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1. BeeoeHue 

B H3yqeHHH cna6LIX B3aHMO.IJ;eHCTBHH pacna.n MIOOHa 
HMeeT dJyH.IJ;aMeHTanLHOe 3HaqeHHe. IlapaMeTpLI pacna.nafl, 2/ 
p, e , o , h 6LinH .IJ;eTanLHO H3yqeHLI MHOrHMH 3KCnepH
MeHTaTOpaMH. O.nHaKo HMeeTCJI TOnLKO o.nHa pa6oTa /3/, 
a KoTopoii 6Lina npe.nnpHHJITa nonLITKa H3yqeHHJI cneKTpa 
ll03HTpOHOB OT 11+ -pacna.na B o6naCTH ManLIX 3HeprHH 
I Pe = 1,6-;-7,6 M3B/c/. 3Ta o6nacTL cneKTpa JIBnJieTCJI 
oqeHL qyBCTBHTenLHOH K napaMeTpy ~. BenHqHHa KOTOpo
ro .nnJI cnyqaJI V, A aapHaHTa cna6oro B3aHMo.neiicTBHJI 

no onpe.neneHHIO pasHa 

~ 
l \g 1

2 -!g\ 2 
- ___ :.A----~-----

2 \g 12+lgvl2 ' 
r.ne g A H gV- aK~HanLHaJI H BeKTOpHaJI KOHCTaHTLI CBJI3H. 
B cnyqae, ecnD BH.IJ; B3aHMO.IJ;eHCTBHJI OTnHqeH OT V-A aa
pHaHTa, ~ ~ 0 . 3KCnepHMeHTanLHOe 3HaqeHHe ~ = 

~ -0,12± 0,21. 
TaKHM o6pa3oM, .nanLHeiiwee H3yqeHHe 3Toro napaMeTpa 

ll03BOnHT nonyqHTL HOBYIO HHdJOpMaiJ;HIO 0 CTpyKType cna6o
ro B3aHMo.neiicTBHH. O.nHaKo 3KcnepHMeHTanLHOe Hccne.no 
BaHHe ClleKTpa B 3TOH o6naCTH HaTanKHBaeTCH Ha cepLe3-
HLie TPY.IJ;HOCTH, CBJI3aHHLie c dloHOM oT npo:u;eccoa BHewHero 
TopM03Horo H3nyqeHHH. B HacTosmeii pa6oTe npHao.nHTCH 
qHcneHHLiii pacqeT cneKTpa .nns cnyqas, Kor.na 3KcnepHMeH
TanLHaH ycTaHOBKa ll03BOnHeT BeCTH perHCTpaiJ;HIOll03HTpO
HOB a ycnoBHHX 477 - reoMeTpHH. Bee pacqeTLI BLinonHeHLIMH 
CIJ;HHTHnnHIJ;HOHHOrO ClleKTpOMeTpa /nnaCTHqeCKHH CIJ;HHTHn
nHTOp Ha nonHCTHpOnLHOH OCHOBe/ C yqeTOM llOTepL 3·HeprHH 
ll03HTPOHOB Ha HOHH3aiJ;HIO H KOppeKIJ;Heii cneKTpa Ha BHeW
Hee TOPM03Hoe H3nyqeHHe. B pa6oTe TaK~e paccMoTpeHLI 
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BCKa~eHBI cneKTpa, B~3BaHH~e pa~aa~OHH~M pacna~OM 

MIOOHa 

p.+ -+ e+ +v +v +Y • 
e P. 

2. Pac'le•Ht.Je (JopMyAr.J i:MJI KoppeKflUU cneK•pa 
p.+ - pacnaoa HQ GHeWHee •opM03HOe U3AY'I€HUe 

/1/ 

CneKTP p. -pacna~a B~'IBCJIIJICI MHoraMa aBTopaMB 

/0630p JIBTepaTyp~ MO~O aaiiTB B pa6oTe /4/ j. 0~HaKO 
B 60JI:bDIBHCTBe 83 3TBX pa60T B~'IBCJieHBI ~eJiaJIBC:b B npa-

6JIB~eHBB me I E << l /me -Macca 3JieKTpoaa, E - ero 

3HeprBI/, 'ITO, ecTeCTBeHHO, 3aTpy~HieT BX BCnOJI:b30BaHBe 

~JII BHTepnpeTaUBB 3KCnepBMeHTOB no H3MepeHBIO cneKTpa 

p. -pacna~a B 06JiaCTB MaJI~X 3Hepraii. B OCHOBy HaCTOIII{HX 

pacqeTOB nOJIO~eH~ pe3yJI:t.TaT~ pa60T~ /5/, HeCOMHeHH~M 
~OCTOBHCTBOM KOTOpOH IBJIIeTCI TO, 'ITO B Heii ~aH paC'IeT 

cneKTpa, cnpase~JIBB~ii ~JII sceii o6JiaCTB 3Hepraii BTopaq

aoro no3BTpoaa. KpoMe Toro, a151 cneKTp B~'IBCJieH KaK 

cllYHKUBI napaMeTpa TJ • 

B Ka'leCTBe B~pa~eaaii MI ceqeaaii TOpM03HOro B3Jiy

qeaai 3JieKTpoaa B none I~pa c 3api~OM z npBHIT~ cne

~YIOII{He /12/ /CM. Ta6JI. 1/. 
tl>opMyJI~ /2/, /3/, I 4/, npe~cTaBJieaa~e B Ta6JI. 1, 

