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A H H o T a u H H 

J..1ccne.oyJOTCH p e aJCUHH B3aHMo.oell:cTBHH TSPKenbiX HOHOB I Ne, 0, II I c H .opaMH ypaHa, 

llpHBO.QHLUHe K oopa30B8HHIO CllOHT8HHO-.oenHLUei"OCH H30TOI18 C 8HOM8ITbHO M8ITb!M rrepHO.QOM 

rronypacrra.oa. nonyqeHbl KpHBbie Bb!XO.Qa CllOHT8HHO-.oenHLUei"OCH H30TOI18 B pa3nHqHb!X peaK

UHHX H HaMepeH rrepHO.O rronypacrraaa • .QenaeTCH rrpe.orrono)!{eH :1e , qTo B cnyqae HOH OB 

Ne H 0 HMeiOT MeCTO peaKUHH rrepe.oaqH H qTQ 8TOMHbill: HOMep HeH3BeCTHOI"O H30TOI18 

z < 97. 

• 



Bae.o.eHHe 

III 
B p a6oTe coo6wanocb o6 o6Hapy>KeHHH crroHTaHaoro .o.eneHHSI c aaoManbHO KOpoTKHM 

I! 

rrep~:~o.o.oM . OcKOllKH crroHTaHHoro .o.eneaHSI aa6n JO.o.anHcb rrp1:1 ·o6nyqeaHH ·u 231 
HOHaMH Ne 22 

1:1 0
16 

• BepOS!THOCTb CROHTaHHOI'O .o.eneHHSI rrony'leHHhlX H D. ep OKa3anacb yaenH'IeHHOlt ae Me~ 

qe M B 109 
Hee, pa3 !IO cpaBHeHI:!IO C BepOS!THOCTb!O C!IOHTaHH OI'O .o.eneHHSI H3 HeB036y>KLJ.eH-

H0!'0 COCTOSIH I:! SI SID.ep 1:!30TO!IOB, KOTOpbie MOI'YT rrony'laTbCSI IIpH B3aHMOLJ.eltCTBIIH HOHOB 

0
16 

H Ne
22

c H a paMH 
238 

U • ilnS! BhlSICHeHHSI CTO!lb pe3KOI'O yaenH'!eHI:!SI BepOS!THOCTH C!IOH-

TaHHOI'O .o.eneHI:!S! Hy >K HO HLJ.eHTI:!cpHU:'pOBaTb !IO!ly'laiOwHitCSI B 9THX peaKUHSIX H30TO!l) orrpe-

.o.enHTb XapaKTepHCTHKI:! B036y>KLJ.eHHOI'O COCTOSIHHH ero SILJ.ep, Bb!HCHI:!Tb MeXaHH3M peaKUHH, 

IIpHBOLJ.SI U!elt K I:!X o6pa30 BaHHIO. npe.o.cTa BnHeT HHTepec TaK>Ke BO!IpOC 0 TOM, HB!lS!eTCSI o6-

Hapy>KeHHOe SIB!leHI:!e e.o.HHH'IHbiM .HnH lll i!pOKO pacnpOCTp 3HeHHhlM, TO-eCTb, He cyweCTByeT 

nH 60!lbW0!'0 KOlll:!'l eCTBa 1:130 ~ · e p O B pa3lli:!'IHblX H30TO!IOB C pa3nH'!HbiMH rrepi!OLJ.aMH C!IOHTaH

t!OI'O .o.eneHI:!SI ? 

B HaCTOHweA pa6o Te rrpoao.o.HnHc b I:! 3M epeHH Sl rrep~:~o.o.oa rronypac rra.o.a 1:1 xpHB biX Bbixo .o.a 

CllOHTaHHO-.o.enS!lUI:!XCSI SI LJ. ep, o6pa3yi0Uli:!XCSI !Ipl:! o6ny'leHI:!I:! 
II 20 

0 , Ne U 
231

HOHaMH 1:1 

Ne 
2 2 

• a TaK>Ke Ollb!Tbl !IO o6ny'leHI:!IO u 231 
I:!OHaMI:! n 11

• u 23$ HOHaMI:! H Th 
232 

HOHaMH Ne 22 

MeTOLlHKa 1:1 pe3ynhT8Tbi H3MepeHHA 

0IIb!Tbl IIpOBO LJ. HllHCh H8 BHyTpeHH eM ny'!Ke 300 CM . UHK!lOTpOH8 0Vf1fVf, ycKOpS!IOl!lero 

