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BBe,D,elfi'Ie 

PS3P8COTK8 B~4HCnHTenbH~X cxew B~COKoro nOpR,D,K8 T04HOCTH B p8W

K8X paa nHqH~ nO,D,XO,D,O B H MeTO,D,OB - BaaH8R 3a,D,aqa 4HcneHH~X MeTO,D,OB. 

Cpe,D,H HaHOonee HHTeHCHBHO HCCne,D,ye~x - cxeM~ WeTO,D,8 KOHe4H~X aneMeH

TOB (YKS), weTO,D,8 KOHe qH~X pa3HOCTe~ H MeTO,D,a cnn8~HOB (CM.,Hsnp./1
-12/). llPH aTOW nOB~W6 HHe T04HOCTH paC4eTOB ,D,OCTMraeTCR He 3S CqeT 

nOCne,D,OBaTenbHoro H3wenb4eHHR ceTKH, a 38 C4eT nOB~eHMR npH ~KCHPO

BSHHO~ ceTKe CTeneHH COOTBeTcTBy~~HX annpOKcHMHpy~~HX nonHHOMOB H 6s

3HCH~X WYHKUH~. nnR npaKTHqeCKHX npHno~eHH~ Ba&HO 3HaTb onTHwanbHoe 

COOTHoweHHe wez,D,Y 4Hcnow H rna,D,KOCTb~ BnnpoKcHwHpy~~Hx WYHKUH~. OHO 

,D,On~HO oOeCneqHTb USKCHMsnbHO B03MoaHY ~ T04HOCTb npH wMHHMsnbH~X B~

4HcnHTenbH~X 3STpST8X. STO COOTHoweHHe 3SBMCHT OT CTeneHH rnS,D,KOCTM 

H OT cnocoOs 3a,D,BHHR KoaW4!HUHeHTOB ypSBH6HHR (B BH,D,e 4!0pMyn HnH T80

nHU). ll03TONY HS np8KTHKe npH Hcnonb30BSHHH snnpOKCHWSUH~ B~COKoro 

nOpR,D,KS HeOOXO,D,HWO yqMT~BSTb orpSHM4eHHR. HansrseM~e HS K034!4!HUHeHT~ 

ypSBHeHHR Hero peweHHR. 

Uenb ,D,SHHO~ pSOOT~ - qHCneHHoe HCCne,D,OB8HHe T04HOCTM MRS npH HC

nonb30B8HHM aneweHTOB B~COKHX CTeneHe~, YCT8HOBneHHe H8 OCHOB8 WHpO

KO~ CHCTew~ TeCTOB oOn8CTH npHweHHMOCTH nOCTpoeHHHX cxew YKS B 3a,D,a

48X KBaHToBo~ wexaHHKH, a T8KEe C03,D,8HHe cooTBeTcTBy~~ero n8KeT8 npo
rpaww . 

HeOOXO,D,HMOCTb B p83p860TKe cxeu, oOeCneqMBS~~HX BHCOKy~ T04HOCTb 

BblqHCneJud~ 1i8 ,D,OCT8TOqIi0 pe,D,KHx ceTK8x, B03HMK8eT, jj 4acTHocTM, B 

CBR3H C B03POCWHUH Tpe60B8HHRUM K T04HOCTH p8c4eToB x8p8KTepHcTHK ue

30uoneKyn H weaouoneKynRpHHx KounneKcoB. KOTop~e npOBO,D,RTCR ,D,nR Teo
peTHqeCKOrO HCCne,D,OB8HMR npoueccoB WDOHHoro K8T8nH3S/13 ,14/. Cne,D,yeT 

oTueTHTb. 4TO nocTpoeHHHe B paCoTe cxeMH MKS BbiCOKoro nOpR,D,K8 n03BO
nRDT OXB8THTb ,D,OC 'r8T04HO WHpOKH~ Kn8CC cneKTp8nbHHx 38,D,8q STOWHO~ It 

uoneKynRpHo~ 4!H3HKH, 8 TSKa e pR,D,S ,D,pyrHx p83,D,enOB KBSHTOBO~ weXSHHKH. 

I. ilOCTSHOBKS 38,D,aQH 

llYCTb 3S,D,SRO ypsBHeHHe BH,D,8 

-(P(X)ff'(X))'+ rt(X)jf(X)=>"'l.(x)J(X), x€[a,tfJ, (I) 

r,D,e p ( X)~ 0 H Z,{X) ~ 0 . PSCCMOTPHW Cne,D,YllllUfe ,D,BS cnY4sfI: 

r. P(X» O. 
3S,D,S4a WTypwa- RHYBHnnR ,D,nR ypSBH6HHR (I) onpe,D,enReTCR cne,D,YIl~MH 

rpSHHQRHKH yc nOBH.IUIi! : 
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(2)J}.. jfra ) + f J.. /f ret) =0 , 
rlR ;;'(1) +f",! (J) = 0 , (3 ) 

J! +JJ.." '7 0 , "J; +f: > 0. 
2. p (Xo):'= 0 J Xo = a,.I. 
rpBHW'lH1i8 YClIomHI , 06e(~ne'lHr:aIlDIH6 Orp SH J41l6HIIOC'!'& COOCTB6HHOI 

WYI!.Kl(HH, BblBOAli'rCII 113 I!CCn e,llOBBlilUi nOB6A 8H1UI iJ!YHKJUm ry(X) B OKpeCT

BOCTH rpBHgq~X TO'leK/I5/ . PaSnM~8IlT C~6AYIl~e ~8 c nyqsa: 

B) If 0(,,) 1< 00 • B ST Oll c n Y'lBe rpBHH'lBOe .,YOnOBile npH X =X" 
beeT BH,Il Lim P(X)/f '(X)=O . 

X .... X" ' (4 ) 

0) 11- (X )/ =00 . rpBHJI'lBOe YCllOBHe 3aAa8~CH :B BlI.1Ie o 

! (Xo ) =0 . (5) 

EOlIlI PeX)= 0 TOlll>KO HB O,llIlOK KOllUe HIlTe pBs ne [et, i] , TO liB 

~pyroM KOHQe CT SBIITCII r p BHW'lHUe ycnoBRH (2) HnH (3). 
BspKaUHoHH blM iJ!YHKUHOH811 P~eR-PHTUa S8A8'll! illTYPIlB-~lIYBHnAll AnH 

ypSBH6HWlI (I) 0 COOTB6TCTBYIHllHlIH rpBH1!'l1l1:J1lH ycnoB1H!IlH lIlleeT l!Il!,ll: 
J

R(1) ={~R! '-r~) +J.-L. # t(a)+ f(p~'t+1'!~/X:}' 6 
' f ;-J. ( ) . { Sz11 dx , 

rAe 

0, 

et 

JR =0 , [0, ~=O , 

cL.R = { P(/ ) i ", II/!. I c4!0, cJ,~= p(a)fl./,L ,~~0 

ECJlI! P(a) :;; 0 (p (I) =0) I TO atL. := 0 (of- R. ::: 0) . 
TaKI!M 0 6 paaoll , nOCTaBneHbI Bce rpaHHq~e SB,Ila'lH .1IAR ypaBH6Hl1l1 (I) 

II BblBeA6HbI cooTBeTcTBYIl~e BBPllBQHoHHue iJ!YHKQlIOHBnbI. 

2. We ToA qllCneHHoro peweHIIH 

BI:l 'lIlCnHTem.Bble CX61lbi BUBOAHTCR H3 BBPHBUI!OHKOrO iJ!YBKI.\1I0Hana (6) 
H8 OCHOBe 1l6TO,lla KOH6 QHblX sneMeHTOB. llYCTb KOS~UHeH~bI ypBBHeHIIH (I) 
p(x') , Cf. (x) , 'Z (X) TaKB6, 'lTO 06eCneQllBBilT He06xo,llRMYIl I'llBAKOCTb pe

1II6 HIll'I JI (x) . TorAB HAle6T CIlHcn pa3pBc50~lKa exeM BUC OKoro nOplI,IlKa 

TO~HOCTM. B ABHHO.0 pB60T6 IlU Hcnon~3yeM Hs onepBIleT pH'leCK1I6 narpBHae-

BU SneM6H'l'H {CP/(~)}::;:o CT6neHH /( , Kz 1,2,3,4,5, KOTopble 

OnpeA61lRIl'l'CII cn6AYIl~M 06pB3 0M. HB HHTepBsne [ -I ,IJ BB.1IBHH TOQKH 
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t( / == - i + 9., ilK, l: 0,1., •.•, K. ~YHKl1l1H If..; }( (1) onp6;IJ.elJRIOTCR 113 yClJO-
BHa }( r. K) ( " 

If,; ,1i- =Oij, '-'J= O,f , ... ,K. 
llOKpoeAl HHTepBBlJ .c :.[a, ~J ClICTeMoll nO.llHHTepBBJlOB Aj =[Xj-~' ~'J I 
L:::. =t) .1j . KOHe'lH03lJeAl6HTHBR ceTKa cu K COCT OHT 113 TOqeKx() .r-=J. H TO'leK , -••} Xn. 

