4 % IIpobaemor undopmamuru. 2016. M 3

SUFFICIENT CONDITIONS FOR STABILITY OF THE
DYNAMIC SYSTEM WITH INACCURATE DATA

N. R. Yunicheva

Institute of Information and Computational Technologies,
050010, Alma-Ata, Kazakhstan

Mathematical description of the phenomena and processes of the nature is often carried out with
this or that degree of error. Such errors lead to the fact that the mathematical model not rather fully
reflects all qualities of studied processes. Desire to eliminate this deficiency contributed to development
of a new scientific direction in the modern control theory, which acquires the increasing relevance and a
demand in practice now. Within this direction of an error of modeling caused by the reasons of various
type are considered directly in the most mathematical model by introduction of interval parameters
with set lower and upper bounds. Such approach to a problem allows to judge existence of these or
those qualities of the studied phenomenon or process in conditions, so-called, parametrical uncertainty.
The most developed in sense of richness of ideas and methods of property research in conditions of
parametrical uncertainty there was a class of linear mathematical models to which the most part of
scientific works in this area is devoted. However, in practice there are cases when it is impossible to
be limited to consideration only of linear mathematical models. On the other hand, today the arsenal
of methods for studying dynamical qualities of processes described by nonlinear mathematical model
with unknown parameters are presented extremely sparingly in current scientific work. In this regard
special relevance is acquired by problems of development new and existing methods of quality research
of nonlinear dynamic models of processes in the conditions of parametrical uncertainty.

Studying the properties of nonlinear dynamic systems with unknown parameters interval type is
of great scientific interest. Many of the issues relating to the investigation of the stability of non-
linear interval dynamic systems defined in the state space are still open. In this paper we consider
the nonlinearity of sector type. Research problems of dynamic systems with nonlinearity of sector
type, mathematical models are accurately known goes back to the works A. I. Lure, and Popov’s and
consists of two interrelated areas of the modern theory of absolute stability. The presence of interval
uncertainty has given rise to a new round of the relevance of research tasks A. I. Lure nonlinear systems
with unknown parameters. For example, obtained by modifying the frequency robust stability criteria
absolute uncertainty in the linear part of the system. In contrast to this work, in which the linear part
is given in the form of a family of polynomials, the greatest interest in this area is the study of nonlinear
systems defined in the state space. In other work using the Lyapunov—Krasovskii functional, sufficient
conditions for the absolute stability of interval nonlinear systems with delay in state and nonlinearity
of sector type.

The development of Lyapunov’s direct method, successfully proven in solving many problems of
control theory, a class of interval-specified objects leads to the necessity of the study of solution sets
of interval matrix Lyapunov equations, Sylvester. The complexity of the mathematical description of
such sets leads to an exponential growth in computing costs in solving the problems of control theory.
However, in most cases in practice it suffices to consider the outer or inner interval estimates of these
sets.

In this paper, based on the direct method of Lyapunov, an algebraic criterion for absolute stability
of zero equilibrium position interval dynamic system with vector nonlinearity of sector type is proposed.
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PazsuTne npsivoro meroza JlamynoBa, yCIermHo 3apeKOMEHI0BABIITEr0 ceOs TPHU PEIeHn: MHOTHX
3a/1a4 TEOPUU YIIPABJIEHNS, HA KJIACC HHTEPBAJIBHO-33/IAHHBIX 00bEKTOB IPUBOIUT K HEOOXOIUMOCTH
MCCTE0BAHNS MHOXKECTB PEIeHnii MHTePBAJIBHBIX MATPUIHBIX ypasHeHuil Jlanyrnosa, CunbsecTpa.
CHOXKHOCTE MATEMATHIECKOTO OMUCAHUST TAKUX MHOXKECTB MPUBOJUT K SKCIOHEHIUAJIHHOMY POCTY
BBIYUCJIUTEJIBHBIX 34TPAT IIPU PEINCHUN ITOCTABJICHHBIX 3a/1d9 TE€OPUN YIIPABJICHUA. O,ZLHaKO B 60.)'[1)—
IIUHCTBE CJAYy4YaeB Ha IIPAKTHUKE JOCTATOYHO OFPAHUYUTHCS PACCMOTPEHWEM BHEIIHUX JINOO BHYT-
PEHHUX WMHTEPBAJIbBHBIX OHNCHOK 3TUX MHO2KECTB. B CTaTbe Ha OCHOBE IIPAMOTO METOda J_[HHyHOBa
npe/IozKeH ajarebpandeckuii Kpurepuii abcoJIFoTHON yCTORYMBOCTH HYJIEBOI'O TIOJIO2KEHUST PABHOBE-
CHg UHTEPBAJbHON NUHAMUYECKOA CUCTEMBI C BEKTOPHON HEJMHEHHOCTLIO CEKTOPHOTO THUIIA.

