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5.1. OcHOBHBIE MOHATHSA

OcHoBHoOe ycj10BHe YCTOHUUBOCTHU. 1151 moeo umobwl HenpepvisHas cucmema
ynpaeieHus ovlia ycmoudusa, Heodxooumo u 00CmMamouHo, Ymoovl 8ce KOPHU ee Xa-
PAKMEPUCMULECKO20 YPABHEHUSL UMETU OMPUYAMETLHYIO 8eUeCMBEHHY0 YaCMb.

Ha KOMIUJIEKCHOHM MIIOCKOCTH KOPHH, UMEIOIME OTPUIATEIbHYIO BEIICCTBEH-
HYIO 4acTh, PAcoJiaraloTcs B JIEBOM MOJYIIOCKOCTH M MOSTOMY HA3bIBAIOTCS J1eGbl-
MU, KOpPHU, UMEIOIINUE TOJOKUTEIbHYI0 BEIIECTBEHHYIO YacTh, PAcloJiararoTcs B
IpaBOM TOJYTUIOCKOCTA M HA3bIBAIOTCS MpaguiMu, a KOPHHU, PACIOJIOKEHHBIC Ha
MHUMOM OCH, — HetimpaibHbimu. 1103TOMYy OCHOBHOE yCIIOBUE YCTOMYUBOCTH MOKHO
Takke cHOpMyIUpOBaTh €Ile TaK: 0/ Mo20 ymodvl cucmema Oblla YCmouuued,
HeobXo0UMO U 00CMAamoyHo, Ymoobbl 6ce KOPHU XAPAKMEPUCMUYECKO20 YPAGHEHUs
ObLIU T1e8LIMU.

Heo0xonumoe ycjioBue YCTOWYHMBOCTH. /[[11 mozo umobwl cucmema Ovlia
ycmouuuea, Heobxooumo, umoobvl 6ce Kod(hpuyuenmsl ee Xapakmepucmuyecko2o
VPpasHeHus.

Alp) = ayp+a;p" t+-+a,_p+a, =0. (5.1)
ObLIU CIMPO20 0OHO20 3HAKA.
a,>0,a,>0,...,a,>0mwma,<0,a; <0,...,a, <O0. (5.2)

Xapakrepuctudyeckuii moannom. Eciu nana nepegatounast GyHKIMs, TO Xa-
PAKTEPUCTUYECKHUN MOJMHOM COBHAAAET C €€ 3HAMEHATEIIEM.

[Ipyn ucciaenoBaHWM 3aMKHYTOM CHUCTEMBI HET HEOOXOJMMOCTH HAXOIUTh €€
By (p)

Ao(p)
Pa30OMKHYTOM cUCTEMBI. Ee XapakTepucTUYECKUi MOJIMHOM PaBEH CyMME OIEpaTOpOB

YUCIUTEIST W 3HAMEHATeNsl TepeaaTouyHoOM (PYHKIUM pPa3OMKHYTOW CHUCTEMBI:
A(p) = Ao(p) + Bo(p).
5.2. Auredpanyeckue KpUTEPUH YCTOMYUBOCTH

nepeaTouHyro (GyHKIMIO, €ciu H3BecTHa mnepematouynas (yakmus Wy(p) =

Kpurepunii I'ypsuna (Hurwitz, 1895). Jlin moco umobwvr cucmema 6Ovlia
ycmouuuea, HeooxooumMo u 00CmamouHo, umobwl ece onpedenumenu 1ypsuya, co-
cmaeieHnble U3 Kod@duyuenmos ee xapaKxmepucmuiecko2o ypasrerus, npu ag > 0
ObLIU OONbULE HYTA.



