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BBEAEHHE 

Uenb~ HaCTOR~e~ pa60T~ RBnReTCR nocTpoeH~e anrop~TMoB 4~C

neHHoro peweH~R A~$$epeH~~anbH~x Tpex4acT~4H~X ypaBHeH~~ /1/ 
MeTOAaM~ Cnna~H-$YHK~~~/2/.OCHOBHaR ~Ae~ 3aKn~4aeTCR B annpOK
C~Ma~~~ ~CKOMbIX $aAAeeBCK~X KOMnOHeHT TpeX4aCn14HO~ aOnHOBO~ 

$YHK~~~ 6~Ky6~4ecK~M~ Cnna~HaM~ KnaCCa C2 , a He KnaCca C1 
B OT

n~4~e OT paõoru /3/, 3an~CaHHbIM~ -repea B -Cnna~Hbl. HCnOnb 30BaH~e 
TaKorO npeACTaBneH~R He TonbKO cy~ecTBeHHO yn~o~aeT npeAnOmeH
H~~ paHee/4/ anrOp~TM peWeH~R 3aAa4~ Ha CBR3aHH~e COCTORH~R, 
COXpaHRR ace ero npe~My~ecTBa no cpaBHeH~~ c KOHe4Ho-pa3HOCTHOH 
annpOKC~Ma~~e~/1/, HO ~ n03BonReT eA~Ho06pa3HO peW~Tb 3aAa4Y 
pacceRH~R np~ n~60M 3Ha4eH~~ nonHO~ 3Hepr~~ C~CTeM~ Tpex Ten. 
Hcnonb30BaH~e 60nee rnaAKO~ cnna~H-annpOKC~Ma~~~, KaK yme OT
Me4anOCb B npeA~Ay~e~ pa60Te/4/, np~BoA~T K YMeHbweH~~ W~p~H~ 
neHT~ MaTp~~~ c~CTeM~ n~He~H~X ypaBHeH~~, K KOTOPO~ CBOARTCR 
ypaBHeH~R $aAAeeBa, HO rpeõyer AeTanbHoro 3HaH~R rpaH~4HblX YC
nOB~~. 

1. nOCTAHOBKA 3AAA4H 

ir 
I 

._~). 

Torts xo AnR npOCTOTbl on~caH~R npennonoxna , 4TO 4aCT~~bl Tom
necree-u-u , B3a~MoAe~cTBYIOT nocpencraoa s -BO!1HOBbIX noresuaa
nOB, à sce opôaraneuue MOMeHTbl À, f, L paBHbl uyruo, B 3TOM 
cnY4ae BonHOBaR $YHK~~R Tpex 4acT~~ nonHOCTb~ c~MMeTp~4Ha, ee 
$aAAeeBcK~e KOMnOHeHTbl tf; i ~MeIOT 0AHY ~ TY me $YHK~~OHanb HY~ 
3aB~C~MOCTb OT c06CTBeHH~X KoopA~HaT 

tf;i (p,4J 
i 

) == p-5/2 coses24J 
i 

<I>(p,4J 
i 

) , 'i::: 1,2,3, /1/ 

a C~CTeMa ypaBHeH~~ $aAAeeBa CBOA~TCR K OAHOMY ypaBHeH~~/3,4,5/ 

I' 

a 1 1 a2 

[-o + -(-4 + ---) + E - V(pcos4J)]~(p,4J) 
ap2 p 2 a4J2 

::: V(p cos4J) < p, 4Jlhll%l + Z> 
/2/ 

AnR He~3BeCTHO~ B 06naCT~ n....= {p, 4J : o~ p -S 00 ,os4J-S1T/21 $YHK~~~ <I>. 
MaTp~4Hbli1 3neMeHT oneparopa h, Aei1cTBYIO~ero TonbKO Ha yrnoayo 
nepeMeHHY~, ~MeeT B~A/6/ 
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d (e/» 

<p,e/>lhl<I»=2coses2y I dç<I>(p,ç), /3/ 
de/» 

rAe Y "" 17/3, c (e/» = Ie/> - y I , d (e/» = min (y + e/> , 7T - Y - e/» . 
npeAnono*~M, 4TO nOTeH4~an ~Bn~eTC~ Henpep~BHo~ ~ orpaH~4eH

HOIIr <I>YHK4~ellr np~ O < x < 00 ,YAoBneTBop~eT ycnoB~~M lim xV(x) = O , 
2 x -+ O 

lim x 3 V(x) = O,a napHbl1lr raM~.nbTOH~aH _a_ + V(x) ~MeeT 'rons KO OAHO 
x-+oo' ax 2 

CB~3aHHoe COCTO~H~e u(x) C 3Hepr~ellr CB~3~ (( > O)· • 
<I>aAAeeBcK~e KOMnOHeHTbl /1/ 6YAeM ~CKaTb B Knacce orpaH~4eH

HblX ~ ABa)/(Abl HenpepblBHO A~<I><I>epeH4~pyeMblx BCIOAY B oõnacr« n 
<I>YHK4~1Ir. ~3 peryn~pHocT~ KOMnOHeHT /1/ Ha rpaH~4e 3TOIIr 06nacT~ 

cneAYIOT rpaH~4H~e ycnoB~~ An~ ~CKOMOIIr <I>YHK4~~ <1>:. 