K. X' -X (; .' n"') .><;, i. = X,i-t. + ,; t 1- ( \1+ li. , P 1. , 2, ... , K-:t.. ;<f=J, ...,n. 
B KBlI;IJ.O.0 TOQK8 C8TKlI onp8;IJ.enH.I! iJ!YHK4 IUl XJ,i 

4>/ (X) :::. { IfJ ,~ {1~' x=x.;'-1. + ~ (-1 ~ 7), }7I~ 1. ~ • 0, x€..6j- , 

i: 
1 
,t, ... }K_i., ~= (j-.f)K+i, hi == Xi-~'-.£ ' 

B TOtlK8K X""",X n COOTBeTCTBYJOllUfe tPYHKl1l1H HAlelOT BI!,ll 

~,"j((?), x=xi-~+¥(d~?)] 11/~i, 
4':(X) =~ 'f;~i,O (7), X= Xj + "1" (1.+ 1), /1/4 i , 

'" o} x E ~. Ut1j+1. ..e= V '-L)/l( 
~YHKQHH {4>/(x) ]::0 , ,1/= n. K+J.. 

I . 
I OOp B3YIlT c5a3HC B npOCTpBHCT

Be nonllH,VIOB CTeneHM K. • llpe,llCT8BHAI p e weHH8/j (X) B BHlI.e 

(fu(X)=L.. lit 4>/ (X) 11 nOlI.CTBBHJI 3TO PB3 lJOlKeHHe B BBPL=O(f' l1110HHblll 
flB 

tPYHK4HOH8n (6). ~3 ycnOBHR JlHHHMYIl8 ' 3 Toro ~YHKUHoH8nB nonY'laeM, 'lTO 

B6KTOP y'l'::: ()to ,j1.,... ,jfN') RBlJReTC R CO c5c TBe HHblM BeKTOpOJ.l oc50c511l8H
HOg anrec5pBH'leCKoll np oc5neM bI Ha C06cTBeHHble 3H8 'leHHR 

AKy =).. BKy . 
(7) 

llPH 3 TOW Bl:Jn 01lHRIO TCR ClJe .llYIO~e 04eHKH/1, CTp. 26 7,27I~ 

o~ An
h 

- ~n ~ C (>'n) h 
2K 

I 

II hI"" /1<+1.!f1'l-Y-nIO~C(AI'l)n , (8) 

I'lI.8 h. - IlBKCHIl8nbHblll IDBI' KOHe'lH0 3 nBlleHTHOll ceTKH, B _ HOllep COOT-n 
BeTCTBYlllllero p eweHlIR. KMBTPHLUoI A I< H B I< ClIlAI.teTp l'l qHI:l I'J l'IJ1e lOT neH-

TOqHYIl CTPYKTYPY, 8 - nonO~HTenbHO onpS.Ile n eHB. llP8;IJ. CTaBlIW HK B BI'J

,lle K n K. K n I< 

A == Z (J.; B =? -!J' .
;'-1 Q <I -1I( , I< 

M8TPH4 U a J if -t>i ( lJ OKan bHble AlBTPI14!J Ha SlJeMSHTe 4j ) HM e lOT OT
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nMq~B O! HYnR ane WeHTN, COOTBBTCTBYD~B 683KCHWW ~YHKUKHW ~nH ~aHHO
ro KOllet{HOrO SneMBHT8 ,,1J . 3!H l18'l'pH'IHNe 3nelleHTbI BW'IHCnRIlTCH no 

~OPIlYJl8M i 

f.!C\ -S f 4 ( "V( K)~ /C I<J h-ri\aJ /pty -_! POOv ~'PJ ~., +ty<xJ ~" ~,f' or- 1, (9) 

~K)Pf 
'd 

=1L 

rt()()~,: ~.~ -¥ /~, (10) 

X -= Xj -1. + ¥ (i.. + 7) , f I " =- 0, $. , __., K.. : 
MHTe rp8n~ (8) K (9) B~'IKCn H IlTCH npK n DMO~ KBa~pe TypHNx ~opMyn r ayc
C8 C K+ 1. ya na Wl . 

nnH pe wB HKH 3aA8q~ (7) ue neco06p88HO Hcnon~30B8Tb MeTo~, KOTOpW~ 

U03BonRn 6w oAHoBpeMB HHo BN~cnffTb HeCK OH&KO nBpBwoc c06CTBeHHNX 8H8
'Ie~ H B8KTOP OB 3 8~a~ (7) H a~BKTKBHO yqMT~Ban 6u neHTo'lHYD CTPYK
TyPy M CHWlB TPHqHOCTb M8TpHU A K B. B H8CTORlJle~ pa60Te AJlR 3TO~ qB JW 
Hcnonb30B8H MO~K~UHpOB8HHW~ B8pH8 HT K3BecTHo~ nporf8MMH SSPACE / 17/ , 
B KOTOpO~ pe8JlK30B8H lIeTO~ HTBP8UM~ nOAnpocTP8HCTB/ ,17/. 

3. OnKC8HMe npo,rp81111 

P8CCMOTpeHH He Bwwe cxeWN YKS K 8JlrO pHTli peanH30BaHH B BKAe ABYX 
KOMnneKCOB nporpa ww FESSLLF H FESSL1T • n epBH~ HS HHX npe~Ha3H8'1eH 
AM pelll BHHR 88A8qlt UlTYPIl8-J!KYBKnnR (I )-(3) C K03\llIPHUMeHT8MH ypaBHeHHR 
P (X), ~(x )H ? (x) , 3aA8HHHWH B BH;!IB \llo pMyn, BTOpO~ - ~nR Koa~HUH
eaTOB, 88,!!8KHblX B BHAe T86nHU. llporp81lMW HanHcaHbI Ha RaWKe ~opTpaH-IY. 
06a KownneKca npeAHa3H8'1eHW AJlH 8KcnnY8TaUHH H8 8BY cepHH BC nOA yn
paBneHHew onep8UHOHHO~ CHCTeWH OC BC HnK VW/SP. Bce BblqHCneHHA Be~yT
OR C ~BO~HO~ TO'lHOCTbll. B K8'1eCTBe R3WK8 BXOAHWX A8HHWX Hcnonb3yeTcR 
onBp8TOp NAMELIST, qTO n03BOnRBT c~eCTBeHHO ynpocTHTb no~rOTOBKY H 
MO~H~HK8UHD BXO~H~X AaHHbIX. ~HR nOBblweHH~ 3\ll\lleKTHBHOCTH nporp8UM H 
y;u.OOCTB8 nOlIb3 0B8Tane:a npe~ycMoTpeHW T8Kae ;u.HHBMHQeCKOe pacnpe~eneHHB 
nBMHTH H 8BTOWBTHQeCK8H reHepaUKH KOHeqHO-a nBWBHTHol CB TKH . 

