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fI<?nyqeHHe 236Pu B pea.KUHH 237Np ( y, n) 

236i>u 6Lm nonyqeH B peaKUHH 237Np ( y, n) 23&nNp ➔ 236i>u Ha yc
Kopmene :meKTpOHOB - MHKpoTpoHe MT-25 <l>Il5IP. finYTOHHii BLmemum 
H3 o6nyqeHHOH MHIIJeHH C ucnonL3OBaHHeM aHHOH_oo6MeHHOH xpoMaTOrpaqmu. 

CoOTHOIIJeHHe a.KTHBHOCTCH 23 6i>u1 23 8i>u! 239I>u! 24°Pn! 237Np 6Lmo paBHO 

1/~ 1 · 10- 4/ 1 · 10- 512 · 10- 6/< 1 · 10- 4 EKIEK. 

Perucum1 237Np ( y, n) .S1Bm1eTc.S1 Hau6onee omuManLHoii AA.SI nonyqeHH.SI 236Pu 
C H30TOilHOH 'IHCTOTOH 10- 6 + 10- 7 EKIEK. 

Pa6oTa BLmonHeHa a na6opaTOpHH MepHblX perucuuii HM.f.H.<l>nepoaa 0115111. 

TipenpHHT OOLe.rlHHeHHOI'O HHCTHryra ll)lepHLIX HCCJieJIOBaHHii. Jzy6Ha, 1997. 

ITepeBOJl aBTopoa 

Dmitriev S.N. et al. P12-97-359 

Production of 236Pu in the 237Np ( y, n) Reaction 

The 236i>u was obtained in the 237Np ( y, n) 236mNp ➔ 236Pu reaction 
at the electron accelerator MT-25 microtron of the FLNR. Plutonium was 
isolated from the irradiated target by using the anion-exchange chromatography. 

The ratio 236puf 238PuJ 239Pu/ 24°Put 237Np was estimated equal 

to 1/~ 1 · 10- 4/ 1 · 10- 5/2 · 10- 6/< 1 · 10- 4 Bq/Bq. 

The 237Np ( y, n) reaction is the most optimal one for production of 236Pu having 

the isotopic purity of 10- 6 
+ 10- 7 Bq/Bq. 

The investigation has been performed at the Flerov Laboratory of Nuclear 
Reactions, JINR. 
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0.lIHHM H3 ax-ryaJll,HLIX HanpaBJICHHli COBpeMCHHOii Pa.lIHOJKO/!OrHH llB/IJICTCll pa3BHTHC 

y111,-rpa'l)'BCTBHTC/ILHLIX MCT0.!108 3HaJJH33 ll/l}'TOHHll B 6H0/10rH'ICCKHX 001.CKTaX (npoeyKTLI 

ITIIT3HHll H JICH3HC.!1CllTC/11,HOCTH 'IC/IOBCKa) H npHpo.lIHLIX 06pa3uax ( nO'IBhl, B0.!lLI H T . .!1.) [ 1-4]. 

Oco6hllt HHTCpec npe.!lCTaB/llleT onpe.!lCJJCHHC H30TOnHwx OTHOIIIeHHH 239· 240Pu K 238Pu, 

n03B0/llllOUIHX H.!lClfTH!pHUHpoBaTh HCTO'IHHK 3arpll3HeHHll HCCJJeeyeMLIX o61,eKTOB (ll.!lepHLie 

B3phlBhl, aeapHH Ha A3C H .!IP-) [5, 6, 7]. 

Pa3BHTHC JTHX pa60T npeeycMa-rpHBaeT HCnOJU,3083.HHe B Ka'!eCTBe -rpaccepoe 

npenapaTOB 
236

Pu (T112=2.858 11 •• Ea=5,77 MJB {72.4%} H Ea=5,72 MJB {27,6%}) c H30TOnHoli 

'IHCTOToli (Dlc!liK): no 
231

Pu "' 10-1 H no 239Pu "' 10-6 • 

OcHOBHhlMH peaKUHllMH nony'leHHll 236Pu llB/llllOTCll: 

I. mu(p. 3n)23~p➔ 236pu, [8]. 

2. mu( a., 3n)236Pu, 

3. 235U(d, n)23~p➔ 236Pu, 

4_ n6u(p, n)n~p➔ 236Pu, 

5. 237Np(p, 2n)236I>u. 

