
~
 

n 
t:c

 
::::.

1 
tT

l 
tT

l 
::::.

1 
~
 

0 
=

 
..., 

~
 

~
 

0 
0 

O
 

n 
J::

l 
~
 

J::
l 

:,:::
 

~
 

....,
 

>
 0

 
~
 

.§
 

n 
=t

 
~
 ~

 §
 

~ 
0 

J::
l 
~
 

..., 
~
 

..., 
0 

=t
 

::::.
1 

0 
=t

 
tT

l 
§ 

=t
 

>
 ::::.

1 
=t

 
~ 

tr
' 

l2::
 

=t
 

""C
 

~ 
~
 

tr
' -

""C
 

t:c
 

tT
l 

=t
 

ij
 ~

 
0 a 

::::.
1 

=t
 

~
(
 
~ 

>
 

~
(
 

=t
 ~ .

Q
 52 

""C
 --...J I \0
 

-..
.J 

. 
I w
 

w
 



\ '-(0883 

Marap E.H. 
IloVICK COJIMTOHHbIX perne

'; HIil~ B MOJJ,eJil1 • • 
PI?-97-33. 

-----==~.innuu;.OOP1 '"" 4 -•••YT><,......,..,.,."-' 

r . . --
HHCHHLlii HHCTil'l)'T ll.!1CpHLIX HCC/IC,!10BaHHii. Jl}'OHll; 1997 

' ' ,1 
·1 

I ,·1 

'./ 

I 

J 
I< 

:~ 
t. 
\ 

·:1 
' \ 

I 
it 

{JI' j· I: 

. \";Ji 
' ' 

• I 

~ --~ . j 
t 

J 
-1 --

liccrreizyeMoe B ;a;aHHOH pa6oTe ypaBHeHIIe 0IIIICblBaeT B3aIIMoµ;enCTBIIe 
;D;IIIIOlieH, BX0;D;.HUJ;IIX B C0CTaB rr;eII0'IeK, .HBlI.HIOIIJ;IIXC.H OCHOBHOll COCTaBHOll 
'IaCTl,10 MH0rIIX q>ImII'leCKIIX Mo;a;erren B q>II3IIKe TBep;a;oro Terra ( TaK, npoc
Ta.H M0;a;err1, rr;enen ClIJ2KIIT ;D;lI.H IICClie;a;onaHII.H Ha M0lieKylI.HpH0M yponHe 
q>eppoarreKTpII'leCKIIX KpIICTalilI0B, 0;D;H0MepHI,IX opraHII'IeCKIIX II0lIIIMep
HhlX rr;enen II ;a;pyrIIX ynop11;a;o'IeHHhlX CTPYKTYP). ,I1;lIH 0IIIICaHII.H TaKIIX 
rr;eno'leK 'lacTo npIIMeH.H10Tc11 pa::mII'IHhle o6o6rn;eHII.H Mo;a;errII sin-rop;a;oH 
([1], [2]). Mo;a;err1,, npe;a;rro2KeHHM n pa6oTe [1], J'IlIThlBaeT "rr;eHTparrbHOe 
B3aIIMO;D;eHCTBIIe Me2Kp;J 0T)];elibHhlMII :Jap.Hp;aMII, BX0;D;.Hl.QIIMII B C0CTaB C0-
cep;HHX ;D;IIIIOlieH. 

HecMOTp.H Ha M0IIJ;H0CTI, npIIMeH.HeMhlX MeT0;D;0B, aHalIIITII'IeCKIIll no
IlCK perneHIIH corrIIT0HHhlX ypanHeHIIH nec1,Ma crro2KeH. KaK npanIIrro, oH 
BKlIIO'laeT B ce611 TeCThl IleHrrene, YorrKBIICTa-8cTa6pyKa, nccrre;a;onaHne 
arrre6paII'IeCKOII cTpyxTyp1,1, nocTpoeHIIe cooTBeTcTnyrow;ux ypanHem1n 
JlaKca, BBe;a;eHIIe ;a;oII0lIHIITelibHhlX BCII0M0raTelibHhlX q>JHKD;IIH, TlIIIa 7-

q>yHKD;IIII II T.n.[3, 4] . .n:a)l(e npII KOM6IIHIIponamrn aHalIIITII''-IeCKIIX II 'III
crreHHhlX MeTo;a;on II0IICK C0lIIIT0HHhlX pernemrrr ;D;0B0libH0 rp0M03;D;0K [5]. 

