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BBEIEHVE

PaccMaTpuBaeTcs Kpaesas 3amada Ha nosyocH [0,00) mist OGbIKHOBEHHOro nud-
(hepeHInaILHOr0 YyPaBHEHHs BTOPOIO NMOPSAKA C PEryysipHOil OCOOEHHOCTHIO B HyJe
U UpperysapHOil 0COGEHHOCTHI0 Ha GeckoHeyHocTH. Peraercs mpobnema ompene-
JieHNsl cOBCTBEHHBIX 3HAYEHUH M COGCTBeHHBIX (yHKuMiA Takoil 3amauu. Ilns sroro
GeckoHeuHBIT WHTEepBad [0, 00), KAK MPABUIIO, 3aMEHAETCA KOHeUHBIM oTpeskoM [0, R],
ycioBue 13 6eCKOHEYHOCTH MEPEHOCHTCS B TOUKY R, mocie yero HaxonsTcs co6CTBeH-
HbIe 3HAYeHHs U cOOCTBEHHbIE (PYHKIMU KPAEBON 3a/1a4M HA 3TOM oTpe3ke. B pe3yinb-
TaTe 3aMeHBl MCXOIHOI 3anaun Ha [0, 00) 3anadeii Ha [0, R] BO3HUKaeT NOrpeiHoCT:
HalineHHble COOCTBEHHBIE 3HAUEHHSI M COOCTBEHHbIE (PYHKLMM OTJIMYAIOTCA OT HMCKO-
MbIX. OTa HOrPeLIHOCTh CTPeMUTCs K Hymo npu R — co. B [1] paspaboran meron
SKCTPANoJsuuy 1o napamerpy R, no3possiomuii NoBEIIATE TOYHOCTh ONpENe/IeHus
HUCKOMBIX COOCTBEHHBIX 3HAUYEHUIN M COOCTBEHHBIX GyHKUMI Ge3 CylLIeCTBEHHOro yBe-
JINYEHUs! IIINHBI OTPE3Ka UHTErPUPOBAHMS.

Yuer cBOWCTB Pa3HOCTHON CXeMbl, UCIOJIb3YEMON M1l HAXOXKIEHUs COOCTBEHHBIX
3HaueHuit U cobCTBEeHHBIX QyHKumi 3amaun Ha [0, R, no3Bosiser o0GbEIMHUTDH 9KC-
TpanoisAuMio no napamerpy R m skcrpanosnsuuio PuuapacoHa mo mapameTpy IOuc-
KpeTH3aluH.

OTMeTHM, YTO MCC/IEOBAHNE CHHTYJISAPHBIX MUb(EPeHUnalbHbIX 0nepaTopos (B
TOM 4HCJle ONepaTopOB, 3aJaHHBLIX Ha GECKOHEYHOM MHTEpBAaJie) SIBISETCS BaXKHOI
3a[a4eil KBAaHTOBOH MexaHuku. VIMeercs MHOro paboT, MOCBSIUEHHBIX TAKHM HC-
cnenopanusM. Hanpumep, B [2, 3] paspaGaThIBalOTCS METOLBl YMCIEHHOTO PeIleHus
NOJIAPOHHBIX 3a0a4. [Ipennaraemas B HacTosLel paboTe METONMKA MOBBIILIEHUS TOY-
HOCTH YUCJIEHHBIX peleHuil MoxeT 3pPeKTUBHO NPUMEHATHLCS B TAKMX 3a/Jadax.

1. IOCTAHOBKA 3AIAYN

Paccmorpum ypaBHeHue
U —=[A+g@)u=0 (1.1)
Ha noinyocu [0, +00), rue dyHknms g(z) yuoaneTBop;IeT ClIeNyIOIMM TPeOGOBaAHUIM:

1) ¢ynkuus ¢(x) HenpepsiBHa npu = > 0;
2) dynkuus z2q(z) ronomopdua B Touke z = 0, npuyeMm li_rg z%q(z) > 0
T
3) ¢(z) — 0 npu £ — +00, IpUYEM NPH BCEX NOCTATOYHO GONBLINX 3HAYEHUIX T

dynkuns ¢(z) MoHOTOHHA M ynoBneTBOpsieT HepasencTBy ¢(z) < —(1+¢)/(4z?)
111 HekoToporo € > (;

4) q(z) = c¢/z + O(1/z?) npn = — +o0, rue ¢ < 0.

