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I. BBe,lleHlle 

SKCnepKMeHTanbH~e ,llOCTHXeHllfl aneKTpoHHOH cneKTpOCKOnMH, 8CTpO~Il-

3HKH H ~aHKM nnaaw~ npHBenM K Heo6xo,llHMOCTH ,lleT8nbHoro TeOpeTHqeCKO

ro HayqeHHH npoueccoB BoaOYK,lleHHH H HOHH38UKH 8TOWOB H HOHOB. Cpe AH 

HHX Ba~Hy~ ponb Hrpa~T TaK H8a~Baew~e pe30H8HCH~e npouecc~, npOHCXO

,llH~He C 06p8aOB8HHew npOyeEyTOqH~X 8BTOHOHH38UHOHH~X COCTOflHIIA (AMC). 

DOP830B8HHe AMC CBH38HO C B030YX,lleHHeY ,llByX M Oonbwero QllCn8 aneKTpo

HOB, qTO npIIBO,llHT K HeOOXO,llHYOCTH T~8TenbHoro yqeT8 KoppenHUHH aneK

TPOHOB [1]. OcoO~A IIHTepec B~3~B8~T ,llByxaneKTpoHH~e 8TOWH~e CHCTe~ 
[1-3J, OOnB,ll8~~He 60r8T~YM cneKTp8YH ,llBYKP8THoBo30y~eHH~x cocTOHHHA. 

~HH8WllqeCKOe nOBe,lleHMe 3THX CHCTew 8,ll8KB8THO onHC~B8eTCH B P8WKBX rH

nepC~epHqeCKOrO 8,llH808THqeCKOrO (HSA) nO,llXO,ll8 [4J, B KOTOpOY eCTe

CTBeHH~Y 06p830Y y4HT~B8eTcfl KoppenllpoBaHHoe ,llB~eHHe aneKTpOHOB. 

A,llH868TH4ecKoe npHOnIDlteHlte HSA -nO,llXO,lla ,llaBHO npHyeHHe TCH ,llM K84eCT

BeHHoro onHCBHHH xapBKTepHCTHK npocTeAWHX 8TOMH~X CHCTey (CM. 0030p~ 

[2.3]). D,llHBKO B YHOrOKBHBnbHOY BapH8HTe aTOT MeTO,ll CT8n npHweHHTbCH 

cpaBHHTenbHO He,ll8BHO ,llM KOnH4eCTBeHHoro onHcaHHH cneKTpOB ,llByxaneK

TpOHH~X CHCTew [5-10]. T8KHe pac4eT~ Heo6xo,llHM~ npH conOCT8BneHHH 

TeopeTH4ecKHx H aKCnepHyeHT8nbH~X nonO~8HHA ypoBHeA H TepYOB. 

B ,llaHHoA p860Te npe,llCT8BneH~ B~4HC nHTenbHBH CXeY8 H cooTBeTcTBYD

~HA n8KeT npOrp8YW pemeHHH 3B,ll84H lliTypya-J!HYBHnnfl, B03HHK8DlIIeA B IlSA

nO,llxo,lle, ilpa~a3HaqaHHHa ,llM B~4HcneHHH YPoBHeA aHeprHH H BOnHOB~X 

~YHKUHA renMenO,llOO~x CHCTey. IT8KeT pe8nH30B8H H8 SBM EC-1061 BU O~HM. 

2. ITOCT8HOBK8 38,ll84H 

HSA-p83noxeHHe ,llM nonHoA BonHoBoA ~YHKUHH lIyeeT BH,ll 

'.' Y(1<,)2) ={Itf,S<4"i~"ir;;.~ (k')~Jk';)2) , (I ) 

R:: fz: + 2: i, Q ={eLI Z: I~ J J tJ, = ~(22/'l~), O~oI.~~/£1 
Z,=[&i,Yif, O~et~7LJ O~IfL' ~27L, i=~Jt. 

3,lleCb 8rz808TH4eCKHe 683HCH~e f1iYHKUKH p/ (I<;!J...) HBnHJOTCH peweHHIUUI 

::':::p,';:~'il<:H~!~~? ~,~:"If.: (R)~ (R; Q) 

S/Q ~ (I<;Q)4),; (R;9.) ~;, 

@ 06"eJlHHeHHhIM HHCTHTyT RJlepHhlX RCCJ1enOBaHHM lly6Ha. 1988 



~ (R.) - C0 6C'1'B6HBI>I6 BHB'l6BUR ( T6PJW), aBBI4CHUUJe 0 '1' R RBI( 0'1' n8pB

116'1'pa. llOACT8HOIBKB (I) B y paBH6HH6 IUp6AHHrSp8 AM ABYXSlleKTpOHHOI CIrIC

T611L1 l6 YCP6,llH6Hl!6 no 6 8 3KCHwt fllYHI(UIDUoI P.-k IlpeO.lUiT K C1l6AYilDlel CHC

'1'6116 ~ CBftaBHHI>IX AH~ep6HUKallbHLlX ypaBH6HHI Anft PSAHBnbHLlX BonKO-

BhIX 4!YHKUHI P(R ) =f~(R)t::L : _

[-i;t. +H~R)-2EJ~(R)+fR[Q(~r(RJ+Q(R)1fl)=o,(2) 
P(O)=PfR )=0 D € ron J (3) 

." 1 l, m4IX , " L( IKI'1UJ?{ , 

rA6 I, H({V, Q(RJ - I(BBApaTHbl6 lIaTpK1U.: 


~v' :::: ~Y J /', y= .i, iJ ' ''/~ I 


~r(!()= ~(R)=-f~£~~-{flR)~Y+(-*J*l ' 

:sl (4) 

0<~(k')=-Qf"(K)= - <t.1~~"~ . 
B CHCTeIl6' (2) 111>1 OrpBHHI{HJIKCb KOH61{HbIU I{HCnOIl ~ YPBBH6W H aB1I6

HlilIK nOlIy66CI(OH6I{HI>I~ HHT6pBB11 /(e[O, oo) HB KOH61{HhII [O,R~J. 

oTile '1'1411 , I{TO ABHHI>IA nOAxOA eCTh 116TOA npHB6A6HHft I( 06h1KHOB6H~1I AH~
tl!ep6HuHBlIbHblll 	ypaBH6HHftil JI.B.KBHTOPOBHI{8 [rile 


1'88nO:llHII, ,/IBlIe6, BAHB6BTKI{6CI(H6 6BaltCHbl6 tl!YHKUHH ~
(I<. Q) no 

6HctI!6pHI{eCKWI rBplooIOHHKBIl 	 I •~J~ (;;. J 1,) 

~ (R;Q) =Z tLLtl (Riot) ~~;(~~J~) . (5) 
..11.4 

3,/16C1> L· H H - nOlI~1 Op6HTBJIbHhli 1I0NeHT CIWT611h1 14 ero npoeKUHH HB 

OCh Z 11 C I( , 8 ~ 14 ./, - op6HTBnbBbl6 1I01l6HThI sn6KTpOIiOB. B pe
• • 	 • ;U "'J.N A -1)

SY11bTBTe yc p6,lUieHMlR no V ~t. II. ('r" ~t 14 Orp8HMlI{6HHR KOHe'llWlol 'lHC

nOli ~ I{JIeHOB 13 pBanOlleHI'IH (4) nOJIY'lBell cHcTelolY N'oG 06h1KHOB8HHhlX 

AHrM>speHUHBnbHIOX ypaBHSHru! ,/InH Kos(fJillMlUMl6HTOB J'~ ~ (R."t) 

[£_~{4+i) _-".f1+i2+RQ{), GR')].J. ;0 )J 
r/,;.! {;&;J,i.cl .suz Ol r I ~£L,.ll\;ct + 

+ R Z C~ ~ L'./,'(rJ,) a.~/L.'(R·oL.) =0. 
(6) 

L/L; 1.. II 1.. t. <J.~ t. J 

Koa~HlUI8HTI>I CLtLt, J 4'4' (uL) Onp6A6JI6HI>I B [2-4]. B TOI{K8X ~:: 0 
H of. =:!t/" aBA8 1lTCft rpaHH'iHhIe YClIOBHH,Bl>lpax8IlDIH8 CBolcTB8 perYnHpHOC

TH H BH~Hc iQOoIeTpHH WYHKUH~ !'~t. L (/(;0/.)
t 
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/fL~LJJR;O)= OJ 

j'.tdt (Ri~) =(_~).t~+.tl-+L+S !.tl.tJJRj~), 
I ( ) I. +4+L.+Sti /J I 	 ( 7) 

fA 4/d, R; 7,/1,- _ I ~) 1. d¢.I.L~ l'R; £"8) 
ZI t1~ ~ - C:L U Jol 

B np6,/11I0~6HHO~ nOCTaHOBKe B~I{HCneHMle ypOBHe~ 3H8prMlMl MI BonHOB~X 

~YHK~MI~ ,/IByxsn6KTpOHH~X CMlCTS~ CBO,/lHTCH K Cn e ,/lYDm6~ nocne~OBaTenbHOC

TMI aa,/lal{: a) B~I{I1Cne HMle C06CTBSHH~X 3Hatl6HMI~ - TepMOB ~ (R) MI c06 

CTBeHH~X i1lYHKU I1~ aa,/lal{J.\ (6)-(7); 6) ~Op!.lJ.\po B aH l1e 3illill eKTMlBI!hlX nOTeH~MI

anOB ~JI (R) MI Q~y (R.) ; B) HaXOlli:~eHMl6 cneKTpa 3Hepr Ml l1 H pa~Mla;ru,
• 

HI>IX i1lYHKUMI~ aa~a\{M\ (2)-(3). ll6PB~ MI TpeT~ 3Tanhl CBOAHTCH K p6rnsHH D 

aa,/latlH illTYPlola-JlMlYBMlnnH ,/IJlft CMlCTe~~ 06h1KHOBeHHhlx ,/IMlillillsp6HUHarrbHhlX 

ypaBHeHMI~ BToporo nOpH,/IKa. 