[9, 10]. 

[9, 10, 11]. 

[12]. 

(13]. 

3tta'!eHHll ce'!eHHli OOpa3083HHll 
236

Pu B HHX HJMeHl!CTCll B npe,!leJJax 5-15 M6, a 

H30TOnHal! 'IHCTOTa ueneeoro Pa.lIHOH)'K/IH.!la H3•3a npoTCK3HHll KOHKYPHPY!OlllHX peaKUHH (xn, 

pxn H .!lp.) He npeBl,llllaeT 10·
3 

EKlliK (3a HCK/l!O'!eHHeM peaKUHH 4). KpoMe Toro, npH 

833.HMO.!lei!CTBHH 
23

sU, 238U, 237
Np C npoTOHaMH, ,!leHTOHaMH H 4He-HOHaMH Ce'!eHHll .!leJJeHHll 

ll.!lep HJ B036ylK.lleHHOro COCTOllHHll COCTaB/llllOT "'I 6, TO eCTL o6pa30BaHHe 0.lIHOro ll.!lpa 236Pu 

conpoBOlK.llaeTCll o6pa3083HHCM "'I 00 ll.!lep OCKO/IO'IHl,IX pa,!lHOaKTHBHLIX J/leMeHTOB, '!TO 

cyweCTBeHHO ycJJOJICHlleT pa,!lHOXHMH'leCKoe BLUlCJJeHHe 236Pu HJ o6ny'ICHHOH MHIIICHH. 

nony'ICHHC 
236

Pu B03MOJICHO TaKJKe B peaKUHH 
237

Np(y, n)236"'Np➔236Pu. 8 pa6oTe [14] 

MHIIICHL 
237

Np (8 Mr) o6nyqanac1, TOpM03HhlM H3JJY'ICHHCM C JHeprneli 20 MJB OT nnaTHHOBoro 

KOHBepTOpa /IHHeiiHoro 3/ICKTpoHHoro yCKOpHTe/lll. B Te'ICHHC nepBLIX 8 'laCOB TOK 3/ICKTpOHOB 

COCTaBJill/l 20 MKA H a nocneeyIOIIIHC 10 '!acoe - 40 MKA. B pe3yJJLTaTe PMHOXHMH'!eCKOfO 

Pa3.!1C/ICHH!' 61,l/JO nOJJY'ICHO 740 DK 
236

Pu, '!TO COOTBCTCTBOBaJJO BLIXO.llY 0,16 EKIMKA·'l·Mr. 

061>l1CHHTh npH'IHHLI CT0/11, HHJKoro BLIXO.!la 
236

Pu .!lOCTaTO'!HO TPYllHO. TTOTOK Y·KB3HTOIJ B 

.--, --------------------~----

\ 
I 

·1 

J 

pa6oTe He oueHHBaJJCll, He npHBCllCHa reoMe-rpHll 0611y'leHHll. He onpe.ueneu PMHOXHMH'!eCKHH 

BLIXO.ll ITJJYTOHHll HJ o6Jiy'leHHOH MHWCHH. CornacHO JICC llaHHLIM Beli3eepa H llP- [15], Ce'leHHC 

237
Np(y, n)-peaKUHH B llOCTaTO'IHO WHpOKOM HHTepeane :mepmli y-KBaHTOB (10-14 M,B) 

COCTaB/llleT OT 100 .1(0 s:,150 M6, '!TO B 5-:-10 PaJ npeBLJWaeT 3Ha'leHHll CC'leHHH npHBC.UCHHblX 

BLIWC peaKUHH 1-5. CneeyeT oco6o OTMCTHTh, '!TO npH o6Jiy'ICHHH 
237

Np y-KBaHTaMH 

OTCYTCTBYIOT K3HaJJLI peaKUHii, npHBO.llllWHe K o6pa30B3HH!O 
238

· 
239

Pu, T.e. H30TOnHall 'IHCTOTa 

npenapaTOB 
236

Pu 6y.neT onpe.neJil!TLCll TO/ILKO PMHOXHMH'leCKOH 'IHCTOTOH HCXO.l(HOro 
2
·
17

Np. 

