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Bse,neuue 

IlporpaMMa GROGIF HarrncaHa Ha ocHoBe CTaTiiCTuqecKofi Teopuu H,nepHux 

peaKUHll. C ee IIOMOIUhIO MO)KHO IIOJI)"IHTb BepollTHOCTH pacrra.no_B B036y)K,neHHOro 

H,npa B Ka)K,nblll 03 B03MO)l(HbIX BbIXO,n:HbIX KaHaJIOB, pacrrpe.nerreHHll IIO :meprHH H 

yrnoBOMY MOMeHTY rrpo,nyKTOB pacrra,na, a TaK)Ke paccqnTaTb BpeMll )KH3HH COCTaBHOro 

H,npa ll cpe,n:HIOIO MHTeJibHOCTb peamuu. 

.51,nepHyIO peaKUHIO MO)KHO OIIHCaTb KaK ,n:ByxIIIarOBbIH rrpouecc. Ha rrepBOM 

IIIare HarreTaIOIUee MPO ,n:OJI)KHO rrpeo,norreTb KYJIOHOBCKHH 6apbep (KYJIOHOBCKOe 

OTTaJIKHBaHHe Me)K,ny HaJieTaIOIUHM H,npoM ll MPOM-MHIIIeHbIO). 5!,npa rrpHXO,n:HT B 

COCTOllHHe TeCHOrO KOHTaKTa, HaqnHaIOT ,neiiCTBOBaTb H,nepHbie CllJibI, ll B pe3yJihTaTe 

o6pa3yeTCll ,nBOHHaH ll,nepHaH CHCTeMa, KOTOpaH 3BOJIIOUHOHHpyeT B COCTaBHOe H,npo. 

IlorryqeHHOe COCTaBHOe H,npo Haxo,nnTCH B B036y)K,neHHOM COCTOllHHll. 

Ha BTOpOM IIIare peaKUllll B036y)K,l'J;eHne COCTaBHOro H,npa CHHMaeTCll rnaBHbIM 

o6pa30M 3a cqeT ucrrapeHHll HeiiTpOHOB, rrpoTOHOB, arrb<pa-qacTHU ll 3MHCCHH faMMa

KBaHTOB, rroi<a HaKOHeu COCTaBHOe H,npo He rro,noii,neT K CBOeMy OCHOBHOMY COCTOllHHIO 

(rru6o oqeHb 6JIH3KO K HeMy). IlorryqeHHOe B KOHeqHOM HTOre ll,npo HOCHT Ha3BaHHe 

ucnapumeJ1bH020 ocmamKa. 
1IacTO B Tll)KeJibIX H,n:pax HcrrapttTeJibHbIH- OCTaTOK o6pa3yeTCll rryTeM 

ucrrapeHHll HeHTpOHOB (o,n:Horo llllll HeCKOJibKllX - B 3aBHCHMOCTH OT HaqarrbHOH 

3HepmH B036y)K,neHmr), IIOCKOJibKY 3MHCCHll 3apll)KeHHbIX qacTHU (a,p) rrpu He oqeHb 

60JiblllllX 3HepmllX B036y)K,neHHll MO)KeT 6bITb rro,naBJieHa BbICOKHM KYJIOHOBCKHM 

6apbepOM COCTaBHOro H,n:pa. Eme o,n:HHM B03MO)l(HblM KaHaJIOM pacrra.na Tll)KeJioro 

B036y)K,neHHOro COCTaBHOro H,n:pa llBJilleTCll ,nerreHne. 06uqHO KOHKypeHUllll 

HeHTpOHHoro ll ,nerrnTeJibHOrO KaHaJIOB orrpe,nerrlleT BpeMll )KH3Hll HcrrapHTeJibHOrO 

oca,n:Ka. 

CxeMa pa6oTbI rrporpaMMbI GROGIF rrpe,ncTaBJieHa Ha puc. l. 

HaneTaromee H,npo µ µ-i 

H,npO-MHIDCHh 

f tr j * i 
Pnc.l 

Ilocne,noBaTeJibHOCTb HcrrapHeMbIX qacTHU 3a,naeTCll B BH,ne BXO,n:HOH HHq>OpMauuu. 

HaqarrbHble pacnpe,neneHHll COCTaBHOro H,npa IIO 3HeprnH B036y)K,neHHll E H yrrrOBOMY 

MOMeHTY J orrpe,neJil!IOTCll B paMKax OIITHqecKOH MO,nerrH. OcHOBHble IIOJIO)Kellllll II 

q>OPMYJibl )]JUI pac11eTa xapaKTepHCTHK peaKUHH, rrpoTeKaIOIUIIX 11epe3 crnwno 

o6pa30BaHHll COCTaBHOro ll,l\pa, rrpHBe,l\eHbl B [1-5). B HaCTOllJUeM rroco6m1 Mbl JIIIWb 

KpaTKO orrnweM cxeMy pacqeToB, Ha ocnoBe KoTopoii pa6orneT rrporpnMMn GROGIF. 

H .na,n:HM HHCTpyKUHIO IIO HCIIOJib30BaHHIO 3TOH rrporpaMMbl. 
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Pacna,!J; cocTannoro H,!l;pa 

PaCCMOTJ)IIM pacna,n; C0CTaBH0ro x.n;pa µ B 0,!l;IIH 1I3 i-KaHanon (r.n;e i - HCllTJ)OH, 

npoToH mm a -qacmu:a). KaK y)Ke oTMeqanocb BbIIIIe, np1I pacna,n;e cocTanHoro x.n;pa 

II,!l;eT KOHKypeHQIIX Me)K,!l;y IICDapeHIICM qaCTIIU:, y-3MIICCIICll II ,n;eJJeHIICM. 

BepOXTHOCTb .IICDapeHIIX qacTIIQbJ i II3 C0CTaBH0ro x.n;pa µ C 3Hepmefi B036y)K,!l;eHIIX 

£ 3~aeTCX Bbipa)KeH1IeM 
E-8 -15 

, . - ,,, - . J'+s J+S 

R,,;(E,J) = L f d&p;(E-Bµi -&,J') L Ii:1(8), 
f o S=IJ'-sli=IJ-SI 

r.n;e & , I, s - 3HeprlIX; op61ITallbHblll M0MeHT II CIIIIH 1Ic11apx101u:eficx qacTIIQbl 

cooTBeTcrnenno, p;(E',J') · - 11nornocTb yponnefi ,n;oqepnero x.n;pa c 3Hepmefi 

E' = E-:--- B µ, - & II yrnoBbIM ~oMellTOM _J', B µ; - 3Hepmx CBX3H qac~IIU:bI i u x.n;pa µ , 

Ti/ ( & ) - K03q>qmu;IIeHTbl 11ponrru:aeM0CT1I, K0TOpbie paccqHTblBaIOTCX 11porpaMMOll B 

paMKax 0IITHqecKofi M0,n;eJJH, /j - q>eHOMCHOJJOr1IqecKax no11paBKa Ha qe'mo-HeqeTHble 
paJJJIIqrrx 3Hepmii CBXJII x.n;pa. 

,[(nx y-pac11a,n;a BepoXTH0CTb BbNHCIDieTCX no q>OpMyJJe 

J+L E-o 

Rµr(E,J)= L fd&rqL&:L+IP;(E-&r,J'), 
l=IJ-LI o 

r.n;e &, - 3Heprrrx y-KBaHTa, L - MYJJbTHII0JlbH0CTb HJJJyqeHIIX. Ilprrne.n;eHHM CHJI0BM 

q>yttKQIIX qL, B OfiIIJeM CJJyqae 3aBIICXIIJM OT &, , 3aMeHXeTCX B ):{aHHbIX pacqeTaX 

KOHCTaHTOll, C Il0M0IIJbIO K0Topofi paccqrrTaHHYJO pa,n;rraQII0HHYJO IIIIIPHHY 

HOpMIIPYJOT Kee 3M11HprrqecK0MY 3HaqeHHIO nprr &, o:: Bµn. Ou;eHKH Il0KaJbIBaIOT, qm 

q1 "'4 · 10-9 A 213 M3B -3 II q
2 

"'2 · 10-14 A 413 M3B -s. 

KaK npaBIIJJ0, no,n;aBJJXIOIIJee 60JJbIIIHHCTBO y-KBaHT0B rrcnycKaeTCX B 11pou:ecce 

,n;eB036y)K,!l;eHHX x.n;pa, Kor.n;a E CTaH0BHTCX MCHbIIIe IIJJII nopx,n;Ka 3HeprHII CBX3H 

neil:Tpona B µn unu 6ap1,epa .n;enenrrx B 1 . Ecnu E > E,
01 

, TO rrcnycKaIOTcx 

npe1IMy1IIecrnenno .n;rrnon1,Hb1e y-KBaHTbI c L = I . IlplI E ~ E,
01 

.n;eno36y)K,!l;eHrre 

nporrcxo,n;IIT B,!l;0JJb upacm-JIUHUU 3a cqeT IICITYCKaHHX KBa,n;pynoJJbHbIX y-KBaHT0B C 

L = 2 . 11cnoJJb30BaHIIe B pacqerax 3Kcnep1IMeHTallbHbIX JHaqen1Iil upacm-ypoeHeii 

(HH)KaRIIIIIX 3HepreT1IqecK1IX ypOBHeil nprr 3a,ll;aHH0M yrnoB0M MOMCHTe) Il03B0JIXCT 

Toqno onpe.n;eJJIITh xapaKTepHCTHKII rrcrrymeHHbJX KBa,n;pynoJJbHbIX y-KBaHT0B. HpaCT~ 

YP0BHH Moryr Ja,n;anaTbCX BO BX0,!l;H0M qiailne IIJJH paccqlITbIBaTbCX BHYTJ)H 
11porpaMMbI no q>eHOMCHOJJOrrrqeCKHM q>OpMyJJaM. 