Kurouesbie ciioBa: HETOUHLIE JTaHHBIE, YCTOMIUBOCTH NWHAMHUYIECKOW CHUCTEMBI, JTOTMYCTUMOE
MHOXKECTBO PEeLICHUN.

BBenenune. MartemaTtndyeckoe onucaHue sBJEHUM W ITPOIECCOB MPUPOILI Yallle BCETO OCY-
MECTBISETCS ¢ TOW WM UHOW J0Jelt morpenrHocTH. Takue IOTPeNTHOCTH MTPUBOIAT K TOMY, UTO
MaTeMaTHYIeCKasd MOJEe/b HEJOCTATOYHO TOJHO OTPAaXKaeT BCe CBOUWCTBA MCCJEYEMbIX IPOIeCc-
coB. 2KejtaHme yCcTpaHuUTh 3TOT HEJIOCTATOK CIIOCOOCTBOBAJIO PA3BUTHIO HOBOI'O HAYyYHOIO Ha-
MpaBJeHNs B COBPEMEHHOI TEOPWH YIIPaBJIeHHs, KOTOPOe TPUoOpeTaeT B HACTOsIIIIEe BPEMsi BCe
OOJIBIIIYIO aKTYAJILHOCTh H BOCCTPEOOBAHHOCTD Ha IPaKTUKe. B paMKax JaHHOrO HAIPaBJICHHS
HOTPEITHOCTH MOJEJIUPOBAHUA, OOYCJIOBACHHbIC TPUUYMHAME PA3JIUYHOIO THUIA, YIXTHIBAIOTCS
HEIOCPEJICTBEHHO B CAMON MaTeMaTHYeCKON# MOJIeJI 1y TeM BBEJIeHUS UHTEPBAJIbHbBIX lapaMeT-
POB C 3a/J[aHHBIMH HUKHUMH W BEPXHUMHU I'paHumaMu. Takoi Mojaxoj K mpodsemMe M03BOJISTeT
CYUTH O HAJWYUH TeX WU WHBIX CBOUCTB WMCCJEYEMOTr0 ABJEHHS WJIW MPOIECCa B YCIOBUIX
TaK Ha3bIBaeMONl mapamMeTpuyiecKkoit HeompepesennocT. Haubosee pa3BuTbiM B cMbIce OoraT-
CTBa WJeil U MeTOJ 0B HCCJIeOBAHHUS CBOMCTB B YCJOBUAX INapaMeTpUIecKOi HeolpeJiesleHHO-
CTH OKa3aJiCs KJIACC JUHEHHBIX MaTeMaTHIECKUX Mojeseil, KOTOpOMY H IOCBAIIeHa OOIbINasT
4acTh HAYYHBIX paboT B 3Toit oOgacTu. OmHAKO, HA MPAKTHKE YaCThl CAyYaH, KOIJA HEJIb3s
OTPAHUYINTHCS PACCMOTPEHUEM TOJILKO JUHEHHBIX MaTeMaTUIecKnux Mojesieit. Bosiee Toro, psia
JIPYTHX 0COOEHHOCTEll IPUPOTHBIX MPOIECCOB, TAKUX KaK HAJIUIHe KOHEYHOMH MMaMATH, He MOXKET
OBITH OCTaBJIeH Oe3 BHUMaHuUd I Oojiee aJIeKBATHOIO ONUCAHUS STHX IIporeccoB. K coxase-
HUIO, Ha, CETOJHSIITHUN JeHb apceHaJ MeTO/I0OB UCCAeJ0BAHUS JTUHAMUYECKUX CBOMCTB TpOIec-
COB, ONUCBHIBAEMBIX HEJUHEHHBIMHA MATEMATUIECKUMHU MOJIEJISIMHA B YCJIOBUAX ITapaMeTpHIeCKON