ap, >0,A;>0,A,>0,...,4,> 0. (5.3

Kpurepunii JIbenapa-Illunapa (Lienard, Chipard, 1914). Ilpu ewvinonnenuu
Heobxooumozo ycnosus ag >0, a; >0, ..., a, > 0 ona ycmouuueocmu cucmemol
YNpagnenuss Heobxo0umMo u 00CmamoyHo, umoobwl 6ce ee onpedenumenu I ypsuya c
YemmublMU UHOeKcamu uiu ece ee onpeoeaumenu 1’ypeuya ¢ neyemuvimMu UHOEKCaAMU
ag > 0 ObL1U nONOIHCUMENBHBIMU

A, >0,A,>0,A,>0, ... (5.4)
WIn

A3>0,A;>0,A,>0, ... (5.5)

JInsi yMEHbIIIEHHs] BBIUUCIECHUN 1E€JI€CO00pa3HO MPU HEUYETHOM M HMCIOJIb30-
Bath yciopue (5.4), a mpu yeTHOM N — ycinosue (5.5).

BoinumieM HeoOXoIMMblE M JIOCTATOYHBIE YCJIOBHS YCTOMYMBOCTH IS
n=12,3:

n=1.ay,>0,a, > 0;

n=2.ay,>0,a; >0,a, >0;

n=3ay9>0,ay >0,a, >0,a3 >0,A,=a,a, —ayaz; > 0.

IIpumep 5.1. Ilepenarounass QyHKIMS pPa3OMKHYTOW CHUCTEMBI HMMEET BUJ

w = k =0,5; 2.
) p3+0.5p2+4p+1’ Y
HccnenoBars yCTOMYUBOCTh PA30MKHYTOW U 3aMKHYTOM CHCTEM.

Pentenue

XapakTepUCTUYECKUI TTOJIMHOM Pa30MKHYTOW CHCTEMBI UMEET BU]T

p3 + 0.5p% + 4p + 1.

Bce ko3 punimenTsl Ooblilie HyJIS U ONPEIeTUTENb

A, =05-4-1-1=1>0.

[Toaromy no kpurepuro JIsenapa-lllunapa pasoMmkHyTas cuctemMa yCTOM4YuBa.

XapakTepUCTUUECKUMN TTOJIMHOM 3aMKHYTOM CHUCTEMBI

Alp) =p*>+05p* +4p + 1 + k.

Bce ko3 duImeHTs 3TOT0 MOJIMHOMA MPU 000X 3HAYCHHSIX K TIOJIOKHTEIb-
HBI, a onpenenuTenb A, pu k = 0,5

A, =05-4-1-15=0,5>0,
anpu k = 2

A, =05-4-1-3=-1<0.

CrnenoBatenbHO, 3aMKHyTast cuctema npu k = 0,5 ycroitunBa, a mpu k = 2
HEYCTOMNYMBA.

3apanme S.1. MccrnenoBarh yCTOMYUBOCTh CUCTEM YIPABJICHUS, KOTOPHIE OIHU-
CBIBAIOTCA CIEAYIOIHUMH YPaBHEHUAMH (Y — BBIXOJ, U — BXOJ):



du

434y 3y, 3 L2y = 2 4 3u;
a) di* dt d T dt
d*y d*y d*y
6 +3—=+5 +5 +2 2—+u:
) df df dz dt
d'y d’y d-y du
B +4 +5 —|—4——|—-*-1 = 3— + u;
) di? di® dt’ Y di
dy dy  .dy y
4+ 4 +7 1 8 + 4y = 3u;
") " y=
d'y d°y d*y du
+ 4 +5 —I—ﬁ —|—4 = 95— + Ju;
A Ga T E T di
¢.
e)dl"ju-lﬂr +5d1"+9 =+ Ty 2—“+5-u:
dt* dt t
d*y d*y
+58Y 8 Y+ 8 L+ 8y =4
%) dt’ dt’ g=
4 3 ?
5) 9 | 54V +8d +11 —|—14—6d“+3u;
4 3
dt dt dt? dt

d*y d’y d*y .
W + 90— +5 —|—4——|—3 :5——|—3u;
) df i’ Y=

) +5 +5‘; + 122 110y = Tu,

3anaHne 5.2. I/ICCJICILOBaTB YCTOMYUBOCTD 3aMKHYTBIX CUCTEM IIPHU CIIEYIO-
IIUX MepeJaTOUYHBIX (QYHKIIUSIX PA3OMKHYTON CUCTEMBI:

