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THPOCKOIMUYECKAS CTABHWIM3AIINA
M MAPAMETPUYECKHWI PE30OHAHC

PaccmaTpuBaeTcs 3ajavya 00 yCMOBHAX TMPOCKONHYECKOl cTabGMiIH3auuu HEyCTOH-
YUBbIX PABHOBECHH € MOMOUILIO THPOCKONIMYECKUX CHII C BbIPOXICHHON MaTpHUE.
BaxHbIM NPHMEPOM CIYXaT CACTEMbI C HEYETHBIM YHCIOM creneHelt csobonsl. C no-
MOLUBIO HEABTOHOMHOTO OPTOTOHANBHOTO MPeobpa3oBaHus MOXHO BOOOIE H36aBHTBCS
OT rHpOCKONMHYecKHX cuil. IIpH 3TOM ypaBHEHHS IBHXECHHS MEPEXOAAT B CHCTEMY
ypaBHenuit Tuna Ltypma—JIuyBunis ¢ 3aBACALLMM OT BPEMEHH MOTEHLMANOM. Y Ka3aHb!
YCTIOBUSI H2 KOCOCHMMETPHYECKYIO MaTPHILy THPOCKONMUECKUX CHII, TIPH KOTOPbIX HOBbIMH
MOTEHUMaN 3aBHCHT OT BPEMEHU NEPUOJUYECKH. DTH YCIOBHS 3aBEJOMO BbINOJIHERb] AN
HEHYNIEBbIX MATPHL THPOCKOMHYECKHX CHJI MHHUMANbHOTO PaHra, paBHOTO AByM. Takum
00pa3oM, 3ajiaya O THPOCKONMMYECKOA CTabHIN3aLMy CBOJHUTCS B Pslle C/y4aeB K HCCie-
JOBAHUK) YCTOWYHMBOCTH MOJIOXKEHHH PAaBHOBECHS CHCTEM C NEPHOAMYECKUM NOTEHUHA-
noM. TIpuMeHeHHe TeOpHH NapaMeTPHUYECKOTO PE30HAHCa MO3BOJIAET MOJNYYHTb HOBhIE
KOHCTPYKTHBHbIE YCIOBHA YCTOHYHBOCTH PAaBHOBECHIl MEXaHMUECKHX CHCTEM, Haxojs-
LIKUXCA MOy eHCTBUEM HONONHUTENbHBIX BHIPOXAEHHBIX THPOCKOMMYECKHX CHIl. JTH
YCITOBUS HMEIOT BUJ] YCIOBHMI 3KCTpEMyMa HEKOTOPbIX GYHKUMI, 3aBUCAIHUX JIUILb OT 1O~
noxenus cucreMbl. Oco6oe BHUMaHHE YIeNEeHO YCIOBUSAM YCTONYMBOCTH MPH GONBLILUX
rupockonuueckux cunax. Ha npumepax nokasaHo, 4To HaA€HHbIE YCTOBHS THPOCKOIIH-
4ecKoif cTabUNIU3aUUK SBISIOTCH UL AOCTATOYHBIMH. OOHAKO €CNH B MOJOXEHUH
paBHOBECHs MOTEHLHANbHAsA SHEPTUS HMEET MaKCHMYM H MaTPHLA M'MPOCKONMYECKHX CHJT
HEBBIPOXAEHA, TO OHH GJIH3KH K HEOGXOHMbIM YCIIOBUAM YCTOHYHBOCTH.

1. CBefenne Kk HeaBTOHOMHOMY ciy4aro. Kak n3secrHo [1], Manble Kosne6aHus AMHAMH-
YECKOU CHUCTEMBI BOMNU3H MMONOXKEHHUS PaBHOBECHS YIOBJICTBOPAIOT HHHCﬁHOMy YpaBHEHHIO

¥+Tx+Px=0, xeR" (1.1)

rae I — xococummerpuueckas (n X n)-MaTpHlia, a MaTpuua P cuMMmeTpuuna. Cnaraemoe
—I'x mMeeT CMBICH THPOCKONMYECKOM CHITLI, AEHCTBYIONIEH Ha CHCTEMY.

