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B uacToRmee apeMR raMMa- cneKTpocKonuR BhiCoKoro 

pa3pClliCHHR ,lJ.aCT B03MO)I(HOCTh Ha6JIKl,lJ.CHHR COTCH nepexo

,lJ.OB npu pacna,lJ.ax R.D.ep. 4eM 6oJihlliC raMMa-JIHHHH o6na

py)l(eHo B CllCKTpe, TCM YTOMHTCJibHCC H CJIO)I(HCC CTaHo

BHTCR npo6JICMa llOCTpOCHHR CXCM pacna,lJ.a. 3Ta 3a,lJ.a'-la 

RBJIRCTCR OC06CHHO CJIO)I(HOH, CCJIH nepHO,lJ. nonypacna,lJ.a 

HJIH aKTHBHOCTh HCTO'-IHHKa HC ll03BOJIHKlT llOJIY'-IHTh )J.aHHhiC 

COBlla,lJ.CHHH. 

Hco6XO,lJ.HMO CKOHCTpyupoBaTb CXCMY ypOBHCH, KOTOpaR 

npHMCT BO BHHMaHHC BCC H3MCpCHHhiC 3HCprHH raMMa

nepCXO,lJ.OB, a TaK)I(C npC)J.BapHTCJihiiYKl HH$opMaUHKl 06 

H3BCCTHhlX 3HeprHRX ao36y)l(.lJ.CHHhlX cocTORHHH R.lJ.Cp. Pe

rneuuc TaKOH 3a)J.a'-IH MO)I(CT 6b1Th npOBC,lJ.CHO Ha ,lJ.OCTaTO'-IHO 

6hiCTpbiX 38M C 6oJiblliOH onepaTHBHOH naMRThKl, TO CCTh 

na MarnuHax Tuna E3CM-6 u CDC-6400. C 3TOHUCJihKlH 

nanucaHa nporpaMMa "LEVEL", KOlopaR RBJIHCTCH ,lJ.aJib

HCHlliHM pa3BHTHCM paHee onucaHHhiX nporpaMM /J-r,, 11/ 

flporpaMMa nanucaHa Ha H3hJKe ct>OPT PAH. 

OnucaHue npo2paMMbl "LEVEL" 

rnaBHOC OTJIH'-IHC aJirOpHTMa npbrpaMMhl "LEVEL" H 

nporpaMMhl pa60Thl /l/ OT npC)J.lliCCTBYKllUHX aHaJIOrH'-IHhlX 

nporpaMM /2-&/ COCTOHT B Y'-ICTC HHTCHCHBHOCTCH raMMa

nepeXO,lJ.OB npH !iJopMHpOBaHHH pa3JIH'-IHhlX KOM6HHal.(HH CYMM 

u pa3HOCTCH 3HepruH: H3BCCTHhlX ypoaueH: Bo36Y)I(.lJ.CHHhlX 

COCTORHHH H)J.Cp C H3MCpCHHhlMH 3HeprHRMH raMMa- nepe

XO)J.OB THna: 
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~~ II . = EYP . + E . ' 1 o1 Yl /1/ 

IP I i = Ey . p.1 - E Yi' /2/ 

I~ 
2 

I . = (E y . + E .) + E e , 1 p.~ y J y 
/3/ 

I~ 3 1 . = [ (E yp .+ E .) + E y£ ] + E ym , 1 ol 'YJ 
/4/ 

r.11.e E yp. i - 3HeprHH H3BeCTHhiX ypoBHeii, a E yj ,Eye, E ym-
3HeprHH raMMa-rrepeXO,IJ,OB. 

Yl.feT HHTeHCHBHOCTeii raMMa-JIHHHH COCTOHT B TOM, 

l.fTO B o6o6ll\eHHOM MaccHBe !BI yKa3aHHhiX Bhillle KOM6HHa

U.Hii IlpHCYTCTBYIOT TOJibKO Te, //1/,/3/ H /4//, ,IJ,Jlfl KOTO

pbiX CYMMapHafl HHTeHCHBHOCTh raMMa-JIHHHH, "IIOKH,IJ,aiO

ll\HX" COCTOflHHe /HHTeHCHBHOCTb pa3pfl,IJ,KH ypOBHfl/, 60Jib

llle HJIH paBHa /B rrpe,IJ,eJiaX 10£1/o/ HHTeHCHBHOCTH, "IIHTaro

ll\eH" COCTOflHHe raMMa-JIHHHH, KOTOpafl yqacTByeT B liJop

MHpOBaHHH KOMfiHHaiJ,HH. BeJIHl.fHHbl ~ l, ~ 2 , ~ 3 H p He 

,IJ,OJI)I(Hbl rrpeBbilllaTb H3BeCTHYIO 3HeprHIO f3-pacrra,IJ,a Q K3B. 

J-13- 3a KOHel.fHbiX 3KCIIepHMeHTaJibHbiX OlllHfiOK BCeX 3Hal.fe

HHii 3HeprHii, yqacTBYIOII.\HX B liJopMHpooaHHH I~ 11 , I~ 2 I , 
I~ 

3
1 H I P l, ocer,IJ,a HMeeTCfl orrpe.IJ.eneHHafl oepoflTHOCTh 

TOrO, l.fTO "KaH,IJ,H,IJ,aT" B ypOBHH, IIOJiyl.feHHbiH H3 3HepreTH

l.feCKHX KOMfiHHaiJ,HH, Bhi3BaH CJiyqaiJ:HbiMH KOM6HHaiJ,HflMH. 

