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l . ~ 

ll3,Yll8Hlle 1Ul.YX3neKTPOHHblX Cl!CT8M , npe]{CT8BnflllJIHX coc5ol! KB8HTOB01.18-

X8!illll8CK,YIO CHCT8M.Y 113 Tpex ll8CTHU, Oill!CblB86MblX ypaBH8HH6M illpe]{HHrepa , 

f!BnfleTCR Ba~Hol! 38A81lel! 8TOI.IHOl! <lJH3HKH [ I-14]. CnoaHOCTI, M8T8M8Tllll6C

KOl! IlOCTBHODKII ]{nJ! peweHHfl KynoHOBCUOl! 38]{81lll Tpex Ten, CBl!38HH8fl C 

H8nHll116M ococ51,1x TOll6K ]{ll(pq)8P8HUIIBnbHOro ypaBHeHHfl illpe]{l!Hrepa C nepe

M6HIILII.Hl K03 ,Mll1UH8HTBMH , oc5n8CT!,I) 113M6H6Hllfl H838Bi!Ci!WilX nepeweHHblX, 

C llOliCHl,114 BH]{OM r p81illllHl,IX ycnOBl!l:I , oc5ecne lli1B810ll(IIX ycnOBHfl orpaHHll6HROC

TH COOTB8TCTBYIOIIIHX pe we1rni,1, no C,Yll(6CTBY , IICl<n101l86T B03MO:«HOCTI, 8H8llH
Tllll8CKOro peweHHfl. Han11qHe c5onI.woro q11cna 3KCnepHM6HT8nI.HblX ]{8HHl,IX 

]{nfl ren11eno,noc5HblX CUCTel.l [ 3 , 6,II] Il03BOnfleT npo:oo,ztHTI, cpaBH8Hll6 T80-

peTHll8CKIIX peaynI.T8TOB, nonylleHULIX B p81.1K8X paanHllHblX IlO]{XO,ztOB II npH

c5nH~eHilM, C 3KCnepHM8HTOM. nByxaneKTPOHHble CIICT8Mbl HllnfllOTCfl npocTel:1-

WHIJ 1rnoroaneKTPOHHLIM 8TOIIOI.I 11n11 IIOHOM, ,ztnH KOTOporo B03MOlKHO T8K06 

Cp8Brl6HHe . 8THM Oc5bf!CHfleTCfl 11cnon030B8HHe renHeilO]{Oc5HblX CHCT6M B Ka

qeCTBe TeCTOHblX ;llnfl c5onI.WHHCTB8 TeopeTHll8CKIIX IlO,ztXO,ztOB. ~HTepec K re

n11eno~oc5H~M CHCT8M8M CBl!38H T8Kllte C H8n11q11ew B 8TOM8X CHnI.HblX aneK

r pOHHblX Koppen11u11l!. 8TO Tpec5yeT OTK833 OT KOHuenu1111 H838BIICHMl,IX aneK

TPOHOB , WllpOKO pacnpOCTp8H6HHOl:I B 8TOMHOl! <lJ113HK8 , nn11 Oc5bf!CH6HHfl Cne

KTpOB ]{B8liC]{bl B03c5ya]{eHHblX COCTOflHHl:I (DES) renH6IlO]{Oc5HblX CHCT6M Heoc5-
XO;ztHMbl HOBble no,nxo]{bl, Il03BOnHIOll(ll8 KoppeKTHO ylll!Tb1B8TI, KoppenflUHH 

aneKTPOHOB B 8TOM8X. 0,ztHIIM 113 HHX RBnfl6TCfl r,mepc\I)ep11qeCKHl:I 8]{H8c58Tll-

116CKl!l:I (HSh) IlO]{XO;zt [ 11- 15] . EOnI.WHHCTBO npHnOliC6Hlll:I HSA- Il0]{X0]{8 CBR-

38HO C 11cnon030B8ll118M a,n11ac58Tllll8CKOro np116mu1eHHfl, B KOTOpOM npeHec5pe

rBIOT CBR3I,10 K8H8nOB B CHCTewe pa,n111an0HblX YP8BH6Hlll! . KcnonI.30B8Hll6 MHO

rOK8H8nI,HOro npHc5nHliC6Hllfl HSA-no.nxo.na Il03BOn11no C,Yll(8CTn6UHO TIOBblCHTI, 

no Cp8BH8HHIO C a,nwac58Tlll!6CKHI.I np116n11meHH6M TOIIHOC TI, Bbll!IICneID!R Cil8KT

panI.HblX xapaKTepHCTIIK ;ztByxaneKTPOHHblX 8TOMOB II IIOHOB (cw., Hanp. [ 16-

-22] ) . B p8MK8X Tpec5yewol:I TOl!HOCTH (£ 104 a . e . ) HeOc5XO,ztllMO Yll11Tb1B8TI, 

H30TOilllll6CKll6 at14leKTbl , CBR38HHb16 C KOH81lHOl:I waccol! R]{pa . B H8,zt8BHel! 

pac50T8 [23] 61,1no BB6]{6HO HSA- npe]{CT8Bnett11e B c58PIIU8HTPHll8CKHX Koop,n11-

H8T8X [ 24,25], B KOTOpblX B IICXO,ztHOl! IlOCTBHOBK6 38,lt81lH TOIUIO YllHTblB810T
Cfl H30TOilllll6CK118 II KOppenRUIIOBHbl6 8qxp8KTl,I B 8TOMe . Kpoue Toro , (51,1n 

paapa60T8H Il8K8T nporp8MM HShTOM [26] ,ztnfl BblllllCneHHR cneKTpOB ,ztByx
sneKTPOHllblX CIICT6M B p81.1K8X HSA- npe.l{CT8BneHHH B renHOU6HTPllll6CKIIX KO

Op]{HH8T8X (B npwc5nHlK6HHII c5eCKOH811HO TflliCenoro RJ{pa) . C ero IlOMOll(I,10 c5blllH 

BblilOnR6Hbl MHOrOKaaanI.Hble paCll6Tbl [19] 8H6pr1111 OCHOBHblX COCTORHl!l! r enH

eno;noc5HblX CIICT6M C TOllHOCTI,10 - 10- 3 a . e . nn11 Il0BblW6Hilfl TOl!HOCTH pacqe

TOB ii .\IM8HbW8Hilfl Tpec5yeuoro oc5~ewa onep8THBHOA Il8Mf!Til SBM B pac5oTe[ 27] 
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6blllJI npeAnOKeHbl cxe»bl MeTo~a KOHeqHblX ane»eHTOB IlOBblWeHHOro nopfl}U(B 

TOllliOCTII. Enaro~apH 3TOMY 6blnl1 Bb1IlOnH8Hbl MHOrOK8H81IT,H1,1e pacqeTbl DES 
He II If" c r oqHOCTLn - 10-4 a.e . [21,22] . B A8HHOA pa6oTe npe~CT8Bne

Hbl Bblq lfCIDIT8nLH8H CX6M8 II naKeT nporpaMM ~nH Bblq11cneHHH Ha 6838 pa3-

pa60T8HHblX c eToqHl,IX 8JII'Opl1TMOB [ 26 ,27 J cne1tTpOB ~ByxaneKTPOHliliX CHC

T8M C yqe TOM 1130Ton11qeCKHX aiWJeKTOB B HSA- no~xo~e . TiaKeT P88IDl30B8H 

Ha SBM EC-1061. 

2. TIOCTAHOBKA 3A,ltAq~ 

2.1. EapHU8HTp11qeCKll6 KOOP~HH8Tbl 

Pacc»oTpllM cHcTeMy Tpex KynonoBCKHX qacT.tU a , I H c. c aapiQa»;i 

l 4 , l.,11 le 11 M8CC8MH Mc > 11a ~ /1 I • HaaoBeM qacT.tUbl a ;i ~ 
aneKTPOH8l,rn , 8 qaCTHUY C - H~POM. Yp8BH6H.te lllpe~HHrepa ~nfl ~BYX3118K

TPOHHOr o 8TOM8 B 6apHU8HTpHqecKoA CHCTeMe K00p~HH8T [ 24 ,25] 

5 \ / ,1,, Ma+ Mi ote- Mi - HJ -rl, ) ( R 
" Ha + HJ M M c a. af I 

otc MJ +HJ -cl, R 
M. + M, C I 

... s, 
fo 

:: .le. Mil-Ma 
M« + M,1 

,1.; ,t,; 
Hl.l86T BKF (e~h .. me:i) : ~ -~ ,. 

:Jt o/ = ; '1f , Je = - {£Mo) .6R
0 

+ Ha 
r~e " '1/" r )-1 )-' Hs = T + / t, , = - (2-Htl, A.sa - (2M,1 Lls~ , 

.. 
R" 

( l) 

(2) 

(3) 

h = _ z!.11£ Z e _ r✓ i!.e + r11ti!✓ 
i /(1.+ra>S: +r✓t✓J /(1+~)!-1 +ra!a/ /~-hi '<41 

1,, "'(..t; ~-i)Hp / (M«+M,,)...! p = ~, ✓-
a~ecL L1 -R - onepaTop }lannaca B fR ~P R € fR .3 - pa~yc-BeKTop 

p I p f p - oi:t qaCTHUbl ' -"/.I 
~p = (/1p / Mo) 

1 
Mo:: Ma+M,1+Me, 

Rp = M;'° f- Mp 1, , f=« , ./, & . 

