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cucreMbl uddOepeHITnabHBIX yPaBHEHUIT BOODIE He JIOMYCKAIOT HETPUBUAJIBHBIX IEPBBIX WH-
TerpaJjioB B Bujie (pOpPMaJIbHBIX CTEIIEHHBIX PsioB. B dacTHOCTH, M3 ycToitanBocTu 1m0 JIsamyHo-
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1. Teopema JIamynoBa. Hamomuum kinaccuyecknii pe3ysbrar JIsimynoBa B mpobJieMe 1eHTpa
JJIs aHAJIUTUIECKUX cucTeM JuddepeHuajibHbIX ypaBHEeHn Ha 110ckocTu. Ecim cucrema

t=wy+..., y=-wr+..., w#0 (1)

(MHOFOTO‘{I/IG 0003HAIAET COBOKYIIHOCTDH CJjiara€MbIX II0 I, Y CTCIEHU HE MeEHbIIIER ,ILByX) C aHaJIu-
TUIECCKUMU IIPABbIMU 9aCTAMMU HOIIYCKaeT UHTEIr'paJl B BUIE (bOprIaHI:HOFO CTEIIEHHOI'O pPAIaa

H=z*4+9*+...,

TO 9TOT PsiJl CXOJUTCS IIPH MAJbIX &, Y U IOJOXKeHHe paBHOBecuss r = y = 0 Oyaer yenwmpom
(B wacTHOCTHU, OHO YCTOWUINBO Ha Beeil ocu Bpemenn). /oka3areibCTBO 1 00CY K /IeHIe MOXKHO HANTH
B MoHorpacdusx |1, . 38; 2, § 27].

B uacTHOCTH, B paccMaTpUBaeMoii 3a1ad1e Bopmasvras Yemotiuueocms MOJOKEHNsT DABHOBECHST
COBIAJAET ¢ yCToiianBoCcThIO 10 JIsnyHnoBy. OHAKO I CHJIBHO HEJIMHEHHBIX cucreM (Korma B (1)
w = 0) sro He tak. Bor npumep cucremsr u3 [3, c. 131]:

i=yl22® +y* + (2 + )%, v =-[22® +¢y* +2(2® + ), (2)
KOTOpasl JIOIIYCKAeT HeaHaAumuueckuli 1epBblii MHTErpaJl
H = (22 + y?)e @407, (3)

U U30JIMPOBAHHOE PABHOBECHE CHCTEMBI (2) TakKe Oy/eT IEHTPOM.

Ecm dyuknuio H poompeaennTsb HyJIEM B Hadaje KOOPAWHAT, TO OHa OymeT GeCKOHeIHO -
depennupyemoit dyHKIMeH Ha (Ha30BOi IIOCKOCTH U €€ MOXKHO NMPUHATH 38 (QyHKINO JIsmyHoBa.
Eé psig Makjiopena OyieT Hy/JIeBbIM; OH CXOAUTCsI, HO He K (pyHkiuu (3). Takum o6pa3oM, Mbl nMeeM
[IpUMEp AHAJIUTUIECKO cucTeMbl nudhepeHIualibHbIX YPABHEHUI C YCTOWIMBBIM, HO HE (DOPMAJIH-
HO YCTOWYHUBBIM IIOJIOYKEHUEM DaBHOBECHSI.

