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(6) 0fh.eJJJ1HeHHbli1 HHCTHT)'T R,!l,epHblX HCCJle)..I.OBaiiHi.t. }].y6Ha, ( 993 

1 BBe~eHHe 

Xopomo U3BecTHbrll yrrpyrnil penoHaHc B peaKQHH 160(4 H e,4 He )160 

rrpn :JHeprnH HaJieTaiDUJ.IIX "-IaCTIU.I; oKorro 3, 045 MaB HHTeHCHBHo 11c~ 

IIOJlhOyeTCH )J;JlJI ll3Y"IeHM51 cop;ep:IKaHH.H KHCJIOpop;a B IIpHIIOBepXHOCTHhiX 

crroHx panrriPIHhiX MaTepHaJIOB [1]-[9]. BKJII0'9:eHne HH<flopMaU.IUI o ce

"-IeHUH p;aHHO:ii peaKQIIH B rrporpaMMbl CHMYJUID;HH crreKTpoB o6paTHoro 

pacce.HHH5I rma"IliT8JibHO paCIIIl:lp1IeT B0'3MO)KHOCTH IIOCJie)J;HHX I1 yae.JUI

"IliBaeT T0"'9:HOCTb aHaJIH3a 8KCII8pHMeHT8JlbHblX gaHHblX [10]. 
HaJUPnre HeKoTopbiX pacxo.aq::r;eHnH a norroMeHHII penoHaHca II era 

IIIIIpHHbi, OTMe"Ia8MbiX B HaCTOHLU.ee BpeMJI B HeKOTOpbiX ny6mtKa:Q,HHX 

[2], He BJIHHeT cylll.eCTBeHHO Ha MHOI'He ycrrell1HO llCI!OJib'3YeMhle ;IJ;O

CTOHHCTBa MeTOp;a o6paTHOii CIIeKTpOMeTpliH. BMeCTe C TeM HMeeTC.H 

Heo6xop;HMOCTb rrorry-qeHHJI 6onee rrpeu;n3HOHHLIX gaHHLIX o pe3oHaHce 

;IJ;nil IIpHM€H€HH.H MeTop;a o6paTHO:ii Cll€KTpoMeTpilll B HeKOTOpb!X cne

I..I;Ha.JlbHblX crry"-!aJIX. YTo-qHeHHe norro}KeHHJI H lllHpHHhl penoaaaca, KpoMe 

rrpoae;u.eHHJI KaJIH6poao'9:HLIX gocTaTO"--HO TO"--HLIX :n:crrepHMeHTaJibHbiX 

H3Mepeanii, Tpe6yeT ncrrorrb30BaHIUI rrporpaMMLI p;n.H pac"-IeTa gncpcpe

peau;nanhHLIX ce"-::eanH pacce.HHHJI. 

TaKHM o6paaoM, aeo6xop;MMocTh BKJIIO"--eHHJI HH<!>opMai..I;HH o ce

'IeH><II peaKIJ;><>< 160(4 He,< He) 16 0 nprr aHeprHH 3,045 MaB B rrpo

rpaMMy CHMyJIJII.J;HH CII€KTpOB o6paTHOrO pacceHHHi[ HOHOB reJIHi[ 1 a 

TaK)I{€ rrpep;CTO.HIJ.l.lle KaJIH6pOB0'9:Hbi€ 'aKCIIepl1M€HTbl IIpHBeJIH K C03p;a

HHIO IIporpaMMbi pac"-!eTa Ce"--eHH.H, OIIHCbiBaeMoii: B p;aHHOiJ pafioTe. 

2 Mcxop;Hbie cooTHOWeHHJI 

IlpH paapa60TKe rrporpaMMhi Mbl OIIHpaJIHCb Ha KBaHTOBO-MexaHH

"-::€CKO€ Bhlpa:tKeHHe ce"-::eHH51: ynpyroro pacceHHYUI B TepMnaax napu;n

aJibHbiX aorrH AJUI 6eccniiHOBhiX -qacTHU Ha 6eccrrHHOBOM Hp;pe, KaK eTa 

6biJIO rrpHBep;eHo B pa6oTe KaMepoHa [3] B 1953 roljy. 

