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BBEAEHHE 

Uenb~ HaCTOR~e~ pa60T~ RBnReTCR pa3pa6oTKa MeTOA~K~ paC4eTa 
KOH~eHTpa~~OHHOrO npO~~nR BOAOpOAa ~a OCHOBaH~~ aHepreT~4eCKOrO 

CneKTpa npOTOHOB OTAa4~, 06pa3Y~~XCR np~ 60M6aPA~pOBKe ~ccneAY

eMOrO o6pa3~a nY4KOM ~OHOB 4He c aHepr~eH 2-3 MaB. H3Y4eH~e aTO~ 
npo6neMbl ~MeeT 60nbwoe np~KnaAHoe 3Haqe!!~e, nOCKonbKY np~CYTCT
B~e BOAopoAa OKa3...IBaeT Bn~RH~e Ha 3neKTpH4eCKHe ~ ~H3~KO-X~MH
4eCK~e CBO~CTBa MHor~x MaTepHanOB. YcneWHoe peweHHe 3TOH 3aAa4H 
Tpe6yeT HcnonbaOBaHHR, AnR nonY4eHHR KOHe4Horo peaynbTaTa, npor
paMMbl paC4eTa Ha 3BM. npeAcTaBnReMblH 3AeCb MeTOA paC4eTa rny6HH
HblX pacnpeAeneH~H aTOMOB BOAopOAa OCHOBaH Ha MOAen~pOBaHHH Teo
peT~4eCKoro cneKTpa npOTOHOB oTAa4H 1.1 cpaBHeHHH ero c aKcnepHMeH
TanbH~M cneKTpOM. npH npOBeAeHH;~ MOAen~pOBaHHR Y4HTblBaeTCR Bn~R
HHe Ha ~OPMY cneKTpa aHepreTH4eCKoro CTparrn~Hra ~oHoB4He 1.1 npo
TOHOB OTAa4H, a TaK~e BnHRHHe pa3peweHHR cneKTpOMeTpH4eCKoro 
TpaKTa. OTnpaBHo~ T04KO~ paC4eTOB RBnReTCR aaAaBaeMaR MOAenb 06
pa3~a, KOTopaR Mo~eT 6blTb B npOijecce nOArOHKH H3MeHeHa C ~enb~ 
npH6nH~eHHR MOAenHpOBaHHoro cneKTpa K 3KcnepHMeHTanbHOMY. OKOH
4aTenbHblM pe3ynbTaToM no KOH~eHTpa~HOHHOMY npo~~n~ BOAopOAa RB
nReTcR TOT BapHaHT MOAenH, KOTOPblH 06ecne4HBaeT YAOBneTBopHTenb
Hoe coenaAeH~e TeopeTH4eCKoro cneKTpa C aKcnep~MeHTanbHblM. 

npHBeAeM KpaTKO cxeMy onblTa /p~c. 1/, 60nee nOApo6Hoe onHca
HHe KOTOPOH AaHo e HaweH pa60Te 111. KaK BHAHO 1.13 pHcYHKa, HOHbl 
4He c 3Hepr~e~ E 0 naAa~T Ha M~weHb nOA yrnoM 11 1 K HopMan~ no
BepXHOCTH. npH B3aHMOAe~CTBHH naAa~~Hx ~OHOB C aTOMaM~ BOAopoAa 
06pa3Y~TcR npOTOHbl OTAa4~, KOTopble per~CTp"py~TcR AeTeKTopOM, 
yCTaHoBneHH~M nOA yrnOM 11 K oc~ nY4Ka. KaK B~AHO H3 PHCYHKa, 
Me~AY M~weHb~ 1.1 AeTeKTopOM yCTaHaBnHBaeTcR Af ~HnbTp AnR norno
~eHHR ~OHOB 4He , ynpyro pacce~eaeM~X B HanpaBneH~H AeTeKT~poea
HHR. HOHbl 4He , HcnblT~Ba~~He cTonKHoeeHHR C aTOMaM~ eOAopOAa Ha 
nOBepXHocTH MHweH~, 06pa3Y~T npOTOHbl OTAa4H c aHepr~eH kE o , 
KOTopble nocne npoxO~AeHHR AP. ~~nbTpa perHcTpHpy~TcR AeTeKTopOM 
C 3HeprHe';:; (k Eo)', onpeAenRlOI.IIeH BepXHIO~ rpaHH~y cneKTpa npOTOHoe 
OTAa4H. 3Aecb k - K~HeMaT~4eCKHH ~aKTop oTAa4~: 
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PHC. I. CxeMa On~Ta. 

rAe Ml H M2 - Macca HOHa 4He H npoToHa COOTBeTCTBeHHO. HOHbI 

4 He • AOCTHralOt4He rJly6HHbI Xc 3HeprHe,:i E(x). AaKlT BblxoA npOTO" 

HOB. perHcTpHpyeMbix AeTeKTopOM C 3HeprHei1 E 2(x}. npH 3TOM 3TH 
npOTOH~ Ha nyTLl K AeTeKTOpy HMeKlT COOTBeTCTBeHHO 3HeprHH: cpaay 

nocne cOYAapeHH~ kE , a nOCJle npoxolKAeHHA MHWeHI-1 E l/cM. pHC. 1/. 
3HeprHA perHcTpHpyeMbix npOTOHOB OTAa4H E 2 (x). Bbl6HBaeMb/X C rJly
6HHbI x • onpeAenAeTCA ypaBHeHHeM 

x/co x/co m 

(x) k(Eo - r S(x,) dX') r S(x,dx' - r S(x.')dx.', /21a 	 po 	 o o 

rAe k - KHHeTH4ecKH~ $aKTop. 
B ypaBHeHHH 111: Eo - 3HeprHR nY4Ka HOHOB 4He • BTOPOH 4neH, 

aaKnKl4eHHbI~ B cKo6KH, npeACTaBJlA€T nOTepKl 3Heprl-1H HOHOB 4He, 
npoxoAA~HX nyTb OT nOBepXHOCTH AO rny6HHbI x. TpeTHi1 \.IJleH npeA
CTacnAeT nOTepKl 3HeprHH npOToHoB. npoxoAA~HX nyTb C rny6HHbI x 
AO nOBepxHocTH MHweHH B HanpaBlleHHH AeTeKTHpoBaHHA. 4eTBepTbli1 
4neH npeAcTaBmleT nOTepKl 3HeprH~1 npOTOHaMH At B <jJonbre TOJlII\I1