TpeGyeTcs HaiiTu Te 3HauYeHus A (cofcmaennbie 3Hauenud), IPU KOTOPLIX yPaBHEHHE
(1.1) umeeT HeTpuBHANBLHBIE peleHns (cobcmeennbie GyHKYuL), yOOBIETBOPAIOLUNE
© O6beanHEeHHbIN MHCTUTYT AaepHbIX nccnenosanmnin. lybra, 2000
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KPaeBbIM YCJIOBUSIM

u(0)=0, (1.2)
u(+00) =0 . : (1.3)

B [1] mokasama Teopema CyIuecTBOBaHWs COGCTBEHHBIX 3HAYEHMH M COGCTBEHHBIX
(yHKIMIA NOCTABIEHHON 3a/Ia4M.

Teopema 1. Ilpu cdesannviz omuocumeavro ¢(x) npednoaoscenusr 1—3 sadaua
(1.1), (1.2), (1.3) umeem cobcmeennbie anauenus u cobemeentbie GYHKYUL, NPULem
6ce ee coOCMBeENHbIE 3HAUEHUT NPOCTbLE, NOAOHCUNEABHbIE U 00DA3YIOM Beckoney-
HYI0 YObI8 AIOUYI0 NOCAEI0BAMEABHOCTID A1y Agy .. oy A, - . . € €OUHCTIBENHOT, NPEdenn-
noti mouxod A = 0, a cobcmeennar gynxyud u, (), omseuarowas cobemeenrnomy
HANENUIO A, Umeem 8 unmepsade 0 < 1 < 00 6 mounocmu n Hyaed.

Paccmorpum Teneps ypasrenme (1.1) Ha koneusoM otpeske [0, B, rme R mpen-
TI0JIAraeTcs JOCTATOYHO GOosbINM, a ¢(z) ymoBnerBopser ycioBusMm 1—4. Kpaesoe
ycnosue (1.2) ocraBum 6Ge3 n3Menenuit, a ycinosue (1.3) 3aMeHUM HEKOTODPHIM YCIIO-
BHEM B BHIOpaHHOH Hamu Touke R. Bocnonbsyemcs miig 2TOro M3BeCTHON acHMITO-
TUKOH MCKOMO# COOCTBEHHOW (YyHKIMM:

u(z) = e V2og=c/@VY) 1+0Q/z)], z— o
(cMm. [4], c. 157), m nocTaBuM B Touke R KpaeBoe ycioBue

v(R)+ [VA+¢/(2VAR)] y(R) = 0 (1.4)
(em. [1]). Has samaum Ha orpeske [0, R] Tak:ke moka3aHa TeopeMa CyIECTBOBAHMS

COOCTBEHHBIX 3HAYEHUH U COOGCTBEHHBIX DYHKIIMA.

Teopema 2. Ilpu docmamouno 6oavuwom 3nauenuy R 3adava (1.1), (1.2), (1.4)
UMEETN KOHEUHOE HUCAO (IO HUCA0 Mmem Goablie, uenm 6oavwe R) noaoscumesnbis
cobemeenoir anavenut p$, S, B, P xomopuie o6pasyiom y6uisaro-
wyro nocaedosamenvrocmy, a cobemeennas ywxyua yP(z), omeeuwarowas cob-

CMBEHHOMY SHAUEHUIO ,uis), umeem 6 uwmepsase 0 < x < R 8 mounocmu n nyaed.

