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Bomnpocsr o pobacTHOT yCTONYMBOCTI W HEYCTONYMBOCTH
© MN.B. 3y6os !, A.®. 3y60Ba ?, C.A. CTpeKonbITOB >

Annorarus. B pabore paccmarpuBaercsi BOIPOC 0 poOACTHON yCTONINBOCTH U HEYCTOWINBOCTU
XapaKTepUCTUIECKOrO [OJIMHOMA MATPUIlLI JIMHEHHONH juHamMudeckoii cucrembl. [lpejjaraembrit
[IO/IXO/1 TIO3BOJISIET UCCJIEI0BATH POOACTHYIO YCTONYMBOCTD U HEYCTONINBOCTDb MHOXKECTBA, CEMEICTB,
[IOJIyYeHHBIX [IPU IIPOIOPIMOHAJBHOM U3MEHEHUH WHTEPBAJIOB BEIIECTBEHHBIX U MHUMBIX 4acTeil
K03 UINENTOB MOJMHOMOB HCXO/IHOTO CeMeicTBa.

KiroueBble ciioBa: YCTOWYMBOCTD, IIOJIUHOM, JTHHAMUTIECKAs CHUCTEeMa, KO3 DUIHEHT,
HHTEePBaJIbLIOE CEMENCTBO.

[Ipu nccireoBaHUM TTOBEJIEHUS TUHEHHON JTUHAMUIECKON CUCTEMBI YaCTO CTABUTCA 3a/1a49a 00
onpejieJIeHuN poOACTHONW YCTONYIUBOCTH CEeMEHCTBA CHCTEM C MHTEPBAJBHBIMUA OIPAHUYCHUSIMUA
Ha KOIDUIMEHTHI XapaKTEPUCTUIECKOTO MOJUHOMa. IJTa 3a7ada PGHEKTUBHO peIaeTcs
¢ TOMOIIBIO TeopeMbl XapuToHoBa u rpadudeckoro kpurepusi Ilunkuna-Ilonska. Bosee
noJTHY!0 nH(MOpMAID 00 HUCC/IelyeMOoil cucTeMe MOYKEeT JIaTh INPUBEJCHHBIN HUMXKE ITOIXO/I.
On perrraeT BOIPOC HE TOJBKO O POOACTHON YyCTONIMBOCTH, HO W pOOACTHONH HEYCTONIMBOCTI
MHTEPBAJBHOTO ceMeCTBa MMOJTMHOMOB B CMBIC/IE TIPUHAJIIEYKHOCTU BCEX TTOJTMHOMOB CeMeicTBa
kiaccy (n,k) - sxBuBasenTHOCTH. BoJtee TOro, 3TOT MOAXO/T TIO3BOJISIET OIIPE/IE/INTH PODACTHYIO
YCTOWYUBOCTDL U HEYCTOWIMBOCTH MHOXKECTBA CEMEHCTB, MOJIYUYEeHHBIX ITPU ITPOIOPIHOHATHLHOM
U3MEHEHUN WHTEPBAJIOB BEIIECTBEHHBIX U MHUMBIX dYacTell Ko3(pDUIUEHTOB MOJTUHOMOB
NCXOTHOTO ceMeicTBa.

PacemorpuMm mnTepBasibioe ceMeficTBO IMOJUIOMOB € KOMILIEKCHBIMU KO DUImenTamm
BHUJIA:

(I)(S) = A’L = a; +jbi7 |a’i - a?l S a7, (11)
b; — b)) < Bip, a; >0, 5; >0, v>0, p>0.

PacemorpuM HOMUHAIBHBIN Togorpad nmpu —o0 < w < 00':

Jo(Gw) = go(w) + jho(w) (1.2)
go(w) = ah — Bw — adw? + BJw? + afw? — .. ., (1.3)
ho(w) = ) + a®w — Bw? — adw® + blw* + . .. '
g momunambHOTO rojgorpada (2) paccMOTPHM HOPMHPOBOYHBIE (hYHKITUIL:
R(w) = ag + L5 |w| + asw? + EBs|w|? + cuw® + . . .,
(w) 0 v/Bl | 2 wﬁ?’ | 4 (1.4)

W+ Bt + ...

T(w) = Bo + Tan|w| + fow® + Tag

[Tokazkem, uT0 MHOXKeCTBO 3HaveHuit S(w) romorpacdos f(jw) HHTEPBATHLHOTO MOJHHOMA
(1) stBASIETCSA TIPSIMOYTOJIBHIKOM:
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f(w) = z(w) + jy(w);
Sw) =19 |z—gow)| <yRW), (1.5)
ly = ho(w)| < pT(w).
B cramgaprabx obosHaueHusx z(w) = g(w); y(w) = h(w) u HepasencTBa (5) MOXKHO
{ go(w) = VR(w) < g() < go(w) +7R(w), 16)
holw) — BT(w) < h{w) < ho(w) + uT(w). |

Yrobbl Jl0Ka3aTh HepaBeHCTBa (6), clejaeM OudeBHHBbIE MPeOOPA3OBaHUsl C TPAHUIAME
epBoro HepapeHcTBa u3 (6):
Mg w > 0:

go(w) —YR(w) = (a) — bw — afw? + byw?® + ajw* — .. .)—
H 2 K3 4 _
—’)/(Oé() + 51;0‘) + qow” + 53;&) +oauw” + .. ) =
= (ag —yao) — (0} + Bip)w — (ay +yaz)w?+

4

+(b — Bap)w® + (a — you)w* — ... = gi(w).

