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Program for Calculating the Structure and Electromagnetic 
Characteristics of Excited States of Even-Even 
Spherical Nuclei in Random Phase Approximation 

The program is described for calculating one-phonon state 
energies, their two-quasiparticle amplitudes 1/J and q,, and the 
reduced transition ptobabilities B(XA)t (X= E.M) in the random 
phase approximation. The basic RPA fonnulas included in the 
program, its operation description and instruction for users 
are given, The program is written in FORTRAN language executed 
in the CDC-6500 computer, 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR, 
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1. 0aHHM H3 OCHOBHhlX MBTOaOB TeopeTHYBCKOPO HCCJle

AOBaHHR KOJlJlBKTHBHblX COCTORHHH B c¢epHYBCKHX HapaX 

HBnHeTCR npu6numenue xaoruqecKHX ¢aa. B nacroHweA pa-

6ore anH pacqera OAH0¢0HOHHhlX COCTORHHA HCD0Jlh3YBTCH 

nonyMHKpOCKOllHYBCKHH noaxoa, B KOTOpOM OCTaTOYHOe 

B3aHMoaeACTBHe npeacTaBJlHBTCH B ¢aKTOpH30BaUHOM BH

ae/1/.8 aaHHOM noaxoae raMHJlbTOHHaH BI>I6HpaeTCR B BHae 

1-T=H +H . 
a v pa1r + H', ( 1 ) 

rae Hav- cpeanee none, Hpair - ocraroqnoe cnapuna-A 
renhHOe saauMoaeAcrsue c nyneBLIM MOMeHTOM u H'= H 

ocraroqnoe Mynhrunonh-MynhTHnonbnoe, H '~ HLA - Q 
(J 

OCTilTOYHOe CITUH-MyllhTHDOJlb-CllUH-MYllbTHDOJlbHOe B3i1HMO-

aeACTBHB (LA - MYJlhTHDOJlbHOCTb, A - MOMBHT COCTOHHHH, 
B cnyqae H Q L H A cosnaaa10T). 

B nacrosnnel! pa6ore aaercR onucanue rrporpaMMLI Bbi

YucneHHH 3HeprHI! ClJLAi ( i - HOMep KOpHH), aMITJlHTya 
LA LA ~- 1 

H 6 . . 1 
oaH0¢0HOHHWX B036ymaeHHWX COCTOHHHH, 

.11]2 J1J2 

a TaKme npuseaennwx sepoHrnocrel! nepexoaos 
B(X\; o+ ...,,\''),(X=E.M) B c¢epHYeCKHX YeTHO-YBTHbiX Hapax. g. s. 

3nepruu cd LAi naxoaHTCH KaK Kopnu ceKynHpHoro ypan-
HBHHH 

F(w) _ 

KLA+ K LA 
0 1 

2A+l 

LA LA 

LAi 
X n -1 

K -K LA" 
-~--1-X I 

2A + 1 p 

LA LA LAi 
K - K 1 
-~-~--X n 
2,\ + 1 

LA LA 
K 0 +Kl LAi 
---X -1 

2,\ + 1 p 

0. (2) 

3 



3aecb 

LAi ~ n,p 
X = .:.. 

n,p j j 
1 2 

LA LA 

LA (±) 2 
(f. . •U. . J • E. . 

J1J2 J1J2 J1J2 

2 
f . 

j1J2 
2 

-wj1j2 

( 3) 

K 0 If K 1 - KOHCTaHTbl COOTBeTCTBeHHO,\ H30CKanHpHOf'O 

If H30BeKTOpHOf'O B38HMOaeticTBHll; fJL j - oaHO"'aCTH"'-
1 2 

Hble npHBeaeHHbie MaTpli"!Hbie aneMeHTbl ( M.8.) MynhTHnOnh-
,\ -

HOf'O f Y,\ HnH CnHH-MynbTHnOnhHOf'O rL(YLa),\ onepaTO-

pos;u(_±) =U. • v. ± u. v. (3aecb If Hlf)Ke "+" anH H~ 
J1J2 J1 ~2 J2 J1 

If "-" anH HLa ) , u. , v. - Koacj:Jqmuu:eHTbi npeo6pa3osa-
J J 

HHH Eoromo6osa; < .. = < . + < . - 8HeprHH asyxKBa3H-
J1J2 J1 J2 

"18CT!i"'HOf'O COCTOHHHH, fj = \/C;+(E~-,\7 ) 2 , (r=n,p), 
C7 - KoppenHUHOHHaH cpyHKUliH, a ,\ 7 - XHMli"!eCKHil noreH

uuan OCHOBHoro cocTOHHliH. B Bbipa)KeHHli (3) I n,p 03Ha

"!aer cyMMuposaHue nu:6o no HeilrpoHaM (n), nu:6o no npo

ToHaM (~. Ecnu orpaHH"'liThCH nHWh H30CKanHpHhlM u:nH 

U30BeKTOpHbiM B38liMOaeilCTBHeM, TO ypaBHeHUe (2) nepe-

nHWeTC 5I K8K 

KLA LAi LAi 
1 = ---(X + X ) . 

