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B onKOB B.B •• noMOpCKII~ ll., Tb!C 51., BHnb'IHHCKH H. P-1273 

Y13Y 4 E HI1E PEAKUY1~ nEPEll A 4Y1 2-X HE~TPOHOB nPY1 

OE!IY4EHY1Y1 PA3llE!IEHHbiX Y130TOnOB UY1PKOHY151 
VIOHAMY1 N11 

PO Pl 94 
MuweHH H3 p a3.aeneHHhiX H30T07fB ur~pKOHHH · Zr , Zr H Zr 

o6nyqanHCb YCKOpeHHbiMH HOH8MH N H8 BHyTpeHHeM ny'IKe UHKnOTpO 
Ha TSI)!( enhiX HOHOB OY151Vf. Uenb 3KcnepHM eH Ta cocToHna B Hccne.ao­

B8HHH anHSIHHH cTpyKTYPhi H.apa Ha aepoHTHOCTb nepe.aa'IH .aayx Hell­
Tponoa. 3QJQJeKTHBHbie Ce'leHHSI peaKUH~ H3MepHnHCb C llOMOWbiO 38-
na3.llhJB8JOLUe~ HellTpOHHO~ aKTHBHOCTH H.aep N 11 • Vf3Mep eHHH npoao­
.llHnHcb B HHTepaane 3HeprH~ HOHOB N 15 -70-120 M3B (!la6). nony­

'leHHhle B 3KCnepHMeHTe OTH OWeHHSI Ce'leHHll n e pe.ll8'1H 2-x HellTpOHOB 
npH o6nyqeHHH MHWeHH H3 Zr 94 Zr Pl H Zr 90 MeHSIIOTCH c o oTae-r-

CTBeHHO oT 17 : 6 : 1 npH 3HeprHH HOHOB N 1 4 
, paaHoll 60 M3B a 

C .U.M • .ao 6: 4: 1 npH 3HeprRH 100 M3B B C.U.M. 

flpenpMHT 06~AMHeHHOro MHCTMTyTa JIAepHbiX MCC.le,&OBaHMil. 
Jly6na.l983. 

p -1273 
Volkov V. V., Po morski L., Tys J,, Wilczynski J,, ' Some Investigations of Two-Neu-

trons Transfer Reactions in Bombardment of Isotopes Zr 
90 

, Zr 
9 

l and z/" with N u 
Ions'. 

90 9l ,., 1$ 
The Zr , Zr and Zr separated isotopes targets were bombarded with N 

ions, on internal beam of JI'IR the heavy ions cyclotron. The purpose of the experi­
ment was the investigation of the dependence of the probability of two neutrons transfe 

on the nuclear structure . Effective cross sections were measured by means of the de­

layed neutron activity of N
17 

nuclei in the bombarding ions energy interval 70-l:?D \lev 

(Lab. syst. ) The obtained ratios of the cross sections for the two neutrons transfer 
p., 9l 90 l 5 15 

from Zr , Zr , Zr toN , were 17:6: land 6:4:1 forthe N ions 

energy 60 and 100 \lev (in C.\I.S.) respectively . 

PraprintJoint Institute for Nuclear Research. 
Dullla. 1963. 

-------
,,t, ,.e,l~IU~\IRWii. ' 

efB\lllX »r 
- !J~IE.J!U1 ' .. - -- .. 

x/ 
Y1HCTHTYT SI.llepHoll QJH3HKH. KpaKOB, nonbwa. 

xx/ · 
V!HCTHTYT SI.lle pH biX HCcne.aoaaHHll. Bapwaaa, n onbwa. 

xxx/ 
HrennoHCKHA YHHB e pCHTeT. KpaKOB, nonbwa. 



x/ xx/ xxx/ 
B .B . BonKOB, Jl. noMopCKHi\ ' H. Tb!C ' H. BHnb'iHHCKH 

Vl3Y'-lEHYIE PEAKUVIVI nEPE.LlA'-ll-1 
.LlBYX HEYITPOHOB , 0 u 

nPVI OE!lY'-lEH Vll-1 V130TOnOB UVIPKOHVIH Zr I Zr H Zr
14 

VIOHAMVI N 
16 

-------
,,t.~ot,l~llt\lRWM 

iefD!X Wlt 
JW!' --------

x/ 
V!HCTHTYT H.OepHOil cpH3HKH. KpaKOB, nonbwa. 

xx/ · 
V!HCTHTYT H.oepHblX HCcne.OOB8HHi\. BapwaBa, nonbwa. 

xxx/ 
HrennoHCKHil YHHBepCHTeT. KpaKOB, nonbW8. 



l.BseiJ.eaae 

B cjJH3HK e TSVK91lbiX HOHOB 601lbWOJ:t HHTepec npeiJ.CT8B1lSI9T H3Y'I9HH9 peaKUHJ:t nepeiJ.B'IH 

HYK110HOB, B03 HHK8IO W HX npH K8C8T91lbH OM C T011KHOB9HHH IlBYX SIIJ.ep. 3KcnepHM9HT81lbHbl9 pe3ynb-

/ 1 2 / I 3 4/ 
TBTbl no yrnOBO M Y pacnpe iJ. eneH HIO ' H H9KOTOpb19 T90p9TH'I9CKH9 OU9HKH 

0 
nOK83b!Ba-

IOT0 'ITO pe8KUH H n e peiJ.B'IH npOHCXOilSI T B CpBBHH T 9 1lbHO TOHKOM C1109 B611H3H nosepXHOCTH SIIJ.pa. 

