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nPEJICf,ABJIEHHE OEIilKHOBEHHO rO PASHOCTHOTO yPABHEHI'IH

YPABHEHUfiMI' COCTOffH}Ifl

$ 6.1. O6'rexr c o.4ilM Bxoaor ll oAllril BrrxoAolt

6.1.1. Ilporfrnypt | - nepereflrbt6 omronrxa onpqn3nebl6 oootflo11;elxenxllk + t) =

- {+r1ti. B ar,rcxpenroil BapraHre abtBoAa ypaexerui cocroRnra oraert}lblx qacrefi 3aMK'

xyrOri OlCreMbt ynpaanextlta, OnllcblBeeln'lx nt,tlreiHblMx pa3HocrHblux ypaBxgrlxnu1'; C nO'

cionxxsrrr,ru xoafr&rrnexrsur, Mbr aonxHbr pa3nnqarb cnyqax QyxrqroxupoBaxln orAetD'

xurx qcrai B ar/trKpeTHom BperreHn r oYxxqro|ll|poBaHxF oraenu{blx qacref, B HenpepblB'

HoM apeMeHx. O6o3Hae[B BxoAHyro nspeMeHHyK, Ko]lrypa ynpaBneHl|e {epe3u xBblxoAHyKt

nepeMeHHyto qepe3 r, MoxHo 3anrcarb c(x)TBeTCTAyKrUlee pa3HocTHoe ypaBHeHlle B BxAe
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a ypaanexre (6.13) onpel
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O6a ypaanexrn uoryr 6rr
x (k  +  t1=41( f r f  + tu ( t
ylkl = cr xlk) + du(k).

Crpyrryprr orAertHbt:
l|3 CpaBHeH'|R SrXX ypaa
o6rexra, gnn xoroporot
ypaexexri (6.14) n (6.
coo6paaxo rroroxlrrb it6

Aanee, KaK ]t a cry€l
cocroRtrn (6.16) r (6.1
A - narptqa duaasuxu,
qacrpoKa euxda luarp
quenr exda). Tepr,ruu r

*" ' f l "X"ueP 
6.1.  l leper

n4r l -  ErQl  -  2+3,62
E t l t l  1 + o , 7 i

On pe4enn rr cto rBercrs ybu!
huntale. Msr npo6parl

mgrrrp 16.1 l :
O,1 erlk - 2l + O]ezW -

3 .

B cnyqae, Koraa oraenbHbte qacrx KoHrypa ynpaBneHnn, Pean[3yeMble, HanpxMep, c no'

rrOrqr|o qBM, $ynxqloxrpyloT I AlrcKperHoM BpeMeHx, xoEoonUrexr bo Moxer ornr|{arb'

6a or ltyn6, Tor4a KaK B cnyqae HenpepbrBHbrx 3neMeHToB gror xoa$SlqxeHT BcerAa AonxeH

OaAHRT6CR Hynp, 3a 1l1cKnK1r1e614eg npggTeliurerg Cny{ag O6beKTa HyneBOrO nOpRAKa'
' 

B ypaarenr,ru (6.1) Ann KparKocrr 3anncx 6ttn eut6pax eArxrrxuti neprcA KBaHroaeHxR.

B o6qem xe cny'{a eJecro y(k - i} cneAyer nroarb ylTlk - i ) | ' Bseaeu oneparop 3anel'

IbraaHnn E-i xa i neprol,oe KaaHroBaHltR:

= bou lk l  +  b ru lk  -  1 )  +  .  . .  *  bnuk  -  n l .
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-'Ivlkll = Ylk - il -

c yrerou o6ognaqerulR (6.2) ypaaxenne (6.1) uoxtto 3ant|carb B B[Ae
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Aylkl = Bulkl ,
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 n
A =

i = O
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(6.2)

(6.31

(6.4)

{6.5}

(6.61

(6.7)

,  6 =  | ,  b t E - t .
j = O

Kaxrgn.3.2. l , i lb|uoxemnpeAcTaBITbyPaB}|e}|re(6.4laeyi, |acooTHotUeH|,|RM}|

11121= ulkl ,

hxkl = vlxl -

BselF nepeMeHnble cocrontilR

x l k - n l = 1 1 ( k ) ,

x l k  _  n +  l l  = x r  ( k  +  l )  = 1 2  ( k ) ;

x lk  -  n  + 2 l  = xz(k + 1 l  = xr(k) ,

x ( k  -  l )  =  Xn - t  1 i  +  l l  =  l n l k l ,

t 1 i 1  = 1 r , ( k +  l ) ,

{6.8}

(6.e)
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Mbl MoxeM 3anlcarb ypagHexxe (6.6) e Erae

I
x n l k +  l ) = -  l u l k l - a l x n l k l  - a z x n _ r k ) -  . . ,  - a n x l l k l l .  a s * O .
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Burpaxexne (6.71 nnn nepeMeHHbtx cocrfiHtitF, 3aAaBaeMbtx coorHoureHytnmn (6.8) n
npt|HxrmeT axa

ylk l  = boxn(k + l l  +  brx n lk l  +.  .  .  +  brx r lk l  .

lloacraenna BbtpaxeHxe (6.101 a ypaaHeHue (6.ttl, nory{hu
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y l k l = :  [ u ( k )  -  a l x n l k l  - o z X n _ r ( k ] -  .  . .  - a o x t k l l  +
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Ylkl = "r rrfl + dulkl. I

TO YPABHEHI,Ifl

rfHoutGxxor r, t* + l) =

oTAetbHblx qacrof, 3aMK'
|brMr ypaaHetll,|Rur c no'
H KqroHl|poa8]lxn oTAer]-
urutx ,ocrei B HenpepblB-
Ef{lrF {epe3 u x ablxoAl{yKt
crHoe ypaBHeHre B a}|[e

(6.r)

3yeMbre, HanpxMep, c no'
U€HT bo MOxeT OTnIqaTb'
00rqremr BcerAe AonxeH
'neBoro nopnAKa.
ruri neproA KBaHToBaHra.
. BBeAeM oneparop 3ana3-

(6.21

(6.3t

(6.4)

{6'5}

OOOTHOTUEHTAM}I

(6.6)

(6.71

(6.8)

(6.r0)

(6.9t,

(6 .1 1)

(6 .12)

(6.13)
I  Doaz \. . . + l b "  l r , ( t ) .
\ a o l

Ypaexexnn (6.8) r (6.101 onpeaeflRKrr nepBoe ypasxenne c(Erof,Hra

f;;rf:rit f ; ;? 
i]r::] fi].. 64t " " " ' l

f,"r*rrJ L ?, -+
a ypaalteHxe (6.13) onpeaerner aropoe ypaateHre cocronHra

r r r ' r= [ (o . - * )  ,  , ( t ,  
* ) ]  

rxrk) ,  . . . ,x , tkn,* ! -o-us1.  (6 . rs)

O6a ypaexextm Moryr 6utrt xparxo sanrcaHbt cneAy*ru$,t, o6pasou:

(6.16)
(6.17)

Crpyrryprr or[enbHbtx Marp[qHbtx oneparopoa_ r BeKropoB a (6.16] r (6.17) cneAyprtr3 cpaBHelrxn srytx ypaexexrf, c l4raBHeHltFur (6.141 r (6.15l . B cnyra ynpaanaeiroro
oSLerta, 4nl-Koloporo-bo_1 0, ypaBxexne c(f,ronHxa ie.fSi Vnpo,rr"erca. 143 paocMorpeHxRypaarexui (6.14) t| (6.1 5l cneayer, {ro B xcxoAHoM patHocrHoM ypaBHeH]tx (6.1 }'qene-coo6paeno nonoxrrb ao = l. Snoxcxema ypaexexni @cronHrrf, rpKa3aHa na plrc.6.1.

