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~.r., 3aMRTHHH ~.c., Ky4ep A.M. 18-80-599 
T04HHK ¢OTOHeHTPOHOB Ha OCHOBe 124 Sb 
R HeHTPOHHO-aKTHBa4HOHHOro aHanH3a 

6oTaHa H onHCaHa YCTaHOBKa ~nR nony4eHHR ¢OTOHeHT 

eprHeH 24 K3B H BbiXO,(IOM -10 HeHTp./c Ha OCHOBe 

raMMa-Hally4eHHR 
124Sb aJ<THBHOCTbio- 50 KH. Men)-

HH H c noMOUlbiO 6opHoro c4eT4HKa onpe,qeneHbl 

OTOKOB TenJlOBbiX H pe30HaHCHbiX HeHTPOHOB 
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W~poKoe npHMeHeHHe HeHTPOHHo-aKTHBa~HOHHoro aHanHsa, npH 
KOTOPOM B03MOlKHbl MaCCOBble aHanH3bl Ha MeCTaX, Tpe6yeT C03,qaHHR 
npOCTbiX H ,qeweBbiX HCT04HHKOB HeHTPOHOB 6onbWOO HHTeHCHBHOCTH, 
TaKHe KpynHble YCTaHOBKH, KaK peaKTOPbl H YCKOPHTenH, n03BOnRI0-
1!1He nony4aTb HaH6onee HHTeHCHBHble nOTOKH HeHTpOHOB H MaKCH
ManbHYIO 4YBCTBHTenbHOCTb aHanH30B, HMeiOT orpaHH4eHHOe pac
npOCTpaHeHHe, H He Be3,qe MOryT HCnonb30BaTbCR, no3TOMy ,qnR 

w~poKoro npHMeHeHHR HaH6onee ~enecoo6pa3HbiMH RBnRIOTCR pa,qHo-
1130TonHble HCT04HHKH HeHTPOHOB, He 'Tpe6yi01!1He ,qnR CBOeH 3KCnnya

Ta~HH CnOlKHbiX Y.CTPOHCTB, BbiCOKOKBanH¢H~HPOBaHHOro o6cnylKHBaHHR 
H HanH4HR KOMMYHHKa~HH, . . 

8 Ka4eCTBe TaKHX HCT04HHKOB HeHTPOHOB, sacnylKHBaiOI!IHX HaH-
6onbWero BHHMaHHR, MOryT P.aCCMaTpHBaTbCR: HCT04HHKH ¢QTOHeHT
POHOB 

124
gb(y)+Be, reHePHPYIOI!IHe HeHTPOHbl c 3HeprHe.:1 24 K3B 111 , 

H HCT04H~KH HeHTPOHOB CnOHTaHHOrO ,qeneHHR 252Cf. 8 HaCTORI!IeH 

pa6oTe npoee,qeH~ Hccne,qoeaHHe B03MOlKHOCTH H ~enecoo6pasHOCTH 
np11MeHeHHR 3THX HCT04HHKOB ,qnR HeHTPOHHO-aKT11Ba~HOHHOro aHanH3a 
reonorH4eCKHX npo6 Ha co,qeplKaHHe sonoTa H ,qpyrHx 3neMeHToe, 
npH4eM OCHOBHOe BHHMaHHe 6blno y,qeneHO H3y4eHHIO XapaKTepHCTHK 
cypbMRHo-6epHnnHeeoro HCT04HHKa. AHanorH4Hble Hccne,qoeaHHR npo
ee,qeHbl Ha HCT04HHKe 124 gb- He6onbWOH aKTHBHOCTH 10,42 I<HI 
e pa6oTe 121. • 

nony4eHHe HeHTpOHOB C nOMOI!IbiO pa,qHOaKTHBHoro H30Tona 124gb 

I T~ = 60,2 AH. I ocHoBaHo Ha HcnonbsoeaHHH conpoeolK,qaiOI!IHX. f3 -
pacna,q y-KBaHToe c 3HeprHe.:1 1,692 M3B, HecKonbKo npeBbiWa10111e.:1 

.nopor peaK~HH ( y,n) Ha 
9

Be I E Q = -1,665 M3BI. Ce4eHHe pe-
aK~HH ( y ,n) e6nH3H nopora cocTaBnReT 1', 2 M6 131• 06pasyiOI!I~ecR 
e pesynbTaTe peaK~HH HeHTPOHbl HMeJOT OTHOCHTenbHO He6onbWYIO 
3HeprHIO, 4To eecbMa y,qo6Ho ,qnR Hx nocne,qy10111ero aaMe,qneHHR ,qo 
pesoHaHCHblx H. Tennoeo.:1 3HeprH.:1. 

PasMepbl 6epHnnHeeoro 6noKa, Heo6xo,qHMoro ,qnR reHepa~HH 
HeHTpOHOB, ,qonlKHbl Bbi6HpaTbCR B COOTBeTCTBHH C nHHeHHbiM K03¢

¢H~HeHTOM nonHoro nornOI!IeHHR y -KeaHToe c 3HeprHe.:1 1,692 M3B/ 
KOTOPbiH paBeH 0,078 CM-l locna6neHHe B f pas Ha ,qnHHe 13 CMI 4: 
OL!eHKa Bblxo,qa He.:1TpoHoe H3 6epHnnHeeoro 6noKa MolKeT 6b1Tb 
c,qenaHa c noMOI!IbiO BblpalKeHHR: 

N=J ~(1-K), 
y u t 

06-:,e)iriD\: lll:tilti lliJC'i'B'eyT 

~J~epB!.!! &r.?.tJ.lOEtlUOr:l 
___ 6!lE!JJf;!d_T_Ef1A 
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r.qe Jy - 11HTeHC11BHOCTb Y -11CT04HI1Ka, ay,n - Ce4eHI1e peaK1..11111 
(y ,n) , at - nonHoe ce4eHI1e norno~eHI1R y -KBaHTOB a Be , K -
.qOil.R Y -KBaHTOB, YXOAR~I1X 113 6110Ka. 

