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1 BBe,n;eHHe 

BonpocaM IlOC1'POCIlH51 pa:::mOCTlIblX CXCI\I ;1)151 KiJaCBblX 3a,ll,at1 )J.J151 OGWKIIOBClIlIWX 

)J,liq>4>CPCIIlJ,UaJlbUbIX ypaulICIIUn lIocmlll~ClIO UIIYIIIHTCJlbllOC KOJIH'ICC'1'UO paGo'f. OTMC'fHM 

I{JUl.CCH'leCKue MOIIOI'pa(pHIi A.A. Ct\.l\mpcI<OI'o III n r.B. Mn(J'IYI<n 121 «("M. T8.K>Ke p860

Tbl \31 - (61). CpC,Il,H MUOrO'IHCJICUllbIX paGoT, BblnOJlIICllllblX B 0115111, ,LJ.y6Ha, OTMCTHM 

C'l'U'1'bH \7J -110). 
Mc'rO,ll, I{OJIJlOKal~IUl oGocllouan B KJlaCCfPWCIWn pa60Tc KallTOpOBlPIa [111. TIorpcm

1l0eTb UIlUpOl{CHMalJ.l1H MCTO)~a KOJIJIOI{al.l,l1H l~ HCIIOJlb:JOUaIlHCM 1I0JlJWOl\UlaJlbllbiX H Tpli 

rOIlOMCTPH'ICCI<HX Ga..'JHclIhIX <l)YJII{I.I,I1f.\ H~lY'Hl.JI!\eb u pauoTc 1121. I3UH,u.y p51,1l,a npH'IlfII 

npaKTII'IeCKOe npHMeueuHc Tpa)1.HI~nOlllloro MCTo.r~a KOJlJlOKal\HH 3aTpY/l.HUTCJlbHO. O)1.lIa

KO MCTO)~ KOJIJIOIml~HIl C JfcllOJlb30mUIHel\l <l)llllH'I'lIhIX (PYIIKI~IIf.\ II, U 'mC'1'1I0CTH, CIlJmnllOIJ 

1131-1151 NI.CT 1J03MO)l<llOCTh no(;'rpOCIIH}1 UIHPOI<OI'O I{Jlaeca CXCM, PCaJIH3aIJ.HH KOTOPhlX 

IIC CJlml... uee I<JlaCCU'IC<:h:UX pa:~lIoeTllhlx ('X(~I\I, III\WH II '1'0 )I<C II1'CI\UI P~I)J. CYll.I,CCTUCllllhlX 

npeIiMyu~ecTIJ. OCHOIJHOe OTJIH'IHC MeTO)~n CIlJlaitH-I{OJIJIOKalJ.Hu 0'1' 'I'PaJ\HI.I,HOHHhIX pa3

1I0CTIlblX MeTO)J,OU 3aKJIIO'taCTCH U 1J03MO)l<llOCTIl ltaUTli IlPli6JIII>I{CIlIIOC 811aJIH'fH'ICCIWC 

pCUJellue IJ OH)J,C lIeKOTOpOI'O CIIJlaitnu lIit IJCCl\t IIIITCpUaJlC HIITcrpHpooalHlH. 

,LLJIH IIpaKTH~lc<:lnlx npHMcnclllli\ pa:mllllllJllICh IIPCIIMYIl.l,<!C'I'IICtl110 CXCl\lhI MeTO,ll,8 CIIJlanU

KOJIJIOKalJ.llH C fiCnOJlb30BallliCI\I B-CIIJmfllloo (CM., lIanplIMCp, 1161 - 117), \8\, a TaK>Ke 

cluteOK JIHTeIHl'l'ypbI U Klwmx \14\ - \16/). 
B lIacTOfllll.Cn pa.6OTc paCCMUTpnnaCTCfl CX(lMa CnJlnAII-KOJIJlOKal~HlI, H<:nOJlh1Yloll~afl 

l<yuu'leclmc CIIJJanUbl, )~ml Kpaeuwx :3(1)(a'l )VUI 06hlKJlOUCIlllbIX 1.l,IHI)q)cpelll~HaJlbHblx ypalJ

nCIII"" nToporo 1I0pfl)J.Ka. t.IHCJlCIII18H pea.TJH3al~HH CXCMhl npHOO)1.HT K CHCTCMe aJIre6palf'IC

