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u= Co, Au= 0 Dv = O
X ,LABCD X X , v € X,
AC(v) = A(Cv), BDv = B(Dv)*
Vv € X,ACv = BDv, AC= BDr
KerAz{ulAuz (},KerDz {UlD’U: (}, CKer D C Ker A, Dv= 0
v, u= Cv, Au= 0 CKer D DKerA, Au=0 u, v EKerA,
u= Coe CKerD CKerA CKerD DKerA , CKerD= KerA,
Au=0 u= Co, v Dv= 0 u= Cv , Au=
0 Dv=0 .
1 X ,ABCD X X , AC= BD,BO= 0,CKerD
DKerA, Au=0 u= Cov, v Dv = 0O
Vo €EKer D, w= Cv, Au= ACv= BDv= BO= 0, CKer D CKer A,
CKer D D Ker A CKer D= Ker A .
1 X CKerD DKerA, Au=0 un= Con ,
Un Dv, = 0
2 ABCD ,f €EX,AC= BD,CKerDDKer A, Au=f
u= Co+ e, v Dv=g,e g Ae+ Bg= f*
X X MN E AM+ BN= FE, e= M$¢ g= N¢
Ae+ Bg = f* ¢ Ed= f-
, B,C D
1) AC= BD, 2) C Ker D= Ker A*
[6~17],
1 Burgers
Au= [at+ T(0.)"- )\axx]u: 0 (1)
AC=BD ,
u= Cv=- 2N, Bv:—zv—)\,Dv: Vi— W= O° (2)
ACv = BvDv, CKer D= Ker A Au=0
u= Cv,Dv= 0
AC= BD : ).
X, 1
Au= Alu, us, Uy, Wa, Ue, uy, --) = 0, (3)

.
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u(x,t) = u(§), &= x— N+ ¢* (4)
A ,c . (3)

F(u, u/, u//, u@ u/”, )= 00 (5)

(5) .

u= Cv= _:ZI‘,U“"[PM 0i Ju(1+ W]+ Py, (6)

v=v(Y

Dv= dv/d&- R(1+ Hpw?) = 0 (7)
Pi, Qi(i= 1,2, -.), R, Po « B=FE1=172

1 (5 ; (6)

2 MATHEMATICA, (6) (7) (5), VWt By )P =0,

i= 012 - ( )
3 () (W W) =0,1;i= 01,2 -.)
AR, Po, P, Qi(t= 1,2 ...
4 MATHEMATICA, 18, 19 A\ R, Po, Pi,
Qi(i= 12 -

5 (7)

v(&) = tanh(RE), v(&) = coth(RE), (B=-1); (8)

v(g) = tan(Rg), v(i) = cot(RE,.), (B= 1) (9)
(4 (6) (8 (9 5 : (3)
2

w— uuy— Hi+ %um: 0, (10a)

Hi— (Hu), - %H = 0 (10b)

L

u(x,t) = u(&), H(x,t)= H(E), E= x— N+ ¢* (11)
A e « (11 (10a)  (10b),

- M- w1 3= 0 (12a)

M~ (Hu) - i = o (12b)

1, (128 (12b)

W= Po+ Pw+ Q1 JW(1+ M), (13a)

H= aot aw+ by Jhi(1+ U?) + ao’+ b JU(1+ e (13b)

2~ 4, APy Py Q1 aop a1 ax by b2 R

1 By = il, W=-1a= bi= b= Q1= 0, P = i2R,p0= Aary=- 2R2’a0

= 2R%
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2 W= 1,W==1La= bi= ba= Pi=0,01= 2R, po= A\ a2 =- 2R ao

