Cotnuk C.JI.

NnenTudukanus Ko1edaTeIbHOI0O 3B€HA
Metoaom I'pynnoBoro Yuera ApryMeHTOB H
HUCKYCCTBEHHOM HEHMPOHHOU CEThI0
€ TeHeTHYEeCKHM aJIrOPpUuTMOM 00y4eHUsI

Jles cocmoum u3 cvedeHHbIX UM 6apaHos.
pesnepumckoe uspeuenue.

BBenenune:

B nHacTosmee Bpemsi HaOrogaeTCsl OOJIBIION MOBTOPHBIA BCIJIECK KOJIMYECTBA MyOIMKaIUi B 00-
JIACTU MCKYCCTBEHHBIX HEMpOHHBIX ceTel. IlepBriil nMmen mecto B 60-X rojax, mociie BbIXO/Aa B
cBeT pabotel . Pozenbnarra «[Ipunnunel HelipoauHaMukny [1]. bonbmas nmepBoHavyanbHas aK-
TUBHOCTH BCKOPE CMEHMJIACh OOJIBIIUM pa304apOBaHUEM, MOCKOJIBbKY CTAJIO SICHO, YTO MPOCTHIE B
OpraHHU3aIl[My MEPCENTPOHBI IJIsl CaMOOOYYEHHUs B PEIICHUU CIIOKHBIX 3a/1ad TPeOYyIOT CIUIIKOM
MHOTO BPEMEHHU.

U Bce xe uaest caMoOOydeHHSI CIUIIIKOM TPUBJICKATeIbHA JJIsl TOTO, YTOOBI €¢ HaJ0Ir0 3a0bLIH.
TomukoM HOBOro Oyma B 3TOH 00OjacTu mociykuiu padotel Xomdunaa [2] (HEHpOHHBIE CETH
Xondwiga) u XuaToHa [3] (HEHpOHHBIE CETH C OOpAaTHBIM pacnpocTpaHeHueM ommuoku). [lomy-
YeHBbI 00HA/IS)KUBAIOIIHNE PE3YIIbTAaThl TPUMEHEHHSI HEHPOHHBIX CETEH pa3IMYHBIX THIIOB B CaMbIX
pa3HBIX 00JIACTIX. DTO K MPUMEPY, PACIIO3HABAHNE OYEHB 3alTyMJICHHBIX CHTHAJIOB, pacliO3HaBa-
HUE TEKCTOB 0 UX MaTPUYHOMY U300paKEHHIO, TPOTHO3UPOBAHKIE KYPCOB BaJIOT.

OpnHako MHOT/Ia HEWPOHHBIE CETH MBITAIOTCSA MPUMEHHUTH B 00JIACTsIX, II€ CYIIECTBYIOT Oosee 3¢-
bexTruBHBIE METObI. JlaHHAs cTaThs MPECTABIAET COOON MOMBITKY OLIEHUTh BO3MOXKHBIE 001ac-
TH MIPUMEHEHHs] UICKYCCTBEHHBIX HEUPOHHBIX CETEH, U BBISICHUTH MyTH, MOBBILIAIOIHNE UX 3D Pek-
TUBHOCTH B OCTQJIbHBIX CIyYasiX.

00630p MeTO10B, pACCMATPUBAEMBIX B CTAThE:
Mogernb HeHpOHHOM ceTH.

HeiipoHHasi ceTb COCTOUT U3 MHOKECTBA OJMHAKOBBIX 3JIEMEHTOB — HEWPOHOB, MO3TOMY pac-
CMOTpEHHE pabOThl UCKYCCTBEHHON HEHPOHHOW CETH HaYHEM C MOJICTTH OJIMHOYHOTO HEHpPOHa.