CIHIX ypaollcllllil C 6JlotIll0-,..'1.HnI'0IlaJlbIl0i1 MaTpHlJ.el1• .llJIH PCUJCIIIIH CHC'n~Mbl npc.n..rIO>Kcn 

Me'l'O)J" 0606malolll.HI1 KJlaCCH'leCKHH MeTO)~ IIPOI'OHKII. 

npC)~JlnraeMaH CXCMa IIMCf'J1' (,Jle)I"VI()II~He I1pcIIMyll~(lC'rna: 

• 	 f10JlY'ICIIIIC npIIUJlIt:iKC'lllIoro UlIllJUlTII'ICClwro IWIIIC'IIIUI B 011)\(' CfIJmUUa 1m. D(~e:\1 1111

TepnaJlc IIIl'l'et'PltponamIH; 

• 	 ObICOl<a51 '1'O'III0CTb O(h4) tin paUII01\1('1>1I0" (:CTI<.C e m<lI'OM h )WIH )1.0CTaTO'1II0 rJJa.L~KIIX 
PCUJCllllit; 

• 	 "pOCTOTn pca.rW3au.IIH lin pallllOMep"hlX 11 IwpanliOMcpllhlX CCTl{aX; 

• 	 npOCTOC 060611\CIIIIC 118 :)'l./la'llI C pa3pbIDtlMH npOIl3DO)1.lIbIX. 

CX<~Ma MO>KC'I' 6blTI> UCIIOJlb:mn8na 111111 I){!IIU!III1H lIIupOKoro KJlUCCa IWJlJIIWf:hlhIX :m)J.n'l 

D pa.'lllbIX OOJIUCTftX <l>H3ItKH. D 'IUCTIIOCTU, olla IIpHMClHIJIUCb C YCIWXOM "PH PCUJCIUIJI 

pSI,l1.a :3a..tJ.aQ q>H:JHKU .lVK03eq>COllOUCKHX IwpeXO,l1.0U 1181 1201, 'l'COPIlIt UOJOIlHblX 1211 H 

CMeUJalfllblX 60301l1f0-q>CPMHOllllbIX 30(,:])1. 1221. a TnK)I{fl <p113HKH 'J(~PllhIX JJ.blp C MaCCH8

IIblM .n.nJlaTOIIOM 123, 241. 
npn P(!IIH'1I1111 lIeJIIIIUlAllbiX Kp<l{~llbIX :.JIVU\'1 CXe1vIY MO>KIlO upUMellHTb U paMKRX IICKo

TOPOI'O H'fepal~UOIIIIOl'O, lIanplIMc]> III.I01'OII08CI.;oI'0 1251, "pOl\ecca. XOPOlJlO H30eCTHO, 'ITO 

YCToit'lHUOCTb H CXO)J,IiMOCTb 1'a:JIIOCTIIOI'O PCllJCIIIUI IICJllUlclhlOli 3a)J,a'lIt npHMblM oupa

30M COH3allbi co cllofkTBaMH allllpOKnlMaIUIII nO:JIIIIKalOll.l,('11 JlHlICaplnooallllOn 11\)1,a'lIl. 

npu YCJlOUIIH YCToR'm80CTU pa:mO(;TtlOiI (,X<'Mbl, a T<lK)K{' OObl'IJIblX YCJ10BHit rJla,1KOCTlI 
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K034>q)HT~HCHTOB .IUlHeaplf30BaHHOH 3a,EI,a'IH COOTBeTC'TBYIOIII,MI pa3HOCTHaH CXeMa ,lJ,JIH 

neJIMIlcthIOH 3a,lI,atUI HMeeT B HCKOTOPOH OKpeCTHOCTH H30JIHpOBaUuoro TO'UIoro pemeHHH 

,],Hcl)cpepeUIl,IfaJIbHOH 3a,lJ,a'!H C,lJ,HHCTBeHHOC peITIeIIHC, KOTopoe npn H3l\·feJIb'1eHHH ceTKH 

(,XO)l.I1TCH K IH'npcpbIBIIOMY TO'HIOl\IY pcrncnHIO. 

