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np11 HCCJlCAOBaHHH npo 4ec cOB, xapa KTepH3YIOUIHXCR HH3KHMH ce4e
HHRMH , ~10-33 c M2 /. cy111ecTBeHHYO POJlb Moryl 11rpaTb RBJleHHR, 
11cKalKao11111e nony4acMblH 3<l><l>e KT. HanpHMep, B pa6or ax ,, •2 Ha6no
Aanocb AeJ1eH11e H B036y)l(AeHHe H3OMepHblX ~OCTORHHH, Bbl3blUaeMoe 
lKeCTKHM /3- H y -H3Jly4eHHe M, KOTopoe HC nycKaJlOCb npH paAHOa KTHB
HOM pacnaAe H3OTOnOl3' o6pa3ylfllttHXLR 11.JPRAY C HCCJleAye MblMH RA
paMH. Bo3MOIKHOH npH'IHH( )H , o{h,AC HROUleH ::no RBJleHHe, Mor Jl() 6b1T b 
pe3OHaHCHOe pacceRHHe y -KB~HT OB, CBR3aHHOe C B036 y)l(ACIIHCM 
RAePHblX ypoeHeH c 3HeprHRMH 3-5 M3B. B HacroR111eH pa6ore npo
BeAeHo 6onee nOAP06Hoe HCCJleAOBaHHe 3Toro RBJleHHR. 

H3y4aJlOCb pe3OHaHCHOe pacceRHHe Ha RApax 18 1Ta H 238 u 
r -KBaHTOB C 3HeprHRMH 2-5 M3B,11cnycKaeMblX npH paAHOaKTHBHOM 
pacnaAe H3OTOnOB 66 ca, 74 Br /oCHOBHOe H H3OMepHoe COCTOR
HHR/ H 142 La. XapaKrepi.1CTHKl,1 3T"1X H3OTOnOB '3 / /cnoco6 pacna-
Aa, nepHOA T1 '2 H 3HeprHR Q/3 /1-pacnaAa, MaKCHMaJlbHaR 
3HeprHR y -KBaHTOB E ,, max , 4HCJ1O )' -KeaHTOB C 3HeprHeH Bblwe 
3 M3B Ny /, a TaKlKe peaK4HH HX nony4eHHR npeACTaeneHbl B Ta6-
ni.14e. YKa3aHHble H3OTOnbl no11y4aJ1HCb Ha H3OXPOHHOM 4HKJ1OTpOHe 
Y-200 11 Ha MHKpo rpoHe MT-17 Jla6oparop1111 RAePHblX peaK"411H OHRH. 
Hx aKTHBHOCTb cocraenRna - lmCi . 

B o nblTax HCnOJlb3OBanacb THnH4HaR ycTaHOBKa AJlR HCCJleAOBa
HHR pe3OHaHCHoro pacceRHHR y -KBaHTOB /pHC. 1/. AnR per11crpa-
4HH pacceRHHOro y -113ny4eHHR CJlYlKHJl Ge(Li) -AeTeKTOP o60eMOM 
22 cM3. BoKpyr 3roro ACTeKTopa pacnonarancR KOJ1b4eeoH pacce11ea
renb H3 ypaHa HJlH TaHTana TOJlUIHHOH 1 MM. AnR aa11111Tbl ACTCKTopa 
OT npRMOro y -H3J1Y4CHHR CJlYlKHJl CBHH40BblH 3KpaH TOJlUIHHOH 15 CM. 

Ta6mu.1,a 

XapaKTCpHCTHKH pacna,D,a HCnOJlb3YCMbJX H30TOnOB 

lfa OTOn 
Tttn 

T½ Q(iM3B Ey m'ax /NY I PeaK~HH 
pacna,D,a 

M3B / >3 M'.3B/ nony'ICHHH 

66 Ga /i +. K 9,4 4 5 , 17 4,8 1 17 63 Cu ( 4 He,n) 

7 4 g Br fl +, K 25,3 MHH 6 , 92 4,65 32 65 Cu( 1l?c,3n) 

74 111 13r + 4 1 ,5 7, 11 4,38 22 /1 ,K MHH 

14 2 La {,J - 92,5 MHH 4 , 52 4, 18 26 238U(y ,f) 
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PHc.1. BnoK-cxeMa ycTaHOBKH. 

C nOMO~b~ 4096-KaHanbHOro aMnnH
TYAHOro aHanH3aTopa H3MepHnHCb 3Hep
reTH4eCKHe cneKTPW p-:-Hsny4eHHH AnH 
Ka)l(AOro ~3 pacceHaaTeneH, a TaK)l(e, 
Aflfl cpaBHeHHH, - 6e3 pacceHBaTenft 
H'; CBHHLIOBoro 3KpaHa /Hcnonb30Banc,H 

"nHWb cnoH CBHHLla TOfl~HHOH 2, 5 , CM,, 
KOTOpWH norno~an MHrKy~ 4aCTb ,~neKTpa, 
aw3waa~~ero neperpy3KY AeTeKTopa/. 

