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BBEAEHUWE

dusuyecKoe ABJIEHHE YIPYroro pacceAHHsa Ha Oosbline Ykl HOHOB Ha
AZpax aTOMOB XOpoilo u3BecTHo. TeopeTuyeckoe onMcaHHe 3TOr0O FBJIEHUA
OCTaTOYHO MOJPOOHO HAHO B pa60Te/ 1/ rme mokasaHsl OCHOBHbIE HATpaB-
JIEeHHAl ero IPUKIIAAHOrO HCIIONb30BaHUA. B rocnenHee BpeMs NpUMeHeEHHe
yIpYyroro pacceAHHA B NPUKJIAAHBIX HCCIIENOBaHHAX OOCTHUIJIO OOBLIOTO
pasButuA. MeTon WIHpOKO HMCHOJL3yeTCs IIPH OMNpeNeNIeHHH KOHIIEHTpalHu
4TOMOB, BBHAY TOTO, YTO OH HaeT KOJIMYeCTBEHHble pe3yJbTaThl, HHPOpMa-
LMI0 O pacipeJiejieHHd KOHIEHTpallid aTOMOB Mo riyOuHe obpasua u He
TpebyeT KanuOGpOBKH C HCHOJIB30BaHHEM CTaHAApPTOB. OTH OCOGEHHOCTH
MeTofa MO3BOJIAIOT MPOBOIMTH AHAIM3 CJIOXKHBIX MHOTOCJIOHHBIX 06pa3-
LIOB, KOTOpble HEBO3MOXHO KOJIMYECTBEHHO aHAJIM3UpOBaTh KaKHUM-IHOO0
apyrum cnocobom. Kak mnpaBumo, mnpoBezeHHe KOJHYECTBEHHOrO aHAJIH3a
OKa3bIBAaeTCA CJHLIKOM CIOXKHBIM [JIA BbIYMCIIEHHH BpyuHywo. Tloatomy
ObUTO pa3paGoTaHO HECKOJIbKO BBIYUCIIMTENbHBIX MPOrpaMM [JIA aHajiu3a
CIIEKTPOB YyNpyrero paccesHnud. CyliecTByeT ABa MOOXOna pyu aHanu3le
cnextpa ¢ nomouisio IBM. IlepBrlit nogxol — 3TO NEKOHBOJIOLUA IKCIIEPH-
MEHTAJILHOTO CHEeKTpa, T.e. IOJIyueHHe CrieKTpa., CBOOOIHOIO OT BIMAHUA
byHKIHN pa3peuieHUs CHeKTPOMETPHYecKOro Tpakra. MaTemMaTHuecKHit
anmnapar, HeoGXOIUMBIH 1A MeTORa JeKOHBOJIIOUUH,BECbMa CIIOXKEH U B He-
KOTOPBIX CIyYasX NPUBOOHUT K He(U3HYECKUM pe3yiabTaTaM. B 3Toil cBA3N
TaKOIi MOAXOM He HAlie] LIMPOKOro MPUMEHEHHHA, XOTA HA 3TOM MpPUHLHIIE
[IOCTPOEHa, HallpUMep, MNporpamma, onyOJIMKOBaHHas B pa60T_e/ 2/, CyTs
BTOPOI'0 MONXOHNa COCTOMT B TNOCTPOEHHMH Mojenu oGpasia (KOJIHMYECTBO
M TONUIIMHA CJI0E€B, UX XHUMHUYECKHH COCTaB), AJA KOTOPOro reHepHpyercsa
TEOpeTHUeCKHi CrieKTp. OTOT CMeKTp CPAaBHUBAEIOT C 3IKCIEPHMEHTAJIbHBIM
U TakuM 06pa3oM MOJIyYal0T OTBET Ha BOIPOC, HACKOJILKO Hallle IIpelCcTaB-
neHue o6 obpasue cosmnagaer ¢ HacToAWMM obpasuom. Takoil mogxon peain-
30oBaH B pa6ore/3/. B cBA3M ¢ TeM, UYTO CHEKTp YNPYroro pacCesHus B CIy-
yae MHOTOCJIOMHOM CTDPYKTYpbl MOYKET OKa3aTbCA OYEeHb CJIOXKHBIM, Tpe-
6yercs npensapuresibHaa MHQGOPMallksA, HA OCHOBE KOTOPOHM MOJXKHO 10CT-
pOUTb HauaJIbHyI0 MoOgnenb obpasma. Mcxons M3 NONy4eHHBIX OTKIIOHEHHH
5KCIIEPHMEHTANbHOTO U TEeOPeTHYECKOro CIeKTPOB, MOAMDHULUPYIOT HUCXOH-
HYI0 MOIejlh YU BBIYHCIEHHA MOBTOPAIOT. TakHM 00pa3oM, B HECKOJbKHX
UTepalMAX T[oJlydYaercd Monenb o0pasua, [OJIA KOTOPON TeopeTHYeCKUH
CIIEKTD XOpOIIO COBIaZaeT ¢ 3KCrepUMeHTaIbHbIM. [IpenMyIiiecTBOM TaKoro
noaxona fBJIAETCA €ro YHUBEPCAIbHOCTh. JTHM MeTOLOM MOXXHO aHaJIU3H-
poBaTh 06pa3slbl NpaKTHYeCKH J06OI CTEMmeHu CIOXHOCTH. B HacTosuiei
cTarbe ONUCHIBAETCA nuanorosasa mnporpamma RBSM, B koropoil peamnuso-
BaH JITOPHTM aHa/IN3a CNEeKTPOB ynpyroro pacCesHUs MeTOIOM MOJieJIHpo-
BaHHA TEOPETHYECKOTrO CIeKTpa.



