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3aaqeaue nonynpoaonanKoaoro repMaHHB nnB coapeMeaaoA TeXHHKH, a 

TOM qncne aToMaoa, Tpynao nepeoueaHTb, ITpn nonyqeaHH repMaHHB caepx

BhlCOKoA qoCTOThl nnB npOH3BOnCTB8 Tp8H3HCTOpOB H H3rOTOBneHHR nonynpo

BOllHHKOBbiX neTeKTOpOB B nocnenaee BpeMB BCe qame HCDOnb3yiOTCB repM8-

HHAopr8H.IIqeCK.IIe coenHH9HHB, o6nanaiOwHe pHnOM H npyrHX U9HHbiX CBOftCTB, 

HeKOTOpb!e H3 HHX HCDOnb3yiOTCB K8K no6aBKH0 ynyqmaiOwHe CD9KTpOM9TpH

qecKHe CBOftCTB8 OpraauqecKHX CUHHTHnnRTOpOB, npyrue BBnBIOTCB K8T8nH38-

TOp8MH0 aKTHBaTopaMH pBna XHMnqecKHX peaKuHA. MaorHe ua aTHX coenu

aeaua o6paayiOT npoq&bie aamHTHbie nne&KH unu npnMeHBIOTcB a KaqecTBe 
..... 

CM830K0 TennOHOCHTeneft, 8HTHOKCHna&TOB, 

Bonee 6biCTpoMy paaBHTHIO opraauqecKoA XHMHH repMaHHR cepbeaao Me

waeT oTcyTcTBHe aKcnpecCHhlX MeTonoa aaanuaa aTHX aneMeaTo-opraauqec

KHX coenuaeaua. Onpeneneaue conep*aBHB repMaBHB a &Hx npouaaonnTcB 

o6hlqao MeTonaMH aeopraauqecKoro aaanuaa nocne MHaepanuaaunn o6paaua. 

MuaepanuaauHIO ocymecTBnBIOT nyTeM MOKporo co**eHHB 111 , menoqabiM 

nnaaneHReM B 6oM6e /2,3/ HnH TepMnqecKHM paano*eaueM a KHcnopone/4, 51• 

0DHC8HHble MeTOnbi D03BO.IIBIOT nonyqaTb aane*Hble peaynbT8Tbl 1 HO BBnBIOTCB 

TpynoeMKHMH H aenocTaToqao 6hlcTphlMH. IToTepg aemecTBa npn paano*eBHH 

MO*eT 6b!Tb He*enaTenbHhlM cPBKTOM nnB XHMHK8-CHHT9THK80 OC069HHO npH 

aaanuae coenuaeaHA, nonyqeaabiX nyTeM cno*aoro CH&Teaa c ManbiM BbiXO

noM nponyKTa. KpoMe Toro, onepauHIO paano*eHHB aemecTaa, Ka*ymyiOCB aa 

nepBbiA aarnRn aecno*aoa, naneKo ae acerna ynaeTcB nponaaecTH KonnqecTaeaao. 
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npouecc MHHepanuaauHH noaaonsnoT o6oitTH paapa6oTaHHbie K aacTosr

meMy apeMeHH npsrMbie MeTOllbi onpelleneausr repMaHHSI B repMaHait-opraHH'Iec

KHX COellHHeHHSIX - MeTOll cneKTpanbHOro aHanHaa /6/ H MeTOll nornomeHHSI 

peHTreHOBCKHX ny'leit /7/, npH cneKTpanbHOM aHanHae, 0JlHaK0 1 npOHCXOJlHT 

uapacxolloBaaue aaanuaupyeMoro aemecTaa. a MeTOll 
111 

npuroJleH TOnbKO 

llnsr mHllKHX o6paauoa. 

Tpe6yiOmHe aHa'IHTenbHO MeHbmero KonaqecTaa aemecTBa npeJlnaraeMbie 

HaMH JlnSI onpe)leneHHSI repMaHHSI HHCTpyMeHTanbHbie BapHaHTbl MeTOJla HeitT

pOHHO-aKTHBaUHOHHOrO aaanHaa C HCDOnb30BaHHeM KaK TennOBbiX HeitTpOHOB 

peaKTOpa /8/ 1 TaK H 6biCTpbiX HeitTpOHOB reHepaTopa 1 9THX H8JlOCTaTKOB 

numeHbi, 

5biCTpbie HeitTpOHbi Ha Sl)lpax CTa6HnbHbiX H30TOnOB repMaHHSI Bb13biBa

IOT SIJlepHbie peaKUHH THna (n, p} 1 (n, 2n) , (n, a) 1 B peaynbTaTe KOTOpbiX 

o6paayeTCSI CMeCb paJlHOaKTHBHbiX H CTa6HnbHbiX H30TODOB repMaHHSI1 rannHSI 

H UHHKa /9.10/. 

PacqeT H aKcnepHMeHTanbHbie JlaHHble, nonyqeHHble npH o6ny'leHHH Me

Tannuqec KOrO repMaHHSI H llBYOKHCH repMaHHSI 6biCTpb!MH HeitTpOHaMH, noKa-

3biBaiOT1 'ITO onpe)leneHHe repMaHHSI no HaBe)leHHOit aKTHBHOCTH paJlHOH30TO

noB c/'. Ga 74 
H H30Mepa Ge 75 

.. MomeT 6biTb llOCTaTO'IHO 6biCTPbiM H 'IYBCT-

~HTenb!fbiM I 11, 12/. 

B JlaHHOA pa6oTe onacaaa MeTOllHKa H npHBelleHbi peaynbTaTbi aKcnpec

caoro HeJleCTpyKTHBHOrO onpeJleneHHSI repMaHHH B opraHH'IeCKHX COellHHeHHHX 

HHCTpyMeHTanbHbiM aKTHBSUHOHHbiM MeTOJlOM C noMOWbiO 6biCTpb!X HeitTpOHOB 

7.5"' ( ) reaepaTopa no uaoMepy Ge T ~ = 49 ceK, E Y = 139 KaB , o6paayiOmeMy-

csr c ce'leHHeM 730 M6 B HJlepaoA peaKUHH Ge 76 (n, 2n) Ge 75
,.. 

3KcnepHM8HTanbHaSI 'laCTb 

McTO'IHHKOM 6biCTpblx aeATpoaoa cnymHn aeATpoHHblit reHepaTop Hf-200 

C TpHTHpOBaHHOit UHpKOHHeBoit MHWeHbiO, noTOK 6biCTpbiX HeitTpOHOB C aHep-

.3 4 
rueA .. 14.5 Maa, nonyqaeMbiX no SIJlepaoA peaKUHH H (d,n)He + 17,5 Maa1 

Ha MHHHMBnbHOM PBCCTOSIHHH OT MHWeHH, Ha D03HUHH o6nv'leHHSI, COCTaBnsrn 

1-2 • 108 a/cM2 CeK B 3aBHCHMOCTH OT HOHHOrO TOKa JleitTpOHOB H aKTHB-

4 

II 

H 

HOCTH TpHTHeBOit MHWeHH. BenH'IHHa HeitTpOHHOrO DOTOKa 

62 
HaBeJleHHOit SKTHBHOCTH D03HTpOHHOrO Hany'laTensr Cu ({3 

T~ = 9,8 MHH) MellHOro MOHHTOpa, o6ny'laeMoro OllHOBpeM' 

B Ka'leCTBe MOHHTOpOB HCDOnLaoaanacb ~Onbra aneKTponHTH' 