· H3MepeHHble cneKTPbl y -H3ny4eHHl;l, .a . cny-
4ae '.11CT04HHKa 74 Br /pacna,q 113 OCHOB-:-, 
Horo H H30MepHoro COCTOl'IHHH/,, ,npeA2Taa
neHbl tta PHC. 2 /a cneKTpe y '."'H3ny4e,HHH 
74 Br noKa3aHbl TOflb KO: HaH6onee .HHTeH-

CHBHWe nHHHH/. H3 pHCYHKa BHAHO, 4TO 
cneKTpbl B o6~eM nOA06Hbl' HaH6onee HHTeHCHBHble y-nHHVIH Ha6n~
Aa~TCH ao· acex cneKTpax. 0TCYTCTBHe PHAa cna6blX y-nHHf-1H a 
cneKTpaX pacceHHHH 06bHCHHeTCH MeHbWeH CTaTHCTH~QH H3MepeHHH 
H 6onee awcoKHM ypoaHeM (j)oHa. 

Ha6n~AaeMble' B cneKTpax pacceHHHH y -nHH1:1H .HBnH~T!=fl ', pe3ynb
TaTOM ynpyroro pacceHHHH y-KaaHTOB Ha HApax H·aToMax ae~ecT
aa. B H3Y4·aeMoi1 o6nacTH 3Heprni1 /3-5 M3B/ HaH6onbl,IJHH aKnaA 
BHOCHT T.OMCOHOBCKOe'. 'H Aenb6p~KOBCKOe pacceHHHH. Ce4eHHH 3THX 
npoL1eCCOB xapaKTepH3Y~TCR rnaAKOH 3aBHCHMOCTb~ OT 3tteprHH. 
0AHH H3 npHMepoa TaKOH 3aBHCHMOCTH /Ce4eHHe' pacC4HT,aHHOe AflR 
RApa 238 u H 'yrna pacCeRHHR ,90? 141 I' npeACTaaneH Ha PHC. 3. 
HHTeHCHBHOCTH Ha6n~AaeMblX a cneKTpax pacceHHHR y -nHHHH co
OTBeTCTBY~T pacc4HTaHHblM Ce4eHHRM ynpyroro,pacceHHHR y-Hsny4e
HHH. 

0AHaKo a cneKTpax pacceRHHH Ha6n~AaeTcR L1em1i1 PHA y-nHHHH 
/pa3nH4HblX AflR 238 u H 181Ta /, HHTeHCHBHOCTb KOTOPblX OTHO-
CHTenbHO OCTanbHblX y.-nHHHH 3aMeTHO B,b1we,· 4eM B cneKTpe y-H3,
ny4eHHH . 74 Br • .LIH<P<PepeHi(HanbHble · Ce4eHHH pacceHHHR Aflfl 3THX Y -
flHHHH, KaK BHAHO H3 pHc.3, n04TH Ha nopRAOK npeaoCXOART pac,-
4eTHble, a. ncinHble ce4eHHH /a npeAnono)l(eHHH H30TponHoro pacceH-
1:lHR Y -H3flY4eHHR/ AOCTHra~T· 1 Q .;_26cM2, B cny4ae HCT04HHK8 66Ga 
TaKHX, y-nHHHH C noawweHHOH HHTeHCHBHOCTb~ Ha6n~Aanocb 3Ha4H-
TenbHO MeHbwe, a cny4ae 142 La- He Ha6n~Aanocb coaceM. 

Bo3MO)l(HblM 06bRCHeHHeM nOBblWeHHWX 3Ha4eHHH Ce4eHHH pacceR
HHH Aflfl PHAa y-nHHHH HBnHeTCH pesoHaHCHOe B036Y)l(AeHHe HAePHWX 
ypoBHeH 238 U H 181 Ta c n9cneAY~~HM HcnycKaHHeM. y-KBaHTOB 
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PHC. 2. CneKTPbl y -HsnyqeHHH: a - npH 
pacrraAe HsoTona 74 Br , 6 - npH pac
ceHHHH Ha 238 0, B - npu pacceHHHH 
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Ha 181 Ta,Ny - qHcno HMnyn:i,coB sa Bpe-
MH, H3MepeHHH, Ey - 3HeprHH y-KBaH-

TOB. 

