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The paper explored the method of synthesis of PID control systems for objects of the second
order. As a theoretical basis of methods used modal method for linear systems with respect to the
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the complex poles and coefficients of the control object. The numerical illustration is given.
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Cunre3 IIU I-peryasTopa
ISl 00bEeKTOB BTOPOT0 MOPSIAKA
C YIE€TOM PacCnoJoKeHud 1moJarcoB
A.IL Ilpokonsbes,
B.U. UBanuypa, P.T. EMenbsH0OB

Cubupckuii pedepanvHulil yHusepcumem
Poccus, 660041, Kpacnospck, np. Ceéo600HbitL, 79

Paccmompena memoouxa cunmesa I1H][-pecynsmopa cucmemol ynpaeienus 01 00beKmos 6mopoo
nopsioka. B kauecmee meopemuueckoi OCHOGbI MeMOOUKU UCHOAb308AH MOOANbHLI MEmoo OJisl
JIUHEUHbIX CUCTEM C YHemOM PACHONOICEHUS KOMNJIEKCHbIX nontocos. Toryuenvl coomuoutenus,
C8A3BIBAIOWUEC 3HAUCHUS NEPEXOOHOU XAPAKMEPUCMUKU, 3HAYEHUST KOMMWIEKCHbIX NONI0C08 U
K03 duyuenmos obvexma ynpasaenus. Ilpusooumces yucnosou npumep.

© Siberian Federal University. All rights reserved
*  Corresponding author E-mail address: prokl@yandex.ru


https://core.ac.uk/display/38647323?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Andrey P. Prokopiev, Vladimir I. Ivanchura... Synthesis PID Controller for Objects Second Order with Regard...

Kniouessvie cnosa: cucmema asmomamuyeckoco ynpaeaeHus, Cunmes, IYHﬂ-peememop, MOOAIbHBLI
MeI’I’IO(), KOMNJIEKCHble NOoJIIoChl, nepexodna;z xapakmepucmuka.

Beenenue

CuHTE3 perysiTopoB CUCTeM aBToMaTHueckoro ynpasieHus (CAY) — ogHa U3 OCHOBHBIX Ipell-
METHBIX 3a7]ad TEOPUH aBTOMATHYeCKOro yrpasieHus. Hanbonbmee pacnpoctpanenne B CAY Tex-
HOJIOTHYECKMMH TPOIIECCaMH MOJYYWIH MPONOPIHOHAIBHO-UHTETPAIBHO-TU(DGEepEeHIIHPYIONTHE
(ITN O) perymnstopst [1]. OnauM 3 MetonoB cuHaTe3a [1N/I-perynsatopos [2], akTHBHO pa3BUBaeMBIM
YYEHBIMH, BBICTYINaeT MOJAJIbHBIA MeTox [3, 4 u 1p.]. B HayuHBIX paboTax, MOCBAIIEHHBIX CHHTE3Y
PETYIATOPOB, OTCYTCTBYIOT COOTHOIICHHU S, CBA3BIBAIOIINE 3HAUCHU S TICPEXOTHON XapaKTEPUCTHKH H
K09((UIMEHTOB 00HEKTA YIIPABICHHUS C YUETOM PACIIONOKEHUST KOMIUIEKCHBIX MOJTFOCOB.

Hamnbonee pacripocTpaHeHHBIME TSI MOOMITBHBIX CTPOUTEIBHBIX M JOPOKHBIX MAITHH KaK 00b-

€KTOB YIIPABJICHUSA ABJIIAIOTCA MATCMAaTHYCCKHUE MOAEI BTOPOTO MOPsIKaA.

Hcxognoe MmaTeMaTH4yecKoe ONMMCAHNE CHCTEMbBI M MOCTAHOBKA 321241

PaccmarpuBaeTcs InHelHast clcTeMa aBTOMAaTHYECKOTO YIPABJICHHs ¢ IIepeAaTOuHOM QyHKIIH-
eit (I1d) o0bexTa BTOpOro mopsiIka.
Ilepenarounas ¢yHKIUA 00bEKTa yIIpaBIeHUs BToporo nopsaka W,(s) u [IMJI-perynsatopa W,(s)

