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ACIMIITOTUYECKHME PEINIEHVUA YPABHEHNN
KJIACCHMYECKON MEXAHNRUA

Kosaos B. B.

PaccMaTpuBalOTCA ABW/KEHHsS HATYPAJIbHHX MEXQHWYECKHX CHCTeM, CTpeMAMmuecs K
. TOMOKEeHNSIM PABHOBECHA IPH HeOTDaHWICHHOM BO3pACTaHWM BpeMeHH. II0CTaHOBKA 8aaun
W TepBble Pe3yIBTATH O CYIMEeCTBOBAHMH ACHMITOTHYECKHEX [ABH/KEHHH BOCXOAAT, IIO-BHAH-
MoMy, K paboTam HEHesepa, I/ie MCCIe0OBAHK ACUMITOTHYIECKH® TPAGKTOPHH KOHCEPBATHB-
HEIX CHCTEM B OKPECTHOCTH HEBHPOMICHHHX IOJOKeHWH PaBHOBECHS, B KOTOPHX IOTeH-

nuaJbnHasA 9HePIUA MMeeT JOKaJdbHKA MakcuMyM [1]. Peayasrarsl KEesepa Ouiim 0000meHs
{2] Ha cayuail BHPOKIEHHEEX PABHOBECHII HEABTOHOMHEIX MeXaHNYECKHX CHCTEM. ACHMIITO-
THUeCKNe pellleHNs B 00ImeM HeBHPOKeHHOM ciiydae (KOTa TeCCHaH MOTeHNHAJbHOU dHep-
rUY B IMOJNIO}KEHUN PABHOBECHA OTJIMYeH OT HyJds) mayueHH Boaem [3]. 13 obmei Teopemur
f1. 2 BHITEKaeT, B YACTHOCTH, CYIIeCTBOBAHAE ACUMIITOTHYECKHUX ABHKEHHMH B BHIPOKACHHEIX

ciyuasX, KOTJa pas3jioKeHHe CHJIOBOM (PYHKINM B OKPECTHOCTH IOJOKEHHMsA pPaBHOBECHA
HAaYMHAETCA C 4JeHOB HEUETHOTO MopAAKa. Taxk KaKk ypaBHeHUS ABH)KCHHMA HATyPaJdbHHX
cucTeM 00paTAMH, TO COOTBETCTBYIOIIUE COCTOAHMS PAaBHOBECHA HEYCTOMIMBH.

{. Ypasuenna pgBmwkennA. PaccMoTpEM HATYpPaJdbHYI0 MeXaHHIECKYIO
cucremy ¢ n creneHsamu cBoGombl. Ilycts z & R™ — ee 00600menHBIE KOOD-
maratei,) T = <K (z) ', z') /2 — xumetmueckas 3Heprua ({,) — CKaAp-
roe nmpousBsenenne B R"), a F' (z) — o6o0meHHbe CHIEI, MEMCTBYIOIHE HAa 3TY
cucTeMy. Y paBHEHUs {IBU;KeHHS HMEIOT BUJ ypaBHeHHi Jlarpamsxa

i ] L1 e '

Tak kak det K 5= 0, To 3TM ypaBHEHHA MOKHO pa3pemHUTh OTHOCHTEJIBHO
YCKOPEHUH |

=T (@), 2>+ f(), [@)=K"()F (2)

rme <T'z", 2> — HaGop r KBagpPaTHIHEX (OPM OTHOCHTENHHO CKOpOCTei (Koad-
(bnuHeHTLI 3THX (POopM, KaK H3BECTHO, — CHMBOJIHI I{pnc'roq)(be.nﬂ pHMaHOBOE
merpukn {K (z) dz, dz)).

