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Eop3aKOB C.E. H ,up. 

)lerrHTeJibHhie umpHHbI pe3miaucoB H ceqe1rne ,uerreum1 234U 
uei-iTpouaMH c :meprmIMH OT 1 ,uo I 000 aB 

P3-97-398 

B 6 - - 234u pa oTe npe,ucrnBrreuu pe3yrrhTaTbI H3MepeHHH ceqenHH ,uerreum1 pe3o-
HaHCHbIMH HeHTpOHaMH, npoBe,UeHHblX Ha HMnyJibCHOM 6ycTepe 11EP-30 O61,e,uH
Hemmro HHCTHTYTa a,uepHbIX HCCJie,UOBaifHH. l13MepeHH51 npoBO,UHJIHCb MeTO,UOM 
BpeMeHH nporrern . .UeTeKTOpOM ,uerreHHH CJI)')KHJia MHOroceKUHOHHM HMnyrrhCHM 
HOHH3auH01-11-1aa KaMepa, conep)Kamaa oKorro 100 Mr ypaHa c co,uep)KamteM moTona 
234U 99,84% H 25 Mr 235U ,UJI51 H3MepeHH51 ITOTOKa HeHTpOHOB. )lemffeJibHbie 
umpHHbl BbJqHCJIHJIHCb B o6rracTH pmperneHHblX pe3oHaHCOB (OT 200 aB) MeTO,UOM 
nrroma,nel'i. TTpHBe,ueHo ceqeHHe ,uerre1-1ua B o6rraCTH ,uo 1000 aB. 

Pa6orn BblnOJil!eHa B J1a6oparnpHH HeHTpOHHOH qm3HKH HM.11.M.<l>paHKa 
Ol15U1. 

Coo6weHHe 06!,e11HHCHHoro HHCTmyra ll!lepHhlX HCCJ1e11osrurnii. lly6Ha, 1997 

TTepeBO/:\ aBTOpOB 

Borzakov S.B. et al. P3-97-398 
Fission Width and Neutron Induced Fission Cross-Section 

of the 234U in the Energy Region from 1 to I 000 e V 

The results of the measurements of the cross-section of the resonance neutron 
induced fission carried out on the IBR-30 pulse booster are presented. The measure
ments were done using the time-of-flight technique. Fission events were detected 

by multisectional pilse ionisation chamber, containing about 100 mg of 234U 

and 25 mg 235 U for neutron flux measurements .. The fission width was calculated 
in the resolved resonance region (below 200 eV) using square method. The cross
section of fission in the energy region below 1000 eV is shown. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 

Communica1ion of the Joint Institute for Nuclear Research. Dubna, 1997 



Bne,ueHHe 

Uenb .naHHOii pa60Tbl - norryqemre ll,nepHblX ,naHHbIX, Heo6xo,nHMblX ,nJill 

peweHHll npo6rreMbl TpaHCMyraUHH pa,n1maKTHBHblX OTXO,nOB. 

1130TOil 
234U, OTHOClllllHHCll K MJIMlllliM aKTHHH,naM, CO,nep)KHTCll B 3aMeTHbIX 

KOJIHqecrnax B OTXO,nax ll,nepHbIX peaKTOpOB Ii llBJil!eTCll KOpOTKO)KliBYlllliM (nepHo.n 

rrorrypacna.na 2,45· 105 
rreT), a crre.noeaTeJibHO, CHJibHO pa,nHOaKTHBHbIM li30TOilOM. 

O,nHHM H3 nyreii peweHH.11 npo6rreMbl PMHOaKTHBHbIX OTXO,nOB l!BmieTCll C03,naHHe 

ycTaHOBKH H COOTBeTCTBYIOllleii TeXHOJIOrHii ,nJill ,nO)KlifaHH.11 opy)KeliHOro nrryroHH.11, 

HeKOTOpb!X MJIMWHX aKTHHH,nOB H TpaHcMyraUHH pll,na npo.nYKTOB .nerreHH.11. IlpoeKT 

TaKOH ycrnHOBKli npe,ncTaBJilleT coqernHHe CJIO)KHeiilllHX <pli3HqecKHX Ii TeXH~eCKHX 

3a_naq, OTJlliqHbIX OT paHee BCTpeqaBlllliXCll B peaKTOpHOli Ii ycKopHTeJibHOli TeXHHKe. 

