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Ape0HeHw11e KPHCTann1,14ecK11e noPOAbl 3eMJ111 npeTepnen11 AJ1HTeJ1b

Hy10 HCTOPl-110 CBoero <l>OPMHPOBaHHR' OHl-1 o6paaoBaJ111Cb B CJlO)l(HblX 
TepMOAHHaMH4eCKHX 11 <1>11a11Ko-XHMH4eCKl1X YCJlOBHRX. C HHMl-1 BO BCeM 
MHpe CBR3aHbl KpynHble MeCTopomAeHHR paaJ1114HblX noJle3HblX HCKonae
MblX. no3TOMY 113y4eHHe reOXHM114eCKOro COCTaea TaKHX nOPOA npeA
CTaBJlReT 3Ha4HTeJlbHWH HHTepec. BamHYIO POJlb B CBR311 C peweHHeM 
3TOH 3aAa4H np11aBaHW 11rpaTb RAepHo-<1>11a114eCKHe HHCTPYMeHTaJlbHWe 

MeTOAbl aHan11aa. 
RAepHo-<1>1131,14ecK11e HHCTpyMeHTaJlbHble MeTOAW o6JlaAalOT PRAOM npe

HMy~eCTB no cpaBHeHl-110 C TpaAHQHOHHblMl-1 MeTOAaMH:HeAOCTPYKTHBHOCTb, 

BO3MO)l(HOCTb MHoroKpaTHoro 11cnoJ1b3OBaHHR npo6b1; WHPOKHH cneKTP 

onpeAenReMwx 3JleMeHToB, KaK nop0Aoo6paay10~11x, TaK 11 Manwx; eAH
HaR MeTponorHR AJlR 0cex.aHaJ1113HpyeMblX 3JleMeHTOB; 3KCnpeCCHOCTb; 
BWCOKaR TO4HOCTb npl-1 H113KHX npeAeJlaX 06HapymeH11R 11•61 • 

CpeAH RAepHo-<1>11a114eCKl1X MeTOAOB oco6oe MeCTO aaHHMaeT HHCTpy
MeHTaJlbHblH HeHTPOHHo-aKT110aq110HHWH MeTOA aHan11aa /HHAA/ c no
MO~blO RAePHblX peaKTOPOB /4·8/ ,noaBOJlRIO~HH ocy~eCTBJlRTb OAHOBPeMeH
HOe onpeAeJleHHe COAepmaHHR 3Ha4HTeJlbHoro 411CJla 3JleMeHTOB C 6onb

WOH 4YBCTBHTeJlbHOCTbl0 1,1 np11 He60JlbWl1X HaBeCKaX o6pa3QOB.OAHaKO 

B 3TOM MeTOAe npeAeJl onpeAeJleHHR Ba)l(HWX B reonor114eCKOM OTHo
weHl-111 3JleMeHTOB, TaKHX, KaK HHKeJlb, CTpOHQHH, QHPKOHHH, py61,1-

AHH, CBHHeq 11 APYr11e, AOBOJlbHO BblCOK 16•61 • KpoMe Toro, aHaJ11131,1-

pyeMaR Ha Bee Ka 4aCTO ManonpeACTaBHTeJlbHa. C 3TO.H •TO4Kl1 apeHHR 
npeACTaBJlReTCR nepcneKTHBHWM np11MeHeH11e raMMa-aKTHBaqHOHHoro 

MeTOAa aHaJ111aa /rAA/, npoBOAHMoro C noMO~blO JlHHeHHOro YCKOPHTe
JlR 1,1n1,1 MHKpoTpoHa /9-11/ • raMMa-aKT110aq110HHWH MeToA aHan11aa 4a

cTo CJlY)l(HT AOnOJlHeHHeM K HeHTpOHHo-aKTHBaQHOHHOMY aHaJlH3Y 11 
B PRAe CJly4aeB ycnewHO KOHKyp1,1pyeT C APYrHMl-1 MeToAaMH aHaJ111-
aa 110-1a1 • 

B HaCTOR~eH pa6oTe HCCJleAOBaJlHCb BO3MO)l(HOCTl1 11cnOJ1b3OBaHHR 
MHKPOTpoHa AJlR'nPOBeAeHHR MHOrO3JleMeHTHOro raMMa-aKTHBaQHOHHoro 
aHaJlH3a o6pa3QOB KPHCTaJlJlH4eCKl1X nopOA. KpoMe Toro, 6blJll,1 11cnoJ1b-

3OBaHM <l>OTOHeHTPOHM MHKPOTPOHa AJlR onpeAeJleHHR COAepmaHHR Al, 
V, Mn, Co 11 Na-3neMeHT0B, KOTopb1e 06paay10T YA06Hble AJlR aHan11aa 
KOPOTKQ)l(i,1By~11e paAHOH3OTOnM B ~. y) -peaKQHRX. 