Oco6nle TOYKE BEKTOPHOro HoJA f (X) X TOJHBKO OHU ABIAKTCA NOJOKe-
HEAME paBHOBecus. Bes ymep6a [is OOI[HOCTH MOKHO CYHTATh, YTO OHO M3
paBHOoBecuit — To9ka z = 0 (f (0) = 0). IlIpeamosaraem Tax:xe, 9T0 DJIEMEHTHI
MaTpuIbe K () 1 Bekrop-OymEEmUE F (r) aHANHTHYHE B HEKOTOPOH OKpecCT-
mocta 10Uk 0 & R"™ (pymknmm I' (z) u f (x) TaxKe, 09eBHIHO, aHAJIUTHAIHEL
B 9TOf OKPECTHOCTH). .

Pa310:XEM BeKTop-QyHKIH f (z) B CXOIIH]]IHEOH CTeIleHHON pAf f (z) =
—fm () + fms1 (@) + . ... 3mecs fp (¥) — omHOpOAHAs BEKTOD-QYHKIHA
cremesd p: fp (A z) = 7&’” fp (). Bymem cumrath, 910 m >> 2 (B 9acTHOCTH,
moJioyKkeHHe paBHoBecHA X = () BHIPOKIEHO).

1. Teopema 00 acmMuTOoTHUecKnX ABmwkennAx. CHavama HCCIEAyeM acCHM-
[ITOTAYECKHAE PEUNIEHHA CHCTeMH ypaBHeHEE z = f () (m > 2), xoTopyio
Ha30BeM YIPOIICHHOM. | |

Jemma. Ecau npu mexoropoM ¢ & R e| 1) oxasmiBaeTcs, 4T0 fp, (&)
— %e, ®» > 0, To yumpomeHuHOe ypaBHeHHe HMeeT aCHMITOTHIeCKOe peIleHune

) _
z2()=—g@mn> ER, a=lale
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Yciaosue JIeMME 03Ha4aeT, 4T0 CHIA f, (r) ABIgeTcA LEHTPAIBHOE M OT-
TAJIKUBAOIen BAOJL Jy4a, ONpefesiAeMOI0 BeKTOPOM e. ITO YCJIOBHE B Halb-
HellllleM HpejmoJiaraeTca BHOOJIHeHHBIM. Ecam cuaa f,, (z) moremnmumanpHa m
B HOJIOKeHUX PAaBHOBECHs ee CHIOBAasA (YHKIHSA He MMeeT JOKAJbHOTO MAaKCH-
MyMa, TO f, (¢) = xe npu HeKOTOPHX e &= R" m % >> 0.

Hokaszameavcmeo. Ecam x = a/t2/(m-1) 1o

o 2(m-4+1)a

L= (m — 1) 2™ m=1)
C mpyroi cTOpOoHHI
fm(2la|e)= lal Jm(€) = I*aim?‘w
+2/(m—1) tzm/(m—l) j2m/(m—1) | |
CaemoBarennno, |a "™ .—=2(m + 1)/ (m — 1) 2. Tlockoabky x >> O»

TO BEeKTOp a & R™ cymecTByer.
AcuMOTOTHYECKHE pPeImeHus IOJHOW CHCTEeME

(2.1) ' =L@z, £ + fm (@) + frer () + ...
CT(@ =Te(@ + T, (&) + ..oy, Ty(2) =T, (0) = comst
OyaeM HCKATh B Cle[YIOIeM BUE:

(2.2) )= 4. .

th 10

2

m — 1

+ ... arERY, ay=a, p=

B nanbHeiileM BaKHYI0 POJIb MTPAET MOCTOAHHAA MATPHUIA pasMepan X n

of .
A=1> 3
L x="a/th .
Teopema 1. Ecnm cpenm co6CTBeHHbIX 3HAUeHHI MATPHIB A HeT 9HCEJ
(23) (m—[—3) 6 (m + 5) 2k (2k + m — 1)

=1 m—DE ' m—F "

TO CYmeCTBYeT e[MHCTBEHHOE pelieHue ypasuenus (2.1), mpeacraBumoe B BHAE
pAfa (2.2), cXoaAmerocs Npu KOCTATOYHO GOJBIINX 3HAYCHAAX | £ |.
Caedcmeue 1. Ecnu BHIOIHEHH yCIOBWA JeMMBL W TeopeMHl 1, To ypaBHe-

' HAA ABMKEHUA HMEIOT aCHMITOTHYeCKHe pelieHMA — Qyukmuu x (i), cTpems-
muecsa K HYJIO OpH [ — £+ oo.