0TCJO.qa nony4aeM, 4TO MaKCI1Ma!lbHO B03MO>KHbiH BbiXO.q' HeHTPOHOB 
Ha 1 KJOPI1 124 gb I np11 K=O I paaeH 3,6·10 7 HeHTp.lc. 

KaK 6bJ!lo noKa3aHo a npe.qb1AY~11X pa6oTax 151 , Hal16onbwaR 
4YBCTBI1Te!lbHOCTb np11 HeHTpOHHO-aKTI1Bal.II10HHOM aHa!1113e 30110Ta 
a peanbHbiX reonorl14eCKI1X o6pa31..1ax Mo>KeT 6bJTb nony4eHa np11 aK
TI1Bal.ll111 pe30HaHCHbiMI1 HeHTPOHaMI1 ITaK KaK B 3TOM C!ly4ae 3Ha-
411Te!lbHO YI1Y4WaeTCR COOTHOWeHI1e 3$$eKTI$oHI, a Ha116011ee no.q
XOAR~I1M aaMe.q!111TeneM HeHTPOHOB RB!lReTCR rpa¢11T. Pac4eT npo
llecca 3aMe.qneHI1R HeHTPOHOB B rpa¢11Te noKa3biBaeT, "'TO AI1R 

3aMeAJ1eHI1R HeHTPOHOB C nepBOHa4a!lbHOH 3Heprl1eH 24 K38 AO pe-
30HaHCHOH 3Heprl111 5 38 Tpe6yeTCR cpaBHI1Te!lbHO He60!lbWOH C!lOH 

· aaMeAJ111TenR TOI1~11HO~ 20-25 eM, o.qHaKo 11cnonbaoaaHI1e a Kal.lecT
ae 11CT04HI1Ka HeHTPOHOB 3Ha411Te!lbHOro KOI1114eCTBa 6ep11111111R AO!l>K
HO CHI1311Tb 3TY Be1111411HY, TaK KaK 6ep11111111H CaM RBilReTCR XOpOWI1M 
3aMe.q!111Te!leM, 8 CBR311 C TeM, 4TO T04Hb1H paC4eT 3aMeAJ1eHI1R 
HeHTPOHOB pacnpe.qeneHHOrO 11CT04H11Ka,C y4eTOM ero reoMeTpl111 RB
!lReTCR AOBO!lbHO C!lOlKHbiM, fibiJlO peweHO Bb16op pa3MepoB 3aMeAJ111-
Te!1R npOI13BeCTI1 Ha OCHOBaHI111 peay!lbTaTOB 3KCnepi1MeHTa. 

TaK11M o6pa3oM,l.le!lbJO 3Kcnepi1MeHTOB RBI1RI111Cb: 
11 Bb160p onTI1Ma!lbHOH reoMeTpl111 CI1CTeMbl 11CT04HI1K-3aMe.q1111Te!lb ,. 
21 npoaepKa 3¢$eKTI1BHOCTI1 11CnO!lb30BaHI1R cypbMRHo-6epl1!1!111eBo-

ro 11CT04HI1Ka HeHTPOHOB .qnR aKTI1Bal.II10HHoro aHa!1113a, 
31 cpaaHeHI1e ero c .qpyri1M11 11CT04HI1KaMI1 HeHTPOHOB I 25lbr, 

M11 KPOTPOHI, 11CnO!lb3yeMbiM11 AI1R 3TOH 1..1e1111, 

3KCnEPJ.1MEHTAJlbHbiE PE3YJlbTATbl 

A.nR peweHI1R yKa3aHHbiX BbJWe 3a.qa4 6bJ!la co3.qaHa 3Kcnepi1MeH
Ta!lbHaR YCTaHOBKa, no3 BO!l.RJO~aR npOBOAI1Tb 06!1y4eHI1e o6pa3t\OB 
c 11cnonb3oaaHI1eM 11CT04HI1Ka 124 gb aKTI1BHOCTbJO -50 KJOpl1. Yc
TaHoBKa COCTOR!la 113 rpa¢11TOBOrO Ky6a, B l.leHTpa!lbHOH 4aCTI1 Ko
TO&OrO pacnonarancR 6epi1!11111H, KO!lOAlla AJ1R xpaHeHI1R 11CT04HI1Ka 

1 4sb 11 CI1CTeMbl nepeMe~eHI1R 11 $11KCal.l1111 11CT04HI1Ka. Ky6 pac
nonarancR Ha.q KO!lOAI..IeM rny611HOH OKOI10 ABYX MeTpOB, .ql1aMeTpOM 
100 MM, 11 11Me!1 BepTI1Ka!lbHb1H KaHan Ce4eHI1eM 80x80 MM2 AilR ne
peMe~eHI1R 11CT04HI1Ka. B Ky6e TaK>Ke 11Me1111cb 4eTblpe ropi130HTanb
Hble n0!10CTI1, B KOTOPble noMe~a!111Cb o6pa3l.lbl AJ1R o6ny4eHI1R HeHT
poHaMI1 lp11c. 11. 

