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1. METOAHKA 3KCnEPHMEHTA 

3KcnepwMeHT e~nonHeH Ha cwHxpo~aaoTpoHe OHHH MeTOAOM MHoro
KpaTHOro npoxom,QeHHR BHYTPeHHero ny4Ka ycKopeHH~x ,QeHTPOHOB 
4epea TOHKY~ MHWeHb /4/ wa ,QeHTepwpoeaHHoro nonwaTwneHa Ton
~HHOH 2,2 MKM. B 3KcnepwMeHTe perwcTpwpoeanwcb 3HepreTH4ecKwe 
cneKTP~ 4aCTH~ OT,Qa4w c noMo~b~ ceMw AE-E TenecKonoe, pacno
nomeHH~x Ha paCCTORHHH 3,3 M OT MHWeHH no,Q yrnaMH, 6nH3KHMH 
K 90° no OTHOWeHH~ K HanpaeneHH~ ny4Ka. Kam,Q~H TenecKOn COCTO
Rn H3 ABYX KpeMHHeB~X nonynpOBOAHHKOBbtX ,QeTeKTOpOB THna 
Si(p) 151 

• AeTeKTOpbt HMenw Ton~HHY 38-3700 MKM, nno~aAb- 1 cM 2 

H 3HepreTH4ecKoe paapeweHHe 30-50 K38. 4acTH~bt, npoweAWHe 
nepBbiH, TOHKHH AE-,QeTeKTOp H OCTaHOBHBWHeCR BO BTOpOM, Ton
CTOM E -AeTeKTope TenecKona HMe~T 3HeprH~, nema~y~ B onpe,QeneH
HOM HHTepeane. rpaHH~~ 3TOrO HHTepeana ,QnR Kam,QOrO BH,Qa 4aCTH~ 

onpe,QenR~TcR Ton~HHOH. t\E -,QeTeKTopa H cyMMOH Ton~HH t\E, E -
,QeTeKTopoe cooTBeTcTBeHHO. Ton~HH~ npwMeHReMbiX ,QeTeKTopoe 
onpe,QenR~T B03MOmHOCTH MeTO,QHKH no HHTepeany KBa,QpaTOB nepe
,QaHH~X 4-HMnynbCOB. 

npwMeHeHHe TeneCKOnOB AnR H,QeHTH~HKa~HH COpTa 4aCTH~ ~O~
eonwno OT,QenHTb ,QeHTPOHbl OT ,qpyrwx 4aCTH~ 1 4TO 3Ha4HTenbHO 
yny4WHnO OTHOWeHHe 3~eKTa K ~OHy. CTaTHCTHKa Ha6HpanaCb npH 
paanH4H~x yrnoe~x nonomeHHRX TenecKonoe. B Ka4ecTee MOHHTOpoe 
wcnonbaoeanHCb TPH c~HHTwnnR~HQHH~x TenecKona, HanpaeneHH~X 

Ha MHWeHb, 
3neKTPOHHaR annapaTypa no,qpo6Ho onHcaHa e 161 • 

HaPRAY c .3~~eKTOM ynpyroro ~ pacceRHHR TenecKonbt perHcT
pHpoeanH ~OH, KOTOp~H B OCHOBHOM 06R3aH B3aHMO,QeHCTBH~ ny4Ka 
c RAPaMH yrnepo,Qa e MwweHw. AnR H3MepeHHR ~Ha e 3HepreTH4ec
KOM cneKTpe no,Q ynpyrHM nHKOM ,QeHTPOHOB TeneCKOn~ nepHO,QH4ec
KH C,QBHrailHCb B 11~0HOBy~11 n03H~H~, OTCTOR~y~ Ha 2° OT 11 pa6o-
4eH11 no3HUHH B CTOPOHY yeenH4eHHR yrna B~IleTa 4aCTHU OT,Qa4M. 
nocne MOHHTOpHpOBaHHR 11~0HOBblH 11 cneKTp Bbl4HTa11CR 1-13 11 pa6o4e
r~' cneKTpa, nony4eHHblH pa3HOCTH~H cneKTp /pwc. 1/ e npe,QenaK 
oww6oK He co,Qepman ~OHOBblX co6blT~-tH, o6ycnoeneHH~x eaawMo,qewcT
eweM ny4Ka c R,QpaMw yrnepo,qa MwweHH, noA ynpyrwM nHKOM. B~4w

TaHwe 3Toro ~oHa KOHTponwpoeanocb no 4acTw paaHOCTHoro cneKT
pa, pacnonomeHHOH Cnpaea OT ynpyroro n~-tKa. npw npaBHilbHOM 
Bbi4HTaHHH 41-!Cno co6~THW B 3TOH 4aCTH 611H3KO K HYil~. nepe,Q yn
pyrHM nHKOM ~ pa3HOCTHOM cneKTpe HMeeTCR ~OH 1 KOTOp~H o6R3aH 
peaKUHH d-d, HAY~eA c paaeanoM ,QeHTPOHOB ny4Ka. AnR 
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PHc,J. 3HepreTHqecKHH cneKTP 

geHTpOHOB OTgaqH nocne BblliH

TaHHH tPOHa OT tlJparMetJTaiJ;HH 
ngep yrnepoga B MHmeHH. 