HMeEET BUJ

bys +b,

W) =—F——;
ays” +a;s+a,

o

K. K,s*+K s+K.
W(s)=K, +—+K;s=—"—"1"—"1,
i N N

rae s — mpeobpaszosatens Jlammaca; K,, K;, K; — COOTBETCTBEHHO KOI(Q(UIMEHTH MPOMOPIH-
OHAIIFHOCTH, MHTETpUPOBaHUs U nudepeHupoBaHus.
IIpu nocnenoBarensHoM coenunennu 11D ob6wexta u [1H/I-perynstopa o0pa3yoT pa3oMKHY-

Tyto cuctemy ¢ [1d crenyromero Buaa:

K bys® + (K b, + K by)s” + (Kb, + K b)s + Kb,

3 2
a,s” +as” +a,s

W(s)=W,()W,(s) =
[1® 3aMKHYTOM CHCTEMBI YIIPABICHUS C AMHIUIHON 00PaTHOH CBA3BIO

XGs) W (s) K bys’ +(K b+ K b))s* + (Kb, + K b)s+ Kb
s) = = .
1+W(s) (a,+K,b)s +(a,+K,b+K b)s* +(a,+ Kb, + K b)s+ Kb,

Hcxonubimu manueiMu st cuHTe3a [TMI-perynsatopa CAY sBiustorcs [P obbvexrta ynpasie-
HUuA W,(s) BTOpOro mopsijika M 3aJaHHbIe IIOKa3aTell KauecTBa: MepeperyaIupoBaHnue U BpeMs pery-
JTUPOBAHMUSL.

Pemaercst 3amaua ompeneneHus 3HaueHuil kodddunnentos MU /I-perynsropa K,, K,, K;, obe-
CIEYHMBAIONIMX 3aaHHbIE II0Ka3aTeNIn KadyecTBa 1o 3aaHHbIM [IdD o0bexTa ynpaBieHHst BTOPOTO 10-
psaka W,(s) 1 3HaUCHUSM JCHCTBUTEIBHOIO MOJIOCA §; = —1); U KOMILJICKCHBIX MOJIFOCOB §; = —1), + j;

53 =-1, —jP I1® 3aMKHYTO# CHCTEMBI yIIpaBICHUS.
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BLIBOJ OCHOBHBIX COOTHOLIIEHUH

[1® 3amkuyTOl cuctemsl ¢ [T I-perynsaropoM npu 3aJjaHuK KOMILIEKCHBIX MOJIFOCOB MPENCTa-

BHM B BHIC

W(s) Kby + (Kb +Kby)s* +(Kb,+K,b)s+Kb

K(s)= = : - (D)
1+W(s) (@ +K,by)(s+n)(s+n,+B (s +n,—Bj)
Beenem 0003HaYeHus 118 yIpoLieHus Boipaxenus (1):
K, .,  Kb+Kpb, Kb +K)Db b - Kb, o

00 — s¥01 T 2Y02 T 03 .
a,+ Kb, a,+K,b, a,+ Kb, a,+K,b,

C ydeToM BbIpaxeHHH (2) MOoTy4uM B 00JIaCTH U300pakeHUH ISl IEPEXOJHON XapaKTepH-
CTUKU 3aMKHYTOH cuctemsl ¢ [IM/[-peryndaTopom npu 3aiaHuy 3HaYEHUN KOMIUIEKCHBIX IOJIO-

COB!

_ bOOs3 +bms2 +by,s + by,
(s+m)(s+n,+B)H)(s+n,—Bj)s

h(s) ©)

XapaKkTeprucTHYECKOE YpaBHEHHE 3aMKHYTOH CUCTEMBI HMEET TPeTHid mopsiaokK. [1pu n3BecTHBIX

3a7JaHHBIX IE€HCTBUTEIHLHOM TIOIIOCE 51 U KOMIIEKCHBIX IOIIOCAX S,, S5
s =M 8, =", +BJj; 55 =—n,-BJ,
9TO ypaBHEHHE UMEET BHU]T

D(s) =(S—S1)(S—Sz)(S—S3)=S3 +(ﬂ1 "'2112)*92 +[n1(n2 -Bi)+
+(n, +B)H(M, +n, =B )]s +n,(m, =B, +B ).

