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O CYIIECTBOBAHUH ®YHKIINU JISAIIYHOBA B BU/IE
KBAJPATHYIHOU ®OPMBI 1JIA JIMHEMHBIX CUCTEM
AUOOEPEHIUAJIbHBIX YPABHEHHN
C UMI1YJIbCHBIM BO3IEUCTBHUEM

A linear system of differential equations with impulse effect at fixed times is considered. Sufficient
conditions for the existence of a positive definite quadratic form are obtained. This form is such that its
derivative along the solutionsu of differential equations and its variations at points of impulse effect are
negative definite quadratic forms regardless of the moments of impulse effects.

PosruisinyTo cucteMy JliHIHUX AndbepeHIia/IbHUX PIBHSHD 3 IMITYJIBCHOIO Jii€l0 y (piKCOBaHi MOMEHTH
yacy. OTpuMaHO AOCTaTHI yMOBHM iCHYBaHHs I0JATHO O3HAYEHOI KBa/IpaTHUHOI (POPMHU TaKoi, IO ii
MOXi/IHA YMHHOCTI AndpepeHIia/lbHUX PiBHSIHb Ta il 3MiHU B TOYKAaX iMyJIbCHOI'O BILJIUBY € HEIaTUBHO
03HAYEHUMH KBaIpATHUHUMU (DOPMaMU He3aJIeKHO Bijl MOMEHTIB iMITyJILCHOI [il.

1. BBepenme. [lpu MaTeMaTH4YeCKOM ONMCAHHUU IBOJIIOLIUN peaJIbHBIX MPOIECCOB C
KPaTKOBPEMEHHBIMU BO3MYIIICHUSIMUA BO MHOTHX CJIyYasX IJTUTEIbHOCTHIO BO3MYIIIE-
HUH yI0OHO TpeHeOpeYh U CYUTATh, YTO 3TH BO3MYIICHHUS UMEIOT ,,MTHOBEHHBIN~ Xa-
pakTtep. Takas maeanmzanus MPUBOAUT K HEOOXOIUMOCTH UCCJIEAOBATH JUHAMUYEC-
KHE CUCTEMBI C Pa3pbIBHBIMU TPAaCK TOPHUSIMU UJIU, MHaYe, MuddepeHinaibHble ypaB-
HEHUs C UMITYJIbCHBIM Bo37ieiicTBueM. Ceityac Teopust mudepeHInaIbHbIX YpaBHEe-
HUH C AMITYJTLCHBIM BO3/ICHICTBHEM IPEICTABJISICT COO0N MHTEHCHBHO Pa3BUBAIOIIEECST
HarpaBJieHHEe MaTeMaTUKH, pa3/IMYHbIe aCIEKThl KOTOPOT0 U3JI0XKEHB B MOHOTpacu-
ax [1, 2]. B nocsieqnue roasl onyo/IMKOBaHbl COTHH NPUKJIA/IHBIX paboT, B KAUYeCTBE
MaTeMaTHYECKUX MojIesIeil KOTOPBIX UCITOJIb30BaHbl Mud>epeHITnaibHbIe YPaBHEHU
C MMITYJILCHBIM BO3/ICUCTBUEM. BCJIEICTBHE 3TOr0 3aMETHO YBEJIMYUJIOCH YMCJIO Ma-
TeMaTUYECKNX PabOT MO MCCJISIOBAHUIO PA3JIMUHBIX ACTIEKTOB TEOPUU MMITYJIbCHBIX
cucteM [3 — 14]. Hacrosmas ctaThs NOCBSIIEHA U3YUYEHUIO YCTOUYMBOCTH PELLEHUI
CHCTEM C UMITYJTbCHBIM BO3/ICICTBHEM.

