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B/(x)x' =0, v=m+ 1, ,n;i=1, n;m=n-1
E&,%%Eﬁ?{]ﬂzﬂﬂ‘ (rank[ B/(x)] =1), H

2 =b(x)x", a=1," mym=n-1. (1)
RGEMBIHER Reyleigh FEHLPR%S> 511 O

T:%aij(x)fcifcj, b :%ﬁj(x)x"xf. (2)

BHEE T RIEER, — BB F XA x (8, Reyleigh #ERRREL @ JE % = (&', ,4") FE
A8 R X (x) = (X, (%), X, (x)) Zith HATR R — AL E ).
ARG s SR TR (1) WfE, B 77 B 5 B Woronetz T 7 R IE A (2 IL3C

k(13"
d aT" oT” aT* aT\ * . . . D"
il — - b + (7) v gk =X - s 3
At 0i® x| % ax T \ggr) Vel The T 3)
Hrp
ab:  ab” ab", ab”
o v _73 _ a 7/3 _ a
T = T(i”:bﬁi"‘) » Yap = O 896'3 Z ox” g ox” ’
(LT) - (LT) cXe =X X, P =D
ax” 05" ) oo iy "
AW EhEE T° 1 Rayleigh FERUPREL @ i a0k =00
® 1 Qe * 1 c Qs
T* =5 0.,(x)3 i, @D = 5 dp(x)i i, (4)
/\E[j

0 =, +a,by +agb, +a,bl by, dg=Ffg+[,bg+fsb, +[,0.05.
AR X(x,) =00 x, j2 I K008, ARE—Beb, RECFEALEAEA x, = 0, KA
X(x), ay(x), f,(x) F b, (x) 1E x = 0 WHZICR AT LAy, 4
X,(x) =XV (x) + X[ (x) + - (5)
F X.(x) ) Maclaurin 2250 X L X (x) & s IGFRGEL N x = 0 2 TP E s = 1.
FESCHERL 10 ] BRaR T R 9wt . AnSR3RE 1T = I1(x) 16T 8 x = 0 3 A e/ MA, 3T
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FRAESCHR[ 101217 B F R i — B 1 A o Or R (1) AL (3) AT i x (1)
HIFE)
lim (x(t), %(2)) =0, (6)
IEARFHE 1252 RGEHFEPRE x = 0, % = 0 AR,
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PRI B2 BT LAUE I 3R 37 30 A 1 A7 AE IO R SR R X (), ay(x)
S () Fby (x) TR, Z/0TE x = 0 RBBUZTCER AT iR, 75 p = 3 I, R BT A0 9 i
(A RS RHLY)

alln(=0)(=0™,  u>0, 7

HA (S UWICHR[11-12]) a, = const,a,, a,,+ A ln(-1) BMRBZHAHu > 0. WHR Eikgh
BRI, R RE(1) FI(3) A x () APERT: M1 —— oo B x (1) — 0. FHIZPEAFAE
B 8, k[ 18 ], I RR(1) F(3) Ml x (¢) FETE (Yt —— oo BPATER X (1) —0) ,2450(7)
SR — R L B AR P x =0, x = 0 2 AFUEM.

U\fﬁdﬁﬂ:ﬁéﬁlp =3 EIE#. p=2 ST Liapunov ﬁﬁ(?ﬁ@ﬁ{ﬂ*ﬁfﬁ,%ﬁi@(
[19]) KAt XAMELAVEE K.

1 FERERONIALE I BT 2 P

BB W(x) 7585 x = 0 BYABIEUE TN Maclaurin B W = W (x) + WP (x) + - (p
= 1) XH WY (x) B4 s IFFIREL 78 W(x) P, RER 2 - b5(0)2° = 0 Fdfz 1545
W(x') = W(a', - a™) = W(a', - 2", 6" (0)a", - ,b1(0)x%),
Hrbx' = (&', ,a™) . R fV(x) B Maclaurin %500 B U AEF ML ﬁ’/(x) , 1 Hab & X
W (x) Bl (n - m) GV 7 ML, b HE RS
x = by(0)x =0, (8)
Ay fi) £ 5
(X7 () + 70XV (') e XUV (x) +b(0) X (X))
SR FLEY. ANF BRI AT
FE1 Bdet[d,(0)] # 0 JFRAAERT ¢ #0,¢ = (', "), BUT IR
X00(ey + 00X (") = kdige?, Kk > 0. (9)
WA R (1) B (3) HER I T2 RGN x = 0, % = 0 BAFEM.
JEHR T HEST T SCHR[ 14 1A ZE SR, SCER 14 198 T FELRSF I FORG T BE S AR T i AR 2 %
R G i8S AT AR E ML B B, B 1 AR T (LSCER[17]).
2 det[£,(0) ] # 0 WL, WA det[ d,z(0) ] # 0. AHBIPRIRA AT, 4 Rayleigh M%L @ 2
TERT  BIRE R [d,,(0) ] TALFEN R EIRE B 1 FEAE ST ARS8 2 FEB T
FIHF it o i
i =F(_ (x) + Ky (x)d'5" + Vi(x) + P/(x)x’ (10)
A — R R AT LGER E B 1 b P () 2 (p - 1) = 2 BI5FIRE RECK (x) 8 x AR
PRAL AR x = 0 BIZ T RE(10) Iff. B BRER V() , K (x) FPi(x) fEx = 0 &P 82 JE R T
TR RIS x -0 I A Vi) =0'( | x||”) . FHIBRRARE .
EE2 WHAEREe= (..., ") #0, i
F(,_(e)=«c, Kk = const > 0, (11)
FEK BT MY R (10) R 1 J12% R G, P ARIR A x = 0,5 = 0 EARREM.
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h TR (7) FEAE , U AHIE R (10) P& TR (7) i n=1/(p - 2) ,a, =c,
AR AT BB E I x, = (- ¢) “e BB (S RFFE(10) ) BUn T IR R .