2 CrrJIaHH-KOJIJIOKaU;110HHa5I cxeMa 

PaCCMOTpmI ,lJ,BYXTO'Ie'1HYIO KpaeBYlO 3a,IJ,a'IY ,B,JI.H JIlfHethlOro ,l.1)' 

a(x)y" + b(x)y' +c(x)y f(x) , x E (O,L), (la) 

C KpaCBhIMH YCJIOBH.HMH 

lq)y(O) + voy'(O) Yo 1\Ly(L) + vLy'(L) YL, (lb) 

f'}I,e a(x), b(x), c(x) if f(x) 3a,lJ,aIIIIhIe ncnpephIBHhH' na IHITCpBaJIe [O,LJ CPYUKIl,HH, a 

nOCTORHHbIC IIq)I + Ivol > 0, I1\LI + IVLI > O. 
,LI,JIH '!HCJIeHHOro PClllCHHH :3a,ll,a'1H (1) HUe)I,e~1 JIa (Yl'pe3KC [O,LJ CCTKY 

H3 N y3JIOB C nCpel\leHHblM B 06lll,eM CJly'me marOM he. ITpH6JIlDKenHOe perneHHe na 3JIe

MeHTe [xe,xe+d OTblCKHBaeTCH B BH,ll,e Ky6II'ICCKOro cnJIafina 

(2) 

f';I.e '1epe3 t (x-xe)/he, I E [0, 1],o603Hat leHa JIOKa.i1bHaH KOOp,lJ,HHaTa, {u; ,m;} 3 Ha'-Ie

mHI CnpaBa H CJIeBa CIIJIaHnaS(x) Ifero npOH3BO,LI,HOH m(x) S'(x) B Y3JIaX e = 2,3, ... ,N
1 ceTKH. B rpaHWlHblX Y3JIaX G. HOMepaMH 1 II N onpe"l,e.leHbl COOTBeTCTBeHHO napbl 

{uT,mT} u {uN,mN}' Ba3HCHble q)YHKIJ,HII q,(t) II ",(t) YJI,OBJleTBOpmOT yC.nOBHHM (TO'I

Kofi cBepxy 0603Ha'ieHO ,LI,ucpcpcpeHIl,UpOBaUue no JIOKaJIbHOH nepeMeHHofi t) 

q,(0) 1, 0/(0) = 1, 

a OCTaJlbHbIe 3Hat IeHUH <PYHKJJ;Hfi If HX npOH3BO,ll,HbIX B y3Jlax 3JICMCHTa paBHhl Hymo. 

5IoHble Oblpa)KCIUIR ,ll,JIR BeJIH'IHH q,(t) lJ ",(t) npuBe,LI,cUbl, nanpuMcp, B KHHrc [14]: 

(3) 

,lJ,.lH CPYHKIl,ufi ~(t) H 0/(/), ytIaCTnYIOuI,HX n (2), BhITIOJIHeHf>I COOTHomeHHR 

~(t) = q,(l-t), ljI(/) -",(1-/). (4) 

BBeJI,eM B paCCMOTpeHHe HeDH:3KY ua 3JIeMelITC e: 

De (x) a(x)S"{x) +b(x)S'(x) + c{x)S{x) f(x). (5) 
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,IJ,J1H OTblCKamUI 2N HeM3BeCTHbIX {ut, mt} onpe.LI,CJIMl\1 2N - 2 TO"IeK KOJIJIOKaIlMH Xej, 
j = 1,2, no <popMYJIaM 

Xej Xe + tjhe . 

3~ecb II = (1 1/13)/2 H 12 (1 + 1/13)/2 Y3Jlbl faycca KPHcTo<p<peJIH Ha HH

TepBaJIe [0,1] (HH)Ke 'fepe3 Uej 6Y,11,eM 0603Ha"IaTb 3Ha"leHHe <PYHKU;HH u(x) B TO'IKe Xej~ 
T.e. Uej u(xej). BBc~eM 2-neKTopbl ao = (l\o,Vo), aN (I\L,vd, Vi (Uj,mi)T H Re 
(/el,/e2f, a TaK)Ke 2 x 2-MaTpHlI,bl Ae = (Ae,jk) H Be (Be,jk), k = 1,2, e :'meMeHTaMH 

(6a) 

(6b) 

(6c) 

(6d) 

r~e C yqeTOM CBOitCTB CHMMeTpHH (4) 

0/1 = -lJI2 , ljil 1jt2 , Iftl - 'it2 , 0/2 -lJIl , lji2 1jtl , 1ft2 - 'itl . 

