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3KcnepHMCHTaTopaM, H3y'lai01.1\HM pa~HOaKTHBHbiH pac

na~ pa3flH'IHbiX H30TOITOB, O'ICHb 'laCTO llpH llOCTpOeHHH 

cxeM pacna~a H~ep npuxo~HTCH onepupoBaTb 6onhrnHMH 

MaccuBaMH <tucen, y'IHTbiBaH npu 3TOM pa3nH'IHbie ycnoBHH, 

BbiTCKaiOI.l\HC H3 cPH3H'ICCKHX C006pa:>KeHHH. 

C uenbiO cBe~eHHH K MHHHMYMY py<tuoii o6pa6oTKH 

3KcnepuMeHTanbHbiX ~aHHbiX npu nocTpoeuuu cxeM pacna~a 

uanucaua nporpaMMa "SCHEME" ~nH aBTOMaTHlfCCKoro 

pa3MCI.l\CHHH y -nHHHH CllCKTpa cpe~H H3BCCTHbiX ypoBHCH. 

CxeMa pacna~a H3y'laeMoro H30Tona B pe3ynbTaTe pa6oTbi 

nporpaMMbl Bbi~aeTCH Ha Al..JJIY B rpacPH'ICCKOM BH~e. 
llporpaMMa uanucaua ua H3biKe <I>OPT PAH. MMefOTCH 

ee BapuaHTbi ~nH 3BM .63CM -6 u CDC-{)400. 

OnucaHue npozpaMMbl 

B ocHoBe anropHTMa ~auuoH: nporpaMMbi ne:>KHT npoBep

Ka cne~YIOI.l\ero ycnoBHJI: 

- I 2 c-2 2 
[(f-, _8,. )-E kl< F. yf\{i,N +1\v'i t!\E k 

N I y - y 
/1/ 

3~eCb i <N,5120 ; f, N , f,i - 3HeprHH H3BCCTHbiX ypOBHCH; 

E} 1.. - 3Hepruu raMMa-nHHHH, F - MHO:>KHTenb, KOTOpbiH 

MO:>KHO H3MCHJ1Tb ,3HaK ~ 0603Ha'laCT norpelliHOCTH 3KCne

pHMCHTaflbHOrO onpe~eneHHJI COOTBCTCTBYIOI.l\HX BCflH'IHH. 

B nporpaMMe ~nJI Ka:>K~oro ypoBHH c 3HeprueH: {f, 1 

OTbiCKHBafOTCJI xapaKTCpHCTHKH: 

1/ lout i , 1\j out· - CyMMapHaJI HHTCHCHBHOCTb raMMa-

nHHHH, "yxo~HI.l\~X" C i - TOrO ypOBHH. 

2/ j j n . , !\ j in i - CyMMapHaH HHTCHCHBHOCTb raMMa-

nHHHH,
1 

"nuTaiOI.l\HX" i - biH ypOBCHb. 
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HaqHHaH c HaH6onLillero no 3HeprHH ypoBHH & N I N -
qHcn.o ypoaHeB:I, nporpaMMa nepe6HpaeT pa3HOCTH &N- & 1 , 
r.ne 1< N; npH 3TOM Haxo,nHT TaKHe Eyk, KOTOphle y,noaneT
aopHnH 6LI ycnoBHIO 111. EcnH :no ycnoaHe co6niO,naeTCH, 
TO 3anOMHHaeTCH CBH3b: 

&N-+ &i -+Eyk . 121 

llocne 3Toro Haxo,nHTCH xapaKTepHCTHKH: 

(J ) = 1 
out N y k 

(ilJ )N= tlJ k 
out y 

.nnH N - ypoBHH 

H 

0. ).=Jyk 
In I 

{ilJ. ).=ilJ 
m 1 yk 

,nng I-ypOBHH, 

r,ne Jyk - HHTeHCHBHOCTb k -TOH raMMa-nHHHH. 
llporpaMMa yqHTLIBaeT, qTo 3TH nepaoHaqanLHLie xa-

paKTepHCTHKH ( J out ) N H {J in\ MOryT e~e H3MeHHTbCH. 
Kor.na HaB:,nyTcH e~e TaKHe & i H Eye , npH KoTopLix 

y,noaneTBOpHeTCH ycnOBHe 111, ecnH B HeM 3aMeHHTb i Ha 
j, a k Ha e, TO onHTb 3aTIOMHHaeTCH CBH3b: 

