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YK 681.3.016:539.17

DOOPMHUPOBAHUE H TPUMEHEHHWE BUBJIHOTEKH
OIEHEHHBIX ®OTOHEHTPOHHbIX JAHHbIX "BO®OI"

A.H.Enoxun, H.H.Byneesa, C.M.Hacwiposa,
O.A. Taxomoaa, C.B.3a6podckas, A.M.Lubyrs
Qusuxo-anepzemureckuil uncmumym, O6HUHCK

FORMATION AND APPLICATION OF EVALUATED PHOTO-NEUTRON DATA
LIBRARY "BOFOD". The activity on the creation of evaluated photo-nuclear data for
27 important elements is described briefly. The photonuclear reaction data library
"BOFOD" is constructed using ENDF-6 format. It includes the (y,n), ¢,2n), (y,fiss),
(y,abs) and (y,tot) cross-sections up to 20 MeV. On the base of the BOFOD library the
group-constant system is created. As example, the role of the photo-neutron processes
on the accumulation of the 232U isotope is Shown.

Beenenue

OGocHOBaHHE HEHTPOHHO-DU3HUECKUX XAPAKTEPUCTHK M TEXHUKO-DKOHOMMUECKHMX MOKA3aTENEH SnepHo-
IHCPreTHUCCKHX PCAKTOPOB BKIHOUACT HCOOXOIMMOCTb CO3NAHHA HAZEXHOH Basn aaepubix naHHwy. Hapsaay ¢
HCOOXOAHMOCTHIO HMETh KOHCTAHTHOE 0DeCncucHIe, OTRCUANOIEE 3a NPOLECCH B3AMMONECHCTBMS HEATPOHOB C
S1paMH, TaKXe HEOBXOIMMO UMETb CUCTEMY TDYMNOBBIX KOHCTAHT, OTPAXAOWMNX APOUECCH B3aUMONEHCTBHS
TAMMA-KBAHTOB C stapamMu. T1poueccs Tina (y,Xn) u (y,fiss) B ONpeaeNeHHbIX SHEPIETHUECKUX HHTEPBAIAX MOTYT
NPHUBCCTH K 3AMCTHLIM OTKJIOHCHHAM OT MCXOZHOTO CTIEKTpa HEWTPOHOB nejenud. [1oaToMy yuer Takoro poaa
TIPOLCCCOR BAXXCH NPU npopelcHuu usnmdeckoro pacuera peakropa. Ha nepsom 3tane neobxommmo mmeTts
KOHCTAHTHOC obecncyeHre Nno B3aMMOACHCTEUIO TAMMA-KBAHTOB C SIpaMH LS CAETYIOMMX MATEPNATIOB U 3KTH-
HIIOB:

a) ctass ¥ ee xomnoueHTH: Fe,Cr,Ni,Mn,Co,F;

6) maTepuass aBapuiHOM 3amMUTH ¥ 100asku X HMM: Zr,Mo,Sn,Gd,W,Pb,Bi;

B) TernoHocuTenb: Na,Pb,Bi;

r) acrkre anementh: H,D,Li,Be,O;

A) TOTLUIMBHHIE MATCPHANH ¥ UM COMYTCTBYIOMIHE AK TMHAIH:

Th-232, Pa-231, Pa-232, Pa-233, U-232, U-233, U-234, U-235, U-238, Np-237, Am-241, Am-243,

79 MaTepuanos no nn. a-r) HeobBX0IMMO UCCIIEA0BATL NPOLECCH THNA (y,n) u (y,2n), a 11t MATEPHAJIOR 1O
M. A1) CAEAYET TAKXKE BKAOUHTDb npoueccs (¥,fiss) B o6aactn avepruii ramma-xsautos o 20 MaB. B naunoit patore
onucana cosnanHas B LleHTpe sanepHnx nanHpix 6nbauoTexa oneHeHHux ¢oTosaepubix peakuuit BOOO1-90, u
HA €€ OCHOBE NOANOTOBAEH bl PPYNNOBblE KOHCTAHTHI 1181 (hOTOHENTPOHHBLX IipolieccoB. Ha npuMepe paccroTperus
3azauu no Hakomwnenuto U-232 B of1yueHHOM TOPHHM ONd YPaH-TOPHEBOIO LMKJA 33 cyeT (hOTOHEHTPOHHMX
pecakuHii NOKAa3aHA BAXHOCTb YY€Ta DOTOHENTPOHHKX NIPOLLECCOB.

TNoaroToska 610:1MOTEKHN OLIeHEHHbIX GOTOHENTPOHHBIX AaHHHX BODOO-90

B llentpe szcphbix aannbix (A1) OIU 6bno npoaHaausuporaHo cocTosHHe paboT mo obecneueHHio
noTpeGHOCTE B POTOSACPHBIX AdHHKX. B HACTOSUCE BpEMS B PAMKAX UYETHIPEXCTOPOHHENO OOMECHA RXEPHBIMH
zauHbMi Mexay [lentpamu aaepHbix nanusix Pocciu, CIIA, @panunn u MATATD oprannsosaHa 1eaTeIbHOCTh
no c¢6opy M KOMIMILIALUHM TOJBKO IKCICPHMCHTA ILHAIX (DOTOSNEPHBIX AAHHBIX, KOTOPas BEAETCH, B OCHOBHOM,
Lentpom OTOAAEPHBIX AAHHBIX M 3KcRepumeHToB npy HUMIQ® MIY, r.Mocksa. B cBoboanom moctyne B
HACTOAIIECC BPCMSA HE UMCCTCA 61‘[63’1}‘IOTCK OLEHEHHHh X (bOTOSlZleHHX JAaHHbIX, HA OCHOBE KOTOPHX MOXHO 6hUlO
6bl MOLY4HTb HAOOPH rpynnoBHX KOHCTaHT. [103TOMy A% mocnenyiowmed opraHusanud paboT no co3panuio
dhait;ioB oleHCHHWX GOTOSaEPHBIX naHHbX IleHTpoM snepHbix aanubix D3 6una nponenana caeayrowas
pabora:

1. Ha ocuoBe cuctemul CINDA [1] 6uina npoanasinaMpoBana CUTYyalus ¢ onyOsSHKOBAHHHMH B OTKDHITOI

TIeuaTH JKCTICPHMCHTAIbHBIMM pabotamu Mo UcciieaoBanmto npoueccos (y,Xn) u (y.fiss).
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2, Tlo sanpocy w3 I Geura noayuena 6ubanorexa IKCPOP [2] sxcnepHMeHTaTbHEX (OTOSIEPHEIX
AaHAwx uz HUUSAO MITY,

3. BeutH NPOAHATH3MPOBAHK KOMITHISLIHH IKCNEPHMEHTAABHMX paboT u3 pabotm [3].
4. Co3nanb KOMIMASILHOEHKE MACCHBH UMCJIOBHX JAHHBIX, TIOJIYUCHHBIC B PA3AMUHBIX SKCACPHMEHTANBHMX
HCCNETOBAHNAX, C HEJBIO AARHEHIIETO MX dAHAMHSA DU NOATOTOBXE OUCHEHHBIX AAHHBIX.

5. Paspatorana nporpamMma onncalns npoueccos tuna (y,n) (y,2n) n (p,fiss) Ha ocHose 0605MCHHON CTaTH-
CTHYECKON MOKENH.

INponenanuas B A ®3U nonrotoBurensnag pabora Mo aHaausy cocTOSHHMA B 06.1acTH (DOTOSIEPHBIX
HCCNIeROBaHuWii co3xana 6a3y mns paspaborku (aiioB oucHEHHBX (POTOSACPHHIX AaHHLIX. I1peaBapHTCAbHBIC
pe3yapTaTH 2710 pabors 6unu onybankosauu B pabore [4].

B reuenue 1989-90 rr. 6bL1a chopMupoBaHa HAUANLHAS BEPCHA OHEAMOTCKH OUCHEHHBIX GOTOSACPHBIX TAH-
HHx BOOO, B xotopyio Bouwn caeayiomue 27 anementor: Be-9, Na-23, Mn-55, Cr-52,Ni-nat, Zr-nat, Mo-92,
Mo-94, Mo-96, Mo-98, Mo-100, W-182, W-184, W-186, Pb-nat, Bi-209, Th-232, U-233, U-234, U-235, U-236,
U-238, Np-237, Pu-239, Pu-241, Am-241, Am-243. BuGanorcka BOPO]] skmouaer npoueccy Tvna (y,n),
(y,2n), (y,fiss), (y,tot) B obnacT sHepruit ramma-~-ksanTos 1o 20 MaB.

B raén.l npeacrasaeHo coaepXaHue ROCTYIHOMN SKCACPHMCHTAABHON HHPOPMAUMH N0 H3MCPEHHSIM PA3IHYU-
HBX GOTOAAESPHRX ITPOLECCOB, HA 6a3e KOTOPOit ObU1 BHINOIHCH TCOPCTHUECKUIT aHA M3 1 NOATOTOBACH b haitnn
OUECHCHHHIX JaHHLIX. B Tabn. | npuseacuHa creayrowas Hudbopmauus:

Yr - ron ny6AMKAUNK SKCEPUMEHTAABHBIX HCCACAOBAHMIL;

Lab - xon MHCTUTYTa, rae BHIOJHEHRN H3Mcperus. Koaw MHCTUTYTOR Aausl 8 cooTsereTeum ¢ cuctemoit CINDA
[1]
Author - ¢pamunuga 1-ro aBropa nybiukaumg;
Reference - uctounux nybankauum;
Process - xon mpouecca;
Entry/Sub - 4sc10BO# KO SKCNEpHMCHTAJIBHOI padoTu B Gubanotexe IKCPOP.

Tabn. 2 u 3 conepxar 3HaYCHUS NOPOTOBBIX SHCPTHIA AAK PCaKiMH (y,n) ¥ (y,2n), B3ATHX U3 CHCTEMATHKY
[5 1. B rabn. 3 snauenns noporos (oroaeacHHa ONpeAcachit coraacHo [6 ] B kauccrse dopmara nas npeactas-
neHus IauHamx 6n1 ucnonp3aosan popmat ENDF/B-5 [7 ), unpoxo npumMcHSCMbli A5 NPCACTABIEHH S OLCHCH-
HBIX HEUTPOHHHIX AAHHBIX. B nocienywiuem Mbl NPCANOAAracM OCYUICCTBMTD NCPCBOI AAHHBIX B HOBYIO BCPCHIO
¢opmata ENDF-6 [8]. Kax 1 15t ACHTPOHHbIX AAHHMX, Mbl HCNI0:1b30RAH CACAYHOULY IO CXCMY A4 11 PCACTABAE-
HHUSA POTOAICPHBIX AAHHBIX!
MF=] - ¢paitn oOurero Ha3HAUCHUS;
MF=3 - ¢baitn nna npencrapaeHns GYHKUKMIA BO30YXAEHHS PA3ANUHBIX (DOTOSICPHBIX NPOLECCOB, NPCACTABACH-
HBIX ¢ noMoubio cexuunit MT;

MF=4,5 - haitas “aHHBIX J1% NPCACTABACHHS YIJIOBBIX H SHEPTCTHUECKMX pacnpeaeaenii potonenTponos. Ias
KOAMPORAHUS NPOLECCOB B3AMMOAECHCTRHSI TAMMA-KBAHTOB C SAPOM HCNOAL3YIOTCH CAERYIOLME HoMepa MT:

MT=516 - (y,2n)
MT=518 - (y,Fiss)
MT=532 - (y,n)
MT=533 - (y,Tot)=(y,n)+(y,2n)+(y,Fiss).
B 1a6.1.4 npeacrapaeno cogepxanue 6ubanorckn BOPOI-90. IMpuusrtn crcayomuc 0d03HaUCHHS!
CS - uuTerpanshuie ceuenus (MF=3),
DA - yrnoswie pacnpenenchus oroncitrponos (MF=4),
DE - sueprernueckne pacnpeaciaesms ¢poroHciTpoHos (MF=5),
NUP - sHepreTHyeckas 3aRHCMMOCTb UMCIA MTHOBCHHBIX HCiiTpoHos dotoaeacHus (MF=1).
B 1abn.5 B xauecTsc npuMcpa npeiacTasacH $aila oUCHCHHBIX AaHKbIX Aas 2acmenTa Bi-209. Ha puc.1-49

NOKA33aHA JHEPrETHUCCKAS 3ABHCHMOCTb CEHYEHNIT (POTOHCHTPOHHNIX peakwiii 3 Gubaunorekn BOPOO-90 B
CPABHCHHM € DXCNEPMMERTOM. B AanHOi paBoTe Mbl HE CTARMIM CBOCH 3aaucii NOAPOTHOC HCCACIORANUC NDHYUMH
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PAaCXOAICHMS PA3THUHBIX H3MCPEHNH H OLIEHEHHBIX TAHHHIX - 9TO IBJISETCH OTIENIBHOM 3a1a4eii, B KOTOpoit Oyner
ONMKCAHa B [I0,THOM 00L,cME METOTIMKA OLIEHKH ¥ AaHANH3 3KCNEPUMEHTOB. OTMETHM TOMBLKO, YTO PAR HEONPEICCH-~
HOCTCit B IPENCTABICHHBIX B 616HOTEKE SKCTIEPUMEHTANBHEIX AAHHBIX BHOCHT HE BCETAA KOPPEKTHOE OIpeacc-
Hie npoueccos (y,n) u (y,1n) u 1.0 Takxe uMeercs psan NpAMEPOB, KOTAA MPOLECCH THIIA SMBCCHH HERTPOHOB
TIPEACTARJIENH XaK YHCTO TPOLECCH (y,Nn), KaK 3TO MOXHO BHIETh HAa npuMepe Mo-98 u Mo-100 m T.1. B uenom
pnc.1-49 nawor coppeMenHoe cocTosHue B 061acTi GOTOHENTPOHAKX TIPOLECCOB JUIS PACCMAT PUBAEMEIX 2JIEMCH-
TOB. ' ’

TloaroToBKa rPyNNoOBbIX CeueHnM 1% GOTOAXEPHBX NPOLECCOR

HUcnoavsya kommnexe nporpamm <RECENT> [91, 6nutk paccuMTaHH paztAuAHe uH'rerpaerm;Ie XapaKTepu-
cTuky GOTOHEHTPOHHEIX PCAKIIMH B IPYTINOBLIE KOHCTAHTH. [1pH MOANOTOBKE IrpynnoBHX KOMCTAHT OBUTH BHODa-
HbI C/TE1yIOMHE FPAHMIIB FPYNN: KaXauii nHTepBan B 1 MoB 6wt pas6uT Ha 4 rpynmu ¢ marom B 250 x3B. Takoe
pa3biicHue BTIOAHE JOCTATOYHO NPM yueTe GOTOHEITPOHHEX NPOLLECCOB, KaK ByneT nokasano B mr. 3-4. B1a6a.6-7
TIPEACTaBACHH CIEOYmHUe TaHAHE:
<CS> - 0IHOrpynNnNoBOE CEUEHHE HA NOCTOSHHOM BECOBOM (hyHKIIHHY;
<CS/E> - onnorpynnosoe ceueHue Ha cnektpe 1/E;

CS-max - MaKCHMAJTbHOE 3HAUCHUE CEYEHUS Ha HHTEpBae 1o 20 MaB;
Ey-max - 3Hauenne sHepruu raMmma-kBaHTos ans CS-max.

Hurterpasasusie aaHHwie B Taba. 6-7 naror ofuiee npe,1cTapaeHAUe 0 BeIMUHHAX (POTOHEH TPOHHMX PEAKIMI B UX
CPAaBHCHMM C HEGHATPOHHHIMM AAHHHIMHM. B Tabn1.8-21 npuBeacHH CpPEAHErPYNNOBHE CEYEHHMS VIS IAEMEHTOB
6ubanorckt BOPOA-90, xoroprie mMoryT GHTh HCONB30BAHHK TIPK yueTe (POTOSAEPHHX TAHHHX B HEHTPOHHO-
¢pu3HuecKknx pacuerax peakTopos.

O TOYHOCTH paCyeTHOH OLEHKH HAKOTLIEHHS YPaHa-232 B 00.TyueHHOM TOpUH
33 CYeT (MSTOHEHTPOHHBIX PeakLMi

TMepenekTuBHbM criocoboM monyueHns ypana-233 ¢ HM3KUM coxcpXanueM ypaHa-232 gsaserca sapaborka
ypana-233 B TopHeBOM 3KpaHe GHCTPOro peaxTopa. IlepBaIM NPAKTHYECKHM IUATOM B 3TOM HaIPARJICHHH SBJIS-
ercsi 00,1yueHue TOPHCBHX NakeTOB B 9kpaHe peaktopa BH-350. K HacrosmeMy BpeMenu 3aBepImeHo 00/1yuYcHHE
TOpUCBLIX O0pA3UOB B KANWNSPHBIX aMNyJaX, PasMCIICHHMX B ypaHosOoM 3kpaHe BH-350 Ha paznuuAmx
PACCTOHHIAX OT FPAHMUBI C AKTHBHOMN 30HOH. BCKope CTAaHYT M3BECTHR PE3YIbT2TH H30TOITHOIO COCTAaBa YpaHa,
HAKOTLICHHOTO B 3THX 00pa3uax, yTo NO3BOJIHT NPOBECTH NPOBEPKY PACYETHHX AaHHHNX. OnHAKO TIpEXae, yeMm
JTOCAEaTh, CAEA0BAI0 yBEANTHCH B TOM, UTO IPHHHMAEMBIC B PACUETAX NTPUONHXKEHMS HE BHOCAT CYIIECTBEHHBX
NOrpeiuHoOCTEel B pe3yIbTaTH.

Vpan-232 ofipataercs B ofayuaeMoM Marepuane aubo ¢ yuactnem peakumii (n,2n) u (n,y)

2327y, (n,2n) 2317 .1_%6:& 231Pa () 82p, L?glﬁﬁ 2327,

2p,1.31
22.3 MUH 233 (n,2n)""Paz-2" A8 22y

- ’

2 27;)_111*1 23 (n,2n)2%U

23160 ¢ yuacTueM QOTO9ACPHEIX PEAKIHI, NPHBOAYIINX K TEM XE PE3YIbTATaM, TO H peaknun (n,2n), yKasaHHHE
Ha BblLICTIPHREACHHBIX cxemax. TIpi pacuerax GHCTPHX PEaKTOPOB 05K UHO HCNOAb3YyeTCa 26- i 28-rpynmosoc
npubanxenve BHAB 115 onncannd 3aBHCHMOCTEN OT SHEPTHA HEATPOHOB ¥ 15-rpyninoBoe pastuenue BHAD nnsa
ONHCAHHA 3ABUCHMOCTCIT OT JHeprud hoToHOB. JeiCcTBY 0N CNEKTP HEHTPOHOB B PEAKTOPE H, B YACTHOCTA, B
JKpAHE, NPH JHCPrHAX BHIMIE TOpora peakuuu (n,2n) 6JHM30K K XOPOIO H3BECTHOMY CNMEKTPY HEACHHS, NO
KOTOPOMY M yCpeaHeHu ccuchus B rpynnosoil cucteme BHAB [10). IToaromy 6oapmnx coMHERHA B METOAKYE-
CKO KOPPCKTHOCTH pacuera ckopocTcit peakuus (n,2n) B ucnoab3yemom npubnuxcuuy Her. Ecmm takosme
NOSIBSITCA. X MOXKHO PA3pEIIMTh NyTeM Iposeactng pacuctos B 300-rpynnoBom paszbucrun. Takas BOSMOXHOCTb
smecTtes, Hanpumep, B cucteme COKPATOP. Uto xe xacaercs (y,n), TO B KODPEKTHOCTH METONHKH ee 15-rpyn-

232Th(n,y) 23y
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OOBOIO PacueTa eCTh OCHOBAHMS coMHEBATLCA. Hacroaiuas paborta u G113 NpcaANpHHATA 319 TOTO, UTOOH BHSC-
HHTb, HACKOJIbKO ITH COMHEHHS ODOCHOBAHHL.

Hanmomuum, npexae BCEro,uTo ponb GOTOHCIHTPOHHKX peakuuil B obpasosaHuu ypaHa-232 Bospacraer ¢
YAANEHNEM OT IPAHMUIIH C AKTHBHOH 30HK BR1Y0b 3KPaHa OT ~3 %, BO BHYTpEHHCM psiay ok paHHbix TBC mo ~209
' BO BHEITHEM, yerBeptoM psiay. TakimM o6pasom, POTOHEHTPOHHKIT KaHA 06pa3osaHs ypaHa-232 sBAsCTCS npy

ofUTyueHHH B SKpaHE BECbMA CYLIECTBEHHBIM, OTKYA2 M BO3HUKNA HEOOXOIMMOCTb B TOM, YTOOH pa3peliuThb
COMHEHHS B KOPPEKTHOCTH €r0 PACUETHOM OLIEHKH.

Yro mopoxaaet Iru comHeHus? Tpexne Bcero rpyfaa pasburka no ancprin otonos. IToutu Bece hoToHeHT-
PORHKEE PEKLMM B IKPAHE NPOUCXOANT B OAHOI (DOTOHHOI rpynnc, oxpatsisatowcit obaacts ot 7 20 9 MaB. B
3THX npenenax ceueHus GOTOHEHTPOHHBIX PEAKIIHIT CHAbHO M3MCHSIFOTCH, H BBI3LIBACT COMHCHHC BO3MOXHOCTD
HX aAEKBATHOIO OMMCAHHS EOMHCTBEHHOMN CpeaHCrpynnoroil xapakrepucturoi. lanee, cnexTp doroHos, poxaa-
€MHX NpPH PAXMALMOHHOM 33aXBATE HEWTPOHOR B CTAAN (2 NMCHHO 3Ti (OTOHBL CNOCOOHH K (POTOAACPHHIM
PEaKOHAM H2 TSOKEJIHX M30TONAaxX), JMHEHUATHMN, W €CAM CUMTATb, UTO BCEC 3TH QPOTOHHW HMEIOT OZHHAKOBYIO
CPETHION0 AUTS IPYNNH 3HEPrHIO (KaK DTO cefiuac aenaeTcs), TO ITO MOXCT IIPHBCCTH K 3AMCTHBIM OTPCLUHOCTSM
B CKOPOCTH PeaKIIHi.

Eme OOHH HCTOYHMK COMHCHMﬁ COCTOMT B TOM, UTO B 6OJ'ThLHHHCTBC COBPCMCHHDBIX HCTOUYHHKOB JAHHLIX O
CTIEKTPE 3aXBATHHX (DOTOHOB HE YUUTHIBAETCS 3ABHCHMOCTb CNICKTPA 3THX (DOTOHOB OT DHCPTitH 3AXBATHIHACMOTO
HCHTpOHA.

3TH COMHEHHUS MBE ¥ THTATUCH PA3PELUHTb.

B macrosmel paboTe HE NPOBOAMAMCH PACHETH pacnpocTpaHcHis poToHos B cpeac. TTockoabky peub uaer
_THIIb 06 OLIEHKE TOUHOCTH PA3NTHUUHBIX NPHOAMMKCHMIA, MBIl CUNTAM, UTO NOTOK POTOHOB C IHCPFUMCH nponopum-
OHAMEH HCTOYHHUKY ITHX OTOHOB.

Bumssue rpynnosoro pasaieriss no aHepriin GoToHOB

Yro6H BHEBATH MACIITAG MOrpewHocTH, obycaoracHuoit rpySocteio 135-rpynnosoro npubaixcrus, 6nao
npuasTo 60ee MoapoGHOE IHEPreTHUECKOE pasducHice: 06aacTb oT 6,5 no 10 MoB 6eina pasdura Ha 14 rpynn
ompunoit 0,25 M3B. [Las aroro rpynnosoro pasdneHiis Obliil pACCUHTAHBL CCUCHUS (¥,N) - PCAKLHW H CNICKTPbI
panﬂdnHOHnoro 32XBaTa HEMTPOHOB B XENC3E, HHKCAC, XPOMC B MOANGacHC, OTMCTHM, UTO MPH 33XBATC HCHT-
POHOB B HATPHH 1 B TOIUTHBHBIX MATEPHANZX (POTOHOB, CNOCOOHEIX K POTOHCHTPOHHBIM PCAKIISM, HC 00pasycTCs.
B Bepxageiomeit cranu 3axsars & Fe, Ni, Cr u Mo cocrasasiior » axpane BH-350 cootsererscnno 50%, 20%,
20% u 10%,. Onnaxo cnektp GoToHoB, 05pasyeMblx NPH 3AXBATC HCATPOHA B MOAHBACHE, MSITOK, H UCTOYHHKOM
$OTOHOB, CIOCOBHBIX K (¥,1)-PEaKLNH, ABASCTCS THWb XEIC30, HUKEAL 1 Xpon. Ha pic.50a npuscacH cnektp
(OTOHOB PAmHALMOHHOIO 33XBATA B CTA/H M BKAAIN B HCTO X.C1C32, HukeTs n xpoma. Ha pic.506 n3o0paxeHo
JHEPreTHUECKOE MOBENCHHE cedeHus (y,n)-peakunt. Ha pnc.50s apuscicha 21epreTucckas 3aBHCHMOCTS pe-
. axuum {y,n). Buawo, uto onpeaeatiount BKAAT B 3TY PCAKUMIO DAOT KRIITH € SHCPTHCH 7-9 MaB, T.e. Acxawue

* Bo 2-# porounoit rpynne BHAB. Bunno taxxe, uto GoTousr, nmciouine oucpritio 8,5-9 MaB, obpasycmbic npu
33XBaTe HEMTPOHOR B HUKENC H XPOMC, 1O UMCTY COCTARASIOT 0K00 TPCTH BCCX PCAKUHOHHO-CNOCOGHBIX KBAHTOR,
a B PEAKLMIO NAIOT MOJIOBHHY M3-33 BLICOKOTO ccychysi 3axsata. Eme 60ace yenannacTes poat CaMpix KCCTRUX
(hOTOHOB PaAMAIIMOHHOIO 3aXBATA, MMCIOWHX dHCprinit 9,5 MoB. B 10 xe BpeMs po.ib 0cHOEH0IT GOTOHHOM AN
xene3a npu 7,7 MaB B cKOPOCTH PCakitii CHIDKACTCS! H3-33 CPABHNTEALHO HIAKOTO ceucHns (y,n)-pcakun. B
cpeatieM no rpynne 7-9 MoB okasmsaercs, 4To norpeisHocTH 15-rpynnosoro npuaHMCHIS B HCH KOMICHCHPY-
JOTCs (CPEAHNS CMIOUWHAS M MYyHKTHPHAS JIMHIT, YKA3KEIIOUMC CPCIHCTPYHAORY0 CKOPOCTh PCAKLI KO 2-H
rpyfnne, PacCUMTaHHYK € NoapoGubim # ¢ rpyGuim pasGuchuenm no oucprun). B 1-i u 3-i rpynnax Tako#
KOMITEKCALMM ECTECTBCHHO HCT, HO W POAb ITHX FPynn HE Beaika. Takis o0pa3osm, NPHXOIHM K 3aKTIOUCHUIO,
YTO XOTH 15-TpynaoBoc npHBAMKCHIC M ABIKCTCS HCONMPARAAHHO rPYObIM A5 PACYCTA CKOPOCTCA (y,0) - peakLui
B MHTEPECYIOLICM HAC C1y4ae IKPaHa GhicTPOro pCakTopa, B KOTOPOM B KAUCCTBC KOHCTPYKUHOHHONO MATEpHana
Actone3yfores craau Thna X18H10, norpettHocTy 15-rpynnosoro npui,inXeHs KOMNCHCHPYIOTCS, U B PE3YTb-
TaTe MOrpeIHOCTS He npeskmact 10-15%.
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Banande 3a51CHMOCTH CrekTpa POTOHOB OT IHEPrUY NOrioLIiaeMblX HEHTPOHOR

B 6orpmuncTEe 6uBIHOTEK OUEHEKHMX RACPHHX TAHHBX CICKTPH 33XBATHHX (OTOHOB CUHTAITCA HE3ABH-
CAWMUMHE OT DHEPrud MOTJIOMAEMBX HEHTPOHOB M COBNAJAKOT C XOPOWIO M3BECTHHIMY CACKTPAMH NPH 3aXBaTe
TCILIOBBIX HEeliTponos. Mex:Iy TCcM HaIHUME 3aBHCUMOCTH CNIEKTPA (DOTOHOB OT 3HEPrHH NOIIOMAECMEX HEHT PO~
HOB HE RBI3BIBAET COMECHHI, ITa 3aBUCHMOCTD 00YCIOBIIEHA CITCAYIOMMMHY IIPHUHHAMHM!

1. C pocrom sHepriu HeliTpoHos Bo36yxnawTcs Bee 6osiee BHCOKONEXAMNE YPOBHH COCTABHOIO A1pa, obsia-
narmmue 60T UMM BO3MOXHOCTSIMH 15 DAXHMALMOHHEIX TIEPCXO0B, YEM OTHOCHTEJIBHC HU3Koexkamue. [Ipas-
13, NOCKOIBKY BEPOATHOCTh P2AMaHOHHOr0 NEPEXofa NpOnOPUMOHAbHA Kyby SHEPrUH mepexona, yOOMSIHYToe
Pa3IMUNC B BO3MOKHOCTSX 10;XHO ObLT10 61 NPOSBASTECE MM TPU JHEPrHsaX, CPABHUMHBX .c sueprae cBa3u
HCHTPOHA, T.€. Npu JHEPrusax nmopsaka MaB, npu xoTOpHX paaWallHOHHHNY 3aXBAT MANOBEPOSTER.

2. C poctoM dHepruu Bce Bonbmuil RKJTAA B 3aXBAT JAlOT PE30HAHCH, BO30yXnaeMmue p B d-HEHTPOHAMH.
CnuHBl ¥ YCTHOCTH COOTBCTCTBYMOWIMX COCTOSHMIT COCTABHOTO $APa OTJIMYHH OT TAKCBHX INf S-PE30HAHCOB,
ONPEICSIOINX, B YACTHOCTH, 3aXBAT TEILTOBHX HERTPOHOB, 2 IOTOMY M CXCMH PAcTiafa 3THX COCTOSHHH IOKHH
pasanuaTthed. MMeromascyg skCriepaMenTaTbHas HHGOPMALMA MOATBEPXKAACT ITO PAJIMUKE, XOTS UMEHHO Ans
S1CP KOHCTPYKLHOHHbBIX MATCPHAJIOB OHA CTHIOKOM CKYAHA, YTO0H MOXHO GHJIO BHIIOJHATE KOPPEKTHYIO OIICH-
KY.

3. C u3aMcHCHREM JHCPTHHM HCHTPOHOB MEHSCTCS COOTHOIMIEHUE BKIAA0B B 3aXBAT PA3HAX H30TONOB ECTECTBEH-
HOit cMecH. DTOT (aKTOp HE MOXET HE BAWATH Ha CyMMApHHI CIEKTP (GOTOHOB, NOCKOIBbKY CIEKTPH (DOTOHOB
TCNJI0BOrO 3aXBATA PAa3HLIX H30TOMNOB PA3JHYAKOTCH CYILECTBEHHO, IPHYEM OCOOEHHO HMEHHO B XECTKOMH CBOEH
4acTH. '

Ilas yueta 3aBHCHMOCTH GOTOHHOMO CIEKTPA OT 3HSPIHH HOTJIOMAEMHX (hOTOHOB MH BOCIIOJIB30BAIHCE AAH-
HBIMH cipaBoukika (11 ], B KOTOpoM NpHBOASATCS pe3y/IbTaThl, OCHOBAHHKHE HA SKCNEPHUMEHTA/ILHHX TaHHBIX,

Ha puc.51 nokasano, Xak 3aBMCHT OT JHEPIHH NOMNIOWAEMHX HEHTPOHOB BHXOA (POTOHOB C JHEPIHMSMH B
nianasone 7,5-8 M3B 1 9,0-9,5 MaB. OueHb cuibiag 3aBUCMMOCTh, KOTOPAS BHIIHA HA 3TOM PHCYHKE, 00yCI08-
ACHA TPCTHCH M3 yKasadumx npuunn (B 12-i rpynne BHADB ocHOBHOM BKJlal B 3aXBaT Ha XeJIe3g 00y CIIOBNICH
wzotonamu Fe-54 u Fe- 57). Buun mpoBeacH pacueT MEMEHEHHUs CKOPOCTH Peakuui (y,1:) B akpare EH-350 npn
nepexoae oT crextpa (GOTOHOB TEILIOBOID 3aXBATa X CHEKTPY (POTOHOB, YCPEAHEHHOMY IO BCEM IHEDPIUsSM
NOFIOMASMBIX ReRTPOKOB. BAHAHKE OKA3aJI0Ch MAJIOCYIIECTBEHKEIM: B 1-M PSRy 9KpaHa CKOpocTb (¥,n) PEaKLHK
C YUEeTOM YXECTOUeHHS (POTOHHOMO CHEKTpA BO3poca Beero Ha 5%. B Gonee rybokux c0sIX 9Kpana paainuue
€€ MERbINE. '

Taxnr o6pasoMm, Npy PEMCHAY PACCMATPHBAECMON KOHKPETHOM 3a1a4UM BCE COMHEHHUS B KOPPEKTHOCTH MpUMeE-
HSCMOIt IIHPOKOIPYNNOBOH MCTOAMKH DACYETa 0Ka3AIHCh, O CYHIECTBY, HanpacHmMH, ORHAKO MCKMIOUHTD
BJIMsHMC BapHaunKu (GOTOHHOMO CNEKTPa ¢ U3MCHEHNEM DHEPTHH MOTJIOMAEMEIX HEHTPOHOB Ha PE3yAbTaTH pac-
YCTOB B APYFUX CHTYaLHIX, KOHEYHO, Heab3s. ITo3ToMy KOPPEKTHAS OIEHKA JaHHHIX 10 00pa30BaHMI0 (POTOHOB
B HCHTDOHHBX PEaKUHAX ¥ OLCHKA (POTOHEATPOHHKNX PEAKLUMH A/ ITHPOKOIO KPpyra peakTOPHHX MarepHasIos

NpEACTABASETCS aKTYAJIbHOM.

