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1 B.R., oypMHcTeHKo JO.H. 18-80-584 
I 
eonpocy o npHMeHeHHH cypbMRHo-6epHnnHee~x 
I • • < 

f04HHK08 HeHTPOHOB B aKTHBaQHOHHOM aHaflH3e 

I 
OTe o6cy~AaeTCR B03MO~HOCTb HCnOflb30BaHHR 
1

tPHflflHeB~X HCT04HHKOB HeHTPOHOB AflR npoBeAeHHR 
KTHBaqHOHHoro aHanHaa Ha coAep~aHHe qenoro 
TOB 8 npHPOAH~X H TeXHOflOrH4eCKHX ofipaaqax. 
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BBEJlEHHE 

AHanHTH4eCKHH KOHTpOnb B COBpeMeHHOM npOH3BOACTBe HMeeT 

nepeocTeneHHoe 3Ha4eHHe. KaK oTMe4anocb e pa6oTe 111, e opra

HH3ai.\HH aHanHTH4eCKOH cny>Kfibl P.RAa OTpacneH HaPOAHOro X03.RH

CTBa BeAYlllYIO ponb MoryT H .QOnlKHbl HrpaTb .RAePHO-¢H3H4eCKHe 

MeTOAbl ::meMeHTHOrO aHanH3a. ApceHan HCT04HHKOB H3ny4eHHH 

B .RAepHOH ¢H3HKe AOBOnbHO WHPOK - OT H30TOnOB AO MOlllHbiX 

yCKOpHTeneH H aTOMHbiX peaKTOPOB, npH 3TOM Bbi60p HCT04HHKa 

H3ny4eHHH onpeAen.ReTc.R MacwTa6oM aHanHTH4ecKHX 3aAa4. CTpeM

neHHe npOH3BOACTBeHHHKOB, Hcnonb3YIOlllHX .RAePHO-¢H3H4eCKHe Me

TOAbl aHanH3a, K npoCTOTe HCT04HHKOB H3ny4eHHH CTHMynHpoeano 

B nOCileAHee AeC.RTHileTHe npHMeHeHHe H30TOnHbiX HCT04HHKOB 

HeHTPOHOB AilR aKTHBai.\HOHHoro aHailH3a 12,3,4/. Ha nepBbiH B3 rn.RA 

Ka>KeTC.R, LITO HaHfionee YAOfiHbiM HCT04HHKOM HeHTPOHOB .RBil.ReTC.R 

CnOHTaHHO AeilRlllHHC.R H30TOn KailH<!JOPHHH-252 
15•6 • 7!, 0AHaKO npH 

6onee AeTailbHOM paccMOTpeHHH Bbi.RCH.ReTc.R, 4TO npoH3BOAHTC.R 

3TOrO H30TOna cpaBHHTeilbHO HefiOilbWOe KOilH4eCTBO, CTOHMOCTb 

ero AOBOilbHO BbiCOKa H C03AaTb XOT.R 6bl ManyiO cep!-110 ycTpOHCTB 

Ha OCHOBe 3TOrO J.130TOna C AOCTaT04HO Bb1COKJ.1M BbiXOAOM HeHTpo

HOB nop.RAKa 10
10 

Hie npaKTJ.14eCKJ.1 HeB03MOlKHO. 3Ta IKe CJ.1TYai.\J.1.R 

xapaKTepHa AJl.R BCeX HeHTpOHHbiX J.1CT04HJ.1KOB, OCHOBaHHbiX Ha 

~. n) -peaK~I-11-1. ABTOPbl HaCTORllleH pafioTbl o6paT~IlJ.1Cb K (~~
peaKI.\1-11-1 Ha 6epJ.1Ilill-11-1 c J.1cnonb30BaHI-1eM raMMa-J.13Ily4eHJ.1R I-130Tona 

124 Sb. nepcneKTJ.1Bbl npJ.1MeHeHJ.1.R cypbM.RHo-6epJ.1nilJ.1eBbiX HCT04HJ.1-

KOB HeHTPOHOB paccMoTpeHbl e P.AAe pa6oT 
18

•
9

•
101

• K cepbeSHbiM He

AOCTaTKaM TaKJ.1X J.1CT04HHKOB OTHOC.RT KOpOTKJ.1H nepi-10A nonypac-

naAa J.130Tona 
124 

Sb I 'T ~ = 60 AHeHI 1-1 BbiCOKHH ypoeeHb 

aKTJ.1BHOCTJ.1, Tpe6yl0llli-1H MOlllHOH 3alllHTbl,;11 ~ TeM He MeHee cornacHo 

pa6oTe1121 3aTpaTbl Ha nony4eHJ.1e OAHOH eAJ.1HJ.11.\bl HeHTpOHHOH J.1H

TeHCJ.1BHOCTJ.1 TaKoro J.1Ci04HJ.1Ka Ha ABa nop.RAKa MeHbwe, 4eM (a,n)