Ce'ICHHC .llCJieHHl! 2
37

Np HJ B036ylK.llCH~oro y-KBaHTaMH COCTOllHHll COCTaBJ!lleT 200-300 M6. T.e. 

OTHOIIICHHC cr(y, f) K cr(y, n) paBHO "'2, '!TO cymecTBeHHO HHJICC, 'ICM a peaKUHllX c 1ap11lKellllbl~H 

'13CTHUaMH. 

81,1weHJJIOJICCHHOe nOJBOJ!llJIO paCCM3-rpHB3TI, 
237

Np(y. n)- peaKUHIO 8 Ka'!CCTBe 0.llHOH H'! 

H3H6oJJee OnTHMaJJLHLIX .llJ!ll nony'leHHll HJOTOnHo 'IHCTbIX npenapaTOB 
236

Pu [ 16]. 

' UeJILIO pa60TI,[ llB/lllJiaCL
0 

pa3pa60TKa MCTO.llHKH nony'leHHll BblCOKO'IHCTOro HJOTOlla 

nnyTOHHll-236 B peaKUHH 
237

Np C raMMa-KBaHTaMH Ha KOMnaKTHOM ycKopHTCJie ,JieK-rpOHOB -

MHKpo-rpoHe MT-25 JUIP HM.r.H.<I>nepoaa. 

3KcnepHMCHT3JILHaH '13CTb 

Muweuu HJ 
237Np 

Hcxo.llHblH 
237

Np (14 Mr),O'IHWaJJH OT npHMCCHblX HJOTOilOB 236· 238· 
239

· 
240

Pu H 
233

Pa Ha 

KOJIOHKe (06 MM. L=l20 MM) c CHJ!bHOOCHOBHbIM aHHOIIHTOM Wofatit SBW, npC.llBapHTCJ!bllO 

nepeBC.llCHHblM a cr-rpopMy. Cop6umo ocywecTBJillJIH HJ 9M pacrnopa HCI (25 'MJI), 

JmoHpoemme Pu H Pa npoBO.llHJIH pacrnopoM 9M HCl+Nl-!41 (20 Mn)'. Np - 2M HCI (25 MJI). 

CKopoCTb JJIIOHpoeaHHll COCTaBJillJia MJIIMHH. HJ aJJHKBOThI 2M HCI pacrnopa 

,JJeKTpOJIHTH'leCKH OCalK.1laJJH 
237

Np Ha .llHCKH HJ 11eplKaBeiomeli CTaJJH H aHaJJH3HpOBaJJH Ha 

Si(Au)-.llCTCKTope. Co.ueplKaHHC
0

HJOTOnOB nnyTOHHll (EKIMr 
237

Np) 6hlJIO onpe.ueneHO paBHbIM: 

2
.1°Pu - 0.3; 

238
Pu - 0,7; 

239
· 

240
Pu - 0,06. 0'1HWeHHb!H 

237
Np nepeBO.UHJIH B <jlopMy OKCH.Ua 

2l7 :. , i37 · 
( . Np02) H HCilOJ!bJOBaJJH .llJ!ll mroTOBJJeHHll .llBYX MHwe11eli eecoM (no Np) 1,0 H 10,0 Mr. 

B cnyqae MHIIICHH Maccoll 1,0 Mr 
237

Np 3M~HHoe KOJIH'ICCTBO ~KcH.ua HenTyHHll 

paCTBOpllJIH B HN03 H C noMOWblO KanHJIJillpa noCJIOHHO (IO CJIOeB, KalK.llhlH H3 KOTOpb!X 

, \ ynapHBaJJH no.a JiaMnoli) HaHOCH/IH Ha .l(HO UH/IHHllpH'leCKOro aJJIOMHHHeeoro KOHTeliHepa 

' ' 
I / 

.~ <' 

; · 
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_ JllHlMeTpOM 8 MM II BblCOTOii 5 MM. 3aTeM KOHTeiiHep 3aKpb1BaJIII aJIIOMIIHl!eBoii Kpb!IIIKOH 

TOJIIl{IIHOH 0, I MM. 