Be cl> npouecc pBWBmUI 38AB'UI (1)-(3 ) P88 6HT HS qeTllpe ifl8 3b1, 8 
KMB HUO: I ) BDOA II 06P860TK 8 .ll8HIWX, 2) reHsp8UHfl HOHB'IHO-SlIeMeHTHol 
CB TKH, 3) ilJopr.tHpOBBH.lle M8TPHll .eCTKO,CTH II U8CCbI, 38nHCb m( npo~HnH, 
4 ) BNQHCnBHHB 38.n 8H lioro KO llllQeCTB8 C0 6CTUBH.HbIX IlHcen H COI5cTBBHHNX 
n 8KT OpOB 3B~BllH (7). Bo BceM 3TOil npo~ eccB nOnb30BaTellb np14HHlIa'6T He
nocpeAcTBBHHoe yqaCTHe TOlIl>KO B nepB ol iPBae, r~e Olf 88As e': BXO~Hbl8 

A8,HHbl6 AnR p860Thi KownneKCB 11 COC 'I'BlIllRe T rJlS:Bl!.YIl npO.rp8lU1y H no~npor
pao li ;!InR 38~8HHff Ko a!MlHUKeI:lTOll P(X) I 'f(X) II Z (X) ypaBH 61Wl (I ). 
OT.MeTHM, QTO BXO,llHblB A8HHhle ,lInR o6ollx KownneKCOB 38AalOTCil np8KTIIQBCKK 
OAI4H8KOBO, 8 calill nporp8MWW FESSL1P II FESSL1T OTnH'I8l1lTCH C T01.lKH' 
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3peHHH nOnl>30BaTBnR nHWl> no~nporpaMM8MH, COCTaBHReMWUH C8MHY nonb30
BaTeneM ~nR 3a~8HHR K03~HUHeHTOB ypaBHeHHR (I). 06pa3eu rlIaBHO~ 
nporpaMuN ~nH KOMnnsKc8 FESSL1F npHBeABH Ha PHC. 1. 

C 
C 
C CREllYVWllE nEE KAPT~ ~CnOE13YIDTCH llEB OnpEllEREH~ MAKCMMAE1H00 

PA3MEPHOCTH MTOT MACCHBA M, TPEEYEMOLl llEB PE'lilEHHR 3A,llAlUl. OEC 
WAH nAMH T1 B K~OBA~TAX OnPEllEEHETCH KAK

C 
C 

lLAST • 4 I 1024 + 100 ,C 

• 	 C 
C 

rllE ILAST - nOCEEllHH~ HCnOE130BAHH~0 An PEC B MACCHBE M. 
,IlJlH H3MEHElOO1 MAKCI1JriAJl1HOro PA3MEPA nAMH Tl1, HEOEXOllHM00C 
ll.JlH npOBEl!EHIDl BWH1CEElillH, CEEllYET 113MEHHTb 3HA qEill1H MTOTC 
11 COOTBETCTBYVmsro MACCHBA M(MTO T).

C 
C 

DIMENS I ON M(200000) 

C 


Mr OT 200000 

C 

C 

IIN- HOMEP ~AREA, no KO TOPOMY OCY~CTB EBETCH BBOll llAHH~XlIN = 5 
C 

CALL FESSLF (M, MTOT, lIN) 
c 

STOP 
END 


C 


PlIC. I. 06p83eu rnaBHOa nporpaMww ~nfl KOMnneKca FESSL1F. 

n 
AH8 OrH'IHO BHrnfl~T II rnaBHaH nporpawua KounnBKca FESSL1T (c 3aMB
HO~ nO~POrp8WUb/ FESSLF Ha FESSLT ). CUb/cn n8p8MB TPOB MTOT H lIN 
nOHR TSH H3 KOMweBT8pHSB. B 06eHX nporpawwax Bb/'IHCnHeTCR H ne'larae TCH 
nOCne~Ha 8~pec ILAST waCCHB8 M, a B cnY'Iae, BCnH OH npeBHlliaeT 8H8
'IeHHe UTOT, neQ8T8BTCH C006mBRHB 06 OWH6KS H npoHCXO~HT oCTaHoB BbI

nonHsHHR nporpakllu. B C0061JleHHH YKa3~B8eTcR HS~ocTaIlIJlBR naWHTl>, TaK 
QTO ~nR BhlnonHeHHR Tpe6yeworo P8CQeTa ;!IOCT8TO'lHO HSMe HHTb COOTBeTcT
BY~~HU 06P830W n8paweTp MTOT B rn8BHO~ nporp8Mwe. 
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Jlnn as,lI,SHl1ii Koaqxfll1Ul1eHTOB P(~)' cyO() 11 "l (X) ypaBHBHHii (I) 
He06XO,ll,I1~0 COCTSBI1Tb CooTBeTcTBY~~RB nO,ll,nporp8~~ . Jlllii KOMllneKca 

FESSLlF He06XO,ll,11140 H8nl1C8Tb TPII nO,ll,nporp8WillX WYHKU\1H FUNP(X), 

FUNQ(X) H FUNR(X) • Tim 4!YHKUIII\ ,lI,OnlLeH 61>Tb DOUBLE PRECISION. B 

K81.1eCTBe npHlleps paCCIIO'rpl111 ypSBHBHIIB IIlpe,nI1Hre p8 .lllll'l STOIlS BO.llOPO,ll,S 

( ell. Pl1c. 2). 

c 
DOUBLE PRECISION FUNCTION FUNQ(X) 

REhL~8 	 FUNQ , x 
c 

FUNQ - 2 .DO / X 	 .. 
c 

RETURN 

END 

c 
DOUBLE PRECISION FUNcrrON FUNP(X) 

REA14B 	 FUNP, X 

c 
FUNP 1.DO 

c 
RETURN 

END 

c 
DOUBLE PRECISION FUNCTION FUNR(X) 

REA~B 	 FUNR, X 

c 
FUNR loDO 

C 
RETURN 

END 

c 
PIIC. 2. 	ilpHllep as,nsHHl'I K03~I1UI1BHTOB ypaBHBHl1ii IIlpB.llI1HrBpS 

,nM aT olla BO.llOpO.lla ;liM KOllnllBKCS FESSL1F. 

B nporpSlIllB FESSL1T Koaqxfll1Ul1eHTI> YPSBH6ID1ii (I) 3S.llSIlTCii T8611111.1

HO. B aTOll CJlYl.Ise He06xO,ll,11110 COCTSBI1Tb nO.llopOrp811l1Y COEFF. npe.llHS-
3HSI.I6HHYIl .llM asnOllHBHllii MaCCIlBOB P,Q K R Ts61111USWil aH81.1BHldl K034!

4!I1UI1BHTOB P(X), 'f UO 11 "l (X) YPSBHBHl1ii (I). 06pSIllBHI1B K 3TOl\ no,ll

nporpslAYe I1l1eeT BII,ll 
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C 
CALL COEFF (BL , BR , X , XS , P , Q , R , N , NSPL , NTll) 

C 
C 3JlECh 
C 
C BL,BR - JIEBAfl H llPABAfl rPAHill.\b1 OEJIACTH ~3rAEHEilllH X 

C X,P,Q,R - MACC~b1 PA3MEPHOCT~ N 

C XS - MACC~ PA31i4EPHOCTI1 NSPL (ECJIl-l NSPL ~ 0 ) 

C N - KOJIWiECTBO Y3JIOB KOHE1lliO-8JIEI.lEHTHOU CETKI1 

C NSPL - KOJIWiECTBO TAEJIWiHlD: TOliEK (NSPL ~ N) 

C iUll - HOMEP ~ALl.JIA, 113 KOTOPOrO llPI1 HEOEXOJll1MO CTH 

C OCY~CTBJlHETCfl liTEHI1E TAEJIl1liHblX ~HAliEHI1~ 
C KO~~lllI1EHTOB YFABHEIillfl (I) 
C 

BBJll1l.1l1HlX BL, BR, N, NSPL, x, NTll a8.llS~TCR B Bl>aI>BS~~el\ nporpaMIIB. 

llOJlbaOBSTe lIeM ,llOlllKHI> 61>Tb CWOPlllolPOBSHI> MWI> IISCCIIBI> P, Q 11 R • Cno

c06 4!OPIlIlPOBSHI1R aSBIICI1T OT nSpSl4eTpS NSPL, HeHYlIeBOe aHal.lBHI16 KO

Toporo YKSal>BS6T Ha H606xo,llIlYOCTb I1HTepnOJlRUHII T86JlHI.IHO a8.llSHHI>X KO
a~HUlleHToB ypsBHeHIIR (I). ECM NSPL~ 0 , TO He06xo,llHMO as,llaTb I1JlI1 