2A+1 n p 
(2') 

LA 
AMnnuryahi t/J j / (r) 

cpOHOHHOf'O 1 2 
LAi() -~ 

ll ¢j j T BOnHOBOM ~YHKUlili oaHo-
I 2 

+ LAi + + L-JL LAi 
Q i (LAJ1) = Y:! .I !t/1 J ~ 

2 
(r )[ aJ 

1 
a j 

2
] Afl - ( -1) ¢ j 

1 
j 

2 
[ aj 

1 
aj 

2
1 A.-v I 

J 1J 2 
COC TOHHUH HaxoaHTC 5I H3 HH:iKecneayiOillllX Bblpa)Ke fl[f H: 

f LA. • u~±~ 

4 

LAi 1 J1J 2 J 1J2 
t/1. . (r) = --=--==--=-· -------

J 1J 2 

¢LA.i (r) = 

j 1 j 2 

\/'2· ~r (L,\i) 

( ± 1) 

\/'2 • ~ T (L.\i) 

f .. -(u 
J1J2· LAi 

LA (±) 
f ... u .. 
J1j2 J1J2 

f .. + w 
J r 2 LAi 

(4) 

( 4,) 

.. 

rae LA. LA. 
K - K 

0 1 LAi 

~n.p(L,\i)=Y~A.i+YLA.i ·I ~-1-·Xn,p 2 
,p p,n LA I . 1 K + K LA L \ . _ o 1 X /\1 

p,n 

(5) 

2,\ + 1 

yLAi = _!_ j!._ X LAi I -
n,p 2 aw n,p W-WLAi 

(6) 

flpHseaeHHbie sepoHTHOC ru aneKTpoMar HHTHbiX nepexoaos 

+ 7T 1 2 
B(XA; 0 .... .\ ) =---·\<G. (LAJL)\ \ :lll (XA.)\\0> I HaxoaHTCH H3 

g.s. 2·0+1 1 plJI 
Hlf)KecneaylOmux Bbipa)KeHHil: 

e XL,\ i T ,\. 

B(EA.) t= ~~~ (l+eerr )·X'-' 1 ---== + p 
v'2 • '!Jn (L.\i) -----

12 ' (7) 

y'2 • '!J P (LA.i) 

B(MA) t =I ~ 

j +j --,\ M 
( -1) 1 2 • Fj j 
___ l..E.... 

L.\ - 2 
f j lj 2 .[ u j 1 .i 2] •( h j 2 1 2 • ( 8 ) 

FM 
j• j 

1 2 

j 1j2T 

T 
g 

s. eff 

---
v' 2. '!J T (L.\i) 

gs r 
. F + g 

j j f!l, eff 
1 2 X./ 

( 2 . -(J)lAi 
J .) 

. F 11' 
.i j 

1 2 

(9) 

- oaHO"!aCTli"'HWe npu:seaeHHhle M.8. oneparopa M8f'H!iTHOf'O 

MynbTlinOnhHOf'O MOMeHTa 

( e't [ r • 
JL lift,\, V) = -- g • S + 

2Mc s,eff ,\ + 1 

• A 
• Y I · ~ [r Y, ] . 

1\IJ 

flporpaMMa Bbi"'HCnHeT sepOHTHOCTli B(X,\) KaK B eaHHHUaX 

l. ¢epMH 2L anSI EA. -nepexoaos If B eaHHHUax Jl~· cj:JepMH anSI 

MA -nepexoaos [tJ.._= eti ], TaK If s oaHo"!aCTH"'HbiX enHHHUax 
'N 2Mc . 

B(XA)s.p •• E.UHHHUeil npuseaeHHOM sepoSITHOCTH (oaHo"!ac-

TH'iHaSI oueHKa ·BawcKompa) XA -nepexoaa SIBnHeTcSI, KaK 

06bi'iHO, BenH"! HH8 

B(E.\) = e 2 
s.p. 

2A + _!._. (-_il-)2 . R 2A, 
477 3 + ,\ 0 

( 10) 

R = 1 24·A1
/

3
, 

0 ' 
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eh 2 10 3 2 2L 
B(MA) = (--) • -(--) • R • 

s.p. 2Mc rr 3 +A o ( 11 ) 

B ¢opMynax (4), (4'), (7) H (8) 3HaK Bbipa)KeHHH 

V 2 • '!:Jp (LAi) onpenenHeTCH 3H8KOM senH"'liHbi 1 CTOHIIIeH B 
cparypHbiX CK06KaX Bb!p8)!CeHJIH (5) 1 B TO speMH KBK JlnH 

v'2. '.Y (LAi) 6epeTCH ero a6comoTHaH sena"'HHa, 
n 

2, llnH peiiieHHH CeKynHpHOI'O ypaBHeHliH He06XOJlliMO 
HMeTb KOHCTaHTbi K LA a K L

1 
A, M,a. f LA , nayxKaa3a"'ac-

o J1J2 
Tli"'Hbie 8Hepraa c . a Koa¢¢auaeHTbi u.± .• KoHcTaHTbi KLA 

J1J2 J1J2 0 

H KLA MO)KHO HenocpencraeHHo 3anaaarh ao axonHoit 
0 

liHcpopMaUHli ana )Ke onpenenHTh BHyrpa nporpaMMbi c no-

MOIIIhiO 38Jl8BaeMbiX aHeprJIH tPOHOHOB, KOTOpble MoryT 
6biTh B3HTbi li3 aKcnepHMeHTa. Bena"!liHbi E. . a u ± . 

