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BEKTOPHBIE MOJIEJIN ACCOILIMATUBHOMN ITAMSITI !

Mogens Xomnduaaa mo3Bosiger 3PHEKTUBHO 3AIIOMHUTL CPABHUTEILHO HEDOJIBINIOE YKUCII0
UCXOJIHBIX 00pa30B — nopsiyika 15% o pasmepa Heiiponuoii cern. CyIecTBEHHO TPeB30HTH
9TOT MOKA3ATE]b VIAAETCI TOJBKO B [lOTTC-CTEKOMBHON MOJeNn acCOIUATUBHON HaAMSITH,
rJe HelpOHBI MOI'YT HAXOJUThCsA B DOJibllieM 4deM jniBa uucie cocrosinuii. I[lokazano, dro
emre 6OJTBITIEH EMKOCTBIO TaMaATH 001a1aeT napamempuueckasn wetiponnas cems (TTHC), pe-
AJIM3YIONIAsT HEeJTUHEHO-ONTHIeCKUe TPUHITUIILI Tepeadn u o0paboTku curunaios. Pazsur
dopManmsM, MO3BOJAIONINN eUHBEIM 00Pa30M OMMMCHIBATHL KaK 1[0TTC-CTEKOIBHYIO accoInar
TuBHY0 naMaTh, Tak u [IHC. Jjs oreHKr eMKOCTH NaMsITH UCIOIB3YETCS CTATHCTHIECKAS

TexauKa Yedniesa-1epHosa.
1. Beegenune: mapaMmerpudyeckasi HeiipoHHas CE€Thb

B [1,2]| 6bL10 IOKA3aHO, YTO UCKYCCTBEHHASI HEHPOHHAS CETh, YCTPOEHHAS Ha ONTHYe-
CKUX MPHUHIHUNAX 00pabOoTKM U XpaHeHus nHMOpPMAIUN, 00/1a1aeT CYIeCTBeHHBIME IIpe-
HMYIIECTBAMHU 110 CPABHEHHMIO C JAPYTUMH MOJEJSAME aCCONMATHBHON HaMsATH — TAKHMH,
Kak Mojieih Xonduiga u mpoeKkiuoHHasi Marpuia csaseit (3], cerb Xavmunra [4], da-
3opHbie cetn [5] m ap. 3a ocwoBy cern B [1,2] GbLT MpUHAT napamempureckud Heldpon
— obJrajaroniuii Kyondeckoil HeJIMHEITHOCTBIO 3JIEMEHT, CIIOCOOHBINH K IIPeoOpa3oBaHUIO0 U
reHepalui YacTOT B MPOIECCaX MapaMeTPHIECKOr0 YeThIPeXBOIHOBOTO cMmerrenus [6]. Co-
OTBETCTBYIONLYIO CETh OBLJIO ITPEJJIOKEHO HAa3BATh NAPAMEMPUUECKOT HetUpoHHot Cemvblo
(ITHC). CxemaTwyecku MPUHIKI ee pabOThl MOYKHO TIPEICTABUTE CJIEYIOMMM 00PA30M.

Cetb coctapiena u3 N meiiponos. Heiipon Oyjgem mnpejacTaBisaTh cebe KaK CJIOKHYIO
CTPYKTYDPY, COCTOSAIIYI0 u3: 1) cymMMaTopa BXOJHBIX CUIHAJIOB; 2) HAGOpa ¢ UIATHHBIX

YAaCTOTHBIX (PUJIBLTPOB ¢ COOCTBEHHBIMU YACTOTAMU
(1) W, Wa, - .y W

3) 6sioka cpaBHeHUsT OTUIBTPOBAHHBIX CUTHAJIOB 10 AMILIUTY/IE U 4) ¢ TeHepAaTOPOB KBa-

3UMOHOXPOMATHYECKUX WMITYJIbCOB Ha dacToTax m3 Hadopa (1).

Pabora Bblmosnena 1npu GUHAHCOBOI 1oIepKKe Poceuiickoro dbonja gpyHIaMeHTaJIbHbIX UCCAeI0-
Bauwii (rpanrbr 02-01-00457, 03-01-00355 u 01-01-00090) u nporpavmbr "UHTeeKryaibHbIe KOMIIbIO-

TepHble chucTeMbl” (poekT 2.45).



Byzem ucnosib30BaTh B JajbHelineM mepeMeHHyo | (BO3MOKHO ¢ WHEKCAMHE) TOJBKO
JUTs HyMeparun qactot {w;}9.

CocrosiHue KaKjioro HelipoHa B JAHHBI MOMEHT BPEMEHH XapaKTepPU3YeTCsl 4acTo-
Toit w3 wabopa (1) m dasoit ¥. Hanmpumep, MOKHO OTOXKIECTBUTH KarK/IbIil HEHPOH ¢
9JIEMEHTAPHBIM HHUKCEJeM KpaHa, a TO WM HHOEe COCTOsIHUe HefpoHa - ¢ MBETOM, B KO-
TOPBIi OKpAIlleH JAHHBINA MHKCETh. [[BeT XapakTepHu3yercss JacTOTOH w KBa3HMOHOXPO-
MaTuuecKoro ummyJabca exp(wt + 1)) u daszoit . Yeaosumes, aro (aspl MOryT npu-
HUMaTh TOJIBKO OJHO W3 JBYX 3Hadenuit: 0 wim m. Torga y KBa3UMOHOXPOMATHYECKHUX
UMITYJIbCOB mosiBITCs aMIuiuTyabl +£1. IlockonbKy WacToTa w OTBEYaeT TOMY HJIH HHO-
My 1BeTy (KpPACHBIN, OPAHIKEBBIN, YKEJATBIH U T.JI.), AMILIATYLY MOYKHO TPAKTOBATH KAk
HHTEHCUBHOCTH IBeTa: +1 orBedaer wmHTeHCHBHOCTH "TeMHubIH", a —1 - MHTEHCUBHOCTH

"eeeruprit". Takum 00pas3oM, cOCTOsiHHE HEHpPOHA OTBEYAET OKPACKe COOTBETCTBYIOIIETO

nukcenas B "remHo-KpacHbIi"BeT mim B "cBerso-KpacHbIii", B "TeMHO-OpaHzKeBbIi " nin

"cBeT/I0-OpaHKeBbIiH" 1 T. 1.
_ L ) q
ki = texp(uwyt), i =1,...,N; w, € {w}].

3/1ech 7 - HOMep HellpOHa, K; - ero COCTOsTHUE, XapaKTePU3YIoIeecs: 4acTOTOIl w;, CUIHAJIA.

Habop omnoBpemenubix cocrogumili Bcex N HeiipOHOB OTBeYaeT KAKOMY-TO IIBETHOMY
n300pazkeHuto Ha kpane: K = (ki, Kg,...,Ky). BBeIeM B paccMOTpeHHe p Hamepes 3a-
JIAHHBIX MCXOJHBIX 00pa3oB (nammepros) — p GUKCHPOBAHHBIX IIBETHBIX U300paKeHUil,

undopMalys 0 KOTOPbIX XPAHUTCS B IaMATH CETHU:
(2) K(“):(mﬁ“),mg“),...,mg\*,‘)),u:l,...,p.