Touka x = 0 —~ nonoxexne paBHobecus. O630p pe3yabTaTOB MO NPOOAEME YCTOMUHBOCTH
paBHOBecHs cofiepXHTcs B [2]. OObpIYHO paccMaTpHBaeTCs clly4dal, KOrja noTeHUualbHad
aHeprus V = (Px, x)/2 uMeeT MaKCUMyM.

Oka3bIBaeTCsl, MOXHO BOOOLIE H30aBHTBCA OT F'HMPOCKOMHYECKHX CHI, €CIH CAENATh
3aMEHY NepeMEHHBIX

x=A(t)z, A=exp(-I't/2) (1.2)
B HoBBIX KOOpANHaTax z ypasHeHHe (1.1) mpuHuMaeT BU

Z+ 0z =0, Q=A_1(P—F2/4)A . (1.3)
Ognako nocne Tako# 3ameHb! pyHKums Jlarpamxka

L=(z,2)/2-(0z,2)/2 (1.4)

yKe sIBHO 3aBHCHT OT BpeMeHH. OTMeTHM, 4TO nociie o6paTHoi 3aMeHbl! (1.2) marpaHxKuaH
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(1.4) nepexonuT B (PyHKUHMIO
L=(x,x)/2+(x,Tx)/2-(Px,x)/2

YpasHeHust Jlarpamxa ¢ TaKMM JIarpalKMaHOM, O4EBHAHO, coBnajator ¢ (1.1).

Tak kak mMarpuna I' kococumMeTpudeckas, To maTpuusl A 1 A~! oproronanshsie. Cre-
HOBaTeNbHO, 3a/jlauyd 06 yCTOMYNBOCTH TPHBHANBHBIX pelteHuit ypashenmit (1.1) u (1.3)
3KBHBAJICHTHBI.

Ha nepBblIil B3rasay KaxeTcsd, YTO CBEIEHHE K HEABTOHOMHOM CHCTEME TONBKO YCIOXKHSET
HCCeoBaHne yCTON4YNBOCTH. OMHAKO NPHBEACHHBIC HUXKE MPHMEPB] NOKa3bIBAIOT, YTO 3TO
HE TaK.

1°. Ipeanonoxum, uyro Matpaust " u P kommyrupytot: I'P = PT". Torna marpuua Q xe
3aBHCHAT SIBHO OT BPEMEHHM M KpHTEpHii THPOCKONHYECKON CTaGHIM3aIMA CBOAUTCH K Cle-
AYIOLIEMY: UBMEHEHHAR NOMEHLUANbHAR SHEPUA

W(z)=(Pz,2)+(I'z,Tz)/ 4 (L1.5)

HMEET CTPOTUH MUHHMYM B TouKe Z = (. DTOT pe3ynbTaT NOAy4eH APYrUM CIocOGOM paHee
(31

2°. Tlycrs kBagpaTiuHas ¢opMa (1.5) HenonoxuTensHa gis Bcex z € R”. Torpa L = 0
4, COTJIAaCHO NONyYEHHOMY paHee pe3yabTaTy [4], pasHoBecue z = O cucremsi (1.3) He-
ycroituuBo. CnegoBaTenbHO, HEYyCTONYMBO M paBHoBecHe x = 0 ucxopHo#t cucrems (1.1).

3roT pesynbraT 6bIN nonyueH [5] mpm Gonee cunbHOM yciosum: ¢dopma (1.5) orpuna-
TEJIbHO ONPEECTICHA.