B cienyromem myrkTe 3TOT mpuMep OymeT pacupocTpaHéH Ha (has3oBble MPOCTPAHCTBa JII000iT
wémmot pazmeprHoctu n > 2. Tam ke OyJyT yKas3aHbI YCJIOBHUSI OTCYTCTBUS HETPUBUAJBHBIX UHTE-
rpaJjioB B Bujie (bOPMAIBHBIX CTEIEHHBIX PsAJIOB. BCE 9TO MOKA3BIBAET, UTO MHTEPEC K CXOIUMOCTH
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dOpMAILHBIX PAJIOB I TEPBLIX UHTEIPAJIOB B IIPOOJIEME YCTONYIMBOCTH PABHOBECHBIX COCTOSHUMN
SIBJISIETCSI HECKOJIBKO TIpeyBeJMYeHHbIM (1oyunTenbaoe obcyxaenue cM. B [2, ri. I11]). Yro kaca-
eTcd aHAJUTHIECKNX CHCTeM B Hed€THOMEepHOM (ha30BOM IPOCTPAHCTBE, TO, HO-BHANMOMY, BCE HX
U30AUPOBaANHYIE PABHOBECH HEyCTOMYNBBLI Ha Beeit ocn Bpemenn. i n = 1 sto ouesnano. Ilpn
n = 3 HeycrolumBOCTH JoKazaHa B pabore [4]. Crarbu [5, 6] comep:kar HEKOTOpBIE DPE3yJIbTATHI
B IIOATBEPKIEHNE STOM TUIIOTE3bI /st HEIETHBIX N > 5. VIHTepEeCHO OTMETUTD, UTO B TVIAIKOM (6eC—
KOHEUHO JibdepeHIIpPyeMoM) Cilydae I'MIOTe3a HEBEPHA: B [5] IIPUBEJIEH TPUMeEP IJIaJIKOU CUCTEMbI
B TPEXMEPHOM IIPOCTPAHCTBE C YCTONYNUBBIM M30JMPOBAHHBIM PaBHOBECHEM.

2. Heananmutuyeckue dynknun JIanynosa. Ilycts x1, ..., Tn, vy1, ..., Yn — JAEKAPTO-
BBI KOODIHHATHI (ba30Boro mpocrpancTsa R2”. PaccmorpuM nse GyHKIMH f U ¢, aHAJIHTHYECKHE
B okpectHoctn U Hauasa koopauHar x =y = 0 u nosoxuresnssie B obsacru U\ {0,0}. IIpemmo-
JIOKUM, 9ITO psifi Maksiopena byHKIUN ¢ HAYMUHACTCS C MOJIOXKUTEILHO OIPEIeIEHHON OIIHOPOIHOM
dbopmbl crenern 2s (s > 1). s Hac mHaubosiee Baxken ciaydait s = 1.

ConocraBuM 31uM DYHKIUAM CIEIYIONIYIO cucTeMy nuddepeHITnaIbHbIX yPABHEHMI:

99 , 20 9 _ 20/

=—f= - 1<k <n. 4

Ty =
Hauajio koopaunar — nojiozkenue pasHosecus. [Ipasbie yactu (4) anagutuddbl B U-0KpecTHOCTH
3TOI TOYKH.

Eciin, nanpumep, f =1, 1o (4) — KAHOHUYECKAs] FAMUJIBTOHOBA CHCTEMa C TAMUJIBTOHUAHOM (.
Takum 0b6paszom, cucremy Buja (4) MOKHO pacCMATPUBATH KaK HEKOTOPOE PACIIMPEHUE TaMUJIBTO-
HOBBIX cucreM JinddepeHnuaabubX YPaBHEHUI.

Breném dyukimio

-1
H(x,y) = fe ', H(0,0)=0.

Hecnoxxuo mpoBeputsh, uTo 31a pyHKmnus deckonedno auddepeHiupyemMa B Hatdajie KOOPIAUMHAT U BCe
€€ TpoU3BOJIHBIE B 3TOI TOUKe paBHbI HyJo. CiesroBaresibHo, €€ psiji Makinopena nyaesoti. yukius

F(z,y) = g’ Y9, F(0,0) =0,

00J1a1aeT TeM »Ke CBOINCTBOM.
Teopema 1. Cnpasedausvt caedyroujue 3aKAOUEHUA
1) ¢ynryus H — nepsoiti unmeepan cucmemovi (4);
2) 0Ha NOAOKHCUMENLHO ONPEIeNena 6 OKPECTIVHOCTNU HANGAL KOOPOUHAM,;
3) samena epemenu dr = F(x,y)dt nepesodum cucmemy (4) 6 KAHOHUMECKYIO 2AMUADTMOHOBY
cucmemy
dxk oH dyk oH
dr Oy, dr Oz’

B wacraocTn, paBHoBecue r = y = 0 ycroiiumso: B KadecTBe (YHKIMH JIAIyHOBA MOYXKHO
npunsath H. TamumibroHoBa cucrema (5) riajikas ¥ aHATUTUYECKAs] B IIPOKOJOTON OKPECTHOCTH
HavaJja KOOpAUHAT.