B Ka4ec;=ee pa.ql1oaKT11BHoro 11CT04H11Ka 124 gb npi1MeHRI111Cb 
cepi1HHble 11CT04HI1KI1 Tl1na CY-7 MaKCI1Ma!lbHOH aKTI1BHOCTI1, BbJnycKa
eMble BID 11 J.13oTonl. TaK KaK aKTI1BHOCTb TaKHx 11CT04HI1KOB co
cTaBnRna 2, 5 KIOPI1, B ycTaHOBKe 11X 6bl110 11CnO!lb30BaHO 20 WT, 

2 

KaHa!lbl 
AJ1R o6pa3l.IOB 

no.qBI1>KHaR 
3a~11Ta 113 
CBI1Hl.la 

Kono.qe1..1 
xpaHeH11R 

Tpoti1K 

Kancyna 
c pa.ql1o-
113oTonoM 

P11c. 1. YcTaHOBKa A!lR npoae.qeHI1R HeHTpoHHo-aKTI1Ba
~oro aHa11113a Ha ocHoae pa.qi10I13oTona 124 gb, 

Tpoc11K 

6ep11111111H 

faMMa-11CT04HI1K11 
CY-7 cypbMa-124 
20 WT, 

113 
.qJOpa!liOMI1H11R 

A.nR Hal16onee 3¢$eKTI1BHoro 
11CnO!lb30BaHI1R raMMa-KBaH
TOB 11CT04HI1KI1 pa3Me~a!111Cb 

no 6oKOBOH noeepXHOCTI1 
6ep11111111eeoro li111111H.qpa 
.qHaMeTpOM 50 MM 11 BbiCOTOH 
100 MM lp11c.21. BCR c6op
Ka noMe~anacb e TOHKo
CTeHHYJO anJOMI1HI1eBy10 Kan
cyny, KoTopaR c noM~biO 
TPOCI1Ka Morna onycKaTbCR 
B KOilOAell 11 no.qHI1MaTbCR 
M3 Hero a l.leHTP 6epl1!11111eeo
ro 6noKa,Haxo.qR~erocR e 
rpa¢11TOBOM Ky6e, 

P11c.2. Kancyna cypbMRHo-6epl1!11111eaoro 11C
T04HHKa HeHTPOHOB, 
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npocTpaHCTBeHHOe pacnpeAeneHHe nnOTHOCTH nOTOKa HeHTpOHOB 

BHYTPH 6epHnnHeeor~ 6noKa H rpa¢HTOBoro Ky6a H3Mep.Rnocb Me

TOAOM aKTHBa~HH TOHKHX 30nOT~X ¢onbr H C nOMO~b~ KOPOHHOrO 

6opHoro c4eT4HKa CHM-13. AKTHBHOCTb 3onoTbiX ¢onbr H3MepRnacb 

Ge.(Li) AeTeKTopoM no raMMa-H3ny4eHH~ c 3HeprHeH E y = 412 K3B. 

AflR AOCTHmeHHR CTaTHCTH4eCKOH OWH6KH H3MepeHHH MeHee 3% 30no
Tble ¢onbrH o6ny4anHCb e Ky6e OT 30 AO 70 4. 6on.ee onepaTHBHo 

H3MepeHHR nnOTHOCTH nOTOKa HeHTPOHOB npoBOAHnHCb C nOMO~b~ 

60pHbiX C4eT4HKOB, OAHaKO HX npHMeHeHHe fiblnO orpaHH4eHHbiM H3-

3a H3MeHeHHR K03¢¢H~HeHTa YCHneHHR C4eT4HKOB npH HX o6ny4eHHH 

raMMa-KBaHTaMH HCT04HHKa 124Sb. BcneACTBHe 3TOro CKOpOCTb C4e

Ta Ha ManbiX paCCTORHHRX OT HCT04HHKa OKa3biBanacb 3aHHmeHHOH, 

H nony4eHHble pe3ynbTaTbl Hcnonb3oeanHcb TonbKO AnR cpaBHHTenb

H~x H3MepeHHH. nyTeM 3KpaHHPOBa~HR AeTeKTOPOB HeHTPOHOB KaAMH

eM onpeAenRnHcb KaK pacnpeAeneHHe nnoTHOCTH noToKa TennoBbiX 

tieHTPOHOB, TaK H pacnpeAeneHHe nnoTHOCTH noTOKa 3aKaAMHeBbiX 

HeHTPOHOB /6opHbiM C4eT4HKOM/ H. HeHTPOHOB C 3HeprHeH 4,9 3B 

/3onoTbiMH ¢onbraMH/. 

AflR Bbl6opa OnTHManbHOH reoMeTpHH CHCTeMbl HCT04HHK HeHTPOHOB -

3aMe'AJ1HTeJlb npOCTpaHCTBeHHble pacnpeAeJleHHR nnOTHOCTH nOTOKa 

HeHTPOHOB H3MepRnHcb e Ky6ax pa3J1H4H~x pa3Mepoe. B nepBoH ce

PHH H3MepeHHH npH nOCTORHHbiX pa3Mepax 6epHnJ1HeBoro 6JloKa, pae

HbiX 28x28x20 CM 3, H3MeHRJlaCb TOn~HHa rpa¢HTOBOrO 3aMeAnHTeJ1R. 