B CB.H:JII C GTIIM rnnpoxoe npnMeHeHIIe II0lIJ'IIIlIII 'lIIClieHHhle MeT0;D;hl 
perneHIDI H,I1;Y9TI. B ;a;aHHon: pa6oTe ncnorr1,nyeTc11 'lncrreHHhlH MeTo;a; 
perneHIIH H,I1;Y'9:II - HAMH, npe;a;rro2KeHHhlll B [6] II pannnThlH B [7, 8]. 
OcTaHOBIIMC.H KpaTK0 Ha GT0M 'lIIClieHH0M MeTo;a;e. ,I1;eTam,Hoe II MaTeMa
TII'leCKII o6ocHOBaHHOe II:JlI02KeHIIe GToro MeTo;a;a M0'.tKH0 HallTII B o6nope 
[9]. 

IlycTb cp( u) .HBlI.HeTC.H HemrnemJhlM ;a;ocTaT0'IH0 rrra;a;KIIM on_epaTopoM, 
nepeno;a;mi~nM ;a;en:cTBIITeJibHOe 6aHaxOBO rrpocTpaHCTB0 X n ;a;en:CTBIITelib
H0e 6aHaxono npocTpaHcTB0 Y. IIycTb Tpe6yeTc11 pernIITb ypanHenne 

cp(u) = 0, (1) 

T .e. HaHTII TaKon arreMeHT u E X, KOTOphln: c rr0Morn;1,10 orrepaTopa cp( u) 
rrepeno;a;nTc11 B arreMeHT, .HBJI.HIOUJ;IIIIC.H HyrreM. IlycTb B HeKoTopon: oxpe
CTH0CTII pernemrn u* ypanHeHil.H (1) q>JHKD;II.H cp ;a;na'.tKp;hl HerrpephlBH0 ;a;IIq>
q>epeHrr;npyeMa, a orrepaTop ( cp') HerrpephlBH0 o6paTIIM. 

KaK nnnecTH0, HAMH orrnchlnaeTc.H ;a;nqiqiepeHrr;narr1,HhlM ypanHeHneM 

dcp(u(t)) = -cp(u(t)), 
dt (2) 

( t, 0 :s; t < oo - HeKoTophln ;a;orrorrHIITerr1,Hhlll HerrpepbIBHhlH rrapaMeTp) c 
Ha'lalibHbIM ycrronneM u(O) == u0 • 

f !l{r!>C!~ii':lii.~Jt r,,,:rnrrf 1 
I ~:~tn:~g;~~:~11 

; ----.:i. 



KaK IIOKa3aJIO B [6, 7],IIpII yxanaHHhlX Bhlllle orpaHII'leHll.lIX Ha q>yHKnIIIO 
c.p II ee 11pOII3BO)J;Hhle II IIpII yp;a'IHOM Bhl6ope q>yHKnrrn uo 0BOlIIOnuoHHhlll 

· 11ponecc (1) cxop;IITC.H, T.e. 

lim u(t) = u*. 
t-oo 

IIepeIIIIIlleM ypaBHeHIIe (2) B BIIp;e 

c.p',,u\ = -c.p(u). 

0Tcro;a;a 11orry'!aeM nap;a'Iy KollIII p;ll.H q>yHKnIIn u 

BBep;eM o6onHa'!eHIIe 

u; = -(c.p~(u))-1c.p(u). 

uJt=O = uo(x). 

au(x, t) 
v= at . 

(3) 

,I(IIcKpeT1rnanII11 110 11apaMeTpy t nap;a'!n (3) ocy~ecTBmreTcJI MeTop;oM 

8i'rnepa, KOTOphlH IlpIIBO)J;IIT K IITepanIIoHHOMY IIponeccy 

<.p1 
( Un)Vn = -c.p( Un), Un+l =Un+ TnVn, ( 4) 

Vn = -(c.p'(un))-1c.p(un), n =0,l, .... o < Tn s 1. 

IlpII T = l 0ToT IITepanIIOHHhlll 11ponecc coB11a;a;aeT c Krraccn'lecKnM Me
Top;oM HbroTona. 