Hamnass pabora BBIIOTHEHA IIPU (DUHAHCOBOM IMOIEPKKE HAYIHO-HCCIIEIOBATEIBCKOTO IPOEKTa Nt
3329 / T'®4 KH MOH PK. Ocobyio 6Graromaprocth aBTop Bbipaxkaer Pyciany Cepreesuuy IBieBy 3a 1eH-
HbIE 3aMEYAHUs U MOIPABKH.
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HEOIPeIeJICHHOCTH, MIPEJ/ICTaB/IeH B COBPEMEHHBIX HayYHbIX paboTax Kpaiine ckyno. B 3Toii cBg-
31 0cO0YI0 aKTYAJIbHOCTH IPUOOPETAIOT 3371a91 pa3pabOTKN HOBBIX H PA3BUTHE CYIIECTBYIOIIIX
METOJ/I0B MCCJIEJIOBaHU CBOMCTB HeJIMHEHAHBIX JAMHAMUYECKUX MOJeJIel MPOIeCcCcoB B YCJIOBU-
X HapaMeTpudeckoil HeonpejeseHnocTr [1]. V3ydenue cBOHCTB HEJIUHEHHBIX JUHAMUYECKHX
CACTEM B YCJOBUAX NMapaMeTPUYeCKON HEOIPeJeSIeHHOCTH UHTEPBAJBHOIO THUIIA IIPEJICTABIISCT
6osibinoit Hay4dHbIft nHTEpec. Muorue u3 BONpPOCOB, KACAIONUECd UCCAEIOBAHUS YCTONINBOCTH
HeJIMHENHBIX WHTEPBAJIbHBIX ANHAMWUYECKUX CACTEM, 38JJaHHBIX B MPOCTPAHCTBE COCTOAHWN, J0
CUX TIOP OCTAIOTCA OTKPHITHIME. B HacTosmelt paboTe paccMaTpruBaeTcs HETUHEIHOCTh CEKTOP-
HOT'O TUTA. 33JaYd UCCJIeIOBAHNS TUHAMUYECKUX CUCTEM € HEJMHEHHOCTBIO CEKTOPHOIO THIIA,
MaTeMaTHIeCKHe MOJEIN KOTOPBIX TOYHO U3BECTHBI, BocxoasT K paboram A.U. Jlypwe [2| u
B. M. Tlonosa [3| u cocTraBiasgioT aBa B3anMOCBI3aHHBIX HANPABIEHHST COBPEMEHHON Teopuu ab-
coJIIOTHOH ycroftunBocTu. Hajimare mHTepBaIbHON HEONPEIEJEHHOCTH O00YCJIOBHJIO TOSBJICHHE
HOBOT'O BHTKA aKTYAJbHOCTH 3aJ1a4 HCCaea0Banus Heauneiinbix cuctem A. U. Jlypbe B ycsaoBu-
X TTapaMeTpPUYecKOll HeomnpeaeseHHOCTH. Tak, HanmpuMmep, B pabore [4] moiyuens pobacTHbie
MOJIM(PUKAIUN YACTOTHBIX KPUTEPUEB aDCOJIIOTHON yCTOMYMBOCTU IIPU HEOIIPEIEJIEHHOCTU B JIV-
Heiinoit yactu cucrembl. B orimune or ykazanHoit paboThl, B KOTOPO# JInHeHAad 4acTh 3a/1aHa
B BHJIe ceMelicTBa MOJIMHOMOB, HAUOO/IBINKI UHTEpPeC B 3TON 06JIacTH TPEJICTABIACT UCC/IE10-
BaHUE HeJMHEHHBIX CHCTEM, 33JJAHHBIX B IIPOCTPAHCTBe cocrostHuii. B pabore [5], ucmonb3ys
dyukmmonansl Jlanyrnoa-KpacoBckoro, morydeHbl JOCTATOYHBIE YCIOBUS abCOTIOTHOMN yCTOM-
YUBOCTHU HEJIMHEHHON NHTePBAJILHON CUCTEMBI ¢ 3alla3AbIBAHUEM B COCTOAHUN U HEJTNHEHHOCTHIO
CeKTOPHOTO THIIA.