CuMBOJ ft, 3aKJIIOYEHHBIN BCEr/Ia B CKOOOYKHU W MCIOTb3yeMblil TOJBKO KaK BEPXHUN MH-
JIeKC, OyJIeT CIyKUTh JIJIsl HyMepanuu narrepHos u3 nabopa (2). Cocrostuuio i-ro Heifpona
B [I-M IIaTTEPHE OTBEYALT 4acToTa W), e 1 < ll(“) <qgi=1,...,.Nyu=1,...,p.
;
[lycTs cocTosinme j-ro HellpOHA B IAHHBIN MOMEHT BPEMEHU XapaKTepPU3yeTcs 1acTOTOM
wy; — HefipOH HCITyCKaeT KBa3HMOHOXPOMATHYECKHIl HMITY/ILC eXp(ww;,t) JIHTeTbHOCTLIO
7. [Ipumem 11 TPOCTOTHI, YTO T — BeJUYNHA, KPATHAs BCEM IEPUOIAM COOCTBEHHBIX

KoJiebaHuit HeiipoHa,

T 2
(3) — —menoe, tne ;= —VIi=1...,q.
Tl wy
[Tamsars cern j0Kaau30Bana B MexKeBA34X 1, 1,7 = 1,..., N, e akKyMy/IMpOoBaHa HH-

dopmanusi 0 COCTOSIHUSAX 2-I'0 U J-TO HEIPOHOB BO BCeX p marTepHax. byjem mojiararh,

YTO MEXKCBSI3M YCTPOEHBI JIMHAMUYECKN U OPTaHU30BaHbI MO MpaBuIy Xeboa:

Ty = h_ ke i # 5,

(4) T.. = 0:

i,j=1,....N.



KBa3zuMoHOXpOMATHIECKUI UMITYJIBC ¢ 9ACTOTOH wj;, PACIPOCTPAHSIONMHACS 110 (17)-i
MEXKCBSI3M OT J-TO HeifpoHa K i-My, yYacTByeT B IIPOIECCaX MapaMeTPUIEeCKOTO UeThI-
PEXBOJIHOBOI'O CMeNIeHUAd C aKKYMYJIMPOBAHHBIMU ME2KCBA3BIO COCTOAHUAMU i—I‘O n j—FO

HelpoHOB B maTTepHax (2):
(5) Wi — Wy +wy; — {wi}
i J

Awmmmuryasr +1, KOTOpbie, BO3MOXKHO, IMEIOTCS Y KBA3UMOHOXPOMATHIECKUX UMITYIHCOB,
IPH 3TOM IIepeMHOZKAIOTCA. [IpocyMMHEpOBaB pe3yabTaThl STUX HapHuaIbHBIX Ipeodpas3o-
BaHUM 110 BceM My IOJIYIUM ]_[eﬂblﬁ HHaKeT KBa3UMOHOXPOMATUYECKUX UMIIYJIbCOB, B006me
rOBOpsl — Ha BCex dactorax u3 Habopa (1), ¢ ONpemessIIomuMICcs MeXKCBSI3bI0 aMILIHTY-
JamMu. DTOT MakeT — PesyJIbTaT MpeobpasoBanns (ij)-#l MeKCBA3BIO MMITyIhca Wy, — W
IPHUXOANT K i-My HeilpomHy.

[TakeTsl KBA3MMOHOXPOMATHIECKIX MMITYILCOB, IIPUIICIINNE K i-My HElpOHY IO BCEM
MEZKCBSI3sIM, CYMMUPYIOTCA. 3aTeM CyMMapHbBI CHTHAI TPOXOJAMT HYepe3 ¢ MapaJliesib-
HO COEJMHEHHBIX 9aCTOTHBIX (GuIbTpoB {w;}]. Berxomnsie curunans ¢ GuIbTpoOB CpaBHU-
BAIOTCA [0 aMILIATYAe. U, HaKOHel, CHrHAJI ¢ MAKCHMAJLHON II0 MOIY/II0 aMILIATYI0N
UHUIAUPYET TeHePALNIO i-M HeHPOHOM BBIXOZHOTO MMITYJILCA, 9acTOTa U (a3a KOTOPOro
COBIAJAIOT € 4acTOTOi U (a30it nHUIMUPYIOIEro curnaia (nobedumens nosyuaem 6ce).

BasKHBIM 3JIeMEHTOM H3J1araeMoii CXeMbl siBJIsieTCst BhIABUHYTHIH B [1,2] npunyun neco-
usmepumocmu wacmom {w;}{: nukarxas xombunayus wacmom euda w; — wy + Wy e MO-
orcem, npunadaescams nabopy wacmom, (1), kozda ece mpu wacmomor pasausnn. Ha nee
HOPUHOUIT HECOUBMEPUMOCTU O3HaA41ae€T, 4TO CHUI'HAJI C 4aCcTOTOI U}lj, yqaCTByIOH_H/If/i B IIa-
pPaMeTpUIeCKOM Ye€ThIPEXBOJIHOBOM CMEHICHHUHN C XPAaHAIMUMUCA B MEXKCBA3U YaCTOTaMHU
W W W0 (eM. coornomenue (5)), MO MEKCBSI3U HE MPOXOIUT, €CJH BCE TPU IACTOTHI
PasIMYHbLL, — B 3TOM C/Iydae CHTHAT Wy, MeKCBA3BIO uIbTpyercs. Omicanne IpHHIHIA
paborsl [THC Ha 3TOM 3aKOHYEHO.

Hecmotpst Ha TO, 9TO OnMCaHHAast KOHCTPYKIMA TOPA3/0 CJA0XKHEee OMHAPHBIX MOJee
ACCONMATHBHOI IIaMATH, UMEETCA IEJbIH Pl ApIyMEHTOB B €€ II0JIb3Yy. BO-IepBhIX, A3bIK
4aCTOTHO-(hA30BOI MOAYIANNN SBIAETCA eCTECTBEHHBIM IIPH OITUIECKOH 00paboTKe CUr-
HAJIOB U IIO3BOJIIET OTKA3aThCA OT UCKYCCTBEHHOI aJanTaliy ONTHYCCKONR HeilpoceTn K
AMILIUTY/IHO MOJLYJIMPOBAHHBIM CUTHAJaM. BO-BTOPBIX, mepejada M0 MEXKCBS35SM CHI'HA-
JIOB Ha ¢ PA3JIMIHBIX 4acTOTax (AHAJIOr YIIOTHEHHs KaHasa), (DaKTHIECKH, MTO3BOJISET B
¢ pa3 YMeHBIINTD YHCJI0 MEKCBA3eil, KOTOpBIe B HefPOCETeBBIX apXUTEKTypaxX U TaK 3a-
auMaioT 10 98% mromaau weiipokpucrasia. U, HAKOHEIl, B-TpeThuX: IPOBeIeHHBINH B [1,2]
AHAJIN3 COOTHOIEHUS] CUTHAJ/TIIYM B COYETAHUU CO CTATHCTHYECKON TexHUKOil Hebbiena-

Yeprosa |7,8] mokaspBaer, 9To JJisi PAHIOMA3UPOBAHHOTO HAOOPA MATTEPHOB eMKOCTH TTa-



matn ITHC npubamsuTenapro B ¢? pas IPeBOCXOANT eMKOCTh AMATH MOAe n Xonduiia.
Jlazke mpu yMepeHHBbIX 3HaYeHusX ¢ ~ 10 3To JaeT BRIUT'PHIII HA JIBA MOPSAIKA. 3aMETHM,
YTO JIjII KOMIBIOTEPHON 06pabOTKM IBETHBIX M300payKeHU CTaH/IAPTOM SBJISETCS 3HAUYe-
Hre ¢ = 256; B 9TOM CJIydae BBIUTPHIINIT 110 CPABHEHWIO C MOJIEJIbI0 XOMMUIga COCTaBAT
4-5 TOPSAIKOB.