,Qanee, KII lr_p cnyqae HenpepbtBHbtx cr,rcreu, uur 6yAeu HarbtBarb nepBoens ypaeranti
cocroFHrF (6.161 n (6.171 ypaeHeHreuAxHaMrKn,aBropoe-ypaaHefireMerrxoAa.TorAa
A - uargtqa dux*tuxu, bl9l - uarpuqaerorfiaq exda'lmrpuqa exdal , ";liil_ ,iir_
uacrpoKa euxda (narpuqa auxdal udlDl - xozfiutlu*r'exda 1raipr"ii,:,i *orO6r-
uueur exdal. Tepffixu a cro6rax cooraercrByKrr irHoroMeplrblM cr,rcTeMaM,

ll p r rr a p 6'1' llepgqprorxaa oyxxure urgpoeoro KoppeKrupyrorlsro ycrpo-craa larpr.a Bbrpa-

(6.9)

Pkl = --'i', -Ezlzl 2+ 3,62-t - OBz-2
E t l z l  1 + O , 7 2 - t  + 0 , 1 2 -

ortpe4ennru crrorBercrByxrqr€ ypaBxslrxn coclon Hrn.
fuunnte. Mu npo6paryem sagpxxyto nepqAaroqxyp eyxxqrn K BxAy, ooorBelcrsyxrqerry ypaa-xeirp (6.1 I i

Q tc . f&  -  2 l  +  O,7e2k  -  l )  +er l i f  -  2er lk l  +3 .6e ,  ( t  _  1 l  _  0 ,& t  l k  _  21 .
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l'lcxqAxoe pa3H(rcac
nepeMeHHbtx c(f,TORHrs

2 t
0 = - : x 1 l k l + x n ( f t

Os

flepaoe ypaBHe'tre oocrcHl,tt @orasrcrayer ypaBxexnro (6.14) :

[ x r k + r r l _  |  0  1  ] [ x , l k ] l  *  [ 0 . l , ( t } .
[ x , * + t l J  L - o , t  - o J  ] [ x , k l J  t l J

E Bropoe ypaBHexxe ooorgercrayer ypaaxerno 16'151 :

vk l  =  I - 1  , 2 ,21  I x t k l . r r k ) l t  +2 t t l *1 .

6.1 2. npoqeAypa ll - neporerrxbro oocronrfle - rrHiHtF l<ot6xrreqrn 3Haqerlxi BxoAa

, Bbrxonao6DeKre 3anuureu ypaBHeHxe (6.11 a Enae

a . n y l k l + a n - y l k  +  1 ) +  .  . .  + a y l k  + n -  1 ) + a s y l k + n l =

YpaeHexrn (6.22) u |i6.1

._ 2'

E1

_ d l
?1

ai

' ;

x r  ( k  +  l )

x 2 ( k  +  l l

xn l k  +  1 l

Bropoe ypaBHeHre cocr
Ooplla ypaExenri (6.24)

x ( k + 1 l - = A x ( k l + h t l t

rAe crpyKrypa orAenbHl
ypaaxerri (6.25) c ypr
c '  =  [ l l a s ,  0 , .  .  . ,  0 ]  n
l1s trux ypaexexri raxx
o6pasxo nonoxyrb ao ='1

fl p r,r u e p 6.?.Onpeaenr
Peuexue. B @orgercrarr

[ x , k + t l l  |  - o , t
t t = l

t x , k + r l j  L  _ o , r

vlkl = x, lkl  + Ztlkl .

f l p u u e p  6 . 3 .  A l c x p e r
aaHa abtpaxeHxeM

0 , 1 3 0 6 2 - r +
.'r rz' = 

t -ZZ13d- +

Koxryp ynpaaneaxn @a€px
c ynpaannpqxM ycTErcicra,
u l k l = 1 ,  k = O , 1 , 2 , . . .

= boulk + nl  + bplk + n -  1) + .  .  .  + b"ulkl

'r aBeAeM trepei,pHHble cocrdHllR

xr k) = aoylkl  -  bsu(kl ,
x2lkl  = af l lk l  + asvlk+ 1) -  bsulk + 1l  -  blulk l ,

xr(k) = azylkl  + arylk + 1l  + aoylk + 2l  -  boulk + 2l  -  bqlk + 1l  -  b{ lk l ,

(6.18)

(6.19)

(6.20)

(6.21)

16.221

x n l k l =  a n - f l k l  +  a , . - 2 f l k + 1 )  +  .  . .  + a s y l k  + n  -  1 )  -  . . .

-  bou l k  +n  -  1 )  bn -2u l k  +  1 l  - bn -1u (k l .

Brr,frcnru ylkl ns ypaBHeHxF (6.19), noAcraBrM noryqexHoe 3HaqeHxe Bo ace ypaBHeHHn
(6.20) n'3aMeHxM B grtrx ypaaHeHrnx gce qnetbl, coAepffiqxe ylk + il n ulk + il, i =

= I , 2, . . , , k + n - 1, Ha nepemexnbte cocronxna xulk + 1l , v = 1, 2, . . . , n - l. TorAa

nony{}rM

ykr  = Lxr  (k)+ uo 
, r r r ,

8s ?s

O t
xz l k l  = :  " t  ( k )  +  x r  ( k  +

i lq

2 c
x r k )  =  - =  x l l k l + x 2 ( k +

8s

t  - (t ,  - a' 
oo\ 'u{r),

\ a o /

u - (0, - 
" ' 

uo\rr,
\ " o l

x , k l  = 3 ! ! x r  ( k l  +  x n - 1 l k +  r t  - ( 0 " -  r -#oo)u { r ) .
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I'lcxoaxoe pa3HocrHoe ypaBHeHxe (6.18) Moxer 6urrr .renepr 3anhcaHo c noMortrlonepeMexHbtx c(trTon Hyn cne{yrlt{x M o6parom :

o=  . !  x , f t l  +xn (k  +  u  -  (b , -  3  oo )  ru . t .  ( 6 .231d 6 \ a o l

Ypaexexrn (6.221 u (6.23) snpsaenRpr nepaoe ypaaHexhe cocroaHlrn

- ? 1
1 0 0

tl6

22
0 1  0

ils

u ( k l .

x r ( k + l l

x 2 l k  +  1 l

xr (k  + 1 l

-xr 
(k)

xz(k l

x  " ( k l

-b1

b2

d 1
_ _ b o

d s

8 2
_  _ b o

?s

b o - " n b o
ag

a  1 6 . 1 4 1  r  ( 6 . 1 5 1 .

f,6xrstlxa 3raqerlri Bxole

(6.18)

(6.19)

1l - bzulkl, (6.20)

raqeHre Bo ace ypaBHeHxs
y l k + i l  n u l k + i l ,  i =
=  1 ,  ? , . . .  ,  n  -  l .  T o r l a

(6.21)

16.221

an
0 0  0

- O s

0,13062- | + O,4$9ttz-2 + O,O792z- t

1 -2,213O2-t + t.S809z-t - 0,3679t-T

Bropoe ypaBHeHre cocroaHgrn onpeAenf,ercn ypaaHenlreM {6.21}. Bercropxo-uarof;ilI
Oopmaypaaxexrfi 16.24!. n (6.21) rueersra

xlk + 1l  = Ax(kl  + bu(kl ,  y(kl  = cr x lk l  + dulkl ,  (6.25)
rAe crpyl(Typa oraenbHblx MarplrqHblx onepar.op_oB vr aeKTopoB cfleAyer n3 cpaBHeH]rR
Ipl1T,ni 

(6.25) c,ypaaneHxnuu 16.241 n g:.Zt). Oruerral:an" non"orbr, .{ro 3Aecbc-  = l l tao,u, . . . ,o l  n  d=bolao.  l lpn b =0 ypaexexua i t6 .241 u (6.21)  Vnporqapic_s.lls arnx ypaaxexri raKxe cneAyer, qro B xcxoAxoM pa3rocrHoM ypaa'eHxlr (6.lgl qeneco-
o6pasxo norx)xr4rb do = l. Enoxcxeua ypaexexri cocroFHHF no*iii*" xa puc.6.2.