HO~f m. B YKaaaHHoi1 ¢opMyne Sa ~1 S~ - TopMoaHble cnoco6HoCTH AJlA 
HOHOC 4Ue ~I npOTOHOS OTAa4~' COOTBeTCToeHHO. B AaJlbrlei1weM, npeA
nonaraA, 4TO rny6HHa x HaCTOJlbKO Mana, 4TO B ee npeAeJlaX TopMoa
~ble cnoc06HoCTH nOCToAHHbI, MO*HO nOJlY4HTb CooTHOWeHl-1e, CBR3b1Ba
lOU!ee 3Hepnl!r> Ed x) c rJly6HHo~1 x, C KOTopoil Bbl6HBalOTCA npOTOHbI 
OTAa4H. 3TO COOTHoweHHe HMeCT BHA 

kEo -. (8]x - \E¢, 	 131 
2 

rAe 

(k Eo)'k (E
[S1 + 	 141 

cos (J 1 cos 

Sa H S p onpeAeIleHbI paHee; .-:\ E ¢ - nOTepA 3HeprHH npOTOHOB OT

Aa4H B <jJHIlbTpe. 
PaCCMOTpHM. KaK npOHcXOAHT nOCTpoeHHe TeopeTH4eCKoro cneKTpa 

Ha OCHOBe npeAnOIlaraeMoi1 MOAeJlH 06paa~a. 06paae~ AeIlHTCA Ha TOH

KHe CIlOH TOJlIl\I<1HOi1 '" x. i , Bbl6paHHble TaKI<1M 06paSOM. 4T06b! npOTOHb' 
OTAa41<1. Bbl61<1BaeMbie l<1a aaAHei1 H nepeAHeH nOBepxHOCTei1 CJlOA, na
AaA B AeTeKTOP. HMeIlH 6b1 <jJHKcHpOBaHHYIO pa3HI<1~Y B 3Hepn,1<1 [j E, 
paBHYIO 3HepreTI-14eCKOH WHpHHe KaHaIla B MHorOKaHaIlbHOM aHaJlH3aTO

pe HMnYIlbCOB. 

AJlA CBASH BeJlH41<1HbI [j E C TOIl~HHOi1 1\ X j paccMoTPHM. corIlac-


HO pHC. 2, npoxOlKAeHHe npOTOHOB OTAa4H OT nepeAHei1 H aaAHei1 no-


PHC. 2. CxcMa nOCJlOHHoro paa
6neHHH o6pa3~a AJ1H MOAaITHpOBa
HHH 3HepreTnQecKoro cnCKTpa 
npOTOHOB OTAaQH. 

BepxHocTei1 cnOA x i I< AeTeKTo
py. nYCTb Ha I<1ccIleAyeMb/A cnoH 
xi naAalOT 1<10Hb! 4He C 3Heprl<1eH 

E j • TorAa npOTOHbI oTAa4H OT 
nepeAHei1 nOBepXHOCTI<1 CIlOA B 
HanpaBIleHHI<1 yrJla AeTeKTHposa

HHA 6YAYT HMeTb 3HeprHIOO2 
kE j, a nOCIle npoXOlKAeHI-1A HI~H 

E.c·£' 
_-,---·-1 'e

\-, ' J" 
CIlOA 1\ x j - 3HeprHIO k E j - [j E'~\ ---~--t;:_ -SE 

. \ \E.. rAe 0 E" = (S ( E i )] '" X j , aE " 
.:i)Ell.\ ___ l L

,-- \ 	 paaHI-14 a B 3Heprl-11-1 npoToHoB OT
Aa41-1 npl-1 BblXOAe HX l-1a nepeAHe
ro H aaAHero nOBepXHOCTHoro 

CIlOA. 
3AeCb napaMeTp 3HepreTH4eCKHX nOTepb (S(E j )] onpeAenAeTCA 

no aHanOrHH C 14/: 

k Sg( E i) + ~Ed • 	 151[S(Ej)] '" cos () 1 cos (J 2 

dE 
H ~(k E j) - nOCTOAHHblE'. 3Ha'leHHA AJlA 3HeprHH E i

rAe Ed dx 
HaneTalOIl\HX 1<10HOS . tIe H 3HeprHI-1 h E i npoToHoB OTAa41-1 COOTseT

CTBeHHO. HHAeKc i B YKaaaHHblx COOTHoweHHAX OTHOCHTCA K i-MY 

CJlOIO Ha r Ily6HHe Xi' 
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B AanbHeHWeM npOTOH~ OTAa4H, paCCeRHH~e OT nepeAHeH H 3aAHeH 
nOBepXHOCTeH,Ha B~xOAe H3 MHWeHH 6YAYT HMeTb 3HeprHH EliH Eli-BE' 
cooTBeTcTBeHHo. rAe BE' - pa3HHqa B 3HeprHH npOTOHOB oTAa4H OT 
3THX nOBepxHocTeH npH B~xOAe npOTOHOB oTAa4H H3 MHweHH. nocne 
npoxo*AeHHR $HnbTpa 3TH 3HeprHH H3MeHR~TCR AO 3Ha4eHHH E2i H 