Ilprr IICITYCKaHIIH BbIC0K03HepreTIIqHbIX y-KBaHT0B ( C 3Hepmeil 10-40 M3B) 

HX .n;e-6poilneBCKM MIIHa B0JIHbI 0KaJbIBaeTCX nopx,n;Ka 10-13 CM, qr() cpaBHIIM0 C 

pa3MepaM1I x.n;pa. B 3T0M cnyqae 0CH0BHbIM npou:eccoM XBMeTCX B3aHMO,!l;eRCTBIIe 

4 
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Y:KBaHTa C ,!l;HIT0JJbHbIM M0MCHT0M x.n;pa KaK u:enoro H B cneKTJ)C B03HHKaeT o6JJaCTb 

2U2GHmCK020 0UnOJlbH020 pe30HGHCa . (I',4P). B nporpaMMe npe.n;ycM0TpeHa 

B03MO)KHOCTb yqera TaKoro npou:ecca nprr Ja,n;anrrrr noJJo)KeHIIX r,n;P ER "'82A-113 

M3B rr ero rnrrpHHbI r 0 "'5 M3B. B 3TOM cnyqae q1 xnnxeTcx q>yHKU:IIeil &, : 

i; (c )=187-10-6 Z(A-Z) ['o&r 
I r ' A (62 -£2)2 +c2r? r R r o 

)];nx .n;eneHIIX n cnyqae o.n;norop6oro 6apbepa 

- E-BfJ-0 pµf'(E-Bf -&,J)d& 
Ref(E,J)- [ ]' 

0 1 + exp ~= (B 1 + & - E) 

r.n;e B 1 - BbIC0Ta 6apbepa .n;enenrrx, p µJ - nnoTH0CTb yponneil na 6ap1,epe, nenrrquna 

nOJ xapaKTepmyeT Kp1IBII3HY fo_1p1,epa. KpoMe Toro, B nporpaMMe eCTb B03M0)KH0CTb 

nponecTH TaKoil pacqeT rr n cnyqae .n;nyrop6oro 6apbepa. Benrrqrrna BI ecTb n o6meM 

cnyqae cyMMa )KII,!l;KOKaneJJbHOll II o6onoqeqnoil C0CTaBJJXIOIIJHX, K0T0pbie Moryr 6bITb 

Ja,n;aHbl BO BXO,llHOM qiailne ,n;aHHbIX mm, n npe.n;110JJ0)KCHHH o.n;norop6oro 6apbepa, 

paccqrrrnn1,1 BHYTJ)H 11porpaMMbI. BenrrqHHbI 06onoqeqn1,1x no11panoK 6epyrcx HJ 

pa6om [6]. 
OTHOCHreJJbHM Bep0XTH0CTb pacna,n;a B 0,!l;HH H3 KaHallOB i, TaKHM ofipaJOM, 

3aITIIIIICTCX B BII,!l;e 

R .(E J) 
G .(E J) = µ, ' 

µ, ' G 
µ 

r.n;e G µ - II0JJHM Bep0XTH0CTb pacna,n;a po.n;rrTeJJbCK0ro x.n;pa 110 BCeM B03M0)1(Hb!M 

KaHanaM. Ceqenrre pacna,n;a n Kanan i u IIIIIprrna pacna,n;a f; n 3TOM Kanane 6y,n;yT 

11ponopu:rroHanbHbl G µi (E, J). B nporpaMMe paccqHTbIBaIOTCX nepoXTH0CTII ncex 

TIIII0B pac11a,n;a naqanbH0ro x.n;pa ,!l;M Ka)K,!l;Oll T0qKJI ( E, J ). IlonyqeHHOe 

pacnpe.n;enenrre 110 3Hepmrr II yrJJ0B0MY M0MeHTY ,n;oqepnero x.n;pa CTaH0BHTCX HOBOR 

BXO,!l;HOR HHq>OpMau:rreil MX CJJC,!l;YJOIIICro rnara KaCKa,n;a. Pac11pe.n;eneH1Ie 110 £ H J ,!l;JIX 
naqanbH0ro x.n;pa 011pe.n;enxeTCX ycJJ0BHXMH peaKQHII, B KOTOpoil 11onyqaeTCX 3T0 x.n;po. 

Ha11prrMep, B peaKQHH Il0JJH0ro CJJIIXHHX 11prr qJHKCIIpOBaHHOR 3Hepmrr HaneTaIOIIJero 

x.n;pa pacnpe,n;eJJeHIIe npo,n;yKT0B 110 £ II J 011pe.n;enxeTCX pronrrqHbIMH 11pHU:CJJbHbIMH 

napaMeTJ)aMH CT0JJKH0BCHHX. B nporpaMMe np0H3B0,!l;HTCX pacqeT 3T0ro 

pac11pe.n;eneHHX 110 OilTHqecKOR M0,!l;eJJII (cM. 0ITIICaHHe BB0,n;a ,n;aHHbIX). 
y CJJ0BHCM nprrMeHHM0CTII CTaTHCTrrqecKOR M0,!l;CJIH XBMCTCX TOT q>aKT, qT0 

npeMX )Kll3HH C0CTaBH0ro x.n;pa (t - -
1
-"" 10-14 C .n;M HH3KHX H cpe,n;HHX 3Heprrril 

Gµ1 
B036y)K,!l;eHHX) 3HaqrrTeJJbH0 11peBbIII1aeT npeMX ycTaH0BJJCHHX paBH0BeCHX 
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( T ""10-20 
c). O,nHaKo C yBenn:qeHn:eM 3Heprmi: B036y)KJJ;eHIUI COCTaBHOro HJ(pa ,no 

-200 M3B ,nm1 TH)KeJibIX HJ(ep 3TH BpeMeHa OKaJbIBaioTCH COIIOCTaBHMbIMH. Tor,na 

B03MO)KH0 npeihMUCCUOHHOe n:criycKaHn:e qacTHII H3 m:pa.BHOBeCHoro B036y)K.l(eHHOro 

H,npa. B nporpli.MMe GROGIF npe.ziycMoTPeiia B03MO)KH0CTb yqeTa im<nx npo11eccoB. 
PacqeT npon:JBo.tiiITCH B paMKax 3i<cn:TOHHOii Mci,tienii: (cM. [I]), HaqanbHhie 

pacnpe,neneHHH no 3Hepmn: ll yrnoBOMY MOMeH:TY Hepl'}.BHOBe_CHOro COCTaBHoro H,npa, a 

TaK)Ke 3aceneHHOCTH ero ypOBHeii B 3TOM cnyqae LlOJI)KHbl 6bITb 3a,naHbl BO BXO.l(HOM 
qiaiine. 

IloTeu11naJI OUTH'ICCKOH MO.l(CJIH 

Ilpn pacqernx B paMKax OIITHqecKoii MO,nenn: B nporpaMMe HCIIOJib3yeTCH 

noTeH11n:an By,nca-CaKcoHa 

V, tz2 
V = . 0 +--J(J +I), 

l+exp(a(r-R0 )) 2µr 2 

r,ne µ - npn:Be,neHHaH Macca, a n: R0 - napaMeTPhI (B onn:caHn:n nporpaMMbI HM 

coorneTcTByroT Benn:qHHhI I/AV n: RV). B cnyqae 3apH)KeHHhIX qacTHII B noTeH11n:an 

,no6aBAAeTcH eme n qneH, OIIHChIBaIOIIIHii KynoHOBCKoe B~an:Mo,neiicrnn:e: 

V. = ·Z1Z2e2 

Cou/ (Al/3 Al/3) re I + 2 

Ilpn: pacqeTe C IIOMOII!bIO GROGIF MO)KHO HCIIOJib30BaTb Iia6oph1 napaMeTpoB 

OIITHqecKoro IIOTeH11n:ana, xpaHHIIIHeCH BHYTPH nporpaMMbl, HJIH 3a,l(aBaTb HX BO 

BXO.l(HOM qiaiine. IlapaMeTP re oqeHb. Ba)t(eH .l(JIH KOppeKTHoro OIIHCaHHH 3MHCCHH 

3apH)KeHHbIX qacTHII ll3 COCTaBHOro H,npa. B nporpaMMe HCIIOJib3YIOTCH 3HaqeHHH 

3TOro napaM~a, B o6naCTH TH)KeJiblX H,nep 6JIH3Klle K npn:Be,neHHbIM B pa6oTe [7]: 

r = 
2173 

1+6;103xl0-3 Z1Z2 

e ' J+9,443xl0-3Z
1
Z

2 
[q>M]. 