OBIAA CXEMA AHAJIU3A CIIEKTPOB

Ilpu MopenupoBaHMM HcCilefyeMblii o6pasel pa36uBaeTcA MO TJy-
OuHe Ha N cloeB, B Npefenax Kaxaoro uz koropbix dE/dX MOXHO cuMTaTh
MOCTOAHHBIMHU, MaKcHUManbHOe 3HaueHHe N MOXKeT ObITh paBHO 25. Bamaercs
XHMHYECKHH COCTAaB CJI0€B, B KaXXAOM H3 KOTOPBIX MOXET ObITh HO MATH
3JIEMEHTOB. JTH CJIOH HeOOXOAMMO OTJIMYATh OT CO3AAHHBLIX HCIIOIb30BAH-
HOM TEXHOJIOTHed, O KOTODPBLIX peup LIa B MpeablayuieM naparpacde. Cxema
pabots! ¢ mporpammoit RSBM uso6paxena Ha puc. 1. IIpu paGoTe c Heii uc-
MOJIB3YIOTCA CIlenyroline ainl:

*.DAT — daiin ¢ sKCepUMeHTAIBHBIM CIIEKTPOM,

+.EXP.— ¢aiis1 ¢ BXOIHBIMH 3KCHIEPUMEHTATLHBIMH JaHHBIMH,

KyZa BXOOAT SHEPTUA HOHOB,

oAt reomMmerpusa 3KCIIEpUMEHTA,

ren KaIMOPOBKa 3HEPreTHYECKOMH

1 mKanbl, oblllee YKNCJIO WOHOB,

RBST.T RBSD.FTN =EXP RBSM.FTN ResyAsmome nagjamwlinXx Ha MHIIEeHb, Te-
T v

i Y-l S ] B e oot =] bD JIECHBIM YroJI IEeTEeKTOpa, pas-

smomenmob GOMHMX rogeaupoban meop. chexmpa -T§
' n ! peuienue H3MEpHUTEJIBHOTO
[Termmian ] -.m:z TpaKTa, a TaK)Xe OJaHHbIe MO-

oenn obpasna: KOJIMYECTBO,
TOJIIIMHA M CTeXHOMEeTpHUe-
CKHIl COCTaB KaXkIOro CJIOA.

Hdna  cosgaHua  Qaitia
. EXP wucrone3yerca Bcro-
MorarensHas nporpamma RBSD, koropas BeisbiBaer ¢aitn RBST.T. ITocnen-
HHUHA COIEp>XUT HeoOXoaHMble TabJIUYHbIe JaHHbIE AJIA KaXKOIOTO 3JIEMEHTa OT
BOIOpOAa OO BHCMyTa: MODPANKOBBI HOMep 3JeMeHTa, MAacCOBOE€ YHCIIO,
aTOMHas IUTOTHOCTh U naHHble 1o dE/dx. PesynbTaThl pacueToB 3aHOCATCA B
tainer #.PS, x.PD, TS, «.GR, o koropbix Gyner ckasano Hwxke. [Iporpamma
pa3bHra Ha CaMOCTOSTENIbHbIe CerMeHTHI, OCedOBAaTelbHO BhI3bIBaeMbIe B

Puc. 1. Obwas cxema KomnvioTeproil 06paboT-
Kl CReKTPpO8 Ynpy2o DPACCESHHbIX UOHOS.

ornepaTUBHyH MamATb. Ha puc. 2 wn3obpaxeHa CTPYKTypa IMpOrpaMMbl
RBSM, rge:
RBSM1 — BcrnomoraTenbHblii CEerMeHT, coiepXalmil HH)opManmo

00 o0Olluel mocsefoBaTeIbHOCTH MPOBENEHUs ‘aHajln3a, O MOATOTOBKE BXOJa
HaHHbIX, O BbI30Be IOANPOrpaMM B Ka)KIOM W3 CEIMEHTOB M O BHje TpaHC-
JINDOBaHHUA ¥ KOMIWIALMU NPOrpaMMBbl, €CJIH 3TO HEOOXOIHUMO I10JIb30BATE0.