IlporpaMMa "LEVEL" ,IJ,aeT KOJIHl.feCTBeHHOe orrpe,IJ,eJieHHe 

BepOflTHOCTH (BCL),IJ,Jifl Ka)I(,IJ,Oro "KaH,IJ,H,IJ,aTa" B ypOBHH ITO 

liJopMyJie IlyaCCOHa 17, 14/ H OCyll\eCTBJifleT cpaBHeHHe 3TOH 

BepOflTHOCTH C liJOHOBOH (BCF), HaH,IJ,eHHOH H3 Cl.feTa CO cny

qaiJ:HbiM crreKTPOM I 1 I. 
BenHl.fHHa BCF ,IJ,aeT KpHTepHii oT6opa HaH6onee .11.0-

CTOBepHbiX /T .e. HaHMeHee CJiyqaiJ:HbiX/ "KaH,IJ,H,IJ,aTOB" B 

HCKOMYIO CXeMy ypOBHeii. 

IlpH OTpa60TKe rrporpaMMbl 6biJIO BhlflCHeHO, l.fTO BeJIH

l.fHHa BCF He flBJifleTcfl rrocTOflHHoii Ha oceM HHTepoane 

H3MeHeHHfl 3HeprHH ypOBHeH /OT 0 ,IJ,O Q K3B/. Il03TOMY 

fihlJIO pellleHO pa36HTb BeCb HHTepBaJI 3HeprHH OT 0 .IJ.O 

Q K3B ITO 100 K3B H ,IJ,Jlfl BCeX "KaH,IJ,H,IJ,aTOB" B ypOBHH, 

IIOIIa,IJ,aiOIIJ,HX B TaKyiO rpyrrrry, HaXO,IJ,HTb CBOIO xapaKTepH-
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CTHKY BCF. Te "KaH~H~aTLI", ~nH KOTopLIX 6y.D.eT BLmon

HHTLCH yCJJOBHC 

BCL ~ C · BCF ( C < 1), /5/ 

MOryT 6biTb BKJllOlJCHbl B rpynny TaK Ha3biBaCMbiX YCJJOB

HbiX ypOBHCH, lJaCTb H3 KOTOpbiX MO)I(HO 3a~aTb B KalJCCTBC 

HOBbiX onopHbiX ypOBHCH ~JJH BTOpH'IHOrO ClJCTa no 3TOH )I(C 

nporpaMMC, 'ITO ~aeT B03MO)I(HOCTb HaUTH HOBhiX "KaH~H

~aTOB" B HCKOMYlO CXCMY ypOBHCH. 

KonH'iCCTBO noBTopHhiX clJeToB no nporpaMMe "LEVEL" 
C BBC~CHHCM Ka)l(~biH pa3 HOBbiX HaH~CHHbiX onopHbiX 

ypoBHeii Bhi6HpaeTCH caMHM 3KcnepHMCHTaTopoM ~nH Ka)l(

~oro KOHKpeTHoro cneKTpa. 

llporpaMMa "LEVEL" O~HOBpeMeHHO onepHpyeT C 3500 
KoM6HHa:U.HHMH I 1/-/4/ THnoB. 

E>noK- cxeMa nporpaMMhi H3o6pa)l(eHa Ha puc. 1. 

CmpyKmypa npo2paMMbl 

llporpaMMa "LEVEL" nocTpoeHa TaKHM o6pa30M, 'ITO 

ronoBHaH nporpaMMa B npo:u.ecce pa6oTw BM3MBaeT cne

~YIO~He no~nporpaMMhi: 

1/ XREAD - BBO~HT KOHCTaHThi /:u.enLie, ~eiicTBHTCJJh

HbiC HJJH XOJJCpH4CCKHC/ COrJJaCHO 3a~aHHOMY B o6pa~CHHH 
cnHCKY ~aHHhiX. 3Ta no~nporpaMMa o6ecnelJHBaeT 6ec$op

MaTHhiH BBO~ ~aHHbiX. BBO~HMbiC KOHCTaHTbl Ha neptiJoKapTe 

pa3~CJJHIOTCH 3anHTbiMH. 

2/ GMYIN - npeo6pa3yeT MaccHB BBO~HMMX 3HeprHii 

raMMa-nHHHii Am, r~e I MeHHCTCH oT 1 ~o NG I NG 
lJHCJJO raMMa- JJHHHH B HCXO~HOM CUCKTpe/. 3Ta no~npo
rpaMMa HCKJJIOlJaCT H3 3a~aHHOro MaCCHBa 3HeprHH raMMa

nHHHH A(l) raMMa-nHHHH MaccHaa INOTI, TeM caMLIM 

nony'laH HOBbiH MaCCHB !AI. liCKJJIOlJalOTCH raMMa-nHHHH, 

CBH3aHHbiC C nepexo~aMH MC)I(~y H3BCCTHbiMH jonopHMMH/ 

ypoBHHMH. 3aTeM no~nporpaMMa GMYIN nepecTpaHaaeT 

HOBLIH MaccHB I A I no nopH~KY y6LIBaHHH HHTCHCHBHOCTeu 

raMMa-nHHHH. 3TO ~enaeTCH ~JIH TOrO, lJT06M npH COCTaB-

6 

JJCHHH pa3JJH'IHbiX KOM6HHa:U.HH BCCX 'ICTbipex THnOB B nepBylO 

O'lepe~b yqaCTBOBaJJH HaH6onee HHTCHCHBHMC raMMa-nH

HHH, T .K. OHH HaH6onee ~OCTOBCpHbl H TO'IHCC H3MepeHbl /1 3/. 

3/ CLM - ~aeT B03MO)I(HOCTL nony'IHTL BMecTo Hcxo~

Horo raMMa- cneKTpa cnyqaoHLIH HJJH aapHa:U.HOHHLIH cneKT

phi /I I cocTaBneHHLie c HcnonL30BaHHeM Ta6nH:U. HopManL-
' I I HO pacnpe~eneHHLIX cnyqaoHLIX 'IHcen 8, • 3Ta no~npo-

rpaMMa ocy~ecTBnHeT npeo6pa3oBaHHe 3HeprHii raMMa

nHHHii MaccHBa Am cne~yiO~HM o6pa3oM: 

a/ ~nH I= 1: 

A(}) II OBoe ~ A( 1) HCX OW IOU + AM· DA<l) • X <Ill), /6/ 

6/ ~nH (l+ U 
/6/ 3aMCHHCTCH 

3~CCb AM -

3HeprHH raMMa- JJHHHH [H B Bblpa)I(CHHH 

Ha (Ill+ Il, a HH~CKC } - Hal+lH T.~. 