buonornueckuii HEMPOH MOJIETUPYETCS KaK YCTPOHCTBO, MMEIOIIEE HECKOIBKO BXOJOB (ICHIPH-
ThI), U OJIUH BBIXOJ (akcoH). KaxxaoMy BXOJy CTaBUTCS B COOTBETCTBHE HEKOTOPBIM BECOBOI KO-
s duruent (W), XapakKTepu3yoIHUi TPOIYCKHYIO CITIOCOOHOCTh KaHajda M OICHUBAIOIINK CTe-
NeHb BJIMSHMS CUTHAJa C ATOrO BXOJAa HAa CHUTHAaJ Ha BbIXOJ€. B 3aBUCMMOCTH OT KOHKpETHOM
peanu3anuu, oopadaThiBaeMble HEUPOHOM CHTHAJIBI MOTYT OBITH aHAJIOTOBBIMHU WJIH ITU(DPOBBIMHU
(1 mwmm 0). B Tene HelipoHa MPOUCXOANUT B3BEIICHHOE CYMMHPOBAHHUE BXOIHBIX BO3OYXICHHM, U
Janee 3TO 3HAU€HUE SIBISIETCS apTyMEHTOM aKTHUBAllMOHHOW (DYHKIIMU HEWpOHa, Kak 3TO Mpe.-
craBieHo Ha Puc. 1:



Xp — 2:

Puc. 1. OnuHo4HbI HEPOH.

[Ipu 3TOM CyMMUpPYIOIIMNA SJIEMEHT pealiu-
3yeT GyHKIUIO d=Xw;*X;, a aKTUBAI[MOH-
Hasg ¢yHKIUA F MOXeT umMeTh camblii pas-
JTUYHBIN Xapakrep, HanpuMep
y=F(d)=1/(1 +e'd) (curmougHass QGyHKITHA),
win y=F(d)=¢'¥ (radial basis function).

Bynyun coenvHEHHBIMH —OTpeNeIeHHBIM
o0pa3zoM, HEHPOHBI 00Pa3yIOT HEHPOHHYIO
ceth. Pabora cetn paznensercss Ha 00yde-
HUe ¥ ajganrtanuio. [log o0ydyeHueM mMoHU-

MaeTCs MPOIECC aTanTallii CETH K MPEIbABISIEMbIM dTAJJOHHBIM 00pa3iiaM ImyTeM MOIu(pUKAIII

(B COOTBETCTBUH C TEM HJIM MHBIM aJITOPUTMOM) BECOBBIX KOI(DPHUIITMEHTOB CBSI3EH MEXK Ty HEHUPO-

HaMH. 3aMETHUM, YTO STOT MPOLECC ABISAETCS PE3yJIbTaTOM alropuTMa (PyHKIIMOHUPOBAHUS CETH,

a HC IPCABAPUTCIBbHO 3aJIOKCHHBIX B HEC 3HAHWUH YECJI0BCKa, KaK 3TO 4acCToO OBIBAET B CHCTEMax

HCKYCCTBCHHOI'O HHTCIIJICKTA.



Obwasi cxema NOCTPOEHMUS] allrOPUTMOB MeToda IPYIrnoBoOro y4Yyera aprymMeHTOB
(MIYA).

3aMMCTBOBaHUE AITOPUTMOB MepepadoTKu MHGOPMAIUU Y IPUPOBI SBJISIETCS OAHOW U3 OCHOB-
HBIX Hjel KubepHeTuku. «[ UmoTe3a cenekuun» yTBEPHKIAeT, YTO aITOPUTM MacCOBOW CENIEKIINU
pacTeHUN WM KUBOTHBIX SIBISETCS ONTUMAJIbHBIM aJTOPUTMOM IepepaboTku MHGOpMaluU B
CJIOKHBIX 3amadax. [Ipm MaccoBOM CeNEKIMU BBICEBAECTCS HEKOTOPOE KOJUYECTBO ceMsiH. B pe-
3yJIbTaTe OMBUICHUS 00pa3ylOTCs CIIOKHBIE HAcleICTBEHHble KoMOMHanUU. CeleKIMOHEphl BbI-
OMpaIOT HEKOTOPYIO YacTh PACTEHHH, Y KOTOPBIX HHTEPECYIOIIEe NX CBONCTBO BBIPAXKEHO OOJIbIE
Bcero (aBpucTHUECKHil Kputepuit). CeMeHa 3TUX pacTeHUH COOMPAIOT U CHOBA BHICEBAIOT /IS 00-
pa3oBaHUs HOBBIX, elle Oojee CIOXKHBIX KOMOMHaIMil. Yepe3 HECKOJIbKO MOKOJICHUN CeNeKIUs
OCTaHaBJIMBACTCS U €€ pe3ysbTaT SBISAETCS ONTUMaNbHBIM. Eciu upe3smMepHO mpoJoKaTh Celek-
IIUIO, TO HACTYNHUT «MHIYXT» — BBIPOKJeHHE pacTeHUil. CylecTByeT ONTUMAaIbHOE YUCIIO MOKO-
JICHUH U ONTHUMAaJIbHOE KOJMYECTBO CEMSIH, OTOUPAEMBbIX B KaXKJIOM U3 HUX.
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Puc. 2. Cenekuusi caMOro 4epHoOro THJbIAHA NPH PACIIUPHAIOMIEMCH ONBITHOM
noJie (AKBUBAJIEHT MOJHOI0 nepedopa), M NpM MOCTOSIHHOM pa3Mepe moJsi (3KBH-