I O n u e p 6.2. Onpeaenrru ypaHeHxa cocronH]te, coo?BercrByt{rul{e npruepy 6.1.Peunxue. B coorsercrenr c ypiexexnaur {6.241 ,'te.iSi ,u"-"ii
f x , ( * + l l  l - o ;  r l [ , , t * r l *  |  , , r ]  . . .
[ x . ( r + 1 ] J  

=  
L  - o , t  o J I r , k t J  L _ ; ' -  ]  

u t * t '

v lk l  =  x , l k l  +2 t lk l .

fl p r u e p 6'3. fucxperxaa nepeaEroqHan $yxxqua xenpepureroi qacrlr Ko*yypa ynpa6negrn 3a.aaHa BbtpaxeHxei,

G r k l  =

Koxryp ynpaBn€Hrn ooa€pxrlr e ce6e axcrparnflRro,p Hyneeoro .xrpFAKa, hxTerpnpypu$,ri c€pBorrcropc.y.npaanFpulxu ycrpo&creoM h ynpaanneroti o6rexr. Paccrnriru peaKqxp l€ earrxr{Hbri cKa{oKu k l  =  1 ,  k  = O , 1 , 2 .  . .  .
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peunnte.3aAa,ra uoxer 6utrs peurexa-yMHOxeHxeM nepeaarorroi Qyxxgnn G'k) xaz-npeo6paroea'

}seeAltlri{rorocxrnana i;;:1fi;:r-ri c ,,ocneqypulr,rM AenenxeM @orBercraypul{x rx)tl|}()Moa'

Aryroi nyrb pelrteHha 3aaaql't 3aKns{aercn B t"n'."' v-p"t"*ri cocroaxnn B cootEercrB}l}r c ypaaHeHrta-

mn 16.25) . t -"n"lytul"m pac{ere peaKqrrx xa {BM:

f-x,k+r)l l- 2,21so t olIx,(t] l  [ : ' : : l  , , . ,
l ' . n . t l l  =  I  - 1 , 5 8 G )  o  t  l l ' ' n !  |  .  l : ' : : l " n ' '
l ' , t*. t lJ L 0,367e o olLr!t*l J Lo'o7e2l

v( t )  =  x ,  l *1 .

f lp r  r ,  (0 )  =x . {O l  =xr (0 )  =O rueeu:

t 0 1 . 2 3 4 5
ylkl O 0,1306 03290 2'2474 4'3300 6'9537

6.1.3.Yparrct| l |nccToatuaAncKpelHoroo6teKT.nplBo3A€ficTU'|ynp.B,t 'pul,x1|
acrryqaloulxxnopcr'e||$b|x.Pagx@rroeypaaHeH[eo6teKracynpaEnf,pqeiuuaosuy.
ula|()qef, w nepeMeHHuiur, aosAeficTBypultrMr,t Ha ero axoA,3anhcblaaercF aHaflornqllo ypaB'

n f ,

t  b n - 1 u l k + i ) +  . E  c n - i w l k - i l '
i = O  i = O

Hexrxt (6.18) e Enae
n

t  a n - i Y l k + i l =
i =  O

Kax r g n. 6.1.2, Mbl npuxoAllu K peu'eHxto

? 1

$ 6.2. O6rcrroo nf,drl

IloeeAcnre Arc Kperroro
BXqAln r MHOrnrl| Bbti
ypaaxeirf, c nocrm lrlrbn

N . t V
E aolElv,lkl =

/ =  I  l = l

B ypaefiexlrr (6.321 rn
u€ffxbfx, a1lEl n bqlEl
pui onpegenex paaeircr
uarprrroi Ooprre

A'lElylkl - B'lElukl

rue A'lEl n 8'(El - nr
craelrlxr. flpcAcraanu ur
foprr F B c@TaercrByto

A ' " +  a | _ r E +  . .  .  +

= 183E" + BiEn-r +

Ypaexexne (63f) aanor
(6.341 amecro Koxcraxr
i , i  =  1 ,2 , . . .  ,  A l ,  a  suecr

BesAn aeKropu neper
x f , = l x n , x e 2 t . . . , x v t

rI3

A t = A i  A i - ' ,  l = 1

8t- Bi - aiai-t ai,

ylkl = Ai-r xr kl +Ai

B ypaarcnnx ocrmrrn

u " 1 k 1 = l u 1 l k l , . . . , u ,

!|r eupancexri (6.361-
asrb ypsalrolrm (6321 r
Aexa. Ecnr 3r8 marpx|la
Kar rs  53 .3 ,uunprae

Jl'OCrorury nprl H83b
roi s ypsrerna (635.
urpnrrei A; .

f lpnuop 6 ,4 .  O6to<r

O, ly  r l k  -  2 l  +  OJY|W -

'  -  oFar (f t  -  1l + 0,6u'

O 3 v r l k  - 2 1  - 1 . 1 y r l k -

-  _  4u t lk  _  1 l  +2ut lk  -

Onpcetrut @orsorc'ly|oul

x 1 ( k  +  1 )

x u  k  +  1 )

x n ( k  +  1 )

1 0

0 l

x r  ( k )

xz (k)

x n(k l

Qs

O2

(6.26)

(6.27)

(6.28)

(6.29)

(6.31)

an l,il:l] [,,
b r

b z

8 1  .- -  D o
?s

?2
- -  D o

?9

0 0

O 1
c t  - -  c o

2g

?2
C 2 - - 6 o

Oq till l
a n .

b n - -  D o
an

c n -  - c o
8g86

1  .  l u k ) + j l w t r ) .y l k l =  - x r ( k ) + -
?s 8q os

llepeuerxtn cocr6 HnR onpeAe'n Ktrcn cneAyxtulxu o6pasoil :

x l lkl = aoYlkl - boulkl - ca w(k) '

xzlkl = afllkl+ x1 ft + 1) - blulkl - c rwlkl'

,,r i i=",-Jni..r '^,-i;;;;-; '- '"r-r- cn-1wtkt' (6'30)

ypaereHre (6.26) npr nepeMeHHblx oocronHl{F,3alaBaeMblx BbrpaxeHrFMr (6'29) u (6'30} '

npnHt|ilAer 8[lA

O = anylkl + xnlk + 1l - bnulkl - cnwlkl'

38



<urn Gr lz l Ha z'npeo6pa3oBa-
)orBercrBypue,lx mmt }{)ilOa.
B C(X)raelcrBrx c YpaaHeH}lfi-

teicrslt ynptBrenulxx x
/npaBnnpqei u x Bo3My-
btaaercn aHanorxt*lo ypaa'

