92. YPAH

[Tomumo tpex mpupoansix uzoronos ypaHa B POCOOH/] BkirodeHb! AaHHbBIE AJis ypaHa-233,
ypaHa-236 1 4eThIpeX ropasio MeHee JOJITOKUBYIIUX U30TONOB- ypaHa-230, ypana-231, ypana-
232 u ypana-237.

92.1. YpaH-230

PagunoaktuBen. (T1,=20.8m). WcmeiThiBaeT anbda-pacnag B Topuid-226. Ilocnennuit B
pe3ynbTare LEenovyku anb(pa-pacnazoB, a B KOHIE U OeTa-pacrajgoB, IMpeBpallaeTcs B CBUHEII-
206.
B peakTope MOKET 06pa3oBaThes B pesyisrare peakuuii —-U(n,3n) u >>U(n,4n).
[ToHBIX HAOOPOB HEUTPOHHBIX TAHHBIX B COBPEMEHHBIX OMOIMOTEKAaX HE COACPIKHUTCS.
JlanHble O HEUTPOHHBIX CEYEHHAX, IIOJIyYCHHbIEe Ha OCHOBE MOJENIBbHBIX pPACUeTOB U
MOJTYIMIIMPUUECKUX CUCTEMATHK cozepkarcs B Oudmuorexe EAF-2003.

3akiloueHue

B POC®OH/]] nenecoobpasno npunsTh orieHky EAF-2003.

ABTOpP peKOMeHIAUNH
Hukomaes M.H.

92.2. YpaH-231

PagunoaktuBen. (T;,=4.2n). Pacmamaercs mytem 3axBaTa OpOUTANBHOTO DJIIEKTPOHA B
nporaktuanii-231 (T1,=3.276*10* r). C BeposTHOCTBIO 0.1% WCIBITHIBACT ambda-pacman B
topuii-227. Ilocneauuil B pe3ynbTaTe IEMOYKH alib(ha-pacnagoB, a B KOHIE U OeTa-pacnajos,
npeBpaiaercs B cBuHen-207.
B peakrope MoxeT 00pa3oBaThCs B pe3yJIbTaTe peaKiuii #2U(n,2n) u *U(n,3n).
[TomHpIX HAOOPOB HEUTPOHHBIX TAHHBIX B COBPEMEHHBIX OUOIMOTEKaX HE COJIEPIKUTCS.
JlaHHble O HEUTPOHHBIX CEYEHMAX, IIOJIyYEHHbIE Ha OCHOBE MOJEIBHBIX pPACUETOB U
MOJTyOMITUPUIECKUX CUCTEMATHK cojiepkarcs B Oudamorexe EAF-2003.

3akiroueHue

B POCD®OH/] nenecoobpaszHo mpuHsTh orieHKy EAF-2003.

ABTOp peKOMeHAAlNHU
Hukonaes M.H.

92.3. YpaH-232

Pagunoaktusen. (T1,=68.9 n). Llenouka pacnanoB ypaHa-232 BezneT k oOpa3oBanuio tamus-208,
UCITyCKAIOIIeT0 TMpu OeTa-pacmajze >KecTkoe Tamma-usiaydenue (2.7 M»dB), cymecTBeHHO
OCJIOXKHSIIOIEE PAJAUAIIMOHHYI0 0OCTAaHOBKY MPH ONEpaIsIX ¢ OTPAOOTABIIUM TOTLTUBOM.

B coBpemeHHBIX OMOIMOTEKAX COIEpIKATCs CIeIyIOIIUe OLCHKH JaHHbIX JJIs ypaHa-232.

®OH/I-2.2 —onenka T.Ohsawa, T.Nakagawa, 1987.
ENDF/B-VII- onierka M. Chadwick, P.Young, 2005
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JENDL-3.3 — onenka T.Ohsawa, T Nakagawa, 1987
JEFF-3.1 — ouenka T.Mutsunobu, T.Kawano, 2000.
CpaBHEeHHE pe30HAHCHBIX HHTETPAJIOB U TETUIOBBIX CEUCHHUH.

Ucrounuk 6.(0.0253 3B) RI, 610.0253 3B) RI¢
ENDEF/B-VII 75.2 181 76.8 383
JENDL-3.3 74.9 173 76.7 364

JEFF-3.1 72.1 317 77.1 419
Myxabxa0-84 73.1+1.5 350+30 75.2+4.7 350+30

Bbonbiine pacxoxaeHus B OLIEHKaX PE30HAHCHBIX UHTErpajoB 3aXBaTa 00yCIOBICHbI
OTCYTCTBHEM MPSAMBIX IKCIIEPUMEHTATBHBIX TAHHBIX.

3akijIoueHue

Hecmotps Ha 6osee no3anioro aaty onenku u3 ENDF/B-VII, ee npeumyiectsa nepes oleHKOM
n3 JEFF-3.1, ecnm u umerorcs, To He o4yeBHaHbl. B wactHoctn B JEFF-3.1 B pe3onHancHoit
oOmactu ucnonb3oBaHa oueHka Jleppuena 1994r., rorna xak B ENDF/B-VII — ucnonb3oBaHbl
pe30HaHCHBbIE MapaMeTpbl Myxabxaba OLleHEHHbIE ECSTUIETUEM paHbILIE.

B POC®OH]J pexomenayercss mnpuHsath ounenky w3 JEFF-3.1. Coektper 8-rpynn
3ama3/bIBAlOIIMX HEUTPOHOB 3aMEHSIOTCS HAa COOTBETCTBYIOIIME CIEKTpPbl Il ypaHa-235.
Beixogwl rpymm, pazymeercs, npuBeneHsl B coorBeTcTBre ¢ JEFF-3.1.

B ¢aiin BrirodaroTcs Takke NaHHBIE O BBIXOJAaX MPOAYKTOB JEICHUS — U3 ENDF/B-VII! (B
Ipyrux OMOIMOTEKax TaHHBIX O BBIXOAAX MPOAYKTOB AENEHUS AJsl ypaHa-232 He COAEPKUTCS).
B nanpHelimeM »xenaTebHO BBIIOJHUTh HOBYIO OLIEHKY HEUTPOHHBIX JTAHHBIX.

