Heanb padornl. O3HakoMiIeHHE ¢ MakeToM npukiaaubix nporpamm SIMULINK u
OCHOBHBIMHU MTPUEMaMHU MOJICIIMPOBAHUS JTHHCHHBIX JTUHAMHUYECKUX CHCTEM.

Teopernvyeckue cpeaeHusi. MaremMaruyeckass MOJICNIb JIMHEMHOW CTAallMOHAPHOMU
CUCTEMBbl MOXET OBbITh TMpeJCTaBieHa B BHJE CKaIIpHOTO Au(depeHIIuaIbLHOTO
ypaBHEHHS N-TO ToOpsiaKa (MOJENb 6X00-6blX00) WM B BHJE CHCTEMBI U3 N
auddepeHInaabHBIX ypaBHEHUH 1-ro mopsiaka (MOAEIb 6X00-COCMOSHUE-8bIX00).
Mopenb BXOA-BBIXOJl UMEET BH/L
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rje Y — BBIXOJHAs NepeMeHHas, U — BXOJHON CUTHaI, N — MOPSIAOK CUCTEMBI, M
— TMOPSAI0K IMPOU3BOJHONM BBIXOJHOW NMEPEMEHHOW, B SIBHOM BHJE 3aBHUCSIICH OT U

(m<n), a ;1 b; — nocrosHHbIe KOd()GUIUEHTEL. [Ipy yCIoBUHM, YTO m<n, MOZENL BXO/-

COCTOAHHUC-BBIXO MOXKCT OBITH IMpCcacTaBjCHa B BUIC
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rJ€ Xj — KOOPJMHATBI BEKTOPA COCTOSHUSA, o; U f, — IOCTOSHHBIE KOOI (PUIIMEHTEL.
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cuctema (1.2) Moxer OBITh MpEACTaBI€EHA B KOMIIAKTHOW BEKTOPHO-MATPUUYHOU
dhopme

{i:ﬂx + B,
y=Cx, (1.2a)

rie A — nxn MaTpulla MOCTOSHHBIX Ko3(duuuentoB, B — nx1 BekTop-cronden
MOCTOSIHHBIX KO3 (ULMEHTOB, C — 1x n BEKTOP-CTPOKA MOCTOSIHHBIX KOA(P(DULIMEHTOB,
aX— N-MEpHbIA BEKTOP COCTOSIHUSIL.

HamomuuMm, uro pemennem muddepernumanpHoro ypaBHenus (1.1) (wim,
COOTBETCTBEHHO, cucTeMbl (1.2)) sBisieTrcss QyHKIUS BpeMeHH y(¢) (WU BEKTOP-

byHKIMS  x(¢)), oOpamaromas JaHHOE YpaBHEHHE (CHUCTEMY) B TOXKIECTBO U



yIOBIETBOPSIOIAsl 3aJlaHHbIM  Hauanbubim  ycinosusm. Jna  muddepeHunansHOTO
ypaBHeHus: (1.1) HavanmpHblE YCIOBUS HAKIIAJBIBAIOTCS HAa IEPEMEHHYIO Y U €€
MIPOU3BOAHBIE JI0 (n—1)-T0 NOPSAIKA BKIOYUTEIBHO:

YO0 =y, Jj=01K,n—1,
a i cucreMsl (1.2) — Ha KOOpAMHATHEI BEKTOPA COCTOAHUSA: x;(0)=x,, j=12K n.
Oco00 OTMETUM, YTO B TEOPUHU YMNPABJICHUS TOJl HaYaIbHBIMU YCIOBUSIMU MMOHUMAIOT

yCIIOBUS, KOTOpPbIE CYIIECTBOBAJIM JO MOMEHTa NPHIIOKEHHS BXOJHOTO CHUTHAjA.
[ToaToMy st mr060M QyHKIMM f(f) €€ HadaJbHOE 3HAYEHHWE MOHUMAETCS B CMBICIIE

npezerna

f0)=limf(z), (1.3)

r7ie NepeMEHHas 7 CTPEMHUTCA K HYJI0, OCTaBasch OTpuULATeNbHON (7 <0). Ilpu
ATOM TOBOpAT, 4To npenen (1.3) 3amaer mauanvhvie ycious cnesa, T.e. B HA4aJIbHBIN
MOMEHT = —0. B COOTBETCTBHM C NMPUHATOW TPAKTOBKOM HAYAJIBHBIX yCIOBHM, HIMEEM
u”(0) = u"” (-0) = 0 g5 Bcex i =0,1,2.K .

C nomomipio 0JIOKOB 3J€MEHTapHBIX

omnepanum — unmezpamopa,

y + 4@} cymmamopa u 6aoka ycuneuusi (CM.
=

+ _ puc.1.1) — MoryT OBITb COCTaBJIECHBI

Inteqrator Sum Gain o

5 5 ) CXEMbl  MOJEIMPOBAHUS  YpPaBHEHUU

(1.1) u (1.2). Yka3zaHHble OJIOKH JIETKO
peanusytorcs (pusnuecku (Hampumep, B
BUJC OJJIEKTPOHHBIX CXEM Ha OCHOBE

Puc. 1.1. bnoku anemeHTapHbIX

oriepaluii: a) uHTerpaTop; 0)

oTiepaIuOHHBIX yCuuTesneh) u
COCTAaBJISIFOT AIIEMEHTHYIO 6a3y
AaHAJIOTOBBIX  BbBIUMCIUTENbHbIX  MammH  (ABM).[JIns  cocraBieHust  cXembl