BwmecTe ¢ yBestmueHneM eMKOCTH MAMATH PACTET W MOMEXOYCTONINBOCTh CeTH. B KoM-
MBIOTEPHOM MOJIe/IMPOBAHNY ObLI0, Hanpumep, ycranosseno, yro [THC u3 100 napamerpu-
gecknx Heiiponos (N = 100), mepesatoiux curHaibl Ha 22 pa3IndHbIX YacTorax (¢ = 22),
B HaMATh KOTOPOil 3amucanbl 200 pangoMu3upoBaHHbX martepuos (p = 200), BoccraHaB-
quBaeT 3amryMiaeHnblii #a 80% marrepn 3a 100 TaKTOB pabOTBI — 3a OJUH IIPOXOJ IO BCEM
100 meitponam. Ta xe cernb ¢ mapamerpamu N = 100, ¢ = 25, p = 1000(!) Boccranasiusa-
Ja 3amymieHasii Ha 65% narrepn 3a 4-5 npoxonos no Becem 100 meiiponam. Hamomunwm,
YTO B CBOE BpeMs JIEMOHCTpaIeil pacrmo3narorieil criocobHocTr Mojie/in Xornduijia cau-
TAJI0Ch BOCCTAHOBJIEHHE e 3amyMiaenroro Ha 30% narrepua npu N = 400, p = 30 [9].

W3i10kerHble apryMeHThI 3aCTAB/ISIOT BHUMATE/bHO UCCJIeI0BATH HPUHIIUIIBI, HA KOTO-
poix ocuoBana [THC. DTomy u mocssitena nacrositasi pabora. [Ipex e, vem nepexoantsb
K U3JIOKEHUIO MOJYYEeHHBIX PE3Y/IbTATOB, CJAEJaeM OHO 3aMevYaHue.

Bo3MoKHBI pas/imyHble BAPUAHTHI TapaMETPHIECKOI'0 YeThIPEXBOJTHOBOTO CMEIIEHN I,
VIOBJIETBOPSIOIINE TMPHHIIAITY HeCcOm3MepuMmocTu wactor. Hampuwmep, B |1,2] nsywanucs

IPOLECChI IMapaMeTPpUIEeCKOI'o 4€ThIPEXBOJIHOBOT'O CMEIICHUA BU A

wpr, xorma l' =1I;
(6) w—wy +wpr =< w;, xormal =1";

— 0 B oCTaJIbHBIX CJIy4YasX.

CootercrBytomnyio cerb HazoeM [ITHC-1. Oanako 6osbIasg 9acTh U37araéMbIX B HACTOSI-
mieit crarbe pe3y/abTaToB MOJIyYeHa /Il TaPAMETPUIECKOTO YT PEXBOJIHOBOTO CMEIEeHU T
w;, xormal =1";
(7) w; — Wy + Wy =
— (0 B OCTaJIbHBIX CJIyYasx.
Oty cerb Oyaem naszwiBaTh [THC-II.

Crarbg ycTpoeHa cleayooimuM obpa3oMm. Bo BTopoMm pasjese BBOJMTCS BEKTOPHBIi
dbopman3M, MO3BOISIONNN chopMyTHPOBATE 33129y B 00IIeM Buae. B TpeTbeMm pasiene
n3JaraloTcs pesyiabrarhl, noaydennasie s [IHC-II. B gwerBeprom pasgesie Ha s3bIKe BEK-
TopHOTO (hopmasimama uzaaraercs [loTTc-cTekobHAST MOJETh aCCOIUATHBHON TAMATH U
nposogutcs ee cpaBuenue ¢ [THC-II. Heckonbko obmux 3amedanuii OTHECEHBI B 3aKJIIO-

YeHue, a TeXHUYECKH CJI02KHBbIE JOKa3aTe/IbCTBa BbBIHECEHDI B HpI/IJIO)KeHI/Ie.



2. BekTopHbiii popmanin3m

@akruaecku, [THC peasmsyer acconmarnBHyO naMsaTh XOMMUIIOBA THTA, HA HEHPO-
HaX, KOTOpPble MOTYT HaXOAUThcdA B OosbieM deM 2 qyucie cocroguuii. [logobubre Momenn
paccMaTpUBAJIUCH U paHblle - cM., Hanpumep, [10-15]. CrangapTubiii npueM 37€ch CO-
CTOUT B TOM, 4TO COCTOSIHUSI HEIDOHOB MOJIEIMPYIOTCS HE CKAJSIPHBIME BeJIMYuHAMHA (CO
sHadenusivu +1 win 0/1), a BEKTOPHBIMH, TPHYEM YHCI0 H300PAZKAIONIX BEKTOPOB 6epyT
PaBHBIM YHCJIY PA3JIUYHBIX COCTOSHUN HEHPOHOB.

B ITHC neiipoHBI MOTYT HAXOUTHCS B OJTHOM U3 ¢ “4GCMOMHO PA3AUYHBLE COCTOTHUN —
TeX, 4TO OUPE/IeJSIOTCS PA3/JIMIHbBIMU YaCTOTAMU KBAa3UMOHOXPOMATHYECKUX MMILYJIHLCOB
(1). Kpome Toro, u3-3a Haimqusi bas3bl MepeaBaeMble CHIHAIBI HMEIOT aMILIATyabl 1.

C yuerom (3) nmeem:

1 T
,/ elwi—w)t gy — O, rae Oy — cumBog Kponekepa.
T Jo

CaenoBaTe/IbHO, MOJEIUPYS IapaMeTpudecKue HeipOHbI BEKTOpaMH, HEOOXOIUMO, BO-
MEPBBIX, COMOCTABATH YACTOTHO PA3JUYHBIM COCTOAHUAM HEHPOHA B3AUMHO OPTOTOHAJIb-
Hble BeKTOPbI. Vl, BO-BTOPBIX, JIBYyM COCTOSHUSIM, OTJIMYAIOIMUMCS JIPYT OT JIPyra TOJbKO
dazoii, ciaeyer cONOCTaBUThH JIBa MPOTUBOIOJIOKHBIX 110 3HAKY BEKTOPA eINHUIHON 1/I1-
HBI. DTHM TpeOOBAHUSIM JIEI'KO V/IOBJI€TBOPUTH, COIIOCTABUB [-My U3 YaCTOTHO PA3JHIHBIX
COCTOSIHUI HelipoHa [-if BEKTOP-OPT BEIeCTBEHHOI'O ¢-MePHOTO IPOCTPAHCTBA, a JIBYM BO3-

MOKHBIM 3HaueHusM ¢daszwl ) = {0, 7} — 3HAKH + ¥ — TepeJ] TAKUM OPTOM:

0
®) exp(wwyt) — =1 |€eRY [=1,...,¢
0
ki = texpluw,t) — x3=me,, v;==+1, i=1,...,N; 1 <[; <q.

Cocrosumio Beeit cetu orseuaer Habop u3 N g-mMepHbIX BeKTOPOB: X = (X1,X2,...,Xy),
a UCXOJHBIM 00pa3zaM (2) — COBOKYHNHOCTH (DUKCHPOBAHHBIX MATTEPHOB

(1) .
u=1...,p.

[TockoJIbKYy HEIPOHBI Teleph CYTh ¢-MePHbIE BEKTOPHI, MEYKCBIA3b MEXKJLY 1-M U j-M Heli-

= 41

(9) X(“) = (X§H)7Xg“)7 - ,X%)% X(“) = xz(#)el(“)a Z;

POHAMH CJIEJIyeT 3a/1aBaTh He CKaIsIpoM, a (¢ X ¢)—mampuyet mescceaszu Ty, Marpuipt
T;; meiicTByIoT Ha BeKTOpH X; € R4

q
Tinj = Z(Tinj, el)el,

=1



IpeBpalnas uxX B JUHEHYI0 KOMOUHAIMIO OPTOB €; — aHAJIOr MaKeTa KBa3UMOHOXPOMATH-
YeCKHUX UMIYTHCOB, KOTOPDIii IIPAXOAUT K i-My HEHPOHY OT j-TO IOC/e Ipeobpa3oBaHus B
MeXKCBsi3u (CM. npeab iyl paszen). IIpu 97oM HEOBX0MMO y/I0BJIETBOPUTD JBYM TPe-
GosanusiM: 1) marpunpl T JH0IZKHBL OIPEENSITHCST COCTOSIHUSIMU (-T'0 U j-I'0 HeHPOHOB BO
BCeX p marrepHax B Jyxe Xe060oBckoro mpasuia (4); 2) marpuipsl T;; H0KHBI Tpeobdpa-
30BBIBATH BEKTOPHI X; TAKHM 00pa30M, ITOOLI BOCIPOU3BOAMWINCEH BCE OCOOCHHOCTH IIPO-
1eCCOB NapaMeTPUYECKOr0 4eThIPEXBOJIHOBOIO CMelIeHus, Ha KoTopbix ocHosana [THC, —
coornomtenust (6) wan (7). Marpunst T;; Gyayr onpegesensl Huxe, a MOKa, CIATAs UX
3a/IaHHBIMHU, OIIPEJIEIUM JUHAMUKY CEeTH U3 BEKTOPOB-HEHPOHOB.