MoMCHT nuep11un 11,npa 

Ilpn: n:cnonh30BaHHH GROGIF MO)KH0 TaK)Ke yqecTh JaBii:cn:MocTb MoMeHTa 

HHep11mt COCTaBHOfO .11,npa OT 3HeprHH B036)')KLleimH: M0)l(HO IIOKaJaTb, ~O npn: 

60nbIIIIl:X 3HepmHx B036y)K.l(eHHH MOMeHT_ HHep111rn Mpa 6y,nt:T paBeH ero 

rnep,noTeJibHOMY3HaqeHHIO, T.e. 

2 5/3 
I= IR; = -mNr0A , 

• g 5 . 

3,necb mN - Macca HYKnOHa. Tor.na 3HepreTn:qecKyro 3aBHCHMOCTb yrnoBoro MOMeHTa 

MO)KHO onn:caTb C IIOMOII!bIO napaMeTPOB cl ll C2 B BH,ne 

I(E) = !Rig (l-cI exp(-c2E)). 

6 

·~ 

:, 

fiJIOTHOCTh ypOBHCII 

Bo Bee q>opMyJipl, onpe,neMIOIIIHe BepOHTHOCTH pa3JillqffblX KaHanOB pacna,na 

B036y)K.l(eHHOro COCTaBHOro H.npa, BXO.l(HT IIJIOTHOCTb ypOBHeii [4,5]. C IIOMOII!bIO 

nporpaMMhI GROGIF MO)KHO paccqn:TbIBaTh 3TY Benn:qn:Hy B paMKax .LlByx pa3HhIX 

Mo.neneii: Mo,nenn: q>epMH-rroa (c nonpaBKaMH Ha 3aBHCHMOCTb OT yrnoBoro MOMeHTa) 
n: 6onee CJIO)KHOH MO,nenn:, yqn:TbIBaIOmeii BKna.l( KOJIJieKTHBHbIX n: o6onoqeqHbIX 

3q>q>eKTOB, a TaK)Ke nonpaBKH Ha ,neq>opMaIIHIO. 

Mooe!lb pepMU-za3a 

Han:6onee npoCTO IIJIOTHOCTb ypoBHett MO)KHO paccqn:TaTb Ha OCHOBe MO,nenn: 

q>epMn:-rroa: 

p(E,J) = 21 + I 24-✓2.c,3 a 11 4(E _ 
8

)s14 exp[2.ja(E - 8) _ (J + 1/ 2)

2 

20"2 ] ' 

r,ne c, 2 = 6m2 .Ja(E -8) I n 2
• lfro6h1 yqecTh proHHIIY B nnoTHOCTH ypoBHeii H,nep 

pa3HOH qeTHOCTII npn: 0.l(HHaKOBOll 3Hepmn: B036y)K.l(eHHH, BBO.l(HTCH napaMeTP 8 . B 

nporpaMMe n:cnoJih3YIOTCH 3HaqeHHH 8 =2,4 M3B ,nnH qerno-qeTHhIX H,nep, 1,2 M3B -

.l(JIH HJ(ep C HeqeTHbIM z HJIH N, 0 - .l(JIH HeqeTHO-HeqeTHbIX H,nep, o,nHaKO B03MO)KHbl ll 

,npyrn:e napaMeTpH3aIIHH nonpaBKH qeTHO-Heq~THbIX 3q>q>eKTOB. Benn:qn:Ha m
2 

-

cpe,nHee 3HaqeHn:e KBa.npaTa npoeKIIHH yrnoBoro MOMeHTa (B e.nn:Hn:11ax n) 
o,nHoqacTn:qHblX COCTOHHHH B6JIH3ll 3Hepmn: <l>epMH, a - napaMeTp IIJIOTHOCTH 

ypoBHell. 3TH Benn:qn:Hbl CBH3aHbl C MaCCOBhlM qn:CJIOM COCTaBHOrO H,npa: 

m2 =i;A. 213
, a=Aln0 • 

TiapaMeTpbl ~ ll n(I BBOLlHTCH BO BXO.l(HOM qiail:ne nporpaMMbl. O6b1qHo 0<~ <I, a na = 

8 -12. 
Tipn: pacqeTe IIJIOTHOCTH ypoBHell Ha 6apbepe .neneHHll HCIIOJib3YIOT rrapaMeTp 

IIJIOTHOCTH ypOBHell 60JibIIIHll, qeM B OCHOBHOM COCTOHHHH: 

a.r =ka. 

TiapaMeTP k ( k = 1-1,1) TaK)Ke BBOLlHTCH BO Bxo,nHOM qiaiine. 

,[(nH He6onhIIIHX 3HaqeHn:ii 3Hepmn: B036y)K.l(eHHH E rrpn: E < Ux n:crronhJyeTCH 

,npyroe Bbipa)KeHn:e .l(JIH IIJIOTHOCTH ypoBHeii: 

(
E ])=_!_ex (E-U0 )exp[-(J+I!2)2/(2c,

2
)] 

p ' T p T 2fhic,3 

KOTOpoe cooTBeTCTByeT Mo,nenn: C IIOCTOllHHOll TeMrrepaTypOil: T. TiapaMeTpbl T ll Uo 
MO)KHO orrpe,neJIHTb ll3 ycJIOBHH HerrpepbIBHOCTH qiyHKIIllll ll ee rrpOH3BO.l(HOll B ToqKe 

CIIIHBKH E = U, + 8 . IlapaMeTP U, 3a,naeTcH BO BXOLlHOM qiail:ne. 
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Y'lem nap11b1x 1wppeJ1RlfUU u KOJ1,WKmue11b1x cmene11eu ceo6oob1 

C y'leTOM napHbIX Koppem!IIIIH, a TaK)Ke KOJie6aTeJihHblX II BpamaTeJibHhIX 

'CTeneHefi CB06o.n;bl nJIOTHOCTb ypOBHefi MO)KHO onpe.n;eJIIITh KaK 

(E J) = K (E)K (E) 2J + l _ x 
p . , v,b rot 24:fi.a;_q.a"4 (E - EJS/4 

x exp[2Ja(E - EJ - (J; 1; 2)
2 

], 

u,ff 

12 
r.n;e EC "" I, + <5 - :meprmr KOH.[(eHCaIIIIII, yMeHbIIIaromrur :meprmo OCHOBHOro 

vA · 
COCTOllHIIll q>epM11-ra:ia Ha 1-3 M3B 113-3a KOppeJillIIIIOHHOro napHoro B3aIIMO,n;eii.CTBIIll 

B paccMaTpIIBaeMblX sr.n;pax, 

u~1 = Il1 3 Iu"3 J(E-EJI a -.[(Jill aKCIIaJihHhIX .n;eq>opMIIpOBaHHhIX ll,n;ep, 

u;0 = 111 J(E - Ec)/ a -.[(Jill cqiep11'1ecK11x sr.n;ep. 

Ko3q>qJIIIIIIeHTbl pOTaIIIIOHHOro 

Kro, = f 1. JCE -EJI a - ,n;JIH aKCIIaJihHhIX .n;eqiopMIIp0BaHHhIX sr.n;ep, 

K rot = l - .[(JIH cqiep11'1eCKIIX ll.n;ep 

11 BII6paIIIIOHHOro 

K,,h = exp[0,0555A
213

(E-Ec)2'
3 I a 213

] 

yc11JieH1Ill Y'IIIThIBaIOT BKJia.[( B nJIOTHOCTb ypoBHefi KOJIJieKTIIBHhIX KOJie6aTeJibHhIX II 

BpamaTeJibHhIX CTeneHeH CB060.[(hl COOTBeTCTBeHHO. BeJIII'IIIHhl nepneH.[(IIKYJillpHoro 

rJiaBHOH OCII I l. II napanneJibHOro efi fu MOMeHTOB IIHepIIIIII Bhl'IIICJillIOTCll BHYTPII 

nporpaMMbl Ha OCHOBe BBO.[(IIMOro BO BXO.[(HOM qiafine napaMeTpa KBa.n;pyrrOJibHOH 

.n;eqiopMaIIIIII. I1p11 3TOM B GROGIF MO)KHO TaK)Ke paccMaTplIBaTh KaK aKCIIaJihHbie 

,n;eq>OpMIIpOBaHHhie II Cq>epII'IeCKIIe ll.[(pa, TaK II ll.[(pa, He 06Jia,n;ruom1Ie ,[(aHHbIMII 

CIIMMeTPIIllMII q>opMbl. 

.[{me Y<feTa o60JIO'le'IHblX 3q>q>eKTOB II IIX 3aTyXaHIIll C pOCTOM 3Hepm1I 

B036y)K.[(eHIIll MO)KHO IICnOJib30BaTb napaMeTP nJIOTHOCTII ypOBHefi a B BII,n;e [5,8]: 

a=a(A)[l+ 1-expt~~-EJ} ofV], 
C 

r.n;e o1V - o6ono'le'IHM nonpaBKa. 

B nporpaMMe IICnOJib3YIOTCll .[(Be pa:!Hble napaMeTPII3aIIIIII ac11MnTOTII'leCKoro 

napaMeTPa a : 

8 

.I. 

