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1. Bseaemrn 

B na6opaTOpHH HeuTpOHHDU <pll3HKH C 1965 roaa IIpOBOJlHTCH nccneao

BaHHH peaKUllll ( n, a) B peaKUHOHHOU o6naCTH 9HeprHH HefiTpDHDB, Ilo HaCTO

muero npeMeHH 6bmo nccnenosaHo oKono 50 peaoHaHcon, rrpnHaunem:aurnx paa

nH'!HbIM ll30TOIIaM B o6naCTH 8TOMHbIX Becon 95 :s A :s 149/ l,2/. PeaynbT8Tbl 

IlOHCKOB H nccnenonaHHU HCIIDnb30BanHCb, B qacTHDCTil, ansr IlOCTpOeHHH a-qac

Tll'IHOU CHnOBOU <pyHKIUrn/ 2/, nmr ananuaa rroseueHHH KOTOpou 3Ha'IHTenbHblll 

HHTepec npencTaBmreT o6Hapym:eHne ( n, a) peaKUHH B 6onee wupoKoil: o6nacTn 

aTOMHblX BeCDB. 

Bhl6op KDHKpeTHhlX srnep B anaqnTenbHoil: Mepe orrpeuensrncsr Tpe6onaHHeM 

DTHOCHTenbHD 6onbWOro 3Ha'!eHHH rrpDHHUaeMOCTH KynDHDBCKOro 6apbepa 

JlnH a -'IaCTHUbI, C aToil: TD'!Kll apennsr rre pcrreKTHBHbIMH srnpaMH OKaaanHCb 

64Zn • 67 Zn 177Hf. nnpo 111Hf 6 ,i., ll30TOIIbl H n,-,. nemHT B D naCTH ae't'opMH-

ponaHHbIX sruep, ansr KDTDpbIX eme He Ha6monanacb peaKunsr ( n, a) Ha MeA

neHHhIX HefiTpOHax, B TD )1{0 BpeMsr cpnyKTyauHH rronHblX a -wHpIIH B T8KIIX 

srnpax MoryT Ll8Tb cseneHilH D BKnaue poTaUHDHHbIX THIIDB Boa6ylliJleHI1il: B pe-

30H8HCHbie CDCTOHHHH srnep/3/ • l1ccnenona1msr C ll30TOII8MH IlHHKa II03BonmoT 

rrpn6nH3HTbCH K o6nacTII srnep, rrpeacTaBnmolllIIX HHTepec C TO'!Kll 3p0HIIH 

peaKTOpOCTpOeHIIH/4/. 

2. l1aMepeHne 

IToHCKH peaKUHII (n, a) rrpoBOJlllnHCb Ha IIY'!Ke Heil:TpOHOB HMrrynbcHoro 

peaKTopa Ol1Hl1. B Kaqe·cTBe aeTeKTopoB a -'IaCTHU ncrronbaosanncb raao

Bbiil: CUHHTHnnsrunDHHblll aeTeKTDp Tnrra/5/ IIpll H3Mepemrnx C Mlllll0HHMH Zn 

n MHoroceKUHDHHasr rrponopunonanbHasr KaMepa rrpu H3MepeHnsrx c paaneneHHhIM 
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1130-rorroM 
177 Hf. M nwemr rrpencTaammn c o6oii cnon Zn O n HfO 2 TOJIIUHHoii 

