOHOMEPHOCTHU, IIpeACTaBICHHON TIpaduuecku
TOYKaMM TIpeAMeTHO o6imactTu. Ha pwc. 6.3 TOYKHM, COOTBETCTBYIOILIME
HEKOTOPbIM TlapaMeTpaM IMpeIMeTHON o0JacTu, U300pa’keHbl B CUCTEME
KOOpAWHAT X — ) B BUJE ABEHAALIATH YEPHBIX M OeJibIX KPYXKOB. TOYKH,
OTMEYEHHbIE YEPHBIMU KPYKKAMU, MCIOIb30BAIIMCh IIPU OIpeae/IeHUN
KO3 (PUILIMEHTOB aNIpOKCUMUPYIOIIUX MOIMHOMOB, a TOYKM, OTMEUEHHBIE
OebIMU  KpPYXXKaMU, HE WCIIOJb30BAINCh, IMO3TOMY IO HUM MOXHO
CYIUTHb O KauyecTBe aIllipokKcuMaluu. Beipaxkasich TepMUHaMU HelpOCETEBbIX
TEXHOJIOTUI, YepHbIe KPYXXKM MOXKHO Ha3BaTh OOydYalOIIMMU HPUMEPAMU,
a Oejible — TEeCTUPYIOLIUMU.

Kpusast / mnzobOpaxaeT pe3yabTaT almpoKCUMallMKU TOJUHOMOM Mep-
BOM CTeIreHU, KpuBag 2 — IMOJMHOMOM BTOpPOM CTeIleHUW, KpuBagd 3 —
IMOJIMHOMOM TISITOM cTereHu. Kak BMIHO M3 pHUCYHKa, WCIIOJIb30BaHUE
IMOJIMHOMA IIEPBOM CTENIEHM HE HAeT XOpOllIeil anmnmpoKCUMAalUU 3aKOHO-
MEPHOCTU TIpeaMeTHO oOsactu. Kpusasi, cOOTBETCTBYIOIAsl IOJUHOMY
MSATOM CTEIIEHM, B TOYHOCTU IIPOXOIUT Yepe3 BCe 4YepHBIC KPYXKKHU, T. €.
MMeeT HYJIEBYIO TMOTrPEIIHOCTh OOYYEHUsI &7, TOTAAa KaK TECTOBbIE Oesible
KPYXKU OCTalOTCS B CTOPOHE, WM 3HAYUT, MOTPEIIHOCTh TECTUPOBAHUS £7°
BecbMa Benmka. CiegoBaTelbHO, JaHHAsg KpPHUBAs CBOMCTBOM OOOOIICHMS
He oGiagaer. HauMeHbIIyl0 MOrpelIHOCTh TECTUPOBAHUSI €77 UMEET KpHUBasi
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BTOPOTO TIOpsiAKa, KOTopasl sl JAHHOW IpeaAMETHON o0JacTu SIBJISIETCS
OIITUMAJIbHOM.

IlonBoass uUTOr MPOBOAMMOMY CpPaBHEHUIO, OTMETUM, 4YTO HEKMPOCETH,
KaK 1 pPerpecCMOHHbIC MOMAEIU, BBICTpauMBalOT (DYHKIIMM, AaIllPOKCUMU-
pyloliye TOYKM MpeaAMETHOM o0JlacTH, IpUYeM Ui KaXJAoW pellaeMoit
3aJa4yy CyILIECTBYeT HEKOTOPOE ONTUMAaIbHOE 3HAUY€HUE CTereHell CBOOOIbI
MaTeMaTU4ecKoi Monesu. B ciaydae MoJmMHOMUANbHOM amnmnmpoKcUMaluu
CTETICHSIMU CBOOOJBI SIBJISIIOTCSI oIpenessieMble KO3(DGUUMEHTh (Y1CIO
KOTOPBIX Ha eIWHMIly Oojbllie Mopsaka noiauHoMma). Yuciao creneHei
CcBOOOIBI IepCenTpOHA — 3TO O00Iee KOJIMYECTBO CUHANTUYECKHUX BECOB
(1 mOpOroB), KOTOpPOE OMpenesseTcs KOJIMYECTBOM HEHPOHOB CKPBITHIX
U BBIXOAHBIX cjioeB. CBOWMCTBO HeWpoceTu TepsiTh CIIOCOOHOCTb K 0000-
IIEHUIO TPU YPEe3MEPHOM YBEJIMYEHUM KOJMYECTBA CKPBITHIX HEWPOHOB
(cTreneHeii cBOOObI) HA3BIBAIOT nepeodyUeHueM, Ui sUneppasmepHOCmbio.

BooOpyXMBIIKMCh 3TUMU TEOPETUYECKMMMU 3HAHUSIMU, MPUBEIEM HEKO-
TOpbIE MPAKTUUYECKME PEKOMEHIALIMU I10 MPOEKTUPOBAHUIO MEPCENTPOHOB,
T. €. IO BBIOOPY KOJMYECTBA BXOMHBLIX HEHMPOHOB, KOJIMYECTBA BBIXOTHBIX
HEWPOHOB, KOJMYECTBA CKPBITHIX CJIOEB, KOJMYECTBA HEMPOHOB B CKPBITHIX
CJIOSIX, BUJY aKTUBALMOHHBIX (DYHKIIUIA.

1. KonnyectBO BXOAHBIX HEWPOHOB IMepcenTpoHa AOJKHO COBMHAIATh
C KOJIMYECTBOM BXOJIHBIX MapamMeTpoB, T. €. C pa3MEepHOCTbIO BekTopa X,
KOTOPBIA OIIpeaesieH YCIOBUSIMHU pELIaeMOM 3amayM.

2. KonuyecTBO HEMPOHOB BBIXOAHOIO CJIOSI JOJKHO COBIIaAaTh C KOJIM-
YEeCTBOM BBIXOJHBIX ITapPaMETPOB, T.€. C Pa3MEPHOCTHIO BHIXOJIHOTO BEKTOpa
D, 4Tt0 TakXke OIpeAeseHO YCIOBUSIMU 3adaduu.

3. KoaunyecTBO CKpBITBIX CJI0OEB MEPCEenTpPOHa, COrJacHO TeopeMaM
ApHosbia — KoaMoropoBa — XexT-HusbceHa, OOMKHO OBITH HE MeEHee
OJHOTO, MPUYEM HEHPOHBI B CKPBITBIX CIOSIX JOJDKHBI UMETh CUTMOMIHYIO
aKTUBALIMOHHYIO (DYHKIIUIO.

4. KoandecTBO HEMPOHOB B CKPBITHIX CIIOSX MOXET OBITh MMPUOJINKEHHO
OLIEHEHO IT0 (opMyjiaM CIEACTBUSI TeopeMbl ApHoibaa — KommMoroposa —
Xext-Hunbcena (6.1), (6.2). OgHako ero kejaaTejlbHO YTOYHATH (ONMTHUMMU-
3UPOBaTh) JJIsl KaxA0i KOHKPETHOM 3adayu, HallpuMep, MyTeM MOCTPOCHUS
KPUBBIX pHC. 6.2 U OIpeAeICHNST C TOMOIIBIO MX ONTUMAJIBHOTO KOJMYeCTBa
CKPBITBIX HEMPOHOB /.

5. CormacHo TeopeMam ApHoabna — Kommoroposa — Xext-Hwunbpcena
aKTUBALlMOHHBIE (DYHKIIUU XOTS Obl OMHOIO CKPBITOTO CJIOSI HEHPOHOB
IOJDKHBI MUMETh (hOPMY CUTMOUIBI.

B Haubosiee OTBETCTBEHHBIX Cydasix HapsiLy ¢ oOydaroluM MHOXECTBOM
L u TtectupyloluM MHoxXecTBOM 7', B pacCMOTpeHHUE BBOJST ellle OJHO
MHOXECTBO TPUMEPOB, Ha3blBaeMoe nodmeepicoarouum, 1 0003HAYAIOT
ero 6ykBoit P (cM. puc. 6.1). IIprMepbl 3TOr0 MHOXECTBA TaKXKE OTHOCSTCS
K paccMaTpuBaeMoOil IIpeIMETHOM 00JacTd, HO HU B OOy4YeHUHU, HU
B TECTUPOBAHUM U ONTUMU3ALIMU CETU OHU He ydyacTByIOT. [loaTomy owubka
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NPOCHO3UPOBAHUsL €p, BBIUUCIEHHAss Ha MpuUMepax IOATBEPXKIAIOIIETro
MHOXecTBa P, saBiusgeTrcs Haubonee OOBEKTMBHOW OIICHKONM KayecTBa
HeMpoceTeBOli MaTeMaTUYeCKOW MOAEIU.

JIJ1s1 TIpOeKTUPOBAHMSI HEMPOHHBIX CETE M pabdOThl C HUMU MMEETCS
MHOXECTBO CHEIMaJbHBIX IIPOTpaMM, HA3bIBAEMbBIX HEUPOCUMYAIMOPAMU,
Hellpoummumamopamu, Heuponakmamu. MHOTHE U3 3TUX IIPOrpaMMm
UMEIOT (DYHKIIMM aBTOMATUUYECKON OINTMMU3AllMUM HEUPOHHBIX CETEil.

KOHTpOﬂbeIe BOMPOCHLI U 3agaHuA

B uem cocTrouT mpoliecc MpOeKTUPOBaHUSI MEPCENTPOHOB?

Kak 3amaercsi KOJIM4ecTBO HEMPOHOB BXOJHOIO CJIOsI MepcenTpoHa?

Kaxk 3amaercsi KOJIM4ecTBO HEMPOHOB BBIXOJHOIO CJIOsI MepcenTpoHa?

Kaxk 3amaeTcs KoaMuecTBO HEMPOHOB B CKPBITHIX CJIOSX MepcenTpoHa?

OT Kakux IapaMeTpoB 3adayd 3aBUCUT OITUMAaJbHOE KOJINYECTBO

HEUPOHOB CKPBITHIX CJIOEB IepcenTpoHa?

Kak 3amaercst BUI aKTUBAaLMOHHBLIX (DYHKLMWI HEHpPOHOB?

YeM oTivuaeTcs olIMOKa OOy4YeHHsI OT OLIMOKU TeCTUpOBaHUSI?

8. Hapucyiite mnpuMepHble TpaduKu 3aBUCMMOCTU OOEUX OLIMOOK OT
KOJIMYECTBa HEWPOHOB CKPBITHIX CJIOEB IepCEeNnTpOHa.

9. K kakomy HexXeJlaTeJIbHOMY TTOCIIEICTBUIO MOXKET IIPUBECTH UYpPE3MEpPHOE
YMEHBIIICHUE KOJUYECTBA HEMPOHOB B CKPBITHIX CIIOSIX IepcenTpoHa?

10. K xakomy HexesaTeIbHOMY ITOCIEACTBUIO MOXKET IIPUBECTU UPE3MEPHOE
yBeJIMYEHUE HEHPOHOB B CKPBITHIX CJIOSIX TepcenTpoHa?

11. Kak Ha mpakTuke noadupaeTcss KOJIUUYEeCTBO HEHMPOHOB CKPBITHIX CJIOEB
nepcenTpoHa?

12. ITouemy ommubOKa, BBIYMCIEHHAsT Ha MOpUMEpax MNOATBEPKIAIOIIETO
MHOXECTBa, SBIISIETCSI HamOoyiee OOBEKTMBHOM OIIEHKOM KayecTBa
HelpoHHOI ceTn?

13. ITonpoOyiiTe OOBSICHUTH C TOYKU 3PEHMsI TEOPUM HEMPOHHBIX CETEH

(cM. § 6.1) gacTo BCTpevaIOIIUIACS (DAKT — «IBOCUHUKN» M «TPOCUHUKI»

B KM3HM YCTpamBarOTCs Jiydlle, YeM OTJIUYHMKHU.

NhWD =

N

6.3. METO[bl OBYYEHUSA HEMPOHHbIX CETEN

Kak Ob1O OTMEYeHO paHee, M300peTeHHE aJlropuTMa OOpaTHOIO pPacIIpo-
CTpaHEHMsI OLIMOKM OTKPBLJIO MNYTh ILIMPOKOMY HPAKTUYECCKOMY IIpUMeE-
HEHUIO MHOIOCJIOMHOro mnepcentpoHa. OOHAKO ¢ paciiupeHueM (poHTa
Hay4yHbIX HCCJIEIOBaHUN OOHAPYXXUJIMCh U HEAOCTATKU 3TOTO ajiropurMa.

MerTtoa rpagueHTHOro cmycka. [Ipexiae Bcero oTMeTUM, YTO aJarOpuTM
00paTHOIo pacrpoCTpaHEeHUsI OIIMOKM B €ro nmepBOHAYAIbHOM H3JOXEHUU
peain30BbIBAJl MEMOoO0 2paAdUeHMHO20 CHYCKA, KOTOPBIN SIBJISIETCS JAJIEKO He
CaMbIM JIYYIIMM METOAOM TEOPUU ONTUMM3ALMU. DTa TCOPUSI CTABUT CBOECH
3agavyeil TOMCK MUHUMYMa HEKOTOpO1 LieJieBoi (YyHKLUK ((PyHKILIMOHANA) &,
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KOTOpasi 3aBUCUT OT HECKOJbKUX IepPEeMEHHBIX, MPEICTaBJIeHHbIX B BUIE
BEKTOpa W = [wy, W2, ...,w,]7. B ciayyae obydyeHUS MHOTOCIOHHOrO mep-
CenTpoHa 1ejieBass QYHKIUS &€ — 3TO KBaApaTHyHas ollrMbKa rnepcenTpoHa,
paccuutaHHas 1o ¢opmyie (4.14), a w— BEeKTOp CUHAIITUYECKUX BECOB
MEXXHEUPOHHBIX CBSI3EH.

CormlacHO MeTony TI'paJlueHTHOTO
crmycka, Mpoliecc MOMCKa MUHUMyMa
GbyHKUIMU & = &(w) MOXHO MpeacTa-
BUTH clienyloumuMm obOpa3oM. B Heko-
TOPOH CJIydyaliHO 3aJaHHONM TOYKE MO-
BepxHocTh omnbok (puc. 6.4) Ha-
XOIUTCSl HampaBJIeHUE CKOpeHIlero
cnycka (aHTUIrpaaueHTa), 3aTeM Je-
JlaeTCsl 1Iar BHMU3 Ha paccTosiHUE,
MPOIOPLMOHATBHOE KPYTU3HE CKJIOHA
(rpagueHTy) U KO3((OUIMEHTY CKO-
poctu oOydyeHus 7. B HoBoil ToOu-

w, K€ CHOBA ONpPEE/ISIOTCs HalpaBIeHUe

W BeJIMYMHA aHTUTPAJAMEHTa, COTJIaCHO

KOTOpOMY JejlaeTcsl cienylollee nepe-

MEIIeHUE U T. [I.

MeToapl ONTUMU3ALUN, UCIIONb3Y-

Puc. 6.4. INouck MuHNMyMa (yHK- IOIIME IOHATUE IpagueHTa (yHKIIUU,

Mu & = g(w) METOIOM TPaIMEHTHOTO Ha3bIBAIOTCS epaduenmubimu. Cyie-

cIycka CTBYeT TpyIlllla METOJOB, Ha3biBae-

MbIX KBa3MHBIOTOHOBCKUMMH, B KO-

TOPbIX TIOMHUMO TIEPBbIX MPOU3BOMHBIX MCHOJB3YIOTCS €lIe M BTOpbIE

MpPOM3BOJIHbIC 1IeJeBOM (DYHKIIMMU, T.e€. IMOMMMO TpaaueHTa GYHKUIUU
OLIMOOK YUYMThIBAETCsl €llle U €€ KPUBU3HA.

Bo Bcex Meromax oOydeHusl HelpoceTell CYIIECTBYeT IpobiieMa BbIOOpa
napameTrpa n, ONpeaessIoniero JJIUHY 1iara BAOJb BbIOpAHHOIO HarpaBiie-
HUsl onTuMu3auuu. [Ipocreimuii cnocod coCTOUT B (PUKCALIMM TTOCTOSTHHBIX
3HAUYEHU n Ha Bech repuoj ooydeHust. [Ipyu 3ToM peKoMeHIyeTCsl BETUYUHY
n 3agaBaTh OTAEJbHO [JIsI KaXIOro cjosl IMepcenTpoHa, HaIlpumep, IO
aMnupuyeckoit opmyne [41, 54]

17 < min (L) , (6.3)

nj

IIe #1; — KOJMYECTBO BXOJOB i-IO HEMpPOHA B CJIOE.

Jpyrue MeTOAMKHU TMpearnojaraloT AMHAMUYECKOe M3MEHEHUEe 1 B XOoie
00y4YeHUsI B 3aBUCUMOCTU OT IIOBEIEHUS liejeBoii (DYHKIUM OILIMOOK &,
BeruuciasgemMoin mno dopmyie (4.14). [duss Oonee OBICTPOHA CXOOAMMOCTH
KO3(pPULMEHT 717 CTpEMSITCS YBEJIMUYMBATHL IO Mepe CHMWXEHUS (yHKIUU
olInbOK, OJHAKO He MOITyCcKasl €€ CYIIeCTBEHHOTO BO3pacTaHUSI.
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DppucTtudeckue Metoabl. CIIeayoIIylo TPYIINY METOIOB OOYYEeHHS
HeMpoceTel Ha3bIBAIOT 38pUCMUYECKUMU. DTU METOAbI HE UMEIOT CTPOrOro
TEOPETUUYECKOTO OOOCHOBAHMS, HO B HHUX OTPaXaeTCs JUYHBIMA OITBIT
paboTBHI aBTOPOB B 00JACTU HEMPOCETEBBIX TEXHOJIOTMII. B kKadecTtBe mpu-
Mepa IpUBEIEM METOJ YIIPYroro o0paTHOro pacIpoCTpaHeHUs (aJITOPUTM
RPROP — ot Resilent back PROPagation). CorjlacCHO 3TOMY aJrOpUTMy
MpU KOPPEKTUPOBKE BECOBBLIX KO(MGHUIIMEHTOB YYUTHIBAETCSI TOJBKO 3HAK
COOTBETCTBYIOIIIE COCTaBJISIONIEH IpamgvieHTa, a caMO 3HayeHue TpaaueHTa
B pacueT He NPUHMMAETCS:

Awyi(1) = —ny(2) - sign (Sy(1)) ,

e Sy(f) = %‘jﬁf_}?

Koadduiimentsr o0ydyeHUsI pacCUUTHIBAIOTCS C ITOMOIIBIO 3BPUCTUYE-
CKOIl (hOpMYJIbl

1,2n,;(t — 1), ecmm S;(r) x Sy(r —1) > 0;
n;(®) = < 0,5n,;(t — 1), ecmm Sj(7) x Sy(z —1) <0;
n;(t —1), ecau Sj(7) x Sy(r—1) =0.

Takum oOpasom, uaes MeTojla, reOMEeTPUYECKHM HHTEPIpPEeTUpPOBAHHASI Ha
puc. 6.5, cocToUT B TOM, YTO KO3GMGHUIKMEHT OOyYeHUs IS KaXIoro
BecoBOro koadduireHTa yBeJnuumMBaeTcs 10 TeX Mop, MoKa 3HaK rpaJiueHTa
Ha JBYX IMOCJIEYIOIMX 1l1arax He CMEHUTCS Ha MPOTUBOIOJIOXHbBIN. B ciyyae
K€ CMEHBI 3HaKa rpaareHTa Ko duirueHT o0ydeH s yMEeHbIIaeTcs B 2 pasa.
ITpruemM aBTOpHI aaropuT™Ma OrpaHUYMIIM POCT KO(DDUIIMEHTOB 00yYeHUSs
YUCIOM 7max = 50, a €ro yMeHbIIEHUE — YUCIOM Npin = 1076,

Kak BMAMM, TIOMHMO OCHOBHOW WHAEU, KOTOpasi TOHSITHA Ha WHTY-
UTUBHOM YypOBHe, 3Bpuctudeckuii anroput™ RPROP comepxut uyerbipe
SMIMPUYECKUX TTapaMeTpa.

Herpaauentnsie meroapl. CylllecTByeT TIpyllia METOI0B, HE Tpe-
OyIOLIMX BBIYMCIEHUS TIPOU3BOJAHBIX OT 1IeJ€BOM (YHKIUMU U MOITOMY
Ha3bIBaeMbIX HeepadueHmHbiMu. B Takux MeToaax HCIOJb3yeTCsl TOJbKO
uHbopMalMsl O 3HAUYEHUSIX 1ieJIeBOl (PYHKIIMM B OTIAEAbHBIX TOYKax, Ha
OCHOBaHUM KOTOPOM CTPOUTCSI CTpaTerusi rmomcka skctpemyMma. B kauectse
MPUMEPOB MOXHO Ha3BaTb METOJ MOJOBUHHOIO NIEJICHUSI, METO 30J0TOr0
ceuenust, mMeton @Pubonauum u np. OmHAKO, KaK TIPaBUJIO, HETPATUCHT-
Hbl€ METO/bl 3HAYMTEIbHO YCTynaloT no 3OOEKTUBHOCTU TPaIUEHTHBIM
U TI03TOMY HE PEKOMEHAYIOTCS OJisi OOy4eHMsI HEeHpOCeTeil.

B Hacrosiiiee BpeMsi OCHOBHasl IpobjiemMa oOOydeHMs IepcenTpOHOB
COCTOUT B TOM, UYTO IIOBEPXHOCTb (DYHKUMU OLIMOOK OOBIYHO UMEET
OYEHb CJIIOXHYIO (DOPMY C MHOKECTBOM JIOKATBLHBIX MUHUMYMOB (puc. 6.6).
IToaTOoMy BCe W30XEHHbBIE BbILlIE METOAbl YACTO MPUBOASAT K OIHOMY U3
JIOKQJIbHBIX MUHUMYMOB, JIEXKalllUX B OKPECTHOCTU HaYaJIbHOW TOUKM 00yYe-
Hus. Eciiu nociie HaxoXIeHUs1 TAKOTO MUHUMYMa MOrPEelIHOCTh O0yUYeHUsI
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€

€A

JlokanbHBIN
MUHUMYM

I'moGanbHBIIT

MHWHUMYM

Wij Wij
Puc. 6.5. Teomerpuyeckass uHrepripe- Puc. 6.6. ['moGanbHbIii U JIOKAJbHbIC

Talusl K aJropuTrMy YMOpYyroro o0bpar- MHWHUMYMbI Ha TOBEPXHOCTU OIIUOOK
Horo pacnpoctpaHeHuss RPROP

HelpoceTn TPU3HAETCS HEYIOBJIETBOPUTEIBHOMN, TO CETh <«BCTPSXUBAIOT»,
nIaBasi BECOBBIM KO dUIIMEHTaM CayJailHble TIPUPAIIEHUS, U MTPOI0IKAIOT
nporecc oOy4yeHUsT W3 IPYroil TOUKH.

YacTto npouecc obyuyeHus1 MpUOOpeTaeT XapakTep AJIUTEIbHOTO IKCIepU-
MEHTUPOBAHUS, B X0/Ie KOTOPOTO MPOOYIOTCS pa3idyHble ONTUMU3ALMOHHbIE
aJICOPUTMBI C pa3IMYHBIMU MapamMeTpaMu. B pesynbrare ycriex mpuMeHeHUsI
HEMPOCETEBBIX TEXHOJIOTUI CTABUTCS B 3aBUCUMOCTH OT OTbITA M MHTYUIIUHN
CTeLMaINCTa, KOJMYECTBA M KayecTBa pPa3IMIHBIX ONTUMHU3ALMOHHBIX
aJITOPUTMOB, HWMEIOIIMXCSI B €ro paclopsokeHuu. B cBsI3m ¢ aTum
aKTyaJIbHbIM SIBJISICTCSI Pa3BUTUE METOJOB 2100aabHOU ONnMuMU3ayulu,
T. €. TaKuxX, KOTOpbIe TO3BOJSIIOT HAXOAUTb IJIOOAIbHBIE BKCTPEMYMBI
MHOTO3KCTpeMasbHbIX LeJeBbiX (yHKUMIA. Cpeayn MHOXeECTBA BO3MOXKHBIX
MOIXOMOB Ha MYTU PEILIeHUs 3TOU MpobjeMbl Hanbosee MepCreKTUBHBIMU
MIPU3HAIOTCS 2eHemu4yecKue aieopummol.

6.4. T’EHETUYECKUE AJITOPUTMbI

Bce xmBoe, 4TO HAc OKpYyXaeT B 3TOM MHUpPE, U Mbl CaMM YIWBUTEIBHO
COBEpILIEHHBI. MBI MMeeM ONTUMAJIbHOE KOJIMYSCTBO PYK, HOT, NAaJblEB,
BHYTPEHHUX OPraHOB, XMBEM B CpEIHEM OITMMAaJbHOE KOJMUYECTBO JIET,
MMEEeM OIITUMAJIbHbIe IIPOIIOPLUMU, OINTUMAIBHBIM XMMMYECKUIN COCTaB,
CTpOoeHHEe U T.A. MHOIo BEKOB JIIOAM MNBITAIOTCSI HAaWTU U OOBSICHUTH
MCTOYHUK BTOIO COBEPIICHCTBA, MOHSATh MEXaHU3M €r0 BO3HMKHOBEHMSI.
CylLIEeCTBYIOT APEBHUE YYEHUS U PEJIMTUU, OOBICHSIOLIME IEePBONPUYNHY
COBepILIEHCTBA U rapMoHMI0 Mupa. COBpeMEHHOMY Xe 4eJIOBeKYy HauboJiee
OG1M3Ka IUIST BOCIIPUSTUSI 3BOJIIOLMOHHAS TEOPHUSI, OCHOBBI KOTOPOIl ObLIN
3ajoxeHbl Yapapzom /[apBuHom B 1859 1. B ero 3HameHUTOM paboTe
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«IIpoucxoxmeHue BUIOB IYyTeM €CTECTBEHHOro ordopa». CorjlacHO 3BO-
JIIOLIMOHHOM TEOpUM MpUpPOAa ONTUMUM3UPYET BCE KMBOE Ojaromapsi ABYM
OMOJOrMYECKMM MEXaHM3MaM — €CTeCTBEHHOMY OTOOpY M T€HETUYECKOMY
HacJIeIJOBaHUIO.

CyTb ecmecmeennHo2o ombopa 3aK4yaeTcs B TOM, YTO Hauboiiee Ipu-
CIIOCOOJICHHBIE OCOOM JIydllle BBDKMBAIOT M IIPUHOCSIT OOJIbIIE IOTOMCTBA,
yeM MeHee IPUCHOCOOJIEHHbIE.

MexaHUu3M eeHemuuecKkoeo HAcAe008aHUss COCTOUT B CJCAYIOLIEM.
IToutn B KaxXmoil KJeTKe JI000ro >KWBOTO OpraHM3Ma HMMeeTcsT Habop
XpOMOCOM, Hecyllux mHpopMalnuio oo 3ToM opranusMe. OCHOBHasl 4acTh
xpomocombl — 1ientb JIHK (Moliekyiia me30KCMpHOOHYKIIEMHOBOM KHCJIO-
ThI), KOTOpas COCTOMUT M3 YEThIpeX BUIOB COCIMHEHUI — HYKJICOTUIOB,
pACIIOJIOKEHHBIX B OIpeneJeHHOW mocieaoBaTeabHOCTU. HykiaeoTums
obo3Hauatorcst oykBamu A, T, C u G, ux nopsiioK cjienoBaHUs KOAUPYET
BCE T'€HETMYECKHE CBOICTBA OpraHM3Ma.

Tern — 310 oTpesok uermu JJHK, oTrBevaromnmii 3a orpeaeeHHOEe CBOMCTBO
ocobu, HaIIprUMep 3a LBET IJ1a3, TUI BOJIOC, LIBET KOXU U T. . ¥YCTaHOBJICHO,
YTO BCS COBOKYNHOCTb T€HETMYECKMX IIPM3HAKOB 4YeJOBeKa KOIUPYETCS
C TOMOIIbI0 TpuMepHO 60 TBhIC. TEHOB, CyMMapHas [IMHA KOTOPBIX
cocrapjisieT 6ojiee 90 MJIH HYKJIEOTUIOB.

[Tpu pa3sMHOXKEHUM KUBBIX OPraHU3MOB IIPOUCXOIUT CIIMSIHUE ABYX POIM-
TEJILCKUX MOJIOBBIX KJIETOK: XPOMOCOMbBI POAUTEJICI CONMMIKAIOTCS BIUIOTHYIO,
3ateM ux uenu JJHK pa3pbiBaoTcsi B HECKOJIBKMX CIIy4allHBIX MeCcTax U 00-
MEHUBAIOTCSI CBOMMM YacTsiMu. Takum oopasom, monekyisl JJHK moromkoB
cllydaliHbIM 00Opa3oM HpMOOpPEeTaloT IreHbl KaK OTla, TaK U MaTepu.

[Ipn HaciaegoBaHMM BO3MOXHBI MyTallMd — U3MEHEHUSI T€HOB B IIO-
JIOBBIX KJIETKAaX OOHOro M3 popuTeseil. M3MeHeHHbIe TeHbl IIepedaroTCs
MMOTOMKY M IIPMIAIOT €My HOBBIC CBOMCTBA, OTJIMYHBLIE OT CBOMCTB pOIM-
Teneii. Ecau 2T HOBBIE CBOMCTBA OKaXKyTCsl ITOJIE3HBIMM, T. €. IIOTOMOK
OyzmeT OoJiee COBeplleHEH, Oojiee MPUCIOCOOIeH K OKpYyXalolllell cpene, TO
B IIpOILIeCCE MaJIbHEMIIEro €CTeCTBEHHOTO OTOOpa OH BBIKMBET M CO31aCT
HoOBoe, 0oJjiee COBEPILICEHHOE ITOTOMCTBO.

Takum oOpa3oM, COIJIACHO COBPEMEHHOI IeHETUYECKOM TEOPUU MCTOY-
HUKOM COBEPIICHCTBOBAHMUS OMOJOTMYECKMX BUIOB SIBIISIFOTCSI MEXaHU3MBbI
€CTECTBEHHOIo OTOOpa, M3MEHYMBOCTU M HAcCJeICTBEHHOCTU. UMEHHO OHM
o0ecIieunBaloT ONTUMMU3ALMOHHBINA IIpoliecc, 0e3pa3aesibHO T'OCHOACTBYIO-
1M BO BCEH XXMBOUW MPUPOAE U SIBISIOLINUICSI HEUCCIKAEMbIM UCTOYHUKOM
COBEpIICHCTBA MMpPA, UCTOYHMKOM €ro KpacoTbl M TFapMOHMUMU.

B 1970-x rr. npodeccop Muuuranckoro ynusepcurera (CILHA) Ix. Xo-
snaHa [97] npearnpuHsSI MONBITKY aJITOPUTMU3ALNU IIPUPOIHOTO ONITUMU3A-
LIMOHHOTO TIpoliecca, BKJOUasi MeXaHM3Mbl €CTECTBEHHOIO OTOOpa, U3MEH-
YMBOCTU M HacjencTBeHHOCTH. B anroputmax XojuiaHaa B YIIPOILIEHHON
dopme OblTa coxpaHeHa OMOJIOrMYecKast TEPMUHOJOTUSI, a CAMHM aJTOPUT-
MBI TIOJIYYMJIU Ha3BaHUE eeHemuueckue. IlepBoHaYalbHO TaKue aJITOPUTMBbI
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g (w) g (w)

a) 0)
Puc. 6.7. PacrnipeneneHue To4YeK MO TMOBEPXHOCTU 1ieJIeBO (DYHKIIMM, COOTBET-

CTBYIOIIIUX XpOMOCOMaM oOcoOeil HadajbHOUW Tmonyysinuu (a) U ocobeil Tocie
CMEHBI 1 NOKOJeHUU (6)

CO3IaBajlCh B MMO3HABATEIbHBIX LIEJISIX, YTOOBI TOCMOTPETD, YTO TTOTYIUTCS
MpU MOACIMPOBAHUM €CTeCTBEHHOW XM3HU Ha KOMITbIOTEpPE, a 3a0IHO —
JIMIITHUI pa3 yoeauThcs B CIPaBEAJIUBOCTU Teopuu dapBuHa. DTU Moaeaun
MPEACTABISIM U TIPEACTABISIOT UHTEpeC MJIsl YYeHBbIX-OMOJ0roB, KOTOpbIE
Ha3BaJM HOBOE Hay4yHOe HarnpaBieHue Artificial Life, yto B mnepeBoje
o3Hauaer Hckyccmeennas cu3Hb. BIIOCIENCTBUM BBISICHWIOCH, UTO Te-
HETUYECKNE aJITOPUTMBI MPEKPACHO CIPABIISIOTCS C ITOMCKOM TJIO0ATbHBIX
BKCTPEMYMOB MHOTO2KCTPEeMaIbHBIX (DYHKIMNA, B YaCTHOCTU — (YHKIIMIA
OIMOOK HEWPOHHBIX CETEH.

['eHeTUYECKME aTOPUTMBbI, MpeAHa3HAUYeHHbIEe JJIs 00y4YeHUsl Helpoce-
Teil (onTUMHU3aLUMKM (QYHKOUU OILIMOKM) padOTaoT CISAYIOLIUM O0pa3oM.
CHavajia coslmaeTcsl HeKOTopasi HaudalbHasi nonyasuyus ocobdeii. Kaxnas
0CO0b MMEET CBOI0 COOCTBEHHYIO XPOMOCOMY — BEKTOP BECOBBIX KO3(h-
(ULIMEHTOB HEHPOHHOM ceT w = [wi,wa,...w,]T. Ina Kaxmoil ocobu
BblumMciisieTcss (yHKIMSL OLIMOOK &(w), KOTOPYI0 B JTaHHOM cliyyae Ha3bl-
BalOT @QyHKyueil ¢pumueca, WIN yeaegoil QyHKyueil, sIBIsiolascs mepoii
gvlcusaemocmu ocobu, ee npucnocobseHHocmu K OKpyxXawulel cpene
U K CYIIECTBOBaHMUIO.

Hnst ynoOcTBa HajbHEMHIEro W3J0XKEHUSI BMECTO 3aJayd MMHUMU3a-
1 OymeM paccMaTpuBaTh 3aladyy MaKCUMU3AIMH, T. €. BMECTO MUHUMYyMa
OymeM McKaTb MakcMMyM. Kak WM3BecTHO, 3T OB 3adadyu JIETKO IIpeBpa-
IIAal0OTCSl OAHA B APYIYyIO IIyTeéM CMEHBI 3HakKa y lieJeBoi (YHKIUU &(w).

[TepBoHauajibHasl MOMYJSILKSI PABHOMEPHO pacIpeiessieTcsl B IpoCTpaH-
CTBE ONTUMU3UPYEMBIX TapaMeTpoB. TakuM oOpa3oM, TOUKH, COOTBETCTBY-
IolIMe Kaxaol ocobu, Oojiee-MeHee PaBHOMEPHO pachpeiessiorcsl I10
MOBEPXHOCTHU LIeJIEBOM (DYHKUMM, KaK IMOKa3aHO Ha puc. 6.7, a.

Ombop ocobelt ISl cKkpeuiu8anusi, HeoOXOAMMOTO UISI CO3IaHUS HOB020
NOKOeHUs1, MOXET OCHOBBIBATBhCS Ha PAa3IMYHBIX MpUHUMIAX. OOHUM U3

'e(?) To I
TO HET(?)
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Xpomocoma oTua Xpomocoma 1-ro moromka
a, a, a, b,

XpoMocoma mMaTepu - XpoMocoma 2-ro mOTOMKa
b, b, b, @

Puc. 6.8. Onepanusi cKpeliMBaHus, TpUMeHseMasi B TeHETUYECKUX aJrOpUTMax

HaunboJiee pacIpOCTPAHEHHBIX CUUTACTCS MPUHUUN SAUMAPHOCIU, COTIIAC-
HO KOTOPOMY K CKpEILIMBAHUIO TOMYyCKalOTCsl HauboJiee MpUCIIOCOOJIEHHbIE
0oco0OM, a Hauxyallde OTOPaKOBBIBAIOTCS W 3aMEHSIOTCSI BHOBb CO3[aBae-
MbIM MOTOMCTBOM. OOBIUHO MPOLIECC CKPeuju8aHusi COCTOUT B TOM, UTO
Xpomocomuvl poodumeneil ciydaiiHbIM 00pa3oM pacceKaroTcsl Ha JBe HepaB-
HbIE YaCTH, MOCJIe Yer0 OHU COENMHSIOTCS TaK, YTO XPOMOCOMBI ZOMOMKOG
coJepKaT 4aCcTh XpOMOCOMBI omiya W 4acTb XpOMOCOMbBI mMamepu, KaK I10-
KazaHo Ha puc. 6.8. B curyanumu, n3o0paxkeHHOI Ha 3TOM PUCYHKE, IOCIE
CKpeIIMBaHUSI XpPOMOCOMBI OTHa ((hparMeHThbl a; U d) ¢ XpPOMOCOMOI Ma-
Tepu (pparmeHTnl by U by) oOpa3zoBasach Iapa HOBBIX XpOMOCOM, IepBas
13 KOTOPBIX MMeeT (pparMeHTBl ai U b,, a Bropass — pparMeHTHl b; U a,.

Crenymoolasi reHeTUYeCcKasl oIepalius Ha3bIBaeTCsl Mymauueil I COCTOUT
B 3aMEHE 3HAYEHUSI HEKOTOPOIO CIydaiflHbIM 00pa3oM BBIOPAHHOIO 3JIEMEH-
Ta (eena) cllydailHO BbIOpAaHHOTO BeKTOpa (0COOM) Ha HOBOE, CIydaliHbIM
00pa3oM 3aJaHHOE IOIyCTMMOE 3HaueHue. MyTaluyu OObIYHO IIOBEpPraeTcs
He Gosiee 1...5% OUT XpOMOCOM BCEil MOITYJISILIVIU.

B pesyibTaTe Bcex 3TUX T€HETMYECKMX ornepaunuii (hopMUpyeTcsi HOBOE
MOKOJIEHUE, YHCJIO 0COOEl KOTOPOro 0ObIYHO PaBHO YMCIY OCOOEH Mpeabi-
JIyuiero nokosjeHus. Kak mokasbiBaeT ONbIT, HOBbIE ITOKOJICHUS, CO3aHHbIE
B pe3ysibTaTte 0TOOpa, CKpellMBaHUS W MyTallUii, B CPEIHEM UMEIOT OOJib-
e 3Ha4YeHus LejaeBoii (yHkuum (Kak IMOKa3aHO Ha pwuc. 6.7,6), T.e.
HOBBIE€ TMOKOJIEHUSI SIBJISIIOTCSI 0o0Jiee COBEPILICHHBIMU.

[Tpouiecc cMeHBI TTOKOJIEHUI 3aBepIIaeTCsl MOCjie JOCTUXKEHUS 3alaHHO-
ro KOJW4YecTBa uTepauuii (¢ > fmnax, KaK MOKa3aHO Ha OJIOK-cxeMe puc. 6.9)
WIM Mocje TOro, Kak oaHa M3 ocobeil MpuoOpeTeT 3aJaHHOEe MaKCUMallb-
HO€ 3Ha4YeHHUE 11eJIEeBOI (PYHKUMMU. DTa O0COOb SIBJSIETCS MOOeauTesieM, U ee
XpOMOCOMa MPUHUMAETCS 32 OKOHYATEIbHOE PEIICHUE ONTUMU3ALUOHHON
3a7a4d, HaiAEeHHOE C IIOMOIIbI0 TeHETUYECKOro aliroOpuTMa.

B Hacrosiiiee BpemMsi M3BECTHO MHOXECTBO BapMaHTOB TeHETUYECKUX
aJITOPUTMOB, Da3JIMYaAOLIMXCS MapaMeTpaMu U criocodbamMu oTdopa, cKpe-
IuBaHus, MyTaluid. [lpakTuyecku BO BC€ COBpPEMEHHbIe HelpomnakeTbl
FeHETUYECKUE aJlTOPUTMbI BKIIOUEHBI KaK 3 (EKTUBHbBIC MHCTPYMEHThI 00Y-
yeHUsI HeMpoHHBIX ceTeil. [losgBuinch HeliponakeThl, B KOTOPHIX B (DYHKITHAIO
¢dUuTHECA MOMUMO CHHAITUYECKMX BECOB I00aBJCHBLI IMapaMeTphl, Xapak-
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( 1. Co3nanve HaYaILHOUW MOMYJISIIINU )

Y

/

( 2. Otbop )
S

( 3. CkpeluiBaHue

)
)

( 4. Mytauust

Puc. 6.9. biok-cxeMa reHEeTMYeCKOIro ajiropuTMa

TepU3yIINe CTPYKTYPY M TUIl HelipoceTu. Takum obOpa3om, IapajieibHO
¢ 00yyeHHEeM HEHpOCEeTH IPOUCXOIUT IPOLECC €€ ONTUMM3ALUU.

OIHAKO B mocjieqHee BpeMsl TeHETUYECKHUE aJrOPUTMbI HAIILUIM HE3aBU-
CUMYIO OT HEHMPOCETEeBbIX TEXHOJIOTUIA 00JIaCTh MPUMEHEHUS — OHU JIeXKaT
B OCHOBE MHOTMX KOMMEPYECKMX IMaKETOB, IIMPOKO HNPUMEHSIEMBIX ISl
pelIeHrs] pa3HOOOpPa3HBIX ONTUMM3ALMOHHBIX 3a1a4, BO3HUKAIOIINX B 9KO-
HOMUKe, Ou3Hece, MPOMBIIIJIEHHOCTU U JIPYyTUX OOJIACTAX 4YeJI0BEeYeCKOM
JIeSITeIbHOCTH.

Bmecre ¢ TeM MHOTHME aBTOpbl B KayeCTBE HEIOCTAaTKOB HA3bIBAIOT
CPaBHUTEJILHO HHM3KOE OBICTPOIEHCTBUME KOMIIBIOTEPHBIX IIPOrpaMM, pea-
JIM3YIOIIMX TeHETUYECKME aJITOPUTMBI. DTU NPOrpaMMBbI TOBOJBHO YBEPEHHO
HaXoAsT INI00aJIbHbIE 9KCTPEMYMBI MHOTO3KCTPEMAaIbHBIX (DYHKIIMI1, OTHAKO
B psiie cliyyaeB, OCOOEHHO €ciu pedyb UAET 00 ONTUMHU3ALUU OJHOIKC-
TpeMaJibHON (PYHKIUU, 3HAUUTEIBHO YCTYNAIOT B CKOPOCTU TPagdeHTHBIM
MeTomaM, KaK CXeMaTW4YeCK! IIoKazaHo Ha puc. 6.10.

ITonpoOyem OOBSICHUTH HEAOCTATOK T'€HETUYECKUX aJITOPUTMOB, OOpaTHUB-
IIMCh K NPUPOAHBIM MHTepIpeTauusaM. Kak Mbl yOeaquiInuCh B IPEIbIAyIIEM
U3JI0KEHUU, TeHETUYECKUE aJTOPUTMBI B YIIPOLIEHHOI (opMe MOACIUPY-
IOT IJIJaBHBIE MOMEHTBI MeXaHN3Ma CaMOCOBEPIIEHCTBOBAHUSI BCEIO >KUBOTO,
TOCITOACTBYIOLIEro B AUKOM mpupoae. Ho ecau BcnoMHUTH UcToputo, Yapiib-
3a JlapBuHa MHOTOKPAaTHO KPUTUKOBAJIU, IPEXIE BCETro, 3a YPE3MEPHYIO
VIIPOIIIEHHOCTb €0 TUMOTEe3, KOTOPble (PAKTUYCCKU IPUMEHUMBI TOJBKO
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I'eHeTnyeckue AJITOPUTMbBI

TTepeGopHbIe METOIBI

D heKTUBHOCTD

I'pagyeHTHBIE METOIbI

u J\ J\C J
g

Komb6unatopHas OmHO3KcTpe- MHOroskcrpe-
MaJlbHast MaJibHasi

Puc. 6.10. CpaBHurenbHass XapakTepucTuka 3(h@OEKTUBHOCTH OINTUMHU3ALMOH-
HBIX MeTOomIOoB 1o [31]

IS caMbIX HU3IIKX (opM KU3HU. JIerKo 3aMeTuTbh, UTO TeHETUYEeCKue
QJITOPUTMbI HE YUYUTHIBAIOT CITOCOOHOCTU BbICOKOPA3BUTBHIX OMOJIOrMUYECKUX
BUIOB YJyulllaTh CBOM KayecTBa (COBEPIIEHCTBOBATHCS, MOBBIILIATh CTETIEHb
BbIXKMBAEMOCTU — PYHKYUIO pumHeca) B TeueHue Xu3Hu. Hampumep, ue-
JIOBEK 3aHMMAaETCsl CIIOPTOM, pa3BUBasi CBOM (bU3MUECKHE BO3MOXKHOCTU;
mojydJaeT oOpa3oBaHMe, YCUJIMBAas YMCTBEHHBIN IOTeHLMan. B Tom u apy-
roM cjyyasix 4eJoBeK IOBBIIIAET 3HaYeHue cBoeil (yHKIMU (uTHeca, He
y4acTBYsl B CKPEILIMBAHUSIX, PA3MHOXEHUU, MyTallUSIX U €CTECTBEHHOM OT-
oope. Ilpruem Takoe camMoOpa3BUTHE U CAMOYJIyUIlIEHUE MOXET MPOUCXOIUTh
Yy pas3lMYHbIX BUJIOB KaK OCO3HAHHO, TaK M Heoco3dHaHHo. Hampumep, my-
CKyJIaTypy MOXXHO YKPEIUISITh LieJeHalpaBJeHHO, 3aHUMAasICh B CIOpT3aie,
a MOXHO MPOCTO BBIMOJHATH (PU3NYECKYIO PAadOTy. Y XKMBOTHBIX MYCKYJIbI
VKPEIUISIOTCS B TpoLecce ABMXEHMS, KOIrla OHM MILYT TMILY, OXOTSTCS
WIN yOeramT OT XMIIHUKOB. Takum oOpa3om, IeiCTBHME MEXaHM3Ma CaMO-
VJIy4lIEeHUs], HE YYUThIBAEMOTro TapBUHOBCKOU Teopueit, MOXHO HaOJ01aTh
He ToJibko y Jiroaeil. OH xapakTepeH [Jisl IIUPOKOTro Kpyra IOCTaTOYHO
Pa3BUTHIX XKUBBIX OPraHM3MOB. ['eHeTHuecKue e aJropuTmbl (Kak U caMo
JapBUHOBCKOE YYEHHE) ITOT AOIMOJHUTEIbHBI MeXaHU3M He YYWUThIBAIOT.

ABTOpaMu paboTel [36] ObLIa TMpOM3BeIeHA IOMNbITKA IOMOJHUTH Tpa-
JUILIMOHHBIA T€HETUYECKMI aJiTOPUTM MEXAHU3MOM COUUANBHO20 CAMO-
yayuuleHust ocoobell, NEUCTBYIOIIEM B TEUEHME HX >KM3HEM, a TOYHEe —
MEXIY POXIEHUSMM W CKpellMBaHUsIMU. MIMUTUpOBATH MEXaHU3M COILIM-
aJlbHOTO CaMOYJy4IlIEeHUsI MOXHO, HampuMmep, €cCiad TMO3BOJUTb OCO0SIM
B MPOMEXYTKE MEXIY POXIACHUSIMU U CKPEIIUBAHUSIMU «ITOJIHUMATBLCS» Ha
BEPIUIMHbI JIOKAIbLHBIX 3KCTPEMYMOB, KOTOpPbIE 3TH OCOOU «BUIST» U KO-
TOpblEe UM <«IOCTYIHbI». Takoil MOABEM MOXHO OCYILIECTBUTb, HapuUMep,
MyTeM BKJIIOYEHHUS KaKOro-jiuOO IpajueHTHOIro ajroputMa ONTUMU3ALUU
Ha IIarax TeHeTUYECKOro IIpolecca, Kak IIpelIokeHo B [63] u n3obpaxeHo
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( 1. Co3paHue HavyaabHOM MOMYJISIIUU )

K

( 2. Otbop )
S

( 3. CkpeluivBaHue )
Y

( 4. MyTtauus )
Y

5. CamoynyulleHue )

Puc. 6.11. biok-cxeMa cOLMaIbHO-TEeHETUYECKOIO ajlfTOPUTMA: B KJIACCUYECKYIO

CXeMy TeHETMYEeCKOro ajroputMma (cMm. puc. 6.9) mobasieH 60K «5. CaMoyiyd-
LICHUE»

Ha O010K-cxeme puc. 6.11. Kak mokasaau BeIUMCIUTEIbHBIE DKCIIEPUMEHTHI,
BBITIOJTHEHHBIE B [36], BO BceX CiIydasix HOBBIM COUUANbHO-2eHEMUUECKULL
aseopumm Jaj 0oJjiee TOYHbBIE pe3yJibTaTbl 3a MEHbIee BpeMms.

BosBpaiasicb K OOCYXIEHUIO TapBUHOBCKOW TEOPUU OTMETUM, 4YTO
B XW3HU, OCOOEHHO B MOJOOOCTH, Mbl BCErla CTPEMHUMCS YEro-To I0-
CTUYb, TOOHSATHCS Ha BEPLIMHBI COLIMAJIbHOM JIECTHUIIBI, KOTOPbIE MBI
BUIMM M KOTOpPbICE HaM IIPEACTABISIIOTCS MEPCIeKTUBHBIMU. OOBIYHO Hac
OKpY>KaeT MHOXKECTBO TaKMX BEpIUMH, HO KAaKOW M3 HUX OTAATh IIpPEearno-
4TeHUE, KaXIblil pemaeT caM. Tak, OKOHYUB OOyYeHUE B IIKOJIE, MOJOIbIE
JIIOOW BBIOMpPAIOT, YTO JejaTh Aajbllle: MATHU padoTaTh, CO3JaBaTh CBOM
COOCTBEHHBI OU3HEC, CIYKUTh B apMUMU, TIOCTYIATh B KOJUIEIX WIN B YHU-
BepcuteT. Bce 3TO JIoKajibHbIE BEpLIMHBI (PyHKUMM (pUTHEcCA, Ha KOTOPBIE
KaXXIBbI B30MpaeTcs caMoCTOSITeabHO, 0e3 momomn Yapnp3a Japsuna. Kto
clenana MpaBUIbHBINA BBIOOP M AOOMIICS OE€HCTBUTEILHOIO yCIieXa, Yeil dKC-
TpEMYM oOKa3ajics Bbllie — pemaer KuszHb. K MoMeHTy TamHcTBa oTOOpa
U ckpelyBaHus YeaoBeK, B OTIIMYUE OT >KMBOTHOIO, MOAXOOUT OTHIOAb
HE B TOM BHMAE, B KAaKOM OH pOIWJICSI, a C OIPEIeJICHHbIM Oaraskom
COLIMAJIbHBIX KPUTEPUEB.

MexaHu3M ONTUMMU3ALMU BCETO XMBOrO, NEHMCTBYIOLINI, cornacHo Jlap-
BUHY, B AUKOW IIpUPOJE, IO HAllleMy MHEHHUIO, HECKOJIbKO OTJIMYaeTCS



6.4. I'enetmyeckue aaroputmbr 129

Co1maabHO-TeHeTUIeCKUI aJITOPUTM

I'eneTnueckue aJITOPUTMbI

[lepeGopHbie METOABI

DpdekTUBHOCTH

FpaﬂI/IeHTHHe METOAbI

u J'\_ AN J
v v

Komb6unaropHass OnHoskcTpe- MHOroskcrpe-
MajbHast MaJibHasI

Puc. 6.12. CpaBHuresnbHas XapakTepucTuka 3(h@OEKTUBHOCTU OINTUMHU3ALMOH-
HBIX METOHOB Mo [36]

OT TOTO, 4YTO IIPOUCXOIMT B 4YejoBeuecKoM obOuiecTBe. [lombiTKa momos-
HUTh JAPBUHOBCKYIO 3BOJIIOLIMIO COLMAJIBHBIM (haKTOPOM IIpUBENIa K TOMY,
YTO HOBBIM COLMAIBbHO-TEHETUYECKUIA aJITOPUTM OKasajlCsd 3HAYUTEIbHO
addekTruBHEEe TPAAUIIMOHHOIO T'€HETUYECKOro.

Ha puc. 6.10 Gbliu mpuBeAeHbI 3aMMCTBOBaHHbIe U3 [31] rpaduku a¢h-
(EeKTUBHOCTU TIPUMEHEHMSI ONTUMU3ALMOHHBIX METONOB IJIsl PEIISHUST TpeX
BUIOB 3aJa4y: KOMOWHATOPHBIX, OJHOIKCTPEMAJIbHBIX U MHOTO3KCTPEMAaIIb-
Hbix. Kak BMZHO M3 pHUCYHKa, I€HETMYECKUE aJIrOpUTMbl HaubOojiee 3¢-
(GeKTUBHBI MIPU PELICHUM KOMOMHATOPHBIX U MHOI'O3KCTpEeMAaJIbHBIX 3amau
ONTUMU3ALNU; €CIU XKe 1eieBasg PYHKILUS UMEET TOJbKO OJUH 3KCTPEMYM,
TO TeHETHMYECKME aJITOPUTMbI YCTYIAIOT T'PaJUEHTHBIM.

