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IHAKos E.n., HryeH M., XopoMCKH~ 6.H . 

4HcneHHOe peWeHHe CHCTeM~ ypa&HeHH~ 
Bb14HTdHHeM 

P5 - 12574 

-pacCeRHHR C OAHHM 

(HCTeMa CHHrynRPHWX HHTerpan~HbiX ypaaHeHH~ nn- pacCeRHHA C OAHHM 
Bb14HTdHHeM npwBOAHTCA K BHAY, YAo6HOMY AflR npHMeHeHHR npHH4Hna C*aTbiX 
OTo6pa*eHH~. PeaynbTaTbl 4HCneHHbiX pacl.leTOB, npoaeAeHHbiX AnA 3TOH CHC
TeMbl, CpdBHHBd~TCR C npHfiflH*eHHbiMH peweHHR~, 00flY4eHHWMH H3 TeOpHH 
B03My~eHHH, H, TdKHM o6pa30M, onpeAenR~}CR npeAeflbl npHMeHHMOCTH ~p
MYfl TeopHH B03M~eHHH. 

PafioTa BblnOnHeHa B fia60pdTOPHH Bb14HCnHTenbHOH TeXHHKH H aBTO
MaTH3aljHH OHRI1. 

Coo6we11He 06oe.aHHeHHOI"'O HHCTHTyTa R.a.epKbiX HCcnenoeaHHil • .Uy6Ha 1979 

P5 - 12574 
lhi<'kov E.P., Nguyen H., Khoromsky B.N. 

Numerical Solution of Equation System of "" - Scattering 
with One Subtraction 

A system of singular integral equation of ""-scattering with one 
subtract ion i s reduced to a form convenient for · the application of a 
principle of contractive mappings. Res ults of numerical ca lculations 
performed for this system are compa red with approximated so lutions 
obtained from the perturbation theory and, thus, limits of applicabi-
1 it y of formulae of perturbation theory are determined. 

The investigation has been perfo rmed at the Laboratory of 
Computing Techniques and Automation, JINR. 

Commun icati on of the Joint Institute for Nuclear Research . Dubna 1979 
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• B HacTo~eA 3aMeTKe paccMaTpMsaeTCK c~e~ea 3~qa M3 
'1'80pilll %X -pacceiDQIII. 

IlyCTb !'pe<Sy&'l'CII Hd'l'll B Z -ILllOCXOCTJt C pa3pe381111 (-oo. --tJ II 

[ -1, + "") TpM aHUnJNecmre lfiyHK~K lr-1 Cl >, lt2 (? >, ltfrJ ty~oueTBO
p~e M8,11Jl>!IIMM ypasHeHHJIM: 

D P i! J""[:Imt (x> 
h3 (l.) = 'i.A + 3 n.2(o) + x ::(:- r: 

_ .f. g :Jm ftK (:r;) J d::r::. 
L SK ::X:+ i!. :>:: ) 

1 K•< 
( s. 1 3) . 

' ' J""[:Jm~ {x) ..;!.., p .:Jm-hd:x.) )cL 
i!.-1 2 - 1J .:t h2 (?.) =--:;,:- 1 (.:X - l.) (::X-1) £~ 2K (;t+i'.)(.Xt1) 

r~e X, =5, i 3 =2; ). - 3~aHHhl~ Bel!leCTBeHHbiA napru.teTp, 

X"'--f Jm fts (:x) = -k {.x) /lz.s (..x)/ 2 

I! (.:x:) = ( :x- 1) '12 ( .x t1) -t/2 -

t5 K ( s.IC ~ 1,<,3) - 3JieMeHTbl cne,Izy!O~eA MaTpHI..Ibl B : 

( 

I/3 - :3 5/3 ) 

-I!g I/2 5/18 

I; 3; I; 
.3 2 6 . 

8 

(I) 

(2) 

(3) 

YpaaHeHHR (I) - (.3) eCTb TaR Ha3b1Baeible ypaBHeHHR XT< -pacceR
HHR c o~HHM Bblt!HTB.HHeM, paccMoTpeHHble B II, r~e ycTanoaneHo, 4TO 
peweHHe (I)- i J) .n.onycKaeT np11 "- - , ryJ cne,Izy!OI!{He acHMITTOTHKH: 

Re r~. ( l ) '\. Us I l!n i'. 