IlpH nepexo~e B CHCT~My U8HTp8 HH8pU,IIH HM88M 

H,, Y = E Y (5) 

2.2. I'l1Ilepc~ep 11qecKHt:i 8~868THqeCKH~ 683.tC 

Ilepexo~ OT 68PHl..l8HTp HqecKHX KOOp~HH8T K rHnepc~epHqecKHM ocy111ecr
B1IH6TCR C IlOMOIQLIO 38M8Hbl 

2 

-1,.i ,1) 

Sa == M" x c.os e1.. 
• I 

-~ 
S,1 = H, ~Sin.ct, (6) 

i3 peaynLTaTe raMH1ILTOH11att H 8 npHo6pe Tae T BIi~ 

. .L .; ') 
(7) Ha = - il3'" ':J.t t J:l + h,s \I) 

3~ecL h6 {i) - yrnoBaH qacTL ra1rnnLTOH11atta H 
6 

, 38BHCHIQ8H napa
weTpHlJeCK11 OT i : 

h8 =- 9!i{stn:"1..t ~ stn1,1.; - .t't - !~ +~{..t,zr.~.~) (8) 
-t. -R-1 

/.,,'1(, cl.t o1.t cos cl, S1,n ;,t _ , 
r.zte . -:I. ,..__ 

Va = Vs ( «, Va,/,£ J...== 1 Ve. ( .,t , Z!a✓ ) 
- IlOTeiil.(l-181!LH8H 3Hepr m1 , .I.e. - onepaTop op6HT81ILHOPO AI0!.18HT8 f - ro 

aneKTpoHa , cos l/:,,J = ( S: • S~) . OnepaTop V
8 

np1-1Be.zten B pa6oTe [ 23_]. 
Onpe.ztem1M op·.r0Hop.1.mpo.B8HHbltl H~ .. - 6a3!1C { 4' j f':'i € l £ ( S5 ) KBK 

nonm..ii-i na6op pewett1-1il cneKTpam,Hoi1 aa,1aq 11 ~nH ypa~meHHH 

k8 (il)<Pi (Q;~) = E.1:(.f) g,J(Q ;~) _ (9) 

Co6cTBettu1,1e 3HaqeH1-1H (Tep1,11,1) E.; (_t) napaMeTpH'leCKl-1 3BBHCRT OT rmiep

pa,11Hyca ~ • Ilapu1-1a11L111,1l1 aHam1a B npe~cTaB11e11,111 nonttoro 1,01JenTa ocy-

1QeCTB1IHeTCH C IlOMO!IILIO f83110l!<8Hl-1H HSA-.JiyHKl..llll1 <Pi (Q; l,) no 6HnonRp

HblM r8J)MOH.tK8M '!:IL:1~ ( s~. s~) EL t ( S1(Sa)" S1 (SJ)) : 

P; (Q ;£) = (sinJ, tos.,Jf.i, 'P,~i (ti;i,) '!!].~; (s • .s~). (IO) 

Ilo~CTfHOBKa,. (IO) B YP8BH8Hlle (9) lf l111Terp11p0Ba111-1e no yrnOBbll.l nepei.eH

HblM ,5,_ H s~ IlPIIBO~.tT K Cl1CT8Ll8 06blKHOB8HHblX ~mpq>e;JeHl..lll811LHblX YP8BHe -

H[II£ _ la{k+i) _ ld'4+t) _ !,£-{J)&,"] lf. (i ) (c1, ·fl)+ 
J.i. l coszc1, s in 1ot. I t,,_J, ' 

(II) 
+ t Z, <'Y:4':~rs ... s,>l¼~,zru)/Y}~:(s .. s,f ~tr;, 1oe ,.r;.) = o C.I, •Y • V .~, l' 
no~ CHMB01101A ( · / · / ·) 3~eCL IlOH.tM88TCH HHTerpHpOB8H.te n o lJeT1,1pe1t ne-

P8M8HHblM s-:._ , SJ . CHcTeMa ypaBtteHHtl (II) ~ononttReTcR rpa1rnq111,111H yc
JIOBIIHM.t [ 15 J 

~~j, (.t ; J, ~ = -"/4 
(j) ,,,~ l'ft.t,("-;"', 

""- "'=.:.£"A 

(J) 
'ft .. .t, ( 0 j ~ ) = 0 I 

= (-t) 
l +S +I,. +.11 

L+S+ta+l1+1. 
={-t) 

3 

lft;i ($h-.t i 1)1= ~/4 
l'f/!l.&ca-..t:i} I 
~ t/ ,I, fo': K_/4 

(12) 



B KOHKpeTHb!X pacqeTax-orpaHlllllB8IOTCH nepBb!Mll ~=A'(.ta,4) qneH8Mll 
B paano~eHllH (IO), qTo ripllBO,ZlHT K KpaeBOM 38.ztaqe (II)-(12) ,ll;M CllCTe
Mb! ~ ,l.lH([>([>epeHUH81IbHb!X ypaBHeHHM. 

2.3. CncTeua p~nanbHHX ypaBHeHnii 

HSA-paanoilteHne .ztnll nonHoM BOnHOBotl i!JYHKUHH Y(i ,Q) HMeeT Bil.A 

"f(t,Q)=!<.--¼ f xi (!ll)Pj(Q;~). (13) 

IlO,l.lCT8HOBK8 (13) B ypaBHeHHe llipe.ztHHrepa (5) H ycpe.n;HeHHe no HSA-683H
cy npHBO'AUT K CHCTeMe 06b!KHOB6HHb!X .n;nw([>epeHUH81IbHHX yp8BH6HllM ,ll;lIH pa-
,l.lH81IbHHX \[>YHKUHM X. ( i) : [ Xj })': 1 : . _,. 

[-f;rj +V(i~i(l)th[O(l)X(£~+Q(5l)~}(~)=iE-X(~). (14) 

r.n;e M8TpHqH1i1e aneMeHTbl ViJ n Q ij onpe.ztenHIDTCll cooTHOUJeHHfil!H 

Vi;(i) = -t/4t_,,I;i + E;(i-)fti + Hij(~) , (15) 

H,j(je). Hj,(1e>•e~~2 ,!12) 
1 

"Pl/ft !Ii) > (16) 

9ij(rR)=-Q;i,(!l)=-<if>i<Q;!l,) l J~5~;1t)) ,· '17
) 

a I - e.z111H11qHall uaTpaua. CHMBon <·I·) 03HaqaeT HHTerpnpona1rne no 
nepeueHHOM J. H cyMi.wponamrn no napaM (.la, i1) . BonHOBb!e qiyHKUHH 
Y.Z!OBneTBOpHIOT rpaHuqHHM ycnoBHHM 

Xi ( o) = Xi ( C?O) -; a , ; : f, t, . . . . c rn) 

Ilpn q11cneHHOM peUJeHHl1 CHCT8Mbl (14) orpaHHlllBBIOTCll KOHeqm,iM qacnoM 
ypaBH8HHH #.t H 38M6HHIOT nony6eCKOH6qttb!H HHTepB81! no nepeMeHHOM £ 
ROHeqHHM £ E [O,!/Jm.a;ic}. · 

3. METO~u qMC]EHHOro PEWEHfill 
3. I. qHC1I8HHOe perneHHe cneKTp81Ibl!OM 38,Zlaqn (II), (12) 

PellleHHe 88,Zl8qtt tlTyp11a-]HyBH1IM (II), (12) ocy~eCTB1Ifl6TCll M8TO,Z!OM 
ROHeqHh!X paaHocTeii (MKP). Ilepennww (II), (12) B BH.zte [- :x: I ~ U(x)]Y(x) = A '((x) , (19) - -Y ( O) = Y ( flt'/4) = 0 . (20) 

[ - r- ~ S.11ecb X:cl,, xe 0,$/lt], y(x)={Y.dx),.¥-,.(x), ... ,,¥H.c(x)}='f(.£.;.fh 
~=-tE..; (.Sl?)~ 1

1 
U(x) - M8TPHU8 ll0T8HUH81IOB paaMepHOCTH . 

#.& •N"' . rpaHHtrHHe ycnoBHH (12) peamrnyroTca ueTo.ztoM wTpa([>a [2s] H 

4 

l 
.~ 

y 

I 
'I' 

.1 

.I. 

He MeHHIDT o6~ett cxeMH peweHHll. Bne.zteM Ha oTpeaKe [0,K/4] paBHOMepHym 
p88HOCTHYID C8TKY: w,. ={X,c: K}1, K::0,.t, ... ,n}, a T8Rllt8 o6osuaq·emrn: - , 
Y~ (x) = Y(x"), U1dx) = U(X,c,), h. =trA'!, K=O,i, ... ,n. 3aueuma aa.ztaqy 
(19), (20) p88HOCTHO!t aa.ziaqeii BTOporo nopll,l.lK8 TOqHQCTH [29]: 

< YI{-~ - i Yic: + Y"+! )/1i, .,. h ul(, YK = >- 1i, yK ·, c21) 

Yo ~ Yn, = O , K= :1..,1., ... ,n-:1.. 
BHpaJJteHHe (21) nepenHweu B BH.zte 

A I< X = >. B )( X , <22) 
r.zie X - ~ (n-!) - uepHH!t BeKTop c KounoHeHT8MH 

/t=Jft(X,c), t=(K-1..)n+i, K=1.,1., ... ,n-J., i=:t.,t., ... .,~, 
A - KB8.ztpaTHaa CHMMeTpnqHall MaTpnua, HMero~all nenToqHyro CTPYKTYPY 

C M8KCHM8.llbHOit WHpHHOit neHT!,! 2t¼e +J. t a M8TPHU8 8 IC - M8rOH81IbH8H 
c aneMeHT8IDI .BH,lla Btt = Ji , .t = (K-t)n. +i, i=.f.,l, ... ,Jl.t, K=.t.,£, ... ,n.-s.. 
J{nll H8XOJK,l(8HHll nepBHX p co6CTB8HHHX 8HaqeHH!t H co6CTB8HHHX ([>yHKUH!t 
o6o6~eHHOM anre6paaqecKOM npo6neMN Ha C06CTB8HHHe 8HaqeHHll (22) HC
nonbayeTCll MeTO,Zl HTepa~HH Il0,ZlllpOCTp8HCTB[28]. 