C./Leacmeue 2. B yxasaHHHX NOpeANoJIO}KeHAAX IOJIOKeHHe paBHOBECHS]
z = 0 HeycTOHYHUBO.

Al okasameavcmeo meopemst 1. B ypaBaenun nemxenus (2.1) cmesaeMm 3aMe-
Hbl, BpeMeHH { — T W He3aBHCHMOM IePpeMeHHOH & — y mo gopmysaM T — &t

Hxr =eghy (b =2/ (m — 1)). Torga sTo ypaBHeHHe TpUMeT CJIeqVIOMANA BUL:
Y" — fm (y) =&* KT (&)Y, "> +fmar (0) + mas () + -]

37echr MTPAX 03HAYAET NPOM3BOJHYIO II0 HOBOMY «BPEMEHH» T, B KBAIpar-
HBIX CKOOKax 3aKI04eHa BeKTOD-QYHKIMA, aHAIUTHIECKAs 1O y, y M M,

[Tonoxum e — § u paccmMorpuM ypaBHenue F (y' (t), 0) =0, rxe

F =y — {{fm(y'dr)+ 8.1} du

a S{} dv — JWHeWHHE omeparop (opMaIbHOTO MHTeTPHPOBAHHSA CTEIeHHHIX

pAnOB
) ) Smar= Y
-1
sy S (=T
Bengem mpocrpanctso B, (byHRmm z (T), OpeficTaBUMHIX B BHJIe PAMOB.

_alf_ Ty = J Pl
T+l 7’ k
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CXOAAMUXCA OPA | T | >>r, T & C ¥ HeOpepHBHHX mpHa | T | > r. JTO mpo-
CTPaAHCTBO C HOPMOM
[z ()| =max |z (7) |
IT|=r

aBisgercda 6anaxoBwiM. Ilpu maamix 8, | z(v) — yo' (v) | (y, = a/t*) m mocra-
TOYHO Oonpmux |7t | pymrumsa F (z (1), 8) (rkax ¢ynrnusalt & C)] npunagie-
AT B.. | o

CnpaBemyimBhl CjefylOmue yTBepPKASHHA.

1°. ®ysxknua F (x (1), 6) — mempepriBHOe oToGpaskerme U X (— %, %) —
— B, rme x > O Mazo, a-U — HeKoTOpas [0CTATOYHO MAJas OKPECTHOCTDH TOY-
RH Z, = Yo' = — uma/1**1 B mpocrpancTse B,.

2°. ¥Ypasrennme F (z,, 0) = 0 mMmeer pemenue z, = y,’ .

3°. IlpomsBomuas F,' (z, §). oro6paskenus F cymecrByer B U X (— %, %)
¥ HeIpepHIBHA (IO Kpalineil mepe) B Touke (z, 8) = (y,o', 0).

4°, Tonomum z =y’ (1) + z(v), § = 0. Torxa

r (! . afnl | ’ ! A '
F, (yo,O)-——-z—S{ yomSzdr}d'c—_z—-S-%-z-(Ssz)dt

dy

[loxamem, gro sToT JmHe#nbi# omeparop D : B, — B, mMeeT OrpaHUYeH-
HB#A oOpaTHH. JleHACTBATENHHO, NYCTH

Torma ypaBuenme

z—S'-%<Szdt)dt=u

MeeT pelleHne

v

z m—1)% -1
‘Z(T)=;1kuﬁ'l ) zk=Ckuk, Ckz E——-Q-E—(-éml_-_—i)-}l

Taxk xak det C, 5= 0 npm Bcex k u C;, = E + O (1/k*), 10 omepatop D™
CYmeCTBYeT U OTpaHUYECH. '

