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>1,,1' \'Il' l HeCMOTpH Ha KoppeKTHOCTb TpeX4aCT~4H~X ~HTerpanbH~X ypaBHe­··\1 .....1 lU ~ r v " • , m n n '" 111 . , I"'. ,,~" ~I' a,' H~~, anepaae C'VOpMyn~poBaHHblX '.4' 'VaAeeBblM' ,HX peureuae 3a­

I,~ t 'TPYAHeHO PHAOM. 06<3TOHTe,nbGTB.· ,~ .,j :'0 .\ :" 
, MHTerpa~bHble ypaBHeH~H <l>aAeeBa nocne pa3nOmeH~H KOMnOHeHT 

1 ,~~ 5'~ 'li BOnHOBO~ <l>Y~Kll~~ B PHA no 6~c<I>ep~4ecK~M rapMOH~KaM, OTBe4a~~~M, 
J.,r 

\f I, 
t~ri\, t' pa3n~4HblM Ha60paM, HK06~eBCK~X ~MnynbcoB; CBOíJHTCH K 6eCKOHe4­'" 

l, • 
..~l!' ,.h~ 11'* J q 

} }.],,,,,, HO~ C~CTeMe ASYMepHblX ~HTerpanbHblX ypaBHeH~~ 2/. np~ 4~cneHHOM'.J' 
~') tI( 

peweH~~,TaK~x ypaBHeH~~ np~XOA~TCH onep~pOBaTb c Hepa3pe~eH­, \. I "­
;lif HbIMl'1 MaTp~llaM~ 60nbwo~ paawepuoc r a . AOCT~}l{eH~e YAOBneTBOp~Ténb'­...:IIIio',p '1 HO~ T04HOCT~ npu 06palijeH~~ TaK~X MaTp~11 Ha 3Bt1 HBnH:eTCH cnoxuoü, I I . I '"' , 

11.11 .,1, np06neMO~ ~ .H~~a ~HTerpanbH~x ypaBHeH~~, np~ 3Hepr~Hx~ npeBW­
~ walO~~X nopor Tpex4aCT~4HQro pa a aana , conepxar IIAB~~y~~ecflll C~H­~ \'l.l 

"'i:~, 

;: rynHpHocT~, 4TO TaKme cy~ecT~eHHO ycnomHHeT 4~cneHHoe pewe­
'I 

l' J lt ~ H~e 141. MHTerpanbHble ypaBHeH~R y~pO~aIOTC~ ripa. c enapaôene rroá an­JI' I
lj ,lJ' 1rº

{t·. .~ npoKc~Mall~~ ABYX4aCT~4HWX nOTeH~~anOB/4-6!. OAH~KO ~cnonb30BaH~­
• !f~ ~'k' .' '".'I~ ,.~~ 

0"1'I.~ ri' ,(/, eM cenapa6enbHblX nOTeHll~anOB HeB03MomHO 06bHCH~Tb BCIO cOBoKyn~ 
'~f ,;) " HOCTb 3Kcnep~MeHTanbH~X AaHHWX. EonbwaR 4aCTb HBneH~~ B aTÓMHO~ 

~ 111 

V 
~ HAepHO~ <l>H3~Ke npo~CXOA~T ~ Y4aCT~eM 3apHmeHH~X 4acT~1l' npw\ #):1\ 

Han~4~~ KynoHoBcK~X B3a~M9A~~~TB~~ HApa ~HTerpanbH~X ypaBHeH~~, t,t \'1:' I, 
)'J1 " .,.

1:' -, <l>aAeeBa HeKOMn~kTH~. 
~l'""I'" . B paõor ax 171 npennoxeu MeTOA ~bl.qeneH~H ~3 3T~'X anep C~,Hr:ynHp­

HWX A~y~4aCT~4HWX KynoHoBcK~X BKna~OB ~ "nonY4eH~ MOA~<I>~U~poBaH­

~'1""' 

~'" "l .1 I!l-

P, I Hble 'ypaBHeH~H é KOMna~n-lbIM~ RAp'aM~. OAHaKo TaKaH npouenypa paa­
B~Ta" r ons xo AnR 3Hepr~~, He. -npeesnuanun-x - nopor paaaana Ha Tp~ 
4acT~llw. MHTerpanbHwe ypaBHeH~H cOAepmaT B Ka4eCTBe ~3BecTH~~ 

ABYX4~cT~~Hwe t ~MaTp~llw, AhH HaxomAeH~H KOTOpWX no 3aAaHH~M 

no~eH4~anaM He06xoA~MO aKKYP~THO pew~Tb ypaBHeH~H n~n~MaHa~ ;' 

WB~Hrepa, l-tMelO'~~e c~HrynRpHble anpa . . 
B pa60Ta~/8.o1 6~na npeAnomeHa A~<I>$epeHll~anbHaH <l>opMyn~poBKa 

3aAa4~ Tpex 4acT~1l. A~<I><I>epeH4~anbHwe ypaBHeH~fl ~aAAeeBa 3an~c~~ 
"f,li
r· BaIOT~H B KqoPA~HaTHoM npocTpaHcTBe ~ cOAepmaT B Ka4ecTBe ~3~ \""
~. BeCTHblX AByx4açT~4Hble no r ei-uuanu , xo ropue npennonar-aor ca _nQKa~b­
I\'(JI,\ HbIMII1. Cyuiec r aoaaaue t.1 eA~HcTBeHHoc'Tb peureuun arux ypaS'HeH~ií npY1 ..... 

ruoõux 3Hepr~Hx yc r aaoaneau KaK B cnyvae He~Tpam~HbIX 119,10/" TaKtri' 
~ 3apHmeHHblx'f4aCT~1l I 11~ Pa3no~eH~eM ~CKOMbIX .<OMnOHeHT «. (Xi' ;i) 
i = 1,2, 3 BonHOBO~ <l>YHKll~~ ÚJ = t/11 + t/1 2 + l/J 3 no 6~o<t>ep~4eCK~MI 
r apMbH~KÇlM YÀ1M(Y.. X,) rpexuac r auuue A~<I><I>epeHlllo1anbH~le ypaBHeH~H'11 

\ CBOAHTCH K c~cTeAe ~HTerpOA~<I><I>epeHll~anpHbIX ypaBHeH~~ AnH ,<I>YHK­f& 
ll~~, 3aB~cH~~X n~Wb OT ABYX nepeMeHHbl~ Xi' Yi 19/. MHTerpanbHble

i

I
, ., ':Iie ' oneparopu , C(jAepmaut~eqH'.B TaK~X ypaBH~H~..'l3an!1.caHHbIX B nO.l)Hlr 

r. 1,-" .i!"Hl'rJ'f . I 
.' '!';" l' :t' .t:). ~ ..." .' " . t.\>,. ,,,~J L' .,.,,;t •.l!l!It8li :. 

, );.. .T~:HA 



2 2 1/2 ,I.,. v ~ _:a
HblX KOOPAItIHaTélX P == (X. + YI) ,'fJ. = are tg y. Ix., AeltlCTBYIOT r ons xo r 1;..I I 1 ,1 I-
Ha yrnOBY!O nepeMeHHYIO 19, 1~; 13 .Bnaronapa nOKanbHOCTItI acex OCTaIlb-

H~X onepaT9pOB ItIHTerpOAItI$$epeH4~aIlbH~eypaBHeHItIR nOCIle AItICKpe­
T1tl3a41t11t1 CBOARTCR IK C~CTeMe IlItIHe!:1Hblx ypaBHeHItI~· c IleHTO~HO~ MaT­

PItl4e!:1. TaKItIM 06pa30M~ AItI~$epeH4It1aIlbHaR $OPMYIlltlpOBKa 3aAa~1tI Tpex 
~aCTItI4 co~eTaeT Bce CItIIlbH@e CTOpOH~ ItIHTerpaIl'H~X 'ypaBHeHItI!:1 

c npOCTOTOA ~ItICIleHH~X' M~TOAOB de~eHItIR ltI RBIlReTCR, nO-BItIAItIMOMY, 
Haltl60Ilee YAo6H0!:1 AIlR OnltlCaHItIR WltlpOKOrO KPyra RBneH~~ B aToMHo!:1 
ltI RAepHo!:1 $1tI3It1Ke. 

