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BaeJleHHe 

AHanHa repMaHHftopraHHqecKHX coeJlHHeHHJ B HacToHmee BpeMH npoH3-

BOJlHTCH B 6onhlliHHCTBe cnyqaeB no M9TOJlHK8M, BKn~qa~lliHM npeJlB8pHT9nb

Hy~ MHH9panH38UH~, HBnH~lliy~g TpyJl09MKOft onepauHeft H OCHOBHbiM HCTOq

HHKOM OlliH60K onpeJleneHHH, 

Paapa6oTaHHbie npHMbie MeTOJlbi onpeJleneHHH repMaHHH B opraHHqec

KHX C09JlHH9HHHX - Cll9KTpanbHhlft /1/ H MeTOJl nornomeHHH peHTreHOBCKHX 

nyqeft /2/, - K8K H npe}lnaraeMbl9 H8MH 8KTHB8UHOHHbl9 M9T0Jlbl C HCnOnb30-

B8HH9M 6biCTpb!X HeATpOHOB reHepaTopa / 3 / H TennOBbiX HeftTpOHOB peaKTO-

pa, noaaong~T HcKn~qHTb npouecc MHHepanHaauHH, -. MeTOJl 8KTHB8UHOHHOrO aaanH38 B Jl9CTpyKTHBHOM HnH HHCTpyMeHTanh-

HOM BapH8HT9 H3-38 BhlCOKOA qyBCTBHTenhHOCTH HCUOnbayeTCH npeHMylli9CTB9H

HO npH onpeJleneHHHX MHKpOKOMllOH9HTOB B M8KpOH8B9CK9, 06paTH8H 38}laqa -

onpe}leneHH9 M8KpOKOMllOH9HTa B MHKpOH8B9CKe - pemaeTCH C ero llOMOllib~ 

aHaqHTenbHO pe~e, HecMoTpH Ha To, qTo OHa B npHHUHne 6onee npocTa. Ha 

aKTHBHOCTb onpeJlengeMoro aneM9HT8 He HaKn8JlhlB89TCH 3HaqHTenhH8H HHOr

Jl8 8KTHBHOCTb MaTpHUbi, qacTO H9T He06XOJlHMOCTH B XHMHqeCKHX M9TOil8X paa-

JleneHHH H KOHU9HTpHpOB8HHH aneMeHTOB, B onpeJleneHHH HX BhlXOJlOB H B 

llPYrHx BcnoMoraTenhHbiX onepaUHHX, 

CpenH aHaqHTenhHoro KOnHqecTBa aHanHTHqecKHX pa6oT, BbmonHeHHbiX 

8KTHB8UHOHHbiM M9TOJlOM, nHllib H9MHOrHe 6bmH npHM9H9Hbl K peweHH~ npo6-

neM opraHHqecKoro MHKpoaHanHaa, B qacTHocT~ aHanHaa aneMeHToopraHHqec-
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KHX coeaHHeHHft, HBnHrowHXCH arronHe rroaxoaBwHMH o6~eKTaMH anH Hccneaoaa

HHB aTHM MeToaoM. Pa6oT no aeftTpoaao-aKTHBauHoaaoMy onpeaeneaHro repMa

HHH B MHKpoaaaecKaX ero opraHH~eCKHX coeaHHeHHH B nHTepaType o6aapy

)KeHO ae 6binO, nocTaTO~HO COCnaTbCH XOTH 6bi aa 6H6nHorpa<jlH~eCKHft crrpaBO~HHK 

no 9THM aorrpocaMI 41. 

B aaaaoft pa6oTe Hccneaoaaaa aoaMO)KHOCTb ~HcTo HHCTpyMeaTanbaoro 

onpeaeneHHB repMaHHH B repM8HHftopraHH~eCKHX COe~HH9HHHX COCT8B8 

C , H , 0 , Ge 

g~epuoft peaKUHH 

77 no aKTHBHOCTH paaHoHaoTona Ge , aoaaHKaromero no 
76. 77 

Ge ( n, ·Y) Ge npH aKTHBauHH aTHX coe~HHeHHft Tenno-

BbiMH H9ftTpOH8MH peaKTOpa. 

8KCIIepHMeHTanbH8H ~SCTb 

1. B bl 6 0 p p a a H 0 H 3 0 T 0 IT a H MaT Q pH an a an H K 0 H T e ii He p a 

npH onpeaeneHHH aneMeHTa aKTHBauHeft TeiTnOBhlMH HeftTpOHaMH B 06~ -

· ~aeMbiX o6~eKTax npoTeKaroT rrpeHMywecTBeHHO gaepHbie peaKUHH onuoro THna 

(n.y) c o6paaoaaHHeM 6onee TH)Kenoro HaoTorra onpenenHeMoro aneMeHTa. 

OpraHH~ecKaB ocHoBa repMaHHftopraHH~ecKHX coenHHeHHft Ha-aa HH3KHX ce~e

HHft aToft peaKUHH Ha cTa6HnbHbiX H3oTorrax C , H , N , 0 H 6onbwHx 
3 14 

nepHonoa rronypacnana H H C npH KpaTKoapeMeHHbiX o6ny~eHHBX <jlaitTH-

~ecKH ue aKTHBHpyeTCB. Haaeneuuag aKTHBHOCTb pa~HOHaoTonoa 16N H 19 0 

npeBbxwaeT aKTHBHocTb 3 H H 14C ua uecKonbKO nopB~KoB, ao acnencTBHe ..... 
Manoro aHa~eHHH rrepHonoa rronypacrrana (7,3 H 29 ceK) Y*e ~epea KopoTKoe 

BpeMB ITOCne KOHUa o6ny~eHHH (5-10 MHH) 8KTHBHOCTb repMaHHftopraHH~eCKO-

ro coenHHeHHH BBnHeTCH HCKniD~HTenbHO 8KTHBHOCTbiD panHOH30TOITOB repMaHHH1 

KOTOpbie TerrnOBbiMH HeftTpOH8MH 8KTHBHpyiDTCH 3H8'1HTenbHO CHnbHee nerKHX 

aneMeHTOB. npony KTbi aKTHBauHH repMaHHH rrpHaeneHbi a Ta6n. 1 151• B noc-

nenaeft rpa<jle Ta6nHUbi naHbi pac~eTHbie aaa~eHHH 

TH o6paaoaaawerocg panHoHaoTona rrpH o6ny'leHHH 
13 2 

TennoBbiX neftTpoHoB 1 • 10 HI eM ceK. 

HaBeaeHHOft 8KTHBHOC-

Mr aneMeHT8 IIOTOKOM 

npH onpeneneHHH repM8HHH 8KTHB8UHeft TeiTnOBhlMH HeftTpOH8MH reaepa-
75• 77• 

Topa Hf-200 no KopoTKO)KHBywHM H30MepaM Ge H Ge HHTeHCHBHOCTb Tep-

ManH30B8HHOrO ITOTOK8 TeiinOBbiX Heft~pOHOB OK83anacb HenOCT8TO'IHOft ~ng 

nony'leHHB ueo6xonHMbiX nng TO~HbiX onpe~eneHHft aKTHBnocTeft. AuanHa no 
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aTHM H3oMepaM ua TennoBbiX neftTpouax peaKTopa Tpe6ye'I 

T9XHH~eCKHX ycTpOftCTB, H, KpOMe TOrO, H3MepeHHH MOryT 

TonbKO HenocpencTaeaao B MecTe pacnono~eHHB peaKTopa. 

B na6opaTopHBX, He pacnono)KeHHbiX Ha TeppHTDpHH peaK'I 

aauHOHHoro onpeneneHHH repMaHHH Hcnonb3VIDT 6onee nonro* 
75 77 71 H30TDIIbi - Ge , Ge H Ge • AaanH3b!, KaK npaBHno, 1 

xHMH~ecKHMH MeTonaMHI6, 7 I c HaMepeaHeM K- aaxBaTaoro(
7

' 
75 77 

( Ge , Ge ) - Hany~eHHH o6paauoa. AHanHTH~ecKoe HCIIOl 

KOrO xapaKT9pHCTH~eCKOrO peHTreHOBCKOrO H3ny~eHHR B HHC' 

