68. 9PEUA

[pupoaHbIil 5pOHii BKIIOYAET MIECTh U30TOMOB. B Tabnuie 1 mpuBomuTCs BKIIa KaXI0ro
M30TOIIA B €CTECTBEHHYIO CMECh.
Tabmuua 1 — CoctaB nmpupoHoro 3pous, %

H3oTon %
Er-162 0.139
Er-164 1.601
Er-166 33.503
Er-167 22.869
Er-168 26.978
Er-170 14.910

Cy1iecTByeT TakXe TpU JOJIT0XKUBYILIHUX U30TONA — 160p (T1,=28.6 1.), 19E (T12=9.40 ou.) n
172EI‘ (T1/2:49 ‘I.).

Jlns peakTopocTpoeHus SpOuii IpeaCTaBIsIeT MHTEPEC KaK SJIEMEHT, UMEIOLTUI TOBOJIBHO
0O0JIBIIIOE CEUSHUE TIOTIIONICHHUS BO BCEH 00JIAaCTH SHEPTUH, a 167gy XapaKTePU3yeTCs] BEICOKUM
CEYeHHE MOTJIOUICHHSI TeTUIOBBIX HEUTpOoHOB (~ 700 OapH).

Onenku (aiina a1 HaTypanabHOro 3pOus HET HU B OJJTHOW OMOJIMOTEKH OLIEHEHHBIX AaHHBIX. [lyis
M30TOTIOB APOHSI CYIIECTBYET JIBE HE3aBUCUMBIX OIICHKH — cTapas oneHka C.M.3axapoBoii u 1p.
(1976r.), conmepxamascst B ouoimorekax FOND-2.2 u BPOH/I-2, u HoBast onienka ["apyH-ap-
Panmina u ap. (2000r.), mpuHsATas B COBpeMeHHbIX 3apy0exHbix Oudmuorexax (ENDF/B-VII,
JENDL-3.3, JEFF-3.1).

68.1. Ap6Mn-160

M cnbIThIBACT MO3UTPOHHBIN pacnaa B ¢ nepuogaom T1,=28.6 u.
B JEFF-3.1 (Activation)=EAF-2003 — ouenka Forrest, Kopecky, Sublet, Koning, 2003.
B apyrux 6ubnuorexax OleHEHHbBIC JaHHBIE OTCYTCTBYIOT.

OreHKa COJIEPKUT AaHHBIE TOJNBKO O CEUCHUSX HEUTPOHHBIX PEaKIIHiA
(MT=16,17,22,24,33,102,106,107,111). JlaHHbBIE O MOJTHOM CEUYEHUHU, O CEUCHUSIX yIPYTrOro u
HEYMPYTOro paccessHus U 00 SHEPro-yrioBbIX PACIPeIeICHUSIX BTOPUYHBIX HEUTPOHOB
OTCYTCTBYIOT.

3akiroueHue

B POCOOH/I mpuaumaetcs onenka Forrest, Kopecky, Sublet, Koning, 2003 (JEFF-3.1).
®aiinet MF=8 u MF=10 uckmoudensl. CeueHne 3axBara TEIUIOBBIX HEUTPOHOB — 49.0 6apH.

ABTOp 0T0O0pa JaHHbIX 3abpojckas C.B.
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68.2. Jpomii-162

1.00muue xapakTepuCTUKH

7-68
A=162
Aw= 1.605380+2
Copnepxxanue B ectecTBeHHOM cmecu:  0.139%
IlepedyeHb HEMTPOHHEIX PECAKITHM
Tabmmma 1.1
MT Peaknus JENDL3.3 FOND2.2
Q.M»B Eropor-, 2B Q.M»B Eropor., 2B
16 (,2n)'*'Er | -9.209370+6 | 9.266740+6 | -9.20900+ 6 | 9.26636+ 6
17 (n,3n)'“Er | -1.642670+7 | 1.652900+7 | -1.64260+7 | 1.65280+ 7
22% | (nna) "Dy | 1.647910+6
28 (n,np) *'Ho | -6.428030+6 | 6.468070+6 | -6.42100+6 | 6.46100+ 6
102 (n,y)' “Er 6.904700+6 6.90500+ 6
103 (n,p) “Ho | 4.863390+5 4.94400+ 5
104% | (nd) "'Ho | -4.203460+6 | 4.229640+6
105 | (n,t) ""Ho | -6.827720+6 | 6.870250+6
107 (n,0)’Dy | 8.478280+6 8.48261+ 6

*) B onienke C.M.3axapoBoii u ap. JaHHBIX 00 3THX PEAKIHUAX HE COMEPHKUTCSL.
DHepruu HEUTPOHHBIX PeaKIlnii, MPUBEICHHBIC B (Dailyiax OIICHCHHBIX JaHHBIX,
YAOBJIETBOPUTEIBHO COINIACYIOTCS C [IOPOTraMU 3TUX PEaKLUH.
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2. O0s1acTh HU3KHUX JHEPIrUi.

Ha puc. 1.1, 1.2 u 1.3 npuBeeHbl NOJHOE CEYEHHE, CEUEHNE PAIUALIMOHHOTO 3aXBaTa U CEYECHUE
YOpYToro paccesiHus B o0nactu sHepruit Hike 1.5 3B. Hanumo npotuBopednBocTh
SKCTIIEPUMEHTAJIbHBIX TaHHbIX. [lanHbie BepTeObHoro u nanuvie BnacoBa — 3T0 naHHBIE OTHOW U
TOM K€ TPYMIIb, IOJyYEHHbIE B OJHOM U TOM ke HHCTUTYTE — KueBckom MucTuTyTe Anepubix
Uccnenoanuii. OHU HAXOATCS B MPOTUBOPEYUH C CEYCHUEM 3aXBaTa, U3MEPEHHBIM
I'mepnrcerom B 70 r. Ilpu onienke nanubie, nonyueHHble B KueBe, ObLIIM MPOUTHOPUPOBAHBI U
OIICHKA OMUpaJIach Ha Pe3ybTaT U3MEPEHUs HauOOoJIee CEUCHU PAJUallMOHHOTO 3aXBaTa
I'nepucerom. Pemenue npencrapisercs 10CTaTOUHO 06OCHOBAHHBIM .

B tabnune 1 npuBoauTCst cEYeHUE B TEIUIOBOM TOUKE.

Taomuua 1.2
JENDL3.3 FOND2.2 Myxab6xab - 2003
Yipyroe paccessHue 8.002 53.6
PanuannoHHbIH 3aXBaT 18.908 29.0 19+2
IlonHoe ceuenue 26911 82.6
1000.0 | | | ‘ | | | | |
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V.P.Vertebnyj(1965)| ~
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Puc. 1.1 TlonHoe ceuenune npu HU3KUX IHEPTHSIX.

! BeposiTHO#M npUYMHON POTHBOPEUNUBOCTH PE3yIbTATOB M3MEPEHHH SIBIISIETCS] HEJOOLCHKA ColepKaHust dpousi-167
B 00pasie 3pousi-162, 4To 10IKHO OBLIO MPUBOJIUTE K 3aBBIIICHHUIO ITOJTHOTO CEUCHHSI K HEKOTOPOMY 3aHIKEHUIO
CEYEHHUs] YIIPYIOro PACCESHHUSA.
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Puc.1.

Energy, eV

i 228.5 5B. OnHako 001acTh pa3peneHHbIX

70 3B, a nanee o 800 3B mexut o61acTh
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B o0eux onenkax, u B FOND-2.2 u 8 JENDL-3.3, npuBoasiTcsi pe30HaHCHBIEC TapaMeTPhI
OIUCBIBAETCS XOJ] CEYEHUH TOIBKO 10

-TH S-PE30HAHCOB, C MAKCUMAJIbHOM 3HEprue
pacmipoctpanena 0 250 5B, a 065acTh Hepa3peneHHBIX PE30HAHCOB OTCYTCTBYET. Pe3oHaHCHbBIE

pe30oHaHCcOoB onpeaensaercs no-paznomy. B FOND-2.2 ¢ momotiibio 3THX apaMeTpoB

HepaspeleHHbIX pe3oHaHcoB. B JENDL-3.3 o6sacTh pa3penieHHbIX pe30HaHCOB

3. CeueHue paiMallMOHHOIO 3aXBaTa MPU HU3KUX SHEPIHSIX.

3. Pezonancuas 00/1aCcTh.
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napamerpst B FOND-2.2 Gbuti B3sTEI B3 paboThl Myxa6xaba 1966 r.°, a B JENDL3.3
MpUBEICHbI 00Jiee 03AHNUE JaHHBIE TOTO XKe Myxa6xa6a3, coxpanusiuecs 10 2003 r.* Cambim
Ba)KHBIM M3MEHEHUEM SBUJIOCH HHOC OIMCAHKUE CCUCHUI B TCINIOBOM 00JIACTH: BMECTO
pe3onanca ripu 0.034 5B BBeieHO cBsi3aHHOE cOCTOsAHME Npu 32.5 3B, 4TO CyIlIeCTBEHHO
TIOBJIMSIJIO HA TEIJIOBBIE ceUeHUs (0COOEHHO Ha CEUCHUE YIIPYTOTO PACCESTHUS).

Ha puc. 1.4 u 1.5 npuBenensl noBeAEHUS MOJHOIO CEYEHUS U CEUEHUS PAIMALIMOHHOIO 3aXBaTa
B 00J1acTH pa3penieHHbIX pe3oHaHcoB. Kak BUAHO, corjacue 00enx OIeHOK BITOJIHE
YAOBJIETBOPUTENHHO (HE CUMTAasi HEKOTOPBIX CMEIIEHUH 10 SHEPTHH JIBYX PE30HAHCOB).
OaHaKo, pacnpocTpaHeHHe 00JIaCTH pa3pellieHHBIX pe30HaHCcOoB 10 250 7B He sgBJasEeTCH
BIOJIHE onpaBAaHHBLIM. B camoMm aese, B unTepBaje mexay 250 u 70 3B jgexut aump 7
pe30HaHCOB M3 17 JeKaluX BbIIIe YHEPTHH CBSA3H HeliTpoHA. IIponycK 3HAYNTEILHOM
YACTH PE30HAHCOB B 9TOM HMHTepBaJjie oueBuaeH. IIponyiieHHble pe30HAHCHI IaKe P
MAaJIOH HEMTPOHHOJ INMPHHE MOL'YT JIAaTh CYIIECTBEHHBIH BKJIAJ B PAANAIIMOHHBII 3aXBaT
M KOPPEKTHAs OII€HKA JI0JKHA ObLIA Obl VYMTHIBATh dTOT BKJIAJ X0THA Obl B BHJIE
HEPE30HAHCHOM NMOMI0KKH. JIDYTHM 04eBHIHBIM HETOCTATKOM HOBOM OLIEHKH SIBJISAETCH
OTCYTCTBHE 00J1aCTH Hepa3pelIeHHbIX Pe30HAHCOB. Y CTPAHEHHUE 3TUX HEJOCTATKOB, OJJHAKO,
BBIXOJIUT 32 PAMKH HACTOSIIECH paOoThl (OCOOCHHO C yUETOM TOTO, YTO CofiepkaHue 3pous-162 B
€CTECTBEHHON CMECH MaJIo).

10000.0 -

1 Er-162 MT=1

1000.0 -
c
0
§ 100.0 ] w—
(&}
10.0 4 &\J
] ~FOND2.2
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Energy, eV

Puc.1. 4. [ToHOE ceueHmne B 00JIACTH pa3pEIICHHBIX PE30HAHCOB.

2 BAPS 11,3,334,DB2

3 Neutron Cross Section:Vol.1, Neutron Resonance Parameters and thermal cross Section. Academic Press, 1984.
*S.F.Mughabghab. Thermal Neutron Cross Sections, Resonance integrals and G-factors. INDC(NDS)-440,
TIAEA,2003.
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Puc. 1.5. Ceuenue 3axBaTa B 00JIACTH pa3peIICHHBIX PE30HAHCOB.

4. CevyeHnnsi BHe Pe30HAHCHOI 00/1aCcTH

Bue pe3oHaHCHOI 001acTH CEUEHHUs OLICHUBAIMCH HA OCHOBE MOJICIBHBIX PACUETOB.

Ha puc. 1.6 cpaBHUBaIOTCS SHEPTrEeTUUCCKUE MTOBEICHUS CEYEHU OCHOBHBIX PEAKIIUNA B ATOM
obnactu. PacxoxaeHus Mex a1y HUIMH CpaBHUTENbHO HeBenuku. CeueHne 3axBara, IpUHATOE B
HOBO# OLIEHKE, MOJITBEPKAACTCS IKCIIEPUMEHTAIBHBIM pe3yibTaToM Tpodumosa (cM. puc.6a).
Ceuenue peakuuu (n,2n) — HENbIM PSIOM SKCIIEPUMEHTATbHBIX TaHHBIX.
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Puc. 1.6a. Ceuenre paanaimOHHOTO 3aXBaTa BHE PE30HAHCHOM 00JIACTH.
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Puc.1.66. Ceuenust BHe pe30HaHCHON 001acTH.

[Ipu onucanuy HEYNIPYroro paccesiHusl B HOBOM OLIEHKE YUTEHO BO30YKICHHE KaXI0T0 U3
nepBbIX 17 U3BECTHBIX YpOBHEH sipa-muiieHd. Haunnas ¢ sHeprun 18-ro ypoBHS IpUHUMAETCS
HENPEPBIBHBIN CIIEKTP COCTOSHUM siipa-MUILEHU. B npexHel o1eHKe KOPPEKTHO YYTEHO
BO30Y’KJI€HHE JIUILIb [IEPBBIX MSITH YPOBHEH, a 00J1aCTh KOHTUHYYMa HaYMHAETCA JIUILb ¢ 2.4
M5B (cm. Tabin.2), T.0. Heympyroe paccesnue B unTepaiue 1.09 — 2.4 M»aB onuceiBaioch
HEKOPPEKTHO — BO30Y KJICHUEM JIUIIb IBYX YPOBHEH (Ha caMOM Jiene, Kak Terepb U3BECTHO, B
3TOM MHTepBajie uMeeTcs okoio 30 ypoBHeil). [IpeumyIiecTBO HOBOM OLIEHKH OYEBUTHO.

Tabnuua 2.2. CxeMbl ypoBHeEH 3p0usi-162, yunTsiBaeMble PU HEYNPYTOM PACCESTHHH.

