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ARCHIVUM MATHEMATICUM (BRNO) 
Vol. 26, No. 2—3 (1990), 107—114 

OB HHBAPMAHTHOCTH XAPAKTEPHCTHHECKHX 
IIOKA3ATEJIEH JIHHEHHMX CMCTEM IIPH 

3KCIIOHEHip[AJIBHO YBblBAIOIHiHX 
B03MyiD,EHHHX 

H. A. H30BOB, O. n. CTEnAHOBH^f 

(ITocTynHjio B PQ^SLKOJUO 26-ro Maa 1989 r.) 

riocenuieHo 90-Jiemuw AKadeMum O. Eopyem 

Pe3K>Me. noJiyneHO ycnoBHe coBnaflemwi coBOKyimocTeii xapaKTepHCTHHecKHx noKa3aTeneft 
^icxoflHoii H B03MymeHHoit JiHHefiHwx CHCTeM H ycTaHOBJieHa ero HeyjiyniiiaeMOCTb. 

Knio^eBbie cuoBa. JlHHeiiHafl CHCTeMa, xapaKTepHCTHraecKHii noKa3aTejib, K03(j)<J>HijHeHT He-
npaBHJibHOCTH, HHHCHHH noKa3aTejib. 

KjiaccH4)HKaî HH MO. 34 D 05 

IlycTB: C®0t oo) — MHO»cecTBO KycoHHo-HenpepHBHbix H orpaHHHeHHbix Ha n p o 
MeacyTKe [0, + oo) MaTpHu,^4(0 <J)HKCHpoBaHHoro nop^AKa n^.2; A[/] H A[/ ] — COOT-
BeTCTBeHHO xapaKTepHCTHHecKHH noKa3aTejn> JtayHOBa [1, c. 27; 2, c. 17] H HH»C-
HHH noKa3aTejib nepppHa [3; 2, c. 18] Taicace KycoHHO-HenpepbiBHoii Ha [0, + oo) 
BeKTop-<j)yHKipiH HJIH MaTpHijbi f(t); X 6 Rn — BeKTop c ynopjmoHeHHbiMH no 
B03paCTaHHK) KOMnOHeHTaMH kt. 

By^eM paccMaTpHBaTb jiHHeHHyio CHCTeMy 

(1) x = A(t)x, AEC°0}O0), XER\ 

c xapaKTepncTHHecKHMH noKa3aTeji^MH [1, c. 34; 2, c. 28] A±(A) ^ ... ^ An(A), 
cocTaBji^iomHMH ee xapaKTepHCTHHecicyio coBOKynHOCTb 1(A) E Rn. ITycTb XA(i) = 
= [xx(0, ...,*„(/)] — HOpMajibHaa ynop^oHeHHaH CHCTeMa [1, c. 34; 2, c. 28] 
peineHHH — CTOJI6IJOB xt{t) CHCTCMBI (1); ak(t) — yroji Me^c^y BeKTopoM xk(t) 
H JTHHeHHLIM npOCTpaHCTBOM OCTajIbHblX H — 1 BCKTOpOB Xt(t) E XA(t), <Xk(t) E 

E (0,7i/2]; XA
x(t) = (Xi(0, • ••> xn(t)) — oGpaTHaa K XA(t) MaTpmja co CTpoKaMH 

xt(t). BejiHHHHy G(A) = max{/l[xfc] + A[xk~]} Ha3HBaK)T Koa^HitHeHTOM Henpa-
k 

BHJibHOCTH J\. M. Tpo6MaHa [4] CHCTeMbi (1) HJIH npocTO ee KoacJHfmipieHTOM 
HenpaBHJibHocTH. fljia Hero xopomo H3BCCTHO cjie^yioiijee BaacHoe B acHMHTOTH-
necKOH TeopHH jiHHeiiHbix CHCTCM H TeopHH ycTOHHHBocTH CBOHCTBO [4]: xapaK-
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TepHCTHHeCKHe COBOKynHOCTH X(A) HCXOAHOH CHCTeMH (1) H X(A + Q) B03MymefT 

HOfi CHCTeMbI 

(2) y « A(t) y + Q(t) y, Qe C,giflD), y e Rn
9 

coBna^aiOT, ecjin BbinojiHeHo ycjioBHe A[g] < — a(A) (aHanorHHHbiH pe3yjibTar 
oTHocHTejibHo K034><j>mjHeHTa HenpaBHJibHocTH JfcmyHOBa [1, c. 51] ycTaHOBJieH 
JO. C. EoraaHOBbiM [5]). Bo3HHKaeT Bonpoc o coxpaHeHHH STOTO CBoiicTBa npH 
BbinojiHeHHH 6ojiee cjia6oro QJJIK HenpaBHJibHbix [1, c, 38] CHCTCM (1)) ycjioBHH 
A[6] £ -<A) < 0. 