Anajormano nmpu w > 0:

9o(w) +yR(w) = (ag +700) — () = Brp)w — (a3 — yoz)w+

+(05 + Bap)w® + (af +yan)w’ — . = gi(w).
Hna w <0:

go(w) —YR(w) = (a) — Vlw — adw® + bjw® + ajw?* — .. .)—
—y(ap — Blﬁw + aw? — BgﬁwS +oagwt.. ) =
B Y
= (ag — yao) — (b — Bip)w — (a3 + any)w’+
(b3 4 Bap)w® + (a) — yay)w* — ... =
= (ag —yao) + (B) — Bup)|w| — (a5 + azy)w’—
—(b9 + Bap)|w|® + (af — yas)w* — ... = ga(w)
go(w) +R(w) = (ag + yao) + (0 + Bup)|w| -

—(a3 — axy)w’ — (b3 — Bap)w]’ = To(w)
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Tenepb paceMorpum rpaHulibl Broporo Hepasencrsa u3 (6). Jiug w > 0:
ho(w) — pT(w) = (b) — pBo) + (af — yar)w — (b5 + pB2)w’—

—(ag + yaz)w?® + (0] — pBo)w* + ... = (W)

Amnayornano pn w > 0:
ho(w) + pT(w) = (b + pbo) + (af +yan)w — (05 — pBa)w®~

—(ag — yaz)w® + (b + pB)w* + ... = hi(w)
g w <0:

ho(w) — pT(w) = (bg — pBo) + (af + yor)w — (b + p1fa)w’—
(@ — yas)eo® + (B — )t + .. = hy(w)
ho(w) + pT (w) = (bo + p1B0) + (af — yon)w — (b — pfBa)w?—

—(a3 + yaz)w® + (b + pB)w* + ... = hy(w)

Taxum 0o6pa3oM, JI0Ka3aro, 910 cemeiicTBo 3uadenuii S(w) romorpados f(iw) maxomurcs
mpr —00 < w < 00 B HPAMOYTOJIbHUKe [g1,G1] X [hi,hi] mpn w > 0 u B HpAMOYTOJIBbHIKE
(g2, G2] X [ha, hs] mpu w < 0, T. e. noxazann nepasencrsa (5) u (6).
~ Bamernm, uro mpu w = 0 3mauenms S(w) cemeiicrsa romorpacdos f(jw) ocraorcs
IPAMOYTOJILIIKOM:

S(0) = [ag — e, ag + yao] x [by — pBo, by + 1B0]-
Yenosue 0 € S(w) u (5) Jyid BBIIOMHEHUS IPUHIANA MCKIIOUCHNAS HYJIS B KOMIIJIEKCHOM

caydae. DKBUBAJIEHTHO TOMY, 9TO

|g0(w) | |h0(w)
R(w) ~ 7 T(w)

> 1.

Onpepnpeaenwne 1.1. Hasosem npu ag >0, o >0, a, >0, 5, >0, dynxuur
Z(w)
go(w) | ho(w)
A=

ONPEEAEHHYIO MG BCET BEULLCTNGEHHOT OCU, CAOHCHDIM  HOPMUPOBAHHBIM  HOMUHAALHHLM
20002PaPoM UAU KPAMKO - CAOHCHVIM 20002DAPHOM.

Teopewma 1.5. /laa pobacmmuoti Yycmotuusocmu KOMNAEKCHO20 UHMEPEANALHO20
noauroma P(S) ecmenenu n npu ag > 0, By > 0, a, > 0, B, > 0, neobxodumo u
doCMamouHo 8bNOAHEHUE O8YT YCAOBUL:

1.
{ max((ag)? — (yao)?, (1) — (ufo)?) > 0,
max((a2)? — (yan)2, (80)* — (uB,)?) > 0.
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2. Z(w) npu —00 < w < 00 Npoxodum nocaedosamesvho 2n Keadpamos, He nepeceras
NPAMOY20AHUKG ¢ sepuunamy (ry, ) .

N3 onpedesenus eviwe caedyem, wmo caodchvill 20002padh Z(w) ABAAEMCHA 02PAHUMEHHDLM
npu —o0o < w < 00, u Pyukyuu ReZ(w), ImZ(w) wmozym umemsv ckauok nepsot
npouseodnoti npu w = 0.

