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<I>H3HqeCKOe RBJIeHHe ynpyroro pacceaaaa na õorrsurae yrrna HOHOB na 
anpax aTOMOB xopomo H3BeCTHO. Teoperasecxoe onncanae 31'01'0 HBJIeHHR 
,nOCTaT04HO rronpoõno nano B pa60Te/ 1 /, rne noxasaasr OCHOBHhle aanpan­
JIeHHR ero npmcnanaoro HCnOJIb30BaHHR. B nOCJIenH~e BpeMR nparaeaenae 
ynpyroro pacceanaa B npnxnannsrx HCCJIenOBaHI1RX nOCTHrJIO 60JIbWOrO 
pa3BHTHR. Meron umpoxo HCnOJIb3yeTcR npn onpeneneaan KOI-úJ,eHTpaUHH 
aror-ioa, BBHny Toro, 41'0 OH naer KO.JI.H4eCTBeHHhle peaynsrarar, HHcPopMa­
IJ,HIO o pacnpenenenaa KOHl,J;eHTpaIJ,HH aTOMOB no rJIy6HHe oõpaaua H ne 
rpeôyer KaJm6pOBKH c HCnOJIb30BaHHeM crannaproa. 31'11 oc06eHHocTH 
MeTO,lI,a n03BOJIRIOT npoaoznrrs aHaJIH3 CJIO)KHbIX MHOrOCJIOH:HhIX 06pa3­
IJ,OB, xoropsre HeB03MO)KHO KOJIH4eCTBeHHO aHaJIH3HpOBaTb KaKHM-JIH60 

. ztpyr-nr-r cnocoõor-r. KaK npa.BHJIO, npoaezreaae KOJIH4eCTBeHHoro aHaJIH3a 
OKa3blBaeTCR CJIHllll(OM CJIO)KHhIM nJIR BhltIHCJIeHHH: BPY4HYIQ. TI03TOMY 
6hIJIO pa3pa60TaHO HeCKOJIbKO Bhl4HCJIHTeJlhHhIX nporpaMM nJIR aaanasa 
cnexrpoa ynpyroro pacceaaaa. Cyurecrnyer rraa nonxona ripa aHaJIH3e 
cnercrpa c nOMOll~bIO 3BM. TIepBhIH: nonxon - 31'0 neKOHBOJIIOIJ,HR srccnepn­
MeHTaJIbHOrO cnexrpa, T.e. nOJIYQeHHe cnexrpa, caoôonaoro 01' BJIHRHHR 
$YHKUliH paspemeaaa cnercrpor-rerpavecxoro rpaxra. MaTeMaT114ecKHl'i 
armapar, He06xonHMhlH: ,lJ,JIR MeTo,na neKOHBOJIIOUHH,BeCbMa CJIo)i(eH H B He­
KOTOpblX CJIYQaHX npnaoznrr K He<pH3H4ecKHM pe3YJII;>TaTaM. B 3TOH: CBR311 
TaKOH nonxon ne nauren uraporcoro npHMeHeI-ÍHR, XOTR na 3TOM n~HHIJ,Hne 
rrocrpoeaa, nanpnxrep, nporpar-nvra, ony6JIHKOBaHHaR B paõore" /. CYTb 
aroporo nonxozra COCTOHT B nOCTpoeHHH MOneJIH 06pa31J,a (KOJIH4eCTBO 
H TOJImHHa CJIOeB, HX XHMH4eCKHH: COCTaB), nJIR xoroporo reaepapyerca 
TeOpeTHQeCKHH cnexrp, 31'01' cnexrp Cpa.BHHBaeIOT c 3KcnepHMeHTaJIbHhlM 
H TaKHM 06pa30M nOJIY4aIOT OTBeT na aonpoc, HaCKOJIbKO aaiue npencraa­
JIeHHe 06 06pa3IJ,e coananaer c HaCTORI.l.J,HM 06Pa3UOM. TaKoH nonxon peana­
30BaH B pa60Te/ 3 / . B CBR311 c TeM, 41'0 cnexrp ynpyroro pacceaaaa B CJIY­
xae MHOrOCJIOH:HOH: crpyxrypsr MO)KeT OKa3aTbCR 04eHb CJIO)KHhIM, rpe­
ôyerca rrpenaaparensaaa HH<P0PMaIJ,HR, na OCHOBe KOTOpOH MO)l<HO nOCT­
pOHTb I-Ia4aJIbHYIO MOneJIb oõpasua. Hcxona H3 nonysenasrx OTKJlOHeHHif 
3KcnepHMeHTaJIbHOrO H TeopeTH4ecKoro CneI<:TpOB. MonHcPHIJ,HpYIOT HCXO.ll­
HYIO MOneJIb H BhItIHCJIeHHR nOBTopRIOT. TaKHM 06pa30M, B, HeCKOJIbKHX 
HTepaul1JIX nOJIyqaeTCR MO)J.eJIb oõpaaua, nJIR KOTOpOH: TeopeTH4eCKHH 
cnexrp xopouro connanaer c 3KcnepHMeHTaJIbHhlM. Flpeavryutecrnor-t raxoro 
norrxona RBJIReTCR ero YHHBepCaJIbHOCTb. 3Tl1M MeTo,noM MQ)KHO aHaJIH3H­
ponars 06pa3IJ,bl npaKTHQeCKH JI1060H: CTeneHI1 CJIO)i(HQCTH. B aacroauieã 
crarse onHChIBaeTCR nHaJIOrOBaR nporpavnra RB8M, B KOTOpOH: peaJIM30­
BaH arrroparr-i aHaJIH3a cnercrpoa ynpyroro pacceaaaa vreronor-r MO)J.eJIlipO­
BaHI.f1I TeopeTH4ecKoro cnexrpa. 



