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PacceaHHe a..npOHOB aTOMHUMR JI,I:\p8.MR npH BllCORWC H npOM8JKYTOq­

HUX 9HeprIDIX HBJllieTCJI Ba.JKHl,JM cpe'ACTBOM KsyqeHIDI CTPYRTYPll H'A8P, 

3RcnepHM8HTaJIJ,HH8 H TeopeT:Hll8ClG'I8 HCCJ18'AOBaHIDI B 8TOM HanpaBJie­

mm npOBOW!TCJI BO MHOrWC HayqHUX neHTpax. C DBe~eHH8M B CKOpOM 

BpeMeHH B CTpott M830HHHX qia.6pHR (KaK y Hae, TaK H sa py6exoM), 

oqeBH,ItHo,cy~eCTB8HHO yBenHqHTCH qHcno OITUTH!lX AaHHHUX oo ocoOeH­

HOCTHX B3aHMOAeRCTBHH a;tpOHOB C HApaMH,a TaKxe a;tpOHOB C a;tpOHaMH, 

Cettqac TOJil,RO HaqJIHaDT IlOHBJllITJ,CJI l3RCnepnrnHTaJIJ,HHe ,n,aHHUe 0 

CTOJIKHOBeHIDI a..npoHOB C n~ru.r~. O~aKO Ha IlprutTHRe qacTO B03HH­

Ra8T Heo6xo~ocT1> sHaT1> nonepeqHoe ceqeHHe a..npoH-~ep11oro Bsa­

HMO'AettcTBl!f.l, BeCJ,Ma Il0J183HO HMeTJ, CBO,D;Ky OCIIOBHHX npH6JIWl8HHUX 

MeTO'AOB BU'IJHCJ18HHH xaprutTepHCTHR a..npoH-H~epHoro B3aHMO~ellcTBHH 

H npOCTYJ) nporpaMMY 'AJllI qacJieHHHX pacqeTOB no CYll!CCTBYBlllHM MO~e-

JllIM, 

B ~rumon pa6oTe llOCTaBJieHH 'AB8 OCHOBHHe 3a,naqH: 

I) pacCMOTpeTL AHcjlpaKUHOHHYJ) TeOpHD MHOroKpaTHOro paCCeHHHH 

rJiay6epa, llllipORO npHMeHHeMYX> npH paCCeJUIHH qacTHn BllCORHX 8Hep­

r:d Ha smpax. 3Ta TeopHH, HanpHMep, IlP3BOJ11IeT npOCTO CBH3aTl, 

aMIIJmTY.llY paccem1roi: a..npoHa BllCOROtt 8HeprHR Ha ~pe C aMIIJIHTY~Oll 

a..npoH-a..npOHHoro pacceHHHH H BOJIHOBott <pyH~Hell ~pa; 

2) paspa~oTaTJ, Y'A06Hyll MaT8MaT:Hll8CRYX> nporpaMMY paC'l8TOB none­

petJHllX cet1eH:d (nOJ!Hllx, ~qxpepeHW!aJILHHX, noJIHUx ynpyrwc). 

B TeopHH rmy6epa /I/ HCOOJII,3YX>TCJI a.rq,oH-a~OHHaH H ~poH­

~epHaH aMnJIHTY.Inl B npe~CTaBJieHHH napaMeTpa Y'Aapa: 

--f(9)~j~ f e''i~1-e'X(tJJdl, ~ 
r~e X(C) - qiasa (attKOHaJI), 9 -nepe~aHHUil HMnyJIM, k:c:f, 
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p - mmyJII,c qacTl'IUH, 6 - napllllerp y,Jtapa (aexrop, .11e-.. 
xa111l'IA B nnocKocrl'I, nepneH,JtHKynapHott K ) • 
EcJin X ( 8) He SaBKCKT or HanpaBJieH:rot 8 ( T. e. paccMaTpKBaeTCH 

paccemme ueHTpaJILHO-CHMMeTpl'l'lliliM IlOJieM), TO B (I) MOJEHO npoHsBec-
,\ 

Tl4 _Hll:~rp:e:po~~ no yrJIY 9 "t : i A ( CJ 

j(q)==-il{fl(<J8)[1-e Jtde, <2> 

Jo -~ Becce.na: HyJieBoro nopii,D;Eta. 

tJacTo BBOMT o6~Ha"lemi:e i. X{ f} 
r<B) =1-e , 

I ( e) Ha8lrnal11' npo$1.m,~ett. 

(3) 

MMeeM: . ift- -
#(9)=~; f e /(8Jd!J, (4) 

wm, ecJIR BOCilOJILSOBaTLCH o6pa'l'HllM ~ypLe-npeoc,.:iasoBaHHeM, 

,(6J~~k f e-uftp(9)dif, (5) 
QCffl fl 

IIycTL smpo cocTOHT HS A q>HRcxpo:aammx HyRJIOHOB, noJioxemm 

ROTOpHX sa,ItailTCH BeRTOpaMll 5,, Si 7 • • ·,SA ( / Sz / - paccTo-

.lIHRe or ueHTpa l -HyRJioHa .n;o ocn, npoxo.nimteA trepes ueHTp Jl)ij)8. 

napaJIJieJibHO m.myJILcy na.namtea lll!CTKUH). IIepe"lncJJlD4 ocHOBHHe .n;orry­

meHRR: reop:rm fJiay6epa /I/, 

I) C,JU!HI' qasH paccemrRR: Ha smpe 'J::{t, Si, ... SA) paBeH c;yMMe c.n;Bn­

roB qas paccemum Ha or.n;eJILHHX HyRJIOHax: 
A . 