<I>(p, e/» =,0, e/> = 0,17/2, O~p<oo /4/ 

<I> (O, e/» = O, 0.s e/> :s 17/2. /5/ 

A.n~ 3aAa4~ Ha CBR3ilHHble Tpex4acT~4Hble COCTO~H~~ C 3Hepr~ellr 

E < -« O KOMnOHeHTbl /1 / 3KcnOHeH4~anbHO y6blBalOT 171 np~ p 4 00 , 

~ rpaH~4Hde ycnoaue np~ p=oo ~MeeT B~A 

<l) (00 , e/» = O, O::: e/> :. 17/2 , /6/ 

a HeoAHOpoAH~1Ir 4neH ypaBHeH~~ /2/ TO)/(AeCTBeHHO paBeH HynlO, T.K.
 
Z (p, e/» = O, (p, e/» r;; n. .an~ 3aAa4H s - aonaoeoro paccesaaa 4a CT~4bl,
 

HaneTalO~ellr C ~MnynbcoM q Ha napy APyr~x 4acT~4, HaxoA~~~XC~.
 

B cB~3aHHOM COCTORH~~ u(x) , ac~MnToT~Ka ~MeeT B~A 11.51
 

<I>(p,e/» = (A(q) + O(y-l») ~u(x) exptíqy) + 

/7/ 
+ (AO(q, e/» + O(p-l)) exp(iv'Ep), p-+oo, 

a <I>YHK4~~ Z = 1-. sín qy u(x) onacuaaer Ha4anbHoe COcTORH~e cacreau , 
q 

3AeCb x = p cosep, y = x tge/>, E = q 2_(, a 4epe3 A ~ AO 0603Hal.leHbl 
COOTBeTCTBeHHO KOMnoHeHT~ aMnn~TYA ynpyroro pacceRH~~ /2 42/ 
lIf paaaana /2 -+ 3/. 

OTMeT~M, 4TO An~ nonY4eH~~ OAH03Ha4Horo peweH~R ypaBHeH~~ 

/2/ KOHe4Ho-pa3HOcTH~M MeToAoM Il,5/AocTaT04Ho rpaH~4H~X ycno
B~H /4/-/6/ ~n~ /4/, /5/, /7/. np~ peweH~~ 3aAa4~ /2/, /4/-/6/ 
~n~ /2/, /4/, /5/, /7/ MeTOAaM~ cnnallrH-<I>YHK4~H He06xoA~Mbl AO
nonH~TenbHble rpaHI-14HbJe ycnoaua , B xavecr ae TaK~X .YCIlOB~IIr, 

B c~ny CAenaHH~X paHee npeAnOIlO)/(eH~H o rnaAKocT~ KOMnOHeHT 
/1/ ~ nOTeH4~ana, MO)/(HO ~cnonb30BaTb paBeHCTBa 141 

" 
<I>e/>e/> (p, (p) = O, e/> = O ,17/2 , O 5: p :s , /8/00 

2 

<b pp (O, e/» = O , o~ e/> ~ 17/2, /91 

Cf> pe/> (O, e/» = O, e/> = O, 17/2. /10/ 

E~e ABa AonOIlH~TeIlbH~X rpaH~4H~X 'YCIlOB~A, He06xàA~M~X An~ pe
weH~~ MeTOAaM~ cnIla~H-<I>YHK~~~ 3aAa4~ Ha cB~3aHH~e COCTO~H~~, 

~Me~T npOCTO~ B~A 

Cf> (00 , e/» = O, <b ,I. (00, e/» "" O, O < e/> < 17/2 , /11/ 
pp P'P - 

a AIlA peweH~~ 3aAa4~ pacceAH~A Tpe6yeTcA 60Ilee AeTanbHoe ~C
cIleAoBaH~e ac~MnTOT~K~ /7/. 

B cny-rae E <0, T. e. q2 < e , aropoe cnaraeaoe 3TO~ aC~MnTOT~K~ 
3KcnoHeH4~aIlbHo y6~BaeT, n03ToMY npeHe6peraeM ~M no cpaBHeH~~ 

c nepB~M . .a~<I>$epeH4~pYA 3TO AOM~H~py~~ee CIlaraeMoe no yrnoBo~ 

nepeaeaaoã , nOIlY4~M aC~MnTot~KY Cf>e/> np~ p -+ 00. J,1cKIl~4~B ~3 aC~Mn

TOT~K <I>YHK4~~ <I> ~ ee 4acTHo~ npo~3BoAHO~ <I> e/> He~3BecTHY~ KOM
nOHeHTY aMnIl~TYAbr A, nOIlY4~M rpaH~4Hoe YCIloB~e 

Cf> e/> (p, e/» + x [ tg e/> u ' (x) /u (x) - iq] <I> (p , e/» = O 
/12/ 

p -+ 00, O~ e/> :s 17/2. 

PaCCMOTp~M cnY4a~ q2~(, T.e. c~Tya4~~, KorAa 3HepreT~4eCK~ B03
MO)/(eH npouecc /2 -+ 3/. M3 paBeHCTBa /7/, B KOTOPÓM yxe uens aa 
npeueõpevs BTOp~M, OC14~nIl~pY~~~M np~ E >0 cnaraeaua , onacuaao
~~M pa3BaIl, B~4~CIl~M aC~MnTOT~K~ 4aCTH~X npo~3BoAH~X nepBoro 
~ BToporo nopAAKOB no paA~anbHo~ nepeMeHHOIlr. ~CKIl~4~B ~3 nony
4eHHblX paBeHCTB ~ aC~MnTOT~K~ /7 / He~3BeCTH~e A ~ Ao, nonY4~M, 

npeHe6peraR 4IleHaM~ nopAAKa O(p-~), rpaH~4Hoe ycnoB~e 

(i v'E u - a 1) <I> pp + (Eu + a 2) <I> p - (Ea 1 + i v' E a2) <b = O , 
/13/ 

p -+ O5: e/> ~ 17/2,00, 

rAe 

k 
ak(p,e/» = exp(-iqy) 2- l utx) exp üqy ) }, k = 1,2 

apk 

- Heoc4~nn~pYIO~~e <I>YHK4~~. 