Ne ypoBus+50 OHneprusi, MaB
JENDL3.3 FOND2.2

51 0.1020 0.1020

52 0.3295 0.330

53 0.667 0.6640

54 0.9007 0.9010

55 1.0019 1.0020

56 1.0871 1.0940

57 1.0968 2.2520

58 1.1280 2.3220

59 1.1710

60 1.2863

61 1.3521

62 1.3567

63 1.4123

64 1.4204

65 1.4299

66 1.4597
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67 1.4691
91 1.5000 2.385

5. DHepro-yrioBble pacnpeaejeHnsi BTOPUYHbIX HEHTPOHOB

OkcnepuMeHTanbHBIX JaHHBIX B EXFOR HeT. B 00eux oneHkax sHepreTnyeckue
pacnpesieleHusl CUUTA0TCS HE 3aBUCSIUMU OT YIJIOBBIX (JaHHbIE [UIS BCEX PEAKLUN C BBUIETOM
BTOPHUYHBIX HEUTPOHOB NpuBoOsATCS B (paiinax MF=4 (yrioseie pactipenenenus) u MF=5
(9HEepreTUdecKHe pactpenesieH s Ul peakuii ¢ BO30YyKAEHUEM HENIPEPBIBHOTO CIEKTPa
COCTOSIHUH s11€p-TIPOIYKTOB). YTIIOBBIE PACIIPEAEICHUS HEUTPOHOB, UCITYCKAEMbIX B PEAKIUAX C
BO30YKJICHHEM HENPEPHIBHOTO CHeKTpa saep-npoaykros (MT=16,17, 22, 28), kpome
HEYIIPYTroro paccesHusl IPUHATH U30TPOIHBIME B J1a00paTOPHOI cuCTeMe KOOpAMHAT. YTIIOBbIE
pacnpeneneHus s yIpyroro 1 Heynpyroro paccessHusi pacCUuThIBAIMCh IO IPOrpaMMe
CASTY.

6. O0pa3zoBanue GOTOHOB B HEMTPOHHBIX PeaKIHUAX

®dotonHbIe aHHBIC ecTh TobKO B JENDL3.3. [IpuBoauTcs cnemyromas nHGpOpMaIus:
HEYIPyroe paccessHue ¢ BO30YkK/IEHHEM JUCKETHBIX YPOBHEH Aapa-MHUILICHH:

B (paitie MF=12 nns MT=51-67 npuBeeHbI BEPOSATHOCTH UCITyCKAHUS TUCKPETHBIX KBAHTOB,
COOTBETCTBYIOIIUX IIEPEX0IaM MEXKIY YPOBHAMU,

peakuuu ¢ Bo30ykK/IeHHEM HEMPEPBHIBHOTO CIEKTPa yPOBHEH s1ep-NPOTyKTOB —
MHOXCCTBCHHOCTHU U HCTIPCPBIBHBIC CIICKTPLI (bOTOHOB, PACCUUTAHHBIC 1O CTaTUCTUYCCKOU
moaenu (ro mporpamme EGNASH), 3amanHbie B COOTBETCTBYIOMMX CeKIUaX ¢aitmoB MF=12
MF=15.

VYrnoBele pacnpezneneHust GOTOHOB BO BCEX CITydasiX MPUHATHI H30TPOIHBIMU.

7. 3akaouenue

6.1. BeiBox: B POCD®OH/le nienecoobpasno npunsaTh orieHky A.K.M.Harun-ar-Rashid,
M.Igashira, T.Ohsaki u K.Shibata (JENDL-3.3).

IIpuHATHIE OLIeHEHHbIE IAHHbIE JKeJIATeJIbHO 0TKOPPEKTHPOBATH € YY€TOM 3aMeYaHuid,
clleJIAaHHBIX B B pa3jiee 3.

CedeHuUs1 OCHOBHBIX peaKIMil Ha MHTETPAIBHBIX CIIEKTPaxX MPUBEACHBI B HIKECIICYIOLICH
TaONuIe KUPHBIM HIPU(TOM CPaBHEHUHU C JAHHBIMHU, ITOJIyYCHHBIMH Ha OCHOBE OMOIUOTEKH
®OH/I-2.2 (0ObIYHBIM CHHUM HIPUPTOM)

Tabmuual.3

Total Elastic | Inelastic | (n,2n) | (n,3n) | (n,y) (n,p) | (n,a)
0.0253 5B 59.288 | 30.192 | 0.000 0.000 | 0.000 |29.096 |0.000 | 0.000

26.954 | 8.028 0.000 0.000 0.000 18.927 | 0.000 | 0.000
Pe3onancusiii | 854.616 | 279.748 | 0.000 0.000 0.000 574.868 | 0.000 | 0.000
HHTETpall 693.985 | 242.797 | 0.000 0.000 0.000 451.188 | 0.000 | 0.000
CriexTp 6.916 4.304 2.077 0.002 0.000 0.533 0.000 | 0.000
JECJICHUS 23U | 6.745 4.803 1.758 0.001 0.000 0.182 0.000 | 0.000
14 Mh>B 5.272 3.098 0.468 1.622 0.000 0.072 0.012 | 0.001

5.435 2.689 1.047 1.683 0.000 0.002 0.009 | 0.003

6.2. ABTOp 000CHOBaHHUSI OlIeHEHHBIX JaHHBIX: 3abpoackas C.B.
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68.3. Ipbmn-164
1.00mme xapakTepuCcTHKH
7=68
A=164
Aw=1.62521+2

Coneprxanue B ecrectBeHHod cmecu:  1.61%

IlepeueHb HEUTPOHHBIX PEAKIINN

s Er-164 cymecTtByeT nBe HE3aBUCUMBIX OLIEHKH — cTapas ouneHka C.M.3axapoBoii u ap.
(1976r.), conepxamascs B oudnuorekax FOND-2.2 u BPOH/I-2, u HoBas onenka ['apyH-ap-
Pammaa u ap. (2000r.), mpuHsTas B COBpeMEeHHBIX 3apy0OexHbix oubmuotexax (ENDF/B-VII,
JENDL-3.3, JEFF-3.1).

Taomuma 2.1
MT Peaknusa JENDL3.3
Q.M»B Enopor-, 3B
16 (n,2n)'"Er | -8.846370+6 | 8.900800+6
17 (n,3n)'“Er | -1.574770+7 | 1.584460+7
22 | (n,na)'”Dy | 1.306910+6
28 | (n,np)'“Ho | -6.854030+6 | 6.896200+6
102 (n,y)'"“Er 6.649700+6
103 | (n,p)'*Ho | -2.306610+5 | 2.320800+5
104 | (nd)'"Ho | -4.629460+6 | 4.657950+6
105 (n,t) "“Ho | -6.778720+6 | 6.820430+6
107 (n,0)'""'Dy | 7.760280+6

OHepruy HEUTPOHHBIX peaklyil, IpUBEJCHHbIE B (ailyiaXx OLIEHEHHBIX JaHHBIX,
YAOBJIETBOPUTENIBHO COTJIACYIOTCS C MOPOTaMU ITHX PEAKIIHIA.

PaIH/IOaKTI/IBHOCTI)Z HC paIMOaKTUBCH

2. O0s1acTh HU3KHUX JHEPrUuH

Ha puc.2.1-2.2 npuBeaeHbl NOJHOE CEUEHHE, CEUEHUE PATUAI[MIOHHOTO 3aXBaTa U CEUEHUE
yIPYToro paccesiHusl B TEIIOBOM 00JIaCTH, paCCUUTAHHBIE [0 OLICHEHHBIM PE30HAHCHBIM
napametrpam. [Ipu 0.0253 3B nonHoe ceyeHne B HOBOM OIIEHKE HE COTJIacyeTcs ¢
skcriepumerTamu B.I1.Beptebnoro(1965) u Myxa6xa6a(67), OCKOJIbKY OTAAET MPEIOUYTeHUE
U3MEPEHUSIM CEUCHHUS PAJUAllMOHHOTO 3axBaTa U paccestHus. JkcnepumenT O.Glemset(70)
TOYHO JIS)KUT Ha KpHBOM ceueHus. /[Ba skcniepumenta B.I1.BepTe6HOro(1965 1 1975) nns
CEUEHUsI YIPYTOro paccesHus MPaKTHYECKU COBMANAIOT U JIe)KaT OJIMKe K HOBOU OLICHKE,
MOJIyYEHHOM, €CTECTBEHHO, C YUE€TOM PE3yJIbTaTOB U3MEPCHUIN HEHTPOHHBIX CEUeHUH B 00J1aCcTH
pa3peLIeHHBIX Pe30HAHCOB.
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Puc.2.3. CeueHue paqnalimoHHOTO 3aXBaTa IPU HU3KUX SHEPTUIX
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2. O6sacTh pa3pelieHHbIX Pe30HAHACOB

Ob6nactp pa3pemieHHbIX pe3oHaHcoB B FOND2.2 npoctupaercs no 230 3B; B JENDL3.3 - 1o 800
5B. Pesonancubie mapamerpsl B FOND-2.2 Gbimn B3sTHI 13 paboThl Myxabxa6a 1966 T.°, a B
JENDL3.3 npuBeneHs! 60jee Mo3IHUE TaHHBIE TOTO JKe Myxa6xa6a6, COXpaHMUBILIKECS 10
2003r.’

Ha puc.6.4. u 6.5. npeacraBieHbl IOJHOE CEUYEHUE U CEYEHUE PAIMALIMOHHOTO 3aXBaTa B
00J1aCTH pa3pelIeHHBIX PE30HAHCOB. DKCIIEPUMEHTANBHBIX IAHHBIX, UMEIOIIUECS B ATOU
06JIaCTH8, B EXFOR.

PacnpocTrpanenne 00JacTi pa3pemeHHbIX pe3oHancoB 10 800 3B B onenke ENDF/B-VII
He SIBJIsIeTCS BIOJIHE onpaBaaHHbIM. B camom jese, B unTepBaje mexxay 800 u 230 »B
JEKNT JIMIIBb 6 pe3oHaHCOB u3 17 JesKamuX BhIlIe YJHEPIruH CBA3H HedTpoHa. Ilponmyck
3HAYMTEIbHOM YaCTH PE30HAHCOB B 3TOM HHTEpBaJie oueBwiIeH. IlponyiieHHbIe
PE30HAHCHI JIasKe MMPH MAJIOH HEeliTPOHHOM INMHPHHE MOI'YT JIaTh CYIECTBEHHBIH BKJIAI B
PaAMAINMOHHBIN 3aXBAT M KOPPEKTHAS OIIEHKA JI0J:KHA ObLIAa O0bl VUNTHIBATH 3TOT BKJIAJ
XOTs ObI B BH/I€ HEPE3OHAHCHOM MOMI0KKH. JIDYTHM 0YeBHIHBIM HEA0CTATKOM HOBOM
OLICHKHM SIBJISIETCH OTCYTCTBHE 00/1aCTH Hepa3pelIeHHBIX PE30HAHCOB. Y CTPAHEHHUE 3TUX
HEJI0OCTATKOB, OJTHAKO, BEIXOJUT 32 PAaMKH HACTOsAIIEH paboThl (0COOEHHO C yU4€TOM TOT0, YTO
coziepkanue 3pousi-162 B eCTECTBEHHON CMECH MaJo).

1.0E+04

1
FOND2.2
JENDL3.3

Er-164 MT=1

toev3 4 t0--4H464HVFY--H----1-

1.0E+02

Cross section

|
|
1.0e+01 M AR - - S S—— PN ”,U 777777777777

| |
| |
| | |
| | |
1 1 1
1.0E+00 - 1 1 1
0.0 200.0 400.0 600.0 800.0 1000.0
Energy, eV

Puc.2.4. IlonHoe ceyeHue B 06JaCTH pa3pelIeHHbIX PE30HAHCOB.

> BAPS 11,3,334,DB2

8 Neutron Cross Section:Vol.1, Neutron Resonance Parameters and thermal cross Section. Academic Press, 1984.
’S.F.Mughabghab. Thermal Neutron Cross Sections, Resonance integrals and G-factors. INDC(NDS)-440,
IAEA,2003.

¥ Liou et al. Phys.Rev/C,5,974?1973.
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1.0E+04

ER-164 MT=102 —— FOND2.2

1.0E+03
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Cross section, barn
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1.0E-02
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Puc.2.5. Ceuenne paguaiiioHHOTO 3aXBaTa B 00JIACTH Pa3pelICHHBIX PE30HAHCOB.

O0J1acTh Hepa3peneHHBIX Pe30HAHCOB onucana Tosbko B FOND-2.2 u to Tonsko ot 230 1o
700 k3B. Cpennue pe3oHaHCHBIE MapaMETPhbl HE 3aBUCAT OT SHEPTHUU.

3. CeueHnsi BHe Pe30HAHCHOM 00J1acTH

Bre pe3oHaHCHOMN 0071aCTH CeYeHUE OIICHUBAIMCH HA OCHOBE MOJIETBHBIX pacueToB. Ha puc.2.6.-
2.7 cpaBHUBAIOTCS TOBEJCHUE MTOJIHOTO CEYEHUS U CEUCHUS PAIMAlIMOHHOTO 3aXBaTa ¢
3KcnepuMeHTaMu. BugHo, uto HOBas orieHka nosiHoro ceyeHus JENDL3.3 opuenTupoBanack Ha
skcniepumenT A H.Jlemuna(1977). Pesynwsrat FO.H.Tpodumosa(1987) nns ceuenus
paaranroHHoro 3axsara npul MaB nexur cyniecTBeHHO HUXKE OLIEHEHHBIX IaHHBIX..