3Ha"leHHH 6a3UCHbIX <PYHKlI,Uit tP (lj) H lJI{/j) H HX IlP0I13BO,11,HbIX B TO"IKax KOJIJIOKaU;HH 

npHBe,11,eHbl B Ta6JIHu;e. 

tPl 
<PI 
~I 

0.8849002 
-1 

-3.4641016 

tP2 
¢2 
~ 

0.1150998 
-1 

3.4641016 

lJII 
1jt1 
'itl 

0.1314458 
0.2886751 
-2.7320508 

lJI2 
1jt2 
'it2 

0.0352208 
-0.2886751 
0.7320508 

,IJ,aJIee nOTpe6yeM, 'fT06bI B TOqKax KOJIJIOKalI,HHXej neBH3Ka, onpe,11,eJIHeMaH <POPMYJIOtl 

(5), 06paIll,aJIaCb B HOJIb, T.e. Oe(xej) = O. 9TO npHBOlJ.HT K lJ.BYM ypaBI-IeHUHM, COOTBeT

CTByIOI.u;HM lJ.ByM TO'fKaM KOJIJIOKalI,HH j 1,2 Ha IlllTCpnaJIe [Xe ,Xe+1]: 

(7) 

Ha OTpe3Ke [O,L] ypaBHeHHH BH)~a (7) POlHIO 2(N - 1) 11 OHn COlJ.Cp)KaT 4N mm:meCT

HbIX. TIoTpe6yeM ,11,OnOJIHlfTeJIbHO, "(,f06bl B KatKlJ.OM Y3JIC cn.T1aHuS(x) Hero npOH3BO,11,HaH 

6bIJIH HenpepbIBHbIMH. 9TO 03Ha"IaeT, 'fTO 

U; =u: =ue , m; m:, e=2, ... ,N - 1. 

ITpH 3THX npe~nOJIO.IKeHHHX yCJiOBHH KOJIJIOKaIUfH CBO~51TC5I K 2N - 2 .1IHHeitHbIM aJIre6pa

H'IeCKHM ypaBHE.~Hlf5lM ,1I,JI5I 2N HeH3BeC'1'lIbIX {Uj,mi}. CHcTeMa 3aMblKaC'TCH ,11,06aBJICHHCM 

lJ.Byx rpaHH'fHbIX YCJIOBHit (1b) B TOLJKaX KOJIJIOKaI~Hn X = 0 Ii X = L. 
BBe~eM 2N-BeKTop lIeH3BeCTHbIX V {V;}T, a TaK:,KC 2N-BCKTOP npaBblX 'IaCTeit 

R = {'}t,/ej) nV, r,11,e HH,11,CKC e 1,2, ... ,N- 1. B HTore PCaJIH3£l.U;H5I CflJIatl.H-pa3IIOCTlloti. 
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CXE'Mbl 3KBHBaJICIITHa C.Il('i~~'IOIJ~en ,..'lnyxTo'wqnoil CUCTCM(' BE'KTOPHbIX JIHHeitHhlX a.'lre6

paH'IeCKliX ypaBlIclIuti 

WU R. 

7\'laTpHl~a W ClfCTe:\lbI Ul\!eeT 6JroL(lfO-/~l1al'mra':IhH.V10 CTPYKT,VPY IlUJ, npMqeM Ka)K)J.oit 

BU,YTpeHHetl TO'II<C KOJIJIOKal~lIIi COOTBCTCTB,VCT 6,;101\ IHUl\lepa 2 x 4 

11."0 Vo 0 0 0 0 
AI,II A I ,I2 B),II BI,)2 0 0 
A 1,21 A),22 BI.2I BI,22 0 0 
0 0 A2,11 A2,12 B2.11 B2.12 
0 0 A2,21 A2,22 B2,21 B2.22 

W= 
Ae,)1 A e.12 B e. 11 B e.12 

A e,21 Ae.22 B e,21 B e,22 

AN-1.11 AN-I,12 BN-I.I! BN-LI2 


AN--1.21 AN-1.22 BN-I,21 BN-l,22 

0 /(L VL 

B 60JIeC 110,lJ,p0611oit <pOPMl' eHCT<.'l\1a ClJIl'c6paIPIe('KUX ,vpallIlCIUIH 3'U1UChlBaeTC}1 c.o1e,.1,."I0

U1,lIl\l 06pa301\1: 

aoUI = lU, 

AeUe +BeUe+) = Re , e = 1,2, ... N - 1, (8) 

aN UN n. 