lloc'rpoeaaae rpaH~4Hble ycnoaua /12/, /13/ He COAep)/(aT OCI..I~n

Il~PYIO~~X MHO)/(~Tenellr nepen He~3BeCTHO~ <I>YHK4~ellr ~ ee 4aCTHbIM~ 

npO~3BOAHbIM~ ~ TeM caMblM He HaKnaA~BaIOT AononH~TenbHblX orpaua
4eH~~ Ha B~60p ceTK~ Y3noB np~ A~cKpeT~3a4~~ 3aAa4~. 

~TaK, B cIlY4ae 3aAa4~ Ha CBR3aHH~e COCTO~H~~ He06xoA~MO 

pew~Tb OAHopoAHoe ypaBHeH~e /2/ c rpaH~4HblM~ ycnoB~~M~ /4/-/6/, 
/8/-/11/, a B CIlY4ae 3aAa4~ pac~eRH~~ - HeOAHopoAHoe ypaBHeH~e 

/2/ c ycnoB~~M~ /4/, /5/, /8/, /10/ ~ /12/ ~n~ /13/ B 3aB~C~
MOCT~ OT 3Ha4eH~~ nOnHOIIr 3Hepr~~ C~cTeM~ Tpex 4act~l..I~ '3 



2. METOA PEillEHHR 

nepeA TeM KaK nepe~TH K onHcaHH~ anropHTMa 4HcneHHoro pewe
HH~ ypaBHeHH~ /2/ onpeAenHM Ky6M4ecKHe B-cnna~HW H nepe4HcnHM 
HX OCHOBHble CBO~CTBa. nYCTb Ha OTpe3Ke 0:5 P:::; R 3aAaHa cer xa 
1113 M + 1 Y3JtOB 

!J.. p : O=Po <Pl <,.,<PN=R;	 /14/ 

paCWMpMM ee, Ao6aBMs e~e weCTb Y3nOB 

P-3 <P-2 < P- i <p o , PN + 3> P N+2>PN+ 1> P N ' 

pacnonomeHH~X BHe Hawero oTpe3Ka. Aanee, AP~ KamAoro 3Ha4eHM~ 

I-1HAeKCa i / i =-1 , ..• , N +1 / nOCTpOI;1M paaneneuuue pa3HOcTM 4eT
aeproro nopsnxa OT <j:lYHI<4MH f(p, t ) = (p - t)i no 3Ha4eHHRM aprYMeHTa 
t "P«> n = i - 2. i -,1 ••..• i +2 M onpeneruos l!>YHK4HM 

/15/B i (p) == (p i t 2 - P i - 2 ) f [ P ,P i - 2 , ••• , P i + 2], P-3 ~ P ~ P,N + 3'· 

KamAaR l!>YHK4MR Bi /CM.pMC. l/ 
nonO~HTenbHO onpeAeneHa, OT
nH4Ha OT HynR nMWb Ha KOHe4
HOM HHTepsane-HOCMTene(Pi_2' 
P i + 2 ), a Ha KOH4ax 3TorO 
I;1HTepBana YAOBneTBopReT pa
BeHCTsaM 

(r) ( ) == L B i (p k) == 0, /16/B. Pk d r 
1 , 'P 

r == 0,.1. 2. k == i - 2. .í + 2. 

<!>YHK4MR Bi • KaK cnenyer M3 onpe> 
AeneHH~ /15/, ~BnReTCR Ky6M
4eCKHM cnna~HOM xnacca C 2• 

Jí-2. fi .Pi+2	 nOcTpoeHH~M Ha oTpe3Ke [Pi-2' 
Pi+2] c Y3naMH B nRTH T04Kax 
P n ' n == i - 2•..• , i +'2 M YAoBneT

PHc.l. KYõH~ecKHe Õ~3HcHwe BOP~~~HM rpaHM4H~M ycnoBMRM 
crmaãnsr. /16/. OKa3~BaeTc~, 4TO n~60~ 

ABa~A~ Henpep~BHO AHl!>l!>epe H4 M
pyeMw~ Ky6H4ecKM~ cnnaa» S(p), nocrpoeuauã Ha OTpe3Ke 0.5 P .:5 R 
c Y3naMM" B TQ4Kax /14/, eAMHCTBeHHWM o6pa30M npeACTaBMM B BMAe 
CYMMbl 

N+l 
S (p) = I, bi B i (p) , °5p~R. 

i=-1	 /17/ 

4 

ApyrHMH cnOBaMM: l!>yHK4HH /15/ 06pa3Y~T 6a3MC B npocTpaHcTBe
 
TaKHX cnna~HOB M Ha3~Ba~TCR 6a3MCH~MM MnM B-cnnaHHaMH/2/.
 

B Ka~AoM Y3ne Pi ceTKH /14/ OTnH4H~ OT HynR 3Ha4eHH~ npOM3BOA

H~X nop~AKa r = 0,1,2 TonbKO Tpex B-cnna~HoB c HOMepaMM
 
n=i-l,i. i+l. T.e.
 