Bynem cunrarh cobcrBenHble GyHkumu u,(z) samaun (1.1), (1.2), (1.3) ma no-
JIyoCH U COOCTBEHHbIe (YHKIINHN y(R) z) 3amaum (1.1), (1.2), (1.4) Ha orpeske [0, R
n
HOPMHMPOBAHHBIMY CJIEAYIOLLIMMHU YCIOBUSIMU:

/ui(z)da: =1, (1.5)

OR 2
[ (@ @)’ o+

o0
+ (yﬁR)(R)yeQV wa R el i / 2V ag eVl gy = 1 (1.6)
R
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B [1] nokasaHo, 4T0 cOGCTBEHHBIE 3HAYEHUS U COGCTBEHHBIE (DYHKIMM 320841 HA
orpeske [0, R] mpu R — 00 cTpemMaTcs K COGCTBEHHBIM 3HAUEHHAM M COOCTBEHHBIM
dyHKuuaM ucxonHoi 3anaun Ha nomyocu. Ipu arom plf) — A\, u 9 (z) — u,(x),
TO eCcTh COOCTBEHHbIE 3HaueHHs M coOcTBeHHbIe (ymkumn 3ama4n (1.1), (1.2), (1.4)
CXOATCA K COOMBEMEMBYI0WuM UM COGCTBEHHBIM 3HAYEHUSIM M COGCTBEHHBIM (yHK-
msm 3anaun (1.1), (1.2), (1.3) (cooTBeTcTBME MeXIy COGCTBEHHBIMH 3HAYEHUSIMU
pi® u A, 1 Mexny cobersennbivu dynxkmuamu Y (z) u u,(z) yeranapmmsaercs no
4uCTy Hyslelt 9TuX co6CTBeHHBHIX yHKumii B mHTepBanax [0, R) u [0, 00) cooTseT-
CTBEHHO).

Teopema 3. ITycmv R docmamouno 8eauxo, max wmo cyuecmsyiom noaoxrcu-
meavnoe cobemsennoe snauenue piO u cobemeennas Fyweyus y () 3adanu (1.1),
(1.2), (1.4), coomsemcmeyowue cobCmeeHHOMY SHAMEHWIO Ny U COOCMBENHOT GynK-
yuu up(z) 3adavu (1.1), (1.2), (1.3), u nycmo cobemsennvie ynwyuu uy () u y{F (z)
nopmuposanst ycaosudmy (1.5) u (1.6) coomsememsenno.

Toz2da npu R — 0o umeom mecmo pasaoxcenud

UP = At n(0)d (RuP) 14+ 0 (1/R)] (1.7)
yP(@) = ua(@)+ (@A) (R u®)[1+0(1/R)] (1.8)

ede

(q(R) B %) o/VE(e/vE+2)

1 _, _
= —e VER C/\/F‘
4 (Ra N) 4/1'6 R 4R2 ’

z € [0, R], an(A) uv(z, \,) ne sasucam om R u plP.

Orcrona BumHO, 4TO COGCTBEHHBIE 3HAYEHHs M COOCTBEHHBIE (DYHKIMH 33024H
Ha orpeske [0, R] Tem Gmmke K MCKOMBIM, 4eM Gombine R (67130CTh COBCTBEHHBIX
GbyHKIUI TOHUMaETCs B CMBICIIe X GJIM30CTH B PABHOMEPHOI HOpME).

Meton yTouHeHus COGCTBEHHBIX 3HAYEHNI 1 COGCTBEHHBIX (DY HKIMUIA, OCHOBAHHEIH
Ha 9KCTPANOJIALUK 1o napamerpy R, cocTtout B ciemyroiuem.

Teopema 4. Ilycmv Ry u Ry docmamouno seauku, max 4mo cyuecmsyiom
pl) |yl uﬁLRZ), y,(,RZ) — cobcmeennble 3nauenud u cobemeennvie Gynkyuy 3ada-
wu (1.1), (1.2), (1.4) na ompesxaz [0, Ry u [0, Ry] coomsemcmesenno (Ry > Ry),
ABATIOUUECT NPUOAUNCEHUAMY 04T COOCNBENHO20 SHANEHUAL Ny, U COOCBENHOT PiyH-
YL U, () sadavu (1.1), (1.2), (1.3). Iycmv, xpome mozo, onpedeaen napamemp

=0 (RZ, N$LR2))/6 (R17 .U/LRI)) ’

npuuem o # 1.1

1B ToM MCKITIOUNTETHLHOM CIIyydae, KOTOa @ = 1, Hy>xHO noMmensaTs R; wm R,.
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Tozda aunetinvie Kombunayuy
‘u(R2) —_ aM(R2)

* n n
:U/n - 1—a ) (19)
(R2) () — qy(B1)
yn () U (:1:)1 _O;y" (=) , z€[0,R], (1.10)