3axmoyeHne

B zan#0i# paboTe NpencTasicHb OCHOBHHE PE3YIBTATH [0 NOATOTOBKE SHOIMOTEKH (DOTOSIE PHBIX OLEHEHHBIX
aaHunx BOPONN-90, nogroTOBAEHA CUCTEMA TPYNMOBHX KOHCTAHT, CO34aH 3T/1aC (POTOHEHTPOHHHX PEAKLHH,
1I0Ka3aHa po.Tb HOTORIEPHHX MPOLECCOB MPH PACCMOTPCHUH HEUTPOHHO-DUIHUECKHX PACYETOR A8 Y paH-TOPH-
€Boro mikaa. [10AyUCHHBIE PE3YABTATE MOTYT CAYKITh OCHOBOH TIPH CO3NAaHKM CHCTEMBI TPYNIMOBRIX KOHCTAHT
119 POTOSACPHHX AAHHHIX.



BONPOCHI ATOMHOMT HAYKY Y TEXHUKHU

Tabanua 1
Ilepeuens sxkcnepumcHTaNbHEX paboT 1A pacCMaTPUBAEMBIX SAED
Yr Lab Author Reference Process Entry/Sub
11-NA-23
71 LRL ALVAREZ R.A.+ J,PR/C,4,1673,7111 (G,N) C7022003
.TILRLALVAREZR A + J,PR/C,4,1673,7111 (G,2N) C7022004
24-CR-52
69 MOS GORYACHEY B.1.+ J,1ZV,33,(10),1736,69 (G,N) M0093003
25-MN-55
73 LRL ALVAREZ R.A .+ C,73PACIF1,1,545,7303 (G,N) C7028003
79 LRL BERMAN B.L. P,UCRL-78482,(SUPPL.),7906 (G,N) C7999010
73 LRL ALVAREZ R.A.+ C,73PACIFI,1,545,7303 (G,2N) C7028004
79 LRL BERMAN B.L. P,UCRL-78482,(SUPPL.),7906 (G,2N) C7999011
42-MO0O-92 _
74 SAC BEIL H.+ J,NP/A,227,427,74 (G,N) = 10032002
74 SAC CARLOS P.+ J,NP/A,219,61,7402 (G,2N) C7032004
42-MO-94
74 SAC BEIL H.+ J,NP/A,227,427,74 (G,N) 10032005
74 SAC CARLOS P.+ J,NP/A,219,61,7402 (G,2N) C7032007
42-MO-96
74 SAC CARLOS P.+ J,NP/A,219,61,7402 (G,N) C7032009
74 SAC BEIL H.+ J,NP/A,227,427,74 (G,N) 10032008
74 SAC CARLOS P.+ J.NP/A,219,61,7402 (G,2N) (7032010
42-MO-98
74 SAC BEIL H.+ J,NP/A,227,427,74 (G,N) L0032012
74 SAC BEIL H.+ J,NP/A,227,427,74 (G,2N) L0032014
42-MO-100 :
74 SAC BEIL H.+ J.NP/A,227,427,74 (G,N) L0032016
74 SAC BEIL H.+ J,NP/A,227,427,74 (G,2N) L0032018
74-W-182 - *
78 SAR GORJACHEV AM.+ J,1ZX,6,8,78 (G,N) M0025002
81 JIA GUREVICH G.M. J,NP,257,81 (G, TOT) MO0073010 .
74-W-184
78 SAR GORJACHEV A M.+ J,17X,6,8,78 (G,N) M0025003
81 JIA GUREVICH G.M. J,NP,257,81 (G, TOT) MO0073011
74-W-186
78 SAR GORJACHEY A M.+ J,1ZK,6,8,78 (G,N) M0025004
81 JIA GUREVICH G.M. J,NP,257,81 (G, TOT) M0073012
83-BI1-209
64 LRL HARVEY R.R.+ J,PR/B,136,126,6410 (G,N) C7007012
84 SGU BELJALV S.N.+ J,IZV ,48,(10),1940,84 (G,N) M0127004
85 SGU BELJAEV S.N.+ J,YF,42,1050,85 (G,N) M0146006
64 LRL HARVEY R.R.+ J,PR/B,136.126,6410 (G,2N) C7007013
76 JIA GUREVICH G.M.+ J,ZEP,23,411,76 (G, TOT) MO0056008
90-TH-232
73 SAC VEYSSIERE A+ J,NP/A,199,45,7301 (G,N) C7031003
79 LRL BERMAN B.L. P,UCRL-78482,(SUPPL.),7906 - (G,N) C7999037
73 SAC VEYSSIERE A+ J,NP/A,199,45,7301 (G,2N) C7031004
79 LRL BERMAN B.L. P,UCRL-78482,(SUPPL.),7906 (G,2N) C7999038
79 LRL BERMAN B.L. P,UCRL-78482,(SUPPL.),7906 (G,F) C7999039
92-U-233
. 78 1FP OSTAPENKO JU.B.+ P,YK-3(30,3,78 (G,F) MO0004005
92-U-234
80 IFP LINDGREN LJ.+ J,YF,32,335,80 (G,F) M0037003
92-U-235 .
79 LRL BERMAN B.L. P,UCRL-78482,(SUPPL.),7906 (G,N) C7999041
79 LRL BERMAN B.L. P,UCRL-78482,(SUPPL.), 7906 (G,2N) C7999042
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BOITPOCHL ATOMITON HAYKHW U TEXHUKH

Tloporosuie sxepruu ang (G,N) u (G,2N) peakuni

Tabnuua 2

7.453

SAnpo- Pacnpocrpa- G,N) (G,2N)
-MHIIEHb HEHHOCTD, %, (M3B) (M3B)
4-Be-9 1009, 1.6651 20.5653
~ 11-Na-23 100% 12.4178 23.489
24-Cr - 7.9405 17.6607
24-Cr-50 4.3459, 12.940 23.583
24-Cr-52 83.7899% 12.0407 21.3026
24-Cr-53 9.501%, 7.9405 19.9812
24-Cr-54 2.365%, 9.7202 17.6607
25-Mn-5§5 100%, 10.224 19.1670
26-Fe - 7.6462 17.6891
26-Fe-54 58% 13.3820 24.062
26-Fe-56 91.72% 11.2027 20.5011
26-Fe-57 2.2% 7.6462 18.8489
26-Fe-58 0.28% 10.0430 17.6891
28-Ni - 7.8195 16.5008
28-Ni-58 68.27% 12.203 22.470
28-Ni-60 26.10% 11.3883 20.3876
28-Ni-61 1.13% 7.8195 19.2078
28-Ni-62 3.59% 10.5966 18.4161
28-Ni-64 0.91% 9.6596 16.5008
40-Zr - 7.2026 14.3065
40-Zr-90 51.45% 11.983 21.290
" 40-Zr-91 11.229% 7.2026 19.185
40-Zr-92 17.15% 8.6351 15.8377
40-Zr-94 17.38% 8.191 14.9495
40-Zr-96 2.80% 7.832 14.3065
42-Mo - 6.8161 14.2175
42-Mo-92 14.849, 12.692 22.787
42-Mo-94 9.25% 9.6722 17.7449
42-Mo-95 15.92% 7.3751 17.047
42-Mo-96 16.68 % 9.1542 16.5293
42-Mo-97 9.55% 6.8161 15.9703
42-Mo-98 24.13% 8.6424 15.4584
42-Mo-100 9.639%, 8.301 14.2175
74-W - 6.1914 12.9518
74-W-182 26.3% 8.054 14.700
74-W-183 14.39%, 6.1914 14.246
74-W-184 30.67% 7.4111 - 13.6025
74-W-186 28.6% 7.2020 12.9518
§2-Pb - 6.7409 14.1091
82-Pb-204 1.4% 8.401 15.189
82-Pb-206 24.1% 8.081 14.8152
82-Pb-207 22.1% 6.7409 14.822
82-Pb-208 5249 7.3682 14.1091
83-Bi-209 100% 14.359
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TIponoaxkenue Tabauun 1

Yr Lab Author

Reference

Process Entry/Sub

78 1IFP ZHUCHKO V.E+
79 LRL BERMAN B.L.

76 J1A GUREVICH G.M.+
92-U-236

79 LRL BERMAN B.L.

79 LRL BERMAN B.L.

78 IFP ZHUCHKO V.E.+
79 LRL BERMAN B.L.
92-U-238

79 LRL BERMAN B.L.

73 SAC VEYSSIERE A+
79 LRL BERMAN B.L.

79 LRL BERMAN B.L.

79 JIA KORECKAJA LS+
76 JIA GUREVICH G.M.+
93-NP-237

73 SAC VEYSSIERE A+
83 IPE CESAR M.T.F.+
73 SAC VEYSSIERE A+
73 SAC VEYSSIERE A+
78 1IFP ZHUCHKO V.E.
83 IPE CESAR M.T.F.+
94-PU-239

78 IFP ZHUCHKO V.E+
76 JIA GUREVICH G.M.+
94-PU-241

78 IFP ZHUCHKO V.E+
95-AM-241

78 1IFP OSTAPENKO JU.B.+
79 JIA KORETSKAYA 1.S.+
95-AM-243

79 JIA KORETSKAYA LS.+

J,YF,28,1170,78
P,UCRL-78482,(SUPPL.),7906
J,NP/A,275,326,76

P,UCRL-78482,(SUPPL.),7906
P,UCRL-78482,(SUPPL.),7906
J,YF,28,1185,78

P,UCRL-78482,(SUPPL.),7906

P,UCRL-78482,(SUPPL.),7906
J,NP/A,199,45,7301
P,UCRL-78482,(SUPPL.),7906
P,UCRL-78482,(SUPPL.),7906
J,YF,30,910,79
J,NP/A,275,326,76

J,.NP/A,199,45,7301
W,CESAR KHOURI,830524
J,NP/A,199,45,7301
J,NP/A,199,45,7301
J,YF,28,1170,78

W,CESAR KHOURI, 830524

J,YF,28,1170,78
J.NP/A,275,326,76

J,YF,28,1170,78

P,YK-3(30,3,78
J,YF,30,910,79

J.YF,30,910,79

G,P C7999042
G, 7999043
(G, TOT) M06090003

(G,N) C7999045
(G,2N) C7999046
G,P M0079007
G.B C7999047

G,N) C7999049
(G,2N) C7031012
(G,2N) C7999050
(G,F) C7999051
G,H M0017007
(G, TOT) MO0090004

(G,N) 10031006
G.N) G0002004
(G,2N) C7031008

(G,P) C7031009

(G,F) M0078022
G,H G0002003

(CRY) M0078024
(G, TOT) MO0090005

G,B) M0078026

G,F M0004019
(G,F) 01135005

(CRY M00170066
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Tabanna 3
TToporosuie aueprun ana (G,N), (G,2N) u (G,F) peakuui

Slnpo- Pacnpocrpa- (G,N) (G,2N) (G,F)
~-MHOIEHb HEHHOCTb, %, (M>B) (M3B) : (M3B)
90-Th-232 100% 6.434 11.563 5.40
92-U-233 1.592E+5 Y 5.743 13.010 ‘ 5.18
92-U-234 2.45E+5 Y 6.8408 12.583 , 5.06
92-U-235 0.72009, 5.306 12.1471 , 5.31
92-U-238 99.27459, 6.1436 11.2682 5.08
93-Np-237 2.14E+6 Y 6.619 12.3106 5.70
94-Pu-239 24119Y 5.656 12.654 S5.31
94-Pu-241 14.35Y 5.2406 11.7740 5.34
95-Am-241 4322Y 6.660 12.598 6.00
95-Am-243 7380 Y 6.377 11.9053 6.03

Tabnuua 4

-

Coxepxanie Gait108 OUCHEHHBIX HOTOSAEPHBIX AAHHBX IS 3JIEMEHTOB, BroueHHHx B BO®OA-90

DneMeHT MAT Conepxanme daitna JTaHHHX

Be-9 409 CS: (g,n) DA: (g,n)

Na-23 3% J—— yy—

CR-52 2452 CS: (g,n) DA: (g,n)

Mn-55 2555 CS,DA,DE: (g,m),(g,2n)

Ni-nat 2800 CS,DA: (g,n)

Zr-nat 4000 //

Mo-92 4492 e yy —

Mo-94 4494 CS:(g,n),(g,2n) DA:(g,n),(g,2n)

Mo-96 4496 0 e Y P—

Mo-98 4498 - yy ——

Mo-100 4410 eeeeee- yJ ——

W -182 7682 _ Y iy —

W -184 7684 i) fomeee

W -186 7686 00000 e Y (S——

Pb-nat 8200 0 e Yy —

Bi-209 8309 CS: (g,n),(g,2n),(g,tot) DA:(g,n)

U -233 : 9233 NUP

U -234 9234 NUP

Th-232 9032 NUP

U -235 9235 CS: (g.fiss),NUP,DE: (g,fiss)

U -238 9238 S— ly

U -236 9236 CS:(g,n),(g,2n), (g,fiss), (g,tot)
DA:(g,n),(g,2n),NUP

Np-237 9337 //

Pu-239 9439 //

Pu-241 9441 //

Am-241 9541 CS:(g,fiss), NUP,DE: (g.fiss)

Am-243 9543 //




BOMPOCHI ATOMHOI HAYKI U TEXHHKH .

daiin ouenennmx QoToRACPHBIX AAMHWX ans Bi-209

8.32090+04 2.07185+02 -1 0 42
0.00000+00 0.00000+00 0 0 00
0.00000+00 0.00000+00 0 0 14
~ 83-BI-209 CID EVAL-OCT90 BLOKHIN A.l ET AL.
I.,YK.1992,V.3 DIST-FEB92
—--BOFOD-90 MATERIAL 8309

~---PHOTO-NUCLEAR DATA

--—--CONTENT: NEUTRON TRANSPORT

——————- ENDF/B-5 FORMAT

-------- REFERENCE: J.,YK,1992,V.3 (IN RUSSIAN)

MATERIAL CONVERTED TO ENDF/B-5 FORMAT BY CJD (30-10-90)

AUTHOR OF EVALUATION:BLOKHIN,BULEEVA
N.,NASYROVA S.,PAKHOMOVA O.

- » * * * » * *

MT=516 - (G,2N) REACTION
MT=532 - (G,N) REACTION
MT=533 - (G, TOT) REACTION

1 451 21
3 516 8
3 532 12
3 533 13
4 516 2
"4 532 2
8.32090+04 2.07185+02 0 0 0
0.00000+00-1.33200+07 0 0 1
15 2
1.33200+07  0.00000+00 1.35000+07 1.00000-03 1.40000+07
1.45000+07  1.00000-02 1.50000+07 5.00000-02 1.55000+07
1.60000+07  1.00000-01 1.65000+07 1.02000-01 1.70000+07
1.75000+407  9.20000-02 1.80000+07 8.20000-02 1.85000+07
1.90000+07  7.00000-02 1.95000+07 6.50000-02 2.00000+07
8.32090+04 2.07185+02 0 0 0
0.00000+00-7.45300+06 0 0 1
26 2
7.45300+06  0.00000+00 8.00000+06 4.00000-02 8.50000+06
9.00000+06  7.00000-02 9.50000+06 9.00000-02 1.00000+07
1.05000+07  1.40000-01 1.10000+07 1.90000-01 1.15000+07
1.20000+07  3.00000-01 1.25000+07 3.90000-01 1.30000+07
1.35000+07  5.40000-01 1.40000+07 5.20000-01 1.45000+07
1.50000+07  3.20000-01 1.55000+07 1.80000-01 1.60000+07

Tabanua 5

18309 1451
08309 1451
68309 1451
8309 1451
8309 1451
8309 1451
8309 1451
8309 1451
8309 1451
8309 1451
8309 1451

8309 1451

8309 1451

8309 1451

8309 1451

8309 1451

8309 1451

08309 1451

08309 1451

08309 1451

08309 1451

08309 1451

08309 1451

83091 0

83090 0

08309 3516

158309 3516

8309 3516
2.00000-038309 3516
7.70000-028309 3516
9.80000-028309 3516

' 7.50000-028309 3516

6.00000-028309 3516
83093 0

(8309 3532

268309 3532

8309 3532
5.00000-028309 3532
1.10000-018309 3532
2.50000-018309 3532
4.80000-018309 3532
4.60000-018309 3532
1.00000-018309 3532
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1.65000+07  6.50000-02 1.70000+07 5.00000-02 1.75000+07 4.00000-028309 3532
1.80000+07  3.50000-02 1.85000+07 3.00000-02 1.90000+07 2.00000-028309 3532

83093 0

8.32090+ 4 2.07185+ 2 0 -0 0 . 08309 3533
0.0 +0-7.41720+ 6 0 0 1 288309 3533
28 2 - 8309 3533
7.45300+ 6 0.0 +0 8.00000+ 6 4.00000- 2 8.50000+ 6 = 5.00000-28309 3533

9.00000+ 6 7.00000- 2 9.50000+ 6 9.00000- 2 1.00000+ 7  1.10000-18309 3533
1.05000+ 7 1.40000- 1 1.10000+ 7 1.90000- 1.15000+ 7  2.50000-18309 3533
1.20000+ 7 3.00000- 1 1.25000+ 7 3.90000- 1.30000+ 7  4.80000-18309 3533
1.33200+ 7 5.18400- 1 1.33200+ 7 5.18400- 1.35000+ 7  5.41000-18309 3533
1.40000+ 7 5.22000- 1 1.45000+ 7 4.70000- 1.50000+ 7  3.70000-18309 3533
1.55000+ 7 2.57000-1  1.60000+ 7 2.00000- 1 1.65000+ 7  1.67000-18309 3533
1.70000+ 7 1.48000- 1 1.75000+ 7 1.32000- 1 1.80000+ 7  1.17000-18309 3533
1.85000+ 7 1.05000- 1 1.90000+ 7 9.00000- 2 1.95000+ 7  8.00000-28309 3533

[ Y

2.00000+ 7 7.00000- 2 8309 3533
83093 0

83090 0

8.32090+04 2.07185+02 0 0 0 08309 4516
0.00000+00 2.07185+02 1 2 0 08309 4516
: 83094 0

8.32090+04 2.07185+02 0 0 0 08309 4532
0.00000+00 2.07185+02 1 2 0 08309 4532
83094 0

83090 0

000
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Tabavua 6
Wnrerpansunie xapaxrepucriku (G,N), (G,2N) u (G,Fiss) peaxumit
fAapo- (G,N) (G, 2N) (G, Fiss)

mMyweHs EG-max CS-max <CS> <CS/E>EG-max CS-max <CS> <CS/E> EG-max CS-max <CS> <CS/E>

MeV mB mB mB MeV mB mB mB MeV mB mB mB
Th-232 11.5 445.0 86.9 50.5 14.3 375.0 90.2 38.1 14.3 56.0 19.2 9.53
U-233 11.3 139.0 20.9 16.1 - - - - 13.8 425.0 139.0 66.8
U-234 8.0 125.0 56.2 30.8 - - - - 14.3 385.0 130.0 62.4
U-235 - - - - - - - - 13.9 331.0 108.0 51.9
U-236 11.3 290.0 69.8 37.9 14.3 121.0 24.6 10.4 14.5 253.0 8t1.4 38.8
u-238 - - - - - - - - 14.4 165.0 59.5 28.0
Np-237 12.3 204.0 60.5 31.2 6.8 42.0 12.1 12.1 4.5 282.0 104.0 49.5
Pu-239 17.5 5.78E-3 5.2E-2 2.6E-2 17.4 6.0E-3 1.1E-3 3.7E-4 - - - -
Pu-~241 10.3 0.2 4.6E-2 2.7E-2 - - - - - - - -
Am-241 - - - ~ - - - - 14.0 336.0 123.0 59.0
Am-243 - - - ~ - - _ 13.8 350.0 119.0 59.6
Tabnvua 7
Unterpaannmc xapakrepuctiry (G,N) u (G,2N) pcakuni
Anpo- G,N) (G,2N)
MHLIEHA EG-max  CS-max <CS> <CS/E> EG-max  CS-max <CS> <«<CS/E>
MeV mB mB mB MeV mB mB mB
Be-9 20.0 9.3 2.7 1.35 - - - -
Na-23 20.6 9.6 2.0 0.74 - - - -
Cr-52 18.3 106.0 20.8 7.6 - - - N
Mn-55 19.0 67.5 18.1 6.95 - - - -
Ni 16.6 46.0 il.0 4.24 - - - -
Zr 14.6 161.0 434 18.0 17.5 27.5 4.66 1.65
Mo-92 16.5 160.0 35.9 13.5 - - - -
- Mo-94 16.0 187.0 48.3 19.5 20.0 48.0 3.5 1.16
Mo-96 16.0 192.0 48.2 20.0 20.0 67.5 8.0 2.72
Mo-68 15.5 189.0 44.6 19.5 18.8 83.0 14.1 4.91
Mo-100 14.5 152.0 36.7 16.7 17.5 102.0 22.9 8.29
W-182 13.5 416.0 108.0 50.5 - - - -
W-184 12.8 411.0 100.0 48.0 - - - -
W-186 12.8 417.0 96.2 46.7 15.5 253.0 53.5 21.0
b 13.5 608.0 151.0 75.7 20.0 133.0 28.1 10.1
Bi-209 13.5 540 118 58.1 16.5 102.0 22.5 8.3
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Tabmna 8

I'pynnoene ceuenns mans saep Be-9, Na-23, Cr-52, Mn-55, Ni-OO_

CR-52(G,N) MN-55(G,N) NA-23(G,N) NI-00(G,N)
AVERAGE AVERAGE AVERAGE AVERA

BE-9(G,N)
AVERAGE

NO. GROUP-EV
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Tadauua 9
I'pynnossie ceuenns nas Zr-000

40-ZR-000 (G, TOT) (G.N) (G,2N)
NO. GROUP-EV AVERAGE AVERAGE AVERAGE
21 6.0000+ 6 8.1987- 6 8.1987- 6 -

22 7.2500+ 6 1.1830- 3 1.1830- 3 -
23 7.5000+ 6 2.5000- 3 2.5000- 3 -
24 7.7500+ 6 3.5000- 3 3.5000- 3 -
25 8.0000+ 6 4.5000- 3 4.5000- 3 -
26 8.2500+ 6 5.5000- 3 5.5000- 3 -
27 8.5000+ 6 7.0000- 3 7.0000- 3 -
28 8.7500+ 6 9.0000- 3 9.0000- 3 -
29 9.0000+ 6 1.1000- 2 1.1000- 2 -
30 9.2500+ 6 1.3000- 2 1.3000- 2 -
31 9.5000+ 6 1.4750- 2 1.4750- 2 -
32 9.7500+ 6 1.6250- 2 1.6250- 2 -
33 1.0000+ 7 1.8000- 2 1.8000- 2 - -

- 34 1.0250+ 7 2.0000- 2 2.0000- 2 -
35 1.0500+ 7 2.2250- 2 2.2250- 2 -
36 1.0750+ 7 2.4750- 2 2.4750- 2 -
37 1.1000+ 7 2.7250- 2 2.7250- 2 -
38 1.1250+ 7 2.9750- 2 2.9750- 2 -
39 1.1500+ 7 3.2500- 2 3.2500- 2 -
40 1.1750+ 7 3.5500- 2 3.5500- 2 -

41 1.2000+ 7 3.8750- 2 3.8750- 2 -

" 42 1.2250+ 7 4.2250- 2 4.2250- 2 -
43 1.2500+ 7 4.6500- 2 4.6500- 2 -
44 1.2750+ 7 5.1500- 2 5.1500- 2 -
45 1.3000+ 7 5.5750- 2 5.5750- 2 -
46 1.3250+ 7 5.9250- 2 5.9250- 2 -
47 1.3500+ 7 6.3750- 2 6.3750- 2 -
48 1.3750+ 7 6.9250- 2 6.9250- 2 -
49 1.4000+ 7 7.6000- 2 7.6000- 2 -
50 1.4250+ 7 8.4078- 2 8.4000- 2 7.8000- 5
51 1.4500+ 7 9.3325- 2 9.3000- 2 3.2500- 4
52 1.4750+ 7 1.0369- 1 1.0300- 1 6.9500- 4
53 1.5000+ 7 1.1738- 1 1.1550- 1 1.8750- 3
54 1.5250+ 7 1.5791- 1 1.4949- 1 8.4250- 3
55 1.6500+ 7 1.7344- 1 1.5605- 1 1.7500- 2
56 1.6750+ 7 1.7030- 1 1.4983- 1 2.0500- 2
57 1.7000+ 7 1.6027- 1 1.3695- 1 2.3375- 2
58 1.7250+ 7 1.4905- 1 1.2293- 1 2.6125- 2
59 1.7500+ 7 1.3997- 1 1.1335- 1 2.6625- 2
60 1.7750+ 7 1.2966- 1 1.0478- 1 2.4875- 2
61 1.8000+ 7 1.1894- 9.5563- 2 2.3375- 2
62 1.8250+ 7 1.0891- 1 8.6788- 2 2.2125-2
63 1.8500+ 7 1.0013- 1 7.9250- 2 2.0875- 2
64 1.8750+ 7 9.2335- 2 7.2710- 2 1.9625- 2
65 1.9000+ 7 8.7400- 2 6.8150- 2 1.9250- 2
66 1.9250+ 7 8.2173- 2 6.2423- 2 1.9750- 2
67 1.9500+ 7 7.5417- 2 5.4167- 2 2.1250- 2
68 1.9750+ 7 7.1250- 2 4.7500- 2

2.3750- 2
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Tabauua 10
I'pynmoswie ceuenng ang agep Mo-92, Mo-94, Mo-100
42-MO-100(G,N) MO -100(G,2N) MO-92(G,N)  MO-94(G,N) MO-94(G,2N)
NO. GROUP-EV AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE
20  8.2500+ 6 7.5920- 4
27  8.5000+ 6 3.5000- 3
28 8.7500+ 6 6.5000- 3
29  9.0000+ 6 1.0000- 2
30 9.2500+ 6 1.4000- 2
31 9.5000+ 6 1.7500- 2 3.1200- 5§
32 9.7500+ 6 2.0500- 2 1.6000- 3
33 1.0000+ 7 2.3500- 2 4.5000- 3
34 1.0250+ 7 2.7000- 2 8.0000- 3
35 1.0500+ 7 3.1000- 2 1.1500- 2
36 1.0750+ 7 3.5000- 2 1.4000- 2
37 1.1000+ 7 3.9500- 2 1.7000- 2
38 1.1250+ 7 4.5500- 2 2.0500~ 2
39 1.1500+ 7 5.3500- 2 2.4000- 2
40 1.1750+ 7 6.3500- 2 2.8500- 2
41 1.2000+ 7 7.2500- 2 3.3000- 2
42 1.2250+ 7 8.1000- 2 3.9000- 2
43 1.2500+ 7 9.0500- 2 4.6400- 5 4.6000- 2
44 1.2750+ 7 9.9500- 2 2.7000- 3 5.2000- 2
45 1.3000+ 7 1.0850- 1 8.0000- 3 5.8500- 2
46 1.3250+ 7 1.1700- 1 1.5000- 2 6.5000- 2
47 1.3500+ 7 1.2550- 1 2.2000- 2 7.3500- 2
48 1.3750+ 7 1.3450- 1 2.9500- 2 8.5500- 2
49 1.4000+ 7 1.4300- 1 3.2000- 5 3.9000- 2 9.9500- 2
50 1.4250+ 7 1.4950- 1 2.2500- 3 5.0500- 2 1.1400- 1
51 1.4500+ 7 1.5000- 1 8.5000- 3 6.3500- 2 1.2750- 1
52 1.4750+ 7 1.4300- 1 1.9000- 2 7.6000- 2 1.3950- 1
53 1.5000+ 7 1.3150- 1 3.2500- 2 9.0500- 2 - 1.5150- 1
54 1.5250+ 7 9.1600- 2 7.0850- 2 1.3470- 1 1.7980- 1
55 1.6500+ 7 5.9500- 2 9.5500- 2 1.5900- 1 1.7700- 1
56 1.6750+ 7 5.2500- 2 9.8500- 2 1.5700- 1 1.7000- 1
57 1.7000+ 7 4.6000- 2 1.0025- 1 1.5300- 1 1.6200- 1
58 1.7250+ 7 4.0000- 2 1.0150- 1 1.4500- 1 1.5200- 1
59 1.7500+ 7 3.4500- 2 1.0150- 1 1.3500- 1 1.4150- 1 1.3725- 6
60  1.7750+ 7 3.0000- 2 1.0050- 1 1.2650- 1 1.3250- 1 3.5686- 3
61 1.8000+ 7 2.6000- 2 9.9250- 2 1.1900- 1 1.2100- 1 1.1000- 2
62 1.8250+ 7 2.2500- 2 9.7500- 2 1.1250- 1 1.0700- 1 1.9000- 2
63 1.8500+ 7 1.9500- 2 9.5250- 2 1.0600- 1 9.4000- 2 2.7000- 2
64 1.8750+ 7 1.7000- 2 9.2500- 2 9.9500- 2 8.1500- 2 . 3.3500- 2
65 1.9000+ 7 1.5000- 2 9.0000- 2 9.4500- 2 7.0000- 2 3.8000- 2
66 1.9250+ 7 1.3500- 2 8.7500- 2 8.9500- 2 6.0500- 2 4.2000- 2
67 1.9500+ 7 1.1000- 2 8.4000- 2 8.4000- 2 5.1000- 2 4.5000- 2
68 1.9750+ 7 8.5000- 3 8.0000- 2 7.8500- 2 4.1500- 2  4.7000- 2
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Ppynnosme ceuchis ans aicp Mo-96, Mo-98

Tadmua 11

MO-98(G,N)