Kefz. s (1!) ~ f.s/l 

Re ~s ( 2.) ~ {s / i'. z 
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l ·1. I) 

(4 . 2) 

(4 . 3) 



r.r~e ds, ls, fs (s=r,z,.J)- anoJJHe onpe.r~eJJeHHble B8I118CTBeHHble 4HCJJa. 

TaM ~e ,I\JJR nepaoro npH6JJH~eH~R pemeHHR (l)-(3) no napaMeTpy ) 

6epyTCR CJI8,I\YDI11H8 ~pMJJJbl: 

[ 
I ] - J 

/?_
5

(i.J ~A ts -)}3 -.AUzJ-AI5 (2) ; (5) 

S=1.~; 

.ft.e(l)~).z[f. +-Iz(x.)]' 
r.r~e 

f(z)=ff {~- {t~' fn[Yy +- V1---;_-r ']} + i/,. (Z) 

' " 

(6) 

~. >,-1 

Is(~) asi (- 2.)' 5=1,2,3; .• .ro. tow'",.''-.'} · · ~· 

~· a j=~ ·,,. az= ~ } ' "> '· a.l=~ ··; '·f" -~·· .• ,~ .... .:' .. 
,. ~ 1 ' ' ~ ' ' ... • • '" .._, , ·- . J" , ~:..; r, ).... l• .... 

f>J;. :..-:.~-1'2 ·, p3 = - ~ .Pz.' J 2 = :__,P· . ~'f,. j ' '": ., '· • ' ,,. .,, 

npH 

H 

I A en 2 I« 1 

h.~ r~ > x). c 4-- >- rcr.Jr 1 

' 
(?) 

npH ,I\OCTaT04HO 60JJbWHX l , 

2°. 3aM8THM, 4TO ,I\JIR p8W8HHR ,(l)-(3) ,IIOCTaTO~O HaHTH 

Jm~ 5 (.:X) ,X91,{S=.~2,3).}J.nR 3TOr0 1 KaK ~ B pa6oT/2 , CHCTeMy (l)
(3) npHB8,I\8M K BH,I\Y: 

?frtJ = i?rtdv1(tJ + uzrtJJ. <e> 
r.r~e 

1f(t) =(/J;(t),z)z{t),lf.J(tJ); tfs {t)=Jmlz.s {tJ j 

t E [0,1]; .X~=(:X12 , .?C~, x}); (9) 

U{t) = ). -+ cp (t, v)- a ¢2 (1, 1r) , 

;A = ( s, o, z J ). ; a = r .3, -r, 3) i 

p = {t,1f) =Sv- BS.,. v j 
s v = -1 J1 tf ('t) d 1:: . 

:!1 ~-t. ' 
s+v=Jr j' ..ret> drr: . 

f o '[; -t-'t I 

~(tJ=(1-t)Y'z. (Hty-Yz 

a P2 (1, lf) - BTOpaR KOMnOH8HTa ~eKTOpa ¢ (t.., zf) npH t = 1 . 

3 
By.r~eM HCKaTb pemeHHe (8)-(9) aHaJJOrH4Ho/2/ a npocTpaHCTBe 

He< 0 [O, 1]. flycTb .Jf. - KOHyc HeoTpHL\aTeJJbHbiX B8KTop-¢JHKL\HH 

7!{'+.) E: H~.o [0,1]. Tor.r~a H3 (8)-(9), (4), a TaKl!t/21 CJJe,I\YeT, 

p8W8HH8 (8)-(~), 8CJIH OHO CJI118CTBJ8T, npHHa,I\Jie~HT ~ • 

4 

4TO 

flyCTb . .fi - ortepaTop., onpe,I~e.lleHH!Jtll npaaoi.\ 4~Cfl'biO ('8.} - (9 ) ·' 1 

Tor.r~a HeTpy,ll,HO BH,I\8Tb, 4TO .A nepeao,~T :X B ce6R.· ;{poMe- '001'(), 

onepaTOp ~ HM88T CJI8,IJ,YIOII1H8 CBO~CTBa 2/: , , . 

