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2"" 
8 H8CT0Hll.l98 Bp9MSI npHHSITO, qTQ tt9THOCTb OCHOBHOrO COC T OSIHHH Pu f!OJlOii \ :t-

TenbHa/2/, 0,aHaKO B p>!ae pa6oT/ 
3 •4 ,B / 06patUanOCb BHIIMBHJ!e Hfi TO, '!TO 8TO T Oh i OOp 

He MOJKeT CqHT8ThCSI OKOHq8T9nbHbTM, H CT8BH11CSI BO!IpOC 0 ,LlOOO.'lHHTellbHOfi 11pOBepK I? 

'19THOC TH. B pa6oTe
131 

6b.na rrpeano>KeHa CHCTeMaTHKa 'lCTHOCTeli ocHOBHhL\ · ·oc TOHHHfi 

a - 8KTHBHbiX H.D.ep. 0.QHHM H3 H9MHOrHX HCKnJOY9HHA: B SI TOA: CHC T 9M8THJ\I .' 0hill l1 IIOJ10-

>KHT9nhHfi>l qeTHOCTh Pu 
280 

, B pa6oTe
141 

6biiTO rroKaaaHo, 'ITO c!JO P MY"" 5op .. -YHil!l\.> -

pa161 .lln>l cpeaHero 3H8'l9HH>I ,aenHT9nhHbiX W HpH H ypOBH e li COCT8BHOI'O Ht:I)J!J C 30LlllHH bi M!I 

CflHHOM H qeTHOC TbJO Jl,89T y.llOBn9TBOpHT91lbH09 COrJ18CH9 C 3 KC09pHM OH T OM H;:l .ll9J1S:II II HX-
218 23~ 241 

c>~ Hapax U , U H Pu 
289 

Pu paCXO>Kt:19HH9 COCTaBnSieT 

• OaHaKo anSI p eaoH aHcoa co cnnHoM 0 HllP" 

rro'<TH 2 rropllaKa. AaTopbi p a6oTb/
11 

o TM e YaroT , ·rn• 
289 

3TO paCXO)K,ll9HH9 yC Tp8HSI9TCSI, ecnH OCHOBHOe COC TOSIHH e Pu HM99T OTpHil A T e JlbHYIU 

ti9THOCTh. 

0JJ.HHM H3 B03MO>KHbiX nyTeA. nony'-l9HHH HHc.fJOpM8UHH 0 qeTHOC T H OCHOBHOrO COC T Q H-
289 2"" 240 / 4/ 

HHll Pu SIBnl!eTC ll H3y'<eHHe crreKTpoa Y - ny'le li peaKUI<>I Pu Cn,y), Pu 
240 

B npOU9CC9 KOTOpOli MOI'yT o6p830BbiB8TbCll COC T OllHHll COCTB8HOI'O !!llpa Pu CO 

CI1HH8MH 0 II 1, 

Ha pHc, 1 npHBeaeHa cxeMa HH>KHHX ypoaHeli Pu 
240 /2/ 

H yK8.'38 Hbl B O.J M O>K Hr-.1 €' 

nepeXO.O.bi H8 3TH ypOBHH H3 38XB8THbiX COC T OSIHH A 060HX CJlHHOB KBK D.nst n onO>IOIT€'nhHOf1: 1 

T8K H .UflSl OTpHU8TenhHOA qeTUOCTH. Ecnu npHHHTh SO BHHM8HH e H 3 BeCTHbi e COOTH OlllOHlH! 

sepOHTHOCTeA: Y - nepeXO,UOB paaniPtHblX THI10B 1 T O U 3 3TOf'O pHCYHK 8 M O>t<HO U H.ll BTb , 

'!TO B cnyqae OTpHU8T9ITbHOU 49THOCTH o6LUaH HHT9HCH8HOC Tb ll e peXO.ll OB Hn ypo8 HH Pu 
240 