BAJIEHT CeJIEKIUM MPHU COXPAHEHUM cB000AbI BbIOOpa pemennii F = const).



AnroputMbl MI'YA BOCIIpOM3BOAAT CXeMYy MacCOBOW cenekuuu [5], mokazanHod Ha Puc. 2. B
HUX €CThb F€HEepaTOphl YCIOKHAIOIMUXCS U3 psiAa B psAl KOMOWHAUUN U MOPOTOBbIE CaMOOTOOPHI
Jy4Iux u3 HUX. Tak Ha3bIBaeMoe «I10JIHOE)» OMUcaHue 00beKTa

¢ = 1(x1,X2,X3,. . .,Xm),

rae f — HekoTopasi sneMeHTapHas (QyHKLHS, HaIpuUMep CTENEHHOW IMOJIMHOM, 3aMeHseTcs He-
CKOJIbKUMU PSJIaMU «4aCTHBIX» OMHCAHUINA:

1-psan ceneknuu: yi= f(x1X2), yo= f(X1X3),..., ¥s= f(Xm-1Xm),
2-pan cenekuuu: 2= f(y1ya), z2= f(y1y2),..» 2= f(ys1ys), tie s= C-, p=C u 1.1,

BxoaHble apryMeHTBl M MPOMEKYTOYHBIC MEPEMEHHBIC COMPATAIOTCS TOMAPHO, W CI0XXHOCTD
KOMOWHAIMK Ha KaXJIOM psay oOpaboTku MH(GOpPMAIMK BO3pacTaeT (Kak MpHU MacCOBOM CEJIEK-
UM ), TIOKa He OyJeT Moy4YeHa eIUHCTBEHHAs MOJICTh ONTHMAaIbHON CIIOKHOCTH.

Kaxmoe wacTHoe omucanue siBseTCs (DYHKIMEH TOJBKO ABYX aprymMeHTOB. I[loaTomy ero xoad-
(bUIUEHTHI JIETKO OMPEENUTh 10 AAaHHBIM O0y4arollei mocie0BaTeIbHOCTH MPU MajoM YHClie
y3710B uHTepnosaiuu [4]. Uckirodas mpoMexXyToYHbIe TIEpEMEHHBIC (€CITH 3TO yIAeTCsl), MOKHO
MOJIyYUTh «aHAJIOT MOJHOTO omnKcaHus. MareMmaTuka He 3ampeniaer o0e 3Ty onepanuu. Hampu-
Mep, MO JAECATH y3JIaM UHTEPHOJSIUU MOKHO TMOJYYUTh B pe3yibTaTe OLUEHKH KO3(PPHUINEHTOB
MOJIMHOMA COTON CTETeHHU U T. [I.

W3 psna B psig CENEKIIMU MPOITYCKAETCS TOJIBKO HEKOTOPOE KOJWYECTBO CaAMBIX PETYISIPHBIX Tie-
peMeHHbIX. CTENeHb PEryIsIpHOCTH OIICHWBAETCS MO BEIWYMHE CPEAHEKBAIPATUYHOW OIMMUOKH
(cpemuelt 1 BceX BBIOMpPAEMBbIX B KaXKJIOM IMOKOJIGHUH TIEPEMEHHBIX WIIM JIJIsI OJJTHOM caMOU TOY-
HOH MepeMeHOol) Ha OTJAEIHHOW MTPOBEPOYHON MOCIIEI0BATEILHOCTH JaHHBIX. MIHOT1a B KauecTBe
MOKa3aTelIsl PeryIIPHOCTH UCTIONB3YETCS KO PHUITUEHT KOPPETALIUHN.