10.0

FOND2.2
JENDL3.3
A.N.Djumin(77)

Er-164 MT=1

Cross section

4.0 ‘ | |

1.0E+03 5.0E+06 1.0E+07 1.5E+07
Energy, eV

Puc.2.6. IlonHoe ceyeHne BHE PE30HAHCHOM 001acTH
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1.0E+02

——— FOND2.2
—— JENDL3.3
T0E+01 - oo = Yu.N.Trofimov(87)

ER-164 MT=102

1.0E+00

1.0E-01

Cross section, barn

10E02 - N
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1.0E+02 5.0E+06 1.0E+07 1.5E+07 2.0E+07

Energy, eV

Puc.2.7. CedeHnne paualimOHHOTO 3aXBaTa BHE PE30HAHCHOM 00acTu

OcranbHble OCHOBHBIE PEAKIIMU TTPUBOASTCS Ha puc. 2.8

10.0 ‘ ‘ \
| | L
! ! — JENDL3.3
. |Er-164 MT=1| | (n.2n)
8.0 o (n,3n) ]
| inelastic
l ‘
| |
$6.0 l l
33 | |
8 1 l ~
(")
@ 1 1
04.0 - ! !
o 1 1
| |
l l
2.0 - :
0.0
9.0E+02 5.0E+06 1.0E+07 1.5E+07
Energy, eV

Puc.2.8. CeueHus BHe pe30HAHCHOM 00J1acTH

4. JHepro-yrJjosble pacnpenejeHlss BTOPUYHbIX HEHTPOHOB

OxcnepumeHTanbHbIX JaHHBIX B EXFOR Het. B 00enx olieHkax sHepreTudeckue
pacnpeneNeHns CYMTAIOTCS HE 3aBUCSILIMMU OT YIJIOBBIX (JaHHBIE /1711 BCEX PEAKIUIl C BHUIETOM
BTOPUYHBIX HEUTPOHOB NpuBOAATCs B aitnax MF=4 (yrnoseie pacnpenenenus) u MF=5
(’HepreTuyecKue pacrpeneineHus JUisl peakluii ¢ BO30ykK/I€HUEM HENPEPHIBHOTO CIEKTPa
COCTOSIHUH sIIep-TIPOAYKTOB). YTIJIOBBIE pacipeeseHUs HEHTPOHOB, HCIIYCKaeMBbIX B PEAKIIUSIX C
BO30Y’KJIEHHEM HEIIPEPHIBHOTO CIIEKTpa siaep-npoaykroB (MT=16,17, 22, 28), kpome
HEYIPYIroro paccesHusl IPUHATH U30TPOIHBIMU B J1a00paTOPHOM cuCTeMe KOOpAMHAT. YTJIOBbIE
pacrpeneieHus sl yIpyroro 1 HeyIpyroro paccesiHusl pacCUMThIBAIIMCH 110 IPOrPaMMe
CASTY.
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5. O6pa3zoBanue GOTOHOB B HCMTPOHHBIX PEAKIHUAX

B JENDL3.3 (ENDF/B7) npuBoauTcs ciieayromas nH)OpMaIns:

HEYTPYTroe paccesiHue ¢ BO30YKICHHUEM TUCKETHBIX YPOBHEH sipa-MUILICHU:

B ¢aitne MF=12 nns MT=51-66 npuBeneHbl BEpOSTHOCTH UCITYCKAHUS JUCKPETHBIX KBAaHTOB,
COOTBETCTBYIOIIUX MEPEX0aM MEKIY YPOBHSIMU;

peaximu ¢ Bo30yKICHHEM HETIPEPHIBHOTO CIIEKTPa YPOBHEH SI€P-TIPOAYKTOB —
MHO>KE€CTBEHHOCTHU U HETPEPBIBHBIE CIIEKTPhI POTOHOB, PACCUMTAHHBIE TI0 CTATUCTUYECKOM
moaenu (ro mporpamme EGNASH), 3anannbie B COOTBETCTBYIOMIMX CeKIusaxX ¢aitioB MF=12
MF=15.

VYrnoBele pacnpeneneHus: GOTOHOB BO BCEX CIIydasX MPHHATHI H30TPOITHBIMHU.

6. 3akarouenue

6.1. BeiBox: HecMoTpst Ha COMHEHUS! B KOPPEKTHOCTH OLIEHKH CEYEHUS 3aXBaTa ObICTPBIX
HEUTpOHOB (cM. BbIme pazaen 5 u puc. 2.7), B POCOOH/] npunumaetcs onenka JENDL-3.2
(=ENDEF/B-7), monHee y4uThIBaomas TaHHBIE O PE30HAHCHOW CTPYKTYpE CEUCHUIA.
IIpuHsAThHIC OLleHEHHbIE IAHHbIE KeJATeJbHO 0TKOPPEKTHPOBATH € Y4eTOM 3aMeYaHuid,
C/IeJIAHHBIX B B pa3jedie 2.

CedeHust OCHOBHBIX peakLMil Ha HHTErPAIbHBIX CIIEKTpax MPUBEACHBI B HIDKECIEIYOLIeH
Ta0IHIIe KUPHBIM IPU(TOM CPAaBHEHHUH C IAHHBIMU, TIOJyYCHHBIMU Ha OCHOBE OMOITNOTEKH
OOH/I-2.2 (0ObIYHBIM CUHUM HIPUPTOM)

Total Elastic Inelastic (n,2n) | (n,3n) (n,y) (n,p) (n,a)
0.0253 3B 47.4262 34.3034 | 0.0000 0.0000 | 0.0000 13.1228 | 0.0000 | 0.0000

22.0902 9.1285 0.0000 0.0000 | 0.0000 12.9617 | 0.0000 | 0.0000
PesonancHhsrii | 327.2890 | 182.6760 | 0.0054 0.0000 | 0.0000 144.6080 | 0.0000 | 0.0000
HHTErpall 340.9230 | 174.3130 | 0.0017 0.0000 | 0.0000 166.6090 | 0.0000 | 0.0000
CrexTp 6.9420 4.8610 1.8751 0.0021 | 0.0000 0.2038 0.0000 | 0.0000
JEJIEHUS U | 6.7853 4.6716 1.7362 0.0027 | 0.0000 0.3748 0.0000 | 0.0000
14 M>B 5.3000 3.4055 0.3560 1.5030 | 0.0000 0.0290 0.0060 | 0.0005

5.4688 2.7112 0.7155 2.0304 | 0.0000 0.0016 0.0074 | 0.0015

6.2. ABTOp 000CHOBaHHUSI OLIeHEHHBIX JaHHBIX: 3a0poackas C.B.
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68.4. pb1in-166

1.00mme xapaKkTepuCTHKHA

1.1. Z=68

1.2. A=166

1.3. Aw= 1.645050+2

1.4. CopepkaHu€ B €CTECTBCHHOM CMECH:
1.5. IlepeueHb HEHTPOHHBIX PEAKITHI

33.61%

He3zaBucumeie onenku Er-166 npencrasiens! B aiByx 6nbianorekax FOND2.2(1976) n
JENDL3.3(2000), xotopas nosiHocThlo nepertia B 6udanoreky JEFF3.1. B 6ubnanorexe
ENDF/B-7 taxxe conepxkarcs ganabie JENDL3.3, HO ¢ Koppeknuell pe30HaHCHBIX TTapaMeTPOB.
B Tabnuue no HEMTPOHHBIM pPeaKLUsAM, UCXOS U3 BBIILIECKA3aHHOT O, IPUBOJATCS SHEPTUU

peaKIuil ¥ UX MOPOrHy.

Taobmuua 4.1
MT Peaxuust JENDL3.3
Q,M»3B Euopor-, 2B
16 (n,2n)'”Er | -8.475370+6 | 8.526890+6
17 (n,3n)'“Er | -1.512570+7 | 1.521760+7
22 | (mna)'*Dy | 8.309080+5
28 | (n,np)'*Ho | -7.316030+6 | 7.360500+6
32 (n,nd)'**Ho | -1.313180+7 | 1.321160+7
102 (n,)"Er 6.436700+6
103 | (n,p)'*Ho | -1.071660+6 | 1.078170+6
104 | (nd)'®Ho | -5.091460+6 | 5.122410+6
105 (n,t) "*Ho | -6.873720+6 | 6.915500+6
107 (n,0)'“Dy | 7.102280+6

OHepruy HEUTPOHHBIX peaklyil, IpUBEJCHHbIE B (ailylax OLICHEHHBIX JaHHBIX,
YAOBJIETBOPUTENIBHO COTJIACYIOTCS C MOPOraMU ITHX PEAKIIHI.

PaIH/IOaKTI/IBHOCTI)Z HC paIMOaKTUBCH

2. O0s1acTh HU3KHUX JHEPrUuH

Ha puc.4.1(a0), 4. 2 u 4.3 npuBeieHbI OLICHEHHBIE [TOJIHOE CEYEHUE, CEYEHUE PaAUALIMOHHOIO
3axBaTa U CEYCHHE YNPYTroro paccesiHus B 00JIaCTH HU3KHUX 3HEPTHil, a TAK)Ke COOTBETCTBYIOLIHE
IKCTIIEpUMEHTANbHBIC JaHHbIe. [locnenHue, kKak BUAHO, BeChbMa MPOTUBOPEUNBEL. Pe3ybraTh
U3MEpPEHUl ceueHns 3aXBaTa pPa3INyaloTCs B pa3bl; B TO )K€ BpeMsl JaHHbIE IBYX MOCIECIHUX
pab6ot (Kuomnda n JlanoHa) MPEeKpacHO COTIACYIOTCS MEXTy COOON U OIIEHEHHBIC KPUBEIC
OTHPAIOTCS, ECTECTBEHHO, Ha HUX. BeposATHOI npuunHOi pa3dpoca 3KcriepUMEeHTaIbHbIX
JAHHBIX SBJSIACh HETOYHOCTH 3HAHUS H30TOITHOTO cocTaBa oOpasua. EquHcTBeHHAs Touka pu
1.26 3B TouHO coBmaja ¢ pacyeTHbIM 3HAY€HUEM. B TemIoBoi ke Touke Moxose ObII0 OTJaHO
npeamnouTeHue sxkcrnepumenTaM Ha 3axBate K.Knopf(1997) u Y.Danon(1998). B ENDF/B-7
yIpYTroe paccesiHue Takke ToUHo coBmnana ¢ usmepenuneM K.Knopf(1997).
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100.0 4

I ER-166 MT=102

10.0 1 -

——— FOND2.2
JENDL3.3
ENDF/B-7
H.Arino(64)
V.P.Vertebn é(65)
) )

Cross section, barn

[

. G.R.Hopkins
A Y.Danon(98
X  K.Knopf(97)

1.0 : : : : : : : : :
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Energy, eV

Puc. 4.3. Ceuenune paguanoHHoro 3axsara Er-166 npu HU3KHX 3HEPIHAX

B tabnuue 4.2 npuBogstcs ceuenus npu 0.02533B.

Taonuua 3.2

FOND2.2 JENDL3.3 ENDF/B-7
Elastic 37.1 12.448 14.236
Capture 20.6 16.765 16.872
Total 29.213 31.107

2. PezonancHast 00J1acTh

Ornrcanue 00y1acT pa3penieHHbIX pe30HaHCcoB puBoauTcs B Tabmuie 4.2. PezonancHbie
napameTpsl B FOND-2.2 6b1tH B3sTHI 13 paGoThl Myxabxa6a 1966 r.°, a 8 JENDL3.3
IIPUBEICHBI GOJIee MO3IHAE TaHHBIE TOTo ke Myxabxa6a'’, coxparummecs 10 2003 ., a B
ENDF/B-7 — npuBoasTcs yxe HOBble TaHHble Myxa6xa6a(2006r) nns 6osee mIpoKoit 061acTi
SHEPIHid.

’ BAPS 11,3,334,DB2
1 Neutron Cross Section:Vol.1, Neutron Resonance Parameters and thermal cross Section. Academic Press, 1984.

''S F.Mughabghab. Thermal Neutron Cross Sections, Resonance integrals and G-factors. INDC(NDS)-440,
IAEA,2003.
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Taomnuma 4.2

FOND2.2 JENDL3.3 ENDEF/B-7
I'panumna o6nactu
pa3penieHHbIX 4.2 k3B 3.0 k3B 5.0x3B
pE30HaHCOB
ABTOpBI OLIEHKH Miosnnep(1960) Landolt- Myxa6xa6(2006)
Myxab6xa6(1966) Boernstein(1998)
Y.Danon(1998)
Myxa0xa6(1984)
Panuyc paccesiust 0.767 0.8295 0.810
KonunuectBo
pa3pelIeHHbIX 175 78 174
pPE30HaHCOB
Ob6nacth
HEPELICHHBIX 4.2 +6 k3B HET HET
pE30HaHCOB

Ha puc. 4.4a,6 npuBeIeHBI TOBEACHUS MTOJTHOTO CEUCHUS B 00JIACTH Pa3peIICHHBIX PE30HAHCOB.

—— FOND2.2
ER-166 Total JENDL3.3
ENDF/B-7
R/ T U I 1 7 1, = V.PVertebnyy(80)| "~~~

o
o

Cross section,bam

0.1
1.5E+00 5.0E+02 1.0E+03 1.5E+03 2.0E+03 2.5E+03

Energy,eV

Puc. 4.4.a Ilonuoe ceuenne Er-166 mo 3 koB

1000.0

ER-166 Total

Cross section,bam

—— FOND2.2
JENDL3.3
——— ENDF/B-7

0.1
3.0E+03 4.0E+03 5.0E+03

Energy,eV

Puc. 4.4.b ITonuoe ceuenue Er-166 no 5 knB
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[lepBrIii pUCYHOK IOJTHOTO CEYEHMsI MPUBEEH 10 3 K3B — rpanuiibl pa3perieHHol pe30HaHCHON
obmactu B JENDL3.3. Ilpu 2 k3B ectb s3xcniepumenTtanbHas Touka B.I1.Bepre6roro(1980).
Crnenyromuii puCyHOK — JIO TPaHHMIIBI pa3penieHHON pe3oHancHoi obmactu B ENDF/B-7. Tlpu
4.2 x»B nabmonaercs rpanuna u B8 FOND2.2.

O0J1acTh Hepa3pemeHHBbIX Pe30HAHCOB onucana Tosbko B FOND2.2 no 6 x3B.
3.CeueHusi BHe pe30HAHCHOM 00J1acTH
BHe pe3oHaHCcHOI 001acTH ceYeHHsl OLIEHUBAINCH HA OCHOBE MOJIENIbHBIX pacueToB. Ha puc.4.5

a,b IPUBOIUTCS CpAaBHEHUE CCUCHUE 3aXBaTa C IKCIIEPUMCHTAIHHBIMU JaHHBIMU. HaunHas ¢ 5
k3B onenxn JENDL3.3. u ENDF/B-7 coBmagaror.

