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THPOCKOIINYECKAS CTABMIM3AIIMA
H MAPAMETPHYECKMHM PE3OHAHC

PaccMmaTpuBaeTcsd 3agaya 00 yCIIOBHSX THPOCKOMUYECKON CTAaOHIH3aLHH HEYyCTOH-
YUBBIX PABHOBECHHM C MOMOLUBIO THPOCKOIIHYECKHX CHJI C BBIPOXIECHHOH MaTpHLEH.
Ba>XHbIM NpUMEPOM CIIYXAT CHCTEMbI C HEYETHBIM YHCIOM cTeneHed cBobojnl. C no-
MOILbI0 HEABTOHOMHOI'0 OPTOrOHAJILHOTO NpeoOpa3oBaHUg MOXHO BOOOIe H30aBUTHCS
OT THpOCKONMUYEeCKHX cuil. Ilpu 3TOM ypaBHEHHs ABHXEHHS NEPEXOAAT B CHCTEMY
ypaBHEHMH THNA IllTypma—JIHmema C 3aBHCSLIIUM OT BPEMEHH NMOTEHUHANIOM. Y Ka3aHbl
YCIIOBHS Ha KOCOCHMMETPHYECKYIO MATPHILY THPOCKOMMYECKUX CHII, IPH KOTOPLIX HOBbLIM

MOTEHIHAJ 3aBHCHT OT BPEMEHH NEPHOTAYECKH. DTH YCIIOBHS 3aBEOMO BbITIOHEHBI JJIS
HEHYNEeBbIX MAaTPHL| THPOCKONMHMYECKUX CHJI MUHEUMANbHOTO paHra, paBHOro AByM. Takum
0o0pa3oM, 3alaya 0 THPOCKONHYECKON cTaOUMIH3alliy CBONUTCS B PARE CIy4YacB K KCClIE-
HOBaHUIO YCTOMYHBOCTH FOJIOXEHUN paBHOBECHS CHCTEM C NEPHONHMYECKHM MOTEHIIHA-
aoM. IIpuMeHeHrne TeopHH NapaMeTPHYECKOTO pe30HaHCa MO3BOMSAET MOJNYYUTh HOBbIE
KOHCTPYKTUBHbBIE YCIIOBHS YCTOMYHUBOCTH PABHOBECHHM MEXaHMYECKHX CHCTEM, HaXOHs-
LMXCS TMOJ JeHCTBHEM JAONOJHUTENbHBIX BbIPOXAECHHBIX THPOCKOMHYECKHX CHI. DTH
YCIIOBHS HMEIOT BHJ| YCIIOBHH 3KCTPEMYMa HEKOTOPBIX MYHKIMHE, 3aBUCSAILMX JIKLLb OT MO-
noxeHust cuicreMbl. Oco60e BHUMaHHE YIEJIEHO YCIOBHAM YCTOWUMBOCTH NpH GONBbLINX

" THpOCKONMU4YecKHXx cunax. Ha npumepax noka3aHo, 4TO HalieHHbIE YCIIOBHSA THPOCKOIH-
4YECKOHN CTAaOMNU3AUMH ABIAIOTCA JIMIL JOCTATOYHbIMH., OHAKO €CJIM B NOJIOXECHHH
PaBHOBECHS ITOTCHIHAIbHAS SHEPTrUsl HMEET MAKCHMYM M MAaTPHLA THPOCKONMHYECKHX CHII
HEBLIPOXACHA, TO OHH OTU3KH K HEOOXOAHUMBIM YCIIOBHSIM YCTOHYHBOCTH.

1. CBenenne x HeaBTOHOMHOMY ciaygaio. Kak u3BecTHO [1], Manble KoneOaHna TAHAMU-
YEeCKOHM CHCTEMBI BOJIN3H MOJIOXEHASA PABHOBECHS YAOBJIETBOPAIOT THHEHHOMY YPaBHEHHIO

X+ITx+Px=0, xeR" (1.1)

rae I' — xococumMeTpHudecKas (n X n)-MaTpHLa, a MaTpuna P cumMmeTpuyHa. Crnaraemoe

—I'x uMeeT cMbBICH rHPOCKONAYECKOH CHJIbI, ACHCTBYIOILIEA HA CACTEMY.