3. M6TO,/l \{M\Cn6HHOro p6WeHMlH 

ll6p6nMlrn6!.1 CMlCTe~hI yp6BHSHMI~ (2) J.\ ( 6 ) B BMAS

[-Jt: + u(x3'((x) +fx [Q{x)?{x3+6(x)~~= A Y(X), (8) 

-". 	 }
r,/le A - MlCKO~Oe c06CTBeHHoe 3Hal{~HH6 '. Y 6) i fj~ (x), . . 'IJ/'K ('J() 
- C06CTB6HHhlil B6KTOP C.!'ICT6loo1h1 (8), I, U MI Q .. - KBB,/IpaTH~6 IoIBTPHU~ 
pBaloiS PHOCTMI II x tV, I - 6,/1M1HMlI{HBH I U (l<J MI Q(x) - CID!!.Ie TpMl'lHaH 

MI BHTMlCMI!.IMeTpMlI{HBH IoIBTPHUI>I. 3a,/l6,/1M1!.1 rpaHMltlHhle ycnoBMlH cn6~yD~~ 06pa

ao~ (rpaHMlI{HOS ycnOBMl6 (7) B TOI{K6.J. =:n-,4. peaJlMl3yeTcH npOCTO H He ~S
HH6T 06myID CXS!.IY p6rn6HHH)- --.

Y(o)::: Y()(~)::.O. (9) 

YCTaHOBMI!.! COOTB6TCTBH6 looI6X~Y 3B~aqa~H (2)-(3) MI (6)-(7 ) H ~~e! 

(8 ).- ( 9>,. JlllH aB,lIal{MI (2)-(3):#=#R , X:/(, Xnut/X :: f(rn4IX.A: E YsF , 
H .. U - J{ . Jl"lIH 8.!,/IaI{H ( 6)-( 7): AIJ..H", I X -sd.., Xwun = fil, >. :. 'i:,(K),
Q= 0 I V =C , y ... ?, r,/le G = {Jt {K;oI.),J'J. (£ i..L)"'·'I'.:¥.l.tKi .t)} , 
C(.t)= fC ..; (olJ}? ':J . QHcn6HH06 p6 rnSIU!e sa,/lB'lH HB C0 6 CT B8BHl>le 

SHal{eHKft (8)-( 9) CO~ OMlT Ha ,/IByx 3TanOB : annpoKc HIIBQHM AH~8paRUHanb
H O~ aBABI{H PBSHOCTHO~ H pe W6HKft BOSHMI.KBI01II6« n pH aT OM Bnre 6p8H'1.6 CKO~ 
aB,/Ial{H HB C0 6CTBSHHI>I6 aHa l{eHMIH. 

BB6;2t8Y HB OTpeaKe [0, X~J He p aBHOloiepHY IO paaHOCTHj'1O C8TKY: 

0=><0 <: X;t. <XR <.. , <XK =)(mIhC a TaKae C1l8AYIl1llll8 0608aS'leHHH : 

h.-" =XI< -Xtt.-s, /..~ :. ')(~+~ - x~, AI( . O.S (jt.;+h;~ Y,dx)=y(xp<) 
UK ; (;(1<,,), Qt( :: G(x,.), ~=O,4.,n. 38W8Hml aa ,/lB'iy (8)-(9) CHIoIII8TPHllHOA 

P BSflO CT HO~ 8B,/I8 'i8~ BTOPOI'O nOpH,/\l<S T O'lHOCTH [ 12]: 
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"('tctt. -f, - ~ - 't,c-s~ + U I -r h; k; / V 
I<IKh.K+ 

+ ~ (Q"H + Q'I) t H -f( QIf. -I- Q~~)'(,(-1 :=). ~ It" I (10 ) 

Yo = YIt. := 0, K =i, t, ... I n. -~ . 
B~paxeHH6 (10) nepellHweu B BHAe 

AX == AB X , (II) 

r,Jte X - )/(n-J)- uepHto~ BeKTop C KounOHeHTaUH 

Xl =ii (x~), .t= (K-1.)n+t:, KsJ.,£,,,.,fI-L, t·,,~,i, ... ,tY', '" 
A _ KBa,JtpaTHall. CIUIMeTp>l1.!HaH MaTpill.\a nopH,JtKa J((n -i.), ilUSIOUlaH nSH

TO'iHYiO CTpYKTYPY C lIaKCillAanbHO~ UliIPilHO~ neHT~ 2#+-:i , a "11 Tpill.\a B  .•AilarOHam'Hall. C ane .. eHTa ..iI BiI,Jta B..u =h/(, ,,1= (K-i.)n.+L·,L·=~, ...);v, 
K~i,f"",n-i.. .,I1M Haxo!';;r.\SHilR nspBWC P COClcTBSHH~X aHa4eHiI~ iI 

COOCTBSHHHX ~YHKl.\iI~ oOoOUleHHO~ anrsOpail4SCKO~ npOOnelAH Ha coOC~BeHH~e 
aHaqSRIIIl. (II) ilcnonbays .. nporpalA"~ SSPACE [I3J, B KOTOpO~ pSanil30BaH 

.. STOA ilTSpal.\iIiI nOAllPOCTpaHcTB [13J. 

4. OnilCaRile naKeTa nporpa .... HSATOM 
4.1. CTPyKTypa H oO~aH xapaKTspHcTHKa naKSTa HSATOM 


UaKeT nporpa.... HSATOM npe,ltHa3HaQeH,JtnE BHqHCnSHilH ypo~He~ 3Hep


rilil iI BonHOBHX ~YHKl.\iI~ AByx3neKTpoRHHX aTO"H~X CilCTe .. C npoil3BOnbHHM 


nonHN .. opOilTanbHH....O..SHTO.. iI 3apH,ltOW B pallKax HS£-llo,JtXOAa. TIaKeT 


HanilcaH Ha H3HKS ~OP'l'PAH-IY iI npe,ltHaaHa'lSH ,JtnE 3KcnnyaTSl.\IDI Ha aBY 


cepHiI EC no,Jt ynpaBnsHils .. Onepal.\ilOHHO~ CilCTe ..~ OC EC. Bce BHqilCneHilH 


B8,JtYTCH C ABO~HO~ TO'lHOCTbD. B KaQeCTBe R3toKa BXO,ltHHX ,JtaHHHX ilcnonb3Y


eTCH onepaTOp NAMELIST, 4TO n03BonHeT ynpocTilTb nO,JtrOTOBKY iI "OAiI~iI

Kal.\i1D BXDAHWC ,JtaHHwc. ,llnR nOBHWSHilIl. 3~KTHBHOCTH nporpa .... II y,JtOOCTBa 


pa60TH C naKeTO .. npe,JtyC..OTpSHH ,JtHHaWHqeCKOe pscnpe,JteneRll8 nSMIl.TH H aB


To..aTil48CKaH rSHspal.\ilH KOHS4Ho-paaHOCTHO~ ceTKiI. 

BeCb npol.\eCC psweHHH saAa'lil paaOilT Ha 'leTHpe aTana: I) BH4i1Cn8HHe 


Tep..oB ~ (R) H OaailCHHX WyHJ(l.\H~ !..t,,~ (R;.t) H aanHCb ilX Ha ~~n 

FILEI; 2) 'lT8HIIS Tep .. oB iI BonHOBHX ~YHKl.\iI~ ila ~a~na FlLEI , ifJoPMHPO


BaHilS B COOTBeTCTBiliI C !llOp..ynaMil (4) a~KTilBH~X nOTeHl.\iIanOB H"..y 0<) 

it ~II ( T<) II aan~Cb HX Ha FlLE2 ; 3) BH4i1Cn8HlI8 a CHJmTOTHK Tep..OB 


U~ (R.)H arMleKTilBH~X nOTeHl.\ilanOB J.4~/; (~B ,JtilllonbHO.. npl4onueHiIH; 


4) 4TeHile il3 FILE2 nOTeHUilanOB J.I/it' (R) iI ~'I (~) , nO,JtwHB8R11e K 


HiI.. AHnOnbHNX 8CH..nTOTilK, B~4i1CneHile ypoBHe~ 3Heprilil H BonHOB~X ~YHK
l.\m! H a8Il1!Cb I4X H8 FlLE3. • Xu nepBoro iI BToporo aTana npeAYc
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MOTpeHH ABS peXil .. a: a) Ha4anO C1.!STa; 0) npo~on~eHHs C4BTa. aTO n03BO

nHST nonHOCTbiO aBTOMaTil3i1pOBaTb paC4ST iI npeAYCUOTpeTb aa~TY OT HS

npSABilAeHH~X cOoeB WaUlilHN. B nocnS~HS" cnY4ae C4ST npOAonaaeTCH C Wo

.. eHTa npep~B8Hilfl. B COOTBeTCTBilH C KOnH4eCTBOM STanOB paweHilH naKeT 
HSATOM COCTOHT ila 4eT~psx nporpaMW: HSTE RM, H~~TR, ASIMP iI HSEVHQ. 

OO~aH CTpyKTypa n8KeTa H cxe .. a 00MeH8 ifJ8"n8UiI UPRB8A8HH Ha pilC. I. 
HHZe A8HO onilcaHile KaEAo~ i1B 'leTHpeX nporpaMM naKeTa B OTAenbHOCTH. 