J.1CT04HJ.1KOB. 6onee Toro, e pa6oTe 1131 on1-1caHa TpaHcnopTa6enb-

Ha.R IHaTpaHnepe I na6opaTOPH.R aKTJ.1Bai.\J.10HHOro aHailJ.13a, J.1cnonb-

3YIOllla.R 124 Sb- Be -J.1CT04HJ.1K aKTJ.1BHOCTbiO 6000 KIOPI-1, CTOJ.1MOCTb 

ero I c y4eToM nepJ.10AJ.14eCKoro eoccTaHoeneHJ.1.R/ cocTaen.ReT 12 TbiC. 

AOililapoB B rOA. . . 

HCT04HJ.1K 3TOT o6ecne4HBaeT BbiXOA HeHTPOHOB OKOilO 10
11 

Hie, 

4ero Heilb3.R AOCTJ.14b c KaKHM-nl-16o APYri-1M J.130TonHbiM J.1CT04HJ.1KOM 

HeHTpOHOB, a BOnpOCbl 3alllJ.1Tbl J.1 3aMeHbl J.1CT04HJ.1Ka Ha cerOAH.R 

.RBilRIOTC.R 4J.1CTO opraHH3ai.\J.10HHO-TeXHH4eCKJ.1MJ.1. npl-1 COBpeMeHHOH 
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WVIPOKOCi ceTVI pa3!1VI4HbiX TV~noa aToMHbiX peaKTopoa npoV~aBOACTBo 
mo6oro HY)I(Horo KOIIVI4ecTaa VI30Tona 124 gb TaKme · He npeAcTaa-
!I.ReT npo6neMbl. 

1. nOCTAHOBKA 3AAA4H 

06pauta.RCb K 11CnO!Ib30BaHVIIO MOIJtHOro 124 gb 1-iCTO\.IHVIKa HeHTpO
HOB, aBTOpbl HaCTO.RuteCi pa60Tbl VICXOAVIIIVI 1-13 CIIeAYIOIJtVIX npeAnOCbi
IIOK! B pafioTaX /5,! 4,15/, BblnO!IHeHH~X B JlafiopaTOPVIVI .RAePHbiX 
peaKLIVIH, fibl!la noKa3aHa BbiCOKa.R 3¢¢eKTVIBHOCTb VICnO!Ib30BaHVI.R 
rpa¢V~Toaoro aaMeAIIVITen.R c l.le!lbiO nony4eHVI.R peaoHaHCHblx HeCiTpo
HOB AII.R npoaeAeHVI.R aKTVIBaLIVIOHHoro aHa!IV~aa reonorV~4ecKVIx npo6 
Ha coAep)l(aHVIe l.lenoro P.RAa 3!1eMeHTOB, VIMeiOutVIX peaoHaHCHbiH aa
xaaT a o6naCTVI 3nVITennoabiX HeCiTpoHoa, VI npe)I(Ae acero aHci!IV~3a 
30!10TOCOAep)l(aiJtVIX nopOA. npVI 3TOM B Ka\.leCTBe VICT04HV1Ka raMMa
KBaHTOB V~cnonbayeTc.R TOPM03Hoe VI3IIy4eHV~e MV~KpoTpoHa I E - = 

- e = 16 M3B VI i e = 25 MKAI, B Ka4eCTBe KOH8epTopa HeHTPOH08 -
MeTa!I!IVI4eCKVIH 6epVI!IIIVIH lo6utVIH sec- nop.RAKa 70 Krl, pa3Mepbl 
rpa¢VIT080H K!laAKVI - 130x130x130 CM. 

3Ta c6opKa o6ecne4V~8aeT aHa!IVI3 peanbHbiX nopoA 8 KOIIVI4ecTae 
AO 1000 o6pa3l.I08 8 CYTKVI lnpVI aece Ka)I(AOH npofibl He MeHee 50 rl 
c 4Y8CT8V~Te!lbHOCTbiO 0,1 riT no Au VI 1 r/T no Ag . 