- BE /CM. pHC. 2/. Pa3HocTb 3THX 3Heprl-fH H onpeAenReT BEE 2i 
AanbHeHwHH 3Tan paC4eTa COCTOHT B TOM, 4T06~ B~paSI-fTb BEn 

4epes 3HepreTH4eCKH~ HHTepBan BE Ha n03HUHH E 2 i Ha CneKTpe. 
AnR 3TOro paCCMOTpHM nOTepH 3HeprHH npOTOHOB oTAa4H Ha HX nYTH 
B~xoAa HS MHweHH B HanpaBneHHH AeTeKTHp08aHHR. PaCCMoTPHM ABe 
4aCTHU~, 3HeprHH KOTOP~X cpasy nocne cOYAapeHHH Ha rny6HHe Xj 
OTnH4a~TCR Ha BE". nOTepH 3HeprHH Ha B~XOAHOM nyTH onHC~Ba~TCR 
cneAY~HM 06pasoM: 

Eli 
dEXi - r /6/

COS 8 S(E)
2 k E i 

dE 
rAe S(E) --- - TopM03HaR cnoc06HoCTb AnR npOTOHOB 8 MHweHH. 

dx 
T.K. TO~HHa cnOR AXi Mana no cpaBHeHH~ C rny6HHOH Xj, TO 
MomHO C4HTaTb, 4TO npOTOH~, B~6HBaeM~e COOTBeTCTBeHHO C nepeAHeH 
H saAHeH nOBepXHOCTeH i -ro cnOR, npOXOART B HanpaBneHHH AeTeKTH
p08aHHR OAHHaK08blH nYTb B MHweHH, H MomHO HanHcaTb paBeHCT80 

Eli Eli -BE' 
dE dE

J I /7/ 
kEj S(E) kEj_BE"S(E) 

nOCKonbKY BE" H BE' Manbl no cpaBHeHH~ C kE j H E 1.i , TorAa, 
cornaCHO pa60Te B.K.4y /2/ , MO)KHO 3anHcaTb: 

BE' BE" 

/8/s (E 1. i ) S (kEd 

OTKYAa 

BE" S(kE i) 
/9/

BE' S(E1.i) 

AHanorH4HO, AnR npoxomAcHH.9 npOTOHOB 4epe3 TOPMOSHY~ $onbry MOll{
HO 3anHcaTb, 4TO 
E . . E2 -BE2, 1 t 1 

f 
dE r /10/

S(E) S(E)E 1. j El,i 

4 

H 

BE' S (E i) 
/11/ 

BE S(E 2• j ) 

B KOHe4HOM HTore, nOAcTaBnRR /11/ B /9/, nonY4HM CBR3b MemAY 
pa3HHueH B 3HeprHH .npOTOHOB oTAa4H, B~XOAR~HX COOTBeTCTBeHHO HS 
nepeAHeH H saAHeH nOBepxHocTeH cnOR,H 3HepreTH4ecKoH WHPHHOH Ka-

Hana BE 

8E" SM(kE i ) S cp (E l,i ) 
/12/ 

BE SM(E 1 ·)• I 
S $ (E 2. i ) 

I1HAeKc~ "M" H "$" sAeCb OTHOCRTCR K nOTepRM 3HeprHI1 COOTBeTCT

BeHHO B MHweHH H B $Onbre. 
TorAa, nOACTaBnRR nonY4eHHoe B~pameHHe /12/ B /5/, nonY4HM 

COOTHOweHHe 

SM(E1.j S cp (E 2. i ) 
BE [S(E j )li1Xj, /13/ 

SM (k E i) Scp (E 1• i ) 

KOTopoe Ocy~ecTBnReT CBRSb MemAY WHPHHOH i -ro cnOR ~Xi H WHPH
HOH i -ro KaHana BE 3HepreTH4eCKoro cneKTpa. TaKHM 06pa30M, 
3TO CooTHoweHHe AaeT BOSMO~HOCTb, Ha4HHaR C nOBepxHocTH MHweHH, 
npoBecTH COOTBeTCTBHe MemAY KamA~M KaHanOM 3HepreTH4ecKoro cneK
Tpa H rny6HHoH saneraHHR B o6pasUe cooTBeTcTBY~wero cnOR. 

AanbHeHwHH 3Tan pac4eToB COCTOHT B HaXo*AeHHH CBRSH MemAY B~
cOToH 3HepreTH4ecKoro cneKTpa H 4HcnOM aTOMOB BOAopOAa 8 eAHHH
Ue 060eMa BHYTPH 06pasUa, rAe 06pasy~TcR npoToH~ oTAa4H. KaK 
yme YKas~Banocb paHee, KamAaR 3HepreTH4ecKaR wHpHHa i-ro KaHa
na B MHoroKaHanbHOM aHanHsaTope npeAcTaBnReTcR i-M cnoeM Ton
~HH~ A x j ,c KOToporo HAeT BblXOA B i - H KaHan. n03TOMY 4Hcno 
OTC4eTOB H j B KaHane i onpeAenReTCfl ABYMfl $aKTopaMH: TonwiIlHoi'i 
cnOR t'l.Xj H 4HcnOM aTOMOB BOAopOAa N(x j) B 3TOM cnoe. TorAa, 
y4HT~BaR, 4TO npH yrne naAeHHR > 0 TpaeKTopHR nY4Ka 4epe38 1 

i-H cnoH HMeeT AnHHY AXi/cOS 8 1 , o~ee 4Hcno npoToHoB, AeTeK


THpyeMoe B i -M KaHane, 6YAeT: 

/1H i = a ( E i ) n Q N ( Xi). t'l. Xj / cos () 1 ' 

rAe a (E j) - AH$$epeHUHanbHoe ce4eHHe B~xoAa npOTOHOB oTAa4H, 
B~4HcnReMoe AnR 3HeprHH E i HOHOB 4He ; n - TeneCH~H yron, CTR

rHBaeM~H AeTeKTopoM; Q - 06wee 4Hcno iIlOHOB 4He , naAa~~HX Ha 
MHweHb. C Y4eToM COOTHoweHHfl /13/ MemAY 15 E H t'l. x j 3TO B~pame
HHe MomHO sanHcaTb B BHAe 
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8E SM(kE i ) S (E \,1.) 