CpoiictBa 1°—4° orobpamenua F (y’', 6) no3BoJANT OHPHUMEHHTH TEOpeMY
o neABHo# ¢yuruuu ([4], ri. X): npu maasix § cymecTByeT eJUHCTBEHHOE pe-
-mende y (v, 8) ypaBmenusa F (y’ (1), §) = 0, maio oramuaromeecs oT QyHK-
nua Yo' (t). UaTerpupys crenennoi pan dysknnu y'(T) ¥ Bo3Bpamasch K CTa-
pHIM IepeMeHHBIM Z, !, MOJYYHM aCHMMITOTHYdecKoe pelleHue x (1) ypaBHeHHH
ABH)KEHHUA, KOTOpPOe MOYKHO NPEeACTABUTH cxoasmuMcsa psgom (2.2).

3. HéycroitumBocTh paBHOBECHMA B MOTEHUHAJIbLHOM Iode. IIpemmoiio:xmm,
gT0 0000mennaa cuna F () morennmansua m V (r) — ee cuiaoBag QyHKIHA.
[Tycts V (2) = Vipale) + Ve () + ... (m > 2), tme V, — ogHOpOAHAsS
¢opMa mepeMeHHHBX I = (Z;,. . ., I,) cTemeHH p & N. B HopMaJbHHX KO-
oppuHarax r & R"™ marpunma K (z), ompenelsaomas KAHETUYECKYI JHEPIHUIO
cucremsl, umeeT Bug £ + A (z), rme £ — enuanunaa marpuna, a A (0) = 0.
Tak Kak f () = K™' (2) F (), 10 fr, () = OV 1/0c. |

IIyere maxy=gVy,1 >0, tme S — (n — 1)-MepHasg emuumanas cdepa

{Zz;2 =1} C R™, ¥ 3TOT MAKCUMYM [OCTHIaeTCHA HA HEKOTOPOM BeKTOpe e.
Torma f,, () =% enmx > 0. Be3 ymep6a g1a o60HOCTH MOKHO CIMTATh, 9TO

e =(1,0,..., 0). Dopmy V,,,; MO’KHO IpefCTABUTH B CJEHYIOMEM BHJe:
| n n
m+1 ' | 1 :
l71'7'1+1."7-_'m way "I_ Z Vi (xl) Y 2] + 5 Z Vii (.’L') il W= const
1==9 i, =1
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rue v; U v;; — HeKoTophle ofpoponuile fynknum cremenm m u m — 1. Ilo-
CKOJBKY 0Vm+1/6:c =0 (i > 2), korga z; =0 (i > 2), o v; =0, |
J];a.nee PyHKIUA
Z Vi j (xl, ey ) i <O
| t, J=2 , | .
OpE MAJHX BHAYEHHAX Tg,. . ., T, €CHH Z; = (1 — x,? X
YuopomerHOe ypaBHeHHE o , '
| oz = fm(x) == 6V7r+1/6$
uMeeT peleHHe ' o

a - 2 |
_ — m-] — - g L 2
=y 4 w(m—1)2 =0, 12

Ma'rpnu;a A = t20f,/0% |5 B 9TOM CIIydae BHIIAAHT CJIBJJ;YIOII[I/IM o6pa30M'

——-——-(m m—y 0 ...
0 o U % % ' '
, 22 + -+ Van fl v;; == Uj; = t%;; (a/t¥, 0, ..., 0)=const
' % * |
| 0 Uno + -« Unpn

CoOCTBeHHHIME 3HAUEHHAMHA MaTpHIBI A ABIAIOTCA COOCTBeHHble 3HAUEHUS
Agye + vy A, MaTpEU | v;;*||, & Tarke Ay = 2m (m 4 1)/ (m — 1) 2.