TS!>Kenhle i!OHhl. ilnH perHCTp8UI:!H OCKOnKOB C!IOHT8HH0!'0 .o.eneHHSI npHMeHS!ll8Cb annapaTypa, 

1 1 I 
O!li:!C8HHaSI B 

n p oD.yKTbl peaKUI:!lt B3ai:!MOLJ.eitCTBI:!H TSI>Ke!lb!X I:!OHOB C S!D.paMH MI:!WeHI:! 38 C'!eT 3H8'1H

TenbHOI'O HMIIYllbCa, rronyq·ae M OI'O I:!MI:! OT H a neTaiOwi:!X I:!OHOB, Bbi61:! B8lli:!Cb H3 TOHKOH MHWeHIJ 

11 rrorra.o.anH Ha c6opHHK, apawaiOwHAcSI co cKopocThiO 840 o6 1MHH. C6opHHK rrpe.o.cTaanHn co-

6oA KOnhUO 1:13 aniOMI:!HI:!eBOlt cpOllb!'l:!, yKperrneHHOe Ha LJ. HCKe 113 Hep>KaBeiOwelt CTanH, npo

LJ.Y KTbl H.o.epHbiX peaKUHlt, !IO!laBwile Ha C60pHi!K, rrepeHOCI:!lli:!Cb i!M CH8'18n~ K OLJ.HOA, 8 3a

TeM K LJ.pyrolt i!OHH3aUHOHHbiM K8Mepa M, pe!'HCTpi!pyiOlUI:!M OCKO!lKH C!IOHTaHHOI'O LJ.e.'leHHSI. 

BMeCTO I:!OHH3aUHOHHhlX KaMep D.nSI peri!CTpaUI:!H OCKOnKOB CllOHTaHHOI'O .o.eneHHSI MO!'nl:! !IpH-

121 
MeHS!TbCSI cpOTOII!laCTHHKH 1 !l03BOnS!BlUHe !IOllY'II:!Th 10 TO'!eK Ha KpHBOlt paCll8LJ.8 CllOHTaa-

HO-.o. enH w erOCSI H30TOna. ilOIIO!lHI:!TellbHO B arr rrapaTypy 6binO BBe.o.eH O YCTpOltC TBO, !l03B0-

13 I 
nS!Bwee C !IOM OLUbiO KpeMHHeBOI'O !IOBepXHOCTH0-6apbepHOI'O .o.eTeKTOpa BeCTI:! HenpepbiB-

Hbllt KOHTpO!lh 38 aaepr1:1elt I:!OHOB, He HapywaSI 1:!3MepeHI:!H 9 cpcpeKTa. 

Ha pHc. I rrpHBe.o.eHbi "-PHBbie BbiXOLJ. a crroaTaaao-.o.enHwHXCSI H.o.ep, nony'leHHbie npH 

o6nyqeaHH U :JJI HOHaMH 0 
16 

Ne 
211 

H Ne 
22 

• B STHX OIIbiTax TO'IHOCTh orrpe .o.eneHHSI 

SHeprHH HOHOB COCTaBnHna 2%, a SHepreTH'IeCKHlt pa36p OC llY'IK8 - HeCKO!lbKO npoueHTOB, 

Kpi!Bbie Bbixo.o.a .o.nH o6nyqeaHA HOHaMH 0 16 
1:1 Ne 

22 
HeCKO!lhKO oTnH'Ia iOTCSI oT aaanor~:~q -

3 



• 

III 
H b!X KpHBbi X, llpHB8Ll8HHbiX paHee Pa3nH'IH8 CBH38H O C TeM, 'lTO B llp8LlblLl YW8ll pa5oTe 

TO'lHOrO H3MepeHHH H HenpepWBHOrO KOHTpOnH 3HeprHH He npOH3BODHnOCb. 

