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Abstract: This article described the complex fluid and the field constraints with gravita-
tional effects. The asymptotic solution determines the dissipative equilibrium vector field
of the coupled convection disturbance kinetic equations. For the analysis of the canonical
and singular perturbation problems we analyze the micro-phenomena of the laboratory
and macro-phenomena of nature. Our approach is to use the complex Fourier harmonic
analysis, re-scale, and the introduction of new parameters to reduce the three-dimensional
coupling dynamic equations into a one-dimensional complex space of boundary-layer.
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asymptotic analysis. Example 2 explains the turning point of the transition that from the
index oscillation solution to the algebraic solution.

Key words: coupling dynamics equations; boundary problem; asymptotic perturba-

tion analysis; turning point

Wk H: 2009-09

HEEUH: EXBARREHEA(10871225); Filg i EHE TR SE-HA BRI H (N.E03004); i i
LA THRITE (PJ[2006]118); i i #E 2% 0t 45 1 B8 (J50101)

AR B, 5, B, WO MO AR BT A& R VE SV

E-mail: houlei@staff.shu.edu.cn.



5 3 3] feds, S 2GR 2 ROEHTIE 93

0 7l

e

FLAEISHLE AT, iR H S I RAT RS, FERES Tas sl ) [ A SO Aok 2852 — A
R L. i RaE s 10 AR s Ao S AR R, 2R 7 T AR TR A LRl i, A
XA A B P REAT LR AL SN B A AN FOE S HL IR, TR A A A AR LR A
gy, IXHE, ARG R LAE AR TARYE R, RIRL I A 12 2l (K S A AR N HURE; T 2 T L UL
7 AR SRR N S 0 R W SR R S I 3.

PIE, o8 I T A AT IR A W], BT AN LL R E 3 (0 34K, e TR
FAAELL AN EAR RGN : — by TR R AU AR A PR R R F 7 a0 6 0 T AR A I 2 7 A — A
Yozl It A B 2 TRAR LA Y A s 7, 3K A D 6 K X s 4 1 d8 2l
BN, BB T AR R, DAE PR RO (7R AR S AR B, X2 ARSI N
A CEEI USRI, B0 B R, BRI 2 A s s A
A RIAR 2 Rl G 3l a2 TR, WA RS & 8l 70 22 i W UM & 3 s A R 2
AR B A T 228

TEPRT A 1) R I R £ B 0 S S SRAE AR A LR B s A, B S A T 5
WA TIE s, R ARSI s ORI AR L. NIk, W 002% SR G s s I )
A A R A A . M0 SE 3= A RO 5 8 AR 5 rh 5 LG 3 BATI S s 2 5 RUE
JIEIEAT I W SR ZER . ASORG AN SRR (0 = e Q) RORS £5 80) ) 2 5 RE S A 1 2 2 ) B —
YEMIA T )8, AT T LB AT

IREP L $od
T 587 SR T RS AR AR A s P — AN o B YA T 2 2 4 e B BY )P4l ) 3

By = €:Box(y) + e:Bo-(y), Vo= e:Vou(y) + e:Vo-(y)-

5 BRI IR S e gFir 1My HHIETT 1. RBT B I Vo AT TARA By, V% p fBOE
ey fih o2 FAT A D BT (0 2 37 5 e T ANl IS 4 1T 0 1 1 3, A7 48— IR RHLST
HAN I ALFE A 5.0 AR ) — AR PSR B R 2R R B2 B S R0 S s R T
R S Rl T8 1) 37 30 g 2 7 RE e B DU T R 2 ST 2

v 1,

0B N o2

§7Vx(zx§)+4nVE, (2)
p _

5 T V(Y) =0, )
V.B=V.V-— (4)

Horp, () SO EITRE, (2) KO0 ORE, (3) HOVELENEIRE, (4) SRR I 4
TCWIA AL A7 I AN AT A i 1 (S B TR SR VR IR B ) I 4 A2 T ). sl (R TR BE 37 - T 249 SR 1)
I RVE LS B A, V = Vo + Vi, B = Bo + B, p = po + p1, TV, B, ;i A