ABTOP 3aKJIOUYECHHUS

Huxkomaes M.H.

! T.R.England, B.F.Rider, ENDF-349, 1989.
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92.4. YpaH-233

Pagmoakruen. (T1,=1.592%10°1er). Anbda-pactagaercs B Topuii-229 (T;,=7880 1er).
SIBisieTcs MepCHEeKTUBHBIM S/IEPHBIM TOILTMBOM (OCHOBOM YPaH-TOPHUEBOTO TOIUITMBHOTO [IUKJIIA)
B coBpeMeHHBIX OMOIMOTEKAX COMEPIKATCS CICTYIOIINE OIICHKH TAaHHBIX JIJIs ypaHa-233.

®OH/I-2.2 u BPOH/I-2 —onenka Cyxopyukuna u Knenamkoro, 1990.

ENDF/B-VII- onieaka Young,Chadwick,Talou,Leal,Derrien, 2005.

JENDL-3.3 u JEFF-3.1 —onienka T.Mutsunobu, T.Kawano, 2000.

Kpowme Toro, noctynna venasusis (2005r.) ouenka B.Macioga.

1. O01acTh TEMVIOBBLIX HEHTPOHOB U 00J1ACTH PA3PEICHHBIX PE30HAHCOB.

B Tabnune | npuBeneHbl OLIEHEHHBIE TEIJIOBBIE CEUCHHS] U PE30HAHCHBIE MHTETPAJIbI
3axBara M JIEJICHMS, @ TAK)KE YUCIIO MTHOBEHHBIX HEUTPOHOB JIEJICHUS B CPAaBHEHUU C OLIEHKaMU
IKCIIEPUMEHTATBHBIX JaHHBIX Myxabxabom u Tembepom, a Takke C COTJIACOBAaHHOW OIICHKOU
TEIJIOBBIX CEYEHMH, BBIMOJIHEHHOM MEXIyHapOoJHOH rpynmnoi mo cra"aapram B 2005 r’. B
MIOCJIETHEH OLIEHKE YUYTEHbl BCE Pa3iW4Mus B OINOPHBIX BEIMYMHAX, HCIIOIB30BABIIUXCS IPU
IIOJIly4YE€HUU OKOHYATEJIbHBIX PE3YJIbTaTOB.

Ta6JII/ILIa 1. TennoBwie ceyeHUS U PEC30HAHCHBIC MHTCI'PAJIbI.

Hcrounuk 0.(0.0253 RI. 610.0253 »B) RI¢ Vi
3B)

®OHA-2.2 45.3 138.8 529.9 770.7 2.4925
ENDEF/B-VII 45.2 140.6 531. 765. 2.5042
JENDL-3.3 453 138.0 531. 762. 2.4877

Macinos 45.2 139.2 531. 765. 2.4930
Myxabxa6-84 45.5+0.7 137+6 529.1£1.2 760+17 2.493+0.004
Tellier1992 45.5+0.2 137+6 529.1+1.2 760+17
CrangapTsi- 45.554+0.68 531.2+1.3 2.4968+0.0035
2005

Kak Buaum, pacxoXxaeHuss B MPHUHITHIX OICHEHHBIX JaHHBIX [0 CEYEHHUSIM H
PE30HAHCHBIM MHTETpaJIaM HE BBIXOAT 3a MPEeeibl OLEHEHHBIX MOrPEIIHOCTENH COBOKYITHOCTH
9KCIIEPUMEHTAJIbHBIX JIaHHBIX.

Ornucanus 00J1acTy pa3pelIeHHBIX PE30HAHCOB CYIIECTBEHHO Pa3IMYalOTCs.

B onenke CyxoBunkoro u Knenarkoro sta o6iacts npoctupaetcs g0 100 3B, comepxut
178 pe3onancoB, »sHeprus mnociegHero — 124.12 »B. B panbHeiimem »5Ta oOleHKa
paccMmaTpuBaThCcs He OyAeT Kak sIBHO yCTapeBIIasl.

B onenke Mutcynoou u KaBano rpanuia o6iacTu paspemieHHbIX pe3oHaHcoB -150 3B.
Hanbl mapametpsl 190 pe3oHaHCOB ¢ MakcUManbHOM SHEpruei 356.96 3B

B omnenke, npunstoii B ENDF/B-VII rpanuna obiactu paspemieHHbIx pe3oHancoB — 600
5B; B aTOl obOnactu maHbel mapameTpsl 738 pezoHaHcoB. Kpome Toro, 3amaHnl mapameTpsl 16
CBSI3aHHBIX COCTOSIHHIA M 16 pe30HAHCOB, JIEXKAIIUX BBIIIE 3TOW 00JIACTH. JTa OIEHKA NMPUHATA U
MacnoBeiM. Or1leHKa PE30HAHCHBIX MapaMEeTPOB BBIINOJIHEHA C YYETOM HOBBIX HM3MEpEHUN
MOJIHOTO CEUEHUsSI M CEUYEHUs JIEJICHMS, BBINOJHEHHBIX C OYE€Hb BBICOKMM pa3pelieHueM Ha
yckopuresie ORELA B 1998 — 2000 r.r. ¢ ucnosib3oBaHuEM U3BecTHOW mporpammbel SUMMY,
OMUCHIBAIOLIEH COBOKYIMHOCTb 3KCIEPUMEHTAIBHBIX JAHHBIX METOJOM HAaUMEHBIINX KBaJpPaTOB
Ha 0CHOBE R-MarpuaHOro dopmammsma’.