B8pH8HT9 8KTHB8UHOHHOrO aaanHaa 6binO anH H8WHX ueneft IIpE 

nro~eao. MaMepeuHe uaaeaenHoft aKTHBHOCTH o6paauoa nocne 

HaepHOM peaKTope Morno 6biTb HSMH Ha~aTo He paabwe, ~e~ 

IIOCne KOH1!8 o6ny~eHHH, 3TO rrpaKTH~eCKH HCKniD~ano T8K)KE 
75 

npoaeaeHHB auanHaa no aKTHBHOCTH paaHoHaoTorra Ge ( 

no 9THM 1IpH~HH8M nnH HccnenOB8HHH B03MO)KHOCTH orrpeaen 

~HCTO HHCTpyMeHTanbHbiM MeToaoM nocne aKTHBaUHH TerrnOBbl 
77 

peaKTopa uaMH 6bxn HcnonbaoaaH H30TOII Ge c nepHoao~ 

T~ = 11,3 ~aca H aaeprHBMH raMMa-Hany~eHHH 195,210,215, 26E 

Oco6oe BHHMaHHe 6bmo yaeneHo P.onpocy Bbi6opa MaTep 

pa anR o6ny~eHHR o6paauoa, xoTOpbii!: aon*eH yaoaneTaopHTb 

HHi!:, BbiTeKSIDWHX H3 OCHOBHOrO coo6pa~eHHH1 ~TO o6paj3eU II 

aon)KeH paaHoMeTpH~ecKH HSMepHTbCR 6ea rrepeHoca, T.e. B o1 

KOBKe, TaK KaK KOnH~eCTBeHHOe H3Bne~eHHe H nepeHOC o6pa3U 

HbiH KOHTeftHep anH H3MepeHHH CBH38Hbl C TpyaHo KOHTpOnHpy 

MH HnH B006we HeB03MO)KHbi, 

06ny~eHHe MHOrHX opraHH~eCKHX1 B TOM ~Hcne repMaH~ 

coenHHeHHH B ycnOBHHX nOBhlW9HHDH T9MIIepaTyphl, MOWHhlX E 

TOKOB H raMM8-H3ny~eHHH peaKTOpa MO)KeT CDIIpOBO)Kn8Tbl 

IIOnHMepH38UHH, aeCTpyKUHH, raaOBbiaeneHHH H T,a. npH 000) 

KaeT OII8CHOCTb aare3HH npoayKTDB 9THX rrpoueCCOB H8 CTeHKI 

nH<jl<jlyaHH a MHKporropbi MaTepHana H BHewaee npocTpaHCTBo, 

HDCTb IIOBpe~eHHH KOHTeftHepa B peaynbTaTe IIOBbiWeHHOrD na 

raaOBbxaeneHHH. 
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sTHM H3oMepaM Ha TennoBbiX Heii:Tpoaax peaKTopa Tpe6yeT cneuHanbHbiX 

T9XHH'I9CKHX ycTpOii:CTB 0 H, KpOMe TOrO, H3MepeHHSI MoryT IIpOH3BOaHTbCSI 

TOnbKO HenocpeacTBeHHO B MecTe pacnono*eHHSI peaKTopa. 

B na6opaTopHSIX, He pacrmno)KeHHbiX Ha TeppHTopHH peaKTopa, ans aKTH

aauHOHHoro onpeaeneHHSI repMBHHSI HCIIOnb3VDT 6onee nonro)KHBvwHe panHo-
75 77 71 

H30TOIIbi - Ge , Ge H Ge • AHanH3bl, KBK npaBHno. aenyTCSI oanHo-

XHMH'IeCKHMH MeTOJlBMH/ 6, 7 I c H3MepeHHeM K- saxaaTHoro? 
1 

Ge) HnH raMMB 

75 77 
( Ge , Ge ) - HGny'leHHH o6pasuoa. AHanHTH'IecKoe Hcnonb30BaHHe MHr-

KOrO xapaKT9pHCTH'I9CKOro peHTreHOBCKOrO H3nyqeHHH B HHCTpyMeHTBnbHOM 

BBpHBHTe 8KTHB8UHOHHOrO BHBnH3B 6hlnO JlnH HBWHX ueneft IIp8KTH'I9CKH HCK

niD'I9HO, M3MepeHHe aaaeaeaaoa aKTHBHOCTH o6pa3uoa nocne o6nyqeHHSI aa 

H)l9pHOM peBKTOpe Morno 6b!Tb HBMH HB'IBTO He p8HbW9 0 '19M 'lepe3 12 'IBC 

IIOcne KOHl!8 o6nyqeHHSI, 3TO IIp8KTH'I9CKil HCKniD'Iano T8K)K9 B03M0)KHOCTb 

75 ) npoae)leHHSI aHanHGa no aKTHBHOCTH paaHOH3oTona Ge ( T ~ = 82 MHH • 

ITo aTHM npH'IHHaM anSI HccneaoaaHHSI B03MO)KHOCTH onpeaeneHHSI repMaHHSI 

'IHCTO HHCTpyMeHTBnbHbiM MeToaoM IIOcne BKTHBBUHH TeiinOBbiMH HeftTPOHBMH 
77 

peaKTopa HBMH 6brn Hcnonb30BaH H30TOII Ge c nepHoaoM nonypacnaaa 

/8 9/ 
T~ = 11,3 qaca H :3HeprHSIMH raMMa-H3ny'leHHS1195,210,215,265Ksa H Jlp. ' , 

Oco6oe BHHMaHHe 6brno yaeneHo Bonpocy Bbr6opa MaTepHana KOHTeiiHe

pa nnSI o6nyqeHHSI o6pasuoa, KOTOpbrft aon)KeH yaoaneTaopSITb pSiay Tpe6oaa

HHft, Bb!T9K8IDWHX H3 OCHOBHOrO coo6p8)1{9HHS1 0 'ITO o6pa3eU nocne o6ny'leHHSI 

non)KeH paJlHoMeTpHqecKH H3MepSITbCH 6es rrepeHoca, T.e. a o6ny'leHHOft yna

KOBKe, TBK KBK KOnHqecTBeHHoe H3BneqeHHe H nepeHoc o6pasua B Heo6nyqeH

HbiA KOHTeftHep anSI H3MepeHHSI CBSI38Hbl C TpyaHo KOHTpOnHpyeMbiMH IWTepSI

MH HnH B006We H9B03MO)I{Hbl, 

06ny'I9HH9 MHOrHX opraHH'I9CKHX0 B TOM 'IHCne repM8HHftopraHH'I9CKHX 

CoeaHHeHHA B ycnOBHSIX IIOBbiW9HHOft TeMIIepaTypbi, MOWHbiX HeftTpOHHblX IIO

TOKOB H raMM8-H3ny'I9HHSI peaKTOpa M0)1{9T COIIpOBO)KaaTbCSI npoueccaMH 

nonHMepH3BUHH, aecTpyKUHH, rasoBbiJleneHHSI H T.a. ITpH omy'leHHSIX aosHH

KaeT OIIBCHOCTb B)lre3HH IIpOJlYKTOB 9THX npoueCCOB HB CT9HKH KOHT9ftHepOB 0 

nH<f><f>ysHH B MHKponopbi MaTepHana H BHewHee npocTpaHCTBO, a TBK)Ke onac

HOCTb II0Bp9)K)l9HHSI KOHTeftHepa B pesynbTBTe IIOBbiW9HHOro llBBneHHSI 38 C'leT 

rasoBbrneneHHH. 
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B Ka'leCTBe MaTepHana IIJISI KOHTeAHepa 6bm Bbr6paH $ToponnacT-4,KoTo

pbrA CO'IeTaeT MHOJ"'He Hy)KHbie CBOti:CTB8 HCIIOJlb3yeMb!X B H8CTOSIJIIee BpeMSI 

IIJlSI ynaKOBOK MaTepH8JlOB (KBapu, rpa<j!HT, IIOJ1H3THJieH, 8J1JOMHHHA), HO B 

TO )Ke BpeMSI JlHIIIeH HeKOTOpb!X HX HeiiOCT8TKOB C TO'IKH 3peHHSI HHCTpyMeH

TSJlbHOI"'O onpeaeneHHSI 6e3 H3BJie'leHHSI 00p83U8 H3 ynaKOBKH, PaC'IeT KOHCTpyK

UHH KOHTeti:Hepa, IIpOBOIIHBIIIHti:CSI IIO 
1101, onpelleJISIJlCSI IIBYMSI Tpe60B8HHSIMH: 

o6ecne'leHHeM IIOCT8TO'IHOI"'O 38II8C8 IlpO'IHOCTH H CTpeMJieHHeM K B03MO)KH0 

MeHbWeMy Becy KOHTeAHepa, 

KoHCTpyKUHSI IIpHMeHeHHOJ"'D B IISHHOA pa6oTe KOHTeti:Hepa H3 $Toponnac

Ta-4 npHBeaeHa Ha pHc. 1. 

llnSI HCKJliD'IeHHSI OWHOKH B3BeWHB8HHSI IIpH OT6ope o6pa3U8 (HaBeCKa 

OKOJIO 5 MJ"', BeC KOHTeAHepOB 5 r) HaBeCKH OT6Hp8JIHCb B IIOJ1H3THJieHOBhle 

8MIIYJ1bl BeCOM OKOJIO 150 MI"', KOTOpbie IIOC.fie 38II8HB8HHSI IIOMewaJIHCb BO 

cj>ToponnaCTOBhiA KOHTeAHep. 

