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BBe.n;eHHe 
B HaCTOHru;ett pa6oTe1 rrpe,n;JiaraeTCH aJiropHTM, II03BOJIHIOill;Htt C 3a,n;aHHOtt TO'l

HOCTblO IIOJIY'IHTb rrp~6JIHlKCHHOe pemeHHe RpaeBott 3a,n;a'lll Ha IIC?,JIYIIPHMOtt ,ZJ;JIH 

'o6bIRHOBCHHOro .n:nqiqiepeHI{HaJibHOro ypaBHeHHH BTOporo IIOpH,n;Ra. Tio.n:o6Hble 3a

.n:a11H Ha IIOJiy6ecROHe'IHOM HHTepBaJie BCTpe11aIOTCH B pH,n;e pa3,n;eJIOB TeopeTH'ICCROtt 

q>ll3HRH. JJ:aJieRO He Bcer.n:a IIX pemeHHe MOlKCT 6bITb rroJiy'leHO aHaJIHTH'ICCRII. B 

CBH3ll C 3TIIM aRTyaJibHOtt HBJIHCTCH rrpo6JieMa 'lllCJICHHOro pemeHJIH TaRHX 3a,n;a'l. 

IlpII 3TOM llHTepBaJI [xo, 00) 3aMeHHeTCH OTpe3ROM [xo, R], ycJIOBJie Ha 6ecROHe'l

HOCTH orrpe,n;eJieHHbIM o6pa30M 3aMeHHCTCH ycJIOBIICM B TO'!Re R, II RpaeBaH 3a,n;a11a 

pelllaeTCH Ha 3TOM ROHC'IHOM OTpe3R~. 

Borrpoc O rrepeHoce rpaHII'IHOro ycJIOBIIH ll3 6ecROHC'IHOCTII paccMOTpeH B pa-

6oTax A6paMoBa [l], Bllprepa [2] H ,n;p. TipnMeHnTeJihHO R n3y11aeMofi HaMH 3a

,n;aqe rroJiy'leHHbifi HMH pe3yJibTaT COCTOHT B CJie.n:ywru;eM. YcJIOBHe orpaHH'ICHHOCTH 

pemeHHH Ha 6ecROHC'IHOCTH 3RBJIBaJI~HTHO BbIIIOJIHCHHIO HCROTOpo'ro JIIIHCHHOro co

OTHOIIICHHH Mem.n:y pemeHHeM 3a,ZJ;a'IH ll ero rrpOH3BO,ZJ;HOfi B ,ZJ;OCTaTO'IHO y,n;aJieHHOtt 

TO'IRe. KaR rrpaBirno, 3TO COOTHOIIICHHe y,n;aeTCH IIOJIY'IHTb Jllllllb rrpn6JIHlKCHHO. B 

pa6oTax [l - 2] rroJiy'leHbl oneHRII rrorpelllHOCTII TaRofi arrrrp0Rcn11annn. 

Jl:aJiee, 3TO IIOJIY'ICHHOe rrpn6JIHlKCHHO COOTHOIIICH!Ie IICIIOJib3YCTCH RaR rpann'l

HOe ycJIOBHe ,ZJ;JIH.3a,n;a'lll na ROHC'IHOM OTpe3Ite. Ee pemeHne 6y.n;eT OTJIII'laTbCH OT 

pemennH ncxo.n:nott 3a,n;a'II1. B JIIITepaType OTCYTCTBYIOT 'ICTRHe RPIITC,Pllll arrpll

OpHoro Bbl6opa R TaRIIM, 'IT06bl pemeHJie 3a,n;a11n Ha [x0 , R] rrp1I6JI11JKaJio pemeHIIe 

IICXO,ZJ;HOfi 3a,n;a'II1 Ha [xo, 00) C 3a,ZJ;aHHOtt TO'IHOCTblO. Tio3TOMY 3a,n;a11y na [xo, R] 'la

CTO IIp!IXO,ZJ;HTCH pemaTI, IIOBTOpHO c 6oJiblllllM R. CpaBHCHiie rroJiy'leHHbIX pemennfi 

.n:aeT HHq>OpMal{HIO 06 HX TO'IHOCTH. EcJIH TO'lHOCTb oRa3bIBaeTCH ne.n:ocTaTO'lllO,fi 

(pemeHHH CHJibllO pa3JIH'la!OTCH)' TO neo6xo,n;nMO ,n;aJibHefimee yBeJIH'ICHHe OTpe3Ra 

HHTerpnpoBaHIIH. 