2. OcHoOBHBIE OmpefesieHNs1 M MOCTAHOBKA 3a/la4yu. PaccMOTpuM cucTeMy
OOBIKHOBEHHBIX IM(ppepeHIInaTBbHBIX YpaBHEHHUI C UMITYJIbCHBIM BO3/ICHCTBUEM

% = ftx) = fLx), t#ET, i=1,2,..., (1)

Axlz:ti = Jix), i=12,..., )

roe teR, : [O, oo) —Bpems, i € N (N — MHOXKeCTBO HaTypaJIbHBIX 4HCeJT), T;

— koucraute, x€R", f: R™ 5 R", J;: R" > R". Ypasuenus (1), (2)
ONKCHIBAIOT JAUHAMUKY CHCTEMBI, COCTOAIIEH M3 JBYX uYacTeil: HEMpepLIBHOM (IIpn
t#1T;), ONACHLIBAEMOI OOLIKHOBEHHBIMU AUD@EPEHINATLHLIMA yPABHEHUAMH, U

OUCKPETHOi (B MOMEHTHI T;), KOT'/Ia PEIICHUs CUCTEMBbI MOJTy4aloT CKaYK0o0Opas3Hbie
n3MeHeHus. O603HaAYUM

By = e =6 + 4 i} < ],

G,‘ = {(t,x)eR"“:‘cl-_l<t<‘t,~,xeBH}, GZZUGi.
i=1

Cdopmysmupyem runoressl, KOTOPEIM MOXKET y/I0BJIETBOPATH cuctema (1), (2):

[y. ®yskupsa f=(fi, ..., f,) : G— R" paBHomepHO HenpepbiBHa B R, X By ;
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1452 A. O. I'HATBEB

f(t, 0) = 0, uncymecrsyer Koucranta L > 0 Takas, urto || f(t, x) — f(t, y)| <
<L|x-y| npu (t,x) € G, (t,y) € G, xe By, ye By.

I,. Oyakupm J; : By — R", i € N, HenpepblBHLI U YIOBJIETBOPSIOT YCJIOBUIO
Jlunmna ¢ koncrantoit L B By u J;(0) =0 npu ie N.

I'5. CymectByeT KoHcTanTa h € (0, H) Takas, 4yTto eciu x € By, 10 X +
+ Ji(x) € By mpu ieN.

I'y . KoHCTaHTBl T; YHOBJIETBOPSIOT YCJIOBUSM

0=1 <17 < Ty <..., lim7; =oo.
[—>o0

Bynem obo3navath uepe3d x(t, ty, Xg) npu t >ty peweHue cuctemsl (1), (2),
yAOBJETBOpsOLIEe ycaoBuo x(ty, ty, Xg) = Xg B Cjydae, Korga ty #7T;, i € N.
Ecmu ke 1y =7T; ©pW KaKOM-JIMOO HATYpaJIbHOM [, TO IO/l BBIpaXKECHUEM
x(t, ty, xo) Oynem MOHWMATh x(t, to +0, xg + Ji(x9)) (npu t>ty). 3navyenue
3TOrO pPelIeHrs] B MOMEHT ! TakxKe Oynem obo3HauaTh x(f, ty, Xg). DTO pelleHue
OyneM npeAmnoJsaraTb HeNmpepbBHO AUPPEPEHIMPYEMBIM 110 ¢ Ha JIIOOOM U3 MHO-
xkecTB G; W HeNpepbIBHBIM CJieBa B TOUKax paspbiBa: x(T;, ty, Xg) = x(T; — 0, 1y,
)CO) .

[Ipu BbmosiHennu rumnote3 I'y — I'; cuctema (1), (2) monmyckaeT TpuBHAIbHOE
peleHue

x = 0. 3)

CdopmypyeM MOHATHUS YCTOMYMBOCTH U MPUTSIKEHUST TPUBHAJIBHOTO (HYyJIe-
BOro) pereHus cuctemsl (1), (2).

Onpenenenne 1. Tpusuanvroe peuterue cucmemvt (1), (2) Hazvisaemes ycmoii-
yuebiM, ecau 0aa aoovix € >0, toe R, moxno ykaszsamv & = O(g, ty) > 0 ma-
koe,umo ecau || xo| <8, mo | x(t, to, x0)|| < € npu t> ty. Ecau npu smom 8
MOJKHO 6bI0pamb He 3a6UcAWUM om  ty, mo peuwenue (3) Ha3bI6aENMCA PAGHOMEPHO
YCmoiuuebiMm.

