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Pe3ynbTaTbl HaWHX npeABapHTenbHblX paC4eTHblX H 3KCnepHMeH
TanbHblX HCcneAOBaHHA~• 21 noKaaanH HeCOMHeHHY~ nepcneKTHB
HOCTb npHMeHeHHR cypbMRHo-6epHnnHeBblX HCTO4HHKOB HeATpOHOB 
AnR aKTHBa4HOHHOro aHanH3a COCTaBa se~eCTBa, B 4aCTHOCTH, 
reonorH4eCKHX 06pa34os. YcTaHosneHo, 4TO npHMeHeHHe AnR HeAT
poHHo-aKTHBa4HOHHoro aHanH3a cypbMRHo-6epHnnHA-rpa$HTOBOA 
KOMnO3H4HH no3BOnReT nony4HTb PRA 4eHHblX npeHMy~eCTB, K 4HCny 
KOTOpblX cneAyeT OTHeCTH: 

- MRrKHA cneKTP HeATpOHOB, o6ecne4HBa~~HA BblCOKHA BKnaA 
B pe3OHaHCHy~ o6naCTb 3HeprHA; 

- OTCYTCTBHe 6blCTpblX HeATpOHOB, HCKn~4a~~ee BO3MO~HOCTb 
npoTeKaHHR HHTep$epHpy~~HX peaK4HA; 

- BeCbMa HH3KY~ CTOHMOCTb HCTO4HHKa 13 1; 

- BO3MO~HOCTb MHOroKpaTHOA pereHepa4HH aKTHBHOCTH HCTO4HH-
Ka; 

- npOCTOTY TpaHcnopTHPOBKH /nocne H3Bne4eHHR HCTO4HHKa H3 
6epHnnHesoro 6noKa Tpe6yeTCR aa~HTa TOnbKO OT y -H3ny4e
HHR/. 

8blnOnHeHHble HaMH pa60Tbl no aKTHBa4HH reonorH4eCKHX 06pa3-
4OB Ha cypbMRHo-6epHnnHA-rpa$HTOBOA c6opKe noKa3anH BO3Mo~
HOCTb nony4eHHR BblCOKOA 4YBCTBHTenbHOCTH aHanH3a. 8 4aCTHOCTH, 
npeAen onpeAeneHHR aonoTa . s PYAHblX npo6ax O4eHHBancR senH4H
HoA n . 10-5 % npH aKTHBHOCTH HCTO4HHKa 124 Sb nOPRAKa n . 1 02 KH. 

nocKOnbKY pe3ynbTaTbl pa~OT ~·21 nony4eHbl Ha HCTO4HHKax He-
6onbWOA aKTHBHOCTH /coOTBeTCTBeHHO 0J42 H 50 KH/, npeACTaBnRno 
6onbWOA HHTepec O4eHHTb BO3MO~HOCTH MeTOAa Ha ycTaHOBKe, OCHa
~eHHOA HCTO4HHKOM 124 Sb aKTHBHOCTb~ B COTHH ~~PH. Y4HTblBaR 
TO o6CTORTenbCTBO, 4TO sonpoc TpaHcnopTHPOBKH MO~HblX HCTO4HH
Kos124Sb noKa e~e He peweH opraHH3a4HOHHO, 6blno npHHRTO pewe
HHe ycTaHOBHTb HeATpOHHO-aKTHBa4HOHHY~ cypbMRHo-6epHnnHA-rpa
$HTOBy~ c6opKy B 3a~HTHOA KaMepe ropR4eA na6opaTOPHH npH RAep
HOM peaKTope. 

AaHHaR pa6oTa nOCBR~eHa onHCaHH~ ycTaHOBKH H nepBblX peaynb
TaTOB, nony4eHHblX npH ee 3KCnnyaTa4HH. 

1. KOHCTPYK~HH YCTAHOBKH 

CxeMa pacnono~eHHR c6opKH a ropR4eA KaMepe npeACTasneHa 
Ha PHC. 1 • npH KOHCTPYHPOBaHHH c6opKH 6blnH Y4TeHbl AaHHble no pac-
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PHc,I. CxeMa pacnonoJKeHHH cypbMH
Ho-6epHJIJIHH-rpa¢HToBoH c6opKH B 
ropaqett. KaMepe. I - 6epHJIJIHH-rpa
¢HTOBhIH Ky6, 2 - IIITOK c KOHTeHHe-, 

· pOM ,1+11.fl HCTQqHHKa l24 Sb, 3 - . CMOT
pOBOe OKHO, 4 - JIIOK ,1+11.fl yganeHH.fl 
HCTOqHHKa, 5 - saI11HTa H3 THJKe
JIOrb 6eTOHa, 6 ~ HOHH3a~HOHHa.fl 
KaMepa npH6opa "KaKTyc", 7 -
TpaHCITOpTep. 