. 111 2 1 11 2 
Bbl"lliCnHIOTCH BHYTPli nporpaMMbl Ha OCHOBe BBOJll:IMOH 

liHcpopMaUHH o6 OJlHO"'aCTH"'HOM cneKrpe E. a caepxreKy"'ax 
J 

xapaKTepacraKax C T a AT • B nporpaMMe rrpenycMoTpeH 

pe)KfiM pa6oTbi 1 rrpJI KoropoM CT a AT He BBOilHTCH, 

8 Bhl"'liCnHIOTCH C8MOCTOHTenbHO, ilnH 8TOI'O BXOJlH8H liH

cpopM8UliH /lOITOnHHeTCH KOHCT8HT8Mli napHOI'O B38liMOJleH-

CTBliH G • Bem-I"'liHbi f L~ a E. MO)KHO Haxonarb c no-
T J1J2. J 

MOIIIhiO nporpaMMbi CALMEL Jina REDMEL. 06e ara rrpo

rpaMMbi liMeiOTCH B 6H6nHOTeKe nporpaMM OTJleJia TeO;lili 
8TOMHOro H/lpa nT<fJ OI1Hl1; B rrporpaMMe CALMEL/3 

0/lHO"'aCTli"'Hb!H 6a3HC H8XOJlliTCH C ITOMOIIIbiO MeTOJla, rrpen
nO)K8HHOI'O a pa6ore12/.nporpaMMa REDMEL,HanacaHHaH 

0/lHliM H3 8BTOpOB (J1.D,I0.-), anH 'eiiieHliH 8TOH 38Jl8"'li 
ncnonb3yer pe3yJihT8Tbi pa6oTbi I 4 • llnH Bbi"'liCneHa~ B(MA) 

Heo6XO/lHM8 JlOITOnHaTenbHaH liHcpOpM8UllH 0 BenH"'liHBX 
F g s F g f T T B F gs F gy 

. • 1 • . , g ff H g f ff • enH"'li Hb! . . H . . 
J 112 1112 s,e ,e J 1J2 11 J2 

MO)KHO HaXOilHTh c noMOIIIhiO rrporpaMMbi REDMEL. 

3. H acroHmaH nporpaMMa HanacaHa Ha H3biKe 

<POPTP AH- IV, "'TO II03BOnHeT acnonb30BaTb ee Ha 38M, 
liMeiOIIIHX COOTBeTCTBYIOIIIee Ma TeMa Tli"'eCKOe o5ecne"!eHHe, 

DporpaMMa COCTOHT H3 OCHOBHOH nporpaMMbl C HMeHeM 

RPAS H noarrporpaMM ORDER, INDFC, CLAM, CLAMH, 

6 

... 

• 

EPSUV, RPA , XSIMPLE H SECPH. CrpyKrypHaH 6noK-cxeMa 
nporpaMMbi aaHa Ha p a c. 1. 

P a c. I. CrpyKrypHaH 6noK-CXeMa rrporpaMMbi, 

RPAS. B ocHosHoH: rrporpaMMe noJIHOCThiO ocymecrs

nHeTcH BBOil liHcpOpM8UHli (eM, §§2 H 4) H qpraHR3yeTC5I 

pa6ora noanporpaMM. BcH BBOilRMaH aH¢opMaURH BbiBOilHT

cH Ha neqaTb, 0CHOBH8H nporpaMMa liMeeT o6mae /COMMON/ 

6noKa: /EINDE/ E(100) , INDE(lOO) - aHeprHa E j a ax 

aHneKCbi j , /EPSUV/ EPS(lOO), U(lOO), V(lOO) - onHOKBa3a

"'acraqHbre aHepraH E j , Ko3¢<PauaeHTbi u j H v j , 

/LM/ LM(5) - MynhranonbHOCTH LA ( "'acno L ·10 +A ) , 

7 



/W1/ F1(400),INDF1(400), Wll (800) - M,8, rr1 ll liX liH-
1 2 

neKCbi j 1 j 2 [Wll - cBo6oJlHhie gqefiKrd , /GS/ NGSGL, 
GS (2,10), GL(2,10), NMEM(2)- KOJIH:qecTBO Ha6opoB 3cpcjleK-
TliBHbiX g -cjlaKTOpOB, g8 - ll gf -cjlaKTOpbl ll KOJI!fqeCTBO 

M,8. F r j [ 1 - JlllSI HeHTpOHOB ll 2 JlllSI IIpOTOHOB ] ' 
/WM/ FGS 1(~.200), FGL(2, 200), INDML(2,200) - M,a. F_gs 

J 1 J 2 
11: F.gf. 11: H:X liHJleKCbi j 1j 2, /R/ IREGIME(16) - qH:cna, 

J 1 J 2 

yrrpaBJISIIOlillle pe)!<!-t:M8Mll pa60Tbi rrporpaMMbi, /OMKAP/OMEXP(2,5), 
RKAPEX(2,5) - BBOJlH:Mbie 8HepruH: cjloHoHoB !w ,w 

1 
l u KOH-

CTaHTbi {K ~\ K r,\ l , 0 

ITocnenoBaTellbHOCTb pa6oTbi OCHOBHOfi rrporpaMMbi Ta-
KOBa: BBOJlSITCSI E_.L 11: 11:x liHJleKCbi j ( o6m11:fi 6noK /EINDE;), 
Bbi3biBaeTCSI ORD.I:< .. :J:{, rreqaTaiOTCSI E j 11: H:X H:HJleKCbi j B 

BUlle q!fCJia p = 100·n + 10 • f+(j-';2), BBOJlSITCSI M,8, fjL;
2 

ll liX liHJleKCbl j j ( 06IUUH 6JIOK /W1/ ), M,8, ll liX 
. . 1 2 r .. 

