IIpakTuyeckoe 3ansaTue Nel
YCcToiiYnBOCTH CHCTEM aBTOMATHYECKOT0 YIIPABJICHHSA

1. TonsiTHe 00 YCTOWYMBOCTH CHCTEM YNIPaBJIEeHHUS

YCTOWYUBOCTE — 3TO CBOMCTBO CHCTEMBI BO3BpAIIATHCS B HCXOMHBIA WIIH
ONMM3KMH K HEMY YCTAaHOBHBIIHMMCS PEXHUM TIOCIE KaXIOTO BBIXOJA W3 HETO B
pe3yNbTaTe Kakoro-J1mbo BO3ICHCTBUS.

Ha pucynke | moka3aHbpl THUIUYHBIC KPHUBBIC MEPEXOIHBIX MPOIECCOB B
HeycToiuuBo# (puc.l, a) u ycroitunBoii (puc.l, 6) cucremax.
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Ecnu cucrtema HeycToW4MBa, TO JOCTATOYHO JHOOOTO TONYKA, YTOOBI B HEM
Hayajcs pacXOASAUIUMUCS TPOIECC YyXOJla M3 MCXOJHOIO YCTaHOBHUBIIIETOCS
COCTOSIHUSA. JTOT TPOIIECC MOXKET ObITh amepuoandeckuMm (kpuBas 1) wim
KoJieObaTenbHbIM (KpuBas 2).

B cmydae ycroitunBoii cuctemsl (puc. 1,0) mepexoaHblil mporiecc, BEI3BaHHBIN
KaKUM-JIUOO BO3JEHCTBHEM, CO BpPEMEHEM 3aTyxaeT amepuoauydecku (kpuBas 1)
uiu KojiebarenbHO (KpuBas 2) W CHCTEMa BO3BpallaeTcs B YCTaHOBUBIIEECS
COCTOSIHUE.



T. 0., YCTOHYMBYIO CHUCTEMY MOKHO OINpPEACIUTh TaKXEe KaK CHCTEMY,
MIEPEXOIHBIE MMPOLECCHI B KOTOPOU SIBIISIFOTCS 3aTYXAIOIINMU.

[IpuBeneHHOE  TOHATHE  YCTOMYMBOCTH  OINpEIENseT  YCTOMYMBOCTH
YCTaHOBUBLIETOCAd pexXuMa cucTeMbl. OJHAKO cuUcTeMa MOXET paboTaTth B
YCIOBHSIX HEMPEPHIBHO HM3MEHSIOIINUXCS BO3JCHMCTBUM, KOTJa YCTaHOBUBIIMHCA
pexxuM BooOImIe OTcyTCTBYyeT. C ydeToM TaKuX YCJIOBHH paOOThl MOXHO JaTh
cienyoiee, 6oiee obiiee onpeaeeHue YCTOMYMBOCTH: CUCTEMa yCTONYMBA, €CIH
€€ BBIXOJHAs BEJMYMHA OCTACTCS OrPAHUYEHHON B YCIOBUSIX JEUCTBUS Ha
CUCTEMY OT'PAHHYECHHBIX 10 BEJIMYNHE BO3MYIIICHUN.

Y CTONYMBOCTh JTMHEHHONW CUCTEMBI OMPEAENSAETCA €€ XapaKTEepUCTUKAMU U
HE 3aBUCUT OT JEWCTByIOIIMX Bo3MyuwieHui. Ilpomeccel B cucremax
aBTOMATHUYECKOTO OMHUCHIBAIOTCA MU depeHInAIbHBIMU YPABHEHUAMH BU/IA:

(1+W®)y® = W,@x® (1
rae p = d/ dt~ CHMBOJI muddepennmpoBanus, x(t) u y(t) - BBIXOAHBIC CHTHAIIBI

CHCTCMBEI.

Pemenue ypaBHeHus (1) COCTOUT U3 ABYX COCTABISIONIMX:

y(@) = yu(t) + ya (0),
rae yy (t) - pelieHre HeOJHOPOIHOTO YPaBHECHUS;
Y, (t) - mepexoaHasi COCTaBIISAIONIAS PEIICHUSI.

Cucrema ycToiluuBa, €Clid MEPEXOIHASI COCTABIISIONIAsl PEIIEHUSI CTPEMUTCS K
HYJIIO.