CWOPIIHPOBSTb 148CCI1B yaJlOB XS(NSPL) Ta6nHUI> II 3SnOlIHHTI> 118CCHBI> P, Q 

11 R aHSl.leHHRlI11 K034!WHuHeHTOB YPsBHeHI1R (I) B aTIlX yalIsx. B aTOll CllY
q86 Ts6Jll11.1HO 38,llaHHl>e B NSPL TOI.IK8X nOT6HUIISJll> (wsr T861IHUI> 1I0llt6T 
6lXTb HepSBHOllepHI>I4) I1HTepnOJlllpYDTCfl B BI>3I>Ba~~e~ nporpSMlle C nOIlO~bll 
Ky6111.j6CKOl\ CnJlsI\H-IIHT6pnOlIl'IUaH,II nOCJle.lly~~ee 3SnOJlHeHI16 MaCCI1BOB P,Q 

H R B N Y311SX KOHeI.lHO-3JlelleHTHol\ ceTKH ocy~eCTBJlfleTCfl SBTOM8THI.I6CKI1. 
EClIH NSPL=O, HHTepnOJlflUHfl He np0I13BO,llI1TCfl. B 3TOM cnYl.lae H606XO,ll11110 

3SnOJlHHTb l4aCCI1BI> P,Q 11 R Ta6nl1USIIH 3H81.1eHHI\ COOTBeTcTBy~UUlX K03~H-

UI1BHTOB ypaBHBHIIR (I), 3S,llSHHI>X B Y3JlaX ceTKH X(N) • CSIIS KOH6I.1KO

3JlelleHTHSR C6TKa r6H6pHpY6TCfl nporpaMIIO~ B COOTBeTCTBI1I1 C Bu6paHHI>M 
pa36116lU1BII HHTepBSJlS [tZ, IJ HS nO,llHHTepBaJlI> C 3S,llaHHI>.I.! I.IHCJlO.l.! a1I6

M6HTOB HS 3TI1X nO~HHTepBSJlSX (eCnH nOCJl6,llHI1X H6CKOJlbKO). llpl1 aTOll 

,llOJllltHO C06Jl~,llSTI>Cfl COOTBeTCTBl1e 116E,lly wsrOM Ta6JlI1Ul> H wsro.l.! CeTKI1, S 
T8KlIt6 .l.!ex~y I.jHCJlOI4 Y3JlOB ceTKH 11 aa,ll8HHI>I4 KOlIHl.leCTBOII Ts 6JlHI.j HI>X aHS-

1.16HHI\ K03~WHUHeHTOB ypaBHelUlfl (I). 
B Kal.leCTBe npHlleps O~Horo H3 B03MO~HlXX BSPHSHTOB CDCTSBne HHR 

no.n.npor pBIIlIY COEFF pSCCUOTPHM CHOBa YPSBH eHHe Illpe,llHHre pa ,llJlH BTOUS 
BO,llOPO.n.s (CM. pHC. 3). 

B npI1B6,lleHHOM npHM6pe MY I1CnOJlb30BSJlH TO 06CTOflTeJlI>CTBO, I.jTO KO

a~UHeHTY pBCC.I.!aTpHBBB140rO ypsBHeHllfl a8AS~Cfl B SHSJlH TH l.leCKOW BI1.n.e, 
11 BOCnOJlb30BSJlHCb rOTOBI>MI1 nO.llnpOrpS MM 8MH FUNP , FU NQ H FUNR 118 
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c SUBROUTINE COEFF(BL,BR,X ,XS, P,Q,R,N ,NSPL,N'I'll) 

I MPLICIT REhLJ:8 (A-h, 0-%) 
DI MENSION X(N) , F(N) , Q(N) , H(N) , XS(l) 

c 
XP 
P(l) 

0.0001))0 
FUNP(XP) 

Q(l) FUNQ(XP) 

Rel) FUNH( XP) 

C 

C 

IF (NSPL .GT. 0) GO TO 

DO 10 I = 2 , N 

20 .. 
C 

XP XCI) 
PCI) }'U NP(XP) 

Q(I) FUNQ(XP) 

R(I) FUNR(XP) 

C 
10 CONTINUE 

C 
RETURN 

C 
20 H = (BR - BL) / (NSPL - 1) 

C 
DO 30 I = 2 NSPL 

c 
XS (I) 
XP 
P(I) 
Q(I) 
R(I) 

= BL + H If 

= XS(I) 
FUNP(XP) 
FUNQ(XP) 
FUNR(XP) 

(I - 1) 

c 
30 CONTINUE 

RErURN 
END 

PIIC. 3. FlpHllep COCT8BneHHH nO,llnpOrp8MMbI COEFF Jillfl 
KO)lllneKC8 FESSL1T 

npe,llblAY_ero npHMep8. P8ccMoTpeHHHi npKYep nOKB3b1B8eT T8KKe CBR8~ 
MB~ KownneKc8MM nporpBMu FESSL1F H FESSL1T • 

8 

ITO.l!rOTOBK8 BXO.l!HblX .l!8HHblX .l!1IH 0C50HX KOWllleKCOB ocyU\eCTBllHeTCfI 

CJIS.l!YIllllHW 0C5pa30w. OnKcaHKe ,l(8HHblX Ha'lKHaSTCR C KapTbi I. DHa npS.l!Ha

8HaqeH8 .l!JlH H.l!SHTKWHK8UHK BBO.l!HW~ .l!aHHblX. ~opMaT K8PTbI - BAS. 

flspsMSHH8H Ha3Ha'leHHS 

TITLE 3arOllOBOK Sa.l!a'lH , 64 CHMBona 

rpynna KapT N 2 CO,l(SPXHT KHWopMaUHro 0 ~aRnax. KCnOllbSYSMblX B XO

.l!S PSWSHKR Sa.l!SqK. ~OpWaT rpynnbl KapT N 2 - NAMELIST /FlLES/: 

&FILES lOUT =, NT10 =. NTll =, NT12 =, IOUF = &END 

3HS'lSHKS no 
flspeMeHHafi H a3Hal{SHHe yuomaHHro 

lOUT - Howsp BUXO.l!HOro ~a~lla, no KOTOPOUY 6 

ocyU\eCTBllReTCR BblBO.l! HH~opMaUHH Ha 
nSqaTb 

N'rlO - BpSMSHHbI~ wa~JI, B KOTOPbl~ npOH3BO.l!HTCH 10 
3BnHCb MaTpHU ZSCTKOCTH H Macchi, HX 

npOWHJIH H .l!pyro~ HeoC5xo.l!HUoR HHWopwa-

UHH. McnOllb30B8H C5ec~pMaTHbI~ BBO.l!

BblBO.l! 

NTll - ~B~JI, HS KOToporo npOH3BO.l!KTCR (B CllY- II 
'las HeoC5xo.l!HMOCTH) 'lTSHKe TaC5JIHlIHblX 

3Hal{eHH~ K03~HUKSHTOB ypaBHsHHfI (I). 
MCnOJIb3ysTCfI TOJIbKO B nporpaKWs FESStiT 

NT12 - BpsMeHHbli paC50'lH~ wa~ll 12 

IOUF - ~8~JI, B KOTOPhl~ sanHCblBa~TCH BhlI{HCllSH 0 
HbiS 3Ha'lSHHH COC5CTBSHH~ I{HCSJI EIGY H 

C06CTBSHHblX BeKTopoB FN 
lOUF=O - 3anKCb HS npOHSBO.l!HTCR 

lOUF >12 - BbinOJIHHSTCH 6ec~pMaTHaH 3anKCb 
B COOTBeTCTBHK C onspaTopOM 

WRITE (IOUF) NROOT,NGRID. 
(EIGY(I),I = 1 , NROOT). 
«FN(I.J),I=l,NGRID),J=I,NROOT), 

r.l!S NROOT - qKCllO KOPHS~ ypaBHeHHfI (1). 
a NGRID - 'lKCllO yalloB ceTKK 
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Bce ~a~xY AORaHW OWT~ OnKCaHW B COOTBeTCTBKH C npaBKnaUB OC EC FR,DR ycnoBHH (2) H (3). Mcnon~aY~Tcll 