OITTHMaJibHOe peweHHe 3THX 3a_naq CHJibHO 3aBHCHT OT TOqHOCTli 3HaHH.II . ll,nepHO

<pli3HqecKHX KOHCTaHT IiCilOJib3YeMblX MaTepHarrOB. 3TH ,naHHhie onpe,nerr.siIOT BhI6op 

Me,K,ny pa3JiliqHb!Mli KOHuenTyarrbHblMli BapHaHTaMli npoeKTa Ii KOMilOHOBKY 

MHWeHH, 6rraHKeTa Ii BHewHero KOHTypa. 

Mrra,nwne aKTliHH,nbl llBJlllIOTCll HaHMeHee myqeHHb!Mli cpe,nH 3THX 

MaTepHarrOB. 
234U, llBJilll!Cb qeTHo-qeTHblM li30TOilOM, npe,ncTaBJilleT 60JiblllOH liHTepec KaK 

ofueKT ,nJill myqeHHll BJilil!Hlill ypoBHeii BTOpoii l!Mbl IlOTeHUliaJibHOro · 6apbepa 

.nerreHH.11 Ha pe3oHaHCHYIO CTPYKTYPY ceqeHH.11 ,nerreHH.11. B ceqeHHH .nerreHH.11 
234U 

Ha6rr10,naIOTCll pe30HaHCHbie KJiaCTepbl, o6Hapy)KeHHbie BnepBbie aBTOpaMH pa6oThl 

[I]. 

B ,naimoii pa6oTe H3Mepllrr0cb ceqeHHe .nerreHH.11 
234U pe30HaHCHblMli 

HeiiTponaMH C 3Hepmeii OT 1 .no 1000 3B Ii BbJqliCJillJIHCb ,nerrHTeJibHbie IIIIipHHbl 

HeKOTOpbIX pe30HaHC0B B o6rraCTli 3HepmH .no 200 3B. 

3KcrrepHMeHT 

CeqeHHll .nerreHH.11 
234U pe30HaHCHb!Mli HeiiTpOHaMli Ii3Mepl!JIHCb Ha 

HMrryrrbCHOM 6ycTepe HEP-30 Ofue,nHHeHHoro HHCTHTyra ll,nepHbIX Hccrre,noeaHHii B 

JJ:y6He MeTO,nOM BpeMeHH rrporreTa. IlporreTHal! 6a3a ,nJill HeiiTpOHOB COCTaBJillJia 

58,4 M. lliHpHHa HeiiTpOHIIOro liMilYJibCa HEP-30 npHMepHO paBHa 4 MKC, II TaKHM 

o6pa30M ,noCTHraeTCll pa3pellleHHe - 70 HCIM, Il03B0Jlll!Olllee pa3,neJIHTb noqTli Bee 

HeiiTpOHHbie pe30HaHCbl B o6rraCTli .no 200 . 3B. Bbillle, B o6rracTH nepeoro 

Otn,cu;u~;:;,..;A t;t:n;ryr 1· 
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pe3oHaHCHoro KJiaCTepa ( OKono 600 3B), pa3pernmoTC51 nl1illb caMble CttnbHble 

pe3oHaHCbl. 

,UeTeKTopoM )leneH11ii 5IB.IDmacb MHoroceKl..{110HHa51 IIJIOCKOIIapannenbHIDI 

110HlI3al.{110HHa51 KaMepa, CO)lep:arnma51 98,8 Mr ypaHa C CO)lep)KaHl1eM H30TOna 
234U 

99,84%. IlpHMeCb 
235U COCTaBIDina 0,082%. CTonb Bb!COKOe 06orameH11e 6blnO 

JlOCTl1myTO X11MHqecK11M BbmeneHHeM H30TOIIa 
234U 113 

238Pu, )loqepHHM npOJl)'KTOM 

a-pacnana Kmoporo OH 51Bn5IeTC51. KaMepa 6bma 3anonHeHa cMeCblO ra3oB 

90%Ar+10%Cff4 npH )laBneHHH 400 MM. pT. CT; paccT05IHl1e Me)KJ:ly :;ineKTpOJlaMl1 -