,I(mpcpepeHI.J;HaJibHOe ce-qeane pacce.HHIDI a CHCTeMe u;eHTpa Mace 

pacceHBaiOIJ.l.HXC.H "-::aCTHIJ; p;aeTCH Bhlpa)KeHH€M 

da 1 I 1 (e) ( e ) 
de = k2 -2" · cosec

2 2 · exp iry· ln(cosec
2 -z) + 

+ L:;(2l + 1) · P1(cose) · sin(61) · exp(i61) · exp(ia1)1
2

, (1) 
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rge k = p.hv, fl~IIpimegeHHaJI Macca CMCTCMbi, V ~ OTHOCHTCJibHaJI CKO

pOCTb -qacT:UIJ;, TJ = ~z~ 1 Z II Z
1
- oap.H)J;hl CTaJIKHBaKHI.I,liXC.H "IaCTllll, 1 0 -

yron pacce.HHH.H B CHCTeMe U.CHTpa Mace, Pt( case) - nomiHOM Jle:tKaH

gpa l-rO IIOp.HgKa, 81- C)J;BHr 4>a:Jbl rrapU.llaJibHOil BOJIHhi C op6HTaJibHbiM 

yrJIOBbiM MOMCHTOM /11,. 
Mbi orpaHIP-rnnnch l = 0, 1, · · · , 5. BonHaMH c l > 5 MO:IKHO oaBe

goMo rrpeHe6pe"'b npn HHTepecyroiU_IIX aac aHeprHHX •racTnri. 

B Bblpa)l(eHHH gnH ce"!eHHH (1) 

I ( · ) ( I ) 
. •+•ry ry 

exp( ZDII) = IJ --.- = exp 2i L arctg(-) 
s=1 .S - 'lfJ .'l=l 8 

p;rrH 1 > 0 " exp( iao) = 1. 
)ln.H BbP-IHC1ICHH.H cllaaOBOrO C)J;BHra 81 B pa60TC [3] IIpHBO)J;liTCH o6o

CHOBa.HHOC IIpH6JIH)KCHHC )J;JI.H HenepeKphiBaJOIU,IIXC.H peOOHaHCOB: 

61 = -arctg Ci,)lr=a + arctg ( 2(E~~ E)), 
rge E - aaeprn.H CTOJIKHOBCHIHI "'aCTHU:, Ft H Gt - KJJIOHOBCKHe cllYHKU.HH, 

pacc"!HTblBaeMble gml rrpHu;enhHoro rrapaMeTpa p = kr npH r = a = 
5, 75 · 10-13cM. IlapaMeTp a MO)KCT YTO"'H.HThC.H B HCKOTOIJbiX pa6oTaX 

( CM., HaiipHMep, [9]). 
IlapaMeTphl pe30Ha.HCOB Er H r,\ (nonmKeHne II WHpiiHa) onpege

JIHIDTC.H 8Kcrrepn:MeHTaJihHO. Mt:.I llCTIOJibOOBaJIH p;aHHhlC gJIH ET H r ,\' 
npHBep;eHHbie B pa6oTe [3] (eM. Ta6rrmzy 1 ). 

Ta6Jtu'4a 1. llo~to:HCeuue u mupuua pe3ouauco6 6 pea'K;~uu 
160(4 He, 4 He)16 0 B coomeemcmBuu c op6umaJtb1tb'M ?G6a1trrwebw. 

'ltUCJtOM. J 

l 0 3 0 2 2 

E"M~B 2.490 3.045 3.090 3.380 3.885 
r:-,M~B 0.024 0.010 0.005 0.010 0.003 

-

Ilpn IIO)J;CTaHOBKC <f>nOH"ICCKllX KOHCTaHT B COOTBCTCTBYIOill,llC Bbipa

:IKCHll.H Mbl IIOJIY"'HJIH 

k[10-13cM] 

ry 

p 

.3500403(E[M~B])~, 

5 042161(E[M~B])-~, 

kr!r=a = 2.012732(E[MeB])L 

2 

.Il_aHHbiC "!I-ICJICHHhlC Bb!pa)KCHII.H Mhl B gaJihHCllWeM HCIIOJib80BaJIH B 

rrporpaMMe . 