MO)I{HO IJ.yMBTb no3TOMY , 'ITO H X H3Y 'I9HH e IJ.BC T n01193HYIO HHcjJOpMBUHIO 0 CTpyKType nosepx-

HOCTH SIIJ.ep, COCTOSIHHSIX H KOp9111lSIUH SIX nepacjJepHJ:\HbiX HYK110HOB. Haa6onee p93KO H3M9HSI9TCSI 

CTpyKTypa nosepxHOCTH S!IJ.p8 npH nepeXOIJ.e OT SIIlpB C 38MKHYTOJ:t 060110'1KOJ:t K SIIJ.p8M, y KOTO­

pb!X C Bepx o60110'1KH HBXOilHTCSI He601lbWOe 'IHC110 HyK110HOB ,. B CBSI3H C 3THM H3Y'I9HH9 peaKUHJ:t 

nepeiJ.B'IH B 06118CTH M BI' H'I 9 CK HX 'IHC91l OC069HHO HHTepeCHO. 

B HBCTOSI W eJ:t pa6oTe H3Y'IB11 8Cb nepeiJ.B'IB IlBYX HeJ:tTpOHOB OT SIIJ.pa MHW9HH K H8119T8-

IOWeMy SIIlPY a paJ:t o ae 38MKHyTol:t ae l:tTpoaaol:t o6onO'IKH c MarH'!eCKHM 'IHCilOM 50. Pa3IJ.eneHHbiO 

PO Z 92 
H30TOnhl UHpKOHHSI 

40
Zr ,

1 40 
r 

HYIO o6ono'IKY, a cneiJ.yiO w ae - IJ.Ba 

94 ( 
H 

40 
Zr nepBbll:t H3 HHX 

H '19Tbipe aeATpoaa csepx aee) 

HM99T 38MKHYTYIO aeJ:tTpOH~ 

061ly'181lHCb ycKopeHHbiMH 

HOHBMH N 
16 

• VI3M9pS!11 0 Cb acjJcjJeKTHBHOe C9'19HH9 peaKUHH B HHTepsane 3HeprHA HOHOB 

70- 120 Mas. 

noiJ.XBBT IlBYX HeJ:tTpOHOB H8119T8IOWHM SIIlpOM H861liOil81lCSI snepBbl9 HB TOilCTbiX MHW9HSIX 

/56/ 
B pa60T8X ' • 3cjJcjJeKTHBHbl9 C9'!9HHSI 3TOA. p98KUHH npH 061ly'I9HHH 811IOMHHHSI, M9IlH H TaH-

TB11B HOHBMH N II 6bi1lH H3M9p9Hbl B WHpOKOM HHT9pB8119 3HeprHA B Hawelt pa60T9 
/7/ 

MeTOIJ.HKa 3KcnepaMeHTa 

3KcnepHM9HThl npo s oiJ.HilHCb aa sHyTpeaaeM ny'!Ke UHKilOTpoHa TSI)I{91lhiX HOHOB OVIHVI. 

06WHlt BHil pacn 0110)1{ 9 HHS! npo6HHK8 BHyTpH MBWHHbl nOK838H HB pHC. 1. KaK H B np9IlbiilYWHX 

17 8 9/ 
HBWHX pa60T8X ' ' , HCn01lb30B8118Cb M 9TOIJ.HK8, npH KOTOpOlt B K8'19CTB9 KOH9'1HOrO npoiJ.yK-

TB peaKUH H perHCTpHpOB81lHCb SIIJ.pa N I7 , SIB11SIIOWH9CSI 3MHTTepaMH 38n83Ilb!B8IOWHX Hell-

Tpoaos ( T 
112 

• 4,15 ceK ) • PerHcTpauast N 
11 

no3B011SieT aaiJ.e)I{HO H36asHTbCSI oT cjJoaa, co3-

/7/ 
IlBB89MOrO IlDVrHMH npOIJ.YKTBMH peaKUHH. no C p8BH9HHIO C paHee OnHCBHHOlt annapaTypolt 

B H8CTOSIW9M 3KCnepH M9HT9 npHM9HSI118Cb 601199 ycosepW9HCTBOB8HH8SI annapaTypa. 3a C'I~T 

YB911H'I9HHSI 'IHCna C'leT'lHKOB C o6oraweHHb!M 6opOM 6hl118 nOBbiWeHa 'IYBCTBHT91lbHOCTb IJ.eTeK­

TOpa HeltTpOHOB, BB9Il9H KOHTpOnb 3 HeprHH HOHOB, nOCT8B119H llY'IWHlt Bp9M9HHOA 8H81lH38TOp. 

