4. ONTUMU3ALMA NAPAMETPOB HEMPOCETEBOW MOAENU

MpeanonoXxuM, 4Yto B pesynbTaTe NpPOBEAEHUs SKCNEPUMEHTa U npes-

BapuTeNbHON 06paboTkn AaHHbIX MOYYEHO HEKOTOPOE MHOXECTBO
Z" ={[u(n), (0], t=1N}, (2.42)

roe u(s), y(t) — COOTBETCTBEHHO BXOAbl W BbIXOAbl CUCTEMbI, N — YMCNIO

AVCKPETHbIX OTcYeToB. [OMyCTUM TakXke, YTO BblbpaHa HeKkoTopasi Mo-

[leNnbHas CTpyKTypa
V(1) = (2]0) + e(r) = g(1,0) +e(t) - (2.43)

B cootBeTcTBUM C 06LEN CXEMOW peanu3aumv npoueaypbl naeHTuduka-
UMK CneaylowmnM 3TanoM SIBASIETCS OLEHKa MapaMeTpoB BbibpaHHON Mo-
[AENbHOM CTPYKTypbl. [pyM MCNONb30BaHUM HEMPOCETEBLIX MOAENbHbIX
CTPYKTYp 3TOT 3Tan NpeAcTaBnsieT cobor HacTPOMKy BECOBbIX kO3hduULU-
E€HTOB CETU B pe3yfibTaTe peanu3auuv npoueaypbl 0bydeHus Ha MHOXe-
cTBe npumepoB. Oby4deHne npeacTaBnsieT cobon oTobpa)KeHMe MHOXECT-
Ba 3KCNEpMMEHTasbHbIX AaHHbIX Ha MHOXECTBO MapaMeTpoB HeWpoceTe-

BOW MoAenu
AR (2.44)

C Uenblo MoslyYeHMsi OMTUMANbHOro, B CUJTy HEKOTOPOro KpUTEpusi, npo-

A

rHO3a BbIXOAHOMO CUrHana j. TPAAMLUMOHHO WCMOMb3YEMbIM KpUTEPUEM

[9, 5] siBnaeTca cpeaHekBaapaTUYHas olMbKa NPOrHo3MpoBaHKS.

N _LN . 2_LN 2
Vy(8,Z )—ZN;(y(f) $(16)) _2N§8 (2,9) . (2.45)



[laHHbIA Noaxod OTHOCMTCS K Knaccy MEeToAoB OWMOKM NMpOrHO3MpPOBa-
Hus (MOIM) [9], Tak Kak OCHOBHOW 3agadyeit ABNSeTC MUHUMMU3aUMSl CyM-

MapHOM HOPMbl OWWMOKM MPOrHO3MPOBAHUS &= y(1)— $(t|6) . B HEKOTOPLIX

Ccny4dasax pacCMaTpuBaloTCAa HOPMbI, OT/IMYHbIE OT KBaﬂpaTW—IHOﬁ, KOTOpblE
ABNAKOTCA ONTUMalbHbIMU NMPU HErAyCCOBOM pacnpeneneHnm BO3MYU.|,€HI/II‘/J1

e(t) . Tpn ncnonb3oBaHun Kputepust B Buae (2.45) MOIN cooTtBeTcTBYET

OLiEHKE METOAOM MaKCMMallbHOIo I'IpaB,CI,OI'IO,D,O6VI9| npu ycnosmn HoOpMasib-

HOrO pacnpeaesneHnst BO3MYLLEHUN e(t) .

Hanbonee npuBnekaTenbHOW 4epToM MeToda SBASIETCA AOCTaTOYHO
MPOCTON aNropuMTM OLEHKWU napameTpoB (BecoBbix koadduumeHToB) HC u
HE3aBMCUMOCTb OT BO3MYLLEHMI (NpW YCNIOBMW MX HOPMasibHOro pacrpe-
aenenvs). B page cnyyaeB AaHHbIM KpUTEPUM He aBNseTcs abCcontoTHO
ONTUMasnbHbLIM [9], HO B NPaKTUYECKMX NPUNOXKEHUAX OBbIYHO NPUBOAUT K
Hauny4len Moaenu.

B pa3sgene 2.4.1 npeacraBneHbl METOAbI OMTMMM3AaUMM C UCMONbL30Ba-
HueMm Kputepus (2.45). B pasgene 2.4.2 0bcy>xpatoTcs npakTU4eckune ac-

nekTbl NpuMeHeHust MIMNO K 06yYeHMI0O HEMPOHHBIX CETEMN.

4.1. MeTtoa ouM6KM NPOrHO3MpPOBaHUA

|_|pl/1 ncnonb3osaHnn MOl OCHOBHas 3adayva COCTOUT B HaXOXAEHWUK

napaMeTpoB MoAENN NoCpeACTBOM MUHUMU3ALIUN d)YHKLl,VIOHaJ'Ia

6=arg meinVN(G,ZN). (2.46)

Mpu ycnoBuMM KBaAPATUYHOCTU KPUTEPUSI PacCMATPUBAETCS YACTHbIN
cnyyar 6e3ycnoBHON ONTUMU3ALUMMU — HENMHENHAA 3alavya O HaUMeHbLLIMX

kBagpaTax [7]. CywecTByeT psaa METOAMK PELLEHUS 3TOM NPOBNEMbI; AaH-



HbIlA pa3aen NocBsILEH 06CYXXAEHUIO anropuTMOB, UMEIOLMX HEMOCPEACT-
BEHHOE OTHOLLUEHME K 0BYYEHNIO HEMPOHHBIX CETEN.

Mpouenypa noMcka MMHUMYMa. PasnoxeHne kputepus B psaa Teu-
nopa (Ao 2-ro nopsaka BKIOUMTENBHO) B OKPECTHOCTM TOYKM 6 UMEeT

BUA:

Vy(0,2N) =1y (07,2")+(0-0")T 1 (07, 2V)+

1 k(T " * N * (2'47)
+5(9—6 ) Vy(0,Z27)06-06),
e rpagveHT onpeaenseTca Kak
N
G(o%) =1 (or, 2y = OZ 1 (2.48)
do 0=0"

a MaTpuvLa BTOPbIX NPOM3BOAHbLIX — reccuaH, MaTpuua Fecce:

d*y(0,2V)

* n et 7N
HO) =10, 2") =

(2.49)

6=0"

[1OCTaTOYHbIMK YCNIOBUSIMM MUHUMYMA (DYHKUMWN SIBASIKOTCS PaBEHCTBO
Hynio rpagmeHTa (2.48) v nonoxuTtenbHass ONpeaAesnieHHOCTb reccnaHa
(2.49):

G(8") =0, (2.50)

H(6)>0. (2.51)

B cnyyae, koraa kputepuii (2.45) UMEET CNOXHYIO HESIMHENHYIO CTPYK-
TYPY, aHanuUTUYecKoe HaxoXAeHue MUHMMYMa He npeacTaBnseTca BO3-

MOXHbIM, YTO MPUBOAUT K UCMNONb30BaHMIO UTEPATUBHbIX METOAOB. B 06-



WeM Cny4Yyae WTEpaTMBHbIA anropuTtM Moucka MUHUMYyMa MOXET ObiTb

npeacraB/iEH B CneayoweM smnae:
Ui+th — g +u(i) f(i), (252)

roe 6 onpeaensieT 3HaveHne NapaMeTpoB Ha Tekyllel utepauum (i), /7
onpeaenseT HanpaeneHue noucka, a p') — Wwar anropuTMa Ha TeKyllein

uTepaumn.

B obuwem cnyyae kputepuin nmeet bonee ogHOro MMHMMYMa, HO, K CO-
YXaNeHUIo, UTEPATUBHbIE METOAbI MOMCKa He 06eCrneunBatloT CXOAUMOCTY K
rnobanbHOMy MUHUMYMY. MpobnemMa «noKanbHbIX MUHUMYMOB>» Herocpea-
CTBEHHO CBA3aHa C BbI6GOPOM HayasbHbIX 3Ha4YeHui napameTpos 6,

FpagMeHTHbI MeToA. B OCHOBE rpagMeHTHOro MeTofa, WivM MeToaa
HAWCKOPEWMLLEro Cnycka, NEeXUT OnpeaesieHNe HanpaBleHUst MOWUCKA Kak

NPOTUBOMOJIOXHOIO HanpaBnEHUIO rpaanueEHTa, T.€.
0" =0 —nOGeM). (2.53)

CXoAMMOCTb METOAA CYLUEeCTBEHHO 3aBMCMT OT Bblbopa wara p'”: npu

[AOCTAaTOYHO MAJIOM LWare obecneyrBaeTCs YMEHbLUEHME KpUTEPUS Ha Ka-
xpon utepauum: ¥, (00, zVy <y, (0, z"V) . NpuMeHeHne meToda K oby-
YEHWIO HEMPOHHbLIX CETeN AAeT BO3MOXHOCTb OPraHM30BaTb BblYUCIEHUS
TakuM 06pa3oM, 4ToObl paLMOHaNbHO MCMOMNb30BaTb CTPYKTYPY KOHKPET-
Hon HC. B 3TOM cny4ae MeToj Ha3blBaeTCs METOAOM 06paTHOro pacnpo-
CTpaHeHus (OWwmnbKn), nnmn obobLueHHbIM AenbTa-NpPaBuIoM.

[Ansa Bbibopa Wwara anropMtMa, onpeaensitolero CKOpocTb CX0ANMOCTH,

MOryT NMPUMEHATBLCA pa3/inyHblE METOAbI, B TOM YUC/IE N aAaNTUBHbIE, XO-



TA BO MHOIMX NpUoXeHnAax UCnonb3yrTca METOAbl C NOCTOAHHbLIM LLAromM

u®,

HezaBncnumo ot Bbl60pa lara, FpaﬂMeHTHblﬁ MeToA MOXeT obecneynTb

k3

TONMBbKO JIMHEWNHYIO CXOAMMOCTb, T.E. ‘e(”” -0 , ce[0,1). He-

< 0‘6(”1) -0

OOCTaTOYHO BbICOKAs CKOPOCTb CXOAMMOCTM anroputMa fenaeTr HeBO3-
MOXHbIM MPUMEHEHWe MeToda ANS peleHns 3afad B pexmnme peanbHOro
BpeMeHU. TeM He MeHee MeTo4 MOXET 6blTb 3(PPEKTUBHO MCNOb30BaH B
HeMpoceTeBbIX NPUNOXEHMSIX Bnarogaps 3HauUMTENbHOM NPOCTOTE peanu-
3aUun, CKPOMHbIM TpeboBaHWAM K OMepaTUBHOM MAaMSATM U BO3MOXHOCTU
NCNOJIb30BaHNSI €CTECTBEHHOW MapannenbHOCTU anropuTMa Mnpu Haanymm
cneunannm3npoBaHHOro annapaTHOro obecneyeHus.

MeTtoa HbloToHa. MeToa HblOTOHa SIBNSIETC METOAOM 2-ro Nopsiaka,
T.€. OCHOBaH Ha cCneayloweM npeacraBneHun kputepus (2.45) psiaom
Tennopa (B OKPECTHOCTU TEKYLLEW UTEpaLUn):

Py(©.2%) =7, (0.2 +(0-067) G(0?)+

2.54
+%(e—e<">)TH(e“‘))(e—e“‘)). @59

BBeas ob6o03HaveHue

_dj/(t(e)
W0 ===, (2.55)

Nosy4nM BblpaxkeHusl Ans rpaaveHTa (2.48) v reccunana (2.49) kputepums

HanMMeHbLUUX KBaApaToB.

N
G(e):V;,(G,ZN>=%Zw(r,e)(y(r)—ﬁ<r|e>), (2.56)

i=1



1N 1 X
H(O)=V50.2) = 2w 0u" (00) - 2v/0,0):.0) . (2.57)

MuHuMyM yHkUmm (2.54) HaxoauTca B Todke 75,(6,ZY)=0. B cuny

CUMMETPUYHOCTU NrECCMaHa UMEEM.

_ G0+ Lm0 - 700 — 00 —
0=G(0)+(2H (00~ H(O)0 000 (2.58)

=GO+ H®OD)0-06").
AHanu3a cooTHoweHusa (2.58) npuBoauT K cneayoweMy UTepaTUBHOMY

NpaBuy HaCTPONKK NapamMeTpoB:
00D =0 [ 10| G(O™). (2.59)

OueBMaHO, 3TO MpaBWUIO COOTBETCTBYET Liary anroputMa p'’ =1 u Ha-

MPaBfEHMIO MOUCKA, OMPEAESSIEMOMY pELLEHWEM CUCTEMbI  JIMHEMHBIX

ypaBHEHWH
H(e(i))f(i) =—G(9(i)). (260)

HanpaBnenHne noucka [ 06bIMHO Ha3bIBAlOT  HbIOTOHOBCKUM

HanpasneHuem [7].