2 
COOTB8TCTB8HHO 4, 15 H 3,45 MrlcM ' Jla}IeC8HHbl8 Ha amoMIIHl18Bbie rronno>K-

KI! TOnlUIIIIOH 0,5 MM M8TOUOM, OllHCaHHbIM ToMl!KOBOii/8/. 3nepr1rn HeiiTpOHOB, 

rrp1moLtH1unx K a -pacrrany, orrpenenHnacb rro BpeMeH11 rrponeTa HMH 6a3bI 

100 M. BpeMeHHoe pa3pewen11e 11 TaIOKe HeKOTOpb!e xapaKTep;.JCTlIKl1 Ml1W8Heii 

rrpneeneHbI B Ta6n1111e 1 • 

M3MeHeHHe CKOpOCTH cqeTa B 3ae11c11MOCTl1 OT BpeMCHlI nponeTa HBHT

pOHO~ L(JIH eCT9CTB9HHOii CMeCH lf30TOI10B UlIHKB BMCCTe C onnoii Mlflli9Hbl0 

Kam16p0Boq1rnro aneMeHTa 
143 Nd rroKa3aHo na BepxHeii Kp1rnoii p11c. 1. Bnnno 

143 
yBennqenue cqeTa KBK B o6naCTlI rrono>KeHlIH pe30H8HCOB Nd(Bhl/:l9JI8Hhl 

64 
rryHKTHpoM), T8K 11 B o6naCTlI IlOJIO>KBHl1H pe3011aHCOB H30TOI10B Ul1HKa Zn 

67 
Eo = 281 aB) 11 Zn ( E 0 = 1548 aB). llorronHHTeJibHoe H3MepeHHe 

. 143Nd 6e3 MllWBHl1 DOUTBBplllIJIO, qTo yBen11qeH11e cqeTa B o6JiaCTll rrono>KBHlIH 

pe3oHaHCB C 
67 Zn(n, a). 

E0 = 1548 aB (Hl1>KHHH KpnBaH p11c. 1) o6ycnoBneno peaKuneA 

KpoMe Toro nyqwne ¢oHOBhlB ycnoBl1H !103BOJillJilI o6Hapy>KlITb 

64 
yBemrqe1111e cqeTa TaK)l<e B 06nacT11 rroJ!D)Kemrn pe3onanca Zn c E0 =2837aB. 

B 8TOM norronH11TenbHOM lI3MepeHlfll 6bIJill HCDOJib30BaHbl TOJibKO 4 MlIU19HlI 

113 7, IT08TOMY CTaTHCTl!qecKaH TOqHOCTb OKa3aJiaCb nenocTaToqnorr nnH HBHoro 
64 

BLmeneHHH pe30Hat1ca Zn c E O = 281 8B. B TO >Ke BpeMH rrpe)KHHe lI3-

MepeHlIH/ 1 / HCKJIIOqaroT rrpennono>Ke11He 06 yBen11qen1111 cqeTa B 06nacT11 nono

)Ke1111H aToro pe3oHaHca 3a cqeT peaKu1111 
143Nd( n, a). 

177 
TT pH rroncKe peaKUIIH Hf(n, a) BpeMeHaoe pa3pernemre 6bmo nocTa-

l 77 
ToqHO TOJibKO UJIH pa3perneHl!H peaoHBHCOB Hf, 8HeprlIH KOTOpb!X Hlf)Ke 

10 8B. Pe3ynbTaT 113MepeHl1ii ITOKa3aH Ha pile. 2. ilnH IIJIJIIOCTpauHH rrpnBeneHa 

Kp1rnaH l!HT9HCl1BHOCTlI 3axBaTHbIX y -nyqeA, rronyqeHHaH C ITOMOlUb!O Y -ne

TeKTOpa M oKcoHa-PeH B aHanorlfq.'IbIX ycnoB1rnx nnH Tex )l<e MJiweneii ra¢mrn. 

64 B Ta6JIIIU8 2 rrpHBeneHbl rronyqeHHbie 118Mll 3HaqeHl1H a -wllp11l! UJIH Zn, 
67 Zn JI 

177Hf. 06pa6oTKa pe3yJibT8TOB rrp0113BO/:llIJiaCb M9TOUOM, OlllICaH

HbIM B paooTe/2/. 