DeTeKTOp aeltTpoa o s (pac. 2) npeiJ.cTaB11S11l co6olt 6noK H3 nneKcHrnacosoro 38M9Il11HTenst, 

B KOTOpOM pa3M9W8110Cb 1 6 nponopUHOH81lbHbiX C'l~T'IHKOB C 060r8W9HHblM 6opOMo 6110K p83Me­

p8MH 140x 250 X 440 MM H8XOilH11CSI B M9IlHOM KO)I{yXe, OX118)KIJ.89MOM BOIJ.Olt. noCKOilbKY BCe 

C'I~T'IHKH HM911H OilHH 8KOBbl9 C'I~THbl9 xapaKT9pHCTH.KH, OHH 6bi11H C09IJ.HH9Hbl nap8111191lbHO H 

nOIJ.K1110'19Hbl K OIJ.HOMY HCTO'IHHKY Bb!COKOrO HanpS1)1{9HHSI. 8b!COK09 HanpS1)1{9HH9 H K03cjJcjJHUH9HT 

p8IlHOT9XHH'I9CKOrO YCH119HHSI Bb!6Hpa11HCb TBKHM o6pa30M, 'IT06b! HCKiliO'IHTb B03M0)1{HOCTb pe­

rHCTpBUHH y - KBBHTOB H BllHSIHHe p8IJ.HOT9XHH'l9CKHX H8BOIJ.OK. 3cjJcjJeKTHBHOCTb Il9T9KTOpa , 
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1101 
H3Mep e HH 8H c o6pa3 U OB h iM HCTO'-IHHI<OM ( Ra + Be ) H - 26 , n o M eU!eHH biM B MBC T O pacno-

!J O }!{e HHS! MHWBHH, COC T 8BH!J8 0,45 % , 

06ny '-! 8BM0Sl MHWBHb p acnonaranaC b B n e pen H e A '-! 8C TH !lBTB KTOpa H B ATpOHOB; 38 HB A H a ­

XO!lH!JHC b KO!l!J B KTOp TOK8 H ycTpOl! C TBO !l!JS! H3M e p e HHSl 3 H epr1111 (pi! C , 3) , 

3 H e prHH HOH OB N 
15 

li3MBpH!1 8 Cb C llOMOWbiO llOBBpXHOCTH 0 - 68pbepHor o !lB T B KTOp a . 4 aCTb 

11Y '-!K 8 H OHOB , Bbl!l B !JBHH8Sl CllBU118llbHbiM KO!lni1M8TOpOM, 11 0118Ll8!18 H 8 30!JO TyiO pacceHB810 WY IO 

2 
cpO!lbry, TO!JWHHOl! 7,3 MrfCM • .[luacpparMa n e p en llO!l yn p OBOLlH HKOBblM neTeK T OpOM C OT 13ep -

C T HBM 0,5 MM B b l!lB!J S!!J8 HOH h i, p8CCB S!BWH B CI'I B 30 !J OT OH cpOnbre ll O!l y r nOM 20 ° K H 811p8BJTe HIIIO . 
ny'-!Ka . B6n H3H n e T e KTopa noMewancl'! TOHKHA HCT O '-IHHK Th C' , u cnyci< a ew ul! a -yac TnttL>I c 

3I!e prH eA 8,78 M 313, 3HeprHI'I HOHOB onpen e nl'!ll8Cb nyTeM Cp8BH B HHI'I 8Mil!J HTYLl HMilY!JbCOI3, C03-

.Q8B 8BMbiX B neTBI<TOpe HOH8MH 11 a '-!8CTHU 8M II, C y'-!eTOM llOTB pb 3 H e pr1HI B 30!J O T O il c!Jo n b -

r e . 

6noi<-CXBM8 3 !JBKTpOHHOA annapaTyphl 11 0I<838H8 H8 pH c , 4 , l-1 ~·![1y .TJbC , B03HI!I<8BWI1i1 13 m o -

60M H3 C'-!~T'-IHKOB, llOCTynan H8 06WHA K8TOLlHbiA llOBTOpHTB .TJb, p 83MBW B H!Ibi A 13 6 n e> Ke Ll B T eK ­

TOpa H el!TpOHOB , H nanee - H8 !JHHel!H hi A yCH!JHT B!l b H LlHCKpHMHH8T Op , noc n e LlHCKpliMIIII8UIHI 

H MnynbCbl nocTynanu napa nnenbHO Ha n epec '-! ~ TKY H spe M e HH OA aHanH 38 T op. Bpe M e H HoA a iiami -

38 TOp COC T O Sl!J H 3 KOHBBpTopa BpeMH-8Mil!JHTYD8 H 100-K8H8!JbllOr O aM il!JIITYD H Oro 8H8nli 3 8 T O p a . 

B H8WHX Ollh! T 8X Mhl HCI10!Jb30B8nli 30 K8H8!JOB 8H8!JH38TO p 8 11p11 u e H e K8H8!18 O!l H8 CBKy Hna . 