Omnpenesienne 2. Pewenue (3) cucmemot (1), (2) nasvieaemces:

npUMAZUBAIOWUM, ecau 044 aiobozo  ty € R, cywmecmeyem h = Mty) >0 u
ona nobvix € >0 u xg€ By cywecmeyem G = O(E, ty, x9) > 0 maxoe,umo
||x(t, 10, x0)|| <€ Odasecex t= ty + C;

PABHOMEPHO NPUMAZUBAIOUWUM, ecau uMmeemcs makoe A > 0, umo 044 1106020
€> 0 Haiicemca 6 = o(e) >0 maxoe, umo 0aa awobvix theR, xg€B), t 2
2> tg + 0 cnpaseoauso x(t, ty, xog) € Be.

WNupiMu cnoBamu, perienue (3) cuctemsl (1), (2) Ha3bIBaeTC:

MIPUTATUBAIOIINM, CJIH IJ1 JIIOObIX ty € R,, x¢ € B), cHpaBem/IMBO MpeaeJib-
HO€ COOTHOILIEHHE

lim || x(t, 9, x0)|| = 0; “
t—>o0

PaBHOMEPHO NPUTATUBAIOLLINM, €CJIH Mpe/ieJIbHOe COOTHOLLIEHUe (4) BBIOHAETCS
paBHOMEpHO IO X € By, 1y e R, .

Omnpenenenne 3. Tpusuaavroe peuterue cucmemvt (1), (2) Hasvieaemcesn:

ACUMNMOMUYECKU YCMOWUUBbIM, €CAU OHO YCMOWUUEO U NPUMAZUBAIOWEE;

PABHOMEPHO ACUMNMOMUYECKU YCIOIUUBHIM, €CAU OHO DABHOMEPHO YCHOWYUBO U
PpasHoMepHoO npumszuéaiouee.
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Omnpenesienne 4. Tpusuaavroe peutenue cucmemvt (1), (2) nazvidaemes 3kcno-
HeHUUANbHO YCIOLMUBIM, eCAU CYUECMBYIOM NOA0KUMEAbHble KOHCMAaHmbl Y U O

makue, umo pewenus cucmemvt (1), (2) o6aadaom ceoiicmeom | x(t, to, xo)| <

< 9| xo ||e_°“.

OueBuHO, uTO ecau perienne (3) cuctemsl (1), (2) 3KCMOHEHIIUATIBHO YCTOWYNBO,
TO OHO TaK>Ke paBHOMEPHO aCUMIITOTHYECKH YCTONYUBO.

s uccnenoanusa ycroitunsoctu pewenus (3) C. U. I'yprysoit u H. A. Tlepec-
TIOKOM [15] mpezstokeHo ucnosb30BaTh MeTOA (pyHKLM JIAMyHOBa, KOTOpPBII Tpes-
MoJIaraeT CyILLeCTBOBAaHHUE MOJIOKHUTEJILHO onpefesieHHon pyHkuuu V(t, x), mnpous-
BO/IHasl KOTOPOW B[lOJIb HENMpepbIBHOW cucTeMbl (1) U Bapuauusi KOTOpPOW B CHUJIY
OUCKPETHOHN cUCTeMBI (2) HeToJIOKUTeIbHBL. B padorax [3, 5, 10] mpu npegnosoxe-
HUU BbINOJIHEHU:A runote3 Iy — 'y yKazaHbl ycjioBHsA, IpU KOTOpBIX TeopeMa ['yp-
ryJibl — [IepecTioka 00 aCUMOTOTUYECKOI YCTOMYMBOCTH 0OpaTuMa.

