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X =%, —a-sign{ f(x, + &)~ f(x - 2)},

A€ a—const, g—const B IIPOLECCE IIOUCKA X, :

X =x‘_a'.{f‘(xi-i_gi)_]}(xi_gi)},
i+1 i i 2gl

rae f(x,+g), f(x,—g,) - ouenku no MHK. B 3ToM anroputme BEIUUUHBI g,, a,
3aBUCSAT OT HOMEpA «1» MOUCKOBOTO CMEIICHUS x,, U IO JOpME ATOT aJrOPUTM

skBuBalieHTeH MCA (puc. 4.15).

Hu |

.5(xi1§;) — -
Stmi) - i) b meg) -
j x .ﬁve) ‘5( ak)-u:f‘(-x.-;)
Se=ing)  — — 7 ' 7
a S c;* x;, - % > >

Puc. 4.15 Anroputm noucka B CAO ¢ napHbIMu poOaMu Kak 3KBUBajeHTHas mpoueaypa MCA.

N3 pucyHka cienyer:

= f(x,),

f(xi +gi)_j(xi _gi)
2g.

1

TIOATOMY C TOYHOCTBIO 10 0003HAYCHHUIA:
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Xy =% —a,- (X)X, =x,—a;- y,(x).

McC4 aoanmueHbLl - aneopumm
¢ naphvimu  npobamu

Hanoxum OTpaHUYCHU Ha BCIINYHUHBI a,, g, B aAalITUBHOM AJITOPHUTME C

napHbIMU NpoOaMu Kak 3To crenano B MCA.

Ouenku f(x,+g), f(x.—g,) no MHK kak 6bL10 HOKa3aHO paHee SBIAI0TCS

JIMHEWHBIMM KOMOMHALUAMY TEKYIIMX U3MEPEHUN vy, y- :
S +g)= zbjy; s fx—g)= zbjy; >
=1 =

II03TOMY MOKHO 3aIIHCaTh:
f(x[ +gi) :f(x,' -I—gl.)-l—é‘:; f(xi _g,-) :f(xi —gi)-l—é‘; s
TAe &', & €CTh ClIydyaliHble BEJIMYMHBI U UMEIOT CBOMCTBA!

& E&‘;:O; D8i+=D}(x[+gl.);

1

g Ee =0; Dg; :D.?(xi -&)-

3nech D]A”(xl. +g.), D]A”(xl. —g,) DJIEMEHTHI JUCIIEPCUOHHON MaTpHUILIbl OLIEHOK I10

MHK:

~ ~ 1
Df(xi +gi):Df(xi —gi)=52(1,0)|:(XTX)1:|(Oj, X' =
(2xn)

3anuiieM aJanTUBHBINA aIrOPUTM B Apyrou ¢opme:

a -
X =X _(TJ[J[(X; +g)te - f(x,-g)-¢ ] .
Paznoxum f(x,+g,), f(x,—g,) Bpsan Tenmopa B OKPECTHOCTH x, , [I0JIaras,
YTO g, ABJISICTCSA MAJICHBKON BEJIMYUHOU:
flx+g)+e —fx.—g)—& =fx=x)-2g +& —¢ .

[ToxcraBuM 3TO BBIpaKEHHE B aIAlITUBHBIN aJITOPUTM:

Av, =x,—x, =—|a, - f(x=x)+0,5" (" ~&) |.
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I[J'ISI PaCCTOAHUA lN OT Ha4aJIbHON TOYKHU x, 40 KOHEYHOH TOYKHU Xy UMECM 110

ananoruu ¢ MCA (puc. 4.13):

A, 1AXs]

|8yl
. > . s . —
0 x* .‘ . fn{:‘ :/4-2;{ l =

Puc 4.13. Urepannonnas nponeaypa MCA.

! i\m\ S, -] 0,55 % FYa 4053 %
Y |Ax =g, far=x)+0.5Y Y (s e ) < F-Ya 0.5 (sl — e,
N i=1 l i=1 “ % i=1 &; (e —er) i=1 ¢ i=1 &; (& =)

rae F=maxf(x=x,.).