6 

PHc.2. CypbMHHo-6epHJIJIHH
rpa¢HTOBa.R c6opKa B pas
pese. I - rpa¢HT, 2 -. 
6epHJIJIHH, 3 - KOHTeHHep 
C HC~OqHHKOM124Sb, 4 - aK
THBHpyeMbie o6pa3~bl' 5 
KagMHeBbill ¢HJibTp, 6 -
IIITQK, 

npeAeJleHMro HeHTpOHHblX nOTOKOB' noJly4eHHble B pa6oTax /1,2:1, Cxe
MaTM4eCKM YCTpOHCTBO c6opK"1 npeACTaBJleHO Ha p1,1c.2. B COCTaB 
c6opK!,1 BXOAHT,: rpa$"1TOBblH Ky6 pa3MepaM(,1 -71 Ox730x700 MM;. BHYTPl-1 
KOTOporo YCTaHOBJleH 6ep"1J1J1"1eBblH 6JlOK pa3MepaMH 300x300x300, MM 
C ropl,130HTaJlbHblM KaHaJlOM pa3MepaMH '40x40 MM. B 1.1eHTpe 6ep1,111-
111-1esoro· 6110Ka pa3Mel!laeTCH ·KOHTeHHep C HCT04H.HKOM 124Sb, K KOTo
poMy, np1-1KpenJ1eH 'WTOK AJlH l-13BJle4eH"1H "1CT04H"1Ka (,13 c6opKH. BHyT
p1,1 6ep"1J1J1"1esoro 6110Ka "1MeroTCH . ABe rop"130HTaJlbHble llleJl(,1 BblCOTOH 
no 25 MM AJlH 'pa3Mel!leHHH .aKT"1BHpyeMblX o6pa31.10B. 

Ha P"1C,3 npeACTaBJleHbl KOHTei:iHep c HCTOHH"1KOM"' WTOKOM.' KoH
TeHHep~blWKa J13rOTOBJleHbl, 1-13 aJ1roM"1HHH, 11CT04H(,1K, COCTaBHOH, ·• 
Ha6paH 1-13 5 OTAeJlbHblX 6Jl04KOB, ,Ka>KAblH 1-13 KOTOpblX npeACTaBJlHeT 
co6oi:i 1.1"1Jl"1HAPH4ecKyro repMeTH4Hyro a11roM"1HHesyro Kancyny ,q1,1aMeTpoM 
33 MM, BblCOTOH 31 ,5 MM, BHYJP"1 KOTOPOH noMel!leHa OTJlHBKa MeTa11-
JlH4eCKOH cypbMbl Maccoi:i 100 r. Ka>K,qblH 6J1040K 0611y4aeTCH B peaK
Tope B OT,qeJlbHOM KOHTeHHepe, 3aTeM Bee 5 6Jl04KOB ,qocTaBJlHroTCH 
B ropH4yro KaMepy l-1 C nOMOl!lbro MaH1-1nyJ1RTopa YKJla,qblsaroTCH B eAH
HblH Kopnyc,/p1-1c.3/. 
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PHc. 3. ,CxeMa KOHCTPYK~HH H~ToqHHKa 124 Sb. I -
Kopnyc: KOHTeHHepa, 2 - 6noqoK MeTaJIJIHqecKOH 
cypbMbl, 3 - o6onoqKa 6JioqKa, 4 - KpbllllKa KoH
TeHHepa, 5 - IIITOK. 

KroseTbl, B KOTOpblX pa3MelllaroTCH a~TMBMpye
Mble o6pa31.1bl' M3rOTOBJleHbl M3 rlOJ1M3TMJleHa M 
M~eroT pa3Mepbl: AMaMeTp 70 MM, BblCOTa 15 MM. 
Macca nopowKosoro MaTepMa11a, ynaKosaHHoro 
B KroBeTy, 50-80 r. nepeA noMel!leHMeM_ 06pa34os 
B c6opKy OHM pacno11araroTCH Ha nOAAOHaX M3 JlM
CTOBoro kaAMMH M HaKpblBaroTCH csepxy KaAMMe
BblM JlMCTOM. KoJ1M4eCTBO OAHOBpeMeHHO o6Jly4ae
MblX o6pa3qos·- 18. 

Ha BpeMH CMeHbl o6pa3qOB MCT04HMK M3BJleKa
eTCH M3 c6opKM MC nOMOl!lbro TpaHcnopTepa nepe
Mel!laeTCH B coceAHroro 3al!lMTHyro KaMepy. 

