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Jlabopamopuasa paboma Nel.
3aoaua quneitno20 pazoenenusn 08yx kaaccos. Jluneiinoe paszoenenue Knaccos. Anzopumm
00yuenusa nepcenmpona no omoenvHvim npumepam. I'eomempuueckan unmepnpemayus
JIUHENn020 pazoenenus kiaccos. Hacmpoiika éecosozo éekmopa.

AHHoTanus: PaccmatpuBaloTcs MHOTOCIIONHBIE PEKYPPEHTHBIE ceTH (nmepcentpoHHasbreak ceThb
Cc oOpaTHOW CBfA3bIO, peKyppeHTHas ceTb OnbMaHa, cetb RTRN) wu wux wucnonb3oBanue amst
UICHTU(PUKAIIUN THHAMUYECKIX 00BEKTOB.

Beeoenue

MHOTOCIIONHBIE peKyppenmuble cemu MPEICTABISIFOT CO00I pa3BUTHE OHOHANPABICHHBIX CETEH
MNEpCCIITPOHHOI'O TUIIAa 3a CUCT I[OGaBJICHI/ISI B HHUX COOTBCTCTBYIOIHUX O6paTHBIX CBSI3EH.
OOpaTHast ¢653b6 MOXKET UCXOIUTh JIMOO M3 BBIXOIHOIO, JIMOO U3 CKPBITOTO CJI0s HEHpPOHOB. B kakmaom
KOHTYpe TaKOU CBSI3U [IPUCYTCTBYET DJIEMEHT €AMHUYHOU 3a€PIKKU, Omaronaps
KOTOPOMY 1OMOK CUTHAJIOB MOYET CUMTAThCS OHOHAINPABICHHBIM (BBIXOJHOW CHUTHAN MPEIBIAYIIETO
BPEMEHHOTO YUKIA PACCMATPUBACTCS KaK anpuopu 3a/IaHHBIH, KOTOPBIii POCTO
YBEIMUYUBACT PA3MEPHOCHb BXOIHOTO BEKTOpA CeTH). [pencraBneHHas 0JI00HBIM
00pa3oM pexyppeHmuas cems, ¢ y4€TOM criocoda (GpopMupoBaHUS BBIXOJHOTO CUTHANA, (QYHKIMOHUPYET
KaK OJHOHANpPAaBJICHHAs MEPCENTPOHHAs cemb. TeM He MeHee, areopumm O0ydeHUsT TaKoi CeTH,
a,[[aHTI/Ip}IIOH_[I/Iﬁ 3HAaUYCHUSA CHHAIITHYCCKHUX BCCOB, ABJIACTCA 60.]166 CJIOXHBIM H3-3a 3aBUCHMOCTH

CHTHAJIOB B MOMEHT BPEMEHHU [ or ux snavenmit B NpeIbIAYIINE MOMEHTBI MU COOTBETCTBEHHO H3-3a
0oJiee TpoMO3KOH (HOPMYJTBI JIJIsl pacueTa BEKTOpa IpaIueHTa.

[Ipu 0OCYXIEHUU peKyppeHmHublX cemeli, B KOTOPBIX B Ka4eCTBE BBIXOJHOTO JJIEMEHTA
UCTIOJNB3YeTCsl ~ MHOTOCJIOWHBINA nepcenmpon,  pacCMOTPUM  Hamboyiee  M3BECTHBIE  CTPYKTYpBI
cereit RMLP, RTRN, DnpMana.

Hepcenmpounas cemo ¢ 06pammnoil céa3vio

OnuH U3 MpOCTEHIINX CIOCOOOB MOCTPOCHUS PEKYPPEHTHOW ceTH Ha 0a3e OJIHOHAIPABICHHOM
HC coctouT BO BBeIeHHMHM B MEPCENTPOHHYIO cemb 0OOpaTHON cCBsi3u. B manmbHeiimem Mbl Oynem
COKpAIIICHHO Ha3bIBaTh Takywo cemb RMLP (anrin.: Recurrent MultiLayer Perceptron - pexyppeHTHBIN
MHOTOCJIONHBIN nepcenmpon). Ee 00001IeHHas CTpyKTypa IpeAcTaBieHa Ha puc. 1 ( £ - equHUYHBIE
AJIEMEHTBI 3ana30bl8aAHUSL).
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YBEJINYHUTH n300paKEHNE
Puc. 1. Ctpykrypa cetu RMLP

OT0 JuHamuyeckas cemsb, KOTOpas XapaKTEPU3YETCS 3ala3/IbIBAHUEM BXOJHBIX U BBIXOJHBIX
CUTHAJIOB, OOBEIMHIEMBIX BO 8X0OHOU 6ekmop ceTH. PaccyxneHuss OynyT KacaTbCsi TOJIBKO OJIHOTO

BXOJHOTO y3Jia r(k) 1 OJHOTO BBIXOAHOTO HEMpPOHA, a TaK)Ke OJHOrO CKPBITOTO cios. Takas cucrema
peanusyer omoobpasiceHue:

ylk+1) = f(x(k),z(k=1),...,2(k—=(N-=1)),y(k=1),...,y(k-
(1) 2

J 2
rjae N — 1. xomuectso 3alep’)KeK BXOJHOIO CHUTHaja, a P - xommuectso 3aJIepIKeK
BbIXONHOrO curHaima. (OOo3HauUUM I\ xommuectso HEHpPOHOB B CKpbITOM cioe. B  stom

. (N,P,K) .
cinydae cemv RMLP MOXHO XapaKTE€pU30BaTh TPOWKON YHUCEN /. TlomaBaeMblii Ha BXOJ

ceT gekmop I’ UMeeT BUJ:
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z(k)=[1,zk),z(k—-1),...,2(k — (N — 1)),

. T
y(k = P),ylk—P+1),...,y(lk—1)]".
JlomycTuM,  YTO ~ BCE  HEWPOHBI ~ HUMEKOT  CUTMOMAQIBHYIO  (DYHKIHMIO  AKTHBALWH.
O6osnaunm (li B3pemennylo cymmy curmamoB ! -To HefipoHa CKpEITOTO cios, a J - B3BemIeHHyIO

CYMMY CHUTHAJIOB 8b1X00H020 HetlipoHa. [Ipy BBeIEHHBIX 0003HAYEHUSX BBIXO/JHBIC CUTHAIBI KOHKPETHBIX
HEHPOHOB OIMHUCHIBAIOTCS 3aBUCUMOCTIMHU

y= f(9)

Cemv RMLP noBCEMECTHO TPUMEHSETCA i MOJECIUPOBAHUS JUHAMUYECKHX MPOLECCOB B
pexume "ounaun". TUNHUYHBIM TPUMEPOM €€ MPUIIOKEHHS MOXKET CIY>KUTh HMUTALUS HEITUHEUHBIX
JTUHAMHYECKUX 00BEKTOB, JJIsi KOTOPBIX cemb RMLP BBICTYIAET B POJIM MOJICIH, & AI20PUMM YTOIHCHHS
BECOB - B POJIM MPOIEAYPHI UACHTU(DUKAIIMN TTapaMeTpoB 3Tol Moxaenu (puc. 2). UaenTudunmrpoBanHas
MOJIeTTb MOXKET B IMOCJIEIYIOIIEM HCTIOIb30BATHCS ISl YIIPABICHUS JaHHBIM 00BheKTOM. IMEHHO 1O 3TOi
npudynHe cetd RMLP naubonee TOMYyASpHBI JUIsI WMHUTAMA CHUCTEM YIPABJICHHUS MaIlldHAMH,
YCTPOMCTBAMH U TMHAMUYECKUMU MPOIIECCaMHU.

y(k)

B PE3YIbTATEC CPABHCHHUA BbBIXOJHOI'O CHUIHala MOIACIIH * C BBIXOJHBIM CHUTHAJIOM

d(k) e(k) = y(k) — d(k)

JUHAMHYECKOr0  O0BEeKTa ! paccunThIBaeTCS 3HAUEHUe TTIOTPEIIHOCTH
YIPaBISIOWIEH MPOLECCOM YTOYHEHHUsI MapamMeTpoB HEWpoHHOW ceTh. CUMBOJIOM M Ha puc. 2

0003HaueH KOA(PPHUIMUEHT YCUICHUS MOAYJISI, MAaCIITAOMPYIOIIErO BHIXOAHON CUTHAJ CETH Yl k) TaKUM
o0pa3oM, 4TOOBI €ro TMHAMUYECKUI YPOBEHB JIeXkKal B TOM JK€ JMANa30HE, YTO M YPOBEHb BBIXOJHOTO

d(k)

5

CUTHAJIa JUHAMUYECKOTO 00BEKTA

v Qb} ® »| JuHamuucckmii d(k) -
O0BLEKT
/ y(k) Y
= RMLP - M —+-

e(k) = y(k) — d(k)

Puc. 2. Cxema Brimouenus cetu RMLP npu pemennn 3agaun uaeHTHQUKALIAN



Pexyppenmmnan cemv Invmana

Pexyppenmnas cemv DibMaHa XapaKTEPU3YEeTCS YACTUYHOW PEKYyppEHTHOCThIO B (opme
OOpaTHOM CBSI3M MEXIY CKPBITBIM U BXOJHBIM CJIOEM, PEATU3YeMOH C TOMOINBI EAMHUYHBIX
AJIEMEHTOB 3anazoviéanusi ~ . O000IIEHHAsI CTPYKTYpa 3TOH CeTH MpEeCTaBIeHa Ha puC. 3.

Kaxplil CKpBITBIN Hetipon UMEET CBOWM aHAJIOT B KOHTEKCTHOM CIIo€, 00pa3yloIieM COBMECTHO C
BHEIIHUMH BXOJAMH CETH 6X0OHOU CIOU. BbiX0OHOU C10ti COCTOUT W3 HEWPOHOB, OJHOHAIPABICHHO
CBSI3aHHBIX  TOJBKO C  HEHpOHaMHM  CKpBITOrO  ciosi, mnoxoOHo cetu RMLP. (OGo3Hauum
BHYTPEHHUH gekmop BO30yXJeHusd ceTh -I' (B ero cocraB BXOAMT TAKKE EIUHUYHBIA CHUTHAJ

= 1]),\!.

. : 1749
HOJ'DIpI/I3aI_II/II/I), COCTOSIHUS CKPBITBIX HCUPOHOB - l 6 [] , 4 BBIXOJHBIC CUTHAJIBI CCTH -
[Tpu Takux 0003HAUYCHUSIX BXOOHOU BEKMOP CETH B MOMEHT [ umeer bopmy

X (k) = [zo(k), z1(k), ..., xNn(k),v1(k = 1), va(k = 1),..., v (k —1)].

(1)
. w. .
Beca cuHanTm4eckux CBs3€dl TEpBOro (CKPBHITOTO) Cios ceTh oOo3HaumMm '/ | a BTOpOTO
(2)

]

w: " .
(BBIXOHOTO) citosi - '/ . Eciu B3BemeHHy0 cymMMy ! -ro HeHpOHA CKPBITOTrO clIosi 0603Ha4uTh (Ui | a
€ro BEIXOJHOU CUTHAJ - U; , TO

N+K

u; (k) = Z n'l_: '.f'_,{'/f].

j=0

vi(k) = fi(u;(k)).
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YBEJINYHUTH n300paKeHue
Puc. 3. Ctpykrypa cetu DiibMaHa

(1) .
ij W) . fi(u;)

Beca '/ oOpasyior Marpuily CHHAIITHYECKUX CBSI3€M CKPBITOrO CJOS, a - -

@yuxkyus axmugayuu | -ro HEWpPOHA HTOTO CIIOS. AHAJIOTHYHO MOXKHO OOO3HAYUTH B3BEIICHHYIO

cyMMmy ! -ro HEHpoHa BBIXOJHOTO CJIOS 9i , @ COOTBETCTBYIOLIMI €My BBIXOJHOW CUTHAJ CETH - Ui o
CUTHAJIbl OMUCHIBAIOTCA (hOpMYyIIaMu

K
gilk) = Z u'f_f'\e'_f-(_k').
1=()

yi(k) = fagi(k)).

‘[_2]
Wi, ”_:{2:
B cBoto ouepeos, Beca '/ obpasyroT marpuiy V¥ , OIMCBIBAIOIIYI0 CUHANTUYECKUE CBA3HU

HEWPOHOB BBIXOJHOTO CJIOS; I 2 ( 9i ) - ¢ynxyus aktuBanuu ! -ro HEHpPOHA BBIXOIHOTO CIIOS.



Cemb DnbMaHa eCTECTBEHHBIM 00pa30M IpenHa3HaueHa Ui MOACTUPOBAHUS BPEMEHHBIX PSJIOB.
B wacTHOCTH, OHa pemaeT 3agady NPOrHO3UPOBAHUS aMIUIMTYABI CUTHAJIA HA OCHOBE TEKYLIETO 3HAYCHHUS
BXOJIHOTO CHTHaJIa M 3allOMHEHHBIX 3HAUEHUH M3 MPEeAbIIyLIEro BPEMEHHOTIO yukaa. 3ajada MporHosa
BPEMEHHBIX PsJI0B BO3HUKAET B (PMHAHCOBOI 00IAaCTH: MPOTrHO3 KOTUPOBOK TOBAPOB U LIEHHBIX Oymar Ha
Ouprke, KypcoB BaJIOT, MOKa3aTelell OaHKOBCKOM NEATENbHOCTU. B 3KOHOMHKE MPOTHO3 MOXKET OBITH
CBSI3aH, HAIPUMEp, C aHAJINU30M YPOBHs IPOMU3BOJACTBA B PA3JIMYHBIX OTPACISAX IMPOMBIIIICHHOCTH H
CEeNTbCKOTO XO3SICTBA, MPOLEHTA TPYIOBOM 3aHATOCTH HACENEHHs, POCTa CpeAHEW 3apabOTHON IUIATHI.
ITpoGnema mporuo3a BpeMEHHBbIX Ps10B BO3HUKAET B MHOIOYHMCIEHHBIX KOJIOIMUYECKHUX 3a7jadyaX U CaMbIX
Pa3HO00pa3HbIX TEXHUYECKUX MPUIIOKEHUSX.

Jlnst mporHo3a BpPEMEHHBIX PSIOB MOTYT TPHUMEHSTHCI crmamucmuyeckue memoovl. B 3ToM
cllyyae JIOJDKHA OBITh MOCTPOCHA OUHAMUyeckas mMoodenb MAaHHBIX (HalpuMep, PerpecCHOHHas MOJIEIb)
n3ydaeMoro sBiieHus. [ mpocTedmmx 3amad Takas MOJEIb MOXET OBITh MOCTPOCHA HM3BECTHBIMH
Merogamu. OpHako Ui MPAKTUYECKUX 3aJad, MPUMEPbl KOTOPBHIX IPHUBEIECHBI BBIIIE, MOCTPOCHUE
MoA0OHON JTWHAMHUYECKOW MOJIETH TMPEJCTABIsSET COOOM CIIOXKHYIO aHAIUTHYECKYI0 3a1ady. OTH
MIPUJIOKEHUS CBSI3aHBI OOBIYHO HE CO CKANISIPHBIMU, @ C BEKTOPHBIMU BpEMEHHBIMHU psifamu. Hampumep, B
(buHAHCOBOW cepe MPOrHOo3 KOTUPOBOK TOBAapa 3aBHUCUT OT BEKTOpPA NMHAMHYECKUX IAHHBIX, KOTOPHIC
BKJIIOYAIOT LIEHBI OTKPBITUSL U 3aKPBITUS TOPTOBOM CECCUU, CPEIHIOI M MaKCUMAJIbHYIO LIEHBI TOPTrOBOM
CECCUH, CyMMapHBIH YPOBEHb 3as1BOK, 8AIIOMHbIE KYPCbl H TIP.

B ToMm ciywae, Korjia aneKBaTHOM MaTeMaTHYECKOW MOJEIH M3Y4aeMbIX BPEMEHHBIX PAJIOB HE
CYIIECTBYET, YIOOHBIM HWHCTPYMEHTOM [UIsl PEIICHUS 3aJadd TPOTHO3a SBISETCS HEHPOCETeBOM

OKCTPANOJATOP AMHAMHWYCCKUX JaHHBIX.

3aaya MporHo3a BEKTOPHOTO BPEMEHHOTO PsiJia CTAaBUTCS CIIETYIOIIUM 00pa3oM:

. 3ajaHa peanuzanus BPEMCHHOTO psina Tj = \Tj1y Tj2y. - TjM)
,J = ,2,...,1 , Ha  WHTEpBalC  BPEMEHU A TA C  TOCTOSHHBIM  HHTEPBAIOM
JAHUCKPETHOCTH A ;
. TpeOyeTcss MOCTPOHTH oueHKy 3HAUCHUSI BPEMEHHOrO psiaa (0OBIMHO OIHOI ero
(T + ¢, ]A e tor

KOOPJMHATHI) B MOMEHT BPEMEHHU P - 3amaHHOE BpEeMsl IPOTHO3A.

N3 noruueckux cooOpaKeHHW WM MyTeM CTATUCTHUYECKOTO aHajdn3a WMEIONICHCs peann3aiuu
MO>KHO YCTaHOBHTH, CKOJBKO MPEAIICCTBYIOIMNX 3HAYEHUM OTHOCHUTEIBHO MPOHU3BOJBHOTO TEKYIIErO
MOMEHTa BPEMEHH - J ¢ OINPE/ICIIAIONIE CBSA3AHBI C TPOTHO3UPYEMBIM 3HAYCHHEM. OTO O3HA4aeT, 4TO

£ .
€CIM TMPEICTABUTH IPOTHO3ZUPYEMOE 3HAUEHUE Yi JHLI TN Soit koopounamubl BexTopa I Kak
(GYHKIUIO €ro Mpe/IIecTBYIONINX U3MEPEHHI:

Yi = P(T5,Tj1y.. .- Lj—g+1),

TO BbIOOp 3HAYEHUS q yCTaHaBIUBAET '"namamy" H>KcTpanonsTopa. 3Havenue q olpeaesnser
TaKXKe 6XOOHOU 6eKMOp AJI1 ~ HEHPOHHOM  CeTH, KOTopas  CTPOMTCS JUId  pEIIeHHs  3aJadu

nporuosa. Pasmeprocme 5TOr0 BEKTOpa paBHa '+ q.

Takum o00pa3om, 3ajada TPOrHO3a JJTAHHBIX HAa HEWPOHHOW CETH CBeAeHAa K 3ajadye

D(Z;, Ti-1,... T )
BOCIIPOW3BEJCHUS]  (YHKIMM MHOTHX I€PEMEHHBIX )21 , 170 o nasmev

oOyyaroreit BRIOOpPKH.



Cembv RTRN

Cpenu pekyppenmHuvLx cemeti 0cO0OTO BHUMAaHHUS
3aciyxuBaetr cems Tunia RTRN (anrn.: Real Time Recurrent Network), npemnoxenHass P.BuibsiMcom wu
J1.3uncepom u npeaHa3HavYCHHAas 1711 00pabOTKH CUTHANIOB B peanbHOM BpeMeHH. Cemb RTRN - 4acTHBIM
Cly4ail ceTu DJibMaHa.

W

YBEJINYHUTH n300paKEeHNE
Puc. 4. Crpykrypa cetu RTRN

O6oOmenHass CTpyKTypa ceTh TmpeacTaBieHa Ha puc. 4. Cemb COOCPKUT N BXOJTHBIX
y3JI0B, K CKpulmblX  HelpoHog W L\ COOTBETCTBYIOIIMX WM  Y3JI0B  KOHTEKCTHOTO  CIIOSL.
U3 I\ ckpwvimbix HelipoHo8 TOIBKO M cocrapmsior svix00 cetn. O6o3Hamm B3BCIICHHYIO CyMMY ! -

(k)

ro HEHpPOHA CKPBITOIO CIIOS i | aebixoo storo HEHpoHa - Yi . Bexmop *

y(k —1)

U CMEILECHHbIN
Ny (k)
(3amep KaHHbIIT) HA OAHMH LUK 8EKMOP

, BO30YKJIAIOIIUN HEHPOHBI CETH:

00pa3yrT pacHIMpPEHHBIN 6eKmMop aKTHBAINH
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z(k) = (1, z1(k), z2(K), . . . ,: en(k), yi(k=1), ..., yi(k=1)]7.

ITocne ommcanus BXOIHOI'o BEKTOpa CE€TU B MOMGHT! MOXHO OIPEACIIUTb COCTOSAHUC BCEX
HeﬁpOHOB COrjiaCHO 3aBUCUMOCTAM:

N+K

u;(k) = Z Wi

7=0

yi(k) = flui(k 5

npu4yemM -“ ) 0003HavaeT HEMpEephIBHYIO (YHKIMIO aKTUBAallMM HEWpoHa (KaKk MpaBuio,
curmonnaneHyto). Ha puc. 4 BugHO, uTO cems RTRN mpenctaBiseT co0OW YacTHBIA Cilydail ceTu
DOnpMaHa, B KOTOPOM Beca BHIXOAHOIO CIIOS TIOCTOSHHBI ¥ paBHBI Jenbre  KpoHekepa,
Wi =04 =1 = ] | F#
T.e. 1 L) U1 ¢ J um U TUIA ! g . B 3TOM ciy4ae MO>KHO
NPUMEHSATH aeopumm o0ydueHus Bunbsama-3urcepa.

1. BoiOparh cnyuaiiHble HadalbHbIE 3HAYCHHUS BECOB CETH, COCTABISIONIMX MATPHUILY W u
PaBHOMEPHO pacHpe/IeICHHBIX B 3aIaHHOM UHTEpBalie (0OBIYHO B TUAMa30HE OT | no | ).

=0 L. 2. s
(k)

ucnionszoBanueMm (opmyn (1) m (2). Ha 3T0ii OocHOBE MOXXHO OMPEIETUTH 6X0OHOU 8eKMOop * L ,

2. Paccunrath cocrosiHue Bcex K HEWpOHOB s OYEPETHOrO MOMEHTa C

BO30YKJIAIOIINUK HEMPOHBI B MOMEHT

3. Paccunrars 3Ha4eHUA

K
dy;(k)/dwa, = (df(w;)/du;) (002 + Z(d;},(l; — 1) /dweap)w; g+ N
k=1

4. YTOUYHHTH 3HAYEHHS BECOB 10 aJITOPUTMY HAUCKOPEMIIIETO CITyCKa COracHo hopmyJie
K
wap(k + 1) = we(k) — a E [_f/,(.!\') — ([,(A')]((/y,{A')/(/tf',,;,]

=12 ... 0=0:1.2....:1 \'-+-1\'.

[Haru (2-4) MOBTOPSATH BILIOTH IO CTAOMIU3AIlMK 3HAYCHHUI BCEX BECOB CETH.

KonTtpoabusie Bonpocsl JIP (ITK-4):
@yHKIMOHAaIbHAs CTPYKTypa ucnoas3oBanus CUN.
Mogenu 1 METOABI PELICHMS 3a1au.
Knaccudukarus npeacraBieHus 3a1aud.
Jlormueckue MoOeIu.
Hetipodusmonoruueckas aHamorus.

Nk W=
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Peanuzanus OyneBbIX GyHKIIUN HEHPOHHBIMU CETSIMH.

KakoBo Ha3HaueHHE OCHOBHBIX JIEMEHTOB ynpasienus Lazarus?
Kakue cymecTByrOT TUIIBI 3JIEMEHTOB yripaBiienus: Lazarus?
KaxoBo Ha3Ha4YeHME CBOMCTB IEMEHTOB ynpasieHus B Lazarus?

. Kak MOHO U3MEHUTH CBOMCTBA AJIEMEHTOB YIIPaBJICHUS?

. Kak Biustitot cBoiicTBa Ha uHTepdeiic mporpaMmmsbi?
. Ionstue nudopmaunonHoit cucremsl. Kiaccsr NC.
. CTpyKTypa 0JHOIIOJIb30BATEILCKON M MHOTOIIOJIb30BAaTEIHCKOM, Majiol U KopriopatuBHoit VC.
. OcHOBHBIE 0OCOOCHHOCTH COBpEeMEHHBIX MpoekToB NC.
. Kak nHa3pIBatoTcsi WHGOPMAMOHHBIE CHCTEMBI, OPUEHTHPOBAHHBIE Ha KOJUICKTHBHOE HCIOJIBh30BaHHE WHPOPMAIUU

YJieHaMu paboueli TPyIIbl U yarie Bcero crposiuecst Ha JIBC.

. Kak HazeiBaroTcs I/IH(I)OpMaHI/IOHHBIC CHUCTEMBI, OCHOBAHHBIC TUIIEPTCKCTOBBIX TOKYMCHTAaX U MYJIbTUMCINA.
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Jlabopamopuasa paboma Ne2.

Buowt neiiponnvix cemeii u cnocoouvl opzanuzayuu ux oynkyuonuposanusi. Buowl cemerit.
dyukyuonuposanue cemeii. HaCMpOUKA HEUPOHHBIX cemell 01 peuleHus 3a0au.
Ilpeooopabomka oannvix. Humepnpemayus omeemos cemu. OUeHKa CnOCOOHOCmU cemu
pewums 3a0auy. Coaua mecma Ne 2.

Aoanmuenasn pezonancnuan meopus (APT)

CepnesHas mpobnema Jis HEUPOHHBIX CETe - MPaBUIBHOE COOTHOIICHHE CTa0WIBHOCTH
U naacmuyHocmy TIpU 3alIOMUHAHUU 00pa3oB. CyIecTBYIOT Ha0OPHI ATAJOHOB (JJake COCTOSIINE BCEro
U3 4-X BEKTOPOB), KOTOPBIE MPH MUKIMYECKOM MPEAbSIBICHIH B 00yYCHHH JAI0T HUKOTIA HE CXOISIINECS
HaOOpBI TapaMeTpoB ceTu. [IpenbsBIeHNEe BCEro 0JJHOTO HOBOTO 00pa3a B 00yUaroeM MHOXKECTBE YacTO
NPUBOAUT K JOJNTOMY nepeobyuyenuro. Ecmm cems paboTaeT B pealbHOM BpEMEHH, Harpumep,
o0OpabaTeIBaeT CEHCOPHYIO MH(POPMAINIO, TO 00yUaIoIee MHOXKECTBO MOKET BCE BpPeMsl MEHAThCs. Jliist
OOJILIITMHCTBA MOJICNICH HEUPOHHBIX CETEH ATO MPUBOAUT K OTCYTCTBUIO OOYYECHHS BOOOIIIE.

YenoBeueckas namsamo, HAMPOTUB, 3HPEKTUBHO XPAHUT U KOPPEKTUPYET 3alIOMUHAEMbIE 00pa3bl.
Hu npenbsiBieHre HOBOro o0pas3a, HU M3MEHEHHE CTApbIX HE MPUBOAUT K YHHYTOKEHHUIO MaMSATH WU
HEBO3MOXKHOCTH 3alloMHHaHus. Jlayke yaneHue yacTu HEpBHOM TKaHM Yallle BCEro He MpephIBaeT paboTy
CEeTH U HE CTHpAeT 3allOMHEHHBIE 00pa3bl, a JTUIIb JeJIaeT UX MCHEe YETKUMHU.

Cemwv APT - nonbITKa NpUOIU3UTh MEXaHU3M 3allOMHHaHUS 00pa3oB B McKyccTBeHHbIX HC k
ounonornueckomy. Pesynmbrarom paboThl APT siBAseTCS YCTOWUYMBBIA HAOOp 3allOMHEHHBIX 00pa3oB u
BO3MOKHOCTh BBIOOpPKH "TIOXOKEro" BEKTOpa MO MPOU3BOJIBHOMY HPEAbSIBICHHOMY Ha BXOJIE BEKTOPY.
Baxxnoe kauectBo APT - nTuHaMHUYECKOE 3allOMHHAHWE HOBBIX 00pa30oB 0€3 TOJHOTO nepeodyyeHus u
OTCYTCTBHE MTOTEPH YK€ 3aIIOMHEHHBIX 00pa30B MPH MPEIbSIBICHIH HOBBIX.

Cemv APT-1

Cemwv APT-1 npemnnoxena Kapnentepom m I'poccoeprom B 1986 1. OHa mpeactaBiseT coOoi
BEKTOPHBIN Knaccuguxamop u odydaercs 0€3 yuuTels, JIMIIb Ha OCHOBAaHUM NPEIbIBIAEMBIX BXOIHBIX
BEKTOpPOB. APT-1 paboTaeT TONBKO C ABOMYHBIMU BEKTOPaMHM, COCTOSIIMMU U3 Hynell u enuHui. [lo3xe
OBLJIO TIPEJIOKEHO MHOTO Pa3sHOBUAHOCTEH 3TOW Mmonenu. APT-2 3amoMuHaeT W Kiaccupuiupyer
HETpEepbIBHBIE BXOJHBIE BEKTOpHL I pynna monener ¢ cypoukcom "MAP" (ARTMAP u np.)
KJ1accu(UUUpPYET U BXOJHBIE, M BBIXO/HBIE BEKTOPA, & TAKIKE CTPOUT CBSI3U MEXK1Yy HUMHU.

Apxumexkmypa u paboma

Crpykrypa cetu APT-1 (nanee APT) IIpEACTABJICHA Ha puc.

1. Bxoonoti eexkmop cetn L=TlyeeeyTpyee.e EN umeer [N xomnonenm. B cioe

pacrno3HaBaHUs sanomunaercs V] xnaccos o0pa3os, 1o OJTHOMY KJ1accy Ha
= Ly . uyd VI

KaXKJIbIi HeupoH
OcHoBHYIO pa0OTy MO KiIaccCH(UKAIMKA TPOU3BOASAT CIOW CPAaBHEHHUS W CJIOH pacro3HaBaHUS.
Cxemsl ipuemaukoB (IIpml1, [IpM2) u cxema cOpoca ynpaBisitOT PEKHMOM pabOThI CETH U MOTYT OBITh

pCain30BaHbl B BUIC OOBIYHBIX JIOTMYECKUX CXEM HIIH B BUAC HCﬁpOHOB.

PaGoTta 6mokoB APT onpenensieTcs: ClaeayomuMu GopMyIamMu:

[Ipm1 : G1 = (Vaxn) A (Vi R).
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Buvixoo pm1 o0ecniedrnBaeT eAWHWYHBIM CUTHANl JJI CJIOS CPAaBHEHHS, €CJIM Ha BXOJ[ CETH
nojaH eekmop  (HYJIEBOH gekmop Ha BXOJ€ HEIOIMYCTHUM) M €CIIU 8bl1X00 CJIOs pacro3HaBaHUs PaBEH
HYIIIO.