~Mnynbc c neT eKTopa 3Hepruu noc Tynan H a nHH e AHhlA yc unuTen b H nanee Ha 100-KaHanb­

HhiA aMnnHTy!lHhll! aHanH38TOp . OnHospeMeHHO 11 a sxon y c unliTe nl'! n on aeam1cb Kanu6poBO '-IIl bie 

HMilY!lbC hl OT reHepaTOpa TO'-!HhiX 8M il!JHTy!l, T8Kif M nyTeM YLl8.TJOCb I! CI<!JIO '-!I!Tb BJl ii HH n e H Bn ll-

H B l!HOCTH yCH.TJIITB.TJI'I H TO'-IHO Cp8BHHTb 8Mil.TJIITY!lhl OT a -yac T!tU H HOII OB N 15 

UupKOHHBBbie MHWBHH 6bmu n3roTosneHhi 113 Ll13YOKH C H UltpKOH I! H . T o HK O lf3M B!l b'-li'HHbiA 

110p0WOK Zr 0
2 

OC8>KL18.TJCH H8 8!JIOMHHH e ByiO llOLl!J O>K Ky 113 BOLl HOrO p 8CT130 p 8 caxa p a , K OTOph iJ1 

HCilO.TJb30B8!JCSl B K8'lBCTBe CBH3KH, nocne B b iC blX8H iiS! MHWBHH npOK8!J H I38llH Cb , 11p11 3 T OM C8X8p 

p a3nar a n C H II B MHWBHH OCT8B8!10Cb .TJHWb He60!JbWOe K O.TJii '-!BCTBO y r ne p ona , Cnoii O KHCH Ullp-

2 
K OHHSl IIMB.TJ TO!lllliiHY - 80 Mr f CM II 38HHM8!1 ll!J OW8!lb 45x 15 MM . 8 M II W B HHX 6b!Hil C!leJl a -

Hbl O TB B p C THH, '-!epe3 KOTOpb!B '-!8CTb IIOHOB ( 10% ) 11011 8!l8.TJ8 H8 K O!JllB KTO p TOK8 , n o MB lllB HH 8 51 

38 MI!W B IIblO yrnepODH851 cpO!lbra 3 8Ll B p >K HB8!18 O..:lH038 pS!LlH b l B H OH bl, KonneKTOp T O I<8 COC T OSlll 

11 3 MB!lHO l! ll.TJ8CTHHKH, OX.TJ8}!{!l8BMOA BO!lOl!, H rpa Cp lfTOBOA H8K!J8DI<H , KOT Op aS! 1103BO!JS!ll8 yMB H b-

W HT b 
I 7 

Bb!XO!l N C KO.TJ!JBKTOpa. ~3 npOB B!lBHH biX H8MH paaee Ollb!TOB 6binO 113BBC TH 0 1 '-ITO 

B h iXO!l 
I7 IS 

N npu o6ny'-!eHHH rpacj:JuTa HOH8MH N Man. I-1 30 T O illl b iH cocT aB :<.!Hw e H e i1 npe n -

C T 8 B!J B H B T86 .TJHUB I. nocKO!JbKY B MHW B HH KpOM B U11pKOHI!S! BXO!lllllll KIIC!lOpO!l If y rn e pon, 

II Y}!{ HO 6bi .TJ O onpen e .TJHTb BK.TJ8!l OT 3TI1X 3.TJBMBHTOB, C 3 T OH UB.TJblO o6n y'-18!JHCb M H W B HH 11 3 

AI 0 AI H c - IIOH8MH N 
15 

2 3 

Bo spe MH 3 KcnepuM e HTa UHKnoTpoH pa6 o Tan B HMnynbCHOM p e>K HMe . TaK KBK n e pu on uo-

nypacnana 
N I 7 

p8BBH 4,}5 CBK, MHWBHb o6ny'-18!18Cb B T B '-IBHHe 30 CeKyH!l Lllll'l !lOCTII>KBIHIS! 

H 8CbllllBHHS!, 3 a T eM CHHM8!10Cb BbiCOK0'-!8CTOTH Oe H811pS!>KBHHB H8 DY8HT8X If B T B '-IBHUe 30 c e -

KYHD H3MB pS!.TJ CSI BhlXO!l 
N I7 

, ~Mny.TJbCbl C !lBTBKTOpa HBl!TpOHOB p e rHCTp!!pOB8.TJU C b O!lHO -

s p eM B HH O nepe c'-!eTH hiM npu6opoM nnl'l onpe nen e HUI'I Bhixona 11 speMeHHhiM aHanu3aTopo M -nn 11 

on p enen e HnH nepuona nonypacnana • .[lnSI Ka>Knoro 3Ha'-!eHHI'I 3HeprHI1 HOHOB nposonnnocb 4 uuK-

4 



na o 6n y qeHIH!. 3 H e pr11H 110H OB l1 3M9 H HnaC b 3a C 'l e T nep e M e W e HHH np06HHKa BHyTp11 MaWHH b l 11 

ycTa H O B Kl! M I1 LU91-lll H a p83Jli1 ~H Oe paCC TO~HIH e OT u e HTpa U11KJ1 0 TpOHa. Vi3M e p e HI1 e 3 H e pri!H npo ­

B Ollll!lOCb B Ka)I{DO H II 03HUI1 ll C T O'lHO CT b !O 3- 5%. ne p e n 3 KCnepHMe HT OM 11 BO s p eM H 3 K C IIepH-

MeHTa K OH TpO!lHpOBB J1 8 C b C'l ~ TH a H xapBKTe p H C THKa H e l!TpOHH Or O Lle T eKT Op a . 