MO-96(G,N) MO-98(G,2N) MO-96(G,2N)
NO. GROUP-EV AVERAGE AVERAGE AVERAGE AVERAGE
27 8.5000+ 6 3.2581- 4 -
28 8.7500+ 6 2.2542- 3 ~
29 9.0000+ 6 6.0000- 3 1.0840- 4
30 9.2500+ 6 9.5000- 3 2.8500- 3
31 9.5000+ 6 1.3500- 2 6.0000- 3
Ly 9.7500+ 6 1.7000- 2 8.0000- 3
33 1.0000+ 7 2.1000- 2 1.3000- 2
34 1.0250+ 7 2.5000- 2 1.6500- 2
35 1.0500+ 7 2.9000- 2 2.0000- 2
36 1.0750+ 7 3.3000- 2 2.3500- 2
37 1.1000+ 7 3.7500- 2 2.7000- 2
38 1.1250+ 7 4.2000- 2 3.0500- 2
39 1.1500+ 7 4.7000- 2 3.4000- 2
. 40 1.1750+ 7 5.4500- 2 3.8000- 2
41 1.2000+ 7 6.2000- 2 4.3000- 2
42 1.2250+ 7 6.9000- 2 4.9500- 2
43 1.2500+ 7 7.6500- 2 5.8000- 2
44 1.2750+ 7 8.4500- 2 6.7000- 2
45 1.3000+ 7 9.4000- 2 7.5500- 2
46 1.3250+ 7 1.0450- 1 §.3500- 2
47 1.3500+ 7 1.1450- 1 9.2000- 2
48 1.3750+ 7 1.2400- 1 1.0250- 1
49 1.4000+ 7 1.3500- 1 1.14G0- 1
50 1.4250+ 7 1.4600- 1 1.2350- 1
S1 1.4500+ 7 1.5550- 1 1.3530- 1
52 1.4750+ 7 1.6600- 1 1.5150- 1
53- 1.5000+ 7 1.7850- 1 1.6300- 1
54 1.5250+ 7 1.7410- 1 1.850G- 1 1.3954- 2
S5 1.6500+ 7 1.2900- 1 1.7650- 1 2 1.0326- 3
56 1.6750+ 7 1.1050- 1 1.64350- 1 0~ 2 7.6000- 3
57 1.7000+ 7 9.1500- 2 1.4930- 1 i- 2 1.3500- 2
58 1.7250+ 7 7.5000- 2 1.3050- 1 2 2.4000- 2
59 1.7500+ 7 6.0000- 2 1.1330- 1 7.2000- 2 3.2750- 2
60 1.7750+ 7 4.7500- 2 9.3000- 2 7.6750- 2 4.2000- 2
61 1.8000+ 7 3.8500- 2 £.3500- 2 g.0000- 2 . 4.025G- 2
62 1.8250+ 7 3.0500- 2 7.2500- 2 §.1750- 2 5.3500- 2
63 1.8500+ 7 2.4000- 2 6.4000- 2 £.2750- 2 5.8000- 2
64 1.8750+ 7 1.9500- 2 5.5500- 2 8.2750- 2 6.2500- 2
65 1.9000+ 7 1.6000- 2 4.75(:- 2 8.1750- 2 6.5000- 2
66 1.9250+ 7 1.3000- 2 4.0500- 2 7.8250- 2 6.6250- 2
67 1.9500+ 7 1.0000- 2 3.3500- 2 7.3750- 2 6.6750- 2
68 1.9750+ 7 6.5000- 3 2.7500- 2 6.9000- 2 6.7250- 2
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Tabauua 12

I'pynncewe ccuchus ans saep W-182, W-184, W-186

W-186(G,N}  W-186(G,2N)  W-184(G,N)  W-182(G,N)

NO. GROUP-EV AVERAGE AVERAGE AVERAGE AVERAGE
21 6.0000+ 6 1.6667- 5 - - -

22 7.2500+ 6 2.9167- 3 - 4.0000- 4 -

23 7.5000+ 6 8.0000- 3 - 5.0000- 3 -

24 7.7500+ 6 1.4000- 2 - 1.1000- 2 -

25  8.0000+ 6 2.0500- 2 - 1.8000- 2 2.7440- 3
26 8.2500+ 6 2.0000- 2 - 2.6000- 2 1.3500- 2
27 8.5000+ 6 3.8000- 2 - 3.4000- 2 2.5500- 2
28 8.7500+ 6 4.6500- 2 - 4.2500- 2 3.7000- 2
29 9.0000+ 6 5.6000- 2 - 5.1000- 2 4.8500- 2
20 9.2500+ 6 6.800C- Z - 6.1000- 2 5.8500- 2
31 9.5000+ 6 §.1000- 2 - 7.2500- 2 6.7500- 2
32 9.7500+ 6 9.3000- 2 - 8.4000- 2 7.8500- 2
33 1.0000+ 7 1.0450- 1 - 9.6500- 2 9.0500- 2
34 1.0250+ 7 1.1800- 1 - 1.1050- 1 1.0150- 1
35 1.0500+ 7 1.3300- 1 - 1.2450- 1 1.1750- 1
36 1.0750+ 7 1.4800- 1 - 1.3950- 1 1.3950- 1
37 1.1000+ 7 1.6750- 1 - 1.6000- 1 1.7000- 1
38 1.1250+ 7 2.0000- 1 - 2.0800- 1 2.0950- 1
39 1.1500+ 7 2.4500- 1 - 2.6950- 1 2.4850- 1
40 1.1750+ 7 2.9800- 1 - 3.2050- 1 2.8350- 1
41 1.2000+ 7 3.4150- 1 - 3.6000- 1 3.1450- 1
42 1.2250+ 7 3.7500- 1 - 3.8400- 1 3.4200- 1
43 1.2500+ 7 4.0550- 1 - 4.0250- 1 3.6500- 1
44 1.2750+ 7 4.1600- 1 8.6400- 5 4.0700- 1 3.8450- 1
45 1.3000+ 7 3.9250- 1 6.9000- 3 3.8000- 1 4.0150- 1
46 1.3250+ 7 3.5250- 1 2.6000- 2 3.3650- 1 4.1250- 1
47 1.3500+ 7 3.1650- 1 5.9500- 2 3.0050-.1 4.0850- 1
48 1.3750+ 7 2.7900- 1 1.0350- 1 2.6750- 1 3.8200- 1
49 1.4000+ 7 2.4700- 1 1.3850- 1 2.4250- 1 3.3400- 1
50 1.4250+ 7 2.1850- 1 1.6550- 1 2.2250- 1 2.7750- 1
51 1.4500+ 7 1.9250- 1 1.9600- 1 2.0200- 1 2.3800- 1
52 1.4750+ 7 1.7000- 1 2.2300- 1 1.8800- 1 2.1650- 1
53 1.5000+ 7 1.4850- 1 2.4150- 1 1.7600- 1 2.0000- 1
54 15250+ 7 1.1850- 1 2.4250- 1 1.4590- 1 1.6720- 1
55 1.6500+ 7 9.9500- 2 2.0050- 1 1.2150- 1 1.4150- 1
56 1.6750+ 7 9.4000- 2 1.8250- 1 1.1450- 1 1.3350- 1
57 1.7000+ 7 8.9006- 2 1.6750- 1 1.0800- 1 1.2500- 1
58 1.7250+ 7 8.4500- 2 1.5650- 1 1.0250- 1 1.1750- 1
59 1.7500+ 7 8.0000- 2 1.4500- 1 9.7000- 2 1.1050- 1
60 1.7750+ 7 7.6000- 2 1.3200- 1 . 9.1500- 2 1.0400- 1
61 1.8000+ 7 7.2000- 2 1.2000- 1 8.6000- 2 9.8000- 2
62 1.8250+ 7 6.8000- 2 1.1050- 1 8.1000- 2 9.2500- 2
63 1.8500+ 7 6.3500- 2 1.0100- 1 7.7000- 2 8.8000- 2
64 1.8750+ 7 5.9500- 2 9.2000- 2 7.2500- 2 8.3500- 2
65 1.9000+ 7 5.6500- 2 8.4000- 2 6.8500- 2 7.8500- 2
66 1.9250+ 7 5.3500- 2 7.6000- 2 6.5000- 2 7.3500- 2
67 1.9500+ 7 5.0500- 2 6.8000- 2 6.1000- 2 6.9000- 2
68 1.9750+ 7 4.7500- 2 5.9500- 2 5.7500- 2 6.4500- 2
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I'pynnoswe ceuchus aas anpa Pb-000

Tabanua 13

68

82-PB-000 (G, TOT (G.N) (G,2N)
NO. GROUP-EV AVERAGE AVERAGE AVERAGE
21 6.0000+ 6 1.5256- 3 1.5256- 3
‘22 7.2500+ 6 8.5000- 3 8.5000- 3
23 7.5000+ 6 1.7500- 2 1.7500- 2
24 7.7500+ 6 3.2500- 2 3.2500- 2
25 8.0000+ 6 4.7900- 2 4.7000- 2
26 8.2500+ 6 6.1000- 2 6.1000- 2
27 8.5000+ 6 7.8500- 2 7.8500- 2
28 8.7500+ 6 9.9500- 2 9.9500- 2
29 9.0000+ 6 1.2250- 1 1.2250- 1
30 9.2500+ 6 1.4750- 1 -1.4750- 1
31 9.5000+ 6 1.7250- 1 1.7250- 1
32 9.7500+ 6 1.9750- 1 1.9750- 1
33 1.0000+ 7 2.2375- 1 2.2375- 1
34 1.0250+ 7 2.5125- 1 2.5125- 1
35 1.0500+ 7 2.7875- 1 2.7875- 1.
36 1.0750+ 7 3.0625- 1 3.0625- 1
37 1.1000+ 7 3.3250- 1 3.3250- 1
38 1.1250+ 7 3.5750- 1 3.5750- 1
39 1.1500+ 7 3.8275- 1 3.8275- 1
40 1.1750+ 7 4.0825- 1 4.0825- 1
42 1.2250+ 7 4.5400- 1 4.5400- 1
43 1.2500+ 7 4.8125- 1 48125- 1
44 1.2750+ 7 5.1375- 1 5.1375- 1
45 1.3000+ 7 5.4950- 1 5.4950- 1
. 46 1.3250+ 7 5.8850- 1 5.8850- 1
47 1.3500+ 7 6.0225- 1 6.0225- 1
48 1.3750+ 7 5.9075- 1 5.9075- 1
49 1.4000+ 7 5.6844- 1 5.6781- 1 4.8200- 4
50 1.4250+ 7 5.3671- 1 5.3079- 1 5.9000- 3
Si 1.4500+ 7 4.8588- 1 4.6925- 1 1.6625- 2
52 1.4750+ 7 4.3242- 1 4.0255- 1 2.9875- 2
53 1.5000+ 7 3.8563- 1 3.4325- 1 4.2375- 2
54 1.5250+ 7 2.6354- 1 1.9153- 1 7.3325- 2
55 1.6500+ 7 1.7918- 1 8.7050- 2 9.7375- 2
56 1.6750+ 7 1.7220- 1 6.9230- 2 1.0312- 1
57 1.7000+ 7 1.6700- 1 5.9000- 2 1.0800- 1
58 1.7250+ 17 1.6100- 1 4.9000- 2 1.1200- 1
59 1.7500+ 7 1.5600- 1 4.0500- 2 1.1550- 1
60 1.7750+ 7 1.5200- 1 3.3500- 2 1.1850- 1
61 1.8000+ 7 1.4875- 1 2.7500- 2 1.2125-1
62 1.8250+ 7 1.4625- 1 2.2500- 2 1.2375- 1
63 1.8500+ 7 1.4375- 1 1.8000- 2 1.2575- 1
64 1.8750+ 7 1.4125- 1 1.4000- 2 1.2725- 1
65 1.9000+ 7 1.4000- 1 1.1000- 2 1.2900- 1
66 1.9250+ 7 1.4000- 1 9.0000- 3 1.3100- 1
67 1.9500+ 7 1.3875- 1 6.5000- 3 1.3225- 1
1.9750+ 7 1.3625- 1 3.5000- 3 1.3275- 1
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Tadnuua 14

Fpyonosme ceuenws nng sapa Bi-20§

B1-209 (G TOD) (G,2N) (G,N)
NO. GROUP-EV £ VERAGE AVERAGE AVERAGE
22 7.2500+ 6 3.2307- 4 - 2.2307- 4
23 7.5000+ 6 1.2578- 2 - 1.2578- 2

4 7.7500+ 6 3.0859- 2 - 3.0859- 2
25 §.6000+ 6 4.2500- 2 - 4.2500- 2
26 8.2500+ 6 4.7500- 2 - 4.7500- 7
27 8.5000+ 6 £.5000- 2 - ] 5.5000- 2
28 8.7500+ 6 6.5000- 2 - 6.5000- 2
29 9.0000+ 6 7.5000- 2 - 7.5000- 2
30 9.2500+ 0 §.5000- 2 - 8.5000- 2
31 9.5000+ 6 5.5000- 2 - 9.5000- 2
32 9.7500+ 6 1.030G- 1 - 1.0500- 1
33 1.0000+ 7 1.1750- 1 - 1.1750- 1
34 1.0256+ 7 12350 - 1.3250- 1
35 {08006+ 7 $5256G- - 1.5250- 1
36 1.O750+ 7 i E - 1.7750- 1
37 1.1000+ 7 1 - 2.0500- i
38 1.1250+ 7 } - .3500- 1
39 1.1500+ 7 i - 2.6250- 1
40 1.1750+ 7 1 - 2.8750- 1
41 1.2000+ 7 1 - 3.2250- 1
42 1.2250+ 7 ! - 3.6750- 1
43 1.2500+ 7 1 - 4.1250-
44 12750+ 7 I - 4.5756- 1
45 1.3000+ 7 1 - 4.9500- 1
46 1.3250+ 7 i 3.6000- 4 5.2500- 1
47 1.3500+ 7 ] 1.2500- 3 5.3500- 1
48 1.3750+ 7 i 1.7506- 3 5.25060- 1
49 1.4000+ 7 ! 4.0000- 3 5.0500- 1
50 1.4250+ 7 1 5.006GG6- 3 4.7500- 1
51 1.4500+ 7 i 2.0000- 2 4.2500- 1
52 1.4750+ 7 1 4.0000- 2 3.5500- 1
53 1.50006+ 7 3.4175- 1 5.6750- 2 2.8500- 1
54 1.5230+ 7 2.2185- 1 8.9850- 2 1.3200- 1
55 1.6500+ 7 1.6225- 1 1.0100- 1 6.1250- 2
56 1.6750+ 7 1.5275- 1 9.9000- 2 5.3750- 2
57 1.7000+ 7 1.4400- 1 9.6500- 2 4.7500- 2
58 1.7250+ 7 1.3600- 1 9.3500- 2 4.2500- 2
59 1.7500+ 7 P2R25-1 8.9500- 2 3.8750- 2
60 17750~ 7 PTG 8.4500- 2 3.6250- 2
61 1.8000+ 7 1.14006- 1 8.0250- 2 3.3750- 2
62 1.8250+ 7 1.0800- i 1.6750- 2 3.1250- 2
63 1.8500+ 7 1.0125- 1 7.3750- 2 2.7500- 2
64 1.8750+ 7 9.3750- 2 7.1250- 2 2.2500- 2
65 1.9000+ 7 8.7500- 2 6.8750- 2 1.8750- 2
60 1.9250+ 7 8.2500- 2 6.6250- 2 1.6250- 2
67 1.9500+ 7 7.7500- 2 6.3750- 2 1.3750- 2
68 1.9750+ 7 7.2500- 2 §.1250- 2 1.1250- 2
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Tabnuua 15
Ppynnoswie ccuenus ang sapa Th-232

90-TH-232 ) (G, TOT) G,P (G.N) (G,2N)
NO. GROUP-EV AVERAGE AVERAGE AVERAGE AVERAGE
16 4.7500+ 6 5.8001- 9 5.8001- 9 - -
17 5.0000+ 6 2.7571- 7 2.7571- 17 - -
18 5.2500+ 6 2.4328-5 2.4328- 5 - -
19 5.5000+ 6 2.3214- 4 2.3214- 4 - -
20 5.7500+ 6 9.2054- 4 2.2054- 4 - -
21 6.0000+ 6 2.1794- 2 1.0864- 2 1.0858- 2 -
22 7.2500+ 6 4.5722- 2 9.6412- 3 3.6051- 2 -
23 7.5000+ 6 5.5989- 2 9.8150- 3 4.6167- 2 -
25 8.0000+ 6 8.2742- 2 1.0820- 2 7.1915- 2 -
26 8.2500+ 6 9.5497- 2 1.1967- 2 8.3528- 2 -
27 8.5000+ 6 1.1138-1 1.4017- 2 9.7416- 2 -
28 8.7500+ 6 1.2709- 1 1.5355- 2 1.1173- 1 -
29 9.0000+ 6 1.5381- 1 1.6568- 2 1.3709- 1 -
30 9.2500+ 6 1.9739- 1 1.7938- 2 1.7938- 1 -
31 9.5000+ 6 2.4174- 1 2.0070- 2 2.2162- 1 -
32 9.7500+ 6 2.9214- 1 2.2630- 2 2.6948- 1 -
33 1.0000+ 7 3.4496- 1 2.4313-2 3.2048- 1 -
34 1.0250+ 7 4.0055- 1 2.4921- 2 3.7557- 1 -
35 1.0560+ 7 4.3036- 1 2.5375-2 '4.0497- 1 -
36 1.0750+ 7 4.5396- 1 2.5792- 2 4.2816- 1 -
37 1.1000+ 7 4.6756- 1 2.6312-2 4.4125- 1 -
38 1.1256+ 7 4.7070- 1 2.6937- 2 4.4375- 1 1.9600- 5
39 1.1500+ 7 4.7010- 1 2.7563- 2 4.3562- 1 6.6491- 3
40 1.1750+ 7 49153-1 2.8121- 2 4.1448- 1 4.6923- 2

41 1.2000+ 7 4.9590- 1 2.8542- 2 3.7225- 1 8.6443- 2
42 1.2250+ 7 4.9748- 1 2.9119-2 3.2597- 1 1.4025- 1
43 1.2500+ 7 4.9041- 1 3.1206- 2 2.5844- 1 1.9135-1
44 1.2750+ 7 4.8658- 1 3.4538- 2 2.0116- 1 2.4668- 1
45 1.3000+ 7 4.9375- 1 3.9841- 2 1.5932- i 2.8810- 1
46 1.3250+ 7 5.0061- 1 4.5387- 2 1.2652- 1 3.2678- 1
47 1.3500+ 7 5.0615- 1 5.0307- 2 1.0097- 1 3.5190- 1
48 1.3750+ 7 5.0605- 1 5.4212- 2 8.0631- 2 3.7028- 1
49 1.4000+ 7 4.9440- 1 5.5300- 2 6.4480- 2 3.7325- 1
S50 1.4250+ 7 4.8080- 1 5.5340- 2 5.2591- 2 3.7255- 1
51 1.4500+ 7 4.6390- 1 5.3400- 2 4.4789- 2 3.6525- 1
52 1.4750+ 7 4.4064- 1 5.0707- 2 3.7461- 2 3.5237- 1
53 1.5000+ 7 4.0586- 1 4.6690- 2 2.9957- 2 3.2891- 1
54 1.5250+ 7 3.0267- 1 3.7735- 2 ©1.3610- 2 2.5293- 1
55 1.6500+ 7 2.1738- 1 2.7638- 2 6.7509- 3 1.8459- 1
56 1.6750+ 7 1.9869- 1 2.4978- 2 5.8805- 3 1.6780- 1
57 1.7000+ 7 1.8270- 1 2.3182- 2 5.1793- 3 1.5406- 1
58 1.7250+ 7 1.6971- 1 2.1710- 2 4.5761- 3 1.4333- 1
59 1.7500+ 7 1.5897- 1 2.0685- 2 4.1544- 3 1.3416- 1
60 1.7750+ 7 1.4929- 1 1.9681- 2 3.7866- 3 1.2575- 1
61 1.8000+ 7 1.4060- 1 1.8691- 2 3.4321- 3 1.1827- 1
62 1.8250+ 7 1.3446- 1 1.7788- 2 3.1199- 3 1.1356- t
63 1.8500+ 7 1.3000- 1 1.7058- 2 2.8552- 3 1.1008- 1
64 1.8750+ 7 1.2561- 1 1.6343- 2 2.6143- 3 1.0666- 1
65 1.9000+ 7 1.2132- 1 1.5875- 2 2.4171- 3 1.0305- 1
66 1.9250+ 7 1.1704- 1 1.5625-2 22577- 3 9.9158- 2
67 1.9500+ 7 1.1290- 1 1.5375- 2 2.1074- 3 9.5408- 2
68 1.9750+ 7 1.0890- 1 1.5125- 2 1.9672- 3 9.1803- 2
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Tabmmua 16
T'pymnoeme ccuennd nas sapa U-233

92-U-233 (G, TOT) (G,F) . (G,N) -
NO. GROUP-EV AVERAGE "~ AVERAGE AVERAGE
16 4.7500+ 6 1.1423- 6 8.6073- 7 -

17 5.0000+ 6 9.9190- § 7.4626- 5 -

18 5.2500+ 6 1.6486- 3 1.5822- 3 -

19 5.5000+ 6 4.8448- 3 4.8094- 3 -

20 5.7500+ 6 6.4824- 3 6.4713- 3 1.2100- 5.
21 6.0000+ 6 1.1640- 2 1.1047- 2 4.7000- 4
22 7.2500+ 6 2.9226- 2 2.3642- 2 5.3000- 3
23 7.5000+ 6 3.6701- 2 2.7160- 2 9.5000- 3
24 7.7500+ 6 4.4317-2 3.0024- 2 1.4200- 2
25 8.0000+ 6 5.2591- 2 3.6089- 2 1.6125- 2
26 8.2500+ 6 6.2246- 2 4.4102- 2 1.8042- 2
27 8.5000+ 6 7.4771- 2 5.3000- 2 2.1333- 2
28 8.7500+ 6 8.9237- 2 6.4153- 2 2.4900- 2
29 9.0000+ 6 1.1087- 1 7.9321- 2 3.0625- 2
30 9.2500+ 6 1.3664- 1 9.8461- 2 3.7732- 2
31 9.5000+ 6 1.7473- 1 1.2602- 1 4.6607- 2

2 9.7500+ 6 2.1150- 1 1.5578- 1 5.5536- 2
33 1.0000+ 7 2.5485- 1 1.7787- 1 7.6667- 2
34 1.0250+ 7 3.0541- 1 2.0141- 1 1.0400- 1
35 1.0500+ 7 3.3560- 1 2.1637- 1 1.1896- 1
36 1.0750+ 7 3.6227- 1 2.2972- 1 1.3258- 1
37 1.1000+ 7 3.8107- 1 2.4375- 1 1.3725- 1
38 1.1250+ 7 3.9410- 1 2.5903- 1 1.3508- 1
39 1.1500+ 7 4.0298- 1 2.7931- 1 1.2329- 1
40 1.1750+ 7 4.1036- 1 2.9971- 1 1.1068- 1
41 1.2000+ 7 4.0944- 1 3.1617- 1 9.3125- 2
42 1.2250+ 7 4.1078- 1 3.3363- 1 7.7175- 2
43 1.2500+ 7 4.2169- 1 3.5446- 1 6.7000- 2
44 1.2750+ 7 4.3313- 1 3.7481- 1 5.8280- 2
45 1.3000+ 7 4.4368- 1 3.9139- 1 5.2200- 2
46 1.3250+ 7 4.5496- 1 4.0763- 1 4.7320- 2
47 1.3500+ 7 4.6319- 1 4.1844- 1 4,4750- 2
48 1.3750+ 7 4.6386- 1 4.2161- 1 4.2250- 2
49 1.4000+ 7 4.5175- 1 4.1200- 1 3.9750- 2
50 1.4250+ 7 4.3477- 1 3.9694- 1 3.7570- 2
51 1.4500+ 7 4.0855- 1 3.7196- 1 3.6050- 2
52 1.4750+ 7 3.8109- 1 3.4631- 1 3.4390- 2
53 1.5000+ 7 3.5165- 1 3.1849- 1 3.2400- 2
54 1.5250+ 7 2.8713- 1 2.5731- 1 2.9464- 2
55 1.6500+ 7 2.2245- 1 1.9485- 1 2.6700- 2
56 1.6750+ 7 2.0311-1 1.7717- 1 2.5860- 2
57 1.7000+ 7 1.9235- 1 1.6684- 1 2.5350- 2
58 1.7250+ 7 1.8185- 1 1.5688- 1 2.4850- 2
59 1.7500+ 7 1.7135- 1 1.4678- 1 2.4350- 2
60 1.7750+ 7 1.6140- 1 1.3672- 1 2.3610- 2
61 1.8000+ 7 1.5122- 1 1.2633- 1 2.2750- 2
62 1.8250+ 7 1.3973- 1 1.1665- 1 2.2250- 2
63 1.8500+ 7 1.2824- | 1.0614- 1 2.1750- 2
64 1.8750+ 7 1.1675- 1 9.5155- 2 2.1250- 2
65 1.9000+ 7 1.0762- 1 8.6484- 2 2.0750- 2
66 1.9250+ 7 1.0087- 1 7.9731- 2 2.0250- 2
67 1.9500+ 7 0.4125- 2 7.3511- 2 1.9750- 2
68 1.9750+ 7 8.7375- 2 6.7742- 2 1.9250- 2
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Ipynnosiie ccucing aaa gxpa U-234

Tabnnua 17

92-U-234 (G, TOT) G.,F G,N)
NO. . GROUP-EV AVERAGE AVERAGE AVERAGE
14 4.2500+ 6 8.6003- & 8.6005- 8 -
15 4.5000+ 6 2.6807- 6 2.6807- 6 -
16 4.7500+ 6 7.3441- 5 1.5441- 5 -
17 5.0000+ 6 1.1033- 3 1.1033- 3 -
18 5.2500+ 6 4.6586- 3 4.6586- 3 -
19 5.5000+ 6 7.4700- 3 7.4700- 3 -
20 5.7500+ 6 8.7692- 3 §.7692- 3 -
21 6.0000+ 6 4.6026- 2 3.2133- 2 1.3353- 2
22 7.2500+ 6 6.5217- 2 2.7164- 2 3.7814- 2
23 7.5000+ 6 7.9545- 2 3.1202- 2 4.7730- 2
24 7.7500+ 6 1.3433- 1 3.3702- 2 1.0036- 1
25 8.0000+ 6 1.4415- 1 3.8342- 2 1.0541-1
26 8.2500+ 6 1.259G- 1 4.5811- 2 7.9385- 2
27 8.5000+ 6 1.2533- 1 5.1235-2 7.4072- 2
28 8.7500+ 6 1.3754- 1 §.3720- 2 8.3783- 2
29 6.0000+ 6 1.2927- 1 6.4133- 2 6.4001- 2
30 9.2500+ 6 1.2343- 1 8.6481- 2 3.6346- 2
31 9.5000+ 6 1.4296- 1 1.1092- ] 3.2029- 2
32 9.7500+ 6 1.7273- 1 1.3582- 1 3.6880- 2
33 1.0000+ 7 2.1593- 1 1.5713- 1 5.7968- 2
34 1.0250+ 7 2.9358- 1 1.7209- 1 1.1797- 1
35 1.0500+ 7 3.7451- 1 1.9161- 1 1.8286- 1
36 1.0750+ 7 4.3756- 1 2.1658- 1 2.2098- |
37 1.1000+ 7 4.6748- ] 2.3375- 1 2.3375- 1
38 1.1250+ 7 4.6444- 1 2.4125- 1 2.2325-1
39 1.1500+ 7 4.7336- 1 2.4000- 1 2.3350- 1
40 1.1750+ 7 4.7264- 1 2.3000- 1 2.4282- 1
41 1.2000+ 7 4.5059- 1 2.2708- 1 2.2343- 1
42 1.2250+ 7 4.3716- 1 2.3606- 1 2.0065- 1
43 1.2500+ 7 4.2799- ] 2.5547- 1 1.7229- 1
44 1.2750+ 7 4.2643- 1 2.7958- 1 1.4661- 1
45 1.3000+ 7 4.3430- 1 3.0736- 1 1.2644- 1
46 1.3250+ 7 4.4423- 1 3.3301- 1 1.1129- 1
47 1.3500+ 7 4.5994- 1 3.6004- 1 9.9683- 2
48 1.3750+ 7 4.6994- 1 3.8023- 1 8.9697- 2
49 1.4000+ 7 4.6497- 1 3.8325- 1 8.1724- 2
50 1.4250+ 7 4.5281- 1 3.8175- 1 7.0679- 2
i 1.4500+ 7 4.3157- 1 3.7200- 1 5.9067- 2
52 1.4750+ 7 4.0332- 1 3.5604- 1 4.6675- 2
53 1.5000+ 7 3.6209- 1 3.2851- 1 3.2502- 2
54 1.5250+ 7 2.6750- 1 2.5730- 1 7.4771- 3
55 1.6500+ 7 2.0712-1 1.7769- 1 2.8016- 2
56 1.6750+ 7 1.9310- 1 i.5694- ] 3.5493- 2
57 1.7000+ 7 1.8909- 1 1.4578- 1 4.1299- 2
58 1.7250+ 7 1.8541- 1 1.3572- 1 4.8059- 2
59 1.7500+ 7 1.7923- 1 1.2629- 1 5.2741- 2
60 1.7750+ 7 1.6515- 1 1.2018- 1 4.4886- 2
61 1.8000+ 7 1.5848- 1 1.2003- 1 3.8455- 2
62 1.8250+ 7 1.5674- 1 1.2109- 1 3.5486- 2
63 1.8500+ 7 1.5564- 1 1.2266- 1 3.2749- 2
64 1.8750+ 7 1.5455- 1 1.2422- ] 3.0209- 2
65 1.9000+ 7 1.5412- 1 1.2563- 1 2.8481- 2
66 1.9250+ 7 1.5437- 1 1.2687- 1 2.7444- 2
67 1.9500+ 7 1.5462- 1 1.2812- 1 2.6444- 2
68 1.9750+ 7 1.5487- 1 1.2637- 1 2.5481- 2
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I'pynnoswe ccuenus ansa snpa U-236

Tabauua 18

92-U-236 (G.B) (G,2N) (G,N)
NO. GROUP-EV AVERAGE AVERAGE AVERAGE
10 3.2500+ 6 9.5147-11 - -

11 3.500 + 6 2.6563-10 - -

12 3.7500+ 6 1.3738- 9 - -

13 4.0000+ 6 1.1320- 8 - -

14 4.2500+ 6 5.6246- 8 - -

15 4.5000+ 6 3.8979- 7 - -

16 4.7500+ 6 2.4866- 6 - -

17 5.0000+ 6 6.6467- 5 - -

18 5.2500+ 6 4.5159- 4 - -

19 5.5000+ 6 1.2749- 3 - -

20 5.7500+ 6 4.6785- 3 - -

21 6.0000+ 6 1.1910- 2 - 4.1460- 3
22 7.2500+ 6 1.7250- 2 - 1.8500- 2
23 7.5000+ 6 1.8750- 2 - 2.5000- 2
24 7.7500+ 6 2.0250- 2 - 3.2000- 2
25 8.0000+ 6 2.2750- 2 - 4.1500- 2
26 8.2500+ 6 2.6250- 2 - 5.0500- 2
27 8.5000+ 6 3.1000- 2 - 6.0000- 2
28 8.7500+ 6 3.7000- 2 - 7.4500- 2
29 9.0000+ 6 4.6000- 2 - 8.9500- 2
30 9.2500+ 6 5.8000- 2 - 1.0500- 1
31 *.5000+ 6 7.0000- 2 - 1.2500- 1
32 ..7500+ 6 8.2000- 2 - 1.5500- 1
33 1.0000+ 7 9.6500- 2 - 1.9500- 1
34 1.0250+ 7 1.1350- 1 - 2.3250- 1
35 1.0500+ 7 1.2600- 1 - 2.5750- 1
36 1.0750+ 7 1.3400- 1 - 2.7400- 1
37 1.1000+ 7 1.3975- 1 - 2.8550- 1
38 1.1250+ 7 1.4325- 1 - 2.9000- !
39 1.1500+ 7 1.4675- 1 - 2.8650- 1
40 1.1750+ 7 1.5025- 1 1.4900- 4 2.7750- 1
41 1.2000+ 7 1.5425- 1 8.2500- 3 2.6700- 1
42 1.2250+ 7 1.5875-1 2.3000- 2 2.5550- 1
43 1.2500+ 7 1.6900- 1 3.7500- 2 2.3900- 1
44 1.2750+ 7 1.8500- 1 5.4500- 2 2.1450- 1
45 1.3000+ 7 1.9725- 1 7.7000- 2 1.8400- 1
46 1.3250+ 7 2.0575- 1 9.8500- 2 1.5200- 1
47 1.3500+ 7 2.1700- 1 1.1100- 1 1.2300- 1
48 1.3750+ 7 2.3100- 1 1.1700- 1 1.0250- 1
49 1.4000+ 7 2.4175- 1 1.2000- 1 8.9500- 2
50 1.4250+ 7 2.4925- 1 1.2050- 1 7.8500- 2
Sl 1.4500+ 7 2.4475- 1 1.1800- 1 6.9500- 2
52 1.4750+ 7 2.2825- 1 1.1350- 1 6.2000- 2
53 1.5000+ 7 2.1175- 1 1.0800- 1 5.4500- 2
54 1.5250+ 7 1.6845- 1 7.9400- 2 4.2300- 2
55 1.6500+ 7 1.2925- 1 5.3500- 2 3.3000- 2
56 1.6750+ 7 1.1975- 1 4.7500- 2 3.0500- 2
57 1.7000+ 7 1.1125- 1 4.2500- 2 2.8000- 2
58 1.7250+ 7 1.0375- 1 3.8000- 2 2.6000- 2
59 1.7500+ 7 9.5750- 2 3.4500- 2 2.4500- 2
60 1.7750+ 7 8.7250- 2 3.1000- 2 2.3500- 2
6] 1.8000+ 7 7.8500- 2 2.6500- 2 2.1500- 2
62 1.8250+ 7 6.9500- 2 2.2000- 2 1.9500- 2
63 1.8500+ 7 6.2500- 2 1.8500- 2 1.8750- 2
64 1.8750+ 7 5.7500- 2 1.5000- 2 1.8250- 2
65 1.9000+ 7 5.2750- 2 1.1500- 2 1.7500- 2
66 1.9250+ 7 4.8250- 2 9.0000- 3 1.6500- 2
67 1.9500+ 7 4.4500- 2 7.5000- 3 1.5750- 2
68 1.9750+ 7 4.1500- 2 6.5000- 3 1.5250- 2



Pova
MP-237 (G.F) (G.Ny (G.2ZN)
S AVERAGE

MO,  GROUP-ZY

AVERAGE AVERS

i i1

12 A

i3 gL

i4 8

15 7

16 $

17 ; 4

18 S5.2500+ 6 3

19 5.5000+ & 3

20 5.7500+ 6 3

21 6.0000+ 6 1.8706- 2 1.7548- 3

22 7.2500+ 6 3.060006- 2 15006 4

23 7.5000+ 6 3.2590- 2 1O 2

24 7.7500+ 6 3.3500- 2 2.6500- 2

23 8.0000+ 6 3.8500- 2 3.4000- 2

26 8.2500+ 6 4.1560- 2 39500 2

27 8.5000+ 6 4.5250- 2 4.7000- 2

28 8.7500+ 6 4.9750- 2 5.7000- 2

29 9.0000+ 6 5.5250- 2 $.5500- 2

30 9.2500+ 6 6.1750- 2 7.6003- 2

31 9.5000+ 6 6.9750- 2 5.5000- 2

32 9.7500+ 6 7.9230- 2 1.6200- 1

33 1.0000+ 7 L.0050- ( 11356 1

M4 1.025G+ 7 1.5350- 1 1.250G- !