3. 06cy>KaeHne pe3ynbTaToB 

TTpe)l(L(e qeM rrepeiiTH K o6cy>KU9Hl1!0 pe3yJibT8TOB, o6paTUMCSI K cxeMaM 

65 68 178 
a -pacnana Zn , Zn II Hf ( BCTaBKII Ha plIC. 1 If 2). Ilpn 38XBaTe 

s -ueiiTpOIIOB HnpaMll MlIUieaeA o6pa3yIOTCSI COCTOHHllH COCT~BHoro Hnpa 
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Tae5nm:~a l 

H,llpO- Ex) J:311,l\ 
Co,Zlep- Bee !IJIO- T11n BpeMH 

Bpe1rna-
o( maH11e oe5pa3- l!la,l\L aoe pas-

Mil- tJ3B oe5pas- 113OTO- ~a o6paa- ,l\eTeH- usMepea11tt p61D6Hll6 
wear, ~a na Topa 11ac MHC6H/!.! 

% rp. ~a 2 
CM 

64 rasonutt 
141 c 143 

Zn 3,7 ZnO L,8,9 26 6300 C~HTllJI- 0,04 JIH~OH- Nd 
Hb!H ,l\e-

149 C5es 143 TeHTOp Nd. 

67Zn 4,6 ZnO 4,I 26 6300 To me To llte 0,04 

177 9,7 Hf02 
84,6 8,35 2400 Macro-

Hf CeH~l1OH- 182 0,7 Hali 
nponop-
~11OHaJIL-
H8H 
Hauapa 

143 ,l\JIH HaJillC>pOBHl1 r;_ Nd 9,42 Nd2Q 73,2 3,44 484 113OTOilO:B UliHHa 

73,2 2,0 280 ,l\Jlff HaJIHC>~O:BHl1 'c(_ 
113OTOil8 l 7 Hf 

*) B3RTO 113 pae5OTbl /7/ 
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Pnc. 1. 3aBHCHMOCTb 'IHCna OTC'll'.lTOB aeTeKTOpa a -'laCTHU OT BpeMeHH 
nponeTa aeftTpOHOB B H3MepeHHHX C ecTeCTBeHHOft CMecbro H30TOfiOB UHHKa 
H paaaeneHHoro H30Tona 143 HJ {BepXHHH KpHBas) H ecTeCTBeHHOft CMeCbro 
H30TOfiOB UHHKa {HH)KffHH KpHBas). CTpenKaMH o6o3Ha'leHO nono>KeHHe peao
HaHCOB cornacHo/8/. ITyHKTHPOM BbIAeneHbl peaoHaHCbl 143 HJ. En - SHeprHH 
HeftTpOHOB B sneKTpOHBOnbTax, 8 - saeprHH CBH3H HeftTpOHa B sape, J 17 -

cnHH H qeTHOCTb peaoHaHCHb!X COCTOHHHft cocTaBHoro sapa,/17 - cnHH H qeT
HOCTb COCTOHHHlt AO'lepaero sapa, E - SHeprHH Boa6y>KaeHHbIX COCTOHHHlt 
B MsB, 



c J" = 2- nmi 3- ami 
68 

Zn , 3- nnn 4 an.H 
178

Hf n 1/2 an/
5 

Zn • lfa 

68z -B036y)KJleHHOro COCTO.HHll.H n CJ"= 2 a -pacrraa B OCHDBHoe CDCT~.HHHe 

64 N' 6 I 3arrpemeH rro '19THDCTll ll B03MO)K9H Ha rrepBoe B03 ymaeHiroe CDCTO.HHIIe, 

KDTOpoe H8 1,34 MaB Bb!ll!e DCHOBHOro COCTD.HHII.H. CooTBeTCTBY!OIUlle oueHKll 

ITOK83b!B8IOT, 'ITO rrpoHnuaeMOCTb KynoHOBCKoro 6apbepa B 9TOM cny'!ae 

rrpnMepHO B 200 pa3 M9Hhllle, '19M Jln.H rrepexoaa B OCHDBHOe CDCTO.HHI!e
64 Ni. 