B nporpauvax HSTEffi~. HQMATR iI HSEYHQ peanHaOBaHO AHHaUil4eCKoe 

pacnpeAeneHHs n8MHTH. OOpaaeu rnaBHO~ nporpaM»~, Bxo~flUle~ B HSTERM, 
ASWOHCTPilpYiOUlila KOHKPSTHY~ peanHaaUH~ TaKoro pacnpeAeneHilH na MH TH, 
npilBe,JtsH H8 pilC. 2. CooTBeTcTBY~~He rnaBHHe nporpa..u~ ,lInH HQMh TR H 

HSEVHQ HMe~T aHanoril4HHa BilA. CMHcn napaM6TpoB ~IT OT H lIN OO~HC

HeH B KOMweHTapHHX. Bo Bcex nporpSMKax B~4HcnReTcfl H ne48Ta6TCH noc

neAHiI" aApec ILAST uaCCHBa M • Ecnil OH npSB~waaT 3Ha4eHHS MTOT 

TO ne48TaeTCH COoO~SHHe 00 OWHOKS H npOHCXO~i1T OCTaHOB B~nOnHeHHH npo

rpaMMH. B cooOUleHHH YK8aHB8eTCH HeAOCTaiOUlafl na .. flTb. ,llnH BHnonHeHKfl 
TpeOyelAoro paC'lST8 ~OCTaT04HO B COOTB6TCTBHH C ee 3Ha4eHila .. H3Me HilTb 

nap8MeTp MTOT B rnaBHO~ nporpaMU6 H C,lISn8Tb nOBTopH~~ 3anYCK • 

Bce ~a~nto, Hcnonbaye ..~e B naKeTe, Aon~H~ O~Tb onHcaH~ B COOTB6 TCT

BRiI C npaBilnaUiI, npHHHT~MH B OC EC. B AaHHOM naKaTe HcnonbaOB8H Oec

ifJopMaTH~~ BBO~-BHBO,Jt, noaTOUY aHa4SHHe napaMeTp8 RECFM B weTKe HaOo 

pa AaHH~X DeB AnH COOTBeTCTBYiOUlHX wa~nOB eCTb YBS • M8KCHManbH~a 
paa.. ep OnOKa BLKSIZE peKoueHAyeTcH Op8Tb paBH~K AnHH6 AO POZKiI , a 

8HaqeRHe 40rH'leCKOa ,JtnHHH aanl4CiI LRECL wo&eT O~Tb npOilaBonbH~K (HO 

He Oonss BLKSIZE-4). 
B naKeTe npe,JtYCWOTpeH pHA OCT8HOBOB, KOTOPto6 npOHCXOAHT B cne,llYo-

UlilX cnY'iaHx: 
I. HeAocTaT04Hafl paa~6pHocTb uaCCilB8 M 
2. HeKoppeKTHoe 3a,llaHil6 aH84SHH~ HCXOAHtoX AaHHHX aa~a4i1 

3. TIpsBHw6Hile »aKCilM8nbHoro 4Hcna HT6paUH~ (Ani!. HSTERM H HSEVHQ 
4. KOHeu C4eTa B aBTOWSTH46CKOM pellU1Me (Ani!. HSTERM iI HQMATR 
5. O CTaHoB~, npeAYcMOTp6HHtoe B nOAllpOrpaMMe SSPACE [13J. 

4.2. TIporp8 .. w8 HSTERM 

KownneKc nporpsuM HSTERM npe,ltHaaHa46H Ani!. BH4Hcn6HHH coOCTBeH

H~X aHa4SHH~ - TepMOB ~ (R) iI coOc TB6HHHX iJ!YHKUiI~ 1-"14 (~; ~) aa
,Jt84H (6)-(7). PsweHile aTO~ a8Aa4H paaOilTo H8 4eT~pe aTana: I ) BBO~ H 

00P800TK8 AaHH~x; 2) r6Hepal.\ilH KOH64Ho-paaHocTHo~ ceTKiI no ot ; 
3) ~OpM>lpOBaHile uaTpilU A iI B, aanHCb HX npOifJHnH; 4) B~4HcneHil6 a8~aH

Horo KonH4SCTBa coOcTBeHHHx aHa4eHH~ iI COOCTB6HH~X BeKTopoB aa~a4i1 

(II) • 
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KOllnJIeKC npor ps ilil HSTERW COC'l'OH'r H8 I 5 no,ItnporpsllII R cO,ll.epaHT 

1964 KSp1' bI. Hue lUi ,ItS,ItH1/ KpSTKoe OIlBcaHHe nO;lOlporpallil SToro KOKnJI8K

CB. 
HSTERM - ynpsBnasT OpOUSCC OIl pemelWl Ba,ll.BIIH (6)-(7). B STOg nporpsllJla 

OOYJll90'l'BlLRll'rCSl BBOJ4 14 oOpaOOTKa HSIlSlJl>liYX J4SHHhlX, SB'l'OWSTH
~aCKSR r SBspBl.iHR KBBH TOBhlX IIHcalJ ,ItnB Ks~oro KaHana, BhlnoH

HRSTCR npOBspKB BC6 X ~BrOB H, HaKOHS l.i. naIlS'1'&8TCft MB~PK8-
lUSft 0 p6waswolt 88.l1SlIa. 

HSTEP - rSHapHpyeT KOH6qHO-p8SHOC'1'BY~ CSTKY no ol 
EIGYNC - ~OPKHPYST IIBTPKUhI A H B, ax npo~aHb, a TBKas a8,It8S'l' rpaHHQ-

RhiS ycnoBHR (7) . ... cI 

Vl'OT. VRl2, - ~OpIl)\PY~T IISTPHUY nO'1'6H IJ,KanOB C (01..) B K8~Ot.t TO'IKS 

QANG 00 ,J. • 
CLEBSH - BYNMOnRST Koa~KUHsHThI KneOms-rOp,ItSRS 

SD(JS - BhI'l.HCllRST GJ- CZIl1IOJIH 
SSPACE - psmasT o606~eHHY~ anrS6pSHq6CKY~ 8B,ItSIIY HS co6cTBeHHhle 8HS

IlSHHH (II). COCTOHT Ha nHTH no,nnporpsllII. OnKCSHHS SSPACE 

.lIBRO B [13]. 
EVSOLV - ,ItllR 8S,ItSHHOrO 

lUll ~ UO II 

HS60ps 8H81l8HHlt I'1l0Spps,ItHycs R BhIIl.IICnHST Tep

C06CTBSHHhlS illyB1UUUI I~JIL 8S;I1S1U1 (6)-(7). Ocy
~SCTBJIReT qT6HH6 H 8snHCQ TeplloB II BOnHOBWX ~YHKuHlt . a TaK

as neqSTb peaYXb TsToB ClleT8. 
Ilo,ItI'oTOBKS BXOllHhlX ,ItSHBhlX .lIllfi nporpswMhI HSTEIUI oCYlllecTBIDi6TcR 

ClJeAYD~ o6pe8oM. OnHCBHHe ~SHHhlX HS~HeeTCH C KSpTY ~ I . OBB npe,ItHS

SHSlleHS ~nB H~aHTH~aUHH BBO~HI&WX ABHHhlX. ~opweT KSpTY - SAS. 

Depew6HHSI1 HSSBS'I6w.e 

SsronOBOK 3S;I18'1H, 64 CHMBOnSTITLE 

rpynne KSPT ~ 2 CO.llSpaHT HHWopwsUHm 0 ~Blnsx, Hcnonb8yelihIX B XO;l1e 
pem6HHH 8e~SqH. ~opMeT rpynnhl KBpT ~ 2 - NAMELIST /FILESI: 

a. FILES lOOT.: , NT18~, NTl~ NT2CP, NT21=, & END 

3HSQeHHS noTIepsMsBHSIl H88HellSHH6 
]IIOnQSHH~ 

IOUI' 

NTlB 

NTH 

NT20 

- HOMap BhlXO,ItHOrO ~81nB, no XOTOPOMY OCy~SCT- 6 
BnBSTCH BhlBO~ HHWOPMa~KH HS naqSTb 

- BpSMeHHYI p860qel ~In 18 
- BpeW8HHYI ps60qel Wet.tn 19 
- B ~Ine Nr20 XPSBHTCIl TeKYlllee 8HSlleHHa R 20 

H !lJYHKIUIR /.1.. 1, ( ~;,(.) • KOTO PS R HcnOHb

6 

syeTcR B KSlleCTBe HallanbHoro npH6n~~eH~R 

B Cne,ll.YlOlIletl TOllKe no R. Il>aj;\n coxpaHReT

CR Ha Bce BpeMH ClleTa TepMoB. 

NT21 - B ~8tln NT21 38n~C~B8IOTCR B~ll~CneHHye • 

8HalleHHH TepLloB U ~ BOJUlOBYX ~YHKI.l~i1 G 
as,ll.allH (6)-(7). 3snHcb BynOnHHeTCH B co

OTBeTCTBHH C onep8TopoM 

WRITE(NT21)R,NN,NDIM,NWK,NROOT, 
(U (I l ,1=1, NROOT), 
«G(I,J),I=l,NN),J=l,NROOT), 

r~e R - 3HalleHHe rHuepp8AHYC8, NN=NDIM¥ 
¥NGRID, NDIM - llHcno ypaBHeHHtl, NGRID 
llHcno Y3nOB ceTKH no~, NWK - pS3MepHOCTb 
O,ll.HOMepHoro M8CCHBa, B KOTOPOM XPSHHTCH 
MSTPHU8 A, NROOT - ll~cno TepMoB (KopHetl 
ypaBHeHHH (6)). 

rpynn8 KapT ~ 3 cOAepxHT AaHHye, He06xoAHM~e AnH peweHHH 38Aa~ 

(6)-(7) B 3a,ItaHHYX TOllK8X no rHnepp8AHYCY R . Il>OPM8T rpynnY KapT N! 3 
- NAMELIST ! RMESH/ 

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

TIepeMeHHaH 

I READ 

IRBEG 
I REND 

NGRID 

RGRID 

RGRlD=, RVALUE=, NRECRD~, &END 

3HalleHHe noHa3HalleHHe 
YLlonllaHHIO 

- 8sA8eT 

= 0 

= I 

peXHMY pa60TY npOrpaMWY: 

HSllano ClleTa. H811anbHoe npH6JlHxe
HHe II c06CTBeHHblM ~YHKI.lHHM Bypa6s
ThlBseTCH nporpsMMotl 
npoAonxeHHe ClleT8. HallanbHoe npH
6JlHXeHHe CllMTblBaeTCH C ~Stln8 NT20 

- HallanbHoe 3HalleHHe nepeMeHHotl I.lHKnS no R 
- 1I0HellHoe 3HSlleHHe nepelleHHol I.lHKna no R 

(npHpallleHHe paBHo I) 
- pasMepHocTb MaCCHBa RGRID (HB 60JIea 25). 