Psanpl ceneknuy HapaluBaloTcs A0 TeX MOp, MOKa PEryIsipHOCTh moBblmaercs. Kak Toiapko noc-
TUTHYT MUHUMYM OLIMOKH, CEJIEKIINIO, BO U30eKaHNEe «MHILyXTay», ClieAyeT ocTaHOBUTH. [IpakTu-
YECKH PEKOMEH]IyeTCSl OCTAHOBUTH CEJIEKIIMIO Jake HECKOJbKO pPaHbIIE JOCTUKEHHS MOJHOTO
MUHUMYMa, KaK TOJIbKO OIIMOKAa HAaUMHAET MaJaTh CIMIIKOM MEIJIEHHO. DTO MPUBOIUT K Oojee
MIPOCTBHIM U 00JIe€ JOCTOBEPHBIM YPABHEHHUSIM.



Asir OPUTM C KoBapuHnaLnsimMu U ¢ KBagpaTtudYHbIMU OIMTUCaHUAMMU.

Jly4mnit kiaaccuuKaTop TpeTbero psaaa

IInpuna
BEIOOpA
KIacCH(UKaTOPOB

Bxonnbie

NCPEMCHHBIC Psnpl aneMeHTapHBIX KIacCu(PUKATOPOB

Puc. 3. MI'YA kak SKBHBAJEHT MAacCCOBOM CeJIeKIMH.

B stom anroputme [5, 6] UCMONB3YIOTCS YaCTHBIE OMHCAHUs, MPEACTABICHHBIE B CIEAYIOLIUX
dopmynax:
yi=a0+a1xi+a2xj+a3xixj;
_ 2 2
Yk=aptaXitasXjrazXiXjtagx; +asx; .

C05XHOCTbh MOJIENIH YBEIMUMBAETCS OT psAJa K pALY CENEKIMHU KaK 110 YUCITY YYUTHIBAEMBIX apry-
MEHTOB, TaKk M 1o creneHu. CTeneHp MOJIHOTO omHcaHusi ObicTpo pacteT. Ha mepBoMm psgy —
KBaJpaTU4YHBIC ONKUCAHMS, HA BTOPOM — YETBEPTOU CTEIEHU, HA TPETHEM — BOCBMOM U T. 1. B
CBSI3U C 3TUM MHUHHUMYM KPHUTEPHsI CEJIEKIIMH HaXOIUTCs OBICTPO, HO HE coBceM TOYHO. Kpome To-
ro, IMEETCSI ONACHOCTh MOTEPH CYLIECTBEHHOI'O apryMeHTa, OCOOCHHO Ha MEPBBIX psAAax Celek-
MU (B cily4yae OTCYTCTBUA MpoTekiun). Crnennanbabie TeopeMbl Teopun MI'Y A onpenenstor yc-
JIOBUS, TIPH KOTOPBIX PE3YJIbTAT CEJIEKLIUU HE OTJIIMYAETCs OT pe3ysbTaTa MOJHOro nepedopa Mo-
Jenei.

J1s TOro 4TOoObI CTETEHB MOJIHOTO YPABHEHUS MOBBIIIATACH C KaXIBIM PSAJIOM CEJIECKIIMH Ha e/lu-
HUILY, 1OCTaTOYHO paCCMaTPUBATh BCE apTyMEHTHI U WX KOBapUaIMH Kak 000OIIEHHbIE apryMeH-

ThI U ITI0JIB30BAThCA COCTABJICHHBIMU AJISI HUX JIMHEWHBIMH OITHMCAHUSIMU.

CpaBHeHne MOJIYYC€HHBIX PE3YyJbTATOB.