J(l,~, ... ,i) ~ L le(i- ~e). 
e=1 

(6) 

2) PaccMaTpl'IBaeTCH paccesrnne tJaCTHinl BHCOKott aHeprim Ha c.na6ocBl!­

saHHoii CliCTeMe: 
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U/E L..<-1. (7) 

3) ,lJ,mma BOJIHH HaJieTamten tJaCTHinl MSHLme pa.n:eyca ee BsaRMo.n;eiicT­

BIDI C HyRJIOHOM 
;t t..l. a . (8) 

4) IIpeHe6peraeTCH liCRaJlt8Hli8M BOJIHH 1'13-Sa HaJil'l'lIDI )tl'l~paKUl'IOHHHX 

8qql8KTOB npH pacce.lIHl'IH "laCTHinl Ha BHyTpIDI.n;epHHX HYRJIOHax 

R<< a2jx, (9) 

r.n:e R - pa.n;eyc smpa. 

5) YrJIH pacceHHl'llI MaJIH, Ta.lt tJTO nepe,n;aHHHa RMriyJILC npRMepHO nep­

neH,n;mcy.na:peH RMrryJILCY Ila,JJ;aD]lell qacTHUli! 

/ 9 / :: I~ -k1l~/Ki/ sine .. (IO) 

Ha OCHOBamm BHW8H3JIOX8HHOro aMIIJIHTY.D:Y paccemm:a: Ha JI,n;p8 MOX-

HO sammaTL B BH.n;ef
2
( _ ._ i. ?((i 511 ···~ SA) _ 

F(O) =--¾-}lH[t-e , ]dB 

i k r L 5 i - - - ) d8-2 '1T) e. 1(8,S1,·•·1SA ' (II) 

A - -)U - - - - - 1-1. 8-S = 
r.n;e J(l,51,···,SA) -1 n[ e< e 

A f«1 -- -· -- - ,.-•-· -

L 1e(i-fe)- L r-;1n +L rrr- • ·· 
f, =I Ctn 

IlepBSH cy-MMa B 8TOM paB8HCTB8 COOTBeTCTByeT O.n;HOKpaTHOMY paccea­

mm tJaCTlIUH B smpe (m.myJILCHOMY npH6JIHXeHHD), BTOpasl - ,JU!yXKpaT­

HOMY II T,.n;. 
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B ~eHCTBHTCRLHOCTH .ir.npa RBJlllllTCJI CROJEHHMR CKCTeMaMH, B KOTOpHX 

8ReMeHTapHHe COCTaBJlll!OOUle (HYKJIOHH) HenpepHBHO ~BIDJtYTCH. PaCCMOT­

peHHe B3aHMO'AeHCTBIDI a~OHa C TaKOH CHCTeMOH RBJllleTCJI CROltHOH 

rrpo6ReMOH. 3a.ztaqa ynpomaeTCJI /I/, ecm npe,IUIORODTL, ~TO CKOpOCTH 

HYKJIOHOB sa BpeM!I B3aHMO~eHCTBl'!R H3MeHJ'IlOTCJI MaRO H nepe~aqa aHep­

rHH B ynpyrHX BsaHMO~eilCTBIDiX MaRa. KaK IlOKaSaR r.nay6ep, aMnmTy­

,u,a pacceamm c nepeXO'AOM ~a KS cocTORHIDi / L > B cocTORHHe / j) 
Ollpe~eJllleTCJI B TaKOM C~ae MaTpHqHHM 8RCMeHTOM qJyHltIU!R r 

.-- /l A -
r: I ) i.1<. ( tGtJ,1..l {7 .. _ -)\µ ) ~1,-1, r·)ndr. d./'J 
/fLlG =VT)e ff(r) (6,s, ... s,1 ,Jr <ttl f;-, ! e:at c • cr2) 

3.11ec1, f - BORHOBM q,yHltQRll ~a B CHCTeMe KOOp,ll;ID!aT, CBR3aHHOH 

C ero ~eHTpOM. IlORBReHHe ieRLTa - qiyHKIUIK o6yCROM8HO 3aKOHOM co­

xpa.HeHH!i noRHoro HMIJYRLca .ir.npa III. 
)la.nee MOJ!'.HO BHpa3HTJ:, F.pL qepes 8.MIJJIKTy,Itll ~ pacceRHHR Ha 

0T~en1,m.ix HYKJIOHax. HcnonLsyH <.POPMYJIH (II,!2), Mil 8.MIL/IHTy,llll ynpy-

roro paccemm.a .. F;;,, no~aeM . ·at A 1 -li. (C-s ) lil~)=2i,; Jet 5/'f'(r)/2{1- n [1-21/~k)e .n "fn(i)df]l1. 
. -f A . A ... - n=1 n . h ~ 03) 

J ( A 2_ rJ) n d re cl 6 . 
j =1 f:f 

Ilpeo6pa30BaHHeM rapTeruraysa-lllBap~ 121 'AeRLTa--¢yHKurut K3 paB8HCT-

Ba (!3) HCRJimaeTCJI, HOB \POPMYR5 .I{JISr aMIIJIKTy,llll B03HKKa8T MHOU­

Ten1, G( 9) . B ~ae oclU{JIJlfl'ropHHx BORHOBHX q1ymannt aToT MHou-
. iz/t.V'I/J 

Ten1, paBeH: G(q) = e , 
Mfl T.U8JI!lX R~ep ( A 'i? f ) 4 ( 'J) ~ 1 . 
Ilpe,IUIORODM, qTo llORHM R'AepHM MOTHOCTl, paBHa npoHsBe'AeHm> o~-
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1 I 
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1. f 
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\i 
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f 
J 

/"-" 

" ! 
aoqacTH'ffiHX MOTHOCTeH pacnpe~enemm HYKJIOHOBx). Hs (!3) no~aeM: 

f ,, i,µG(0Jr-{ff{-r ,- r-ijr•-)"'·;,,IJ;J~ I err ,l',]J­
F;,ilQJ= 2 91 7e ihf2'iii.K}e {,,('I fp1</1 7;Ll21i<i<.)e J,,(1}Sn(9,)J I £, 

. CI4) 

