ean padoTbl. O3HaKOMIIEHHE ¢ METOaMH B3aMMHOTO TIEPEX0/1a MEKTY MOJICISIMU BXO/I-BBIXO/T
U BXOJ[-COCTOSIHHE-BBIXOJ, & TaKXKE€ C KaHOHHYECKUMHU (HOpMaMu MpeNCTaBICHHUS MOJENeld BXOJ-
COCTOSIHUE-BBIXOJI.

Teopernyeckue cBeneHusi. MaremaTuyeckass MOJEIb OJHOM M TOW K€ JIMHEHHOU
JUHAMHYECKONH CHUCTEMBI MOKET OBITh MPEICTaBICHA B PaslUYHBIX (GopMmax: B (opMe CKaIIPHOTO
g depeHIInaIbHOTO0 YPaBHEHUS 71-TO MOpsAKa (MOJIedb BXOA-BBIXO) UIU B (JOpME CHUCTEMBI U3 7
muddepeHIMaNbHbIX ypaBHEHHH 1-To mopsaka (Mojaenb BXOA-COCTOSIHHE-BBIXOM). CremoBaTenbHO,
MEX1y pa3InyHbIMU (hOpMaMU MPEICTaBICHHS] MATEMAaTUYECKIX MOJIETICH CYIIeCTBYET OINpeieeHHas
B3aMIMOCBSI3b, T.€. MOJIETh BXOJ-COCTOSIHHE-BBIXOJ MOXET OBbITh mpeoOpa3oBaHa K MOJEITH BXOJ-
BbIXOJ U Ha000poT. [Ipu 3TOM Mozaenu OyayT 3KBUBaJCHTHBIMU B TOM CMBICJIE, UTO OHU ONPEAEISIOT
OJTHO ¥ TO K€ MPeoOpa3oBaHUe BXOJHOTO CUTHANIA U B BBIXOIHOM V.

Mopnens BXOI-BBIXOJl JUHAMHYECKON CHCTEMBI OINUCHIBACTCS YpaBHEHHEM (IOApOOHEEe — CM.
naboparopuyto padoty Ne 1)

(m) s(n=1)

; (1)
+ arl—l.L

(m—1)

y +a,y=bu™ +b _u"V+ +bu" +bu . (2.1)

+.. 44,y

rae Y u U — BBIXOJHAs M BXOOHAs IIEPEMEHHBIC, COOTBETCTBCHHO. HpI/I m<n, MOACJIb BXOI-
COCTOSAHHEC-BbIXOJ UMECT BU/]

x=Ax + Bu,
V= (=

(2.2

[Ipuyem KOOpAMHATHI BEKTOpa COCTOSHUSA X M Kod(duuuentsl marpun A, B u C 3aBucar or
BbIOOpa 06a3uca B mpocTpaHcTBe cocTosHui. IIpeoOpa3oBaHue BEKTOpa COCTOSHUS, CBSI3aHHOE C
3aMeHol 0a3uca, 3aJaeTCsl BbIPaKEHUSIMU

x=Mt, I=MTx. (2.3)

rae xl —BEeKTOp cocTosiHUS B "HOBOM'" Oa3uce, M — Heocolast 7 X n MaTpulla npeoopazo8aHus
koopounam. IlpeoGpa3oBanue (2.3) obecrieunBaeT nepexoa oT Mojienu (2.2) k nogo6Hoi Moaenu

N i (2.4)
Marpuiisi MOJOOHBIX MOJEJIEN CBS3aHbI COOTHOIIICHUSIMH:

A=M'AM. B=M'B, C(=CM.

Ecnu u3BectHo, uro mozenu (2.2) u (2.4) sBas0TCA pa3InyHbIMUA (OpMaMU OMUCAHUS OJTHOM U
TOMKE AMHAMHUYECKOM CHCTEMbI, TO MaTpHlla MpeoOpa3oBaHMs KOOpAUHAT M MOXKeT ObITh HalJeHa
U3 BBIPAKEHUS

M=N,N,".



N, =[B AB:.. : A™b]
rie . . . —  mampuya  ynpaseisiemocmu  moumenu  (2.2),
N, =[b: 4b:...: 4"D]

—MaTpHIla YIpaBasieMOCTH Moaenu (2.4).