[Tycrs X (t) = (x1(t),Xa(t),...,xn(t)) — cocrosinne ceru B MOMeHT Bpemenu t. Jlo-

KaJbHOE T10JIe, JIefiCTBYIOIIee Ha ¢-il HefIpOH, JaeTCs BhIPpAazKeHueM

N

(10) hz(t) = Z Tinj (t) = ZAZl (t)el, rae Azl(t) = Z(Tinj(t),el).

(O6bruno ymorpebusiembrii MEOKHUTETH 1 /N 31ech omymien.) Ilycrs Ay (t) — amminrya,

HAUOOJIBINAST TIO MOJLYJIIO cpeiu BeeX aMruTya Ay (t) B Beipaxenun (10):

| A (t) |= max | Aa(t) | .
1<1<gq

(11)
[TosoxkuM, 9TO B cjaeayiomuii MOMeHT BpeMeHH, ¢t + 1, ¢-if HeiipoH NpuHIMaeT 3HAYeHUe
(12) x;(t+ 1) = sgn(A(t))ex.

WNuave roBops, i-it BEKTOP-HEHPOH OPUEHTUPYETCS B HATTPABJICHUU, OJTUKANUIITIEM K HATIPaB-
JIeHuto JokaabHoro nosst h;(t). 91o u ecrb sxBuBaIeHT npaBuia "mobeauTe b MOTyIaeT
Bece'.

DBOJIIOIMST CETU COCTOUT B IMOCJIE0BATEIHLHON MEPEOPHEHTAIINN BEKTOPOB-HEHPOHOB
x; 1o mpasuiaM (11),(12). VeaoBumces, 9T0 KOTJa MaKCHMATIbHOE MO MOJYJIIO 3HAYCHHE
IIPUHAMAIOT HECKOJIbKO aMIUIUTY U HEeHPOH HAXOAUTCH B OJHOM U3 9TUX HEYAYYULGEMBIT
COCTOSIHUI, €eT0 COCTOsTHIE He MeHsdeTcsd. Tor1a HeTpyIHO TOKAa3aTh, UTO €CJIH s MaTPHIL

T;; soinosmnsierca pasencrso Tj; = T, Kaxaplii mar ssosonun cetu Oyjer COIPOBO-

YR
KIAaThCA IMMOHUZKCHUEM SHep2uU

N N

E=—=3(h,x)=— Y (Tyx;,x).

i=1 i,j=1
Pano nm mo3aHO cucTemMa CBaIUTCS B JTOKAJBHBIM MUHUMYM TIO SHepruu. Bee HepoHBI X;

Oy/LyT ITPU 3TOM OPUEHTUPOBAHBI HEY/IydIIaeMbiM 00Pa30M U IBOJIIONUS CETH MPEKPATHT-

ca. Takue cocrogannst CYTh HEIMOABU?KHBIEC TOYKU CUCTEMBI. HeO6XO,ILI/IMbIM n JOCTATOYHBIM



yCJIOBHEM TOT'0, 4TOOBI KOHuUrypanusg X Oblia HEMOJABUXKHON TOUKOI, ABISIETCS BBIMIOJI-

HeHUue CUCTEeMbl HEPaBEHCTB:
(13) (Xz,hl) Z| (el,hz) ‘, Vi= 1,,q, Vi= 1,,N

OupenenuM, nakonen, marpunbl Mezkcsaszu T;. Jlenaercd 310 ¢ noMombio Habopa U3
q* anemenmapwox mampuyy { A}y, pasmeprocTu (¢ X q), B COBOKYITHOCTH MOJEJIHDY-
IOIIUX TPOIECC TTapaMeTpuydeckoro derbipexBoHoBoro cmernenns B [THC. Jlocturaercs
9TO TeM, 9TO JJIs KazKA0i MaTpuipbl A SBHBIM 00pa30M yKa3bIBAETCA IPABUIO Ipeodpa-
30BaHUs €10 OPTOB € B COOTBETCIBUM C CYLIECTBOM U30PAHHOIO THIIA IIAPAMETPUYECKOIO
4eThIPEXBOJIHOBOrO cMmernenus. Hanpumep, pacemorpenusi [1,2] orHOCHIHCH K 9eTBIPEX-
BOJTHOBOMY cMmerennio (6). Ha BeKTOpHO-MaTPpUIHOM s13bIKe COOTHOTIEHUSAM (6) oTBevatoT
CJIeIyIONINe IIPABIIA IPeodpa30BaHUs OPTOB €:

e, xornal =I;

Ajep = e,
)
Ayper =< e, xormal =1"; = vi,l'l"=1,...,q.

0 Kora [ 7& I ?é 1 Apen = (sl/’l//eb l 75 l/7

DTHMH IpaBHIAMHI OJHO3ATHO OIpeiesgeTcs Habop 3JeMeHTapHbIX MATPHIL 2:

Ay =1 - equnnunag marpuna B RY;

All’ = ele;,r, KOorziaa l 7é .

[TapaMeTpuvecKoMy YeThIPEXBOTHOBOMY CMeNIeHuo (7) 0TBEYAIOT APYTHe TPABUIA TTPE0D-
pa3oBaHus OPTOB €7 U, COOTBETCTBEHHO, HECKOJILKO OT/INYAIONIHiicss HabOP d1eMeHTaPHbIX

MaTpUIL
(14) All/elu = (5l/7l//el — All’ = elel’f, v l, l/, l” = 1, o q.

QaKkTHIEeCKH, C IOMOINBIO dJIEMEHTapHBIX MaTpui, Ay MOJeJUpPYeTcsa MapiuaIbHbIi

AKT TAPAMETPUIECKOTO YeTHIPEXBOJHOBOTO cMemterust (5):

q
A X = Wi — wyw +wi; — Wil
J G J

i

2CornacHo (bU3NUIeCcKOl TpaIUIyH 3amuch Ay = elef, o3Hauaer (¢ X ¢)-MaTpully, noaydeHuyio ¢op-
MaJIbHBIM YMHOXKEHUEM ¢-MEPHOTO BEKTOP-CTOJIOINA €; Ha ¢-MEPHYIO BEKTOP-CTPOKY e?,‘. Bepxuwnii uHmekc
"+"31ech O3HAYAET OLEPALIMI0 TPAHCIOHMPOBaHKUSA. B 3T0 cucreme 0003HaYeHUI YMHOMXKEHNE ¢-MEPHOM
BEKTOP-CTPOKH Y Ha ¢-MepHLIH BEKTOP-CTOIOEIL Z eCTh IPOCTO CKAJIAPHOE IIPOU3BEICHHE IBYX (-MePHBIX
BekTopor: y'z = (y,z). Iloab3ysch accolMaTHBHOCTHIO MATPUYHOTO YMHOMKEHHs, JIeHCTBIe MaTpHIThI

xy T Ha BEKTOD Z MOXKHO 3amucaTh B Buie: (xy )z = x(yTz) = x(y, z).