B HacTOflmeft pa6oTe npH peuiemiH 3TOH 3a^ann floiea3aHo coBnafleHHe xapaK-
TepHCTHHeCKHX COBOKynHOCTCH X(A) H X{A + Q) COOTBCTCTBeHHO CHCTCM (1) H ( 2 ) 

npH BMnOJIHeHHH yCJIOBHfl 

(3) A[fi] ^ -a(A) < -oQ(A) = min A[<xfc], 
k 

coBnaflaiomero fl-Kfl ##aroHajibHbix CHCTCM C yica3aHHbiM Bbiuie ocjia6jieHHHM 
ycjioBHCM, H npHBeAeHbi #Be TeopeMbi o ero HeyjiyniuaeMOCTH, ,zjoKa3biBaeMbie 
c noMombio MeTo^a noBopOTOB B. M. MHJiJiHOHmHKOBa [6, 7; CM. Taicace o63op 8]. 

Teopeina 1. XapaKmepucmmecRue coeoKymocmu X{A) u X(A + Q) cucmeM (1) 
u (2) coenadawm, ecAu eunoAHeno ycAoeue (3). 

floKa3aTejibCTBO. CHCTeMy (2) npeo6pa30BaHHeM [4] 

y = XA{t) e~Atz= L(t)z, A = diag [Xl3...9 X„], Xt = Xt(A), 

npHBeaeM K BHay 

(4) i = Az + Q(t) z, zeRn, t ^ O, 

B KOTOPOM 3JieMeHTbi §y(f) MaTpHijbi Q(t) HMeioT npeACTaBjieHHH 

1 = 1 fc=*l 

rae Xij(t) H qkl(f) — cooTBeTCTBeHHO 3JieMeHTbi MaTpHi* XA(t) H Q(i), a J^ilf) — 
ajire6paHHCCKHe flonojraeHna ajieMeHTOB xki(0 MaTpHijbi XA(t). npeflCTaBjijm MHHOP 

il/fci(0 3JieMeHTa xki(t) B BHfle onpeflejiHTejra MaTpmjbi X{ki)(t) n-ro nopaflKa,. 
nojiyneHHOH H3 MaTpmjbi XA(f) 3aMeHOH SJICMCHTOB xH(t) i-ro cTOJi6ija HyjiHMH 
ttpH / T* k H eAHHHneft npH / = fc, H 3aTeM nepecTaBjiaa B MaTpHije Jf*W)(0 STOT 
noJiyneHHHH UuA CTOJi6eij H 1-BIH H ocymecTBjrafl Taicyio ace nepecTaHOBKy *-ro 
H 1-ro CTOJI6HOB B MaTpHije Z^f), H3 npeflCTaBJiemiH (5) c noMombio 4>opMyjibi 
n. 5 H3 paSoTbi P. 3 . Bmiorpafla [9] BbiHHCjieHHH onpeflejiHTejifl KBa#paTHOH 
MaTpHUbi nojiynaeM HepaBencTBa 

(6) I qtJ(t) ] < n || Q(r) II || x/f) || I det^(*) |" l max \Xk£i) | exp (A, - Xj) t S 

S « Jl 6 (0 II [II Jcj(0 |/1 x t(0 || sin a4(0] exp (A, - i ^ s n l Q(0 || *$). 
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OB MHBAPWAHTHOCTH IIOKA3ATEJIEPI JIHnYHOBA 

IIojiyHHM xenepb acHMirroxH^ecKHe npeflCxaBjiemwi #JIH HopMBi z-oii cxpoKH 
JCJ(0 = (Xu(t\..., Xni(t))/det XA{t) MaxpnijBi XA\t). npeflCxaBjraa, KaK H BHIIIC, 

ajire6paHHecKHe flonojmeHHa Xuif) cooxBexcxByiomHMH onpe^ejiHxejiHMH n-ro 
nopaAica H ocymecxBjiHH yxa3aHHBie nepecxaHOBKH CXOJI6IJOB, C noMombio yace 
HcnojiB30BaBuieiicH <|>opMyjiBi n. 5 H3 [9] fljia Bexxopa xt{t) 6y#eM HMCXB npefl-
cxasjieHHe 