Kak mokazaHo B [36], TIpeIOXEHHBI B 3TOM paboTe couuasvbHo-
2eHemu4ecKull METOJ TIPEBOCXOIUT MO 3(M(OEKTUBHOCTU TpPaAULIMOHHBIN
FeHETUYECKUI aJrOPUTM KaK B Cllydyae OJHOSKCTPEMAalbHBIX, TAK U B CIIy-
Yyasix MHOTO3KCTpeMaJIbHBIX 1ieJieBbIX (yHKIMI. B ciyyae ogHO3KCTpeMallb-
HOI (DyHKUMU COLUATBHO-TEHETUYSCKUI METOI MPAKTUYCCKU BBIPOXKIACTCS
B IPaJMEHTHBIN, TaK KaK BCIO pabOTy MOMCKA 3KCTPEMyMa BBIMOJIHSIET €ro
rpagveHTHas coctapisitoias. [ToaroMy 3(h(heKTUBHOCTU UX MPUMEHEHUsI Ha
OTHOBKCTpeMasbHbIX 3aJadyax MpakTU4YecKu coBragaioT. Ha ocHoBaHuM cka-
3aHHOTO, TIPUMEPHYIO 3(P(HEeKTUBHOCTHL HOBOTO MeTola Ha rpadukax puc. 6.10
MOXHO TPEACTaBUTh MYHKTUPHON JIMHKUEN, KaK M300paxxeHo Ha puc. 6.12.

B zakimoueHre OTMETHUM, UTO COLIMAIbHO-TEeHETUYECKUI aJTOPUTM JTOBOJIb-
HO XOPOIIIO TMoKa3aa cedsl Mpu 00y4eHUU W ONTUMM3alUU HEMPOHHBIX CeTeil
U ero MOXHO PEeKOMEHI0BaTh pa3paboTurMKaM COBPEMEHHbIX HEHpPOMaKeTOB.

OTMeTUM TakKe, UYTO MPUBEACHHAs 3[1eCh TOMbITKA yyeTa COLMAIbHOIO
daxropa [36, 63| gaBisercs elle OJHUM IIaroM Ha IMYTU COBEPIIEHCTBO-
BaHUS MCKYCCTBEHHO-UHTEJIEKTYaJbHbBIX MapagurM IyTeM 0oJjiee ITOJTHOTO
MOJICJIMPOBAHUS €CTECTBEHHBIX MEXaHM3MOB, IIPUUYEM HE TOJBKO OUOJIOTH-
YEeCKUX U MPUPOIHBIX, HO U COLUATbHBIX.
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6.5. AOOMONHUTENbHbLIE PEKOMEHOALUN
Nno NMPOEKTUPOBAHUIO N OBYYEHUIO
NEPCENTPOHOB

MHorue crelMaJuCcThl, 3aHUMAaIOIINEeCs ITPAaKTUIECKUM IIPUMEeHEHUEeM Heli-
POCETEeBBIX TEXHOJIOI'Mii, CKJIOHHBI Ha3bIBaTh IMPOEKTUPOBAaHUE U OOydeHUE
HEUPOHHBIX CeTell CKOpee MCKYCCTBOM, 4YeM Haykoil. JleiicTBUTEIbHO,
HEeCMOTpsI Ha (PyHAAMEHTAJIbHBIM XapakKTep PacCMOTPEHHBIX B ATOM IJiaBe
TeopeM, HECMOTPsI Ha PEKOPAHbIE KOJMYECTBA, CTPOTOCTh U KPAacOTy MX JI0-
Ka3aTeJIbCTB, IPOrPaMMUCTHI B CBOEH ITPaKTUYECKO paboTe 4acTO pyKOBO/I-
CTBYIOTCS TaK Ha3bIBAEMBIMU 3BPUCTUYCCKUMMU IIpaBUIAMU, PEKOMEHIALIMSI-
MU CBOMX KOJIJIET, COOCTBEHHOI MHTYMIIUE U TOJIBKO UM OJIHUM U3BECTHBIMU
npueMaMu — TauHCTBeHHBIMU know-how. IIpuBegem HekoTOpble M3 HUX.

BbIOOp BXOAHBIX MAPAMETPOB HeilipoceTeBoii Moaeu. OT ygauyHOIro
BbIOOpa BXOAHBIX MapaMETPOB HEMPOCETEBOM MOIEIM BO MHOIOM 3aBHU-
cut ycnex ee coszmaHus. Ilpexne Bcero, HEOOXOOAMMO MOHMMATh, YTO HE
BCE MapaMeTphbl IIPEAMETHONM OO0JIaCTU BJIMSIOT Ha BBIXOIHOW BeKTOp Y.
Hanpumep, 3HaHMe TeMmIepaTypbl Tejda Bpsid JM IIOMOXKET B ITOCTAHOBKE
IYarHo3a OOJIbHOTO, €CJIM 3aJadya COCTOUT B BBISIBICHMM y HETO OJHMX
TOJIBKO TICUXMYECKUX OTKIOHEHMWI.

Te mapameTpbl, KOTOpble HE OKAa3bIBAlOT BIMSHUS Ha BekTop Y, Ha-
3bIBAIOT HE3HAYUMbBIMU JISI 3TOTO BBIXOMHOIO BeKTopa. EcTrecTBeHHO, 4TO
He3HauYuMBbIe ITapaMeTpbl HeE CJiedyeT BKJII0YaTb B CIHCOK ITapaMeTpoOB
BXOJOHOro BekTopa X.

OmHako Ha NOpakTUKE YacTO OBIBaeT TPYAHO U HaXXe HEBO3MOXKHO
YCTaHOBUTh, KaKWe M3 ITapaMeTpOB NpPEIMETHOI 00JacTU SIBJISIIOTCS 3Ha-
YMMbIMU, a Kakue HeT. IloaToMy Ha mepBOM 3Tame Mbl PEKOMEHOAyeM
BKJII0YaTh B BeKTOp X KakK MOKHO OOJIbllIE€ MapaMeTPOB, UCKIIOUasi TOJIbKO
T€, HE3HAYMMOCTh KOTOPBIX IIPEACTABJISICTCS OYEBUIHOM.

[Tociie mepBOHAYaJILHOI'O CO3MaHUS M 00ydYeHUsI HEIpOHHOM CeTu He3Ha-
YMMBIE ITapaMeTPhl MOTYT OBITh BBISIBJICHBI CJICIYIOIIMMU TPEMsl CIIOCOOaMM.

1. AHaim3 3HA4YeHUII BECOBBIX KOA(M(@UIIMEHTOB BXOAHBLIX HEMPOHOB.
Ecim okaxeTcsl, 4TO y KaKOTO-JIMOO BXOIHOTO HEWpOHa CUHANTUYECKUE
Beca 3HAYMTEJbHO MEHbIIE, YeM Yy IPYruxX HEHPOHOB OOYYEHHOW CeTH,
TO 3TOT BXOOHOM HEWMPOH, CKOpee BCEro, COOTBETCTBYET HE3HAUYMMOMY
napaMeTpy BekTopa X.

2. Bo3mylieHue 3HAYeHUII BXOMHBLIX ITapaMETPOB M aHaJIM3a peakluu
CeTU Ha 3TU Bo3MylleHusi. Ecam oOydyeHHasl ceThb He pearupyer WM cia-
00 pearupyetr Ha M3MEHEHMsI 3HAYCHMsI KaKOro-Jaubo BXOOHOIrO mapamMmeTpa,
TO 3TOT IIapaMeTp HE SIBJISIETCS 3HAYMMBIM.

3. TloouepenHoe WUCKIIOUEHWE BXOIHBIX HEWPOHOB M HAOIIOICHUEM
3a OIIMOKOIl 00001eHus cetu. Ecim 1ocie MCKIoYeHHs KaKoro-jJumbo
BXOJHOIO HelpoHa oIIMOKa OO0OOIeHMsI &7 YBEIWYWIACh, TO BXOIHOI
napaMeTp, COOTBETCTBYIOLIMII 3TOMY BXOJHOMY HEHPOHY, SIBJISICTCSI 3HAYM-
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Puc. 6.13. Tlpumep u3MeHEHHUSI IOIPEIIHOCTU HEHAPOHHOM CETU MHPU IOOYe-
PEOIHOM MCKJTIOYEHUN BXOIHBIX HEMPOHOB

MbIM. B mpoTMBHOM cilydyae BXONHON TapaMeTp He SBISIeTCS 3HAYMMBIM
U COOTBETCTBYIOIUMMA €My BXOIHOW HEWPOH MOXHO HCKJIIOYUTb.

IIpoiiecc BBISIBIEHUS] HE3HAYNMBIX BXOIHBIX TTApAMETPOB PEKOMEHIYETCS
COMNpPOBOXIATh IpadUUeCKOl WJIIIOCTpaleil — rucrorpaMmoii (puc. 6.13),
Ha KOTOPOI HYJIEBOU CTOJIOEIl TTOKAa3bIBAET MOTPEITHOCTh OOOOIIEHUS CETH
MPU COXPAaHEHMHU BCEX BXOJHBIX HEWPOHOB, MEPBbIA CTONOEL — MOTpelll-
HOCTb OOOOIIEHMST CEeTU TPH MCKIIOYEHHOM IIEPBOM BXOIHOM HEWpoHe;
BTOPOI CTOJIOEL — MOTPEIIHOCTb TPU UCKIJIIOUEHHOM BTOPOM BXOJHOM HEM-
poHe u T. 1. Ha puc. 6.13 Tperuili HEMPOH CEeTU HE SIBISAETCS 3HAYUMBIM,
IIOTOMY €ro PEKOMEHIYETCS MCKITIOUUTD.

4. MlHorga MMeeT CMbBICI BMECTO IOOYEPEIHOIr0 MCKJIIOUYEHUSI BXOMTHbBIX
HEHPOHOB MOOYEPETHO MOAaBaTh HA HUX MPOM3BOJIbHbIE CUTHAIBI 1aTYUKOM
CITyYalfHBIX Yrcesl. ABTOPBI 3TOro Metona [56] 000CHOBBIBAIOT €r0 TEM, YTO
HWCKIIIOYCHNE BXOIHBIX HEHPOHOB COOTBETCTBYET CIIyJalO0 MOMAadyM Ha HUX
HyJIeBoro curHajia. Ho HyJjeBoil BXOOHOI CUTIHal MOXKET ObITb OOYCJIOBJICH
YCIOBUSIMM KOHKPETHOM 3amayd M WMeTb (U3WYECKUI CMBICH, 4TO, IO
MHEHMIO aBTOPOB, MOXET MPUBECTU K OLIMOOYHBIM OLIEHKaM 3HAYMMOCTH.

[TocJie BbISIBJIEHUSI U UCKJIIOUEHUSI BXOAHBIX HEHPOHOB, COOTBETCTBYIOIINX
HE3HAUYMMbIM TapaMeTpaM, KauecTBO HeHpoceTu, KaK MpaBuio, HECKOJbKO
yJIydlliaeTcsl, TaK KakK CHMXKAeTcsl ee pa3MepHOCTb. OJHAKO Halo MOHUMAaTh,
YTO MPU CJIUIIKOM MaJIOM KOJMYECTBE BXOMHBIX MAapaMeTPOB HEMPOCETH MOXKET
HE XBaTUTh JAHHBIX IS BBISIBJICHUST 3aKOHOMEPHOCTEI MPEeaIMETHOM 00JIacTH.
B wacTHOCTM, MOTYT MOSIBUTBCS TaK Ha3bIBaeMble KOHMIMKTHBIC TPUMEPHI,
MMelollMe OJVMHAKOBBIE BXOAHBIE, HO Pa3jWuYHbIe BBIXOAHBIE IapaMeTphl.

BoisiBieHHe KOH(DIUKTHBIX NPUMEPOB. KoH@AuKmHbIMU, NIV RPpOMU-
8opeuusbimu, OyIeM Ha3blBaTb MPUMEPbl, UMEIOILIIUE OJMHAKOBbIC BXOIHbIE
BEKTOPHI M pa3idyarolInecs] BBIXOAHBIE BEKTOpHI. Hampumep, KOHMIUKT-
HBIMU SIBJISIIOTCS TIpuMepbl: 2-2 =4 u 2-2 = 5. Ilocie oOyyeHMsT Ha TaKuUX
npuMepax cetb ycBout: 2-2 =4, 5. IlorpemHocTs 0Oy4eHUSI IPU 3TOM CO-
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CTaBUT &7 = 4547_4 x 100% = 12,5% u HUKOrZa HE CHU3UTCI HUXKE ITOI

BEJIMUMHBI, KaKue Obl METOIbl OOYYCHHUS MBI HE IMPUMCHSLIIN.

Hanuuue KOHMJIMKTHBIX MPUMEPOB B OOydYalolleM MHOXECTBE OObIUHO
SIBJISIETCSl PE3yJIbTaTOM 3aKpaBllieiicsl OlIMOKM (KaK B HallleM ciydae) Jubo
HEKOPPEKTHOM MOCTaHOBKM 3ajauyu. Hanpumep, mpu MOCTPOCHUU CUCTEMbI
MEIULIMHCKON MMAarHOCTUKM BXOAHOMY IapameTpy «lloBblllleHHas1 Temme-
paTypa Teja» MOILYT COOTBETCTBOBAaTb HECKOJIBbKO IMArHO30B: «AHIHHa»,
«OP3», «ITHeBMOHMS». DTO 3HAYUT, YTO TIPU ITOCTAHOBKE 3a7a4yM ITOMHMO
TeMIIEpaTypbl HaJO YYUTHIBATh €llIe M APYrue 3Havallue BXOAHbIC Mapamer-
pbl, Takne Kak «Kamenb», «Cnaboctb», «XpUIIbl B JETKUX», «3aTeMHEHUS
Ha PEHTIreHOBCKUX CHUMKax» W T. . JloOaBieHUe 3HavallMX BXOJHBIX Ila-
pamMeTpoB (1, COOTBETCTBEHHO, — BXOJAHBIX HEHPOHOB) TMO3BOJISIET U30eXKaTh
HaJIn4us KOH(MIMKTHBIX IPUMEPOB B O0yYarlleM MHOXECTBe U ClaelaTh
COJIEPKATEbHYIO IMOCTAHOBKY 3aJa4yl KOPPEKTHOIA.

OOHapyXUThb KOH(PIUKTHBIE IIPUMEPHI MOXHO ITyTeéM BU3yaJIbHOIO aHa-
JIM3a MHOXECTBA MPUMEPOB MPEAMETHOM 0071aCTU, CEPBUCHBIMU CPEICTBAMU
MporpaMM-peIakTOpoB, JUOO IyTeM 3allyckKa CIellMaJbHOIo ajJiropuTMa IMo-
MCKa KOH(MIMKTHBIX IPUMEPOB, UMEIOLIErocsi B HEKOTOPbIX HelporakeTax.

OmnpeneneHue HEOOXOAUMOro KOJUYECTBA NMPUMEPOB. MHOXECTBO
MIPUMEPOB MOBEACHUS TIPEIMETHOM 00JIaCTU MOXET (hDOPMUPOBATHCST U3 pa3-
JIMIHBIX UCTOYHUKOB. DTO MOXET ObITh MHMopManusa n3 cetu MHTEpHeT,
U3 apXUBHBIX MATEPUAIOB NIPEANPUSITUIA, U3 PE3YIbTATOB COLIMOIOTMYSCKUX
OMpPOCOB W aHKETUpoBaHUSI U Tp. OOBIYHO CUMTAETCsl, YTO 4YeM OOoJiblle
npuMepoB, Tem Jydiie. OQHAKO U3AUIIHE OOJbIIOE KOJUYECTBO MPUMEPOB
MNPUBOAUT K HeEOMNpaBAaHHbIM 3aTpaTaM MalllMHHOTO BPEMEHM Ha olyue-
HUe ceTu. ABTopoM pabGoThl [19] mias ompeneiieHuss oO0beMa OOydYarOIIero
MHOXECTBa PEKOMEHAYETCSl aMIIMpuueckasi hopmyJia:

Q=7 N+ 15, (6.4)

roe N, — KOJIMYeCTBO BXOIHBIX MapaMeTpoB HeipocereBoit momenu; Q —
KOJIMYECTBO TIPUMEPOB OOydalouiero MHoxecrsa. OQHAKO, KaK MOKa3bIBaeT
Halll SMIMPUYECKUN OMBIT, 3Ta ¢opmyJsia OoJjiee mpuemMieMa IMpu IMOCTPoe-
HUUM PEerpecCMOHHBIX MaTeMaTUUYeCKUX Mojeseil. [Iass HeMpoOHHbBIX Xe ceTei
JIOCTaTOYHOE KOJMYECTBO NMPUMEPOB 3ayacTyio B 2—4 pasa MeHblle, 4eM
onpenaeneHHoe Mo gopmyie (6.4).

B mpakTuke HelpoceTeBOro MOICIMPOBAHMS HEPEIKM CiIydau, KOoruaa
He ymaeTcs coOpaTh JOCTATOYHOE KOJIWUYECTBO IPUMEPOB MOBEICHUS MPEI-
MeTHOU objactu, n yciaoBue Gopmyiabl (6.4) He BBIMTOJHSETCS, TO3TOMY
BO3HMKAeT HEOOXOAUMOCTh 0oJiee THIATEJIbHOIO TECTUPOBAHUSI HeilpoceTe-
Boii mojenu. B aTom ciyyae pekoMeHIyeTcsl TpueM, Ha3blBaeMbIii MHO-
20KpamHoll nepekpecmuoil npoeepkoil (multifold cross-validation). CyTb
BTOTO MpHUEeMa 3aKJIIOUACTCS B CIICAYIOIICM.

MHoOXecTBO MpUMEpPOB IIPEAMETHOM 00JIacTM KaK OOBIYHO pa30MBaeTCs
Ha oOyuarouiee L, u tectupyilomiee 77 B orHomeHuu 10 : 1. HeiiponHas
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ceTb oOyyaeTcsl Ha TIpUMepax MHOXecTBa L, a Ha mnpuMepax MHOXe-
crBa 7' BBIYMCIIAETCS OLIMOKA TECTUPOBAHMA &£7,. 3aTeM MHOXeCTBa L
n T; oopeanHsOTCI. OO0BEIMHEHHOES MHOXECTBO BHOBBL pa30MBacTCs Ha
oOyuaromiee L, u tectupyitomiee 7> B ToM ke cootHoimeHuu (10 : 1) Ta-
KMM 00pa3oM, 4TOOBI paHee BXxoguBiIue B 77 MpuMepbl B MHOXKeCTBe 75
oTcyTcTBOoBanu. HelipoceTb oOyyaercsi Ha MHoOXecTBe [L,, a Ha MHOXe-
ctBe 7> BbIUMCAETCA OlIMOKa TecTUpoBaHus £7,. M Tak manee, Bcero no
10 pas. Ecim MakcumanbHasg U3 €7,,€7,, ..., €Ty, NOIPELIHOCTb OKAa3bl-
BaeTcsl B Mpeaesiax MPUEMJIEMOIOo 3HAYyeHHUs, TO Ji00as M3 MHOJTy4eHHBIX
HeHpoceTe CUMTaeTCsd MPUTOAHON IS ITOCAEMYIOIETO MCIIOJb30BAHUS.

ITopsimok mpeacTaBjieHMsl oOydawmux npuMepon. I[Ipu oOydeHuu
CeTu MEeTOJOM OOpaTHOIO PacHpOCTPAaHEHMs OLIMOKM WIW APYTUMU Me-
TOZAMM, PACCMOTPEHHBIMH B § 6.3, oOydarolye mpuMepbl PeKOMEHIYeTCs
MPEACTaBJIsITh HE B MOPSIAKE MX CJAEAOBaHUSI OT IEPBOro [0 IOCIeIHe-
ro, a BbIOMpaTh CiaydailHbIM oOpa3oM. Ilo MHEHHIO HEKOTOPBIX CHelu-
amuctoB [93], »TO mpuaaeTr ajaropuTMy oOydeHMsI 00jiee CTOXaCTUYECKUIA
XapakTep U B HEKOTOPBIX CJydasX ITO3BOJISIET M30erarh IIoIamaHusl B JIO-
KaJIbHbI€ MUHHMYMBbI.

BoisiBienue BbIOpocoB. [loa ésiOpocamu ToHUMAIOTCSI TPUMEPHI MO-
BEelIEHUsI TIPEIMETHON 00JaCcTH, KOTOpPble B CUJIy KaKMX-JIMOO clydaiiHbIX
MPUYMH, HE XapaKTepHbIX IS paccMaTpuMBaeMoli MNpeaMEeTHO 00JacTu,
3HAYUTEJbHO OTJIMYAIOTCS IO CBOMM IapaMeTpaM OT IPYroil CTaTUCTUYe-
ckoit mHpopManunu. Mx mosgsieHne MOXKET OBITh CBSI3aHO C OIIMOKaMU,
JOTYIIEHHBIMU TpU cOope MH(popMaluu (Harpumep, 3a0bUId ITOCTaBUTh
HOJIb, B pe3yjbTaTe 4Yero OILIMOJMCh Ha IOPSAOK) JIMOO IPYTUMHU CIIy-
YalHBIMU TPpUYMHAMU (TTOTPELIHOCTSIMU U3MEPSIONIUX TPUOOPOB, cOOEB
B pabote obOopymnoBaHUsl, (HOPC-MaXKOPHBIMU OOCTOSITEJILCTBAMU U T. 1I.),
HE OTpaXalolUMU 3aKOHOMEPHOCTEN MpeIMeTHON 00JacTH.

IIpucyrcTBUe BBIOPOCOB B CTaTUCTUMYECKUX MAHHBIX SIBISIETCS BeChbMa
pacIpocTpaHEHHBIM SIBJICHHEM, OTPUILIATEIbHO BIMSIOIIMM Ha Ka4eCTBO UX
nocjenyloiieir o0padboTK1 M UCIOAb30BaHUA. Eciu B mpoCcTeUIIMX Caydasx
BBIOPOCHI OOHAPY>XMBAIOTCSI CPAaBHUTEIbHO JIETKO U JaXe BUIHBI HEBO-
OPYXEHHBIM TJIa30M, TO B 0o0Jiee CI0XHBIX MHOTOMEPHBIX 3aBUCUMOCTSIX
npu OOJBIINX 00beMaX MHMOpPMAaLUKU BbISIBJICHUE M ydaJleHUE BbIOPOCOB
MpeAcTaBIsieT cO0OM HEMPOCTYI MaTeMaTHMYeCKylo MpooseMy.

B pabGore [57] mns oOHapyXeHHsI BBHIOPOCOB B CTAaTMCTMYECKMUX HaH-
HBIX IIpeajiaraeTcs MCIOJb30BaThb IEPCENTPOH, B YACTHOCTU €0 CBOIMCTBO
IUIOXO O0ydyaTbCsl Ha IpuUMepax, MMEIOIIUX BBIOPOCHI, HE ITOMUYMHSIONIN-
ecsl 3aKOHOMEPHOCTSIM MpeAMeTHBIX obJiacteii. Maest aaropurma COCTOUT
B MOOYEPEIHOM MCKIIIOYEHUU MPUMEPOB M3 O0yYyarolllero MHOXeCTBa U Ha-
OI0EHUM 3a MOrPEIIHOCThIO HEMpPOCETH, OOYUYeHHOH Ha 3TUX ype3aHHbIX
oOyyallux MHOXecTBax. Eciau npumep oOydaroiiero MHOXKeCTBA SIBJISIETCS
BBIOPOCOM M BBIINIaAaeT U3 3aKOHOMEPHOCTU, XapaKTEePHOM IS IPeaMEeTHOMI
00J1acTH, TO €ro yaajeHue U3 oO0ydyaroliero MHOXKeCTBa NPUBOIUT K YMEHb-
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IIEHUIO ITOTPEIIHOCTH OOYYEHUSI CETH U IIOBBIIICHMIO e¢ 0000IIaIoNInX
cBOMCTB. McKitoueHre OOBIYHBIX MPUMEPOB CYILIECTBEHHOIO BJIMSHUS Ha
KauyecTBO CETH, KaK IIpaBUJIO, HE OKa3bIBacT.

DTy MACI0 MOXHO peajln30BaTb HECKOJbKMMU crocobamu. IlpuBemem
OMNMcCaHue OMHOIO M3 HUX, HAa3BaHHOIO B [57] anaauzom owiubku obyue-
Hus. DTOT METOJl OCHOBBIBAETCSl Ha TOM (pakTe, YTO MPU yaaJeHUU BbIOpoOca
U3 oOyyarollero MHOXeCcTBa HEMPOHHOUM ceTU OyAeT Jerdye BbISIBUTH 3aKO-
HOMEPHOCTHU MpeaMeTHON 00JacTu, ceTh ObicTpee U Jydlue odyuutcs. [lpu
5TOM YMEHBIIUTCS CpeIHEeKBaApaTU4YHAasl OLIMOKA OOy4YeHWUsI, BbIYUCIsIEMAast
MocJie 3aBeplleHUs] mpolecca o0ydyeHus1 mo opmyJie

1 o J . -
70 2 5 Ve )
er = Midy] x 100%, (6.5)
TI€ Yg4 — 3HAYE€HME j-TO BbIXOJA HEWpOCETH M g-ro OOydyaloUlero npu-
Mepa;  dy — KeJlaeMOe 3HAauyeHUe j-TO BbIXOla IS ¢-TO 00y4arollero
npumepa; J —4YUCIO HEHPOHOB B BBIXOMHOM cjoe; (O — KOJUYECTBO
IIPUMEPOB B OOydamolleM MHoOXecTBe. M [d, ] —MaTemaTMiecKoe OXuua-
HUE BCEX XKeJaeMbIX BBIXOIOB Ha BCeX OOydYalolluX HpUMepax.

B kayecTBe NIeMOHCTpPallMOHHOrO MpHMeEpa BO3bMEM oOydarollee MHO-
JKECTBO M3 IEBSITM KOMITOHEHT, ITOMEIIeHHBIX B Tabid. 6.1. 3aMeTuM, 4YTO
TPEeTUI TIPUMEP B 3TOM MHOXKECTBE BBIITAZAcT M3 OOIIEH JMHEHHOI 3aKO-
HOMEPHOCTU MU, CJIeNOBaTeJIbHO, €0 MOXKHO paccMaTpuBaTh KaK BBIOpOC.

Ha puc. 6.14 nipuBegeHa rucrorpaMmma, IOJydeHHass B pe3yjbTaTe pa-
0OTHI MpeajaraeMoro ajropurma. 3aech i-ii croindeu (i = 1,2, ..., 9)
n300paxaeT 3HAYCHWE CPeIHEKBAIPATUIHONW OmMOKHN (6.5) TIpr 0OydeHUH
ceTu Ha oOy4alollleM MHOXECTBE C MCKJIIOYEHHbIM i-M MNpumepoM. Kak
BUIHO W3 PUCYHKa, MPU MUCKIIYEHUM M3 OO0yuyarollero MHOXeCTBa Tpe-
TBEro IIpUMeEpa, SBJISIOLIEIOCsS BBIOPOCOM, CpeaHeKBaapaTUYHAasl OIIMOKa
3HAYUTEJIbHO YMEHBIIIAeTCSI.

Jimga cpaBHeHUsT Ha puc. 6.15 IpuBeneHa aHaJOrM4yHas THUCTOrpaMma
JJ1s1 00yJalolIuX IMPUMEPOB TOHR Xe MpeaMeTHOM obGnactu (cMm. Taoi. 6.1),
HO HEe MMeEIIIMX BbIOPOCOB, MOCKOJbKY d3 = 3,0. CpenHekBaapaTUUHbIE
OLIMOKM OOy4YeHMsI CeTU 3[eCh paclpele/uInch 0ojiee paBHOMEPHO.

OTMETHM, YTO BUI THCTOTpaMMBI Ha puC. 6.14 3aBUCUT OT CTPYKTYPbI
HeWpoHHOU ceTu. B pmaHHOM ciydyae HCIOJIb30BaH IIEPCEIITPOH C OBY-
MsI CUTMOMAHBIMU HEWpPOHAMM Ha EIMHCTBEHHOM CKpbITOM cioe. Ilpu
YBEJIMYEHMUM YUCJIa CKPBITHIX HEMPOHOB pa3HUIIA MEXIY BBICOTOI CTOJIO-
1IOB THCTOTpaMMbl YMEHbIIAETCSI, BCJEACTBUE BTOTO <«ILIOXHE» IPUMEpbI
CTAHOBSTCS HE CTOJIb 3aMeTHBIMU. [loaToMy miIsi 0OOHApYKEHUST MOCTOPOH-
HUX BBIOPOCOB PEKOMEHIYeTCsl MCIIOJIb30BaTh HEMPOCETU C MUHUMAJIbHBIM
KOJIMYECTBOM HEUPOHOB.

BbiOOp akTHMBAIMOHHBIX (YyHKUMIA. MHOrMe aBTOPbI PEKOMEHIY-
IOT OTHaBaTh IPEANOYTEHME aKTUBALMOHHBIM (yHKUMSIM, 0OOJagaro-




6.5. PekoMeHaaLuy IO MpoeKTHpoBaHuio nepcentpoHos 135

Tabauya 6.1
OO0Oyyamwllee MHOXKECTBO C BbIOpOCOM
B TpeThbeM mnpuMepe

Ne mpumepa X d
1 1,0 1,0
2 2,0 2,0
3 3,0 3,5
4 4.0 4.0
5 5,0 5,0
6 6,0 6,0
7 7,0 7,0
8 8,0 3,0
9 9,0 9,0
a 25
3
@]
T
=| 2
(]
3
R
=151
< X
T =
= I
= ]
S5 11
g3
2
g 05+
3
o
O 04

1 2 3 4 5 6 7 8 9
HowMmep uckitoueHHOTO puMepa

Puc. 6.14. PacnpeneneHue cpeqHEKBaaIpaTUUHON OLIMOKM OOYYeHUST £7 MPU MO-
OYEepPETHOM HMCKIIIOYEHUU TTPUMEPOB OOyYalolero MHOXECTBA, MPeICTaBIEHHOTO
Tabsu. 4.10

MMM CBOMCTBOM aHTUCUMMETPUM, IUISI KOTOPBIX BBITIOJHSIETCS pPaBeH-
ctBO y(—S8) = —p(S§). TakuM CBOMCTBOM 00Jamai0OT, Harpumep, (GYHKIIUU:

y= lfi‘lisl u y = thaS, KOoTOpbIe TakKXKe Ha3bIBAIOT CUTMOMIHBIMM.
B paGote [54] pekoMeHayeTcs GyHKLIUS, NpeaioxeHHas Jle-Kanom:
y = ath(bS), (6.6)

rne a = 1,7159; b = 2/3. Tlpu Takux mnapameTrpax (DYHKIUS TUNEpOOIU-
YEeCKOTO TaHreHca TakXke HMeeT BUJ CUTMOMIbI, HO OTJIMYAeTCsl PSAOM
MOJIE3HBIX CBOMCTB:

Dy(M)=1uy-1)=-1L

2) B Hayajie KOOpAMWHAT IepBasi MPOMU3BOAHAS OJIM3Ka K E€IMHMUIIC,
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Puc. 6.15. Ilpumep pacripeneiieHusT CpeIHEKBaApaTUYHOM OIIMOKN OOy4YeHMs
£7 TpU ITIOOYEPEIHOM MCKIIIOYCHMU IIPUMEPOB OOYYalollero MHOXECTBa, He
MMEIOIIEr0 BHIOPOCOB

3) BTOpass TNPOM3BOAHAS TOCTUTAET CBOET0 MAaKCHUMAaJIbHOTO 3HAYCHMS

npu S =1.

ABTOpBI paboThl [92] mpemnaraioT JorapruMHUYECKy0 aKTMBALlMOHHYIO
dyakumo y = In(S++v.52 + 1). Ora pyHKuMs, B omimure or GpyHKuuu Jle-
KaHa u apyrux cUrMOuAHbIX (DYHKLMI, UMEEeT HeorpaHWYEeHHYI0 00JacTh
M3MEHEHUsI, YTO TO3BOJISIeT M30eXKaTh HexXeaaTeJIbHoro 3ddexra, Ha3bIBa-
eMoro napaauuom cemu. Kak yxXe OTMeUasoCh, SIBJIGHUE IMapajnda CeTH
COCTOUT B TOTEpPe YYBCTBUTEIBHOCTU CETHM K BapHalldsIM BECOBBIX KOA(]-
(bvmeHTOB. DTO COMPOBOXIAETCSI 3aMUpPaHUEM IIpollecca OOy4YeHUsl Tpu
MoIaJaHuM B3BEIIEHHBIX CYMM BXOJHBIX CUTHJIOB HelpoHa B 00JiacTb
HacCbIIIEHUS CUTMOU/IbI.

Nuaunuamv3anusa cUHANTUYEeCKUX BecoB. CorlacHO MeToauke o0y-
YeHUs TIepCeNTpOHa, HayajJbHbIE 3HAYEHUs] CUJI CHMHAINTUYECKUX CBSI3EH
3aJal0TCsl JaTYMKOM ClydalHbIXx uyuced. [1o MHeHuIo aBTOpoB padoTthl [92],
BO M30eXaHWe HACTYIUUICHMS Tapajinda CeTH KelaTeJbHO, YTOOBI MPU 3TUX
HavyaJlbHbIX 3HAYEHMSIX HEWPOHbI CETU WHAYLIMPOBAIMU 3HAUCHMUS, JiexKa-
1I1Me TAe-TO B MEpexojie MEeXIy JIMHEWHOM 4acThlo CUTMOUAHON (DyHKIUU
aKTUBALlMM M 00jacThlo HacklleHusi. CoriaacHo pacueram [92] mnst yHK-
nun aktuBauuu Jle-Kana ata meiab OymeT JOCTUTHYTa, €CId PaBHOMEPHOE
pacrpenejeHre, U3 KOTOPOTO BBIOMPAIOTCS HavyadbHbIC 3HAYCHUS CUHAIITH-
YECKMX BECOB, 3aaBaTh CIELIMAIbHLIM 00pa3oM. A UMEHHO, paclipeaeacHne
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JIOJDKHO MMETh HYJIEBOE CpellHee 3HauyeHUe U JUCTIEepCUulo, oOpaTHYIO KBaj-
paTHOMY KOPHIO M3 KOJIMYECTBAa CHHAIITUYECKMX CBsI3Ei HelpoHa.

IIpenoopadoTka 0O0yYalOMIMX NPHMMEPOB M HHTEPNPETANHUA OTBE-
ToB. Ilapamerpnl, ommchIBaIOIIME MNPEAMETHYIO 00JacTb, MOIYT MMETh
caMblii pa3HOOOpa3HBIM XapakTep. DTO MOIYT OBITh YMCJIA C Pa3IUYHBIMU
JMarna3oHaMu WM3MEHEHMI, MOTYT ObITb KayeCTBEHHbIE XapaKTepUCTUKHU,
Takye KakK IIBeT BOJIOC U TJia3 MallMeHTa, MOTYT OBbIThb JaThl, COAEpKalllue
YUCJI0, MeCSIL, TOA, MOTYT ObITh Ipacduuyeckue o0beKThbl. [10CKOJIbKY Heii-
POHHAs CeTh B COCTOSIHMM 0OpabaThiBaTh TOJBKO YMCIIa, TO BCSI HEYMCIOBas
nH(OopMaLMs 10KHA ObITh 3aKOAMPOBAaHA B YUCIOBOM Buae. Y1CI0BYIO NH-
¢dopmalino, IIPUTOTOBIEHHYIO IJIsI HEMPOCETeBOM 00pabOTKM, XKEIaTeIbHO
HOPMaJIM30BaTh, T.€. BBIPOBHSTH JIMANa30Hbl U3MEHEHUSI BEJIWUMH, HAMPU-
Mep, OorpaHu4YMB ux MHTepBajioM [—1, 1]. CuenaTb 3TO MOXHO C TOMOIIIbIO
MPOCTENUIIero JUHEHHOro Mpeodpa3oBaHMUSI:

Xp= n"Xnmin_ (B A)+ A, (6.7)
Xnmax — X; min
Ile X; W X, — 3HAa4eHUsI UCXOIHOTO U HOPMaJIM30BaHHOIO M-TO MapameTpa
MpeaMeTHOI o0JlacTH, II0JaBaeéMOro Ha #-il BXOMHOW HEUWPOH Helpo-
CeTU; [X;; min,»Xnmax] — PCUIbHBI OMANa30H W3MEHEHUsI #-TO TapaMeTpa;
[A, B] — npuemaeMBblii 1uana3oH U3MEHEHMSI BXOIHBIX CUTHAIOB, HAIIpUMEp
A=—-1, B=1.

Kenaemble BBIXOOHBIC CUTHAJIBI IIE€PCENITPOHA TAaKXKE TOJDKHBI OBITH 3a-
KOAWPOBaHbl B TIpueMyieMoil (opMe MW HOPMaJIM30BaHbl B MpPHUEMJIEMOM
nuanasoHe [a, b]. DTo 3HAUUT, YTO MpU (POPMUPOBAHUU OOYYAIOILIETO BEK-
Topa D cieayeT NpUMEeHHUTH (OpMYTy HOpMaJIM3alluK, aHAJOTHIHYI0 (6.7):

dy =L —dmmin_(p_ 4)+ 4, (6.8)

dm max — dm min
rne d, 1 d, —3aJaHHOE M HOPMaJM30BaHHOE 3HAUYEHUE M-l KOMIIO-
HeHTbl BekTopa . OueHb BaXXHO, YTOOBI KEJIaeMble BBIXOIHBIC CHUIHAJIbI
Mocjie HOpMa/IM3alluM YKJIAAbIBAJIMCh C HEKOTOPBLIM 3amacoM & B 00JacTb
3HAYCHUI CUTMOMIHON (DYHKIIMM aKTUBALMU. B IIpoTHBHOM cilyyae MOXET
BO3HUKHYTb Mapajiiy CETU — aJITOPUTM OOYUEeHUS YCTPEeMUT CHUHAmNTU4e-
CKue Beca K OECKOHEYHOCTU U HE CMOXET 00eClevyuTh CHUXEHUE OIIUOKU
obOyueHusi. Bo m3bexanue sroro adpdekra B [92] misa ciaydas KMCHOIb30-
BaHMs akTuBalMoHHON (yHkumu Jle-Kana (6.6) pekoMeHmyeTcs 3aaaBaTh
A=—a+%, B=a—%, rue %=0,7159.

OOyuyeHHBIN Ha TaKOM O0Yy4YaloIeM MHOXECTBE MEPCENTPOH Oyner dop-
MUpOBaTh BBIXOJHON BekTop Y, coaepxalliuii 3HaYeHUs!, TPUBEICHHbIC
K auarazoHy [A, B]. T1oaToMy K HUM JOJDKHO OBITb MNPUMEHEHO Ipeod-
pasoBaHue, obparHoe mpeobpasoBaHuio (6.8):

—IYm—A _ . .
ym B _ A (dm max dm mln) + dm min . (6'9)

Takum o006pa3oM, MepcenTPOH MOXKHO IIPUMEHSITh [JisI MOISTUPOBAHUS
MPEeIMETHOM 00JIaCTH, OMUCHIBAEMOI YMCIOBBIMM ITapaMeTpaMu JII0O0ro
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nuanazoHa. [Ipy 3TOM BXOIHBIE U BBIXOJHBIE MapaMeTpbl XKeJaTeJbHO HOP-
MaJIM30BaTh — Mpeodpa3oBaTh K TMpHUEMIIEMBIM Auamna3zoHaMm. EcTecTBeHHO,
YTO OTBETHI IEPCEeNTPOHA CleAyeT ACHOPMAIM30BaTh ITyTeM MPUMEHEHUS
obpaTHOTo Tpeodpa3oBaHMS.

PaccMoTpyM BO3MOXHOCTH MHTEPIIPETALIMA OTBETOB IEPCENTPOHA TPU
peleHuu 3amad kjaaccuduxkauuu. Ilpumepsl pereHus: 3aaad Kiaccuduka-
MU MOPUBOAMINUCH paHee. DTO 3aJauyu MOCTAHOBKU JIMArHO30B CJOXKHBIX
TEeXHUYECKUX YCTpOMCTB (cM. § 5.3) U nuarHo3oB 3a0ojieBaHMUII uyesloOBEeKa
(cm. § 5.2). B aTux ciaydasx ImepcenTpoHbl CTPOMIMCH TaKMM 0Opa3oM, 4TO
KaXaoMy Kiaccy (KaxkKamomMy AUarHo3y) OTBOAMJICS CBOI BBIXOAHOM HEMPOH.
PasmepHocTh 0oOyuaromux BEKTOpoB [) coBIagaja ¢ KOJMYECTBOM BBIXOM-
HBbIX HEHPOHOB, a €ro KOMIIOHEHTaM d,,, 3aJaBajoch 3HaueHue 1, ecau s
MOATOTOBJIEHHOrO BeKTopa X MMeEJl MeCTO JMarHos, 3a KOTOPbI «OTBeua-
eT» m-il BBIXOJIHOW HeWpoH, u 3HauyeHue 0, eciim AUarHo3 ObLT JPYTUM.
[Ipy mosiBeHUM Ha BXOJE TEepCerTpOoHAa HOBOTO BEKTOpa IapaMeTpoB, HE
BCTPEUABIINXCS B OOy4YaroIlleM MHOXKECTBE, MepCEeNTPOH BBIYMCISI BEKTOP
Y, KOTOpBIi HYXHO HWHTEPIIPETUPOBATL C IICJIBIO ITOJyYEeHUs 3aKIIIoue-
HUg o Kinaccudpukaumm ooOwbekTa. Hambosiee pacmpocTpaHeHHBINM CIIOCOO
MHTEpPIIpeTallMd COCTOUT B TOM, YTO BBIXOAHOMY CUTHaly m-TO HeHpoHa
npucBauBaeTcsl 3HaueHue 1, ecau y,, > 0,5, 1 0 — B NPOTUBHOM cCilyyae.
[IpyuyeM JIOrMYHO T0JIaraTh, YTO Y€M BbIlIE 3HAYEHUE ),,, TeM OoJiee Be-
pOSITHA TPABWJIBHOCTH IMOCTAHOBKM JMAarHo3a m-il 0OJIe3HW WJIM JUarHosa
HeucnpaBHOCTH. M1 HAoO6oOpOT, YeM MeHbIlIe 3HAYEHUE V,,, TEM BEPOSITHEE
OTCYTCTBHE M-I OOJIE3HW WJIM HEHMCIIPaBHOCTH. B 3TOM cirydyae roBopsT,
YTO J,; MOXHO pacClLiEeHUBATb KaK QYHKUUIO HNPUHAOAEICHOCHU O0beKTa
KakKoMy-JIM0O KJlaccy, WIN KaK Mepy yeepeHHOCmu OTBeTa MepcenTpoHa.

Takum obOpazom, Mbl BUAMM, UTO IEPCENTPOH OaeT HEYEeTKMId OTBET,
OlLIEHUBAasI BEPOSITHOCTh BO3MOXHOU olnOKku. [Togo6HO moOpocoBecTHOMY
Bpauy-AMarHocTy, MEPCENTPOH MOXKET OTBETHTB, UTO Y OOJIBHOTO HaBEPHSI-
Ka eCTh MH(MAPKT MUOKap/a, OAHAKO C BEPOSITHOCTBIO 65% OH MOI03peBacT,
4YTO y OOJBHOTO OBLI MOPOK cepaua, U Ha 90% mnepcenTpoH yBepeH, 4YTO
UIIEMUYECKON 00se3HU cepala y OOJIbHOIO HeET.

[IpuBeneM mpuMep MHTEpHpeTalliu OTBETOB HEWPOHHON CeTU, pellaro-
1Iei 3a7ady IeTeKUMU JIKU, €CIM 3Ta CeTb UMeeT OJMH BbIXOJHOW HEeWpOH,
a B MHOXECTBE OOyYamwllIMX MPUMEPOB MpaBAUBBI OTBET KJIMEHTA KOIU-
pOBaJICSI €NMHMIICH, a JIOXKHBIA — HyJeM. Torma BBIXOOHOM CUTHal CETH
y=0,9 MmoxHo uHTeprnpeTupoBaTh 90%-ii YBEepEHHOCTbIO CETH B TOM, YTO
KJIIMEHT cKasal mnpasay. B caydae y = 0,75 cremeHb yBEpEeHHOCTU CETH
B NIpaBOIWBOM OTBeTe cOCTaBlisieT 75%, a cimydaii y = 1,2 MOXHO WHTEp-
MPEeTUPOBATh KaK abCOIOTHYIO yBepeHHOCTh (120%) ceTu B TOM, YTO OTBET
KiueHTa stBisiercss TipaBmoil. Ciydait y = 0,4 mHTeprperupyetcs 60%-it
YBEPEHHOCTBIO CETH B TOM, UTO OTBET KJIMEHTa SIBJISETCS Jioxkbio. Ciydait
y =10,1 coorBercTBYeT 90%-i1 yBEpPEHHOCTBIO B JIOXKHOM OTBETE KJIMCHTA,
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a ciayyaii y = —0,1 o3HavaeT abcomoTHyo (Ha 110%) yBepeHHOCTH CeTH
B JIOXKHOCTH OTBETa KJIMEHTA.

B 3akmioueHme OTMETHM, YTO TTOMMMO PACCMOTPEHHBIX CIIOCOOOB ITOM-
TOTOBKM JAHHBIX U MHTEPIIPETAIIMM OTBETOB HEMpOCETEel CYIIEeCTBYET MHO-
XKeCTBO Apyrux mnpueMon [13—15, 41], npecienymoliux aHaJIOTUYHbIE 1IE€/IU.

JlobaBieHne mymMa B oOyuyawmmue npuMmepbl. HekoTopbie aBTOpbI
[41] momaraioT, 4YTO YJAY4YIIUTh OOOOIIAIOIIME CBOWCTBA CETHM MOXKHO HE
TOJIBKO 3a CUeT ONTUMHU3ALMUU €€ apXUTEKTYpbl, HO U MyTeM CHelralb-
HO# TIOATOTOBKM MHOXECTBa OOydJalolMX IMpUMepoB. B yactHOCTH, TTyTeM
no0aBieHusl IlyMa B OOydalollue IIPUMEpbl MOXKHO JOOMTBCS CHUXKE-
HUsI YYBCTBUTEJIIBHOCTU CETU K BapHalludsIM BXOTHBIX CUTHAJIOB, €CIU ATH
BapyallMyd HaXOASATCS B OMNpPEAeJeHHBIX AOIMYCTUMBIX Tpenesiax.

BcnoMHMM, 4TO mpoliecc oOydyeHUsl TMepcenTpoHa BBIMOJHSETCS Ha
MHOXECTBE OOy4YalollUX TMPUMEPOB — Iap BXOJHBIX M BbIXOAHBIX BEKTO-
pos: X,—D,, q = 1,2,...,0. HanoMHu™m, 410 ¢ — HOMEpP OOYYalOLIErO
npumepa, a Q — ux obIIee KOJUIESCTBO.

IIpy oOyyeHUU ceTM MUHUMU3MPYETCS KBaIpaTHMIHAas HEBSI3Ka MEXITy
KEJIJAEMbIMU BBIXOAHBIMU BeKTOpamMu D, U TeMU 3HAYEHUSIMU 3TUX BEKTO-
pPOB, KOTOpbIe O0pa3ylTCsl Ha BBIXOJE IepCEeNnTpoHa B NEeHCTBUTEIbLHOCTHU
Y,, T.e. MUHUMMBUpPYeETCA UeseBasd PyHKLUA

o
e=13"1ID, - Y. (6.10)

qg=1
[lepcenTpoH BBHITIOTHSIET MHOTOMEPHOE OTOOpakeHHE BXOIHOTO BEKTOpa
X, na sexrop Y,, T.e. Y, = f(X,), rne f—wmarpuua, cocraBieHHas
n3 GYHKIOUNM akTUBauu HeiipoHoB. C y4yeToM 3TOro paseHCTBO (6.10)
TepernuiineM B BUE:

o
e=13 1D, —fXQI. (6.11)
qg=1
JobGapneHue 1ryma B oOydaroliyde MpUMEpbl MpeamnojaraeT MoaudUKaiuo
BXOJHOTO BEKTOpa — MOOABJIEHWE K HEMY HEKOTOPOTO CIyJaliHOTO BEKTO-
pa d,, MaTeMaTU4eCKOe OXUIaHUEe KOTOPOro paBHO Hymo. Takum obpasom,
BMeCTO MeseBoit pyHKIuM (6.11) MUHUMHU3UpYeETCs IielieBast (PYHKIIMS

o
e=13 "Dy —f(Xy+ 6., (6.12)

g=1
B pesynabrate, ceTb TpeHUpYETCSI HE TOJbKO Ha MNpUMepax oOydarole-
ro MHOXECTBa, HO M Ha TaKUX IpUMepax, B KOTOPBIX BXOJHOU BEKTOD
“MeeT He3HauuTeJbHble CiydyailHble McKaxXeHMs. [lo3ToMmy oOoOliiaroiiue

CBOICTBa CETHM YJIY4lIalOTCS.

B zakiioueHue orMeTuM, 4TO H00aBjeHHE IIymMa B oOydarollee MHOXE-
CTBO, Kak IPaBUJIO, MAeT TOJIOKUTEJIbHbIE Pe3yIbTaThl B ciydae OOJBIINX
(6omee 300 ameMeHTOB) O0yUYaIOIIMX MHOXECTB, IIPUYEM AUCIIEPCUSI CIIydaii-
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-

.

Puc. 6.16. BMecTo ki1accuueckoit cxembl repcentpoHa ¢ N BxomamMu U M BbI-
xogaMu mOpuMeHsieTcss M tiepcenTpoHOB ¢ /N BXxOoZaMM U OIHUM BBIXOOOM,
00BeAMHEHHBIX OOLIMM MHTepdeiicoM

HBIX [IapaMeTPOB BEKTOpa lyma §, NOJDKHA NMOAOUPAThCS WHAMBUIYAIbHO
JUIsl KaXKIOM KOHKPETHOM 3amayu.

JleKoMno3uIMsl CeTH MO YUCIY BBIXOAHBIX HepoHOB. [Ipu pazpaboT-
Ke Helpo-CeTeBbIX MaTeMaTUUYECKUX MOAejell ¢ HECKOJIbKMMU BBIXOAHBIMU
rnapamMeTpaMy MHOTJA ObIBAET MOJIE3HO MPUMEHSITh MPUeM, 3aKJIH0YaIOIIMIACS
B TOM, UYTO BMECTO KJIACCMYECKOM CXeMbl HEMPOHHOW CETU IEpPCEeINTPOH-
Horo tuma ¢ N Bxogamu u M Beixomamu (puc. 6.16, caesa) vicnonb3oBaTh
M mneiipocereii ¢ N BxogaMu M OJHUM BbIxogoM (puc. 6.16, cnpaea),
00beAMHEHHBIX 001IKMM HHTepdericoM. CTpyKTypy KaXIoll Takoill ceTH,
€CTECTBEHHO, CJeAyeT ONTUMM3UPOBATh OTIEIbHO M3 YCJIOBHUS obecrieue-
HUSI MMHUMAaJbHOCTU OILIMOKM TECTUPOBAHUSI KaxKAOW CETH.

BoruncinTeabHble 5KCIEPUMEHTHI MOKa3aiud, YTO NMPUMEHEHUE YKa3aH-
HOro mpueMa, KaK MpaBUjiO, ITO3BOJISIET CHUXKATh OOIIYI MOTIPEIIHOCTb
HelipoceTeBbIX Mozaeneil Ha 3—6%.
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6.6. AJIFTOPUTM
MHTENNEKTYAJIIbHOIO AHAJIU3A OAHHbIX
METOOOM HEWPOCETEBOIO
MATEMATUYECKOIo MOAEJNIMPOBAHUA

3aBepluasg M3y4eHUE METOJA MaTeEMaTHYECKOIO MOIEIMPOBAHUS Ha OCHO-
BE IMEPCENTPOHOB, B KAYECTBE MTOTa IPUBEIEM IPUMEPHBINA aJITOPUTM €ro
npuMeHeHus (puc. 6.17).

( 1. ITocTanoBKa 3amaun

Ctpyktypa Xu D

( 2. ®opMuUpoBaHUE MPUMEPOB

Copnepxumoe X u D

( 3. [IpoekTpoBaHUE CETU

CTpyKTypa ceTu

( 4. OOyuyeHue ceTn

( 5. IlpoBepka ¥ ONTUMU3ALIUS CETU
l'oToBast Mmozaenb
(UUC)
( 6. MccrnenoBaHue MpeaMeTHOR 00IacT

PesynbraThl
MOJIeJIMPOBAHUSI

Puc. 6.17. Pekomenayemasi cxema NMpUMEHEHUsI MeTola HeHpoceTeBOro Mare-
MaTUYECKOTO MOJIEJIMPOBAHUS

T I T 1 7

—/
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dtan 1. NocTaHOBKa 3agauun

Ha stoM 3Tame onpeneisioTcss LeAd MOIEIMPOBAHUS, YCTaHABJIMBAIOTCS
BXOJHbIE W BBIXOJHBIC IMapaMeTpbl MOIEIU, a TaKXKe CTpyKTypa (cocTaB
U IJIMHA) BXOAHOro BekTopa X, W BBIXOJHOTO BekTopa D.