KXK ~SP. OTMeTMM, qTO nOCKOXbKY 3AeC~ HCnOX~30BaH OeCWOpMaTHY! Ton~KO AnR IBOUND ~ 5. 
BBOA-BWBOA, TO 3HaqeHHe napSMeTpa RECFM B MeTKe HaOOpa AaHHYX DCB IPRINT - YpoBeH~ neqaTH: o 
AnR COOTBeTCTBY~~X ~a~nOB AOnEHO OWT~ VBS. = 0 - MHHHMan~HYA ypOBeH~ neqaTK. TIeqa

rpYRna KapT N 3 COAePKHT KH~pMaUHV, HeOOXOAKMY~ AXH nOCTpoe TavrCR BXOAKYe A8H~e, qHCnO ya
HHH KOHeqHO-aneMeHTHO~ ceTKK, aaAaHHH rpaHHQHWX ycnoBK~, ~pMHpOBaHHH nOB, q~cno aneueHTOB, nopRAOK an
MaTpKU .eCTKOCTH H Maccw H KX npO~KnR, 3aAaHHR nOPRAKa KOHeqHO npOKCKM8nHH, peaY~TaTY CqeTa 
aneMeHTHO~ annpoKcHUaUHH. ~opMaT rpynnw KapT N 3 NAMELIST /GRID/: = I - ,llonORHHTenhHO neqaTaeTCR HH~opMa

&:GRID mOUND ,FL DL = , FR = , DR = , IPRINT UHR 0 creHepHpOBaHHWX Houepax ys
NSPL = NPOL NMESH = , XMESH = .lEND nOB KOHeQHO-aneUeHTHO~ ceTKH K npo

BepKe aaA8HHR rpaHKtlHWX ycnoB~ 
3HaqeHHe no ~2 - P8cmHpeHHaR neqaT~. PaCneqaTYBaVT
YMomaHHIl

TIepeMeHHye Ha3HaqeHHe 
C R uaT pKUY JteCTKOCTlI H MaCCY, KX 
nOKan~Hye uaTpKU~ AnR Ka_Aoro ane- TIapaMeTp, 3aAav~ THn rpaHHqHWX ycno I

IBOUND 	 MeHTa, Koa~KUHeHTW ypSBHeHHR H 
BK~ Ha KOHuax oOnaCTK KaMeHeHKll x • 

APyrall HHWopuaUHll. Mcnon~3yeTcR.llnR YAOOCTBa non~30BaTene~ aHSqeHHe 
npH OTnaAHe BXOAHWX AaHHWXnapaMeTpa IBOUND aaAaeTCH TaKKY 00

pa30Y, qTOOW OXBaTWBanHC~ Bce BKAW NSPL - qacno TaOnflQHO 3aA8HHWX Koa~UHeHTOB o 
rpaHHqHYX ycnoBKR: rpaHKqHOe ycnoBKe ypaBHeHHR (I). Mcnon~ayeTcll TonhKO B npo
nepBoro pOAa KnH ycnoBHe .llHpKxne (.ll) 	 rpauMe FESSLIT • EcnH NSPL = O,TO qKCnO 

aHaqeHKA B TaOnMUe COBnaAaeT C qKCnOM yayex) = 0 , x = A,B, 
nOB ceTKH. ECnK NSPL> 0 (NSPL BcerAa 

rpaHKqHOe ycnoBKe BToporo pOAa KnH yc ueH~me qHCna yanoB ceTKH), TO TaOnKua K3 
nOBKe He~MaHa (H) NSPL 3HaqeHHR Koa~~KUHeHTOB ypaBHeHKll 

y'ex) 0, X A,B, HHTepnonHpyeTcll C nouo~~~ KYOHqeCKOR 
cnnaaH-HHTepnonRUKK, nocne qero BOCCTaHaH CMewaHHoe HnK eCTeCTBeHHoe rpaHHqHOe 
BnHBa~TCIl 3HSqeHHR Koa~HUHeHTOB BO BcexycnoBHe (E) /1,16/ BHAa (2), (3). B 
ysnax KOHeqHO-aneueHTHOa ceTKK3aBHCHUOCTH OT TpeOyeMoro BRAa rpaHHq


HWX ycnoBH~ cneAyeT 3aAaT~ OAHO H3 
 NPOL - CTeneH~ HHTepnonRUHOHHoro YHOrOqneHa Rar 3 
B03MO.HWX 3HaqeH~ napaMeTpa IBOUND paH.a (nopRAOK ~YHKUKK ~pu~). TIpHHHuaeT 

= I ,ll - .ll 3HaqeHKR OT I AO 5 

2 ,ll - H NMESH Pa3MepHocT~ uaCCHBa N~lliSH (He aonee 25). 3 
:: 3 H - .ll 3HaqeHHe NMESH BcerAa HeqeTHOe K ~ 3 
= 4 H - H 

XMESH - MaccMB AaHH~x AnR paaOKeHHR HHTepBana H35 	 E - E 
MeHeHHR x Ha nOAKHTepB8nY H Bcex aneMeH6 	 E - .ll 
TOB Ha rpynny aneueHTOB. ~opMHpyeTcR cne= 7 	 E - H 
AYIDInKU OapaaOM:= 8 	 .ll - E 
X~ffiSH(l) - neBWa KOHeu OanaCTH HHTerpH= 9 	 H - E 

POB8HHR, 

FL, DL, - 3H8qeHKR KOHCTaHT, BXOAR~HX B rpaHKqHWe O. 
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XMESH(NMESh ) - npaB~~ KOHeu 06nacTH HH
TerpHpOBaHHH , 

3HSqeHHH x SH(M ) (M - qeTHble H 2~M<NMESH ) 

3s,n.alOT 4Hcno aneMeHTOB ,n.nH no,n.HHTep.Bana 
XM;;;SH(ill+1) - XMESH (hl-l), r,n.e Xl4ESH( M-l) 

neB~11 KOHeu nO~HHTepBaJlS, S XMESH (M+l) 
ero npaB~~ KOHeu. TaKaH KOHCTPYKUHH n03BO
nHeT pa36HTb BCIO 06naCTb HHTerpHpOBaHHH Ha 
HepSBHOLlepH~e HHTepBa~, H Ha KSJK,n.OM H3 HHX 
3a~aTb HYJKHOe qHCnO aneMeHTOB 

rpynns KapT N 4 co,n.e~HT HH~opMaUHIO, He06xo~HMYIO ~nH peweHHH 
06061lleHHol! SRre6paHqeCKol! npo6neM~ Ha c06CTBeHH~e 3HaqeHHH. tllopMaT 
rpynn~ KapT N 4 N~ r.~LIST /SOLVE!: 

&SOLVE 	 NRoar , NITEM , SHIFT , RTOL , IPRTFN &END 

nepeMeHHaH HB3HaqeHHe 
3HaqeHHe no 
YIIOnqBHHIl 

NRoar 
NITEY 
SHIFT 

RTOL 

-
-
-

-

qMcno HCROIIHX c06cTBeHH~x 3HaqeHH~ 
MaKCHManbHoe qHCnO MrepauHA 
C,n.BHr cneKTpB. MIllYTCfl co6cTBeHH~e 3HB
qeHHK, 6nHmB~illHe K c~BHry 
OTHOCMTenDHBH TO~HOCTb B~~cneHMR c06

I 
30 
1. 

1.D-07 

IPRl'FN -
CTBeHH~X 3HaqeHHl! 
tllnBr neqaTH B~~cneHH~X c06cTBeHHwx 
q,YHKUHA : 

IPRTFN =0. neqBTb He npOM3BO~MTCH 

IPRTEN :>0, neqaTalOTCfl lIf(.oor COOCT
BeHHblX il!YHKuHl 

HSnOMHKY, qTO Bce rpynnu KapT qMTBIlTCH H3 KBpTOqHOrO il!B~na C HO
lIepoll lIN. HHae npMBe,n.SH npHMep 3a,n.BHHH HBqanbHUX ,n.aHH~x ~nR pac-
CIiOTpeHHoro B~we ypaBHeHMR IJIpe~HHrepa AnR BTOlia Bo~opo,n.a: 

TecToB~l! npHMep 
&FILES lOUT 6 

- cn8KTp BTOIIB 
IOUF 0 

Bo~opo,n.a 
&END 

&GRID IBOUND 1 , IPRINT = 0 NSPL = 0, 
NPOL 3 , NMESH = 5 

XMESH O. ,50. ,10. ,30.,60. &.END 
&SOLVE NROOT 3 , NI TEM 15 

SH IFT 1. , IPRTFN 1 &END 
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B npOrpaMMaX FESSL1F H FESSL1T npe~ycMOTpeH pH~ OCTaHOBOB, 

KOTOp~e 	npOHCXO~RT B cne~y~x cnyqaRx: 
I. He~OCTaTOqHaR pa3MepHocTb MaCCHBa M. 
2. HeKoppeKTHoe 3a~SHHe 3HaqeHH~ HCXO~H~X ~aHH~x. 
3. npeB~weHHe yaKCHManbHoro qHCna HTepaUH~. 
4. OCTSHOB~, npe~ycMoTpeHH~e B no~nporpaMMe SSPACt/I7/, Hcnonb

syeMol AnR peweHHR o606~eHHoi anre6paHqeCKOi 3aAaqH Ha C06cTBeHH~e 

3HaqeHHH.
Bo Bcex cnyqaHX neqaTamTCH cooTBeTcTBY~mHe HH~opMaUHoHH~e coo6~e-

HIDI.. 