& _.&, -+E n• 
N j Y"-

3aTeM HaXO,nHTCH IHnH YTOqHHlOTCHI cne,nyiO~e xa
paKTepHCTHKH: 

(J ) =J +J (/ 
out N yk YL 

( L'lJ )N= L'lJ k +LlJ n 
out y YL 

.nnH N- ypoBHH, 

<J.).=Jn 
tn J YL 

(L'l J. ) . = Ll J n 
m J YL 

,nnH -ypOBHH, 

4 

ecnH .no 3Toro e~e HH pa3y He Haxo,nHnacL xapaKTepHCTHKa 

(Jin) j' 

OnHcaHHLie BLIIlle .neB:cTBHH npoao,nHTCH .no HcqepnaHHH 
BCero MaCCHBa 3HeprHH ypOBHeH ! 5, }. 

3aTeM 6epeTcH cne,nyiO~HB: no aenHqHHe ypoaeHL & N-l 
H ,nnH Hero npoao,nHTCH aHanorHqHLie, KaK H c ypoaHeM 
3HeprHB: & N, onepaUHH ,nnH cnyqag, Kor.na i< N-1 . ToqHo 
TaKHe :>Ke .neB:cTBHH npo.nenLIBaiOT .nnH acex ypoBHeB:, 
3aKaHqHBaH ypoaHeM c 3HeprHeH & N ~ N = 0 K3B. B pe-
3ynLTaTe HaXO.I\HTCH CBH3H Ka:>K,noro ypOBHH C ,npyrHMH. 
KpoMe Toro, ,nnH Ka:>K,noro ypoBHH onpe.neneHLI cyMMapHLie 

xapaKTepHCTHKH: lout , fljout , J in , !'ljin · 
~anee nporpaMMa ocy~ecTBnHeT aHanH3 3THX xapaK

TepHCTHK C uenbiO BbiHBneHHH ypOBHeH, y KOTOpbiX cyM
MapHaH J out = 0 lecnH He npHHHMaTb BO BHHMaHHe npH 
3TOM ocHOBHOH ypoaeHL c & = 0 K3BI. TaKHe ypoBHH MoryT 

6LITb .I\BYX THnOB: 
11 ecnH J. =0, TO 3TH ypOBHH He HMelOT CBH3eH C ,npyrHMH. 

1n 

21 eCnH J. > 0, TO B 3TOM cnyqae HHTeHCHBHOCTb "3arpy3-
tn 

KH" TaKOrO ypOBHH 6onbllle, qeM HHTeHCHBHOCTb ero "pa3-
rpy3KH", T .e. HapylllaeTCH ycnOBHe 6anaHCa HHTeHCHBHOCTeH 
raMMa-nHHHH, npHXO.I\H~HX Ha ypopeHb H yxo,nH~HX C Hero. 

B pe3ynLTaTe pa6oTLI nporpaMMLI ypoBHH c J =0 out 
HCKmoqaJOTCH no.nnporpaMMOH SMY H3 cnHcKa ypoaHeB: 

B cxeMe pacna.na. 
KpoMe :nora, nporpaMMa Mo:>KeT pa6oTaTL He co aceM 

cnHCKOM 3HeprHH ypoaHeH, a paccMaTpHBaTL, HanpHMep, 
TonLKO KaKyiO-TO qacTL cxeMLI pacna.na. ~nH 3Toro npo
rpaMMOH npe,nyCMOTpeH BBO,n MaCCHBa 3HeprHH ypOBHeH, 
KOTOpble He06XO,nHMO HCKniOqHTb H3 nonHOrO cnHCKa ypOBHeH 
IMaccHB ! NOT l I. BLI6pacLIBaHHe MaccHBa ! NOT l H3 non
Horo BBO.I\HMOrO MaCCHBa ypOBHeH ! 5, } OCy~eCTBnHeT no,n
nporpaMMa SMY . 