35 1.0500+ 7 1.6625- 1 I 1

36 1.0750+ 7 1.9875- 1 1.565G- 1

37 1.1000+ 7 2.1535-13 1. -1

38 11250+ 7 2.15875- 1 1.7 -

39 11500+ 7 2.1025- 1 157501

44 LAT750+ 7 1.8875- 1 1.5658- 1

4] 1.2000+ 7 1.8475- 1 L0250 1

47 L2250+ 7 1.9825- 1 2.6350- 1 1.3390- 4
43 L2500+ % 2.9723- 1 2.6050- 1 2.5000- 3
44 1272047 2.2i75- 1 1.5450- 1 5.5000- 3
45 1.3000+ 7 2.3675- 1 1.8550- 1 §.5000- 3
46 1.3250+ 7 2.5225-1 1.7450- 1 1.1600- 2
47 1.3500+ 7 2.6700- 1 1.6200- 1 1.4000- 2
43 1.3750+ 7 2.8100- 1 1.4600- 1 1.8000- 2
49 1.4000+ 7 2.8650- 1 1.2650- 1 2.1500- 2
50 1.4250+ 7 2.83590- 1 1.1600- 1 2.4000- 2
51 1.4500+ 7 27775~ % 1.0400- 1 2.6500- 2
52 1.4750+ 7 2.6925- 1 9.2500- 2 2.9500-.2
33 1.5000+ 7 2.5400- 1 8.2500- 2 3.2006- 2
34 1.5250+ 7 1.9500- 1 6.2400- 2 3.8000- 2
35 1.6500+ 7 1.4425- 1 4.8000- 2 4.1500- 2
36 1.6750+ 7 1.3675- 1 4.4500- 2 4.1750- 2
57 1.7000+ 7 1.30735- 1 4.1000- 2 4.1250- 2
58 17250+ 7 1.2625- 1 3.8000- 2 4.0750- 2
Q 17500+ 7 L2175 1 3.5500- 2 4.0250- 2
60 1T 7 117258, 1 32500~ 2 3.9750- 2
&1 18006+ 7 1.1300- ] 3.0006G- 2 3.9250- 2
62 18220+ 7 LO%D- PR ISR 3.8500- 2
63 1.8500+ 7 1.0525- 1 2.7000- 2 3.7500- 2
64 1.8750+ 7 1.0175- 1 2.5000- 2 3.6500- 2
65 1.9000+ 7 9.8750- 2 2.3500- 2 3.5500- 2
66 1.9250+ 7 9.6250- 2 2.2000- 2 3.4500- 2
67 1.9500+ 7 9.3750- 2 2.0000- 2 3.3500- 2
08 19750+ 7 9.1250- 2 1.8500- 2 3.2500- 2
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Tabneua 20

I'pynnosnie ceuewus nas siep Pu-239, Pu-241

PU-241(G,N) PU-239(G,N) PU-233(G 2N
NO. GROUP-EV AVERAGE AVERAGE AVERAGE
17 5.0000+ 6 3.6000-10
18 5.2500+ 6 1.0100- 6 -
19 5.5000+ 6 4.5000- 6 2.2440- 9
20 5.7500+ 6 9.0000- 6 1.0160- 6
21 6.0000+ 6 2.1400- 5 7.8000- 6
22 7.2500+ 6 3.6000- 5 1.5500- 3
23 7.5000+ 6 4.2500- 5 1.8500- 5§
24 7.7500+ 6 5.0000- 5 2.1500- 5
25 8.0000+ 6 5.8000- 5 2.5500- 5
26 8.2500+ 6 6.6500- 5 3.0000- §
27 8.5000+ 6 7.6000- 5 3.4000- 5
28 8.7500+ 6 8.7500- 5 3.8000- 5
29 9.0000+ 6 1.0100- 4 4.3000- 5
30 9.2500+ 6 1.2150- 4 4.8650- 5
31 9.5000+ 6 1.5400- 4 5.5000- 5
32 9.7500+ 6 1.8400- 4 6.1350- 5
33 1.0000+ 7 1.9800- 4 6.8500- 5
34 1.0250+ 7 1.9750- 4 7.9000- 5
35 1.0500+ 7 1.8600- 4 9.8500- 5
36 1.0750+ 7 1.6750- 4 1.2350- 4
37 1.1000+ 7 1.4850- 4 1.4700- 4
38 1.1250+ 7 1.2750- 4 1.7050- 2
39 1.1500+ 7 1.0250- 4 1.8700- 4
40 1.1750+ 7 8.2500- 5 1.5000- 4
41 1.2000+ 7 7.2000- 5 1.8500- 4
42 1.2250+ 7 6.6500- 5 1.7850- 4
43 1.2500+ 7 6.2000- 5 1.7050- 4 $.6000- 11
44 1.2750+ 7 5.8000- 5 1.6150- 4 6.5000-1G
45 1.3000+ 7 5.4500- 5 1.5100- 4 9.0000-1¢
46 1.3250+ 7 5.1500- 5 1.4000- 4 2.0000- ¢
47, 1.3500+ 7 4.8500- 5 1.2950- 4 4.0000- ¢
48 1.3750+ 7 4.6000- 5 1.1900- 4 5.5000- 9
49 1.4000+ 7 4.4000- 5 1.0800- 4 7.0000- 9
50 1.4250+ 7 4.2500- 5 9.7600- 5 9.0000- 9
51 1.4500+ 7 4.1500- 5 8.9000- 5 1.5000- 8
52 1.4750+ 7 4.0000- 5 8.3000- 5 2.5000- 8
53 1.5000+ 7 3.8000- 5 7.7500- 5 7.5000- 8
54 1.5250+ 7 3.4000- 5 6.3600- 5 1.9660- &
55 1.6500+ 7 3.0500- 5 5.0500- 5 4.5400- 6
56 1.6750+ 7 2.9500- 5 4.6500- 5 5.1500- 6
57 1.7000+ 7 2.8500- 5 4.3560- 5 5.5100- 6
58 1.7250+ 7 2.7000- 5 4.0000- 5 5.7000- 6
59 1.7500+ 7 2.5500- 5 3.6500- 5 5.7150- 6
60 1.7750+ 7 2.4750- 5 3.3500- 5 5.5950- 6
61 1.8000+ 7 2.4250- 5 3.0500- § 5.4650- 6
62 1.8250+ 7 2.3750- § 2.7500- 5 5.3050- &
63 1.8500+ 7 2.3250- 5 2.4500- 5 5.1000- 6
64 1.8750+ 7 2.2500- 5 2.2000- 5 4.8400- &
65 1.9000+ 7 2.1500- 5 1.95G0- 5 4.5900- 6
66 1.9250+ 7 2.0750- 5 1.7000- 5 4,3500- ¢
67 1.9500+ 7 2.0250- 5 1.5000- 5 4.1100- 6
68 1.9750+ 7 1.9500- 5 1.3500- 5 1.8950- 6
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Tabauua 21

I'pynnosbte ceucHus aasg sacp U-235, U-238, Am-241,Am-243

AM-241(G,F) AM-243(G,Fy U-238(G,F) U-235(G.F)

GROUP-EV

NO. AVERAGE AYERAGE AVERAGE AYVERAGE
10 - - 2.7498-11 1.690%-10
11 2.4597-11 2.4597-11 3.2261-10 8.4545-10
12 4.7609-10 4.7609-10 2.5164-10 7.9631-10
13 6.0494- 9 6.0494- 9 1.7212- 9 1.3629-10
14 5.3500- 8 5.3500- 8 1.9155- 8 4.7740-10
15 5.5521- 1 5.5527-17 8.5812- 7 1.7118- 8
16 1.3931- 5 1.3931- § 6.9585- 6 3.3910- 7
17 . 2.0602- 4 2.0602- 4 5.9726- 5 9.0270- 6
18 5.2500+ 6 1.6716- 3 1.6716- 3 4.5254- 4 1.1615- 4
19 5.5000+ 6 5.4042- 3 5.4042- 3 2.1467- 3 3.8551- 4
20 5.7500+ 6 8.5477- 3 8.5477- 3 3.2810- 3 2.2289- 3
21 6.0000+ 6 1.9344- 2 2.0490- 2 6.4070- 3 8.5019%- 3
22 7.2500+ 6 3.6250- 2 4.0250- 2 9.8098- 3 1.8379- 2
23 7.5000+ 6 4.2250- 2 4.8000- 2 1.2653- 2 2.0770- 2
24 7.7500+ 6 4.8750- 2 5.8000- 2 1.5446- 2 2.0600- 2
25 8.0000+ 6 5.7000- 2 6.8500- 2 1.5933- 2 2.3695- 2
26 8.2500+ 6 6.7000- 2 7.9500- 2 1.8922- 2 3.2815- 2
2 8.5000+ 6 7.6750- 2 9.1750- 2 2.4399- 2 3.9544- 2
28 8.7500+ 6 8.6250- 2 1.0525- 1 2.8044- 2 4.6146- 2
29 9.0000+ 6 1.0225- 1 1.2275- 1 3.3017- 2 5.6131-2
30 9.2500+ 6 1.2475- 1 1.4425- 1 4.0959- 2 6.8275- 2
31 9.5000+ 6 1.4400- 1 1.6450- 1 5.0066- 2 8.5268- 2
32 9.7500+ 6 1.6000- 1 1.8350- 1 6.0578- 2 1.0586- 1
33 1.0000+ 7 1.7100- 1 1.9850- 1 7.2274- 2 1.2647- 1
34 1.0250+ 7 1.7700- 1 2.0950- 1 8.4815- 2 1.4628- 1
35 1.0500+ 7 1.8300- 1 2.1850- 1 9.2420- 2 1.6568- 1
36 1.0750+ 7 1.8900- 1 2.2550- 1 9.9609- 2 1.8511-1
37 1.1000+ 7 1.9400- 1 2.3100- 1 9.9437- 2 2.0132- 1
38 1.1250+ 7 1.9800- 1 2.3500- 1 9.9683- 2 2.1519-1
39 1.1500+ 7 2.0250- 1 2.3875- 1 9.4169- 2 2.2652- 1
40 1.1750+ 7 2.0750- 1 2.4225- 1 9.6061- 2 2.3619- 1
41 1.2000+ 7 2.1375- 1 2.4550- 1 9.5776- 2 2.4732- 1
42 1.2250+ 7 2.2125- 1 2.4850- 1 1.0291- 1 2.5916- 1
43 -1.2500+ 7 22025~ 1 2.6000- 1 1.1252-1 2.7302- 1
44 1.2750+ 7 2.1075- 1 2.8000- 1 1.2422- 1 2.8916- 1
45 1.3000+ 7 2.3025- 1 3.0000- 1 1.4193-1 3.0769- 1
46 1.3250+ 7 2.7875- 1 3.2000- 1 1.4783- 1 3.2337- 1
47 1.3500+ 7 3.1125- 1 3.3500- 1 1.5242- 1 3.2965- 1
48 1.3750+ 7 3.2775- 1 3.4500- 1 1.5942- 1 3.3079- 1
49 1.4000+ 7 3.3200- 1 3.3750- 1 1.6347- 1 3.2901- 1
50 1.4250+ 17 3.2400- 1 3.1250- 1 1.6424- 1 3.2426- 1
S1 1.4500+ 7 3.1275- 1 2.8025- 1 1.6272- 1 3.0782- 1
52 1.4750+ 7 2.9825- 1 2.4075- 1 1.5937- 1 2.8374- 1
53 1.5000+ 7 2.8200- 1 2.0825- 1 1.5187- 1 2.6280- 1
54 1.5250+ 7 2.2740- 1 1.4455- 1 1.2036- 1 2.0366- 1
55 1.6500+ 7 1.7675- 1 1.0475- 1 9.2674- 2 1.5819- 1
56 1.6750+ 7 1.6225- 1 9.8250- 2 8.8203- 2 1.4251- 1
57 1.7000+ 7 1.4750-~ 1 1.0275- 1 8.4361- 2 1.2996- 1
58 1.7250+ 17 1.3250- 1 1.1825- 1 8.0616- 2 1.2437- )
59 1.7500+ 7 1.2075- 1 1.3325- 1 7.5779- 2 . 1.1836- 1
60 1.7750+ 7 1.1225- 1 1.4775- 1 7.3743- 2 1.1166- 1
61 1.8000+ 7 1.1675- 1 1.5250- 1 7.5638- 2 1.0504- 1
62 1.8250+ 7 1.3425- 1 1.4750- 1 7.3602- 2 8.9216- 2
63 1.8500+ 7 1.4975- 1 1.4125- 1 6.8982- 2 7.5735- 2
64 1.8750+ 7 1.6325- 1 1.3375- 1 6.4587- 2 6.4387- 2 |
65 1.9000+ 7 1.6875- 1 1.2150- 1 6.0475- 2 5.4758- 2
66 1.9250+ 7 1.6625- 1 1.0450- 1 5.6626- 2 4.6569- 2
67 1.9500+ 7 1.6075- 1 7.6000- 2 5.3015- 2 3.9592- 2
68 1.9750+ 7 1.5225- 1 3.6000- 2 4.9638- 2 3.3670- 2
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YIK 539.7

BUBJIMOTEKA CEYEHUHA IJ19 U3YYEHUS ITPOHECCA
TPAHCMYTAIWN 1 AKTUBAIITUH MATEPHUAJIOB,
OBJIYYAEMBIX HEHTPOHAMH ¥ ITIPOTOHAMMH C DHEPTHEU 10 100 MaB

A.FO. Konobees, }0.A. Koposun
Hucmumym amomnoi snepeemuxu, O6HuHcK

B.I1. JIynea, B.C. Macmepos, FO.H. HOlybun
Du3uko-sHepzemuneckuli uncmumym, O6HuHCK

THE CROSS-SECTION LIBRARY FOR STUDY OF TRANSMUTATION AND
ACTIVATION OF MATERIALS IRRADIATED BY NEUTRONS AND PROTONS
WITH ENERGY UNTIL 100 MeV. A new cross-section data library MENDL is
presented. MENDL containes neutron and proton reaction cross-sections for more
than 500 stable and nonstable nuclei at the energies from 1 to 100 MeV. Majority of
the data have been obtained with the help of geometry dependent hybrid exciton model
taking into account preequilibrium a-particle emission.

TIpoBoanMbie B HACTOAIIEE BPEMS MCC/IENOBAHNS TPAHCMYTALMM ¥ aKTHBALMM MAaTEPHAJIOB OA OEHCTBHEM
YacTMI BHCOKKMX SHEPruil TpeOyloT 3HAHUG CEUEHMH NPOTOHHNX H HEHTPOHHHX peakuuil aisg 60apmoro Yucia
cTabwibHHX M HecTabuwibHHX snep. Henocratok axcnepaMedTansHoi HHQOPMALMH O CEYEHHSAX SACPHBX PeaK-
OMiA, BH3BAHHKX OBICTPHIMH YAaCTHUAMH, ACTaeT HEOOXOAMMBIM NPOBEAEHHE TEOPETHUECKMX PACUYETOB,

B nacrosmeit paGore npuBomuTCs KpaTtkoe onucaHue Gubnmoreku MENDL, cogepxameil BHUHCICHHALE
aBTOpAMHM HEHTPOHHHE U IPOTOHHBE CeueHus npH s8eprun ot 1 go 100 MaB nna 6onee uem 500 siaep. Paapabo-
TaHHAagq 6ubanoTeKa ceueHHi NpegHAa3HAYEHa S H3YUEHMSI H3UTOMTHONO COCTABA M AKTHBHOCTH KOHCTPVKIXHOH-
HHX MaTEPHATIOB, HAXOAAUIMXCS MOA OOIYuEHHEM B YCTAHOBKAX C XECTKMM CHEKTPOM YACTHL; YCKOPUTENSX,
TEPMOSIAEPHHX, ME30OKATATUTHUECKUX M JJEKTPOSAEpHHX peakropax. Hauume 6ubamoreku MENDL moryr
WCNOJIb30BATHCA VIS UCCACKOBAHNS MPOLECCA TPAHCMYTALMH HOJINOXUBYIHX PATNOAKTHBHRX OTXOXOB SACPHOIM
SHEPreTUKM NOA AeCTBHEM OHCTPHX 4acTHU, pa3paboTKe METONOB MOJYYEHHS M30TONOB, MPUMEHAEMHX B
IPOMKILIEHHOCTH H METUIIMHE,

B 6ubnnorexy MENDL BKIHOYEHH JaHHBIE O HEATPOHHHX CEUEHUAX NS BCEX CTaGMABHHX H HECTaOWIBHRX
spep ¢ nepuonoM noaypacnaza T1/2 21 cyr. u atoManM Homepom ot 13 1o 83. B nacrogmee BpeMs naHHLE 1O
CeyeHnsIM NPOTOHHBIX peakuni conepxarcd B MENDL ans ocCHOBHHIX TPpOAYKTOB ACACHMS SACPHOIO TOIUIHBA.
HeltposHHEe ¥ NPOTOHHHE CeueHus, BKnoueHHHe B Oubnuorexy MENDL, nonyuenn nyTem nposenenns teo-
PETHYECKHX PAcyETOB HA OCHOBE NPENPAaBHOBECHONH rMOPUAHOM SKCHTOHHOM MOIEJIM, 3aBHCSIUCH OT reOMeTpHUH
(1], u ncnapurensHoit Moaesn Baiickonda-Usunra. Ipu 3ToM yudTHBaNaCh MHOTOKPAaTHAs NPEAPAaBHOBECHAS
SMUCCHS HYKJIOHOB M3 Bo30yxaeHHbiX saep [1 ). [TpuHuManace Bo BHHMAHNE HEPABHOBECHAA IMHCCHS a-HaCcTH,

Pacuern nposoawiuce ¢ nomompio nporpammul ALICE/ASH [2], apastomeiics MogudHKaIMei nporpaMmMul
ALICES7 (3). B nporpammy ALICE/ASH sxmouena BO3MOXHOCTb PACYETa TUIOTHOCTH SAEPHBIX COCTOAHMI ¢
MHIMBHUIYAJIbHEIMH NIApaAMETPAMH U1 BCEX NMPOMEXYTOUYHHX suiep, 00pasyomuxcs B HCIIAPUTEJIBHOM pouecce
M BO3MOXHOCTb BHYHCAECHHUS CEUEHU 0OOPAaTHHX Peakuuit 1% TAKAX SAEP N0 ONTHYEcKOi Mopesin [4 ). CeueHns
ganepHbX peakumit ¢ nomombio nporpamMmbl ALICE/ASH Moryr GHTH pacCYuTaHH C y4eTOM ODOJIOUYEHHBIX
3(bCKTOB B MIOTHOCTH YPOBHEH BO30YXAEHHHX sep cornacHo [5 ). 119 BHUMCICHHS BOMHHX CEYEHHH PEAKIHI
npu sHeprugx >100 MaB B nporpamme ALICE/ASH ucnoab3yrorca axcnepumeHTaibuse aanusie [6 1. TTporpam-
ma ALICE/ASH, B oranuue or ALICES87, nossosser pacCuMTHBATH CEUEHHd SUIEPHHX PEAKLUH C Yy4YETOM
o0pa3oBanns MpeapaBHOBECHBIX a-yacTull. [1pu 3TOM st OnKCAHUS HEPABHOBECHOTO CIEKTPA @ -4aCTHI HCTIOb-
3YETCH KOANECUEHTHAS MOZEb C YYETOM NOAXBATA YaCTHL [7 ], CoenMHEHHAad C rHOPHIHONA 3KCHTOHHON MOJIETBIO.
PacueT TaKoro CreKTpa ocymecTsagercd no opmy.ie:
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_(_1_0’_ - E (l)(p—k.h,U) . ;La (Ea)/ga
dfa Unanz Z Fk.m (ea) (l)(p,hE) A+ (£a+Ba) + "{a(fa)/&z Dngdga ’

ri=n, k+m=4

e w(p,h,U) - NAOTHOCTb DKCHTOHHKX COwrOSHMIA, MMEIOMHKX p YacTHy M h awipok (p+h=nj, Dn - dakTop
"obeaHeHMs” N-IKCUTOHHOPO COCTOSHUSA, Fk m(€q) - BEPOITHOCTh 00pa30BAHUS a-4ACTHUN C 3HCPTHEH £q H3 k

BO36YXICHRHX M m HeBo3ByXIeHHWX Kpaswuactun B supe [71, A+ =2 Wopt/h - CKOPOCTb BHYTPHSIIEPHOTO

nepexoaa, ONMHMChIBAIOMNAS NMOMOMEHHE BO3OYKIEHHOM a-uacTHn B syipe, Wopr - MHMMas 4acTb ONTHYECKOTO
NOTEHIKANA, Be - 3HEPrUsd CBI3U -YACTHIH B 91pE, g U gq - TUIOTHOCTh OIHOUACTAUHBIX COCTOSHHH AN HYKJIOHA
H @-4acTHUbI, COOTBETCTBEHHO, Ag -~ CKOPOCTb IMHUCCUM A-YACTHILH, Onon - NOJHOE CCYCHHUE PEAKIUA.

Ha puc.] cpaBHMBaOTCa BHUMCACHHHE ¢ noMousio nporpamm ALICE/ASH n ALICE87 cnexTpu a-vacTuu,
obpasyromunxcs npH obayueHuu agep S4pe npoToHamy ¢ IHeprueit 38,8 MoB. DxcnepuMeHTa/IbHBIE TAHHEIE B39 TH
u3 pabotu [8 1.

Tipy BHYMCIEHMM BKJ1ada MPeApaBHOBECHON IMHUCCHU HYKJIOHOB B CCUEHMS SIEPHHIX PEAKUMH I8 pacuyeTa
CKOpOCTCH BHYTPHUSIICPHBIX [ICPEXCAOB UCHIOb30BAIUCH HYKTOH-HYKJIOHHHE CEYEHUS C MOMPABKOH HA MPUHLIMN
Mayau [1]. TINOTHOCTb 3KCHTOHHKX COCTOSHMI Bhuucasnack no ¢opmyne Ctpytunckoro-OpukcoHa [9]. B
60/pIIMHCTBE CAYUYAEB NPH BHIUMCACHHHM IJIOTHOCTHM SACPHHX YPOBHEH HUCMONB30OBAJIOCH KBA3UKJIACCHYECKOE
3HAYEHME napaMeTpa maoTHocTd A/9, rae A - MAaCCOBOE YHCAO SIPA, 3 NOMPABKY HA CIAPHBAHME BRIYMCISLIUCD B
COOTBETCTBHM € MOAEAbIO depMu-raza ¢ "ofpaTHam cMmeureHuem” [1]. IIns smep, y KOTOphiX 000JOUYEUHHE
adbexTH B IIOTHOCTH SAEPHBIX yPOBHEN BbIpaxXeHH Haubosee cunbHO (197< A<210 ), npu npoOBENEHHH BHIUHC-
JIEHWI KCNOAB30BAAACh Moaeas [5 1. [1pu HU3KUX SHEPrusx Bo30yXACHUS 3HAUCHHUS (DYHKIIUH TLUIOTHOCTH suicp-
HBIX COCTOSIHHIA OMPEIEeasLTMCh B COOTBETCTBHH C MOAEBIO "MOCTOSHHON TeMnepaTyph”, OCy ecTBIsJIach "clouB-
Ka" pasMuHBIX (YHKLAA TLIOTHOCTH ypoBHe# cornacHo {31 Ins pacyera sHepruii CBA3H MCNOAb30BAAMCH
SKCMEPHMEHTAJIbHBIE 3HAUCHUS Mace aaep u dopMmyaa Maitepca u Cesareukoro [10 ]

[Mpumepom pacuera ceueHuit ¢ momourbio nporpaMmmul ALICE/ASH asnadqioTcs nanHne, NpeaCTasJIeHHHE HA
puc.2-4. Ha puc.2-3 npuBeneHn pacCUNTAHHBE M 3KCOEPUMEHTATbHBIE CEUEHHS peakuuil (n,p), (n,aju (n,2n)
ons 3Fe n 133Cs, a Ha puc.4 - ceueHus MPOTOHHBIX PEAKUWH Jnd 88gr. Ipn aroM fAng peakumu (n,p) Ha puc.2
yKa3aHe aumb Haubonee XapakTepHHE IKCMEPHMEHTAJIbHBIE NAHHHE, NONPoOHAs HMHMOPMALMA O KOTOPBIX
conepxutca B [11]. Ha puc.3 npeacrabneHn pe3ynbTaTh pacueToOB CEUEHWH HEMTPOHHBIX PEAKUMH HA sapax
133C5, BrnonneHHsIX ¢ yueToM H 6e3 yuera 06010ueuHBX 3DEKTOB B PACIIPEAENCHHH YPOBHEH BO30YXKACHHbIX
OCTATOUHHX 4A€EP. ;

CpasHEHHE PACYETHHX NAHHHX C HOCTYNHBIMH JKCMEPHMEHTAABHHMH HAHHBIMK B OONBIIMHCTBE CNyyacs
YKa3KBAET HA MX COMNIACOBAHHOCTD. [l HEKOTOPHIX SIEP MPH HAMHUYMM 3HAUHMTEBHOMO PACXOXKACHHS MEXIY
BBHIUMCAECHHBIMH ¥ IKCTIEPUMEHTANAbHBMH 3HAUYECHHUAMH HEUTPOHHBIX CEYCHUH CEUCHHS IR peakumit (n,p), (n,a)
M (n,2n ), noxy4yeHHbie ¢ noMowmsio nporpammul ALICE/ ASH, HOpMMPOBaN1Ch Ha 9KCTIEPUMEHTAIbHBIE 3HAUCH NS
CeUYCHHH ITHX peakuMii npu aHeprum 14,5 MaB. Ilng 3710i Heau HCIOMB30BANKCh TAKXE AAHHHE CHCTEMATHK
[11,161.

[MonyueHHbIC NAHHBIE IO HEHTPOHHKMM M MPOTOHHBIM CeueHN M obbenuHeHb B 6ubanoTeky MENDL, O6mnmit
offbeM, 3aHUMAaEMHIL OHOIHOTEKON CEUeHHIT HA MATHHTHHX HocHTeasax DBM, cocrasaser ~50 Mbaiir.

B aauHoii paboTe KPaTKO ONMCAHA MEPBag BEPCHs paspaboTanHoi asTopamis Subnuoreku ceucanit MENDL.
B aanbpHeiieM npeanonaraeTcs paciuMpUTh AaHHbie OMOAMOTEKH 3a-cyeT BKIIOUCHMS B Hee WHDOpPMauuH o
CEUCHUIX MPOTOHHWX peakUni nis Goabmero uscaa 9aep, HEHTPOHHRX M IIPOTOHHBIX CEUCHHAX TIPH JHEPrHH
>100 M3B. KpoMe Toro, npeanoaaraeTcs JonoJHUTh OUOIMOTEKY AAHHBIMH 10 CEYEHUSIM IS SAEP C ATOMHHM
HoMepoM Z =84,
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YK 539.173

PE3VJIbTATHl OTHOCHTEJIbHBIX U3MEPEHHI BbIXOJA
Y CEYEHUI ©®OTOAENEHUS SREP 233235y, BINp, 239241py 4y 241 oy
B OBJJACTH DHEPTHH 5-11 MaB

A.C.Condamoa, I' H.CMupeHxun
Quzuxo-anepzemuuecxkuii uncmumym, ObHuHCK

RESULTS OF RELATIVE MEASURING OF PHOTOQFISSION YIELD AND CROSS
SECTIONS NUCLE! 233235y, 237Np, 239241 py AND 241 Am IN ENERGY REGION
5-11 MeV. The results of relative measuring of photofission yield for odd nuclei from
2333 10 2 Am are presented (relatively to the 238y photofission vield) for end-point
of bremsstrahlung 7-11 MeV. The results of analogical data [1,2 ] in region of energy
3-7 MeV after correction are presented too. The calculated cross sections for investi-
gated nuclei and the evaluated photofission cross section for 238y which used as
standard, are given out,.

B HacTosImEH CTAThE NPEACTABIeHA ToapobHas undposas MHMOPMALUs O BHIXOJAX M CEYEHHAX (POTOACACHUS
u1eCTH A-HCUCTHHX AAEP OT 23y no 2*'Am s o6aactu SHepruii y-kBaHTos 5-11 MaB, xoropum Onina noceguwecHa
pabora [3]. M3mcpeHns NnpOBOIMIMCE HA BRIBECHHOM MyUKe NEKTPOHOB MUK POTPoHa UHcTuTyTa hManueckux
npobcM C MOMOILBIO TPCKOBBIX ACTEKTOPOB OCKOIKOB aeaeHud. OaHa yacTh pe3yJibTaTos, PacCMaTPUBAEMHEX B
[3], Orra onybauxosana s [1,2] (E,,,=5-TMaB), apyras (a0 11 MaB) Bnepnue‘ naercs 3aecb M B [3 ). 3nech Mu
JIMUIb KPATKO OCTAHOBUMCS HA NOCTAHOBKE 331241, MCTOOUKE M PC3YJIBTATAX HCCJIECA0RAHUS, IPOBEACHHONO B [3 )
B oObeMe, HCOOXONMMOM 4715 IOSICHEHHU S NTPCACTABACHHON HMXE HHPOPDMAaLMH.

1. Henocpeacrse HHBIM 00HEKTOM H3MEPEHHI NPH 3KCITEPUMEHTATIHBHOM H3yUeHHH BEPOATHOCTH OTONEICHUS
A7ep Ha NYYKaxX TOPMO3HOTO HM3JIyYEHUST CAYXHUT BHXOA Y (Epg.), KOTOPHI# MOXHO ONPENEIHTh KAK YUCIIO
Aej1eHui B MMILEeHHM HA PACCTOSSHHUM r OT MICTOUHMKA, OTHECEHHOM K EAMHMLIE MACCH ACISIIErOCd BEMIECTBA M TOKA
2J1EKTPOHOB, M NPEACTABATH KaK [3]

Ena | | )
Y (Emazy = C (Emaxy [ 07 (E) N (E,Epg,) dE,

No 1, (Enax) (2)

C (Emax) =. A 47[ I‘2 ’

rae of E) - ceyenye doroaeneHus, Eygx=FEe - 'PAHHYHAA SHEPTHA B CNEKTPE TOPMO3HOTO HaNydenns N( E, Emax),
PaBHAS KMHCTHYECKON JHCPrHY 31eKTPOHOB Eg, No - ynucso ABoranpo, lof Emax) - HHTETpanbHAas (MPOHHTErPH-
PORAHHAS 11O BCEM 3HEPTHSIM Y-KBAaHTOB £) MHTEHCMBHOCTh TOPMO3HONO H3JIyUCHHS B Hanpannémm v=0° oTHOCH-
TENbHO MYyYKa :-mexrponoa."