B qenRx Bb16opa Ha116onee paq110HaJ1bHOH reoMeTp1111 o6ny4eH11n 06-

paaqos TOPMO3Hb1M 113Jly4eHHeM MHKPOTPOHa HCCJleAOBaJlHCb nPOAOJlb
HOe 11 yrnosoe pacnpeAeJ1eH11e ny4Ka Y-KaaHTOB.Ha ocHoee npoee

AeHHMX HCCJleAOBaHHH AaHM peKOMeHA~Ql-111 OTHOCHTeJlbHO paaMepoB 
o6paaqoe AJlR npoBeAeHHR rAA Ha MHKpoTpOHe 1,1 ycTaHOBJleHbl nopor11 
onpeAeJleHHR PRAa 3JleMeHTOB. 



nPHroTOBnEHHE 06PA3UOB 11 CTAH,llAPTOB. AnnAPATYPA 

06pa34bl KPHCTannH4eCKHX nOPOA H3Menb4anHCb AO paaMepoa aepeH 
0,5 MM, a CTaHAaPTbl npHrOTOBflRflHCb a BHAe nopowKa, aec TeX H 
APYrHx COCTaBnRn OKono 3 r. llnR HccneAQBaHHR onTHManbHOH reoMeT
PHH o6ny4eHHR aec 06paa4oa aapbHpoaancR OT 0,5 AO 10-12 r. npH-
4eM caMO HCcneAOBaH1-1e 6blfl0 npoaeAeHO C HCnOnb30BaHHeM B Ka4eCT
ae 06paa4a CMeCH OKHCeH TaHTana, MeAH, THTaHa, KpeMHHR H mene3a. 
,QnR o6ecne4eHl-1R H3MepeHHH B MRrKOH 3HepreTH4eCKOH o6naCTH cneKT
poa /E < JOO K3B/ a CMecb OKHceA 6bln aHeceH ypaH a BHAe pacT
aopa UC)2 (N03 )2 , CMeCb OKHCeH C ypaHOM T~aTeflbHO paaMeWHBanacb 
B CTynKe AflR AOCTHmeHHR OAHOPOAHOCTl-1 npo6. B Ka4eCTBe 3TanoHOB 
Hcnonb30BanHCb CTaHAaPTHble 06paa4bl cr,n,-JA, CT-IA H BM. npo6bl 
H CTaHAaPTbl ynaKOBblBanHCb ,B 41-1fll-1HAPH4eCKHe KacceTbl H3 oprcTeKna. 
Pa3Mepbl KacceT Bbl6HpanHCb B COOTBeTCTBl-1H C aecoM npo6. Bb16op 
paaMepoa KacceT 6onee noApo6Ho o6bRCHReTcR HHme. 06ny4eHHe npo
BOAHnocb y-KaaHTaMH HflH ¢oTOHeHTPOHaMH MHKPOTPOHa MT-22 
nauopaTOPHH RAePHblX peaK4Hr:i OHRH c MaKcHManbHor:i 3HeprneH ycKo
peHHblX 3fleKTPOHOB -20, 5 M3B npH cpeAHeM TOKe 13 MKA 1141• 06ny-
4eHHe 06pa34oa y-KaaHTaMH npOBOAHflOCb no cxeMe, npeACTaaneHHOH 
Ha pHc. I • npH o6ny4eHHH npo6 TennoBblMH HeHTPOHaMH 06paa4bl 6blflH 
pacnonomeHbl a 4eHTpe rpa¢HTOBoro t<Y6a Ml-1KPOTPOHa /15/. noTOK y
KBaHTOB Hfll-1 HeHTPOHOB KOHTponHpoaancR C nOMO~blO MeAHblX H MapraH-
4eBblX MOHHTOPOB COOTBeTCTBeHHO 1161. 

,QnR H3MepeHHR cneKTPOB y-Hany4eHHR paAHOH30Tonoa o6ny4eHHblX 
06paa4oa npHMeHRflCR KOMnneKC H3 ABYX nonynpOBOAHHKOBblX AeTeKTo
poa. npH4eM cneKTPbl B 3HepreTH4eCKOH o6naCTH 20-200 K3B H3MepR
nHCb C noMO~blO AeTeKTopa H3 4HCTOro repMaHHR o6beMOM 2,1 CM3 
c paapeweHHeM 0,5 K3B Ha nHHl-1H KaBi c 3HeprHeH 77, I K3B, a cneKT
Pbl B o6nacTH 100-2500 K3B H3MepRnHCb Ge(Li) -AeTeKTOPOM C 4YBCT
BHTenbHblM o6beMOM 28 CM 3 H paapeweHl-1eM 3, 5 K3B Ha y-nHHHH 137 Cs 
C 3HeprHeH 662 K3B. ,llnR perHCTpa4HH 1-1 o6pa60TKH l-1H$OPMa4HH npH
MeHRnCR 4096-KaHaflbHblH aHanH3aTOP LP-4900 ¢1-ipMbl "Nokia". 
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Pttc.l. CxeMa o6nytieHHH o6pa3~OB y-KBaHTaMH MHKpOTpOHa. 
I - MHKPOTpOH, 2 - BbWOAHOH naTpy6OK nytIKa gneKTpOHOB, 

3 - BblilYCKHOe OKHO / Al -q,onbI'a/, 4 - ysen TOpM03HOH 
MHmeHH, 5 - TOPMO3Haa MHmeHb /H3 W/, 6 - nornOTHTenb 
gneKTPOHOB /H3 Al/, 7 - nonH3TttneHOBblH neHan ,rr.na 06pa3-
~OB, 8 - o6pa3~1, 9 - MOHHTOP nOTOKa y-KBaHTOB/H3 Cu/. 
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Bbl60P onTHMAnbHOtl rEOMETPHH osnY4EH11.R 06PA31.l0B 