O.n:naRo, HMCH B CBOeM pacrropHJKeHHH )!;Ba pellleHIIH 3a,ZJ;a'IH na pa3JIH'IHLIX OT

p'e3Rax, MO,lKHO IIOCTpOIITb RX JIHHefinyIO ROM6n:nannw, ROTOpaH 6y,n;eT rrpn:6JIHlKaTb 

pemem1e HCXO,ZJ;HOfi 3a,n;a'ln: C norpelllHOCTbl(), cyru;ecTBCHHO MCHblllefi, 'ICM rrorpe

lII.HOCTH RaJK,n;oro ll3 pemenn:tt IIO-OT,D;eJibllOCTH. 8ToT Borrpoc HCCJie,n;oBaH B pa6oTe 

aBTOpOB [3], r.n:e o6ocno»an MeTO.11: YTO'IHCHHH ITO .11:BYM pell!eHIIHM H IIOJiy'leHa onenRa 

rrorpell!HOCTH rroJiy'laeMoro YTO'IHCHHoro pemeHHH. 0 TOM, RaR MOJKHO rrpo.n:omKHTb 

rrponecc YTO'IHeHHH, roBopHTCH B pa6oTe [4]. 8hICRa3aHHaH B 3TOfi pa6oTe n.n:eH 

aJiropnTMa IIOJIY'ICHHH npn6JIHJKCHHoro pellleHHH C 3a,n;aHHOfi TO'IHOCTblO rrpoBepH

eTCH nyTeM 'IHCJieHHbIX 3RcrrepnMeHTOB.' B HaCTOHru;ett pa6oTe .n:aeTCH orrn:canne H 

CTporoe o6ocHOBaHHe rrpe,n;JIOJKCHHOro aJiropIITMa, a TaRJKe OI{CHRa CKOpOCTH ero 

CX0.11:H?,IOCTH. 

1 Pa6oTa Bl,lllOJIHeHa npH qmHaHCOBOll: IlO]U{epJKKe Poccull:cKoro <pOH)la <pyH)laMeHTaJlbHUX 

HCCJie,l{oBaHHll: (npoeKT 95- 01 :_ 01467a). 

n, ... ,. •. ~· ·'1~1 ,., ._m-, 
f.)U r;. ~h,n. W:,,Ui'.. ·. 1~i-1~i,•. 

1 m:~ri;h.U uc~ .-.~~;;;;auul · 
6vi5Jli-lOTEHA 
'..- ............,_ 



1. IIocTaHOBRa 3a,z:,;a-.::i11 
PaccMaTpHBaeTCH CJie,nyIOJUaJI HpaeBaJI 3a,na-qa Ha noJiynpHMOfi: 

{ 

u"-(1+: +TJ,(x))u=O, 

u(xo) = A, 
u(+oo) = 0, 

(1) 

r,ne TJ,(x)- HenpepLIBHaJI Ha lIHTepBaJie [xo, oo) q>JHHUlIH, TaHaJI 'ITO tj,(x) = 0 (;) 

npH X --+ oo, a 3a,ZlaHHaJI IlOCTOHHHaJI A =I- 0. !:ha 3a,na-qa HMeeT. e,nHHCTBeHHOe 

pemeHHe (cM. [5], c. 282), H :no pemeHHe lIMeeT aCHMilTOTHHY (cM. [6], c. 157) 

u(x) = ~-:cx-f (1 + o(l)), x--+ oo. 

,ll;JIH lfHCJieHHOro perneHHH 3a,nalflI (1) lIHTepBaJI [xo, 00) 3aMeHHeTCH 0Tpe3HOM 

[xo,R]. lfcxo,nn lI3 acHMilTOTH'leCHOro pa3JIOJReHHH (cM. [6], c. 155) 

U
1 
( X) ( C1 ) ( 1) 

u(x) = - 1 + 2x + o ; ' x--+ oo 

ocymecTBJIHeTCH rrepeHOC rpaHH'IHOro YCJIOBHH H3 6eCHOHelfHOCTlI B TO'IHY R, II pe

rnaeTCH cJie,nyIOJUaJI HpaeBaJI sa,nalfa Ha HOHelfHOM OTpesKe: 

{ 

y"-(1+: +TJ,(x))y=O, 

y(xo) = A, 

y'(R) + ( 1 + ;~) y(R) = 0. 

(2) 

B pa6oTe [3] IIOKa3aHo, 'ITO OHa HMeeT e,ZllIHCTBeHHOe pernem1e rrpn ,ZlOCTaTO'IHO 

6om,rnnx R. · 
PerneHHe y ( x) sa,na-qn ( 2), RaK perneHHe o,ZlHopo,nHoro ,nncpcpepeHunam,Horo ypa

BHeHHH BTOporo nopn,nKa, e,nHHCTBeHHhlM o6pa30M npe,nCTaBIIMO B BH,Zle JIHHefiHofi 

KOM6HHaUHII ,ZlBJX ero JIIIHefiHO He3aBIIClIMhlX perneHIIfi. O,nHIIM ll3 HHX Bhl6epeM 

perneHHe u(x) HCXO,ZlHOH 3a,naq11 (1), TOr,na (cM. [6], c. 129) cpyHKUHH 

:c dt 
v(x) = u(x) j u2(t) 