Torma, 9To6Bl yIOBIETBOPUTH TpeOOBAHUIO 1), mpeabsapisiomemycs K Marpuiam Tj,

HEOOXOIMMO B34Th UX B BH/JIE

Z'u, 1 Al<M>l(# Z ;é j?
Tii =0;

(15) i,j=1,...,N.
Heiictsue matpunsr T;; (15) HAa BEeKTOp X; MOAENHPYeT HpoIece mpeodpa3oBHus (ij)-ii
ME2KCBS3BI0 UMITY/Ibca Wy, B ayxe XeOG0oBcKoro npasuia (4).

BamernMm B 3akaodenue, uro npu ¢ = 1 ITHC mepexoauT B CTaHZAPTHYIO MOIC/IH
Xondwunga: BeKTOPHI X; (8) mpeBpaianTcs B OObIYHbIe OUHADHBIE TIepeMeHnble T; = 1, a

BCe ocranbHOe B BhipazkeHusax (9)-(15) mpocro komupyer mozesnb Xonduiia.
3. ITHC-11

B nacrosimem pazgene pacemarpubaercsa [THC, yerpoennast Ha oCHOBe cemeiicTBa dJie-
meHTapHbIX Marpui (14). Corsacuo (15), MaTpuiia MeKCBSA3H MEXK/Y i-M U j-M HefipoHaMI
JIaeTCsl BbIpakKeHueM

P

(w)+
=S xxt i,
p=1

a JIOKaJbHOE TI0JIe, JIeHCTBYIOIIee Ha 1-ii BEKTOP-HEHPOH X;, UMeeT BUJI:

(16) h; =Y x¥

p
pu=1

N

Z (x;,x ZAZlel, rae Ay = Z Z x],x§“)).
J=1(# J=1(#1) n=1
C nomonpio (16) MOXKHO JOKa3aTh HECKOJIBKO ODIMIMX YTBEPKICHUIT OTHOCHTEIHHO HEIIO-
neizkEbX Touek [THC-IT (onu cupaBemuBbl u uist Mojgesnn Xonduiia).

1) Ecan X — HemoJBMzKHIIST TOYKA CeTH, TO W 00paTHas K Heil KoHbUrypamust
—X = (—xy, =Xy, ..., —X, ) TOXKe ABIACTCS HEIOBUKHON TOUKOI.

2) MHO)KEeCTBO HEMOJBUKHBIX TOUEK He 3aBUCHT OT PACCTAHOBKH 3HAKOB TEPEJ MaT-
repravu {X W}

3) Ecan uncsio narreproB p < 2, TO eIMHCTBEHHBIMH HEMOIBUKHBIMI TOYKAMH CETH
Oy/IyT caMu 3T MaTTEePHBHI.

Jaaum Teneps acuMnTorudeckyio onenky emkoctu namatu [THC-IT mpu N > 1. Ilycts

Ha4YaJIbHBIM COCTOAHHEM CETHU dBJIAETCHA I/ICKa}KeHHbIﬁ m-n HaTTepH
o (m) _ 1 Lm 7 (m) 7 (m)
X0 = (a0 x)™, aghoxy™ .. anbyx?).

Hesasucumbie cayuaiinbie semaunnt {a; )Y u {b;} 3a1ai0m MyabTunImKaTuBHbI TTyM.

Cay4aiiHasg BeJIMYUHA @; C BEPOATHOCTBIO @ MPUHUMAET 3HAUYeHHe —1, a ¢ BepOATHOCTBIO

~

1 — a — 3navenne 1. Chydaiiablii omeparop b; ¢ BEpOATHOCTbIO b M3MEHSAET COCTOSHUE



. - m
1-r0 HeifpoHa Ha JAPYroe, a ¢ BEPOSITHOCTHIO 1 — b ocTaBjsieT BEKTOP xl( ) HemsMeHHbBIM.
ubivu ciioBaMu, a OTpeiesisieT BePOSITHOCTh NCKAYKEHUsT 10 3HAKY, a b — BePOSITHOCTD HC-
KazKeHHS BEKTOP-COCTOAHMS HeiipoHa. OIeHuM, Ipu KaKuX YCJI0BUIX m-ii maTTepH Oy1eT

PACIIO3HABATBCSA CETHIO MPABIILHO. AMmmuTy el Ay (16) myeior B
Z'Il‘/:l Ty JJIS l 7é lz(m),

rae éj = aj(Xg'm)’ngg‘m))a nr = TIJ(M)(Z) = aj(elax(u))(xg'ﬂ)7l;jxg'm)>a .] = 17"-7N7 .] 7£ 7;7

)

Au =

w=1,...,p, 4 # M ¥ JIg TPOCTOTHI BEJUUHUHBI 7) HPOMHICKCHPOBAHBI 0OOOMICHHBIM
uHjekcoM 7 = (j, i), xoropwiii npuaumaer L = (N — 1)(p — 1) pasinvnbix 3HAUEHWIi:
r = 1,...,L; 3aBUCEMOCTb BeJUYHUH 7) OT UHAEKCA [ B JaJbHeiIIeM HHKAKOWl poJu He
ATPAaeT.

Jist pardomusuposannozo nabopa narrepuos { X W }r—1 Caydaitipie Beuaunbl {; 1 1),

HE3aBUCUMBI U UMEIOT pacClpeaeIeHndg

+1 ¢ Beposita. (1 —b)(1 —a), +1 ¢ BepostH. 1/2¢?,
(17 &= 0 c BepoaTH. b, N, = 0 ¢ Bepoarn. 1 — 1/¢?,
—1 ¢ Bepoarn. (1 —b)a; —1 ¢ Bepoarn. 1/2¢>.

(m)

s Toro, 9T0OBI ¢-if HEPOH IepelIes B COCTOSHAE X; ~, OTHOBPEMEHHO JIOJIZKHO BBITIOJI-

HATHCA
N-1

L L
Sgn(Ail(m)) = (ez(thgm))a Z &+ (ez(ﬁ’)’xgm)) an >| an -
‘ ‘ j ’ r=1 r=1

1=

. m
B nporuHOM ciydae mpousoiier onmnbOKa pacio3HaBaHUusd BEKTOP-KOOPIMHATHI XZ(- ). To-

(m))

CKOJIBKY CJydaiiHas BeJTMInHA (el(m),xi 7, IMeeT TO »Ke paclpejiesieHne, YTO U 7)., Be-
K3

POATHOCTDb omubOKn pacCiiO3HaBaHUA MO2KHO IIPDEJICTaBUTh B BUIE
N-1 L

(18) Pri=Prq¢> &+> 17 <0
Jj=1 r=1

g onenku BepostHOCTH (18) BoCTONIB3yeMcst U3BeCTHOl TexHnkoii YeGbimesa-depHoBa
|7,8] (cm. Ilpumioxkenue). B pesysibrare mojyduM BEPXHIOIO OIEHKY JJisi BEPOSITHOCTH

ommOKN pacrosHapanus marrepra X )

N(1—2a)* , 2
Tq (1—b)>-

C poctom N BepoSITHOCTH OMIMOKN PACIIO3HABAHUS CTPEMUTCSI K HYJII0, €CJIH D PacTeT

(19) Prerr S NeXp <_

MeaJjieaaee, 4eM

N(1 - 2a)?

21 12
2In N ¢ (1=

(20) Pec =

9



Omenky (20) MOKHO PACCMATPUBATH KAK ACHMITOTUIECKH JTOCTHKUMYIO €MKOCTh HaMSATH
[THC-II.