B KkauecTBe KOMMOHEHT BXOJHOIo BekTopa X BaXXHO BBIOpaTb 3HA-
yuMble TIapaMeTpbl — T€, KOTOPbIE OKa3bIBAIOT CYILIECTBEHHOE BJIMSIHHUE Ha
pesyabtaT. Eciau ke MMEITCSI COMHEHMSI B 3HAUYMMOCTU TOTO WM WHO-
ro BXOOHOTO IIapaMeTpa, TO €ro Jydylle BKIIOYUTb BO BXOIHOI BEKTOD,
paccyuThIBasl, YTO B MOCJEAYIOLIEM C IOMOIIbIO CO3IaBaeMOil HelpoceTu
MOXHO OylIeT OLEHWUTb CTENeHb BIMSIHUS 3TOrO MapaMeTpa Ha pe3ylib-
taT. Ecau ero BausiHME OKaxeTcsl caadbiM, TO B Tocjenylolleil padore
UCKJIIOUUTh 3TOT IapaMeTp.

BrixonHoii BekTop D (opMuUpyeTcsl TaKUM, YTOObI €ro KOMITOHEHTbI
JaBajid BO3MOXKHOCTb IOJYUYUTb OTBETHl Ha BCE IOCTABJIEHHBIE BOIPOCHI.

KomnoneHTsl BXxogHOro BekTOopa X M BBIXOOHOrO BeKTopa DD Tipen-
CTaBJISIIOT COOOI 4mcia. DTO MOTYT ObITh 3HAYCHMsI KaKUX-JIMOO BEJIWYUH,
HampuMmep TeMIlepaTypbl Tejla, apTepUaabHOIO IaBJICHUS, YaCTOThI ITyJIbCa
U Ap. DTO MOTYT ObITh TaKXe 4Yucia, KOAUPYIILIUE HaJIUYhe UIU OTCYT-
CTBUE KaKUX-JIMOO TPU3HAKOB, HAaNlpUMep €AMHUIIA, €CJIM TI0J MYXKCKOIA,
U JIBOIiKa, €C/M T0J KeHCKUIi. B HeKOTOpbIX ciaydasix, eCii JaHHbIE HeueT-
KHe U eCTh COMHEHHUE B MX MPaBUJIBHOCTHU, TTOJIE3HO KOAMPOBATh OLIEHKY MX
BeposiTHOCTU. Hampumep, eciim y Bpaya eCTh COMHEHHUSI B IIPaBUJILHOCTU
BBICTABJISIEMOTrO JWarHo3a, TO OH MOMXKET 3aKOAMPOBaThb HE caM OUArHo3,
a ero BepOSTHOCTb WJIM CTENEHb Pa3BUTUS OOJIE3HU, INPUMEHSS HCCITU-
WIN CTOOAUIbHYIO CUCTEMY OLIEHKM.

Otan 2. ®opmupoBaHue NMpuUmMepoB

Ha sToMm sTane dopmupyercs comepKrUMoe BXOAHBIX W BBIXOJHBIX BEKTO-
poB. B pesynbrate cosmaercsa MHOxecTBO map X,—D, (g=1,...,0), rae
Takas mapa COCTaBJISIeT MPUMEpP, XapaKTePU3YIOLIUNI IIPEAMETHYIO 001aCTh.
3HayeHUs KOMIIOHEHT BEKTOpPOoB X, U D, MOryr ObITb C(POPMUPOBAHBLI
Pa3IMYHBIMU CIOCOOAMU: MOJYYEHBI ITyTEM MPOBEASHUST COLIMOJOTUUECKUX
OMPOCOB, 3KCHEPTHBIX OLIEHOK, aHKETUPOBAHMUSI, CIELUATbHBIX 3KCIEPU-
MEHTOB HaJl TMpeIMEeTHON 00JacThlo, B3SIThl M3 CPEACTB MacCOBOM WMH-
dopMalu, U3 apXUBHBIX MaTepUallOB OpPTaHM3allMii, COLIMAJIbHBIX CETCH,
UHTEPHET-(OPYMOB U U3 APYTUX UCTOYHUKOB.

YucnoBylo mH(GOpPMAaLMIO, IIPUTOTOBIEHHYIO Iji BBOAA B HEHMPOCETD,
KenaTeJIbHO HOPMHMpPOBaTh — IpuBecT K nuarazony [0, 1] wiu [—1, 1].

Bce MHOXecTBO npuMepoB pa3OMBaloT Ha obOydawllee L U TecTUpyro-
mee 7" (cM. puc. 6.1). O6BIYHO 00BEM TECTUPYIOLIETO MHOXKECTBA BHIOHPAIOT
He MeHee 10—15% ot oGyuyalomiero. HeobxonuMplii MUHUMAJIbHBII 00beM
oOyyallllero MHOXECTBAa 3aBHUCUT OT 3amauyd. PaHee mjis pacuera MUHH-
MaJIbHO IOIIyCTMMOIO o0beMa O0ydyalollero MHOXECTBa PEKOMEHI0Bajach
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dopmyna: Q =7- N+ 15 [19], B KoTtOopoit N, — KOJUYECTBO BXOIHBIX
rmapamMeTpoB HelpoceTeBoii Momenu. OmHAKO B MpaKTUKE IIPUMEHEHUS
HEHpPOCeTEeBBIX TEXHOJOTUI BCTpEYaloTCs Caydyau, KOrda ISl pelIeHus 3a-
a4y XBaTaeT 3HAYMTEIBLHO MEHBIIEro KOJIMYECTBA OOyYaroIINX IMPUMEPOB.

ITomumo oOyuaromiero MHoxecTBa L 1 TecTupylomiero MHoxectsa T,
dopMmupyeTcs ellle M MOATBEPXKIamllee MHOXeCTBO P U3 TIpuMepoB, Mpu-
HaIJTeXKaIlInX TOM K¢ caMoil TIpeAMEeTHO 00JIacTh, HO He MepeceKaloleecs
HU ¢ MHOXecTBOM L, HU ¢ MHOXecTBOM P (cM. puc. 6.1). O6beM MHOXe-
ctBa P o0OblYHO pekomeHayercss He Gosiee 10% or oobema mMHOXecTtBa L.

Otan 3. MNepBoHavyanbHOe NPOEKTMPOBaHUE CETU

CTpyKTypa mepcenTpoHa BbIOUpAETCsl U3 CIEAYIOLIMX COOOpaKeHMIA:

1. KOJMYECTBO BXOJAHBIX HEHPOHOB NV, JOJKHO ObITH paBHO pa3MepHO-
CTU BXOOHOTO BeKTopa X;

2. KOJIMYECTBO BBIXOIHBIX HEMPOHOB V), NOJZKHO OBITH PaBHO pa3Mep-
HOCTU BBIXOZHOTO BekTOopa D;

3. KOJMUYECTBO CKPBITHIX CJIOEB, corjlacHo TeopeMe ApHoibaa — Koi-
MoropoBa — XexT-HuiabceHa (cMm. § 6.1), IDOKHO OBITh He MeEHee
OJHOTO; Ha MOCJEAYIOIIMX B3Tarax KOJUYECTBO CKPBITBIX CJIOEB MO-
JKET KOPPEKTUPOBAThCS, €CJAU BTO IIO3BOJUT YJIYUYIIUTh KauecCTBO
paboTHI CeTH;

4. KOJIMYECTBO HEHMPOHOB B CKPBITHIX CJIOSIX IEPBOHAYAIBLHO PACCUUThHI-
BaeTcst ¢ momoibio Gopmyn (6.1), (6.2); Ha MOCIEAYIOMMX dTarax
KOJIMYECTBO HEHWPOHOB B CKPBITBIX CJOSIX TaKXe MOXET KOPPEeKTH-
pOBaThCsl, €CIM BTO TO3BOJIMT YJAYUYLIMTh KaueCcTBO PabOThl CETU;

5. aKTUMBAlIMOHHbIE (MYHKIIMU CKPBITBIX HEMPOHOB, COTJAcHO Teopeme
ApnHonbaa — KoamoropoBa — XexT-HuinbceHa, peKOMeHIyeTCsl 3adaTh
CUTMOMIHBIMU, OJHAKO B JaJIbHEMIIIEeM, UX BUI MOXET ObITh U3MCHEH,
€ClIM 3TO TO3BOJUT YJIYYIIUTh KaueCTBO PabOTHI CETH.

IIp1 KOppPEeKTHUPOBKE CTPYKTYpPhI IIEPCENTpOHa CJeAyeT WMETb B BHU-
Iy, 4TO YBEJIMYEHUE KOJUUECTBA CKPBITBIX HEMPOHOB OOBIYHO ITO3BOJISICT
JIOOUTBHCS MeHbIIel ommnoOKku obydeHus. OIHAKO YPEe3MEpPHOE €ro YBEIu-
yeHue MNpUBOIUT K 3(P(dEeKTy TureppasMepHOCTH — ITOTepe OO0O0OIIAIOIINX
CBOICTB CeTU, BbIpaxamwllleicsi B BO3pacTaHUM OIIMOKU 0000IIeHus: (Te-
CTUPOBaHUS).

Otan 4. OGy4yeHune cetun

OOy4yeHUe CeTHM — OYeHb BaXKHBIM, HO He OKOHYATEJIbHBIM 3Taml CO3MaHMSI
HelipoceTeBOi MaTeMaTHdecKoil Moneiu. Llenb obydeHust — nmomoGpaTh CH-
HanTUYeCKMe Beca W; TaK, YTOObl Ha KaXIblii BXOLHOI BeKTOp X, MHO-
JKecTBa OOydalolIMX INPUMEPOB CEThb BblAaBana BeKTop Y,, MUHUMAalIbHO
OTJIMYAIOLIMIICSA OT 3aJaHHOIO BBIXOLHOTO BekTOpa D,. DTa 1Leiab N0CTU-
raeTcs IyTeM WCIIOJb30BAHUS dA20PUMMOE OOYUEHUS HEUPOHHOU Cemld.
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€, % €, %
110 110
90 90
70 70
50 50 F
30 30 F
10 C 1 1 1 T 10 C 1 1 1 1 1
200 600 1000 ¢ 200 600 1000 ¢
a) 0)

Puc. 6.18. XapakTepHble KpUBbIE 3aBUCUMOCTH OIIMOKM OOYYEHUS &7 OT YKC-
Ja 310X ¢ B ciydae, Korga ceTb oOydaeTrcs ycmemHo (a) M Korma IIpoliecc
oOy4eHHUsI He JaeT KejlaeMoro pesysabrara (0)

XapakTepHasi Kpueas o0y4eHusi — 3aBUCUMOCTb OIIMOOK OOy4eHHUsI OT KO-
JINYECTBA SIT0X OOy4YeHMsT — mpuBeneHa Ha puc. 6.18,a. OgHako MOXKeT
CIIyYUTBHCSI, UTO CETh «HE 3aXO4eT» O0ydaThCs: OIIMOKAa OOy4YeHHUS C yBEJIM-
YeHHEM KOJIMYECTBA BITOX He OyIeT CTPEeMUThCs K HyIo (cM. puc. 6.18,6).
[ITprurMHaAMU 3TOTrO HEXenaTeJbHOIO SIBJIEHUSI MOTYT OBbITh CJIEAYIOIIUMU.
1-s1 mpuunHa. HenoctaTouHOe KOJIMYECTBO CKPBITHIX CIOEB U CKPBITHIX
HEWPOHOB — TOra PeKOMEHAYETCS YBEJIMUYUTb MX KOJIUYECTBO.

2-a mpuuuHa. Hamnuume B oOyyarolieM MHOXKECTBE APOMUBOPEHAULUX
JIpYT APYrY (KOH@AUKmMHbIX) IPUMEPOB, KOrAa OJHUM M TeM Xe Habopam
BXOJHBIX MMapaMETPOB COOTBETCTBYIOT pa3Hble HAOOPHI BBIXOJHBIX MapaMeT-
poB. Hampumep — ofHMM M TeM Xe CUMIITOMaM COOTBETCTBYIOT pa3HbIe
JMarHo3bl 3a6ojeBaHuil. OOHAPYXUTh TaKUe MPUMEPHI B 0OyJaroleM MHO-
JKECTBE MOXKXHO IyTeM €ro BU3yaJbHOIO aHajiu3a, WIM IyTeM MPpUMEHEHUs
cnelMalbHbIX TIporpaMM. 3arteM ciieayeTr pa3o0parhCs B INPUUYMHAX BO3-
HUKHOBEHUSI KOHMJIUKTHBIX MPUMEPOB: HEKOTOPbIE M3 HUX MOTYT IMPOCTO
0KazaTbCd OIIMOOYHBIMU, U MX HYXHO yIaliuTb. Jpyrasg npuuyuHa MOXKET
ObITb CBsI3aHA C T€M, YTO B CaMOl CTPYKType BXOJHOIO BEKTOpa OTCYT-
CTBYIOT KaKHe-TO TapaMeTpbl (Harpumep, Bo3pacT OOJIbHOTO, POCT, BecC,
1IBET ero rjia3 U 1p.), Takke OKasblBalolllhe BIWSIHUE Ha AMarHo3. B aTtom
cliydae peKOMEHIYyeTCsl BepHYThCs Ha 3Tam 1 amroputMma (cMm. puc. 6.17)
U MEepecMOTPEeTh IMOCTAHOBKY 3aJayM, YBEJIWYMUTb DPa3MEpPHOCTb BXOJHO-
ro Bekropa X, 100aBUB HOIOJHUTEIbHBIE MapaMeTpbl, KOTOPblE CBOUMU
3HaYEHUSIMU obecrieyaT HEMPOTUBOPEYNBOCTh MPUMEPOB 00YYaIOIIEr0 MHO-
JKEeCTBa.

3-a npuuuna. [lonananue 6 sokaavHblil MUuHUMYM. DTa Tpodiema
CBsI3aHA C TeM, YTO TOBEPXHOCTh (DYHKUMH-OLIMOKU MEepCenTpoHa, cxema-
TUYHO M300pakeHHast Ha puc. 6.6, UMeeT TOCTATOYHO CJIOXHbII XapakTep cO
MHOXECTBOM MEJIKMX «IMOYEK», HAa3bIBAEMbIX /10KAAbHOIMU MUHUMYMAMU.
IIpouiecc oOydyeHUsT MEPCENTPOHA COCTOUT B ABMXKEHUU MO 3TOI ITIOBEpPX-
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HOCTU HEOOJIBIIMMMU IIaraMyd B CTOPOHY aHTUTpaaMEeHTa, T. €. B CTOPOHY
HauOOJIbIIET0 HAKJIOHA ITOBEPXHOCTU (PyHKUMU-OIIMOKKU. EcTecTBEHHO, 4TO
OMYyCKasiCh TakKMM OO0pa3oM IO ITOBEPXHOCTU (DYHKIIUM-OIINOKUA, MOXKHO
«3aCTpSTh» B KAKOM-JIMOO MEJIKOM JIOKAJIbHOM MWMHUMYME, HE JOCTUTHYB
caMoro ri1yOooKoro MHMHHMMYyMa, Ha3bIBaeMOIO 2100aabHbiM. B 3TOM cCiy-
yae peKOMEHAyeTcsl TMompo0oBaTh 3aHOBO HauyaThb IpOLECC OOy4YeHUs U3
JIpyTOil HayaJlbHOM TOYKM WJIM CMEHUTb aJrOpUTM OOY4YeHHUSI HEHpOCEeTH.

4-g npuumHa. Hanuuume B MHOXeCTBe MPUMEPOB MOBEASHUS TIPEeIAMET-
HO#T 00JIACTU MOCMOPOHHUX 8bLOPOCOE6 — TIPUMEPOB, KOTOPbIE HE TTOTUMHSI -
IOTCST 3aKOHOMEPHOCTSIM TNPEAMETHOM 00JIACTY M 3HAYMTEIbHO OTJIMYAIOTCS
10 CBOMM MapaMeTpaM OT APYroil CTaTUCTUYECKOUW MHMOpManuu, HaIpu-
Mep, BCJEACTBUE 3aKpaBIIMXCS OlIMOOK. PekoMeHmyeTcsl BBISIBUTb TakKue
IIpUMepBI, HAIIpUMeEpP, C MOMOIIBIO MeTOIuKM [57] (cM. § 6.5), mpoaHanmm3u-
poBaTh MX Ha MpeIMeT HaJuuusl OLIMOOK U, €CIM TaKOBble OOHapyXKaTcs —
WUCIIPaBUTh OIIMOKW WM YIAJIUTh BBIOPOCHI.

5-a mpuumna. [lapasuu cetu. B 3TOM ciydae mpoiecc oOydyeHMsl «3a-
MUpaeT» B pe3ybTaTe HEYIpaBIsSeMOro BO3pacTaHUs CUHAIITUYECKUX BECOB
1 COOTBETCTBYIOIIETO BO3pacTaHUsI apryMEHTOB aKTUBAIIMOHHBIX (DYHKIIWA.
CrenctBueM sIBJsSIETCSl MOMaJAaHue B 00J1aCTh HACHILLIEHUSI, T1e TPOU3BOIHbIE
OT CUTMOMUJHBIX (DYHKUMI OJM3KU K HYJ. PekoMeHmyeTcsl MCIoib30BaTh
aKTUBALIMOHHbIE (PYHKIIUU, KOTOPbIE HE UMEIOT FOPU30HTAJIbHBIX ACUMITOT,
Harnpumep Jiorapumudeckue (cM. § 6.5). [Ipyroit BapuaHT — onpoodoBaTh
IMPOBECTM HOPMAIM3ALMIO YHCesd, (QOPMUPYIOIINX TIPUMEPhl TPEIMETHOMN
o0JjacTu.

6-a npuuuHa. [Ipy cIUIIKOM OGOIBIION CKOPOCTU OOYUEHUST MOXET IO~
TEePSITbCSl YCTOMUMBOCTh UTEPALIMOHHOTIO TIpoliecca — TOrna peKOMEeHAYeTCs
YMEHBIIIUTh €e.

3aMeTuM, 4TO B TIPaKTUKE HEWUPOCETeBOro MOJAECIUMPOBAHUSI OOBIYHO
cIyJaeTcsl Tak, YTO HE yOAeTCs YCTAaHOBUTH TOYHYIO MPUYUHY OTCYTCTBUS
CXOIMMOCTH IIporiecca 00ydeHUsT HeMPOHHBIX ceTeit. OcTaeTcsT TOJIBKO TIpe-
rmoJjlaraTb 3TU NMPUYMHBI U TTOOYEPETHO MPUHUMATh MEpHI 10 YCTpaHEHUIO
BO3HUKILIMUX HEXeJaTeJIbHbIX SIBJICHUI, T.e€. BbIMOJHSATL PEKOMEHOALIMHU,
yKa3aHHbIe B MPUBEACHHbBIX BBILIE IIECTU IMyHKTaX.

dt1an 5. NpoBepka U oNTUMU3aALUA CETU

IIpoBepka o00600IIAIOIINX CBOWCTB CceTW (MHOrOA OaHHLIA 3Tall Ha3bIBa-
0T mecmupoeanuem CETU) MPOU3BOMUTCS Ha TECTUPYIOLIEM MHOXKECTBE
IIPUMEPOB, T. €. Ha TeX IpuUMepax, KOTOpble He ObUIM MCIIOJb30BaHBI IIpU
o0ydyeHUM ceTu. Pe3ynbTaTbl TECTMpPOBAHMS MOJIE3HO IIPEACTaBUTH rpadu-
YeCKM B BHIE T'MCTOIpaMMbl, Ha KOTOPOI 3HAYEHUS XKEJIaeMbIX BBIXOIOB
nepcenTpoHa ), COIOCTABJIEHBI C AEHCTBUTEIbHBIMU (IIPOTHO3HBIMU) Y, —
TeMU, KOTOpbIe BBIYUCIWII MepcenTpoH. [Ipumep Takoii rucTorpaMMbl IIpu-
BeleH Ha pwuc. 6.19.
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Howmep TectoBoro mpumepa

Puc. 6.19. I[Ipumep rucrorpaMmbl, NOKa3bIBAaIOIIEHl COOTHOIIEHUE >KeJIaeMBIX
BBIXOJIOB CETU C NEUCTBUTEIbHBIMU (TTPOTHO3HBIMM)

Eciu pasHuiia Mexay KOMIIOHEHTaMHM XEJaeMOro BbIXOJIHOIO BEKTOpa
D, n neficTBUTENIBHOIO BBIXOAHOTO BeKTOpa Y, OKaxXeTcsd HE3HAYUTEIIb-
HO, TO MOXHO IIEpPEeXOINTh K CJIeayolleMy, 3Tamy 6, He BBITTOTHSIS
onmumuzayuro cetu. OnHaKO, YTOObI JUIIHUK pa3 yoeauThcsl B aJeKBaT-
HOCTU pa3pabaTbiBaeMOll HelpoceTeBOil MaTeMaTUUECKO MOJIEJIU, MOJIE3HO
BEpHYTbCSl Ha 3Tall 2 U Te IPUMEPBI, KOTOpbIe ObLIM TECTUPYIOIIUMMU,
(1100 YacTh TECTUPYIOIIMX HPUMMEPOB) BKJIIOYUTH B OOydaroliee MHOXE-
CTBa, a 4acTb MPUMEPOB, ObIBIIUX OOYy4YalOlIMMU, CleJaTh TECTUPYIOLIUMU.
IToce »Toro cHoBa MOBTOPUTH 3Tarel 3, 4 n 5.

Ecnu Xe morpemHocTb 0000I1IeHUsI CETU OKaXXeTcsl HelprueMaeMo 00Jb-
1LI0¥, TO HAJO MONbBITATLCS ONMUMUZUPOBAMb CETh. DTa Olepalusi COCTOUT
B Toabope HauboJiee MOAXOASIISH sl JaHHOW 3aJayu CTPYKTYpPbl CETU —
KOJIMYECTBA CKPBITHIX CJI0EB, KOJUYECTBA CKPBITHIX HEHPOHOB, KOJIMWYECTBA
CUHANTUYECKMX CBSI3el, a TakXKe BMJA U MapaMeTPOB aKTUBALIMOHHBIX (DYHK-
L1 HEMPOHOB. B HEKOTOPBIX HelipoIlakeTax MpeayCMOTpeHa aBToMaThIecKast
ONTHMU3ALMS CETU, HO ObIBAET IOJIE3HO BBIMOJHUTH TaKyl0 ONTUMU3ALIUIO
BPYYHYIO, MOCTPOUB rpaMK 3aBUCUMOCTH TOTPELIHOCTU OOOOIIEeHUSl &7
OT YHCJIa CKPBITBIX HEUPOHOB (CM. puc. 6.2) U OT IPYyTrUX IapamMeTpoB Iep-
CeNTpoHa, a 3aTeM C MOMOIIbIO 3TUX rpacMKOB BbIOpPaTh CTPYKTYpPY CETH,
o0ecIeynBaloNlyl0 MUHUMAJbHYIO MOTPEIIHOCTh OOOOIIEeHMSI.

ITpu BbBIOOpPE ONTUMAIBHOU CTPYKTYpbl CETU CJAEAYEeT IMOMHUTb, YTO
11eJb ONTUMM3ALMU CETU COCTOUMT B MUHUMM3ALUW MOTPEIIHOCTU 0000-
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LIEHUsI €7, HO HE TOTPelIHOCTU OOydeHUs1 €z7. MIMEHHO Mo BeJUYUHE
MOrPELIHOCTU OOOOIIEeHMsI CYAIT O KadecTBe CETU, O ee 000OIIAIoNINX
U, CJeAOBaTEIbHO, IMPOTHOCTUYECKUX CBOMcCTBaX. [lorpelrHocts ke obyue-
HUSI — 3TO BCEro JIMIIb IPOMEXYTOUYHbBIN pe3ysbTaT. 2KemaTeabHO, 4TOOBI
OHa ObIJTa HEOOJILIION, HO JOOMBATBCI CaAaMOrO0 MWHMUMAJIBHOTO €¢ 3Hade-
HUSI BOBCE He 00s3aTeIbHO U Ja)ke BPeaHO, ITOCKOJIbKY, KaK BUIHO W3
rpacukoB puc. 6.2, 3T0 TMPUBOIUT K 3(PPEeKTy MepeoOyIeHHsI, T. €. POCTY
MOrPELIHOCTH O0OOIIECHMS.

IToHATHO, YTO ONTUMM3ALUS HEHMPOHHOW CEeTH MoApa3syMeBaeT MHOTO-
KpaTHble BO3BpaThl Ha3aa Ha 3Tanbl 4, 3, 2 uiau gaxe Ha stan 1. Ha stane 1
3aHOBO BBITIOJIHSIETCS MOCTAHOBKA 3aJa4l, BKJIIOUAlOLIasl MEPEOLICHKY 3Ha-
YUMOCTU BXOJHBIX TapaMeTpoOB C TOCAEAYIOIIUM HX COKpallleHUueM, WJIH,
Hao0opoT, nobapieHueM. HamoMHMM, 4TO Majlo3HAaYMMBbIe BXOJHBbIEC Tapa-
METpPbI, MOTYT OBIThb BBISIBJIEHbI C TTOMOIIbIO pa3padaTbiBaéMOil HelpoceTu
MyTeM IMOOYEPETHOr0 MCKJIIOUEHUs] BXOAHBIX MapaMmMeTpoOB W HaOJIOAEHU-
€M 3a IIOTPeIIHOCThI0O 0000mIeHNsA. Eciam mpu MCKIIOYEeHUM KaKoro-ianoo
BXOIHOIrO MapameTpa IOrpelIHOCTh O0OOIIEHUSI HEMPOHHON CEeTU BO3pac-
TET, TO 3TOT IapaMeTp SBJISIETCS 3HAYMMBIM I JAHHON MaTeMaTUYeCKOI
Monesu. B mpoTUBHOM ciydyae, mapameTp He SIBJsSeTCs 3HAa4YUMbIM, U €ro
He cJIelyeT YYUThIBaTh IPM MOCTAHOBKE 3a1ayM.

[Tocine onTUMU3allMM CETU €€ 00O00IIaloIIe CBOWCTBA PEKOMEHIYETCS
IIPOBEPUTh Ha MIpUMepax MOATBEpXKIalollero MHoxectBa P. [lelo B TOM,
YTO B IPOILECCE ONTUMU3ALUN CETh MOXKET «IIPUCIIOCOOUTHCS» K IMPUMEpaM
TECTUPYIOILIETO MHOXecTBa. Eciiu 3TU mpuMephl MO KaKUM-JIMOO TIpUYMHAM
He XapaKTepHbI IJISI BCEM MpeaMeTHOU o0JlacTH, TO Ha APYTrUX HNpUMeEpax,
KOTOPBIX HE ObLJIO HU B TECTHUPYIOIEM, HU B OOydalollleM MHOXEeCTBax,
OHa MOXET JaTh HEOXWIAHHO OOJbIIyI0 OIIMOKY. IS MCKIIOYeHUs Ta-
KOTO SIBJICHUSI, a TakKxKe 4YTOObI OKOHYATEJbHO YOEIUThCS B adeKBaTHOCTHU
pa3pabaTbhIiBa€MOI MaTeMaTU4YEeCKO MOIEIM, BBIYUCISIOT OIIMOKY Mpo-
CHO3UPOBAHUSL CETU &£p Ha TIOATBEPXKIAIOIIEM MHOXECTBE, T. €. Ha TeX
MpUMepax, KOTOpbIe HE y4acTBOBAJM HU B OOYyYEHUM, HU B TECTUPOBAHUU.

PesynbTaToM ONTUMU3AlMM U TPOBEPKM CETU SIBJISIETCS TOTOBasi K MC-
MOJIL30BAHUIO Hellpocemesas Mamemamuyeckas mooeas MpeaMeTHOR 00-
JIaCTU — unmennrekmyanvuas urgopmavyuonnas cucmema (MUC).

Ortan 6. UccnepoBaHmne npegmeTHoOW obnacTu—
MHTEnneKTyanbHbIA aHanuM3 AaHHbIX

ITyTrem npoBeaeHMsI BBIYMCIUTEIbHBIX SKCIIEPUMEHTOB HaJl MaTEMaTUUECKON
HelpoceTeBOl MOJENbI0 HOCTUTAIOTCS LEAd MOICIUPOBAHUSI U HaXOOST-
Ccs1 OTBEThl Ha IOCTaBJE€HHbIE Bompochkl. Hampumep, MOryT ObITh pelIeHBI
TakUe 3aJadyu, KaK OINTUMMU3ALMS MOAEIMPYEMOIO OOBbEKTa, IMPOTrHO3MUPO-
BaHUE €ro OyayIlIMX CBOMCTB, BbISIBICHHME 3aKOHOMEPHOCTEH MHpeaMeTHOI
obylact u Op.
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HeiipoceTeBasi MmaTemaTtuyeckasi MOJieJib, €CJIM OHA MPaBUJIbHO CIIPOEK-
TUpOBaHA M OOy4YyeHa, «BIIMTajla B CeOs» 3aKOHOMEPHOCTH MOICIUPYEMOI
npeaMeTHoi objactu. OHa pearupyeTr Ha M3MEHEHHE BXOOHBIX ITapaMeTpPOB
M BedeT cebd TOYHO TaK Ke, KaK Bejla Obl cedsg cama TIpeaMeTHass 00-
Jacth. IloaTOMy Hanm Takoil MOAEJbI0O HAaO IOCTaBUTh KaK MOXHO OOJIbIIIe
9KCIIEPUMEHTOB. MOXHO MOIPOOOBATh ITOMEHSTH HEKOTOPBIE M3 BXOIHBIX
apaMeTpOB 1 ITOCMOTPETh, KaK IIPU 3TOM MEHSIOTCS 3HAYeHUSI BBIXOJHOTO
BekTopa Y. Hampumep, MeHsIsI BO3pacT KaHauaaTa B IIPE3UICHTHI, MOXK-
HO IIpOHAO0JI0IaTh 3a M3MEHEHHUEM €ro peMTHUHra, Kak 3TO ObLIO ClIelaHO
B § 5.6. Hago mocrapaTbcst M3BJIeYb U3 3TUX BUPTYAJbHBIX 3KCIIEPUMEHTOB
KaK MOXHO OOJbIIIe ITOJIe3HOW MHGpOPMAILIUH.

Yacrto ObIBaeT moje3HO rpacduyecku H300paxaTb 3aBUCUMOCTU BbI-
XOIHBIX TMapaMeTpPOB MOAEAM OT BXOAHLIX. Hampumep Ha puc. 5.6 Obuin
NOCTPOEHBbI 3aBUCUMOCTU peltuHros J[. MenseneBa u B. 2KupuHoBcKO-
ro OT uX BO3pacTa, a Ha pMC. 5.7 — rucrorpamMma, MoO3BOJsIONIAsl AaBaThb
NpakKTUYECKME PEKOMEHAAUM MO MOBBILIEHUIO MOJUTUYECKOTO pPEHTUHTra
W. Xakamanbl. DTM MHTEpPECHbIE PEe3yJIbTaThl M BbIBOIAbI OBLIM MOJYy4YEHBI
OyTeM HCCAeIOBaHUs IpeIMeTHOI obnacTu (IMOJIUTUYECKOro IIpoliecca —
BbIOOPOB Mpe3uJeHTa CTpaHbl) C ITOMOIIbI HEWPOCETEBOW MaTeMaThye-
ckoit Momenu. PesynabraThl MOAEIMPOBAHUS TOJIE3HO TPEICTAaBJSITh B BUIE
00beMHBIX (DUTYp, KaK Harpumep Ha puc. 5.8.

BrinmonHss uccienoBaHus IIpeaIMeTHOM 00J1aCTH ¢ ITOMOIIbIO HelpoceTe-
BOM MaTeMaTUYECKOM MOMAEIU, CIAEAyeT IOHMMAaTh, YTO BO MHOIMX 3agadax
BXOJHBIE MapaMeTpbl OOBIYHO KOPpPEeJIMpOBaHHBI MexXay coboii. Hampumep,
IpU IIPOrHO3MPOBAHMU 3IOPOBbSI IAllMEHTA Ha Oyayllue Mepuoibl Bpeme-
HU (cM. § 5.2) HEOOCTATOUHO M3MEHSITh TOJBKO OJWH BXOMHOM MapameTp,
OTBevyalolMii 3a €ro BO3pacT, IOCKOJbKY C BO3PacTOM O00s3aTeIbHO W3-
MEHSIIOTCSI Ipyrue ero IapameTpbl — COJiepXKaHue XOJecTepuHa U caxapa
B KPOBHM, apTepuaJibHOE NIaBJIECHUE M [Ip.

Kpome Toro, ciemyer IOMHMUTb, YTO HEWPOHHBIE CETH YacCTO BBISIB-
JISIOT TaK Ha3bIBaeMble <«JIOXHbBIE KOPPEISIHUOHHBIC 3aBUCUMOCTU». [lo
3TOMY MOBOJYy YMECTHO MPUBECTU Kiaccu4yeckuii mpumep. OmHaxXIbl Me-
TOJOM MHTEJJIEKTYaJbHOI'O aHajlu3a CTaTUCTMYECKO HMHdOpMauuud ObLIO
YCTaHOBJIEHO, 4YTO JIIOAW, 3JIOYMOTpebsiiolne Kode, ydalle Apyrux Oose-
IOT OHKOJIOTMYecKuMu 3abojieBaHUsIMU. C Ipyroil CTOPOHBI, U3BECTHO, UTO
Kode He comepXUT KaHLEepOTeHHBIX BelecTB. OOBSICHEHNE 3TOTO IMapagoK-
ca HalIOCh, KOTraa OOHapyxKujM, YTO 3a 4YallkKoi Kode JacTto ciemoBaia
BbIKypeHHas: curapetra. OHa-TO U SBWJIaCh NPUYMHON OHKO3a0OJIEBaHUIA.

B 3akjoueHue yKaxkeMm, UTO aJIrOPUTM CO3[aHMsI WHTEJIEeKTyalbHOM
CUCTEMbl M ¢€ INPUMEHEHUS [JII MHTEJICKTYaJIbHOIO aHain3a JAaHHBIX,
MNpUBEACHHbBIA Ha puc. 6.17, anpobupoBaH MPU PELICHUU MHOIMX MPaKTH-
YeCKHMX 3aJad M mpencraBisercs BIoaHe 3(Pp@PeKTUBHBIM. OTHAKO B KaxK-
IOM KOHKPETHOM CJIyyae, a TakXe B 3aBUCUMOCTH OT OIIbITa, HAaBBIKOB
U TMpeArnoyTeHUid pa3paboTurMKa WHTEJUIEKTYaJbHOM CHUCTEMbl BO3MOXHBI
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OTKJIOHEHHUSI OT 3TOro ajropuTMa. Hampumep, eciam y pa3paboTdumkKa XO-
pOILLIO pa3BUTA MHTYMLIMS WIM HapaOOTaHbI COOCTBEHHBIC AJITOPUTMBI JISI
OIpee/IeHUsI KOJIUUECTBA HEMPOHOB B CKPBITBIX CJIOSIX, TO COBCEM He 00s13a-
TEJIbHBIM SIBJISIETCSI MCIIOJIb30BaHuEe (popmysbl ApHoubaa — KoaMoroposa —
XexT-HunbceHa.

KOHTpOﬂbeIe BOMNpoOCbl U 3agaHuA

1.

2.

N\

&

10.
11.

12.

13.

IlepeunicainTe >Tanbl CO3JaHUST HEMPOCETEBOM MaTeMaTHMYECKOM MO-
Ienn TIpeOIMETHOM o0JacTu.

Kak ¢opMupyercsi cTpykTrypa BXOAHOIo BeKTopa X, M BBIXOJHOIO
BekTopa D?

[Mepeunciaure crocoObl (OPMUPOBAHUS COIEPKUMOTO ITap BEKTOPOB
X,—D,.

Kak BBINOJIHSIETCSI MPOSKTUPOBAHME CETU?

. B yeM cocrouT 11eb 0O0ydyeHHUsI CETH, M KaK OHa JOCTUTraeTcs?
. HazoBure miectb mpuyuH, MO KOTOPBIM CETh MOXET HE IOIIaBaThCS

00y4eHUIO.

B uem cocTouT liesib TeCTUPOBaHUSI CETU?

B 4eM cocTrouT 1ieqb ONTUMM3ALUU CeTu?

B Kakux ciydasix MCIIOJIb3YyeTCsl MOATBEpKAalolee MHOXECTBO MpU-
MEpOB, U MOXHO J1 0e3 Hero o0oMTHCH?

IpuBennTe mpuMepbl JTOXHBIX KOPPEISLIMOHHBIX 3aBUCUMOCTEH.
3aiignte Ha cant www.LbAi.ru, ckagaiite M BBITIOJTHUTE Bce J1abO-
paTtopHble paboThl. [Ipy BBIITOTHEHUM 1a0OPATOPHBIX PAOOT ITOJIE3HO
ucnojib3oBarh KHUru [73, 88].

[TpuaymaiiTe TeMy CBOero cOOCTBEHHOIO IMPOEKTa, JiexXalllylo B obja-
CTU BalllMX JIMYHBIX MHTEPECOB. BBINMOIHUTE IIPOEKT, caeaysl IIyHKTaM
anroputMma puc. 6.17 (cMm. § 6.6) U KCITONAB3YsI TPOrPAMMHBINA UHCTPY-
MEHTapuil mJisT pabOTBl ¢ HEHPOHHBIMM CETSIMM, CKAauyaHHBIMA C caiTa
www.LbAi.ru (JlaboparopHast pa6ora Ne 8). Ilpu BbImONTHEHUU 3a-
JTaHUU TIOJIE3HO MCITONb30BaTh KHUTH [73, 88].

[lepeuncinre CBOICTBA, KOTOpHIEe HEHMPOCETM M HEHPOKOMITLIOTEPHI
yHacjeqoBaJlu OT CBOEro MpOoTOTUIIAa — YyejoBeueckKoro moasra. Ilpo-
SIBUJIMCH JIM HEKOTOPbIE M3 OTHUX CBOMCTB NpPM BHIIOJIHEHUU BalleTo
npoekra?



maBa 7

HEKINACCUYECKUE HEWPOHHBLIE CETU

HeiipoHHble ceTy nepcenTpOHHOIO TUIA C CUTMOUAHBIMU aKTUBALIMOHHBIMU
(byHKUMSIMU, IPEAI0KEHHbIE, UCCICAOBAaHHbBIE M PAa3BUThIE B KJIaCCUYECKUX
pa6otax Y. Mak-Kamioka u B. ITurrca [100], ®. Pozendarra [101, 102],
b. Yunpoy u M. E. Xodda [107], A. U. lNanymkuHa ¢ coaBropamu [6—11]
U Jp., SBJISIOTCS B HACTOSIIEE BpeMsl HauOoJiee M3YYEHHBIMM U Hauboliee
MPUMEHSIEMBIMU U3 BCETO0 MHOXKECTBA Pa3HOBUIAHOCTEN M3BECTHBIX HEUPOH-
HBIX ceTeli. OgHAKO pa3BUTHUE HEelpoumHGOPMATUKUA Ha 3TOIl HelpoCeTeBOt
napagurmMe He ocTaHOBWJIOCh. HoBelilne uccinenoBaHusi Mo3ra (DUKCUPYIOT
BCE HOBBIC M HOBBIE JTaHHBIC, KOTOPbI€ BBIXOIIT 3a paMKHU KJlacCUYe-
CKUX Turote3 HelipomHpopMaTuku. COOTBETCTBEHHO, IOSIBIISIIOTCSI HOBBIE
(Hekyaccuyeckue) HeWpoCceTeBble IapajurMbl, HEKOTOpble U3 KOTOPBIX
paccMaTpUBaKOTCd B HACTOSIUEH IJiaBe.

7.1. CETb KACKAOQHOW KOPPENALUN
PAJNIbMAHA—-JIUBBEPA

B padore C. E. @Parvmana n K. Jlubvepa [91] npemnoxeH opUurMmHaIbHBIN
cnoco0 MOCTENEeHHOro HapalllMBaHUsI CTPYKTYPbl HEHPOHHOI ceTH B Mpoliec-
ce ee oOyuyeHusi. Maes aBTOpoB cocTouT B cienytoiieM. CHauana cos3maercst
MPOCTEUIINNI OOHOCIONHBIN IIE€PCENTPOH, 3aTeM, I10CJe MOIMBITKM €ro o0y-
YeHUsl, CJIelyeT Cepusi ATAIOB, COCTOSIIUX B TOM, UTO B CETb 100aBiseTCs
MO OIHOMY CKPBITOMY HEWPOHY, KaXIblii M3 KOTOPbIX CBOUMU CUHAMNCAMU
MOAKJIIOYAeTCsl KO BCEM BXOJHBIM HEMpOHAM CeTM U KO BCEM paHee J10-
OaBJIEHHBIM CKPBITBIM HelipoHaM. CHMHaNTUYeCKME Beca KaXIIOro CKPBLITOro
HelipoHa MoAOMpaloTcsl Tak, 4ToObl OoOecIeunBaliCsl MaKCUMaIbHbI KO-
(bULMEHT KOppeassuuud MEXIy €ro akTUBHOCTbIO (T. €. CHUJIOW BBIXOZHOTO
CUTHaJIa) U OLIMOKONM OOY4YeHHUSI CETU, BHIYMCJISIEMOM C MOMOIIbIO (hOPMYJIbL:

1 | O
S=3 13025 (2 -7) |, (7.1)

i=1 |g=1

rae / — KOJIMYEeCTBO BBIXOAHBIX HEUPOHOB; (J — KOJMYECTBO OOYYAIOIIMX

puMepoB; 9 — BbIXOOHOI CUrHajl HeipoHa-KaHIMIATa Ha g-M 00ydYaio-

LEM TIPUMEDE; SEQ) = a’,@ — yﬁ‘” — MOrPELIHOCTb i-IO BBIXOJHOIO HEHpoHa
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Puc. 7.2. JIo6GaBasieTcsl CKPBITBIII HEMPOH-KAHAUIAT, KOTOPBIM CBOMMM CUHAM-
caMM TOJKJIIOYAeTCsl KO BCEM BXOIHBIM HeWpOHaM CETH, a ero aKCOH OCTaeTcs
CBOOOJHBIM

Ha g-M oOyuJalolleM MpuMepe; y U &; — CpelHUE 3HAYEHUSI COOTBETCTBEHHO
Yy U &;, pacCUMTaHHbIE II0 BCEMY MHOXKECTBY OOYyYalolIuX IIPUMEPOB.

ITo MHEeHMIO aBTOPOB HEMPOHHOI CETH, TAKMM CITIOCOOOM OOecIieuynBacTCs
MaKCcuMajbHasi BOCTPEOOBAaHHOCTh BHOBb J00ABJISIEMOIO CKPBITOTO HEMpOHA.

3aTeM aKCOH CKPBITOrO HEMpoHa ITOJK/II0YAETCsI K BHIXOJIHBIM HEMpOHaM
CceTu W TpoaosKaeTcsl ee odydyeHue, B Mpoliecce KOTOPOro KOPPEKTUPYIOT-
Csl TOJILKO CHUHAIIChl BBIXOOHBIX HeHpoHOB ceTu. [1oCKOJBbKY B OOydYeHUM
CeTU CHUHAITUYECKME Beca CKPBITBIX HEWPOHOB HE KOPPEKTUPYIOTCS, TO
B MCIIOJIb30BAaHUM aJITOpMTMa OOPATHOTO PAcCIIpOCTPaHEHMS OIIMOKN HEoO0-
XOOVMMOCTU HET, U CeTh O0y4yaroT, HaIlpuMep, C IOMOIIbIO OOOOIIEHHOTO
JieIbTa-1paBuia.

B pesyabrare BBIMOJIHEHUSI HECKOJIbKMX TaKUX 3TaroB, COIMPOBOXKAae-
MBIX KaXXIblil pa3 100aBJIeHHMEM HOBOI'O CKPBITOIO HeilpoHa, (hopMHUpyeTCs
HEMpPOHHASI CEeTh OITMMAJIbHOM CTPYKTYPHIL.

Takum 00pa3oM, aJITOPUTM CO3JaHUS CeTU KacKagHOM Koppeasauuu (Tak
€€ Ha3BaJii aBTOPbI) BBINVISIAUT CJAEOYIOIIUM OOpa3oM.

IIlar 1. ®dopmupyercsti HeiipoceTb (puc. 7.1), cocrosiuasi U3 OTHUX
TOJILKO BXOJHBIX U BbIXOAHBLIX HEUPOHOB — OAHOCJIOMHBIM TIEPCENTPOH.
Yucio BXOAHBIX U BBIXOJHBIX HEWPOHOB MEPCENTPOHA OIpeaesieHO YCJIo-
BusIMM 3amauyr. Ha pucyHke 7.1 ceTb MMeeT TpM BXOJHBIX M JIBa BBIXOIHBIX
HEMpOHA, XOTS MX KOJMYECTBO MOXKET OBITH IIPOMU3BOJIHHBLIM.

IIlar 2. OnmHOCIOMHBINA TIEPCENITPOH 00ydYaeTCsd OOBIYHBIM CITOCOOOM,
HaIpuMep, ¢ ITOMOIIBI0 O0OOIIEHHOIro AejbTa-IIpaBua.

IIlar 3. JloGaBiseTcst CKpBIThI HelpoH-KaHauaat (puc. 7.2). Ero cu-
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Puc. 7.3. CKpbITbIii HEHWPOH IIOIKIIOUACTCS KO BCEM BBIXOAHBIM HEWpoHaM
ceTu

Puc. 7.4. JloGaBiisieTcsi HOBBIN CKPBITBIM HEMPOH-KaHAUIAT, KOTOPbIH CBOMMU
CUHarncaMM MOAKJII0YaeTCsd KO BCEM BXOJHBIM HEHpOHaM CETU U K CKPBITOMY
HeHpoHY (CKPBITHIM HEMpOHaM), a €ro aKCOH OCTAaeTCsI CBOOOIHBIM

Harchl MOAKJIIOYAIOTCS KO BCEM BXOOHBIM HEHpOHAM CETH, a aKCOH IIOKa
ocTaeTcs cBOOOAHBIM. lanee ciaemyeT mpolecc oOy4eHUsI CKPBITOro Helpo-
Ha. OHO COCTOUT B IMOAOOpPE €ro CMHANTUYECKUX BECOB M3 YCJIOBUS obecme-
YEeHUsSI MaKCUMaJIbHOTO KO3(h(hUIIMEHTa KOPPEISILUUN MEXIY aKTUBHOCTHIO
CKPBITOTO HeWpOHa-KaHAWJaTa, OIpeaesieMOl €ro BBIXOAHBIM CHUTHAJIOM,
U 3HaAYeHUEeM TOTPelIHOCTU Ha Bbixoae ceTh. CKPBIThbIM HEeHpOH-KaHAWIAT
o0y4aeTrcsi C HCIIOJIb30BaHMEM TOIO & MHOXECTBAa OOyYalollIuX IIpuMe-
POB, KOTOpPOE MCHOJIb30BAJIOCh IIPU OOYYEHMM MCXOJHOIO OAHOCJOWHOIO
nepcenTpoHa.

Illar 4. HelipoH-KaHAWIAT BKJIKOUYAETCS B CYILIECTBYIOIIYIO CTPYKTY-
py ceTH — ero akCoH TMOAKIUaeTCs K BbIXOJAHBIM HelipoHaMm (puc. 7.3)
U BO30OOHOBJISIETCS Tpollecc OOydYeHUsI CEeTU, MPUUYEeM CHUHAITUYeCKue Beca
CKPBITOTO HeiipoHa OoJjibllie He MoauduuupyTcs. Eciu npu oOydeHuu
HejeBass (pyHKIUS (KBaapaTUYHAasl ITOTPEIIHOCTb CEeTH) CHIKAETCS OO0 3a-
JaHHOTO IIpenesna, TO IIpolecc OoOydyeHMs 3aBepiiaercsa. B mpoTuBHOM
CJIyyae BBIINOJIHSIETCSI CJCOYIOIIMIA Iar.

IITar 5. JloGaBnseTcsi HOBBIN CKPBITBIA HEWPOH-KaHAWAAT, KOTOPBIA
CBOMMM CHHAICaMM TTOAKJIIOUAETCSI KO BCEM BXOIHBIM HEHpPOHAM U K YyXe
CYLIECTBYIOIIMM CKPBITBIM HelipoHaM (puc. 7.4), a ero akCoH OCTaeTcs
cBOOOAHBIM. CKpBITHI HEHPOH-KAaHAWIAT O0ydaeTcsl C MCIOJIb30BaHUEM
oOyyamllero MHoxecTBa IpumepoB. llenb oOydeHMs, KaK U paHee, CO-
CTOUT MOA0OPE CHMHAIITUYECKMX BECOB CKPBLITOrO HelpoHa-KaHAumaTa, Ipu
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Puc. 7.5. CKpHITBIA HEHPOH BKIIIOYAETCS B CYIIESCTBYIOIIYIO CTPYKTYPY CETU

KOTOPOM KOPPEJISILUSI MEXIY €r0 aKTMBHOCTBIO M 3HAYEHUEM MOTPEIIHOCTU
Ha BBIXOJE CETU CTAaHOBUTCSI MaKCHUMAaJIbHOM.

IIlar 6. CKpHITBII HEWPOH-KAHAWIAT BKJIIOYAETCSI B CYLIECCTBYIOLIYIO
CTPYKTYpy cetu (puc. 7.5), BO30OHOBIISIETCS IIpoliecC OOy4YeHUST CeTU, Ipu-
YyeM CHHAIITUYECKME Beca CKPBITBIX HEMPOHOB OOJIbllIe He MOAUMUIIMPYIOT-
csa. Ecm mpu oOydeHum ueneBass (QyHKUMS (KBagpaTW4Hasl ITOTPELIHOCTD
CeTu) CHUXaeTCsl A0 3aJlaHHOro mpejesia, TO Mpoliecc 0O0ydeHUsl 3aBeplia-
ercs. B mpoTtuBHOM ciiydae moOaBiisieTCsl HOBBIM CKPBLITHIMI HEMPOH M T. 1.

Kak Bumum, B pe3dyibrare BHINOJIHEeHUST aqropurma MaabmaHa—JInbObe-
pa, dopmupyercs HeMpOHHas CeTh, CTPYKTypa KOTOpPO OTIMYAETCS OT
CJIOUCTOI, U MOATOMY CETh HE SIBJISIETCS IIEPCEHTPOHOM.

CyuiecTByloT MoaudUKALIMM aJropyuTMa, OTIMYalolluecss TeM, 4YTO Ha
KaXJIOM I1are no0aBisieTcss U o0ydyaeTcsl He OJWH CKPbITbIA HEMpOH-KaH-
IUAAT, a cpady HECKOJbKO, M3 KOTOPBIX MOTOM BbIOUpAEeTCsl JYYIIUIA,
obylagaromuii HamooabInM KoadduumeHTom Koppenasonn. Kak ormeda-
0T aBTOpbl ajroputMa [91], mapamieabHOEe KOPPEISILIMOHHOE OOy4YeHUE
HECKOJbKMX HEMPOHOB-KAHAUAATOB U BBHIOOP HAMJIYYIIETO M3 HUX YMEHb-
IIaeT BEPOSITHOCTh IIOIAaJaHUsI B TOYKY JIOKAJILHOIO MHWHMMYMa M BBoOza
B CEThb CKPBITOIO HEHpOHA C MJI0XO MOAOOpPAaHHBIMU BECaMU.

K mocTtonHcTBaM ceTHM KacKagHOW KOPpPEIsSLUUU MOXHO OTHECTU CJedy-
IoLIHeE:

1) Tlockoabky B mpoliecce MUHUMU3ALMKU lieJeBo (pyHKIMu (KBagpa-
TUYHOM MOTPeIIHOCTU CETH) 3aAeMCTBOBAaHBI TOJBKO CHMHAIITUYECKHME Beca
BBIXOJHBIX HEMPOHOB, TO HE TPeOyeTCs MCIOJb30BaHME aJlropuTMa oopat-
HOTO pachpoCTpaHEeHMsT OLIMOOK.

2) OnTtuMm3anus CTPYKTYPbI CETU BBIITOJIHSIECTCS aBTOMATHUYECKM B XOHE
BBITTOJTHEHUSI IMYHKTOB aJITOPUTMa CO3JAaHUSI CETU.

3) Kak orMeuaeTcssi MHOTMMM CHELMAJIMCTAMU, QJITOPUTM KaCKaaHOM
KOppEesIlnu AEMOHCTPUPYET IMpeKpacHbIe KayecTBa KakK CPEICTBO oOyue-
HUS U TOCTPOEHUS HEUPOHHBIX CETE€H ONTUMAJIbHOM CTPYKTYpBI.
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7.2. PAOWUAJIbHO-BA3UCHBIE CETH

PanuanbHo-6a3ucHbie cetu (RBF-cetu) Obuiu npemioxeHsl B 1985 r. Opu-
TaHCKUM MatemMatukoM M. Ilaysarom (M. J. D. Powel). B ee ocHoBe jexXuT
noHgTue panuanbHo 6a3ucHoi-dyHkuuu (RBF-byHkuun). RBF-¢ynkyu-
eil HazbiBaeTcs (byHKUMSI, paaiuaIbHO U3MEHSIONIAsICS BOKPYI HEKOTOPOIO
LieHTpa, 3amaHHOro BektopoM C, W MNpUHUMAIOLIAS HEHYJIEBble 3HAYEHUS
TOJIbKO B OKPECTHOCTU BTOrO ILIeHTpa. 3a MpenejaMu 3TOW OKPECTHOCTHU
3HaueHusi RBF-¢hyHKIMY paBHBI HYJIIO, JIMOO CTPEMSITCS K HYJIIO. ApryMeH-
ToM RBF-dyHKLIUM SIBAsIETCS pacCTOsIHUE MEXIy TEeKYLIUM BEKTOpoM X
u Bektopom C, T.e. ¢ = ¢(||X — CJ)).