[IpM2 : G2 = V,x,

Ecnu na Bxon monan eexmop I, To 6mok IIpM2 ¢opmupyeT Ha BBIXOAE €IUHUYHBIA CUTHAT U
TEM CaMbIM pa3periaeT paboTy clos pacro3HaBaHUA.

Cxema cbpoca: G3 = (Z” (-'u/ Zu Tp) < /)_

¥
[IpoBepsier kpuTepuil cXoacTBa [Uisl BEKTOpPOB I n C. Kpurepuii coctoutr B CpaBHEHUU
v
KOJIMYECTBA E€IMHHUIl B BEKTOpax I ,( . KonnuecTBa eauHMIl cpaBHUBAIOTCS B BHJIE OTHOIIEHHS C

HEKOTOpPBIM TMOPOTOBBIM YPOBHEM CXOJICTBa P . Ecnn MOPOT HE TPEBBIIIEH, TO CXOJCTBO CUUTACTCS
IUIOXMM U cxemMa cOpoca BbIpaOaThiBa€T CHUTHaJI TOPMOXKEHHUS i HEWpoHa B  Cloe

pacrio3HaBaHusl. Bvixo0 cxembl cOpoca - JABOUYHBINA 6eKMOpP C M xommonentavm. Cxema cOpoca
SBIIICTCS JMHAMHYECKOH U "MOMHUT" CBOE COCTOSSHHE B TEUYEHHE OJHOW KIacCU(UKAIIUU.

HOpOF [) ABJACTCA 6HEeUWHUM napamempom 110 OTHOHICHUIO K CCTH MW 3aJdacTCd I10JIb30BATCIIEM B

untepsaiie ot 0 10 1. Yem menblie P , TEM MEHee MOX0XKHE BEKTOPbI OYAYT OTHECEHBI CEThIO K OJHOMY
KJIaccy.

~{iipu}—— PG
I i } Crnof#i pacnosnapaHus
R
| (‘r
— Gl |
P - Cnoit cpaBHeHHS Copoc

Puc. 1. CtpykrypHas cxema APT

Cnou cpaenenus

Kaxnplii neilipon B CII0€ CPABHEHUSI MIMEET IIOPOT, PaBHbIK AByM. Ha BX01 01HOro HEMpoOHa B CI0€
CPaBHEHHUS MOJAIOTCS: CUTHAII Gl €IMHUYHBIM BECOM, OJJHA KOMIIOHEHTa ./ e €AMHUYHBIM BECOM U
BCE BBIXOJBI CJIOSI PACIIO3HABAHUA, M xomnonenm c BEKTOPOM BECOB " , rae Tl - HoMep HEeHWpOHa B
cioe cpaBHeHUs. BecoBble koaghduyuenmor T - JBOMYHBIC. B HEHPOHE MCIONB3YETCs HEMHEHHOCTE B
BHJI€ JKECTKOM CTYICHBKH: €CIIM AKTHBALMA HEHpOHa NET /I IPEBBILIAET IOPOT O = _), TO Ha

BBIXOJIC HEWpoHa OyAeT eduHuya, WHA4Ye - HOJNb. OTo "mpaBwio 2/3": nns akTHBallMM HEWpOHa
JIOCTAaTOYHO JIBa CUTHAJA U3 TPeX.

Pabora cnos onpenensercst popmynamu:
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B=T"F=) T5R,
m
NET, =P, + z, + G
Cn = {0, ecru NET, < 2;1, ecnu NET, > 2}

PaboTtoit cnog ympaBIgeT CHIrHAI (;1. Lcon Gl = l, To I’ TIpoxXoauT 0€3 HM3MEHECHWH
Ha 6bIX00 CIOS CpPaBHEHWA, ONarogapsd IUIMIHEMY eIHHUYHOMY CHTHATy (-1 Ha BXOJIE HEHpOHa.
Eciu (;l == [], TO 114 BLIXOJUES HMMEEeM ( =i A ] )_._ 1.€. 6eKIop ( ' OyZIeT JOTHYeCKHM
MPOU3BEIICIIMEM IBOUUIILIX BEKTOPOB L' 1 / g .

Cioi pacnoindeanun

2z < )
Kﬂ}l(,iJ,bllfi HEHPOHR B CIIOC  pacliosiiaBalidsa  uMeer  ClUeayIomMe BXOoidbl: OAWH CHUTHAJ (f.. C

G3

EIMHHYHBIM BECOM, OJHA KOMMOHeHTa ' /1 ¢ GonbluM oTpuUaTensHbiM BecoM ( 770 - HOMEp

o T m
HEWpOHA) " A CHUTHAJIOB co clIos CpaBHEHHSA c BEKTOpOM secos 13 (y

Bl 3 Bl

/gH! \'
BCKTOpa BCEro - KOMHNOHRECHIN,

Hei:]p{)HbI CITOA PACMO3HABAHHA HE COOCPMKAT HENMMHENHBIX JMNEMEHTOB., HO 06J'IaI[aIOT cne/:[y}omeﬁ
0co0eHHOCTRI0. Kaxkmmlif neifpor B cloc CRSI3aH CO RCCMM OCTATBHRIMM HCHPOHAMU 3TOrO JKE CJIOS
O6paTHb[M}1 TOPMO3AKMMH CBA3AMW H MOJOKHTENBHOI ()GpaTHOf/‘I CBAZLK) - C CAMHM COOOM (KaK BO
BTOPOM Cj1oe cern Xemmuira, em. Jlexkimio 10).

‘Takoit crmoco0 CRA3HOCTH HA3BIBACTCS NATCPATRHEIM TOPMOMKCHUCM. 'JITO TIPUBOAMT K TOMY, YTO
TOJIBKO UAMH MEHpOl B CLOE PACIO3HABAHUA MOKeL Obllb aKTUBUPOBaH. Mexy HeApDOHaMH CYILECTBYET

KOHKYPCHIWSL, W Helipoii ¢ MaKCUMATBHBIM BRIXO/TOM "TIOIABISCT” BCC OCTaJbHEIE HEMPOHBI B CIIOE,
BBIMIpbIBas "cocTazanue". Ero pixod CTAHOBUTCA pPABHBIM €IMHUIE, OCTANbHBIX HEUPOHOB - HYIIIO,

)
T.C. BEKHOP ll HMECT TOJIBKO OJHY €1HHHYHYH) KOMITOHCHTY, OCTANBHBIC - HY.JIN.

m .
Beca 13" umeror neftereurensrpie suavenms. PaGora criost oTpeenseTcs: YOPMYJIOii:
, m ¢ Ve R
[1)“, = f { B".C)NG2A _'{(r'-';m ),

v m Y
rae I \ B",C ) - 6b1x00 111 -ro HelipoHa, paBHBIN HYJIIO WIIH €IUHUIIC.

LI
Orcromja  BHJHO, 4YTO  CUTHAl G2 "paspemaer”"  paboTy cios  pacmo3HaBaHUA, A
I“) ()
curnan (73 nossonser BBIOOPOYHO 3aTOPMO3UTH JIFOOBIE HEHPOHBI B CIIOE.

Paooma cemu APT

Pemenue 3a1a4u KJIacCU(UKALIUU c nomotibio APT conepxut CIENYIOLINE
STanbl: UHUYUATU3AYUS, PACNO3HABAHUEe, CPABHEHUE, NOUCK, 00yUYECHHE.

1. Unuyuanuzayus.

a) BeIOUpaeM napamemp P , ICXOIs1 M3 TpeOyeMOil IeTATbHOCTH KJIacCU(PUKAIINH;
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0) cozmaem cems B mamsaTH. KonamuecTBO HEHPOHOB MJODKHO OBITH JIOCTaTOYHBIM, YTOOBI

3allIOMHWUTE BCEC AApa KNaCcCOB (,El(} -\/ ) M3navansHo Bee Heﬁppo[ CloA PAacro3HaBaHUA CUHTAKITCA
"HCBBI,He.'IEHHBIMH", HX Beca IIPpHPAaBHHBAIOTCA K OJHHAKOBBIM HeOOIBIIUM 3HAYCHHAM:

lf:,” — /5)]“1t| < [,/(L + N —1),

N . s ) i
rue L>1. Hekoropas KoHcranra (0OblyHO L=2 ). Beca B ciloe cpaBHEHUs TaKHxKe

=1

BBI6P]]')&]-0TCH OJHHAKOBBIMH, PABHBIMH COHHHLIC! m

Takoit BEIOOp BCCOR OOCCTICUMBACT OCTAHORKY MOWCKA HAa HCREIICICHHOM HCHPOHC, CCIIM HCT
IMOOAXOUAINKMX BLIASICIIILIX ueﬂpouou, H llpELBJ/]JIJJllOG Oﬁyueuue.

2. Pacnosnasaitiie.

: "y .
a)  TPCABARNSCM éexmop U wa  Bxoyic.  Jlo  3TOTO  MOMCHTA G2 U w1 ge1x00 cos
)
pacriosiasalius paseLl 1yo: I 0.

i
6) Y BEKTIOpd £oecrn LEIYJICBbIC KOMIIOIICIITLL, 1100TOMY (Ir l CrallOBHICA PABIILIM CUHHIIMLIIC,
) S— | v L¥] . L]
rx. [ 0. cornan G 1 "noprursmact” HCHPOHET cltos cpaBHCHUS W L' 6C3 M3MCHCHHIT MPOXOMT
v
yepez cloi cparnenus: (=12

m
B) Becosble KOIhhuyuenml B HMEIOT CMbLICH OPMHUPOBAIILLIX suep kKiaccos. B cloe
pacro3uaBaius  AKTUBUPYEICs 1ECKOULKO LeHpolos, [0 0uaroyaps IArepaiblIloMy TOPMOKELUIO

) _
ocTaeTes OIMH HelipoH ¢ Beixogom 4 bl = ] , 4 ocTanbHbie TopMosstes. /110 - Homep BbIMrpaBLIEro
HENpoHa.
3. CpaBHenue.
: 1]) 7[ ” ('l — ” n n .
a) eurxod MpuRONT kK L7 , 9TO CHHUMAcT "mojkauky' HCHpOHOR B croe

T
CpaBHCHHWA. Becosnie K(JBQ’J(}‘)HE{HBHHN)! [ MMCHIT CMBICIT HEHOPMHWPOBAHHBIX OBOWYHLBIX AJEP KIACCOB.

h)mll — l

Ha RXOT CO04 CPARHECHHA N[OepenaeTcd OaAWuH HeHy.TJEBOﬁ &bIYOd cnog PACTIOZHARAHMA,
OTa eduHuya yMHOXKAETCS Ha BECOBBIE K0Iuyuernmol, 1aBas B CyMME CUTHAI

NET,=z,+ T,

mu*

[Topor Bcex HEMPOHOB paBeH 2, MOITOMY 8b1X00 CJIOSI CPABHEHHUS PaBEH

Chn =gl Tr

mi)-

CJIC,Z[OB&TCJIBHO, 8bIX00 CIOS CpaBHCHHA Ha 3TOM JTall€ - JIOTMYCCKOC npou%edenue BXOJHOI'O
CHUIrHajia 1 ABOMYHOI'0 Agapa Kji1acca U3 CJI0s CpaBHCHUS.

0) MoOynb cOpOca BBIYUCISET BTOPOM KPUTEPHUH CXOACTBa (MEPBBIA - Maxkcumym TMPOU3BEIACHUS

( lan'

CXOJICTBO CUMTAETCS XOPOIIUM M BHIHOCUTCS PELICHHE O MPUHAIISKHOCTH BekTopa -I' K kiaccy /11 0.

. L
+ L) B cnoe pacrnosnaBanmst). Ecii KoJMUecTBa eIMHAILL B BEKTOPE (" u BekTope I’ OIm3KH, TO

4. [louck.
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a) eCIIM KPUTEPHIA CXOCTBA HE BEHIIIONHAETCS, CXeMa copoca B_I:Ipa6aTBIB&eT CUTHAI G3 mo = 1
, KOTOPBII TOPMO3UT HelpOoH M) g cnoe pacnoszHapanug. Curaan (";f”“ = ] ocTaeTes paBHbiM 1 10
OKOHYaHWS JTAaHHOW KIaccupuranum. Boixod HCHpoHa MY cramoruTes pasHEM 0, a, CIIC/TOBATCIIBHO, H
BECh GeKmMop R= 0. Curnan 1 CTAHOBUTCHA PABHEIM HYIO W gexmop I CHOBA TIPOXOJINT HCPC3
CJIOM cpaBHeHUs 0e3 U3MEHEHHUI, Bbl3biBAs HOBBIM LMK noucka (maru 2B-30), noka KpuTepuid cxoacTea
He Oy/eT yI0B/IETBOPEH.

“[‘)H COOTBCTCTBYHOUICM BBIﬁOpC HavanbHBIX 3HAUYCHHIT BCCOB /3 AOMCK BCCT A 3aKOHYHTCA HA
HEpacClIpCUCIICIIIIoM [[61/1})0[[6 CJ104 paclio3llaBalibs. ,H.IJ}[ 1ero 6y4€1 BL1LLOJIIELL hpmepuu cxoucrsa, I.K

BCC BCca [ PABHEL 1. Ecim Bee HCH]’JOHB] BBIACIICHBI M R[‘)HTC[‘)HF{ CXOJCTBA HC BBITIOMHACTCH, CIICOVCT
aBapunuaﬂ ocralioBga 1mbo PaclHpPCIIME CETH BBEUCIIMEM IIOBOIO [[614]30113 B ClloC pacLlosliaBallhnid v
HOBBIX BXOOOR B CTIOE¢ CPABRHEHHA.

5. Obyuenue.

HezaBucumo  or 1010, uai/’meu HUH 113 Jraue  110McKa pacupeueueuumﬁ Heﬁp()H HIIN

HepaCTlpCI[CJ'ICFTHBTﬁ, OﬁleCHHC TPOTCRACT O/THHAKORO. ]{OppCKTprFOTCﬂ JIUTITE  BCCAa  BRIUTPRABINICTO
Rl

HelpoHa M) g cioe pacmo3HaBaHusa U Beca ~ /U gng Beex 7! B clloe cpaBHEHHA.

Pazimuaior Ovicrpoe u meuiietnioe odyuernme. Ipu Obicrpom 00yUYellMn KOPPEKLKMU BECOB UMEIOT
BU/I:

Bi® = LC,/(L+Y C,—1)=AB]",

TIcC { g 1 - KOHCTAaHTA.

T
Bccea B ¢10C cpaBHCHUS - TRBOUYHEIC; ~ 1110,

B PE3VILETATE TAKOI'O alll'OpHTMA 06y‘IeHH}I Anpa [ H3MCHARKTCA, HCCYIICCTBCHHBIC KOMITIOHCHTHI

OGHyJ’IH]{)TCH B niponecce (}GY‘JGHI/IH. Ecnu kakag-to KOMIIOHEHTA BEKTOPA [ & cTana Hy.."[eB()FI H4 KaKOM-
TO HTEPALHHA ()GYLIGHI/IH_, OHAa HHUEKOr a HE BCPHETCA K CANMHHIIE. B 3TOM
IMPOABIACTCH UCHMMEMPIUN APT 1o ornowenmo k 3nadenusy 0 u 1. Jra ACUMMEMPUs HMECT CCPLE3IILIE
OTPUTIATCIEHLIC  TIOCJICIICTRAL TS MOEIH, TMPUBOJST K JICTpajlartiuy - sAfep  KITacCoBs B CJIydac
3al0YMJEHHBIX BXOJHBIX BEKTODOB.

Me,uienioe odyuerve Melser SsApa MalbiMU KOPPEKLIMSIMUA:

lg:}u!l — I);Alg::;ll y I - ,Af.]l}::!['.
17", — pC, + (1 =)

mi)

3

rue 7 Mallo M Xapakrepusyelr CKOpoctL o0yuenus.

mll

B PE3VILTATE KaxIoH HTCPpanHH OﬁylleHH_H Agpa MEHARKTCA HCSHAYHUTCIIBEHO.

BlfljJ,[[O_., H10 BeCa l ; B J1000H MOoMeLT BPEMCLIM MOL'Y'T OLITL 0l110311a4110 paccHHrTallbl 41epe3

Beca | , TAKUM 00pazoM, koduposdanite wahopmartui o aapax 8 APT B paceMOTPCHHOW MOTCITH SBRISCTCS
M30BITOYHBIM B CMBICIIE pAacXoja MaMSTH.
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Heobxooumocmos noucka

B cetu APT ucnonb3yroTcss  1Ba  Kputepus  'moxoxectu"  BekTopoB.  IlepBwii -

. I . |
MaKcumym CKaJsIpHOTO  MPOU3BEICHUS ma *’“(] s ) npu BeIOOpe '"mobGemurens" B cloe

pacrio3HaBaHus. BTopoi - KpuTepuii cxoacTBa B 0J10ke cOpoca:

E Cn/ E Tn 2 p.
z.C
I 'l

Takum oOpa3om, 3amaya kiaccupukanuu B ceTd APT cOCTOUT B TOM, YTOOBI HAWTH A0pO C

m o
MaKCHUMaJIbHBIM CKaJSIPHBIM IMPOU3BEICHUEM (B™, x) , coOxrofasl MpU 3TOM YCIIOBUE BBIMIOJHEHUS
KpUTEPUSI CXO/ICTBA. DTU JIBA KpUTEPHsI HE SBJISIOTCS SKBUBAJIEHTHBIMHU, ITO3TOMY U (a3a Mmoucka, u dasa
pacrto3HaBaHUS SIBISIFOTCSI HEOOXOAMMBIMHU M HE MOTYT OBITh OMYIIICHBI.

Tlonosxcumenvnuvie kauecmea u nedocmamxu APT

Cemwv APT pemaer auineMmy CTaOWIBHOCTH-MIACMUYHOCMU W TIO3BOJISIET OBICTPO 3allOMHUHATH
HOBBIE 00pa3bl 06e3 yTpathl crapbix. Kak u B cimyyae apyrux moaeneit HC, Ha oObuHBIX MammHax (oH-
HEHMaHOBCKOTO THIAa ceTH paboTaroT MeajgeHHO U HedddexkTuBHO. Jlyig pelieHus 3anadydl HY>KHO

. QN . .
HaWTH MaKcumym CKaJSIPHOTO TMPOU3BEICHUS, YTO TpeOyeT OKOJIOo SNM orepaluii ¢ miaBaronien

3amsaTOM, M BBIYMCIUTH B XYJLIEM Cclydae M KpuTepueB cxoxactBa. s 3TOro HEOOXOIUMBI
CYIIECTBEHHBIC  BBIUMCIUTEIbHBIC 3ampamsl. Ha  mapanienbHOM — KOMITBIOTEPE onepayuu pacuera
CKaJSIPHBIX MPOHM3BEJCHUI MOTYT OBITh pacmapasuie]ieHbl, HO pacdeT KPUTEPUEB CXOJCTBA BCE PaBHO
BBITIOJTHSIETCS TTOCIIeIoOBaTebHO. TakuM o0pa3omM, Jake Ha mapauieabHON MarmuHe cemb APT sBnsercs
TpeOOBaTENbHOI K pecypcam.

TeM HE MCHEC, OAHa umepauuﬂ JId  3allOMHUHAHUS KaXXI0ro BXOIHOTO BeKTOpa - pezuca;l
SKOHOMUYHOCTH JJIs1 HEMPOHHBIX ceTeil. BCOMHUM, 4TO MHOTOCIIOMHBIN nepcenmpon sl 3alIOMUHAHMS
HOBOTO BEKTOpa TPEOYET MOJTHOTO nepeodyueHus.

V¥ cetn APT ecTb HECKOJIBKO CYIIECTBEHHBIX HEOCTATKOB.

1. YyBCTBUTEIBHOCTH K MOPSAIKY MPEbSABICHUS BEKTOPOB. BonpmmHCTBO
paszHoBUAHOCTEN APT BecbMa 4yBCTBUTENbHBI K MOPAAKY NPEAbSBICHUS BXOIHBIX BEKTOPOB - .
Kaptunsl sigep kimaccoB, chOpMHUpPOBAHHBIE CETHbIO, MPUHIUIHAIBHO MEHSIOTCS MPU Pa3TUYHbBIX
BUJAX YIIOPAIOYECHU.

2. HeB03MOXKHOCTh KJIacCHU(PUKALMK 3alIyMJICHHBIX BEKTOPOB. IlycTh BXOJHBIE BEKTOPHI
CoJIepKaT IIyM.

ECTH KOMITOHEHTA HE3alIyMJICHHOTO BXOZHOTO BEKTOpA paBHa 71, TO MpeIbABICHHBIC CETH
3HAa4YeHUs1 OYAyT ONpEeAEIATHCS BEPOSATHOCTHBIM 3aKOHOM:

p(Tn) =1 —E¢,
p\—Z,) =€,
rae & - Majoe MOJOXKHUTEIbHOE YUCIIO, XapaKTepu3yIollee YpoBeHb IyMa.

Ecnm Takme panHbie OynyT mnpenabsBiaeHbl APT, To Oynmer HaOmOAAaThCsS Jerpaganus u
pa3MHOXXEHHE KiaccoB. Eciam ceThio cPopMUPOBAHO MPaBWIBHOE A0po UL Kiacca, K KOTOPOMY
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OTHOCHTCS 6exkmop L' , TO KaK TONbKO KOMITOHEHTa ! 11 MpHMeT HyJIeBOE sHaueHue 3a CeT myMa (eciu
BEKTOPBI MIPEIBABIAIOTCS HE OJIHOKPATHO), COOTBETCTBYIOIIAs] KOMIIOHEHTA Si[jpa Takxke OyJeT OOHysIeHa.
T.k. cmyyaifHOe HYJIEBOE 3HaueHue MOXKET MPUHATH JT100ass KOMIIOHEHTA - , TO C TeUCHHEM BPEMEHH BCE
KOMITOHEHTHI sifipa OyayT OOHYJEHBI, 3allOMHEHHas uHgpopmayus 06 3TOM Kiacce - yrpadeHa. Ecnm
MOCIIe ATOTO TPEIbSIBUTH HE3AITyMIICHHBIM BapuaHT BekTopa -I', TO s HEro OyAeT BBIICICH
HOBBIH HelipoH, T.e. cPOPMUPOBAH HOBBIN Kiacc. DTO SBICHHE HA3bIBACTCS PA3MHOKEHHUEM KJIAcCOB.
Yepes3 HEKOTOpPOE BpeMs B CETH Oy/1eT MHOXKECTBO HEWPOHOB C HYJEBBIMU BECaMH, U BCE HEUPOHBI OyIyT
pacmipenenenbl. Pabora ceTu mpekpaTUTCA. OTO SIBICHUE OMNPENEISETCS HMCXOTHOW acUMMETpHUei
anroputMoB APT otHocuTenbHO 3HaueHui 0 u 1. CymiecTBYIOT METOABI M1l YCTPAHEHUSI aCUMMETPUU U
MIPEeIOTBPALIECHUS Pa3MHOKEHHSI KJIaCCOB.

KonTtpoasubie Bonpocsl JIP (ITK-4):
Bupl HeHpOHHBIX ceTell M CIOCO0BI OpraHu3aluy X GYHKITMOHUPOBAHHMS.
Bunel cereit. @ yHKIIMOHUPOBAHUE CETEM.
Hactpoiika HelipOHHBIX CETeH Ji pEelIeHHs 3a/1a4.
WHTtepnperanus OTBETOB CETH.
Or1eHKa CIIOCOOHOCTH CETH PEIIUTD 3a/1a9y.
Henw u 3amaun npeanpoekTHOU cTaauu co3mpanus VC.
Mogenu nesTenbHOCTH oprann3anud ("Kak ecTh" U "Kak JOJDKHO OBITE").
Tunosoe npoektupoBanue MC. [IoHsTHE TUTIOBOTO MPOEKTA, MPEANOCHUIKH TUITH3ALINH.
9. OOBEKTH TUNIU3AIUU. METObI THTIOBOTO MPOEKTUPOBAHUS
10. OueHnka 3 PEKTUBHOCTU HCTIOJIL30BAHHS THIIOBBIX PEIICHHIA.
11. Tumooe npoektHoe pemienue (TIIP).
12. Knaccs! u ctpykrypa TIIP.
13. OCHOBHEBIC MOHATHUS OPTaHU3AIMOHHOTO OU3HEC-MOICIIUPOBAHHS.
14. Muccusi KOMIaHUH, AEPEBO LeJIeH U CTPaTeTuu UX JOCTHUKECHHUS.
15. Cratndeckoe onricaHue KOMIAHWN: ON3HEC-TIOTEHITHAT KOMITAaHHH.
16. ®yHKITMOHAT KOMITAHUH.

0N D W —
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Jlabopamopuasa paboma Ne3
3aoaua HeUHENHO20 pa3zdeieHus 08yx Kiaccos. Memoo makcumyma npagoonoooous.
Helpogusuonocuueckas ananocun. Peanuzayus oyneevix ynKyuil HeUPoOHHLIMU CEMAMU.
Buvioenenue svinyknvix oonacmeii coaua mecma Ne 3..

3Hauumocms napavempoe u CucHa1086. Coxpameuue onucanua (Koumpacmuposauue) cemeil.

CokpallieHue MHOJCcecmea TapaMeTpOB U BXOJHBIX CHTHAJOB OOYYCHHOW HEWPOHHOW CeTH
npecieayeT Leu:

1. ynpolieHre cnenuain3upoOBaHHBIX YCTPOICTB;

2. COKpalleHre 00beMa UCTI0JIb3yeMOU MTaMsTH B YBEITHUEHUE OBICTPOICHCTBHS;

3. yaemesieHue cOopa IaHHBIX;

4. obecrieueHue (MM 0OJIETUYECHNE) MHTEPIPETALMH PE3YITaTOB 00PaObOTKH TaHHBIX.

CymecTByeT /iBa crocoda cokpameHust (peayKIuu) OMUCAHHUS:

. penykuus "cHuU3y BBepX" - MOCTENEHHOE yajleHrEe MapaMeTPOB OT HAMMEHEE 3HAYUMBIX K
0oJiee 3HAYNMBIM;
. penykius "cBepXy BHH3'" - BBIJICIICHHE HAnOOJIee 3HAYUMBIX MapaMeTPOB U MOCTEIEHHOE

JOIIOJIHCHHUEC UX MCHCC 3HAYUMBIMU.
Crioco6 penykuuu "cHU3y BBepX':

l. ompenensAtoTCs HaMMEHEe 3HAuYMMbIE IIapaMeTpbl U YCTPaHSAIOTCI BMECTE C
COOTBETCTBYIOIIMMHU 3JIEMEHTAMH CUCTEMBI;

2. oCTaBIIMECS TapaMmeTpbl MOAUPHUIIUPYIOTCS TaK, YTOOBI HAWIYUYIIMM CIIOCOOOM DPEIIUTh
3amaqy;

3. UMKJIMYECKH MOBTOPATH Hmn. 1-2 10 Tex mop, MOKa 3ajadya He OyJeT pemarhes C
YIOBJIETBOPUTENILHON TOYHOCTBIO.

Onpede.nenue 3HaAUUMOCmuU napamempoé Ha OCHO6aAHUU d)yukuuu OUECHKU

N,M

d g =
Ectp Habop ', t=1,...,n pa3MepHOCTH

o . { I,- 3 ] )

MepHbIN gexmop nmapameTpoB (L' u ¢hynkyus oueHku H U }, OlLICHMBaIOIIas paboTy CHCTEMBI C
napameTrpamu (I’ Ha BekTope I’ (Hampumep, paccmosinue OT BEKTOPa BBIXOJIHBIX CHUTHAJIOB CHCTEMBI JI0
HYXKHOTO OTBETa WMJIM JI0 MHOXMCecmaa MPaBIWIbHO WHTEPIPETUPYEMbIX OTBETOB). TpeOyercs BBIICIUTH

HauMEHEE  3HAYUMBIC  IapaMeTpbl u fl' € {l """" v } A KOMIOHEHTHl  JaHHBIX 5 u
MOIUGUIMPOBATE CHCTEMY, OTOpachiBasi HaMMEHee 3HauuMble mapaMmeTpbl. [Iponenypa orOpacsiBaHUsS
HeoJHOo3HayHa. [Ipocreiimmii BapuaHT - oOpalieHue B HOJb - HE BCErJa JIyUIIMHA: OH HE YYUTHIBACT
KOppeNsIUM  MEXAY J[aHHbIMU. YUUTBIBAs KOPPEJALMIO, CIeIyeT OTOpachiBaeMbleé KOMIIOHEHTHI
3aMEHATh Ha QYHKIUU OCTAIOIIUXCS KOMNOHEHM.

U

. u .
* ompeneneHo (UKCHPOBAHHOE 3Hauenue k. OrGpaceBanue -/ -0ii

0
= 7 }
J. B KadecTBe MNpPOCTEUILIETO

Mycrs mist kaxgoro (U

. A
KOMIIOHEHTBI Uil / -r0 NpHMepa O3HayaeT NpUpPaBHUBAaHUE -

N - "
BapHaHTa IPUMEM Wy = 0 U U1t mro6oro / mosaraem
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I
0 P
T = (1/n) E f
p=1

(mapameTpbl oOpamaroTcst B HOJNb, JaHHBIC 3aMEHSAIOTCS CpPEeIHUM 70 BbIOOpKe). bonee ToHKue
METOABI MPEINoiaraloT 3aMeHy OTOpachIBAEMBIX IMAapaMETPOB M CUTHAJIOB HA HEKOTOpPbIC (QYHKIIUU
OCTaBIIMXCSL.

[TokazaTeny 3HAYMMOCTH BBIYMCIISIOTCS B JIBA JTala: CHadala OHU OLEHHWBAIOTCS UIS OJHOTO
BEKTOpa (IpuMepa), MOTOM JIJIsl Bcel BBIOOPKH.

o 3 .I'
1. s mansoroO 1 ! smaunmoctu Uk u v OIICHUBAIOTCA KaK

X (wi|z?) = |OH (2P, w) /Owy| X |wy — ”:?‘
X(z}|2") = |0H (27, w) /0| x |z — ).