MepaMH 10x5x01 07 MM, nocTOSIHCTBO reoMeTpHH MHWeHb-0 

npH acex o6ny'leHHHX CTporo co6niOJlanocb, HeaaaucHMbiM M 

C'leT'IHK npOTOHOB OTJla'IH, B03HHKaiOWHX B peaynbTaTe ynpy 

6biCTpb!X HeitTpOHOB C aTOMaMH BOJlOpOJla nonHMeTHnMeTaJt 

COCTosrn H3 )leTeKTopa nMMA- ZnS/ Ag • noMemeHHoro Ha 

OT MHWeHH1 H nepeC'I8THOrO npH6opa nCT -100, 

B Ka'leCTBe CTBHJlapTOB HCnonb30BBnHCb TOHKHe nnaCTM 

0,3 MM) MeTannH'IeCKOrO repMaHHSI nonynpOBOllHHKOBOit 

Pomaoa, t{CCP) H llByoKHCb repMaHHSI KBanH~HKauHH 'oc, 

SIBnSinHCb CMeCH JlByOKHCH repMSHHSI C nopOWK006pa3HbiMI 

BeWeCTBaMH KBanH~HKaUHH 'x, q' 1 HMHTHpyiOWHe repMaHJ 

C08JlHHeHHSI, 

06'beKTbl o6ny'lanHCb B TpOitHbiX nonH9THneHOBbiX nal 

1xl CM, HaroTOBneHHbiX H3 nneHKH d •0106 MM 06bi'IHOI 

ro KS'IeCTBa, 

llnsr H3MepeHHSI HaBe)leHHOit SKTHBHOCTH 06'beKTO~ HCDI 

THnnHUHOHHbiit raMMa-cneKTpOMeTp1 OCHOBHbiMH 'laCTSIMH Kl 

KpHcTann NaJ/Tl 40x40 MM c ~oToyMH01KHTeneM RCA - 6 

Top HMnynbcoa AM-128 c uu~pone'l:aTaiOwHM ycTpoitcTBOM. 1 

yMHOmHTeneM pa3MemanHCb B 38WHTHOM CBHHUOBOM llOMHKe 

MepaMH 25x80x35 CM H TOnWHHOit CTeHKH 5 CM, BHyTpeHH: 

6bma 06nHUOBSH8 naCTOBbiM KSllMHeM ( d "' 1 MM ) H Me 

JlnH CHHmeHHH HHTeHCHBHOCTH napa3HTHOrO paCCeSIHHOro Han: 

3HepreTH'IecKasr Kanu6poaKa npH6opa npoH3BOllHnacb c 

241 144 
poMeTpH'IeCKHX CTaHJlapToB Am ( 60 KaB), Ce ( 80 H 

22 + 137 60 
(356 KaB), Na ( {3, 511 Kaa), Cs (662 KaB) H Co ( 

3HepreTH'IeCKBH WKana 6blna nHHeitHoit, OllHH KaHan B 38BHCE 

cneKTpoMeTpa COOTBeTCTBOBan 5,8 - 12,4 K9B, PaapemaiOI 
1.37 

npu6opa no nHHHH 662 KaB Cs .. 11,2%. 
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HOCTH TpHTHeBoA MHWeHH. BenH"'HHa HeATpOHHOrO noTOKa onpe~ensnac& no 
62 + 

aaae~eHHOA: aKTHBHOCTH noaHTpoaaoro HanyqaTens Cu ( /3 , E y == 511 KSB 

T~ = 9,8 MHH) Me~aoro MOHHTopa, o6nyqaeMoro o~HoBpeMeHHo c o6paauoM. 

B KaqecTBe MOHHTopoB HCnonb30Banac& ~on&ra aneKTpOnHTH"'9CKOA Me~H pa3-

MepaMH 10x5x0,07 MM. nocTOHHCTBO reOM9TpHH MHW9H&-o6paaeu- MOHHTOp 

npH acex o6nyqeHHHX cTporo co6mo~anoc&. HeaaBHCHMbiM MoHHTopoM cny)I(Hn 

C"'9T"'HK npoTOHOB OT~a"'H 1 B03HHKaiDWHX B peaynbTaTe ynpyrHX CTonKHOB9HHA 

6biCTpbiX aeATpoHoB c aToMaMH ao~opo~a nonHMeTHnMeTaKpunaTa. C"'eT"'HK 

COCTOHn H3 ~eTeKTopa nMMA- ZnS/ Ag • noMeweHHoro Ha paCCTOHHHH 2 M 

oT MHWeHH1 H nepecqeTHoro npH6opa nCT -100. 

B K8"19CTB9 CTSH~apToB HCnon&aoBan~cb TOHKHe nnaCTHHKH ( d == 0,07 -

0,3 MM) MeTannuqecKoro repMaHHH nonynpoao~HHKOBoA "'HCTOThi (Teena 

Po)I(HoB, t{CCP) H ~ayoKHC& repMaHHH KBanH~HKauHH "'oc. q"'. 06paauaMH 

HBnHnHC& CMeCH ~BYOKHCH repMaHHH C nopoWK006pa3HhlMH opraHH"'eCKHMH 

BeUieCTBaMH KBanH~HKaUHH "'x. q"', HMHTHpyiOUIHe repM8HHA-opraHH"'eCKHe 

COe~HHeHHHo 

06'heKTbi o6nyqanHC& B TpoAHbiX nonHSTHneHOBbiX naKeTaX pa3Mep8MH 

1x1 CM, H3rOTOBn9HHbiX H3 nneHKH d ""0,06 MM 06bi"'HOro npOMhiWneHHO-

ro Ka"'eCTBa. 

nnH H3MepeHHH HaBe~eHHOA aKTHBHOCTH o6'heKTOB Hcnon&30BanCH CUHH

THnm!UHOHHbiA raMMa-cneKTpOMeTp 1 OCHOBHhiMH qaCTHMH KOToporo HBnHnHC& 

KpHcTann Na! /Tl 40x40 MM c ~oToyMHo:s<HTeneM RCA - 6342A H aaaneaa

Top HMnyn&coa AH-128 c UH~poneqaTarowHM ycTpoAcTBoM. KpHcTann c ~oTo-

YMHO)I(HTeneM pa3MewanHCb B 3aUIHTHOM CBHHUOBOM ~OMHKe C BH9WHHMH pa3-

MepaMH 25x30x35 CM H TOnUIHHOA CTeHKH 5 CMo BHyTpeHHHH qaCTb ~OMHKa 

6bma o6nHUOBaHa nHCTOBbiM Ka~MH9M ( d = 1 MM ) H Me~bro ( d "'0,2 MM) 

~nH CHH)I(9HHH HHTeHCHBHOCTH napa3HTHoro paCC9HHHoro H3ny"'9HHHo 

3aepreTH"'ecKaH KanH6poaKa npe6opa npoeaao~Hnach c noMOWhro cneKT-
241 144 133 

poMeTpH"'ecKHx cTaH~apToB Am (60 KsB), Ce (80 H 134 Ksa), Ba 
22 + 137 60 

(356 Ksa), Na ( f3, 511 KaB), Cs (662 KaB) H Co (1170 H 1330KaB). 