Jlns oneparopa E MareMaTH4ecKoro OKuIaHusi UMEEM:

! { Sa, +0.53 % ﬂ Sa, +0.53 % )=F-Y
El,. <FE|F- . +0,5 +— ;_; =F- - +0,5 —’E;—E;=F~ .
N i=1 “ =l & (e —e i=1 ¢ i=1 (L’—g’ i=1 ¢

i i 0

AHanoruuso Jiyist oneparopa D nucnepcun:

2
N N N
DI, < D{F-Zai 10,53 % (g —g,,)} = 0+(0,5) -Z[a—fj (D&’ - De)).
i=1 i=1

gi i=l1 i
Tak kak:
J}(xi+gi):f(xi+gi)+gi+ = gi+ :fA(xi+gi)_f(xi+gi);
=const
f(xi_gi):f(xi_gi)-i_‘Q; = 8; :f(xi_gi)_f(x,-_g,-)y
=const
IIO3TOMY!
Y[ a P .
DIN SO>25'2[_IJ '|:f(xi+gi)_f(xi+gi)_f(xi_gi)_f(xi —g,-)] >
i=1 i
OTKYyJa:

2
N ~
sto,zs-z(a—f] 2Df(x, +g),
i=1 \ &;

TaK KaK O4EBUJIHO, YTO Df (x,+g)= Df (x,—g).
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D[];(xi +gl‘)_/}(xf _gi):|:2DJ}(xi +gi) .

Df(x,+g,):

*

Df(x,+g)=R-& (XTX>_1 ‘R =47 (1’0)(Df(x;+g,.) *jﬁ)j — const

n—const

IMO3TOMY:
N a. 2 A
DI, <0,5-F -> | == | , F, =max Df (x,+g,) .
=1\ &; !

I[J'IH CXOAMMOCTHU UTCPATMOHHOTO IIpo1ccca HCO6XOI[I/IM02

lim El,, =00, lim DI, =0,

N—>o N—w

4TO B PC3YyJIbTATC AACT CICAYIONINC YCIOBUA CXOAUMOCTH!

1. F=max f(x=x)<o

2.

AMg
8
I
8

I
—_

1

3. F=maxD f(x,+g,) <o

4. 34 :
e <

Ot YCJI0BHA B TCOPUH aAaIlITUBHBIX CUCTCM YIIPABJIICHUSA IIPUHATO HA3bIBATH

8

ycnousimu Kudepa u Bonsdosumna (Kifer J., Wolfowitz J.).

VYcnous 2 u 4 onpeaensioT npaBuiia uist BeIOOpa a,, g, B agantuBHOil CAO,
HaIpuMep:

a. =

l

1 1
i_a » & = l_ﬂ ’
rac c, ﬂ - HCKOTOPBIC ITapaMCTPhI, JJII KOTOPBIX JOJIKHBI BBIIIOJIHATHCS

orpanuuenus (puc. 4.16):
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B |
75-’ TR T B s
1 /\
(\\ z A = #0?67:4.,?&,’44& /{.2{)
Y4 prl <L o
- . A
\\\\ \\ \\ o(:_f
AN/
/\\\\ I
AX N\ N\
o« N >~
! L fuea ! %

Puc. 4.16. 3ona Be1OOpa mapameTpoB ¢, [ B ycioBusax Kudepa-Bonwsdosuriia.

O<a<l, >0, a-F>).

B vactHOCTH yClOBHUSI CXOOUMOCTH 2 U 4 BBINOJIHSAIOTCSA MPU

JleCTBUTENBHO:

1o npu3HaKky cxoaumoctu anambepa:
L
NE

a. 1 1.y
i — 1+-)7
S )

ai+1

<1.

Taxum o6pazom, anroputm CAO c amanTarnueil IpoOHBIX « g,» U pabounx

«a,» maros, cuatesupoBanHbiii 1o MCA nmeer Bui (puc 4.17):
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Xy = &3

X=Xy * [ Ty E X A

=%, VIR el 2Rt
W Lot lals) Haor0di)- Y -a¥) s g3 Mf_r_{ﬁs
' ' S-S —:’__1____ Eo 2 &

J_
!
|

( - e g e
£ . O e s crar ; 7 e 7{

A

f(-) - ouenka MHK; 4, g - paboune u npoOHbIe Iaru B Ha4yaje MOUCKa

SKCTPEMAJILHOM TOUKH x., 3aBUCHUMOCTHU f(x).