C B036y>K.ll9HH9M LIO 700 K 9 Il 8 p e30H8HC8X CO CIIHHOM 1 LIOIT>K Ha 6b!Tb MHOI' O 6onbU IP, 

qeM COOTB9TCTBylOU18H HHTeHCHBHOCTh B pe30H8HC 8X CO C HHHOM 0. 8 Cnyyae >t< e non O>t<. ll-

TenhHOJ! 'leTHOCTH 9 T OT 9tjJ<j:JeKT 6y.aeT ropaa.uo cna6ee. B qacTHOCTH, .an" n e p exo.aoB 8 

OCHOBHOe H n e paoe B 036y>K,09 HH0f' COCTOSIHIHt T8K851 3 8BH C HMOCTb HHTeHCHBHOCTH OT c nH tHl 

H C XO.UHOrO COCTOSIHHSI 06ycnBB.'1HB89TCH p83nH 4HeM a epOH TII OC T e A nepeXO.ilOB TH 1l . 1 E l H 

M2 npH O'!'pHuaTerr bH OA 4eTH DC TII H nepexo.uos M 1 11 E2 - npn nono>KrrTeJibHOli. 

VlcXO.llll H3 9 TOl'U , B .ll B HHOli pa6 o T e 6hrna npe.nn pHH!!TB nOIIb!TK8 H3M9p9HH~ }' -.~y ­
~89 

qeJ! OT aaxsaTa H e li1'pouos 8 p>I.ne p eaoHaHcos Pu , BoaMO>KHOCTH no.aoouoro c> Kc -

uepHM9HT8 CHnbHO orp8 HJPiHB810TCst HBnH'-l.H GM Y - nyqeA neneHHR, BKn a.a KOTOpbiX HeoGxo-

.llHMO Y'<HTbiB8Tb, 
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llOMKMO KKcpOpMBUKH 0 qeTHOCTH 
2111 

Pu , Hccne.ooaaHHe Y - cneKTpoe p a.an a -

UKOHHOJ:'O 38XB8T8 pe30H8CH~X HeiTpOHOB CBMO no ce6e 1Ip8.0CTBB1IR8T HHTepec, TBK K BK 

1I0.006Hbl8 CB8.08HH!I .llli!I ,ll81I!IlllKXCII H.O.ep B liHTepaType OTC)'TCTB)'IOT, 

VI 3 MepeaHH 

Vf3MepeHKH Bb!D01IH8HW H8 RM1I)'libCHOM pe8KTOpe 06b8.0.RH8HHOJ:'O HHCTRT)'TB H.0.8pHblX 

a ccne.aoeaual! c l!cnonb3oeaaaeM MeTo.aa epeMeHR nponeTa aeATpoaoa npa pa3pemeaaa 

oxono 0, 5 MKce x /M , 06pa3e u nnyToHHH eecoM 193 r pacnonaranc11 e nyqxe aeATpoaoe aa 

paccTOH HHH 100 M OT peaxTo p&, CnexTpOMeTpoM Y - nyqeA cny>Kan uanaa.o.paqecxaA 

KpHcTann NaJ ( Tl) p83M8p0M 90 X 90 MM C cpoTO)'MHO>KHTeneM <l>3Y - 26,HBXO.O.RlllHl!-

C 51 eKe ny'!KB e ce aHuoe o A H 6opaoa 3BlllHTe. 3aepreTaqecxa51 wxana cnexTpoMeTpa xa-
22 

1I1!6poeanacb C noMOlllbiO HC TO'IHHKOB Na ( Ey z 1,28 M3e) R Po-Be(Ey •4,43M3 e ) , 

V1M1I)'libCbl C <j:lOT O)'MHO>KH T 8 1I!I 8H81IH3HpOB81IHCb no Bp8M8HH 1IOHB1I8HH!I OTKOCHT81IbHO 

Hel!TpOHHbiX HM1I)'libCOB p88KTOp8 H no 8M1IliHT)'.ll8 .O.B)'XM8pKbiM 8K81IH38TOpOM C 3:.! BpeMeK­

HbiMH H 64 8 M1IliK T )'.llHhlMK K8K81I8MK, C,ll81I8HHblM H8 6838 C8pHIHOJ:'O 8H81IH38TOp8, 

3 T O .118881!0 B03MO)!{H OCTlo 0.11K0B p 8M8HHO H3MepRTb C1I8KTp~ Y -nyqel, Bhl3biB88MbiX 

nornoweuae\1 Hel!Tpouoe p831IH'lHbiX 3 Hepral!. 