236 16 
OnbiTbi no o5ny'leHHJO U HOHaMH 0 c pa3nH'lHOii &HeprHeii noKa3anH, 'lTO ce'leHHe 

peaKUHH, llpHBOLlHWell K o5pa30B8HHIO CllOHT8HHo-,aenHWerOCH H30TO!l8, B Ll8HH OM cnyqae llO 

Kpal!Hel! Mepe H8 riOpH Ll OK MeHbWe, 'leM llpH o5ny'leHHH HOH8MH 0 16 
MHW8HH U HI, 

232 22 
B Ollb!T8X llO o5ny'leHH!O Th HOH8MH fie , K Or ,aa 05pa3yeTCH TO >Ke C8MOe Ct>CTaB-

HOe HLlpO, 'lTO H B cnyqae p88KUHH u23I+016 
, 6binO ll0K838HO, 'lTO C8'l8HH8 HHTepecy!O-

wefi H8C peaKUHH llpHM8pHO H8 2 llOpHLlK8 M8Hb ll •e , qeM llpH o6ny'-!eHHH u 238 
HOH8MH 0 16

• 

05ny'leHHe U 
238 

HOH8MH 
[]11 

ll0K838JIO, 'lTO H B 3TOM cnyqae CllOHT8HHo-,aemiWHHC!I 

H30TO!l o6pa3yeTCH, llpH'!eM BbiXOLl COOTB8TCTByiOweif p eFJ KUHH B H8CKOnbKO p83 501lbWe, '18M 

238 16 
H8llpHMep, llpH 061ly'!eHHH '!J HOH8MH 0 

231 16 
DnH cny'!a!l U + 0 H3y'!anacb KpHBaH pacna.aa cnOHTaHHo-.aenHwHxcH H,aep npH 

3HeprHii HOHOB 102 MaB. 0Ha 5bin8 nony'!eHa B Ollb!T8X c cpoTonnacTHHK8MH B.n. nepenbirH

HbiM. 8 npe,aenax CT8THCTH'I8CKHX OWH50K 3Ll8Cb MO>KHO rOBOpHTb nHWb 06 OJJHOM nepHO,ae 

nonypacna.aa. PacqeTbi no MeTo,ay HaHMeHbWHX KBa,apaToB L181UT .ans:r Hero 3H8'!eHHe 

/ 14 ::t )/ MC8K, 

npe.anonaraSI, 'lTO HMeeTcH nHWb o,aHH nepHOLl nonypacna.aa, MO>KHO .aenaTb oueHKH 

nepHOL18 llO COOTHOWeHHIO OTC'l8TOB Ha LlBYX K8Mepax. nony'leHHble T8KHM o6pa30M Ll8HHbl8 

,a nSI pa3nH'lHWX 051Iy'leHHll C05p8Hhl B Ta5nHUe l, npHB8,[18HHhl8 OWH5KH B 3H8'!eHHSIX nepHO

LlOB !lo nypaC!l8Ll8 Y'lli'!'biB8!0T TOnbKO CT"THCTii'leCKHe cpe..G.H8-KBI!.Llp8TH'!Hble OWH5KH B 'IHC-

118X 3aperiiCTpHpOB8HHblX HMflY'lbCOB. 

05cy >K,a eHH e pe3ynbT8TOB 

npHBe,aeHHbl€' H8 pHC, 1 KpHBbie BbiXOL18 CllOHT8HHO-,aenSIU(HXCSI SI,aep B peaKUHSIX 

238 20 231 22 
u 238+ 0 16 

, U + Ne , U + Ne HMeJOT o,aHOTHnHy!O cpopMy KpHBbiX c MaKcH-

MYMOM , OueHKH nonepe'!HbiX ce'leHiiil: o5pa30BaHHH crroHTaHHo-.aenSIWHXCH H.aep ,anSI MBKCHMy-

238 22 238 16 -32 2 
MOB K p HBblX Bb!XOL18 peaKUHll U + Ne H U + 0 L18IOT - 2.10 CM , a 

2 0 -3 2 2 2.!1 
+ Ne -4.10 eM • ToT cpaK T, 'ITO crroHTaHHo-.aenSIWHllcH H3oTon nony-,anSI peaKUHH u 

231 11 
qaeTCSI B peaKUHH U + B , llpHBO,[l HT K 38Kni0'18HHIO, 'ITO ero 8TOMHblli HOMep Z 'S_ 97. 