ANropuT™ BAaM OT 9KCTPEMYMa, KOI/la KpyTU3Ha y = f(x), M3Mepsemas
f(x=x,), ABIsCTCS 3HAUNTEIBHOM, OOeceunBaeT GOJIBIINE 3HAUCHHS [TAPAMETPOB
a,, g, 11ara rnoucka, a gaiuee (puc 4.9) no mepe npuOIMKEHHS K IKCTpEMaTbHOM
TOYKE x,, KOTAQ f(x=x,) yMCHBIIIACTCS, TApAMETPHI IIara a,, g, TAKKe

YMEHBIIAKOTCA.

4.2.2. Metoa Kauma:xka (MK)

Oo6mme noJoxkennsa MK

Mopens oO0bekTa TMHEHHA U UMeeT hopMmy:

YO =3 0 fO=F @) A= A"-F (),
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rae:

F’ (t):( £, @), ..., fH(t)) - BEKTOp (1xn) Oa3MCHBIX (PYHKITUH;
A" =(a0, aH) - BEKTOp (1xn) HEU3BECTHBIX IapaMETPOB.

HNmeem COBOKYITHOCTb H3MEPEHUN

{j;(tj)’yj}a j:L_N, N>n-1.

A

Heobxoaumo onpenenuTs BEKTOP A HEU3BECTHBIX MApaMETPOB A .

IToxcraBuM U3mMepeHust B MOJIEIIb:

n—1 -
v, = a-f(t), j=LN.
i=0
Paccmorpum cucremy koopauHar a,, ..., a, . Kaxnoe ypaBHeHue
n—1
Y, = Z"i - fi(¢;) 3TO TUIIEPILIOCKOCTH B BBIOpaHHON CHCTEME KOOPJIMHAT, a PEIICHUE

i=0

A 7TO TOUKa IepecevyeHus TUIEPILIOCKoCTei y,, ..., v, (puc. 4.18).

220

Puc. 4.18. I'eomeTpuyeckoe npeacTaBiIeHue UTEPALMOHHON Mporenypsl Kaumaka.

B reomerpuueckoil HHTEpHpETAIIUU aJITOPUTM CTPOUTCS CIETYIOIUM 00pa3oM.

BCpGTCH HadaJIbHas TO4YKa Ao , HC IIpUHAJICKallasa HU OI[HOﬁ n3
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runepriockocteil. I3 Touku 4, onmyckaercs NeprneHANKYJIsp Ha IPaByro
TUIEPILIOCKOCTh y,. B pe3ynbTare nepeceueHus: neprneHauKyspa ¢
TUIEPIIOCKOCTBIO y, MOJIYy4YaeTcsi Touka 4,. M3 Touku A4, omyckaercs
NEPHEeHAUKYJIAP HA TUIEPIJIOCKOCTD ¥, , OJTYYaeTCcsl TOUKa A, , U3 4, -

NEePHEeHAUKYJIAP Ha TUIEPIUIOCKOCTh y, H. T. A. B pe3ynpTaTe oOpasyercs

N
COBOKYITHOCTBb TOYCK {Ai}i:O . I[OKaSI)IBaGTC}I, qTo:

N

Al 2 A
=Y Now
dopmanu3yeM 3T0 FTeOMETPUUECKOE NpeacTaBiieHue. Touka 4, uMmeer
KOOPAUHATHI 4, =(a0 0 Qs e A 0) , 2 TOYKA 4, , KOOPAHHATHI
4 :(am, a s e @ 1) Y IPUHAJICKUT TUMEPIUVIOCKOCTH y, (m. A4, € y, ), IOITOMY:

a,, 'fo(t1)+a1 | 'f1(t1)+---+a,,_1 1 Sua @)=y, =0.
Bektop 4,4, nMeeT KOOpAMHATHI:

AOAI:(am_aoo’ a  —d, s - a

w1 % 1)'

