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Paccuorpexxbte B rn. 3 ypaaxexran cocronHhn, HanpuMep, ypaaHeHrn (3.19) u (3.20), orpa'
xant npoflpsoaaHue aeKropeue U n x€X e BeKr_opbt x'€X' unny€ Y.flpeo6pasoaa-
xr,fn ocyulecranaprcR c noMourbp oneparopoe F,g,h' r k. flocronuxy npeo6paaoaaxne
c noMoulbp oneparopoB f,anaerca oAxoi r,rs xau6onee {acro acrpeqaoqrxcn onepaqri e
npocrpaHcrae cocronrni, To B arofi rnaee 6ygyr u:noxeHbr ocHoBHbte rrnbt vt cgo&craa
SThX OneparopoB 14 HeKoropble rx npl/|MeHeHlR B cBa3l/t C ypaBHeHXRM]l COCTORHyIa.

flycrr X u Y - Aaa BeKropxbtx npocrpaHcrBa t,t raxAui sneMeHr y€ YoAxosxaqxo
coorBercrayer SneMeHTy x e X , Tor4a ero cooreercrBl,te KparKo MoxHo 3an,rcarb raK:

x = A y , ( 4 . t 1

x Mbr roBoperu o6 oneparope A, onpegeneHxoM a npocrpaxcree Y r oro6paxapqen Y e X.
Cy uua oneryropa A 1 u A 2 onpeAennercn ooortloureHvleM

l A r + A r l y = A r Y + A z Y

AnF Bcex zxatenuit y €. Y.

(4.21

flocronuxy cnoxexle B BeKTopHoM npocrpaHcrBe KoMMyraruaHo, To ue |'4.21 cnegyer,
qro-

l A t + A 2 l v = ( A r + A t l y ,

1A ,  +  lA ,  +Ar  l l  y  =  UA t  +  Az l  +  A t l  y .

lTpuseedexue onepatope A1A2 npeAcraanFer co6of, nocneAoBarenbHoe nphMeHeHre
oneparopa Az K y x oneparopa A1 r A2y. Kouuyrarrexuri Earox 3Aecb He EbrnonxaercR:

A t A z y  *  A 2 A r y . (4.5)

Ecnu y -m-uepxuri aeKTop, paaxrti cyMMe/n-tFpt{brx BeKTopoB, Hanp4i,fp Y = Yt * Yz,
ro Ancrpr6yrrarrri 3aKoH a o6uteu cry{8e He Bbrnonxnercn npvt npeo6pasoaaunu c
noMoulbp oneparopa A:

A l y t  + y z l  * A Y r  + 4 Y 2 . (4.6)

Ecnn utr yMnoxaeM rn.rrpxrri BeKrop Ha npox3BonbxyK, Kot{craxry (rucno} a, ro cHoaa
nony{aeM m-uepnui BeKTop:

(4.3)

{.4.41

14.71

(4.8)

(4.9)

(4.101

rAe

m
f t =  2  4 6 \  i -

i =  |
nnn

r= Ay.

$ 4.2. Jlrxefinocn

oneparop Ha3bt8aeTcn ,i
TTEHOCTI ! :

A ( a y r + b y z l = a A y r

Ecnu ycnoere (4.13) xe
Ecnr rrareuaThqecKl

qt,|anbHbtMr ypEEHeHxsi
ynouRxyrurft paHee BrA

dx( t l
F ( t ) x ( r l +  G t

dt

Yl t l=111rr r r t l+K(r l
rae u{t) - r-uepxrri exr
xrri eurxo4xoi aexrop,
l n ;  r l ,  l p :  n l  u  l p ;  r

.Qnn 4rcrperHbtx nltH

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

y ( k l = C l k l x l k l + D l t

8 ypaexexrax (4.141
OyHKUhnMx He3aBltcxMl
onIcbtEapT, cfleaoaaTenbl

g 4.3. Crarpronopxocrb

Oneparop A HabtBaerca (
x ( r - r r l = A I y k - t r

npx aoex 3H8{eH}tRx t t| I
Cr,rcreua Ha3btBaercn

oneparopaMlt. .Qpyrnur r
FMX C noeToaHHbrMr Ko3
onhcbtBaeMan ypaEHeHhF
F , G , H r K - n o c r o n x x u r

lloAo6xuu la o6pao

$ 4.4. 9xnrrutenrnocrb c

Mul cxaxeu, {ro ABe cr
u' . x', y' @orBercrBeHH,
AnR Bcex gxaqerri t r,t3 pa

u'  ( t l  =  u2 l t l

GneAyeT pSAeHCTAO
yt ltl = y2 111 .

f = a y .