H3MepeHHR 6blnH BblnOJlHeHbl AnR rpa¢HTOBbiX i<y6oe co CTOPOHOH 

50 j 70 H 90 CM. 0CHOBHble H3MepeHHR 3TOH cepHH BblnOJlHRJlHCb 

c noMO~b~ 6opHbiX C4eT4HKOB. Pe3ynbTaTbl npHBeAeHbl. Ha pHc.3. 

AflR O~eHKH HCKameHHR KpHBbiX npH npH6J1HmeHHH C4eT4HKa K raM

Ma-HCT04HHKy B Ky6e pa3MepoM 90 CM pacnpeAeJleHHR 6b1J1H nony4e

Hbl TaKme MeTOAOM aKTHBa~HH 30JlOTbiX ¢onbr. KaK BHAHO H3 cpaB

HeHHR KPHBbiX Ha pHC. 3, pe3ynbTaTbl H3MepeHHH, nony4eHHble C4eT-

4HKOM, B T04Ke,HaH6onee 6J1H3KOH K HCT04HHKY, 3aHHmeHbl B 

1,5-2 pa3a. 

ConocTaeneHHe pe3YJlbTaToe, nony4eHH~x AnR Ky6oe pa3HbiX 

pa3MepoB, noKa3biBaeT, 4TO nnOTHOCTb nOTOKa pe30HaHCHbiX H 3a

KaAMHeBbiX HeHTpOHOB AO paCCTORHHR -20 CM OT ~eHTpa Ky6a 

C yBeJ1H4eHHeM TOJl~HHbl rpa¢HTa npaKTH4eCKH He H3MeHReTCR, 

a nJlOTHOCTb nOTOKa TenJlOBbiX HeHTpOHOB npaKTH4eCKH OAHHaKOBa 

AnR Ky60B pa3MepoM 70 H 90 CM. 

Bo BTopoH cepHH H3MepeHHH npH nocTORHH~x pa3Mepax rpa¢HTo

eoro Ky6a /90x90x90 cti.·3/ H3MeHRJ1HCb pa3Mepbl 6epHnnHeBoro 6noKa. 

H3MepeHHR npocTpaHCTBeHHbiX pacnpeAeneHHH HeHTPOHOB 6biJlH Bbl

nonHeHbl AnR 6noKoB Tpex pa3Mepoe: 1 I 18x 18x 10 ct-i3 , sec oM 6 Kr; 

2/ 28x28x20 CM;a BeCOM 39 Krj 3/ 48x48x20 CM 3 BeCOM 92 Kr. TaK 

KaK BbiCOTa 6epHJ1J1HeBbiX 6JlOKOB 6b1Jla MeHbWe HX pa3MepOB B ropH-

30HTaJlbHOH nnocKoCTH, see H3MepeHHR pacnpeAeneHHH TaKme npoeo-
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AHnHCb B ropH30HTanbHOH 

nnocKocTH Ky6a. H3Mepe

HHR BblnOJlHRJlHCb KaK 

C noMO~b~ 6opHbiX C4eT4H

KOB, TaK H nyTeM aKTHBa

~HH 30JlOTbiX ¢onbr. Pe-

3ynbTaTbl H3MepeHHH, no

Jly4eHHble C 30J10TbiMH 

¢onbraMH, npeACTaeneHbl 

Ha PHC,4 H 5. 

nony4eHH~e 3KCnepH

MeHTanbHble AaHH~e noKa-

3b1Ba~T, 4To c yeenH4e

HHeM pa3Mepoe 6epHnnHe

eoro 6noKa· nnoTHOCTb 

noToKa Tennoe~x HeATpo

HOB B03pacTaeT npHMepHO 

a 3 pa3a /npH yeenH4e

HHH TOJl~HH~ 6epHnJ1HR 

B 4 pa3a/. nnoTHOCTb 

noToKa 3aKaAMHeBbiX H pe-

30HaHCHbiX HeATpOHOB 

pacTeT 3Ha4HTeJlbHO cna-
6ee: no H3MepeHHRM c 

6opHbiM C4eT4HKOM B ·1, 7 

pa3a, no aKTHBa~HH 30-
' I I I I X I I I I • 

- -- -- xx" A?< M• .x ·"' JlOTbiX ¢onbr e 1,3 pa3a, 
2·j0 0 o ey6a I eM! 

PaccTO.RHHe OT ~eHTpa 

PHc.3. npocTpaHCTBeHHOe pacnpeAe

neHHe nJlOTHOCTH noTOKa HeHTpOHOB 

B rpa¢HTOBbiX Ky6ax pa3HbiX pa3Me

pOB. Pa3Mepbl 6epHJ1JlHeBoro 6noKa 

B ~eHTpe Ky6a 28x28x20 cM:s. H3Me

peHH.R BblnOJlHeHbl 6opHbiM C4eT4HKOM. 

TennoBble HeHTPOHbl 0 - cTopoHa Ky-

6a: 90 CMj 0- 70 CMj ~-50 CM. 

