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11 2/ 
HacToumaH paooTa HBHHeTCH nponon~euueu nuxna uccnenosauufi ' no uayqeuuiD 

npocTwx !lnepubiX peaKnHA ua cnoJKBblX Hnpax u BJIJIHBXH! ua HHX cTpyKTYPbl !lnpa-uumeuu. 

B KaqecTBe oo'beKTa nccnenosauu!l owno Bblopauo 'MarnqecKoe' nnpo 
8

3

9

9 
Y •o 

I. TexuuKa aKcnepuMaBTa 

1.,1. MurneHb H ycnoBHSI oonyqeuun 

MurneHb rrpencTaBnnna cooo~ crrpeccoBaBHyiD H3 OKHCH HTTpH!I rrp!IMOyronhHYID Tao-
3 

neTKY ( 15 x 4 x I MM ) • 

npu !IpOB9pKe "'HCTOTbl HCXOABOI'O MaTepuana rrpenrronaraHOCb 0 "'TO HSBOOnee BepO!IT-

llblMH HpBM9C!IMH B y MOI'YT Ob!Tb penK039M9HbHbl9 aneMei!Tbl. B 3TOM cny"lae B oony-

"laHnoft MHrnenu norrlKHbi rrpucyTCTBoBaTb rrponyKTbl ux pacmerrneuuu. KouTponbHbie aKcrrepu

MeHTbi IIOK636HH OTCYTCTBH9 3SM9THbiX KOHHqecTB panuoaKTHBHOI'O oapH!I B OOHy"leHHbiX 00-

paanax HTTpH!Io 3TO II03BOHHHO HaM cq!ITSTb, "'TO CO)leplK6HH9M T!llK9HbiX lipHMeceli B B9-

[[[9CTB9 Mlllll911H MO)I{HO rrpeneope"lb. 

YcnoBJm oony"leuuu H MOIIHTOpHpoaanuu rry"'Ka ObinH TaKHMH JKe, KaK B npenhinymHx 
II 2/ 

paooTax ' • 

1.2. XHMH"leCKaSI oopaoOTKa MHlll9HH. 

Oony"laHHa!l MHlllaHb pacTBopunacb B .KoHuenTpHpoaannoft H Cl B rrpucyTCTBHH HOCHTe-

nu Zr • PacTaop paaoaanuncu no ,..I N no II Cl , rrocne qero Zr ocaJKAancu 

I 0% paCTBOpOM cpeuunapconoBOA KHCHOTbl B 6 N H Cl nanbH9ftlllH9 orrepaUHH CBOAHHHCb 

K cnenyiD rneMy : 

U u p K o n u li. OcanoK cpemmapconaTa nnpKtlHH!I TmaTenbHO rrpoMbiBancu 1 N HCl, 

conepJKameli 0, I% ljleuunapconoaoft KHcnoTbi, nocne qero oopaoaTwaancu IO% pacTBopoM 

NaOH 

NaOH 

OopaaoBaBrnaucu rrpu aToM runpooKHCb uHpKOHH!I rrpoMbiBanacb 0,5% pacTBopoM 

, pacTBopunach B ropBqeft KonuenTp!Ipoaanuoli HCl H ocTaanunach na 7 cy-

TOKo 3a 3TO BpeMH H9I'KH9 H30TOIIbl BB,BT Zr llOHHOCTbiD pacrrananHCb, a HSKOII!IBm!IeCSI 

no"lepnue H30TOIIbl Y ynanunucb B xone nanhnelirneli O"'HCTKH. Oua aaKHID"lanacb B nsyx

KpaTnoM OCSlKASHHH ljJTopHJla naHTaHa H3 630THOKHCHOI'O paCTBopa UllpKOHH!I H 36T9M -<!>To

pOUHpKOHaTa oap!I!Io 0KOH"l6T9HbHO UHpKOHHli OCS)I{U6H~!I B BHA9 I'HJlpOOKHCH, OTijJHnbTpOBbl-
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nanca na nncx ~nn&Tponan&noA 5yMaru n BMcymunanca. XnMnqecxnA BMxon onpenenunca 

no oxonqanuu uaMepeuul! nyTeM npoxammaHHa ocanxa B nnaTHHOBOM THrne npu b 1I00°C 

X D3B6illHBaHHH B BH.!IB Zr0
2 

H T T p H a. Ha paCTBOpa, conepJKamero HTTpHA, eme paa OCaJKnanca ~enunapcona'l' 

nnpxouua. Ocanox nenTpu~yruponanca n OT5pachlnancn, Pac'l'nop nenanca b 2N no HNO 
31 