1.6 -
1441 FOND2.2 | |
1 ER-166 MT=102 JENDL3.3
P | ENDF/B-7 | |
A = V.N.Kononov(77)

1.0 1§
0.8

0.6

Cross section, bam

0.4 ]

0.2 ]

0.0 |
5.0E+03 1.1E+05 2.1E+05 3.1E+05

Energy, eV

Puc. 4.5.a Cedenne paguanimoHHOTO 3aXBaTa BHE PE30HAHCHOM 00JacTH

0.3

FOND2.2 JENDL3.3

— ENDF/B-7 L.Lakosi(73)

Cross section, bam

0.0

4.0E+05 1.4E+06 2.4E+06 3.4E+06 4 4E+06
Energy, eV

Puc. 4.5.b Ceuenune paauaiimoHHOTO 3aXBaTa BHE PE30HAHCHOM 00J1acTH

Ceuenust, mpunsteic B JENDL3.3 ( ENDF/B-7), onuCBIBatOT SKCIIEpUMEHTAILHBIC TAHHBIC
OTHIO/Ib HE UAEATBHO. SICHO, 4TO pe3yibTaram KoHoHOBaA 1 JIakOCH HEBO3MOXKHO
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YAOBIIETBOPUTH OJTHOBpEeMEHHO. OIHAKO MOBEJICHUE CEUCHUS 3aXBaTa BOJIM3U TTOpora
HEYMPYTOro paccessHusl, OYeBUIHO, MOXKHO OBLJIO OBl OMKCATH JIyYIlle, YeM 3TO CAEIaHO B
nocyenHen onenke. B o6mactu coren k3B, olieHeHHast KpUBast JICKUT HIKE BCEX
9KCIIEPUMEHTAIbHBIX JTaHHBIX.

2.0 4

0.0

10.0
90+ - = RGWile(60) |- |
S.M.Qaim(74)
X W.Dilg(68)
80 A--------1 Er-166 (n,2n) -~ e HlLilavirta(78) [~~~ ~~~~1
(n,3n)
7.0 | (n2n)
E Inelastic
Total
g S o
c
S
< S
[}
(]
A IR R E——————_ L
[}
1
O B0

0L/ e E,,,,,,,,,,,,,/

8.0E+04

5.1E+06

Energy, eV

1.5E+07

Puc. 4.6. Ceuenne BHE pe30HAHCHOM 00JacTH

Ha puc 4.6 npuBoasTCS € OJIHBIM BCE OCTAJIbHBIE CYIIECTBEHHBIE PEAKLIUU:

(n,2n),(n3n),Heymnpyroe paccesaue. Bee axcriepuMeHTaIbHbIE TaHHBIE OTHOCATCS TOJIBKO K

peaximu (n,2n). Xopoliee corjiacie co BCeMH 3KCIIEPUMEHTOM HalmoaeTcs npu sHepruu 14

M5B, kpome nanubix R.G.Wille(1960r).

[Tpu HOBOM ONUCaHHUH OL[EHKU HEYIIPYTOro paccesiHUsl yYTeHO BO30ykKAeHHE Kaxa0ro u3 24

ypoBHeil, BMecTo 7 ypoBHel panee B FOND2.2.

Tabmuua 4.4 Cxema yposaerr ER-166 npu HeynpyroM paccestHuu

Ne ypoBHs Oneprus, M>B
JENDL3.3 FOND2.2

51 0.0806 0.081

52 0.2650 0.265

53 0.5455 0.545

54 0.7859 0.787

55 0.8594 0.86

56 0.9112 0.957

57 0.9562 1.076

58 1.0753

59 1.2160

60 1.3496

61 1.3760

62 1.4582

63 1.4599

64 1.5134

65 1.5284
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66 1.5557
67 1.5722
68 1.5962
69 1.6624
70 1.6658
71 1.6788
72 1.6923
73 1.7031
74 1.7870

4. DHepro-yrioBble pacnpeaeJeHisi BTOPUYHbIX HEHTPOHOB

OkcnepuMeHTanbHbIX JaHHBIX B EXFOR Het. B 00eux oneHkax sHepreTnyeckue
pacnpesieleHus CUUTAI0TCS HE 3aBUCSIUMU OT YIJIOBBIX (JaHHbIE [UI BCEX PEAKLU C BBUIETOM
BTOPHYHBIX HEUTPOHOB NpuBOIsATCS B (paiinax MF=4 (yrioBeie pactipenenenus) u MF=5
(9HepreTUdecKHe pactpenesieH s Ul peakuii ¢ BO30YyKACHUEM HENIPEPBIBHOTO CIEKTPa
COCTOSIHUH s11€p-TIPOIYKTOB). YTIIOBBIE PACIIPEAEICHUS HEUTPOHOB, UCITYCKAEMBIX B PEAKIUAX C
BO30YKJICHHEM HEMPEPHIBHOTO CHeKTpa siaep-npoaykros (MT=16,17, 22, 28), kpome
HEYIIPYTroro paccesHus IPUHATH U30TPOIHBIME B J1a00paTOPHOM cUCTeMe KOOpAMHAT. YTIIOBbIE
pacnpeneneHus A yIpyroro 1 Heynpyroro paccessHusi pacCUuThIBAIMCh IO IPOrpaMMe
CASTY.

5. O6pa3zoBanue GOTOHOB B HEMTPOHHBIX PEaKIHUAX

®otonnsie ganHbie ecth B JENDL3.3(ENDF/B7). [IpuBoautcs cinemyromas HHGOpMaIIHs:
HEYTNPYroe paccesiHue ¢ BO30YKICHUEM TMCKETHBIX YPOBHEH sIpa-MHIICHU:

B (paitne MF=12 nns MT=51-74 npuBeeHbI BEPOSATHOCTH UCITyCKAHUS TUCKPETHBIX KBAHTOB,
COOTBETCTBYIOIIUX IIEPEXOIaM MEXKIY YPOBHAMU,

peakuuu ¢ Bo30ykKIeHHEM HEMPEPHIBHOTO CIEKTPa yPOBHEH si1ep-NPOTYKTOB —
MHOECTBEHHOCTH U HETIPEPHIBHBIE CIIEKTPHI (POTOHOB, PACCUMTAHHBIE 10 CTATUCTUYECKOM
moaenu (o mporpamme EGNASH), 3amanHbie B COOTBETCTBYIOMMX CeKIuaX ¢aitmoB MF=12
MF=15.

VYrnoBsie pacnpezeneHusi GOTOHOB BO BCEX CIydasiX MPUHATHI H30TPOIMHBIMU.

6. 3akaouenue

6.1. Beisoa: B POCDOOH/I nenecoobpasno npunsath orienka JENDL-3.3 (=ENDF/B-7),
COJIePIKaIIYIO MMOCIICTHUE TaHHBIC B PE30HAHCHOM 00J1acTH. DTy OICHKY MPH JKEIaTeIbHO
YTOYHHUTH: BBECTH O00JIACTh HEPA3PEIICHHBIX PE30HAHCOB, TTO3BOJISIONIYIO OMUCATH X0/
HEUTPOHHBIX CEUEHUH JI0 MOPOra HEYNPYTroro PacCessHus; MePeCMOTPETh OIICHKY CEUCHHI BBIIIIE
3TOTO TOPOTa, 00ECIIEYNBAONIYIO CTHIKOBKY Ha TIOPOTE U JIyUIle COTIACYIONTYIOCS C
OKCIIEPUMEHTATHHBIMU JAHHBIMU TPU 00JIee BHICOKUX SHEPTHUSX.

B (aiin BKIFOUYEHBI 1aHHBIE 00 00pasoBanuy xonroxusymero (T,,=1200 ner) nzomepa ' ““Ho™ B
peakiuu (n,p) Ha ocHoBe MaHHBIX EAF-2003.

CeueHMs OCHOBHBIX pEaKIUi Ha MHTETPATBHBIX CIICKTPaX MPUBEICHBI B HUKECIIC YOS
TaOJIHUIIC JKUPHBIM IPUPTOM CPABHCHUU C JAHHBIMH, TIOJTYYCHHBIMU Ha OCHOBE OMOJIMOTEKH
®OH/I-2.2 (0ObIYHBIM CHHUM HIPUPTOM)

ER-21



Total Elastic Inelastic (n,2n) | (n,3n) (n,y) (n,p) (n,a)
0.0253 3B 57.7329 37.1240 0.0000 0.0000 | 0.0000 20.6089 0.0000 | 0.0000

31.1646 14.2796 | 0.0000 0.0000 | 0.0000 16.8849 | 0.0000 | 0.0000
Pezonancusiii | 352.6470 | 242.9210 | 0.0242 0.0000 | 0.0000 109.7020 | 0.0000 | 0.0000
WHTETpall 303.4590 | 205.8360 | 0.0161 0.0000 | 0.0000 97.6070 | 0.0000 | 0.0000
CriexTp 6.8838 4.7182 2.0189 0.0029 | 0.0000 0.1438 0.0000 | 0.0000
JECJICHUS 23U | 6.8141 4.6475 2.0671 0.0039 | 0.0000 0.0956 0.0000 | 0.0000
14 Mh>B 5.2734 3.2292 0.3260 1.6940 | 0.0000 0.0190 0.0048 | 0.0004

5.5021 2.7553 0.5357 2.2023 | 0.0000 0.0019 0.0054 | 0.0009

6.2. ABTOp 000CHOBaHHUSI OLIeHEHHBIX JaHHBIX: 3abpoackas C.B.

68.5. Ap6mi-167
1.00mme xapaKTepucTUKH

7=68

A=167

Aw=1.654980+2

CoaepkaHNe B €CTSCTBEHHOM CMECH:
ITepeueHb HEUTPOHHBIX PEAKITHI

22.93%

HezaBucumeie onenku Er-167 npencrasnens! B AByx 6ubianorekax: FOND2.2 (BROND2,1976)
n JENDL3.3(2000), koTopas mosiHOCThIO iepenuia B onbnuotexy JEFF3.1. B 6ubnuoteke
ENDF/B-7 takxe copepsxarcst nanabie JENDL3.3, HO ¢ koppekuueit ob6macTu pa3pemeHHbIX
PE30HAHCOB, IOTOMY Ha PUCYHKax B 9TOH 00J1aCcTH OyyT MpEACTaBIEHbl TPU OLIEHKH.

B Tabnuue 4.1 mo HEUTPOHHBIM PEAKIMAM MPUBOAATCS SHEPruM peakiuii (Q) u moporu u3
6ubmorek FOND2.2 n JENDL3.3(ENDF/B-7).

Tab6muna 4.1
MT Peaknus JENDL3.3
Q,M»B Euopor-, 9B

16 (n,2n)'Er | -6.435370+6 | 6.474260+6
17 (n,3n)'“Er | -1.491070+7 | 1.500080+7
22 (n,na) "Dy | 6.669080+5

28 (n,np) ®Ho | -7.507030+6 | 7.552390+6
32 (n,nd)'®Ho | -1.152680+7 | 1.159640+7
102 (n,y) °Er 7.770700+6

103 (n,p) "®’'Ho | -2.246610+5 | 2.260180+5
104 | (nd)'*Ho | -5.282460+6 | 5.314380+6
105 (nt) '"“Ho | -5.268720+6 | 5.300560+6
107 (n,0)*Dy | 8.325280+6

DHepruu HEUTPOHHBIX peaKIlnii, MpUBEICHHBIC B (Dailyiax OIICHECHHBIX JaHHBIX,
YAOBJIETBOPUTEIBHO COINIACYIOTCS C [IOPOTraMHU 3TUX PEaKLUH.

PagnoakTHBHOCTL: HE PAAOaKTUBCH

2. O0s1acTh HU3KUX JHEPruit

Ha puc.1, 2 u 3 npuBeeHbI IOTHOE CEYEHUE, CEUCHUE PaIMallMOHHOTO 3aXBaTa U
ceueHue ynpyroro paccesaus 10 1 3B. Jlng Er-167 Baxus! ABa nepBbix pe3onanca 0.46 u 0.584
3B. [TonHoe ceuenue B onenkax JENDL3.3 u ENDF/B-7 nmpoxoaut mo To4kam, NOJy4YeHHBIM B
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u3mepenusix H.B.Mollera, gero nenp3s cka3atsh mpo oueHky @POH/I-2.2, B koTopoii mpuHsITa
napamMeTpH3alysl, BbIMoJIHEHHas caMuM MoJsutepoM. EquHCTBEHHBIH SKCIIepUMEHT
B.I1.Beptebnoro(1965) nins ynpyroro paccestHus CylieCTBEHHO OTJIMYEH OT BCEX PACUETHBIX
KPHBBIX ce€ueHus. BronHe BO3MOXKHO, YTO CEUeHHE yNPYToro paccesiHus Jake B MOCIeaHeN
ouenke, npuasaToit B ENDF/B-VII, 3aamxeno. OqHaKo, IMOCKOIBKY POJIb YIPYTOTo paccesHus Ha
9p6uK-167 HUYTOXKHO Mana, OCTpasi HEOOXOJUMOCTb B NIEPEOLIEHKE OTCYTCTBYET.

B tabnuue 4.2 npuBoAsTCS ceYeHUs B TEMJIOBON TOUKE.

Taonuua 4.2
FOND?2.2 JENDLS3.3 ENDEF/B-7
Yipyroe paccessHue 26.8 1.335 2.4509
PagmanmoHnsbil 3axBat 653. 642.274 649.00
IlonmHoE ceueHHNE 643.609 651.45
10000.0 1 ‘ : ; ‘ :
L NN [ — FonDz2 |
fffffff il / At Bl o JENDL3.3
fffffff - ‘ -—----——---A\""""| - HB.Moller(60)

- + V.P.Vertebnyj(65)
Y .Danon(98)

Energy, eV

Puc.4.1 [TonHoe ceueHne Npu HU3KUX IHEPTUAX

100.0 §

0.1

FOND2.2
ENDF/B-7
JENDL3.3
V.P.Vertebnyj(65,70)

Energy, eV

0.8 1.0

Puc.4.2 Ceuenue ynpyroro paccessHusl Ipy HU3KUX SHEPTUAX
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10000.0 T T T
FOND2.2
******************************** g T JENDL3.3
7777777777777 temoml TN & R Hopkins (58)
- - - = =102~/ -—""""""""""""\N\""-1 [ ] .R.Hopkins
I ER-167 MT 102t ,,,,,,,,,,,,,,,,,,, _ V.P.Vertebnyj(65)| |
® J.H.Gillette(67)
77777777777777777777777777777 + C.S.Su(G?;
©  K.Knopf(9
o Y.Danon(98)
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Energy, eV

Puc.4.3 Ceuenue paarualiMOHHOI'0 3aXBaTa IIPU HU3KUX SHEPTUAX

3. Pe3zonancHas 00/1acTh

OO0utacTh pa3penicHHBIX PE30HAHCOB MIPEJICTaBICHA B OMOIMOTeKax mo-pazHomy. M3 tadbmuier 4.2
BUJIHO, YTO 00JIacTh pa3pelieHHbIX pe3oHancoB B FOND2.2 u JENDL3.3 npaktuyecku
cosnazgaer 500 u 591 3B, B ENDF/B-7 obnacts pa3pemienus taaercst 10 1.75 kaB. O6mnactp
HepaspenieHHbIX pe3oHaHcoB B FOND2.2 TsHeTcst Bcero 1o 1 k3B, B ocTabHBIX OMOIHOTEKAX -
1010 keV.