IIpumenum ynpoueHue

M, =B+, +B /)M +my =B )] =B +n3 +2mym,,
n(, —Bj)(M, +B7)=n,(B*+n3).
Torna xapakTepUCTHUYECKOE ypaBHEHUE IPUMET CIEAYIOUIUN BU:

D(s)= s’ +(n, "'2112)32 +(BZ+T]§ +2n,m,)s +ﬂ1(32+ﬂ§)-

XapaKkTEepUCTUUYECKOE YPaBHEHHE KOPPEKTUPYEMOH CHCTEMBI MOXKHO NPEACTABUTH TaKUM BBI-

PaKEHUECM!

(ay+ K by)s™ +(a, + Kb + K by)s* +(a, + Kb, + K b)s + Kb

a,+K,b,
N a1+de1+Kpb0 N a2+Kib0+Kpbl o Kb, .
a,+K,b, a,+K,b, a,+K,b,

[MpupaBHKBast K03 UITMEHTHI IPU OINHAKOBBIX CTEHEHSX S, IOy IHM:
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a,+K,b +K,b,

=n,+21n,;
a + Kb, n, +41m,
a,+Kb+K,b ., ,
—= 10 PB4t +2 ; “4)
a Kb, P, +2n;m,
Kb, I
-t = -+ .
Kb, n,(B7y)

OnpenenuM ycTaHOBHUBILEECS 3HAYCHHE A, NMEPEXOIHON XapaKTepUCTHKH A(f) TpH 3aJaHUH

KOMIIJICKCHBIX ITOJTFOCOB B COOTBECTCTBUHU C TeopeMoﬁ MMpEACIBbHOTO IE€pexoaa:

Kibl .
nl(nz —Bj)(le +|3j)(ao +deo) ,

TOT/Ia YCTAHOBUBILICECS 3HAUCHHE /1y

lim(s - (s)) -

Kb,
hstab. = . - . . (5)
(M, =B, +Bi)a, + K ,by)
VYrpoctus BelpaxkeHue (5), HOTyduM
Kb
hstab. = 2 2 — . (6)
N H+B7)(a, + Kyby)
B cootsercTBuu ¢ (4)
Kb, 2 02
1 — + s 7
Kb M +B7) ™
noactaBisis (7) B (6), umeem
] 2+ 2
Klbl — nl(n2 B ) :1 (8)

h =
stab. 2 2 2 2
MG HB7) (g, + Kyby) - (i +B7)
[TonyuenHbI# pe3ynbTat (8) MOATBEPKIAET, YTO paccMaTpuBaeMasi 3aMKHyTas CHCTeMa yIpaB-
JICHUS SIBJISICTCS aCTaTHYSCKON OTHOCHTEIHFHO BXOTHOTO BO3ICHCTBHSL.
OrnpenenuM Ha4aJIbHOE 3HAYCHUE /1, TEPEXOIHON XapaKTEPUCTUKH /(f) B COOTBETCTBUH C TEO-

peMoﬁ MpEeACJIbHOTO nNepexona Ay Ciiyvas 3aJaHu A KOMIIJICKCHBIX MTOJIFOCOB!:

Kb,

lim(s-A(s)) > ——,
Hw( (s) a,+K,b,

— deO
" g+ Kby
JlokasaHo, uTo /i paccMarpuBaeMoit 3aaaun curte3a [T J[-perynsitopa cucTeMbl YIpaBJIeHHS
¢ OY BTOpOro Mopsiika CIpaBeiIuBO YCIOBHUE A, < h(f) < 1 IpH yCTAaHOBUBIIEMCS 3HAUCHUH My = 1.
DTo0 BBRIpakeHHE HE 3aBHCHUT OT THIIA 3aIaHHBIX MTOJTIOCOB.
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Takum o0pazoM, 3HA4YEHUE IIEPEXOJHOW XapaKTEPUCTUKU 3aMKHYTOH cucrembl ¢ [1M]I-
PETYIATOPOM U3MEHSETCS BO BPEMEHH OT A,y IO Ay, = 1. [lpu 3TOM ecnu 3HadyeHue b, = 0, To Ha-
YaJbHOE 3HAUEHUE TIEPEXOTHON XapaKTEPUCTUKH Ay, = 0.

O4eBUIHO, YTO P HEKOTOPOM 3HA4YeHUU by, f;,;, BOHIET B 5%-10 30HY YCTaHOBHBIIETOCS 3Ha-
YeHHs. DTO CBUJETEIHCTBYET O BOSMO)KHOCTH 3HAYUTENHHOTO YMEHBIIEHUS BPEMEHHU MEPEXOTHOTO

nporecca rnpu b, He paBHoro 0.