npH raMMa-aKTHBa4HOHHOM aHan1-1ae aamHoe MecTo aaHHMaeT aonpoc 
abl6opa onT1-1ManbHOH reoMeTpl-1H o6ny4eHl-1R 06paa4oa. npH 3TOM Heo6-
XOAHMO npaBHflbHO Y4HTblBaTb oco6eHHOCTH ~rnoaoro H npOAOflbHOrO 
pacnpeAeneHHH.Y-KBaHi-oa TOPM03Horo Hany4eHHR npH onpeAeneHHOH 
MaKCHManbHOH 3HeprHH ycKopeHHblX 3neKTpOHOB. PeweHHe AaHHoro ao
npoca CYll.\eCTBeHHO aaBHCHT TaKme OT KOflH4CCTBa aHanH3HpyeMoro ae
~eCTBa ~1 OT 4HCna 06ny4aeMblX OAHOBpeMeHHO npo6. no3TOMY HaMH 
6blflH paccMOTpeHbl cnCAYIO~He Kpar:iHHe cny4aH: a/1-1MeeTCR A0CTaT04HO 
6onbwoe KonH4eCTBO ae~ecTaa AflR npoaeAeHHR aHan1-1aa; 6/ aec 06-
paa4a KOne6neTCR a aaBHCHMOCTH OT nnoTHOCTH MaTep1-1ana OT 200 
AO 500 Mr. np1-14eM a o6oHx cny4aRX 1-1ccneAoaaH1-1e npoaeAeHo c y4e
TOM Toro, 4TO 41,1cno npo6, 06ny4aeMblX OAHOapeMeHHO, paaHO, B 06-

~eM cny4ae, N ~ l. 
npe)l(Ae 4eM o6paTHTbCR K KOHKpeTHOMY paccMoTpeHHIO' 'cny4aea /a/ t 

/6/ t paCCMOTPHM HeKOTOl)ble aonpoCbl t CBR3aHHble C pacnpeAeneHHeM' 
y -KBaHTOB TOpM03HOrO 1,13ny4eHHR B npOAOflbHOM HanpaaneHHH. KaK 

H3BeCTH0/18/, aaaHCHMOCTb OTHOCHTeflbHOH HHTeHCHBHOCTH noTOKa 
y -KaaHTOB TOPM03HOrO H3flY4eHHR B nPOAOflbHOM HanpaaneHHH HMeeT 

BHA: 
/1/ 

p - _1_ 
y Ra , 

rAe R - paccTORHHe OT AeTeKTOPa y-wany4eHHH AO TOPM03HOH MHwe-
HH t a - napaMeTP t aaaHCR~HH B o6~eM cny4ae OT 3Kcnep1-1MeHTanbHblX 
ycnOBHH. npeACTaanReT HHTepec BblRCHHTb aaaHCHMOCTb a OT AHaMeTpa 
noporoaoro AeTeKTopa c 4enb10 abl6opa onT1-1ManbHOH reoMeTpHH o6ny-
4eHHR. EcnH B Ka4eCTBe noporoaoro AeTeKTopa B3RTb MeAHble ¢onb
rH /d = 0,1 MM/ npaBHflbHOH KpyrnoH ¢opMbl H pacnonomHTb HX nepneH
AHKYflRPHO K HanpaaneHHIO ny4Ka y-KBaHTOB Ha pa3Hb1X paCCTORHHRX. 
ROT TOPM03HOH MHWeHH t TO cTeneHb aKTHBaQHH ¢onbr 6yAeT pa3n1,14-
Ha B aaBHCHMOCTH OT 3Ha4eHHR R. EcnH nocTpOHTb aaaHCHMOCTb 
aKTHBHOCTH ¢onbr OT paccTORHHR R, TO nony4HM KPHBYIO, aHanor1-14-
HYIO npeACTaaneHHOH Ha pHc.2. KpHBaR TaKoro BHAa Hcnonb3YeTCR 
o6b14HO Ha npaKTHKe AflR y4eTa CTeneHH y6b1BaHHR HHTeHCHBHOCTH no
TOKa y-KBaHTOB npH KOflH4eCTBeHHblX onpeAeneHHRX COAepmaHHR 3ne
MeHTOB a 06paa4ax, o6ny4eHHblX no cxeMe, noKaaaHHOH Ha p1-1c.l. 
C noMOL!lblO nocTpoeHHOH KPHBOH /cM.pHc.2/ MO>XHO nerKO onpeAeflHTb a. 
npH yaenH4eHHH AHaMeTpa D noporoaoro AeTeKTopa nony4aeTCR ce
Mer:icTBO KpHBblX, noKa3aHHblX Ha pHC. 3 t KOTOPOMY COOTBeTCTByeT 
PRA 3Ha4eHHH napaMeTpa D, Ha pHc.4 npeAcTaaneHa 3aBHCHMOCTb a 
OT D. KaK BHAHO H3 pHc.4, cy~ecTayeT nHHeHHaR aaBHCHMOCTb THna 
a= a+ bD npHMepHo AO 3Ha4eHHH D = 40 ·MM, npH4eM AflR AaHHblX 

ycnoBHH 3KCnepHMeHTa 

a = 1,69 - 0,016D. 
/2/ 
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PacCTOPIHMe. MM 

PHc.2. 3aBHCHMOCTb HHTeHCHBHo
CTH T0PM03Horo H3nytleHHH OT 
paCCTOHHHH AO TOPM03HOH MHmeHH. 
Ro - pacCTOHHHe OT TOpM03HOil: 

PHc.3. CeMeil:CTBO KPHBblX SaBHCH
MOCTH HHTeHCHBHOCTH TOpM03HOro 
H3nytieHHH OT paccTOHHHH IlpH pa3-
Hb1X AHaMeTpax MOHHTOPOB. D -
AHaMeTp MOHHTOPOB, Ro- CM.pHc.2, 
peaKQHH 

65cu (Y, n) 64 cu, D =4 MM 
/-x-x-/, 20 MM/-•-·-/, 30 MM 

/-•-•- / H. 60 MM /-.!-.A-/. 

MHmeHH AO nepBoro MOHHTopa 
/R 0 ·= 65 MM/; peaKQHH 

65
-Cu(y,ri) 64 Cu, Ey =511 KsB, 

T112 = 12,8 tI. 