B~4HTaHHR 3TOrO $OHa M B~4MC
neHHR 4Hcna ynpyrHx co6~THH 
B nMKe 3HepreTH4eCKHH cneKTp 
AeHTPOHOB TpaHc¢opMMPOBancR 
B HMnyJ1bCH~H cneKTp,B KOTo
pOM ynpyrMH nMK HMeeT CMM
MeTpM4Hy~ ¢opMy. nocne aae
AeHHR nonpaBKH, CBR3aHHOH C 
3aBHCMMOCTb~ AM¢¢epeH~Hanb-

HOro Ce4eHHR OT t, HMnynbCH~H cneKTp annpOKCMMMPOBaJ1CR B~
pa~eHHeM 

2 
(p-pol ) 2 

-~ (p-p )+c
2

(p-p1 ' e + ct 1 
t\N' N -=----
t\p, y2rra 2 

/1/ 

rAe t\N - I.IHC110 C06~THH B HMnynbCHOM HHTepaane (p -t\p/2, p + t\p/2), 
N - l.ll-IC110 ynpyrHX d- d C06b1THH B nHKe, p O - HMnynbC, COOTBeT
CTBy~~HH ~eHTPY nHKa, a - AMCnepCHR, TaKHM o6pa30M, CHMMeTpHI.l
H~H ynpyrHIIi nHK annpoKcMMHpoaancR pacnpeAeneHHeM raycca, a 
¢oH - MHOrOI.IJ1eHOM BTOPOH CTeneHH, MeTOAOM HaHMeHbWHX KBaApaTOB 
onpeAenRnHCb napaMeTpbl N, a 2 , p o, Pt , c1 , c 2 . 

B pa6oTe 171 noKa3aHo, I.ITO noTepH perHcTpHpyeMbiX Aei1TpoHoa 
H3-3a HX RAepHOrO B3aHMOAeHCTBHR C Be~eCTBOM AeTeKTOpa MaJ1bl, 
MaKCWMallbHaR OTHOCHTe1lbHaR noTepR npH lti =0,146 /f36/c/2 
cocTaanReT < 3%. Paapewa~aR cnoco6HOCTb 3KcnepHMeHTa no 
KBaApaTy nepeAaHHoro 4-HMnynbca t\t/t .. 2% H onpeAenReTCR a 
OCHOBHOM OWH6KaMH 3HepreTH4eCKOH KanH6pOBKH AeTeKTOPOB, 

2. 3KCnEP~MEHTAnbHWE PE3YnbTATW 

Ha OCHOBe o6pa60TKH 3KCnepHMeHTa1lbHbiX AaHHbiX nonyl.leHbl OTHO
CHTellbHble AH¢¢epeH~HanbHble cel.leHHR ynpyroro d-d pacceRHHR npH 
HMnynbce YCKopeHHbiX AelliTpOHOB 4,6 f36/c. 3TH Cel.leHHR C no
MOlllbiO HOpMHPOBOI.IHOrO MHO~IItTellR L annpOKCHMHpoaanHCb ¢opMy-
1101/i 6eTe 111 · 

.!!!!.. ~ L· ..L 1 n~ e1¢·a~(t) + f dd(t) 1
2 • 

dt p2 t /2/ 

v ... 2 1/2 3AeCb p - HMnyllbC HaneTa~ero AeHTPOHa B 11, C, , P = (p ) ; 
t- KBaApaT nepeACIHHOro 4-HMnyllbCa, n,z ~ /137; zd- 3iiPRAOBOe 

I.IHCilO, {3 - CKOPOCTb Ha1leTaJOU4ero AelliTpOHa B Il,C,; ¢•2nln(l,06/aylif); 
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'Gd(t)=0,34e141,5·t +0,58e26,1·t +0,08et5,5·t 

31leKTPOMarHHTHbllli ¢opM$aKTOP AelliTpoHa121; rdd- RAePHaR aMnnH
TYAa ynpyroro d-d pacceRHHR: 

r dd (t) = ~~ add (1- i add ) e:xp (b dd • t/2) ' 

rAe b dd - napaMeTp HaKilOHa AH¢paK4HOHHOrO KOHyca, a dd - OT
HOWeHHe peanbHOIIi 4aCTH aMn11HTYAbl K MHHMOH, AnR n011HOrO Cel.leHHA 
B3RTO 3Hal.leHHe add =122_:!:7 M6 /8/. 

napaMeTp a onpeAe11AeTCft pa3MepaMH o6naCTH RAePHOrO B3aH
MOAeHCTBHft 111 3neKTpOMarHHTHbiMH pa3MepaMH AeHTpoHa 191• TaK KaK 
B o6naCTH KYilOH-RAepHOH HHTePCilepeH4HH 31leKTpOMarHHTHbllli ¢opM
¢aKTOp AelliTPOHa Gd(t) =e:xp (12,95· t )

1101
H bdd =54,9 (H3 Ha

CTOA~ero 3KCnepHMeHTa), TO 

a =(12,95+12,95+54,9/2) 112 =7 ,3 (f3B/c)-1 =1 ,44 CllM. 