lfa-3a 6om,ll!oro DTHocnTenbHoro ll3MeHeHnsi aHeprun a -'laCTHU ansi rrepexoaa 

B rrepBoe B036ymaeHHoe COCTOHHlle B H8lllllX ycnOBllHX ll3MepeHllH acp<peKTIIB

HOCTb perHCTpau1m an.Ha -'18CTIIU (fa ) C E a = 3, 28 M 3B B 4 pa3a M9Hb

llle, '!eM fa an.H Ea = 4,8 Maa. TaK KaK aKcrrepnMeaTanbHoe GHa'!eHne 

r a lln.H p930H8HCa C fo = 1548 9B 6nll3KO K paCC'IIIT8HHOMY Ha OCl!OBe 

CT8TIICTU'l9CKOH TeOpHII .Hllpa (r ~m), TO 9CTb OCHOB8HII.H rrpl!ITIIC8Tb 9TOMY pe-

30H8HCy CITIIH 3, B ITpOTIIBl!OM cny'!ae OHO 6bmO 6b! B 1000 p83 6onblll9 r ;_m, 
'ITO, cornacHo/2,4/, KpaiiHe ManoaepoHTHo. BepxHee 3Ha'l•~Hne r a ansi pe-

3oHaHca c f O = 2248 9B rrpl!BOlll!TC.H B rrpearronome1In11, 'ITO OHO orrpeaenH

eTCH rrepeXOllOM B OCl!OBHOe COCTO.HHlle, B TO BpeM.H K8K Jln.H pe30H8HC8 

Cf O = 223 9B ( J" = 2-) Y'lHTbIBaeTC.H, 'ITO OCHOBHOH BKnaa aomKeH ll8B8Tb 

rrepexoa B rrepBoe ao36ymaeHHoe cocTo.HHl!e llO'lepHero Hllpa. 

B cny'!ae a -pacrraaa cocTaBHhIX siaep 
65 Zn H 1

78 Hf rrepaoe Bo36ym

aeHHoe COCTO.HHlle llO'l9pHero .Hllpa pacrronomeHo 0'19Hb 6nll3KO K OCHOBl!OMY 

COCTO.HHll!01 II09TOMY B 113Mep.HeMbIX 3H8'1€HH.HX r a JlOnmHbl IIpl!CyTCTB0B8Tb 

rrepeXQllbl KaK B OCl!OBHoe, TaK ll B Hll3Konemamee B036ymaeHllbie COCTO.Hl!IIH. 
178 Tr - -

IToaTOMY 3Ha'!eHll.H a -lllllpHH Jln.H Hf C J = 3 llnH 4 aonmHhl OTnH-

'18TbC.H O'leHb Mano, 'ITO ll ITOllTBepmaaeTC.H pe3ynhT8T8Mll ll3Mepel!llH. He-

6onhllI09 'lHCno pe30H8l!COB, an.H KOTOpblX 6brna ll3MepeHa a -IllllpHHa, He 

rro3BDn.HeT caenaTb 3aKnro'!eHne oTHocnTenhHD 3aKoHa pacrrpeaeneHH.H a -wnpm/4/. 

3Ha.H CTaTHCTll'l9CKlle 38KOHOMepl!OCTll, MO)Kl!O O)KII)l8Tb, 'ITO pacrrpeaeneHl!e 

a -lll!{PHH. 6yaeT llOBDnbHO Y3KHM, TllIIa XH-KB81lP8T C 'lllCnoM CTerre11eii CB0-

6o)lbl V = 4-5. ITony'leHHb!e pe3ynhT8Tbl He rrpOTllBOpe'!aT 9TllM rrpearrono

l!(el!H.HM. 

