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BBE,QEHHE 

TpaAH4HOHHaR cxeMa H3y4eHHR B03AeHCTBHR HeHTPOHOB Ha MaTe
pHanw npeAnonaraeT npoAonmHTenbHWH npo4ecc o6ny4eHHR HccneAye
Moro 06paa4a HeHTpoHaMH H nocneAY~111ee H3MepeHHe ero xapaKTe
PHCTHK. npH TaKOH cxeMe 3Ha4HTeflbHWe H3MeHeHHR napaMeTpoe 06-
paa4a, B03HHKa~111He B MOMeHT B3aHMOAeHCTBHR HeHTpOHOB C aTOMa
MH, He perHCTPHPY~TCR. ,QnR Toro, 4T06W 3aMeTHTb H3MeHeHHe 
CBOHCTB 06paa4a nocne o6ny4eHHR, npHXOAHTCR Ha6HpaTb A03Y 
HeHTPOHOB, KOTOpaR 4aCTO COCTaBnReT 3aMeTHY~ AOfl~ OT nonHoro 
4HCna aTOMOB B 06paa4e. TaK, B ¢eppoMarHeTHKax npH TaKOH cxe
Me H3MepeHHR MOl!<eT 6WTb 3aMe4eHO H3MeHeHHe K03P4HTHBHOH CH
nw111H APYrHX CTPYKTYPHO 4YBCTBHTeflbHWX napaMeTpoe;12~31 nocne 
H30XPOHHoro OTmHra Ae¢eKTOB, C03AaHHblX HeHTPOHHOH A030H nOPRA
Ka 10~4 HeHTPOHOB Ha aTOM 06pa34a. 

3Ha4HTenbHWH HHTepec npeACTaBnReT perHCTpa4HR H3MeHeHHH 
CBOHCTB 06paa4a HenocpeACTBeHHO B MOMeHT HaHeceHHR paAHa4HoH-
HWX noepemAeHHH. · 

B HaCTORllleH pa6oTe.HccneAOBanocb H3MeHeHHe HaMarHH4eHHO
CTH ¢eppoMarHeTHKa, B03HHKa~111ee BO epeMR aKTa B3aHMOAeHCTBHR 
BWCOK03HepreTH4eCKOH 4aCTH4bl C ¢eppHTOM. 

nOCTAHOBKA 3KCnEPHMEHTA 

npH noArOTOBKe 3KCnepHMeHTa Mbl HCXOAHflH H3 Toro, 4TO BWCOKo-
3HepreTH4HWH HeHTPOH AeneHHR BW30BeT HeKOTopoe KpaTKOBpeMeHHOe 
H3MeHeHHe OCTaT04HOH HaMarHH4eHHOCTH ¢eppoMarHeTHKa aa C4eT 
C03AaHHR paAHa4HOHHWX Ae¢eKTOB, KOTopwe aaTeM OTOmryTCR aa 
KOPOTKOe epeMR. OblnO 6bt HHTepeCHO cpaBHHTb 3TO B03AeHCTBHe 
HeATpOHa C aHanorH4HWM B03AeHCTBHeM APYrHx 4aCTH4, HanpHMep, 
a -4acTH4. no3TOMY e Ka4eciee 06paa4a 6wn ew6paH ¢eppHT-rpaHaT 

P"1THR Li0,6 Fe2,60 4 • 6wcTpb1e HeHTPOHW a TaKoM 06paa4e eoaAeHcTey
~T Ha peweTKY~ pacceHBaRCb Ha n~60M H3 aTOMOB. Pe3oHaHCHWe H 
MeA[leHHWe HeHTpOHbl HMe~T 3Ha4HTenbHWe ce4eHHR aaxeaTa Ha RA
pe 6 Li H C03Aa~T paAHa4HOHHWe Ae¢eKTbl 4epe3 npOAYKTW (n, a) -
peaK4HH. 