NPUBAUNCAIOM Ny, U Uy (T) COOMBEMEMBENNO C TLOZDEUHOCTIAMU

L, = Aal = O (1) = Ml /R1) s Il = unll = O (J[55%) — unl/Ry) -

Ecmn 3amava (1.1), (1.2), (1.4) petuanacs Gonee 4em Ba pa3a, IPOLECC yTOYHEHUS
MOKHO OPOLOKATE (CM. [1]), 4TO NPUBOOUT K NabHEHIIEMY NOBLIIIEHHIO TOYHOCTH
onpernenenus COGCTBEHHBIX 3HAYeHMil i coOCcTBeHHbIX (QyHkumil 3amadn (1.1), (1.2),
(1.3).

2. YYET TIOT'PEITHOCTY PABHOCTHOW CXEMBI

Sanauy (1.1), (1.2), (1.4), kax TpaBuUsIO0, TPUXONUTCS PEIIATh YUCIEHHO, UCIOIb-
3ys KaKoi-7Tn60 PAa3HOCTHEIN METOL. Y YeT CBOUCTB MCHOJIb3yeMON Pa3HOCTHOMN CXEMBI
TNO3BOJISET NPOU3BOLUTE J8YTNAPAMEMPUNECKYIO IKCMPATOATYUIO: TIO TapamMeTpy R,
KaK OMMCAHO BBIIIIE, U I10 MAPAMETPy OUCKPeTH3auuu h, Kak 3TO [eNaeTcs B U3BECT-
HoM MeTone Puuaprncona (cm. [5]).

MycTs, nanpumep, mna pemrenns 3agaqn (1.1), (1.2), (1.3) Ha orpeske [0, B] BBe-
IleHa, PABHOMEPHAs CEeTKa C IIAroM h M HCIONB3YeTCs Pa3HOCTHAs CXeMa BTOPOrO
nopsnka TodHocTH (cM. [6]). B sTom ciyyae momydaembie uMCIEHHO COGCTBEHHOE
snavenne p" u coberpennas gynxuus yM (z) npu b — 0 cBssaHbI ¢ COGCTBeH-
HeM 3HaveHmeM P u cobereenmoit dynkumein y(P (x) samaun (1.1), (1.2), (1.3)
cnemyomuMu cooTHoumennsmu (cM. [5], c. 98-120]):

WP = P 4o (D) 2 140 ()]
) — ) b1 o) O]
rlie £ — OIHA U3 TOYEK CeTKH, a O (u(R)) uw (m M(R)) He 3aBUCAT OT .

Orciona c yuerom pasnoxennit (1.7) u (1.8), npeHe6Gperas BenMuMHAMY NOPSIKA
| — | - |plBR) — )| nomyunm cnenyiomme pasnoxenus:

NgR’h) = A+

()8 (R, ™M) [1+ 0 (1/R)] +
o) [1+0 ()],

y’r(’tR’h)(m) = uy(x) +

v(@, A)3 (R, uF9) [14 0 (1/R)] +
+ w AR [1+0(h?)]

opu R — oo u h — 0.

+ o+

+



Meron yTouHeHNs COGCTBEHHBIX 3HAUEHUI U COGCTBEHHBIX (DYHKIINIA, OCHOBAHHBIM
Ha 00HO8peMennot SKCTPANONALAA IO apaMeTpaM R u R, 3aKiTI0YaeTCs B CHELYIO-
eM.

Teopema 5. ITycmb umeromea cobemeennbie snauenud pifan) | (Foh/2) -y (Rash)
u cobemeennvie Pympyuu yiFM (), yFri2) () o Bah)(2) Iyems napamemp o
(o # 1) onpedeaen no Gopmyae

a=24 (Rz, u1(1R2,h))/6 (Rl) uﬁlRl,h)) )
Tozda aunetinvie KombuUHAYUU
N%Rz,h) _ /“t'isl’h) 4'U£LR1 ,h/2) _ N%Rl,h)

My = T~ a + 3 ) (2.1)
(R2.h) (1) — q(B1h) dq (R () _ o (B1h)
* Y x Yp, z Yn, x Yn T
Yolz) = == (1)_a @, ( )3 (@) (2.2)

nPUbAUNCAIOM A, U Up(T) COOMBEMEMBENNHO C NOPEUHOCTRAMY

= dal = O (| = Aul/R1) +0 (n*)
g —unll = O (Ils™" — wall/Ra) +0 () .