Hi a(Ei)OQN(x j ) [S(Ej)]cosO\ S41(E ,d ./151SM(E\,i) 2

3TO B~pameHHe Hcnonb3yeTcA AnA pac4eTa aMnnHTYA~ cneKTpa e i-M 
KaHane. 

np~ MOAenHpOBaHHH Ba*HO opHeHTHpoeaTbCA B 06~HX 3aKOHOMepHO
CTAX onHC~BaeMoro MeToAa. PaCCMOTpHM 3TH 3aKOHOMepHoCTH: 

1. no Mepe Toro, KaK naAa~HH nY40K npoxoAHT 4epe3 00pa3eu, 
YMeHbwaeTCA 3HeprHA HOHOB 4He, B03pacTaeT ce4eHHe npOToHoB OT
Aa4H, ~ Ka K cneAcTBHe 3Toro B03pacTaeT B~xoA Hi' 

2. C APyro~ CTOPOH~, H3-3a 3HepreTH4ecKo~ 3aBHC~MOCTH dE!dx 
3TOT 3$$eKT oYAeT YCHnHBaTbCA Hn~ ocnaonATbcA. 3aMeTHM, 4TO B~

XOA oopaTHo nponOPu~OHaneH K [S(E , )1, 
3. BKnaA B BenH4~Hy BblxoAa OT H3MeHeHHA OTHOWeHH!A SM(kEi)1 

!SM(El,i) H S¢(E l,i)/S¢(E2.dc H3MeHeHHeM 3HeprHH MeHee 3Ha4W 
TeneH no cpaBHeHHIO C a (E i) H l S(Ej )]. 

4. BenH4HHa B~xoAa npaKT~4eCKH He 3aB~CHT OT yrna 01' 3TO 
MOmHO npocneA~Tb nO $opMyne 115/, rAe BenH4HHa [S(Ej)] nponop
UHoHanbHa (cos ( 1 ) 1. 

MOAen~pOBaH~H cneKTpa npoTOHOB oTAa4H HeooxoAHMO Y4HT~
BaTb BnHAHHe Ha ero $OPMY 3HepreT~4eCKoro CTparrnHHra. B paC4e
Tax Hcnonb3yeTcA 60pOBCKoe np~onHmeHHe AnA CTparrnHHra 3HeprH~ 
nocne npOX0*AeHHfl ~OHOM Z 1 cnOA Be~eCTBa C aTOMHblM HOMepOM Z 2 
H aTOMHOH nnOTHocTblO N Ton~HHOH t : 

2 
~ 41T(Zt e ) Z 2t • 

OO~I-1j:\ CTparrnHHr 3HeprHH pen-1CTpHpyeM~x npOTOHOB 
A~BaeTCA H3 CTparrn~Hra B M~weHH aM

2 H B $HnbTpe 
a 2+ a~ , rAe , B CBOIO 04epeAb, cKnaA~BaeTcR H3 

HOB 4He aIfe M .~ CTparrnHHra npOTOHOB OTAa4H aH2 

30M: a~ = ka1le + (7lf ,rAe k - KHHeMaTH4ecKHill 
TOHOB oTAa4H. 

nporPAMMA PAC4ETA 

oTAa4H a 2 CKna
a¢!2 : a 2 = a~ + 

cTparrnHHra HO
cneAYIOU.\HM oopa
$aKTOp AnA npo

anR paC4eTa H nOCTpoeHHA TeopeTH4eCKoro cneKTpa Ha oa3e B~6
paHHoi1 MOAenH oopaaua HaMH o~na pa3paoOTaHa nporpaMMa "ERDM". 

AnroPHTM, nono*eHH~H B OCHOBY nporpaMM~ ERDM, y4HT~BaeT PRA 
orpaHH4eHHH, HanaraeM~X B~opaHHOH MOAenblO: HMeHHO, nlOoo~ onpa
seU npeACTaBnAeTCA B BHAe onpeAeneHHoro KonH4eCTBa cnoeB, 4H~no 
KOTOp~X He Mo*eT npeB~waTb 25 H a npeAenax Ka*Aoro H3 KOTOp~X 
dE!dx H [S] MO*HO C4HTaTb nOCTOAHH~MH; 3aAaBaeM~H XHMH4eCKHH co
CTaB Mo*eT cOAep*aTb AO 5 3neMeHTOB B Ka*AoM cnoe. OTMeTHM, 4TO 
AaHH~e cnOH He HMelOT OTHoweHHR K 3neMeHTapH~M cnORM IynoMAHYT~M 
B npeA~Ay~eM naparpa$e/, Ka*A~H H3 KOTOp~X AaeT BKnaA B OAHK Ka
Han cneKTpa npOTOHOB OTAa4H. 
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'PAWl C TA6AH4 

,Il,AHHbIMl.-1 

EROT • T 

I 
'l'A W, C 3KCIlEP. 


rOTOBKH B x0.0.. 

fJPOrPAt+1A nOA

cnEKTPOM 
JlAHHblX 

*.DATERDD 

'PAt:1I\!JI C 

1 PE3Yl\bTATAMl.-1 

L 	
t': PSOCHOBHAfl'l'A~A C B)4'JAHbI Ml.-1 

- nPQr PAM MA f-----.3~nEP. 	JlA HHblMH '* POEROM*.EXP 

*. TS 
*. GR 

PHC. 3. CxcMa paooTbl C rrporpilMMOf! ERDM. 