W3 ananuTu4ecKon reoMeTpun U3BECTHO, YTO, €CIIM B CUCTEME KOOPAUHAT
a,, ..., a, , IMEEM ypaBHCHHUEC TUNECPIIIIOCKOCTH a, - f,(t)+...+a, - f,,(t,) =y, TO €¢
HaIpaBJIAIOIINE BEKTOPHI f(t,), ..., f, ,(t,) DTO €CTb KOOPAWHATHI ICPIICHAUKYIIIpa

M, K TUIIEPILIOCKOCTH y, . [loaTomy:
M, =(f,t), . f0(@®)).
U3 pucynka 4.18 cnenyert, uTo BeKTOpa 4,4, 1 M, TOJKHBI OBITH

mapauICJIbHbI, TO €CTh UX KOOPAWHATHI JOJI?KHBI OBITh MMpOIopuHrOHAJIBHBI:

9, %, %1%

Lw)y @)

9TO0 J1aeT:



263

dyy =%, =mfy (1))
A4, 1M,

T mf, . (4)

@y Jolt)+ota, fa (@) =0 | mo4 ey,

OT0 cucTeMa ypaBHEHUH OTHOCHTENBHO a , ..., @ , M, T.C. UMEEM «n+1»

HEU3BECTHBIX U «n+1» ypaBHEHUM. Pemiaem ee METOIOM NOJCTAHOBKH:

a, =a, +m-f(t); a =a +m-fi(t);...5a  =a  +m-f ().

[a 00" m'fo(tl)]fo(tl)""“-"[a n-10 +m'fn—1(t1)}'fn—1(t1) =V
OTKY a4, pa3pcuias OTHOCUTCIIBHO «m » IIOCIICAHCC YPABHCHUC, ITIOJTYUHNM:

yl_;a()i.ﬂ(tl) _ M _(AOT= F(t:t]))
HZ_I“fiz(Il) (FT(tl)’F (tl))

m =

rjae (-,-) - CKaJIsIpHO€ NIPOU3BEJICHHUE.
[ToxcraBuM «m > B IEPBBIE « 1) YPABHEHUM, TOT1A:

Al =A0 n N —T(AOT, F(tl)) -F(tl).
(F" (). F@))

Takum oOpa3om, HAIIUIU KOOPJUHATHI m. A4, € y, (TUIEPILIOCKOCTB ).

AHAJIOTUYHO:

A= 4 +2 (4 F(tz))ﬂtz)
(F" (). F(1,))

vy =4y F@))
(F" ), F(ty))

F(t,).

OTOT AITOPUTM JOCTATOYHO MTPOCTOM IIPH €r0 peaau3aluy Ha uK , OJTHAKO OH
o0nagaeT HU3KOM CKOPOCTBIO CXOJUMOCTH. AJlanTalys COCTOUT B
HIOCJIEI0BATENBHOM MpoLeaype 00pabOTKU TEKYIIUX U3MEPEHUN (B TEMIIE C
IPOLIECCOM MOCTYIJIEHUSI U3MEpPEHUid — on line).

VYcnoBue ocTaHOBa IpoLEcca 3a/1a€TCs B BUJE:

|4, —Ay_|<e, &-3amaHHOE YNCIIO.
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Cunre3 agantuBHOro ajaropurmMa CAQO na 6aze MK

B's

() : Ju | T3 P z ZntY,

i
Z ) &; A
5-(:{-“—3) oy CIiaam _; PECE ' e VAL BRI F — — — — — — — — —

(=)

! (e G MOHCHEE I MEIEE Ll ol B S Tt e e

Puc. 4.7. Monens 00beKTa (a) ¥ IepeX0/IHbIE MPOIIECCHI Ha €r0 BHIXOJIC.