Bee 25 KOHTeAHepOB, H3J"'OTOBJieHHhiX H3 OllHOA 38BOilCKOA napTHH cj>Topo

IIJ18CTa, HSXOIIHJICSI B HHTepBaJie 4,933 ±_ 0,085 r, T,e, 100 ±_ 1, 7%, C y'leTOM 

Beca IIOJ1H3THJieHOBbiX 8MIIYJI M8KCHM8JlbHOe OTKJlOHeHHe Beca yrraKOBKH OT 

cpenHero 3HS'IeHHSI He npeBbiW8JlO ±_ 1,5%, no 3THM IIpH'IHH8M B IIOCJieJlyiOJIIHX 

onpeneneHHSIX DOIIpaBKH Ha Bee yrraKOBKH He BBOIIHJlHCbo 

nposepKa H8 repMeTH'IHOCTb H yCTOA'IHBOCTb K Jl8BJieHHID rrpH IIOBhlWeH

HW~ TeMrrepaTypax rrpOH3BOIIHJ18Cb Bbiiiep)KHB8HHeM 38II8SIHHhiX IIOJIH3THJieHO

BbiX 8Mrryn C IIHH301IpOIIHJ10BbiM a$HpOM, IIOMeweHHblX BO cj>TOpODJ18CTOBbie 

KOHTeAHepbi, IIpH TeMrrepaType 1201'C B Te'leHHe '18Ca, HaMeHeHHSI Beca KOH

Teti:Hepa npH aTOM He Ha6nroaanoc~:o. B aTHX )Ke ycnoBHsrx rroTepsr a sece 

IIJlSI 38Il8SIHHhiX IIOJ1H3THJieHOBbiX' 8Mrryn C IIHH301IpOIIHJ10BbiM , a$HpOM, He IIO

MeweHHhiX B KOHTeti:Hepbi0 COCT8BJ1SIJ18 5-10% OT BeCOBOJ"'O KOJIH'IeCTBa pacTBO

pHTeJISio no 3TOA IIpH'IHHe H3BJie'leHHe IIOJ1H3THJleHOBbiX 8MIIyn, COIIep)K8!IIHX 

repM8HHAopraHH'IeCKHe COeiiHHeHHSI, H3 KOHTeAHepOB IIOCJie o6ny'leHHSI OhlJlO 

HCKJliD'IeHO H3-38 B03MO)KHbiX IIOTepb BeweCTBa. 

2. AnnapaTypa, peaKTHBbl 

06pa3Uhl repMSHHAopraHH'IeCKHX COeiiHHeHHA H CT8HII8pTOB - MeTSJIJIH

'IeCKOJ"'O repMaHHSI nonynpoBOIIHHKOBOA 'IHCTOT&I (Teena Po)KHOB, 'lCCP) -
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B OIIHC8HHOH ynaKOBKe OOJiy'laJIHCb B IIBYX aJIIDMHHHeBbiX IIeHl 

SIIlepHOI"'O peaKTOpa IIOTOKOM TeiiJIOBbiX H9HTpOHOB 1, 2 • 10 
1 ~ 

Ka'leCTBe MOHHTOpOB IIOTOKa T9IIJ10BbiX HeifTpOHOB HCIIOJ1b30Bi 

TOHKOA 30J10TOH <jloJibl"'Ho 

HaMepeHHSI HaseaeHHDif aKTHBHDCTH npoH3BOilHJIHCb c rrOMI 

JISIUHOHHOJ"'O raMMa-cneKTpOMeTpa, OCHOBHbiMH 'laCTSIMH KOTO] 

aeTeKTop - KpHcTann Na!ITZ. 40x40 MM c <PoTOYMHO)KHTeneM 

H 128-KaHaJibHhiH aHaJIH3aTop HMnyn~:ocos AH-128, CHao)KeHHI 

TaJOJIIHM ycTpOti:CTBOMo lleTeKTOp C !fJoToyMHDlKHTeneM HaXOilHJIH 

CBHHUOBOM IIOMHKe BH9WHHMH pa3MepaMH 25x30x35 CM H TOT 

5 CM, OOJlHUOBaHHOM C BHyTpeHHeif CTOpOHbl JlHCTOBb!M K81lM 

M9JlbiD ( 0, 2 MM) • 

KanHoposKa npHoopa npoHaBOilHJIAcb c noMOIIIbiD crreKTJ 

241 144 133 22 137 60 
cTaHaapTOB Am , Ce , Ba , Na , Cs H Co , 

cnoco6HOCTb rrpHoopa .rro nHHHH 662 KaB 
137 Cs cocTaBHna"' 1 

0'1HCTKa ynaKOBKH IIpOH3BOIIHJlaCb IIOCJ191IOBaTeJibHOH npo! 

HOM, TeiiJlbiM paCTBOpOM a30THOH KHCJlOTbl ( 1 : 1), llHC1 

BOilOH H aueTOHOMo 

llnSI OOJIY'I9HHSI HCIIOJlb30BaJIHCb HaBeCKH repMaHHti:OpraHH'II 

HHA 3,0 -7,8 Mr, COJl9plKaiiiH9 OT 0,5 liD 3,0 Mr repMaHHSI H HaBeCE 

KOJ"'O repMaHHSI B BHII9 TOHKHX IIJiaCTHHOK ( 0,3 MM) BeCOM 0,! 

nnacTHHKH O'IHIIIaJIHCb J19J"'KHM IIOBepXHOCTHbiM Tp8BJ19HH9M pac1 

coneplKaiiiHM nepeKHCb soaopona H nocneayJOJIIeif npoMhiBKOif so, 

a30THDH KHCJIDTbl ( 1 : 1), BOIIOH H aueTOHOM, 

3, M e T 0 ll H K a 3 K C II e pH MeHTa 

06Jiy'I9HHe o6pa3UOB 0 CTaHIIapTOB, MOHHTOpOB H nyCTblX 

H3BOilHJ10Cb B T9'19HH9 60 MHHyT, 

AKTHBHOCTb o6pa3UOB repMaHHHOpraHH'19CKHX C091lHH9HI 

093 H3BJ19'19HHSI HX H3 ynaKOBKH, aKTHBHOCTb CTaH)lapTOB -

6ea aee. nocTOSIHCTBO reoMeTpHH KpHCTann-o6paaeu cTporo 

BpeMeHHOH HHTepsan H3MepeHHH o6pa3UDB, CTaHaapTDB H nyCT 

40 MHH, speMSI Ha6opa HH!fJopMaUHH OT DIIHDJ"'D o6pasua - 1 MH 

HHSI npDBDIIHJlHCb MHOI"'OKpaTHD, B T9'19HH9 H9CKDnbKHX IIH9Ho 

7 



B OITHCaHHOn yrraKOBKe o6ny~anHCb B aByX aniDMHHHeBhlX rreaanax B KaHane 

sraepaoro peaKTopa rroTOKOM TerrnoBhiX aenTpoHOB 1,2 · 10
13 

a/cM
2
ceK. B 

Ka~eCTBe MOHHTOpOB ITOTOKa TerrnOBblX HeATpOHOB HCITOnb30BanHCb KyCO~KH 

TOHKOH aonOTOH ~OnbrH. 

HaMepeHHSI HaBeaeHHOH aKTHBHOCTH rrpOH3BOaHnHCb C ITOMOIDbiD CUHHTHn

nSIUHOHHOrO raMMa-crreKTpoMeTpa, OCHOBHbiMH ~aCTSIMH KOTOpOrO SIBnsrnHCb 

aeTeKTOP - KpHcTann NaJ/Tl40x40 MM c ~oToyMHOMHTeneM RCA - 6342A 

H 128-KaaanhHhiH aaanHaaTop HMrrynhCOB AH-128, caa6MeHHbiH UH~porre~a

TaiDIDHM ycTpoACTBOM • .ileTeKTOp C ~OTOyMHOMHTeneM HaXOJ:\HnHCb B 3aiDHTHOM 

CBHHUOBOM aOMHKe BHeiDHHMH pa3MepaMH 25x30x35 CM H TOniDHHOH CTeHOK 

5 CM, o6nHUOBaHHOM C BHyTpeHHeH CTOpOHbl nHCTOBbiM KaaMHeM ( 1 MM) H 

MeabiD (0,2 MM) • 

KanH6poBKa rrpH6opa rrpoHaBoaHnAcb c rroMOWbiD crreKTpoMeTpH~eCKHx 
241 144 133 22 137 60 

cTaaaapTOB Am , Ce , Ba , Na , Cs H Co • PaapemaiDruasr 

crroco6aocTb rrpH6opa no nHHHH 662 K8B 137Cs cocTaBHna"" 12%. 

O~HCTKa yrraKOBKH rrpoHaBoaHnach rrocneaoBaTenbHOH rrpoMhiBKOH aueTo

HOM, TeUnbiM paCTBOpOM a30THOH KHCnOTbl ( 1 : 1) 0 aHCTHnnHpOBaHHOA 

Boaoa H aueToHoM • 

.ilnsr o6ny~eHHSI Hcrronh30BanHCb HaBeCKH repMaaHnopraHH~ecKHX coeaHae

HHA 3,0-7,8 Mr, COAepMaruHe OT 0,5 AD 3,0 Mr repMaHHSI H HaBeCKH MeTannH~ec

KOrO repMaHHSI B BRAe TOHKHX rrnaCTHHOK ( 0,3 MM) B8COM 0,5 - 3, 0 Mr. 