K HeMy npH5aBnanoCb HeCKOllbKO Mr Zr ( B xaqecTBe ynepJKHaaromero nocnTena), nocne 

'Iero c noMom&ro 4N HF ocaJKnancll <!>Topnn HTTpHll. OcaJ~ox npoM&IBancR SN HF 

n pacTBopancll B xonnenTpnponannoA H NO 3 • nacMmennoll 

pacTnopa HTTpnl! ocaJKnanca B nune runpooxncn c noMOII{biO 

H BO a a 
NH

4
0H 

• Ha nonyqenuoro 

• OxouqaTen&naa 
x/ 

O'IHCTKa 0 npOBO.!IHBillaliCR CnyCTH 20 nnel! 0 aaxnroqanac& B llKCTpaxnli:H HTTpHH H3 KOHiteHT-

puponauuoa II NO TpH5yTHn<!>oc~aTOM H peaKCTpaKnHH BO.!~Oft H OCaJKneHHH rHApoOKHCH HT-

Tpna c noMOII{biO Nil pn • Ocanox Y(OII) 3 o~un&TpoBblnancB na nucx ~nn&Tponan&-

noll 5yMaru n Bhlcymunanca. XnMnqecxull Bhlxon onpenenancll no OKOH'IaHXn naMepennA ny
o 

TeM llpOKanHBSHHR OCS.!~Ka B nnaTHHOBOM THrlle DpH •900 C H .B3BBilllll!aJ!Hll B BRAe Y 
2
0

8 
• 

B o5onx cnyqaax B H3MepneM&IX npenapaTax ue 5&mo o5napyJKeno noCToponnnx panno• 

SKTHBHhlX DpHMeceA. 

1,3. lf 3M e pe liB B ax TH BII 0 C TH 

HaMepennn aKTHBIIocTu nponyxToB peaxnnl! upononunnc& na cnBHTBllnnnnounoM y 
/I/ /3-5/ . 

cnexTpoMeTpe • OcuoBIIble xapaxTepucTnxn naoTouon , ncnon&aonaHHhle nnn Bhl'IHC-

nenun ceqennl! o5paaonauna, npnneneubl B Ta5nune I. 

38 llpn H3Mepenunx axTnnuocTH 
89 

Zr Y'IHTbiBan:oc& uaxonneune Y aa C'IeT · pacnana 88 
Zr ( T.x. y -n:nnnn c aneprHaMII 90~ u 9I3 xan npu5opoM ne paapemaiOTCn). llpu ua-

Mepeuunx 
88 

Y ono ne y'IBT&manoc&, nocxon&Ky J~nHTen&nocT& o5nyqenun 5hllla nenenuxa 

( ·: 30 Man), a paanenenne Y u Zr npononunoc& cpaay nocne xonna o5nyqenun. 

II • 3xcnepuMeHTan&nble peayn&TaThl 

Benu'IHH&I ceqennl! peaxnuA 
89

Y(p,pn) , 89 Y(p,2n) H 80 Y(p,n) B MHnnu5apuax 

npunenen&I B Ta5nune 2. TaM JKe n.aHbl ceqenua MOHHTOpnoa peaxnuu 21 Al (p, 3pn)24Na _. 
17/ B3RT&Ie ua nocnennero o5aopa KyMMunra • 

Yxaaannhle nenH'IHHhl ceqenua npencTaBnliiOT co5oA cpennue ua 3-4 onpenenenna, a 

omu5xu - CTannapTnhle cpennexnanpaTH'IHhle oTxnonenua, BMqucnennMe ua paa5poca axcne-

x/3a aTo BpeMa pacnananuc& nee 5onee xopoTKOlKBBymue uaoTonhl 
nenno ynpomano naMepeaua. 

4 

Y , 'ITO cymecT-
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pBMeHTanbllbiX ll.HllllbiX. 

onenxe, 10% n.na 88 
Y 

BoaMOlKHbie CHCTeMaTH'IeCKBe norpemHOCTH COCTHBllRIOT, liO Hamel! 

n I5% n.nR 88 Zr u 89Zr • B aTn oneuxu ne nxnro'IeHhl norpem-

HOCTH, CBR3HHHbi9 C Ce'IeHHliMB MOHHTOpHOl!· peaKnHB B npHHRTbiMB CXeMaMH pacnana. 