Touka x = 0 — nonoxenne paBHosecuss. O630p pe3yALTATOB IO NMpO6JIEME YCTOMYMBOCTH
paBHOBecHs cofepxuTca B [2]. OOBIYHO paccMaTpHBaETCA Clydad, KOrna noreHuuaabHas
sHeprus V = (Px, x)/2 AMeeT MaKCIMYM.

Oxka3sniBaeTcsi, MOXHO BOOOIIE H36aBHTHCA OT THPOCKONMYECKHMX CHJI, €CIIH CAENaTh
3aMEHY NEPEMEHHBIX

x=A(t)z, A=exp(-Tt/2) ' (1.2)
B HOBBIX KOOpAAMHATax z ypaBHEeHHE (1.1) npuHAMaeT BUJ

i+Q(t)z=0, Q=A"(P-T?/4)A L (13)
OpHako nocie Takou 3aMeHbl PpyHKkuua Jlarpamka .

L=(z,2)/2-(Qz,2)/2 (1.4)

yXe sIBHO 3aBHCHT OT BpeMeHH. OTMETHM, 4YTO nocie oOpaTHOHR 3aMeHbl (1.2) narpamkuaH
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(1.4) nepexoguT B (pYHKIUHIO
L=(x,x)/2+(x,I'x)/2-(Px,x)/2

YpaBHeHHs Jlarpanska ¢ TAaKHM JIarpalbkKMaHOM, OYE€BHIHO, coBnagaor ¢ (1.1).
Tak xak mMatpuna I" kococmmmeTpryeckas, To MaTpuusl A 1 A~! oproronanensie. Cie-

IOBAaTEJIbHO, 3aJJayd OO YCTOMYMBOCTH TPHBHAJLHBIX pelucHUi ypaBHeHui (1.1) u (1.3)
3KBHBAJICHTHBI.

Ha nmepBbIHd B3risj KaxkeTcsl, YTO CBEACHHE K HEABTOHOMHOM CHCTEME TOJBKO YCIOXKHIET

MCCIEAOBaHHE YCTOMYHBOCTH. OTHAKO NPABEICHHbIE HIDKE NPAMEPHI NOKa3bIBalOT, YTO 3TO
HE TaK.

1°. IIpepnonoxuM, yro MaTpuausl I' 1 P xommyrapyror: I'P = PT'. Torpa matprna Q He

3aBHCHT SIBHO OT BPEMEHH H KPUTEPHHU ‘THPOCKONHMICCKON CTAaOMIM3alMu CBOJHUTCA K Clie-
AYIOILEMY: U3MEHEHHAR NOMEHYUANAbHAR IHEPUR

W(z)=(Pz,2)+(Iz,I'2)/4 (1.5)

MMEET CTPOrHH MEHHEMYM B TOYKeE Z = (. TOT pe3yabTaT NOJy4YeH JPYTEM CIOCOGOM paHee
[3].

2°. Ilycrb xBagpaTuuHas popMa (1.5) HenonoxurensHa i Bcex z € R”". Torpa L = 0
H, COTJIaCHO NMOJyYEHHOMY paHee pe3yiabrarty (4], pasHoBecne z = O cucrems! (1.3) He-
ycTonuyuBo. CnegoBaTeNnbHO, Hcycroﬁqnno H paBHOBecHe x = () ucxonHou cucremsnl (1.1).
ITOT pe3yabTaT OblI nonydeH [5] npu Gonee cmnbHOM ycinosuu: ¢popma (1.5) orprua-
TEJILHO ONpeficyICHa. -.