3ametuM, 4yto X u C — BEeKTOpbl, MO3TOMY paIualbHO-0a-
3ucHass GyHKUUSL sgBageTcs (QyHKiuMed MHorux aprymeHtoB. Ilpu

C =0¢ = (| X)) = ¢(y/x7 +x3 +...). A ecn BxogHOI BeKTOp X BBIPOXK-

JeH B CKamsip X, TO ¢ = ¢p(Vx2) = #(x]). Bro 3Hauur, yto ByHKUUSA ¢
SIBJIIETCSI YETHOM, T. €. CUMMETPUYHON OTHOCHUTEIbHO BEPTHKAILHOU OCH,
Kak HampuMep ITOKa3aHO Ha puc. 7.6.

Ecnmu Bektop X mMeeT ABEe KOMITOHEHTHI X| U X, To R BF-dbyHkuus
MOXET MMETh B, KakK Ha puc. 7.7.

PA
PA

<Y

=Y

a) 0)

Puc. 7.6. Ilpumepsl paanalbHO-0a3MCHBIX (PYHKLMIA OOHOIO aprymeHTa

¢

X, X

X
X, I

a) 0)

Puc. 7.7. Ilpumepsl pammanbHO-0a3UCHBIX (DYHKIIUIA OBYX apryMEHTOB
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Puc. 7.8. PazgeneHue mnpocTtpaHCTBa Ha JBE€ 4yacTu HelipoHoM Mak-Kamio-
ka—Ilutrca (a) u panuanbHO-0a3UCHBIM HelpoHOM (6)

B HexoTopoM cMBIciie HEHpOHBI, UMEIOIINE paauaibHO-0a3MCHBIE aK-
TUBALlMOHHBIE (DYHKIIUHU, SIBISIOTCS JIOTUYECKMM JOMOJHEHMEM Heupo-
HOB CO CTYNEHYaTbIMU Y CUTMOHWIHBIMM aKTUBALIMOHHBIMM (DYHKIIUSIMMU.
JHeitictButenbHo, HelipoH Mak-Kannoka—IIutrca akTuBU3UpYyeTCsl, Koraa
> x;w; — 60 >0, T.e. OH UMeET eNUHUYHBII (JIMOO MOJOXUTENbHbBINI) BBIXOI

i

JUISI TOYEK MPOCTPAHCTBA, JieXKalllMX II0 OJHY CTOPOHY TMIIEPIUIOCKOCTU

> xw;—0=0, u HyneBoil (MO0 OTpULIATEIbHBII) BBIXOA ISl TOYEK,
i

JIeXalux IIo JIpyryto ctopony (puc. 7.8,a). HelipoH ¢ pagmanbHO-0a3mc-
HOI (pyHKIIMEN Takxke OeJUT MPOCTPAHCTBO BXOIHBIX IMapaMeTpOB Ha JiBe
4acTU, OJHAKO pa3lesiiolleil IMOBEPXHOCThIO 3[eCh SIBISIETCs Turepcdepa
(puc. 7.8, 6). s TouyeK NpOCTPaHCTBA, JIEXKAIlUX BHYTPpU ruriepcoepbl, BbI-
XOJ HelpoHa MOJOXMTEJIeH, a IJIs TOYeK, JIeXKalllMX CHapyKH runepcdepsl,
OH paBeH HyII0 (JIMOO MPUOIMKAETCS K HYJIO).

MHTYUTUBHO SICHO, YTO paavalibHO-0a3MCHbIE HEWPOHBI 00JagaroT IIpe-
umyiecTBoM. OHO 3aKJII0YaeTcsl B TOM, YTO C MX MOMOIIbBIO Jierye MmocTpo-
UTb TTOBEPXHOCTb, OOECIIeUMBAIOIIYIO pa3ae/eHe BXOAHbIX MapaMeTpoB Ha
KJacchl. B CBSI3M ¢ 3TUM B paaMajibHO-0a3MCHBIX CETSIX HET HEeOOXOIMMO-
CTH HCIOJb30BaTh OOJIBIIOE KOJMYECTBO CKPBITHIX CI0eB. Tak, TUIMYHAas
paauanbHO-0a3MCHAasE CeThb MMEET TOJbKO OMWH CKPBITBHIM CJIOH, Ipuyem
CUHAITUYECKHEe Beca HEMPOHOB CKPBITOTO CJIOSI paBHbI €AWHUIIE, a Hel-
POHBI BXOJHOTO U BBIXOJHOI'O CJO€B MMEIOT JIMHEHHbIe aKTUBAallMOHHbIE
¢yukumu. Kak nokazaHo B [41], Takas ceTb NpU JOCTATOYHOM KOJIU-
YecTBE HEWPOHOB CKPBITOIO CJIOSI TapaHTUpYeT pellleHue Jo0oi 3agauyu
Ki1accuuKannuu oopa3oB.

Paccmorpum RBF-ceTb, m3o00paxkeHHyl0o Ha puc. 7.9, kortopas uMeeT
N BXOIOB, OOMH BBHIXOH W J pammaabHO-0a3MCHBIX HEHPOHOB CKPBITOTO
ciiosi. MHOXecTBO oOydaroluX MPUMEPOB ISl TaKOM CETU COCTOUT U3 Q
BXOIHBIX /N-MEpHBIX BEKTOpoB X, g = 1,2,...,0Q M COOTBETCTBYIOLIUX
UM BBIXOIHBIX CKalIsIpOB d,. 3aMeTUM, 4TO B OOLIEM Cjyyae HEHpOHOB
BBIXOJTHOTO CJIOSI MOXKET OBbITb MHOIO, TaK 4YTO Ha BBIXOAE CETU MOXET
OobiTh He ckanap (d,), a BekTop (D,). OmHAaKO IOKa MBI OIPaHUYUMCH
paccmoTpeHneM RBF-cereill TOIbKO ¢ OOHUM BBIXOZHBIM HEHPOHOM.
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Ao(lx-C/ll)

o(IX-Gll)

o(lx—cl)

(P(”X_CJH)

Puc. 7.9. PanunanbHo-0a3ucHasi HeHpOHHasl CETh

Ecau 4umcno HelpoHOB CKpPBITOro ciiosl J 3amaTh paBHBIM YUCIY OOy-
qalomux npumMepoB Q, to pabotry RBF-cetu, npeoOpa3syroleii BXOZHBIC
BEKTOPbl X, B BBIXOAHBIE CKaJIAPbI dy, MOXHO NPEACTaBUTh C IOMOLIbLIO
MaTPUYHOI OIlepanuu:

[o(|IX1—C) o(|X1—C2) ... (| X1=C;]) ... ¢(|X1=Cs|D] [wi d,
([ X2—C1])) ¢(|X2—C2|) ... ¢(|IX2—=C;])) ... ¢(|X2—=Cs|)) | [w2 d>
81Xy —Cil) 81Xy~ Cal) . dIXy—Cil) o 91X g—Cal) | | |~ |dq

([ Xo—=Ci]) ¢(|Xo—Ca) ... ¢(|[Xo=C)l)) ... 6(|[Xo=CsD] [ws]| [do

KOTOpYIO TIepernuileM B COKpallleHHOW MaTpuUuHOi (opme:
Ow=d. (7.2)

M cKoMBIi BEKTOP BECOBBIX KO3((MUIIMEHTOB MOJy4YaeTcsl OTCloa MPOCThIM
oOpallleHMeM MaTpUlibl paauaibHO-0a3UCHBIX (DYHKIIWIA:

w=o"'d. (7.3)

Takum ob6paszom, st odyueHusi RBF-cetu He TpeOyeTcss uTepallMOHHOTO
npouecca!l

K coxanenuio, 3TOT pe3yabTaT IIPEACTaBISIET TOJLKO TEOPETUYCCKUIA
nHTepec. IlpakTmyeckoil ke ILIEHHOCTM OH He mMeeT. JlejJo B ToM, 4YTO
npu OOJIBLIOM YMCJIe OOydYalolIuX NPpUMEPOB TpeboBaHue J = O NpUBOIUT
K HEOOXOAUMOCTH IIPOBEICHUS CJIOXKHBIX BBIYUCICHUN M3-3a YPEe3MEPHOTrO
yBeJIMYEHUS YMCia HEHPOHOB BHYTpeHHero ciiosi. Kpome Toro, co3naBaemast
HEMPOCEThIO TUNEPIOBEPXHOCTh, aIllPOKCUMUPYIOLIas TOYKM IPeIMETHOM
00J1acTU, B TOUHOCTU MPOXOIUT Yepe3 TOUKM, M300paxKaloliye o0ydaromine
npuMepbl. Kak ormeuanocs panee (cm. § 6.1), Takast cutyaius, Ha3bIBae-
Masl repeoOydeHHEeM, WU TUIEPPa3MepPHOCThIO, OcjaabjisieT o0oOIaronme
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cBoiicTBa ceTu. [ToaToMy B mpakTuuecku ucrnonab3dyembix RBF-cersix uucio
HEMPOHOB CKPBLITOrO CJIOSI BHIOMPAIOT 3HAYMUTEIbHO MEHbIIE 4uciaa odyda-
omux npuMepoB, T.e. J << Q. B atom cinyuyae marpuua ® He sIBIISIETCS
KBaJapaTHOI, TaK KaK KOJMYECTBO CTPOK O B HEll 3HAUYUTEJIbLHO OOJbIIIE KO-
JIMYecTBa CTOJIOLOB J, T.e. B cucteme (7.2) KOJIMYEeCTBO YpaBHEHUI OOJIbIIIe
KOJIMYECTBA HEeU3BECTHBIX. IlosTOMy BecoBble KOX(PGULMEHTH W; INPUXO-
JIIUTCS OIPENeisiTb He U3 CUCTEMbI ypaBHeHU (7.2), a APYTUM CIIOCOOOM,
HanpuMmep U3 yCJIOBUSI MUHUMyMa KBaJIpaTUYHON OIIMOKU CETU

orJ 2

=YY we (X, - Cl) -4, (7.4)

g=1 Lj=1
B oTnnuune ot MHoOrocinoiiHoro nepcentpoHa ¢pyHkius omnoku RBF-cereit
(7.4) He yUMeeT JIOKAJIbHBIX MUHUMYMOB. DTO 3HA4YUT, YTO MPU OOYYEHUU
RBF-cereii mpobiaeMbl 00Xoga JOKaJbHBIX MUHMMYMOB HE CYIIECTBYET.
3agaya MUHUMU3aLIUU (GYHKUUU OMOKM (7.4) sIBasieTCsl JUHEHOM, 1 1o-
3TOMY 3[IeCh MPUMEHUMbI XOPOIIO U3BECTHbIE METOAbl JIUHEHHON ONTUMU-
3alli1, KOTOPBIE CXOMSTCS Ha IOPSIOK OBICTpee, YeM B ciiydyae OOydeHMs
MHOI'OCJIOMHOro mepcentpoHa. bojee Toro, 3amada orpencaeHUs BECOB W
MOXKET OBITh pellleHa ITyTeM MCEeBAOMHBEPCUU IIPSIMOYTOJIbHOM MaTpUlibl P:

w=0"d, (7.5)

—1
e @ = (@'®) @7,

B xauectBe akTuBanmMoHHBIX (yHKIU B RBF-cersx ugamie Bcero mpu-
MmeHsiercs: ¢yakuusa Iaycca.

Ix - ¢
20'J2

o(IX — C/[)) = exp (7.6)
Bun 5Toi (DyHKIIUM oTpemelisieTcsl IBY-
Ms napameTpamu: Bektopom C;, 3a1a1o-
LIMM €€ LEHTP, U CKalApOM 07, 3a/aio- o(llx=cll)
IIUM CKOPOCTh €¢ YObIBAHUSI C POCTOM !
€BKJIMIOBA PACCTOSTHUS MEXIY LICHTPOM
C; u Ttekyueir xoopauHaroit X. Kak
BMJIHO Ha puc. 7.10 mapameTpom o7 3a-
JlaeTCsl PAcCTOSTHUE OT OCH OpAWHAT IO
Touku Ieperuda kpuBoii I'aycca. MHO-
rl1a 3TOT IapaMeTp Ha3bIBAIOT WUPUHOU
oxna ¢yukuumn Iaycca.

B cnydae, Korma 4YHCIO HeHpo-
HOB CKPBITOTO CJIOSI paBHO YHCIY OOY- o} | of lx—cl|
yaiomux npumepoB (J = (), 1eH- !
TPbI aKTUBALMOHHBIX (GYHKILMI JOTHY-  pye, 7.10. Dynxims Taycca: (sz _
HO 3aJaTb KOOpAMHaTaMMU BEKTOPOB paccTrosiHME OT OCUM OPIMHAT IO TOY-
obOyyaromieil BbIOOpPKM, T.e. C; = X, KM Tiepernta (GpyHKIAU
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G=qg=1,...,0), a LIUPUHbI OKOH a-j? nogoOpaTh U3 TeX COOOpaKeHMIA,

YTOOBI YaCTh IIPOCTPAHCTBA, B KOTOPOW PACIOJaralorcs BeKTopbl X, Obl-
Jla OXBaueHa BIMUSIHUEM aKTUBALMOHHBIX (yHKuUMii. Hampumep, o-j? MOXHO
3a0aTh KaK €BKJIMIOBO paccrosiHMe oT uLeHTpa C; mo ero Oiamxaiuniero
cocena 5
o =|C; = Ckll, (7.7)
rae kK — Homep OJuvKaiiero cocena.
Nuorna o-} 33J1a10T KaK CpeaHee pacCcTosHuEe 10 P OMmKanImmxX COCelIei:

P
7 =5 IC -Gl (7.8)
p=1
rae P pekomeHayeTcsl 3amaBaThb B MHTepBaie [3,35].

ITocne 3TOrO OmMpEnensoT BecOBble KOI(PDMUIIMESHTH wW.

B peanbHoO#t Xe cutyauuu J < Q, NO3TOMY TpeABapUTEIbHO BbIMOIHSI-
10T Kaacmepu3auyuio — O0beIMHAIOT ONU3KUe Mex1y co0oil BekTopnl X,
B Kaacmepbwl. 3aTeM OIPeeIsIIoT LIEHTPhl KJIaCTepOB, B KOTOPbIE U TTOMElla-
IOT LIEHTPhI aKTUBALMOHHBIX PYHKIMK. OOUH U3 cIO0CO00B KilacTepu3alun
BEKTOPOB Ha 3aJaHHOE KOJMYECTBO KJIacTepoB paccMoTpeH B § 7.5.

ITocne dukcanuu LEHTPOB aKTUBALIMOHHBIX (DYHKUMIA HAXONAT IIAPU-
HBI UX OKOH cr}, Hanpumep, no dopmyise (7.7). IMocneagHuit 3Tan coCTOUT
B OMNpeleieHUM CUHANTUYECKHMX BECOB W IMyTeM MUHMMU3ALUU (HYyHKIIM-
oHana (7.4) niu ¢ NOMOILILIO BhIYMcIeHUs 10 ¢dopmyie (7.5).

B 3akimoueHne oTMETHM, 4TO B TocieaHee BpeMsi RBF-cetn HaumHaiot
YCIEUHO NPUMEHSTh JJI pelleHus 3aJay, KOTOpble TPaiullMOHHO pella-
JINCh HEMPOHHBIMU CETIMU C CUTMOMIHBIMU (YHKUMSIMHU. B ocCHOBHOM 3TO
3aJa4M pacro3HaBaHUs U KjaccudUKalUU, 3a1a4u anmnpoKcuMauun QyHK-
Yt 1 3agaun nporHosupoBaHusi. MHTepec kK RBF-ceTsaM oObsicHsieTcs: ux
ClIeyIOlIMMHU TOCTOMHCTBAMMU:

1) RBF-cetn nMeroT Bcero OaWH CKPBITHINA CI0i, YTO M30aBJsSIeT KOH-
CTPYKTOpa CETHU OT peIIeHUs] BOIpoca O YHUCJE CJOEB.

2) Oo6yuyenue RBF-cetu cBomuTCs K pelieHUIO JUHEMHON ONTUMMU3ALIM-
OHHOI 33724y, MO3TOMY OTCYTCTBYET OINACHOCTb IOTMAaJaHUsl B JIOKAJIbHbBIN
MHUHUMYM, a caM IpoliecC OOyYyeHHsI 3aHUMAET Ha MOPSIOK MEHbIle Bpe-
MEHH, 4eM Mpoliecc OOyYeHHUs] MHOTOCJIOWHOIO IepcernTpoHa.

Opnako 1ipu npoektupoBannm RBF-cereit mpuxomuTces pemnrate BOIpoc
00 onTUMaJbHOM KOJIMYECTBE HEHPOHOB CKPBITOTO CJIOSI, BBIIIOJHATH Kja-
CTEpU3aLIMIO BXOAHBIX OOYyYalOIIMX BEKTOPOB M OIIPENC/sATh IIMPUHBI OKOH
aKTUBALIMOHHBIX (PYHKIIWIA.

MHorue ucciegoBaTeM CKJIOHHBI Iojarath, 4to uszobpereHue RBF-ce-
Teil SBIISIETCS OMOHUM M3 HauOoJyiee KPYIHBIX OOCTMKEHUII B 001acTU
HelipouH(pOpPMaTUKA U CTABSAT 3TO M300pETEHUE B OAUH Psil C OTKPBITH-
eM aJropuTMa OOpaTHOTO PACHPOCTpaHEHUS OIIMOKW MJIM M300peTeHHEM
TeHEeTUYECKUX aJITOPUTMOB.
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7.3. PEKYPPEHTHbIE CETU HA BA3E MNMEPCENTPOHA

Kak mnoxkazanu HelpohUu3noJoruueckrue HCCAeI0oBaHUsI, MO3T uejJoBeKa
“MeeT Topasao 0ojiee CIOXHYI CTPYKTYpY M MEXaHU3Mbl B3auMOjeii-
CTBMSI HEHMPOHOB, YeM T€, KOTOPbIE PeaiM30BaHbl B PACCMOTPEHHBIX BBIIIIE
MCKYCCTBEHHBIX HEHMPOHHBIX CeTsAX. B yacTHOCTHM, MeXIy OMOIOTrMYecKu-
MU HEHpOHAMHU BBISIBICHO OOJIbIIIOE KOJUYECTBO HE TOJBKO MPSIMBIX, HO
u oopamubix cBsaseir. [losToMy OBUIM NPEANPUHSATHI ITONBITKA JOMOJI-
HUTh UCKYCCTBEHHBIC HEMPOHHBIE CETU OOpATHBIMU CBSI3SIMM, YTO ITPUBEIIO
K HEOXMIAHHBIM HOBBIM pe3yJibTaTaM. PaccMOTpUM HEKOTOpbIe M3 HUX.

Ha pucynke 7.11,a maH npuMep MEpCENTPOHA, Y KOTOPOTO BBIXOAHBIC
CUTHAJIBl )| U Y, 4Yepe3 3JIEMEHThl eIMHUYHBIX 3a1epxkeK z ! momaior-
¢ oOpaTHO Ha BXOABI MepcenTpoHa. TakuM oOpa3oMm, ITOoA BO3ICHCTBUEM
BXOOHBIX CUTHAJIOB X| M X, Ha BBIXOIE CETHU B MOMEHT BPEMEHU 7 BbI-
pabaTbiBaloTCsl CUTHalIbl Y 1(f) U Y,(f), a 3areM, B CJACAYIOLIUA MOMEHT
BpeMeHHU ¢+ 1, mon BO3OeiiCTBUEM STHUX CUTHAJIOB, MOAABaeMbIX Ha BXOJ
yepe3 JIMHUU 3alepXKU Z !, BbIPAOATBHIBAIOTCS! HOBbIE BBIXOJHBIE CUTHAJIBI
»i@+1) u y(t+1).

HerpynHo mokaszaTh, 4TO MJIsI BCSIKOM PEKYPPEHTHOM CETH MOXKET ObIThb
MIOCTPOEHA HIEHTUYHAsI CeThb 0e3 OOpaTHBIX CBSI3€il C MPSMBIM pacIpo-
cTpaHeHueM curHajia (puc. 7.11,6), moaromy misi o0ydeHusl peKyppeHTHBIX
ceTeil MOXeT ObITh MPUMEHEH METO 0OPaTHOIO paclHpoOCTpaHEeHUsT OIIUOKU.

B Hacrosiee BpeMs HallJIM IIpUMEHEHME PEeKYpPpPEeHTHbIE HEMpOCETH,
B KOTOpBIX 3JIEMEHTHI E€IMHWYHBIX 3aJepKeK BKJIIOYEHBI KaK B oOpaT-

Puc. 7.11. PexkyppeHTHasi ceTb Ha 0a3se repcenTtpoHa (a) M WIACHTUYHBINA el
pa3BepHYTHIN IIepcenTpoH (6)
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x(1)

— (1 + 1)
[y (1)

Puc. 7.12. PekyppeHTHas ceTb ¢ /N — 1 ajeMeHTaMu 3adep>KK1 BXOIHOTO CUTHAJIa
u P sieMeHTOM 3amepXKuW B OOpaTHOM CBSI3U

HBIe, TaAK U BO BXOOHBIC CBSI3W, a caMM OOpaTHBIC CBSI3M MCXOISIT KaK OT
BBIXOJIHBIX HEMPOHOB, TaK M OT HEMPOHOB CKPBITHIX cjoeB. Ha pucyH-
Ke 7.12 mpuBeneHa ceTh, MMelOLIasl OOWH BXOJ M OIWH BBIXOH, IIpUYEM
KaK BXOOHOWM, TaK M BBIXOJHOI CHUTHAaJbl MOHAIOTCS Ha HEUPOHBI CKPHITO-
IO CJIOS 4epe3 BJIEMEHTHI 3ajep:kekK. TakuM oOpa3oM, BBIXOOHOW CHUTHAaI,
oOpasyoliuiicssi B MOMEHT BpemeHu f + 1, saBmasgerca dyHkuuernr N + P
MepeMEHHBbIX:

y(+)=f (x(1), x(t-1),.. ., x(t—(N-1)),y(t—-1),y(-2),...,y(t—P)), (7.9)

U3 KOTOPBIX N TIEpeMEHHBIX IIPEACTABISIIOT COOOH ITOCIeq0BaTEIbHOCTD
BXOIHBIX CHTHAJIOB, a P TIepeMEHHBIX SBJSIIOTCS OTBETaMHU TIEpPCENTPpOHA
B pa3Hble MOMEHTHI BpeMeHU. VX Ha3bIBAIOT KOHMEKCMHbIMU APTyMEHTaAMU.

Takue HelpoHHbIE CeTM yIOOHO MCMOJb30BaTh [JIsl TPOTHO3UPOBAHUS
BpPEMEHHBIX psiioB. Hampumep, eciau peub UAET O 3a1ade MPOrHO3UPOBaHUS
Kypca aMepuKaHCKOIO JOJulapa, pacCMOTpeHHOU B [63], TO B CKOJb3si-
IIeM OKHE B KavyeCTBE JaT MOXKHO paccMaTpuBaTb /N BXOTHBIX apTyMEHTOB,
a B KauecTBe COOTBETCTBYIOIIMX 3HAUYCHMI Kypca moyiapa — P KOHTEKCT-
HbIX aprymeHToB dopmyiibl (7.9). IlupuHOi CKOJB3M1IEro OKHa Oyner
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Puc. 7.13. CrpykTypa HEMpOHHOI ceTu DaMaHa

BeJIn4rHa /N, KOTOPYIO CJeayeT IPUHSTH paBHO P. 3HadyeHue (GyHKLIUU
y(t+ 1) Torma OyaeT o3HayaTh IMPOTHO3 Kypca JoJjjiapa Ha JAeHb BIIEpe.

Ecim Kypchl BamioT TpeOyeTcsl NpPOTrHO3UPOBATh C YYETOM BIIMSHUS
OOJIBLIEr0 KOJMUYECTBA Pa3IMYHbIX (PAKTOPOB, TO CIEAYET BOCIIOJIb30BaAThCS
PEKYPPEHTHOI CEThIO ¢ HECKOJIbBKUMU BbIXoIaMu. TaknM CBOMCTBOM O0JIanacT,
Hampumep, cetb DaMaHa [41], cTpyKTypa KOTOpol mpuBeaeHa Ha puc. 7.13.

PekyppeHTHBIE CEeTU PACCMOTPEHHOIO TUIIA TPUMEHSIIOTCS TaKXe IJIs
MaTeMaTUYECKOTO MOJIESIMPOBAHUS NMHAMMYECKUX OOBEKTOB. B sTOM cCity-
yae YTOYHEHME BECOB BBICTYNAeT B POJM MACHTUDUKALIMU I1apaMeTpOB
JIUHAMU4YecKoil MaTteMaTuueckoil monaenu. Co3gaHHasi TakKUM oOpa3oM Ma-
TeMaTudeckasi MOJe/ib JUHAMUYECKOTO OOBEKTa MOXKET NMPUMEHSIThCS IJIs
yIIpaBJICHUS JaHHBIM OOBEKTOM: MAIIIMHOI, YCTPOMCTBOM, pa3BUBAIOIINMCS
BO BPEMEHM IIPOLICCCOM.

7.4. PEKYPPEHTHAA CETb XOMN®UIgA

AmMepukaHckuii ¢dusuk Jcorn Xonguad [98] obpaTuys BHUMaHUE Ha TO,
YTO OTUHAMMWYECKHUI MPOLeCC, BO3HUKAIOIIUI B 3aMKHYTOI Ha cebsl peKyp-
PEHTHOM CETH, MOXET MPUBECTH K HEKOTOPOMY YCTOMYMBOMY COCTOSIHMIO,
OTJIMYAIOLIEMYCST OT MCXOMHOro. JpyrmmMu cioBaMu, WTEPALIMOHHBIN IIPO-
LIECC PEKYPPEHTHOM CETM MOXET BBIBECTU €€ Ha CTAlMOHAPHBIN PEXKM,
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Let [ [
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Puc. 7.14. CrpykTypa HeilpoHHOI ceTu Xomduima

P KOTOPOM COCTOSIHME CETHU MepecTaHeT MEHsSIThcs. [IpuuemM 3TO KOHed-
HOE CTallMOHAPHOE COCTOSIHME CETH 3aBHCUT KaK OT €€ IepBOHAYaIbHOIO
COCTOSIHUSI, TAK U OT 3HAYCHUI 3JIEMEHTOB MaTPUILIbIl CUHATITUYCCKUX BECOB.

Cetp Xonduiga B KJIACCUYECKOM BapHaHTE MCIIOJIHEHUs IIpUBeAcHA Ha
puc. 7.14. Cyuraercsi, 4TO OHa He MMEET BXOIHBIX DJIEMEHTOB, a BXOITHOM
BEKTOp 3ajaeT IepBOHAYAJIbHYI0 aKTMBHOCTh HEMPOHOB, KOTOpasl 3aTeM
U3MEHSIETCSI B XOJ€ WTEPALlMOHHOIO IIpoliecca, OOYCIOBJIEHHOIO HaJu-
yueM OOpaTHBIX CBsi3eil. B mpoilecce uTepannii aKTUBHOCTh HEWPOHOB
KOPPEKTUPYETCS € IOMOILIbIO (DOPMYII

N
Si= > w0, (7.10)
(17 eem 5,20
_ , ecmm S; = 0;
J’(t+1)—{_1, e S <0, (7.11)

T. €. IpUHUMAaeET 3HaueHus auoo +1, n1uoo —1. CormacHo cxeme pwuc. 7.14
B HEW OTCYTCTBYIOT CBSI3U HEWPOHOB C MX COOCTBEHHBIMU BBIXOIAMM.
Cerb pabotaer cienyloliuMm obpa3zoM. CHauvana BXOJHOW BEKTOp 3a-
JlaeT HayaJbHYI0 aKTMBHOCTb );(7) KaXXaoro HeilpoHa. 3aTeM BbIOpaHHBIN
CIy4aifHBIM 00pa3oM HEMpPOH TOJyJYaeT B3BEIICHHBIC CHUTHAJIbl OT BCEX
OCTaJIbHBIX HEWPOHOB M OOHOBIISIET CBOE COCTOSIHME COTJIacHO (hopMysiam
(4.79)—(4.80). BbiOupaercs cienyroiiyMii HEMpoOH, U MpPOLIECC MOBTOPSIETCS
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Puc. 7.15. Tpu o6Gpasa, 3arlOMHEHHbIE CeThlO Xorduiina

JI0 TeX IOop, MOKa HEWPOHbI, BEIOPAHHBIC [IJisI OOHOBIICHUSI, HE MEpPEeCTaHyT
U3MEHSTb CBOE COCTOsiHME. HacTymaeT cTallMOHapHBIN pPEXUM.

Cetp Xomduima BemeT cebsg MOAOOHO ITaMsITHU, XpaHSIIE 3agaHHBII
3apaHee HAOOp 00Opa30B M IILITAIOLICKCS BCIIOMHUTL OOWH M3 HUX, €CJIH
eil IpenbsBIsIeTCs KaKoW-TM00 M3 3TUX 00pa3oB, MCKaXKCHHBIN ITOMeXa-
mu. O6paspl NpeaBapuUTeIbHO KOAUPYIOTCS B BUIE BEKTOPOB C OMHAPHBIMU
KkomnoHeHTaMu. Kaxkaplii M3 BEKTOPOB YMHOXaeTcs caM Ha ce0si, 00-
pasys KBagpaTHYK MaTpuily. 3aTeM MaTpuIbl CKJIaIbIBalOTCs, 00pa3ys
HOBYIO KBaJpaTHYIO MaTpHUIly, IVIaBHas OMaroHaJb KOTOpPOI OOHYJISIETCS.
OTO M eCTb MaTpULIa CUHAINTUYECKUX BECOB W, XpaHAllasd MH(OOPMALIMIO
0 BCeX 3aJaHHbIX obOpa3zax.

J1s1 mosicHeHUsT ajroputMa (OpMUPOBAaHUS MaTPULIbl CUHAIITUYECKUX
BECOB IIpuBeneM IipuMep. JlommycTuM, 4TO MpeaMeTHast o0JiacTb comep-
XKUT ABa obpasa, 3aKOAMPOBAHHBIX C ITOMOIIBIO IBYX BeKTOpoB: [—1, 1, —1]
u [1,—1,1]. IlepemHOXas1 MX caMuUX Ha ce0sd M CKjIagblBas, IMOJyIUM
KBaJpaTHYIO MaTpUILy

—1 1 -1 1 I-1 1 2-2 2
L [~11=1)+|=1| [1-11]=|-1 1-1|+|-1 1-1|=|-2 2-2
—1 1 -1 1 I1-1 1 2-2 2
BoinoaHuB O6HYJ'[CHI/IC IJIaBHOW JOMaroHajv, OKOHYATEJIbHO MOJYyYUM:
0o -2 2
Wij = -2 0 -2
2 =2 0

Tenepb IpenIioyoXuM, 4YTO MBI 3aKOAUPOBAJIM U BBeJIU B ceTh Xolduiiia
MaTpuULly CMHANTHUYECKUX BECOB, COOTBETCTBYIOIIYIO TpeM oOpa3aM, M300-
paxxeHHbIM Ha puc. 7.15. Ilociae 3Toro Mbl OpeabsBIsSIEM CETU BXOIHOM
BeKTOp (T. €. 3aJaeM IIepBOHAYAIbHYIO aKTUBHOCTb HEIIPOHOB), COOTBETCTBY-
IOIIMIi HEKOTOPOMY MCKa)K€eHHOMY oOpa3sy, M300paxkeHHOMY Ha puc. 7.16
B JIeBOM BepxHeM yriay. Kak BuUAHO M3 MOCIenyioInUX KampoB puc. 7.16,
UTEPAllMOHHBII MpoLecC MpUBeJ K TOMY, YTO Ha BBIXOIE ceTu Xomdwuiaga
copMuUpoBajicsl BEKTOpP, B TOYHOCTM COOTBETCTBYIOLIMII OJHOMY M3 pa-
Hee BBEOSCHHBIX 00pa3oB. B 3TOM cjlyyae roBOpSIT, UTO BXOJHOU o0Opa3
accoyuuposancsi C OOJHUM H3 BBEIEHHBLIX paHee 0O0pasoB M UYTO PEKyp-
PEHTHBIE CETM PACCMOTPEHHOIrO THUIIA BHICTYMHAIOT B POJIU ACCOUUAMUBHBIX
3alIOMMHAIOIIUX YCTPOMCTB.
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Puc. 7.16. IlpenbsiBieHHbIil HepOHHOI ceTn XoTlduiaga MCKaXeHHbI obpas
u ero nedopmanusa 3a Iocieayolnve 15 wurepanuii (MaTepuaa 3alMCTBOBaH
u3 [26])

Xonduiany ynajioch MaTeMaTUYeCKU CTPOTO I10Ka3aTb, YTO MHpPU JIOOOM
BXOJIHOM BEKTOpE MTEpPAllMOHHBIM MpolieCC BCErma MNpUBEAET K Paclio-
3HAaBaHUIO OJHOIO0 U3 BBEACHHbIX paHee 00pa3oB, Haubojiee OIUZKOMY
K TpeabsaBieHHOMY. OgHAKO MaKCHMMajbHOE KOJIMYECTBO 3alTOMWHAEMBIX
CeTbl0 00Pa3oB Pmax OrpaHuueHo dopmynoit [98]:

Pmax — % 5

roe N — 4uciao HEMPOHOB cCeTH Xomnpuiiua.

7.5. CAMOOBYYAKLWIHMECA U TUBPUOHBIE CETH

PaccMoTpeHHBIE BbIllle HEMPOHHBIE CETH IIEPCENITPOHHOTO TUIIa O00y4alCh
MyTeM TPEHUPOBKMU Ha Npumepax. s oOydeHUsT MpenocTaBlisijiach MepBO-
HavajbHasl uHGoOpMaLusa O MPeaAMETHOM 00JacTh B BUJE HAOOpa BXOMIHBIX
BEKTOPOB X, U MM COOTBETCTBYIOIUMX BBIXOAHBIX BeKTOpoB D, — cBoe-
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ro pojia MOACKA30K, C MCHOJb30BAaHMEM KOTOPBIX CeTh OOydyajach AaBaTb
MpaBWIbHBIE OTBETHI Ha 3aJaBacMble BONpoOChl. IloaTomMy Takoii criocoo
Ha3bIBAIOT OOy4eHUuem C y4umenem.

B peanbHbBIX yCI0BUSIX J1I0001 XKMBOI OPraHM3M, B3aUMOICUCTBYS C OKPY-
Xawuen cpeaoi, NOCTOSHHO OIIYIIAET €€ BO3IEUCTBUE, ITOJIy4aeT CBOETO
poJa MoJICKa3Ku, COIJIACHO KOTOPbIM KOPPEKTUPYET CBOe ToBeAeHue. Tak,
KOIlIKa, OAWH pa3 IMpbITHYBIIAsl HA pacKaJeHHYIO MeYb, HUKOrIa OoJbliie He
MOBTOPUT cBoeli ommMOKu. ITomoOHBIX IIPUMEpPOB MOXHO ITPUBECTU THICS-
4K, IO3TOMY MEXaHM3M OOyYeHHUS C y4YuTeJieM, HECOMHEHHO, CBOMCTBEHEH
MO3Ty JII0OOOTO XMBOTO CYIIECTBA.

OpHako MO3r yeynoBeka oOjamaeT M IPYTMMM MeEXaHU3MaMU oO0yde-
HUsi. Mbl B COCTOSSHUM pelllaTh MHOTME MHTEJUIEKTyaJbHbIE 3agadyd U 0Oe3
MpeaBapuTeIbHOTO 00yueHus. Hampumep, Mbl He 3aIyMbIBasiCb MOXKEM BbI-
MOJIHUTh KJIACTEPU3ALUI0 OOBEKTOB — OOBEIUHUTH TOXOXHE MEXIY COOOM
O0BEKTHI B OTHEJIbHbIE KJAcChl, Ha3blBaeMble KjacTepaMM.

PaccmoTpuM HEHpOHHYIO CEeThb, KOTOpasi 0e3 MOMOIIM YYMTEeJIsl aBTO-
MaTUYECKM HacTpauBaeT CBOM CHUHAIITUYECKME Beca, pelas 3amady Kia-
CcTepu3aliii BXOOHBIX BeKTOpoB. CeThb, M300paxkeHHass Ha puc. 7.17, mmeer
OdWH cJioil [/ HEeWpOHOB, KaXIblli M3 KOTOPbIX COeAuMHEeH ¢ /N Bxoja-
MU. DTOT CJI0i HEWPOHOB Ha3bIBAIOT csr0em KoxoHeHa B YECTb yUEHOTrO,
MPEeMIOXKUBIIETO aJITOPUTM camMOOOydeHUs1 HelipoceTu. Beca cuHanTuue-
CKHUX CBsI3eM Kaxaoro i-ro HeipoHa cjios KoxoHeHa o0pa3yioT BEKTOpP
CUHaANTU4YeCKuXx cBsazeir W; = [w;, wp, ..., w;n| |, pa3MEPHOCTh KOTOPO-
ro COBMHAJIAET C Pa3MEPHOCTBIO BXOAHBLIX BeKTOpoB X = [Xxi, X2, ..., xN]T.
IlepBoHauanbHO 3HAYEHMST KOMIIOHEHT BEKTOpoB W ; 3amaloTcsl HaTYUMKOM
CllydaliHbIX YMCeJl, a KOMIOHEHTbl BXOAHOTO BekTopa X IOJABEpraoT-
Csl HOpMAaJIM3allMM MyTeM JIeJIeHUsI KaXJOoW W3 HUX Ha JJIMHY CaMoro
BekTopa X.

Mexny BektopoM X M KaXObIM M3 BEKTOpPOB MW ; BBIUMCIISIIOTCSI €B-
KJIMAOBBI PACCTOSHUS:

N
1X = Will =\ > (o — win)?, (7.12)

n=1

cpeau KOTOpbIX BbIOMpaeTcss HauMeHblee. HeilpoH, y KOTOporo BeKTOp
CUHANTUYeCKUX BecoB W ; okasaiicsa OJMKe BCEero K BXOIHOMY BeKTOpy X,
OyzneM Has3bIBaTb HellpoHOM-nobedumenem, a €T0 HOMEpP O0O3HAYMM 4epe3
w, T. €. HeMpOH-NOOeAUTENIb UMEET MOPSIAKOBBINM HoMep [ = w. CHUHANTU-
yecKkue Beca HeWpoHa-moOeauTelisl, a TakXKe BCeX OJM3JIeXallUuX K HeMmy
HENpOHOB MOABEPralTCcs KOppeKTUpoBKe mo ¢dopmysie KoxoHeHa

Wi+1)=Wi(t)+n() GG, w) (X — W;(1)). (7.13)

B »1oil popmyne koapduumeHT ckopocTu oOyueHus n;(f) yMEHbIIAeTCs
C yBeIMYeHUEM BpeMeHM f, a (pyHkuus G(i, w) 3aBUCUT OT PaCCTOSHUS

'crenenn T
TO npsamast
TO KypCUB
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Puc. 7.17. Camoobyyamwliasicss HeiipoHHasi CETh

MEXIy HehpoHOM-IoOeauTeIeM w M i-M HeiipoHoM ceTtu. OOBIYHO ee
3aJal0T MAaKCUMAaJIbHOUW IJIg i = w U YyOBbIBAIOIIE 110 Mepe YBEJIMYCHUS
pacCTOSIHMUS OT I-TO HEeHpoHa N0 HelpoHa-mobdemuTesst. TakuM CBOWCTBOM
obnagaer, Hanpumep, (GyHkiusi [aycca

2

G(i, w) = exp (— M) : (7.14)
24
B KOTOpPOUl KO3(p(PpULMEHT A HA3bIBAETCSl YPOBHEM COCEOCMEd.

B npyrom BapuaHTe oOyyeHuio no ¢opmyie Koxonena (7.13) mox-
Bepraercsi TOJbKO HeMpoH-Tobeautenab. B aTtom ciayuae dynkuus G(i, w)
nMeeT BUI
1, nngi=w

0, st i #w (7.15)

G(i,w) = {
OTOT aJroput™m HasbiBaeTcst anroputMoM WTA. HasBaHue obpazoBaHO Ha-
YaJIbHBIMU OyKBaMu aHriauiickux ciioB Winner Takes All, uyto B miepeBone
o3HavaeT «Ilobemurenp 3abupaer Bce». B oTamume OT 3TOro ajaropurMa,
dopmyny (7.14) orHocar K anropurMmaM tunia WIM — Winner Takes Most,
qTto mepeBoauTcs Kak «IloGenurtens 3abupaeT OONbIIE».

CornacHo urtepanuoHHoli ¢opmyne KoxoHeHna (7.13) HelipoH-1moOenmn-
TeJb Ha KaXJAOW 3Moxe TPpUOJMKAeT CBOW CHUHANTUYeCKuil BekTtop W,
K BXOOHOMY BekTopy X, KaK MOpOWJUIIOCTpUpoBaHO Ha puc. 7.18. B pe-
3yJITaT€ TaKOro OOyYEeHMUSI KaXKIOWl OTIEJIbHOM Trpymmne OJU3KMX MEXIy
o000l BXOOHBIX BEKTOPOB X,, Ha3bIBAEMOHU K.acmepom, OyNET COOTBET-
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CTBOBaTb OJMH €AWHCTBEHHbIH HEUPOH. DTOT HEHPOH B XOIe OOYy4YeHUs
IUI OTUX BEKTOPOB OBLI MOOEmMTENeM, TPUYEeM €ro CHHANTHYSCKUI BeK-
TOp B pe3yjbraTe uTepallMoHHOro mpoiecca (7.13) okaxercs B LIEHTpe
3TOTro KJjacTepa.

OngHako MOTYT HAaWTHCh W TaKWe HEWPOHBI, KOTOPbIE BBUAY MX Iep-
BOHAUJIbHON YAAJEHHOCTM OT BXOJHBIX BEKTOPOB TaK W He ObLIM HU
pasy nmobeauTesiMU. DTUM HelpoHaMm He OyaeT COOTBETCTBOBAaThL HU OJIMH
KJlacTep, MO3TOMY MX Ha3bIBAlOT Mepmevimu HeilpoHamu. Hanuuue mept-
BBIX HEMPOHOB HeEXeIaTeJIbHO, TaK KaK OHU CHIDKAIOT 3GhGEeKTUBHOCTD
BBIYUCIIUTETLHOTO aJTOPUTMA.

IIpoGiema MepTBBIX HEMPOHOB peIIaeTCs MyTeM BBEACHUS MEXaHM3Ma,
MOJICJIUPYIOLLETO 3¢ghghexm ymomaeHus, U3BECTHbIN U3 Helipodu3nooruue-
CKUX HaOstoAeHuil. DToT 3(h(heKT 3aKIoUaeTcsl B TOM, UTO OMOJOruYecKue
HEeWpOHBbI cpa3y mocje Modeabl HA HEKOTOPOE BpeMsl TEPSIFOT CBOK aKTUB-
HOCTb M HE y4YyacTBYIOT B KOHKYPEHTHOI OOpbOe.

CylliecTByeT HECKOJbKO CHOCO00B MoaeaupoBaHUs 3¢h@deKkTa yTomie-
HUsI HEWpPOHOB, HAMpUMep IIyTeM BBEICHUS MOMEHUUdAIa aKmU8HOCMU
Kaxxmgoro HelipoHa. [loTeHIMAanbl aKTUBHOCTA MOIUMULIMPYIOTCS BCSIKUMA
pa3 1oclie MpeacTaBlIeHUs] OYepeaHOro BXOJHOIO BEKTOpa:

pi(t) = Pmin, A i=Ww
pi(t+1)= s+ L, g itw (7.16)
B (7.16) N — xoiu4ecTBO HENMPOHOB HENPOCETH; Pmin — MUHUMAJIBLHOE
3HAUYEHME ITTOTEHIIMAalla, pa3pellallee HeHpOHY ydyacTHMe B KOHKYPEHTHOI
0opbOe, OOBIUHO TIPUHUMAEMOE pPmin ~ 0,75. Ecau Tekyliee 3HauyeHUe
MoTeHIIMajla KaKoro-jiubo HeWpoHa IMaaaeT HUXE Pmin, TO ITOT HEUPOH
BPEMEHHO OTIBIXaeT, YCTymnasi MECTO IJisi KOHKYPEHTHOW OOphObI IPYrum
HeWpoHaM.

B pesynbTaTe Takoro oOy4yeHHUs BECOBbIE BEKTOPbI BCEX HEHPOHOB pac-
MpeaeNsiTcsl TaK, YTO OHM OYyAyT LIEHTpaMU pasjIMYHbIX KJIacTepoB, oOpa-
30BaHHBIX M3 BXOOHBIX BEKTOPOB, IPHYEM YMCJIO KJIACTEpOB, HAa KOTOPLIE
pa3o0beTCsI BXOOHOE MHOXECTBO BEKTOPOB, OydeT paBHO YUCIY HEHPOHOB
CETU.

PaccMoTpeHHass HeillpoHHAsI CeTh IIPEACTABIISICT ITPAKTUYECKMA WHTE-
pec, TOCKOJIbKY C IIOMOIIBI0 €€ MOXHO pellaTh 3aJadyM KJacTepU3aluu
O0BEKTOB, KOTOPHIe BO3HUKAIOT, HANpUMeEp, MPU HECOOXOAUMOCTU CXKATUS
nH(OpPMAIIUU C COXpaHEHUEM IJIOOATbHBIX CBOMCTB CXXHMMAaeMOIO MHOXe-
crBa. Ha pucynke 7.19 mpuBeneH pesyiabraT paOOThl HEMPOHHOI CETH,
KoTOopas pa30myia MCXOOJHOE MHOXECTBO Ha TpU KJlacTepa.

3amaunM KjaacTepu3aluy BO3HUKAIOT B CaMbIX pa3HOOOpa3HBIX o0Ja-
CTSIX 4YeJOBEUECKOM IesaTeJbHOCTU. Tak, B IEJAroruke 4acto BO3HUKAET
3a7aya pasfeiieHUs] BCeX YYalllMXCSI Ha HECKOJIbKO KJIacCOB, HaIIpUMeEp,
BYHJIEPKUHAOB, OTJIMYHMKOB, YCIIEBAaMOIIMX W Heycrneparomumx. McxoaHoi
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Puc. 7.18. Heiipon-nno6enurens npu- Pwuc. 7.19. Ilpumep Kiacrepusanuu

OMKaeT CBOM CHUHANTUYECKUI BEK- MHOXECTBA: KpPEeCTUKaMU OOO3HAYeHBI

Top W, K BXOOHOMY BEKTOPY BXOIHBIC I1apaMETPhbl, KPYKOYKAMM —
LIEHTPBI KJIACTEPOB

vH(opMaLMeil oy TaKoro NEJICHUS SIBISICTCS MHOXECTBO Pa3IUYHbBIX IO-
KazaTejiell ycrieBaeMOCTH Y4YalllMXCsl 3a JUIMTeJIbHbIA mepuon BpemeHu. s
peleHusl 3Toi 3aJauyu MOXHO MCHOJb30BaTh cioii KoxoHeHa U3 4eThipex
HEWPOHOB.

Cnoii KoxoHeHa »>(@eKTUBHO HCHOJb30BaTh B COYETAHUM CO CJIOSI-
MU HEHPOHOB, pEaAIM3YIOIIMMHU Apyrue HeHpoceTeBble IapagurMbl. Tax,
npumeHeHue RBF-cereit, paccMoTpeHHbIX B § 7.2, mompa3ymeBaeT 00si3a-
TEJIbHYIO TIPEIBAPUTEbHYIO KJIACTepU3allMI0 BXOAHBIX BEKTOPOB, KOTOPYIO
yIOOHO BBITIOJHATH C TMOMOIIBIO HelipoHHoro cijioss Koxonena. Ha pu-
cyHke 7.20 uzoOpaxkeHa TMOpuUIHasi ceTb, coaepxkaiias cioii KoxoHeHa,
BBIXOAHbIE CUTHAJIbLI C KOTOPOIO IepelaroTcsl Ha BXOJ OOBIYHOIO Iepceri-
TpoHa. OOyyeHUE TMOPMAHON HEMPOCETU OCYIICCTBISICTCS B ABE CTaaWU.

Ha nepBoii cragum mpoucxoauT camooOydeHue ciaoss KoxoHeHa, B pe-
3yJITaT€ KOTOPOTO MHOXECTBO BXOIHBIX BEKTOPOB pa30MBaeTCs Ha KjacTe-
pbl. Ynciio kiactepoB paBHO 4yncay HelipoHOB / cios1 KoxoHeHa, a BEKTOPbI
CUHAINTUYECKUX BECOB KaXJIOT0 HEHpOHa 3TOro cjiosi MPUHUMAIOT 3Haue-
HUSI, U300paxarolmecs: IeHTpaMu o0pa30BaBIIMXCS KJacTepoB. Tenepb npu
rnojavye Ha BXOJ CETHM KakKoro-jiubo BXOJHOIO BEKTOpa KaXXIblii HEWpoH

N

cnosi KoxoHeHa Oyner BeIpaGaThIBaTh CyMMY S; = Y. WiX,. DTH CyMMBI
n=1

HOPMAaJIM3YIOTCSl TaK, YTOObI BBIXOJHOUW CUTHAJlI HelpoHa-1odenuTest ObLI

paBeH eIMHUIIE, a BBIXOAHbIE CUTHaJIbl OCTaJbHbIX HEHPOHOB IMPUHUMAIU

3HauyeHusi B nHTepBajie (0;1). YkazaHHasi omnepalusi HOpMaiu3aldu MOXKeT

OCYLIECTBSATLCS, HAMPUMEpP, C MOMOIIbIO (HDOPMYJIbI:

o

\2
Vi =exp (— (Smax — 5i)” 5> Si) ) )
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Puc. 7.20. TubpunHast HelipoHHast ceTb: [ — cioii HeiipoHoB KoxoHeHa; 17 —
[IePCENTPOHHBIE CJIOU

B KOTOPOI 3HauyeHME IlapamMerpa o IMoAOHpaeTCcs] WHIMBUIYAJILHO IJISI pe-
IIaeMOM 3amaymu.

IlepcenTpoHHasi 4acTh CeTU OOydaeTCsl OOBIYHBIM CIIOCOOOM, HaIlpu-
MEp METOAOM OOPaTHOTrO paclipocTpaHeHus oimmrbku. O0yyaroiiass BHIOOpKa
B 5TOM CJIy4ae COCTOMT M3 BBIXOAHBIX BEKTOPOB ciosi Koxonena Y, u co-
OTBETCTBYIOUIMX MM XKelIaeMbIX BbIXonoB cetu D,. bnaromapsa xopowemy
CTPYKTYPUPOBAHUIO MCXOOHBIX JaHHBIX, BBIIOJHEHHOMY cioeM KoxoHeHa,
MepCeITPOHHAas 4acTh TMOPUIHOM CeTH o0ydaeTcsl BO MHOTO pa3 ObIcTpee,
YyeM OOBIYHBIN ITEPCEINTPOH.

B 3akiouyeHne OTMETUM, UTO COIJIACHO COBPEMEHHBIM HAaHHBIM, MO3T
YyeJIoBeKa IIPEACTaBIsIeT COOOM KacKamgHoe OOBbeAMHEHHE OMOJIOTMYSCKUX
HEMPOHHBIX ceTell pa3InYHbIX GYHKIIMOHAIbHBIX Ha3HauyeHUii. [ToaTomy -
OpuaHasi ceTb, OObeOUHSIONIAsI CJIOM HEHPOHOB Pa3IMYHBIX HEHPOCETEBBIX
napagurM, B OOJbIIE Mepe COOTBETCTBYET COBPEMEHHBIM MPEACTaBICHUSIM
0 CTPyKType u crnocobe (yHKIMOHUpoBaHUs Mo3ra. CliencTtBueM TaKoro
o0OBeIMHEHUS SBSIETCSI ee 0osiee BBICOKas 3(PPEKTUBHOCT.

7.6. WHTENMNEKTYAIIbHbIA HEMPOH BAJIbLIEBA

CornacHo cinoxuBlielica Knaccudukamum [33], Bce pacCMOTPEHHBIC BBIIIE
rnmapagurMbl HEMPOHHBIX CETEil OTHOCIATCS K TaK Ha3bIBAGMOMY KOHHEK-
yuornucmckomy (OT aHIJ. connect — coenuHSATbCs) TUMy. COrJIacHO 3TOMY
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MOAXO0MYy HeHPOHHBIE CETU CTPOSITCSI HA OCHOBE OTHOCHUTEJILHO IPOCTHIX Ma-
TEMaTUYECKUX MOJEeJeil HEeHpPOHOB, HAIIpUMEP MaTeMaTUYECKUX HEUPOHOB
Mak-Kamnoka — Ilurrca. Bce ke MHOrootpasme HEOOXOTMMBIX CBOICTB
M KayeCTB HEMPOHHBIX CETeil NOCTUTaeTCs HE MyTeM YCIOXKHEHMs MaTeMa-
TUUYECKMX HEMPOHOB, a IIyTeM HUX coeduHeHUss B ONpeldelIeHHbIM 00pa3oM
CIIPOEKTUPOBAaHHBIC CTPYKTYPHIL.

31ech MBI PACCMOTPUM JIPYTOi aJlbTepHATUBHBINA TUIT HEPOHHBIX CETEH,
Ha3bIBaeMbIl Helipobuosoeuueckum. DTOT TUIT OTIMYAETCS MCIOJIb30BaHU-
em OoJiee CJIOXHBIX MaTeMaTMYeCKHUX MOAejIeil HEMpPOHOB, KOTOpPHIE, IO
MHEHUIO MX aBTOPOB, 0o0jiee IIOJHO OTPaXKaloT CBOMCTBA OMOJOIMYECKMX
HEWPOHOB MO3ra.