RHJleKCbi J1J2 rreqaraiOTCSI rreqaTb 1112 B BH:Jle qH:cna p 
(eM, §4, rr. 8)], Bbi3biBaeTCSI INDFC, BBOJlSITCSI (ecnu He

o6xoJlH:Mo) acjlcjleKTliBHble g -cjlaKTOpbl ( o6IUH:H 6JIOK /GS/ ) 
11: M,a, !Ffj ,Fg.e l (o6mafi 6noK /WM/ ), MA M.a. 

r2 J¥2 
a ax RHJleKCbi j 1 j 2 B BH:Jle q11:cna p !_eM, §4, rr.ll,5) rreqa-
TaiOTCSI, ilanee BBOJlSITCSI Jl8HHhle 0 KOHKpeTHOM SIJlpe Jl8H
HOH OJlHoqacTaqHofi CXeMbl a 0 pe)KH:MaX ( o6IUH:H 6JIOK /R/)) 
pa60Thl IIporpaMMhl; 8TH: Jl8HHhle rreqaraiOTCSI; Bhl3hlBaeTCH 
(ecnH: Heo6xonaMo) CLAM, BbJ3biBaeTCSI EPSUV, rreqaTaiOTCH 

E j ' E j • u j • vj, Bb!3biBaeTCH RPA;nanee B03MO)KeH 
IIepeXOJl K HOBOMy SlllPY llllll K HOBOH OAHoqacTH:qHOH CXeMe 
llllll END RP AS. 

ORDER. 3Ta rronrrporpaMMa yrropHnoqH:aaeT BBOJlliMbie 
OJlHOqacTH:qHbie_ HefiTpOHHbie H: IIpOTOHHble COCTOSIHH:Sl E j 
11: liX liHJleKCbi J B o6meM 6noKe /EINDE/ ITO BeJIH:qaHe 
8Hepf'llll, HaqH:HaSI co JlHa HMbi, CHaqana o6pa6aTbiBaiOTCSI 
HefiTpOHHbie, 3aTeM IIpOTOHHbie COCTOSIHH:SI, 

INDF~ 3Ta rronrrporpaMMa 3arroJIHSieT o6mufi (c rron

rrporpaMMOfi RPA) 6noK /FINDF/F(2,5,200), INDF(2,5,200) , 
NF(2,5) BeJIH:qH:HaMa a3 o6mero 6noKa/W1/. MaccaB F(K, I, M) 

38IIOllHSieTCS1 M,8, f~~ ClleJlyiOillH:M o6pa30M: 
J 112 

8 

I 

t 

' J 

1 - HefirpoHHbie M.s-. 
K= I , I - HyMepyeT MYllbTarroJibHOCTa 

2 - IIpOTOHHbie M,8, M,8,, 

M - KOJIH:qecTBO M,a, (HefirpoHHhlX H:llll rrporoHHwx) naH
Hofi MyllbTH:IIOJibHOCTH:, MaccH:B INDF(K, I, M) 3arroJIHHeTCSI 
aHanoraqHo qH:cnaMu m1 • 100fl+ m2 , rne m 1 - HoMep OJlHO
qacT~qHoro COCTOSIHliSI j 

1 
B /EINDE/, a m 

2
- HOMep COCTOH-

HH:Sl J 2 • NHK,I) = M. 

CLAM~ 3Ta rronrrporpaMMa BbJqH:cJIHeT C a A OCHOBHoro 
COCTOHHH:H, eCllll 38Jl8Hbl G n•G p. 

ITonrrporpaMMa CLAMH ocymecTBJIHeT rrpoMe)KyToqHbie 
BbiqH:cneHaSI JlllSI CLAM. 

EPSUV.3Ta rronrrporpaMMa BbiqH:cJIHeT E. , U. , V. 11: 
--- J J J 

3aiiOllHHeT o6mafi 6noK /EPStTV/EPS(100), U(100) , V(100) 
8TH:MH: BeJIH:qliH8MH: (cHaqana JlllH HefiTpOHOB, 38TeM JlllSI 
IIpOTOHOB). 

RPA. 3 Ta rronrrporpaMMa BbiqH:cJISieT BenaqaHbi wLAi, 

X LAi X LAi y LAi y LAi '1J (LA.) '1J (LA') .t. LAi 
n ' p ' n • p • n 1 

• p 1 • 'P j j • 
LA i + rr + rr 1 2 

¢hj
2 

, Bi(EA;Og.s ... .,.\), Bi(MA; Og.s.-> A). llnH HaXO)K-
JleHH:H w LAi rronrrporpaMMa RPA H:CIIOJib3yeT rrpouenypy 
HbiOTOHa. fleqaTb ocymecrBJISieTCH B CJJellYIOIURX enaHuuax: 
K LA a KLA B MaB· cjlepMa- 2" Jll!SI EA a B MaB • cjlepMH -2L 

0 1 
JlllSI MA ; u.JL'. H E. . B MaB, B(XA) 11: B(XA) B 

/\I J 1J2 s.p. 
2 2L A 2L 

e • cjlepMa JlllSI EA H B flN' cjlepMll JlllSI MA. fleqaTb 
pe3yJibTaToB HaqH:HaeTCSI c 3aronoBKa RESULT FOR HARMONIC 

EFFECTS,nanee rreqa[~IOTCSIA rrocnenoBaTeJibHO Jll!H Ka)KJlOA 
MYllbTH:IIOllbHOCTH:, K 0 H K~, 0JlHOqaCTHqHa51 OUeHKa IIpHBe
JleHHOH BepOHTHOCTH ( enuHuua BaficKorrcjla B(XA) s.p. ) , 
JlBYXKB83H"'J8CTHqHble IIOJIIOCa E hj