B /IpuAoJKeHuu .naeTcH nopg,noK 3a,naHHH axo,nHLIX ,naHHhiX. 
0HH aao,nHTCH c nep4>oKapT. Bee qHcna Ha nep4>oKapTax 
pa3,nenHIOTCH 3anHTbiMH, B COOTBeTCTBHH C Tpe6oBaHHHMH 
no.nnporpaMMhl XREAD, o6ecneqHBaiO~eB: 6ec4>opMaTHLIH 
aao.n ,naHHhlX lno.nnporpaMMa XREAD cocTaBneHa H.H.Bo

po6LeaoB:I. 
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0KOH'IaTenLHLie ,ll,auuLie, nonyqaeMLie nporpaMMOH 
"SCHEME", - 3TO cxeMa ypoBueH u raMMa- nepexo,ll,oB 

H3y'laeMoro H3oTona. llporpaMMa npe,ll,ycMaTpHBaeT rpa
c)uqecKoe H3o6pa)Keuue 3TOH cxeMLI ua AI..UIY I puc. 1/. 

OnucaHue ebroaeaeMou uH(fiopMaijuu 

BLIBO.D. pe3ynLTaToB ua ne'laTL ocymecTBn.HeTCJI npo
rpaMMOH B cne,ll,yiOI.QeM nopH,ll,Ke: 
l. NOT [ 1: N ] - Mac cuB 3Hepru8 Tex ypoBueH, KoTopLie 

2. Z,A 

3KcnepuMeuTaTop ue BKniO'IaeT B pac
cMoTpeuue (N :S 100). 3TOT MaCCHB neqa
TaeTcH nocne 6yKBeuuoro 3aronoBKa 
NOT<D.Ecnu B pacne'laTKe BC'TpeqaeTcH 
TaKoH 3aronoBoK uecKonLKO pal, To 
nocne BToporo, TpeTLero u T . .lJ.. 6Y.D.YT 
oTne'laTaHLI 3Hepruu Tex ypoBueil, .D.nH 
KOTOpLIX j out =0. 

- 3apH,ll, H MaCCOBOe 'IHCnO MaTepHHCKOrO 
H,ll,pa. 

3. llocne TeKcTa "GAMMA-RAYS"ne'laTaeTCJI BBO,ll,HMLIH cneKTp 
raMMa-nepexo,ll,oB: 

ENERGY 

ERROR 

INTENSITY 
ERROR 

- 3KcnepuMeuTanLHLie 3Hepruu; 
- HX OIUH6KH; 
- HHTeHCHBHOCTH raMMa- OepeXO,ll,OB; 
- OIUH6KH 3THX HHTeHCHBHOCTeH. 

4. ,l).anee H,ll,eT TeKcT "CONNECTIONS", HH)Ke KOToporo ne
'laTaJOTCH CBH3H Tuna: ( 8,N_8, i :En ) . 3anucL B cKo6Kax 
03Ha'laeT cne.D.YJOI.Qee: c ypoBHJI 3Hepruu &;N Ha ypoBeHL 
3Hepruu &; 1 peanH3yeTcH raMMa-nepexo.D. 3HeprueH Eyk. 
5" 3aTeM ne'laTaeTcH Ta6nuua xapaKTepucTHK ypoBHeH H3y
'laeMoH cxeMLI pacna,ll,a B nopH.D.Ke y6LIBaHHJI 3Hepruu ypoB
HeH /no cTon6IJ,aM/: 
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LEVEL 
ENERGY 
ERROR 

BCL 

- HOMep YPOBHJI no nopH,ll,Ky; 
- 3HepruH ypoBHH; 
- norpeiUHOCTL onpe,lJ,eneHHH 3Hepruu 

YPOBHJI; 
- 3Ha'leHHJI BenH'IHH BepOJITHOCTH cny-

I 

' 

I 

'laHHOCTH ypoBHJI /ecnu 3Hepruu ypoB
HeH ,ll,nH cxeMLI 6LinH nony'leHLI c uc
nonL30BauueM nporpaMMLi'LEVEL" /2//. 

INTENSITY (OUT)- cyMMapHaJI HHTeHCHBHOCTL raMMa- nu
HUH, YXO,ll,JII.QHX c ypOBHJI; 

ERROR<OUT) - norpeiUHOCTL onpe,ll,eneHHJI 3TOH HH-
TeHCHBHOCTH; 

INTENSITY (IN) - cyMMapHaH HHTeHCHBHOCTL raMMa- nu
HUH, "nuTaJOmux" ypoBeHL. 