(6.26)

t6.271

(6.28)

(6.291

(6.301

NxeHxFMr (6.29) n (6.30),

(6.3r1

B ypaerunr (6.321 rrcno ynpaBnarouux nepeilexrbrx paBxo {rrcry ynpaanaeubrx nepe-
uolfmbrx, aqlEl n b|lE'l - nonrxoubt nry-ro nopnlx'a noE I E - oneparop c0Brra, Kor(r_
ptti onpelerex peaaxrcrEoil (6.21. Cncreila ypaBgeflxf, {6.321 moxer 6errr sanrcaxa s
merprrxoi Oopue

a'lElylkl = B'lElulkl, (6.33)

rAe A' lEl  n B' lEl  -Marplrq,brcsncMeHrsMn aqlEl n bylEl,  i , i -1,2,. . . ,N, coorBer-
crBeHHo. llpqAcrasril Marprqbr A'lEl n 8'(Ei cyr,ruoi uarprq, yMr{oxs{Hbrx Ha onopa.ropu E B c@TaercrBylourefi creneHn:

l e i , + e i _ r F +  . .  .  + A i E n - t  + A o E " l y l k l =

= lB6E" + gl6n-r + ..  .  + Bi_re + B'^lulkl.

$ 5.2.06rcrcrsD nf,qrrrrlr BxoEt]s rr ilLlmrrr rrrxo.Dru

floeeAeHre ArrcKperlroro nxnerlxoro sralrroxaproro ynpaBnneuoro o6terra oo Hrorrilrr
Bxoltril r uHorlrrlr BuxoArr on/rcbtBaerca cnelynqai clcremof, nrxef,xurx pa3lNocrHbtx
ypaarcrrl c nocrcHxumn roe$SrqnoHraml

JV JV
.2 ' ,  auElyt* ,  =  

r=t ,  
b$ lEfu. / rk l ,  i  =1,2, . . . ,  N. (6.32t

{6.34)
Ypaexerlre (63|1 aranorn{Ho ypaBxcgro (6.18},3a rcKnx;{€r{reM roro, ttro a ypeBp&trr
(6.3f1 e i lecroKoHcrEHr ao n bu - i larp l rqbt  Aj  u 8 i ,  v=O, 1,2, . . . ,o ,  n =maxlnql ,

i , i=1,2, . . . , /V,asrrecronepeueHxbtx y n u -BaKropbt  y  n u.
BaeAa aerropbt neperrcHrbtx crrcroexrn, ilbr rxrny{rm ananorr{xo n.6.1.2 ooorHoulexre
x t r =  [ , x p 1 , x e 2 , . . .  , x v y l  ,  v =  1 , 2 , . . .  , n ,

(6.35t

rAe

A t = A i  A 6 - r ,  l = 1 , 2 , . . . , n ,

4=  B i  -  e ie i - r  a i ,  I=  1 ,2 , . . .  ,n ,
ylkl  =Ai-rxr k) +A;-rB;u(rt , .

B ypaarerlnx qcronrrR (6.351 r (6.381

u' 1P1 = lu r lkl,. . ., u,,"(*)l n  y t l k l =  l y r l k l , . . . , y N l k l l .

lls auporetrt (6.361 -(6381 crqaysr, rro r3nor<er{Han MsroalrKa ncrBomer npeo6pago.
BsrL ypaail€Hm (6321 a ypaBHeHrrn cocrcHlrR TonbKo rorAa, KorAa rrrarpnua Ai HaBbtpox.
Aeta. Ecnr 3Ta tarprua Bsrpor(AeH8, To ypa8HeHxe ooc?offrn *e xe MoxeT cylq6rao6arb.
Kax r s 5 3.3, rru nprBglem ircb ronbKo orrr npxuep 6es nBHoro peuexra.

llocrorury npr lreBbrporqpfixorl marprqs,4S peureil,re nony{8er6 npcroi noAcraHoB-
roi e ypaemexna (6351 r {638}, ro Hlrrqe rpnBqArrca ronbKo nprucp c aupolr<4exnoi
uErprqei A; .

ll pr rep 6.4. O6torrcAlyua lxo4plrxlt abrxoAtm raArr p.rxocrrblrrx ypaaxolxiMrr
O,lyrlk - 2l + OJyrk - tt + yrlkl -O,Ogrur (t - 2l + yrlkl -
- - O F u t  ( t - l l + 0 , 6 u , ( t  _ 2 1  - 2 u r ( * - t ! + u ,  l k _ Z l ,
OSy t l t  - 21  -  7 , l y r l k  -  1 l  +y l k l+O2yz ( t  -  l l  +  r t l k l  -
-  -  4ut( t  -  l l  +  2ur lk  -21 -Olur( f t  -  t , -  Ogur lk  -  21 .

Onpeacnrrr @orBor'rgrayxx{xo ypaBH€fira @crorxri. 
3g

f:;I l,i, I:... lLilll fll .-'
(6.36t
(6.37)
(6.38)



fuunHuc. B cooraercra

,4; - 
[ 

t tf 
--'-'"]tx c3ar'H'brM', pas'oc.''brM.. ypaaHe,'|nM', uorprqa

I t  r ]
iBnroTcn EttpoxAer{Ho& MHiTilsiJi;j#'"ff l.:uF*ir'-",".Tlffi"fr i"ff f; r!###:i",ffi*i=ffiiif

x , l k l = A i y l k l + x r l k + |  _ p l u k l ,  ( 6 . 3 9 1
n rg ncxoAxoi cnc
ooctoaHri 

- ' -'-TeMbl Fra3xoctHbrr( ypaafieHrrfi, npg,qcraB'|eHHbrx 
c no

O = Ai V kl + x.lk + ll _ gi u(k) 

s noMoulb|() BBeA€xHbrx nepoMeHHbtr

t43 nepBoro ypaaHofi

[ 
;' ;l;, 

i = i1";ij;1;]Ta,oxrr 
(6 3e) cne4ver (6'40r

l x t r ( k ) J  I t  t J L v r W I '  x r r ( t l = v r l k l + v r ( k l = x , r ( k l  
.  ( 6 . 4 1 1

l,t3 Broporo ypaBxerrn crcyeMbl (6.&ll usr nony,l,tM

f :,','ir',1 =t ll :,1[:,,:,] .[:,,,,:.]ll . | ,, 2 ll u,(k, Ir  1 ( /<  +  1 lJ  I  c  o ,z ]L  , rw l .x r r l k l = o , T y , l k l + x r r ( k + l ) + o , s u r  
l k , t + 2 u r l k , l ,  r c , 4 2 1

-  
x z t l k l  =  -  1 , 1 t r k l  + g , 2 y r 1 p 1 + x r  

r  ( t  +  1 1 .Bururm ,oorrrr" G.421 epvrx3 4pyr8. urr rl,ourlkl 
+ o,2.rr121 .

x,, (k | - x,, ( k | = t .B y, I k ) _ e,2 y,,_, _ r,, ;,:;"i ri:,:,)i ri 
I I, nony.ru

'13 ypaaHeHxi (6.4t) a (6.431 -., (6,431y, I k t = o,1 x,, ( k )f Jf :i,Xi';;1" 1; X::r, :,,,: :,, :,r:Ji,,, ; r,,
r r l k l = o , 9 x r r ( * ) - 0 , 5 r r , ( r t l + o , 5 i r ,  

l k l _ 1 , 7 s u t l k l _ o , g u r ( k l  
.  ( 6 . 4 4 1

B noapo6xux o6osxa,ter.=r'' -"eriifl.ij::ll;i_i1,, 
lru,, ll o , s  o  J  t  v , @  ) ' [  , , .  k + 1 1 1  L  z  _ o , s J [  u , r t t J .