,I(arree IICIIOJib30BarrcJI arrropIITM BbI6opa IITepanuonHoro rrapaMeTpa, 

11pep;JIO)KeHHoro B [10] II o6ocHOBaHHOro B [11] 

c\_1 (5) 
Tk = ~Tk-1, 

r;a;e 8k - HeBJ.C:JKa Ha k-M I1Iare IITepanrrn B HAMH. 
B p;aHHOH pa6oTe IIccrrep;OBarrocb H,I(Y"CJII, rrpe;a;rro)KeHHOe B pa6oTe [1] 

Utt= (A- cosu)uxx - (l - ½ux2)sinu, (6) 

OIIIIChlBaIO~ee neno'IKII He:U:TparrbHhlX ;a;rrrrorre:u:, KOrre6lIIOill;ITXCJ.C B03Jie HeKO
TOphlX Ha'lalibHbIX ·IIOJIO)KeHIIll BllOlib OCII x. Pacn,mTpIIM CTannoHapHbII~I 

CJI)'.'!a:u: (A- cos'!-l)uxx - (l -½ux2)simt = 0. (7) 

2 

, 

(; 

rpaHII'IHhle ycJIOBII.H IIMeIOT BU)]; 

du du 
-d lx=-oo = -d lx=+oo = 0. X X 

(8) 

.Il:JI.H HaXO)K)J;eHIIJI ypaBHeHIIJ.C )J;lI.H BCIIOMOraTellbHOII q>yHKnun V IIpIIMe
HIIM q>OpMyrry (2) HAMH. 3aMeTIIM, 'ITO B Hen t .HBJIJ.CeTCJ.C HeKOTOphlM 
rrp01mBOJibHbIM rrapaMeTpoM, a cp orrpeµ;errJ.CeTc.H Im ypaBHemrn (7) 

<p = (A- cosu)uxx - (l -½ux2)sinu - 0. (9) 

Ikrrorrbny11 qiopMyJibI (2),(9), a TaK)Ke 06oaHa"1em1e v = u1, rrorry'laeM ypa
BHeHne )J;JIJ.C q>YHKnIIn V 

Vxx + Pk(x)vx + qk(x)v = -rk(a:), (10) 

rµ;e KOllq>q>IInneHThl Pk, qk II rk orrpeµ;eJIJ.CIOTC.II COOTHOilleHII.IIMII 

( ) Uxsinu 
Pk x = A-cosu' 

(x) = Uxxsinu - (I - ½u.,,2 )cosu (ll) 
qk A-cosu ' 

r (x) = (A- cosu)uxx - (I - ½ux2 )sinu 
k A- COS-Zt 

YpaBHeHIIe (10) mrnenHoe, II00TOMY K HeMy npnueHII.!II 1If'TO;a; rrporoHKII 
[12]. . 

"lfncrreHHbIII 0KCrrepIIMeHT IIOKa3bIBaeT, "ITO OIITIUialibHbIM DapnaHTOM 
;a;rrJ.C IIOIICKa peI1IeHIIJI J.CBJIJieTc.H OTpenm: [-20;20], war no x KOHe•rno-pan
HOCTHOII cxeMbI h=0.l, a rrapaMeTp B ypaBHeHIIII (7) A 2". Ii. Hcxop;Hoe 

nHa'!eHIIe Tk = 10-1. B ITponecce ;a;arrbHeirwero C"IeTa war ITO t Tk Dhl'III
CJIJICTCJI ITO q>OpMyJie (5). Ilpo6Ha.H q>YHKnIIJ.C Uo 1I0)K('T 6bITb Bhl6paHa D 
µ;oBOJibHO rrpOII3BOJibHOM BIIµ;e, HO TaK, "IT06hl rrponecc COWf'JICJI. B K.:t"Ie
CTBe ITpIIMepa B03bMeM q>yHKnuro (pnc.l) 

( 

7r 
-2.2arctg(x - 0.5) + ?' -20 < :r S -5, 

uo = -l.6arctg(x - 5.8) + ;,7r -5 < :i: S 5. (12) 

-0.3arctg(x - 6.1) + 2 , 5 < a: S 20. 