3°. IIpepnonoxunM, yro MaTpuua Q(f) nepuogAdHa o BpeMeHH. B 3ToM ciyyae Knaccu-
YECKHH pe3ynbTaT TOMCOHa O HEBO3MOXXHOCTH I'HPOCKONMHYECKOH cTabMNIn3anuu paBHO-
BecHss x = () NpH HEYETHOH CTENEHHA HEYCTOMYMBOCTH BBIBOAHTCA H3 OJHOU (HhOPMYIIbI
Xwunna, cBA3bIBAIOLUEd MYJIbTHIUIMKATOPhI HYJIEBOrO MEPHORMIECKOrO PEIIEHAS CACTEMBI
(1.3) c ero uagekcom Mopca (cM. [6, 7]). B cBa3E ¢ 3TEM 3aMedyaHneM ObLIO OBl MOJE3HO
pacnpocTtpaHuTh ¢opMyny Xunia Ha 6onee oOmui cnyyai, KOraa 3JIeMEHTbI MaTpHIbl O
3aBHCAT OT BPEMEHH YCIIOBHO-NICPHORAYECKH.

2. CTpyKTYypa rApoCKONNYEecKHX CHJI VI CHCTEM C NEPHONHIECKHEM moTennuanom. ITo-
JIOXKHM

r=ys'I, S : - @2.0)

, rank I, =2k

§,
I, =diag(J,...,J,0), J=
¢ = diag( ) "_1 0

Y — BEIIECTBEHHOE YHCIIO, S — OPTOroHaidbHasAs (n X n)-MaTpHiia. MOXHO CYHTAThH, YTO
Y > 0: ciny4ai Y < 0 cBOAHTCA K 3TOMY NOCJIE 3aMEHBI 1 — —.
Tak Kak

(S7IS)T = —(S7IS)

TO MaTpHuua (2.1), gercTBUTENBHO, KOCOCHMMeTpHUYecKasn. OOCyIuM ee CBOMCTBa.
1°. MaTpuua exp(x I't/2) — (4n/y)-neprogmyueckas no.

HeHcTBATENBHO, 3Ta MATPHLIA YAOBJIETBOPSET YPaBHEHHIO
A=1TA/2, A(0)=E.

[Tonoxum A = [uy, ..., u,], rne u; € R" — pemenns nuHeAHOM cUCTEMBI
u==xT'u/2

CrnenoBaTelILHO, |
u=1ySTISu/2
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[TIonaraem v = Su m BCnoONBb3yeM yCIOBHE OpTOroHanbHoctd S7 = §-1:
v=%yIlLv/2

Ecma v=(vy, ..., )T, TO
fjl =i702/2, f)z =:FYU1/2,..., f)zk_l =iyv2k/2

Vs = F YUy 1 /2, Uppyy=...= 0, =0

Pemennst 3Toi CHCTEMBI NEPHOAAYHBI 1O £ C IEPHOAOM 47T/Y.

2°. Ecnu I' umeert Bup (2.1), To matprua Q(f) n3 (1.3) (2rn/y)-nepuopuyna no ¢.

3pecy ucnonndyercs (47/Y)-NepHOAAIHOCTh OPTOTOHANBHBIX MaTpHl A(Y) m A-1(),
a TaKkXe TOT ¢akT, 4To PYHKIMH sin?, sin cos, OS2 HIMEIOT NEPHON T.

3°. Ins Bcex x € R" cnpaBeanuBO HEpaBEHCTBO
(Tx, Tx)—y(x,x) <0 : (2.2)

J1eACTBUTENBHO,

(ST 1Sx, ST ISx) ~ (Sx,8%) = (Iz, Iz) — (2,2) = —224 11 — .~ 22 < O

Ilpumep. TlokaxeM, 4To npH n= 3 mobas KococumMMmeTpuyeckas Matpuua I' umeet Buy (2.1),
npuyeM k=1,ecnmu I" 2 0.

OdeBHHO, AOCTATOYHO PACCMOTPETh ClIy4ait, Koraa

0 -(03 0)2
I'= (!)3 0 - (2.3)
ot O 1)) ml 0
B0’ =0 +05 +03 =1. Iycts B (2.1) Y=1 1
a a; a3
S —_ bl b2 b3
€ € €3

Torpa ® = b X a, rae M, a 1 b — BEKTOPh! TPEXMEPHOTO €BKIUA0BA NPOCTPAHCTBA C KOMIIOHEHTAMH O);,
a; ¥ b; COOTBETCTBEHHO.