1. IToctanoBka 3amauu. PaccmarpuBaercs HeimHefiHas JuHAMUYECKasd CUCTEMa, MaTeMa-
THYeCKasd MOJIeJIb KOTOPOi MOXKeT OBITh IpeJICTaBJIeHa B IPOCTPAHCTBE COCTOSHUN B YCIOBUSIX
UHTEPBAJILHON HEOlIPeIeJIeHHOCTH IIapaMeTpPOB B BAJE CJEJYIONEero COOTHOIIEHU

x (t) € Az (t) + By (o), (ty) = xo,t € [to,00), (1)

rae t — me3aBuCHMas epeMentas (Bpems); X (t) = (x; (t)) — BEKTOD COCTOAHUIT, KOMIOHEHTAME
KOTOPOTO ABJIAIOTCS HEMPEPHIBHBIE HA [tg,00) dyHkmmn z; (t), T.e. z; (t) € C [tg,00), 1 <i < n;
B HAYaJIbHBII MOMEHT BpeMeHH f, 3HAYeHHe BEKTOPA COCTOSTHUN TPeIIOIAraeTCs H3BECTHBIM Xy.
[Iycte A € IR™", B € [ R™"™ — mocTosHHbIe HHTEPBAJIbHbIE MATPHIIBI PA3MEPHOCTH N X N U
n X M cooTBeTCTBeHHO. Bennuuna ¢ (-) — HeupepbiBHO puddepenuupyemast BEKTOp-DyHKIUsI
¢ : R — R™, koMnoHeHTHl ©;, 1 < i < m KOTOPO# yI0BAETBOPSIOT OIPAHUIEHUSIM CEKTOPHOTO
tuna (rpaduk GyHKIIN @; (§) PachosokeH B CEKTOPe MeXKIY MpsMbIMH @; = 0 U ©; = 11,6,

Knace BekTop-dbyHKIHMi, 001a1a0IIHX YKa3aHHBIME CBOMcTBaMU, 0603Ha4uM depes P,,, T. e.

p € Dy = {01(c) € C'([t0,00), B, R™) | 0 < dils)s < puis®,¢i(0) = 0, 1 < i <m} (2)

3necwy O ([tg,00) ,R,R™) — NpOCTPAHCTBO HeMpepbiBHO MuddepeHupyeMbIX Ha [tg,00) BEKTOD-
dyuxuuit ¢ : R — R™.
Benuanna onpejesnsiercss coracHo BbIPAXKEHHIO

o=rTz(t), (3)

rae r € R" — BeKTOp pa3MepHOCTH N X 1.