Iokazarenscrso. [loncrasus pasnoxenus mus ulfm u p(F2h) g nepsyio vacts
dopmyast (2.1), nonyuum
M;Rz,h) _ Mgleh) _
l-a
)5 (Ra, pF2) [1+ O (1/Ry)] — & Ry, u) [1 + O (1/Ry)]
-« )

= 77()‘”

TMoncrasasis pasnoxenns ans u{fr/? w pfoh) go ropyio wacts dopmysst (2.1) u
npereGperas BemmanHamu nopanka |ulf) — A, |- |ulBh) — ulB)|, nomyvaem

4M$LR1,h/2) _ ﬂisl,h)

= An +0(Aa)8 (R, u{®M) [14+ O (1/R1)] + O (n*) .

3
IosTomy
Hn = A+
5 (R, ) [1+ 0 (1/Ry)] — 0 Ry, {Foh) [1+ 0 (1/Ry)]
+ n(An) - +
+ 0(n) .

Bropoe criaraemoe B mocienHeM BHIPaXkeHHH, Kak GbUIO JIOKa3aHoO B Teopeme 4 (M.
[1]), mmeer nopsnok O (| pifR) — N/ Rl). Otcrona

= A+ O (I — Aol /Ry) + 0 (h*)
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AHaTOrn4HO DOKA3BIBAETCS YyTBEPXKIEHUE TEOPeMbl OTHOCTUTEIbHO COGCTBEHHBIX
dynkumit. Teopema nokasana.

Ormerum, uTo dopmyner (2.1) u (2.2) sBasiorcs 0606IennsMA Kak dpopmy (1.9)
u (1.10), onucHIBAIOIIMX SKCTPANONANMIO 0 R, Tak M M3BECTHHIX (HOPMYII Puuapn-
COHa, ONHMCHIBAIOLLUX 3KCTPANOJISLHUIO M0 h.

3. IPUMEP

PaccmoTpuM B KadecTBe mpnMepa CIeAyOLIyIO 3a1a4dy (onpemeneHue coGCTBeH-
HBIX 3HAYEHUH SHEPrUM U PAJNAIbHBIX BOJIHOBBIX (DYHKIMIT aTOMa BOLOPOLA):

w' = (A=2/z+2/2*)u=0, u(0)=0, u(c0)=0. (3.1)
CobGCcTBeHHBIE 3HAUEHHS M COGCTBEHHBIE (DYHKIMU® STON 33039l N3BECTHBL:
M = 1/(n+1)%, (3.2)
4 n—1 20 k
— —z/(n+1) .2
Un () CFSIE 1)3e T l;)ak (n+ 1) , (3.3)
roe
. 1 k—n
ay = g\/n(n+1)(n+2) , QA =ak_1m s

k=1,2,...,n—-1, n=12,....
CoorsercrByroreii eil 3anadeil Ha orpeske [0, R] 6yner cnemyorias:

'~ (u=2ja - 2/e") =0, 0
y(0) =0, ¢'(R)+[Vr—1/(VER)]y(R)=0.

Hns yucneHHOro ompeneneHus COGCTBEHHBIX 3HAYEHMI M COGCTBEHHBIX (DYHKLHMIA 3a-
naun (3.4) BBenem Ha orpeske [0, R] paBHomepHylo cetky {zy = kh, k=0,...,N}
¢ marom h = R/N u nocTpouM PasHOCTHYIO CXeMy BTOPOTO MOPSAKA TOYHOCTH (CM.,
Hanpumep, [6], c. 93-94):

- By + oy =0,
Y-1 — Bryr + ypy1 = 0, k=2,...,N-1, (3.5)
- Pyn-1 + yv = 0,

rme
By = 2+W (n—2/zp+2/2}) , k=1,..,N-1,
B = [L+h(VE—1/(VER) + /2 (u—2/R+2/R?)] " .