K03$$H:U.HCHT, KOTOpbiH 3aBHCHT OT Ba-

pHaHTa 3a~alJH, T.e. 

AM Lt, - ~nH 3KcnepHMeHTanLHoro cneKTpa 

- ~nH BapHa:U.HOHHoro cneKTpa 

- ~nH cnylJaiiHoro cneKTpa. 

/7/ 

DND-norpernHOCTh H3MepeHHH 3HeprHH raMMa-nHHHii; Ill
nopH~KOBMH HOMCp Ta6JJH4HOrO 3Ha4CHHH, HalJHHaH C Ko

TOporo HCllOJlb3yCTCH Ta6JJH:U.a HOpMaJJbHO pacnpe~CllCH

HhiX cnyqaiiHLIX 4HCCJJ 18 / ; X (Ill) - Ta6nH4HOe 3Ha4eHHe, 

COOTBCTCTBYlO~ee HOMepy Ifl. 

4/ f)()S - npOBO~HT ~OnOJJHHTCJlhHYIO o6pa6oTKY MaCCH

BOB ~~ 1 ! , !L 2 ! , I~ :1 I /B nporpaMMe OHH o6o3HalJCHhi 

H~CHTH$HKaTopaMH SliMl , SCM2 , SlJM:~ cooTBCTCTBeH

Ho/. ~OnOJJHHTCJlbHaH o6pa60TKa 3aKJJIOlJaCTCH B llOHCKC 

"o~HHaKOBbiX" /B npe~eJJaX norpelliHOCTCH/ lJJJCHOB BbllliCyKa-

3aHHbiX MaCCHBOB H B npHnHCbiBaHHH 3THM lJJJCHaM C~HHOH 

CYMMapHOH HHTCHCHBHOCTH. 3TO ~enaeTCH no aHanorHH 

C TCM, KaK 6MJJO npH BBC~CHHH nOHHTHH "HHTCHCHBHOCTb 

. YPOBHH" I I/. 
5/ FACS - ocy~ecTBnHeT noHCK a6coniOTHO coana~aiO

~HX BCJJHlJHH CpC~H KOM6HHa:U.HH THna /3/, 3aTCM THna /4/. 
B pe3ynLTaTe TaKoro noHcKa H3 MaCCHBOB SUM2(l) HJJH 

SUM3(1) BLI'IepKHBaeTcH Ta H3 coBna~aiO~HX KOM6HHa:U.HH, 

HHTCHCHBHOCTb KOTOpOH 60JJblliC. 
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Cne~yeT OTMeTHTh, qTo a nporpaMMe npe~yeMOTpe& 
BhiBO~ OKOHqaTellhHhiX pe3yllhTaTOB Ha nep4Jopal.I,Hl0 1 ~nH 

TOrO qTOfihi HMeTh B03MO:>KHOeTh B ~anhHeHWeM HeiTOllh30-
BaTh ux npu pa6oTe e nporpaMMaMH aaToMaTuqeeKoro no
eTpoeHHH exeM ypoaue:H u raMMa-nepexo~oa H~ep. 

Onucauue Maccuea ucxooHbiX oaHHbiX 

Hexo~Hhie ~aHHhie BBO~.!ITe.!l e nep$oKapT. 3uaqeHH.!I 
aeex aenuquH Ha nep$oKapTax pa3~enHIOTe.!l 3aiT.!IThiMH a 
eooTBeTeTBHH e Tpe6oaaHH.!IMH no~nporpaMMhi XREAD, Bee 
~aHHLie paenonaraiOTe.!l a ene~yiOII.J,eM nop.!I~Ke: 

8 

PE - KnJOq nep4Jopauuu. 

IZ 

IA 
NG 
NY 
Q 
VM 

DB 

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

AIN[1:NG] 
DAI~11:NG] 

EY[1:NY] 
DEY[1:NY] 

EIN[1:NY] 

Eenu PE=O, To nep4Jopauuu HeT, 
eenu PE=1, TO nep4Jopal.I,H.!I eeTh. 

- 3ap.11~ .11~pa, ~nH KOToporo nporpaMMa 
onpe~en.!leT 3Hepruu ypoaHe:H. 

- Maeeoaoe queno .11~pa. 
- queno raMMa-nuuu:H /3~eeh NG <200 /. 
- queno onopHhiX ypoaue:H /3~eeL NY-:s_30 /. 
- 3HepruH ~-paena~a. 
- napaMeTp, KOTOphlH OfihlqHo npHHHMaeM 

paBHhiM 1, HO ero MO:>KHO H3MeH.!ITh B 
npe~enax 0, 5 :::_ VM :::_ 2. 

- HaHMeHhWee H3 3HaqeHHH norpeWHOeTeH 
H3MepeHHH 3HeprHH raMMa-nHHHH. 

- MaeeHB 3HeprHH raMMa-nHHHH. 
MaeeHB OWHfiOK H3MepeHHH 3HeprHH 
raMMa-nHHHH. 
MaeeHB HHTeHeHBHOeTeH raMMa- llHHHH. 

- MaeeHB OWHfiOK H3MepeHH.!I HHTeHeHBHO
eTeH raMMa-nHHHH. 

- Maeeua 3Hepru:H onopHhiX ypoaue:H. 
- Maeeua owu6oK H3MepeHH.!I 3Hepru:H onop-

HhiX ypoaue:H. 
- MaeeHB "HHTeHeHBHOeTeH OITOpHhiX ypoa

HeH". 3a "HHTeHeHBHOeTh ypoBHH" npu
HHMaeTC.!I eyMMapHaH HHTeHeHBHOeTh 
raMMa-nepexo~oa, yxo~HII.J,HX e eooTBeT
eTBYIOII.J,ero ypOBH.!I. 