ERROR (IN) - norpeiUHOCTL onpe,ll,eneHHJI 3TOH HH-
TeHCHBHOCTH. 

6. llocne ne'laTu TeKcTa: "THE DECAY SCHEME" H.D.eT rpa
c)uqecKoe H3o6pa)KeHue cxeMLI ypoBHeH u raMMa-nepexo.D.OB 
,ll,nH H3y'laeMoro Jl,ll,pa. CMoTpeTL cxeMy HY)KHO cneBa ua
npaao. BepxHHH PH.D. uuc)p o6o3Ha'laeT HOMepa ypoBHeil. ,lJ.nH 
Y.D.06CTBa paccMoTpeHHJI cxeMLI BBe,ll,eHLI BepTHKanLHLie 
KOnOHKH: nepBaJI KOnOHKa 3Be3,ll,O'IeK (*) OT,ll,enJieT 3Ha
'leHHJI 3Hepru8 y -nepexo.D.OB /caMLIH neBLIH cTon6eu cxe
MLI/ OT OCTanLHOH CXeMLI; OCTanLHLie KOnOHKH CHMBOnOB 
~'I" pacnono)KeHLI B Ka)K,ll,OH 8-H no3HIJ,HH cxeMLI, ecnu 
Ha'IHHaTL C'leT cneBa HanpaBO OT BepTHKanLHOH KOnOHKH 
3Be3.D.O'IeK. Ha cxeMe Ha'lano y-nepexo,ll,a o6o3uaqaeTCH 
CHMBOnOM "0", KOHeiJ, nepeXO,ll,a - CHMBOnOM" *':a npo
Me)KyTO'IHLie n03HIJ,HH 3anonHJIIOTCJI CHMBOnOM "- ". 

llporpaMMOH npe,ll,ycMoTpeuo 'leTLipe Ko3c)c)uuueuTa pac
T JI)KKH ( K K) .D.nH rpac)uqecKoro H3o6pa)KeHHH cxeMLI. 3Tu 
Ko3c)c)uuueuTLJ 3aBHCJIT OT qucna BBO.D.HMLIX ypoBueil (NY): 
l/ ecnuNY..$15, TO KK=8; 
2/ ecnu 15 <NY <30, To KK=4; 
3/ ecnu 30<NY"<6o, To KK,.,2; 
4/ ecnu 60<NY<120,To KK=1. 

YKa3auuLJe 3Ha'leHHJI ,ll,nJI Ko3c)c)uuueuTa KK 03Ha'laJOT, 
'ITO B 3aBHCHMOCTH OT paCCMaTpHBaeMOrO cny'laJI Ka)K,ll,LIH 
ypoBeHL H306pa)KaeMOH Ha AIJ.ITY CXeMLI OTCTOHT OT npe
,ll,LI.ll.YI.Uero Ha 8,4,2 HnH l n03HIJ,HH B COOTBeTCTBHH C l/, 
2/, 3/ uno 4/ 3Ha'leuueM NY. 

Pe3yAbllla111bl pa6olllbl npozpaMMbl 

llporpaMMa 6LJna onpo6oBaHa u npoBepeHa Ha ,ll,aHHLIX 
.D.nJI 'leTLJpex cxeM pacna,ll,a H3 o6nacTH 110,5 A ::; 206 · 
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n v v Cd I IO puMeHeuue 3TOH n~orpaMMhl .D;nH cxeMhl ypoaueu 48 
OITHCaHO B pa60Te / 2 . 