TinaCTHHKH O~HmanHCb nerKHM ITOBepXHOCTHbiM TpaBneHHeM paCTBOpOM meno~H, 

COAepMBIDHM rrepeKHCb BOAOpOAa H rrocneAyiDIDeH rrpOMb!BKOfi BOAOfi, paCTBOpOM 

a30THOfi KHCnOTbl ( 1 : 1), BOAOfi H aueTOHOM. 

3. M e T 0 A H K a 8 K C IT e p H M e H T a 

06ny~eHHe o6pa3UOB
0 

CTaHAapTOB, MOHHTOpOB H rryCTbiX yrraKOBOK rrpo

H3BOAHnOCb B Te~eHHe 60 MHHYT• 

AKTHBHOCTb o6pa3UOB repMaHHnopraHH~eCKHX C08AHHeHHH H3MepsrnaCb 

6ea H3Bne~eHHS! HX H3 yrraKOBKH, aKTHBHOCTb CTaHAapTOB - B yrraKOBKe H 

6es aee. TiocTosrHCTBO reoMeTpHH KpHCTann-o6paseu cTporo co6niDAanoch. 

BpeMeaaoa HHTepBan H3MepeHHH o6pasuoB, cTaaAapTOB H rrycThlX yrraKOBOK -

40 MHH, BpeMSI aa6opa HH~OpMaUHH OT OAHOrO o6pasua - 1 MHHyTa. HsMepe

HHSI rrpoBOAHnHCb MHOrOKpaTHO, B Te~eHHe aeCKOnbKHX AHeH. 
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OnpeaeneHHe coaep*aHHH repMaHHH npoH3BO.UHnoc& MeToaoM KanH6po

BO'IHoro rpa~HK8 no nnomaaH ~OTOnHKOB 195, 210, 215, 265 KSB pa.UHOH30TO

na 
77 Ge 0 KOTOpb!e KpHCT8l!l!OM npH .U8HHOM ypOBHe H8Be.Q9HHOft 8KTHBHOCTH 

He pa3peiii8l!HCh H B cneKTpax npOHBl!Hl!HCh K8K cyMMapHblft ~OTOnHK, DocT

poeHHe rpa~HKa He o6H3aTen&Ho. OnpeaeneHHe c Hcnon&3oBaHHeM o6ny'leHHH 

oaHoro cTaHaapTa, nyTeM cpaBHeHHH nnomaaH ero ~oTonHKa c nnomaaH-

MH ~OTOnHKOB o6p83UOB, T8K*e B03MO*HO. 

Dnomaah Bbipa*anacb cyMMolt HMnynhCOB, aa6paHHbiX 3a BpeMsr H3Mepe

HHH B K8H8l!8X 8H8l!H38TOpa, COOTBeTCTBY~IIIHX SHepreTH'IeCKOMy y'I8CTKy 

cneKTpa 170-300 KSBo 

3a ~OHOBy~ 8KTHBHOCTh npHHHM8l!OCh cpeaHee 3H8'19HHe 8KTHBHOCTH 

nyCTb!X ynaKOBOK H8 TOM *e Y'I8CTKe cneKTpa B MOM9HT H3M9p9HHSI o6pa3U80 

HaftaeHaoe no KpHBoft pacnaaa sToro yqacTKa cneKTpa, 

Docne Bhl'leTa ~OH8 3H8'1eHHSI B9l!H'IHH 8KTHBHOCTelt npHBOQHl!HCh K O.UH

H8KOBOMy BpeMeHH H3MepeHHSI C HCnOllb30B8HHeM ypaBHeHHH p8.UH08KTHBHOI'O 

pacnaaa H Ta6nH'IHOI'O 3H8'1eHHSI T~ 77Ge = 11,3 qaca. 

Ha pHc. 2 npeacTaBneHa suepreTH'IeCKaH o6nacTh 50-550 KsB THrrH'IHhlX 

I'8MMa-cneKTpOB nyCTOft yrraKOBKH (HH*HSISI KpHBaH) H o6p83U8 repMaHHftopra

HH'IeCKOI'O COe.QHH9HHSI B ynaKOBKe (BepXHSISI KpHB8H), CHSIThlX qepe3 16 '18COB 

nocne KOHU8 o6ny'leHHH npH BpeMeHH Ha6opa 1 MHH. CneKTpbl CT8H.U8pTOB 

repM8HHSI H o6p83UOB repM8HHftopraHH'IeCKHX COe.QHHeHHlt no ~OpMe H.QeH-

TH'IHblo 

Ha pHc, 3 npHBeaeHbi KanH6poBO'IHbie rpa~HKH, nocTpoeHHbie ansr wecTH 

p83l!H'IHb!X BpeMeH nocne KOHU8 o6ny'leHHSI ( 13; 15; 16,5; 23; 27 H 43 '18C) 0 

npe.QCT8Bl!Sl~IIIH9 co6oft C9M9ftCTBO npHMb!X C yMeHbiii8~IIIHMCSI yrnOM H8Kl!O

H80 npoxoasrmHx qepe3 Ha'lano KoopaHHaT, 

Pe3ynhTaTbi onpeaeneHHsr repMaHHsr B repMaHHltopraHH'IeCKHX coenHHeHH ·

HX npe.QCT8Bl!eHhl B Ta6n, 2, KBaapaTH'IH8Sl OIIIH6Ka e.QHHH'IHOI'O onpeaeneHHH 

He rrpeBb!III8eT 0,64, 06pa60TK8 pe3yl!hT8TOB M9TO.UOM M8T9M8TH'I9CKOlt CT8THC

THKH npOBOQHli8Ch Ql!Sl n = 6 (5) H ( J- a ) = 0,95, VfCKll~'leHHe rpy6b!X 

omH6oK npoH3BOQHnoc& cornacuo KpHTepH~ DHHa H DHKcoHa/11/, 
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06cy*aeHne pe3ynhTaToB 

11cnonh30BaHHbiH .unsr onpe.ueneHHsr repMaHHH H30Ton 
77 Ge , 

76 ' 77 
no peaKunn Ge (n, y) Ge, o6paayeTcsr TaK*e B peaynbTaTe 1 

80 77 
mnx peaKunM: Se (n, a) Ge 

23 5 77 
H U (n 

1 
, f) Ge. BKna.u STH 

cpaBHeHH~ C OCHOBHOH peaKUHefi npeue6pe*HMO M8ll ll3-38 H~ 

JKaHHH Se H U B o6nyqaeMbiX o6'beKTax, H9BbiCOKHX 3Ha'leHHii 

UHH ( n, a) ll Bel!ll'IHHbl ITOTOK8 6biCTpb!X HefiTpOHOB C SHe prHe 

meii rropor 3TOH peaKUHH, 7 7Ge KaK npo.uyKT .ueneHHSI 235 U 

TeCTBeHHOH CMeCH) TerrnOBbiMH Hei1TpOH8MH0 o6paayeTCSI C KyMy 

-3 112/ 
xonoM Bcero l!Hillb 3•10 % • Onpe.ueneune ypaHa Bo cpTopo 

BO.QHl!OCb MeTO.QOM C'leTa OCKOl!KOB .QeneHHH C ITOMOIIIh~ C,TeKl!f 

TllKOBbiX .QllSl!eKTpH'IeCKllX .QeTeKTOpOB H rrpHBeno K 3H8'1eHll~ 

noBepxHoCTHoro cnosr, B o6'beMe cpToponnacTa-4 co.uepJKaune Yl 

BCefi BepOSITHOCTH, eme.6onee HH3KHM, 

Bbi6op <jJToporrnacTa-4 .unst HaroToBneHHH KOHTefiHepoB 6b 

TOM, 'ITO HCnOl!h3yeMbie B HBCTOHIDee Bp8MH MaTepll8llbl .Ql!H 

KOHTei1HepOB 0 T8Klle, KBK KBapu H 8l!~MHHHH 0 Y.UOBl!eTBOpllTen 

apeHHH rrpO'IHOCTHbiX CBOHCTB, HMe~T aKTHBllpy~IIIY~CH OCHOB 

3H8'1HTel!bHhle KOl!H'IeCTB8 MHKpOITpHMeceft /13,14/, KOTOphle 

o6ny'leHHH pa.UHOH30TOITbi, M9Ill810IIIHe CBOHM raMMa-H3liY'ITHH9M 

HOMY orrpe.ueneHHIO HCKOMOrO 3l!eMeHTa, 

OcHoBa IDTooorrnacTa-4, ecnn He C'IHTaTh KOOOTKO*HE 
20 

F ( T~ = 11,4 ceK), rrpaKTH'IeCKH He aKTHBHpyeTCH, MaTeJ 

.Ql!H TennOBbiX H8HTpOHOB rrpaKTll'leCKH 1Ip03p8'1Hb!M, 3neMe! 