., 

a(A) = a4 + /JA 213 

II 

a(A) = a4 + /JA 2
, 

nOJIY<feHHbie B pa:!JIII'IHhlX aHaJIII3ax 3KCnepIIMeHTaJibHhlX .[(aHHblX. 

O6oJIO'le'IHYI0 nonpaBKY o1V MO)l(HO BBO.[(IITh BO BXO.[(HOM q>aii.Jie IIJIII C'IIIThIBaTb II3 

qiafina .n;aHHblX. ITapaMeTPhI a' /3 II r BBO.[(llTCll BO BXO.[(HOM q>aii.Jie. 

I1p1I HII3KIIX 3HepmllX B036y)K.[(eHIIll E < U x + Ee ("" 5 - 6 M3B) B .n;aHHOM 

BapIIaHTe pac'leTOB nJIOTHOCTb ypoBHefi Bhl'IIICJilleTCll no CBepxTeKy'leH MO.[(eJIII. 

ITapaMeTp ux = ak/;p BBO.[(IITCll BO BXO.[(HOM q>afine. KplITII'leCKllil TeMnepaTypa 

tkp = 0,576-12/ ✓A. ITapaMeTP nJIOTHOCTII ypOBHefi B KplITII'leCKOH TO'!Ke 

1-exp{-yak t; } 
akp Haxo.n;IITCll lI3 ypaBHeHIIll akp = a(A)[l + 

2 
P P JTV]. 

Gk/kp 

IlpuMep ucnoJI1>1osauuH nporpaMMbl GROGIF 

Ce'!eHIIll o6pa:ioBaHIIll 1Icnap11TeJihHhIX ocTaTKOB - II3oTonoB U, Pa II Th, 

nony'leHHhIX B peaKIIIIII 
22

Ne+
208

Pb, 6bm11 pacc'IIITaHhI B paMKax Mo,n;eJIII oeou11ou 
JlOep11ou cucmeMbl (J(JIC) [9], 3aTeM pe3yJihTaTbl pac'leTOB cpaBHIIBaJIIICb C 

3KCnep1IMeHTaJihHhIMII BeJIII'IIIHaMH. B paMKax MO.n;en11 MC ce'leH11e 06pa:ioBaH1Ill 

11cnap11TeJibHOro OCTaTKa nocne IICnapeHIIll onpe.n;eJieHHOH s-nocne.n;oBaTeJibHOCTII 

'laCTIIII MO)KeT 6bITb 3an1ICaHO B BII.[(e 

O"~R (Ecm) ~ o-/Ecm_)PCN(Ec.m ,J = O)w.:,(Ecm ,J = 0). 
3.n;ecb uc - ce'!eH1Ie 3axBarn, orne'laeT 3a nepexo.n; HaJieTaromero sr.n;pa 'Iepe3 

KYJIOHOBCKIIH 6apbep, PcN - BepollTHOCTh o6pa30BaHIIll COCTaBHOro ll.n;pa nocne 

3aXBaTa, Wsur - Bbl)KIIBaeMOCTh noJiy'leHHOrO COCTaBHOrO ll.[(pa. IJp11 paC'leTe Uc 

Y'IIITbIBaIOTCll MOMeHTbl .n;o 10--30/i B 3aBIICIIMOCTII OT paccMaTpIIBaeMoro COCTaBHOro 

ll.n;pa, noCKOJihKY 6onee BhICOKIIe MOMeHTbl He BHOCllT 3aMeTHOro BKJia.n;a B u ER II3-3a 

MaJIOH Bbl)KIIBaeMOCTII ll.n;pa no OTHOIIIeHIIIO K .n;eneHHIO npII 60JihlIIIIX yrnOBbIX 

MOMeHTax. ITocKOJlhKY KOHq>IIrypaIIIIll npo.n;yKTOB peaKIIHII BO BXO.[(HOM KaHaJie O'leHb 

acHMMeTPII'IHa, BeJIII'IIIHa PcN 6JIII3Ka K e,n;IIHIIIIe. B paccMaTpHBaeMOM cny'lae 

BeJIII'IIIHa Uc cna6o 3aBIICIIT OT 3Hepr1111 II COCTaBJIHeT -30 M6. COOTBeTCTBeHHO, 

Ba)l(Herr111err xapaKTepIICTIIKOH, BJIIIllIOmerr Ha Ce'1eH1Ie o6pa:ioBaHIIll 11cnap1ITeJihHOro 

OCTaTKa B peaKIIIIII 
22 

Ne+ 
208 

Pb , llBJilleTCll Bbl)KIIBaeMOCTh. 

I1p11 IICnapeHIIII onpe.n;eJieHHOH nocne.n;oBaTeJihHOCTII S 113 X 'laCTIIII 

BepOllTHOCTb Bbl)KIIBaHIIll ll.n;pa no OTHOIIIeHIIIO K .n;eJieHHIO np116JIII)KeHHO onIICbIBaeTCll 

Bblpa)KeHIIeM [2-4]: 
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• . X I';(E;) 
w.:r(E~N) ~ P,(EcN,J)D r,(E;·y 

r,ne i., - IIH,D;eKC ucrrapHTeJibHOro mara, P. - BepmITHOCTb peaJIU3fillllll KaHaJia S rrpu 

HaqaJibHOH :meprnu B036y)K,neHHH E, E:. - cpe,n;Hee 3HaqeHue 3Hepruu B036y)K,!l;eHm1 

Ha mare i •. IIoJIHM mupuHa r, ,nJIH cocTaBHoro H,npa orrpe,neJIHeTCH KaK cyMMa mupuH 

pa3HbIX KaHaJIOB ucrrapeHHH qacrnu ri , mupHHbI y-3MllCCllll ll ,neJIHTeJibHOH mupHHbI 

r / . Ha rrepBOM mare is= 1. ll E;, = E. ~JIH BbNHCJieHHH mupuH ri HCJ10Jlb30BaJiaCb 

crnrncrnqecKaJI rrporpaMMa GROGIF. 
8 cJiyqae 3MllCCllll X Heil:TPOHOB BepOHTHOCTb peaJIH3aUHH TaKOH 

ITOCJie,D;OBaTeJibHOCTll ucrrapHeMbIX qacTuu: 

P. = P(x)-P(x+l), 

r,ne q>yHKUHR 
2x-3(.1 /TY 

P(x)=l-exp[-.1,IT](l+L '.
1 

) 
i=I I. 

orrpe,neJIHeT BepOHTHOCTb Toro, qTO rrpu 3a,D;aHHOll 3Hepruu B036y)K,!l;eHHH COCTaBHOfO 
X 

H,npa E ucrrapuTCH He 6oJiee x Heil:TPOHOB, .1, = E - LB k , Bk - 3HeprnR OTPbIBa k-ro 
k=I 

Heil:TpoHa, rrapaMeTP R,nepHoil: TeMrrepaTypbI T RBJIHeTCH KOHCTaHTOil:. EcJiu y 

ITOJiyqeHHOro ucrrapuTeJihHOfO OCTaTKa BeJiuquHa 6apbepa ,neJieHHR Bf 60Jibme, qeM 

3HeprnR OTPbIBa Heil:TpOHa B x+I , TO rrpu pacqeTe .1 x+I BeJiuquHy B x+I cJie,nyeT 

3aMeHHTb Ha Bl . ~aHHaJI q>OpMyJia TaK)Ke crrpaBe,D;JIHBa ll ,D;JIH ucrrapuTeJihHbIX 

ITOCJie,noBaTeJibHOCTeil:, co,nep)Kamux 3apH)KeHHhie qaCTHUbI, o,nHaKo B 3TOM cJiyqae 

BMeCTO BeJiuquHbI Bk HY)KHO B3RTb cyMMY 3Hepruu OTPbIBa rrpornHa HJIH aJibq>a

qacTHUbI ll KYJIOHOBCKOH 3HeprttH B3aHMO,D;eil:cTBllR C R,D;pOM. 
Ha puc.2 rrpuBe,D;eHbI rroJiyqeHHbie B 3KCrrepuMeHTe (rnqKH C JIHHHHMH) [IO] ll 

paccquTaHHbie HaMll (JIHHllll) q>YHKUllll B036y)K,!l;eHHH ,tt ceqeHHH o6pa30BaHHR 

ttcrrapuTeJibHbIX OCTaTKOB ,D;JIH pa3JillqHbIX ucrrapuTeJibHbIX KaHaJIOB ,paccMaTpHBaeMOll 

peaKUllll. YquThIBaJI, ~o 3KCrrepuMeHTaJibHbie BeJillqllHbI rroJiyqeHbI C ToqHOCTblO 

± 50 %, MO)KHO roBopuTb o xopomeM cornacuu c TeopeTuqecKHMH pacqeTaMH, 

oco6eHHO B6JIH3ll MaKCHMYMOB qiyHKUllll B036y)K,!l;eHHR. 

10 
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2 

:'.§. 
a: 

~ 

101 

··, .. 
.ii< 

23ou 

¥. 
"4n 

'-:,. 

1 o0 ,__..___,_......, ........ _,__,_,_.--1--__,_-'--'....,__._--1-..._,_,_..........., 
~ ~ ro • ~ ~ ~ ~ ro oo 

E(MeV) 

Ynpamueune 

4n 

10'~/i\/\ .. 
, .. 