6nOK-cxeMa paooT~ C nporpaMMoH ERDM H306pameHa Ha pHC. 3. 
npH paoOTe C nporpaMMOH Hcnonb3YIOTCA cneAYIOU.\He $aH~: 

*.DAT - $aHn C 3KcnepHMeHTanbH~M cneKTpOM, 
*.EXP - $aHfl C BXOAH~MH 3KcnepHMeHTanbHblMH AaHH~MH, 

KYAa BXOART: 3HeprHR HOHOB 4He; reOMeTpHR on~Ta; KanH6pOBKa 
3HepreTH4eCKOH wKan~; 06~ee 4Hcno HOHOB 4He , naAalOU.\ee Ha MH
weHb; TeneCH~H yron AeTeKTopa; pa3peweHHe HSMepHTenbHoro TpaKTa, 
a TaKme AaHH~e MOAenH 00pa3ua: KonH4eCTBO, Ton~HHa H cTexHOMeT
pH4eCKHH COCTaB Ka*Aoro CflOR. 

anA C03AaHHR $aHna *.EXP Hcnonb3yeTcA BcnOMoraTenbHaA npor
paMMa ERDD. KOTopaR B~3~eaeT $aHn ERDT.T. nOcneAHH~ COAep*HT 
He06xOAHM~e Ta6nH4H~e AaHH~e AnA KamAoro 3neMeHTa OT BOAopOAa 
AO BHcMyTa: nopAAKOB~H HOMep 3neMeHTa, MaCCOBoe 4Hcno, aTOMHaR 
nnOTHOCTb H AaHH~e no dE/dx. Pe3ynbTaT~ paC4eTOB 3aHOCRTCR B 
$aHn~ *.PS, *.PD, *.TS, *.GR, 0 KOTOp~X 6YAeT CKasaHO HH*e, 
nporpaMMa pas6HTa Ha caMOCTOATenbH~e cerMeHT~, KOTop~e nocne
AOBaTenbHO B~S~BaIOTCA B onepaTHBHYIO naMRTb no Mepe He06xOAHMO
CTH ICM, pHC. 4/. 

ERDM\ - BcnOMoraTenbH~H cerMeHT, B~3~BaeM~H nonbSOBaTeneM no


I Mepe He06xoAHMOCTH npH paoOTe C nporpaMMO~ H cOAep*a~HH TeKCTO

BYIO HH$OpMaUHIO 0 CTPYKType nporpaMM~ ERDM, 0 Ha3Ha4eHHH cocTaB
j 	 nAIO~Hx nOAnporpaMM cerMeHToB ERDMI, ERDM2, ERDM3, ERDM4, 0006
~eH nocneAOBaTenbHOCTH aHanH3a, 0 nOArOTOBKe eXOAH~X AaHH~X H, 
HaKOHeu, 0 BHAe TpaHcnHpOBaHHA H KOMnOHOBKe nporpaMM~ ERDM. 
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PHe. 4. CTPYKTypa nporp8MMbi 
ERDM. 

-T 

EROMJ 

Cn£KfJlIl 

ERDM2 HBnReTCR OCHOBH~M 
cerMeHToM, 06ecne4HBaO~HM re
HepHpOBaHHe cneKTpa. Bo BpeMR 
reHepHpOBaHHR nocneAOBaTenbHO 
B~4HcnROTCR nap4HanbH~e cneK
TP~ OT Ka~Aoro cnoR, KOTop~e 

aaTeM aanHC~BaOTCR B OTAenbH~X 
~a~nax *.PS;I •••• *.PS;n. rAe 
n - KonH4eCTBO cnoeB /cM.p~c.3/, 
c03AaBaeM~x nporpaMMo~ BO Bpe
MR B~4HcneHH~. TaKHM ~e 06pa

HET aOM nporpaMMa coaAaeT AnR Ka~

Aoro nap4HanbHoro cneKTpa ~a~
n~ *.PD;I ••••*.PDin /CM.PHC.3/, 
rAe cOAep~HTcR WKana no rny6H
He /nepeBoA KaHanOB B HaHOMeT
p~/. reHepHpOBaHHe npOTeKaeT 
cneAyo~HM 06pa30M: 

1/ npe~e Bcero onpeAenReT
CR KaHan, B KOTOPOM HaxoAHTcR Ha4anbHaR rpaHHua cneKTpa. Ha4HHaR 
c 3TO~ rpaHHU~ AnR Ka~Aoro KaHana B~4HcnReTcR B~cOTa H rny6HHa 
OT nOBepXHocTH 06pa34a, npHHaAne~a~aR AaHHoMY KaHany. 3TOT UHKn 
nOBTopReTcR AO Tex nop, nOKa B~4HcneHHaR Ton~HHa cTaHeT He 60nb
we TO~HH~ cnOR, aaAaHHo~ B MOAenH. np04eAypa nOBTopReTcR AnR 
Ka~Aoro cnOR. 