2 
H HX RHJleKCbl j 1 j 2 , 

JlllH Ka)Knoro KopHSI wLAi ( rrpa rronHofi BbiJlaqe): a) Ta6nH:
ua w , F(w) ( CM, rr.4), 6) HOMep KOpHSI i , w LAi , y~A 1 

XLAi y LAi X LAi '1J (LA~ '1J (LA") ) ·'· ~~i ...~-. ~A_i 
n ' p ' p ' n '" p 1' B 'P J1J2 ' 'f' J1J2 

liX BKllaJl B HOpMH:pOBKY (B %), BeJiaquHa HOpMH:pOBKH H 
HHcjlOpM8UHSI 0 3H8Ke BeJIHqlfHbl, CTOHlileH B cjlHrypHbiX CK06-
K8X Bbipa)KeHHH (5 ): ISOSCALAR TYPE, ecnH 3HaK rroJIO)Kll-

:g 



I 

TeJibHbitl, If ISOVECTOR TYPE-,een!f OTp!iUaTeJibHbitl; 

r) eeff lfJIIf s!flcpeKT!iBHbie g -!flaKTOpbi, Bi (XA) t ,B.(XA)t/B(XA) , 
uJLAi • B i (X,\)t , Bee (B %) BeJIWllfHbl w·B ~ 6e3- s.p. 

MOAeJibHOM npaB!fJie eyMM ( An5I B(M,\) 3a 6e3MOAeJibHOe npa

BIIJIO eyMM B3HTO "a6eTpaKTHOe" 'llfeJIO 777) H TOJibKO AJIH 
(J) i< (J) 

B(M,\) - eyMMa f (w) = 'L wL,\· ·B.(M,\)t AJIH Ka)!{AOI'O Ha6o-
n i = l I I 

pa scpcpeKTIIBHbiX g -cpaKTopoB, floene Toro, KaK Hane'!aTaHbi 

a)-r) AJIH noeneaHero KOPHH imax•6yaeT Hane'laTaHo Bhl

'llfcneHHoe (MOAeJibHOe) npaB!fJIO eyMM B llp!i6JIH)!{eH!fll 

xaoTH'leeKHX cpa3, npH'leM anSI E.\ sro npaBIIJIO eyMM neqa-

Tae.TeH AJIH eeff =0, a AJIH MA npaB!fno eyMM f max = 
1m ax 
~ (l)L' .•B. (M,\) t ne'!aTaeTeH AJIH nepBoro acpcpeKTIIBHOI'O 

i = 1 /\I I 

g - cpaKTOpa lf3 BBeAeHHOI'O Ha6opa 8cpcpeKTIIBHbiX g -cpaK

TOpOB, aanee ile'laTaeTeH 6e3MOAeJibHOe ilpBBIIJIO eyMM If 

OTHOWeH!fe ( B %) MOAeJibHOI'O npaB!fJia eyMM K 6e3MOAeJib

HOMy, 3aTeM 6yayT Halle'!aTBHbi OTAeJibHO Bee (oT i = 1 

AO i = i max ) wLAi If '!J r (L.\i) . 

4. BBOA lfCXOUHbiX DBI!HhT1< oeyiHCCTBJIHeTCH !feKJIIO

'llf renbHo c nep!poKapT B cneay10weM nopHJlKe: 

n,1, flo cpopMaTy J3 BBOAIITeH KOJI!f'!eeTBO (~5) MYJibTif

llOJibHOeTet\ AJIH reHep!ipOBBHIIH OAHOcpOHOHHbiX eoeTOHHIIH. 

n,2, flo cpopMaTy 513 BBOAHTeH BeJI!f'llfHbl MYJibTHllOJib

HOeTet\ lWH reHep!ipOBaHHH OllHOcpOHOHHbiX C.OCTOHHHH (A·10+A

- AJIH MyJibT!illOJib-MYJibTHllOJibHOrO B3alfMOAeticTBHH, JI!f60 

L ·10+.\ - AJIH en!fH-MYJibTifllOJibHoro-cn!fH-MYJibTIWOJibHoro J. 
BBOAHTeH B nopHAKe B03paeraHHH. 

n,3, flo !flopMaT~ 13 BBOAHTeH KOJIIf'leeTBO (::;50) HeHT

pOHHbiX aHepratl E j • 

n.4, flo cpopMaTy 2l3,4F10.0 BBOAHTeH napaMeTpbi 

HetlrpoHHoro oaHoqaeTH'lHoro noreHunana CaKeoHa-Byaea; 

8TOMHbiH Bee A, BeJI!f'lHHa 3apHA8 Z, KOHeTaHTa llJIH Bbi

'lHeJieHHH paalfyea HApa (R =r
0 

• A113 ) r 
0 

,rny6HHa noTeH

UHana V 0 ( MaB), KOHeTaHTa emm-op6!iT8JibHoro B38HMO

aetleTBHH K H napaMeTp AH~Y3HOeTH a:. 
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n.5. flo cpopMaTy 5(F7.0,1X,I3,1X) BBOAHTeH E~(MsB) 
If IIX IIH/leKebi j B Bl:l:Ae 'llfeJia p = 100 • ll + 10 • f + j - 'h. 