./ \., 

23ou 

1 o0 
r 

Ii 

4n 7n 

··+ .. 

10·1 * \,.. 
6n 

5n 

10·2 ~~---'-:'::-~~~L,._,-J_..._i,_....,___J 
~ ~ ro • ~ ~ ~ ~ ro oo 

E (MeV) 

Puc.2 

Bhrnecrn q>OPMYJIY ,nJIH P(2), ucrroJih3YR CJie~YIOmue rrpu6Jitt)KeHua: 1) Heil:TPOH 

BhIJieTaeT H3 COCTaBHOro R,npa, eCJIH 3TO He 3arrpemeHo 3HepreTnqecKu; 

2) TeMrrepaTypa a,npa T OCTaeTCH ITOCTOHHHOH BO BpeMH BCero ttcrrapttTeJibHOro 

rrpouecca . 

IIcnoJihlyeMhle cl>aiiJihI ,nauuhlx rrpn pa6oTe c nporpaMMoii GROGIF 

BxoiJHbte <jJaiiJlbl: feni.dat, ign.dat. OrrttcaHtte 3TllX qiattJIOB rrpttBe,neHo B rrpttJIO)KeHHH. 

t/JaUJlbl OaHHblX no i)epeKmaM Mace u 060J1o'le'IHbl.lll nonpaBKaM ROep: qiail:JibI 

Def! .dan, Mic l .dan co,nep)KaT coorneTCTBeHH0 ,neqieKThI Mace H o6oJioqeqHhie 

rrorrpaBKH pa3JIHqHblX H30TOII0B a,nep C 2=8-122. HoMep 3alIHCH B qiail:Jiax 

C00TBeTCTByeT Z. IIepBble ,D;Be l(Hq>pbl 3a0HCH o603HaqaIOT MHHHMaJihHYIO H 

MaKCHMaJibHYIO MaCCbl H30Tona C ,naHHblM Z. 

Bbtxoonoii </Jaiill: out.dat. ripttMCp -raKoro qiai-iJia npirne,neH B npttJIO)KeHttH. 
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IIpttJIO)KeHHe 

OII!iCAHHE BBOllA llAHHblX K IlPOrPAMME GROGIF 

********** CTPOKA 1 ********** 
FORMAT (14A4) . 
READ TITLE(14) - nmBAR BYKBEHHO-UH~POBAR HH~OPMAUHR, HAITPHMEP, 

OB03HAqEHHE PEAKUHH 
********** CTPOKA 2 ********** 

FORMAT (5l6,F10.4) 
READ MTGT,IZT,MPROJ,IZP,IP 
MTGT - MACCA RnPA MHIDEHH 
IZT - 3APRll JUlPA MHIDEHH 
MPROJ - MACCA rrAnAmmE8 qACTHUbl 
IZP - 3APRll ITAllAIDmE8 qACTHUbl 
IP - KOHTPOm, 3A ITPEll3MHCCHOHHh!M HCITYCKAHHEM qACTHU: 

ECRH IP=O, TO HET ITPEll3MHCCHOHHOro HCITYCKAHHR qACTHU 
ECRH IP=1, TO CM. CTPOKY 3A 

********** CTPOKA 3 ********** 
FORMAT (1215) 
READ ISEQ(12) 
ISEQ - MACCHB, 3AllAIDmH8 nocnEUOBATERbHOCTb HCITAPREMLIX qACTHU: 

ECRH ISEQ(I)=1, TO CREUYIDmEE RUPO KACKAllA OBPA3YETCR nYTEM 
HCITAPEHHR HEfiTPOHA,-=2 - HCITAPEHHEM ITPOTOHA, 
=3 - HCITAPEHHEM 4HE, =O - Bbtt!HCJIEHHR IlPEKPAmAIDTCR 

********** CTPOKA 3A ********** 
FORMAT (615) ! TORbKO ECRH IP=1 ! ! ! ! ! ! ! ! ! ! 
READ IPRSEQ(6) 
IPRSEQ - MACCHB, 3AllAIDmHft ITPEll3MHCCHOHHh!E qACTHUJ,1: 

ECRH IPRSEQ(I)=1, TO Bhln HCrrYmEH. HE8TPOH,_ 
=2 - TO ITPOTOH, =3 - HCITAPEHHE 4HE, =O - TO B~CREHHR 
IlPEKPAmAJOTCR 

********** CTPOKA 4 ********** 
FORMAT (F6.2,E15.4,110) 
READ CUT,LPRINT 
CUT - ITAPAMETP OBPE3AHHR TABRHU 3ACEREHHOCTE8. OB~O OT 1E-3 no 

1E-6, ECRH 3ACEREHHOCTb ITPH llAHHhIX 3HEPrHH H MOMEHTE (E,J) 
CTAHOBHTCR MEHbmE, qEM CUT, TO TO~A (E,J) HE PACCMATPHBAETCR 

LPRINT- Knroq,onPEllERRIDmHft PACnEqATKY BhlXOntton HH~OPMAUHH: 
=1 - ITPOMEEYTO~E TABRHUJ,I HA ITEqATb HE BMUAIDTCR, 
=2 - 3ACEREHHOCTH POUHTERbCKoro H noqEPHErO RnEP,A TAKEE 

CITEKTPhl qACTHU BMUAIDTCR HA KAEUOM mArE KACKAllA, 
=3 - ITOMHMO 2 ocYmECTBRRETCR BhlBOll ITPOMEEYTO~X TABRHU 

llERHMOCTE8 H BPEMEH EH3HH HA KAEUOM 3TAITE KACKAllA 

********** CTPOKA 5 ********** 
FORMAT (7l1,3F10.0,l5) 
READ KTABLE,JJKPAC,JJKPLD,JJKVMI,JJKGGR,KDEF,KBF,AIZERO,DPARAM, 
QEF,IROMPT 
KTABLE- Knmq, 3AllAIDmH8 rEHEPAUHID ITPOrPAMM08 llBYMEPHMX TABRHU OTHO-

CHTERbH08 BEPORTHOCTH 3MHCCHH KAK08-nHBO H3 qACTHU H Bhl
BOll HX HA nEqATb (ECRH LPRINT>1!) 

=1, TO OTHOCHTERbHAR BEPORTHOCTb 3MHCCHH HE8TPOHOB, 

12 
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·1 
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{ 

=2, TO OTHOCHTERbHAR BEPORTHOCTb 3MHCCHH rAMMA-KBAHTOB, 
=3, TO OTHOCHTERbHAR BEPORTHOCTb 3MHCCl!H 4HE, 
=4, TO OTHOCHTERbHAR BEPORTHOCTb 3MHCCHH ITPOTOHOB, 
=5 - TABRHUA llERHMOCTH COCTABHoro RnPA, 
=6 - TABRHUA BPEMEH EH3HH COCTABHh!X RnEP, (T•1.E-16 C.) 
=7 - TABRHUJ,I HA nEqATb HE BhlBOURTCR 

JJKPAC- >O, nEqATb TABRH!l K03~~HUHEHTOB ITPOHHUAEMOCTH (BCEX) 
JJKPLD- >O, nEqATb TABRHU nnoTHOCTE8 YPOBHE8 (BCEX) 
JJKVMI- =O, MOMEHT HHEPUHH RnPA C 3HEPrHE8 HE MEHRETCR 

>O, MOMEHT HHEPUHH RnPA 3ABHCHT OT 3HEPrHH B03BYEUEHHR: 
BAPHAUHR MOMEHTA HHEPUHH 3AllAETCR BER~AMH AIZERO 
H DPARAM 

JJKGDR- >O, ITPH PACqETE rAMMA-PACITAllA Y~ThlBAETCR rHrAHTCKH8 
UHIT0Rblihl8 PE30HAHC, nonoEEHHE H mHPHHA KOTOPoro OITPEUERRIDTCR B 
CTPOKE 8 

KDEF- =1, 3HAqEHHR 3HEPrH8 OTPhlBA HE8TPOHA, ITPOTOHA H 4HE 3AUAIDTCR B 
CTPOKE SA 

=O, 3HAqEHHR 3HEPrH8 OTPMBA HE8TPOHA, ITPOTOHA H 4HE 
OITPEUERRIDTCR HA OCHOBE llE~EKTOB MACC RnEP, cqHThlBAEMhlX 
IlPOrPAMM08 H3 ~A8RA DEF1.DAN 

KBF- =1, 3HAqEHHE BAPbEPA llEREHHR 3AllAETCR BO BXOUHOM ~A8RE 
(CTPOKA 14A) 

=O, 3HAqEHHE BAPbEPA llEREHHR PACC~ThlBAETCR BHYTPH IlPOrPAMMhl 
(B ITPHBRHEEHHH OUHOrOPBOro BAPbEPA) HA OCHOBE BEnHqHH, 
BBOUHMMX B CTPOKE 14B 

AIZERO- OTHOlliEHHE 1(3~~EKTHBHOrO)/I(TBEPUOTERbHOMY) ITPH HYREBOM Yrno
BOM MOMEHTE (HCITORb3YETCR ITPH JJKVMl>O) IO=AIZERO•I(TB.T.) 