2/ nocne OKOH4aHHR reHepHpOBaHHR napuHanbHblX cneKTpOB nonbao
BaTenb onpeAenReT Heo6xoAHMOCTb Y4eTa BnHRHHR CTparrnHHra H paa
peweHHR Ha ~OPMY reHepHpyeMoro cneKTpa. 3TO ocy~ecTBnReTCR C no
MO~b~ nOAnporpaMM cerMeHTa ERDM3. BnHRHHe CTparrnHHra B MHweHH 
H B ~onbre H BnHRHHe paapeweHHR H3MepHTenbHoro TpaKTa peanH30Ba
HO aaMeHo~ cOAep~aHHR Ka~Aoro KaHana rayccOBCKHM pacnpeAeneHHeM 
c AHcnepcHe~, RBnRo~e~cR KBaApaTH4HO~ CYMMO~ AHcnepcHH 3THX Tpex 
KOMnOHeHT. B HTore nporpaMMa CYMMHpyeT Bce napUHanbH~e cneKTp~, 
B~4HcnReT nonH~~ cneKTp npOTOHOB oTAa4H AnR HcnonbayeMo~ MOAenH 
06pasua, 3anHc~BaR ero B pa604H~ ~aHn *.TS;I. 

ERDM4 - cerMeHT B~Aa4H peaynbTaTOB. no ~enaHHO, npH nonY4eH
HOM AocTaT04HO xopoweM cornacHH TeopeTH4ecKoro H 3KcnepHMeHTanb
Horo cneKTpOB, He Tpe6y~eM nononHHTenbH~X HTepaUH~, peaynbTaT~ 

B~4HcneHHH MorYT 6~Tb aanHcaH~ B pa604He ~aHn~ *.GR /PHC. 3/. 
nepBaR BepCHR 3Toro IDa~na COAep~HT Ta6nHu~ c AaHH~MH 3KcnepHMeH
Ta H nonHoe onHcaHHe MOAenH 06paaua, c nOMO~bO KOTOPOH nonY4eHO 
HaHnY4wee COrnaCHe cneKTpOB. B 3THX ~e Ta6nHuax HaxOAHTCR nepe
C4eT KaHanOB cneKTpa Ha rny6HHy cnOR o6paaua B HaHOMeTpax H B 
aTOMax Ha CM2. B cneAY~HX BepCHRX ~aHna *.GR /pHC. 3/MO~HO aa

8 

nHcaTb nonH~e 3KcnepHMeHTanbH~e H TeopeTH4eCKHe cneKTp~ HnH 4a
CTH 3THX cneKTpOB; KonH4eCTBQ 3THX ~a~nOB onpeAenReT.nonb30Ba
Tenb. 3TH ~a~n~ nocne pacne4aTKH HH~OPMHPY~T 0 cTeneHH AOCTHrHY
Toro cornacHR B Ta6nH4HOM H rpa~H4eCKOM BHAe. T04Hoe cpaBHeHHe 
cneKTpOB Mo~eT 6~Tb npoBeAeHo no rpa~H4eCKOMY H306pa~eHH~ 3Kcne
pHMeHTanbHoro /~aHn *.DAT/ H TeopeTH4eCKoro /¢a~n *.TS/ cneKTpOB, 
nonY4eHHOMY Ha rpa~onOCTpOHTene. TaKHM ~e 06pa30M B cnY4ae He06
XOAHMOCTH MO~HO nonY4HTb H306pa~eHHe cneKTpOB OT OTAenbH~X cnoeB, 
HaXOAR~HXCR B ~a~nax *.PS. 

B Ka4eCTBe npHMepa Ha pHC. 5 npeACTaBneHO cpaBHeHHe MOAenHpo
BaHHoro H HaMepeHHoro cneKTpOB AnR o6paaua KpeMHHR, HMnnaHTHpo-

PHC. 5. DOArOHK8 MOAenHpoBaH
'25 Horo cnCKTp8 K 9KcnepHMeHTarrb0(;1' 

001s" HOMY 9HepreTH'IeCKOMY CITeKTpy100'
npoToHoB OTAa'IH AJ1H o6pa3I~a 

75 KpeMHHH, HMITn8HTHposaHHoro BO
AOPOAoM npH 9HeprHH 30 K9B H 
AOge 8xI016 CM- 2 • 3HeprHH ny'I 

50 

25 
Ka HOHOB 4He 2,4 M9B. lloAroH

0 1 f".('! I""'I,."......,.,!\. )!...Jo w I j, Ka nposeAen8 B AByx reoMeTpHHX:~ ~ _ ~~ 

/1 1 83°j 0 15°; 01 75°;
N, o 30° • 

1]5 

'00 
BaHHoro BOAOPOAOM npH 3HeprHH 

7; 30 K3B H Aoae 8xl0 16 CM-2 . 
3HeprHR nY4Ka HOHOB 4He Eo= 

2,4 M3B. reoMeTpHR 3KcnepH
'Xl 

25 
MeHTa: 0 1 75, (J = 30 . Ha 

0 1 !!!"!osPC! ! ! ! , I .J. ! !! 'h ! !! t I1

J 1m ?M "lM It'\('\ ",1''10''1 .. "'" ,......... ~__ pHCYHKe B~COK03HepreTH4H~~ nHK 