:co 

npe,ncTaBJIHeT co6oil: ,npyroe, JIHHefiHo HesaBHCHMoe OT Hero pernemie ~Toro ypa

BHeHHH. TaKHM o6pasoM, rrpe,ncTaBHM pernemi:e y(x) sa,naqn (2) B BH,Zle 

y(x) = u(x) + >-.(R) • v(x). (3) 

BeJIHqHHa >.(R) • v(x) rrpe,ncTaBJIHeT co6ott rrorpeIIIHOCTh, Bhl3BaHHYIO 3aMeHofi 3a

,na'IH (1) sa,naqefi (2) .. B pa6oTe [3] ,noKa3aHo, qTo >.(R) --+ 0 rrpH R -+ oo, T.e. 

pernem1e sa,naqn (2) Ha ~>Tpe3Ke [x0 , R] TeM 6m1me K perneHHIO 3a,na,m (1 ), qeM 
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60JibIIIe R. (BJIH30CTb perneHHfi IlOHHMaeTCH B CMhlCJie HX 6JUl30CTH B paBHOMepHofi 

HOpMe: II· llc(:co,Rl = max I· (:r)I). 
~~~ . 

lfaJIOJRHM MeTO.D, rroJiyqeHHH rrpn6JIHJReHHOf0 perneHHH 3anaqH ( 1) C 3a,naHHOtt 

ToqHOCThlO, He Tpe6y101UHtt cymecTBeHHOro yaennqemrn 0Tpe3Ka lUITerpnpoBaHHH. 

2. YTo-.::iHeHHe no ,n;ByM .pemeHHJIM 
B 3TOM nynKTe ,ZlOKa3h!BalOTCH TeopeMLI, HBJIHIOJUHeCH o6o6meHHHMH COOTBeT

CTBJIOIUHX TeopeM, noJiyqeHHhlX B pa6oTe [3]. 

TeopeMa 1. IlycTh cpyn~UHH TJ,(x) HMeeT acHMITTOTHKY 

T/,(x) = Q (:2), X-+ 00. 

IlycTh, nanee, y(x) - perneHne cne,nywmett sana•m: 

{ 
y"-(1+: +1,b(x))y=O, 

y(xo) = A, 

onpe,neneHH0e Ha oTpe3Ke [xo, R]. 
Tor,na y(x) e,nHHCTBeHHhlM o6pa30M npenCTaBHMO B BHJle (3), IIJ)ll'IeM 

>-.(R) = e-RR-f {v'(R) + (1 + ;~) y(R)+ 

+ ½ [TJ,(R)- ci(:~; 2)] y(R)} (1 + O (~)), R-+ oo. (4) 

,l(o1rn3ame.,.i1,cmoo. Ilpe,ncTaBne1rne y(x) B an,ne mmei1Hoi1 KOM61111aunn (3) 
oqeBHJlHO. IloJiyqJIM acJIMilT0TIPiecKoe pa3JiolKem1e (4). IlocKOJibJ,y 11v' - u'u = 1, 

TO 

>.(R) ~ u(x)y'(x) - u'(x)y(x), Vx E [x0 , R]. (5) 

,ll;aJiee, HMelOT MCCT0 cne,ny10mne acnMIIT0Tll'IeCKHe pa3JI0lK<.'llllR ( 01. ['.3]): 

u(x) = e-:cx-f (1 + 0 (~)), x-+ oo 

H 

.
u'(x) = _ (l + ~) _ ! [t1,(x) _ c1(c1 + 2)] (l + O (!)), .r-+ oo. 
u(x) 2x 2 4x2 

. .r 

Ilo,ncTaBJIHH nx B (5), r,ne x = R, nonyqJIM nrn0My10 acnMIIT0THHY (5). TeopeMa 

. .noKa3aHa. 
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3aMe<taH11:e. Ec;rny(x)-pemeHne3a.zwm (2),TOy'(R)+(1 + ;~) y(R) = 0, 

• n BMeCTO ( 4) IIOJiytJaeM 

;,\(~) = ~y(R)e-RR-~ [tf;(R)- ci(~~:·
2
)] (1 + 0 (~;}: R -4 oo, 

lJTO COOTBeTCTBYeT IIOJiytJeHHOMY B pa6oTe [3] ·pa3JIOJKeHnlO: 

Ecnn llMelOTCJI -,!J;Ba pemeHHJI 3a,!J;a'ln (2) Ha pa3JilllJHLIX 0Tpe3Kax, TO MOJKHO 

IIOCTpOHTb nx JIHHefiHYIO KOM6nHaUHIO (yTotJHeHHOe peineHne), KOTOpaJI 6y.lJ;eT rrpn-

6JIHJKaTb HCKOMOe pemeHne 3a,!J;a'IH (1) C 60Jib11Iett TOlJHOCTblO, 'leM KaJKll.Oe H3 pe