3.2. qHcneHHoe peweHHe cneKTpanbHolt aa.ziaqn (14), (IB) 

J{na qncneHHoro pewemrn aa.ztaqn lliTyp11a-JIHyBH1I1Ill (14), (18) Hcno11b
ayroTCll CX6M!,! M8TO,Zl8 KOH8tnib!X aneMeHTOB (MKS) llOBb!WeHHoro nopll,Z!K8 Toq
HOCTH f 27]. Ilpe.zinonaraeTCJ=!, qTo KOS\[>qiHUH8HT!,! YP8BH8HHH (14) o6ecnetm
B8IDT He06XO,ZlHMYID rn8,llKOCTb peweHHH. BapH8UHOHH!,!M ([>yHKUHOH81I Pa11ell
PHTU8 ,lllIH YP8BH6HHH (14) C COOTBeTCTBYID~HMH rpaHHlJHHMH ycnOBHfillH (18) 
HM88T BH,ll; (mTpHX 03HaqaeT 'AU([>([>epeHUHPOB8HUe no $_ ) : 

R(X)={ ff [[X/Xj ¼ + X, ¼j¼ + Xi (Q4iXJ)' + 

{ 

00 J. (23) +XiQ{fX;]Jt} ff[XiXJ½Jf}-
BHqHcnHTenbHHe cxeMH MKS BHBO,llHTCH H8 B8PH8UHOHHoro ([>YmtUHOH8118 (23). 
B ,Zl8HHOH pa6oTe HCn01Ib8YIDTCll HaonapaMeTpHqecKHe 11arpaHJJt8Bl,! aneMeHT!,! 
{~f ('l )J.::1. CTeneHH K, K =I,2,3,4,5, ~OTOpHe onpe.ztenHIDTCll cne.ziym

~HM o6paaoM. Ha HHTepBaJie aa.ztaHH ToqKH fl,: = - i + 2 i/K, i = O, .f., ... , K. 
~YHRUHH "t f (?) onpe.zteMIOTCH H3 ycnoBHM 

,zr l'i~)- <':°. i,i,·- 0., K ,. l ' .t - <' 'J , ,
0 

- , .... , •. • , • 

IloKpq_eu HHTepnan Ll =[a:, ✓] CHCTeuott no.ztHHTep11a110B Ll.; = [X,;-:,., x_;J, 
A= .~1 AJ , x = !l . KoHetmoaneMeHTHa~ ceTKa W" cocTOHT Ha To-
qeK; Xo,X:J., ••. , X11 H ToqeK 

xf,, = X;-~ + O.S(x,;-Xj-.t) (f+ '/,~) 1 i,=1,t, ... ,K-1, j:i.,l-, ... ,n, 

5 



K 
B Kal!t;ztoll TotJKe Xj, i ceTKH onpe,lleID!M qiy1rnumo 

~: (x) ={ ~:.i ('{) , X=Xj-1+ ¥(1.-1) 
0 -

l11~:t 
. , X € .t:,.j , 
1.,='-,!l, .•. ,x-1., ,t: (j-1.)1<+i , h,; =XJ-XJ-1 

8TH qiyHKUllll B TOllK8X Xa, X,s, : .. , X n llMelOT Bll;lt 

,j,' (x) • ~.,,.(7), x, X.; + 4f' (1,7), 171{1, 

(24) 

(25) 

" { i/1( (7) , x=x,;-1 + 4}-(1.+rz), l'll".1, 

I( 0 , x l .IJJ u 4j,H , .t = (j.-d.)K 
<l>yHKUml { 'Pi (x)};_o , L. = n J< + i. i oc5pasyIOT 6a3HC B npocTpaHCTBe 
no;irn~oMOB cTefeHH- K • IIpe;ztcTaBnM pe111eHHe X ( x) B BH;zte X (x) = : *" /f~ cf,~ (x) H no;iicT8BHM 3TO p83JIOllteHHe B 4JYHKUHOH~JI (23). 
Rs ycnOBllH Ml1Hl1MYM8 3TOro 4JYHKUl10Hana nonyqaeM, qTo BeKTOp Y: 
: (Jfo,Jf1., ... ,/f1.)" HBnneTCH coc5CTB6HHIDl B6KTOpOM 06061lleHHOil anre6-

panqecKOH npoc5neMbl Ha C06CTBeHHb16 3HaqeHHH 

A"Y = 2E Bl<Y; 
MaTpHUhl A 1< 11 BK CHMMeTp11qHhl 11 nMeIOT neHToqHyIO 
nonOii\HT6 llI>HO onpe,lleJleHa. OHH l1M6IOT BM,ll 

K n IC K n. 11< 

(26) 

CTPY1'TYPY. B" -

A = Z «J , B = Z. ~J , 
. ,1=:L ·, ,r"'1- K I( 

r;iie JIOK8ll!,Hhl6 H8 3lleM6HTe A. j .1.18TPMUhl llt6CTKOCTl1 a,j .M. M8CChl .,/; 
BhlqHCJIH!OTCH no qiopMynaM 

/, K) ii. -J"{ j_ ( 1< )' ( K )' (i 1< K } h · Ji \a; p'f, - ht: 'Z;,p 'lj,t + Vii 'l.;,f 'li,'f 7 1 1 
.. , -1. 'cl 

( ,c)LL J. h ~ I( 

a; Pf =J {f 1/;_,,°lf,p'tf.1 +fiQi:'":i:Pf/s(~,)'~(tzJ,s)'zJ.1]} 11, 
( 
~ I. ~ 

i; Jp,,, = f z.j,,, zJ,1, --'pf "1 , · Vu' = L Vti' 'l,\ 
•:J. S trl I 

(27) 

(28) 

X = Xi-1. + !;z-,i (1.+tz), P,'l,,S =O 1. ... K i,, i'=.J. n ,/,,, 
. a 8 ~ S , , , , , ' "'1 ... 1 n~ • 

3,lleCI> Va• n Q i.i' - sHaqeHl1H MaTpHqHhIX aneMeHToB Vu• ( /1,) H 
Qii, (fl) B ysnax S aneMeHTa ilJ . liHTerpanu (27), (28) Bhllll!CJIH

IOTCH npH llOMOllll1 KB8,llpaTy PHhIX qiop1.1yn raycca C I<+ 1. Y3Jl8MH. 

~llfl pe111eHHH sa;ztaq11 (26) HCnOJII,30B8H MeTO,ll HTepaUlfH no;iinpoCTp8HCTB 
[28]. OTMeTRM, qTo ;ltllll coc5CTB6HHhIX 3HaqeHHH En l1 co6CTB6HHhIX 4JYHK

UIDI ,~ BhlnOllHHDTCfl cne,llynmHe o~eHKll [30, CTp. 267, 27I]: 

0 ' E ! - f n 4 C { £ n) h, fK 

' 1/j~ - Jin /lo~ C(En) J/H, 
(29) 
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t 

.(, 

,i 
,,(I;, 

I 
! .. 

r;iie' h, - M8KCl1M8JII,HbJH war KOH6llli03lleMeHTHOtt ceTKH, 8 YI, - HOMep co
OTB6TCTBYIOlllero pe111eHHR. 

4. OIH1CAHL1E IIAKETA IIPOrPAMl:. BCA·roM 

4.I. CTpyKTypa H 06lll8H xapaKTepl1CTHK8 naKeTa 

IlaI<eT nporpaMM BCnTOM npe,llH83HaqeH ;llJIH Bblq11cneHIIH YPOBHell 3HeprHH 
H BDJIHOBhIX 4JYHKUHH Tpexq'aCTHqHhIX 8TOMHhIX Cl!CTeM C yqeTOM 1130TOn11qec

I(l1X 3,Il~eKTOB ;llllH npOH3BOllbHblX 3HaqeHHtt nonHoro op61!T8llI>Horo MOM6HT8 

L , sapfl,lloB 11 Mace qacTl!U a, I H c • IIaKeT HanncaH Ha H.8h1Ke <l>OPTPAH-IY 
H npe;ztHasHaqeH ;iiM aKcn11yaTau11n Ha am; cepnu EC no;zt ynIJaBneaHeM one
paunoHHOfi Cl1CT0Mhl oc EC. Bee Bhlq11cneHl!H Be;ztyTCH C ABOHHOtt ToqHOCTI>IO. 
B KaqeCTBe H3b1Ka BXO;ltHhlX ,ll8HHhIX ncnonoayeTCH onepaTop N;,MELIST, qTo 

ll03BOllH6T ynpOCTl1TI, IlO,l.lrO~OBKY 11 MO;lll!Wl1K8U11!0 BXO;llHhIX ;lt8HHhIX. Ilpe,l.lyCMO
Tpellbl T8K:li(e ,l.lHHaMnqec«oe pacnpe;zteneHl!e ll8MHTH H 8BTOM8THqecKaH reHepa
UHH KOHeqHo-aneMeHTHOtt C6TKH. 

BecI> npouecc peweHl1H sa;iiaq,1 pas6HT H!JTPH aTana: I) Bhlq11cneHHe 
Te PMOB E i, (J) H C06CTBeHHhIX 4JYIIKUHtt If .t,. LJ (cl.; ~) ll 38nHCI, HX 

118 wattn FILEl; 2) qTeHHe ;ztaHHhIX 113 ~attna FILEl, BhlqlfCll6HHe no WOPIIY

naM (I5)-(I7) aqi~eKTHBHHx noTeHUHanoB Vij ( ~) H {; "J (I<,) H sa
nHCI> HX H8 FILE2; 3) qTeHHe H3 FILE2 noTeHuHanoB v,, (J,) H QiJ (£), 
BblqHcJlellH8 YPOBHett a11epr11H l1 p8,l.lHanI>HhIX 4JYIIKUl1n ll sanHCI, HX Ha FILE3. 

nJIH nepBhIX .llBYX 3T8llOB npe;iiycMOTpeHbl ;ltB8 pelltHMa: a) Haqano cqeTa; 

6) npO,llOJll!t6HHe cqeTa. 8TO Il03BOJIHeT llOJIHOCTI,IO 8BTOM8TH3HPOBaTI, pacqeT 
ll npe~yCMOTpeTI, 38lllHTY OT Henpe,llBH,ll6HHbIX c6oeB MalllHHll. 

B COOTBeTCTBHH C KOJIHqecTBOM 3TanoB pe111e11Hll naKeT BCATOM COCTOHT 
H3 Tpex nporpaMMH!iX KOMnneKCOB: BCrERM, BCM.,'fR ll BCEVHQ. 06lllaH CTpyK
Typa naKeTa H cxeua 06Me11a qiattnaMH np11Be;1teHhl Ha p11c. I. 

B nporp8MM8X BCTERM, BC.MATH H BCEVHQ pe8JIH30BaHo ;llliH8MHqep«oe 
pacnpe,lleJiellHe naMHTl1. 06paseu rJ18BHOtt nporp8MMhl, BXO.zlHmen B BCTERM, 

npHBe,llell 118 pllc. 2. COOTBeTCTBY!O~He rJ18BHhle nporpaMMbl ,llJlll BCMi,.rR ll 

BCEVHQ l!Me!OT aHanorHllHhltt BH;zt. CM!lCJI napa11eTpOB Mro·r H IIN 06'bHCH8JI B 
KOMMellT8pHHX. Bo Bcex nporpaMMax BhlllHCJIHeTCll H neqaTaeTCll nocne;iimtl! 
8,llpec M8CCliB8 M.ECJIH OH npeBbllll8eT a11aqe1111e MTOT, TO neqaTaeTCH coo6-

me11He 06 OIIIH6Ke H npoHCXO,lll1T OCTaHoB nporpaMMbl. B C0061lleHHH yKa3blBaeT
.CH H8,llOCT8D~8H ll8MHTI,. B COOTBeTCTBHH C ee SHaqeHHeM Heoc5xo~HMO HSMe
llllTI, napaMeTp MTOr H C,ll6Jl8TI, nOBTOPHhltt sanycK. 