.[l81lbH8i!WHE' Ol!biTbl llO o5ny'l8HHIO H30TO!JOB U H Pu I!OH8MH B Be H lie .aon>K· 

Hhl L18Tb OKOH'18T8nbHWI OTBeT H8 BO!lpOC ~ 38pHLl8 H M 8CCOBOM 'IHCne C!lOHT8HHO-,aenSIWero

CH H30TOD8, 0THOCHTenbHO M8X8HH3M8 peaKUHH, Be ,ayweif K 05pa30B8HHIO HL18p C He05W'!Hhl-

MH CBOliCTB8MH, MO>KHO CK838Tb, ·~TO B Cny'i3.e peaKUHJi U + 0 Ji U + Ne HHTepecyJOWHli 

H8C H30TOD, no- B H.O.H!\.iOMy, He HB.'l HeTCH DpOLlYKTOM p acna,aa COCT8BHOrO S!Llp8 . 3TOT B bl-

BOLl cne,ayeT H3 Cp88H8HHH pe3ynbT8TOB ~51Iy'leHHli 
231 16 232 22 u + 0 H Th + Ne • npH non-

264 
HOM cnHSIHHV. B38HMOLI.eliCTByiOWHX H ,a ep B 050HX cny'I!HlX o6pa3yeTCH COCT8SHOe S!LlpO Fm , 

npv. 3TOM BWXOLlhl K8KOro-nH50 Onpe,aeneHHOrO npo ,ayKT8 pacna,a a COCT8BHOrO HLlp8 He M0-

/4/ 
r y T cywecTBeHHO pa3JIH'li!.TbCil, TaK, rroKa3aHo , 'ITO npH HcnapeHHH '!eTbip~x R~:iTpo.HOB 

H3 TOrO >K e COCT8BHOrO Ha pa fm 244Bb!XOL1 Fm 260 
B peaKUHH U HI+ 0 l6 nHWb B 4 p838 

5onbwe, qeM B peaKUHH Th 231 + !le 22 
• B TO >Ke BpeMH B HaweM cnyqae BbiXOLl peaKUHH 

4 



U 231 + 0 16 
rrpH5m!3HTef!bHO Ha 2 nopHD. Ka rrpeBb! U_, ae T BbiXO!l peaKJtliH ThH2+ 1'/e 22 _ 

no-BH D. HMOMy, HMeeT MeCTO He f! Of!HOe CflliHHHe, a rrepe _ct a'la '!ClCTii HYKf!OHOB HaneTaiOWero 

H a pa SJ apy-MHweHH, B rronb3Y sToro rrpearrono >KeHHSJ cBH a eTen bCTByeT H To o5cTOSJT e nbcTao, 

'ITO OT BHaa HaneTaiOweii 'iaCTHUbi BbiXoa 38BHCHT cna5o I 0 
16 

, Ne 20 Ne 
22 

I , Toraa 

KaK c H3MeHeHHeM H D. p a -MH WeHH s r[ J(peKT pe3KO MeHH e TcSJ I Th 
232

, U 2
H U 

231 
I. Cae-

naHHb!H B b!BOD. f!O!J.TBep >KaaeTCH TaK>Ke TeM, 'IT O !J. fl5! o5pa30BaHHH H D.pa C z :._ 97 rryTeM 

peaKUiili liCflapeHH5! HYKf!OHOB li3 COCTaBHOrO S! _ct pa Tpe6yeTCH Bhlf!eT H8CT0flbKO 60f!bWOrO YHc-

na HyKnOHOB, 'iTO sToT rrpouecc SHepreTHYeCKH HeB03Mo>KeH. 

B cny'!ae HOHOB 0 H Ne ,, u 238 
aepOHTHOn rrpeacTaBnHeTcH peaKUHH rr e pena 'IIi Hap y 

aayx a -qaCTHU C B03MO>KHb!M f!OCneaylOWHM liCflyCK8HHeM HeHTpOHOB, aeaywaH K 05pa-

30BaHH!O li30T0f!OB K!OpHH. B CB5!31i C 3THM cneayeT OTMeTHTb, 'ITO Ha5niOaaeTC5! OrrpeaeneH-