ViHTe H C 11 BH OC T b n y'l KB HOHOB N 
15 

, 11 3 M epHB W B HCH HHTe rpaT O p OM T OKB, orpa HH'ii1B8J18C b 

0 6bi'lH O H e C KO!lbK Hl\1 11 neCHTLIMI1 MHKpOaMn e pa . n p11 3 T OM H B U HK!l Ll!lH UHpKOHl1 9~biX ~ 11 WeHe i1 

p e r H C TpHpOBB!l OCb O T HeCKO!lbKHX C OT HMII Y !lbCOB n p11 Man o A 3 HeprHH Ll O Ll eC HTH ThlC H'l- npl1 

60Jl bWO li. ¢ OH neT e KT Op a H e liTpOH O B COCTaB JJH Jl B C p e nHe M 20 HMIIY!lbCOB B MI1HyTy • .[lHBII830H 

H3M e H e !H I H 3 H e pr!1!1 l! OH OB onpe n e n H!lCH, C OllHO i1 C T Op OH bl, MHHHM8JlbH b lM paCCTOS!HHeM OT U e H-

Tpa, Ll O KO T OporO M O )I{ H Q 6b!Jl0 BLlBHH Y Tb II p 06HH K B UHK!lOTpOH, C Llpyroi1,- M8KCHM8!lbHb iM pa­

LlHYCO M yCKo p e HH H HO H OB N
1 5 

n pH o6ny'le H11ll scex Tpex 1130 T o rr os unpKOHI1H, a TaK)I{ e M HW e H e i1 113 AI Al2 0 3 

C Mbl Ha6mo nan H 3 aiia3 Ll biBa!OW y !O HeliTpO H H y !O 8KTI1BHOC Tb J111Wb C OLlHHM rrepHOLlOM nonypa c-

nan a . 3To T n e p HOLl B npe nen ax norpe w H OC TI1 11 3 MepeHHi1 cosrran a eT C T86JJH'iH b iMH 

naH HhiM H nnH nep11on a nonypa cnan a N 
1 7 

• THIIH'lHaH KpHsaH pacrrana Hei1TpOHHOi1 aKTHBHOCTI1 

II OKa 3aH a H a pH C , 5 , 

H a p11 c . 6 n pencTasneH bi 3 K c n e pH MeHTanhHbie pe3ynhT8Thi, rrony'ieHHbie nnH BhiXona N 
17 

npH 06 fly'l e HH H U11pKOHH e Bbi X M HW e H e i1 , M H We H e l! 11 3 8!l !O MHH11H, OKHCI1 8!l!O M HHI1H H yrne pOLl8, 

3cpcpeK TI1 B H bi e Ce 'ie H11H p e 8KUI111 6b!JlH p8CC 'ii1TaHbl 06 b i'iHhiM MeTOLlOM LlHcpcpe peHUHpOB8HHH KpHBhiX 

B b l XOLlB . 0nHaKO B IIBWeM c nyqae 3 T OT p a C'ieT OC !lO :>K HH!lCH TeM, 'iTO MHWeHI1 11MenH CJ10:>KH hli1 

X I1 M H'l eCKI1i1 COCTBB , .[lnH 0Ll H 0 11 30 T OIIH O i1 M I1 We HH C OOTHOW e HHe, CBH3h!B8!0Wee 3cpcpeKTHBHOe ce­

'leH I1 e C BblX OllOM 11 T O p M03H Oi1 C IIOCu61-I OC Tb!O BeWe CTB8 MI1WeHI1, 11MeeT BI1Ll : 

2 
a - ce '!e HH e p e aKUI111 B CM ; 

a dY 

dE 

Y (E)- B b! X OLl p e8KUHI1 11 3 T O!lCTO i1 Ml1 W e HH Ha OLlHY 6 o M68pLlHpy!OWY!O 'l8CTHUY; 

( 1 ) 

n(E) - npo6er HLl e p N l5 B B eWeC TBe MHW e HH, B b!pa:>KeHHb!l! B KO!ll1'ieCTBe 8TOMOB H8 CM 
2 

E - 3He prHH H OH OB B n a 6 o paTOpH Ol! C I1CTe M e KOOpLlHH8T. 

.[ln H H 8 WI1 X U 11pKOHI1e Bb!X MHWeHei1, 11MeBWI1X XI1MH'i e CKHll COCTBB Zr 0
2 

C 1 , 7 , 3TO co-

OTH OWeH H e n e p e XOllHT B Llpyroe : 

dY* 1 
dE CJij""* 

a ( Zr) + 2 a ( 0
16

) + 1, 7 a ( C 
1 2

) 

dE 

a( Zr) 
16 

a (0 ) - C e 'ie HHH p e BKUHH o6p830B8HHH 

COOTBe T C T BeHH O; 

f *(E) B h iX OLl p e 8KUHH LlflH M I1WeHH H8Wero COCT8B8; 

N 11 

n*( E) - npo6e r N 1S B seweCTBe Hawei1 MI1W9HH B KO!lH'ieCTBe MOn e Kyn Ha CM
2• 

( 2 ) 

11 

TaK11 M o6pa30M, nnH pac'!e T a c e 'l e HHH peaKuHH Ha uHpKOHI1H, KpOMe o 6bi 'lH b JX e e nH'liiH Y 