.U:nH pac-IeTa CC"ICHllH B na6opaTOpHoi1: CIICTCMC KOOp)J;HHaT HCITOJih-

30BaHO rrpeo6paooBaHHe yrnoB 

0 = 71"- arccos (sin0A- cos0A · J1- ::• · sin20A), 
rge 8A - yroJI pacCeJIHH.H B na6opaTopHo:ii CMCTCMe KOOpAHHaT, ffiHe II 

m.o - MaCChi aTOMOB reJIHH II KHCJiopo~J;a COOTBCTCTBCHHO. 

IIpn nepexo~J;e H3 cncTeMhi u;eHTpa Mace B na6opaTopHyro cncTeMy 

KOOJ\a,nHaT ee•-IeHH.H rrpco6paoyiOTCH c:regyroiU_HM o6pa.'30M [1 ]: 

(d~J = (:~) ( 
sm0 )' 1 
sin8A J1 - ~sin28' 

mo 

rp;e ~ = 0,2501719. 
mo 

3 OrrHcaHHe rrporpaMMbi SECH 

llporpaMMa SECH, COCTaBJieHHaH Ha >ItlhiKe FORTRAN, npuse

geHa B rrpiino:IKeHIIII 1. BxogHhiMn rrapaMeTpaMH gnH pac ... reTa ce9:eHIHI 

HBJIHIDTCH ::.HeprHH E HaJieTaiOIU_ell ... IaCTIIU:hl n yron o6paTHoro pacce

.HHH.H B na6opaTopHoii cncTeMe KoopgnHaT 8 > 90°. B Ha"!ane pa6oThl 

nporpaMMa 3arrpaUUIBaCT .._IliCJIO TO"'CK IIO 3HeprHli 1 B KOTOpbiX paCC"!H

ThiBaeTCH ce ... reane, Ha~ranhHaH, KOHC'<IHaH aHeprHH H yron pacce.HHHH B 

rra6opaTopaoll cncTeMe Koop~J;nHaT. BhiXO;JJ;HOJ1 napaMeTp- g~:~if:tcllepeH

U.HaJThHoe ce ... reHne pacce.HHIIH B rra6opaTopaoii cn:cTeMe xoopgHHaT -

DSGL. B U.HKJie c MCTKoll 10 rrpoBognTc.H pac ... reT Ta6JIUU.hl ce"!eH11Jl 

pacCC.HHHH, KOTOpaH "3aiiiiChiBaCTC.H IIOCJIC)J;OBaTCJihHO B 4la:i'm C HOMC

poM 1. cPyHKU.H.H DSG pacc"IHThlBaeT ce"'CHHe pacce.HHH.H B CHCTCMe 

u_eHTpa Mace CTaJIKHBa:KHIJ;HXC.H ... racTHll_. BHyTpn nporpaMMhl ncnonh

oyeTc.R nognporpaMMa-<f>yHKU.IIH gnH pac"IeTa xynoHOBCKHX <f>yaKu_:nll Ft 
n Gt, B KOTopoll na ocaoBy B3.HT aJiropHTM, orry6m-IKOBaHHhill B pa6oTe 

[11]. Mbi rrp:naop,nM c HC3Ha"'HTCJihHhiMH H3MeHeHHHMII rrporpaMMy 

paC'ICTa KYITOHOBCKliX <f>yHKijHH [11] B npHJIOJKeHlili 2. 
B HaCTOHlll.ee BpeMH cyiU_eCTBYK)T II gpyriie anropnTMhi pac ... reTa Ky

JioHoacxux <flYHKU.Hil. MDI cpaBHHJili rrporpaMMy, npegcTaBJICHHYlO HaMn 
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B rrpHIIO)f(CHHli 2, c rrporpaMMoir ua 6n6nnoTc:Kn Jly6aa [12) ( cf>YHKUHH 

FGETA C361). 
IIpH p;ocTaTo'9.HO TO"IHOM coBnaA,eHHH peaynhTaTos pac"IeToB aa 

OCHOBC 060HX an:ropHTMOB Mbl Hawnn, "'TO IIpHBt'p;eaaaa B IIpliJIOJKCHIUI 

2 rrporpaMMa C"'HTaeT B 4 pana Me~rreHaee. 

He HMe.H asTopcKoro panperneHHH npiiBo;!I;IlTh arrropiiTM nporpaMMbi 

FG ETA, Mhl CO"'JIH sonMoncHbiM neperre~aTaTb ony6nHKOBaHHyio rrpo

rpaMMY [11] B /);aHHOM C006UI.CHliH )l;:UJI HCKOTOporo ygo6CTBa, COCTOR

I..I.J;Cro B rrorrHoTe nnrraracMoro MaTepnana. 