4. ~McneHH~e Hccne~OBaHHH 

paCCMOT~eHHNe B~me cxeM~ BwcoKoro nopH~Ka MRS npoBepeH~ HS pH~e 
TeCTOB/I8,I /. npH BTOM CTaBHnHCb ABe 3a~aqH. nepBaH cocToHna B Tec
THpOBaHHM COCTaBneHH~ nporpSMM H npOBepKe MX pa60T~ ~nR pa3nK~~X 
TKnOB Ba~aq, STopaH - B Hccne~OBaHHH Ha OCHOBe qHCneHH~X SKcnepHMeH-

TOB 06naCTH npHM6HHMOCTH nOCTpoeHH~X cxeM MRS. 
TeCTH OXBaT~BavT ~OCTaTOqHO WHPOKHl! Knacc 3a~aq KBaHTOBO~ MexaHH-

KB H BKnJOqallT npaKTMqeCKH Bce BM~~ B3aHMO~e£tcTBMl!, BCTpeqall~HXCH B 
aTOMHO~ H MoneKYnRPHO~ ~H3HKe H npe~CTaBnHllmHX npaKTHqeCKHl! MHTepec. 
Cpe~H STBX 3aAaq MOKRO B~~enHTb TaKHe XOPOWO H3BeCTH~e 3a~aqH)KaK on
pe~eneHMe cneKTpa aTOMa BOAopo~a, ypaBHeHHe nezaH~pa, YPSBHeHHe Eec
cenH, ypaBHeHMe ~nR rapMOHMqeCKOrO OCUHnnHTopa, YPSBHeHHe C nOTeHUHa
nOM Mopee H APyrHe. Bo Bcex cnyqaHX 6wnH nonyqeH~ pemeHHH, C Tpe6ye
MOl! TOqaOCTbm COBns~ammHe C TOqB~MH HnH H3BeCTHNMH npH6nHZeHBHMH pe
meRMHMH paCCMaTpHBaeMHX 8a~aq. B ASHHol! pa60Te M~ orpSHHqHMCH PSCCMO

TpeHHeM TonbKO HeKOTOp~X HaH60nee xapaKTepH~X 8aAaq. 

!!£!-l: KnaCCHqeCKaH 8SAaqa 06 onpe~eneHHM cneKTpa aTOMa BO~OPO
~a, ~nH KOTOPO~ H8BeCTBO TOqBOe pemeRMe. Pe8YnDTaT~ BWqMCneHHH nepB~X 
ABYX c06CTBeBH~X ~cen B 8SBHCHMOCTH OT nOPHAKa snnpOKCKMa~H H qHcns 

I 	 aneMeHTOB npe~CTaBneH~ B Ta6nHUe Is. BWqHCneHHH nfOBOAMnHCb Ha 6s8e• 	 KownneKca FESSL1F C OTBocHTenbHo~ TOqHOCTbm 10- 2, AHanz8 Ta6nH~w 
Is nOKa8~BaeT, qTO npH ~HKcHpoBaHHoM qMCne sneMeHTOB HSH60nee BWCOKaH 
TOqHOCTb AOCTHrseTcH Ha sneMeHTax HSHB~cwero nopH~a, npHqeM CKOPOCTb 
CXOAKMOCTB no nopH~KY snnpoKCHMaURH (TBK HB8~BaeMaH K-CXOAMMOCTb/ /) 
cymecTBeHHo B~we CXO~HMOCTH no qHcny aneMeHToB npH ~HKCHPOBSHHOl! CTe
neHH 6a8HCHoro MHorOqneHB ( h-CXOAMMOCTb/2/). MccnSAOBBHBe CKOPOCTH 
CXOAHMOCTH B~qHCneHHHX c06CTBeHHHX ~cen ~nH paCCMSTpHBseMol 3BAaqB, 
npOBeAeHHoe HB nocneAOBSTenbHOCTH BABoe cry~am~XCH ceTOK, nOKB3sno 
xopomee cornaCHB nonyqeHH~X H3 pacqera oueHOR CKOPOCTH CXO~HMOCTH C 

H8BeCTH~MH TeOpeTHqeCKHMR oueHK8MH (8). 
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Ta6nH~a Ia. CneKTp aTOMa BO~Opo~a. Ts6ID1l.\B 16. 3BBHCIUIOCTb 3HB'l8HHR /Iin -}f~ lIo OT 'ilIcns H nOpR,l4K8P(X)=R(X)=l, Q(X)=-2/X, ri=O, 
8 =70 ., Y(h )=Y (B ) =O • TOqHOe peW8HHa KOHelUlblX an6M6HTOB AnR nepBblx Tpex pew6HHII YPSBH6HHR

)..*n= -1 / Nu2 
CTanaHIl {{HCJIO Wpe)UlRP6pB AnR BTOIolB B0,l40P0,l4B. 3Aecl. ff n - npM6JIoeHHOe 
nOnHHOM8 3neMaHToB )..1 CBTOlUioe peweHRe, a !~ - l'l3BeCTHoe TOqHOe pew6HM6

>--2 ( n. = 1,2,3).I 
-0.8049719500452 -0.210547296663 
-0.988081681497 CTen6Hl. liHcno3 -0.24819912155315 -0.999813562756 nonHHOlola 3n6101BHTOB II~t-~:llo b!-~;JIo ~~rff:~o

4 -0.249979012138 
-0.9999987080225 -0.249999476926 I .362E+00 •56IE+OO .6I4E+00
-0.999999990586 -0.249999769351I 2 • 627E-OI • 863E-OI • 943E-0l 
-0.9249513795812 -0.236II5445455 3 15 • 563E-D2 .487E-D2 .45IE-02 
-0.9990074693853 4 .I64E-02 .468E-D3 .507E-0330 -0.249871458880 
-0.999996427013 .43IE-DI4 -0.24999%58496 5 .5I4E-DI .459E-OI 
-0.9999999929495 -0.249999954870 I .I64EtOO .258EtOO .297EtOO
-0.999999999926 -0.249999998218I 2 .IIOE-DI .IOIE-OI .I05E-01 
-0.9769012398202 -0.2459II270913 3 30 •563E-D3 .253E-03 .2I2E-D3 
-o.999932II67403 60 -0.249991871349 4 •734E-D4 .I88E-D4 .235E-04 
-0.9999999402474 -0.249999980559 5 • 365E-DI .252E-DI .236E-DI 
-0.9999999999595 -0.249999999559 I • 635E-OI .9I9E-OI .I05E+00-0.999999999999 

I -0.249999999997 2 • 962E-03 • 78IE-03 .789E-03 
-0.9937384279762 -0.248910582667 3 60 • 476E-04 • 142E-04 .I83E-04 
-0.99999563%293 120 -o.24999948II91 4 • 25IE-D5 .6IIE-06 .I6IE-04 
-0.9999999990444 5 .208E-OI .I3IE-OI .I2II-OI 
-0.999999999999 

-0.249999999553 
5 -0.249999999998 I .I97E-01 • 272E-0l .307E-0l-0.999999999999 -0.249999999999 2 •659E-D4 .5I9E-04 • 524E-04 