3HepreTH"'9CKaH WKana 6bina nHHeAHoA, O~HH KaHan B 3aBHCHMOCTH OT pa60Thl 

cneKTpoMeTpa cooTBeTcTaoaan 5,8 - 12,4 Ksa. Paapewaromas cnoco6aocT& 
137 

npu6opa no nHHHH 662 KaB Cs .. 11,2%. 
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feoMeTpHH 06'beKT-KpHCTann 6bina CTporo !jlHKCHpOBaHa, lJepea MHHy1.'y 

nocne H3MepeHHH aKTHBHOCTH 06'beKTOB H3M9pHn8Cb aKTHBHOCTb M9JlHbiX MO

HHTOpOB, MeJlHaH !jlonbra npH aToM HaXOJlHnacb MemJly JlByMH nnacTHHKaMH 

!jlToponnacTa-4 paaMepaMH 30x30x .5 MM, KOTOpbie o6ecne'IHBanH nonHy!O aHHH

rHnHUH!O fi03HTpOHOB yme B Henocpe]lCTB9HHOft 6nH30CTH OT MOHHTOpOB, 

Ha pHc. 1 npeJlcTaBneHbi THnH'IHbie raMMa-cneKTpbi B o6nacTH 0 -700 K9B 

o6paaua repMaHHH B9COM 138,7 Mr, o6ny'I9HHOI'O B T9'19HHe 5 MHH fiOTOKOM 

2, 1 • 108 HI CM2CeK, CHHTbl9 'lepea 1,41, 61 H 345 MHH, nocne KOHUa o6ny'le

HHH npH Bp9M9HH Ha6opa 5 MHH, B cneKTpe OT'IeTnHBO Bbl]l9nHIOTCH 4 !jlOTO

nHKa C 9H9pi'HHMH 139, 265, 500 - 511 H 600 K9B, 

B JlaHHbiX ycnoBHHX c HaH6onbiiiHM BbiXOJlOM o6paayeTcH KopoTKomHBy

lllaH aKTHBHOCTb C 9HeprHeft !jlOTOnHKa 139 K3B, llnH onpeJleneHHH nepHOJl8 ee 

nonypacnaJla 6hlno npoBeJleHo 5-MHHyTHoe o6~y'leHHe o6paaua repMaHHH Be

coM 126,0 Mr. faMMa-cneKTpbi o6paaua H3MepHnHCb 'lepea 60, 100, 140, 

175, 220, 260, 295, 335, 415, 460 H 520 ceKyHJl nocne KOHua o6ny'leHHH npH 

apeM eHH Ha6opa 15 ceKyHJl. Ha pHc. 2 npHBeJleHbi cneKTpbi, nony'leHHbie B 

nepBbiX 1119CTH HGMepeHHSIX1 H KpHB8H pacna]la "1" HCCneJlOBSHHOI'O fiHKa 

139 KaB. KpHBaH "'2"', nony'leHHaH Bbi'IHTaHHeM !jloHa, npHBOJlHT K aHa'leHHIO 

T ~ = 49 ceK, coanaJla!OmeMy c Ta6nH'IHbiM aHa'leHHeM 
1 131 nepHoJla nony-

7Sm 
pacnaJla HaoMepa Ge • 

~ B OTnH'IH9 OT !jloTOfiHKa 139 K9B, npHHSJlnemamero HCKn!O'IHTenbHO pa-
75""· 

JlHoaKTHBHOMy HaoMepy Ge , !jloTonHKH 2,3 H 4 ( pHc. 1) oKaaanHcb cnom-

HbiMH. llnH BbiHCH9HHH HX npHpOJlbl 6binH npOB9Jl9Hbl JlOfiOnHHTenbHbie KpaT

KOBpeMeHHbie o6ny'leHHH ( 5-10 MHH.) JlByX O'lepeJlHbiX 06pa3UOB repMSHHH 

C nocneJly!OIIlHMH 5-15-MHHyTHbiMH MHOI'OKpaTHbiMH H3MepeHHHMH raMMa-cneKT

poB B Te'leHHe npoJlonmHTenbHoro BpeMeHH. B peaynbTaTe aHanHaa nony'leH

HhlX KpHBbiX pacnaJla 6binO H8ftJl9HO, 'ITO !jloTOnHK 265 K9B HBnHeTCH cynep-

G 7Se 
fi03HUHeft HHT9HCHBHOA raMMa-nHHHH 265 K3B paJlHOH30TOna e H 3Ha-

73 
'IHTenbHO MeHee HHTeHCHBHOA nHHHH 295 KaB paJlHOH30Tona Ga • l1ao-

7S ¥ 75m 
TOll Ge o6paayeTC.51 nyTeM HaoMepHoro nepexoJla H3 Ge , a TaKme B 

76 7Se 73 
HJlepHoA peaKUHH Ge (n,2n) Ge , H30Ton Ga o6paayeTCH B peaKUHH 

73 73 
Ge (n, p) Ga 
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CTpyKTypa ~oTonHKa B o6nacTH 500 - 510 KSB eme 6onee cnomaa. 
74 71 

KpoMe aaAaeHHhlX HaMH Ga (nHHHH 500 KsB). 7.n (nHHHH 510 KSB) H 
69 

aaaHrHnHUHOHHoro Hany'leHHH Ge ( E y - 511 KSB) HeKoTophlA BKnaa B 

7511 
STOT ~OTOITHK BHOCHT H Ge (cna6ag IIHHHH 477 KsB) H 8HHHrHnHUHOHHOe 

13 
HanyqeHHe nOSHTpOHHoro Hany'laTenH N • nepe'IHCneHHhle HSOTOfihl o6-

paay!OTCH B peaKUHHX 6hlCTpblX HeATpOHOB HIIH npOTOHOB OTaa'IH: 

Ge 
74

(n,p)Ga 74
; Ge 7tn ,a)Zn 71

; Ge 70 (n, 2n)Ge 69
; N 14 (n, 2n)N 13 ; C 13(p,n}N 13; 0 16(p,a)N 1

: 

cf>OTOnHK 600 KSB HBIIH9TCH H8110lK9HHeM HHTeHCHBHOA y -IIHHHH Ga 74 

(600 KsB) H aByx nHBHi (601 H 630 KaB) 6onee aonroJKHBymero Ga 72
, o6pa-

72 72 
ay10merocH B peaKuHH Ge (n,p) Ga . 

HaAaeHHbie B aaaaoa pa6oTe nepHoabi nonypacna.na pa.nHoHaoTonoB 

(Ta6n. 1) aaxoaHTCH B npe.nenax owH6oK aKcnepHM9HTa B xopoweM cornacHH 

C T861lH'IHbiMH aaHHblMHo 

TaK KaK Bbixoa KopoTKOmHBymero 
75m 

Ge npeBhlwan aa 1 - 2 H 6onee 

nopHaKOB BhlXOahl apyrHX paaHOHSOTOfiOB, KOIIH'19CTB9HH09 onpeaeneHHe rep

M8HHH npOH3BOaHIIOCh nO STOMy HSOMepy. 

BBRAY orpaHH'I9HHOCTH BpeMeHH pa6oqero URKI18 TpHTH9BOA MHW9HR 

HeATpOBHOrO reuepaTopa H np8KTH'I9CKOA B aaHHhlX yCIIOBHHX H9B03MOlKHOCTR 

oaHOBpeMeHHoro o6ny'I9HRH H HSMepeHRH HaBeaeHHOA 8KTHBHOCTR H9CKOilhKHX 

""b6'beKTOB 6bll10 Heo6xoaHMO Bb16paTh OfiTHM81lhHblft pelKHM pa60Thl - KOM6H

H8UH!O Bp9M9HR 061ly'leHHH, OXIISJKaeHHH H R3M9P9HHH 8KTHBHOCTH 06'beKT8 
75m 

c uenh!D nony'leHHH MaKCHManhHoA aaBeaeaaoA aKTRBHOCTH HSOMepa Ge 

npH MRHHM81lhHOA 38TpaTe BpeMeHH Ha oaHO onpeaeneHHe, 0rp8HH'IHB8!0WHM 

~aKTopoM npH aToM 6bmo oTcyTCTBHe y reaepaTopa HT-200 CHCTeMbl nHeB

Mono'ITbl H H9B03MOlKHOCTh COKpameHHH B H8WHX SKCnepRM9HT81lhHhlX ycno

BHHX BpeM9HH OXIISJKaeHRH 06'b9KTOB ao 3H8'19HHH HRlK9 1 MHHYThl, 

CepHH npoBeneHHblX o6ny'leHHA c RcnonDSoBaHReM 10 paanH'IHblX peJKHMOB 

pa60Tbl noaTBepaRil8 p8C'I9T, 'ITO OfiTHM81lhHblM B H8WRX YCIIOBRHX HBIIH9TCH 

pelKRM 5 - 1 - 5 MHHyT, TipH aTOM B03HHK89T "' 98,5% H8Cblm9HHOft SKTHB-
75• 

aocTR Ge H nocne MHHYTBoro oxnaJKaeBHH o6paaua anH pacnaaa aKTRB-
12 12 

C (n,p)B HblX npoayKTOB peaKuHA aa Hapax aeonpeaenHeMhlX sneMeHTOB 

( "' ) 16 16 ) 0 18 15 ·~ = 0,02 ceK , 0 (n,p)N ( T ~ = 7,35 ceK H (n,a) C T~ = 2,5ceK) 

8 

l 
~ ~ 
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I &0.111 11! l 

MBOl'Oll llipHOA llOBYV&Oll&A& 

B80Mt~p KUAUKHA llQ [13] 

Ge 75m. 4~ ± 2 cu .. 48 , 49 , 42 cek. 
Ge75Cl 81 t 3 MlllJl. 82 ' 89 ' ?~ Mill&. 