BBHY OPTOTOHANIBHOCTH MaTPHUbI S
lal=bl=1 n (a,b)=0 (2.4)

AcHo, uTO ANA MOOGOro €AMHHYHOTO BEKTOpa () BCerpa HaMpyTcs ABa BEKTOpa a4 U b, yHOBIET-
BOPSIOLLHE YCIOBHSM (2.4), Takue, 4TOo 0= b X a.

3TOT npuMep MOXHO 0606muTh. [TokaxeM, 4To ecnm rankl” = 2, To Marpuna I' gomyckaer
npenacrasincHue (2.1).

BexkTop ® Ha3biBaeTcsd BHXpEBBLIM, eciin ['w = 0. Bce BuxpeBbie BeKTOpbI 00pa3yioT JIMHEHHOE

npocTpancTBo W pasmepHocTd n — 2. TTycTb BeKTOpPBI U = (4y, ..., Uy), ..., V= (Vy,... U,)T cocraBnsioT
OpTOHOpMHpPOBaHHbI# Gazuc B W. [JomonmHuM ero BekTopamu a4 = (aj, ..., a,)' © b = (by, ..., b,)T
10 OPTOHOpMHpOBaHHOTro 6a3uca B R". Marpuua =

a bl U O

a, b, u, .. v,

OYEBHAHO, OpTOrOoHaNbHas. O603Hauum ee S, IIpousBepchHue I'S~! umeer BuR
I* * 0]

rje 3Be3ouykamMi 0603HaueHbl ABa HEHYJNEBLIX cTonbna. TOT Xe BUJ HMEET KOCOCHMMETpHYECKas
matpuua S(I'S~1). Cnenosarennuo, STST = yI,, oTkyna BbiTekaeT paBeHcTBo (2.1).
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IloxaxxeM Tenepp, 4ro 3ajjada O THPOCKOMHYECKOH CTAOHIH3alHd HEYCTOMYHUBOIO
PaBHOBECHS TECHO CBfI3aHA C SBJICHHEM IIapaMETPHYECKOro pe3oHaHca. C 3TOH LEIbIO
paccMOTpHEM cinydai, koraa detl” # O (cnmegoBaTenbHO, 1 — YETHO), 4 JIEMEHTbI MAaTpHALIBI P

Maibl. IIocnegHee 3KBHBAJNIEHTHO NPEANONOXEHHIO, YTO NOTECHIMAIbHAS SHEPrus IIPHHH-
MacT yMEpEHHbIC 3HAYEHHSA, a HOpMa MaTpHubl rupockonmyeckux cun ||I']| Benuka.
YyutbiBas popmyny (2.1) u cBoicTBo 2°, ypaBHEHHEE (1.3) MOXHO NIPHABECTH K BHAY

2

7+ YTE+R(7t) y=0, yeR" 2.5)

rae y =35z a R(®) — 2n-nepropuveckas CHMMeTpHueckas (n X n)-matpuua. Ilo npen-
IONOXXEHHIO HOpMa ||P|| Mana; cnepoBaTenbHO, HOpMA ||R|| TOXe Mana.

YpaBHeHue (2.5) onucbiBaeT KoneOaHusI MEXaHAYECKOU CACTEMBI C COOCTBEHHOH 4acCToO-
To# {2 = Y/2 nop AeHCTBHEM MAJIOrO NEPHOAUYECKOrO BO3MYIIIEHHAS C YacTOTOH ® = Y. [Ipn
IP]l| = 0 umeeM napamMeTpuueckuit pe3oHaHC 2(2 = . bonee TOro, cHcreMa OKa3bIBa€TCA Ha

IPaHHLE CAMOM OMACHOM 30HBI [IapAMETPHYECKOTO PE30HAHCA, KOrjja 4acTora COOCTBEHHBIX
KoneGaHui BABOE MEHbBIIE YACTOThI BO3MyHIaomed cuiabl. TakmM 00pa3oM, BO3MOXHOCTD
THPOCKOINMYECKOHR cTabunu3anuu pasHoBecHs x = () OyaeT 3aBHCETh OT TOro, Irie¢ OKaXXeTcs

cucreMa (2.5) npu yBEJIMYECHHH 3JIEMEHTOB MaTpHUbl P: BHE HJIH BHYTPH 30HBI Iapa-