= d~ ff, (r)clf =-I 
r'AeSr,nCCJ.)= ~ fr.siln(<Jr)fp,n(r} r, ' ), p,n ' 

0 . 

j f - B.MIIJIHTY,llll pacceirnrur a,Jij)OHOB Ha npoTOHax R HettTpoHaX Tp / h 

COOTBeTCTBeHHO, pp ,fn - O.IUJOqacTHtJHHe IlnOTHOCTR pacnpe~Me-

HKR·•npOTOHOB H He.l!:TpoaoB. IIJ:.R.._ A >'71 -ijl 1. 
_i.K ( i.GE 2.~11[zfe-i.9o/rri)Sp{c,,)df+Nje .fn(ct)S,,(ijdc d8 

f:i,(G)- 21i)e [f-e . ·<rs> 

B o6Jia.CTX BHCOKRX 8Hepr:itll ~H-Hj1KIIOHHM ~Ty'Aa 06HqHo 
·i 2 

napaMeTpll3Y8TCJI: -ft' <J.1/2. 
D(< )- Mi +l'}G' e (!6) 
T- q - V'ff ' 

s~eci:, G" - noRHoe ceqeHllf.e,f=Ref/Imf, ft - BeJm'I:ruw, 

R3BeCTHHe KS 8KCnepHMeHTa. 

EcJIPI B OKpeCTHOC'l'.H 9 =O 5(9) na;itaeT 6l:lCTpee, qeM j(g,) , 
TO j(o) MQ.~O BHH8CTH sa 3HaK llHTerpa.na l'I no~aeTCR qiopMy.na ,, 
J1,1rR aMIUIHTy.llL! paccemnm B onTzqecKOM npe~e~e Teopo rnay6epa: 

· ffL(G)=i.KfJiaBJ{t-dfc;;,{i+f,,)7;;(€J+G;,(l+fnJT,;<cJJ&c1t, <r7> 

oar-=---:- . = 
J;(i)=l Jf,,(vcz+t2. )dt 'T,,(C)=Nf fr.Ci/C2+t2) dt. (!8) 

0 

i) Pac1:JeT1i1 737 noKaSHBaM, 'iTO pesyJILTaTH M!lJIO K3M8wmTCR, ec.'!H 
RCilOJil,30Ba.Tl, aHT~CJ!MMeTpl'!llHHe BOnHOBHe q;ymaum R.I{Pa (onpe'AeJm­
TeJU, CnaTepa). 
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!Hpaxemm: (14) H (l?) .nam B03MOMIOCTJ, Bl:l'IJHCJIIITJ, .n;mixpepeH­

UlffiJIJ,Hll8 K noJ1HUe ceqemm pacce.!IHIDI a,n:poHoB Ha .iuqiax, eCJUI sa,wi­

Hll o,IJ;HoqacTHCJH!le IlJIOTHOCTH pacnpe,neJieHIDI npOTOHOB H Heil:TpOHOB R 

napaMeTpli 8Jl8M8HTapH!lX aMIIJIH-ry,n. B IlpaKTHIJ8CRllX"pacqeTax 'AJIII pas­

~HllX .fl.D;ep HCil0JlJ,3YJOTC.fl CJI8.IJYD!lR8 O,IJ;HoqacTHCJHlle IlJlOTHOCT~>: 

1) rayccoBcKoe pacnpe,neJieHHe: 2 2· 

(

ol,.. 2)-J:- -o< ~ 
f(r)= 3f e (19) 

2) nnOTHOCTH, COOTB8TCTBYJlllli8 BOJIHOBHM \PYJIRIUl!IM rapMOHJl'leCROro 

OCql{JIJI.fl~Opa: /I 

.P = n rs cy,) (7 Pi, <Y'J) , 
j=-1 J=5 

~ =,(c;;l..2).2_ _c,{ 2.y, 2 
s 'TT ze 

0 =(2c,,(.2
) 2. -c,{2 i,2 

, J p J<JT 112 r e , 

() yc,1...'!> r ) -ol.2r2 
J -=- 1;~/z ( f + o~2ti e _ , [=(A-4¥5; 

3) pacnpe~eneHHe ~epw: 

(20) 

(21) 

1 J ==-Jo ~ f • (22) e a; -t 
B IIpwrozeH:im ,na.Ha nporpa.MMa, nosBOJillDll8Jl BuqKCJmTJ, nonepeq-

H!le ceqeHll/I no 8Jl8M8HTapH!lM ru.ID.TmTY,naM (16) R IlJlOTHOCTJiM (19-22). 

lIJIOTHOCTH MOryT 6HTJ, 3a,n:a.Hli H B BK.D;e Ta6JIH:U, pacqeT npORSBO.D;liTC.fl 

no 06!1ll™ qJOPMYJiaM (14) H B OijTHIJ8CROM npH6Jllll'temm (l?) • .lJM noJII,-

30BaHKJI nporpaMMOR npaKTHCJecrul He Tpe6yeTC.R: sHan nporpawmpoBa-

x) Ilapa.MeTpli, BXO,ll;lIIIUie B pacnpe,neJ18HIDI IlJlOTHOCTeft,MOlltHO onpe,ne­
JIHTJ, ZS OI!l:lTOB no ,cce.R:HRD 8Jl8KTpOHOB TaR, KaK STO c,neJiaHo, Ha­
npHMep, B pa6oTe I • 

8 

., 

"') 

< ♦\ 

1 

mm:: .D;OCTaTOtJHO BB8CTH ee B MalllmlY R o6paTI!Tl,C.fl R Hett (CM. IIpx­

JlOZeHHe). IIpz 9TOM npe.IJYCMOTpeHa BH~aqa KaK pesyJIJ,TaTOB pacqeTOB, 

TaR li liCilOJIJ,3Y8MllX napaMeTpOB .fl.D;8pHOtt MO,D;8Jlli li a,npoH-SJJ;pOHHott aM­

Wll!'f'Y.I(ll. HeROTOpHe pesynTa'l'S ROHXpeTHHX pacqeTOB R CpaBHeHHe C 

8Rcnepli?a{eHTOM ony6.lll!KOBalW paHee /4/. 