COOTBeTcTByeT BOAOPOAY B cnoe 
yrneBOAopOAOB, oca~Aa~HXCR Ha 

MHweHb B ycnoBHRX BaKYYMa - 10-6. CneKTp CTpOHnCR no MOAenH 06
paaua , rAe npO~Hnb KOHUeHTpaUHH aTOMa BOAopoAa no rny6HHe KpeM
HHR onHca~ cHMMeTpH4H~M rayccOBcKHM pacnpeAen~HHeM C AHcnepcHe~ 
a = 700 A H UeHTPOM pacnpeAeneHHR X0 = 3400 A. KaK BHAHO Ha PH
CYHKa, 3TO pacnpeAeneHHe AOCTaT04HO xopowo annpOKcHMHpyeT peanb
H~~ npO~Hnb KOHueHTpaUHH BOAopOAa. B Ta6n. 1 H Ha pHC. 6 npeA
CTaBneH~ AaHH~e paC4eTa KOHueHTpaUHH BOAopOAa no rny6HHe AnA 
onHc~BaeMoro SAecb 06paaua KpeMHHR. Ha OCH a6CUHCC pHCYHKa 6 
npHBeAeHa rny6HHa B KpeMHHH B A ,a no OCH OPAHHaT - KOHueH
TpallHR BOAopOAa B aT.% H B aT./CM 3 /npaB<lR OCb OPAHHaT/. nYHK
THpHaR nHHHR Ha pHCYHKe npeACTaBnRCT raYCCOBCKoe pacnpeAeneHHe, 
npHHRToe HaMH npH MOAenHpOBaHHHj rHCTorpaMMa - peaynbTaT paC4e
Ta npO~HnR KOHlIeHTpauHH, B~AaBaeM~~ 3BM npH BBeAeHHH B nporpaM
My paC4eTa YKa3aHHoro pacnpeAeneHHR. Ha pHC. 7 npHBeAeH PflA Teo
peTH4eCKHX cneKTpOB, OTnH4a~~HXCR APvr OT APvra no rnyn~He ~a 

!; 



TABJIHUA 1 

PC3YJIbTaTbl paC"leTa npoq,YlJIR: 1C001lJ;eHTpaU;HH BOAOpOAa B oopaSu;e 

ICpeMlllIH, mmn<lHTHpoBaHlroro BOAOPO.r\OM npH 3uepnm 30 IC3B H 

p;03e 8xIOt6 CH-2 

HOMep cnOH Tomm1H a CJlOH KOHU;eHTpaU;HH Bop;op0.r\a 


OT noaepXHOCTH A aT % aT/CM 3 


2 3 4 
-

NAT15 
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10 
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seD soc 
PMC. 7. TeOpeTH'IeCKHe cneKTpLI npOTOHOB OTp;a'lH, OTJUfLlaJO~eCH 

p;pyr OT .r\pyra no rJlyoMHe Ha 100 A • 1 - nHK, OTHOCHrn;l-IHCH K 

nOBepXHOC THOMY cnolO BOP;opOAa, YTonqeHHafl JlMHHR: npe.r\c T aBJlHeT 

cneKTp, cOBl1ap;aWIl1HH c 9KCnepm-leHTaJlbHblM npH reOMeTpHI! e1= 75°, 
e 30. /KpHsafl 2/. 3 - OAHl! H3 MOp;eJIlipOBaHHbIX cneKTpOB. 

N 1 - C'IeT B KaHanej N2 - KaHaml aH8JlH3aTOpa HMnYJlbcoB. 

TABJUIU.A 2 
AaHHble no 06patioTKe M3MepelIHH Ha KpeHIIHlI, HMrL'1aHTHpOBaHHoN 

BOP;OpOP;OM I1PH pa3HLJX 3Hepnmx H p;03ax HHnn aHTaU;HH 

3HeprHH A03a HM PaCtIeT ON TIpo6cr PaC4€T "R = 
HMTIn3H ITJlaHTau,HH 

D(aTtcM 2 ) 

'1HCJla 
N-D

TaUHH, 

E/K'3B/ 

aTOMon, 

N(aT/CMS) D 

HMlln3H

THp013aH

HblX aTO

rny6H
B,,[ 3a

.rreraHliH 

Xo R 
R 

no npor HOB BO- EOgOpo

paMME nopO;l2 ,ua, x 
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li3 Ta5 no rrpcr
J1HL~/31 r £I ~!"·~E 

I:,{l):: 

20 t,.; i 0 15 4xiO 15 <; <
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420 
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420 
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0,58 
0,32 
1 , 1 I 
2,61 
4,23 
4,93 
4,93 
4,23 
2,61 
1 , 1 1 
0,32 

3,0 . 10 20 

1 ,66 . 10 20 

5,75.10 20 

1,36'10 21 

2,19.10 21 

2,56 . 10 21 

2,56' 10 21 

2,19' 10 21 

10 211,36 
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PUC. 6. npoqlllJIb KOIlI\CIITpaI\HH HMI1JIaHTHpOBaHHblX aTO

~lOB DOAopona no r J1yomIeKpt'~1flHf! !1PU 'JHCPrliH H~mJJaH

HHlHH 30 K'JH H p,0'3e 8xI0 16 
cM- 2 • npO(~HJlb onHcaH rayc

COBCKHM pacnpCHcnCHl1CM C ,ll.Hc1ic;>cHeA a'" 700 A u l~eH
TpOM pacnpenCJlCIHlf! X(l = 3400 A • 
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100 A . KaK BH,qHO 1013 pl-1cyHKa, CneKTpbl XOPOWO OTnH4alOTCfI w~lK,qy 
C060H, 4TO n03BOnfleT C norpeWHOCTblO He xylKe ~100 A onpeAenHTb 
COBna,qeHHe Mo,qenHpOBaHHoro cneKTpa C 3KcnepHMeHTanbHblM. 