[lepexonnasi cocraBistonasi pemeHuss ypaBHeHMs (1) 3aBUCHUT OT KOpHEH
XapaKTepUCTHUECKOTO  ypaBHEHHUs, KOTOpOE TMOJy4aroT u3 BblpaxeHus (1)
IIPUPABHUBAS JIEBYIO YaCTh K HYJIIO

1+W,(p)=0

B OGousblIMHCTBE Cly4yaeB KOPHU XAPAKTEPUCTUYECKOTO YpPAaBHEHHUSI CUCTEMbI
BBIYKCIIUTh HEBO3MOXHO, MO3TOMY ObUIM pa3paboTaHbl TpaBuia (KPUTEPHH),
NO3BOJIAIOIME CYIUTh O PACIOJIONKEHHMM KOPHEM Ha IJIOCKOCTH KOMILIEKCHOTO
NepeMEeHHOro 06e3 uX pacyera.

2. Kpurepuii ycroiiunBoctu I'ypBuna

JInst  OLEHKM YCTOMYMBOCTM 1O Kputeputo ['ypBuila HEOOXOIMMO U3
KO3 (PUIIMEHTOB XapaKTePUCTUUYECKOTO ypaBHEHHMs (1) cocTaBUTh MaTpHILY
['ypBuua. C »3Toii Lenwio nepenuuiemM ypasuenue (1) B Buje:



Anp™ + Ay p™  + 4+ ag=0 (2)

Marpuna ['ypBunia nmeer Bu:

dm-1 4m-3 &m-5 - - - 0
am am_2 am_4 P 0
O am_l am_3 T 0
.......................... a; 0
O ag

[Topsinok cocraBneHuss MaTpulsl ['ypBuna ciieyroniuii. B 1eBomM BepXHEM yIiry
3anumeM  Ko3(p@uuueHt am; , 1O TJIABHOM JMaroHajgd pacnojiaraeM
K03 uueHTsl ¢ yObIBaHMEM HHJAEKca 10 Hyils. Han snemeHTtamMu riiaBHOM
JIMaroHajiy 3anuchiBaeM KO3 (UIHMEHTH ¢ yOBIBAHMEM WHJIEKCOB, @ MOJ HUMH -
KO3((PUIIMEHTHI ¢ BO3pACTaHUEM UHIEKCOB).

JIns  OUEHKH YCTOMYMBOCTM CHCTEMBI HAJ0 BBIYUCIHUTH OINPEACIUTETN
['ypBuua, KOTOpBIE MOMYyYalOTCA M3 MaTpulbl ['ypBHIIa OTYEPKHMBAHUEM PABHOTO
YKclla CTPOK M CTOJIOLOB OT BEPXHETo yriia MaTpulibl. Harpumep

A1= |am—1|r
Am—-1 Am-3
AZ_ m m ,
aAm Aam-2

AT.JO 10 Apy.

Kpurepuit ['ypBuma rnacutT: ecinu npu ap > (0 Bce ONpeAeIUTENH

A; >0, i=1lm, 1O cucrema ycroituuBa. T.k. , To npu a, > 0 I0CTaTOYHO

IPOBEPHUTH TOJIBKO 3HAKM ompenenurened A, npu i=1m-1.

Ecnmu onpepenutens Am =0 , TO cucrema HaxXxOIUTCS Ha TPAHULEC
YCTOMYUBOCTH.
Bo3MoOXkHBI 1Ba cityyas:
1. C60600mbili unen xapakxmepucmuuecKkoeo YpPAGHEHUs pAageH HYI, YMmOo
coomeemcmayem HelimpaibHO YCMOUYUBOU cucmeme;
2. Onpeoenumenv A,,_1= 0, umo coomeemcmeyem KolebamenvbHOl cpaHuye
YCMOU4UBOCHIU.
N3 ycnoBust A,,_;= 0 MOXHO ONpeAeIUTh NapaMeTpbl, IPH KOTOPBIX CUCTEMA
HaXOJUTCS Ha TPaHUIE YCTOWUYUBOCTH, BBIYUCIUTH KPUTUUECKUU KOA(DPUIMEHT

ycuiienus K, COOTBETCTBYIOIIMIA TPaHULE YCTOMYMBOCTH.

Kp>



K
OtHolieHNE @ = Kp/K Ha3bIBAIOT 3a11aCOM YCTOMYHUBOCTH IO YCUIICHUIO.