5 



H n 1 aeo6 xoaHMO 6wn o 3 H 8 Tb ce y e HHH o 6pa30B 8 HHH N 11 Ha KHcnopoae H yrnepoae . 3TH 

C e '!BHHH 6 binH p8CC 'IHT81l b l 110 3 KCn e pHM e HT8!lbHbi M KpH Bbi M BbiX008 !'111 H8 AI AI 2 0 3 

H C . T o pM03HaH c n oco611 oC Tb MHw e H e l! 6bw a n oac YHT a H a n o aaHHhiM an5T aToMapaoi-i Top-

M 03HOH c nOC06HOC TH :t.r 0 H C , K OTOpb l e Bbi 'IH C!l H!lHCb 110 •!>opMyne, ITp110eaeHHOl1 B pa-

6 
I 11 I 

OTe 

nonyYe HH W B 3 ¢¢e KTHBH W e CR '!e HHH p e 8KUHH n e p e084H O ByX He l!TpOH OB npH B38 H MOQel! -

CTBHH N 15 
C HOp8MH Zr 90 

, Zr 92 
H Zr 94 

B C H C T e M e UeHTpa M8CC llp<:'J.1 C T8B!le H bl H8 

pnc. 7. 

P a36poc 3 KCn e paM e HTB!lbH h iX T O Y e K H a KpH Bbi X B b i xoaa N 17 
CBH3811 rnaBH biM o6pa3oM 

C KOn e 6 8 HHHMH HHTe H C HBHOCTH nyYK8 BO BpeM H UH K!l OB 06n y Y eHHl'l , norpeWHOCTb OTHOCHTCnb-

ll b i X H 3 M e p e HHl!, C yWeC TB e HH8H npH C p 8 BH e HHH C B '! e HHH Hll p 8 3 !1H'!Hb! X H30TOnax UH pKOHHH, COc­

Tllll !l He T 10% . 0 w H6KH B o npe a e n e HHH a6C O!llOT HOi! BC!lH'IHHbl Ce'!BHHl! OOCTHr8IOT , n o H8WHM 

OU e HKBM, 40% , ()l!H o6ycnoBneHbl T O 'IHOC TblO onpe a e n e HHl'l YYBC T BHTell b iiOC T H aeTeKTOp8 Hel!Tpo­

HOB , npH OUe HKe 3 ¢ ¢eKTHBHblX c e YeH Hll H3 0TOilH'!eCK HH COC T 8B MHWBHH (CM , Ta6miUy 1 ) H e 

Y'lHTb!B8!1CH, 

IV . 06cy m a e Ha e p e3ynbTa T oa 

Cpaaa e aae ce'leHHl! n e p e aa'lH 2-x a e l!Tpo a o n H a 
90 

:t.r , o6naaa1oweM 38MKHyToil IleA -

TpOHHOl! o6onO'lKOl!, C Ce'le HHl'IMH H8 Zr 92 H 
94 

.tr YK83hlB 8e T H 8 TO , 'I T O aepOHTHOCTb ne p e -

0 8 'lH pe3KO B03p8CT8e T Q!ll'l Hel!TpOHOB , H8XOOH LU HXC H CBepx 3 8 M K HY T Oi! 060J10'l K H, J]e l!c T rm-

T e !lbHO, ao6aane HHe 2-x H!lH 4-x H e l!TpOHOB K 
90 

Zr MB!l O H3MeH5lBT o6wee 'lHC!lO He l!T p O II OB 

B HOpe , T Oraa KBK C e 'le iiH e pe8KUHH B03 p 8C T 8e T BO M H Oro p 83 , 3TO T ¢aKT MOmeT YK83b! B8Tb 

H8 TO, 'ITO H e l!TpOH bl CBepx 38MKHyTOl! o6onO'lKH 3 H 8 'lHTe !lbHYIO 'l 8C Tb BpeMeiiH n pOBOO H T B 

IIOBe pXHOC THOM Cnoe Hapa, 

J] an ee o 6pa wae T aa ce6H BHHM B HHe 6onbwaH a e nHYHH a ceyeaHH nepeaaYH 2 - x ae l!T poHoB, 

OOC TI1 r 8 10LU8 H B C!lY'l8 C 
9 2 94 

Zr H Zr Q eC HT KOB MH!l!lH 68pH, 3Ta Be!lH 'lHH 8 6n H3K8 H aame 

npeBIJiwae T H3Be CTII b i B ce 'leHHH .nnH n e p e a a 'IH oaa o r o Hy K n o11a . C:cn11 o u eH HT b H3 yrnonoro pac-

npe aenB HHH npoayKTOB p e 8KUHH r eoMeTpH'le CKH e p 83 M B p hl o6n 8C TH B6!1H 3H llOB e p x H OCTH Hapa , 

B KOTO p O ll npOHC XOOHT OQH OHYK!lOHH b l e nep eQB'lH, Mbl nony'lH M Be !lH'lH H Y 110p 510 K 8 DOH OrO 6apHa, 