n03TOMY aKTyaIlbHo!:1 npo6neMO~ RBIlReTCR nOCTpOeHltle 3$~eKTItIB­
H~X MeTOAOB peWeHItIR ItIHTerpoAItI$$epeH4It1aIlbHwx ypaBHeHItI~ $aAAeeBa. 
~eTOA, OCHOB~HH~~ Ha TpeXTo~e~Ho!:1 KOHe~Ho-pa3HOCTHO~ annpOKCItIMa­

/ 6 19141t11t1 AItI~$epeH4It1aIlbH~X onepaTopOB, ~Il pa3BItIT B pa60Te ltI npltl-
MeHeH AIlR pe~eHItIR 3aAa~ Ha CBR3aHH~~ COCTORHItI~ Tpex HYKIlOHOB, . 
a r aiose 3aAa~ nd-- ltI pd-paCCeHHItIR / 14/.HeCMOTPR Ha npenens ayo 
npOCTOTY, ItICnOIlb30BaHHe TaKoro aIlrop~TMa AIlR peWeHItIR 3aAa~ pac­
CeRHItIR, rAe aCItIMnTOTItIKItI ItICKOMWX peweHItIA RBIlRIOTCR OC4It1IlIlItIPY~~ItIMItI 

$YHK4It1RMItI, Tpe6yeT 50nbworo 41t1CIla T6~eK CeTKItI. KpOMe Toro, nOCIle 
Bbl~~CIleJ-!ItIR Y3IlOBblX 3Ha~eHItI~ TpeX4aCTItI~HO~ BOIlHOBO~ $YHK4111111 BO~­

HItIKéieT npoõnexa ee .1tI1;TephoIlR41t11t1. B 3Ha~ItITeIlbHO~ Mepe 1t13~aB.HTbCR 

OT nepe41t1CIleHH~X HeAOCTaTKOB n03BOIl~eT annpOKCItIMa4111R ItICKOMWX 
KOM~OHeHT BonHOBO~ $YHK41t11t1 cnria~HaMItI, TeOpltIR KOTOp~X 6YPHO pa3­
BItIBaeTCR B nocnenuee BpeMR 115, 16/. B paôor e 1131 aonaoaaa <t>YHK4 I11R 

OCHOBHoro COCTOflHHR CItICTeMW Tpex TomAecTBeHH~X ~aCTItI4 ~c~aIlacb 

B BII1Ae 3pMII1TOBOrO 6HKy61t1~eCKOro cnna~Ha, BTop~e ~aCTH~e npOltl3­
BOAHble «o roporo pa3pblBHbl B yanax ceTKH/15~ TaKaR annpOKCItIMa41t1R 
nOáBOIlItIIla aBTopaM COKpaTItITb 41t1CIlO Y3IlOB ceTK~ B nOIlTopa ~a3a 

np cpaBHeHltl10 c KOHe4Ho-pa3HOCTHO~ ltI CBeCT~ ItICXOAHYIO 3aAa~y 

'K CItI~TeMe IlItIHe~HWX ypaBHeHItI~ c IleHTO~HO~ MaTpItl4e!:1. W~pltlHa IleHTW 
MaTpH4bl oicaaanacs paBHo~ 6 (N ~. 1), rAe N - ~ItICIlO' Y3IlOB paAltlaIlb­p p
 
HOM CeTKItI.
 

~eIlb\HaCToR~e!:1, pa6oT~ - nOCTpOeHltle MeTOAa peWeHItIR 3aAa~1I1 Ha 
CBR3aHHoe COcToRH~e Tpex ~acYItl4, oCHoBaHHor"o Ha annppKCItIMa41t11t1 
ItICKOMblX ~YHK41t1t1t ABa}/(Abl uenoepueuo AItló><t>epeH4V1PyeMbIMII1 6It1Ky6~~e­

CKItIMItI cnIlai1~aMItI ltI n~ItIBOAR~ero K MaTpll14e c W~pItlHO~ IleHT~, paBHoM 
3(N1J -' 2), rne N1J - 4V1CIlO Y3nOB CeTKItI no yrnoaoã nepeMeHHo!:1. 
AIlR cpaBHeHItI~ paCCMaTpltlBalOTCR Tpltl. pa3IlItI~H~~ ceTo4H~X MeTOAa pe~ 

~~HItI!:1 ItIHTerpOAItI$$epeH4It1aIlbH~X ypaBHeHII1~ ~aAAeeBa. TOIlbKO AIlR 
npocTOT~ OnltlCaH~fl npeAno~araeTcR, ~TO ~aCTItI4~ TO}/(AeCTBeHHw, 
B3aIl1MOAe!:1cTBYIOT nocpeAcTBOM s-BOIlHOB~X napH~X nOTeH41t1anÓB V(~, 

a nOIlH~!:1 Op6It1TaIlbH~!:1 MbMeHT CItICTeM~ L ~aBeH HynlO. ~cnOnb308a­

Hltle ~cex OnItlCaHH~X MeTOAOB B ItIH~X cny~aRx ~pItIH4It1nltlaIlbHWX 3a~pYA­

HeHItI~ He BW3~BaeT. Heo6xOAItIMO IlV1Wb npHMeHItITb COOTBeTCTBYIO~He 

annpoKcltIMagltl1tl K Ka}l{AOMY 3IleMeHTY CTOIl6l;\a Heltl3BeCTHblX $YHJ<41t1~ 
ltI ynopRAo~ItITb nonY4eHHYlO cII1cTeMY IlItI~e~Hblx ypaBHeHItI~, cIleAYR 
paõore /9/. 

2 

l. KOHE4HO-P~3HOCTHAR AnnpOKCHMAUHH 

BOIlHOBafl $YHK4It1R t/J = t/J + rjJ 2 + t/J OCHOBHor'O COCTORHItIR' (L = O)
3 - 1 Erpex 0AItIHaKOBbIX 4aCn1l-t nOIlHOCTblO CItIMMeTpItl4Ha. e -f<OMnOHeHTbl 

B nonapaux KOOPAItIHaTaX p = (x ~ + y,2J 1/2 , 1J. ::z: are tg (Y. / x . ) 
• I '1 1 1 1 1-'
 
I = ItIMelQT BItIA
l J2,3 

.h ( -5/2 . 
~. p, 1J.)= p coses êé. <P(p, p.L /1/

1 1 . 1 1 

CItICTeMa Tpex ypaBHeHItI~ ~aAAeeBa CBOA~TCR K OAHOMy/131 

a2 1 1 a2 . . ~ 
[-2 + -"2 (-+ -2) + E - V(pcos1J)]<I>(p, 1J)=V(pcos1J) <p, 1Jlhj<fl>. 

ap p 4 a1J I /2/ 

HHTerpaIl'H~!:1 onepaTOp Ae~cTByéT TOIlbKO Ha yrIlOBY~ nepeMeHHY~ 112/ 

~ d( 1J) ,
 
<p, 1JIh I 4> > = 2 coses 2 y f d ç <l> ( p, ç)., /3/
 

c (1J)
 

rAe c(1J) = 11J- y ], d(1J) = min(y + 1J, 71 - Y - 1J), Y = 71/3, a Bce oc­
TaIlbHwe onepaTOp~, COAep}l{a~ltIeCR B ypaBHeH~1tI /2/, IlQKaIlbHwe. KOM­
noae-rru tP · npennonerao r ca ABa}l{Abl HenpepblBHO AItI$$epeH4I-1pyeM~MItI

I19/ . 
~YHK4It1HMItI B~IOAY, S 06IlaCT~ n = I p, 1J: 2 5 p 5 00, O-5 1J 5 71 121. 
.Ilpennonoxm« r axxe , ~TO nOTeH41t1aIl V(x) c G(O, 00) l-1 YAoBIleTBopReT 
YCIlOBItlIO Iim x V (x) = O. ~3 HenpepblBHOCTII1 KQMnOHeHT t/J. ltI npenc r aa­

x~ o 1 

IleHItI~. /1/ nonY41t1M 

cf>(p,. cP) ~ p5/2 a ( 1J ) , p -. O, ',º.:5 1J .:5 71 /2 , /4/ 

<p(p, ç) ~ ç b(p) , ç-.O.O<p:,Soo, /5/ 

rAe a ltI b - HeKOTopble $YHK4I1lItl, a ç = 1;, 71 /2 - 1J. npltl 60IlbWItIX 3Ha­
~eHKHX rKneppaAltIyca ItICKOMaR $YHK4It1R 3KcnOHeH41t1aIlbHO y6~BaeT~/~OI 