J

3I[GCI) \ - BBIYHMCIICHHBIC B JIMHEHHOM HpI/I6HI/I}KeHI/II/I a0COJIIOTHBIE BCIIMYHUHBI

Y p=L,uess n

wsmenerus 11 npu cokpamieHuu onucanus. OneHka Ha Bced BhIOOpKE * MOJKET

MIPOBOAUTHCS no-pazHoMy. Hampumep, MOKET UCIIONIB30BaTHCS OJTHA U3 CIEAYIOMUX HOPM:

1. Cymma mopnyneit:

X(Wg) = Z X (wg|z?),
!J

X(z;) =Y x(xjlzP).
',U

2. Maxcumym monyns

Y (wi) = max y(w|x?),
;J

x(z;) = max x(x;|zP).
;J

YacTo npuxoauTcs UMETh JI€JI0 C CUCTEMOM, KOTOpasi MEHSIET CBOM ITapaMeTphbl (HapuMep, B X0/1€
oOyuenusi). Torna kK MOMEHTY MPUHSATHS PELUICHHUS] O 3HAYUMOCTH MOXKET OBITh HAaKOIUICHA UHDOpMayus o

w € {u'[ .....

w }
YaCTHBIX IIPOU3BOJHBIX H s pa3HBIX TOYKax ) . Ee MOXHO HCIOJB30BATh

CJIETYIOIIAM 00pa3oM.

O603HauNM YIII0BBIMHU cKOOKaMu IpoLenypy YCPEIHEHUS 1O MHOXKECTBY

1 y
apamMeTpoOB {H """ U q} :

q
& W) o= [_l/q)z'f( s
=1
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IIOJIOXKUM

X(wi|z”) =< |0H (z,w) /0wy,
x(zj|z?) =< |0H (x,w)/0z;),

0
p > W — |wy

o> = [

\

VYcepenustorcs aOCOMIOTHBIE 3HAUEHHUS MPOU3BOJHBIX, a MpUpalleHuss OepyTcs B TeX TOUYKax, B
KOTOPBIX Oyzner MPOBOJUTHCS npoueaypa COKpAILEHUS ONMCaHMUS. Ycepennenue
mapamMeTpoB (I’ no HECKOTBKUM 3HAYCHUSIM BaXHO JUTS HEJIMHEMHBIX CHCTEM, B

KOTOPBIX npous’eodm;ze l[ MOT'YT CUJIBHO MCHATHCA OT TOUKHU K TOYKE.

I'maBuas 3a/la4ya IIpU COKpAllCHHUU OIMHMCAaHUA - COXPAaHUTH KadYCCTBO paGOTBI CUCTCMBI,

OILICHMBAEMOE C ITOMOIIBIO 1 [ . s storo TpeOyercs 3HATh Ha3HAYEHUE CHUCTEMBI U UMETHh CIIOCOO
OIIEHKH €€ COOTBETCTBHUSI CBOEMY HA3HAUYCHUIO.

Bo3mokeH apyroil moaxoj, HE TMPEANoJararoiiuii HUKAKOro 3HAHUSA O CIoco0ax OICHKH.
CTaBI/ITCH 3a1a4a COXpaHI/ITb OIMHUCaHUC, MUHHUMAJIBHO H3MCHSIA (byHKI_[I/IOHI/IpOBaHI/Ie CUCTCMBEI. B 3TOM
CIydae poJib OLIEHKH UTPaeT W3MEHEHNE BBIXOTHOTO CUTHAJIA CHCTEMBI TIOCIIe COKPAIIICHHS.

Onpe()e.neuue 3HaAUUMOCmU napamempoé no U3AMEHEHUI0 6bIXOOHBIX CUCHAI08 CUCHIEMbL

3nauumocmsb apaMeTPOB OMPEACITSAETCS MPAKTUYECKH TaK K€, KaK U C MOMOINBI0 (YHKIIUU

D
oueHku. Ilycts I - sexmop nannbix, a (' - gekmop napametpoB. I1ycTs 3a1an HabOp BEKTOPOB {'f }

Pl 0
. ,W,.
, Ha KOTOPBIX OyZeT OLIEHUBATHCS (DYHKIIMOHUPOBAHUE CUCTEMBI, U ONPEIEICHBI 3HaUCHUsT ./ k (B
() P n P
y wy=0,2 =(1/n)) -2
MIPOCTEUIIIEM CITy4Iae J p 7).
Beranciaum B JMHEHHOM NpUOIINKEHUN M3MEHEHHE BEKTOpa F pu

R P
oOparneHuun Wk g Yk u“is"J

AF = 0F (z,w)/0wy, =,
AT . ST ’ o P J;‘H
AF = 0F(x,u )/().r“ @ X (@5 — x3).

J

p X (wyp — wi),

[Iycth B TpOCTpaHCTBE BBIXOJHBIX CHUTHAJIOB CHUCTEMBI 3aJlaHa HEKOTOpas Hopma (Hampumep,
eBKJIM10Ba). Toraa mojgoxxum:

_ ) AT/ \ ] 4 i
X(wi|2?) = ||OF (z, w)/0w||y=y» X w), — wg|,
’ Py T - o [ | P pU
X(zi|z?) = ||OF (z, w)/0%;||x=yr X jz; — x5 |
Takum o0Opazom, U1 KaKI0ro Wk y» JIF000T0 'r.f ONPENCIICH 8eKmop ToKa3aTenen

3HAYUMOCTU. Koopouramel BEKTOpa COOTBETCTBYIOT TOUYKAM zP Tenepb HYKHO BBIYHMCIUTH HOPMY
3TOr0 BEKTOpa U OOBABUTH €€ IOKa3aTeleM 3HAauYuMOCTH (MOXXKHO B  KauecTBE HOPMBI
B3SITh MAKCUMYM MOIlyJIi WIW cymMmy Moayneit). [lpm wucrnonb3oBaHMM €BKJIMIOBOM HOPMBI B
MIPOCTPAHCTBE BBIXOJHBIX CUTHAJIOB ObIBaeT yI00HO U Jajiee BEIOMPATh TaKyIO )K€ HOPMY, IoJIarast:
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X(wi) = (Z \{“.),{:J.P]‘_’)I/;_’.
;I
'f}

Ilonxon K ONpeneneHur0 3HAYMMOCTHM YE€pe3 HM3MEHEHHWE BBIXOJHOIO CHTHAJIA HE WMEET
aNbTEPHATHUB B TOM ClIy4ae, KOrJa paccMaTpuBaeMasi CUCTEMA SIBJISIETCS JIMILb ITOJCUCTEMOM B HEKOTOPOU
cucreme (HApUMEp, CyMmMamop Wi HelipoH B HEUpOHHOU cetw). Torga mpu HM3MEHEHHH TapaMeTpoB
ATOW MOACHUCTEMBI NMPUXOIUTCS OIPAHUYUTHCS TPEOOBAHMEM: BBIXOAHOW CUTHAN MOJCUCTEMBI JOJIKEH
MU3MEHSTHCS KaK MOYKHO MEHBIIIE, YTOOBI HE HApyIIaTh (YHKIIMOHUPOBAHKUE BCEH CUCTEMBI.

Cokpawienue uucna ¢blx0006 6 A0AGRMUECHOM TUHEHUHOM cymmamope (nymb "cuu3zy eeepx")

PaccmoTpum aJanTUBHBIN JMHEUHBIN cymmamop, BBIYUCIIIOITU N JIMHEUHYIO
Py Flz,w) =wy+ (x,w)
Pemium 3a1a4y 0 COKpaIleHUHI yucia BBIXO/THBIX CUTHAJIOB.

PaCCMOTpI/IM onpe()eﬂeﬂue 3HAYUMOCTH 10 U3MCHCHHNIO BBIXOJHOT'O CUT'HAJIA. 3aMeTI/IM, qToO:

OF 0wy =1, OF/0w;\—» =, OF[Owi|\=» =wi,i=1,...,N.

X* i

YHUYTOXKHUTH | -¥ BBIXOJHOW CUTHAJI MOYKHO JIBYMSI CIIOCOOaMHU:

. 3ameHoit mapamerpa (Ui ma 0;

1

. 3aMeHOH *''/ Ha MOCTOSIHHYIO BEJIMYUHY HE 3aBHCAIILYIO OT P

B nocnennem ciydae noiydyaeM HOBYIO (DYHKIIHIO

N

I : 4 ) e : :
Fli = wo + x;w; + E T sW;

J=1j%#1

Takoe mnpeoOpa3oBaHHEe O3HAYAET, YTO OJHOBPEMEHHO C YHHUTOXEHHEM ! -i BBIXOJHOMN
sz (U0 mpuoBperaer HoBoE 3HAUEHUE:

L] . [l 1 -ll 1
woy .= Wy + I; W;.

I[Ipu 5>TOoM MOXHO JOOUTBHCS MEHBIIETO I/IBMGHGHH}II \Z, U ), 4eM IpoCTO IpHU
npupasauBannn (Ui x mymo. TI05TOMY OCTaHOBMMCS Ha 3aMeHe ! -rO BBIXOJHOrO CHTHAna Ha
L

HOCTOSIHHYIO ~ BEIMYMHY * ! . 3nauenue 5TOM TIOCTOSAHHOM ONpeNeaMM HWCXOAS W3 MHHUMH3AIlMU

F(x?

N3MEHEHUS , W) . Munumuzayus 37oro U3BMEHEHUs, BBIYUCICHHOTO B €BKJIMI0BO HOPME, J1a€T:

n

x; = (1/n) Z &

p=1
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|

TakuM 00pa3oM, ONTUMAIBHON SIBISETCS 3aMeHa *“/ Ha €ro CpeIHEe 3HAYeHUe nO UCXOIHON

BBIOOpKE. B 0003HaUEHUAX TEOPUN BEPOSTHOCTEH:

fé

z; = M(z;), x(:) = n'Pwio(z;).

U

ol(x;) ! {a?}
1) - cpeonexeadpamuunoe omkioneHue oT * ¢ Ha BeIOOpKe L .

rIe

3uavumocms 3aMEHBI OLCHUBACTCA KaK

X(zi) = |w;|lo(x;).

HpI/I HUCKIHOYCHUHN CUTHAJIOB no OJHOMY, OHH COPTUPYIOTCA B COOTBCTCTBHUU CcO
3HAYCHUSIMU X\ i) U OoTOpachIBarOTCsA (3aMEHSIOTCS CpPEIHHUM) CHayajla Te, YTO COOTBETCTBYIOT
MEHbBIITUM X\ f-]. 3aMeTuM, 4TO TMOATOMY nymsb ""CHU3Y BBEpX' YHHMBEpCaJ€H, HO HE onTumaieH. B

YaCTHOCTH, JUIsI CYMMAaTOpPOB M JPYTHX DJJEMEHTOB, JIMHEWHBIX 70 TapaMmeTpaM (Hampumep,
KBaJIpaTUYHBIX CYMMaTOpOB), CYIIECTBYET YUMTHIBAIOLINI BCE KOPPEISALUU 1Ymb UCKIIOUEHUS "'CBEPXY
BHU3" ¢ oproroHanu3auuei. Jlagee orpaHMYMMCS OLIEHKOW 3HAYUMOCTH 70 U3MEHEHHUIO BBIXOJIHOTO
CHTHAaJIA.

Hokazamenu 3nauumocmu Ona Heipona ¢ ouddepenyupyemvin HeIUHEIHBIM IIEMEHMOM
DTH [MOKa3aTelId HITYTCs TOYTH TaK JKe Kak Uit cymmaTopa. [lycts
F(z,w) = p(wy+ (z,w))

Toraa

OF [0z p—0r = ¢ (wo + (2P, w)) - w;.

B eBxiin10BOM HOpME (YTO COOTBETCTBYET METOAY HAMMEHBIIINX KBAPATOB) MMOIY4aeM:

:EE:H;UH|+(J”.W)H%Jf__)[Lm)F“;{
J,'J

x(z;) = |w;

T.¢. npouseedenue MOLyns mapamerpa (Ui Ha cpeHEKBaIpaTHUHOE OTKIOHEHHE C BecaMi. Poib
In =} Boagy)
Beca HTpaeT KBapaT MPON3BOHOH (hyHKIHY B Touke (- U 5, w),
Hokaszamenu 3nauumocmu 01A HEUPOHA ¢ NOPO2OGHIM  HEIUHCHHBIM  IICMEHMOM
(nepcenmpona)

DTH ToKa3aTenu TPEOYIOT AJIsi CBOETO BBIYMCIICHUS €IIe OJHOTO IBPUCTUYECKOTO X0/a, T.K. TPSIMO
BOCIIOJIb30BaThCS MPEAbIAYIIMME (GopMynaMu HEBO3MOKHO. I1ycTh @hynkyus, Berunciasiemass HEHPOHOM,
HMMEET BU/]I
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F(z,w) = h(wy + (z,w)),
h(z) = {1,z > 0,
0,z <0}

P
JIns Kakaoro BEKTOpa JaHHBIX " HeoGxomUMO OLEHHTD 3HAUUMOCT U3MEHEHNS apryMeHTa
P 0 -
h @ T ha)
¢bynkuuu /! mpu 3amene 1 Ha * ! . 3nauenue
[IOTOMY  €CTECTBEHHO  OIICHHUBATh 3HAYUMOCMb U3MEHEHHUS Aa nepemeHHoit (! B macmrabe,

|Aa/al

MEHSETCS TOJIBKO Torja, korga (I MeHsSeT 3Hak,

OIIPEACIICHHOM TEKYILEM 3HAUEHUEM NEPEMEHHOM, T.€. 3HAUUMOCHID Aa OLIEHNBAETCS, KaK
W3 3TOro 3BpUCTUYECKOTO PacCyKAEHUS MOTyYaeM:

J":-‘ — .I't]‘/‘f!'“ -+ (J"“. H'):.

(T; E'IJJ) = !”‘!

) = M(z;)

Ecmu  monoxuts * 1 U BOCIIOJB30BATbCS  €BKIMAOBOM MEPOH, TO BHOBb
TOY4UM npouseedeniie MOy MapaMeTpoB (U7 Ha cpelHEKBaApaTHUHOE OTKIOHEHHE C BecoM. B
Ka4yecTBE BECOB BBICTYIAIOT KBAPAThl BEJINYMH, OOPATHBIX BHIXOJHBIM CHUTHAJIaM CyMMAaTOPOB:

13 (@? — M)/ (wo + (2P, w))* V2.
.H

x(x;) = |w;

[ToyueHHbIe 6bipadiceHue Al TOKa3aTeled 3HAYMMOCTH MO3BOJISIIOT YI\-pOLIaTh OCHOBHBIE
snemenTsl HC "cHu3y BBepx'", HAUMHAsA ¢ UCKITIOUYECHUS CaMbIX MAJIO3HAYMMBIX apaMeTPOB.

Cokpawienue onucanua '"ceepxy enu3z" - HabOp OocmMaAmMoOuUH020 cemelicmea Haubdoee
3HAYUMBIX RAPAMENPOE

MeTto UCKIIIOYEHMS TapaMETPOB ""CBEPXY BHU3" ¢ OPTOrOHAIM3ALMEN MPUMEHUM HE KO BCAKUM

Flx,w)

byHKIUSIM

F(z,w) = () wifiz)).

’.

, 4 TOJIbKO K TaKUM, KOTOPbIC UMCIOT BU:

JlocTomHCTBO MeToAa - ABTOMATHYECKUH YYE€T KOPPEISLIUM MEXKIY I i\ ) PaccmoTpum
YCTPONCTBA, BEIUUCIISIONINE (DYHKITIH

Flz,w) = Z w; fi(x).

{
K HUM oTHOCSATCS IMHEHHBIE CyMMaAToOphbl, KBAAPATHUIHBIC CYMMATOPLI U JP.

[TycTh 3a1aHbI BEKTOPHI JAHHBIX:

D (P P P - . -
T = (BiyeeeyDiyerssy ry),Pp=1,...,n,1= l,...,N.

l
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Ilocrasum 3ajady COKpamelus OlLLMCAIIUs CJIG,-‘J,}’]O]J.LI(l-jvl! oGpasoM: 1aK oupeilents ),ut)im@op,ée

HauMEHLIIEE BO'SMO}KH(?FA ].‘Hu@{t”?ﬁb_ ]J&’i1,|16t(c-013 | = Z[flgﬁ})m’. ,'/ ; fuacen 5

9TOOBI HOPMU OLKILOLeIINS . e » 1€ LIpeBLiala
HEKOTOpOH {H,aﬂc}pcn 3a/TAaHHON BCJ’IH‘IHTITF{;T_.;' |Bec  QymkMm  pacemaTpWBArOTCS  Ha  KOHCUHOM

MHOXECTBE . Hng nwodoii pyHKIUM €BKIHUI0BA HOPMU:

| =D )2

‘{J

I

" ; D — P
& i » ; v.“—*) o R TR / . ; l —.H—’ )
aKI0i (hyHKIIMCH CBsI3aH MCPHBIH gexmop J ¢ KOMITOHCHTaAMH
' P =" w; fi(zP)
. Bexmaop F c KOOp/TMHATAMHA Sl SIRITSICTCST JIWHCHHON KOMOUHarnmcti
f fi = fi(aP) ; - ;
BEKTOpoR /! ¢ KoOp;iMHAaTaMu 1 J : JluHcitayIO 000Ky ceMmcicTRa
BEKTOPOB -,-’ 0003HAYUM L = L( {f’ } '] . [Toctpoum B

MMPOCTPAHCTRE I N OPTOFTOPMHPOBaHT—TB]ﬁ baszuc ¢ MOMOTITBERO MOCIC/TORATCITEHOTH OpPTOTOHAITH3ATTHH

BEKTOpoR /¢, Kaxpit cCIcaytonwit 1mar oOpTOTOHANW3AallMKM  BRITIOJHUM Tak, YTOOR BCIHYHHA

MPOEKIHK ua  LOBLIA gexmop Oazuca  Ouula  MakcuMalLlod  u3  Bo3Mmokubix.  IIpouece
IFN* = [|FL]]* > &7 F F
OpTOrolaiin3alkin LPOUOIIAHM, 110Ka . 5 e L - HPOCKH U 114
2/} ]
IIOCTPOEHHYIO OPTOTOHAIBHYIO CHCTEMY. //0 OKOHYaHUU TIpollecca IolaraeM F'=F l
OnuuieM Buiyuciaenus donee AeTALIIO.
' i = fillfill
1.1 _ 0T g; = fi/ |l fil
. IIpoBoaum HOpMHUPOBKY: 178 nodoro [ monaraem .
I/ .0\ . 0o . ,
(F,g;) - Fo .. Gi=1,...,I] \
2. BeruamcsieM . ' (MOOYib IPOEKITUA BEKTOPa Ha eexmop 1 ), ;

0
O.max ), no:xaraeM( | = .{jél}nm.:' ,

l
Haxoaum CpeiH 5THX THCC]I MAKCHMAlIbHOC (HYCTB €Ir'o HOMCD

0 0 1 .0 0
HCKIIIOYACM Yiomax U3 MHONCCCHB {-{] l } ,  TIo;ygacm 9 = Y9 \9 i€l )¢ 1,

WACKITIOYacM
{9/}

n3 MHOMICecmea L1 HYJICBBIC BCKTOPHI, cenm TAKOBBIC CYTICCTRYTOT, TTPOBOTUM

] ] ]

g; = 9; /g |l
HOPMHUPOBKY 9i 9 gill .

([.....ff ~ ”_,
3. llycTb OTIPCHOCICHBI BCKTOPHI u Hc Oomce ucM HOPMHPOBaHHBIX
l [ (]‘rl ( 14‘ l ] |
g C g ) = o L TN L, ()]
BeKTOpOB J1 PETH BCKTOPOR - ! HUIMCM  TaKoH , AT KOTOPOTO JU71 TTPAHWAMACT
€l41 = fl’

MaKCHUMAaJIbHOC 3HaYeHue, mojgaraeMm JiLiar

! l i l l

( , {r } ( = @q:. — (q.:. ¢ (

HCKIIIOYaeM Yi.maz U3 MHOJ#CeCnea BEKTOPOB 9i ; II0JaraeM 9i 9 {-}r' 1+1)€l4 I
HCKJIIOYaeM u3 3TOTO MHOJICECMEa HYJICBbIC BEKTOPHI, eciau TaKOBBIE CYIIECTBYIOT,

[+1 [+1 [+1

9 =g /g

HOopMHpyeM: 71 Ji Ji )

o | P (B’ 2 nd
Beruncnenus npoBoauM, Ioka H ” B Z" l-"{I €)° > .
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IMocne 3aBepILICHUS BBIUUCIICHHI uMeeM Habop OPTOHOPMHPOBAHHBIX
BexTopos ¢ 1+ el <n . Onu SIBJISIFOTCS JTMHEHHBIMU KOMOHMHAIMSIMHU
BEKTOPOB ./.*,]mu.r- seey .I.:,.’m:u'

. Koagppuyuenmor paznoxenust -/ no Habopy / t,Imaa ’ t,Imaa MOTYT OBITh BBIYUCIICHBI H
COXpaHCHBI XoJae OpTOroHaIU3aIHU. [Tonaraem J = {””““‘ """ U “““'} .
F' = F,e;)e; = 3
Z w(Fej)ei =2 ey Bif
Tor):[a JEJ I 210 u €CTh  peIleHHEe  3aJayH.
Yucma ./ BeIpaxaroTCs qyepe3 Koo puyuermol Pa3ioKeHUSI
&d =Ll I €L (Fie;).
BEKTOPOB J. CKaJISIPHBIC MPOU3BEICHUS J7.

eciu ’_ZJ' J /”’f To'- ' Z: ].I(F‘('f)(/r,f_

Pasnoxenne ©/ no l jsJ €J UMEEeT PEKYpCUBHYIO (popmy:

€l = ./'f.]mu.r/”fr.lum.rl .
€2 = [,/.:.'_Emr.nr - (,/‘:.'.;'mu_r- €] )(' l ]/H,/..f.‘.fmr:,r _ ( ,/.r.’_fmu.:'- €] )¢ ]H

(.F - [.I'Ll_mm_r — Z (.,‘:._;nm.:'- ( .")( r]/“.fr.l,rmu_r — Z (./.r.k,irm:.r- ( ;']’ .'”

r=1.7—1 r=1.7—1

[
|

y F(z,w) = (> w;ifi(x y y
Jnst  $hyHKImMd  BHIa ( ) a ! ’-/ i(Z)) ¢ muddepenmupyemoii  GyHKIHEH
npoleaypa aHajJoruvHa ¢ TO‘IHOCTBIO JI0 3aMEHBl CKaIAPHOIO MPOHM3BEICHHS: HCIOIb3YETCS

, .7 )
L Z ‘ '“f P ‘ — z W .;'“ <
CKaJIAPHOE Npou36e0ene ¢ BeCaMu (J,9) = p “I g , rme =V 2 ifi(a?))) . B
3TOM CKaJISpPHOM TIPOM3BENEHHUH BEIYHCISIOTCS BCE HOPMBI U HpOBOI[I/ITCH OpTOTOHATU3AIHS.

Jist GyHKIMN ¢ TOPOTOBOM HEMMHEHHOCTHIO Ha BBIXOJE MCIOIB3YEM CKASIPHOE npoussederie ¢

4 . .’
BecaMu ‘I’ = | Z;‘ ”'i./a'['rp]l_.

OnucanHas mpoleaypa COKpaiieHus "cBepxy BHU3" ¢ OPTOrOHAIHM3aIMel 0COOCHHO Ba)KHA IS
YIPOIICHUS 3JIEMEHTOB CIOXKHBIX CETel, B CTPYKTYpe KOTOPBIX U 8eKmop BXOAHBIX CUTHAJIOB AJIEMEHTA
MOXKET 6BITB JaJICK OT UCXOAHBIX JAHHBIX, U €T0 BBIXOHHOﬁ CUTHAJI JAJICK OT OLICHUBACMOI'O BbIXO1a BceH
CJIOKHOM CUCTEMBI.

[Ipomenypsl aHanmM3a 3HAYMMOCTH W COKPAIICHHS OIUCAHUS BBIACISIOT HauOoJiee BaXkKHBIC
napametpsl u cBsizu B HC. [lo aHanoruu ¢ 00pabOTKON M300paXe€HHS WX HA3BIBAIOT MPOIEAYPAMH
KOHTPACTHPOBAHUS FITH PEIYKITHH.

Pons koHTpacTupoBaHus (pPEIyKIMHM) HE CBOJMTCS TOJBKO K COKpAIIEHHUIO ONMHUCAaHHS: Oojee
oOmias 3amada - MPHUBECTH MApaMETpPhl CHUCTEMBbl K BBIICICHHOMY Ha0Opy 3HAa4eHUH, B YAaCTHOCTH,
YMEHBIINTD pa3psiOHOCMb, YTO BaXHO JUISl yICHICBICHUS CIICIUAIN3HPOBAHHBIX YCTPONCTB, IKOHOMHHU
HaMsATH U T.1.



27

PeKypcu(moe KOHmpacmupoearnue u 6uuapu3auu}l

PexkypcuBHOE KOHTpPacTUpPOBAHHE COCTOUT B MOIU(HUKAIMU MapaMeTPOB CHCTEMBI - OJHOIO 3a
s cinss WA

OpyraM. JIist 3TOTo mapaMcTphl JIOMKHB! OBITh KaK-TO JWHCHHO YHOPSIOUCHRT . Ilpn
mommenxaimu 7 penoins3yiores MoauduLgposallbe suagenus L1y e e Wi-1 4
HEMOAM(PULIMPOBAHHBIE Wty WA
- Llgoesye r
[lycTe @14 cyMMaTopa 3amaHa odyvaioujas. 6u100pKa BXOTHBIX BekTopos * | L
COOTBCTCTBYIOIMMX RBEIXOJIHBIX CHTHamo® J L+ - -« J7 [ a TakKC M3BCCTHRI 3HAUCHWS TTAPaMCTPOR,

KOTOpPEBIE CANMMU3YHOT CYMMUINOD. ‘I" o TpebyeTca mpoM3BecTH OHHApPH3AIIMIO
¥

CyMMaTopa, T.e. HallTW 4YuciIa a,b U GEKHOp b ¢ KOOpIMHATAMM U l_, 9T00Bl 3HAYCHHA
GyHKIHA ‘:('r] =a-+ b{_.f‘. 5) Ha BBIOOpKE {J-f} KaK MOKHO MEHBIIE OTIMYaIHCh OT 'I},'
Kpurepuem TAKOL'O orimaus Oyaem CUMTATL H = Zf l-”{"/’ =P )
ITocTpoum roopounamsr BeKTOpa b 1O HOPIUKY by, “j—’ e

Mycts MOCTPOEHBI Bry.e s i1
O6o3HaunM 'im o {‘7’1 """ i"'_" 0,..., 0) (nocnenune N—1+1 KOOPAUHAT -
HYIIN), 'i_l! o (j] """" i"_i' L0O,..., V) (Locueuine N —1 Koopuuiiar -
HYJH), a’ = (0,..., U, iy PRRRY (uepsole 1 KOOPIMLIAT - L1YJIn).

Breem pyHRIINN,

oh(z) = agi + boi(z, BY) + (z, o),

p1(x) = a1; + hii(z, B + (z, ab),

]]“, — Z (,,‘ - ;;}(.;‘-1)]2.

Jj=1.n

Hi= )Y (fi - ¢i(@))>

1=1.1
Oupeuennm  LapaMerpol oi, boi, @i, by M3 yCIOBMH Hoi — min, Hy; — min ,
Ho; . Hy; ver Poi = manHy; , hyi = minH,y;

Bi=0 Bi=1

MUHUMU3UPYS bylkun

Ecmu hyi 2 ho, , TO MOJIaTaeM , B IPOTUBHOM CITydae

Bist = Liaasgd \

aBTOMaTHYecKH ompetensiorcs (I u b: eceulN =0, 10 mnomaraen @ = @ ON, b= b“-\',
a=an,b=bin

[Tocite Toro Kax uocrpoelisl Bee ( N . PUSMEPHOCHTL BEKTOPA AAIIIBIX),

HHaye

Ecnu Gunapuszanus npoBeseHa, a He0OXoIuMast moyHoCmy He TOCTUTHYTA, TO MOXHO ITOCTPOUTH
BTOpOIl OMHApPU30BaHHBIN CyMMamop, KOPPEKTUPYIOMUNA OMUOKY MEPBOTO --- TaK, YTOObI B CyMM€ OHH
XOpOIIO ANMPOKCUMHUPOBAIH PabdOTy MCXOJHOTO CyMMaTropa Ha 3JIeMEHTax oOyudaromield BBHIOOpKH. B
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Y ‘ oy e,
ONMCAaHHOW MPOLENYypE NEJIaeM 3aMEHY I te / R & (-'f ] U AJId DTUX HCXOAHBIX OAaHHBIX BHOBb
CTpOHUM 6HHapH30BaHHLII71 CYMMamop no anropuTMy peKypCUBHOU 6I/IHapI/I3aI_II/II/I. [ToBTOpsiem Takoe
MTOCTPOCHHUE, TTOKa He OYJET JOCTUTHYTA YJIOBICTBOPUTEIbHAS MoyHOCcmb. B pe3ynbrare nmoiaydyumM Habop
6HHapH30BaHHBIX CyMMAaToOpoOB, KOTOPbIC B COBOKYITHOCTH (r.e. B pe3yabTaTe CyMMUPOBAHUS BbIXOJHBIX
CUTHQJIOB)  JOCTaTOYHO  TOYHO  alMPOKCHUMUPYIOT  HUCXonmHbid. [lpm  mosiBIeHMH  BECOB,
OTIPENICNIAIONINX 3HAYUMOCMb OTACTBHBIX ~ IPUMEPOB U3  oOyyaromed  BBIOOPKH, PEKypCHBHas

OuHapu3anus IPOBOJUTCS TOYHO TAK XK€, TOIBKO B (DYHKITHIX H nosensiores seca.

Ecnmu  tpebGyercs  1emM ke OyTeM  yOpOCTUTh  JIOOOH  JOpyrol  aiieMeHT,

. (z,w) =D . w;fi(x) y
JUHENHBIN 10 TTapaMeTpaM, t - , TO BMECTO oOyuatorein
+J ] ] o, ._,i. \
BBIOOpKHU {'I } OepeM CEeMEHCTBO BEKTOPOB {-U } C KOOpAWHATaMu Y = f i\a J. ITocne
= fi(2?) y
Takoro 1 J ) npeoOpa3oBaHus paccMaTpuBaeMblii JJIEMEHT IpeBpalaeTcs B

OOBIYHBIN cymmamop, sl KOTOPOTO MOCIIEI0BATENbHOCTD JCHCTBUI Y)Ke OIMcaHa.