RE - K03lPlPHI.J,HeHT ~nH BaphHpOBaHHH OWHfiOK 
H3MepeHH.!I 3Hepru:H raMMa-nuuu:H. Eenu 
RE=l, TO nporpaMMa pa6oTaeT e uexo~
HhlM eneKTpoM 3Hep~u:H raMMa-nepexo
~oa H HX 3KenepHMeHTanhHhiX OWHfiOK. 

N - queno raMMa-nHHHH, KOTOphie HY:>KHO 
ueKnJOqHTh H3 Maeeuaa 3Hepru:H raMMa
nepexo~oa A[1~NG] (N 5. 99). 3To queno 

BBO~HTe.!l B eOOTBeTeTBHH e 4JopMaTOM: 
FORMAT <12). 

NOT[LN] - 3HeprHH TeX raMMa-nHHHH, KOTOphie ene
~yeT HeKnJOqHTh H3 Maeeuaa A(1 ;NG) 
/eenu N;£0 /. 

IH - nop.!I~Koaw:H HOMep Ta6nuquoro 3Haqe
HH.!I, HaquHa.!l e KOTOpOrO HeiTOllh3yeTe.!l 
Ta6nuua uopManLHO paenpe~eneHHhiX 
enyqa:HHLIX queen. 

AM - K03$$uuueHT, aenuquua KOToporo 3aau-
euT OT aapuaHTa 3a~aqu /eM. Bhipa)l(eHue 

7/. 
C - K03lPlPHI.J,HeHT, BXO~.!III.I,HH B yenoaue OT-

6opa KaH~H~a TOB B ypOBHH /5/. 
BCF[1: NN1] - Maeeua 4Jouoao:H aepo.!ITHOeTH enyqa:H

Horo eoana~eHH.!I KOM6HHai.J,HH (NN1=Q:100). 
3TOT MaeCHB BKnJOqaeTe.!l BO BXO~Hhle 

~aHHLie TOnhKO ~nH enyqa.!l, Kor~a AM::; l 
X [1 : 300] - Ta6nuua, aKnJOqaiOII.J,a.!l a ee6.11 300 Hop-

ManLHO paenpe~eneuuwx enyqa:HHLIX 
qucen/8/. BBO~HTe.!l B eOOTBeTeTBHH e 
4JopMaTOM: FORMAT(5(F6.3)). 

Onucauue eb!XOOHOU umjjopMat~uu 

IJeqaTh napaMeTpOB H pe3ynLTaTOB H~eT B ene~yiOII.J,eM 

nopH~Ke: 

1. t{aeTh BXO~HhiX ~aHHhiX 

IZ, lA, NG, NY, Q, N, NOT[1·N], 
0603HaqeHH.!I KOTOphiX eoana~aiOT e eOOTBeTeTByiOll.I,HMH 
o6o3uaqeHH.!IMH npe~hi~yii.J,ero pa3~ena. 
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2. BBO,lJ.HMbiH cneKTp raMMa-JIHHHH, B KOTOpbiH He 
BKJIIO'!eHbl ::mepruu raMMa- nepexo.D.OB HJ Mac cuBa NO'IL l:N] 
/no CTOJI61]aM/: 

ENERGY - 3HepruH raMMa-nepexo.D.OB. 
ERROR - ouiH6KH 3Hepruu raMMa-nepexo.D.OB. 
INTENSITY - HHTeHGHBHOCTb raMMa- JIHHHH. 
ERROR - ouiH6Ku HHTeHCHBHocTeu raMMa- JIHHHH. 
3. 3Ha'!eHHH napaMeTpOB: 

C, Ill, AM, DB, VM. 
4. Ecnu AMI 0, TO uMeeTCH cne.D.YIOll]aH ne'!aTb: 
a/ Ta6nuua MaccuBa X[lll: III+ NG-11, 
6/ noJiy'!eHHbiH CJiy'!aHHbiH UJIU Bapuai]HOHHbiH cneKTp 

raMMa-nepexo.D.oB /no.D.o6Ho n.2/. 
Ecnu AM=O, To ne'!aTb a/, 6/ OTCYTCTByeT. 
5. XapaKTepucTHKH onopHbiX ypOBHeu /no cTon6uaM/: 
ENERGY - 3HepruH Ja.D.aBaeMbiX onopHbiX ypoBHeu. 
EHHOH - owu6Ku 3Hepruu onopHbiX ypoBHeH. 
INTENSITY - HHTeHCHBHOCTb onopHbiX ypoBHeH. 

6. )l.anee ne'!aTaiOTCH HeKOTOpbie BCnOMOraTeJibHbie Be
JIH'!HHbl, HaJBaHHH MaccuBOB, HanpuMep: M = !100 , SliM 1 , 
DSUM 1 , SIN! . 

7. MaccuB Benu'!HH NCLll:NNll: 
NCL - cpe.D.Hee '!ucno KoM6uHauuu, KoTopoe npu-

XO.D.HTCH Ha e,l].HHHI]y 3HepreTU'!eCKOrO 
HHTepBana B rpynne no 100 K3B. 

8. Ta6nuua, B KOTopou co,l].ep)J(aTcH ocHOBHbie peJynb-
TaTbi pa6oTbi nporpaMMbi: 

ENERGY 
ERROR 
INTENSITY 
NC 

- 3HeprHH HOBbiX ypOBHeH. 
- norpewHocTu onpe.D.eneHHH 3THX 3Hepruu. 
- HHTeHCHBHOCTU 3THX ypoBHeH. 
- '!HCJIO CBH3eH nony'!eHHbiX ypOBHeH C 

,lJ.pyrHMH YPOBHHMH. 
RELIABILITY - .D.OCToBepHOCTb ypoBHeu, KoTopaH on

pe,l1.eJIHeTCH cyMMOH a6COJUOTHbiX Benu
'!HH HHTeHCHBHOCTeH raMMa-nepeXO,lJ.OB, 

ECL 
CBHJaHHbiX C 3THMH ypOBHHMH. 