Mcno.1n30BaHHE OTHOCHTEIBHOrO METONA M30aBASET OT TPYMOEMKUX M3MEPEHHI MHTEHCHBHOCTH Myuyka
1,( E};5y) (W1in noToKa y-KBAHTOB Ha obpasel 10/4J£r2) H TIO3BOJISIET 3aMEHNTD aBCOMOTHRE W3MEPEHHS MACCH
AeASINCrOcs BELIECTBA HA 3HAUMTELHO Boslee NPocThie OTHOCUTENBHEE, B [3] B KauecTBe cTanaapra Ins TakuX
M3MEDPCHHIT, KAK ¥ BO MHOTMX Apyrux paboTax, HCHOMb30BAJICH 238U, ceueHue (POTORENEHHS KOTOPOre &f (E)
u3yueno Gosee, uem A5 APYIHX snep.

2. B paborte [3] ne npocTO COEOMHSIOTCS MACCHBBI JAHHBIX B ABYX CTHKYIOLIMXCS AMaNa3soHaX 3HEPryM: B
snauennd [1,2 ] BHOCKTCH psid YTOUHEHMH, CBA3aHHBIX KAK C ONPERAC/IEHHEM OTHOWEHHH BHIXOROB (POTOAENIEH I
HCCNIEIYEMBIX SICD M 238U, TaK ¥ BOCCTAHOBJIEHUEM H3 Hux ceueHui op(E).

*  HMamneueHye NORYUCHHON PaHee MHDOPMALMH YTEM BH3YANBHOIO 00CUETA TPEKOBBIX ZETEKTOPOB JIORIOE BPEMS OTKJIANBIBAAOC.

**  [IpuCYTCTBHE MHTETPATLHON MHTEHCUBHOCTH Manyuenns lo(Emax) ofecneumsaer nopmuposky cnextpa N(E,Emax) x eanniue.
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Emax _ ) o 3)
) _ L 7O ) I
Yo (Emax) " Emax )
[ & (B)N(E.E,,) dE

o

R (Emax) =

OnHo 13 TakuX YTOYHEHH KACAETCS HAXOK/ICHHS 3HAUCHHH DHCPTHH 2neKTPoHOB Ee=FEmax. Bosce akkypaTHRi
YUET NOTEPb JHCPrHM UMM TPH NPOXOXACHHM ucpes oisry, FEPMETUINPYIOLLYIO 31CKTPOHOBOA, NPHUKEN K
HeOOBIOMY CMEICHHIO DHEPTHH B CPCAHEM HA 25 k9B X MCHBIIMM 3HAUEHKSM B CpaBHCHUK € [1,2 ].‘ Cosoxyn-
HOCTB 3HayeHui R Emax) HacTosweit paborst u [1,2] npuseacaa B tabn.l u na puc.1, rac oHM TaKXe CpaBHUBa-
I0TCS € APYrYMH JXCIEPUMCHTANHHMY JaHuuMu [4,5]. .

" 3. OTMeucHHAS BHINE YyBCTBUTEJHHOCTh MCKOMBX CEMCHHMIl K KOPPCKTHPOBKC IMCPItH B 3HAUUTCABHOM
CTCNEHH CJIEOCTBHE HCMOHOTOHHOCTH (PC30OHAHCHON CTPYKTYPH) CCUCHKA-CTAHAAPTA o_? (E) ® paione nopora
ne.nému (E =6 M3B). D10 06cTOSTEALCTBO, HCCOMHCHEO COCTABASIOLICC HEAOCTATOK ceucHid hoToae e He B3y
K3K CTaHaapra pjisi OTHOCHTEABHBIX H3MCpCHHi’I, MOXCT ABHUTHCH ﬂpﬂl(KHOi"l MTOABICHHA .IIOIX(HOI"l CTPYKTYpR B
JHEPrETHYECKOH 3aBMCMMOCTH MCKOMBbIX CeucHnit o E). Tlo yka3anHo# npuunHe 3HAUNTEIPHOE BHUMAHHE B

pabore 3 ] 6pin0 yaeneHo oueHKe CeuCHHS of‘ (E) . Otmernm, uto Bhifop oGbekTa necsieaoBauunit B [3 ] - ceuenmii

bOTORENCHMS HEHETHBIX SACP ~ TAKXKE YBA3AH C TCCTHPOBKOR PEKOMCHAOBAHHON KpHBOK 0f (E) .

[MpoucxoxaeHsue pe3oHaHCHOM CTPYKTYPHI CEYEHMIT B OKONOMOPOrosoit 061acTy oHepruit CBA3HBAYOT C KBA3K-
CTAUHOHAPHHIMH COCTOSIHHAMM BUOPAUMOHHOIO THOA BO BTOpOH ame Baprepa acacuus [6,7). Ot addexTn
CHILHO 33BUCST OT YETHOCTH ACAALIEIOCS SAPA: HAauBOACE OTUCTANBLL OHH Y YCTHO-YETHHIX siaep (Hanpumep y
By, ropasno cnabee y HeuetHnx. B nocheanem cayuae Go/biie mNOTHOCT BHYTPEHHHX BO30YXACHHMH R
ONpERENIEMOE €10 3aTyXaHLE BUOPaL#OnHOHK MOAH. [1aAKOCTh IHCPTETHUCCKOM 3ABHCHMOCTH CEUCHII HCUETHBIX

anep ¥ 6Ha TeM CBOMCTBOM, HA KOTOPOEC OPHEHTHPOBAJACh TECTHPOBKA OLLEHCHHOM KPHBO a}’ (E) . Ona noka-
3aHa Ha puc.2. Hudpossie nannsie 0 of (E) npuseaesn B Tabn.2.

Kax u pauee, nig BOCCTAHOBJIEHHS CEUCHUIL (POTOACICHMS UCCNIEA0BaBIIMXCH Saep U3 (3), NPeACTasAS OWErD
€000t HEKOPPEKTHO NOCTABJACHHYIO 33124y, HCNOTb30BACH MCTOA MEHUMHU3AUMH HATIPABJIE BHOIO PACXOXACHUS
M.3.Tapacko [15). Ilpn onpcnenesnnn o E) pe3yabTaThl pACHETa CNEKTPA TOPMOIHOTO HINYYCHMS N3 TONCTOR
Bospdpamosoit Mumeny {16 ] ananutiuecku annpokCuMiupoBanncsh kak B [17]. PeayabTaTht MATEMATHUECKOR
06paboTkn, B KOTOPO# MH, B OCHOBHOM, cieaonanu pabore [1 ], skmouas puiunciense norpcutocredt Agy (E) ,
npencrasaeust B 1aba.3, a raxxe Ha puc.3 u 4. I3 puc.3, B UaCTHOCTH, CACAYET U3 OTCYTCTBUS CICTEMATHUECKHX
KOPpensUMit MEXIY HEPEryNsPHOCTIMA Tf E) B OKPECTHOCTH INTPHXOBHLIX BCPTUKATBHBIX JIHHMU, KOTOPHMH

NOXA33HK PC3OHAHCH o}’ (E) , 4TO YXAA0Ch IPCORONCTH TPYAHOCTH MCMNOIb30BAHNS CeueHus (POTONCACHHS 238y

B KAYECTBE CTAHARPTA AN OTHOCUTEAbHDIX H3MEPCHUH.

. Xota BAaHHAY NONPARKA CPARHUMA € IHEPICTHUETKHM PAIPLHIEHHCM JNEXTPOIHONo NyUKa, YHET €¢ 3AMCTHO CKARIBAETCR NpH

nocaeRy lowwei o6paboTke IKCHEPUMEHTANBHLIX Jantivix 06 R(Emax).
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Ta6mnna 1

OTHONIEHH A BHXOJOB pearuuu poToHNeNeHH S R uccrneposaBUHXCSH anep

K BHXoLy ®OTONEeNeHUH CTaHlapTta -

38 ‘
U B 3aBHCHMOCTH OT I pAHUYHOH

SHEeprHH TOPMO3HOI'O CHeKTpa Emax

max,

M=B

233

235

237

Np

239Pu

241Pu

241

4.975/0.

4910.

08

0.04+0.

01]2.

6810.

08

.12

.32

.27

5.075,0.

59%0.

04

0.06%0.

01,2.

46*0.

05

.08

.12

.18

. 0410.

17

0. 13%0.

01]3.

2710.

06

.19

4.02%0.

33

.33

.51+0.

14

0.26+0.

0114.

1810.

o7

.08

4.34%0.

13

.12

4620.

14

0. 38%0.

0113.

91:0.

09

.08

3.520.

09

.07

46=0.

14

0.61%0.

01)4.

33%0.

08

.07

2.92%0.

06

.07

5110.

12

0.6710.

01(4.

25%0.

03

*0.07

1.91%0.

04

2.49%0.

086

10+0.

24

0.580.

03 3.

.07

*0.14

1.23%0.

07

1.8410.

11

47+0.

08

0.600.

01,3.

2020.

07

2.1720.

04

0.98%0.

02

1.63%0.

04

3510.

08

0.74%0.

01!3.

27%0.

o7

2.04%0.

04

0.97%0.

02

1.8710.

03

16+0.

08

0.87%0.

02]3.

24%0.

o7

1.92%0.

04

0.98%0.

02

1.80%0.

03

8120.

07

0.91%0.

0z2]2.

.06

1.72%0.

04

0.9710.

02

1.810.

05

54+0.

13

0.93%0.

05 2.

+0.06

1.3820.

o7

0.92*0.

o7

1.738*0.

13

21+0.

05

0. 96+0.

0z 2.

+0. 05

1.38%0.

03

0.98%0.

o2

1.83%0.

09

. 0820.

05

0.98%0.

0z2|2.

.05

1.350.

03

1.00%0.

02

1.92%0.

09

.08

.0312.

.05

.03

1.03*0.

03

.10

.07

.04 |2.

.05

1.38%0.

03

1.080.

04

.11

.04

.02 12.

.05

1.39+0.

03

1.14%0.

02

.08

.02}2.

.05

1.4110.

03

.02

.05

'6.875 1.

.022.

5410.

05

1.4620.

04

+0.03

2.36%0.

05

6.975 1.

$0.02 2.

5310.

1.48%0.

03

.02

+0.05

7.075 1.

80+0.

.o2lz.

480.

1.48%0.

03|

.02

.05

i 1
17,175 1.

8940.

$0.03 2.

57%0.

1.5020.

03]1.2420.

03

.05

7.27511,

9910,

04

1.29%0.

03.2.

6310.

11.5420.

031.26%0.

03

10.06
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Npononxenie Tabimuu 1
Emax, 233U 235U 237Np 239Pu 241Pu 241Am
M=B
7.375(1.97£0.04{1.30£0.03|2.61+0.05{1.55%0.031.2740.03|2.61+0.06
7.475[1.9940.04|1.31+0.03{2.61+0.05/1.61+0.03{1.3010.03{2.61+0.06
7.575(1.8540.04(1.33+0.03{2.52+0.05}1.62+0.03(1.2910.03|2.62+0.06
7.675|1.97+0.04{1.3240.03|2.59+0.05/1.61£0.03(1.36+0.03|2.67+0.06
7.775|2.00+0.04 1.3740.03|2.5540.05}1.68+0.03|1.37%0.03(2.64+0.06
7.875(1.9240.041.35+0.03(2.5040.05(1.64+0.03|1.36+0.03|2.62+0.06
7.975|2.03+0.04|1.3840.03{2.63+0.05|1.7440.03|1.38+0.03|2.80+0. 06
8.07512.0440.04|1.4340.032.62+0.05|1.72+0.03|1.38+0.03|2.79*0. 06
8.175|2.0140.04|1.4040.03|2.62+0.05}1.73+0.03|1.37%10.03{2.75+0. 06
8.275{2.05+0.04(1.45%0.032.63+0.05|1.77+0.04 (1. 39+0.03|2.87+0.06
8.¥75{2.034£0.04(1.44+0.03|2.71%0.05|1.79%0.04 |1.35+0.03 | 2. 98+0. 07
8.475|2.0840.04|1.45+0.03(2.61+0.05|1.84+0.04|1. 3810.03 2.92i0.06i
8.575|2.13420.04}1.46+0.03|2.68+0.05}1.88+0.041.41+0.03|3.0140. 07
8.675|2.12+0.04|1.48%0.03|2.63+0.05|1.930.04 |1.42+0.03|3.05+0.07
8.775|2.14+0.04(1.4940.0312.63%+0.05{1.91%+0.04 |1.42+0.033.0210.07
8.875(2.14+0.04{1.5040.03|2.68+0.05|1.95+0.04|1.41+0.03 2. 9910. 07
8.975|2.0910.04 (1. 48+0.03|2.58+0.05|1.95%0.04 1. 4210.03 2.9510.07;
9.075]2.12¢0.04|1.51+0.03|2.58+0.05]1.98+0.04(1.41%0.03 2.9510.07;
9.175|2.1120.04|1.5120.03}2.57%0.05|1.9920. 04 1.42+0.03 3.0010.07%
9.275|2.1440.04|1.53%0.03(2.54+0.05}1.98+0.0411.43+0.03 3.0010.072
9.375(2.12£0.04{1.49+0.03{2.57+0.05(2.01+0.04 {1. 4310.03 3.0310.07§
9.475|2.16+0.04|1.55+0.03[2.5940.05|1.98+0.04]1. 44+0. 03 3.0110.5;?
9.575(2.131%0.04|1.58+0.03|2.58+0.05|2.03£0.04{1. 45120.03{3.07+0.07
9.675|2.16+0.0411.5720.03{2.5120.05|2.04£0.04|1.4510.03{2.96%0.07
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10.975

Emax, 233U 235U 237Np 239Pu 241Pu 241Am
MaB
8.7751{2.1840.04|1.57+0.032.57+0.05|2.03+0.04 1. 46+0. 03 |2. 95+0. 07
8.875}2.20+0.04|1.60%0.03|2.57%0.05|2.05+0.04 ;1. 46%0. 03 |3. 04+C. 07
1 9.975|2.2320.05}1.61£0.03|2.59%0.05|2. 08+0.04 {1.47%0.03|3.02+0.C7
r;0.075 .20%0.04)1.58+0.03|2.57+0.05|2. 10+x0.04|1.47+0.03|3. 06%3. 07
10.17512.20+0.04{1.620.03|2.54%0.052.12+0.04{1.47%0.03|3.08%0.07
10.275(2.22+0.04{1.67*0.03|2.60*0.05(2. 15+0.04{1.51%0.03|3.03%0.07
10.3752.22+0.04]1.69*0.03|2.57%0.05|2. 17+0.04 ]1.51%0.03}2.88+0. 07
10.475|2.25+0.05|1.67+0.03{2.59+0.05|2. 17+0.04 1. 48+0.03|2.32+0. 07
10.5751]2.23+0.0411.65%0.03|2.57+£0.05|2. 13+0.04 |1.51+0.03|2.84%0. 07
10.675 .2310.05i1.6810.03 2.59%0.05{2.17+0.04{1.52+0.033.01%0.07
10.775(2.21+0.04:1.6620.03/2.62+0.05{2. 17+0.04{1.52+0.03,3.01+0.07
10.875!2.21#0.04(1.71#0.03 |2.6520.05|2. 18+0. 04| 1. 55+0. 03| 2. 99+0. 07 |
.24%0.05]1.73+0.04|2.64%0.05|2.2120.041.53+0.03|2.97£0.07
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' : o .23
Ceuenne @oTOnEJNIEHHA CTaHNApTa © (2

E 238, | E | 298| E | 238,
MaB MaB MaB
5.0 [0.021 |7.4 [12.5 | 9.8 {59.9
5.1 |0.047 [7.5 [13.0 8.9 |63.5
5.2 |0.063 |7.6 [13.7 10.0 |[68.1
5.3 (0.280 |7.7 |14.3 10.1 |72.7
5.4 |0.345 7.8 |15.0 10.2 |77.3
5.5 |0.850 |[7.9 |16.0 10.3 |81.8.
5.6 |2.85 [8.0 |[17.0 10.4 |[86.5
5.7 |4.10 (8.1 |18.1 10.5 |81.2
5.8 [3.25 [8.2 [19.2 10.6 |95.6
5.9 |2.97 |8.3 |[20.4 10.7 [99.4
6.0 |6.25 (8.4 |[21.7 10.8 |{102.2
6.1 |8.10 8.5 [23.0 10.9 }103.4
6.2 [€.85 8.6 [24.3 11.0 |103.6
6.3 [7.50 8.7 |25.6 11.1 |102.7
6.4 |6.80 |8.8 |26.9 11.2 [101.7
6.5 |6.40 [8.9 |28.4 11.3 |100.6
6.6 |6.80 [9.0 {30.3 11.4 |[99.6
6.7 |7.97 9.1 |32.2 11.5  |98.7
6.8 |9.37 |9.2 |[34.5 {11.8 |97.8
6.9 |10.8 [9.3 |37.3 [11.7 |97.4
7.0 {11.4 |9.4 |40.7 11.8 |97.5
7.1 |11.8 |9.5 [45.0 11.9 {98.3
7.2 |{11.8 [9.6 [49.7 12.0 {99.5
7.3 |12.1 9.7 |54.3 |12.1 |101.2

Tabmuna 2

U) B MHJUmMGapHAX
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CeueHnsa QoTOIeNIeHNHA HCCIeNOBaBUMXCH fAUep o

Tatmuua 3

B MHJUmMOapHax

M=3B

235U

237Np

2

39Pu

2

41

Pu

241

Am

5.0

.003

.00210.

001

0.05%0.

02

0.

0410.

01

01

0.

0810.

02

.02

.008%0.

003

0.17%0.

03

. 12%0.

01

.02

. 13%0.

02

.08

. 040%0.

006

0.50%0.

04

.3210.

04

$0.07

.30%0.

0S5

1.45+0.

o7

.11 0.

008

0.78%0.

08

.06

.06

. 55%0.

09

3.20%0.

13

.34 0.

024

2.00%0.

16

.10

.05

.10%0.

09

4.90%0.

20

.83 0.

042

4.60%0.

23

.14

.06

. 10#0.

17

7.10%0.

34

.31 0.

o7

7.60%0.

38

.28

.12

. 25%0.

29

8. 35%0.

84

.30 #0.

30

9.90%0.

50

. 20%0.

68

.29

.50%0.

58

.96

.40 0.

35

11.2%1.

. 88%0.

49

.46

.50%0.

78

.42

.10 0.

36

11.4%1.

. 39#0.

35

.36

. 2020.

64

.39

.80 #0.

36

11.5%1.

.47

.40

11.

5+1.

.47

.B0 0.

76

13.042.

.57

7.

.70

14.

0t1.

.70

8.

70 #0.

87

14.211.

.400.

85

9.

.00

17.

411,

.00

9.

60 #0.

96

16.5%1.

10

.21,

10.4%1.1

20.

72,

11.4+1.

10

.45%1.

18.4%1.

12.

11.

2t1.

2

23.

ot2.

13.2%1.

11.

6 1.

20. 12,

13.

11.

9+1.

2

24.

5%2.

15.3%1.

12.

4 *1.

21.7%2.

14.

12.

5+1,3

25.

312.

17.5%1.

13.

23.2%2.

16.

2%1.

13.

2t1,

3

26.

19.412.

14.

24.8%2.

17.

14,

.|28.

20. 842,

16.

26.8%2.

18.

6+1.

15.

30.

113.

22.6%2,

17.

28.9%2.

20.

212,

16.

32.

313.

25.0%2.

19.

30.8%3.

21

T2,

17.

34.

313.

26. 12,

20.

31.643.

23.

5+2.

|18.

36.

27.12.

20.

32.4%3.

25.

19.

38.
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Ilpononxenue Tabimun 3

E, 233U 235U 237Np _ 239Pu _ 241Pu 241Am
M>B

7.4)|28.2+2.9|21.34£2.2 |{33.7+3.4 |26.9+2.7 [20.0£2.0{40.3%4.4

7.5130.04£3.0|22.3£2.3 !35.6%3.6 [28.5%t2.9 [20.8%2.1/43.2%4.7

7.6(31.543.2(23.442.4 38.0+4.0 |30.5%3.1 }21.5+2.2/46.6*5.0

7.7{33.7+3.4124.7+2.5 |40.7+4.1 [32.9+3.3 |21.9+2.2(50.6%5.3

7.8136.0£3.7(26.242.7 [43.044.3 |35.6+3.6 |22.4+2.3|55.3+5.7

7.9(38.2+4.0/28.0+2.8 ]45.6%4.6 |38.5%3.9 |23.2+2.3|59.516.1

8.0140.8+4.2(29.042.9 [47.0%24.7 (41.2%4.2 |24.3+2.5,62.4%6.5

8.1{42.0£4.3|30.5¢3.1 [48.0%5.0 |43.9%4.4 |25.7+2.6!65.5+7.2

8.2|45.3%4.7(32.0£3.5 |49.745.0 |47.7%44.8 |27.5%2.8168.217.5

8.3148.0+£4.9(34.0%3.5 {50.245.1 {50.8%5.1 [29.6+3.0}65.547.8

8.4)50.0£5.2136.0+£3.6 |51.5+5.2 |53.5+5.4 |31.9+3.2(70.3%8.1

8.5]62.0£5.5]38.543.9 |53.315.4 |55.7+5.6 [34.1%3.4|71.548.5

8.6(53.545.7(41.0x4.0 |55.445.5 |57.345.8 |36.1+3.6)72.618.8

8.7156.2+5.8(43.5¢4.5 |58.0+5.3 [58.2+%6.0 |38.2+4.0(74.8%9.1

8.8]53.0+6.3]47.0%4.9 [61.0+6.2 |61.8+6.3 [41.024.3[78.519.8

8.9(63.7+7.1(51.0¢5.3 |65.56.7 |65.416.6 }44.0+4.5)84.0%10.5

9.0(69.3+8.0|55.5+5.7 |71.5+7.4 |69.9%7.1 [48.0%5.2;90.8111.0

8.1175.523.5|61.046.3 |79.0+8.0 |[74.8#8.0 !{52.0%5.6{97.5%12.0

9.2{82.749.2{67.0%6.9 |87.0+8.2 |81.348.7 [56.516.0]105 *14.0

9.3(90.5*10 |73.7+7.5 |95.5%10.0{88.649.1 [62.0%6.7{113 116.0

9.4(99.0+11 |81.0439.0 {105 #11.6(96.7+£10.867.017.51121 %17.0

9.5/108 14 189.5%10.4115 #13.0}106 +12.5{73.0+3.0}130 £18.0

9.6{118 *15 |96.0+11.2{128 #15.0{117 £14.0}79.5%9.5,141 %20.0

9.7({127 *16 {105 *13.0)142 *16.7!129 *15.5(86.0%10. {155 $22.0
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E, 233U 235U 237Np 239Pu 241Pu 241Am
MaB :
9.8[136+17|115+13.7 |155+19.0142417.0|93.5411.0|168+24.0
9.9]145%18[125+15 169+20.0(153+19.0(103 %12.3(179+26.0
10.0(154+20(136£17 |184+22.0164+21.0/112 *14.0{180:27.0
10.1|164+22|146+19 199+26.0173+23.0]120 *16.0|200131.0
10.21174+25)153+22 |213+30.0(182+26.0{130 +19.0/212+34.0
10.3184+28 (158424 {226+35.0(190+£29.0}138 *21.0(227%39.0
10.4|192+32163+26 |238+38.0|200+£33.0(145 *24.0(247%46.0
10.5|202+£33 172427 |251+43.0|210+35.0|153 *26.0{267+53.0
10.6|214+39|182+33 [260+47.0[221440.0|160 *28.0{283+538.0
10.7 227446 )189+37 |265+50.0123145.0(167 +32.0}293+65.0
10.81241+52|196+39 |268+54.0|244+51.0|175 +35.0|302x72.0
10.9 /254458 1201442 [270+56.0 |256+54.0|180 %38.0]310175.0
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Puc.1. OtHOwEHtg Bo1x0n08 POTOACAEHIS R s HCCHREAOBABIIIXCS SICP 1 43pa 2380 kax Oy HKUIK TPAHIHHOM
SHEPruM CNEKTPAR TOPMOIHONO H3JITY HEHHS Emz X DKCHEPHMEHTANLHBLIE AHHbIC: O - HACTON LAY paboTa, + - [4], -
[5]. Mpw Ewsb.SMaB NPHBENEHI 3UAUEIHS, YMCHbUICHHDIE B 3 pasa
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Puc.2. Ceuenne doronenenms 238y u? (E) BOawan nopora. Ha scraske af’ (E) ma aenoM CKIOHE THEANTCROO pe-
3ouauca. Ouexka o?(E)—-. Dkcuepiventamiie qannne: &- [1,2], @ - [8),0- [9], A- (10}, v-fi), . -
(12],x - [t3}, +- [14]
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Pnc.3. CpaBneune BOCCTRHOBIEHHDIX CevcHHA (oTonene-
HHS uccnenonasumxcu SIAEP C OUCHEHHOW KPHBOUH ceue-
nna cranpapra (238U). Buaukamu o nokazanm ceuenma,
TIONYUEHHBIC NPY UCMOMBIORAHUY IKCTIC PYMEHTATLHEX
RaHHBIX 00 oTHOWIEHKSIX R(E ) M OLIEHEHHON XPHBOH
Craugapra a? (E); A-npu HCHOJIB3OB&HHH QTKOppEeRTH-

PORAHHBIX IKCNEPHUMEHTANBHBIX BEX0A0B [1,2]. Crpesxa~-
MJ NOKA33HEI 3HAUCHNS IHEPIUH CBA3H HEATPOHA. Macu-
1a6 aorapumMiueckui
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Puc.4. Cenuenns GoTopeneHun o xax QyHKLRHE IHEPIHH y-KBAHTOB E. DXCNIEPUMEHTANLHHIC ARHHDIE: O ~ HRCTOAmad pabors, ® -
[8,18), --=—n-~ - [19}
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YK 539.170

METOJINK A AHAJTUTHUIECKOI0 PACYETA CPENTHEIPYITIOBLIX ®YHKIIMOHAJIOB
HEHUTPOHHBIX CEYEHUI B OBJIACTY HEPA3BPEINEHHBIX PE3OHAHCOB

A A Tycvanoa, A.T.Beicoyxuili, B.D.Yxpaunyea
Hucmumym amomnol anepeemuxu, QOOHUHCK

THE METHOD OF ANALYTICAL CALCULATIONS OF GROUP-AVERAGED
FUNCTIONALSOF NEUTRON CROSS-SECTIONS IN THE UNRESOLVEDRES-
ONANCE REGION. The new method for analytical calculations of group-averaged
cxperimentally measurable functionals of neutron cross-sections (such as transmis-
sions) in the unrcsolved resonance region for one neutron and many radiative channels
is suggested. This method will make it possible to calculate rigorously such a function-
als for even-cven heavy nuclei as 238U. 240Pu. etc.

Ofobumenme AaHAIMTHYCCKOTO TOAX0/a, NPeatoXenHoro B [1,2], K BOCTpoeHHIO CPENHHX CeveRH B Hepaspe-
IWEHHOM 06,12CTH Ha TPYNNOBHE XAPAKTCPHCTHKH, HCMO/b3yEMBIE 1S onucaHRs 3¢ ¢EeKTOB PE3OHAHCHOTO CAMO-
JKPAHHPOBAHN A, MOXCT ObTh caOCAAHO (POPMAILHO, €CJIH YYECTD, HTO NOJIHOE CEUEHHE H CEYEHHE PANAAHOHHOIO
3aXBaTa BHIPAXAIOTCH JHIIB YCPC3 ABE BO3MOXHHE KOMOMHAUMHM CTATHCTHHECKA BOCNPOH3BOAMMEIX BEJIHYHH

(1-iRu) ™" u (1+iRpm) ™"

~2ip 2ip
- -2 01 - 2 1/ e e ¢))
0= 2tk (1-Re S,,) = 0,|cos’p 5 (l—iRM + 1+iR,'m) ’

rne oo = 4th—2 , @ CEUCHHE PaXUALMOHHOIO 3aXBaTa

1 1 1 (2)
—~iR,, 1—iR,, 1+iR;m]°

o, =0, [Re i

Torna awcoit pusnuecknis HyHKUMOHAN ceueHuit Y(0,,0) MOXHO HOPMATHRO NPEACTABHT KaK QyRKUHMIO
nepeMcHibX g=( [-iR ) v g*=( [-iRy,,). I1peanonoxuM, 4ro CyluecTByeT HHTErpaabHOE COOTHOMEHHE:

© _ . © o _ ) N e, 3
¥ (l ;—1.-) = [ [dtdr finr) e e = [ [ drdt fiaey e efmt g iRunt |
g8 0 0 0 0
TOrga cpenHee sHauenue QPyHKLUHOHANA
T T a6 a8 0048 0=CH 7rg )
<y>= [ [adtar fierye ™" Fur),
00
u+v u—-v

rae F - dyHxunsd, onpeacieHnas M uaydcHaas B pabore [2]ct = 7 M = 7 Takum obpasomM, 3anaya

HAXOXACHUA <> CBOIHTCS 31¢Ch K NOCTPOCHHIO COOTBETCTRYIOmEN hyHxmuu f( 1,7 ) ("opurunany” ¢).
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. PaceMorpuM GyHRKIHOHAN

>=< 1 > =

o + 0, coslp — -;—00 (g7 &M + gx™1 oY)

<Oxto

1 22 | (5)
. 2 » - * ] .
ogp+O0,cosp g8 —hg —h'g

rae oR - ceuenne pa3basncuns, g = 1~iRnn , & =1 + iRnn,

13 x + :: cos’p r=ne “
"OBo3nauuM p=g-h u q==g.-h., TOrAa
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NEUTRON INELASTIC SCATTERING at 5-8.5 MeV
for %°Co, ¥y, *Nb, Mo, ' 31n, 1'51n, 872 and 2”Bi’

S.P.Simakov,’ G.N.Lovchikova, V.P.Lunev, V.G, Pronyaev,
N.N.Titarenko, A.M.Trufanoy )
Institute of Physics and Power Engineering, Obninsk

The brief review of ncutron inelastic scattering doublc differential cross section meas-
urements and its theoretical analyscs for a fcw construction elcments is made. The
measurcments have been performed by time-of- flight technique at tandem accelerator
EGP-10M with the gas tritium target as a neutron source. From theoretical analyses
of the experimental data the levels density parametcers sct and the contribution of the
compound and direct reaction mechanisms were deduced. The numerical experimental
data and parameters of analyscs arc listed in tables.

Introduction

Forincident neutron encrgies up to binding cncrgy of ncutrons in nuclcus (6-8 McV), the dominant reaction
channelsis (n,n’) process. From the analyscs of cncrgy and/or angular distributions of sccondary neutrons from
this reaction the information about reaction mechanism and cxcited states structure can be deduced. On other
hand the Double Differential cross Sections (DDCS) are nceded for applicd purposes with rclatively high accuracy
of 10-209, [11.

The main goal of present work is to collectin onc report the main experimental and theoretical analyses results,
that was published early in a few journals [2], that sometimces not casy to obtain.

Experiment

The measurements have bcen performed at time-of-flight fast neutron spectrometer [3] of IPPE. The
experimental sct up is shown in fig.1. '

The monoenergetic neutrons weré produced by gas tritium target bombarded by pulsed proton beam from
tandem accelerator EGP-10M. The target arrangement is shown in fig.2. The gascous tritium filled up to 2 atm
the stainless steel cell (diameter 1x4 cm), that was separated from vacuum system of accelerator by two $8Ni foils
't mg/cmz) . The foils were cooled by helium circulated between them, The parameters of gas target as the neutron
source are listed in thc 1able 1 (details seein [4)]). It is seen that gas tritium is rather intensive and monoenergetic
neutron source suitable for fast ncutron spectrometry.

- During the measurcments the samplc under investigation was installed along the proton beam axis at 15 cm
distance from the target. The parametcrs of the samples are listed in the t1able 2. The hollow cylinder form and
relative thin walls resnlt in the low value of correction (about 15%) for attenuation and multiple scattering in the
sample. )

The neutrons scattered by the sample were registered by the scintillation detector consisted of the stilbene
crystal (diameter 6.3x4 cm) and photo multiplicr ®3V-30. The dctector was installed in the massive shield of
paraffin and metals that can be rotated around the sample. The spectrometer flight pass was 2m, the overall time
resolution - 3.5 ns.