Nmeem o6bexT Tumna H.-JI. C uzBectHoi BenuunHout T (puc 4.7) u njis

YMEHbILICHHUS BIIMSHUS T Ha Bpems IMOUCKA x, 3aBUCUMOCTH y = f(x) UCIOJIb3YETCS
IIPOrHO3UPOBAHUE YCTAHOBUBIICIOCA 3HAUCHUS f(x, +g), f(x, —g) IPpHU NoJa4ve Ha
BX0J1 00bEKTa MapHBIX MPOO +g OTHOCUTENBHO X, .
B sTom ciiyuae nmeem:
YO =[x +g)1+aie’ = f(x+8) (D +a - (1)
WNmu B Tepmunax MK:
f0=1 fn=e".

B cootBercTBuu ¢ npouenypori MK umeem:
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fN(xi +g)=(1,0) (A ’

=(1,0)-

265

e )
a) N (FT(tN)vF(tN)) fi(tN)

A N

-2N7t

Nt 2
1+[e TJ

"Zy Ty 'fN-l(xi +g)—d, '&1,N—1:

—2Nt —2Nt -N7 -2N7t

b — 1+eT)*l’ c. =e¢ T (1+eT)*l’ d :eT(1+eT)7l_
N N N

AHanoruyHble BEIYHUCICHUS ASIat0TCs s fN (x, —g), IO3TOMY:

X, =X +a-sign{fN(xi +g)—fN(xi —g)}.

4.2.3. Meton puapTpa Kaamana (MDK)

Oo6mue nojgoxxennsgs MOK

NwmeeTcs nuHnaMuueckuii 00bEKT, MOJIEIh KOTOPOTro 3a/iaHa B hopme

g depeHnnaIbHOr0 YPaBHEHUS B TPOCTPAHCTBE cOCTOsIHMI. Ha BXox u BeIX01

00BEKTa BO3ACUCTBYIOT Clly4ailHble BO3MYIIEHUS, KOTOPhIE MOJICTUPYIOT OITMOKHU

B YIPABJICHUH U U3MEPEHUH COCTOSTHUN. Heo0X0IMMO CUMHTE3UPOBATh AIrOPUTM

OIICHKU COCTOSIHMM 00BEKTa, KOTOPBIM 00eCrieurBacT MUHUMYM JUCIIEPCUU €T0

OIICHOK.

[Tyctbs uMeeM Mojienb 00bEKTa B MPOCTPAHCTBE COCTOSIHUH (puc. 4.19):

|

W(£)

[

l 'r?c-»/azl-c«#-cr:—-

Heee: cobeydnz

Y

Y(t)
X(#)

Puc. 4.19. Monens 00beKTa npu BO3ICUCTBUH CIIyYalHBIX BO3MYIIIEHUN HA €r0 BXOJIE€ U BBIXOJIC.



266

b

X(0)=A4.(0)- X(0)+D,(0)-U@O)+V, (1)
Y(t)=H.()- X()+W (1)
rae X (1) =(x(0), ... x,(t)) - BEKTOp COCTOSIHHI 06BEKTa;
U(t)z(u1 @, ..., un(t)) - BEKTOp yIIpaBJICHUS,

H (t) - MaTpHuIa,

Y'(#)=(3(®), ... y,(t)) - BEKTOp H3MEPEHHIi BHIXOA 00BEKTA;
HOE (v1 1)y oo V, (t)) - BEKTOP CIIyYalHbIX BO3MYILICHUHN YIIPABICHUS;
wi(t)= (w1 @), ..., w, (t)) - BEKTOD CIIy4alHbIX BO3MYILICHUN [IPU U3MEPEHUU

COCTOSIHUI OOBEKTA.

KoBapuannonubsie MaTpuIibL:

Dw(r), DV.(1)
CiywaliHbIX poueccoB W (¢), V.(t) 3aiaHbL.
[Ipumep. Ilycte DW(¢t)=0, DV (¢); MOJieTb OObEKTA:
y(t)=a,, a,—const.

Heobxoanmo 3anucars 3Ty MOJIETh B TPOCTPAHCTBE COCTOSTHHIMA.

B xaHonuueckoit (cranaapTHOM) popMe MojIeTr 00bEKTa UMEET BHU/I;

L 3(0) +0- 3 (D) +0- (1) = a.