[ToBooM Uil HaNMCaHMS JaHHOW CTaThH sBUJAch pabota [7]. Ha Puc. 4 npencraBineHsl pe3yib-
TaThl MOJEIMPOBAHMS NHEPLIMOHHOTO 3B€HA BTOPOIO MOpAAKA (MOAEID 3JIEKTPUUECKON MAallUHBI
MOCTOSTHHOTO TOKa HE3aBUCHUMOTO BO30YXIEHUS) HEHPOIMYISATOPOM C T€HETHUECKUM aJIrOpHUT-

MOM OIITUMH3allUH.
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0.30303
0.60606
0.909091
1.21212
1.51516
1.81819
212121
242424
2.72728
3.0303
3.33333
3.63637
3.9394
4.24242
4.54546
4.84849
5.15151
5.45454
5.75758
6.0606
6.36363
6.66667
6.9697
7.27272
7.57576
7.87879
8.18181
8.48484
8.78788
9.0909
9.39393
9.69697

Bpewms, ¢

Puc. 4. Ilepexognasa pynkuus ucciaegyemoro OY.

[Tepenarounas QyHkius staionHoro OY:

k
®= :
T?s* +2Tgs+1

rae k=1, T=0.5u ¢ =0.1. 3naueHus mapamMeTpoB MOIOOPaHBI TAKUM 00pa3oM, 4TOOBI KoyIeOa-
TeIbHBIE CBOMCTBAa 00BekTa ympasieHus (OY) ObuH BeIpaXkeHBI Xopoiro. HeliponHas ceTh, nc-
MOJIb30BaHHAsE B pabote [7], ObU1a TPEXCIOWHOM, C TpeMs y3JIaMH BO BXOJHOM CJIO€ (BXOIHOM
CHUTHAJI, BBIXOJAHOHN CHUTHAJ AMYIISATOpA Ha MPEIbIIyIIeM Iare U ero mpou3BOIHAs), BOCEMBIO y3-
JaMH B CKPBITOM CIIO€, ¥ JIByMs y3JIaMH B BBIXOJHOM cjioe (TepBasi U BTOpasi MPOU3BOIHAS BBHI-
XOJIHOTO CHTHAJa).

st uccnenoBanusi cnocoOHoctTd MI'YA K MOJIEIMpOBaHUIO TUHAMUYECKHX O0OBEKTOB aBTOPOM
OblIa co3aHa mporpaMMHas cucteMa Ha si3bike Delphi [8], koTopast uMeeT BO3MOKHOCTh T€HEPH-
poBaTh MpPOTrpaMMHBIA MOAYNb Ha si3bike [lackainb, peanu3yroniuil JOruKy MOJYyYeHHOTO JiepeBa
MI'VA. DTOT MOAYyb MOXKET 3aTE€M MCIIOJIb30BAThCS PA3TMYHBIMU IPOrpaMMaMH B Ka4yeCTBE Ma-
TEMaTUYECKO MOJEIIH.

s MonenupoBaHus KOJIeOATEILHOTO
3B€HA IMOCTPOMM JIsl Hadaia mepexo/I-

y 1 X HBIA TIpOIECC ISl CXEMBI, MpPEACTaB-
nenHoin Ha Pwmc. 5. Ilocme »storo B
pz + 01 p + 1 SIIEKTPOHHBIX Tabiumax Excel, mo-
CTPOMM JIaHHBIE B CIEAYIOIIEM BHJIE:
Puc. 5. CtpykrypHasi cxeMa MOJeJIMPyeMOro 3BeHa. KaKbIA MOCTIeAyIomuii cTonber mo-




BTOPSIET NpEeABIAYIUH ¢ 3ana3apiBanueM Ha 1 TakT (1 Takt mpumem paBHbIM 0.1 cexyHne). Beero
takToB Bo3bMeM 100. Jlns mpoBepku ciocooHocTr MI'Y A 0TOpachiBaTh JIMIIHIOW WHGOPMAIIHIO,
Ha BXOJ] CETH MOJIaJIUM JIaHHBIE 32 YEThIPE MOCIETHUX TAKTa.