Onpedenenue 1. Ilod pewenuem (1)—(2) 6ymeM TOHAMATH BCAKYIO aOCOTIOTHO HETPEPBIBHYIO
dbyukuuo x(t,tg,rg) = x(t), yA0BIETBOPSIOILYIO NPU HEKOTOPbIX 3HaueHusx A € A u B € B
caeayiomieil Heguneitnoit cucreme JudepeHnuaIbHbIX YpaBHEHHI.
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{ () Uf‘f?f?;tﬁ“’ (@), (te) = 20, t € [to,00). (@)
B cuity cBoiicrs dyukiuu ¢ cymecrsyer rpuBuajibioe pemienue x (t) = 0 cucremst (1), koropoe
SIBJISIETCS €€ TI0JIOYKEHUEM PABHOBECHSI.

Onpedesenue 2. Bynem TOBOpUTH, 9TO HeJIWMHEHAS WHTEPBAIbHAS IUHAMAYECKAS CHCTEMa
(1) — (2) obaadaem nexomopuim ceoticmeom P, ecin 5TuM cBoiicTBOM 00/1a/1aeT Jt0bast cucremMa
(3) s A€ Au B e B.

3adaua 1. OnpeaeuTs yCI0BHsI aDCOTIOTHOH YCTORIHBOCTH OMOKEHHs paBHOBecHd « (1) =
0 HesMHEHHON MHTEPBAJLHON amHaMH4YecKOil cucremsl (1)—(2) ¢ BEKTOPHON HEJIHHEHHOCTHIO
CEKTOPHOTO THIIA B CMBIC/IE ONpe/e/IeHnsl 2.

2. OCHOBHOIi pe3yabTatr. Byjiem mpe/nonararb, 9To napa uHTepBaibHbix MaTpul (A, B)
crabuamsupyema, T.e. s obeix A € A u B € B crabunusupyemoii siBisiercst mapa (A,B).

Permrerme mocraBiennoit 3amadu 6yIeT OCYIIECTBICHO HA OCHOBE MPSIMOTO MeToa JIsamyHoBa
OCpeJICTBOM BbiOOpa dyukiuu JIsdmnyHoBa B Buje KBaJIpaTudnoii popmbl

V (r) = 2" Hu,

rie H € R, H = H' — cuMMeTprdecKas HOJOKATEIBHO OMpPeieseHHasd MaTPHUIIA.
st Toro uToOnl chOpMYJIUPOBATH OCHOBHOI Pe3yJIbTAT, BBEIEM B PACCMOTPEHHE HEKOTOPbIe
OOBEKTHI U IIPUBEIEM HEOOXOMMBIE OLPEJIEICHIs U3 HHTEPBAIBHOIO aHasm3a |6).
Brejsiem B paccmorpenue BekTop (€ R™
= (ﬂl)”Qa s 7ﬂ’m)T

U JMaroHaJIbHYIO Marpuiy A € R™*™
A = Diag {\;,1 <i<m}.

Onpedenenue 3. Narepsanbhyio kBaaparuyto marpuny G € IR™", tne G = (g;5), & ¢;j =
[gij,gij}, 1 < i, < n, 6yaeM Ha3BIBATb N0AOHCUMEALHO onpedesennoti U 3anucbiBarb G > 0,

eCcJIU LOJIOXKUTE/IBHO olpe/iesiena Jobas Marpuna G € G, 1. e. kBajaparnunas dopma . G > 0
nuis s6oit Marpuust G € G u moboro x € R™ \ {0}.
Onpedeaenue 4. MHOKECTBO MaTPUI] BIIa

Gsvm — [stm’asym] _ {G c R | G:GT,QSym < G < asym}’

rIe 3HAK HEePABEHCTBA IMOHUMAETCS B MO3JIEMEHTHOM CMBICIE, OyIeM Ha3bIBAThL CUMMEMPULE-
ckotl unmepsasvholi mampuuyed u 3anucoiBarb GV = (Gsym)T.