Ha npakTuke Metoa AO/MKEH AOMOSHATLCA NIMHENHBLIM [17] nouckoM,
TaK Kak BblpaxkeHue (2.54) npeactaBnseT cobov NWlb anmnpoKCUMaLMIO
kputepusi (2.45). ANnpokcMMaums AEUCTBYET TOJSIbKO B HEKOTOPOM OKpe-
CTHOCTM TEKYLUEW MTepaummn, YTO MOXET MPUBECTU K CYLLECTBEHHOWN pas-
HULUEe MeXay peasibHblM U NPOrHo3upyembiM (MOSlyYeHHbIM B pesynbraTe
annpokcMMaummn) 3HadeHueM. B cnyyae, korga metos HblOTOHa AONOMHSA-
€TCS IMHEMHBIM MOWCKOM, aNirOpPUTM HOCUT Ha3BaHWe MOAN(MULMPOBAHHO-

ro (aemMngupoBaHHOro) Metoaa HbloTOHA. 3Ta MoauduKkauus He obecne-



ynBaeT abCONMOTHOM CXOAMMOCTM, MO3TOMY OObIYHO WCMONb3yeTcsa ANns
YBE/IMYEHUSI CKOPOCTU CXOAMMOCTM B OKPECTHOCTU TOYKU MUHMMYMa, TO-
raa Kak Ans nepBoHavyasibHoro npubIMKEHUS UCMONb3YETCS MPAAMEHTHbIN
METO/I.

PaccMOTpUM anmnpoKCMMaLMI0 B OKPECTHOCTM MUHUMYMa 0 :
VN<9,ZN>=VN<e*,zN)+%<e—e*)TH<e*)(e—e*>- (2.61)

HecmoTpsi Ha TO, YTO reccMaH MOSIOXKUTENbHO OnpeaeneH, OH MOXeT
6bITb NI0X0 06ycnoBneH. OYeBNAHO, YTO NNLIHMI NapaMeTp (BECOBOW KO-
3¢durumeHT HC) nNpMBOANT K GECKOHEYHOMY MHOXECTBY MapaMeTpoB 6,
YAOBNETBOPAOWNX YyCoBuio 2.61, onpeaensisi CUHrynsipHoOe 4Mcno rec-
cnaHa. OgHaKo reccvaH B NpuHUMNE He MOXET ObiTb CUHIYISIPHBIM B TOY-
K& MUHUMYMa, YTO OOBACHSIETCS HA/IMYMEM BO3MYLLEHWUI B peanbHON cuc-
Teme. CMHIyNSpHOCTb reccuaHa NpuMBOAMUT K NpobnemMam BblYMCIUTENBHO-
ro Xxapakrtepa npu onpefeneHnn HamnpasneHus noucka. NMpobnema moxer
ObITb pelleHa NyTeM Ao6aBNeHUs K recCMaHy AMaroHasibHoOM MaTpuubl ne-
pen peleHneM cuctembl (2.60) ¢ uenbto ynydiieHns 06ycnoBneHHOCTMU.

C TOYKM 3peHust BblUMCAUTENbHBIX 3aTpaT ornpeaeneHne reccmaHa u
HanpaBNeHNs MOUCKa SBNSIETCA AOCTAaTOYHO TPYAOEMKOM Mpoueaypo.
HecMoTpsi Ha KBaApaTUYHYIO CKOPOCTb CXOAUMMOCTU B OKPECTHOCTU MUHM-
MyMa, peanusaums anroputMa Tpebyer pake 60MblNX BPEMEHHbLIX 3a-
TpaT, YeM AN MEeTOAOB MepBOro nopsiaka. JTa npobnema paspeluaercs
Mpy MCMOMb30BaHMM annpoKCMMaUMi reccuaHa, MCNosib3yeMblX B KBasu-
HbIOTOHOBCKMX MeToaax [7].

Hanbonee yaayHoW CxeMOM anmnpoKCMMauuW reccmaHa sIBNsieTcsl anro-

puTM BpoigeHa - ®netyepa - Monbadgapba - LWaHHo [7]. Anroputm aaet



NOJMTOXMUTENBHO ONpPeAeseHHYH0 annpoKCMMaLMIoO reCCcMaHa Ha OCHOBE 3Ha-
YeHUIN Ha NpeablayLMX UTepaumsax U COOTBETCTBYHOLWMNX rpaaneHToB. Cy-
LecTByeT psia mMoaudvKauuii anroput™a [7], xoTa Hambonee 4acto wc-
Mosb3yeTCs BapuaHT HEMOCPEACTBEHHOIO MOJTyYeHMsl MaTpuLbl, obpaTHON
reccMaHy. B 3Tom cnyyae uTepatuBHas npoueaypa noucka MUHMMYyMa

NpUHUMaET BUA:

p(i+D) :e(i)_u(i)B(e(i))G(e(i)), (262)

R . -1
roe B(e(”)z[H(e(’))} — annpokcuMMauust 0bpaLLeHHOro reccuaHa, Moau-

dbrumpyemMasi B COOTBETCTBMU CO CIIEAlYIOLLMM BbIPAXKEHNEM:

s =1 Ae(")(AG(”)f 500 1 AG("f(A(%(”)'T .
(AGD)T A0 (AG™)T A"
(AGT (2.63)
Ae(z)(Ae(l))T
—
(AG(I))TAO(I)
roe
ABD = g _ gD (2.64)
AGY =G(0)-G(O"™). (2.65)

MonoxutenbHas onpeaeneHHOCTb reccnaHa 06YCJ'IOBJ'IEHa BbINOJIHEHWN-

€M CrieayroLero ycrnoBus:
ONTAGTD >0, (2.66)

HecMOTpsi Ha TEOpPETUYECKYH0 BO3MOXHOCTb MPUMEHEHMSI MeToda K
06YYEHUIO HEMPOHHBIX CETEN, NpaKTUYecKas peannsaums 0bbl4HO He JaeT
XKENaeMbIX pe3ynbTaToB MO MPUYMHE Masioil HayasbHOM CKOPOCTM CXOAW-

MOCTM anroputMa. MoaToMy Anst pelieHnst NpobnemMbl ONTUMU3aUUM HeNu-



HEWHbIX KBaApaTUYHbIX KPUTEpPUEB Hambonee NpUMEHUMbI CreunasnbHO
pa3paboTaHHble aIropMTMbl, OCHOBaHHblE Ha ceMencTBe MeToaoB Maycca -
HbloToHa.

Metop Naycca - HboroToHA. B MeToge MNaycca - HeloTOHa MCnonb3yeT-

cA NMHeNHas annpokcuMaums oLmnbKkm MPOrHo3npoBaHus
8(1,0) = y(1) = 3(1]0)
En(6,0)=£(1,0")+(&(1,67) " (0-0") = (2.67)

= 5(6,0") — (p(t,6)) " (6-6)".
MoanduumnpoBaHHbIN KpuTepuin (2.45) ansa /-0l utepaunm MMeeT BUA:
N 0 1 &, 2
Vy(6,Z27)~L (9)=EZ(8(1,9)) - (2.68)
i=1
BblpaxkeHne ans rpagveHTa sIBISIETCS aHanoroM Metoaa HbloToHa:
) N 1 & ) )
GO) =170, 2") == > w00 -3¢0 . (2.69)

i=l1

BblpaxkeHne ans onpefeneHus reccMaHa nNpeTeprieBaeT creaytolme

N3MeHeHn4.:
N
R(6)= R(OD) = %ZW(I,G(”)\VT(Z,O(”), (2.70)
i=1

roe R(0) — reccuaH Maycca - HbloTOHa (SIBNSIETCS NOMNOXUTENBHO MOJYOn-

peaeneHHbIM). [N HaxoXAeHUs reccuaHa TpebyeTcs onpeaeneHve Tosb-
KO MepBbiX MPOM3BOAHbLIX, UYTO [AET 3HauuTeNbHble MpeuMyLlecTBa B
BbIYMCIUTENIbHOM MJIaHE.

Mo aHanornm Cc MeToAoM HbiOTOHa MTepaTuBHas npoueaypa MUHUMU-

3aunm Kputepus (2.68) npuHuMaeT Bua:



00D =00 -[ROD)] " G(O). (2.71)

Ha NPaKTUKE HanpasJsiEHNE NOUCKa Faycca - HelOTOHa BbIUMCNSETCA Ha

OCHOBE peLUeHUsI CUCTEMbI YpaBHeHUN (2.72)
ROV) [ =-G(6"). (2.72)

B cnyyae, koraa ana onpeaeneHvs Wwara anropMtMa UCnonb3yeTcs nn-
HEMHbIA NMOWCK, anropuTM HOCUT HasBaHWe MoaudUUMpPOBaHHOro (aemn-
¢upoBaHHOro) metoaa aycca - HototoHa [7].

OueBMAHO, YTO MPU PaBEHCTBE HYJHO MaTpuLbl BTOPbIX NMPOV3BOAHbLIX

(2.73), (2.74) meTop lMNaycca - HoloTOHa naeHTMYeH Metoay HbtoToHa:

N
H(OV) = R(e(’”)—%Zw’(z,e“))s(r,9<">) ' (2.73)
i=1
d*5(1(0)
1.0y = — ", 2.74
v'(2,0) 102 ( )

MOMMMO 3TOr0 YaCTHOrO Criyyasi, JloKanbHasi CXOAMMOCTb MeToda nn-
HelHa. Mpu HyneBbIX UK BAN3KUX K HYJTIO HEBSA3KaX, T.€. NpU HEBONbLLKNX
3HaYeHMsIX OWMBKM NPOrHO3MPOBaHUSI B OKPECTHOCTU MUHUMYMa, NpuMe-
HeHne MeToda laycca - HblOTOHa He AdaeT XenaemblX pe3ynbTaTtoB. He-
CMOTPSI Ha TEOpPETMYECKN MeANIEeHHYIO NOKaNbHYD CXOAMMOCTb MeToaa, B
NPaKTUYECKNX MPUNOXKEHMSAX OH NPUBOAMT K NydlMM pe3ynbTaTaM, Yem
MeToa HblOTOHA MM KBa3UHBIOTOHOBCKUIA METOA.

MceBAOHLIOTOHOBCKUI MeToA. [1CeBAOHBIOTOHOBCKMI MeToA Nony-
YMN LIMPOKOE PacnpoCTpPaHEHME B TEXHOMOMMMU 0ByUYEHUsSI HEMPOHHbIX Ce-

TeW, TaK Kak npeacTaBnsieT coboin 3HaUnTeNbHOE ynpoLlleHne meToaa lMa-



ycca - HbloToHa. B anroputMe MCnonb3yeTcs annpoKCUMaLUnUs reccuaHa,
MoNyYeHHas NyTeM yaaneHusl HeanaroHanbHbIX 3/1IEMEHTOB.
WTepaTBHas npoueaypa MUHMMM3ALMKU ONpeAENnseTcs CneayloLwmm

BbIPpaXXEHNEM:
0i" =0} —nGL(0)/ Ry (0. (2.75)

MpenMyLwecTBO MeToAa 3aKI4aeTcsl B OTCYTCTBMM HeobXxoaummocTu
pelwaTb CUCTEMY YpaBHEHWWA 6O/bLIOA pPa3MEPHOCTM MpU OMNpeaeseHun
HanpaB/ieHNs NMOUCKA M 3HAYUTENbHOM 3KOHOMMEW OMepaTUBHOM NaMsSiTH,
06yCnoBNEHHOW MCMO/Ib30BAaHWEM TOJIbKO AMArOHasbHbIX 3/IEMEHTOB rec-
cnaHa. OaHaKo npakTuyeckasi CXoAMMOCTb anropuTMa HUXe, YeM Npu uc-
nonb30BaHMM MeToaa aycca - HbtoToHa.