B KJlaCCH'lcCKoit Klmrc 141 CHCTC;\lbl BI1,'l,H (8) PCUl1:UOTC}1 cne,rl,0I1IICM K TPCXTO'ICqUblM 

UCKTopnbIM ypaBuemUIM C nOCJICJJ"vIOmUl\l IIPU1\IPIH'I1Il('M CT<lII)J.apTllOI'O l\le'l'O,lJ,a l\·taTPULI

Hoit npOfOlIKM. 3)J,CCb 1\·11>1 ncnOJll>:3YCM I1po(,Tofi 'JlIC.!((,HlIhlil HJlrOpUT1\I, .V'IIlTbmaIOII~Hn 

OC06e1IHOCTH mmeHHoit CHCTCl\Ibl (8). BY!lE'l\I HCI,(tTb peUlcmfE' B BUf(C 

(9) 

r;J,t' Xl' UCKOMbIC 2-DCKTOphl. a O"t' - HCl\Ol\IblC 2 x 2-~mTI)JII~bl. ;J,a..nce npC..'l.no.1l0)KJI:\I, 'ITO 

Bee MaTpMl~hI At' HeBblpO)K)J,efIbI, T.e. detAe =F O. nO;~l·TaB.ru1H IlO BTOpYIO rpylloy ~'paBlH'IHli1 

(8), npHxo)J,Hl\1 1\ nOCJICJJ,OBaTeJlhIlOCTn ypalllIClIJIii 

(10) 

nY(~TbPCrnemlCCHCTeMbl (10) I1aii,rI,CJlo. 'uJUI K(n({;~Oroe= 1,2, ... ,N-l llDCll,CM tIHC..na 

Yl' H 2-DeKTopbl ae Bpn I10l\1OUJ.U UbIPU)Kl'IlUI1 

at' = ae-10"e, Yt, = Yt'-I (ae-I ,Xe). (11) 

TOI',lJ,a I~HI 2-BeKTopa UN IIOJlyqael\·1 eHCT(~My JI3 ;U~.vx Clm.lIHI)J-JhIX ypaBlJ('I-U1H: 

(12) 

KOTopaSl OpH IYN-II + Inl =F 0 UMeCT C,l\IIIICTt!eIlIIO(, PCIIl('IlHC. 

TaKlIM 06pa30M, I~JlSl pcrneHIlSl CUCTCMbl (8) Mo)lWT 6"ITh IIIHll\WlICII CJTelt.YIOIIUfti a:l
ropHTM: 
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1. no cpopMYJIaM (10) BbIqHCJI5IeM BeKToPblXe Ii io.IaTpHII,bI (fe, e= 1,2, ... ,N 1; 

2. no peKyppeHTHbIM CPOpMyJIai\I (11) BblqH(,~1He;v1 <IHC.;JO YN-I Ii Bel{TOp aN-I; 

3. Pemael\1 clicTeMY (12) OTllOCHTe:lbUO lll~KTopa UN; 

4. no cpopMyJIaM (9) HaXO~HM BCKTOpbJ UN-h UN-2, .. ·,U\. 

YCJlOBH5I (1) (3) onpe,n.eJI5IIOT np5IMoii XO,n pcmcnn5I, a nyHKT (4) 06paTIIblH XO,Il,. 

5iCHO, qTO npe,Il,JIO:tKeHHbIH MCTO,l.l, pemeHltH 5IBJIHCTC5I 06061HCIUH:'M MCTO)~a nporollKH [1, 
4, 14] Ha CHCTeMbI BH,n.a (8). 

JIerKo npoBepuTb, 'ITO 'IHC.n:o apHcpi\I('TWIE'CKltX oncpallHil: ,:~JI5I PCIIIPIBHI CIICTeMbl (8) 
B COOTBeTCTBHH C paccMo1'peHHblM arIl'opl1TMOM COCTaBjUieT 35N - 24. 