Bee qiattnbl, HCilOllI>3yeMble B Il8KeTe, ,llOllXHhl 6blTI, 011HC811bl B COOTBeTCT
Blil1 C npaBHJl8Mll, npllHHTbIMH B oc EC. B ,ll8HHOII naKeTe ,llJIH qTeHHH-sanHCH 
qiattJIOB l1CnOJII>3yeTCH 6ecqiopM8THhltt BBO,ll-BhIBO,ll. B naKeTe npe,llyCMOTpeH Pll~ 
OCTaHOBOB, KOTOpue IlpOIICXO;llHT B CJI6,llYIOlllHX cnyqaHx: 

7 



BCATOM 
43 n/n 6614 on 

l 1 l 
BCTERM BCMATR BCEVHQ 

I3 n/n I 2087 on II n/n J 1800 on 19 n/n I 2727 on 

I 
I 
I 
J. 

I 
I 
I 

J. 

FILEl (out) 
1-- - -

FILEl (in) 
FILE2 (out) --- --➔ 

FILE2 (in) 
FILE3 (out) 

PRC. l. 06~aH CTPYKTypa naKeTa BCATOMH cxeua 06MeHa 
wattnawi 

C CneAYID~He ABB KBPTl:J HCnOHb3YIDTCH AM onpeAeneHHH M8KCHM8~HOtt 
C paauepHOCTH M.rCT M8CCHB8 M, Tpe6yeuott AHH pemeHHH 38A8tUI. 06~all 
C naMllTb B KHno6attTax onpeAeHll6TCll K8K 
C IL,,ST lE 4/1024+100, 

C rAe lLAST - nocne]tHHtt 1rnnonb30B8HHblit 8Apec B M8CCHB6 M. ,llnll HB
C MeHeHHH M8KCHM8HbHOro paauepa Il8MHTH, He06XOAHMOil AHH npOB6A6HHll 
C Bl:J1rncneHHtt, cneAyeT li3M6HHTb 8Haqemrn MTO'.r H, COOTB6TCTB6HHO, -
C M8CCHB8 M(MTO'l'), 

DIMENSION M(200000) 
MTOT = l:!00000 

C IIN - HOMep wattna, no KOTOpOMy OCy~eCTBHll6TCH BBOA 
C ABHHl:JX 

IIN = 5 

CALL BCTERM (M,Ml'OT, IIN) 
STCP 
END 

PHC. 2. 06paaeu rnaBHOtt nporpaMMl:J KOMnH6KC8 BCTERM 

8 

); 

~· 

~( 

I, 

h 
' 

,I. H6AOCT8ID~8H paauepHOCTb M8CCHB8 M. 
2. HeKoppeKTHOe 38A8HH6 8HaqeuHtt HCXO]tHl:JX ABHHl:JX 38A8qli. 
3. IlpeBl:JW6HHe M8KCHM8HbHOro qncna HTepauHtt (Ami BCTERM H BCMATR) 
4. KOH6U cqeTa B 8BTOM8TRqecKOM peXHMe (Ami BCTERM H BCMATR) 
5. 0CT8HOBl:J, npeAYCMOTp6HHl:Je B nporpaMMe SSPACE [28] (AHll BCTERM 

H BCEVHQ). 

4.2. IlporpaMMa BCTERM 

KounneKC nporp8MM BCTERM npe;ztH83HaqeH Ami Bl:JqlicuneHHll co6CTB6Hijl:JX 
attaqemitt - TepMOB E i (£) H co6CTBeHHmc WYHKUHtt 'P i.t~ {cl.; .f) aaAaqH 
(II)-(12). PeweHH6 8TOtt 38A8qH paa6HTO Ha nllTD 3TanoB: I) BBOA H o6-
pa60TK8 A8HH1:Jx; 2) reHepaUHH KOHeqHo-paaHOCTHOtt C8TKH; 3) Bl:JqHcneHHe 
M8TPHU AH B, aanHCb RX npOWl'JHHi 4) Bl:JqHcneHHe 38A8HHOro qacna T8PMOB 
E i, H WYHKUHtt If fl,/~ ; S) aanHCD peaynDT8TOB cqeTa Ha wattn FILEl. 

BCTERM COCTOHT H3 13 noAnporpaMM H COA6PEHT 2087 onepaTopoB. Hase 
KP8TKO onHC8Hl:J OCHOBHl:Je noAnporpaMMl:J KOMnneKca. 
BCTERM - ynpaBnHeT npoueccou pemeHHH 88A8qli (ll)-(12). B 3TOil noAnpo

rpauue ocy~eCTBHH6TCH BBOA, o6pa60TK8 H neqaTb uaqanbHl:JX 
A8HHl:JX, qiDpMHPYIDTCH KB8HTOBl:J8 qucna AHll K8EAOro K8Hana, npo
BepHIDTCH BC6 WH8rH. 

HSTEP - reHeplipyeT KOHeqno-p83HOCTHYID ceTKY no nep8M8HHOil cl.. 
EIGVNC - wopMHpyeT M8TPHUl:J Ali B, peanHayeT rpaHHqHl:Je ycnOBliH (12). 
vPor, VRAB - wopuHpymT uaTpHUY noTeHuHanoB Va B K8XAOtt ToqKe· noct 
VRAC, VRBC, QANG 
CLEBSH - BuqncnHeT KoawwuuHeHTl:J Kne6wa-ropAaHa. 
SIXJS - Bl:JqHCmi6T 6J - CHMBOHl:J. 
SSPACE - pemaeT anre6paHqecKyID 38A8qy (22). COCTOHT li3 5 noAnporpaMM. 

_0nRC8HH6 SSPACE A8HO B [28]. q) 
EVSOLV - AHH 88A8HHOro H860pa 3H8qem,:tt !J_, Bl:JqHCHH6T £ i, {!},) ~ lf ,1,,,/-, , 

ocy~eCTBnH8T aanHCD li neqaTb peaynDT8TOB. 
0nHC8HHe BXO]tHl:JX A8HHl:JX Ami nporp8MMl:J BCTERMH8tIHH86TCH C KBPTl:J 

~l, npe]tH83HaqeHHOtt AHH HA6HTH~HK8UHH BBOAHMl:JX ABHHl:JX. ~OPM8T K8pTl:J 
- BAB: 

IlepeM6HH8H HaaHaqeHHe 

'.rl'rLE 8aronoBOK 88A8qH, 64 CIDIBOH8 

I'pynna K8PT ~ COA8PDT HH~OpM8UHID 06 HCnonbayeMl:JX ~attnax. ~op
M8T rpynnu K8PT ~2 - NAMELIST/FILES/: 

& FILES IOUT=, NT18=, NT19=, NT20=, NT21= &END 
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llepelleHH8fl Ha3H8'tleHHe 8Ha'tl6HH6 no 
YMOJI'tlaHHIO 

IOUT - HOMep q,attna, no KOTOPOMY ocy~eCTBJIH6T- 6 

CH BblBO,l.l HHqJOpMaJ.tHH Ha neqaTn 
NT18 - Bp6M6HHul1: pa6oqHtt q,attn I8 
NT19 - BpeMeHHun pa6o'tlHtt q,attn I9 
NT20 - B aToM q,anne xpafil!TCH TeKy~ee aHa'tleHHel, 20 

(<') 
£,(~) H lfl,,,1,,(ot;J?,) , HCnOJin3Y8Mb16 
B K8'1l6CTB6 H8'1l8Jli,HOro npH6JIH~8HHH B 

cne.ztyl!l~ett TO'tlKe no !fl 
N'r21 - B STOT q,attJI aanHChlB8IOTClt pe meHlflt 38,l.lB'llH 2I 

(II), (I2) B COOTB6TCTBHH C onepaTOPOM 

WRITE(NT21)R,NN,NDIM,Nl'll(,NROOT, 

(E(I),I=l,NROOT),((q> (I,J), I=l,NN) 1 J=l,NRCOT), 

r.zte R - rHneppa.ztHYC' NN=NDIM,. NGRID, NDIM -

- 'llHCJIO ypaBHeHHn, NGRID - 'llHCJIO yaJIOB 
C6TKH, NROOT- 'llHCJIO T6PMOB, Nl'lK - pas

MepHOCTi, MaTpHJ.tbl A, 

rpynna KapT ~3 CO,l.leplltHT .ztaHHble, He06XO,l.lHW6 ,l.lJilt pemeHHlt 38,l.l8'1lH 

(II), (I2) B 38,l.l8HHOM H86ope TO'lleK no!lt. ~OpM8T rpynnu RBpT ~3 -
NAMELIST/RMESH/: 

Ilepe
M6HHaH 

IREAD 

IRBEG 

IREND 

NGRID 

RGRID 

&RMESH IREAD=, IRBEG=, IREND=, NGRID=, 

RGRID=, RVALUE=, NRECRD= &END 

H83H8'1l6HH6 

- aa.ztaeT pexHMu pa6oTu nporpaMMu: 
=0 - H8'1l8JIO C'tleTa, HB'll8Jli,H06 npH6JIHlit8HHe 

Bupa6aThlB86TCH nporpaM11on 
=I - npo.ztOJmeHHe C'tleTa. H8'1l8Jli,HOe npH6JIHX6-
HHe C'llHTb!B88TCH C qiattna NT20 

- H8'1l8Jll:,H06 3H8'1l8HR8 nepeMeHHOtt l.ll'IRJI8 IlO!R 
- KOH8'tlli06 3H8'1l6HH8 nepeMeHHOn J.tHKJ18 no !R 
- p83M8PHOCT!, MBCCHBa RGRID (He 6onee 25). 