3aeCb ll - paAHaJibHOe, a f - op6HTaJibHOe KBaHTOBbie 

'l!fena, j - llOJIHb!H MOMeHT OAHO'!aeT!f'lHOI'O eoeTOHHHH. 

n,6, LlnH llpOTOHOB llOBTOpeHHe llll, 3-5, 

n,7, flo cpopMaTy 13 BBOAHTeH KOJI!f'leeTBO Het\TpOHHbiX 

M,8, fJ.LJA AJIH 1-tl MYJibTHllOJibHOeTH( < 200). 
12 -

n.8, flo cpopMaTy 3(E12.0, 1X, 110, 1X) BBOAHTeH 
HetiTpOHHbie M,3, f LA If !IX IIHAeKebi j

1
j 

2 
B BIIAe 'llfeJia 

J 1 J 2 

p = n 2 ·10 
7 

+ f 2 ·10
6
+02 -'h)·10

5
+n 1 ·10

4
+f1 ·10

3
+(jc'h)·i<f +L·10+A. 

LlnH MYJibTifilOJib-MyJibTifllOJibHbiX M,8, L=~· flporpaMMa pae

C'!H TaHa Ha BBOA e 1' e 2' L' ,\ < 10. 

n,9. LlnH llpOTOHOB llOBTOpeHHe llll, 7-8, 

n.1 0, flyHKTbl 7-9 llOBTOpHIOTeH JlJIH Ka)!{AOH MyJibTH

llOJibHOeTH. 

n,ll,11.1 flo cpOpMaTy 13 BBO!lHTeH '!HeJIO Ha6opOB (:::10) 

! N Z N Z 1 
gs,g s·ge,gr 13¢¢ .. 

11,2, flo cpopMaTy 4F10.0 BBOAHTeH BeJIH'lHHbl 

! g ~ · g s~ g ~ . g r Ll¢¢. 
11,3, flo cpopMaTy 13 BBOAHTCH BeJIIf'lHHa (,\ ·10 +A') 

MYJibTHllOJibHOeTH MarHnTHbiX nepexoaoB M.\. 

11,4, flo cpopMaTy 13 BBOAHTeH KOJIH'!eeTBO 
~ F M HeiiTpOHHbiX MarHHTHblX M,8, . . , 

J 1 J 2 

(< 3)0) 

11,5. flo cpopMary 2(2(E12.5, IX), 19,1X) 

F gs F ge pOHHbie Maf'HHTHble M,3, . . , . . 1:1 
JtJ 2 J1Jl 

BBOAHTeH Het\T

HX HHileKebi j lj 2 

B BHAe quena p (eM~ n.8, 3Aeeb L= A.). 

11.6. LlnH npOTOHOB llOBTOpeHHe nn, 11.4-11.5. (EeJIH 

lfHcjJOpMaUHH 11.1-11.6 He He06XD/llfMB, TO BMBeTO KapT 

11,1-11,6 BBOAl:!TeH OP,Ha nycTaH KapTa]. 

n,l2, fl 0 <jJOpMaTy 614, 2f10.0 BBOAHTeH ;::(aHHbie 0 KOHK

peTHOM HApe: BeJI!f'lHHa 3apsma Z, aToMHbJtl Bee A, 'll:!eno 

o6pe3aHHbiX CHt13Y Heti:TpOHHbiX ypoBHeii: NC0RE, ~meno 
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o6pe3aHHbiX CHH3Y rrpoTOHHbiX yposHefi zeORE, HHaeKc 
( 'IHCnO ll • 100 +f ·10-+j-'!2) OCHOBHOf'O COCT051HHSI HefiTpOHHOll 
CHCTeMbi GRSTN, HHaeKc OCHOBHoro cocT051HHSI rrpoTOHHofi 

CHCTeMbl GRSTP,KOHCTaHTbl c,H Gp (MaB). 

II.13. no !flopMaTy 1415 BBOaHTCSI KapTa C pe)KHMaMH 
( CMe OIIHCaHHe pe)KHMOB HH)Ke). 

E rr.14. no ¢opMaTy 4F10.0 BBOaSITCSI rrapaMH 8HepruH 
r~ ¢oHOHOB lw O'(l) 1 I ( MaB), T.e. H30CKan51pHaSI H H30BeKTOp

bD #0., HaS! aHeprHH an£1 rrepsofi MynhTHrronhHOCTH, saTeM cneayi0-
~·9'-~ I c.Jt ~ ( ~ fl t..u Ilia 51 napa anSI BTOpOH MynhTHnOnhHOCTH Ha TOH )Ke KapTe) 

H T.a. EcnH pe)KHM 5=0,To Hy)KHO saaasaTh w 1 = 0, a w 
0 

BBOaHTh K8K H30CKanSip nH60 KaK H30BeKTOp. 

n.15. EcnH pe)KHM 6~0 (eM. n.13 H onHcaHHe pe)KHMOB), 

TO no ¢opMaTy 4F10.0 BBOaSITCSI en' cp ' ,.\ n ' ,.\ p ( MaB). 

n.16. EcnH pe)KHM 1=0, TO no ¢opMaTy 15 BBoaHTCSI 
KonHqecTBO (imax+1) rapMOHHqecKHX KopHefi. EcnH )Ke pe)KHM 

1=99, To no tjlopMaTy F10.0 BBOaHTCSI aHeprHSI u>max ( MaB), 

f..Sr:~ r ~- KOTOpOfi Haao CqHT8Th !fJOHOHbl t BCeX MynhTHnOnhHOCTefi). 

ec~ tl.*o n.17. EcnH pe)KHM 2~0. To no tjlopMaTy 4E15.6 ssoaHTCSI 
KapTa c senHqHHaMH MynhTHnonhHbiX KoHcTaHT IK 

0 
,~-:. 1 I 

B COOTBeTCTBHH C qHCnOM H nOp51aKOM BBOaa MynhTHnOnh
HOCTefi. Bsoa nap I~-:. 0,K 1 I TaKofi )Ke, KaK B n.14 anSI 

lw0 ,w 1 I. PasMepHOCTh K: 

1) MynhTHnonh-MynhTHnOnhH851 [MaB. !flepMH-2.\1, 

2) CnHH-MynhTHnonhH8SI [MaB. !flepMH - 2L ). 

n.18. J1H60 HOBblll B8pH8HT nn.12-17, nH60 BBOa KapTbl 
n.12 c Z=7777,ecnH Hy)KeH nepexoa K Hosofi cxeMe nn.1-18. 

n.19. Ecnu B n.18 Bsenach oaHa Kapra c Z=7777, To: 
nH6o nosTopeHue nn.1-18 (cqeT c HOBofi cxeMofi), nH6o 
BBOa qHCna 777 (!l>opM8T n.1 ). 