menntt no - OT,!J;eJibHOCTll ( CM. [3]). TeopeMa 1 ,!J;aeT B03MOJKHOCTb npo,ll;eJiaTb TY JKe 

npoue.lJ;ypy C ,!J;BYMJI YTOtJIIell!lLIMH perneHHJIMH (noJiy'lal01IIHMHCJI, uarrpnMep, ecmi: 

l!MelOTCJI Tpll pemeHHJI 3a,!J;a'IH (2) na pa3JIH'IHLIX 0Tpe3Kax). 

TeopeMa 2. IlycTb y1(x) II y2 (x) - pemeunJI 3a,!J;a'IH (2) na oTpe3Kax [x0, R 1] 

n [xo, R2] coorneTcTaenuo (R2 > Rt) HJIH yTO'IIIeHHhle pernemrn ua. 3THX ope3Kax. 

IlycTb BhlIIOJIHen1,1 ycnoanJI TeopeMLI 1. IlycTh, HpoMe TOro, R 1 n R2 Bhl6paH1,1 

TaKHM o6pa3oM, 'IT061,1 napaMeTp · 

a = 
-~ 

e-(R2-Ri) ( :: ) 
2 

X 

X 

, ( c1 1 [·· c1(c1 + 2)]) Y2 (R2) + 1 + ui;_ + 2 t/;(R2) -
4
m Y2(R2) 

, ( c1 1[ c1(c1+2)]) Y1(R1)+, 1+
2

R
1 

+ 2 tf;(Ri)-
4
Ri Yi(Rt) 

(6) 

y.lJ;OBJieTaopHJI yrnoanIO O < lol < 1 .:.. 6, r,!J;e O < 6 < 1 H He JaBHCHT OT R1 H R2. 
Tor,!J;a JIHHeitHaJI l{OM6HHaUHJI 

Ill( )_Y2(x)-a•y1(x) E[ R] 
X - 1 - a ' X Xo, 1 (7) 

rrpn6JIHJKaeT llCKOMOe pemeHHe u( x) c norpellIHOCTblO 

lllll - ull = 0 (IIY2R~ ull). (8) 

.l(o1CaJame.,1:1,cmBO 3TOit TeopeMI,J IIOJIHOCTblO aHaJIOfll'IHO ,!J;OKa3aTeJibCTBY COOT

BCTCTBYI01Hett ett TeopeMLI a pa60Te [3]. 

TeopeMu 1 n 2 onnc1,1aa10T O,!J;IIH mar yTO'IHeHRJI n II03BOJIJIIOT rrpo,ll;OJIJKaTb rrpo

uecc ,!J;O Tex rrop, IIOKa He 6y,!J;eT ,!J;OCTIIfHyTa Tpe6yeMaJI TO'IHOCTb. 

3. AnropHTM 
B 3TOM rryrrKTe OIIIICaH aJiropHTM HaXOJK,!J;eHllll rrpn6JIH}l{CIIHOf0 pemeHHJI C 3a

,!J;aHHOil: TO'll!OCTbIO. Y,!1;06110 BBCCTH CJIC,!l;JIOlIIHe 0603ua,1eHHJI. PemeHHJI 3a,!J;a'IH 

4 
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(2) Ha oTpe3Kax [xo, R1], [xo, R2], ••• 6y.lJ;eM o6o3Ha'laTb y}(x), y}(x), ... Pemenne, 

yTo'lrre11rroe rro Y!(x) n Y!+i(x) 6y.lJ;eM 060311a'laTb y~(x), n = 1,2, ••• HaKo

rreu, peme11ne, YTO'IHeHrroe rro Y! ( x) n Y!+1 (.x) 6y.lJ;eM o6o3Ha'laTb y!+l ( x), n = 
1, 2,.:., k 7 1, 2 ••. IlycTb 3a,!J;aIILI 'IHCJIO t - 4orrycTHMaJI rrorpem11ocTb pemeHnJI, 

a TaKJKe tJIICJia R 1 < R2 < ... · Ilpe,ll;JiaraeMh!tt anropnTM opraHH30Barr cJie,!J;JIOlIIHM 

o6pa3oM: 

I. PemaeTCJI 3a,!J;a'la (2) rra oTpe3Ke [x0,R1]. Ilonyqerrrroe peme11ne ecTb yt(x). 
II. PemaeTcJI 3a,!J;a'la (2) Ha oTpe3Ke [x0, R 2]. Ilony'leHHoe pemeHne ecTb y½(x ). 
III. BLitJIICJIJieTCJI napaMeTp o~ no <popMyJie (6) c 1IcnoJib30BaH1IeM pemeHntt 

yi(x) H yJ(x) n HaXO,!J;HTCJI y:roq11e1111oe peme11ne 

2 ( ) y½(x) - a}· yt(x) 
Yi X = 1 1 • 

-01 

IV. IlpoaepJieTCJI HeHoTopLitt KpnTepntt ocTaHOBKn. HanpnMep, TaHott: ecJIH 

max jyf(x) - yf(x)I < t:, 
xE[xo,R1] 