3 T O 03 11 8 '!8eT, 'ITO BepOHTH OCTb n e p e .ll8'lH OO H Or O HyK!lOH8 11 0 p HOK8 OOI!Ol! CO T Ol!. E cnH 6bl t1B 8 

1 2 94 
u e liTpo a a H3 Hapa z r H Zr n e p e x o aHnH n 

N 11 
H B:J8B H C H MO a p y r O T a pyra , Ce'!BHHe 

pe8 KUHH C OC T8BH!l0 6b! QeCHTble QO!lH MH!l!lH68pH8. fl o ny'le HH llH BeJ1H YIHI 8 Ce '! CIIHH yK83b! B8e T 

H8 B 03M 0 }!{HYIO n e peQ .l'lY KOppenHpOB 8HH O l! napb l u e l!TpOH OB, 

9 4 9 2 
Ce'! e iiH e p e aKUHH Ha Zr npHMepHo aa aoe npe Bbi wae T ce y e Hw e p eaKU HH 11 a Z r C 

T O 'JKH :J p e HHH n e p e Q ll 'lH KOppenHpOB811HOl! n a pw H e l!TpOH OB
1

3 TOT p e3y!lbT8T npeQC T 8B!l 5le T C H 

94 
eC T e CTBe iiHbiM, T8K KBK BTOp8SI napa a e l!TpOH O B B Z r H 8XOOHTC H B C X OOHbl X K 138HTOBbi X Coc-

T O SIIIHSI X , 

j]JI SI LI H 8 !1H 3ll II O!lyYB HH b iX Q Ll llll biX u e n e c oo6 p 83 H O T 8 K >Ke II OC TpOHT b Kp HBbi B OTH OWe iii1H 

Ce 'le HHl! 11 1.1 p ll3liH'lii L IX H 3 0T0 11 8 X B 3aBHCHM OC TH OT 3 11 e prHH HOII OU , TllKH B K pH Bb! e 11pHBeQB II LI 

118 pHC , 8: 

6 



~ puc . ~ BKDHO , YTO p83J1 H'IHB B CB 'IBHHH peaKUHH Ll.J1H pa3J1H'IHWX H30TOnOD paCTBT C 

y MB!! bllJ81fl1 0 M :• l!epr·H ;I HOHOB. 3Ty OC 06BHHOCTb B xone CB'lBH Hl\ MO;>KHO nOnL!T8TbCH 06bHCHHTb 

cneny10 LUV. M o6 pa3oM . PeaKJll~"' ne pena'IH B03HHK8!0T npH noaepxaocTH LIX CTonKaoaeHHHX nayx 

HD.e p, Ba e 51 D p a , To- eC Tb B TO H o6naCTH , rne Ha He l\TpOH He ne i\CTBYIOT n pyrHe HnepHble 

-<lr /12/ 
'l8CTHUl>l, BOJ1 HOB811 cpyHKUHH uei\TpOH8 conep;>KHT cpaKTO p e , npH'lE:!M B a KpOMe pa3 -

J11-!YI-IblX KOiiCT811T BXOLl.HT 3H e prHH CBH3H Hei!TpOHa (a - E CBH3H ). 

B Ta 6nrniA 2 '' PHBeneHLI n aurrLre o6 3HeprHHX CBH3H 1-ro H 2-ro ael\Tpoaa B o6ny'laB w Hx -

Cll H30TOnax UlipKO !!HH, Mbl BH DH M , 'ITO 3 TH 3He prHH CHJ1bHO p83J1H'l8!0TCH Ll.J1H He l\TpO!!OB , Bxo­

Ll. IILUHX B 38MKH YTYIO o60J10'1Ky H H8XOD.HUlHXCH BHe ee , C npyrol\ CTOp OHbl, qeM MeHbWe 3Hep­

ri1 H H8J1E!T8f0Ulero HOHa, Te M H8 60J1bWeM paCCTOH HHH OT 51D.pa-MHW e HH Ll,OJ1;>KeH OH npOl\TH, 

YT06 Lr ne np oH3owen 3 8XBaT c o6 pa3oBaHHeM KOMnayHn- Hnp a . B pe3 ynbTaTe , c yMeHb WeHHeM 

3 1! 8pr1-1 11 uoHoa ne pena'la nayx He l\Tpoaoa 6yneT npoHcxon HTb ao ac e 6one e ynaneHHbiX o6nac-

THX 51D.epHO'l\ noaepXHOCTH, r n e B8p051 TH OC Tb HaXO;>KLl,eHHH CHJ1bHO CB5138HH blX He l\TpOHOB pe3 KO 

nanaeT. 