<l>yHKnxrn uk+l ( x) Ha Ka)Kµ;oM I1Iare nTepanun HAMH on1w;a;PrrJirracb no 

qiopMyJie Uk+l =Uk+ TkVk. (13) 

3 
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B penyrrbTaTe Hanp;eHO perneHIIe TIIIIa "KIIHKa'' ypanHeHIIlI (6) (HeB.ll:JKa 

rrprr 3TOM cocTaBirna 10-10). fpaqmK rrorrr1eHHoro pernemm rrpep;cTanrreH 

Ha pnc.2. 

,I(M HaXO)Kp;eHII.ll rrpon;ecca pa3BIITII.ll 'PYHKD;IIII Uk BO npeMeHn IICIIOITb

oyeM rrpon;ep;ypy, rrpep;rro:iKeHHYID n [13]. Crrep;y.ll eii Heo6xop;IIMO pernIITb 

ypaBHCHIIe 

Utt= (A·- cosu)uxx - (1- ½ux2)sinu, (14) 

C Ha'IaITbHbIMII ycrrOBII.lIMII 

u(t,x)lt=O = u1(x); u1(t,x)1t=o = u/(x). (15) 

Bnep;eM 0600Ha'IeHne 

S(u) = (A- cosu)uxx - (1-½ux 2)sinu. (16) 

Torp;a ypanHeHne ( 14) rrpuMeT 6orree KOMIIaKTHbIH nnp; 

Utt= S(u). 
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PHc.2 
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BocIIOITbOOBaDlllIICb npII6ITII)KCHHbIMII q,opMyrraMH p;rr.ll nepnoii II BTopoii 

rrpononop;Hoii q>yHKD;IIII u no npeMemI, CB.lIOblBarorn;eii p;na (p;M rrepnoii) II 

TPII (p;M BTopoii) rrocrrep;onaTeITbHblX MOMCHTa 

k ~ uk+1(x)- uk(x) (lS) 
Ut ~ bot ' 

k ~ uk+1(x)-2uk(x) + uk-1(x) 
Utt ~ (bot)2 (19) 

(p;M k-ro MOMeHTa npeMeHn), II Y'IIITbIBall Ha'IaITbHblC ycrroBII.ll (15) MO:lKHO 

IlOCTpOIITb .lIBHYIO cxeMy pac'IeTa pa3BIITII.ll 'PYHKD;IIII u BO BpeMeHII. 

u1(x) = u(t,x)lt=O, 

u2(x) = u1(x) + u1(x )bot= u(t, x )lt=O + u1(t, x )lt=obot, 

u3(x) = 2u2(x)- u1(x) + S(u)(bot)2, (20) 

uk+lEx) = 2uk(x)-uk-1(x) + S(u)(bot)2, k = 3, ... ,NT- l, 

·s 
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rµ;e NT -MaKCIIMam,Hoe 'IIIcrro rnaron no npeMeHII. IIoµ;errcTnyeM Ha norry
'!eHHoe cTaTII'IecKoe perneHne B03My~eHIIeM rrraµ;Koro TIIna, yµ;onrreTno

p.lIIO~IIM rpaHII'IHhIM ycrroBII.lIM, TaK 'ITO Ut(t,x)lt=oL.t = Bux(;r)L.t << 21r 
(npII B=I0-2 aTo B03My~emre Marro no cpanHeHIIIO c pa3McpaMII norry
'IeHHoro "KIIHKa"). I:Iccrreµ;onaHIIe npou;ecca aBOJIIOUHII cpyHKUHII Uk IIOKa-

3hlBaeT, 'ITO Han:µ;eHHOC pCllICHIIC ycTOH'IIIBO DO BpeMCHII. Ha pnc.3 rrpeµ;

CTaBJieHa cpopMa "KIIHKa" Ha rrocrreµ;HeM mare .lIDHOII cxeMhl BKITIO'Iemrn 
npeMeHII rrpII NT=lOOO II L.t = 0.1. Buµ;Ho, 'ITO rrpocprrni, perneHII.lI He 
II3MeHIIJIC.lI. 

AnTop Bhlpa)KaeT rrry6oKyIO 6rraroµ;apHOCTh npoq>. Ily3hIHHHY H.B., 
npocp. )KIIµ;Kony E.II., K.q>.-M.H. Po6yKy B.H., K.q>.-M.H. Ba6II'I ILM. H 

K.cp.-M.H. AMupxaHoBy H.B. 3a rrorre3Hhle o6cy)Kµ;emrn B rrpou;ecce Bhmorr-
HeHII.lI pa6oThl. 
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