<l> ( p, cP) -+ exp r, vi IE I p) f( cp), ,p -. 00, . O S. <p .$ 71 /2. /h/ 

~3 aC~MnTOTKK /4/-/6/ cneAYIOT rpaHItI~H~e YCIlOB~R 

ct>(p, O) == $(p, 71/2) ~ O, O oS P.$ 00, /7/j 

cf> (O, cP) == <1> (00, 1J) = O, O.:: 1J 5 71 /2 . /&1 

nOKaH<eM, ~TO aropue ~aCTHble npouaaonuue $YHKU,ItI~ <I> paBHbl HYJ110 
Ha rpaHltluax 06IlaCT~ n. A~!:1cTBItITeIlbHO, K3 aCIIlMnTOTItIK /4/-/6) 
cneAYIOT paseHCTBâ 

<I> p cP (P. cp) =' $ p/P, .1JJ = O, p = O, 00, O < cP < Ti!2 • /9/ 
3 



" 

J. 

" 
3an'II1CaB ypaaaeaae /2/ B npenene cp ~ O (cp ~ TT/2), Y\.ITFl paaeucruaI 

13/, /j/ ~ arpaHlI14eHII1Fl, 'Ha~ome~Hwe Ha ~OTeH~II1~Il, nOIlY4HM 

(fJcpcpCP: CP) == o."" ~cp = o, 11/2, O sr : 00.	 /10/ " 
"	 t 

AnFl YIl1CIleHHoro peWeHII1Fl ypaBHeHII1R /2/ He06xOAII1MO OrpaHII14111Tb '06­
nacrs 1I13MeHel'lHR runeppanuyca AocTa'T04Ho 60IlbWII1M., 'HO KO'He4HbIM
 
3Ha4eHII1eM 'R. HTaK, peWeHlI1e ypaBHeHII1R /2/ lI1~eTCR B npRMoyroIlbHo~
 

06IlacTII1 cu ==lp, cp: O 'S.,p ,~R, O ~,cp ~,11/21 = [O, R] x [O, TT/2] .c O.
 
nYCT b Ha o rpeaxax [O, R], [0,.11/2] 3aAaHbl uexoropue , aooõuie ro­


BOpR, HeperYIlRpHw~ pa36l11eHII1R:
 

11p : O = pO < p 1 < ... < P N = ~, 11 cp: O = cP O < cP 1 < ... < cPM = TT /2' ,/ r1/ , 

nopOmAa~lqll1e B 06IlacTII1 cu ceTKY Y3IlOB 
, , 

11 cu = I1p x 11 cP = IPi I cf!..;' i = O•••• N, j = O, ••. , Ml­
, \ J 

4epe3 h(E)0603Ha4I11M MaKCII1MaIl~HOe 3Ha4eHII1e warOB 

h i # = Pl'+l- p" i = Df, ••• ,N-l(E. = cp. 1 - cp" J' = O, M-l).
'I I J J + J 

H3 ypaBHeHII1R /2/ B CIlY4ae perynapaax pa36l11eHII1~ í11/ nOIlY4111M CII1­

CTeMY ypaBHeHII1'~ AIlR Hell13BeCTHblX 3Ha4eHII1~ ceT04Ho~ <1>YHK~~1111 U ..
 

=(fJ(Pi ,cP j I.: YCIlOBII1R /7/, /8/ 03Ha4a~T, 4TO B rpaHII14HblX yanax lJ ­


ceTKH II1Mé~T MeCTO paBeHCTBa
 

- %' = u N · = o, j = o, '''' M, u 0- = u M == o, i = o, N. /12/
I J J	 L 1 

AIlR BHyTpeHHII1X.Y3IlOB CeTKII1 II1ChOIlb3yeM TpeXT04e4HY~ Ko~e4Ho-pa3­


HOCTHY~ annpOKCII1Ma~II1~!í6, 17/
 

2
 
(fJPP(Pi' Cpj ) = (U i 

I 

_ 'l j -: 2u ij ~ U + 1j)/h , - /13/

i
 

2
 
-<p ..LI.(P."i:/>.) == (~., 1 - 2u .. + U.~ l)/E , /14/


'fJ 'fJ 1 J lJ -' lJ IJ + 

rAe i =, 1, ... ,/N-.'l , j = 1, ... ,1\1- 1 , a ~HTerpaIlbHI;>I~ oneparop /3/ 
3aMeHII1M KBaApaTYPHo~ CYMMO~ Tpane~II1~; TorAa, Y4TR paBeHcTBa 
/1.2/, nOIlYl.lIl1M , 

M-1 

<P. • CP. IhI (fJ> = s ~ H. u. " s = 41fi.	 115/ 
I J k= 1 jk ik 

KsaAPaTHa.R MàTplI1~a H pa'3MepHOCTII1 M..... .I onpenenaercs TOIlb KO 3/-1a­

4eHII1~M wara E, a HeHYIleBble 3IleMeHTbl ee j -~ CTpOKH (j = 1, ... , M_l)
 
paB'Hbl
 

r 2-	 2 
H . =='-- (a, Ô 1 Ô 1 + (1 + 2 a . - a. ) ô ), k == n , n - 1..-, _

Jk 2 J n kn- J J kn 

4 

f 2 -	 2
H =-(O.ô Ô +C1+2b, -b.)O ), k=m,m+1,

jk 2 J Mm+ 1 km + 1 J J km 

H jk E, k::: n + 1,~ .. , m - 1. 

3AeCb ~,m - ~eIl~e 4 II1CIl a , 3aBII1CRlqll1e OT 3Ha4eHII1Fl II1HAeKCa 
111 YAOBIleTBOpR~lqll1e HepaBeHCTBaM 

(n - 1H ~.c ( cpj ) ~ n E, mE.:s: d ( cp j) .s: (m + 1H, 
\. 

a. =, c ( cp.) 1 E- n, b= d ( <P. )1E - m. 
J J	 J 

AnnpOKCII1MII1PYR onepaTOpw ypaBHeHHR /2/ ~ooTBeTcTBY~~II1MH ~aBeHcT­

BaM~ /13/-/15/, nOIlY4HM CII1CTeMY ypaBHeHII1~ AIlR Hell13BeCTHWX 3Ha4e­
HI;1~ u i j 

M-1 i i i 
~ ( L .k U. 1k + O,k U ik + R. k li ) = O,

k= 1 J 1- J I J i+1k 
/1.6/ 

i=l .... ,N-l,j:..-,;l, ... , M-l. 