3 120 • 322E-D5 • 884E-06 .I59E-04 
4 .802E-D7 • I 92E-D7 .I60E-04t 

B T86nHl.\e 16 npHBe ,l1 eHbI pe3YJIllTaTbI Bbl4HCJIaHHR HOPM Ilin -~:: 110 5 .I07E-DI .663E-02 .607E-02 

~JIR napBblx Tpex pewaHHH YPBBHeHHR illpa~HHPep8 ,I1JIR aTOMB BO~Opo,l1a B 3B
 I •536E-D2 .724E-D2 .8I2E-D2 

BHCHMOCTH OT ,{HCJIa 3JIeM6HTOB H nopR~KB annpoKcHMallHH. 3ABCIl j?n-npH 2 .422E-05 .33IE-05 .I59E-04 
6JIl'llK8HHoe CeTOqHOe peweHH6, J ""If -H3B8CTHoe T04H08 pew8HH8, 3 240 .205E-D6 • 552E-07 .I69E-04 
n " 1,2,3. ~3 3TO~ Ta6JIHl.\bI BH~HO, 'ITO CKOPOCTIl ~ -CXOAHMOCTH AJIR 4 .252E-D8 • 599E-09 .I68E-04 


C06CTBeHHblX B8KTOpOB npH K~ 4 HeCKOJIIlKO BblW8 CKOPOCTH h -CXO AKM OC
 5 •542E-D2 .333E-02 .304E-02 

TH. O~HaKO ~JIR 683HCHblX ~YBKl.\H~ 5-ro nopRAKB (M Bblms) TOqijOCTIl BblqHC

JI8HHR C06CTBeHHblX BeKTopOB (B OTJIHqHe OT C06CTB6HHblX '{Hc6n) p6aKO nB TecT 2: PBw8HMe ypBBH6HHR Wpe)UlHPepB ,I1JIR nepBoro co6cTBeH HoPo 

,l4 86T, 'ITO CBR38HO C oco6eH HOCTRMH Bbl6paHHOPO cnoco6a nOJIHHOMHanIlHO~ aHSqeHl'lR C nOTeHl.\HSnOIol Yopa8, WHPOKO HCnOJIl.3yelol bIY B MOJIeKynRpHoR ~M-
annpOKCIfMBl.\HH pe weHIfR. TaKHM 06pa30l.\, H3 aHSJIH3a Ta6nHl.\ Is If 16 MOXHO 3HKe, np6,11CTSBlI6HO B TB6nHU6 2. aTOT nOTeHl\IfBJI HBpR)lJ' C 3KcnOH6H UMan!>
C,I1eJIaTD BblBO,/{ 0 TO'Io!, 'ITO ,I1JIH PSW8HlfR PBCCMBTPHBB8Molt 3a'/{S,{H Oll'THMBnIl fibllolM qneHBMH cOAepKHT ASJIl.HOA6acTBy~~a l.\eHTpo6eKHbllI 'lJIeH. ~nR Bocnpo-
HOa RBJIRSTCR CJCe&!a M'K3 4-ro nopR,I1KB. 

H3B6,11eHHR pew6HHR C TBKHU ClIO.HblY nOTeHl\lfaJIOM Heo6xoAH»O B3RTIl AOCTS-
TOqHO 6onl.woe qHCnO 3ne»6HTOB. O~HBKO H B 3TO» cnyqae, KBK JIePKO BH
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TBCilll!l(B 2. ~(X) = R (X ) = 1, ~ (X) = L(L + 1) I X~~2 
2000(2~EXP(-1.7(X-l.3) - EXP(-3.4(X-1.3))), 

L = 1 , J\ = 0 , B = 70. , Y(A) = Y(B) = O. 

A~l = -1923. bc9655 1 

CTBnBHb liilCllO 
n o 1ll!H014.B SllsueHTOB AI 

I -1779.18908820 
2 - 1893.26594683 
3 30 -1 916. II1234 76 
4 -1920.47168187 
5 -1923.04958328 

1 -1899.93Il9087 
2 
3 60 

-1920.68520336 
-1923.20152858 

4 -1923.49914245 
5 -1923.52825440 

I -1918.10762578 
2 -1923.29194827 
3 120 -1923.52159779 
4 -1923.52952876 
5 -1923.52965154 

I -1922.16104827 
2 -1923.5I301I12 
3 240 -1923.52952965 
4 -1923.52%5443 
5 -1923. 529655Il 

ABTb il3 TBCinill(~ 2, Kcnonb30BaHI!B HBI!B~CWI!X annpoKcHMaUiI~ n03BonHBr no

nY4i1Tb pB3ynbTaT C TpeCiyel4o~ B~COKO~ T04HOCTb~ npl! OTHOOilTBnbHO HB

CiOnblDOI4 4KcnB sneMeHTOB. Eonee Toro, "TOt{HOe" peWeHl!e At /19/ Ana 

SToro nOTeHl(ilana BOCnpOl!3BOAI!TCH co BCeM!! 3Ha4a~MI! l(1!~paMI! nl!Wb npl! 

!!CnOnb30BaHI!I! 140 3ne14eHTOB 5-ro nopHAKa. ~nH AocTK.eHMH TaKo~ Ke '104
HOCTI! C n0I40~b~ BnnpOJ<CM..a l(M~ Cionee HI!3KOrO nOpHAlta TpeCiyeTcH 3Ha<Ul

TenbHO CionbwBB 41!CnO Snel4e HTOB. ECTecTBeHHo, 4TO npM STOM CY~BCTBeHHO 


B03paCTa~T 3anpoc~ It TpeCiyeuol4Y oCi~eMy onepaTHBHO~ naUHTK I! BpeMH 

C4eTB'. 


TecT 3: nOCTOI!HCTBOI4 pa3paCioTaHH~x npOrpaMI4 HBnHBTCH B03UOXHOCTb 
HaXOlJil,leHI!H pSlDeHI!£l C CiOnblDl!U HOMepOM 3a C4eT cooTBeTcTBYilll\erO C.lIBHI'a 
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TBCi lIl4U 3. 1) pOrO = ROC) = 1 • ~(JO = 2COS(2X) .
B JI. = 0 • B =~ /2 • y (A) = '[(B) = o. 

~OO = 40000. 00 

2 ) P(X ) = R( X) = 1 • Q(X ) = XIa2 , 
A = 0 , B = 1 , Y (A) = '[' (B) = 0 • 

~OO = 97711. 884296 

c~eneHb QHcno 1) >-'100 
2) \ 100 

nOnHHOMB B~6MeH~OB 
97735.2700462 

40063.254408 97713.0784198 
2 
3 300 

40000.503410 
40000.002061 

97711 • 8895019 
97711.8843489 

4 39999.999855 
5 97732 . 2029906 

2 
3 500 

40008.484438 
40000.023931 
39999 • 9998?1 

97711. 9414009 
97711.8843994 
97711.8843107 

4 39999.999849 
5 97713.1734288 

40000.538233 97711.8852118 
2 
3 
4 

1000 
40000.000229 
39999.999849 
39999.999849 

97711.8843109 
97711.8843109 

5 97711.9651885 

2 
3 
4 

2000 

40000.033628 
39999.999855 
39999.99984 9 
39999.999849 

97711.8843247 
97711.8843106 
97711.8843106 

5 

cneKT p8 . B ~86nHue 3 npe~CTBBlleH~ pe3YllbTBT~ B~HclleHl4a COT oro COCiCT
BBRRoro SHB4eHKH ~»R ABYX pB8H~X nOTBHUHBllOB ( 14 C PB8nH4H~W I! rpBRHQ
HWKH YCllOBHaMH). ABBllH3 TBCinHU~ 3 nO~TBBp&ABeT B~oA 0 npeHMy~ecTBe 
Hcnollb30B8H14a 8nnpOKCM»BUH~ B~oml4x nopHAKOB ~llH AOcTilaeHI4R Tpe Ciyeuol 
TOqaOCTI4 peaYnbTB~B 6e 3 c~eC'BeBaoro YBe~eHHR qMCn8 a~MeHTOB. lier 
KO BHAeT~. BBnpHWBP, q~O ABae 2000 KBaAP8TI4QH~ 8neMeHTOB Be n03BOnR
11'1' Dony'll&'l'b TOllaO , AocTl4rBy~YII 0 nOWOUl,bll 300 anewBH'1'OB s-ro nopaA-