O = O. ty  r l k l  _  O,O9v

o=0.3y, (kt+xzz,r ' . ' rr ' ,1.r ' j , ' I : :"; : , ' ; ' r)-u,(kt, 
(G'4st

:ff:#lJrH:"##;:#,,,T ?2,: 1f7",,",,i l7:? ,l,lu;of/,,T:1fix i;'fl,J."{;,fj":;",,,"u.f l:l -x, ' (*+r1l f--0.:1. 9,uu o,ss l f-x,,r*r l  f_t,zzsL::: i :;tJ = l t:il' _1;;' ;r'lt ;jj ril .L'iirt, _:il[:,;:] 6 46
;ifff;1ffiTff"ffi::#:'".TffiI;'"ff:.#ffuj1H?:fi,,e nepeMe'Hbtx oocro',,,R E nepeMeH'b,e

PEMEHI,IE YPABHI

$ 7.1. Peurenre Bo EpeM

Paccuorprm ypaBHeHxe

x l k + 1 1 = A x ( k l + 9 2

r A e A n S - n o c r o n x x r
ruri aexrop x (0) r sxo
run rv(k), x3BecrHbt.

C nomoqrp ypaBHeHt

x ( 1 ) = A x l O l + g u l O l

x l2 l  = Ax( l t -+ Bul l l
x (31= ,4x l2 l+Bu(21

+ ABul l l  +  Bul2 l  + A,

r Ann np6oro k nueeu

_  k _ l
x ( k ) = A k x ( O ) +  !

l =  o

.  * _  |
= A r x ( 0 1 +  X  A k -

r =  0

BuxoAran nepeMeHHen

v l k l = c x l k l + D u l k l ,
TaK {TO OOAMeGTHO c ypaE

.  f r _ l
y l k l = C A K x l } l +  E

l = o

. k
= C A K x l O l +  Z  C A i -

i =  t

.  t _  |
=  C 4 r x ( 0 1 +  2  C A k

r =  0
l'lpl aur eo4e ooorHou.leHxl

flPr x (0) = 0, rry(rl =
cneAyer @pmyna 4nn r
oAHxM BblxoAoM, B arou
c ypaBxeHhnun (6.16) I

[ a  ns(k l  =  (
l c ' A K - t 6  n l

t,',ii,] =t;jff ;:{:::::,:iil.t ::; ;Jf i,'ir',1 (6.471



fprUa

prMeHnrb Henb3a, fl pe4craane-
oxor 6brrb, oaHaKo, nony{eHo
MF|or nopoMeHHbro ooctoeHr4a

(6.391

,rrlbto BBgaeHHbtx n3p€MeHltbt x

(6.40)

r l {6.41 I

(6.421

(6.431

(6.441

l;,',rr',f

fnaso 7

PEIIIEHIIE YPABHEHHfl COCTO'IHHff B AIIQIQETHOM BPEMEHI,I

$ 7.1. Peuenre Bo Bpeuemrotr o6nacnr

Paccuor pa u ypa BH exxe cocron Heta axc K perHoro o 6te rcra
x (k  +  1  |  =  Ax l k l  +  Bu (k l  +  w (k l ,

r $eAnS-noc ronnHb teMarpuqb rpa3MepHoc ru ln :n lu ln : r l coo rse rc raexxo .Haqanr -
xrti aexrop x(0) r axoAHbte curHanbr, r.e. ynpaBnnrourrae u(k) h ao3MyulaKrqxe nepeMeH-
xrre w(k), ,3aecrHbl.

C nor,routuro ypaBHeHtan cocronHra Mbt HaxoAxM
x(11  =Ax (01  +  Bu (01  +  w (01 ,

x l2 l  = Ax(11 + Bul l l  +  wl l l  =  A2 x(Ol  + Anu(Ol  + Bul l l+4w(01 + rar(1) ,
xl3l = Axl2l + Bu(21 + w(2l'= A3x(0) + 42 Bul}l +
+ ABul l1 + Aul2 l  + A2 wlo l  + Awl11 + wl2 l

n AnR np6oro k rueerrr

.  t - l  k - l
x ( k ) = A t x ( O ) +  2  a i g u l * - i -  t l +  t  a i w l k - j - 1 1 =

i = o  i = o

k _  t
= Arx(01 + I  4k -  r - t  [Bul r l  + w(r l l  .

r =  O

BrrxoAxan nepeMeHHaF
ylk l  = Cxlk l  + Dulk l  ,

raK {ro mBMecrHo c ypaexexreu (7.1}

-  k * l  f t _ t
y l k l = c A k x l o ) +  t  c A i B u l k  - i  - | +  x '  c A i w ( k  - i  -  1 l + D u l k l =

i = o  j = o

k
= C A k x l } l +  2  C A i - t [ a u ( *  -  j l + w ( k  - i l ]  +  D u l k y =

i =  r
k _ l

= C4rx(01 + E cAk -, . -  |  lgulr l  + wlr l l  + Du(kl .

(7.3)

4 l

:tl
( 7 . 1 )

(7.21

(6.45)

n y,(kl n y r lkl  nc 16.441 ,
xTb nepBoe ypaaHeHhe ooc-

- r,sz I f ,, ,*,1
l:ll'l [", '*'l (6 46]

tx @cToFHne B nepeMeHxbre

tl
r =  O

ffprt eureoAe ooorHoureHxa (7.21 6urna npoee4eHa noAcraHoara / = k _ r _ 1.
l - fpn x(0)  = O,  wbl  = O,  r )0,  u(0 i  = I  n  u(r l  = 0,  r  )O,  us "oorHoureHra (7.2,1

cneAyer @puyna A,nR xMnynbcxori nepexo.qxoi syxrcqru o6terra c oAHyrM BxoAoM rr
oAHr4M ablxo.qou. B grou cny'{ae MaTp},rubr B, C u D saueHnprcn xa b, ct ra d e ooraeicrBrn
c ypaBHeHhauu (6.161 n (6.171. TorAa lrMnynbcHaR nepexoAxaa gynxqra

I a  n p n  k = 0 ,
s t r l =  

\ " ' 4 r - r 6  n p l r  k ) 0 .