(o]
2[IpusonsaTcs cOGCTBEHHBIE (BYHKIMN, HOPMUPOBAHHLIE YCIOBUEM Jui(z)dx = 1.
0
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CobcrBennble 3HaUeHHs Pa3HOCTHON 3a4add (3.5) BBHIYUCHSIIOTCS KAaK KODHH Xapak-
TEPUCTUYECKOIO YPABHEHUS

-B; 1 0 ... 0 0 0
1 -B, 1 ... 0 0 0
0 1 -—-B3 ... 0 0 0
det| & i i P | =0.
0 0 0 ... —Bn—o 1 0
0 0 0o ... 1 —By-1 1
0 0 0 ... 0 -0 1

IInst OMHO3HAYHOTO ONpemeNeHns] COOGCTBEHHBIX (DYHKUMIA MOXHO HOCTABUTh, HANPHU-
Mep, cilenyplliee yCiIoBHe HOPMUPOBKHU:

Uk = Un(zk) # 0,

rae Ty — 3apaHee BLIOPAHHAS TOYKA CETKH, & Up (L)) — 3HAUYEHHE TOYHOH COGCTBEH-
Hoit ¢yHkumu (3.3) B 9TOI TOUKe.

B Tabn. 1 npuseneHe! HECKOIBKO MEPBHIX TOYHBIX COGCTBEHHBIX 3HadeHHMl (3.2)
ucxonHoit 3anaun (3.1), s KaXKIOro cO6CTBEHHOTO 3HAYEHUs NPUBENEHBI COOTBET-
CTByIOIIME eMy COGCTBeHHbIe 3HadYeHUs 3anadu (3.4), HalieHHBIE YMCIIEHHO C Pas-
HbIME R 1 h, DOrpemHocTH 9TUX COGCTBEHHBIX 3HAYEHMIA, a TakXe yTOYHEeHHOe COb-
CTBEHHOE 3Ha4YeHHe, NOCTPOoeHHOe 10 topmyse (2.1), u ero mOrpemHoCTs.

Tabauma 1

n An R h ) [P — Al b |3 = Aul

10 0.1 0.2500525 0.0000525
1 { 0.2500000 { 10 0.05 0.2500131 0.0000131 | 0.2499997 | 0.0000003
15 0.1 0.2500522 0.0000522

25 0.1 0.1110947 0.0000164
2 (01111111 | 25 0.05 0.1110766 0.0000345 | 0.1111108 | 0.0000004
30 0.1 0.1111320 0.0000209

45 0.1 0.0624991 0.0000009
3 [ 0.0625000 | 45 0.05 0.0624898 0.0000102 | 0.0624997 | 0.0000003
50 0.1 0.0625101 0.0000101

70 0.1 0.0400020 0.0000020
4 | 0.0400000 | 70 0.05 0.0399967 0.0000033 | 0.0399998 | 0.0000002
75 0.1 0.0400058 0.0000058

95 0.1 0.0277759 0.0000018
5 10.0277778 | 95 0.05 | 0.0277726 0.0000052 | 0.0277774 | 0.0000004
100 0.1 0.0277800 0.0000022

B Tabn. 2 mpuBeneHbl 3HAUEHUS B HEKOTOPHLIX TOYKAX OMHOH M3 TOYHBIX COG-
CTBeHHBIX (QyHKUM (3.3), 3HAYEHNS COOTBETCTBYIOIINX eil COGCTBEHHBIX (yHKIMIT
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3amaun (3.4), HalIeHHBIX YMCIIEHHO C pasHbIMUM R u h, a Taxe 3HAYeHUs yTOYHEH-
HOli cobcTBeHHOM (yHKuMM, MOCTpoeHHOH 1o ¢opmyse (2.2). B nocnenueil crpoke
TabINIBI IPUBEIEeHbl BeJIMUYUHEL IOTPEITHOCTEN HOIYYaeMbIX COOCTBEHHBIX (DYHKIMI
B paBHOMepHO# HopMe. (B KadyecTBe yciioBHsS HOPMUDOBKM CTQBUTCS yCIIOBHE PABEH-
CTBa MOJIyYaeMBIX COOCTBEHHBIX (QYHKIMI 1 TO4YHOH cobcTBeHHON (yHkuuu (3.3) B
Touke T = 1.)