3 W= WBb=-1a1= b= b= P = O,le iZR,pOZ }\70/2:—2]{27(10:

R

4 W= = la= bi= br= Q1= 0, Pi= 2R, po= N ar=- 2R’ ao= -
2R

5 MW=1 M= 1La= bi= b= P1= 0 Q1= iZR,p(): )\,a2:—2R2, ap= —
R

6 MW=1H=-1a= bi=0Pi=*tR Q1= TRipo= Nar=- R, bo= %

. 2
azi, ap= R”°

7 W= W=—1a= b=0Pi= Qi= R>po= Nar=- R? ba= TR? ap=

8 W= W= 1a= b= 0P ==%R Qi==ER po= Nar=- R b= E£R?
ap = — R
5, (10) 2
wi = ANE2Rtanh/R(x - N+ ¢)], Hi= 2R* = 2R%tanh’/ R(x- N+ ¢)],
ur= AE2Risech/ R(x— N+ ¢)], Hy= 2R*sech®/R(x = X+ ¢)]- R?
w3 = AE2Rcoth/R(x - X+ ¢)], Hy=- 2R’csch’/ R(x— N+ ¢)],
us= AE2Resch/R(x - X+ ¢)], Hi=— 2R%csch®’/ R(x— N+ ¢)] - R%,
us= AE2Rtan/R(x—- N+ ¢)], Hs= - 2R’secI R(x - X+ ¢)],
ug= AME2Rcolf/ R(x — X+ ¢)], Ho= - ZRZCSCZ[R(x— X+ c)],
w7 = ANE2Rseq/ R(x - X+ ¢)], Hi=- 2R*sec’[R(x- X+ ¢)],
ug= AE2Reso/ R(x— X+ ¢)], Hy=— 2R*csc*[R(x— X+ ¢)]+ R?
uwo= AMX2Rtanh/R(x — N+ ¢)] XiRsech/R(x - X+ ¢)],
Ho= stechz[R(x— X+ ¢)] iithanh[R(x— N+ c)]sechf R(x — X+ ¢)],
uio= AMERcothf R(x— X+ ¢)] £ Resch/ R(x — X+ ¢)],
Hio= chschz[R(x— X+ ¢)] i‘choth[R(x— X+ c¢)]eschl R(x— N+ ¢)],
uin= AMERtao/R(x— X+ ¢)] TRsec/R(x - X+ ¢)],
Hiu= R¥sec/R(x- X+ ¢)] TR*anfR(x— N+ c¢)]sec/ R(x— N+ ¢)],
up= AMERcot/R(x - X+ ¢)] TRes/ R(x—- N+ ¢)],
Hip=- RlescIR(x - X+ ¢)] TR*cotf R(x = N+ ¢)Jesd R(x - X+ ¢)],

3 2 KdV

2 (3). .k (3

Fi(LL, ¢>; ut; d%, U«x; (bxy uxx; dgcx; ) = 0 (L: 19 29 37 ). (14)
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(14) w o (3) :
unr1 = Ci un, H), (15a)
b 1= C2(un, $u), (15b)
(n, ) (14) (tns1, Bi1) (14), (15)
(3) :
3 Kdv
w+ ki e+ Ouny )+ (4k2— xk3)ur— 2kzu = 0, (16)
k1= kl(l),k2= kz(l),k3= k3(t) I3 ° , Kdv
Kdv M (16) .
¢, (16)
b= A u- ¥ (17a)
4’[ = [xk3— 4k2— 2k1(u+ 2}\)] + (k%— 2k1ux)¢+ k1um, (17b)
A
A= 2ksA= 0, i.e, A= exp IZk3(t)dt (18)
(17a)  (17b) by= b (16), (u,®) (178) (1) ,
u (16) . , (17)  (16)  Riccati Lax °
(17) -
2
Mn(x,t)= [4k2+ 2k1(u,l+ 2)\)—xk3]¢,l— k1um k3+ [Jd’dx] (19)

No(x,t)= [dko+ 2k1(un+ 2N) — xk3]exp| - 2I¢ndx] +

2Mn(x, t) exp[— ZJ.%dx] dx + a%[jexp[— 2I¢ndx] dx] . (20)

vitn o) = fouf - 2fad ave enf- 2] [com Jruoof2fwa ] 2

Uni 1= Un— 2% = 2(InWo(x, 1) ), (22a)

bri=— b= (InWa(x,1))s (i= 1,23, .), (2h)

o * (tn, %), (17), (w1, Bu1) (17)*

(InWn)x = exp[— 2j¢ndx] W', (23)

(InW,) 2 = - 24%exp[— 2J.¢ndx} w,' - exp[— 4I¢ndx] W, (24)
(23) (24 (22), (wn, %) (17).