B~) (p i ) = O, r == O,1 ,2, k';' i - 1 , i, i + ,2.	 /18/ 

3TO CBO~CTBO 06ycnaBnHBaeT YA06cTBO Hcnonb30BaHH~ npeAcTaBne
HHR /17/ AnR peweHHR AHl!>l!>epeH4HanbH~x ypaBHeHM~ BToporo nopRA
Ka,6naroAapR eMY MaTpM4a CHCTeM~ nHHe~H~x ypaBHeHM~ AnR HeH3
BeCTH~X Ko3l!>l!>H~MeHToB b i OKa3~BaeTC~ pa3pe~eHHo~. Ae~cTBHTenb

HO, nycTb HeKoTopaR l!>YHK4HR, YAoBneTBópR~~aR Ha OTpe3Ke [O,R] 
06blKHoBeHHoMY AHl!>l!>epeH4HanbHoMY ypaBHeHH~ aroporo nopanxa , 
HU\erc~ 'B BHAe cnnaãua /17/, paanoxeuaor-o no CHCTeMe 6a3HCHblX 
l!>YHK4H~ /15/. 3anHcaB HcxoAHoe ypaBHeHHe B Y3nax ceTKM /14/, 
nonY4HM cHcTeMi nHHe~Hblx ypaBHeHH~ AJtR HeM3BeCTHblX K03l!>l!>H4HeH
TOB b i' MaTPM4a 3TO~ CHcTeM~ B cuny paBeHCTB /18/ 6YAeT Tpex
AHaroHanbHo~. 

B nonHO~ aHanorHM c /14/, /15/ nOCTpOMM CHCTeMY B-cnJta~HOB 

Ha OTpe3Ke O~ 1> ~ 17/2. BBeAeM ceTKY H3 M +1 yana 

!J..1>: O= 1> O< 1> 1 < .•• < 1> M= 77/2	 /19/ 

H paCWHpMM ee, A06aBHB eU\e weCTb Y3nOB 

1>-3 < 1>_2 < cP -1 < cP O ' cP M+3:> cP M+2> cP M+ 1> cP M " 

TonbKO AnR Toro 4T06~ B AanbHe~weM pa3nH4aTb 6a3HCH~e cnna~H~ 

yrnoBo~ M p_aAHanbHO~ nepeaeuaax , 6YAeM 0603Ha4aTb nocnenaae 
CHMBonaMH B. 

npOH3BonbH~~ 6HKy6H4ecKH~ cnnaau S(p, cP) r; C~, nocr poeuaaã 
B npRMoyronbHo~ 06naCTH ú.l = {p, cP: 0.5 P S R, °S cP 'S. 77/21 C Y3JtaMH 
B T04Kax ABYMepHo~ ceTKH 

!J.. ú.l =!J.. P x!J.. cP == {(p i ' cP j ),	 i = O,•••, N. j = O ,•••, M1, /20/ 

eAHHCTBeHHblM 06pa30M npeACTaBMM B BMAe 

N+l M+1 _ 
S(p, cP) = }2 I, b B (p) B (cP), (p, cP) r;	 /21/ú.l •
 

n=-1 m=-l nm n m
 

B cuny CBO~CTB /18/ 4aCTHble npOH3BOAHble cnnaüaa /21/ B ysnax 
ceTKH /20/ 3anHC~Ba~TCR B BHAe CYMM~, cOAepmaU\e~ nHWb AeBRTb 
cnaraeessrx 

(r. s) i + 1 j + 1 _

S (p. ,cP .) = I, }2 b B(r! B(S~ r. s == O. 1. 2 .
 /22/1 ) n = i _ 1 m== j- 1 nm m mj 

5 



- (r) d r -
SAeCb B ni == dp r B n (p i) ,~ aHaIlor~4Hble 0603Ha4eH~f1 np~HflTbl AIlfl 

npO~S~OAHWX OT B-cnIla~HOB YrIlOBO~ nepeMeHHO~. 

nepe~AeM K nOCTpOeH~~ aIlrOp~TMa 4~CIleHHoro peWeH~f1 ypaB
HeH~f1 /2/. OrpaH~4~M ~HTepBaIl ~SMeHeH~f1 nepeMeHHO~ p. KOHe4H~M,
 

HO AOCTaT04HO 60IlbW~M sHa4eH~eM R. He~SBecTHY~ $YHK~~~ $ 6y

AeM ~CKaTb B 06IlaCT~ w B B~Ae 6HKy6~4ecKoro cnIla~Ha /21/ C YS }:
 
IlaM~ Ha ceTKe /20/. SaAa4a cBeAeTCfI K B~4~cneH~~ He~SBeCTHWX
 

K03$$~~~eHToB bnm• Cuauana paCCMOTp~M MaTp~4Hbl~ 3IleMe1-tT /3/.
 
B YSIlax ceTKH /20/ OH san~WeTCfI B B~Ae
 

Id:(<f),. ) li
i+l _ M+l J 

<p. ,cf;. 111ls>'= S L B. ~ b r dçB (ç), i23/
1 J n i nm . m 

mc-ln=i-l c(cf;.) 
J 

rAe paA~aIlbHW~ ~HAeKC n. B C~IlY paBeHCTB /18/, np~H~MaeT n~Wb 
Tp~ sHa4eH~f1. BW4~CIl~B ~HTerpaIl~ OT KYC04Ho-Ky6~4ecK~x nOIl~HO

MOB, KOTOPWM~ f1BIlfl~TCfI $YHK~~~ B (~, nOIlY4~M pa~eHcTBa 
m 

.... i+l _ M+1 
<p i'cf;j Ih\ S> = S L L Hjmb nm• Bni 

n=i-l m=-l 

r Ae S = 4/V3. i = O ,•.• , N • j === O, •••, M • 
Bo06~e rOBopfl, HepaspemeHHafl MaTp~~a H. pasMepHocT~(M+1)x(M+3) 