Metop JleBeH6epra - Mapkapara. HanpasneHune noucka B mMeToae
laycca - HotoToHa (HbtoTOHA) He aBnseTcs abCcontoTHO ONTUManbHbIM, Tak

Kak onpeaensieTcs no annpokcMMaummn kputepus L(6) B HEKOTOPOMN OK-
PECTHOCTW TeKyLlel uTepaumn. BcneactBue Toro uto MuHumym L9 (0) B

06LLEM Cydae MOXET HaxOAUTbCS BHE 33[1laHHON OKPECTHOCTM, Bbl6Op
HanpaBfeHNs NMOMCKA MOXET OKa3aTbCA HEKOPPEKTHbIM. MOXHO npeano-
NOXUTb LeNecoobpasHOCTb Noncka MUHUMYMa L (6) TONbKO B HEKOTOPOIA
OKPECTHOCTW TeKyLlen utepaumnn. BolbpaB B kauecTBe OKpeCcTHOCTU cdepy
paanyca 8, MOXHO cchopMynMpoBaTh NpobneMy onTMMU3aLUK Cneayto-

wum obpasom:

é=argmeinL<">(e); ‘e—e“)‘szs("). (2.76)

WTepaTuBHas npoueaypa Moucka MMHMMYMa MpY Hau4mMK OrpaHuye-

HUI (2.76) MOXET 6bITb NpeACTaBeHa CeayoWMUM 06pa3oM:



gD _ g® +f(i), (277)

[R(e“’) + x“’l] £ =—GOM), (2.78)

rae napametp A onpegensier okpectHocTb . [laHHbIi METOA OCHOBaH
Ha pabotax [61, 65] n u3BecTeH kak Metop JleBeHbepra - MapkapaTa.
MMnepccdhepa paanyca &) MHTEpNpeTUPYETCs Kak OKpecTHocTb 67, B
npeaenax kotopon L) MOXET paccMaTpuBaTbCA KaK afeKBaTHas an-
MPOKCMMALMS KpUTEPUS ¥, (6,Z") . DTOT XKe NPUHLMM, UCTNIONb3YEMbI MpK

PELLEHUN HETMHEMHON 33A4a4uM HAaUMEHbLUMX KBAApaToB, HOCUT Ha3BaHWe
noaxoaa «Mogesnb — aoseputenbHas obnacto» [7].

B OT/MUME OT PacCMOTPEHHbIX paHee METOAOB, WAEONOrMst IMHENHOIO
MoMCKa NPOTUBOPEUMT KOHLIENUMKU anropuTma JleBeHbepra - MapkaparTa,
rae wWar anroputMa BblGMPaeTca aBTOMATUYECKM B OKpecTHocTn &7,
B3aumocBs3zb Mexay 8 u napamMeTpoM A') MOXeT 6biTb YCTaHOB/IEHA B

pe3ynbTaTe 3BPUCTUYECKOI TPAKTOBKM BAMSHMS A Ha HanpasfeHue no-

ncka. B cnyyae, koraa [R(e(">)+x(”1] 3aMeHSIeTCA AMaroHasnbHOW MaTpu-

e, HanpaBneHuWe MNoucka NpPeAcTaBNseT cobOi HanpaBneHWe aHTUrpa-
AVEHTa KpuTepusi. OYEBMAHO, YTO MPU A — oo AMArOHasNbHas MaTpuua
AOMUHUPYET HaA R(6), YTO MPUBOAMT K FpaAMEHTHOMY MeToay nowucka. C
APYroi CTOPOHbI, YCTAaHOBKA A =0 MPUBOAWT K MeTody laycca — HbloToHa.
HanpaBneHus moucka npu npoMexyTouHbIX 3HaueHusx A npeacrasne-
Hbl Ha puc. 2.8. OYEBMAHO HaNMuMe B3aMMOCBSA3N MEXAY YMEHbLLEHNEM
paanyca 5 u yBenuyeHumem napametrpa A (1 HaobopoT). K coxane-

HUWIO, ABHBIX BbIpaXXEHWI, onpeaensiowmx A ang KOHKPETHOro 3HaueHus



80, He cywecTByeT. 3TO NPUBOAMT K ABYM pa3fiMuHbLIM METoAaM noa-
CTporkn &) — NpsAAMBbIM M KOCBEHHBIM. B MpaAMbIX MeTodax HacTpovika &
NPOU3BOAUTCS HEMOCPEACTBEHHO, NMOC/IE YErO MPUMEHSIIOTCS UTEPaTUBHbIE
npoueaypbl ANs ONpeaeneHusl COOTBETCTBYIOWEro 3HauveHust A [7].
KocBeHHble MeToabl NPeAcTaBnsioT coboii 6onee NpocTyo CXeMy, aHasno-
MYHYIO MPEANIOKEHHON B opurnHanbHOW pabote [65]. Mpu ncnonb3osa-
HUU KOCBEHHbIX METOAOB MPOUCXOAUT HEMOCPEACTBEHHAs HaCTpoVka na-
pametpa A, NpuyeM onpeaeneHne AeWCTBUTENbHOMO pa3Mepa AoBepw-
TenbHOW 061acTy He NpousBoaAUTCA. na obecneyeHns cxoaMMocT MeTo-
Aa NpeanaraeTcs nocnefoBaTtesibHoe yBenuueHne A go Tex nop, noka
He MpPOM30MAET yMeHblueHne Kputepus L(9), nocne 4Yero urepauus 3a-
BEPLUAETCA. 3HAUYeHWEe NapaMeTpa A ANS Cleaylolend Utepaumm yMeHb-
waetcs. MpumeHeHne metoda kK 0byyeHmto HC npeacrtaBneHo B pabote
[43].

[pyroi KOCBEHHbIV MeToA npeacTasneH B pabote [35]. MeToa npeBoc-
XOAUT cxeMy MapkapaTa, OCO6eHHO C TOYKM 3PEHUst MPOCTOThl NMPUMEHE-
Husi. OCHOBHasi Maes MeTofa 3aK/OYaeTCs B COMOCTAB/IEHUM PeanbHOro
YMEHbLUEHUSI KPUTEPUSI U YMEHBILLEHMS], NMPOrHO3MPYEMOro Ha OCHOBE arn-

npokcumaumm L9 (9). B kauecTBe Mepbl TOYHOCTM anmnpoKCMMaLMM pac-
cMaTpuBaeTcsl KoappuumeHT

o _Vn@. 2N -1y (0" + 1. Z")

. —__ A 2.79
VN(G('),ZN)—L(I)(Q(I)+f(l)) ( )

B cnyuae 6nusoctu koadduumneHTa k eanHnle, L9 (0) ABNAeTCa aaek-
BaTHOM annpokcumaumen 7, (6,Z") n 3HayeHne A ymeHbluaeTcsi (4TO Co-

oTBeTCTBYeT yBenuyeHuto 3). C Apyroi CTOpOHbI, Hebonbluve unm oT-



pyuaTenbHble 3HaYeHns KoadduumMeHTa NpMBOAAT K He06X0AMMOCTH yBe-
nnyennst L. Oblwas cxema peanu3aumu anroputMa MoxeT 6biTb npea-
CTaBneHa cnegyowmm obpasom:

War 1. BelbpaTb HauyasbHble 3HAYEHUS BEKTOpa HacTpauBaeMblX Ma-
paMeTpoB 6(0) u koadduumneHta A(0).

lWar 2. OnpeaenvTe HanpaBleHWe MOWUCKa W3 CUCTEMbl YPaBHEHWM
[ROD)+2 1] 1O =-G(0").

War 3. Ecm »@>0,75 = 1@ =10/2,

War 4. Ecm 9 <0,25 = 1@ =200,

lWar 5. Ecnu V@D + @O 7Ny <y 09, zYy, TO NMPUHATD
0 =@ 4 £ Kak HOBYIO UTepaLMIO M YCTaHOBUTL A™D =),

lWar 6. Ecnu kpuTepuii OCTaHOBA He AOCTUrHYT, NEPENTU Ha war 2.

3HayveHns koHctaHT (0,25, 0,75 n 2) BblbpaHbl NPOM3BOSILHO U MOryT

6bITb M3MeHEeHbl 6e3 NoTepu CXOAMMOCTY anropuTma. Kputepuin octaHoBa

(war 6) obcyxpaaeTca B pasgene 2.4.3.

3HauyeHMe MUHUMU3MPYEMOTO KpUTepus L(”(e(” + f) MOXET 6bITb npea-

CTaBJIEHO B CneayLleM Bmnae:
PRI +f)=VN(e“),ZN)+fTG(e<">)+%fTR(e“’)f. (2.80)

Moactaenas B (2.80) 3HayeHWe BbIpAXEHWUS ANS OnpeaeneHust Ha-
npasfieHNs NOUCKA, NOJTy4YeHHOE U3 COOTHOLLEHMS

R(e(i))f(i) :—G(e(i))—Kf(i), (281)

nonyynm:



VN(e(">,ZN)—L(i>(e(i>+f‘<i))=%(—(f(”)TG(9("))+x("> ‘f(i) 2).(2.82)

CooTHoweHre (2.82) no3sonseT AOCTaTOYHO MPOCTO OnpeaensTb Ha
ware 3 1 4 AaHHOro anroputMa kosdduumeHt » .

3HayeHne BblpaxkeHusi [V, (00, zY)- LD + rD)] Bcerma HeoTpuua-
TenbHO. TakuMm 06pa3oM, ecnu HanpaeieHue Moucka, onpeaeneHHoe Ha
ware 2 anroputMa, He NpUBOAUT K YMEHbLUEHUIO KpUTEpPUS, TO 3Ha4YeHne
KoadhduumeHTa ' oTpuUATENbHO M YOOBNETBOPAET HEPABEHCTBY, MUC-
nonb3yemMoMy Ha wware 4. CnefosaTtesnibHO, 3HAYEHUE ) YBENMUYMBAETCS A0
Tex nop, noka He 6yaeT AOCTUMHYTO YMEHbLUEHWE KpUTepums.

CxognmocTb MeToaa JleBeHbepra - Mapkaparta npubnnsnTenbHO Takas
Xe, Kak n y metogda laycca - HbloToHa ¢ gemndupoBaHneM. [ononHu-
TeNbHbIM MPENMYLLECTBOM SIBMSIETCS XOopowasi 06yCnoBfeHHOCTb reccua-
Ha, noflyyaemasi 3a cyeT AobaBneHUs AuaroHanbHoM MaTpuubl (2.78).
[laHHbIi noaxoa SIBNSIETCS ONTUManbHLIM ANS peanusauuy npoueaypbi
06y4yeHusi HEMPOHHbIX CETEN, Tak Kak obecneunBaeT BbICTPYO CXOAUMOCTb
N BbIYMCINTENBHYIO PO6acTHOCTb. OCHOBHBIM HEAOCTAaTKOM MeToAa SBNsi-
eTcs HeobXxoAMMOCTb BblUMCNEHMS HAMPAB/IEHUS MOUCKA MPU U3MEHEHWUU
3HayeHus A BHE 3aBMCMMOCTWU OT TOrO, NPOU3BOAUSIOCH U3MEHEHWE BECO-
BbIX KO3(PULMEHTOB MK HET.

OyeBMAHO, YTO BbIGOP AOBEpUTENbHOM 06nacTu Kak cepbl B OKpPeCT-
HOCTM TEKyLUeW MTepauun He SIBNISIETCS OMTUManbHbIM B Cly4yae, eciu
3Ha4YeHMs1 HaCTpamBaeMblX MapaMeTPOB 3HAYUTENIbHO Pas3MyaroTCs. IDTO
MOXET MPUBECTU K CHWXXEHWUIO CKOPOCTWM CXOAMMOCTM MeToaa. o 3Ton
npuynHe wuHoraa uenecoobpa3Ho BblIGMpaTb AOBepUTENbHYKD 06nacTb,

BBOAS MaTpuLy MacluTabupoBaHus DY :



DY(O-0") <57, (2.83)

Mpy MCMONb30BaHUM MaTpULIbl MaclUTabuMpoBaHUsSi HarpasieHWe Mouc-

Ka onpegensaercda cneayrowmMm COOTHOLWEHNEM:
[ROD)-20DOTDD ] fO = —Go?) . (2.84)

B cnyuyae, korga HeMpOHHbIE CETU MCMOJbL3YIOTCS B KayecTBE MOAENb-
HbIX CTPYKTYpP ANS pelieHus 3agayun naeHTudukaumm n skcnepuMeHTasb-
Hble JaHHble npeaBapuTeNbHO MacWTabupoBaHbl, 3HAYUTENbHbIE Pa3fn-
UM BECOBbIX KO3(PUUMEHTOB 0ObIYHO HE COCTaBNAOT NpobaeMmbl.