box= A - 4, (25a)

b= [wh3s— dko— 2k1(wn+ 2N] B+ (k3= 2kiwns) Pt kiun o (25b)

(tne1, P 1) (17a),

bitr= A umi— i, (26)
(25a) (206),

Up = Up+ 1t 2rqbn+l,x= Upt+ 1+ 2(}\_ Un+ 1 — 4)%&1) = 2A- Un+1 — 2¢%+17 (27)
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e == Ut v= 4B 1B e == w1 o= 4B (A= wi— F), (8)
Unxr = = Une v — 4 A 1= P 1) + 4B 1t 1o+ 8P i( A= w1 — Pr)s (29)
(22b),

buti= = krunw+ (k3= 2kiuy) b+ [dho+ 2ki(un+ 2N — xk3] B s® (30)

(27)~ (29) (30)9 (un+1, ckwl)
bt o= [xks— ko= 2ki(une 1+ 2N ] bt o+ (k3= 2kiuni10) B i+ Kt 1,000 (31)

. (16) .
1 (17 w= N b= 0,
f¢1dx = a(1), |exp| - 2I¢ldx dx = exp/= 2g(t)]x + f(1)* (2)
g(t).f(t) ¢ y
Mi= g+ Ths (3)
Ni= fi+ et fhat (6X1+ 4h3)exp(— 2g). (3%)
Wilx, 1) = exp(— 2g)x+ [+ exp|— g - %J.kg(t)dt] [Bo—
Iﬁl(t)exp[g+ %J-lw(t)dt] dt] . (35)
(2, (17)
wr= A= 2exp(— 4g){ exp(- 2g)x+ f+
x| = - % ka(e)di [co— J.Nlexp g+ %:ka(t)dt dt]}z, (36)
= exp( 2g){exp( 2g)x+ I+
exp:— - % k3(t)dt_ co— J.N1exp\g+ %:ks(t)di dz]}_l- (37)
2 (17)
wi(x, 1) = A Uexp[Jlmdt], ¢ = ueprkgdt], (®)
LZ0o (38

J.¢1dx = Hexp Ik3dl]x+ hi(t),

J-exp[— 2j¢1dx dr = zluexp[ T X Ik3dt— i)+ ko),

hi(t), ho(t) .

Wi(x, 1) = Zluexp[ 2ty b jkzdt— 2h1(t)]+ ha(1) + coexp[— ZJ.Mldt] .
(2), (17)

ur(x,t) = A= uexp[_[k3dt]- 2(W"”‘TV'%" Wic) ,

bo(x, 1) = - Uexp[Jksdt]— v;ll"-

s u2(x, t) (1) .




1291

2a sgn( H) = - %n[hz(t) + coexp[— ZIMldt]] , (1)

uxn(x,t) = A Uexp[J.lwdt] - ZUZeXp[Z k3dt] X
sechz{— el %J.kgdt— hi(t) -
m[- 2Wha( 1) — ZL'Coexp[— 2|mde ]}

2b sgn( H) = sgn[hz(t) + coexp[— 2..M1dt:} , (1)

un(x, t) = A= uexp“kgdz]- ZUZBXp[ZJ-Mdt x
cschz{— Lbcef’fs‘“- %J.lwdt— hi(t) -

ln[— 2Whs( 1) ~ 2pcoexp[_ szldt]]}.

) (16) :

, AC= BD ,
, Burgers , Kdv
, ,  Mathematica, Maple,

computer *
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Two Types of New Algorithms for Finding
Explicit Analytical Solutions of Nonlinear
Differential Equations

ZHANG Hong qing, YAN Zhen ya
(Department of Applied Mathem atics, Dalian University of
Technology , Dalian 116024, PR China)

Abstract: The idea of AC= BD was applied to solve the nonlinear differential equations. Suppose that

Au = 0 is a given equation to be solved and Dv = 0 is an equation to be easily solved. If the transfor-
mation u = Cv is obtained so that v satisfies Dv = 0, then the solutions for Au = 0 can be found. In

order to illustrate this approach, several examples about the transformation C are given.

Key words: nonlinear differential equations; transformation; algorithm; analytical solution