[lepexon oT Mozaenu BXOHA-COCTOSIHME-BBIXOA (2.2) K Mojenu BxoA-Beixoa (2.1) sBusercs
OJIHO3HAYHBIM U OIPEJIESIeTCS COOTHOIIEHUEM

W(s)=C(sl — A)'B,

rne W(s) — mnepenatouHas ¢yHKIusS cucreMbl. OYEBUAHO, YTO MO HU3BECTHOHM IEpeaaTOdIHON
(GbyHKIMH MOXET OBITh JIeTKO 3anucano nuddeperimanpHoe ypapHeHue (2.1).

Ilepexon oTr Mozenu BXxOA-BbIXoH (2.1) K MOAEIM BXOJI-COCTOSHHE-BBIXOA (2.2) sBIseTcCs
HEOJIHO3HAYHBIM, YTO CBS3aHO C BO3MOXXHOCTHIO JIOCTATOYHO MPOM3BOJIBHOIO HA3HAYEHUS BEKTOPA
cocrossHus. Ha mpakTtuke HamOojee YacTO HCIONB3YIOTCS CIEAYIOIIHUE JBE, TaK Ha3bIBaeMbIe,
KaHOHWUYECKHEe  (OpPMBI  TPEICTABICHHUS  MOJEICH  BXOJ-COCTOSHUC-BBIXOJ:  KAHOHUYECKAsl
Habnooaemas hopma N KaHOHUuYecKas ynpasisiemas ¢popma. Y 100CTBO KAHOHUYECKUX (POPM COCTOUT
B BO3MOXKHOCTH HEMOCPEACTBEHHOTO ompeneneHus napamerpoB matpunl A4, B u C Ha ocHoBe
koopduunenToB a, u b, mupdepenunanbHoro ypasHenus (2.1) 6e3 Kakux-nubo AOMOTHUTEIBHBIX

BBIUHCICHUH. Kpome TOro, HMCIONb30BaHHE KAHOHUYECKHX (DOpPM IMO3BOJIICT YIPOCTUTH PEIICHUE
LIEJIOTO psiJia MPUKIAAHBIX 33724 aHaJIu3a U CUHTE3a CUCTEM YIIPABIICHUS.

[lepexon OT Mojenu BXOJ-BBIXOJ K MOJAENH BXOJ-COCTOSIHHE-BBIXOJ YI0OHEE BCETO COBEPIIATh
yepe3 cxeMy MozenupoBaHus. [Ipu 3ToM B KauecTBe NEPEMEHHBIX COCTOSHUS BBIOMPAIOTCS BBIXOJIbI
MHTETPaToOpOB, a YPABHEHHUS COCTOSIHUS 3alMCBIBAIOTCS B COOTBETCTBUM CO CTPYKTYPOU CXEMBI
MOJEIIUPOBAHUS.

ITopsinok BbINOJHEHHS padOTHI.

1. Ilepexoo om mooenu 6x00-6b1x00 K MOOeNU 6X00-COCMOAHUE-8bIXOO.

1.1. MaremaTH4ecKre MOJEIHU BXOA-COCTOSIHHE-BBIXOJ B KaHOHHYECKOW YIpaBIseMOW H
KaHOHMYECKOU HaOmoaemMont popmax. Ilepenarounyro GyHKIIUIO CUCTEMBI.

Bapuant ITopsnox a, a, a, b, b, b,
MOJIENIU 1
1 3 9 6 3 12 2 0,1
KH®:

y'''+3y""+6y'+9y=0,1u""+ 2u'+ 12u
Y +3s2Y+6sY+9Y=0,152U+2sU+12U :1/s°
Y+3Y*1/s+6Y*1/s°+9Y*1/s*=0,1Ux 1/s+2x1/s°U+12U 1/s®
Y=1/s(0,1U-3Y)+1/s*(2U-6Y)+1/s*(12U -9Y)

X, =—9%,+12u

X,= = 6X;+ 2u+ X,

X;==3X;+ X,+0,1u

y=X5



0o 0 -9 [ 12 ]
ﬂ=fﬂ-ﬁ,5=2JC=[Gﬂj}
0 1 -3 0.1
KY®:

y''"'+3y''+6y'+9y=0,1u'"+ 2u'+ 12u
Y+ 3s?Y+6sY+9Y=0,15°U +2sU+ 12U
Y U
= =7
0,15°+2s+12 s°+3s°+6s+9
X, = X,
X,= X,
X3= = 9% = 6%,—3x,+U
y=0,1x,+ 2X,+ 12X,

o 1 0 0

i—lo o 1|, B=]|o c[fzza.f]