Ga73 5,3 ± 0 ,3 '11&0. 4,9 ' 5,1 ' 5,0 Ql 

Ga74 8 ,o: 0,2 MJIJl, 8,o , 7,8 MHK. 

zrt?'1 1 
2,3 ± 0,1 MlllH, 2,4 ' 2 12 Mlilil. 

Ge69 37 :! 1 11ac. 36,0 , 40,4 ' 38,f 
N~3 10,0±0,3 lOtH. ~,~6 , lU,Ob , 10, 

Gi2. 14,810,5 11ac. 14,12 ' 14,08 ' 1~ 
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T&O.IIUl! 1 

HsoTon nepBOA nony~aon~a 

il&Oillilp Jl&tlAUKH:i fiQ [13] 

Ge 75rn. 4~ ± 2 OliiK.. 48 , 4~ , 42 oex. 

Ge75~ 81 ± 3 llitJl. 82 ' 8~ ' 7~ IlK&. 

l 
Ga73 5,3 ± 0 ,3 '11&0. 4,9 , 6,1 , 5,0 qac. 

Ga7Lt 8 ,o::!: 0 ,2 llBJl· 8 ,o ' 7,8 llltJi. 

zn?1 2 ,3 ± 0 , 1 KKJl. 2,4 J 2,2 KJIIJi. 

Ge69 37 ± 1 qao. 36,0 , 40,4 , 38,5 , 40 qac. 

NH I 

10 ,o±o ,3 KKK. ~ ,~6 , .i.U ,on. , l.O ,08 , ~ ,~3 llilLi 

Ga72. 14,8±0,5 '11&0. 14,12 , 14,08 , 14,3 , .1.4,1 uc.! 
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ansr perucTpauuu ocTaeTCsr =42% HSChiiiieHHoA aKTHBHOCTH H30Mepa Ge 75
•. 

Bee nocnelly~IIIHe o6ny~eHHSI o6~eKTOB npOH3BOllHnHCb B Bhl6paHHOM onTH-

M8nbHOM pe>KHMe. 

llnsr o6n~eHHH HCnOnb30B8nHCb HaBeCKH repM8HHH H llBYOKHCH repMa-

:{. 

HHSI1 CO.Ilep>K8IIIHe OT 3 .110 100 Mr repMBHHH H HaBeCKH 80 - 150 Mr CMeCeft 
1 

c coaep>KaHHeM repMaHHH 16,90 - 26,86%. 

OnpeaeneHHe couep>KaHHH repMaHHSI npoH3BOllHnoc& MeTOllOM Kanu6poeo~-· 

Horo rpaljiHK8 no nnOIII8llH ljloTonHK8 E • 139 KSB 1 HOpMHpOB8HHOA Ha OllHHa-
y 

KOBhlil HeATpOHHhlA noTOK nocne Bbl~HT8HHSI ljloHa. OnpeaeneHHe repM8HHH 6e3 

nocTpoeHHSI KanH6pOBO~Horo rpaljiHK8 1 C o6ny~eHH9M OllHOft H8BeCKH CT8Hll8p

T8 nyTeM Cp8BHeHHH KOnH~eCTBa HMnyn&COB B ljloTOnHK8X o6p83U8 H CT8Hll8p

Ta, BOpMHpOB8HHhiX no nOTOKy, T8K>Ke B03MO)!{RO, 

Ha puc. 3 npeacTaenea xanu6poeoqahlA rpaljlux ansr auana3oHa 3-40 Mr 

repM8BHH, nony~eBH&IA JlnH Ge H Ge 0 2 • H opMHpoaasue Ha noToK 

1,3 • 108 s/cM2 cex npoH3BOJ1Hnocb o6hlqHhlM cnoco6oM. 

Pe3ynbT8T&I onpeJleneHHSI repMaBHH B cMecsrx, npeJlCTaaneBHhle a 

Ta6n. 2, SIBnSI~TCSI cpeaHe8pH!jiMeTH~eCKHMH Tpex onpeaeneHHA, IIpOBOllHB

IIIHXCSI C HBTepBanOM 3-5 .QHeA Me>KllY OT.QenbHhlMH onpeaeneHHSIMHo KB8ll

p8TH~H8SI OIIIH6Ka e.QHHH~Horo pe3ynbT8T8 He npeBMIII89T 0,35. 06pa60TK8 

~ynbTSTOB MeTOllOM CT&THCTHKH npoH3BOllHnacb ans 11-al• 0,95. Hcxn~

~eHue rpy6hlX OIIIH60K - cornaCHO KpHTepH~ llHHa H llHKCOH8 /14/ • 

06cy>K.QeHHe pe3ynbT8TOB 

Manbie pa3nH~HSI B TOniiiHHe o6n~aeMhlX o6~eKTOB 1 HX BOCnpoH3BOllH

Mhle MHHHM8nbHhle paCCTOSIHHSI OT MHIIIeHH 1 8 T8K>Ke OllHB8KOBbie ycnOBHSI 

npH H3Mep9HHSIX no raMM8-H3ny~eBH~ no3BOnSI~T He BBOllHTb llnSI OT.Qen&HhlX 

o6~eKTOB nonpaeox Ha ocna6neaue noToKa 6hlCTphlx HeATpoHoB H nornomeaue 

raMMa-H3ny~eHHSI B ux o6~eMe 38 c~eT ~HcTo reoMeTpH~ecxoro ljlaxTopa. 

Pac~eT ocna6neHHSI noToKa HeATpoHoB c aHeprueA .. 14,5 Mae, IIpHBOllSIIIIero 

K H3MeHeBH~ aseprHH HeftTpOHOB .110 3BaqeHHft BH>Ke noporOBOft aseprHH 

76 75•( ) peaxuuft Ge (n, '21S) Ge 9,68 Mas H K ux pacceSIBH~ BHe o«Spa3ua, 
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Pac. 3. Kana6poso~HNA rpa~HK Ana onpeaeneHHH repMaHH 
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PHCo 4. raMMa-cneKTpN HSKOTOpNX H3)"189MNX o6'beKTOBo 1 -
repMaaua, 2 - cMecb G~~c ruupoXHHOHOM, 3 - MeTannH~ecKH~ 
4 - nonHaTHneaosaa ynaKoBKa ( xlO). 
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PHc. 3. KanH6poao'IH&IIt rpaljlHK Ans onpeAeneHHH repMaHHs. 
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PHc. 4. faMMa-cneKTpbl HeKOTOphlx H3Y1fa8MbiX o61>eKTOB. 1 - AByoKHCb 
repMaHHH, 2 - cMec& G~~c rHAPOXHHOHOM, 3 - MeTannH'I8CKHA repMaHHit, 
4 - nonHaTaneaoaas ynaKoBKa ( xlO). 
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T&Ouqa. 2 

Peay .lli>T&Tii oupe,qe.uua np11a.ua 

II T OOpa.a~ H&II8CE& Ge% Sx h X 
n/n 11.1' IIIAIICJl 

1. c61i112o6+ Ge~ 80,1 16,~0 3 16,.8fl 0,34 

ll'JliiKOS. 