Oneparop.4 Ha3bf Baercn odxo pdnuu, ecttu

Aay = aAy.

cne[ranuxrrM[ TxnaM, onepaTopoa FEna|orctl: aercmptu0 oneprop, rAe

f  =  A y ,  A  =  l A r , A z , . . . , A n l .

u Marpu.tHbtt oneprop:

L;] [,: ,2^';^1,' i:lLl]
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rAe

m
f t =  t  A U r i ,  i = 1 , 2 , . . . . n .

i =  t

nnn

t = A y .

$ 4.2. Jlrxefinocrr

Oneparop Ha3brBaercf, nuneiinuu, eicnh oH o6naAaer caoicraaur oAltopoAHocrn n aucrpu6y.
TylEHOCTT:

A(ay r + byzl = aAy, + fi lyr. ( 4 .13 )

Ecnr ycnoene (4.13) He abtnonHnerca, To raroi oneparop -,renuHetinui.
Ecnr uareuarh{ecKaR MoAenb o6texra Moxer 6urru onrcaxa nrxerixlrur 4r,rQQepee-

qxanbHbtM]l ypEBHeHltRMx, To- ypaBHeHhR cocronHvrn c nnxeixuru oneparopog nphHltMaor
ynouaxyruri paHeeshA (3.19) u (3.20) :

(4 .1  1  I

(4.121

(4.141

(4.19)

14.20l-

2'

I

(3.19) u (3.20), orpa'
vy€Y.f lpeo6pasoea'
Ky npeo6pasoaaxre
taxlr.Axxcf, onepaqri a
Hbte n4nbl n ceoicraa
/| oocToRHvlF.
r ye Y oAHo3Ha'{Ho
to 3anlrcaTb TaK:

(4 '  t ;

oro6paxanueu Y E X.

14.21

, ro vr3 (4.21 cne4yer,

(4.3)

14.41

aTenbHoe npl,|MeHeHue
aecb He BbrnoflHFeTcn:

(4.5)

n F r , f i , G P  Y = Y t + Y z ,
pl npeo6paeoaaHvrr c

(4.6)

y (rncnol a, ro cHoBa

,p, rAe

14.71

(4.8)

(4.9)

(4.10)

dx l t l  _F( r lx ( r )  +  G( t )u ( t l ,
dt

y ( t l  =  H ( t l x ( r l  +  K ( t )u ( r l ,  ( 4 . t s l

rneu(t) - r-uepxrri axoAxoi_aeKrop, x(t) - n-uepxui BeKrop oocroRHrR, y(tl - p-Mep-
xlri aurxo4xof, aexrop, aF,G,Hu K - nsxefixue Marphr{Hbre oneparopbr pa3Mepa ln: ni,
ln ;  r l ,  lp ;  n l  n  lp :  r l  c@rBercrBeHHo.

Ana arcrpernux nrxeixlrx cscreM auecro ypaexexrfi 14.141 u (4.1b) uur erMeeM

x(k + t1= aft fu(kl  + a{rr . lu lk l ,  (4.16)

y (k l=C(k lx lk l+D(k lu (k l .  14 .171

B ypaexexrax (4.14) - 14.171 ece nrxaixrre oneparopbr e o6r4eu cny,tae Fannxlrca
Oyxxqlrnrrr xegaanctmoi nepeuexnoi apeMeHtr. l'lpraeAexxule ypEBHeHhF oocronxraonxcblaapr, cneAoBarenbHo, c}{creMbt c nepeMeHHbtMl,r Bo BpeMeHx xoes$rqraexraun.

$ 4.3. Craruonrpxocrb

Oneparop A Ha3btBaerca crauuoHawuM. ecnn oH yAoanerBopner ooorHourexxp
x ( r - r 1 l = A l y l t - t t l l (4.181

nph aoex 3Ha'teHrnx t u tt u ArtR Bcex sxalexri y ey.
Cucreua Ha3blaaerca crauuoHaryoii, ecnu oHa i/Krxer 6urrr onncaxa cralhoHapHbrMxoneparopaMx' ,Qpyrnun cnoaaMr, cucreMa, onrrcbraaeMan 4u$sepexqlranbxbru, ypaaxeHx-FMx c noeronHHblMlr rcoe$eraqneHTaMlr, _ craqxoHapHaF c[creMa H, aHanorr{Ho, cgtcreMa,onxcbraaeuan ypaaxexltnun (4.14) r (4.151, _ craqxoHapHae c1acre1aa, ecn1 oneparopbrF, G, H I K - nocronxHbre Marpltqbt.
flo.qo6xuu x<e o6paaom Mbt MoxeM onpeAenxrb craqxoxapHocrb AxcKperHoi cucreurr,