i=F( (%), (12)

EE2 WIERR  EFEWRE OO RBAE, s = 1 BBk =1/(p-2);Y4s =

2 B A B — AN B R B AR SR R B RE A GO % pR A S B sy AR IR SR R, st

B F In( - t) 2T, ZEla (s =2) RN R RRR. SCRR[ 10-12,17 ] TR40
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E1 M Pi(x) =08 K,(x) =0/ EH2 WAL,

EE1RER S TUEMEEhEor (D) FGG) IR R G x =0, & =0 MARE

PR TR MR X S R R (10) B —DAFIRIE O, 1B R B S5 0F (1) BTk R 25 0F(9) .

M dyg(x) = dg(0) + A, (x), Ag(0)=0R1b; =b,(0) +A%(x), A(0)=0, FFE(1)
FI(3) FTEANT 7k

(dig + Ap(x))iP =X, (x) + b (x)X,(x) + G (x,%) - 0,,(x)x",

(13)
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FIERN R X, (x) ,a,(x), d(x) Fb.(x) ZICFRATHE, H det[dig ] # 0, WIrFE(14)
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Fé_(x) =d®[ X070 (x) + 620X (x) ], o)
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XY (e) + DO X (e) ] = ke,

bo(0)dP XS () + b ()X (e)] =re”, Kk >0, "
Ry fE

XU (e) + b0 XU (e) =kdi, ¢ = bL(0)e, Kk >0, (18)
5Ir#E(9)

R0 + bR () = kdige? . K > 0, (1)

T, EH L IER. O(RAR RS EIEA SR Z b, IEGE W, T mf % R . Y
—— oo B, % (1) =0, A (1) PR ) B ERE], EETRMA(18) , i ¢ FIRE(T) BIE IR
Ti,x, = (=) e ST .
FREG(15) (ARG (1) (3) ) FATER— W0 A, 8 X ik AR g #2 (19). BRI
— ANl AR R, X (SR A, AN AT BEFR BB RN 780 25 A () (R MEAG LI AN ) . e 1 I
T, NG (S R 10-12 ) FERRRIE L 8 T R (19) fRAEAE I 5853 55 1
i35 (16) AL T F1f 7 P29 b — 4. sRAS T 1H 2R 50 07 FEAL I
XU (x) +bL(0) X0V (x)) = 0. (20)
AT 2 ) 3 1 (.
SIF1 & x =0 HFE(20) M— NI, Hikkm = (n - 1) N&EEC W4
X0 () +b5(0) XV (€)= kdiye? (21)
AT U ¢, Hrp k AT RATIE,
S5IE2 &x =0 HFE(20) B— MRS, B (p — 1) R X ik 2045 — Xt B4
X ¢, U R A
X00(ey + 00, X7 (') = kdige? (22)

b= ST B M AP S K UE S e diP A T

2 PRSF EISHFERCIALS AR N BT E T

FIEMRST PEIFRGE T b AR 5 8 R 58128 S V- H5 A FRE 1, Rayleigh #EHI PR £ 7
T (2) BE . BB B 190

xi<x>:—‘;i{+ci(x), (23)
Hip I (x) FRBGHPEE, C.(x) FoRT GRS, BN F 27

Ci(x)x, = 0. (24)

1w x =0 K [ 3P,

2@(0):0, C.(0) = 0. (25)
NBETI(0) = 0. B TR A (H) oz, Hik

M(x) = TP (x) + T (x) + - (26)
il

C(x)=C""(x) +C"(x) + - (27)