V1 3 M e peHHR npoeo.aHnHCb 8 .aea npaeMa: MHrKaH 'lBCTb cnexTpa ( 1-5 M3e) K3M8pH -

n ac b o Kono 8 qac oe , *eC TK B>< 'lBCTh (4,5 - 8 ,5 M3e ) - 5 3 qaca. 

1:) T oll >« e reoMeTpi!H 6 bili H3Mep eH cnexTp y - H31I)''l8HKR o6p83U8 npH OCTBHOB-

1I8HHOM p e BKTOpe , :>i<eCTKB51 'l8CTb 3 T OJ:'O C118KTpa U81IHKOM 06H38Ha C1IOH T8KHO,ll81I!I lli8M)'C R 
2<0 289 

H30 T ony Pu , npacyTcT eyJOI U eMy e o6pa3ue . KaK H n pa .aeneHHK Pu HeRr-

p O H 8M H 1 O H 8 CO.aep}f(HT C p 8 BHHMbJ 9 BKnB.Obl MrHOBeHHbiX Y - ny'l e l! .aeneHKR K y - nyqel! 

OT 3axeaTa u e l!Tpoaoe .aeneHHst e KpH c T anne H m.py)!{BJOlllHX MBTepaanax. B 6onee MHrKol! 

'IBCTH ,llOU8Bli 51 10T C st Y - ny'm OT 0CK01IK08 H a - pacna.a.a . 

KpoMe T o ro, .ana a6conJOTHbiX oueaox 8bixo.aa y - nHHHl! 6bJliO rrpo8e.aeao H3Mepe-

HH e Cll9K Tp OB y - ny'lel! pe 8KUHH 
19 5 196 

Pt (n,y) Pt 8 pe3ouaucax n p11 11,9 11 19,6 38 

C H 3 BeC T H hl M B biX O.D.OM Tpex C B MbiX *eC T KHX naaal!
17 1 

P a3HHua e cyMMBpHbiX 8 bixo.aax 

3 TltX JI H'H H a .Ol1SI YKA38 HH b !X p 9 3 0 H 8 HC OB aenHl.J:HH O ft B 1,6 KB8HT8 H8 }QQ 38XB 8 "19HHbLX HeAr-

p O H OB Hfl,nG>K HO p erHC TpHpOBafi8C b H B WHM Cll9KTpOMeTpOM. 

P eayn h T BTbl H ax o6pa6oTKa 

1:) T a6naue ~>pH8e.aeHbl napaMe Tpbi peaouaaco8 
289 

Pu 18
•
91

, 8 KOTOpblX 6biliH H3-

MepeHf-11 cneKTpbl Y - nyqel!. 3TH c neKTpbi co.aep*aT 8KJtB.llbT aax8 a T a H .aeneHH51, L!acTb 

B p e Me HH OrO Cfl9KTp8 KM llyJibCOB, C O JJ.Cp>K8W8st nSlTb K CC.rl€.[lOB8H H H X p e30H 8 HC OB, fiOK838H8 

H a pH C , 2. 

~ ' i 

I 

I 
J 

nm1 C)'>K.0.8HIIR 0 qeTKO< 

J:'IIR CBR3H HeiTpOHa ( • 6,5 

xo cpaaaeaae ecex R3MepeHHb 

.0.81IBX OWR!Sox COB1I8.0&IOT, n 

OT .0.81I8HK!I B p83HWX p830H81 

Y - C1I8KTp8X 38XB8T8, npa 

p83HOCTH HHTBHCHBHOCTel ne~ 

+ + 24> 
ypoeaa 0 a 2 H.apa Pu 

cTon6ue Ta6nKuhl 3Ta oueaxa, 

npKBO.O.HTC51 .0.1151 p83Hb!X pe30 

nanbH8l!W851 HHcpOpM BUH 

scex cneKTpos no nnoma.aH a 

3)'1I bT8T HOp MHp OB 6HH51 H306pa 

TOlibKO npH 3 HeprHH HH)!{e 5 . 