KonTpoabusie Bonpocsl JIP (ITK-4):
MeTtox MakCUMyMa TIPaBIOTIOA00uS.
Hetipodm3nonoruieckas aHaIoOTHs.
Peanmu3arus OyneBbIX QyHKIMA HEHPOHHBIMH CETIMHU.
Brinenenne BBIMYKIIBIX 00IacTew.
Oco0eHHOCTH 3aja4yl ONTUMU3AIMY, BO3HHUKAIOIIEH MPpY 00y4YeHUH HEHPOHHBIX CETEH.
VYuer orpaHu4eHU Ipu 00yYeHNH.
Br16op HanpaBiieHUsI MUHUMH3AIINH.
IMapraH-MeTOBI.
OpHOWAroBbIi KBA3UHBIOTOHOBCKUH METOA U CONPSKEHHBIE TPAIUCHTHI.
KommiekcHast cxeMa He4eTKOTO INITaHMPOBAHUS.
[IporeccHBIN TOAXO0 K OPTaHU3aNU ACATEIFHOCTH OpTaHU3aINH.
CBsI3b KOHIIETIIMH IIPOLIECCHOTO MOAX0a ¢ KOHIICNIINEH MaTpHYHON OpraHu3amny.
OCHOBHBIE 3JIEMEHTHI TIPOIIECCHOTO MOIX0/A.
I'panute! mponecca, KIFOUEBBIE POJTH, IEPEBO MeNeH, 1epeBo HYHKIUH, TepeBO MOKa3aTEIeH.
Brienenne u knaccu(puKaus mporeccos.

PN B WD =

Pt ek ek e e \O
RN —=or
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Jlabopamopuasa paboma Ne4.

I'paouenmmnvie ancopummeol 00yuenusn cemu. Yuueepcaivnulit nymo 00yuenusn. Ocodennocmu
3a0auu onmuMu3ayuL, 603HUKAOWell npu 00yueHuu HelupoOHHbIX cemeil. Yuem ozpanuuenuil
npu odyuyenuu. Boibop nanpasnenua munumuzayuu. napman-memoovt. Q0nouiazoeuwlii
K8A3UHbIOMOHOBCKUIL MemOo0 U conpaxcennsle cpaduenmol. Coaua mecma Ne 4.

S/IEKTPOHHasA peain3ayns HEHPOHHbIX CETEH

B kauecTBe eanHWLbI NPOU3BOAUTENBHOCTU HEMPOCETEN NPUHATO "UMCO COEAMHEHWI B CeKyHaY" -
CPS (connections per second). MNop coeAMHEHNEM 3AECh NOHUMAETCS yYMHOXEHME BXOAHOMO CUrHana Ha BECOBOW KO3 hULMEHT
N CTIOXEHME C HAKOMIEHHON CYMMOM.

AHanmz HEﬁPOCETEBb/X a’siropyuTMoB NO3BONIAET CAENATb Cneayolne BbiBOAbI:

1. Mpu peweHnn nnoxo GopMann30oBaHHbIX 3aAa4 MOAENMPOBAHWMS, MPOrHO3MPOBAHMUS U pacrio3HaBaHUsl, KOTOPbIE 06bIMHO
CBOAATCA K KOHCTPYMPOBaHMIO 06/1acTeil MHOrOMEpHOro NPOCTPaHCTBa, A0CTaTOYHO ManiopaspsAHbIX NPeACTaBIeHMI
BXO/IOB ¥ BECOB U onepauuit ¢ hUKCMPOBaHHOM TOYKOI. OTO 06YCOBMEHO TEM, YTO BXOAHbIE CUrHasbl HOPMUPYIOTCA 1
KOJIMYECTBO UX 3HAUEHMIA HEBESMKO.

2. Tpwu peLieHnn xopoLo opManu3oBaHHbIX 3aaad (HanpuMep, 3aa4 KOMBMHATOPHON ONTUMU3ALIMK) CYLLECTBEHHA
TOYHOCTb BbIYUCIIEHUIA, YTO TPEBYET NONHOPA3PAAHbIX NPEACTaBEHMWI UMCEN M OMepaLinii C MIaBatoLEN TOUKOW.

DNEKTPOHHbIE HEMPOHHbIE CETU 06LIYHO UCMOSb3YIOTCA B KQUECTBE aKCEIEPATOPOB ANt NEPCOHaNbHbIX 9BM Mpu peleHnm
COOTBETCTBYIOLUMX KNaccoB 3aaay (06paboTkn CMrHaNoB M M306paxkeHuid, pacno3HaBaHUs 0b6pasoB U T.M.).

Hevipoyunnesi

HEI‘/'IDOLIVII'II:I noapasaenstoTca Ha Ll,VICprBbIe, aHanoroseble U FM6pM,EI,HbIe. OHM MoryT BK/tOYATb B cebs cxeMmbl HaCTpOI‘/'IKVI BECoB
npu O6yLIEHMVI nnu npeaycMmaTpuBaTb BHELIHIOK 3arpy3Ky BECOB. HaM6OJ'IbLLIy}0 npo6neMy npu co3aaHnmn HEI‘/'IDOHMI'IOB
NpeacTaBnAl0T CXEMbl YMHOXEHUA, TaK KaKk MMEHHO OHU IMMUTUPYIOT CKOPOCTb BbIYMCIIEHWIA.

AHanoroBble peanusaumnmn UCNonb3ytoT NPocTble dusndeckme achheKTbl A1 BbINOIHEHUS HEMPOCETEBbLIX NPeobpasoBaHuit.
ObecneyeHne 3a4aHHON TOYHOCTY TpeBYeT TLIATENLHOO NPOEKTUPOBAHMSA Y U3rOTOBJIEHNS.

IMBpraHbIE HEVPOUUMbI UCMOSb3YHOT KOMEMHALIMIO aHaNOroBOro M LUMpPoBOro NoaxoAoB. Hanpumep, Bxoabl MOryT 6biTh
aHasnoroBbIMK, Beca MOTYT 3arpy»aTbCa Kak LMdpoBbIE U BbIXOAb! MOMYT 6biTb LMMPOBLIMU. CyLLECTBYIOT HEMPOUUNbI, B
KOTOPbIX UCNONb3YETCS MPEACTAB/ICHNE AAHHBIX YACTOTOW UMW LIMPUHOWM UMMY/bCOB.

Hevsiponpoyeccop NM6403

OTeuecTBeHHbIN Heliponpoueccop NM6403, paspaboTaHHbiit B HNO "Mogyss" (Www.module.ru), nmeet

CKansipHbIn rpoyeccop (ckansipHoe RISC-94p0) W BekTopHsI rpoyeccop ansi 06paboTku ABOVMYHBIX BEKTOPOB MPOW3BOSIbHON
paspsigHOCTU B Npeaenax 1-64 6utoB. CkansipHbIl 7poyeccop BLINOMHSET BCO NOArOTOBKY AaHHbIX A1t paboTbl BEKTOPHOIO
npoveccopa.

Mogaenb cnos HePOHOB, aMynMpyeMoro npoueccopoMm NM6403, nokasaHa Ha puc. 1. B obLiem cnyyae cnoii umeet \ BXOZ10B

N COCTOUT U3 4 HEI‘/'IpOHOB. . -n HEﬁPOH BbIMNOJTHAET onepaunto YMHOXEHUA - HaKoMJ1eHUA

Haa \ AaHHbIMU L1y eeeye LN

, NOAQAHHLIMU Ha COOTBETCTBYHOLLME BXObl HEMPOHA.

Heliponpoueccop NM6403 MMeET [1Ba BCTPOEHHBIX JINHKA, COBMECTUMbIX C JIMHKAMU CUIFHANIbHOIO MUKPOMpOLeCccopa
TMS320C40. KpoMe Toro, HTepdeichl NToKanbHOW 1 rnobanbHoM NaMsTel No3BonsoT 6e3 A0NOHUTENBHOrO 060pyA0BaHUS
NoACOeANHSTL ABa Helponpoueccopa K obLieMy 610Ky namaTy.
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Whiray

OUT, OUT, OuUT,,

YBEINYUTb VI306Da)K€HV|e
Puc. 1. Mogenb cnosi HepoHoB

MynbTUnpoueccopHast cuctema (puc. 2) us 1 \ HeitponpoLieccopos NM6403 aMynmpyeT HelipoHHYIO ceTs B [ \  pa3 6bicTpee,
YeM OAWH HENpONpPOLIECCOpP.

[Mamare ITamaTh [Tamsre

A [ A

Y L | L
["'_"' MNME403 [~ NM6403 [~ - =" NMG403 "‘_"':
i A [ A E
' ] ¥ i !
1 1
\ Hamare Hamats Iamars !
| :
1 1

Puc. 2. /inHeliHas (konbLeBas) cucteMa us HeliponpoueccopoB NM6403



31

onrTnYyeckan peain3ayns HeHPOHHbIX CeTekH

MotyHOCTb HEMPOHHOW CETU onpeaensieTcs 60MbLUMM KONMYECTBOM CBS3EM: OTAEMbHbIE 3/IEMEHTHI MMEIOT OTHOCUTENBHO Masible
BblUMCAMTENbHbIE MOLHOCTU. ObecrneyeHne TpebyeMoi CBA3HOCTU B 3NIEKTPOHHbBIX LIEMSAX OCTAeTCs CEpbe3HON Npo6neMoi,
0COB6EHHO NpY peanusaLmnm HEMPOHHBIX CETEN C MOMHBIM rpadoM COeAMHEHWI. DNEKTPOHHbIE MHTErPasbHbIE LEMKW SBASIOTCA
CYLLECTBEHHO M/IaHAPHLIMK C PeNlbeHOCTbIO, 06YC0B/IEHHON MHOXECTBOM C/IOEB.

I'Ip06neMy CBsI3eil MOXHO peLmnTb NpU UCNONb30BaHUM ONTUYECKMX cucTeM ansg peanusauun HC. B3aumHoe coeanHeHue
HeVIpOHOB C NOMOLLbIO CBETOBbIX nyqeﬁ He TpeGYET nsonaunn Mexay CUrHanbHbiMU NyTAMU. CBETOBbIE MOTOKN MOTYT
rnepecexkaTbCsl, He BNNSA APYr Ha Apyra, U CUrHasbHble NyTW MOryT pacnonaraTbCs B Tpex umMepeHusx. NnoTHoCcTb I'IYTEVI
rnepegayn orpaHMyeHa TOJIbKO pa3MepaMu UCTOYHMKOB U AETEKTOPOB. Bce curHanbHble nyTu MoryT paGOTaTb OAHOBPEMEHHO,
TeM cambIM obecrieunBas OrPOMHYIO CKOPOCTH 1iepeLa<¥ RaHHbIX.

B onTuyeckmnx HC BENMUMHBI ONTUYECKUX BECOB MOIYT 3anoOMUHATLCA B FoflorpamMMmax ¢ BbICOKOI CTEMNeHbI0 MAI0THOCTM
)

12
(o l 0 6uT Ha Ky6. cM.). Beca MoryT MoauduumpoBaTtbca B npouecce paboTbl ceTu.

K coxxaneHuto, BO3HWKaeT MHOXECTBO MPaKTUYECKNX I'IpOGJ'IEM npuv NonbITKax ONTUYECKOW peannzauuun HEVIDOHHbIX ceTeil.
OnTuyeckne YCTpOl‘;iCTBa MMEIOT COBCTBEHHbIE d)VIBW—IECKME XapPaKTEPUCTUKN, HaCTO HE COOTBETCTBYIOLLNE TDE6OBaHVI$IM
UCKYCCTBEHHbIX HEVIDOHHbIX ceTeil. XOTs OHU B AEUCTBUTENBHOCTYH npurogHbl ansa 06pa6OTKVI M306pa)KEHMl\/'1, BCE Xe
M306pa)KEHVI$I OT ONTUYECKNX HEVIDOHHbIX CETEVI, NOJTy4€HHbIE A0 HACTOLALWEro BpeEMEHH, 66111 pa3o4vapoBbiBatoLLe MIOXNMU.
OAHaKo AOCTATOYHO B3rNSHYTb Ha MepBble I'Ip06bl TENEBU3NOHHbLIX NEpEAay, 4TOGbI MOHATD, KakoMm OFpOMHbIl\/'I nporpecc
BO3MOXXEH B MNOBbILLIEHNN Ka4eCTBa M306pa)KEHMFI. HecMOTpsa Ha 3T TPYAHOCTH, a TaKXKe Ha Takue I'Ip061'IEMbI, KaK CTOUMOCTb,
pPa3Mepbl U KPUTUHHOCTb K OpUEHTALMK, NOTEHUMAIbHbIE BO3MOXHOCTU ONTUYECKUX CUCTEM I'IOGY)K,D,a}OT NOMNbITKN NPOBEAEHUSA
WHTEHCUBHbIX U LUMPOKNX nccnenoBaHui. B aToi obnactu NPONUCXoAAT CTPEMUTENDBbHbIE USMEHEHUA, N B 6nmxanee BpemMAa
0XXMAATCA BaXXHbIE Yy4LUEHUA.

KoHcurypaumm ontuyeckmnx HC B OCHOBHOM NoAPasAensioTcs Ha ABE KaTeropun: BEKTOPHO-MATPUYHbIE YMHOXUTENN U
ronorpaduyeckve KOppensTopsl.

BeKTOpHO-MaTpHYHbIE YMHOXHUTE/TH

B kauecTtBe marpuibi Becos (pyc. 3) Ucnonb3yetcst (DOTOMEHKA, Y KOTOPOM NPO3payYHOCTb KaXaoro KBaapaTa
NponopLIMOHanbHa Becy. Beixo4 Kaxaoro hoTOAETEKTOPA ABNSETCA CBEPTKOM MEX /Yy BXOAHLIM BEKTOPOM M COOTBETCTBYIOLIMM
CTON6LUOM MaTPULIbI BECOB. YMHOXEHME BbINONHAETCA NapanfiensHo. Mpy UCnonb30BaHWUKM COOTBETCTBYIOLLMX
BbICOKOCKOPOCTHbIX CBETOAMOMAO0B M (hOTOAETEKTOPOB YMHOXEHME BEKTOPA Ha MATPULLy MOXET BbIThb BbIMOMHEHO MEHEE, YEM 3a
HaHocekyHAay. bonee Toro, CKOpPOCTb YMHOXXEHWS NMPaKTUUYECKN HE 3aBUCUT OT pa3MepHOCTM MaccvBa. JTO Mo3BONSET
HapalumBaTb CETU 6€e3 CyLLIECTBEHHOrO YBE/TMYEHUS BPEMEHM BblUMCIEHUIA. BO3MOXXHOCTb MEHSITb BECa OCHOBaHa Ha
MCMOb30BaHMM XMAKOKPUCTANNIMYECKOrO KianaHa BMecTo (hoTorpacnyeckoro Heratmea.
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Puc. 3. 3neKTPOHHO-ONTUYECKNI BEKTOPHO-MATPUYHbIA YMHOXUTENb

lonorpagpnuecxne xoppensaropsi

B ronorpaduyeckux koppenstopax o6pasLbl U306paXxkeHnit 3aNoMUHaloTCs B BUAE rosiorpaMMmbl (MI0CKOW UM 06BEMHON) U
BOCCTaHaB/IMBAOTCSA MPU KOFEPEHTHOM OCBELLEHUM B NETIe 06paTHON CBS3N.

BxogHoe nsobpaxxeHune (BO3MOXHO, 3aLlyM/IEHHOE UM HEMOJTHOE) KOPPeMpYeTCs ONTUYECKU O4HOBPEMEHHO CO BCEMM
3arnoMHeHHbIMK M306paxkeHnsaMu. Koppensumm o6pabaTbiBaloTcst NOPOroBoi GyHKUMEN M NoAatoTcs Ha BXOA CUCTEMBI, rae
Hanbornee cusbHble KOPpPensUuM YCunueatoT (M, BOSMOXHO, KOPPEKTUPYIOT MK 3aBEPLUIAKOT) BXOAHOE M30bpaxeHue. 3ToT
NpoLeCcC NOBTOPSIETCS MHOMOKPATHO, M YCUNIEHHOE M306paXKeHne Npu KaXkaoM Npoxoae M3MEHSIeTCsl, MoKa CUCTEMA He
cTabunumsnpyetcst Ha TpebyemoM nsobpaxeHuu.

OnTHyeckue HEMPOHHbIE CETU NpeiaraloT OFPOMHbIE BbIFOAbl C TOUKW 3PEHUSI CKOPOCTU U MIOTHOCTU BHYTPEHHMX CBsi3eit. OHK
MOryT 6bITb MCMOMb30BaHbl (B TOM UK UHOW hopMe) AN peanusaumnm ceTei akTnyecku ¢ noboi apxuTekTypon.

B HacTosilLiee BpeMsl orpaHUYeHUsl 31EKTPOHHO-ONTUYECKMX YCTPOWCTB CO3AaI0T MHOXECTBO CEPbE3HbIX NPo6eM, KOoTopble
JOMKHbI 6bITb PeLLeHbl NpeXxae, YeM ONTUYECKUE HEMPOHHbIE CETU MONYYaT WNPOKoe NpuMeHeHne. OAHaKo, yUnTbIBas, YTo
60/bLLIOE KONMMYECTBO NPEBOCXOAHBIX MCCNeaoBaTeNei paboTaeT Haa 3Tol NpobneMold, a Takxke 6oMblLYI0 NOAAEPXKKY CO
CTOPOHbI BOEHHbIX, MOXXHO HaAesATbCA Ha BbICTPbIN Nporpecc B 3Tol o6nacTu.

KonTtpoasusie Bonpocsl JIP (ITK-4):
Oco0eHHOCTH 3aja4yl ONTUMU3AIMY, BO3HUKAIOIIEH MPpY 00y4YeHUH HEHPOHHBIX CETEH.
VYuer orpaHu4YeHU Ipu 00yUYEeHNH.
Br100op HanpaBiIeHUs] MUHUMH3ALIUH.
ITapTan-meronpl.
OnHoIIAaroBslil KBa3WHBIOTOHOBCKHI METOA U COIIPSYKCHHBIC TPaINCHTHI.
Makcumuzaiusi KOHCEHCyca.
CHHXPOHHOE ¥ aCHHXPOHHOE (DYHKIIMOHHPOBaHNE MaIIHbEI bonbiMana.
Pemenne 3agaun KoMMUBOsKEpa MalinHOM bonbiimaHa.
CaoiicTBa, onpeaenseMbie mosib3oBarenieM (UDP).
. Anarpammsl notokoB nanueix (Data Flow Diagramming): paGoTsl.
. Anarpammsl notokoB nanubix (Data Flow Diagramming): BHEIIHHE CYIIHOCTH (CCBUIKH.
. Anarpammsl notokoB nanublx (Data Flow Diagramming): motoku pa6or.
. Anarpammsl notokoB nanuelx (Data Flow Diagramming): XxpaHuiniia JaHHBIX.
. Buemammnunoe nndopmannonHoe odecrieueHue.
. OCHOBHBIE TTOHATHS KJaccH(HUKAIMHA WH(OPMAIIHH.

NN R DD =
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Jlabopamopuaa paboma Ne5. Pekyppenmnbvle cemu Kak accoyuamugHvle 3anomuHaoujue
ycmpoiicmea. Aemoaccoyuamusnas cemv Xongunoa. Odyuenue cemu Xonghunoa no npasuy
Xeooa. Cemv Xemmuneza. /lgynanpaenennan accoyuamuenas namams.

AnHoTtanus: PaccmatpuBaroTcs: HelipoHHas ceTh Xomduina Kak aBTOACCOIMATUBHAS MaMSTh,
oOyJaemasi C UCIIOJIb30BaHNEM MeTo/1a Xe00a W MPOCKIIMOHHOTO METO/Ia; TeTePOaCcCOIMaTUBHAS TTaMsTh
Ha OCHOBE CETH XE€MMUHIa U JIBYHAIIPABJIECHHAs ACCOLMAaTUBHAS ITaMSTh.

Beeoenue

OTnenbHYIO TpPyNIy HEHPOHHBIX CETEH COCTABISIIOT cemu ¢ OOpAmHOU  C8:A3bI0 MEXKIY
Pa3IMYHBIMH CIOSAMU HEMPOHOB. JTO TaK Ha3bIBa€MbIe PEKYppeHTHbIE ceTH. X oOmias yepra cOCTOUT B
nepeaaye CUrHaJIOB € BBIXOJHOTO JIMOO CKPBITOTO CJI0Sl HA 6X0OHOU CITOM.

brnarogapst oOpaTHOM CBSI3M IMpH MMOJAayYe CUTHAIA HA BXOJBI CETH, B HEMl BO3SHHUKAET MEPEXOIHBIN
Tporiecc, KOTOPbIN 3aBepinaetcs: GopMUpPOBAaHUEM HOBOTO YCTOWYHUBOTO COCTOSIHMSI, OTJIMYAIOIIETOCS B

obmeM ciydae oT mpeapaymiero. Ecnu ¢(yHKIMIO akTHBanmMM HEHpoHa OO0O3HAYMTH , (u ), rae U
B3BEIICHHAs CyMMa €ro BO30YXJEHUH, TO COCTOSHHE HEHpOHAa MOXKHO OIPEACIUTh BBIXOJHBIM

curnanom J fu) = flwrey + ... +wyay ). Vsmenenme cocrosmms & -ro HEHpoHa
MOKHO OTNUcaTh cucteMoi auddepeHnnanbHbIX YpaBHEHUN

T1(Ou;/0t) = wir f(uy) + ... + win f(un) — u; — b;

. ) .
JJIA g o= l' i Stttk ‘\ , TaC hr’ - IOPOT'OBOC 3HAYEHUE.

Pexyppenmnoti cemu MOXHO TIOCTaBUTh B COOTBETCTBUE SHEPreTUYECKYIO (yHKIMIO JIsimyHOBa

E=-(1/2) Z Z W;;iYiY; + Z (1/R;) / fi_lwf )dy; + Z b;y;.
v i=1,N

] i#] i=1.N

W3meneHne coCTOSHHS Kakoro-auOo HeWpoHa WHHULHMAIU3MPYET HU3MEHEHHE SHEPreTHYecKOro
COCTOSIHMSI CE€TH B HalpaBJICHUU MUHHMYyMa €€ SHEpruu BIUIOTH JO €ro JOCTHXKEHHA. B mpocrpaHcTBe
COCTOSIHUHM JIOKaJIbHbIE DSHEPreTHMYecKMe MUHMMYMbl E mpeincTraBieHbl TOYKaMH CTaOMIIBHOCTH,
Ha3bIBAEMBIMU aTTPAKTOPaMU H3-3a TATOTEHUS K HUM OJIMKalInero okpykeHus. brmaromapst Haauuuio
aTTPaKTOPOB, PEKYPPEHTHBIE CETU MOT'YT OBITh MCIIOJIb30BaHbl KaK YCTPONCTBA aCCOLMATUBHOM MaMsATH.

Accoyuamusnas namame UTPA€T pOJIb CUCTEMBI, ONPEACISAOIENH B3aUMHYIO 3aBUCUMOCTh
BEKTOpOB. B ciydae, korga Ha B3aMMO3aBUCHUMOCTb MCCIEAYKOTCS KOMIIOHEHTBI OJHOTO M TOrO XK€
BEKTOpa, TOBOPAT 00 aBToaccolMaTHBHOM mamsTH. Eciu ke B3aMMO3aBUCHMBIMH OKAa3bIBaIOTCS JIBa
pPa3IMYHBIX BEKTOpa, MOXKHO TOBOPUTH O MaMSITH reTepoaccoluaTuBHOro tuma. K mepBoMy Kiaccy
OTHOCHUTCS cemb Xomdpuiaa, a KO BTOPOMY - cemb XeMMHHTa U cemb TUTIA BAM
(Bidirectional Associative Memory - 08yHanpagnienHas acCoyuamueHas namsmy).

3amava accONMATUBHOW MAMSTH CBOJIUTCS K 3alIOMHHAHUIO OOYYArOIIUX BEKTOPOB, YTOOBI TPHU
MIPEJICTABJICHAHH HOBOTO BEKTOpPA CHCTEMa MOTIJIA CTeHEPUPOBATh OTBET - KAKOW M3 3alIOMHEHHBIX paHee
BEKTOpOB Hambosiee OJM30K K BHOBBH IOCTYINHUBIIEMY 00pa3y. YacTo B KadecTBe Mephl OJIHU30CTH
OTACIIbHBIX MHOKCCTB NPUMCHAICTCA paccmosiHue XeMMHUHTA.

IIpn wucnone3oBannn jBonuHbIX 3HadeHuil (0,1) paccmoanue XeMMuHra Mexay IBYMs

BEKTOPAMHU y=(Y1:92,---Yn) u d = {-dl ’ d'-’ """ d”) OIIPEECIIAETCS B BULE
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dyly.d) = Z(d(l—y,)*(l—rl,]y,)
i=1.,n

[lpy  OWUMONSAPHBIX  3HAUEHHSIX  OJEMEHTOB  OOOHMX  BEKTOPOB paccmosHue XEeMMHHTA
paccuuThIBaeTCs 1o popMmyie

dy(y,d) = (1/2)(n — Zd,y,)
i=1.n

Mepa XeMMHHra paBHa 4HCIly HECOBHAAAIOIIUX KOMNOHeHm JIByX BEKTOpoB. OHa paBHa HYIIIO,

xorma 4 = d

Aemoaccoyuamuenaa cemov Xongunoa

Crpykrypa cemu Xonghunoa npeACTaBIsIETCS B BUAEC CHUCTEMBI C HEMOCPEACTBEHHOW 0OOpaTHOM
CBS3pIO0 BBIXOAA €O BXOoAOM (puc. 1). BbIXomHble CHTHanbl HEHPOHOB SIBISIFOTCS OJHOBPEMEHHO

zilk) =vyi(k—1)

ABTOCBA3b (C@)Bb BbIXOJa HeﬁpOHa C ero COOCTBEHHBIM BXOI[OM), 4TO COOTBCTCTBYCT

BXOJIHBIMU CHUTHAJIaMH CETH: . B xmaccuueckoit cemu Xongunoa orcyTcTBYET

w;; = ()

. 7 — W1
a.mampuya BECOB ABIIAETCS CUMMETPUYHOM: 4 w*. OTtcyrcTBUE aBTOCBSI3U
U CUMMEMPUYHOCHb MAMPUYbl 6eCO8 ABIAIOTCS JTOCTATOYHBIMU (HO HE HEOOXOOUMBIMHU!) YCIOBUAMHU
CXOJIMMOCTH MTEPALMOHHBIX (IIEPEXOIHBIX) MPOLECCOB B cemu Xonghuaoa.

Jlanee B naHHOM JEKIUH MPEAIOIaraeM, 4ro KaXIblil HeupoH UMEET 61/IHOJI$IpHyIO CTYIIEHYATYIO

(byHKI_[I/IIO adKTHUBallM1 CO 3HAYCHUAMHU :tl 910 O3Ha4acT, 4TO BBIXO,Z[HOI/I CI/IFHaJ'Il’ -ro HeI/IpOHa
onpenensercs GyHKIueH

Yi = sen( Z W;;T; + b;)

j=0,N

rae \ 0003HaYaeT KOJUIECTBO HEUPOHOB, \ = 1.

Hanee pomycTUM, 4YTO TOpOTr cpadaThIBaHHs SBJISETCS KOMIOHEHTOW BekTopa -I' . Torma
OCHOBHYIO 3aBUCHUMOCTb, ONPENEISIONLYIO cemb Xonghunoa, MOXKHO NPEACTABUTh B BUTIE

yi(k) = sgn( Z “'f_z.f/_f(/" -

1=0.N D

_1;_,{{1)

C HA4YaJIbHBIM YCJIOBUEM

B mporecce ¢yHKIMOHUpOBaHUSA cemu Xongunda MOKHO BBIICIUTH JBa peKUMa: OOy4YeHUs U
kiaccupukanmun. B pexume 00ydeHHMs Ha  OCHOBE HW3BECTHBIX  BEKTOPOB  IOJOMpPAIOTCA
BECOBbIC K0a(ppuyuenmsl cetu. B pexxume kinaccupukanuy npu GUKCUPOBAHHBIX 3HAYECHUSAX BECOB U
BBOJIC KOHKPETHOTO HAYaJIbHOTO COCTOSIHUSI HEHPOHOB BO3HHMKAeT TNEpEeXOAHBIA mporecc Buma (1),

y(k) =y(k —

3aBepma101uI/H71051 B OJJHOM M3 JIOKaJIbHBIX MUHUMYMOB, IJIsI KOTOPOIro
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Puc. 1. Ctpykrypa cetu Xondunga

Ooyuenue cemu Xongunoa no npasuny Xeooa

Jlns ogHOro 0O0ydJaromero BeKTopa - 3HaYCHHMsSI BECOB MOTYT OBITh BBIUMCIICHBI 10 IPaBUITY
Xe00a

w;; = (1/N)z;z;,

IMOCKOJIBKY TOIr'/[a

v

( l/.\')(z TiliZ5) = T

j=1

“) )
. , z:=(xl)*=1
(BcnecTBUE OUTIONSPHBIX 3HAUCHHH JIeMeHTOB BekTopa -I” Bcerma ./ ( ) ).
[pu BBOJIC 6ob11ero KOJINYECTBA o0yyaromux
z(k),k=1,2,...,p W;;
BEKTOPOB Beca '/ momOuparoTcs corjaacHO 0O0OOIIEHHOMY TPaBUITY
Xe0ba

‘“

Wi = ( l/.\-] Z J.if.-].r\{!f.'l.

k=0

BaxxubIM mapaMeTpom accolMaTUBHON NaMSTHU SIBISIETCS €€ eMKOCTh. 11071 eMKOCThIO TOHMMAETCs
MaKCHMaJbHOE YHCJIO 3allOMHEHHBIX OOpa3oB, KOTOpble KIACCUPUIUPYIOTCS C JIOMYCTUMOM
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MOTpenTHOCThIO = /1ar . IlokazaHo, 4YTO TPW MCHOJB30BaHWUW JUisi OOydeHHs] mpaBwia XebOa u

npu < mar 0.01 (1% xommoHeHTOB oOpa3a OTJIMYAeTCS OT HOPMAJIBHOTO  COCTOSIHHSA)
MaKCUMaJbHasl eMKOCMb Namsamu COCTaBUT Bcero Juib okosno 13,8% oT komudyecTBa HEWPOHOB,
oOpasyromux accoyuamusnyro namams. CTOIb Majlas €MKOCTh OOYCIIOBJICHa TeM, 4YTO cemb Xeb0a
XOPOIIIO 3aIIOMHUHAET TOJBKO B3aUMHO OPTOTOHAIILHBIE BEKTOPBI WIIH OJTM3KHE K HUM.