The data processing consists the ncxt procedures:

— summation of the spectra and subtraction of the background (sample out of beam);

— transformation of timc-of-flight spcctrum to encrgy onc;

— correction for neutron dctector efficiency, the latter was mcasured by the time-of-flight spectrometry of
22 fission neutrons and polycthylene scattered neutrons;

*  Martepuan atoit cTaThH Gbin NPEACTARIEH B Bifie AOKNAAA Ha coseiuanine MATATS no nceaenosaniiio ceueiini IMHCCHit HeHTPOHOB
npw ouepru 14 MaB, 31 mapra 1992 r., Yanr Mait, Tannann
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— elastic peak separation from thetotal emission spectra. For this purpose the target neutron spectrum
(measured by detector at 0°) was fitted to the upper part of elastic peak;

- correction for flux attenuation and multiple scattering of neutrons in the samples.

The estimated total experimental errors include the next factors: statistical uncertainties (3-20%); detector
efficiency calibration (4%); absolute normalization of DDCS (3% and correction for the multiple scaﬂenng
3%).

Double differential cross-section can be found in the EXFOR library: EXFOR number 40519 - Mo, In; 40530
-Co; 40603 - Ta, Bi; 40623 - Nb; 40627 - Y. The angle-integrated differential cross-sections in laboratory system
are listed in table 3.

Theoretical Analyses

In theoretical interpretation of experimental data we try to use the basic approaches without free (where it was
possible) parameters. From this point of view the comnbuhon of the compound and direct processes can be
estimated without large ambiguities.

The Hauser-Feshbach model [5] have been used to calculate the statistical part of cross section (code SMT
[6 D). These calculations need some parameters:

— Spherical optical model potential (SOMP) for estimation of the neutron transm1ss1on coefficients. For the
better prediction we uscd the best "individual” but not "global" SOMP known for given niicleus (see references in
Table 3). ‘ :

— Discrete level parameters up to maximum (as possible) excitation energy (U,). It was taken from Nuclear
Data Sheets. ‘ ‘ ‘

— For cnergies grater than U, the back-shifted Fermi gas model [7] was used to calculate the energy and
spin distribution of excited states:

__\/: exp[2va (U-A)] (27+1 (I+1/2)*
p (B0 " (U-Ayo VG TP|= o

AUy = 0.00957 71 LA 74,

where there are three free parameters: a - level density energy dependence parameter; A - back shift;
7 = F/Fygq - the ratio of inertia moment to equivalent rigid body one.

Unfortunately, the systematics of Dilg e.a. [7 ] or Gilbert and Cameron [8] for parametem a, A and 5 did not
reproduce well the experimental spectra. That is why we deduced these parameters from the fit of the Hauser-
Feshbach model cross-section, calculated with back-shifted level density function, to the low energy part of
DDCS, where the contribution of non- statistical processes is negligible. In the fitting procedure three set of
experimental data was used to find three unknown parameters: energy dependence of spectra and low discreie
level number (ithese data influenced mainly on a and A), angular distribution of scattered neutrons (7).

The result values are listed in tab. 4 and fig.3. 1t is seen that parameters obtained differ from systematic [7,8 ].
In fig.4 the dependence of relative moment of inertia # versus the excitation energy U is shown. The solid curve
is fenomenological superfluid model calculations [15 ). The arrows and characters p or n indicate the energies of
superfluid-Fermi gas transitions Uy in proton or neutron shells. Above Uy the 7 is energy independent (Fermi
gas model prediction). Unfortunately, the experimental uncertainties are toolarge to conclude whether superfluid
or Fermi gas model is more suitable for description of energy dependence of 5.

Strong channel coupling (SCC) method and distorted wave Born approximation (DWBA) we used to calculate
the direct reaction cross section. To do these calculations we used the collective vibrational model for the first
excited states (phonon with spin 4) in nucleus. In this approach the form- factor F(r) of inelastic transitions
depends on dynamic deformation parameter 3 and first derivative from real paﬁ of the optical model potential
V: :

Ry = @1 B G
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- For the odd nuclei we used the weak coupling model: it supposcd that odd nuclcon (hole) does not affect the
collective excitation modes of even-even core. The experimental information about parametcrs U, 8 were taken
from analyses of ( p,p’ ) reaction cross-sections. For the higher excitation energics the harmonic vibrational model
and SCC method were used to evaluateé the contribution of the two phonon states. Of cause, this approach is not
valid for deformed nucleus '*' Ta. .

Thecalculated cross-sections are compared with experimentaloncs in Table 5and Fig. 5-12. The experimental
total (n,n’) cross-section was obtained by integrating the doublc differential cross section and extrapolation under
the detector threshold using Hauser-Feshbach model prediction. It is scen in Tabl.5 and Fig.5-11 that models
used reproduce the energy and angular distribution of the secondary newtrons as well as the total (n,n’)

cross-section rather good. Hence we can conclude that compound and direct processes dominates in (n,n’)
reaction for incident neutron energies and spherical nuclei under interest.

At 8 MeV for Mo and In isotopes the calculation underestimates the experimental DDCS. Tt is possnblc that
this is caused by models drawbacks and/or absence of information about excited states. The second reason is
possible connected with the small contribution of third mechanism, e.g. precompound, doorway etc. Since the it
contribution have to increase with increasing of incident ncutron energy, it is interesting to analy ze the neutron
spectra in the more wide energy range.

We took 2%°Bi for which, besides 5-8 MeV data, there are DDCS at 14 MeV [16 ] and 26 MeV [17]. In Fig.13
. these experimental angle-integrated cross-sections as a function of the residual nucleus excitation cnergy are
shown in the center of mass system. The main tendeacy with increasing of incident energy is following: shifting
of the compound processes to the higher excitation energy (where the level density is large) and broadening of
the non-compound part. In Fig.14 the non-compound part of spectra gy,ucomp = (Fexp — Fcomp) and og; are
shown versus the incident energy. It is seci that the differences between these two values increase. The analyses
performed at 26 MeV [18 ] have shown that it can be eliminated by taking into account the pre-compound decay
from closed configuration.
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Table 1
Parameters of gas trftium target as a neutron source
N Parameter Values . ]
1 Neutron energy along the beam axis, MeV 5 6 7 8
2 Neutron yield, 108n/(s sr pA) 1.3 1 0.8 ; 0.7
3 Proton energy, MeV 6.5 7.4 8.4 8.3
4 Proton angle spread, degrees 3.5 3.0 2.7 2.4
5 Neutron energy resolution, MeV 0.07 0.06 0.05 0.05
6 Non T(p,n) reaction neutron yleld, % 0.03 0.08 0.30 -1
Table 2
Parameters of the samples
N Nucleus Purity,% ogi:f“feteﬁﬁ:r Height,cm Mass,g
1 %o 99.8  4.00 3.0l 5.14  244.4
2 89Y 99.8 4.49 3.02 - 4.40 172.3
3 93Nb 99.8 4.50 3.00  4.52 298.3
4 Mo 88.7 3.10 1.60 5.00 282.1
5 113, 99.9  2.33 1 3.95 82.9
e 15, 99.9  3.00 1.4 4.52  182.8
7 181Ta 99.5 3.40 2.40 5.00 373.2
8 209Bi 99.8 4.49 3.01 5.00 429.1
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Table 3

m

N0 LU Ok E Rk ?-9)9’? w (JPJh)h)h) 9)?'? il o

Angle-integrated neutron. inelastic cross-section and
absolute errors [mb/MeV] in laboratory system
Cobalt-59 Yttrium-89
" MeV .

4.98 5.97 7.00 8.09 4.86 6.08 7.02 7.94
.6 53989%10 63563 524+52 435144 903157 891+53 1041+62 967+61
.8 68368 53860 575157 463+46 969153 968158 934+56 843152
0 758+76 696170 568+57 445144  726+44 87152 842151 724144
2 60060 614161 580158 42042 729%44 727+44 736144 62538
4 469+47 51151 530153 389+39 552+34 595+36 649133 563135
6 52052 429%43 46947 373+37 662+40 40925 5B6134 505+31
8 48048 40240 386139 338+34 541*33 378123 513+31 438%27
0 332+33 404+40 378+38 324132 325+20 314*19 423*25 374123
.2 27127 327+33 358+36 305131 31720 304+18 371#22 317120
4 251225 279128 287129 276+28 20113 270+16 31519 283%18
.6 276128 281128 244124 230+23 166+11 210*13 237*14 264#*17
8 195120 242424 236124 1S4+*19 176%12 243#%15 201*12 223*15
.0 136%14 172+17 225%23 194%18 359+22 188%12 171#10 19013
2 20320 141+14 179+18 176+18 293+18 160*10 155+ 9 166%12
4 263126 140%14 159%16 149*15 128+ 9 140+x 8 127+ 8 140*10
6 232+23 13514 15015 13313 94+ 8 103x 6 112x 7 116*10
8 132+13 108%11 126+13 128+13 144%11 75+ 4 121x 7° 93 8
0 583+ 5 8810 83+ g 123*12 103+ 9 B89+ 5 127+ 8 84+ B
2 45+ 5 129%13 80 8 103*10 113+ 7 110¢ 7 73t 7
4 161+16 74+ 88t 9 103+t 6 96t 6 66 6
6 148+15  75% 81+ 8 87+ 5 78 5 55% 6
8 g8+10 - 66% 73+ 7 95+ 6 65t 4 666
0 72+ 58+ 6 115+ 7 65x 4 70+ 6
2 94+ 53+ 5 100+ 6 74* 4 B7t 6
4 107+11 51+ 5 66t 4 78+ 5 636
6 102+10 51% 5 75+ 4 58 6
8 70+ 7 55% 6 76 5 48 5
0 31+ 3 66 7 71+ 4 51 5
2 87+ 9 56+ 3 55 5
4 102+10 18+ 1 56 5
6 108+11 58+ 6
8 102+10 72+ 6
0 g5+ g 76+ 7
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E Niobium-93 Mol ibdenum
MeV o
5.23 6.22 7.23 8.01 4.91 5.98 6.98 8.01
.6 1239476 1082+66 1009164 876+54 13081738 1187172 1220+75 1048164
.8 1127468 10184162 8387154 816149 1153+70 1061164 1034162 890154
1.0 984+58 920156 796+48 688+42 940157 93256 909155 744145.
1.2 837151 835450 742145 623+38 75145 828+50 799+48 654+40
1.4 712+43 684+41 696+42 567134 632x38 701+42 685141 583135
1.6 584+35 5391+36 570+35 509131 517431 6591+36 573+35 505131
1.8 532432 487+30 492+30 448+27 486429 491+30 483129 430126
2.0 511#31 437127 432126 392124 368+22 40625 402+24 360122
2.2 417425 386124 359422 344+21 304+19 330320 354122 310+19
2.4 308118 326+20 312+19 296+18 25516 275+17 295+18 259*16
2.6 228+14 276+17 276+17 256%16 197+12 .230+14 246%15 218%14
2.8 217+13 246+15 234+15 219%14 150+10 212+13 205+13 189+12
3.0 224*14 233+15 204%13 185%12 113+ 7 177+11 168+11 16010
3.2 178%11 194+12 179+12 160%10 128+ 8 151+ 9 140+ 9 140% 9
3.4 14410 147+10 153%10 129+ 9 108+ 7 141+ 9 121+ 8 1191 8
3.6 135+ 9 126% 9 133+ 9 113+ 7 83+ 6 124+ 8 112*x 7 100+ 7
3.8 14610 131+ 9 125+ 9 101+ 7 117+ 8 103+ 7 108t% 8 86+ 6
4.0 171#11 127+ 9 119+ 8 83+ 6 153%10 83+ 6 95+ 7  74%* 5
4.2 186%12 110 7 102% 7 78t S5 - 77+ 5 89+ 6 61+ &5
4.4 15227 102+ 7 g2+ 6 72+ 5 74+ 6 g4+ 7 56+ 4
4.8 82433 104t 7 90+ 6 71+ 5 76t 6 g1+ 6 57+ 4
4.8 125+ g 890+ 6 67+ 5 g4+ 8 83+t 6 - 57+ 4
5.0 141+12 85+ 6 67t 5 108+10 73+ 5 65t 5
5.2 80t 6 65t 5 g8+11 67t 5 641+ 5
5.4 80+ 6 64t 4 68+ 5 66+ 5
5.6 75+ 7 72+ 5 80t 6 70+ 5
5.8 8611 75t 5 104+ 7 69+ 5
6.0 9019 75t 5 1121+ 8 65+ 5
6.2 93423 66% S 85+ 7 57+ 5
6.4 9030 77+ 5 57+ 5
6.6 85+ B 65+ 5§
6.8 g2+ 6 T2+ 6
7.0 96+ 6 77+ 7
7.2 80t 6 63t 6

" Table 3. (continued)
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Table 3. (continued)

E Indium-113 Indium-115
MeV
5.34 6.47 7.49 8.53 5.19 6.47 7.49 8.53

6 1639*164 1414*141 1283%128 1120*112 1639*164 1547+139 1197+108 1081%37

.8 1443+144 1242+124 1150%115 1040+104 1664+150 1348+121 1024+ 92 982188
1.0 1230+123 1066+107 1016+102 925+ 93 1487+134 1198+108 912+ 82 873479
1.2 961+ 96 921+ 92 899+ 90 815+ 82 1255+113 1034+ 83 818+ 74 775170
1.4 762+ 76 751+ 75 806+ 81 708+ 71 972+ 87 841% 76 710+ 64 677161
1.6 590+ 59 613* 61 661+ 66 607+ 61 767+ 69 675t 61 607+ 55 57852
1.8 464+ 46 491+ 49 533+ 53 496+ 50 595+ 54 537+ 48 483% 43 47242
2.0 362+ 36 373% 37 432+ 43 423% 42 448+ 40 434+ 39 404+ 36 383+34
2.2 265+ 27 303+ 30 354+ 35 344+ 34 338+ 30 336+ 30 333+ 30 314228
2.4 192+ 19 234+ 23 286+ 29 296+ 30 249* 22 268+ 24 256+ 23 266+24
2.6 156+ 16 192% 19 231+ 23 233+ 23 184+ 17 206+ 19 204+ 18 218120
2.8 156+ 16 155+ 15 189+ 19 189+ 19 166% 15 167+ 15 175+ 16 183*17
3.0 139+ 14 129+ 13 147+ 15 152+ 15 158+ 14 134+ 12 144+ 13 152#*14
3.2 105+ 11 108+ 11 120+ 12 138+ 14 128+ 11 113+ 10 118+ 11 13012
3.4 80+ 8 85+ 8 103+ 10 122+ 12 78+ 7 97+ 9 g5+ 9 11010
3.6 91+ g 82+ 8 G0+ 9 108+ 11 63+ B G0+ 8 88t 8 90t 8
3.8 106 11 89+ 9 77+ 8 86 9 92+ 8 102+ 9 78t 7 77+ 7
4.0 132t 13 90 9 78+ B8 74+ 7 137+ 12 104+ 9 68 6 65+ 6
4.2 111+ 11 * 79+ 8 70+ 7 68+ 7 145+ 13 89+ 8 'B3* 6 55+ 5
4.4 97+ 10 57+ 6 63+ 6 53+ 5 85+ 8 67+ 6 B3+ 6 54 5
4.6 90+ 9 658t B 66t 7 54+ 5 56+ 5 54+ § 70+ 6 45+ 4
4.8 72+ 7 T8t 8 45+ 4 91r 8 B8t 6 81 7 44+ 4
5.0 103+ 10 838+ g 50+ 5 101+ 9 84+ 8 45% 4
5.2 g7+ 10 86* Qg 56+ 6 115+ 10 78+ 7 50+ 4
5.4 80+ 8 74+ 7 54+ § 107 10 71x B 46% 4
5.6 75+ 7 70+ 7 51+ 5 98 9 T71* B 54+ 5
5.8 g5+ g 76+ 8 65+ 7 116 10 82+ 7 62* 6
6.0 98+ 10 84+ 8 109+ 10 79+ 7
6.2 108+ 11 77+ 8 118+ 11 81+ 7
6.4 g0+ 9 74+ 7 98+ g 66% 6
6.6 ) 54+ 5 83+ 8 85+ 8 67+ 6
6.8 79+ 8 79+ 7
7.0 89+ 9 g0t 8
7.2 104+ 10 101+ 8
7.4 115+ 12 ' 110+10
7.6 120+ 12 110+10
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Table 3. (continued)
E Tantalum-181 Bismuth-209
MeV
5.19 8.47 7.45 7.94 4,99 5.97 7.00 8.09

.6 2058+124 1549+94 1785+108 1519+93 1791+109 115172 782+51 860155

.8 1875+113 1494+30 1544+ 93 1357+82 2039+123 1267*77 893155 853152
1.0 1570+ 95 1320480 1364+ 82 1182+72 18061109 1338+81 952158 835151
1.2 1245+ 75 1134+69 1186+ 72 1009161 1151+ 69 1179+71 1041463 829+50
1.4 971+ 59 801155 999+ 60 856152 854+ 52 975+53 970+59 780+47
1.6 736 44 699+42 814t 49 696+42 766+ 46 1188172 991160 728+44
1.8 548+ 33 550+34 640* 38 546434 752+ 46 1157 70 920+56 641+39
2.0 416% 25 418+26 513+ 31 453+28 403%* 25 872*+53 B845+51 649+39
2.2 315+ 19 337121 407+ 25 360+22 678+ 41 56134 723+44 610+37
2.4 237+ 15 265+17 310+ 19 294+19 522+ 32 392124 624+38 527132
2.6 177+ 11 206+13 251% 16 230%15 75+ 6 326320 627+38 458128
2.8 133+ 9 16111 207+ 13 192%13 28+ 4 27917 512+31 398125
3.0 106 7 129+ g 172+ 11 159#11 41+ 4 209114 355122 349122
3.2 82+ 6 104+ 8 145+ 10 138+10 100x 7 285*18 213*14 277%17
3.4 70+ 5 83+ 7 125+ 9 113*10 104+ 8 218+14 156+11 248*16
3.6 76 © 71+ 6 109+ 8 101+ 8 59+ 6 61+ 7 14410 252*17
3.8 87+ 7 65+ 5 g7+ 8 89+ 8 112+ 9 23+ 4 130%10 227*15
4.0 84t © 55+ 5 86r 7 79+ 7 177+ 12 26 5 132+10 17112
4.2 74+ 6 50+ 5 71+ 6 71+ 7 124 10 40+ 5 169%12 114+ 9
4.4 111+ 8 44+ 5 68+ 6 70+ 7 52+ 6 136+*10 82+ 7
4.6 204t 14 48+ 5 65+ 6 58+ 6 52+t 6 54+ 6 76t 6
4.8 51+ 5 59+ §5 53+ 6 60t B 17+ 5 76+ 6
5.0 B2+ 5 61+ 5 52+ 5 48+ B 162 4 84* 7
5.2 66 6 60 5 44+ 5 98+11 23+* 5 102+ 7
5.4 76 6 65+ 5 43+ 5 29+ 5 105+ 7
5.6 i01 8 69t 5 45+ 5 2B+ 5 ©66* 6
5.8 134 10 75+ 6 53+ 5 25+ 5 38t 4
6.0 142 11 84+ ©6 52+ 5 24+ 6 33% 4
6.2 g5+ 7 63* 6 43+ S5
6.4 102+ 7 65+ 6 48+ 5
6.6 112 8 70+ 6 50+ 5
6.8 96 8 81+ 7 59+ 6
7.0 89+ 7 681+ 6
7.2 91+ 8
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i Table 4
Parameters for Hauser-Feshbach model
Nucleus SOMP Uc,MeV a,MeV * A, MeV -
5%¢o (9] 2.8 7.9 0.6 1.02:0.37
89y [10] 3.8 8.9 1.8 0.44%0.28
Bwp (101 1.7 11.2  -0.2  0.51#0.17
Mo {11] 1.3 13.3 0.8 0.53%0.12
1134, [12] 1.6 17.9 0.8 0.500.17
1S, [12] 1.5 18.0 0.8 0.410.09
18l1a [13] 1.4 17.1 0.8 0.240.08
2OgBi [14] 3.3 12.7 1.6 0.29+0.04
Table &5
Comparison of experimental cross-section(mb) with calculated
0. compound, Tyir” direct scattering, Og = O+ Oy
experim. theory experim. theory
Nucl E, o o o o Nucl E, o o o .
© MeV nn’ c dir " Z © MeV nn’ c dir X
4.99 15001100 1488 64 1552 5.34 2420%+180 2135 216 2365
SQCO 5.97 1530+120 1489 70 1558 113In 6.47 2250+180 2119 226 2345
7.00 15301120 1479 75 1554 7.49 2270180 2088 220 2308
8.09 1420%110 1458 72 1531 8.53 2250180 2080 206 2286
4,86 1730+140 1884 78 1862 5.19 24401200 2121 228 2349
BQY 6.08 1880%150 1836 87 1823 115In 6.47 25101200 2103 234 2337
7.02 1970+160 1843 92 1935 7.48 20801160 2072 227 2299
7.94-1870+150 1848 89 1937 8.53 2130x170 2070 211 2281
5.23 2170x170 1782 269 2051 5.19 3010240
93Nb 6.22 2130+x170 1807 244 2051 181Ta 6.47 2640210
7.23 2010+160 1830 227 2057 7.48 2830+230
8.01 18380+130 1834 218 2052 7.984 2640%210
4.81 1840+140 1888 267 2155 4.899 31101250 2466 112 2578
M 5.88 2050140 1788 254 2053 209Bi 5.87 2650+210 2502 140 2642
© 6.98 2100150 1777 243 2020 7.00 2510200 2548 170 2718
8.01 1950+130 1784 237 2021 8.09 24501200 2386 163 2551
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YK 539.125.5
14 MeV FACILITY AND RESEARCH IN IPPE’

S.P.Simakov, A.A.Androsenko, P.A.Androsenko, B.V.Devkin, M.G.Kobozev,
A.A.Lychagin, V.V.Sinitca, V.A.Talalaev
Institute of Physics and Power Engineering, Obninsk

D.Yu.Chuvilin, A.A. Borisov, V.A.Zagryadsky
Institute of Alomic Energy, Moscow

Review of experimental facility and research, performed at 14 MeV incident neutron
encrgy in the Institute of Physics and Power Engineering, are given. These studies
cover the next topics: double differential neutron emission cross sections (DDX),
neutron-gamma coincidence cxperiments (n,n’y) and neutron leakage spectra for
sphcrical asscmblies (benchmark). The paper contents description and main parame-
ters of pulscd neutron generator KG-0.3, fast neutron time of flight spectrometer,
mcasuring and data reduction procedures, revicw of experimental data. Results of
experiments are comparcd with other data; evaluated data files BROND-2, ENDF/B6,
JENDL-3; basic theoretical and transport model calculations.

Introduction

The devclopment of fission and fusion reactors technologies as well as others applications of radioactivity
require the prediction of transport of radiation in the complicaied systems and accurate evaluation of induced
radiation cffects. In particular, the conceptual design of International Thermonuclear Experimental Reactor
(ITER}, devclopment of Fusion-Fission Hybrid R cactor and others projects are currently underway. This results
in the number of ncutronics studies of the principal materials and components: first wall, blanket and magnet
shicld, biological protection, safety etc. [1-4 1. Such studies combine the wide variety of differential and integral
experiments {5-8 1.

At the 14 MeV pulsced neutron generator KG-0.3 and Time of Flight (TOF) fast neutron spectrometer {91 of
Instituie of Physics and Power Engineering during the last decade the following experiments and their results
analysis have been performed:

— Double Differential Neutron Emission Cross Sections (DDX),

— Neutron Inelastic Cross Section (n,n'y),

— Neutron Leakage Spectra for Spherical Assemblies (benchmark).

The Double Diffcrential ncutron emission and (n,n’y) cross- sections at 14 MeV incident energy, besides the
practical importance mentioned above, are rather interesting with basic point of view. From theoretical analysis
of cnergy and/or angular distributions of secondary neutrons the information about different reaction mechanism
contribulions and excited states parameters could be derived. At 14 MeV incident energy (n,2n) and (n,n’y)
reactions contribute practically 1009, of non-elastic cross-section for nonfissile nuclei. It is interesting to measure
scparately the spectra of neutrons and cross sections for these reaction, since the competition between the (n,2n)
and (n,n’g) channcls depends on gamma and neutron decay widths at excitation energy of target nucleus just
above the neutron binding energy.

In the prescnt work the review of experimental technique, performed measurements, update results and their
analyses are presented.

*  Marepuan GbUt nPEACTABACH B BHAC AOKAANA HA CEMUHAD NO HEHTPOHHLIM 3KCIIEPHMEHTAM LIS TEPMOSACPHBIX HCCACROBAHKH, 21-22
centabps, 1992, Gdpackar, Uranus
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Pulsed Neutron Generator KG-0.3

The basic equipment is a Cockeroft-Walton accelerator with RF electromagnetic discharge ion source and RF
deflection and klystron bunching systcm [9 ]. The main specifications of ncutron gencrator arc listed in Table 1.

The chopping and bunching of an ion bcam are carricd out before acecleration. At first step the beam is
deflected by the sine voltage of 10 MHz frequency or 100 ns period, thus 20 ns leagth beam pulses pass through
theslit. Bunching of the ion clusters are carricd out in two-gap bunchersystcm at the same frequency. The buncher
.compress the ion pulses up to 2 ns at target point. To obtain the desired pulse period, the second beam deflecting
system is used. The SOns-width pulscs with pcriod equal 2"*100 ns make it possible to pass through diaphragm
only first, second, forth ...2" beam burst.

After high voltage accelcration the deutcron beanm passes through analyzing magnct, focusing quadrupole
doublet and strikes target. Usually the air cooled TiT targets on diameicr 11 mm Cu backing arc used in the
neutronics experiments. About 50 cm before the target the pick- up clectrode is placed inside the ion drift tube to
receive the stop pulses for TOF analyses.

Double Differential Neutron Emission Cross Sections (DDX)

Spectrometer for DDX and (n,n’g) experiments

DDX measurements. In the case of DDX mcasurcments the expcrimental sct-up is shown in Fig.1. The
measurements have been performed cither with short (2-4m) or long (7m) flight paths. In the first case neutron
detector is installed in massive shicld composed of paraffin-LiH mixture and lcad. The dircct ncutron flux from
the target was attenuated by a shadow bar of iron and copper. The advantagc of short path is a larger specirometer
aperture (high counting rate) and independence of initial neutron cnergy versus the scattering angle, since the
detector rotates around the scattering sample. The cncrgy resolution in this case is equal 2-1 MeV.

Toperform the measurcment at long flight path (7.1 McV) the ncutron detector is installed behind the concrete
wall in lead house. Scattering angle is changed by shifting the sample along the detector axis that result in the
changing of the incident encrgy from 14.8 at 30° to 13.4 at 150°. But at this flight path the cncrgy resolution is
about two times better (0.6 MeV). The later is very important for mcasurement of the high energy part of neutron
emission spectra where energy groups corresponding cxcitation of discrete Ievels are appeared. Unfortunately it
is impossible do drill the hole in direction perpendicular to deutcron beam axis and make the incident energy
angular independent.

Taking this into account sometimes we combined the measurcments at both flight path: low energy part (0.5
- 10 MeV) of the spectra at short flight path and high energy (3 - 14 MeV) - at long onc. The main parameters of
experiments are listcd in Tab.2.

Scattered neutrons were registered by a detector consisted of a NE-218 liquid scintillator (diameter 10*5 cm)
.coupled with XP-2041 photo multiplicr or paraterfenil crystal diameter 5*5 cm plus photo multiplier ®JVY-143.
The later scintillator has a light output 1.7 times as much as that of NE-218, so detector threshold can be
decreased. The minimum detcctor threshold is about 50 keV. The detectors outputs were fed into CAMAC
electronic modules connccicd on line with SM-1420 computer. Anode pulscs were used for fast constant fraction
timing (start) as wcll as for gamma-neutron pulsc shape discrimnination. The overall time resolution of
spectrometer is about 3.5 ns.

The neutron detcector cfficicncy (Fig.2) was experimentally determined by three methods. In the first one, a
miniature designed 252Cf jonization chamber (10° disintcgration/s) replaced the sample. Spectrum of prompt
fission neutrons was measured by TOF method. The dctector efficiency was then reduced from comparison of
measured spectrum with the standard one {161}

In the neutron encrgy region above 6 McV, where statistical accuracy with 252¢f source becomes poor,
efficiency was measured relative to n-p scattering cross-scction [17]. In this case we placed at the same spot a
fast scintillator (stilben crystal diameter 1*4 cm+ PM) detector, that gave the stop pulses for the TOF scparation
of hydrogen scattered ncutrons. )

At 14 MeV ncutron cnergy the efficiency was measurcd by associated alpha particle method. In that case the
- absolute counting of ncutron yicld from the target was carricd out by accumulation the energy spectrum of the
associated a-particles with encrgy 2.9 MeV. The silicon surface-barricc (SSB) a-dctector was installed in beam
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tube at 173° 1o the incident deutcron beam. The calibration of the detector was performed with spectrometric
28py a-source with cnergy 5.7 MeV. It is known that SSB-detector efficiency is energy independent, that make
this calibration procedure correct.

The absolute normalization factor for converting the neutron spectra to DDX was obtained from comparison
with the n-p scattering cross-section (as described above) and by aluminum foil activation method. In the later
case Al foils replaced the sample and were irradiated, the target neutron yield been monitoring by Long Counter.
The activity of irradiated foils was then measured by 8—y coincidences spectrometer. These data and the standard
27Al(n,cz) reaction cross-section [17 } were used for calcunlation of the incident neutron flux at the sample position.

The neutron gencrator pulse mode was controlled by time of flight monitor consisted of fast plastic scintillator
CIIC-15B (diameter 2*2 cm) and FEU-87. The time resolution of this detector was 0.4 ns. For monitoring neutron
yield from the target and making possible normalization of different runs a Long Counter was used.

(n,n’) Experiments. The principle of experimental selection of neutrons from (n,n’y) reaction consists of
registration of neutrons in coincidence with the gamma quanta of specific energy. Let us illustrate this for the case
of 208Pb(n,n’y) reaction (Fig.3). It is known that with 95-999, probability [18], 208py, excited states feed by
gamma cascade the lower 2.61 MeV state. Thus the spectrum of neutrons measured in coincidence with 2.61 MeV
gammas will correspond the 20Z‘I’b(n,n’y) reaction. .

The lay-out of this type experiment is shown in Fig.4. For the detection of gammas we used NaJ (diameter
10*10 cm)+FEU-141 scintillator detector. The ring sample had a such size (R=3.8, r=2.5, h=1 cm) that to receive
the maximum count rate {about 10 true events/hour) and to shield both neutron and gamma detectors from target
direct flux by shadow bars.

For 2%8pp (n,n’y) measurements, the electronics, at first, select gammas from neutrons by time of flight (Fig.3).
Then selected events fed amplitude analyzer. Two windows were set up in energy gamma spectrum. The first
corresponds the 2.61 MeV energy, the second - a little higher. The time of flight spectrum of neutrons coincident
with these two windows was recorded in different memory groups as effect+background and background,
respectively.

DDX and (n,n'y) experimental results and comparison with other experiments and evaluated data

The obtained experimental data are corrected for neutron flux attenuation and multiple scattering in the
samples. These corrections were calculated by Monte-Carlo code SSE or BRAND using the evaluated or
experimental neutron data. The uncertainties of experimental data include statistics (3-50%,), detector efficiency
error (5%), absolute normalization (49} 2nd correction function (39%) errors. Here we demonstrate
experimental data for a few elements. The numerical data for elements listed in Tab.2 are available in the papers
quoted or on request.

In the neutron emission experiments there is the problem of separation of elastically scattered neutrons. These
neutrons were subtracted in the following way. During the experiment the spectrum of neutrons scattered by
208p, sample was measured. Due to high excitation of the first level (2.7 MeV) the elastically and inelastically
scattered neutron groups are separated. The 208py, elastic peak was then fitted to the upper part of elastic peak
in the time of flight spectrum of neutrons scattered by heavy mass nuclei.

In the case of light nuclei (e.g. 9Be) the situation is more complicated: elastically scattered neutrons decrease
its energy strongly that results in the broadening of the elastic peak. This effect is illustrated in Fig.5, for the
reaction *Be(n,xn) at 90°. The solid line curve is calculated spectrum of neutrons elastically scattered by the
beryllium sample. The calculations were done by Monte-Carlo method using SSE code. The multiple elastic
collisions, kinematic effects were taking into account to calcilate the time of flight spectrum collected in the
detector, i.e. the real experimental conditions were simulated. The time of flight spectrum was then transformed
to the energy one and folded with the time resolution function of the spectrometer. Finally, the spectrum obtained
was fitted 1o the upper part of elastic peak in the Be neutron emission spectrum. The dashed carves in the Fig.5
are the contributions of single and multiple elastic collisions. It is seen that single elastic scattered neutroas peak
have the shape close to 208Pb(n,nelasﬁc) peak, but multiple elastic scattering contribution changes this shape
noticeably.

