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AH&JII/IB cucreM C HeOIr'paHNMYE€HHbIMNU peEllleHnAMMN
© H. B. 3y6os', C. B. 3y60s?

Awnnoramuga. B ganHOi cTarhe M3y4damTcs TEOPETHYECKHE OCHOBBI UCCJIEIOBAHNUS JABVKEHUHI CH-
cTeM, He UMEIOIIHUX TPeIeTbHbIX ToYeK. OTKPBIBAETCS HOBAs OOJACTH UCCIEIOBAHUS - YXOMSIIIE
apukenus. M3ydarorcs HEOrDAHWUYEHHBIE DENIeHUs CHUCTEM OOBIKHOBEHHBIX M depeHIna bHbIX
ypasHenwuii. [lomydeHbl yCAOBUA YCTOMYIUBOCTA HEOTPDAHUIEHHDBIX PEIIeHUN W OIEHKHA Ha CKOPOCTH
MpUOIMKEHNST TPACKTOPUH BO3MYIIIEHHOTO NBUKEHUS K TPACKTOPUU HEBO3MYIIIEHHOTO.
KiroueBrbie ciioBa: paBHOBECHOE PEIIEHME, KOODAMHATA, MATPUIA, ACUMIITOTHIECKAS yCTOWH-
BOCTb, TIOJIOXKEHUE DAaBHOBECHS

[Tpu perrennu oOpaTHON 3a/1a4M JUHAMUKH, XapaKTepHO# /s 3a/a4 yIIpaBIeHUsd, 3aKII0-
Jaroleiica B TOM, 9TOOBI IO 33/ JAHHBIM WU YKeJaeMblM KHHeMATHYeCKUM XapaKTepHUCTUKaM
JIBUZKEHUS TIOCTPOUTH CUCTeMY TubpepeHnua bHbIX YpaBHeHuit junamMuku, Mmetoasl A. M. JIs-
IyHOBa UMEIOT y2Ke 0oJiee NMPaKTHYeCKOe HPUMEHEHHUE, TaK KaK IPU [HOCTPOECHUU ypPaBHEHUI
JIMTHAMUKHN YIATBHIBAETCA TPEeOOBAHUE YCTONYNBOCTH KEJIAeMbIX KHHEMATHYECKUX XapaKTepu-
CTUK W ypaBHEHWS BO3MYIIEHHOTO JIBUYKEHUS CTPOSATCS JIETKO.

1. IlocranoBka 3agadun

PacemorpuMm cucremy 0OBIKHOBEHHBIX jup hepeHnnaabHbIX ypaBHeHni

X =PX +Q+ pF(X). (1.1)
e X = (zq,...,2,)" - BekTOp (hazoBbix nepemenubix, P, () - NOCTOSHHBIE MATPHIIBI Pa3Mep-
HocTeil m X m u n X 1 coorsercrBenno, F = (f1,..., fu)* - BekTOpHast DyHKIMS, [ - MabIil

napaMmerp.
Pasrosecrvim pewenue (dsusicernuem) Mbl GyIeM HA3BIBATH TAKOE pellenne (IBHKEHNUE)

X(t, XO) = (Qfl(t7 X0)7 c ,In(t, X()))*

B 7.-MEPHOM TMPOCTPAHCTBE, ¥ KOTOPOTO OJIHA M3 KOOPJAMWHAT HEOTPAHWIEHHO BO3PACTAET TPH
t — 00, a OCTaJIbHbIE IIOCTOAHHBI, HAIIPAMED,

:cj(t,XO)Ex?,jzl,...,n—l; T, — OOTPHT — 00.

[ToctaBum BOIPOC O CYIIECTBOBAHUN PABHOBECHOIO pererust cucrembl (1.1) u o noBegennn
pelleHuil 3Toi cucTeMbl YPaBHEHUHR, HAYUHAIOIIUXCA B HEKOTOPOH OKPECTHOCTH PAaBHOBECHOI'O
pelleHns.

[IycThb BBITOJIHEHBI YCJAOBHS: COOCTBEHHBIE TUCIA Ap, . . ., A, MATPHUILI P TakKOBBI, 9TO A, =
0, Redj <0 ana j=1,...,n—1, F(X) HenmpepbsIBHA U yI0BJIETBOPsIeT yca0BUIO Jlnmiuia
[1].