06paae4, H3roToeneHHblH H3 nHTHeeoro ¢eppHTa, npeAcTaenRn 
co6oA CTepmeHeK AflHHOH ~6 MM H AHaMeTpOM OKOflO 1 MM. npeABa
PHTeflbHO HaMarHH4eHHWH CTepmeHeK aaKpennRnCR B OAHOM H3 OT
eepCTHH ABYXHHAYKTHBHOro /4HMMepMaHOBCKOro/ CKBHAa141, RBnR~-
111erocR AaT4HKOM BblCOK04YBCTBHTenbHOro ceepxnpoBOARlllero KBaH
TOBoro HHTepct>epoMeTpa"5~. CKBHA c 06pa340M noMe111ancR B KpHo
cTaT C l!<HAKHM renHeM. OT BHeWHHX MarHHTHWX noneH CKBHA 3Kpa
HHpoeancR ceepxnpoBOARlllHM 3KpaHoM 161 • 

3KcnepHMeHT npoBOAHflCR Ha ny4Ke HeHTPOHOB HMnynbCHoro pe
aKTOpa H6P-30 na6opaTopHH HeATpOHHOH ¢H3HKH OHRH. KpHocTaT 
6bin noMe111eH ·Ha paccTORHHl'1-=l·fr·M~l>tBH~I peaKTopa; 
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perHCTPHPY~~aR 4aCTb HHTep$epoMeTpa pacnonaranacb aa aa~HTOH 
npHMepHO a 20 M OT J<pHOCTaTa. ,l\JlHTeJlbHOCTb BCnblWKH HeHTpOHOB 
COCTaBJlRJla -90 MKC, 4aCTOTa - 4 fQ. 

HeaasHCHMble H3MepeHHR noKa3aJ1H, 4TO Ha 10-MeTpOBOH 6a3e 
peaKTOpa nOTOK 6blCTPblX HeHTPOHOB B HHTepsane OT 10+50 K3B AO 
10 tbB COCTaBnReT 'nPHMepHo 3 ,6. 10 6 H/CM 2 Ha OAHY BCnblWKy. no
TOK_ MeAneHHblX HeHTPOHOB HMeeT MaKcBeJ1J10BCKHH cneKTp C xapaK
TepHOH TeMnepaTypoH T = 450 K J,1 HHTeHCHBHOCTb~ 3 '8 · 10 6 H/ CM 2 

Ha OAHY BCnblWKy. . . 
KsaHTOBblH caepxnpoBOAR~HH HHTep$epoMeTp pa6oTaJ1 a TPaAH

QHOHHOH cxeMe C 3aMKHYTb1M MarHHTHblM noTOKOM 141 • 
HcnOJ1b30BaHHe nOBblWeHHOH 4aCTOTbl MOAYJlRQHH /50 KfQ/ J,1 6blcT

POH o6paTHO~ CBR3H B HHTep$epoMeTpe AaJlO B03MOmHOCTb perHCT
paQHH CHrHanoa B nonoce AO 10 KfQ C 4YBCTBHTeJ1bHOCTb~ 
-10 - 9 r c/4 J\IlR y11y4weHHR OTHOWeHHR CHrHaJl/WYM Ha BblXOAe 
ycTpOHCTBa "1CnOJ1b30Ba11acb MeTOAHKa HaKonneHHR CHrHa11a: HanpR
meHHe BblXOAa HHTep$epoMeTpa aanHCblBaJlOCb B naMRTb MHoroKaHa11b
HOro aHanHaaTopa 4epea HHTepaa11bl speMeHH a 10 MKC nocneAoaa
TeJlbHO B. 1024 Ka Hana. 3anHCb B aHaJ1H3aTop KamAblH paa Ha4HHa
nacb npHMepHO Ha 100 MKC paHbWe BCnblWKH peaKTopa. Ha pHC.1 
noKa3aHO H3MeHeHHe OCTaT04HOH HaMarHH4eHHOCTH $eppHTa, npHae
AeHHOe K OAHOH acnblWKe peaKTopa. J\JlR yMeHbWeHHR wyMoB 1,1cno11b
aoaa11ocb HaKon11eHHe no 2·10 4 acnblWKaM. 

PE3YJlbTATbl H 06CYl!{,l\EHHE 

npH pac4eTe B03AeHCTBHR BblCOK03HepreTH4HOH 4aCTHQbl YA06HO 
HCXOAHTb J,13 npocTe11we11 MOAeJlH, nonaraR, 4TO J,13MeHeHHe HaMar
HH4eHHOCTJ,1 $eppoMarHeTHKa, Bbl3b1BaeMoe C03AaHHeM Ae$eKTOB, 
nponopQHOHaJlbHO TOH 4aCTH 3Hepr"1H, KOTOPY~ 4aCTHQa OCTaBJlReT 
a o6paa4e. 