BMeiOT BB~: 
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( £0 + l) ( £ + l) +p2 
X + 

2k(«
0
+1)(£+l) 

__ ,.!!.._ _____ ) ] } • 
/6/ 

/2/ 

3.Qec~a 

L 

Xo 

da
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p3 r pz 
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B npuse,IJ;eHBWX cl»opuynax £8 , E - uaqan~aua.& B KOHe'l-
aa.& 3HeprBB 3neKTpoua s e,IJ;HHBu;ax me c2 ; p , p - ua-

i 
v 0 

qanJ.Hhl H KOHe'IHhiH HMnyllhChl 3neKTpOHa S e,IUIHBJJ;aX 
m c ; k - 3HeprB.& cl»oToHa s e,IJ;HHBu;ax me c

2 
; y - napa

M~TP 3KpaHHpOBaHBJI; f E • MHOlKJITenh 3nhS!:~7 /9/. 
3asHCHMOCTh A ( Z, £ 0 ) 3aBMCTsosaHa B3 pa6oTw 1 . 

fipH6JIH)KeHHO y'leT TOpM03HOrO H3ny'leHBJI S none aTOM· 
HhiX 3neKTpOHOS MO>KHO nposeCTH, npe,IJ;nonO>KHS, 'ITO OHO 
pasuo H3ny'leHHIO s none .&,D;pa c Zo =I , ysenH'IeHHOMY s 
Z pa3. IlycTh d a I d k = f ( E 0 , k , Z ) - AHIIlcl»ePe~UU~anhHOe 
Ce'leHHe TOpM03HOrO H3JIY'IeHBJI S none JI,D;pa C 3ap.&,D;OM Z. 
Tor,IJ;a sepo.&THOCTh no3HTpouy c nepsoua'lanJ.Hoi 3Hepruei 

EO HCnyCTBTh y ·KsaHT C 3HeprHeii OT k ,II;O k + dk /STO· 
pH'IHWii no3HTpou HMeeT 3HeprHIO OT £ .D;O E +d£ I nocne 
npOXO)K,II;eHHJl S llOJIHCTHpone CnOJI TOJIIJJ;IIHOi d X 6y,IJ;eT 

pasua: 

P(£
0 

,£) d£ dx =d£ dx [ f(£0 ,E0 -£, Z=6) lc + 

f( (0 , (0 -E ' z = 1 ) I + ( z + 1) f ( E ' £ -( 9 z = 1) I ] ~- = 
H 0 0 e A 

CH 

No P 
---dE dx[ f(E

0 
,E

0
-E, Z=6) +8f(E0 ,E 0 -E,Z=l]. 

Acu 
/5/ 

3.D;ec~a N 0 - 'IHcno Asora,IJ;po, p - nnoTHOCTh CJJ;HHTBnnJITO

pa, a Acu- ero aTOMHwii sec. 
IlyCTh, ,IJ;anee, cneKTpanJ.HaJI nnOTHOCTh ll03BTpOHOS OT 

/1+- pacna,IJ;a eCTh n ( TJ, E ) d E H nyCTh senH'IBHa BO· 
HB3au;HOHHWX noTep~a 3HeprBB no3BTpoHa nocne npoxo)K,II;eHBJI 
s cu;BHTBnnJITope cnoJI x ecTJ. ~ ( E , x ) I E - Ha'lanJ.HaJI 
3HeprBJI ll03BTpOHa/. Tor,IJ;a CKOppeKTBpOBaHHOe Ha SHeWHee 
TopM03Hoe B3ny'leHBe 3Ha'leHBe cneKTpan~aHoii nnoTHOCTB 
uo>KHo swpa3BTh cne.D;yro~eii cl»opuynoii: 
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n'(7],E) dE =n(7],E) dE +~nrad (7],d dE, 

r~e 

Emax R(E ',E) 

~nrad (7],E) dE =dE f n(7],E') df' f dx 

E+A 0 

E-A R(E,E') 
P(E'-~(E',x) ,E-~(E',x)) -dE f n(7],E) dE' f dx 

Em in 0 

P(E-~(E,x), E' -~(E ,x)). /6/ 

3~eCh E max- MaKCHMaJihHaJI 3HeprHJI U03HTpOHa, a «<IYHKIUIJI 

R ( E , E ') JIBJIJieTCJI peweHHeM ypaBHeHHJI 

E-~(E',R) =0. 
A = 100 K3B - napaMeTp o6pe3aHHJI. 