(7) xt(t) - WO/II **(0 || sin « # ) , ft|(fl = ( ( - l ) f + 1 sin au(t),..., (-1)'*" sin ani(0), 

r/je nepe3 a*f(0 o6o3H.aHeH yroji Meacay eflHHHHHBiM KoopflHHaxHBiM BeKxopoM efc 

H JIHHCHHBIM npocxpaHCXBOM /7j(0 BeKxopoB xt(t), ..., *i-i(0> x i + 1 ( r ) , . . . , xn(0-
ycxaHOBHM cymecxBOBaHHe xaKoii nocxoHHHoii ct > 0, HXOSBI npH Bcex t }£ 0 
6BIJIO BBinoJiHeHO HepaBeHcxBo || A4(f) || ^ c f. fleiicxBHxejiBHO, npeanojioacHB npo-
xHBHoe || ht(t) || ~> 0 npH f -> + oo, nojiy^HM, HXO Bee sin ccki(t) cxpeM^xca K 0 
npH t -* + oo, fc = 1, . . . , « . IIoaxoMy npn KaKOM x̂o flocxaxorao 6OJIBUIOM t 
MOSCHO AJIH BCHKoro KoopflHHaxHoro BeKxopa ek (B opxoroHajiBHOH cncxeMe Koop-
AHHax) yKa3axb xaKoii BeKxop tk(t) e i7j(0, HXO sin <t {e^, e*(0} 6yzjex aocxaxoHHo 
Maji. B pe3yjibxaxe 6yAeM HMext/i JIHHCHHO He3aBHCHMBix BeKxopoB et(t), ..., ew(0, 
npHHa^jieKamnx npocxpaHCXBy 77f(0 pa3MepHocxn n — 1, — npoxHBopeHHe. 
HxaK, .ZJJWI HopMBi Bexxopa Af(0 BBinoJiHeHO HepaBeHcxBo 0 < ct fg || /*((f) || g n, 
f ^ 0, a xeM caMBiM, B CHJiy (7), H xpeGyeMaa acHMnxoxiraecKaH oijeHKa 

(8) 0 < const = ct < || xt(t) || || xt(t) || sin"af(0 ^ «, i = l B , I ^ 0 . 

Kb (8) AJUI K03<|><J>HipieHxa HenpaBHJiBHOCXH (T(^) CHCXCMBI (1) nojiynHM Hosoe 
npe^cxaBJieHHe 

(9) c{A) = max {J,j>J - ^ [ ^ sin a,]}, 

B KoxopoM Xj = xt(t) — /-BIH cxoji6eij — pemeHHe ee HOpMaJiBHOH CHCXCMBI 

penieHHii XA(t)9 a a* = a^f) — yroji Me»CAy BeKxopoM x f(0 H no^npocxpaHCXBOM 
ocxajiBHbix BeKxopoB, cocxaBJiaionpix Maxpimy XA(i). H3 paBeHcxBa (9) H oije'HOK 
(6) laMeeM HepaBeHCXBa >l[§jj] ^ 0 npH i ^ j9 a no ycjiOBHio #0Ka3BiBaeM0H xeo-
pcMBi — HepaBeHCXBa A[§H] < 0. 

Tax KaK, B CHJiy (9), A[$ij] ^ <r(A) = <r9 xo AJIH npoH3BojiBHoro HHCJia 8 y e 
€ (0, o- - <r0) HaiiflexcH TaKofi MOMCHX T(y) g 1, AJIH Koxoporo BBmojiHeHBi He
paBeHCXBa 

(10) ln$ij(i) <(<r + y)t, i9j « l , . . . , n , ^ T(y). 

3a4>HKCHpyeM ^ajiee npoH3BOJiBHoe HHCJIO e € (0, y/2n+1). n o onpewjieHHio nncjia 
<r0 (CM. ycjiOBHe (3)) cymectByex MOMCHX r(a) S 1, OTH Koxoporo 

(11) S i(0 5 s i n ' 1 *M ^ exp (a0 + e) U i - 1. < - *.t 2 *(«). 
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Be3 HapyuieHHH oGmkocxn .CHHxaeM T(y) ^ r(e). H3 HepaBeHCXB (10) BMxejcaex* 
B nacxHocxH, cjieayiomee #-CBOHCXBO: ecjm B HeKoxopwH MOMCHX t0 g T(y) H JUIX 