~ 
~ 
.8 
~ 1.8 
:s: 
:i 
t1.s 
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10 20 30 40 50 60 
/lHaMeTp 06paJL1a, MM 

PHc. 4. 3aBHCHMOCTb CTeneHH Y6b1-
BaHHH HHTeHCHBHOCTH IlOTOKa y -
KBaHTOB TOPM03HOro H3nytieHHH a 
OT AHaMeTpa noporoBoro p;eTeKTopa. 
PeaKQHH 86 Cu(y, n) 64 Cu , Ey = 
= 511 KsB, T 112 = 12, 8 tI. Ha pH
CYHKe npegcTaBnem1 sKcnepHMeu
Tanom1e TO'IKH ·5 pa3Hb!X OilblTOB. 
KpHBaH npoXO,lJ;HT no cpep;HHM 3Ha
'leHlrnM Bcex sKcnepHMeHTanoHbIX 
,ll;aHHbIX. 

np1-1 D > 40 MM 3aBHCHMOCTb a= C(D) HeI11-1He11Ha' 1,1 npH D = 60 MM 
OTICilOHeHHe OT IlHHeHHOH 3aBHCHMOCTH ,[IOCTHraeT 20%. Hem1HeHHOCTb 
3aBHCHMOCTH a= C(D) ,c\IlR 6oilbWHX D CB.A3aHa, C O,[IHOH CTOPOHbl' 
c COOTHOWeHHeM pasMepoe MOHHTOpa 1,1 ,[leTeKTopa, a c ,qpyro11 CTO
POHbl, 3TO npORBileHHe Toro ~aKTa, 4TO TOPM03HOe H3Ily4eH1-1e Hanpae
IleHo npeHMyll{eCTBeHHO enepe,q no,q AOBOilbHO Mam1M yrnoM, o6pa3YR 
np1-1 3TOM none H3Ily4eHHR KOHyco66pasHoro BH,qa, TaK 4TO CTeneHb 
aKTHBaQHH ~OilbrH na,qaeT OT ee QeHTpa K Kpa~. 
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Ta6nHQa 1 

XapaKTepHCTHKH ~OTOHeHTPOHHblX peaKQHH, HCilOnb3yeMbIX AJIH 
npoBepKH 3aBHCHMOCTH a OT AHaMeTpa noporoBoro p;eTeKTOpa 

Pa.D:D'o
:saoTon Pe~H IloporoBBJI( I) 

8He~H, 
MaB 

237u 238u<~.n > 237u 5,30 
67Ni 68Ni(~.n) 57Ni 12,2 
64cu. 65cul~.n) 64cu 9, 92 

99Mo.99lv,lOOMo(~.n) 99Mo 8,29 
R-99m -_.__ Tc 

(l) J1HTepaTypHble p;aHHb!e 1191 

SHspnJx<2> 
,IteTeKTHPYeMHX 
T-KBSHTOB 

K3B 

59,5; 208,0 

127,l; 5II,O 
51!,0 

140,5 

Ilel)lJO.Jt 
nOJIYPaCnBJta, 
TI/2 

6,75 .ItH 

36,16 -q 

12,8 -q 

66,0 -q (6,0-q) 

<2> Ilpep;cTaBneua TOnbKO suepr1rn y-KBaHTOB, Hcnonb3YeMblX HaMH 
p;mt npoBep;eHHH 3KCnepttMeHTOB. 

/ 
MaKc 

3aBHCHMOCTb /2/ 6b1Ila npoeepeHa npH E - = 20, 5 M3B/ AilR 
pa3HblX peaKQHH, npeACTaeneHHblX B Ta611.l.

8
Pe3y11bTaTbl BO ecex pac

CMOTpeHHblX cny4aRx e npe,qenax 3% coena,qa~T MelK,qy co6oH np1-1 1-13-
MepeH1-11-1 Ge(Li) - nn~ /CM. p1-1c. 5 - Hl-1lKHRR KPl-1BaR/. np1-1 H3MepeHl-1H 
,qeTeKTOpOM 1-13 41-1CToro Ge /cM.p1-1c.5 - eepxHRR KPl-1BaR/ 3ae1-1cHMOCTb 
/2/ AilR peaKq1-11-1 238 U(y, n) 237 u, , E10 = 5,30 M3B np1-1H1-1MaeT 01-1,q 

. I p. 
a = 1,838 - 0,0136 D. /3/ 

3aBl-1Cl-1MOCTl-1 Bl-1Aa /2/ 1,1 /3/ MOmHo HCnOilb30BaTb np1,1 npoeeAeHl-11-1 
rAA, eCill-1 o6ecne41-1Tb nocTOflHCTBO nonomeHl-111, KOTOp~e 3aHl-1Ma~T 
o6pa3Qbl np1,1 nOBTOpHblX o6ny4eHl-1RX, a TaKlKe YAOBileTBOpHTeilbHOe 
cosnaAeHl-1e OCl-1 ny4Ka y-KeaHTOB C OCb~ Ql-1Ill-1HAPl-14eCKoro.neHa11a 
/cM.p1-1c.l/, 3arpymeHHoro o6pa3qaM1-1. np1-1 3TOM oTna,qaeT Heo6xo,q1-1-
MocTb 1-1cnOilb30BaHl-1fl MOHl-1TOPOB noToKa y-KBaHTOB npH nOBTOPHblX 
o6Ily4eHl-1flX. KpoMe Toro, 1-13 nony4eHHblX 3a01-1Cl-1MOCTeH cneAyeT qe-
11ecoo6pa3HOCTb /np11 OAHOBpeMeHHOM o6ny4eHl-11-1 N o6pa3QOB (N > 1) / 
B~6opa ,q1-1aMeTpa npo6 D < 40 MM, 4TO o6ecne41-1BaeT Ml-1Hl-1MailbHY~ 
CTeneHb y6blBaHl-1fl 1-1HTeHCl-1~HOCTl-1 TOPM03Horo 1,1311yueHHR OAHOBpeMeHHO 
c coGn~AeH1-1eM 111-1He11HocT1-1 ¢YHKq1-11-1 a= f(D). TaKoe sHa4eH1-1e ,q1-1a
MeTpa npo6 cosnaAaeT np1-161111s1-1TeI1bHO c ycTaHoeneHHblM 0 1171 3Ha4e
Hl-1eM onTl-1,MailbHOro A1-1aMeTpa o6pasqa, l-1CXO,[lfl 1-13 ,qaHHblX OTHOCHTenb
HO yrnoeoro pacnpeAeI1eHl-1fl y-KBaHTOB TOPM03Horo H3Ily4eHHfl. 