94 HEZRIME R 2724 (A SRR AR 2010 4

FEhE. ) X Maxwell J7f%, JAHj = = x B, T

1 _ 1 _ 1 _ 1 2
EVX(JXB)_EVX<EXB) E—MVX[(E v)B 2V§}
1
:EVX(E'V)E-
FETRE SN
)%
vxp(EJrV vv) vx[ (B-v)B+pg + p1 v V} (5)

LA, X BB R T REG) N 5 Tey - vx RABINARE G TR, R Ty
0 BV, MNP A R By HUITAT — B ksl i e A O 5 Al 4 BL i i A0 e
Hexpli(ker + k.2) + wt], Pk = (kg, 0,k ) AT BB [ 5, w2 B, A (5) 17
El

0
eiy~V><V><pO(a

:ei-{iVxVx [((Bo-V)Bi+ (B1-V)By| +V x V x (pg—k,tuvzﬁ)}. (6)

BUAE 3 53k 2 (6) fen AN 34T T3 R Al % IR AL A

Vit Vo VVi+ Vi Vi)

0
aﬁ = w[k?poVy1 — (poV;1)'],

ey -V x VX po(Vo - V)i = i[k?po(k - Vo)Vyr — (po(k - Vo)) Vi — po(k - Vo) Vi),

ey VXV xpo(Vi- V)V = il(k- Vo) poVir + (k- Vo) (poVin)']-

R AEy BRIy, 15 REATIA S IR

ey -V XV X pg

ey V xV x (By-V)By = ilk*(k - Bo)By1 — (k- Bo)'Bjy — (k- Bo) By,

[k
ey VXV x(By-V)By =i[(k-Bo)"By1 + (k- Bo)' Byl
eyV XV X prg= k*pig,
62
dy?

* TR AR o1, B TAT LS (3) e A o + (K - Vo)) + pyVyr = 0731

ey VXV x L VA =~ (V)W = i (55

k:2>V

/

Vi

k2 — 2 PoVy .
= To+i(k-Vo)

W4 W 51 )1 24 % X Furth, Killeen Al Rosenbluth(1963) 1) 77 72:14:5] . oA TELAE SEAT b vk 44
AFEANR:

= = — F: =
P = , W tkTrV1, B a = ka,
Pzwm, S="E p=P B=i21k y=apn
TH (p)

/
R* = mpkVa(y), G=—g27%, N*=4nlt.
T Po n



5 3 3] feds, S 2GR 2 ROEHTIE 95

XH, 7 = 4ma®/n, T = ay/ARp/ BIEL TR MIBLPUM AR AN 7527 (I 18] RUEE, Sl ey
WL, (p) M B L REMA R 0L, afe V2 HIRFIE AN, AERLPTRY HU 0] R L, PR
USRI AL RS, R R TI I A R
1) RO e ey AR AR )2 A AN K 24, i, 722 AR N 8 e ~ 10
G, FERBH R T ATe ~ 50 4F; T AE R 56 % m #0574 S L il 5 45 8 1 AR T A ~
10 Ms. LRSI Pk 2 2 B 104N KB A o, 8 BEIA 310 my A110~6 THIHEY, IR R
JE Ny ~ 1074 SR ARG 3 iR A5t 3% S R R 45 B AR Ty ~ 1076 s PLd B
PRSI 25 I TR) RUBE AR O AR R0, LR T RS RS Tt 3 v R A S I R i
SER T AFEARAEL0P ~ 107 ZJH). FERARM) B N ] AR a2 AR 3R, SIRIRE g
B KIIECT. TR 1 ) S S0 B BOR WU, R SR SN LR
RN R AMRIFHELT . X P A 50, A (6) /e 1A
€y -V xVx po(%
= wk?poVy1 — (Vi)' + ilk*po(k - Vo) Vir = po(k - Vo) Vi + (k- Vo) poVip]
= [w+ilk- Yo)llk*poVy1 — (V1)1 + ilpo(k - Vo)]' Vi
1 2 2 tkTrVy1

. @ a .
= gl ik Yol S p0Vin = ooV ik + =EEE ol Vo) 7

VitV VVi+ Vi Vi)

P +iR*|[=a?poW + (poW')'] + i

- *\/1/
ezl ()!