? JlaHHBIE COOBIICHBI y4acTHUKaMU MeXayHapoHoi rpymmnsl oT Poccun — B.IIponsessiM, C.banukossim u E.I'aem
3L. C. Leal, H. Derrien, J. A. Harvey, K. H. Guber, N. M. Larson and R. R. Spencer, R-Matrix Resonance Analysis
and Statistical Properties of the Resonance Parameters of U-233 in the Neutron Energy Range from Thermal to 600
eV, ORNL/TM-2000/372, March 2001.
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Ha puc.] npuBenena HapacTaroliasi CyMMa 4iclia pe30HaHCOB, a Ha pUcC. 2 — HapacTarouas
CyMMa [MpPHUBEJICHHbIX HEHUTPOHHBIX WIMPUH. TOHKUMHM JIMHUSMH TPOBEJEHbl JIMHEHWHBIE
anmnpoKkcUMaluu K HavanbHbIM yyacTkaM (10 400 sB) stux kpusbix. U3 puc. 2 MOXHO caenath
3aKJIIOYEHHE, YTO MPOITyCKa PE30HAHCOB B paccMaTpUBaeMoil o0jacTu mpakTuuecku Het. Puc.2
nokaspiBaeT, uro B uHTepBajie 400-500 3B umeer mecTo HEnoOOp NMPUBENEHHBIX HEUTPOHHBIX
MIMpHH, a 3aTeM, Belmie 500 3B, coxpaHseTcs NpexHsAs CKOPOCTh HAPACTAHUS CYMMBI LIMPHH.
Hepnocratox pe3oHaHCOB ¢ OOJBIIMMHU MIMPHHAMH, KOHEYHO, HE SIBISIETCS CBUACTEIHCTBOM
IpOMyCKa YpPOBHEH, HO BCEIIET COMHEHHE B KOPPEKTHOCTh OIpPENETICHUs PE30HAHCHBIX
apaMeTpoB B yKa3aHHOM MHTepBase. HecMOTpsl Ha 3TO OLleHKa pe30HAHCHBIX IapaMeTPoOB M3
ENDF/B-VII, 6e3ycinoBHO, siBjsieTcsi HauOoJiee moHOW U HagexHoid m B POCOOH/
cjeayeT NPUHATH MMEHHO 3Ty OLICHKY.
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Puc.2. CymMMa npuBeieHHBIX HEUTPOHHBIX IIUPHH.
2. O0sacTH Hepa3peneHHbIX PE30HAHCOB.

B ENDF/B-VII o0nacte Hepa3pelIeHHBIX pe30HAaHCOB mpocTtupaercs a0 40 k3B;
CTPYKTypa CEYEHHIl ONMUChIBAaETCS MapaMeTrpamu s-, p- U d-BoiiH; (ailyl cpeHUX PEe30HAHCHBIX
napamMeTpoB PEKOMEHJIOBAaH JUIIb JJI1 y4eTa PE30HAHCHOW CaMOAKPAHUPOBKU CEUEHUH, caMu
CpemHHe ceueHus 3aaanbl B (paitie MF=3.

B JENDL-3.3 (a moromy u B JEFF-3.1) o0nactb Hepa3pelieHHbIX pPE30HAaHCOB
npoctupaerca auib 10 30 k3B; 3amaHbl mapaMeTpbl TOJBKO S- U P-BOJIH, HO 3TH HapaMeTpbl
PEKOMEHI0OBAHBI JIsl pacdeTa He TOIbKO (PAKTOPOB CAMOIKPAHUPOBKH, HO U CPEIHIX CCUCHUH.
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B onenke MacioBa o0nacTh Hepa3pelIEeHHBIX PE30HAHCOB MPOCTHPAETCS A0 Iopora
Heymnpyroro paccesHus — 40.5246 xsB. 3aganbl mapamerpsl s-, p- ¥ d-BOJH, C HMOMOILBIO
KOTOPBIX OINMCHIBAIOTCS MU CpEAHME ceueHUs. B 3ToM oueBHAHOE MPEUMYLIECTBO OLEHKU
MacnoBa, ogHaKo, TpeOyeTcsl paCCMOTPETh KaK PACCUMTAHHBIE WM 3a/laHHbIE CPETHHE CEUCHMS
COIIACYIOTCS C UMEIOIIMMHUCS SKCTIEPUMEHTAIbHBIMU JAHHBIMU.

Ha puc. 3 oOuncHEHHbIE JaHHBIE IO TIOJHOMY CEYEHHIO CpPaBHUBAIOTCA C
SKcepuMeHTAIbHBIMUA JaHHBIMU. B JENDL-3.3 skcnepuMeHTalIbHO yCTaHOBJICHHAsl TPOCC-
CTpPYKTypa IIOJIHOTO CEYEHHUS BOCIPOM3BEIEHA IIyTEM BapHalMii CpeAHMX IapaMeTpoB —
PacCTOSIHUN MEX/ly pe30HAaHCAaMH U HEHTPOHHBIX IHUPHUH (U1 BCEX 3HAUEHUN J U YETHOCTH).
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Puc.3. IlonHoe ceueHune B 0071aCTH HEPA3PEIICHHBIX PE30HAHCOB

MacnioB 3THX MCKYCCTBEHHBIX BAapHAllMi HE BBOJMUT U MOTOMY HUKAKOW CTPYKTYpPhI CPEIHETO
CCUCHUS Y HEro He MPOSIBIIOCh. BooOIe cpeiHee ceueHne B ATOM OICHKEe MPUMEPHO Ha OapH
(~5%) Hmke, 4eM B IBYX MNPEABIAYIIMX, YTO, BIPOYEM, HE BBIXOJIUT 3a Mpenebl paszdpoca
IKCIEPUMEHTAJIbHBIX JaHHBIX.

PaccMoTpuM Temeps JaHHBIE 1O MapUUalbHbIM - cedeHusiM. Ha puc. 4 ¢
IKCIEPUMEHTATBHBIMH JJAHHBIMH CPABHUBAIOTCS OIICHCHHBIC CCUCHHUSI JICIICHHUS.
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Puc.4a. Ceuenue aenenusi B 00JaCTH HEPA3PEIICHHBIX PE30HAHCOB
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Puc.46. Ceuenue neneHus B 00J1aCTH HEpa3pelIEHHBIX PE30HAHCOB
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Puc.4B. Ceuenue neneHust B 00J1aCTH HEpa3pEIICHHBIX PE30HAHCOB