OEmAHCXEMAAHAflM3ACTIEK1'POB 

TIpH MOAenHpOBaHHH nccnenyer-rsrá oõpasen pa36HBaeTCR no r ny­
6HHe na n cnoea, B npenerrax Ka)KAOrO H3 KOTOpblX dE/dx MO)KHO C4HTaTb 

rrax *.P8 (CM. pHC. 1), C03AaBaeMhlX nporparar-roá BO BpeMH 'BhI4HCJIeHHH. 
1'aKHM xce 06pa30M nporpar-rr-ra C03AaeT AJIR Ka)KAorO napUHaJIhHOrO cnercr­
pa cPafuI *.PD (CM. pHC. 1), rne COAep)KHTCR uncana no rJIy6HHe (nepenon 
KaHaJIOB B nanor-rerpsr) , I'eaepapoaaane nporercaer CJIeAYIOmHM 06pa30M: 

nOCTORHHbIMH. MaKCHMaJIbHOe snaneaae n MO)KeT õsrn, paBHO 25. 3aAaeTcR 
XHMH4eCKHH COCTaB cnoea, B Ka)KAOM H3 KOTOpblX MO)KeT õsrn, AO nRTH 
3neMeHTOB. 3TH CJIOH He06xOAHMO OTJIH4aTb 01' C03AaHHhlX HCnOJIb30BaH­
HOH TeXHOJIOrHeH, O KOTOphlX pess turra B npensrnyuier-r naparparpe. Cxer-ra 
paõorsr c nporpar-nroã R8BM H306pa)KeHa na pHC. 1. TIpH paõore c HeH HC­
nOJIb3YIOTCR CJIeAYIOmHe cPaHJIhl: 

*.DA1' - cPaHJI c 3KcnepHMeHTaJIbHhlM cnexrpor-r, 
*.EXP.- cPaHJI c BXOAHblMH 3KcnepHMeHTaJIbHhlMH AaHHhIMH, 

KYAa BXOART 3HeprHR HOHOB, 
reovrerpaa arccnepar-reara, 
KaJIH6pOBKa 3HepreTH4~cKOH 

uncarn,r, oõrnee 4HCJIO HOHOB, 
naAaIOIUHX na MHllleHb, Te­
JIeCHhlH yrOJI zierexropa, paa­
peuienne H3MepHTf'JIbHOrO 
rparcra, a TaK)Ke ztaaasre MO­
AeJIH oõpasua: KOJIH4eCTBO, 

Puc. I. Oõiua» cxeua KOMnb/oTep1l0U oõpaõor­ TOJII..UHHa H CTeXHOMeTpH4e­
teu cnetctpoe ynpyeo paccesnnux uouoe. CKHH COCTaB rcazcztor-o CJIOR. 