95" + 35+ 1 35"+ 45+ 3
a) 1 3 2 . 0) — 3 2 ’
s +4s"+5 +25+3 8 +3s8 +28 +5—1
432—|—35—l 532+95—9
1 3 2 , r) 1 3, = 2 .
s 445"+ +s+3 s +0s +92s" +10s+9
1) 35>+ 10s+ 9 . 25 + Hs + 2 _
34+353J—432+95—91 54—433_+332—3+E’
3s° + 55+ 3 75 +3s+ 1
x) 3 3 2 ) 1 3 2 .
s +4s5" + 28" 445+ 4 s +6s +45 +4s+42
s +35+2 25 +3s5+5
H) 1 3 2 » K) = 3 r 2 .
s 448" +45 4+ 45+ 1 s +98 +06s" +25+1

5.3. YacTroTHblii KpuTepHUii ycroitunBocTu MuxanioBa

[TycTh 3aMKHYyTasi aBTOMAaTU4YECKasi CUCTEMa MpeJCTaBiIeHa CBOMM XapaKTepu-
CTUYECKUM MHOTOUYJIEHOM

Alp) = agp™ +a.p* 1+ +a,_1p+a, =0, ag>0.

Onpeoenenue. Kpusyio D(jw) = A(p)lp=j,, @ = 0 HaspBAIOT 20002paghom
Muxaiinosa muorounena A(p).

Kpurepuit MuxaiinoBa Gopmynupyercs Tak: cucmema yCmoudusd, eciu 2000-
epagp D(jw), nauunasce na OelicmeumenvHOU NOIONCUMENbHOU NOLYOCU, 02ubaem



NPOMUE 4aco8ol CMpenKy HaA4auo KOOpOUHam, npoxoos nociedo8amesbHo N Keao-
panmos, 20e N — NOPsI00K CUCTNEMBL.

IIpumep 5.2. Onpenenuts ycTOWIMBOCTh 3aMKHYTON CAY, XapakTepuctude-
CKUH MOJIMHOM KOTOPOM UMEET BU]T

Alp) =p*+ 2p® +3p* + 2p + 1.

Pemrenue

['omorpad MuxaiinoBa 3aaetrcs GyHKIUEH:

D(jw) = w* —3w?+1—j20w(w? - 1).

JIns mocTpoenus kpuBo MuxainoBa HaXOIUM IIEPBOHAYAIBHO IIEPECEUECHUS C
OCAMH: C MHUMOM OCBIO IlepecedeHre UMeeT MECTO pH ycaoBur w* — 3w? + 1 = 0,
C JiecTBUTENBHOM — Ipu yenoBul w(w? — 1) = 0. U3 nepBoro ypaBHEHHUs ¢ y4ETOM
TOro, yTO W = 0, ompexenseM, 4To nepeceueHne MHUMOM ocu OyJIeT UMETh MECTO Ha
yactorax 0,618 ¢ * u 1,618 ¢ %, nelictBuTenbHOM ocK Ha yactotax 0 ¢ “m 1,0 ¢ L.

TakuMm 00pa3zom, Npu WU3MEHEHUU YaCTOThI OT HYJS 1O OECKOHEYHOCTH TOf0-
rpad MuxaiisioBa, HaUMHAas C ACHUCTBUTENBHON MOJOKUTEIBHOU MOIYOCH, TOCIENO0-
BaTEJIbHO MPOTUB YaCOBOW CTPEJIKM MPOXOIUT, KaK MOKa3aHo Ha puc. 5.1, uepes ye-
ThIpE KBaJpPaHTA, YTO JIOKA3bIBAET ACUMITOTUYECKYIO YCTOMYHMBOCTh 3aMKHYTOM CH-
CTEMBI.