[IpencraBieHue MaHHBIX B IIUTHPOBAHHBIX pab0TaxX M3JIMIIHE MOAPOOHO: pa3dpoc TOUEK
HE OTpaXaeT HU JETAIbHYIO PE30HAHCHYIO CTPYKTYpY, [JIsl 3TOrO pa3pelieHHe HEJOCTATOYHO,
HU Tpocc-CTPyKTypy. Ha puc. 4r orileHeHHBIE JaHHBIE CPABHUBAIOTCS C SKCIICPUMEHTAIILHBIMU B
y3koM nuana3zoHe ot 600 mo 800 sB. DkcmepumeHTanbHBIE AaHHBIE OBUIM YCPEIHEHBI IO
MOJAMHTEPBAJIaM U PE3yJIbTaThl YCPEAHECHHsI MPECTaBICHBI TUCTOrpaMMaMu. Kak BHIHO, Tpocc-
CTPYKTypa cedeHus naeineHusi, oroopaxenHas B oueHkax ENDF/B-VII u JENDL-3.3, nums
KaueCTBECHHO OTPaXKaeT Pe3yJIbTaThl U3MEPCHHIA, HE COTIACYIOIMIUXCS MEXKIY COOOW B JIETaISIX.
DTO CTaBUT MO COMHEHHE IeIeCOO0Pa3HOCTh OMHUCAHUS CTPYKTYpPhI CEUCHHs NIENEHUS B 3TOM
SHEPTreTUYECKOM JIhaIla30He.
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Puc.4r. Ceuenne nenenus B 00J1aCTH Hepa3peleHHBIX Pe30HAHCOB

Ha puc.5 ouieHku ceueHus 3axBaTa CpPaBHUBAIOTCS C JaHHBIMU BecToHa, €1MHCTBEHHBIMU
nMerommmucss B EXFORe B oOmactu HepaspemeHHbIX pe3oHaHCOB. OrieHKa, TpUHSITAas B
ENDF/B-VII, sBHO 3aBbIIaeT Ce4YeHUE 3axBara. B omucaHum Qaiiiia CChUIOK Ha KaKue-TuOo
JIOTIOTHUTENbHBIE IKCIIEPUMEHTAIbHbBIE TaHHBIE B 3TOM 00JIaCTH HET.

B cBsa3u co BceM M3II0KEHHBIM MNPeACTABJSICTCH 1e1ec000pa3sHbIM BKJIKYUTH B
POCO®OH/I Mac/10BCKYI0 OLIEHKY JaHHBIX B 00J1aCTH Hepa3pelleHHbIX Pe30HAHCOB.
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Puc.5. Ceuenue 3axBara B 00J1aCTH HEpa3pelIEHHBIX PE30HAHCOB
3. CeyeHnsi BHe pe30HAHCHOM 00J1aCcTH
Ha puc. 6. OLEHKM TIOJIHOTO CEUYEHUsI CPaBHUBAIOTCA C HMEIOLIUMUCS

SKCIIEPUMEHTAJIbHBIMU JTaHHBIMU. PacXoXIeHHsT MeXIy OLEHKaMH CYIIECTBEHHO MEHbIIE
pa3bpoca SKCHEpUMEHTAIbHBIX JAHHBIX, TAK YTO MOXKHO KOHCTAaTHPOBATh, YTO BCE OHH PAaBHO
XOPOLH.
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Puc.60. ITonHoe ceuenue.

Ha puc.7. ¢ skcriepuMeHTaIbHBIMU JJaHHBIMU CPaBHUBAIOTCSA OLICHKHM CEYEHUS AETICHHUS.
311ech MOJIOKEHHE JIeNl HE CTOJIb XOPOIIO: pa30poc SKCIEPUMEHTAIBHBIX JaHHBIX
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Puc.7a. Ceuenue neneHus
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Puc.76. Ceuenue nenenus
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Puc.78. Ceuenune aeneHus.

Hamnoro npeBsliliaeT MpUnuCcaHHble UM MOTPEITHOCTU. B pe3ynabpTaTe pacXoXKIeHUsI OLIEHEHHbBIX
JIBAHHBIX OT AKCIEPUMEHTAIBHBIX JOCTUTaeT B OKpecTHOCTAX | MaB u 8M»sB £5%. Huxe 175
k3B onenka MacnoBa jiyulne APYyTHX COTJIACYETCSl C HKCIEPUMEHTAIbHBIMU JaHHBIMH, BBIIIE
uMeeT mnpeumyiiectBo ornenka ENDF/B-VII. 3ametuMm, kctatu, 4TO NMpU BBITOJIHEHHH 3TOU
OIICHKU pe3yJbTaThl MHOTOYMCIICHHBIX U3MEPEHUN OTHOIICHUM CeYeHMil AeneHust ypaHa-233 u
ypaHa-235 HOpMHPOBAJIKMCH HA CTAHJAPTHOE CEUEHHE AeieHus ypaHna-235, npunsaroe B 2005 r.
(n BxmouenHoe B POCOOH/T).

Ha puc.8. ¢ eAMHCTBEHHBIMU 3KCIIEPUMEHTAIBHBIMHA JaHHBIMU [ ONKHMHCA CPaBHUBAIOTCS
pe3ynbTathl oneHoK. Jlanueie ENDF/B-VII uayT npsiMo 1o 3KcrepuMeHTaIbHBIM TOYKaM; JBE
JIpyTUe OLICHKN OTJIMYAKOTCS OT HUX Ha BEJIMYHHY NOPs/IKa MOTPEIIHOCTH.

OKCIIEpUMEHTAIIBHBIE JIaHHBIE 10 HEYNPYrOMY pAacCEsHUI0 HEHTPOHOB Ha ypaHe-233
oTcyTcTBYIOT. Ha puc.9 mpoBoauTtcs cpaBHEHHE pe3yJIbTaTOB 00CYXIaeMBIX OIICHOK. BOmm3u
nopora pasjinyusi MEXJIy HUMHU BEChbMa BEIUMKA. MUHUMYM B IOJHOM CEYEHUU HEYNPYTOro
paccestaust B orienke ENDF/B-VII nexxurt nmpu 700 k3B, T.€. kak pa3 Ha IPUHITOM B 3TOU OIEHKE
[IOpOre HEYIPYroro paccesHusi C BO30YXIEHHEM HEMpPEphIBHOTO CIEKTpa ypoBHeW. B nByx
Ipyrux orneHkax 3ToT nopor Ha 100 k3B Huke. [ ysCHEHHS CUTyallMu HAa pUC. 8§ HAHECEHO
IOJTHOE CEYEHHE HEYyNpyroro paccesHus u3 (aina ypana-233 u3z ENDF/B-VI. Owno
CyIIECTBEHHO HHYKE€ COBPEMEHHBIX OLICHOK, HO KaK M B HHUX HHUKAaKOro NHKa Ha MOpOre He
HaOIro1aeTCs.
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Puc.10. Ceuenus ynpyroro paccesiuus (MT=2) u cymmapHoOe ce4eHHe HeYTPyTUx
B3aumoeicteuit (MT=3)