3aKaAMHeBble - CTOPOHa Ky6a: 8-

90 CM, II - 70 CMj A - 50 CM. 

H3MepeHHe MeTOAOM aKTHBa~HH 30-

nOTbiX ¢onbr B Ky6e CO CTOpOHOH 

90 eM. X - TennoBble, V - pe3o

HaHCHble. 

4TO CBHAeTenbCTByeT 

0 CMRr4eHHH cneKTpa HeAT

POHOB no Mepe yBeJ1H4eHHR 

KOnH4eCTBa 6epHnJlHR,KO

TOpbiH RBnReTCR 6onee 

XOpOWHM 3aMeAnHTeJleM,4eM 

rpa¢HT • 

C ~enb~ cpaeHeHHR cypb

MRHo-6epHJ1JlHeeoro HCT04-

HHKa C HCT04HHKOM HeAT

POHOB cnoHTaHHoro AeneHHR 

252cr AnR nocneAHero TaK

me npoBOAHJlHCb H3MepeHHR 

npocTpaHCTBeHHoro pacnpe

AeneHH.R nnoTHOCTH noToKa 

HeHTPOHOB. Afl.R 3Toro 

B ~eHTP Ky6a CO CTOPOHOH 

90 CM, BHYTPH KOToporo 

HaXOAHJlC.R 6epHJ1J1HeBbiH 

5 



~ 

' 2 

' 6 
oz

0 -10 
5 8 
": (j 
c. 
1-

·~ 4 
J: 

' ID 

~ 2 0 
c. 
1-

>:S: 
Q), 

:x: I ~o 
~· 8 
~ 6 0 
1:: 

.n 4 
1-
u 
0 
J: 

:; 2 r:; 
c: 

~ 

~0 0 .. "' ,.,. ...,.. n.. "'" .,., '·" J.t:: 

PaccToRHHe OT ~eHTpa Ky6a /eM/ 

'PHc.4. npoCTpaHCTBeHHOe pacnpe,qe
JleHHe nJlOTHOCTH noTOKa TenilOBbiX 
HeHTPOHOB B rpa~HTOBOM Ky6e CO 
CTOpOHOH 90 CM. 0 - 124 Sb /50 KIOpH/ 
a 6epHI1IlHeBoM 6noKe paaMepaMH 
48x48x20 cMa, a ~eHTpe Ky6a; 
X - -"- /50 KIOpH/ a 6epHili1He-
BOM 6JlOKe pa3MepaMH 28x28x20 CM3 
8 ~eHTpe Ky6a; V - -"- /50 KIOpH/ 
8 6epHJ1JlHeBOM 6JlOKe paaMepaMH 
18x18~10 a ~eHTpe Ky6a; D. -
252 Cf /140 MKr/ 8 6epHilJ1HeBOM 

16noKe paaMepaMH 28x28x20 cM 3 

a ~eHipe Ky6a. 

6 

6noK paaMepoM 28x28x 
20 CM 3 , BMeCTO Kancyilbl 
C cypbMOH noMe~ailCR 

HCTOYHHK, coAepma~HH 
140 MKr 25~fH HMeiO~HH 
BbiXO,Q HeHTpOHOB 
3,3 ·10 8 HeHTp./c. Pe-
3yilbTaTbl H3MepeHH~, Bbl
nOilHeHHbiX MeTO,QOM aKTH
Ba~HH 30IlOT~X ~Oilbr, 

npHBe,qeH~ Ha PHC.4 H 5. 
Ha PHC. 6 noc;:pQeHbl 

pacnpe,qeneHHR noToKa 
pe30HaHCH~X HeHTPOHOB 
8 C~epH4eCKHX CilORX 

BOKpyr HCT04HHKOB (fr2) 
KaK AJ1R KaJlH~OPHHeBoro 

HCT04HHKa HeHTpOHOB, 
TaK H AJlR CYPbMRH0-6e
pHili1HeBoro. B nocne,q
HeM CJlyYae ,qaHH~e npH
ae,qeH~ K aKTHBHOCTH 
HCT04HHKa 12!Sb, paBHOH 
50 KIOpH. Kam,qoe H3 3THX 
pacnpe,qeneHHH YHCileHHO 
npoHHTerpHpoaaHo, AJ1R 
Yero 6b1Ila npoae,qeHa 
3KCTpanOilR~HR KpHBbiX 
aa npe,qen~ Ky6a. Cpaa
HeHHe nonyYeHHbiX pe-
3YilbTaTOB n03BOJlHI10 O~e
HHTb B~XO,Q HeHTpOHOB 
cypbMRHo-6epHI1IlHeBoro 
HCT04HHKa, KOTOpbiH co
CTaBHil 
/2,5~0~3/· 10 7HeHTp./c KH. 
3Ta senHYHHa not<a3biBaeT, 
4TO B ,qaHHOH reoMeTpHH 
HaMH HCnOJlb30BaJlOCb 70% 
B~COK03HepreTH4HOro 

raMMa-H3Ily4eHHR cypbM~-
124. TaKoH BbiXOA ¢oTo
HeHTPOHOB COOTBeTCTByeT 
BbiXO,qy KaJlH~OPHHeBoro 