.uenaeT na Hero 6onee scjlcjleKTHBHbiii aaMe.unHTenh uefiTpoHoB, 

anJOMHHHii, KoHTeiiuep 11:3 cjJToponnacTa-4 .uonJKeH yny'IIIIBTb o 

TOKOB TerrnOBhlX If HB.QTennOBhlX H8HTpOHOB B MecTe o6ny'leH 

TeM C8Mb!M yMeHblli8Tb HHTepcjlepeHllHH 38 C'leT peaKUHH 6b!CTp 

KaTanHaaTopoM rronHMepHaauHH rrpn rrony'leHHH sToro MaTepHaJ 

raHH'IeCKHe rrepeKHCH 0 He CO.Uep*BIIIHe 8KTHBHpy~IUHXCH KOMII 

dJaKT BbirO.UHO OTl!H'IaeT ero OT MHOrHX IIOl!HMepHbiX M8TepH8l!O 
I 15 16/ 

C HCIIOl!b30B8HHeM K8T8l!ll38TOpOB 0 CO.Qep*BIIIHX MeT8l!ll ' 
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06cy~neHHe peaynhTaTOB 

YfcnonhaoBaHHhiti nm1 onpeneneHJHI repMaHHSI H30Ton 
77 Ge , B03HHKaJOIJlHti 

76 77 
no peaKUHH Ge (n, y) Ge, o6paayeTcSI TaK~e B peaynhTaTe HHTep~epHpyi0-

u 80 77 
IIIHX peaKUHH Se (n, a) Ge 

235 77 
ll U (n 

1 
, f) Ge. BKnan 8TH X peaKunti: no 

cpaBHeHHJO c ocHOBHoti peaKuneti rrpeHe6pe~HMO Man na-aa Hll3Koro conep

~aHHSI Se n U B o6nytiaeMbiX o6'beKTax, HeBbiCOKHX 3HatieHnti cetieHHSI peaK

UllH ( n, a) ll Benll'IllHbl IIOTOK8 6hiCTpbiX H8tiTpOHOB C 8H8prl!eti, np8Bbllll810-

III8H nopor 9TOH peaKUllll, 77Ge K8K rrponyKT neneHl!SI 
235 U (0, 7% B ec-

T8CTB8HHOH CM8Cll) TeiTnOBb!Mll H8HTpOH8Mll, o6paayeTCSI C KyMynSITllBHbiM Bbl-

-3 1121 
xonoM Bcero nMIIlb 3•10 % • OrrpeneneHne ypaHa Bo ~ToporrnacTe-4 npo-

Bonnnocb M8TOAOM C'I8Ta OCKOnKOB neneHl!SI C ITOMOIIlb!O GT8KnSIHHb!X H rrnac

THKOBb!X All9n8KTpl!'I8CKllX A8T8KTOpOB ~ ITpllB8nO K 3H8'!8Hll!O 1Q-8 rlr nng 

noBepxHOCTHoro cnoSI, B o6'heMe cpToporrnacTa-4 conep~aHne ypaHa 6yneT, no 

BC8H B8pOS!THOCTll, 8IU8 6onee Hll3Kl!M, 

8bJ6op qnoporrnacTa-4 Ami M3rOTOBn8Hll5I KOHTeti:HepoB 6bin OCHOB8H Ha 

TOM, 'ITO l!CITOnb3y8Mb!8 B H8CTOHIU88 Bp8MH MaTepnanhi AnH ll3rOTOBn8Hll5I 

KOHT8tiHepoB, T8Kll8, K8K KBapu ll anJOMllHllH 0 YAOBn8TBOpl!TenbHbl8 C TO'IKH 

3p8HHH rrpotiHOCTHbiX CBOti:CTB, l!M810T 8KTl!BllPY!OlllYIOCH OCHOBY H conep~aT 

3Ha'IHT8nbHbl8 KOnH'I8CTBa Ml!Kponpl!Meceti I 13,141, KOTOpbie o6paay10T ITpH 

o6ny'I8HHH p8lll!Oll30TOIThl, M81118JOIUll8 CBOllM raMM8-M3nyti8Hll8M KOnll'I8CTB8H

HOMy onpeneneHMIO ncKoMoro aneMeHTa, 

0cHOBa cbTOPOITnacTa-4, ecnH He C'IHT8Tb KOPOTKO~HBVIUHti: H30TOII 
2U 

F ( T ~ = 11,4 ceK), npaKTM'!eCKM He aKTHBHpyeTcH. MaTepnan HBnHeTcH 

AnH TeiinOBbiX Heti:TpOHOB rrpaKTH'I8CKH IIp03p8'1HbiM, 3neM8HTHb!ti: COCTaB 

nenaeT HG Hero 6onee acjJcpeKTMBHbit!: aaMennnTenb Het!:TpoHoB, tieM KBapu n 

anJOMMHMti. KoHTetiHep na cpToporrnacTa-4 non~eH ynytiiilaTb oTHollleHne no

TOKOB TerrnOBhlX H HanTennOBhlX Het!:TpOHOB B M8CT8 o6ny'leHMH o6paaua H 

T8M C8Mb!M yM8Hblll8Tb llHTepcpepeHJJllll 38 C'I8T peaKUllH 6b!CTpb!X HetiTpOHOB, 

KaTannaaTopoM rronnMepnaaunn rrpn rronytieHnn aToro MaTepnana cny~aT op

raHHtiecKne rrep8Kl!CH 0 He conep~aiiiHe aKTllBMpyiOIUHXCH KOMITOH8HTOB, 3TOT 

cbaKT BhirOAHO OTnl!'I88T ero OT MHOrllx nonl!MepHb!X MaTepnanoB, ITOnY'I8HHb!X 

I 15 161 
C llCITOnb30B8HH8M K8Tanl!38TOpOB 0 COA8p~8IllllX MeTann ' 
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~HSHqeCKHe CBOACTBa ~ToponnacTa-4 nOCTORHHbl npH TeMnepaType OT 

-60 ~o +200°C. PasMRrqeaHe HacTynaeT npH ~ 200°C. Bonee HHsKoe sHa

qeHHe nnOTHOCTH, qeM y amoMHHHR H KBapua, RBnReTCR npHqHHOA MeHblllero 

nornOllleHHR raMM8-HSnyqeHHR HSOTOna, no KOTOpOMY npOHSBO~HTCR onpe~e

neHHe. 3HaqeHHe npe~ena npoqaocTH ~ToponnacTa aa paspwB H npaKTHqecKoe 

noCTORHCTBO ero npH paSnHqHblX TeMnepaTypax noSBOnRIDT HSrOTOBnRTb HS 

aTOrO MaTepHana eMKOCTH, KOTOpble MO)I(HO HCnOnbSOBaTb B ycnOBHRX nOBbl

lli9HHblX TeMnepaTyp H nasneHHRo 

~ToponnacT RBnReTCR onHHM HS aa11:6onee rasoaenpoa~~:uaeMbiX nonHMep

HbiX MaTepHanoB; OH qacTO npHM9HHeTCR B KaqecTBe ynnOTHHTensr B paSnHq

HblX BaKyyMHblX CHCT9M8Xo 

Ero XHMHqeCKBR CTOAKOCTb npeBbllliBeT XHMHqeCKYID CTOAKOCTb KBapua 

H 6naropo~HbiX MeTannoB. B oTnHqHe OT npyr~~:x nonHMepHbiX MaTep~~:anoB 

~ToponnacT-4 He Ha6yxaeT, B HeM MO)I(HO xpaHHTb C8Mble a!f>!f>eKTHBHbie 

opraHH"'eCKHe paCTBOpHTenH H CaMbie arpeCCHBHbie )I(H~KOCTH. 

HenocTaTKOM ~ToporrnacTa HBnHeTcR ero HHSKBH panHaUHOHHaH ycToA

q~~:socTb. ITpH nornomeHHH 6onhlliHX nos npo~~:cxo~HT ero nonHaR ~ecTpyKUHR. 

Cssrsaaaoe c necTpyKuHeA noHH)I(eHHe conep)l(aHHR ~Topa, onaaKo, aa6niDna-

18 2 nocb nHlllb nocne rrornomeHHH MaTepHanoM HHTerpanbHbiX nos 1,2• 10 a/eM 

H 5,3·108 PI 1 7 I. rroaTOMy HCIIOnbSOB8HHe KOHTeAHepoB HS !f>ToporrnacTa-4 

~ KpaTKOBpeMeHHhiX o6nyqeaHA HBnHeTcH snonae BOSMO)I(HbiM. B HeKoTopbiX 

cnyqagx STHM cnOCODOM MO)I(HO nocTHrHyTb T8KHX )l(e pesynbT8TOB ITpH 8Ha

nHSaX neTyqHX coenHHeHHH H aneMeHTOB B BOnHhlX paCTBOpax, opraHHqecKHX 

H 6HOnorHqecKHX o6'beKT8X 1 KBK H C ITOMOIUbiO npHM9HHIOIU9ACH nml aTHX ueneil: Tex

HHKH rny6oKoro saMopa)I(HBBHHH o6pasuoB1 18/. B HBCTORIUee BpeMH ~Topo

rrnacT-4 RBnReTcR rrpe~MeToM Halllero 6onee neTanbHoro Hccne~oBaHHR. 