OnpenesieHue 3Ha4eHU COCTABJISIIOIMX NIEPEX0JHOH XapaKTepPUCTUKHU

3aMKHYTOM CHCTeMBbI YNPaBJIEHHUS

OnpenennM COCTABIISIIOIINE IEPEXOAHONW XapaKTEepUCTUKH /A(f) 3aMKHYTOH cucremsl ¢ [TN/I-
PeryiasaTopoM B COOTBETCTBHH C TEOPEMOIl IIPEAEeNIbHOTO epexoa, IpH 3aJaHNH KOMIIJICKCHBIX I0-

mocoB B cpenie mporpammsl MathCAD npumenns ¢yHknuro ynpomenus (simplify):

(bl _bonl)(Kd Thz _Kp M +K,') .
N (a,tK, b)(B* +n; -2, +13)”

lim [(s+m,)h(s)]simplify — —

lim'3 [(s+m, +B j)h(s)]simplify —
J

S>>
_ (bonz _bl +Bb0j)(Kd 11; _Kp B] _Kd B - Kpnz + 2Kdanj)j .
2B(n2+Bj)(ao+deo)(nz_n1+Bj) ’

lim A[(s +n, —Bj)h(s)]simplify -

s> +PJ
(b] _bonz +Bboj)(Kd Tﬁ _2jKd an _Kd Bz _Kpnz +Ki+Kp B])]
2B, =B j)ag K, by)(ny =, +Bj)

O003HaUYNM:

YCTaHOBUBIIIEECS 3HAUYCHUE A, B COOTBETCTBHH C (6)

Kb
hsrab, = 2 2 s
n, ;B )a, + K,b,)

Ipr NOACTAHOBKC UCXOAHBIX TAHHBIX MMOJTYYUM YCTAHOBUBLIICCCS 3HAYCHUC hsmb_ nepexoz[HOﬁ Xapak-

TEPUCTHKH A, = 1, TOTA cocTaBnstomasn 4, () 00ycnoBieHHas MOMIOCOM S| = —1);,

(bl - bonl )(Kmlz - Kpnl + Ki)

! n,(a, + K,b)(B* +n; =2, +1;3)

e ’ (9)

cocrapystomas i (¢), 00ycnoBieHHas KOMITIEKCHBIM TIOIFOCOM S, = —1), + /P,

(bonz _bl + Bboj)(Kd 115 _Kp B] _Kd B Z_Kpnz + 2KdBn2j)j .e(,nz,ﬁj),

h, (1) =— ; ; (10)
2B, +B ), K, by)(, —n, +B J)
cocrapstomas £, (¢), 06ycnoBneHHas KOMIIIEKCHBIM HOIOCOM §3 = —1, + /i,
. 2 . 2 N e
h (t)= (b, —by, +Bby ) )K, M, =2 /K, pn, - K, " —K n, +K+K B j)j peR (11

B ZB(nz _Bj)(ao+Kd bo)(Th -, +B])
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TakuMm 00pa3oM, IJis KOMILIEKCHBIX TOJIFOCOB BBIPAKCHHE IEPEXOIHON XapakTepUCTHKHU /i(f)

MIPUMET CICTYIONINI BHI:
h(t)=h,, + hs1 )+ hs2 )+ h53 ®), (12)

uiH, ynpoctus Beipaxenne (12), samenus cymmy A (1) +h, () Ha ynBoeHHYIO AeiiCTBHTENBHYIO
4acTh ZRe[th (t)] A 2Re[h53 (t)} , T. €.

h(t)=hy, +h, (t)+2Re[ h, (1) ],mma h(t)=h,,, +h (6)+2Re[ h, ()]

I'paduyeckast peanuzaius MPOBEPKU MPUMEHEHHOTO YIIPOLICHHUS IIPEACTaBIeHa Ha pyc. 1: mpu-
HATEIE 0003Ha4eHu f, (1) = 2Re[hs2 (t)] una h,(t) = 2Re[hs3 (t)J.