PaccMoTpHM Tenepb C'"JIyqaH, KOf'/~a B HCKOTOPOH la)~mIHOfi TO'IKex =Xd pcmCHHC y(x) 
3a,Il,aqH (1) 5IBJI5IeTC5I HenpepbIBHOlt cpYHKII,HeH 

Y(Xd 0) = Y(Xd +0), 

HO npoH3Bo,n.Ha5I y'(x) TepnHT pa3PblB nepBoro po)~a no q)OpMYJIaM 

y'(Xd +0) = Jd y' (Xd - 0) - rd, (13) 

f',Il,e Jd U rd - HeKoTopble 3a,naHHble nOCT05IHHbIe. BbI6cpCM cen~y ON 1'aK, '11'06bl TOLIKa 

Xd 5IBJI5IJIaCb Y3JIOM, II nYCTb 1 < k < N eCTb HOMep :nof'O Y3JIa. TOf',Il,a yqeT pa3pbIBa 

npoH3Bo,n.HOH CBO,Il,HTC5I K nepenpHcBocIIlHO ")JICMCIITal\l Ak,j2 H npaBbIM qaCT5IM Rkj 6JIOI{a 

C HOMepoM k 3HR"leIlHH 

OTMeTHM, "lITO npH 3TOM CTpyKTypa \faTpnHbl W JIHHCitHOH CHCTeMbI coxpaUHeTCH 

HeH3MeHHoJt 

0606llJ,eHHe npe,Il,JIO:tKeHHOfi CnJIafiH-KOJIJIOKal~HOHHOfi cxeMbl Ha CJly"lIaH CHCTeMbl )~Hcp

cpepeHII,HaJIbHbIX ypaBHeHHit He BbI3bIBaCT 3aTpY,IJ,HCIIHfi. nYCTb B (1) y(x) eCTb BeKTOp

HaH CPYHKII,HH pa3MCpa M H, COOTBeTCTBeHHO, K03cpqmUHcIlTbI a(x), b(x) H c(x) HBJI5IIOTCH 

M x M-MaTpHII,aMH, J(x) CCTb M-BeKTop. npe,Il,TIOJIOiIHIM, "iTO mt JJeBOM KOHl~e npH x 0 
3a,Il,aHO Mo rpaHHqHblX Y~10BHH, a Ha npaBOl'vI KOHII,e npH x L qHCJIO f'paHHqHbIX yCJIO

BHit paBHO ML, npHqeM Mo +ML = 2M. Tor,ll.a pa3l\·tep fIOCT05UIHblX MaTpHLJ, K'o, Vo paBCH 

Mo x M, pa'3Mep MaTpHII, K'L H VL eeTh ML x M, a palMep B€KTOPOB }U H YL eCTh COO'fBeT

CTBeHHO Mo H ML. 
npH6JIH:tKeHHOe pemeHHe TaKOH KpaeBoH 3a/~a'lH CHOBa HIueTCH B BH,n.e CnJIaHHa (2) 

no Ka)K,Il,ofi nepeMeHHoit, "lITO npHBOlUfT K )~B'yXTO'IelIIlOU CHCTCMC BeKTopUbIX a.nre6paHQe

CKHX ypaBHeHHH, aH8JIOl'H'IHoit (8). fIPH 3TOMUi = (uj,mil, i 1,2, ... ,~ecTb 2M-BeKTop 

HCH3BeeTHblX B Y3JIe i, ClJICMeUTbI Ae,kj H Be,kj HB,ilHJOTCH M x M-MaTpI1I~aMH. 

,ll,JUI pemeHH5I aJIf'e6paH"lIecKoit CHCTeMbI MO:lKeT 6bITb npHMCHeH aJIf'OPIITM, CCTeeTBCH

HbIM 06pa30M 0606llJ,a1OIUHfi H3JIO:lKeHHbIfi HbIlue allropHTM. Ka:lK,Il,OMY nO,l.l,bIHTepBaJIy ceT

KH OTBC"lJaeT 6JIOK palMepa 2M x 4M B MaTpHII,C W a.lJf'e6paH'lecI<Ou 3a,n.aqn. 3a C"lIeT 

KpaCBbIX YCJlOBHit qHCJlO ypaBucHHfi (CTpOK) B IICPBOM H nOeJIC)l,UeM 6JIOKaX paBHO eOOT

BCTCTBeHHO 2M + Mo H 2M + ML. Tor,n.a pa3Mep BeKTopOB Xe H MaTpHII, (Ie paBeH COOT

BeTCTBeHHO 2M H 2M x 2M, BCKTopa YN-) H Ma.TPHI~bI aN-J Mo If Mo x 2M. TaKIfM 

06Pa30M, CHCTeMa (12) COCTOHT H3 2M ypaBIIeIIHit ,Il,JlH 2M-BClCTopa UN. 
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YHCJIeHHbIH TeCT 

B Kal.IE'CTBe TeCTOBoro rrpUMcpa paCCl\lOTpHl\I JIIIHeiiHYIO KpaeBylO 3a)l,a'-IY )l,JlH JIHHeH