DPARAM- ITAPAMETP, 3AllAIDmHft H3MEHEHHE MOMEHTA HHEPUHH RllPA C 3HEPrHE8: 
I=IO•EXP(-0.693*E/DPARAM), HCITORb3YETCR ITPH JJKVMI>O ! . 

QEF - KBAUPYITORbHAR qACTb rnP, HCIT0Rb3YETCR ITPH JJKGDR>O 
IROMPT- =O, IlAPAMETPhl OITTHqEcKon MOUERH 3AllAIDTCR HABOPOM 1 H3 TABRHUbl 

nnR PACqETA N,P,4HE - K03~~HUHEHTOB ITPOHHUAEMOCTH 
K03~~HUHEHThl ITPOHHUAEMOCTH IlEPECqHThlBAIDTCR HA KAEUOM mArE 
KACKAllA 

=1, IlAPAMETPhl OITTttqECK08 MOllERH 3AllAIDTCR HABOPOM 2 H3 TABRHUbi 
nnR PACqETA N,P,4HE - K03~~HUHEHTOB ITPOHHUAEMOCTH 
K03~~HUHEHThl ITPOHHUAEMOCTH ITEPEC~ThlBAIDTCR HA KAEUOM mArE 
KACKAUA 

=10, ITAPAMETPN OITTttqECK08 MOllERH 3AllAIDTCR HABOPOM 1 H3 TABRHUbl 
nnR PACqETA N,P,4HE - K03~~HUHEHTOB ITPOHHUAEMOCTH 
K03~~HUHEHThl ITPOHHUAEMOCTH HE IlEPEC~ThlBAIDTCR HA KAEUOM 
lliArE KACKAllA 

=11, ITAPAMETPhl OITTttqECK08 MOllERH 3AllAIDTCR HABOPOM 2 H3 TABRHUbl 
nnR PACqETA N,P,4HE - K03~~HUHEHTOB ITPOHHUAEMOCTH 
K03~~HUHEHThl ITPOHHUAEMOCTH HE IlEPEC~ThlBAIDTCR HA KAEUOM 
mArE KACKAllA 

=1111 H IROMP=O (CM. CTPOKY 10A (BAPHAHT 2)), TO ITAPAMETPhl 
OITTttqECKoro ITOTEHUHARA 3AllAIDTCR B CTPOKAX 10C-10D (BAP.2) 

********** CTPOKA SA********** 
FORMAT (3F10.3) 
READ Q(3) 
Q(1) - 3HEPrHR OTPhlBA HE8TPOHA nnR POUHTERbCKoro JUlPA 
Q(2) - 3HEPrHR OTPhlBA ITPOTOHA nnR POUHTERbCKoro JUlPA 
Q(3) - 3HEPrHR OTPhlBA 4HE nnR POUHTERbCKoro RnPA 
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********** CTPOKA 6 ********** 
FORMAT (8F6.2) 
READ AL(4),R(4) 
NA(1) - nAPAMETP NAB ~OPMYnE nnH PACqETA nAPAMETPA nn□THOCTH YPOBHEfi 

POnHTEn1CK□ro MPA 
NA(2) 
NA(3) 
NA(4) 
R(1) 
R(2) 
R(3) 
R(4) 

- AHAn□rW!Hblil: nAPAMETP nnH noqEPHEr□ MPA nocnE HCnYCKAHHH N 
- AHAn□fHqHLifi nAPAMETP nnH noqEPHEr□ MPA nocnE HCnYCKAHHH p 
- AHAn□rHqHLifi nAPAMETP nnH noqEPHEro MPA nocnE HCnYCKAHHH 4HE 
- nAPAMETP KCH nnH POnHTEn1CK□ro MPA. 
- nAPAMETP KCH nnH noqEPHEr□ MPA nocnE HCnYCKAHHH N 
- nAPAMETP KCH nnH n□qEPHEr□ MPA nocnE HCnYCKAHHH p 
- nAPAMETP KCH nnH noqEPHEro MPA nocnE HCnYCKAHHH 4HE 

********** CTPOKA 7 ********** 
FORMAT (411) 
READ IRAST(4) 
IRAST(I)- 3AnAHHE IRAST-nHHHH. ECnH IRAST(I)=O,TO nPEnn□nArAETCH 

C~TMBAHHE nAHHhlX H3 nocnEnYIDIIITTX CTPOK (CM. 7A-7C) 
ECnH IRAST(I)=1, TO B~CnEHHE nP□HCXOnHT BHYTPH nP□fPAMMM 

********** CTPOKA 7A ********** 
FORMAT (A10) 
READ DUMMY 
DUMMY - 3Ar□n□BOK, MOEET EMT1 nYCTOH CTPOK□fi 

********** CTPOKA 7B ********** 
FORMAT (IS) 
READ NJ 
NJ - ~en□ BBOnHMMX IRAST-3HAqEHHfi, MAX NJ=100 

********** CTPOKA 7C ********** 
FORMAT (10F7.3) 
READ EJAY(NJ) 
EJEY ~ IRAST-3HEPfHH B n□PHnKE B03PACTAHHR J no 10 3HAqEHHfi B 

KAll'.,llOfi CTPOKE, B M3B 
-----------------------------------------------------------------
PS! CTPOKH 7A-7C HEOEXOnHMM nnH BCEX MEP, nnH KOTOPMX IRAST(I)=O 

********** CTPOKA 8 ********** 
FORMAT (2F10.3) ! C~TMBAHHE T□n1KO ECnH JJKGDR>O 
READ GDRE,GDRW ! CM. CTPOKY 5 
GDRE - non□EEHHE rnP (B M3B), ECnH GDRE=O.O, TO BHYTPEHHEE 3HAqEHHE 
GDRW - illHPHHA rnP (B M3B), ECnH GDRW=O.O, TO BHYTPEHHEE 3HAqEHHE 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

HAEOP CTP□K, □nPEnEnHIDII(HX COCTABHYID CHCTEMY 
********** CTPOKA 9 ********** 

! ! ! T□n1KO nPH Hcn□n130BAHHH M□nEnH ~EPMH-fA3A ! ! ! 
FORMAT (6F5.2) 
READ EEP,ON 
EEP - □nPEnEnEHHE nAPAMETPOB nn. YP. COCTABH□ro MPA B CEnn□BOfi T□qKE: 

<O, TO AF, DELF, EPSF n□nEHM EMT1 3AnAHM B CTPOKE 12 
=O, TO AF, DELF, EPSF TE XE, qTQ H nnR COCTABH□ro MPA 

B OCHOBHOM COCTOHHHH 
ON - nAPAMETP KCH B CEnn□BOfi TO~E (AHAn□rHqHLifi R(I) H3 CTPOKH 6) 

****************************************************************** 

BB□n BAP1HPYETCH B 3ABHCHMOCTH OT IP (CM. CTPOKY 2) 
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IP=1 BAPHAHT 1 

********** CTPOKA 10A ********** 
FORMAT (2F10.3,2I5) 
READ EB,EXMAX2,M2,N2 
EB - 3HEPfl!H HAnEUID!llEfi qACTHUbl B nAEOPATDPH□fi CHCTEME (M3B) 
EXMAX2- MAX 3HEPfHH B03EYxnEHHH B PACnPEnEnEHHH no 3HEPrHH 

COCTABH□ro MPA (M3B) 
M2 - ~en□ T□qEK no 3HEPrHH B HAqAn1HOM PACnPEnEnEHHH nnH 

COCTABH□ro MPA 
N2 - ~en□ T□qEK no MOMEHTY B HAqAn1HOM PACnPEnEnEHHH nnH 

COCTABH□r□ MPA 
**********CTPOKA 10B ********** 

FORMAT (6E12.4) 
READ POP(E,J) 
POP(E,J) -HAqAn1HAR 3ACEnEHHOCT1 COCTABHOr□ MPA, B_BOnHTCH nnH 

J-PACnPEnEnEHHH no E cnnH J - B _n□PMKE B03PACTAHHH, 
nnH E - B n□PRnKE YEMBAHHH.OT EXMAX2 qEPE3 1 M3B) 

IP=O BAPHAHT 2 

********** CTPOKA 10A ********** 
FORMAT (I10,F10.3,2I10,2F10.0) 
READ NJP,EB,LCUT,IROMP,RLC,RLD 
NJP - >999, cnHH□BOE PACnPEnEnEHHE COCTABH□ro HnPA PAccqHTMBAETCH 

B COOTBETCTBHH CO 3HAqEHHEM .IROMP 
<999, CilHHOBOE PACnPEnEnEHHE COCTABH□ro MPA C~TMBAETCH B 

cnEnYIDil!Efi CTPOKE . 
UU - 3HEPfHH B03EYll'.,llEHHR COCTABH□f□ -WA (M3B) 
LCUT - =O, MAKCHMAnbHMfi Yrn□B□fi MOMEHT COCTABH□ro MPA BMEHPAETCH 

no BASS-M□nEnH 
=1, HET □rPAHHqEHHfi HA MAKCHMAn1HLifi Yrn□BOH MOMEHT COCTABH□ro 

MPA 
>O, MAKCHMAn1HMfi Yrn□B□fi MOMEHT COCTABH□ro HnPA = LCUT 

IROMP - □nPEnEnHET cnHHOBOE PACnPEnEnEHHE COCTABH□ro HnPA (nPH NJP>999) 
=O, cnHHOBOE PACnPEnEnEHHE B~HCnHETCH no nAPAE□nHqECKOfi 