CpaBHHM TIOJyYEHHBIC PE3yJbTAaThl C ATAJOHOM (IaHHBIE B TaOmuie | MpUBENEHBI 3a TaKThI
90...100, cootBercTBytommue 9...10 ¢):

Tao6auna 1. CpaBHeHne AAaHHBIX MEPEXOAHOI0 Impouecca 3 TAJIOHHOTO K0J1e0aTeJbHOI0 3Be-
Ha, 1 €ro MmoaeJim.

Pacuer OTanou

1.35921205906378E+0000 1.35923

1.37237263595137E+0000 1.37239

1.38151170083833E+0000 1.38152

1.38661758311519E+0000 1.38663

1.38771955537757E+0000 1.38772

1.38488671317641E+0000 1.38488

1.37822647536123E+0000 1.37821

1.36788272797653E+0000 1.36786

1.35403363778640E+0000 1.35400

1.33688916428515E+0000 1.33686

Jlaxxe HA COTOM TakTe pa3HHIIA MEXAY 3TaJIOHOM M PacueToM HMEETCS TOJbKO B ILIECTON 3Haua-
niei urdpe, MOATOMyY MOKa3bIBaTh 3Ty pa3HUIlY Ha rpadvKe HE UMEET CMBICIIA.

3akJa04YeHue.
UYrto nMen B BULy aBTOP, UCIIOJIb30BaB B KauecTBe dnUrpada puMCKYIO TOTOBOPKY?

[TonmpoOyiite BpyuHyr0 coOpath U3 (PyHKIUN BUIa 1/(1+e'd) m6o ¢ ypaBHEHHUE TPSIMOH. ITO
OyaeT 0COOEHHO TPYJIHO, €CJIM OTPAHUYUThH TIIyOMHY BJIOKEHHOCTH (YHKIIUNA TpEeMsl YPOBHSIMH.
Nmenno nostomy MI'YA Ha nuHelHHON 3a1aye Jan Takue MPEKpacHbIE pe3yJbTaThl, U OKa3ajcs
TOYHEE HEUPOHHOU ceTu. Mcrnonb30BaHKe MOCIEIHEN MPEICTaBIsSETCS B TAHHOM CIIy4ae CTPEJib-
0ol W3 mymKy 1Mo BOopoObsiM. OgHAKO TpH Mepexoje K HeMWHEWHBIM 3amadaM MIYA yxe He
MMeEeT TaKOro SIBHOTO MPEUMYIIECTBA, XOTS B OOJLUIMHCTBE CIy4aeB MoyiydaeMasi TOYHOCTh BCe-
TaKM JOCTATOYHA JJIsl IPAKTHUYECKOT0 IPUMEHEHUS.

OTO OTHIOZb HE O3HAYAET, YTO HEHPOHHBIE ceTH IIoxo, MI'YA — xopomo. DTo BCero jauuib
<OKUBOTHBIE» C Pa3IMYHBIM, XOTSI U YACTHUYHO IepeceKaroumcs apeaaom odutanus. Ha ocHoBa-
HUU TIPOBEJCHHOIO CPABHEHUS MIPEICTABISAETCS, YTO HCKYCCTBEHHbBIE HEUPOHHbBIE MOJIENIN OYAYT

6omee 3¢p(HEeKTUBHBI TPH CICTYIOIINX YCIOBUSIX:

®MO/JICTTUPYEMBIl 0OBEKT OUEHb CIIOMKEH;



®MO/JICTTUPYEMBI OOBEKT CYIIECTBEHHO HEJIMHEECH;

®I1 MOJETUPOBAHUS YYaCTKOB OOBEKTa, MMEIOMIMX HECI0KHOE MaTeMaTH4ecKOoe OINHMCAaHUE,
MPEIMOYTUTENHHO HCIIONIb30BAHUE BCIOMOIAaTEIbHBIX YACTHBIX MOJENel (HUCIONb3YIOIUX K
npumepy anroputmsl Tuna MI'VA).

Jannas pabota yacTuuHO moaaepxkaHa MexayHapo ot COpOCOBCKOM MPOTpaMMOM MOACPIKKHI
obpazoBanus B obsactu TouHbX HayK (ISSEP), rpant Ne GSU051376.
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