[Tpu ¢ = 1 Beipazkenus (19),(20) npeBpamaTCs B U3BECTHBIE PE3YJIBTATHI JIJIs MOJIEJIN
Xondunga (B srom ciaygae b = 0). C pocToM ¢ 9KCNOHEHYUAALHO CTIATIAET BEPOSITHOCTH
omubKu pacrno3uaBanus (19) — CyIecTBEHHO pACTeT MOMeXoycToitunBocTh ceru. OmIHO-
BpeMeHHO TPONOPIUHAILHO ¢° pacTeT u eMkocTh mamaru (20). B ormmdme or Momenn
Xondujjia oKa3biBaeTcs BO3MOKHBIM 3 dekTuBHOe 3aromunanue 0oJibinero yem N quc-
Jia narrepuoB p. Ha pucyHke jijisd pa3jnydHbIX 3HAYEHUN ¢ CILIONTHOM JIMHUEH MmoKa3aHa
3aBUCHMOCTH BEPOSTHOCTH MPAaBUIBHOTO pacno3HaBanud P... = 1 — Pr.., or Bequannb
9aCTOTHOrO TryMa b (B MPOIEHTax) MpH YHC/e NATTePHOB BJIBOE GOJIBIIEM YHCTA HEHPO-
HoB: o = p/N = 2; uckazkenus 1o 3uaky 3jecb orcyrcreyor (a = 0). Mbl Bugum, uro
ang ¢ = 20 npaktndecku co 100%mH0i BEpOATHOCTHIO OYAET NPABUIHLHO BOCCTAHOBJIECH
060l U3 HAaTTepHOB, 3allyMJIeHHBIA He Gosee yem Ha 70%, a mua ¢ = 30 — m060it mar-
TepH, 3allyMJEHHBIH He Gosee yeM Ha 85%. MamIuHHBIE SKCIEPUMEHTHI HOATBEPZKIAI0T

9THU OLEHKHU.
4. IloTTCc-cTEKOJJbHAsA acCCONATHBHAA MaMATh

B mporiom yke paccMaTpuBaInch MOJIEM aCCOIMATUBHON TaMSATH ¢ HeffpOHAMU, KO-
TOpBIE MOTYT HAXOJUTHCsI B GOJIBIIEM YeM JBa YHCJIe COCTOSHUI — cM., Hampumep, [5,10-
15]. Bee aTu Mojiesin SIBJISIIOTCSI TIPOM3BOHBIME OT U3BECTHON Moenn [ToTTca MarueTuka,
KoTopasi 00o01aer Mojie/ib 3unra Ha ciydail CliMHOBOM 1epeMeHHOM, pUHUMAIOIEl He
JBa 3HaYeHust +1, a NPOU3BOJILHOE YHCIIO ¢ Pa3JndHbIX 3Hadenuii [16,17]. Bo Beex ciayda-
AX IIePexXOo/] OT MOJEJ I MAarHeTuKa K MOJEJ I HEHPOHHONW CeTH IMPOUCXOIU IO OJHON U TOU
JKe cxeMe, ¢ IMOMOIIBI0 KOTOPOi Mojenb V3uHra Oblia B ¢Boe BpeMsl CBA3aHa € MOJEIbIO
Xondwunga [18|. A umenno, xapakrepuoe Jyisi QU3NIECKUX PACCMOTPEHUIT KOPOTKO/EIH-
CTBYIOIIEe B3aUMOJIefiCTBIE MEXKJIY JBYMSI COCETHUMU CIIUHAMHU 3aMEHSIOCHh MEKCBA3SAMU
XebO0BCKOTO TUIIA MEXK/Iy BeKTOpaMu-HeiipoHamu. B pe3y/ibraTe BOSHHKAIONIErO B CHCTe-
Me JaJIbHO/IeHCTBHSA OKa3bIBAJIOCH BOZMOXKHBIM IPUMEHUTD JI/II BBIYHCIEHUS CTATHCTUe-
CKOIf CyMMBI TPHONZKEHNEe CPeIHEro Mo U HOCTPOUTH (a30BYIO AUATPAMMY CHCTEMBI.
Paszyimunbie obsactu (pa30Boii imarpaMMbl HHTEPIPETHPOBAJIMCH 3aT€M B T€PMUHAX CIIO-
COOHOCTHU WJIM HECMIOCOOHOCTH CETH K BOCCTAHOBJIEHUIO MCKAYKEHHBIX MATTEPHOB.

B naanaprot monenmu [lorTca B KadecTBe CHUHOBBIX IEePEMEHHBIX HCIOJIB3YIOTCS (
CHUMMETPHUIHO HAMPABJIEHHBIX BEKTOPOB, JIEXKAIMUX B OJHOI miockoctu. [L1anapraas Mo-
JeJib Obl1a nepedopMynpoBana Ha si3bIK HeiipoHHbIX ceteii B [10] (clock neural network).
EmkocTh mamsiTu 3T0it ceTu MeHbIle, YeM y Moje/ i XOoTrduiia.

B c¢mandapmmod monenmun IloTTca cOMHOBBIME TepeMEHHBIME SABJSIOTCA ¢ BEKTOPOB,

10



cayzkanux pebpamu (¢ — 1)-MepHOTo cuUMILTEKCa. DTa MOJEb MOCTYKUIA TPOOOPA3OM
Jutst iByX BapuanToB Potts-glass neural network (PGNN). Bapuanr PGNN ¢ usompon-
HolM TAMIJIBTOHHAHOM |12| OKa3bIiBaeTCs 1MOJIE3HBIM JIJIsl MHBAPHAHTHOTO PACIIO3HABAHUSI
obpazon. EMkocTh mamsiTé 3TOi ceTn MakcuMasbHA TPH ¢ = 2, KOTJA CeTh MePeXOInT B
Mozesbp Xomdumpga. C poctom ¢ emkocth namsaru uzorpornaoit PGNN nagaer. Bapuant
PGNN ¢ anusompontoim ramuasronnanom (APGNN), npenioxkennsiii B [11] u pa3surbiii
B [13-15|, okasbiBaercs HamboJiee OIM3KUM K IIapAMETPUYECKOl HEHPOHHOI ceTH Kak 1o
CBOMM XapaKTePUCTHKaM, TaK u 1m0 ujeoornn. C MOMOIILI0 BEKTOPHOTO (opmasm3ma
APGNN MO0:KHO OIHECATH CJIEIYIONIIM 00Pa30M.

Cetb cocTaByieHa u3 [N HeHPOHOB, KaXKJblif U3 KOTOPHIX MOXKET HAXOIUThCS B OJHOM
U3 ¢ PA3JIMYHBIX COCTOAHMUIA. [-e cocTOsiHUE HelpoHa n300pazKaeTrcsi ¢-MEePHBIM BEKTOPOM
d;, y Kotoporo [-s1 KoopjuHaTa TPONOPIMOHAIRHA ¢ — 1, a BCe OCTaJIbHbIE KOOPINHATHI

MIPOMOPIIMOHAIBHBl — 1:

—1

Cocrosinue i-ro meitpona onucsiBaercsi BekropoM X; = d;,, 1 < [; < g. Cocrosinue Bceit
ceru 3a1aercs HabopoM N Takux g-MepHBIX BEKTOpoB X = (Xi,Xa,...,Xy), & HCXOJHBIE

00pa3bl — COBOKYIHOCTDBIO P HATTEPHOB

('u) :dlg“% /lelv"'ap7 1§lz(u) Sq

Kak n B ITHC, MeKCBA3b MeXKIy i-M H j-M HeiipoHaMu 3amaetcs (¢ X ¢)-marpureit T;;,
KOTOpast B Jyxe XeGoBCKOro npasuia (15) akKyMyJupyeT COCTOsIHUSE i-I'0 U j-T'0 HEHIPOHOB
BO BCEX P maTTepHax
P
Ti; = (1= 05) > By,
p=1 7

SﬂeMeHTaprIe MaTPHUILBI Bll’ onpeaeadrTcda COOTHOIMEHUAMA
(22) Bll’ = dldif — Bll’dl” = (51%// - 1/q)dl, Y l, l/, l” = 1, .o q.