113 Benll'lllH a -llIHpllH pe30l!8HCOB 6bina oue11e11a l!ll)KHHH rpa-

HHUa BenH'lllllbl Terrnoaoro C0'1€l!ll.H ( n,a) peaKUllll C Y'IE3TOM Olllll6DK B orrpe-

T 64 67 
aeneHHH r a. Hallie 3Ha'leHne aa an.H ll30TorroB Zn H Zn ( cM. Ta6nn-

uy 2) B H0CKOnbKO pa3 Bb!We 3H8'leHH.H, HerrocpencTBeHHO ll3MepeHHOro 
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Ta6JllU8 2 

H,llpo I Lo CJi cm 
Nd- rJ. (aB) J:d. (SB, ,D (SB) Lflifil8HI» (aB) J 

281 l 186,±58 (o,52+0,2).10-4 4.ro-4 14,3.103 
64 "Z 
Zn. 2637 l 148,±51 (l,2±0,5).I0-4 

'2 

223 2- 50,±40 < 0,8.10-4 0,15.10-4 1,2.103 
67 

448 3- 34,±48 <0,3.10-4 25.ro-4 3 
Zn. 0,86.IO 

1548 3-* 600,±103 (7 ,5+4P).ro-4 

2246 94,±71 
--4 

L.Il.IO 

I,098 3- 556_t59 (3,7+0,4).ro-9 14,5.ro-9 5,3 
2,38 4- 196,±44 - 9 

4,1 177 (l,I+0,3).IO-
Hf 5,89 3- 84±24 

- 9 
5,3 (4,c+I,6).IO-

6,57 4- 70,±25 - 9 9.ro-9 411 (l,5+0,9).IO-
8,87 4- 64,±28 - 9 4,1 (4,2.±2,0). 10-

SaeprHH H CllliHN P880H8HCOB B8HTN H8 pa60TN /8/. Cpe,llH88 
paccTOHHliJ8 M8l£.l!Y YPOBHHMH ~ Hat.\ B3HTO 113 paeiOTbl /9/ • 

B aHaqeHHH Yc:1,. He BKnIDqeHa owueiKa aa cqeT HopuupOBKH, 
KOTOpaa C0CT8BRH8T ~ 6CY~. 

:!t:) CIIHH onpe,lleneH 1,13 pe3ynnaTOB ,llBHHO.it pae50TI.. 
T 

U) 0U8HK8 6 ;;I.. onpe,ll8RHRac:r. KBK BKRB,ll HCCR8,ll0B8HHI.X 

(o~T 

(1rn6apa) 
u 

>23 

;>40 

>6 

p630H8HCOB B TennoByID o6nacT:r. Ci63 yqeTa B03MOlEHNX HHT8P
wepeHI(UOHHI.X 8WW6KTOB. 

8 
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t . -.. :. t f . t t O 

2.38 5.89 8,87 
ttff ff 1111ft t 

Nd1'3 
6,57 

OL.(/111 I I I 111111 I I I 111111 

10 100 En 

Pnc. 2. 3aBHCHMOCTb qHcna OTcqeToB neTeKTOpa a -qaCTHU OT 3HeprHH 
177 U3 

HeliTpOHOB(aB) B H3MepeHHSIX C paaneneHHbIMH H30TOil8MH HI 11¥ Nd. 
B BepxHeli qacTH pncyHKa - aHanorwmag KpnBall nnll peaxunn Hl(n, y). 
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· I 10/ 110/ 
B pa5oTe • B TD )Ke BpeMH H3MepeHHaH B pa5oTe sennquua /Ea 

ua yxaaaHHhlX H30TOITBX 3UaqHT8JihHO npeBOCXOllHT 3HaqeHne, KOTOpoe MQ)KHO 

Q)KllilBTh H3 paaHOCTll Mace, yqacTBy10umx B pacnane COCTBBHoro Hnpa. Ilo

BHllllMOMY' KaK 8TO OTMeqaJIOCh sl 11/' pe3yJihTBThl/ 10/ own5oqHhI. 