Ha puc. 10 mpuBeneHbl OLIEHEHHBIE CEUYEHMsI YIPYIOro pacCesHUsS U CyMMapHOTO CEYEHUs
HEYNPYTUX B3aMMOJICHCTBII . BHIHO, YTO aHOMATHS B CEUCHHH HEYNpPYroro paccesHus
OTpa3swyiaCb U B IOBEJCHUM CYMMApHOIO CEYEHMS HEYNPYTHX B3aMMOJEHCTBHM, KOTOpPOE
CYILIECTBEHHO OTJIMYaeTcs OT oueHKHM MacnoBa. Hanuune 31Ol aHOManuu, He UMEIOLIEW MecTa
U1l ypaHa-235 (ceyeHUe HEYNPYTUX B3aMMOJEHUCTBHM [JII KOTOPOTO TAKXKE MPUBEACHO IS
cpaBHeHMs Ha puc.10), MOpoXkAaeT COMHEHHUS B KOPPEKTHOCTH OleHKH, npuHsaToi B ENDF/B-
VIL

Ha puc.11 npuBeneHsl JaHHBIE IO CEYSHHSIM peakuui (n,2n) u (n,3n).
0.5

ENDF/B(n2n)
JENDL(n2n)
MASLOV(n2n)
0.4 4 — — ENDF/B(n3n)
— — JENDL(n3n)
— — MASLOV(n3n)

Cross section, barn
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Puc.11. Ceuenus peakuuii (n,2n) u (n,2n).

JuddepeHnnanbHbIX  AKCIEPUMEHTAIbHBIX  JaHHBIX I OTUX  pPEaKIHid  HeT.
Pacxoxnenus B oueHkax Beime 16 MaB Bemuku. KocBenno B momnb3y oneHka ENDF/B-VII
TOBOPHUT TO, YTO OHA BBINONHsUIAch BIIOTH g0 30 M»B, rae ponb peakiuii (n,xn) BecbMa
CyILIIeCTBEHHa M, HECOMHEHHO, pacdeT MX CEYCHHMH TpeOOBal OT OILEHIIMKOB MOBBIIIEHHOTO
BHUMaHMA. Peaknus (n.4n) okomo 19 M»aB. E€ ceuenne naxe npu 20 MsB cocraBnsier nonu
MILTHOApHA.

[Ipu B3auMOAEHCTBUU HEUTPOHOB C ypaHOM-233 TIpU BCEX IHEPTHUAX BO3ZMOKHBI PEAKIIMHU
(n,p) u (n,0). M3-32 BEICOKOTO KYJIOHOBCKOTO Oapbepa CeueHHs ITHX pEaKIMil Maybl: Jaxke Mpu
20 M»sB ceuenune nepBoit u3 HuX 1o omnenke EAF-2003 cocrtasnser 70 MmumummbapH; BTOpou - 5
muwOapH. TeM He MeHee BKIIIOYMTH ceueHHs 3Tux peakiuii B POCDOH/I npencrasisercs
11eJIECO00PA3HBIM.

[TogBoast UTOrM CKa3aHHOMY BBINIE, MOXKHO 3akitouuTh, 4uT0 B POC®OH/ caenyer
NPUHATH HEHTPOHHBIE CeyeHHsl, OlleHeHHble Maca0BbIM, KOTOpbIE, KaK MpaBUio, OyIydn
omusku k omnenke n3 ENDF/B-VII, He o06nanaoT aHOMaabHO BBICOKUM CEUEHHUEM HEYTIPYTroro
paccesiaust B o6actu Hibke 700 k3B.

4. Yncna BTOPUMYHBIX HEHTPOHOB H X JHEPro-yIJIOBbIe pacnpeae/J HusI

4.1. YncJio HeHTPOHOB Jie/1eHUSA

OneHeHHbIE YnCiIa HEUTPOHOB JI€JIEHMSI ypaHa-233 TEeII0BbIMU HEUTPOHAMU NPUBEICHBI
B Tabymie 1. Benwmuwmna, npunsras B ENDF/B-VII npeBsimaer pexoMeHAAIMIO TPYIIIBI 110
cTaHjapTaMm (OCHOBAHHYIO HA COBMECTHOM OLICHKE BCEX JAHHBIX, 3aBUCSILIUX OT vp(mU)) Ha TpH
CTaHJAPTHBIX OTKJIOHEHMSI, MPUIUCAHHBIX 3TON BEIMYMHE. DTO PA3IUYUE B TOYHOCTH PAaBHO
BKJIQ/ly 3ala3[bIBAIONINX HEUTPOHOB, MPUHATOMY B 3ToH oneHke: v¢=0.0074. Takum obpazom

* Ceuenme MT=3 B JENDL-3.3 He 3a7aHO ¥ €ro HEIPOCTO MOTYUYHTh, TTOCKOJIbKY COCTABIIAIONINE 3a1aHbl HA PA3HBIX
9HepreTuyeckux cerkax. [1o aToif xxe nprurae MacnoBckoe cedenrne MT=3 npuBeneHO TOIBKO JI0 IOpOTa peakiiu
(n,2n).
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npu orieHke AaHHbIX 11 ENDF/B-VII Benmuuuna, pekoMeH1yemMas MeXTyHapOIHOU TPYIIITOH 110
CTaHJapTaM KaK Vi, pACCMaTPUBAACh KaK Vp.

Onenka JENDL-3.3 nuowe pexkoMeHIOBaHHOIO 3HayeHUs Ha 2.6 CTaHIApPTHOIO
orkioHeHus. OueHka MacioBa Takke HHUXKE, HO TOJbKO Ha | CTaHZapTHOE OTKIOHEHHE.
[IpencraBnsercs uenecoodpasusiM npuHiATh B POCOOH]] BenuuuHy, pEeKOMEHIOBAHHYIO
MEXIYHAPOJAHOU TPYHION MO cTaHaapTaM, T.e. vi=2.4968. Hucno 3ama3apiBaroniux HEHTPOHOB
no onieake ENDF/B-VII npu auskux sueprusix pasHo 0.0074; mo ouenke JENDL-3.3 — 0.00673
U IIPaKTHYECKU CTOJBKO ke 1mo MacnoBy — 0.00670. Ecmu npusare vg=0.0068, To mns v,
HOJyYUM «Kpyriioe» yucio -2.4900.