3HalleHHe NGRID BCBrAa He qaTHO. 

- MSCCHB AaHHYX AnH p836HeHHH HHTepBsns HS

MeHeHHH rimeppa,zusyc8 RE [ f<~, K.-.x] 
Ha nO.l\HHTepBSnH ROR LD (i - 1 ), RORID(i+1 ) 
C nOCT OHHHYM WSI'OM kR=RGRI D( ! l HS KSX.l\ OM 
HS nOAMHTe pBBnoB. 3,IteCb RGRID(ll=~in' 
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pa60TKa H8Qan1>HblX ASHBbIX, 8BTOMaTlI IleCKafl r e Hepa~HlI KBa HTO

IWX 'l.HCBn ;n.1lH KaaA0 1'O Ka Hena , BllnOllHflBTCft npOBspKa BXO,1l;HI:iIX 

ABHHax, 3HallSHHU ~lIB 1'OB 11 KB BHTOBbIX 'lHcell paCCUBTpHBBSMolt 

38.2(8'1.11 , Bhl3hlB Bm CR OCHOBHblS nO.ztTIp01'paMllbi H nellaT8eTCfl 1IH

WOPM8UHfl 0 peWBe wOa 3BAB'le. 

HQMAT - A1lH 38;n.BHH01'O HBdopa 3He'lSlilIa 1'HIleppB;n.HYC B R C'lHTblBBST U3 

rP8itna Nno 3snllC8 HHhlS np01'pallMoa HSTERU TSplW H B01lHOBbiB 

~YHK~1IM, wopll\!pyeT 3(ll!peK'l'HBlibie nOTeHL\1I8llb1 H H Q H 3Bn1lCblBBST 
HX HS ilia~n NT21 

HQPOT - no tlJo PMY nalol (4 ) BbI'lHC1lHeT loIaTpH'lHblS snsueHTbI 1-11"')) H 0v 
B KBI:;ll;O~ T O~KB no R. QHcnsHHoe AHwtlJeperlL\HpOBBH1IS OCY~SCTBnR

BTCH C HCnOn1>30BaHHew KOHe'lHO-pB3HOCTHblX wopwyn 2-1'0 H 4-1'0 

nOpf!;n.KoB TO'lHOC TId , B TBKlIS C nOllOIllbIO KyOH'leCKOrO HHTepnOnRIU!

DIlHoro CnJIBi1HB (no iKeJIaHHIO nOn1>30BSTS~ 

SJ'LINE - BblIlHC1lf!eT KOa~HL\1IeHTbI KyOHllec~oro HHTSpnOnRL\1I0HHOrO CnJIBitHB 
SEVAL - BblIlHC1lHST 3HB'l8H11e KyOHllscKoro CnJISRHB 

SEVALP - BbI'lHCJIRST 3HBIlSH1Ie npOH3BoAHoit Ky6HQSCKOrO CnJIBaHB 

MULTB - nspSllHO~SST WBTPHL\Y B H BSKTOP pSmeH1lR FUN 

VPCYr, VRl2 , QANG, SIXJS , CLEBSH - onHCSHbi B npSAbI)4yIllSll pB3,l\ens. 

llo;n.rOTDBKS BXO;n.HblX ,l\BHHhlX ,l\1lH nporpaulW HQMATR. OnRCSHHe ,l\BHHblX 

HB'llIHSSTCR C KBPTbi I. OHa npS,ll;HB3HBIlSHB ,ll;nR ~SHT1I~KBL\HH BBO;n.KWIlX 
;n.BHHIlX. ~OpIolBT KBpTbl 8A8. 

llSPSllSHHBR 	 HB3He'leHH8 

TITLE 3BrOJIOBOK 3B,l\B'lH, 64 CKUBons 

rpynnB KBpT ~ 2 CO,l\SpgHT HHWOPllBL\H~ 00 HCnOJI1>3yellblx B nporpBllU8 
(llSRJIBX. ~opMaT rpynnbl KBPT ~ 2 - NAMELIST /FlLES/: 

&FlLES IOUT=, NTIS-, NT19z , NT20=, NT21=, &END 

IIapellSHHSli HS3BSH1'I8 	 3HS'l8HHB no 

YMO n'lSHHKl 

lOUT - HO USP BllXo;n.Horo ~BaJIe, no KOTOPOllY ocy 6 
liIeCTBnRSTCli BblBO,ll; 1IHIPOPM81U!1I HB ne'lBTl> 

NTIS - B STOM ilis~lIs XPS811TCli TeKYlllee 3HBIlSHH6 R 18 
11 APyrBf! psdo 'lsa RH¢oPWS~1Ili. COXPSHli6 TCR 
HB Bce Bp euR C q6 ~8 

NT19 - Bp8I1e B.HbIi1 psOollHi1 (llBiiJI I9 
NT20 - B a TOM ~ane XPSH liTCli T6pwH ~ COd CTBSHHhl6 

~yH KUHH G • ByqRC~6RRb16 HS npe,ll;ll~y~eu 

BTBns nporpsWMoA HSTERW 
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NT21 - B ~BHlIe NT21 3SI)1IC bl BalOTCf! MBTpl1'lHble 3neMSHTbI 21 
H,IA V 11 Q/,/ C nOMO lll blO onepaTopB 

WRITECNT 21) 	 R, NROOT, (li(I), 1=1, NROOT), 
((Q(I,J), 1=1, NROOT), J=l, NROOT), 
((H(I,J), 1=1, NROOT), J=l, NROOT) 

rpynnB KSpT If> 3 CO,l\ep~I1T 1IH~OpMaL\111O, He06xo~HllY lO ,l\nf! Opr BHI1SaUl111 
npOL\eCCB BbI'l1lCneHI1f! llBTPI1'lHblX aJISMeHTOB HI")) 11 Qr)) B 3 a,l\BH

HbiX TO'lKBX no R ~OPMBT aTO~ rpynnbl KBPT - NAMELIST/RMESH/ 

&RMESH 	 lREAD=, IRBEG=, lREND=, NGRID=, RGRID=, 

RVALUE~, NRECRD=, NRECHQ=, &END 


3HS'leHHe nollepeueHHBli 	 HB3HS'lSHHe 
YllOn'lBHHKl 

llspeueHHble lREAD, IRBEG, lREND, NG RI D, RGRID, RVALUE 
1IUSIOT TOT ~e Cllblcn, 'lTO H B 1'pynne KSpT If> 3 H3 

nYHKTB 4.2 

NRECRD - 'll1cno 3Bn11Cei1 B ~si1JIe NT20. nocne KOTO o 
pbIX aan1lCSHbi BbI'lKCJIeHHblS no nporpBMMe 

HSTERM TSP1lbl 11 co6cTBeHHble WYHKL\HK 

NRECHQ - IlHCnO 3Bn1lCea B tlJs~ne NT21 ,l\0 Ha'lBnB o 
C'lSTB llBTP1l'lHblX BnSlleHTOB H H Q 

rpynns KSpT ~ 4 CO,l\ep~T 1IHiPOPIIBL\111O 0 c nocoOe BbI'l1lCnSH1IR UBTPI1'l

HhIX 3JISII6HTOB. ~OPUST rpynnbl KBPT ~ 4 - NAMELIST /TERMAT/ 
&TERMAT NROOT=, IPRINT=, IPRTHQ=, IHQ=, 

NPART=, NPl =, • • • , NP5=, &END 

3HS Qe HIdB no 
lla peU6HHSli 	 HS3HBQeHHS YWOJI1,\SHilKl 

NROOT - pB3uepHOCTl> W8TPH L\Y nOTSHL\1IBnOB (~OnxHS I 
CoBns;n.sTl> C 'lHCJIOU NRoar BIlI'lHCn6HHblX 

T6pIIOB) 

IPRI NT-	 HueS T TOT XS c~cn. 'lTO H B nYHKTe 4.2 

IPRTHQ - ~Jls1' nellBTH BIl'l~CneHHHX IISTPH'lHllX aJleWSH o 
'lOB HI" )) H Qr-v B JC8l:;ll; ol 8SABH
HOa TO 'lKS R 

=0 - ne'lSTl> HS npOH3BO,l\I1TCR 

II 
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",I - ne Qa Tall1'CIl. Te pM.bl LIr- H Ma:rpll l(N 

HI"' )I H Q/H) B K8!tAOil TOqKe no R 

IHQ - 3a.l4aeT cnocoCi BhIl{HCllSHtlR npOH3B0.l4HblX 08- 3 
3t1CHNX ~YHKUtI~ no R 
=1 - I!CnOllb3Y~TCfl TpeXTOqe qHNe KOHe I{HO

pa 3HOCTHNS ~OPMYnH 2-ro nopR~Ka TOI{HOC TtI 

=2 - tlCnOllb3yoTC fl nRTI!TO qeqRHe KOHSI{HO

p83HOCTHNS ~OPMY~ 4-ro nOpR.l4Ka TOq
HOCTH 

=3 - HCnOllb3YSTCR xyOHqSCKBR Cnlla~H

tlHTSpnOllftl(HR ~YHKl(HM (no nflTH TOI{!(8W). 

).l.1\MlSP8 HUHpOBaHHS no R OCYlI1eCTBllRS T
CR aHallHTHI{SCKH. 