• ECI!VI )l(e 8 TaKyiO c6opKy B8eCTVI V130TOnHbli1 VICTO\.IHVIK . 124 gb 
AOCTaT04HOH aKTV18HOCTI-1 I8MeCTO TOro, 4TOfibl VICnO!Ib308aTb Top
M03HOe l-13!1y4eHVIe MVIKpOTpOHa/, TO ¢aKTV14eCKVI MO)I(HO AOCTI-1\.Ib Ta
KOro )l(e 3¢¢eKTa no 4Y8CTBVITe!lbHOCTVI VI npOV1380AI-1Te!lbHOCTVI. npVI 
3TOM, nocKO!IbKY CpeAH.R.R 3HeprVI.R ¢OTOHei1TpOH08 OT 124 gb Ha 
ABa nop.RAKa Hvt)l(e cpeAHeH 3Heprvtvt ¢OTOHei1TPOHOB MHKPOTPOHa, 
B 06uteM nOTOKe Hei1TpOHOB B 6epVI!II1Hi1-rpa¢vtT080i1 c6opKe AOII.R 
3nvtTen!IOBbiX Hei1TpOHOB 6yAeT fiO!IbWe B C!ly4ae HCT04HHKa 124gb, 

npeA8apvtTe!lbHoCi Ol.leHKe 8cero 8biWevt3!10)I(eHHOro vt noc8.RuteHa 
AaHHa.R pa6oTa. 

2. PAC4ETHAfl Ol\EHKA BbiXOAA ¢0TOH EtlTPQHOB 

AaTopaMH 8blnOI1HeH pac4eT noToKa ¢oToHeHTPOH08 AII.R 6epvtnnvte
a~x c¢ep AvtaMeTpoM 80, 120 VI 200 MM, a LleHTpe KOTOPblx noro~euteH 
T~4e4H~i1 HCT04HHK 

124
gb aKTH8HOCTbiO 1 KIOpH. Pac\.leT B~nO!IH.R!I-

C~ MeTOAOM MOHTe-Kapno Ha 38M M-222 npvt CIIeAYIOIJtHX AOnycKax: 
1. nocne nepaoro aKTa KoMnToHoBcKoro pacce.RHH.R. Ha .RAPe -

9
Be raMMa-K8aHT vt3oTona 124 gb c Ey = 1,692 M3B vtMeeT 3Hep-

rvtl0 HH)I(e nopora peaKLIHH 
9

Be(y,n). paaHoro Errop.=1 ,668 M38. 
2. AnvtHa npo6era raMMa-KaaHTa c 3HeprvteCi E Y = 1, 7 M3B 8 6e

PHIIIIHH 8bi4HCII.R!IaCb no ¢opMy!le 

2 

g =-ln(c) 10,0813, 

rAe g - AIIVIHa npo6era, eM; c - cny4aCiHoe 4VIC!IO Vl3 ·VIHTepaana 
10, 11; 0,0813 - nOIIHOe Ce4eHVIe B3aVIMOAeHCTBVI.R raMMa•KBaHTOB 
c E y = 1, 7 M3B AII.R MeTa!I!IVI4ecKoro 6epV1!1!1VI.R, eM -1 1161. 

B cny4ae, KOrAa g nony4anocb MeHbWe paAV~yca c¢ep~, C4VITa
nocb, liTO B KOHe4HOH T04Ke npo6era B03HVIKaeT HeHTPOH CO CTa
TVICTV14eCKVIM BeCOM CU O, onpeAe!I.ReMbiM Ce4eHVIeM peaKLIVIVI 
9Be(y,n) 8 Be, KOTopoe Ol.leHVIBaeTC.R AII.R Ey = 1 ,692 M3B B npeAe
nax 1:..2 MfiapH /13,18,19/, VI HaMVI BblfipaHO 3Ha4eHVIe 1 ,2 MfiapH. 

3. npVI npoC!Ie)I(VIBaHVIVI VICTOPVIVI HeHTPOHa Y4V1Tb1Ba!IC.R TO!IbKO 
3¢¢eKT ynpyroro pacce.RHVI.R HeHTPOHoa, T.K. cel!eHVI.R APYrVIx 
npOl.leCCOB Ma!lbl. PacCMOTpeHVIe VICTOpVIVI HeHTPOHa aaaepwa!IOCb ero 
BbiXOAOM V13 Be -c¢epbl, nocne 4ero nepeXOAVIIIVI K 04epeAHOH VIC-
TOPVIVI y -KBaHTa. 

AII.R Ka)I(AOH c¢epbl 6bi!IO pa3blrpaHo 6onee 20 TbiC. VICTOPVIH HeHT
poHoa.· Peay!lbTaTbl pac4eTa npeACTaaneHbl a Ta6n. 1. 