6 MM. 

HecMOTp51 Ha KpaiiHe HH3KOe CO)lep)KaHHe 
235U B o6pa31..{e, Ha 

BpeM5InponeTHOM cneKTpe (pHc. 1) BHllHbl Ha116onee CttnbHb!e pe3oHaHCbl 
235U B 

paiioHe 9, 12, 19 11 35 3B. 3Hepm11 3THX pe3oHaHCOB xoporno OT)len5IIOTC51 OT 

pe30HaHCOB 
234u no BpeMeHH nponeTa. Ilp11 Bb1q11cneH1111 ceqeHH51 cr1{En) HHTepBanbI, 

co)lep)Kam11e pe3oHaHChI 
235U, yJlan5ln11cb m cneKTpa. 
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HoMep KaHana 

Puc. 1. Bpe.M11npoJ1emHbtu cneKmp 
234 U, noJ1y11eHHbtu « omHocumeJtbHblX u1.MepeHu11x 

r 6n -234u .. 1naBHblMl1 npo eMaMH np11 pemCTpau.1111 )leneHl111 51Bn5leTC51, C OJlHOH 

CTOpOHbl, HH3KOe ceqeHHe JleneHH51 
234U, qTo Tpe6yeT o6pa31..{0B C OTHOCHTenbHO 

6onbllIHM q11cnoM 5I)lep, 11, C Jlpyroii CTOpOHbl, BbICOKa51 anbcpa-aKTl1BHOCTb o6pa31..{0B, 

2 

r 

.I, 

I \ 

\ I 

qTo HaKJIMb!BaeT orpatt11qett11e Ha Kon11qecTBo BemecTBa, KOTopoe MO)KeT 

HaXOJlHTbCll B KaMepe. KoMnpOM11CCOM 51BnlleTCll 11cnonb30BaHHe MHorocnottHblX 

KaMep H HeCKOJlbKHX napannenbHbIX pemcTp11py10m11x TpaKTOB. TaKa51 MeTO)lHKa 

HCIIOnb30BaHa HaMH B pa6ornx [2-4] npu lI3MepeHH51X cpe)lHeii MHO)KeCTBeHHOCTlI 

)'-KBaHTOB np11 )leJ1eHl11I 
237

Np lI 
234U pe30IIaHCHblMlI Heil:TpOHaMl1. Ilo 

BpeMl!IIponeTHbIM cneKTpaM )leneHH51 
234U, nonyqeHHbIM B 3TlIX 3KCIIepHMeHTaX (puc. 

1 ), onpeJlenllnCll OTHOCl1TenbHblli XO)l ceqeHH51 
234U HefupOHaMlI B o6naCTl1 3Hepmu 

JlO 1000 3B. 

llpyroii IIYTb CBll3aH C lICIIOnb30BaHUeM 6bICTpbIX TOKOBb!X ycttnlITeneii, 

II03BOJ1lll0Il.{11X CttnbHO YMeHbllilITb BepOllTHOCTb HanO)KeHH51 necKOJlbKlIX lIMil)'nbCOB 

OT (X-qacTUU, lIMlITlIPYIOIUero lIMIIynhC OT OCKOnKa )leneHH51 [5]. C HCIIOnb30BaHIIeM 

3TOU TeXHlIKlI 6bmu npoBe)leHbl Kan116pOBOqHbie lI3MepeHUll B o6naCTlI OT 2,5 JlO 

10 3B C XOpOilIO H3BeCTHblMlI KOnttqecTBaMlI 
235U (25,2±0,8 Mr) lI 

234U 

(63,3±1,8 Mr), qTo no3Bonttno onpeJlenUTb croI'r pe3ottattca 
234U c £ 0=5,16 :;iB. B 

3TlIX lI3MepeHUllX )lJl.$1 Ka)KJ:loro co6bITH51 )leneHH51 !plIKCHpOBanlICb BpeM51 nponeTa lI 
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Puc. 2. A.l.tnJtumyOHbte cneKmpbl 235U (a) U 
234U (6), noJty'leHHbte 6 KaJlU6p060'1HbtX 

U3.MepeHUJlX 

aMIIJIUTyJla u~nynbca lIOHlI3al.{lIOHHOU KaMepbl. Ilptt o6pa6oTKe ocymecTBn51J1C51 

3 



OT6op co6bITIIH no aMTITIIITyJJ:e IIMnynbca II qiopMIIpoBanIICb '!eTblpe O.UHOMepHblX 

cneKTpa: aMTITIIITYJJ:Hbiii: II BpewmponeTHhiii: cneKTpbI 
234U II. 