' 
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IIPIDICllKEffifE 

06pameHHe K nporpaMMe OCYIIleCTBJIR:eTCH npK nOMO!JtH onepaTopa 

Cf\LL HE SON( A, c, fl, AM, T,L,N,NJ>, TJ>1 T'G TM, 
s P, sN, RP,P.N, BP,8N,I{ ,CP,CN, llP,AN, FP,FN,I1 J) 

3.11ec1, A - aTOMHHR HOM8p a:.11pa-MHm8HH, Ze - sapsr.D; HJIJ)B.,R::: 1/4 
(cM. q,opMY.111:l (I9-2I))AM{G8) - Macca HaJieTru:xnero a.npoHa, 

T - KHH8TMecruur aHeprM, L = I,2,3 npx BlltJl!CJiemm noJI­

HHX, no.mmx ynpyrHX K ,IJ.l$pepe~ImX cetremrll: COOTBeTCTBeHHO. 

N = I,2,3,Y- pactreT no o6mea i_popr..iyJie (I4) H WIOTHOCTJIM (I9,20 

I9,2I), (K::: :l) • N = 5 - pactreT no (I4) H nJioTHOCTJIM, sa.u.ammM 

B BH.Ile (22), /{" f , r.I(e CP, CN, AP, /ltN - 8Hatremui: napa­

MeTpoB C H a B ipopMYJie (22) .IWI npOTOHOB H HettTpOHOB. 

N =4 ( k "2) - pactreT no qJOPMYJie (I4) 11 o,I(HotracT.lflmHM IlJloT­

·HocTJIM pacnpe,1(8Jl8HIDI npoTOHOB H HeilTpOBOB, 8a,Ir,aHBUM C nOCTOJiHHliM 

maroM B MaCCKBaX F P H F N , I- f, J - I - trKCJIO TOtreK, mar:a 

pacnpe.I(eJreHllil Sa.I(aDTCH B .JilieilKaX F P( I) , F N ( J J 
N = 6 ( I< " I, 2) - pac'lleT cetreHBi B onTll'iecxoM npe.I(eJie Teo-

PHH rJiay6epa (I7). SP(mb), SN(rnb), R,P, R, N, 

BP(r:J8/cJ2 , 8N{13 B/cf 
2 

- napaMeTJii G,J; J3 
(c M .(16)) B.MlIJmTy,IJJl B8aKMO,1(8ffCTBlUi nepBJNHOil 2 traCT111]J1 C 

npoTOHB.MlI K H8ilTpOHB.MH COOTB8TCTB8HHO, 7'JJ(r~8/c) - mar llO RBa,lt­

paTy nepe.I(aHHoro HMilYJii,ca ,I(M BHtrHCJieHIDI .Itl[qq,epeHUHBJ[J,:eux cetreHl!! 

B N]) TotrKax. TT(,M3/c) 2 - Bepx1rn:tt npe.I(eJI WITerp:llpo.BalU!fI 

npH BHtrHcJiemm noJIHoro ynpyroro cetremm, TM(fa£3/c) - :eepx­

H:mi npe.I(eJI HHTerpHpOBaHM no nepe.I(aHHOMY m.myJIJ,cy B q,opMyJie (I4) 

(.I(ocTaTO'llHO noJIOJmTJ, TM"" o. 6-a-O. 9 .11na: T--- 1 t'J/3 ) • 

~ .. 
1/i>l, 

i~ 
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Heo6XO,I(KMO TO'IBO YKa8HBaTJ, TOJIJ,KO Te napaM8TpH R.I(8pHoil MO,I(e­

JIH, KOTOJ)lle HCllOJIJ,syIOTCH B KOHKpeTHHX pac-qeTax. EcJIH npl!M8HJI8TCH 

S, p - BOJIHOBM MO,I(eJII, (20), HanpHMep, TO npH o6pam8HHH K 

HES ON HYJKHO sa.I(aT1, npaBHJIJ,HO JIHWJ, fl , a sHatreHM na-

paMeTpo:e ( C P, CN H T. ,I(. ) .npyrmc BO8MOl!llUX MO,I{eJieii - no llOplI,I{-

KY BeJm<mHH. B npRBe.I(eHHott nporpaMMe ~epemntaJII,HHe ce'lleHM 

Bll'iHCJif!JOTCH B Jia6opaTOpHOil CKCT8Me KOOp.I(KHaT. EcJIH y6paTJ, H8 

nporpa.MMll H£ 5 ON .11eaHTHa.11naTyD nepcpoxapTy, TO Ha ne'JaT1, 6y­

lJYT B!l,I(aBaTJ,CH Ce'lleHHfI B CHCTeMe ueHTpa Mace. 

B Ta6J.U{Ue, KOTOpa.R: MOXeT CJJYllOfTJ, TeCTOM ,I(M npo:eepKH pa6OT!l 

nporpaMMH, ,I(aH!l cetreHM npH pa8JIK'3'HHX nepe.I(aHHJ,JX HMnyJii,cax • .IwI 

npoBepKK TO'JHOCTH HCnOJIJ,8OBaHHJ,JX '3'HCJI8HHHX M8TO,I{OB KHTerpHpOBaHM 

B TecTe BMecTo (22) ( N = 4) 6HJIO BMTO pacnpe.I{eJieHHe (I9). 

BK.I(Ho, trTO pesyJIJ,TaTH tJl!CJieHHoro HHTerpHpOBaHIDI ( N = 4) npHMep­

Ho COBna,I(am O pesyJIJ,TaTB.MK aHa.IDITMecxoro HHTerpHpOBaHM (N ;,,2). 