CuHTe3 napaMeTpoB MHA-PeryJsiTopa

PaBencTBa (4) mpencTaBuM B BHAE CHCTEMBI YPaBHEHHM, B KOTOPOIl HEU3BECTHBIMU SIBISAIOTCA

3HadeHus kodppunuenTos [I1N/I-perynsatopa

Kd[b1 _bo(nl +2nz)]+Kpbo = ao(nl +2n2)_al;
=K by (B> +2n,m, )+ K, by + K by = a, (B 40} +2n,m,) — ay; (13)

—K by, (ﬁzﬂﬁ) + Kb =ay, (B2 +n§)'

Beenem 0603HaueHMS IS TPEACTABICHHAS CHCTEMBI YPaBHEHUH B MATPUIHOMN (hopMe:
Ay =b =Dy +20,)5 4, =by3 Ay = 0; ¢ = ay(n, +20,) — a5
Ay =-b, (BZ+T|§ +2n, nz);lzz =b; Ay=byc, = ao(Bz'Hﬁ +2nm,)-a,; (14

Ay = —boﬂl(l32+ﬂ§); Ay =05 Ay =b5 ¢y = aom([32 'Hﬁ)'

~ 0.0 1 1 1 1

Puc. 1. I'paduueckas peanusanus ynpoleHus 3aMeHbl cymmbl A (£)+h (f) Ha yABOEHHYIO NEHCTBUTENLHYIO

4acTh 2Re[h}v2 (z)} UIn 2Re[hv3 (t)]
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C yueToMm npuHATHIX 0003HaueHuit (14) chopmupyemM MaTpHUIBL:

A Ay A G K,
A=l 4 4, Ay G=|c¢ (K, = K[) . (15)
Ay Ay Ay G K,

MaTpuyHOe ypaBHCHHE [JIs OMPEACICHHS HCKOMBIX 3HauCHHH K03()PUIIMEHTOB peryasropa

HMEET BUJ
(A-K,)=C,.
A ero pemieHue NpeacTaBasieTcs B BUAC
-1
K,=AC,.

Cucrema ypaBHeHI/Iﬁ (13) 3HAYUTECJIBHO YHIOPOMIACTCA, €CIU 3HAYCHHUC KOS(i)(i)PIHI/IeHTa
b():O:

a +K,b

= 4 2y
a,

a,+K b

=2 =B 42y (16)
a,

Kb
= n.(ﬁhﬂﬁ)'

a,
B sToM ciydae ypaBHEHHUs IS pacdeTa 3HaueHHH kodpduientor [1H I-peryistopa UMeEOT

BHUI

K, _G _ a,(n, +2n,)—a,

>

b b,
K = S ao(Bzﬂﬁ +2n,n,) -4, (17)
” b b, ’

1

K=5_ ayn, (B +n3)b,
S b b .

[Momyuens! BelpaxkeHus 1y pacueta kodddunuentos [N I-perymsaTopa, BKIogaromue kodd-
¢unenTs! [1d 00beKkTa BTOPOro NOps/iKa P 3aJaHHBIX 3HAUYSHHSIX KOMIUIEKCHBIX TOJIIOCOB. BbI-
MIOJIHEHA ITPOBEPKA PACCMOTPEHHOW METOAUKH HAa KOHKPETHOM IIpHMeEpeE.

[Mpumep. 3anan 00BEKT yIpaBieHUs BTOPOro nopsaka ¢ [1d

bys+b _ 0,015+0,7

W, (s)= = .
(5) ays* +ais+a, 0,045>+0,125+1
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Tpebyetcs cuntesupoBath [11]I-perynsaTop, KOTOPbI 00ECIEYUT MEPEXOAHYI0 XapaKTEPUCTH-
Ky 0e3 nepeperynupoBaHus, a BpeMs peryJaupoBaHus ¢, =3 c.

s peanuzanuu MeTona cuHTe3a nmpuMeHeHs! 3aBucumoctu (15), (17). PacyeTs! BEIIOTHEHB! B
cpene nporpamMmMbl MathCAD.

HcxonHble faHHbBIE 1715 KOMIIJICKCHBIX 3HAYCHHIT ITOJIOCOB:
3HAYEHHE 1); OIPEJEIICHO C YUETOM JKEIaeMOro BPEMEHU PEryINPOBAHMS, PABHOIO 3, C U pacueTa o
U3BECTHOM npuOInKeHHOH hopmyie [5, 6]

Z, z%(s)»nl =Re(s),

rae Re(s) — meiicTBuTebHAS YacTh IOJIOCA, HanOOIee MPUOINIKEHHOTO K MHUMOW OCH KOPHEBOM
IIJIOCKOCTH; 3HAUCHHUE 1), U 3 onpesiensieTcst U3 TpeOyeMoro 3HaueHHs HepeperyIuPOBAHNS U BIHSTHUS

OTOr'0 IOJI0Ca Ha IMOJHOC 1)y

n, =L, =5;p=0,5; b =0,7; b, =0,01;a, =0,04; a, =0,12; a, =1,0.