BakJrouenne 2) 0O4eBH/IHO, & 3aKII0UeHUs 1) U 3) HPOBEPSIIOTCS IPSIMBIMUA BBIIHCICHUSMI.

1<k<n. (5)

3. @opmasibHbIe HHTErpaJibl. IlycTs Teneps f u g — aBe KBagpaTudHble (DOPMBI:

S+ m > (mad +y)/2,

0ae [, ..., fn — HOJOXKUTEIbHBIE YNCIa, He PaBHbIE eauHuIe. B aToM citydae cucremy (4) cremyer
OTHECTU K CTPOrO HeJUHEHHBIM cucteMaMm JuddepeHnnaabHbIX yPABHEHUN: MATPUIla €€ JIMHeapu-

3alluU B II0JIO?KEHUU paBHoOBecus Oyjer Hysepoii. 1lonokum p; = wJZ (1<j<n).

Teopema 2. Ecau wucaa wi, ..., wy Aunelno nesasucumv, 1ad nosem Q, mo cucmema (4)
HE UMEEM HEMPUBUGALHBIL HOPMANLHBIT UHMELPANOE.

Jpyrumu cjioBamu, Jio00i MepBLIfl WHTErpaa B Bujie (pOPMAaJILHOIO CTEIEHHOTO PsIIa OTHOCH-
TEJIbHO T1, ..., Yp CBOAUTCS K CBOOOAHOMY wieHy (T.e. K KoHCcTaHTe). Takum o6pa3oM, Mbl UMeeM
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IpUMep HOJIMHOMHAILHOMN cicTeMbl JuddepeHnuaibibx ypasaennii B R??, n > 1, ¢ u30/1poBaH-
HBIM U yCTOHYUBBIM 110 JIsyHOBY paBHOBecueM, KOTOpoe (hOpMAaIbHO HEYCTOWYNBO. B mpoTHBHOM
cJIydae CyIecTBOBaJ Obl OPMAJILHBII HHTEIPAJI TAKO, YTO KOHEYHOE YHCJIO €0 OJIHOPOJIHBIX (DOpM
HaMMEHbBIIe! CTeleHN IIPEJICTABIISAIO Obl OIPEIEJIEHHO TOJOKUATENBHYIO (DYHKIUIO OT X1, ..., Tnp,
Y1, ..., Yn. PaHee BBICKA3LIBAJIOCH MHEHUE, YTO U3 YCTOUUIMBOCTHU 10 JIAIyHOBY 00s3aTEILHO BhI-
TekaeT bopMaJibHasl yCTOHYNBOCTL (CM., Hanpumep, [7, c. 91]).

HokazareabcTtBo Teopemsb! 2. [lycth

Hk+Hk+1+7 k>1> (6)

— hopmasIbHBI TIepBLIH HHTErpas cucreMbl (4); Hg — 0JHOPOHBINH MHOIOY/IEH OTHOCUTENHHO T1, - . .
oy Tny Yly -+, Yp crEmeHn § (ero KodMUIMEHTb MOTYT ObITh KOMILIEKCHBIMU YUCIIAMA).
Jlemma 1. Ecau k newémmno, mo Hy = 0; ecau k=21 (I yenroe u I > 1), mo

Hy= >l (mad+9)" . (pnah +yp)™ (7)
llu"'yln>0

HokazareabcTBo. Tak kak f # 0 B IPOKOJIOTOM OKPECTHOCTH HAYAIA KOODIMHAT, TO MEPBasT
dbopma Hj, uz (6) siBjisiercsi epBbIM UHTEIPAJIOM JIMHEHHONW TaMUJIBTOHOBON CHCTEMBI