JlokanbHaoe moste h;, neiicTByromniee Ha i-if HEPOH, HMeeT BH]

P
h, — Z X@(u) (Xj, X(}t))’

J



a JJUHAMHKA CeTH 3aJaeTCsd MPaBUJIOM: B CJAEAYIONINI MOMEHT BpeMeHH i-ii HefipoH mepe-

XOJUT B cocTognne, Makcumusupyworiee (d;, h;(t)),

Xz(t-f— 1) = dl, rae (dl,hz(t)) Z (dl/,hl(t)) \V/ l, = 1, o q.

Nspecrro, aro npu ¢ = 2 APGNN skBuBajieHTHA CTaHJIAPTHON Mogen Xomduiia
[11]. ®asosoe npocrpanctso APGNN-muramuueckoii cuctemsr cogepxkut ¢ Todex (pas-
mnaubix Koudurypanuii). Tnsgs APGNN orcyrerByer nonsitue o kouduryparmun —X, 06-
paTHOli K X: B IPOIECce BOIONUE CHCTEMBI TaKne KOH(MUIYPAIIH IPOCTO HE BOSHUKHYT.
CooTBeTcTBeHHO, TOBOPUTH 0 cBoiicTBax 1), 2) ITHC-II 31ech He mpuxoautest (CM. TpeJibi-
nymuii pasaen). Oguako cBoiictBo 3) umeer mecto u it APGNN: ecsin qunciio marrepHoB
p < 2, 1o (npn 060M ¢) €MHCTBEHHBIMHI HETOABUKHBIMI TOYKAME CETH OYIyT CAMU TH
[ATTEPHBI.

Moxxkuo onennth eMKocTb namatd APGNN npu N > 1. [IpoBoas BEIYHCIEHUS, aHAJIO-

rUYHBIE TeM, 9TO Jeaaanch B ciaydae [ITHC, aas pangoMu3npoBaHHOTO HAOOpa HATTEPHOB

HOJIY UMM
N -1 .
(23) Pre,, = NeXp _229(1((]2)(1 - b)2 )
N qlg=1) . -0 4
24 . = 1—10b)7, b= ——>.
(24) Pe=gn g (L= 0)7 pae 1

[Ipu ¢ = 2 5T BRIpaKeHUs MePexXoaaT B MU3BECTHBLIE OIEHKHU g Momaenu Xomnduiga. B
TO 2Ke BpeMs npu ¢ >> 1 emrocth mamsatu APGNN B j1Ba pasa MeHbIe eMKOCTH aMsITH
[THC-II — cp. (24) ¢ (20) npu myaeBom gacroTHOM TiryMe a = (. Dra JBOKA CTAHOBHTCS
CYIIEeCTBEHHOI, KOI/Ia pedb 3aXO0/IUT O IOMEXOYCTONINBOCTU CETH: /IJIsI BEPOITHOCTH OLIN0-
KU PACIIO3HABAHUS 9T JBONKA IOMAIAET B OKA3aTeb SKCIOHEHTH (cM. (19) u (23)), uro
BeJsieT K 3amerHomy cauzkenuio nomexoycroiuuBoctu APGNN no cpasuenuro ¢ ITHC-II.
970 xopomto BuaHO Ha pucyHke, rae i APGNN mrpuxoBoit anHueil moka3aHa 3aBUCH-
MOCTh BEPOSATHOCTH MPABUJIHLHOIO PACTO3HABAHUSA Ppe. OT BEJIUYMHBI YACTOTHOTO TIIyMa, b
npu Tex ke yeaopusax, uro u st [IHC-II (crtomnas munus). Ipesocxogctso [THC-IT
nag APGNN BnoJsiHe 04eBHIHO.

CpasuuBas mexy coboit [THC-IT u APGNN, ormerum ciremyioriee 06CTOATETHCTBO.
ODTH MOJEJN ACCONUATUBHON MaMSITH OTJIMYAIOTCSA JAPYr OT JApyra HabopamMu OGA3HCHBIX
BeKTOPOB (8) u (21) m TeMm, KaK 3TH BEKTOPHI Mpeobpa3yroTcs MO JeificTBHEM SJIeMeH-
rapueix Marpuil (14) u (22) coorsercTBenHo. OHAKO pa3JInuus STH, HA HAIIl BILJISI,
He crosib yK Besuku. B camom jeise, B I[THC-IT snemenrapnas marpuna Ay (14), neii-

cTBys Ha ["-if Ga3MCHBIA BEKTOD, NEPEBOAUT ero B [-ii GasuCHBI BEKTOD Moabko mozda,
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Korja coBmnagaroT muaekcol " m [” — BO BceX OCTAJBHBIX CIydYasgX BEKTOP € HepeBO-
JUTCS B HOJIb. 371eCh paBoTaeT MPUHIUI HECOM3MEPHUMOCTH YaCTOT, BHIBUHYTHIH B [1,2]
KaK CPEJICTBO TOJABJICHUsI IIyMOB: U3 MAaCChl BO3MOXKHBIX COOBITHI (KOMOMHAIIMIT MH/IEK-
co I'; I") orduabTpoBbIBaeTCst TOJBKO OJHO (COBIAJEHNE WHIEKCOB), a BCe OCTATbHbIE
urHopupytorcs. [lpuanumn, mosoxennsiit B ocioBy APGNN, BBIMISAUT MOJIHON ITPOTHBO-
MOJIOKHOCTBIO: dJIeMeHTapHas Marpuna By (22) ecezda mepesonut I”-it 6a3ucHblii BEKTOD
B [-ii. O1HAKO IPOTUBONOIOKHOCTH 9Ta KazKymasacs. [loromy 4ro, Korga uHIEKCH [ n
" coBnanator, [-it BekTOp cHAGKaeTCs GOJBIION MOJOKUTEJIBHON aMILIUTYI0# TOpsIKa
¢ — 1, a BO Bcex OCTaJIbHBIX CJIy4YasX — MaJIECHbKOW OTPUNATE/IbHOI aMILIHTY IO TOPSIKA
—1. llnade roBopsi, B HECKOJIBKO HHOI (bopMe 3/1eCh pean30BaH TOT YK€ CaMblil MPWHITAI
HecouzMepuMocTu 9actoT. [Ipeacrasisiercs, 9To 6,1M30CTh XapaKTEPUCTUK 00erX MOie et

00OyC/I0BJIeHA UMEHHO 3TUM 0OCTOATEIHCTBOM.
5. 3akarouenue

B cayuae IIHC meitpoH MoOxKeT HAXOAUTBHCS B OJHOM U3 2¢ PA3JIHIHBIX COCTOSHUIL,
MMOCKOJIbKY HM300pazKaroIiue BEKTOPHI X; XapaKTepHU3YIOTCS JIBYMS IapaMeTpaMu: I0JIO-
JKEHHEeM B IPOCTPAHCTBE W 3HAKOM OPUEHTAIMH. JTH JIBE XaPAKTEPUCTUKH MOJTHOCTHIO
HE3aBUCHUMBI, 9TO coriacyercs ¢ jexkarieit B ocaoBe [THC onrnaeckoit Momebi0: y KBa3u-
MOHOXPOMATHYECKHX UMIIYJIbCOB, KOTOPBIMU OOMEHHBAIOTCS IapaMeTpuiecKue HeipOHbI,
c6oii 10 ase (MHBepcUsT 3HAKA) MOXKeT OBITH BBI3BAH OJHAUMHU NMPUYHHAME, a COOH MO
gacrore (HEHPABUIbHASI OPHEHTAIMSI BEKTOPA) — COBCEM J[PYTHUMH.