I) Jl.:x - ./ly ;:. '-f.(.)*" (.X·:J) + t.f2 (.) * (u(.XJ -U{'f)), 

r,IJ,e ~ (·) ~ /c (t) ( :r+CJ) ; lfz () = £? (t){u{.x.J · .,. u t;p) i 

u ( 11") = J: + lf> (t,'lf')- a. P2 {1, ?!) j 

:t: , !J t X. 
2) flycTb //.X II o{T I ~ R ' 1/y ~ c( . ~ f( , .. ~( ' ~ ,E :X J. 

Tor.r~a 

l/<f1C.J//o( ~2R//k(t)//~ • i 

/ltf2 ( )/1., ~ ZR 1/k(t.J/Ia~ ( Mo~ +II B/1 }!) 
r .r~e . ' " 3" t 2."' + 1 ' 

I fvf _ <v '+ , t , 
ol - 1( (1-oO ' :J[o( 

I · \/ 

3 

II Bll == m(fx L. fi,,J I= 5 ' 
L J = 1 .3 

a no.r~ I· I/ no.r~pa3JM8BaeTCR HOpMa B Ha~ 0 [0 ,1). 3,IJ,eCb 11 ,IJ,aJJee 
ol =I/ 

2
' B CHJJY CBOAc~~ ~YHKL\HH Jt {t.')., .' • , '· ' 

,. 

TaKHM o6pasoM, c~cTeMy ypaaHeHHi1 (8) - (9) co caoAcTBaMH I)-
2) MOl!tHO OTH8CTH K TOMJ KJiaccy HHTerpaJJbHbiX ypaBH8HHH, KO 'rOpbiH 

6iJ HCCJI8,IIOBaH / J/. flpRMbiM npHM8H8HH8M nOJJJ48HHbiX p83JJJbTaTQ.B 

B 3/ K CHCT8M8 \8)-(9) RBJIR8TCR CJI8,I\YIOI11aR TeopeMa. 

TeopeMa. flycTb 

pesKe 

) -,IIOCTaT04HO MaJJoe 4HCJJO. Tor.r~aHa HeKOTopoM OT-

o ~ If vii« ' != R 
K~Hyca , )i:, CHCT~Ma (8~:,(9) HM88T 8~HCTB8HH<;J8 peW~HH8 , lf'lf(t), KO

TOpOe M0l!t8T 6~b n~JJJ4~HO M8TO,I\QM n~9CTOi1 H~ep~~HH. flpH -~TOM npH-
6mUt8HHbl8 pemeHHR (8)-(9) .J;I.JIR pa3HOCTHOH CX8Mbl , TOqHOCTH , () (llt«) 

CXO,IIRTCR H JCTol\qHBbl ( Ll t - mar C8TKH) • 

AJJropHTM npH6JJ~8HHOrO ~W8HHR (8)-(9) aHaJJOrH48H TOMJ, KO

TOpbiH 6biJJ nO,I~p06HO 06C~8H a/3•4/, ll03TOMJ 3,I\8Cb ero He npHBO

,I\HM. 4HCJI8HHbl8 p8W8HHR (8)-(9) npH pa3JJH4HbiX 3Ha48HHRX napaMeTpa 

A npHBO,IJ,RTCR B Ta6JJ.I ,I\JIR acero npoMel!tyTKa H3MeHeH~R HeaaBHCH

MOI\ nepeM8HHOH i,E. [ 0,1]. 

3°. C l\8Jlbl0 CpaBH8HHR npHB8,I\8HHbiX p83J,bTaTOB C pe3JJJbTaTa

MH, noJJyqeHHbiMH MeTO,I\OM TeopHH B03MYI118HHI\ a II, npHBO,I\HM pacqeTbl 

3Ha4eHHA 1f/(tJ:JmAi.tt.) ,t€:(0,1], no ~pMyJJ8.M (5)-(7). 
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1·13 (5)-{7) HeTpy,D,HO B~8Tb 1 tlTO npK -i E (1,00) HM81lT W8CTO CJie
~e B~8HHR: 

I. :Jm fr. 2 { l:. ) = 0 -t 2 

2. jmh5 (~)= J,;,[I(l)+Is(l.}]/fts)., -Ps-J(~)-Is(?.}/ 

J, :Jm Ill) = l ( l), 

4. Jm ls(i):: 0 . 

fiycTb i = t • TOI'~a B 06JiaCTH 

I;., fnt I « 1. . 
3HatleHHR V..'lt) MOJIHO npH6JIHJ~eHHO B~HCJIKTb no iflc>IJMY.IIaM: 

_r• { '(tJjM,Ct) i-=:1,.3 
u - (t)= ' ' 
~ 0 . 