Tabmuma 4.3
FOND?2.2 JENDL3.3 ENDF/B-7
Ob6nactp
pa3penIeHHbIX 1.0E-5 + 0.5 kaB 1.0E-5+0.591 kaB | 1.0E-5 + 1.75 kaB
PE30HAHCOB
Orenka Miomtep(1960) Landolt- Myxa6xa6(2006)
Myxa6xa6(1966) Boernstein(1998)
Y .Danon(1998)
Myxab6xa6(1984)
Panuyc paccesiHust 0.989 0.820 0.790
KonuuecTtBo
pa3pelieHHbIX 272 (makc. sHEpTHUS 124 (makc. sneprust | 270 (Makc. SHEprus
PE30HAHCOB 1686 5B) 590.1 »B) 1686.4 »B)
Ob6nacth
HEPEIICHHBIX 0.5+ 1keB 0.591 + 10 kaB 1.75+ 10 k»B
PE30HAHCOB

Br16op nmapamerpo B ENDF/B-7 6b11 ocHOBaH Ha mocieaHei onenke Myxa6xaba, He
YYUTHIBAIOIICH, BUIUMO, KAKHX-THOO HOBBIX DKCIIEPUMEHTAIBHBIX TaHHBIX. HesicHO, 4To
MO3BOJIMIIO TIPOJITUTE 00JIACTh pa3pelIeHHBIX pe30HaHCcoB 10 1750 sB. MakcumanbHas sHepTHs
B pabdote H.I.Liou et al (EXFOR -10591001) paBna 1689 3B u pe3onanc ¢ MakcuManbHOK
SHEpTHel 0OHapyKEeH UMEHHO B 3Toi padote. B uaTepBanie 1690-1775 3B mommkHO comepkaThCs
okoi10 10 s-pezonancoB. IIpoBan B cedyeHnM 3axBaTa OTYETIMBO BUJEH Ha puc. 4.4c.

B HOBO#1 o11eHKE M3MEHEHA TTapaMeTpU3aIis CEYCHUH B TEIJIOBOM 00JIaCTH: BBEJCHO CBSI3aHHOE
coctosiHue npu -23.6 3B. [loHmkeH Takke paguyc pacCesiHUsL.
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Ha pucynkax 4.4(a,b,c) npeacTaBiieHO MOJHOE CEUEHUE B PE30HAHCHOW 00J1aCTH:

1.0E+05 7
1 [Er-167 MT=1| FOND2.2
| JENDL3.3
1.0E+04 fr-—{-——--——- o ENDF/B-7 -
E e K.Knopf(97)
§ 1.0e+03 Y -—{------- -1 -1 """
B /i |
g 1.0E+02 - WL - - - - 777 - 77 77777 e --- 7777777777
] \ ‘\ 1A
I \ \ " nY; s y k
LRCI=TT L . N T Ny S e ‘u el = Y
1.0E+00 T T T T T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
Energy, eV
Puc.4.4a IlonHoe cevyeHre B 00aCcTH Pa3pelICHHBIX PE30HAHCOB
10000.0 -
] ‘ Er-167 MT=1 ‘ FOND2.2 JENDL3.3
—— ENDF/B-7
1000.0 - p
] 1]
é 100.0 A “
P Wil Il j
‘ i J \
| | I Uy (N ]
| I |
10.0 ¥ \ \I\'“ i quIl‘nl\ \“
1.0 T T T T
100.0 200.0 300.0 400.0 500.0 600.0
Energy, eV
Puc.4.4b ITonHOE ceyeHne B 007aCTH pa3pelICHHBIX PE30HAHCOB
1000.0 -
Er-167 MT=1
100.0 } H
c ]
2 i ! ‘ H
g L r -' 1 ‘ ‘ ‘ ‘I\ ‘ I\ L
10.0 A MM\I W \
— ENDF/B-7 FOND2.2
JENDL3.3
1.0 : :
600.0 1000.0 1400.0 1800.0
Energy, eV

Puc.4.4c IlonHoe ceyeHne B 00JacTH pa3pelIeHHBIX PE30HAHCOB
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W3 puc.4a BuAHO, 4TO B OIIEHKAX MPUBOJSATCS pa3HbIE PE30HAHCHBIE MTAPAMETPHI, JAHHbBIE
JENDLS3.3 6mmxe k ENDF/B-7. anee no 500 u 591 3B — kaptuna coxpaunsercs(puc 4.48).
ITocne 1.75 kaB onenxa ENDF/B-7 conanaer ¢ JENDL3.3.

I'paduku ceueHnit pagualilnOHHOTO 3aXBaTa MOBTOPSAIOT CUTYALMHU C ITOJIHBIM CEUEHHEM U 37eCh
HE MPUBOSTCS.

O0aacTh Hepa3peleHHbIX pe3oHaHcoB: B FOND2.2 o6acTb Hepa3pelieHHbIX Pe30HAHCOB
npezcTaBieHa B popmare, KOrjia CpeHIe Pe30HAHCHBIC TapaMeTPhI 3aBUCAT OT SHEprun. B
ENDF/B-7 ucnons3oBana ouenka JENDL3.3, B KOTOpO# cpeiHue mapaMeTphbl TaKKe HE 3aBUCST
OT SHEPTUHU.

IIpencraBasiercs nesaecoodpasnbiM npuHATHL B POCP®OH/I onenky n3 ENDF/B-VII,
OrpaHn4MB 00/1aCTh pa3pelIeHHbIX pe3oHaHcoB 1690 3B.

3. CeueHnsi BHEe Pe30HAHCHOM 00J1acTH

BHe pe3onaHCcHOI 001acTH ceueHMs OLIEHUBAINCH HA OCHOBE MOJIEIbHBIX pacueToB. Ha
puc.4.5a,b mpuBOIUTCS CpaBHEHUE CEYCHUE 3aXBaTa C HIKCIIEPUMEHTAIBHBIMH JaHHBIMH. OIIeHKa
JENDL3.3(=ENDF/B-7) npoxoauT M0 JaHHBIM JBYX 3KCIIEPUMEHTOB, KOTOPbIE IPOBOMIUCEH C
pasnuteit 20 et — B.C. lopun (1978) u A.K.Harum(2001).

10.0
90— ER-167 MT=102[ T
8O- ——FOND22 [~
c TOM - JENDL33 oo
S
s —— ENDF/B-7
2 60\ T
g A V.S.Shorin(78)
5 50fFA--------m - A4y [
9 A A.KMHarun(01)
w40
(7]
2
S 30
2.0
1.0
0.0 : : : : : : :
2.0E+03  1.0E+04 1.8E+04 26E+04  3.4E+04 42E+04 50E+04  5.8E+04
Energy, eV

Puc.4.5a Ceuenue paaualimoHHOTO 3aXBaTa BHE PE30HAHCHON 00JIacTH
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0.30

025 f——--oom o

020 - - -

Cross section, barn

0.05 -

ER-167 MT=102

——FOND2.2
JENDL3.3
—— ENDF/B-7
A AKMHarun(01)

0.00
1.0E+05

Energy, eV

1.0E+07

Puc.4.5b Ceuenue paguanioHHOTO 3aXBaTa BHE PE30HAHCHOM 00IacTH

Ha puc 4.6 npuBoasTcs, B CpaBHEHUH C MOJIHBIM CEYECHHEM, CEUCHHSI BCEX OCTaTbHBIX
CYHIIECTBEHHBIX peakiuid: (n,2n), (n3n), Heynpyroe paccesHue. Bee axcriepumMeHTanbHbIe

JaHHBIC OTHOCATCS TOJIBKO K HEYIIPYTI'OMY PACCCAHUIO. HpI/ICMHeMOC corjiacue € S5KCIICpuMEHTOM

HaOo1aeTcst TONbKO Ipu sHepruu 14 MaB. PacxoxaeHue Mexay sKCIepUMEHTaIbHBIMU U
OLIEHEHHBIMH JaHHBIMU ITPU O0JIee HU3KUX IHEPIUAX, BEPOATHO, 00YCIOBICHO HEOOLEHKOI B
AKCIEPUMEHTE HEYTIPYTOro paccesiHUs ¢ BO30YKIEHUEM HU3KOJIEKAIIUX YPOBHEH 3pOus.
[TepBsiii ypoBeHb 3pousi-167 umeet suepruto 79 k9B u paccesHue ¢ Bo30yKACHUEM 3TOTO
YPOBHS IIPH Ha4aJIbHOM HEPIMU HEUTPOHOB NopsAaka 1 MaB Henerko oTaenauTs OT ynpyroro

pacceaHus.
9.0E+00 §
BOE+H00 - - - - ———-——— === - m - mm e -
ER-167 JENDL3.3
7.0E+00
§ 6.0E+00
8 5.0E+00 -
F= Total (n,2n)
—— (n,3n) Inelastic
40E+00 & - — - — - X H.Arino(64 e K.G.Broadhead(67) |- _-__
+ L.Lakosi(73) = S.Sothras(77)
.é.JAanccj:zysg)ér;US) <o IE.IEallzosiZ%g)S)
] Anders A .Lakosi
B30E+00 ¢ ---- - X E.Rurarz(70) -
2.0E+00 -
1.0E+00 + L o
> ® —
0.0E+00 +—2X : : —
7.0E+04 5.1E+06 1.0E+07 1.5E+07
Energy,eV

Puc.4.5b Ceuenne BHE pe30HAHCHOM 00JIACTH

B HOBOI1 O11eHKE HEYPYToro paccesiHus yuTeHO BO30YyKIeHHE Kax10ro U3 23 ypoBHel (BMECTO

7 ypoBHeH, yuntsiBaBmuxcst B FOND2.2).
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Tabnuna 4.4 Cxema yposseit ER-167 npu Heynpyrom paccestHuu

No ypoBus +50 | DuHeprus, M>B
JENDL3.3 FOND2.2

51 0.0793 0.0793
52 0.1780 0.1780
53 0.2078 0.2080
54 0.2649 0.2650
55 0.2816 0.2820
56 0.2949 0.2960
57 0.3466 0.3460
58 0.4133

59 0.4300

60 0.4344

61 0.4420

62 0.5315

63 0.5358

64 0.5738

65 0.5874

66 0.6408

67 0.6452

68 0.6624

69 0.6679

70 0.6833

71 0.7110

72 0.7111

73 0.7453

4. JHepro-yrJjoBble pacnpeejeHnsi BTOPHYHbIX HEHTPOHOB

OxcnepumeHTanbHbIX JaHHBIX B EXFOR Het. B 00enx olieHkax sHepreTudeckue
pacnpeneNeHns CYMTAIOTCS HE 3aBUCSILIMMU OT YIJIOBBIX (JaHHBIE /1711 BCEX PEAKIUI C BHUIETOM
BTOPUYHBIX HEUTPOHOB NpuUBOAATCS B paitnax MF=4 (yrnoseie pacnpenenenus) u MF=5
(3HEpreTUUecKue pacupeeNeHus Uil peakiuii ¢ Bo30ykK/I€HUEM HEMPEPBHIBHOTO CIEKTPa
COCTOSIHUH sI1ep-TIPOAYKTOB). YTJIOBBIE pacipeeseHUs HEHTPOHOB, UCITYCKaEMBIX B PEAKIHMSIX C
BO30Y’KJIEHHEM HEIIPEPHIBHOTO CIIEKTpa siaep-npoaykroB (MT=16,17, 22, 28), kpome
HEYIIPYTroro paccesHusl IPUHATH U30TPOIHBIMU B 1a00paTOPHOM cUCTeMe KOOpAMHAT. YTIIOBbIE
pacrpeneieHus s yIpyroro 1 HeyIpyroro paccesiHusl pacCUMThIBAIIMCH 110 IPOIPaMMe
CASTY.

6. O0paszoBanue GOTOHOB B HEMTPOHHBIX PEAKIHAX

B JENDL3.3 (ENDF/B7) npuBoautcs ciieayrormas nH()OpMAaIIns:

HEYTPYroe paccesiHue ¢ BO30YKICHUEM TUCKETHBIX YPOBHEH sIpa-MUILICHU:

B ¢aitne MF=12 nns MT=51-73 npuBeneHbl BEpOSTHOCTH UCITYCKaHUS JUCKPETHBIX KBAaHTOB,
COOTBETCTBYIOIIIUX MEPEX0aM MEKIY YPOBHSIMU;

peaximu ¢ Bo30yKICHUEM HETIPEPHIBHOTO CIIEKTPa YPOBHEH SI€P-TIPOAYKTOB —
MHO>KECTBEHHOCTHU U HETPEPBIBHBIE CIIEKTPhI POTOHOB, PACCUUTAHHBIE TI0 CTATUCTUYECKOM
moaenu (ro mporpamme EGNASH), 3anantbie B COOTBETCTBYIOMMX CeKIusaxX QaitioB MF=12
MF=15.

VYrnoBele pacnpeneneHus: GOTOHOB BO BCEX CIIydasX MPHUHSATHI H30TPOITHBIMHU.
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7. 3akI0oueHue

6.1. BeiBoa: B POC®OH/le npunumaercs onenka ENDF/B-7, ¢ ynomsiHyTO# BbIle
KOppEKIHEeH TPaHUIBI 00JIaCTH pa3peIIeHHBIX PE30HAHCOB.
B ¢aiin BrmroueHs! qanaeie 00 o6pazoBanuu goaroxusyuiero (T1,=1200 net) uzomepa 166 o™ 5
peaxmmsix(n,d) u (n,n’p) Ha ocHOBe naHHBIX EAF-2003.