2. C18H3602-tG802 ~4,~ Hl,&l 3 1~ ,81 0,22 

-. CT8&pHHOB&S K-T& 

~. c10l£16° 4+Gwo2 84,fl 2i ,86. 3 26,1b o,ao 

lt8M!p&pH&a lt-'1'• 

4 .. C6H.6Q2 + Ge02 112,4 21 ,6.7 3 21,60 0,33 

I'JIAPO:XJUIDJl 

o. .. C H Q • Hi O+t;:eQ 
6 8 7 2 2 

149 ,6. 20,74 3 20,36 O,lti 

.ID1MOHH&a lt-T& 

--------

I 

~ I 

~! 12 

Sx lf-xl X~ t·Sx 

0,20 1.1 ,Ob. lo,st):!: l.l,SS. 

Q,J.3 O,i!l 111 ,81 :to ,o6 

Q,1!:1 0,71 i!6·, 1o ± o ,s~ 

0,19. 0,.1.7 21,60±0,82 

0,0!:1 o,3a 2Q,S6. :!:U,SW 

nposo.rurmultcs aaanorH'IHO 1 15/, noxaabiBaeT, 'ITO oT.Howea 

H HeB03M)'UleHHOro paCCeHHHeM HeltTpOH.HbiX DOTOKOB F • 0 1 

.HOK repMaHHH H F .. 0,990 - AnSI nopowxoo6pa3Hh1X cMece~ 

B K8'19CTBe CT8H.Il8pTOB TOHKHX nnaCTHHOK repM8.HHSI DpH pE 

-opr8HH'I9CKHMH 00p83U8MH BBO.IlHTCH OTHOCHTenhH8H OWH 

MaKCHManhHO B 1%. B .ll&HHoA pa6oTe, O.llHaxo, xane6poso~ 

TO'IKH KOToporo H8XO.IlSITCH H8 O.llHOlt DpSIMOlt1 6&In DOCTpOeE 

H3MepeHHSI tfloTonuxoB 139 xaB Ge ,,. xax o6ny'leH.HhiX nnac 

T8K H nopOWKOOOp83HOlt .llBYOKHCH repM8HHH. 

Opu o6ny'leHHH 6biCTph!MH aeATpoHaMH o6paauos, COllE 

DpOHCXO.IlHT o6pa30B8HH9 DpOTOHOB H .ll9ltTpOHOB OT.Il8'1H B pe 

1 2 
cTo.JIKHoBeHHA 6bJCTp&rx aeATpOHOB c SI.IlpaMH H H H ( 99,98 11 

B9HHOlt CM9CH) • 3TO B38HMO.IleltCTBHe BHOCHT C8Mbllt 6onhU 

uecc TepManH38UHH 'Ob!CTPbiX HeltTPOHOB. 0.1lH8KO DP8KTH'I9' 

DpH aTOM B opr8HH'I9CKOM C09.1lHH9HHH DOTOKH TennOBbiX He: 

74 ' 
.llOCTaTO'IHhl .llnH aaMeTHOA 8KTHB8UHH Ge no peaxuHH Ge 

Bxna.ll aTolt peaxuuu BO scex onpe.lleneHHSIX, npoBO.IlHBWHX 

p9:lKHMe 1 Oy.lleT DpHOnH3HT9nhHO O.llHH8KOB1 6nH30K K HYniO 

B peaynhT8Tbl nHWh H93H8'1HT9nhHYIO DOnO:lKHTen&HyJO CHCT9M! 

PeaxuHH npoToHoB H .lleATpOHOB OT.Ila'IH xapaKTepiayJOT' 

HHSIMH H 8KTHBHOCTH HX DpO.IlYKTOB T8K:lK9 He BHOCHT B peay; 

Hbllt aaMeTHbllt BKna.ll. OpH o6ny'leHHH nonHaTHneHO!IhiX ynaKt 

100 Mr DOTOK8MH 1 - 2 • 108 HICM2 C9K B s.HepreTH' 

110-170 KaB o&mo aaperHcTpHposaao, aanpuMep, ecero 

HMD/5 MHH 6onhW9 1 '19M COCT8BnH n tfloH r8MMa-cD9KTpoMeT 

TH 38 TO )Ke Bp9MH (350 HMD/5 MHH). ~OTODHK 8HHHrHnm 

t3 
uanyqeHHH N ( T~ = 10 MHH), B03HHKaJOmero B peayn 

12 H 
pe8KUHA aTHX '18CTHU H8 Sl.llP8X C H C B CD9KTp8X nyCTblll 

Dl9 .He 6bin 38MeTeH H OT'IeTnHBO H86nJO.Il8nCH TOnbKO Dp 

Dl9CTB9HHO OOnhWHX H8B9COK DOnHaTHneHa B Te'I9HHe 3H 

npO.IlOn:lKHTenhHOrO Bp9M9HH. CK838HHOe OTHOCHTCH H K N 
16 

no H.ll9pHbiM peaKUHHM ( p, a) H ( n, 2 n) aa HApax 0 H N 

M8HHSI, opraHH'19CKHX BeuteCTB H 38Kn~~eHHOrO B yn 
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npOBOAHIIIHACH aHanorH~HO 1151 , DOK83NB89T1 ~TO OTHOW9HH9 B03MYII19HHOrO 

H H9B03MYII19HHOrO paCC9HHH9M HeATpOHHbiX noTOKOB f • 0,995 Ami nnacTH

HOK repMaHHH H F = 0,990 - ans nopowxoo5pa3HNX CMeceA. HcnonbaosaHHeM 

B K8~9CTB9 CT8HA8pTOB TOHKHX nnaCTHHOK repMaHHH npH pa5oTe C repM8HHA 

-opraHH~9CKHMH o5p83U8MH BBOAHTCH OTHOCHTenhH8H OlliH5Ka OnpeaeneHHH 

MaKCHManhHO B 1%. B aaHHoA pa5oTe, oaaaxo, xanH5poBo~HNA rpa~HK, Bee 

TO~KH KOTOporo H8XOAHTCH Ha OAHOA npsMoA, 5Nn DOCTp09H no peaynhT8T8M 

H3MepeHHH ~OTODHKOB 139 KaB Ge 7'•xax o5ny~eHHNX nnacTHHOK repMaHHH, 

TSK H DOpOlliK005pa3HOA ABYOKHCH repM8HHH. 

llpH o5ny~eHHH 5NCTpbiMH HeftTpOHSMH o5pa3UOB1 COA9p:lK8UlHX BOAOPOA1 

npOHCXOAHT 05p830B8HH9 npOTOHOB H aeATpOHOB OTA8~H B peaynhTaTe ynpyrHX 
1 2 

cTO.IIKHOBeHHA 5biCTpNX aeATpoHoB c sapaMa_H H H ( 99,98 H 0,02% B ecTecT-

BeHHoA CM9CH) • :3To B38HMoaeACTBHe BHOCHT CaMbiA 5onhWOA BKnaa B npo

uecc TepManHaauHH 5biCTPbiX aeATPOHOB. Onaaxo npaxTH~ecKH B03HHKaiOIIIHe 

npH aTOM B opraHH~eCKOM C09AHH9HHH DOTOKH TennOBNX HeftTpOHOB /16/ He-

74 74 7$• 
nocTaTo~Hbi ans aaMeTHoA aKTHBaUHH Ge no peaxuHH Ge ( n, y) Ge 

Bxnaa aToA peaxuHH BO Bcex onpeneneHHHX, npoBonHBlliHXCH B onHHSKOBOM 

pe:lKHM9 1 5yneT npH5nH3HT9nhHO onHH8KOB1 5nH30K K HyniO H MO:lK9T BH9CTH 

B peaynbT8Tbl nHWh H93H8~HTenhHyiO nonOlKHTenhHYIO CHCT9M8TH~9CKYIO OWH5Ky • 

PeaKUHH npoTOHOB H aeATpOHOB oTna~H xapaxTepHayiOTCH HH3KHMH ce~e

HHHMH H 8KTHBHOCTH HX nponyKTOB T8KlK9 He BHOCHT B peaynhT8TN onpenene

Hblft 38M9THblft BKnan. llpH o5ny~9HHH nonH9THn9HOBbiX ynaKOBOK B9COM OKOnO 

100 Mr noToxaMH 1 - 2 • 108 a/cM2 cex B aaepreTHqecxoA o6nacTH 

110-170 K9B 5binO 3aperHCTpHpOB8H0 1 HanpHMep, BCero nHllih H8 30-40 

HMn/5 MHH 5onhW9 1 '19M COCTaBnH n ~OR 

TH 38 TO )1{9 BP9MH (350 HMn/5 MHH). 