BrificHuM, IPHHAANEKAT JU GACTA Ay, . ., A, HOCHEAOBATENBHOCTH (2.3).
[Iycrs mpE HEKOTOPOM k & N mMeer MeCTO PAaBEHCTBO k (2k + m—1) =
=m(m + 1). Torga 2k> + (m — 1) k —m (m + 1) =0, orxkyma k;, =

=—m<O0, ky ='(m + 1)/2. Taxum o6pasoM, eciu pasjokeHHe CHIOBOM
¢yr num X V; (i > 3) HaumHaeTCsa ¢ HeHYJAeBOH OPMH HEYETHOH CTEIICHH,
TO HOCJIeHOBATEJBHOCTh ducek (2.3) He COTEp:KHT A;.

anee, OCKOIBKY Popma Zv;; (1, 0,. . ., 0) z;2; < 0, To 2 vy*a;x; < O,
TaK KaK BeJMUHHA v;;* mpouopumonanbua v;; (1,0,. . ., 0) ¢ molnoxuTEAbHBIM
- kosppunumentom a™ 1. CremoBarensHo, BCe Ay, . . ., ?&n < 0.

Nrak, ¢ moMompio TeopeMH 1 moxasama.

Teopema 2. Ecam pasioyenre CHUIOBOM (byHRmm B pH,T_[ MaraopeHna Ha-
9UHAETCHA C YIEHOB HEYETHOR CTeIeHH, TO cymec'rByeT ACHMITOTHIECKOE ABUHE-
HUe W, B YaCTHOCTH, IOJIOJKeHHMe paBHOBeCHA ¥ = () HEyCTOMIHBO.

4. Hexoropbie 0600menna. [lokasanasie BHIIe yTBe P ieHAA 00 acCUMITOTH-
YeCKUX JBIKeHUAX CIpaBe[JuBH M B Oosee ofmeM ciydae, KOTa BMECTO TO-
JIOHOMHEIX MeX aHWIeCKHX CHCTeM DPacCMATPUBAIOTCH HErOJOHOMHBIC CHCTEMEI
YamapTHHA. ‘ ' |
TleficTBATENIHHO, YPABHEHHUA [BUKeHHA CHCTeM YamjIbImHa B «(KAHOHHYEC-

KHX» OepeMeHHHX (p, q) & R™ uMmelor caexyromuit Bup [9]:

(41)  ¢=--=K(@p, P'=—%+F(Q)—I—<B(Q)’P, P>

rge T — KHHeTWIeCcKaA »Heprus, F (q) — o6oGmeHHbie CHIH, AeiiCTBYIOIIAe
HA TOYKM MeXanmdecKou cucremsl, a {B (q) p, p) — HEKOTOpHU Ha0OpP n popM,
KBapaTHIHHX 00 MMIOyiabcaM p — R™. 9Tu ypaBHeHWUs, 09eBHAHO, oOpaTH-
MH (BMecTe ¢ pemenmeM ¢ (1), p (({) omm mmeror pemerue ¢ (—t), —p (—1)).
U3 cucremsl ypaBHeHH# (4.1) MOKHO IOJNYIHATH ypaBHEHUE BTOPOTO HOPAAKA
OTHOCHTEJIHHO ¢ '

¢ =<T(9q, q>+7(
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rme {I'q’, 9> — naGop n RBanpaanHHX ~ opM TmO] CKOpOCTAM; A f(qg) = |
= K (¢) F (q). lopxopamuM JIMHENHHIM KAaHOHHIECKUM npeoOGpasoBaHmeM
MOKHO JTOGHTBCA TOTO, 4TOGH B HOBEHIX KOODAMHATAX MAaTPHIA K (9 =E +

+ A(g), A(0) =0. - .
OcTaeTcs 3aMeTHTH, 9TO B JJOKa3aTeJIbCTBE TEOPEMEI 1 murie He HWCIOJH30-

Bajach CTPYKTYpa xosppunuentos I' (g).
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