04eB~AHo, He 3aB~c~T OT SHa4eH~f1 paA~aIlbHoro ~HAeKca i a onpe
AeIlfleTcfI TOIlbKO B~60pOM ceTK~ /19/ /CM. np~IlomeH~e/. 

nOAcTaB~M BMeCTO ~CKOMO~ $YHK~~~ cnIla~H /21/ B rpaH~4Hwe 

YCIlOB~f1 /5/, /8-10/, OA~HaKOBb'e KaK AIlfl 3aAa4~ Ha caaaaauue 
COCTOflH~f1, TaK ~ AIlfl saAa4~ paCCeflH~f1, ~ san~weM ~x B T04Kax 
p ,; p o' cf; = cf;., j = 0, ... ,. M. TaK~M oõpaaoa , Mbl nOIlY4~M 2(M + 3) 
ypaB1-ieH~f1, KdTopble oacnonoxax B onpeneneuaoa nopanxe • nepBbl~ 
6IlOK ~s M+3 ypaBHeH~~ nOCTpO~M TaK: nepBoe ypaBHeH~e - rpa
H~4Hoe YCIlOB~e /10/ B T04Ke (po ,cf; o), AaIlee B nopanxe soapacraaaa 
~HAeKca j pacnOIlom~M M+l ypaBHeH~~, CIleAY~~~X ~s paBeHCTBa 
/9/, aanaceuuoro B' T04Kax (po ,cf;j ), j=O,. •. JIA.nOcIleAHee ypaBHeH~e 

CIleAY~T ~~ YCIlOB~f1 /10/ B T04Ke (po ,cf;M)' HTaK, nepeuü 6IlOK 06
paSY~T ypaBHeH~f1: 

1 1 j + 1 
L B' B' b L B" L B .b =0, i=O, ... ,M.

nOn, m=-l no mo nm °, m=j-l mJ nm •n =-1 
/24/ 

1 , M+l 
L B L B' b no m=M-l nM nm-O. ;\ 

n=-l 
1I 

BBeAfI CTOIl6~b' b1
. 

== (b i- l' b iO' .•••b iM+ 1)
T 
~S He~3BeCTHblx K03$<tl~~~eH-

I.]
TOB; San~WeM ypaBHeH~f1 /24/ B MaTp~4HOM B~Ae 

-1 1 r/25/C_1 b + Co b ? + C1b = °. 
6" 

KBaApaTHble MaTp~,-,bl C n' n = -1 ,0, 1 , +++ 
paSMePHOCT~(M+~.04eB~AHO, paspemeHW+++ ~ ~Me~T B~A, ~s06pameHHW~ Ha p~c.2,o+++ rAe IlKpeCTaM~" OTMe4eHbl ~x HeHYIleBble 

+++ aneaeuru , nOIlY4~M cnenyouu-e M+3 ypaa.
HeH~f1, T.e. BT6po~ 6IlOK. nepBO~ ~ no•. 
CIleAHee ypaBHeH~f1 3Toro 6IlOKa - rpaH~4+++ Hoe YCIlOB~e /8/, san~caHHoe COOTBeTCTo 

+++ BeHI-IO B T04 xax (p O, cf; O) ~ (p O ,cf;M)' OCTaIlb
Hwe ypaBHeH~f1,'nopomAaeMwe YCIlOB~eM 

/5/, san~caHHblM B T04Kax (po ,cf; . ), pac
+ ++ 

f

PHC. 2 • MaTpHIJ;h! C nOIlom~M B nopsnxe BOSpaCTaH~f1 
J 
~HAeKca 

, -1. 1 i = 0, ••• , M. 3aMeT~M, 4TO BTOPO~ 6IlOK 
C -1 b + Cób? + Cí b = O ,TaK me, KaK ~ nepBb'~ /25/ ti 06pasYK!T 
0AHopOAHwe ypaBHeH~f1 Anfl He~SBeCTHWX cTon6,-,oB b. n = -1,0,1, 
a MaTp~~w 'C~ ~Me~T TY me CTpYKTYPY /CM. p~c.2/, 4TO ~ MaTp~~w 

cn.'nOCTpoeHHwe 6IlOK~ HaSOBeM 6IloKaM~ rpaH~4HWX YCIlOB~~, np~ 

p = Po • 
Tenepb nOACTaB~M cnIla~H /21/ B ypaBHeH~e /2/, KOTopoe saTeM 

san~weM BO BHyTpeHH~X ysnax ceTK~ /20/. HcnoIlbsYfI paBeHCTBa 
i22/, /23/, AIlfl KamAoro SHa4eH~f1 panaansuor-o ~HAeKca i = I ,... , N-I 
nOIlY4~M M-l ypaBHeH~~ , 

i + i j + 1
 
L B . [ L B. (B". /B . + _1_ (1.. + B". / B .) + E - V .. ) b _
 

m . mj m nr 2 4 mJ' mj IJ' nm
n=i-l m=J-l P. 