Ta6nvt1.1a 1 

AvtaMeTp 6epvtnnvte8oi1 c¢epbl, MM 

BbiXOA HeCiTP.OH08 Ha 1 Kvt 
124gb, x10 7 HIC 

80 

0,9 

120 

1 '25 

3. 3KCnEPHMEHTAilbHAfl Ol\EHKA BbiXOAA HEtlTPOHOB 

200 

1,87 

Pa6oTa 8blnOIIH.R!IaCb vt38eCTHbiM MeTOAOM MapraHl.le8oi1 8aHHbl 120i. 
CypbM.RH0-6epvt!II1HeBbli1 HCTO\.IHHK npeACTaB!I.RII co6oi1 Ky6 MeTaMH
\.IeCKOrO Be C pe6pOM 170 MM, 8 l.leHTpe KOTOporo noMeuta!IC.R HC
T04HHK 124 gb aKTHBHoCTbiO 0,42 Kvt~ HcTo4HvtK · 252 cr c noToKoM 
1,29·10 8 Hie cny)l(vt!l 3Ta!IOHOM. BpeM.R aKTvtBaLIHH- 3 4aca. 

AKTH8HOCTb MapraHLia no TpeM npo6aM H3Mep.R!IaCb Ha .CLIHHTHM.R
TOpe. nony4eHHbiH YAe!lbHbli1 noTOK Ha 1 Kvt 124 gb COCTaBHII 
1 , 7 • 10 7 HeHTP. I c• KV~. nony4eHHbli1 peay!lbTaT xopowo cornacyeTc.R 
·c pac\.leTHbiM AII.R c¢epbl AHaMeTpOM 180 MM. 

4. PAC4ETHAfl Ol\EHKA nPOCTPAHCTBEHH0-3HEPrETH4ECKOrO 
PACnPEAEilEHHfl HEtlTPOHOB 

Bb14HCII.RIIHCb nnoTHOCTH noToKa HeHTPOH08 Ha pa3!1H4Hb1X pac-
CTO.RHH.RX OT HCT04HHKa 124 gb B C!leAYIOIJtHX 3HepreTvt4eCKHX 
HHTep8anax: 0-0,6 3B; 0,6-10,0 38; 10,0-100,0 38; 0,0-24,0 K3B. 
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PHe.l. Pae4eTHoe npoeTpaHeT
BeHHoe paenpe~eneHHe nnoTHO
eTH nDTOKa He~TpOHOB npH aK
THBHOeTH HeT04HHKa 124Sb, 

pasHa~ 0,42 KH. KpHBaH 1 -
0+0,6 38; KpHBaH 2 -
0,6+10,0 38; KPHBaH 3 -
10,0+100 .38; KPHBaH 4 -
0+24 K38, a - 6e3rpaHH4HaH 
epe~a H3 MeTannH4eeKoro 
6epHnnHH; 6 - 6epHnnHeBaH 
e<t>epa o 20 0 MM s 6e3 rpa
HH4HO~ epe~e H3 rpa$HTa; 
e - 6epHnnHesaH e<t>epa 
P 200 MM 8 rpa$HTOBO~ 
epe~eo8oo HH=1200 MM. 

Pae4eT npoeo~HneR ~nR ene~yJO~H~ ye'noeH~: 
1, 5eeKOHe4HaR 6epHnnHeBaR e<t>epa e HeT04HHKOM 124 Sb 8 ~eHT

pe, 
2. 5epHnnHeBaR e$epa ~HaMeTpOM 200 MM e HeT04HHKOM l24Sb 

B i.leHTpe, noMe~eHHaR B 6eeKOHe4Hbl~ rpa$HTOBbl~ 3aMeAnHTen b. 
3. 5epHnnHeBaH e<t>epa ~HaMeTpOM 200 MM e HeT04HHKOM 124 Sb 

8 ~eHTpe, noMe~eHHaH 8 rpa<!>HTOBbiH ~11nHH~P P =800 MM,H =1200 MM, 
noene o6pa3oeaHHH He~TpoHa ero HeTDPHR npoenemHsanaeb /aHa

norH4Ho TOMY, KaK OnHeaHO B npe~bl~y~eM pa3~ene/ ~0 BbiXO~a 
ero H3 rpa$HTOBO~ e6opKH· KOHe4HbiX pa3MepoB, nH60 ~0 yMeHbWeHHH 
ero eTaTHeTH4eeKoro seea Ha ~sa nopH~Ka. He~TPOHH~e ee4eHHR 
B3HTbl H3 pa60TbJ/211e y4eTOM TOnbKO 3$$eKTa ynpyroro paeeeRHHR, 
Pe3ynbTaTbl pae4eToB npe~eTaeneHbl Ha pHe. 1. KpoMe Taro, eTaH-
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PHe.2. CxeMa 3KenepHMeHTanbHO~ yeTaHOBKH H npoeTpaH
eTBeHHoe paenpe~eneHHe s He~ nnoTHoeTH noToKoB Tenno
BbiX H 3nHTennOBbiX He~TPOHOB, a - 3KenepHMeHTanbHaR 
eypbMR~o-6epHnnH~-rpa$HTOBaR e6opKa: 1 - HeT04HHK 
124Sb aKTHBHOeTbJO 0,42 KH, 2 - 6noK MeTannH4eeKoro 