H85! KOppenHUii5! Me>Kay 3HeprHeH CB5!3H D. BYX a 

0 16 " "le 2 2 eM COOTBeTCTBYIOWel! peaKUiili, [lnH n " 3HeprHH CB5!31i D.ByX a -'laC TiiU 

paBHa COOTBeTCTBeH.HO 14.4 1i 15.9 M3B, a B cnyyae Ne 
20 

M C -}0,8 3B. 006pa3HO C 3THM 

H3MeHHeTCH BbiXO a peaKuHi1: B rrepBbiX a ayx cny'iaSJx BbiXOD.bi 5nH3KH, a rrpH rrepexo ae K 

20 
Ne BbiXOa aoap ac TaeT rrpH 6 nH3IiTenbHO B 2 paaa. 

B cnyqae peaKUHH U 238 
.,. lJ 

11 
K o6pa3oBaHH!O H30Torroa Cm MO>KeT rrpHaecTH peaK-

Uli5! f!Of!HOrO Cf!li5!Hii5! C f!OCf! e ayiOWHM HCrrapeHHeM rrpOTOHa H HeCKOflbKiiX H eti TpOHOB. npH 

::!TOM MoryT rrony'iHTbCH H30TOflbi Cm 
243 

- Cm 
246

• 

npoayKTbl peaKUiiH rrepeaa'I H MoryT HMeTb CBOe xapaKTepHOe yrnOBOe pacrrpe aeneHHe. 

Vfay'ieHHe yrnOBbiX pacrrpeaeneHHii' a acT ao rrorrHHTenbHbie caeaeHHH o Mex a HH3Me peaKUHH H 

aenH'iHHe rrepe aaaaeMoro yrnoau ro MOMeHTa, KOTOpbill MO>KeT HrpaTb cywecTBeHHYIO ponb a 

o5pa30BaHHH li30TOf!a C aHOMaf!bHblM rrepHO D. O M Cf!OHTaHHOrO aeneHH5!, 

CneayeT OTMeTHTb, 'iTO yrnoaoe pacrrpeaeneHHe rrpoayKTOB peaKuHl! rrepeaa'iH Mo>KeT 

HeCKOflbKO 1i3MeH5!TbC5! C li3MeHeHHeM 3HeprHH HOHOB. Kp!iBbie BbiXOa a, flpHBe aeH Hble Ha p!iC. 

1, rrony'ieHbi c M HWeHblO, yKperrneHHOti B oxna>KaaeMoii aoa ol! KacceTe, a KOTopol! a nH Bbi-

XOD.a rrpoayKTOB HaepHb!X pe~KUHi1 Crry>KHf!H OTBepCTHH !J. H8MeTpOM 2 M M li rny5HHOH !,5MM, 

nosTOMy 'iaCTii'iHO crraa KpliBb!X Bb!XOaa rrpH yaenH'!eHHH 3HeprHH HOHOB MO>KeT 5 b! Tb CBH-

3aH C Haf!H'iHeM KOflflliM8Uiili !J.fl5! Haep OT!J.a'ili, o5ycnoaneHHOH KOHCTpyKuHeH KaCCeTbl. 

norryqeHHble ·B Oflb!T8X flO o5rry'ieHH !O r } 
238 

liOHa M H n 11 li !le 22 rrepHOD.bi 

rronypacrraa& crroHTaHHO-aenHWHXCH Haep a rrpeaenax cpeaHe-KBaapaTH'iHniX owH50K coa

rraaaiOT 1Ta5nHua 1 I. HecKOflbKO MeHbwaH aenHYHHa rrepHoaa rronypacrraaa B cnyyae peaK-

138 20 
UHii U + !le ) B03MQ );{H0, CBHaeTerrbCTByeT 0 HeKOTOpOH rrpHMeCH 6onee KOpOTKO >KH-

BYil.terO li3fly'iaTef!5! , OD. HaKO) D.aHHblX HeD.OCT8TO'iHO !J.fl5! TOrO, 'iT06b! aenaTb Ha ::!TOT C'ieT 

OrrpeaeneHHbie Bb!BO!J.bl, [lanbHeHWHe Oflb!Tbl, B KOTOpblX 5yaeT rrpOBOD.HTbC5! T Wa T ef!bHOe 

H3y'ieHHe KpliBhlX pacrraaa,aaayT OKOH'iaTenbHhlH OTBeT Ha BOflpOC 1 OD.IiH liflli HeCKOnbKO H30-

MepOB 05pa3yeTC5! B HaWHX Oflb!TaX, 

11 I 
B pa6oTe BbiCKa3biBanc...:b rrpearrono>KeHHe, 'iTO Ha6niOaaeMbill s <tJ cj:Je KT CBH3aH co 

Cf!OHTaHHbiM aeneHHeM H3 H30MepHOrO COCTOSIHHSI, HaCTOHWHe 3KCrrepHMeHTb! D.a!O T !J.Of!Of! 