HCTOYHHKa, co,qepma~ero 
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PHc.5.npocTpaHcTBeHHoe pacnpe,qe
~ nJlOTHOCTH nOTOKa HeHTpOHOB 
c 3HeprHeH 4,9 38 B rpa~HTOBOM 
Ky6e co CTOPOHOH 90 CM. 0 - 124 Sb 
/50 KIOpH/ B 6epHili1HeBOM 6JloKe 
paaMepaMH 48x48x20 cM3 a ~eHTpe 
Ky6a; X- 124sb 150 KIOpH/ a 6e
PHili1HeaoM 6noKe paaMepaMH 
28x28x20 CM 3 B ~eHTpe Ky6a; V -
124Sb /50 KIOpH/ B 6epHJlJ1HeBOM 

6noKe paaMepaMH 18x18x10 eMS 
a l{eHTpe Ky6a; D. - 252cr I 140 MKr/ 

-J-i~ \. i\ 8 6epHI1JlHeBOM 6JlOKe paaMepaMH 
~~.. \. \. 28x28x20 CM 3 B l{eHTpe Ky6a. 

l 
\ 

~0 o ~ oft •• ftft ft~ ftft ft~ o.ft , -

PaccToRHHe oT l{eHTpa Ky6a 

11 MKr 
252 

Cf. O,qHaKO Ha-aa 6onee BI>ICOKOH 3HeprHH HeHTPOH~ cnoH
TaHHOrO ,qeJleHHR pacnpe,qeJlRIOTCR no 60JlbWeMy 06DeMy 3aMe,QJlHTeJlR. 
no3TOMy, KaK BH,QHO H3 PHC.5, ,QilR noJly4eHHR TaKOH me nJlOTHOCTH 
noToKa pe30HaHCH~X HeHTPOHQB, KaK B CilyYae cypbMRHo-6epHJlJ1He
BOro HCT04HHKa aKTHBHOCTbiO 1 KIOPH, Tpe6yeTCR 20 MKr 252Ct, 

AflR npoaepKH 3~eKTHBHOCTH HCnOJlb30BaHHR cypbMRHo-6epHJ1JlHe
BOrO HCT04HHKa HeHTPOHOB AJ1R aKTHBal{HOHHOrO aHaJlH3a 8 Ky6e CO 
CTOpOHOH 90 CM H 6epHJ1JlHeBOM 6110Ke pa3MepoM. 28x28x20 ctot3 6biilH 
o6nyYeHbl peaJlbHble reonorHYeCKHe o6pa3l{bl c co,qepmaHHeM aonoTa 
5:.50 r/T. AHanorHYHble o6paal{bl Tex me caMblx npo6 o6nyYailHCb 
B rpa~HTOBOM Ky6e MHKPOTPOHa, KaK 3TO onHCaHO B pa6oTe li4l. 
06pa3l{bl 6biilH yna\{oBaH~ B KaCCeT~ ,QHaMeTpOM 60 MM H .BbiCOTOH 
18 MM, Bee 06pa3~0B COCTaBJlRil -40 r. 06ny4eHHR npOBO,QHilHCb 
B Ka,QMHeBbiX 3KpaHaX TOil~HHOH 1 MM. AflR yYeTa pacnpe,qeneHHR 
noToKa pe30HaHCH~X HeHTPOHOB HCnOJlb30BaJlHCb MOHHTOP~, 113rO
TOBJleHHble nyTeM HaHeCeHHR Ha ~HilbTpoBaJlbHYIO 6yMary 3TaJlOHHOrO 
paCTBopa 30IlOTa /136 MKr/, KOTOPble o6Jly4aJ111Cb COBMeCTHO C o6-
paal{aMH. l{poMe TOrO, O,QHOBpeMeHHO C o6paal{aMH B TaKHX me KaC
CeTaX 06Jly4aJ111Cb 3TaJlOHbl C 113BeCTHbiM co,qepmaHHeM 30IlOTa. 06Jly-
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PHc.6. PacnpeAeneHHe He~TPOHOB 
C 3HeprHe~ 4,9 38 B c¢epH4eCKHX 
cnoftx: X - clpbMRHo-6epHnnHeBbr~ 
HCT04HHK / 12 Sb - 50 KIOpH/, /1 -
HCT04HHK He~TPOHOB CnOHTaHHOro 
AeneHHfl. 252Cr I 140 MK r I . 

4eHHe Ha cypbMf!Ho-6epHn
nHeBoM HCT04HHKe npoAonma
nocb 66 4, a Ha MHKpo
TPOHe - 10 4. HsMepeHHe 
raMMa-cneKTpos o6pas~os 
npOBOAHnOCb cnyCTfl CyTKH 

;: :~\ 
I I\ 

I 1 \ 

: ! \ 

H cnycTft Tpoe cyTOK noc
ne o6ny4eHHfl Ha raMMa
cneKTpoMeTpe c Ge(Li) -
AeTeKTopoM o6beMoM 30 eM? 
paspeweHHe KOToporo no 
¢oTonHKY 1S7 cs 0,662 M3B 
COCTaBnRnO 3,5 K38. 06~ 

pas~bl, o6ny4eHHbre Ha Hc
T04HHKe, HSMepftnHCb Jt 

~0 20 30 40 -50 60 'lO 

PaccTOfiHHe OT ~eHTpa Ky6a /eM/ 

B Te4eHHe 10 MHH; a Ha 
MHKPOTpOHe - 3 MHH. Co
AepmaHHe sonaTa s o6pas
~ax onpeAenftnOCb OTHOCH-
TenbHbiM MeTOAOM no nno
lllaAH ¢oTonHKa 198 Au 