$ 4.4. 9xrrnorexrnocra crrcrEM

11",._:*:f1^:I9_1"_. 
ercreMbt c BeKropsur,r BxoAa, oocronHr,rn x BbrxoAa ut,xt,yt nu- , x- ' y- oooTBeTcTBeHHo SKausaneHlHbt no xadnpdenwo, ecnu Ane aoex 3Ha{eHh i u € U u

AnR acex gxaqexuri t tr3 paBeHcraa

ut  l t l  =  u2  ( t l

cneAyeT psBeHcTBo

yt l t l  = y2 (t l  .



OreAosarenuHo, a onpeAenexhlr 3KBlrBaneHTHocrlr no xa6nrc4exxp He npoBoAlrrcn cpaBHeHlre
cocToaHvrF clrcTeM, a cpaBHHBapTcR TonbKo BHeuJHhe nepeMeHHbre, T.e. axoAbt 9t BbtxoAbl
crcTeM.

flpr,r paccMorpeHhyr aKauBanexTxocrr,r unu pa3nrqnn BHyrpeHHhx csoicre cucreM
HyxHo Baecrlr 6onee cnoxxoe onpeAeneHlre 3KBhaanexTHocrl,r, Koropoe Aonxxo BKnKrqarb
a ce6n raKxe oocroRHre crcreMur. Oaxaxo raKoe onpeAeneHvre He AonxHo 3aBlrcerb or
npox3BonbHoro aur66pa clrcreMbr KoopAvrHar nepeMenHblx cocronxxn. .Qpyruur cnoBault,
BeKTopbl cocroaHun AByx cxcreM c 3KBlBaneHTHbrM, oocronHuaMr a np6oi MoMeHT BpeMe-
Hx t Moryr 6rrru pasnnrHbrMri,oAHaKo Aonxxa cyulecrBoaarb ao3Moxnocru npeo6pasoea-
Hlra oAHoro BeKTopa qocroRHnn e npyroi c noMoLrlbK, nrxeixoro nocronHnoro oneparopa,

l,ls npegsrgyqero paccy)KAeHxa cneAyer onpeAeneHre raK xaguraaeuoi crporoi 3Kahaa-
neHTHOCTl,t,

,Qpe crcreuba crpo?o tKeueaneHrHbr, ecnn abrnonHnercn ycnoaue 3KagtBaneHTHocru
no na6npAexnro u ecnn lr3 @orHouexrn (4.19) cneAyer

xt (tl = Fx2 (tl , l4.z1l
rae F - Heabrpor(AeHHaF rx)croarxaa Marprqa.

PEIITEHI,IE HENPEPI

$ 5.1. Peurernre Bo Bpeue

Paccuorpru ypaBHeHt,te

x'(r) = Fx(tl + Gu(t) +

rae F,6 - nocronxxure I
cocTOAHna ynpaBnseMor
cocronHre o6'uerra a nrc
xurx tr w(f ) - BeKrop Bo
xeiroro o6rerra c oAHxr
x(f) onpeaenRErca nopf,/
HeHry. llpeAnonoxru, qr
xan ultl npn t ) ts nil

Ypaaxexrrc (5.1) coor
x'lt1 = Pr1r1 ,

peueHxe KoToporo paaHo
xkl= sF( t -  ro)x( to l ,

rae x(tol - aeKrop Har{
xoi paA

F k  r k
e F t  =  t

t = o  k l

BeeAF o6o:xa{eHre
e F(t- ro ) = O(f _ tf l,

MOxHo npeAcTaaxrb peulel
x(r) = O(r - ro lx(ro ) .

fl yctu peurenne lteoAxopol
x(t) = o(r _ ro)cr (t l .

Ar00epexqrpyn ypagHexy
x' (tl = Fxltl + O(t - to )r

Cpaaxrsaa ypaarexrn (5.1
O(r - to )Ci (tt = Gu(t) +

r, cnqAoBarenbHo,
t

C r ( r ) =  I a - r k - r o ) [ ,
. l o

Peurexre ypaexexnn (S.ll,

x(r) = e(t - tolc, + 
,i" 

a