,UJIR C03AaHHR cPaHJIa 
* .EXP HCnOJIb3yeTcR acno-

MOraTeJIbHaH nporpavnaa RB8D, KOTOpaF.I asrasmaer cPafuI RB81'.1'. TIoCJIeA­
HI1H COAep)KHT He06xOAHMhle Ta6JIH4Hhle nanasre .n;JIR rcazcnoro 3JIeMeHTa 01' 
aonopona AO BHcMYTa: nopRAKOBhIH HOMep 3JIeMeHTa, MaCCOBoe 4HCJIO, 
aTOMHaR I1JIOTHOCTb H zraaasre no dE/dx. Pe3YJIbTaThl paC4eTOB 3aHOCRTCR B 
cPaHJIbI *.P8, *.PD, *.1'8, *.GR, o KOTOphlX 6YAeT CKa3aHO HH)Ke. Ilporpararaa 
pa36HTa na caMOCTORTeJIbHhle cerraearr,r, nOCJIeAOBaTeJIbHO asrasmaer-nae B 
onepaTHBHYIO navrart.. Ha pHC. 2 H306p~eHa CTpYKTypa nporpar-rr-na 
RB8M, rzre: 

RB8M1 - BcnOMOraT€JIbHhlH cerr-rear, coztepxcarnaà HHcP0PMa.Q.1ll{) 
06 06meH nocneAOBaTenbHOCTI1 nponeneaaa 'aaanasa, o nonroronxe BXOAa 
.uaHHbIX, o Bhl30Be nonnporpar-rr-r B Ka)KAOM 113 cerMeHTOB H o BHAe TpaHC­
JIHpOBaHHR H KOMnHJIRI~HH nporpaMMbI, eCJIH 31'0 He06xOAHMO nOJIb30BaTeJIIO. 

RB8M2 - OCHOBHOH cer­
MeHT, 06ecne4HBaIOmHH reae­
pHpOBaHHe crrercrpa. Bo ape­
MR reHepHpOBaHHR IlOCJIeAO­
BaTeJIbHO BhI4HCJIRIOTCR rtap­
naarn.asre cnercrpsr 01' rcaxc­
ztoro 3JIeMeHTa H Ka)KAOro 
CJIOR, xoropsre, 3aTeM sana­

':1


1) TIpe)KAe caero onpeAeJIReTCR KaHaJI, B KOTOpOM HaXOAHTCR Ha4aJIb­

HaR rpaaana crrercrpa. Ha4HHaR c 3TOH rpaaansr AJIR tcaaczroro KaHaJIa Bhl­

4HCJIRe1'CR BblCOTa cnercrpa H rnyõaaa 01' nOBepXHOCTH oõpasua, npnaan­

rrexcauiaa 3TOMY KaHaJIY. 31'01' UHKJI nOBTopReTcR AO rex .nop, noxa asr­


JJ
 4HCJIeHHaR TOJImHHa ne 60JIbIlle 1'OJIml1HbI CJIOR, 3aAaHHOH B MOAeJIH. TIpo­

uenypa nOBTopReTcR nJIR rcazcztoro 3JIeMeHTa Ka)KAOrO CJIOR. 

2) TIocJIe OKOH4aHHR reaepapoaaaaa napuaansm.rx CneI<:TpOB nOJIb30­
Ba1'eJIb pemaer nonpoc, HY)KHO JIH Y4eCTb BJIHHHHe crparr-naara H paapeüre­
HHH H3MepHTeJIbHOrO rparcra na cPOPMY cnercrpa. ECJIH B 3TOM HeT neoõxo­
AHMOC1'H, TO 'nporpar-naa CYMMHpyeT ace napuaarrsnsre cnercrpsr H TaKHM 
06pa30M c03Aae1' nOJIHhIH cnercrp ynpyro pacceaansrx HOHOB AJIR H<.:nOJIb30­
BaHHOH MOAeJIH' oõpaana, aanacsraaer-rsrã BO BHOBb C03AaHHhlH cPafuI *.1'8 
(pHC. 1) . 

RB8M3 - cerraear, B KOTOpOM Y4H1'hIBae1'CR BJIHRHHe crparr-mmra 
H paspeureaaa H3MepHTeJIbHOrO rparcra. (ha 4aCTb nporpaxovrsr asrasraa­
e1'CR B CJIY4ae, eCJIH nOJIb30BaTeJIb peunrn MOAH<PHU;HpOBaTb reaepapoaaa­
HhlH cnexrp c Y4eTOM BJIHRHHR 3THX cPaK1'opOB. B nporpavoae peaJIH30BaH 
nonxon Y4eTa crparr'naara, B K01'OpOM MOAHcPHU;HpyeTcR TOJIbKO rpaaaua 
cneKTpa.· 31'0 npH6JIH)KeHHe B 60JIbIllHHC1'Be CJIY4aeB RBJIRe1'CR AOCTaT04­
HO xopouieã annpOKCHMaU;HeH11 I . BJIHRHHe paspeurarotneü cnoc06HOCTH 
H3MepHTeJIbHOrO rparcra peaJIH30BaHO 3aMeHoH cOAep)KaHHR Ka)KAOrO xana­
JIa raYCCOBCKHM pacnpeneneanevr c 3aAaHHOHAHcnepCHeH. 