3Ae<;:b MaT:PHl~!?1 (Li ,R i nponoouaouansust eAII1HII14HO~.MaTpll1~e L ~k 
= RI == õ /h 2 a MaTpl;1~bl O II1Me~T BItIA 

jk jk '
 
i


D. = (_2/h 2 
+ 1:/4p,2 + E -:V" ) O. + (o. -28. + Ô. -)1 p~E 2 -sV· H , 

jk 1 IJ jk J-lk jk J+1k I ij jk 

r Ae == V ( P. cos cp, ), j, k =: 1, .•. , M -: 1 . .Vi j 
I J	 AónOIlHHB cHcTeMY /16/1 AII1CK­

l/ D1 

I! 02 R2 

L.3 D3 R3 j 

peTHWMII1 aHaIlOraMII1 /12/ rpa­
HII14HWX YCIlOBII1~ /7/, /8/, sa- ,

O ,. t7iii r1I11WeM Hell13BeCTHble B BII1Ae CTOIl6-' 
. IIZ	 ua /9/ U = (U 1, U ~ ... , uN- 1) T, , 

COCTasneHHora 1113 6IlOK-CTon6­
"0B ui _. (_ ) T . ,

'_ ~ - U.tl' .... UiM _ 1 ' 1 =trU = 1" ••• , N-l, ror-na MpTpll1l.4a... . .. , • • .: 3TO~ CII1CTeMbl npll1MeT 6n04~0­

9
..1.1 ..J.u TpeXAlI1arOHaIlbHbl~ BHA c WII1PIl1­

O HO~ neuru 3(M _1) /CM. PHCY­
HOK/. CIleAyeT oTMeTHTb,' 4TO 
nopRAKII1 annpoKcHMa~H~ /13/~ 
/14/ a CIlY4ae <1l(p, cp)E;C cu 

2 _ _ paBHbl COOTBeTCTBeHHO O(h 2) ~
 
O( f) AIlR 'perym'lpHblX 111 oo» , O( E) - AI1R H'eperym~pHblx ce rox',
 
YBeIl~4eHlI1e nopRAKa annpOKCII1Ma~1I1111 BTOpO~ 4acTHo~ np0Il13BOAHO~ no
 
rKneppaAII1Ycy II1CnOIlb30BaHII1eM n> 3 To~e4H~x $OPMYIl T~e6yeT AO­

nonHHTeIlbHWX npeAnoIlomeHH~ o rIlaAKocTH .II1CKOMO~ <1>YHK~~H ~ /17/
 

H npll1BOAII1T K MaTpll1~e c WV1PIl1HO~ ne-rru n (M _ 1).
 

.... 

5 
'-..	 ';, 



,/ 

2. CnnA~H-AnnpOKCHMAUHR 
'" 

PeWI-1M' acnoaor-arensuyio 3aAa4Y. nYCT.b B yanax CeTKI-1 ~ rp 3aAa.Hbl
 

3Ha4eHI-1R 'HeKoTopo~ <t>YHK~1-11-1 U (rpj ) = U j' j = O, ••"'., .M .: <l>YHK~1-11O
 
•u(rp) , rp ç;..[ 0.17/2] He06xoAI-1MO I-1HTeP'10Ill-1p'qBaTb Ky61-14eCKVlM cnnaüuo« 

eAI-1HI-14HOrO Ae<t>eKTa. TaKI-1M cnIla~HoM. Ha3WBaeTCR ABa~AW Henpep~BHo 

AI-1<t><t>epeHQI-1PyeMaR <t>YHK~lAR S(rp) C;Q[20• 17/2] , npeACTa~I-1Mafl 'Ha Ka}!<AOM 

OTpe3Ke [rpJ" íf>.+ 1], j = O, ••• , M--1 B BI-1Ae Ky61-14eCKOrO nom1H0Ma 
3 . J 

S(rp) =;~ aJ~(rp - rp.){3 1-1 ynoane r aopmouiaa paBeHCTBaM S(cp.)= u .• 
(3=O fJ J. J J 

j .= O, ••• , M. Bunonueuue 3TI-1X paBeHCTB 1-1 YCIlOBI-1R S...., (rp) ç. C[~ I]
 
06eCne~I-1BaeT aanuc s cnnaaue B BI-1Ae.l151 , .17 2
 

2
 
S(rp) = 7J ( t ) U + 1 + f.(Tf Tf 4<t)M . 1)/6. /17/
1 j 

+ Tf 2Ú)U j J 3(t)M.J 
+ 

J + ' 

r ne rp ~[ rpj' rpj+ 1] , j O, •.• ; M - 1; <t>YHK~1-11it Tfi nepet-1eHHO~ t =
 
~ (rp ~ rp.j )/p j paBHbl
 

2 3 3 
7J 1(t ) = 1 _ t • Tf 2(t ) = t . 7J 3 (t ) = 3 t -t :-2t·. Tf4(t)~t-t. /18/ 

OCTaeT.C:f1 Ha~TI-1 M + 1 3Ha4eHI-1e Hel-13BeCTHblX K03<t><t>I-1~l-1eHTOB M. =.S U(rp,). 
j = O~ ... , M. YCIlOBI-1f1 HenpepWBHOCTI-1 hepBo~ ~P0I-13BOAHO~ J J 

S,' ( rp, - O) :::: 'S' ( rp. + O). j ~ 1 ..... M _ 1
 
J J
 

BO BHYTpeHHI-1X yanax CeTKI-1 AalO;f M _ 1 -COOTHOWeHl-1e115/ 

U -u u - u2 (. 6'+ 1 . . '-1,IL .M' 1 + M . + 1 - fL . ) M. 1 = r. = ------_ {-.J2..: -.-J_ _ _1 1-_)
 
J J- ]- _ J J+ J P. + P. P. p. '
 

..;. J-1 J J J-1
 
/19/rne fLj = Pj _ 1/ ( Pj _ 1 + Pj ).
 

J],Ba AOnOIlHI-1TeIlb HblX Y'CIlOBI-1R 3aAalOTCR B BI-1Ae pa3Ill-14HblX orpaaa­

·4.eHI-1~ Hg 3Ha4eHI-1f1 cnnaãua 1-1 ero i.,lP0I-13BOAHbIX B r'paH1-14Hb1X T04 xax 
,rp O, rpM' n~CTb iJ.U(O)";' u " (17/2) = 0.. r o rna COOTHOWeHI-1R /19/, nonon­
Ht1M ABYMfI paBeHCTBaMI-1 S"(rpo) = Mo = O , S"(rpM) = MM = O ~1 no­

IlY41-1M ~I-1CTeMY ypaBHeHI-1~ c TpeXA\I1arOHaIlbHo~ MaTpl-1~e~ )'-1 

M-1 -1 
. ­~ r' k M k = r., J- 1 ..... M-l • 120/!lf= 1 J J 

-1
MaTp~a, r VlMeeT Al-1ôrOHaIlbHoe npe06IlaAaHVle, 4TO 06ecne4VlBaeT
 

CYll\eCTBOaaHl-1e 1-1 eAI-1HCTBeHHOCTb. peWeHI-1f1 CI-1CTeMbl /20/ AIlfl rí1060~
 
CeTKI-1 ~ cf; U6paTI-1B MaTpl-1l.lY C~1CTeMbl /20/, Bblpa31-1M K03<t><t>I-1~l-1eHTbl
 

M j 4ep'e3 Y3IlOBble 3Ha4e.HI-1f1 cnnaaua , B' CIlY4ae "o = U = o nOIlY:
 
~I-1M . ~ 

M-·1
 
S"(rp.) = M. = 6 ~ B u =. 1 , ... , M - 1 • , M o = M M= O. /21/


j k k•J J k= 1 . 

6" 

~' .
ri

~ 

l. 
l' 

KBaApaT HaTl MaTpl-1~a B onpenenaer ca TOIlb KO Bbl60pOM' CeTKI-1 \11 paaua 

-1 -1 -2 
Bj k = fLk_ 2(ek_l fk_2) Ijk-·1 -:..(Ekfk_1) Ijk + fL k + 1fk ~k+1 • /1'2/ 

rAe (J j , l{ = 1, ... , M::.1, a MaTpl-1~a r TOIlbKO Anfl YA06cTBa 3anVlCJ,t 

A0'lQIlHeHa HYIleBblMI-1 CTOIl6~aMI-1 r j o '= IjM = O, j = 1, ',' ., M _ 1. 
40TMeTI-1M HeKOTOpbJe CBo~cTBa_cnIla~HoB /17/, /21/ .. ECIlI-1 U (rp) c'I ; C[o. 171.2]' TO IS(rp) - u(rp)1 = 0<e 4 

) ,'cp ·E-[O. 17/2].a K03<t><t>I-1~liteHTb! ... 

tl· Mj /21/ anllPoKcl-1MI-1PYIOT coo r aer c r ayouiae 3Ha4eHl-1f1 U N""( rp.) C T04­
\ HOCTblO O(f 2) KaK AIlfl perynapuux , Tal< Iir AIlR HeperYIlflJ1HblX ce r ox 

~rp' B OTIll-14Vle OT KOHe4Ho-pa3HOCTHO~ <t>OPMYIlbl /14/. CnIla~Hbl 06­

IlaAalOT CBO~CTBOM IloKaIl~HOCTIit; eCIlI-1 HeKOTopoe 3Ha4eH\I1e 3aAa­uk 
HO c OWI-16KO~ Ô, TO K03<t>epl-1~J..1eHTbl M .• Bbl41-1CIleHHble no <t>opMYIlaM /21/,