c 3HeprHe~ 0,412 M3B H npHBeAeHo s Ta6nH~e. B Ta6nH~e TaKme 
npHBeAeHbl OTHOWeHHfl nno111aAH ¢OTOnHKOB K nno111aAH nOA HHMH /¢oH/, 
KOTOPble npHMepHO OAHHaKOBbl, KaK B cny4ae o6ny4eHHfl o6pas~OB 
Ha cypbMfiH0-6epHnnHeBOM HCT04HHKe, TaK H Ha MHKPOTPOHe. He-
6onbWaft BenH4HHa 3THX OTHOWeHH~ 06bftCHfleTCfl 6onbWHM COAepmaHH
eM B o6pas~ax cypbMbl H MbiWbf!Ka, KOTOpble CHnbHO MeWaiOT onpeAe
neHHIO sonaTa. XapaKTepHo~ oco6eHHOCTbiO 3THX OTHoweHH~ fiBnfteTCfl 
HX Cna6aft SaBHCHMOCTb OT COAepmaHHfl SOnaTa B o6pas~e, 4TO CBH
AeTenbCTByeT 0 HanH4HH CBfiSH MemAY COAepmaHHeM SOnOTa H yKaSaH
HbiX 3neMeHTOB s npo6ax AaHHoro THna *. Y4eT 3Toro o6cTOf!Tenb
cTBa npH onpeAeneHHH npeAenbHO~ 4YBCTBHTenbHOCTH MeTOAa Anfl 
o6pas~os AaHHoro THna nossonfleT pacc4HTbrsaTb, 4To nosbrweHHe 
HHTeHCHBHOCTH o6ny4eHHfl o6pas~OB npHBeAeT K 6onee CHnbHOMy 
CHHmeHHIO nopora 4yBCTBHTenbHOCTH, 4eM no saKOHY 11 /N. 

* TaKaft CBf!Sb noATBep>KaeTCfl H AaHHbiMH APYrHx aHanHsos, Bbr
nonHeHHbiX Ha MHKpOTpOHe. 
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Ta6nH~a 

CoAep>KaHHe sonaTa s reonorH4ecKHx npo6ax, nony4eHHoe 
He~TpOHHO-aKTHBa~HOHHbiM MeTOAOM 

HoMep CypbMf!Ho-6epHili1Hesw~ MHKPOTpOH 
o6pas~a HCT04HHK 

-
CoAepmaHHe 0THOWeHHe CoAepmaHHe 0THOWeHHe 

r/T nHK/¢OH r/T nHK/¢OH 

1 46+3,3 0,57 47,8+1,4 0,71 
2 42';-7+2' 5 0,54 40 '1+1 '2 0,68 
3 5, 1'+1' 1 0' 31 4,6+o,4 0,30 
4 49,5!).7 0' 71 48,7+1,5 0,77 
5 5,7+0,9 0,32 4,8+0,4 0,30 
6 7 ,9+1 ,5 0,32 7,o+o,s 0,35 
7 7 ,6!:1 '1 0' 35 6,9!:0,5 0' 31 

3AKili04EHHE 

Ha OCHOBaHHH npOAenaHHO~ pa60Tbl MOmHO SaKI1104HTb, 4TO cypbMft
Ho-6epHni1HeBbl~ HCT04HHK ,He~TpoHos fiBilfteTcft secbMa YA06Hb1M H AO
cTynHbiM AJ1fl ~ene~ He~TPOHHo-aKTHBa~HOHHoro aHanHsa, HMeiOiliHM 
PfiA npeHMYilleCTB no· cpaBHeHHIO C APYrHMH HCT04HHKaMH He~TPOHOB. 
OnTHMailbHbl~ pasMep rpa¢HTosoro saMeAJ1HTeilft - Ky6 co cTopoHo~ 
oKono 70 eM, TaK KaK AanbHe~wee ysenH4eHHe ero pasMepos He 
npHBOAHT K pocTy nnoTHOCTH noToKa He~TpoHos. CAenaTb OAHOSHa4-
Hbr~ BbiBOA o6 onTHManbHbiX pasMepax 6epHMHesoro 6noKa 6onee 
TPYAHO, TaK KaK npH ysenH4eHHH pasMepos 6110Ka HapfiAY C POCTOM 
nJlOTHOCTH nOTOKa He~TpOHOB peSKO BOSpaCTaeT,He06XOAHMOe KOnH-
4eCTBO 6epHnnHfl, CTOHMOCTb KOTOporo AOBOnbHO BbiCOKa. CneAyeT 
TaKme Y4HTb1BaTb, 4TO C ysenH4eHHeM KOnH4eCTBa 6epHI1IlHfl BOSpa
CTaeT, rnaBHbiM o6pasoM, nnOTHOCTb nOTOKa TennOBbiX He~TPOHOB, 
a He peSOHaHCHbiX. no3TOMY Bbi60p pasMepos 6epHilnHeBoro 6IlOKa 
SaBHCHT H OT HaSHa4eHHfl YCTaHOBKH. npH HCnOilb30BaHHH 6epHnnHe
BOrO 6110Ka BeCOM OKOilO 30 Kr, nilOTHOCTb nOTOKa TenilOBbiX He~T
POHOB s6nHsH ~eHTpa Ky6a cocTaBilfleT - 2 ·1 0 4 He~TP. I cM2. c KIOPH, 
a pesoHaHCHbiX - 1 ,5• 10·3 He~Tp./cM 2• C KIOpH Ha eAHHH4Hbl~ HHTepsan 
neTaprHH. 