METPHYECKOI'O PE30HAHCA.
3. Ycnosusa yeronuuBocTH. OCHOBHOM pe3yJiIbTaT COCTaABISET

Teopema. IlycTs MaTpHIa rEpocKonmdeckux cun mmeet Bay (2.1). Ecna x = 0 — crporuai
MHHHEMYM H3MEHEHHOH MOTEHIMANBHOM 3HEPrUH W(x) B CTpOrHi MAaKCHAMYM Pa3HOCTH

W(x) - ¥*(x, x)/4 (3.1)

TO X = (0 — ycrodunBoe paBHOBecHe cAcTeMBI (1.1).

YToOn1 nyyiie MOHATH CMBICI AOCTAaTOYHBIX YCIOBHH YCTOMYHMBOCTH, PaCCMOTPHM
NpejeabHbIA Cly4ad, KOraa napaMeTp Y npuHuMaeT 6oJibiune 3HaYeHus1. BBeieM ITOCKOCTh

A= {x:Tx=0}

IIycte M — opTOroHanbHO€E AONONMHEHHE A, MOXHO nNOKa3aTk, 4YTO
M={x:x=Tz,ze R}

[1eCTBHTEIBHO,
x,Iz)=—(Ix,2)=0

ecia x € A. Kpome Toro,

dimM =rankl = 2k, dimA = n -rankl’

[Ipn GOnbMIMX 3HAYCHHAX Y YCIOBHE MHHHMANBHOCTH H3MEHEHHOM NOTEHUHAJIBHOMH
9HEPrum B TOUKe x = () NEpeXOauT B YCIOBHE

Vix)>0 npuBcex xe A u x#0 o : i (3.2)

B cuny HepaseHcrBa (2.2) pyHkuus (3.1) aMmeeT MakCHEMYM st OONbIIMX 3HAYEHHH Y, €CITH
Vix) <0 nmpuBcex xe M nu x#0 (3.3)

ITO YCIOBHE MOXHO INPEACTAaBHThL B CIEAYIOLIEM 3KBHBAJICHTHOM BHJE: KBaJjpaTH4YHas
dopma (PI'z, I'z) orpuijaTenbHO onpenesicHa Ha NOANIPOCTPAaHCTBE M.

TakuM oOpa3oM, COrnacHo TeopeMe, €CIH BbINONHEHb! ycnoBus (3.2) n (3.3), TO npu
OonbmINX 3HaYeHHsX Y paBHOBecHe x = ( ycroduyumBo. Panee [8] mMmeTogoM ¢pyHKIHM

JIsnyHOBa NoOJy4eHbl HECKONBbKO HHbIE JOCTATOYHBIE YCIOBHS YCTOXYABOCTH NPH OONBIIAX
I’APOCKONNYECKHUX CHJIAX.

OTtMeTuM, uTo ycnoBus (3.2) u (3.3) apnd10TCa JHiIb ROCTATOYHBIMHA YCJIOBHAMH YCTOM-
YHABOCTHA. |
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He#cTBUTENbHO, NycTb n = 3, P = diag(p,, py, p3), a Marpuua I' umeer Bup (2.3). Kak 6b110
noka3ano [8], ecnu crenenb HEYCTORYHBOCTH YETHaSA, TO KDUTEPHHA rHPOCKOINMYECKON cTaGUIH3auuu
pasHoBecHs x = 0 B ciiyyae 60bIIRX 3HAYEHHHA Y CBOJUTCA K HEPABEHCTBY

2 2 2
- p1O®] + p3 + p3w3 >0

MOXHO NMOKa3aTb, YTO 3TO HEPABEHCTBO IKBUBAJICHTHO YCIOBHIO (3.2).