Oobyuenue cemu Xonunoa memooom npoexkuyuii

Jlyymive pe3ynbTaThl, 4YeM MpPU HCIOIb30BaHUM MpaBuiia Xe00a, MOXKHO MOJYYUTh, €CIU IS
00y4eHHs HUCIOJIB30BaTh MCEBJIOMHBEPCHIO. B OCHOBE TOro moaxoaa JEeXHUT MPearoNoKeHHe, 4To Mpu
MPaBWJIbHO MOI00paHHBIX BecaxX KakJbIi MOJaHHBINA HA BXOJI CETH 8eKmOp BbI3bIBAET T'€HEPAINIO CaMOT0
ce0st Ha BbIXOJIe ceTu. B MaTpuyHO# popMe 3TO MOXKHO MPEACTABUTH B BUJIC

WX = X,

rac Il - mampuya 8ecos CCTu PasSMEPHOCTBIO A\ X -\ , a .\ -
NPSIMOYTOJIbHAS Mampuya pa3MEPHOCTHIO N X P , COCTaBJICHHAs us3 P o0yyaromux
A1)

eV 8 = Y 2 i

BEKTOPOB * P . Pemenue Taxoii nuHeiiHON cucTeMsl YPAaBHEHUN UMEET BUJL

W=XX",
IJIe 3HaK + 0003HAYaeT NICEBJIONHBEPCHIO.

Ecnu oOydvaromue BEeKTOPHI JTUHEHHO HE3aBUCHMBI, IOCIEAHEE 8bIPAdCEHUE MOKHO YIPOCTUTH U
MPEACTaBUTh B BUJIC

. e et
W =X(X*X)"'X". %)

3nech TICEBAOMHBEPCHUS 3aMeHEHa OOBIYHOI WHBEpCUEH KBaJpaTHOMN
] ”
MaTpHIIBI X' X pa3MepHOCTHIO PXDP.
Buvipascenue (2) MOXXKHO 3amucaTh B UTEpallMOHHOW (hopMme, He TpeOyromel pacuyera oOpaTHON
Marpunbl. B aToM ciydae (2) mpuHMMAaeT BHJ MTEPAllMOHHOM 3aBHCHMOCTH OT IIOCJIEIOBATEIbHOCTH

A2) — ‘)
o6yuaromux sexropos L, L,2,... p.

y) = (Wi — Bz,
W@ = W=D _ (@) /(o) @T (D)
r(0)
npu HavaIbHbBIX YCIIOBHUAX W = (). B pe3yabTare
IIPEIbABICHUS P BEKTOPOB Mampuya BECOB CETH NPUHUMAET 3HAYEHUE W = WY Onucannit

3J4€Ch METOJ Ha3bIBACTCA MECTOAOM HpOCKHI/II\/'I. HpI/IMeHeHI/Ie €T0 YBCIMYUBACT MAaKCUMAJIBHYIO €MKOCTbH

cetn Xonduiaga a0 N — l. YBenmuueHne eMKOCTH OOYCIIOBICHO TE€M, YTO B METOJAC MPOEKITHI
TpeOOBaHUE OPTOTOHAIBHOCTH BEKTOPOB 3aMEHEHO TOpa3/io MEHEee KECTKUM TpeOOBaHUEM UX JTMHEWHON
HE3aBHCHUMOCTH.
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MoaudunupoBaHHBIM BapHaHT METOA MPOCKITUH - METOJT A -IIPOEKINl — TpagueHTHas Gopma
aIropuT™Ma MUHHUMHU3ALMUA. B COOTBETCTBUHM € 3THUM METOJOM Beca MOAOUPAIOTCS C TOMOIIbIO
MPOLIEAYPBI, MHOTOKPATHO MTOBTOPSIEMOI Ha BCEM MHOKECTBE 00yJaIOIIUX BEKTOPOB:

W « W + (h/N)(z") = Wz b e (0.7,0.9)

OO0yuaroniue BEKTOPHI TPEABSBISIIOTCS MHOTOKPATHO BILIOTH JI0 CTAOMIIM3AIlN 3HAYCHHU BECOB.
Cemb Xemmunza

Cemwb XeMMHHTa BKIJIIOYAeT B ce0st Tpu ciod (puc.2).

IlepBblii CIIOM MMEET OJHOHAINPABICHHOE PACHpPOCTPAHEHHWE CUTHAJIOB OT BXOJa K BBIXOAY H
(uKCUpOBaHHbIE 3HAYCHUS BECOB.

BTtopoii cioit cocTouT U3 HEHPOHOB, CBSI3aHHBIX OOPATHBIMH CBS3SIMHU IO MPUHITUITY "KaXKIIbIH C
KaXIbIM", TIpU 3TOM B KaXKI0M HEHpOHE CJI0S CYIIECTBYET aBTOCBS3b (c643b BXOJa HEHMpPOHA CO CBOUM
COOCTBEHHBIM BBIXOJIOM). Pa3HbIe HEHPOHBI B CJIO€ CBS3aHBI OTPHUIATEIHLHOW (TOPMO3SIEH) 0O0paTHOMI
CBAI3BIO C BECOM — © , IPU 3TOM BEIMYHHA & OGBIYHO OGPATHO IPOHOPLHMOHATBHA KOJTHUECTBY 00Pa30B.
C cOoOCTBEHHBIM BXOJIOM HelipoH CBSI3aH TMOJOXKUTEIBHON (BO30YKIaromieil) oOpaTHOM CBSI3bIO C BECOM,
paBubiM  +1. TloporoBble Beca HEHPOHOB MPUHATHI PaBHBIMU Hymio. HelpoHsl sToro  cios

(GYHKIIMOHUPYIOT B peXUME WTA , TIpU KOTOPOM B KaXJI0l (UKCUPOBAHHON CHUTYyalMu
AKTUBHU3HUPYETCS TOJIBKO OJIUH HelpoH, & OCTATbHBIE MPEOBIBAIOT B COCTOSIHUU TIOKOS.

BbixonHOM  OJHOHANpaBICHHBIA CIOW  (OPMHUPYET BBIXOAHOM 6eKmop, COOTBETCTBYIOIIUI
BXOJIHOMY BEKTODY.
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MAXNET

T Iy tee Loy

YBCJINYUTH

n300pakeHue
Puc. 2. CtpykTypa cetn XeMMHUHTa

Cemb XeMMHUHIa CYMTAETCS TE€TEPOACCOLMATUBHBIM 3alIOMHHAIONIMM YCTPOMCTBOM C Tapoi

CBSI3aHHBIX MEXIY COO0H BEKTOPOB \Z, Y ) ,rae ' u Y - exoomoii u BBIXOTHON OMTOJISIPHBIE BEKTOPHI
CCTH.

Beca 1epBoro ¢i1os COOTBETCTBYIOT Bektopam “L 13 = L... P re.

AHaJOTUYHO, Beca BEIXOAHOTO CJI0S COOTBETCTBYIOT BEKTOpaM 00pa3oB Yi , CBA3AHHBIX ¢ i :

l[.'il o
i i .(/”.
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Bo Bropom cmoe (MAXNET), ¢ynkuunonupytomem B pexume WTA (Winner Takes ALL -
"[To6enutens 3a0upaer Bce'"), KaKIbIN HelpoH NOJKEH yCHINBATh COOCTBEHHBIM CHTHA W OCIIA0JIATh
CUTHAJIBI OCTAJIBHBIX HEUPOHOB. J{JIs1 ’TOr0 NpUHUMAETCs

a TaKXeE
-1/(p—1) < u”‘ <0, t35#19.

Jliist obecriedeHus CXOIMMOCTH UTEPAIIMOHHOTO MPOIiecca BO BTOPOM CJIOE Beca

.'_}'I

|

w;? =—=1/(p—1) +¢,

¢ €l < 1/(p—=1)

rae S - J0CTaTOYHO Majlasl CIVHAlUHAs 6eIUYUHA,

([H(.I

HelipoHsl 11epBOro €iosi pacCYUTBHIBAIOT PACCTOSHUS XEMMHUHIa Y ) MEXY MOJAaHHBIM

Bl . — )
Ha BXOJ CETU BEKTOPOM -I' M BEKTOpaMHU BECOB w; = Ti1=1,2,..., p HEHPOHOB 3TOTO CJIOS.

3HaueHUs BHIXOHBIX CUTHAJIOB HEMPOHOB MEPBOTO CJIOS OMPEICISIOTCS 10 popMyIie

yll' =1—dy(x,y)/N,

e \ - YUCIIO KOMNOHeHm BeKTopa L .

(1)

Curnansl /i CTAaHOBATCS HAYATBHBIMH COCTOSHUSMH HEUPOHOB BTOPOTrO CJIOA. DTOT CJIOU
ompexnenser  "moOeaurtens", T.e. HelpoH, BBHIXOAHOW  CHTHaN  KoToporo  Omm3ok Kk  I.
Takol Helipon yKa3bIBaeT Ha gexkmop o0pa3a ¢ MHUHUMAJIBHBIM DPACCTOSHUEM XEMMHUHTa JI0 BXOJHOTO
BekTopa ' . @yHKyus aKTUBALUU JIJI1 HEHPOHOB BTOPOTO CJIOS 331a€TCs BBIPAKECHUEM

Yy, ecin y > 0,

fly) =

0, ecoin y < 0.

WrepanmoHHBIil Tpoliecc BO BTOPOM CJIOE 3aBEpINACTCS, KOTAAa AKTUBHBIM OCTAETCSl TOJIBKO
OJIUH HelipoH (IOOETUTENb), TOTAA KaK OCTaJbHbIE HEHPOHBI NPEOBIBAIOT B HYJIEBOM COCTOSIHHU.

(3)
w . . l }

[To6enurens uyepe3 Beca '/ §MHEHHBIX HEWPOHOB BBIXOJHOTO CJOS TPEACTABIACT gekmop 1,
KOTOpBIl COOTBETCTBYET BEKTOPY *Li, NPU3HAHHOMY BTOPBIM CJIOEM ONMKAMIIMM K BXOJHOMY
BEKTOPY - .

JIOCTOMHCTBOM CeTH XEMMMHIa CUMTAETCS] HEOOJbIIOE KOJIMUYECTBO B3BEUICHHBIX CBS3EH MEXKIY
HeWpoHaMU. MHOIOYUCIICHHBIE JKCIIEPUMEHTHl JOKa3alld, YTO cemb XE€MMHHIa JaeT JIy4llHe
pe3ynbTaTel, 4eM cemsv Xongunoa. EnuHCTBEHHas mpolOiiema, CBsi3aHHAas C CEThI0 XEMMHUHIA,
MPOSIBJISIETCS. B ClIydae, KOTa 3allyMJICHHbIE 00pa3bl HAXOAATCS Ha OJJMHAKOBOM (B CMbICIe XEMMHUHTA)
paccTOsIHUU OT JIBYX WM OoJiee 3TanoHOB. B 3ToM ciydae BEIOOp ceThi0 XE€MMMHIa OJHOTO U3 3TaJIOHOB
CTAHOBUTCS CIIyYalHBIM.
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ﬂeynanpaeﬂeuutm accovuamueHan namAantdb

O6oOmenueM cemu  Xongunoa Ha  ciaydald  JBYXCIOMHOM  PEKYppPeHTHOM  CTPYKTYpHI,
MTO3BOJISTIOIICH KOJIUPOBATh MHOMCECMBA IBYX B3aMMOCBSI3aHHBIX BEKTOPOB, CUMTACTCS
JIBYHATIPABJICHHOE ACCOIIMATUBHOE 3aNOMUHAOWee ycmpoticmao, Ha3bIBaEMOE BAM
(Bidirectional Associative Memory) (puc. 3). CurHaJIbl pacpOCTPaHIOTCS B IBYX HampaBieHUsX. Eciu B
MEPBOM IMKJIIE CHTHAIBI BHAdaje MPOXOAAT B OJIHY CTOPOHY JUIS 3aJaHUsl COCTOSIHHMM HEWPOHOB-
MoJTy4aresieid, TO B CICIYIONMEM IIUKJIC 3TH HEHPOHBI CaMH CTAHOBSITCS MCTOYHUKAMH, BBICHUIAIOIIUMHU
CUTHaJIBI B 00paTHYIO cTOpoHY. [Iporiecc mOBTOPSETCS 10 NOCTHKEHUS COCTOSHUSL PABHOBECHSL.

Dynxkyus akmueayuu HelpoHoe UMEET TOpOroBbIM xapakrep. Jns oOecredeHus ITyqIInx
XapaKTepUCTHK CETH Ha HdTane OOYy4YeHUs HCIOIb3YIOTCS TOJIBKO OHWMONSpHBIE CHUTHaibl. Mampuya

secos V) , CBs3pIBaiolass o0e 4YacTH CeTH, SBIAETCS JEHCTBUTENbHOM U B 00IIeM ciyyae
HecuMMeTpuuHOu. [Ipu nmpsiMoM pacnpoCTpaHEHWH CUTHAJIOB BECa OMUCHIBAIOTCS MaTpHULIECH 4 , a IpHA

- W 1
o0paTHOM — MaTpuIei .
[Tyctpb BXOJIHBIC oOyJarorue JIaHHBIC IPE/ICTABISIOT coboit MHOYECTBO

: N S
nap { \Zis Yi), 1 = L,2,..., L } OUIIOJISIPHBIX BEKTOPOB. Ha OCHOBE
ATOTO MHOJCecmaa POPMUPYETCS Mampuya

I

W = Z .r'f'g,.

=1

B pesynbrare npouecca AByHaNpaBICHHOH 00pabOTKH CUIHAIOB (HPOPMUPYIOTCS [1Ba CTAOMIIBHBIX
BEKTOpa LfuYs , YIIOBJIETBOPSIOUINX YPAaBHEHUSIM
yr = flxfW),
. rT vivxr T
zr= f(yW") = f(W,f")

{

Kaxnoii mpoMexyTouHoil Touke ' Lks Yk) MO>KHO COIIOCTABUTh HEPTETUYECKYIO (DYHKIIHIO

E, = —.r;‘.ll-'y;'.

KOTOpasa YGBIBaGT Ipu KaXA0M HU3MCHCHHUU COCTOSAHUSA BIUJIOTH OO JOCTUKCHHA JIOKAJIBHOI'O
MHUHHUMYMa

B = —.r'_;‘l\',{;f-.. FEL2 ..M
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Puc. 3. Ctpykrypa cetu BAM

B pexume pacrno3HaBaHUs TpPU  HAyaJdbHBIX 3HAYEHHUSX BEKTOPOB, COBMAJAIOIIMX C
UCIOJIb30BAaHHBIMM ~ TIpU  OOy4Y€HUH, cems pacno3HaeT ux  Oezommbouno. [lpun  uckaxeHuu

BEKTOpOB ' u Y cem» BAM ne BCErJa CrioCOOHAa OTKOPPEKTUPOBATh 3TH BEKTOPHI U PACHO3HAET X C
OIIPEACICHHBIMU MOIPELIHOCTIMU. Ecmmn pa3sMepHOCTH BEKTOpOB I u Y o603naunrs

cootsercrsenno 70 u , TO YAOBJICTBOPUTEIBHOEC KAadyeCTBO DPACIIO3HABAHMS MOXHO IIOJIYYUTH IIPH
BBIITOJIHEHUH 3aBUCUMOCTH

m < v/ min(n,p),

rae /71 - gyucno 3anoMuHaemMbix B ceTd BAM map BeKTOpOB.

KonTtpoabusie Bonpocsl JIPS(ITK-4):

ABToacconuaruBHas ceTb Xonpuiaa.

OO6yuenue cetn Xonduaaa mo npaBuiry Xeboa.

Cerb XemmuHra. /IpyHanpaBiieHHasi aCCOLIMATUBHAS TAMSITh.

HNuctpymentansubiii Kommekce Jlna Coznanust Cratnyeckux IkcnepTHbIX CHuctem.

CpencTBa npeacTaBlIeHHs 3HAHUM U CTPATErvy yIpaBiICHUsI.

HNHucTpyMeHTalIbHBIN KOMILIEKC U1 CO3aHMsI SKCIIEPTHBIX CUCTEM PEAJIbHOTO BPEMEHHU.

[ToHsTHS M OCHOBHBIE TPEOOBAHUS K CUCTEME KOJIMPOBAHUS WH(OPMALINH.

Brayrpumammnanoe nHGOpMaIIMOHHOE 00ECTICUCHHE.

9. TlpoexTupoBaHue IKPAHHBIX (DOPM IIEKTPOHHBIX TOKYMEHTOB.

10. UudopmarmonHas 6a3za u crmocoObl €e OpraHU3alluH.

11. MoznenupoBanue HHGHOPMAIIMOHHOTO 00eCIIeYCHHUS.

12. MonenupoBanue nanubix. Meton IDEFI.

13. YpoBHu orobpaxkenust moaenu. Co3ganue GU3HMUECKON MOJIEIH.

14. VYpoBHM Pu3HUECKON MOJIETH; TAOJUIIbI; TPaBUIa BAIMIAIUNA U 3HAYEHUE TI0O YMOJTYaHUIO.

15. YpoBHM pu3HUECKON MOMIEIN; UHACKCHL; TPUITEPhI U XpPaHUMBbIE MTPOLETYPHI.

16. YpoBHH (u3HMyecKol MOAENTH; MPOCKTUPOBAHUE XPAHUJIUII JAHHBIX; BBIYHCICHHE pa3Mepa
B.

17. VYpoBHH Ppu3HUECKON MOJIETH; TAOIHUIIBI; TPSIMOE M 00paTHOE TPOSKTUPOBAHKE

NN R =
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Jlabopamopnasa paboma Ne6. Pewienue 3a0a4 KOMOUHAMOPHOU ONMUMU3AUUU PEKYPPEHMHbIMU
cemamu. Pewenue 3a0auu kommueosnxncepa cemwoto Xongunoa. Mawmuna bonvymana. @ynkyusn
Koncencyca. Makcumuszayun koncencyca. CUHXPOHHOE U ACUHXPOHHOE PYHKUUOHUPOBAHUE
mawiunvl bonvymana. Pewenue 3a0auu kommugosnricepa mamunou bonvymana.

AHHoTauus: PaccMaTpuBaeTcs pemieHue 3a1a4l KOMMUBOSDKEpa ceThio Xompuina U MalmHOR
bonbumana. OrneHHBaOTCS mapamMeTpbl (QYHKIMM SHEPruud HEMPOHHBIX ceTeil, obecredynBarouie
pelieHue 3a1a4u KOMMUBOSKEpa.

Pewenue 3a0auu kommueosnricepa cemoio Xonpunoa

PaccMmotpuM 3a0auy  kommueoscepa i Tl roponoB. M3BeCTHBI  pacCTOSAHUS dxy MEXTY

KXo mapod TopomoB “** ¥ ; KOMMHUBOSDKEp, BBIXOIS W3 OJIHOIO TOpOAa, JOJDKEH
nocerurs 17 — | JIpPYrUX TOpPOJAOB, 3aXO0ls 70 OJHOMY pa3y B KaKIblii, U BEPHYTbCS B MCXOIHBIMN.
Tpebyercs OTIPEICITUTh TTOPSIIOK obxoma TOpOJIOB, npu KOTOPOM oOmee

HpOﬁHGHHOe paccmosiiue MUHUMAJIbHO.

L |
Ilycts cems Xonghunoa coctout us N =n* HCHPOHOB, & COCTOSIHNUE HEHPOHOB ONMCHIBACTCS

NBOMHBIME HHAeKcaMu U N7, Tie undexc X cemsan ¢ nmenem ropoja, I - ¢ no3uIMeil ropona B
MapaipyTe KOMMUBOSIKEPA. 3anuiiem (byHKI_II/IIO BBIYUCIUTEILHON SHEpruu 1Jjis CCTHU, HpeHHaBHaquHOﬁ
pemarh 3aga4y KOMMHUBOsDKEpa. B Hell cocTosiHME ¢ HauMEHbIIEW PHEpPruer AOJKHO COOTBETCTBOBATh
caMoOMy KOPOTKOMY Mapupyty. @yHKyus SHEPTUU JOJDKHA YIOBJIETBOPATH CICAYIOIINM TPEOOBAHHSIM:

1) nomKxHa MOAAEPKUBATH YCTOMYHUBOE COCTOSIHHE B JOPME MATPHIIBI

" - {f..\':}- 1)

B KOTOpPOIl CTPOKM COOTBETCTBYIOT TOpojam, CTOJOLBI - UX HOMEpaM B MapIIpyTe; B KaxI0il
CTPOKE M Ka)JIOM CTOJIOIIEe TOIBKO OJTHA eOuHUYa, OCTAIILHBIE HYIIH;

2) w3 Bcex pemeHuil Buna (1) gymxyus >HEPTHUM NOMHKHA TOIICPKUBATH T€, KOTOPHIE
COOTBETCTBYIOT KOPOTKHM MapIIPyTaM.

Taxkum TpeGOBaHUSAM YIOBIETBOPSET (yHKYUA SHEPTUU B BUJE:

1/')] Z,\' Zr Z_;/r {“\.’.(‘-\._:‘_I’_( /3/')) Zr Z.\' Z}'X,\' !‘-\.’{
+(C/2) Do x Do vxi—n)+(D/2) X Z\/} > dyyvyi(vy 2

Vy.i-1 ) (l)

IJie epBble TPH YJ€HA MOJEPKUBAIOT NIEPBOE TPeOOBaHUE, YETBEPTHIN uiieH — BTOpoe. [lepBblit
YJIeH PaBeH HYIIIO, €CIM KaX/Jasi CTPOKa <\ COJEPXKHUT He Oosiee 0JHOM eauHuUIlbl. BTopoii paBeH HyIIo,

€CIIM KaXIbli cTonbern /! coaepKuT He Ooyiee OAHON eTUHUIIBL. TpeTuii paBeH HYINIO, €CIIM B MaTPHIIC
Bcero /! enuHuI. Kopotkue  mapumipyTel  NOAAEPKUBAET  YETBEPTHIM  YJICH. B  Hem

uHACKCHI [ Oepyres no moaymo 71 st TOro, 4troObl TOKa3aTh, 49TO /! - TOpPOJ COCEJCTBYeT B

n—1)—Nm VY nti = Vy y
Mapuipyre ¢ \n 1) [, T.e. Y] Y.J. UYerBepThlii YiI€H YHCICHHO paBeH OJuHe
mapwpyma. KaHOHUYECKOE gbipadicenue Nl PYHKIUN BBIYUCIUTEIBHON SHEPTUH UMEET BU
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E=—(1/2)) ) ) ) Wyiyjoxivxj — Z [
X i Y ] Ti

3)

N3 (2) u (3) monyuaem Beca cetu Xomnduaa:

”"\',_}'I, = —Adxy(l — r)‘,_!) — B()‘,_‘,{ | —dxy) —C — ])(f‘\'}'((j!_, r1 + 054i-1),
Ix; = Ch.

3necs O - cUMBOI Kponekepa.

Mooenuposanue paboTel cetn Xomduiaga TOKa3ajlo, YTO JIydllee 70 KaueCTBY pEIICHUE
JAeT cemb, HEUPOHBI KOTOPOM MMEIOT CUTMOBHMIHYIO XapaKTEpUCTUKY, a cemb, B KOTOPOU HEUPOHBI
MMEIOT CTyNEeHYaThle EPEXO0/Ibl, MPUXOIa K (UHAIBHBIM COCTOSIHUSIM, COOTBETCTBYIOIIUM MapIIpyTaM
HEMHOI'O JIy4IllUM, 4Y€M cliydaiiHble. MHOTOYUCJICHHBIE MCCIIEOBAHUS TOKA3bIBAIOT, YTO KadeCTBO
perieHus 3a1ayd MUHUMH3aIUA (PYHKIIUU SHEPTUU (2) CYIIECTBEHHO 3aBUCUT OT BHIOOpA MPOU3BOIHOM
CUTMOBHMIHOW YHUTIOJSIPHOW @hyHKyuu axmuseayuu Heupora B OKpecTHOCTH Hyis. [Ipu Manoil Benuunne
MPOM3BOJHOM MHMHHMMYMBI SHEPIrUU OKAa3bIBAIOTCA B LIEHTPE 2unepkyba pemeHuil (HEKOppPEKTHOEe
pelieHre), npu OONBIION BETWYHHE MPOU3BOJHON cemsb XOmMpuiga MonagaeT B BEPIIMHY cunepkyoa,
COOTBETCTBYIOILYIO JIOKaIbHOMY MHUHUMYMY (GYHKIUU SHepruu. Kpome Toro, Ha KadyecTBO peIICHUS

L
CYIIECTBEHHOE  BIUSHHE  OKa3blBa€T BBIOOP KO3 DHUIIMEHTOB A,B,C,D . Ilouck meTonoB
ONTUMAJILHOTO BBIOOpA 3TUX KOI(PPUIIMEHTOB SBISETCS B HACTOsAIIEe BpeMsl MPEIMETOM HHTEHCHBHBIX
HCCIICIOBAHUM.

Mawuna boarvumana

MaremaTrueckold OCHOBOH UTsl pelieHnss KOMOMHATOPHBIX ONTHMHU3AIMOHHBIX 3a/1a4 Ha MAuiuHe
Bonvymana sensercs aneopumm, MOICIUPYIONIMHA  3aTBEpACBaHUE IKHIKOCTEH WM  PaCIIaBOB
(ancopumm umutaun  omkura). OH Oasupyercs Ha WHAEAX M3 JBYX pPa3IMYHBIX oOjacreil:
CTaTUCTUYCCKON (u3uku W KoMOMHATOpHOW onTuMmusanuu. Mawuna borvymana (Mb) cnocoOHa
peann3oBarth 3TOT aeopumM NapaIeabHO U ACHHXPOHHO. Mb 3ajaercs

B=(N,E,W,\,),N

- YUCJIO HEWPOHOB, E = {“‘-} )} - MHOKECTBO CBS3€il

(2,2) e B

YETBEPKOUH

MeXIy HeHpOHaMH, MPH ATOM BCE ABTOCBS3U MPUHAJIEKAT ITOMY MHOMKECTBY, T.€.

Kasxnplit netipon moxer uMeth coctosaue 0 mma 1. Cocrosrue ¥ & MB ompenensiercs COCTOSHUSMU

. k kN 1/
v ‘}-;((I.....f\').l“
HelpoHoB =/ \ J - HaYyaJIbHOE COCTOSIHHE.
(2, 7) Wi y W
Kaxnas cesze \ 7/ ) nmeer sec ~ ') - sewecmeennoe yucno, MHOKECTBO cBsI3ei -

re e , S -
(2,7) Ny Vi v;v; =1

. Cesazp \"*J ) HazpIBaeTcs aKTHUBHOI B cocrossHUH ' A, eciu J
. Bec casizn \ U2 J ) UHTEPIPETUPYETCS KaK KOJIMYECTBEHHAS Mepd KEeNaTeIbHOCTH, 9TO0BI

y w; 0 w; 0

9Ta c6a3b Obla  aktuBHOW. [lpm '/ >0 aKmueHOCMyb OUeHb KenareiabHa, 1pu '/ U,

akmusHocms OYeHb HexkenaTenpbHa. Kak m B Momenun Xondwunga, cBs3u B Mb cuMmmeTpuuHHI,

re. Wij = Wji

DyuKyua KoHcencyca

Jns cocrosiHust | /- MbB BBOAMTCS NOHATHE KOHCEHCYCA
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] - X ‘I|]|- .1".'
Ci = E W;jV; V;.

1.}

L
Kamxnas cess3p B 3TON cymMMme yuuTbiBaeTcd oadH pai. KoHcencyc (r‘-‘ MHTEPIPETUPYETCA KaK

~ 1. .
KOJINYeCTEEeHHAA _.-1'fepa KENATEIBHOCTH, YTOOBI BCC CBA3H { ] ] B COCTOSHWH ‘ ‘f' '6[3]..'11/1 AKTHUBHBI. ﬂJ’IH

f r(k)
COCTOSTHHST \ k OTTPCICITACTCST MHO¥KCCTBO cocencH | . Cocennee
Vi € V® Vi oomn
COCTOAHHE " [MOIYIACTCA H3 A IIPpH H3MCHCHHH COCTOAHMA HEHPOHA l 5
& e . a
k) Ui eCIn J F# 1
— I ; i
J — 17 e -

l —vj ecn ) =t

Vi

Pazuunua xoticelcycoB coceuiux cocrosidn | k oy~ pasiia

ACx(i) = Ci(i) — Ck = (1 — 20)( Z “'U"'f + Wi ),

(i,7)eE(1)

AC

y(2) g . ‘ k
rie E(1) - MILOKECTBO cBs3ei ueiipoua ! . Buyo, 410 KRG s

Vi € V¥

BCEX MOTYT BRIUMHCITATHCS TTApaJICITIEHO,

Maxcumusa HHA KOHCENCYyca

llepexon MB 123 ognoere cocrognusg B apyroe ¢ MakcuMuzauuell xoHcencyca apOUCXOIUT IIyTEM
BBITIOJIHEHUS MOMIATOBO# npoueaypel. Ha kamxnom ee ware BBIMONHAETCH HCAbIMAHIE, COCTOSINEE M3

JIBYX Hacrei:

1. it Janioro cocrosums | k I'SLEPUPYELCH COCeillIee k(i ,

2. OTIeHUBAETCA, MOKET NN OBITh NPHHATO COCTOSHHE k(i ', €CIIM MOJKET, TO PEe3yJIbTaT

| k(i) | ; )

HCTIRITAHHAA - , HHATE

Cocrostame @ ~17) MIPUHUMACTCS C BEPOSTHOCTHIO

)}.'i.'ui-‘-,) s l/“ T (':\’l}(_.-"_\(';l.;‘.,_:‘,\,// ] 4)

rae ' = Y - ynpaBnsommil napamemp ("'temmeparypa").

[Iporecc MakcMMHU3alMM KOHCEHCYCAa HAYMHACTCS C BBICOKOTO 3HAUCHUS Lo napaMeTpa’ "

CIIy9aiiHO BBIOPAHHOTO HAYAIBHOTO COCTOSHUS | 0. B teduenue mnpouecca napajwempf YMEHBILIAETCSA

OT to 1o 0. I1o mepe Toro kKak { MpUOJIMIKAETCS K HYJTI0, HEUPOHBI BCE PEIKE U3MEHSIOT CBOM COCTOSTHUSA,
u HakoHel, Mb crabunusupyercs B ¢uHaIbHOM cocTosHUU. [Ipaktudyecku, Mb crabwimmsupyercs B
COCTOSIHUH, COOTBETCTBYIOIIEM JIOKAILHOMY MAKCUMYMY KOHCEHCYCa, KOTOpBIA OJIM30K (WJIM pPaBeH)
robanpHOMY. CxoaumocThio MbB yrpaBiisitoT cieayromue mapaMeTphl:
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. Hauanbnoe znauenie napaMeTpa ’ AT KaACJOT0 HeiipoHa l

o = Y lwijl + |wal.