38XB8T A ( 1151 T b! l! CTOn6eu T B6T. 

ecex - .ana pe3oHaHca 11, 90 

CyHKe He fl0K838Hbl . J::3hrqHT8Hl 

38X88T8 38 BbttteTOM H9KOT0p1 

nnOW8.11 H 3 THX C118K TpOB s 
S , nonyqeHHbiMH H3 K3J 

pacq 

fl8.D,eHKe B bi 3 B8H 0 1 no-BH ,llHMO 

1!,90 3B, 

Ha pa c . 4 ea.aao, 'ITO E 

He l!TpOHB , no.ac'leT COOTB e T C 

c aeaocTb nepexo.aoe aa ypoet 

aa 100 nornoweaHbiX ae l!Tpoa 

C8.1l bM OM CT On 6ue T861IKL",bl .0 

ll a paM e Tp bJ p 

3uepraa 
Cnau rr pe30H8HC8, 

3 8 

--
0,297 0 39 

7,84 .! 3t 

10,93 I 3~ 

It ,90 I 4 1 

17,5 I 3f 

22,2 0 3~ 



58HHe Y - cneKTpoa p a,c::ll! a -

lCT8BI1ReT HHTepec, T8K K B K 

yTCTBYJOT. 

lRHeHHOrO HHCTHTyTa R.aepHbiX 

eATpOHOB npH p83p9lll9HHH 

t c ny>KHil URilRH.UpH'IecXHll 

aTeneM !P3Y- 2J3.H8XO.USIUlHli­

.R w xana cnexTpOMeTpa K8-

<3B ) H Po -Be(Ey •4,43M 3 8 ) . 

JM e HH fiOHBneKHg OTHOCHTe nbHO 

bi M 8H811H3 8TOpOM C 3:.! speMeH-

;epKliHOrO 8H811H38TOpa, 

Y - ny'leA, Bb13biB8eMblX 

cneKTp a (t-5 M 3 8) H3 Mep!l-

l.JBCB . 

·'leHKSI 0 6 p83U8 npK OC T8 HOB-

6 H3 8H8 c n o HTBHH o .ae nswe Myc !l 

p H nen eH HH Pu 
2

ll9 He Ar-

- ny'l e l! n e n e HKR K y - ny'le ll 

MaT e pKanax. B 6onee MRI'KOlt 

'! B . 

HHHl! 6btno n p o 8 e.aeH o Ha M e pe­

)e3oH a Hcax n pH I 1,9 H 19,6 3 8 

:iHUB B CyM M 8 pHbiX B biX O.D.BX 

HTB HB 100 3BXB B 'I e HH bl X HeAr-

5oTK8 

/ 8,9 / 
8 KOTOpbtX 6bJIIH Ha-

9.0.bl 38XB B T 8 H .n e n e HHSI. t.{acTb 

·B 8 HH H X p e30H OHCOB 1 n o KB3 BHa 

f , 
-

I 

nna cy>Kll9HHSI 0 'leTHOCTR RY>KHO 6bll10 BbiRCHRTb p8311H'IHR 8 cneKTpax a6mt3 K 3 He p­

r&R cssraH HeATpoHa ( • 6,5 M:>s) H CBSI3b 3THX paanH'IKA co cnHH8M.K peaoH8HC OB. O.aHa­

KO Cp8BHeHHe 8C9X R3MepeHHbiX cneKTpOB llOK838110, 'ITO HX !popMbl BbiWe 4 - 5 M 3 8 B npe ­

.aenax OWH!SOK COBll8ll8JOT. nocJCOilbKy H9T npH'IHH O>KH.U8Tb p8311H'IKII B Y - c n e KTp8X 