'(..::Z., 

(10) 

r~e 

Mi(t) :::.k 2(tl+[t,+-];(aJ?(-t)+~-1(t))fn ({f;[ + V";t:t.)J~ j 

p _ _ 1 _ _ A . _ a; t--f . 
fli. - r. ~ )~~ z 

B o6JiaCTK .n.ocTaTot~Ho MaJibiX t 3HatleHKH v; (t} MOlltHO B~Kc
JIKTb no rfx>PMYJie: 

~'(t) = /atJ / N (t} , (II) 

r.n.e 
N (t J=~ 2{t J+{ff[f -/trtJtn(r/l + J/1;£')]- }). r 

CpaBHeHI1e peweHI1.fl v ( t) CI1CTeMbl ( 8 )- (Sl ) co 3HU4eHI'J.HMI1 lfc' r-tl, 
Bbi411CJJeHH I>IM11 no rfx>pMynaM ( l uH II), np11AO,IJ,I1TCH B Ta6n11qax 2 11 J. 

01'MeTI1M, <ITO 3Ha<IeHI1.H v·: (t) , Bbi411CJ!eHHble no rfx>pMyJJaM 

(10)-( II), OTJ!KllaJJTCH OT TO<IHbiX Ha BeJIK<IHHY o ().). B TO lle speam 

npK6JIKJKeHHble pemeHH.fl CHCTeWbl (8)-(CJ) MOI'yT 6YTb CKOJibKO YI'O,IJ,HO 

6JIH3KHMM K TO<IHYM. B 3TOM 3aKJIKJ<IaeTc.H o.n.Ho H3 npeMM~eCTB 
npe,IJ,JiaraeMOI'O MeTO,IJ,a llO cpaBHeHM~ C MeTO,li,OM Te0p1111 B03M~eHI1A, 

boJiee TOPO, iJopMyJibl ( IU)- ( Il) ,IJ,aiOT ::JH:.t4ell11.f! v:(t) TOJibKO B OK-

peCTHOCTHX KO!I f.\OB OTpe3Ka [ d , I]. PeweH I1.H IKe CI1 CTeMbl \d )- ( 9) Bbi-

411CJJ.H~TcH cpa3y Ha BCei 0Tpe3Ke llp11 pa3JII14HbiX ,IJ,OllYCTI1MbiX 3Ha4e

HK.f!X napaMeTpa ). • 8/I llOKa38HO, t~TO .~OllJC TI1Mhle 3H8 4eHI1H nupa-
MeTpa A 3Ha411TeJibHO MelibWe,<IeM Ama, =U, 4 (). « o, it) . 

411cJJeHHble pac<IeTbl noKa3biBa~T, 4TO peweHI1e (d )- (Sl ) c~ecTBy
eT np11 acex 3Ha<IeHI1RX A. , He npeBOCXOJl.HIQl-!X U. J. Dp11 ;\ > 0 . 3 11Te-

paqi10HHble npm.\eCcbl pacxo,IJ,.HTC .H . Dp11 .>.. "' U. 3 3TI1 npoqeccbl JIOCTa-

6 

TOQHO 6YCTpo CXO~HTC.H K YCTO~tlKB~. OTO,Bepo.HTHO, 06o.HCH.HeTC.f! TeM, 

~To npH .A E [ 0, 0. 3] onepaTop Jl, onpe~eneHHYi1 npaooA qac1' b10 

(8)-(9), OCYIIIeCTBJIJieT CllaToe OT06pall[eHKe 0Tpe3Ka 0!, 1/Vflo( ~ R KO

Hyca Jt B ce6.H, a 3TO,B CBOD oqepe,IJ,A~06ecneQKBaeT CXO~MMOCTb 11 

yCTOH'IKBOCTb KTepa~KOHHbiX npo~e~co/ •4/; !Ip11 fl > U,j CJKa-

TMe He K»eeT wecTa, 

Pe3ynbT&T cpasHeHH.H noKa3~BaeT, <ITO npH6HH~eHHhle peweHH.H 

AJI.H aCMMTITOTH<IeCKHX ifJopwyn (10)-{ll) ~aDT Y~OBJleTBOpMTeHbHyD 

TO'IHOCTb B oKpeCTHOCTK KOH~OB OTpe3Ka [0, I]. TaKHM o6pa3oM,c 

llOMOII\hD !IpK6HHJKeHHOI'O pemeHH.H CMCTeMbl (ti)-{9 ) MOl!tHO O!Ipe~eJIHTb 
06JI&CTM npKMeHKWOCTH ~pMYJI ( lu)-{11), 