raMMa-cnexTpoMeTpa B aToA o5nac-

clloTODHK 8HHHrHmruHOHHOro raMMa-
13 

HanyqeHHH N ( T~ 10 MHH) 1 B03HHK8IOII19rO B peaynhTaTe BTOpHqHbiX 
12 13 

peaKUHA 9THX ~8CTHU H8 snpax C H C B CD9KTpax nyCTNX ynaKOBOK 1 Boo5-

me He 5bin aaMeTeH H oTqeTnHBO aa5niOnancs Tonhxo npH o5ny'leHHHX cy-

Ul9CTB9HHO 60nhlliHX H8B9COK nonH9THn9H8 B TeqeHH9 3HaqHT9nhHO 6onee 
1.3 

nponon:lKHTenhHOro BpeMeHH. Cxaaaaaoe oTHOCHTCH H K N ,o5paayiOIIIeMycs 
16 14 

no snepHbiM peaKUHHM (p,a) H (n, 2n) H8 snpax 0 H N ABYOKHCH rep-

M8HHH, opraauqecxux BemecTB H aaxn10qeaaoro B ynaxoaxe B03Ayxa. 
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75m 
OnpeJieneHHIO repMaHHSI no H3oMepy Ge MemaeT MbilUbSIK, eoaJiaiO!IlHA 

75• 
BKnaJI oT JiononHHTenbHOit aKTHBHoeTH Ge no peaKUHH ua OhieTpbiX ueATpo-

uax As 75(n,p)Ge 75
m , a TaK>Ke Te eTaoHnbHbie H30Tonbi, uanpHMep, Sn 120 , 

Ho 16 5, Er168 , F 1; W 186 , B peaynbTaTe o6ny'leHHSI KOTOpbiX ObieTpbiMH ueAT

poHaMH o6paayi<>TeSI paJIHOHaoTonbi e nepHOJlaMH nonypaena11a H aueprHSIMH 

raMM8-KB8HTOB, onH3KHMH eOOTBeTeTBYIOlllHM SIJlepHbiM X8P8KTePHCTHK8M 

Ge75"'f9,101. B npoueeee paooTbi Memai<>m:ero BnHHHHH npHMeeeA aTHX ane-

MeHTOB K8K B HeeneJiyeMblX OO'b9KT8X0 T8K H B MaTepHane ynaKOBKH OoHapy

>KeHO ue ObinOo 

Ha pHe. 4 npHBeJieHbi HJleHTH'IHbie no cl>opMe raMMa-cneKTpbi o6paauoa 

JlByOKHeH repMaHHSI '1', eMeeH, npHrOTOBneHHOit H3 JlByOKHeH repM8HHSI H 

rHJipOXHHOHa '2', MeTannH<~eeKoro repMaHHH '8'. KpHBaH '4' npeJieTaBnHeT 

eneKTp ynaKoBKH. B auepreTH'IeeKoA o6naeTH 110-170 KaB raMMa-eneKTpoB 

STHX o6pa3UOB B yenoBHSIX pe>KHMa 5 - 1 - 5 MHHYT HaoniOJl89TeSI ci>oTonHK 
75m 

TonbKO H30Mepa Ge , nnom:aJib KOToporo HBnHnaeb MepoA eoJiep>KaHHH rep-

MaHHH B Bem:eeTBe, 

HaAJieauaH 'lyBeTBHTenbHoeTb onpeJieneHHH paBHHnaeb 357 HMn/Mr rep

MSHHSI JlnSI pe~HM8 5 - 1 - 5 MHHYT H cpeauero nOTOK8 HeitTPOHOB 

8 2 1,3 • 10 a/eM ceK, HnH 0,15 Mr npH yenoBHH 3-KpaTuoro npeBbiWeHHSI 

8KTHBHOeTbiO B ci>oTonHKe KB8JlpaTH'IHOit OWHOKH H3MepeHHSI ci>oHa H8 TOM >Ke 

y'laeTKe eneKTpa npH OllHH8KOBOM BpeMeHH perHeTpauHH. nnHTenbHOeTb on-
~ 

peJieneHHH 6ea y'leTa speMeHH, aaTpa'leHHoro ua noJiroToBHTenbHbie paooThr, 

12 - 15 MHHyT. 

MeToll npHroJieH JinH nonyMHKpo- H MHKpoonpeJieneHHSI repMaHHSI a 

opraaH'IeeKHX coeJIHHeHHHX eoeTaaa C, H, 0, Ge H noasonHeT s npHHuHne 

OJlHOBpeMeHHO e repM8HHeM H3 OJlHOit HaBeeKH onpeJienHTb xnop no peaKUHH 

37 37 • 
Cl (n, p} S ( T~ = 5,1 MHH, E y = 3090 KaB, u .. 50 M6) HnH. 6poM 

79 78 
no peaKUHH Br (n, 2n) Br ( T ~ = 6,5 MHH, EY = 511, 613 Kaa, 

u = 950 M6), 
BKT 

H8HJ19HH09 3H8'19HH9 'lyBeTBHTenbHOeTH onpeJieneHHSI repMaHHSI HBnSieTeSI 

112/ 
6onee BbieOKHM no epaBH9HHIO e peaynbT8T8MH P800Tbi JlnSI noTOK8 

4 • 108 uleM2 eeK. :3To pacxo>KJieHHe Mo>Kuo oo'hHeHHTb TeM, 'ITO aaTopbr 

ynOMHHyTolt pa60Tbi H3MepS1nH aeltTpOHHbiit noTOK Ha noaepXHOeTH oxnaJIH-

14 

TenbHOA KaMepbi HanpOTHB TpHTH9BOit MHlU9HH, a o6ny'laHHe 

BOJlHnH H8 paeeTOHHHH 1,65 eM OT Hee, 1'119 0 no HX MH9HHIO, He 

paaeu 2 ·10
8 ale~. eeK. 11enonbaosaHHhiA Koa<Pc!>HuHeHT oem 

e y&enH'I9HHeM paeeTOHHHH OT K8M9pbl 0,5 He HM99T B pa601 

TanbHOI'O OeHOB8HHH H SIBnHeTeH npo6neM8TH'IHbiM0 T8K K8K pe:: 

Jl0B8HHA, noeBSillleHHbiX Jl8HHOMy aonpoey, eHnbHO paCXOJlSITC 

BbinOnHaHHbiX H9Jl8BHO pa60T /17/, B KOTOpolt HeeneJIOBano 

HeitTpOHHOI'O noTOKa Ha noaepXHOCTH OXnaJIHTenbHOI'O UHnHHJipa 

lU9HH H 91'0 H3MeHeHHe e paeeTOHHHeM OT nosepXHOeTH Ull:nHHJlf. 