Tabauna 2

| w@  |v"@ 157" @) [ @) | s

1 [ 0.0722278 | 0.0722278 | 0.0722278 | 0.0722278 | 0.0722278
5 | 0.0951952 | 0.0948824 | 0.0950898 | 0.0949157 | 0.0951950
10 | -0.2876809 | -0.2873886 | -0.2875993 | -0.2873992 | -0.2876810
15 | -0.2750755 | -0.2743108 | -0.2746529 | -0.2745942 | -0.2750728
20 | -0.1436782 | -0.1425696 | -0.1427891 | -0.1433185 | -0.1436705
25 | -0.0575456 | -0.0555509 | -0.0556478 | -0.0572632 | -0.0575282
[ 1lyn —u,]]| | 0.0019947 | 0.0018978 | 0.0004826 | 0.0000174

HpI/IBeIIEHHbIe TabIULBI HATJISIHO MOKA3HIBAIOT Bq)(peKTI/IBHOCTb IIPpeayIo’KeHHOr o
MeTOna IJIs HOBBIIIIEHUSI TOYHOCTH COOCTBEHHBIX 3HAYEHHH M COOCTBEHHBIX (pyHKIlI/If;l

SAKIIIOYEHVE

PaspaGoranHblil B [1] METO SKCTPANOJALME 1O IJINHE OTPe3Ka WHTErPHPOBAHMIS
NPUMEHSETCS P PeIeHny 3303491 O COOCTBEHHBIX 3HAYEHUIX U COOCTBEHHBIX DYHK-
IUAX 1718 OOBIKHOBEHHOTO NuddepeHINaIbHOr0 ypaBHEeHUSI BTOPOro MOPSIKa Ha, 110-
ayocu. IIpu 3amene »Toil 3amaum 3a0a4eil Ha KOHEYHOM OTpe3Ke (4TO, KaK NPABUIIO,
IIeNIaeTCs IPY YMCIIEHHOM DELLEHNH ) [0JLy YeHHbIe COOCTBEHHbIE 3HAYCHUS 1 COGCTBEH-
Hele (QyHKIMHU NPUOIIKAIOT MCKOMBIE COOCTBEHHbIE 3HAYEHUSA M COOCTBEHHBIE (DyHK-
IMH C HEKOTOPOIl IOrpemHocThio. B [1] momydena acMMNTOTHKa 5TOi MOrpemIHO-
CTH NPU yCTPEMJIEHUH IJIMHBI OTPe3Ka MHTerPUPOBAHNS K OECKOHEYHOCTH, C MCIOJIb-
30BaHUEM 3TOW ACHMMNTOTHKM TOCTPOEHBI (DOPMYJIBI IJjis YTOYHEHUs COGCTBEHHBLIX
3HaveHu# u cobcTBeHHBIX (yHKIMI. B HacTosieit paGore omucan cmoco6 nByx-
napaMeTPUYecKoil SKCTPANOJIAIMU: 10 [JINHE OTPe3Ka U NapaMeTPy OUCKPETH3AIUH.
OueHKM MOTPEIIHOCTE! YTOYHEHHBIX COGCTBEHHOrO 3HAYEHHS M COOCTBEHHOH (hyHK-
UM JAIOT OCHOBaHHE OXKUIATH CYILECTBEHHOIO IOBHIIIEHU X TOYHOCTH. B paccmo-
TPEHHO! MOIENbHOH 3a1a4e yIaJIoCh JOOUTHCS MOBHIIIEHNS TOYHOCTH HA MOPSIOK 6e3
CYLIECTBEHHOIO yBeJIMYeHNs IJIMHBEI OTPe3Ka UHTErpUPOBAHMS U 6e3 CyIeCTBEHHOrO
YMeHbIIIeHNs I1ara Pa3sHOCTHOH CXeMBbI, YTO SBJISETCS MPEKPACHOM WUIIOCTpaluei
5(PheKTUBHOCTH NPENJIOXKEHHOTO METOMA.
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XKumkos E.II., Conossen A.T. P11-2000-227
IIpumeHeHne aByXmapaMeTpH4YecKoil aKCTpanosaLuH
TIPH pEeIIeHUH CHEeKTPaIbHOM KPaeBOH 3ajayd Ha IOJyOoCH