6epHnnHR 17x17x17 eM, 3 - rpa<!>HT, 4 - npoeTpaHeTBO 
~nH o6pa3~os; 6 - paenpe~eneHHR nnoTHoeTH noToKa 
He~TpOHOB B e6opKe -11 a 11

, nony4eHHble 3KenepHMeHTanb
HO: 1 - TennOBble H 2 - 3nHTennOBble He~TpOHbl. 

~apTHbiM MeTO~OM epaBHeHHR aKTHBa~HH 30nOTbiX $Dnbr'
1221

,o6ny4ae
MbiX B none He~TPOHOB e Ka~MHeBbiM H 6e3 Ka~MHeBoro $HnbTpa H 
paenonomeHHbiX Ha pa3HbiX paeeTOHHHRX OT HeT04HHKa 124 Sb, 6blnH H3-
MepeHbl H Bbi4HeneHbl nnOTHOeTH nOTOKOB TennOBbiX H. 3nHTennOB~X 

He~TpOHOB /eM, pHe.26/. 
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5. OnHCAHHE 3KCnEPHMEHTAnbHO~ YCTAHOBKH 

Ha p~c.2a npeACTaeneHa cxeMa 3Kcnep~MeHTanbHoro ycTpo~CTBa. 
BHYTP~ np~3Mbl ~3 wecT~ rpaHHbiX 6noKoB rpa¢14Ta I CTopoHa ·- 300 MM, 
BbiCOTa - 1200 MM/ noMeiJlaeTCfl 6ep~nn~eBbl~ Ky6 C pe6pOM 170 MM. 
B l..leHTpe Ky6a pacnonomeH ~CT04H~K 124Sb aKT~BHOCTbiO 0, 42 K~. 
AKT~B~pyeMble o6pa31..1bl MoryT pacnonaraTbCfl KaK e aaaope MelKAY 
6ep~nn~eM ~ rpa$~TOM, TaK ~ BHYTP~ Be-Ky6a. B pa6oTe ~cnonb
aoean~cb o6pa31..1bl eecoM 500 r I rl = 100 MM, h = 40 MM/ ~ 40 r 
Ill = 45 MM, h = 23 MM/, ynaKoeaHHble e non~3THneHOBble KOHTe~He
Pbl. 06ny4eHHe npoBOAHnocb 061l\HM noToKoM He~TPOHOB 1t1 aaKaAMHe
BbtMH He~TPOHaMH. BpeMeHa o6ny4eHHfl - 20-100 4, epeMeHa BbiAepm
K~ TaK>Ke paanH4Hble. HaMepeHHfl BbtnOnHflfli1Cb c noMOIJlbiO Oe(Li)-

. AeTeKTOpa C aKTI1BHbiM o6"beMOM 70 CM 3 • 

6. PE3YnbTATbl no AKTHBAU11H OEiPA3UOB. 
OEiCYlK.QEH11E 

B pa6oTe ~cnonbaoeam1cb o6pa31..1bl aonoTOCOAep>Kall\HX PYA c KoH
I..IeHTpal..ll1e~ aonoTa e npeAenax 1-6·10 - 5 r/r. B Ka4ecTBe 3TanoHoB 
6pan11cb CTaHAaPTH~e o6paa1..1~. CneKTP~ HeKoTop~x aKTI1BHpoeaHH~x 
o6pa31..10B ~PeACTaBneHbi Ha PI1C. 3. no pe3yJlbTaTaM cneKTPOMeTpl1~ 
Bbl"mcneHbl noporH onpeAeneHI1fl aonoTa, a a KOTOPble np~HHManacb 
TPO~Hafl cpeAHeKBaApaT~4Hafl $nyKTYal..lltlfl $OHa nOA $OTOni1KOM 198Au 
E y = 411 ~ 8 K3B, Bblpa>KeHHafl B eA11HI11..1aX KOHI..IeHTpa1..1111t1 30JlOTa no 
$opMyne 

3y2·N<P 
L=----, 

TJ 

rAe L - nopor onpeAeneHI1fl aonoTa, r/T; N ¢- nn0111aAb 11nbeAeCTa
na•• nOA $OTOni1KOMj 1) - 4yBCTBIHeflbHOCTb ycTaHOBKI1, Bblpa>KeHHafl 
B nflOIJlaA11 $QTOni1Ka 411,8, OTHeCeHHO~ K 1 r/T 30flOTa. 