A11H oqeHKM paAMaqMOHHOH o6cTaHOBKM B ropH-
4eH KaMepe M OKpymarol!lMX noMel!leHMHX ycTaHOBJle
Hbl AaT4MKM MMKpopeHTreHOMeTpa "KaKTYC11

• 

2. HAPA60TKA 11CT04Hl1KOB 124 Sb 

A11H o6ecne4eHHH ,qocTaT04HO BblCOKOH 4YBCTBHTeJlbHOCTH HeHT
pOHHo-aKTHBa41,10HHOro aHaJ11-13a Heo6xo,qHMO npHMeHHTb HCT04HHKH 
c BblXOAOM 2· 109 + 2 ·10 10 HeHTp./c. CornaCHO AaH_HblM pa6oT 11 •21, 
TaKOH,BblXOA o6ecne4"1BaeTCH npl-1 aKTHBHOCT"1 HCT04HHKa l24 Sb 
nopHAKa 10 2 +10 3 K1,1. Ha PHC.4 npeACTaBJleHbl pac4eTHble KPHBble 
HaKOnJleHHH (,1 pacna,qa (,130TOrlOB- cypbMbl AJlH nJlOTHOCT"1 noToKa Hei:iT
pOHOB peaKTopa 3~10 13 HeHTp./CM~C H MaCCbl MeTaJ1Jll-14eCKOH cypbMbl 
500 r. KpHBble paCC4"1TaHbl AJlH pa60Tbl peaKTopa B HenpepblBHOM pe
>KHMe •· B1-1,qHO, 4TO noMHMO H30TOna 124 Sb o6pa3yetcH KOpOTKO>K"1By
lllHH "130Ton 122 Sb / T1;2 = 2, 8 ,qHH/, aKTHBHOCTb HaCbll!leHHH KoTopo-:
ro COCTaBJlHeT 8 KKH. no3TOMY AJlH CHH>KeHHH paAHal.lHOHHOH onaCHO~ 
CTH noc11e,OKOH4aHHH o6Jly4eHHH cypbMbl B peaKTOpe He06XOAHMa Bbl
,qep>t<Ka · B Te4eHHe -15 cyTOK. PacnaA 124 Sb B Te4eHHe 3TOro · 
BpeMeHH CJleAyeT Y4HTb(BaTb npl-1 pac4eTe YCJlOBHH aKT"1Ba41,11,1 AJlH 
,qOCTH>KeHHH Tpe6yeMOH Ha4aJlb HOH aKT"1BHOCTH. 113 ,qaHHblX' npe,qcTaB
JleHHblX Ha pHc. 4, cJ1eAyeT, 4TO aKT"1sa1.111ro cypbMbl 1.1e11ecoo6pa3_Ho 
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Pnc.4. HaRonneHHe H pacnag H3o
TonoB cypbMbl. 

npOBOA11Tb B Te4eH11e -30-50 _CYTOK. 
-flo OlCOH4aH1111 3Toro nep110Aa a1<,
T11sttoCTb 11CT04Hl1Ka COCTa811T 
1100-1700 K11. nocne ABYX~eAenb
HOH B~Aep)KK11 aKTl1BHOCTb_ 11CT04-
H11Ka ynaAeT AO lOD0-1500 K11. 
noMeuteHHblH B 6ep11nn11eBblH KQH
eepTop, TaKoH 11CT04H11K o6ecne-
411T BblXOA HeHTPOHOB nop.RAKa 
/2-3/·10 10 HeHTp./c. Oocne nony
roAoaoH 3KCnnyaTa41111 aKTl1BHOCTb 
11CT04Hl1Ka ynaAeT AO 120-200 K11, 
4TO o6ecne411T BblXOA Hel1TPOHOB 
nop.RAKa /2,5-4/ ·10 9 He~hp./c. 

TaKl1M o6pa30M, npOl13B0A.R 3aMeHy 11CT04H11Ka 1 pa3 B Te4eH11e 
nonyroAa, MO>KHO o6ecne411Th nnOTHOCTb noTOKa HeHTpOHOB Ha aK
Tl1Bat.tJ.10HHOl1 ycTaHOBKe B Tpe6yeMblX npeAellaX. 