AnnP□KCHMAUHH. nAPAMETPM □nTHqEcK□ro n□TEHUHAnA H3 TAEnHUbl, 
CTAHnAPTHLifi n□TEHUHAn nnH cnHHHHH THXEnMX HOHOB 

>O, CilHHOBOE-PACnPEnEnEHHE B~HCnHETCH no □nTHqEcKofi M□nEnH, 
nAPAMETPM □nTHqEcK□ro n□TEHUHAnA 3AnAIDTCH_B CTPOKE 10C 

<O, CilHHOBOE PACnPEnEnEHHE BMqHcnHETCH no ~OPMYnE 
TL=(1+EXP((L-RLC)/RLD))**(-1) 

RLC - CM. ~OPMYnY TL nPH IROMP<O H NJP>999 
RLD - CM. ~OPMYnY TL nPH IROMP<O H NJP>999 

********** CTPOKA 10B********** 
FORMAT (35X,E15.8) 
READ POP(J),J=1,NJP 
POP(J)- CilHHOBOE PACnPEnEnEHHE COCTABH□ro MPA 

(C~TMBAETCH nPH NJP<999)! ! 
********** CTPOKA 10C ********** ! ECnH IP=O, IROMP>O 

FORMAT (10F8.4) ! ~OPMHPOBAHHE COCTABH□ro MPA 
READ V(7),V(1),V(2),V(8),V(3),V(4);V(9) ! nAPAMETPM □nT~. n□TEHUHAnA 
V(7) - VB M3B ! CTAttnAPTHLifi BYnC-CAKCOHOBCKHfi n□TEHUHAn: 
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V(1) - RV B ~M 
V(2) - AV B ~M 
V(8) - W B M3B 

V(R)=V(l+EXP((R-RV')/AV))**(-1) : REAL 
W(l+EXP((R-RW')/AW))**(-1) :IMAGIN 

RV'=RV*(A1**(1/3)+A2**(1/3)) 
RW'=RW*(A1**(1/3)+A2**(1/3)) 

V(3) - RW B ~M, ECnH V(3)=0, TO RW=V(1)=RV 
V(4) - AW B ~M, ECnH V(4)=0, TO AW=V(2)=AV 
V(9) - RCLMB.B ~M, ECnH V(9)=0, TO RCLMB=1.3 ~M 

********** CTPOKA 10D ********** ! ECnH IP=O,IROMP=O, IROMPT=1111 
FORMAT (10F8.4) 
READ V(5),V(6),V(10),V(11)! ITAPAMETPM OITTH'I. ITOTEHUHAnA - CIIliH-OPEHTA 
V(5) - Knroq: =1 - ITOBEPXHOCTHb!H, =O - OEbEMHb!H 
V(6) - VSO B M3B 
V(10) - RSO B ~M 
V(11) - ASO B ~M 

----------------------------------------------------------------------
PS! ECnH ITAnAIDIIIAH qACTHUA N, P, 4HE, TO ITPH OEPA30BAHHH COCTABHoro HnPA 

BMECTO BHYTPEHHHX ITAPAMETPOB OITTHq. ITOTEHUAnA MOrYT EhlTb 3AnAHM ITAPAMETPM 
B CTPOKAX 11C-11D nHEO BHYTPEHHHE ITAPAMETPM ITPH IROMP>O H IROPMT#1111 

********** CTPOKA 11 ********** 
FORMAT (I3) 
READ NN 
NN - qttCno nHCKPETHMX YPOBHEH COCTABHoro HnPA rrocnE HCITYCKAHHH 

HEHTPOHA 
<=100, ECnH NN=O,TO PACITAn HA nHCKPETHME YPOBHH B HEHTPOHHOM 
KAHAnE HE ITPEnYCMATPHBAETCH 

********** CTPOKA 11A ********** 
FORMAT (12F6.4) ! ECnH NN#O ! ! !! ! ! ! ! ! ! ! ! ! 
READ ER(llN) 
ER(NN)- 3HEPrHH nHCKPETHMX YPOBHEH COCTABHoro HnPA 

(B ITOPHnKE B03PACTAHHH) (M3B) 
********** CTPOKA 11B ********** 

FORMAT (12F5.1) ! ECnH NN#O ! ! !! !! ! ! !!! !! 
READ AR(NN) 
AR(NN)- MOMEHT nHCKPETHMX YPOBHEH COCTABHOro HnPA 

(B COOTBETCTBHH C 3HEPrHEH) 
********************************************************************** 

CTPOKA 12 3AITOnHHETCH TOnhKO ITPH HCITOnh30BAHHH MOnEnH ~EPMH-rA3A 
ITPH EEP<O (CM. CTPOKY 9 )! ! 

llllflllflllllltllflllllllllllllllllltlllllllllllllllllllllllllllllllllllllflllllllllllllllfflllllllllllllllllllllllllllllllflllllllllltll 

********** CTPOKA 12 ********** 
FORMAT (2F5.2) 
READ AF,EPS 
AF - ITAPAMETP KB ~OPMYnE nnH ITAPAMETPA rrnoTHOCTH YPOBHEH COCTABHoro 

HnPA B CEnnOBOH TO~E 
EPS - ITAPAMETP nnH CIIIHBKH rrnoTHOCTH YPOBHEH COCTABHoro HnPA 

C MOnEnhID ITOCTOHHHOH TEMITEPATYPH 
********** CTPOKA 13 ********** 

FORMAT (2E10.3,I10) 
READ REPS1,AEPS1,LPRI 
REPS1 - OTHOCHTEnhHAH TO~OCTb HHTErPHPOBAHHH ITPH B~CnEHHH rt (0.01) 
AEPS1 - AECOnIDTHAH TO~OCTb HHTErPHPOBAHHH ITPH B~CnEHHH rf 
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(MOEET EHTb 0.0) 
LPRI - Knroq nnH ITPOME][YTO~OH PACITEqATKH nEnHMOCTH HnPA 

=O, ITEqATb HE ITPOH3BOnHTCH 
********** CTPOKA 14A ********** 

! ! ! 3AITOnHRETCH ITPH KBF=1 ! ! ! 
FORMAT (4F10.4) 
READ KBF,BF1,BF2,HW1,HW2,LJBF 
BF1 - BMCOTA ITEPBOro EAPbEPA nEnEHUH (B M3B) 
BF2 - BHCOTA BTOPoro EAPbEPA µEnEHHH (B M3B) 
HW1 - KPHBH3HA ITEPBoro EAPbEPA nEnEHHH (B M3B) 
HW2 - KPHBHSHA BToPoro EAPhEPA nEREHHH (B M3B) 

----------------------------------------------------
P.S. ECnH BF2=0, TO EAPbEP nEnEHHH CqttTAETCH OnHOrOPEMM 

ITPH BF2#0 nEnHMOCTb(F) CqttTAETCH no ~OPMYnE 1/F=1/F1+1/F2 
---------------------------------------------------------
B BF1, BF2 BBOMTCR 3HAqEHHH TOnhKO OEOnoqE~OH COCTABnHIDIIIEH EAPbEPA 

********** CTPOKA 14B ********** 
! ! ! 3AnonHHETCH nPH KBF=O ! ! ! 

FORMAT (3F10.2) 
READ HW1,ESH,GUM 
HW1 - KPHBH3HA·ITEPBoro EAPbEPA nEnEHHR (B M3B) 
ESH - OEonoqE~AH nonPABKA nnH PACqETA OEonoqE~OH COCTABnHIDIIIEH 

EAPbEPA nEnEHHH (B M3B) no ~OPMYnE B(SHELL)=ESH•EXP(-GUM*E) 
ECnH ESH=O.O, TO 3TA BEn~HA CqttTHBAETCH H3 ~AHnA MIC1.DAN 

GUM - nEMITHHrOBMH nAPAMETP•nnH PACqETA OEonoqEqHOH COCTABnHIDIIIEH 
EAPbEPA nEnEHHH 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

CTPOKH 6-7C H U-14A(B) 3AnAIDTCH nnH KAEnOr□ HCnAPHTEnbHoro IIIArA 
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

OITHCAHHE BBOnA nAHHMX B ~AHn IGN.DAT 
(PACqET nnOTHOCTH YPOBHEH C yqETOM KonnEKTHBHMX CBOHCTB HnEP) 