11cXOAHble AaHHble 1t1 peaynbTaTbl npeAcTaeneHbl e Ta6n.2. 06pa31..1bl 
np11 3TOM pacnono>KeHbl Ha noeepxHOCTI1 6ep11nn11esoro Ky6a. 

np11 aKTI1Bal..l1111 o6pa31..10B B KaAM11eSOM 3KpaHe S o6"beMe 6ep~nnl1e
Boro Ky6a Ha paCCTOfiHitll1 40 MM OT 11CT04HI1Ka 124 Sb 4YSCTS~TeJlb
HOCTb noeblwaeTcfl, 11 np~ aKTI1BHOCTH s 100 KH 124 Sb MO>KHO o>KI1AaTb, 
4To nopor onpeAeneHI1fl aonoTa s o6paa1..1e secoM 40 r 6yAeT noPfiA
Ka 0,2 r/T. 

11HTepeCHO OTMeTI1Tb cpaBHI1TeflbHYIO 3$$eKTHBHOCTb KaAMI1eBbiX 
3KpaHoB B cny4ae cypbMfiHo-6epl1nnl1~-rpa$11Toeo~ c6opKI1 11 s cny-
4ae, Hanpi1Mep, MHKpOTPOH-6epHnnl1~-rpa$11TOSO~ ycTaHOSKI1. 

. B nepsoM cn~ae MaKc11MaJlbHafl 3HeprHfl He~TpoHoB E ~b--Be = 24 K3B, 
BO BTOPOM- En Be= 3 M3B. 3Ta Befli1411Ha cpaSHI1Ma CO cpeAHe~ 
3HeprHe~ He~TpOHOB PfiAa APYrHx HCT04H~KOB: He~TPOHOS AeneHI1fl 
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P11c.3. npi1Mep~ raMMa-cneKTPOS o6pa3I..IOB, aKTHB11POBaHH~X 
e-cypbMfiHo-6epl1nnl1~-rpa¢14Toso~ c6opKe /pHc.2/ npH aK
TI1SHOCTH HCT04HI1Ka 124 Sb, paBHO~ 0,42 KH •. a/ 3TanOHHbl~ 
o6paae1..1 P3C-1, t 0 6ll. = 100 4, toxJJ.= 0,5 4, KOHI..IeHTPai..IHfl 
Au = 50 r/T, sec npo6bl - 40 r. 6/ 3onoTOHOCHafl PYAa 

C KOHI..IeHTpa1..111eC1 Au=14,4 r/T, t 0 6ll. = 40 4, tOXJI.=24 4, 
sec npo6bl - 500 r, o6ny4eHI1e 6ea KaAM11eeoro 3KpaHa. 

ypaHa, TOP~fl, nnyTOHI1fl, KaJl~1$opHHfl-252 I E ~P = 2 M3B/ ,(a, n) -
11CT04HI1Kos Ha 6ep11111111H JE / = 4 M3B/, no3ToMy npHBOAI1Mble HH>Ke 
pe3yflbTaTbl pacnpoCTpaHfiiOTCfl Ha see HCT04HI1KI1 t-ie~TPOHOS. 

np11 aKTI1Ba1..111H o6pa31..10B S cypbMfiH0-6epHflflH~-rpa¢14TOBO~ c6op
Ke B KaAM~I1 11 6ea Hero nnoiJlaAb ¢oToni1Ka 411,8 K3B ocTaeTCfl 
Hei13MeHHO~, TOrAa KaK B Cfly4ae OCTaflbHbiX 11CT04HHKOB He~TpOHOB 
oHa naAaeT s 2-3 paaa. nnoiJlaAb 11nbeAecTana11 noA ¢oToni1KOM 
s o6o11x cny4aflx CHI1>KaeTcfl s 1,5-2 paaa. 3To CS11AeTenbcTsyeT 
o TOM, 4TO 124 Sb -rpa$11TOBafl c6opKa o6ecne411BaeT 6onbWH~ 
BKnaA He~TpoHos e peaoHaHcHyiO o6nacTb 3HeprH~ 1t1 Cd-3KpaH 
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Jfll> Macca 
nn o6pas

ua, 
r 

I. 500 

2. 40 

3. 40 

4. 40 

5. 40 

3JieMeHT 
[23] 

30JIOTO 

M..imbHK 

CypbMa 

MaprBHel\ 

HaT pHil. 