[Mycrs G1Y™ — HEKOTOpast HHTEPBAJIbHAST CHMMETPUIECKAS MOJOKHUTEJIBHO OIDe/IeTeHHAS
maTpura pasMeproctd (n X n), Gig € IR"™ — HeKoTOpasi HHTepBaJIbHAST MATPHIA Pa3Mep-
Hoctu (n x m) u Gay = GL, >0 — HekoTOpas cUMMeTpUUYecKas I10J0KHTEebHO OlIpe e/ eHHad
MATPUIA PA3MEPHOCTH (M X M), TAKHe UYTO HHTE€PBAJIbHAS CUMMETPUYECKAsT MATPUIIA CJIELYI0-
ero OJIOYHOTO BHIA

Gsym: GiZ{m Gll — Giz{m G'11
Goy Gao G1T2 G

HOJIOKUTEIHLHO OTIPEJIC/ICHA.
s roueunbix 3Hadennit A € A, B € B, G11 € Gi1, G123 € Gia u GGy BBeJIEM B PacCMOT-
peHre CJAEAYIONYI0 CACTEMY HeJMHEHHBIX MATPUUYHBLIX aaredpandecKux ypaBHEHUI



Onunesa H. P. 9

ATH+HA+SST = —GH;
HB+1/2AT[LT+SF:—G12; (5)
—A+FFT = —GQQ;

oTHOCHTEIbHO MaTpul, H € R™™ S € R™™ u ' € R™*™  KOTOPYIO /151 KPATKOCTH 0003HAYUM
X (H,ST') = 0.
VYpaBHeHHUs cucTeMbl (4) HA3BIBAIOT TaKKe Pa3peiaouumu ypasreruamy JIypve [2].
Onpedeaenue 5. Cremyroree Mmuaozxectso Tpoek (H,S,I') nekaprosoro mpomssegenus R™*™ x

R x R™*™ gyja
2ol (A7B7Gi?{va12) = {(H757F) € RM X R x R |(VA < A) X (6)
X (\V/B S B) (HGH c Gﬁm) (ElGlQ S Glg) (X (H,S,F) = 0)}

HA3BIBACTCSA  JONYCNMUMBM  MHONCECTNBOM PEWEHUT, UHMEPBANDHOT CUCTEMBL  HEAUHETIHDIL
MAMPUYHBLE aszebpauveckus ypasrenud |7).

ATH+ HA +SST = —GJ™
—A + FFT - —GQQ.

ITo ananoruu ¢ (4) unTepBasIbHble ypaBHeHust cucTeMbl (6) 6y/1eM HA3BIBATH HHTEPBATHHBIME
Pa3peIaoIMi ypaBHeHusIMA JIyphe.

Teopema 1. Tlyctb juig 3agaHHbIX MHTEpBaAbHbLIX MaTpul, A € IR™ " u B € IR"™ ™, Bex-
TopoB 1 € R™ n p € R™, a TakKe HEKOTOPBIX nHTEpBaIbHBIX Marpul G141 >0 u Gip € I R™™
M HEKOTOpPOil JuaroHajpHoit Marpunsl A € R™*™ BBIIOIHEHBI CJIe/[YIONIHe YCIOBHS:

1) ponycrumoe MHOKECTBO petienuit (5) CUeTeMbl MHTEPBAJILHBIX PDA3PEIIAIONIMX Y DABHEHUH
Jyprwe (6) memycro, T.e.

* Qk T sym .
(H 7S 71—‘ ) G Ztol (A., B7 G‘11 ,G’]_Q) 3

2) marpuna H* gBiasercs cHMMeTPUIeCKOIl TOJO0KATETHLHO OHPEeIeTeHHOI.

Torna HyJeBoe moJioxKeHne papHoBecus x (t) = 0 HeJIMHEHHON HHTePBATBHON THHAMUYECKOH
cucteMbl (1)—(2) abCcoOTHO YCTORINBO /il CYHEPIIO3UIHHA BHIOPAHHBIX KJIACCOB HEJTHHEHHO-
creil.