3a OAHY BCnblWKY peaKTOpa 4epe3 06paa'e4 npoXOAHT npHMepHo· 
2 ,2 ·10 6 6blcTpblX HeHTPOHOB /T. e. nOPRAKa 10-16 HeHTpOHOB Ha 
aTOM o6pa3Qa/. npH 3TOM C03AaBaeMaR B aKTe pacceRHHR 3Hep-

. EM 
rHR E = 4 n D ' rAe En - cpeAHRR 3HeprHR HeHTPOHa B cneKTpe' 

5 Ma 
En -7 • 10 3B, Ma - Macca RApa-pacce1,1aaTeJ1R, Mn - Macca HeHT
poHa. Y4HTb1BaR, 4TO ce4eHHe pacceRHHR ~eHTPOHOB B 3TOH 0611a
CTH cocTaBJlReT eAHHHQbl 6apH' nony4HM' 4TO OCHOBHOH BKJlaA Aa
eT pacceRHHe HeHTPOHOB Ha RApax KHCJlOPOAa, H nonHaR 3HeprHR, 
ocTaBJ1ReMaR 6b1CTPblMH HeHTPOHaMH B o6paaQe 3a OAHY scnblWKY 
peaKTOpa, COCTaBHT npHMepHO 200 M38. 

MeAJleHHble J,1 pe30HaHCHble HeihpOHbl He MoryT OKa3aTb aaMeT
HOro npRMoro B03AeHCTBHR Ha o6pa3eQ, HO, 6YAY4H 3axsa4eHbl 
RAPaMH 8Li, ab1aoayT peaKQH~ 6 Li(n, a} 3 H. npoAYKTbl 3TOH peaK
QHH' AJlHHa npo6era KOTOpbJX HeBeJlHKa' BblAeJlRT BC~ CBO~ 3Hepr1,1~ 
/4' 78 M38/ J,1 C03AaAYT TaK Ha3blBaeMblH TeOJlOBOH nHK,/ 7~. 
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PHc.l. BpeMeHHaR saBHCHMOCTb AeHCTBHR HeHTPOllHOrO 
IlQTOKa Ha OCTaTO\JHYIO HHAYK~HIO JIHTHeBoro cpeppHTa. 

1 (MC) 

6000, I I I I I I I I I I I I 

5000 

1000 

3000 

2000 

1000 

2 4 6 8 10 t (Mel 
PHc.2. BpeMeHHaR saBHCHMOCTb cqeTa HeHTPOHOB KpeMHHeBbJM 
AeTeKTOPOM c JIHTHeBbJM KOHBepTopoM, nonyqeHHaR Ha 10-
MeTpOBOH Gase HMnyJihCHoro peaKTopa MBP-30. 

no11araR, 4TO B $eppHTe cy~eCTByeT ecTeCTBeHHblH H30TOnHblH 
COCTaB JlHTHR, nOJ1Y4HM, 4TO 3a BCnblWKY peaKTopa B o6pa3Qe 3Hepro
Bb1AeJ1eHHe aa c4eT peaKQHH aaxaaTa cocTaBHT -4·10 4 

M3B. 
Ha pHC.2 npeACTaaneHa apeMeHHaR aaBHCHMOCTb ~4eTa KpeMHHe

Boro AeTel<TOpa C JlHTHeBblM KOHBepTopoM. KaK BHAHO, 3AeCb nno
~aAb nOA nepBblM nHKOM, 3a B03HHKHOBeHHe KOToporo OTBeTCTBeHHbl, 
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B OCHOBHOM, aaxea4eHHble peaoHaHCHble HeHTPOHbl, npHMepHO B 100 
pa3 MeHbWe nno~aAH nHKa OT TennOBblX HeHTPOHOB. no3TOMY MOmHO 
6wno OmHAaTb, 4TO B H3Mep.R~MOM 3$$eKTe ponb pe30HaHCHblX He~T
pOHOB TaKme 6yAeT HeeenHKa. 

0AHaKO 3KcnepHMeHTanbHO Ha6n~Aanocb YMeHbWeHHe HaMarHH4eH
HOCTH B nHTHeBOM $eppHTe B MOMeHT npHXOAa B 06paae4 KaK Tenno
BblX, TaK H pe3oHaHCHblX H 6blCTPblX HeHTPOHOB. ,lln.n KOHTpom'I 6b1no 
npoBeAeHO H3MepeHHe peaK4HH HHTep$epoMeTpa Ha ny40K HeHTpo
HOB - B 3TOM cny4ae $eppHT H3 AaT4HKa 6b1n YAaneH. HHKaKoro 
B03AeHCTBH.R HeHTPOHOB o6HapymeHO He 6wno. 