235U. AMnnIITY.UHhie 

cneKTpbl 234U II 235U, no KOTOpb!M onpe.uemmIICb ::iqicpeKTIIBHOCTII perncTpaUIIlf 

OCKORKOB 234U IT 235U, npIIBeJJ:eHbl Ha pIIC. 2. 

MeTO~ o6pa6oTKH 3KCIIepnMeIITaJibHblX ~aHHblX 

CYMMa OTC'IeTOB ,ueTeKTopa Ni B cnyqae "TOHKoii:" MIIweHII B pe3011ance 

onpe,uem:IeTcll cpopMynoii: 

A 

1t I,, I,, 1t I,, I,, m " N1,, = -(cr0I'1 ) E<P (E0 )n = -(cr0I'1 ) E<P (E0 )-6,02 · 10-·, (1) 
2 2 mA 

r.ue ~ ( (j Orf) 1,, - TITIOW:aJJ:b pe30Hattca, <P (Eo) - TTOTOK Heii:TpOHOB C 3Heprneri Eo 
2 

11epe3 o6pa3eU 3a BpeMll mMepettIIfl, E~ - ::ineprn51 A-ro pe3ottattca, E -

3qJqJCKTIIBHOCTb pemCTpaUIIII 0CKOJIKOB .uenenm, ,ueTeKTOp0M, n - 'IlICno 51,Uep B 

MHIIICHII, mA - MaCCOBOe 'IHCno ll,Upa-MHIIIeHH, m - Macca MHWeHII. 

IloTOK neii:TponoB c ::itteprneii: >0,1 ::iB OT IICTO'IHHKa IIEP-30 c xoporneri 

To'tIHOCTblO OTTHCbIBaeTCll qiopMynori <JJepMH <P(E)=kF
0

•
9

. Ko3qJqJIIUIIeHT k B neri 

onpe,uenllnCll no BpeMllnponeTHOMY cneKTPY 
235U nOJJ:fOHKOH 'IIICna 0TC'IeT0B B 

Ka)K,UOM Kanane i cpynKUIIeii: 

J; = <P(Ei)Mncr/ (EJ+Ni80 = kE--0·9 
Mncr/ (EJ+ N;

80
, (2) 

r.ue Ei - 3Heprllll, COOTBeTCTBYIOW:lUI i-My Kanany, f1E - IIIHpmia KaHana, crr'(E;) -

"tta6n10JJ:aeMoe" ce11e1111e .uenenllll,. n - 11rrcno l!JJ:ep n MHwenII, N;
80 

- 11ttcno 

"qioHOBbIX" OTC'IeTOB. 

"Ha6n10.uaeMoe" ce11e1rne 51Bn51CTC51 cnepTKOH peanhHOro CC'ICHIISI crr(E') C 

qiyHKUHefl pa3peIIIeHIIll R(t,t') II qiyHKUIIeii: D(E-E'), OTTHCb1Ba10w:eii: JJ:OnnepoBCK0e 

yrnrrpenue pe30HaHca 

0:/ (E') = 1 R(t,t' {I crr(E' )D(E-E' )dE }1. (3) 

B npocTefIIIIeM cnyqae 

1 ( (E-£')
2

) D(E-E')=--exp - 2 , 
..fir,,1 D ,1 D 

(4) 

r.ue ,1 0 = 2 _B__ - .uonnepoBCKlUI IIIHpHHa, kn - nocT0SIHHlUI OOJlbUMaHa, T -· ~TE 
mA +I 

TeMnepaTypa 06pa31~a. 
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;\ 

V 

<J:lyHKUIIll pa3pewemrn HMnyJ1hc11oro 6yCTepa HEP-30 onpe.uenlleTcll wupm1or1 

mmynbca ::ineKTp0HH0ro ycKopmenll IL. II napaMeTpOM t, CBll3aHHblM C 

pa3MHO)KCIIHCM HefITpOHOB B aKTIIBHOii 30He 6yCTepa: 

0, t < 0 

R(l,1') ~ j 1-«rf--') 0 <I< 1, (5) 
\ t 

(1-exp(-t,/t))ex{-~} t>t1.. 