TO peme11ne Yi( X) npHHHMaeTCH 3a llCKOMOe np1I6JIHJKCI!lle pememm u( X) 3a,!J;a'IH 

(1) Ha oTpe3Ke [xo, R1]. B nporna110M cnyqae 3a,!J;a'la (2) p~maeTCJI Ha cJie,!l;J101IIeM 

oTpeaKe - [xo, R3]. 

.LJ:orryc:rnM, 3a,!J;atJa (2) pemanacb ( n - 1) paa. flMeeM cJie,!J;JIOlIIYIO uenotJHY 

pemenn:I!:: . 

Y!-t ( x) - pemeHHe 3a,!J;atJn (2) Ha oTpe3Ke [xo, Rn-1], 

y~_ 2 ( x) - pemeHne, yTO'IHeHHoe rro Y!-i x) II Y!-t ( x ), 

k ( ) k-1 ( ) k-1 ( ) Yn-k X - pemeHHe, YTOtJHeHHOe no Yn-k-l X H Yn-k X , 

yf:..1(x) - pemeHne, yTotJHeHHoe rro yf-2 (x) n y;-2 (x). 
.LJ:onyCTIIM, 3a,!J;aHHaJI TOlJHOCTb He ,!J;OCTllrHyTa. 

V. PemaeTcJI 3a,!J;atJa (2) Ha OTpeaHe [xo,Rn]. Ilony'leHHOe pemem1e ecTb 11!(x), 
VI. BLitJHCJIJIIOTCJI rrapaMeTphl a~_k, k = 1, ••. , n - l no <popMyJie (6) c ns:

noJib30BaHneM pemeHnil: Y!-k(x) H Y!-k+l(x) H HaXOMTCJI YTOlJHCHHI,Je pemeHIIJI 

k+t ( ) _ Y!-k+l ( X) - Cl'~-k-. Y!-k( X) 
Yn-k X - l k ' 

- 0 n-k 
k = l, ... , n -1. 

VII. CpaaHnBaIOTCJI peiueHnJI Yi(x) n yf-1(x). Ecnn 

max IYi(x) - Yi- 1(x)I < t:, 
xE[xo,R1] 

TO pemeHne Yi( X) npHHHMaeTCJI 3a llCHOMOe npn6JinJKeHHe, IIPll'IeM ,!J;JIJI ,!J;OCTHJKeHHJI 

3a,!J;aHHott TOtJHOCTn 3a,!J;atJa (2) pemanacb n pa3. B npoTHBHOM cJiytJae rrpoue;zypa 

V - VII rroBTop11eTCJI. 

5 



Bonpoc O CXO,D;HMOCTH 3TOro aJirOpHTMa pemaeT cJie,nywmaH 

TeopeMa 3. IlycTb y1(x), ... ,yn(x) - pemeHHH 3a,na'ln (2) Ha cooTBeTCTBYIO

mnx oTpe3Kax [x0 , R 1], ••• , [x0 , Rn] (Rn > ... > R 1), n BhIITOJIHem,1 yrnoBHH Teo

peMhI 1. IlycTb W ( x) - yTO'l:nem1oe pemeHne, nocTpoeHHOe Il3 HIIX no onI1ca1111oi1 

Bblllle cxeMe,npn'leM Ha RaJR,Zl;OM mare YTO'IHeHHH BbIIIOJIHellbI ycJIOBIIH TeopeMbI 2. 
Tor.na Ha oTpe3Ke [x0,R1] \ll(x) npn6nmKaeT ncKoMoe peme1me u(x) c norpes 

llIHOCTblO 

( 

n-1 1) 
11'11 - ullc[xo,Rtl = 0 IIYn - ullc(xo,Rn-t) n R . 

- k=l k 

(9) 

,l(otcaJame.AbCmao. IloJiy'leHHOe B pe3yJibTaTe BbIIIOJIHeHIIH OIIHCaHHOro Bblllle 

anropnTMa, pemeHne '11 ( x) ecTb 

•T•(x) = yn(x) - Y2-l(x) - arl. yf-l(x) XE [x R l 
'f' - 1 - 1 n-1 , O, 1 , 

-l\'1 

II03TOMY, B cnny TeopeMhI 2, 

11
'11 _ ull - = O (IIY2-

1 
- ullc[xo,R1)) 

C(xo,R1) R · 
, 1 

AHanorH'IHO 

lly
n-1 _ II _ 0 (IIY3-

2 
- ullc[x0 ,R2)) 

2 'U C[xo,R2) - R
2 

• 

T.K. 

IIY2-l - ullc(x0 ,R1) S IIY2-
1 

- _ullc(xo,R2], 

TO 

11
'11 _ ull = O (IIY3-

2 
- ullc[xo,R2]) 

C(xo,R1] R R , 
1' 2 

n T.,n. 0KOH'laTeJIJ,Ho noJiy'laeM 011enKy (9). TeopeMa ,noKa3aHa. 

• TaKHM o6pa3oM,- ,D;OKa3aHa CXO,D;HMOCTb npe,nJIOJKeHHOro anropIITMa K IICKOMOMY 