RBSM2 — ocHOBHOI! cer-
MEHT, 00OECIIeUrBaloIII TeHe-
pupoBaHHe cliekTpa. Bo Bpe-
Ms TeHepHPOBAHHA [I0CJIeH0-
BaTe/IbHO BBIYHCIIAIOTCA IMap-
IIUAJIbHbIE CIIEKTPhI OT Kax-
IOro 3JIEMEHTa M KaKHoro
CJIOfl, KOTOphIE 3aTeM 3all-

RBSM

RBSM?2 RBSM3 | RBSM ]
Texepup. xorboaoyus Pesyasmame

[RBSM1

Puc. 2. Ctpyxrypa npoepamasr RBSM.

=

ChIBAIOTCA B OTHEJIbHBIX Qdii-

nax *.PS (cm. puc. 1), cosgaBaeMbIx NpPOrpaMMOH BO BpPeMA ‘BbIYHUCIIEHHHA.
Taxkum e 06pa3oM nmporpaMma co3gaer IJIA KaXAOro NaplHUalbHOrO CHeKT-
pa dain «.PD (cm. puc. 1), rie coaepXHUTCs 1IKana 110 riIyouHe (repeBom

KaHaJIOB B HaHOMeprI) . I‘eHepHpOBaHne MMpOTEKaAEeT CIeayHIHuM 06p3.30MI

1) Ilpexne cBero ormnpenensercd KaHAI, B KOTOPOM HaXOAUTCs Haualb-
Hasd rpaHuna crexrtpa. Haunnas ¢ 3Toll rpaHMubl IJjIf KaXIOro KaHasla BEI-
YHCIIAETCA BBICOTA CIIEKTPA KM IIyOMHa OT IOBEPXHOCTH ob6paslia, NMPHUHAA-
Jlexkalljagd 3TOMY KaHaly. OTOT HUKJI IOBTOPAETCA IO TeX Iop, IOKa BbI-
YHCIIeHHAaA TOJIMHA He OOIbllle TOJIUMHBLI CIIOs, 3aJaHHON B momenu. [Ipo-
Lieflypa MOBTOPsAETCA AJIA KAKA0r0 3J1eMeHTa KOKIOr0 CIIOA.

2) Ilocrme OKOHYaHHA TeHepUpPOBaHUA MapLHAIBHBIX CIIEKTPOB IIOJIb30-
BaTesb pelilaeT BOMPOC, HY>XHO JIM yuecTh BIIMAHUE CTpArTJIMHIa ¥ pa3pelile-
HHA M3MepHUTeNIbHOro TpakTa Ha (opmy crnektpa. Eciu B 3ToM HeT Heobxo-
IUMOCTH, TO TIpOrpaMMa CYMMHpPYeT BCe MaplyajibHble CIIEKTPbl M TaKUM
06p330M co3gaetr MOJIHbIHN CIIEKTp ynpyro paccegaHHbIX MOHOB [IJIA HUCIT0JIB30-
BAaHHON Mopenn o0pa3sla, 3aiiMchbiBaeMblii BO BHOBb co3pgaHHbli daiur . TS
(puc. 1).

RBSM3 — cermeHT, B KOTOPOM YUYHUTHIBAaeTCA BJIUFAHUE CTPArTJIMHIa
M paspelleHHs H3MEpPUTEIBHOI'0 TpaKTa. OTa 4YacTh NPOrpaMMbl BbI3bIBa-
eTcA B cllyyae, e€CJIM IOJb30BaTeNb pemui MoAUdULMPOBaTh TeHepUpOBaH-
HBIH CIIEKTp C yYyeTOM BIJIMAHMA 3THX (PaKTopoB. B mporpamme peanusoBaH
MOAXOJ yueTa CTParrjIMHra, B KOTOPOM MOAUQHUUMPYETCA TOJILKO T'paHUIA.
criekTpa. JTO NpuUONIWKeHHe B GOJBUIMHCTBE CIyyaeB ABJIAETCHA LOCTaTOY-
HO Xopolle#H annpoxcnmauneﬁ/ 1/, Bnuanue paspematomieit CriocoGHOCTH
M3MepUTEJIbHOTO TPaKT4d PeallM30BaHO 3aMEHOH cOoleprKaHMA KaXKIOoro KaHa-
Jla TayCCOBCKUM pacrpelesieHneM ¢ 3a1aHHOM JUCIepCHent.