PekyppeHTHble MeToAbl. PAacCMOTpeHHbIe paHee MeToabl ONTUMK3a-
UMM OTHOCATCA K KACCy HepeKyppeHTHbIX METOAOB, WM METOAOB MakeT-
HoW (rpynnoBoi) 06paboTkn. TepMMH «MakeTHas obpaboTka» noapasy-
MeBaeT WCMNONb30BaHME BCEro MHOXEeCTBA 3KCNepMMEHTasIbHbIX AaHHbIX
z" Ha kaxaoWn utepauuu anropuMtMa onTUMM3auMM BblOpaHHOW MoAENb-
HOW CTPYKTYypbl. OAHAKO B psiAe Cly4YyaeB HEO6XOANMO MAEHTUMDUUNPOBATb
CUCTEMY B peXuMe peanbHOro BpeMeHu Mo Mepe MOCTYN/eHus nsmepe-
HUI. TUNUYHLIM NPUMEPOM SIBAISILOTCA aAaNTUBHBIE CUCTEMbI, B KOTOPbIX
Ha KaXAOM Luare CMHTE3a CUrHana ynpasneHus HeobxoanumMo UMETb afek-
BaTHYIO MoAenb peanbHoro obvekta [9]. Metoabl naeHTUdUKaUMM, Npu-
rogHble ANns MCrnonb30BaHWs B peasibHOM MacwTtabe BpeMeHu Ans agan-
TMBHOIO OLEHMBAHWS MapaMeTpOB MOAENM MO TeKYLWMUM AaHHbIM, HOCAT
Ha3BaHME PEKYPPEHTHbIX. TPaAMUMOHHbLIN KpUTEPUIA ONTMMM3aLMK Napa-
MeTpoB (2.45) He MOXeT 6bITb UCMONb30BaH B PEKYPPEHTHBIX anropuTMax
(B cnyyae HeCTauMOHAPHOCTM cucTeMbl). Mpu peKkyppeHTHON onTuMm3a-

UMM Ha KaXXaoW wTepauuu Ansi HacTPOMKM MApaMEeTPOB MCOMb3yeTcs



TONbKO OflHA BXO[0-BbIXOAHAA Mapa [¢(¢),y(r)] W3 MHOXECTBa 3KCnepu-

MEHTAJ1bHbIX AAHHbIX:
0(1) = (1 — 1)+ () £ (). (2.85)

CnenyeT OTMETUTb, UTO B BbipakeHun (2.85) mHaekc ) 3aMeHeH Ha
aprymeHT ¢ (Bpems).

BonbWMHCTBO pekyppeHTHbIX anroputMoB [9, 5, 15,19] pa3spaboTaHbl
ANS OUEHKM AO0CTAaTOYHO MPOCTbIX JIMHENHbIX Moaenei. B cnyyae, ecnu
MoAenbHas CTPYKTypa CoAepXuT 60Mblloe YUCIo HacTpaMBaeMbiX napa-
METPOB, UCMONb30BaHME PEKYPPEHTHbLIX anropuTMOB B peXume peasibHoro
BpeMeHU CTAHOBUTCA npobnemMaTnyHbIM. TeM He MeHee peKyppeHTHble
anropuTMbl MoryT 6biTb 3(h(EKTUBHO MCNOL30BaHbI N AN OLEHKU Mojae-
Nnel Ha BCEM MHOXECTBE 3KCMepUMEHTanbHbIX AaHHbiX ZV . MocnepoBa-
TeNbHOCTb 06paboTKM AaHHBIX MPU UCMONb30BaHUN PEKYPPEHTHBLIX W
nakeTHbIX MeToaoB 06paboTkmn npeacTasnieHa Ha puc. 2.9. PekyppeHTHble
MeTOAbl UMEIOT Crieaytowme npemmyLLecTBa:

e [10CTaTOYHO NMpoCTasi peanu3auus;
e CKPOMHble TpeboBaHUS K UCMOMb30BaHWUIO onepaTUBHON namsT DBM;
e 3(hdeKTMBHOE UCNOb30BaHME U3ObITOYHOCTU MHOXECTBA dKCrNepuMeH-

TaNbHbIX AAHHbIX ANS1 MOSyYEHWUS BbICOKOM CKOPOCTWU CXOAMMOCTM ai-

ropuTMma.



HanpaBneHue noucka B anroputme
JleBeHGepra — Mapkapara ansi

pasnuuHLIX 3HaYeHui A
HanpaBneHwue
A=0 aHTUrpagueHTa
HanpaBneHue nowucka |l 1o
B anroputme MNaycca-HbloToHa A

Puc. 2.8. HanpaBneHue noucka B anropurme JleBeHbepra -
Mapkapara
Ilaxernas PexyppenTHbie

(Olg)g; 6[2’)1']:(3:) AJITOPUTMBI

Puc. 2.9. NMNocnenoBaTtenbHOCTb 06pPaboTKM S3KCNEepUMEHTasIbHbIX
AaHHbIX
Npy NCNOJIb30BaHUMN PEKYPPEHTHDbIX U rPYNnoBbiX METOAOB
OonTUMM3aLMKN NapaMeTpPoB MOAE/bHbIX CTPYKTYP:

N — ynciio Bxo[o-BbIX04HbIX COOTBETC TBUI B IKCTIEPUMEHTA/IbHOM



MHOXECTBE,

m — 4Yucjio «rpoxoqoB»

Oco6eHHOCTN MpUMEHEHMUS pEKYPPEHTHBIX anropuTMOB K ONTUMMU3aLMK
NMapaMeTpoB HEMPOHHbIX CETEN pacCMOTPEHbI B paboTe [32].

PekyppeHTHbIW MeTop Maycca - HbroTOHA. ANropyvTM OCHOBaH Ha
nocnefoBaTelbHOM BK/IIOYEHWM Nap BXOA-BbIXOA B MHOXECTBO [AaHHbIX,
ncnonb3yemblX Ana onTuMmusauum moaenu. Npu ncnonb3oBaHUM anpuopu
NOSTy4YEeHHOro MHOXeCTBa 3KCNEpPUMEHTaNbHbIX  AaHHbIX zV:
u(®)=u(t+N)+u(t+2N)=..., y()=y(t+N)+y(t+2N)=..., KPUTEPUN, ONTU-
MU3MPYEMbIN B KaXAbli MOMEHT BpPEMEHW ¢, OMpeAensieTcs CneayroLwmm

BblpaXXEeHNeM:
V(0,2 =3 e2(k,0). (2.86)
235

3HayeHUs1 HaCTpaMBaEMbIX MapaMeTPOB BbIUMCIAIOTCS MO opmMyne
0(t)=0(t—1)+ R (W /(0(t-1),Z"), (2.87)

rae rpaIMeHT onpeaensieTcs Kak

t t—1
F0.2') =~ ik 0)s(k.0) =~ 3 (k. 0)s(k,0) -
Ly Ly (2.88)

—;w, 0)e(t,0) = t;th;(e,zH ) —%\V(t, 0)e(2,0).

MpeanonoXuM, 4TO BEKTOP MapaMeTpoB MoAenu 6(:—1) [OoCTaBnsier
MUHUMYM  KpuTeputo (2.86) B  MOMEHT BpeMeHu t-1, T.e.

V{,I(e(z—l),Z"l):O, UYTO NPUBOAUT K BbIPAXKEHUIO



vie@e-1),2" = —%\u(t, 0(r—1))e(t,6(¢-1)). (2.89)

BoipaxkeHue (2.70) ans onpepeneHus reccumaHa Maycca - HbloTOHa Mo-

XET 6bITb NEPENUCAHO B CIEAYIOLLEM BUIE:

R(1) =~ Z\V(k )y (k,0)= R(t~1)+~ (\V(f )y’ (1,0)~ R(1-1)). (2.90)

k 1

Takum o6pa30M, nonydyaemM cneayrowmne BblpaXeHna ans HaCTpOl\/IIKM

napaMeTpoB MOAENN Ha TeKyu.l,eVI nTepaunn.

wn=ea—n+§R*ammobwn—ﬂﬂea—D», (2.91)

R(#)=R(z-1) +%(\v(t, Oy (1,6)—R(1-1). (2.92)

YT06bl M3bexaTh 0bpalleHns reccnaHa aycca - HbloTOHa MOXHO npu-

MEeHUTb creaytoLlee BblpaxkeHue (nemMMa o6 obpalleHnn maTpuu):

(A" +BCD)™" = 4— AB(C™"' + DAB)™ (2.93)

HENOCPeACTBEHHO K MaTpuLiE KoBapuauum P(t):lR’l(t) :
t

1 PU=Du(Ov' OP(-1) Y
P(f) R (t)=P(t—1)— T (OPE— DD (2.94)

HauanbHoe 3HaveHne 0bbl4HO BblbMpaeTcs Kak P(0)=cl , rAe ¢ — Aoc-

TaTOYHO «60sbLLOe» Yncno, 06biuHo 10% — 108,
Ans MopenbHbIX CTPYKTyp Tvna ARX anroputM npeactaBnsieT coboii
TPAAVLUMOHHBIN  PEKYPPEHTHbIN ~ METOA  HaWMMEHbLUMX  KBaApaToB

(PMHK) [9]. MpuunHOM MCNONb30BaHWA afanTMBHbLIX METOLOB M PeEKyp-



PEHTHOM MAeHTU(dMKAUUM Ha MpaKTUKe SIBMSIETCS TO, YTO CBOMCTBA CUC-
TEMbl MOMYyT WM3MEHSITbCS BO BPEMEHW, a anropuTMbl WAEHTUDUKALMK
AO/MKHbI OTCNEXWUBATb 3TU U3MEHEHWsl. DTO AOCTUraeTCcsl MyTeM B3BELUM-
BaHWs1 3KCMEPUMEHTAsIbHbIX AaHHbIX, MPUYEM MEHbLUME BEca Ha3Ha4aloTcs
6onee CTapblM U3MEpEHUsIM, KOTOpble Mano MHGOPMaTUBHLL. s aaan-
TUBHOM OLIEHKM HECTaLMOHapHbIX CUMCTEM MOryT ObiTb NMPUMEHEHbI pas-
NNYHblE MOANUKALMKN PEKYPPEHTHBIX aIrOPUTMOB.

ANIrOpUTM 3KCNOHEHUMWaNbHOro 3atyxaHus. OgHMM 13 croco6os
yOaneHus yctapeBlueil MHhOpMaUuM M3 MHOXECTBa 3KCNepUMEHTasbHbIX

[aHHbIX ABNSETCA BBeAEHUE B KpuTepuii (2.86) cdakTopa 3aTyXaHus i :

V,(0,2") = %Zt:k“ksT(k, 0)e(k,0). (2.95)

k=1

OnTUMKM3aLUMOHHas npoueaypa MOXeT 6bITb npeacrtaBneHa cnegyrowmnm

obpazom:

Ky PUDVO
1+ ()P ()

0(1) = 0(— 1)+ K (1) (1(6) — $(¢( 8t~ 1)), (2.96)

P(t) = (P(t=1)= Ky ()P(t=1)) /2.,

rae A — (akTop 3aTyxaHus — BblbMpaeTca B MHTepBane [0,1]. B cnyuae,

€C/IM B HEKOTOPOM HarnpaB/ieHWM MPOCTPAHCTBa MapaMeTpoB 3aTyxaHue
NpoucXoanT 6bICTpee, YeM MOSBNSAOTCS HOBble AaHHble, COBCTBEHHbIE
3HQUYEHMsI MaTpuubl KOBapuauuv CTPEMUTENbHO BO3pacTaloT. JTa Npo-

6nema MOXeT 6bITb pelleHa NyTeM BBEAEHMSI OFPaHUYEHMIN Ha COBCTBEH-



Hbl€ 3HaA4Y€HNA MaTpuLbl KOBapuauun. AJ'IFOpVITM C OrpaHN4YeHnsaMn MOXET

6bITb NPE/CTABNEH B CNIEAYIOLIEM BUAE:

K@)y =aP—1yy(1+y"(OPE-Dy(0)
0() = 0(t — 1)+ K (1) (»(1) - 3(1]0(t - 1)) , (2.97)

P(t) = %P(r )= K@y ()Pt -1)+BI -5P>(t-1),

roe  o,p,8,, — MapaMeTpbl, HACTPaMBaEeMble C Y4YETOM CleayLmnX
OrpaHNYeHUN:
O<y<ax<l,
(y—o)* +4pd < (1-a)?, (2.98)
$>0,6>0.

B HepaBeHcTBax (2.98) 3HaueHne y=(1-1)/Lr. MMHUManbHbIE N MaKCK-

MaJlbHbl€ 3Ha4Y€HUA MaTpuLbl KOBapualuu BbI6VIpa}OTCﬂ Ha OCHOBE cCne-

[YIOLLNX BbIPAXKEHWNNA:

. e _4Bs 2.99
®min ( 28 j( 1+(OL—’Y)2 IJI ( . )
o = 1+@+1]. 2.100
a 28( * ( )

PekyppeHTHbIA rpagueHTHbIN MeTtod. OnTMMM3aums napaMeTpoB B

PEKYPPEHTHON MoAMMMKALMN FPaaMEHTHOrO MeTofa peanimsyeTcs nyTeMm

1 - y .
MOACTAHOBKM —R™' =/ B BblpaxeHue (2.91). B Teopum HEMPOHHbIX ceTen
t



noaxoA MOMyYnn HasBaHWME PEKYPPEHTHOro MeToaa obpaTHOro pacnpo-

CTpaHeHus owmnbku [24].