777 - KOHeU nporpaMMbl. 

~2 

0nHC8HHe pe)KHMOB 

t.S o -
~99 -

2. ~ 0 -

~99 

quTaeT KOnHqeCTBO KOpHefi. 
quTaeT w max ( MaB). 

He quTaeT K. nng onpeaeneHHSI K 6yayT 
ucnonh30BaHbi us rr.14 lw

0 
,w 1 I . 

quraeT K. PasMepHOCTh K eM. n.l7. 

3 
s 0 - CqHTaeT MynhTUnOnh-MynhTHnonu. 

·~ 99 - cquTaeT CnUH-MynhTHnonu. 

4 
S 0 - cqHTaeT RPA. 

·~ 99 -He cquTaeT RPA. 

5 
s 0 - CqHT8eT TO.T"IhKO H30CKanSip nu6o TOnbKO U30BeKTOp. 

• ~ 99 - cquTaeT co cMelllusaHueM. 

en ,e p , A n,A p. 
ep , An , A p ( MaB). 

B.S 0 - He qHTaeT 
~99 - quTaeT en, 

7 S 0 - 6es Ta6nuuw. 

·~99- c Ta6nuuefi: 6yaeT HaneqaTaHa Ta6nuua 3HaqeHufi 
F(w) B 10 ToqKax Me)Kay noniOcaMu B cnyqae, 

ecnH pe)KHM 5~0. Ecnu pe)KHM 5!0. TO ne'laTaiOTC£1 
senu<JuHbi X n +X P B Tex )Ke TO'!Kax. 

~ 
0 - He ne<JaTaJOTCSI cna6bie nepexoabi; anSI E.\ neqa-

8 TaiOTC£1 TOnbKO B(E,.\) t ,aaiOUIUe BKnaa 6onee 1% 
• B 6e3MoaenhHoe npasuno cyMM; anSI M.\ ne'la-

TaiOTCSI B(M,.\) > 0,05 • B(M,.\) • s.p. 
99- ne<JaTaiOTCSI see B(XA}t. 

~ 0 -
9. ~ 99 -

ne<JaTaiOTC£1 t/J,¢ :2:1% HOpMUpOBKH. 
He neqaTaiOTC£1 tjf,¢. 

~ 0 -
10.~99-

C'IHTaeT B(EA}t [e 2• ¢epMu-2A J. 
He cquTaeT B(E.\ )t. 

s 0 -
11. ~ 99 -

C'IUTaeT B(M,.\ )t [ fl ~ !flepMH 2L J. 
He C'IHTaeT B(M.\ )t . 

Pe)KUMbi 12-14 - cso60JlHbi. 

t""O- k€ .Jo...tlaf'-1'""c.Jt oll-<c.<Mt>~1e 
12. 9 - . 9- JA'JO eiCV1 .CfKOOJQHU€ 'I: 

~rA1xf-V 
.Jf/~ 31?:11 

YFto.o 

11. {0 - 1-<-e ra?a.e..Ac.v-. 

99·· f.A..J1 ~CICl.'UCt 
(,' . 13 

~ .. N~~· f'CtCCio..)t"'fl-le Oi J:f..t;~i-$C 

(co J"H· ,, -"' ~C--""{ ~...: <: (...V /'<Jt:.) 



Arwruocr11Ka 

B cnyqae uenepuoro 3BllBH11H 11H¢opMaU1111 nporpaMMa 

3aKaH'IHBaer pa6ory 11 neqaraeTCH cneaymmaH aHaruocTHKa. 

1) *****TOO MANY MULTP. 
8Cllll BBBllBHO 'IHCllO MYllbTl1TIOllbHOCTefr [ CM, §4 TI,l] > 5). 

2) 1 **"*TOO MANY ENERGY LEVELS FOR._ 

eCJIH DDBLIBHO 'Il!CJ10 uei\TpOHHLIX( _~N) I!J11! rrpOTOHHLIX 

(~~Z)cocroHHI1l! 6onee 50. 
3) **""INCORRECT GROUND STATE N =0, Z = 0. 

eCllH HHLIBKC OCHOBHOrO COCTOHHI!H He BBBLIBH B006me, 

nu6o sneneH paBHhiM 0. 
4) 1 *'n'T00 MANY MATR. ELEM. FOR MULT.=n AND FOR NZ=m 

BCJH! M,9, BBeilBHO 6onee 200 Dll>I HBHTpOHHOll CHCTBMbl 

(m=l),nn6o illlH llpOTOHHOrl CI!CTBMbl (m= 2). ll - HOMep 

l\IynbnmonbHOCTH (n:::5). An>I M,9, MarHHTHI>rx nepexoaon 

11''10 H paBHO n=A · lO+A. 
5) ** TOO MANY GS,GL '"* 

eCllH BBelleHO 'IHCllO Ha6opoB jgN,gZ,g~,gZp(.,\,1 
10 

s s )'t)'tl. 
6onee . 
6) *i l'vL\ MATR. ELEM. IS ABSENT 1

' 