4 0 IIpHMeHeHHH rrporpaMMbl 

B snp;e, orrHcaHHOM a rrpMnoJKemnrx 1 n 2, rrpuMCHHTh rrporpaMMY 

SEC H B nporpaMMax cnMyns:u;rm crreKTpoB o6paTHoro pacceRHHH He 

pa:u;noHaJibHo. Mbi npep;rraraeM p;:sa cnoco6a Hc:norrbnoaaHl'UI rrporpaMMhl 

SECH. 
IlepBbiH cnoco6 oCHOBaH ua pac-qere Ta6nii:u;bi aaepreTH"IecKoii na

BHCl:f.MOCTH ceqeHH.H rrpn ARHHOM yrne et\_. Ta6nnu;a MOJKCT 6biTb oaTeM 

HCII01Ib30BaHa B CHMynnpyK>I.I.J;ei nporpaMMe CO 3Ha"-IliTCITbHbiM COKpa

I..I.J;CHHCM ll3,1J;Cp)I(CK HR C"'CTHOC BpeMB. 

BTopoll. cnoco6 cocToHT B ncnol'lb3o:munrn annpoKCI-IMaiJ;Hn p;mr nno

nnpoaaHHoro peooHaHca <flyHx:u;neii c HeCKonhKHMH napaMeTpaMM. Ha

npuMep, ~JIJI penoHaHca npH aHepriiii 3,045 MaB MO)I{HO HcrronDnoaaTh 

lflopMyrry c TpeMJI napaMeTpaMK [13]: 

da = (G )(B
2
(8,)-1+2·c·B(8,))

2 
C(e) (2) 

de, A " e:' + 1 + " , 

r)le e: =(Er-E)(,, a A(8,), B(GA), n C(8,) HaXO)IJITcJI cpaBHeHneM 

pac'"!eToB no )laHHoii IJiopMyrre c pac'"Ie-roM no nporpaMMe SEC H. 

IlpoBe)IJI COOTBeTCTBYlO!I.\He pac'"IeTIJ npn 90° < 811. < 180°, Mhl 

HawnH xopowy10 annpoKCl:tMau;mo yrooBOii '3aBHCHMOCTH napaMeTpoa 

A,BnC: 

A = a1 + a2~A + a,eL 
B = b, + b,SA + b,eL 
c = c, + c,e .... + c,e~ 

.( 

<c 

rrpH 

a, = -0.34101 
b, = -49.963 
c, = .18096 

a 2 = 4.4059 · 10-3 

b, = 0.60919 
c, = -1.3736 . 10-3 

a, = -1.6559 · 10-5 

b, = -1.6559 . 10-3 

c, = 3.8704. 10-6 • 

ArrrrpoKcHMa:o;nH no ¢opMyne (2) no TO"::HocTn anonHe npHrop,Ha 

)l;JIH: HCnOITh::JOBaHUH B nporpaMMaX C.HMyJIHI.I;Hll cneKTpOB o6paTHOrO 

pacceHHnx. 

Ha pHcyHKe 1 rrpHBOAHTcJI pac"-IeTHaJI xpnaaJI ce"!eHH.H noorrHpo

aaaaoro pe30HRHCa B peaKII;HII 16Q(4 He4 He) 16Q H OTHOCHTCJibHOC OT

KJIOHeHHe pac"::eTa no ¢opMyne (2), c aaHp;eHHoii arrrrpoxcHMau;neH, oT 

pae"::eTa no rrporpaMMe SEC H. 3aMeTaoe OTKJIOHeHne Haxop;nTc.H B 

o6nacTn aHeprnn, gnH KOTopoll ce"::eHne pacceHHHH, a oHa"::HT n BbiXOP, 

pacCeHHHbiX "-IaCTHII; B ·cneKTpe, Marro BJIHJieT Ha CTaTHCTHKy CITeKTpOB 

o6paTHoro pacce5IHHH. 