Cnemaem 3ameny X = SY , rme S - BBIDOXKJIEHHAST MATPHUIA PA3MEPHOCTH 71 X N, U TMOJ-
craBuM 3T0 Beipazkenne B (1.1):

Y = S7'PSY 4+ S7'Q 4 uS~'F(SY). (1.2)
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OrmernM, uro z; = (Sf,Y), tme S; — i— g crpoka marpursl S. Marpuna S BbiGupaercs
TaK, uTo6s MaTpuna A = S™1PS nMena mocIeAHION CTPOKY U HOCTeIHIH CTOIOI HyIeBBIMI.
CymecTBoBanue Takoit Marpuibl odeBuH0. Hampumep, B kadecTtBe S MOXKHO B3sTh XOTs ObI
MATPHILY, COCTABJEHHYIO U3 KOPHEBBIX BEKTOPOB Marpuibl P ; B 5ToM caydae Mmatpura A Gyaer
2KOPJAHOBOHA.

[lepenumiem cucremy (1.2) B Buje

Y = AY + R+ ud(Y), (1.3)
rme R= SilQ = (yh s 7yn)*7

B(Y) = STE(SY) = (p1(Y), .. ou(Y))"

Paznenum cucremy (1.3) Ha JiBe TPYIIbI ypABHEHHUIA:

U1 =ant + a2y2 + ... + a1p—1Yn—1 + 11+ pp1(Y),

Un-1 = Qpn-11Y1 + Qn-12Y2 + - . . + Qp_1nYn-1 + "1 + ppn_1(Y),

Yn =Tn + Mg@n(Y). (1'4)
[pu = 0 y cucremnr (1.4) cymecrsyer nojoxkenue pasuosecus Yy = (Y, ... Y2 ) B
cuty Toro, uro marpuna {a;} (i=1,...,n—1,7=1...,n—1) nessipoxaennas. Ciemno-

BATEJIbHO, [I0 TeOpeMe O CYIIECTBOBAHWN HesBHOM (GyHKIuu y cucteMbl (1.4) ecTh MoJOXKeHHe
paBHOBecus Y (1) m upm J060M i, KOTOPOE 1O MOJIYJIIO JOJZKHO ObITh MEHBIIE HEKOTOPOTO
MOJIOKUTETBHOTO [l . DTO MPSIMO CJIEIyeT U3 TeOPeMbl O CYNIeCTBOBAHUU HESIBHOI (DYyHKIINH,
€CJIN yUeCTh, 9TO SIKOOHAH COBHNAIAET C ONpeeanTeseM Marpunsl {a;;}, 4,7 =1,...,n—1.

Ormerum, uTo eciu npasbie yactd Y = (¢1,...,@,) He OYyAYT 3aBUCETb OT ¥, , TO MOJIOZKE-
HUe paBHOBecHs cucTeMbl (1.4) GymeT acHMITOTHYECKH YCTOWYIUBO 1o JIAmyHOBY W Y, Oyier
MEHATHCS TI0 JTUHEHHOMY 3aKOHY

Yn = Yno + (7 + M‘Pn(Yu))t

CrenoBaresibHO, paBHOBeCHOe perenne cucreMbl (1.3) Gyaer yeroitauso mo JIsmyHOBY.
[TocmoTpuM, Kakue orpanndenus Ha cucremy (1.1) Hamoxut yciaosue Hezasucumoctn P or
Un , T.€.

dp;
OYn

=0, i=1,...,n (1.5)

Tak Kaxk

0p; 0p; (996] B
OYn Z « Oz Ot (Veir Sn),

rae S, —n - it croaben Mmarpunsl S, T0 (1.5) SKBUBAJIEHTHO yDABHEHUTO

(Vi S) = 0. (1.6)
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Bekrop S, opTroroHajeH BceM CTpPOKaM MaTpUIBl P, T.e. OPTOTOHAJEH HMOAIPOCTPAHCTRY,
HATSIHYTOMY Ha CTPOKH MaTpHILl P, 1 TaK Kak

Vi, = Z oi;V fi,

rie 05 - ssementbl Marpuibl S™1, o Bhinoseno (1.6), a ciiegoBaresibHo, OyeT ClpaBeIuBo
u coorHomenne (1.5), ecoim V f jexkar B OANIPOCTPAHCTBE, HATSHYTOM Ha CTPOKH MaTpuipl P
2]

PaccmorpuMm paBrHoBecHoe pemenne X (t). Ilycrs Touka M € E, . Bpemem B paccMorpe-
mue senuuuny p(M, X(t)) - paccrosuue or Touku M o tpaekropun X (t) : p(M,X(t)) =
min||M — X (7)]|| .
>t

Ounpemeneunmnue 1.1. Pasuosechoe pewenue X(t) mnasweaemes opobumasvno
Yyemotinusum (OpOUMANLHO ACUMNMOMUYNECKY, YCMOTuusuM), ecat 0as A106020 CKOAL Y200-
HO MaA020 NOA0KHCUMEALHO20 € Hatidemes § > 0 maxoe, wmo npu p(Xo, X(t)) < 0 Oydem
BUNOAHAMDCA |3

p(X(t, Xo), X(1)) <& npu t20(p(X(¢ Xo), X(t)) — 0).

t—o00

Takum oOpa3om, JoKa3aHa CJAEAYIONAs TeOpeMa.