4.2. Perynsipusauus u KoHuenums ob6obieHns

B paspene 2.4.1 paccMaTpuBanucb MeToAbl OTOOpaXKeHWst MHOXECTBa
3KCMEPUMEHTAsIbHbIX AaHHbIX Ha HEKOTOPYHO MOAENbHYIO CTPYKTYpY C Le-
NblO MOSTYYEHUS] ONTUMASILHOW, B CUJTy CPeAHEKBaAPAaTUYHOrO KpUTEpUS,
oueHkW. B HacTosieM pasgene paccMaTpUBAlOTCS METOAbl perynspmsa-
UMK, NMpPUMEHSIEMbIE K HEMPOCETEBLIM MOAENAM C LENbIO Y/TYYLIEHNS MX
paboumx xapaKTepucTuk (B YaCTHOCTM, CBOMCTB K 0606LeHmI0) [59, 76].

MpeanonoXuM, 4To cucTeMa MOXET ObiTb MpeacTaB/ieHa HEKOTOpOW

(YHKUMEN [ OT Npeablaylmx 3HauYeHW 3SKCrEpPUMEHTasbHbIX AaHHbIX

Z"™' c apAMTMBHBIMKM NOMExXaMu TUMa 6enoro LWyMa e(r) :

()= f(Z ) +e(t) . (2.101)

[laHHasi peanbHasi cMcTeMa MOXET OblTb MpeAcTaBfieHa C HEKOTOPOW
CTEMNEHbIO TOYHOCTU HEMPOHHOM CETHIO C KOHEYHbIM YMC/IOM HacTpauBae-
MbIX MapaMeTpoB (BeCOBbIX KO3(@PUUMEHTOB). TeM He MeHee, MOXHO
NpeanonoXuTb, YTO MHOXECTBO AaHHbIX reHepupyeTcs abCcontoTHO ONTU-

MaslbHOW HepoCeTEBON MOAENbIO g, :

(1) = go((7,6),0,) +e(?) - (2.102)

MpUHUMN NONMyYeHUss MOAENW, PacCMOTPEHHbIM B pasgene 2.4.1, co-
CTOUT B OTOOpaXXEHUM MHOXECTBA 3KCTMEPUMEHTAsIbHbLIX AaHHbIX Z" Ha

MOAESbHYI CTPYKTYPY M , COAEPXKALLYIO p HAacTpauMBaeMbIX NapaMeTpoB:

»(t10) = g(¢(2,6),0), 6 D, = R” . (2.103)



HacTtpavBaeMble napameTpbl OnpeaensitoTcs B COOTBETCTBMM CO Ce-

AYIOLWNM Bblpa>XEHUEM:

- . 1 ¥ _
0 =arg ngnVN(e,zN):mZ(y(z)— 71}0)) . (2.104)

t=1

OueBnaHO, YTO Gonee onTUMasbHbIM, YeM ¥, , KpUTEPUEM SIBNSIETCS

MaTeMaTUyeckoe OXuaaHue OoLmnbku NPOrHO3npoBaHnd, Ha3biIBaEMOE

owmnbkon 0606LLeHUs:
7O =5 E{(x0-50)]. (2.105)

OueHka kputepusa (2.105) npakTMyeckM HEBO3MOXHA, TEM HE MeHee
Mpy HaNMYMM COOTBETCTBYHOLMX YCIOBUMA [9] BLINOMHSAETCS cneaytollee

COOTHOLLUEHHNE!

Al/im Vy(0,ZV)=7(0). (2.106)

TakuMm obpasoMm, 60" npu N -, rae Habop napameTpoB 6° AoOC-
TaBnsieT MUHUMYM oOLlmnbke 0606LwenHns (2.105). Ecnm peanbHas cucteMma,
npeacTaBneHHasi onucaHneM (2.102), AeACTBUTENBHO BXOAUT B MOAESb-
HYIO CTPYKTYPY SeM , OLEHKa NapaMeTpoB TaKXe SBNSETCA COCTOSATE b-
HOW: 0" =0,. B NENCTBUTENIBHOCTM MHOXECTBO 3KCMEPUMEHTANbHbIX AaH-
HblX BCerga koHe4yHo. B paboTte [9] paccmaTpuBatoTcs BONPOCbI CXOAMMO-
CcT¥ 6 K 0. B 4aCTHOCTM, MOKa3aHo, YTO OLEHKA O acMMMTOTUYECKU HOP-

MaJibHa CO CPEAHMM 3HAYeHMEM 6 U MaTpuLEeN KoBapuauum F:

éeAsN(e*,%Pej . (2.107)



Mpu ycnoeBumn, 4To SeM , ACUMMTOTUYECKAA MaTpuua KoBapuaummn on-

penendaeTca COOTHOWEHNUEM
-1 _ 1 N _ _ -1
By =02 Ely(t.00)v" (1.0,)]] =%(&Z%kzw(ne>wT(r,e)} (2.108)
t=1

Owwnbka 0606LeHNs MOXET bbITb NOMyYeHa NyTeM OLEHKKU 0ByuYeHHOM
HEMNpPOCETEBOW MOAENN HA TECTOBOM MHOXECTBE AaHHbIX Z', He UCMonb-
3yeMblx npu 0byveHun HewpoceTu. B cnyuae, ecnm 3HayeHue Kputepu-

anbHOM dyHKUMKN 7 (8) ~V,(6,ZT) 6nn3Ko K ¥, (,Z"), 3Ha4eHnss napamer-

poB 6 6M3KM K 6", TO 0ByYeHHass HelpoceTeBasl MOAESb - YAOBIETBOPU-
TenbHa. Ecnv B cuny HEKOTOPbLIX MPUYMH MpOBEPKA Ha MHOXECTBE TeCTO-
BbIX AaHHbIX HEBO3MOXXHA, OLEHKa OWwmMbkn 0606LeHns AOCTaTOYHO 3a-
TpyAHUTENbHA. [lpyroe orpaHnyYeHne Ha oueHKy oboblieHunst cBs3aHo C ee
3aBMCMMOCTBIO OT MHOXecTBa Z" uepes BekTop mapameTpos 6. Crnemo-
BaTeNbHO, owmnbka 0606LleHs He NOKa3blBaeT, HAaCKOMIbKO XOPOLLO Bbl-
bpaHa MogenbHas CTPYKTypa, T.e. Kak byaeT BecTu cebsi KOHKpeTHas Mo-
aenb, obyyeHHass Ha MHoxectBe ZV, npu NpeabsiBNEHUU CUrHanoB, He
BOLIEALWMX B 3TO MHOXECTBO. TakmM o6pa3oM, uenecoobpasHo BBeCTU

CpeaHo owmnbky 0606LieHNs Kak Mepy KayecTBa MOAENu:
Vi = E{7(0)], (2.109)

roe E(*) — MaTteMaTUYeCcKoe OXuAaHue Kputepust N0 MHOXXECTBY AaHHbIX

pasMepa N . OgHUMM U3 NPUMEPOB ABNSIETCS OLEHKA (MHANBLHON OWMOKM
nporHo3upoBaHua (®OMM) Akavke [9, 21], cocTosiTenbHasi Npu YCIOBUM
NPUHAANEXHOCTU peanbHOM CUCTEMbl BblIOpaHHOW MOAENbHON CTPYKType

SeM .



7 =%c§(1+£j. (2.110)

MWHUManbHbLIM 3Ha4YeHMEM OLIMOKMN NPOrHO3npoBaHUA ABNAETCA MOJIO-

1
BMWHa Aucnepcun LyMa Ecg, HO NO nNpuynHE KOHEYHOCTU MHOXXECTBA

[aHHbIX peanbHOe 3HayeHue Bceraa 6onblue. [pu aHanuse MpUYKH,

BAMSIIOLUMX Ha YBEMYEHME OLIMOKM MPOrHO3MPOBaHUS, LEeNecoobpasHo

BbIAENWTb [ABE CleaytoWwme COCTaBSoWME:

e CMELLEHNEe: COCTaBnsoWas OLWNbKM, 0BYCNOBNEHHAs HeAoCTaTOYHO-
CTblO MOAENbHON CTPYKTYpbl (S ¢ M ). ECnn HEMpOHHasa CeTb He coaep-
XXWUT JOCTaTOYHOrO YMCia HacTpamBaeMbIX NapamMeTpoB, TO NMpU N — «©

3Ha4€HNA BECOBbIX KOBd)CbVILI,VIEHTOB CXOOATCA K 0" , OT/INYHLIM OT 6, ;

e JNCNEPCUOHHasA COCTaB/idloLWan.: o6ycnosneHa o6yquMeM HEI‘/JIpOCGTVI
Ha HeaoCTaTOYHO 60/bLIOM MHOXECTBE «3allyMJIEHHbIX» AaHHbIX.

Ecnu npeanonoXuTb, YTO HEBSI3KM CUCTEMBI gy (o(1),0,) — g(¢(1),0") SIB-

NAKTCA NO CYyTU 6enbim LLyMOM, TO

Vi = E (7 ©) = £ {Jeo(0(0.00) 2.0 |+ »

< {0000 200000 1 £ {0000 - 600, 2. &

cmeujerue ()ucnepcu}t

Kak 6blf10 0TMEUYEHO paHee, MPUHAANEXHOCTb peasibHOM CUCTEMbI Bbl-
6paHHOM MoAeNbHON CTPYKTYpe NpaKTUYECKU HeaoCTUXKMa, CneaoBa-
TeNbHO, BCEraa CyLIeCTBYeT HekoTopoe cMelleHune. O4eBMAHO, YTO CMe-
LLieHMe YMEeHbLUAETCsl Mo Mepe pocTa YuCia HacTpavMBaeMbIX MapamMeTpoB
HelpoceTeBon Moaenn. TeM He MeHee yBeNM4YeHWe 4Yucia NapaMeTpoB

NPUBOANUT K YBEIMYEHMIO ANCNEPCMOHHON COCTaBAAOLWIEN OWMNEKM. ITO



SIBNEHNEe HOCUT HasBaHWe AuneMMbl cMelleHunst / aucnepcun [38], 4uTto
MOXeT 6bITb MPOUINIOCTPMPOBaHA CneayoWwmnM NPaKkTUYECKUM MPUMEPOM:

[ecaTb pa3nnuHbiX MoaenbHbIX CTPYKTyp Tvna NNARX (2, 2, 1) obyva-
IOTCS Ha MHOXKECTBE 3aLlyM/IEHHbIX 3KCMEPUMEHTANbHbIX AaHHbIX ZV, roe
N =500. MpocTelwas MoaenbHasi CTPYKTypa COAEPXWUT OAUMH HEMPOH B
CKpbITOM cnoe. CTpyKTypbl NOCNefoBaTeNlbHO HapalmMBaloTCA Ha OAWH
HEMPOH, YTO COOTBETCTBYET YBENMYEHWUIO YMCNA HAcTpamBaeMbIX Mapa-
METPOB Ha 6 eauHuy. OByyeHHas HEMPOCETb MPOBEPSIETCA Ha TECTOBOM
MHOXecTBe Z', copepxawem 2000 BX0oAo-BbIxoAHbIX nap. Kputepuit

V,(6,Z") MHTEpnpeTUpYyeTCa Kak OLeHKa CpeaHel owmnbkn 0606LleHns. B

CBSA3M C BO3MOXHOCTbIO CYLLECTBOBAHWUS JIOKaSIbHbIX MMHUMYMOB KaXkaast
He/poceTeBas CTPyKTypa obydyaeTcss 5 pa3 mpu pasnnuHbIX HauvanbHbIX
3HaYeHUsIX BeCOBbIX KO3(dUUMEHTOB. Pe3ynbTaTbl 3KCrepuMeHTa npea-
cTaBneHbl Ha puc. 2.10. Mo pe3ynbTataMm 3KCNepuMMeHTa MOXHO oripege-
NNTb, YTO KOMMNPOMMUCC MEXAY OLUMOGKON CMELLEHMSI U AMCNEPCMM AOCTUra-
€TCa NpY UCNOoSIb30BaHMKN 4 — 6 HEMPOHOB B CKPbLITOM croe. Mpu yBennye-
HWMW Yncna HEMPOHOB AOMUHMPYET AMCMNEPCMOHHAsH COCTaBAAOLWAs OG-
KW cMelweHus. JTO sBneHne 06BbACHAETCS W36bITOYHOCTLIO CTPYKTYpb
HepoceTn, T.e. obyyeHHass Moaenb BK/IOYAET HE TOMbKO MPU3HAKK UC-
CNeayeMON CUCTEMBI, HO W HEXeNaTesbHble BO3MYLLEHMSI, COAEpXKaLLMecs
B obyyatoieM MHOXecCTBe. HeaoCcTaTouyHOCTb MOAENbHOM CTPYKTYpbl, Ha-
NpOTUB, NPUBOANT K JOMUHUPOBAHUIO OLLMOKM CMELLEHNS.