B pesynbTBTe MHoroKpaTHhlX HsMepeHHA aKTHBHOCTH 5 ynaKOBOK B HH

Tepsane speMeHH 12-48 qacos rrocne KOHUa o6nyqeHHR 6wno aaA~eHo, qTo 

HX raMMa-crreKTpbl HMeiDT H~eHTHqHyiD !f>opMy H o6Hapy1KHBaK>T 4 IIHKa 0 

pacrrono)l(eHHhie B aHepreT~~:qecKoA o6nacTH 100-110 KaB, 130-140 KaB, 

500-.510 K9B H 1350-1370 KSf\ paCIIa~aiDIUH9CR C Ka)l(yiUHMHCR IIepHo~aMH 

rronypacrra~a 23 t_ 2, 17 :!:. 0,5, 15,3 :!:, 0,3 H 15 :!:, 2 qaca COOTBeTCTBeHHO. 
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06naCTb cneKTpOB YIIBKOBOK 170-800 KaB, B KOTOpo1! 

aKTHBHOCTb repMaHHR, npencTaBnReT CODOA nnaTO 6es BbipaSH1 

IIHKOB. KpHBbie pacnana aTOA 06naCTH cneKTpOB, CHHTbie B TO!I. 

ne BpeMeHH IIOcne KOHUa o6nyqeHHR, ODHapy)I(HBaiDT Ka)l(ylliHACR 

pacna~a 12 :t. 1 qac. 

OTKnoHeHHR senHqHH aKTHBHOCTH B o6nacTH 170-300 KaB 

pOB OTnenbHbiX yiiBKOBOK HaXO~HnHCb B rrpe~enax :!:,5% OT CpE 

HHR, "'TO CBH~eTenbCTByeT 06 OTHOCHTenbHO paBHOMepHOM p 

MHKponpHMeceA B MaTepHBne ynaKOBKH. AKTHBHOCTb o6paSUOB 

repMaHHR B SBBHCHMOCTH OT HBBeCKH IIp9Bhllll8na 8KTHBHOCT 

2-10 pas B TeqeHHe scero HccnenosaHHoro HHTepsana speMeHJ 

o6ny"'9HHR. .UnR ~BHHoro ypOBHR HaBe~eHHOH aKTHBHOCTH yc. 

OTHOCHTenbHOH OlliHDKH HSMepeHHR Sa cqeT CTBTHCTHqecKoro ' 

~HoaKTHBHoro pacna~a co6niD~anocb H ~ng HaHMeHblllero Hen 

KonHqecTBa repMBHHR y)l(e npH BPeMeHH Ha6opa 1 MHH. BnHRHI 

THBHOCTeA KO BpeMeHH Haqana HSMepeHHH 77 Ge HesaaqHTenbHO: 
75 

TH"'eCKH rronHOCTbiD pacnancR ~o cTa6HnbHoro As , a raMI\! 
77 ) noqepHero As ( T y, = 38,7 qac na)l(e B KoHue Hccne~oBaHHI 

77 
speMeHH nocne KOHua o6nyqeHHR HH)I(e aKTHBHOCTH Ge noqTJ 

77 
Ka, TaK KBK no cxeMe pacnana As 97% r:r -pacrra~oB ~~:neT w 

HO HB OCHOBHOA ypoBeHb CTa6HnbHOrO 
77Se H TOnbKO 12,5% 

conpoB0)1(~8eTCR 9MHCCH9H raMM8-KB8HTOB aHeprHH 240 KaB 
77 77 As , reHeTHqecKR CBR3BHHoro c HsoTorroM Ge ,RBnReTcR 

co~ep)l(aHHR repMaHHR B semecTBe H B onpeneneHHe no ~aHHOI 

HOH M9TO~HK9 BHOCHT nHlllb HeSHB"'HTenbHyiD OlliHDKy, TBK Kl 

~HTepsan HSMepeHHR cepHH CTaHnapTOB H o6paSUOB (40 MHH) 

MeHbllle rrepuo~a rronypacrra~a 77 As • 
77 

fpa~HK saBHCHMOCTH aKTHBHOCTH B ~oTonHKe Ge oT K01 

MaHHR nnR repMaHHfiopraHH"'9CKHX CoenHH9HHH H MeTannH"'9CK 

npe~cTaBnReT co6ofi rrpRMyiD, npoxonRmyiO qepes Haqano Koop~H 

BHe HSrH6a B o6naCTH 6onblliHX HaBeCOK yKBSbiB89T Ha OT 

KOnH"'9CTB repMBHHR~ 3 Mr a!f>!f>eKTa C8M09Kp8HHpOB8HHR. 

aKcnepHMeHTanbHhlX ToqeK Ha DnHOH ITpHMOA CBHneTenbCTByeT 0 

HOH BenHqHHe rpa~HeHTa ITOTOKa HeATpOHOB B MecTe o6nyqeHH 
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06naCTb cneKTpOB ynaKOBOK 170-300 K9B 0 B KOTOpOA npOHBnHeTCB 

aKTHBHOCTb repMaHHH, npeJlCTaBnHeT C06oA nnaTO 6ea Bbip83HT9nbHbiX cPOTO

nHKOB. KpHBbi9 pacna)la STOtt o6naCTH cneKTpOB, CHS!Tbl9 B TOM )1(9 HHT9pBa

ne BpeMeHH nocne KOHU8 o6ny'i9HHSI 0 o6Hapy)I(HB810T K8)1(yii1Ht\CSI nepHOJl nony

pacna)la 12 ~ 1 qac. 

0TKnOH9HHSI senH'iHH 8KTHBHOCTH B o6naCTH 170-300 KSB I'8MMa-cneKT

pOB OTJl9nbHhlX ynaKOBOK H8XO)lHnHCb B npeJlenax ~5% OT cpeJlH9I'O 3H8'i9-

HHH, 'iTO CBH)l9TenbCTByeT 06 OTHOCHTenbHO paBHOM9pHOM pacnpe)leneHHH 

MHKponpHMeceA B MaTepuane ynaKOBKHo AKTHBHOCTb o6p83UOB H CT8HJl8pTOB 

repMaHHH B 38BHCHMOCTH OT H8B9CKH npeBhllllana aKTHBHOCTb yuaKOBKH B 

2-10 pas B T9'i9HH9 BC9I'O HCCn9JlOB8HHOI'O HHTepsana Bp9M9HH nocne KOHU8 

o6ny'i9HHHo llnS! Jl8HHOI'O ypOBHH H8B9Jl9HHOA 8KTHBHOCTH ycnOBH9 1%-Hotl: 

OTHOCHTenbHOA OII1H6KH H3MepeHHSI 38 C'i9T.CT8THCTH'i9CKOI'O xapaKTepa pa-

JlH08KTHBHOI'O pacna)la co6nlO)l8nOCb H )lnSI H8HM9Hblll9I'O HCnOnb30B8HHOI'O 

KonuqecTBa repMaHHSI y)l(e npu speMeHH Ha6opa 1 MHH. BnHSIHHe JlPYI'HX aK

THBHocTetl: KO speMeHH Ha'iana H3MepeHHSI 
77 Ge He3Ha<tHTenbHO: 75 Ge npaK-

75 
TH'i9CKH nonHoCTblO pacnancSI JlO cTa6HnbHoro As , a raMMa-aKTHBHOCTb 

77 
Jlo<tepHero As ( T ~ "' 38,7 <tac) Jl8)1(9 B KOHue uccne)loBaHHoro HHTepsana 

77 
Bp9M9HH nocne KOHU8 o6ny<t9HHSI HH)I(9 8KTHBHOCTH Ge nO'ITH H8 2 nOPSIJl-

77 
Ka, TaK KBK no cxeMe pacnaJla As 97% 8--pacna)lOB HJleT HenocpeJlCTBeH-

77 
Ha OCHOBHOA ypOB9Hb CT86HnbHOI'O Se H TOnbKO 2,5% {3--pacna.nos HO 

conpoBO)I(Jl89TCH 9MHCCHeA I'8MM8-KB8HTOB 9H9PI'HH 240 K9B. AKTHBHOCTb 
77 77 As , reHeTH<teCKH CBH38HHoro c HSOTonoM Ge ,HBnHeTcH TaK)I(e MepoA 

C0Jl9p)I(8HHSI repMSHHSI B B9Ill9CTB9 H B onpe)len9HH9 no Jl8HHOA OTHOCHTenb

HOtl: M9TO.QHK9 BHOCHT nHIIlb H93H8'1HTenbHYlO OII1H6Ky, T8K KSK Bp9M9HHOA 

HHTepsan H3M9p9HHSI cepHH CT8HJl8pTOB H o6pa3UOB (40 MHH) 3H8'iHTenbHO 

M9Hbme nepHoJla nonypacnaJla 77 As • 
77 

rpacPHK 38BHCHMOCTH 8KTHBHOCTH B cPOTODHKe Ge OT KOnH'i9CTBa rep-

MaHHSI JlnSI repM8HHAopraHH'i9CKHX C09JlHH9HHA H MeTannH'i9CKOI'O repMSHHH 

npe)lcTaBnSieT co6otl: npS!MylO, npoxOJlSIIIlYlO <tepes Ha<tano KoopJlHHBT. OTcyTcT