J 
6YAYT onpeneneuu c OWI-16Kà'M1-1 e . , OrpaHI-14eHHblMI-1 HepaBeHCTBaMI-1 

Ifjl<lôi2-lk-i\ 0(1), j = 1~ ••• , M-·l. PaCCMOTpI-1MBTOpO~Me­
TOA peWeHI-1f1 ypaBHeHI-1f1 /2/, oCH0BaHHw~ Ha chIla~H-annpOKCI-1Mal.ll-1~ 

yrnoeoã 3aBI-1CVlMOCTI-1 I-1CKOMO~ <t>YHK~\..1I-1. Há Ka~~o~ npflMo~ p = p. , 

i = 1, ••. , N -1, rp ~[O .17/2] B 06Ila'cTI-1 (d /I-1Il~ nyr-e B AékapToriblx 

KPOPAVlHáTax x, y / I-1l1.leM epYHK~1-11O <l> B BVlAe Ky61-14eCKOro cnnaüua 
I 

~'. 
<I>,(Pi' rp) = Si (rp), r or'na <lJJp., rp.) =·.u.'. :.=S. (cP . ) , <l>,t.,t.(p., rp'.) = 

S "'(,t. \ .' I J. dJ I . J 'f' 'f' L .1 u'I = i 'f'j}, rAe 1 = 1, •.• , N _1:, J = , ..• , M. J],Ilfl BTOpOVl 4aCTHOVl 

npoVl3BoAHQ~ no rVlneppaAVlYCY ~CnOIl&3yeM npemHlOn a~npoKCVlMa~1-11O 

/13/. 
l' 

I
~1 Bblpa1i<eHVle AIlR i-ro, cnnaãua Ha OTpe3Ke I rp" rp. +'1] (j == O.~ .. , M-l) 

nOIlY4aeTc~ Vl3 117/ 3aMeHO~ J J ~ 

i 
S -+ S. , " u. '.. u... M, M .. , r. --> r .. , /23/,;; I J IJ J 

-4 

IJ J IJ 

~ T.e. A06aBIleHVleM ell\e OAHoro VlHAeKca i, HYMepYlOll\erO cnIla~Hw • 
"1
.}' YCIlOBI-1R HenpepblBHoCTVl nepBo~ np0\l13BOAHO~ AIln KamAoro cnIla~Ha 

aanucueaorca B BI-1Ae CI-1CTeMbl Vl~ (M - 1) ypaJ3I:ieH~f1, KOTopaR n0l1Y4a-_ 

1" -eTCR Vl3 /19/ 3aMeHo~ /23/. AonoIlHVlB Ka1i<AYIO Vl3 TaKVlX 'C~CTeM pa­
'I 

BeHCTBaMVl M. o = M'M = O / i = 1, •.• , N - 1. /, CIleAYlOll\VlM\I1 ~3 YCIlO­
" I I. '
'i 
I B,\I1i;1 /10/., 1-1 Y4TfI paaeucr ea /12/, ,Bblpa3VlM KÓ3<t><t>I-1~VleHTbl M ij
 

1.
 4epe3 I-1CKOMWe 3Ha4eHVlfl u ..
 
IJ 

M-1 
, <l>rpq} P , cP.) ,,- S:' ( d>,) == M .. = 6 ~ B. kU.k' t i = 1 t .... N - 1 t j = 1 .... , M - 1 o 

I J I J IJ k=d J I /24/
!' 
1: B paaeacr eax /24/ MaTp\l1~a n· /22/ OAHa Vl Ta )!{e AIlfl scex cnIla~'-:Ji 

')l HOB. HHTerpaIl /3/ AIlfl Ka1i<AOrO BHYTpeHHero Y3Ila CeTKI-1 â w npeA-
I 

c:ra8l-1M B BVlAe CYMMbl VlHTerpaIlOB\ no OTpe3KaM, rne I-1HTerpl-1pyeMan' I 

r <t>YHK4Vlfl RBIlReTCfI Ky6~14eCKJ..1'M noÍlVlHoMoM /17/. Bbl4VlCIll-1B \.1HTerpaIlbl 

o-i 1-13BeC_THbIX <t>YHK~~~ 7J i' i =" 1, ... t 4 /13/ no TaKI-1M OTpe3tJ:ÇlM 

Vl Bblpa31-18 B nOIlY4VlBwe~cfI cYMMe K03<t><t>1-14VleHTbl M.. 4epe3 U"',IJ IJ
 
I -corIlaCHO paBeHCTBaM /24/, nOIlY4VlM /
 

~ - d(c,6. ) _ 1 25/
 
<Pi ' cPj Ih i <lJ> =8 f d ÇSi (.Ç") = s ~ H i= 1 •...• N-~l. j = 1, ... M _1.i k u i k• 

c(rpj) k=1. 7 

-

.... 

,.
 



,...., 

\ 

" J\ 
,;ti 

MaTpVlL\a H. 04eBVI,qHo, He 3aBVlCVlT OT 3Ha4eHHfI panaans aor-o VlHAeK'ca	 -.AeCiCl'BIIl1eJ1bHO, pa3peWIIIB cnc r eny /16/ OTHOCVlTeJ1b'HO HeIll3BeCTHbl.X 

i, a HeHYJ1eBble 311eMeHTbl ee j -Ci CT'pOKVI paBHbl U ij , BbJ4ItlCJ1V1M K03Q>Q>~lIIe.H:rbl Mij /24/ 11I no Q>0PMYJ1qM /17/, /18/
 
" Ha\:1AeM ·np.v16J1li1meHHble 3Ha4e.HIIIR Q>YHK4V1V1 $ Ha npRMblX P::::A i '. i =
 

H jk = Pj k' k = 1. ... , n - 2, m + 2, ... , M -' 1 = 1, ..•. , N - 1, ef>_~ [O, "/2].
 
~ , I . nepeCiAeM K TpeTbeMY MeToAY pewéHVlR ypaBHeHHR /2/. HeH3BecT­

HYIO Q>YHK41111O $ H~eM B BHAe 6V1Ky6V14ecKoro CnJ1aCiHa eAIIIHItl4HOrOH. 1':::: e 11 1 + P, l' n ',6 1,	 ,..
j n n e-: n-<!.i jn-«r- AeQ>eKTa nó KamAo\:1 nepeMeHHo\:1. TaKoCi CnJ1a\:1H B Ka»<AoCi R4éCiKe 

cu ij = [p i ,P i+ 1 J x [cp j ,cP j'+ 1] ceTKVI .1cu onpeAeJ1ReTCR weCTHaA4a'f~1O
 
H, =fI +P. m,6M-1 Kq3CllCllVlL\lIIeHTaMItl
Jm+ 1 m 2m Jm + l' , 

/26/ 
H. J	 

3 ij
Jn en-'11 2n-'1' ~ f n./2 + P.jn H.jrn = f m(l1 m + 1/2) + Pjm • S(p, cp) = ~ a a{3 (p - P i ) a (cP -CP. )(3
 

. a ,/3:::: O J
 

I-I. :: (e 1 + f ) /2 + P, ,. k:::: fi + 1, ... , m -' 1 .	 Itl RBJ1~eTCR Te~30pHWM npOVl3~eAeHVleM OAHOMepHWX Ky6V14ecKIIIX CnJ1a~­jk k-' k jk / 15HO,~ S(p) ~ S(<p), 3aAaHH~iX Ha ce r xax L\ p ,L\ef> COOTBetcTBeHHo , 16 /.\ 

BcnOMOraTeJ1bHaR MaTpVl4a P VlMeeT BVI,q ,lJ,.nR peureuaa VlHTerpOA\IIC!>Q>epeHL\ltlaJ1bHb/X ypaBHeHItlCi Q>a,fmeeBa YAo6HO 

~Cn0J1b30BaT~ npeACTaBJ1eHltle
 
:P 'k:::: ~ e (13 B .+ I B ) ­

3 

J r==.n-;..,l,m r r rk 4r r+ lk 
S(p, ep )'= l/J Cp) Fl/JT (t), (p, ep) ~ CU •• /28/I. 

m-:1	 lJ 
3CB_.-!..: ~ Er rk + Br + 1k)' j,k=1, ... ,M-1. 3AeCb CTpOK'1-1 l/J(z-) =(71 (1.), a71' ,a714(~»' rAe a =hr/6 

4 r::::n 1(1.),71 2 3(z)
npl-1 1.=p:::: (p-p. )/h. ,a:::: f?/6 ripa z::::t, a Q>YHK4ItlR 71j VI nepe-

MeHHaR t onpeAJ.néHbll_paBeH'cT~Ba~1-1 /18-/. MaTpl-14a F (4x4) COAep>KVlT 

3Aec"b n, m - uenue 4HCJ1a, 3aBVlCfI~Vle 'OT 3Ha4eHVlfI HH,qeKca j, Hel-13BeCTHwe K03$CllI-14ItleHTW~ KOTopwe paBHW 3Ha4eHI-1RM CnJ1a~Ha ~ ero. 