Cront euie OTMETHTD, YTO U3 ycnoBHH (3.2) H (3.3) BBITEKAET, YTO CTENEHb HEYCTOM-
yuBocTH IlyaHkape gns noreHuumana V detHasd. CiuegoBaTreibHO, HEOOXOAMMOE YCIIOBHE

THPOCKONNYECKOM crabnnn3anuu KensBuHa 3aBEIOMO BBINTOJIHEHO.
IIpuBeneM Tenepns goxa3aTenbCTBO TeopeMbl. IIo ycnoBHIO, Bce COOCTBEHHBIE YHCIA

cuMMeTpHYHOM MaTpuubl P — I'%/4 nonoxurenpubl. O603HaYUM HX 0)3 (0, > 0) m yno-
PAAOYHM B NIOPAAKE BO3PACTaAHUA:

0<0 <0; <..<® (3.4)
Tak kak MaTpaua A(¢?) oproronanbHas, TO (cornacHo (1.3)) HepaBeHcTBa
(012 (x,x)=(0Q)x,x) =< (a),,zl (x,x) (3.5)

CIIpaBE/JIMBLI /IS BCEX 3HAYCHHH /.
ITo cBoiicTBy 2° (pa3y. 2) yacToTa nepuoAndecKoi MaTpuipl O(f) paBHa

W=2n/T=Yy

2
Tak xak kBagpaTuuHas ¢opMma (3.1) oTpHUATENBLHO ONpENENEHa U (), — MAKCHMAJIbHOE
coGcTBEHHOE YuCIo MaTpunpl P —T%/4, To

o> 20, | (3.6)

OcraeTcs BOCNONb30BaThCA H3BECTHBIM pe3yAbTaTOM O TOM, YTO IpH Bbll‘lOJIHeHHII YCIIOBHHA
3. 5) 1 (3. 6) TpHBHAJIBHOE pemenne z = 0 cucremsl (1.3) ycroidymBo.

3amevanue. HoctaTounocTb ycnoui (3.5) u (3.6) and yCcTOHYHBOCTH TPHBHANLHOTO PEILCHHS

cucteMbl Buja (1.3) npocTo BbIBORHTCS U3 OOIIMX PEe3yNbTAaTOB O CHJILHON YCTONYHMBOCTH JIMHEHHDIX
raMMJIbTOHOBBIX CHCTEM C NEPHOAHUYECCKUMU Koacpqmunen'ramn (cMm. [9] rn. III). B sBHOM BHje OHHM
yKa3aHbl, Hanpumep, B [10]. |

B KayecTBe NpHMMEpa PacCMOTPHM CIyyall, KOT/la TOTCHUMANbLHAS HEPTHS HMEET B PABHOBECHH
CTPOr¥A MakCHMyM H MaTpHLa rHPOCKONHYECKHX cuii (2.1) HeBbIpOXaeHa. B 4aCTHOCTH, n — YETHO.

Beuny HepaBeHcTBa (2.2) H NMPEANONOXKEHHS 00 oTpHUaTEeNBHOH ONpeNeNeHHOCTH NoTeHuuana V

KBajpaTHyHas ¢opMa (3.1) oTpHLATENBHO onpeneneua CnenoBaTenbHO, B 3TOM Cly4yae AOCTaTO4-
HbIM YCIIOBHEM rnpocxonnqecxoﬁ CTaOMIH3aLHH SBISETCA YCIIOBHE MOJIOXHUTENbLHOM onpenenennoc'm
_mmenenﬂbﬁ MOTEHIHUANBLHOM 3HEPTHH. Onualco OHO He ABNSETCS HeOOXOMHMbIM.