IIpumep 1.
[To kpurepuro ['ypBuIla ONEHHTH YCTOMYMBOCTH CHUCTEMBI, MNEPEAATOYHASA
GyHKIHSI KOTOPOW B 3aMKHYTOM COCTOSIHUM MUMEET BU/I:

2.10%
p3 +130p% +3,2.10%p +2-10*

W, (p)=

3anuiiemM Ko3PGUITUEHTHl XapaKTePUCTHUECKOTO ypaBHEeHU (KOA(hOUITUEHTHI,
CTOSIILIME MIEPE P B 3HAMEHATEIIE).

a; = 1,a, = 130,a, = 3,2- 103, a, = 2 - 10*.

IToctpoum matpuny I 'ypeuna:

a, a, O
Am - a3 a1 0 .
0 a3 aqap

Bpraucioum OIIPCACINUTCIIN prBI/ILIa:

A1= am_1 == a2 == 130 > 0
a a
b= o] =3200-130 - 1-20000 = 396000 > 0
3 1

A3= ao * A2> 0.
CucremMa yCTOWUYNBA, T.K. BCE ONPEACITUTEIHN OOJIBIIE HYJIS.
Ipumep 2.

Jliist cuctembl, iepeaTouHasi PyHKIMs KOTOPOH B Pa30MKHYTOM COCTOSIHUU

10
p(1+0,1p)(1+0,01p)

Wp(p):

OIMpCACINTL 3al1ac YCTOﬁQHBOCTH 110 YCHUJICHHUIO.

3anac yCTOMYMBOCTH MO YCUJICHHUIO OTIpeeIsieTcs 1o hopmylie:



Koadpounment ycunenus cuctembsl K ompenensiercs Kod(h( UIHEHTOM,
CTOSIIIUM B YHUCIIHUTENE MEPEAaTOYHOU (YHKIMU PA3OMKHYTOM cUCTEeMBI. Takxke
kod(pbuLMeHT ycuieHus paBeH KodhPuimeHty a, , ONpelaeasieMoMy U3
XapaKTEPUCTUYECKOTO ypaBHEHHs CcUCTeMbL. [l Haxoxaenus Ky, mnpumeHuM
KpPUTEpUN yCTOMYMBOCTHU [ ypBHULIA.

Kpurepuit ycroituuBoctu ['ypBunia mpuMEHUM JUIsl 3aMKHYTBIX CHCTEM.
YToObl BOCIONB30BATHCS TAHHBIM KPUTEPUEM HYKHO M3 Pa30MKHYTOW CHCTEMBI
cienaTh 3aMKHYTyio. Jlas 93Toro 3amuiieM BbIpaXXEHHE, CBS3BIBAIOIICE

Pa30MKHYTYIO U 3aMKHYTYIO CUCTEMBI:

W

W, = ——
T1+ W,

[IpeacTaBuM xapakTepucTUYecKoe ypaBHeHue B Buze (2). st aToro
3HAMEHATEeJb IPUPABHSAEM K HYIIIO.

1+ W,(p) = 0.
[Tomyuum
0,001p3 + 0.11p% +p + 10 = 0.
az; = 0.001,a, =0.11,a; =1, a;, = 10 =K.

Kax 0b110 cka3zaHo paHee, KpUTUYECKH KO3(P(PUIMEHT YCUIIEHUS HAXOAUTCS
u3 ycanoBus Ay, 1= 0.

Haiinem K, mpu A,= 0.
az Qo
A2: | |
a a
[Tpu npupaBHuBanuu A, K Hy0, KO3 duimeHt a, = K npeBpaiiaercs B
KPUTHYECKUI KOdPduieHT ycunenus Ky :
alaz - a3KKp == O

_alaz _ 1'0,11 _

K, = = 10
T T, 0,001

o= KKp/K _ 110/10 —11.

3. I'pado-ananurnyeckuii kpurepuii (kpurepuiit Muxaiiona).



JInst  yCTOMYMBOCTH CHUCTEMBI YIPABICHUS HEOOXOAMMO U JOCTATOYHO,
yToObl KpuBas (romorpad) MuxaiinoBa, HauumHaschk npu w =0 Ha
BEIICCTBEHHON TMOJOXKHUTEIBHON MOIYyOCH, C POCTOM 4YacTOThl w OT 0 10 o
00XO0I1J1a TTOCIIEA0BATEIBHO B MOJIOKUTEIHFHOM HAIPABJICHUH (IIPOTHB YaCOBOU

CTpEJKH) N KBaJpPAaHTOB KOMIUIEKCHOW IUIOCKOCTH, TA€ N — CTENEHb
XapaKTEPUCTUYECKOr0 YpaBHEHHUS (PUCYHOK 2).