Ha puc. 12 npuBeeHbl JHEPreTHMYECKHE 3aBUCHUMOCTH Vp, IO pa3HBIM OLEHKAM B
CPaBHEHMHU C SKCIIEPUMEHTAIbHBIMU JaHHBIMU. Bce nmpuBeieHHbIE JaHHbBIE HKCIIEPUMEHTAIbHbIE
JaHHBIE TMEPEHOPMHUPOBAHBI OO Ha vp(252Cf)=3.7606, 6o Ha vp(233U;O.02533B)=2.490 B

3aBHUCHMOCTH OT UCIIOJIB30BABHICTOCA MOHHUTOpPA.
2.7 . " " T 4 . ~t =+

e
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Puc.12a. Uucio MrHOBEHHBIX HEUTPOHOB JICJICHUSI.
H3nomanHBI XO4 V, C DOHEpPruer, NPUHATBIA MacioBbIM, 3KCIIEPUMEHTAILHBIMU
TaHHBIMH HE ompaBipiBaeTcs. Boobmie, mo 1.5 M»dB mpuHATOE B 3ITOH OIICHKE Vp
MIPEACTABIISIETCS 3aHUKEHHBIM.

[Ipu Gosiee BBICOKUX SHEPIUSIX JaHHbIE IPUBEACHBI Ha puc. 120.
6.0

EB H H

S 40 ——ENDF/B

= — JENDL
3.5 —— MASLOV
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Energy, eV

Puc.126. Yncno MrHOBEHHBIX HEHTPOHOB JCJICHHS.
B »s10ii obmactu ouenka ENDF/B-VII mpeacraBiasiercss Hamiayumieii. E€ Bnosane
MO’KHO NPHHATH U NPH 00Jie HU3KHX JHEPIrUsAX ecJIH 3aMEHUTh 3HAYCHHE V, B TEIJIOBOI
o0JiacTu Ha 2.490 (cm puc.12a).
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Ha puc. 13 npuBeneHbl OLICHEHHbBIE SHEPreTUUYECKHE 3aBUCUMOCTH V4. Il CpaBHEHUS
IIPUBENEHBl TakoOBble W Ui ypaHa-235 u 1mIyToHusA-239. CpaBHEHHE ITOKa3bIBaeT, 4YTO
DHEPreTHYEeCcKasi 3aBUCUMOCTh Vg4, npuHsAtas B ENDF/B-VII omm6ouna. [ns Takoro ee
NOBEJICHUS HET HUKAKUX (U3NYECKMX OCHOBaHMH. HampoTuB, CHHMXEHHE V4 C DSHEprHei,
IPOSIBIIAIONIEECS BO BCEX JPYTUX OICHKAX, OOBACHSIETCS MOSBICHUEM JIOTIOJIHUTEIBHBIX IIAHCOB
nenennd. B POCPOH/I nenecoodpa3Ho NPHHATH JHEPreTHYECKYH 3aBHCHMOCTb Vq M3
JENDL-3.3, nepeHOpMHPOBAB €¢ HA MPUHATOE 3HAYCHHE Vg B TEIUIOBOH 00J1aCTH.
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s S o et

0.03 f--sneees LTI ST S e SR ——ENDF/B
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: : : : : : Maslov
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Energy, eV

Puc.13. DHepreTuueckasi 3aBUCMMOCTb BbIXO/1a 3aa3/bIBAIOIIUX HEUTPOHOB

4.2. CneRTpbLl HEHTPOHOB JeJICHUS.

CrieKTpbl MTHOBEHHBIX HEUTPOHOB JIEJICHHS B PACCMAaTPUBAEMbIX OLIEHKAX OINHCAHBI
cyuiectBeHHO no-pazHomy. B ENDF/B-VII atu cniektpsl 3aansl hopMmoii Yarra ¢
napamerpamu a(E’) u b(E’), 3aBucammmu ot 3HEPTUN HEUTPOHOB E’, BBI3BIBAIONINX JIEJICHUE:

x(E)= 2eL_ab/é‘)exp(—E / a)sh\/b_E
v na3 b
XapaxTep 3TOi 3aBUCHMOCTH MOXHO BHJIETh U3 puC. 14, Ha KOTOPOM H300paKkeHa
3aBUCUMOCTh CPEJIHEH dHEepPTuHr HEUTpoHOB nenenus < E >= a(3/2 + ab/4) kak ¢pynkuus E’. B

3aroJIOBOYHOM CEKIMU YTBEPKIAETCS, UTO CIIEKTPbl HEUTPOHOB JEIEHUS PUHSATHI B
cootBeTcTBUM C ouleHkoil JENDL-3.3. 310, oueBuIHO, HE COBCEM BEPHO, IIOCKOJIBKY B OLICHKE
JENDL-3.3 criekTpbl MTHOBEHHBIX HEHTPOHOB JI€JIE€HHSI OIIPEIEICHbI HHAYE, & UMEHHO -
GYHKIUSAMY, 3aJaHHBIMH B 164 TOUYKax Mpu Kaxa0i 13 7 Ha4albHBIX YJHEPTHid. AHATOTHYHO
OIIPEAEIAIOTCA CIIEKTPBI JEJICHUS U B OLleHKe MacioBa, HO CIIEKTpPBI 3aat0Tcs B 326 TOUKax Impu
KaXJI0M 13 22 Ha4aJIbHBIX SHEprui B uHTEpBatie 10 20 MaB.