Ta6mu.1a 2 

PaaM. BpeMH BoeMH BpeMH HanHqHe ilopor 3KcTpanan. 
o6pas- axrn- "OXJial!\n~, nsMe- sKpaHoe onpe~e- nopor 
ua, Ball;lll'l,CyTKH peHIDI,npH aK- JI9HHH 01'!PeAeJ1eHHFI 

MM CyTKH C THBa- npH aKTH- ll~H aKTHBa.Uim 

u;ll:n msb = I r~b =100Kn, 

=07,421\n, 
r T 

~=100x40 1',7 I,O 1000 HeT 10 0,5 

~=45x23 2,0 5MHH 1000 Cd 8,6 0,4 

~=45x23 2,0 30MHH 1000 HeT 9,7 0,6 

~=45x23 2,0 I,O 1000 HeT 9,0 0,5 

~=45x23 2,0 I,O 1000 Ccl 8,0 0,3 

Ta6mtl.\a 3 

Co~eplKBHHe Ji!SOTOll, ~ro ilepHO~ CeqeHHe PesoHBHCHIDl 
e nopo~e iflOTOllHK, no.rrypaC- aaxeaTa HHTerpan, 

BbiJCO~ na.na, T9nJIOBbiJC CiapH; 
[24] TI/4 HefiTpOHOB, ero oCiJiacTb 

6apH [251 ' 

~o O,Ir/T Au -I98 
412KsB,9$ 

2:{ CYTOK 98,8 I550 6aE" 
4,8 3 

~o 2Kr/T As -76 26,8 qaca 4,4 63 CiapH 
559KsB,43% I02 - 103 sB 

~o lKr/T Sb -I22 2, 75 CYTOK 6,2 ISO CiapH 
564KsB,66% . 5,8 sB 

~o lKr/T Mn-56 
847K3B,99% 

2,6 qaca . I3,3 I~O CiaJl!! 
I - 103 sB 

~o I5 Kr/T Na -24 . 
I368KsB,IOO% 15 qacoe 0,53 

0
6
31 CiapH 

I 00 sB 

e 3TOH e6opKe npH aHanHaax Ha aonoTo o6FI3aTeneH. KaK npaeHno, 
~OH nOA ~OTOnHKOM 30IlOTa /412 K3B, T~ = 2,7 eyTOK/ 06bFieHFieT
efl KOMnTOHOBeKHM paeeeFIHHeM raMMa-KBaHTOB, HenyeKaeMb!X 
H30TonaMH, o6paaytOUV1MHefl ' npH aKTHBal.\HH aonoToHoeHbiX PYA 
/eM. Ta6n.3 /. 

RAepHO-~H3H4eeKHe KOHeTaHTbl Ta6J1HL.\bl noKa3bJBatOT, 4TO ~OH nOA 
~OTOnHKOM 412 K3B MOlKHO eHHlKaTb L,\eJlbiM PFIAOM npHeMOB: a/ o6ny-
4aTb B Cd -3KpaHe, OTeeKafl aKTHBal.\HtO TenJlOBbiMH HeHTPOHaMH j 
6/ yeTaHOBHTb paayMHoe epeMFI 11oxnamAeHHFI11 o6pa3L.\OB Ailfl paenaAa 
Mn, As H Na; e/ ,qnfl 116opb6bt 11 e Sb HenonbaoeaTb eypbMFIHbte 
3KpaHbt, a e As - MbtWbFIKOBHeTbte 3KpaHbl ,qnfl 11 BbteAaHHFI11 HeHT
poHoB e 3HeprHeH En=5,8 3B 1-1 En = 10-1000 3B eOOTBeTeTBeHHOj 
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r/ HaKOHel.\, npHMeHFIFI pe30HaHeH~e ~HilbTp~ 1-13 30IlOTa, J..13Mepflfl 
ABa o6paal.\a /OAHH o6ny4aeTefl e AU-3KpaHoM, APYro~-6ea/, no 
pa3HOeTH eHFITbiX eneKTpOB MOlKHO nony4HT b npa KTH4eeKH 6ee¢OHOBbiH 
eneKTp 30IlOTa ,/2S/. 