3. PeayAbiiiOIIIbl pac'lemoe 

IlonpaBKY K CUeKTpaJihHOii: UJIOTHOCTH ~ nrad ( 1), E ) 

MO>KHO npe~CTaBHTh B CJie~yiOIQeii: Y~06Hoii ~JIJI BW'IHCJieHHii 

«<lopMe: 

~ rad ( ) l + 27] l - 277 n 7],E =P (E) -----+P (E) __ 
BH~HO, 'ITO 

1 2 2 2 

~ ( f) = ~ nrad ( 0. 5, E ) ' 

p ( E ) = ~ lad ( -0 . 5, E ) • 
2 

Bee Heo6xo~HMWe BW'IHCJieHHJI 6wJIH BWUOJIHeHW Ha 3BM 

li3CM -6. TO'IHOCTh, C KOTOpoii: ~eJiaJIHCh pac'leTW, COCTas

mma 0,1~. Pe3yJihTaTW BW'IHCJieHHii: UpHBe~eHW B Ta6JI. 2. 

8 

~ 

j 
i 

t 

3HeprJrUI 
aJil!RTPOHa 
B MaB 

I,O 

I,5 

2,0 

2!15 

3,0 

3,5 

4,0 

4,5 

5,0 

5.5 

Ta6JIBUa 2 

BeJIB~HHa Pr BeJIB~BHa P? To~HoCTD 
B e;nHHliii(a.X B e.n;BHPID;a.A pacqeTa 
llOJIHOi Bep~ llOJIHOi Bepo- BeJIHq!H 
HTHOCTI/1 - HTHOCTH~ - PI H P2 pacna.ila pacrra;na 

o,ooo663 0,0006330 

o,oo3I35 0,002998 I,O% 

o,oo662 0,00634 

O,OIIOO O,OI054 I,5% 

010!627 O,OI56I 2,0% 

0,02I55 0,02069 

0,02792 0,02684 

o,o3520 0,03363 3,0% 

0,04243 0,04IOI 

o,oso2r 0,04904 

B Ka'leCTBe npHMe'laHHJI K Ta6nHue uanoMHHM, 'ITO sw

pa>KeHHe ~JIJI UOJIHOii: BepOJITHOCTH fl - pacna~a 3a~aeTCJI 

COOTHOWeHHeM 
G2 M5 w = ---'.!JL--
l92rr3 

G- xoHcTaHTa cna6oro B3aHMo~eiicTBHJI, M 11 - Macca 11 -Me-

30Ha. 
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B pa6oTe TaK>Ke 6LIJIH CAenaHLI o:ueHKB BKnaAa B cneKTP 
npouecca /1/. BLipa:>KeHBe AnJI aepoJITHOCTB :noro npouec
ca MO>KHO 3anacaTL KaK 

r,!le 

M4 
dW =~ 

TT 

k dk p de 

M6 
d cos e t [ __1!:_ - q2 x 

k 2 

11 
2 

M 2 2 2 
( q2 - -tL- ) l Q - 4 q - P ( 2q + M 

2 11 

/7/ 

q 2 =M 2 -2M c -2k (M -f +p cos e ) , 
11 11 11 k 

Q r 

p 

k, e k 

l 

k2 
[ l + 

m2 2< 
e 

< < - P cos ek >
2 

< < - P cos 1\ ) 

2 
~_f._~~_!_~~ ek __! __ _ 

M < c - r cos e k ) 
11 

] ' 

- 3HeprHJI H yrOJI BLIJieTa <lJOTOHa, E , p - 3Hep-
rBJI B BMDYJILC D03HTpOHa, a - DOCTOHHHaJI TOHKOH CTpyK

TypLI. 
3TO Bbipa:>KeHBe, npOBHTerpBpOBaHHOe 'IHCJieHHO DO 

3HeprBB B yrny BLIJieTa <lJoTOHa, 6LIJIO BCDOJlb30BaHO AJIH 
o:ueHoK <PoHa oT npouecca /1/. Pe3ynLTaTLI pac'leToB 
npeACTaBJieHLI B Ta6n. 3. KaK MO:>KHO BB,!leTL 83 Ta6JIB:QLI, 
BKJia.Il 3Toro npouecca npeHe6pe>KBMO Man. 

B 3aKniO'IeHBe aaTopLI BLipa:>KaiOT rny6oKyiO 6naroAap
HOCTL r. B. MauenLMaxepy 3a none 3HLie o6cy)K)l.eHBH. 
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