S8R I (x) A1 C,(x) B9 Maclaurin 24 Hr Cl.m(x) T (x) & s KFRK L, A s = 1.
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R,

Cor D (x)a' =0 (28)
FST Fh M A

(CO™M(x) +b2(0)CI " (x'))a? = 0. (29)

B det[ dig ] # 0. ZIBRIFTIH A FRIE 13k S22 RGN (23) & XA I e (15) , AT LA
e

(p) (p)
i =a? [ - 20 -0 O gt s (0] +
a .’ 2 a P a oy
0uun>;£fnﬂ|:;ﬁnxnx (30)
v _ v of3 v (p-1) v (p=1)
& =000 [ 2T - (0) ST e () b (0) € () | +
O'ClIE 1) +0Cllx ™) +0C % 1) .
I R T A
(CPV(x) +b7(0)C ™V (x) -, €07V (x)) +b(0)CI " (x)) #0
T ) AR A
FH3 WIS,
a) det[dy; ] # 0;
b) M x' =0 BT (x) FIT (x) # 0 BRI (R ) ;
¢) x =0 TR M — IR
S B ) B E () = 0 (1)
X
d) m =n - I H#EEG
e)p =3,

SN, AN 7 R4 (30) SR 12 AL, HoP- x = 0, & = 0 RARRE .
HRE(31) [fif)E T
w=1{xc¢€ R”;]AYP(x') =0}.

BRI, 2 T (%) 760 x" = 0 A —H 3 S BB CME, W77 (31) A S IS £,

BT Womo=n - LR ELA x = 0 RBRELIT (x) B A S B BRI TR, 7
fifx =0, % = 0 EAREEM.

TERE B 3 IR IE R WA BRI ERAIREHIC) | A ol D 25 % ( 2 ISR (201207 ) 152 3 &
Sk, HRaE TR A T AR, 76N b MR R AR e M R B T T iR

IR 3 EIERR  ERE 1R HE AR, 2E T L OREHE 3 M40 o) A d) B — R
B HTRYL(9) Mo, ML

oll N , R ,
- axu”(c Y +CV(e) + b;(O)CL’H)(c ) = kdige® . (32)
FEEH 3 M, « > 0. 48K, % E51%X(29) , 153
alr, .
Kdzﬂcﬁcﬁ =——2'(c)c". (33)
ox

M, B 0T (x ) AN FFRER IFEL T (') < OCHARAERE 3 K41 b)) A
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K =— (df;ﬁcﬁcﬁ)_lpf]p(c') > 0. (34)
SEFE 3 UEKE. O

EE4 WM.
a) det[dgﬁ] #0;

b) p HEEL,
o) x' =0 KT IR IR
_f§cg>+éy*%x>+bﬁ0ﬂ#”%x>=o; (35)
X
d) p=3.

WU FH B0 (30) FRHE AR O 124 R G, HOFAT x = 0, % = 0 SRR

SRR AREAERT , 2T 4 AR T 145 ST B %S0k 22 ).

EHABRER  Ax =027 (31) MRS, BLUCK p R 23 R, A0 — X B4
XTI ¢ R (32) B (LI BE2) L SUIT (—¢')=—TT,(¢") (A IT 45 bi) . S5 T A
TEBT AT SR B 1 v RVRE £

% 1 T B A A5 B L 1 1 0

CoV(x") +by(0)CI "V (x") =0. (36)
BUAE, Z6F(32) B IR
-Eﬂﬁxc')zxd;cﬁ, Kk # 0. (37)
ox
I 4 JIEHE, O

FERL3 WA o) () FIERL 4 BYZR1F D) (o) AR IR BN AT A4S W
EES5 W IR
a) det[ daB(O)] #0;
b) H%K I (x') ,p = 3 WA/ ME x = 0.
WU b 03 T R (30) BT B 1A R GE, P x = 0, % = 0 2 RFEE .
g2 BWdetl dy(0)] #0, Hax =0 RHAE T I KM (AL %) , WA TT (x') #0. M
i x =0, x = 0 B ARFEM.
Ap =2, EHS FAZERITSCHRL 1] AYZE R, F5 i, Y BA AE 2 R A (1) ARER
B GEFE S 53CHRI 10 ] CARERLINE 7 58 R S0 IS5 R AH— 2L
BAFERUI I 23 5 AUEIAZ WCHRT 17 ] (SCHRL 17 ] P& BRI, pRECTT, ay(x) F
bi () RTCHRATHAY )« G B 2L bR BOR A BRUCPT AN, S 45 SR A TE R 25 UL SCHik [ 21-23 .
IS ROIERR  IERILUEEE | S SERE. S TUEREEE S, FRAMEIERI T, fi&ED), £
FEE ¢ (I RLE(37)), Xk > 0.8 ¢ MBS A i, 76128 F ek s IT (x) 18
(m — 1) - eI dopacc® = 1 AT S/ IMEL AR PR IT (x) RORPFRR (G 2 3], A — T e Ry
W TR A
- (ZZI”(C') = kdize” .
AR B 5 19 5%, e/ R B, DRt
K :—p]AYp(c/) >0
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ST NI RE B 1 AT A 25 R 2. R B S JIEEE, O
3 5¢ il