OaHM u3 crnocoboB pelleHnss Npobnembl CMelleHns / aucnepcun sB-

NAETCA PacLUMPEHne KpuTepust ¥, (6,Z") perynsipusytowmM KOMMNOHEHTOM

(KO3(hPUUMEHTOM CNOXHOCTU MOAENBbHON CTPYKTYpbl). DTOT KOMMOHEHT



MOXeT OblTb BBeAeH Kak Ko3(hdUUMEHT 3aTyxaHUs BeCOBbIX KO3dduum-
€HTOB HENPOCETEBONM MOAENM:

N _LN - 2 1 o7
Wy (6,Z )—2N2(y(t) ¥(t|9)) +2Ne Do, (2.112)

t=1

roe D— AvaroHanbHas MaTpuua, onpefensieMasi COOTHOWEHWEM D =al ;
o — KO3(DPUUMEHT 3aTyxaHus BECOB. B HEKOTOPbIX Cyyasix pasfnyHble
3Ha4YeHMs1 Ko3DPULMEHTA 3aTyxaHUS UCMONb3YIOTCS AN BECOB BXOAHOMO
- CKPbITOrO M CKPbITOrO - BbIXOAHOIO C/I0EB COOTBETCTBEHHO, MHOrAA CO6-
CTBEHHble 3HayeHusi KO3DPUUMEHTOB YCTaHABNMBAOTCA ANS  KaXAOM
CTPYKTYpPHOIN cBA3U. O4YeBMAHO, YTO BBEAEHWE PErynsipu3ytoLero KoMno-
HEHTa YMeHbLUaeT owmnbKy cMeleHust. OueHka ®OM ans HelpoceTeBbiX
MoAaernein, 0byYeHHbIX B COOTBETCTBUM C KpuTepueM (2.112), npu ycnosum,

YTo D=ol N SeM , MOXET bbITb NOydeHa cneayowmnm obpasom [76]:
Vi =%(Gg (1+%j+yj, (2.113)
roe
o Y o Y
=tr|R|R+—1| R|R+—1 2.114
pt“Nj(N” (2.114)

2 -1 -1

a” o a o 2
=——0,|R+—I| R|R+—1| 06,<—10|", 2.115

! 0(+NJ (+N) °4N|| ( )

N —_ —_
R=E{y(.00)y" (1.00)] = - D w(t.0n" (.0). (2.116)
(=1



Tak Kak cnea MaTpuubl paBeH CyMMe COBCTBEHHbIX 3HAYEHWM, YMCIo

HACTPaMBAEMbIX MapaMeTPOB HEMPOCETEBOW MOAENU p, OMNpeAensiercs

cneayrouwmMm COOTHOLUEHNEM:

ﬁ (2.117)

(9, +0c/N)

roe §; sBnseTcs i— COO6CTBEHHbIM YMCIOM reccnmaHa R . B paspene 2.4.1

6b110 MOKA3aHO, YTO U3NULLHSAA CBA3b (BECOBON KO3(M@MULMEHT) NpMBOAUT
K HYyNeBOMY 3HaueHu0 COBCTBEHHOro 4yMcra reccumaHa. Ha npaktuke Hu
OOVH U3 BeCOBbIX KO3I(MHUUMEHTOB HE MOXET OblTb M3NULWHMM, TaK Kak
HelpoceTeBasi CTPyKTypa He MOXeT ObiTb M36bITouHON. TakuM 0bpasoM,
recCuMaH Bcerga nonoXutenbHo onpegeneH. OfHaKko ManocyLlecTBeHHbIe
BecoBble KOahUUMEHTbI NPUBOAAT K HEOONbLINM COBCTBEHHBIM 3HAYEHU-
SIM reccmaHa M HaobopoT. ITO siBneHne MOXeT 6biTb 0O6bSICHEHO nyTeM
PacCMOTPEHNS1 NMPOU3BOAHbIX BbIXOAHbLIX CUrHANOB MO BEKTOPY BXOAO0B

(w(1,0) ) KaK MaTpuUbl YyBCTBUTENBHOCTU. ECnn BecoBon KO3(PUUNEHT i

HeCyLeCcTBeH, ero npov3soaHas byaeT Mana npu BCeX 3HayeHusX ¢. B
3TOM Crlyyae BCe AMaroHasibHble 3/1EMEHThI, TaK Xe Kak U 3/1eMeHTbl CTpo-

n i (ctonbua i) matpuubl R, 6yayT Manbl, YTO NPMBOAUT K HEOONLLUMM
COBCTBEHHbIM 3HayeHusIM reccnana. [ns 6onee CyweCTBEHHbIX BECOBbIX
KoachduumMeHTOB HabnogaeTcss NpoTMBOMONOXHLIA 3ddekT. Cnenoa-
TeNlbHO, MOXHO pa3aennTb COBCTBEHHbIE YMCa recCcMaHa Ha ABe rpynnbl:
rpynny, COOTBETCTBYIOLLYIO BECOBbIM KO3(pdmumeHTaM ¢ HeGONbLION 3Ha-
YAMMOCTbIO, M rpynny 6onee 3HauYnMbIX BecoBbiX Ko3dduumeHToB. Ecnu
NpeanonoXuTb, YTO 3HayeHne o/N 60nblie MUHUMANbHOro COH6CTBEHHO-

ro ymcna recCMaHa M MeHbLlE MaKCUMaJlbHOro, TO 4YMCro p; MOXHO pac-



CMaTpMBaTb Kak Yncio 3p@eKTUBHbIX (3HAUYMMBbIX) BECOBbIX KO3 dULMEH-
TOB HeMpoceTeBon Moaenu. B Takol mHTepnpeTaumn (Npu ycnoBuu, 4To

3HAYEHNEM y MOXHO MpeHebpeub) oueHka POl ana perynsipuaoBaHHOro

KpUTEpUs COBMAfAET C OLEHKOW AN HEperynsipu3oBaHHOro KpuTepus.
HacTtpanBas napameTp 3aTyXaHusl BECOBbIX KO3(PMOULMEHTOB, MOXHO On-
penenutb 3¢dEKTUBHLIN pa3Mep HEMPOCETEBOM CTPYKTypbl. OCHOBHOM
npobnemont sIBNSieTCsl BbIGOp 3aTyxaHUsi BECOB, MUHMMU3MPYIOLLErO Cpes-
HIOIO OLLUMBKY 0606LLEHNS.

CnegyeT OTMETUTb, YTO oueHkn Tmna (2.110), (2.113) He moryT 6bITb
BblYMCIEHblI HEMOCPEACTBEHHO NPU OTCYTCTBMM MHMOPMaLMK O CTaTUCTU-
YEeCKMX XapaKTepucTukax WwyMmoB. B pasgene 2.4.4. paccMaTpuBaloTCS Ba-
PUaHTbI PELLEHNS 3TOW NPObneMbI.

Db deKT perynspusaumm MOXeT OblTb TakXke AOCTUrHYT MyTeM OCTaHO-
Ba OMNTMMM3aLMOHHOM Npoueaypbl A0 MOMEHTA AOCTMXXEHUS MUHUMYyMa.
3TOT (akT MOXET 6bITb MPOUNNIIOCTPUPOBAH CreayloWwnM NpPakTUYecKum
npvMepoM:

Paccmotpum mogenbHyto cTpyktypy Tuna NNARX, cogepxauwyro 20
HEMPOHOB B CKPLITOM Cfloe (CiyYait Ype3MepHOM MapaMeTpusaumn). He-
pOHHas ceTb 0byyaeTcs no metoay JleBeHbepra - MapkapaTta. Ha kaxaom
uTepauum MNpomM3BOAUTCS OueHKa owunbkn obyyeHnss n  0606LeHns
(puc. 2.11). Owmbka 0byyeHUs ABNSIETCS MOHOTOHHO Y6biBatoLen yHK-
uMeln oT HoMepa UTepaummn (BCNeACTBME NpUMEHEHNS MeToaa JleBeHbepra
- Mapkapara). Owwnbka 0606weHns ybbiBaeT TONbKO B Hayane npoueay-
pbl 0byyeHus, a 3aTeMm, nocse AOCTUXKEHUS MUHUMYMa, YBETMYMBAETCS.

3To 06bACHSIETCA TEM, YTO B Hadase npoueaypbl HeipoceTeBasi MOAESb



06yqaeTc;| Ha XapaKTepHblE MPU3HAKN CUCTEMDbI, NMOCNE 4Yero UAET noa-

CTpOViKa Mo BO3MYLLEHWSI, OTPaXKEHHbIE B 06y4YatoLLIEM MHOXECTBE.

€1,€2

0.08

Puc. 2.10. Pe3ynbTaTbl NATUKPATHOro o6yueHns (C passinuHbIMMU
HavyaNbHbIMU YCJI0BUSAMM) 10-TU pa3sInuHbIX MOAEJIbHbIX
CTPYKTYpP Ha MHOXXeCTBe flaHHbIX 7" :

«X» — OLLUMOKE OOYHEHMUS ()} «O» — OLJEHKE OLLUNOKM r1POrHO3INPOBAHMS
Ha TeCTOBOM

MHOXECTBE (s, ); Ny — YHCII0 HEVIPOHOB B CKDLITOM C/10€



7.4

7.2 \

o)

6.6

6.4

6.2

5.8 &

5.4

Puc. 2.11. NaMmeHeHuns owinbkm obyueHums (s, ) 1 oLeHKMN OLInBKN
NPOrHO3MpoBaHUs Ha TECTOBOM MHOXecTBe (:, ) B xoAe
npoueaypbl ONTUMM3aLMM HEMpPOCeTeBOU CTPYKTYPbl METOAOM
JleBeH6epra — Mapkapara: N; — Homep utepauum

ONTMMM3aLMOHHOMW NpoLueaypbl

B pabote [76] nokasaHo, 4TO 3ddeKT npeaBapuTeNbHOr0 OCTaHOBA He
TOMbKO aHanormyeH agdekTy perynsapmsaunmn, HO U UMEET C HUM MHOro
obwero no cytn. TeM He MeHee peKOMeHAYETCS Ha MNpPaKTUKe OTAaBaTb
npeanoyTeHNEe UMEHHO MPSAMbIM METOAaM perynspusauum, a He npeasa-
pUTENbHOMY OCTAHOBY, TaK Kak OOMbLUIMHCTBO METOAOB CTPYKTYPHOM Or-
TAMM3AUMM U NOATBEPXAEHUS MOAeNW npeanonaraloT  AOCTUXKEHME

ONTUMM3aLMOHHON NpoLieaypo TOUKN MUHUMYMA.



4.3. Oco6eHHOCTH ONTUMM3aLUM NapaMeTpPpoOB HeMpoceTeBbIX

MoOAeNbHbIX CTPYKTYP

B HacTosiLeM pa3gene paccMaTpYBAlOTCSt aCMeKTbl MPaKTUYECKOoro npu-
MEHeHMs1 MeTofoB 6e3yC/IOBHOM ONTMMM3aLUMM K 0ByUYEHUIO HEMpOCEeTEBbIX
Moaenen.

O6yuyeHne C MCNOSIb30BaHMEM  3aTyXaHuA BECOBbIX
ko3 duumeHToB. B pasgene 2.4.2 paccMoTpeHbl MeTodbl 0bydeHus
HeMpoceTeBbIX MoAenenm Ha OCHOBE perynspuM3oBaHHOMO KpuUTepus

wy(09,zYy. Perynspusauusi  OCyllecTBAsieTcs nyTeM aob6aBneHus

AONONHUTENBbHbLIX KOMMOHEHTOB K rpaUEHTY U reCCnaHy.

G(9)=W](/(O,ZN):V](,(O,ZNH%DG, (2.118)

H(0) =W} (e,zN):ng(e,zN)Jr%D. (2.119)

Peanunzauns metoga JleBeHbepra — MapkapaTta TpebyeT HEeKOTOpbIX
[OMNONHUTENbHBIX MoaudUKauui. AnnpokcuMaumst Faycca — HblOTOHa

kputepus W, (610, ") MoxeT 6bITb NPeACTaBNEHA B CEAYIOLWEM BUAE:

Wy (0,ZV)~ I (0) = ﬁ[i(é(r, 0))* + GTDB) , (2.120)

t=1

rAe recCnaH onpeaensaeTca cneayrowmMm Bblpa>KEHNUEM:

" N
R(0) =L (8Y) =%[Zw(n6”’)\ﬂ(r, e<”)+Dj . (2.121)

t=1

MokasaTenb, UCMonb3yeMbi ANs NOACTPOVKM napameTpa JleBeHbepra

— MapkapaTa (1), MOXeT 6blTb HalAeH Kak



. ) ZNy_ @), £() N
po IO LZ) Wy (® 4] .27 (2.122)
WN(B(I),Z )_L(l)(6(1)+f(l))
3HaMmeHaTenb W, (01, zV)-LD0D + ) B BblpaxeHun (2.122) MoOXeT

6bITb OnpeaeneH HeNoCPeACTBEHHO M3 CrieaytoLmX MaTpUYHbIX npeobpaso-

BaHWUN:

WN(G(i),ZN)—L(i)(e(i) + f(i)) —

_%((f(i)) (G(e(l))-f'(}\.(l)]-i- jf(,)jj (2123)

BbluncneHue rpagmMeHToB. 3a UCKoYeHneM MeToaa HblOTOHa, Tpe-
OYloLIEero BbIYUCNEHUS BTOPbIX MPOM3BO/AHbLIX, €AMHCTBEHHBLIM OMpeae-
NSAOLWMM KOMMOHEHTOM MpoLUeaypbl ONTUMU3ALMK SIBNSIETCS NPOU3BOAHAs
NMpOrHo3a HeMpoCeTEeBOM MOJENN NO BEKTOPY HAaCTPauBAEMbIX NMapaMeTpPoB

(BecoBbix k0ahdumumeHToB HC) y(t,0) .
Ona mogenbHbiX cTpykTyp TNa NNARX 3HaueHune vy(z,0) onpeaensercs

cnenyrwmMm BblpaXKEHUEM!