MozenupoBanus auddepeHnnanbubix ypaBHeHu# (1.2) HEOOXOAUMO MCIOIB30BATH N
WHTETPAaTOpPOB (YUCIIO HMHTETPATOPOB OMpEAEseTcss 4YucioM auddepeHInaibHbIX
ypaBHeHuit). IIpu 3TOM mojaraetcs, 4TO Ha BBIXOJE |-TO HMHTErparopa JIeHCTBYET
BEIMYMHA X,, & Ha €ro BXOJE, COOTBETCTBEHHO, &. Jlamee, B COOTBETCTBHU CO

CTPYKTYpOU TMpaBbIX HacTeil ypaBHeHuil (1.2) BBOASATCA MpsiMble U OOpaTHBIE CBSI3H,
(Gopmupyromue curHansl X.

IMopsa0K BLINOJTHEHHSI PadOTHI.
1. HUccreoosanue mooenu 6xo0-6b1x00.
11 P 4a N ey bagy = B ™ b N e

[Topsaok a, a, a, by b, b,
MOJIENH 7

Bapuant

1 3 9 6 3 12 2 0,1




y'''+3y""+6y'+9y=0,1u""+ 2u'+ 12u
PY+3s2Y+6sY+9Y=0,1°U+2sU+12U :1/s°
Y+3Yx1/s+6Y*1/s?+9Y*1/s3=0,1Ux* 1/s+2x1/s*’U+12U 1/s°
Y=1/s(0,1U-3Y)+1/s*(2U-6Y)+1/s*(12U -9Y)

Cxema MOJIeTUPOBaHUS JIMHEMHON TMHAMHYCCKON CHCTEMBI.
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1.2. MOI[GJII/IpOBaHI/Ie CHUCTEMBI IPU IBYX BHJAaX BXOJHOTO BO3JICUCTBUS — u=1(¢) U
u = 2sint — W HYJICBBIX HAYAJIbHBIX YCIOBUIX.

a) Curnan y(t) npu BxoaHOM Bo3aeicTBrm U=1(t)
0) Curnan u=1(t)



a) Curnan Y(t) mpu BxoaHOM Bo3aeiicTBun U=2SiN(t)
0) Curnair u=2sin(t)

1.3. MoaenupoBanue CBOOOTHOTO JBM)KCHHS CHUCTEMBI, T.€. C HYJIEBBIM BXOIHBIM
BO3/ICICTBUEM U HEHYJICBBIMU HAYIbHBIMHU YCIIOBUSIMU.

Bapuant [Topsimok y(0) y(0) ¥(0)
MOJICIIN 1
1 3 1 0,5 0

Paccuntaem HayanbHbIE YCIOBUS HHTETPATOPOB.
O0603HaYUM BBIXOJIHBIE CUTHAJIBI HHTETPaTOpOB Z1, 72, Z3 crpaBa HAJEBO.

u(0)=u'(0)=0
z,=y—-71(0)=y(0)=1

y'=z1'=0,1u+ z2- 3y—z2(0)=y'(0)-0,1u+ 3y=0,5-0+3=3,5
y''=z2'=2u+ z3- 6y—z3(0)=y''-2u+ 6y=0-0+6%1=06



Curna Y(t) npu cBOOOTHOM JBM)KCHUN CHCTEMBI

2. Hccneoosarnue mooenu 8xo0-cocmoaHUue-8bixoo.

2.1.
f=dx+ Bu,
v=0Cx,
Bapuant | n A B ol
1 2 0 1 0 1
-6 -15 6 0
X;= X,

X,=—6X—15X,+6u
y=X;



Cxema MOJIeIMpOBaHUSI JIMHEWHON TMHAMUYECKON CUCTEMBI.
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2.2. MonenupoBaHue JHUHEWHOW JIWHAMHUYECKOM CHCTEMbI IIPpH JABYX BHIAX
BXOJHOTO BO3JICUCTBUA: u=1(z) U u=2sint. JIJ11 BCEX BApUaHTOB HAYAJIbHOE 3HAUCHUE
BEKTOPA COCTOSTHUS HYJIEBOE.

a) Curnan y(t) mpu BxoaHOM Bo3aeicTBrm U=1(t)
0) Curnan u=1(t)



a) Curnan Y(t) mpu BxoaHOM Bo3aeiicTBun U=2SiN(t)
0) Curnair u=2sin(t)

2.3. MOI[CJ'H/IPOBaHI/Ie CBO6OI[HOFO ABUKCHUS CUCTEMbI C HA4YaJIbHBIMHA YCJIOBUSMMU.

Bapuanr x,(0) x,(0)

1 1 0,5

Curnan Y(t) mpu cBOOOAHOM IBMKEHUN CHCTEMBI



BbiBoa: Hayumiuch MOETUPOBATH B akeTe npukiaanbix nporpamm SIMULINK
nBe (popMbI (BXO-BBIXO/I, BXOA-COCTOSIHHE-BBIX0/]) MOJIEICH JIMHEHHBIX JTUHAMUYCCKIX
CHCTEM TP Pa3IMYHBIX HAYAJILHBIX YCIOBHSIX M BXOJIHBIX BO3JIEHCTBUAX. buin
MOJTyYeHBI TPa(HKU BXOAHBIX U BEIXOAHBIX cuTHAIIOB (U(t) 1 y(t)).