8peMll nponeTa HCflTpOHa B ,lToii cpopMy.r:1e CBll3aHO C ero 3Heprneii IBBCCTHblM 
72,3L .. 

COOTHOWCHHCM t = .JE , L - .umma nponeTIIOII 6a3bl. 

)lnll onucaHIIll CC'ICIIHll ,[ICJlCllllll IICl10Jlb30BaJI0Cb 0.UHOypoBHCBOC 

nptt6Jllf)KCHHC 

er,(£)= I,41tX.2[. ,r,J·, 'l 
A ( )- r, E-E11 +--

4 A 

(6) 

r,ue g rn, Tj-, ft II £0 - COOTBCTCTBCIIIIO IICiiTpOHHlUI, .UCJ111TeJ1bHall ll TT0J1lla51 Wllpllllbl 

II ::ittepnrn pc3onaHca A 6paJIHCb 113 I 61. 

Ilo.ucTaBnllSI n (2) qJOPMYJlbl (3), (4), (5), (6) u nonarall B (2) 

Nt; = N 80 
= const, nony•mM cpopMyny c .UBYMll HCH3BCCTHhIMH napaMeTp,nm: k 11 

N8
G .!U151 no.uronKII ::iKcnep11Me11TaJibI1oro cneKTpa 235U n 06nacn1 ::i11eprnii 

neiiTpOHOB OT 2,5 .uo IO 38, no.r1y•1e1111oro B KaJm6pOBO'lllblX 113MepeHllllX. 3rn 

.. ,1 , U;-N;)' .. 
napaMeTpbl 11axo~\IInHCb MIIIIIIMll3aLIIICII 'tlYIIKUIHI x- = . , nporpaM~IOII 

. (,1 N; )~ 

MINUIT. 

Ilo,ucTaBnllSI nony'ICHHhiii KO::HpqJHI\IICIIT k II f!JIOII{,Ulh IIO.U pe3011<111Cml 

5, 16 38 B cneKTpe 
234U, nony'ICIIIIOM B K,um6poBO'IHhlX ll3MepeHllllX B (I). l10Jly<lll~I 

BeJIII'III_H)'.. cron Will 3T0ro pe3011a11ca. Tor.ua cron ,Wlll pc3011a11ca A Bhlpa)KaCTCll 'lCpc:! 

llJlOW:ailH 11a cncinpc, HOJiy<i'cm10M B OTIIOCIITCJihllhlX' 113Mcpemrnx: 

r _ N). /:" 
( 

,I,, )0.9 
(cro, ,), -(cror,),_,(, -N SI" 

".lo ~ ~ \) 

J],cmITC.TlhHIIC lllllpllllbl llaX0).lllTCll 110 q1op~1yJ1C 

r' (cror,)' r,' 
, 41tX.2 gr,, 

(7) 

(8) 

IJ,\C gr/ - 11ciiTpo1111al1 IIIllpm1a A-ro pe:mmmca 6p,u1ac1, 11'.l pa60TI,: 171. n;· -

5 



TTOJIHal! wHpHHa A-ro pe3oHaHca Bbl4HCJ!ll.TJaCb KaK cyMMa HeiiTpOHHOii II 

pauHaUHOHHOII urnpHHbl, nptt6mDKeHIIO llB.JlllIOLUeiicll KOHCTaHTOii ry=25 1\13B. 