RBSM4 — cermeHTt BblJAuM pe3yJbTaTOB. Eciu mosib30BaTenb peluaer,
4TO [IOJIyYEHHOE COLJIaCHE TEOPETHUYECKOro M 3KCIIEPUMEHTAJIBHOI'O CIIEKT-
POB JIOCTATOYHO XOpollee U He TpebyeT BLINOJHEHHUA IOCIENYIOIINX HTe-
pauMii, TO Ha 3TOH CTaauH aHaJM3a OH MOXXKET 3alucaTh pe3yJIbTaTbl BBIYMC-
seunit B ¢aitnbl x.GR (puc. 1). INepsas Bepcusa storo ¢aiiia Bcerma co-
IepXXUT TaGNHUbLI C MaHHBIMH 3KCIEpPUMEHTa M IIOJIHOe OMHCcaHUe ‘MOJIesH
obpasna, ¢ MOMOIIBK KOTOPO# I[OJIyUeHO HauiIyulllee corjlacle CIeKTpOB.
B 3TOM e Tabnuue HaXOOWUTCA repecyer KaHanos CIeKTpa Ha TIyOGUHY CI10s
o6pa3lia B HAaHOMeTpax ¥ B aToMax Ha cM2. B crenyiommx Bepcuax daitna
3aIMCHIBAIOTCA 3KCIEPUMEHTAIBHBIA U réopeanecxun CIIEKTPhI WIH YaCTH
3TUX CIEKTPOB;, KOJIMYECTBO 3THX (haliioB ompenesdeT MOIb30BaTeNlb. JTH

(bainel mociie pacreyaTkU MHGOPMHUPYIOT O CTeNeHH JOCTUTHYTOr'O COrJa-

cHA B TabIMuHOM M rpadpuueckom Buzme. ToyHoe cpaBHeHHE CIIEKTPOB MOXeT
OBbITh TPOBENEHO MO TrpadHUecKOMY H300paKeHHI0 yKa3aHHBbIX CIEKTpPOB,
mojyyeHHoMy Ha rpadormnoctpourerne. Takum ke o6pa3oM B ciiyuae HeoO-
XOIUMOCTH MOHO MOJIyYUTh U300pakeHHe U CIIEKTPOB OT OTHAEJbHBIX CJIOEB,
HaxoasAwwmxcsa B Qaimax =.PS.



SAKJIIOUEHHE

Ilns 9BM PDP-11/70 B omnepauuonHoii cucteme RSX-11M-PLUS peanu-

30BAHA NMAJIOTOBAs BbIUMCIMTeNbHaA nporpamMMa RBSM nisi aHanusa sHep-.

TeTHYeCKUX CNIEKTPOB YNPYIO PACCeRHHEIX HOHOB, M3MepAeMbIX Ha INyuKe
" vonop *He unu 1 H.

Tins 3amauHoOil MoTenu o6pa3ua NPOrpaMMa MOJEIUpPYeT TeopEeTHIeCIHi
CHIeKTp M M306paXKaeT ero COBMECTHO C SKCIIePUMEHTAIILHBIM CIIEKTPOM Ha ail-
dasuTHO-IK(pOBOM fHcIUIee. Tonp30BaTeNb MOCNE BU3YaTbHOIO CPABHEHHA
CIKTPOB MOZMGbHIMPYET UCXONHYIO MOJeNs 06pasiia U MOBTOPSAET BIYMCITe-
HHMA [0 TexX NOp, NOKa He MONYYATCA yHAOBIETBOPHMIENBHOE COrIacHe CIeKT-
pos. J151 npoBefienyA pacueToB 0Gpasel pa3GuBaeTCA Ha Iy GUHHbIE CIION HC-
niom 710 25, B KaXKAOM M3 KOTOPBLIX MOYET CONEePXaThCA 10 MATH 371eMEHTOB.
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Hporpamma TSt aHaIu3a CMeKTpOB  * v )
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Orincana nHaHOFOBammLancnnTenLHaﬁ nporpamMma - A aHaIH-

