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Annotation. An assessment is made of the quality of simulation modeling of
control objects in an ergatic system described by a system of ordinary differential
equations in the Cauchy normal form. The choice of the integration step of the
equations of motion for various parameters of the delay is made. The results have
been tested in practice.

Keywords: ergatic systems, simulation modeling, numerical integration, delay,

evaluation of dynamic characteristics.

JlaauM CpaBHHTENBHYIO OLEHKY (yHKIMOHHUPOBAHUS IBYX 3PraTHUCCKUX
cucTeM
x(t)= Ax(t)+ Bul(t):
- u(t)=Px(t) (6e3 3amasnpiBanus);

- u(t)

Px(t — r) (c 3ama3gpIBaHUEM, T -TIApaMETp 3amna3/abIBaHusl).

C TOYHOCTBIO JI0 T°6YIeM UMETh:

X(t)=x(t—7)+Ax(t), x(t-7)=x, mput-7<0,

y(t)=y(t—7)+r(Ay(t)+By(t—7)), ylt-7r)=x mput-7r<0.

Jlns mameix T cymtectByior omepatopsl (E—7A)" u (E—7A)". Tak uro
CIPaBE/JIHBO:

X(t)=(E-A)"'x({t-7), x(t-7)=x, mput-r<t,
y(t)=(E-A)(E+B)y(t-7), y(t-7)=x, mput—z<t,.
Nmeewm:

x, =(E—7A)"x,, k=>1;

A A

Xk:X(tk)’ yk:y(tk)’ t, =t +kz;
X1:X0+TA1X01 TA1X0:X1_XO’
Yi=Yo t z-(Ayo + Bly(tO - z-)): Xo + TA1X0 =X

Xo =Yor X =Y
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[Ipu anmpokcuMaluy pe3oJIbBEHT U OIEPATOPOB, CTOSIIIUX B IIPABBIX YACTIX

i X, MY, , IO 7° TOXyUYHM:

X, =(E —z4) X, = X, + ke X, + k(k2+ D) TATAX, =
—x k- x)+ K ()
Yy, = [(E — TA)_l(E + TBl)JkXO = [E + 14, +714- rAl]kX0 = [E + (E + rA)rAi]kXO =
k(k +1)

=X, +K(E +24)(x, — X°)+T(E +t4)f T A’X,.

Taxk uyto

7(A+BP)(x, — X, )+ KBP(X, — X, );

X, — Y, = kBP(x, — x,) mpu k>2;
X, —Y, =’kBP(A+BP)x, mpu k >2.
Janee. TIpu mare HHTErPUPOBAHKS 7 METOI Dilepa 1aeT:
X, =X, +7(A+B)x,, Y,=% +7(A+B)x,
X, =X +7(A+B)x, Y,=x+7(Ax +Bx,)
X, =X, +7(A+B)X,, y,=Y,+7(Ay,+Bx),
X =Y Xy = Yy =By — %)

N3
A%, —¥,)= T AB (X = x;), B,(X, — % )=B,(x =X, + A% — X)),

X = Yo =(X, = ¥,) + 7A(x, - ¥, ) + B, (x, = x),

clienyer
X, — Y, = 2tB,(x, — X, )+ 0(z?);
x, — Y, =7(k=1)B,(x, — %, )= r°BP(k —1)(A+ BP)x,.
Ipu Mameix 3Havenmsx Kk - (k—1) momyumm JumIb He3HAYHTETHHYIO

pa3HHIlY B OI[CHKAX (CBSI3aHO C XapaKTePOM armpOKCUMAIK PEIICHHS).
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Mo>XHO TIONTYy4YHUTh U O0Jee TOYHBIE OLIEHKHU MPU aMMpPOKCUMAIIMH PEIICHUS

Ha KaXXJI0M L1are B BUJC.

X(t)=x(t—7)+ rAlx(t)+§Afx(t)+O(rs) |
Hmeem

y(t)=y(t—7)+z(Ay(t)+ By(t-7))+

+ - (A(Ay(t) + By(t-7)+ B (Ay(t - 7)+ By(t—27)+ O(*))

Brruncienusa YCIIOXKHAKOTCA, PC3YJILTAT ITPAKTUICCKH HC U3MCHUJICA.

HpI/I OTHOCHUTCIIBHO MAJIbIX 3HAYCHUAX 3alla3AblBaHUA B MCTOAC Qﬁﬂepa 3a
IIar HHTEIPUPOBAHUSI MOXKHO TPUHSTH & = M

X, = 0(A+B )X, +X,, OAX, =X —X,, Y, =0(A+B )X, +X,(X =Y,).

s y(t, —7)=x,, k<m crenyer:

X, =X, +O(A+B)X ., Y, =Y., +OAy, , +BX,.
T k<m:
X, — Y, = 0B,(X — X,),

— Y, =X, — Y, +04(x, — y,)+ IB,(x, — X, ) =

X

= 0B, (X, — X, )+ B.(X, — X, )+ 0(52)= OB, (X, + X, — 2X, )+ 0(52),
X, — Y, =X, — Y, + 0B, (X, — X, ) = 0B,(X, + X, + X, — 2X,)+0 52),
X, — Y, =B, (X +X, +..+X_, —(k=1)x,)+0(5?), k<m.

Jlerko mokasarn:

Cnpasenyuao:
X, — Y, = @yBP(m BP)x,, k<m.
[Tomyunm onenku u ipu K > m. Tak, Hanpumep, ipu K =m+1:

y(t,.—7)=Y, =X,
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Xm+l - ym+l = Xm - ym +5A(Xm - ym)+5Bl(Xm - Xl):

m(m—1)

=MD ) 000°) 08,1, + il ) x,)=

_ (M +(m _1))(5/}31@(1 —X,)~ MéBP(xl —%,).

Anpu l< j<m-1 Oynem UMeTh:

Xovin ™ Yoejor = Kooy = Yooy T 5A(Xm+j - ym+j)+ £1(Xm+j - yj):

= 5(m(mT—l) + jijP(xl —X%,)

Pe3ynbTaThl OlIEHKH anmpoOUpPOBAIUCH MPU HACTPOUKE MapamMeTpoB 00bEKTa
APraTUyecKod CUCTEMBI C YYETOM IPOLIECCOB (POPMUPOBAHUS pEAKIUi orepaTopa
[1...5].
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