Hexoxopbix i<k BbinoJiHeHO HepaBeHcxBO $ik(t0)^y/si(t0) exp t0{a + y)/2 == (pi(t0)> 

xo BLinojiHeHO xaKHee H HepaBeHcxBO $u(t0) g <Pi(t0) npn Bcex/ = i + 1, . . . , « . 
flcficxBHxejiLHO, B cjiynae / = k B CHJiy (11) HMeeM HepaBeHcxBO <&ki(t0) ^ «yfc(f0) 
<s/si(t0)exp [ (-(7 - y) /0/2] ^ <Pi(to)- J&* I ¥* k9 npeflnojiaraa HeBLinojiHeHHbiM 
Heo6xoflHMoe HepaBeHcxBO $u(t0) S <Pi('o)> npHXOflHM K cjieayiomeMy npoxHBo-
peHHK) <Plk(t0) = $ik(t0) *ii0o)Ai(^o) > e xP (ff + ?) '0 c HepaseHCXBOM (10). fljia 
Kaacfloro ie {I, . . . , / i — 1} BBefleM B paccMoxpemie <J>yHKmra 

Af'(0 = max *y(0» ^ i ( 0 = m a x *ji(0» j = i + 1 , . . . , w. 

HCXOA« H3 HeKoxopoii XOHKH t'0 g: T(y), B Koxopoii Mi(tl
0) = exp (o- — y) f 0, no-

cjieflOBaxejibHo nocxpoHM oxpe3KH [t*h fj+i], 1 e { 1 , . . . , n - 1}, / ^ 0, c Komja-
MH, onpê ejifleMBiMH RJIZ k ^ 0 paBeHCXBaMH (HH»ee, r#e 3x0 He AHKxyexca He-
O6XO,AHMOCXI>K), 6y#eM onycKaXb HHfleKC / y HHCeji t]) 

(12) M'it^j)** exp (a-y)tAk+n J=*<U; M 1 ^ ^ ) = <pf(r4k+/),j = 2,3, 

xax HXO .jyia paccMaxpHBaeMwx A: ^ 0: 1. M\i) > (pt{t) Ha HHxepBanax (f4k,. 
'4*4-2) H (*4*+3, ^ + 4 ) ; 2. Jlf*(0 < exp((T - y) t Ha HHxepBajiax (f4*+1,'4*+4^ 
3. OXpe3KH [t4k> Uk+l} H [*4k+2> Uk + d] HMdOX MaKCHMaJIbHO B03MO»CHyK> 
fljiHHy. 3aMexHM, HXO SXH oxpe3KH npn HeKOxopwx ink Moryx BbipoHCflaxbca: 
H B XOHKH Ha nojiyocn. fljia flJiHH aee HHxepBajioB (/2i-i» hi), na Koxopwx no-
nocxpoeHHK) <pt(t) < M\i) < exp (er — y) f, cnpaBefljiHBM HepaBeHCXBa 

(13) t2i - t2l-x * J ^ T ^ ' i i - i ~ c°> s u p I A{t) fi ^ M ' 
4(a -f 4M) ,g0 

c HekoxopoH HOCXOAHHOH c0 — c0(y4) > 0. fleScxBHxejibHo, B cjiynae / = 2K^t 

B CHJiy (11), (12) H sw6opa nnceji y H e .zjjia 4>yHKî HH M\i) HMeeM HepaBeHCXBa 

(a - ff0) 4'1t2l^1 - <r(r2l - f ^ O ^ (a - y) t 2 I - 1 - 2~H^ + ^0 + 7 + <D 2̂J ^ 

S In A / ^ 2 ^ 0 - In MXtad = In * f | ( r a u i ) - In M\t2X) Ik 

£ In [ # ^ - i ) / < M < 2 i ) ] ( 8 ) ^ In (ncr1) + In [|| xp{t2l_t) ||/|) xp(t2l) ||] + 

+ In [I S ^ O I/I X1O21) II] + WF - Ai) Oai - ^ai. 1) ^ c + 4M(t2l - ^ J , 

H3 KoxopHX H nojiynaeM oî eHKy (13). AHajiorHHHBiMH paccyaĉ eHHHMH ycraHa-
BJiHsaexca cnpaBefljiHBOcxb HepaseHCXBa (13) H B cjiynae / = 2 k. Tlpn 3X0M npeA-
noJiaraeM, HXO npH Ka»woM i peajiH3yexcK xyAfflHH cjiynafi — nocjieMOBaxejibHOCxî  
{t\} KBjiHexca 6ecKOHeHHoit OHa HBJIHCXCH H HeorpaHHHeHHofi, xaK KaK B npoxHB* 
HOM cjiynae {/}} | © < + 00 4>ynKî M Aff(0 6tiJia 6w pa3pbiBHofi B XOHKC t = 0. 
IIo3X0My 6e3 HapyuieHHH oGmHocxn xoHKy t'0 cnnxaeM HacxojibKO 6ojibuiofi, HXO« 
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OB MHBAPMAHTHOCTM I10KA3ATEJIEtf[ JIHriYHOBA 