TR A TE B KO 7 Bz sh, FPF A 3 AN . i KN, RN, W 7R V-1H o
AR T I B 5V M RS =R N I T S, T I T I AR S S N X
JEORRERN ] ) A 58 B 7 132 B, WARRINIE B Lagrangy ABAR R x = («' 07 ,27) dhig, Horf
x' =x,2" =y NI M, [ Cartesian 245 ,4° = ¢ Fn Ox S UHAR T 10 A1 o B3R I He A,
(I FR. WIBE R ¢ s — o 42 2 AR KSR (&) B9 K, A, SRR O — i i 422 3 [ 22 o5
O, WHIRAENLE x = (0,0,0) W, I 5 A B
HARARIE, KB R . WA A X R % P 1,
B K MK (K e (&) BTiZFm. S KNS
K BB b IEBK K =a. W5 K, FK (5SS
WAL F = a( +y') KK/ | KK, | ,a W
UL 1) . 230, W0 ] J) 32 R 1 EE A )
F,=-Bv, fEM,HH B =const > 0,v, NiElES
ST T A o ) TR, VARG Bl RGP R4 S A
M M, =— yop, Horbry = %0 > 0,p T3

AT o (3B R0 R m, oL R
YR e W i AR - 66 6 T O 8 BB el Dt shech of e
E

B AEsea s

y =% tan @, (38)
TR SIS AR R EOR S i VR 40301l hy
T :%m[ &+ 5 = 2ak@sin ¢ + 2aypcos ¢ + (a® + K¢’ ],

@z%ﬁ(a’ccosgﬂ + ysin @)° +%'yg'02, (39)

H:%c( [x-a(l —cos@)]” +[ y+asing] *+1* =1)°.

I SAERSFIOALE TR
Fi=—a(x’ +y)cos@, F, =0, F, =a(x’ +y )sin ¢,
XL 1 Maclaurin 255052
F, =—a(x3 +y3> +Ol<x3)’ F,=0, F, =03(| xls)’
T 3 FBE A Maclaurin 2500 1T =1, +0(l x| Y, Hrp
H(4) =8%(x4 + 2x2y2 + y4 + 4ax2yg0 + 4ay3§o +

20°° 97 + 64y’ Q" +4a’ye’ +a'e?).
BRI & = 5 5, SRERIAE R BT

T* :%m[xz(l +tan2g0) + (az +k2)¢2]9
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« _ 1 siffp\*. 1.,

P —2,3(cosgo+m)% +2')’¢’ .
HARI I S TR N
d(ors\ , 9Ty . o oIl oIll\ 0®"
) e, s, )
ox Jdy do ox dy 0x

i(aT*)_ﬂLb?gb:' _ﬂ_a(p* b3
di 9y op 2 " 90 g VT

H b} =tan . B x = (0,0,0) AN T-HEAE. W ABOTFE(9) A

PO - =wd, a=12,
X

Hop
m = {x3 =0}’ dT] :B’ d(l)2:d;] :O’ dZZ :y’ c, =<cl702)9
. af]
By <4> N Z 2y2
e () =[a-5) () = Shee),
F(*) (4) 22_
(¢) = 0 (&) == S ()7 -2 ()

Eﬁ%?}:ﬁﬁ‘lﬁﬂ/ﬂﬁ@ﬂﬂ =x1/YB,c =0, k=a —c/(20) . HIISFHEES, 45 ¢ < 2al* 1
BIEFRAS x =0, x =0 EAFEM.
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Abstract: The equilibrium instability problem of the scleronomic nonholonomic systems acted
upon by dissipative, conservative, circulatory forces was discussed. The applied methodology
was based on the existence of solutions of differential equations of motion which asymptotically
tend to the equilibrium state of the system, as t —— o« . It was assumed that the kinetic energy,
the Rayleigh dissipation function, the positional forces in the neighborhood of the equilibrium
position are infinitely differentiable functions. The results obtained, which partially generalize
results from [ V V Kozlov. On the asymptotic motions of systems with dissipation. Prikl Math
Mekh, 1994, 58 (4) . 31-36. (in Russian); D R Merkin. Introduction to the Theory of the Sta-
bility of Motion. 1987, Moscow ; Nauka. (in Russian); W Thomson, P Tait. Treatise on Natu-
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