ArrrrpoKCliMHPYIO!I.\aJI lflopMyrra (2) MoJKeT 6biTh yp;o6Ha B rrpHMeHe

HllH npH axcrrepHMeHTaJibHOM YTO"-IHCHHH rrorro)l(eHllJI H rnHpHH:hl peoo

Haaca. Ha ee OCHOBe MO)I(eT 6b1Tb COCTRBJICHR TCOpCTIPieCKaJI <(lyHKII;HH, 

HCITOJibOyeMaJI )l;IIJI IIO)l;rOHKH napaMeTpOB MCTO)J;OM- HRHMeHbiilHX KBR

p,paTOB rrpH o6pa60TKe BKCIIepHMCHTaJibHbiX )l;aHHblX 0 '3RBHCliMOCTll 

CC"'CHHH peaKD;HH OT :;meprnH. 

IlpegaapHTCJihHaJI rrpoaepKa rrpaBHJibHOCTH pa6oTbi nporpaMMhl co

CTo.H:na B B0CITpOH'3BC)l;eHHH BCeX KOJJll"::CCTBeHHbiX ORKOHOMepHOCTeil: 

rroaegeHRH ceqeHIIH peaK:u;nn a HHTepaarre aHeprnH oT 2,4 ,n;o 4 MaB 

ll )l;l!H paonH"::HblX YDIOB B COOTBeTCTBHll C. )l;RHHbiMH pa60Tbl [3]. 
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do/d8 

1.5 

1.0 

0.5 

0.0 

1.004 

1 .002 

1 .000 

-1 

-2 

0.998 --,-, 
3.03 3.04 3.04 3.05 3 05 

E (M3B) 

Pucyno'IC 1. KpuBaJI 1 u:Jo6paJICaem :JaeucuMocmb Jurfir/)epert7tnaAb'tto2o 
pe301tU'UC'ItO<!O CC'IlC'ItUll om 3rtep2UU npu 0A = 170°, paCC'~t1i7nO:Wii020 6 

cucme~u ~eumpa Mace cma.ll/tcUBU1011~UXCll uo1tOB zeAUll u 1'C1tC4opoJa. 
KpuBaK 2 no'/'Ca3bl6aem omHomeuue cev,euuii, pacc~turnauuuzx no npo· 
2paMMe SECH u no auaaumu'!lec?>;oi1 annpO%CUMa~uu co2"'acuo if)op
My~<e (2) (eM. mencrn) npu 0, = 170'. 

8KCIICpHMCHTaJII:.HhlM 060CHOBaHllCM TO"'HOCTH pa3pa6oTaHHmf Ill)O
rpaMMhl SECH MmKeT crryEHTb rrpoBepKa Ha ocHoBaHIIH ;n,aHHhlX, rro
ny"!eHHbiX HaMn rrpn pacceJIHllll liOHOB renil:JI Ha aMop<fJHoll mreHI(e Si02 
Ha KpeMHllCBOil IIO)J;JI02KKe. 

Ha pncyHKe 2 rrp:r-men;ea :3KcrrepHMCHTaJII:.Hbi.i1 crreKTp n no;o;roHKa 

CIIMyrrnpyiOI.ll,Cil I!porpaMMOii [14], B KOTOpoif HCIIOJih30BaHa Ta6JIIII~a 
ce"ICHHJI pacceJIHMJI rerrnH Ha Kncrropoge, pacc-.:utTaHHan no rrporpaMMe 
SECH. 

IImrHoe corrracnc aKcrrepnMcHTa.JihHoii II rrogroHO"!Hoil KpnBoH )J;JHI 
BhiXo;u;a pacce.HHHbiX "!aCTHII; OT rrrreHKII Si02/ Sz IIO)J;TBepAq::.;acT rrpa
BIIJibHOCTb rrpep;cTaBJieHH:biX arrropiiT!viOB ll "'-IIICJieHHbiX :JHa"-IeHnil rra
paMeTpOB peaoaaaca rrprr ::meprnn 3,045 MaB. 