HOI'O ypO,BHeHHH (CM. [141, CTp. 307): 

Y" 100sgn(x) +et (14) 

IIo' HlI'repBaJIC x E (-I, I) C pa3pblBHoil rrpo'BoH '-IaCTbIO 11 rpaHlPlHbIMH YCJIOBHHMH 

y( -I) 0 , y( 1) = 0 . (15) 

B :-1TOil1 CJly'-Iae IiMeeTCH TO'lHoe aHaJIWI'IP-IeCKOe pellIeHHe [14] 

99 x 2 (I +x) e x-I
Y*(X) + 50x sgn(x) + ~ - --2- + . (16) 

).lJIH 'UICJ1eHHOrO IICCJ1e)l,OBaHHH TO'IHOCTU '3a;.lO,Lla (14), (15) pellIMacb Ha rrOCJ1e)l,OBa

TeJlbHOCTH pO,BHoMepHblx ceTOK C N = 17, 33 H 61') Y::VIaMll. llpu 3TOM Ha ca:Mofi rpy60H 

ceTKe C lllarOM h 1116 a6coJ11OTHaH oIIIH6Ka Bbr'-IHCJleHHOro pemeHHH B TO'-IKe X 

OKa3aJ1aCb Oabs(O) == IY*(O) S(O)I < 9.210-8, a OTHOCHTeJIbHaH 01lIH6Ka Orel 2/y*(0) 
S(O)I//y*(O)1 < 2.210-6 . 

B Ta6JIHII,e rrpHBe)l,eHbI 3Ha'-IeHHH 'IHCJICHHOrO pemeuHHumid S(O) Hero rrpOH3BO)l,HOfi 

mmid S'(O) B TOl.IKC X = 0 

N Umid 

17 -0.043080726814197 -49.67520144921120 
33 -0.043080640568738 -49.67520120962573 
64 -0.043080635174884 -49.67520119464273 

110 3TliM )l,aHHbIM BhILIHCJIeHHhIe nOKa3aTe.YIH PYHre 

mh/2
rm=----

mh/2 mh/4 

COOTBeTCTBeHHO paBHhI ru ~ 15.99 H rm ~ 15.97. 8TO 03HaLlaeT, '-ITO paCCMaTpllBaeMaH 

CnJIaHH-KOJIJIOKaU,HOHHaH CXCMa HMCCT rrOpH)l,OK TO'IIIOCTH O(h4) no, paBHOMepHOH Cl'T

Ke. TaKHM 06pa30M, CIIJIaHH (2) C K03CPclmll,HcHTo':VlU, Bbl'IHCJleHHhIl\iH no cpopMYJIO,M (8), 
O'-IeHh xopomo npH6JIH)KaeT He TOJIbKO ca1\-IO pemeHHe Kpo'eBOH 3a)l,a'-IH (1), HO H npOll3

BO)l.HyIO 3Toro pemellHH. 

B Ko''-IeCTBe BToporo npHMepa paCCMOTpHM no, HHTcpBaJlex E (0,2) )l,HcpcpepeIHI,HaJlb

Hoe ypaBHeHlle, onpe)l,eJIHe!VlOe Bblpa)Kem-fHMH 

xE(O,I), (17a) 

xE(I,2), (17b) 

C KpaeBbIMH YCJ10BHHMH 

y(O) = 0, y(2) = O. (17e) 

7 
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l1I.IJ;eM rJIa,ll,KOe Ha (0, I)U(I,2) pemCHlIe rpaHH'IHoti 3<l)J,a'lH (17). I\oTOpOe j',lI,OBJIeTBO}meT 

YCJIOBHIO 

y'(l-e) = lOy'(1 +e) npH e ~ O. 

0,00 

// 
'""' -0,05 

//-.!:t
;:... 

§ -0,10
'-; 

\
\ (/ 

// 

~ -0,15 \ / 
-0,20 ",--/ 

I I I 

0,0 0,5 1,0 1,5 2,0 0,0 0,5 1,0 1,5 2,0 
Distance x Distance x 

PHC. 1: QHC.JIeHHOe pemcHHe 3a,IJ,a'IH (17) PHC. 2: npOH3BO,ll,HaSl pemeHHSI 

TO'IHOC pemcfme y*(x) BhInHCbIBaCTCH B HUlIOM ml/J,e (:matleIUIH napaMeTpou: a 
16/21, CI = -200/231, C2 = -208/1155): 

X (CI +a-Vx1) , x E [0,1]' 
y*{x) = [

{ (2-x) C2+a\l(2-x)3/1O] , xE [1,2]. 