$ 7.2. Bcconer Mtrpntt

Ecnr rrut 3Heeil ArcKperHbte 3HA||eHrR r,tMnynlcHoi nepexoAxori $yxxqnn o6urra s (k),

k=0 ,  l , 2 , , . . , r ynpaBnaxp le inepe r rex rdu l k l , k=O,7 ,2 , " ' , r ocno r r cu lb locBePrxx
Mbt MO1116M Bbt{rcn1;rb 3HAteHrR peaKq]tr ofuexra np1 Ktrl1gog gHS,leHn1; k:

CrrcAyer ruerb a axe
z{repeAaro{Hoi Oyxrqr
rpaixeri Mepe Ha elt'tHx
3HAmeHAT€,|R e{lepoAaTo
nporcx)alrT t/|3-34 roro, q
qrOpa-axanor lt Bpetn,
TenbHbr no cpaaHeHxr, c
plaerb o6qri cnYqd zr
y xoropori crenettb rficnl

f t t
t l  n t  t l-

l =  o
P ' l z l  = n '

t
Z Otz'

, =  o

llocxonrxy nplt pa3nof
6rrna no xpaf,xei mePe I
abr.oenx M qerlyK, {8crb :

n - l
E l

c ' -  i = o
P ' l z l= i  *T

o n D a ,

t = O

flpr sa4arxou z+rpeoQ
BrRx KoppeKrxpvroq€fl

^ a

ylzl = 
-^ 

tJlzl + plz
an

Ecnr renepu pa3noro{rbl
B BXAE

^ a
! -  ' l

ye l= :  U lz l+  z
a n  i =  |

. a n
ylzl = -L 

ulzl + I
a n  i =

rAe KoMnorexrtt X/zl,

I
X / z l = - U l z l .

z - z l

@craanepqne, o6PasYt
peaKqrx xa axoanoi a
qne - KoMnoHeHrbl )lMr

Pagxocrroe ypaaHexx

x / k + 1 ) = e i x l ( / < ) + t .

Ypaexerua (7.15) nplr I
aaHneM ooorHouleHl|a
IIGHTS

x ( k + l l = A x l k l + b t '
y lk l=c 'x lk l+du lk l

k
y lk l=  E  s (k  - l lu l l l

l =  O
u n $ k &

y l k l =  X  s ( l l u ( k - l ) =  X  s ( / ) u ( k - t l + s ( 0 l u { k } ,  k = O , 1 , 2 , . . .

(7.41

, =  o I =  |

,Qpa rrrnyntcxoi nepexoArol $yxxqt'tx Mbl rme€il

f s(o) nPr k = 0,
s(k)  = {

I skl nPl k ) 0'

l,1r cpaaxexnn npeAbtAyulero ooorl(,utelxF atre nrmynrcrol nepexoaaori oyxxql|r c ooorHo'

(7.5)

(7.6t

17.71

= 1 , 2 , . . . , r .

urexreil (7.31 cneayer

I s ( O ) = d  n P l  k = 0 ,
s ( k )  =  

l s t t l =  " t 4 k - t 6  n p r  k ) 0 .

Coorrouexre 17.41 npruereerd Atln oallortepxbtx y u u' Fllie o6texros c aeKropaMx y lr u

pa3MepHOGrX p u r cocfisercTaeHHo coorHoureHxe (7.4) npiHlmaer arA:

k r
Y{k l  =

l =  o l =  |
nnr a Marpfimoi @pme

k
y l k l =  t  S ( k - l l u l l l ,

, =  O

F r r ( t l 1  l - s r r ( t - l )  s r : ( k - l )  s 1 ' ( k - l l l

I  t , r * r  l -  j  l " r ( k - r l  
s zz (k - r )  ' , ' ( k - ' )  

|
Lr;",I '= 'L;;,i*' - ti' 

',o,ir' - r't' 
'. 
.' .' 

',;,ir-';J

rAe 3neuexraiil MErprqbt S(k - r) Rannrorcn s7(/r - ll, i = 1.2, '

Coorxourexns (7.4) Moxel 6rttr sanrcaxo raKxe a BnAe

[ r t o ] l [ s { o ) o  0  0 l [ u ( o l l

l r { t } l l s { t )  s ( 0 )  0  . . .  o  l l u t t )  |  ( 7 . 8 t
I rrzr l=ls(2)' s(r I s(o) o | | u t2t l '
f . . . I t . . .
Lyf t f j  Ls{ t l  s ( t - l )  s( t - l } . . .  s (ot j  Lu( /<}J

rA3 HxxHRR rpeyronb]la Marprtla pa3mepllocrll lk + 1:k + 1l 'ee@ear Menpuua o6terra

c oaHrM BXOIOM x OAHXM Ablxoaolr.

$ 7.3. Frenoxcrorc ln cyilMy npocreftunx ryo6cil - Qopue )fioparun

B ArcxperrOM cny{8€ Mbl Moxem AHAnOTTqHO 5 5.2 paenOnc'rTb z{epeASTorxyn QynxUln

ode*ti xa npocrefiulle APO6[r r au6pa'rr KoMnOHeHTu :tTOrO p8snoll€HxF B KaqecTBo

nspeue6Hbtx ocrottrn. fiirm o6pagor; Mbl nonyrxri ypsB6e6rn oocTogHll1 c r'rarpn[ei A

B Ooprte Xoplaxa.'flpeAnonoxnil 
Ane npocTgtbl,qro Ha{anbxbn yCnoBxR oQlerra r BxOAHOf, crrrxan - Hyne'

Bbte 1a {To xaptKrepnCrrrecxr+i tron1l;grlr z'nepe1sr6{}t11i OynxrUl OFuexra He nmeer

Kparxbtx xoprefi.
42
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r Oyxxqrr o6uxra s (t),
, ., t|o c norfiI{5ro caeprKx
n,{sflrr k:

(7.41

1 , 2 , . . .

oaaori Oyxxqnr c ooorro'

(7.51

l rexroecBeKropaurYtru
|eT BTA:

(7.6)

(7.8)

- eeao(w, ,rerpuua o6teKrs

F|lr

z{repeAaro{Hyo QYxxqnn
o p8:tnor€HIn B KaqeCTBg
lR OOCTOFIfliF C Marp}|qefi A

I x axormoi orrHatt - HYne'
/HKqrx oFtexra Ha rme€r

OteAyer rteTb B axAy, qro B oooraercrBru c ycnoannux qtl3l{ecxori peantsyemocrx y
z{repeAaro{Hoi Qyxrqnr ynpaBnnemoro o6'rexra crenenb qrcnt,tTera AonxHa 6urr no
rpafixei Mepe H8 eAxHxqy ueHbule creneHx 3HaMeHarenF, TorAa KaK craneHlt {rcnrrerln ll
3xaMerarena z{tepeAaro{Hoi $yxxqnr KoppeKrxpy(rulero 3nemexra o6utrro paaxu. 3ro
nporcxoArrtr3-3e roro, {ro Bp€ilR KaaHroBaHtF, aperiF npeo6pasoaaF'rF aHanor{lr$pa I
qropa-aranor l,| BpeMf,, xeO6xOAtmOe &n paOrera ynp8Bna|otllrx nepeMeHFblx, He3Ha{r'
TenbHbt no cpaBHeHxn c nep0roAom KBaHToBaHxn. lloaromy a rroi rnaBe Mbl 6yaeu paocMar'
prBarb o6r{ri cnyrai zdepeAaro{Hori Syrxurn qlrQpoeoro KoppeKrxpypr{ero ycrpoicrea,
y xoropoi creneHb {xcnxrena paB}la crenexll 3malnxarene:

g "irt
l = o

P. lzl =T-

, =  o

flocronrxy npx pa3noxeHx, Ha npocreiurue lpo6r rpe6yetca, tro6tt creneHb qrcnxrenfl

6rrna no xpaixeri Mepe Ha elxrrqy MeHbue creneH, 3xameHarenn, ro Mbt cxs{ana x3 (7.91

abrae,|l|M qenyK, {acTb:

n - l
E c,z i

c l  l = o  
t  a a

p . l z l = - -  + -  =  2  + P Q l .
an 

,  a iz i  
an

j = o

flpr sa4aHxou zopeo6paroBsHxx sxoAHof, nepeuexxoi x npr Hyneablx Ha$snbHblx ycno'

BXR X KOppeKTX pvKtqeco 3tlerrEHTS rao6paxexre sblxoAa paBHo

yel = ci 
uEl + Plzlulzl .

an

Ecnn renepr pa3noro,trb P(zl xa npocreiurre Apoer, ro Bbrpat(eHxe (7.111 rrcxro 3€nxcerb
B BXAE

{7.e)

(7 .101

(7.1 I  )

17.121

(7 .131

L:I' c ' n b ;
y l z l = 2 U e l + Z  - '  

U l z l ,
a n  i = 1  Z - Z i

a t n

ylzl = -L 
allzl +

a n  i =  t

rAe KounoHexrys X/zl, i= 1,2,...,n, onpeAenaprca ooorllcrueHt,teM

I
X iE l= -  U l z l .