(i.7)eE(i)
2. IIpaBuiio MOHMKEHUA t

(2] 12)
t: ., =at;’,
JT J

rae (¥ - DOJOKUTETBbHOE YHCTO, MEHBILIEE SIMHUIIBI, HO OIMU3KOE K HEeH.
3. Yucno L UCTBITAHHI, KOTOPBIE MPOBOAATCS €3 N3MEHEHUS t ( L — (hyHKYVA OT i\ ).

4. Yucno M TOCIIC/TOBATCIBHBIX NCTTRITAHNH, HC TIPUBQIANINX K W3MCHCHUIO COCTOSHHUS MAIIMH

( M - @dvikyus OT A ), KaK KpUTepH 3aBepIlleH:s poliecca.
Cunxponnoe u acunxponnoe Qyuxyuonuposanue maumunst boioumana

J_L'T}] BRIMTOJIHCHHUSA  CHHXPOHHOTO  TTPOTICCCa BCC MHOMKCCTRO HCﬁpOHOB p8.361/IBaeTCSI Ha

HETIepeceKaroIHecs: MOAMHOKeCTBA { M Ly e oo M m } , TakwWe, TYUTO HeHPOHEI, I[ONAaBIINE B
OJIHO NOOMILOJICeCNGo, HE CBA3aHBI APYT ¢ OpyroM. Torga Ha KaKIoM TaKTe CHHXPOHU3ALUU DJIEMEHTHI

CHy‘IﬂﬁHO BHGD&HHOTO MOOMHOKECTBA © ! MOTYT OIHOBPEMCEHHO H3MEHATH CBOH COCTOSHUSA B
COOTBETCTBHH ¢ 3aJaHHOMN BEPOATHOCTBIO.

B ACHHXPOHHOM ITapalllICIBHOM ITPOIMCCCS BCC HeﬁpOHﬁI MOTYT H3MCHATE CBOH COCTOSAHHSA TOJIBKO
B 3aBUCAMOCTH OT RBCIWIWHRI BCPOSTHOCTH, |IpakTHYICCKM AcWHXPOHHEIN napaiiean3m MOXeT ObITh

BBIIIOJIHEILL CHELYLOLIUM obpa3om. Ciryuaiino BLIOUpaeres noOMHOIICECTNE0 M ,
9 \' /-_)
( Zl ) 5 5
colepxanee [ ueipouos. g Kaxioro  ueidpoma M3 91010 IOJMHOXKECTBA
> :
Pri.i(t)
YCTAHABINBACTCA COCTOSHHE B COOTBETCTBHH C kk(i) . Iogyuusmieecss B pe3yiIbTaTe COCTOSHHUE

€CTb PEe3yNbTAT OAHOMO ACHHXPOHHOTO 1I4ra.
Peuienue 3aoauu KoMmueoa;cepa Mmautunolt boavymana

OO0mmit Mo/ X071 K MTPOTPaMMHIPORAHHUT0 KOMOWHATOPHBIX ONTHMM3ATIMOHHBIX 33/1ad COCTOUT B
CIIEIYIOLLEM:

. . . F -
Kayk/I0C PCIICHUC TPCACTARMISICTCS HabopoM {" SEegs L LN } y i € {”‘ | } , N — ancno

HENPOHOR B ceTH, *L'i - cocTosHMe Helipora. CTPYKTYPA cRazeil U Reca REIOUPAFOTCSH TaK, UTO:
2 r

)
R1. Bce noxamsubie MaKCUMYMBbl (YHKIHHM KOHCEHCYCa COOTBETCTBYIOT IPHEMIIEMBIM
peLICHUAM 3a/1a4u;

)i
R2. Yew JAy4llle TpUEeMIIEMOE pelleHUue, TeM OoJbllle KOHCEHCYC COOTBETCTBYIOLIETO
COCTOSIHUS Mauunsl boavymana.

Iepedpazupyem st Mb 3a0auy kommusosicepa.
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) :
ki l. Cocrosune ME COOTBETCTBYET JOKATbHOMY MAKCUMYMY DYHKLUUM KOHCEHCYCa, €CIU U
TOJIBKO €CJIH 3TO COCTOSIHUE COOTBETCTBYET IIPUEMIIEMOMY MapIIpyTy.

)
R2 . Hem kopode mapuipym, ‘1eM BLILIE KOLICEIICYC COOTBETCIBYIOMIEIO cocrosiuns Mb.

Kaw et 1eiipoit COOTRCTCTRYCT  3JICMCHT vatpurer /1 X T ,  COCTOSTHWA  HEHPOHOB
P ¥ y P
o6o3uavarores U N1 ( 7! - gucio TopoaoB). PyuKyUs KOHCEHCYCA

1 k ok
( g = E H'_\'.r,}',!l Xil Yij*

(X.Y]))

Mioskecrzo  cBsazell B cerm OUPCUCIICTCH Kak 00beOUHeHUE TpEX  LECHEPECCKAIOIINXCA
INOJMHOKECCTB.

P

“d - mioskectBo cpaseil, necylyx UIpOPMALMIO O PACCTOSLIMAX MEAY 10POIaMU,
Es={(Xi,Y)HIX#Y)A(i= (5 +1)modn)};
E;

- MIIOKECTBO MIIIMOMTOPLDLIX (3ALPETUTEILIILIX) CBA3EH,
Ei={Xi, YD HAX=Y)V(i=j)A (X #Y)};
E,

- MHOKECTBO CBA3eH CMeNIeHHI,
E,={(Xi,Y)|(X=Y)A(@G=j)}

fy X 3] = 93 2
3mcch X,Y,1, 7= Lyswes M . O01mee gucmo crs3ci parHO n° — n*,

WHrnbutopHble CBA3U FAPAaHTUPYIOT, YTO, B KOHLE KOHIOB, HU B OJHOH CIPOKE ¥ HU B OJHOM
cronbre He OyjcT Gomee OftHON camHuTBl. CBA3W CMCIICHHH TapaHTUPYIOT, YTO XOTs OBI 710 OXHOM

€AVHULIC CCTE B KAXKIOM CTOIOIIC U B KaXIoi cTpoke. lakmM oOpaszoM, cesa3u ‘i u E b rapantupyror
BBIIIOJIHCHUC OTPAaHUUCHMI B 33j1aUC W BCCAa WX JIAIOT OJ/IMHAKOBRIC BKIIAJIRI B KOHCCHCYCHI JUIS BCEX
MIPUEMIIEMBIX MaplIPyTOB.

(X17,Y7) € Eq

€CTh I’lp}?’h"OM AVitte H3 TOpO,I[’l \ B TOpOO ) . Bec cpa3n

Cesizb 4KTMBHA TOJABKO B TOM  Cly4yae, KOroa B Mapuipyre

(Xi,Y§) € E,

MCKAY 1'0pOddaMH < \ } C OIPHMUATCILIILIM  311aK0M. CJJG,}J,OBEI’L‘GJlbllO, AUIA Aaroglro  MapupyTra

paBeH PpacCCTOAHUIO

OTpHHaTeHBHBIﬁ BKJIad CBA3U U3 “d B KOHCCHCYC TpPOIOpPHHUOHAJICH [JJIHWHC IIYTU, I[O3TOMY
MaKCHUMH3aluA (byHKI_[I/II/I KOHCCHCYCa COOTBCTCTBYCT MUHUMU3AIUU JJIMHBI MapIipyTa.

L
) )0)
JlokaszaHo, 4TO /I KOHCEHCYyca Ck BBITTOJTHSFOTCST TPEOOBAHMSI Rl w R £, €CITM ¥ TOJIBKO €CIH
Beca CBs3€H BHIOPAHBI CIEAYIOMNUM 00pa3oM:

V(Xi,Y7) € Ey: Wxiyj = —dyy,
V(X1,Y7) € Ei: wyiy; < —min(uy, py),
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X1,Yj) € By : wxiy; > px,

px = max{dxp+dxg|P,Q=1,..., nA(P #Q)}.

[Tpu
o s o -
25 uensrrannit g 11 = Sl MPH PA3IMYHBIX HaYalbHBIX cocTossHuid MB. g 11 = 10 MOJTy4EHO

) ( .
ONTUMAaIIbHOE pelieHue, i 1 = 510 IIOJIYYEHO PELICHNUE Ha g A’ Xy’K€ ONITUMYyMa. BeposTHOCTHBIN
¢dbyakuroHupoBanuss MbB  1gaeT BO3MOXKHOCTH TMOJy4aTh Ha HEH HECKOJBKO JIydIlne

MEXaHHU3M

d=0,9,L=10,M =

pe3yabTaThl, YeM Ha MoJenu Xomnduiaa.

KonTposabusbie Bonpocsl JIP6(ITK-4):

Pemenue 3a1aun KOMMHBOsDKepa ceThio Xomnduiaa.

Mammuna boapiMaHa.

@yHKIHA KOHCEHCYCA.

Makcumu3zanusa KOHCEHCyca.

CUHXpPOHHOE U aCHHXPOHHOE (DYHKIIMOHHPOBAHKE MALIHHBI bosbiiMaHa.
Pemenue 3agaun KoMMHUBOsIKEpa MAIIMHON bosbliMaHa.

Msrkas 3kcriepTHast CucTeMa.

Onpenenenne MATKOW SKCIIEPTHON CUCTEMBI.

CpaBHEHHE HEUETKOM M MATKOM 3KCIEPTHBIX CUCTEM.
[IpencraBnenue 3HaHUM B MATKOM SKCIIEPTHOM CUCTEME.
Coneprxanue 6a3 3HAaHUN M JAHHBIX MATKON 3KCIIEPTHOM CUCTEMBI.

OcHOBHBIE 3JIEMEHTHI AUATPAMM B3aUMOJICHCTBUS — OOBEKTHI, COOOIIEHUSI.
. JlmarpaMmbl COCTOSIHUM.
. /lmarpaMMbl Ha4aNbHOT'O COCTOSIHUS, KOHEYHOT'O COCTOSIHUSL, IEPEXO/IBI.

Bno)xeHHOCTh COCTOSHMIMA.

. III/IanaMMBI BHEAPCHUA: IOACUCTEMEBI, KOMIIOHCHTBI, CBSA3H.

100 obu10 TIpoBeneHo 100 wcmbiTanuit s /1 = [0 u
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Jabopamopnaa paboma Ne7. Camoopzanuszayus (camoodyuenue) HeEUPOHHBIX cemell.
Knaccugpukayua oe3 yuumensa. Memoo ounamuueckux adep 6 Kiaccuuxayuu oe3 yuumes.
Anzopummol 00yuenusn cemeii ¢ camoopzanusayueii. Anzcopumm Koxonena. Ilpumenenue cemeii
¢ camoopzanuzayueii. Komnpeccusa oannvix. Ilpocnozuposanue nazpy3ox jHepzemuyecKoil
cucmembl.

AHHOTanus: PaccmMaTpuBarOTCs: METOA ITWHAMUYECKHX sep B Kiaccuukanuu 0e3 yduTens,
aNropuTMbl OOYYECHHS CETe C CaMOOpPTaHHW3alMe W HMX NPUMEHEHHE K KOMIIPECCHHM JIaHHBIX U
MIPOTHO3UPOBAHUIO.

KiaroueBbie CJIOBA: BEKTOP, MEpa, CBKJIMJIOBO
pacCTOSHHUE, PACCTOSHHE, ONPEACICHUE, 3HAUCHUE, KJIACC, YHUCIIO
KJIACCOB, BLIOOPKA, IPOCTPAHCTBO, AP0, pa3OneHne, MUHUMYM, PELIAIOIIEE
MIPaBUJI0, CYMMATOD, IOUCK, MAKCUMYM, HOPMa, CETh, HOIPEIIHOCTD, BEC, vector, quantization, aIrOPUTM,
WTA, ALL, akTUBHOCTb, HEHPOH, CKaJISIPHOE
mpousBenenue, MOST, dvukims, feature, MAP, camooprasunsyromascs
Kapra, PazMmeliienue, Kjiacrep, Kajp, KOMIIOHEHT, 3HAHUE

Knaccugukayua oe3 yuumensn

3aman HaOOp OOBEKTOB, KAXKIOMY OOBEKTY IIOCTABIEH B COOTBETCTBUE GeKMOp 3HAUYCHUU
NpPU3HAKOB (cTpoka Tabnuiel). Tpebyercs pa3OuTh 3TH OOBEKTHI HA KJIACChl AKBUBAJIEHTHOCTH. Jlist
Ka)XJIOTO HOBOTO OOBEKTA HY)KHO:

e  Haiitu knacc, Kk KOTOpOMY OH MPUHAJJICKUT.

e Hcrnonp3oBaTh HOBYIO HMH(GOPMAIUIO, TIOJYICHHYIO 00 3TOM OOBEKTE, ISl UCIIPABIICHUS
(KOppeKLrH) MPaBUII KIACCH(PHUKALHIH.

OTtHeceHue O6’beKTa K KJIaCCy MpPOBOAUTCA MYTCM €ro CpaBHCHHUSA C THIIMYHBIMU JJICMCHTAMU
Pa3HBIX KJIACCOB M BHIOOpA M3 HUX OJMKANIIIETO.

[Ipocreiimas mepa 61U30CTH OOBEKTOB - KBAAPAT €6KAUO08A PACCMOSAHUA MEKIY BEKTOPAMHU
3HAYCHHI 170'¢ MIPU3HAKOB (uem MEHBIIIC paccmostue, TeM omke 0OBEKTHI).
CooTBeTCTBYIOIIEE OnpedeneHue PU3HAKOB TUITUYHOTO 00beKTa - cpenHee
apu(METHUECKOE 3HaueHue TIPU3HAKOB TI0 BBIOOpPKE, MpEICTaBIsIoNIeH kiacc. Jlpyras mepa 6mu3ocTH,
BO3HUKAIOIIAsl pU 00pabOTKE CUTHAJIOB, M300paKEHUH W T.N. - KBaApaT KOd(pPUIMEHTa KOPPEIILUuU
(uem oH OoJbIIIe, TEM OMXKe 00BEKTHI). BO3MOXKHBI U UHBIE BAPUAHTHI.

Ecnu uucno knaccos 11l 3apanee onpeneneHo, To 3afa4y KiaccuGuKaiuu 0e3 yduTess MOXKHO
MMOCTABHUThH CIEAYIOIINM 00pa3oM.

Memoo ounamuueckux aoep 6 Knaccupurkayuu de3 yuumens

{x} CE,E

[ycth 3a/1aHa 8b100pKa MPeaoOpadbOTaHHBIX BEKTOPOB TAHHBIX
NPOCMPAHCME0 BEKTOPOB JTaHHBIX. Kaxnomy KJaccy Oymer COOTBETCTBOBATH
HEKOTOPOE 120p0 w < W, W NPOCMPAHCMB0 SIEep.

Jins mooex & € L ww € W oonpenennm mepy 6nmsoctn d(z,w)

Habopa w K smep Ws - - Wy

=P~ P—...— P
{z} =P~ P

k ONpeAcINM KpUTEpUI

, a JUId KaXI0ro
JIF000TO

pazOueHus {'l } na K xnaccos
KadyecTBa
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'j..
D= D(w,,...., wr, Py, ..., P.) E E d(zx. w; i)
i=1 reP;
; , ) )
‘I'pcOycTest HaWTH Habop wyy ..., Wk W pazouernie I 1y == ! k,
MUHUMMIHPYHIIIHE ,) . Iar anropursMa pa?.ﬁnﬁaem Ha -) 3Tarna:
1) Ja (PUKCUPOBAHHOTO Hadopa saep Wiy-o., Wk ALIEeM

Pi,..s P .

MHUHHUMMH3HPYIOMICC ] ) pa.?ﬁuenue OHO JacTeda CITCTYRHOITTIM PCTTAROTITHM

T, W;) < A2, W;)
;i .

; ) & g s
npaBmionm: =¥ t, ecil upu! /£ J (xoria

: d(zx, w;) .
st U aunioaym ( ) mocTHraeTcs TpH HECKOJNBLKHUX 3HAUeHHIX [ , BRIOOp MEKITY HUMH MOMKET
OBITh ClieNnaH MPOU3BOJIBLHO).

2) Hns Kakoorg £ 1) ¢ = Ly 0y , MOJYYEHHOTO Ha MepBoOM ITane,

orerckrractes Ui € W , MUHUMUZHPYIOIICC KPUTCPUI KauccTRa

D= z d(x, w;).

reP;

] ] ) )
Wiy ooy Wk T REEY Py BRIOMPAOTCA TPOU3BOJIBHO JTHOO 110
I‘

{ CTABHTCA B COOTBETCTBHE 3NEMEHT CETH,

. : dlx.w
BBIUNCIAIONIEH MO BXOJHOMY CHTHamy I’ (QyHKIHIO | ’)_, TO pewaionee  nPasuio I

KJIACCU(DUKAIIMM aeTcd HUHTEPNpPeTaTopoM '"mpourpaBunid 3abupaetr pee": 3nemMeHT L OpUHATIEKUT

P, d(z, w;)

KJIacCy 5 SCJIH BLIXOMLION curuan ¢ -ro aJieMeLrra ) Mellbie BCEX

Hayanensle 3HaueHUS
KAKOMY-HUDOYAb 3BpUCTUYECKOMY MOpaBuny. Ecnu sapy ¢

ocTanbHbIX. Mepa dmm3zoctu ( { BLIOMpaeTcs Takoil, YTOOLI JIETKO MOXKII0 OLUIO IaMTH 29po Wi ,

D, F.

MUHUMH3APYTIICC JUTA TAHHOTO

» _ W | E d(x, w;)
B mpoctciiiieM  CItywac Apocmpancmeo siicep cormaact ¢ 1Y, a -

TIONIOXKHUTENBHO onpeaenetnas keagpatnunas dopma ot <L — Wi wanpumep, xeaapar eskrudosa
.

w; D

paccmostrus. Torya adpo V1 munamuzupyimee “71 | ecrn iienp mace kiacea £ o4
w; = (1/|P;|) E T,
re P,

i
riae ‘ !l - gHCIO PIeMEHTOR B

F.

[TycTh BeKTOPET TIPOCTPAHCTRA E HOPMUPORAHKL. Torma

(z,z) = (w;, w;) = 1.
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Taic s dlz,w;) = (x —w;,x —w;) = (z,x) — 2z, w;) + (w;, w;)

YUETOM (2) YIIpOIacTCsl peuiarouiee npasiiio, paz/IcIsonce KITacchr:

, TO C

xr € P, ecu (z,w;) > (z,w;) npu 2 # J,

d(x, w;) (z, w;)

LOCKQUBKY MUNUMYM faocrdraeres Upd Makcumyme VU7 " Takoe peuraroree

MPaBUJIO PEAUM3YELICH C LIOMOLILIO k CYMMATOPOB, BLIYUCIAIOMNX \Z, Wi ) . W durepuperaropa,
BBI6I/Ipa}0LU,€]"0 CVMMAamop ¢ MAKCHMANbHBIM BbIXOJHBIM CHIHATOM. HOMGD ATOr0 CYMMATOPpd H CCTh
HOMEp KJlacca, K KOTopoMy oriocures L.
i P
3aiaua LLOUCKA stpa Ui s Kiacea * !
MaKCUMMIHPYIOIICTO

D; = Z{.f'. w).
r€P

Dror maxc UMYM JOCTHI'aCICd B TOYKE

w= =/l 3zl

reP; reP;

lpeBpalaercs B nouck sexropa

TIe H R H - @BKJIMIOBA HOPM.

B Tex  mpocTeHmMX  criywasix, KOTJa #0po Khacca  TOYHO  OTIPC/ICTSACTCST  Kak — CpelHee
apudmeTrueckoe (MM HOPMUPOBAHHOE cpeAHee apuiMETUUECKOe) 3MEMEHTOB Kiacca, a peuicioujee
npasuio OCHOBAHO HA CPABHEHWMM BbIXOAHBIX CUIHAIOB JIMHEHHbIX aUalTUBHBIX CYMMAaropoB,
HEUPOHHYK) ceb, PEanu3yUIYH METOJ JHHAMMYECKHMX sanaep, HaspiBawoT ceTblo  KoxoHeHa.

B onpe()e_rreHue Aapa u {0 ansd CETEN KoxoneHa BXOOAT CYMMBI rEl I 2TO MO3BOJIUT HAKATLIMBATh

HOBBIC THHAMHYCCKHE A0pa, 06p&6aTHBaH 110 OOHOMY IIPHMEPY H [MEPCCUHTHEIBAA Wi II0CIIC IMMOMYYCHUA
)
B { HOBOT'O NpHMEPA.

Ecau yucio kraccoe japaliee 1€ OoIpedclello, TO IOJae3ClL [{pHTepHﬁ CIHAIIMA KIIAaCCOB:

KJIaCChI ) tuJ CITUBAKITCSI, CCITH pdccmoniiiie MCHEITY HX SApaMHu MCHBITIC, (%1
CpCOHCE pufccmnosiiie 01 3IeMEeHTa Kilacca 10 A4pa B OJHOM W3 HHX!

) Z p(z,y'), (1/|Y;]) Z p(x,y’)],
z€Y;

z€Y,

(y',y’') < max|(1/|Y;

y

CHadajla MpUHUMACM THUIIOTE3Y O JOCTATOYHOM YHUCIIC KJIaCCOB, CTPOUM HX, MUHHUMH3UPYI l) , 3aTeM

TIc - YHACIO 3INMCMCHTOR B ) . McnonwroraTh KpHTCpHﬁ CITHSTHUSA KITacCOB MOYKHO Tak:

HCKOTOpPBIC * ! O6’be,Z[I/IH}I€M, IMMOBTOPACM MUHUMU3AIUIO /) C HOBBIM YHCJIOM KJIACCOB U T.[.
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Ancopummot 00yuenus cemeil ¢ camoopzanusayueni

[lenpto 0Oy4eHHSI CETH C caMOOpraHM3aIMeld Ha OCHOBE KOHKYPCHIIMM HEUPOHOB CUUTAETCS
TaKoe YIOPSIOUYCHHE HEHPOHOB (mox6op 3HAYCHHH 170'¢ BECOB), KOTOpOE
MUHHUMU3UPYET 3HA4eHUe OKUJAEMOTO HUCKKEHHS, OLICHMBAEMOTO MOTPEUIHOCTHIO aMMpPOKCUMALIUU

BXOJHOTO BeKTopa -I' 3HAUYeHHsIMU BECOB HeWpoHa-modenurens. [lpu p BXOJHBIX BEKTOpax L' u
MIPUMEHEHNUH €BKIIMJOBOM METPHUKHU 3TA HO2PEUHOCHb, HA3bIBAEMAasl TAKKE MOTPEIIHOCThI0 KBAHTOBAHHS,
MOXECT 6I>ITB BBIpA’KCHA B BUJC

'{J

FE = {l/p)z

1=1

‘)

|J'#. — Wwin ||

3)

u

L o -'i
rae ‘“win - gec HelipoHa-moOeAUTENS MPU NPEIbsIBICHUN BeKTopa [ .

DTOT MOAXOJl TaKKE€ Ha3bIBACTCS BEKTOPHBIM KBaHTOBaHHeM (aHrI. Vector Quantization - VQ)
unu  knactepuszanueid. Homepa HelpoHOB-moOeauTeneld TpH  IMOCIEIOBATEILHOM MPEIbIBICHUH

ol
BEKTOpOB -’ 00pa3yloT Tak Ha3bIBaeMyl0 KOJOBYIO Tabmuimy. [Ipy KiIaccH4eckoM pEeIICHHWW 3aaadu

KOOUPOBAHUA IIPUMEHAECTCA AI20PUMM K -ycpeanenuit (aura. K-means), Hocsmmii uMst 06001IEHHOTO
anroputma Jlmona.

Jlnst HeHpOHHBIX ceTelt aHajorom anroputma Jlinoiaa cuuraercs areopumm WTA (anrn.: Winner

Takes A/l - "mobemutenp momydaer Bce'). B cooTBeTcTBHM ¢ HHM TIOCIE€ TPEIbSIBICHUS
BeKTOpa -I' PacCYUTBIBACTCS AKMUBHOCHb KOKIOTO  HekpoHa. IloOeaureneM  TpH3HACTCS HelpoH C
CaMbIM CUWIBHBIM BBIXOHBIM CHUTHAJIOM, T.€. TOT, IS KOTOPOTO CKAIAPHOE
npousseedeHnue T, w) OKa3bIBacTCs HAaUOOJBIIMM. B mpenpayiieM pasjene ObLIO MOKA3aHO, YTO MPH

WCIIOJIb30BAaHUH HOPMAJIN30BAHHBIX BEKTOPOB 3TO PAaBHO3HAYHO HAMMEHBIIEMY 3BKJIUIOBY PACCTOSHUIO
MEXy BXOIAHBIM BEKTOPOM M BEKTOPOM BECOB HelpoHOB. [lobeauTens mosyyaer NpaBo YTOYHUTH CBOU
BECa B HANPABIICHUU BEKTOPA -I° COTIIACHO MPaBUIY

Wypin < Wiin r QT — “‘H'!H)‘

rae (Y - kodpdumment oOyuenus. Beca  ocTanbHBIX  HEHPOHOB  YTOYHEHUIO  HE
HOJUICXKAT. Aeopumm TIO3BOJISIET YUUTHIBATh YCTAJIOCTh HEWPOHOB ITyTEM IOJCYETa KOJIMYECTBA MOOeN
Ka@)XXJI0TO U3 HUX M MOOIIPATH AJIEMEHTH C HAUMEHBINIECH aKTHBHOCTHIO Ul BBIPABHUBAHMS WX IIAHCOB.
Takas moaudukanus nmpuUMEHseTCs dYalle BCero Ha HAvajdbHOM CTaguM OOYYEHHUs C TOCIEIYIOIIUM
OTKJIIOUCHHEM I0CIIEe aKTHBU3AIMK BCeX HEHpOHOB. [10100HBIN cocob o0ydeHus! peann3oBaH B BHIC
pexxuma CWTA (Conscience Winner Takes A//) u cuutaercss OqHUM M3 JIyUIIUX U HanOojiee OBICTPHIX
aJITOPUTMOB CaMOOPTaHU3ALINH.

[Tomumo anroputmoB WTA, B KOTOPBIX B KaXIOW HWTEpAlldd MOXKET OO0y4aThCA TOJIBKO
OJIUH HelpoH, U1 00y4eHUs CeTel ¢ caMOOpraHu3altell IIMPOKO MPUMEHSIOTCS aropuTMel Tuna WTM
(aarn.: Winner Takes Most - "mobenutenb mnomydaeT Oonbiie"), B KOTOPBIX, KpPOME IOOCIUTENs,
YTOYHSAIOT 3HAYEHUSI CBOMX BECOB M HEHPOHBI M3 ero Ommkaiimero okpyxenus. [Ipu sTom, yem nanblie
KaKoW-1100 Hetipon HaXOAUTCA OT MOOEIUTENsA, TEM MEHbIIIE U3MEHSIOTCS ero Beca. [Ipouecc yrounenus
BEKTOpA BECOB MOXET OBITh OIpesesieH 0000IeHHON 3aBUCMMOCTBIO, KOTOpast 3/1eCh MPEACTaBISIeTCs B
BHJIE

w; +— w; + a2, 2)|x — w;
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g (/Bgexy) HEHPOHOB, PACIIOJIOKEHHBIX B OKPECTHOCTH noOeanTes.

Ecnu ¢hynxyus ompenaensercs B popme
G(i,z)={1pnai=1,0 qna i # 1},

rz[el o0o3HauaeTr HoMmep moOeauTeNs, TO Mbl MOJy4aeM KJIAcCHUecKuit areopumm WTA.

CymiecTByeT MHOXECTBO BapHaHTOB airoputMa WTM, omimyamomuxcs Npexae Bcero QGopmoit
/e )

byHKIAN G, ). Jnis nanpHENIero u3yueHus BpioepeM Kiaccuueckuit aneopumm KoxoneHa.

Ancopumm Koxonena

Aneopumm KoxoHeHAa OTHOCUTCS K HawbOoJee CTaphiM ajlropuTMaM OOyYEeHHS CeTed C
caMoopraHu3alieii Ha OCHOBE KOHKYPEHIIMH, W B HACTOSINEE BPEMsl CYIIECTBYIOT Pa3IUYHBIE €ro
Bepcun. B kimaccuueckom anroputme KoxoHeHa cembs MHUIMAIMZUPYETCS TYTEM MPUIUCHIBAHUS
HEHpOHAM OIpEAETCHHBIX TMO3UIUNA B MPOCTPAHCTBE M CBA3BIBAHUS MX C COCEASIMH Ha IMOCTOSHHOM
ocHOBe. Takasi cemb Ha3bIBACTCSI CAMOOPTaHM3YIONICHCS KapToil mnpusHakoB (cemv SOFM - Self-
Organizing Feature Map). B MoMeHT BbIOOpa moOeauTeNsl YTOYHSIIOTCS HE TOJIBKO €ro Beca, HO TaKKe U
BECca €ro cocelei, HaxXoIsAImxcs B Onmxkaiier oxpecTHOCTH. TakuM 00pa3oMm, HelipoH-TIOOEAUTENb
MOJBEpPraeTcs  aaanTalid BMECT€ CO CBOMMH COCeAsIMH. B KIacCHYeCKOM  alnropuTMe

(r'(_ 1 T}

KoxoHeHa ¢yynkyus cocencTna ! onpenensercs B BuzE
G(i,z)={1 pad(i,I) < L,0 pna d(i,I) > L}.

d(i. 1)

HelipoHa-nobenuTens [ wi -ro Heiipona. Koadduuument L BBICTYIIAE€T B POJIM YPOBHSI COCEJACTBA,
ero 3HaueHue yMEHBIIACTCSI B Tporecce oOydeHus 1m0 Hyas. COCencTBO TakOro poja Ha3bIBACTCS
MPSIMOYTOJIbHBIM.

B stoM BbIpakeHUMn 0003HaYaeT 3BKIMJIOBO pACCMOAHUE MEXTY BEKTOpPAaMH BECOB

Hpyroii Tum coceacTBa, 4YacTo NpUMEHseMbld B KapTax KoxoHeHa, - 3TO COCEACTBO

| I Py N
rayCCOBCKOTO THIIA, TIPU KOTOPOM (QYHKYUS G (2, ) 3amaercs GpopMyon

G(i,z) = exp(—d-*(i, .r)/‘_’/\2 ).