B Hactosiee BpeMsI TOMMHUPYIOIIMM B MCKYCCTBEHHOM WHTEJUIEKTE
SIBJISIETCSI KOHHEKILIMOHUCTCKUI Mmonxo. B nmepBylo ouepenb 3T0 oOycoBiie-
HO J0CTaTOYHO Xopoiiei dopManuzanuyeit moaeneit. OgHako, Kak TOJbKO
MBI MEpeXOAWM OT 3aJad aMllpPOKCHMMALMU K PEIICHMIO CJIOXHBIX MHO-
TOYPOBHEBBIX 3a1ay, TPEOYIOLIMX IPUBJICYEHMUSI CEMAaHTUKM, OKa3bIBaeTCs,
YTO HEOOXOOMMO BBOAUTH (DYHKIIMOHAJbHBIC 2JIEMEHTHI OOJiee CIIOXKHBIE,
HexXenu ¢opMaabHble HEUMpOHBI. [lOIBITKM «BbIpalllMBaHUS» IOJO00OHOTO
pola CJIOXHBIX HEMPOHOB M3 CETU MPOCTHIX MPUBOIUT K TOMY, YTO KOJIM-
4ecTBO (POpMajbHBIX HEMPOHOB KaTacTpO(MUUECKM PaCTeT U IOSIBIISIIOTCS
HEYyCTpaHUMBbIE CJIOXKHOCTH OOYYEHMSI TaKMX CETEid.

B 1996 r. poccuiickum ydeHbIM-Helipoouoaorom B. b. BanbleBsiM ¢ co-
aBropamu [105] OblIa TIpenioKeHa MaTeMaTudeckast MOACIb 001bUL020 NU-
pamuoanbHo2o HelpoHa mo3zea. Kak M3BeCTHO, MMpaMHUAaIbHbIE HEHPOHBI
coctaBistior 10 80% KOpbI royloBHOro Mosra. OHM OTJIMYAIOTCS TEM, YTO
MX TEJO MOXO0XEe Ha MUpaMULy, U3 KOTOPOM BBIXOOUT OAWH OOJILIION JCHI-
PUT, KOTOPBIIA BETBUTCS Ha MHOXECTBO MEJIKMX IIMIIOB-AeHAPUTOB. Yepes
JEeHAPUTHI MUPAMUIAIbHBIA HEUPOH MOJydyaeT CUTHaJIbl OT ThICSIY APYTUX
KJIETOK.

CxemMa MaTeMaTHMUeCcKOro HeipoHa BamnplieBa m3o0paxeHa Ha pwuc. 7.21.
OCHOBHBIMU (PYHKIIMOHAJIBHBIMU 3JIEMEHTAMM SIBJISIOTCS TEIO0 KJIEeTKMU,
B KOTOPOM IIPOMCXOIMUT HaKOIJICHUE ITOTEHIMaja OT BXOAOB, U aKCOHHBII
XOJIMMK, KOTOPBII Te€HEpUPYET Ha BBIXOJE HelpoHa HEPBHBLIC MMITYJIbCHI,
Korja MOTeHUMal KJIETKM MPEBbIIIaeT HEKOTOPOE IOPOroBoe 3HAuyeHUE.
Takum obOpa3zoMm, HeilpoH BajblieBa, Kak 1 MaTeMaTU4eCKuii HelipoH Mak-
Kannoka — IlutTca, MOXET HAaXOOUTHCS B ABYX COCTOSIHUSIX: BO30OYKAEHHOM
1 HEBO30YXICHHOM.

MaremaTuyeckuii HelipoH BasblieBa MMeeT OAMH BBIXOJA U HECKOJBKO
BXOJOB.

Bxo0 3anpema BBIIONHSIET POJb TOPMO3a aKCOHHOro xojmuka. Ilon
JIefiCTBUEeM CUTHAJIOB BXOJa 3allpeTa Iiepegadya UMITYJIbCOB C HelipoHa MOKET
ObITh MpeKpallieHa, IPpU 3TOM IOTEHLMaJ KJIEeTKA He M3MEHMTCS.

Ilpu nmomaye MMMYyJIbLCOB HAa 8X00 MOPMOIICEHUsT YMEHbBIIAETCSI MOTEeH-
ouaja KJIETKHU, T. €. CHMXKAeTCSI aKTMBHOCTb HEMpOHa.
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[MamsaTp Topmoxxenue
l ITorpedbHOCTD 3ampeT
J
Bo30yxneHue AKCOHHBIN
XOJIMUK

Puc. 7.21. Crpykrypa HeiipoHa BanblieBa

[Ipy momaye MMITYJIbCOB Ha 68x00 nompebHocmu (pe2yasyuu) TOTEH-
LMay KJICTKM HapacTaeT, HO, IIpM HaJIMYMU UMIIYJIbCOB TOJIBKO Ha 3TOM
BXOZ€, HE MOXKET IIPEBBICUTH €ro IIOPOrOBOI0 3HAYCHMUSI, HEOOXOAMMOIO
JUISL TeHEePALMU BBIXOIHBIX HMMITYJIbCOB.

[1py HaIMIUKU UMITYJIBCOB TOJBKO Ha BXOIE 6030ycOeHuUsi TIOTEHITAT
KJIETK He MOXET IPeBLICUTHh 3HadeHHWe, paBHoe 30% OT ITOPOTrOBOTO.

Bxo0 namamu sBnasercss oOydyaembiM. [Ipy mnopaye uUMITyJbCOB Ha
MaKCHMajbHO OOYYEHHBI BXOH IaMSITH, IOTEHLIMA] KJIETKH HE CMOXKET
MOAHSAThCS Bbille 3HauyeHUs1 B 70% oOT moporosoro. B coctosiHuy HyJieBoi
00Yy4YEHHOCTH HMIIYJIbChl, MOJAaBaeMble Ha BXOJ MaMSITU HE YBEJIMYMBAIOT
MOTEHIIMAIA KJIETKH.

Heiipon BajblieBa BBHITIOJNHSIET CYMMHpPOBaHME ITOTEHIIMAJIOB BXOIOB:

4
¢ = ¢0 + E ¢na
n=1
Ile ¢o— HadaJbHBI MOTEHUMAN, ¢, — MOTEHLMAJbl BXOAOB IaMSITU, pe-
TYJISIUM, BO30OYKIECHUST M TOPMOXKEHHUSI COOTBETCTBEHHO Iipu #n = 1,..., 4.

Korga mnoreHuuan ¢ NpeBbICUT MOPOTOBOE 3HAYEHUE Y U MpU ITOM
MOTEHIIAAJ HA BXOJE 3allPETa HE MPEBBICUT HEKOE 33JAHHOE 3HAYEHUE, HEl-
POH MEPEeXOAUT B BO3OYXKIEHHOE COCTOSIHUE W T€HEPUPYET DJIEKTpUYEeCKUe
UMITyJIbChl. HacToTa MMITYJIbCOB MPSIMO MPONOPIIMOHATIbHA IIPEBBIIICHUIO
MOoTeHLIMaJIa ¢ Haa MOPOroM y:

w=QU¢ — )+ wo,

rae Q — Ko3(pPUIUEHT 3aBUCUMOCTU YacTOThl IeHepallii OT HaIIoporo-
BOTO TIOTEHIIMAA.

Kak MOXHO 3aMeTUTb, B OTJIMYUE OT KJIACCUYECKMX MaTeMaTUYECKUX
HEUMPOHOB, B KOTOPBIX BCE BXOIbI SIBJISIOTCSI PAaBHOLIEHHBIMU, B HEWpOHE
BanbleBa pasinuHble BXOABI IMO-pa3HOMY BJIMSIIOT Ha IOBEACHUE HEpo-
Ha. Tak, mpu MOSIBIEHUM WMITYJIbCOB HA BXOJE€ TOPMOXKEHUSI, HEUPOH
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BayblieBa IiepecraeT IeHEepUpOBaThb BBIXOAHBIC CUTHAJIbl, HE3aBUCUMO OT
TOTrO, KakKue CUTHajbl OH IIOJIydaeT C OPYIMX BXOOOB M HE3aBUCUMO OT
HOTeHIIMajla KJIEeTKU.

Bosnukaer ecrectBeHHBIN Borpoc: Korma 310 MoXeT OBITh MoJie3HO?

OTO MOXeT ObITh ITOJE3HO, HallpuMep, B 3adade yIIpaBJICHUS MOBEAC-
HMEM KMOEpHETHMUYECKOro OoO0beKTa, KOTJa OKpyxKarolluas cpeaa, B KOTOpOi
JIeHCTBYeT OOBEKT, XapaKTepU3yeTCss MHOXECTBOM CHUTHAJIOB, ITOCTYITAIOIINX
C pasjIMYHBIX JTaTYMKOB, BBIJAIONINX CUTHAJIbI PAa3HOM CTEIIEHU BaXKHOCTHU.
Hamnpumep, ecnu pedb umer o0 yHOpaBiAeHMU OIBUKEHMEM caMmoJjieTa, TO
CUTHAJI, IIOCTYMHAalOIIMi C JaTyvMKa BBICOTBI, IIPU €€ YMEHBIICHMU HU-
K€ KPUTUUYECKOI MMeeT MEPBOCTEIIEHHOE 3HauyeHue, TpeOylollee IMPUHITHE
SKCTPEHHBIX MEp BHE 3aBUCUMOCTH OT CUTHAJIOB, IOCTYMAIOLIMX C APYTUX
JTaTYNKOB.

TakuMm 00pa3oM MOXHO KOHCTaTHPOBaThb, YTO HEMpPOHHAas CETh Helpo-
OMOJIOrMYECKOT0 THUIIA, B OTJIMYME OT KJIACCHMYECKONM KOHHEKIMOHMCTCKOMI
HelpoceTu, 00J1amaeT NOIOJHUTENbHBIMU CBOMCTBAMM, XapaKTEPHBIMU IJIS
DKCHEPTHON CUCTEMBbI, & MMEHHO, CBOMCTBOM IIPMHUMATh PEIIEHUS, PY-
KOBOJICTBYSICh €Ille¢ M Hamepen 3adaHHbIMM MHpaBWIaMM, HaIpuUMep: «DKC-
TPEHHO 3allyCTUThL IIpOorpaMMy HaOopa BBICOTBHI IPU CHMXKEHMU BbICOTHI
moJjieTa caMoJjieTa HIKe KPUTHUYECKOIOo 3HAYCHUSI».

Hpyroii, Oojiee CIOXHBIII HpUMEp NpPUMMEHEHUsI HEWpoHOB BanbleBa
npuBeneH B padore [105]. B 3T0if ctraThe paccmaTpuBaeTcs 3agada co3da-
HUSI CUCTeMbl YIpaBieHMs IJIsI poOOTa-sKcypcoBoaa. PoboT-3KcKypcoBoa
IOJDKEH IBUTaTbCS II0 ONpPEeneIEeHHOMY MaplIpyTy — JMHUM C HaHECEH-
HBIMM Ha Hee MeTKaMM. JIOCTMIHYB OYepemHOll METKM, pPOOOT HOJIKEH
OCTaHABJIMBATbCSI M YUTATh HEOOBIIYIO JICKIIUIO.

OCHOBHBIM TpebOBaHUEM K POOOTY-3KCKYPCOBOIY sIBJIsIETCSl Oe3orac-
HOCTb. pPOOOT HM B KOEM cCjydyae HE HOJDKEH IIPUYMHSITH Bpel JIOISIM
M BKCOOHAaTaM M [OJDKEH HEMEIJIEHHO OCTaHaBIMBATbCS B ClIydae BO3-
HUKHOBEHHUSI KAKOro-jaubo MpemsaTCTBUS WM IIpU IIOTEPe MapIIpyTHOM
JuHuu. s 3TOro OH OCHAIleH JaT4MKaMHu IIPEISITCTBUII IBYX BHUIOB:
IIEPBOr0 YPOBHSI, ONPEACISIONIMMU MPEISITCTBUE HENOCPEICTBEHHO B 30HE
0e30MacHOCTH po0OTa, WU BTOPOrO YPOBHS, pearvdpylollMMU Ha yaajleH-
HBbIe MpensaTcTBUsI. Peakiyeil Ha CUTHAJ JaTYMKa IIEPBOIO YPOBHS JOJIKHA
OBIThL HeMeIJIeHHas1 U Oe3ycjoBHasl OCTaHOBKa. Peakiiust Ha curHaj oaTdm-
Ka BTOPOI'O YPOBHSI — MeHee KpuTU4Ha. [Ipu mocTymieHuu 3TOro cUrHaia
poOOT MOXKET OlLIEHMBAaTb PACCTOSIHUE OO0 IIPEISITCTBUS M ILIAHMPOBATh
BO3MOXHOCTh €ro 00be3na.

[ToMuMoO Bcero mpouyero, podOT IOJIKEH CJIeIUTh 3a YPOBHEM 3apsiia
CBOMX OOPTOBBIX aKKyMVJISITOPOB. IIpu yMeHbIIEHUM 3apsiia HUXKE KPUTH-
YeCcKOro poOOT JO/KEH HayaTh NPOLEAypy IOMCKAa MCTOYHMKA ITUTAHWUSI.

IToHATHO, YTO CHTHaJIBI, KOTOpPhIE HOJIKEH 00padaThiBaTh poOOOT, MMe-
IOT pa3Hble IIPUOPUTETHI, IIO3TOMY IIPU Pa3pabOTKe CUCTEMbl YIIPaBJICHUS
pPOOOTOM-3KCKYPCOBOIOM JIYYIIIE MCIOJIb30BaTh HEHPOOMOIOTUYECKUE HEll-
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POHBI, KOTOpble KaK pa3 W IPUCIOCOOJEHBI 1Isi 00pabOTKUM CUTHAJIOB,
WMEIONINX pa3HbIe MPUOPUTETHI.

KOHTPOJIbHbIE BOMNPOCbHI U 3A0AHUA

1.

2.

MoxHo 11 Ha3BaTh HelipoHHYI0 ceTh ManbmaHa—JInObepa mepcer-
TpoHoM? Ilouemy?

HaszoBute npenMmyliecTBa MU HEOOCTATKU HelipoHHOU cetu MDanbma-
Ha—JIuObepa Mo CpaBHEHUIO C TEPCENTPOHOM.

HazoBuTe mnpeumyiiecTBa U HEAOCTATKU paaualibHO-0a3MCHON Heli-
POHHOI CEeTU MO CPaBHEHMIO C IEePCENTPOHOM.

HazoBute npeumyliiecTBa U HEIOCTAaTKA HEWPOHHBIX ceTeil DibMaHa,
Xondunga u KoxoHeHa IO CPaBHEHUIO C IIEPCENTPOHOM.

B uyem coctout pasHuiia Mexay HeiipoHom Mak-Kannoka—Ilurrca
n HeiipoHoMm Banpiiena?
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KOMIMBbOTEPHOE TBOPYECTBO

8.1. ®UIIOCODPCKUE ACIMEKTbl TBOPYECTBA

Jlioboe mpousBeneHUE MCKYCCTBA MOXKET OBITh 3aKOAMPOBAHO B BUIIE
KoHeuyHoro uyuciaa nudp. Hampmmep, Kaxkmoe CI0OBO MO3MBI COCTOUT W3
OyKB, KOTOpbIE MOTYT OBITh 3aKoaupoBaHbl 33 umdpamu. fJcHo, 4TO HpU
TaKOM COOTBETCTBUM OJIHA JJIMHHASI CTpoKa LUGpP MOXKET paccMaTpuUBaThCs
KaK KOAWpOBaHHasl 3arluchb MO3MBI.

AHaJIOTMYHO OOCTOUT Aeno B XUBOMUCU. [10JOTHO KapTUHBI MOXHO
pacyepTUTh HA MEJbYANIINEe KJIETKU U LBET KaXIOW KIJIETKU 3aKOAUPOBATh
mudpamu. To xxe camoe B My3bike. M3 aHanuza dypbe U3BECTHO, YTO BCE 3BY-
YaHUE MY3bIKAJILHOTO IIPOU3BEIECHHUS, OT IIEPBOM HOTHI 10 IOCIEIHE!, MOXET
OBITH TIPEACTABICHO OOHOW €OIMHCTBEHHOM KPWBOM Ha 3KpaHe OCILMIOrpa-
(ha. KpuByro MOXHO C JI10OOI CTEMEeHbIO TOYHOCTU KOAMPOBAThH LUMpaMu.

Takum obpaszom, 11000€ MPOM3BEICHNE UCKYCCTBA B JII00OI 00IaCTU MOX-
HO TIPeACTaBUTh B BUAEe Habopa KOHEUYHOro uyuciaa uudp. Yucio BO3BMOXKHBIX
KOMOMHAIMK 3TUX LUM(P OrPOMHO, HO He OeckoHeyHo. [loaromy MOXKHO
MIpeACTaBUTh ceOe OMOIMOTEKY, COIEpXKAlllyl0 BCE BO3MOXHBIE KOMOMHAIIUKA
mudpp. I[Momasisioniee OONBIIMHCTBO KOMOMHALIMI 1IM(p B IepeBoae Ha OyK-
BbI, LIBETA U 3BYKM HE MMEIOT HUMKAKoro cmeicia. Ho cpenu atmx KoMOMHaLMi
€CTh U TaKMe, KOTOPbIe UMEIOT CMBICI U KOTOPBIE SIBJISIIOTCSI TEM, YTO Mbl Ha-
3bIBaeM MpPOU3BeACHUSIMU MCKyccTBa. CyILECTBYIOT JIM aJITOPUTMbI, KOTOpPbIE
MO3BOJISAT KOMITbIOTEPY BbIOpaTh M3 MHOXKECTBAa OECCMBICIEHHBIX BapUalluii
Te, KOTOPbIE SIBJISIIOTCSI T€HUAJbHBIMU II09MaMM, KapTUHAMU, CUMGOHUSIMU?

IlepBBIe TIOIMBITKMA CO3HAHUS TaKUX aJITOPUTMOB OTHocsATcsI K XVII B.
W3BecTeH, HampuMep, MSITUCOTCTPAHWYHBIM TpakKTaT HEMELKOIo Me3yuTa
Aganacuyca Kupxepa «YHUBepcajbHas My3yprusi, WIU BEIUKOE HUCKYC-
CTBO CO3ByYMii W JuccoHaHcoB». A. Kupxep Obu1 yyeHukom P. Jlynnus
U paccMaTpuBaJl MY3bIKaJbHYI0 KOMMO3UIIUIO KaK KOMOWHATOPHYIO 3aja-
yy. Ero umem ObUiM peajn3oBaHbl B BUIAE YCTPOMCTBA, HAIIOMUWHAIOIIETO
MeXaHUYEeCKylo aKcrnepTHyio cucteMmy Jlymmms (cm. § 1.1), KkoTopoe HbIHE
XpaHUTCSI B My3ee KeMOpMIKCKOro yHHUBEPCHUTETA.

B nauvane XVIII B. BompocaMu MeXaHMYECKOTO COUYMHEHUSI MY3bIKalb-
HBIX TTPOU3BEAEHHUI C TIOMOIbIO TaOJUI] U UTPajbHBIX KOCTE 3aHUMAaJUCh
MHOTHME M3BECTHbIE KOMIIO3UTOPHI, Takue Kak bax, laiinH, Mouapr.

PaccMoTpuM Bompoc co3aaHMsl MPOU3BENCHU UCKYCCTBA C MPUMEHEHUEeM
M3BECTHBIX HaM COBPEMEHHBIX METOIOB MCKYCCTBEHHOIO MHTEJUIEKTa. MbI
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YK€ CTaJIKUBaJIMCh C METOJAMU MaTeMaTUYECKOro MOJEIMPOBAHUSI B pa3inyg-
HBIX €CTeCTBEHHbBIX HayKaxX, TaKMX KakK (pu3nKa, METeOpOJIOrusi, 9KOHOMUKA,
MEXaHMKa CIUIOIIHBIX Cpell, JIEKTPOHMKA U mp. Pojb MareMaruyeckoro Mo-
JIEIMPOBAHMUS B XMW3HU COBPEMEHHOI HMBUJIM3ALUU MNEPEOLIEHUTH TPYIHO,
IpUYeM KpPYr mpoOJjieM, pellaeMbIX 3TUM METOIOM, ITOCTOSHHO pacTeT.

HanoMHUM, 4TO MOIEIb — 3TO «UE€PHBINM SIIWK», B KOTOPBIA BBOISTCS
BXOOHBIC M BBIBOISTCSI BBIXOMHBIC ITapamMeTphbl. Mopeib SBISIETCS Hame-
PEHHO YIPOIUEHHONM CXEMOIl HEKOTOPOro peajJibHOro o0beKTa, CUCTEMBI,
npouecca. Ho myreM uccienoBaHuss MOAEIM MOJy4alOoT PeKOMEHIALMKU JJIst
pellIeHUsT peaJTbHBIX ITPOOJIEM.

MaremaTuyeckass MOAEIb MOXET CYIIECTBOBAaTh B BHUIE JIOTMYECKUX
MporpamMm, MepeBoAMMbIX Ha sI3bIKk DBM. MaremaTtuyeckyio Mojelib, BBe-
JIEHHYI0 B KOMIIBIOTEP, HAa3bIBAIOT KOMIBIOTEPHON MOIEbIO.

Cyl11ecTBYIOT O0LIME NPUHLIUIIBI TOCTpOeHUsT Moaesieit. [IpuBeneM HeKo-
TOpble U3 HUX. IS TOCTPOEHUSI MOAEIU HEOOXOAUMO:

1) BbIsIBUTH peeBaHTHBIE (CYILIECTBEHHBIC) (haKTOpbI, T. €. (PaKTOPHI,
KOTOpbIE MOTYT CKa3blBaThCs Ha pe3yjbTaTax pelleHUs HJaHHOM IIPOOJIEMbI
WIA Ha KCXOIEe paccMaTpuUBaeMOIO IIpOLiecca;

2) BBIOpaTh (PAKTOPHI, KOTOPbIE MOIYT ObITH OIMCAHBLI KOJMYECTBEHHO;

3) 00benMHUTHL (PAKTOPHI I10 OOIIMM IIPM3HAKaM M COKpPATUTb UX IIe-
peYeHb, BBISIBUTH MHBApUMaHThl (0 HUX pedyb MOWMAET Jablie);

4) YyCTaHOBUTb KOJIMUYECTBEHHBIE COOTHOIICHUSI MEXAY BbIOpaHHBIMU
¢dakTopaMu M MHBapHaHTaAMU.

DakTopbl, KOTOPBIE TI0 CBOECK IPUPOAEC HE MOIYT OBbITh BbIPaXKEHBI KO-
JIMUECTBEHHO, TaK €, KaK M HECYyIIeCTBEHHbIE (DAKTOpPhI, MCKIIIOYAIOTCS
U3 PacCMOTPEHUSI.

[Ipy MaTeMaTMYeCKOM MOJEIUPOBAHUN OUYE€Hb BaXKHBIM 3TAIlOM SIBJISICT-
Csl yCTAHOBJICHWE WHBApUaHTOB cUcTeMbl. Maess M”HBApUAaHTHOCTU COCTOUT
B TOM, YTO, XOTSI CHCTeMa B 1IeJIOM IpeTepIieBaeT I10C/IeA0BaTeIbHbIC
M3MEHEHUSI, HEKOTOphIE €€ CBOMCTBA COXpaHSIOTCS Heu3MeHHbIMU. Cy-
IIIECTBOBAaHUE HHBapuMaHTa B JII0OOM MHOXKECTBE HEM30€XHO BJIEUYET 3a
coboil orpaHnyeHue pazHoobOpasus. CyllecTBOBaHWE MHBapuUaHTa BO MHO-
JKECTBE SIBJICHUIA TOBOPUT 00 orpaHUYeHUU pazHooOpasusi. [ToaToMy Teopus
WHBApUaHTOB — 3TO TEOPHUsI OTpaHUYEHUSI pa3HOOOpa3usl.

[TockoabKy J1000# 3aKOH TIPUPOABI MOApa3yMeBaeT CyIlIeCTBOBaHUE
HEKOTOpPOro MHBapHaHTa, TO, CJIENOBATEIbHO, BCSIKWI 3aKOH HPUPOIbI
€CTh OrpaHMYE€HME pa3HOOOpasus, a TaK KakK I1IeJib HayKd — ITOMCK 3aKO-
HOB, TO HayKa 3aHMMAaeTCs IIOMCKOM OTpaHMYE€HUI pa3HOOOpa3us.

B MmartemaTuke uneapuammom Ha3bIBalOT (DYHKLMIO OT IpeodpazyeMoit
BEJIMYMHbBI, HE M3MEHSIIOLIYI0 CBOETO 3HAUEeHMSsI MpU Mpeodpa3oBaHUU ITOM
BeJIMYMHBI. Tak, pacCTOSIHME MEXOy IBYMsI TOYKAMM SIBJISICTCSI WHBapu-
AHTHBIM OTHOCMTEJILHO II€peHOCa Hayajla KOOpAMHAT M II0BOpOTa oOceit
Ha g1000i yroj. B rumponmHamMuke MHBapuaHTaMU SIBJISIIOTCSI KPUTEPUU
nonobust — yuciaa I'pacroda, INpannarnsa, Pemesa u T. o.
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B JMHIBUCTUKE BBIAEISIOT WHBAapUaHTbl CTUXOTBOPHBIX (opM. Ha-
OpuMep, CTapuHHas WTaJIbsSIHCKas ¢opMa CTMXa — COHET — BCerma MMeEeT
14 crpok. IlepBasg 4acThb €ro COCTOMT M3 JABYX KaTPEHOB (UE€TBEPOCTH-
1I1it), BTOpasi — U3 ABYX TepleToB (TpexcTullunii). CTUXOTBOPHBIA pa3Mep
COHEeTa — ISITUCTOMNHBINA (peXe IIeCTUCTONHBIN) sIMO6. Dopma pudMOBKU
JJIsl KaTPEHOB — JIB€ pa3HO3BYyYHble PUGMBI, a IJIsI TEPLIETOB — JABe pU(D-
MBI, OTJMYarolMecs oT pudM KarpeHoB. TpeThsl CTpoKa MEpBOro TeplieTa
pudmyeTcsi co BTOpPOi CTpOKO# BTOporo Teplieta v T.A. B m000M coHere
JIETKO OOHapyKUTh COXpaHEHME yKa3aHHbIX MHBAPUAHTOB.

AHaornyHbIM 00pa3oM MHBAPUAHTHI MOTYT ObITh OOHAPYKEHBI U B IPY-
TMX MPOU3BEIEHUSIX HCKycCTBA. BO3MOXHOCTH CO3maHUSI TeX WM MHBIX
MPOU3BEACHUI UCKYCCTBA MOXET OBbITh Ompe/e/ieHa B MEPBOM MPUOIMKEHUUN
KakK co3HaTeJibHasi WM Oecco3HaTesibHasi CIOCOOHOCTh HAXOAUTh HYXKHBIE
WHBApUaHTbl 1 KOMOMHUPOBATh WX IJIsl TTOJydeHUsl xKejaaeMoro addekra. Dta
CIOCOOHOCTD TPOSIBIISIETCST XyTOXKHUKOM-TBOPLIOM B pe3yJibTaTe 0000IIeHUS
3aKOHOMEPHOCTEIA BCEro IIPEIIleCTBYIOIIETO XyIOXECTBEHHOTO HaCJIemusl.

Taxkum 006pa3zom, Mbl BUAUM, YTO MCKYCCTBO B KOHEYHOM HUTOT€ IIpeciie-
IYEeT Ty Xe 1IeJib, YTO U HayKa, — 8bls8AeHUe UHBAPUAHIO8, YCMAHOGACHUEe
CBA3U MeHcOy HUMU, 02PAHUYEeHUEe PA3HO00pA3usl.

O BO3MOXHOCTU MOJIEIUPOBAHUSI TBOPUECKON JESITEIbHOCTU YesIoBeKa
HEMpepbIBHO MAYT AWCKYCCMM U CYIIECTBYIOT Da3JMYHble TOYKU 3pPEHUS,
KaK IIOJIOXUTEIbHbIE, TaK M OTpMlaTelibHbIe. IlombiTaemMcsi paccMOTpPETh
ATOT BOIIPOC C MaTeMaTUYECKON TOUKU 3peHHus. YTo ecTb TBOPYECTBO
C TOYKM 3peHHUsI MaTemMaTuka?

Bocnoab3yemcst nszBectHoii Teopemoii I'enensi. Ee cMbICa cOCTOUT B TOM,
YTO «BCSIKasl JOCTAaTOYHO MOIIHasi hopMmajibHasi HEMPOTUBOPEUUBasl JIOTU-
KO-MaTeMaThueckasi cuctemMa o0s13aTe/IbHO COAEPXUT (OpMyly, KOTOPYIO
B JIaHHOM cHUCTeMe Hesb3s HU J0Ka3aTb, HU OINPOBEprHyTh». MHaye ro-
BOpsI, €CJIM MMeeM cucTeMy akcuom A;, A, ..., A,, TO B 3TOii CUCTEME
MOXHO C(OopMyIMpoBaTh MpeaaoxkeHue By, KOTOpoe HEBO3MOXHO HM I0-
KazaTh, HU ONPOBEPTHYTh IIPU IIOMOIIM JAaHHOMW cucTeMbl akcuoM. OmHaKo
MOXET OKa3aTbCsl, YTO MpPU J00ABIECHUMU K HMEIOIIEHCsS CUCTEME aKCHMOM
HEKOTOPOUM aKCUOMBI A,+| CTaHET BO3MOXHBIM [10Ka3aTb WJIMU OIPOBEPTI-
HYTh TipeajioxkeHue By. Ho u B 3ToM cilyyae 00s13aTeIbHO HaWAETCsl XOTS
Obl OJHO elle MpeajloXeHue Bj, KOTopoe HEBO3MOXHO HHM J0Ka3aTh, HU
ONpPOBEPTrHYTh IIPU IIOMOIIM YK€ pacIIMpPeHHON cucteMbl akcuoMm. Cu-
CTEMY HYXHO CHOBa paciiupsaTh u T.A. Tak, reomerpus JlobaueBckoro
comepxuT B cebe reomerpuio EBkimpa, a M3 TEOpUU OTHOCUTEIHLHOCTU
OliHINTeliHA KaK 4YacTHBIN ciydail cielyeT HbIOTOHOBCKasi MeXaHMKa.

TBOpUYECTBO — 3TO TIPOLIECC PACIIMPEHUSI CUCTEMbI, B pe3yjbTare 4de-
ro HEBBIBOJUMBIC YTBEPKIAECHHUSI CTAHOBSITCSI BbIBOAMMBIMU. MHaue rosops,
€CJIM HeKOTopas 3aJaya He MOXET ObITh pellieHa B JaHHOM JOIrMYeCKOil Cu-
cremMe, HeoOXOAMMO MCKaTb APYryl0 CUCTEMY, JIOTMYECKM 00Jiee MOIIHYIO.
Torma TBOpYeCTBO 3aKJIIOYAeTCs B PACIIMPEHUM CHUCTEMbI, YBEIMYEHUM €€
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JIOTUYECKOW MOIIM, €€ JIOTUUECKOTro «DoraTcTBa», YTO JaeT BO3MOXHOCTb
pellIeHNsI HOBBIX 3a/lay, HE pPEIIaeMbIX B CTapOil CUCTEME.

Wrtak, MOXHO AaTh ABa OIIpeaceHMsT TBOpPYECTBA.

1. TBopuecTBO — 3TO MOMCK MHBAPUAHTOB U COOTHOIICHUI MEXIYy HUMU.

2. TBopYeCcTBO — 3TO paCLIMPEHME JIOIMUYECKO CHUCTEMBI C 1IEJIbI0 pe-

IIIEHUsI HOBBIX 3ajad.

Tak ¢ mareMaTU4ecKOW TOYKM 3PEHUSI MOXHO MPEACTaBUTh ITPOIECC
TBOpYECTBA.

He MmenHblllee METOMOI0rMYECKOE 3HAYEHME IJISI IOHMMAHUSI U MOICIM-
poBaHUS TIpolecca TBopuecTBa MMeIoT TeopeMbl Mak-Kammaka un Ilntrca —
OCHOBAaTeJIel HaIlpaBJIeHMSI, Ha3bIBAEMOTO HEHPOKMOEPHETUKON. DTUMM aB-
TOpaMy BBEIECHO MMOHSITHE MaTeMaTW4YeCKOro HelpoHa. Eciu HelipoH sB-
JISIETCSI OCHOBHOI paboueil KJIETKON KOpbl OOJIbIIMX IOJyLIapuii Mo3ra
YyeJioBeKa, TO MaTeMaTUYECKW HEWPOH €CTh aOCTPaKTHBIA JIOTMYECKUMA
3JIEMEHT, B KOTOpoM (OpMajbHO OTpaxkeHbl JIUIIb TE€ CBOWCTBA >XMBO-
ro HeillpoHa, KOTOpbI€ CBsI3aHbI C mepepadoTKoil mHpopmanuu. [TpuHIMI
JIEUCTBUS MaTeMaTUYE€CKOIO HEWpOHa M €ro BO3MOXKHOCTM ISl PELICHUS
MpakTUYECKUX 3amad u3JoXeHbl B TJ1. 4. K Teme 3TOi TIj1aBbl UMEIOT OT-
HouieHue TeopeMmbl Mak-Kamnoka—IIutrca. CMBbICT UX CBOAUTCSI K TOMY,
YTO JIt0O0oe (DYHKILMOHUPOBAHUE XXMBOW HEPBHOW TKaHU, KOTOPOE MOXHO
MPEACTaBUTh C ITTIOMOIIbI0 KOHEYHOTO YHCJia CJIOB B TEpPMUHAX JIOTMYE-
CKOIO MCUYMCJIEHUSI BBICKA3bIBAHWI, MOXET OBbITh ONMCAHO IIPU ITOMOIIM
UCKYCCTBEHHOII HeMpOHHOM ceTu. TakuM oOpa3oM, CyIIEeCTBYeT HPUHIIM-
NUaJIbHAS BO3MOXKHOCTb CO3HAHUS CETU U3 MaTEeMaTUYECKUX HEUPOHOB,
CITOCOOHOI K TBOPYECKOM IesITCIHHOCTH.

Bripouem, Teopembl Mak-Kaninoka—IIuTrca npencTaBiisitoT co0oii meo-
pembl CYuecmeo8anysi. OHU HAYETO HE TOBOPSIT O TOM, KaK HY>KHO CO3/1aBaTh
ceTb M3 MaTeMaTUYECKMX HEeUPOHOB, YTOObI BOCHPOU3BECTH TBOPYECKYIO
JIESITEIbHOCTh YEJIOBEKA, a TOJbKO YTBEPXKIAIOT, YTO TaKylO CEThb NPUHLM-
MUaJIbHO MOXHO MHOCTPOuTh. IIpakTuyeckux Xe yCIeXoB B 00JacTU MOAe-
JIMPOBaHMS TBOPYECKOM AESITEbHOCTH YIAJIOCh HOOUTBLCS, CIEAysl APYTUM
aJIbTEPHATUBHBIM HAMpPaBJICHUEM MCKYCCTBEHHOTO WHTEJUIEKTA, Ha3bIBAEMbIM
8bICOKOYPOBHEBOU cmpameeueil, W KUOePHeMUKOU «4epHO20 SAUUKA».

8.2. TBOPYECTBO B MY3bIKAJIIbHON C®EPE

YenoBeuyeckunii MO3T — 3TO CBOETO poja 0aHK JaHHBIX M 3HAHUI, B KOTOPOM
XpaHUTCSI OTPOMHBIN 00beM MH(POPMAaLIMM, COOPAaHHOI 3a BCIO IPOKUTYIO
YeJ0BEeKOM KM3Hb. JloKa3zaHO, YTO 4YeJOBEUECKUIA MO3TI HMKOrga U HUYETro
He 3a0biBaeT. Kaxkaplii NpoXUTBIA UM IEHb IO MEJIbYalllInX MOAPOOHOCTENH,
KaK Ha BMAEOIUICHKY, 3allMChIBAaeTCsI B €ro mnamsTh, M 3Ta MHGOpMaLMsI
MOXKET OBITh OMNpEIeJIeHHBIM 00pa3oM m3BieueHa. Kpome TOro, mmeroTcs
MOIBITKKY 10Ka3aTh, YTO MOXET ObITh M3BJIcUeHA MH(pOpMaLMs, IepeaaHHast
YeJIOBEKY OT IIPEIbIAYIINX MOKOJEHUI M M3 MPOXUTHIX paHee XXU3HEH.
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S

Texyias
¢pasza

—
baza naHHBIX (XyT0XECTBEHHOE Haceaue)
Y
Daiin basa 3HaHwmit
bopMUpyeMbIX £ (3aKOHBI R
MeJoauit conbbenKmo)

Puc. 8.1. TlpumepHast cxeMa My3bIKaJbHOTO TBOpYECTBa

ToyHO Tak ke B MaMsITU KOMITO3UTOpPA CYIIECTBYET MHOXECTBO Pa3iny-
HBIX MEJOAWI, HAKOIJICHHBIX UM B T€UEHUE >XKW3HU, a MOXET OBbITh, Jaxe
MepelaBIInXCcsl €My ¢ TéHaMM OT €ro JaJIeKUX MpeakoB. Y ecTecTBEHHO Mo-
Jlarath, 4TO (pparMeHThbl 3TUX MEJIOJUI, OTIeJIbHblE MYy3blKaJdbHble (pa3bl,
MY3bIKaJIbHbl€ WHBapUaHTbhl OCO3HAHHO WJIM HEOCO3HAHHO WCIIOJIb3YIOTCS
KOMITO3UTOPOM B €r0 TBOPUYECKOM IPOIIECCE.

YuurteiBas Bce 3TO, INepBO€, YTO HYXKHO cleiaThb MPU CO3JaHUU MOJE-
JIM My3bIKaJbHOTO TBOpuecTBa (puc. 8.1), 3aHecTM B MaMsIThb KOMIIbIOTEpa
KaK MOXHO 00Jibllle MYy3bIKaJbHBIX MPOU3BEAEHUI (co3maTh 6a3y JaHHBIX).
Hayiee, Kak U B JIOOOW WHTEJIEKTyaJlbHON CUCTeMe, HYXXKHO co3aaThb 0a3y
3HAHUM, COCTOSIIYIO U3 3aKOHOB MY3bIKAJIbHOM rapMOHKUU — COOTHOLIEHUA
MEXIy My3bIKaJbHBIMM MHBapuaHTamMu (coiabdemkuo). Termepb Ha BXOX
KOMIIbIOTEpa HAllO MOJATh «TBOPUYECKOE BAOXHOBEHME» B BUIIE MY3bIKAJIbHOU
¢dpasbl, COCTOsIIIEH, HATPUMEP, U3 YEThIPEX HOT, U 3aCTAaBUTh KOMIILIOTED
OTBICKAaTh TaKOE Y€ COYETaHWE HOT B OMHOM W3 XPAHSIIUXCSI B €ro Imamsi-
TU MY3bIKaJAbHBIX MPOU3BEACHUI. 3aTeM HYXXHO IMPOUYUTATh CJIAEAYIOIIYIO 3a
HalileHHOU (bpa3oii HOTY M MpUIIMCATh €€ K TeKylleld My3bIKaJbHOU (pa-
3e. IlepBylo HOTY U3 3Tol (bpa3bl BbLIATh B (aiil (hOPMUPYEMBIX MEIOAUNIA
U BBIYEPKHYTb U3 Tekylllel (dpasbl Tak, YTOObI B HEW MO-TpeXHEMYy OCTa-
Bajlochb 4yeTbipe HOTHI. [Ipoliecc moucka cliieayeT NpoAoXKUTh, aHATU3UPYS
CJIEAYIOLIME 32 HAUAECHHOM B IaMITU KOMIBIOTEPA MEJOIUMU.

B pesynbTaTe B (paitne dopMupyeMbIX MeJoauii chopMupyercst mocie-
JIOBaTEJIbHOCTh HOT HOBOW MEJIOAMM, KOTOpasi 10 CBOEMY 3By4YaHUIO OyaeT
HalOMHKHATh 3aJI0XKEHHbIE B IMaMSTU KOMIbIOTEpA W3BECTHbIE MEIOIMU, HO
OTJIMyaTbcs OT HUX. Hampumep, eciu B maMmsTh 3aKJadblBJIUCh BaJlbChl, TO
Ha BbIXoJe OyIeT BajbC, €CJIM MaplliMv, TO Ha Bbixoje OymeT Mapil u T. II.
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[Tocne 3aBepiieHUs (GOPMUPOBAHUSI MEJIOAUSI aBTOMATUUYECKM apaHXXUPYeT-
Csl COTJIACHO 3aKOHAM MY3bIKAJIbHOI FrapMOHUHU, XpaHSIIUMCS B 6a3e 3HAHUIA.

ANTOpUTM BBIOOpA TIPOAOJDKEHUU MeJonuii u3 0a3bl JaHHBIX MOXKHO
CHAOOUTL 3BPUCTUYECCKMMU MPAaBUJIAMU, PETYIUPYS MX CUIY C TTOMOIIBIO
Bce TeX ke KoahduuueHToB moBepus (cM. 1. 3). EcrecTBeHHO, 4YTO 1151
pa3HbIX MY3bIKAJbHBIX CTWJIel OymayT M pasHble KOG UIIMEHTbl TOBEPUSI.
Dt Ko3pPUIMEHTH MOXHO HU3MEHSTh B IIpoliecce OOydeHUsI, OJOOUBasICh
VJIYUIIeHUSI KauyeCcTBa COUYMHSIEMbIX MEOAMIA.

W3noxeHHast BBILIE METOIMKA KOMITBIOTEPHOTO CHMHTE3a MY3bIKU JIUIIb
B YHOPOILIEHHOI (hopMe OTpaxkaeT IMPOLEeCC TBOPUECTBA KOMIIO3UTOpA U HE
MPETECHAYET Ha CTAaTyC IIOJIHOM MOJENM ero aesareabHocTh. TeM He Me-
Hee, 3Ta MOJeJib B YNPOIIEHHOH (hopMe oTpaxkaeT HalllU IpeacTaBIeHUs
O TBOPYECKOW [esTe/IbHOCTM KoMmo3uTopa. B Heli ectb 0a3a JaHHBIX,
cojJep:kalliasi XyJlo)KeCTBeHHOe Haclieaue, 0a3a 3HaHMM, cocTosiilasi U3 3a-
KOHOB MY3bIKaJbHOI TFapMOHUM, a TakXKe 3JEeMEHT BIOXHOBEHHUS B BUIE
HAYaJIbHOTO TPUOIMKEHUSI, KOTOPOE MOXHO 3a[aBaTh TeHEPaTOPOM CIIydaii-
HbIX yncen. CylecTByeT TaK:Ke BO3MOXKHOCTb COBEPIIEHCTBOBAaHUSI TaJlaHTA
KOMITbIOTEPHOTO KOMIIO3UTOpA 3a CYET ero OoOydeHMs, Hampumep, IyTeM
Monudukauu KoahGUIIMEHTOB A0BEepUsl UCHOJIb3yeMbIX TMpaBuil (hOpMHU-
pOBaHUSI TIPOJOIKEHUIN MEIOAUM.

MHTEeHCHMBHOE MPpUMEHEHHWEe METOA0B MCKYCCTBEHHOIO MHTEJJIEKTa B MY-
3bIKE€ Hayvajaoch B cepenuHe XX B. B 1957 r. amepukaHCcKue HCCIea0BaTeNN
M. Mba1hi03 1 H. I'yTMaH monoxXuiad Hayajlo pa3sBUTHUIO 1IEJIOr0 Kjlacca My-
3BIKAJILHBIX 3BIKOB mporpamMupoBanus: MUSIC, C-Sound u 1. 1. Ilpose-
JICHHbIE UMM 3KCIIEPUMEHTHI IT0KA3aJIk, YTO PsIli UCKYCCTBEHHO COYMHEHHBIX
MY3bIKaJIbHBIX TIPOU3BEAEHUN YHAOBIETBOpPsIa KpUTepuio ThlOpuHra: ciy-
LIaTeIM-3KCIIePThl HE CMOIIM OTJAUYUTh MAIIMHHYIO MY3bIKY OT aBTOPCKOIA.

MeTtoauku, oTpaxalroliue APYrue CTOPOHBbI MY3bIKaJIbHOTO TBOPYECTBA,
ObL mpemioxeHbl B 1955r1. yyeHbiMu WIMHOMCKOTO YHUBEpCUTETA
JI. Xunnepom n JI. Ucaakcom. OHUM TIPOBEIM CEPUIO SKCIIEPUMEHTOB, B KO-
TOPBIX MOCJEA0BATEILHO 3aKJIaIbIBAIUCh 3aKOHBI COIb(EIKNo B 6a3y 3Ha-
HUIl (rapMOHU3alMsI) U BBOJAUJIUCH Pa3HOOOpPa3HbIe MY3bIKAJIbHBIE PUTMBbI
U TeMIIbl. bblI TakKe MCIOJb30BaH AAaTYUK CIydYalHBIX YHKCEl.

Ha pucynke 8.2 m3o0paxeHa OJ0OK-CXeMa NpPOrpaMMBI, peaju30BaHHOM
Ha MamuHe «Mnmak». Ha BXxone mporpaMMbl TeHEPATOPOM CIIyYalHbIX YK-
cell 3a1aBaJIuCh 1IeJIble YMCIIa, TIPU MOMOIIU KOTOPBIX ObLIM 3aKOAMPOBAHBI
HOTHBIE 3HaKu. Kaxmoe 4uciio MpoImycKaaoch yepe3 IOCaea0BaTeIbHOCTh U3
yeThIpeX KOHTPOJbHBIX cxeM (I—IV). D1tu cxembl mporyckany B 3allOMUHA-
Iolee YCTPOKMCTBO TOJBKO T€ 4HC/a, KOTOpble 00pa30oBbIBAIM MPaBUJILHYIO
(TMTOIUMHSIIOLLYIOCSI 3JIOKEHHBIM B KOHTPOJIBHOWM CXeMe OrpaHUYeHUSIM)
MEJIOINYECKYIO JUHUIO. 3aKOHUEHHBIM MEepUOJ 3alIOMUHAJICS, a 3aTeM BbI-
maBaJicd Ha Te4yaTh M paciingpoBBIBAJIICI B BUAe HOT. Eciam ke XoTs ObI
odHA M3 CXEM 3aJepKMBajla XOTs Obl OIHY HOTY, TO YIpaBJICHHWE BHOBb
repeaaBajoch reHepaTopy CAydyailHbIX YMCEN UM MOUCKU MPAaBUJIBHOM HOTBI
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T'eneparop Ilepeson
CIIy4YaHbIX B HOTHYIO [—®
yucesn 3aInCh
I v v vy

Puc. 8.2. Biok-cxema InporpaMmMbl KOMITBIOTEPHOI'O COYMHCHUA MY3bIKH

nponoskanuck. Ilocne 50 HeymauyHbIX MOMBITOK MOAOOpaTh HYXXKHYIO HOTY
MesloanyecKkast JIMHUS pa3pyliajlach U HauMHajla BbICTPaAUBaThCs HOBas JIU-
Hud. 3a 19 paborel MmammHa «Manmak» cosmaBana 100 memomuii. UMeHHO
Tak OblTa HamucaHa 3HaMeHuTas «Mmmrak-cionTa» mIst CTPyHHOTO OpKecTpa.

LIInpoKyo M3BECTHOCTb B CBOE BpeMsl MOJYYWUJIUM MY3bIKaJIbHbIE MPOU3-
BeneHusl, coumHeHHbie OBM «Ypan-2» no aiaroputMam, pa3pabOTaHHBIM
coBeTckuM matematukoM P. X. 3apumnosbiM. B ero nporpammax Takxke uc-
MOJIb30BAJICSI TEHEepaToOp CAy4YalHbIX UMCesl, KOTOPbI BblIaBajl HE TOJBKO
KOJlT HOTbl, HO W JUIMTEJbHOCTh WU WHTEPBAT MEXAY HOTaMU. DTWU NaHHbIE
MPOXOAWJIM KOHTPOJb Ha COOTBETCTBUE 3aKOHOMEPHOCTSM 0Oa3bl 3HAHUUN —
3aKOHAM MY3bIKQJIbHOW TapMOHWM, MOJYYEHHBIM TPU aHAIU3E IIUPOKOTO
Kpyra My3bIKaJibHbIX TpousBeneHuii. [Iporpammbl P. X. 3apurnosa mMoaenu-
poBajii COYMHEHHE MeJOAWii B Maxope WJIM MMHOpPE, aKKOMIaHEeMeHTa
K HUM, COYMHEHME MEJIOAWI Ha 3aJaHHbI CTUXOTBOPHBIN TEKCT U PUTM.

ITpuHuMIIBI, pa3pabOTaHHbIE MEPBBIMU MPOTPAMMUCTAMU-MY3bIKOBEAA-
MU, B HacTosilllee BpeMs 3aKJIaiblBAIOTCI B CXEMbl COBPEMEHHBIX Op-
KECTPOBBIX DJIEKTPOMY3bIKAIbHBIX WHCTPYMEHTOB U IIMPOKO MCIIOJIb3YIOTCS
KOMITO3UTOpaMK U My3blKaHTaMU. OJIHAKO 3TOT WHCTPYMEHTApUii SIBJIsIeT-
Csl BCIIOMOTAaTe/JIbHBIM, TaK KaK ero mpuMeHeHHWe OrpaHhYeHO HalMucaHUueM
rapMOHUU, apaH>XUPOBOK, COMPOBOXAeHUI. CaMu Xe TeMbl IO-TIpeXHe-
My COYMHSIET 4YesioBeK. JleJo B TOM, 4YTO CO34aTh XOPOIIYIO IPOCTYIO
MEJIOINI0 HEU3ZMEPUMO CJIOKHEE, YEM OPKECTPOBOE MPOM3BEICHUE B aBaH-
rapavMcTCKOW MaHepe, IMeperpykeHHoe ClydyallHbIMUA 3BYKOCOYETAHUSIMU
U nuccoHaHcamMu. Korga KoMMo3uTop COUMHSIET MEJOAMIO, KOTOopasl cTa-
HOBUTCSI TIOMYJISIPHOM, MPOUCXOAWUT KOJOCCAIbHBLINA TPOPLIB BHEped, TakK
KaK 3TO OTKPbITME HOBOIO, HEM3BECTHOIO paHEeEe COOTHOIIEHUS MEXIy
MY3bIKaJIbHBIMU WHBapUaHTaMMU.

CoBpeMeHHbIe KOMMbIOTEPHBIE MPOrPaMMbl MOTYT COYMHSITh HOBBIE Me-
JIOJUU, KOTOpble MPUATHO 3ByYaT U YEM-TO HAIIOMUHAIOT paHEE U3BECTHBIE,
UMEIOT XOpOIIUN CTUJIb M MaHEpy, HO B HUX BCErla Yero-To He XBaTa-
€T, YTOObI CTaTh ACHCTBUTENHHO MOMYJSIPHBIMU. 3HaMeHUTHIe «Yesterday»
n «JlyHHast coHaTa», Ja U HE TOJbKO OHM, COUYMHEHbl HE KOMIbIOTEPOM!
OHAKO OYEHb BEPOSITHO, YTO KOMIMBIOTEP IPEeB30MIET YyeloBeKa U B ATOM
obnactu. Kak 3TO0 HM OOMIHO CO3HaBaTb, BO3MOXHO, YyX€ B COBCEM
HefaaekoM OyaylieM MoJIoeXb OyleT MeTh W TaHLeBaTh MOJA KOMIIbIOTEP-
HYI0 MY3bIKY, a BeJIMKHE MPOU3BEAEHUS, COUMHEHHbIE KJIacCUKaMU, OyayT
CUUTATBCSI SK30TUKOW. ..
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8.3. TBOPYECTBO B NMO33UA

CuuraeTcs, 4YTO 3agaya MOJAEJIMPOBAHUSI CTUXOTBOPUYECTBA HECOM3MEPUMO
C/IOKHee, 4YeM 3ajada MOJAEJMPOBAHUSI COYMHEHMSI MY3bIKaJbHBIX IPO-
n3BeAeHuii. Kak mokaszaaud ucciaeqoBaHMST PYCCKOrO sI3bIKa, €CJIM OJHAa
OykBa mesioBOro sibika Hecer 0,6 6uT mHMOpMaLnn, OyKBa OOBIKHOBEHHOM
pa3roBOopHOM peuyn — 1 OuT, To OyKBa MO3THUYECKOI peun — 1,5 Our.
He BoaBasice B pmimocodcke u 3TUUYECKHE MPOOIEMBI, TTOOOMAEM K TIPO-
O7eMe MOJEIUPOBaHUSI TTO3TUUYECKOrO TBOPYECTBA C MOMOIIBIO M3BECTHBIX
MHCTPYMEHTAJIbHBIX cpeacTB. Hanmpumep, MOXXHO BOCIOJIb30BaThCsI U3BECT-
HbIM  popmanuzmom brkyca— Haypa. DT1oT dopmanusM mnpuMeHseTcs
I71aBHBIM OOpa3oM B CBSI3M C paclo3HaBaHUEM M 0OpabOTKON TEKCTOBOIA
nHOpMalUM, MAIIUHHBIM TIEPEBOAOM, a TaKXKe CO3JaHMEM CHUCTEM €CTe-
CTBEHHO-SI3bIKOBOTO 00OI1IeHUsI. B dopmanuzMe NMpPUMEHSIOTCS CAEAyIOIINe
CUMBOJIbI-OIePaTOPhI:
11= —OIpeaensieTcsl Kak» WIN «MOXeT ObITh MepenucaH Kak»;
| (BepTuKanbHas uyepTa) — WCIIONB3YETCS U pasHesIeHUs] PasiInYHbIX ajlb-
TepPHATUBHbBIX BO3MOXKHOCTEIA;

() (yrnoBble CKOOKM) — MCITOJIB3YIOTCS ISl 3aKJIIOUEHUSI HETEPMUHATBHBIX
CUMBOJIOB, T. €. CUMBOJIOB, KOTOpPbIE IOJIKHBI OIPENCISAThCS OIHUM
U3 TpaBwil. B oTaMume OT HUX CHUMBOJIBI, HE 3aK/IIOUEHHBIE B yTI-
JIOBbIE CKOOKM, CUMTAIOTCSI TEPMMHAJIbHBIMU M MPEACTaBISIIOT JIUIIb
camMux ceOsl.