[Ipu uccaeqoBaHNKM HEKOTOPBIX MPOLIECCOB, MPOUCXOAALIUX B pEasIbHOM MHpe U
onuceiBaeMbIX nuddepeHIna IbHbIMA YPaBHEHUSIMH C UMITYJILCHBIM BO3IECHCTBUEM
(1), (2), Ba>KHBIM ABJISICTCSI IOCTPOCHHE (MJIU XOTsI ObI TOKA3aTEeIbCTBO CYIIIECTBOBA-
HU ) TTOJIOKUTEJILHO onpeesieHHil pyHKmu JIsamyHoBa Takou, 9To

v _ SV v

— =y —f , t#7, xe€By,
d  Sox' o '

AV|I=1_’_ = V(t; + 0, x(t; + 0)) — V(t;, x), i=1,2,...,

O/IHOBPEMEHHO SBJIAIOTCS OTPUIATEJILHO onpeesieHHbIMU pyHKuusamu [16 — 19]. B
HACTOSIIIEH 3aMEeTKE paccMaTpUBAeTCsl JIMHEIHASI CUCTeMa C OCTOSIHHBIMHU K03 u-
LIMEHTaMHu

d.
ax = Ax, t=#71;, i=1,2,..., 5)
dt
Axl[:‘[. = B-x’ i=1,2,..., (6)

rae A u B — KBaJlpaTHbIE HEBHIPOZK/ICHHBIE MATPHUIIBI, 3JIEMEHTAMU KOTOPBIX SIB-
JISIIOTCS IeUCTBUTEJIbHBIC YHCIIA.

CraBuTCs 3a71a4a: HAUTH YCJIOBU S, IPU KOTOPBIX CYLIECTBYET MOJIOXKUTEJILHO OIl-

T

penesieHHas KBajgpatuyHas opma V(x) = x° Px Takas, 4TO ee MPOU3BOAHAs
B/10JIb PELLEHUI CUCTEeMHI (5) U ee BapHals Ha CKavykKaX CUCTEMbl, BHIUUCJICHHAS B
cuity (6), SABJIAIOTCS OTPUIIATEJIBHO OMPENe/ICHHBIMI OTHOCHTEJIPHO X. 3/1eChb U B
JajibHEHIIeM 111 MaTpuubpl K J11000ii pasmepHoct K T o6o3navaer TPaHCIOHUPO-
BAaHHYIO MaTpULy.

[uckpeTHyio cucteMy (6) 3anuiieM B BUe

x(t; +0) = (E+ B)x(t;), i=1,2,...,

rae E— enuHuyHass (n X n)-MaTpulia.

WNHTYUTUBHO MMOHATHO, YTO €CJIU T; YAOBJISTBOPSIOT yCJOBUIO T;11 — T; < 0p,
roe 6; >0 [0CTAaTOYHO MaJio, TO CYLIECTBEHHBIN BKJIA[] B IMHAMUKY CHCTEMHI (5),
(6) BHOCAT OUCKPETHbIE ypaBHEHU: (6) U, CJIeI0BATEJIbHO, HYKHO MOTPEe6OBaTh, YTO-
Obl COOCTBEHHBIE UnC/ia MaTpullbl £ + B jieKam BHYTPU €IMHUYHOIO KpPyra KOMII-
JIEKCHOM MmyIocKocTH. Eciu Ke 1T; yOOBJIETBOPSIOT YCJIOBHIO T — T; > 05, roe
0, >0 — mocTaTOYHO GOJTBIIIOE YHCJIO, TO /I ACHMITOTHYECKOI YCTOIUNBOCTH HY-

ISSN 1027-3190. Ykp. mam. xypH., 2010, m. 62, N° 11



1454 A. O. I'HATBEB

JIEBOTO pelieHus cucteMsl (5), (6) HeoOXoanMO, YTOOb MaTpulla A Obljla TypBHIIe-
Boii. [loaToMy npe/cTaB/IsieTCsl ECTECTBEHHBIM CJISAYIOLIEe MPe/INOJI0KEeHHUE.