OT ll9119HKR B p83HbiX pe30H8HC8X, TO OTCIOll8 Cne.ayeT, 'ITO He 06Hapy>K e H O p 8311K'IKA B 
19& 

y - cneKTpax 38XII8T8. npRsne'leHRe ll8HHblX no Pt ll03B011HI10 .U 8 Tb o u e HKY .anSI 

p83HOCTH RHTeHCHBHOCTeA nepeXOllOB H3 COCTORHHll CO CllHHOM ) H CnHHOM 0 H8 HH>KHK e 

+ + 2~ 
ypoaHH 0 K 2 sr.apa Pu : ly< 0,1 KB8HT8 Ha tOO nornoll.leHHbJX HeliTpo H o B. B wec T OM 

CTOI16~e T8611KUbl 3T8 OUeHK8, nepeC'IHT8HH8R H8 )00 HeATpOHOB p8.UH8UHOHH Or O 38XB8TB , 

npHBOllHTCSI llllSI p83HbJX pe30H8HCOB. 

nallbHeliW8SI HH!pOpM8UHR 0 cneKTp8X 3 8XB8T8 6bJn8 llOily'leH a n y T eM HO p M K p08 8 HH H 

s c ex cneKTp o s n o nnow a .aH Bblwe 6 , 6 {I.A :>8, a x o T o pyro .aaeT BKnan T Oil bK O neneHK e . P e ­

aynbT8T HOp M HpOBBHHH H3 o6pa >K e H HB pKC, 3. J::lHllH O, 'ITO KpKB bJe H ll 'IKHBIO T p BCXOll HT bCSI 

T OilbKO npH 3 HeprHH HH>Ke 5 ]\<\ 3 B. npH 3 T OM B COOTB e T C T B H H C OT HOCHTell bH blM 8 K illlllOM 

3 1lX81lTB (nHTblll C T On6eu T ll611KUbJ) HH>Ke 8 CeX H lleT KpK 138H llllSI p e30H8HC8 )0 ,93 38 , 8bll1Ie 

8 cex - nnH p eaoH B HC B I I ,90 3 8; o c T a nbHbJe KpHB LJe p ac nonar anH c b M e>Kny HHMH H HB p H-

CyHKe H e fl 0 K 838H bl. H b ll.JHTBHH e HH >K H e A KpHBOA H 3 B C9X OC T Bn bH biX .OBeT tiH C T ble cneKT pbi 

38X88T8 38 8 bt'leT OM He K OT Op o ll 'I BC TH 38X88THOr O cneK Tpa p e30H 8 HC8 10 ,93 38 ( p nc. 4) . 

n nOUlllllH 3 THX c n eKTp 0 8 $ 
3

KCI1 ll O 'ITH C08 ll8llBIOT C COOT 8e T C T8YJOU1HMK llllOlllBllHMH 

s . nony'l e HH bl MK H3 H3 8 eC T Hbl X W KpKH p e30H8HC08 ~" y H r r • HeT O'IHOe C08-
p ac 'l 

flB.Q e HH e B bi 3 B 8 H 0 1 no-BH.O.HM OMY 1 Hen On H hiM p 83.0.eneH H eM p e30H8 HCOB 1 oco6eH H O npH 10,93 I' 

11,90 3 B. 

H a pH c . 4 B H.O. H O , tt T O s ee cne KTpbi KOH l.JB K> T c g 3 H 8 4HTe nhHO p a Hbi.ue 3 H eprHH cag3H 

He liTpOHB, n o llC 'I e T COOT8e TCT8y JOWHX llll OW Blle ll HpH80.UHT K T OMy, 'ITO CYM M 8 pH 8SI HH T eH­

CHBHOCTb n e peXOllOB HB ypOBHH C 3 H e prHeA B Oa6y>K n e HHH HH>Ke 700 K 3 8 l y< 0, 5 KB B HT 8 

HB 100 llOrllOUleHH biX He l!TpOHOB, 3Ta OUe HKB B n e p eC'!e T e HB 100 3 8X88T0 8 n pH8elleH8 8 

C 9.llbMOM CTOn6ue T B6nH t . bl .O nSI OT.n e nbH biX p e30HBHCOB. 