9 6 -3

Hepe,[[aTOLIHaH (1)yHKHI/I$I CUCTCMEBLI.
2

W(s)= i: Os,ls -lz- 25+ 12

U $°+35°+6s+9

1.2. MopgenupoBaHue MOJEICH BXOA-BBIXOJ, BXOJ-COCTOSHUE-BBIXOJ] B KAHOHUYECCKOM
yrpaBisieMoil QopMe UM BXOA-COCTOSHHE-BBIXOJ B KAHOHMYECKOW HaOmromaemoit ¢dopme mpu
CTYNEHYAaTOM €IMHUYHOM BXOJHOM BO3JCHCTBUU M HYJIEBBIX Ha4YaJIbHBIX YCIOBUAX. [lepexod om
MOOeU 6X00-COCMOAHUE-6bIX00 K MOOEIU 6X00-6bIX00.

0.152425+12

53+352+85+0

hJ

Transfer Fon

— [ ]
¥ =Ax+Bu
q y = Ca+Du —l—.

State- Space Scope
Constant »

hJ

¥ =Ax+Bu
y = Cx+Du

hJ

State- Space1



2.1. Pacuer nepenaTquoﬁ (bYHKI_[I/II/I CHUCTCMbI, a4 TaKXC KaHOHHYCCKHX MOJIeeH BXOJ-
COCTOSIHHC-BBIXO.

Howmep n A B cT
BapHaHTa
1 2 -2 4 1 1
0,5 —4 1 0

W(s)=C(sI — A)"'B.

I
1 0 -2 4 I s+8
e =] 1 O]*S*o los-a | 71T L2
! | S°+ 65+ 6
KH®:
(0 6 | 8
P CB=| | c-| o 1]
_j_ﬁ_
KY®
0
- , B= ,C=[3 1]
‘15 6 1

2.2. MopaenupoBaHHe WCXOJHOH MOJETH W IOJYYCHHBIX MOJIEIed BXOI-BBIXOJ, BXOJ-
COCTOSTHUE-BBIXOJ] B KAHOHUYECKON yrpaBisieMoil (popMe U BXOJ-COCTOSTHUE-BBIXOJI B KAHOHUYECKOM

HaOogaeMoi hopMe, MpU CTYNMEHYATOM €IUHUYHOM BXOJHOM BO3JICMCTBHH M HYJIEBBIX HaYaIbHBIX
YCIHOBUSX.



2.3. PaccuuTath MaTpHIlbl IPeoOpa30BaHUsl UCXOAHON MOJIENIH K KAHOHUYECKUM (opMam.

M=N.N,".
KH®:
-1

-2 4 0 -6 1,33 -2
M= * =

40,5 1 -6 3,92 4
KY®:

2 4 o 1 17 6 0,33
M= * =

405]| |6 -6 4> 067

3. 3amena bazuca 8 npocmpancmee coOCMOsHULL

3.1. B cOOTBETCTBUMM C BapHaHTOM MaTpUIlbl IpeoOpazoBaHus KoopauHAT (cM. Tabi.2.2),
MOCTPOUTH MOJIENh, MOAOOHYI0 MoAenH U3 m.2.1.

M= ‘mu UL
Ny
Bapuant my, m, m, My,

1 2 1 0 4




Fa 1|2 4 2 1 2,13 8,94
_ . . _

0 4 405 0 4 0,25 -3,88
|2 1 MK o038

0 4 | *|1! 0,25

3.2. MoaenupoBaHHe UCXOIHOW U TPE0OPa30BaHHON CUCTEM MPH CTYNEHYATOM €IMHUYHOM BXOTHOM
BO3JICHCTBUU U HYJICBBIX HaYalIbHBIX YCIIOBUSAX.

® =Ax+Bu
y = Cx+Du

Y

1 State-Spacel

Constant Soope

¥

¥ =Ax+Bu

y = Cx+Du

Y

State-Space

BBIBOJ_]: MMO3HAKOMUWJINCh C MCTOAAMU B3aUMHOTO NECPEXOJa MCKAY MOACIAMHU BXO-BBIXOJ U
BXOJ-COCTOAHHEC-BBIXO, a4 TaKXKE€ C KaHOHHYCCKUMH Q)OpMaMI/I IpCACTaBICHUA MO}IGJ’IGﬁ BXO1-

COCTOAHHEC-BBIXO/I. Y6CI[I/IJ'II/ICB, 4YTO HEC3aBHCHUMO OT TOTIO, Kakou (I)OpMOﬁ npeacTraBisieM MOJCIIb,
BXOJHBIC 1 BBIXOJHBIC CUT'HAJIbI OCTAKOTCA TEMU XKC.