3°. IIpennonoxumM, yro MaTpuua Q(f) nepuoanyHa no BpeMeHd. B aToM ciayyae kimaccu-
4yeckuil pe3ynpraT TOMCOHa O HEBO3MOXHOCTH I'HMPOCKONKYECKOH cTaGuin3alad paBHO-
Becust x = 0 pu HEYETHOH CTENEHH HEYCTOWYHBOCTH BHIBOJMTCA M3 ONHOH (POpPMYJIbI
Xwunna, CBA3BIBAIOIIEH MYyJIbTHILIUKATOPHI HYJIEBOTO IEPHOAHYECKOrO PEIICHHS CACTEMBI
(1.3) ¢ ero nunekcoM Mopca (cMm. [6, 7]). B cBA3u c aTHM 3aMedaHHeM ObLIO Obl MONE3HO
pacnpocTpanuTh popMyay Xuinana Ha Gonee oOmmi ciayyail, KOrAa 3JIEMEHThI MATPHLbI O
3aBHCAT OT BPEMEHH YCJIOBHO-IIEPHORHYECKH.

2. CTpyKkTypa rHpPOCKONHYECKHX CHJI VIS CHCTEM ¢ MEepHOAHYecKHM norenynanoMm. Ilo-
JIOXHUM

r=ys’1s .1

0 1
I, =diag(J,...,J,0), J=H ol rank [, =2k

Y — BELIECTBEHHOE YHCJIO, S — OpTOroHanbHas (n X n)-MaTpuua. MoxHo c4HMTaTh, 4YTO
¥ > 0: cnyyaii ¥y < 0 cBOgUTCA K 3TOMY IIOCIIE 3AMEHBI ¢ —> —F.
Tak kak

(S"IS)T =—~(S71S)

TO MaTpuHa (2.1), AeficTBUTENBHO, KOCOCHMMETpHAYecKaa. O6¢cyanM ee cBolicTBa.
1°. Marpuna exp(x I't/2) — (4r/Y)-nepuopuyeckas not.
JefcTBUTENBHO, 3Ta MATPHIA YIOBIETBOPSET YPAaBHEHHIO

A=1TA/2, A(O)=E.

Tonoxum A = [uy, ..., u,], rie u; € R” — pewrenns nuHeHHOM cuCTEMBI
u=4lu/2

CnegoBaTeNkLHO,
u=+ySTISul2
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IMonaraem v = Su U ncnonb3yeM yciosue oproroHanbHoctd ST = S-1:
v=xylv/2
Ecnu v = (vy, ..., u,)T, TO
l‘ll =iYU2/2, l)z =$’YU|/2,..., 02/(-1 =iYU2k/2
02/( =¢’YU2,(_]/2, 02k+‘ =..= l)n =0
Pemenus aToii cuCTEMBbI NIEPHOAMYHBI 1O ¢ C HEPHOAOM 4T/Y.
2°. Ecnu I ameer BHp (2.1), To MaTpHna Q(f) u3 (1.3) (2n/y)-nepuopnuna no .
3pech ucnonb3yercs (4M/Y)-NEPHORMYHOCTH OPTOTOHANBHBIX MaTpuy A(f) u A-I(r),
a Takxke TOT (pakT, uro PyHKUMH sinZ, sin cOS, COSZ AIMEIOT NEPHOR T.

3°. s Bcex x € R" cnpaBennuBo HepaBeHCTBO

Tx, Tx) —Px,x0)=<0 2.2)
JeACTBHTENLHO,

(ST 1Sx, ST1Sx) - (Sx,8%) = (2, I2) — (2.2) = — 24y =~ 22 < O

ITpumep. Tlokaxem, yto npu n = 3 niobas KococumMMeTpuueckas matpuua I” umeer Bug (2.1),

npuueM k=1,ecmu I' 20.
OueBHAHO, JOCTATOYHO PACCMOTPETD Cyyail, Korja

0 -3 W,
I'=[ w; 0 -0 2.3)
-0, @ O
u w? =0)|2 +0)% +(1)§ =1L TycrbB (2.1)y=1mn
a a; a3
S= b] b2 b3
a @ 4

Torna ® = b X a, rne ®, a u b — BEKTOPhI TPEXMEPHOTO EBKIIHAOBA MPOCTPAHCTBA C KOMIIOHEHTAMH ;,
a; ¥ b; COOTBETCTBEHHO.