Teopewma 1.1. Ilycmo das cucmemos (1.1) cobemsernme wucaa mampuys, P mako-
evi, wmo Reh; <0 (j=1,....,n—1), A\, =0, sexkmopu Vf; (j=1,...,n) cywecmsyrom u
AEIACA, 8 NOINPOCMPANCMEe, HAMAHYMOM Ha cmporu mampuys, P . Tozda cywecmeyem ma-
koe po > 0, wmo das 2106020 [, N0 MOOYAO NPEBOCTO0AUE20 [lo, CYULLCMBYEM OPOUMANLHO
ACUMNIMOTMUYECKY YCOoTYUBoe Heozpanuientoe pasrosectoe peutenue cucmemos (1.1), yemot-
wusoe no Jlanynosy.

Janee 6yaeM paccMaTpuBaTh CUCTEMY BHIA

X = PX + uF(X, 2),

Z=r+ puh(X,z2), (1.7)

B KOTOPYIO mepexoauT cucrema Buja (1.1), ecau marpuna P umeer Xors GBI OJHO HyJeBOE

cobcrBennoe uucio. 3necb X = (z1,...,zn)", P — N X N - marpuna, r > 0, g - ma-
abiit napamerp, F' = (fi,..., f,) - Bexkropuas, h(X,z) - ckangpuas QyHKIUs TePEMEHHBIX
T1y..., TN, Z.

Ecmu F(0,2) =0, h(0,2) =0, 10y cucremsl (1.7) cymiecTByer ceMeiicTBO HEOrpAHUIEHHBIX
PaBHOBECHBIX pernenuii [1.3]

rn=x9=...=x,=0, z=2z+rt, (1.8)

npecTasasioniee miockoctb B (N + 1) - meprom npocrpancrie. bes orpanmyenus 00nHOCTH
MOXKHO CYHTaTh, 9T0 2o = 0 [4]. 3amada cocrouT B M3ydeHUH CBOCTBA ITOrO pelleHus. 31eCh
u gasee OyJIeM IperoJararb, OTHOCUTEIbHO hbyHKImMI F,h ciaemyroiree:

1) byakmuu f1,. .., fy,h paznaraiorcs B pgasl M0 HETbIM MOJOKUTETBHBIM CTEIICHIM ITe-
PEMEHHBIX I1,...,TxN, PABHOMEPHO CXOJSAIINMCSA OTHOCHTENBHO 2, Korja Beauunta || X || mo-
CTATOYHO MAJIA;

2) pasnoxenust dbyHkumit fi,..., fx,h He comep:kar WiIeHOB, JUHEHHBIX OTHOCHTEIbHO
L1y-+-3 TN

3) mmeeT mecto onenka |h| < kzo\z|b(2j.v:1 |z;)*, tne ko >0, a>0, b>0.
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2. BriBoasbl

TakuM 06pa3oM B JAaHHOH CTaThe U3Yy4alTCd TeOPeTHYeCKHe OCHOBLI MCC/ICI0BAHHL J(BU-
JKeHnit CUCTEM, HE MMEIOIIUX MpedeJIbHBIX TOYEK. OTKpBIBaeTCH HOBadA O6ﬂaCTb nccJjaea10BaHnAd
- YXOIdIINee JIBUKCHH.

Pabora BeinosHeHa npu dbunancosoit noagep:kke PODIU (p. Ne 10-08-000624).
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The analysis of systems with no limits solutions
© L.V. Zubov?, S.V. Zubov*!

Abstract. In giving article is learns theoretical bases of investigation motions systems, is not have
limiting points. Is opens new region of investigation - going motions. Is learns no limiting solutions
of systems ordinary differential equations. Is supposes conditions of stability no limiting solutions
and estimates on velocity approaches of trajectories indignant motion to trajectory no indignant.
Key Words: equally measure solution, coordinate, matrix, asymptotical stability, position of
equally weight
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