Hanpumep, undpa B dhopmanusme bakyca—Haypa onpenensiercst cie-
IYIOIIUM 00pa3oM:

(undpa) ::= 0[1]2(3]4]5/6/7|8(9,

rae (undpa) — HETepPMUHAJIBHBI CUMBOJI, a Kaxpaas u3 uudpp 0, 1, ...,
9 — TepMUHAIbHBIIT CUMBOJL.

[MpuBegeM HEKOTOPOE MHOXKECTBO IPAaBWJI YIIPOIIEHHOTO OITMCAHUS
CUHTaKCUYECKON CTPYKTYPHI aHIJIMIICKOIO IPEIIOXEHMS.

(MpeIoNKeHHe) 3= < CYLLIECTB. > <rnaroan.> <cyu_(eCTB' >

—_—

dparmenT/ \ pparmMeHT dparmeHT
|/ cymeets. \ | _ (apTHITH) orpeiesisieMoe

dparMeHT CYIIIECTB.

OmpesIeNseMoe\ | orpenessieMoe
< - > <cymeCTB.>|<onpezLeneH14e>< - >
4, (MATOMBIL A . (rmarou)| [TAroJIbH. | (bparmMeHT Hapeuwsi)

dparmMeHT dparmMeHT

¢dbparmenT\ | _ CYLLECTB.

) <Hapeq1/1${ ::= (Hapeuwue)|(npemor) bparMent

K »tuM mpaBuiiaM MbI JOOABUM HEOOJIBIION CJIOBaphb.
1. (aptukib) ::= althe
2. (cywectB.) ::= catjmouse|dog|fox (koika, MbIllb, cobaka, Juca)
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hed

(onpenenenue) ::= quick|lazylbrown|black (GbICTpBIi, JEHUBBIH, Oy-
PbIii, YEepPHDII)

(rmarom) ::= goesljumps|runs (Uuet, mpbiraet, OGEXMUT)

(Hapeune) ::= quicklyleasily (6bicTpo, Jierko)

(npemyior) ::= overjunder|through (Han, mon, uepes)

S

[IpuBeneHHOE MHOXECTBO CMHTAKCUUYECKUX TPaBUJI OOBIYHO HCMOJIb3Y-
eTcsl U1 CUHTaKCUYECKOro aHajiu3a TeKCTOBO nHpopmainuu. OgHaKO 3TOT
Ke (pparMeHT MOXHO HCIIOJIb30BaTh BMECTE C I'€HEpPaTOPOM CJIydalHBIX
yucesl IJIsl CO3daHUsl CIy4YyalHBIX NPemJIOXKEHUI, IMOTUYMHSIOIINXCS yKa-
3aHHBIM CHHTAaKCUYECKMM IIpaBmjiaM. MIHBIMHU CloBaMM MOXHO 3alyCTUTh
MpoLeIypy CUMHTAKCUYECKOTO aHajliu3a Kak Obl B OOpaTHYI CTOPOHY.

YTOoOBI MOCTPOUTH KaKOe-HUOYAb IpeaIoXKeHHE, MpOoLecC TIeHepaluuu
HY>XHO 3aIlyCTUTbh ¢ mpaBujia 1. 3aech UMEITCSl 1Be BO3MOXHOCTHU, U IS
BbIOOpA KaKOI-TO OTHOM M3 HUX CJIeAyeT 0OpaTUThCSl K TeHepaTopy MCeBIo-
CJIy4ailHBIX 4YHMces. 3aTeM IIPOLeCC TeHepaluy Pa3BUBAETCsS B COOTBETCTBUM
Cc BBIOpaHHON anbTepHaTuBOi. Eciam BeIOpaHa mepBasg M3 BO3MOXKHOCTEH,
TO yIIpaBJIEHME CHaydaja AOJIKHO IePEUTH K IIPaBUILy 2 IS CO3MAHMSI «Cy-
1IeCTB. (pparMeHTa», a Iocjie TOro, Kak 3TO clejJlaHO, — K TpaBuiy 4 s
CO3JaHUsl «IJarojibH. (parMeHTa». [lockonabKy mnpaBuia 2 U 4 B CBOIO
oyepenb MepenaroT YNpapieHUE NPYTUM MpaBuaaM, TO HEOOXOAUMO HUMETh
cmek, («<Mara3mHHYIO TMaMsTb»), IJIs HAIIOMUHAHUS O HEOKOHYEHHBIX MO-
MEHTaX B pa3jIMYHBbIX IpaBuax. Korma ocyiiecTBisercs mnepBas mepenada
yIIpaBjJ€HUSI OT mpaBuia 1 K mpaBujly 2, B CTEK ITOMEIIAIOTCS IIePBbIA 3JIe-
MEHT M yKazaTeJib Ha CJCOYIOIIMI IO MOPSAKY 2JEMEHT (B COOTBETCTBUM
C BBIOpaHHOI aJIbTEPHATUBOI).

Ecnu B mpoliecce reHepallud BCTpedyaeTcsl TEPMUHAIbHBIM CUMBOJI, TO
OH J00aBJisieTcsl K BBIXOJHOI CTpOKEe, KOTOpasli cO3maeTcs.

IlpuBeneHHbII cOocO0 TeHepaluy MPEeaIOXKEHUI IT03BOJISIET IOJYYUTh
takue ¢pasbl, Kak: «The quick brown fox jumps over the lazy dog» —
«IIpOBOpHasl Oypas juca IepenpbiTHyJa dyepe3 JICHUBYIO COOaKy».

Bcero B cioBape MpuBEIEHHOIO MHOXKECTBA COIEPXKUTCS 18 cloB, BbI-
CTyMalIIMX B KauyecTBe TEPMMHAJIbHBIX CUMBOJIOB: J1Ba apTUKJIsI, YeThIpe
CYLIECTBUTENbHBIX, YeTbIpe IpujaraTeJbHbIX W T.A. OmHakKo NpUBEACH-
HBIII METOH IIPMMEHMM M K OOJBIINM CJIOBapsM, COIEpXKalllMM SIpKUeE,
BbIpa3uTeJIbHbIE CcjoBa. TakuM 00pa3oM, MOXHO 3aCTaBUTb KOMIILIOTED
COUMHSITh CTUXU, B KOTOPBIX, OJTHAKO, HE OymeT cooOmomaTbest pudma. s
BbIIEPKMBaHUS pU(Mbl HEOOXONMMO BBEACHME JOINOJHUTEIbHBIX MPaBUI,
pudmyInX Ghpasbl.

st TOro 4ToObl COYMHEHHBIE KOMIIBIOTEPOM IIPOU3BEICHUSI UMEIU
CMBbICJI, HEOOXOIMMO BBECTM 0a3y COOTBETCTBYIOLIMX 3HaHMii. Kaxmoe BBO-
IMMOE B CJIOBapb CJIOBO MOJDKHO OBITH YBSI3aHO C JAPYTMMH HE TOJIBKO
CUHTAKCUYECKUMM, HO M CEMAHTUYECKUMMU CBSI3SIMU. PazinnuHbie coueTaHus
CJIOB JIOJDKHBI OBITh OLIEHEHbl HEKOTOPHIMM OLIEHMBAIOLIMMM IMapaMeTpa-
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MU, 3aJal0IIMMU YPOBEHb CMBICJIOBOTO COOTBETCTBHMS. Takue mnapaMeTphl
JIOJDKHBI MCITOJIb30BAaThCSI MPU ITOCTPOCHUU Ppa3, IMOJOOHO TOMY, Kak
B DKCIIEPTHBIX CHUCTeMaX IMPU MOJYyYEeHUM 3aKJIIOYEHUM HCITOJb3YIOTCS KO-
a¢pduneHTs goBepus. DTUMHU KO3((UIIMEeHTaMH MOXKHO peryjInpoBaTh
YPOBEHb OCMBICIIEHHOCTU U CTEIeHb abCTparn3ma COo31aBacMOTO IPOM3BeE-
JIEHUSI, OIpPEIeNIsITh €ro XapakTep, >KaHp M CMBICJIOBYIO HallpaBJICHHOCTD.

Kak um B Apyrmx MHTEJICKTYaJIbHBIX CUCTEMaxX, B CHUCTeMaX CTHXO-
TBOpYeCTBa KO3((GUIUEHTH JOBEPUSI MOTYT MEHSTLCS B IIpoliecce pabOThI
IIPOTPaMMBI, T. €. aJITOPUTMBI CTUXOTBOPYECTBA MOIYT OBITh OOYYaeMBIMMU.

Takum 06pa3oM, CyLIECTBYIOIIUI YPOBEHb Pa3BUTUS WHCTPYMEHTAIbHBIX
CpPEICTB U METOAO0B MUCKYCCTBEHHOI'O MHTEJIEKTA TTO3BOJISIET CO31aTh OoJiee-
MeHee MpHUeMJIeMbIe aJITOPUTMBI ITO3TUYECKOI0 TBOPYECTBA. DTO CBUICTEIb-
CTBYET O TOM, YTO U 3TOT BUJ YEJIOBEYCCKOM IEITEJIbHOCTU B IPUHLIUIIE
MoAAaeTCsl KOMIIBIOTEPHOMY MOJICIMPOBAHUIO.

8.4. TBOPYECTBO B HAYKE

MmMurtaumsa TBOpUYeCKOI MeSITEIbHOCTU YUEHbIX — OAHA M3 TJIABHBIX 3a1a4
HayyHOW 0O0JIaCTU <«MCKYCCTBEHHBI MHTe/UIeKT». M Ha 3TOM IyTU [0-
CTUTHYTO HeMaJio BIIEUATJISIIOIIMX pe3yJibTaToB. [OoCTaTOYHO YIOMSIHYTD:
MEePBYIO BKCIepTHYI0 cuctemy P. JIyanusi, cTaBsiiylo IUAarHo3bl W Jejaro-
LY TIPOTHO3bl HA OCHOBAHUM MMEIOLIMXCSI HAYYHBIX 3HAHWI; pa3pabo-
tanHylo A. Hproamiom u I'. CaiiMOHOM 3HaMEHUTYIO IIporpaMmy <«Jlormk-
TEOPETUK», ABTOMATUYECKU OOKA3bIBAIOIIYI0 U (DOPMYJIUPYIOLIYIO HOBBIE
TEOpEMBbI aJIreOpbl JOTMKM; MHOTOYUCJICHHbIE NPUMEHEHUSI HEWPOHHBIX
ceTeil, TO3BOJIMBIINE BBISIBUTh M MCIOJb30BaTh HEM3BECTHBIE paHee 3aKo-
HOMEPHOCTHU MCCJIeNyeMbIX MPEAMETHBIX 00JacTeil.

B sToM paznesie Mbl OCTAHOBMMCSI TOJIBKO Ha OJHOM, HO aKTyaJbHOM
mist XXI B. HaydyHOUl IpoOyieMe, KOoTopas IIoKa eIle XIAET CBOEro TBOP-
YEeCKOTO pellleHUsl. Peub MOWIET O coepemMeHHOM Kpusuce NpuKiaoHoU
Mamemamuxu.

Pa3zButue Hallleil LMBUIM3ALUU CBUIETEILCTBYET O IMPOIOJIKAKOIIEMCS
MOBBILIIEHUU POJIM MATEeMaTUUECKOTO KOMIMBIOTEPHOTO MOAESIUPOBAHUS KakK
B HayuyHBIX MCCJAEAOBAHMSX, TaK U B Pa3IUUYHBIX 00JACTSIX TMPAKTUUYECKOM
JesiTe/IbHOCTU 4yenoBeka. OMHUM U3 HauboJjiee MOIYJSIPHBIX UHCTPYMEHTOB
MaTEeMaTUUYECKOIO KOMIIbIOTEPHOIO MOJIEIMPOBAHUS SBISIETCST (hOPMYJIH-
pOBKa W pellleHWe KpaeBbIX 3a1ay MaTeMaTHM4eCKOM (hU3UKMU.

B ucropuu pasBUTHS METOIOB pelICHUS KpaeBbIX 3aJady MOXHO IpO-
cieauTb Tpu nepuona. IlepBblfi MCTOpUYECKUI TMEPUON, MPOMTUBIIMIACS
MPUMEPHO N0 cepeauHbl XX B., Hayajcsli C OCHOBOIIOJaraliux padoT
K. JL JI’Anamb6epa u XK. b. K. @ypbe, BbinojHeHHbIX B XVIII — Havane
XIX B. Ilyrem pasmelieHUsI MEPEMEHHBIX MM YyIaJIOCh MHOJYYUTb DS pe-
meHuit IuddepeHIaTbHbIX YPAaBHEHUM B YAaCTHBIX ITPOU3BOAHBIX JISI
MMPOCTEUIINX 00JacTeil, Ha3bIBAGMbIX KAHOHMYECKMMM, — Kpyra, KBajpara,



184 Tnasa 8. KoMIbIOTEpPHOE TBOPYECTBO

HWJIMHIOpA, 1Iapa WM Mp. 3aTeM, Ha MOPOTSXKEHUM MOCASAYIOLIUX IOJYyTO-
pa BEKOB, YCWJIMSI MAaTeMaTUKOB B 3TOI 00JacTX B OCHOBHOM CBOAWJIMCH
K pa3BUTHUIO MeToda pas3dejieHus IIEpeMEeHHBIX U M300pEeTeHUIO APYTUX
NPUEMOB, ITO3BOJSIONIMX IMOJYYUTh PELIEHWE TOW WJIM WHOM KpaeBOM 3a-
Jauu ISt Opyrux IuddepeHLalbHbIX YpaBHEHUN, IS IpyruX OO0JacTei,
C IpYyTMMM KpaeBbIMM YycJioBusiMU. Kaxmoe Takoe peleHue ObLIO COObI-
THEM B MaTeMaTMYEeCKOM MHMpPE U OTMEYajloch IIPUCYXKICHUEM IIpeMUid
U TIPUCBOEHUEM perajinii. MeTtoja MaTeMaTUUeCKOro MOIEJUPOBaHUSI ObLI
JOCTYIEH Y3KOMY KPYIy MaTeMaTUKOB-IIPO(ECCUOHATIOB, AeSITeJIbHOCTh KO-
TOPBIX MpEeACTaBisIa cOO0 meopueckuil npouecc cpooHU OesmeabHOCHU
nosmoa, Xy0odCHUKOG, KOMNO3UMOPOE.

[TosiBnenue B cepenuHe XX B. ObBICTPOACUCTBYIOLIMX 3JIEKTPOHHO-BBIYMC-
JIMTEJIbHBIX MAllIMH U3MEHWJIO 3Ty cuTyauuto. OKaszaaoch, UTO €ClIu pa3duTh
00JacTh pellleHus] KpaeBOM 3agauyv Ha MHOXECTBO MEJKHUX MomobjacTeid
(puc. 8.3) u s Kaxmoil Mmomod6JacTd BBECTU THMIOTE3bI, YIPOIIAOIINE
(bu3nYecKre CBOICTBA Cpedbl, TO IPOLIECC MHTErpupoBaHUs AuddepeHII-
aJIbHBIX YPaBHEHMI MOXHO CBECTHM K MHOXECTBY B3JIEMEHTApHBIX apupme-
TUYECKNX AercTBUii. TakmM o0Opa3oM, KpaeBbie 3aJayd MaTeMaTHU4YeCKOM
(U3MKU CTaJI0O BO3BMOXHBIM peliath ¢ moMolibio OBM «c no3uuum rpyooi
CUJIbl», MOJydas pelleHrWe He B BUJE aHAJIUTHUYECKUX (POpMyJI, a B BHUIAC
MacCUBOB 4YHCeJl.

Tak mosiBUIach Ha CBET HOBasl OTpacjib MaTeMaTUKU, Ha3biBaeMmasl ouc-
kpemnoti. Ha cMeHy KilacCHMYECKMM aHaJMTUYECKMM METOoAaM MpPUIILIN
YHUCJICHHBIE aJITOPUTMBI, C MOMOIIBIO KOTOPBIX yAAJI0Ch CO30aTh YHUBEP-
caJbHbIE MAKEThl IPUKIAAHBIX IIPOrpaMM, OCHAIIEHHBIX yIOOHBIMHU Cep-
BUCHBIMU CpelacTBaMU. MaTeMaThuuyeckoe KOMIbIOTEPHOE MOJAEJIUMpPOBaAHUE
CTajlo OOIIEIOCTYITHBIM M M3 TBOpYECTBa MPEBPATUIOCh B pemecyio. Mare-
MAaTUKM-aHAJIMTUKM C MX XUTPOYMHBIMM MaTEeMaTWYCCKUMM BBHIKJIAIKAMU,
Kazajoch, HaBcerga yTpaTWiId CBOKM aBTOPUTET M OTOILLIM B MPOIILIOE.

OnmHako, KaK YTBEpKIaioT (puiocodbl, )KM3Hb pa3BUBACTCS I10 CIUPAJIU.
MagTHUK, KayHYBIIMICS B OOHY CTOPOHY, HOJDKEH 00s3aTeIbHO OTKJIO-
HUTBCSI M B APYIrylo. YBJIEUEHUE UYMCIIEHHBIMM METOHAMU B ITOJIHOW Mepe
BBISIBUJIO HE TOJIBKO MX OECCIIOpHBIE IPEUMMYIIECTBa, HO U HEYCTpaHUMBbIC
HegocTtaTku. K 4yuciy TMocaenHUX OTHOCUTCSI HEBO3MOXHOCTb HaIeKHOM
OLIEHKH MOTPEIIHOCTH PaCUeTHBIX Pe3yJIbTaTOB. DTOT HEIOCTAaTOK OCOOEHHO
OLIYTUM B IIOCJIEAHEE BPeMsl B CBSI3U C IIPMMEHEHMEM METOoda MaTeMaTude-
CKOI'0O MOJEJIMPOBAaHMSI [IJIsl pacueTa OTBETCTBEHHBIX OOBEKTOB 1 MPOILIECCOB,
OT KOTOPBIX 3aBHUCUT 0€30MaCHOCTb JIIOAEH, rocyaapCTB, HUBUIM3ALUN.

Crnenyer 3aMeTUTh, UTO MaTeMaTUUECKUI armapar, KOTOPbIM TOJIb30Ba-
JIMCh MaTeMaTUKKU MUHYBIIUX BEKOB, ObLT OoJjiee HaaexeH. Jleao B ToM, 4To
pelIeHus, TToJlydeHHbIe aHAJIMTUYECKUMU METOAAMU B BUIE aHATUTUUECKUX
(dopMy1, MOTyT ObITH MPOBEPEHBI HA yIOBIETBOpeHUE AU depeHIInaTIbHbIM
YPaBHEHUSIM 1 KPaeBbIM YCJIOBHUSM pelllaeMoOi 3a4auu, T. €. X MOrPEIIHOCTh
MOXKET OBITb OlIEHEHA.
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18.205
24.231
30.258
36.284
41.311
48.337
54.364

Puc. 8.3. PacueTHas 06J1aCTh — IMPOMBIIUICHHbBI 0OBEKT, pa30UTa HA MHOXECTBO

noaob1acTeit — KOHEUHbIX 3J1IeMeHTOB. PellieHue KpaeBoil 3amgauu TIpelicTaBiie-

HO B BUJIE LIBETHON KapTUHKMU — KaXKIOMY IIBETY COOTBETCTBYET CBOW YpPOBEHb
HaOpsDKeHU

Pelienus ke, mojiydaeMble YUCICHHBIMU METOAAMM, MPEACTABIISIIOT CO-
00i1 MacCHUBBI YHCEJI, O MOIPEIIHOCTH KOTOPKIX CYIST TOJBLKO IO TOMY, KakK
STU YHMCJIa UBMEHSIOTCS C YBEJMYEHUEM KOJIMYeCTBa pa30MeHMil pacyeTHOI
o6aactu. OOBIYHO MOJAraloT, YTO pe3yjbTaTaM MOXHO JOBEpSIThb, €CIM OHU
MEePECTaloT U3MEHSIThCSI ¢ U3MelbueHueM ceTKU. OIHAaKO yxXe HaBHO IMOKa-
3aHa TEOPETUUECKasI HECOCTOSITEILHOCTE TOro noaxona [12, 66, 68, 86, 87].
[eso B TOM, 4TO C U3MEJbUCHUEM KOHEYHOIJIEMEHTHOM CETKU YXYIIIAcTCs
O00YCIIOBJICHHOCTb MATpPUL, CUCTEM pa3pellalolinX ajareopandyeckKux ypap-
HEeHMIA. DTO 3HAYMUT, YTO C M3MEJIbYCHMEM CETKM YHCJICHHBIC pelIeHUs
CXOOSITCSI COBCEM HE K MCKOMBIM peIIeHMSIM KpaeBbIX 3agad, 4YTo Jeja-
eT MpPaKTUYECKM HEBO3MOXHOI HaHeKHYI0 OLEHKY TOYHOCTH pPaCYeTHBIX
pe3yJIbTaTOB.

K pesynbTaTam, IOJIydeHHBIM UYMCIEHHBIMU METOIAMM, CJIEAYeT OTHO-
CUTBCSI KpaiiHE OCTOPOXHO, OCOOCHHO eC/IM peyb MIET O pacueTax OObEKTOB
U MPOLIECCOB OTBETCTBEHHOrO Ha3HayeHusi. Tem He MeHee Ha COBpPEMEH-
HOM PBIHKE IPOTrPAaMMHBIX CPEACTB MMEETCS MHOXECTBO KOMIBIOTEPHBIX
IIporpaMM, peajlu3yIOIIMX YMCJICHHBLIE METOIbl PEILICHUS KpaeBbIX 3ajay
TEIUIONIPOBOJHOCTY, TUAPOANHAMUKU, TCOPUU YIIPYTOCTU, TECOPUU DJICKTPHU-
YEeCKUX, MArHUTHBIX, TPABUTALIMOHHBIX M JaXXe TOPCUOHHBIX MOJCH. DTU
MaKeTbl CHAaOXEHBbI yIOOHBIMM CEPBMCHBIMM CpEICTBaAMM, TaK YTO JIFOOO
WHXEHEp MOXET IIoJlydaTh YUCJICHHbIE pPEILIeHMsI KpaeBbIX 3amad Ipak-
TUYECKM JIIOOOI CcTemeHUu cJiokHocTu. Ho Bo3HUKIA Apyras cepbe3Hast
npobJjeMa: OLUEHUTh IMOTPEeIIHOCTU TAKMX YMCJIIEHHBIX PEIICHUI IJIs CIIOXK-
HBIX MHKEHEPHBIX 3a7ady, KaK MpaBWIO, He IIPEACTaBIISICTCS BO3MOXKHBIM.
B xnwure JI. H. Scauukoro u T. B. JlanuneBuu «CoBpeMeHHbIE IIPOOJIEMbI
Haykn» [68], a Takxke B pabortax [66, 86, 87] aTa mapamokcajibHast CUTyaLyst
Ha3BaHA «COBPEMEHHbIM KPUBUCOM NPUKAAOHOU MAMEMAMUKU».
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[To mporHo3am creunanuctoB, XXI BeK — 3TO BEK XKECTOKMX TEXHO-
TeHHBIX KaTacTpod, CTUXMMHBIX M DKOJIOTMYecKux OeacTBuii. Bce wamie
OPUXOIUTCS CJIBIIIATH COOOIIEHMSI O MaJeHUM PakKeT, CaMOJIETOB, B3pbIBaX
Ha SACPHBIX CTAHLIMSIX U MPOMBIIJICHHBIX 00bEeKTax, OOPYIIEHUSIX 3IaHUM.
Cpenu mpouyux IMPUYMH Tpareauii Ha3bIBAIOTCS OLIMOKU ITPOSKTUPOBAHMSI.
Apxuit mpumep — oopyieHrne MocKoBCcKOTo akBanapka. [lokazaTeabHo TO,
YTO 3/eCh SIBHO ITPOCJICXKUBAIOTCS TIOMBITKM COKPBITUSI UCTUHHBIX IIpU-
YUH 0oOpylieHus. B mepBoHavyalbHBIX 3aKIIOYEHUSIX CJAECICTBEHHBIX KOMMUC-
CUil OOHApPYXMBAJIUCh W CJeIbl TEPPOPM3MA, U ILIOXOE KAayeCTBO LIEMEHTAa,
M HexBaTKa KOJIOHH IS TToaaep kaHus Kpbiiu. M TonbKo 1mocie oOpylieHus
BTOPOTO 30aHUS, CIIPOEKTUPOBAHHOIO TEM K€ aBTOPCKUM KOJIJIEKTUBOM, —
3naHusi bacMaHHOTO pbIHKA, MPUYMHBI Tpareauu CTaad OYEBUAHBIMM IS
Bcex. [locienHowo 4epTy IOJ pacciiefOBaHUSIMU TIOJBEJIO TeJeBU3UOHHOE
3asiBJieHUe pyKoBoauTesi mpoektoB Hamapa KaHuennu: «...Bo BceM BUHO-
BaTa KOMMbIOTEpHAsi MporpamMma...», ¢ IMOMOIIbIO KOTOPOI BBIMOJIHSIIUCH
MPOYHOCTHBIE PACUETHI.

Ecnu npuumHbl OOpYyIIEHUSI COBPEMEHHBIX 3JaHMM, B KOHIIE KOHIIOB,
KaK-TO BBISICHSIIOTCSI, TO TIOpa3go XyxXe OOCTOSAT Iejla C pacciieloBaHU-
SIMU OPUYMH aBUALIMOHHBIX KaTacTpod. Ilepen uneHamu cienCTBEHHBIX
KOMUCCUI, KaK TpaBWIO, PaOOTHUKAMM 3aBOAOB, CO3IaBIIUX PYXHYBILIME
caMoOJIEThI, CTaBUTCSI 3ajJada — «HE 3alsTHAThb YECTbh CBOUX KOJIJIEKTUBOB!».
B pesynbraTte, mo maHHBIM MeXXrocygapCTBEHHOIO aBUAIlMOHHOIO KOMMUTE-
Ta, B Oosiee yeM 80% ciyyaeB BUHOBHMKAMM aBHaKaTacTpod MpU3HAIOTCS
OUI0Thl (KOTOpbIe IOTMOAM M TIOTOMY HE MOTYT ompaBaatbes). Ilomy-
yaercs, 4dro Oosiee 80% mNUIOTOB BCEX pa30MBIIMXCS CAMOJIETOB OBLIU
TeppoOpUCTaMU WM y HUX y Bcex 0e3 uckiawoueHust cyuuun. CraTuctu-
yeckre JaHHble MeXrocyaapCTBEHHOIO aBUAllMOHHOTO KOMMTETa SIBHO
MpPOTUBOPEYAT 3APAaBOMY CMBICITY.

Kak mokasano B pa6orax [12, 66, 68, 86, 87], ecTb BCce OCHOBaHUS
moJjararb, 4YTO OOHOW M3 IIPUYMH HAOJIIOJAIONIErOCs B IOCJIEAHEE BpeMms
pocTa TEXHOT€HHBIX aBapuii M KaTacTpod SBISIETCSI HU3KOE KayeCTBO CO-
BPEMEHHBIX KOMITBIOTEPHBIX MPOrpaMM, MCIOJb3YEMbIX WHXKEHepamMu Mpu
MPOEKTUPOBAHUN KOHCTPYKILIMI OTBETCTBEHHOTO HasHauyeHusi. EcTb oc-
HOBaHUsSI OXMAAaThb, YTO COBPEMEHHbIN KPU3UC MNPUKIAAHON MaTeMaTUKU
nepepacTeT B KPU3UC COBPEMEHHOW LIMBUJIM3ALIMMN.

Ceiiuac, KaKk HMKOTOa IIpeXAe, CTalud aKTyaJIbHbIMUA BOIIPOCHI TOYHOCTU
KOMIIBIOTEPHOIO MaTeMaTUYECKOTO MOMAECIMpOBaHuUs. Majieiine OIuOKu
B MaTeMaTUYECKMX MOIEISIX, B YaCTHOCTU B METOJAX pPEIICHUSI KpaeBbIX
3a7a4, MPUBOIST K TSXKEIbIM 3KOJOTMYECKUM, SKOHOMMUYECKUM M COLIU-
aJlbHbIM MOCeACTBUSIM. [IpUIllIo BpeMsi TPUMEHSITh TOJILKO TaKue MOAEIU
U METOJIbl, KOTOPbI€ MOTYT rapaHTUPOBAaTh HEOOXOIUMYIO Ha/IeXXHOCTb pac-
YETHBIX PE3yJbTaTOB.

Brixon m3 Kpu3uca ciemoBajio ObI MCKaThb B TOM, 4YTOOBI BOOOIIE OT-
KazaThCs OT UYMCJIEHHBIX METOIOB pEIIeHMsS KpaeBbIX 3adady M HPUMEHSTH
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Puc. 8.4. Matematuku-tnipodeccuonanbl XVIII, XIX, XX BB. — aBTOpbl TOYHBIX
peureHuii KpaeBbIX 3amad: I — Janumn bepnymim; 2 — Jleonapn Diinep; 3 —
XKan Jlepon Hdamambep; 4 — 2Kan batuct Hosedp Dypoe; 5 — Ilerp PemopoBuy
IMankoBuu; 6 — bopuc I'puropbeBuu lasnepkuH; 7 — Cepreil AjekcaHIPOBUY
YamnsiruH; & — Hukonaii Eroposuu KykoBckuii; 9 — Muxaun AnekcaHApOBUY
JlaBpeHtbeB; 10 — Anatonmii HukomaeBuu Jlypwe; 77— Hukonaii MBaHOBUY
MycxennmuBuinu; 12 — Crenan IlpokodbeBuu TumolieHKO

TOJIBKO T€ METOJbI, KOTOPHBIE TIPUBOIIT K TOYHBIM aHATUTUYCCKUM PELICHU-
M. Ho Ha coBpeMeHHOM pBIHKE IIPOTrpPaMMHON MPOAYKLIMU IPOrPaMMHBIX
MaKeToOB, peaM3yIIIUX TaKhe MeTOIbl, MpakTuyecku HeT. WX HeT rmo-
TOMY, 4YTO aHAJUTUYECKME METOIIbl HE YHUBEpCAJbHbl U KpaiiHe IIJI0XO
noaaarTesl aaroputMusaiuuu. OHU TPEOYIOT MmEopuecKko20, UHTEIEKTYallb-
HOTo TOAX0Ja K pelIeHUI0 MPaKTMYECKM KaKIOol HOBOW KpaeBOl 3alayuu.
DTO CBI3aHO C UIMTEIBHON M KPOIOTIMBOM pPabOTOi BBICOKOOOpa30BaH-
HBIX MaTEMaTUKOB, C IPUBJICYCHUEM WX ONbIMA, UHMYUUUU, MAJLAHMA.
TouHble pelieHUsT KpaeBbIX 3aad MOTJIU TOJydyaTh MaTeMaTUKU-aHAIUTU-
ku XVIII—XIX BB. (puc. 8.4), npruueM TOJbKO IS MPOCTEUIINX 00JaCTeil.
Ceituyac ke TpaJIMLIMKU HAyYHOU IIKOJbl MaTeMaTUKOB-aHAJUTUKOB, CO3/a-
BaBILIECS Ha TIPOTSKEHUU HECKOJBbKUX TOCJIEIHUX BEKOB, K COXAaJICHMIO,
B 3HAYUTEJIbHON CTEIIEHU yTpadyeHHI.

Bojiee mpaBuibHOM TNpeACTaBIsSIETCS CTpaTeryusl BbIXOJa M3 KpHU3HUCa,
cocTosIas B TOM, 4TOObI BOCIIOJIb30BaTbCs pe3yJibTaTaMU OUepPEeIHON KOM-
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MBIOTEPHON PEBOJIIOLIMU — yCIleXaMy B 00J1aCTU UCKYCCTBEHHOTO MHTEJLIeK-
Ta. Hamo HayuymTbCcsl MOAEIMPOBATH MHTEJUIEKT MaTeMaTUKOB-aHAJIUTUKOB
MOPOILUIbIX BEKOB, MX MHTYMIIWIO, ONBIT, TajaHT. Maes coctoutr B TOM,
yTOOBI, MOJIEIMPYSI HHTEJUIEKT MaTeMaTUKOB-IIPO(MECCHOHAIOB, HAay4YUTh
KOMIIBIOTEP II0Jy4aTh TOYHBIC aHAJIMTUYECKUE PEIICHUS JIIOOBIX KpPaeBbIX
3aJa4, TaKMX, KOTOpble HEOOXOAUMbI COBPEMEHHBIM MHXKEHEpaM.

[TepBble IIONMBITKA KOMITBIOTEPHOI MMUTALIMM TBOPYECKOWM AESITEIbHO-
CTU MaTeMaTMKa-aHaJUTHUKa MOKa3aJau IePCHEeKTUBHOCThL HOBOIO ITOIXOAA.
Ha caiite Ilepmckoro otmeneHuss Hayunoro coBera PAH 1o meromosio-
T'My UCKYCCTBEHHOro mHreiuiekta www.PermAl.ru B pasznene «IIpoekTbi»
pa3MelleH AOCTYMHBIM [JIs1 OOIIEro II0JIb30BaHMSI MHPOrpaMMHBIM ITaKeT
«REGIONS». OToT nakeT, no CylLIeCTBY, SIBJISIETCSI SKCIIEPTHOU CUCTEMOIA,
KOTOopasi UMUTHUPYET TBOPYECKYIO AEATEIbHOCTb MaTeMaThKa-Tpodheccuo-
Haja (9KcIepTa), BBIMOJHSIONIErO pellleHWe KpaeBoil 3amauu. B ocHoBy
MaKeTa MOJIOXKEH aHAJIUTUYECKMI METOH pelleHUs] KpaeBbIX 3adad — METO/L,
(UKTUBHBIX KaHOHWYecKUX objacteil (PKQO). Bror MeTon, MpeaioKeHHbI
eme B Havane 1970-xrr. JI. H. dcauukum [77], pa3Butsiii B. A. Entbiie-
BeiM [20] m C.JI. I'mankuMm [12], XOTS W MO3BOJMJI B CBOE BpeMsI HaWTH
TOYHbBIC aHAJIMTUYECKUE pelleHUs psia MPpaKTUYeCKN BasKHBIX MHKEHEPHBIX
3agayd [12, 63, 77, 80, 85], ogHAKO HEe HaIlleJ IIUPOKOro MPUMEHEHUS BBUIY
OTCYTCTBUSI YHUBEPCAJIbHOCTU. [eJI0 B TOM, YTO YCIIEX pELICHUS] KpaeBOil
3agaun MetonoM ®KO B CUIbHOI CTENEHU 3aBUCUT OT OITbITa U WUHTYM-
UM OPUMEHSIONIEro ero MaremMaruka. Terepb ke MOosIBUIaCh BO3MOXKHOCTD
3aJIOXKUTh B KOMIIBIOTED MHTEJUIEKT MaTeMaTHUKOB-IPO(MECCMOHAIOB B BHU-
Ie Habopa 3BPUCTUYECKUX IIpaBUJI. DTU IpaBuia B OOJILLIIMHCTBE CIydacB
HE MMEIOT CTPOrMX MaTeMaTU4YeCKUX J0Ka3aTeJbCTB M MO3TOMY 00JiamaroT
pa3IuYHBIMM KOo3hdUIMEeHTaMU OO0Bepus. Mbl UMeeM A0 C Heuemirol
Mamemamukoll, XapaKTepHOW IJIsI CUCTeM HCKYCCTBEHHOIO MHTEJIEKTA.
Pesynbrar XXe NpUMEHEHHUSI HOBOIO ITOAXOAa — TOYHOE aHAJIUTUYECKOE pe-
IIIEHWE KpaeBOMl 3amauyd, He HyXIAmllIeecsl B OLIEHKE MOrpelIHOCTU U He
BBI3bIBAIOIIIEE COMHEHUM B CBOEU HaIEeXHOCTU.

KOHTPOJIbHbIE BOMNPOCbHLI U 3AO0AHUA

1. Tlepeuncaure oOImIME TPUHLMITHI ITOCTPOSCHUS MaTeMaTUYECKUX MO-
Jeei.

2. HdaiiTe omnpeneleHue MHBApUAaHTA U MPUBEIUTE IPUMEPLI MHBapUaH-
TOB, M3BECTHBIX BaM W3 MaTeMaTUKU, (PU3UKMU, MCKYCCTBa.

3. Chopmynupyiite TeopeMy Ienmeinss m MHOSICHUTE, KaKO€ OTHOIIECHUE

OHa MMeEET K TBOPYECTBY?

YT1o Takoe TBOPYECTBO C TOYKM 3pEHUS TCOPUM MHBApUAHTOB?

Chopmynupyiite Teopemy Mak-Kannoka — [lurrca u mosicHute, Ka-

KO€ OTHOIIEHWE OHAa MMEET K TBOPUYECTBY?

v
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6.

7.

Ecinu Obl BaM TMpeACTOSIO MUcAaTh MPOrpaMMy KOMIBIOTEPHOTO CO-
YMHEHUSI MY3bIKU, KaKylo Obl OJOK-CXEeMY BBl IIPEIJIOXIMIN?
INosicnuTe, KakuM oOpa3oM MOXKHO HCIOJb30BaThb IJISI COYMHEHUS
ctuxoB (opmanusMm bakyca—Haypa? Kak M0OXHO, ¢ IOMOIIbIO 3TOTO
aJropuT™Ma, TIpUIaBaTh COYMHEHHBIM ITPOU3BEICHUSIM CMBIC, M3Me-
HATb CTEIeHb abCTpaKILIMU, OIpeNessiTh ero XapakTep, KaHp?

B uyeM cocToMT M Kak TIPOSIBJISIETCSI COBPEMEHHBIM KPU3UC MpU-
KJagHoi MaremMaTuku? Bo3MOXHO /M ero IpeojosieTb MeToaaMu
HWCKYCCTBEHHOTO WHTEJIJIeKTa?



maBa 9

HACTOSALUEE U BYAYLIEE
UCKYCCTBEHHOIO UHTEJNEKTA
U UHTEJIJIEKTYAJIbHBIX CUACTEM

9.1. WUCKYCCTBEHHbIW UHTENNEKT
N UHTENNEKTYAJIbHbIE CUCTEMbI

ITo MHEeHUIO MHOTUX UCCIeaoBaTeNeii, eIMHOTO OOIIEeNPU3HAHHOTO OIpeae-
JICHUSI UICKYCCTBEHHOTO MHTEJLIEKTA B HACTOSIIIICE BPEMSI HE CYLIECTBYET, KakK
He CYIIECTBYET U YHMBEPCAJIBHOTO OTIpeeIeHUS] YeJIOBEUECKOI0 MHTEIIICKTA.
B paHHuii mepuon BO3HMKHOBEHUSI M CTAaHOBJICHUS HaykKu o0 HcC-
KYCCTBEHHOM MHTEJUIEKTE C OTUM TMOHSITMEM CBSI3bIBAIM HaAeXkKAbl Ha
co3JaHWe MallliH, CIIOCOOHBIX MBICJIUTh M UYYBCTBOBaTb, KaK 4YeJIOBEK,
CIIOCOOHBIX COIEPHUYATh C YEJIOBEYECKMM MO3TOM U MPEB30UTU ero. DTu
WIEeW, Ha JOJTOoe BpeMs 3aXBaTUBIIME BOOOpaKeHUE DHTY3MACTOB, BbI3BAIU
BOJIHY CIIOPOB M KpUTUKU. OHU IOCTAaBWIN PsII TJ100ANIBHBIX (DHI0COMCKUX
BOIIPOCOB, TaK M OCTaBIIMXCS Oe3 OTBeTa:
— MOXHO JIM cO3[1aTh MBIC/SIIYIO MalllMHY, €CJIM Mbl cCaMU HE 3HaeM
JI0 KOHIIa, YTO TaKO€ MBIIIEHUE U KaKOBbl €ro MexaHW3Mbl?
— Kak MBI MOXeM MOHSITh U OLIEHWTb, YTO Y MalllMHBI €CTh CO3HAaHUE,
YyBCTBa, dMOLMUU?
— He nperpamupyer 1M 4eioBe4eCTBO, HE NPEBPATUTCS JU OHO B CIIYT
CO37aBa€MOTO0 MM MCKYCCTBEHHOTrO paszyma?

B pesyiabrare B MCKYCCTBEHHOM WHTEJUIEKTE, KaK M BO MHOXECTBE
JPYTUX Hay4YHBIX 0O0JIaCTSX, MPOU3OILIO pasfeieHue MccliegoBaTeei Ha
«POMAHTUKOB» — TEOPETUKOB, 3aHMMAIOLIMXCSI TJ00aJbHBIMU BOIIPOCAMU
CO3IaHMsI UCKYCCTBEHHOIO pasyma, M «IIparMaTuKOB» — IMPaKTUKOB, Pa3Bu-
BaIOIIUX U pealiu3yloIINX UAeH MCKYCCTBEHHOIO WMHTEJJICKTa ISl pelleHUs
JIOKaJbHBIX TIpakTUyecKux mnpoodisiem. [lepBoe HampaBieHue MHOTAA Ha3blBa-
0T «CUAbHBIM UCKYCCMBEHHbIM uHmearekmom»  (Strong Al), a BTopoe —
«cnabvim uckyccmeennoim unmennekmom»  (Weak Al). UToObl OTIEIUTD
cebst oT «puaocodoB», MparMaTUKM CTajid Ha3blBaTb ceOsl pa3paboTYNMKaMu
UHMEANCKMYANbHBIX CUCMeM VI CUCEM UCKYCCIMBEHHO20 UHMeNAeKmA.

O0e 3TM BEeTBU MCKYCCTBEHHOTO WHTEJIJIEKTa COCYIIECTBYIOT, B3aMMHO
IOTOJIHSS M oboraiasi apyr apyra. Tak, dyHmameHTaabHas uaes CO3MaHus
100aJIbHOTO MCKYCCTBEHHOIO pa3ymMa B BUIE YHMBepcajibHOI (hOpMYJIbl
3HAHUI O MUpe, BbicKa3zaHHast Oosiee 700 ner Hazanm Paiimynmom Jlymmuem
(em. §1.1), Hamwia OJsecTsiiee BOIUIOIIEHME B 3KCIIEPTHBIX CHUCTEMax
(rn. 3), BHepBble MpeBpaTUB MCKYCCTBEHHbBIA HHTEJUIEKT B BbICOKOPEH-
TabenbHylo cdepy OusHeca. Mpem Maxk-Kannoka—IIutrca—Po3enonarra
(em. §§4.1-4.5), mnpemwIoXUBIIMX CHOCOO MOACIMPOBAHUS MO3ra Ha
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CTPYKTYPHOM YPOBHE, CTajJd OCHOBOW HeUpouHpopmamuku — HayKu,
MOOMBIIE BCE PEKOPAbl YPE3BBIYAMHBLIM MHOTO00Opa3sHeM MPAKTUYCCKUX
npujoxkeHuii. IToNbITKM OOBSICHUTH MEXaHU3M BO3HUKHOBEHHS pa3yma
KaK pe3yjabTaT B3aUMOACUCTBUS U Pa3BUTHUSI COBOKYITHOCTU OTHOCUTENIHLHO
MPOCTBIX CYyILIHOCTeM, mpeanpuHsareie I['epoeprom CaiimoHoM, JIxKOHOM
XoJ1aHAOM U APYTMMM MCCAEI0BATENsSIMU, TIPUBEJIU K TOSIBIeHUIO 3 dek-
TUBHBIX WHCTPYMEHTOB PELICHUSI IIMPOKOro Kpyra MPUKJIaIHbIX 3a1ay —
FeHETUYECKUM aJITOPUTMaM U MYJIbTHAreHTHLIM cucteMaMm (§ 6.4).

C 1pyroii CTOpPOHBI, YCIIeXW IIPAKTUYECKOrOo IIPMMEHEHUS WHTE-
JIEKTYaJIbHBIX CHCTEM SIBJISIIOTCSI, BO-TIEPBBIX, KPUTEPUEM IIPABUIbHOCTU
3aJI0KEHHBIX B UX OCHOBY TMIIOTE3 W, BO-BTOPBIX, CTUMYJIOM IaIbHEHILIETO
pPa3BUTUSI U COBEPILIEHCTBOBAHUSI 3TUX FMIOTE3, OBOJOM [IJIsl CCIeI0BaHU M
MO3ra, pacKpbiTUsl €ro HOBBIX TailH, Bce 0o0Jiee TOJHOro TMOHUMAaHUS
YeJIOBEYECKOro MHTEJIEKTA.

[To-BUAMMOMY, 4YeJIOBEUECKHMI MO3r, TaK Xe, KaK M caM 4YeJoBeK,
HUKOrJa He OyneT Io3HaH O0 KoHua. Jlionu OyayT MHOCTOSIHHO pellaTh
MpoOJIEMbl CUJIBHOTO MCKYCCTBEHHOIO WHTEJJIEKTa, CTalIKWUBasiCh C BCe
HOBBIMU TPYIHOCTSIMU M MpeoposieBass UX. KM 3TOT Tmipolecc BUAUTCS
beckoHeuHbIM. Ho Torma OeckoHeyeH M JpYyroil Mpolecc — mpoliece
co37aHusl U pa3BUTUSI Bce Oosiee U 00Jiee COBEPILICHHBIX MHTEJICKTYalbHbIX
CHUCTEM.

9.2. HEWPOHHbIE CETU U 3KCNEPTHbIE CUCTEMbI

[To MHEHWIO MHOIMX WCCeAoBaTesleil, MHTEJUIEKT — 3TO OYEeHb CJIOXKHAs
00JIaCTb 3HAHWI, KOTOPYIO HEBO3MOXHO ONUCcaTh C TMOMOIIBIO KaKoi-
TO OnmHOIM Teopun. [1o3TOMY ydeHBIE CTPOSIT LIEJIYI0 HEpapXHIo TCOPHIA,
XapaKTepU3YIOIINX MHTEJUIEKT Ha pa3HBIX YpOBHSX abcTtpakuuu. Ha camom
HIKHEM YPOBHE 3TOI MepapXuK HaXOASTCS HEMPOHHBIE CeTU, TeHETUYECKUE
aJITOPUTMBI U ApYyrye (hOpMBbI 3BOIIOLMOHUPYIOIINX BEIUUCICHUI, a Ha 6oJjiee
BBICOKOM YpPOBHE aOCTpaKIUM — SKCIEPTHBIC CUCTEMBI.

OcTaHOBUMCST Ha OBYX KpalHUX HepapXrUIecKUX CTYMEHSIX — caMOi
BepxHel M caMoil HmkHeil. OTMeTMM IS Hayaja, 4TO CTPOUTEIbCTBO
«3IaHUsSl» WCKYCCTBEHHOTO WHTEJUIEKTa HayaJoCch HE CHHM3Y, a CBEpXY,
IIPUYEM C OTPOMHBIM pa3pbIBOM BO BpeMeHM. Mmest co3maHust UHTEJIEKTY-
aJIbHOM CHCTEeMbI, OCHOBAHHOII Ha SIBHBIX 3HAHUsIX, ObLIa BbICKa3aHa OoJjee
700 ner naszanm Paiimynmom Jlyuimem, a uaess MareMaTM4YECKOIO HepoHa
obuta omyonukoBaHa Mak-Kamtokom u IIutrcem B 1943 r. CBoero amorest
B 00JIACTM TIPAKTUYECKUX TPIIIOKEHUM TEXHOJOTUsS BKCIEPTHBIX CUCTEM
pocturiia B cepeauHe 80-x rr. XX B. MmeHHo Torma, ¢ KoHua 1980-x rr.,
U Hayajach KOHKYPEHIMSI Ha PBIHKE IMPOTPAMMHBIX MPUIOXEHUN MEXIY
SKCIIEPTHBIMU CUCTEMaMU U HEHPOHHBIMM CETSIMM, KOTOpast MPOaOIKACTCS
U MO HACTOSIIIEE BPEMSI.
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CTposi IpOrHo3bl Ha OyAyliliee, MHOTHE aBTOPbl OTMEYal0T HAMETHUBILYIOCS
TEHICHLIMIO K COJMKEHUIO BTUX ABYX KpalHOCTEd B BUIE TNOSBICHUS
TUOPUIHBIX MHTEJUICKTYaIbHBIX CUCTEM, MCIIOJBL3YIOIIUX Cpa3y o0e TeXHO-
Jorun. TeM He MeHee, OYEHb YacTO MpPU PEIICHUM IIPAKTUUYECKUX 3amad
MPUXOIUTCS BBIOUPATh, KAKOW M3 3TUX IBYX KOHKYPUPYIOLIMX TEXHOJIOTHIA
OTAATh TPEANoYTEeHNEe, MOATOMY YKaXXeM HUX IUIFOChl U MUHYCHI.

OCHOBHBIM HedoCMamKoOM HEUPOHHbIX cemell SIBISETCSl UX HeBepOalib-
HocTb. Eciu BBIBOA, MOJYYEHHBIN 3KCIMEPTHOW CUCTEMOM, BCEraa MOXHO
JIOTUYECKU OO0OCHOBATh, 3allyCTUB <«IOACUCTEMY OObsicHeHuit» (cm. § 3.2),
TO B cJlyyae IIpUMEHEHUsI HEMPOHHON ceTu TaKast BO3MOXHOCTh OTCYTCTBYET.
Jpyroii mx HEAOCTATOK — OTCYTCTBUE 3aKOHUYEHHOM (byHIAaMEHTAJIbHOM TE€O-
puu 1, KaK CleICTBUE, OTCYTCTBUE HAAEKHBIX U TIOCTATOYHO YHUBEPCATIbHBIX
METOAMK TPOEKTUPOBAHUSI W OOY4YEeHUS] HeWpoCceTel, TapaHTUPYIOLIUX
ycrex ux IpuMeHeHMs. [lo 3ToMy MOBOAY MPOrpaMMUCTbI IIYTSIT, 4YTO
HelpoceTeBble TEXHOJOTMU BCE €lle He CTaJIu B ITIOJHOW Mepe HayKoi
U COIEpKaT BJIEMEHTBI MCKYCCTBA U JIaXKe PEJIMTUM.

OIHUM W3 TIIABHBIX APEUMYULECNE HEUPOCemesbiX MexXHOA02ULl SIBIIs-
€TCSl CPaBHUTEJIbHO HU3Kasl TPYAOEMKOCTb MX CO3JaHUs M, KaK CJIeICTBUE,
HU3Kasl CceO0eCTOMMOCTb MporpaMMHON mpoaykiuu. Ilpu HelipoceTeBoM
MOJIEJIMPOBAHUU OTCYTCTBYIOT TaKWE€ TPYILOEMKMUE W JOPOTOCTOSIIIME IPO-
LHeayphbl, Kak u3BJIedeHUEe 3HaHUN U nx (opmamm3auus (cMm. § 3.3—3.5).
BMmecTto a2TOro mpemjaraeTcs ILi€Jblii  apceHal aJIrOpPUTMOB OOy4YeHUS,
OCYLIECTBJISIONIMX aBTOMATUYECKOE W3BJIICUEHUE 3HAHUM, U CTAHAAPTHBIN
cnoco0d UX XpaHEeHMsI B BUAEC CUJI CUHAINITUYCCKUX CBSI3CH.

Heiipocetn namT cTaHOAPTHBIM CIIOCOO peLIeHUs MHOTUX HeCTaHOAapT-
HbIX 3agad. Ecau s co3maHusl CpedHEel MO CJIOXHOCTU BSKCIIEPTHOM
CUCTEeMBbI TPeOYIOTCSI Mecslibl U ToJibl Pa0OThl KOJJIEKTUBA CHELIMAIUCTOB,
BKJIIOUYAIOIIIETO MHKEHepa-KOTHUTOJI0ora, IIporpaMMmUCTa, 9KCIepTa 1 IMoJib-
3oBatesisl (cMm. § 3.2—3.3), TO BOojiHE NMPUWJIMYHO paboTaioiiasi HelMpoHHas
CEeTb MOXET OBbITh CTEHEPUPOBAHA BCETO ¢ HECKOJILKUX ITOTBITOK M O0y4YeHa
PSIOBBIM MOJIL30BaTelIeM Hellpornakera, cCKayaHHOTO U3 ceTu MHTepHeT.

K cepbe3HOMYy MpeuMMyIIeCTBY HEHPOCETEBbIX TEXHOJOTUN MOXHO
OTHECTU TIPUHLUITUAIBHYIO BO3MOXHOCTb BBISIBJICHUSI HOBBIX, €lle HEeU3-
BECTHBIX 3KcrepTtaMm 3HaHuii. Heitpocetn ocodbeHHO 3(h(EeKTUBHBI TaM, IIe
HY>XEeH aHaJorl 4YeJ0BEeUYEeCKOW MHTYWULMU, Te 3aKOHbl U 3aKOHOMEPHOCTHU
MIpeAMETHOM 00JIaCTY HEWM3BECTHBI, TIE CYLIECTBYIOT IIPOOJIEMBI C WX
BBISIBJICHEM U (opMaim3alueil.