- BepOHTHOCTb CJiy'!aHHOCTH HaH,lJ.eHHbiX 
ypOBHeH. 

9. )l.nH BapuaHTOB 3KCnepuMeHTaJibHoro /peaJibHoro/ 
u aapuauuoHHoro cneKTpOB nocne Ta6JIHIIbl, onucaHHOH B 
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n. 8, neqaTaeTCH uenaH CTpoKa CHMBOJIOB II II II II. 
fiocne 3TOH CTpOKH BbiBO.D.HTCH Ha neqaTb 3HaqeHHe 4JoHOBOH 
aepoHTHOCTH (BCF), a JaTeM Ta6nuua, no.D.o6HaH Ta6nuue 
n. 8, HO ,l].JIH YCJIOBHbiX ypoBHeH, qbH BepOHTHOCTH CJiy'!aH
HOrO COBna,lJ.eHHH KOM6HHai]HH (BCL) Y.D.OBJieTBOpHIOT yc

JIOBHIO /5/. 

IlpuMepbJ ucnOAb306aHu.R npozpaMMbl 

llporpaMMa 6hma OTJia)J(eHa u onpo6oBaHa npu paJ
JIHq!JbiX 3Ha'!eHHHX BXO,l].Hli]HX napaMeTpOB CHa'!aJia Ha 
UCKYCCTBeHHbiX cneKTpax ypOBHeH U raMMa-nepeXO,lJ.OB, 
a JaTeM Ha peaJibHbiX ,l].aHHbiX .D.JIH H.D.ep Pb206, Cd 107, 

Cd ll o Sb 127 . 82 1H 
48 ' Sl ' 

fipu OTpa60TKe nporpaMMbl HCnOJib30BaJICH UCKyCCTBeH-
HbiH CIIeKTp, xapaKTepHCTHKH KOTOporo B3HTbl U3 pa6o
Tbl /1 I. OKOH'!aTeJibHbie peJyJibTaTbi o6c'!eTa 3Toro cneKTpa 
no nporpaMMe "LEVEL" npuBe.D.eHbi B ma6A. 1. B nepBou 
KOJIOHKe 3TOH Ta6JIUI]bl nO,l]. HaJBaHHeM "HCKOMbie ypOBHU" 
npuBe,l].eHbl JaBe,lJ.OMO U3BeCTHbie 3Hepruu ypoBHeH UCKYCCT
BeHHOH cxeMbi. HMeHHO 3TH 3Hepruu ypoaHeu /c y'!eToM 
norpewHocTeu/ .D.OJI)J(Ha onpe.D.eJIHTb nporpaMMa B npouecce 
CBOeH pa60Tbl KaK HaH6onee ,lJ.OCTOBepHbie KaH,l].U,l].aTbl B 
UCKOMYIO cxeMy ypoBHeH. Bo BTOpOH, TpeTbeH U '!eTBepTOH 
KOJIOHKaX ma6A. 1 npHBe,lJ.eHbl pe3yJibTaTbl nOHCKa 3THX 
ypOBHeH no nporpaMMe "LEVEL" ,lJ.JIH paJJIH'!HbiX BapHaH
TOB. 4ucno onopHbiX ypoBHeu 6biJIO paBHO 5. Hx 3Hepruu: 
0; 110,9; 308,42; 512,80 U 673,25 K3B. 3Ha'!eHUH napa
MeTpOB: IH = 0, AM =0, VM = 1 , DB= 0,026. 

3Hepruu ypoBHeu, .D.JIH KOTOpblx BCL, BCF, T .e. ypoa
HH, KOTOpbie He Bbi,lJ.eJIHIOTCH Ha,l]. 4JoHOM cnyqaHHbiX ypoB
HeH, Bbl,lJ.eJieHbl 3Be3,l1.0'!KOH cnpaaa OT HaH,lJ.eHHOH 3Hepruu 
KaH,lJ.U,lJ.aTa B ypOBHH. 

B KpyrnbiX CK06Kax yKaJaHa aenuquHa aepoHTHOCTH 
cny'laHHOCTH Han.D.eHHoro ypoBHH <BCL). TaK, HanpuMep, 
.D.JIH BapuaHTa c RE= 1, r.D.e ecTb yqeT HHTeHcHBHOCTeu, 
,lJ.JIH Hau,lJ.eHHOrO YPOBHH C 3Heprueu 237,54 K3B BenuquHa 
BCL= 0,3·10-8 /eM. KonoHKY 2 ma6A. 1/. l.JeM MeHhllle 
BeJIH'!HHa BCL no cpaBHeHHIO c BCF, TeM c 6onhweii 
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,ll;OCTOBepHOCTbiO Mbl MO)I(eM npHHHTb 3TOT ypoBeHb B Ka

qeCTBe KaH,JJ;H,JJ;aTa B HCKOMYIO cxeMy ypoBHeii. T .e., qeM 

fiOJlhiiie Cpe,JJ;H HaH,JJ;eHHbiX ypOBHeii TaKHX, KOTOpbie noMe

qeHbl 3Be3,JJ;OqKOH HJlH COBCeM He npOHBHJlHCb, TeM Xy)l(e 

pe3ynhTaTHBHOCTb nporpaMMhi. Mbi He 6y,JJ;eM npoBO,JJ;HTh 

cpaBHeHHH nonyqeHHhlX pe3yJlhTaTOB C pe3yJlhTaTaMH pa

fiOTbl /I I T .K. nporpaMMa pa6oThl /l I 3aBe,JJ;oMo ,JJ;onycKa

eT PH,JJ; yn'po~eHHH, KOTOpbiX JlHWeHa nporpaMMa "LEVEL", 
J-13 CpaBHeHHH pe3yJlhTaTOB HCCJle,JJ;OBaHHH nporpaMMbl 

"LEVEL" Ha HCKYCCTBeHHbiX cneKTpax MO)I(HO C,JJ;enaTb 

cne,JJ;YIOII.\He BbiBO,JJ;hi. 