8H8'1l6HHe NGRID BCer.zta H6'1l6THO 
- M8CCHB ,l.l8HHUX ,l.lJllt pa36HeHHH HHTepBaJia H3M6-

H8HHlt rmieppa.ztHyca Jl, e f!(min, J.,,.,u] 
Ha IlO,l.lHHT6PB8Jibl [RGRID(I-1) 1 RGRID(I+l)] C 
maroM hn=RGRID(I) H8 KBX,l.lOM H3 IlO,l.lHHTepBa
JIOB. 8.zt6Ci, RGRID(l)=~in' RGRID(NGRID)= 
:th 2 t I< NGRID ( 1 - '16TH06), ·max• 

10 

8H8'1l6HHe no 
YMOJI'tlaHRIO 

0 

I 
I 
3 

),, 

~ 

'( 
! 

:. 

RYALUE - aHa'tlenlle rllneppa.ztHyca 'P. , .ztJIH KOToporo HJXHO 

peml!TL aa.ztaqy (II), (I2), HcnonnayeTCH npH 
IREAD=l H RVALUE > 0 

NRECRD - 'llHCJIO H8'1l8Jli,Hb!X aanHcett ll q,anne NT21 ,l.10 

HB'tlana C'll8T8 

0 

0 

rpynna KapT Je4 CO.ztepgHT HHWCPM8J.till0 0 tlHCJI6 O,llHOBpeMeHHO _llbl'llllCJllt8-

MblX T6pMOB, C,l.lBHre Cll8KTP8, TO'llHOCTH pacqeTa, KOHe'tlHo-paSHOCTHOtt CeT~ 

Ke, 'llHCJie HTepauHtt. ~OpM8T rpynnu KBPT l"4 - NAMELIST/TERMAT/: 

&TERMAT LMAX=, NRCOT=, SHIFT=, RTOL=, NI'rEM=, -

I PRINT=, IPRTFN=, IPRS'TP=, NPl.RT=, NPl,;,, • , • , NP5= &END 

llepe-
MettHaH Ha3H8'1l8HH6 

LMAX - M8KCHM8Jli,HOe 3H8'1l8HH8 op6HT8J!LHHX MOM8HTOll 

aneKTPOHOB lm.ax = max ( 4, .h) 
NROOT - 'llllCJIO 0,llHOBpeMeHHO llbl'llHCJIHeMblX TepMOB 

SHIFT - C,l.lBllr cneKTpa. Bb!'llHCJIHIOTClt NROOT TepMOB, 
6JIHX8ttmHX K C,l.lBHry 

RTOL - OTHOCHTeJinH8lt TO'llHOCTi, Bbl'llHCJ18HHtt EJ'R) 
NITEM - M8KCHM8Jli,H06 'llHCJIO HTepaulltt 

!PRINT - ypoBeHn ne'llBTH: 

=O - MHHHM8Jll:,Hbltt ypOB8Hi, ne'tlaTH. IleqaTaIOTCH 

BXO,l.lHble ,l.l8HHb16 H pe3yJinT8Tbl cqeTa 

=I - ,l.lOnOJIHHT6Jll:,HO pacne'll8Tb!B8IOTCH M8TPHl.lbl 
AH B, Hx npoq,Hnn H Hy11epaJ.tHH yanoB 

"8H8'16HH8 no 
. YMOJl'll8HHll 

0 

I 
I. 

1,D-8 

30 

0 

>I~ pacwHp6HH8lt ne'tl8Ti, (HCilOJin3yeTClt npH OTJI8,l.lKe) 

IPRTFN - neqaTn co6CTBeHHb!X qiyHKJ.tHtt O 
=O - ne'tl8Tl:, He npOH3BO,l.lHTClt . 

(<I 

>O - neqaT8IOTClt NROOT q,yHKJ.tlltt 'f L,,b C waroM 
IPRSTP 

(i) 
IPRSTP - mar ne'll8TH co6CTB8HHblX q,yHKJ.tHtt 'fL.~, IO 

NPART - 'llHCJIO nO,l.lHHT8pB8JIOB B 06JI8CTH H3MeH6HHlt I 
nepeMeHHOtt ol (O~ ol~~/4). NP11RT~ 5 

·NPl 1 .. • ,NP5 - 'llHCJIO ya:noB H_8 K8llt,l.l01( H3 NPART .llO,ItHHT8pBSJIOB IOO 

rpynna K8pT ~5 CO,l.leplltHT HHqJOpM81.lHll O paCCM8TpHB86MOR 8TOMHOtt CHC
T8M6. ~OpM8T rpynnN K8pT ~5 - NAMELISr /ATMSYS/: 

&,\"rMSYS L= 1 !SPIN=, IPI=, ZA= 1 ZB=, ZC=, 

AMMA=, AMMB= 1 AMMC=, &END 
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IlepeileHHBfl Hasaaqemrn 

L - nonautt op6HTallnHhltt MOM8HT CHCT8Mhl 
ISPIN - nOllHbltt CnHHOBbltt MOM8HT CHCT8Mhl 

IPI - t18THOCU: QC= (- i.) L,. ~~, 
=O, ecnH :,c = J. 

=I, ecJIH :JC=•J. 
ZA, ZB, zc - aa·pH;zul qacTHU 
AMMA, AMMB, - MBCCbl 'l!BCTHU 
AMMC 

3uat1eHHe. no 
1,MOllllaHHR'.l 

0 
0 
0 

-1, -1, +l 
1., 1~, 
1836.1515 

Bee rpynnbl KapT tlHTaR'.lTCH H3 ~attna C HOM8pOM IIN. B pesynnT8T8 pa-
60Tbl nporpaMMhl BCTERM H8 qiattn NT21 6y,1tyT aanHC8Hbl peweHHfl sa.ztat1H (II~ 
(12) ,ltllH aa,1taHHoro HB6opa 3H8tl8HHtt rHneppa.ztHyca. 

4.3. IlporpaMM8 BCMATR 

IlporpaMwa BCMATR npe.ztaaaaaqeaa ,ltllH BhltlHCll8HHfl 3~4J8KTHBHhlX noTeH
u11anoB V;,j (J.) H Q;,; (~). Oaa cocToHT HS II no.ztnporpaMM 11 co.ztepJKHT 
1800 onepaTopoB. HHJK8 .ztaHO KP8TK08 OllHCaHH8 no.ztnporpaMM. 
BCMATR- ynp8Bllfl8T npoueccoM BhllllfCll8HHfl 3qJ4J8KTHBHblX noTeHUHanoB. B 

3TOtt no.ztnporpaMMe OCYIJl8CTBllH8TCH BBO.zt, o6{L 60TKa H netJaTn 
HaqannHhlX ,lt8HHblX, 8BTOM8THtl8CK8H reaepauHH KB8HTOBh~ tJHC8JI 
;ztn11 KBJK.ztoro KaHana, npoBepHR'.lTCH ~narH. 

BCMAT - ,!tllH 3a,lt8HHOrO Ha6opa i!.CtlHTblBa8T H3 wattna NT20 T8PMhl H BOllHO
Bhl8 WYHKUHH, ~opMHpyeT MBTPHUbl v HQ, aanHCuBaeT HX Ha ~attn 
Nr21. . 

BCPOr - no ~OpMynaM (15)-(17) Bhl'H!CllH8T v,,,, Qij B K8JK,!t0li T01lK8 

no&,. 
SPLINE - BhltllfCllH8T K03qxpHUlf8HTbl Ky6H11ecKoro HHTepnonHUHOHHoro cnnattHa. 
SEVAL - BhllllfCllH8T 3H8tJ8HHe KY6Htl8CKOro cnnattHa. 
SEVALP - BhlllHCllH8T ·aH8118HH8 npOH3BO,ltHOli Ky6Ht18CKoro cnnattHa. 

OcTannHue no.ztnporpaMMbl onHcaHu B npe.ztu.ztymeM pas.ztene. 
0DHC8HH8 BXO,ltHUX ,lt8HHhlX ,ltllH nporpaMMU BCMATR H811HHa8TCH C K8PTU I, 

npe.ztH83H8118HHOtt .ztnH H,!{8HTHrpHK8UHH BBO,ltHMUX .ztaHHhlX. <l>OpM8T KBPThl BAB. 
Ilep8M8HH8H HaaH8118l!H8 

UrLE_ SaronOBOK aa;ztat1H, 64 CHMBona 

rpynna KapT ~2 CO,!t8pZHT HH~OpMaUHR'.l 06 Hcnon1,ayeMblX B nporpaMMe 
BCMArR qiatlnax. <I>opMaT rpynnu KapT ~~2 - NAMELIST/FILES/: 

&FILES !OUT= 1 NTlB=, NTl 9=, NT20=, N·r21=, &END 

12 

) 
'J 

f 

'I 
! 

Ilepe'-
M8HHa11 Ha3B8HH8 

rour - BhlBO,lt HH~OpMaUHH Ha net18Tn 
NTlB - .ztnH xpaHeHHH TeKymero 3H8118HHH RH pa6otJett 

HH~opr.iaum1. Coxpa!!H8TCH Ha BP8Mfl Cll8Ta 
NT19 - Bp8M8HHblli pa6oqlftt wattn 
NT20 - B 3TOM ~attne x~aHHTCH T8PMbl H BOllHOB!i8 

WYHKUHH, 38IlHC8HHbl8 BCTERM 
NT21 - B wattn NT21 38nHCblB8IOTCH BblllHCll8HHbl8 nOT8H

Uli8llbl Vij H Q ij B cooTB8TCTBHH c onepa
TopOM : 

VIRHE(NT2l)R,NROOT, (E(I) ,I=l,NROOT), 
((Q(I,J),I=l,NROOT),J=l,NROOT), 
((V(I,J),I=l,NROOT),J=l,NROOT) 

3aaqeaHe no 
1,MOJitlaHHR'.l 

6 
I8 

19 

20 
21 

rpynna KapT ~3 CO,!t8plKHT HHWOPMBUHR'.l, H806XO.ztmlYR'.l ,ltllH opr8HH3aUHH 
npouecca BhltJHcne!!HH V;,.; H Q,; :a aa;ztaHHblX TOIIKax no· R • ~opMaT 
3TOtt rpynnbl KapT - NAMELIST /RMESH/: 