NPART, NP1, .•• , NP5 - HilleJOT TOT lICe CWblCll, qTO H B nYHK
TS 4.2 

rpynna - KapT ~ S CO.l4S~tlT HH~OpWal(H~ 0 p8CCWaTpI!BaeWO~ aTowHo~ 

CHCTews H H.l4SHTlIqH8 rpynne K8pT ~ S 113 nYHKT8 4.2. 

B ps 3YllbTaTe pa60Tbi nporpaWolbi HQMATR Ha ~a~ll NT2l 0Yl1:iT 3anll

caHN WaTpllqHNS 31leWSHTbI Hrv (R) 11 Q~Y(f) .l4llfl 3a.l4aHHOrO HaOopa 3Ha
l{elUlH R. 

4.4. llporpawya ASYMP 

Uporpawwa ASYMP npe.l4Ha3Hal{eHa .l4llfl BNI{HClleHHR aCHwnTOTJU( T6PWOB 

()r (R) H 3\MlSKTHBHNX lloTeHUHa1l0~ Hrr (R) C TOqHOCTbIO 0 (R-2 ) • SK

BtlBalleHTHbiS .l4HnOllbHble ollspaToPbl~ H Ji ,cHHwaJO~e KY1l0HOBCKoe BbI

pO~.l4SHHe BO BTOPOW nOpfl.l4Ke TSOpHI! B03wYlI1eHl!~ no oOpaTHNw CTenSHflW R , 
nocTpOSHbi B paOoTax [14, I ~. llpaBl!llbHble BOllHOBNS ~YHKl(HH Hy lleBOrO npH

ORRKeHHR B npS.l4CTaBlleHHH nOllHOrO woweHTa CTPOftTCR C nOWO ll1L~ llHHe~HO~ 

KowOHHaUHH KY1l0HOBCKHX napaOOllHqSCKHX ~YHKUI!~ BO Bpall1BOll1B aCR CHCTewe 

KOOp.l4HHaT. K03~~HUHSHTN SToro pa31l0&eHHR HaXO.l4flTCfl H3 pemSHH~ ceKY1lflp

HbiX ypaBHeHH~ ~1lH.x H.A • COOTBSTCTBY lllIIl&e 8C J4.IlnTOTHqeCKHS pa31l0.e

HHfl.l4llH U)'! (R.) 01 f-'!rr- (R) npH 001lbWHX ~ J4.Ile IlT BH.l4 

Uu. ( R. ) ~ _ .L2. _ 2 (c - 1) ug/
r- n 2. + R2. (12) 

22 2 (z- {) H (2.)~}< (R) ';t (13)
h2. +~

R R2.. 
r.l4S L!~ H ff~~ - c06CTBeHHbl6 3Hal{eHHfl AHllOllbHblX HHTSrpa1l0B ~BII
lIteHHfl .It II A (no~poOHOCTH CIII.. B [IS]). 
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TIporpswMa ASYMP COCTOIIT HS nporpawkN-pS~aKTopa tI S nO.l4nporpaKM 

- Bcsro 279 KBpT . UporpBWIoI8-p8~aHTop EDA SYMP BblnOllHHeT Clle~YIl~s 

~8~CTBHfl: Onp B.l46nH8T PB3WSPHOCTH Bc ax W8 CCI!BOB. qHT88T 01 o6paOaTNBa

ST HC XO.l4HNS .l4aHHblB, ps~aRTHpysT OC Ta llbHNe no,nn porpa~ KOWlllle KCa 

A SYMP 1/1 KOHTp01llipyeT IIX BblllO IlHe HH8. B llO,llnpOrpBltMe ASHEL r SHe pI!PY-

IlTCft nap 8001lHQeCKHe KB8HT OBNe I{I!C1l8 8TOMa ~e, pew86TcR c eKYnHpHOB 

ypaBH BHM S H paCneQa TblB81lTCft nOTeHl(HallN. TI o,nn porp BMMb( SLMATR, DELTAF 
H GA MJM BblqHCllH~T MBTpHQHble 31leMeHT~. UO.l4npOrp awMa JA COBO pemaeT 

allreOp8Hl{eCKY~ 3B.l481{Y HB coOCTBeHHNe SHaqeRHfl z coOC TBe HHNe WYHKUKH. 

]IllH BBO,llB .l4BHHblX HCnOllb3Y~TCfI ,lIBe rpynnbl KapT . UepBBR rpynna KBpT 
CO.l4eplHT HHIPOPWBl(1!1l 0 fllB~llBX. OHa HMeST ~opMaT - Nfl MELIST /FILES/ 

&FILES lOUT=, NT18=, NT19=, &END 

TIspsMeHHaR HaSHSqeHHe 8Hal{e HH e no 

YMO llQBHHIl 

lOUT - Howep BNX0.l4HOrO fllB~lla 6 
NT18 - BpeyeHHbla PBOOI{H~ ~B~ll 18 

NT19 - HOMep OtlOllHOTeltHOrO HaOopa .l4aHHblX, B KOTO 19 
POM CO,llSPXSTCR nO.l4npOrpBYYbI KOynlleKCa ASIMP. 

rpynna KapT ~ 2 CO.l4ep~HT HH~OpyaUH~ 0 paccw8TpHBaewo~ 3a,llSqe. Ee 
~opwaT - NAMELIST / ASYMP/ 

&ASYMP Z=, NPOR=, LMIN=, LMAX=, LSTEP=, 
KEY=, IPRINT=, HB~G=, RSTEP=, RMAX=, &.END 

3H8qeHHe no 
UepeweHHaR Ha3Hal{eHHe YMOllQBHHIO 

Z - 3apR~ R,llpB I
NPOR - nopor, K KOTOPOWY CXO,llftTCft TSPWbI I 
LMIN - MHHHMBllbHOe 3H81{eHHe nOllHOrO YOWeHTB 

CHCTeliN 0 
LMAX - MaKCHYallbHOe 3HBI{SHHe nOllHOrO Mo~eHTB 

CHC TeM.bl I 
LSTEP - mBr no nOllHOWY YOWeHTY I 
KEY - ~llar Bbll{HCneHl!R ,llHnOllbHbIX aCHynTOTHK 0 

=0 - BbI'iHCllflSTCfl 8CIIYllTO THK a nOTsHUHa

1l0B HI"'~ 
=1 - Bbll{I!CllReTCfl BCHwnTOTHK8 TepwoB ~ 

IPRINT - YPOBSHb neQaTH o 
=0 - III.HHHWBllb HNM YPoBeHb neqaTII. 
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TIel{STSeTCH 1H1ilJOPMS1\HH 0 as,lISl{e, _~SC
n SqST~BS~TCH K03ilJilJHl\HeHT~ npH R 
H SCHWnTOTHHH B as,lISHHOW Hs60pe TO
I{SK no R • 

:;. 0 - pSCWl!peHHSH neqsn. 
~ononHHTenoHO pSCneqSTHBS~TCH MST
pH~He 3neweHT~ ,lIHnOnbHoro onepSTO

ps 
RBEG - nSB~M KOH61\ HHTepBana H3W6HSHHH R 5. 

RMAX - npSB~» KOHe1\ HHT6pBana H3MSHSHHH R 40. 


RSTEP - war no R Ha HHTepBsne [ R~, RmaQCJ 1. 


B peaynoTBTe pS60T~ nporpsMw~ ASYMP nonoaOBSTsno HMeeT Hs06xo

,lIHMY~ HHilJOPMS1\H~ 0 ,lIHnOnoH~x BCHMnTOTHKSX TSPMOB H silJilJeKTHBRWx nOTeH-
1\HSnOB. 3TB HHilJoPMS1\HH HcnoJlosysTCH npH B~I{HCneHHH YPoBHeM 3HsprHH H 
pS,lIHSnoH~x BOnHOB~X ilJYHK1\Hil. ,l\ByxsneKTpoHH~X cHcTeW-nO,l\WHBKO~ K B~
qHCneHHHW nOTeH1\HSnoH~ KpHBWY HX SCHwnTOTHK. 

4.5. TIporpswws HSEVHQ 

KOw.nnsKc npOrpBYM HSEVHQ npeAHB3HBl{eH,l\nH B~I{HCnSHHH YPOBH6n 

sHsprHH H pB,lIHanoH~x ~YHK1\HH renH6nO,l\o6HUX CHCT6W., S TBK~e CPS,l\HHX 
SHBqeHHfi <Rn>.n :: -2,-1,1,2. Pe1ll6HHe aB,lIBI{H (2)-(3) pBa6HTo HS 

"
I{ST~PS STsnB: I) BBO,ll H o6ps60TKB ,l\BHHWXi 2) reH6pBuHH KOHeI{HO

pBaHocTHOn CSTKH no R i 3) ilJopW.HpoBBHHe WSTPHU A H B H HX npoilJHnH; 
4) B~I{HCnSHHS as ,lI BHHOrO KOnHI{6CTBB C06CTB6HH~X SHSQSHHn H C06CTB6H
HWX BSKTOPOB aB,lIBI{M (II). TIporpBYWB HSEVHQ COCTOHT Ha 3 nO,lln por

pB~ H CO,ll6PZHT 834 KBpTU. HHKe ,l\BHO KPBTK06 onHCBHHS nO,llnpOrpSMM . 
EIGVHQ - npe,llHSaHSI{SHS ,lInH BBO,lla H 06PB60TKH Ha~~~ 

H nSI{BTH HHWOPYBl\HH 0 P61l1BSWoM 3B,lIBI{e 

EVSOL - reHepHpysT KOH6I{Ho-p8aHocTHYD C6TKY no R , ilJoPMHPyeT 
WBTPH1\~ A H B , HX npoillHnb, aB,lIBe T rpBHHQHblS ycnOBHR 
(3), BW I{HCnH 6T aB,lI8HH06 KOnHI{6CTBO c06cTBeHH~x aHBI{S
HHn H B6KTOPOB aB,lI8I{H (2)-(3), BenH'''HH~ < R" >, 

I-v :: -2,-1,1,2, H nel{8TB6T pe aynbTBT~ CI{6 TB . 