HepaBeHCTBo 

(13!) t2i - *2i-i ^ cx(A) t2l_l9 ct(A) = {a - <r0)/5(<r + 4M), 

BbinojiHeHO npH BCCX i = 1, . . . , n — 1 H / ^ 1. 
/Jjia Kaac^oro i e {1, ..., w —' 1} onpeaejraM Ha [f0, -f oo) <J>yHKijHio 

h (t) = I« x P( - l ) 1 + , « i ' . *e(* 2 | , l 2 l + 1 ) , 
" i + l W (exp^Ofi^, I G [ * 2 I + 1 , I 2 I + 2 ] , / & 0 , 

i\zje st == e 2n"~\ f, = f), c JIHHCHHOH Ha KaxcaoM H3 CBOHX npOMeaeyTKOB onpe-
flejiemra 4>yHKiiHeH /^(O, npHHHMaioineH 3HaneHHfl PiiUk) — Pi(t4k+l) — - 1 , 
Pi(Uk+2) = />*('«+3) = 1- fl** npoH3Bô HOH 4>yHKUHH <5*+i(0 cnpaBeflJiHBM 
OHeBHAHaa oî eHKa | Si+1(t) l/<5»+i(0 ^ e,- npH te(t2i, t2i+i) ** B CHJiy (lSj) 
OIjeHKH 

I *«+l(0 l/*l + l(0 ^ «»[1 + I /XO I t] i 6,[1 + 2t,/(<2« - .*2l-l)] S 
^ [3 + 2cY1(A)~\el,te(t2l_lit2l), 

TaK HTO |5,(0l/5,(r) g c(̂ 4) e npn Bcex i = 2, ...,n H t ^ t0 = max /£, k <=\, ... „ 
« — l. BBefleM Taxace B paccMOTpeHne 4>yHKi{HH 

/?i(0 s 1, WO = ri/J/0, * = 2, ..., n, * £ |0. 

fljiH HX npoH3BOAHbix, B CHJiy npeflbiayiijero, cnpaBeAJiHBH OUCHKH 

(14) I fat) \IPit) <, nc(A) £, i » 1 , . . . , n, * £ t0 • 

IIoflBeprHeM CHCTeMy (4) /J-npeo6pa30BaHHK> 

z = diag [p±(t)9..., fijfif] w = p(t) w9 te[t09+ oo). 

B pe3yjibTaTe nojiynuM CHCTeMy 

(15) * = [A - P(t) /J" HO] w + C(0 w, w 6 Rn
91 g t0, 

C KyCOHHO-HeilpepHBHHMH K03(f>(j)HimeHTaMH H 3JieMeHTaMH Cij(t) = $ | / 0 # / ( 0 / 

/A(0> *>./ = 1 , . . . , w. OiHTaH, 6e3 HapyineHHa o6mHocTH, MOMCHT t0 Hacrojibico 
SojibuiHM, HTO n || Q(t) || exp a{A) t + || 6 ( 0 II ^ exp ef, t ^ to, AJia (j>yHKijHH: 
c y (0 nojiynHM cjieayiomHe OIJCHKH. C yneTOM (6) H npê cTaBJieHHfi ;yiH (j>yHKUHit. 
Sk(t) HMeeM B cjiynae i < j HepaBeHCTBa 

I c,/0 I JS » I 6(0 II * f/0 *l+x(0 • • • 6/0 ^ Mf(t) x 
n-l n - 1 i 

xexp (s - a 4- £ e,) f < exp (-y + E £ 2') f < exp (~y*/2), 

ô S te[t^l9Uk+tl k£0; 
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n - 1 n - i - 1 

0 6 ) \ciJ(t)\£exp(e-ei + £ ek)t^ expe(-2w" i + X! 2*) J = exp(-eO> 
*=i+l k = 0 

*o ^ * e | > 4 * , * 4 * + i ] . fc^O-

fljia AHaroHajibHtix SJICMCHTOB no BBi6opy t0 H oiteHOK (6) H (11) HMeeM HepaBeH-

CTBa |cj,(f)| ^ exp ((T0 - <r + 2s) f ^ exp (<r0 - a) f/2, f ^ /0-
fljia oî erocH |Cj|(OI»y > *\ oTMeTHM CHanajia, HTO B CHJiy ^-CBoiicTBa Ha OTpe3-

KaX [f4 k , f4 J k + 2] H [*4* + 3 , *4fc+4]» Ha KOTOpHX Af'(f) ^ <?i(0, Heo6xO,flUKMO BBI-

nojiHeHo HepaBeHCTBO Af^f) ^ <p*(0> a TeM caMBiM H HepaBeHCTBo Mt{i) < 
< exp (a — y) V. IIosTOMy Ha STHX oTpe3Kax HMeeM 

I cj{{t) \<kn\\ Q(t) || #y i(fl [6 l + - i (0 . - 6 / 0 ] ' " 1 ^ MM exp (e 2" - <r) *. 