1. qeM ToqHee H3MepeH cneKTp, TeM 6onhwe HCKOMbiX 

ypOBHeH C XOpOWeH ,ll;OCTOBepHOCTbiO HaXO,JJ;HT nporpaMMa. 

3TO BH,ll;HO, HanpHMep, H3 paCCMOTpeHHH pe3yJlbTaTOB BTO

poii H TpeTbeH KOJlOHOK ma6A. 1. llpH yBenHqeHHH OWHfiOK 

H3MepeHHH :meprHii raMMa-nepexo,JJ;oB B 1,5 pa3a /Ba

pHaHT c RE=1,5/ qHcno ypOBHeii, Haii,JJ;eHHbiX c nnoxoii 

BepOHTHOCTbiO /noMeqeHhl 3Be3,JJ;OqKoii/, yBenHqHJlOCb 

B ,JJ;Ba pa3a. 

2. BapHaHT 6e3 yqeTa HHTeHCHBHOCTeii raMMa-nHHHii 

fihm cocTaBneH H npocqHTaH cnei.J,HanbHO, qTo6bi npoBepHTh, 

,JJ;aeT JlH BbiHrpbiW yqeT HHTeHCHBHOCTeH raMMa-nepexo

,ll;OB npH pa6oTe TaKoro po,JJ;a nporpaMM, Be,JJ;b Bee npe,JJ;

wecTBYIO~He nporpaMMbl /2-6, l4/ 3TO yCJlOBHe He yqH

TbiBanH. BhlHCHHnocb, qTo BhiHrpbiW ecTb. TaK, npH pac

CMOTpeHHH BTOpOH H qeTBepTOH KOJlOHOK ma6A. 1 BH,ll;HO, 

qTo npH yqeTe HHTeHCHBHOCTeii raMMa-nepeXO,JJ;OB H3 22 
HCKOMbiX ypOBHeii nporpaMMa Hawna C xopoweii ,JJ;OCTOBep

HOCTbiO /T .e. c Manoii BenHqHHoii BCL no cpaBHeHHIO c 

BCF I 18 ypoBHeii, B To BpeMx KaK BapHaHT nporpaMMhl 6e3 

yqeTa HHTeHCHBHOCTeH raMMa-nepeXO,ll;OB H3 22 HCKOMbiX 

ypoBHeii onpe,JJ;enHn c xopoweii ,JJ;OCTOBepHOCThiO TOJlbKO 

6 ypoBHeii. KpoMe Toro, qHcno ypoBHeii, npe,JJ;naraeMbiX 

nporpaMMOH 6e3 yqeTa HHTeHCHBHOCTeH, B 2 pa3a fiOJlbiiie, 

qeM C yqeTOM HHTeHCHBHOCTeii. 

3. Hapx,JJ;y c onpe,JJ;eneHHeM HCKOMhiX ypoBHeii nporpaM

Ma Bhl,JJ;aeT px,JJ;"JlO)I(Hhlx"/1/ , ,JJ;nH KOTOpbiX BCL < BCF, HX 

nonyqHnocb 15. 3HeprHH 3THX ypoBHeii He npHBe,JJ;eHhl B 

ma6A. 1, T .K. npH T~aTenhHOM aHanH3e Bcero px,JJ;a 3Hep

rHii ypOBHeii, KaK yKa3aHHbiX B ma6A. 1, TaK H "J10)1(HhlX", 
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BbUICHHJIOCb, 'iTO "JIO)I(HbiC" ypOBHH OTCCHBaJOTCH H3 "KaH

)J.H,lJ.aTOB" B HCKOMYJO CXCMY ypoBHCH. Tll(aTCJlbHbiH aHaJIH3 

npOBO)J.HTCH cneuuaJIHCTOM- cPH3HKOM nyTeM pa3MCU(CHHH 

BCCX H3BCCTHhlX raMMa-nepeXO)J.OB cneKTpa MC)I()J.y onop

HbiMH H HaH,lJ.CHHbiMH no nporpaMMC "LEVEL "ypOBHHMH, 'iTO 

MO)I(HO .D.eJiaTh no nporpaMMe "SCIIEMh "/ 10/ HJIH BPY'~HYJO. 
flpH 3TOM BbiHCHHCTCH, 'iTO HCKOTOpbiC H3 KaH)J.H)J.aTOB B 

ypOBHH OKa3bJBaJOTCH 6e3 CBH3CH C )J.pyrHMH ypOBHHMH, T.e. 

c uux "He yxo.D.HT" HH O.D.Ha raMMa-JIHHHH. TaKue ypoBHH, 

KaK npaBHJio, uaxo.D.HTCH B PH.D.Y "JIO)I(HbiX". KpoMe 3Toro, 

npH anaJIH3C peaJibHbiX cneKTpOB cPH3HK MO)I(CT npHBJIC'ib 

)J.aHHbiC y-y -coBna)J.CHHH, pe3yJibTaTbl, noJiy'ieHHbiC )J.py

rHMH 3KcnepuMeHTaTopaMH, a TaK)I(e )J.aHHbie MYJihTHnonb

HOCTH nepeXO)J.OB, cnHHOB H 'iCTHOCTCH paHCC H3BCCTHhlX 

ypOBHCH. I10,1J.06HOC paCCMOTpCHHC )).aCT B03MO)I(HOCTb HC

KJIKl'iHTb "JIO)I(HbiC" ypOBHH H3 cnHCKa HaH,lJ.CHHbiX no npo

rpaMMC ypoBHCH H IIOJIY'iHTb TaKyJO CXCMY, KOTOpaH He 

npOTHBOpe'iHT H3BeCTHbiM )J.JIH 3TOrO H)J.pa 3KCnepHMCHTaJib

HbiM )J.aHHbiM. 