3. P£3YJlbTATbl 3KCnEPHMEHTOB 

Ha on11caHHOH BblWe ycTaHOBKe npoBOA11lll1Cb pa60Tbl no aKTl1Ba-
4110HHOMY aHalll13Y 06pa34oe 30llOTOCOAepmautl1X PYA pa3fll14HblX 
MeCTOP0>KAeHl1H CoeeTCKoro Co~3a. 3Kcnep11MeHTW npOBOA11lll1Cb np11 
Ha4allbHOH aKT~BHOCTl1 11CT04H11KOB 400 11 300 K11. B Ka4eCTBe CTaH
AaPTHOro o6pa34a 11cnOllb30BallC.R 06pa3e4 P3C-1 C COAep>KaHl1eM 
30llOTa 52,1.:!:_1 r/T. 06pa34w 06lly4an11Cb B Te4eH11e J,-3 CYTOK1 H3-
MepeHl1.R Y~l13lly4eHl1.R HaBeAeHHOH aKTl1BHOCTl1 ocyuteCTBll.Rlll1Cb Ha 
nollynpoeoAH11Koswx cneKTpoMeTpax c aHall113aTopaM11 ,:11na "Packard", 
"Plurimat-20". C ijellb~ y4eTa HepaBHOMepHOCTl1 nIIOTHOCTlil nOTOKa 
HeHTpOHOB B 30He pacnOllO>KeHl1.R o6pa3ij0B Ka>KAblH o6pa3eij o6ny4all
C.R COBMeCTHO C MOHl1TOpOM. Ha p11c.5 npeACTasneH OA11H 113 cneKT
pos y-113llY4eHl1.R HaBeAeHHOH· aKTI1BHOCTl1 06pa34a 30llOTOCOAep>Ka
utei1 nOPOAbl C COAep>KaHl1eM 30llOTa 2' 1 r /T. B cneKTpe BblAell.R~TC.R 
$0Ton~K11 4elloro P.RAa 1130Tonoe pa3lll14HMX 3lleMeHTOB. 04eHKa npe
Aella onpeAelleHl1.R 30llOTa noKa3alla, 4TO np11 aKTl1BHOCTl1 11CT04Hl1-
Ka 124 Sb 400 K11 11 epeMeHHblX pe>K11Max aHall113a: o6lly4eH11e 24 4, 
BWAep>KKa 1 4, 113MepeH11e 15 Ml1H, 06ecne411saeTc.R npe~ell onpeAelle
Hl1.R O, 2 r /T /2 • 1 o-5 %/. Pe3yllbTaTw aHall113a nacnopT113osaHHblX 
npo6 noKa3all11 xopowy~ CXOAl1MOCTb C AaHHblMl1 npo611pHOro aHa~l13a. 
8 HaCTO.Rlljee epeMR Ha YCTaHOBKe BblnOllH.RIOTC.R peryll.RPHble aHalll13W 
An.A pa3~114HblX opraH113a411i1. 
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Pttc.5. CneKTp y-H3nyqeHHH HaBegeHHOH aKTHBROCTH 
o6pa3~a 30nOTOCOAep~a~eH PYAbI, o6nyqeHHoro Ha cypbMHH0-
6epttnnHtt-rpa¢HTOBOH c6opKe. AKTHBHOCTI, HCTOqHHKa 124Sb 
-400 Kn. 

4. OLIEHKA nAPAMET-POB TPAHCflOPTHOro KOHTEtlHEPA 

Maccosoe np11MeHeH11e cypbM.RHo-6epl1Jllll1eBblX 11CT04Hl1KOB All.A 
Hei1rpoHHo-aKT11sa4110HHoro aHallH3a a nepsy~ 04epeAb cTas11T son
poc Tpattcnopn-1pOBKl4 11CT04Hl1KOB OT peaKTOPOB K n0Tpe611Tefl.RM. 
B HaCTO.RuteM pa3Aelle np11BeAeHw pe3YllbTaTw pac4eTa 3aut11THoro 
KOHTeHHepa Afl.R TpaHcnopTl1pOBKl1 14CT04Hl1KOB l24 Sb. Pac4eT npo
BOA11llC.R np11 YCllOBi1.RX TpaHcnopT11poBKl1 no II! TpaHcnopTHOH KaTe
rop1111~~ KoHTeHHep 11MeeT KOH$11rypa411~, 11306pa>KeHHY~ cxeMaT11-
4ec1<11 Ha p11c.6. HcXOA.R 113 ttawero on~Ta C03AaHl1.R 11CT04Hl1KOB 
124 Sb, np11 pac4eTaX 6blll0 np11H.RTO, 4TO BWCOTa 11CT04Hl1Ka (h) 
pastta 170 MM, a ero A~1aMeTp (di) - 40 MM. Pac4eT BWnOllH.RllC.R 
MeTOAOM 11KOHKYPl1PYI01Jt14X lll4Hl1H 11 151• Pe3yllbTaTbl pac4eTa TOllllll1Hbl 
3autl1Tbl (d) All.A Tpex 3autl1THblX MaTep11allOB / CBl1He~, BOllb$paM, 
ypatt/ npeAcTaBlleHbl Ha p11c. 7. nolly4eHHble AaHHble no3soll111111 04e
Hl1Tb Macey ,:paHcnopTHoro KOHTeHHepa, KOTopa.fl Bbl411Cll.RllaCb no 
$OpMylle: . 