Ha OTpe3Ke ace [*4*+2> ^ + 3 ] 4>yHKiP*fl <5r+i(0 coBna^aeT c exp B{t H no3TOMy 
ItyiCOl Ha HeM oi^eHHaeBTca Tax»ce, KaK H B (16). TaKHM o6pa30M, ||C(0II =? d0 exp 
(—et) fljia Bcex t *£ t0. IIo3TOMy H B CHJiy oijeHOK (14) cncieMa (15) B COOTBCTCBHH 
c TeopeMofi 15.2.1 [2, c. 208] HMeeT HopMajibHyio ynopaflOHeHHyio CHCTeMy peuie-

HHH W(t) = [VV (1)(0, . . . , W ( w ) (0] c yAOBJieTBOp^IOHliHMH HepaBeHCTBaM 

(17) Xx - (1 + n) cs S A[w(/>] £ A[w(/)] ^ Xt + (1 4- n) ce, / = 1, . . . , n, 

HH3KHHMH H xaparrepHCTHHecKHMH noKa3aTeji«MH ee CTOJI6IJOB wil)(t). TaK KaK 
HWOIIt IIJS'HOII ^ exp £*2rt, * ^ f0, TO perueHHe Z ( 0 ( 0 = p(t) w«\t) CHCTCMBI (4) 
HMeeT HHKHHE H xapaKTepHCTHHecKHH noKa3aTejiH, yflOBjieTBopaiomHe npn Bcex 
^ocTaTOHHo MajiBix e > 0 oijeHKaM Aj - de ^ ^[Z ( l ) ] s5 ^[Z ( i ) ] g Xx + da c He-
KOTOpOH nOCTOAHHOH d = d(4) > 0, T. e. TOHHBIH noKa3aTejn> A[Z(Z)] = A[Z ( 0 ] = 
= i | . H3 nocjieflHHX paBeHCTB, oijeHOK (17), HepaBeHCTBa Af/?"1] ^ 2ne H Majiocra 
fi> 0 cjiejjyeT HopMajibHOCTB H ynopflfloneHHOCTb CHCTCMBI pemeHHii Z(t) = . 
= /?(*) FF(f) CHCTeMBi ypa^HeHHH (4). 

IIoKa3KeMTenepi>, qxo <f)yH,n;aMeHTajibHafl CHCTeMa peuieHHH Y(t) = L(t) Z(t) = 
== [y ( 1 )(0» .-»y (" )(0] ,CHCTCMH (2) HBJiaeTCH HopMaJibHoii, H AOKaaceM paBeHCTBa 
A[>>(l)] as A|, / « l , . . . , n. HepaBeHCTBa A[y ( l )] -? A| oneBH^HBi, TaK KaK A[L] = 0. 
npeOTOJIO^CHM, HtO flJIfl HeKOTOpOH JIHHeHHOH KOM6HnHai^HH 

y(0 = f csy^\t) = L(0E c^\t) = L(0z(0 
5 = 1 S = l 

s 

C JlOCTOHHHBiMH C , ^ 0 H HH^eKCaMH /(51) > / (s - 1) BfclHOJIHeHO paBeHCTBO 

^ M ^ ^f(p) *- 5, 5 > 0. H3 CHCTeMM (4) AJIH /-OH KOMnoHeHTH zt(t) ee pemeHHa 
2(/) nojtytmeM ypaBHeHtie 

zt « AiZ, + eA"(x f(0, g ( 0 KO) s ktZi + /XO, 

B KOTOpOM A[ /J g Aj(J>) — 5* nO3T0My H3 HHTerpaJIBHOTO npeACTaBjieHHa 

(18) z,(0 = exp kit ^ t0) [z(((0) •+ J / , (T) exp Xt(t0 - x) dt] 
'o 
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B cjiynae Xt < xl(p) c Hcnojib30BaHHeM jieMMbi JlnnynoBa o xapaicxepHCxifHecKOM 
noKa3axejie H%erpajia cpa3y nojiynaeM HepaBeHcxBo X[z^\ S max {Xi9 A/(p) —$}. 
ECJIH ace Xt > Xl(p)9 xo cxoflnxca HHxerpaJi 