Pe3yJihTaTbl H o6cyJK)lCHHC 

Ce4eHHe }.leJieHHll 
234U pe30Hal!CHblMH 11eiiTpoHaMH C 3Heprneii OT l J.lO 

1000 3B noKa3aHo Ha pHc. 3. Ourn6KH onpellenemrn ce4eHHll B pe10HaHcax 11e 

npeBbIWaIOT 4% H o6ycJIOBJieHbl B 0CHOBHOM CTaTHCTH4eCKOii T0°IIIOCTI,IO 

KaJIH6poB04HblX H3MepeHHH. CpaBHeime Bpel\rnnpoJieTI10ro cneKTpa, npHBe).leHHOro 

Ha puc. 1, co cneKTpOM, npeJ.lCTaBJieHHblM n 17], ).lCM0HCTpttpyeT npttMepHO B TPH 

pa3a JIY4WYIO CTaTHCTH'-leCKYIO T04HOCTb HaWHX 0THOCHTeJibHblX H3Mepe1mi1. 

)leJIHTeJibHbie WHpHHbl, onpe}.le.r,eHHbie ).lJ!ll pe30HaHC0B B o6JiaCTH J.lO 200 3B, 

r)..(e pa1peweHHe ).lOCTaTO'-IH0 ).lJ!ll pa3}.leJieHHll OT).leJibHblX pe30HaHCOB, npHBe).leHbl B 

16 

14 

12 

10 

0. 8 "' ID 

o'--
6 

]2: 

k:. 
4 

"C-' 
:·c_ 

2 ,_ -'o·' _, 
. -9_ .. 

0 
10 JOO 1000 

Ell, 3B 

Puc. 3. Ce1Je11ue deJ1e11uJ1 
234 U 

Ta6JIHUe I. l1x 3Ha4CHHll xopowo cornacyIOTCll C ).laHHbIMH 17) (CM. TaK)Ke [6]). 

Omu6KH B onpe).leJ1eHHH r;- cml3aHbl C Heonpe}.leJieHHOCTbIO napaMeTpOB I'n, r, H r; 
).lJ!ll pe30HaHCOB 

2340. 

6 

\ 

De30HaHCOB 
2340 B o6JiaCTH J.lO 200 38 

En, I HacTOlllllal! pa6orn Pa6orn [7] 

3B f croft·, I ~(croI'r), I I'r, ~I'r, I'r, ~I'r. 
M3B M3B M3B M3B 

0.0201 0.0008 0.0182 0.0009 

0.17 0.01 0.009 0.001 0.008 0.001 

0.08 0.01 0.08 0.01 0.067 0.007 

0.66 0.05 0.038 0.004 0.033 0.003 

0.23 0.03 0.07 0.01 0.091 0.008 

3.2 0.2 0.33 0.03 0.31 0.03 

0.29 0.04 0.047 0.007 0.028 0.002 

0.19 0.04 0.027 0.005 0.022 0.002 

0.98 0.09 0.11 0.01 0.090 0.006 

1.37 0.07 0.146 0.009 0.114 0.007 

MHoroypoBHeBbIH aHaJIH3 }.laHHblX [7] no ce4eHHl!M nponycKa11m1 II }.leJieIUrn 

COBMeCTIIO C HaWHMH }.laHHbIMH, M0)KeT YJIY4IIIHTb T04HOCTb onpe).leJICHHll 

}.leJIHTeJibHbIX H HeHTpOHHbIX IIIHpHH ).lJ!ll 
234U B o6naCTH HH3KOJie)Ka!llHX pe30HaHCOB. 

Pa6orn ocymecrnneHa npu no.u.uep)KKC PoccttttcKoro cpoHJ.(a cpyHJ.(aMeHTaJibHbIX 

HCCJie}.lOBaHHI1 (rpaHT N~ 95-02-03740) H Me)KJ.(yHapOJ.lHOro HaY4HO-TeXHH4eCKOro 

ueHTpa (npoeKT #471-97). 
B 3aKJIIO'-leHHe aBTOpbl c 0mTaIOT npHl!THbIM ).lOJlfOM Bbipa3HTb CBOIO 

6naro}.lapHOCTb B.11. <l>ypMaHy 3a TTOCTOl!HHOe BHHMaHHe K pa6oTe H ueHHbie 

o6cy)KJ.leHirn, r.A. THMocpeeBy H B.H. Kosauuesy 3a BbIJ.(eneuHe H O'-IHCTKY H3ornna 
234U, C.M. ConosLesy 3a H3roToBJieHHe MHrneHei1 11 B.11. CMnpHosy 3a no)..(roTOBKY 

3JICKTpOHHKH K H3MepeHHllM. 
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