~nH HnnroCTpaUHH rrpaKTHqeCKHX B03MO~HOCTeH npo
rpaMMhl 6hln B3HT npHMep pa3Mei.QeHHH raMMa-nHHHH cpe.D;H 
H3BecTHbiX ypoaueu 82 Pb;06 

ony6nuKoaaHHhlx a pa6o
re /I/ B Kaqecrae BXO.IJ;HhiX 3Hepruu raMMa-nuHHH .D;nH 
y.IJ;o6craa npoaepKH pa6oTbi nporpaMMbi 6hlnH ucnonh30BaHbi 

'I' He 3KCllepHMeHTallbHhle ,IJ;aHHhle pa60Tbl ' . , a COCTaBneH 
HCKyccTBeHHhiH cneKTP raMMa-nepexo.IJ;oB, B npe,IJ;enax owu-
6oK COBITa,IJ;aiDI.QHH C 3KCnepHMeHTanbHhiM. 3TOT ClleKTp 
6hln onpe,IJ;eneH TaKHM o6pa30M, qTO B KaqeCTBe 3HeprHH 
raMMa-nHHHH 6hlnH B3HTbl 3HaqeHHH, BhlqHcneHHbie ITO 
pa3HOCTH 3HeprHH COOTBeTCTBYIDI.QHX ypOBHeH C HCllOllb30-

206 
BaHHeM npH 3TOM CXeMhl rroBHeH H y -nepeXO.IJ;OB 

82
Pb , 

npe.D;no~euuou a pa6oTe I . TaK, uanpuMep, B HCKyccTaeu
HOM cneKTpe npucyTCTByeT nepexo.IJ; 3Hepruu 543,38 K3B 
/ahlqucneuo no pa3HOCTH 3Hepruu cne.IJ;yJOI.QHx ypoaueu: 
1340,38 H 803,0 K3B/, B TO BpeMH KaK 3KCnepHMeHTanbHOe 
3HaqeHHe 3TOH 3HeprHH nepexo,IJ;a paBHO 543,4 K3B. 

Bee OCTallbHbie BXO.D;Hble ,IJ;aHHbie 6binH B3HTbl B COOT
BeTcTBHH c pa6oToH I I I. 

0KouqaTenbHhiH pe3ynbTaT pa6oThl nporpaMMbi 
"SCHEME" - CXeMa l&OBHeH H HCKYCCTBeHHhiX raMMa-

nepexo.D;OB .D;nH 82 Pb - npe.D;cTaaneH ua puc. 1. 
Ha 3TOM pHCYHKe B neBOM CTOn6ue, OT .IJ;eneHHOM OT CaMOH 
CXeMhl 3Be3,IJ;OqKOH ( *), npuBe,IJ;eHbl 3HeprHH raMMa-nHHHH 
HCKyCCTBeHHOrO cneKTpa. 

B ma6A. 1 .IJ;aHbi BXO.IJ;Hhle 3HaqeHHH 3Hepruu ypoaueu, 
HX OWH60K KaK npHMep pacneqaTKH Ha AQllY. 

CpaBHHBaH cxeMy, nonyqeuuyro c noMOI.Qbro nporpaM
Mhl "SCHEME" I puc. 1/, co cxeMOH, npe.D;CTaaneHHOH a 
pa6oTe/I/, BH.IJ;HM xopowee cornacue. CqeTHoe apeMH, 
KOTopoe noTpe6oaanocb .D;nH 3Toro npuMepa, cocTaauno 
2 MUH. 30 c. ua .63CM-6 H 25 c.ua CDC-6400. 

llO.IJ;BO.D;H HTOr, He06XO.IJ;HMO 3aMeTHTb, qTo B pH.D;e 
cnyqaea u3-3a uanuqHH 6onhWHX 3KcnepHMeHTanbHhiX no
rpewuocTeH H3MepeHHhiX 3Hepruu raMMa-nHHHH nporpaM
Ma MO~eT pa3MeCTHTb O.IJ;HY H TY ~e raMMa-nHHHID B He
CKOllbKHX MecTax cxeMhl pacna,IJ;a. B TaKHx cnyqaHx 3Kcne
PHMeuTaTop ,IJ;On~eH caM Ha OCHOBe CBOero OllhiTa, a TaK~e 
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HCllOJILJY.H: HeKOTOpyiO ,D.OllOJIHHTeJILHYIO HH$OpMaiJ;HIO, Ha

npHMep, MYJILTHnonLHOCTL nepexo.n.a, .n.aHHLie y-y -coana

.n.eHHH, ,D.aHHLie, llOJiy1.feHHLie ,D.pyrHMH aBTOpaMH, paJMe

CTHTL TaKOH HeO,D.H03Ha1.fHLIH y-nepeXO,D. B HaH6onee Bepo

.H:THOM MecTe cxeMLI pacna.n.a. 

llporpaMMa "SCHEME" npe.n.HaJHa1.faeTc.H: TaiOKe H .n.n.H: 
COBMeCTHOrO HCllOJILJOBaHH.H: ee C nporpaMMOH THna/2/ 

npu uccne.n.oaaHH.H:X cxeM pacna.n.a .H:,D.ep. 