Ta6mu~a 
nHCilellepeH4Ha1lbHble Ce4eHMA ynpyroro d-dpacceAHHR 

It I du/dt It I du/dt 

/f38/c/ 2 M6//f38/c/ 2 /f38/c/ 2 M6//f3B/c/2 

0,0275 232 + 15 0,0646 24,6 + 1,8 
0,0287 216 ± 16 0,0699 19,8 ± I,,I 
O,Q3(X) al5 ± I4 0,0764 14,7 ± I,3 
0,0320 167 ± 10 0,082! 10,3 ± o.7 
0,0353 136 + 7 0,0952 5,1 ± 0,4 
0,038! 107 + 7 0,1050 2,? ! 0.9. -
0,041! 84,4 + 5,2 - O,II40 2,5 ± 0,5 
0,0456 69,3 + 4,6 0,1!90 !,5 ± 0,4 
0,0485 67,6 ± 6,3 0,1230 !,6 ± 0,5 
0,05!8 54,4 ± 3,4 0,!260 I,3 j: 0,2 
0,0539 44,0 + 2,4 O,I300 0,?8 ± 0,13 
0,0552 40,6 ± 2,I O,I460 0,32 + O,IO 
0,0605 29,3 ± I,6 
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MeTOAOM HaHMeHbWHX KBaApaTOB onpeAeneH~ HOPMHPOB04H~H MHO
~HTenb L H napaMeTp HaKnoHa bdd .AnA eenH4HHbl add $HKcHpoea
nocb 3Ha4eHHe add =-0,35, npH 3TOM nony4Hnocb MHHHManbHOe 
3Ha4eHHe x2 =37/23. AnA napaMeTpa HaKnoHa nony4eHo 3Ha4eHHe 
bdd =54,9~0,8 /f3B/c/-2. 
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Puc.2. llu~epeH~Hanb
Hble cet.IeHHH ynpyroro 
d-d pacceHHHH /s na6. 

CHCTeMe/, 0- pe3ynb
Ta Tbl p;at!HOH pa60Tbl, 
CnnowHaH KPHBaH -
TeopeTHt.IeCKHH pact.IeT 
ITO MOp;enH fnay6epa 
npH HMnynbce 
4,42 f3B/c iS'. 

0THOCHTenbH~e AH$
$epeH~HanbH~e ce4eHHA 
C noMO~b~ HOPMHpOB04-
HOrO MHO~HTenA npHee
AeH~ K a6con~THOH WKa
ne, OHH npeACTaeneH~ 
a Ta6nH~e. YKa3aHH~e 
OWH6KH ABnA~TCA CYMMOH 
CTaTHCTH4eCKHX H CH
CTeMaTH4eCKHX OWH60K 
3KCnepHMeHTa H OWH60K, 
o6ycnoeneHH~x e~4HTa-

HHeM $OHa C HCnOnb30-
eaHHeM annpOKCHMa~HH HMnynbCH~X cneKTPOB B~pa~eHHeM /1/. 

TeopeTH4ecKoe HccneAOBaHHe ynpyroro RAepHoro d-d pacceAHHA 
B paMKax MOAenH rnay6epa npoBeAeHO B pa6oTe/3/. B 3TOH pa6oTe 
nony4eH~ $apMynbl AnA AH~~epeH~HanbHaro ce4eHHA 6e3 y4eTa H 
c y4eTaM KBaApynonbHaro MoMeHTa AeATpaHa, B~4HcneHHaA e pa-
6oTe131 TeopeTH4eCKaR KPHBaA C y4eTOM KBaApynonbHOrO MOMeHTa 
AeHTPOHa AnA HMnynbca 4,42 f3B/c B n,c, npHBeAeHa Ha PH~. 2, 
3AeCb ~e AaH~ H 3KcnepHMeHTanbH~e 3Ha4eHHA, nony4eHH~e e 
HacToR~eA pa6oTe. TeopeTH4ecKaR KpHeaR He y4HTbiBaeT eKnaAa oT 
KynaHOBCKOrO B3aHMOAeHCTBHA, HOB o6naCTH ltl > 0,03 /f3B/c/ 3 

OH Man H era eenH4HHa He npeBbiWaeT 3KCnepHMe~TanbH~X OWH60K, 
H3 PHC. 2 BHAHO, 4TO B npeAenax 3KCnepHMeHTanbH~X OWH60K 

MOAenb rnay6epa xopowo onHc~eaeT ynpyroe d-d pacceAHHe e Hc
cneAoeaHHOM HHTepeane no KBaApaTy nepeAaHHaro 4-HMnynbca. 
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