VI r axae , 4TO'" C (cP j ) r;;;. , [ cP - l / cP ] , d Ccp j) c (cp m- cPm+~,' a CVlto1B0J1aMVI	 4~CTHbIX np.01tl3BOAHb/X B T04Kax (Pn' cP m)'n n

\n-l (Iim ), i = f, 2,3,4 OÕ03Ha4eHbl VlHTerpaJ1bJ OT epYHK4V1i1 71, (t)
 

co /18/ B npe,qeJ1ax(c(cP j ) - cP - t )( f _ l(O,(dEef>j) -.epm)/E;). 1	 F tJ - N -S (p ~ -,./., )n n .1 , Fk,r :::: U nm :::: S (Pn ,cp rn ), kr.. + 2 - n rn - pp n' 'fJ m ,
 
YpaBHeHVle /2/ 3anVlweM t30 BHYTpeHHVlX Y3J1aX ceTKVI L\ú) VI an­


npOKcVlMVlPyeM p~BeHcTBaM~ /13/, /24/, /25/ cooTBeTcTBy~~~e one­

F' .: M - S (p .i: ) E /f - K :::: S (p"/")'
paTbpw. n0J1Y4V1BwaflcR TaK~M 06pa30M C\IICTeMa J1V1HeCiH~X ypaBHeHVI~, k-+:2f - nm - CPcP n''fJ rn' -k+2L+2 - nrn ppcf>cp n !'fJ m •
 

AOnOJ1HeHHafl AVlCKpeTHWMVI rpaH\II4HWMVI YCJ10BVlRMVI /12/, VlMeeT TOT *e
 

caMw~ BVlA /16/ VI aHaJ10rVl4HWM ynop~A04eHVleM CBOAVlTCfI K tVlcTeMe rne k e 1(2) eCJ1V1 n:::: i(i +1) , f == 1(2) _ ,eCJ1111 m = j(j -t1). n P0l-13BOAHble S cprp 
c, MaTpVl4eCi TOCi me caMoCi CTPYKTypbl / CM. PVlCYHOK/. HaTpVl4bl t. i , Spp CnJ1a\:1Ha /28/ HenpepblBHbl BCIOAY. npl-1 Q>ItlKCl-1pOBaHHoM 3Ha4el"\III1tl 
Ri - npemHVle~ a MaTp\ll4W Di VlMe~T BVlA	 OAHO\:1 nepeMeHHo\:1 6I11Ky6~4eCKItlH CnJ1aCiH;04eBItlAHO,RBJ1ReTCR Ky61114e­

cKItlM CnJ1a~HOM APyró~ nepeMeHHo\:1. CJ1eAOBaTeJ1bHO,K03Q>~1II4I11eHT~'M~i C'I 2' 2 iD. == - 2 h + 1/4 P ) o + g
jk - i jk jk	 BblpamalOTCR 4epe3 U ij CllopMYJ1aMVI. /24/, rne MaTpltl4a B /22/ Ta .me, 

4TO 1-1 -so BTOpOM MeTeAe. YCJ10BIIIR HenpepblBHÓcnit nepsoã npOIll3BOA­
-",~ 

3AeCb, ~OJ1bKO AJ1f1 YAOÕCTBa, -BBeAeHW MaTpVl4~	 HO~ CnJ1aCiHa /2&/ no rltlneppaAI-1YCY AJ1R Ka>KAOrO ~IIIKcVlpoBaHHoró 

/ i I 2 3Ha4eHIIIR ItlHAeJ:<ca j / j = O, .•. , M/, T. e. Ha Ka>KAo\:1' npRMo~ 
,. g'k == 6B. k e, + (E -V.. )O'k - sV .. H· •
• J J 1 lJ J rj Jk	 /27/ cP = cp. I-1MelOT BI-1A 

J,~ 

a MaTpVl4bl 13 VI H BbI4ItlCJ1f1IOTCR COOTBeTCTBeHHO no cj)opMYJ1aM /2.2/, I;	 - - 6 ui+lj-U t j Uij-Ui_lj '­
11. N, l' +2N·· +(l-II.)N .. 1= ---(---- -------) /2B.l//26/.	 ' r til 1- J 11, rI lJ+ h ' 

,	 ' 4 ,	 1 11- h i h i i - 1 ...B paCCMOTpeHHOM Me~OAe npOltl3BOAHaR $cPcjJ/eCJ1V1 IPCP, CP) é,:C w! !~ hi _
 

annpoxcaaapyer.ca K03<pQ>ItlL\ltleHTaMIII CnJ1aCiHOB /2 lf/ c T04HOCTblO O (E ~ rAe i = 1, ... , N-l, i7. = h. 1 /(h. l+h .), VI AOnOJ1HRIOTCR paaeu­
.	 • 1 1- 1- 1 

B CJ1Y4ae npO~3B0J1bHO~ ceTKVI, a ItlHTerpaJ1bHW~ onep~Top /3/ OTJ1H­	 CTBaMIII l'!Oj == N Mj == O, CJ1eAYIO~I-1MVI 1-13 YCJ10BItl~ /9/. 
4aeTCR OT KB~ApaTypHoCi CYMMbl /25/ Ha BeJ11114I11HY nopanxa Ocf 4 ),
 

B ypaeueaue /2/ no~cTâBIIIM <l>(Pl cp) = S(p, cp) 11I 3anltlWeM ero .
B OTJ1V14I11e OT /15/. np06J1eMa VlHTepnOJ1RL\IIIV1 4aCTIII4HO pewaeTCR. 
BO BHYTpeHHI-1X Y3J1aX ceTKIo1. Ilpoaaeonuue Scpcp.(Pi ,Cpj.) /T.e. K03C!>­

8	 , 9 



~Hu~eHT~ ~ij / BW~a3HM 4epe3 3~a4eHHR Cnna~Ha B Y3na* CeTKH
 
/T. e., Uij / <l>0pMynaMH /24/.
 