B Ta6n. 2 npHBeAeHbI, C ~enblO cpaBHeHHR, pe3ynbTaTbi paC4eTOB 
4l-1Cna aTOMOB l-1 rny6HHbI 3aneraHHfI BOAopOAa B pa3nH4HblX 06pasuax .. 
KpeMHHfI, l-1MnnaHTHPOBaHHblX BOAOPo,qOM l-1 npHHflTbiX HaMH B Ka4eCTBe 
CTaHAapTOB. B YKa3aHHo~ Ta6nH~e B nepBoH KonOHKe - 3HeprHfI HM
nnaHTa~HH B K3B; BO BTOpO~ - A03a HMnnaHTaUHH D (aT./cM 

2
); B 

TpeTbeH - paC4eTHoe 3Ha4eHl-1e 4Hcna aTOMOB BOAopoAa B KpeMHHH no 
nporpaMMe ERDM,N (aT. /CM 2); B 4eTBepTOH - BeIlH4HHa °N(ow=(N-D)/D), 
xapaKTepH3y~afl OTIlH4l-1e BenH4l-1H N H D MelKAY C060H; B nflTO~ 
np06er HMnIlaHTHPOBaHHblX aTOMOB BOAopoAa, R /MKM/, B3f1TblH M3 Ta6
nHII 13/ ; B weCTOH - paC4eT rny6HHbi 3aneraHHfI BOAopoAa, Xo /MKM/, 
no nporpaMMe ERDM; B nOCIle,qHeH KonoHKe - BenH4HHa 0 R(oR =(Xo- R)/R), 
xapaKTepH3y~afl OTnl-14He Xo 101 R MelK~y c06o~. W3MepeHHfI npOBo,qH
nHcb B AByX pelKHMax: 111 = 75", f) = 30() HOI = 83", f) '" 15°. 

3AKll104EHWE 

HnbXaMOB P.A. HAp. PID-S6-774 
TIporpaMMa pac~eTa KOH~eHTPaQnoHHoro npO~HnH 
BOAopoAa no SHepreT~eCKHM CneKTpaM npOTOHOB 
oTAa~ 

ODHcaH MeToA paCqeTa rny6HHHoro npO~HnH KOH~eHTpa~ BOAOPO 
Aa, OCHoBaHHwR Ha MOAenHpOBaHHH SHepreT~ecKoro cneKTpa npoTo
HOB OTAa~ H CpaBHeHHH ero c 3KCnepHMeHTaDbHHM cneKTpOM, HSMe
peHHHM Ha nyqKe HOHOB 4He C SHeprHHMH 2-3 M3B, YCKopeHHYX Ha 
SDeKTpOCTaT~eCKOM YCKopHTene BaH~Ae-rpaa~a OHHH. TIPH npOBeAe
HHH MOAenHpOBaHHR yqHTWS8DOCb BDHHHHe Ha ~PMY cneKTpa SHepre
T~eCKorOCTparrDHHra HOHoB 4He H npOTOHOB OTAa~H, a T~e BnH
RHHe paspemeHHR HSMepHTenbHoro TpaKTa. ADH npOBeAeHHH paCqeTOB 
KOH~eHTpa~ BOAopOAa no onHCWBaeMOMY MeTOAY C09AaBa;npOrpaMMa 
Ha R9~e ~PTPAH~IY ADH 3BM PDP - 11/70 B onepa~oHHoA CPeAe 
RSX-IIM-PLUS. 

Pa60Ta BNnOnaeHa B lla6opaTopHH HeATpoHHOA ~HSHKH OHHH. 

Coo6weqe O6J.eJUllteHHOI'O HIIcnnyra qepHhlX HCCJle.QOBIHBi.,nyt5Ha 1986 


Anfl 3BM PDP-ll/70 C onepa~HoHHo~ CHCTeMoH RSX-llM-PLUS peaIlH
30BaHa Al-1aIlOrOBafl Bbl4HCIlHTeIlbHafl nporpaMMa ERDM AIlfl aHaIlHsa 3Hep
reTH4eCKHX cneKTPOB npOTOHOB oTAa4H, H3MepReMbiX Ha nY4Ke HOHOB 
4He C 3HeprHflMH 2-3 M3B. 

AnA 3aAaHHoH MOAeIlH 06pa3l1a nporpaMMa MOAeIlHpyeT TeopeTH4ec
KH~ cneKTp H Hs06palKaeT ero COBMeCTHO C 3KcnepHMeHTanb HblM cneK
TPOM Ha aIl$aBHTHO-IIH$pOBOM AHcnnee. nOIlb30aaTenb nOCIle BH3yaIlb
Horo cpaBHeHHfI cneKTpOB MOAH$H~HpyeT HCxoAHYIO Mo,qeIlb 06pasua H 
nOBTopReT Bbl4HcneHHA AO Tex nop, nOKa He nonY4HTCfI YAOBIleTBopH
TenbHoe corIlaCHe cneKTpOB. AIlfl npOBeAeHl-1f1 paC4eTa 06paseu pas6H
BaeTCfI Ha rny6HHHble cnOH, 4Hcno KOTOpblX MOlf(eT AOCTHraTb 25, B 
KalK,qOM H3 KOTOPblX MOlKeT COAeplKaTbCfI AO 5 3neMeHTOB. 

ABTOPbl 6IlaroAapHbI M.na~eKY H P.WaHAPHKY sa noneSH~e 06cYlK,qe-
HHfI. 
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nepeBOA O.C.BHHOrpaAOBOA 

Ilkhamov R.A. et al. PID-86-774 
Program for Calculating the Hydrogen 
Concentration Profile by Energy Spectra 
of Recoil Protons 

4 	 The method of hydrogen profile determination, using 2-3 MeV 
He ion beams from the Van de Graaf generator of JINR, based 

on the modelling the proton recoil spectra and subsequent 
their, comparison with experimental ones is described. The ener, 
gy straggling of 'He ions and protons, and ene~gy resolution 
were taken into account in the modelled spectra. For this pur
~ose the FORTRAN code has been written with RSX-IIM-PLUS sys
tem. 

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