(t|9) 8y(t|9) o). (2.124)

£,0)=
v(t,0) = T

3HaueHune y(,0) ans NNARMAX Mozeneit onpeaensieTcs kak

_dy(e]®)  op(z|)  oy(e]®) dy(r—1]6)
y(t,0) = 0 - 6 2 ————
e(t—1,0)  do

~ ay(1]0) djz(t—k|9)= (2.125)
os(t—k,0)  do '

=0(0) — (DY =1,0) = —cpy(r —£,0),

Wnu, Npy BBEAEHUN C(1,q ) =1+¢,()g ™ +--+¢, (g™,



y(1,0) = o(1) - (2.126)

1
Clt,q™")

3aBMCUMOCTb perpeccCMOHHOr0 BEKTOpa OT BEeCOBbIX KO3(hdUUMEHTOB
HEMPOHHOWN CeT! NPOCNEXMBAETCS NpU conocTasneHumn (2.126) n (2.124).

Mpu ucnonb3oBaHun NNARMAX Moaenen rpagveHT nonyyaeTcs B pesy/b-

TaTe «BPEMEHHON NWMHEWHOW (UNbTPaUMU» YaCTHOM MPOU3BOAHOW ¢(7).

O4yeBMAHO, YTO 3TO MOXET MPUBECTM K NpobsieMaM C YCTOMYMBOCTLIO an-
ropuTMa, 0CO6EHHO MpU HayanbHOM MHULMANM3ALUN BECOBbIX KO3 duum-
€HTOB C/ly4alHbIMM Yncnamu. TakuM obpas3oMm, Ans NonyyYeHus npuemne-
MO0 peLleHns MHOrAa NPUXOANTCS NPOBOAUTL NOBTOPHOE 0b6yyeHne HC.

BbluncneHve rpagmeHTa aAns Mogenen tuna «0bHOBNEHWUS NPOCTPAHCT-
Ba coctosiHnii» (NNSSIF) npeacrtaBnsieT 6onee TpyAOEMKYHO NpoLeaypy,
4yeM ANs paCCMOTPEHHbIX paHee cryyaes. lNonarasi, YTo BCe KOMMOHEHTDI
BEKTOpAa COCTOSIHMM MOryT ObiTb OLEHEHbI, MOSlyYaeM creaylouiee Bbipa-
XXeHue Ans onpeaeneHns rpagmeHTa:

dx(1]0) T

_ T
m =y, (£,0)C", (2.127)

y(t,0)=

roe

dx" (10) 6£T(t|9)+d)?T(t—l|6) ax' (¢]0) B
de 00 do  ox(t—1,0)
_d)?(t—r|6) ox" (t]0)
do  de(r—1,0)
—y(t—r,0)K" (1) = §(1) + ., (1= 1,0)(A(1) - K(1) "

v, (1,0) =

=) +y, (t-1,0)40) -  (2.128)

B crnyyae HEBO3MOXHOCTW MOSTyYeHMsI MOSIHON MHMOPMaUMN O BEKTOpE
COCTOSIHMI  HEOBXOAMMO WCMONb30BaTb HECKOSIbKO HEMPOHHbLIX CETEN

(aHanor ¢wmnbTpa Kanmana [9]). OaHako Npu BbIYUCIIEHUN TPAAMEHTOB



MOXXHO paccMaTpusaTtb Mogenb Kak eanHyto HC. B aTom cnyyae nmeet me-

CTO cneaylollee npeobpasoBaHNe MaTpUUbl A(r) ANS BCEX 3HAYEHWI

jelq} M ke{q+1}:

A, =1,j=k+1,
{f”‘ S=h (2.129)

A =0,i#k+1.

OnpeneneHne ocTasnbHbIX KOMMOHEHT MaTpul, A(f) U K(rf) OCYLIECTB-

NAETCS C UCNOJSIb30BAHNEM COOTHOLWEHUS (2.133).

YacTHas npousBofAHas ¢(r) SBMSETCS NMPOU3BOAHON MpPOrHoO3Mpye-

MOro 3HauyeHusi (Bbixoga HC) no BecoBbiM Ko3duuUMEHTaM HENPOHHOM
CeTU B Cnyyae npeHebpexeHns 3aBUCMMOCTbIO perpeccopa OT BeCOBbIX
K03 PMLMEHTOB.

0O603HaumMM 0606LLEHHYIO BbIXOAHYIO nepemMeHHyto HC mogenu kak z, .

Torpa ansa AByxcnoiHon HC ¢ NMHENHBIMM aKTUBALMOHHLIMU (DYHKLIMAMU
HEMPOHOB BbIXOJHOI0 CMOSt U TaHreHUManbHbIMU aKTUBALUMOHHBIMU (YHK-

UnsamMun HEI\/JIDOHOB CKpbITOrro cnos

2,110) = 8 (0(4,0),0) = Y1, tanh(zwwﬁ(p, (1.0)+ wjo} W, =
I = (2.130)

7y
= Zmihj(t, 0)+W,.
Jj=1

YacTHble NPOM3BOAHbIE BbIYMCISIOTCS CleayowmM 06pasom:

hi(0), >0, k=i,
0, =0, k=i, (2.131)
i 0, i#k;



O, (1]0) _ [Wiy(1=hj ()0, (1,6),1>0,

(2.132)
Owji |\ W (1=h3 (1), 1=0.

KonnyectBo CTPOK MaTpuubl ¢(r) OMPEAENSIETCS UYMCIIOM BECOBbLIX KO-

acdduumerToB HC, uncno ctonbuos paBHO Ymciy Bbixoaos HC.

sikobunaH HelpoceTeBoi Moaenu. kobuaH, UM MrHoBeHHast MaT-
pvua ycuneHus, SBNsSiETCS npoussoaHou Bbixoga HC no Bxogam ans 3a-
[aHHOW Napbl «BXOA-BbIXOA».

Ans pByxcnoiiHon HC C NIMHEMHBIMU aKTUBALMOHHBIMU  (PYHKLIMAMM
HENPOHOB BLIXOAHOMO CM0Si U TAHreHUMANbHbIMU aKTUBALMOHHBIMU (DYHK-
LUMSIMU HEMPOHOB CKPbLITOMO C/I0S1 YaCTHas NPOU3BOAHas MO NPOU3BOJIbHO-

My BXOZY ONpeaensieTcs Kak

E’((—t|9)=%ijwﬂ 1—tanh’ iwjiq’l([’e”wfo -
99,(1,0) = = (2.133)

ny 5
=Y Wyw [ 1-h7(1,0)]
j=1

Metopa o6paTHoOro pacnpocrpaHeHnus (owmbkun). B cnydae, korga
HEeMpPOHHas CETb COAEPXMT Hosiee 0AHOMO CKPLITOrO C/I0St C HENMMHENHBIMU

(OYHKUMSIMM aKTMBaLUMKM, BbIPAXEHUS ANS OMNPeAeneHusl 3HauYeHUn ¢(r),

COOTBETCTBYIOLMX /IEMEHTAM MaTpuLbl YaCTHbIX MPOU3BOAHbLIX, OYEBUA-
HO, CTaHoBSATCA 60nee CNOXHbIMW. ANrOpuTM OnpeaeneHus rpaguneHTa
MUHUMWU3MPYEMOIO KpUTEpUst ANsi CETU C NPOU3BOSIbHBIM YNC/TIOM CKPbITbIX
CNTOEB M MPOM3BOJIbHLIM BUAOM aKTUBALMOHHBIX (PYHKLIMIA, NCNONb3YHOLLNIA
0cobeHHOCTU cTpyKTypbl HC, HOCUT Ha3BaHWe MeTofa obpaTHOro pacrpo-
CTpaHeHus (owwnbkun), unn obobleHHoro AenbTa-npaBuna [6]. Tak Kak

anropuT™M paccymMTaH Ha obydyeHne HC npsiMoro AencTsusi, TO OH MOXET



6bITb HENOCPEACTBEHHO NPUMEHEH TOJIbKO K MOAENbHBLIM CTPYKTYpaM Tuna
NNARX. TemM He MeHee MeTO4 MOXET 6blTb MOAMMDUUMPOBAH U ANs NONy-

YEHMS1 YaCTHbIX NPOU3BOAHBIX (7).

FPaAVEHT KpUTEPUS HAUMEHBLUMX KBaApaToB (paccMaTpMBAETCs 06LWMi
cnydan HC C HecKonbKMMKU BbIXOAAMWM) MOXET OblTb NpPeAcTaBNeH che-

Ayrowmm obpasom:

o (1,0)

G(0)=Vy(0,2")= NZ o—e(1,0) =
= (2.134)
N ay (46)

:_Ntzl A 7(16)).

MNporHo3mpyeMoe HC BbIXO4HOE 3HAYeHMe BbIYMCIAETCH B COOTBETCT-

BMMW CO CneaylowmnM BblpaxkeHeM (4ns BbIXoaa k ):

5.]0) = F [Z Wk,-h,-u)j _F, {Zhij.f, (Z“)wﬂcp,m} WkoJ , (2.135)

j=0 j=1 1=0

rae f, — akTMBAUMOHHAA (YHKUMSA HEMPOHA CKPbLITOrO C/od Jj, @ F; — aK-
TMBAUMOHHAA (YHKUMS BbixoAa k. NS MpOCTOTbl, HEMPOHHbIE CMELLEHMS
npeactaBneHbl kKak aobaBouyHble  BecoBble  KOI(MUUMEHTHI, T.e.
ho(1) = @o(1) =1.

YacTHble npou3sBoaHble BbixogoB HC nNo BecoBbIM KO3 duumeHTam on-
penensitoTcs cneayowmnMm COOTHOLWEHUSMU:

o) = ayk(tw)—hj(t)Fk' iijh_,(t) ’ (2.136)
oWy J0

oy 0 Ty LA
o == ‘fv’l - <z>f;(zwﬂao,<t)JWk,-F,;{Zijh,mj, (2.137)
Jj=0 j=0

Jjl



YTO NPUBOAUT K CNEAYIOLIEMY BbIPAXXEHMIO ANA ONPEAeNeHns rpaaueHTa

CKPbITOro-BbIXOAHOIO C/04.

N n, )
GWy) =D (OF, [Z ijhj(r)J(yk ()= 5, (t]0')) =

/=0 (2.138)
N
=>"h;(O8 (1),
t=1
rge <<OLUM6Ka>> U «aenbTa» BBOAUTCA KaK
8 (t)=F (Z Wh; (1, e)](yk GESAULIE (2.139)
Jj=0

"pagneHT ana BXO4HOrO-CKPbLITOrO C/109 OonpeaenseTca Kak

N g n,
Gwy)=>0,(0)f] {Zw»,;cp;(t)JZW@(r)SECW)(t) =
=0 k=1

=1 (2.140)
N
=Y 0,13 (1),
=1
rge
80 (1) = f,r(z“’w,m(r)]iw,q(z)azm(z) : (2.141)
1=0 k=1

AHanNorn4yHbIM 06pa3oM anropuTM 0606LIAETCS Ha Cy4alt NPOM3BOSIb-
HOro uncna ckpblTeix cnoes HC. MNpoueaypa 3aknioyaeTcs B pacnpocTpa-
HeHunn no HC 3HaueHust «aenbta» (2.139) cnon 3a cnoem B 06paTHOM Ha-
npasneHuMn.

Mpy HEOBXOAMMOCTM YaCTHbIE MPOMU3BOAHLIE ¢(r) MOTYT BbiTb MOyYe-

Hbl 13 BblpaxkeHuin (2.138) u (2.140). U3 BblpaxxeHus (2.139) yaansetca

3HayeHne OWKNOKN NPOrHO3MpoBaHUS (HEBSA3KM), 3aTEM OTAENbHO AN Ka-



XXOOro BbIXOAA MPUMEHSIETCS MeTod 0bpaTHOro pacnpocTpaHeHusl owmnb-
K.