+ 00 

Wo)=* J/itoexpA^o-'OdT 
to 

H B cjiynae Xt :> Xl{p) Heo6xo£HMo Zj(f0) = —Ii(tQ) (B npoxHBHOM cjiyqae H3 (18) 
HMejiH 6bi HepaBeHcxBo X[z[\ =5 ^ > Aj(p), irpoxHBopenamee paBeHCxsy X[z\ =» 
= At(p))> HTO tipHBOAHx K HepaBeHCXBaM A[zJ ^ t̂(p)~5» IIo 3xofi ace npnnflHe 
Heo6xô HMO cymecxByex HOMep m e N(p) =» {/: Af = Aj(p)}, AJIH Koxoporo 
*m('o) +• W o ) ^ 0, TaKHM o6pa30M, 4J1H (̂ yHKUHH z((t) cnpaBeAJiHBbi HepaBeH-
cxBa X\z^\ < Al(p)y ecjiH i$N(p)9 H npe,acxa9JieHH5i 

*i(0 = 0*('o) + WiO, '0)] exp A/(p)f, A[uf] < 0, i e N(p),\ 

C HeKOXOpblMH HOBblMtl 3HaneHHflMH Zf(/0)> yflOBJieXBOpflKMIJHMH yCJIOBHIO 

(19) X |2^0) l>0. 
ieN(p) 

rioaxoMy, o6o3Hanaa nepe3 lt(t) /-bra cxoji6eij MaxpHijbi npeo6pa30BaHHH L(t), 
flJifl pemeHHH y(t) cncxeMbi (2) HMeeM npeACxaBjieirae 

y{i) = £ ^ ( 0 /,(*) + £2t/.(f, f0) x£(0 + £32^0) **('), 

r w cyMMnpoBaHHe rtpoH3Bô HXCH: B IX — no BceM HHfleiccaM i$N(jp)9 B £ 2 

H 2*3 — no BceM 1 e iV(p). Tax KaK A[/J = 0, xo X[Zk~\ < Xl(p)9 k = 1, 2, B CHJiy 
ace (19) H CBoMcxBa HopMajibHocxn cncxeMbi peuieHHH XA{t) cncxeMbi (I) nojiynaeM 

XKp) n, KaK cjie^cxBHe, /l[y(l)] = Xt. TeopeMa 1 
nojiHocxbio AOKa3aHa. 

CjieACXBHe. XapaKtnepucmmecme coeoKynnocmu X(A) duazonaAbHoU cucnteMi* 
(I) u X{A -H Q) eo3MyufeuHou cucmeMu (2) coenadarom, ecAu A[(?] ^ — &(A) < 0. 

HeyjiyninaeMocxb co^epacaiomerocH B 3XOM dieflcxBHH ycjiOBHa ycxaHaBjiHBaex 
cjieflyiomaii. 

TeopeMa 2. fan AK>5UX uuce/i a > 0, At < ... < Aq9q ^ 1, u 6oAbtuux I no* 
mypaAbHbix ni9...9nq cyufecmeyem duaeoua/tbHax cucmeMa (1) pa3MepH0cmu 
n = pq s nt + ... + «€ c xapciKmepucmmecKUMU nom3ameAHMU Xt(A) » Afc, 
1 =/>*-i + 1 , ...,/>*» A: = 1, ..., g, p0 = 0, u K03(fi(fiuifueHmoM nenpaeuAbHocmu 
a{A) = a mama, umo 6AH AWSOZO a > 0 naudemcH Mampuifa Qe e Cj°0, <#) nopxdica 
n9 dAH Komopou A[£?e] ^ e — cr u xapaKmepucmmecKue noK<X3ameAU X^A + QJ 
cucmeMbi (2) see pa3Aunnbi u X{{A + ge) 56 A/(,4) npfi ffcex /,y =* 1, ..,, n. 