Hpuuep ]'ch'rb n= 2 P dlag(pl p2) a MaTpHLa I" Bcerpa umeer Bnn (2.1):

“jo
""Y 0
3nech OpTOI‘OHaJIbHle MaTpHuy S MOXHO CUMTaTh eqHHMYHON. B Haubosee MHTEPECHOM cCllyyae

NMOTEHUMANbHAS JHEPTHS HMEET MAKCHMYM: YHCIa p; M p, OTpHuUaTeNbHble. Kak M3BECTHO
(cM., HannpuMep, [1]), ycmoBue yCTORYHBOCTH CBOTUTCA K HEPAaBEHCTBY

Y>lpi 1 +41p2 | 3.7)

C npyro#t CTOpOHbI, YCIIOBHE NOJIOXHTENbHON ONpPEAECNIEHHOCTH ManHllbl P — I'%2/4 3KBUBaNEHTHO
HEPABEHCTBY

Y>241py I, p = min(p;, p3) ' N (3.8)

OHO, 0OYEBHJHO, CHIIbHEE YCIIOBHA (3.7) M COBMAfAET C HUM TONBLKO NMPH p1 = D).
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4. HexoTopsie 0600mennsn. briio 3ameueno [10], uro ycnons (3.5), (3.6) ycroiuuBocTH

HyJIEBOT'O pelICHHsA CHCTEMBI (1.3) MOXKHO HECKONIBLKO OCNa0uTh: HEPABEHCTBO ciieBa B (3.5)
MOXXHO 3aMEHHTD Ha yCJIOBHE NOJIOXHUATEIBLHOR ONPEAENIEHHOCTH YCPEAHEHHON MaTPHIbI

(Q) = J (1), T—z;‘ @4.1)

TakuM oOpa3oM, B TeopeMe pa3fi. 3 yCIIOBHE NOJOXHTEIbHOM ONpPENEeIEHHOCTH KBajpa-
THYHOH (popMbl W MOKXHO 3aMEHHUTH Ha 6oliee cinaboe ycioBHE NOMOXKHUTEIBHOCTH CHMMET-

puuHO# MaTpunbI (Q).

IIpumep. PaccMOTpHM CHOBa clyyall n = 2 B NPEANONOXEHHAX U 0003HaUEeHUAX pa3h. 3. MoXHO
TI0Ka3aTh, YTO |

pPLtp
(Qy="—"2E
2
rae £ — epunnuyHas (2 X 2)-MaTpuua.
Taxum o6pa3om, nonyyaeM JOCTATOYHOE YCIIOBHE THPOCKOMUYECKON CTabHIH3a1HM

Y>+2|p1+p; | - (4.2)

Ilpu p, # p, HMEIOT MECTO HEPABEHCTBA

2w/|_17—|>w/2|P|+P2|>\/|P1 |+l P2 |

CnenoBaTenbHo, ycnoBue (4.2) Tounee ycnoBus (3.2), HO OHO TaKXe HE ABASETCS HEOOXOAMMbBIM
I cTabUNIH3aliMi paBHOBECHH.

Teopema pa3pg. 3 gonyckaer cnegyiomee yroudeHnse. IIycts ) H 0, — COOTBETCTBEHHO

MHMHHAMaJIbHOE H MAaKCHMAJIbHOE COOCTBEHHBIE YHCIIA MTONOXHUTENBHO ONpEAECIEHHOM MaTpu-
usl (3.4). HepaBsencrna (3.5) no3BoNM10T BOCIIONBE30BaThCA H3BECTHHIMH YCTIOBHAMH YCTOH-
YHUBOCTH NDH NapaMETPHICCKOM BO3OYXpaeHuH [9, 10]: ecnm yacroTa nepHOgHIECKOro
BO30OYXXEHHs () =Y HE IPHHANICXXAT HA OJJTHOMY H3 HHTEPBAJIOB

2[@y, @,)m, m=1,2,.. o (4.3)

TO TPHBHaJIbHOE pemieHue z = 0 — ycroiunBo. CnenoBaTesnbHO, 3TO YCIOBHE JOCTATOYHO
VIl YCTOMYMBOCTH TOYKH NOKOs x = () ACXOAHOH CHCTEMEBI. B 4aCTHOCTH, €CTH BHINIOJIHEHO

ycnosue (3.6), To yacToTa Y 3aBEJOMO He JIEXHAT B 00 be{MHEHHH HHTEepBanos (4.3).
Beuay pacxofuMOCTH rapMOHHYECKOTO psAfa mHTepBansbl (4.3) 06sS3aTENBHO NEPEKPDI-
BaroTcA. OHaKO Mepa UX OOBENMHEHAS CTPEMHATCA K HYIIO, KOTfa ®, — @ — 0.