HHTerpanbHwA onepaTOp /3/ 3aMeHHM KBaApaTypHO~ ~YMMOA /25/,
 
B KOTOpO~ MaTpH~a H, oyeBHAHo, Ta me /26/, 4TOll'l BO BT'OPOM
 
MeTOAe. TaKII'lM 06pa30M, nonYYHM CHCTeMY ypaBHeHII'l~
 

M-l , 
S (p., ck j ) = = - ~ a~k U lk " i = 1, •••,N-1, i_c: 1, ... ,M-1, /30/pp 1 ' 

N i j k = 1 J 1 

rAe a}k = 1/4p~ + gj~' a MaTpll'l~bl gi /27/ npexaae , l{03epq)l.1~l-1eHTbl 
Ni j B BI-1Ae 130/ nOACTaBI-1M B ypaBHeHHR /29/ 1-1 nonY41-1M TorAa 
CI-1CTeMY ypasHeHI-1~ AnR, Hel-13SeCTHblX U ij • KOTOpylO AOnOnHII'lM rpaHl-i4­
HblMI-1 ycnoBI-1RMI-1 /12/-. nonY4eHHaR TaKI-1M 06pa30M cnc r eaa II'lMeeT 
BI-1A /16/, rne ~aTpl-1~bl L 1 , Di, Ri paBHbl 

I - i- 1 2
 
L jk = IJ. i (a jk + 6...ôj k /h i-I)' i = 2••••• N - Y,
 

i
 
Dj k . = 2a ~k, + 6ôj k / h i-I h i ' i,=l ••••,N-l,
 

i - i+ 1 lo 2 
R jk (1 - IJ. i )(a jk + 00 jk /h i r, i = 1, •••• N.- 2. i. k = 1-, .~.', M - 1 , 

1-1 npe>KHI-1M ynopfl,Q04eHl-1eM CSOAI-1TCR K CI-1C'T.€Me c 6Jl04HO-TpexAl-1a­
rOHanbHo~ MaTpl-14e~ /CM. Pl-1cyHOK/, Wl-1pl-1Ha neHT~ KOTOpO~ paBHa 
3(M-1). TaKo~ BI-1A MaTpl-1,~bl oôycnoaneu CTPYKTYPO~ ypa8HeHI-1~ /29/, 
a HMeHH~ TeM, 4TO Ka>KAOe i -e ypaBHeHl-1e cOAep*"T HeI-13BeCTH~e 

K03<1><I>I-1~l-1eHTbI N nj 1-1 U oi' co 3Ha4eHI-1RMI-1 panaansuor-o I-1H,QeKca n = 

= i-l , i, 1 +1. Ilocne HaxO>KAeHI-1R K03~<!JI-1~l-1eHTOB u ij Bbl41-1Cnl-1M 
no <I>o~MynaM /22/, /24/ KO.3$<I>I-1l.l1-1 e-rru MiJ.' a K03<1><I>I-141-1eHTbl Nij 

Ha~AeM, peuiaa CI-1CTeMbl ypaBHeHI-1~ )29/. MaTpl-1l{a, 3TI-1X CI-1~TeM He, 
3aBI-1CI-1T OT 3Hà4eHI-1R yrnpBo~o HHAeKca j, cneAOB3TenbHO, I-1MelOT 
MeCTO paBeHCT'Ba 

N-1_ 
N i' = 6 ~ B ik U kj i = 1••••• N -1, j = 1. ''', M - .1, NOj = N Nj = O,

J k= 1 . 

aHanOrl-14H~e paBeHCTsaM /24/. YcnOBHR Henpep~BHOCTI-1 BTOPO~ CMe­

waHHO~ np0I-13BOAHO~ CnJla~Ha s6 BHYTpeHHI-1X Y3nax CeTKI-1 ~an~c~­

EfáIOTCR AnR Ka)l{Aoro etll-1KCl-1pOBaHHoro 3Ha4eH/IlR j = 1, ••• , M- 1
 
S BI-1Ae C/IlCTeMW nl-1He~Hblx ypasHeHI-1~ AnR HeI-13BeCTH~x~03~epl-1l.\HeHToB
 

K i j , i = 1, ... 1 N -1. Taxue C1-1 CTeMbl nonyuaorcn 3aMeHo~
 

N .. ~ K lj' uI' -. M i' , i = °,''', N • j = 1 , ... M - 1lJ' J J 

B CHCTeMax /29/ 1-1 AononHRIOTcR YP~~HeHI-1RMv. 

10 ~ 

SpcP (p,cP j ) = 0", p =Po' PN' r ;e , 

2K Oj + K 1j = 6~ 1j I h~, KN_l,j + 2KNj = 6M N-1/ h ~-1 

'cneAYIO~I-1MM ~3 rpaHI-14HblX ycnoBI-1~ /9/. Bbl41-1CneHH~e TaKI-1M 06pa30M 
K03<f><I>I-1l.\HeHTbl AalOT HaM ABa>KAbl HenpepblBHO Al-1epcPepeH~l-1pyeMYIO BCIOAY 

• B	 06naCTI-1 ú) <I>YHK~1011O /28/, YAOBneTBopRIO~Yl'J B yanax ceTKIo1 ypas­
HeHlo11O /2/ 101 rpaH1014H~M ycnoBHRM /7/-/10/. OTMeTIo1M, 4TO nopRAOK 
annpOKCIo1Mal.\1011o1 <I>YHKl.\1011o1 ~(p,~) ~ C~ 61-1!y61014ecKI-1M cnna~HoM, Io1HTep­
nonHpYIO~Io1M ee Ha ce r xe ~(;J' paae« 0(h 4 ) +0(1'4), a K03ep<l>1-1l.\lo1eHTbl 
M ij 1-1 N ij annpOKCIo1Mlo1pYIt)T yanosue 3H~4eHIo1R .QP0Io13BOAHbIX ~ cPcP 
~1 ~ pp COOTBeTCTBeHHO c T04HOCTblO O(h 2) +O(E 2) KaK' AnR perynflp­
HbIX, TaK 101 AnR HeperynflpHblX ceTOK Ô p ,!:1 cP 'B OTnlo14101e OT KOHe4HO­
pa3HocTHblX <I>opMyn /13/, /14/. 

I 

3AKnlO4EHViE
 

....,.
 
AnR cp~BHeHHR 3$<I>eKTIo1B~OCTI-1 onlo1caHHWX MeTOAOB peWeHIo1f1 3aAa­

4101 Ha CBR3aHHoe COCTORHl-1e Tpex 4aCTIo1l.\ ypaBHeHl-1e /2/ pewanOCb 
B C)1Y4ae nOT,eH~~,~na v(x) = a exp(-x 2/ k 2). 3Ha4eHIo1f1 napaserpoa 

I,	 a = 51,5 M3B, k == 1',6 <PM õpanucs 1013 pa60T /18/ , rAe õuna nony­
(	 " 

"1	 4eHa AOCTaT04~d T04HaR Ol.\eHKa 3Heprlo1101 C8R3101 CIo1CTeMbI Tpex TO>K-
AeCTBeHHWX 4aCTIo1l.\. 

~j. 

B = /9,7811~O,0024/ M38. /31./ 

npl-1 Bbl4l-1cheHIo1f1X nonar-anoc s R=3,O $M. r3H 1I2 ,h2/ m N =41 ,4'696 M3B· cPM 2, 

m N = 938,5 M3B" cerxa ti p õpanacs perynapuoa , a ce rxa Ô. cP 
KYC04Ho-perynRpHo~. 3Ta ceTKa nonY4anacb nOCTpoeHlo1eM Ha KamAOM 
1013 OTpe3KOB [0,77/6 J , [77/6, 77/3] , [77/3, _77/2 ]perynRpHblx pa 36Io1eH,lo1~ 
c 4~cnaMIo1 Y3n0f,3 In, 1,5m, 2m. ' 

" 

Taõrnrna 

/ \1 
.' HeTOp; 1 , 2 3 

Np ' 7 1,43	 71 ,25 35,25NcP 
, ,
I 

·t B r aõnaue npaaeneuu 3Ha4eHIo1f1 N p = N +1, N cP = M + 1;::: 4,5m - 2 
'1 4~cen Y3nOB paAlo1anbHO~ H Y3nOBO~ ceTOK, npl-1 KOTOpblX 3Ha4eHI-1e 

3Hepr~101 CBR3101, BW41-1CneHHOe ~a>KA~M MeTOAOM nonaAaeT B ~HTepBan

'1 /31/. Vi3 Ta6nlo1~bl cneAyeT, 4TO ~cnonb30BaHlo1e cnna~H-annpo~cHMa­
" 

l.\101~ /TpeTl1~ ~ 4eTsepTw1 c ronõuu/ noaaonae r BABoe COKpaTIo1Tb 4l1C­
,li ~/I no	 T04eK ceTKIo1 no cpaBHeHHIO c KOHe4Ho-pa3HoctHO~. 3TOT $aKT, 

BMeCTe c nOKanbHblMIo1 CBo~cTBaMIo1, B03MO)1(HOCTblO auõopa np0101380nl)­
HWX ceTOK 101 6n04Ho-TpexAlo1aroHanbHo~ CTPYKTYPO~ MaTplo1l.\b1 co cpaB­

11 



H~TenbHO ManO~ W~p~HO~ neHTbl, AenaeT' ~CnOnb30BaH~e' 6~Ky6~4eCK~X 
Cnna~HOB An~ peWeH~H ~HTerpqA~~~epeH~~anbH~X y~aBHeH~~ ~aAAeeBa ' 

,OC06eHHO ~p~BneKaTenbH~M. 
B 3aKnlO4eH~e HeoGxoAw~q, O!MeT~Tb, 4TO Anfl nOçTpOeH~~ cnna~­

Ha /28/ ~e 06R3aTenbHO ~cnonb30BaTb paBeHCTBa /9/, /10/, rpaH~4­
/151 "	 . 