Ta5nnna 

XapaKTepnCTHKH H30TonoB 

~ 

llepno~ SHeprnH t!HCJIO 
fl~po riOJIY- xapaKTepHhlx y -KBa~~~B Ha 

pacrra:na 'Y -JIHHHi1 Tmm) Pacrra:n '() 

•• Na I5 .o 'IHC: I368 IOO 

"y I08 nu 908. 93,5161 

I853 99,5 
83

Zr 85 ll.ll 394 roo 
89 

9!3 roo Zr 79 qac 

Ceqenna peaxnuu ( p , n ) MoryT 5&ITb uecxon&xo aanB)KBHhi, T.x. 
89 

Zr RM9eT KO-

pOTKO)KHDymee H30Mepnoe COCTOliHHe, KOTOpOe B 7% CJIY'I89B pacnanaeTCR, MHHYR OCHODHOe. 

Bnnny Toro, 'ITO cooTnomeune ceqennl! o5paaonaunn 89 Zr H 
89mzr H9H3B9CTH0 1 BB9-

nenne no::rpanxn nenoaMO)KHO. Onnaxo B nro5oM cnyqae o'Ha ue npen&tmaeT 7%, a,cxopee 

acero, MSHhiiie aTofi aenHqHHhi. 

III. . 05cyJKnenue peayn&TaToB 

III .I. Peaxnnll ( p , pn ) 

x/ 89 
Ha puc. 1 nao5pa)Kena ~ynxuna noa5y)Kneuna peaxnun Y ( p , pn 

pymnsaeT THilH'IHOe AJISI paccMaTpnaaeM&Ix peaxnnli rronenenne: aaqnna>I c 

u cna6o aanncnT oT aueprun npoTOHOB. 

) • Ona o5na

E b200 Man 
p 

p,pn 

rrpnBeAeH&I n.aun&Ie o u na pa5oT KapeTTo u n.p/
81 

/8/ PoPn , 
Ha TOM me pucyaxe H 

/9/ 
fycaxona • Peayn&TeT&I pa50Thl 3A9Cb B n.anee rrepeC'IHTSHbl He 11pHHRTble HSMH 3He-

'IeHHll ceqennl! MOHHTOpHOll peaxnnn. lloJiy'IBI!Hbie TSKHM o5pe30M BeJIH'lHHbl 

TO'IHO xopomo cornacyiOTCR c aamnMn naan&IMB. 

u 
p,pn 

nocTa-

x/ Ha ncex pncynxax nanu&Ie uacTonmel! pa50T&I rrpnaenenhl c yxaaaaneM TOJI&Ko cTa

THCTH~ecKoH OWH6KH. 
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/9/ 
Pe3yn&TB.Tbl patioTbl noxa3b1BB.IOT cacTeMaTB'Iecxoe npeBblmenue uan uamuMu. ITo -

CKOn&xy npHHHTb18 HaMB U rycaKOBbiM 3Ha'I8HBH Ce'leHH2 MOHHTOpHOi! peaKJlHH tinB3KH
1 

llpH'IH

/9/ Ha paCXOJKAeHBi! B BenB'IHHaX U PoPil 3aKniO'IaeTCH1 no-BHilHMOMy0 B TOM1 'ITO B patioTe 

B3Mepeauu ce'leHHA nposonunuc& 6e3 XHMH'Iecxoro Bblneneuuu nponyxroa peaxnuA • 

/2/ 
Kax yJKe OTMe'lanoc& pauee , a6coniOTHble senH'IHHbl u B naHBoA otinacTB auep-

»•»"/IO/ 
run oxa3b1Ba!OTCH 6nu3KHMH K paCC'IBTaHBbiM no Monenu Beauocjlcjla • 3Ta Monen& HCXO-

IlHT H3 npennonoJKeBHH o npSIMOM Bbltiusatmn ae2Tpoaa c nocTynublx ypoaaen unpa-Mumeuu • 
so /11/ . 