CeueHust OCHOBHBIX peaklUii Ha MHTETPAJIbHBIX CIEKTPax MPUBEJCHBI B HUKECIEAYIOLIEH
TabJIMIIe AKUPHBIM IIPHUPTOM CPAaBHEHUU C JAHHBIMHU, TIOTYYEHHBIMU Ha OCHOBE OMOJIMOTEKH
®OH/I-2.2 (0ObIYHBIM CHHUM HIPHUPTOM)

Total Elastic Inelastic (n,2n) | (n,3n) (n,y) (n,p) (n,a)
0.0253 5B 680.842 26.756 0 0 0 654.086 0 6.96E-05
) 652.575 2.457 0 0 0 650.118 0 0
Pe3oHaHCHBIN | 4000.140 602.899 0.100 0 0 3397140 |0 3.12E-05
UHTErpa 3495.420 493.890 0.030 0 0 3001.500 | 0 0
Criextp 6.865 4.543 2.197 0.013 517E-06 | 0.112 3.80E-06 | 4.50E-07
235
aenenus “ U | 6.832 4.320 2.401 0.017 7.44E-06 | 0.094 5.60E-06 | 5.07E-06
14 M5B 5.300 3.226 0.126 1.934 0 0.007 6.00E-03 | 6.00E-04
5.519 2.724 0.388 2.397 0 0.002 5.64E-03 | 1.70E-03

6.2. ABTOp 000cHOBaHUSI OLleHEHHBIX JaHHBbIX: 3abposackas C.B.

68.6. Ip6Mi-168

1.00mme xapakTepuCcTHKH

7=68
A=168

Aw=1.664870+2

CojepkaHUE B €CTSCTBEHHOM CMECH:

Ilepeuenb HEUTPOHHBIX PEAKIIUHI

26.78%

He3zaBucumeie onenku Er-166 npencrasiens! B aiByx oubnuotexkax FOND2.2(1976) u

JENDL3.3(2000), koTopas moimHOCTEIO miepernia B onoimotexy JEFF3.1. B 6ubimoteke
ENDF/B-7 takxe coaepsxatcs nanabie JENDL3.3, HO ¢ Koppekiueil pe30HaHCHBIX TapaMeTpOB.
B Tabnuiie no HEUTPOHHBIM PEAKIUSAM IPUBOIATCS SHEPTUU PEeaKLIUN U UX MOPOTH.

Taobnuua 6.1

MT Peaxius JENDL3.3
Q.M»B Enopor-, 2B

16 (n,2n)'®Er | -7.771370+6 | 7.818050+6
17 (n,3n)' “Er | 1.420670+7 | 1.429200+7
22 (n,na) Dy | 5.539080+5

28 (n,np) “Ho | 7.996030+6

32 (n,nd)'*Ho | 1.305380+7 | 1.313220+7
102 (n,y)'*’Er 6.003700+6

103 (n,p) "®Ho | -1.936660+6 | 1.948290+6
104 | (nd) "®Ho | -5.771460+6 | 5.806130+6
105 (nt) "Ho | -6.795720+6 | 6.836540+6
107 (n,0)'*Dy | 6.270280+6
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OHepruy HEUTPOHHBIX peaklil, IpUBEJCHHbIE B (hailylaX OLICHEHHBIX JaHHBIX,
yJIOBJIETBOPUTENILHO COTJIACYIOTCS € Moporamu 3Tux peakiuii (Eqp,=Q*(AWR+1)/AWR). B
ouenke JENDL3.3 Habop HEHTPOHHBIX peakiuil MpeICTaBleH Hpe.

PagnoakTUBHOCTL: HE paaAnOaKTHBECH

2.0061acTh HU3KHX JHEPruii

Ha puc.6.1, 6.2 u 6.3 npuBeneHbl OLICHEHHBIE MTOJTHOE CEYEHUE, CEUCHHUE PATUallMOHHOTO
3axBara M CEUYCHUE YIIPYTOro PacCesiHUS B 00JIACTH HU3KUX SHEPTHIA, a TAK)KE COOTBETCTBYIOIIHE
JKCIIepUMEHTaIbHbIe JaHHble. [locnennue, Kak BUHO, BECbMa MPOTUBOPEUMBHI. PacueTHbie
CEUYECHUS PAJMAIIMOHHOIO 3aXBaTa IO BCEM OILIEHKaM TOYHO OJIMHAKOBBI U BCE MPOXOIAT UYepes
nanable M.Takiue(78). CymMMa n3MepeHHBIX CEUEHUH 3aXBaTa U PacCesHUsl OKa3bIBACTCS
CYIIECTBEHHO HIDKE PE3YJIbTAaTOB H3MEPEHUH MOIHOTO ceueHus u BepreOubimM 1 Myxabxabom. B
TO ke Bpems npu 1.3 5B, olleHeHHas KpuBasi JIEKUT 3aMETHO BhIIIe pe3ynbTaTa Knonda.
Jlannubie BepTeOHOro BHYTpeHHE MPOTUBOPEUUBHL: G +0= 6.0 6apn + 13.1 Gapu = 18.1
Oapu<<c= 35 OapH.

3800 f) - o
— FOND2.2
ER-168 Total JENDL3.3
€ — ENDF/B-7
é o800 L\ =  S.F.Mughabghab(67)| ____
i) X V.P.Vertebny(65)
§ e K.Knopf(97)
%
o
5 18.00 -
8.00 S ‘ =
0.0 0.5 1.0 15
Energy,eV

Puc.6.1 IlonHoe ceuenne Er-168 npu HU3KUX dHEPrUsix
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280 f+ ----- - m - mm o m oo —— FOND2.2

JENDL3.3
ENDF/B-7

ER-168 Elastic

= V.P.Vertebnyj(65)
x V.P.Vertebnyj(70)

Cross section, bam

L X T R e ———_—_—_—_——————————————
8.0 ! T .
0.00 0.50 1.00 1.50
Energy, eV
Puc.6.2. Cedenue ynpyroro paccesitHusi Ipu HU3KUX SHEPTHSIX
10.0 4
9.0 ———————————— ER168MT=102
8.0 ]
E 70 e —— FOND2.2 JENDL3.3 .
2 ool \ — ENDF/B-7 = RF.Barnes(54) |
'% V.P.Vertebnyj(65) e J.H.Gilette(67)
B SOy + OGlemset(70) & MTakiue(78) 1
8 401- - Nl _____ o KKnopf(97) |
© 1
3.0
2.0
1.0 1 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ]
000 001 002 003 004 005 006 007 008 0.09
Energy, eV
Puc.6.3. Ceduenue paaualiOHHOIO 3aXBaTa MPU HU3KUX SHEPTHUAX
B taGaune 6.2 npuBoautcs orneHennble ceuenust mpu 0.0253 3B.
Tab6numa 6.2
FOND2.2 JENDL3.3 ENDEF/B-7
Elastic 33.2 8.957 9.6322
Capture 2.78 2.729 2.7412
Total 11.687 12.373
Res.integ.(capture) 38.5 38.311 37.1

Kaxk BUUM, PACXOXKICHUS BCIIMKU TOBKO B CCUCHUU PACCCAHUA.
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3. Pe3zonancHas o0/1acTh

O06nacTh pa3pelIeHHbIX PE30HAHCOB OMMCaHa B OIIEHKAX Mo-pa3HoMy. B tabmuie 5.3
NpUBOIATCS TpaHuIlbl 3ToM ob6mactu. B ENDF/B-7 ona paBHa 15 k3B, T.e. HaMHOTO BBIIIIE, YEM B
IPEIbITYIINX OLEHKaX.

Ha puc. 6.4a,b npuBoauTcs nosHoe ceyeHre B 001aCTH pa3pelieHHbIX pe3oHaHcoB. Ha Hux
YETKO BHJIHBI BCE IPAHULIBI.

Taonuua 6.2
FOND2.2 JENDL3.3 ENDEF/B-7
I'panuia obmactu
pa3penieHHbIX 5.0 xoB 3.5 kB 15.0 xaB
PE30HAHCOB
Ormenka JIsr0(1970) Landolt- Myxa6xa6(2006)
Myxa6xa6(1966) Boernstein(1998)
Myxa6xa6(1984)
Panuyc paccesHus 0.767 0.760 0.780
KonunuectBo
pa3pelieHHbIX 106(1=0)+24(1=1) 34+21 102+28
PE30HAHCOB
Ob6nacTh
HEpa3peIIeHHbBIX 5.+ 6k3B HET HET
PE30HAHCOB

10000.00

FOND2.2

ER-168 Total
JENDL3.3

1000.00 T |-

100.00 7~ |~

10.00

Qross sectionbam

0.10
1.0E-05 1.0E+03 2.0E+03 3.0E+03 4.0E+03 5.0E+03

Energy,eV

Puc.6.4a. IlonHoe ceueHue B 00J1aCTH pa3pelIEHHBIX PE30HAHCOB
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1000.00
ER-168 Total FOND2.2
JENDL3.3
10000 LLU L bt e ek b o | ——ENDFB-7| | |
R SN b ISR RS
1.00 + -4 +d--4-“FH---FFHEE--HF----F-HE--- - - -
0.10 T
5.0E+03 1.0E+04 1.5E+04
Energy,eV

Puc.6.46. [TonHoe ceueHne B 00JIACTH pa3pelICHHBIX PE30HAHCOB

1.0E+02 5
E ‘ER-1 68 MT=1 02‘ JENDL3.3 ENDF/B-7
1 FOND2.2 = V.N.Kononov(77)
1.oe+o1 W44 491 -5----------—>——~—"—"—""""""" """~~~
1.0E+00 H H ,ﬁf”” : H 777777777777777777
E - h ol
% 1.0E-01 {{ }1- Al
g 1.0E-02 ] A HA .-
10E03 4 -—-----—-Y- U, 7777777777777777777777
1.0E-04 : :
5.0E+03 1.0E+04 1.5E+04 2.0E+04
Energy, eV

Puc.6.5. Ceuenue paguaiimoHHOTO 3aXBaTa B 00JIaCTH pa3pelIeHHBIX Pe30HAHCOB

Kak BUIHO U3 MpUBEIEHHBIX PUCYHKOB, BOJM3U ITPaHULIbI Pa3pelICHHBIX PE30HAHCOB B HOBOM
OLICHKE CpeIHEE CEUEHHE 3aXBaTa CYLIECTBEHHO HM)KE, YEM B NIPEABIAYIINX, YTO 3aCTABIISIET
3aMo103pUTh MPOMYCK 3HAYUTEILHOM YacTH pe3oHaHcoB. Ha puc. 6.6 npuBeeHbl HapacTaoume
CYMMBI YHCJIa PE30HAHCOB. BUIHO, 4TO BbIIE 5 K3B mpoIyck s-pe30HaHCOB CTAHOBUTCS
cyuiecTBeHHBIM. [IponyIiiieHs! U Bce p-pe30HAHCHI.

Ha puc.6.5 nokaszano cedenue paauanmonHoro 3axsata ¢ 5 10 20 kaB, rue ectp
skcniepuMmeHTanbHble JanHbie B.H.Kononosa (1977), vaunnas ¢ 6.5 kaB. B aToit o61actu
HaOJro1aeTcst Xopoliee coryiacue ¢ 3kcriepuMenToM oreHok FOND2.2 u JENDL3.3. u pe3koe
IPOTUBOPEYHE SKCIIEPUMEHTAIBHBIM JAHHBIM HOBOW OIICHKH.

OueBuano, oneHka ENDEF/B-VII Boinie 5 k3B He MoskeT ObITh PEKOMEHI0BAHA B

POCOOH/L.
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CyMMa yucna pe3oHaHCOB

100 : : T
| | |
90 1 | . [ ]
S-pe3oHaHChl |
< ———P-pesoHancel [ A~ I i ””””
I |

Cymma

0 2000 4000 6000 8000 10000 12000 14000 16000

OHeprus, kaB

Puc.6.6. Hapacraromme cymmb yrciia pe3oHancos (orieaka ENDF/B-VII)

ObaacTh Hepa3pelnIeHHBIX Pe30HAHCOB TpejcTaBieHa Toabko B FOND-2.2, roe ona
MPOCTUPAETCS TOIBKO 110 6 K3B (0T 5 k3B). BBOAUTH CTONB y3KYI0 0071aCTh HEpa3pEIIeHHbBIX
PE30HAHCOB B 3TOW y3KOH 00J1acTH MPEJCTaBISIETCS HELEIeco00pa3HbIM.

3. Ceuenue 3axBaTa BHe Pe30HAHCHOM 00/1aCcTH

B JENDL3.3 ceuenue paanaiiioHHOTO 3aXBaTa ObUIO MOJIy4EeHO Ha OCHOBE CTATUCTHYECKOM
mojenu 1 paccurtano o nporpamme GNASH. B 6utanorexke ENDF/B-7 Boie 1.5 k3B 6e3
n3MeHeHus B3sta oneHka JENDL3.3. Ha puc. 6.7 a,b mpuBoauTcs mpooiiKeHIE
sKcriepuMeHTanbHbIX AaHHbIX B.H.Kononosa (1977). [lo 100 k3B HOBas olieHKa ¢ HUMH
COTJIaCyeTCsl MPUEMIIEMO, HO TP 00JIee BHICOKUX PHEPTHUSAX UIET 3aMETHO HIIKE.

1.0E+00
JENDL3.3

c —— ENDF/B-7
& = V.N.Kononov(77)
o
c
0
S
/]
(7]
7]
0
<
o L

1.0E-01 ‘ ‘ ‘

2.0E+04 4.0E+04 6.0E+04 8.0E+04 1.0E+05
Energy, eV

Puc.6.7a Ceuenue peaxiuu (n,y)
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1.0E+00

ER-168 MT=102

—— FOND2.2
JENDL3.3
c ENDF/B-7
g - = V.N.Kononov(77)
g- EIII
S 10B01 - o tA¥ oy
[
(")
(]
@
<
(&S]
1.0E-02 : :
1.0E+05 2.0E+05 3.0E+05

Energy, eV

4.0E+05

Puc.6.7b Ceuenue peakuuu (n,y)

5.1E-02 -

4.1E-02 |

3AE02 +------ -~

JENDL3.3
21E02 L - - —— -] —— ENDF/B-7
—— FOND2.2

Cross section, barn

1Meo2t -

1.0E-03 T
4.0E+05 1.0E+06

1.6E+06

Energy, eV

Puc.6.7c Ceuenue peaxiuu (n,y)

4. JHepro-yrJjoBbie pacnpeneeHus BTOPHYHBIX HEMTPOHOB

OxcnepumeHTanbHBIX JaHHBIX B EXFOR Het. B 006enx oreHkax sHepreTuyeckue
pacripe/ie/IeHUs] CYUTAIOTCS He 3aBUCALIMMHU OT YIVIOBBIX (JaHHBIE JJIs BCEX pPEeaKLuil ¢ BBUIETOM
BTOPUYHBIX HEUTPOHOB NpuBoOsATCs B (haiimax MF=4 (yrioseie pactipenenenus) u MF=5
(SHepreTUYecKHe pacipeaesieHus Ul peakuuii ¢ BO30YyKACHUEM HEIIPEPBIBHOTO CHEKTpa
COCTOSIHUH s11ep-NIPOIYKTOB). YTIIOBBIE PACIIPEAEICHUS HEUTPOHOB, UCITYCKAEMbIX B PEAKIUAX C
BO30Y>KJICHHEM HEIIPEPHIBHOTO CIIEKTpa siaep-npoaykroB (MT=16,17, 22, 28), kpome
HEYINPYroro paccesiHus MPUHATHI H30TPOITHBIMU B 1a0OPAaTOPHOI cucTeMe KOOPAUHAT. YTJIOBbIE
pacripesiesieHust JUIsl yIpyroro u HEynpyroro paccessHusi pacCUUThIBAINCH 110 IPOrpaMMme

CASTY.