8 /16, 18/ HaMl-1 l-1CCileAOBaH eonpoc o Bbl6ope BblCOTbl npo6 npH OA
HOBpeMeHHOM 0611y4eH1-11-1 N 06pa3qo0 Ql-1IlHHAPl-14eCKOH ¢oPMbl no cxeMe 
p1-1c.l. B 4aCTHOM CI1y4ae, npH N = 1 H H3MepeHl-1H aKTl1BHOCTl-1 l-130To
na 231 Tb C 3Hepr1-1e11 Ey= 84,17 K38 Ha Ge-,qeTeKTope, onT1-1MaI1bHaR 
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P0c.5. 3aBHCHMOCTb a OT AHaMeT
pa noporoBoro AeTeKTopa AnH 
pasm,ix peaKll,HH. BepxHHH KpH
BaH - peaKll,HH 238 U(y, n)237U, , 
E y = 59 '54 K3B /-I.-• - I' HHJK
HHH KpHBaH - peaKll,HH 
2
3

8 u(y, n) 237u, Ey = 208,0 K3B 
/-x-x-/, -1.-!- 65cu(y, n) 64cu, 
Ey = 511,0 K3B; ---•- 100Mo(y.n)99 Mo 
Ey = 140.,51 K3B; 
58 57 . 

Ni{y,n) N1, Ey = 127,1 K3B, 
SI I K3B. Bo Bcex cnyqaHx,npeA
CTaBneHHb!X Ha HHJKHeu KpHBou, 
npHMeHHncH 'Ge(Li) - IIll.[{. 

TOilUIHHa npo6bl 61,ma pasHa 
20 MM 1181 • Ec11H me N = 10, To 
aKTHBHOCTb, HaBeAeHHaR B Ha1-160-
11ee OTAaJleHHOM OT MHWeHH 06pa3-

10 20 30 LO so 60 1.1e, OKa3blBaeTCR onTHMaJlbHOH np1,1 
,llHaMeTp MOHHTOpa,MM TOJlUIHHe 06pa31.1os,pasHoA 4 MM./ 13( 

YMeHbWeH111e se111114111Hbl onT111MaJ1b
HOH TOJ1Ulll1Hbl npo6 c yse111-14eH111eM 111x 4111c11a CBR3aHo c y6b1BaH111eM 
111HTeHC111BHOCTH TOpM03Horo H3Jly4eHHR C paccTORH111eM. 

0CHOBblBaRCb Ha npeAblAYUleM 1113JlOlKeHl-H1, MOlKHO CAeJlaTb BblBOA 
0 TOM, 4TO np111 HaJ11114Hll1 AOCTaT04HO 60JlbWoro KOJlll14eCTBa MaTep111a-
11a AilR nposeAeH111R aHa111113a, T.e. c11y4aA /a/, 1.1e11ecoo6pa3Ho .Bb161-1-
paTb All1aMeTp npo6 paBHblM 35-40 MM, a BblCOTa 06pa31.1a 6yAeT 3as111-
CeTb OT 4111CJla 0611y4aeMblX npo6 N. Ec11111 lKe 111MeeTcR He60JlbWOe KO
Jlll14eCTBO se111ecTBa, TO Tpe6yeTcR HaHTH HeKOTOpoe KOMnpOMHCCHOe 
peweH111e AilR KamAoA 3aAa4111. PaccM0Tp111M c11y4aA /6/, KOrAa sec 06-
pa31.1a ~ 500 Mr. ,ll11R onpeAeJ1eHHOCTll1 nOJlOlKll1M, 4TO N = 5' p =500 Mr. 
TaKaR CHTYal.lHR cpaBH111TeJlbHO 4aCTO BCTpe4aeTCR np111 aHa111113e 
YH111KaJlbHblX npo6. 

BB111AY Toro' 4TO sec npo6 ¢>111KCll1POBaH, npeABap111TeJ1bHO 6b1Jl onpe
AeneH 06beM, 3aHHMaeMblH 06pa31.10M secoM 500 Mr, 111 B COOTBeTCTBl-1111 
C 3THM 11130rOTOBileH Ha6op K~BeT 1113 oprcTeKJla CV= const, HOC 
pa3JlH4HblMll1 3Ha4eH111RMll1 OTHOWeHll1R D/h, rAe h - BblCOTa K~BeTbl. 
KaK cneAyeT 1,13 p111c.6, AilR paccMoTpeHHoA 3aAa4111 co4eTaH111e D = 
= 14 MM, h= 2,5 MM /D/h = 5,6/ oKa3brsaeTcR onrnManbHblM. npeA
cTas1rneT 111HTepec nposepHTb COOTHOWeH111e (D/h) OIIT • . B 3aBll1CHMOCTll1 
OT V 111 N. He 111CKJ1~4aeTCR B03MOlKHOCTb Toro, 4TO np1,1 N = const, 
(D/h) OIIT • "' cons t. 
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PHC. 6. Bb16op OilTllManbHOro OTHO
weHHH AH3MeTpa K BblCOTe IlPH Ma
neHbKHX HaBecKax npo6. a - PeaK-
11,mt 57 Fe(y, p) 56 Mn ,. Ey = 
= 846,64 K3B, ncnonbSOBaH 
Ge (Li) - mm. 6 - PeaKll,HH 
238Ta(y,,nf18?m'Ia,Ey = 93,33 KSB, 
ncnonbSOBaH AeTeKTOp HS qncToro 
Ge. B - PeaKll,ttH 238 U(y,n) 237 u. 
Ey = 59,54 K3B, ncnonbsoaaH )].e
TeKTOP HS qncToro Ge. Be:3)].C· 