B crryqae MllllleHII Maccoii 10,0 Mr OKCl!Jl HerrryHIIJI (IV) IIOMell{aJIII B a.ri.lOMIIHl!eBblll 

UIIJIIIHJlpllqecKIIH KOHTeiiHep. KoHTCHHep pa3MCil{aJIII B UCHTpe aJIIOMIIHl!eBoro .nepl!<aTCJIJI. 

OTKpbITOro C OJlHOii cTOpOHbl. OrKpblTYIO crnpoHy .nepl!<aTem, 3aKpb1BaJIII aJIIOMIIHl!eBoii. 

<pOJihroii TOJIIl{IIHOll 50 MKM, KOTOpy!O IIJIOTHO rrp11KJiel!BaJIII K IIOBepXHOCTll•JleplKaTeJIJI .. 

Bh16op pa3Mepa MllllleHI! (0 8 MM)' 6un c.nenaH Ha OCHOBaHIIII pe3yJibTaTOB cep1111 

rrpe.neapl!TCJ!bHblX 3KCIIep11MeHTOB; B KOTOpbIX · C IIOMOil{b!O MeJlHblX MOHIITOpOB rrpOBOJlllJIII 

113MepeH11e IIHTCHCIIBHOCTII pacrrpe.nenCHIIJI raMMa-rryqKa B PMllaJibHOii IIJIOCKOCTII. 

06J1yqe1111e 

M111I1eHh 237Np Maccoii I Mr. 06nyqarr11 .<pornHaM11 M11Kp0Tp0Ha MT-25 B TeqeH11e 

IO qacoB IIpll_TOKe 3JleKTpOHOB 15 MKA, a Maccoii 10 Mr- 100 qacoB rrp11 TOKe 3JleKTpOHOB 

20 MKA II MaKCIIMaJihHoii 3Heprn11 25 M3B [ 17]. 

3Kcrrep11MCHTbl rrpOBOJlllJill C IICIIOJ!b30BaHIICM pa3pa6oTaHHOro HaMII MllllleHHOro 

6rroKa, II03B0JIJIIOil{ero ycTaHaJ3JIIIBaTb Mll!lleHII Herrocpe.ncTBeHHO 3a W-KOHBepTOpOM, qTo 

06ecrreq11eaeT 06nyqe1111e B rryqKax y-KBaHTOB C IIHTCHCIIBHOCTblO, 6Jill3KOH K MaKCIIMaJlbHOll. 

Cxe11,rn 06nyqe1111J1 237Np rrpe.ncrneneHa Ha p11c. I. 

237Np 

'>] e -:::::::::::::::~ ·08mm 

Au,(Ag) 

W AL 

Ko11eepTOpOM cnylKIIJI . , BOJib<ppaMOBblll 
. . 

JlllCK TOJllllllHOll 2 MM (3,86 r/cM2). Ilepe.n W.-

KOHBeprnpoM pacrronararr11 Konn11MaTOp rryqKa 

3JieKTJ)OHOB 0 8 MM. OxnaJK.QCHlle . ~OHBeprnpa 

ocymecTBJIJIJIII rrpOTOqffQll BOJlOll II MllllleHHblll 

.neplKaTeJib (aJIIOMIIHllii) IIJIOTHO rrp11KpeIIJIJIJIII K 

oxnaJK.QaeMoii qacT11 KOHCTJ)YKUIIII. Ilp11. 

o6nyqeHIIII MllllleHb JlOII?JIHIITCJ!bHO OXJiaJKJlaJIII 

P11c. 1. CxeMa 06nyqeH11J1 237Np. B03.QYXOM. TeMrreparypa e 06nacT11 pacrronoJKeH11J1 

o6nyqaeMoro 06pa31.1a He rrpeebllllaJia I 00 °c - · · · - ·- · 
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BhlJJ.eJICHHe 236Pu 113 06J1yqe11uoii MHIIICHH 
237Np 

Ilo oKoHqaHIIII 06nyqeH11J1 MI11I1eHI1 "oxnaJK.QaJIH" B TeqeHile 15-30 JI.Hett .no nonuoro 

pacna.Qa HCIITYHIIJl-236m II KOpOTKOlKllBYlllllX y- II J3-113nyqaTeneii II 3aTeM paCTBOpllJIII B 

KOHIJeHTpllpOBaHHOU a30THOH KIICJIOTe. 