pemeHIIIO. CKopOCTb CXO,nHMOCTll ,naeTCH OIJeHKOtt (9) .. 

4. IlpHMep 
B Ka'leCTBe npHMepa paccMOTpIIM YTO'IHeHile 110 TpeM pemeHIIHM rrpuMeHH

TeJibHO K CJieJIYK)IIIefi 33na'le: 

{ 
,, ( 8 2) 

u -. 1 ; ;; + x2 u = 0, 

u(l) = -, 
5e 

u(oo) = 0, · 

(10) 

6 

.11 

pemeHile KOTOpott Il3BeCTHO: 

( ) -x 4 ( 1 1 1 ) 
'UX =e X ---+-, 

5 X x2 (11} 

3aMeHIIM l!CXO.LlHYIO 3a,na'ly (10) 3a,lla'lett Ha KOHe'IHOM 0Tpe3Re [1, R]: 

{ 

,, ( · 8 2) y - 1 - - + - y = 0, 
X x2 

y(l) = u(l), 

y'(R) + (1 - ½) y(R) = 0, 
(12} 

KOTopyIO 6y,neM pemaTb 'IHCJieHHO MCTO,D;OM ceTOK c maroM h = 0.05 (cM. [3]}. 
Bb16epeM R1 = 11, R2 = 12 II R 3 = 13. B cne,zzywmett HIIJKe rn6nI1ue rrpn

Be,neHhI TO'IHOe pellleHHe (11) HCXO,llHOtt 3a,na'1H (10), pemeHile 3a)latm (12} Ha OT

pe3Ke [1, R 3], yTot:iue1111oe peme1me, rrocTpoeHHoe 110 pemeHHHM Ha oTpe3Rax· [l, R 2] 

H [1, R3j , II ~O'IHeHHOe perneH_He,. )lJIH IIOCTpOeHHH ROTOporo HCIIOJit3oBaHbI Bee TPH 

HMeIOIUIIXCH pememrn. 

X u(x) yHx} y~(x} 
1.00 0.0735759 0.0735759 0.0735759 
2.00 -0.1082682 -0.1082863 -0.1082685 
3.00 -0.0896167 -0.0896145 -0.0896167 
4.00 0.0586100 0.0586325 0.058610.t 
5.00 0.1684487 0.1684737 0.1684491 
6.00 0.1963172 0.1963318 0.1963174 
7.00 0.1697924 0.1697922 0.1697924_ 
8.00 0.1245237 0.1245083 0.12452:34 
9.00 0.0819688 0.0819373 0.0819682 
10.00 0.0499399 0.0498880 0.0499390 
11.00 0.0286969 0.0286125 0.0286953 

,ll;JIH rrorpelllHOCTett IIOJIY'laIOTCH cne,nyIOIUHC 3Ha'ICIJIIR: 

IIYJ - u1lc11,R1J = 0.0000844, 

IIYi - u1lc11,R1] = 0.0000016, 

IIYf - ullc11,R1] = 0.0000002. 

yf(.r) 
0.0735759 
-0.1082681 
-0.0896167 
0.0586099 
0.168.t.185 
0.196:317 l 
0.169792-1 
0.1245237 
0.0819689 
0.0499401 

-0.0286971 

0TCIO,D;a II II3 Ta6JIIIULI BH)lHO, 'ITO pernemre yr(x) 6oJiee 'ICM Ha ,llBa IlO))HJIHa TO'Illee, 

'leM yJ(x), 'ITO npeKpacno cornacyeTcn c oue1mott (9). 

5. 3aKJIIO'lJeHHe 
B pa6oTe rrpe)lJIOJKeH II 06oc110BaH MeTOJl IlOBbIIIICill111 T01IIIOCTU npn6Jil!lliCIIIILIX 

perneHHtt KpaeBott 3a,na'IH 11a nonyrrpnMoll JIJIR o6mmoBenuoro m1<jHj1epe111urnJ1buoro 

ypaB11emrn BTOporo nopn.n1m. 
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OcIIOBIILIMH pe3yJibTaTal\lH JIBJIJIIOTCJI: 

• anropHTM rronyqenHJI rrpH6Jmmem1oro perneHHJI c .1,106oii Harrepe.u Ja,n:aHHoll. 

T0'III0CTblOj 

• onenKH rrorpern110CTH yToqneHHoro perneHHJij 

• onenKa CK0p0CTH CX0J(HM0CTII rrpe,n:JI0}l{eHH0f0 anropHTMa. 

OT111eTHM, qT0 rrpe,UJIOlKeHIILlll. anropHTM rrpaKTUqecKH He Tpe6yeT J(0IIOJIHHTeJib