-1.-1.- - HaBe)].eHHflfl aKTHBHOCTb, 
- CTaTHCTttqecKaH OWH6Ka 

HSMepeHttH. 

HEATPOHHO- H rAMMA-AKTHBAUHOHH~A AHAflH3 

CoAepmaH1-1e Al, V, Mn, Co 1-1 Na onpeAeilRJlOCb no aKT111BHOCTH npo
AYKTOB paA1-1a1.11110H·Horo 3axBaTa HeATpOHOB nocne 10-MHHYTHOro o6ny-
4eH"1R o6pa3LIOB 111 3TaJlOHOB TenilOBblMl-1 HeHTPOHaMll1 M"1KpOTPOHa. np111 
3TOM aKTll1BHOCTb PaA111011130TOnos 28Al 111 52 V 1113MepRJlH B Te4eHHe 
5 MHH noc11e l-M1-1HyTHoro ox11amAeH111R M111WeH111; aKTHBHOCTb 56 Mn 111 
24 Na - B Te4eH"1e 30 Mll1H nocne 50-100 M111HYTHOH Bb1AePlKKll1 o6pa31.10B 
AilR pacnaAa 6onee KOPOTKOlKll1BYU1111X paA111011130Tonos. AKT111BHOCTb 60 co 
/Ey = 58,6 K3B, 'I 1/2 = 10,47 MHH/ 1113MepRJlaCb'.nocne 1-MHHYTHoro 
OXIlalKAeH"1R B Te4eH111e 10 M"1H. 

CoAepmaH111e Mg, Si , Cl , K, Ca, Fe, Ti 111 APYr111x 3JleMeHTOB 
/cM.Ta611.2/ onpeAeJlRJlOCb no aKT111BHOCTH 111X paA111011130TonoB, 06pa30-
BaHHblX B RAePHblX peaK1.1111RX noA AeHCTBll1eM y-KsaHTOB TOPM03Horo 
111311y4eH1,1R· _MHKpoTpoHa. np1114eM np111 onpeAeJ1eH111111 Si , K, .Fe,. -Ba npo6bl 
o6ny4aJ1"1Cb B T~4~H"1e 10 MHH, Bb1AePlKll1BaJ1111Cb 1 Mll1H 111 1113MePRJ1111Cb 
5 MHH. CoAeplKaH111e APYr111X 3IleMeHTOB onpeAeilRJlOCb no 111X cpaBHll1-
TeJlbHO AOilrOlKll1BYUIHM 11130TonaM nocne OAHOBpeMeHHoro 0611y4eHll1R 5 o6-
pa3LIOB 111 2 CTaHAapTOB B Te4eH111e 5 4. np111 3TOM aKTHBHOCTb 34mCl, 
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HQMEP NAHAnA 

Pnc.8. YqaCTKH y-cneKTPOB_ 06pa31.1,a KpHCTannHqecKHX nopOA 
nocne gnHTenbttoro o6nyqeHHH npo6bI TOpM03HbIM minyqeHHeM 

MHKPOTpotta: a-to6n= 5 q, tBblA=55 q, tH3M=I q,H3MepeHHe 
npoaognnocb geTeKTOpOM H3 qncToro repMaHnH;6-t 06n=5 q, 
t BblA = 45 q' t H3M = I q, H3MepeHne cneKTpa npOBOAHnOCb 

· Ge ( Li) - IlM . 

49 Cr H3Mep.Rnacb Ha 'Ge-,qeTeKTope nocne s1:,1,qep)l(KH npo6 =-10 MHH. 
OnrnM~IlbHOe epeM.R H3MepeHH.R / t ~Qi "' 10 MHH/ 61:,1110 pacC4HTaHo 
no <t>OPMYile 1161 : 

t onT. 1n N/(N-1) 
/4/ 

H3M, ~-

r,qe ~ - nocTO.RHHa.R pacna,qa ,qn.R 49 Cr, N - 41-1c110 06pas1.1oe, pae
Hoe 7. 

AKTHBHOCTb 47 Sc H pa,qHOH30Tonoe C 1 4 < T 1/2 < 24 4 H3Mep.R
nacb Ha 0601-1x ,qeTeKTopax npH t H3M = 30 MHH H tBblA :! 2 4. np1-1 
3TOM HaMH ycTaHOBileHo, 4TO BKila,q Kailbl.lH.R 8 aKTHBHOCTb pa,q1-101-130-

Tona 47 Sc no peaK1.11-11-1 48 ca(y, nJ 47 ca .!}::__ 47
sc Ha ,qea nop.R,qKa MeHb-

we BKna,qa THTaHa no peaK1.11-11-1 4 Ti(y,p) 47 sc /cM.p1-1c.7 1-1( 111 /. 
AKTHBHOCTb H30TOnos C T112 > 24 4 6b111a H3MepeHa npH t H3M = 60 MHH 
H tBblA = 24-]2 4. 