M+1 I /26/ 
- sV..

lJ k==-l H jk b nk] = Vij <Pi ,cf; j \hIZ>== X ij , 

OTBe4a~~~x $~KC~pOBaHHoMY 3Ha4eH~~ yr'noeoro ~HAeKca j = I,. .. ,M-I. 
3Aecb Vij X ij - YSIlOBble SHa4eHJ.i!f1 nOTeH~~aIla ~, coorsercreeauo , 
HeOAHopOAHoro 4IleHa. AIlfl KamAoro $~KC~pOBaHHoro SHa4eH~f1 ~H

AeKca i (i = 1 "", N-I) nocrpoax 6IlOK ~s M+3 ypaBHeH~~, sanacaa 
rpaH~4Hwe YCIlOB~f1 /8/, /4/ ~ ypaBHeH~f1 /26/ B onpeAeIleHHOM no
pRAKe. TaK~e 6IlOK~ 6YAeM HaSWBaTb BHYTpeHH~M~. nepBoe ypaBHe
H~e i -ro BHYTpeHHero õnoxa - yCIl08~e /8/ B T04Ke ,(pi ,cf;o ) 

i + 1 1 
'L B. L B" b = ° /27/

m m=-l mo nrn ' n= i - 1 

BTopoe ypaBHeH~e CIleAyeT ~s rpaH~4Horo YCI10B~f1 /4/, san~caH
HOrO 8 TO~ me T04Ke, 

i + 1 - 1 
L I, Bmobnrn = °. /28/Bni 

n = i - 1 m=-l 

AaIlee san~weM 8 nopflAKe 80spaCTaH~f1 ~HAeKca j e~e (M-DypaB
HeH~~ /26/, oTBe4a~~~x Bw6paHHoMY SHa4eH~~ ~HAeKc~ i. npeA
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li
;.. 

li
!I

nocneAHee ~ nOCneAHee ypaBHeH~~ 6noKa AaAYT, COOTBeTCTBeHHO, 
rpaH~4Hble ycnoaua /4/ ~ /8/, 3an~caHHble B T04Ke (p i ,4>M). 3T~ 
ypaBHeH~~ nOnY4a~TC~, COOTBeTCTBeHHO, ~3 /28/, /27/ 3aMeHO~ 
~HAeKCOB O ~ M, / m= -l ,0,1 / ~ /m = M-1 ,M. M+V. YpaBHeH~~ 

i-ro BHYTpeHHero 6noKá MomHo 3an~caTb B B~Ae 

i i-i i i i i + 1 i (O O O O)T 
L b + D b + R b = X == "x i1 , ••• , X iM-i' , 

3AeCb L, D, R - KBaApaTHble MaTp~'-'bl, paaaepuocr a (M+3). OH~ 
cOAepmaT MaTp~,-,y H ~ n03TOMY He pa3pemeHbI· B OTn~4~e oT MaTp~,-, 

~ : 

~.
 
C /25/. OCTaeTC~ nocrponr s euie ABa 6nOKa, T. e. 6noK~ rpaH~4HblX 

yCnoB~~ np~ P =PN." 3T~ nocnenaae 2(M +3) ypaBHeH~~, o4eB~AHo, I) 
pa3n~4HbI An~ 3aAa4~ Ha CB~3aHHble COcTO~H~~ ~ 3aAa4~ pacce~H~~. 

An~3aAa4~ Ha CB~3aHHble COCTO~H~~ nepBbI~ ~ BTOpO~ 6noK~ rpa
H~4HbIX ycnoB~~ np~ P = P l'l' CTpO~TC~ B nonHOM cooTBeTCTB~~ co 
BTOpblM ~ nepBblM 6noKaM~ rpaH~4Hblx ycnoB~~ np~ P = Po' C TO~ n~Wb 

pa3H~,-,e~, 4TO COoTBeTcTBy~U\~e rpaH~4Hble ycnoB~~ 3an~CblBa~TC~ 

8 T04Kax (P .), j = 0, ... , M. ,QnR 3aAa4!-1 põcce~H~~ B Ka4eCT8e 
N,4; 

npeanocnenaero Jõnoxa ~cnonb3yeM BHYTpeHH~~ 6nOK c HOMepoM i = N. 
llocnenaae M+3 ypaBHeHH~, T.e. nocneAH~~ õnox.rrocrpoax TaK: 
nepaoe ypaaueaae - ycnoaua /8/ B T04 Ke (PN,4; o) ,Aanee B nopanxe 
B03pacTaHH~ HHAeKca j pacnonomHM M+I ypaBHeH~~, cneAY~U\HX H3 
rpaHH4HblX ycnOB~~ /12/ Io1n~ /13/ /B 3aB~C~MOCTH oT 3Ha4eHIo1~ 

3HeprIo1H/, aanacaxaux B T04Kax (P
N 

,4> ,), j= O,... ,M. Ilocnenaee ypaaue 
Hlo1e nonY4HM 1013 ycnoaua /~/, 3an~caBJ ero B T04Ke (p N,4; M). Tenepb 
3anHweM 6nOKIo1 ypaBHeHIo1~ B cneAy~U\eM nop~AKe: cHa4ana nepBbI~, ' 
3aTeM BT'OPO~ 6nOKIo1 rpaHH4HblX ycnoBIo1~ npH P ==Po' nanee B nopanxe 
B03paCTaHIo1~ HHAeKca i = 1 •...• N-1 pacnonoxaa BHYTpeHHlo1e 6noKIo1. 

nOnY4eHHY~ CHCTeMY ypaBHeHIo1~ AononHHM nepBblM 101 BTOPblM õnoxa.MH rpaH~4HblX ycnoB~101
~ nplo1 P=P N B cnY4ae 3aAa4~ ~a cB~3aHHble 

COCTO~HH~, a B cnY4ae 3aAa4101 pacce~HIo1~ - BHYTpeHHHM 6noKoM 
i == N 101 6noKoM rpaHH4HblX ycnoBIo1~ /8/, /12/ Io1nlo1 /8/, /13/. np~ 
TaKOM nop~AKe 3anlo1CH ypaBHeHIo1~ HcxoAHble 3aAa4101 CBO~TC~ K CIo1~ 

CTeMaM nHHe~HblX ypaBHeHH~ An~ HeH3BeCTHblX K03$$H'-'lo1eHToB cnna~Ha 
/21/. MaTpH'-'b1 3TIo1X CHCTeM pa3pemeHbI 101 CHMBonH4eCKIo1 ~306pameHbI. 