OTMeTHM errJe cneny101une oco5euHocTn nonyqeHHhIX pe3yJihTaTos: 

1. HccnenoBB!Hibie Hnpa HBXOllHTCH B TOH o6naCTH MaCCOBblX qHcen, rne 

pacqAThl cpenunx a -wnpnu ua ocuose onTnqecxon Monenn Hnpa/4/ oqeuh 

qyBCTBHT8JihHbl K Bb16opy napaMeTpOB OITTHqecxoro ITOT8HUHana. HoBbie JlBHHbI8 

BM8CTe C 5onee paHHHMn/1,2/ y)Ke llOBOJihHO qeTKO ¢nxcnpy!OT ITOJIO)KeHne 

MBKCHMYMOB ( ecnn OHH cymeCTBJIOT) CHJIOBOfi ¢yHKUHH nnH a -qacTHU B lliKB

ne BTOMHbIX B8COB. 

2. 05Hapy)K0Hll8 (n, a) peaKUllft Ha ll30TOITax UllHKa BB)KHO llJIH OU0HOK 

pannaunoHHhlX ITOBpe)KneHHfi B KOHCTPYKUllOHHhlX MaTepnanax peaKTOpOB 38 

cqAT BbIJI8TB!OIUHX a -qacTHU KBK B cnyqae Hannqng B HHX UllHKa, TBK H nnH 

6onee ToqHofi 8KCTpanonsrunn ceqeH1Ifi peaxunn ( n, a) na TaKHe MBTepliaJibI, 

np1IMensreMbie B peaxTopocTpoeHHII, xaK Ti , Cr , Fe , Co II Ni . Tax1Ie H3-

MepeHirn HJ)KHbl II nnsr ouenoK ¢oHa nplI IICITOJih30B8Hllll CUIIHTIIJIJISITopa ZnS 

B xaqecTBe neT0KTopa a -qaCTIIU B npncyTCTBllll HeftTpOHHb!X nonefi. 

3. BennqnHa aHaqeH1Ii1 ra nnSI ne¢opMnpoaaHHoro Sinpa 
178Hf npen

CTaBnSieT IIHTepec llJISI OU8HKII ceqeunn (n, a) peaKUIIfi Ha ne¢opMHpOBBHHbIX 

Hnpax, TaK xax npenwecTBy10mne 1IccnenoBaH1IS1 (n,a) peaxunfi npoaon1In1Ich 

s6nnan aaMKHJThIX o6onoqex Z IIJIH N, paBHhIX 50 nnn 82. CpenHee anaqe

HIIe a -wlipllH nnSI 8TOro Sinpa OKB3BJI0Ch B ITSITh paa M0Hbllie paccqnTaHHoro 

no CTBTIICTnqecxofi MonenlI, IlnH OllH03HaqHblX Bb!BOllOB O BKnane POTBUHOH

Hb!X TIIITOB B035J)Kll0HHSI B p030HBHCHb!8 COCTOSIHHSI Heo5xonlIMbl II3MepeHIISI 

OOJihWero qlICJIB peaoHBHCOB. 

B 3BKJIIOqeune BBTOpbl Bb!p8)KBIOT 6naronapHOCTh r. rnay3nyc II 11. To

MHKOBOfi 3B H3rOTOBJI8Hll8 MllllieHefi, C.A. MapywKHHy 3B ITOMO!Uh npn ll3Me

peHHSIX, A. fpaqesofi aa noMoIUh nplI n3roT0Bneu1In pannoannapaTyphI, M, <Pno

pexoaofi II P. XopBBT aa ITOMO!Uh npn o6pa6oTKe peaynhTBTOB, 

n H T e p 8 T y p a 

I, J, Kvitek, Yu,P, Popov. Nucl, Phys., A154, 177 (1970), 

2, 10.n. nonoB, M, ¢>nopeK, HnepH8lI cjlH3llKB, .!!, Bb!IT, 6, 1163 ( 1969), 
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