. . 2
T =Yg, Yk = —wiTk, 1<k<n. (8)
BrejiéM HOBBIE ITEpeMEHHbIE
. . .9
up = T +iyr/Wp, Uk = Tk — iyp /g, 0= -1

B s1ux 1nepeMeHHbIX ypaBHeHUsI (8) MPUMYT BH/L

Uy, = —lWply, U = iwgpve, 1<k <n.
[IycTn
7 k kn 0 In
H,. = thl---kn [T T T A Ve
Torna
" 7 k In
H, = Z hkl...ln[(ll — k:l)wl + ...+ (ln — kn)wn]ull oo =0.
CnenoBaresbro, ecin hg, 1, # 0, To ki =11, ..., ky =, (BBHIY IPEIIIOIOKEHNST O HE3ABHUCH-
MOCTH W1, ...,W,). TaK Kak

22 2
ujv; = x5 +yj/wj,

To crenens Hj, wérnas u sta dhopma nmeer Buf (7). Jlemma nokaszana.
Urak, dbopMasbHbLil HHTErpajl UMeeT BH/

Hoy + Hojyq + Hoyp2 + ...

Jlemma 2. Cnpasedauso pasencmso Hoppq = 0.

HetictBuresibHO, coryiacHo jiemme 1, npoussojHast Hoy B cuity cucrembl (4) GyueT 0JHOPOIHOM
dopwmoit crentenn 2l +4. C npyroit cTOpoHbl, TpoU3BoaHAsS OT Hoj11 B CHIIy TOH 2Ke CHCTEMBI OyaeT
CYMMOil IByX OJHOPOJHBIX hopM co crenensMu 2l +3 u 20 4+ 5 coorBercTBeHHO. 3HAUUT, Hopyq —
nepBblil nHTerpast smHeiinoit cucremst (8). Ho torma (mo semme 1) Hopyy = 0.

Hasee npousBoauast or Hoj+ Hojpo+. .. B cuity cucremsl (4) npejcrasisier coboii hbopMabHbIi
CTEIIeHHON PsJ, HAYMHAIOMNICs ¢ omHopoauoit popmbr crenenn 2! 4+ 4. IlpupaBuuBas e€ K HYJIIO
(¢ yaérom dopmysbl (7)), IPUXOAUM K DABEHCTBY

20> >l li(mat +yD)" (et oy
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OHo42 O0Hy 4o
o (nm + yn) ™ (g — Vajyy + fZ[ oY~ Hy| =0, (9)
J Yj

[Tosraraem Tenepsb, ITO

Torma, oueBuano, f =0, HO

9= (uj—1)a3/2. (10)

CoracHo IIPeJIIOIO«KEHNIO, BCe (i OTIH4IHBL oT efunuibl. Crenosarensbno, dopma (10) HemyeBasi.
[TockobKY B KOJIbIIE MHOTOYJIEHOB HET JesuTesieil Hyiist, To u3 (9) BbITEKaeT pABEHCTBO

Z Z byl — D5 (i — 1)l”x%l1 Lxte =0
1,70

JUIst BCEX T, ..., Tp. Tak Kak p1 # 1, ..., pun # 1, 1O BCe K03 urmeHTH
(h+ e+ l)hy g, =y,

paBHBI HYJIIO, 1 I09TOMYy Hop = 0. 3naunt, dopmanbhbiii psn (6) mymesoit. Teopema 2 mokasana.
3ameuanue. Teopema 2 cupaBemimBa 1 B 60jee 00IIeM ciIydae, KOraa K KBaIPaTHIHBIM (DOp-
MaM f u g J00aBJIAIOTCs CTENEHHBIE Psbl, HAUMHAIONINECS C YJIEHOB CTEIIeHU He MEHbIIeH MIsATH.
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