Ta6JIKtJHHe 8Ha'lleHM O!l~H nOJIYll8H!l npH o6pameHHK K nporpaMMe 

HE SON C N = 2,4): 
• 1-1., 6., 

CALL HESONl(f6.,c?. 1 -/.r/,0.9Y,/. 3JN,'I, O.l 
J ----

o.3, 0.6, 4'-1~,4'1-, -0.2.?5,'-0.275,5.1/5,S. '15, 1, L/ 1.1 

1., 1., F P, F N 1 1, I) 
TAEJlliUA 

-2 dfit) dG (mb) 92((38/c) d,Q -St ,N=f d..Q st ,N-=-~ 

0 I.424 • ro4 I.423 • ro4 

0.I 5.099 5.095 

0.2 ?.720 7.668 

0.3 0.337 0.339 

·. 
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SUJROUTINE H£SCNIAT,ZNsKN,AH,T~,LS1GHA,NFUN,NDS,TT,TTHkX,TF,S,Sfl, 
11 R1,J,r$,B1,JJl",~K,IW,AP,lttr;&PiFFP,FNN,1_1,J.Jl --

DIHENSIO~ FPP(~OOl,FNN(2ur) 
COMPLEX CQ,02,C3,WW1,WW2,TFUN,OIF,FUN 
~EAL H 
COhHON/DV/TFUNl50JlsWW11~Gbl,WH2151Gl,A,Z,k3,R4,P1,~2,w, 

1 RC,SS,SS~,PRl,RR5,BB1,f.d2,0,QQ,01,02,Q3,0~,HH,HHtl,HliO,SU,TFF,L 
COHHON10VV/~9P,RQN,ASP,CP,ASN,CN,PI,~FPl2U:I ,FFNIZ~al,I,J,K 
EXTERNAL FUNC1,FUNC2,FUN2,FP,FN 
DO 4 1=1,11 ! FFPIIJ=FPPlll 

4 C.ONTINUE 
00 5 J:1,JJ ~ FFNIJl=FNNIJl 

~ COIIT mu.:: 
HC=O.lY733 > PI=l.1~15927 
ASN=AN. I CP=BP ; CN=BN I RB=3,5 4 AT••11.IJ,l 
A=-Al' 1 Z=Zli' 'S P=Rtl -I T=TK ' L:tiFUN l RR1=k1 !- ASP"'AP , N=fli11JRR~s:R!: 

PC=4.C 4 1A4 L,93e1••2 •1•1r+2.•M)/((A•~.938J••2 tA•1,87&•1T ♦ tt)tH•H) 
1 /HC••2 i R2=R••z i ~3=3 ■ 5•,t••lia/3, I l TTH=TTHAX/HC••2 

PC=4e•IIT+Hl••2-11••2l/HC••2 • 
R4=2 ■ •R213. ~ W=4, 4 A/R2 1 HHB=R3/2GO ■ ~ HH=Rti/1JC •• HH~=TlM/l(Jo 
8B1=B1•HCU2 ; d32=B2 4 HC .. 'Z--~S=S"'0,1 ·: SSH=~.1•St< 
P1=1o/U2+2.•B61l 5 P2=1 ■ 11R2+2. 4 Bd2l ~ lTf=TF/HC 
QJ=O.i•P1•s•11.-,~ •• 1. )•Rll/12.•PI) : sa=-TF'i="i2uu.: K=KK 
Q2=9o1 4 P2"SN 4 11,-l~.,1,l•~5l/12o•PI) l J=J~ • l=ll 
RW=1,~i<ON=1.104=~•lCALL SHIPBIGe ,P.il,HH,FP,R8£,l ~-
CALL SlhPBIOo,kB,HH,FN,RAN) ; ~OP=1,/RAP l kLN=l,/~AN 
IF(NFUt.-:;ilo4,41,8it .. 

41 04=0. : \ 
00 ·4_2 'IW=l,20211, CALL SIMPB IQi.,.!IB,fiH,FP,SQ1l 
WW1(1Wl=C4 4SQ1•SS•tlOo,1,l ♦RR1l 4 tXP(-BB1"Q•••212.l/l4■ •PII 

CALL SlHPB ~g ■ ,R~,HH,FN,~I · 
mTTwl=-C--4•· 1•SSH• llli,,1. ♦ fsR51•EXPl-8B2 4Qlt••212.111 ... •PII v 

42 Q4=Q4 ♦ SQ 

84 _.IUNFUh-1lb5,4r ,85 
65.-FT=C. ■ ~- QQ=l1,,0,l J UO 8& IT=1,202:., TFUNUTl=FUNIFTJ 
8( FT=FT HiHB--
ltG &OTO 11,2,31,LSI~_l' 

11FINFU~-1r11,11,13 
11 GLiU=OIFIU,) 4 2D.•PI 

PRINT 50,NFUN,AT,ZN,RN,TK,H,S,SN,R1,R5,B1,B2,GLAU RETUR~ 
5t FORHAl12X7HVAt<IANT,12,2X2HA=F&o1,2X2HZ=F&e1, v 

• 2X2HR=Fu,2,JHFH ■ ,2X2HT=F8.3, ✓ 
1 2X2HH=-F6o3,ZX3HS+=F6o1,~X3HSQ=F&,1,2X4HRE+=Ft,3,2X4HKfJ=Fb,3/, "" 
2 2X3HB+=F~.1,2X3HB~=F5,1 1 V 

3 13HIGE.V/CJ 0 L-2l,2X1GHSIG, TOT,=F9.~3HHBol 
f3 Ql=O • C $ OQ= 11 ■ 0, 0 ■ Jl~CALL S l11Ptffo. 0, RJ, H-HB, FUNC1, i3A ItH 

GLAU=~C.•PI•BAIR 
PRINT 5'J,NFU1~1AT,ZN,RN,TK,H,S,SN,i<.1,i<5,81,b2,&LAU. I\LlUkN 

i 'IFINFUN-1121,21,43 . 
21 CALL SI.HPQ(u;O,TTH,HHQ,FUNC2,AIQ) ~ GLW=AIQ•2,5 4 PI '-' 