BBuay opTOroHanbHOCTH MaTpHLbI S
lal=bhj=1 u (a,b)=0 2.4)

ScHo, uTO Ang MoOGOro eMHHUYHOrO BEKTOpa () BCerja HalayTcs gBa BeKTopa 4 M b, ynosiner-
BODAIOLIHE ycnoBUAM (2.4), Takue, YTO W= b X a.

OTOoT npuMep MOXHO 0606muTh. [TokaxeMm, uto ecnu rankl" = 2, To marpuua I' gonyckaer
npeacrasncHue (2.1).

Bexrop ® Ha3sbiBaeTcs BuxpeBbiM, ecn ['@ = 0. Bce BuxpeBbie BekTOpbl 00pa3ytoT JHHEHHOE

npocrpauctso W pasmepHaocTtd n — 2. TIycTe BeKTOPBI 4 = (Uy, ..., Uy)7, ..., V= (vy,... y,)T cocTaBaAsIOT
OPTOHOPMHpPOBaHHLI! 6asuc B W. [JONOMHUM ero BeKTOpaMH a = (aj, ..., a,)! # b = (by, ..., by)T
RO OpTOHOpPMHUpOBaHHOTO Gasuca B R". Martpuua

a b] u) e U

a, b, u, ... v,

OYEBH/IHO, OpTOroHasnbHad. O603HaYuM ee s ITpon3ssenexne I'S-! umeer Bug
I+ + of

rlie 38e3104KaMu 0603HaUEHBI 1B HEHYJIEBLIX cTon6ua. TOT Xe BHA HMEET KOCOCHMMETPHYECKas
matpuua S(I'S™). Cneposarensho, STST = yh, oTKyja BbITeKaeT paBeHCTBO (2.1).
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[ToxaxeM Teneps, 4YTO 3ajjaya O THPOCKONMHYECKON CTaOMIH3alMH HEYCTOKYHBOIO
PaBHOBECHS TECHO CBfi3aHa C SIBJICHHEM fapaMeTpHYecKoro pe3oHaHca. C 3TOH LENbIo
paccMmoTpuM cnydaii, korga detl” # O (cnegoBaTenbHO, 7 — YETHO), @ 3JIEMEHTBI MATPHILI P
mansl. [locnegHee 3KBUBANICHTHO NMPEANONIOKEHHIO, UTO NOTEHIHANbHAL IHEPIHsl PUHH-
MaeT yMepeHHble 3HaueHWs, a HOpMa MaTpHUbl rupockonmyeckux cuia ||I']| Benuka.
YuaursiBas ¢opmyny (2.1) u cBoiictBo 2°, ypasHenue (1.3) MOXHO MPHUBECTH K BUAY

2

5+ YTE+R(yt) y=0, yeR" @.5)
rae y = 8z, a R(w) — 2n-nepuoauueckas cuMmetpudeckas (n X n)-marpuua. Ilo npep-
MOJIOXKEHHUIO HOpMa ||P|| Mana; cnegoBaTebHO, HOpMa ||R]| Toxe mana.

YpaBrenue (2.5) onuckiBaeT KoneGaHns MEXaHHYECKOH CHCTEMbBI C COOCTBEHHOM YaCTO-
Toi Q = Y/2 nop [eiiCTBUEM MANTOro NePHOANIECKOro BO3MYIEHHs ¢ YacToTol ® = Y. [1pn
[IP| — 0 umeem napamerpudeckuil pezoHaHc 2Q = . bonee Toro, cHcreMa OKa3bIBaeTCs Ha
rpaHHle caMOi ONMAaCHOM 30HbI NAPAMETPHYECKOro PE3OHAHCA, KOTIa YaCTOTa COGCTBEHHbIX
KoneOaHuii BIBOE MEHBIIE YaCTOThI BO3MyILaoue# cuibl. TakuM o6pa3oM, BO3MOXKHOCTb
THPOCKONHUYECKON crabunu3anny pasHoBecus x = 0 6yAET 3aBHCETEL OT TOTO, Ille OKaXXeTCA
cucrema (2.5) npu yBeTHYEHHH 3INEMEHTOB MaTpHIUbl P: BHE HJIH BHYTPM 30HBI mapa-
METPHUYECKOTO PE30HAHCA.