B 11poTMBONOI0XHOCTb HEUPOCETIM, IKCHEPMHbLE CUCIEeMbl OTICPUPYIOT
TOJILKO C TeMW 3HAHUSIMH, 3aKOHAMU U 3aKOHOMEPHOCTSIMU MPEAMETHBIX
objacreil, KOTOpble 3aJlOKe€Hbl B Hee JKCIepTOoM. B HEKOTOpBIX ciydasix
9KCIEPTHBIE CUCTEMbI TOXE MOTYT 0Opa30BbIBaTh HEWM3BECTHBIE 3KCIIepTaM
JIOTUYECKUE LICMOYKM M, TaKUM OO0pa3oM, TeHepupoBaTb HOBBIC 3HAHWSI.
Ho »Tu 3HaHus ¢GopMupylOTCs Ha OCHOBE MpaBWI, MMEIOIIMXCS B 0ase
3HAHMUI, a MOTOMY, COTJIaCHO TepMuHoJoruu teopeMnl I'emenst (cm. § 8.1),
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«HE PpacLIUpPSIOT aKCHMOMATHMYECKYI0 CHUCTEeMY». CJIeJ0BaTeIbHO, IPOLecC
UX TIOJy4YeHUSI HE SBIISIETCS aKTOM TBopdYecTBa. Jlpyrumu ciaoBamu,
3HAaHUSI, KOTOPbIE TE€HEPUPYIOT BSKCHEPTHBIE CHUCTEMBbI, HE MOTIYT OBITb
NPUHUMONUAIBHO HOBbIMU. OHM HE BBIXOMST 32 PaMKM 3HAHUM KCIIEPTOB —
aBTOPOB 3KCIIEPTHOM CcuUCTEMBl. B 3TOM coCTOMT HMX HEIOCTAaTOK IIO
CPaBHEHUIO C HEUPOHHBIMU CETSIMU.

Kak yOGenuTesibHO TOKa3blBaeT MUPOBOU OMBIT, B YACTHOCTU MaTepuas
JJaHHOW KHUTHU, XOPOILIO CHPOEKTUPOBAHHbIE M TMPaBUIbHO OOYYEHHbIE
HEMPOHHBIE CETU CIIOCOOHBI CAMOCTOSITEIbHO BBISIBIISITh 3aKOHOMEPHOCTU
MpPaKTUYECKU JIIOOBIX MpPeAMETHBIX O0JlacTeil W CTPOUTh aldeKBaTHbLIC
MaTeMaTU4eCKue MOAEAM B IIPOMBIILIEHHOCTH, 3KOHOMHUKE U OM3Hece,
MOJIUTOJOTUM, KPUMHWHAJIUCTUKE, MEIMILIMHE, BSKOJOIMH, WCTOPUYECKUX
Haykax W Ap. IlpuyeM, MHOTOKpaTHO (MKCUPOBAIUCH Cjydau, KOraa
B MpoOliecCe MOMAEJIMPOBAHUSI HEMPOCETU BBISIBJISLIUN U HCIIOJb30BaI HOBbIE,
HEU3BECTHbIC U JaXke HeOObSICHMUMBbIC TTOKA 3HAHUSI U 3aKOHOMepHOCTHU [71].

Tak, B pa6ore [71] (cMm. puc. 5.6,a) Oblia CIIpOrHO3MpOBaHa MoOena
JI. MenBenesa 3a TmoJTOpa roga g0 Mpe3maeHTCcKux BeioopoB 2008-ro rona,
KOTJIa ero JIMYHOCTH KaK MOJIMTHKA ellle OblJIa MaJio M3BecTHa. B padorax [82]
u [89], onyboiukoBaHHbIX B 2008 1 2010 rr., xorma npe3uneHT . MenBeneB
ObLT Ha BepIlIMHE CBOEH MOIYJSIPHOCTU, €My MPOTHO3UPOBAIOCH CHUXKEHUE
peiituHra (cm. puc. ??, a), Toraa Kak apyromy noautuky — B. ZKupuHoBcko-
MY — IIPOTHO3HbIE KPUBBIE MpeacKa3aau IMOCTeIIEHHbIA POCT ITOIYJISIPHOCTHU
(cM. puc. 5.6,6), 9TO ¥ HAOIIONAIOCH B IOCIEAYIOIIE TOMIbLI.

Hpyroii mpumMep — B pe3yabTare pa3padbOTKd HEWpPOCETeBOM CHUCTEMBbI
JIMAaTHOCTUKU 3a00JeBaHUl CEepAEYHO-COCYAMCTOM CHCTEMbl BbISIBJICHbBI
HOBbI€, HEUCCJIEJOBAaHHbIE paHee MEAUILIMHCKHE 3HAaHUSI U 3aKOHOMEPHOCTH.
B pesyabrare uero caeidaH BBIBOIL O HEOOXOAMMOCTU KOPPEKTUPOBKU
CYLIECTBYIOLIEH TMPaKTUKW MPOMDUIAKTUKU U JIeYeHUS] KapIAMOJIOTMYEeCKUX
3abosneBanuii [69, 109] (cm. § 5.2).

Ilpn pa3paboTKe HEWPOHHOIN CETH, MpeIHa3HAYCHHOW I oIpenesie-
HHS CIIOCOOHOCTM 4YeJIOBeKa K MpeIIPUHUMATENIbCKON AesaTeabHOCTH [84],
(cM. § 5.7) Takke BBISIBJICHO BJIMSIHUE HETUMUYHBIX (haKTOPOB (HaIrpyumep, LBET
mia3). Yuer 3Tux (hakTopoB MO3BOJUJ TMOBBICUTh TOYHOCTb MPOTHO30B, YTO
OJIHAKO He MOJ/IaeTCs JIOTMYeCKOMY OObSICHEHUIO B paMKaX M3BECTHBIX 3HAHUI.

B Hamreit nipaktuke [79] ObLJ1I0 MHOrO CiiydaeB, KOIJa ¢ ITOMOIIbIO HEM-
POHHBIX CETeil yaaBaJOCh BBISBIISITb HEM3BECTHBIE paHEee 3aKOHOMEPHOCTH,
IpUYeM TaKue, KOTOpble B paMKax TPaaUuLMOHHON HayKu OOBSICHUTH HE
yIaBajaoCh, MO0 OOBSICHEHMS HaAXOOWIMCh, HO CIIYCTSI HEKOTOPOE Bpe-
Msl, TIOCJIe JUIMTEJbHBIX OOCYXIEeHUIl U Mmocje 0oJiee NeTalbHOrO U3yYeHUs
U 2KCIEPUMEHTATbHOIO TMOATBEPXKIACHMUSI.

BMecTe ¢ TeM He cieayeT MepeolieHUMBaTh BO3MOXHOCTHU HEWPOCETEBBIX
TexHojoruii. OOBIYHO HEWPOCETH YCTYMalOT AETePMUHUPOBAHHBIM MOJIE-
JISIM B TeX MHpPeAMETHBIX O0JIacCTsSIX, B KOTOPbIX 3HAHMUS U3BECTHBI U MOTYT
OBITH XOPOIIIO OITMCAaHBI M (PopMann3oBaHbl. HelipoHHBIE ceTH HET CMBIC-
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JIa TIPUMEHSTb M TaM, TIe¢ BBIXOMHBIE IapaMeTpbl HE 3aBHUCAT WM cJIabo
3aBUCSAT OT BXOMHBIX MapaMeTpOB.

OMBIT TTOKAa3bIBAET, UTO HEHPOCETH 1IeJecOO0pa3HO MCIOIb30BaTh MpPU

CIIEIYIOLIMX YCIIOBUSIX, €CIIU:

1. pemieHue 3agayM 3aTPyIHUTEIBLHO IS YEIOBEKA;

2. TIpM pelIeHUH 3ada9i MOXKHO BBIIEINTbh MHOXECTBO BXOMHBIX (haKTO-
pOB (CUTHAJIOB, TIPU3HAKOB, JAHHBIX U T.I1.) 1 MHOXKECTBO BBIXOIHBIX
¢akTopoB;

3. U3MEHEHUSI BXOIHBIX (DAKTOPOB IMPUBOIUT K M3MEHEHUIO BBIXOTHBIX
daKTOpOB;

4. OTCYTCTBYEeT BO3MOXKHOCTb ITIOCTPOCHHS JIeTePMHUHUPOBAHHON Marte-
MaTU4YECKOM MOIEIU TMPEeIMETHOW O00JacTh, OCHOBAaHHOW Ha SIBHBIX
3HAHUSIX.

HecMoTpsT Ha 3HAYMTEIBLHOE KOJIMYECTBO YK€ WM3BECTHBIX ITPAKTUYCCKUX
MPUIOXKEHUN MCKYCCTBEHHBIX HEHPOHHBIX CETei, BO3MOXHOCTH MX Hajlb-
HEWIIero MCHoNb30BaHUSI IJIs1 OOpabOTKM CUTHAJIOB OKOHYATEJIbHO HeE
ncyeprnaHbl. MOXHO TIPeInoj0XNUTh, YTO MCKYCCTBEHHbIE HEHPOHHBIC Ce-
TU ellle B TeYEHWE MHOTUX JIET OyAyT OJHUM U3 OCHOBHBIX MHCTPYMEHTOB
MOIACPXKN TPUHSATHUS PEIICHUN B YCIOBHSIX OTCYTCTBUSI TOYHBIX MOJIEIIei
peaJIbHBIX MPOIECCOB U SIBICHMUIA.

9.3. HEWPOCETEBbIE TEXHOJIOIMXW U METO[bI
PEFPECCUOHHOIoO AHAJIU3A

Kak u3BecTHO, HelpoceTeBble U HEMPOKOMIMbBIOTEPHIE TEXHOJOTUU MOSIBU-
JUch B cepearHe XX B. KaK HOBasl CTpaTerusi UCKyCCTBEHHOTO MHTEJLIEKTa.
Ecnu 1o ux MosIBIeHUsSI MCKYCCTBEHHBI MO3T cO3JaBajicsl KakK <«4YepHBIN
SAIIMK» (T. €. HEe BaXHO, YTO BHYTPHU, JIMIIb Obl OH pellaj]l MHTEJUIEKTY-
aJlbHbIE 3a7ayM), TO ITOSIBJIEHME HEMpPOKOMIIBIOTEPOB U HEWPOHHBIX CeTeil
O3HAMEHOBAJIO0 HayaJlo HOBOW 3pbl — CO3aHUE KOMIIBIOTEPHBIX TMPOrpamMmm
U KOMIIBIOTEPOB «IO 00pa3y M Mmoaobuio» yesioBeyeckoro Mosra. Herlipo-
TEXHOJIOTUM CTajIi Ha3blBaTh HU3KOYPOBHEBOI CTpaTerueil MCKYyCCTBEHHOIO
WHTEJUIeKTa, TOoJYepKUBasi, 4YTO pedb UIAET O MOJSIUPOBAHMM Ha CaMOM
HUXKHEM YpOBHE aOCTparupoBaHUSI — HAa YPOBHE KUPIUUYMKOB-HEWPOHOB,
U3 KOTOPBIX COCTOMUT MO3T.

OnHaKo MaTeMaTuKM O0paTWiud BHUMaHWE Ha TO, YTO 3a UHTPUTYIOLIU-
MU CJIOBAMU O MOJIEJIMPOBAHWMU MO3ra KpOETCs, B OOLIEM-TO, HECIOXHbII
MaTeMaTUYeCKUI amrapaTr, OpUeHTUPOBAHHBIN Ha pellleHue TPaaullMOHHOM
MaTeMaTUYEeCKOM 3a/1auu anmnpoKCUMaluu JaHHbIX. [leficTBUTeIbHO, C MaTe-
MaTUYECKOW TOUYKHU 3peHUsI 0OyueHHasi HeipOHHasl CeTh — 3TO HeJIMHelHas
BEKTOpHas1 (yHKIMS, alllpPOKCUMUPYIOLIAs CTaTUCTMYeCKue NaHHble. OHa
CBSI3bIBACT BXOIHBIE (YIpaB/ISIONIME) W BBIXOMHBIC (yIpaBiisieMble) CIIy-
yailHple BeJMYMHbI. Takue (pyHKIMOHAIbHbIE 3aBUCUMOCTU B MaTeMaTUKe
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MPUHSTO HA3bIBaTh PErPECCMOHHBIMM YpaBHEHUSIMM, ITOTOMY HeipoceTe-
BbI€ TEXHOJIOTMM MOXHO KJIacCU(UIIMPOBATh KaK OAWH M3 HOBBIX METOIOB
MIOCTPOCHUSI PErpeCCUOHHBIX ypPaBHEHMUIA.

YeM 3TOT HOBBII METOH OTIMYACTCS OT KJIACCUYECKMX METOIIOB perpec-
croHHoro aHanmza? YToObl OTBETUTH HA 3TOT BOMNPOC, 3aMETHUM IpEXIe,
YTO KJIACCUMYECKME METOJbl PErpecCMOHHOIO aHajau3a MpearoJjaramT Mo-
CTPOEHHUE PErpecCUOHHON MOIEIN, KaK JII000M JIMHEIHOM WJIN HEeJIMHEHHOMI
¢dyHkuuu [104], 6e3 Kakux-a1ubo orpaHuyeHUin Ha ux Buia. [lpu aTom, Ma-
TeMaTudeckue (OpMyJbl HE CBSI3BIBAIOTCS C KAaKUMU-IU00 (pU3MUeCKUMU
WIA UHBIMUA WHTEpIpeTalusIMU.

B 1npoTuBOMOJIOXHOCTh KIACCUYECKUMM TEXHOJOIMSIM PErpecCUMOHHOIO
aHajiu3a, HeMPOKOMIIbIOTePblE U HEMPOCETEBbIE TEXHOJOTUU UMEIOT T1y0o-
KUl (pU3MYECKMI, TICUXOJOrndyecKuii u obiedminocodckuii cMmbicii. OHU
MOMACIUPYIOT MO3T, IpuYeM, KaK Ha (PYHKIMOHAJIbHOM, TaK WM Ha CTPYK-
TYPHOM YPOBHSIX.

MeTonpl KJIacCMYE€CKOro PErpeCCMOHHOTO aHaIn3a NPeciIeayloT 1ie/ib am-
MPOKCHUMALIMM CTATUCTUYECKUX JTAaHHBIX JIOOBIMU MaTeMaTU4eCKUMU (DYHK-
LUSIMU, B OOJBIIMHCTBE CydyaeB — JIMHEeHbIMU. HelipoHHBIE ceTu U Heli-
POKOMIIBIOTEPHI TOXE CTPOST allIIPOKCUMALMM, HO B 9THX alllIPOKCHUMALIMSIX
KCIIOJIB3YIOTCSI TOJBKO TaKuhe MaTeMaThueckue (hpyHKIMHU, COrJIacHO KOTO-
PBIM, IO MHEHUIO OMOJI0TOB, (DYHKLIMOHUPYIOT HelipoHbl Mo3ra. [1peoopaso-
BaHUSI JAHHBIX C MOMOIIBIO TUX MaTeMaTUYECKUX (DYHKIIUIA BBIIIOJIHSIETCS
B TOM K€ IIOCJIeI0BaTeJIbHOCTH, KaKasi oOHapyXeHa OMoJoraMyu B HATyPHBIX
HENPOBKCIIEpUMEHTAX.

Ecau metonbl KJIacCMYE€CKOro perpeCCMOHHOIO aHa/In3a peaanu3yloT uaeu
reHUAJbHBIX JIOACH-MaTEeMaTUKOB, TO HEMPOKOMIIBIOTEpHbIE U Helpoce-
TeBble TEXHOJOTMU peanusyloT uszobpereHue camoit I[lpuponsl (bora) —
NPUHLMUIBI MOCTPOEHUSI U (YHKIUOHMPOBaHUS Mosra. CiieIcTBUEM 3TUX
NPUHLUIUANABHBIX Pa3IMuUil SIBASIOTCS Pa3nMuusi BO3MOXKHOCTEH HEWpo-
CETEBOIO0 M PErpeCCHMOHHOTO MOACIMPOBAHUSI.

HeiipocereBble TexHOJOTMU 00JAHAIOT CIACAYIOIIMMHU MHPEeUMYIIECTBAMU
M0 CpaBHEHHWIO C TPaAMIIMOHHBLIMU METOJAMMU PEerpecCMOHHOIO aHaau3a:

e [IpuMeHeHMe KJIacCUUYECKHUX METOJIOB PErpecCUMOHHOTO aHajiuia Tpe-
OyeT BBeICHUS TUITOTE3 O XapaKTepe MPUYNMHHO-CJICACTBEHHBIX CBSI3Cii
MEXIY BXOOHBIMU U BBIXOIHBIMM ITE€PEMEHHBIMM, TOTJA KaK B cilydae
OPUMEHEHUSI HEeMPOCETEeBhIX TEXHOJOIMII 3TOTO HE TpedyeTcs.

e [IpuMeHeHME KIacCHMYECKHMX METOIOB PErpecCMOHHOIO aHajmu3a He
JOIyCKAeT HaJIMUMs JUHEMHON KOPPeJSIUMU MEXIy BXOMHBIMHU IIa-
pamMeTpaMu; sl HEMPOCETEBbIX TEXHOJOTM TaHHOe TpeboBaHUE CO-
OronaTh HE 00s3aTeNIbHO.

e [Ipu npuMeHeHUM KJIacCUUYECKHMX METOIOB PErpecCUMOHHOrO aHajau3a
4acTO MNPUXOAMTCS KJIaCTepU30BaTh U 0O€3 TOro0 HEMHOIOYMCJIECHHBIC
HaOJIIOAEHMSI; HEMpPOCETEeBble TEXHOJOIMM B OOJBIIMHCTBE CIIy4acB
MO3BOJISTIOT O0OMTHCH 0€3 MpeaBapUTEIIbHON KIacTepu3alnuyi JaHHBIX.
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e JIJ1sT TIOCTPOEHUSI KAaYE€CTBEHHBIX HEMPOCETEBBIX MOJIEJIE OOBIYHO TpE-
OylOTCS CYLIECTBEHHO MEHbIlIMe OO0bEMbl CTATUCTUUYECKUX [TaHHBIX,
YyeM JJI MOCTPOEHUS] PErpecCUOHHBIX MOJENE.

e CTaTMCTUYECKUE METOJIbl XOPOIIO Pa3BUThI TOJIBKO MJISI ONHOMEPHBIX
cllydaliHbIX BeJWYMH. MHOromMepHble CTaTUCTMYECKME MOJEIU JIMOO
MpearoaraloT rayccoBo pacrpenejieHue HaOMIoAeHUR, YTO YacTo He
BBITIOJIHSIETCSl Ha TpakTUKe, JIMOO OHM He OOOCHOBaHbI TeOpeTUYEe-
cKr. B MHOroMepHOI CTaTMCTUKE, 32 HEUMEHUEM JIy4IIETO, HEPEIKO
MPUMEHSIIOT MaJlOOOOCHOBAHHbBIE 3BPUCTUUYECKUE METO[Ibl, KOTOpPbIE
0 CBOEM CYTM O4YE€Hb OJM3KM K TEXHOJIOTMM HEWPOHHBIX CETEMl.

e [Ipu nMpuMeHEHUU HEWPOCETEBBIX TEXHOJOTMU UMEETCsI BO3MOXHOCTh
pacnapajuieIMBaHUST BBIYUCIUTEbHBIX IPOLIECCOB MEXIY OTHEIb-
HBIMU HEWpOHaMM, B pe3yJbTaTe YEro IOJy4aeTcs 3HAYUTEIbHBIN
BBIUTPBIII 110 BPEMEHU.

e BcrpeyaroTcest ciaydau, Korjaa IMpUMEeHEHWE HEHPOCETEBbIX TEXHOIOTUM
JIaeT TOJOXUTEJNbHbINA PEe3yJbTaT, B TO BpeMs KaK METOjbl KJIACCU-
YECKOTO PErpecCMOHHOr0 aHajiu3a OKa3blBalOTCS OECCUJIbHBbI.

B kauecTBe HegocTaTka MeETOIAa HEWPOCETEBOro MOAECIWPOBAHUS IO
CPaBHEHUIO C KJIACCUYECKMMU METOJaMM PErpecCUOHHOTO aHaamM3a, MOXK-
HO yKa3aTh HEIOCTAaTOYHYIO Pa3BUTOCTb TeopeThueckoil 0a3bl. M3 3Toro
BBITEKA€M OTCYTCTBME YETKMX MHCTPYKIMU I10 pa3pabOTKe OINTUMAaJIbHBIX
HEWpOCETeBbIX MOJEJIe, YYUTHIBAIOIIMX OCOOEHHOCTU KOHKPETHBIX Mpes-
MeTHBIX objiacteii. IMEHHO II0 3TOMY MOBOAY HEKOTOPbIE CIICLMATNCThI
Ha3bIBAIOT MPOLIECC CO3JAHMST HEMPOCETEBBIX MOJeieil B OONbIIeH CTCIEHU!
HMCKYCCTBOM, Y€M HayKOW.

[TpenMyI11ecTBOM KIaCCUYECKUX PETPECCUOHHBIX MOAEIEH SIBISIETCST TaK-
K€ BO3MOXHOCTbh OOBSICHEHUSI MOJICIMPYEMBIX SIBIEHUI. Tak, eciau BXOAHBIE
JaHHbIE MMEIOT ONMHAKOBYIO Pa3MEepPHOCTh U HOPMUPOBAHbI, TO MHOrAA I10
BeJIUYMHE KO3((UILIMEHTOB Mepell cjaracMbIMUA PErpeCCUOHHOIO YpaBHEHUS
CyISIT O BEJIMYMHE CTaTUCTUYECKON 3HAYMMOCTM BKJIaga COOTBETCTBYIOIIETO
BXOJHOTO MapaMeTpa B pe3yjabTaT MOAECIUPOBAHUS, T. €. CYISIT O €ro 00b-
SICHSIIOIIMX KayecTBax. B HEMPOHHBIX e CeTsIX MOMO0OHbIe OLIEHKU OOBIYHO
3aTpyJIHEHbl M3-3a CJIOXHOCTU UX CTPYKTYypbl. C 1IeJbl0 YIPOILIEHUS] HEel-
POHHBIX CTPYKTYp U MX BepOajiu3aliuu aBTOpPHI [14] peKOMEHIyIOT criocod
penyLrpoOBaHusl, ITOCIE IIPUMEHEHUSI KOTOPOro HEPOCeTh CTAHOBUTCS IIPO-
3pauyHoil i moHuMaHusl. OgHAKO MpUMMEHEHHWE 3TOTO METOIAa HPUBOIUT
K CHMXKEHMIO TOYHOCTM MaTeMaTMYECKUX HEHPOCETEeBBIX MOJIECIICH.

B paborax [56, 63] pekoMeHayeTCsT APYroii crnocod omnpeaesieHusl 3HaYu-
MOCTH BXOIHBIX MapaMeTPOB HEeMpoceTeBbIX Mojeliel. Ero cyTh 3akimouaeTcst
B TOM, YTO U3 HEMPOHHOI CETH MOOYEPETHO UCKITIOYAIOTCS BXOIHbIE HEWPOHBI
M OCYIIECTBJISIETCSI IMOOYEepeIHOe OOydYeHME TaKMX YCEYEeHHBIX CeTeil. 3a-
TeM CTPOMTCSI TMCTOrpaMMa, MOKa3bIBaIoIasl paclpeacieHrue MOrpeiIHOCTEN
0000111eHUsT HeHIpOoCceTel 10 KaXXI0My MCKIIOYEHHOMY BXOJIHOMY IapaMeTpy
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(BXomHOMY HeipoHy). [TOHSITHO, UTO 4YeM BbIlllEe OKa3bIBAeTCsl 3Ta IMOTpelll-
HOCTb, TEM 3HAYMMEE COOTBETCTBYIOIIMI MCKIIOYEHHBI BXOAHOIM MHapamMeTp.

B zaxkiioueHue orMeTHM, UTO BOIIPOC O IIPEMMYIIECTBAX TOM WM WHOM
TEXHOJIOTUM YaCTO SIBJISIETCS IIPEAMETOM JIMHHBIX U HU K YeMy HEe IPUBOIISI-
X auckyccuii. CnenuaancTbl, ITyOOKO OCBOMBIIME OAHY U3 TEXHOJOTHA,
BBICTYAIOT C KPUTUKOMW IPYro TEXHOJOTMU, U HAOOOPOT.

C TOYKHM 3peHusl aBTOpa KHWUIU, BPSA JIM CTOUT MPOTHUBOIOCTABISITh
9TU JBE TexHOJOrMu. OTBIT TOKAa3bIBaeT, YTO JJISI YCIELIHOIO TOCTHXEe-
HUSI LeJiell MOJe3HO II0Jb30BaThCsS BCEMU HOCTYIMHBIMU TEXHOJOTUSIMU,
HE3aBUCUMO OT MX HJICOJIOTrMYecKoil Oa3kbl.

9.4. HEWPOCETEBbIE TEXHOJIOMMXU U METOA
MATEMATUYECKOIO MOOEJIMPOBAHUA

Panee MbI yke€ TOBOPMJIM O TOM, UTO METOJl MaTeMaTUYECKOTO MOAEINPOBa-
HUS SIBJISIETCS. OMHMM M3 CaMbIX MOIIHBIX Y IEPCHEKTUBHBIX COBPEMEHHbBIX
MHCTPYMEHTOB ITOJIyYEHUSI HAyUYHbIX U MPAKTUYECKUX 3HAHUIM, UTO OH ChIT-
paj OrpoMHYIO poyib B (DOPMUPOBAHMM HAallleil HUBWJIM3ALUMA U 4YTO 3Ta
poJib B TOC/IeNHee BpeMsi Bce OoJiee yCUJIMBAETCS.

CrenyeT 3aMeTUTh, YTO CaM METOHA, MaTeMaTU4YeCKOIOo MOIECIUPOBaHUS,
KaK TaKOBOW, BO3HMK MHOI'O BE€KOB Ha3aJ OJHOBPEMEHHO C MaTeMaTHu-
koii. COOCTBEHHO TOBOpsI, 1IeJib MaTeMaTHKW BCETJa COCTOsUIa B TOM,
yTOOBI OTpaXxaTh (T. €. MOAEAMPOBATh) HAa CBOEM CHEHU(PUUIESCKOM SI3BIKE
3aKOHOMEPHOCTH OKpPYXKaIOIIEro MHUpa.

['paHAMO3HBIN TOJTYOK pa3BUTUIO METOAA MaTEeMaTUYECKOIO MOACIMPOBa-
HUSI BO BTOPOU IoJioBUHE XX B. JAJIO ITOSIBJICHUE KOMIIBIOTEPHBIX TEXHOJIO-
ruii. [ToMrMO TOro, 4To KOMITLIOTEP B3sUI Ha CeOs «4EPHOBYIO» pabOTy, CBsI-
3aHHYIO ¢ 00pa0OTKOI M Bu3yajau3aluer uHGOpMalluM, OH ellle M HayYMJICS
BBIMOJIHSTh TaKnMe MHTE/JIEKTYaJIbHbIE 3Tallbl MaTeMaTUYe€CKOr0 MOJIEIMPO-
BaHUS, KakK, HAIIpUMeEp, IOMCK PEILICHUI MaTeMaTUYeCKUX YPaBHEHMIA.

OnmHako IIpy BCEM 3TOM 3a YEJIOBEKOM OCTaBaJICS CaMblil MEpBBIil 3TAall,
CBSI3aHHBIN C IIOCTpOEHMEM, WM, KaK TOBOPSAT, ¢ (OpMYJIHUPOBKOM Ma-
TeMaTUYECKMX Mopesieil. 3a 4eJIOBEKOM OCTaBaJlOoCh BBISIBJIICHUE 3Hayallnx
(BIUSIOIIMX Ha pe3yJibTaT MOACINPOBAHUSI) BXOIHBIX ITapaMeTPOB MOJICIIU.
3a 4eJIOBEKOM OCTaBajloCh pellalolliee CJIOBO O TOM, KakKue 3aKOHBI IIpu-
pOIbl, KaKnue 3aKOHOMEPHOCTH M3ydyaeMOM mpeamMeTHoll obiactu (0ObeKTa,
mpoliecca, SIBJICHUS) CAeAyeT 3aJIOXKUTh B MaTEeMaTUUYECKYI0 MOJIEb.

KcraTn, 3HaHHE 3aKOHOB IIPUPOALI — 3TO OAHO M3 OCHOBHBIX JTIOCTOSIHUMA
Halleil UMBUWJIM3ALUMU. 3aKOHBI IIPUPOIbl OTKPBLIBAJINUCH YYEHBIMU B TBOP-
YeCKMX MOMCKaX, 9KCIIEpUMEHTaxX U HAyYHBIX JTUCKYCCUSIX Ha IPOTSLKEHUUN
BCEM MCTOPUU YEJIOBEUECTBA.

N Bor, B koHue XX — Havase XXI B. MBI CTAaHOBUMCSI CBUICTEIISI-
MU COOBITHSI, 3HAYEHHE M MacIuTaObl ITOCIAEACTBUI KOTOPOTO B MCTOPUM



198 Tnasa 9. Hacrosuee u 6yayliee UCKYCCTBEHHOIO HMHTEJIEKTA

LMBUJIM3ALIMM Mbl TOKa OO0 KOHIIA ellle He OCO3HaJUu. Mbl CTaHOBMMCS
CBUIETEISIMU TOTO, KaK OTU <«CBITBIE», BBICOKOMHTEJJIEKTYaJbHBIE, CYyTy0o
«4yeJjioBeueckue» (byHKIMM OepeT Ha ce0s1 KOMIIBIOTED.

OkaspIBaeTCcsl, OH CIOCOOEH 3aMEHMUTh YeJIOBeKa U 3[ECh.

OkaspIBaeTcsi, OH MOXET (CTpalllHO IIoAyMaTh!) cOBepllaTh Hay4YHBIS
OTKPBITHSI.

OH MOXeT OTKpbIBaTh 3aKOHbI MPUPOJAbLI U caM 3akJaablBaTh UX B Ma-
TeMaTudeckue Mojaesu!

JApyruMu clioBaMu, KOMITbIOTEp TeIlepb MOXET He TOJBKO ITOMOraTh 4e-
JIOBEKY peajlM30BbIBAaTh €ro UJIEeW B BHMAEC MaTeMaTHMYECKMX MOJEJei, HO
M caM co3laBaTh MaremMatudyeckue monaenu. OH Tenepb MOXKET IOJHOCThIO
OCYLIECTBJISATh BeCh IMPOLIECC MaTeMaTUUYECKOIO MOJAEJIUPOBAHUS OT «A» 10
«SI». TlpruemM BO MHOIHMX CllydyasiX KOMIIBIOTEp CHOpaBIsIeTCsI ¢ CO3AaHUEeM
MaTeMaTUYeCKUX MoJeJieill Jydile, yeM 4ejoBeK. Hampumep, KoMIIblOTep
MOXET BBISIBJISITh U YYUTHIBATH B CO3JaBA€MbIX UM MOJIEJSX 3aKOHOMEp-
HOCTM M BHYTPEHHME CBSI3M, HE HM3BECTHBIC CIleUaIucTaMm (CM. IJ. 5).
B pesynbrate Mopenu, co3naBaeMble KOMIIBIOTEPOM, YYUTHIBAIOT OOJIb-
lIee KOJIMYECTBO (DAKTOPOB U 3aKOHOMEPHOCTEI, BIMSIOIIMX Ha Pe3yabTar
MOJICJIMPOBAHUSI, YTO, KOHEUHO XK€, YJIydlllaeT KauyecTBO MOJeseil.

YTo Xe BTO 3a KOMIIbIOTEp, KOTOPBIA MOXET He TOJIbKO 00padaThi-
BaTh MaTeMaTUuyeckKue (hopMyJibl U pelllaTb MaTeMaTUUYeCKHUe YpaBHEHUSI, HO
U CaMOCTOSITCIbHO (DOPMYIUPOBATh 3TU (POPMYJIbI U ypaBHEHUSI, U3BJIeKaTh
WX W3 aHajau3a IpeaIMeTHBIX obmacTteir?

Kak Mbl yoenuauch, U3y4uB Halll KypC, 3TO HE COBCEM OOBIUHBIA KOM-
nbiorep. Bce, uyTo MoxkeTr oObIYHBIN ((pOH-HEMMAaHOBCKMI) KOMIIBIOTEP —
9TO CKJIAAbIBaTh U BbIUMTATh JBOMYHBIE ynciia. Kak u3BectHo, 6ojiee Clox-
Hble omnepaluu, TaKue Kak YMHOXeHUe, JeJieHe U BO3BeleHUEe B CTEIEHb,
OOBIYHBIN KOMMBIOTEP CBOAUT K CJIOXEHWIO M BBbIUYMTAHMIO, KaK U BCE
OCTaJIbHOE, 4YTO OH BoOOIIe ymeeT aenaTh. CorjlacUTeCh, YTO 3TO COBCEM
He TO, YTO TIPOMCXOAUT B MO3re Y4EHOTO, KOIlla OH COBEpIIaeT HaydyHbIe
OTKPbITHSI.

OTKpBIBaTh 3aKOHbI #puUpodsbl CTIOCOOEH TOJbKO Yen08eK, TOUHEee — ero
Mo3e.

3HAYUT KomMnbromep NOJKeH ObIThb aJeKBaTeH Mo3ey.

3HAYUT KoMmHbrOmep NOJIKEH ObIThb CO3[aH, Kak ckazaHo B bubauu,
«no obpasy u nodoburo», HO TOJIbKO He boea, a uenroseueckoeo mo3sea.

3mech yMECTHO MpOLMTUpOBaTh cjoBa u3 bubmuu: «M ckazan bor:
COTBOpUM 4ejioBeka 1o obpasy Hamemy u mo momo6uio Hamemy...»D.

MMeHHO uaesi co3JaHusl KOMITBIOTEPOB U KOMIIBIOTEPHBIX IMPOTpamMM,
pabGoTaloniux IMoJo0OHO YeI0BEYEeCKOMY MO3Ty, M JIEKUT B OCHOBE OJHO-
ro M3 caMbIX YBJIEKaTeJbHBIX U TUIOJOTBOPHBIX Pas3lAeioB HMCKYCCTBEHHOIO
WHTEJUIEKTa — HeMPOUH(MOPMATUKU.

DBu6maus. Knurn Berxoro 3aBera, Beitue 1:26.
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Heiipokomnbiorep (MJIM ero IiporpamMMHasl peaju3alusi — HeiipoHHas
CeThb), KaK M 4YEeJIOBEUECKMI MO3I, COCTOMT M3 MHOXECTBa COCIMHEHHBIX
MEXIy COOOI 3JIeMEHTapPHBIX STUeeK — MCKYCCTBEHHBIX HelipoHOB. IIpuHIun
UX JOEHCTBUS BO MHOIOM aHAJIOTMYeH NPUHLUMY IEHCTBUS OuoJioTuYe-
CKMX HEHPOHOB, M3 KOTOPBIX cOCTOUT Mo3r. Kak M B Mo3re, HEMPOHBI
HEMPOKOMMbIOTEPA COEAMHEHBI MEXIy CO00il MHOXKECTBOM CBs3ell, uepes
KOTOpBIE TIPOMCXOIUT OOMEH BJIEKTpUYeCKUMU curHaiamMu. Kak u 6monoru-
YyeCcKMe, HEeMpOHbl HEMPOKOMIbIOTEpPAa MOTYT IEPEXOAUTh B BO30YXICHHOE
COCTOSIHME, BbIpaOaThiBasi M IIOChUIASI 3JIEKTPUYECKUE CUTHAJIbI IPYTUM
HeiipoHaMm. IlpuyeMm mnepexom B BO30YKIEHHOE COCTOSIHME KaxKIOTO Heli-
pOHa TeM BeposiTHee, yeM OoJiblliee KOJUYECTBO CHUTHAJIOB OH ITOJIYYMJI OT
IPYTUX HEWPOHOB.

CorlacHO pacnpoCTpaHeHHbIM HEeHPOGU3NOJOTMUECKIM TpeIcTaBIeHU-
sIM, BCSI MH(MOpMAaLYS, XpaHsIIascs B MO3re, 3aKOAUpPOBaHa B BUAE MaTPULIbI
CUJI CUHANTUYeCKMUX cBsizeil. OHa TpeacTaBiseT co00li MHOXECTBO 3Haue-
HUIA 3JEKTPOIIPOBOJIHOCTA MPOBOAHUKOB, COCHUHSIOIINX OMOJOTMYECKUE
HEUpPOHBI. DTU 3HAUEHUS IO MEpe KM3HEAESITEJIbHOCTH MO3Ta IIOCTOSIHHO
MEHSIIOTCSI, YeM OOecIieurMBaeTCsl HaKaIJIMBaHUE M KOPPEKTUPOBKA XpaHsI-
LIeiics B MO3re MH@OpMalMU. MOJOOHBIM MeXaHM3M B HEMPOKOMIIbIOTEPE
WUMUTUPYETCSI MYTEM COOTBETCTBYIOIIETO0 M3MEHEHMSI CUMHAIITUYECKUX BECO-
BBIX KO3(M(OUIMEHTOB, BBIMOJHSIIOIINX POJIb 3JIEKTPOIIPOBOIHOCTH COEIM-
HSIIOIIMX HEMPOHBI IPOBOIHMKOB. TakuM 00pa3oM, B HEHPOKOMIIbIOTEPE,
Kak M B MO3re, Bcs MH(popMmauus IIPeacTaBIsIeTcs] W XpaHUTCSI B BUIAC
MaTpulbl CUJ CUHANTUYECKUX CBSI3EU HEWPOHOB.

B oramume oT OOBIYHOrO KOMIIBIOTEpPa, HEMPOKOMITBIOTED HE IIPO-
rpaMMUpPYeTcsi, a MOJA0OHO 4YeJOBeKYy OOydaeTcsl; MpU 3TOM MPOUCXOAUT
KOPPEKTUPOBKA CHJI CHUHAIITUYEeCKMX CBs3eil. OOydeHue IIPOBOIMTCS Ha
o0yyarwlIux IpuMepax, cojaepxKaiiux HHHoOpMaluo O MOIEJIUPYEMO Mpel-
MeTHOM obGnactu. Hampumep, 4ToObl HEHPOKOMITBIOTED «OTKPBLI» TEOPEMY
IMudaropa, Hago HapuCcoOBaTh HECKOJILKO Pa3JIMYHBIX HPSIMOYTOJbHBIX TPE-
YIOJIbHUKOB, M3MEPUTh IJMHBI MX TUIIOTEHY3 M KaTeTOB U IIepeaaTrb 3Ty
nH@opMaLMio HelipokoMnbloTepy. Eciu m3mMepeHUsT BBIITOJIHEHBI MPaBUIb-
HO U TPEYTOJILHUKOB OBbIIO JOCTAaTOYHO MHOTIO, TO MOXXHO HE COMHEBAThHCS,
YTO HEMPOKOMIIBIOTEP ITOBTOPUT ITOJBUT BEJIMKOIO IreoMeTpa JIpeBHOCTHU!

[Toctynas aHaJOrMYHLIM 00pa3oM U cobOupasi MH(pOpMaLIMIO O COOTBET-
CTBYIOIIUX IIPEAMETHBIX 00JIaCTsIX, MOXKHO MpPU MOMOIIY HEMpOKOMIbIOTEpa
3aHOBO OTKPBITHh 3aKOH Apxumena, 3aKkoHbl HbloTOHa, Bce (pyHIamMeHTaIb-
HbI€ 3aKOHBI (PU3UKU, XMMUM, OMOJIOTUM, SKOHOMUKU 1 BCEX NPYTUX HayK.

TakuMm o0pa3oM, HEHPOKOMIILIOTEPHBIE W HEMPOCETEBBLIE TEXHOJIOTHUU,
[0 CYIIECTBY, OTKPBIBAIOT IIPUHIUIIMAJILHO HOBBIM ITOAXOH K caMOil Me-
TOIMKE NOCTPOCHUSI KOMIIBIOTEPHBIX MaTeMaTUYECKMX MOJECIC.

IMosiBunach BO3MOXHOCTh CTPOUTH MaTeMaTUYECKHE MOJIENIU, KOTOpPhIE,
HUCXO/ISI U3 OMHOI'O TOJBKO SMIIMPUYECKOIrO OMNbITa — O0YYarolIX IPUMEPOB,
caMHM M3BJIEKAIOT 3aKOHOMEPHOCTU MPEIMETHBIX O0JacTeil U I103BOJISIIOT
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3(pPEeKTUBHO MCHOJb30BATh 3TU MOJIECIMW IS PElIeHUs IIMPOKOro Kpyra
OpakTAYecKux 3amad. [Ipy 2ToM 4YesloBeKy — CO3[aTelllo HEeMpPOKOMIIbIO-
Tepa — He 00s3aTeIbHO 3adyMbIBaTbCS Hal 3aKoHaMU (DU3MKH, XUMWU,
OMOJ0rMM, SKOHOMUKU U T. lI., HEMPOKOMIIbIOTEp OOHApY>KMBAET MX CaM.

C nogBiaeHNEM HEeHpPOCETEeBBIX U HEHPOKOMITLIOTEPHBIX TEXHOJIOTUI T1O-
SIBUJICSI HOBBII CIIOCOO MOCTPOSHMsI MaTeMaThudeckux Mopeseii. IlosBuics
HOBBIM CIIOCOO MOJy4YeHUSI HayYHBIX 3HAHUI, HOBBIA MHCTPYMEHT WH-
TEJJIEKTYaJIbHOIO aHaju3a JaHHbIX, ITO3BOJSIOIIUI BBISBISITL paHee He
M3BECTHBIC, €Ill€ HE MCCJIEeNOBAaHHbIE 3aBUCUMOCTA U 3aKOHOMEPHOCTU
M aKTMBHO MCIOJIb30BaThb UX IJIs PELICHUS IIPAKTUYECKUX 3adad.

9.5. PUIIOCODPCKUE MNMPOBJIEMbI
MCKYCCTBEHHOIO UHTEJNJEKTA

Ilpexne yem obcyxnath ¢puaocodckue mpodaeMbl MCKYCCTBEHHOIO MHTEN-
JIEKTa, BCOOMHHUM €llI€ pa3 KpaTKyl MCTOPUIO €T0O ITOSIBJICHUSI U Pa3BUTHS.

Wcropuyecku mepBoil ObLia BbICOKOYPOBHEBAsi CTpaTerusi MCKYCCTBEH-
HOI'0 MHTEJIEKTa, B OCHOBE KOTOPOI Jiexasl sIBHBIM CIOCO0 TMpencTaBieHUS
3HAHUI, POPMUPYEMBIX YEJTOBEKOM-3KCIIEpTOM. DTa cTpaTerusi 6e3pasae/ib-
HOo rocrnioactBoBajia HaumHasg ¢ XIII B. mo cepemunbr XX B. IlosiBieHue
B 1940-Xx rr. HU3KOYpPOBHEBOM CTpaTeruy — CO3JaHME HEHPOKOMIIbIOTepa,
MOJIy4Yalolllero 3HaHMsI B MpOLecce OOydYeHMsI, U ero MepBbie yCIexu ObLIN
BCTPEUYEHBI ¢ HaaeXAaMU M 3HTY3UMa3MOM, KOTOPBIi, OJHAKO, IIpoaepKasi-
ca Henmosro. K cepenune 1980-x rr. momaBisiioniee OOJBIIMHCTBO CHUCTEM
MCKYCCTBEHHOTO MHTEJUIEKTa TPEACTaBISIIM COOOM 3KCMEpTHbIE CHUCTEMBI,
OPUEHTUPOBAHHbIE HA KOHKPETHbIE MpeAMeTHble objactu. OaHako mobena
BBICOKOYPOBHEBOI cTpaTeruu Oblia BpemeHHol. Konerr XX B. u Hauaso
XXI B. 03HAaMEHOBAJINUCHh IMPOKOMACIITAOHBIM HACTYIUICHUE HEMPOCETEBBIX
1 HEUPOKOMITbIOTEPHBIX TEXHOJIOTUI. DTU TEXHOJOIMU MPUIILUIM HE TOJbHKO
B HOBBIC IIpeAMETHBIC OO0JIAaCTM, HO M CTaJd BBITECHSTHb IKCIIEPTHBIE CHU-
cTeMbl U3 O0JacTeil, rie OHU TPaAULIMOHHO MpUMEHsUIMCh paHee. M BOT
yXe B TeUeHHUe T0oJIyBeKa MEXy BbICOKO- M HU3KOYPOBHEBOW CTpaTerusiMu
UAEeT KOHKYPEHIIUSI.

TpeTbst cTpaTerusi UCKyCCTBEHHOTO MHTEJJIEKTa, MOSBUBILIASICS Ha CBET
B cepenuHe 1970-x rr, HaBessHa MAPBMHOBCKOIM TeOpHEld BO3ZHUKHOBEHMS
M DBOJIIOLIAM XXKU3HU Ha 3eMiie. DTa CTpaTerus NpeamnosaraeT IoucK UCTo4-
HMKA MHTEJUIEKTa B CAMOM IPOLIECCEe SBOJIIOLMMU U B3aMMOICICTBUSI OCOOEI.
3HaHUSI B 3BOJIOLIMOHHBIX MOMAEISIX MPUOOPETAOTCsl B X0[¢ KOHKYPEHTHOM
OOPBOBI MEXIY OCOOSIMU.

Ha ceromHsimiHMiA AeHb OE3YCNOBHBIM JIMIEPOM KakK B 00JacTU Teo-
pPEeTUYECKMX MCCICAOBAaHUI, TaK M B YacTU MNPAKTUYECKUX IPUIOXKEHUIA
SIBJISIIOTCSI HEMpPOCETeBbIe 1M HEHPOKOMIILIOTEpHBIe TexHoJjoruu. IlombITKu
MOIEJMPOBAaHMUS MO3ra Ha caMOM HU3KOM YPOBHE aOCTparnpoBaHUS — Ha
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YPOBHE HEWPOHHOIN CTPYKTYpPbl — IOKA3bIBAIOT cebsl KaKk HauboJiee ILI0A0-
TBOPHBIE TEXHOJOTMM CO3JAaHMsI MHTEJUIEKTYyaJbHbBIX CHUCTEM.

WckyccTBeHHBIIT MHTEJICKT CETOMAHS SIBJISIETCS JUAUPYIOLICH HaydyHOI
OTpaciiblo, IMO3TOMY KaK HHUKakas Apyras AUCUMIUIMHA OH HYXIAeTcs
B (puinococKOM OCMBICAEHUHN Pe3yJIbTaTOB, MapajaurM, CTpaTeTHii, METO-
noB. Kak u Bcsikasg HayyHasi 00JlacTb, MCKYCCTBEHHbBI WMHTEJJIEKT UMEET
CBOM KOpHU B ¢puyiocodpuu. KopHU BBICOKOYPOBHEBOI CTpaTerMu uc-
KYCCTBEHHOTO MHTEJJIEKTa MOXHO HalTH, HallpuMep, B apUCTOTEJIEBCKOM
«Jloruke», a B montHoM oObeMe (popMajibHasi aKCMOMAaTU3alUsl JTOTUYECKUX
paccyXaeHui IIpeAcTaBjieHa B paboTax TakKuMX BEIMKUX (uiocodoB, Kak
T'otno6 ®pere, beprpan Paccen, Kypr I'emens u mp.

OnHako paboThl BeIMKUX (pHUI0cOdOB IPOIIIOTO, pa3yMeeTcsl, HE OXBaThI-
BalOT KOPEHHbBIX U3MEHEHUI, KOTOPbIE MCKYCCTBEHHbBI MHTE/UIEKT IPETePIIe
COBCEM HedaBHO, T. €. B KoHLe XX — Havayse XXI BB. K TakuM KOpeHHBIM
U3MEHEHHUsIM B TEPBYIO ouepellb OTHOCUTCS CO3daHHWE HEeWPOKOMIIbIOTe-
pa, MOCTPOEHHOro mo obpa3ly W MmoaoOMI0 YejoBedyeckoro mosra. MMmeHHO
MOsIBJIEHME HEMPOKOMITbIoTepa U (peHOMeH TpuyM@ajabHOTO MPaKTUUECKO-
ro BHEAPEHUSI HEUPOCETEBHIX U HEUPOKOMIBIOTEPHBIX TEXHOJIOTMM MeHee
BCEro uccieaoBaHbl ¢unocodamu, HO 0ojiee BCEro B 3TOM HYXKIAIOTCS.

Hnst dunocodckoii OLEHKU MOCAEACTBUI TOSIBJICHUSI HEMPOKOMIIbIO-
Tepa U CBSI3aHHBIX C 3TUM COOBITHMI MOIpPoOyeM OOpaTUThCS K IHUPOKO
M3BECTHOM OMOJIEMICKOI JereHae, coriacHo KorTopoi bor cosman Amama
u EBy mo cBoemy «o0Opasy u momod6uio». Cosgman, Io-BUAMMOMY, C OIpe-
JIEJICHHOIM 1IEJIbIO, OXMOAasi OT HMUX OMNpEeeJIeHHBbIX KauyeCcTB U pe3ysibTaTa.
OnHako B MOCJIEOYIOLIEM JIoAM OOHapY>KMJIM HECKOJILKO MHbIe KaudecTBa,
yero Cosznmatenb, BeposiTHO, He oxuaan. U, cornacHo OubeiickuM mpena-
HUSIM, 32 OJTHO M3 TaKMX, He3alUIaHUPOBAHHLIX U HEIPEeIBUACHHBIX Ka4eCTB
Anam u EBa ObuiuM BbIABOpeHbI M3 Pas...

OOpatuMcsl Terepb K WCTOPUU CO3TaHUsI Helpokommbiorepa. Kak ot-
MeyaeT co3jaTresib IepBoro Heipokommbiorepa ®. Posenobsarr [48, 102],
MepPCEenTpoH (HEMPOKOMMbBIOTEP) OBLI MOCTPOEH <«II0 00pasy M MHOA00MIO»
YyeJIOBEYeCKOro Mo3ra M mpeaHazHavasIcsl JJIs pelleHusl 3adadyd y3HaBaHUs
OyKB JIaTUHCKOro ajihaBUTa, TMPUYEM TOJbKO TeX, KOTOPbIM OH oOyuai-
ca. M sra uenpy @. PoseHOiarToM OblIa yCHEIIHO JOoCTUTHYyTa. OmHAKoO,
Ha0I01as1 3a TOCIEAYIOIIMMU COOBITUSIMU, MOXHO 3aKJIFOYUTh, YTO CO Bpe-
MEHEM HEeHPOKOMIIbIOTEP CTajl MPOSBISTH TaKUE CBOWCTBA, KOTOPBIX €ro
cozgatesib (M. PozeHOsaTT) OT Hero He oxwupail. BoT HeKOTOpble U3 HUX:

1. CnocobHocTh K 0606wenuro (cm. § 4.4) — repcenTpoH, OOyUYEHHBIN
pacrio3HaBaTh OIpeJe/IeHHOE KOJUYECTBO 00pa3oB, BAPYT OKa3bIBAETCsI CIO-
COOHBIM pacrio3HaBaTh He TOJbKO Te 00pa3bl, KOTOPbIM €ro oOyd4anau, HO
M Takue, KOTOPBLIX B OOydYalolleM MHOXECTBE He ObLIOo, T.€. 00pa3sbl,
KOTOPBIX OH HMKOTIA «HE BUIEI».

2. Unmyuyus, vin «wecmoe uyscmeo» (cM. mi. 5.3, 5.9) — croco06-
HOCTb HEHMPOHHBIX CETEN U HEUPOKOMIBLIOTEPOB AeJIaTh MpPaBUJIbHbBIE BbIBO-
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IIbI, PYKOBOJACTBYSICh MH(OpMaLMeil, KOTOPOil i1 JOTMYECKOT0 OObSICHEHUS
TaKMUX BBIBOJOB HEIOCTATOYHO.

3. 2Kusyuecms. VI3BeCTHBI cCllydau, KOTaa JIIOOU IIPOIOJIKAIU COBEp-
1IaTh pa3yMHbIE TOCTYIIKM, MOTEpPSB B pe3yabTaTe (U3NUYECKON TpaBMBbl
10 30% obbema mosra. To Xe camoe IPOUCXOOUT C HEMPOKOMIIbIOTEpA-
MU:. TIpA BBIBOAE M3 CTPOSI OTAEIBbHBIX HEWPOYUIIOB HEMPOKOMIIBIOTEPHI
MPOMOJIKAIOT pellaTh MOCTaBJIEHHbIC 3alavu.

4. CsolicTBa HeBepOaIbHOCTH, TUIleppa3MepHocTH (§ 5.9), a Takke crioco0-
HOCTh K M3BJICYEHUIO 3HAHWI U3 JAHHBIX TAKXKEe MOXKHO OTHECTH K CBOIMCTBaM,
3aMMCTBOBAHHBIM HEUPOHHBIMU CETIMU U HEUPOKOMITBIOTEpAMU OT MO3Ta.