Ha onHeaHHOH e6opKe HaHAeHbt TaKme noporH onpeAeneHI1FI. PFIAa 
3JleMeHTOB B peaJlbHbiX nopOAaX e 11enOJ1b30BaHHeM TenJlOBbiX HeHTpo-
HOB /3KeTpanonfll.\11FI Ha·l1eT04HI1K 124 Sb aKTHBHOCTbtO 100 K11/: 
Sc- 0,01%; As .,. 0,005%; Mn - 0,005%; Sm - 0,001%; Jn -
0,0005%; W - 0,005%; Hg - 0,02%. 0AHaKo, noeKOilbKY aBTopoe 
HHTepeeoeana B OeHOBHOM o6naeTb pe30HaHeHOH aKTHBal.\HH, AaHHble 
pe3yJ1bTaTbl npi1BOAF1Tefl ,Qilfl eBeAeHHR, KaK npHMep HenOJ1b30BaHHFI 
npeAila raeMOH e6opKH ,Qilfl aKTH Bal.\HH o6pa3L.\OB TCnJlOBI,IMH HeHTpo
HaMH. 

7. OCHOBHbiE BbiBO.Qbl 

1. noKa3aHa HeeOMHBHHafl 3~~eKTI1BHOeTb 11 nepeneKTHBHOeTb 
HenOJ1b30BaHHFI eypbMFIHo-6epHJ1IlHH-rpa~HTOBbiX e6opoK ,Qilfl HeHTPOH
HO-aKTI1Bal.\HOHHOrO aHanHaa ropHbiX nopoA 11 PYA Ha eoAepmaHHe 
3JleMeHTOB, 11MetO~HX AOeTaT04HO B~eOKHe ee4eHHFI aKTHBal.\11H Ha 
peaoHaHeHbtX HeHTPOHax. Hen on b3YFI np1-1 aKTHBal.\HH pa3IlJ.14Hbte 
~HilbTpbl /KaAMHH, 6op, eypbMy, MbiWbFIK, raAOilHHHH 11 AP./, a TaKlKe 
APYrHe npl1eMbl, OeHOBaHH~e Ha R,qepHO-~H3H4eeKHX eBOHeTBaX 3Jle
MeHTOB, MOlKHO ey~eeTBCHHO noa~eHTb eeneKTHBHOeTb aKTHBal.\111-1, 
T •. e, eeneKTHBHOeTb aHaJ1H3a, 

2, nony4eHHble pe3yJ1 bTaTbl no npoeTpaHeTBeHH0-3HepreTH4eeKOMy 
paenpe,qeJ1eHI1tO HeHTPOHOB n03BOJ1RtOT eoa,qaTb TaKytO eHeTeMJ eypbMR
H0-6epi1J1IlHH-rpa~HTOBOH e6opKH, B KOTOPOH B none paBHOMepHOH 
nJ10THOeTI1 HeHTpOHHOro nOTOKa MOlKHO OAHOBpeMeHHO 06Ily4aTb 100 
H 6onee o6pa3L.\OB BeeOM 50-70 r KalK,q~H, 4TO npH aKTHBHOeTH He-
T04HHKa 

124
Sb 100-300 K~-1 o6eene4HT npoH3BOAHTenbHOeTb aHa-

IlH3oB Ha 30IlOTO nopR,qKa· 100 npo6/eyTKI1 e 4yBeTBHTeJ1bHOeTbtO 
0,3-0,5 r/T. 

3. R,qepHo-~H3H4eeKHe xapaKTepHeTHKH eypbMRHo-6epHI1IlHH-rpa
~11TOBOH e6opK11 npH HX peaJ1H3al.\11H ,QilR HeHTpOHHO-aKTHBal.\HOHHOro 
aHaJ1H3a n03BOJ1RtOT eoa,qaBaTb yeTpOHeTBa, OTilH4atO~HeeR HeKJ1t0411-
TeJ1bHOH 3KennyaTal.\HOHHOH npoeTOTOH H 6eaonaeHOeTbtO, HH3KOH 
eTOI1MOeTbtO, ,qoeTynHOeTbtO ,QilR WI1POKOro Kpyra nOTpe6~1TeJ1eH /OT 
KpynHbiX npOH3BO,qeTBeHHbiX 06beAHHeHI1H AO He60J1bWHX 3Kene,qHL.\11-
0HHbiX napTHH/, 4TO n03BOI1ReT HX peKOMeH,qOBaTb K HenOJ1b30BaHHtO 
BO MHOrHX OTpaeJlRX Hapo,qHoro X03RHeTBa eTpaHbl. 

AeTopbt eeebMa npi13HaTeilbHbt reoprHta HHKonaeBH4y <l>nepoay aa 
noeTaHOBKy 3a,qa4H, npHeTaJlbHOe BHHMaHHe K pa6oTe 11 T~aTeJlbHOe 
o6eym,qeHHe peaynbTaToe. 
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