CTb

RB. TBCT 4: ;Una Bcex paccwOTpeHRIDC B~.WB yp8BR 61U11\ K08~o.il6BTW 8B~8B8-
nJC~ B BH~e ¢Opwyn. Up eAC'l8BnRe'r ilHTepBC B~HCHitTD, B K8KOA cteneRK ZS
Me HRfca cAe n88B~e Bwme B~BOA~ AIR cny4aa, KorAS K08~IJ.il6HT ~ ypBBHe
HilR 8aABR~ TaCinilqHO. C 8'101 ~enDIl npoBeAeH~ paCqeT~ O~Horo it Toro IS 
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T'ac5mu~a 4. 
reX) " X , R(X) " 4X(1-X¥¥2) 

,R(X)=O,
A " 0 , B " 1. LIM XY(X) " 0 

, LIM XY(X)X'; " G.41990. X~A 	 O. 
X .... B 


CTeneH!; 
 ttlfC]JO

n01IIllHOiola FESSLIF


sn6MeHTOB 	 FESSLITA2 
I 	 .\2 

6.4438I998902 6.473273639I6.4I 9954 79743 I5 6.4I 993 795456.4I990303394 
6.4I990303396.4I990300055 
6.4I99030oo56.4I99030005 
6.4I3097233I 

6.4260934270 
I 
2 

6.4332490I506.4I990625823 30 6.4I990520576.4I990300IQ4 
6.4I990300IQ

5 	 6.4I 99030005 
6.41990300056.4I99030005 
6.4182094420I 

6.4214559976 
6.4232407009

2 
6.4I990320443 60 6.4I9903I386

4 6.4I99030005 
6.4I99030005

5 6.4199030005 
6.4I990300056.4199030005 

I 	 6.4I9480I6I6 
2 6.42029I6495 

6.4207375609
3 	 6.4I99030I33

120 6.41990300914 6.4199030005 
6.4I990300055 6.4199030005 
6.41990300056.4I99030005 
6.4I9797329ICOCTORHHfl AnR Da3fluqH~X 3 

18 

8aKn~qeHHe 

B HaCTOR~e~ paOOTe Ha OCHOBe B~nonHeHHUX qHCneHH~X sKcnepau eHToB 
H cc ne~OBaHS HeKOTop~e CBO~CTBa H OC066HHOCTH annpOKCHwaUH~ B~CWKX no
pR~KOB MRS ~nR peW6HHR 3a~8qH illTYPW8-nHYBHnnR, a TaKze YCT8HOBneHa 
oOnSCTL npHM6 HHMOCTH TSKHX annpOKCHWSUH~ B 3aBHcauocTH OT cnoc06s 38
~SHHR KOS~HUHeHTOB ypaBHeHH~ H Tpe6yewux CBOHCTB rn8~KOCTH pewe HH". 
OTMeqeHS Oonee O~cTpaR ~ -CXO~HMOCTL peweHH~ ( npH nocne~OBaTenLHOY 
B03pacTaHHH CTeneHH ~ 6asHcHoro MHOrOqneHS Ha ~HKcHpoBaHHo~ ceTKe) 
no cpaBHeHH~ C h -CXO~HMOCTLD (nocne~OBSTenLHOW YBenHqe HHH qHCna 
s neMeHTOB npH ~HKCHpOBaHHOa CTen6HH HHTepnonRUHOHHor o WHOrOqn6Ha ). On
THManLH~MH , no HBW6UY MH6HHD, RBnRIDTCR KOHe qHUe sneMe HT~ q6TBepToro 
nopR~a ~nR pew6HHR ypaBHeHH" C KOS~HUHeHTaMH, 3a~aHH~UH KaK B BH~e 
~opMyn, TaK H B B~e TaOXHU, npH B~OpaHH OM HaMH cnoco06 RHTepnonRUHH. 
ilOK8S8HO, qTO HcnonL30Ba HH6 CX6M B~COKoro nopR~Ka MRS n03BOnft6,T nOB~
CHTL s~eKTHBHOCTL peweHHR pa ccMaTpHB86Moro KnacC8 3 8~8q npH O~HOBpe
MeaHOM nOBuweHHH TOqHOCTH BUqHC neHH~. nOCTHraeTCR 3Ha~Te nLHaR SK OHO
MHR Tpe6yeMo~ onepaTHBHo~ n8MRTH H BP6M6HH CqeTa, qTO OqeHL BaaRO ~nR 
npaKTHq6CKHX npHnO~6HH~. DporpaMMH~e KOMnneKC~ FESSLIF H FESSL1T 
MoryT OUTL ycnewHo HcnonL30BaH~ ~nR pew6HHR WHpOKoro Knacc a 3a~aq 
ill TYPMa-nHYBHnnR, B08HHKaD~HX B KBaHTOBO~ M6X8HHKe H ~pyrHx pa3~enax 
T60peTHq6CKO~ ~H3HKH. 
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A6pawKeBH4 A.r .• KaC4HeB H. C., nY3WHHH H.B. Pll-88-744 
Anr opHTMW H nporpaKMW peweHHR 3aAa4H WTYPMa-nHYBHnnR 
c Hcnon~30BaHHeM cxeM MeTOAa KOHe4HWX 3neHeHTOB 
nOBwweHHOro nopRAKa T04HOCTH 

Ha OCHOBe BwnonHeHHWX 4HcneHHWX 3KcnepHMeHTOB AnR WHpOKoro Ha60pa TeCTOB 
HccneAOBaHW HeKOTopwe CBOHCTBa H oc06eHHocTH annpOKCHMa~HH nOBwweHHoro nopRA 
Ka T04HOCTH MeTOAa KOHe4HWX 3neMeHTOB AnR peweHMR 3aAa4M WTypMa -n~Y8HnnR. 
YCTaHOBneHa ofinacT~ npHHeHMMOCTH TaKHX annpOKCMMa~HH B 3aBHCHMOCTH OT cnoco
6a 3aAaHMR K03~H~HeHTOB ypaBHeHHH M Tpe6YeHWX CBOHCTB rnaA~OCTH peweHHH. 
nOKa3aHO, 41'0 Mcnon~30BaHHe cxeM BWCOKoro nopRAKa n03BonAe T nOBWCHT~ ~~eK
THBHOCTb peweHHA pacCMa TpM BaeMOrO Knacca 3aAa4 npH OAHOBpeHeHHOM nOBwwe HHH 
T04HOCTH BW4MCneHHHj AaHO onHcaHHe naKeTa npor paMM, npeAHa3Ha4eHHWx AnA pewe 
HMA 3aAa4H WTYPMa-nMYBHnnR MeTOAOM KOHe4Hwx 3neMeHTOB nOBwweHHoro nopRAKa 
T04HOCTH . 

Pa60Ta BwnonHeHa B na60paTopMH IJI.IQHCnHTenbHoH TeXl'lHKH H aBTOMaTH3a~HH 
OHRH. 

Coo6WIIHHe ()6J,eJllIHllDloro HIICJ'IITYT& lIJIepHWS HCcn~OBIIIDIA. ,lly6Ha 1988 

PYI:OUl1Cb [JOC Ty rrl<lJIa B 113MT9JU,CKilli OT.ll El.lI 

II OKTH6pR 1988 r O.lla. 
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Abrashk.vich A.G., Ka schlev M.S., Pusynln I.V . Pll-88-744 
Algorithms and Programs for Solution of Sturm-Liouville 
Probl em Using the High Order Accuracy FInite Element 
Method Sc hems 

Some properties and peculiariti es of high order eccuracy approximations 
of finite el ement method for Sturm-Liouville probl em have been Investigated 
on the basis of nume r ica l ex per iments for broad set of tests. The reg ion of 
applicab i lity of such approximations depending f rom a way setting of equa
tion coefficients and need smoothness of solutl~n s have been es tabl ished. 
The use of hlqh order schemes all ow ing to Increase the effectiveness of so
lution of problems under consideration with s lmu l t an lous increase of calcu
lation accuracy is s hown . A descrIption of program pac kage intended for sol
vlnq the Sturm-Liouville probl em of hi gh order finite element method Is gl 
~·en. 

The Investl~ation ha s been pe rformed at the Laboratory of Computing 
Thechniques and Automation, J INR . 
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