********** CTPOKA 1 ********** 
FORMAT (4F10.4) 
READ ALV, BET,· GAM, VAR 
ALV - nAPAMETP Anh~A B ~OPMYnAX nnH ACHMnTOTHqEcKoro nAPAMETPA 

nnOTHOCTH YPOBHEH 
BET - nAPAMETP BETA B ~OPMYnAX ACHMnTOTH'IECKoro nAPAMETPA 

nnOTHOCTH YPOBHEH 
GAM - nEMrnrnroBMH nAPAMETP B ~OPMYnE nnH ITAPAMETPA nnoTHOCTH YPOBHEH 
VAR - =1 ACHMITTOTH'IECKHH ITAPAMETP rrnoTHOCTH YPOBHEH B~HCnHETCH 

no ~OPMYnE A=ALV•MA+BET•(MA**2/3) 
- =2 ACHMITTOTH'IECKHH ITAPAMETP rrnOTHOCTH YPOBHEH B~HCnHETCH 

no ~OPMYnE A=ALV•MA+BET•(MA**2) 
********** CTPOKA 2 ********** 

BCE nAPAMETPH COOTBETCTBYIDT POnHTEnbCKOMY HnPY 
FORMAT (3F5.2, 3F10.4) 
READ EPC, EPS, ON, WC, PD, PRF 
EPC - nAPAMETP nnH CIIIHBKH nPH HH3KHX 3HEPrHHX B03EYEnEHHH (M3B) 

(AHAnor EPS H3 CTPOKH 12) •" 
EPS - OTHOCHTEnbHAH TO~OCTb HAXOEnEHHH nAPAMETPA nnoTHOCTH YPOBHEH B 

--~~ 
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KPHTWIECK□li TO'!KE 
ON - CDDTBETCTBYET.3HAqEH!ilO R(I) H3 CTPDKH 6 
WC - nAPAMETP OB□noqEqtt□a n□nPABKH (M3B). ECnH WC=O.O, TD 3TA BEnHqHHA 

CqttThlBAETCR H3 ~AanA MIC1.DAN 
PD - nAPAMETP KBAllPYn□nbHDli llE~DPMAUIDI 
PRF - Knmq, □nPEllERRIDIUIDi ~OPMY RllPA 
PRF -=1 C~EPWIECKH-CHMMETPHqttOE RnPD 

-=2 AKCHAnbHO-CHMMETPHqttOE 3EPKAnbHO~CHMMETPHqH□E RnPD 
-=3 AKCHAnbHO-CHMMETPHqttOE 3EPKAnbHO-ACHMMETPllqttOE RllPO 
-=4 RllPO C D2-CHMMETPllEli 
-=5 RnPO BE3 BCRKHX CllMMETPllli BPAmEHHR 

********** CTPOKA 3 ********** 
BCE nAPAMETPhl COOTBETCTBYIDT noqEPHEMY RnPY nocnE HCnYCKAHllR HEliTPOHA 
FORMAT (3F5.2, 3F10.4) 
READ EPC, EPS, ON, WC, PD, PRF 

********** CTPOKA 4 ********** 
BCE nAPAMETPhl COOTBETCTBYIDT noqEPHEMY RnPY nocnE llCnYCKAHllR nP□TOHA 
FORMAT (3F5.2, 3F10.4) 
READ EPC, EPS, ON, WC, PD, PRF 

********** CTPDKA 5 ********** 
BCE nAPAMETPhl COOTBETCTBYIDT noqEPHEMY RllPY nocnE llCnYCKAHllR 4HE 
FORMAT (3F5.2, 3F10.4) 
READ EPC, EPS, ON, WC, PD, PRF 

********** CTPOKA 6 ********** 
BCE nAPAMETPhl COOTBETCTBYIDT PDllHTEnbCKDMY RnPY B CEnn□B□li TO'!KE 
FORMAT (3F5.2, 3F10.4) 
READ EPC, EPS, ON, WC, PD, PRF 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 
CTP□Kll C 1 no 6 3AllAIDTCR nnR KARnoro ncnAPllTEnbH□ro lliAfA 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

TABRlillA. nAPAMETPhl onTllqEcK□ro noTEHUHARA 

---------------------------------------------------
HABOP 1 

---------------------------------------------------
! V ! RV AV ! W ! RW ! AW ! VSO ! ASO ! RSO ! RCLMB 

-----!-----!------!------!-----!------!-----!------!-----!-----!------
N !48.0 ! 1.17 ! 0.75 !10.8 ! 1.27 ! 0.60! 6.2 ! 1.01! 0.75! -
-----!-----!------!------!-----!------!-----!------!-----!-----!------
p !49.0 ! 1.17 ! 0.75 !10.8 ! 1.32 ! 0.51! 6.2 ! 1.01! 0.75! 1.25 
-----!-----!------!------!--- ·-!------!-----!------!-----!-----!-----~ 
4HE !180.0! 1.20 ! 0.75 !15.0 ! 1.70 ! 0.60! 0.0 ! - ! - ! 1.30 
-----!-----!------!------!-----!------!-----!------!-----!-----!------
HOH ! 42.0! 1.26 ! 0.49 !16.5 ! 1.26 ! 0.49! 0.0 ! - ! - ! 1.30 

----------------------------------------------
HABOP 2 

---------------------------------------------------------
N ! D.WILMOR ET AL., NUCL. PHYS.,55 (1964) 673. 

! P.E.HDDGSON, ANN. REV. NUCL. SCI.,17 (1967) 1. 

---------------------------------------------- -

18 

P ! F.G.PEREY, PHYS. REV.,131 (1963) 745. 

--------------------------------------~----------------------
4HE ! J.R.HUIZENGA, G.IGO, NUCL. PHYS.,29 (1961) 462. 
---------------------------

nPHMEP BX□ntt□ro ~AanA llAHHhlX nnR PACqETOB.no M□nEnll. ~EPMll-fA3A 
(BMRHBAEMOCTb RllPA C Z7108, A=266, 3ACEREHHOCTb KOTOPoro no (E,J) 
~OPMAnbHO 3AllAETCR PEAKUHEa 4HE+262(106); HAqAnbHAR 3HEPfllR B03BYEllEHHR 
COCTABHoro RllPA 15.5 M3B): 
CTPDKA 1: GROGIF(FERMI-GAS) 
CTPOKA 2: 262 106 4 2 0 
CTPOKA 3: 1 0 
CTPOKA 4: 0.0010 1 
CTPDKA 5: 7000001 0.0000000 0.0000000 0.0000000 0000 
CTPOKA 6: 10.00 10.00 10.00 10.00 0.146 0.146 0.146 0.146 
CTPOKA 7: 1111 
CTPDKA 9: -2.2 0.24 
CTPOKA 10A: 1000000 15.50 1 0 0 
CTP□KA 11: 00 
CTPOKA 12: 1.10000 2.000000 
CTPOKA 13: 0.100 o.o 0 
CTPOKA 14: 2.2 5.69 0.0389 

0 

nPHMEP BX□nttoro ~A8nA llAHHhlX nnR PACqETOB c yqET□M KonnEKTllBHhlX CB08CTB RllEP: 
CTPOKA 1: GROGIF(COLLECTIV) 
CTPOKA 2: 262 106 4 2 0 
CTPOKA 3: 0 
CTP□KA 4: 0.0010 
CTPOKA 5: 7000001 .0.0000000 0.0000000 0.0000000 0000 
CTPDKA 6: 10.00 10.00 10.00 10.00 0.146 0.146 0.146 0.146. 
CTPOKA 7 :. · 1111 
CTPOKA 10A: 1000000 15.50 
CTPDKA 11 : 00 
CTPOKA·13: 0.100 
CTPOKA 14 2.2 

0.0 
5.69 

0 
0.0389 

IlPllMEP BX□ntt□ro ~A8nA IGN.DAT: 
CTPOKA 1: 0.114 0 .162 . 0.054 
CTPDKA 2: 2.00 0.01 0.24 -5.69 
CTPOKA 3: 2.00 0.01 ci.24 -5.69 
CTPOKA 4: 2.00 0.01 0.24 -5.69 
CTPOKA 5: 2.00 0.01 0.24 -5.69 
CTPOKA 6: 2.00 0.01 0.24 -5.69 

nPllMEP BhlXDntt□ro ~A8nA OUT.DAT: 

0 

1. 
0.22 
0.22 
0.22 
0.22 
0.42 

EMISSION SEQUENCE (!=NEUTRONS, 2=PROTONS, 3=ALPHAS) 

0 

2.0 
2.0 
2.0 
2.0 
2.0 

1 0 0 0 0 0 0 0 0 

Q 

AL 

STEP NUMBER 

PHOTONS 

26.600 

NEUTRONS 
-8.251 
26.500 
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PROTONS 
-2.399 
26.500 

0 

0 

0 0 

ALPHAS 
9.986 

23.818 



R 7.342 7.324 7.324 7.268 
DELTA 2.400 1.200 1.200 2.400 
!RAST 1 1 1 1 

PARENT NUCLEI 
STEP z N STEP z N STEP z N STEP z N 

108 158 2 108 157 
NEUTRON PARTIAL WIDTH 
STEP STEP STEP STEP 

1 1.5491E-03 2 O.OOOOE+OO 

PROTON PARTIAL WIDTH 
STEP STEP STEP STEP 

1 3.0784E-07 2 O.OOOOE+OO 

ALPHA PARTIAL WIDTH 
STEP STEP STEP STEP 

9.2282E-06 2 O.OOOOE+OO 

GAMMA PARTIAL WIDTH 
STEP STEP STEP STEP 

1 5.6530E-05 2 O.OOOOE+OO 
FISSION PARTIAL WIDTH (STEP) 
9.98E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 
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