RB8M4 - cerr-iear BblAa4H pe3YJIbTaTOB. ECJIH nOJIb30BaTeJIb peuiaer, 
4TO nOJIY4eHHoe COrJIaCHe reopernxecxoro H 3KcnepHMeH1'aJIbHOrO cnexr­
pOB AOCTa1'04HO xopouiee H ae rpeõyer Bblno,JIHeHIDI nOCJIe.n;YIOmHX H1'e­
paUHH, TO na 3TOH CTaAIDi aHaJIH3a OH MO)Ke1' aanacars pe3YJIbTaThI BhI4HC­
JIeHHH B cPaHJIbl *.GR (pHC. 1). TIepBaR BepCHR aroro cPaHJIa acerna co­
ztepxorr Ta6JIHUhl c ,naHHhIMH axcnepavreara H nOJIHOe OnHCaHHe °MOAem1: 
oõpasna, c nOMOmbIO xoropoú nOJIY4eHO HaHJIY4111ee COrJIaCHe cnercrpoa, 
B 3TOH xce Ta6JIHue HaxOAHTtR nepecxer KaHaJIOB cnexrpa na rJIy6HHY CJIOR 
oõpasna B naaor-rerpax H B aror-rax na CM2 . B CJIe.n;YIOmHX BepCHRX <paHJIa 
3anHCbIBaIOTCR 3KcnepHMeHTaJIbHhIH H 1'eope1'H4eCKHH cnercrpsr HJIH 4aCTH 
3THX cnercrpoa; KOJIH4eCTB9 3THX <palíJIOB onpezterraer nOJIb30BaTeJIb. 3ni 

I) 
.cPaHJIhI nOCJIe pacnesarxn HHcP0PMHPYI01' O CTeneHH AOCTHrHY1'oro cor-na-
CHR B Ta6JIHtIHOM H rpacPH4eCI<:OM BHAe. TO~IHoe CpaBHeHHe CneKTpOB MO)KeT 
6hlTb npoaeneao no rpacPH4eCKOMY H306pa)KeHHIO yxaaaansrx cnercrpoa,

\)	 nOJIY4eHHoMY na rpadiorrocrpotrrene. 1'aKl1M xce 06pa30M B cnyuae He06­
XOAHMOC1'H MO)KHO nOJIY4HTb H306pa)KeHHe H cnercrpoa 01' OTAeJIbHhIX CJIOeB, 
HaXOARmHXCR B cPaHJIaX *.P8. 

Pue. 2. CTPYKTJ'pa npocpawstu RBSAf. CbIBaIOTCH B OT.n;eJIbHhIX cPaH­

2	 3 



3AKJlIOQEHI1E 

,llnH 3BM PDP-l1/70 B Onep~HOHHOH CHCTeMe RSX-11M-PLUS peana­
30BaHa ,IJ;HanOrOBaH BhItlHCJIHTenbHaH nporpar-rwa RBSM ,IJ;JIH aaanasa saep-. 
rerasecrcax CneKTpOB ynpyro paCCeHHHbIX HOHOE, H3MepHeMblX na rrynxe 
HOHOp 4 He HJm: 1 H. 

llnH 3a,ll;aHHOH MOneJlH oõpaaua nporpasnaa MO,~eJmpyeT TeOpeTHqeCI<:HH 
cnercrp 11 H306paJKaeT ero COBMeCTHO c ,3KcnepHMeHTanhHhIM CneKTpOM na aJI­

Q:>aBHTHO-UHQ:>pOBOM rracnnee. I10JIb30BaTeJ1b nocrre BH3YaJlhHOrO CpaBHeHI1H 
cn.~K'rpOB MO,ll;H<pHu,MpyeT HCXO,ll;HYlO Mo,u:eJlb oõpaaua H nOBTopHeT BbIql1Cne­
HIUl no Tex nop, noxa ae nonymrrca y,nOBneTBopHTenbHoe cornacne cnexr­
pOB. llJlR npOBe,1J,eHHH paCtIeTOB oõpasen pa36HBaeTCH na rny611HHble cnOI1 qHC­
nOM no 25, B Ka)J:(,ll;OM H3 I<:OT{)PbIX MOiKeT conepxcarsca no nHTI1 3JIeMeHTOB. 