0T HCT04HHKa He~TPOHOB 252 Cf, HMe10111ero cneKTp He~TPOHOB Ae
IleHHfl co cpeAHe~ 3HeprHe~ 2,13 M3B, cypbMfiHo-6epHnnHeB~~ Hc
T04HHK OTnH4aeTCfl 6o11ee HHSKO~ 3HeprHe~ He~TpOHOB, BCileACTBHe 
4ero Ailfl HX SaMeAJ1eHHfl Tpe6yeTCfl MeHbWee KOilH4eCTBO rpa¢HTa 
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H peanH3yeTCR 6onee B~COKaR nnOTHOCTb noTOKa HeHTPOHOB npH 
o.qHHaKOBOH HHTeHCHBHOCTH HCT04HHKOB. 0TCYTCTBHe 6~CTpbiX HeHT
pOHOB .qenaeT CYPbMRH0-6epHnnHeBbiH HCT04HHK 6onee y.qo,f>H~M .qnR 
peweHHR pR.qa aa.qa4. KpoMe TOro, CTOHMOCTb 124 Sb, Heo6xo.qHMOH 
j\nR C03.qaHHR HCT04HHKa C BbiXO.qOM 1010 HeHTp./c, COCTaBnReT npH
MepHO COTY~ 4aCTb CTOHMOCTH TaKoro me HCT04HHKa HeHTpOHOB Ha 
OCHOBe 252 Ct Heo6xO.qHMO TaK~e OTMeTHTb 6onee npocTy~ pa.qHa
~HOHHY~ 3a~HTY npH TpaHcnopTHpOBKe raMMa-HCT04HHKOB, 4eM 
HeHTPOHH~X HCT04HHKOB. 

no cpaBHeHH~ C MHKPOTPOHOM, O.qHHM 113 npocTeHWHX YCKOpHTe
neH, reHepHpy~~HX HeHTpOHbl, cypbMRH0-6epHnnHeBbiH HCT04HH K 
OTnH4aeTCR npoCTOTOH o6cnymHBaHHR H B03MOmHOCTb~ 6e3 oco6oro 
Tpy.qa yeenH4HBaTb Ha HeM .qnHTenbHOCTb o6ny4eHHR. 3TO noaeonReT 
C noMO~b~ HCT04HHKa C BbiXO.qOM 1010 HeHTp./c npH .qnHTenbHOCTH 
o6ny4eHHR 50-60 4 HMeTb TaKy~ me 4YBCTBHTenbHOCTb aHanH30B 
I- 10-7 r/r .qnR aonoTa/, 1 ~_rK Ha MHKPOTpoHe c 3HeprHeH ycKo
peHHbiX 3neKTPOHOB 16 M38 · OcHoBHbiM He.qocTaTKOM cypbMRHo-6epHn
nHeeoro HCT04HHKa HeHTPOHOB RBnReTCR cpaBHHTenbHO He6onbWOH 
CPOK cnym6~ /HeCKOnbKO MeCR~eB/ H Heo6xo.qHMOCTb 4aCTOH aaMe-
Hbl raMMa-HCT04HHKOB 124 Sb. 

Ha ecero cKa3aHHoro MOmHo c.qenaTb ~eo.q, 4To B HTore npo
.qenaHHOH pa60Tbl: 

1. 8br6paHa onTHManbHaR reoMeTpHR H paaMep~ rpa¢lHToeoro 
aaMe.qnHTenR H 6ep~-tnnHeeoro 6noKa, noaeom1ewr.1e nony41-1Tb Bbrxo.q 
¢lOTOHeHTPOHOB cyp bM.RHo-6epHMHeBoro 1-1 CT04HH Ka, pa BHbiH 
2,5·10 7 HeHTp./c Ha 1 KIOPH 124 Sb /70% OT TeopeTH4ecKoro/. 

2. noKa3aHa ~enecoo6pa3HOCTb HCnonb30BaHHR cypbMRH0-6epHn
nHeBoro HCT04HHKa HeHTPOHOB C 3HeprHeH 24 K38 .qnR npoee.qeHHR 
aHanHaa reonorH4ecKHX o6paa~oe Ha co.qepmaHHe aonoTa MeTo.qoM 
aKTHBa~HH peaoHaHCHbiMH HeHTpOHaMH. 

3. noKaaaHa B03MOmHOCTb .qOCTHmeHHR nopora 4YBCTBHTenbHOCTH 
aHanr.1aa tia aonoTo -107 r/r npr-1 Hcnonb30BaHHH HCT04HHKa raMMa
Hany4eHHR l24Sb aKTHBHOCTbiO 500-1000 KIOPH. 

ABTOP~ BblpamaiOT rny6oKy~ npH3HaTenbHOCTb aKa.qeMHKy r.H.4>ne
poey, no HHH~HaTHBe KOToporo 6~na nocTaeneHa HacToR~aR pa6oTa, 
10. H. EiypMHcTeHKo a a ~eHHbre coseT~ "' .qHCKyccHH, 8 . .A. 8~ponaeey, 
K.A.ra~p~-tnoey "' n.n.KynbKHHoH aa noMo~b np11 npoee.qeHHH 3Kcne
PHMeHToe. 
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