BHe H3I'H6a B o6naCTH 6onblllHX H8B9COK yK83biB89T Ha OTCyTCTBHe JlnH 

KonH'iSCTB repMaHHH~ 3 Mr s«P.PeKTa caMoaKpaHHpoBaHHH. Pacnono)l(eHHe 

SKCnepHM9HT8nbHblX T0'19K H8 OJlHOtl: DpSIMOtl: CBHJl9T9nbCTByeT 0 H93H8'iHT9nb -

Hot!: senH'iHHe rpaJlHSHTa noToKa HeATpoaos B MecTe o6ny'ieHHSI. Hase)leHHaSI 

11 
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~' 

~ 

y,nenb.IIBSI 8KTHB.IIOCTb 3DnOTbiX MOJIHTOpOB, ITOMeii(eHHblX B .UBa amoMHHHeBbiX 

ITeJiana .UnHJIOi!: 12 CM, B KOTOpb!X ITpOH3BO.UHllOCb oony'l!eHF!e, O.UHH8KOB8, 

BbiCOKOe 3Ha'lleHne K8.UMHeBoro OTHOIIIeHHSI B MeCTe oony'l!eHHSI H 

.UOITOnHHTenbHBSI TepManH38UHSI Ha.UTeiTnOBbiX Hei!:TpOHOB MaTepHanaMH yrraKOB

KH IT03BOnSIJOT ITpeaeope'l!b BnHSIHHeM peaKUHH Ha Ob!CTpb!X Hei!:TpOHBX, 'l!TO 

ITO.UTBep)I(.U8eTCSI cpopMOH raMM8-CITeKTpa O.UHOro H3 CT8H.UapTOB 1 CHSITOrO C 

ITOMOII(bJO ITonyiTpOBO.UHHKoBoro Ge/Li .neTeKTopa c 'IYBCTBHTenbHbiM oo'heMoM 

10 CM3 H paspeiiiaJO!llei!: CITOCOOHOCTbiO 4 K8B ( pnc, 4), l.fepe3 36 'll8COB 

ITOCne KOHUa oony'IeHHSI raMMB-CITeKTp CT8H.U3pTa SIBnsreTCSI 'IHCTbiM CITeKTPOM 
77 77 

pa.unonaoToiTa Ge H .noqepaero As , .npyrnx aaMeTHbiX nnani!: B ciTeKTpe 

ooaapy)l(eHo He obmo. 

77 
HaA.neHHoe 3Ha'l!eHne ITepno.na ITonypaciTa.na Ge (12,5 ~ 1 'l!ac) ITO 

OTHOllleHHIO K TaonH'l!HOMy 3H8'IeHHIO HeCKOnbKO 38BbillleHo, 'ITO CBH.UeTenbCT

ByeT 0 HeKOTOpOM BnHSIHHH HB ero BenH'IHHy .UO'l!epaero 77As , tPOTOITHK KOT0-

77 
poro pacrrono)l(eH B oonaCTH cyMMapaoro tPOTOITHKa Ge 

Hai!:.ueaaasr 'l!YBCTBHTenbHOCTb orrpe.neneansr repMaHHSI ITO .uaaaoi!: MeTo.nn-

xe ITpH ycnOBHH 3-KpaTHOrO ITpeBbiiiieHHSI CyMMOft HMITynbCOB B QJOTOITHKe 

7
te KBa,UpaTH'l!HOi!: OIIIHOKH H3MepeHHSI cpOHa Ha TOM )l(e y'llaCTKe CITeKTpa 

38 O.UHH8KOBOe BpeMSI HdMepeHHSI paBHa 10 MKr, 

OoBbillleHKSI 'IyBCTBHTenbHOCTH OITpe.ueneansr ITPH .naHHOM ITOTOKe TeiT-.... 
nOBbiX Hei!:TpOHOB MO)I(HQ .UOCTH'Ib yBenH'IeHHeM BpeMeHH oony'l!eHHSI H COKpa

II(eHHeM BpeMeHH OXna)I(.QeHHSI OO'beKTOB, a T8K)I(e HCITOnb30B8HHeM .UnSI pe

rHcTpaUHH raMM8-H3ny'IeHHSI KpHCTannoB C oonee Bb!COKOH acpcpeKTHBHOCTbiO, 

0pH oonee rrpo.nomKHTenbHOM oony'l!eHHH, O.UHBKO, MO)I(HO 0)1(H,U8Tb CHH

)I(eHHSI TO'l!HOCTH OITpe.neneHHSI 113-38 oonee CHnbHOH aKTHB8UHH yiTBKOBKH If. 
41 

aaKnJO'IeHaoro B ee oo'heMe Boa.uyxa ( Ar) • B aToM cny'l!ae )l(enaTenbHO 

HCITOnb30BaTb .unsr perHCTpauHH raMMa-Hsny'IeHHSI Ge/Li .neTeKTOpbi BbiCOKoro 

paspellleHHSI, ITpHMeaeaHe KOTOpbiX BMecTe C OITTHManbHOH KOMOHHBUHeil: Bpe

MeH oony'l!eHHSI 1 oxna)I(.UeHHSI H H3MepeHHSI oop83UOB Morno Obi IT03BOnHTb 

O.UHOBpeMeHHOe C repMBHHeM OITpe.neneHHe ranOH.UOB (sa HCKnJO'IeHHeM cpTopa), 

a TBK)I(e aexoTophiX .npyr11x reTepoaneMeaToB, K aacTosrmeMy BpeMeHH H3-

12 

B9CTHO HeCKOni>KO .UeCHTKOB aneMeHTOB1 KOTOpbiEl BXO,IlHT B COC1 

opraHH'l!ecxoro coe,QHHeHHSI B xa'l!ecTae BToporo reTepoaToMa, 

e.llHHeJIHH, coaep)l(amHe TpH reTepoaneMeHTa
1191 • 

Bonee ITpoCTbiM 11 panHoaanbHbiM ITyTeM HBnHeTcH coxpa1 

HH OX na)I(.QeHHSI 06'beKTOB, 'l!TO .ll89T B03M0)1(HOCTb ITpOH3BO.IlHTI: 

75 
ITO axTnBaocTH ITpaKTH'l!eCKH o.uaoro pa.nnoHaoTona Ge, o6 

IIpH KpaTKOBp9M9HHblX o6ny'll9HHHX CO 3H8'l!HTenbHO 6onee BblCOi 

77 
'l!eM HaoTon Ge , nH6o no cyMMapaoA aKTHBHOCTH H3DTOITOB 

BbiBOJlbl 

Mccneaoaaaa B03MO)I(JIOCTb HJICTpyMeaTanbaoro OITpeaene 

a repMaaHAopraHH'lecxux coeau aeJIHSIX cocTaaa C • H • 0 • G 

TeiTnOBblMH HeATpoJiaMH peaKTopa. B Ka'l!ecTae MaTepHana Jln 

obm HCITOnbaoaaa cpTopoiTnacT-4, OnpeJleneHHe ITpoHaBoJlHnocl 

77 Ge( T~ = 11,3 'l!ac). l.fyacTBHTenbHOCTb onpe.ueneHHSI - 10 1 

ITpH ycnOBHH 3-KpaTJIOrO ITpeBbllll9HHSI CyMMOM HMnynbCOB B cpo 

paTH'l!HOA OIIIHOKH H3MepeHHH ~OHa H8 TOM )1(9 ~aCTKe CITeKTpa 

aoe apeMH H3MepeJIHSI, KBaJlpaTH'l!HaSI owH6Ka e.nHHH'l!Horo on. 

npeabrwaeT 0,64. 

ABTOpbl Bblp81K8JOT IlpH3H8TenbHOCTb JlOKTOpy XHMH 

H.n. Py.ueaxo ( HMM.H<t> MfY) sa coaeftcTaHe a pa6oTe H .uoxT 

KHX Hayx IO.M. Bayxoay (MfY) sa n106eaao npeJlOCTaaneHHl 

naTepaTypa 

1. A.n. KpewxoB, B.A. Ky'IKapeB, 3aBoncxas na6opaTopRR, ~ 558 ( 1: 

2. X. OaxaBa, T. 0Kyna. J, Chern. Soc. Japan, Industr.Chem. 
~~ 3'+-37A (1961). P,)f(, XaM,, 24.!142 (1961), 

S, H. llyna, H,B. llynosa. OHHH, 12-6221, lly6aa, 1972. 