B ciiyuae norrcoBckux HeifpoceTeil y BEKTOPOB-HEHPOHOB X; 3HAK OTCYTCTBYET W Heli-
POH MOZKeT HAXOJIUTHCS B OJIHOM M3 ¢ PA3JUYHBIX COCTOSAHHUI. DTO OrpaHHYCHHUE YHACIe-
noBaHo oT Mojenn [lorTca MaraeTuka u, BooOIe rOBOPsI, HOCUT CJIydaiiHblil XapakTep. B
npunnuie, MoxkHO paccmorpersb BapuanT APGNN-mozenu, gonyckarommii mepej; BeKTo-
pamu X; 3HaK¥W 1, CKOPPEKTUPOBAB IIPU ITOM M JUHAMUYECKOE IMPABUJIO B JyXe COOTHOIIIE-
must (11). ITo emkocTn mamsru u momexoycroitunsocru Takoil Bapuanr APGNN, ckopee
Bcero, cpaBusgerca ¢ [THC-II. C Toukn 3peHuss HeHpOHHBIX ceTeil 3TO, 0JIHAKO, HABPSI JIH
nMeeT KaKOKW-TO CMBICI.

Bo-nepBoix, B Beraucauresbaom ornomennn [THC-cxema mpeanoarnresbaee APGNN-
CXEMBI, TIOCKOJIbKY B TIEPBOM CJiydae W Oa3MCHbIE BEKTOPHI, U JI€MEHTapHBIE MATPUIHI B
BBICOKOI CTeIleHH pa3pekeHbl. BO-BTOPBIX, eCc/ii TOBOPUTH O Peau3aluid MOJE/JH B BU-
Jle yCTPOMCTBA, MpeuMyIecTBo n10:KHO ObITh oTaano [IHC. B cymuoctu, [THC apnser-
Ccd ajanranveil K 43blKy HEAPOHHBIX CeTell TeX IIPOLEeCCOB, KOTOPble peajibHO IPOUCXO-
JISIT TIPU Tiepejiade CUTHAJIOB MO onTudeckuM kKauajam. U Bompoc o peanmusamuu [THC B

BuJe OIITHYECKOI'O YCTpOﬁCTBa CBOJUTCA K BOIIPOCY O TOM, IIO3BOJIAET JIM COBPEMEHHad
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TEXHOJIOI'HSI BOCIPOM3BOIUTH 3THU IIPOIECCH B "2Kese3e'n yupapiaarb uMu. B 3HaYnTEH-
HOIi Mepe, 3TO BOIPOC TeXHOJOTHH. [loTTCOBCKHE HeiipoceTn ToxKe OpHeHTHPOBAHBI HA
00paboTKY IBETHBIX N300pPazKeHuil, 0JIHAKO UX peajin3alius B BUJIe YCTpOiicTBa Tpedyer, B
MEPBYIO O4Y€Pe/ib, BBISICHEHUsI TOTO, HA KAKUX (DU3UYECKUX MPUHIUIAX TAKOE YCTPOUCTBO
Oymer paborath. [loTTCOBCKIE HeiipoceTn ABISIOTCS aganTanieil K a3bIKy HeiipOHHBIX Ce-
Teil cTaTU3NIECKUX ACIEeKTOB TEOPHH KOHIEHCHPOBAHHOTO COCTOSHHSA. VI MPUXOIUTCS
JIMIIb YAUBJIATHCA TOMY, HACKOJIbBKO 6JII/I3KI/IM OKa3bIBaCTCd MaTeMaTU4YeCKUi (bOpMaﬂI/IBM
APGNN k ecrecTBeHHOMY sI3bIKY MPOOJIEMATHKHU, CBSI3AHHOI ¢ mepeaadeil m 06paboTKoit

ONTHYECKNX CHTHAJIOB.
ITPMNJIO2KEHUNE

g acuvmrorudeckoit onenku emkoctu navsatu [THC-IT onennm ipu N > 1 omubky
(m)

pacnosHasaust Pr; (18) i-if BEKTOP-KOOPAMHATHI X; ~ 3aITyMJEHHOTO M-TO TMaTTepHA:

N-1 L N-1 L N-1 L
Pry=Pr{ > &+ m<0p<Prod &+ e <0p=Pro=3 &=> 7 >0
7=1 r=1 j=1 r=1 j=1 r=1

Torma, ncmob3yst U3BECTHYIO TEXHUKY IKCIIOHEHIINAIBHBIX OIEHOK eOBITIIeBCKOro THIIa,

JJIA JII000T0 MOJ0KUTEJIHLHOro z > 0 I[IoJiyda€eM:

N—1 L -
Pr; < exp |z [ — Z £ — 2777‘ = (exp(—zgj) (exp(—zﬁr))p1>N 1'
j=1 r=1

Yepra cBepxy O3Ha4YaeT yCpeJHEHHe 110 BCeM BO3MOKHBIM peau3alisM, a HOoCJIe/Hee
PaBEHCTBO CJIe/lyeT U3 He3aBUCHMOCTH CJIyYailHBIX BEJIHUYUH §; H 7).

C yuerom (17) Jierko moy9IuTh BhIPAXKEHUs! 7151 CPEJHUX
exp(—2§;) = (1—a)(1—=b)e > +b+a(l —b)e*, exp(—2n,) =€ */2¢* + 1 —1/¢* + €*/2¢".
Henast 3/1ech 3aMeny nepemMeHHbix € = z u BBoAd dyukuuu fi(x) u fo(z),

a1 — B (1—a)(1—0) oo Lot 1
fi(x) =a(l —0) +b+—x ,fz()—2q2( +m>+1 2

IIoJy4da€eM, 4TO IIpu JIIOOOM IIOJIOZKUTEIbHOM T JJIA PI'Z‘ CIIpaBedJINBO:

(25) Pro< (A0 7 @)

Jlng nmosydeHus HaWHU3IIEH ONEHKH BepodTHOCTH Pr; HeoOXOJMMO OTBICKATH 3HAYCHUE
HepeMeHHOl =, MUHUMH3UPYIOIee MPaBy 9acTh (25). DT0 NPUBOIUT K YPABHEHUIO

a(l —=b)a? — (1 —a)(1 — D)
(1—-0b)a?2+br+(1—a)(1—-0)

(p— 1" = 1)+ - (22 +2(? -z +1) = 0.
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B ciygae p > 1 unTepecyomuii HAC KOPEHb 3TOr0 yPAaBHEHHS, ¢ TOYHOCTHIO [0 “ICHOB
GoJee BBICOKOTO mopsiika Majgoctu 10 1/p, pasen z; = 1+ ¢*(1 — 2a)(1 — b)/(p — 1).
[TojcTasiisiss 910 3HAYEHHE T B IPABYIO 9acTh (25), OKOHYATEJIBHO 10JIy4aeM OIEHKY Be-

POATHOCTH OIIOKN pacCliO3HaBaHUA BEKTOP-KOOPAWHATHI Xl(m)l

Pr; < (1 _ (1= 2a)°(1 - b)2>N_1 ~ exp <_N(1_2“)2 (1 — b)2> ,

2(p—1) 2p

Yro gaer omnenky (19) aist BepOATHOCTH ONMOKN pacHo3HABAHUsS HaTTepHa X (m),
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Iloagnucu K pucyHkam

BepositHocTh nmpaBuibHOrO pacto3naBanus Pr.. = 1 — Pr.,., Kak GyHKIHS 9acTOTHOTO
myma b (B mponeHTax) Juis pasaudHbiX 3Hadenuii ¢ = 5,10, 20, 30 npu qucsie narTepHOB
BJ[BOE DOJIBIIEM YHCJIA HEHpPOHOB o = p/N = 2: CIIOIIHAS JUHUSA — TTapAMeTPHYecKast

ueiiponnas cerp ([THC-II), mrpuxoBas jmans — Ilorre-crekosibHAst acCONMATHBHAS Ha-

math (APGNN).
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