4. 6hrJio BhiHCHeHo, 'iTO nporpaMMa He onpe.D.eJIHeT uc

KOMble ypOBHH, KOTOpbie COBCCM He CBH3aHbl C BBO)J.HMbiMH 

B HCC OIIOpHbiMH ypOBHHMH, a CBH3aHbl TOJlbKO O)J.HHM HJIH 

.D.BYMH MaJIOHHTeHCHBHbiMH nepeXO,lJ.aMH C HeonopHbiMH ypoB

HHMH. TaK, HanpHMep, HC npOHBHJICH ypoBeHb 3HeprHH 

1209,7 I<:JB )J.JIH HCKYCCTBeHHOro cneKTpa, pe3yJibTaTbl o6-

C'ieTa KOToporo npuBe,lJ.eHbl B ma6A. J. 
)J.JI>I HJIJIJOCTpaUHH HCnOJib30BaHHH )J.aHHOH nporpaMMbl 

npHBO.D.HTCH pe3yJibTaThi o6c'ieTa peaJibHoro cneKTpa raM-

Ma- nepexo.D.OB, nony'ieHHoro npu pacna.D.e , _ i\g 
11

Om 
I t , 

IT 12 = 250 ON./ 11 It • 3Hepruu u HHTeHCHBHOCTH raMMa-

nepeXO,lJ.OB C HX 3KCnepHMeHTaJibHbiMH OlliH6KaMH npe)J.CTaB

JieHbl B ma6A. 2. 3ua'ieHHe 3HeprHH /J -pacna.D.a Q = 
= 3011 K:JB /l 2/. B Ka'iCCTBe onopHbiX 6biJ1H B3HTbl BOCeMh 

ypOBHCH: 0; 657 ,72; 1475, 72; 1542,38; 2162,58; 2219,92; 

2479,86 H 2926,58 K:JB. 06c'ieT 3THX ,lJ.aHHbiX BeJICH B CJie

.D.YJOU(eM nopH.D.Ke. Bo-nepBbiX, 6biJI npoc'iHTaH BapuaHT 

cJiy'iaH:uoro cneKTpa c napaMeTpaMu Ill= 10, Al\1= 15, B pe-

3YJibTaTe '!ero 6hiJ1H noJiy'ieHhi 3Ha'ieHHH BCF .D.JIH Ka)l(,lJ.Oro 

3HepreTH'iCCKOrO HHTCpBaJia no 100 K:JB. Ha OCHOBC noJiy

'ieHHbiX 3Ha'ieuuH: BCF npoBe.D.eH o6c'ieT BapuauTa peaJih-

14 
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uoro cneKTpa I ma6A. 2/. IIporpaMMa "LEVEL ':Bbi.D.aJia cnucoK 

KaH.D.H.D.aToB B cxeMy ypoBHeii 48 Cd 11 0 ,cocTOHIUHH H3 

67 ypoBueH:, B KoTopoM 3aBe.D.OMO HMeJOTCH "JIO)I(Hbie". 

McKJIJO'ieHue "JIO)I(HbiX" ypoBHeH: npoBO.D.HJIOCb B HeCKOJibKO 

3TanoB C noMOU(bJO nporpaMMhl "SCHEME" )J.JIH pa3Mell(e

HHH raMMa-JIHHHH cneKTpa cpe)J.H H3BCCTHbiX ypoBHeii I lO/. 

II pH 3TOM nocne o6c'ieTa .D.aHHhiX no nporpaMMe "SCHEME" 
nony'ieHHaH cxeMa ypoBHeii u raMMa-nepexo.D.OB HCCJie.D.o-

Ta6mma 2 

3uepnnl H HHTeHCHBHOCTH raMMa-rrepexonoB pacnana 
47
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Pac. 2. CxeMa ypoBHeli a y-rrepexonoB 48
Cd l!O 

, I 

BanaCh C npHBJieY:eHHeM ,IJ,aHHhiX y- y - COBna,IJ,eHHH / 9 I , 

TeM CaMhiM onpe,D,emiJICH BXO,IJ,HOH CllHCOK MaCCHBa lNOTl yp. 
,IJ,JIH cne,IJ,yro~ero :nana o6cY:eTa. 

KaK pe3yJihTaT npoBe,IJ,eHHMX uccne,IJ,oBaHHH, npHBO.D.HM 
OKOHY:a TenhHYIO cxeMy ypoBHeil H raMMa- nepexo,IJ,oB 4 8 Cd Il o 
B TaKoM BH,IJ,e, B KaKoM nonyY:aeM ee Ha AU,IIY nocne o6cY:e
Ta no nporpaMMe "SCHEME 'J puc. 2/. 

HH:>Ke npe,D,CTaBJieH npe,D,naraeMhiH cnHCOK :meprHH 
/B 1oB/ KaH,IJ,H,IJ,aTOB B cxeMy ypoBHeil 48 Cd

11 0 
, ux 

ouiH6oK H BeJIHY:HH ECL nocne oKOHY:aTenhHoro o6cY:eTa 

no nporpaMMe "SCHEME". 

16 

t 

LEVEL ENERGY ERROR BCL 

2947.766 .266 .3E-03 
2 2926.580 .080 .1E-15 
3 2793.751 .439 .3E-06 
4 2561 .. 300 .080 .7E-02 
5 2479.860 .070 .1 E-15 /8/ 
6 2219.920 .060 .1 E-15 
7 2162.580 .050 .1 E-15 
8 1783.500 .105 .3E-02 
9 1542.380 .040 .1E-15 

10 1475.720 .030 .1 E-15 
11 657.720 .020 .1E-15 
12 0.000 0,000 .1 E-15 

Cne,IJ,yeT OTMeTHTh, 'ITO onopHMM ypoBHHM 3aBe,IJ,oMo 
npunHChiBaeTcH BepoHTHOCTh cnyY:aHHOCTH: ECL= 0,1· 10 -Is. 

llopH,D,KOBMe HOMepa ypOBHeH Ha puc. 2 COOTBeTCTBy
IOT HOMe paM ypoBHeil H3 •CTon6.u;a no,IJ, 3aronoBKOM LEVEL 
CnHCKa /8/. 