8 38 KJ1lO'leHH e C'lHT8eM CBOHM npHHTHLIM Ll,OJ1T"'OM Bblp83HTb rny6 oKylO 6naronapHOCTb qn e ­

HY KOppecn oanerny AH CCCP r.H. ctJne poBy 3a noCT051HH blA HHTe pec K p a6oTe H ueHHblB co-

BBTbl, Mbl 6naronapH bl TaK;>K e rpynne 3KCnnyaTaUHH UHKJ10TpOHa, o6eCTIB'lHBWBl\ qlo! TKYIO, 6ec -

nepe6oi!Hyl0 pa6oTy yc Ko paTenH , 
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T a6nHua 

VJ30TOnH bl H COC T 8B MI!WeHH 113 UllpKOHH S! B o/o 

_l1_~..!Q.n- 90 91 92 94 
MHw e Hb 

-
go 

Zt 02 96 ,8 1,4 1, 1 0,7 

g2 
Zr 0 2 

4,4 4,4 83,6 2,4 
g4 

Zr 0 2 2 ,9 0, 9 1, 6 93,8 

Ta 6 nHu a 

3HeprHS! C BS!31l D.ByX H ei\TpOHOB ll (:; peaKUHil 

B S! D. p a x z/ 0 Zr g
2 

11 Zr 94 

l-130TOn Zr 90 zr92 g4 
Zr 

j__ 

2 

EB Maa 23,3 15,8 

Q Maa -15,0 - 7,5 

3 

Puc. I. CxeMa pacnon o>KeHHR n po6unKa a UHKnOTpoue, 
I. Mnweub. 2. !lyaHTbl unKnoTpoua . 3. KaMepa uHKnoTpoua, 
4 . ny'IOK TR>KenbiX HOIIOB. 5, JleTeKTOp HeATpOIIOB. 6, BaKy­
YMHbi A W n J03 K8M8pb1 UHKnOT pOHB, 

8 

14 ,9 

- 6 ,5 

6 

-1M 

96 

0 ,2 

0,6 



-t---------

\ 
\--L 6 

PH c , 2. D eTeKTOp He ATpoHoa. 

PH C . 3. 

l . WTOK npo6HHK B . 2. nne KCiH'J18C OBhiA 3 8Me.a.nHTe:J b. 3. C'i~TlJHKH c 

4 . MeJJ H bl~ Ko >Kyx. 5, DHacj:>parMa H3 rpacj:>nTa, 6, MH w eHb. 

7 3 

r 6 

BF 
3 

06LUHJ1 BHJ:l ronOBKH MHLUeHH H .neTeKTOpa SHeprHH HOHOB, 

I. ny'IOK HOHOB. 2. MHUJeHb H p eUJe TKa .nnSI nponycKaHHSI 

HOHOB K Konn~KTOpy TOKa, 3. ct:> onbra .UnSI nornoLUeHHSI o.n­

H038pS!.UH biX HOHOB, 4. KonneKTOp TOKa. 5. 3on oTaSI cponbra-

pacceHBaTenb H C'HOB. 6 . .[lep}!{aTe nb .neTeKTopa sHeprHH . 

7, .[leTeKTOp SHeprHH, 8. 6 o nT C HCTO'IHHKOM a - '18CTHU. 

9. 3aLUHT8. 

9 

2 

8 



2. 

3 

0 
5 

-------

--------

-----~ 

~ 

PM c. 4. 6noK- cxeMa aneKTpOHHOA annapaTyphi. 
t. MHweH b. 2. HeATpOHHhiA .aeTeKTop. 3. VlcTO'IHiiK BhiCoKoro HanpSI­

)I{eHHSI. 4. H 10. YcHnHTenH. 5. OcuHnnocKon. 6 • .LlHcKpnMHHaTop. 

7. nepecq~THhlA npH6op. 8. KoHBepTop BpeMeHH H8 8MllnHTy.ny. 
9 H 11'. CTOK8HanbHbie 8H8nH38TOpbl aMnnHTY.llhl. 12. reHepaTop HMnynb­

COB TO'IHhlX 8MllnHTy .ll. 

11 

~ G 

7 

9 

0 ... 

1 



Pac. 5. 

N 
Ktt 

1000 " 
. . ~ 500 i \ 9~ 1$ 

1\ 
Zt 02.+N -N 

K.. too 
~ 
~~ 50 
~ 

n 

\ 
40 ' 

s fS eeK t. 

KpHB8ll pacna.aa HeATpOHHol axTHBHOCTH npK o6ny'leHKK 
Zr"o2 aoHaMH N 11 • 

Pac. 6. 6b1XO.a 11.aep N " Ha ToncTbiX MHWeKel H8 o.aay na.aaJOWYJO 
'18CTHUy. 

11 



~r-------.-------.-------~------~------~----~ 
~b 

so ~ 

~ ~ 

s I J...........-= I 7/ I I :L- ' ' 

~' ~------+-----~-r-------+------~--------1-------4 

P11c. 7. 

Qf' I I t I I l 
~ EO 'll) ~ «X> t() M l-.4 • 

f~/1 . 

3cpcpeKTHBHble Ce'leHHSI ~eaKUHH rr epe.D.8'11! 2-x H e l!:TpOHOB H8 

H30Tonax UHpKOHHSI : Zr 
4 

, L.r 91 , Zr 90 
B c . u •. M • . 

PH c. 8. 

.. 
C) 
u 

~ 
f 
8 
u 

2or-------------~------------~------------~ 

6+-----~~----r------------1-------------4 

ro t-----------~----------+----------~ 

6u9Z 
(), rso 

S t------------T~~---------+------------4 

0 I I !xi I 
50 75 I 125 .Ob-4 . 

Eu.-11. 
C o o THoweHH R s<PcPeKTKBHbl X ce4e Hu ii a 38B KCHM OCT H o T sH ep r KH HOHOB 

N I S 8 C. U .M. 