HeyjiyninaeMocxb ycjioBHH (3) xeopeMbi 1 ycxaHasjinBaex 
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TcopCMa.3> flAXArodbixeeKtnopa A e RnuuuceA ke {1, ..., n .— 1}, fie \Xk> Xu+lJ 
ua > 0 cyufecmeyrom cucmeAta (I) cxapcucmepucmmecKou coeoKymocmbw X(A) —X. 
u K03(fi(f)utfueHmoM nenpaeuAbHocmu a(A) = (70^) = a u ydoeAemeopntoiifaM ycAo-
euro X[Q\ ^ — a(A) Mampui^aQ e C°09 ^ n-ro nopndKa mctKuey umo X(A + Q) =• 

B 3aKJ«OHeHHe npeajiaraeM cjieayioiuHe 3a#aHH: 

3aflana 1 BHHCHHXB, flBjiaexcji JIH ycjioBHe (3) xeopeMBi 1 HeyjiyniiiaeMLiM 
H B CMticjie xeppeMBi 2, x. e. AJIA JIK)6BIX JIH BeKf opa X e Rn H HHCCJI <r > o-0 ^ 0 
cynjecTByex cncteMa (1) c X(A) = X9 a(A) = <r H yrJioBofi HenpaBHJibHOCxbio 
ffoGi) = (T0 xaicafl, HXO AJifl JiK)6oro e > 0 HaHAexca yAOBJiexBOpfliomaH ycjioBHia 
A[2J ^ e - (T(y4) Maxpnî a g e e C^, «>) ^-ro nop^Ka, AJI* Koxopoii A(̂ 4 + g j # 

3aAana 2. Qimcaxb rpo6MaHOBCKHe cneKxpajibHbie MHoacecxBa rn{A) — 
= {X(A + 0ejR n :A[<2] ^ — ?(>4)} HenpaBHJibHbix CHCxeM (1), B nacxHocxH, 
BBIHCHHXB cymecxBOBaHHe 9XHX MHoacecxB c mesnrn(^4) > 0; 

3aAana 3. Ilycxb <rA(A) — KoacJxjraijHeHx HenpaBHjibHOCXH JlanyHOBa [1, c. 51} 
CHCxeMbi (1). By^ex JIH X(A + 0 = X(A) npn BtinojiHeHHH ycjioBHfl A[Q] < 
^ -*A(4) < o? 

JIHTEPATYPA 

[11 A. M. JlanyHOB, Co6pame couuHemu. B 6-TH T. T.2 . H3#aT. AH CCCP, M.—JL, 1956. 
[2] B. 3>. EMJIOB, P * 3 . BHHorpafl, fl. M. rpo6MaH, B. B. HCMMIIKHH, TeopuxnoKd3ame/ieu 

Jlnnynoea u ee npuAOxcenun K eonpoccm ycmomueocmu. Hayxa, M., 1966. 
[3] O. Perron , Die Ordnungszahlen der Differentialgleichungsysteme. Math. Z., 31 (1929), 7 4 8 - / 6 6 . 
[4] fl. M. rpo6MaH, XapaKmepucmwecKue nommmejiu cucmeM, 6AU3KUX K AuneunbiM. MaTeM. c6.* 

30(1952),,N2l, 121—166, 
[5] K>. C. Bor^aHOB, XapaKmepucmwecKue HUCACL cucmeM Ameunbix du$$epenuuaAbHbix ypae-

nenuu. MaTeM. c6., 41 (1957), Jfe4, 481—498. 
[6] B. M. M«Ji^HOHmHKOB, Kpumepuu MOAOZO mMeneuun uanpaeAenuu pemenuu AUWUHOU CU-

cmeMM butf>$epeHUUCUibM*x ypaenenuu npu MOAHX eosMyufeHunx K03$$uuueHmoe cucmeMbt. 
MaTeM. 3aMeTKH, 4 (1968), Jfe2, 173—180. 

[7] B. M. MHJIJIHOHIH,HKOB, floKcuameAbcmeo docmuncuMOcmu ueHmpaAbHbix nOKa3ameneu AU-
Hembix cucmeM. CH6HPCKHB MaTewt. ac., 10 (1969), >fe 1, 99—104. 

[8} H. A. M 3 O 6 O B , JIuneuHbie cucmeMbt o6biKHoeeHHbix du$$epeHUUdAbHbix ypaenenuu. MaTeM. 
«. aaaJiH3 (HTOTH Hayxn H TexHHKH), 12 (1974), 71—146. 

[9j P. 3 . BHHorpa^, Hoeoe doKasameAbcmeo meopeMU Tleppona u neKomoppie ceoucmea npaeuAb* 
Hbix cucrrieM. VcnexH MaxeM. Bayic,.9 (1954), Ms 2, 129—136. 

ifc A. HpoSoe, O. /T. CmenanoeuU 
Ail BCCPt JffHcmwnym MameMamuKu 
220604 MUHCK 
CCCP 

<m 


		webmaster@dml.cz
	2012-05-09T20:41:47+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