Im

-1 0 1 Re

Al)

Puc. 5.1. T'ogorpad Muxaiinosa amus 3aganus 5.2

3apanue 5.3. [Toctpouts rogorpad MuxaitioBa u gaTh CyxjaeHue o0 yCTOM-
YUBOCTU CUCTEMBI, JIJI KOTOPOU U3BECTEH XapaKTePUCTUUECCKUN MOTUHOM:

A(p) = 0,002p° + 0,234p* + 3,76p3 + 19,6p% + 36p + 140.

3aganme 5.4. XapakTepUCTUYECKUNA MHOTOWIEH 3aMKHYTOM CHUCTEMbl MMEET
BH/I:

A(p; 8) = (5p*> +6p +1)(0,1p> +0p + 1) + 6.



NccenenoBars, HCIONIB3Ys KpuTepuid MHUXaniioBa, yCTOMYMBOCTb CUCTEMBI JUIS
ciryyJasi:

a)d =1;6)0 =0,01.

[Tonckaska: ['ogorpadsr Muxaiinosa s 3ananus 5.4 npuBefeHsl Ha puc. 5.2.

Im
w=1,78

2,64

w=4,58
K

Puc. 5.2. T'ogorpadsr Muxaiinosa st 3aganus 5.4
5.4. YacToTHblii kKpuTepuii ycroitunBoctn HalikBucra

Kpurepnii HaiikBucra (Nyqvist, 1932). s moeo umobwr 3amknymas cu-
cmema (¢ ompuyamenvHOl 0OPAMHOU C853b10) ObLIA YCMOUHUBA, HEODXOOUMO U O0-
CMamoyHo, ymoobwl amniumyoHo-gpazoeas uacmomuas xapaxmepucmuxa (ADPYX)
PA30OMKHYmMOU cucmemvl oxeamoigana L /2 paz 6 nonoscumenbHom HanpasieHuu mou-
ky (—1,j0), eoe | — uucno npasvix Kopmnei xapakmepucmuuecko2o ypasHeHus paso-
MKHYMOU CUCTEMBbL.

Ecnu pazomxnymas cucmema yemouuusa (I = 0), ons yemoiinusocmu 3a-
MKHYMOU cucmemvl Heo0OX00UMo u docmamodto, umoovl ADYX pazomkuymoti cu-
cmemul He oxeamwieana mouxy (—1,j0).

Ecnu xapaktepucTuieckoe ypaBHEHUE PA30MKHYTOM CUCTEMbI UMEET HYJICBbIC
KOPHH, T. €. €€ MmepeaaToutHas (PyHKIUS MOKET ObITh MPECTAaBICHA B BUJIE

W) =~ Wop), Wo(@) = 1,7 21,

To AOUYX npu w — 0 yxoaut B 6eckoHEYHOCTH (puc. 5.3). B aTom ciayuae ADOYX
IOMOJHSAIOTCS ayroit —r(m/2) OokpyXHOCTH Oonbiioro paamyca (Ha puc. 5.3 —
MITPUXITYHKTUPHAS TUHAS). W 17151 yCTOMYMBOCTH 3aMKHYTOM CHCTEMBI JTOTIOJTHEHHAS
ADUX nomxkHa oxBateiBaTh [ /2 pa3 umm npu [ = 0 He oxBaThiBaTh Touky (—1,j0).



Puc. 5.3. Kpurepwii ycroitunBoctr HalikBrcTa 11 aCTATHYECKUX CHCTEM

IIpumep 5.3. UcciienoBath yCTOWYUBOCTh 3aMKHYTOM CUCTEMBI, €CJIH TIepea-
TOYHAs1 (PYHKIMS PA30OMKHYTON CUCTEMBI UMEET BHU]T

A WP) =56 WE) =

(p+1)3
Pentenue

YacToTHbIC NiepeaTouHble (PYHKIIMU U BEILIECTBEHHBIE U MHUMbIE YaCTOTHbIC
(GYHKIIMU UMEIOT BU/I;