Ha p1-1c.8 B Ka4eCTBe npHMepa np1-1ae,qeHM y4aCTKH y -cneKTPOB 
o6ny4eHHMX o6pa31.108 Kpl1CTaI1IlH4eCKHX nopo,q, nony4eHHblX npH pa3-
IlH4HblX pe)l(HMax l13MepeHl1.R l1 BM,qep)l(Kli. OHH CBl/4,qeTeilbCTBy~T O 003-
MO)l(HOCTH onpe,qeneHH.R co,qep)l(aHH.R 60ilbWoro 4HCI1a 3IleMeHTOB npH 
1-1cno11bsoeaHHH ,qayx nonynpoao,qHHKOBMX ,qeTeKTopos. np1-1 nnaHHposa
HHH 3KCnep1-1MeHTOB H Bbl4HCileHHH COAep)l(aHH.R pa3IlH4HblX XHMH4eCKHX 
3IleMeHTOB a 06pas1.1ax 6blI1 Y4TeH 803MO)l(HMH BKna,q KOHKYPHPY~lqHX 
peaKL1HJ.1 no MeTo,qy, on1-1caHHOMY s /11/ .• 

PE3YJlbTATbl 11 11X 06CYlKAEHl1E 

Ha OCHoaaHHH npose,qeHHMX 1-1cc11e,qoaaHHH XHMH4eCKoro COCTaaa 
CTaH,qapTHblX 06pas1.1os H Bbl6opa Ha1-16011ee pa1.11-10HaI1bHblX sap1-1aHTOB 
reoMeTpHH o6ny4eHH.R npo6 H pe)l(HMOB H3MepeHH.R YCTaHOBileHM HeKo
TOpMe onTHMailbHMe YCilOBH.R npose,qeHH.R onwTa, paCC4HTaHW OTHOc1-1-
TeI1bHa.R ow1-16Ka 1-1 npe,qen onpe,qeneHH.R 311eMeHTos. AaHHble npi-ise,qeHbl 
s Ta6n.3~ 113 Hee BHAHO, 4TO a pesynbTaTe noc11e,qoaaTeI1bHoro Tpex
KpaTttoro H3MepeHH.R o6ny4eHHblX o6pa31.108 npe,qcTaBJl.ReTC.R B03MO)l(HblM 
onpe,qeneHHe OKOilO 30 3IleMeHTOB C npe,qenoM o6Hapy)l(eHH.R OT 
n x 10-8%(Ta, u, Th) AO 10-1% (Si , .Fe, Ca) c OWH6KOJ.1 OT 5% (Na, 
Mg, Al , Si , Ti, .Fe, Sr) AO 25% (Co, Cs, Pb, Sm). Pas111-141-1e orno
c1-1Te11bHblX ow1160K AI1.R pa3HWX 3IleMeHTOB 06yc11oaneHO KaK OTI1H4H~M 
.R,qepHo-$H3H4eCKHX xapaKTePHCTHK pa,qHOH30Tonos, HCnOilb3yeMWX AI1.R 
aHaill-1308 /cM.Ta6n.3/, TaK H pa3HWM cq,qep)l(aHHeM 3IleMeHTOB a ,qaH
HblX 06pa31.1ax/ CM. Ta6n. 3/. Bcne,qCTBHe Toro, 4TO H3Y4a~TC.R o6pa31.1bl 
pa3n1-14Hb1X THnos nopo,q,awweyKa3aHHwe xapaKTep1-1cT1-1K1-1 npe,qcTaan.R~T 
co60J.1 HaHily4WHe pe3y11bTaTbl npH Ha sec Ke ,.. 3 r / D = 20 MM/ 
1-1 co,qep>KaH111-1 THTaHa s 06pas1.1ax S O, 1 % : np1-1 aHa111-1se 06pas1.1oa, 
8 KOTOPWX HMeeTC.R cpasHHTeilbHO BWCOKOe co,qep)l(aHHe THTaHa />0,1%/, 
npe,qen 06Hapy)l(eHH.R HeKOTOPWX MHKp03IleMeHTOB, HanpHMep, ypaHa, 
TOPH.R, caMapH.R, Heo,qHMa, noBblWaeTC.R npHMepHO a 2 pa3a. 

ll 



Ta6nm~a 3 

HeKOTOPble xapaKTepHCTHKH aKTHBaI.\HOHHoro MeTo,a;a onpe,a;e

neHHH XHMHqeCKHX 3neMeHTOB B npo6ax KPHCTannnqeCKHX 

nopo,a; 