2 - z t

x ( k + t ) = A x l k l + b u l k l ,
ylkl = ct xlkl + du lkl ,

(7 .14)

CocraanRpulr,re, o6pa3ypulxe npaByxr qacrb abrpercrm (7.131 , npeAcraBnnpr Korrrx)HeHrb!
peaKuxx xa axoAxori c-trrHan Ulzl. Ecnu Ulzl - errxrlrutf, lunynbc, ro 3r]r oocraenaxl'
uxe - KoMnoxexrbt xunynrcxoi nepexo4xoi Qptrurr.

Paaxocrroe ypaBxexxe, oooraercrBytouree {7. 1 41, vlueer arra

x l k + 1 1 = z 1 x / k l + u l k l ,  i = 1 , 2 , . . . , n . (7 . t5 t

Ypaexexrn (7.15) npr BGex 3ma{eHrnx i = 1,2, . .. , t ooBMecrxo c o6parmum npeo6paro'
BaHreil ooorxoutexxe (7.13) onpeAennrrr ypaaHext,tn otrgroFxtlR KoppsKrl,lpyKr{ero 3ne'
MEHTS

(7.181
17.r7l

tl3



rAe nprHnrbr o6ogmaqexnR

^  

[ ;  ; . . .  ; ] tl " [ , ] d = " i
an

(7 .18)

17.211

(7.221

Bo aper,rerx6f, o6nacrn srr

x1  (k  +  1 l  =  z rx r lk l  +  x ,
x 2 ( k + 1 1 = z r x r l k l + x ,

x " ( k + 1 1 = z t x r l k l + u l l

r<5+ 1 (k  + 1 l  = z2xs+ r l l

x ^ l k + 1 1  = z n x - l k l + t

Ypaanexrn (7.24) coaue
a Koropbf x |reror ud A, b,

z r  I

o z r
0 0

A = 0  0  0  . . .  2

l.le (7.18) BvtAHo, {ro Marp[qa A - AnaroxanbHan, e ee 3neMeHrrr xa rnaaxoi A[aroHarr]t -
KopHx xapAKTepIcrxqecKoro nonl4HoMa paccMarp,tBaeuOi CnCreurr. Marparla A - uarprqa
XopAaxa, a aeKrop xt(k) = [xr (k], . .. ,Xn(k)l , xounoHexrbr Koroporo - peruexua pa3-
Hoc rHb fxypaa rex r i  ( 7 .15 )  np r  i  =1 ,2 , . . . , n -aeKropnepeMeHHbrxcoc roRxnne ro i
cr,lcTeMbt,

Ecnu ypaaxexne (7.16) u (7.171 cooraercrByor Srsnrecrx peanh3yeMouy o6rerry,
To d = 0, rar rar crenexr .|l,|cnytrenn nepeAaroqHoi Syxr<qlal,| raroio o6uerra aonxxa 6urii
MeHbrr|e n.

B cnyqae KparHbtx roprefi xapaKreplcrlrqecKoro ypaBxeHun; coorBercraybulero nepeAa-
roqxoi Syrxqtl KoppeKTxpypqero 3neMeHTa, nonoxr,tM, Hanp[Mep,

m
E "ir'

j = o (7 .19 tP'121 =
ar l z  -  z t l s l z  -  zz l  . .  .  l z  -  zn l

Brrpaxexre (7.19) sanrcaxo AnR Aeicrsnrenrxrrx ropxeE xapaKrepxcrlrttecKoro ypaBHeHvtn.

lpn rorrrnneKcxbrx ropxei nocneAypulan npoqeAypa 6yAer axanorrqxa. Pasnaran (4.191 xa
npocref,urue Apo6x, Mbr nony{vtM

^ '  h  b s  b s + t  b n + s -  ^ '
p .  1 2 1  = ' m  *  

- t  
, + . . . *  -  +  - + . . .  +  = " ^  + P l z l  .  l 7 . 2 1 l

a n  Q - z ) t  z - 2 ,  Z - z z  Z - z n  a n

llpr nyneaurx Ha{anbxbrx ycnos}rnx x np}r x3Becrnou z-npeo6pa3oBaHxlt axoAxof, nepeMeH-
roi z-npeo6pa3oBarhe BbrxoAa paaHo

? t

yel = 'n 
Upl + plzl  U(zl  ,

an

r t m
y e l =  m U E l +  Z b l X i l z l ,

d n  j =  I

rAe npor3BeAexne PlzlUlzle ypaaHeHxx 17.21l. nFacraBneHo nraxe*xoi roudlxa[nei
nepeMerHbf x X i lz l, onp genneMblx cneayKtulx M cnoqofu M :

t 1
X tlzl =:-----;- Ulzl = -X2Ql,

l z - z r l "  z - z t

1 1
X,lzl = --------': Ulzl = -X 3lzl,

lz  -  zr ls-  |  Z -  zr

17.231

0
I
z r

" [ ; : ] a  = ' i
al

1
&(z) = - Ulzl,

z - z t

1
X s *  r ( z )  = - U l z l ,

z - Z z

Marplqa4 -croBa Marp{
HOM! KOpHIO Z 1, a nnxnni
qecKoro ypaexerun, lrlr-ra
rrecKrM ypaaHeHxeM cucl
npocreirrrae Apo6r, uur 6y

$ 7.4. Cnrer norr1lremono

Paccuorpnrrt AxcK perHbre I
xlk + 11= Axlkl + btt(k"

On pe[enn ru ooorBercrayx,

zXlzl - zxl0l = AXtcl +

l zE  _A lXe l  =zx (01+ r

Xta l= {uE-Al- tzx l1 l

= (E - {t Al-t xlDl + a

lrls cpanerrn BbrpaxeHxl
rAek-He3aal tcxumnepe

zaAk l  =  (E  - i tA l - t .

1
X,'nlzl = - Ulzl.

z - Z n

u



d  = : ;
an

(7 . r8)

Bo aperrexx6f, o6nacrn Bbrpar<exxeu

x1  ( k  +  1 l  =  z l x r l k l  +  xz l k l ,

xz l k  +  1 l  =  z r xz (k )  +  x r  ( k ) ,

x"(k  + 1 |  = z lxr lk l  + u(k l ,

x " a  1 ( k  +  1 l = z 2 x s +  r ( k ) + u ( k ) ,

x^(k + 1 l  = zrx^ lk l  + u lk l  .