CreneHp aganTaliid HEUPOHOB-COCENEH OIMpPEAeNIeTCsl HE TOJBKO €BKIMIOBBIM PACCTOSHUEM

Mexay ¢ -M HeiipoHOM W moOemuTeneM ( [ w HEHPOHOM), HO TaK)K€ U YPOBHEM COCEICTBA A. B
OTJIMYHUEC OT COCCACTBA MPAMOYTOJIBHOI'O THIIA, TAC Ka)K,Z[BIﬁ Heﬁpon, HaXOHHHIHﬁCH B OKpPCCTHOCTHU
noOeIUTEIISA, aJanTHPOBAIICS B PABHOM CTETIEHH, IIPU COCEICTBE rayCCOBCKOTO THIA YPOBEHb allalTalluu
pa3nuyeH U 3aBUCUT OT 3HadyeHus ¢yHkimH ["aycca. Kak mpaBuio, raycCOBCKOE COCEICTBO JAeT JIYUIne
pe3yabTaThl 00yUeHUS 1 00ECTICUYMBACT JIYUIITYI0 OPTaHU3aIUIO CETH, YEM MPSMOYTOJIFHOE COCEICTBO.

Camoopeanusyowascs kapma MPU3HAKOB IPOXOAUT JBa 3Tanma oOyueHus. Ha mepBom stame
JIEMEHTHI yNOPAJOYMBAIOTCSA TaK, YTOOBI OTPa)XaTb NPOCMPAHCMEO BXOAHBIX JIEMEHTOB, a2 Ha BTOPOM
IIPOUCXOJUT YTOYHEHHME uX no3uiuil. Kak mnpaBwiio, mpouecc NpPeACTaBIsSeTCS BHU3YalbHO IyTEM
UCIOJb30BaHUS JABYMEPHBIX JaHHBIX M IOCTPOCHMs COOTBETCTBYIOIIEH moBepxHocTH. Hampumep,
BXOJIHBIC BEKTOPBI BBIOMPAIOTCS ClIydyailHBIM OOpa3oM Ha OCHOBE OJIHOPOJHOTO pacIpenesieHus] B
HEKOTOpOM KBajpaTe, U HauMHaeTcsl oO0ydyeHue KapTel. B ompeneneHHble MOMEHTHI B XOZ€ OOy4eHUs
CTPOATCS U300paKEHUSI KapThl ITyTEM UCIOJIb30BAHUS COOTBETCTBHUS, TOKA3aHHOTO Ha pHC. 1. DIeMeHThI
COEAMHAIOTCS JIMHUSAMHU, YTOOBI MOKa3aTb UX OTHOCUTENbHOE pasmewenue. CHayala KapTa BBITJISAIUT
CHJIBHO "M3MATOH", HO IOCTETIEHHO B X07e 00yUeHHs OHa pa3BOpaunBaeTCs U pacipasiserca. KoHeuHbIM
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pe3ynbTaToM O0y4YeHHs SBJSIETCSl KapTa, MOKpbIBAaloOIIas BCE BXOAHOE MPOCMPAHCME0 U SBISIOUIAsICS
JIOCTaTOYHO PETYJIAPHOM (T.€. DJIEMEHTHl OKa3bIBAIOTCSl PACHpE/IEICHHBIMU MOYTH paBHOMEpHO). [l
nmpuMepa Obl1a pacCMOTPEHa KapTa C TOMOJIOTHEH KBaapara u3 49 sneMeHToB, U Ay 250 TOYeK TaHHBIX,
B3ATHIX U3 €IMHUYHOTO KBaJpara, ObLIO MPOBEACHO €e 00yYeHHe, KOTOpOe HaYMHAJIOCh CO CIy4aitHOTO
Habopa BECOBBIX 3HAUEHUH, 3aaIOLIUX paszmelujeHue KIaCTePHbIX 3JEMEHTOB B LIEHTPE BXOJIHOTO
IIPOCTPAHCTBA, KaK MoKa3aHo Ha puc. 1. Ha puc. 2 u 3 mumroctpupyercs npouecc pa3BopauyuBaHus KapThl
¢ TeueHueM BpemeHu. Kak u st Apyrux TUIOB ceTeil, B JTaHHOM cllydae pe3yabTaT 00y4eHHs 3aBUCUT OT
y4eOHBIX JaHHBIX U BEIOOpA MapaMeTpoB 00yUECHHUS.
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Puc. 1. BecoBble BEKTOPbI MHULIMAIN3UPYIOTCS CIy4allHBIMU 3HaUeHUSAMH U3 auamnasona 0.4-0.6

0.4+

T

0,3
0,2+

0.1 +

| | | | | | | | [
T 1 | | I I I T T

o 02 03 04 05 06 07 08 09

Puc. 2. Kapra no npomectBuu 20 utepanuii
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Puc. 3. Kapra He3amonro 10 okoHYaHHWS OOydeHHs. DJIIEMEHTHl TEHEPh YHOPSIOYCHBI, U KapTa CTaHET
erre 6oJee perysipHOi Mo OKOHYaHUH (PUHATBEHOU a3kl CXOTUMOCTH

Ilpumenenue cemeit ¢ camoopeanuzayuei

I'maBubIM cBoMicTBOM cetu KoxoHeHa cumTaeTrcs KOMIIPECCHUA NAHHBIX, COCTOAIIAd B TOM, YTO
o0pa3yrolue kiacmep TPYIIBl TaHHBIX MPEICTABISIIOTCS E€IUHCTBEHHBIM BEKTOPOM BECOB HEHpoOHa-
nobemutens. [Ipu pazneneHun NaHHBIX Ha KjacTepbl U MPEACTABICHUHM KaXKIOTO KJjacTepa OJHUM U3
HeﬁpOHOB AOCTUTACTCA 3HAYUTCIIBHOC COKpAlICHUC 061;eMa HCHOHBByeMOﬁ o4 AaHHBIC ITIaMATH,
KOTOPO€ W Ha3bIBaCTCS KOMIIpECCHEd. DTO KoMmmpeccus ¢ morepedt uHbopmaiuu, KoTopas
COMPOBOXKIAACTCS ONMPEACICHHON MOTPEUIHOCTHI0O KBAHTOBAHUS.

Komnpeccua oannwix

[IpumepoM HCTIOJIB30BaHUS KOMIIPECCHUOHHBIX CBOWMCTB ceTH KoOXOHEHa MOXKET CUHMTaThCs
c)KaTue N300pakeHuil, MpeHa3HAaueHHOE /JIsl YMEHbIIIEHUS KOJN4ecTBa HH(OpMAaLuY, TPeICTaBIsIoIeH
KOHKpETHBIN 00pa3, Mpy COXpaHEHUHU TOTPEITHOCTA BOCCTAHOBJICHHSI HAa 33JAHHOM YPOBHE.

Ny

n
[Tycth wm300pakeHHE pa3ienseTcs Ha OJWHAKOBBIC KaJpbl pa3MEpoOM !/ muKCenoB.

OO6pazyronue kadp MTUKCEIbl MPEICTABIIOT CO00H KOMITOHEHTHI BXOIHOTO BEeKTOpa I -

Cemb ¢ caMoopranuzanued  couepxut /! HEHPOHOB, KaXKIbIA M3  KOTOPBIX  HMMEET
BXO0JIOM gekmop I'. O0yueHue CeTH MPU MOMOIIHM OJHOTO U3 aIrOPUTMOB CAMOOPTaHHU3AIUU COCTOWT B
noadope TaKUX BECOB KOHKPETHBIX HEHPOHOB, npu KOTOPBIX
MUHUMM3HPYETCS nocpeuinocms kBaHtoBanus (3). B pesynbrate o0ydyeHus Qopmupyercs CTpyKTypa
CeTH, IPU KOTOPOM BEKTOpPY I KaXXJIOTO KaJpa COOTBETCTBYET 8eKmop BECOB HeipoHa mobenutens. B
Mpolecce MPEIbSBICHHUS OUYEPEeIHOTO Kajapa BeIOMpaeTcs HOMEp HeipoHa-mobenutens. Homepa
HEHUPOHOB-IOOEAUTENICH 00pa3yOT KOAOBYIO TAaOJHUIly, a Beca 3TUX HEHPOHOB MPEACTABIISIIOT CPEIHHE
3HAUEHUS, COOTBETCTBYIOUIMM KOHKPETHBIM KOMIIOHEHTaM BeKTopa -I' (T.e. YpOBHSIM HMHTEHCHUBHOCTH
MTUKCEJIOB, COCTABJISIONINUX KAOD).

[TockoIbKY KOMMYECTBO HEHPOHOB OOBIYHO HAMHOT'O MEHBIIE KOJMYECTBA KaJIpOB, TO MOXKHO
MOJYYUTh CYIIECTBEHHOE COKpalleHHe O0beMa [aHHBIX, OMHCBHIBAIOIINX HCXOIHOE H300pakeHHe. B
uTore Ko3(pUIMEHT KOMIIPECCUN U300paKeHUsI paBeH
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K =N -nmn,T/(N -lgon+n-nn,t),

Y, N

T .
roe e u 'Y - pa3Mepsl Kajapa B ocsx -l - KOJIM4YECTBO Kajpos, /! - KOIUYECTBO

HEHpPOHOB, a ["ul - xommsectso Guros JUIS  TIPEACTaBIIEHUS. COOTBETCTBEHHO TIpajaluii
WHTEHCUBHOCTU MHKCEIA U 3HAYEHHUH BECOB. DTOT noaxoa MmO3BOJICT MOJYYUTH CTCIICHb KOMITPECCHUU
n3o0pakeHui mopsaka 16 npu 3HaueHnu ko3 unrenta curaan/mrym (PSNR) oxoino 26-28 ab.

Hpoznosupoeanue HAZpy30K 3uepzemuuec1<oﬁ cucmemaosl

PaccMoTpuM penieHne 3aauu MPOTHO3UPOBAHUS YACOBBIX HArpy3o0K B 3JIKTPOIHEPreTUYECKON
cucreMe Ha 24-yacoBoM uHTepBaie. [lycTs nmeercs 0a3za AaHHBIX, cojeprKalas BEKTOPbl IPOPHIBHBIX
Harpy3oK JIHd

p; = [p(4,1),p(4,2),...,p(j, 24)],

€ KOMNOHEHM P\J; k) COOTBETCTBYET JCUCTBUTEIBHOM Harpy3ke B K -t uac CYTOK.
MHoxecTBO TPO(HIBHBIX BEKTOPOB TMoAaeTcsi Ha Bxoa ceTh KoxoHeHa, coctosimiei u3 /! HEeWpOHOB.
IIpouecc camoopraHu3anuy CETH MPUBOJUT K aBTOMAaTUYECKOW KJIACTEpU3allMM [JAaHHBIX M K
COIOCTABJICHUIO KaXI0MY KJIacTepy OJHOTO M3 HEUPOHOB CETU. DTOT HelpoH CUUTAETCs modeauTeneM, a
ero Beca HaWIy4IIUM o0Opa3oM aJanTUPYIOTCS K YCPEOHEHHBIM BecaM MpO(UIBHBIX BEKTOPOB,
COCTaBJISIIOUINX KIacmep. XapakTepHas OCOOCHHOCTh COCTOMT B TOM, YTO COCEAHHME BEKTOPHI MMEIOT
CXOJIHBbIE TPO(UIIbHBIE XaPAKTEPUCTUKH.

bnu3octh BecoB HEHPOHOB, PACIIONOKEHHBIX HENAIEKO OPYr OT Apyra, OOBSCHIETCS TEM, YTO
OJIMH U TOT K€ JIEHb B pa3Hble T'O/bI IPH HEOOJIBIINX OTIMUYHUAX B YACOBBIX HAarpy3KaxX MOXET BO30YX/1aTh
pa3nuYHbIC HEHPOHBI, KOTOPBIE 00Pa3yIOT KJIACTEPHI, TPYNIHUPYIONIUE JTAaHHBIE CXOJHBIX KJIACCOB.

3nanue TabaMLBI pacrpeeseHus 100e]] KOHKPETHbIX HEHPOHOB CETH MO3BOJISET OTHOCUTEIBHO
JIETKO TPEABHUIETH MPO(UIN YaCOBBIX HArpy30K JJIsi HPOU3BOJILHOTO AHA roja. C 3Toi LeNblo co3Aat0Tcs
TaOJIUIBl TPUHAUICKHOCTH KaXKJOr0 JIHSA roja K o0JIaCTH JOMHHHMPOBAHUS ONPEAEICHHOIO HEeHpoHa ¢
0003HaYeHHEM KOJIMYeCTBa €ro moden s Bcex AHEH B mpouuioM. s BBIOOpa MPOTHO3UPYEMOTO
npouiIs Harpy3oK akTyalbHOTO JIHS B TpeOyeMOM MECSIE pacCUMTHIBAIOTCS YCPEAHEHHbIE 3HAUYEHUS
BECOB HEMPOHOB moleauTeNel, KOTOpbIe yKa3blBall B MPOLLIOM Ha TpeOyeMblil aeHb. Ecin koiamuecTBo

nobex ! -ro HeiipoHa, coorBercTByromero -/ -My fHI0, 0603HaunTh /!, @ COOTBETCTBYIOIIHE BEKTOPHI

BecoB Kmacca - (Ui To MIPOTHO3UPYEMBI PO UILHBIN 6exkmop J -ro nmms paccUUTBIBAETCA 110
bopmyie

P = Z kjiw;/ Z K
i=1 i=1

KonTpoabusie Bonpocsl JIP7(I1IK-4):
1. Kunaccudukanus 6e3 yuutens.
Mertoa qTMHAMHUYECKHX siJiep B Kiaaccupukanuu 0e3 yauTess.
AJTropuTMBI 00Y4EHUS CeTel C CaMOOpraHu3alueH.
Anroputm KoxoHeHa.
IIpuMeHeHue ceTel ¢ caMOOpraHu3aluei.
Komnpeccus naHHbIX.
IIporao3upoBaHue Harpy30K SHEPreTUYECKON CUCTEMBI.

Nk LD
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Moaynb THHTBUCTHYECKON 00paOOTKH.
JIMHTBUCTHYECKHI aHAIN3.

dopMupoBaHUE TPOCOTNIECKIX XapAKTEPUCTHK.
CuHTe3aTop pyccKoi peuu.

SI3bIK (hopMaNTbHOM 3aMKMCH MPAaBUII CHHTE3A.
HNuTonanmonHOE 0becreyeHue.
Annodonnas 6a3a TaHHBIX.
JIMHTBUCTHYECKHI aHAIN3.
NHcTpyMeHTapuii CHHTE3a PyCCKOW peyH.
Cucrema pacrno3HaBaHUsI PEUH.
AKycThuecKasi ¥ JIMHTBUCTHYECKasi MOJIEIH.
Knaccudukanus cuctem pacrno3HaBaHHUsL
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Jlabopamopuaa paboma Ne8. Heuemxue u ubpuonvie neiiponuvie cemu. HnmennexkmyanvHoie
UH@OpMayuUOHHble cUCmeMbl 8 YC108UAX Heonpedenennocmu u pucka. Heuemkue mnoscecmea.
Jlunzeucmuueckue nepemennvie. Heuemkue npaguna evieoda. Cucmemovl HeuemkKoz20 6v1600a
Mamoanu-3ade.  Dazugpuxkamop. /eghpazugpukamop.  Mooerv  Mamoanu-3ade  Kax
YHugepcanvHoiil annpokcumamop. Heuemkue cemu TSK (Taxacu-Cyzeno-Kanza). I'udopuonwii
anzopumm o0yueHus Heyemkux cemeii. Mackaa Ikcnepmuasa cucmema. Onpedenenue MAKoU
IKcnepmuoil cucmemol. Cpagnenue Heuemkou u MaA2Koil IKcnepmuoix cucmem. Ilpeocmasnenue
3HaHUUl 6 MAKOU IKcnepmuoii cucmeme. Cooepircanue 0a3 3HAHUIL U OAHHBIX MAKOU
IKCHEPMHOIL CUCHEMDB.

AHHOTanus: PaccMaTpuBarOTCsA: MaTeMaTHYECKHE OCHOBBI HEUYETKUX CHCTEM, MPEUMYILECTBA U
QITOPUTMBI OOYYCHHSI HEUETKUX HEHUPOHHBIX CETeW, HEYETKHE CETH C TeHETHYECKOH HaCTpOIKOM,
9KCIIEPTHBIE cUCTeMbI Ha ocHOBe THOpuaHbIX HC.

I/IHmeJmeKmyanbnble um[wpmauuouuble CUcmemsl 6 yciioeusax ueonpe()ejzeunocmu U pucka

C noMOIIBIO CUMBOILHOU 00pabomku uHGopmayuy He YIACTCS PEUINTh NPHUKIAIHBIE 3a7auu
MHOTHX TpPEAMETHBIX o0jacTel, ecnu A HUX HEBO3MOXKHO IMOJYYUTh MOJHYIO MH(OpPMALMIO U €ClH
UX onpeodelierue HEJOCTATOYHO MOHO. Takasi CUTyalus XapakTepHa JIJIs:

. CJIOKHBIX TEXHUYECKUX CUCTEM;

. CUCTEM YKOHOMHUYECKOTO IUIAHUPOBAHMS;

. COILIMAJIBHBIX CUCTEM OOJIBIION Pa3MEepHOCTH;
. CUCTEM IIPUHATUS PEILICHUN U T.II.

BI:IXO,Z[OM ABJICTCA HMCIIOJIB30BAaHHMC CHUCTCM, OCHOBAHHBIX Ha MAT'KHX BBIYMCIICHUAX, KOTOpBIe
BKJIFOYAIOT B ce0s:

. HEYETKYIO JIOTUKY M BEPOSITHOCTHBIC BEIYHCIICHUS;

. HEHPOKOMITBIOTUHT - 00y4YEeHHE, aJlanTalus, KIacCupUKalus, CACTEMHOE MOJICTUPOBAHUE
1 UAeHTU(UKAIUS;

. TCHCTHYCCKUE BBIYHCICHUSA - CHHTE3, HACTPOWKa ¥ ONTHMH3AIMs C ITOMOIIBIO

CUCTCMATHU3UPOBAHHOTO CHy‘IaI\/'IHOI‘O IMIOMCKa M 3BOJIFOIINHA.

OTH COCTaBHBIC YaCTH HE KOHKYPUPYIOT APYT C APYroMm, a co3aarT 3(h(EKT B3aUMHOTO YCHIICHUS
(rubpuaneie cuctembl). Hapsimy ¢ TepmMuHOM "MSTKHE BBIUMCIACHUA" HCIONB3YETCS TEPMUH
"BBIYUCIUTENbHBIA uHmeniekm" - HaydHOE HaIpaBieHHUE, TJ€ pElIaloTCs 3adaud HCKYCCTBEHHOIO
WHTEJUICKTa Ha OCHOBE TEOPUH HEYETKUX CHCTEM, HEHPOHHBIX CETeH W IBOIIOIMOHHBIX (TCHETHYECKHUX )
BBIUMCJICHUH.

HedeTkue HeHpoOHHBIE CETH C TEHETHMYECKOW HACTPOMKOW mapameTpoB (TMOpUIHBIC CHUCTEMBI)
JEMOHCTPUPYIOT B3aUMHOE YCHJICHHE JOCTOMHCTB U HUBEIMPOBAHUE HEJOCTATKOB OTJIEIbHBIX METOIOB!

1. IlpencraBineHue 3HAaHUN B HEHUPOHHBIX CETAX B BHUJIE MAMpuy 6ecos HE T03BOJISET
OOBSICHATh PE3yNIbTaThl MPOBEACHHOTO pPAclO3HABaHHWS WJIM TPOTHO3WPOBAHUS, TOTJa Kak B
crcTeMax BbIBOJa Ha 0a3e HEYETKHUX MPaBUII PE3yIbTaThl BOCIPUHUMAIOTCS KaK OTBETHI Ha BOIIPOCHI
"mouemy?".

2. HeilipoHHble ceTH O00y4aloTCs C TOMOIIBIO YHHBEPCAIBHOTO alTOpUTMA, T.€.
TPYIOEMKOEC U36/IeYeHUe 3HAHUll 3aMEHsIeTCsT COOpOM  JOCTAaTOYHOM MO 00BeMy o0O0ydJaromiei
BBIOOpKHU. [[JIsI HEUETKUX CHCTEM BBIBOJIA U36/leUeHle 3HAHUL BKITIOYAET B CEOSI CIIOKHBIC TPOIIECCHI
dbopmanuzanuy TMOHATUH, oOmpeaercHne QYHKIUN NPUHAIICKHOCTH, (OPMHUPOBAHUE MPABHI
BBIBO/IA.
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3. Heuerkue HelpoHHbIE ceTH OOy4YarOTCs KaK HEHPOHHBIE CETH, HO HUX pPE3YJIbTaThl
OOBSICHAIOTCS KaK B CHCTEMaxX HEYETKOTO BBIBOAA.

Heuemxkue muodcecmea

[TonsTne HeueTknx MHOXECTB (fuzzy sets) kak o6obOwerue OOBIYHBIX (YETKUX) MHOMKECTB OBLIO

BBeeHO JI.3ane B 1965 r.. TpaguumoHHHbIil ciocod npeacTaBneHus INeMeHTa MHONCECMBA 1 COCTOMT B

)

o H K :
NPUMEHEHUH XapaKTePUCTUUECKOH (yHKIHU PA\T) , KoTopas pasHa |, cCcnv 37CMCHT TIPUHAUICKUT
MHOXECTBY <1 , unu paBHa 0 B MpOTUBLIOM cityyae. B lederkux cucremax dJIEMELT MOMKEL 4acTuyllo
NpUHAUIEKATh JI000OMYy MHOXkKecTBY. CTCTICHR TPWHA/UICKHOCTH MHOKCCTRY A , TIPC/ICTaRITSFOTIIAS

y y 5 LAlT)
co00i1 0606w enue XapaKTEPUCTUUECKON (DYHKIINH, Ha3bpIBacTCsA (GYHKIMEN IPUHAIIESKHOCTH fal &

€ [0, 1] pa(x) =0

- , talz) = 1
MPUHAJICKHOCTH I° MHOXECTBY - | , al A\T) - NOJHYIO MPUHANTEIKHOCTD.
KonkperHoe 3Hauenue yHKIUN TPUHAUICKHOCTH  HA3KBACTCA  CTCIICHRIO  WIIW  KOA(PQUTTUCHTOM
MIPUHAIIC)KHOCTH.

npuiycM / I- i{ 4 ] a3laqacyr OTCYICIBHC

Jlunzeucmuueckue nepemenmnbvle

B Teopum HEYETKMX MHOXKECTB, MNMOMHMO MEPEMEHHBIX LM(PPOBOro THMA, CYILECTBYIOT
JINHTBUCTUYECKHUE IIEPEMEHHBIE C IPUITUCLIBAEMELIMH UM 311a4elIHsIMH.

[Tycts I o0o3Havaer ‘TeMLEPATYPY. Moixuo OLIPEUEILHTL,

HEYeTKUe MHodcecmea "oTpunarenpHas’, "0nmmikas &k Hymw", "TONOKWUTENHHAL', XapakTepu3vemule

bynxumAMH TIPHHAIEKHOCTH Horpuu\ L) , “"1”.\'5'{-'”, Hnonox (L)
JInarBucTrueckas nepemennas "temneparypa’ MOKET NMPUHHAMATL 3HAUYEHHUS "OTpullatenbHasn" "dnuzkas
K Hymo", '"momoxwurtenbHas". QyHKyist HEUETKOR — MPUHAANEIKHOCTH — SIBIAETCA  HENPEPbIBHBIM
NpUOIHKEHUEM MTOPOTOBOM (PYHKLIHMY TOULIOA LPHIIAMIEIKIIOCTH.

Heuemkue npaeuna 6v1600a
IIpasuno evigooa
eciu I” 3TO A , TO Y 510 B

Ha3bIBAECTCSI HEYETKON MMILIMKALUCH A— B , CCIu A u B . mmreucrivecxue smaucans
(3HAYCHMS TUHCBUCTNUYECKOU — NepeMeHHOl), WACHTH(UITMPOBAHHBIC HCUCTKUM  CITOCOOOM  €wcpe3
COOTBETCTBYIONINE QYHKIIUU MPUHAIICKHOCTH AN EPEMEHHBIX.

' '

Yacte " I 310 A HAa3bIBACTCA yclloBueM (LIpeMllochLUIKoi), a " Yo B clleucrBuemM

(3aKJIFOUECHUEM).

Oboowenue niist N -MEpHOro BekTopa - ;

ecm L'l s10 "ll u L2 310 l-’ u...uwtN s 1\ o  ato B ‘l ‘_’ cee

Anx, B

, 0003HavYa0T BEJIMYHHBI COOTBETCTBYIOIINX KO3 PHUIIHEHTOB

,2,...,N,uply)

IIPUHAJIEKHOCTH palTi), 1 =

Bosmoxkua urmepnpemayus HA \T)
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. B (popMe JIOTHUYECKOTO IPOU3BEICHUS
palz) =min—_npalx;)
. B (hopMme anredpanyuecKoro Mpou3BeICHUs
[!_1{.!':1 — H /!,1(.!','}

1=]....,, \

(arperupoBaHue MPEATOCHIIKH).

Kaxnoii AMILIUKAIIUHA A—- B MOYHO MPUITHACATD 3HAYeHUe PYHKIHH

MIPUHAIIECKHOCTH HA-B (_.l'. Y ]:

. (dbopma JOTHUECKOTO TPOU3BEIACHUS
pa—sp = min{pa(z), up(y)}
. dhopma anredpanyecKkoro MpOU3BEACHHS

HA-B = paAlZ)uply)
arperupoBaHye Ha ypPOBHE UMIUIUKALIAN).

Cucmemot neuemkoz2o évieooa Mamoanu-3aoe

DNEeMEHTbl TEOpPUM HEYETKUX MHOXECTB, MpaBWJa HMIUIMKAUUA M HEYETKUX PaACCYKICHUN
00pa3yloT CUCTEMY HEYETKOTO BBIBOJIA. B Hell MOKHO BBIJICIHUTD:

. MHOECTBO MCIIOJIb3yEMbIX HEYETKUX IIPABUII,

. 0a3y IaHHBIX, COJIEPKAILYIO OMMMCAHUS (PYHKIUH NPUHAICKHOCTH;

. MEXaHU3M BbIBOJIa M arpErMPOBaHUs, KOTOPBIH (GOpPMUPYETCS TPUMEHIEMbIMU MTPaBUIAMH
MMILIUKALUH.

B cirydae TEXHUYECKOM pcannsanun B KAa4€CTBEC BXOJHBLIX W BBIXOAHBIX CHUTHAJIOB BBICTYIIAIOT
HU3MCPACMBIC BCJIWYMHBI, OJHO3HAYHO COIIOCTABJIAONIMEC BXOJIHBIM 3HAUCHUAM COOTBCTCTBYIOUIUC
BBIXOJHBIC 3HAYCHUSI.

s obecriedyeHus] B3aUMOACHCTBHSI 3THUX JBYX BHJJIOB BBOJUTCS HEYETKas CHCTEMa C Tak
Ha3piBaeMbIM  (pazudukaTopoM (mMpeoOpa3oBaTeieM MHOXKECTB BXOJHBIX JIAHHBIX B Heuemikoe
MHOJICecmeo) Ha Bxoae u aedasudpukaropom (mpeoOpazoBaTerieM HEUYETKHX MHOXKECTB B
KOHKPETHOE 3HaueHue BBIXOIHOH MepeMEHHOW) Ha BBIXO/IE.

dazn¢ukarop mpeodOpasyeT TOYHOE MHOXKECTBO BXOAHBIX TaHHBIX B HE\-UETKOE MHOXECTBO,
OIpeJIeIEHHOE C MOMOIIBI0 (PYHKIIMM MPUHAMISKHOCTH, a~Aedasudukarop pemraer oOpaTHyIO 3aaaqy -
dopMupyeT OAHO3HAYHOE pEUIEHHE OTHOCHUTEIBHO 6X00HOU EPEMEHHONH Ha OCHOBAaHUM MHOTHX
HEYETKUX BBIBOJOB, BEIPAOATHIBAEMBIX MCIIOJHUTEIHHBIM MOIYJIEM HEUETKOW CHCTEMBI.
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Mpasuao |
ro
= | Ecou xoto A == yoaro B
Mpasuao 2
o — u
r—t e | Ecniuaxoyro A, = yoa10 B, =| Arperarop = Jledasndurarop =
2 2 -
Heuetroe Herwoe
MHOMECTED MHOWECTRO
[lpapuno M
O
== | Ecav woto A = yoro By, | —

Puc. 1. BeiBoJ B HEUETKOM CUCTEME ITPU HATMYMKU M IIpaBuI

BbixoqHO#  cHTHam  MOAYJsSs — BBIBOJA  MOXET HMMETh  BHI M ewerxux MHOYXECTB,
OTIPEACTSIONINX OUana3oH U3MEHEHHUsI  BBIXOJHOW  mepemeHHoi.  [ledasudukatop  mpeobpasyer
3TOT OUANA30H B OJHO KOHKPETHOE 3HaueHue, NMPUHUMAEMOE B KadeCTBE BBIXOJHOTO CHTHAJIa BCEH
CHUCTCMBI.

B moaenu BeiBoga Mamaanu-3aie npuCyTCTBYIOT CIEAYIOIINE Onepamopbi.