Pa3JJ.eJieHHC npo.nyKTOB peaKI.IIIII IIpOBOJUU!ll MCTOJlOM aHIIOH006MeHHOii XpoMaTOrpa<pHII 

Ha aHIIOHIITC ·Wofatit SBW c 3epHIICTOCTblO 200 MCIII. 06beM KOJIOHKII COCTaBJIJIJI 1.5° CM
3 

(06MM. L=60MM). Pa3JJ.CJICHIIC npoBO.!lllJIII e roie'CTMI!II: 

Ha rrepooii CTa,QIIII IIpoI13BO.!lllJIII CJT)leJICHIIC OT OCHOBHOro KOJIIl<iec-roa MaTep11arra 

MIIIIICHII (Np}. ,lvlll JTOro CMblB C MIIIIICHII ynapIIBaJIH JJ.OCyxa, cyxoii OCTaTOK paCTBOpllJIII B 

pac-reope 9M HCl+O,IM NH4I II BbIJ!CplKl!Banu rrpII KOMHaTHoii TeMnepaType B TeqeH11e qaca. 

IlpII 3TOM Np rrepexOJlllil B qiopMy Np(IV), Pa - Pa(IV}, Pu - Pu(III). ,[(arree pacrnop rrepe11oc11n11 

Ha KOJIOHKY, KOTOpyJO 3aTeM IIf?OMb!BaJIII IO KOJIOHQqHb!MII o6beMaMII pacrnopa 

9M HCl+O,IM NH4I. CKopoc-rb rrporrycKaHllll pacrnopoo coc-raBJIJIJla 1Mn!MIIH·CM
2
. B .na1111ux 

ycnoBllllX Np(IV) ·cop611pooanI1 Ha CMone, a Pu(III) II Pa(IV) OCTaBJIJ!Jlll B pac-roope. 

BbmeneHile IIJIYTOHIIJI rrp0113BOJIIIJIII Ha BTOpoii CTa,QIIII oqIICTKII. PaCTBOp rrocne rrepaoii: 

c-ra.n1111 oqil<:;KII, co.neplKall{llii P~, Pa, rrpo.QYKTbl )leneHl!ll II cneJibl Np, yrrap11BaJIII .nocyxa 11 

cyxoii: oc-raTOK pac-roopJ1n11 B pac-reope 7,5M HN03+0,lM NaN02. Pac-reop TepMoc-rarnpooarr11 

ripII TCMrreparype 95 °C B TeqeHIIC qaca, IIPII 3TOM IIJIYTOHilll, rrpoTaKTIIHIIH II HerrryHIIH 

rrepexO.!lllJIII, cooTBCTCTBCHHO, B qiopMy_Pu(IV), Pa(V) II Np(IV). ,[(arree pacrnop rrepeHoc11nI1 irn 

: aHIIOH006MeHHYIO KOJIOHKY C aHIIOHIITOM Wofatit SBW, rrpe.neapIITCJ!bHO rrepeBCJlCHHblM B 

No3·-qiopMy rrporrycKaHileM IO KOJIOHOqHbIX o6beMoB pac-reopa 7,5M HN03+ O,IM NaN02 

HerrryHIIH (IV) II IIJIYTOHIIH (IV) cop611poearrI1 Ha cMone, a Pa II IT,[( oc-raBJillJIII B pacrnope. 

KonoHey · rrpOMhIBaJIII IO KonoHoqHbIMII o6beMaMII pacrnopa 7,5M HN03+0,IM NaN02 

II 3aTeM, Jlllll nepeBOJla CMOJ!bl B Cr-<popMy - I0 KOJIOHOqHbIMII 06beMaMII pacrnopa 9M HCI. 

Ilocne :rroro Pu 3JIIOilpOBaJIII pacrnopoM 9M HCl+O,lM NH4I B BIIJlC Pu(III), a enc.nu Np -

pac-reopoM 2M HCI B BIIJle Np(IV}.-·CKopoCTh rrporrycKaHllll ecex pac-reopoe coc-raemma 

IMnlMIIH·CM2. CxeMa Bb!JlCJICHIIJI 236Pu 113 o6nyqeHHblX MIIIIICHCH rrpe.nCTaBJieHa Ha pI1c.2. 