Map, H8Ail9HO, 'ITO 3H8'19HHSI HeitTpOHHbiX noTOKOB Ha 

H 1,65 eM OT nosepXHOeTH oxnaJIHTanbHOit K8M9Pbl pa3nH'<i810TeH 

ua nopMOK (4 • 108 H 2,6 • 107 u/e~ eeK). B 

MOHHTOp H OOny'leHHbiil o6pa3eU H8XOJIHnHeb Ha 0Jlii:H8KO 

HHH OT OXII8JlHTenbHOit K8M9pbi, npH'IeM eooniOJianoeb noeTOSI.Il 

no>KeHHH OTHOeHTenbHO MHlUeHHo :3TO B onpeJieneHHOA Mepe 

HMeiOm:ee M9eTO npH paOOT8X e H9Bp8lll810lllHMHeH TpHTH9Bbii 

ci>oKyeHpOB8HHbiMH Jl9itTpOHHbiMH ny'IK8MH H9p8BHOM9pH09 paen) 

pouuoro noToKa no nosepxuoeTH KaMepbr. 

TioshlmeHHH 'lyBeTBHTenbHOeTH H TO<~HoeTH onpeJieneHHH ~ 

MO>KHO JlOeTH'Ib npH ysenH'I9HHH H9itTpOHHOI'O nOTOK8 reaepaTO 

JlnH OOM08pJlHpOBKH TpHTH9BbiX MHlUeHeft eMelUSHHbiX JieftrepHII:· 

KOB, ueKoTopbiM eoKpam:euHeM apeMeHH oxna>KJieHHH o6paaua 

eHeTeMbi nHeBMOnO'ITbi 0 nOBbllU9HH9M aci><iteKTHBHOeTH H3Mepe 

aKTHBHoeTH npHMeueuHeM KpHeTannos e KonoJiueM Na!/Tl6on 

nOBbilU9HH9M paBHOM9pHOeTH OOnY'f9HHSI noepeJieTBqM Henonb31 

lllHXeH TpHTH9BbiX MHlUaHeft HnH Jl9p>K8Tenelt o6pa3UOB, npHM9 

eHpOB8HHOI'O JieitTpOHHOI'O ny'IK8 H JlpyrHMH enoeooaMH. 

TIOBbilU9HHH TO'<iHOeTH onpeJieneHHSI MO>KHO JIOeTHI'HYTb I 

HHH JlnH H3M9P9HHSI H8B9Jl9HHOit 8KTHBHOeTH nonvnoOBOJlHHKO: 

Bbieoxoro paapemeHHH. Tiepsoe npHMeueuHe Gel Li aeTeKTopa 

opH onpeaeneHHH repMaHHH aKTHBauHeA obreTpbiMH ueATpouaM 

llano, 0JlH8KO, nonO>KHT9nbH biX peaynbT8TOB H3-38 HH3KOA 

e<~eTa. B raMMa-eneKTpax, nony'leHHbiX JinH rpaMMOBhiX ua 
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TellbHOA K8Mepbi H8IIpOTHB TpHTHeBO:II: MHWeHH, 8 o6ny'leHHe o6pa3UOB npo

BOJlHJlH H8 paeeTO.HHHH 1,65 eM OT Hee1 rne, IIO HX MHeHHI01 ae:II:TpOHHbi:ll: IIOTOK 

paBeH 2 •10
8 Hie~ • eeK. HenOJ1b30B8HHbi:II: K09<lJ<lJHUHeHT oena6neHHSI IIOTOK8 

e y~eJIH'leHHeM paeeTOSIHHSI OT K8Mepbl 0,5 He HMeeT B pa6oTe 9KenepHMeH

T8J1bHOrO OeHOB8HHSI H SIBJISieTeSI npo6neM8TH'!HbiM1 T8K K8K pe3ynbT8Tbi Heene

Jl0B8HHA1 noeBHWeHHbiX JlliHHOMy BOnpoey1 eHJlbHO paeXOJlSITeH. B OJlHOA H3 

BhmomieHHbiX aenaaao pa6oT I 17 I, B KoTopo:ll: HeenenoBanoeb pasnoJKeHHe 

ae:II:TpOHHOrO IIOTOK8 Ha IIOBepXHOeTH OXJ18JlHTeJ1bHOrO UHJ1HHJlpa TpHTHeBO:II: MH

weHH H ero Ji13MeHeHHe e paeeTOSIHHeM OT IIOBepXHOeTH UHJ1HHJlp81 6bin01 H8IIpH

Mep1 Ha:ll:neH01 'ITO 3H8'!eHHSI He:II:TpOHHbiX IIOTOKOB Ha paeeTOSIHHH 0 
H } 165 eM OT IIOBepXHOeTH OXJ18JlHTeJ1bHO:II: K8Mepbl pa3J1H'l8IOTeSI 6onee, '!eM 

aa nopSIJloK (4 • 108 H 2,6 • 107 ale~ eeK). B aaweA pa6oTe 

MOHHTOp H o6ny'!eHHbi:II: o6paaeu H8XOJ1HJ1He!S Ha 0JlHH8KOBOM paeeTOSI-

HHH OT OXJ18JlHT9J1bHO:II: KaMepbi, I1pH'l9M eo6niOJl8JIOeb noeTOSIHeTBO HX paeno

J10JK9HHSI OTHOeHTeJibHO MHW9HH. 3TO B onpeneneHHO:II: Mepe 9J1HMHHHpOB8J10 

HM9IOWee MeeTO npH pa60T8X e HeBp8W8IOWHMHeH TpHTH9BblMH MHW9HSIMH H 

¢oKyeHpOB8HHbiMH )le:II:TpOHHbiMH ITy'lK8MH HepaBHOM9pHOe paerrpeneneHHe He:II:T

pOHHOrO IIOTOKa ITO IIOB9pXHOeTH K8M9pbl. 

TIOBbiW9HHSI 'lyBeTBHT9J1bHOeTH H TO'!HOeTH orrpeneneHHSI JlliHHbiM M9TOJ10M 

MOIKHO JlOeTH'lb npH yB9JlH'l9HHH He:II:TpOHHOrO ITOTOK8 reHepaTopa ITpHM9H9HH9M 

Jlll.ll 6oM68pJ1HpOBKH TpHTH9BbiX MHllleHe:ll: eM9lli8HHbiX Jl9:11:TepH:II:-TpHTH9BbiX ITy'l

KOB, H9KOTOpbiM eoKp8IU9HH9M BpeMeHH OXJ181KJ19HHSI o6pa3U8 HeiTOJlb30B8HHeM 

eHeTeMbl IIH9BMOIIO'!Tbl1 ITOBbiW9HHeM a<lJ<lJeKTHBHOeTH H3MepeHHSI H8B9Jl9HHO:II: 

aKTHBHoeTH rrpHMeaeaHeM KpHeTannoB e KononueM NaJ/Tl6onbJJJHX pasMepoB, 

ITOBbillleHHeM paBHOMepHOeTH 06Jly'!9HHSI rroepeJleTBOM HeiTOJlb30B8HHSI Bp81U8IO

IUHXeSI TpHTH9BbiX MHweae:ll: HJIH Jl9p1KaTeJie:ll: o6pa3UOB, ITpHM9H9HH9M ne<lJoKy

eHpOBliHHOrO neATpoaaoro rry'!Ka H npyrHMH erroeo6aMH. 

TIOBbiW9HHSI TO'lHOeTH onpeneneHHSI MOJKHO JlOeTHrHyTb IlpH HeiTOJlb30Ba

HHH JlJlSI H3MepeHHSI H8B9JleHHO:II: aKTHBHOeTH IIOJIVIIPOBOJlHHKOBbiX Jl9T9KTOPOB 

BhieOKoro paspeweHHH. Tiepaoe npHMeaeaHe Gel Li neTeKTopa o6'heMoM 22eM
3 

OpH orrpeneneHHH repMaHHSI aKTHBauHel!: 6bieTpbiMH ae:II:TpoaaMH reaepaTopa ae 

Jlano1 OJlH8KO, ITOJ10JKHTeJ1bH biX pesynbT8TOB H3-38 HH3KOi!: a<lJ<lJeKTHBHOeTH 

e'!eTa. B raMMa-erreKTpax, rrony'leHHbiX nnH rpaMMOBbiX HaBeeoK aneMeHTa 
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B pe>KHMe 400 - 10 - 500 cexyHll (noT OK 5 • 10
10 HI ceK) , np8KTH'IeCKH He 

6blnO o6H8PY>K9HO cPOTOnHKOB, no KOTOPblM MO>KHO 6binO 6bl noOH3BOllRT& 

onpeaeneHHe 1181. 