IIpennosioxxkenne 1. Cobcmeenivie uucaa mampuubl A pacnonoxenvt 6 €801
OMKPLIMOL NOAYNAOCKOCHU KOMRACKCHOI NAOCKOCMU, A COOCMBEHHbIe YUCAd MAN-
puybl B — pacnoaoxeuvl snympu Kpyza eOuHuuHozo paduyca ¢ KOopOuHamamu
(=1, 0) Ha komnaekcHoli naockocmu.

PaccmoTpuMm Tenepb Te ciyvaw, r/ie ocTaBJIeHHas 33/1a4a MOXKET ObITh pellieHa.

3. OcHoBHble pe3yabTaTel. 3.1. Mampuuyvt A u B kKommymupyiom. Mart-
puily P Oynem Has3bIBaTh MOJIOXKUTEJILHO OIpeiesIeHHOM U 0603HauaTh P > 0, ecsm

T
KBaZipaTu4Has popma x° PX TMOJIOKHUTEJIBHO ONpe/Ie/ICHHA.
B paccmaTpuBaeMoM cJlydae Hy2KHO NMOKa3aTbh, YTO CYIIECTBYET CHMMETPHYHAS
MOJIOJKUTEJIBHO ONpe/iesIeHHas MaTpuua P Takas, 4To

xT(ATP + PA)x < 0, (7
xT[(E + B! P(E + B) - P]x < 0. 8)

Teopema 1. Ecau mampuyvt A u B kommymupyiom AB = BA) u evinoauenvl
ycaosusa npednoaosxenus 1, mo npu awobvix T;, yooeaemeopaouiux zunomese Iy,
U npu 210001 NO0A0KUMEAbHO OnpedeeHHoli mampuye R yukyus

Vix) = xPx, 9

ABNAIOUWAACA PeUteHUeM MapMU4HbIX ypaeHeHuii J1anynoea
ATQO + QA = -R, (10)
(E+BT'P(E+B) -P = -0, (1)

ecmb pyHkyus Jlanyrnoea, yooesremeop aouwas ycaosusm (7) u (8).

oxa3zameavcmeo. Buauane nokaxeMm, yTo usmenenne AV dynkuuu V npu
t =1T; SBJISIETCS OTPULATESILHO ONPE/IC/ICHHON KBaPaTUIHOI (POPMOit OTHOCHTE Th-
HO x(T;). HeiicTBUTEJIbHO,

AV(x)] V(x(t; +0) — V(x(t;) = x'(t; + 0) Px(t; + 0) —

x=x(T;)
- 2T (@) Pu(t) = x"(G)(E + B) P(E + B)x(r;) — x" (1) Px(r;) =
= x"@)[(E+ B P(E+ B) - Px(r)) = —x" (1)) 0x(ry).

IMockobKy cOOCTBEHHBIE YHCJIa MATPUIIBI A UMEIOT OTPHUIIATE IbHBIE BEIIECTBEHHBIE
4acTH, a MaTpULla R MOJIOKUTEJILHO ONpe/iesieHa, MaTpula O, ABJIAIOLIAACS pellle-
HUEM MaTpuuHOro ypasHeHus Jlsamynosa (10), TakKe MOJI0XKHUTEIBHO OIpe/e IeHa,
CJIE[IOBATEJIbHO,

AV(x)] = —xT(1;)0x(t;) < O.

x=x(T;)

Tenepb mokaxem, 4To V= xTATP + PAYx TIPE/ICTaBJISIET COOOI OTpUIIATE b~

HO ONpeeJIEHHYIO KBaIpaATUUHYI0 POPMY MJIH, APYTMMHU CJIOBAMU, ATP + PA <.
s storo Haitnem Q u3 (11) u nogcraBum B (10). B pesysbTate mosyuynm

AT[P —(E + B P(E + B)] + [P —(E + B P(E + B)]A = —R. (12)
Tak kak MaTpulibl A 1 B KOMMYyTHUPYIOT, TO
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(E+B)A = AE+B), ATE+B" = (E+BTAT. (13)

ITepenumem paBencTso (12), ucnoJsibzosas (13):

(ATP + PA) - (E+ B)'(ATP + PAY(E + B) = —-R.
HOCKOJILKy no npeanoJI02KEHUI0 CcOOCTBEHHEIE UHCJIA MaTpulbl E+B PacmnoJioKEeHbL
BHYTPH €AUHUYHOI'O Kpyra KOMIIJIEK CHOM IJIOCKOCTH, a R 1MoJ/102KUTEJILHO onpenae-

JIeHa, MaTpuLa ATP + PA asnsercs OoTpULIaTeJIbHO ompeesieHHoi [20, c. 215].