2.40

\— ENDF/B-VII, <Ef>
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Average fission neutron energy

2.00 £ ; ; ;
0.0E+00 5.0E+06 1.0E+07 1.5E+07 2.0E+07|
Energy, eV

Puc.14. DnepreTuueckasi 3aBUCUMOCTb CPEIHEN SJHEPTUU HEHTPOHOB JIEIICHUS
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O ToM, KaK MOJy4YeHbl CIEKTPhl MTHOBEHHBIX HEUTPOHOB JI€JI€HHsI B omucaHuu aiina
JENDL-3.3 Huuero He ropoputcs. B onucannm aiina MacnoBa cka3zaHo cieayroniee:

«Cnexmpovl  mMeHO8eHHbIX — Heulmponod Oenenus (CMH]])  paccuumvisanucy no
noaysmnupuueckoii modenu’. Cnekmpvl HelimpoHO8 UCnYcKaembvix neped Oeienuem 6 (n, n’f),
(n,2nf) u (n,3nf) npoyeccax paccuumvléanucsy no cmamucmuieckou mooenu Xaysepa-Dewbaxa c
yuemom NnpeopasHogecHvlx npoyeccos. Kauecmgo onucanus npoeepsiocb HaA  OCHOGe
aKcnepumeHmanvHulx  oanHvix Cmapocmog-83, Cmapocmos-85, Lajtai-85, u Miura-02.
Pacuemvr  ceudemenvcmeyiom o0 CHUdCEHUU CpeOHel JSHepeuu HeUumpoHo8 OelleHus npu
npesviuieHuu nopo2os peaxyuil (n, n’f), (n,2nf) u (n,3nf). Cnexmpol HelimpoHO8, UCNYCKAEMbIX
OCKOZIKaMu  OelleHusl, pacCYumvl8aluch KAk Cynepnosuyusi 08yx chnekmpog Yamma,
COOMBEMCMBYIOWUX — JIe2KOMY U  MANCENOMY  OCKOJIKY, OMIAUYAIOWUXCA — NaApamempami,
onpeoensiouumu cpeorIor sHepeuio. Ilpu smom yuumuleanoce pasiudue KUHEMuUYeckux dHepeuil
OCKOJIKO8 U 3A8UCUMOCTIb DMUX dHEP2ULL 0T MOMEHMA, YHOCUMO20 HEUMPOHAMU, UCHYCKAEMbIMU
nepeo oenenuem. IMeHHO 3mom mexanusm u 00yCcio6ull CHUNCeHUue Cpeorell IHepeUuL HetimpoHO8
OeleHusl npU NPebILUEHUU NOPO208 OEleHUsl C NPEO8aAPUMENbHOU IMUCCUEU HElIMPOHO8. »

[TpuBenenHOE O0OOCHOBAHHE BITOJHE COOTBETCTBYET COBPEMEHHOMY TNPEICTABICHHUIO O
MEXaHU3MaX HCIYCKaHUS HEHUTPOHOB JEJCHHS, a TO, YTO OIICHKA I03BOJIWIA OMHCATh W
IKCIIEPUMEHTAJIBHBIC JIAHHBIC TOBBIIAIOT WX HAACKHOCTH. [IpaBna, modt BCe CHEKTPHI ObLIH
U3MEpEHBl Ui JENEeHUs TEIUIOBHIMH HEWTpOHAMM W JIMIIb JaHHbIE Mrioupa MONy4YeHbl MpU
sHepruu 550 k3B, nexaieil Bce ke cyliecTBeHHO Hike nopora peakuuu (n,n’f). Kak 6s1 To Hu
ObUIO, CHEKTPHI, NpHUBedeHHbIe B MAaC/IOBCKOI OlleHKe, TPEICTABJSIIOTCS HauboJee
HA/IeKHBIMH.

O6cynuM Temepb JaHHBIE O 3amasjbIBarolux HedWTpoHax. B Oubmmoreke POCDOOH/I,
kak u B JEFF-3.1, mnpunsito yHuBepcadbHOE 8-TpyIIIOBOE MPEACTABICHUE MJaHHBI3 O
3amna3pIBaOIIMX HEUTPOHAX OINpEJCICHHEe TPYII OJUHAKOBO JJisi BCEX MACNSIIUXCS SAep:
KaKJash M3 HUX BKJIIOYaeT B ceOsl OMpPENENCHHYIO TPYyMIy MPEeIlIeCTBEHHUKOB C OJM3KUMU
nepuoJaMu Tmoisiypacnaia. biaromapss 3ToMy MOCTOSIHHBIE pacmaja TpyII HE 3aBUCAT OT
nenserocs sapa. He 3aBucAT OT aensuierocs siipa U CHEKTPbl HEMTPOHOB Ka)KIOM TPYIIIBI
NpeAecTBeHHUKOB. OHAKO CyMMapHbIM BBIXOJ] 3aMa3/bIBAIOIINX HEHTPOHOB U JIOJM TPYIIIL,
MOHSTHO, 3aBUCAT U OT JAEJSIIET0Cs s/ipa U OT SHEPTUU HEUTPOHOB, BHI3BIBAIOIINX JIETICHUS.
Kak u mns ppyrux pensmuxcst suep, Uisl ypaHa-233 NpuUHUMAeTCsl UX 8-IpynmnoBas
onenka u3 JEFF-3.1, co cnenyronmmu, 0JHaKo, HCKIIOUCHUSIMH.
1. YUucno 3ama3fplBalolMX HEUTPOHOB, UCHYCKA€MbIX MPU JIEJCHUU TEIIOBBIMU
Heritponamu, npuHATOo paBHEIM 0.00680 ( B JEFF-3.1 ono paBno 0.00673; 8 ENDF/B-
VII- 0.00740, y MacnoBa — 0.00670). DuepreTudeckas 3aBUCUMOCTb 3TOTO YHUCIA —
takoi, kak B orienke JEFF-3.1 (cm. puc. 13).
2. ChoekTpsl TPYII 3ama3AbIBAIONIUX HEUTPOHOB MPHUHSATH TAKUMU Ke, KaK U JJIs1 ypaHa-
235 (cm. ke 1. 92.235) m st Bcex apyrux aensmmxcs spep. OaHako BBIXOIBI
KaKIOW u3 & rpynm npuHAThl Takumu ke, kak B JEFF-3.1, T.e. Ha ocHoBe
pEKOMEH Al pa6OTBI6 .