3. YenoBua ycroitunBoctH. OCHOBHOI PE3YIBTAT COCTABIAET

Teopema. IIycTs MaTpHLa THPOCKONHYECKUX cuil uMeeT Buf (2.1). Ecin x = 0 — crporuit
MHHUMYM H3MEHEHHOR NOTeHIMaNbHOH 3Hepruy W(x) 1 cTporait MaxcumMyM pasHOCTH

W(x) - ¥3(x, x)/4 @3.DH

TO x = 0 — ycToiuMBOE paBHOBECHE CHCTEMBI (1.1).

YTo6bl NyUille NOHATH CMBICH JOCTATOYHBIX YCIOBHH YCTOMYMBOCTH, PACCMOTPHM
npejeabHbIHA Cy4ail, Korja napaMeTp Y NpHHEMAET GOJbIIHE 3HAaYeHHs. BBEIEM ILTOCKOCTH

A={x:Tx=0}
IMycts M — oproroHansHoe gononHeHne A. MoXHO noKasaTb, YTO
M={x:x=Tzze R"}
HeiicrBUTENBLHO,
x,Tz)=—Tx,2)=0
ecnu x € A. Kpome Toro,
dimM = rankl” = 2k, dimA = n—rankI”

Tlpu Gonbuiux 3HAaYEHHUAX Y YCIOBME MHHHMAJILHOCTH H3MEHEHHONH NOTEHUHMAIbHOU
9HEPrHuH B TOUYKE X = 0 NEPEXOANT B YCIOBHE

V(x)>0 npuscex xe A u x#0 3.2)

B cuny Hepasencrsa (2.2) pyskuusa (3.1) uMeeT MaKCHMYM [J1s1 GONIBIINX 3HAYECHUH ¥, €CTH
V(x)<0 npuscex xe M u x=0 (3.3)

DTO yCIOBHE MOXHO NPENCTABHUTH B CHEAYIOIIEM SKBHBAJICHTHOM BHje: KBagpaTHUHas
topma (PTz, I'z) oTpruaTesibHO ONpefeieHa Ha MOANpOCcTpaHcTBe M.

TakuM 06pa3oM, cornacHo TeopeMe, ecliH BbINonHeHb! yoirosud (3.2) u (3.3), To npu
GonbiIMX 3HAUYEHHsIX Y paBHoBecHe x = 0 ycroiumso. Panee [8] mMeTromoM ¢yHKUMA
JIsanyHoBa NONy4YeHbl HECKOIBKO HHBIE IOCTATOYHBIE YCIOBUS YCTOMYMBOCTH MPH GOTBIIAX
THPOCKOMUYECKUX CHIIAX.

OrMeTHM, uTO yeaosus (3.2) u (3.3) ABNAIOTCA AUIIb JOCTATOYHBIME YCJIOBHSIMH YCTOH-
YHBOCTH.
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JeitcreurensHo, nycts n= 3, P = diag(py, py, p3), a matpuua I’ umeer Bua (2.3). Kak 6b110
nokasaHo [8], eciiu cTeneHb HEYCTOMUMBOCTH Y€THAR, TO KPHTEPHHA rHPOCKONHYECKON cTabunn3alun
paBHoBecHs x = 0 B cityuae GOMBLIIAX 3HaYeHHUH Y CBORUTCS K HEPABEHCTBY

2 2 2
PIO] + p07 + p303 >0
Mo3HO NoKa3aThb, YTO ITO HEPABEHCTBO 3KBUBANIEHTHO ycloBMIoO (3.2).