. orepaTop JIOTHYECKOrOo WM apu(PMETHUYECKOTO TMPOU3BEACHMS [UId OIpeaeseHUs
PE3YIABTUPYIOIIETO YPOBHS aKTUBALIMU, B KOTOPOM YUUTHIBAIOTCSI BCE KOMIIOHEHTHI BEKTOPA yCIOBUS,

. orepaTop JIOTUYECKOTO WK apuPMETHIECKOTO IPOU3BEICHUS IJIs OTIPEICIICHUS 3HAYCHUS
(GYHKIIUY TPUHAICKHOCTH JJIs BCEH MMILTUKAIIH A—>

. orepaTop JIOTUYECKOW CYMMBI KaK arperarop paBHO3HAYHBIX PE3yJIbTAaTOB HMMILIUKAIIUU
MHOTHUX MPaBUJ;
. omneparop aedazudukanuu, TpaHCHOPMUPYIOMINI HEYSTKUNA pPe3yabTaT Y ) B UYETKOE
snauenue .
MuHHMYM

1
py () s ()

& |: (x,)

|4

g

[T Makcumym
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Puc. 2. [Ipumep cuctemsl BoiBo1a Mamaanu-3aze

Ha puc. 2 mpcreTarncH cmocod arperupoRanus IPU JIBYX BXOTHBIX TICPCMCHHBIX Z1, 41 2,

Jloruueckoe npoussedernue (oneparop ILLT) ) ucmonp3yeTcs Kak IO arperMpOBaHHS HETETKUX

. — J,
IpaByuJI OTHOCHTEIIBHO KOHKPCTHBIX II€PEMCHHBIX L ) ¢ l L OGP&BY}OHIHX CEKMOpP L, Tak U Ha

YPOBHE HMIUTHKAIIHA A > B UId  OJWHOYHEIX [paBWI BBIBOIA. Aepecuposaniie UMILTHKALWM,
Kacaroluxcs MpaBui | u -), MPOBOANTCS ¢ HCMOMb30BAHUEM TOTHUECKOH cyMMBbl (onepatop TTLALL ),

Pazuduxamop
. \' o = [.l']. i U \'J
DazuduxaTtop npeodpasyeT + ¥ -MEpHBIi gexmop “ ‘Nl B HEUeTKOe
, ” talx
MHOXCCTBO 4 l , XdPaAKTEPH3YCMOLC {i}}(’H]{L{HCI/I NPUHAOACHKHOCTH l ‘ l{ ] .

Haunboubiiei 1oyl sipioctblo 1oib3yIores  GYUKUAM  1ayCCOBCKOIO  THLIA, ‘TPEYIOJLILE U
Tpaneueu1aTbHbIe (PYHKITHH:

. O0mas gopwva rayccorckoi QyHKIMN
\ r 9 )

pa(z) = exp[—(x — ¢)° /o]

€ - TICHTP HCUCTKOTO MHOXKCCTRA,

O - ko3 PUIMUEHT INUPOTHI.

. Cummerpuuuas tpeyrounias Qynkinms
pa(z) ={1—- |z —c|/d, npu z € [c — d,c+ d;

0, Juist OCTAJILHBIX & }.
C - 1enTp,
f[ - IIHPHHA.

. TpaneneunansHas GpyHKITHA

pa(x) =40, npu z/gtz n x/lty:
l, npuc—t/2 <z < c+t/2;
s(z—z), npuc+t/2< x<z;
s(t—y), nppny<z<c—t/2;},

S - yIon Hakiona.

ITpn t =0 HOJIy4aeM TPEyroJabHYI0 () YHKIIHIO.
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Hegpazugpuxamop

TpanchopmupoBats Heuemkoe MHOHCECMB0 / A\ Y ) = HA—I ”( Yy ) B
peuieHre </ MOKHO MHOTHMH CIIOCOOaMHU:

1. Jedazuduxarus OTHOCUTEIHLHO IIEHTPA 00JIaCTH

Ye= | ply)-y-dy/ /!f(.u)n’y

.

HIn
Ye = Z/w; ) - yi/ Zﬂ(m)

2. Jlebazudukanus OTHOCUTEILHO CPETHETO IIEHTPA

Yo = Z ;t(r',,-)-(',-/ Z p(ci)

i=1.M i=1.M

roe i - 1eHTp / -ro HEYETKOTO MpaBuJIa,

H \Ci ) - COOTBETCTBYIOIIAS ()YHKYUA TTPUHAIIICIKHOCTH.

3. Hedazudukaius OTHOCUTEILHO CPETHET0 MAKCUMyMa

T

i=1.m

TOYCYHOC

rae /7l -  KOMAYECTBO TOYEK, B KOTOPBIX H ( Y -’) JIOCTUTAeT MAaKCHMaJIbHOIO 3HA4YEHHUI.

Eciu qbyHKI/}u}l I!( U ] HMeeT MaKCHUMAaJIbHOE 3HayeHue TOIbKO B OJHOM TOYKE, TO
YM = Yma..
4, BBI6I/IpaeTC$I MHHHMAaJIbHOE M3 MaKCUMAaJIbHBIX 3HAUCHHI y .

Ys - nanvensmee uz Y , JJI1 KOTOPBIX / (\ Y ) = mav .

5. BBIOMpaeTCsa MaKCUMaJIbHOE U3 MAaKCUMAaJIbHBIX 3HAYCHUH:

Y . HauOOJIbIIIEE U3 Y , 1 KOTOPBIX / I(-U ) = max .
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Mooenvs Mamoanu-3aode KaKk yHugepcaibHbli ARRPOKCUMAMOP

MOI[CJ'II/I HCYCTKOI'O BbIBOJA ITO3BOJIAKOT OIIMCATh BI)IXOI[HOI\/'I CUIrHaJl MHOTOMCPHOI'O Iponecca Kak

. — )
HEJIMHEHHYI0 (DYHKIMIO BXOAHBIX IEPEMEHHBIX | I LU= 1,2,...,4 \ U I1apaMeTpOB HEUYETKOU

CUCTEMBI, HallpuMep, NpPHU UCIOIb30BaHWM B KA4eCTBE arperaropa oreparopa airedpandeckoro
MIPOM3BENICHUS C TTocenyromei nedasuduxanueil OTHOCUTEIFHO CpeHero nenTpa. B mogenn Mamuanu-

3ane kaxaoe u3 . [ IIPaBUJI OTIPEAEIISAETCS YPOBHEM aKTHBAIMH YCIIOBUS

M
Yi) = H'”Ah("'.x )
J=1

)

]
LEHTP ( ! HEYCTKOTO MHOJICecmea 3aKkiltodeHus ¢ -ro  mpaBwia BbIBOAa. Torma jaedasuduxarms
OTHOCHUTEIILHO CPETHETrO IIEHTPa JacT

M N M N
Y= [‘Z(I”[H [!‘1,(.1'1)])/2 H/’.h{.-"_r)
1=1 1=] =1 9=1]

ITpuBenennsie ¢opmynasl Moaenun Mawmpaanu-3age HMMEOT MOJYJIbHYIO CTPYKTYpy, KOTOpas
UJCAIBHO TOAXOAUT Il CUCTEMHOIO IIPEACTaBICHMS B BHJE MHOIOCIONHON  CTPYKTYpHI,
HallOMUHAIOIIEH CTPYKTYPY KIIACCHUECKMX HEHUPOHHBIX ceTei. Takue ceTu Mbl OyaeM Ha3bIBaTh
HEYETKUMH HEHPOHHBIMH CETSIMH. XapaKTepHOW MX OCOOEHHOCTHIO SIBJISIETCSI BO3MOKHOCTh
UCIOJIb30BAHUSI HEUETKUX IPABMJ BBIBOJA Ui pacdyeTa BbIXOJHOro curHana. OOydeHue Takux cerei
CBOJUTCA K pacyeTy napaMmeTpoB QYHKIUHU (Pa3upHKaIHH.

rae Yi -~ suauenue Y , npu KOTOPOM 3HAYeHue H\Y;: MaKCHUMaJbHO. [Tyctp Yi

Heuemkue cemu TSK (Taxacu-Cyzeno-Kanea)

VI \ %
Cxema BbiBoia B Mozaenu TSK mpu ucnons3zoBanuu ¥/ mpaBun M iV mepeMeHHBIX = ./ MMeeT

1=1,2,...] \I)

(2)

N)

N
then y; = pio + Z Dis T
J=1

if (218 A}") (218 Ay’) ... (zyis A

Venosue \Li 18 lf]

peanuzyetcs GpyHKIueH dazupukaum

\ 2hi

pa(zi) =1/(1+ ((x; — ¢;)/ai)™).

[Ipu M MpaBWJIaX arperupoBaHHbBINA BBIXOJHON PE3YJIbTAT CETH UMEET BUJ]
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M M

y(zx) z w;iyi(x)/ Z

1=1 1=1
\ 1
Yi\x) = pPio + E PijZ ;.
)=l

I'l ]
) l
Beca ("I umrepnpernpyiorcs Kak 3mauumocms KOMIOHEHTOB Ha
MO>KHO MOCTaBUTh B COOTBETCTBHE MHOTOCJIONHYIO HEMPOHHYIO cemb puc. 3.

"'”. Torma ¢opmyne (1)

Z]

—— Vi) = wiixm) \‘
. D) . W= () .
o a1 )
o=y yal®)
N
m—i—huﬂmﬂxﬂ

Wa=pu @ (=)
P F GG
4 z)

X i)

W= M () I yx)
4Pz
x (5

4z fa

*’

;

=
Eearet
&
e

A

N

;

3
E
g

—»

Puc. 3. Heuerkas Heiiponnas cetb TSK

1. IlepBolii crmoit BIMONHSET (ha3zuduKaIMo KaXI0H MepeMEeHHON. DTO MmapaMeTpHIEeCKUN CIIOH C

1) (2] L2)
AR s i
napamerpamu -/ J /', MOJUTeXAIUMH aJaNTalliy B TIPOIECCEe OOYICHHMS.
2. Bropoit cioi BBITIOJIHSIET acpecuposanue OTACIbHBIX  TEPEMEHHBIX, onpenensis
w; = Wil(x)
pe3yNbTUpYyIolee sHauenue KodhHUiueHTa MPUHAISKHOCTH ! AV s

BeKTOpa I’ (HemapaMeTpU4YeCKuil Cion).

3. Tperuii cinoit - eenepamop @yuxkyuu TSK, paccauTbiBaeT 3HaUCHUS
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N
YilZ) = Pio + E DiiZ;.
J=1

B 5TOM ClToe TaKiKe IPOM3BOIUTCA yyHodicenue () 4o W , cOOPMUPOBAHHEIE B TIPEBIIYIIEM

Yiau® =1 Dvnsnad M.1=1,2 .::5i \

clioe. 3nech ajarnTanun oajIekat Beca P J? ‘ s
omnpeaenstonme GyHkuo cueactsus moaenu TSK.

4. YerBepThlii CJIOH COCTaBIAIOT JBa HEHpOHA-cymMMaTopa, OAMH U3 KOTOPBIX PAacCUMUTHIBAET

)

B3BEIICHHYIO CyMMY curmanos kL) , a BTOpOI - CyMMY

secos (Ui t=1,2,...M (mena i i
paMETPUYECKUM CITOM ).

5. IlaTeIil coM U3 OJHOTO HEMpPOHA - 3TO HOPMAIM3YIOIIMHI CJIOH, B KOTOPOM BBIXOJHON CHTHAI
cetu arperupyercs o ¢popmyse (1).

Takum oOpa3zom, B mporiecce OOy4YeHHs IMPOUCXOAUT YTOYHEHHE MapaMETPOB TOJBKO IIEPBOTO
(HEeTMHENHOT0) ¥ TPEThEro (JTMHEIHOT0) CIIOEB.

T'ubpuonviit ancopumm odyuenua HewemKux cemeu

[TapameTpsl, moaAsIeKAIINE aIANTAINK, PA3ICIISIOTCS Ha IBE TPYIIIHL:

) o
. IepBasi COCTOUT U3 MapaMeTPOB Pij JIMTHEWHOTO TPETHETO CIOS;
. BTOpasi COCTOUT U3 MapaMeTPOB HEIMHEWHON (YHKIIMH MPUHAIICKHOCTH IIEPBOTO CIIOSL.

YTouHeHue mapaMeTpoB MPOBOJUTCS B JBa dTara.

Ha nmepBom osrtame mnpu (QUKCAUMUM ONpPEACTCHHBIX 3HAUYEHUM mapameTpoB  (yHKIHUU
MIPUHAJIEKHOCTH IIyTEM peuleHusl cucmemvl JUHEUHBIX YpaeHeHuli PACCUNTHIBAIOTCS

napamerpsr 27/ nomamoma TSK.

[Ipy u3BeCTHBIX 3HAUEHUAX (DYHKUIMM MPUHAJIEKHOCTH MpeoOpa3oBaHUE, pealn3yeMoe CEThbIo,
MOKHO MPEICTaBUTh B BUJIE

M N

Yylz) = Z w;(pio + Z DiiZ;).
J=1

=]

A N N
wi = ([Tt @)/ D] iy (@)] = const.
J=1 k=1

S 1=1

[Tpu P oOydJaronmx BeIOOPKAX P u samene BBIXOJIHOTO CHUTHaJIa

(1) . N
CCTHU OOicuaaeMblM SHAYEeHUem d HOJIy‘-II/IM CI/ICTeMy n3 I ) JIMHCHUHBIX ypaBHeHI/II/I BU1a

W.P=d,
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rac
Y, 7 (1) g A1) 7 F A1) g (1)
Wn Wnty ... Wy .. Wiy Wiydy oo Wipydy
7 + (2) + (2) 7 Y (2) Y A2)
H/ _ u 21 u -_;_;1.:' 1 T | | 21.! N v u IN u '_’J.f’l | iaw 10K 2‘”.1 N
N z . (p) g - p) N g p) s (p)
(¥ pl u pl'f 1 S ! | Pl.l N (¥ pM i p.‘.f"' l s s U i"-”J N
o N /&
P=|pwo...pN---Pmo---pun|l’,
w) '
li - ypoBeHb akTuBammMu (6ec) ! -ro TpaBWwiIa TpPU  TPEABSIBICHUU k ro Bxommoro
-
BEKTOpa A }.

Pasmeprocms MaTpuIisn W paBHa pXx UV + 1) 4 , TIPU 3TOM OOBIYHO KOJIMYECTBO CTPOK
(KomM4YecTBO BEIOOPOK) 3HAUNUTEIHLHO OOJIBIIE KOJIMUECTBA CTOJIONOB. Pemenne 3Toil CuCTeMBbl ypaBHEHUH

MOKHO TTOJTYYUTh 32 OJIUH IIIar MPH TTOMOIIU TICEBIOMHBEPCUN MATPHIIBI ‘ t :

P=WT"d.

HC@B,I[OI/IHBepCI/Iﬂ MaTpUulbI 3aKJIH0OYACTCA B pCHICHUHN 3aJa4 MUHUMHU3 AN
min |W*W — E||,
rae | COUHUYHAS MaAMPUYd.

o D4
Ha  Bropom  oranme  (IMHEHHBIE  TapaMeTphbl pPi - (uxcupoBaHsI)

v = 1.9
PaCCUUTHIBAIOTCS (PAKTUIECKUE BHIXOTHBIC CUTHAIIBI Yk , k=12,..., P
y = Wp,

6eKmMop OMUOKU

eE=1y—d,

*1
U epaduenm 1eN1eBON QyHKIIMU E ( n) o mapameTpam nepsoro cios. Ecnu mpumensercs memoo
Hauckopetiuezo cnyckd, To (opMyJbl alanTallly TPUHUMAIOT BU

('_{f”(“ +1) f'_{}”(n} — (1,.(')[:'(11)/(')(-_2”
(T{!-”(H +1) = rr{;-”(n) — (1{,0]:‘(:}]/(')(;[1_”

b (n+ 1) = b}’ (n) — ®OE(n)/0b;’

rae /! o6o3HavaeT HOMEp OYEPeTHOM UTEPALIHH.
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Ilocne yrouHeHMs HENMHEMHBIX IapaMETPOB BHOBb 3aIlyCKaeTCs INPOLECC aJaNTalud JIMHEWHBIX
napameTpoB TSK (mepBwIif 3Tan) v HETMHEHHBIX MapaMeTpoB (BTOPOM ATarl). DTOT IUKI MOBTOPSETCS
BILJIOTH JIO CTAOWMIIM3AIIMU BCEX IMapaMeTPOB MpoIiecca.

Mackaa IKchepmHuaa cucmema

PaccMOTpuM  apXMTEKTYypy M OCHOBHBIE CTPYKTYPHO-(DYHKIIMOHANbHbBIE pEIICHUS MSITKOU
skcnieptHOM cuctemel (MOC). ns onpenenenus MOC comocTaBUM TMOHATHS HEYETKOW M MSTKOM
OKCHEepPTHBIX cucTeM. B omucanum apxutekrypel MOC OydgeM HCHONB30BaTh TPU IpPU3HAKA!
CIoco0 uzsneuenuss 3HaHUll; npeocmaesienue 3HaHni; o0paboTky 3HaHuM. [lepednclieHHBIE TPU3HAKU
CO3/1af0T O0IIYI0 "KOOPIUHATHYIO" CETKY OTHMCAHMUS.

Onpeodenenue mazkou kcnepmuoinl cucmemsvt. CpagHenue HeUemMKoU U MAIKOU IKCHEPHIHBIX
cucmem

Heuemxue sxcnepmmusie cucmemst (3C) UCTIONB3YIOT npedcmasieHue 3HaHUH B opMe HEUETKHUX
MPOTYKITHI U JIUHSBUCTNUYECKUX nepemMeHHbIX. OcHoBy MIPE/ICTaBICHHUS IUHSBUCUYECKOU
nepemMeHHOU COCTaBIsET mepm ¢ QPyHKIHEeH mpuHaIIekHOCTH. Criocod o0pabOTKM 3HAHUI B HEYETKUX
OC - 3T0 102unecKkuil 661600 IO HEYETKUM NMPOAYKIUAM. OcobeHHOCThIO HeueTkoi DC sBIseTcs crocod
W3BJICUCHHUS (DYHKIMNA TPUHAICKHOCTA, KOTOPBIH CBOJUTCS IJHUOO K CTAaTHUCTUYECKUM METOJaM
MTOCTPOCHUS, TUOO K METOAY IKCIEepTHHIX oreHoK. Msrkoit DC (MDC) 6yneM Ha3biBaTh HeueTkyo JC,
KOoTOpasi 001a/1aeT CIeAYIOIUMUA OCOOCHHOCTAMHU:

° HUCIOJIB3YCT CTATUCTUUCCKHUC IAaHHBIC, KOTOPBIC HMHTCPIPCTUPYCT KaAK 06yqa101une
BBIOOPKH JIJIs1 HEUYETKUX HEHPOHHBIX CETEH;
. MIPEJICTABIISIeT 3HAHUS B BUJIE JIUHBUCTNIUYECKUX nepemerHbIX (PYHKUNNA TPUHAAIEKHOCTH

- @II), HeYeTKHX MNPOAYKUUH M OOYYCHHBIX HEWPOHHBIX CeTel. PemyKiuss MHOXXECTBa HEUYETKHX
npoaykuuii,HacTpoiika @I u 6a3bl MpaBUII BRIMOIHSAETCS ¢ TTOMOIIBIO TeHETUYECKHX anropuTMoB (I'A).

MSATrKUMHU Ha3bIBAIOT BBIYMCIECHUS, COYETAIOIIME TEOPHIO HEYETKHX CHUCTEM, HEHPOHHBIE CETH,
BEPOSITHOCTHBIE PACCYXKACHUS U 2eHemuyeckue aneopummol, 1 00JIaJalonue CHHEPIrUUECKUM dPPEKTOM;
CJIEI0BATEIbHO, MATKON 3KCHEPTHOM cucTeMoil Ha3bpiBaloT DC, COUETAIOIIYIO0 MEPEUNCIICHHBIE TEOPUH
paau Toro ke 3 exTa B3auMHOTO YCHIICHHS.

PaccmoTtpuM  BO3MOXkHBIE TpuMeHeHMs MOC B aBTOMAaTU3UPOBAHHOM IMPOCKTUPOBAHUH.
O0001IeHHOH MOOenbl0 npoeKMuposanus IBISETCA NEPAPXUIECKU-OTOUHBIN METO, CYITHOCTh KOTOPOTO
CBOJUTCS K JEKOMIO3UIMHM (PYHKIMHA C MOCIEAYIOIIUM BBIICICHUEM HEpapXuil CUCTEM U IOJICUCTEM.
[Tpoektupyemass cucrema (OpMUPYETCS C TOMOIIBI0 CHHTE3a TaKUX TMOACUCTEM. AHAIU3 B XOHe
aBTOMATHU3HPOBAHHOTO MPOEKTUPOBAHUS OOBIYHO 3aKJIHOYAETCSd B TOM, YTO HEOOXOAMMO PacCMOTPETH
YCIIOBHSI 3KCIUTyaTalluy Oyaylied CUCTEMBl WIH €€ OKPYKEHHUs, KOTOPOE SIBISIETCS CIOXKHOM cHCTeMOn
(mampumep, ISl SKOHOMUYECKMX HH(DOPMALMOHHBIX CHUCTEM OKpYyKarollas cpeia - 3TO COILUAIbHO-
SKOHOMHUYECKast cpena). Kpome anammsa OKpy»Karomied cpeibl B XOA€ MPOSKTHUPOBAHUS MPUXOIUTCS
BBITIOJIHATE aHaIu3 Pe3yabTaToB (U3MUECKUX WM YHUCICHHBIX OSKCIEPUMEHTOB U HMHUTALMOHHOTO
MOZACIIMPOBAHUA. Mozxno BBIACIIMTL JABa OCHOBHBIX TIpHHIMIIA BKCHepTHOﬁ ACATCIIBHOCTH B XOI€
MPOEKTUPOBAHHS.

1. McxonHple naHHbIE U aHAJIM3a MPEACTABIIAIOTCA B BUIE KAYECTBEHHOTO OIIMCaHUs CTPYKTYPHO-
(YHKIIMOHATBLHOTO pEIIeHUs] U B BUAE COBOKYITHOCTH BPEMEHHBIX PSAJOB CHUCTEMHBIX IEPEMEHHBIX
OKPY)KEHHS.

IIpyHuun  "KOHCTPYKTMBHOW  HEOINPEAEIEHHOCTU"  yTBEPXKAAET, UTO MOYHOCHMb U CMBICI
IpOTHBOpEYAT JApPYr APYry, HauWHas C HEKOTOPOr0O MOMEHTa aHaiau3a. Eciau B TEXHUKE BaXKHBIMHU
ABIISIIOTCSL Bce OoJiee TOUHBIE U3MEPEHUs], TO B XOJI€ aHAIM3a HKCIEPT OTKA3bIBAETCS OT TOYHBIX LU(D B
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M0JIb3Y HEYETKUX, HO COJICPKATEIBHBIX OLEHOK, KOTOPHIE OCMBICIICHBI M TTO3BOJISIOT MPUHSTH TPOECKTHOE
WM YIPaBIE€HYECKOE pellleHuE.

Msirkast skcnepmuas cucmema NOJDKHA TPEAOCTABUTh MHCTPYMEHTATbHYI0O U WH(POPMAIMOHHYIO
cpeny Ui SKCIEPTHOU JCATENHHOCTH B XOJAE MpOoeKTUpoBaHus. MHCTpyMeHTH 11 pa3pabotku MDOC
JOJDKHBI TIPEJCTABIATh COOOM COBOKYMHOCTh PA3MUYHBIX HPOTPAMMHBIX MPOIYKTOB, OO0BEIMHEHHBIX
norukoil pabotel. [lokaxkem, uro MOC, sBIsAONMIasICS WHCTPYMEHTAIBHON CpEeIod MPOEKTHUPOBIIHKA,
MO3BOJIACT BBIIIOJIHUTH B aBTOMATHU3UPOBAHHOM PCIKUMCE BCC 3TaIlbl BKCHepTHOﬁ ACATCIIBHOCTH. Ecmu
paccMmarpuBath IKCIIEPTHYIO 0esimeibHOCHb KaK yIpaBJeHHE 00BEKTOM,
TO UHCMPYMeHmMAapull SKCIEPTU3bl MOXKHO HCIOJIb30BaTh KAaK CHUCTEMY YIpaBJCHUs, a HMEHHO -
HEYETKUI Konmpoiunep.

Ilpeocmagnenue 3nanuii ¢ mackou Ikcnepmuou cucmeme. Cooeprcanue 6a3 3HaHUl U OAHHBIX
MAZKOU IKCREPMHOU CUCHIEMbl

Ecnmu wucnone3oBath Hewerkyto HC Ha ortane useneuenus 3uauuti, TO, KpoMme (YHKIMN
MPUHAJICKHOCTH W HEYETKUX MPOIYKIMH, IMOPOXKIAETCS COBOKYMHOCTH 00ydeHHbIXx HC, KoTophie
BXoAaT B 0a3zy 3Hanuii MOC. Onmumuszayus (pedykyus) MHOJ*CeCmea U3BIICUYCHHBIX  TIPABHII
BBITIONTHSIETCS] HA OCHOBE T€HETHUYECKOTO allTOPUTMA.

basa 3nanuu MOC nomxkHa coepxaTh CIEAYOLNE YaCTu:

. (GyHKINN TPUHAICKHOCTH;

. HEYETKHUE MPOIYKIINH;

. 00y4YeHHbIC HEUEeTKHE HEMPOHHBIE CETH;

. MPOIeIypbl HHTEPIPETAIIMA XPOMOCOM I'€HETUYECKHX aJlTOPUTMOB;
. (GYHKIHU ONITUMAIBHOCTH.

PaccmoTpuMm mpobiemMy NpeicTaBiICHHUS IEPEYUCICHHBIX COCTABHBIX YacTe B KOMIIBIOTEPHBIX
MHTEJJIEKTYaJIbHBIX CUCTEMAX. Ecnu ¢pynkyus npuHaUIeKHOCTH ~ XapaKTEPU3yeTCsl  TaKUMH
MaTEeMaTHYeCKUMH  CBOMCTBAaMH, KaK  HENpephIBHOCTH, BBIMYKJIOCTh  (YHUMOJAJIbHOCTB),
TO @)yHKYUs TPUHAIIICKHOCTH MOXKET OBITh IpEJCTaBlieHa NapaMeTpU30BaHHON (yHKIMEH (QOpMBI.
Haubonpimee pacnpocTpaHeHue TOMYYMIW  4YeTbipe BuAa (QyHKIud  GOpMBI:  TpeyroJibHas,
TparenueBuIHas, KOJIOKOJI000pa3Has 1 CUTMOUJabHAasl, KOTOPBIE ONPEACISIOTCS TPOMKON, YeTBEPKOU U
JTBOMKOW  TapaMeTpPOB  COOTBETCTBEHHO. HeKoTopwIe onepayuu HEYETKON  aireOpbl  COXPaHSIOT
YHUMOJQJIbHOCTh TPU HCIIOJIb30BAaHUM TPANCLUEBUAHOTO NPEACTaBICHUs (QYHKIMHA NMPUHAIICHKHOCTH,
MO3TOMY PE3yJbTaThl onepayuy TakKe SBIAIOTCS YETBEPKOW MapameTpoB. /Ipedcmasnenue HEUETKUX
MNPOAYKIMI YIPOIIAETCSA B CBA3U C TEM, YTO MOPSAJOK 00pabOTKM HEYETKUX NMPOIYKIMNA HE BaKEH U HE
BIMAECT HA XOJ BBIBOAA pe3yibrarta. [Ipedcmasnenue HEYETKOWM HEHPOHHOW CETH SBJsETCS Oosee
CIIO)KHOW TpoOieMoil, Tak kak omucanue ctpyktypsl HHC He mmeer cmbicia 6e3 HelipommuTaropa
COOTBETCTBYIOIIEH aPXUTEKTYpPbl HEYETKUX HEHUPOHHBIX CETEW, T.€. HEUPOMMHUTATOP OMPEACISIETCS Kak
COCTaBJIAIONIAs 4acTh MeXaHu3Ma BbeiBoga Msrkoi OC. [ oprannszanuu xpaneHus 3HaHuid MOC MOXKHO
ucrnonb3oBath kak CYA/], Tak 1 crienuaibHble (OpMaThI.

KonTposabubie Bonpocsl JIP§(ITK-4):
1. HHTennekTyanbHbIe MHOOPMAIMOHHBIE CHCTEMBI B YCIIOBUSX HEOIIPEICICHHOCTH U PUCKA.
Heuerkne MHOXkecTBa.
JIMHrBUCTHYECKUE TTIEPEMEHHBIE.
Heuerkue npasuina BeiBOAA.
CucreMbl HeUETKOTO BbIBOJIa Mamaanu-3ae.
dazudukarop. dedbazuduxarop.

SAINANE el
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7. Mopens Mamnanu-3aie Kak yHUBEPCAJIbHBINA alllIPOKCUMATOP.

8. Pacno3HaBaHu€ pyKOIHCHBIX TEKCTOB.

9. CocrosiHue U TEHACHIIUU Pa3BUTHS HICKYCCTBEHHOTO MHTEJUICKTA.
10. Ycnexu cucteM UCKYCCTBEHHOTO MHTEUIEKTA U MX PUYHUHBI

11. MonenupoBanue OU3HEC-TIPELEACHTOB.

12. Pa3paboTka Mojenu OU3HEC-00HEKTOB.

13. Pa3zpaboTKa KOHIIENTYaIbHON MOJICTH JaHHBIX.

14. Pa3paboTka TpeOOBaHHil K CUCTEME.

15. Ananus TpeboBaHU# U IPEABAPUTEIHHOE POSKTUPOBAHNE CUCTEMBI
16. I'uOpuHbIi anropuT™M 00YUYEeHUSI HEUETKUX CETEH.

17. Msrkast 3KCriepTHasi CUCTEMA.

18. Onpenenenne MATKOW SKCIIEPTHON CUCTEMBI.

19. CpaBHEHUE HEUETKON U MATKOM KCIIEPTHBIX CUCTEM.

20. [IpeacraBienune 3HaHUM B MITKOM 3KCIIEPTHOU CUCTEME.

21. Coneprxkanue 6a3 3HaHUIA U JAHHBIX MSTKOM SKCIIEPTHOW CHCTEMBI.
22. CuHTE3aTOp PYyCCKOM peumu.

23. SI3p1k hopManbHOM 3aITUCH TTPaBUII CHHTE3A.

24. VIHTOHAIIMOHHOE OOecTeueHHeE.

25. Annodonnas 6a3a naHHBIX. JIMHTBUCTUYECKHI aHATN3.

26. UncTpymeHTapuil CUHTE3a PyCCKON peuu.

27. Cuctema pacrio3HaBaHUS PEUH.

28. Axyctuueckas U JJMHTBUCTHYECKAs] MOJACIIH.

29. Knaccudukanms cuctem pacriosHaBanus. CHCTEMbI MAITUHHOTO 3PEHUS.
30. OcHOBHBIE NPUHIIUIIBI WU IIEJIOCTHOCTh BOCIIPUSITHS.

31. PacriozHaBaHuE CUMBOJIOB.

32. CocTosiHuE U TEHJEHIMH Pa3BUTHS UCKYCCTBEHHOI'O MHTEIJIEKTA.
33. Ycnexu cucTeM UCKYCCTBEHHOI'O MHTEJUIEKTA U UX MPUYHHBI
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