Joxazamesvemeo. B cooTBeTcTBUU € IPAMBIM MeTOJIOM JIgdIyHOBA BBIYUCIUM TEPBYIO MPO-
3BOAHYI0 (DYHKIUE JIgIyHOBa IPH IPOU3BOJILHLIX, HO (PUKCHPOBAHHBIX 3HAYCHUAX HA TPACK-
TOPHAX JIBUKEHUSA CHCTEMBI (3).

V() W (Az + By (0))" Hz + 2" H (Az + By (0)).

Jlyis ompejiesieHns] YCJIOBHH OTPHIATEIBHON OIpeIe e HHOCTH IIPOU3BOIHON 1 (x) B wacTu
npoctpancTBa R™ x R, Bblje/IsIeMO# ONpaHUYCHUSIME CEKTOPHOT'O THUIA, BOCIOJIb3YyeMCS S-
nporeaypoii [8]. TIpeanonaras cyuiecTBOBaHEE MOJOKUTEIBHBIX uncesn \; > 0,1 = 1,2,... m,
M OITyCKasl BBIKJIAJIKH, 3AIIUIIIEM OKOHYATeJbHOe BbIpazkeHue 1jist S-popmsr [8].
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S(rp) =" (ATH + HA) o+ " (B7H + Yo ™) +
+ T <HB + 1/27"uTA> 0 —plAp. (8)

Ucnonbsya marpunsl G, Gia € TR™™ u Gy, 0CTPOMM MHTEPBAJLHYIO CUMMETPUYIEC-
CKYIO HOJIOYKHTEJILHO olpeenennyto Marpuny G npegcTtaBUMyio B G6JI0YHOM BHE CJIeLyIo-
UM 00pa3oM

GY" G
Gsym — 11 12
( G, G»n )’

u chopMUpyeM CJIeAVIONee MHOXKECTBO OTPUIATE/]IHHO OINpeIeIeHHBIX KBaJIPATHIHBIX (hOpM
NepeMEHHBIX T U ¢

= (z,p) = {— (STx+Fg0)T (STx+F<,0) — (xT cpT) G ( Z ) | G € Gsym},
KOTOPOE JIjIs y00CTBa 3aIUIeM B BUJIE

— T x
E(zp) =—(STz+Tp) (STz+Tp) — (2" ¢7)G¥™ < o ) : (9)
[Torpebyem, aTobbl s 00X 3Hadennii A € A u B € B S-dopma (8) npunaiexkana
muoxkecTBy (7). Jdamnmoe TpeboBanue OyaeT yIoBIeTBOPEHO, €CJIH s JTIOOLIX 3Hadenuii A € A
u B € B cymectByer Takasg marpuna G € G*Y™ win, 94TO 3KBUBAJIEHTHO, CYIIECTBYIOT TaKue
marpuupl G € G u Gia € Gy, 94TO UMEET MECTO PABEHCTBO

S(x,p) =— (STx—i—ng)T (ST:IH—Rp) — (7 ¢")G ( Z ) . (10)

PacnucsiBas mocieanee paBeHCTBO B Pa3BEPHYTOM BHUJIE, MOJTYIAEM

xt (ATH + HA) T+ f (BTH + 0,5Am"T) + 2T (HB + 0,57“,uTA) 0 — T Ap =
=T (SST + GH) T — goT (FTST + G1T2) x— (ST + G2) ¢ — ng (FTF + Gp) %

[Toceaee paBeHCTBO GyET BBITIOJHEHO, €CJI CUCTeMA ypaBHEHUH (4) ABIAeTCS COBMECT-
Hoit. Ilo ycnoButo reopembr (H*,5* ) € 3, (A, B,G1Y",G12). DT0 03HAUAET, UTO JIst JHOOBIX
3HAUeHW# cymecTByioT Takue marpuisl Gi; € G u Gio € Gio, 9r0 marpunel H* S* I'*
SIBJISIIOTCSL periienueM (4).