HQPOT - WOPYHPY6T WBTpaUy nOTSH1\HBnOB HJ-'l/ CR) H 0 .,(R), 
ocy~ecTBnftB T no .enBHa~ nonoaOBBT6nH HX cnnB~H-HHTepno

nHUI1~, nO,llWHBKY K HJ<J4 ( R ) )UlnOnoH~X BCHMnTOTHH, Bunon
HH6T npH HB nHqKH TO qSK KBaaane pSCel{SHHH TepwoB AHB6BTH

qScKy~ HHT6pnonHu~m ~I6,IiJ B aB,l\SHHOn 06n8cTH HaW6He
HHR R • 
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ilO,llrOTOBKS BXOARWX ,lISHHNX AnH nporps~~ HSEVHQ . OnHCSHHe HSI{H

HB6TCR C K8PTU I, np6AHB 3HBI{B HH O~ ,lInH H,lIeHTHillHKBQHH BBO,l\HMWX ,lIaHRWX. 

~OPWBT KBpT U - 8A8. 

llS PBMBHHBR HBaaS qeHHB 

TITLE BBr onOBO K SS ,lI BI{H, 64 CHMBOna 

fpynns KSPT ~ 2 npS,l\HSSHal{eHa ,lInH OnHCSK»R paccwaTpH HBs WOH ,lIB YX
an6KTpoHHOH CHCTSW.~. ~opwaT STOil. rpynn~ KBpT - 2A4, 2A6. 

TeKCTOBue 3HBI{6 HHe no 
nspsweHH~6 HS SHaqSHHe YUOnqSHH~ 

HATOM - 060SHSI{SHHe ,lIByxsnBKTpo HHOfi CHCTeMW 
TERM - Te pw: (2S+1)Li, r,l\e S - cnHH CHCT SMW, lSE 

L - ss nonHUn MOWBHT, :r - 1{6THOCTo 
CONFIG - sn6KTpOHHSH KOH~FYPSUHR B npH6~eHHH HS 1SNS 

aSBHCHM~X snSKTpOHOB. (Mo~eT 6~To Hcnono
aOBSUS nD6sR ,lIpyrsH KnaccHilJHKS1\HR COCTOH
HHn) • 

fpynnB KBPT ~ 3 CO,ll6paI1T HH~PMB1\I1~ 0 W8finax, I1cnonoayeM~x B XO,ll3 
pellleHHH a8,l1Bt{Jf. ~OPWBT rpynn~ KBpT ~ 3 - N;-.MELIS'f / FILES/ : 

&FILES lOUT=, NT19=, NT2 01 l OU F=, &END 

3HBI{eHH6 no 
TIep6weHHBR HB8H81{SHI1e 

ywomBHHIO 

lOOT - HOMep B~O,llHOrO ilJBan8, no KOTOPOL!Y oCyllle 6 
CTBnHeTCH B~BO,ll HHWOPIol81\I1H HB nel{STo 

NT19 - BP6W6HH~n pa601{I1n ilJBnn 19 
NT20 - B ilJBnn6 NT20 XP8HflTCH Tepw~ H SWilJ6J<THB 20 

H~e nOT6HUHSIIbl H H Q , BWI{HCnSHH~e npo
rpBw.wOa HQMATR 

lOUF - B iliBAn lOOF aBnHC~BBKlTCfl BWql1Cn6HHbl6 o 
aHBI{6HHH 8H6prHn H p8,l1I1SnoH~x WYH KUHn a8
,lIB tUl (2)-(3). 
=0 - aBnHCo He npOHSBOAH TCR 

.,. 20 - BbinOnHH6TCR 6ecwopMsTH8 11 aaILllc" C 
nOWO~b~ onepBTopB 

WRITE (lOOF) AT OM, TERM, CONFIG, NN, 
NRoar, (E(l ) , 1=1 , NROar ) , 
«FUN(I,J), l= l,NN), J=l ,NROar ). 
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3~6Cb E H FUN COOTBeTCTB6HHO YPOBHH SH6prHH H 
pa~HanbH~e ~YHKUHH paCCMaTpHBaeyO~ Sa~6qH, EeT 6~Tb Hyne». ~opwHpyeTcH ene~yhlmHM 
ATOM, 'TERM H CONFIG - onHcaHU BUW6, 06pasoM: RGRID(l)=~in' RGRID{NGRID)=Rmax • 
NN=NDI~NSTEP ,r~6 NDIM - paSM6pHOCTb CHC
T6WU (2), NSTEP - qHCnO ysnoB KOH6QHO-paSHo 3HaQeHHH RORID(I) (I - qeTH~e H 
CTHO~ ceTKH no R, NROOT- qHCnO c06cTBeHHux SHa 2<I<NGRID) sa~alOT war no R Ha no~
Q6HH~ pa~HanbHo~ Sa~aQH (2)-(3),T.e. qHCnO HHTspBane [RORI D(I-l), RGRID(I+l )]. 
YPOBH6~ 3H6prHH, KOTopue H606xo~HYO Onp6~enMTb. 

NITEY - wa~CHM8~bHoe qK CnO HTa pBU~ 20 
RTOL - OTHOCH T6nbHaH TOqijOCTb BblqHCn6HHH eoOcTBeHHblx 1 .D-8 

rpynna K8pT ij~ 4 e o~ePJ!(HT I1Ht!l0pMaUI1IO, He06xo~I1MYIO ~nH peweHHH pa

3R8qaRI1~ p8~HBnbHo~ a8~8ql1 (I I ) 
~HanbHblx ypaBHeHI1i1 (2). 'PopMaT rpynnhl KapT N0 4 - NAMELIST / ORID/ : 

SHIFT - CABHr c n6KTpB. llPH peW 6RHK S8~BqH (2) - (3) DbI
&GR ID NDIM=, MDIM=. IDB1=, NROOT =, NORID=, QHCnRDTCH NROOT C06CTB6HHblX aH8q6HH~ H B6K

RCHID=, NITEM=, RTOL=, SHIFT=, NSPL=, TOPOD, 6nKKBAwKx K c~BHry SHIFT. ~cnonDaOBB
IPRINT=, IPRTFN=, IPRSTP= •. NRBCRD= &.END RHa CABl1rB nOaBOnR6 T D bI~c n HTb ~BB~bI B036ya

Aa RHbl6 COCTOH HHH [IOJ . 
NSPL - 'lK CllO TB6mmi~x nOT8K!.lMBJIOB H,..vCR) H Qr,,(R), 0

[JepeMe HH8fl HaSHa4eHHe 	 3H 84eHHe no 
38nHCBHHblX Ha ~Blna NT20 . ECllH NSPL=O , TO 

YMOnQaHHIO 
QHC nO 3HB q6HHa B TB 6llKue COBn~B6T C qMCnOM 


NDIM - paS MepHOCTb CI1CTeMbI pa~HanbHblX yanoB NSTEP KOH8qHO-P8SHOCTHoII C6TKH, r 6H 6pH
I 
ypaBHeHHtl (2), NDIM~MDIM pY61o!01l B COOTB6TCTBHH C NORID M RGlUD. Ms 

WB~nB NT20 qMTBeTCH CTonbKO saUMc aR, CHonbKOMDIM - M eX O~HaH pa s MepHocTb M8TPHU nOTeH I 
HweeTCfl ysnoB B ceTKe no R. EC llH NSPL ~ O!.lHa nOB H,.-M II' H ~ Y, sanKcaHHblX 
(NSPL < NSTEP) , TO H3 WBanB NT20 QKTBeTCflHa !lJai'lne NT20 

NSPL a Bn MC 61 nOTeHUManoB 1-11''; M 01' j} . 3TH 


IDIM - aa~ae T HOMep nOTeHUHallbHO~ KPI1BO~ 
 I nOTaRUMB~ HHT6pnoxapYVTCfl C n OMOmblO Ky6HQeC
H;u~ (R). ~cnonbsyeTcfl ~nR BblQHC KO~ cnn8aH-HH Ta pnon~HH, noc na Qaro aBT OMBTH
BaHHfl ypOBHe~ 3HaprHI1 K pa~HSllbHUX qeCKH BOCCTBHBBnHBSVTCfl SHaQeHHfl HI" )I H Qr y 
t!lYHKUI1~ B a~l1a6STHqeCKOM npH6nH~e BO Bcax ya n8x HOHa ~Ho-pBSHOCTHO~ CST KH. 
HHI1 npH SHa4e HHH NDIM peBHOM I, IPRIN"T - ypOBaUL ne~8TH : o 
B npOTHBHOM enyqae IDIM HrHopl1pyeTcH =0 - MHRHM8BbKW" ypOBaHb ne QSTH. ne~8T8~TCH 


NROOT - 4Mcno YPoBHei'l SHeprl111 H pa~HanbHUX BX01tHl>Ie ~SHHbla, 'IRCnO ya noB ceTKH NSTEP.
I 
WYHKUH iI , Bbl4HcnfleMUX nonbSOB8TeneM 'lMono YP8BH eHHa NDIM • NROOT YPOBHel 

(N ROOT< 20) SHepr HH B s . e.. R;y H aB, B TSKae cpa,l!
HHS SHS qeHHH <: R">. n .. - 2 ,-1 ,1 ,2. NGRID - paSMepHOCTb MaccH:ea RGRID (He C5 0nee 3 


:1 - ps cmHp8HHsa na 'l8T b. nonoHHHT6nLHo psone
25). NCRID Bcer~a He4eTHO 

QSTIiJI81lTCfl StWeKTHBHble nOTS HI.lMS1lbI Hl'y(R)


RCRID - MaceHB ~aHHblX ~nR pa SC5l1eHI1H I1HT ep:esna 

H Q" ",( R ) 