I, . /pesoHaHcHoe pacceHHHe y -Hsny4eHHH/. 
Ce4eHHe :noro n1>0L1ecc'a onpeAenReTcR 

~ ·~ Bblpa)l(eHHeM: 
'A.2 2Jr+l 

u·=-•----
r2 

1 
/1/ 

f, ' ' 811 2Ji+l . (Eo:--Ey)2-(ro /2)2 

(1 •~a 
rAe EyH .\- 3HeprHR H AflHHa BOflHbl 
Y -Hsny4eHHR; Ji H J f - cnHHbl OCHOBHO
ro H aos6y)l(AeHHOro COCTOHHHH RAP8 

11 I 

Eo ,ro H I' l - COOTBeTCTBeHHO 3Hep
~ 

5 
rHR, nonHaR H paAH8L1HOHHaH /AnH nepe-

9, l:faB XOAa B OCHOBHOe COCTORHHe/ WHPHHbl 2 3 . 

sos6y)l(AaeMoro ypoBHH• B cny4ae pe

soHaHca (Eo= Ey) ce4eHHe aos6y)l(AeHHH MO)l(eT AOCTHraTb 6onbWHX 
aenH4HH /AO 1 u-21cM2 AflR y -KaaHTOB C 3HeprnRMH 3-5 M3B/. B TO 
)l(e apeMR BAanH OT pesoHaHca (E 0 - E Y » r O ) ce4eHHe sHa41,1-
TenbHO yMeHbwaeTCR, 1,1 aos6y)l(AeHHe ypOBHeH npaKTH4eCKH He Ha6n~
AaeTCR. npi<i 3HeprnRX aos6y)l(AeHHH Hl,1)1(e 5 M3B Aa)l(e B TH)l(eflblX RA
pax nonHaR WHPHHa ypoaHeH MHoro MeHbWe cpeAHero paCCTORHHR 
Me)l(AY ,HHMH cro«D), no3TOMY aepORTHOCTb noRaneHHR pesoHaHca 
HBnReTCR'04eHb ManoH. PesoHaHcttoe pacceRHHe cTaHOBHTCH Ha6n~
AaeMWM nHWb npH 3HeprHH CBR3H HeHTpoHa /6-8 M38/, rAe 3Ha4e

HHR I'o 'H O oKa3blBa~TCR cpaBHHMblMH 151
• , 

BepoHTHOCTb noRsneHHR pe30HaHca MO)l(eT 3Ha4HTenbHO BblpaCTl-1, 
ecnH 1-1cnonb3Y~TCR y -KBaHTbl, 1,1cnycKaeMwe nocne 13-nepexoAa 
C 6onbWOH 3Hepr1,1ei1. B 3TOM cny4ae HAPO OTAa41-1 MO)l(eT·np1,106pe
CTH 3HeprH~, AOCTHraeMY~ HeckonbKHX COTeH 3B. BpeMeHa )1(1,13HH 
ypoa1-1eH c 3HeprnRMH 3-5 M3B,, Kak npaa1,1no, He npeab1wa~T 10-

12 
c, 

4TO MeHbWe apeMeHl-1 TOpMO)l(eHHH RAeP OTAa4H B ae~ecTBe~ Blpe
synbTaTe 3Toro y-KaaHTW, 1-1cnycKaeMwe 1,130TponHo_ 1,13 ABH)l(y~erocR 
RApa, 6YAYT HMeTb 6onbWOe AOnnepoBCKOe yw1,1peHH~, •acinH4HHa Ko

Toporo onpeAenReTCH awpa)l(eHHeM: 
E13 

~E:::2Ey--• 
Mc2 

/2/ 

rAe E13 - 3HeprHH /3 -nepexoAa, aKn~4a~~aR Macey noKoH 3neKTpo-
. Ha HflH HeHTpHHO, M - Macca RAPa OTAa4H, C - CKOpOCTb caeTa. 

3aBHCHMOCTb AOnnepoasKoro yw1,1peHHR OT 3Hep~HH y -KBaHTa /n~H 
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PHc.3. 3aBHCHMOCTb AHdxl>epeH

JWaJibHOro ceqeHHH pacceHHHH 

/aa yron 90° / OT sHeprHH y -

KBaHTOB~ Cnnomaa11'KpHBaH -

pacqeT, T-OqKH - 3KCnepHMeH

TaJibHbie p;amlh!e / -0 - H3OTOIl 
74 Br • fl - H3oTon · 66 Ga/. 
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PHC. 4. 3aBHCHMOCTb ·Bem1qHHbl 

p;onnepoBcKoro ynrnpeHHH (,\E) 
OT 3HeprHH y-KBaHTOB (Ey) 
H 3aBHCHMOCTb cpep;aero pac

CTOHHHH MeJK,IJ;Y ypOBHHMH (D) 
OT 3HeprHH BO36YJK,D;eHHH (E * ). 