OTMeTUM elle pa3, 4YTO IIEPEUYMCIICHHBIE CBOICTBA HEMPOHHBIX CETEi
U HEHPOKOMIILIOTEPOB He IIpeAyCMaTpUBAIMCh MX CO3JaTe/IsIMU 3apaHee,
a OOHaApyXWIMCh B IIpOlLiECCe AKCIUTyaTallMd. OTU CBOMCTBA IOSIBUIMCH
caMM TI0 cebe BCICICTBME TOTO, YTO HEHPOCETM M HEHPOKOMITHIOTEPHI
SBJSIOTCS MoneasiMu Mo3ra. OHHM BBIIIOJHEHBI «II0 00pa3y U I101001I0»
YeJI0BEYECKOT0 MO3ra, IO3TOMY HET HUYETO YAUBUTEIHHOTO B TOM, YTO OHU
(kak 1 B ciiyyae mpumepa u3 buOimm) Ha BHOJIHE 3aKOHHBIX OCHOBaHMSIX
HacJIeAyloT CBOMCTBA CBOEro IIPOTOTHUIIA.

BrienpuBeneHHble paccyXaeHus U (pakThl CBUAETEILCTBYIOT O TOM, YTO
MEXIY HelpOKOMNbIOMEPOM KaK MOMCIbIO 4e/n108e4ecKo20 Mo32d U 4eno-
6eKoM KaK «MoJeiabio boea» cyliecTByeT Hekas aHajorus. Bo3aMoxxHo, 3Ty
aHaJIOIMI0 MOXHO B354Th 32 OCHOBY IIpM MHPOTHO3MPOBAHUM IMOCJIEICTBUIA
pa3BUTHUS UCKYCCTBEHHOI'O MHTEJIJIEKTa M MHTEJUICKTyaJlbHbIX cucTeM. Bo3-
MOXHO, MCKYCCTBEHHAasl MOJE/JIb 4YeJioBeKa OyaeT M Jalibllie OOHapyKMBaTh
HEeNpeaIyCMOTPEHHbIE CO3JATE/ISIMU CBOMCTBA, M MEXIY MOIEISIMU M UX
HPOTOTUINIAMU — JIIOJBMU — MOTYT BO3HUKHYTh HEIIOHMMAaHMUE U IPOOJIEMBI,
MOJOOHBIE TEM, KOTOpbie omucaHbl B buoiunm...

9.6. MPOINHO3bl HA BYAYLUEE

TpynHO HasBaTh KaKylo-JIMOO IPYryl0 HaydHylo OO0JlacTh, KOTOpas Morja
Obl CPaBHUTBLCS C MCKYCCTBEHHBIM WHTE/UIEKTOM I10 WM300MJIMIO TPOTHO-
30B ee Oyayllux YCIeXOB. Y4YeHble CTPOMJIM MPOTHO3bl BO3MOXHOCTEH
MCKYCCTBEHHOTO WHTEJJIEKTa BO BCE BpeMeHa, CBSI3bIBasi 3TU IIPOTHO3bI
¢ OymymuMm uenoBedecTBa. Ilpuuem majieko He Bcerga 4yeloBedYeckKoe 00-
IIECTBO BOCIIPUMHMMAJIO TIPOTHO3BI YUEHBIX C 0JarogapHOCThbIO. B3sATh xoTs
Obl OCHOBATE/sd UCKYyCCTBEHHOro uHTte/iekra PalimyHnna Jlymnusa (puc. 9.1),
MOIUIATUBIIETOCSI >KM3HBIO 3a CBOU cMelible yoexkaeHus (cMm. § 1.1)

Ocoboe MecTo B cepuM IIPOTHO30B OYAYILEro MCKYCCTBEHHOIO WH-
TeJUleKTa 3aHMMAalOT 3HaMEHUThbIe MpeAcKa3aHUsl HOOEJIEeBCKOIro Jiaypearta
I'ep6epra Caitmona (puc. 9.2), onyonukoBaHHbie B 1957 r.:

— B oOnwmxaiiimee necatwietne DBM 3aBoroeT TUTYJ YeMIIMOHA MHUpa

IO IIIaxMaTam.
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Puc. 9.1. OcHoBarelb UCKYCCTBEH- Puc. 9.2. HobGeneBckuii saypear
Horo wuHrewiekTa Paymynn Jlyn- T'ep6epr Caitmon (XX B.)
mai (XIII—XIV BB.)

— B npenenax nmecatu jer ODBM oTKpoeT M cyMmeeT AoKa3aTh HOBYIO
BaXKHYIO MaTEeMaTHYECKYI0 TeopeMy.

— B nmecarnneTHuit cpoK OOJBIIMHCTBO TEOPUI B O0JACTU TICUXOJIOTUU
OpyUMET BUJIL MPOTPaMM ISl BBIYMCIUTEILHOW MaIllMHBI.

C Tex 1op Tpoluio 0OoJjiee IOJyBeKa, U Mbl MOXEM KOHCTaTUPOBATh,
YTO JIBa IIEPBBIX IPEICKA3aHUSI, XOTS U ¢ OOJIbIINM OITO3JAHUEM, HO COBI-
Juchk. KomnblotepHast nporpamma «Deep Blue» omHaxkabl BbIMTpajsia MaTy
y 4eMIMOHAa MMpa MO lIaxMaTaM, a mporpamma «JIoruk-teopetuk» cdop-
MyJMpoBajia JABe HOBbIE TeOopeMbl ajJredOpbl JOruku. OJHAKO O TpeTheM
npenckazaHum CaiilMOHa Mbl HUYEro IOJOOHOTO IMOKa CKa3aTh HE MOXKEM,
€ClIM HE CYMUTAThb HEKOTOpPhIE BEChbMa CKPOMHBIC TOIBITKA HPUMEHEHUS
METOMOB MCKYCCTBEHHOIO MHTEJIJICKTA B MCUXOJOIMUYECKUX TpobiaeMax (Ha-
npumep [61, 67, 76, 78, 79]), a TakKe MCUXOAUATHOCTUYECKME TTPOTPAMMBI
caiita www.PermAl.ru.

AXMOTaxX BOKPYTI HCKYCCTBEHHOIO WHTEJJIEKTa M Cepusl pamay>KHbIX
IMPOTHO30B XYPHAJIMCTOB U MucaTeseli-haHTacToB B cepeanHe XX B., Bbl-
3BaHHBIC TIEPBBIMU YCIIEXaMU IIEPCEIITPOHA, 3aKOHYMJINCH ITPOBAJIOM ame-
PUKAHCKOTO BOEHHO-CTparermyeckoro mpoekra «CBoii—Yyxoil» u oO0bsIB-
JIECHUEM MCKYCCTBEHHOTO WHTEJIJIEKTa TYIIMKOBBIM HayYHBIM HAMpaBJICHU-
eM (cm. §4.6). He mpuGaBuiau aBTOpUTETA MCKYCCTBEHHOMY WMHTEJIIEK-
Ty W HECKOH4YaeMble cIopbl (duiocodoB Ha TeMy «MOXeT JM MallldHa
MBICIIUTBL?», TIOMYJISIpHbIe B KOHLEe XX B. W MNPOIJMBIIMECS BIUIOTH [0
HaCTOSIILIETO BPEMEHMU.

Yr1o mpoucxomurt ceityac?
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A

Puc. 9.3. Jlunepsl nBuxeHus: «Poccusi-2045» (cneBa-Hamnpaso): [. JlyopoBckuii,
B. ApmnnoB, B. Aynun-bapkosckuii, A. Karuran (XXI B.)

Puc.

9.4. Texuuueckuit

NUPEKTOp MporpaMM UcC-

KYCCTBCHHOTIO
KOMIIaHMUH

Ta

UHTEJUIeK-
Google

P. Kypugeiin (XXI B)

puio

HeiipoungopmaTuka BbIIIJIA M3 HAYYHOTIO
u npukiagHoro tynuka 1960—1970-x rr. Ceii-
4yac MCKYCCTBEHHBIN MHTEJUIEKT SIBJISIETCS OIMHOM
M3 caMbIX BOCTPEOOBAHHBIX M OBICTPO pa3BUBA-
IOIIMXCS HAYYHBIX OOJIacTeiu.

McKycCTBEeHHBIM MHTEICKT CTaJl MOIHBIM,
1 3TO HACTOpa>KMBaeT.

HacropaxuBaioT rpoMKHe IIPOTHO3bI, KOTO-
pble IenaloT COBPEMEHHBIE OTeUeCTBEHHBIE Yyue-
Hble, OOBbEAMHUBIINECS B OOIIECTBEHHOE IBHU-
xeHue «Poccus 2045».

Lenb atoro nBuxeHus:: «K 2045 eody cde-
aamo 4enoseka beccmepmHuvim!».

He MeHee cMmenble npeacka3aHus cuenai Pait
Kypugeiin (puc. 9.4) — TeXHUYECKU OUPEKTOP
MIPOTpaMM MCKYCCTBEHHOTO MHTEJJIEKTa B KOM-
nanun Google. B 2005 r. oH omyOauKoBaj ce-

nporHo3oB Ha 2099 r. BoT HekoTOpble U3 HUX.

Ecmecmeennvlit npoyecc mvluineHuss He Oydem umems Npeumy-
wecmea no cpagHeHuro ¢ mawunHoim. Cucmemsl UCKYCCMBEHHO20
UHmMeANeKma noAy4am pasHvle npaea c yeaogekom. Pasnuuya memnc-
0dy 4en08eKom U MAWUHOU UCHE3Hem.

Cucmembl UCKYCCIMBEHHO20 UHMENNCKMA NPEeE30UOYm N0 UUCACH-
HOCMU ecmecmeeHHbIX NH0ell.

Hecmompsi na nedocmamku ecmecmeeHHbIX AH0etl, CUCIeMbl UCKYC-
CMBEHH020 UHMEANCKMA Y8AICAIOM UX KAK C80UX npapooumenet.

Mbl BO3IEpKUMCS OT OOCYXXIAEHHWSI TIPUBEIEHHBIX BbIIE IPOTHO30B,
a BMECTO 9TOr0 U3JI0XKUM COOCTBEHHOE BUACHMUE OyaylIUX YCIIEXOB CHU-
CTeM HCKYCCTBEHHOTO WHTEJUIEKTa, OCHOBBLIBASICh HAa HAIIMX COOCTBEHHBIX
pe3yabTaTax, KOTOPBIMU MBI peajbHO pacliojlaraeM yxXe ceidac.

Ilo namemy MHeHHUIO, B OMMKaWllue AECITh JIET:
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1. PeaabHo co30arHue uHmeNneKmyaibHbiX MeOuKo-0UaeHOCMU4ecKux
cucmem, NPesOCXOO0AUUX NO MOUYHOCMU NOCMAHOBKU OUACHO308 echme-
cmeeHHbIX 8payell. PeaivHo évisieaeHUe ¢ NOMOUbIO UHMENACKMYAAbHbIX
cucmem HOBbIX HeU3BECHHbIX PaHee MeOUUUHCKUX 3HAHUI U UCNOAb308d -
HUe 3Mux 3HAHUL 04 YAYUULIEHUSI KAYeCmEa MeOUUUHCKOU NPpaKmuKU.

OngHa W3 TaKUX WHTEIIEKTYallbHBIX cucTeM — «CucreMa AUarHOCTUKU
U TPOTHO3MPOBAHUS 3a00JIeBaHUI CepACYHO-COCYINCTON CUCTEMbBI» BBIJIO-
JKeHa B cBOOOIHOM noctyrie Ha caiite www.PermAl.ru. C noMolipio Hee
BBISIBJIEHBI HOBbIE HEM3BECTHBIE paHee 3HaHMA (cM. § 5.2, a Takxke [69, 108,
109]), KoTopble MCHONB3YIOTCS [JIsI COBEPIIEHCTBOBAHUS CYLIECTBYIOIIEH
MPaKTUKU JIeYeHUsT U TpodUIAKTUKUA 3a00JIeBaHUI cepalia.

2. PeaabHo co30anHue UHMEANEKMYANAbHbIX CUCHeEM OUAeHOCMUKU
CNOJCHBIX MEXHUYECKUX YCMPOUcmaE, Npe8ocxXo0sauux HNO C80UM B803-
MOJICHOCMISIM U MOYHOCMU U38ECMHbLE UHICEHEPHble Memoouxu. Hx
8HEOpeHUe 6 UHINCCHEePHYH) NPAKMUKY HNO0380AUM NOBbICUMb HAdeiC-
HOCMb MEeXHUUEeCKUX YCMmpOUCmE U, maKum oopazom, cnocoocmeosams
peuleHuro npobaemvl CHUNCCHUSI MEXHO2EHHbIX A8apull U Kamacmpogp —
akmyanvHolil npobaemol XXI 6.

Hair onbIT pa3paboTKi HEMpPOCETeBbIX CHUCTEM IMATHOCTUKU aBUAIIMOH-
HBIX aBuratelieil mokasain (cMm. § 5.3, a taxcke [30]), 4TO MHTEIEKTYyaJIbHbIS
CHCTEMBI TTO3BOJISIIOT BBISBIISATh TaKue Ae(PEKThI, KOTOPbIe OOBIYHBIMU WH-
XKEHEPHBIMU METONAMU BBISIBIEHBI ObITh HE MOTYT.

3. Peanavno co3zdanue uumenneKmyanbHoviX cuUcmem, CHOCOOHbIX NO-
AYUamb MOUHbIE AHAAUMUYECKUE DEeUleHUsl Kpaesvlx 3adad mamemda-
Mu1ecKoll usuxKu, umo no3e0aAUmM NpPeodosemb COBPEMEHHbII KPU3UC
npukaadnoit mamemamurxu (cMm. § 8.4., a Takxke [12, 68, 77, 80, 86]).
Peanvno 6HedpeHue makux UHMENNEKMYAAbHbIX CUCMEM 8 UHMICeHep-
HYI0 NPAKMUKY, 4O makice 6yoem cnocoocmeo8ams CHUNCCHUN) HUCAA
MEXHO2eHHbIX A8apuil U Kamacmpodg.

C nanrero caiita www.PermAl.ru MoXXHO 00paTUTBbCI K JeMOHCTpPAIN-
OHHOMY TMPOTOTUITY WHTEIUIEKTYaIbHOU CHCTeMBl «MCKyCCTBEHHBIM MaTe-
MaTUK», CITOCOOHOI IMOJIydaTh TOYHBIC aHAJIUTUYECKUE PEIICHUS] KpPaeBBbIX
3aa4 TEOPHUU YIIPYTOCTH, TEIIOMPOBOIHOCTH, TEPMOYIIPYTOCTH U [Ip.

4. PeaabHo coz0aHue UHMEANEKMYANbHBIX CUCIEM, NPOSHOZUPYIOULUX
9KOHOMUYECKOe COCMOSAHUE NPeOnpusmuil U No380AAUUX pa3padbamol-
8amv pPEeKOMEeHOAUUU NO ONMUMU3AUUU UX OesmenbHOCHI.

B pa6ore [70] ommcaH OMBIT CO3mMaHUS HEWPOCETEBOM CHUCTEMBI IIPO-
THO3UPOBAHUSI BEPOSITHOCTHM OaHKPOTCTBa poccuiicknx O0aHkoB. ITomumo
IIPOTHO30B CHCTeMa ITO3BOJISIET IIOJy4YaTh ITOJIE3HBIE PEKOMEHIAUM IO
MpeIOTBpAIeHNI0 GAHKPOTCTBA KOHKPETHBIX 0aHKOB. IlporpamMma BBIJIO-
KeHa Ha caiite www.PermAl.ru.

5. PeanvHo coz0aHue uHmMeNNeKmyalbHblX CUcmem, NPeoHA3HAUYEeHHbIX
0151 NPOSHO3UPOBAHUS PA3BUMUS NOAUMUYECKUX COObIMULL U GAUAHUS HA
amu cobvimusi.
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B § 5.6 ommcaH ciy4aii yCITeITHOTO ITpOorHo3upoBaHust nobdensbr 1. Men-
BeJleBa Ha npe3naeHTCKnX Beioopax 2008 1., BEIITOJHEHHOTO 3a IMOJITOpa roga
1o aTux BbeIOOpoB [71]. Tam xe (cMm. Takxke [82]) mpuBeneHbl MOATBEPAUB-
IIMECs BIIOCICACTBUM PE3yabTaThl IIPOrHO3UPOBAHUS PEUTUHIOB M3BECTHBIX
HOJUTUYECKUX NesITeei, a Takke PEeKOMEHAAUW IO YIYUYIIEHUIO 3TUX
PEWUTUHTOB.

6. Peaabno cozdanue u npumeHeHUe UHMENNCKMYAAbHbIX CUCHEM
6 obaracmu KpUMUHAAUCIUKU.

B pabGote [73] onmcaH ONBIT CO3MaHUS HEHPOCETEBOro IETEKTOpa JIKH,
3HAYUTEJILHO MPEBOCXOASIIETO0 M3BECTHHIC IITATHBIC aHAJOTU MO TOYHOCTU
3aKJII0YCHUM.

B paGore [61] u310KEeH OMNBIT CO3JAHUS WHTEIJIECKTYyaJlbHOM CHUCTe-
MBI, MpeIHA3HAYEHHON IS U3YYEeHMs JIMYHOCTU U BBISIBJICHUSI CEPUITHBIX
youiiu. Ilporpamma, olleHMBarwllasi CKJIOHHOCTb 4YeloBeKa K HaCUJIUIO,
BbUIOXeHa Ha caiite www.PermAl.ru.

7. Peanvno cozdanue unmennexmyanvHolx cucmem, npeoHaA3HAUEHHbIX
0151 NPOCHO3UPOBAHUS PEe3YAbMAmMo8 CHOPMUBHBIX COCMS3AHUL U 0151 ON-
MUMU3AUUU NPOSPAMMbL HOO2OMOBKU CHOPMCMEHO8 C UEAbI0 NOAYHYEeHUS
UMU HAUBBICUIUX CHOPMUBHBLIX pPe3yAbmamos.

B Hameii npakThke HEWPOHHBIE CETU YK€ TMPUMEHSJIUCH IJIs MPOTHO-
3UPOBAHUST PE3yJbTaTOB oauMMIuUiickux urp 2014 r. [65, 83], yemnuoHaTa
mupa 2015r. [74, 75], a Takke mpu pa3padbOTKe peKOMEHIALUN IJIST W3-
BECTHBIX crnoprcmeHoB: ¢urypucra E. [Tmomenko [65] u cniopTcMeHOB-
oeryHoB [74].

8. PeanbHo cozOanue u wupokoe NpuMeHeHue UHMEeNNeKMYANbHbIX
cucmem 8 NCUX0N02UU.

HamoMHuUM TpeThe mMpeackazaHue HoOeleBCcKoro jaypeata [epbOepta
CaiimoHa:

— B mecarnnaeTHuii cpok OOJBIIMHCTBO TCOPUU B 00JACTU TICUXOJIOTUU

NPUMET BUI MHPOrpaMM IJisl BBIUMCIMTEIHLHONW MAaIllMHBI.

Mpbl 3HaeM, 4TO ABa IIEPBBIX MpeACcKa3aHWs, XOTSI M C OIIO3IaHHUEM,
HO cObutMch. OgHako O TpeThbeM mpeackazaHuum CailMOHa MblI HMYEro
nomao0HOro Moka ckasaThb He MoxeM. [louemy?

[TeiTasich pemraTh 3amadyyd IICUXOAUATHOCTUKM, TICUXOJIOIM BBIIBUTAIOT
pa3yHbIe TMMIOTE3bl, HA3bIBAIOT B KayeCcTBe HauboJjiee Ba>KHbBIX Te WU
WHbIe (aKTOphl, BIMSIOIIME, 110 MX MHEHMIO, Ha CIIOCOOHOCTH U Mpel-
pacrnoa0oKeHHOCTH 4enoBeka. OHM BBOIST TaKWE€ TPYIHOMOCTYITHBIE IJISI
KOJIMYECTBEHHOM OLIGHKM TOHSITUSI KaK «CUJIa BOJIM», «CUJIa XapaKTepa»
U NIp., pa3pabaThbiBalOT pa3jidyHbIe TECThI IJIsl UX U3MepeHusi. EctecTBeHHO,
YTO MpU cOOpe CTAaTUCTUUYECKON MH(MOPMallMK BOZHUKAIOT MPOOJeMbl, OCO-
OEHHO ec/IM peuyb UIET O uesloBeKe, XKMBIIeM B Mpoluibix Bekax. C apyroi
CTOPOHBI, IICUXO0J0rM OOBIYHO HE O0palllaloT BHUMAHMUS Ha JIETKO IOCTYII-
Hy10 MHGOPMALIMIO O JIIOASIX, U3BECTHYIO, HAaIIpUMEpP, U3 aCTPOJOIMUECKUX
VI HYMEpPOJOrMYyecKux 0a3, oTBepras €€ Kak JDKEHay4dHYIo.
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[To-BUAMMOMY, TMICUXOJIOTH €llle HE MOJHOCTbIO OCBOWJIM U OLICHUJIU BO3-
MOXKHOCTH COBPEMEHHBIX METOIOB MHTEJUIEKTYaJIbHOIO aHajin3a HJAaHHBIX,
KOTOpbIE IIO3BOJISIOT Ha HaYaJbHBIX CTAAMSIX CO3JaHUS WHTEJUIEKTyalb-
HBIX CHUCTEM B KayeCTBE BXOJHBIX ITapaMEeTPOB BBOAUTH JIIOOOE KOJIMYECTBO
JMOOBIX (PaKTOpOB. 3aTeM, B XOAE MCCICAOBAHWI MaTeMaTUYECKUX MOJIE-
Jiel, BBISICHSIETCSI, KaKue M3 3TUX MapaMeTpoB ACHCTBUTEIbHO BIIMSIIOT Ha
pe3yJibTaT MOJAEIMPOBaHUSI, a KaKMe — HeT, BHE 3aBUCUMOCTU OT TOTO,
MpuU3HaTCA 3T (akTopbl oDUIIMATBHONW HAyKOW WM HeT.

3aMeTuM, 4TO Halll HEeOOJIbIION OMbIT MPUMEHEHHUSI HEMPOCETEBBIX TEX-
HOJIOTUI MJISI CO3JaHMsI WMHTEJUIEKTYaJIbHBIX CHUCTEM, BBISIBIISIIOLIMX CIIO-
COOHOCTU M IIPEAPACIIOJOXEHHOCTH YEJIOBEKa, OKa3aJCs BeCbMa YCIIEI-
HbIM. Tak, B pabore [78] omucaHa WHTeJIEKTyajlbHasl CHUCTEMa, BbISIB-
JISIIOIIAsl CIMOCOOHOCTh YeJIOBeKa K PYKOBOMSIIEH AesiTeIbHOCTU, B [3] —
K Hay4YyHOM HesITeIbHOCTU, B [84] — Kk OusHecy. B [76] omucana wuHTEN-
JIEKTyaJlbHasl cucTema, CIOCOOHasi MPOTHO3MPOBATh CTENEHb YCIEIIHOCTU
Oynyllieil Kapbepbl CTYIEHTOB By3a, UTO IIO3BOJISIET ONTUMAJIbHBIM CIIO-
cobOM mombuparh TpaekTopuu uxX oO0ydyeHusi. B [67] mpuBeseH oOmbIT
CO3MaHMSI CHCTEMBbI, OIpeAessolIeld MPeapacIoNOoXEeHHOCTb II0IPOCTKOB
K HapKOTWYECKON 3aBUCMMOCTH, a Takxe ITO3BOJISIIOIIEH MoaydaTb WUHIU-
BUIyaJbHbIe PEKOMEHAALMU IO CHIDKEHWIO TaKoil 3aBUcUMoOcTH. B [61] —
MPeapacoyioXXeHHOCTh YejloBeKa K Hacuiauio. MMeroTcss mporpaMmel, ole-
HUBAIOIIME IIPEAPACIIONOXEHHOCTh UeIOBeKa K CyHMIIMAY, aHOPEKCUU U Ap.
Bce mporpammbl HaxomsdTcsi B CBOOOOHOM mocTyIie B pasaeiie «IIpoekTbi»
caita www.PermAl.ru. [ToMmnMo KoMM4eCTBEHHOM OLEHKU CITOCOOHOCTEH,
CKJIOHHOCTEM M TpeapacrnoyiOXKEHHOCTe JIoAeid ¢ MOMOIIbIO 3TUX MpPO-
rpaMM MOXHO TIOJlydyaThb IMOJIE3HbIE PEKOMEHIALUU MO UX Pa3BUTHUIO WJIU,
Hao0OPOT, — HUBEJIUMPOBAHUIO.

Takum oOpa3om, y Hac eCTb BCe OCHOBAHUSI HAAEATHCS, UYTO TPEThe IMpe/l-
ckaszanune ['epoepra CaiiMOHa O IIMPOKOM NPUMEHEHUU KOMIIBIOTCPHBIX
IporpaMM B IICMXOJIOTMM B CKOPOM BPEMEHM TakKxKe cOyaeTrcs.

9. PeanvHo npumernenue memooo8 UCKYCCMBEHHO20 UHMeNleKmda 6 00~
AACMSAX, 8bIXO0AUWUX 3d PAMKU MPAOUUUOHHbIX HAYK. PeaibHo noayuenue
HOBbIX, PaHee HeU38eCMHbIX, HO NOAE3HbIX 0458 NPAKMUKU 3HAHUIL, 8 MOM
yucae MmaKux, Komopble MeHsom Haule npedcmasienue o mupe. MojcHo
Hadesamvcs,, 4mMo Memoovl UCKYCCMBEHHO20 UHMEANeKMA NOMO2Ym HA-
KOHel pazeadams 3aeadkKu 330mepuKu, ygoaocsuu, acmpoiocuu u opyesux
YUeHUll, B8bIX00AUUX 3d PAMKU OPUUUANLHOSO MUPONOHUMAHUSL.

Kak yxe ormeuanoch, Ha HameMm caiite www.PermAl.ru BbUIOXEHBI
WHTEJJIEKTYaJbHbIE CUCTEMbI, MO3BOJISIONIME CTaBUTh AMArHO3bl MEIUIIMH-
CKUX 3a00JIeBaHUIA, BBISIBISITH CITOCOOHOCTU JIIOAEH K OM3Hecy, K HaydyHOI
JIeSITeJIbHOCTU, K PYKOBOMSIIEH AeSITEAbHOCTU, CKIOHHOCTH K HApKOMaHUU,
CyULIMIY, aHOPEKCHM, HACWIWIO U APYruM IopokaM. Bo MHorux ciyua-
SIX HHU3Kasl IOTPeIIHOCTh Pe3yJbTaTOB, 3a(MKCUpPOBAHHAs IIPU TECTOBBIX
WCHOBITAHUSIX MpPOrpamMmM, OOECIIeUMBaeTCs TEM, 4YTO IIOMMMO TpaaulIMOH-
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HBIX BXOJHBIX IIapaMETPOB YUYMTBIBAIOTCS €Ile M TaKue mapaMeTpbl KakK
COJIHEYHasl aKTUBHOCTb, (ha3bl JYHBI, T'pamyChl HEOECHBIX Te€JI B MOMEHT
poxaeHust yeiaoBeka M Ap. [Ipupony BIMSHUS TaKMX ITapaMeTpoB I10Ka He
yaaeTcss oObSICHUTh B paMKaX COBPEMEHHOTO YpOBHSI pa3BUTHUs HaykKu. Ho
BTO HE MellaeT MX MCHOJb30BaTh MPU CO3IaHUU 3(G(HEKTUBHBIX U BeChbMa
MOJIE3HBIX IJIs MPAKTUKKU WHTEJIEKTYaJIbHBIX CUCTEM.

KOHTPOJIbHbIE BOMNPOCbLI U 3AAAHUA

1.

2.

ITocrapaiitech gath OIlpenccHUE YEIOBEYECKOr0o MHTEJUIEKTa M MC-
KYCCTBEHHOTO WHTEJUICKTA.

B yem pazHuLia MeXIy CUJIBHBIM U CJIA0bIM MCKYCCTBEHHBIM WHTE-
JIEKTOM?

Ilepeuyncaure ypoBHM aOCTpaKIMM, Ha KOTOPBIX pa3padaThIiBaIOTCS
TEOPUM MCKYCCTBEHHOIO MHTEJUIEKTA.

[Nepeuricnute IperMylIecTBAa U HENOCTATKU HEMPOCETEBBIX TEXHOJIO-
TUii 110 CPaBHEHUIO C TEXHOJIOTMEH 3KCIIEPTHBIX CHUCTEM.

YTo 00111ero MexXay TeXHOJIOTMEil perpecCMOHHOro aHajau3a U HeWpo-
ceTeBbIMU TexHosorusmu? Kakume TtexHonorum 0oJiee YHUBEPCAJIbHBI?
Kakue u3 crTpaTeruii MCKyCCTBEHHOIO MHTEJUIEKTAa SIBISIOTCS JIUIU-
pytomumMu?

Kakwne cBoiicTBa yHaciaeooBajl HEHPOHHBIE CETHM OT CBOEro IIPOTO-
TUIIA — YEJIOBEYEeCKOro mMo3ra?

I[Touemy mo BamemMy MHEHUIO, HE COBLIOCH TPEThe IIpelcKa3zaHue
I'. Caiimona?

Kakum Bam mpencrasisieTcsl Oynylliee MCKYCCTBEHHOIO MHTeJIIeKTa?
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NMPUNOXEHMUE:
OT3biBbl PELULEH3EHTOB

PELUEH3UA 1
HA KHUrY 1. H. ACHULUKOIo
«MHTENNEKTYAJIIbHBIE CUCTEMbI»

ABTOp peleH3upyeMOll KHMIM XOPOIIO M3BECTCH CIeLMaJucTaM CBOUMU
Y4EOHBIMU ITOCOOUSIMHU, MOHOTpaUsIMU M HAYYHBIMU pabOTaMU, ITOCBSIIIECH-
HBIMU Pa3BUTUIO U IIPUMEHEHMIO HHTEJUIEKTYyaJlbHbIX MHMOPMaIMOHHBIX
TexHojoruii. Ero yueOHoe 1ocobue «BBemeHme B MCKYCCTBEHHBIM WHTEII-
JIEKT» (M30ATEIbCTBO «AKaIeMUs» ), UMEIolIee TPU Meperu3aaHusl, TOJIb3YeTCs
MOIYJIIPHOCTBIO CPeAU CTYASHTOB, YUEHBIX M IIperoaaBaTelieil pOCCUCKUX
BY30B, O Y€M CBHUIETECIbCTBYET OOJIbIIIOE KOJMYECTBO LIMTUPOBAHUI 3TOI
kHuru. Ero HoBas KHHUra, XOTS M COIEPXWUT 4YacTb CTapbiX aBTOPCKUX
HapabOTOK, BOIIEAIINX B MIPEAbIIYIIME U3TaHNsI, OJHAKO HaIlMCaHa C yYeTOM
OBICTPO MEHSIOIIMXCSI peaiiii COBpeMEHHON WH(MOPMATUKH.

ABTOp BbIJIepXKaJl KJIACCUUYECKYIO CTPYKTYpY BY30BCKOroO y4yeOHMKA.

[lepBas rnaBa sIBJSIETCS BBOAHOM M ITOCBSIIIEHA MCTOPUYECKUM COObBI-
TUSIM, CBSI3aHHBIM C BO3HMKHOBEHMEM M CTAHOBJICHMEM HOBOI'O HAy4HOTO
HampasieHus. [laeTcsi Kparkoe (C COOJIONEHHMEM XPOHOJOTMU BO3HMK-
HOBEHHUSI U Pa3BUTHUS) M3JI0KEHUE COBPEMEHHBIX TEXHOJOTUI CO3JaHUs
MHTEJUICKTYaJIbHBIX CUCTEM U OO0JIAaCTH MX MHPUIOKECHUIA.

Bo BTOpoOii m1aBe maeTcs MOMyJisIpHOE ONMMCaHUEe COBPEMEHHbBIX Mojesieit
NpEACTABICHUS 3HAHUM.

B Tperbeii riaBe oInMcaHa TEXHOJIOTMS CO3HAHMS SKCIIEPTHBIX CHCTEM.

YerBepras, msgrasi, 1iectass M ceabMasl IJIaBbl SIBJISIIOTCS OCHOBHBIMU
u HambOojiee mnonHbIMU. [lokazaB B IpeAbLAyIIMX IJ1aBax IIPEeUMYIECTBa
Y1 HEIOCTAaTKU OCHOBHBIX CTpaTeruii (TEXHOJOTUiA) CO3MaHUsI MHTEJUIEKTyalb-
HBIX CUCTEM, aBTOP KOHIEHTPUPYET BHUMAaHME Ha JIMAMPYIOIIEH B IOCEI-
Hee BpeMsl CTpaTeruy — TEXHOJIOTUU HelpOCEeTEeBOro MOIeIMpoBaHus. 30eCh
MoApoOHO HU3JIaraloTcsl OCHOBOTOJAraplue uaeu HelpouHdopMaTUKU,
HauyvHasg OT IIPUHILMUIIA OCHCTBUS MaTeMaTHMYeCKOIo HeMpoHa, IIepBbIX
YCIEXO0B pacIio3HaBaHUS OYKB 1 KOHYAsI COBPEMEHHBIMM IIPOEKTAMU UHTEJI-
JIEKTyaJIbHOTO aHajiu3a JaHHbIX. [1oapoOHO omuMchIBalOTCS KaK yCIIeXU, TaK
U Heydauyu HEUPOTEXHOJOTUM, TaK UTO KaXKIasi HOBas MAEs, KaXXIblii HOBBIM
aJITOPUTM MOSIBJISIIOTCSI HE Ha ITyCTOM MECTE, a BOZHUMKAIOT 3aKOHOMEPHO —
KaK eIMHCTBEHHBI CIIOCOO BbIXOAA M3 HAy4YHOTO TyNuKa. TeM cambIM
YYeOHUK TMOAACPKMBAeT NPUHLMUII KCTOPU3Ma, paccMaTpuBasl SIBJICHUS
B OIMHAMUKE MX M3MEHEHUS, CTAHOBJICHUSI BO BpPEMEHHU, B 3aKOHOMEPHOM
WCTOPUYECKOM Pa3BUTHUU.
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HecoMHEHHBIM ITPEMMYIIECTBOM, MPUIAIOIINM OCOObIN KOJOPUT KHUTE,
SBJSIETCSI TO, 4YTO B KayeCTBE IIPUMEPOB IIPMMEHEHMsI HEeHpPOCETEBBIX
TEXHOJIOTUIA aBTOpP IIPUBOAUT CBOM COOCTBEHHBIE IIPOEKTHI, HEKOTIa
OpUAyMaHHbIE, peaJM30BaHHbIE M BHEAPEHHBIE IIOJ €ro PYKOBOICTBOM
U TIpU €ro y4acTHUM.

Kak crpaBeminBo OTMETWJI aBTOp, HelipoMH@OpMaTMKa B HACTOSIIEe
BpeMsI HMMeEeT HENOCTaTOYHYIO TeOpeTUUYEeCKylo 0a3y. Yciex IIpUMeHEeHUs
HEMpPOCETEeBhIX TEXHOJIOIMiA BO MHOIOM 3aBUCUT HE TOJBKO OT 3HaHUIiA
TEOPEeTUYECKOro Marepuajga, HO M OT OIIbiTa M Jaxe OT WHTYUIUU
ucciaengonatesist. CerogHsi B MUpPE CYIIECTBYET MHOXKECTBO HAyYHBIX IIKOJ,
KOTOpbI€ pa3BUBAIOT U IIPUMMEHSIOT CBOU M3JIIOOJCHHBIE HEWPOCETEBBIC
napagvurMbl, CBOM COOCTBEHHBIE TEXHOJIOIMYECKME IMPUEMBl — TaK Ha3blIBa-
eMble HOy-Xay, KOTOpble OOBIYHO OCTalOTCsl «3a Kaapom». [IpeumyiiecTBo
KHUTU COCTOUT B TOM, 4YTO aBTOp IIEIpPO ASJIUTCSI COOCTBEHHBIMU
TEXHOJIOTUYECKMMHM CEKpEeTaMM, ITOCBSITUB UM LeJblii noapasnen. IlpakTu-
YECKMM JIOMNOJHEHUEM K KHMIE€ CIYXMT CIELHMUAJIIbHBIA CalT, COmepKalllui
KOMILJICKC JIaOOpaTOpHBIX pPadOT M aBTOPCKUIL HEKWpONaKeT — yAOOHBIM,
JIETKO OCBaMBaeMblii MPOTPaMMHBbIA MHCTPYMEHTApUil, NpenHa3HAYEeHHbIA
IJIST CO3MAaHMsI, ONTUMM3ALMU U MCIOJIb30BaHUS HEMPOHHBIX CETEH.

[maBbl 3aKaHYMBAETCSI M3JIOXKEHUEM HOBBIX HEKJIACCUYECKUX HEUpo-
CETeBBbIX IIapaJurM, KOTOpBIE e€Ile He HalUIM IIMPOKOIro IIPUMEHEHUS
M TIePCIEKTUBHOCTh KOTOPBIX €Illeé OKOHYATEJIbHO HE BBISICHEHA.

I'maBa Bocempb <«KoMmploTepHOE TBOPUYECTBO», Ha TICPBBIA B3IJIS],
BbIAgaeT M3 OOIIel MHparMaTUYeCKOM HampaBieHHOCTH ydyeOHuka. OHa
HaYMHAETCS ¢ M3JT0XEHUS (PUIT0COPCKIX TPAKTOBOK TBOPUYECTBA, OOBSICHSIET
NPUHLMIOBL MOJEJIMPOBAHUS MY3BIKAJILHOIO M IO3TUYECKOTO TBOpYE-
CTBa, OJHAKO 3aKaHYMBACTCS CEPbe3HBIMU IIPOOJIEMaMU MOIEIUPOBAHUS
Hay4yHOIro TBOpPYECTBa, B YaCTHOCTU — BO3MOKHOCTSIMU MOJIEIUPOBAHMSI
JIEeSITEIbHOCT MAaTeMaTUKOB, BBIIIOJHSIOIINX PEILICHUE CIOXHBIX KpPaeBbIX
3aJa4 MaTeMaTU4eCKOol (pU3UKU.

JleBsiTasl Ty1aBa IMOABOAMT UTOTr y4yeOHOro Kypca. TeXHOJorum co3maHus
MHTEJIJICKTYaIbHBIX CUCTEM CPaBHMBAIOTCSI MEXIY CO00Ii, KaK B TEOPETU-
YecKOM, TaK M B IIPUKJIAAHOM acIeKTaxX;, M3JIaraloTcsl TakKKe IIPOTHO3bI
aBTOpa Ha Oyayllee u3y4yaeMoil HaydyHOW 00JacTH.

Takum oOpa3zoMm, peneH3upyeMass KHuUra (GOpMHUPYET U pacllupsieT
MUPOBO33peHME Oymyllero BBIIYCKHUKA By3a, IIOBBLIIIASI €ro PEUTHHT
B XXM3HU. B TO e BpeMsi, KHUTa SIBJISIETCSI MOJHOLIEHHBIM PYKOBOJICTBOM JIJIST
OCBOEHUSI COBPEMEHHBIX TEXHOJOTUi CO3MaHMUs MHTEJUIEKTYyaJbHbIX CUCTEM
U TIpPUMEHEHMIO MX IJIs pelleHus IIMPOKOTO Kpyra HpakKTUYECKUX IIPO-
0J1eM, BCTpEYalolIUXCsI BO MHOTHMX O0JIACTSIX JESITEJIbHOCTM COBPEMEHHOIO
YeJioBeKa

KHura pekoMeHnyeTcsi B KaueCcTBe yueOHMKA M0 U3YYEHUIO TUCIUILIMHBI
«MHTeneKTyalbHble CUCTeMBbI» IJIs HaIlpaBJICHUS IOATOTOBKM OaKajlaBpOB
o HanpapjaeHUusIM «DyHIaMeHTalbHast MH(GOPMATUKA U MHPOPMAaILlMOHHbIE
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TexHonorun», «MHbDoOpMaTKa M BBIUMCINTEIbHAST TeXHUKa», «MHpopMa-
LIMOHHBIE CUCTEMBl M TeXHOJOruu». KHUra MoXeT OBITh ITOJIE3HA M IS
CTYOEHTOB NPYTUX HAMpPaBICHUI, BKIIOYAIOIINX W3YYCHHE TIPUHIIUIIOB
CO3MaHUSI WHTEJIEKTYaJTbHBIX CHCTEM.

PeuenseHr:

E. K. Xennep,

3asedyrouuil Kageopoil UHDOPMAUUOHHBIX MEXHOA02ULL
Ilepmckoeo eocydapcmeennoco HAUUOHAAbHO2O
Uccned08amenbCcK020 yHugepcumema,

dokmop ¢u3.-mam. HAyK, npogheccop.

PELUEH3UA 2
HA KHUrY 1. H. ACHULUKOIo
«MHTENNEKTYAJIIbHbIE CUCTEMbI»

B Poccun, kak 1 Bo BceM MuUpe, He cHIKaeTcst cripoc Ha IT-cnenmanicros,
MIpUYEM, €CJIU PaHblle, OT HUX TPEOOBAIOCh 3HAHWE ONEPALIMOHHBIX CUCTEM,
SI3BIKOB TIPOrpaMMUPOBAHUSI U YMEHUE MOJb30BaThCsl MaKeTaMU TPUKIIaI-
HBIX TIpOrpaMM, TO Terepb TpeOyeTcsl 3HaHUE METOI0B WHTEJIEKTYyalIbHOIO
aHajM3a JAaHHBIX U yMEHHE WX NPUMEHSTH IUISI PELICHUST IPaKTUYECKUX
3ajad.

WHurennekryanbHbIA aHAAM3 JAHHBIX — 3TO COBOKYITHOCTb METOAOB 00-
HapyXeHMsI B JaHHBIX paHee HEM3BECTHBIX, HETPUMBUAIbHBIX, IPAKTUUYECKU
MOJI€3HBIX 1 JOCTYNHBIX MHTEPIIpeTalluy 3HaHWI, HEOOXOAUMBIX IJIsI TIPUHSI-
TUS PELIEHUI B pa3IMUHBIX chepax uesoBeyeckoit nesreabHocTu. Hanbosee
3 dEKTUBHBIMU M3 3TUX METOAOB SIBJISIIOTCSI METOIbl MCKYCCTBEHHOTO
WHTEeJJIeKTa, B YaCTHOCTU — HEHMPOCETEBbIE TEXHOJIOTUU.

PenensupyemMass KHuUra MOpeacraBisieT COOOKM Y4eOHMK, ITOCTPOSHHBII
B KiaccuueckoM cTwie. OH BKJIIOYAeT II0CAEIOBaTeIbHOE OIIMCaHUE
UCTOPUM BO3HMKHOBEHMSI M pa3BUTUSI HaydHoOU obyactu «MIcKyccTBeH-
HbIIi MHTEUIEKT» KaK TeOpEeTUYEeCKON OCHOBBI COBPEMEHHBIX METOAO0B
WHTEJJIEKTYaJlbHOTO aHajiu3a JaHHBbIX. PacKpbIBalOTCSI MOHSITUS JaHHBIX
U 3HAHUW, TIPUBOAMUTCS OMUCaHUe HauboJiee PacrpoOCTPAaHEHHBIX CIIOCOOOB
MpeACcTaBJIeHUs] 3HAHUM, a TakKe OCHOBHBIX TEXHOJIOTMI CO3JaHUS WH-
TeJUIEKTyalbHbIX cucTeM. Cioma BXOIST: TEXHOJOTMU DKCHEPTHBIX CUCTEM,
9BOJIIOLIMOHHOIO MOJAECINPOBAHUS U TEXHOJOTUM HEMPOHHBIX CeTel, JaeTcs
UX CpaBHUTEJbHBIM aHanu3. OCHOBHOE BHUMAaHUE YACIEHO HEHpPOCETEeBHIM
TEXHOJIOTUSIM, UTO OOOCHOBAHO COBPEMEHHBIMHU YCHEeXaMM UX MPUJIOXKEHUI
U BCE BoO3pacTalollieil MOIMyJISIPHOCTbIO 3TOr0 MaTeMaTU4ecKoro arrapa-
Ta cpeau IT-cneuuanucroB. MeToauuyecKud IOCIENOBATEbHO W3JI0XEHbI
TEOPETUYECKNE OCHOBBI, IIPUHIIUIILI TPOEKTUPOBAHUS M ONTUMU3ALUU
HEeHPOHHBIX ceTeil. Bo3MOXHOCTM HEMPOHHBIX CETEU MPOAESMOHCTPUPOBAHBI
Ha IIpuMepax MX IIPUMEHEHMs IJIs MHTEIeKTYaJIbHOIO aHajin3a ITaHHBIX
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B MPOMBIIUIEHHOCTH, B MEIUILIMHE, B TOJUTOJOTMU, B COLIMOJOTUHU,
B IICUXOJIOTUHM, OYEPUEH KPYT pellaeMbIX 3afau, IPUBeIeH PeKOMEHIYeMbIi
aBTOPOM aJITOPUTM MNPUMEHEHUSI METOJAa HEMPOCETEBOIO MOISIMPOBAHMSI.

B kHure ¢ eguHBIX MNO3ULIMI PACCMOTPEHBI BOMIPOCHI KOMITBIOTEPHOTO
TBOpPUYECTBA, MPUIYEM MU3IOXKEHUE HAYMHAETCS C MOJIEIMPOBAHMS TBOPUECKUX
MPOLIECCOB B TyMaHUTApHOI cepe, Mocje Yero u3jaaraeTcsl aBTOPCKUA OTbIT
CO37aHUSI MHTEJUIEKTYyaIbHBIX CUCTEM Il pPEeleHUs] KpaeBbIX 3aJad Mmare-
MaTUYecKOW (bu3MKU. 3aKaHUMBAETCS KHMIA COIOCTaBJI€HUEM pa3InuHbIX
TEXHOJIOTUI MHTEJUIEKTYaJbHOIO aHa/IM3a JaHHBIX U 00CYKIeHUEeM Ipo0JieM
JaJIbHEMIIIero pa3BUTUSI 3TOM HaydHOM OO0JIacTH.

KHura sBiasercss mMcyeprnbIBalOIIMM PYKOBOIACTBOM IO OCBOEHHUIO CO-
BPEMEHHBIX TEXHOJOTUI CO3AaHUs MHTEUIEKTYaJIbHbIX CHCTEM M MX
NpUMEHEHHUIO MIJISI MHTEJIEKTYyaJlbHOTO aHajlu3a JaHHBIX LIMPOKOIro Kpyra
npeaMeTHbIX objacteil. Ee MOXHO peKoMeHnoBaTh B KauyecTBe yuyeOHMKa
M0 M3YyYEeHUIO OUCHUIUIMHBI «HTeNIeKTyaabHble CUCTEeMbl» ISl HarpaB-
JieHus1 moarotoBku 6akanaBpoB 010300 «DyHpaMmeHTanbHass MH(GOpMaTUKA
1 MHGOPMALIMOHHBIE TEXHOJIOTUW»

PeuienzeHr:

C. B. Pycakoe,

3asedyrouuil Kageopoii NpUKAAOHOU MaAMeMamuKku U UHGOPMAMUKU
Ilepmckoeo eocydapcmeennoco HAUUOHANBHO2O

uccned08amenbcKo20 yHugepcumemad,

dokmop ¢u3.-mam. HaAyK, npogheccop.

PELEH3UA 3
HA KHUTY 1. H. ACHULUKOIo
«UHTENNEKTYAINIbHbIE CUCTEMbI»

MeTtonpl M TEXHOJIOTMM HCKYCCTBEHHOTO MHTEJJIEKTa BCE 4Yallle MC-
MOJB3YIOTCSI MHpU pa3pabOTKe IPUKIIAAHOIO IIPOTPAaMMHOI0O OOeCIIeYeHUs,
NPUMEHSIEMOIO [JIsl pEelIeHUsI IIUPOKOro Kpyra TEXHMYECKUX IIPOOJIEM,
TaKMX KakK YIpaBjieHHe, IpOTHO3MpoBaHUe, ontummusauus u ap. Coor-
BEeTCTBEHHO, B IIporpaMMax oOOydYeHUsI CTYAEHTOB TEXHUUYECKHUX BY30B
NOSIBISIIOTCS AUCUMIUJIMHBI, BKJIIOYAIOIIME W3YyYeHUE BTUX COBPEMEHHBIX
vH(pOpMaLIMOHHBIX TexHojorui. [ToaToMy co3maHue BBICOKOKAYECTBEHHOM
y4eOHOM JuTepaTypbl, NOAOOHO TOI, KOTOPOM SIBISIETCS PELEeH3UPYEMbIi
Y4eOHUK, SBJISIETCS aKTyaJbHOW 3amayeil, CTOSIIed mepel CUCTEeMON
COBPEMEHHOTO POCCUICKOTO 0Opa3zoBaHMUSI.

ABTOp pELEH3MPYEeMOil KHUIM M3BECTEH KaK pPYKOBOIMUTEIb MHOIMX
WHHOBALIMOHHBIX IPOEKTOB, BBIMOJIHEHHBIX C TMPUMEHEHUEM METOI0B
MCKYCCTBEHHOTO WHTE/UIEKTa M IIOJYYMBIIMX BHEAPEHHE Ha IIPOMBIIII-
JIEHHBIX, aAMUHUCTPATUBHBIX, TOPIrOBbIX M KOMMEPUYECKUX IIPEATIPUSITUSIX
u B MeauiinHe. OH TakKe M3BECTEH M KaK OMNBITHBIM IIe1aror, BOCIMTaBIINIA
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HE OJHO MOKOJIEHUE CIIeLMAJIMCTOB B 00JIACTU CO3IaHUSI MHTEUICKTYaIbHBIX
cucteM. Ero xHura «MHTe/IeKTyalbHbIe CUCTEMBbI» SIBISIETCS Pe3yJbTaTOM
MHOTIOJIETHE Hay4dHO-Iegaroruyeckoii padborel. OHa 0000I1IaeT aBTOPCKUIA
OIBIT MPEIOJaBaHUSI 3TOM AUCLUMUIUIMHBI C HECKOJBKUX By3aX.

KHura HaumHaeTcsl ¢ M3JI0XKEHUS UCTOPUUECKUX NAHHBIX O TOSBICHUU
M CTAaHOBJICHMM Hay4YyHOU 00JacTd, O ee yclexax M HeyJadyax, CII0cOo0-
CTBOBABILIMX TIJIYOOKMM MaTeMaTUYECKMM WCCJIENOBAHUSIM U CO3JaHUIO
TeopeTuyeckoi 0a3bl. B KayecTBe NpMMEPOB CO3IaHUSI WHTEJUICKTyallb-
HBIX CHUCTEeM B KHUIEC pPacCMaTpMBAETCSI HECKOJIbKO WHHOBALIMOHHBIX
IIPOEKTOB, BBIMIOJHEHHBIX HEMOCPEICTBEHHO 10 PYKOBOJICTBOM aBTOpA.
DTO HeHpoceTeBble CUCTEMbl IUATHOCTUKM aBMALIMOHHBIX JIBUTATENCH
1 COCTOSIHMSI 3I0pOBbsI YeJIOBEKa. DTO HelpoceTeBasi CUCTeMa yIIpaBJICHUS
KMOEpHETUUYECKUM OOBEKTOM. DTO CHUCTEMbI, BBISIBJISIOIINE CIIOCOOHOCTH
Jmojeil K OM3Hecy M HaydyHOM AesITeIbHOCTH.

B xHure mpuBeneH OOIIMIA aJITOPUTM CO3HAaHMS HEHPOCETeBOIl WMHTEJ-
JIEKTYaJIbHOM CUCTEMBI U €€ TIPUMEHEHMUS UISI UHTEJUIEKTYaJIbHOTO aHaJIn3a
IDaHHBIX. JIaHHBIM anTOpUTM O00O0O0IIAET aBTOPCKMI OITBIT M ITO3BOJISICT
n30exaTrb OIIMOOK, OOBIYHO IOITyCKA€MBIX IIPU CO3JaHUM TaKMX CHCTEM.

MTak, KHHUra II03BOJISIET IIOJIyYUTh LEJOCTHOE IpeacTaBicHUe 00
n3y4yaeMoOM IIpeAMeTe M, B TO XXe BpeMs, INPUOOpPEeCTd HaBLIKM WM OIIBIT,
HeoOXomuMble IIpU pa3pabOTKe WHTEJUIEKTYaJbHBIX cucTeM. [loatomy ee
MOXHO PEKOMEHIOBaTh B KauyeCcTBE YYCOHUKA IO M3YYCHUIO TUCLIATLIAHBI
«MHTenneKTyanbHble CUCTEMBI» IS HAIIpaBJICHUS ITOJATOTOBKM OaKalaBpOB
«DyHgaMeHTanbHasT WHGOPMATUKA W WH(GOPMALUMOHHBIE TEXHOJOTU»,
a Takxke UISI APYyTMX HaOpaBieHMUI, IIpelycMaTpuBalOlIUX OCBOCHUE
TEXHOJIOTUI CO3IaHUSI MHTEJJIEKTYaJIbHBIX CHUCTEM M WHTEJUICKTYaJbHOTO
aHajM3a JaHHBIX.

PerieH3zeHT:

B. FO. Cmoabos,

npogheccop kaghedpvl «Mamemamuueckoe modeauposanue

cucmem U Npoueccos»

Tlepmckoeo HayuoHanbHO20 UCCAE008AMENLCKO20 NOAUMEXHUHECKO20
YHU8epcumema, O0OKMOp MEXHUHECKUX HAYK, npogeccop.
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B MHMEHWE NPOBOAMTCA CONOCTABNEHME DANMMHBIX TEXHONOMMN M-
TEMNNEKTYENEHON 2HANKIa JaHHEX 1 05 neHKe Npobnem gansHenwenn
PEIBMTHA 3TOA HAYYHOR 0DNacTH.
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