CenapaIJHH HlOTOIIOB llJIYTOHHH 

,[(rrJi orrpe.neneHIIJI IllOTOIIHOH qIICTOTbl rronyqeHHblX rrperrapaTOB 
236

Pu rrpoBOJlIIJIII 

cerrapal.lIIIO IIJOTOIIOB rrnyrnHIIJI Ha 3JICKTJ)OMarHIITHOM Macc-cerraparnpe Y ASNAPP-2 [I 8]. 
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11cnOJih30BaJIII BhICOKOTCMnepaT)'pHhlll IIOHHhlll IICToqHIIK C noBepXHOCTHOH 110Hll3~11eii:. 

CeqeHne nyqKa B «pOKaJihHOH nJIOCKOCTll KOJIJICKTOpHoii: KaMCphl 6hIJIO l MM no BepTHKaJIII n 

2 MM no ropll3OHTaJill. l10Hhl co6npann Ha aJIIOMllHll311pOBaHHYIO Maii:napoByIO nJieHey .IVIIIHOH 

50 MM II IIIllpllHOll 11 MM. Ilepe.n pa3.!{CJICHllCM B KaqeCTBe TpaccepoB .no6aBJIJIJIII 
235

• 
238U, .!Vil! 

mm ~06b1 ll,!{CHTll«p111111poBaTb o6JiaCTll «pOJihrII, co.neplKaIIJIIC pa3JillqHhie 113OTOnhI nnyTOHllll. 

Maii:naposyro-«po_Jihry nocne pa3.!{CJICHllll ll3OTOnOB pa3pe3aJIII Ha noJIOCKII WllpllHOH 10 MM II 

attaJill311pOBaJill Ha Si(Au)-.neTeKTope. 

CneKTpoMeTpua 23,6Pu u 237Np 

faMMa-cneKTp?MeTp11qecK11e ll3MepeHllll pa3JillqHbIX «ppaK1111ii: Ha CTa.!{1111 

pa.nllOXllMl!qecKorn Bhl,!{CJICHl!ll II KOHeqHOro npenapaTa npoBO,!{llJill Ha Ge(Li)-.neTeKrnpe C 

pa3perneH11eM 3,0 K38 Ha JIIIHIIII 1,33 M38 (
6
°Co ). 

' ~ ' . 

AJib«pa-113MepeHl!ll npOBO,!{IIJill Ha Si(Au)-.neTeKTope nJIOIIJa.!{hIO 0,6 CM
2
, pa3peweHl!CM 

16 K3B II 3«p«peKTl!BHOCTblO perncTpa111111 8,1 %. 11crnqHIIKII _.!Vil! aJib«pa-cneKTPOMCTpllll 6bIJIII 

113fOTOBJICHhl nyTeM 3JieKTpOXIIMl!qecKoro ocalK.!{eHl!ll Ha nO.!{JIOlKKll 113 HeplKaBCIOIIJeii: CTaJIII 113 

' 
pacrnopa cynh«parn aMMOHl!ll. Il0Tep11 Pu _B npouecce 3JICKTpOXIIMHqecKoro ocalK.!{eHl!ll 

COCTaBJilIJIII - 4-5%. [19] . .[{eTeKTl!pOBaH11e 
236

Pu npO113BO,!{IIJill,no Jil!Hlll!M C E.=5,77 M38 

237 ' (72.4%) 11 E,.""5,72 MJB (27.6%), Np no Jil!Hlll!M c E.=4,79 M38 (42%) 11 E
0
=4,77 MJB 

(28%). 

PeJyJILT3TLI H 06cy~e11ue 

3Ha'ICH11ll aKTllBIIOCTII, llJOTOnttoii: 'IIICTOThl II ce'!eHl!ll o6pa30BaHl!ll 
2

.1
6
Pu, 

paCC'IIITaHHble no peJyJihTaTaM 20 'I IIJMepeHIIH MlllIICHeii: 
236

Pu (:::: 400 OK 8 nepBOM onhlTC II 

"'1,2 KOK - BO BTOpOM) npe.nCTaBJieHhl 8 Ta6JIIIIJC, Bee JHa'!eHl!ll YKa3aHhl Ha MOMCHT IIJMepeHl!ll 

(15 - 40 cyTOK no OKOHqaHIIII o6ny'leHllll). 