Ta6nHu a 

n 8p8MeTpbl p e30H8HC08 H OUe HKH HHTe H CH8HOCTe l! Y - ny'le l! 

3HeprHR rr r, r B btx o .a Y -nyq e l! H8 100 
CnKH M 3 B I M 3 8 y 

3BX8 8 T 0 8 IJC pe30K8HC8, r;, + ,-r 
38 Ey> 6,3 M:>B Ey> 5,6 M 3 8 

0,297 0 39..! 2 61 ±.2 0,39:t_0,03 

7,84 .I 38 ±.3 42 ±. 3 0,47:t_0,05 < 0,2 < 

10,93 32 ±.13 147 ±.10 0,18 :t.(),09 < 0,6 

11,90 41 ±.5 22 ±.2 0,65 :t_0,04 < 0,15 < 
17,5 39 ±.7 46 ±.7 0,46 :t_O,IO < 0,2 < I 
22,2 0 35 :t.6 75 ±.6 0,32 :!:. 0,08 < 1,5 

5 



HecKOl!bKO 8biiT8,ll89T H3 o6wel! K8pTHHbl Cfl9 KTp p930H8HC8 n pH 2 2 ,2 3!1 1 HM910lll9rO HBHM9Hb­

WHJ! nocne peaOH8HC8 npH 10,93 38 BKli8.ll 3 8XB8T8 H HyneBol! cnHH, n n ow8.ll b }f(9C TKor o 

XBOCTA ., .anSI Hero llOJlyqaeTCSI OTpHU8 T 9JlbHOA H Jl 8)KHT 38 npe.ll9118MK OW K60K. He HCKn K>­

'i8H01 "iTO C118KTp 38XB8TB .anSI 3Toro p830H8HC8 MSJrqe OCT81IbHbiX . 0.0.H8KO onpe,a,en e H H hl 6 

BblBO.llbl OTC....:.kJLl8 c.aenBTb ri(JK8 Tpy,aHO. 

Bb!BOAbl 

240 
I. I lpoae,aeH Hbi e H3MepeHHSI noK838liH, '!TO a cocT8BHOM st.ape Pu , no-aH.UHMOMy, 

oTcyTCTByJOT """ CHli &Ho aaTp y .aHeHbi nepexo.ahi THna E I H M I 113 HCXO.llHbi X 38XB8THbiX 
+ + -

cocTORHHil H8 HH>«HHe ypoBHH 0 , 2 11 I c B036y}f(,aeHHeM .ao 700 K3B, 

2. nocKOJlbKY nepeXO.ll08 1 ll0.ll.Jl9>1<:8WHX Cp8B H 9Ht!.l0 1 He 06Hapy>KBHO, BOllpOC 0 l.J:9THOC-

Ti1 OCHOBHOro COCTOH H HSI Pu 
251 

OCT89TCH OTKpblTbiM. 

3 • .QnR yTO'!HeHHR H8CTOSILL\HX pe3yllbT8TOB fl0l!e3HO n p oaeCTH flO.ll06Hble H3MepeHHSI 

6onee "''HfCTON'; ao- nepBbiX, ny>KHO oTnenHTb cneKTP aaxaa Ta OT cneKTpa .ueneHHSI, ao-aTo-

pbiX 1 meJlOT9JlbHO ynyGWHTb 3 HepreTJ.iq9CK09 pa3p9W9HH9 Y - CliOKTpOMeTp8, 

AaTOpbi npH3H8Tel!bHbi <l> . Jl.W8nl!po 38 6ol!&Woll HHTepec H •B HHM8HHe K p a6oTe, Mbl 

6llaro.aapHLI TBK>K e H.C.P860THOBy H Jl.H . Yc8'!eay 38 nono3Hble o6cy}f(,aeHHst, E . E .)f(yp8a­

ncay H B.r. TJnuHHy 38 o6ecn e '!CHH e p860Tbi 3 l!eKTpOHHKH H A . A . JlowK8peay 38 noMOlllb 

HpH H:JM e peHHHX . 
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.L. 1680 ( 1 962), 

(', 1959. 
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