&RMESH IREAD=, IRBEG=, IREND=, NGRID=, RGRID=, 
RVALUE=, NRECRD=, NRECHQ= &END 

IlepeMeHHaH HaaaatJeIDie SaaqeHHe no 
:£MO lltlaHHR'.l 

IlepeMeHHbl8 !READ, IRBEG, !REND, NGRID, RGRID, RVALUE HM8IOT TOT llt8 
cyucn, qTo H :a npe.ztu.zty~eM paa.ztene 
NRECRD - tJHCllO aaqannHblX aanHcett B qiattne NT20 ,!tO aaqa- 0 

na BbltJHCll8HHH T8 p!l'.OB 
NRECHQ - tJHCllO aaqanLHblX aanHcett B ~attne NT21 ;ztO aaqa- 0 

na CtJ8Ta MaTpHtlHblX 3ll8M8HTOB V;/'f/1. Q.; 

rpynna KapT ~ co;ztep:ataT HHqJOpMaUHR'.l O cnoco6e BbltlHCll8HHH MaTplitJHblX 
aneM8HTOB H neqaTH peaynnT8TOB. ~OpM8T rpynnu K8pT 1'4 

NALIELIST /TERMAT/: 
&TERMA·r NROOT=, !PRINT=, IPRTHQ= 1 IHQ=, 

Ilepe
M6J!H8H 

NPART=, NP1=, ••• ,NP5= &END 

Ha3H8tJ6HH6 

NROOT - paauepHOCTn MaTPHUH nOT8HUHanoB (co:ana;ztaeT C 
qzcnoM BSIIHCll8l!HhlX T8PIIOB) ' 

!PRINT - HMeeT TOT Jt8 CMblCll, tJTO H B nyHKTe 4.2 
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SaaqeaHe no 
l,110 lltJ8HHR'.l 

I 

0 



IPRTHQ - ~nar neqaTH M8TpHqHblX aneMeHTOB 
=0 - neqaTo He npoH3BO.itHTCH 

0 

=I - neqaT8IOTCH TepMbl E,; H M8TpHl.\bl 
V,j, H Q •J B K8JK.iton ToqKe no fl 

IHQ - 38,l{aeT cnoco6 BblqHcneHHH npOll3BO,l{HblX 
6a3HCHblX ~YHKI.\Hll no ,.R 
=I - HCnOnb3YIOTCH TpexToqeqHHe KOHeqHo

p83HOCT!We ~PMYllbl 
=2 - Hcnonbsy10TCH nHTHToqeqHhJe KOHeqHo

pasHOCTHble ~OpMylIH 
=3 - ucnonosyeTcH xy6uqecKaH cnJIBllH-HHTep

nonauHH no nHTH,TOqK8M. nu~ep6HI.\Hp0-
ll8Hll6 no ft OCyl!leCTBM6TCH 8H8llllTHqecKH 

3 

rpynna K8pT ~5 CO.lt6PlKHT llH~OpM81.\HIO O paCCM8TPHB86MOtt 8TOMHOll CHC
TeMe. 0Ha H.iteHTHqHa rpynne K8pT ~5 ll3 nyHKT8 4.2. 

B pesynoT8T6 p860Thl nporpaMMbl BCMATR H8 ~ann NT21 6y.ityT 38IlllC8Hbl 
M8TpHqHI,Je 3ll6M6HThl ½; H Qij ,l{llH 38,l{8HHOro H86opa 3HaqeHHll Jl • 

4.4.· IlporpaMM8 BCEVHQ 
Ilporp8MM8 BCEVHQ npe,l{H83HaqeHa ,l{llH BhJqHcneHHH ypoBHell 3HeprHH ll 

P8'AH8llbHhlX BOllHOBl1X ~YHKl.\llll .l{ByxaneKTpOHHblX 8TOMOB. PemeHHe cneKTpano
HOll 38,l{aqu (I4), (I8) paa6HTO H8 qeTblpe 3Tana: I) BBO,l{ ll o6pa60TK8 
HaqanbHblX ,l{8HHhlX; 2) reHepanua KOHeqHo-aneueHTHOtt ceTKH; 3) ~OPMHpO-

. B8HHe rno6anbHblX M8TPHI.\ AH B H RX np~Hnen; 4) BblqHcneHHe ,38,l{8HHOro 
KOnHqeCTB8 co6CTBeHHhlX 3HaqeHd H co6CTBeHHblX BeKTOPOB 38,l{aqu (26). 
IlporpaMMa BCEVHQ COCTOHT H3 I9 no.nnporpaMM H CO,l{eplKMT 2727 onepaTopoB. 
Hoe ,l{8HO KP8TK06 onucamrn OCHOBHhlX no.ztnp_orpaMM. 
SPECTR - npe,l{H83HaqeHa ,l{llfl BBO,l{8, o6pa 60TKH ll neqaT.1-1 HaqanbHblX ,l{8HHhlX. 
ERRDIM - neqaTo coo6l!leHull o He.itOCT8IOl!lell naMHTH. 
NODGEN - BblqHC1IH8T pacnpe.zteneHH8 yanoB ,llllH K8lK,l{Oro sneMeHT8. 
MAXHT - BblqucnaeT a.npeca ,llH8rOH8nbHhlX aneMeHTOB M8TPHI.\ AH B. 
SHAPEF - BblqHCnHeT 6aSHCHhl8 WYHKl.\llll ~:.p H HX npoH8BO,l{Hhl8. 
QGAUSS - 88,l{86T yanhl ll Baca raycCOBCKHX KBa.nparyp. 
ASSMBL - BhlnOnHH8T CYMMllpOB8HH6 llOK8llbHhlX M8TPHI.\ JK6CTKOCTH ll M8CCbl, 

WOPMHpyeT rno6anbHb16 M8Tplll.\bl AH B. 
ELOAD-llblqHcnaeT ,l{llfl K8JK,l{Oro sneMeHT8 noKanoHbl6 M8TPHl.\bl M8CCbl 
ESTIFl - BblqncnaeT .itnH KaJK,noro aneueHTa noKanoHue uarpHl.\bl'JK6CTKOCTH 
ESTIF2 

HQPOT 

COOTB8TCTB6HHO ,l{llH ,l{HaroHanbHb!X H H6,llH8rOH8nbHhlX aneM6HTOll 
M8Tp~ nOT6HI.\H8llOB 

..;. wopuHpyeT M8TPHl.\hl noreHuHanoB V,:; H Q,j , ocyl!leCTBnHeT 
no JKenaHHIO nonosoBaTena Hx cnnallH-HHTepnonauu10, no.itmHBaeT 
8CHMnTOTHKH. 
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OnucaHHe BXO.l{Hh!X .zt8HHux .itl!H nporpaMMH BCEVHQ HaqHHaeTCH c xapTu 
~I. npe,l{H83HaqeHHOll ,nnH H,l{8HTH~HK81.\llH BBO,l{HMblX ,l{8HHb!X. ~OPM8T K8pThl 

- BAB. 
rpynna K8pT ~2 npe,llH83HaqeHa ,l{llH onHC8HHH paCCM8TpHB86MOtt CHCTe-. 

Mhl. ~opuaT aToll rpynnu xapT - 2A4, 2A6. 

T6KCTOBb16 
n6!!,8M6HHH6 HasHaqeHHe 

ATOM - 0603HaqeHH6 8TOMHOll CHCTeMbl 
·rERM - ts+1.l '- , r.ite l - nonHutt MOMeHT, 

.5 - nOnHblll cnHH' gt" - qeTHOC To 
CONFIG - Kll8CCH~HK81.\HH COCTOHHHH· 

8H8ll6HH8 no 
:£1dOnqaHHIO 

H-
18e 

1s2 

rpynna KBpT lf3 CO.zteplKHT HH~Op!.181.\li!O 06 HCilOnbayeMblX wallnax. ~Op

M8T rpynnbl K8PT N?3 - Nl,MELISr/FILES/: 

&FILES NTlO=, NT11= 1 N'I'12=, NT20=, IOUF=, IOUT=, &END 

IlepeMeHH8H HasHaqeHHe 

NTlO, Nrll, N-r12 - :BpeMeHHbl6 pa601rne ~affJibl 
NT20 - B 3TOM ~anne xpaHHTCH M8TPHl.\bl V HQ 
IOUF - B ~attn IOUF sanHCHB8IOTCH BuqucneHHH6 3H8ll8HHH 

3HeprHH H p8,l{H8noHble ~YHKI.\HH 
=O - 88IlHCo He npoHSBO,l{HTCH 
>20 - BHnOJIHHeTCH 6ec~opM8TH8H 38IlHCo ll COOT-

BeTCTllHH C onepaTopoM 

8H8ll6HH6 no 
J,M0llll8_H_HIO _ 

10, 11, 12 

20 
0 

WRITE(IOUF)b.'rOM, TERM, CONFIG 1NDIM,MDIM ,IDIM,NN, 
NNM, NWK, NGRID, NROOr, (E(I),I=l,NROOr)', 
(XGRID~K) ,K=l, MGRID), ( (FUN( I ,J), I=l ,NN) 1 J=l ,NROOT) 

8,l{eCo EH FUN COOTBeTCTB8HHO 3HaqeHHH 3HeprHH H pa.ztHaniHble 
~YHKI.\HH, : NGRID - q,1cno yanoB C8TKH XGRID, NN=NDIM * (NGRID-2), 
NDIM - q,1cno pa,llH8nbHHX ypaBHeHHll, OCTanoHHe napaueTpN o6~HC-
HHIOTCH HHl!8 

IOUT - BUBO.it uawopuanHH Ha neqaTi 6 

rpynna K8PT ~ CO'A8PlltHT HHWOPM81.\HIO, H606XO,l{HMYIO ,llJIH pemeHHH CHC
T8MH p8,l{H8lloHHX ypallHeHHff (!4). ~OpM8T rpynnu KBPT N<!4 -

- NAMELIST /GRID/: 

&GRID NDIM=, MDIM=, IDIM=, NROOT=, NMESH=, XMESH=, 
NPOL=, RTOL=, NITEM=, SHIFT=, NSPL=, 
IPRIN'r=, IPRTFN=, IPRSTP=, NRECRD= 

15 

&END 



Ilepe11eHHaH 

NDIM 
NDIM 

IDIM 

NROOT 

NMESH 

XMESH 

NPOL 

RTOL 
NITEM 
SHIF·r 

NSPL 

Ha3HatI8HH8 3HatJeHHe no 
.Y_MOJitJaHHRJ 

- pa3M8PHOCTb CHCT8Mbl pa.ztHaJibHblX ypaBH8HHfi 
- paa11epHOCTb MaTpHu noTeHnuanoB vij H Qij• 

aam1caHHblX Ha ipafine NT20 (?.!DIM'> NDIM) 
- 3a.zt88T HOMep IlOT8HUHaJibHOH KPHBon vii" 

McnOJib3y8TCH npH BbltJllCJ18HllH YPOBHen 3Hep
r1111 11 pa.ztHanbHblX q>YHKUHfi B a.zt11a6a·.r.11qecKOM 
rrp116.mDKeHIDi (np11 coxpaHeH1111 tJJieHa Hii B 
pa.zt11aJibHOM ypaBH8HHH (I4) H 11,Dr=c) HJlll 
np116n11lKeHHH EopHa-OnneHreffMepa (npn npe
He6pe:ateHHH tJJieHOM Hii H IJ,DT=l) np11 3Ha
tJ8HHII tlDIM=l. B npoTHBHOM cnyqae IDIM Hr
HOpHpyeTCH 

- tJHCJIO BbltJHCJIH8MUX YPOBHen 3HeprHH H pa
.ztHaJibHblX q>yHKUHlit (NROOT ~ 20) 

- pa3MepHOCTb MaCCHBa XMESH ( ~ 25). 