6 

6000 5000 

'""' 
4000 

' 000 -fc-~_,,-.,-,-r,-ro-ro-ro-r~~ 
260 280 .>GO 

2000 

o1 IIIII ji 14 ijllllllii jill iiijli iii iijiiill>stlijil 
190 240 290 340 390 440 490 

PucyHo?C 2. 8'1'CcnepuMertma.ab'H.bd1 cneKmp N(I) pacce .. ntUbiX U01t06 ze

JLU.H npu eh = 170° (n3o6pa'J!Ce·'/-£ TnO'!t'I'CUMU). HenpepbW'JiUZ 'I'CpUBU.Jl -

cnex;mp pacceZ'Ii'ltJI, MoJe~tupoBa'H.'Itbn1 npozpa.uM.of/, {14} c 1.LCUO.Itb30Ba

'H:neM pac"tf:ma pe:Jo1ta1tC'H.o2o ce"leUU1l npozpaMMoU SECH. Ha BcmaB'ti:C 

B yeeJt.u'!.te'li'H.OM e·u.ae no'l\,a:Jax y'llacmm;; cne-x;rnpa c pe:JouaucoM (napa

.uemp x2 noJZO'JtJ;;U CnC'h;Tnp06 paBe'H. 1.2). 

5 BhiBOj:\bl 

Pa3pa6oTaHa rrporpaMMa SEC H pac"-IeTa pe3oHaHcHoro ce'ieHR.H 
peaKU:IUI 160(4 H e4, He )16 . IIporpaMMa rrpoBepeHa B KOHKpeTHOM rrpn
MeHeHnn nprr ll3MepeHHII CIICKTpOB o6paTHoro paCCCHHHJI Ha aMop<f>Holi 

SiOz rme!!Ke. 
IIpnBe;a;ea TeKCT rrporpaMMbi, KOTopaH MO)KeT 6b!Tb ncrroni:.:JOBaHa 

rrpu pac"!i:~Te ce"-ICHIIJI B IIHTepmUie aHepriui 2, 4 -;- 4 MaB II gmr yrnoB 

90" < 0 A < 180'. 
IIpcgnmKeHa arrrrpoKc:HMllPYIOIJJ:aJI tflopMyna, rrpnrop;HaH ;a;mr rrpn

MeHeHIHI 11 o6eCIIC"IllBaK>IJJ;<:tH IIpiiCMJICMYID TO"IHOCTb B 6onbWHHCTBC 

IIpaKTII"'eCKllX CJiy"!aCB. 
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AaTopw 6naro11apHw A.II.Ko6:way H ):(.A.KopHecay :Ja IIOAACPlKKY 

H HHTepec K pa6oTe. 

COMMON /FP /P(4) 
DATA Pl/3.14159265/ 
WRITE(* ,*)'M E,EMN ,EMX,TL=' 
READ(* ,*JM,EMN ,EMX,TL 
H=(EMX-EMN)/(M-1) 
TL=TL/ !80*PI 
STL=SIN(TL) 
SSTL=ST L *STL *0.2.501719 
CT=SST L-COS(TL )*SQ RT( !.-SST L *0.250 1719) 
TT=PI-ACOS( CT) 
CT=COS(TT) 
P( I)= I. 
P(2)=CT 
CCT=CT*CT 
CCCT=CCT*CT 
P(3)=(3*CCT-!.)/2. 
P( 4 )=(.5. *CCCT-3. *CT)/2. 
SDL=SSTL*0.2501719 
SL=( SIN ( TT) /STL )**2 /SQ RT( 1-S D L) 
DO 10 i=I,M 
E=EMN+H*(I-1) 
DSGL=DSG(E,TT)*SL 

10 WRITE(I,*)E,DSGL 
END 

FUNCTION DSG(E,TT) 
COMMON/FP/P(4) 

IlpHrrmKeHHe 1 

DIMENSION G E(5 ),ER(5 ),DL T( 4),FF( 5),FFP( 5 ),GG( 5),GG P( 5) 
COMPLEX Il,ECS,EAL(4),SUM,CEP 
DATA Il,EAL(I)/(0.,1.),(1.,0.)/ 
DATA GE/0.024,0.010,0.005,0.010,0.003/ 
DATA ER/2.490,3.045,3.090,3.380,3.885/ 
MM=O 
ACCUR=l.OE-14 

8 

~ 
) 

II 

II 
) 

STEP=999. 
DQ=SQRT(E) 
IW=2.012732*DQ 
ETA=5.042161/DQ 
DO 2 1=1,3 
S=O. 
DO I J=l,l 

I S=S+ATAN(ETAfJ) 
2 EA L(J +I )=CEXP(2*II*S) 

DO 10 J=l,4 
CALL RCWFN(RO,ETA,MM,J-I,FF,FFP,GG,GGP,ACCUR,STEP) 