JIi1st 3a1aHHBIX KOMITJIEKCHBIX TTOJTIOCOB omperesnensbl koaddunuentsr [T /I-perynsropa:

K,) (0,528
K,=|K, |=| 0,828 |; K, =0,528 K, =0,828; K, =1,633.
k ) (1633

BrinonHaeHo MoienupoBanue MepexoaHoro npoiecca s neproaa Bpemenu ¢ = 0,0.001...10.

Cocrasusromue Ay (f), hg(f), hg(f), 00yCIOBICHHBIE TOIOCOM §; = —1]; H KOMILIEKCHBIMH TOJTIOCA-
MU §; = -1, + ff; 53 = -1, + fj, onpenenstorcs no 3apucumoctsim (9) — (11).

[lepexomnast xapakTepucTuka A(f) monmydeHa mo BeipaxeHuro (12). Ilpum ¢ = 1 momydmm
h(t) = hy,, +h (O)+h, (6)+h (1)=0,117.

stab.
HauvanbHoe 3HaueHue /;,;, IEPEXOTHON XapaKTEPUCTUKH A(f)

K b
o Kb o, (18)
Coa,+K b,

12 T T T T
| Sttt bt LEEEE S
. 08 -
0.95 0.6]] i
1.05 04 ]
0.2 ]

0 1 1 1 1
0 2 4 6 8 10

Puc. 2. I'paduk nepexoaHOro mpouecca CHHTE3UPOBAHHON CHCTEMBI ¢ 3aaHHBIMH KOMILJICKCHBIMU MOJTIOCAMHU
t,=3 cupu b, = 0,01
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Ha puc. 2 npeacrasiieH rpaduk nepexomnoro mporecca /() 3amxuayToil CAY ¢ CHHTE3MpOBaH-
HbiMU napameTpamu [TU[-perymnsropa.

IIpu u3BecTHOM 3HaueHUU b, = 0,01, 3aJaHHBIX MapaMeTpax 00bEKTa BTOPOrO MOPSAKA U KOM-
IJICKCHBIX TIOJTIOCOB B PACCMOTPEHHOM IIPUMEPE BpEeMs IIEPEXOJHOTO IMPOIECCca, UCXOIS U3 YCIOBHS
5 % 30HBI YCTAaHOBUBILIETOCS 3HAYEHU I, PAaBHO 3 C.

Onpenenensl ko3¢ ounuents! [11/[-perynaropa npu b, = 0,05:

K, (1,098
K,=| K, |=|3,106 |; K, =1,098,K, =3,106;K, =3,423.
K ) (3,423

HauansHoe 3Hauenue £;,;, = 0,579 nepexonnoii xapakrepuctuku /(f) npu by, = 0,05.

Ha puc. 3 npencrasien rpaduk nepexonnoro mnporecca A(f) 3amkayToid CAY ¢ cuHTe3npoBaH-
HbeIMU napameTtpamu [11/]-perynsaropa npu 3Hauennn kodpunueHta oovekra by = 0,05.

ITpn n3BecTHOM 3HaueHnu b, = 0,05, 3a1aHHBIX TapaMeTpax 0OBEKTa BTOPOTO MOPSIIKA U KOM-
IJIEKCHBIX TOJIOCOB B PACCMOTPEHHOM IIPUMEpPE BpeMs MEePEXOJHOTO MPOLecca, UCXOAS U3 YCIOBHS
5 % 30HBI YCTAaHOBHBIIETOCS 3HAYEHHU S, paBHO 2,45 c.

Onpezenenst ko3¢ dunuents! [11U/]-perynsaropa npu b, = 0,1:

K, 5,420
K,=|K, |=| 24,878 |; K, =5,420;K , = 24,878, K, =20,992.
K, 20,992
HavanbHoe 3HaueHue #;,, = 0,93 mepexoquoit xapakrepuctuku /(f) mpu by = 0,1

Ha puc. 4 npeacrasiien rpaduk nepexomnoro mporecca /() 3amkuayToil CAY ¢ CHHTE3UpOBaH-
HbIMU mapameTpamu [T /I-perymnsatopa mpu 3HaYeHIHN KoddduiuerTra oosekra b, = 0,1.