Crour eie oTMeTHTH, YTO U3 ycnosuil (3.2) u (3.3) BeITEKaeT, 4TO CTENEHb HEYCTOM-
ynBoctd [lyankape pns norennuana V dernas. CrefoBaTenrbHO, HEOGXOAUMOE YCIOBHE
FMPOCKONHUYECKOI cTabunu3anuu KelbBHHa 3aB€JOMO BBLHIONHEHO.

IlpuBeneM Tenephb foKazaTenxbcTBO TeopeMbl. ITo ycioBuio, Bce cOOCTBEHHbIE YHCNa

CHUMMETPHYHOK MaTpuubl P — T2/4 nonoxutensubl. O603HAYMM HX (of. (0, > 0) u yno-
PANOYHM B MOPSAAKE BO3PACTAHHA:

0< (1)]2 < w% <. <@ 3.4

n

Taxk xak MaTpuua A(f) OpToroHansHas, TO (cornacho (1.3)) HepaBeHCTBa
of (x, %) < (Q(1)x, x) < @%(x,x) (3.5)

CNpaBEJINBLI /15 BCEX 3HAYCHUH 1.
ITo croiicrBy 2° (pa3p. 2) yacToTa NepHOAMYECKOH MaTpubl O(f) paBHa

w=2n/T=y

Tak xak kBajgparuuyHas ¢opma (3.1) oTpAUaTENBbHO OnpejeicHa H (nf — MaKCHMallbHOE
co6eTBeRHOE YMEno MaTpunst P — I2/4, To

0> 20, (3.6)

OcraeTcs BOCOOAb30BaTLCA H3BECTHBIM PE3yJabTaTOM O TOM, YTO HpH BbINMNOJHCHHUHU yCJ’IOBHﬁ
(3.5) u (3.6) TpusnansHoe pemenne z = 0 cucreMsl (1.3) ycrofyuBo.

3ameuanue. JocraTouHocTb yenosuit (3.5) u (3.6) ang ycTOAYHBOCTH TPHBHANLHOTO PELICHHS
cucreMbl Bufa (1.3) npocTo BbIBOgUTCS M3 O6LIMX pe3yAbTAaTOB O CHILHOH YCTONUNBOCTH JTMHEHHBIX
raMMJIbTOHOBBIX CHCTEM C NMepuofnveckuMH Koadduuuenramu (cm. [9], ra. I11I). B gaBHoM BHae onu
yKa3aHbl, HanpumMep, B [10].

B kauecTBe npUMepa pacCMOTPUM clyuail, KOrAa NOTEHUHAbHAS SHEPrus HMEET B PABHOBECHH
CTPOTHil MAKCHMYM M MaTpPHLa THPOCKONUMYECKUX chn (2.1) HeBbIpOXAEHa. B wacTHOCTH, 1 — YETHO.
Bsuny HepaBeHcTBa (2.2) u npegnoioXeHus 06 OTpHUATENLHON ONpeleIeHHOCTH noTeruuana vV
kBagpaTuuHas dopma (3.1) oTpuuarensHo onpegencHa. CnegoBaTeNbHO, B 3TOM Cllyyae AOCTaTOY-
HbIM YCJIOBHEM F'HPOCKONNYECKOH CTaOHITH3aLMH ABIAETCH YCIOBHE ITONIOXHUTENbHOH ONPEAETICHHOCTH
H3MEHOHHOH MOTEHLMANbHOI 3HepruH. OHAKO OHO He ABNAETCH HEOOXOIHMbIM.