B 3aKJIDqeHHe aBTOpY B~T 6naro~apHOCTb B.~.~ypasneay 3a 

!IOJ!e3Hble 06C,Ylll.ll.eHHH np11 !IOCTaHOBKf' 3a,D,a'IK. 

.A 

~ 

.:;:; 
II 

""' 

"l 
C) 

" ..-.:; 

Ta6nKqa I 

ilp116JIMJKeHHble pemeHH.H CMCTeMbl ( 5) np11 pa3JII14HbiX ~l Ha<IeHI1RX 

napaMeTpa ). . 

r 11~ (t) vz U .l Vo(t) 

O.I .90?0E - or .2II3E - 04 .IOJOE - OI 

0.2 • -:l t.lB?E - or .I25IE - 04 • I5?2E - or 
0.3 • II42E + oo .564?E - 05 .I524E - or 
U.4 .II64E + 00 . 2?25E - 05 • I4ISE - or 
0.5 .II64E + IJO .I046E - 05 .I2cJIE - u r 

0.6 .III6E + 00 .68I2E - 06 • II35E - UI 

0.? .102?E + 00 .2884E - 06 .%66E - J2 

O.d . sa?oE - or .IMCJE - 06 . ??7Ul£ - 02 

0 .9 .6640E - or • I023E - 07 • t>J4 7t - d2 

O.I .4659E + 00 • I!OUE - 02 . ':!:..>4dE - or 
u.2 . 42091!: + uo . 52'JJE - 03 • I 226E + uu 

0 .3 .74I3E + OU . 2b85E - OJ .12241!: ' ou 
0 .4 . 68?2E + 00 • I2tJ?E - OJ . II61E ' uo 
0.5 . 10691!: + 0 I . 6047E - 04 • I UG·lE ' \JU 

0 . 6 . 'J5&:lE + uu . 20CJUE - U4 . ':.1400 - ur 
0.7 • IJ76E + 01 .II46E - 04 . 8IJUE - UI 

o.e • I208E + dl . J~4E - 05 . 6~b l C: - 01 

\) . £1 . Sl540E + uu . 2472E - 06 .45,l7t - ui 
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Ta6mn-1a 2 . 

CpaaHeHHe sHaqeHr'ii 11'~ (t) . , BW.HCJieHHblX no <QopMyJiaM (I U) 
C np~6JIKMftHH~ ~WeHHijMH CHCTeMN (8) - (9) np111 t ~ 6JIH3KHX 

K:f H )=0.05 

" ' 
. t · ' 0 . 925 ' . 0.950. ·, 'I ; . , D-. 975 

v.'ctJ • I892E - OI 
-

.I54IE - OI :I087E - OI , ' r v1 (tJ . • I808E - OI .I479E - OI .I~4E - OI 

v~itJ 0 0 '"!'-, 0 
v2 (t. .2632E - 09 .I379E - 09 .4?42E - 09 

" . .. 
v;(tJ .I?60E - 02 • Ift34F. . - 02. ' , .I022E - 02 
vj itJ .I790E - 02 .I442E - 02 .IOI7E - 02 

------- --- --- ----- --- --- - - - - - - --

.. , Ta6JIHI..\a 3_. 

CpaaHeHIIJe 3HaqeHHH v~ (t) , BW.HCJieHHb!X no ¢opMyJie (II) c 
npH6JIH~eHHNM perneHHeM U1 (t) CHCTeMN (8)-(9) np111 t, 

6JIIII3K IIIX K HYJI~ H. ) =0 .05 

t 0.025 0.050 0.0?5 

> 

,-- --· ; 

-v; (t) • I984E - or . 2r4IE - 01 . 2226E - or · 

1!, {t) .I4JdE - or . 286JE - or . .3v24E - or 
L__ _ __ - ------ ---- -- ----------- ---- - - - - - - --
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