Beryllium. We compare our measurements with A. Takahashi e.a. data [19]. The agreement is rather good. In
the experiment of H.Hogue e.a. [20] the cross-section of inelastic neutron scattering to the 2.43 MeV level was
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measured at 14.94 McV incident encrgy. The angular distributions of these neutrons compared to our results and
ENDF/B6 evaluation arc shown in Fig.6 in the center of mass system. It is secn that our data demonstrate less
angular anisotropy. '

In Fig.7 the angle-integratcd cross section is shown. The arrows indicate the level scheme of the %Be nucleus.
It’s interesting to notice that only dcfinite states (ncgative parity) are populated through the inelastic scattering.
In this figure experimental results of two our cxperiments arc shown: the data of present one (flight path 7.1 m)
and of the previous experiment that have been performed at 3.1 m flight path. It is scen that increasing of the
flight path increasec the energy resolution of the spectrometer. This results in to the better scparation of the neutron
groups, corresponding the excitation of Be levels.

Tungsten. In Fig.8 our experimental results are compared with A.Takahashi e.a. experimental [21] and

- A.Pavlik, H.Vonach compilation [22 ] data. The agrccment is rather good.
The experimental data are compared with ENDF/B6 and JENDL-3 evaluated data as well. It is seen that both
- files underestimate the emission spectra in 8-13 McV energy interval. The peak near 14 MeV corresponds the
inelastic scattering with excitation of low discrete levels (folded with the energy resolution of the spectrometer).
It seems that these evaluations contradict the energy bchavior of high energy part of the spectrum. Besides, in
.the JENDL-3 the conjunction of spectra of neutrons from (n,2n) and (n,n’) reactions is not correct. All these files
do not take into account the angular anisotropy of the inclastically scattered neutrons, that is rather strong for
the high energy part of the spectrum, _

Chromium-52. The spectrum of neutrons from 52Cr(n,n’y) have been measured in [23]. Comparison,
performed in [11], indicated that results of both experiments are in reasonable agreement. Qur experimental
data for (n,xn) and (n,n'y) reactions at 14.1 MeV incident energy are compared with ENDF/B6 evaluation
(14.5 MeV) in Fig.9. It is seen that there is disagreement in high energy part of spectrum.

" Lead-208, Bismuth-209. The comparison of DDX from 2°’Bi is made with data of Pavlik and Vonach [22],
who evaluated the data of 4 experiments. The deviation of present experiment results from [22 ] does not exceed
10%, except the high energy part of spcctrum, where data [22 ] have worse encrgy resolution. The high energy

resolution ekperimental data of Takahashi c.a. [2] Jhave been measured only at two anglcs and was not corrected
for multiple scattering effects. Discrepancy between our and {19 ] data somewhere have a value of 50% or more.

The differential neutron emission and inelastic scattering cross-section from pure isotope 208py, have not been
measured previously. These data are compared with ENDF/B6, JENDL-3 and BROND-2 [24] evaluations in
Fig.10, It is seen that BROND-2 and JENDL-3 prediction for (n,n’y) shape and absolute value differ much from
experimental results.

The energy-angle-integrated cross-sections are listed in Tab.3. Extrapolation of cross-section below the
detector threshold was made using the models calculations described below. It is seen that agreement of integrated
cross section is better than the differential one. Neverthcless BROND-2 and ENDF/B6. underestimate

: me(n,2n) and JENDL-3 overestimate 2OBPb(n,n’y) cross-sections.

k Theoretical calculations and analyses of experimental results

The theoretical approaches will be demonstrated for the case of two adjacent nuclei: 208pp, and 29%Bi. 2®pb is
a double-closed- shell nucleus, on the other hand the neighboring clement 209B; has a valence protons in hg/y
shell. It is known that a few low lying levels in 2098 can be described in the model of weak coupling of valence
proton with the vibration states in magic core 208Pb, but othcrs levels - as single particle/hole transitions {25].
The comparison of ncutron experimental spectra from 208pp, and 2°°Bi can give the information about what kind
of states populated in neutron non-clastic reactions, the validity of weak coupling model and energy dependence
of level density function.

The reaction cross-sections were calculated in the framework of compound and direct mechanisms. The
statistical part of reaction was calculated using Hauser-Feshbach model, including angular momentum and parity
conservation, competition between neutrons, gammas and charge particles emission. We calculated neutron
emission coefficients with optical model potential of Rapaport e.a. [26] for lead and of Lawson e.a. [27] for
bismuth. The transition to the discrete Ievels of residual nuclei was aken into account. For example: 20 states till
the excitation energy U=4.2 McV for the 2%®Pb and 40 states till U=3.6 MeV for 2Bi [18 ]. At the higher excitation
encrgies level density function, that takes into account shell, superfluid and collective effects [28 ], was used. The
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radiation strength functions for EA and MA transitions, influenced on the gamma-neutron competition, were
calculated in Axel-Brink model. They absolute normalization corresponds the experimental observed radiation
width at ncutron binding excitation energy [29]. .

The direct neutron inelastic scattering cross-section was estimated using a coupled-channel model and
distorted wave Born approximation. Form-factors of the direct transitions were calculated in Bohr-Mottelson
model for collective excitation modes. The excitation energies, deformation parameters of vibration states in 208py,
was taken from the similar analyses of 2Ogl’b(p,p’) reaction {30,31]. The same parameters was taken for 209g;
(the modecl of weak coupling hg/2 proton with vibration states of magic core 208pyy).

The cxpcerimental angular-intcgrated neutron emission spectra for 208p}, and 20%Bj are shown in Fig.11. These
spectra practically coincide each other in the whole energy region ( the ratio of 209B; cross-section 1o 2%8Pb one
is shown in the insert of Fig.11}. The angular distributions of secondary neutrons agree for these two nuclei as
well.

Therefore, from the comparison of DDX we can make conclusion that adding of one proton to closed-shell
208p1, docs not influcnce on cnergy/angle distributions of secondary neutrons. What does it mean with physical
point of vicw? We can reccive the answer after comparison of experimental and calculated data.

Such comparison is shown in Fig.12. It is seen that compound component describes the low-energy part of
spectra. The agreement of spectra from both nucleus means the equal energy dependence of level density functions
for the residual nucleus. The direct component contributes to the high energy part and satisfactory describes the
excitation of the first 3™ state. Thus we can make conclusion that in direct inelastic scattering only the collective
states are practically excited, and weak coupling model is a good approximation for the 209g;,

In the intermediate energy region the theoretical model calculation underestimate experimental DDX. The
diffcrence between cxperimental spectra and compound one is estimated to be 350 mb, whereas the total direct
cross-section equal 210 mb. The remained part (40%) of noncquilibrium process can result from missed in
calculation collective or single particle states, or from more complicated multi-step processes.

The spectrum of neutrons from reaction 208Pb(n,n'y) is shownin Fig.12. For neutron energies above E2,=6.64
MeV (maximum energy from (n,2n) reaction) the spectrum of inelastically scattered neutrons have to coincide
with the emission ncutron spectrum. In lower energy region (when excitation of 208py, after the emission of first
ncutron exceeds the neutron binding energy) the contribution of neutrons from (n,n’y) and (n,2n) reactions
becomes energetically possible.

It is intcresting to notice that (n,n’y) spectrum sharply decrease with decreasing of neutron energy at S MeV
but not at Eq2,. In Fig.12 it is seen that this critical point corresponds the possibility of population of high spin
isomeric Icvel 13/2 (U=1.68 MeV) in reaction 208Pb(n.2n)207Pb. This effect can be described if one take into
account the total spin conservation law. The high orbital momentum (about 12/2), input by 14 MeV neutron, can
not be compensated by two neutrons with total energy less or equal Epz,. Therefore 2°8Pb(n,2n) reaction will
populate with higher probability the high spin states.

These gualitative explanation is confirmed by statistical model calculation, in which the gamma-neutron
compctition and spin conservation law are taken into account. Since the sum of compound and direct cross-section
undcrestimates the experimental one in energy region under interest, we introduced precompound emission of
the first ncutron. As can be seen in Fig.12, the spectrum of inelastically scattered neutrons is satisfactory
described. 1t is interesting to notice that reaction 2OBPb(n,n’y) with 20%, probability results in population of
unbound states in 2°®Pb. It means that sum energy of gammas from this reaction have to be about 0.7 MeV larger
in comparison with case when gamma competition is absent. We would like to notice that ENDF/B6 evaluation
(distributed at the same time when our data have been published [14 D) predicts (n,n’y) spectrum very well (see
Fig.10).

Neutron Leakage Spectra

Benchmark experiments
We have made the time of flight measurements of neutron leakage spectra from sphere piles with T (d,n) and
Cfsources. These experiments are similar except the sources. The parameters of the shells investigated are listed
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in Tabl.4. The hole in the sphere is uscd for input of ncutron source. Preliminary experimental results were
'pul_alished in [32], final - in [33], numerical data are available on request.

14 MeV Experiment. Expcrimental sct up is shown in Fig.13. Source assembly design with diameter 28 mm
TiT target is shown in Fig.14 (insert "a"). The angular distribution of source neutron yicld was measured by: i).
Simultaneous irradiation of ten Al foils, located at 10 cm distance around the target, and counting the induced
activity of 24Na by the S—y technique; ii) .Measuring of the ncutron yicld by TOF mcthod. In the last case the
angular resolution (about 1°) was sufficicnt to measure the narrow deep closc 10 90°. To decreasc this attenuation
we became use more upgrading source design with diameter 11 mm TiT target inside thin Al holder (insert "b").

The leakage spectra from the shells were measured by scintillator detector at 3.7m flight path. The background
was measured with 1m long iron shadow bar, the number of source neutron was determined by measuring
a-associated particles, .

282y Experiment.The geometry of benchmark experiment with Cf ncutron source is shown in Fig.15. The fast
ionization chamber with 252Ci’, that gives the stop pulses for TOF analysis, was installed in the shell center. The

. intensity of source was about 5*10° n/sec. The chambcr was fabricated rather miniature (diameter 20*0.18 mm
electrodes, 0.35 mm wall thickness), that results in small corrections (1-3%,) for the staiidard Cf neutron {ission
spectrum, '
The flight path was 3.85 m, the time resolution - 3 ns. The total number of source neutrons during experiment
was obtained by counting the 252C¢ fission fragments and using known value of prompt fission neutrons»=3.77661
[34]. : .
_ Stability and experimental errors. In benchmark experiments the problem of equipment stability and

experimental errors is of high importance: the data should be obtaincd with as high precision as possible. The
main parameters of spectrometer (detector efficicncy, absolute normalization factor etc.) were measured several
times during one experiment, thus the stability of apparatus were controlled and overall errors were decreased.
The estimated errors of cxperimental data and main components are listed in the Tab.5. These errors include
the uncertainty of standard cross-sections [16,17] as well as the deviations of different runs during the
" calibrations and measurcments.

Corrections for nonspherical effects and measuring procedure
Some transport codes use one-dimensional (spherical) approximation. In this case the comparison of the
calculations is possible only with the results of ideal spherical benchmark experiment. In practice, however, there
"are factors that violate this symmetry and could brings other perturbation:
— the hole (channel) in the shell assembly for input ncutron source;
— angular anisotropy of source neutrons and encrgy distortion by target assembly;
" — time of flight spectrometry with bulk samples.

Therefore before the comparison, the experimental data have to be corrected for. It was done using three
dimensional code BRAND {35].

The channelin the spherical assembly was 5-6.2cm in diameter (Tab.4) that correspond the removed material
about 2-2.5%, of total shell weight. The correction have 1o be the same order but could be energy depended, thus
we introduce correction function as a ratio of leakage spectra calculated for shells without and with channel:
CHE)ML(E)/LLE).

In the time of flight method the rcutron energy is strictly connected with the distance between sample and
detector and flight time only for the infinitcly small sample. In benchmark experiments the size of assembly is
not negligibly small: ratio of spherc radius to flight path is about 3% that could result in some correction. To
evaluate it value we simulate by Monte-Carlo method the time of flight benchmark experiment and data reduction
procedure. The calculations take into account the experiment gecometry, neutron detector cfficiency and the real
travel time, that neutron spent on the way source-sphere-detector. The evaluated correction function is
determined as C)( E)=L(E)/ L1( E), where Li{ E) - leakagc spectrum calculated by time dependent Monte- Carlo
technique. )
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Angular-encrgy distribution of source nentrons. In the benchmark studies it is rather important to know the
angulir distribution and encrgy spectrum of the source neutrons. The source holder and other surrounding
materials can change the cnergy-angular distribution of neutron producing reaction.

a). The angular distribution of 252

Cf fission neutrons is originally isotropic, cnergy spectrum Scq E) is known
with 3-5% uncertainty in the cnergy region 0.1-10 MeV [16]. Due to inclastic scattering of Cf-neutrons on
chamber constructional materials, the cnergy spectrum of ncutron source Sgf E) will have slightly different shape
Ss(E), thus correction function C3( E)=SS(E)/S¢A E) have to be calculated.

b). The T{(d,n) ~eaction yiclds 14 McV ncutrons with slight forward anisotropy - sce long dashcd curve [36}
inFig.14. Inourfirstexperiment weused 28 mm diameter targets. In that case there is 209, attenuation of neutron
yieldatangles close 10 90°, that results in 4% correction in the whole solid angle 4. The calculations (solid curve?
prove that these distortions result from the neutron nonelastic interaction with target assembly. To reduce this
cffectwe became use the 1 mm diamcter targets in thin Al holder (insert "b™). The calculated angular distribution
in that casc is indicated by the short dashed curve, the total attenuation is equal now to 2.5%,.

The encrgy spectrum of source ncutrons is shown in Fig.18. It is seen that 14 MeV necutron peak has a low:
cnergy (5-10 MceV) tail, results presumably from source neutrons interaction with collimator wall, and broad low
cnergy (0.2-5MceV) bump. Thelater is caused by nonclastic scattering of 14 MeV ncutrons on the target assembly.
Tt is intcresting to notice that contribution of these necutrons (2.5%) in the target energy spectrum is
approximatcly cqual 1o the attennation factor obtained in the target neutron angular distribution study.

Thetotal correction function C(E)=C( E)*C,( E)*C3( E) and their components are shown in Fig,16 (U sphere,
2Cf neutron source) and Fig.17 (Bi,T{(d,n) source). It is seen that corrections are energy dependent and has
the values up 10 6-10%, that excecd the experimental uncertainty, thus measured neutron leakage spectra have
to be corrected for: Lol E)=Lpgd E)*C(E).

Comparison with transport calculations

Calculation of ncutron Jcakage spectra from sphere asscmbles have been performed with three dimensional
Monte Carlocode BRAND [351and one dimensional code ANISN. The neutron data were taken from ENDEF/RBS,
JENDL-3 and/or BROND-2 evaluated data libraries.

In BRAND code the pointwise data files are used directly (without converting to multigroup formj. The
problem of simulating the transport of neutrons in the unresolved resonances energy region is solving now. This
is the reason why the calculation made with BRAND is restricted by low energy limit (usually about 1 MeV). The
cnergy-angular distribution of T(d,n) source was taken from [36 ] (see long dashed curvein Fig.14). To take into
account the spectrometer cnergy resolution and neutron flux attenuation of target hoiaer tne caiculated spectra
were folded with measured cnergy spectrum of neutron from the target (source). The effect of this procedure is
the foliowing: the 14 MeV pcak becomes broader and valley in the spectrum around the 8 MeV is filled.

Calculziion with ANISN were performed in PS5/S16 approximation, the radius step was about 2mm. The
evaluated <:a libraries were processed to 28-group format [37 ] using code GROUCON [38 ]. Weight function
has a shape of Fermi spectrum (1/E) for energy less than 2.5 MeV, fission spectrum - in region 2.5-14 MeV and
encrgy independent - for higher energy. This is standard procedure for generation 28-group library {37},
intensively used for fission reactor calculations. The main goal of theses calculations was the investigation of
uncertainty of 28-group presentation of evaluated data. In this calculations the energy distribution of source
neutrons was obtained from measured one. '

The cxperimental and calculated leakage neutron spectra for the spheres are shown in Figs.18-21 and their
ratios (C/E) are listed in Tab.6.

In the previous works [32 ] we made comparison with ENDF/B4 and JENDL-2 libraries (75-groups format;,
using onc dimensional Monte Carlo transport code BLANK [39]. These results are listed in Tab!.6 as well.

In the lower energy region of leakage spectrum (0.1-1 MeV) the resonance like structure manifests itself in
both expcrimentaland calculated data. The analyses indicates that bumps in leakage specira correlate with valleys
in tolal cross-sections and vice versa (see Fig.19, where oo, for Al is shown by dashed line).

It is intcresting to compare experimental data with do1a received in other laboratories. It was done for AL and
Ni spheres. The neutron leakage spectra was measured for Al sphere of the same sizes in [40 ], but using pulse
hcight method and scintillator detector. It is seen (Fig.19) that these data has uareal oscillations.
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At OKTAVIAN spectromceter leakage spectra was measured for Ni sphere (R=16, r<2.5 c¢m). Since the sizes
are different, the dircct intcrcomparison is impossible. We compared the ratios of experimental data to transport
calculation with ENDF/B6 for both spheres (Fig.22). 11 appears that energy shapes of C/E are similar, but the
ratios are shifted on scaling factor =1.5. Possibly it means that in one or b:th experiments the absolute
normalization (c.g. source strength or detector cfficiency) was done incorrectly. It is strange that C/E=1.4 for
14 MeV group in experiment [6] We cstimated transmission of the spheres according the simple formula
T = exp ( —Emmel -(R—r)) ,where Ewnel-is macroscopic nonelastic cross section at 14.1 MeV neutron energy

and (R-r) - wall thickness of the sphere. The ratio T(ENDF/B6)/E is about 25%, grater than with transport code
calculations, but for the data of [6] this ratio neverthcless equal 1.7 (see Fig.22).

From analyses of thc data prescniced in the Tabl.6 and Figs.18-22, the following conclusions can be derived:

— Discrepancies between predictions of updated cvaluated data libraries (BROND-2, ENDF/B6 and JENDL-
3) are about a few percent in low energy part of leakage spectra E<1-2 MeV and at E<14 MeV. In the intermediate
encrgy region the discrepancies achicve a valuc of tens or even hundred percents. (Sce calculations with ANISN).

— 28-group format for evaluated data rcsults in addmonally 10- 20%, crrors. (Compare ANISN and BROND
results with ENDF/B6). )

— Remark on ENDF library evolution: comparison of ENDF/B4 and ENDF/B6 predictions reveals that
‘agreement with expcrimental data becomes better in the most of energy groups f orlate version. (Com parc BRAND
and BLANK results with differcnt versions).

— Only for Al sphere the transport calculations with ENDF/B4 pracncal]y agree with ex pcnmcntal results in
energy bins, taking into account the errors quoted. .

-— In the case of Be we compared experimental (present work) and evaluated (ENDF/B6) data for angular-
integrated ncutron emission cross scction at 14.1 MeV incident energy (Fig.18). It is scen that evaluation
overestimate spectrum of secondary ncutron, this results in the overestimation in the benchmark experiment as
well. T herefore, knowledge DDX is very uscful for understanding the discrepancics in the integral experiments.

— In low encrgy range the transport calculations underestimate experiment.
— The general conclusion: the disagrcements nced additional experimental data intercomparison, transport
calculations, joint analyses of integral and differential data. This is in progress now.
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The main parameters of the neutron generator

Table 1

Parameter

Value

Sort of accelerated particles

Maximum acceleration energy

Energy of ions extracted from source
Maximum current of an ion from source

Ion pulse width
FPulse height current
Beam spot diameter

Variable repetition frequency (binary step)
Mean beam current (at 1.25MHZ)

Neutron yield

Hor D
250KeV
30KeV

imA

2.5ns
0.BmnA

Smm

1uA

10% 1/s

5 to 0.625MHz

Table 2

List of (n,xn) and (n,n’y) experiments
Experim Sample Isotope Flight Path,r» Detector angle, fog
Abundance Short long Step et
SgBe 100 3.1 7.1 302»1502,Ae=30 [10]
Cr 99.9 3 300—150 , Ae=30 [11]
gafe  nmature 7.1 30°~1502,Ae=30 [12]
{n,xn) Nb 100 7.1 300*1500,A6=30 [13]
. 208 W nature 7.1 300—150°,A6=30 {10]
209Pb 98 3.1 7.1 300—1500,A6=30 [14])
Bi 100 2.2 7.1 307~150 ", AB=30 [14]
52cr 999 2.0 sog [11]
{n,n’7) 208Fe 100 1.7 900 {181
Pb g9 2.2 30 {14]
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Table 3

Compariscon of neulicn production cross-sections (mb) at 14.1 MeV

“acleus Reaction experiment BROND-2 ENDF/B6 JENDL-3
52 (n, xn) 1443 * 120 1510 1375
“"Cr (n,n'7) 807 + 80 907 721

{(n, 2n+na) 537 + 45 603 654
(n, na) 45 96
56 (n, xn) 1732 + 140 1605 1638 1726
Fe {n,n" 7] 704 = 70 676 756 743
(n, 2n+re+np) 1028 + 85 923 882 983
{n, na+np) B3 51 77
508 (n, xn) 5165 = 300 4413 4579 4867
“Pb {n,n"7) 405 = 30 481 411 589
{(n,2n) 2380 * 140 1976 2084 2138
208 T T T T -
Bi (n, xn) 5220 + 310 4857 4772,
Table 4
F: rameciers of the shells and experiments
Ele- . Wall Concentration N
- ‘ Radius,cm thickness Hole — o oo® R Ang-  Tar-
Source ment ——= 22 -3
. * o,cm 10 cm les, get
out. inn. cm mfp
Be 11 B 5.0 0.8 5.0 12.36 o 0,30,60 a
Al 12 4.5 7.5 0.8 6.2 5.966 0,40,75 b
Fe 12 4.5 7.5 1.7 6.2 8.374 0,40,75 a
Ni 12 4.5 7.5 1.7 8.2 9.0186 0,40,75 b
T{(d,n) Pb 12 4.5 7.5 1.7 5.0 3.30 0,30,60 a
LiPb 20 6 14.0 2.2 5.0 2.78-Pb,0.565-L1 40 b
Ri 12 3 8.0 1.4 5.0 2.82 8 5 0,60,95 a
U 12 4 8.0 2.2 5.0 4.76-"U,0.018-"U 0,60,85 a
Th 13 3 10.0 1.7 5.0 2.93 0,60,85 a
252Cf U 12 4 8.0 2.8 5.0 4.78—8U,O.019— U5
Th 13 3 10.0 2.1 5.0 2.93

* - sphere wall thickness in mean free path units of 14MeV neutrons
or mean energy of Cf fission neutrons.
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Table 5. Uncertainties of experimental data

Components Value
Statistics 1 -4 %
Absolute normalization 3%
Detector efficiency 5%
__Correction calculation 2% _____
Total 8 - 7%
Table 8
Ratio of calculated to experimental data (C/E)
Sph- Energy ANISN (28-group) BRAND BLANK
ere MeV BROND-2 ENDF/B6 JENDL-3 "ENDF/B6 ENDP/BQ JENDL-2
0.4- 0.8 0.77+.06 0.77+.06 0.81=.
0.8- 1.4 0.84+.085 0.87+.08 0.75%. oe
1.4- 2.5 1.34+.08 0.98+.07 0.94+.07
Be 2.5- 4.0 1.43%.10 1.11+.08 1.04%.07
4.0- 6.5 1.28+.09 1.23%.09 1.45%.10
6.5-10.5 0.96+.07 1.13+.08 1.23+.08
10.5-15.0 0.89+.086 0.96%* 07 0 84+.06
0.2- 0.4 0.76%.06 0.76%.06 71,0407
0.4- .8 0.67+.05 0.63+.05 0.92+.08
0.8- 1.4 0.79%.06 0.79%.06 0.84+.07
1.4- 2.5 0.88+.06 0.88*.06 ' 0.96%.07 0.85+.08
Al 2.5- 4.0 0.83+.06 0.80%.06 0.90+.06 0.82+.06
4.0- 6.5 0.85+.06 0.73%.06 0.87+.07 0.80%.06
6.5-10.5 0.87+.08 0.78+.06 1.03+.07 0.85+.06
10.5-15.0 0.93%.06 0.97+.07 0.91+.06 1.02+.07
0.2- 0.4 0.79+.06 0.79+.06
0.4- 0.8 0.73+.06 0.71+.06
. 0.8- 1.4 0.85+.06 0.89%*.06
Fe 1.4- 2.5 0.82%.06 0.985+.07 0.97+.07 1.15%.09
2.5- 4.0 0.97+.07 1.01%.07 0.92+.06 1.14+.08
4.0- 6.5 0.99+.07 0.85%.06 0.98+.07 0.88+.06
6.5-10.5 1.13+.08 0.87+.06 1.30%.09 0.80+.06
10.5-15.0 0.78+.06 0.84+.086 0.82+.068 0.87+.06
0.2- 0.4 0.52+.04 0.90%.06 o T 0.71£.06
0.4- 0.8 0.72+.06 0.81+.086 0.68*.05
0.8- 1.4 0.77+.06 0.88+.06 0.78%.06 0.73+.06
Ni 1.4- 2.5 0.80%.06 0.85%.06 £.B8+.05 0.85+.06 1.01%.07
2.5- 4.0 0.75%.05 0.79%.06 0.75%.06 0.71+.05 1.10+.0&
4.0- 6.5 0.64+.05 0.81+.06 0.91+.06 0.74+.05 0.98%.07
8.5-10.5 0.64%.05 0.80+.06 0.95+.07 1.14+.08 0.80%.06
10.5-15.0 0.92+.06 0.86+.06 0.90%.06 0.90%.06 0.34%. 07
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Table 6. (continued)

Sph~ Energy ANISN (28-group) BRAND BLANK
ere eV BROND-2 ENDF/B6 JENDL-3 ENDF/B6 ENDF/B4 JENDL-2
T 0.4- 0.8 0.70%.05 0.86+.05 0.72%.05 '0.839%.06
0.8- 1.4 0.78+.06 0.74+.05 0.80%*.06 0.93%.07
Pb 1.4~ 2.5 0.80+.06 0.81+.06 0.88+.06 0.86+.06 0.83+.06
2.5- 4.0 0.74+.05 0.95+.07 1.10%.08 0.93+.07 0.90%*.06
4.0- 6.5 0.44+.03 0.88+.06 0.84*.06 0.91+.G7 0.90*.06
£.5-10.5 0.37+.03 0.85+.06 0.84%.06 1.05+.07 0.93%.07
10.5-15.0 1.22+.09 1.16+.08 1.10+.08 1.16+.08 1.00%*.07
T 0.2- 0.4 0.E.X050.B9%.(5 0.67%.05 0.82%.06
0.4- 0.8 0.73%.05 0.B88+.05 0.76%.08 0.85%.06
0.8- 1.4 0.73+.05 0.68+.05 0.75%.06 0.74+.05
Li 1.4- 2.5 0.82+ .06 0.83+.06 0.89%.07 0.71%.05
Pb 2.5- 4.0 0.80+.05 1.023+.07 1.14%.08 0.81%.06
4.0- 6.5 0.40%.03 0.93%.07 0.89+.06 0.97%.07
6.5-10.5 0.19+.02 0.64+.05 0.56%.05 1.02+.07
10.5-15.0 1.34%.09 1.24+.09 1.17+.08 1.06%.07
0.4- 0.8 1.08%.07
0.8- 1.4 1.32+.08
U 1.4- 2.5 1.31*.08
+ 2.5- 4.0 1.39+. 10
14 4.0- 6.5 1.28%.09
6.5-10.5 0.£6%.06
10.5-15.0 1.08%.08
T70.4- 0.8 0.71x.05 0.68x.05 1.04=x.07
0.8- 1.4 1.14%.08 0.92+.08 1.08%.08
U 1.4- 2.5 1.06%.07 0.99%.07 1.05%.07
+ 2.5- 4.0 0.95%.07 1.00%.07 1.07%.07
Cf 4.0- 6.5 0.92+.06 0.95%.07 1.09+.08
6.5-10.5 0.71%.05 0.73%.05 1.23+.09
10.5-14.0 0.24%.02 0.23+.02 0.68*.05
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Fig.4. Lay-out of experiment for measuring the neutron spectra from (n,n’y) reaction. 1 - neutron detectar,

5
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2 - gamma detector, 3 - TOF monitor, 4 - Long Counter, § - sample
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YIK 539.17

ITPOTPAMMA 1194 PACYETA U30TOITHOTO COCTABA
M HABEJIEHHOU AKTHUBHOCTH OBJIYYEHHBIX MATEPUAJIOB

FO.A. KoposuHn, A.FO. Konobees, 11.3. Ilepecraasyee
Huemumym amomnoii snepeemuxu, O6HUHCK

THE CODE FOR CALCULATION OF ISOTOPE CONCENTRATION AND IN-
DUCEDACTIVITY OF IRRADIATED MATERIALS. A new activation and transmu-
tation code SNT has becn described. The code is intended for isotope concentration
and activity calculation for materials irradiated by particles of arbitrary energies and
fluxes.

B panno#i pabote xpaTKo ONHcaHa paspaborannas asropamm nporpamma SNT (Simulation of Nuclear
Transmutation), npeaHa3HAYCHHAS A1 PACYETA M3OTOMHOND COCTABA H AKTHBHOCTM MaTEPHAJIOB, 001yYaeMEIX
YACTHILIAMH N1POM3BOTLHOIO CITEKTPA.

Tiporpamma SNT MOXET HCNOAB30BATBCA A M3YUYEHHS MPOLECCA TPAHCMYTALMA M AKTHBALYH MATEPHAJIOB,
HAXOJALINXCS 1107 06,1y YeHNCM B YCKODHTENAX,, TCPMOSIIEPHBIX YCTAHOBKAX, PEAKTOPAX Ha TEILIOBHX M OHCTPHX
HelTpoHax. OaHuM N3 BO3MOXHBIX TTPUJIOKEHMI NPOTPaMMBL IBJISETCS PACYET M30TOHHOIO COCTAaBa M AKTHBHOCTH
A0JINOXKHBYIIUX PATHOAKTHBHHX OTXONOB SAEPHOIC TOIUTMEA, TPAHCMYTHPYEMHKX B CTAaOMIbHME HYKJIHIR I0XR
NEACTBUCM YACTHL MMPOMEXYTOUYHHX H BHCOKHX SHEPIHA.

Iporpamma SNT paccunThBaET KOHLIEHTPALHYM HYKJINIOB KK B IPOUECCE 00Ny UeHNS , TAK ¥ IIPH OXIAXACHUN
06,1yYCHHOIO MaTepnana. BXOIHMMH J2HHBIMH LIS ITPOrPAMMML CIYKAT CHEKTP NMEPBHUYHHX YACTHIL, CEYCHHS
SCPHNX PEaKilMi, NPOTEKAWMHMX B PACCMATPUBAEMOM JHATIA30HE JHEPTHi, W HAHHHE MO PAXHOAKTHBHOMY
pacnany MCCIEAYEMBIX SIEP.

OnpeaencHue KOHUCHTPALMH HCXOAHBIX M 06pasyomuxcs B mpouecce o0nyyeHHs HYKJINIOB OCY IIECTBASETCH
C TIOMOMIBIO pemEHNST CUCTeMH AudpepeHIMANbHEIX YDABHEHHH:

dN/dt =) (;k + 1'.’,,‘) N(t) - (z; + ,1?’) N(1), - (N

k#i
rae Nift) - KOHLICHTPAUKs i-r0 HYKJIMAAd B MOMEHT BPEMCHH f, 2 on 1‘.7} - COOTBETCTBEHRO, CKOPOCTH SIEPHOIM
PCAKLHH ¥ PAIHOAKTHBHOIO PACIana, B PE3yIbTATE KOTOPOro K-bifi HYKJIHI NPEBPAIIAETCa B i-Hil, AT - ckopocTs
TPAHCMYTALHH [-r0 HYKIHAA B AACPHHX PEAKINAX, /1?' - CKOPOCTb PaMOAaKTHBHONO PACNaja TAKOIO HYKJIHAA.
Ckopocty snepuux peakunit Ay u A}, sxoasmue B (1), ONpeAENSIOTCH CIETYIOMEM 06pasoM:

= [ o (E)? (E) dE, @)

1= [0 (B Y (E)dE, 3

rae ¢>(j)(E) - CIICKTP NMEPBHYHBIX YACTHIL, THNA J, a@ - ceyeHué obpa3oBaHus i-ro HYKJMAA NPH O0IYYCHUH

k-TO HyKIMAA YACTHLAMM THNA J, aggs_i - CEYCHHUE DABHOE PA3HOCTH NOJHONO CEYCHHS DEAKNOME M CeueHus
HEYNPYroro pacCesHKa YacTHI] PACCMATPHBAEMOIO THITA HA APaX i-I0 HyKJIMAA.