3'I8M8H'r 
llpe,I1;8Jl CO,I1;8p,italm8 0TH00lJT,I,HWI 

o6HBPYJ!t81WJI t r/T* 8JI6M8HTB 1 r/T Ollllf6KS 1 

.liaTpl!i! 0,07(0,04)** r,tm 6 

Marimi! o,oos8 · o,tE£ 6 

A.nl:NBHBI (0,04)8 6,oB 6 

KpewmA 0,!6** 20,as6' 6 

XJiop !5 200 7 

KaJmi! o,or** 0,4** IO 

Kam,uaA O,IB o,giBi 5 

CKalWl'i! I 4 20 

TBTBH 0,0053Bi 0,06D 6 

Ba1ta,1~dl (20) 60 20 

XpoM 50 300 IO 

MapraHeq o,or**C30} O,I** IO 

i8JI830 O,I** I,2** 5 

Ko6aJII,T 30(5) 60 25 

JmK8JII, 5 35 !5 

Py6H,Itldl 5 30 15 

CTpoimuil 0,5 00 5 

llTTPHil IO 60 15 

J.lHpKOHlfil 3 40 5 

Imo6ull 3 !2 20 

Cypma 0,2 0,7 20 

UesHil 0,3 I,0 25 

EapHil 15 80 IO 

TaHTBJI 0,05 0,3 20 

Cmmeq 3 8 25 

UepHil 0,5 7 !5 

Heo~ I !7 IO 

CaMapl!il 0,5 1,7 25 

Topntt 0,07 I,4 IO 

YpBH 0,07 I,6 IO 

* raMMa-aKTHBal\llOHHb!H' B CK06Kax - HefITpOHHO-aKTHBal\HOHHblH 

MeTOA aHann3a. 
~Co,a;ep~attne B %. 
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Ka~ 6wno yKaaaHo swwe;· npH yeenH48HHH AHaMeTpa /HaeecKH/ 06-
paa4a MOmHO nOBblCHTb T04HOCTb peaynbTaTOB aHaflH3a H nOHH3HTb 
npeAen o6HapymeHHR PRAa 3neMeHTOB. OTMeTHM, 4TO npH cpaeHeHHH 
peaynbTaToe rAA c AaHHWMH APYrHx MeTOAOB./HHAA, P~A, cneKTpanb
Horo aHaflH3a, CHflHKaTHOro aHanH3a H raMMa-cneKTPOM8TPHH/ HX oT
HOCHTenbHWe pacxomAeHHR He npeewwalOT 25%, 4TO CBHAeTeflbCTByeT 
06 YAOBneTBOPHTenbHOM coenaAeHHH rAA C YKa3aHHWMH MeTOAaMH aHa
flH3a. 

AeTopw rny6oKo nPH3HaTenbHW r.H.~nepoey aa nocTaHosKy aaAa4H 
H COAeHCTBHe,ID.C.3aMRTHHHY 3a noCTORHHOe BHHMaHHe H 4eHHble peKo
MeHAa4HH, A.8.rypeeH4Y, A.r.6enoey H 8.E.my4KO aa oKaaaHHYIO no
MO~b, n.n.KynbKHHOH aa noneaHoe o6cymAeHHe nony4eHHblX peaynbTa
Toe. 
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TEMATMqECKME KATErOPMM llYBnM~AUMA 

OB~E~MHEHHOrO MHCTMTYTA ~EPHYX 

MCCJIE~OBAHMR 

M~eKc TeM&TMKB 

1. 3KcnepHMeHTanbHaA ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaA ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaA HeHTpOHHaA ~H3HKa 

4. TeopeTH4ecKaA ~H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. RAepHaA cneKTpocKOnHA H paAHOXHMHA 

] , ~H3HKa TA*enwx HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. AaToMaTH3a~HA o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHwx 

11. BW4HCnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHA TBePAWX Ten H *HAKOCTeH 
AAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaA ~H3HKa AAePHWX peaK~HH 
npH HH3KHX 3HeprHAX 

16. ~03HMeTpHA H ~H3HKa 3a~HTW 

1]. TeopHA KOHAeHCHPOBaHHOrO COCTOAHHR 

18. HcnonbsoaaHHe pesynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTAX HayKH H TeXHHKH 

19. 6H~H3HKa 

3pHaHAeC A. H AP• 18-84-392 
MeTOAHKa raMMa-axTHBa~oHaoro aHanasa npHNeHHTenbHO 
K HSyqeHHIO APeBHebHx JtpHCT8JUIH'IeCJtHX DOPOA 3eMDH 

fiOK898H8 BOSMOZHOCTb HCDonbSOB&HHH TOpMOSHOrO asnyqeHHft 
H toTOHeATPOHOB MHKPOTpOH8 ARB MHOr03neN8BTHOrO raMMa-aKTHB&
~OHHOro aaanasa oGpas~OB APeBHeAmHx KPRCT8JUIH'IeCKHX DOPOA 
JJH. HaA,l:teHY ycnoaHJI HHCTPYMeHTam.Horo aKTHB~OHHOro onpe,qene
HHH oJtono 30 3neMeHTOB B oGpas~ax. YcTaBOBneHY onTJDC81u.HYe 
MeTPHR H peKHM oGnyqeHHJI oGpas~oa, BpeMR HX ~epKKH H 
HsMepeHHs, pacc'lHTaHhl npe,qen H norpeDIHOCTH onpe,qeneHHJI. nonyqe-· 
HO YAOBneTBOpHTeJibHOe COBD&AeHHe pesynbTaTOB raMM&-aKTHB~OH
HOrO aHanHSa C AaHHWMH DJITH APYrHX MeTOAOB 8H&nH98o 

Pa6oTa awnonHeHa a na6opaTopHH ftAePHYX peaK~ OHHH. 

CooCIIle&He OCh.eJllllleHBoro HHCTIIT)'Ta Qepawx HccneJlOBaiiiiR. .[ly6Ha 1984 

O.C.BaHorp&AOBoA 

z A. et al. 18-84-392 
ication of Gamma-Activation Analysis 

the Investigation of the Earth's Ancient Crystallized Rocks 

Application of bremsstrahlung and photoneutrons from a 
microtron for multielement activation analysis of samples of 
the Earth's ancient crystallized rocks was investigated. Nearly 
30 elements have been determined mostly by the instrumental 
photon activation analysis, but instrumental thermal neutron 
activation analysis has been also applied for determining se
veral elements in the samples. The optimal irradiation regimes 
and both cooling and measuring times were established. Sensiti
vity and accuracy of the analysis are presented. The experimen~ 
tal data are in satisfactory agreement with the results obtai
ned by 5 'other different analytical methods. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1984 