HHTeflbHb!e apryMeHTbl B f!Of!b3Y 3TOrO rrp earrono>K eHHH. [lel!CTBHTeflbHO, rrpH o5ny'ieHHii 

U 238 
HOHaMH B 11 

o5paayiOTCH H3BecTH bie H30TOf!bi sneMeHTOB c z < 97 • Bee OHH 

5 



• 

HM9IOT BpeMeHa }i(H3HH B OCHOBHOM COCTOSlHHH 3H8'l HT <:? llbHO 60llbWHe, '! eM 0,015 C9K , rrpH-

7 
qeM rrepHO.Ubi crroHTaHHOro .aeneHHSl STHX H30T o rroB T 11, > 10 neT. 

~3 STOI'O cne.ayeT, 'lTO CI10HT8H~Oe .aeneHHe 11011Y'lBHHbiX B H 8WHX 0 11biT8X Sl.Uep o6ner-

16 B . 
'l9HO 6onee, 'l9M B 10 p83, biBO.U 06 8'!0M811bHOM YBB11H'l9HHH BepOSlTHOCTH CI10HT8HHOI'O 

.Q9119HHSl He H3M9HHTCSl .Q8}1(9 B TOM cnyqae, 9C11H Bp9MSl }1( 1'!3HH 11011Y'l9HHbiX B H8WHX Ollb!TSJI 

SJ.aep orrpe .a enSJeTCS'I a -pacrra.aoM HllH ewe KaK HM-nH6o BH.UOM pacrra .a a. XoTSl .a aHHbie o 

peaKUHS'IX nepe.aaqH HYKllOHOB 1'13 H8119T810lll9!'0 HO H8 Sl .Upy-MHWBHH COB9pW9HHO HB.UOCT8TQq-

/5/ -26 2 
Hbl, MO}I(HO nonaraTb 1 qTO CB'!BHH9 STH X ;J98KU Hlt HB np9Bb!W89T )0 CM • TaKHM 06pa-

30M .Q8}1(B 11pH yqeTe .apyrHX B03MO}i(Hb!X B9TBBlt p a cna.aa CITOHT8HH09 .aeneHHe IT011Y'l810lUHX-

10 . 
CS'I B H8WHX OITb!T8X Sl.UBp 06nerqeHO He M BHee, 'lBM B -10 pa3, ~CC119 .U OB8HHS'I .apyrHX 

B9TBBlt pacna.aa .U8CT TO'lHOe 3H8'!9 !ll' d yB911H'l9HHSl C T'' iiBHH B9p0SlTHOCTH CITOHT8HH0!'0 .aene-

HHSl, 

B 38KlllO'l9HHe 8BT0pbl C'lHTaiOT CBOHM 11pHSlTHbiM .UOll!'OM no6naro.aapHTb q1JeH-KOppec

ITOH.U9HT8 AH CCCp r.H. <l>nepoaa, pyKOBO.UHBwero .a aHHOA pa6oTOitl3a MHOI'O'lHC119HHbl9 

U9HHbl9 npe.alJO}I{9HHSl, COB9Tbi H 38M9'l8HHSl K8K B XO.ae 110.U!'OTOBKH H npOBe.aeHHSl pa60Tbl 1 

T8K H npH o6cy }I(.Q 9HHH ee pe3yllbT8TOB, M bl T8K}I(9 6naro.aapH bl H8Y'lHOMy COTpy .UHHKy 

A ,C, nac IOKY, OK838BW eMy CYlll9CTB9HHYIO ITOMOlllb B npoae.aeHHH SKC nepHMe HT OB, 

nHTepaTypa 

l. C.M. nonHK8HOB, B.A. LlpyHH, B.A. KapHayxoB, B.n. MHxeea, A.A. nnea~. H.K. CKo-

6eneB, B.r. Cy660THH, r.M. Tep-AKOITbS'IH, B.A. <l>oMH'leB, ./K3T<t>, 42, 1464 
/1962/. 
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