IposeacHHe pacueToB ¢ MoMOITb0 nporpaMMil SNT BKJIHOYAET: MOATOTOBKY AAHHKX, HEOOXONAMEX RS
PACYETA KOHLCHTPAUMIA HyKTHIOB, BHIYHCIEHHE H30TONHOIO COCTABA MATEPHAJIOB NTPH OOTYUYEHUH, PACUET KOH-
UCHTPAUMI ¥ AKTUBHOCTEN M30TONOB NPH OXJIAXACHUH, IICUATDH NTOTYYEHHBX PE3YAbTATOB.

IToaroToska DaHHBIX

TMoaroToBKa JaHHBIX ANS BHIYMCAEHHS KOHICHTPAUHH HYKJIHIOB NPH 00AyUCHHH COCTOMT B (POpMHPOBaHUM
. “ d
MATpHIIK, CONEPXamei CKOPOCTH SUIEPHHX PeaKiii H paguoakTHBHOro pacnafa 4” u A, Bxoaammx B cucremy
ypasrennit (1). Coznanue Takoi MaTPHIIL BKJTIOYACT:
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— or0op ¥ HYMCPAaUMIO HYKITHAOS, I1SL KOTOPHIX NPOROJUTCH PACUET KOHUEHTDA LMK,

— CYHTHBAHUC ¢ MarHKTHONO IBCKA HODMUDOBAHKBIX HA CAMHHLLY CTICKTPOB NIEPBHYHBIX YACTHI,

~~ CYATHIBAHNE H3 PAILTOB HE MArHHTHOM IHCKE MAK DACYET CEYCHH 97CPYHX peakuni oﬁ),

— 3aNKCh Ha MATHMTHBIH JUCK MATPHUBI, COACPXAMCH CKOPOCTH SACDHBIX peakunit nig o0paGoTaHHBIX
CHEeKTPOB,

— NeDEROPMEPOBKY CKOPOCTCH SAEPHHX PEAKUHIT B COOTRCTCTBUH C BEIHYHHOIN FLTOTHOCTH OTOKA Nafaromux
4aCcTHL,

— polasrenne B QOPMUPYEMYIO MATPHILY AJHHBIX TO PAAHO3KTHBHOMY PACnany.

O100p HYKAUIOB, JAS KOTOPHIX B RPOIPAMME NPOC/ICHKHBACTCA K3MCHCEUC KOHUCHTPAUWH, OCYHIeCTBASETCS

10 aTOMHOMY HOMEDY (Z), MaccorOMY Wiscny (A) ¥ BeAWuKHC nicpuoaa noaypacnana (77/3). Ecim BeinuMAa

MMHMMATHHOTO iepyona nonypacriana (T1/3) BHOUPAETCH PABHOIT HY110, PACUCT KOHLCHTPALLH i POBOTUTCS 1S
BCEX HYKJIHOB H3 3a0aHEOro HHTEpBana Z u A.

CeueHus SACPHBIX PEAKIHIT, HCOGXORHMEBIC L1% ONPCACICHIS AL , CYHTHBAIOTCS 3 G108 HA MATHUTHOM
LACKE WIH BHUMIIL107CE ¢ noMouneto npubauxennnix dopmyn [1 1. Tipu 3T0M 1aHHBIE 110 CEUECHUSM MOTYT OHTD
DPOYMTAHH A3 (BaiIos: '

— ReiTporHKX OudnnoTek, npeucrasncruEnx 8 dopmate ENDF/B,

— EuSmorexr MENDL [2 ], coacpxaides ceucHUA HCHTPOHHBIX ¥ IPOTOHHBIX PEaK Uit 1715 BceX CTabMABHEIX
¥ HecrabmwmbHEX aaep o7 Al go Bi ¢ nepuonom nosypacnaga Ty/22=1 cyr. npu aseprusix or 1 go 100 MaB,

- SumBmuorexs WIND [3 1], sxnouaromceli panspiC A0 CCYCHHIM HCATPOHHDBIX ¥ NPOTONHBIX PCAKUMH A
ROATOXHBYIIHX PAAWCHYKAMA0S npH 3Hepin ot 1 MaB a0 10 TsB.

Ias spep ¢ epuoaom nosypacnana Ty/2<] CyT. OTCYTCTBYIOUIME B COBPEMERHHX OHBAIOTEKAX JaHHHE Mo
ceUeHTSIM BHIBMPAIOTCS Ka OCHORE HMCROMIEHEa HH(OPIHALMI O CCUCHMAX SICPHBIX PCAKIMI HA 9apax, GAH3KHX
G ATCMHOMY HOMCDY U MaccosoMmy duciy. TTpu aneprusx 2100 MoB orcyrersyromue B daitiax ceueHust MOTYT
ST PACCUMTAHH € BOMOWLR npubmekenknix dopmya [1]. Ecny 3azaunnil nepuon nonypacnana TT}%#O , TO

HOPMEpPOBAHHE MATPHLA AL OCYIECTRARCTCS HA OCHORC KyMYyIATHBHBIX CCUCHMH, T.€. CYMM CCueHUit 06paso-

BAHHY HYKJIMIOB C NCPHOIOM noaypacnana Ty < T'l"/”i M HyKJIHAOB, BKTIOYACMBIX B DACHET KOHIECHTPAIMH,
TipH 31O0M YUHTHBACTCH PA3BCTBACHHBIR XapaKTCP UCIOYEK PAAKOAKTHBHONO pacrana.

ILast Toro, wrobw ynpoCTHTh BPOLEAYPY TOATOTORKHM AAHHBIX MPH BHINOAHCHITH PACYCTOB C PA3/IHYHOM TUIOT-
HOCTHIO TIOTOKA M OAMHAKOBOM QOPMOIT CriCKTPa MCPRMUHLIX YICTHL, MATPHUA CKOPOCTCH SICPHHX PCAKIIHM,
MIOIYYECHEAS Ui HOPMHPOBAHHOIO Ha CAMHULY CNCKTPA, 3aIHCHBACTCH HA ANCK, TaKas 3anuch ¥ CYUTHIBAHMUE
Marpus AQ chonbsyCTéﬂ M 11p# TOCACAORATCALHOM CUMTHBAHHH HHGOPMALLHH O CEUCHUSX M3 PA3HHX dafiios
IpH KaXIOM 33NYCKE nporpamaul, TIpi 9TOM MOXCT HaMCHATLCY HOPMAT naHHLIX GubINOTEKH CCYEHMIE, CTIEKTD
K THII DEPBMYHBIX YACTHAL.

Pacuer KOHLEATPAUHMK HYKIHI0B B ipoliecce 001yyeHns

Pemenne cucteMb: AndHCPCHUNANLELIX ypasHcHUiE (1), onHcLIBaoiCH H3MCHCHNE KOHNCHTPAUNK HYKIU-
JOB 1107 OONYUCHHEM, KAXOEUTCA C NOMOLIBIO NOATOBON0 BEHHCICHUS Ny

Ny (1+80) = D exp (A N1 , 4
k

e Af - mar ne BpeMcHY, exp (Ajk) MATDiHAYRES 5KCNOHEHTA!

N (AD A ®
exp(/\)=1’+2iﬂl(/\)i.
=1

” A~
ahech ! - eNMHEHYHAS MATPHUE, 3 MATPHLR A OIPCACIACTCS CACAyomMM obpa3om:
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ar d , )
i+ Ay, ecmm izk ()

= . p T
—A -~ A%, ecmm i=k.

TTOCKOTbKY 37CMEHTH MATPHIH exp( A) HE 3aBHCST OT KOHICHTPAIAN HYKJIHAOB, AX BHYACICHHE B IPOrPaM-
MC NPeAmecTBYCT pacuety Ni?). Uucao n wiewos pasnoxenus psga (S) m mar mo speMeHH At BHOMpAKOTCS
TakuMH, utoOH OBecrcuuTh MHHMMAMbHOE BPEMS MCNOb30BaHud JBM H 3a1aHHYI0 TOUYHOCTh BWUHCAECHHS
KOHUCHTPAUMH B TCYEHHE BCETO BpeMeHHA ob.TyueHus.

Pacuer HYKJHMAHOro COCTana H akTHBHOCTH MaTepyaJia nNpy OXJaxaeHHH
Tlocsie okoHYaHusS Oﬁﬂy‘{CHHH H3MCHCHHC KOHLUCHTPAUHNH NPOCJICKUBACTCA N9 BCCX HYKJINAOB, BXOAIIIAX B

LCTOYKH PAZHOAKTHBHONO pacrnaga, HC3aBHCHMO OT BEJAHYHHE T‘]n}g ILJIH COKpAmcHUd BPECMCHHM pDACUETOB HA
OBM uncirensoc uxterpuposanue ypassenuit (1) He npoBoauTes. BHunc/IeHNE KOHIEHTPANMH B AKTHBHOCTEH
OCYWICCTBAACTCH OTAC/IbPHO 149 LENMOUCK PAaaHOAKTHBHONO pacnana, HAauYHHAKIMHNUXCHS C HOCTBGHJTBHHX aa¢ep,
obpa3yromuxcs B npouecce obnyueHns, ¥ OKAHUHBAOMMUXCSH cTabWibHME HyKIMaame. TIpu 3ToM pacuer KOoH-
UCHTPAUHIT TS PA3BETBAEHHBIX LIEMOYEK BHIMOJHAETCS € TOMOMIbIO PEKYPPEHTHHX COOTHOINEHUH, MOJYYEHHRX
HA OCHOBC aHAJMTHUECKOIO pElleHus CHCTEMH ypaBHeHHH Tuna (1) ¢ rpeyronbaoi MaTpuiei koaddHuueHTOB,
KOHUCHTPAWHH ¥ aKTHBHOCTA HYKJIII0B, BCTPEYAKILNXCS B PA3IMYHHX LENOYKAX, CYMMHDYIOTCS NPH KAXIOM
3aJaHHOM BPCMCHHM OXJI2XACHHNS MaTepHana.

TleyaTb pe3ynbTATOB pacueTa

TleyaTp ¥ 3aMUCh HA MAarHUTHBIA QUCK PE3Y/AbTAaTOB BHUMCICHHUS KOHLEHTP2UHA ¥ aKTHBHOCTEH HYKJIMIOB
OCYIECTBASCTCS B pasnHuHoM thopMare, B TOM yucsie HeoOxoauMoM 115 rpacdhHueckoro npeacTaBacHUs TOJAYUEH~
HBIX JaHHBIX CPEACTBAMH NMEPCOHAIBHOIO KOMMbIOTEPA.

JIMCTHHT nporpaMMul coaepXHUT HHGOPMALHIO O KOHULEHTPALMHK 00 a3y OIMUXCs ¥ TEPBOHAYAIbHBX HYKJTHIOR
B NPOLEHTAX ¥ B TPAMMAX, IPUXOASNIUXCH HA | KT UCXONHOrO MaTepHana. AKTHBHOCTb RYKJIHNAOB IIPHBOXHTCH B
eanHHuax Kiopu/Kr HCXONHOTO BEMECTBA.

Ha puc.] npuBeneH hparMeHT JHCTHHTA C PE3YJIbTaTAMH BHYHUCICHUS KOHUCHTPANHH A AKTHBHOCTH HYKJIH-
I0B, 06pas3yomuxcs npu 06,1 yueHHH 0gr nporonamu ¢ sHeprueit 600 MaB H IW1oTHOCTBIO TOTOKA 1017 em 2.1,
Bpems obayuenus cocrasaser 14 nueii. PaccuntanHas ak THBHOCTb NPOOYKTOB SACPHHX Peak Ui, NPOTEKAI0MMX
NpH YKA3aKHOM OBAyUYEHUH Anep 9°Sr, B 33BHCHMOCTH OT BPEMCHM noxasara ua puc.2. Ha rom xe pucyhke
NPHBCAEHH DE3yJbTATH PACueTa, BHMOJHEHHOIO B pabore [4]. Ceuenus SAepHHX peakuHi, HCNOJb30BaHHHE
1PH BHUHCAEHUH KOHLEHTPALMI HyKauaos no nporpamme SN'T, noayuens ¢ nomomsio nporpammu DISCA2 [3].
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BOJNTPOCHI ATOMHO HAVKH U TEXHUKA

HAYAMDHAY KOHIEHTPALMT
38 30 100.00 2
ATOMHAY KACCA CMECH  30.000
PACYET KOHREHTPRUE: NIPY OBMUHERLH [POBEMFH A9 188 HYKMAA0B
£: 26- 40, A: 3%- 31, TIRKIK)= 0,054
BPEMY OBAUYEHME  {4.000 R
R L L T A L P T T D R I R R S G R

BPEM] OX/MQEAEIHY .0 [fHER

40- 7R ?.2440-02 2.2430-01 1.164D403

40 30 CTAb ?.220D-02 7.2200-04

40 83  3.294400  6.6300-05 6.556D-04 2.922D+02
40 83K 2.9030-03  4.7100-08 4.656D-07 - 2.354+02
40 88  8.500D+0f  1.560D-04 1.523D-03 2.663D+01
40 87 7.208D-02 1.600D-06 1.547D-05 3.220D+02
4 86  6.875D-01  1.220D-05 i.166D-04 2.57250402
40 8  5.833-03  1.220D-08 i.1523-07 3.034+01
40 82 6.94D-03  2.020D-10 1.840D-03 4.220D-04
39V 1.661D-01 1.641D+00 2. 1971105
39 30  2.667D+00  2.640D-02 2.6400-01 1.436D0+05
39 308 1.329D-01  1.130D-04 1.130D-03 1.2330+04
39 83 CTAb 1.070D-01 1.058D+00

39 88  1.020D+02  2.460D-02 2.4050-01 3.335D+03
39 8  3.333+00  7.040D-03 6.805D-02 3.064D+04
39 87 5417001  6.250D-04 6.0420-03 1.624D+04
39 86  6.0830-01  2.230D-04 2.1310-03 3.3180+03
39 86M 3.3330-02  5.830D-08 5.6268D-05 2.5640+03
33 8  1.417D-01  1.790D-05 1.691D-04 2.3260+03
33 8 2.0233-01  3.240D-05 3.060D-04 2.3210+03
39 84  2.988D-02  2.720D-07 2.5330-06 {.322D+02
33 83 4931003  1.060D-07 9.7760-07 3.1190+02
33 82 8.5420-03  2.6200-08 2.3870-07 4, 450D+04
38- SR 9.0473+01 9.040D+02 9.630M405
38 %0  1.040D+04  8.8200+01 8.8200+02 1.230D+05

38 89 5.050D+01  5.6300-01 5.627D+00 1.6350+05

Puc.1l.®parment nvctmnra nporpammbt SNT ¢ peaynnyaTamu pacuera KOHUEHTPALMH M AKTHBHOCTY My KJIMAI08B, 06pa-
SY10UHXCS Npu ofstyuensus VST npoTonass © anepruch 609 MaB 1 wiorHocTeio notvoka 107/ oM™ -
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Puc.2. 32BHCHMOCTb OT BpEMEHH aKTHBHOCTH NPONYKTOB SAEPHBIX peakumit, obpasyio-
MXCA Ipyu obmyueHnH u%ap 90Sr nporonamu ¢ aneprueit 600 MaB, B eAMHMLAX NEPBO-
HauanbHoit akTHeHOCTH ST (+90Y).

- pacueT C noMouibio nporpaMmbl SNT, --- - peaynbsraTsl pabotss [4]. MoMeHT
OKOHU2ZHMS 05Ty UEHHS NIOMEUEH LITPHXOM HA OCH BPEeMEHH.
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‘ BUMBAMOTPA®UYECKUN MHIEKC |
pabor, NOMEelEHBIX B HaCTOAIUEM BHTTYCKe, B Mexnynaponnoii cucreme CHHIA

Element Qauntity | Laboratory | Worktype Energy, eV Page g Comments
S A min max
MA | NY GN FEI EVAL | TRUP 2.0+7 3 BLOKHIN+EVL DATA LIBRARY BOFOD-90
MA | NY GF FEI EVAL | TRUP 2.0+7 3 BLOKHIN+EVL DATA LIBRARY BOFOD-90
MA | NY EVL FEI THEO 1046 | 1.0+8 55 | KONOBEEV+ALICE/ASH CODE, N-, P-SIG LIB
co | 059 DIN FEI EXPT 5.0+6 8.5+6 74 | SIMAKOV+TOF, N-SPECT, TBL
CO 059 SIN FEI EXPT 3.0+6 8.5+6 74 SIMAKOV+TOF, 4 PTS, TBL
Y 089 DIN FE! EXPT 5.0+6 8.5+6 74 | SIMAKOV+TOF, N-SPECT, TBL
Y 089 SIN | FEI EXPT 4.9+6 7.9+6 74 | SIMAKOV+TOF, 4PTS, TBL
NB 093 DIN | FEI EXPT 5.0+6 8.5+6 74 SIMAKOV+TOF, N-SPECT, TBL
NB | 093 SIN FEI EXPT 5.2+6 8.0+6 74 | SIMAKOV+TOF, 4 PTS, TBL
MO | 000 DIN FEI EXPT 5046 | 8.5+ 74 | SIMAKOV+TOF, N-SPECT, TBL
MO 000 SIN FEI EXPT 4.9+6 8.0+6 74 SIMAKOV+TOF, 4 PTS, TBL
IN 113 DIN FEI EXPT 5.346 8.0+6 74 SIMAKOV+TOF, N-SPECT, TBL
IN 113 SIN  FEI EXPT 5.3+ 8.5+6 74 SIMAKOV+TOF, 4 PTS, TBL
IN 115 DIN FEI EXPT 5.2+6 8.5+6 74 SIMAKOV+TOF, N-SPECT, TBL
IN 115 SIN FEI EXPT | 5.3+ 8.5+6 74 SIMAKOV+TOF, 4 PTS, TBL
TA 181 DIN FEI EXPT 5.246 7.9+ | T4 SIMAKOV+TOF, N-SPECT, TBL
TA 181 SIN FEI EXPT 5.246 7946 1 T4 SIMAKOV+TOF, 4 PTS, TBL
B 209 DIN FEI EXPT 5.0+6 $.1+6 | T4 SIMAKOV+TOF, N-SPECT, TBL
BI 209 SIN_ | FEI EXPT 5.0+6 8.146 74 SIMAKOV+TOF, 4 PTS, TBL,
U 238 GF | FEl | EVAL 5.0+6 1.0+7 59 SOLDATOV+EVAL/SIG, TBL, FIG GVN
U 233 GF FEI | EXPT 5.0+6 147 59 SOLDATOV+MCTRN, REL.MEAS YLD, TBL, FIG
U 235 GF |  FEI EXPT 5.0+6 [1+7 59 SOLDATOV+MCTRN, REL.MEAS YLD, TBL, FIG
NP | 237 GF | __FEL | EXPT 5.0+6 1147 59 | SOLDATOV+MCTRN, RELMEAS YLD, TBL, FIG
PU | 239 GF | FEI EXPT 5.0+6 L+7 1S9 SOLDATOV+MCTRN, REL.MEAS YLD, TBL, FIG
PU | 241 GF | FEI EXPT 5.0+6 Q47 59 | SOLDATOV+MCTRN,RELMEAS YLD, TBL, FIG
AM | 241 | GF | FEI | EXPT 5046 | 1147 | 59 | SOLDATOV+MCTRN,RELMEAS YLD, TBL, FIG




YK 681.2.016.:539.17

GOPMHWPOBAHUE U MPUMEHEHMWE BUBJIIMOTEKHY OUEHEHHBIX OOTOHENT-
POHHDBIX JAHHBIX BO®O/A.U.Broxnu, H.H.Byneesa, C.M.Hacuposa, O.A.[Taxomosa,
C.B.3afpoackas, A.M.Llu6yng - Bonpocw atomuoit Hayku B Texuukn. Cep.Siaepunie KoHCTaH-
TH, 1992, Brin.3-4, c. 3. ,
Onwncana pabota no co3nanuio OubIHOTEKH OLEHEHHHX NAHHHX (GOTOSNEPHHX NAaHHHX s 27
Hanbon€ee BAXHKWX 3/IEMEHTOB, HEODXOMHUMHEX 119 0OECITEYEHNs] HEHTPOHHO-DHUIUUECKHX pac-
YCTOB PEAKTOPOB HAa YPaH-TOPHEBOM OUKAE. [TOATOTOBIEHA CHCTEMA TPYITIIOBHX KOHCTAHT AN
$OTOHEHTPOHHBIX MPOLIECCOB, MOKA3aHA HX POJIb P AHAJIN3E HAKOIUIEHHS ypana-232. (puc.S1,
t1abn.21, cnucok uT. - 11 Hase.).

YIIK. 539.17

BUBJIMOTEKA CEYUEHUN 11 UBYYEHU S TTPOLIECCA TPAHCMYTALIMU U AKTHU-
BALIMU MATEPUAJIOB, OBJIYYAEMBIX HEATPOHAMHY U TIPOTOHAMMU C BHEP-
I'MEH 10 100 MaB /A.J0.Kono6ees. F0.A.Koposun, B.I1.JIyuen, B.C.Mactepos, FO.H.Iy-
61H - Bonpock aToMHE0IM HaykH n TexHuku. Cep. SAnepHuie koHcTauTH, 1992, Bun.3-4, ¢. 55.

B paboTe npHBOAHTCS KPATKOE OMHCAHHE NepBoit Bepcuu Gubmmoreku MENDL, conepxaineit
BHLIYHCIEHHbBIE ABTOPAMHU HEMTPOHHBIE H NPOTOHHBIE CEYCHUS TIPH SHEpruu oT 1 1o 100 MoB ang
6o.1ce uem 500 aaep. PaszpaGoranHas 6ubauoreka ceyeHuit NMpeaHA3HAUEHa: S M3YyUEHUS
M30TONHOrO COCTABA ¥ AKTUBHOCTH KOHCTPYKIIMOHHKX MAaTEPHAIOB YCKOPUTENEH, TEPMOSAED-
HbIX, ME30KATATUTHUCCKUX U IACKTPOANEPHBIX PAAVOAKTHBHBIX OTXONO0B SAE€PHON SHEPreTHKH
noa aeicTeueM GbICTPHIX YaCTHL M Pa3paboTKe METOIOB IIOAYYEHHS H30TOMNOB, IPUMEHIEMBIX B
TIPOMBIILICHHOCTH M METHLHHE,

B 6nbanorexy MENDL Bro1ioucHB JanHBE 0 HEHTPOHHBIX CEUCHUIX AJSI BCEX CTAOMNBHBIX H
HECTabM.TIbHbIX 93€p € Neprodom noaypacnana T, , <1 CyT. n aToMHbM Homepom oT 13 10 83. B
HACTOAWICC BPCMS JAHHbIE MO CEYCHHSM MPOTOHHHLIX peakumit comepxarca B MENDL ans
OCHOBHBIX NPOIYKTOB ACIEHUS SAECPHOTO TOTLIUBA.

HeliTpoHHbic # MPOTOHHBIC CEUEHHUS, BKAOYCHHbIE B OubanoTeky MENDL nonyyenn nytem
NPOBEAEHUS TEOPETHYECKMX PACYETOB HA OCHOBE NMPEAPABHOBECHOM TMOPHIHOI AKCUTOHHOM
MOJEAH, 3ABUCALUIEW OT NFEOMETPHHU M MCNAaPATENbHOM Moaean Baiickonda-MBunra.
YucacHHbe pacueThl TPOBOAWIUCH ¢ nomombio nporpammel ALICE/ASH, kotopas asasercs
Moandukaunei nasectHoi nporpaMmu ALICES7 (puc.4, cnucox nuT. - 16 Hass.).

YIK. 539.173

PE3YJbTATbBI OTHOCUTEJLHBIX USMEPEHUI BLIXOOA U CEUEHUHN OOTOLE-
JEHUS 90EP %%y, 2¥Np, #924py » **'Am B OBJIACTH SHEPTUH 5-
11 M3B/A.C.Conaatos, I.H.CMmupenkus - Bonnpocs aToMHuo# Hayku u Texuuku, Cep.SaepHnie
KOHCTaHTH, 1992, Buwin.3-4, c. 59.

Cooliarorca pesgerTaTu 2(3‘11'H0CMTCanbIX H3MEPEHMH Bbixoaa POTOAENICHHS nng; TPYNMa He-
yeTHbX saep o 77U po “7"Am (oTHOCHMTENbHO BuX0Aa potoneneHus sapa “~ U B obnacru
rPAHNYHBIX DHEPTHUH CNIEKTPA TOPMO3HOTO U3 YUEHUS Emax=7-1 1 M3B. TlpusoasTcs BOCCTAHOB-
JJCHHBLIE M3 HUX 3HAUCHMS ceyeHHit doToneieHus 0d COBOKYNMHOCTH (HIECTH) MCCAEAOBABIIHXCS
3€P U Pe3YbTAThl OUEHKHU ceueHns POTOaeICHHS SAAPA 238U, CTyXHBLIETO CTAHZAPTOM (puUC.4,
Taba.3, cnucok auT. - 19 Hass.).







YIK 539.170

METOIUKA AHAJJUTUYECKOI'O PACHETA CPEIJHETPYTIITIOBBIX OYHKIIMOBA-
JJOB HEWUTPOHHBIX CEYEHUN B OBJACTU HEPA3PELIEHHLBIX PE3OHAH-
COB/A.A Jlykbanos, A.I.Buicoukwuit, B.dD.YkpauHues - Bonpock aTOMHO# HAYKH U TEXHUKH.
Cep.Hacpubie KoHcTaHTh, 1992, Bhin.3-4, c. 71.

IMpeasoxcHa HOBasg METOAMKA AHATNTHUECKOIO BHYMCACHHSA CPEAHErPYNIOBHX SKCNEPUMEH~
TAJIbHO U3MepseMblX QYHKLHOHANOB HEMTPOHHBIX ceyeHnit (GyHKUMH nponyckanmus) B obaa-
CTH HCPA3PCOICHHbIX PC3OHAHCOB B CJIYYae OAHOIO HEUTPOHHOIO H MHOXECTBA PATMALHOHHBIX
kaHasnoB. MeTtoaska nossoageT xogfexmo BBHIYHCAATb YKAa3aHHe (DYHKLMOHANK OIS YETHO-
YETHDBIX TAXEIbIX SACP THNA 238U, OPun ap. (CHCOK JIMT. ~ 3 Ha3B.).

YK 539.172

HEYIPYT'OE PACCESHUE HEMTPOHOB B OBJACTU SHEPTUH 5-8,5 MaB HA 91I-
PAX *°Co, ¥y, ®3Nb, Mo, '"3In, "5In, '8'Ta, 2%°Bi. /C.I1.Cumaxos, I.H.Jlosumxosa,
B.IT.Jlynes, B.I.Ilponses, H.H.Turapenko, A.M.Tpydanos. - Bonpoch aTOMHOH HAayKu H
TcxBukH, Cep.facpunie xoucTauT, 1992 r., swun.3-4,¢. 74,

Ilan 0630p M3MEPCHHIT H TEOPETHUECKONO aHAMU3a ABAXAN AUMDOCPCHUUANBHEX CEUEHHIT He-
YHPYroro pacCcessus HCHTPOHOB HA pAne KOHCTPYKYLMOHHHIX 3/1eMEHTOB. M3amepeHus Ooutu
BBLINOTHCHB! METOAOM BpeMcHH niposteta Ha Tanaeme 31TI-10M c ra3oBoit TPUTHEBOM MUILIEHBIO
B KAUeCTBE UCTOUHHUKA MOHODHEPreTMUECKMX HENTpOoHOB. M3 TeopeTnueckoro aHanausa no-
JYUCHHBIX HAHHBIX U3BJCUYCHBI NAPAMETPH IUIOTHOCTH SLAEPHBIX YPOBHEH H BKJIAAH KOMNAaya-
HOTO ¥ TPSMOr0 MEXAHU3MOB PEAKLIMU. HUCTIEHHBIE IKCTEPHUMEHTAIbHHE JAHHBE H NMAPAMETPh
TCOPETHYECKHX MOAEJIEH NMPUBEAEHH B Brae Tabany (puc.14, tabna.5, cnucoxk aur. - 18 Hase.).

YIK 539.125.5

DKCIMEPUMEHTAJIbLHAS BA3A U UCCJEINOBAHUY C 14 MaB-HEMTPOHAMU B
O3 /C.I1.Cumakos, A.A.Auapocenxko, IT.A.Anapocenko, B.B.Jesknn, M.I".Koboses,
A.AJInivarun, B.B.Cunnua, B.A. Tananaes, A.A.Bopucos, B.A.3arpaackuit, 0.10.YysunuH -
Bonpockt aTomuo0it Rayku ¥ TexHuku. Cep.Aneprbie KOHCTAHTH, 1992, Buin. 3-4, c. 93,

Ilan kpaTkril 0030p napaMeTpoB He#TpoHHOro redeparopa I'-0,3 u cnextpoMeTpa OhICTPHX
HCITOPOHOB 110 BPEMEHH TTPOJIETA, @ TAKXE NPOBEACHHBX uceaenosanni 8 POU. Dt uccneno-
BaKMS BKIHOUAKT U3MEPEHHMS U aHAIU3 CAEAYIOMINX BENMYMH: ABAXAH AUdEPEHLHANBHBIE
CEUCHIIS HEITPOHOB IMUCCHH, CEUEHHS UCTTYCKAHUSA HEMTPOHOB U3 PEAKUHH (n,N ) ¥ CIEKTPHI
HEIITPOHOB yTeukU U3 chpepirueckux cOopok. [IpBOALTCS OCHOBHBIE NAPAMETPH IKCIEPUMEH-
TOB, MpOLETY phi 60pABOTKH AAHHEIX, 0630p NONYUEHHBIX SKCTIEPUMEHTATBHBIX PE3YIbTATOB. UX
CPABHCHHUE C IAHHBIMHA ApYyrux daBTOpOB, TeOpCTH‘-{CCKHMH pacye€TaMH, a TAKXE C OLLCHKAMH H3
6nbnorex BPOHI-2, ENDF/B6 u JENDL-3. (puc.22, Taba.6, cniucok aunTt. - 40 nass.).

YK 539.17

MMPOTPAMMA IJI1S1 PACUETA M30TOITHOIO COCTABA U HABEJEHHON AKTHB-
HOCTH OBJIVUEHBHBIX MATEPUAJIOB/10.A.Koposur, A.JO.Kono6ees, T1.3.Ilepecnas-
ucB - Bonpockt aTomHO nayku M TexHUkH. Cep.Snepusie KoucTauThl, 1992, swin.3, c.117.

B pabote kpaTko onucana paspaGoranHasg asropamu nporpamma SNT, npeaHasHaugHHAd aas
pacyeTa u30TOMHONO COCTABa U AKTUBHOCTH MATCPHAJIOR, 001YY3EMBIX YACTHLAMH POH3BOSb-
HOIO CTIEKTPA.

IMporpamma SN'T MOXeT HCONB30BATLCA B/t U3YYEHUS MPOIIECCA TPAHCMYTALMU U aKTHBALIMY
MATEPHAIIOB, HAXCAAIIMXCH NMOA O0IYyUEHNEM B YCTAHOBKAX PA3JIHYHOrO THNA: YCKOPHTEIAX,
TCPMOSLICPHBIX PCAKTOPAX, PEAKTOPAX HE TEMIOBRX U OhiCTPBIX HEITPoHAaX. OMHHM 13 BOIMOX-
HBIX MPHIOKEHHI MPOrPAMMBI SIBJIETCA PACYET H30TOMROMO COCTABA U AKTHBHOCTH JOJTOXHBY~
LIKMX PAIHOAKTHBHBIX OTXOJOB SZIEPHONO TOILTHBA, TPAHCMYTHPYEMBIX B CTAOM/IBHHE HYKJTHAK
1noa ACHCTBHMEM YaCTML ITPOMEXYTOUYHHBX ¥ BHICOKMX SHEPIHH.

[TpiBOIKMTCS CpaBHCHME PE3yJbTAaTOB pacueTa akTHUBHocTH mo mporpamme SNT ¢ aaHHBIMK
APYTMX aBTOPOB (PUC.2, CITUCOK JIMT.- 4 HA3B.).
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