Ypaaxexrn (7.241 coeuecrxo c ypaaHeHleM
a Koropbrx Marprubt A, b, c r d rmepr gna:

z r  1  0 . . .  0

0  z 1  1  0

0  0 2 1  . . . 0

A . 0  0  0  . . .  z 1

l r ,  o

(7.23) cooraercrByer crcreMa pa3HocrHbtx ypaexexri

17.241

(7.22) onpeaennpr YpaBHeHrF OOCTORHI,IR,

r xa rnaEnoi AuaroHanr -
rr. Marp,rqa A - raarpr,rqa
TOpOTO - peuteHrF pa3-
eMeHxbtx @cronHtln 3Tofi

peanh3yeMoMy o6rexry,
lro o6tercra Aonxxa 6urru

)oTBeTCTBypUlero nepeAa-
!P,

(7 .19)

rpr4crx{ecKoro ypaBHeHl/|R.
ruqna. Pagnaraa (4.191 xa

i - r  = " '  
+ P(zl .  l t .2ol

zn an

,Balun exoAxoi nepeMeH-

(7 '211

(7.221

nraxeixoi rou0txaqrei

(7.231

b =

0
o

0

1
I

l ,=,
0
0O z t

0  0  . . .  z n

,  d - c h
an

xlk + 1l = Axlkl + bulkl + wlkl, ylkl = cr xlkl + dulkl '

Onpe[enn rrr coorgercrB yKrl4ee 3Tx M ypaB HeHnR M z'n peo 6paroaaH[e :

zXQl - zx(Ol = AXt€l + bUtel + Wlzl,

(zE - Alxlal = zxl0l + bUEl + Wtcl,

xlzl = vE - Al t zx (O) + FE - Al-t lbut€l + wtEll =

= (E - ; r21-t  x l1l  + ar lE -ar Arr lbut?l  +wl7l l .

l,ls cpanexnn Bbrpaxenri 17271 n 17.1) cneAyer, rro z-npeo6pa3oBaHxe
rAe k - He3aarcxMaa nepeMeHxaa, paBHo

Zlakl  = lE -  i t  Art  .

" [ : : ] 17.251

(7.261

(7.271

uarprqsr Ak,

17.281

45

MarpnqaA - cHoBa Marp,tqa XopAara,aepxxrfi neauti 6nor roropoi cooteerctayer s'Kpar-
HOMy KOpHp 21,?Hy,;;rqni' npaauri 6nox - npocrblM KopHeM 22,Z!' ' . ' 'Zn XapaKTepllcTlr'
recKoro ypaBHeHnF. I'tg-ga caagh, Koropan nMeer Mecro MexAy uarpr4qei 4, xaparreprcru-
{ecKxM ypaaHeH}teM cxcTeMbt x KoMnOHeHTaMn, KOTOpbre CneaypT vl3 pa3noxeH}lF Ha
npocreiurue Apoer, urr 6yAeu Ha3blaarb uarp'rqy '4 uarp'rqei ahHaMllKH GttcreMbt'

$ 7.4. Crrsr notryrcanono petuexxf, c z-npep6paroaalureu

Paccmorpnu AncKperHbte ypaBHeHnF oocronHra



Bupaxexre (7.281 moxer 6urrr raKxe 3anrcaHo B BxAe pFAa, Koropbt{ HenocpeAcraexHocneAyer x3 'npeAeneua z'npeo6pa30BaHre, npnMeHeHHOro'* oyxx,rr, 4r . 
-"----^

z IAk l  = r i oo ra '  = r+42 - t  +Azaz  + . . .  l 7 .2g l

l,*I="Fil,1ll]llrf vpaBHerxeM {726} e-npeo6paaoaaxre aurxoAxoi nepeuexnoi npr
Y tcl = ct XQI + dUkl .

l-foAcraanna Bblpar(eHxe Xlal ng (7.271 e rso6paxexre arrxo4roi nepeuexxoi, Mbr no-nyrltM

Ytal = c, tcE - Al-r zx(0) + [ct (zE _ Al-t o + dl uel .
Ecnl renepr HaranbHoe cocroaxre x(0) = 0, To ooor6oure6se

Ytzt
G l z l = -  = c ' ( z E - A l - t b + d

UEI

::tr3"'trT#ffff;"tt 
nepeaarolHvro Qvxrqnro o4creMbr' xapaKrepgtcilrqecKoe ypaB-

detkE -A) = 0. (7.921
!'rcrperxan nepeAaro{Han oyxrqta Moxer 6urrr raxxe npeAcraaneHa z-npeo6pasoaaHrteM AxcKperxori runynrcxof, nepexoArori Oynrr$r n ,7.31, ---"

G l z l = d +  i  c ' A k - t b z - k .
t = I (7.331

f-f pI rrr eg 7.1. OnpeAenrrrz_npeo6paroeaxne pa3locrxoro ypaaHet{re
v | / r l - ' t 5 y 1 1  - i l + 9 , 5 y 6  - 2 l = u ( k  _ 1 l + 3 u l * _ 2 1  .

,"#f;:*1:^:rc@rae?crB'x c 3aaatxbrM vpaexe'rxeM { vpaaxaxxFM u 16.24r n (6.21) Marprqbr vpa€.
-  [ l , s  1 l  r t . ln = [ - . , u o J '  ' = [ . J '  c r = l r ' o ] '

,ls coorHoqreHua 17.2gl i.bt rrMeeM

z l a k l = f l - l . s t r  
- t - ' l - ' _  r  r  I  z - l

L o ,s , - ,  ,  I  
= r_ l , ;G[ *or ,  

,_ ; , ; r , ]
Tenepb 8 coorBercrBra c Bbrpaxexre u 17,Z7l ,cKora@ np€o6pa3oaaxxe paato

r4G_.6121 = 1 -1,52-t  + O,5e-: .
t{]{TbtaaF SXA MaTpr,rqbt c1 ,,,t"1 nonyrrrvr npr,r x(ol = o

z- t  + gr-z
Y (z l= -_ l J l 1  .

1 _ 1 , 5 r - r  + O F z _ 2

;3:"::t"rT..-rfl:;perHaF 
nepeaaroqHae ovHxqra o6texra. 'rro HenocpeacrBe'Ho cneaye, .,3 3aArHHoro

46

(7.30)

(7.3t I

$ 7S. Hcnpepnuar
Paocmorpnrr rene6
nocneAosarenu{rcrb
ArpaKa, uoAynrposi

ul t , tk l=u(r l  ;  t
f = O

rJle^tp MOX€T np,tHXM
AHanorx{Ho Mbt at

wlt,t*l = w(r) E- I
& = O

r aBeaaM

t = t k + o ,  0 ( o (

Ifolcraanan ultl uwl,
x ( t * + o ) = O ( o h ( r l

Ypaarexre (7.361 np
routei nepemexxoi u
O6e nepeuexHbc npe
u e H x f * , k = 1 , 2 , . . .

Ecnr lxrepean t1*
UEET BXA

xlkT+ei . )=O(ef le

I lpn e= |
x ( ( k+  l l 7 r )= rD( I ) x t

l4cnonrayn MeyoA, npy
peuha ypaexexre (7.i
Mbt nonyehM RBHOe Bbtl

l.ls arlpaxexua 17:
lrMeeM

xkTl = o&(nx(o) +

t ( -  I+. t a,r(rla(rhvl(
t = o

L k=O^(Dx(01+ t  O/
l =  I .

=ot(rlr(ol* t-to*
r = O

rAe a nocneAlteM Bbtlxtx
I toacTaBnRa abtpaxefi

xlkT + e7.) = e(ef lO*

k - r
+  gu (kT ' l  +  ) ' 6k - r

r = O

rAe

O(efl = eFrr, ex (Tl

f 1 z - t.,,Lp F]'.,.[$]",