JJHTEPATYPA 
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11 Mo.n;eJItIpoBaH;HH' saepreravecxore cnexrpa -ynpy~o pacceaaasrx . 
" BOHOB H CpaBHeHHt! ero ,C 3KcnepHMeHTaJIbHhIM cnexrposr, 'H3Me,. 
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,	 r " ,,, '" THqeCKOrO crparr-naurà HqHOB H .paspemeaaa H3MepHTeJtllHoro, 

'\ I \ Tp~KTa. Ilporpasoaa aanacaaa aa H3!>FKe <I>OP'rPAH-77 B onepa-

I,' ~~OHHOH CHCTeMe RS~-llM-PLU~ JJJiH'3BM PDP-ltl70. \ ' 
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3AKJIIOqEHHE 

llnR 3BM PDP-11/70 B onep~HOHHOH cHcTeMe RSX-llM-PLUS pea.rm-

30BaHa .[IHanoroBaH Bhil!HCJIHTeJihHa.R nporpaMMa RBSM LIJ1R aHaJIH3a 3Hep­

reTHl!eCKHX cneKTpOB ynpyro pacceJJHHhiX HOHOB, H3MepReMbiX Ha nyl!Ke 

HOHOB 
4 

He HJ111 
1 
H. 

llJIR 3a,[laHHOH MO,[IeJ111 o6pa3Ua nporpaMMa MO,[IeJIHpyeT TeopeTHl!eCKI1H 

cneKTp 11 11306pa)!(aeT ero COBMeCTHO C 3KCnep11MeHTa.TihHbiM cneKTpOM Ha a.TI­

cpaBI1THO-U11cppOBOM LII1Cnnee. Donh30BaTeJ1h nocne BH3Ya.TihHoro cpa.BHeHI1R 

cneKTpOB MOLII1tP11UHpyeT HCXOLIHYJO MO,[IeJib o6pa3L{a 11 llOBTOpReT Bhll!I1CJie­

HI1R LIO TeX nop, noKa He llOJIYlllfTCR YLIOBJieTBOp11TeJihHOe cornac11e cneKT­

pOB. llJIR npoBe,[leHI1R pacl!eTOB o6pa3el{ pa3611BaeTCR Ha rny6HHHbie CJIOI1 l!I1C­

JIOM LIO 25, B Ka)!(,[IOM 113 KOTOpbiX MO)!(eT CO.[Iep)!(aThCR ,[10 llRTH 3JieMeHTOB. 

JJJfTI:PATYPA 
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l1nbxaMoa P.A., Ma.xaii.o;HK ,n:. 
llporpaMMa .u;nn aHaJIH3a cneKTpoa 
ynpyro pacceHHHbiX HOHOB MeTO.D;OM MO.D;eJIHpOBaHHH 

Pl0-87-249 

OnHcaHa .o;Hanoroaan BbiiJHCJIHTeJibHaH nporpaMMa AJIH aHaJIH-
3a CJIO:>KHbiX MHOrOCJlOHHbiX o6pa3I.J;OB. MeTO.D; paCIJeTa OCHOBaH Ha 
Mo.u;enHpOBaHHH 3HepreTHtJecKoro cneKTpa ynpyro pacceHHHbiX 
HOHOB H CpaBHeHHH ero C 3KCnepHMeHTaJibHbiM cneKTpOM, H3Me­
peHHbiM Ha nytJKe HOHOB BO.D;OpO.D;a HJIH reJIHH-4. flpH npoae.o;eHHH 
Mo.o;enHpoaaHHH ytJHTbiBaeTCH BJIHHHHe Ha <f>opMy cneKTpa 3Hepre­
THIJecKoro CTparrJIHHra HOHOB H pa3pemeHHH H3MepHTeJlbHOrO 
TpaKTa. llporpaMMa HanHCaHa Ha H3biKe <I>OPTPAH-77 B onepa­
I.J;HOHHOH cHcTeMe RSX-11M-PLUS AJIH 3BM PDP-11/70. 

Pa6oTa BbinOJIHeHa a Jla6opaTopHH HeiiTpOHHOH $H3HKH OHHH. 

Coo6IUeHHe 06'be)J;HHeHHoro HHCTHTyTa R:)J;epHhlX HCCRe)J;OBaHHH. ,[ly6Ha 1987 
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of Backscattered Ions 
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The interactive computer program for the analysis of comp­
lex multilayer samples is described. The method is based on the 
modelling of the energy spectra of backscattered ions and their 
subsequent comparison with experimental ones measured with pro­
ton or helium-4 ion beams. The energy straggling of ions and ener­
gy resolution were taken into account. The developed program has 
been written in FORTRAN-77 for PDP-11/70 computer operated 
under RSX-llM-PLUS system . 

The investigation has been performed at the Laboratory of 
Neutron Physics, JINR . 
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