NMESH BCer.zta HetJeTHO 
- M8CCl!B .ztaHHblX ,l!Jlff pa36HeHHH HHTepBana H3M6-

H8HHH ~ E: ['\nin 1 ~max] Ha IlO,l!HHTepBanu 
I'! BC8X 3JleM8HTOB Ha rpynm1 sneMeHTOB. ll>bp
J,!HpyeTCfl cne.ztYRJIJlHM o6paaoM: XMESH(l)=Rmin' 
XMESH(NMESh)=!\nax 3HatJeHHH XMESn(I) 
(I - tJ6THbl6 H 2' I< NMESH)) aa.ztaRJT tJl'ICJIO 
aneMeHTOB ,'lJIH IlO,lll!HTepBaJia [xMEsH ( I-1), 
XMES!l(I+l)]. 

- cTeneHn HHTepnonHUHOHHOro MHoroqneHa RarpaH
lK8 (nopH.ztOK KOHetJHoro sneMeHTa). 1 ~ NPOL~ 5 

- OTHOCHTeJinH8fl TOtJHOCTn BbltJl!CJieHHff SHeprHfi 
- MaKCl!M8llbHOe tJllCJIO l!Tepanufi 
- C,l!Bllr cneKTpa. BhltJHCJIHIOTCH NROOT co6CTBeHHblX 

3H8tJeHllii H BeKTOpOB aa.ztatJH (I4), (I8), 6JIH
lK8li1WHX K C,l!BHry 

- tJllCJIO T80Jll'ltIHO aa.ztaHHblX MaTpHU IlOTettn11anoB 
V i,i H Qij 1 38nHCaHHUX B NSPL TOtIKaX H8 (j)ail
Jie NT20. ECJill fSPL=O, TO tJHC JIO 3H8tJ8HHfi Ta6JIH
UU COBna.ztaeT C tJl'JCJIOM yanoB NGRID creHepnpo
BaHHOil ROHetIHOSJieMeHTHOn ceTKH. Ilp.i 3TOM 113 
ipanna Nr2o tJllT88TCH NGRID 38IlHCeli1. ECJI>l 

I 
I 

I 

I 

3 

3 

l.D-8 
30 

o. 

0 

NSPL > 0 (NSPL< NGRID), TO H3 qialitna NT20 tIHTaeT
Cfl NSPL aan11cen. IlOT8HUH8llhl vij 11 Qij HHTepno-
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JillpyRJTCH C IlOMOIJlnRJ Ky6HtJeCKOfi cnnafiH-HHTepno
JIHUHH, nocne qero aBTOMaTHtJeCKH BOCCTaHaBJIH
BaRJTCH 3HatJeHHH V .. ll Q .. B NGRID yanax 

1J 1J 
KOH6tJH03Jl8M8HTHOH C8TKH. 

IPRINr - ipnar YPOBHH netJaTll: 0 
=0 - MHHHMaJinHblfi ypoBeHn Il6tJ8TH. IletJaTaRJTCH 

BXO,l!Hb16 .zt8HHbl6 1 HH(j)OpMaUHH O KOH8tIH0-
3Jl8M8HTHOH annpoKCHMaUHH H pe3yJibTaTu 
CtJ6T8 

=l - pacwl!peHHaH netzaTn. ~onoJIHl!TeJinHO pac
netJaTb!BaRJTCH ITOTeHnHanu Vij H Qij B 
NGRID TOtJKaX 

~2 - MaKCHMaJibHaH netzaTn. MCITOJlb3Y6TCH ITPH 

OTJ18,l!Ke 
IPRTFN - (j)nar netzaTH pa.ztHBJlnHblX (j)yHKUHn 0 

=O - netzaTn He npOH3BO.ztHTCH 
=l - net18T8RJTCH NROOT WYHKUllfi C waroM IPRSTP 

IPRSTP - war netzaTH pa~HaJinHblX ~YHKUHtt IO 
NRECRD - tIHCJIO HatzaJibHUX aanHcett B (j)attne Nr20 1 0 

nocne KOTopux aaITHC8Hbl Ta6Jl>ltIHUe noTeHqH8Jlbl 

B rpynne KapT ~5 co~epxHTCfl ~OilOJIHl!TeJinHaH HH~OpMaUHH O paccMaT
PHBaeMon CHCT8M8. Ee (j)OpMaT -NAMELIST /ATMSYS/: 

&ATMSY8 L=, ISPIN=, IPI=, LMAX=, ZA=, ZB=, ZC=, 
AMMA=, AMMB=, AMMO=, EGRND=, IADT=, &END 

IlepeM6HH8fl HaaHatJeHHe 

IlepeM8HHbl8 L, ISPIN, IPI, LMAX, ZA, ZB, zc, Al.IMA, AMMB, 
AMMC HU6RJT TOT xe CMblCJI, tITO ll Bb!We. 
EGRND - SHeprHH OCHOBHOro COCTOHHllfi O'AHOSJ18KTpOHHOff 

CHCTeMbl B a.e. 
IADT - (j)nar HSA-npH6JIHX8HHfl (TOJil>KO ITPH NDIM=l) 

=O - a'AHa6aTHtJ8CK08 npH6JIHX8HHe 
=l - np116nueHH6 EopHa-OnneHreffMepa 

3HatJeHHe no 
l,llOJitiaHHRJ 

o. 

0 

I'pynna KapT 1126 C0~6PXl'IT HH(j)OpMaqHD O .ztHITOnb!WX aCHMilTOTHK8X IlOT8H
UHaJIOB HJIH TepuoB (cu., Hanp., [23]) H TOtIKBX HX cmHBKH C tIHCn6HH!:lUH 
3HatI6HHHMH IlOT6HUHaJIOB Hmt T8PMOB. JopuaT 3TOff rpynnu KBPT - NAMELIST 
/ASYMP/: 

&ASYMP IASYMP=, NPOR=, RAS=, CFDIP= &END 
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IlepeueHH8H HaaHaqeHHe 3HaqeHHe no 
;yuo11qaH1uo_ 

IASYMP - qmar 38,ll8HHH 8CllUilTOTHK 0 

=0 - 8CHMilTOTHKH He Il0,llWHB8IOTCH 
=l - 8CHMilTOTHKH Il0,llWHB8IOTCH 

NPOR - M8CCHB paaMepHOCTH NDIM co;ziep;imT HOMepa 

RAS 

CFDIP 

noporoB, K KOTOpliM CXO,llHTCff B nopH;!!Ke 

B03p8CT8HHff noTeHUH811bHHe KpHBHe 

- M8CCJ1B p83M8PHOCTH MDIM. B HeM co;zieplltHT

CH HHqJOPM8UHff O Toqxax CWHBKH quc:neHHhIX 
KpHBUX C 8CHMilTOTHqeCKHLUI 

- M8CCHB paauepHOCTH MDIM. Co;zieplltHT ;!!Hil011I,
d,-2 

Hue K03\PiiHUH8HTli npH ~ 

He;zinaroaa111,Hue uaTpnqHue a:neueHTU H ij H (}M cwHB8IOTCH B TOqKe c HOMe

poM NSPL c acnunToTHK8MH Ht>/ .t1 H 02] /It, , r,zie KoatWinu11eHTU 

H f°J H Q f:J. onpe;zienaIOTCH H3 yc:noBHH CWHBKH. 
B nporpauue BCEVHQ npe;ziycuoTpeHa B03MOlltHOCTI, nepexo;zia K ;!!H868TH

qecKOMy npe;!!CT8B11eHHIO. n:nff 3TOro B 0KpeCTHOCTJ1 TOqeK KB83Hnepeceqe

HHff HCil011b3yeTCff ;!!H868THqecK8H HHTepnOnHUHff [I5,I7]. ~OpM8T rpynnu 

K8PT ~7 - NAMELISTICROSSPI: 

&CROSSP NCROSS=, NCROSl=, NCROS2=, RCROSl=, RCROS2= &END 

IT epeueHHaH 

NCROSS 

NCROSl 

NCROS2 

RCROSl 

RCROS2 

Haauaqemrn 

- qnc:no Toqex KBaannepeceqeHHH (ec:nn =0, 
TO ;!!H868THqecK8ff HHTepnOlIHUHH He BUil01!
HffeTCH) 

- HOMepa nonapuo nepeceKaeuux noTeHunanb

HUX KpHBUX 
- neBaff H npaBaH rpaHHUU 06:naCTH ,llH868TH

qecKOM HHTepn011HUHH ,lllIH K8llt,ll0ll napu 

KPHBb!X 

5. BUqMCJIEHME OCHOBHOI'O COCTOHH!IB H-

3uaqeuHe no 
;yuo:nqaHHIO 

0 

Pa6oTa naKeTa BCATOM ,zieMOHCTpHpyeTCH H8 npHMepe pacqeTa OCHOBHOro 
COCTOHHHff H-. n11H BCex Tpex 3T8IlOB ynp8B11HIOmHe onep8Topu QC EC WOPMH
PYIOTCH e;!!HHUM o6paaoM. CquTaeM, qTo K8llt;zt8H Ha 3 nporpauM naKeTa oT
TpaucnHpo:aaHa, 0Tpe,ll8KTHPOB8H8 H 38IlHC8H8 no.zi HMeHeM PROGMI B 6H611HO
TeKy aarpyaoqnux MO;ztynett PROGLIB. O;ztHHM H3 B03MOlltHl,JX B8pH8HTOB Il8K8T8 

Ill 

ynp8B11ff!O~HX onepaTOPOB oc EC MOlK8T 6HTI, CJI8~: 

//BCATOM JOB ••• 

//GEN EXEC PGM=IEBGENER. 