Ipumep. Tlyctb n = 2, P = diag(py, p;), a MaTpuua I' Bcerna umeer Bupa (2.1):

U
_'Yo

r=

31ech OpPTOrOHANbHYIO MaTpHLY S MOXHO CYHTaTh €AMHHYHOH. B Hanbonee HHTEpECHOM cClyuae
NOTEHUNAaNbHAs JHEPTUS MMEET MaKCHMYM: 4HCla p, W pp; oTpHuUaTenbHbie. Kak H3BECTHO
(cM., Hanpumep, [1]), ycmoBue ycTORYHBOCTH CBOAMTCS K HEPaBEHCTBY

Y>>\ P [ +4lp, | (3.7

C pyroil CTOPOHBI, YCIOBHE TIONOXUTENLHOH ONpeeNeHHOCTH MaTpuLbl P — ['2/4 3KBUBANEHTHO
HEPaBEHCTBY

Y>24Ipi |, p=min(p;.p;) (3.8)

OHo, 0ueBHAHO, cUNIbHEe ycloBHs (3.7) H COBNAlaeT C HUM TOJBLKO NPH Py = py.
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4. Hexoropsie 06o6uenus. Brumo zameueno [10], uro ycnosus (3.5), (3.6) ycroiunBocTi
HYJIEBOTO pellieHus CHCTeMBI (1.3) MOXHO HECKONIBKO OCIaGHTh: HEPABEHCTBO cieBa B (3.5)
MO>KHO 3aMCHHTDb Ha YCIIOBHE NOJOXKHUTEILHOMN ONpPEACICHHOCTH prenHeHHOﬁ MaTpHLbI

T
Q)= %I Q(tydt, T= n (4.1)
0 Y

TaknM 06pa3oM, B TeopeMe pa3f. 3 yCIOBHE MOJOXHTEIBHOM ONpPEEeNeHHOCTH KBapa-
THYHOU (popMbl W MOKHO 3aMeHHTD Ha GoJiee caboe yCIOBHE NONOXKUTEIBHOCTH CHMMET-
puuHOi MaTpuuk! {Q).

Mpumep. PaccMOTpUM CHOBa ciyvait n = 2 B MPENONOXeHUsX H 0603HaueHusax pas. 3. Moxuo
NoKa3aTh, YTO

P +p
(@) ="—2E
2
rae E — eguRHYHAA (2 X 2)-MaTpuua.
Takum 06pa3zoM, nonyyaeM 10CTATOYHOE YCIIOBHE THPOCKOTINYECKOH CTabUNIH3aLuK

Y>21p+p2 | 4.2)

TIpu p, # p, NIMEIOT MECTO HEPABEHCTBA

2VIp1>21pi+p2 1>l pi 1 +4/1p2 |

CnepoBarenbHo, ycnosue (4.2) tousee ycnosus (3.2), HO OHO TaKXke He ABNAETCH HEOOXOOUMbIM
ANst CTaGUNMU3aLAK PABHOBECHS.

Teopema pasp. 3 nonyckaeT ciepyrwomee yrouksenue. Iycte ®; ¥ ®, — COOTBETCTBEHHO
MHMHHMMallbHOE U MAKCHMAaJbHOE COOCTBEHHBIE YHCIIA TIONOXKHTENBHO ONpPENENeHHO! MaTpu-
upl (3.4). Hepasencrsa (3.5) MO3BOMSAIOT BOCNOMB30BAThCA H3BECTHBIMHE YCIOBHAMH yCTOM-
YMBOCTH NIPH NMapaMeTpHueckoM Bo36yxaeunn [9, 10]: ecnm yacToTa nEepHOAKRYECKOro
BO30YXK/EHHs () =Y HE IPUHANIEXUT HH OJHOMY U3 HHTEPBAaJIOB

2[wy, ®,)/m, m=1,2,.. 4.3)

TO TpuBHaNbHOe peuieHue z = § — ycroiunso. CleAoBaTENbHO, 3TO YCIOBHE JOCTATOYHO
[Nl YCTOXYMBOCTH TOYKH NOKOs X = 0 HCXOQHOU CHCTEMBI. B 94acCTHOCTH, €CJIH BBINOTHEHO
ycnoBue (3.6), To yacTOTa ‘Y 3aBEJIOMO He JIEXUT B OObeJUHEHAN HHTEPBANOB (4.3).

BBuay pacxoguMOCTH TapMOHHYECKOTO psAfia HHTepBanbl (4.3) 0643aTENLHO NMEPEKPDI-
BaroTca. OHaKO Mepa HX OGbEeANHEHNs: CTPEMHTCS K HYIIO, Korja o, — @ — 0.