Ha plo1c.3. ~cKn~4~B H3 ABYX nepBblX H nocneAHHX 6noKOB ypaBHeHIo1~, 

coOTBeTCTBeHHo, Helo13BecTHble cTon6
C-1 Co C~ '-'bl b -1 ~ b N+l, nonY4101M CHCTeMY • 

c 6n04Ho-TpeXAHarOHanbHO~ MaTp~,-,e~, IC:1 C~ C; Wlo1plo1Ha nea ru KOTOPO~ paBHa 3(M+3). JL/ ])1 Ri 
L2 
~ R% 

:.(.. 

o 

9
•.. 

I 

PHc.3. MaTpH~a CHCTeMW nHHeHHh~ 

ypaBHeHHH grrH HeH3BeCTHWX K03~~H
O ~HeHTOB b nm . 

8 ~ 

3AKll\1)4EH~E 

~TaK,·y.paBHeHlo1e /2/ nplo1 annpO~CIo1Ma'-'Io1H Io1CKOMO~ $YHK'-'~101 6HKY
6H4ecklo1M cnna~HoM xnacca C2 , pa3nO}f{eHHblM no 6a3HcHblM cnna~HaM, 
CBOAIo1TC~ K C~CTeMe nHHe~Hblx ypaBHeHIo1~ c neHTo4Ho~ MalPIo1,-,e~, 4TO 
cy~eCT.BeHHO ynpoU\aeT peweHHe 3aAa4~. nOp~AOK cnna~H-annpoKcIo1Ma

'-'~M ypaBHeHIo1~ /2/ H acex rpaHH4HblX ycnoBIo1~ paaeu O(i1 2 + (2), 
rAe li H I - MaKCHManbHble war~ ceTOK /14/ ~ /19/, COOTBeTCT
BeHHo. TaK KaK Y3nOBble 3Ha4eHH~ ~cnna~HoB, HX npOH3BOAHblX 
101 $YHK'-'Io1~ V, X nerKO Bbl4Hcn~~TCfl, TO nOCTpoeHHe neHT04HO~ 

MaTp~'-'bl rpeõye r xpaHeHIo1R B naM~T~ 3BM cpaaaarens ao Manoro o6be
Ma Io1H$opMa'-'H~: MaTpH'-'bl H 101 MaCCIo1BoB 
4101HaM paccMoTp~HHbl~ MeTOA YAo6eH AnR 
HeH~~ B KooPAHHaTHOM npOCTpaHCTBe. 

/14/, 
peweH~~ 

/19/. no 3T~M npH
T'pex4acTIo14HblX YPqB

np~110}!{EH~E 

AnR Bbi4~cneHH~ ~HTerpanOB B CYMMe /23/ socnons 3yeMcR TeM, 
4TO KamAa~ $YHK'-'HR Bk(~) RBn~eTCR 

AOBaTenbHO, Ha n~60M OTpe3Ke cP < 
I I P -

Ten~ npeACTaBHMa B BIo1Ae 2,4 

B (4)) = ~ [TI ro B 1+ 1:...(2 TI
k r kp+r- 6 p r+. p-í-r « 

r = 1,2 . 

3AeCb ep == 4; p+l-~ p' a ,$YHK'-'~1I1 TI nepeMeH.HO~ t = (4; - ~p)/ ep 
2 3 2 3 IApaBHbl Tll= l-t, Tl3 = t , TI = 3t - t - t, TI 4 = t -t. I'Icnonb3YR 

3TIo1 paBeHCTBa ~ tBo~CTBa /16/, /18/, HeTpYAHO Bbl4101cnHTb 3neMeH
Tbl Ma Tplo1Llbl H. nYCTb B T04Ke 4; = 4; j 3Ha4eHIo1R aepxuer-o 101 HIo1)f{HerO 
npeAenOB Io1HTerpanoB /22/ nplo1HaAne}f{aT COoTBeTCTBeHHO OTpe3KaM 
[4> m,4; m+l] 101 [4; n-l,4; n]· 4epe3 z k o603Ha4HM ycpeAHeHHY~ CYMMY 
4eTblpex urar-oa ceT.KIo1 /19/, Zk == l (f k-2 + f k-l + f k+ ek+ 1)' 
a C~MBOI1aMIo1 I i 101 J i 0603Ha4101M Io1HTerpanbl OT $YHK'-'1011o1 Tl i (t) , 
i= 1 , ... ,4, Bbl4~cneHHble cooTBeTCTBeHHo B npeAenax 

{O,(d(4;,)-4; )/f I.{(c(4; j) -4; n_~/f n-l' II J m m 

B nplo1HRTblX 0603Ha4eH~RX HeHyneBble 3neMeHTbI j-~ CTpOKIo1 MaTplo1
'-'bl H 3anlo1WYTCR B cneAy~~eM BIo1Ae: 

H jn- 2= f (11+ '13) Bn- 2ko 

2/f;)]B 
_ = f(I 1 Bkk + ~e213B'~k)+[~fn + f(12+-I 4e kn H jn 1 

H jn = Z n + f [(12 -..!..)B nn+ ~ f 2(14 + ..!-) B;;n ] + 
2 6 ·4 

Ky6~4ecK~M cnna~HOM 101, cne

~ < 4> lCBoero Io1HTepBana-HOCH

- P+ .. 