5  5(—jw—1)

) Wijw) = =g = === =UW) +jV(w),
: 5 y 5
Ulw) =— - V(w)=— ;
) I+ w’ () I+ w’
W(iw) = _ — 2 —J by
9 e —jw’ = 3w +3jw+1 (1 -3w)" + (3w —u’)’
Ulw) = — 10(1 — 3w”) L V() =— 10w(3 — w”)

(1 =3w")* + (8w — w*)’ (1 - 3w%)? + (3w — &)
s moctpoenuss AOUYX HY>KHO ONpeaeuTh KOOPJIMHATHI TOUEK €€ Mepeceye-

HUS C OCSIMH KOOPJAWHAT U COEAMHUTH OTU TOYKHU IUIAaBHOW KpuBOoul. HeoOxomumebie

pacueTHbIC JaHHbBIC MpHBeacHbI B Ta0a. 5.1. Ha ocHOBe 3THX MAaHHBIX MOCTPOCHBI
ADUX (puc. 5.4).

Tabmura 5.1
Pacuetnsbie nannbie k mpumepy 5.3, a
W 0|0 < w<oo|0
U{w) | -5 <0 0
Viw)|] 0O <0 0




Pacuernbie nannbie k mpumepy 5.3, 6

W 0[0<w</V3[1I/V3|1/V3<cw<V3| V3 |w>3|x
Ufw) | 10 >0 0 <0 —-1,25| < 0
Viw)| o <0 6,6 <0 0 >0 |o
JVlw) JV(w)
-5 = U() —125(7 O\ 10 Ulw)
A
B

2]

-6

7]

Puc. 5.4. AOUYX s npumepa 5.3

B cnydae a) 3aMKkHyTas cucteMa ycToiunBa, Tak kak [ = 1 u AOUYX oxBaTsI-
BaeT Touky (—1,0) 1/2 pa3 B monoxuTensHOM HarpaBieHuu (puc. 5.4, a). B ciy-
yae 0) 3aMKHYTasl CUCTEMa HEYCTOMYMBA, TAK KaK Pa30MKHYTasl CUCTEMa YCTOMYMBA
(L = 0), a A®UX oxBarsiBaetr Touky (—1,0) (puc. 5.4, 6).

3apanue S.5. 1o kpurepuro HaitkBucra nccie1oBath yCTOMYMBOCTh 3aMKHY-
TBIX CUCTEM, Y KOTOPBIX MepenaTouHasi GyHKIUS B Pa30OMKHYTOM COCTOSIHUU UMEET
CIEIYIOIINI BU:

s+ 1

a) W(s) = _ ;
} ‘ } 53—2324—5—1
B) W(s) = — S;HI ;
s + 2s +59—|—1
. s+ 2
n) Wis) = . ;
) W(s) £ +058+s+1
: + 3
K) Wis) = : :
' ( ) s° +92¢° +3s
u) Wi(s) = - S+_? 1
"+ 28"+ s

y 25+ 1
6) Wi(s) = _ ;
} 8 +3s+s5+2
c s g4 1
r) Wis) = -
33—|-33'-|—3
y g4+ 3
e) Wis) = ~
) s) s°+6s° +3s+2

3) Wis) = X
) W(s) ¢ +3s° + 28

s+ 9

k) Wi(s) = - :
s +9¢° + 3s

5.5. Onpenesnenue 00J1aCTH YCTONYHUBOCTH

CtpyKkTypa CUCTEMBI OMPEALISAETCS COCTABOM JIEMEHTOB (3BEHBEB) U CBSI3SIMU
Mexay Humu. [Ipu 3agaHHONM CTPYKType Kakue-TuOO mapameTpbl MOTYT OBITh HE
(UKCHUPOBAHHBIMH, T. €. UX MOXKHO MU3MEHSTh. Takue mapaMeTphl Ha3bIBAIOT 8aApPbli-
pyemvimu. Obracmsio ycmouuugocmu B MPOCTPAHCTBE MMapaMEeTPOB HA3bIBAIOT MHO-
KECTBO BCEX 3HAYCHUI BapbUPYEMBIX MMAPAMETPOB, IPU KOTOPHIX CHCTEMA YCTOUYH-

Ba.