04eHKa AeHCTBH.R MeAneHHblX HeHTPOHOB /4epe3 (n,a) peaK4H~/, 
KOTopa.n MOmeT 6b1Tb npoBeAeHa OAH03Ha4HO, noKa3blBaeT, 4TO yMeHb
weHHe HaMarHH4eHHOCTH, CB.R3aHHOe C 3THM AeHCTBHeM, 3KBHBaneHT
HO KpaTKOBpeMeHHOMy nepeXOAY e HeMarHHTHOe COCTO.RHHe o6beMa 
06paa4a, COAepma~ero npHMepHO 10 12 aTOMOB. C4HTa.R, 4TO aa C4eT 
Tennoeoro nHKa OT BblCOK03HepreTH4eCKOH 4aCTH4bl npOHCXOAHT 
JlOKanbHblH Harpee HeKOTOpOH o6naCTH 06paa4a AO TeMnepaTypbl K~
pH /103K/, nony4aeM, 4TO npH 3TOM CYMMapHO B 06paae4 AOnmHa 
6b1Tb BHeceHa 3HeprH.n -10 5 M3B, 4To no nop.RAKY eenH4HHbl coena
AaeT C npHBeAeHHOH BblWe 04eHKOH. C APYrO~ CTOPOHbl, H3MeHeHHe 
HaMarHH4eHHOCTH B MOMeHT npHXOAa B 06paae4 6blCTPblX H pe30HaHc
HblX HeHTpOHOB noJlY4HJ10Cb Toro me nop.RAKa, KaK H npH AeHCTBHH 
TennOBblX HeHTPOHOB, 4TO He cornacyeTC.R C npHBeAeHHblMH BblWe 
04eHKaMH 3HeproBb1AeneHH.R. 3aBblWeHHe 3$$eKTl-1BHOCTH 6blCTPblX. 
HeHTpOHOB, eepo.RTHO, CB.R3aHO C HaJlH4HeM $OHa OT HX TepManHaa-
4HH B OKpyma~~eri 06paae4 3a~HTe H H30Jl.R4HH KPHOCTaTa. 

Heo6XOAHMO OTMeTHTb, 4TO B paMKax npoCTOH MOAenH He MomeT 
HaHTH 06b.RCHeHH.R TOT $aKT, 4TO 3KCnepHMeHTanbHO nocne Bb13BaH
HOro Aeik'rBHeM MeAJleHHblX HeihpOHOB yMeHbWeHH.R HaMarHH4eHHOCTH 
Ha6n~AaeTC.R ee pOCT, ,nPOAOnmalO~HHC.R npHMepHO 3 MC. 3To .neneHHe 
o6paTHoro.nepeMarHH4HBaHH.R An.A o6b.RCHeHH.R Tpe6yeT AOnonHHTenb
HOro HccneAOBaHH.A. 

3AKfll04EHHE 

06HapymeHO HenocpeACTBeHHOe H3MeHeHHe OCTaT04HOH HaMarHH-
4eHHOCTH $eppoMarHeTHKa nOA AeHCTBHeM nPOAYKTOB (n,a) -peaK-
4HH, 4TO OTKPblBaeT B03MOmHOCTb HCCneAOBaHH.R npo4ecca pomAe
HH.R paAHa4HOHHblX Ae$eKTOB H KHHeTHKH HX HC4e3HOBeHH.R. 

Ha6n~AaeMoe yMeHbWeHHe HaMarHH4eHHOCTH BO epeMeHH Ka4eCT
eeHHO coenaAaeT C epeMeHHblM XOAOM 3HeprOBb1AeneHH.R B 06paa4e. 

HomHO npeAnonaraTb, 4TO 3Ha4HTenbHblH HHTepec npeACTaBHT 
npoBeAeHHe nOA06Horo 3KCnepHMeHTa Ha ny4Ke BblCOK03HepreTH4e
CKHX RAep H3 YCKOPHTen.n. 

ABTOPbl rny60KO 6naroAaPHbl IO.M.0cTaHeBH4y 3a HHTepeCHble 
H OlleHb none3Hble o6cymAeHH.R nony4eHHblX peaynbTaTOB. 
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