1!.3MeHeHM rl1neppa~I1Ycs R E [Rmin' ~ax] . 2 - M8KCMM8RbHSH neQ8Tb. PBCnSqSTl>IBSDTC H 
H8 nO~HHT epBanbl C nOCTOHHHUM warOM Ha M8TPHUbi A H B, HX npOWHnL , 8 T8KaB ,l!0
KalK~OM HS nO,llHHTep:eanOE. 1010Rmin 	 nOnHHTe nLH8B HHWOPMBUHH, HononLaYOM8B 

npH OTna,ll,K6. 
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IPRTFN - ~n8r ne48TH p8~H8nbHWX ~YHKUH" 0 
=0 - ne48Tb He npoH3BO,l\HTCR 
=1 - ne48T81OTCR NRoar p8,ltH81IbHI>X ~YHK

UH~ C warol.! IPRSTP no R 

IPRSTP - mar ne4aTH paAH81IbHI>X ~YHKUH" 10 
NRECRD - 4Hcno 3anHceH B ~ar;lIe NT20, nOClIe KOTO- 0 

PI>X 3anHCaHI> Ta6JI114HI>e llOTeHUHalIl> ~v H ~¥ 

B rpynne KapT No 5 cOAeplKHTcR ,ltOnOJIHHTenbHaR HIl~opMaUHH 0 P8CCW8T
pHB8ewotl CHCTeMe. Ee ~pMaT - NAMELIST I ATMSYSI 

&1~TMSYS z= , 	 EGRND=, &END 

3Ha 46H>l6 no 
Dep6MeHHaH 	 H83HaqeH>le YM01I4aHHIO 

Z - 38PHA RAP8 I. 
EGRND - 3H6pr>lH OCHOBHoro COCTOHHHR OAH03neK -0.5 

TpOHHO~ CHCTeM~ B a.e. 

rpynn8 KapT ~ 6 CO,ltepEMT >lH~opMaU>lID 0 AHnonbH~X aCHMnTOTHK8X no
TeHU>l8nOB >l T04KBX CW>lBK>l C 4>lCneHH~MH nOTeHuH8n8WH. ~opMaT 3TO~ 

rpynnbl KapT - NhMELIS'l' IA SYMP/ : 

&ASYMP lJ..SYMP=, 	 NPOR=, RAS=, C:i'lIP= &END 

3H846HHe no 
DepeweHH8H 	 Ha3Ha46HHe 1140 n4aH HIO 

IASYMP - ~n8r 3a~aH>lR 8CHMOTOT>lK o 
=0 - aCHMOTOTHK>l He >lCnOnb3YIDTcH 
=1 - aCHYnTOT>lK>l nO~W>lBa~TCR K nOT6H

U>l8nbHblM Kp>lBhlIoI I-I/",/, (r<) 
NPOR - MaCC>lB pa3MepHOCT>l NDIM cOAepEHT HO-

Mepa noporoB, K KOTOPhllol CXOARTCH B no
pH~Ke B03paCTaKRil nOT6HUH8nhHbl6 Kp>lBl>e ~ 

RA.S MaCC>lB pa3wepHocTH MDIM • B H6W cOAep
E>lTCH HH~OpMaU>lR 0 T04Kax CW>lBKII 

nOTeHUllanbHoj.j KP HBolt fjM,I' 0<) co 

K8~oA 

CBO SIt 
aC>lMnTOT>lK olt . 

CFDIP - MaCCHB P83W6PHOCT II 
- 2 

~>lUHeHTbI np>l R 

MD IM co~epaHT K03~ 

B p8anoxeHHH ( 3 ) 
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HeAl!Sr OHaJlDHble WS'l'PI'l1Ulbl6 aliewaHTbI 1-1~ yo ) H ~ Y CmHBSm ClI. B 
TOlUta RSTEP(NSl'f, ) C 8CHWllTOTwca.m BHAS H(!, )I / R £ 51 Q!:1y/R I. 

(0) Q ( 0 ) / / -. 1 
r,lte KoacWIilllHs HTbI H/'A y if ,M" onpe ,lttl IDiIl'l'ClI. 118 yCJlOBMH CIIlHBKH 0 

qBCnaBKYMH 8Ha~SHHlI.WH nOTSHilHsnOB B TO~K6 RSTEP (NS PL). 
B n porp8W»S HSEVHQ npSAYCWOTP6H8 HoawOaHO CTD ~Hs6sTH~SCKOK KH

TSpnOJlllUHM [16,17J B OK PSCTHOCTM TOqS K KB8 3Kll6peCaQeHRfi TepUOB. ~op
WST r pynnbl KSpT ~ ? - NAMELIST I CROSSPI 

4CROSSP NCROSS=, NCROS1=, NCROS2=, 

RCROS1=, RCROS2= !END 


nepue HH Sfl HS8HSQeSBe 
SHS'leHil.e no 
yuOnqSHHIl 

NCROSS 

HCROS1 , 
NCROS2 

RCROS1, 
RCRO~ 

_ 

-

'lHCnO TOQSK KB88HnS peCe'lsaMH ( ecn» : 0 
AHa6sTH'leCKSfi KHTspnonR~fl He BbiDOnHll.

eTCfl) 
Bowe pa nspsceK8SIWX nO TeHI\>la nbHblX KpKBblX. 
HanplUlsp, AIDi ~po COCTORHHH H- -

NCROS1=2, NCR0S2=3 
neB8R HnpSBafl rpaHKIlbi oOn8CTR AKSOSTHqa
CKOIt KHTe pnOJIfl L\KH. Ha nplUls p , AIDi t po 
COCTOfl HHH H RCROS1=12.5 , B RCR0S2c14.7 

0 

5. 	Bbl4BCneBKe OCBOBRoro COCTORH~H orpHUS TeaLHOrO HOHS 


BOAopoAe 


PeOOTa neKSTS HSATOM ~eMoBcTpHpyeTcH Ha npKUspe pSCqeTS OCHOB

HOro COCTOfiHHfl H- . ~nH BCSX BTsnOB pe weHHH aTolt 8SAe4B ynpaBnH~Hs 

onepsTopbl OC EC !l>OptUtpyllTCfl e,llIlBhlIoI OOpSBOW . CtUlTSeW t liTO K8K;4Sil H8 
4 nporps~ nSRS'l'S OTTPSBCHHPOBBHS t OTpS~8K'l'HpOBBHa H 8snHCSH8 nOA 

CBOHM l,ulSH6M B 6110n1l0'l'eKY aarpysO'lHblX ..o~yneR ZLIB • OAIilUl itS B08
UQlBWX Bspa8HToB ynpsBnfl~x onspS'l'OpOB OC EC MOEeT ObiTh cne~y~1t 

nSKST~ 

IIHSATOU JOB ••• 

I I OEN EX.EC PGl4z IEOOENER 


IISYSPRINT DD DUMMY 

IISYSIN DD DUMMY 

I/SY~Tl DD. 


Hs"snhlWe ASHHble 
IISY~T2 DD DSNcMPARII, UNIT=SYSDA , DISP=(,PASS) , 


II DCB=(BLKSIZE=80,RlCFU=F , LRECL=BOl, 

II SPACE=(Bt,(40,lOl,RLSEl 
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II EV EXEC PGM=PROGfu,l , REG ION=1100K 
I I STEPLIB DD DSN=~LIB, DISP=SHR 
IIFT.f)5FOOl DD DSN=+.GEN.SYSUT2, DISP={OLD,PASS) 
I I FT06FOOI DD SYSOUT=A , DCB= (BL](SI <:: E=121, RECFM=UA) 

/ FT19FOOl DD DISP= (NEW , PASS), DSN=&RAB19, 
UNIT=SYSDrl, SPl,CE= (TRK, (l0,2» 

I I F'r2lFOOl DD DSN= FlLEN , DI SP=OLD 
II 

3,lleCb PROGR11 - I1MR COOTBe 'fC TBYlOlIIero 3arpyaOqHOrO MO,llynfi 113 6MCln110

TeKI1 ZLIB • IT O,ll HOMepoM 19 Onl1CaH BpeMeHH~H paCloql1~ ~a~n, a no,ll HO

MepoM 21 - noc ToRHH~H waHn nonb30BaTenR. OCTanbH~e ~a~n~ OnI1C~BaIOTCfi 
aHanOrI1QHO. 

HI1~e np11B8,lleHO 3a,llaHl1e HaqanbHWX ,llaHHNX 11 pe3ynbTaTN CQeTa ,llnfi 

~Oa 113 4 nporpaMM. HaqanbHNe ,llaHH~e ,llnfi paCQeTa TepMoB M a,llM~-
68TMQeCKHX 6a3McH~x '1JYHKUI1i1 B HSTERM aa,llaIOTCR cn8.D.YIlII\MW oClpa30W: 

ISE HYPEH3 HJEHI ChL T1I1,11S FOR H 

&FlLES lOUT=6 , N~' l e =18, NT1 9=1 9 , NrG O= 20, N'r 21=21 &END 
&RMESH lREnD=O, IR BEG= l , l REND =264, 

NGRI D= 13, 

RGHI D=O.l, 0.1, 12 . 0 . 2 , 20., 0. 25 , 30.,0. 5 ,40.,1., 50.,2.,60., 
RV"LUE=O., NHEC HD=O &END 

&·TERMAT NROOT=, &lIFT=4., NITEi,1=30 , 
IPRINT=O, I PRsr p=l, IPRTFN= O, 
NPhR'l'=l, NPl=440, NY-,=O &END 

&J,TMSYS L=O, I SPIN= O, I PI =O. 1,=1., LMAX=7 &END 

B pe 3ynbT8Te paClOTbi HS rERI,) I1we6W cne,llYlOume SHaqeHl1fi 'Ie PlAOB~ (/Z), 
/'I =1,2, ... ,6 , B TOqKe R =5: -1.06984, -0.22589, 0.017868, 0.82736 , 
1.44931, 2.01882. 