Caeocmeue 1. [Ipu evinoanenuu ycaosuii meopemvl 1 Hysesoe peuterue cucme-
Mol (5), (6) 3KChOHeHYUAABHO YCMOTUUB0.

3.2. Mampuuyer A u B cummempuuner. PaccMoTpum ciydaid, Korga mart-

pulbl A U B CUMMETPUYHHL, T.e. A =AT, B=nBT.

Teopema 2. Ecau mampuubt A 1 B cummempuunsl u 8b1n0AHEHbl YCA0BUA NPEO-
noaoxenus 1, mo npu aiobvix T;, yooeaemeopawowux zunomese 'y, Hyareeoe pe-
uenue cucmemvl (5), (6), IKCHOHEHYUAALHO YCMOWMUBO U CYUECMBYEM NOAOKUMENb-
HO onpedeaenHas keadopamuunas ¢opma (9) makas, umo 6bINOAHAIOMCA YCAOBUA
(1) u(8).

[oka3zameavcmeo. B cuny npennonoxenus 1 1 CHMMETPUYHOCTH MaTpull A U
B CyLIeCTBYIOT AefCTBUTE/IbHbIE ukcaa Ay U Ay Takue, uto Ay >0, |Ay| <1,

(A + ME) <0,

(B+ E)Y - ME <. (14)
PaccMoTpum KBagpaTuuHyo dopmy

V(x) = x'x = x12 +...+ x,%. (15)
Ouennm V. Ha ymo6om UHTEPBAJIE HEMPEPBIBHOCTU (T;, Tiy])
Vo= 2xTAx < 20xTx = 20V (16)
B Toukax pa3speiBa, yUnThIBasi CAMMETPUYHOCTb MaTpULbl B, nMeeM
AV, = V(x(T +0) - V(x(x) = xT(r,-)[(E + B)? - E]x(r,-),
OTKYy/la C yueToM ycsioBus (14) mosmyuaem

AV, < (1= M3)V(x(r,). (17)

He Hapymias oGLIHOCTH MPE/NOJIOKNM, UYTO HAYAIbHBI HOMEHT BPEMEHH 1, MpH-
Hajuiexkut untepsany (0, T;). W3 ouenok (16) u (17) npu t € (T4, Tr41] Haxomum

V(x(t, tg, x9)) < e 2M=10) A Vixg).

YuurtniBas, 4ro |7»2 | < 1, 3akJII04aeM, 4To HyJIeBOe pellieHue cucteMsl (5), (6) aKc-

MMOHEHIINAJILHO YCTOMYNBO, M B KauecTBe PYHKIMHU JIsmyHOBa MOKHO BHIOpaTh KBa/I-
patuunyio dopmy (15), 9To U TpeboBaoch JOKA3aTh.

3.3. /leymepnutii cayuaii. O603Ha4UM
C =F+B. (18)

,HJ'IH MMPpOU3BOJIBHOI'O (n—MCpHOFO) CJly4das nocCTaBJIEHHAaA 3ajgavda CBOAUTCS K CJie-
uy}omeﬁ: HailTh yCJ10BU A, IPU KOTOPBIX CYWICCTBYIOT CUMMETPUYHBIC ONIPEACJICHHBIC

MOJIOXKUTEJILHO MaTpullbl P, Oy, O, Takue, 4To
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c'PC - P+ @

Il
o

19

ATP —AP + 0, = 0. (20)