OnpepeneHue HanpassieHUsi Noucka. [1pyM KMCNoIbL30BaHUU METO-
AoB HbloToHa, MNaycca - HbtoToHa m JleBeHbepra - MapkapaTa ans onpe-
[EeNeHns HanpaBfieHUsl Nnoucka HeobXxoauMO pellaTb CUCTEMbI JIMHENHBIX
ypaBHeHui [7, 13, 14]. MeToabl, OCHOBaHHblE Ha WCMONIb30BaHUMN TaKuX
CBOWCTB reccraHa aycca - HblOTOHa, Kak MONOXWUTENbHas onpeaeneH-
HOCTb U CUMMETPUYHOCTb, paccMOTpeHbl B paboTe [40].

MHoromepHbie cucrtembl. CUCTEMbI, MMEIOWME BEKTOPHLIA BXOA W
(unn) BbIXOA, Ha3bIBAKOTCH MHOrOMepHbIMU. O4eBMAHO, YTO MOCTPOEHUE
MoAenen Takux cuctem siensieTcs 6onee cnoXHoln npoueaypon (nNo cpas-
HEHWIO C OAHOMEPHBIM criydaeM). TeM He MeHee Npy MHOrOMEpPHOM BXoAe
MOryT 6bITb MCNONb30BaHblI PAaCCMOTPEHHbIE B HacTosLen paboTe MeToAbl
onTuMmusauun. Mogenn € HECKONbKMMK BbiIXOAaMuU UMEIT ropasgo bonee
CINIOXKHYIO CTPYKTYpY, BCNeACTBME Yero ux napamerpusaums HeTpuBuasb-
Ha. CyllecTByeT HECKOMbKO MOAXOAOB K PELUEHUIO AaHHOM 3agaun. Haw-
6onee NpocTbiM (C TOYKN 3peHUst NPaKTUYECKOro NpPUMEHeHUs) SIBNSIeTCs
MCNONb30BaHNe HE3aBMCMMOMN MOAENWN ANS KaXAoro Bbixoaa. B atom cny-
Yyae 3aJada MoXeT 6biTb pelweHa 6e3 kakmx-NMbo AOMNOAHUTENbHbLIX MO-
andumkaumi. OgHako 6onee ecTeCTBEHHO paccMaTpuBaTb CUCTEMY B Le-

NoM, Toraa MoAMMUUMPOBAHHbIN KpUTEPUI NaeHTUdUKaLMK

N
Vy(©0,2Y) =ﬁz(w)—ﬁ(tle))T(y<t>—ﬁ<t|e)) =
=1 (2.142)

—LisT(t 0)e(.0)
INS T e



Kputepuit (2.142) He aBNsieTca AOCTAaTOYHO 3dEKTUBHBIM NPU 3HAYUM-
TEbHOM PA3/IMYMN AUCMEPCUM LUIYMOB MO KaXKAOMY BXOAY W CyLUEeCTBEH-
HOW B3aMMHO-KOPPENSUMOHHON (yHKUMK. BMecTo kputepusi (2.142) mo-

XET 6bITb UCNONb30BaHa cneaytoLlas Mmoandukaums:

N
V(0,2 = LZST (1,0)A"'e(1,0) , (2.143)
NS

roe A — MaTpvua KoBapvauum LWYMOB, A = E{e(t)e'(r)} . OUueHKa, NonyyeH-
Hast NyTeM MUHUMU3aUun Kputepus (2.143), COOTBETCTBYET OLEHKE MaKCK-
MasibHOrO NMpaBAonoAcdmMs Npu YCNOBUM HOPMASIBHOMO pacnpeaeneHns Lwy-
MOB M W3BECTHOM MaTpuue A. lNpu peanusaumm Metoaa JleBeHbepra -
MapkapATa MCnosnb3yTCA Cneayowme BbIpaXXeHns AN1s ornpeaeneHus rpa-

ANEHTa U recCaHa:

N
G(0)=Vy(6,2")= %Z\V(L 0)A™ (y(1) - 3(1]6)), (2.144)
t=1

N
R(0) = %zw(z, 0)A y(,0), (2.145)

t=1

roe mMaTpuua Npou3BOAHLIX BbIXOAA MO BECOBbLIM KO3(ddumumeHTaM onpe-
[AENseTcs Kak

' (1)

2.146
o (2.146)

w(z, 0) =

AnroputMm lMNaycca — HbloTOHa (Bepcus C 3KCMOHEHUMANbHbIM 3aTyXaHu-

eM) MoanduumpyeTcs cnegyrowmM obpasom:

K() = Pt -Dy(@) (A~ +y" ()P~ 1)w(r))’1 :



0(5) =0(t 1)+ K(OA™ (y(H) - 3(1|6(t - 1)), (2.147)

P(t)=(P(t-D)-K(0)y" (0)P(t-1)) /x .

B cnyyae, koraa maTpuua KoBapuauuMu Heu3BeCTHa, BO3HWKAET Heob-
XOAMMOCTb OnpeeneHnss A OQHOBPEMEHHO C OnpeaesieHNeM BECOBbIX KO-
acdumumeHToB HenpoceTeBo Moaenu. [aHHas npobnemMa noapobHo pac-
cMoTpeHa B pabotax [9, 40].

KpuTtepuit octaHoBa. KpuTepuii ocTaHOBa BBOAWUTCA ANSi aBTOMaTw-
Yeckoro 3aBepLueHus npoueaypbl 06ydeHns. OBbIYHO KpUTEpUEM OCTaHo-
Ba SBMISIETCA HEKOTOpOEe YCNOBME, BbIMOSIHEHME KOTOPOrO MOKAa3biBaET,
YTO AanbHenwas onTuMmu3aums napameTpoB mozenu HeaddekTmsHa. Cy-
LiecTBeHHOM npobnemon npu BolIbope KpUTepus SBNSIETCS HEBO3MOXHOCTb
onpefeneHnst afeKkBaTHOCTM Modenu Ha ctagum obydeHus. PelueHuem
npobnembl SABNSETCS BBEAEHWE Cpa3y HECKONIbKUX OrpaHUyeHui.

MepBbIM BapyaHT — 3alaHMe MaKCMMasibHOro Yncna uTepaummn npoue-
Aypbl 06yyeHus. [lJaHHbIA KpUTEPUI He uMeeT (hr3ndeckoro (MaTemaTuye-
ckoro) 060CHOBaHMS W onpefenseT NuUb MakCUManbHO AOMNYCTUMblE
BPEMEHHbIe 3aTpaTbl Ha npoueaypy obyyeHusi. TeM He MeHee KpuTepun
MOXeET ObITb MCNONb30BaH B KayecTBe OCHOBHOMO B CUMCTEMAax peanbHOro
BpemMeHun. CnegyeT OTMETUTb, YTO AN AOCTVXKEHWUS MUHMMYyMa C Tpebye-
MOW CTerneHbi0 TOYHOCTU NPpU UCNoNb30BaHUK MeToaa JleseHbepra - Map-
KapaTa 06bl4HO AocTaTouHO nposectn 500 — 600 uTtepaunii ans Hepoce-
TeBOW Mozenu, coaepxatiein 100 — 500 BecoBbix KOIPHULMEHTOB.

[Apyron cnocob 3agaHusi KpUTEpUsi OCTaHOBa — BBEAEHWE OrpaHNYEHWIA

Ha rPAAMEHT G(0). B TOUKE MMHMMYMa 0=0" TPaANEHT AO/MKEH ObITb pa-

BeH Hyno. [pun ncnonb3oBaHMM METOA0B MOC/eA0oBaTebHOMo I'IpVI6fIVI)K€-



HUA OOCTUXKEHMNE paBEHCTBA G(e*):o HEeBO3MOXHO. TeM He MeHee B Ka-

YEeCTBE KpUTEPUA OCTaHOBA MOXET 6bITb 3a4aHO cnegyroulee ycnosume:

”G(G(”)” <g, (2.148)

roe ¢ — HekoTopas KOHCTaHTa. HecMoTpsi Ha MaTemaTtudeckyro 060CHO-
BaHHOCTb KpuTepusi (2.148), npakTnyeckoe npuUMEHeHue $BNSeTCs 3a-
TPYAHUTENBHBIM. 3TOT (PaKT 06BACHSAETCSH C/IOXHOCTLIO BblbOpa 3HAYeHUS
€.

KpuTepuin octaHoBa MOXET OblTb MOSTlyYEH HA OCHOBE OLIEHKW M3MeHe-

HWSI BECOBbIX KO3(PULMEHTOB MeXAy ABYMSI uTepaumsiMu. B cnyyae, ecnu

MaKCMMaNbHOe M3MEHEHME BeCOBbIX KO(PMMUMEHTOB max{ 6f -6 |
k

MEHbLLIE HEKOTOPOW BENIMYUMHBI, NpoLeaypa 0by4yeHUs 3aBepLUaeTcs.
B HEKOTOpbIX HEMPOCETEBbIX NMPUIOXEHUAX B KAUECTBE KpPUTEPUS! OCTa-
HOBa MOXET ObITb MCMOSIb30BAHO AOCTMXKEHME HEKOTOPOrO 3HAYEHUsl &

MUHUMU3NPYEMOW DYHKUMK V,,(6,Z"). OfHaKO, C TOUKM 3peHus Helpoce-

TEBOM peanusaumn npoueaypbl MAEHTUUKAUMK, UCNONb30BaHUE 3TOrO
noaxofa 3aTpyAHUTENbHO, TaK Kak anpuopHOe orpefesieHue ¢ HeBO3-
MOXHO B CMJTy OTCYTCTBMSI MH(OPMaLMKN O ANCNEPCUIN BO3MYLLEHWN.

Mpn oNTUMM3ALMM HEMPOCETEBLIX MOAENEN AOCTAaTOMHO YacTO BO3HU-
KaeT cuTyaums, Korga annpokcMMauust Kputepust onTuMu3aumn B6u3M
TOYKM MMHMMyMa CTQHOBUTCS HeaaekBaTHo [20]. Mpu mcnonb3oBaHUK
anroputMa JleBeHbepra — Mapkapata BO3HWMKAeT PUCK HeaonyCcTMMOro
YMEHbLUEHUS] AOBEPUTENbHON 06nacTy, YTO NpUBOAUT K Npobnemam Bbl-
yncnuTenbHoro nnaHa. KoadduumeHt Mapkapata A (2.78), Haxoaschb B

06paTHO MPOMOPLMOHANBHON 3aBUCMMOCTM OT pa3Mepa [A0BEPUTESbHOM



obnacTtu, NoCToSAHHO BO3pacTaeT Mo Mepe NpUbAMKEHUS K TOYKe MUHK-
MyMa. TakmMm 06pa3oM, MOXHO YCTaHOBUTb HEKOTOpPOE MaKCuMMasibHoe
3HaAYeHME L KaK KpUTEepMI OoCTaHOBa npoueaypbl 06yyeHusi HEMpOCEeTEBOM
moaenu.

B pasgene 2.4.2 obcyxaanvcb BONpocCkl npeasaputensHoro (6e3 goctu-
XXeHMSI MMHMMyMa) OCTaHOBa npoueaypbl 06yyYeHus C Lenblo AOCTMKEHMS
acddekTa perynsapusaumn. MNpu MCNonb30BaHMM AAHHOrO MOAXOAA WMCMNOJb-
30BaHMe YMNOMSHYTbIX paHee KpuUTepueB OCTaHOBa CTaHOBUTCS HEBO3MOX-
HbIM. BMECTO HMX MCMOMb3YIOTCA pPe3y/bTaTbl OLEHKN MOAENN Ha TECTOBOM
MHOXeCTBe: npoueaypa 0byyeHns 3aBepLuaeTcs No AOCTUXKEHUN MUHUMYMA
oLwnbkm o6obLieHns.

OueHka 3cgdekTuBHocTn anroputmoB o6yuenHmsa HC. B pesynb-
TaTe anropuTMM3auMM U KOMMbIOTEPHOrO MOAENMPOBAHMS MONYYeH paj
OLEHOK MEeToAOB OMTUMM3aLUMWM MapaMeTPOB HEMPOCETEBLIX MoAesnen
(Tabn. 2).

Tabnunuya 2

CpaBHUTenbHasa oueHka anroputmoB obyuyeHusa HC

OueHKa anropuTMa no nNATM6aNIbHOM
LKane
Anroputm obyuye- Bbluncnu-
CkopocTb TpeboBaHus K
HUS TenbHas .
CX0AMMO- onepaTuMBHON
pobact-
ctm namsTu
HOCTb
O6paTHoe pacnpo-
1 4 2
CTpaHeHue owmnb-




KK

O6paTHoe pacnpo-
CTpaHeHue owunb-
Kn (peKkyppeHT-

HbI)

MeTop Naycca —

HbloTOHA

MeTtoa
JleBeHb6epra —

MapkapaTa
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