ER-35




5. O6pa3zoBanue GOTOHOB B HCMTPOHHBIX PEAKIHUAX

B JENDL3.3 (ENDF/B7) npuBoauTcs ciieayromas nH)OpMaIns:

HEYTPYTroe paccesiHue ¢ BO30YKICHHUEM TUCKETHBIX YPOBHEH sipa-MUILICHU:

B ¢aitne MF=12 nns MT=51-79 npuBeneHbl BEpOSTHOCTH UCITYCKAHUS JUCKPETHBIX KBAaHTOB,
COOTBETCTBYIOIIIUX MEPEX0aM MEXKIY YPOBHSIMU;

peaximu ¢ Bo30yKICHHEM HETIPEPHIBHOTO CIIEKTPa YPOBHEH SI€P-TIPOAYKTOB —
MHO>KE€CTBEHHOCTHU U HETPEPBIBHBIE CIIEKTPhI POTOHOB, PACCUMTAHHBIE TI0 CTATUCTUYECKOM
moaenu (ro mporpamme EGNASH), 3anannbie B COOTBETCTBYIOMIMX CeKIusaxX ¢aitioB MF=12
MF=15.

VYrnoBele pacnpeneneHus: GOTOHOB BO BCEX CIIydasX MPHHATHI H30TPOITHBIMHU.

6. 3akarouenue

6.1. Beisox: B POCOOH/I nenecoodpazno npunsaTh oueHky JENDL-3.3, 3amenuB
pe3oHaHCHbIe mapameTphl Ha Te, uTo B ENDF|/B-VII, HO cHU3UB rpaHully 061actu
pa3peLIEHHbBIX PE30HAHCOB 110 5 K3B.

B ¢aiin BkmtounTs nanusie 06 o6pazoBanuu nonroxusyiiero (T1,=1200 net) usomepa 166 o™ B
peakuusx (n,t) u (n,n’d) Ha ocHoBe nanHbIX EAF-2003.

6.2. ABTOpBI 000CHOBaHNS OLleHEHHBIX JaHHBIX: 3abpoxackas C.B. Komees B.H.

68.7. Apo6min-169.

HcnpiThIBaeT MO3UTPOHHBIN pacniaa ¢ nepuoaom T1,=9.4 aH.

B ®OH/I-2.2 —J.Kopecky, D.Nierop, 1992 (EAF-3).

B JEFF-3.1 (Activation) — ontenka Forrest, Kopecky, Sublet, Koning, 2003.
B npyrux 6u0ianoTekax OleHEHHBIC JAHHBIC OTCYTCTBYIOT.

OneHka coIep/KUT JAHHBIE TOJIBKO O CEUYEHUSAX HEUTPOHHBIX peakuui. J[aHHbIE O TIOJTHOM
CEUEHHH, O O CEYCHHUSAX YIPYTOro U HEYNPYToro paccessHusi U 00 SHEPro-yriIOBbIX
pacipeneneHusaX BTOPUUHBIX HEUTPOHOB OTCYTCTBYIOT. M3 pucyHKa BUIHO, 4YTO HUKAKUX
M3MEHEHUH 110 CEYCHHIO PaAUAllMOHHOTO 3aXBaTa HE MPOU3OILIO.

10000.000

1000.000 e - - - m ol o
TER-169 CaptureT

100.000 -

10.000

1.000 -

Cross section, bam

0100 4 — - — - - - N - -
0.010 - ------mm oo m o ——FOND2.2|- -~ ~~--~--~~~~
——JEF3.1
0.001 -
0.000 ; : . ‘ ‘
1.0E-05 1.0E-03 1.0E-01 1.0E+01 1.0E+03 1.0E+05 1.0E+07
Energy, eV

Puc.7.1. Ceuenne 3axsata
3akjIroueHue
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B POC®OH/] npunumaercs ouenka Forrest, Kopecky, Sublet, Koning, 2003 (JEFF-3.1).
®aiinet MF=8 u MF=10 uckmodensl. CeueHnune 3axBara TEIUIOBbIX HEUTPOHOB — 31.1 GapH.

ABTOp oTOOpa nanHbIX 3abpoxckas C.B.

68.8. Opouii-170
1.00mme xapaKkTepuCTUKHA

7=68

A=170

Aw=1.68476+2

CojepkaHUE B €CTSCTBEHHOM CMECH:
Ilepeuenb HEUTPOHHBIX PEAKIINHI

14.93%

He3zaBucumeie onerku Er-170 npencrasnens! B 1Byx 6nbimorekax: FOND2.2 (BROND2,1976)
u JENDL3.3(2000), koTopas noigHocTblo nepenuia B oubnuoreky JEFF3.1. B 6ubnuoreke
ENDF/B-7 taxxe conepxkarcs ganabie JENDL3.3, HO ¢ mepecMOTpeHHOM 00J1aCThIO
pas3pelIeHHbIX pe30HaHCcoB. B Tabauie 4.1 Mo HEUTPOHHBIM PEAKLIMAM NPUBOIATCS SHEPTUU
peakuuii (Q) 1 UX MOPOTH.

Taobmuma 8.1
MT Peaknus JENDL3.3
Q,M»sB Euopor-, 9B
16 (n,2n)'“Er | -7.258370+6 | 7.301450+6
17 (n,3n)'“Er | -1.326170+7 | 1.334070+7
22 (n,na) "Dy | 5.190800+4
28 (n,np)' “Ho | -8.601030+6 | 8.652080+6
32 (n,nd)**Ho | -1.297380+7 | 1.305080+7
102 (n,y)'"*Er 5.681700+6
103 (n,p) ““Ho | -3.085660+6 | 3.103980+6
104 | (nd) "“Ho | -6.376450+6 | 6.414310+6
105 (n,t) "®Ho | -6.715720+6 | 6.755580+6
107 (n,0)'“Dy | 5.469280+6

DHepruv HEUTPOHHBIX peaKInii, IPUBEICHHBIC B (haiiax OIICHEHHBIX JaHHBIX,
YIAOBJIETBOPUTEIIBHO COMVIACYIOTCS C IOPOraMH ATHX.

PagnoakTUBHOCTE: HE paaAnOaKTHBECH

2. O0s1acTh HU3KUX JHEPruit

Ha puc.8.1,8. 2 u 8.3 npuBeaeHbI IOJHOE CEYEHNE, CEUEHHUE PAIUALIMOHHOIO 3aXBaTa U CEYCHHE
YIPYToro paccesiHusl, a Tak’kKe COOTBETCTBYIOIINE 3KCIIEpUMEHTalIbHbIE JaHHbIe. [locnennue,
KaK BUJHO, BeCbMa MPOTUBOpeurBhl. CeueHrne paIualoOHHOTO 3aXBaTa B HOBOH OLIEHKE
poxoauT uepe3 pe3ynbTat bapreca (1954r), okazaBmmiics mocpeanHe MEXIy Bechma
pa3dpocaHHBIMU TaHHBIMU OoJiee MO3AHUX U3MEPEHUI: pa3opoc cedeHus ot 4.3
6apH(S.K.Mangal-1963) no 15 6apua( K.Knopf-1997).
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[ToHOE ceuenune B MpekHEN OLICHKE OMUPANIOCh Ha pe3yiibTaT Beprednoro (1965). bonee
no3auuii pe3ynsraT batta (1980) nexut emre Boime. Creayer, 0MHAKO, 3aMETUTh, YTO TaHHBIC
BeprebHOro BHyTpEeHHE MPOUTBOPEUUBHL: 0.+6s= 12 OapH + 15.9 6apu = 17.9 6apa<<c= 45.0
OapH. D10 mpoTuBOpeune (00yCIOBICHHOE, BEPOSTHO, HETOYHOCTHIO 3HAHUS H30TOMTHOTO
cocTaBa 00pa3iia)sBUIOCh, BUIUMO, OJTHUM U3 TJIABHBIX OCHOBAHUU TOTO, YTO TH JIaHHbBIC B
HOBOU OIIEHKE ObLITH IPOUTHOPUPOBAHBI.

Cross section,bam

1000.0

|
|
ﬂ‘ ‘r ”””” : ”””””” m  V.P.Vertebny(65)
: : : + N.M.Butt(80)
100.0 *E:::::::j:::::::#::::::::::::::::::: A K.Knopf(97) cZZZ-Z:Z

FOND2.2
JENDL3.3
ENDF/B-7

10.0

Energy,eV

Puc. 8.1.IlonHoe ceueHnne npu HU3KUX IHEPIHSIX.

FOND2.2

JENDL3.3
ENDF/B-7
-

V.P.Vertebnyj(65,70)

Puc. 8.2.Ceuenue ynpyroro paccessHusl Ipyu HU3KUX YHEPTHIX
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100.0 4 :
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V.P.Vertebnyj(65)| - _ _ __
J.H.Gillette(67
O.Glemset(70
R.E.Heft(78
K.Knopf(97

»boeen

10.0 1

Cross section, barn

0.00 0.02 0.04 0.06 0.08

Energy, eV

Puc. 8.3.CeueHne paqnaliuoOHHOTO 3aXBaTa IIPU HU3KUX SHEPTHUsX.

2.Pe3oHancHas 00J1aCcTh

OO6nacTh pa3pelieHHbIX PE30HAHCOB BO BCEX OIIEHKaX OMpeiesieHa no-pasHomy. B
Tabnuue 6.2 npuBoAATCs rpaHullbl o0nacTu. PacpocTpanenue ob6macTu pa3pereHHbIX
pe30HAHCOB 110 5 K3B B HOBOM OIIEHKE B IAHHOM CJIy4ae MPeJICTABISAETCSA 1I0CTATOYHO
onpaBJaHHBIM: B HHTEpBaJe 10 3 k3B nexur 20 pe3oHancos; B uHTepBajie oT 3 10 S k3B — 11
PE30HAHCOB, T.€. INIOTHOCTh YPOBHEHN XOTS U CHUXKEHA, HO JUlIb Ha 17%, 4TO HE CIUILKOM
MPEBBIIIAET CTATUCTUYECKYIO norpemHocTh (£ 10%). Bee 3apeructpupoBaHHbIE P-pE30HAHCH
(aucmom 31) nexat auxe 4.3 k3B. [1o ctatuctuke B mHTEpBasie 4.3-5 k9B MOXET JIe)KaTh TUIITH
2-3 cnaObIX p-pe3oHaHca. B menom, Bce BOZMOXKHO MPOMyIIIEHHBIE HHTepBaie 3 — 5 k’B
pe30HaHCHl MOTJIH OBl JaTh BKJIAJl B Cpe/lHEE TI0 ’TOMY MHTEpBALy CEUEHHUIO 3aXBaTa, HE
MPEBBIIAIONINI MEPBBIX MPOLEHTOB.

Taonuma 8.2
FOND2.2 JENDL3.3 ENDEF/B-7

['panuiia obmactu
pa3pelIeHHbIX 4.7 xaB 3.0 kB 5.0 k3B
pPE30HaHCOB
Orenka Myxa6xa6(1966) Landolt- Myxa6xa6(2006)

Boernstein(1998)

Myxa0xa6(1984)
Panuyc paccesinus 0.840 0.800 0.820
KomnuecTtBo
pa3penieHHbIX 126 42 126
pE30HaHCOB
Ob6nacth
Hepa3peneHHbIX 4.7+ 6 koB HET 5.0+79.147 xoB
PE30HAHCOB

Ha puc.8.4, 8.5 npuBeieHb! MOBEAEHUS MTOJHOTO CEUEHHUS U CEYEHUs PaJAHallMOHHOIO 3aXBaTa B
00J1aCTH pa3pelIeHHBIX Pe30HAHCOB. VI3MepeHuii cedeHus 3axBara B 3TOH 00JaCTH HE

npoBOIMIINCH. Ha puCyHKax 4eTKo BUIHBI IPAHUIIBI OOJIACTH pa3pelIeHus] PE30HAHCOB /IS
JENDL3.3 -3 kaB, FOND2.2 - 4.7 kaB, ENDF/B-7 — 5 kaB.
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Puc. 8.4. TlonHoe ceyeHune B 00JaCTH pa3pEIICHHBIX PE30HAHCOB.
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Puc. 8.5. Ceuenne 3axBara B 00JIaCTH pa3pelICHHBIX PE30HAHCOB.

OobaacTh Hepa3pelIeHHbIX pe30HaHcoB npoctupaeTcs B FOND2.2 tonbko 110 6 k3B; B
ENDF/B-7 - no 79.147 x3B. Cpennue pe3oHaHCHBIC TapaMeTPhl 3aBUCAT OT dHepruu. Ha
puc.8.6, 8.7 mpuBeneHBI MOBEAECHUA MMOJHOIO CEUCHUS U CEUYCHHS PaAallMOHHOIO 3aXBaTa B
o0JyacT Hepa3peleHHBIX PE30HAHCOB.
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Puc. 8.6. IlomHoe ceueHne B 00J1aCTH HEPa3pEIIEHHBIX PE30HAHCOB.

s ceuenns 3axBata B EXFORe okazanoch MHOTO 9KCIIEPUMEHTOB B 00JIACTH HEpa3peIIeHHbIX
pe3oHaHcoB. HoBBIE OLIEHKH, KaK BHJIHO, ONIUPAJIKCh, TJIABHBIM 00pa3oM, Ha pe3yJIbTaThl
skcniepuMenToB B.H.Kononosa(1977) u J.Best(2001).
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(S] 0.2 1 | | | |
l l l l ‘ .
| | | | T L
| | | | | | | B
| | | | | | |
| | | | | | |
4.8E+03 1.5E+04 2.5E+04 3.5E+04 4.5E+04 5.5E+04 6.5E+04 7.5E+04
Energy, eV

Puc. 8.7. Ceuenune 3axBara B 007acTU HEPA3PEUICHHBIX PE3OHAHCOB.