3a,IJ,aqa (17) pCmaJIaCb tIHCJIellHO C I1CnOJlh30BaHHeM npe,IJ,JIaraeMOH CXeMh1. npH 31'01\1 

Ha paBHOMcpHOH CCTKC e 21 Y3JIaMH (mar 0.1) OTHOCHTeJIbHa5I TO'IHOCTb 'IlICJIeHHOrO pe

melIHH (CM. pHC. 1 H PYlC. 2) B TUqKC X 1 pa3pbIBa npOH3BO,IJ,HOH COCTaBJIHeT Orei :::::::: 

9.05 x 10-5, "ITO rapaHTHpycT 3 BCPUbIX 3naKa nOCJIe lJ,CCSlTH'IlIOfi 3anSlTofi. 
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D05l)lJKHeB T. II. PI 1-2002-101 
CrmaHH-KOJIJIOKaUHOHHruI cxeMa nOBblllleHHOfO nOp5l)lKa TOqHOCTH 

B HaCT05lIUeH pa60Te npeMOJKeHa cxeMa crmaHH-KOJIJlOKaUHH MSI peIlleHH5I 
KpaeBblx 3a)laq MSI 06blKHoBeHHbix )lHCP<PepeHUHaJIbHbIX ypaBHeHlfH. llnSi )lOCTa
TOtJHO fJIa)lKHX peIlleHHH TOtJHOCTb cxeMbl O(h4) Ha paBHoMepHoH ceTKe c IllaroM 
h. PeaJIH3aU;HSI cxeMbI CBO)lHTCSI K CHCTeMe aJIre6paHtJecKHx ypaBHeHHH C 6JIotJ
HO-llHaroHaJIbHOH MaTpHueH, MSI peIlleHH5I KOTOPOH npHMeHSleTcSI MeTO)l, 0606
IUalOIUHH KJIaCCHtJeCKHH MeTOll npofoHKH. CxeMa OTJIHtJaeTCSI npocToTOH peaJIH3a
U;HH Ha paBHOMepHblX H HepaBHOMepHblX ceTKax H JIefKO 0606IUaeTcSI Ha 3a)latJH 
C pa3pblBHblMH K03cpcpHUHeHTaMH 6e3 HapyweHHSI CTPYKTypbl aJIre6paHtJecKoH CH
CTeMbI. npH 3TOM TOtJHOCTb 0 (h 4) coxpaHSleTCSI Ha HHTepBaJIaX fJIa)lKOCTH peIlle
HHM. 

CxeMa MO)KeT 6b1Tb MCnOJIb30BaHa npH peIlleHHH IIIHPOKOf 0 KJIaCca 3a)latJ 
B pa3HbiX 06JIaCTSIX cpH3HKH. B qaCTHOCTH, OHa C ycnexoM npHMeH51JIaCb npH pe
IlleHHH pSilla 3a)latJ cpH3HKH )l)K03ecpCOHOBCKHX nepeXO)lOB, TeopHH 6030HHblX 
H 6030HHo-cpepMHOHHbIX 3Be3)l, a TaKJKe CPH3HKH tJepHblX )lblp C MaCCHBHblM )lHJIa
TOHOM. 

Pa60Ta BblllOJIHeHa B IIa60paTopHH HHcpopMaU;HOHHblX TeXHOJIOfHH OH5II1. 

Coo6weHHe 06l>eIlHHeHHOro HHcTH-ryra lIllePHblX HCCJleIl0BaHHH. ny6Ha, 2002 

ilepeBOll aBTopa 

Boyadjiev T. L. PI 1-2002-101 
Spline-Collocation Scheme of Higher Order of Accuracy 

A spline-collocation scheme of higher order of accuracy for solving boundary 
value problems for ordinary differential equations is proposed. For smooth enough 
solutions the precision of the scheme is 0 (h 4) on the uniform grid. The imple
mentation of the scheme leads to a block-diagonal algebraic system. solved 
by means of the appropriate sweep method. The scheme can be easily generalized 
on discontinuous problems without violation of the structure of the algebraic sys
tem. 

The scheme can be used for solving various physical problems. 

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2002 