Hasee clpase/InBOil sIBJIseTCd CJIeAyIomas HelouKa UMILITKALMIi
(nnst m06eix A € A u B € B cymecrsyor takue Gip € G} u Gia € Gia, 9T0 UMEeT MeCTO
pasenctso (9)) =
(nist 066X A € A u B € B S-bopma (8) npumamiexxur muoxkectsy (7)) =
(nist m06eix A € A u B € B S-cbopma (8) siBiisieTcst OTPHUIIATENBHO OIpeIeIeHHON (HhOopMOit
IEPEMEHHBIX T U @) =
(nns moberx A € A u B € B neppas npoussonad |V (x) mo spemenu dbynxmun Jlamyrosa Ha
TPACKTOPHUAX JBHKEHUA (3) OyIeT OTpUIATENbHON B 4acTH mpocTpancTBa R™ X R™, BBIACIdC-
MO¥i OrpaHUYEHHSIMHA CEKTOPHOTO THIA) =
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(nrst mobbix A € A u B € B B cuity nosiozkuresibHOI onpeaenensoctn H* (ycmoBue 2 Teope-
MbI) [OJIOZKeHHe paBHOBecus x (t) = 0 puHaMu4eckoii cucrembl (3) abCOJIOTHO YCTORIUBO /s
BBIODAHHOIO KJIACCA BEKTOPHON HeJWHeHHOCTH) =

(mosiozkenue pasHoBecusi = (1) = 0 HeTMHENRHONW WHTEPBAJbHON TUHAMUYECKOH cuctembl (1) —
(2) abcosIoTHO YCTOHUMBO Jijist BHIOPAHHOIO KJIACCA BEKTOPHOI HEJMHEHOCTH B CMBICJIE Olpe-
JeJieHus 2).

Teopema j0kazana.

SakaroueHne. TaknM 00pa30M, KaK yKa3bIBAJIOCH BBIIIE, PA3BUTHE MPAMOTO Meroia JIs-
IIYHOBA Ha KJACC HHTEPBAJIbHO-33JIAHHBIX 00HEKTOB (MM OObEKTOB ¢ HETOUHBIMH JTAHHBIMH)
HPUBOJUT K HEOOXOJUMOCTH HCCJIEJOBAHMS MHOYKECTB DelleHn#t MHTePBAJIbHBIX MAaTPUYHBIX
ypaBHeHUiT JIAmyHOBA, CIe10BaTEIbHO, MATEMATHYECKOe ONMCAHNE TAKUX MHOYKECTB IIPHBOIUT
K 9KCIOHCHIINAJIBHOMY POCTY BBIYUCJAUTEIBLHBIX 3aTPAT NIPH PCIICHAN ITOCTABICHHDBIX 33/1a4 T€O-
PHUH YIIPABJICHAS KAK IIPU PEIIeHUN BOIPOCOB CUHTE34a, TAK U IIPU UCCIICIOBAHUA JTUHAMUICCKUX
CBOMCTB MOIOOHBIX cucTeM. lcnoab3oBanme S-mpore/Iypbl ¥ METOI0B WHTEPBAJIBHOTO aHATIN3A
HO3BOJINJIO U30€KaTh IT'POMO3JIKUX BBIYUCIAUTENbHBIX TPy/JHOCTeH. [losydennble nocrtaTodnble
ycJoBus abCOMIOTHOM yCTOWYMBOCTH HYJIEBOTO IIOJIOYKEHWS DPABHOBECHS paccMaTpHBaeMOn
HEJIMHEHHON MHTEPBAJIbHON JUHAMUYECKOI CHCTEeMBbl HE TPEOYIOT OOJIBITUX BBIYUC/IUTEIBHBIX
3aTpar g WX MPOBEPKHU, B CBA3W C YeM ITH yCJOBHS MOTYT OBITH YCIENTHO MPUMEHEeHBl Ha
MPAKTHUKE.
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