H~e	 ycnoB~~ MorYT 6~Tb ~H~M~\ . 

mnEPATYPA 

1.	 <t>aAAee~ n.A. }K3T<t> , 1961, 12, c. '1 01' 4. 
2.	 Ahmadzadech J., Tjon J.A. Phys.Rev., 1965, B139, p.l085. 
3.	 BoeBoA~H B. B'. BbI4~cJÍ~TenbHble OCHOBbl ,n~Hei:1Hoi:1 anreõpu .
 

IIHaYKa", M." 1977. ..
 
1"14.	 W~~A 3., U~renbMaH X. npo6neMa Tpex Ten B KBa~ToBoi:1 Mexa­

H~Ke. "HaYKa", M., 1976. 
5.	 'l)en~eB B.5., B}f{eLll-10HKO E'. 34MI, 1'971, 2, c.417. 
6.	 3y6apeB A.n. Bê'lp~alt~OHHbl~ npl-1Irl~~n II.JB~Hrepa B KBaHTOBO~ Me­


xaH~Ke. 3Hepro~3AaT, M., 1981.
 
7.	 Becenoaa A.M. Tt1<!>~ 1970, 3, c.326; T1'1<!>, 1978, 35, c.1'8ô. 

;	 8. Noyes H.P., Fiedeldey H.ln: Three Particle ?cattering 
in Quantu~ Mechanics. ~.A.Benjamin, N.Y., 1968. 

9.	 Merkuriev S.P., Gignoux G., Laverne A. Ann.Phys., 1976,
 
99, p. 30. .
 

10.	 ,MepKYPbeB c.n. TM<t>, 1971, 8, c.235; ~<!>, 1974, 19, 'c.447. 
11. MepKyp~eB c.n. H<t>, 1.976, 24., c.289; :rMÔ, 1977, 32, c.187.
 
1,2. .Pupyshev V.V. JINR', E4-84-803, Dubna, 1984. '
 
13.	 Payne G.L. et a1. Phys.Rev., 1980, 22, p.823. 
14.	 MepKYPbeB c.n., Kynep~H ~.~., KB~Ll~HCK~i:1 A.A. ~ecTH~K nr~,
 

,1'93 1, 4, c. 6'6 ; .fi<t> , 19~ 3, 37, c. 144O•
 
1S. 3aBbRno~ 11).C., KBaCOB 1). ~ ., t1l-1pOWH~4eHKo B.n. t1eTOAbl
 

cnnai:1H-<PYHKLl~i:1. "HaY,Ka", ti., 1980.
 
16.	 M.ap'4YK r. ~ '. MeTOAbl Bbl~~cn~TenbHoi:1 MaTeMaT~K~. "HaYKa' I,
 

M., 1977.
 I 

17.	 Ba39B ~., ~opca~T Am. Pa3HOCTH~e MeTOA~ peWeHl-1R A~<t><t>epeH­


~~anbH~X ypaBHeH~i:1 B 4aCTH~X np0l-13BOAH~X, ~n, M., 1863.
 
18.	 'Fabr i E., Fr io r i,o G. Nu ovo Cim., 1969:, 6O, p . 2 1- O; Nu c I . 

I 

P~ Y5'., 197O, ~ 141" p . 325 . 'I
 

11'
 

('
 

, r 
PYKon~cb ITÓcTyo~na B ~3AaTenbCKl-1i:1 oTAen i.4	 <f>eBpanR 1985 rOAa. 

~2 I 

,~Il	 'l:'1
i~;'	 ó,\,.... 

I, '\. ~ :I!J 
Jf-~ 

" 
•	 'ri ,\:'. ".' 4 85' 78 Ilyrtsnues ~ ~ D". ,.	 'j ( '" j' ~ ­-

t .ilI1crrOJ\E30Ba1f!'!e ÕHKyÕI1~e.tkH~, cnnáünoa "~
 

AJUI pe,llIellmlli,HTer1?0oHtI<w>,epeHiJ.iIaJI:qHb~X\'ypaBIteHHii ~9-AA~eBa ,.
 

, ~ 

;KOMrrOHe'HTI;>I' BOJIltOB'OÜ' <PYHJ,<ll;H~ Tp~X~aCTH'lJ:HO~6 C~Je~à.H~oro
 

'COCTÓHHHH" YAoÊJIeT~ppHlQI!J;He eHCT'E~He ~HTerI5PAH<P<b'é'pe;H~HaJI:q~fIX
 
ypaBl!eHHH. l'tlaAA~eBq:,,' ll~YTCH B -ImAe t;5~Hy6IttIe'CKJfX 'tru;a(mOB':,~
 fi 

I1~XOA~~' 3a~~qa CBe~HTCH' ~ CHçTeM y ill~H~HH~~ ypa~H~HHH C p~~~ r
 
peJi<~t,;IHoK MéÍT.piÍI,~~II "'~,HpHHa' 'J\.eIi'fbI HQ;rOP,glf p anna YlI'p'OeHHOMY.) k"i
 
'q-4ctly X3JIÓ~ ce:qcll" no 'yrnblilO(i rre'pe,r-feIlHQH.
 

li'	 l 

t P'aõ o r-a. BbInOJIHeHa }3~ J.la60paTOI>,HH·· 'feope'THQê:éKOI{, qn.{§HKH üllilH 
~ ::0'~ ~ t •. " ~"'~,f ,.,'L ' 

I' 
.t 

',~ f ~	 ;yl 

11(;f 
;lo'

" 
\r\~ 

,"I: j:1	 :lo ...... 

1,:lJBj~riPnJ!~, OG'b1!,AJlHeJUlOro "UHeTHT1rTa,'$IA~PHbIX JJcc·.í1eti'9.BaHHÁ. Jh~(5'aa: 1'85 
~ \!"~l\I	 ~ "li iti" '" ~ " .. ~., ti' f 

~ T j,~ ~
 
.~ '1 I
 

"'li"'\' 

''''1 
'( 

1,	 .lU' 
"11", 

i<I-l	 fi' 

."li...'" \~ 

I!	 T· i 
J>, '1'11I lI; ~ 

f.I~peBog aír,Topa
,t{" {,~I'I...,." l d ~ _,	 " 

r)'xli! ~-:J~;Lf	 1t,' 'fi .,If

E:Up)Í~SP~Y vtv.~· ··l~."~ I., 1, 1'4-85-'78"
 
Th;ç.:,'\IJ'$ itlg~ o E'B~:cub ic ~"s.p.~ ~JlE!'s fb,t t he: So'Lutior;
 

'"o f:	 Integro,-:D;t:f,Jl~!€nt:ra~, Fadd eev, I~quations 
r :1' 

" \ 

J.rí: 'tÍ}e ~.fh:im~wórk, o.f 'rntegro-di',ffêrential Faéldeev equa­
, tiomr'ii,the".Pbr~e-b"q~y ,bouridTst~"t:,~' wave-function componen t a 

c;r.'E!.}'~~q,irt~,~th~' ,f9rm of b i cub i c sp l i nes , The prob l em s,í 

• reéluce:a j ,t,<; the, sy s t em of Linear equati.on s wi th a band II;la;t­
',t.,r,ix.	 ~Tfie., k.~nd' 'widt,q:'~is equa l, to t.lre number o f anguf ar -va­

r i abl,e gr,id-points factorized by t hrae . 

The investigation has been performed at the Laboratory
 
of Theoretical Physics, JINR.
 

E~epr~nt of tho Joiot Instituto for Nuclear Research'. Dubna 1985 
,,tI 

I 