YMHOXKas 00e yacTtu ypaBHeHU: (19) Ha 2 n npeoOpasy sl JIEBYIO 4aCThb, MOJTy4aeM

T ~E)YP(C+E) + (CT + E)P(C-E) + 20, = 0. 1)
[MockobKy equHNIA He SBJISIETCSI COOCTBEHHBIM YrcsioM MaTpulsl C, Matpuusl C —
—E u CT —E sBasorcs HEBBIPOJK/ICHHBIMH, CJIE[JOBATEJIBHO, CylIeCTBYIOT (C —
- E)_] u (CT - E)_] , IpUYEM OYEBUIHO
T

€’ - B = (c-E (22)

YMHO2KUM 06€ YaCcTH MaTpUYHOro paBeHcTBa (21) cyiea Ha (CT - E)_1 U CrpaBa Ha

(C - E)_l. B pesyJsibTate OyaeM uMeThb
PC+EYC-Ey"'+«cT-Ey"cT+E)P +
+2ct -pylocc-67" =0

O6o3naunm D = (C + E) (C — E)_l, 0. = 2((C — E)_I)TQ(C — E)_l. 3ameTum

[21, c. 268, 618], uto MaTpulila D sABJIAETCS I'YPBULEBONU. YUUThIBas paBeHCTBO (22),
ybexpaemcs, 4To C MMeeT COOCTBEHHBIE UUCJIA, JIeXKAIllUe B OTKPHITOM €UHUYHOM
Kpyre KOMIJIEKCHOM MJIOCKOCTH, TOr[ja U TOJIKO TOT'/la, KOr[ja BBHIMOJIHAETCS MaT-
puyHoe ypaBHeHue JIssmyHoBa

PD + D'P + Q. =0, (23)

rae D — rypsuuesa matputa. C yyetom Toro, yto Mmatpunia C umeeT Bupa (18), BbI-
pasuM Matpulibl D u ;. HENnocpeaCTBEHHO uepe3 B:

D= DB) = QE+ BB, Q.= 0.B0) =2BH0oB".

Tenepb nepeiiieM K U3y4eHUIO ciydasdt, Koraa B cucteme (5), (6) x € RZ, AeR>? s

BeR>?, [IpuBenem aBa onpenesieHus U3 [22]u aBe JieMMBI, JOKa3aHHbIE B [22].

Onpenenenne 5. [Tyukonm Gy4[A, D] mampuy A u D nasosem odnonapa-
mempuueckoe cemeticmeo mampuy oA + (1 —a)D, 20e o — deiicmeume.nbHulii
napamemp u3 ompeska [0, 1].

Omnpepenenue 6. [Tyuok GG[A, D] HA3b16A€MCA 2YPBUUCBLIM, €CAU MAMPUUA
aA + (1 — o) D ssasemcsa eypsuyesoii npu awooom o € [0, 1].

Jlemma 1. /[asa mozo, umobbl cyujecmeosari CUMMempudHvie NOA0KUNMEALHO
onpedenennvie mampuypsl P, Q, O, makxue,umo 0OHOBPEMEHHO GbINOAHAIOMCA
mampuunvle pasencmea (20) u (23), Heo6x00uMo U 00CMamouHo, ymoobvl nyukKu
ch[A’ D] u Ga[A, DflJ Oblal 2yp6eULebIMU.

Jlemma 2. []nsa mozo umobvl Cyuecmeosanrt CUMMEmpuyHble NOAOKUMEAbHO ON-
pedenennvie mampuupl P, Qy, O, makue,umo 00HOBPEMEHHO BbINOAHAIOMCA
mampuunwie pasercmea (20) u (23), Heo6x00uM0 U OOCMAMOUHO, YMOObL MAMPUUBL