PRINT 50 1 NFUN,AT,ZN 1 RN,TK,H,S,SN,R1,R5,B1,B2,GLAU,TTNAX '.· RETURN 
&C FORHATl2X7HVARIANT,I2,2X2HA=Fbe1,2X2HZ=Fbo1, ~' 

• 2X2Hk=F& ■ 2,3HFH,,~X2HT=F6.3, . , 
1 2X2HH=Fb ■ 3,2X3HS+=Fb,1,2X3HS~=Fb,1,2X~HRE+=F&,3,2X4HR£J=Fb ■ 3/, 

12 

\ 

2 2X3HB+=F5,1,2X3H~J=F5.1,13HIG£V/Cl••l-2l, 
3 2X9HSIGo ELe=F8o2,3HHBo,~X9HQ••2/HAX=F6e3,1sHIG~V/GJ••2l 

43 CALL SIHPQIOo,TTH,HHQ,FUN2,AIQI' GLAU=AIQ•1L.•PI ~ 
PRIHT 6Q 1 NFUN,AT,ZN,RN,TK,H,S,SN,R1,R5,B1,B2,GLAU,1THAX ~ETU'N ~ 

3 TD=Do $ DO 87 ID=1,NDS 
~ CT=1eo.•ASINISORTl1.-11.-2.•TU/(PC+Hc••21i••2JI/Pl 

IFCNFUN-1)~1,31,33 
31 GLAU=PC•10. /lf>e •FUNC2 I TO/HC••z l l. Gu To' bb 
33 GLAU=Pl•1G.l4o 4 FUNZITO/HC4 +2) 
88 PRINT 70,NFUN,AT,ZH,RN,TK,H,S,SN,R1,R5,B1,tl2,GLAU,TD,CT 
70 FORHAT(2X7HVARIANT,I2,cX2HA=Fbo1,2X2HZ=F&.1, 

• 2X2HR=F6.2,3HFHo,2X2HT=FB.3, 
1 2X2HH=F&.3,2X3HS+=F6.1,2X3HSO=F6,1,2X4HRE+=Fb,3,ZX4H~EJ=f~.3/, 
2 2X3HB+=F5o1,2X3HBO=F5,1,13HIG~V/Cl••l-21, 
3 15H OSIGHA/DOHEGA=E12.5,5HHB/SR,2X5HO••l=F6,3,1~HIGEV/Ll)••2, 
4 2X5HANGo=F8e3,~H DEG.I ,/. 

TD=TO+TT 
87 CONTINUE 

RETURN 
ENO 

FUNCTION DPH(;(ul 
COHPLlX QQ,Q2,QJ,WH1,WW2,TFUN 
COHHON/DV/TFUN(5~ijl,WW1150al,WW2(5001,A,Z,k3,RL,P1,P2,W, 

1 RB,SS,SSH,RR1,RR5,BB1,BB2,Q,QQ,Q1,Q2,03,Q4,HH,HHd,HHU,~U,TFF,L 

\._;__'!_ 
COHHON/DVV/ROP,RON,ASP,CP,ASN,CN,PI,FFFIZ,~l,FFNl2~01,I,J,K 
GO TO 110.20>',K 
OPH=ROP/11o+EXPCIXO-CPl/ASPll 

. RETURN_______ - ------------
2t Il=XD/FFPCil'+1.01 

IF(XO-FFP(lll3L,3~,40 
DPH=FFPI.III S RETURN 
IF<I-II-2150,5l,&~ 

3~ 
,40 
50 
60 

OPH:FFFII-11 t RETURN 
OPH=FFPIIll ♦ IFFPII1+11-FFPllll•IXD-FFPIIl•III-1ll/FFPIII 
RETURN 
ENO 

- FUNCTION DNH(XOl 
COMPLEX QQ,Q2,03,WW1,HW2,TFUN 
COHHON/DV/TFUN(50Jl,WW1l500l,WH2(5001,A,Z,k3,R4,P1,P2,H, 

1 RB,SS,SSHiRR1,RR5,BB1,BB2,Q,QQ,Q1,D2,Q3,Q4,HH,HH~,HHQ,~U,iFF,L 
COHHON/DVV/ROP,RON,ASP,CP,ASN,CN,PI,FFP(20Ll,FFNl2~01,I,J,K 
GO TO U0,2ill,K 

1C DNH=R0~/11o+EXPIIXO-CNI/ASNll 
RETURN 

2C II=XO/FFN1ll+1 ■ 01 
IFIXD-FFN(l113r,30,40 

30 ONH=FFN(Ill j RETURN 
4L IF<I-II-2150,50,6~ 
50 ONH=FFNII-11 r RETURN 
60 DNH=FFNUI> + IFFN I II +11-FFN II 11 "I XO-FF N Ill" 111-ll l /FFN I I I 

RETURN 
ENIJ 
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COHPL[X FUNCTION FU~IX) 
COHPLEX aa,a2,a3, B,c,v,u,ww1,ww2,TFUN,AE1,RE.2,H1,H2 
COHHONIUV/TFUNl5C31,WW1CSCJl,HH21~uJ),A,Z,~3,R4,Pl,P2,W, 

1 R6,SS,SSH,RR1,RR~,d81,dH2,a,aa,a1,a2,a3,a4,H~,HHa,HHQ,SQ,TFF,L 
iXTLRNAL W1,H2,HP,WN 
Nl=Z l N2=A-Z 1 GO TO c2,,2u,J:,4Q,5f,LO),L 

2t, !J•lo-OJ"E.XP I-Pl .. X• 4 2l V•l •. ;:Q2•EXP (-P.:•x••21 
C=1.-a3•11.-k4"P1+R4•P1••2•x••21•cxP I-P1•x••21~ 
U=1.-a,•11.-R4•P2+R4•P2••2•x•4 2l•E.XP C•P2•x••21--· 
FUN= 11.-B••2•v••2•c••CN1-21•u••IN2-2l I •x•aa RETURN , 