Bh1xo.n 
236

Pu nptt 06ny'leH1111 I Mr 
237

Np cocTaBl!JI 4,4 oKIMKA·'I, 10 Mr - 50 oKIMKA-'!. 

KoppeKTHal! OIJCHKa 3Ha'ICHIIH ce'!CHllll peaKIJIIH HYKJill,!{O8 C y-KBaHTaMII lIBJillCTCll .!{OCTaTO'IHO 

CJIOlKHOH 3a,!{aqeii:, BKJIIOqaIOIIJeii: ll3Y'ICH11e 3aBIICIIMOCTII_ BhIXO,!{a OT MaKCIIMaJlhHO_ii: 3Heprn11 
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Mnweub noc
JJe o6nyqeuua 

HNO,-•u. ➔ U 

9MHCI+ 

Il.L{, Np,Pu,Pa 
B paCTBOpe 

u 
Hcnapeuue 

0,IM NH4I ➔ .----U""---~ 
N p(IV),Pu(III), 

Pa,n.L{ 

OU 
@9MHCI+ 

0,IM NH,1 ➔ I Wofatit 
SBW 

@ 2M HCI ➔ I I ➔@ Np(IV), n.n: ➔ 

Q),@ Pu(III), Pa, u n.n:, CJJe/lbl Np(IV) 

Hcnapeuue 

7,5M HNO3 + U 
O,IM NaN02 ➔~----~ 

Pu(IV),Pa,Np 
(IV),Il.L{ 

@7,5M HN03 + 
0,IMNaNO, ➔ 

Ou 
➔ Q),@ Pa,n.n: ➔ 

@9MHCI Wofatit I ➔ ® n.n: 
➔ I SBW 

89MHCI+ 

0,IM NH,1 ➔ 

02MHCI ➔ 

➔ © Pu(III) ➔ 

➔ ® Np(IV) 

'Pu, 
IiK 

95zr, 

Ko ... 

250 

ll4Sb, 

K .... 

720 

Puc. 2. CxeMa pa.n11oxilM11qecKoro Bhl.!{eneil1111 
236

Pu' · 

7 

P 1Pu, 
6K/6K 

°'Nb, 
K ... ~ 

40 

14083, 

K.,'11, 

550 

1-10-6 

DBpu, 
6KlliK 

2,7·10·' 

0,7 IiK 

ioJRu,,, 

K,~ 

50 

140La, 

Ko't. 

6000 

1-10"] 

mPu, 
6K/6K 

2,J-10 .. 

0,06 
IiK 

1 ◄8pm, 

Ko ... 

420 

1-104 

240Pu, 
IiK/IiK 

3-to·' 

8 -10·3 

IiK 

ll7Np, 

,IiK 

I 

I Mr 

1-10·:r:: 



Ta6JJHLl3. AKTHBHOCTb, ll30TOITHaJl,qllCTOTa H ceqeHlle o6pa30BaHHJl 2
36pu B 

237Np(y, n) - peaKQim 

MnweHb Ycnosnll 'j"Pu, •>0 Pu, 'j'Pu, ,."Pu, l.HNp, 
06nyqeH1IJ1 KOK EKIEK EKIEK EKIEK EKIEK 

,,,Np-lMr 25M3B; 0,57 
238Pu-0,76K 160 MKA-q (ae0,70)* 1-10-3 1-10-4 1-10-5 <10-{, 
239Pu-0,06 EK 
rnNp-10 Mr 25 M3B; 78,0 
238Pu-7 EK 2000 (aelOO)* :510-4_ 1-10-5 2.10-<> <10-1 
239Pu-0,6 EK MKA-q 

cr 1 j0Pu. 

Mfi 

80 

96 

*- np11Be.[leHbl 3HaqeHJfJI aKTHBHOCTH C yqCTOM 34l4leKT1IBHOCTII BbI.[leJJeHHJI ll3 MHlIIeHH. 