[
= ika? I%L

mﬁ2{P+dﬁKmW>—a%&m+ﬂmwﬂTW}

TR Y. [FIRE A (6) A A

1
ey { -V XV x[(Bo V)Bi+ (Bi- V)Bo] +V x V x (pg + 11 V*V1) §

i 0
= Wk BB — (k- BY)Byr + (k- Bo) Bl + Kpug + —a (55— )V

(k- B k- By)" 2
_ ’(*4”—0) [K2B,1 - By, + ((k -L;)o)) By +Kpg+ -L5 (% - a2)W/ —ikrg
, F'NT oo a2S2GW o2 2
Yeazr 2{[¢ w( F)%QSQFJr Py TV (ﬂ_‘f) W}‘
1 (6) 3 2 A7 W AH %545
W{[P + iR [(poW') = a®poW] + i[po(R*)' )W}

= g [~ vlos ) Jersr o GG o (5 —o?) W
R WA 7 A

[P+ iR [(poW') — & poW] + ilpo (R")'| W

- [v=slon B G



96 BRI (1 RRRERR) 2010 -

[FRE, St BOr FE X (2) e AL HE By 2 A 21
wByy = (k- Bo)Vyn — (k- Vo) Bys + -V By, ®)
iR (2) T LA
(P+iR* ) + FW =" — a*. (9)

2 Z A% L P B R AL R R R A ) T

2 GBI Bl ) UK 1 52 A vT LAG3 10 5 I A AR At ) 2 A 4316

WA A 20 BT, 2SRRI, X BLPLY HOE Wi, W Z MRS LRI N & —
AMRUFIEIT. X 5RE(T)WILERLS?, 2GTe /I, gz — O] USRS 1) K 5k 73 T
Ty — (o + 5oy = 0. by FEFRATHS AR AR LS 0T 5 VA3 BT AR, 4 F = th Ul

el — e*u>/ (et + e M) — (et — e H)?

1 _th2,, — 2
prrap— CETSOE =1—th” p = sech” pu,

F' = (thp) = (
shpy 1

—— = —2th usech? p.

F” = (sech? i)’ = 2(sech p)’sech y = —2
(sech” p)" = 2(sech p)'sech o b

JR RS K" — h(a — 2sech? p) = 0. Ap = e~ f (), WA

Y= —ae” M f(u) + e f (),

W = a?eT M f(p) — 20T ' () + e f (1)
NI REAE R e[ (1) — 2af' (1) + 2sech? p f(u)] = 0. 2 f = F + g(p),

= f =sech’u+g', f’'=—2thusech?pu+g",
= ¢" — 2a(sech? ji 4 ¢') + 2(sech? j1)g = 0.

WAL, g = o/ TTRER)— M. R IARAA

w:{ e (F+a), p>0

— o—lul
=e F|+ a),
e"(—F+a), p<0 } (£ )

= —ae”(F +a)+e (1 —F?), >0,
ae®*(—F +a) +e **(=1+ F?), p<O.

It LAAT ML PR A 2 R 2o A DR BE A Bk R 25 11

P(0+)=—-a?+1, ¢'(0-)=a®—1,
;o P(04) —9(0-)  —2a*+2 /1
Aeri& - ’(/J(O) - a = 2<a — a).
KL S E I AR, SCHR[1-3) % MHD 7 REEAT 26 AR Ak, G o s 37 -3 0 R R
AL, GBS, B — AR = YERE G 30 0 5 7 R A B8 78 1) L — 4 R 52 i)




5 3 3] feds, S 2GR 2 ROEHTIE 97

) sk oy T RS

. d2H 9 G H-—-iR d*H "
A= AJ (P + 0H)df. (11)

o RRAEAE P oy AL, FRIERR A H W ek, RAVIRREHIESE, G AE IS4, N ks
FEZHC RO10)F (P + iR0)SH LI, 02H + PO — £ JishE W, oS LR Jis1 0
5, NOH bR

ﬂﬁﬁﬁ’]ﬁﬂﬁ@ﬂ’]%ﬁ BT BN R I A2 T R (10) #E4T H (0) A S E AR
e, & Xh(k J" H )—““’de V4 I ) BE 37 5 R 3 78 Ry A ST 23 ) P Al B 1R AE pR R
T R A ) i E"ﬁ Le A LA ERG R ) i o B 189

1
Lh=h"+ g(k%)’ — (K*P+k*N)h

AN=Pir e 57 (W] DA kG PE R GRS 1)

1d G

Mh_( dk >Lh_ "
ol oo+ T oL

TR BR HGH I P B In) L
eh + (k*h) —ePk*h =0, € —0,
1
—ko<k<0, B —Pkh=0 = h ~Fk etz

—k<ky<0, K +R(k*h) =0 =hy~e 3 ko —co.