Xy Xy =X X
[Tocne 3amensl nepemMeHHbIX (3aMena Korm) nomydum:

y=x

X, =X,

X, =a,
WM B MaTpUIHOU dopme:

X 4 X D, U

_ ) (0 1)\(x) (0 0)q,
x=0-x,+1-x,+0-q, P = 0 olly +1 ollo
2 2

x,=0-x,+0-x,+1-a,

1 0
y=1x+0-x, = i
0 0 0){x,
— — ) ——

Y H, X
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PaccMoTpuM IUCKPETHBINM BapUaHT MOJENIH B IPOCTPAHCTBE COCTOSIHUM. J{J1s
ATOr0 UCTOJIb3yeM 0003HAUCHUS:
X(@)=X[k], X(t >7)=X[k+1], 7 -1Iar 110 Bp€EME€HH, k - HOMEP U3MEPECHHUS,
TOrJa:

X(t+1)- X (1) _ X[k+1]- X[k]
T T

X)) =

PasnocTtHas mojiens OyaeT UMETh BHI:

b

X[k +1]= A[k]- X[k]+ D[k]-UTk]- V[k]
Y[k +1]= H[k]- X[k]- W[k]

tae Alkl={I+A[k]-z}; D[k1=D,[k]-z; VIkl=V,[k]-.
JI1s1 IPOCTOTBHI MTOJ0KUM:
Alk]=A4; D[k]=D; H[k]=H,
TOI'/1a B PE3YJIbTATE MOIYYUM:

X[k +1]= AX[k]+ DU[k]-V[k]
Y[k+1]= H[k]- X[k]-W[k]

OTHOCHUTENBHO CIyYalHbIX BO3MYILICHUH ITOJIAraeMm:

EVIk]=0 CJIOBHS LICHTPUPOBAHHOCTH BO3MYILICHUI;
" EW[K]=0 y pyup y >
* 0
DV[k]=R-6, ~ .
O *
* 0 YCJIOBUS HAa U3MEPEHUS HA BXOJE U BBIXOJE
2. DWIk]=0-5, ~ 00bEKTa OTHOCUTEIBHO UX
0 %
HEKOPPEIUPOBAHHOCTH
L k=j
5 = /
P00, k£
R, O—-3a0annvie mampuywi

3. E{V[k]-WT[k]} =0 - YCJIOBHE HEKOPPEIUPOBAHHOCTH CIYYAWHBIX ITPOLIECCOB

Vik] u WIk].

ITocranoBka 3agauu. imeeM 4ucCIio « &k » U3MEPEHUN yrpaBieHus ul j], j=1k

CO CIIy4YallHbIMM BO3MYIIEHUSIMU V], j =1,k Ha BXxozme 00BEKTAa U YUCIIO « k »
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u3MepeHunt y[j], j =1,k CO CIydyallHbIMH BO3MYILIECHUSIMHA W[ )], j =1,k Ha BBIXOJE
obbekTa. IMeeM TUCKPETHYIO MOJIeNIb 00BEKTa M MOJIC]Ib U3MEPUTEILHON
CHUCTEMBI B MPOCTPAHCTBE COCTOSIHUU. JIJIsT MOMEHTA «i» BpEeMEHHU HEOOXO0UMO

HAMTH OLIEHKY X BEKTOpa COCTOSHMI X u3 ycaoBus (puc. 4.20)

Ulrl
D Y]

DU Ul
) d+i] [Operader 274 XM —] 52['4]

V[Rl Al ;LE otrase [ ] H £ =3 JJ/’!AO o ==
Taxpg —[oomsor a0
Y WR]
X[R]

Puc. 4.20. OntumanbHas ¢puisTpanus ¢ momoinbto ¢punbsrpa Kanmana.

min DX[i], i =1k.
B teopuu nudpoBIX CHCTEM YIpaBICHUS 0OBIYHO UCITOIB3YETCS CIICIYIOIIasT
TEPMUHOJIOT UL
i<k -3amaya CriiaxuBaHHuA,
i=k - 3ama4a ONTUMAJIbHON (DHIIBTPALINH;
i >k - 3aga4a MpPOrHO3UPOBAHUSL.