Omn peageJgieHUne 1.2. Ioaurom cmenenu n Cc GEULECTNBEHHDBIMU uasu
KOMNAEKCHBIMU KOS&@UMUF}HWL(ZMU, HeE UMS?O’[MU’[Z HYAEBHLT U HUCITO MHUMDLT K’OpHF}’[Z

o(s)=ag+as+...+a,s", ap #0, a, #0,

npunadaescum xaaccy (n,k) - sxsusasenmuocmu, ecau k e2o0 Kkopwel, ¢ ywemom ux
KPAMHOCIAU, AEHCAM 8 NPABOTE NOAYNAOCKOCTIU.

Hasosem unmepsarvnvitc nosurnom P(S) unmepsasvroim nosunomom xaacca (n, k) -
IKBUBAACHIMHOCTU, ECAU 000 NOAUHOM U3 2M020 cemelicmea npunadaedcum kaaccy (n, k)
- IKGUBAAELHMHOCTIVU.

Teopewma 1.6. Jlua mozo, wmobv, komnaekcuoll unmepsasvhviti nosurom P(S)
cmeneny N 6via UHMEPBANLHUM NOAUHOMOM Kaacca (n, k) - sxsusasermmuocmu npu ag > 0,
Bo>0, ap, >0, 8, >0, neobxodumo u docmamouro sunosHerue 08Yx ycroeuli: 1.

max((ag)® — (yao)?, (b§)* — (1fo)?) > 0,
max((ap)® — (yan)?, (09)* — (18,)*) > 0.

2. Todoepadp Z(w) npu usmenenuu w om —oo do 00 NPOTOOUM NOCACIOBAMENLHO NPOMUGB
4aco8oll cmpeaxu posno n — 2k noayobopomos, He nepecekas NPAMOY20NbHUKG ¢ BEPUIUHAMU

(7, £4) -

Bameganwue 1.1.IIpu k = 0 pewv udem 06 ycmolvusur UHMEPBANOHHLT
cemeticmeaz, npu k >0 o0 Heycmoliuusvl.

SBameuvanue 1.2. 3a cuem usmenenus 08Yr He306UCUMBT NAPAMEMPOS 7 U
[ MOIHCHO UCCALI0BAMDb HA POOACTIHYIO YCMOTUYUBOCTND U HEYCMOTUUBOCMb UNMEPEANDHDIE
NOAUHOMbL C KOMNAEKCHOMU KOIPHUUUEHMAMU, BAPOUPYA BEAUMUHY UHMEPEAN0E N0 PEANOHOT
U MHUMOT vwacmam Koagduuyuenmos, umo daem dee cmenenu c60600b.

Bameganue 1.3. 3acuem nomepu 02paHuUMEHHOCTNUG U HENPEPLLEHOCTNU CAOHCHO20
20do2pagpa Z(w) MOAHCHO 0OMOPOCUMD YCA0BUE HA MACUWMAOHBIE MHodcumenu: oy > 0, By > 0,
a, >0, B, >0, 3amenus uxr Yycio6uisMu:

n

Z (a2m + ﬁ?r—i—l) > 07 Z (a2r+1 + B2m) >0
2r+1<n 2r+1<n
2m < n 2m < n

usy odnum yeaosuem T(w)R(w) > 0.
SBamegyanue 1.4. Ecau v u g 3a8ucumo, aunetino, m. e. = k7, mo moxHcHo
YKA3AMD Yimax , MO UNMEPEaAbrwLl noaunom P(S) pobacmmo yemotwue uiu neycmotwue npu

Y < Ymax - B amom cayuae nopmuposounvie gynryuu R(w) u T(w) wme 3asucam om v u
Ymax ONPEVEAAEMCA NO POPMYAE Ymax = MIN(V*, Vo), 20€ 2%, 2kv* - pasmepor Haubosvuie2o
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NPAMOY20ADHUKG, BNUCAHHO20 6 CA0dchbl 20002pad Z(w). B ycaosusx meopemor (20002padh

y y y b
Z(w) - 02paHutMenHviil U HENPEPuEHHIT) YUCAO Yoo ONPEICAALTNCHA POPMYAOT Voo = /L:T”l npu
n
HEYCTNHOM N U VYoo = ]La—”l npu wemmom n . Ecau orce caoocroiti 20002pad:
Qn
Z(w) meozparumen, Mo HENPEPLIGEH, MO Ymax = min(y*,+°);
Z(w) meoepanuven us-3a paspvsa npu w = 0, a 6 okpecmnocmu w = oo Z(w)

02PAHUMEHNAA GYNKUUA, MO Ymax = MIN(Y*, Voo) -
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The questions about robust stability and instability
@© L.V. Zubov %, A.F. Zubova °, S.A. Strecopitov ¢

Abstract. In work is considers the question about robust stability and instability of characteristic
polynomials of matrix linear dynamical system. The proposing approach ia allows to investigate
robust stability and instability of multitude families, giving with proportion change of intervals
substantial and insubstantial parts coeflicient polynomial first family.

Key Words: stability, polinomial, dynamical system, coefficient, interval family.
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