3l B•lo-03"EXP I-P1~x••21 • V=1+-Q2•LXP I-P2•x••21 V 
FUN=<1.-1J••N1•v 0 •N21•x•aa ~ RlTUkN ~ 

4( ,C=Cl3• C1+-R,.• CA-<to l•Pl• 11+-P1•X••2l/Al•t XP C-P1"'X••~) v 
1u=a2•c1.-R~•1A-4.)+p2•c1.-P2•x••211A)•EXP 1-P2•x••21 ~ 
FUN=11.-11.-c1••N1•c1.-U) .. ·N2l'X"'Oi.l ~ RErU,:N v 

~[ Q=XtCALL SlHP~ll~.,TFF,sa,~1,REl)!CALL Sl~Fa111.,TFF,S~,w",R~21 / 
-·· FUN=11.-11.+lil,,1.,•~f11••,a•11.+1L.,1,) 4 1,.f2l•"N2)••x•aa RETURN ...... ·;- ... . ... ... . .. .. . .. 

Lr Q=X CALL Sl~PQ11oo,RB,HH,~P,RPI C KF=2,<'RP 
GALL 511·IPQ°110o,Ri3,HH,HN,RN) r RN=-<N'"2+ 
FUN=(1.-c1.-u.~•c1.-c;.,1.1•RR1)•S5•RP)••N1• 

~ 11.-t.~•11.-10.,1.1•~R5)•SSh•RN)••N21•x•a~ 
RElURN 
ENLJ 

COHPLtX FUNCT 10tl "'1 CX!) 
COHPLt) QQ,Q2,03,HH1,WW2,TFUN 
COHHON/UV/TFUN(Sa~1,ww115~11,ww21S~ij),A,Z,k3,R-,~1,P2,w, 

1 RB,SS,SSH,~R1,R~5,c81,J8~,a.aa,a1.,a2,a3,a4,HH,HH8,HHQ,~Q,TFF,L 
1Xl•X1/SQ+1o50 J H1=HW1ClX11•BtSJ~CQ•X1l ' Q4=X1 , 
Rf.TURN 
mo 

FUNCTION FUN21YJ 
COMPLEX QO,Q2,Q3,WH1,WW2,TFUl'l" 
COHHONIU\1/TFUN (5J(p, .iw1< :,I I• I, WH2 I 5 •l' I, t, l, F:3, RM,? l., P2, W, 

1 RB,SS,SSH,F<R1,RR5,tlB1,:.>8i:,O,QQ,Q1,02,Cl3,Q't,HH,HH8,HHQ,S::l,TFF 1 L 
.aXTERNAL FUNG1 
a1=Y 1 QQ=t1.,G.I i GALL SIHPC(u,,R3,HH8,FUN~l,BAIF:l 
aa=co.,-1.1 ! C4LL SIHPBI0•1R3,HH8,FU~C1,8AIC) 
FUN2=(t:AIR••2tBAIC .. •2)•c.XP l~o•Y/WI 
i<ETURN 
toNU 

COMPLEX FUNCTION H2CX1l 
COHPLEX QQ,Q2,G3,WW1,HH2,TFUN 
COHHON/OV/TFUN(Sg,1,ww1C5LJl,WH2(~~,>,A,l,R3,R't,Pl,P2,W, 

1 RB,SS,SSH,RR1,R~j,881,d82,0,QQ,Q1,02,Q3,Q4,HH,HH8,HHQ,SQ,TFF,L 
IX1=Xl/SQ+1.5f i W2•WW211Xl)•dESJC1a•x11 ~ 04=11 
RETURN 
ENU 
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COMPLEX FUNCTION DIF(Xl 
COMPLLX QQ,Q2,03,RF,HF, RFHF,WW1,HH2,TFU~ 

1 COHHON/OV/TFUNl50~1,HH1(5L.),WW21~aqJ,A,Z,R3,R•,P1,P2,H, 
L.:,..__!.,~,ss, ssH, RR1 ,Bf{5 •~~• as2; a,~, 01 ,,02,_03, a~ ,_J:iH,Htl:r, HH'J, c,o, r r., L 

tl=Z+0,1 f ~F=<u.,0.1 ·. HF:((.,~.) f RF1ff:((.,,o., 
DO 10 I~l,N ~ E.=I ~ J=I+l 

10 RF•RF+C-1 ■ l••J•FAINI/IFAlll 4 FAIN-I)•~J•Q3••1•lXP I-X/(u••L 9 Plll 
N=A-Z+0 ■ 1"""" 'l. -
00 2U 1=1,N E=l t J=I•1 

2( HF=HF+l-1ol••J•FA(Nl/CFAIIl•FACN-Il 4cl•02 4 •I•lxP (-X/(• ■ •L•~il) 
NZ=Z+~.1 t NN=A-z+o.1 
00 lt0 1=1,NN 
00 3U J=1,NZ J E1=1 I E2=J 

3e RFHF=RFHF+1-1.i••cr+Jl• 
• FACNNl/(FACil•FAINN-lll 4 02 4 •I•E.XP I-X/C4e•t1•F2+4 ■ •t.•P1ll• 
• FAINZI/CFACJ)•FAINZ-J)J•Q3• 4 J/IP1•E~+P2•E1) 

4c CONTINUE 
DIF•(RF/P1+HF/P2-RFHFJ+~XPCX/W) 
RETURN 
ENO 

SUBROUTINl SIHPQ11A1,B1,H,F,SUHI 
COHPLE X F, SUH 
N1=CB1-A1l/C2e•Hl-2 ■ i SUM=(FIAll+FC611+4 ■ •FIA~+HIJ•HtJ. 
00 10 1=1,N1 ! X1=X1+2.•H 
SUH=SUH+C2e•FCX1)+4o•F(X1+Hll•H/3