Paccmotpum dacTHBIN caydait QuiabTpa, KOTOpsIid 3aTeM 0006mum. [lycts

NMeEEM:
1. U[k]=0 - ynpaBieHue OTCyTCTBYET;
2. V[k]=0 - cny4ailHble BO3MYILEHUS OTCYTCTBYIOT;
3. Y'[k]=y,[k] - BEKTOp U3MEpPEHUH Ha BHIXOJC UMEET OJHY KOMIIOHCHTY.
B ycnoBusix 1-3 Oynem uMeth MOJIeb O0BEKTa U U3MEPUTETHLHON CHCTEMBI B

BHUJIE:
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X[k +1]= AX[k]
wlkl=h" - X[k]+W,[k]

N3 nepBoro ypaBHeHus:
X[k]= A" X[k+1],
KOTOPOE MOJICTABIISIEM BO BTOPOE YPaBHEHUE:

yilkl=h" A"k +11+W,[k].

A
Omneparop 4" mpeobpa3yet BekTop X[i+1] B Bektop X[i] ( X[i+1]— X[i]),
M09TOMY OYyJIeM UMETh IEMOYKY OTHOIICHHU:

X[]=4"-X[2]=47"'(4"'X[3]) =...= A X[k];
X[2]=4"-X[3]=47"'(4"'X[4]) =...= A" P X[k];

X[i]=4%" - X[k], i=1,k.
[Tpu Hanmuuym yncna « k » usmeperuit y,[1,y,[2], ..., y,[k] Ha BeIxO/I€ OyIeM

umets CJIAY OTHOCHTENBHO HEM3BECTHOrO BekTOpa X' [k]=(x[k], .. xﬂ[k])(l E

wlll=h" A7 X[2)+ w[1]={X[2] = 4 X[k} = " 4742 X[k]+ w[1]

yl=h" A0 XTk]+w[k]
WU B MaTpuuHOU hopme:
Y[k]=®[k]- X[k]+ W [k],
rae Y [k]= (1, - KD W Tk]= (w1, ..., wk]D);

T —(kx1)
h(lxn) A(nxn)
Dlk] = : - MaTpuua pasMepoM dim (kxn).

BT R

(1xn) “nxn)

[Tosmaraem panee, 4TO YHUCIO « k » U3BMEPEHUU: k > n, TAC n - YUCIIO
HEM3BECTHBIX TapaMeTpoB X' [k]=(x[k], ... x,[k]), KpOME 3TOr0 moMaraem, 4To
EW,=0, DW,=5%-1.

B 3Tux ycnoBusix BEKTOp HEM3BECTHBIX MMapaMeTpoB X[k] OyJaeM UCKATh 11O

MHK.

min 7} [k]- W, [k] = min (¥ [k] - ®[k]- X k])" -(%[k] - @[k]- X[k]).
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Jns nonyuenus agantusHoro MHK 115t Hero ncnoinb3yercst pekyppeHTHas
dbopma. Dta popma 6a3zupyercs Ha CASAYIOMUX CBEACHUAX U3 alreOpbl MaTpHIL:

* OJIOYHOE YMHOKEHHE MATPUIL;

\
(A | BJ ———|=4C+BD;
\

* oOpareHre MaTpHUIIbl, IPEACTABICHHON B BUJE CYMM JBYX MaTpHI]
A'=(B+CDE)"'=B"'-B'C(D"'+EB"'C)'EB™".
B cootBerctBUM ¢ MHK nmeewm:
KUk1= (0" 1K) ©[K]) - @7 [K]- % k],
Ucnons3yem o003HaUCHHE:
Plk]=(®"[k]-®[k]) ",
TOrAa:
X[k]= P[k]-®"[k]- ¥ [K].