IpennoxeHn MeTOX MNOBBILEHHI TOYHOCTH HPUOIMXKEHHBIX COOCTBEHHDBIX 3HAYCHHH
U COOCTBEHHBIX (PYHKLMIl KpaeBOM 3aJayd Ha MOJyOCH IJI1 OOBIKHOBEHHOTO JuhhepeHLu-
aJILHOTO YPaBHEHHUS BTOPOro nopsaxa. J{jis YuCIeHHOro HaxoXAeHHs COOCTBEHHBIX 3HAUCHHI
M COOCTBEHHBIX (BYHKIMI KpaeBoil 3a1aud Ha MOMAyNpsmoii uHTepsai [0,), Kak IpaBuIIo,
3amensiercs otpeskoM [0,R ], ycnosue u3 GecKoHeuHOCTH MepeHOCHTCS B TOUKy R, mocie
Yero HaXOmiITCsl COOCTBEHHbIE 3HAUYeHUs U cOOCTBEHHbIE (DYHKIIMH KpaeBoil 3aaui Ha 5TOM
KOHEYHOM OTpe3ke. B pe3ynbpraTe Takoil 3aMeHbl BOSHUKAET MOTPELIHOCTD: MOJIyYeHHbIe C00-
CTBEHHbIE 3HAYEHUT M COOCTBEHHbIC (DYHKLIMHM OTIMYAIOTCS OT UCKOMBIX. DTa MOrpeIHOCTh
crpemutcs K 0 ipu R — 0. Kak npasuio, 3apanee BbIOpaTh R 171 ONpeleieHUs: COOCTBEHHBIX
3HaYCHUH U COOCTBEHHBIX (DYHKLMH C 3alaHHOH TOYHOCTBIO HeBO3MOXHO. IloaToMy 3amauy
na [0, R | npuxomircst pemats noBTOpHO, ¢ 66bmMM R. YTouHeHHOE COBCTBEHHOE 3HAYCHHE
HoJiydaeTcsl KaK JIMHeHHas KOMOUHALMS JBYX COOCTBEHHBIX 3HAUEHHH, HalleHHBIX NpH pe-
LIEHUH 3aJa4yd Ha JBYX Pa3IMYHbIX OTpe3Kax. AHAJIOTHYHO IOJy4aeTcs H YTOUHEHHas cob-
CTBeHHas (PYHKIMA. YYeT CBOMCTB Pa3HOCTHOM CXEMBI, HCIIOJIb3yeMOH I HaXOXIeHHUs co06-
CTBEHHBIX 3HAYCHHI H COOCTBEHHBIX (yHKIMi 3anaun Ha [0, R ], mo3Bonser 06beMHUTS 5KC-

TPANOJIILMIO 110 TapaMeTpy R M BKCTpaInoJiiuio PuuapacoHa no napaMerpy IMCKpEeTH3ANH.

Pabora BbinonHeHa B Jlaboparopuu MHGOpMalMOHHBIX TexHOonornit OMSIH.
Coobumenne OOGbEANHEHHOTO HHCTUTYTA SAEPHBIX HccnenoBanuii. Jy6na, 2000

ITepeBon atopos

Zhidkov E.P., Soloviev A.G. P11-2000-227
Application of Two-Parameter Extrapolation
for Solution of Boundary-Value Problem on Semi-Axis

A method for refining approximate eigenvalues and eigenfunctions for a boundary-value
problem on a half-axis is suggested. To solve the problem numerically, one has to solve
a problem on a finite segment [0,R] instead of the original problem on the interval [0,).
This replacement leads to eigenvalues’ and eigenfunctions’ errors. To choose R beforehand
for obtaining their required accuracy is often impossible. Thus, one has to resolve the prob-
lem on [0,R] with larger R. If there are two eigenvalues or two eigenfunctions that corre-

spond to different segments, the suggested method allows one to improve the accuracy
of the eigenvalue and the eigenfunction for the original problem by means of extrapolation
along the segment. This approach is similar to Richardson’s method, Moreover, a two-para-
meter extrapolation is described. It is combination of the extrapolation along the segment
and Richardson’s extrapolation along a discretization step.

The investigation has been performed at the Laboratory of Information Technologies,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2000
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