HLIX 3aTpaT, II0CK0JibKY, KaK rrpaBHJI0, 3a,n:aqy Ha KoHe'III0M 0Tpe3Ke rrpHXOJ(HTCJI 

pernaTb' ~eCK0JibK0 pa3, H, CJieJ(0BaTeJibH0, UMe10mC.!! _HeCK0JibK0 ee perneHHfi na 

pa3JIHqHLIX 0Tpe3KaX. A anropHTM, OCHOBaHHLlit Ha 0IIHCaHII0I\I l\leT0J(e, Il03BOJIJieT, 

HCII0Jib_3YJI 3TH perneHHJI, nocTp0HTb yToqHeHH0e perne1rne, 11p116JIH}l{a10mee HCKOMOe 

perneHHC cymecTBCHII0 T0qnee, qeM KaJK,n:0e H3 IIHX no - _0TJ(CJibH0CTH . 

lIHCJICHIILIC 3KCIIepHMCHTLI, II0CTaBJieHIILIC C neJiblO llp0BepKH ycTaHOBJICIIHblX 

TeopeTHqecKH qiaRT0B, II0Ka3aJIH BLIC0KJIO 3qicpeKTHBH0CTb rrpel(JI0lKeHIIOfO I\ICTOJ(a,. 

Jl:u:TepaTypa 

(1] A.A.A6paMOB. CpaBHemrn perneHuit rrpor0Hoqm,1x ypaB11euuit rrpH rrepeHoce 

rpa111IqHIJX JCJIOBllit II3 6eCKOHeqHOCTII J(JIJI raMIIJI!iT0H0BbIX mmeiiHhlX CIICTeM. 

- }l{BM n M<l>, 1995, 35, N12, 1808 - 1818. 
A.A.A6paMOB. 0 11p1I6JIH}l{eHHhlX perneHIIJIX, 0CH0Bamrnx Ha TeopeMax cpa

BHCHIIJI, cKaJIJIP,HhlX u · MaTp1Iq11IJX ypaBHe1rnit P11KKaT11 ua 6ec1wue,moM IIH

TepBane. - }I{BM II M<l>, 1993, 33, Nl, 35 - 51. 
[2] E.C.Euprep. 06 one1rne rrorpernIIocTn JaMeHM ycJJ0BIIJI orpanutJeHnocTH perne

'nnJI mrneitHoro ,umpqiepeunnaJJbHoro ypaBneHHJI ua 6ec1wHetJHOM mnepBane. 

- }l{BM II M<l>, 1968, 8, N3, 674 - 678. 
[3] E,II.}lfo,l{l{oB, A.I'.CoJIOBbeB. YTOqneirne np116JI1IlKeHHMX pern~m1ll. upaeBoit 3a

,uaq1I na nonynpJIMoit. - IlperrpunT, 1996, .LJ:y6ua, O11fl11, Pll-96-480. 
[4] E.II.Jifo,a1wB, A.I'. CoJIOBbeB. IloBMllieHne T0lJH0CTII npu6m1meuublx perneHnit 

KpaeBOll 3a,n:aq11 na IIOJJJIIPJIM0ii. - 1996, .LJ:y6na, O11Rl1, Pll-96-153. 
[5] .9.HaJ.JUe. CrrpaBOlJHIIK II0 o6LIKIIOBellHhlM J(IIqJqJepeHn1IaJJbllhlM ypaBHCHIIJIM. 

- M.:Hay1m, 1971. 
[6] P.EeJIJIJ,IaH. Teop1rn ycTofiquBoCTll perneunll. .uuqi<j)epeunuaJibHMX ypaBHeHuit. 

- M.:J13,n:aTeJibCTB0°1IHOCTpaHHOll. JJIITepaTypM, 1954. 
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Pll~97-62 . )KHJiKOB E.TI.; COJIOB~eB A:r~ . . . ·. . . . . . 
AnropHTM '-lliCJieHHOro peiiielim, KpaeBOH 3a,na'IH Ha nonynpl!MOH 

• • :- ~ - - '· , • - -:~, • ....; ' • ' - -. ·., ~ ' / ~- ; - • • • j ; ' - --

_- · P~ccMaTp-miae;cJI k.pae~aJI 3a,naqa Ha nonYnpllM'oii .IVI~ o6IJ~lt~BeHHO~ .rmcpcpe- · 
· pem..t~aJlhi-toro ypaaHeHHll B;oporo nopll.z:tl\i. TI pH ttHc_neHHoM pernett_HH TaKoH 3a,na4i'( 
mfrepaan [~o•oo) JaMeID!eJCJI ~Tpe3K0!.1 [xo;R ], ·yc1toBHe B TO~i<<R_ BM~llpayTCJI 

-HCX~}UI-H{~cli~.rnT~THKH: pernemtii Ha 6eCKOHe4H~CT~.·it Kp~eBllJI 3a,naqa pelll~eTCJI -' . 