3. CeueHnsi BHE Pe30HAHCHOM 00J1aCTH

BHe pe3oHaHCHOI 00J1aCTH CEYCHHS OIICHUBAIMCH HA OCHOBE MOJICIIBHBIX pacueToB. Humke
MIPUBEICHBI PUCYHKH TOJIBKO IO CEYCHHIO PATUAIIIOHHOTO 3aXBaTa B 3TOW 00JaCTH, IS

KOTOPOTO UMEIOTCS 3KcTIepuMeHTalbHble faHHble. Jlanabie D.C.Stupegia(1998) u
B.H.KononoBa(1977) nponomxarotcst U3 00JIaCTH HEpa3pEeIIEHHBIX PE30HAHCOB; K HUM B
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paccMaTprBaeMOM DHEPTETHUECKOM WHTEpBAJIe JOOABISIOTCS TaHHBIE elle BYX
skcnepumenToB. [lanubie FO.H. Tpodumona(87) cornacyrorcs ¢ HoBoit onienkoit, G.Peto(67) — ¢
FOND2.2.

1.00 ; ‘ T
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Puc. 8.8. Ceuenue 3axBara BHE p€30HAHCHOMN 00JIACTH.

B o6mactu 14 MaB o6a skcniepumenta J.Vuletin(1974) u M.Valkonen(1976) nmoarsepkaatot
IIPEUMYILIECTBO HOBOM OLICHKHU.

——— FOND2.2

JENDL3.3

—— ENDF/B-7
= J.Vuletin(74)
M.Valkonen(76) |- -

Cross section, barn

0.000 ‘ ‘ ‘
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Energy, eV

Puc. 6.9. Ceuenune 3axBara BHE pe30HAHCHOW 0OJIACTH.

Ha puc.8.10 npuBeneHsl Bce OCTaIbHBIC BAXKHBIC PEAKIIUN U3 HOBOU OIICHKH
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Puc. 8.10. Ceuenue HEHTPOHHBIX peakiMii BHE pe30HAHCHOW 001acTH.
4. JHepro-yrJjosble pacnpenejeHlss BTOPUYHbIX HEHTPOHOB

OxcnepumeHTanbHbIX JaHHBIX B EXFOR Het. B 00enx olieHkax sHepreTudeckue
pacnpeneNeHns CYMTAIOTCS HE 3aBUCSILIMMU OT YIJIOBBIX (JaHHBIE /1711 BCEX PEAKIUil C BHUIETOM
BTOPUYHBIX HEUTPOHOB NpuUBOAATCs B aitnax MF=4 (yrnoseie pacnpenenenus) u MF=5
(3HEpreTUUecKue pacupeeNeHus Uil peakiuii ¢ Bo30yK/I€HUEM HEMPEPHIBHOTO CIEKTPa
COCTOSIHUH sIIep-TIPOAYKTOB). YTIIOBBIE pacipeeseHUs HEHTPOHOB, UCITYCKaEMBIX B PEAKIMSIX C
BO30Y’KJIEHHEM HEIIPEPHIBHOTO CIIEKTpa siaep-npoaykroB (MT=16,17, 22, 28), kpome
HEYIIPYIroro paccesHusl IPUHATH U30TPOIHBIMU B J1a00paTOPHOM cucTeMe KOOpAMHAT. YTIIOBbIE
pacrpeaeieHus s yIpyroro 1 HeyIpyroro paccesiHusl pacCUMThIBAIIMCH 110 IPOIPaMMeE
CASTY.

5. O6pa3zoBanue GOTOHOB B HCMTPOHHBIX PEAKIHAX

B JENDL3.3 (ENDF/B7) npuBoauTcs ciieayromas nH()OpMAaIns:

HEYTPYToe paccesiHue ¢ BO30YKICHUEM TUCKETHBIX YPOBHEH sIpa-MUILICHU:

B ¢aitne MF=12 nns MT=51-64 npuBeneHbl BEpOSTHOCTH UCITYCKaHUS JUCKPETHBIX KBAaHTOB,
COOTBETCTBYIOIIUX MEPEX0aM MEKIY YPOBHSIMU;

peaximu ¢ Bo30yKICHHEM HETIPEPHIBHOTO CIIEKTPa YPOBHEH SA€P-TIPOAYKTOB —
MHO>KECTBEHHOCTHU U HETPEPBIBHBIE CIIEKTPhI POTOHOB, PACCUMTAHHBIE TI0 CTATUCTUYECKOM
moaenu (ro mporpamme EGNASH), 3anannbie B COOTBETCTBYIOMMX CeKIusaxX QaitioB MF=12
MF=15.

VYrnoBele pacnpeneneHus: GOTOHOB BO BCEX CIIydasX MPHUHATHI H30TPOITHBIMHU.

6. 3akTr049eHue
6.1. BeiBoa: B POC®OH/le npunumaercs onenka ENDF/B-7.
CeueHust OCHOBHBIX peakliMii HA MHTETPAJIbHBIX CIIEKTPax MPUBEICHBI B HUKECIEAYIOLIEH

TaOnuIe JKUPHBIM HIPHPTOM CPAaBHEHUH C TaHHBIMH, TTOJYYCHHBIMH Ha OCHOBE OMOJIMOTEKH
®OH/I-2.2 (0ObIYHBIM CHHUM HIPUPTOM)
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Total Elastic Inelastic (n,2n) | (n,3n) (n,y) (n,p) (n,a)
0.0253 3B 41.6041 35.7468 | 0.0000 0.0000 | 0.0000 5.8573 0.0000 | 0.0000

20.5605 11.7027 | 0.0000 0.0000 | 0.0000 8.8578 0.0000 | 0.0000
Pe3onancusiii | 604.8500 | 546.2870 | 0.0414 0.0000 | 0.0000 58.5207 0.0000 | 0.0000
WNHurerpan 596.9090 | 555.1160 | 0.0205 0.0000 | 0.0000 41.7726 | 0.0000 | 0.0000
CriexTp 7.0252 5.1441 1.8386 0.0076 | 0.0000 0.0349 0.0000 | 0.0000
JECJICHUS 23U | 6.8077 4.5966 2.1765 0.0114 | 0.0001 0.0231 0.0000 | 0.0000
14 Mh>B 5.2738 3.4364 0.1640 1.6630 | 0.0040 0.0039 0.0020 | 0.0006

5.5020 2.7215 0.4392 2.3094 | 0.0278 0.0019 0.0019 | 0.0002

6.2. ABTOp 000CHOBaHUSI OLIeHEHHBIX JaHHBIX: 3abpoackas C.B.

68.9. Ip6Mn-172.

WcnbIThIBa€T MO3UTPOHHBIN pacnag B ¢ nepuogoM T1,=49 4.
B JEFF-3.1 (Activation) — ouenka Forrest, Kopecky, Sublet, Koning, 2003.
B npyrux 6ubnnoTexax OolleHEHHBIC JaHHBIE OTCYTCTBYIOT.

OreHKa COJIEP>KUT JIaHHBIE TOJIBKO O CEYCHHUSIX HEUTPOHHBIX
peakuuii(MT=16,17,22,32,33,102,103,105,106,107,111). /laHHBIE O TOJHOM CEUYCHUH, O
CEUYECHUSX YIPYTOTr0 U HEYNPYToro pacCestHUsl U 00 IHEPTO-YIJIOBBIX PACTIPEACIICHHIX

BTOPUYHBIX HEUTPOHOB OTCYTCTBYIOT.
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Puc9.1.Ceuenne 3axsara

3akjIroueHue

B POCO®OH/] mpurnmaetcs onenka Forrest, Kopecky, Sublet, Koning, 2003 (JEFF-3.1).

®aiinet MF=8 u MF=10 uckmouensl. CeueHne 3axBara TEIUIOBBIX HEUTPOHOB — 13.54 GapH.

ABTOp oTO0pa nanubix 3abpoxackas C.B.

ER-44




68.11. Op6UuN NnpupoaHbLIN

Bxutouats B POCOOH/] daiin naHHBIX U1 HATypajabHOIo 3pOus He Mpenoaraercs. 3agada
HacTosmIero naparpada coctout B Bamaarnuu npuHATEIX B POCDOOH/] orieHeHHBIX
HEUTPOHHBIX JaHHBIX AJISl CTAOMIIBHBIX U30TOMOB JUCIIPO3HS TyTEM CPAaBHEHUS CIEIYIOLIUX U3
9TUX OLICHOK HEHTPOHHBIX CEUEHUH JIJIsl HATYPaJIbHOTO TUCIIPO3HUS C pe3yJIbTaTaMu
HEINOCPEICTBEHHBIX U3MEPEHUM.

C 97O} 11eN1bI0 Ha OCHOBE OLICHEHHBIX HEUTPOHHBIX JaHHBIX, IpUHATEIX B POCDOH/], Obuin
paccunTanbl 299-rpynnoBble KOHCTAHTHI JUIs KaX/10r0 CTaOUIBHOTO M30TOIA, KOTOPBIE 3aTeEM
OBLIIM CBEPHYTHI C BECOM KOHIIEHTpAIMil U30TONOB B €CTECTBEHHOU cMecHu B 299-rpynmnoBbie
KOHCTAHTBI JIJIsl IPUPOIHOTO Aucipo3us. [lomydenHsle TakuM o0pa3om 299-rpynnoBblie ceueHus
HU)KE CPAaBHUBAIOTCS C UMEIOIIUMHUCS JUIsl IPUPOJAHOTO AUCTIPO3US SKCIIEPUMEHTAIbHBIMU
JAaHHBIMHU.

Ha puc.11.1 u 11.2 [IpuBeaeHbI OLIEHEHHBIE U YKCIIEPUMEHTAIbHBIE TaHHBIE TIO MOJTHOMY
CEYEHHUIO MPUPOAHOIO AUCTIPO3US U [0 CEUEHUIO 3aXBaTa MPU HUZKUX IHEPIHSIX.
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Puc.11.1 ITonHOE cevenHue 3pOust MpH HU3KUX YHEPTUIX
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Er-nat capture
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Puc. 11.2. Ceuenue 3axBarta >pOust Mpy HU3KUX SHEPTHUAX.

Kak BuiHO, coriacue OleHEeHHBIX U SKCIIEPUMEHTAIBHBIX JaHHBIX B ATON 00JacTH SHEPTHUl HE
OCTAaBJISACT JKCJIATh JIYUIICTO.

Ha puc. 11.3 u 11.4 npuBeeHbI NOJHOE CEYEHUE U CEYECHHUE PATMAIIMOHHOTO 3aXBaTa BHE
PE30HAHCHOM 00JIACTH B CPABHEHHUH C SKCIIEPUMEHTAIBHBIMU JAaHHBIMU JJIS1 IPUPOJTHOTO POHSL.
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Puc.11.3. [TomHOE ceueHue FpOUst BHE PE30HAHCHOM 00JIaCTH
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Er-nat capture
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Puc. 11.4. Ceuenue paanaliioOHHOIO 3aXBaTa BHE PE30HAHCHOW 00JIacTH.

Kax BuaHO, B 0611acTu OBICTPHIX HEHTPOHOB, PACX0XKIEHUS MEXK]Ly CBEPHYTHIMU OLIEHEHHBIMU
CEUEHUSIMHM 3aXBaTa I U30TOMOB OTIIMYAIOTCS OT SIKCIIEPUMEHTAIBHBIX JaHHBIX JUIS
IPUPOJIHOTO AUCIIPO3Usl B cpeHeM Ha + 20%. DTo BBIXOIUT 3a MpeAeibl OTPEIIHOCTEN
9KCHEPUMEHTAIbHBIX JAHHBIX, IPUBEICHHBIX Ha pHc. 11.4. Pacxoxnenue MoxxeT ObITh
YCTPaHEHO ITyTEM MEPEOLIEHKN CEUEHN 3aXBaTa /Il OCHOBHBIX ‘‘BKJIQJIYMKOB” B CEUECHUE
3axBaTa MPUPOJHOIO AUCIPO3US B pacCMaTpUBaeMol 001acTH SHEPTHH — 3pOusi-166 u spous-
167, ceuenus 3axBara AJi1 KOTOPBIX B 001aCTH OBICTPHIX HEUTPOHOB €100 0OOCHOBAHBI
9KCIIEPUMEHTATbHBIMU JaHHBIMU (cM. pa3aensl 63.4 u 63.5). Takas mepeorieHKa BBIXOIUT,
OJTHAKO, 32 pPaMKH HACTOSIIEH pabOThI U MBI 3/I€Ch JIMIIb OrPAaHMYUMCS] KOHCTaHTAaIMeH pakTa
PaCXO0X/I€HUH, OrpaHNYMBAIOLINX TOYHOCTh JJAHHBIX 10 CEUYEHHIO 3aXBaTa OBICTPHIX HEUTPOHOB
Ha MPUPOJHOM JUCTIPO3UH, TpuMepHO, 20%.

Ha puc. 11.5 npoBoauTcs cpaBHEHUE OLIEHEHHBIX JaHHBIX IO CEUEHUIO HEYTPYTOro PacCestHUs
MeX1y cO00M U ¢ eTMHCTBEHHBIM uMetonmmcs B 0aze nanHbix EXFOR skcnepuMeHTOM.
[IpenmyniecTBO HOBOM OLIEHKH OYEBHUJIHO.
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Puc.11.5. Ceuenune Heynpyroro paccessHusi HSUTPOHOB Ha dpOUH.
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3akjaoueHue.

[Tpunsiteie B POCOOH/] ouieHeHHbIE HEUTPOHHBIE JAHHBIE O CEYEHUH 3aXBaTa Jisl H30TOIMOB
3p6wust B 00macTu ObICTpBIX HEWTpoHOB ( BhIIIe 10 K9B) HE BIOJHE COTIIACYIOTCS C pe3yJIbTaTaMu
9KCIIEPUMEHTOB JIs IPUPOIHOTO 3pOHsl. YIyUIllleHHe Coriacus MyTeM MePEOleHKH CeUCHHIA
3axBara JIs U30TOIOB BO3MOKHO H B Oy IyIIIeM KeJIaTeIbHO TAKYIO TIEPEOIICHKY BBITIOTHUTD.
[TonmHOE ceyeHre U CeUeHHEe HEYTPYTOro paccesiHUs sl MPUPOTHOTO SpOus B 3TOU o0nacTu
COTJIACYIOTCS C AKCIIEPUMEHTAIILHBIMU JAHHBIMH JIJIs1 TPUPOTHOTO 3pOHs yAOBIETBOPUTEIHHO.
B o6nacTi HU3KUX SHEPTUil HIKCIIEPUMEHTATbHbBIE JAHHBIE JIJIS1 PUPOJHOTO 3pOus yOeauTensHO
MOATBEPKIAIOT KOPPEKTHOCTH OIICHKU JAHHBIX JJIs OCHOBHBIX CTAOUIIbHBIX U30TOIOB.

ABTopsl 3akiaw0yenus — B.H. Komees, M.H. Huxosaes.
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