//SYSPRINT DD DUMMY 

//SYSIN DD DUMMY 

//SYSUrl DD * 
H8q81!I,HJJe ;!!8HHU8 

DD DSN=&&PARM, UNIT=SYSDA, DISP=( ,PASS), //SYSU'r2 

II 
//EV 

DCB= (BLKSIZE=BO, RECFM=F ,LRECL=BO) ,SP,,CE= ( B?, (40 ,10), RLSE) 

EXEC PGM=PROGIJI, REGION=l500K 

/ ISrEPLIB DD DSN=PROGLIB,DISP=:JliR 

I IF r05FOOl DD DSN=*. GEN. S y~;u r2 , DISP= (OLD, PASS). 

II 
HHllte npHB8,lleHu npHMepu 38,ll8HHff Haqa11I,HUX ;!!8HHUX H peay11I,T8TU cqe

Ta ;zi:nH Kallt;ziott Ha Tpex nporpaMM naKeTa. Haqa111,Hwe .ziauttue .zllIH pacqeTa 
1se TepMOB H- B BC'rERM 38;!!8IOTCH c11e;ziyromHM o6paaoM: 

lSE HYPERSPllERICAL rER.MS FOR H-

&FILES IOUT=6, NTlB=lB, N'r19=19, Nr20=20, NT21=21 &END 

&RMESH IREAD=O, IRBEG=l, IREND=206, RVJ,LUE=O, 

NGRID=9, NRECRD=O, 
RGRID=0.2, o.2,1.,0.l,15.,0.2,25,,0.25,30. &END 

&rERMAT LMiJC=B, NROOT=6, SHIFT=4., NirEM=30, 

Il'RINl'=O, IPRTFN=O, NPARr=l, r!Pl=500, NP2=0 &END 

&ATMSYS L=C, ISPIN=O, IPI=O, Zb.=-1., ZB=-1., ZC=i., 

AMMA=l. 1 i,MMB=l. 1 AMMC=l836.1515 &END 

IlpHBe,lleM 3HaqeHHH TepMOB Ei (R), i=l,2, • •. ,6, :auqncneHHUe nporpa1t110.ll 
BCTERM B TOqKe ~=5: -1.069342, -0.225378 1 0.018073, 0.827550, 

1.449816, 2.018701. 

Haqa111,Hue ,ll8HHbl8 ,ll11ff nporp8MMU BCMATR 38,ll8IOTCff TBKHM ~e o6paaou, 
KBK ,ll11ff BCTERM, C TeM T011I,KQ OTm1qHeM, qTo B CilHCKe NAMELIST/rERMATI 

,llOC>BB11HIOTCH ;!!B8 napaMeTpa: IHQ=3 H IPRI'HQ=l. B peay1.{bT8Te pa60TU npo-

rpaMMbl BCMArR cK1!JOqo1,1 IHQ=l M8Tpm~u noTeHUH8110B vij(~) H Qi/~> , 
i, j =I,2, ••. ,6, B ToqKe ~=5 UMeIOT BH,ll: 

-.1C44E+l .2938E-1 -.3370E-l .2387E-3 .19966E-2 .1130E-l 
-.1497E+O .1704E-l .5971E-2 .1120E-l .1653E-l 

vij= I .8448E-l .7477E-2 .9394£-2 .2310£-1 

.8235E+O .1931E-2 .9164E-2 

,1448E+l ,1998E-l 

,2117E+l,, 
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·.o .1447E+O .1068E+O .1181E-1 .9027E-2 .1512E-1 
.o .2469E+O .1456E-l .2760E-1 .1964E-1 

.o -.2185E-1 -.2515E-1 .2169E-2 Qij= I .o -.5443E-l -.3375R-l 
.o .1366E-1 

.o 

HaqaJibHHe ,1(8HHHe 'AJIH IlOCJI8,1(H8rO 3T8Il8 (BCEVHQ) 38,1(8~TCH CJie,l(y~mHM 
O6p83OM: 

'GROUND SThrE ENERGY FOR H- V/IrH IZO.rOPIC EFFEC.rs 
H- lSE 1S2 

&FILES IOU1'=6, IOUF=O,Nl'10=10 1 N'l'll=ll ,Nl'20=20 &END 
&GRID NDIM=6,MDIM=6,IDIM=l,NROOT=l,NRECRD=O, 

N.MESH=3,XMESH=0.08,240.,24.08,NSPL=206 1 

ShIFl'=l.0556,IPRINr=O,IPRrFN=O,NPOL=4 &END 
&f:I'MSYS L=O, ISPIN=O, IPI=O, LMAX=8, IADT=O &END 
& .... SYMP IASYMP=O &END 
&CROSSP NCROSS=O &END 

3aaqeHH8 3HeprHH OCHOBHOro COCTOHHHH H-, BHqHCJieHHO8 B meCTHK8-

H8JibHOLI npH6JIHllt8HHH HSA-IlO,l(X0,1(8 nporp8MMO!1 BCEViIQ, P8BHO: 
-0.527447±o.OOOOI a.e. BunonHeHHHfi He,1(8BHO BapHaunoaaun pacqeT 
Evar = -0.5274459 a.e. [3I] c HCilOJib3OB8HH8ll 225 npo6HHX ~YHKUHl1 3KC

IlOHeHUH8JibHOro 683HC8 [32] npeKp8CHO cornacyeTCH C H8IrrnM peayJ!bT8TOM, 
nonyqeHHHM C yqeTOM meCTH COCTOHHH!l HSA-683HC8. 

OTMeTHM, qTo Il8K8T BCA'rOM Il03BOJIH8T paccqHTHB8U cneKTPH Tpexqac

THqHHX CHCT8M C KYJIOHOBCKHM B38HM0,1(8llCTBHeM ,l(Jifl npoH3BOJibHHX 38pH,1(0B 
H M8CC (lv.a=Mbl. Mc). lilHTepeCHO paCCMOTpeTb T8K.Ke CJiyqatt, KOr,1(8 BCe 
M8CCH H 38PH'AH paanHqHu, T.e. qacTHUH H8TOF-AGCTB8HHH. ~JIH 3TOro Heo6-

X0,1(1,UIO_ 38M8HHTb rpaHHqHfrn YCJIOBHH (12) yCJIOBHHMH 'f <:i,,~~ { 0; .1) = 
:: 'f !2..t✓ (%/2;i)=O. 8TH ycnoBHH uoryT 6un nerKo peairnaoBaHu B na

KeTe BCATOM. Kpoue Toro, Il8K6T BCATOM MOiKHO HCil0llb30B8Tb ,l(JIH pacqeTa 
cneKTPOB TpexaTOMHHX MOJieKyn THil8 H20, CO2 H 'APYrHX. EOllbillOl1 HHTepec 
npe,11CT8BJIH8T T8Kllte HCilOl!b30B8HHe HSA-npe,1(CT8BJI8HHH ,l(Jifl pemeHHH 38,1(8-
qH pacceHHHfl B CHCTeMe Tpex 38pflllt8HHHX qaCTHU C yqeTOM nepepacnpeAe
neHHfl H P83B8JI8 C HCil0llb30B8HHeM cxeM MeT0,1(8 KOHeqaux SJieMeHTOB [33]. 
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A6pawKeBHll A.r. u ,n;p. Pll-89-427 
BCA TOM - naKeT nporpaMM ,D;JIH BhillHCJieHHH 
ypOBHeii :meprHH H BOJIHOBhlX q>yHKilHH renueno,D;06Hh!X CHCTeM 
C yt1eTOM H30TO0HlleCKHX 3q>q>eKTOB 

,D;atto onucattue naKeTa nporpaMM BCA TOM, npe,D;Ha3Hat1ettttoro 
,ll;JIH BhlllHCJieHHH B runepcq>epulleCKOM a,D;Ha6aTHlleCKOM 00,D;XO,D;e 
ypoBHeH 3HeprHH H BOJIHOBhlX q>yHKilHH renueno,n;o6Hb!X CHCTeM 
C yt1eTOM H30TOnHllecKHx 3q>q>eKTOB. ,lJ;JIH annpOKCHMallHH COOTBeT· 
CTBYIOW:HX 3a,n;aq lllTypMa-JlHyBHJIJIH npHMeHHIOTCH MeTO,D; KOHell
HhIX £)a3HOCTeii H MeTO,D; KOHellHhlX 3JieMeHTOB. ,lJ;JIH peweHHH nony
qeHHhlX o6o6meHHhIX anre6pauqecKux 3a,n;at1 Ha co6cTBeHHhie 3Ha· 
qeHHH HCilOJih3yeTCH MeTO,D; HTepauHH no,n;npocTpaHCTB. B03MO)Kff0CTH 
naKeTa ,n;eMOHCTpHpyroTCH paClleTOM xapaKTepHCTHK OCHOBHoro 
COCTOHHHH OTpuuaTeJihHoro HOHa BO,D;opo,n;a. 

Pa6oTa BhinOJIHeHa B Jla6opaTOpHH BhlllHCJIHTeJibHOH TeXHHKH 
u aBTOMaTH3allHH OM.HM. 

Coo6~eHHe 061,~H11e1moro HHCTHTyra AAepHblX HCCJie,t\OBaHHH. ,lly6Ha 1989 

ITepeBO,D; r .r .Caii.n;yKOBCKOH 

Abrashkevich A.G. et al. 
BCATOM ....:.. Package of Programs for Calculating 
the Energy Levels and Wave Functions of Helium-Like 
Systems Taking into Account Isotopic Effects 

Pll-89-427 

Description of package BCATOM for calculating the energy levels 
and wave functions of helium-like systems in the hyperspherical adiaba
tic approach taking into account the isotopic effects is given. The 
corresponding Sturm-Liouville problems are approximated by the 
difference method and the high order accuracy finite element method. 
The obtained generalized algebraic eigenvalue problems are solved 
by subspace iteration method. Possibilities of the package are demonst
rated by calculating the ground state characteristics of a negative hydro
gen ion. 

The investigation has been performed at the Laboratory of Com
puting Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1989 
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