X F—ko < k <0, BT LU AU I EXT Rk, WHZitn e 3= S /E . Prid
Mk — —oolf, W LA PASH T
iR (R e Ao MR IR At AR R T2, TR0 24 RS I AU~ PSR 150 B

pon

~ |Pk?h).

PG AE BB DI AT R ~ kP2, F)TLJﬁEkS’Pl/Qh‘ ~ | Pkgh|. ATLATE HY A FE S o i 140 5
AT ko ~ ] P2

BRI, M0 < x <7, X FMh=0,—00 <k <0,0<k < +oo, 1] LIRHERe(P), e FINFIME
JERFAIE b8 O D 4R 25
(1) 24N = 0,Re(P) > OIFf,



98

FEAIB IR 7274 (H R FIR) 2010 4

(2) 4N = 0,Re(P) < 0, — OHY,

e 3 k — +oo
h k ~ ) )
*) k2, k— —o0.
(3) MN = 0,Re(P) < O,
e_éks, k — 400,
k)~ k—3e23PIR | _p < k<0,
k2, k.

(4) 4N # O,

eXp{ - F + \/m}k:*/ﬁ}, k — +oo0,

) ~ exp{— {g—m}k?’m}, k — —oo.

FEX(4)H, BTSN THIEEN RSN, h(k) 2R 7 A DI i ) A2 .
A RILFE WIS SME I VERCIL A2 AE(11), FA PR AR IR R 5 3 ) 27 J7 FEAR 2R PR AIE

{EL TR AR 18 SC A 2.

Z % X

[ 1 ] HOU L. Ph D thesis[D]: Scotland: University of Abertay Dundee, 1994.

[ 2 ] HOU L, PARIS R B, WOOD A D. Resistive interchange mode in the presence of equilibrium Flow [J]. Physics
of Plasmas, 1996, 3(2): 473-481.

[3] 0, SR, e, BRI E LR ZMERER ). SEARITHE AR (ARRIR), 2008(5): 10-16.
HOU L, HAN YH, LI JL.The exploration of boundary layer solution in magnetic-current coupling problem [J].
Journal of East China Normal University(Natural Science), 2008(5): 10-16.

[ 4 ] FURTH H P, KILLEN J, ROSENBLUTH M N. Finite-resistive instabilities of a sheet pinch [J]. Physics of Fluids,
1963(6): 459-483.

[5] PARIS R B, SY W N-C. Influence of equilibrium shear flow along the magnetic flows on the resistive tearing
instability [J]. Physics of Fluids, 1983, 26: 2966-2975.

[6] 0k, %at. 73 mah B 518 (M), EK: ER AR, 1991
SUY C, WU Q G. An Intrduction to the Numericwl Methods for Singular Perturbation Problem [M]. Chongqing:
University Press, 1991.

[ 7] PERSSON M, BONDESON A. Oscillating magnetic islands in a rotating plasma [J]. Physics of Fluids B, 1990(2):
2315-2321.

[ 8 ] BONDESON A, PERSSON M. Resistive tearing modes in the presence of equilibrium flows [J]. Physics of Fluids,
1986, 29: 2997-3007.

[9] PARIS R B, WOOD A D. Exponentially-improved asymptotics for the gamma function[J]. Comp Appl Math,
1992, 41: 135-143.

(238 84 1)

[ References |
[ 1 ] BAU S, BEINEKE L W. The decycling number of graphs[J]. Austral J Combin, 2002, 25: 285-298.
[2] DIESTEL R. Graph Theoy[M]. NewYork: Springer, 1997.