3anuiiem Matpuity ®[k] u BekTop Y,[k] B Os0ouHOM (hopme:

Dlk-1]-4" ‘
Olk]=| ——————- ;KK =(Yl[k—1] i yl[k]j,
hT
TOTa:
Ok -11- 4" (Y[k-1] uY |
X[k1=Plk]-| ——————- J == =4 -- =(UV) =
h' v [k] 4
(k-
= P[k]-((d)[k —1]- 47" )T } hJ ————— = {ymnoafcenue O10YHbIX Mampm;}
yilk]

= PI]-{(4™) " [k =1]- Y[k~ 1]+ Ay, K]}

Jst Plk] nmeem:
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PIk]=(®"[K]-®[Kk]) =|| ——————~ I =

v \ \ ' i
=l —- =(UV) = ((A-‘)T-cpf[k—l]hj _______ -

= (A - D[k - 1] Ok—1]- A" +h- hT} =

k-1

%/—J

=[ (A P k=1]-A" +h-1- hT] =z =(zruy'} =
{(A Plk—11-4")" +h-1- hT] {Ml[k_l]%.[.éf} -
{

=Jo0bpamunas mampuya om CyMMbl} =

=(M7'k-11) (M 'Tk-17) -45 b (M7 k1)) @] (M) =

B! B!

=M[k-1-M[k-11-h-|1+h" -M[k-1]-h | -h" -M[k-1]=
—_—
(Ixn)(nxn)(nx1)=(1x1)

wncio a=(1+alk-11"'=y[k-1]
= M[k—=1]-M[k-1]-h-y[k=1]-h" -M[k—1]= M[k -1]—y[k =1]- M[k=1]-h-h" - M[k —1].
B pesynprare nonyunm:

XUk =(M[k 1] y[k —1]- M[k =1-h-h" - M[k =1])-((47)" - ®" [k =1]- Y[k — 1]+ h- y,[k]) =

Plk]

= { PAackpwleaem CKOOKU U NPUBOOUM NOO0OHbLe wleHbz} =

= M[k=1]-(4™") - @[k =1]- Y[k =11+ Y[k —1]- M[k =1]-h- y,[k]=h" - M[k +1]- (A" Dk-1]Y,[k —1].
)
Paccmotpum (1):

W) ={(4)= ()", APk -114" = (@ [k~1]- Ok 1))} =

= A(@T[k—l]m[k—l])" AT (AT D [k -1]-Y,[k-1]=
2\

= A(cDT[k—1]-c1>[k—1])*1 O [k-1]-Y[k—1]= 4- X[k —1].

Klk-1]

Taxkum oOpazom, UMeeM CIEaYIONNe PEKYPPEHTHBIE COOTHOIICHHUS:
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)?[k]:A)?[k—1]+y[k—l]-M[k—l]-h(yl[k]—hT -A-f([k—l])

Mk —1]= AP[k —1]A"
Plk—1]= M[k—1]- y[k —1]- M[k =1]-h-h" - M[k —1]

ylk—1= (144" -M[k—1]-h)

OtH GopMyJIbI HE 3aBUCAT OT CIIyYalHBIX BO3MYILICHHI Ha BBIX0OJIE 00BEKTA,
MIOATOMY OHU HE UMEIOT BEPOSITHOCTHON MHTEpINpeTauuu. [[J1g yCTpaHEeHUs 3TOTO
HETAaTUBHOI'O CBOMCTBA UCIIOJb3yEM KOBapHAIIMOHHYIO MaTpuily orleHok MHK:

DX[k-1]=6> (CDT[k—l]-CD[k—l])fl =58Pk -1],

Plk-1]

OTKyIa:
- IV
Pl -1 = 2XE Ny p g = AP
5 s
A 74T -1
;/[k—l]:(1+hTM[k—l]h)1:(1+hT-A DX[;‘Z -4 hj _

=5 (&> +h" - A-DX[k~1]- 4" -h) =&y [k-1].

nlk-1]

B pesynbrare nomy4um:

X[k]= Af([k—u+71[k—1]-M[k—1]-h(yl[k]—hTA-)?[k—1])
Mlk-1]=67-ADX[k—-1]- A
DX[k—1] _ ADX[k-1]- A"
5 5
7k ~11= (8K ADXTk~114"h)

ADXTk —1]- A" hh" ADXTk —1]- A" -
52

_7/1[k_1]'

Ot1u hopmyibl onpeaesnsoT fuckeTHbId GuibTp Kanmana B mpocreiimei

dbopme, TO €CTh B OTCYTCTBUU CIyHYailHBIX BO3MYIIIEHUN V' Ha BXOJ€ OOBEKTA.