4>0TOHOB C yqeTOM 3HepreTHqecKOro pacnpe.neneHHJI TOpM03HOro Il3JJyqeHHJI. CornaCHO 

npn6JJHJKeHHOll Ol{eHKe, C,!leJJaHHOll HaMH C yqcroM .[laHHbIX no MOHIITOpHbIM peaKl{IIllM . 
197Au(y, n) H '07Ag(y, n), ceqeHIIe o6pa30BaHllll 236Pu COCTaBJlllCT ae90 M6, T:e __ .,,180 M6 ,Will 

peaKQIIII 237Np(y. n) 236'Np, 'ITO xopowo c~rnacyCTCJI C ,11aHHb!Mll [20, 21 ]. 

0THOlIIeHHll aKTIIBHOCTeii ITJJYTOHHeBbIX II30TOITOB, npe.ncTaBJJeHHble B . Ta6JJIIUe. 

paccqHTblBaJJH no ,llaHHbIM aJJb4la-cneKTpOMCTpHqecKoro aHaJJll3a KOJIJJeKTOpHblX 4Jonbr, . 

nonyqeHHbIX nocne Macc-cneKTpOMcrpttqecKoro pa3.neneH1IJ1 npenapaT~ 236Pu. IlpII 3TOM B 

, pacqeT npIIHHMaJJII TO, qTo 34>4leKTHBHOCTb cenapallllll, onpe.neneHHaJI ,WIJI ll30TOila 236Pu , H 

paBHaJI 8%. 6y.neT TOH JKe CaMOll II .[IJ!ll .npyrnx Il30TOilOB nnyTOHIIJI .. 

lh pe3yJJbTaTOB OITbITOB Bll.!IHO, qrn qIIcTOTa 236Pu, nonyqaeMoro no p~aKLIIIII 237Np(y, n), 

33BIICHT TOJlbKO OT- qIICTOTbl IICXO.[IHOro 237Np II, KpOMe Toro, OT IIHTerpaJJbHOro IlOTOKa 

4>0TOHOB. 0THOlIIeime aKTIIBHOCTeii 239Pu/236Pu B o6pa3Uax, nonyqeHHbIX HaMII npII 06nyqe1111u 

IO Mr 237Np (I 00 qac, TOK 3JleKTpOHOB - 20 MICA), onpe.neneHO paBHbIM 10-5
_ 

3aKmoqe1111e 

Pa3pa6oTaH MCTO.[I nonyqeHHJI 236Pu B peaKl{IIII 237Np(y, n) C BbIXO.[IOM OKOJIO 

5 EKIMKA-q Ha l Mr IIcxo.nHoro 237Np. 

Ilonyqen npenapaT 236Pu c mornnHoii q1Icrornii (EKIEK) 236Pu/ 238PuJ239Pu /240Pu /237Np, 

pasHoii 1/:5 I· 10-4/1-10-5; 2-10-<>/< 1-10-4. 

3aTpaTbl Ha npOII3B0,!ICTBO npenapaTOB B peaKl{Hll 237Np(y, n) (MIIKpClTpo~ MT-25) 6onee 

qeM B 10 pa3 HHJKe B cpaBHeHIIII C 113BeCTHbIMH cnoco6aMH nonyqe11HJ1 B peaKl{HJIX 235U(4He, 3n) 

8 

,1 

" 

(c nocne,11y10meii Macc-cenapautteii) II 235U(d, n). Bb1rne113noJKeHHoe no3BOJlllCT JaKJ110qHTb, qrn 

peaKl.(Hll 
237

Np(y, n) llBJJlleTCll HaII6onee OITTIIMaJJbHOll ,nJlll nonyqeHHJI npenapaTOB 236Pu C 

II30TOilHOll qIICTOTOll 10-6-10-7• 

IlonyqeHHbie HaMII npenapaTbI 236Pu ttcnonb30BaJJHCb B JUIP OIUIH npII anann3e 

npIIpO,!IHbll( o6pa3LIOB Ha co,11epJKaHHC 238Pu II 239
· 240Pu. 

AaTOpbI npII3HaTeJJbHbI IO.B. lOIIIKeBHtJY II A.<1>. Hosropo.nosy 3a npose.neHne Macc

cenapaum; o6pa3UOB 236Pu. 
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