0 

1t COkTINUE 
RETURN 
END 

' 

~OHPLEX FUNCTION FUNC1(X) 
COHPLEX QQ,QZ,03, FUN, WW1,HW2,TFUN 

, x1~Al 

COHHON/DV/TFUN150Q),WW1150G),HH21500J,A,Z,~J,~~,P1,P2,N, 
1 R~,SS,SSH,RR1,RR5,861,rl82,0,aa,J1,D2,03,04,HH,HHJ,Hrl~,s~,,FF,L 

IX•X/HHB+1.5 I IFIQ1l1,1,2 
1 FUNC1=TFUNIIXl•QQ J RETURN 
2 FUNC1=QQ•TFUN(IX)•a~sJr<x•saRTIOlll 

kETURN 
~NO 

FUNCTION FUNC21X) 
COMPLEX aa,02,03, OlF, HW1,WH2,!FUN 
GOHHON/DV/TFUNIS~~l,WW1(5h~>,.iw2ciu•l,A,Z,R3,~~.P1,P2,W, 

1 RB,SS,5SH,RR1,RR5,8B1,rl82,rJ,QQ,~1.02,a3,a4,HH,HH8,H~~.~a,1rF,L 
E1=DIFCXI 1 ~2=Cte,1 ■ l•OIFCXl FUNC2=l1••i+E2¥•2 
R(TURN 
ENU 

15 



FUNCTION FN(Zfl 
COMPLEX aa,a2,03,Hrll,HWZ,TFUN 
COMMON/DV/TFUl-<150,1,HHl(!:>C JI ,HW2(!,(;;J ,A,Z,1U,R.,,P1,P2,H, 

1 R8,SS;SSN,RR1,RR5,B81,Ua2,C,QO,Q1,a2,Q3,0~,HH,HHU,HH0,5Q,1FF,L 
CONHON/UVV/ROP,RUN,ASP,CP,ASN,CN,Pl 
IFIQ<tlt.V ,2L ,H 

H Ftl=1t.•fI•ZF•SIU(ZF•Q41 •DIH' (ZFIIQ .. 
RETURN 

2~ FN=1t.•fI•ZF••2•UNN(ZFI 
R[TURII 
mo 

FUNCTION FP(ZFI 
CO~PLlX QQ,Q2,03,Hw!,HH2,TFUN 
COHHON/OV/TFUNl5~Jl,HH11~Jul,HH2(~u01,A,Z,R3,K~,P1,P2,H, 

1 RB,SS,SSH,RR1,RR5,BB1,BB2,0,aa,a1,a2,03,a½,HH,HHd,HHQ,jQ,TFF,t 
COHHON/DVV/ROP,RuN,ASP,CP,ASN,CN,PI 
If(Q<tl2J,2D,1L 

1( FP=4 • •FI•ZF•SINI ZF• O<+) • □ Pt1 I Z Fl /Qlt 
RETURN 

2L FP=1t.•FI•ZF••2• □ PN(Zfl 
Re.TURN 
.:rm 

FUNCTICN HP(YI 
COhPL£X aa, 02, 03, >/ ,u ,WH1,WH2, TFUI~ 
COHHON/O>//TFUN(5G)J,HH115~~l,WH215JO),A,Z,R3,R•,P1,P2,H, 

1 RB,SS,SSH,RR1,kK5,BB1,BB2,0,QQ,Ql,02,0J,04,HH,HHb,HHQ,SQ,TFF,L 
SR=SQRTI0••2+v••21 ~ IF(SR-2,•RBl4u,40,41 

4f. HP=DP~; ISRI 
RETUkN 

41 HP=O• 
RETURN 
ENIJ 

FUNCTION HN(Yl 
COMPLEX aa,a2,03,HH1,HH2,TFUN 
COMHON/OV/TFUNl50~1 ,HH1(5COl,HH2(~001,A,Z,R3,R4,P1,P2,H, 

1 RB,SS,SSH,RR1,RR5 1 0B1,BB2,Q,QQ,Ql,02,03,Q4 1 HH,HHO,HHQ,SQ,TFF,L 
SR=SORT(Q••2+Y••21 ~ IFISR-2.•Rdl4u,,0,41 

4{! HN=DNH ISRl 
RETURN 

'ti HN=O, 
RUURN 
ENU 
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SUBROUTINE SIHPQIA1,B1,H,F,SUHI 
COHHON/OV/TFUNl50Jl,HH11!Ual,WHE(~JPl,A,Z,R3,R~,P1,P2,W, 

1 RB,SS,SSH,RR1,RR5,6Bl,d62,0,QQ,Q1,Q2,Qj,Q•,HH,~P~,HrlQ,SQ,TFF,L 
COHPLl~ aa,a2,03,Wri1,HW2,TFUN 
N1=101-A1l/12.•HI; G=FIA11 i SUl1=(Gt-F(a11+4.•F(A1+HJ1•1u<, Xl=Al 
00 1G 1=1,N1 1 X1=X1+2o 4 H, &1=FIX1+HI 
SUH=SUH+l2, 4 FIX1l+~,•G11•Ht3, 
lFlG1-G•1.E-6120,2Q,10 

111 CONTINUE 
2t CONTINUE 

RETURN 
ENO 

SUdROUTINE SIHPB(A1,B1,H,F,SUHI 
N1=1B1-A1l/l2,•Hl-~e t SUN=lF(.1l+Fl611+4••FIAl+Hll•Ht!. 
00 10 I=1,N1 > X1=X1+2.•H 
SUH=SUH+l2,•FlX11+4e•F(X1+Hll•H/3, 

1C CONTINUE 
Rt TURN 
END 

FUNCTION 
FA=1 S 
FA=FA•W 

1C CONTINUE 
Rt.TURN 
ENO 

FAIN) 
00 10 I =1, N H=I 

" 
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