Ilo cpaBHeHHIO c pe3yJihTaTaMH pa6oThi /II/ npe,IJ,nara
eTCH ,IJ,Ba HOBhiX ypOBHH: /2947 ,766±0,266/ K3B H 
/2793,751±0,439/ K3B. BepoxTHOCTh cnyy:aifHocTH 3THx 
ypOBHeH (BCL) paBHa COOTBeTCTBeHHO: 0,3 .10-3 no cpaB
HeHHIO c <boHOBOH BCF = 0,6·10 -l H 0,3·10 - 6 no 
cpaBHeHHIO c <boHoBoil BCF = 0,6·10- 1 

• 

IIpe,IJ,naraeMhiH ypoBeHh 2947,766 K3B c TOY:KH 3peHHH 
OfihiY:HOrO nOCTpOeHHH CXeM He HBJIHeTCH y6e,IJ,HTeJihHhiM, 
T.K. "OCHOBhiBaeTCH" TOJihKO Ha O,IJ,HOM y·nepexo,IJ,e 
386,6 K3B. 0,IJ,HaKO npH MaUIHHHOM nOCTpOeHHH 3TOT 

• ypoBeHh OCHOBaH <iJaKTHY:eCKH Ha HeCKOJihKHX KaCKa,IJ,aX THna: 

EonopH.+ E yl + Eyz <+E y.J). 
HanpuMep: 
1/ 1542,38 + 10.18,70 + 386,60 = 2947, 68 /K3B/ 
2/ 1475,72 + 744,20 + 386,60 = 2948, 02 I K3B/ 
3/ 657,72 + 1085,70 + 266,40 +937,47=2947,29 /K3B/ 

H T.,II,. 

XOTH Y:aCTh H3 3THX KaCKa,IJ,OB B OKOHY:aTeJihHOH CXeMe 
H He npHHHTa, HO He HCKJIIOY:aeTCH nOJIHOCThlO, T .K. HeJih3H 
YTBep:>K,D,aTh, 'ITO B KOHeY:HOH CXeMe BhiHBJieHhl BCe npoMe
:>KYTOY:Hhie ypoBHH. 
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0TMCTHM TaK)I(C, 'ITO npH o6C"'CTC no nporpaMMe"lEVEL" 
eme llOHBllHeTCH ypoBeHb 2780,72±0,21 jBCL=0,4.10-S /, 
KOTOpbiH CBH3aH .I(BYMH y-nepeXO.I(aMH,219,70H997,10 K3B, 
C H3BeCTHbiMH ypOBHHMH 2561,30 H 1783,50 K3B COOTBeT
CTBeHHO. IJpHXO.I( y -nHHHH Ha yKa3aHHbie ypoBHH no HH
TeHCHBHOCTH HeCKOllbKO npeBbiiiiaeT CYMMapHylO HHTeHCHB
HOCTb YXO.I(HlUHX C ypOBHeH y-nHHHH. 3TO npeBbllllCHHC 
HaXO.I(HTCH B npe.nenax 2-3 CyMMapHbiX OIIIH60K HHTCH
CHBHOCTeH, TaK 'ITO ypOBCHb 2780,72 MO)I(HO paCCMaTpHBaTb 
KaK BllOllHC npHeMneMbiH /B CXCMY puc. 2 3TOT ypOBCHb 

HC BKlliO'iCH/. 
B npe.ncTasneuuoii cxeMe I puc. 2/ pa3Memeuo 24 

y- ncpexo.na. Cpasneuue co cxeMoii pa6oTbi /1 !/ noKa3biBaeT, 
YTO y.nacTcH .nononnuTenbHO pa3MeCTHTh TPH y-nepexo
.na: 386,6; 133,20; 1252,0 K3B H, no-BH.I(HMOMy, eme .I(Ba: 

219,7 H 997,1 K3B. 

Mawunuoe spcMH, KoTopoe noTpe6osanocb .nn» 3Toro 
npuMcpa, cocTasuno 17 MUH ua MaiiiHHe (DC -0400. 

11TaK, nporpaMMa "LEVEl," .naeT OCHOBHYIO qacTb pe
allbHbiX ypOBHeH, CMeWaHHbiX C llO)I(HbiMH H cnyYaHHbiMH. 
AnanH3 scex nonyYeHHbiX ypoBHeii· no nporpaMMe "SCJIE~lE" 
C npHBneYCHHeM .I(aHHbiX 0 )~}' - COBlla,I(eHHHX ll03BOllHCT 
BbiHBHTb ocuosuyro qacTb peanbHbiX yposneii. TaKHM o6-
pa3oM, cosoKynuocTb .nsyx nporpaMM "LEVEL"+ "SCHEME" 
ll03BOllHCT nepe6paTb, B OCHOBHOM, BCe BapHaHTbl 3Hepre
TH'ieCKHX KOM6HHaUHH, He OCTaBnHH COMHCHHH 0 B03MO)I(
HbiX ynymeuu»x, ueu36e)I(HbiX npu pyYnoii nepe6opKe. CoM
neuu» TaKoro po.na HBllHIOTCH o6biYHbiMH npu paccMOTpe
HHH npaKTH'ieCKH n1060H ny6nHKyeMOH B llHTepaType CXeMbl 
pacna.na c 6onhiiiHM KonuYecTBOM raMMa- nepexo.nos /I~/·. 

Tunuquoe speMH cqeTa no nporpaMMe "LEVEL" o.n
uoro sapuauTa ua MaiiiHHe li3CM-6 cocTaBnHeT 50-60 MUH, 

a ua CDC-6400 - 15-20 MUH. 

B 3aKnroqeuue asTophl 6naro.napHT ll.C.He¢e.nbesy 3a 
nOCTOHHHYIO no.n.nep)I(KY H HHTepec K pa6oTe, a TaK)I(C 
11.H.KyxTHHY H H.H.Bopo6beBy 3a none3Hbie coseThi npu 

cocTasneHHH nporpaMMhi. 
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