Q)|
n=2

—

0<w<ow

n=1

il
a Plw)
n=4

a) rogorpadsl MuxaiisioBa Jijisi yCTOMYUBBIX CUCTEM

jQ(w)

0<w<ow

/ % // 2 P

0) rogorpadsl MuxainoBa Jyisi HEYCTONYHBBIX CHCTEM

Pucynoxk 2 — Bua ronorpados MuxaiinoBa j1st pa3jIH4HbIX CHCTEM
IIpumep 3.

OueHnTh yCTOMYUBOCTh aBTOMATHYECKOM CUCTEMBI 110 KpUTeprio Muxainosa,
€CJIM U3BECTEH XapPaKTEPUCTUUECKUH MMOJIMHOM 3aMKHYTOW CUCTEMBI

D(p) =p3+ 0.5p% + 12p + 5.
Hatinem ¢pynxumro D (jw). dns aToro cienaem moICTaHOBKY P = jw.
D(jw) = (jw)® + 0.5(w)? +12jw + 5 = (5 — 0.5w?) + (jw)? + 12jw.

3/1eCh MCIIOJIB30BAHO CBOWCTBO KoMILIeKcHOro uncna ()2 = —1.



Jnsa mocTtpoenus KpuBouM MuxaniaoBa ONPEAEIMM BEIIECTBEHHYI0O U MHUMYIO

gacti QyHKImu D (Jw):
P(w) = Re(D(jw)) = 5 — 0.5w?

Q(w) =Im(D(jw)) = w(12 — w?).

[TpumepHbIH BUIT KPUBOW OMPENIEISETCS MO XapaKTEPHBIM TOUKaM.

IMpu w = 0 P(0) =5, Q(0) = 0.
U3 yenosust P(w;) = 0 maxomurest w; = V10, Q(w,) = 6.4.
U3 yenosus Q(w,) = 0 Haxogurest w, = V12, P(w,) = —1.

[TocTpoum rojgorpad AaHHON CUCTEMBL:

jQ(w)

P(w)

KpuBas MuxaisioBa m0oCIeNOBaTEIbHO MPOXOAUT YEPE3 TpHU

CrnenmoBaresibHO, CUCTEM YCTOWYHNBA.
3amavu 1JI CaMOCTOSITEILHOTO PellleHus!

1. Onpenenuth  YCTOWYHMBOCTH  3aMKHYTOH  CHCTEMBI
nepeaaTouyHo QYHKIUU Pa30MKHYTOM CUCTEMBI

5
3+ 2p2+4p -2

W,(p) = >

2. OnpenenuTb  yCTOMYMBOCTHL  3aMKHYTOM  CHUCTEMBI
nepesaTouHoON PYyHKIIMK pa30MKHYTON CUCTEMBbI

I10

I10

KBaJIpaHTa.

U3BECTHOU

N3BECTHOU



10
34 2p2 + 10p + 15

W,(p) = >

3. s cuctemsl ¢ epeaaTtoyHoi PyHKIMEN B pa30MKHYTOM COCTOSTHUU
201+ pT)

W =
p(P) p2(1+01p)

HalTH TOCTOSHHYIO BpEMEHHM |, IpU KOTOPOW 3amac YCTOMYHMBOCTH IO

YCUJICHUIO PABEH JIBYM.

4. OUeHUTh YCTOMYMBOCTH ABTOMATHYECKOM CHUCTEMBI [0 KpPUTEPHUIO
MuxannoBa, €CIM HW3BECTEH XapaKTEPUCTUYECKHW ITOJMHOM 3aMKHYTOU
CUCTEMBI

— 53 2
D(p) = p° + 2p“ + 4p + 10.
5. OueHHUTh YCTOMYMBOCTHh CHUCTEMBI IO HM3BECTHOM KpHBOM MuxainoBa u

CTCIICHU N XapaKTCPUCTUICCKOI'0 YPpaBHCHUA.

1Q(w)

n=4

P(w)