BCllH He06XOilHMbl 1 HO He BBB!leHLI Ha6opbl \g ,g 0 l . .+<I 
s r ),1htl• 

H M,9. MBl'HHTHbiX TiepeXOilOB, 

B cnenymmHx cnyqa>rx nporpaMMa 6yner nponomKaTb 

pa6oTy, HO 6yaeT Halle'I8T8Ha TBKBH llHBI'HOCTI!Ka; 

a) B OCHOBHOfi npo!'paMMe 

1) *****MATR. ELEM. FOR MULT. =LA ARE UNNECESSARY 
LA 

ecnH BBeaeHbr M,9. fj j , LA KOTOpbiX He coBnanaeT 
1 2 

1m c oaHoti 113 BneaeHHbiX (eM, §4 n,2) Beni1'IHH LA ; 

6) B noanporpaMMe RPA 

l) *****KAPPA IS NOT FOUND FOR MULT. =LA 
B pe*I1Me 2=0 RPA HaXO!l11T lK

0
,K 1! c noMOWbiD I<,, 

0
,w 

1 
I 

TiyTeM pemeHI!H CI1CTBMbl llBYX l111HeHHbiX ypaBHeHI!Ht MO)!(BT 

OKa3aTbC51 1 'ITO CI1CTelv18 HeCOBMeCTHa ; 
2) *****NUMB. OF ITER. IS GT. 30 FOR KAPPA n BETWEEN POLES 

£ . . f. . , . , 

J1J2 JlJ 2 
eCllH KOpHeil ypaBHBHH51 (2) MB*IlY COCB!lHI1MI1 TIOlliDCaMH 

f . . 11 f "'., He cymecrsyeT 11lllf IKB KOpeHb H8XO!li1TC 5I 
J1J2 J1J2 

B Manofi OKpeCTHOCTI1 O!lHOI'O 113 TIOlliDCOB 11 11TepaUHOHHhlH 
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llpOUeCC CXO!l11TC51 KpafiHe Me!llleHHO lllllf B006We He CXO!lHT

C Q 113-38 Bb!XO,[Ia 38 TipeaeJ1bl TO'IHOCTH, TI09TOMy HTepa

UHOHHbll"! llpOUBCC OI'p8HH'leH 30 IITepaUIIHMif, ll=0 HJ11f 1; 
s) B nonnporpaMMe XSIMPLE 

1) *****SIMPLE SOLUT. IS NOT FOUND BETWEEN POLES 

fj
1
j

2 
Ejtj2 FOR KAPPA=K (eM, n, §, 2), 

OrpaHn'leHne rrpoi'paMMbi 

1, OaHo'-!acrll'IHLiti crreKrp He non:>KeH rrpeBbiWaTb 50 
HBHTpOHHhlX 11 50 llpOTOHHhlX COCTOHHHH (Bel111'IHH8 Op6H
T8llbHOI'O MOMBHTa f < 10), 

2. AnH l'eHepHposaHHH onHo¢oHOHHhlX cocroHHHA M,3, 
LA 

f j j MO:>KBT BBOlllfTbCH He 6onee 5 pa3l111'IHblX MYllbTH-
1 2 

llOllbHOCTefi (L,A<lO).M,a, llOll:>KHO 6i>!Tb He 6onee 200 llJ1H 

Hei1rpoHHoi1 n cronbKO :>Ke an51 nporoHHoti cncreM. AnH 

llBHHOH OllHO'l8CTH'IHOH CXeMbl MOryr 6biTb Bbl'II1ClleHbl Mar

HHTHb!B TiepeXOllbl lllfillb OllHOI'O copra, T,O, TOllbKO Ml HllH 
ronbKO M2 n r.n. 

3. LI ncno pa3J1H'IHbiX na6opoB 3¢¢eKTHBHbiX g -<jJaKropoB 
He llOllfKHO rrpeBbiWa Tb l 0, 

4, C TIOMOWbiD tlBliHOfi OllHO'l8CTH'-IHOH CXOMbl MO:>KHO C'li1T8Th 

3J1eKrpoMal'HHTHbie nepexoaLI ronbKO oanoro T11rra: nn6o EA, 
nn6o MA. 

TeKcT nporpaMMbi, KOHrponbHbiti sapuanr unB cqera 

H llB'IBTh pe3y.ribT8TOB KOHTpOllbHOI'O Bap118HTa (BblllB'Ia 

3BM CDC-6500) HaxoaHTC5I B 6u6nnoTeKe npoi'paMM oraena 

reopulf aroMnoro Hnpa JlT<P OH.fH1. fipo!'paMMa narrncana 

na H3biKe <POPTPAH-IV npnMennrenbHO K 38M CDC-6500 

( onepauHOHHa<ri CHcreMa NOS/BEl). ) . r!po!'paMMa 3aHnMaer 
ll8M5ITb 676008 H'-IOOK, C'IOTHOe BpBMH = 0,2 C Ha OllHO 
COCT05IHH:e w LAi. 

Asropw 6naroaapHw npo¢eccopy B.f.Conosbeay 3a 

rrocroBHHoe BHHMaHue K pa6ore, Jl.A.Manosy n A.lf.Bao
BHHY 3a rrone3Hhle o6cy:>KaeHHH li 3aMe'IaH!l5I, 
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