5. YCI0BHA rHPOCKONHA9ECKOiH CTA0HIM3aUHNA, OCHOBAHHBbIC HA ONEHKAX cOGCTBEHHBIX
3HaYennH. [I19 HCCIel0BaHAs YCTONYMBOCTH TPHBHAJILHOLO pelleHMs ypaBHeHHs (1.3)
C T-nepHoAM4YeCKOd CHMMETPHYECKOH MaTphueit O(f) MOXHO BOCHONb30BaThCs KPHUTE-
pusasmMa M.I'. Kpeitna [11] (cm. Takxke [9], ra. III). C Toukm 3peHdst Buaa MatpHuubl O

HanOoJiee KOHCTPYKTHBHBIM sIBIsieTcsl Kputepuid 4 u3 [11], KoTOpHI#, KCTATH CKa3aTh,

HETOYHO copmyarposaH B [11] u [9]. Bor npaBaiabHas ero ¢opMyaHEPOBKA: €CITA HAUMEHD-
mee coO0CTBeHHOE 3HadYeHHe ¢(f) MaTpHLb] Q(f) YAOBIETBOPSET YCIOBHAM

g() = a*>0 0 (8.1)
"
O<a<mn/T , (3.2)
TO JIAHEHHOE ypaBHEHHE (1.3) CHIBHO yCTOWYMBO, KOJIb CKOPO
4 4 |
j tr Q(t)dt <—= T2 (n — F)a2 (5.3)
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IIpuMmenuM 3TOT KpuTEpHH AN MaTpHIbl Q Bafa (1.3). SIcHO, YTO NpH BCceX 3HAYECHMUSIX {
CHEXTp MaTpHUbl ((f) COBMafjla€T CoO CHEKTPOM NMOCTOSHHOH Martpuibl (3.4). CiaepoBa-
TENBLHO, ycnoBHe (5.1) BLIMOMHEHO, €CITH H3MEHEHHas NOTEHIHMANIbLHAS aHeprus W(x) mMmeer
B TOuYKe x = 0 crporuit MUHEMYM. B 0603HaueHusax pas3g. 3 a = ;.

ITokaxeM, uTO ycnoBue (35.2) 3aBEAOMO BBINOJIHEHO, €CNIU NOTEHNUANbHAs 3Heprus V(x)
He UMeeT MHHHUMYMa B TO4Yke X = 0. IMEHHO 3TOT ciy4yal NpeACTaBiseT HHTEPEC B 3ajaue
O THpOCKONUYECKOHR cTabunu3auun. [JeHCTBHTENBHO, NYCTh

a=rn/T=1y72

Torpa, cornacHo ycinoBHio (35.1), tMeeT MECTO HEPABEHCTBO
4(Px, x) + (T'x, I'x) = y4(x, x)

CnepoBaTtenbHO (ripa yuete (2.2)), V(x) = 0. [Tonyunnn nporuBopeymne.
Ilockonbky

trQ(?) = tr(P — I'%/4) = const

TO HEPABEHCTBO (5.3) faeT ciaepylomee ROCTAaTOYHOE YCIOBHE I'MPOCKONHYECKOH CTabH-
JIU3AlUUH; N

2 2
tr P+£§——<%—2—+(n——£2—)(012 (5.4)

3neck k = (rankl’)/2. K coxanenmro, ycnosue (5.4) paet HeOGONBIIYIO 30HY YCTOXNYHBOCTH.

HanpumMmep, oHO 3aBefiloMO HapymaeTcs Npu GONBUIAX 3HAYCHHSX IapaMeTpa Y, XapakTe-
PH3YIOLIETO0 HHTEHCHBHOCTh THPOCKONMAYECKHAX CHII.

Pabora BbhinonHeHa npu ¢puHaHCOBOM nmoppcpxkke Poccmiickoro ¢donHpa dyHpaMeH-

TajlbHBIX HcclegoBaHud (99-01-01096) m mporpammel "Bepymmne HayyHble IIKOJBI"
(00-15-96146).
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