'+. Activation Analysis: A bibliography. NBS Technical 
'+67. US Department of Commerce, NBS, 1968. Addendu 
I to NBS TN '+67 /Dec. 1969/. NBS TN '+28, '+58, 508, 
52'+, 5'+8 /Nov. 1967-Dec. 1970/. 

v r · 5. Jaderne-chemicke tabulky. SNTL Praha, 196'+. 
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BeCTHO HeCKOllbKO aecHTKOB aneMeHTOB1 KOTOphle BXOaHT B COCT8B repM8HHft

opr8HH~eCKOrO coeaHHeHHH B K8~ecTse sToporo reTepo8TOM8. MasecTHhl co-

eaHHeHHH, coaep)K8mHe TPH reTepoaneMeHT8/ 
191

• 

Eonee npocTbiM H p8UHOH8llbHbiM nyTeM HBnHeTcH coKp8meaHe BpeMe-

HH OX ll8~eHHH o6'beKTOB
1 
~TO a8eT B03MO)KHOCTb npOH3BOaHTb onpeaeneHHe 

75 
no 8KTHBHOCTH np8KTH~ecKH oaaoro p8nHoH30TOD8 Ge, o6p83y~merocB 
!IpH Kp8TKOBpeMeHHblX o6ny~eHHHX CO 3H8~HTellbHO 6onee BblCOKHM BblXOaOM, 

77 7' 77 
~eM H30TOD Ge , nH6o no cyMM8pHoA 8KTHBHOCTH H30TODOB Ge H Ge • 

B biBOUbl 

Mccneaos8H8 soaMO)KHOCTb HHCTpyMeHT8llbHoro onpeaeneHHH repM8HHK 

s repM8HHAopr8HH~ecKHX coeaH aeHHSIX cocT8B'! C , H , 0 , Ge 8KTHB8nHeA 

TeDliOBhlMH aeftTpOH8MH pe8KTOp8. B K8~eCTBe M8TepH8ll8 anH KOHTeftaep8 

6hln Hcnonb30B8H ~Toponn8cT-4. OnpeaeneaHe npoHasonHnocb no H30TODY 

77 Ge( T% = 11,3 ~8c). t{yscTBHTenbHOCTb onpeaeneHHH - 10 MKr repM8.HHH 

npH ycnoBHH 3-Kp8THOrO npeBbimeHHH cyMMOft HMDyllbCOB B ~OTODHKe KB8a

p8TH~HOA omH6KH H3Mepe.HHH ~0.118 H8 TOM )Ke yq8CTKe cneKTp8 38 oaHH8KO

BOe speMH HaMepeHHH. Ks8ap8TH~H8SI omH6K8 eaHHH~aoro onpeaene.HHSI ae 

npeBbim8eT 0,64. 

ABTOpbl Bblp8>K8~T DpH3HSTellbHOCTb UOKTOPY XHMH~eCKHX HSYK 

H.n. PyaeHKO (HMMH<Il MfY) 38 coaeAcTsHe s p86oTe H aoKTopy xHMH~ec
KHX H8YK IO.M. E8yKoBy (MfY) 38 n~6eaao npenocT8BneH.Hbie semecTBa. 

nuTepaTypa 

1. A.n. KpewKoB, B.A. Ky'IKapeB. 3aBoAcKaB na6opaTopB11, ~ 558 ( 1966). 

2. X. OuKaBa, T. OKyAa. J. Chem.Soc. Japan, Industr.Chem.Sec., 
~· 34-37A (1961). P.)I(.XBM., 241142 (1961). 

S. Jrl. JlyAa, Jri.B. JlyAoBa. Olr!Silrl, 12-6221, Jly6sa, 1972. 

4. Activation Analysis: A bibliography. NBS Technical Note 
467. US Department of Commerce, NBS, 1968. Addendum 
I to NBS TN 467 /Dec. 1969/. NBS TN 428, 458, 508, 519, 

524, 548 /Nov. 1967-Dec. 1970/. 
v r · 5. Jaderne-chemicke tabulky. SNTL Praha, 1964. 
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6. J. Marinsky. The Radiochemistry of Germanium. Nucl. 
Science Series US AEC, NAS-NS 3043, 1961. 

7. H.n. PyaeHKO, n.B. KoBTyH. Pa.llHOBKTHBHbie H30TO.Ilbl repMBHH!I, AToM
H3.1l8T, MocKBa, 1964. 

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

9. F. Adams, R. Dams. J. Radioanal Chern., ~. 99 (1969). 

10. lleTann Mawna, paC'leT n KOHCTpynpoBaane • CnpaBo'IHHK, T. I. Haa-Bo 
• MawnaocTpoeane: MocKBa, 1968, 

II. K.Eckschlager. Chyby chemickych rozbor~. SNTL Praha,l961. 

12, H.r. ryceB, 3aWHTa OT I'8MM8-H3.1lY'l9HH!! npo.llyKTOB aeneHH!I, ATOMH3-
.Il8T, MocKBa, 1968, 

13, J.F. Shedlovsky, W.E. Mott. Inter.J.Appl.Radiation 
Isotopes, g, 97 (1962). _ 

14. A. Sutherland. Inter.J.Appl.Radiation Isotopes, 20, 
604 (1969). -

15. H. Sorantin, P. Patek. Z.anal.Chem., 211, 19 (1965). 

16, W. W. Meinke. In "Chemistry Research and Chemical Techni
ques based on Research Reactors 11 ,p.l7.IAEA Vienna,l963. 

17. B. van Zanten, D. Decat, G. Leliaert. Inter.J.Appl.Ra
diation Isotopes, 14, 105 (1963). 

I& D. Brune. In "Modern Trends in Activation Analysis", 
v. I, p. 203. NBS Spec. Pub!. 312, 1970. 

19. B.c!>. MnpoHOB, T.K. rap. OpraHH'l9CKHe C09.1lHH9HH!! repM8HB!I. l'l3.1l-BO 

'HayKa', MocKBa, 1967. 

PyKonncb nocTynnna B H3.1laTenbCKBA OT.Ilen 
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nn 

I. 

.2. 

3. 

4. 

.... 
-1 

Ta6Jmna 2 

BemecTBO Ha:sllcKa, 
Sx 

-
lf-xl x±t·~ MI' n. X Sx 

5,534 6 19,18 0,14 0,06 0,04 19,19 ± 0,15 

C
6

H
5

jGeCH=CHOC2 H5 
7,886 6 19,25 0,26 0,11 0,03 19,25 ± 0,28 

5,163 6 19,3? 0,36 0,15 0,15 19,37 ± 0,38 

3,067 5 33,97 0,53 0,34 0,49 33,97 ± 0,67 

(C2H5~GeOC(C~)= CH
2 

4,492 6 33,32 0,29 0,12 0,16 33,32 ± 0,31 

3,523 5 34,46 0,27 0,12 0,98 34,46 ± 0,33 

(CH
3

)
2

yCH
2

COCH
3 4,591 6 31,26 0,36 0,14 0,09 31,26 ± 0,36 

Ge(CH3)
3 

(CH3~GeCH2CH= 4,057 6 50,49 0,57 0,23 0,34 50,49 ± 0,59 

=CHCH2Ge(CH3)3 
3,094 5 50,10 0,64 0,29 0,05 50,10 ± 0,81 

¢ PHc, 1. KoaTei!aep LtnH o6n)"leHHH. 

UMn 
MUH 

"t-
~ 

6-103 c ._,.. 

410
3 

PHc. 2. qacTb raMMa-cnexTpOB Ge -opraHH~ecxoro coeAHHeHHH B ynaxo~e ~ 
(sepXHHH KpHBaH) H nycToi! ynaKOBKH (HH~HHH KpHBaH). BpeMH oxna~eHHH ~ 
- 16 ~aCOB, KpHCT8llli Na//Tl40x40 MM, BpeMSI H3MepeHHSI - 1 MHHyTa. 

20 

1! ,o 

BH'Il'IC.JI. 

19,22 

33,48 

31,17 

50,15 

210 
215 
265 

30 so 10 
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HHn ~ ~'I 
HHH I I • • ......._ 12·«141 

•tD'I I J:s~"' I ~I 

4·~1 ~ ::ao.r b.,.......- I I 

QS 1,0 1,5 2,0 u HrGe 

PHc. 3, KanH6poBO'IHbil! rpalj>HK onpeneneHHSI repMaHHSI qepea 13, 15, 16,5, 
23, 27, 43 'ISC ITOCIIe KOHU8 061Iy'leHHSI ( llpSIMbie 1, 2, 3, 4, 5, 6), 

Ho4 

5 • ~ "' 

AOf~ ~l; ~Ill~ "' i 
·'"'--· .. ~a i ~~ !! 

, ..__ n. s ~ .. ~: ~A ttJl~tJ 
Ho2l 

rxr 2IXJ 300 400 soo Boo roo Boo 100 1000 1100 12011 
HOHEP 

KAIWIA 

PHc. 4. '4acTb raMMa-cneKTpa cTaanapTa. BpeMg oxnalKJleHHSI 36 qacos, 
Ge/Li- neTeKTop 10 cM3, BpeMSI HaMepeHHSI - 1 qac. 
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