B cooTBeTcTBHE C pa3paboTaHHON METOAUKOI MoganbHOTO cuHTe3a [ ][-perynstopa aist 00b-
€KTOB BTOPOTO MOPSAKA MEePEXOIHBIA MPOIecC HOCUT aneproaudeckuil xapakrep. [Ipu m3BecTHOM
sHayeHuu b, = 0,1, 3aAaHHBIX MapamMeTpax 00BEKTa BTOPOrO MOPSAKA M KOMIUJICKCHBIX MOJIFOCOB B
PacCMOTPEHHOM IIpHMepe BpeMsl TIEPEXOHOTO IpoIiecca, UCXO s U3 YCIoBHS 5 % 30HBI YCTaHOBHB-

merocs 3Hadenus, pasHo 0 c.

Puc. 3. I'paduk mepexoaHOro mporecca CHHTE3UPOBAHHON CHCTEMBI C 3aJaHHBIMU KOMILJICKCHBIMHU MOJIOCAMHU
t,=2,45 c mpu by = 0,05
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Puc. 4. Tpadhuk nepexoHOro mpoIecca CHHTE3UPOBAHHOM CUCTEMBI C 3aJ[aHHBIMUA KOMIUJIEKCHBIMH TTOIOCAMHE
t,=0cmpuby=0,1

Omnpenenenne Ko3QQuirieHTa b, nepenaTodyHol GyHKIHH 00BEKTa MO 3aJAHHOMY HAYaIbHOMY
3HAYCHHUIO A1;,;, ICPEXOTHOMN XapaKTCPUCTUKH A(f)

[IpeobpasoBas 3aBucuMOoCTs (18), momy9nM cienyromniee BeIpaxenue st pacaeta bo(h,,;,) :

a, K :ao(n1+2nz)_a1
s Iy s

bl

bo (hinit_) = |
——1(K
h

init.

d

TOraa UTOroBast 3aBUCUMOCTD ITPUMET BU/JT

) bl

(19)

by(hy,;, )=~ 1
——1 |[a,—a,(n, +2n,)]
init.

[Ipu 3amaHHOM HaYaJFHOM 3HAUYCHUU TEPEXOTHON XapaKTePUCTHKH A, = 0,95 BemudmHa KO3 (-

¢unuenTa pasua by(h;,;,) = 1,6625.
3aBucumocTh (19) mMo3BOIAET BBHIIOTHUTH pacdeT Kodddunuenta b, nepenaroyHoil GyHKINH
00beKTa 10 33/IaHHOMY HAa4yaJIbHOMY 3HAUEHHIO /1,,;, TEPEXOIHON XapakTepucTuku A(f), koadduu-
enToB [1® o6vekTa (b, ay, a,), 32JaHHBIX TOITIOCOB (1), 1);) CHCTEMBI yIIpaBiIeHUs. PekoMeHJaIuu mo
OIPEICTICHHUIO 3HAYCHH I KOMITJICKCHBIX MOJFOCOB MOT'YT OBITh IPEIIOKEHBI [TOCIIC TOMOJHATEIBHBIX

I/ICCJ'ICI[OBaHI/Iﬁ 1o pa3pa60TaHH01‘/'I METOJHMKE.

3ak/oueHue

Paspaborana MeToauka mopansHoro cunresa [11/[-perynstopa 1o 3aJjaHHBIM 3HAUSHHSIM HIapa-
METpPOB 00BEKTa BTOPOTO HOPSIKA ¥ KOMIIJIEKCHBIX ITOJIOCOB 3aMKHYTOW CHCTEMBI YIIPABICHHUSL.

HccnenoBanue mokasano, 4To IPH HEKOTOPOM 3HaueHuu by, He paBHOro 0, HagaIbHOE 3HAYCHHE
MIEPEXOJHOI XapaKTepUCTUKH A,,;, BOUIET B 5%-10 30HY YCTaHOBHMBILIETOCS 3HAUCHHS. DTO CBHJE-
TEJIBCTBYET O BOBMOXXHOCTH 3HAYMTEIHHOTO YBEIHUYEHHsI OBICTPONEHCTBUSI CKOPPEKTUPOBAHHOI CH-

CTCMBI.
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