2 (t) B k" 1]. 
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I	 HET RH npOBEnOB B BAlliEH EHERHOTEKE? 
1	 2 

+ l--fn - 2 + l [I 1 - i + (I 3 + ~ ) l / l ~ -2 ] IB nk	 BbI MoxeTe nOJlYtlHTb no noxre nepevacaenaue HH)lCe KHHrK,,4 

1 
H jn +1 = zn+l	 + l(I2+ 14 - '"4)B n+ 1n 

rAe AJ1R CoKpal4eHIo1R senuca n0J1araJ10Cb k = n-l , t = l n-l; nanee 
c :no.:1 me uenso o603Ha41o1M k = m + 1, f = f m' TorAa 

H jp Zp. P = Íl+2 ••••• m-2. 

Hjm- l = zm-l + f (J 1 +J 3 _:-t:) Bm-1 m 

='" zm + t [(JI-f)B f2'(J3+ ~ )B'~m] +H jm	 mm+: 

+ {- :~ lk + t[J2 ....'j- + (J4 + ~ )f2/l:HB mk' 

2
l(J2Bkk+ ~ f2J B~k) +[~ fm-1 + f(J 1 +J4 f / l ; _ I ) ]B km•H jm+1 =	 3 

H jm+2= l (J 2+ J 4) B m+ 2k • 

nplo1 B~BOAe 3TIo1X paBeHCTB Io1Cn0J1b30BaJ1Io1Cb TaK>Ke cneAYIOl4lo1e COOT
HoweHIo1R Me>KAY Y3nOB~MIo1 3Ha4eHIo1RMIo1 B-cnna.:1HoB 101 Io1X npo~3BoAH~X 

aroporo noparuca 6B kk_1= f:_ 2 B;k_ l' 6B kk+1 = f:+ 1 B'kk+ 1 • 
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TEMATHqECKHE KATErOPHH llYBnHKAUHA 

OB~E~HHEHHOrO HHCTHTYTA ~EPHWX 

HCCJIE~OBAHHA 

HHAeKc TeMaTHKa 

1. 3KcnepHMeHTanbHa~ $H3HKa B~COKHX 3HeprH~ 

2. TeopeTH4ecKa~ $H3HKa e~COKHX 3HeprH~ 

3. 3KcnepHMeHTanbHa~ He~TpOHHa~ $H3HKa 

4. TeopeTH4ecKa~ $H3HKa HH3KHX 3HeprH~ 

5. MaTeMaTHKa 

6. RAepHa~ cneKTPOCKOnH~ H paAHOXHMH~ 

7. $H3HKa T~*en~X HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AeTOMaTH3a~H~ o6pa6oTKH 3KcnepHMeHTanbH~x 
n;u.twl.lx 

11. B~4HCnHTenbHa~ MaTeMaTHKa H TexHHKa 

12. XHMH~ 

13. TexHHKa $H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHH~ TeepA~X Ten H *HAKOCTe~ 
~AepH~MH MeTOAaMH 

15. 3KcnepHMeHTanbHa~ $H3HKa ~AePH~X peaK~H~ 
npH HH3KHX 3HeprH~X 

16. Ao3HMeTpH~ H $H3HKa 3a~HT~ 

17. TeopH~ KOHAeHCHpOBaHHOro COCTO~HH~ 

18. Hcnonb30BaHHe pe3ynbTaToe H MeTOAOB 
$YHAaMeHTanbH~X $H3H4eCKHX HCCneAOBaHH~ 
B CMe*H~X o6nacT~X HayKH H TeXHHKH 

19. 6HO$H3HKa 

ffynbnneB B. B. 
PemeHHe Tpext~aCTHtiHbiX ,o;Htt$epeH~HaJibHbiX ypaBHeHHH 
npn noMOID;H 6nKy6ntieCKHX B-cnn~.i{HOB 

P4--86-85 

Ha OCHoBe annpOKCHMaUHH ~ap;p;eeBCKHX KOMTIOHeHT 6HKY6Htie
CKHMH Cnnai:fHaMH KJiacca C2, pa3JIO*eHHbWM 11~ 6a3HCHb~ CTIJiaHHaM, 
TIOCTpoeH anropHTM 'IHCJieHHOrO pemeHHH ,[I;H~epeH~HaJibHb!X Tpex
tiaCTHtiHbiX ypaBHeHHH. IToKasaHo, <ITO sap;at~a pacceHHHH, TaK *e, 
KaK H gap;atia Ha CBHsaHHbie COCTOHHHH, CBO,[I;HTCH K pemeHHW CHCTe 
Mhl JIHHeHHb~ ypaBHeHHH C JieHTO'IHOH MaTpH~ei:f. 

Pa6oTa BhlnonHeHa B fla6opaTopnn TeopeTHt~ecKoH ~H3HKH OHflM. 

Coo6UleHHe 06beAHHeHHoro HHCTHtyta liJJ,epHbiX HCCJJelJ;OBaHHH. !ly6Ha 1986 

ITepeBop; O.C.BnHorpap;oBoii 

Pupyshev 
Solution 
by Using 

v.v. P4-86-85 
of Three-Particle Differential Eouations 
Bicubic B-Splin~s 

In the framework of approximation of Faddeev's compo
nents by bicubic splines of C2 -class, which are expanded 
over basic aplines, the numerical algorithm for solving dif
ferential three-particle equations is obtained. It is shown 
that the scattering problem as well as the bound state prob
lem are reduced to the solution of linear equation system 
with a band matrix. 

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