Ecnu cymectByeT 001acTh YCTOMUMBOCTH B MPOCTPAHCTBE MAPAMETPOB, TO CHU-
CTeMa Ha3bIBACTCS CMPYKMYPHO YCMOuuueou (OmHocumenbHo 3a0aHHbIX 8apbupye-
MbIX napamempog). B MPOTHUBHOM cllyyae CHUCTEMa Ha3bIBACTCS CMPYKMYPHO He-
yemotiuueou (omHocumenbHo 3a0aHHbIX 8aPbLUPYEMbIX NAPAMEMPOB).



OO6yacTb yCTOWYMBOCTH MOKHO OIPEACIUTH C TIOMOIIBIO anre0pandecKux

KpUTEPHUEB YCTOMYMBOCTH. PaccMoTpuM 3TO Ha mpumepe.

(Tp+1)3"

Ipumep 5.4. Tlepemarounas (yHKIUS pPa3OMKHYTOH cuctemsl W (p) =

Onpenenuth 007aCTh YCTOMYMBOCTH 3aMKHYTOM CHCTEMBI Ha MJIOCKOCTH Ma-

pametpoB (k,T).

Pentenue

XapakTepUCTUYECKUI ITOJIMHOM 3aMKHYTOM CUCTEMBI UMEET BUL

Alp) =T3p® +3T?p? +3Tp + 1 + k.

ITo xpureputo JIbenapa-Illumnapa nmeem

T3>0,3T>*>0,3T>0,1+k >0,
A,=3T?-3T—-T3-(1+k)=T38—-k) > 0.

O4eBUIHO, ’TH HEPABEHCTBA OYyT BBIIIOJIHEHBI, €CIIH

T>0-1<k<8.

DTa cucTeMa HEpaBEHCTB OMpeeiseT 00J1acTh YCTOMYUBOCTH.

3aganue 5.6. Onpenenuth Ha MJIOCKOCTH MapaMeTpoB & U f 00JacTh YCTOM-

guBoCcTH (OY) 3aMKHYTON CUCTEMBI MIPU YCJIOBHUH, YTO €€ mepenaroyHas (yHKIUsS B
Pa30MKHYTOM COCTOSIHUU UMEET CIEAYIOIINNA BUI:

as+ 3 as+ 3 as+ 3
3} 3 ] y } 3 a2 , B 3 2 .t
s+ 8 + 3s 48" + 25" + s s" + 45" + 2s
as+4 . s+ 3 . as+6 .
P 7 ’ 7.3 2 ’ P 7 ’
- 25" + . s s +2s [3: s 3
r) 35" + 2s 3s ) s + 6s e) [ds” + 658" + 3s
&+ . &+ . s+
x) 35" +3s° + s 3) 95> + 45" + f3s’ u) 3s° + 35" + fBs
28+«

K) 25° 4+ 3s® + 4s _

5.6. BapuaHTbl 3a1aHu i

TabGmuma 5.2
BapuanTsl 3a1aHuii
Bapuant 3aganue 1 3agaHue 2 3aganue 3 3aganue 4 3aganue 5
1 5.1,a 52,a 5.3 5.5,a 5.6,a
2 51,0 52,0 54, a 55,0 56,0
3 51,8 52,8 54,06 55,8 56,8
4 51, r 52, T 5.3 55T 56, T
5 51,1 52,1 54,a 55,11 5.6, n
6 51, e 5.2, ¢ 54,06 55, e 5.6, ¢
7 5.1, x 5.2, x 5.3 5.5, x 5.6, x
8 51,3 5.2,3 54, a 55,3 5.6,3
9 51, u 52, u 54,0 55 u 5.6, u
10 51,k 52,k 5.3 55k 5.6, x