-1 o o
AD u AD He umenu oelicmeumeAbHblX ompuuyame /1bHblX COOCMBEHHbIX 3HAYEHUI].
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Hcnonw3ys neMmsl 1 1 2, nostydaem ceayonpe TEOPEMBI.
Teopema 3. Ecau 6 cucmeme oughpepenyuatvblx YpasHeHUuii ¢ UMNYAbCHLIM 603-

oeticmeuem (5), (6) mampuyvt A u B makoewvi, umo nyuxku GG[A, D] u Gu[A,

D_]:I, 20e D = (2E + B)Bl, ABAAIOMCA 2YPBUUEBLIMU, MO HYA€60€ PeUleHUe CUC-

membvl (5), (6) 3KchoHeHYUaAbHO YCmoiiuueo npu a1060M evibope T;,i=1,2,....
Teopema 4. Ecau 6 cucmeme oughgheperyuabHblx ypasHeHuii ¢ UMNY.AbCHbIM 603-
oeticmeuem (5), (6) A u B makxoevl, umo mampuybt AD u AD_I, 20e D =
1 .
= (2E + B) B, He umeom 0elicmeéumeabHblX OmpuuanmeabHolX coOOCMeeHHbIX 3Haye-
Huii, mo Hyaeeoe peuterue cucmemsl (5), (6) IKCnoHeHYUAABHO YCMOIMUBO NPU N0~
o6om evlbope T;,i=1,2,....
4. IIpumep. i WIUTIOCTpAIUH MOJIYUYEHHBIX Pe3yJIbTaTOB PACCMOTPUM B Ka-
yecTBe nmpumepa cuctemy (5), (6), B KoTopoit n =2,

| w

-1 -3 3

ITokazkeM, 4TO CYIIECTBYIOT MOJIOXKUTEJILHO OINpe/ie/IeHHbIe KBalpaTUYHbIe DOPMBI

P, Q u R Ttakue, uyto BbimoJiH:A0TCS ycsoBus (10), (11), 1 HyJileBoe pellieHrne CUCTEMBI

(5), (6) sKCOHEHIIMAILHO YCTOWYMBO HE3aBUCUMO OT BelOOpa T; (i=1,2,...).
IlepBonii cnocod. Haiinem npousseaenus matpun, AB u BA:

. 3 S 7
-1 1 2 2 2
AB = = ,
-1 -
I3, 79
2 2 2
. 3 57
2 (-1 1 2 2
BA = = s
3 — —
3 b 3 79
2 2 2

ITockosnbky AB = BA, Ha OCHOBaHMU TeopeMbl | mosiyyaeM, YTO AEHCTBUTEJIBHO CY-
LIECTBYIOT MOJIOXKHUTEJILHO ONpe/e/IeHHbIe KBaApaTHiHbie opmbl P, Qu R Takue,
YyTO BRIMOJHAIOTCS ycsoBus (10), (11), u HynieBoe pelieHue cuctemsl (5), (6) akcno-

HEHIMAJIbHO YCTOWYMBO HE3aBUCHUMO OT BhlOOpa T;,i=1,2,....
Bropoii cnocod. Tak kak n =2, MOXKHO BOCIOJI30BaThCs TeopeMmoit 4. s

-1 .,
9TOr'0 JOCTAaTOYHO IMOKa3aTh, YTO MaTPHUILIbI AD u AD HE UMCIOT NEUCTBUTECJIb-

HBIX OTPUIIATEIbHBIX COOCTBEHHBIX 3HaveHmit, rae D= (2E + B) B'. ITposepum sT0.
[1J11 3TOrO0 NOCJIe/10BaTE€IbHO HAXOAUM

3
3 3 (8 -6
2E + B = N B_ = s
3
3, 6 4
2
-15  -12 27 21
D = 2E + B)B! = , AD = ,
12 9 -21 -15
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= -3
(3 4 3
D_1=§ ., AD7' =
-4 -5
;1
3

Matpuust AD n AD™! umeror KpaTHbIE COOCTBEHHBIE 3HAYEHUS (COOTBETCTBEHHO

2
6 u 5 ), KOTOPBIE HE ABJIAIOTCA OTpULIATEJ/IBHBIMU, YTO U CJIEA0BAJIO 10KA3aTh.
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