10 DLT(.l)=-ATAN(FF(J)/GG(J)) 
DLT( I)= DLT( 1 )+ATAN( GE( I )/2./( ER(! )-E)) 
D LT( I )=DLT( I )+ATAN( G E(3)/2./(ER(3)-E)) 
DLT(3)= DLT(3)+ATAN( G E( 4)/2./(ER( 4 )-E)) 
D LT( 3)= D LT(3)+ ATA N ( G E( 5) /2./ ( ER( 5 )-E)) 
DLT( 4 )=DLT( 4 )+ATAN( GE(2)/2./(ER(2)-E)) 
CSTT=l./SIN(TT /2.) 
CSTT=CSTT*CSTT 
ECS=CEX P(II*ETA * ALOG(CSTT)) 
SUM=(O.,O.) 
DO 20 1=1 ,4 
C EP=C EXP(Il*D LT(I) )* EA L(I) 

20 S UM=SUM +(2*1-1 )*P(I)*SIN(DLT(I))*CEP 
ECS=-ETA*CSTT*ECS/2.+SUM 
A=CABS(ECS) 
DSG=A * A/12.252820/E 
RETURN 
END 

IlpHJIO)f(eHlfe 2 

SUBROUTINE RCWFN(RHO,ETA,MINL,MAXL,FC,FCP,GC,GCP, 
# ACCUR,STEP) 

REAL K,Kl,K2,K3,K4,Ml,M2,M3,M4 
DIMENSION FC(!200),FCP(1200),GC(!200),GCP(l200) 
PACE=STEP 
ACC=ACCUR 
IF(PACE.LT.lOO.O) PACE=lOO.O 
IF( ACC.LT .l.OE-15.0 R.ACC.GT .l.OE-6)ACC= l.OE-6 
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R=RHO 
KTR=l 
LMAX=MAXL· 
LMIN1=MINL+1 
XLLl=FLOAT(MINL*LMIN1) 
ETA2=ETA*ETA 
TURN =ETA+SQRT(ETA2+XLL1) 
IF(R.LT.TURN.AND.ABS(ETA).GE.1.0E-6)KTR=-l 
KTRP=KTR 
GO TO 2 

1 R=TURN 
TF=F 
TFP=FP 
LMAX=MINL 
KTRP=l 

2 ETAR=ETA*R 
RH02=R*R 
PL=FLOAT(LMAX+l) 
PMX=PL+0.5 

C***CONTINUED FRACTION FOR FP(MAXL)/F(MAXL) 
C***XL IS F XLPRIME ISFP** 

FP=ETA/PL+PL/R 
DK=ETAR*2.0 
DEL=O.O 
D=O.O 
F=l.O 
K=(PL *PL-P L+ ETAR)*(2.0*PL-l.O) 
IF(PL*PL+PL+ETAR.NE.O.O)GO TO 3 
R=R+l.OE-6 
GO TO 2 

3 H=(PL*PL+ETA2)*(1.0-PL *PL)*RH02 
K=K+DK+PL*PL*6.0 
D=l.O/(D*H+K) 
DEL=DEL*(D*K-1.0) 
IF(PL.LT.PMX) DEL=-R*(PL*PL+ETA2)* 

# (PL+l.O)*D/PL 
PL=PL+l.O 
FP=FP+DEL 
IF(D.LT.O.O)F=-F 
IF(PL.GT.20000.)GO TO 11 

10 

IF(ABS(DEL/FP).GE.ACC)GO TO :l 
FP=F*FP 
IF(LMAX.EQ.MINLJGO TO .5 
FC(LMAX+l )=F 
FCP(LMAX+1)=FP 

C***DOWNWARD RECURSION TO MANL FOR F AND FP, 
C ARRAYS GC,GCP ARE STORAGE 

L=LMAX 
DO 4 LP=LMIN1,LMAX 
PL=I'LOAT(L) 
GC(L+1 )=ETA/PL+PL/R 
GC P( L+ 1 )=SQRT(ETA2+ PL *P L )/ PL 
FC( L )=( GC:( L+ 1 )*FC( L+ 1)+ FCP( L+ I ))/GCP( L+ I) 
FCP(L )=GC(L+ l )*FC(L )-GCP( L+ l )*FC( L+ l) 