Ha_STOM KOH~'-IHtiM o~pe3Ke. 8:pe3}'JlbTaTe"rnKOH '3aMeHbl BOJHHKaeT norpeurnoCTb. 
- ·- ITpeWJo~m-i ~MeTO.!l noeli1u.teim.11. rntJ'Hoc-r~ _ ~ptt6JIH)l(eHHbIX. pellleHHH Kpaeeoii _ 

I- ' - - . ,- . ' ~ - . .- '-_, • ' -

-Ja,na'-IH' Ha nonynp.HMOH._ Mefo.z:t· OCHOBaH Ha MHOf'OKparnoM pellleHHH .Ja,aa•m· 
0

Ha KOHe'IHblX o-rpe3Kax: pa3J{OH .IVIHHbl. ITocJie.z:t}'!OlllaJI KOM6HHfillHJI nonyqeHH~IX ~ 
pernimH·H ( «3KCT'pano.1Mi..tH~ Jto .IVIHHe 0Tpe3Ka'») .uaeT )'T04HeHHOe p"erne1me: ._ -

- - - ,:·. .-- _' • ' .: -. -. .. - , . -¥· • ·: . . ·" ._,. • .. 

_" , : f>~6c>T; B:1>~I10i1Hclla.
0

B JI~6gpa;~pHH ;bl~HC;~T~b~Ofi Tl!X~HK~ H aBTOMa;~_JatfoH -
OH.m--t·:~ . . / . ' . -.-_ ' - . -/ 

=-. . ·. : '\ .. ;, ' --
'., Opi:npmfr Om,eJUl,HCHHOro IIHCT~,yra ll,U~pH'bli ~CCJJe)lOllaHlli ,!lygHa, i 997 ·. 
--:. - _·_ ~- .'/- : - _,._ ·, '·"--, . ,,- - -

:--! -

·Tiepe~on :;~:r6pos 
, •• •• --# 

•• - ...:._, I. 

·zhi°dkov E.P., Solovjev'A.G.' . _\ _ - . _ _ Pl 1~97-62 
"', :Algorithm of Numei-ic~JSolving:6f _Bound~. P~obl~m -on_ H~lfline · -

-- '. \' -:-·· .. ---- · ___ -·-;.·,· -: ,\.:- . ' - - ,.,'• .- •. -- - . :-, . - ·,, ·=-

,;•.,....-, 

. . 'Th~ botind:aiy p~obl~m :on the'. haltline-for_ the s;cond order"a~dfoary differ~ntia'L 
equation _is cort~ide_red. - For_. the'. nµmerical solving 

0

0f the' b·ouhdary problem 
_ ~n ~he halfline [x0,;,.,) the, l~t oneJs rnpiaded· by the ~losed ·"interyal-[x0,R). 

- : -. - - ~ .. · - , . _, . •--.' . ,_. . . -~ . ' ' ,. ; , ·- . . . ( 

The_ condition in the point ,R ds,~hoseri by .u~ing the asymptotic. behavior. 
, of. the, solution for x ~-oo: Then one has 'to solve the prn~lem on this closed interval:. 
The/repiac~merii generntes an error.· : ; : -_·_ .- .. -_. ·,.. , . , _ _ 
. ---· Iii this report the method for increasing of.the accuracy of approximate solutions 
of the boundary pr()b'i°em,on-the·halfline-is suggested: It is based on multiply solving, 

· of the· problem on different closed intervals; Then°-the cbmbination of the obtained 
~oiutions'gives th~ solution of higher a~cura~y. -. ·- . ' . . . .. . ' 

·-,:~,·~----~-~\ '·-:~- ,._.· __ ~:-~:_ .. ·~-,;·_· ~ '~~-- . -~?. 
, Th~ in~estigation has been' peifonned. at the 'Lab~ratory pf Coinputing 

,, . I }'echniqu~s- and Aut,9.~-~tiori, !INR. : ,_ · - - , . ' 

.• --;-- --

' Preprint of the Joint In~iiute f 0~ Nu dear Rese~ch._ Dubna, 1997 , .. - .: - ,. • >-. _·:·, :. ·. ' .,- . . . ' . ,:·, - . 
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