5. Ycaosasi THPOCKONMYECKOH CTAGHIN3ALKM, OCHOBAHHbIE HA OLEHKAaX COGCTBEHHBIX
3Havenni. [IJs MCCNEefOBaHUA YCTOMYHMBOCTH TPHBHAJIBLHOIO pelleHHs ypaBHeHus (1.3)
¢ T-nepHOAMYECKOHl CHMMeTpUuecKoil MaTpuued () MOXHO BOCINOJb30BaThC KPHTE-
pusmMu M.T". Kpeitna [11] (cM. takxe {9], rn. III). C Touku 3penus Bupaa mMaTpuusl
Hanbonee KOHCTPYKTHBHBIM fABIsieTca KpUTepHui 4 u3 [11], KOTOpPBIH, KCTaTH CKAa3aThb,
HeTO4YHO cchopMynupoBaH B [11] u [9]. BoT npaBunsHas ero opMynHpoBKa: eClTd HAKMEHb-
uIee co6CTBEHHOE 3HaYeHue g(f) MaTpulbl O(f) yIOBNETBOPSIET YCIOBHAM

g =a?>0 (5.1

O<a<mn/T 5.2

TO NuHEHHOE ypaBHeHHE (1.3) CHIIBHO YCTOHYMBO, KOJIb CKOPO
1T 4 ( 4 ) 2
—| rQ)dt < —+|n—-—|a 5.3
7 (I) Q) 72 " (5.3)
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ITpumenuM aTot Kputepwuii qua Matpuubl Q Bupa (1.3). SIcHo, yro npu Bcex 3HAUYEHMAX ¢
CHeKTp MaTpuubl Q(f) coBmajgacT co CHEKTPOM NOCTOAHHOH Marpuubl (3.4). Cnepnosa-
TEJILHO, ycnoBHe (5.1) BBIIOIHEHO, €CITH M3MEHEHHAs NOTEHUMANIbHasA 3Heprus W(x) umeer
B Touke x = 0 crporuii MUHUMYM. B 0603HaYeHmAX pa3n. 3 a = .

IToxaxewm, uto ycinosne (5.2) 3aBeJOMO BBINOTHEHO, €CNH NOTEHI{HANbHas 3Heprus V(x)
He UMeeT MHHHMYMa B Touke x = (. IMeHHO 3TOT cny4ail pejcTaBiseT HHTEPEC B 3aja4e
O THpPOCKONUYECKON cTabunm3auun. [JecTBATENbHO, NYCTh

az=zxnT=vy2
Torna, cornacHo ycnosmio (5.1), HMeeT MECTO HEpPaBEHCTBO
4(Px, x) + (Tx, Tx) = ¥(x, x)

CaneposatensHo (npu yuere (2.2)), V(x) = 0. [Tonyunnn npoTuBopeyse.
ITockonbKy

trQ(¢) = tr(P — I'%2/4) = const

TO HepaBeHCTBO (5.3) maeT cnepyiolee JOCTATOYHOE YCIOBHE I'MPOCKONHMYECKOH cTabu-
JIH3AIHH:

2 2
trP+%—<%+(n—:—2)m|2 (5.4)

3nech k = (rankI)/2. K coxanenuto, ycnosne (5.4) faet HEGOIBIIYIO 30HY YCTOAYHBOCTH.

Hanpumep, oHO 3aBefloMO Hapymiaetcsi NpH GONBIUNX 3HAYEHHAX NapaMerpa Y, XapakTe-
PH3YIOILIEro KHTEHCHBHOCTD THPOCKONMMYECKHX CHII.

PaGora BoinonueHa npu ¢uHancoBol noauepxke Poccuiickoro doupna dyHpamen-
TanbHbIX HccnepnoBaHuit (99-01-01096) u nporpammsel "Bepyuiue HaydHble WIKONBI"
(00-15-96146).
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