4 L=L-1 
F=FC(LM!Nl) 
FP=FCP(LMINl) 

5 IF(KTRP.EQ.-l)GO TO l 
C***REPEAT FOR R=TURN IF RHOLT TURN 
C***NOW OBTAIN P+I.Q FOR MINL FROM 
C***CONTINUED FRACTION(32) 
C***READ ARITHMETIC: TO FACILITATE 
C***CONVERSION TO IllM USING REAL*8 

1'=0.0 
Q=R-ETA 
PL=O.O 
AR=-(ETA2+XLLl) 
AI=ETA 
HR=2.0*Q 
HI=2.0 
Wi=2.0*ETA 
DR=ll R/(BR*BR+BI*I31) 
DI=-BI/(BR*BR+ l31*BI) 
DP=-(AR* DI+AI*DH.) 
DQ=(A ll*DR-AI*DI) 

6 P=P+DP 
Q=Q+DQ 
PL=PL+2.0 
AR=AR+PL 
AI=AI+WI 
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81=81+2.0 
D=A R*DR-Al*DI+8R 
Di=AI*D R+AR *DI+ 131 
T=!.O/(D*D+DI*DI) 
DR=T*D 
DI=-T*DI 
Il=8R*DR-8I*DI-l.O 
K= 131*DR+ BR * Dl 
T=DP*H-DQ*K 
DQ=DP*K+DQ*H 
DP=T 
IF(PL.GT.546000.)GO TO ll 
IF(ABS(DP)+ABS(DQ).GE.(ABS(P)+ABS(Q))* ACC)GO TO 6 

P=P/R 
Q=Q/R 

C***SOLVE FOR FP,G,GP AND NORMALISE FAT L=MINL 

G=(FP-P*F)/Q 
GP=P*G-Q*F 
QLEN=FP*G-F*GP 
W = 1.0/SQRT(FP*G-F*G P) 
G=W*G 
GP=W*GP 
IF(KTR.EQ.I)GO TO 8 

F=TF 
FP=TFP 
LMAX=MAXL 

C***RUNGE-KUTTA INTEGRATION OF G(MINL) AND GP(MINL) 

C***INWARDS FROM TURN SEE FOX AND MAYERS 1968 PG 202 

IF(RHO.LT.0.2*TURN)PACE=999.0 

R3=1.0/3.0 
H=(RHO-TURN)/(PACE+ 1.0) 
1!2=0.5*1! 
12=1FIX( PACE+O.OOI) 
ETAH=ETA*H 
H2LL=H2*XLLI 
S=( ETAH +H2LL/R)/R- 1!2 

7 RH2=R+H2 
T=(ETAH+H2LL/RH2)/RH2-H2 
KI=H2*GP 
M1=S*G 

12 

K2=1!2*(GP+M1) 
M2=T*(G+Kl) 
K3=II*(GP+M2) 
M3=T*(G+K2) 
M3=M3+M3 
K4=112*(GP+M3) 
RH=R+Il 
S=(ETAH +Il2LL/RH)/RI!- H2 
M~=S*(G+K3) 

G=G+(KI+K2+K2+K3+K4)*R3 
GP=GP+(MI+M2+M2+M3+M4)*R3 
R=RH 
12=12-1 
IF(A8S(GP).GT.!.OE30)GO TO 11 

IF(I2.GE.O)GO TO 7 
W=l.O/(FP*G-F*GP) 

C***UPWARD RECURSION FROM GC(MINL) AND GCP(MINL), STORED 

C***VALUES ARE R,S RENORMALISE FC,FCP FOR EACH L-VALUE 

8 GC(LMINI)=G 
GCP(LMIN1)=GP 
IF(LMAX.EQ.MINL)GO TO 10 
DO 9 L=LMIN1,LMAX 
T=GC(L+l) 
GC(L+ I )=(GC(L )*GC(L+ I )-GCP(L))/GCP(L+ 1) 
GCP(L+ 1 )=GC(L )*GCP(L+ 1 )-GC(L+ I )*T 
FC( L+ I)= W*FC(L+ I) 

9 FCP(L+I)=W*FCP(L+l) 
FC(LMINI )=FC(LMINI )*W 
FCP(LMIN1 )=FCP(LMINI )*W 
RETURN 

10 FC(LMINI)=W*F 
FCP(LMINI)=W*FP 
RETURN 

11 W=O.O 
G=O.O 
GP=O.O 
GO TO 8 
END 
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