C'IUTa!l B cny'lae Y nocTynBbiMB ypoBBHMB 1 g 
012 

(1 0) , 2 p 
112 

( 2) , 1f 
51 2 

( 6) 

H 2p 812 (4) (B CK06KaX yKa38.HO 'IHCno Hei!TpOHOB Ha KSJKAOM ypOBne), nony'laeM nnu 

E = 3 ras u .. 63 M6. BH)lHO, 'ITO 3TO 3Ha'leane Tax}!{e 6nB3KO K 3KCnepHM8HTan&-p , p,pn 

HOMy, 

III .2. PeaKJliiB ( P o 2n u (p,n) 

Ha pHc. 2 npencTaaneubt cjJyuxnHH B036yJKAeHHH peaxnHlt Uy ( p , 2n 
. K /8/ 

) II 59 Y(p,n), 

a TaKJKe pe3yii.&TaTbl apeTTO H llP• • 

HexoTopble pa3nB'IBH B senH'IHaax Ce'leHHi! peaxnun ( p , n ) MoryT, no-BHilHMOMY, 
/8/ 

6b1Tb CBH3aHbl C TeM, 'ITO B pa6oTe . H3MepeHHe aKTHBHOCTH ocymeCTBnHnOCb Ha {3-
C'leT'IHKe. Ifaci:10 JKe n03HTpoaoa aa pacnaA 

50 
Zr , npHHHMaBmaecu paaee paBHbiM 

/4/ /5/ 
20-25% 1 no nocnellHHM )laHBblM 1 COCTaBnHeT 30%, 3TO Bnonae MOJKeT 06'bHCHHTb aa6-

niO)laiOmHeCH paCXOJK)leBHH B u 
Poll 

. /8/ 
• K coJKaneuaiO, aBTOpbl pa6oTbl 

npHHHTYIO B HX paC'IeTaX BHTeHCHBHOCTb n03HTpOHHOi! KOMnOB8HTbl, 

IlpH'IHHbl CHn&aoro paCXOlKA8HHH B BenH'IHHaX u 
p,2n 

HeHCHble 

ae yxa3biBaiOT 

B aacToumee BpeMu npuaaMaeTcu, 'ITO peaxnau ( p , 2n ) npoTexaeT B nse cTanau: 

I) 3apsmoso-o6Meuuoe B3aHMOilei!cTBHe Tuna peaKnaa ( p , n ·) , 2) nocneny10mee ac-
/1,12/ . 

napeaae Hei!Tpoaa • Bxnan xacxatta ( p , 2N ) B ce'leaae peaxnaa ( p , 2n ) Man 
/12/ 

a, no oneuxe , cocTaanueT uecxon&xo necuTbtX none!! M6, 3TH npettcTaBneuuu>xax yJKe 
Ill 

ynoMauanoc& pauee , xopomo cornacyiOTcH co cna6oi! aaepreTH'Iecxoi! 3aBHCHMOCTbiO oT-

aomeuau u lu 
p, 2n p, n 

llnH CaMbiX pa3nH'IHbiX SI.llep (pHC• 3), 

nei!CTBHTen&H0 1 CpellHHH 3HeprHH B036yJKAeHBH OCTaTO'IHbiX H)lep nocne KB.CKana 
/18/ . 

( p , N ) Mano 3B.BHCHT OT aueprau npoTouos • 3To npBBOllBT x cna6oil 3B.BHCBMOCTH . 

acnapHTen&aoli cTanHH peaxnua ( p , 2n ) a, cnenosaTen&uo, oTuomeua~ u I u 

OT E P 
p, 2n p,n 

209 
Ha nepBblil B3rnun, 3TOMY npoTasope'laT llBHHble no Bi 1171

• Onuaxo 3TOT pa3-

6poc CBH3aa, no-BBllHMOMy, c 9KcnepaMeHTan&HbiMH omut?xaMa. Tax, uanpaMep, ecna nnu 

.. E p = 480 M9B B3HTb ce'leHHR peaxnHil ( p • 2n ) H ( p • n ) H3 crnaJKeHHbiX cjlyux-

nai! B036yJKAeuau, TO 1oTaomeBHe u I u npaHHMaeT 3Ha'leHHe ., 1,4 , T.e. 
p,2a. o.n 

0'18Hb 6nH3KO K TOMy, 'ITO HMeeT MeCTO npu 130 H 660 M9B, 

7 



06pamaeT aa ee6st BirnMaane AOBonbHO Teeaast rpynnnpoaKa aenn'IHH oTuomenuli 

a 
p,2D 

/a B mBpOKOM HHTepaane MaeeOBbiX '!Been, QqeBHAHO, 3TO eBst38HO e TeM, 

'ITO,eyA!I 
Poll 

no HMeromuMest aKenepnMeHTanbHbiM ASHHbiM, a6eonroTHbie aenH'IHHbi a 
p,2n 

H 

a eXOAHbiM o6pa30M H3MeH!IIOTest B 38BHeHMOeTH OT MaeeOBOr'O 'IRena stnpa-MHrneHH. 
p,n 