B JaKJIJO'IeHHe aBTOPLI 6naro.n.ap.H:T n.C.He<l>e.n.LeBy Ja 

llOCTOHHHYIO llO,D.,D.ep:>KKY H HHTepec K pa6oTe, a TaK:>Ke 

H.H.KyxTHHY H H.H.Bopo6Leay Ja noneJHLie coaeTLI npu 

COCTaBJieHHH nporpaMMLI. 

Ta6mma 1 

BxooHwe 3Ha4eHHH sHeprHA ypoBHeA onH 
82 

Pb206 

YpoBeHb 3HeprHH 0wH6Ka 

1 3562.510 .190 
2 3402.270 .180 
3 3278.850 .170 
4 3243.880 .160 
5 3225.080 .150 
6 3016.140 .140 
7 2939.070 .130 
8 2864.360 .120 
9 2826.000 .110 

10 2781.880 .100 
11 2647.500 .090 
12 2383.910 .080 
13 2199.930 .070 
14 1997.480 .060 
15 1683.810 .050 
16 1340.380 .040 
17 803.000 .030 
18 0.000 0.000 
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IlpUAOJICeHUe 

IlopJIOOK 3aOaHUJI exoOHbiX oaHHbiX 

H.n.eHTH$HI<:a Top a nporpaMMe • 

B ci<o6I<ax - KOJIH'IeCTBO 

1.fJieHOB B MaCCHBe 

llO.H:CHeHH.H: 

IZ 
lA 
F 

NG 
NY 
A[ 1 :NG] 
DA[ 1 :NG] 

AIN[ 1 :NG] 
DAIN[ 1 :NGl 

EY[l:NY] 

DEY[l: NY] 

BCL[l:NY] 

N 

NO'f[l:N] 

- Jap.H:,D. MaTepHHCKOrO .H:,D.pa. 

- Maccoaoe 'IHcno MaTepHHCI<oro .H:,D.pa. 

- napaMeTp, I<OTOPLIH MO:>KHO HJMe-

HHTL OT 0,3 ,D.O 3. 
- 'IHCJIO y -nHHHH (NG;:: 200). 
- 'IHCJIO BBO,D.HMLIX ypOBHeH (NY -N ::;120). 

MaCCHB 3HeprHH y -nHHHH. 

- MaCCHB OWH60K HJMepeHHH 3HeprHH 

y -nHHHH. 

- MaCCHB HHTeHCHBHOCTeH y -nHHHH. 

- MaCCHB OWH60K HHTeHCHBHOCTeH 

y -nHHHH. 3TOT MaCCHB BBO,D.HTCH 

C IJ;eJILIO llOJiy1.feHHH Ha BLIXO,D.HOH 

lle1.faTH llOJIHOH HH$OpMaiJ;HH 0 Cllei<:T

pe. 

- MaCCHB 3HeprHH BBO,D.HMLIX YPOBHeH. 

- MaCCHB OWH60K 3HeprHH BBO,n:HMbiX 

ypOBHeH. 

- MaCCHB BeJIH'IHH BepOHTHOCTH CJiy-

1.faHHOCTH ypoBHH /HJIH onpe.n:enHIOT

cH no nporpaMMe " LEVEL" HJIH 

HM llpHCBaHBaiOTC.H: 3Ha1.feHHH 

1,0·10-15 /. 

- 'IHCJIO ypOBHeH, KOTOpble HCKJII01.fa

IOTCH 3KCllepHMeHTaTOpOM H3 Mac

CHBa BBO,n:HMbiX ypOBHeH 

- MaCCHB 3HeprHH ypOBHeH, HCKJ1101.fa

eMbiX H3 MaCCHBa BBO,n:HMLIX ypoa

HeH. 
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