HaQanbHble ,llaHHble AnH npOrpeMlA~ H~,ATR 38,llaIOTCR cnsAYlOlI\MM 06pa
30M : 

H l SE HYPER;:;PHEHICA L MATRIX ELEMENTS 
&FILES &END 
&RMESH &END 

&'TERl,lI<T NROOT= 6 , Il'RINT=O, IPR'THQ=l, 

IHQ=3, NPJ,RT=l, NPl=440 &END 
&;, TMSYS &END 

~nR npOrp8MlA HST ERM M HQMA.TR Tpe ClYIOTCR O,llHM 11 Te lKe rpynnbl KapT 
H~ 2,3 11 5. 
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B~4Mcn8HM8 ~~eKTKBH~X nOT8H~enOB C K~40W IHQ=3 npKBO~MT K 

Cne,llYlOlIIMW 3HB4eHMfiW WaTpM'iHNX aneWeHTOB iJ.,V(f<.J M ~II (10, 
/" I. J) = 1, ••• ,6, B T O'iK e R =5 : 

-.1045E+l .29JJE-1 -.3366E-l . 2357E-3 .1953E-2 
-.1504B+0 .1704E-l .5947E-2 .1119E-l 

.B405E-l .7456E-2 .9422E-2 .2325E-l~Y= ( . 8233E+0 .1932E-2 
•1448E+l 

.0 .1448E+0 .1068E+0 .1181E-l .9117E-2 

.0 ,2465E+0 .1450E-l .2769E-l .1972E-l 


.0 -.21 82E-l -.2508E-l 

~v= .0 -.5452E-l -.3370E-l 


.0 .1379E-l 

.0 


rAe 

H (r<) =1 l4>e(R;Q)1 Ji>~(R;Q)\
~j/ '\ 7 elf( JR 7 

~CXO,llH~e 	~aHH~e ,llnfi nporpaYYH ASYMP I1W6IOT B~ 

&FILES 	 IOUT=6, NT18=18, NT19=19 &END 
&ASYMP 	 2=1., NPOR=l, LMlN=O, LMAX= O, 


LSTEP=l, KEY=O, IPRINT=l, 

RBEG=4., RMAX=60., RSTEP=O.l &END 


B pe3ynbT8Te C'i8Ta no nporpawwe ASY~~ Mwe8W cne,llylO~e 3Ha4eHMfi ,llnR 

. ~ 


K03~MUMeHToB npM R : 


0., -5.08276, 7.08276, -16.1991, ~.95125. 20.24787. 
CP8BH8HM8 qMCneHH~X TepwoB C aCHYnTOTMqeCKMWM npOBe,lleHO B pa60Te [1q]. 

~nR nOCne,llHerO aT8na HSEVHQ H8q8nbH~8 ,llaHH~8 38,lle~TCR Cne,lly~lIIMW 

06p830W:
GROUND STATE ENERGY FOR H 
H- lSE lS2 

&FILES IOUT=6, IOUF=O, NT19=19, NT20=2 0 &END 
&GRID NDIM=6, KDIM=6, IDIM=l, NROOT=l, 

NGRID=3, NRECRD=O, 

RGRID=O.Ol, 0.01, 20.01, 

SHIFT=1.0556, NSPL=249, 

IPRINT=O, IPRlFN=O, IPRSTP=10, &END 


&ATMSYS Z=1., EGRND= -0.5 &END 
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bSYMP L' SYl.J-=l, NPOR=l,2,2,3,3,3, 
RhS=14.0, 28 . 8 , 35 . 0 , 36 .6, 39 .0,24. 8 , 

CFDlP=0.,-5.0828, 7.082 8 ,-16.199, 
3.9513 , 20 . 2479 &END 

&CROSSP NCHOSS=O &END 

B pe3ynDTaT8 pa60Tbi nporp8MM~ HSEVHQ HM6eM cne;nYlOl1(ea 3HSQeHHe AnR 
::lHeprHH OCHOBHoro COCTOfiHHA H- B llIeCTJIIHaHSnbHOM npH6mJJKeHHJII HSrl 
no;nxo;na: E =-U.52775±O.OOOI a.e.o

IFILE1Iout)~ -"1 
'- 

FILE1(in) 
FILE2 (out) 

PHC. I. 0611(Bfi CTPYHTypa naHeTa H~ATOM JII CX8Ma 06M6HS c1Jsi1n8MH. 

e Cne;nYIDI1(Me ABe HapT~ Kcnonb 3YIDTCH ;nn R onpe;nene HMH MaKCMManbHot1 
e p83 MepHoCTH MTOT M8CCVlB8 t,; , Tpe6yeMot1 AnA pelll8 liMR 38;naIlH. 06
c l1(aR n8M RTb B HMn068UTax onpe;nenfleTCH HaH 
e lLAST • 4 / 1024 + 100 , 
c r;ne lLAST - noc}J8AllMi1 l1CnOnb30B8HHbll1 aApec B MaCCliBe M. ~nH H3
e MeHeHIDl M8KCl1MOnbHOro pa3Mepa naMHTH, H806xo;nMMOA AnR npoBe;neHMH 
e B ~ qHCneHHM, cne;nyeT H3M6HMTb 3ll81leHl1H MTOT 11,C OOTBeTcTBeHHO?
C MSCCJIIBa M{MTOT ) . 

DI MENS I ON M( 200000 ) 
MTOT = 200000 

e lIN - HOMep wa"na, no HOTOPOMY ocymecT BnfieTCH BBO;n 
c ;n 8HHblX 

lIN = 5 


CALL HSTERM (M,MI' OT , lIN) 

ST OP 


ND 

PliC . 	 2 . 06p83e~ rnaBH ol1 nporpBMM~ KOMnne HCB HSTERM 

22 

~nH Cp8BH6H~R npHB6~eM H6KOTOp~8 APyrB8 H3B6CTH~8 pe3ynbTST~: 


var [ ] CI35
EO :: -0.527751 S.6. - BSPJIISUJIIOHH~U paclleo,r 18 ,Eo =-0.5275Is.8. 
- we ToA H8nOK 8HJllfi KOH~rypSUJII~ [19], E:

CHF
11 :: -0.52751 8.6. - UHO

rOKoH~JIIrypSUJIIOHH~" wa TOA XSPTPJII~OK8 [20]. llOAPo6~~ 8H8nH3 TepwoB JIJ 

YPoBHe" SHeprJIIH B 3SBHCHWOCTH OT qjlJcns ypaBH8HHn JII IlJIIcns ya noB KOHell
HO-pS3HOCTHO~ C8TKH ABH B pa 60Te [IOJ. CpeAHH8 3HSIl6HHR <. I< H >. 
n 	 = -~I,I,2 COOTB8TCTB6HHO p8BH~: 0.117, 0.298, 4.302, 23.308 . 

llSK8T HSATOM JIICnOnb30BanCR AnR B~qHCn6HJIIH OCHOBH~ COCTOfiHHn 
He, Li+ H Be++[9J JII paClleTa CnaKTpa ~BYKpaTHO Boa6y~6HH~X COCTORHH" 
H- HaKe BToporo nopora [10]. Bo Bcax cnYllaRx nony~eHo xopowee corn8
CJII6 C JIIW6D~HCR T60p6TJIIQaCKHUJII H 5KCnepJIIWeHT8nbH~WJII ~8HH~WH 
(_10-4 a.e.). 

B aSKnDIl6HHe SBTOp~ B~pS~8DT 6nsroAspHoCTb ~.r.A6pswKeBHIlY JII 

B.~.llo"A6 aa nOWO~b B ps6oTe. 
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AGpamKeBHq A.r. H gp. PI 1-88-745 
HSATOM - naKeT npHKnagHb~ npOI'paMM gnH paCqeTa 
cneKTpanbHblX XapaKTepHCTHK I'eJlHenogoGHbIX CHCTeM 
B I'HnepC~epHqeCKHX KoopgHHaTax 

~aHo onHcaHHe naKeTa nporpaMM HSATOM gnH BblqHCneHHH 
YPOBHeH 3HepI'HH H BonHOB~ ~YHKU;HH I'enHenogoGHbIX CHCTeM 
B I'HnepC~epHqeCKOM aAHaGaTHqeCKOM nogxoge c TOqHOCTbID He 
xyEe IO-~ a.e. ~nH annpoKCHMaU;HH cooTBeTcTBYID~X 3agaq 
WTYPMa-flHYBHnnH npHMeHHeTCH pa3HocTHaH cxeMa BTopoI'o no
pHAKa TOqHOCTH. TIPH pemeHHH nonyqeHHOH anI'eGpanqeCKOH 3aga 
qH ucnonb3yeTcH MeTog UTepaU;HH nO,lUIpOCTpaHcTB. Pa60Ta naKe 
Ta HnnwcTpupyeTcH Ha npHMepe paCqeTa OCHoBHoI'o COCTOHHHH 
oTpHU;aTenbHoI'o UOHa Bogopoga. 

Pa60Ta BbIDonHeHa B fla60paTopuu BbNHCnHTenbHOH TeXHUKH 
H aBToMaTH3aU;HH OHRH. 

Coo6weHHe 06..elumeHHoro HHCTHTYTa RJJ.epHhlX HccnelloBIUOIH. )ly6Ha 1988 

TIepeBog aBTopoB 

Abrashkevich A.G. et al. PI 1-88-745 
HSATOM - Computer Code Package for Calculation 
of Spectral Characteristics of Helium-Like 
Systems in Hyperspherical Coordinates 

Description is given for the computer code package 
HSATOM assigned to compute the energy levels and wave 
functions of helium-like systems in the hyperspherical 
adiabatic approach with an accuracy of about IO-~ a.u. 
Approximation of the corresponding Sturm-Liouville prob
lems is made with the difference scheme of the second or
der of accuracy. The obtained algebraic problem is solved 
by subspace iteration method. Work of the package is de
monstrated by calculating the ground state of a negative 
hydrogen ion. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automa tion, JINR. 
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