B KaqeeTae npHMepa na pae. 4 npnBeAeHbi aaaqeau!l a 
p,~ 

H 

stAep a6naaa E P = 400 Maa. Ma aero BHAHO, 'ITO yaenaqeanro 

yaenaqeaae a 
. p,n 

H uao6opoT, 

a 
p,n 

a 
p,2n 

ttnst paanH'IHbiX 

eOOTBeTeTayeT 

B noenettHee apeM!I o6ey>Kt~aeTest npeAnonoJKeaae o eymeeTBeHHOM BKnaAe a eeqeaae 

peaKnHll ( p , 2n ) H ( p , n ) MeXaHH3M8 B036y>K!IeHH!I auanOr'OBbiX H3o6apllb!X eoeTOSI
, 112/ 

aall (6ea H3MeaeaHH uaoTOIIH'!ecKoro enuna) (eM. , nanpuMep, ). Ceqenue peaKnHH 

( p , 2n ) a6nuau A ~ 90 AonJKao, eornaeao 3TOMY npettnonoJKeHHro, peaKo aoapaeTaTb, 

'ITO H aa6nroA8P.Test Ha OllbiTe, 0AH8KO ee'!eHHe peaK!lHH ( p , n ) , KOTOpOe AOnlKHO 6binO 
/12/ 

6bl y6biB8Tb , H8 eaMOM Aene npOstBn!leT TeHAeH!lHIO K B03paeTSHHIO, 

K eoJKaneanro, Anst ysepeHHbiX BbiBOAOB AaHHbiX aettocTaTO'IHO, 0AHaKo aaMeTHbie na-

MeaeHHR a H a 
p, 2n p,n 

B 38BHeHMOeTH OT Maeebl !!1\pS-MHilleHH, ITO aeell aepostTHOeTB, 

eBH3aHbi e snHstHHeM eTpyKTypbi !!Apa aa TaK aaabmaeMyro aapstAoso-o6Meaayro eTaAHIO B3a-· 

HMOAei!eTBHR, 

3aMeTHM, 'ITO 3HepreTH'!eeKa!l 38BHeHMOeTb a AnSI 
89 

Y npaKTH'!eeKH eOBilS,llS-
U (8 p,n /2/ 

eT e HSliAeHHblMH lUISI Sc H .Ca , KOTOpbie, KaK yKa3biBanoeb paaee , llpH 

:E ~300 Man HAeHTH'IHbl aaepreTH'!ecKoli aaaneuMoeTH AH~~epeH!lBanbaoro eeqeanst ane
P 

MeHTSpHOr'O ( n - p ) -paeeeRHIIR H8 yrnbl, 6nH3KHe K 90° (n.e.), 
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6, rn& 

100 

p II Co 1. 

200 400 &00 

¢>yHKUI!!I B036y>KJlCHI!!I peSKUIIH 
89 

Y ( p , po ) • 
CmwrnHbie KPYJKKII - HSCTO!IillaSI pa6oTa, /~laaqepaeHHhie 

KPYJKKII - paGoTa/81, KpeCTI!KH - paGoTa • 

10 

Ep. MeV 

Ei,m& 

40 

H 
f 

20 

200 400 600 Ep.MeV 

p II Co 2, ¢>yRKUIIH B036y>KJlCHH!I peaKUHli 
89 

Y (p,2o) H 
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3aBHCHMOCTb OTHomeHHSI ~.2,. I u P,ll oT aaeprHH npoToHOB Jlllll paanJ'
2
'IHbiX I 131 

anep, HeaaqepneHHbie Kpy>KKH - 48ca 11/ , aeaaqepneHHbill poM6 - cr 
cnnomnoll poM6 - 56 Fe I 131 aeaaqepaeHHbill KaanpaT - 69 Ga I 141 • 

" 69 hs1 89 ( cnnomaon KBanpaT - · Ga cnnomHbie KPY>KK)l - y nacTollmaa 

paooTa), - aeaaqepa?Y'fJ:Je Tpeyron~HHKH - 125 Te 161, cnnomabie' Tpeyronh-
HHKH - 126 Te ,· KpGCTHKH .- 209 Bl /111, JlaHHble no52Cr, 56 Fe 

II 69 Ga npHBeneHbl C Y'IGTOM SMIICCHH npoTOHa112/, 
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