m = ~ _ ( 2d + d J [ h+ 0 ,667 (2d + di)] p , 

rAe p - nlloTHOCTb · MaTep11ana 3all{1'1Tbl. Pe3YllbTaTbl pac4eTa npeA
cTaBlleHw Ha p11c.8. TaKl1M o6pa30M, All.A 11CT04H11Ka 124Sb aKT11e-
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Pttc.6. CxeMa 3al!IHTHOro TpaHcnopTHO-
ro KOHTettHepa ~Jl HCTOtJHHKa 124 Sb. 

HOCTbID 1000 KH KOHTeAHep J.13 CBJ.1H4a 
HMeeT AHaMeTp 500 MM 1,1 BblCOTY 610 MM 
npH Macce 1100 Kr, TOrAa KaK KOHTeA
Hep J.13 ypaHa HMeeT AHaMeTp 280 MM 
1,1 B~COTY 410 MM npH Macce 4jo Kr. 
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Pttc. 7. Ton111HHa sal!IHThI ~H 

TpaHCnOpTHPOBKH HCTOtJHHKOB 
124 Sb no III TpaHcnopTHOH 

KaTeropHH. 

Pnc.8. Macca KOHTettHepa ~H 

TpaHCilOPTHpOBKH HCTO.tJHHKOB 
124Sb no III TpaHcriopTHOH 

KaTeroptm. 
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5. OCHOBHblE' BbfBO,llbl 

1. Ha ocHose noJiy4eHHb1X paHee AaHi-tblx ·o npocTpaHCTBeHHOM 
pacnpeAeneHHJ.1 HeHTPOHOi cypbMHH0~6ep1,1nn1,1esoro HCT04HHKa B paa
nH4HblX 3aMeAnHTenHX CKOHCTPYHPOBaHa, J.13rOTOBneHa J.1 BBeAeHa 
B 3KCnnyaTa4HID 6ep1,1nn1,1A-rpa~J.1ToaaR c6opKa C MO~H~M HCT04~J,1-
KOM 124 Sb AnR HeHTpOHHo-aKTJ.1Ba41,10HHOf"O aHanH3a. 

,· 
2. 3KcnepHMeHTanbHO nOATBepmAeH CAenaHHblH HaMJ,1 paHee nyTeM 

3KCTpanonH4J.1H BblBOA o AOCTHmHMOCTJ.1 npeAena onpeAeneHHH aonoTa, 
B ripo6ax nopHA~a 2.10-5 % npH aKTHBHOCTH J.1CTO~HHKa 124 Sb400 KH. 
nony4eHa xopowaH CXOAHMOCTb AaHHblX HeATpOHHO-aKTJ.1Ba4J.10HHOro 
H ·npo6HpHoro aHan1,1aa. · 

)·· 

3. ,llnR o6ecne4eHHH pa6oTbl YCTaHOBKJ.1 c.neperpy3KOH HCT04HJ.1-
Ka OAHH paa B 6,MeCH4eB 4enecoo6pa3HO npoBOAHTb Hapa6oTKY Hc
T04HJ.1Ka s HeATpO~HOM noToKe c'nnoTHOCTbro 3·10 13HeATp./c s Te-
4eHHe 30-50 CYTOK /npH ,Macce MeTannH4e~KoA.cypbMbl 500 r/ C no
cneAYID~eA ABYXHeAenbHOH BblAepmKOH AnR CHHmeHHH aKTHBHOCTJ.1 1,130-
Tona 122 Sb. 

4. nony4eHbl HCXOAHble AaHHble AnR KOHCTpy1,1posaHJ.1H TPaHcnopT
HOro KOHTeAHepa MO~HblX HCT04HJ.1KOB 124 Sb. 

Asropb1 Bb1pamaror 6onbwyro 6naroAapHOCTb aKaAeMHKY r. H. ~neposy, 
HBHBWeMyCH HHJ.14J.1aropoM nocraHoBKH HaCTOH~eA pa6oTbl, A.M.Ky4e
PY, /0.8.,llHAHHY, A.A.CanbHJ.1KOBy, A.A.MeABeAeBy aa y4aCTJ.1e.B ee 
npaKTJ.14ecKoA pean1,1aa41,11,1. 
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