H8MH anH Tex me ueneA 6bln Hcnon&30B8H nonynpoBOllHHKOBbiA Ge/Li 

neTeKTOp 06'b9MOM 40 CM3, o6n8ll810UIHA 6onee BbiCOKHMH s«f$eKTHBHOCT&IO 

C'I9T8 H p83p91118IOUI9A cnoco6HOCTb10 ( pHC. 5). npellB8pHTen&Hb19 ll8HHbl9 

nOK83biB8IOT1 'ITO npHM9H9HHe 9TOrO ll9T9KTOpa no Cp8BH9HHIO C Hcnon&30-

B8HHbiM KpHCTannoM NaJ/Tl aeAcTBHTenbHO npHBOllHT K noBbiWeHHIO aoconroT-

HOA TO'IHOCTH onpeaeneHHSI1 a npHOnH3HTenbHO TpexxpaTHOe OOHH>K9HHe 'IYBCT

BHTenbHOCTH onpeaeneHHSI OKynaeTCSI "' 20-KpaTHbiM 00Bbi1119HH9M pa3p91118IOUieA 

cnoco6HOCTH Ge/Li neTexTopa no OTHomeHHIO K KpHcTanny Na!/Tl • 3ToT 

$aKT nenaeT B03MO>KHblM OllHOBpeMeHHOe C repM8HHeM onpeneneHHe H 3H8'1H

Ten&HO 6onbmero 'IHCna apyrHx sneMeHTOB B ero coenHHeHHHX, cnnaBax H 

xoaueHTpaTax, >~eM B cny>~ae pa6oTbi c KpHcTannoM Na!/Tl • H8Hn'Y'f111RX 

pe3yn&T8TOB npR sTOM cneayeT o>KHll8Tb anH F , Na , Al , P , Sc , V , 

Ni , Cu , Zn , Ga , Se , Br , Rb , Zr , Mo , Ru , Ag , Cd , In , Sb , 

Ba, Ge , .Pr , Nd , Hf H HeKoTopbiX apyrHx sneMeHTOB, Henpoaon>KHTen&Hoe 

o6nY'!9HH9 KOTOpblX npRBOllHT K o6p830B8HHIO KOpOTKO>KHByUIHX H30TOnOB C 

$oTonHKaMH B MHrKoA o6n8CTH r8MMa-cneKTp8, rne Ge/Li neTeKTOpbi o6n8-

-., ll810T M8KCHMan&HOA 9$4>9KTHBHOCT&IO C'I9T8. 

npH HanH'IHH nHeBMOnO'ITbi H B03MO>KHOCTH M8111HHHOA OOpa6oTKH r8M

M8-cneKTpOB H3 Ge/Li aeTeKTOp8 no nporp8MMe, BKnro'I8IOUieA nonp8BKH 

H8 $niOKTy8UHIO HeATpOHHOrO TOK8, Bbl'I9T $OH8 H T.ll., M9TOll MO>K9T 6biTb 

B npHHUHne o$opMneH K8K 8BTOM8TH3HpOB8HHbiA npouecc C nporp8MMHblM 

ynpaBneHHeM. 

ABTOpbi Bbrpa>K8IOT npH3H8Ten&HOCTb 8K8lleMHKY r.H. 4>nepoBy 38 npe

aocTaBneHHe B03MO>KHOCTH BbmonHeHHH ll&HHOA pa6oTbi, A.M. Ky>~epy 3a npo

BeaeHHe o6ny>~eHHA Ha Hf-200 H B. Bo>~eBy 38 noMom& npH pa6oTe c Ge/Li 

ll9T9KTOpOMo 
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PBc. 5. Y'laCTOK raMMa-cneKTpa repMaHBll 0 - 700 K9B. 118,8 Mr repMa
HBll, pelKBM 5 - 1 - 5 MBHyT, HeltTpOHHbllt nOTOK 1,3 • 108 HICM2 CeK, nony
npoBoAHBKOBbiA AeTeKTop Ge/Li , o6'beM 40 cM3, paapewaiOwall cnoco6HocT& 
3, 7 K9B (no nBHBB 662 K9B) o 4096;_K8H8n&Hbllt aMnnBTyAHbllt 8H8nB38TOp 

lntertechnique r 139 KaB - aHanBTH'IeCKBA ljloTonBK Anll onpeAeneHHll 
re pMaHBll, 596 B 607 K9B - nHHHH Ay6neTa Ga 74

• 



li~' 
:J 

i 
~--·-· 

...... 

nHTepaTypa 

1. H.Gilman,C.W.Gerow, J.Amer.Chern.Soc., 77, 5740, 1955. 

2. B.A. KnHMOBa, M.Ll. BHTanHaa. )f(ypaan aaanHTH'Iecxolt XHMHH, lL 1105 
1962. 

S. B.A. KnHMOBa, M.Ll. BHTanHaa. )f(ypaan aaanHTH'Iecxolt xHMHH, !!!., 1254, 
1964. 

4. C.H. 06TeMnepaHCKaSI, H.B. LlyAOBa, r.<l>. LlHK8SI, )f(ypaan aaanBTH'IeCKOit 
XHMHH, ~ 785, 1968, 

5. c.H. 06TeMnepaHCK8SI, H.B. LlyAOBa, BecTHHK MoCKOBCKoro yHHBepCHTeTa, 
cep. 11, XHMHSI, i. 461, 1970. 

6. A.n. Kpewxoa, B.A. Ky'lxapea, 3aBOACK8SI na6opaTopHS1, g 558, 1966. 

7. X. OHxaaa, T. OxyAa. J. Chern. Soc. , Japan, Ind. Chern. Sec. , 
&,!r 34-37A, 1!1,61, P)f(XHM, Zi, Ll42, 1961. 

B. H. LlyAa, H.B. LlyAOBa. OHHH, 12-6220, Lly6aa, 1972. 

9. H.B. MeAHHC. CnpaBO'IH&Ie Ta6nHII&I AnSI aeltTpoaao-aKTHBauHoaaoro 
aaanHaa. HaA-BO 3HstTae, Para, 1969. 

10. A.H. AnHeB, B.H. Llpb!HKHH, Ll.H. neanyHCK8SI, B.A. KacaTKHH. HAepao
~H3H'IeCKHe KOHCT8HThl AnSI HeltTpOHHOrO 8KTHB8UHOHHOro aaanHaa. ATOM
H3A8T0 Mocxaa, 1969. 

11.J.Perdijon. Analyt. Chern., ~. 448, 1967. 

12.M.Cuypers, J.Cuypers. J. Radioanal.Chern., !• 243,1968. 

1S.c.M.Lederer, J.M.Hollander, I.Perlman.Table of Isotopes, 
Sixth Ed. John Willey and Sons,Inc.,New York,London, 
Sydney, 1967. 

14.K.Eckschlager. Chyby chernickych rozbor~. SNTL Praha,l961. 

15.D.Brune,K.Jirlow. J. Radioanal.Chern., ~. 49, 1969. 
16. E.Ricci. J. Inorg.Nucl.Chern., 27, 44, 1965. 

17. T.Nakanishi, M.Sakanoue. Radiochern.Radioanal.Lett., 
~. 313,1969. 

18. I.Fujii, T. Inouye, H.Muto, K.Onodera,A. Tani. Analyst, 
94, 189, 1969. 

PyKORHCb ROCTynHna B H3A8TenbCKHit OTAen 
7 SIHB8pSI 1972 rOA8, 

18 