3TOM npeAnonaraeTCR, 4To y -KsattT 11cnycKaeTcR c aacenReMoro 
np11 ~ -pacnaAe YPOBHR B OCHOBHOe COCTORH11e/ AriR 11cnonbayeMblX 
B Haw11x OnblTax / 66 Ga' 74 Br 11 142 La/ npeACTaBlleHa Ha Pl1C. 4. 
AnR cpasHett11R noKa3aHa pacc411TaHHa~ aas11c11MoCTb cpeAHero pac
CTORHl1R MemAY YPOBHRMl1 RAep-pacce11BaTeneH / 238 U l1 181Ta / OT 
3Hepr1111 so36ymAeH11R. fipH 3Tl1X pac4eTax 11cnonbaosan11cb 11asecT
Hble 3Ha4eHHR D npJ.1 3Hepn111 CBR311 HeHTPOHa16 ! 11 3aBJ.1CJ.1MOCTb D(E *) 
B MOAenH cJ>epMJ.1-raaa. lfa p11c. 4 B11AHO' 4TO B cny4ae y -KBaHTOB 
c 3Hepr11RM11 3,5-4,0 M3B, 11cnycKaeMblMH np11 pacnaAe 11a0Tonoa 
66 

Ga H 74 Br, l1X AOnnepOBCKOe YWHpeH11e cpaBHl1MO co cpeAH11M 
paCCTORHl1eM MemAY YPOBHRMl1 RAep-pacce11aaTeneH / 238 U l1 l81Ta/. 

3To ~Pl1BOAHT K TOMY, 4TO aepORTHOCTb noRBneHHR peaoHaHCOB 3Ha-
4HTenbHO nOBblWaeTCR, HO Ce4eH11e B036ymAeHHR naAaeT. B cny4ae 
peaoHaHca (Ey= E 0 ) 11 AOnneposcKoro yw11peH11R }' -n11H1111 /lE ce-
4eH11e B036ymAeH11R 11MeeT B11A: 

o· -~ 2Jr +1 r/ 
- 211 2Ji + 1 fo /lE /3/ 

_. [' -3 -2 Op11 uE-100 38 11 f' 0 11 1 ~ JO - 10 3B, ce4ettJ.1R peaoHaHCHoro 
pacceRHl1R MOryT COCTaBilffTb 10-26 - 10-25 cM2 3Tl1 3Ha4eHl1R ce4e
HHH 6n113Kl1 K nony4eHHblM Ha OnblTe 11 TIOATBep~AalOT pacCMOTpeHHblH 
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MexaHl13M npo4ecca pacceRHl1R. HeAaBHO 3TOT npo4ecc Ha6n10AancR 
11 np11 MeHbW11X 3Heprl1RX y-KaaHTOB 11 {3 -nepeXOAOB /l130TOnbl 

24 Na 11 56 Co / 141 ~ Op11 eiqe 60.nee abicoK11x 3HeprnRx y -J.1any4eH11R 
l1 /l-nepeXOAOB /Hanp11Mep' AOR 1130TOna 74 Br BblWe 4 M3B/ AOnne
pOBCKOe yw11peH11e Y -KBaHTOB CTc3HOBl1TCR f>OObWe cpe,qHero paCCTOR
H11R MemAY YPOBHRMl1 ( /l E > D ). 11 npo4ecc pacceRHl1R cTaHOBl1TCR Ta
K11M me. KaK J.1 AllR HenpepblBHoro TOPM03Horo cneKTpa. 

TaKl1M o6pa30M, nOBblWettHblH BblXOA y -11any4eHl1R C 3Heprl1RMl1 
3-5 M3B MOmHO 060RCHl1Tb peaoHaHCHblM B036YmAeHl1eM RAePHblX ypos
HeH y -KsaHTaM11 c 6011bw11M AOnnepoacK11M yw11peH11eM, aoaH11Ka~11M 
BCS1eACTa11e OTAa411 npH {3 -nepexo.qax -6011bWOH 3Heprl1H. 3TO RBne
HHe noasonReT ocyiqecTBnRTb'Cene1<THBHoeaoa6ym.qeHHe RAePHblX 
YPOBHeH, onpeAenRTb HX paAHa4HOHHble WHPl1Hbl,11 B03MOmHble cnoco-
6bl pacnaAa. 

83aKOI04ett11e aBTOpbl BblpamalOT 6naroAaPHOCTb r.H.Cl>nepoay 11 
IO.l\.OraHecRHY aa nocTORHHblH HHTepec K pa6oTe, a TaKme H.B·.npo
HHHY 11 A.f.6enosy aa noMoiqb npH npoBeAettHH o6ny4eHHH. 
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