33 CIIOMKHBIX - 'MHOTQCJIOMHBIX O6pA3LOB: Merox paéqe:ra OCHOBaH Ha

. HOHOB H CpaBHeHuy €ro ¢ 3KCIIepPUMEHTAJIbHBIM CHEKTPOM, H3Mes

peHHbIM Ha MyuKe'HOHOB Boiopbnma umu renusi-4. TIpu' npoBenenun
MOJleJIMPOBAHUA YUMTBIBaeT¢A BIIMAHHE Ha (opMy’ citekTpa sHepre-

TUYECKOT'O CTParrjiuyra HOQHOB U paspelleHHsA H3MepUTebHOro

\TpaKTa . IIporpamma HamucaHa Ha sspike ®OPTPAH-77 B omnepa-
LIMOHHOI cucTeme RSX- 11M-PLUS mita 9BM PDP-11/70. "

Pa6ora BeInosTHeHa B HaﬁopaTopnn Hefirponno#, busnku OUSU.
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_I’khamov R.A., Machajdik D.
The Program for Modellmg of the Spectra

° &

. of Backscattered Tons ‘
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'];‘he intéractive cymputer program /for the analysis 'of cemp-

f/lex multllayer samples is described. The method is based bn the

" modelling of the energy spectra of backscattered ions and thexr
- subsequent comparlson with. experlmental ones measured thh pro-
nton or hélium-4 ion beams. The: energy stragglmg of ions and ener-

*‘gy resolt}tlon were taken into account. The developéd program has
'been written in FQRTRAN S77~for PDP-11/70, computer opera,ted/
under RSX- 11M-PLUS system, . ,

g The 1nVest1gatlon has been peérformed at the Laboratory of
Neutron Physics, JINR. ‘ N
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3AKJ/IIOYEHUE

Ilna 3BM PDP-11/70 B onepaunuonnoii cucreme RSX-11M-PLUS peanu-
30BaHa [MAJIOrOBAas BBbIUMCIMTeNbHaA nporpamMa RBSM nna aHanusa 3Hep-
reTHYeCKUX CIEKTPOB YIPYro pacCesHHbIX HOHOB, M3MepAEMBbIX Ha MNyuyKe
nonos He nnu 'H.

Jina 3amaHHON Mopenu obpa3slia mporpaMma MOAEIHpYeT TeOPeTHUECKHUH
CHeKTP ¥ M306paKaeT ero COBMeCTHO € IKCNePUMEHTaIbHbIM CIEKTPOM Ha an-
daButHO-uMdpoBoM muciutee. [lons3oBaTens MOcie BU3YaIbHOTO CPABHEHUA
CHeKTPOB MOAMMUUUPYET UCXOOHYI0 MOAens obpasia U MOBTOPAET BLIYKCIIe-
HUA 0O TexX MOop, MOKa He MOJYUMTCH YOOBIIETBOPHUTENbHOE COrjlacHe CIEeKT-
pos. Jlna nposenenus pacuetos obpasel pa3buBaerca Ha 71y GUHHBIE CJIOM YHC-
710M 00 25, B KaXXIOM M3 KOTOPBIX MOXET COepPKaThCA 10 MATH 3JI€MEHTOB.
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IIporpamma ans aHaauaa crieKTpoB

YIpPYro pacceAHHBIX MOHOB METOAOM MO EIIMPOBAHUS

OmnucaHa puanoroBas BBIMHCIIMTENbHas HpoOrpaMma OJIA aHAJIH-
3a CJIOXKHBIX MHOTOCIOHHBIX 00Opa3uoB. Meron pacuera oCHOBaH Ha
MOOENHPOBAaHUM JHEPreTUYEeCKOro CHEKTpa YUPYro pacCesHHBIX
HOHOB U CpPABHEHMHU €ro € 3KCIEepHMEHTAIbHbIM CIIEKTPOM, HM3Me-
peHHbIM Ha Iy4YKe HOHOB Boaopopa unu renusa-4. [Ipw nposemenuu
MonenupoBaHUuA YYUTHIBAETCA BIHAHUE Ha QOPMy CHeKTpa 3Hepre-
THYeCKOro CTparrJIMHra HOHOB H paspelieHHs HW3MEepUTEJbHOTO
TpakTa . IIporpamMma Hamucana Ha a3bike ®OPTPAH-77 B onepa-
nuoHHoi cucreme RSX-11M-PLUS gna 9BM PDP-11/70.

Pa6ora Beinonxena B JlaGoparopuu HelTpoHHOIM dusnkn OUAU.

Coobriuenne O61LeAMHEHHOr0 KHCTUTYTA AJEPHLIX HecaenoBanmii. JyGua 1987

IlepeBon aBTOpPOB

D’khamov R.A., Machajdik D.
The Program for Modelling of the Spectra
of Backscattered Ions

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-11M-PLUS system.

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