4.3. CreKkTpbl U VIJOBLIE pacnpelejeHius PacCesIHHLIX HEHTPOHOB M HEHTPOHOB
peakuui (n,xn)

Ha puc.15 cpaBHUBaIOTCS OLICHEHHBIE 3HAYEHMs IEPBBIX TPEX MOMEHTOB YIJIOBBIX
pacrnpeiesieHuid yIpyro pacCessHHbIX HEHTPOHOB. OIIEHKH OYeHb OJM3KH ApPYT K Apyry. Bce oHn
nonyueHbl pacuetHelM nyteM. B EXFORe cognepxkarcs pe3ynbTarbl JIMIIb — OJHOMU

> Maslov V., Porodzinskij Yu., Baba M., Hasegawa A.., Kornilov
N., Kagalenko A., Tetereva N.A. INDC(BLR)-....,JAEA, Vienna
% Spriggs,Campbel and Piksaikin,Prg Nucl Eng 41,223(2002)
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HeonyOnmrkoBaHHON pa®oTel Haoaut-82, B KOTOpOl M3MEpPSUTUCH YTIIOBBIE paclpeieiIcHUs
HelTpoHOB ¢ »Heprueit 0.7 m 1.5 M»dB. Ilpn 3Tux 3HEpPrusX OTIMYUTH YIPYTrO pacCesiHHbIE
HEWUTPOHBI OT HEYNPYTO PACCEIHHBIX Ha HU3KOJIEKAIIUX YPOBHAX BECbMa HENPOCTO. B KpaTkoM
onucanuu, nanHoM B EXFORe mponenypa paszneneHust 3TUX MPOLIECCOB HE ONMCaHA, CKAa3aHO
JMILb, YTO MOMPAaBKa Ha HEYNPYTOe paccesiHue, BBOJAUMAs aBTOPOM, cocTaBisuia oT 5 10 35% u
npu 0.7 MaB u npu 1.5 MaB. IlockonbKy npu Ha3BaHHBIX YHEPIUSAX PACX0KIEHUHN B OLIEHKAaX
HET, a OKCIIEPUMEHT BBICOKOW HAJIEKHOCTBIO HE OTIMYAETCs, JOCTATOYHO TPYI0EMKOE
CPaBHEHME C HUM COUYTEHO M3JIMILHUM.

B POC®OH/ uenecoodpa3Ho BkIWYNTH oneHky u3 ENDF/B-VII, 3anumaromyio,
KaK MPaBUJI0, IPOMEKYTOYHOE MOJIOKEHHUe.
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Puc.15. YrioBsle MOMEHTBI pactipeieieHus YIPYTro pacCesTHHbIX HEUTPOHOB: CILUIONITHBIE
KpUBbIE — 1-i1 MOMEHT (CpeHHI KOCHHYC yIJla pacCesHus ), ITPUXOBBIE — 2-i1 MOMEHT,
MyHKTUPHBIE — 3-i1 MOMEHT.

Yro kacaercs CHEKTPOB HEYIPYIO pacCesHHBIX HEWTPOHOB, TO HWXKE IOopora
BO30YKIIEHUsI KOHTHHYyMa YPOBHEH OHM ONpEACISAIOTCS MOJHOTOW ydera BO30YKIaeMbIX
YPOBHEH sApa-MHUIIEHH. B 3TOM OTHOIIEHHMHM OLEHKa MaciaoBa HMeEET OIpeneIcHHOe
npeumymiectBo nepen JENDL-3.3: B Hell yuTeHbl Bce ypOBHHM, YKa3aHHbIe B 0a3e JaHHBIX
PCNUDAT 2, toraga kak B JENDL-3.3 B030yxnenue yactu ypoBHer ¢ sHeprusmu ot 400 10
600 k3B He onmceiBaercs. B o0enx oreHkax Bo30yKJIeHHE KOHTHHYYMa YPOBHEH ONMHCHIBAETCS
HaumHas ¢ 600 k3B, T.e. HEMOCPEICTBEHHO BClie 3a 00JaCThIO JUCKPETHBIX ypoBHEH. OlICHKY,
npunsatyto B ENDF/B-VII, mbl 31ech He 00CykmaeM H3-3a MOPOXKAAEMBIX €0 COMHEHHH B
KOPPEKTHOCTH OIMCAaHUSl DJHEPreTUYECKOro IIOBEICHHUS CYMMApHOTO CEYEHHUS HEyIpyroro
paccesiHus (cM. Bbie 1.3).  CrnekTpbl HEHTPOHOB, PACCESIHHBIX ¢ BO30YKJIEHHEM KOHTHHYyMa
YpOBHEU

Ha puc.16 npuBeneHbl CHOEKTpbl HEUTPOHOB, UCIHBITABIIMX HEYIPYTrO€ pPACCESIHUE C
BO30Y)KJ€HHMEM KOHTHMHYyMa ypOBHEH sJpa-MULIEHH. J[aHHblE NPUBOIATCS JUIsl HadaJbHBIX
sHepruii 6 MsB, 10 MsB u 14 M»aB.

IIpu 6 M5B, T.e. HIke mopora peakiuu (n,n’f) MacloBCKHii CHEKTp CYIIIECTBEHHO
JKECTYE OCTAJIbHBIX: OYEBUIHO, JOJIS MPEAPABHOBECHO UCIYILIEHHBIX HEUTPOHOB B HEM BBIIIIE.

ITpu 10 M>B olieHKM HEWTPOHHBIX CIIEKTPOB CYLIECTBEHHO pa3nuuarorcs. B crekrpe,
npunsitoM B JENDL-3.3 Heitponsl ¢ 3HeprusmMu Hike 3.7 MdB BooOIIe OTCYTCTBYIOT, T.€.
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MIPEANOIAraeTcs, YTo BCJE 3a HUCIIyCKAHMEM CTOJIb MEJJICHHBIX HEHUTPOHOB BCErAa CIEAyeT
nenenue. B onenke ENDF/B-VII “XBoCT” cpaBHUTENBHO MEJIEHHBIX HEMTPOHOB HAJIMYECTBYET,
a B MacJioBCKOH OILIEHKE Ha 3TOM ‘“XBOCTE” MPOSBIISIETCS €1le U MaKCUMYyM B o0acTu nopsaka 1
M>bB.

[Ipu 14 M»sB B cnektpe JENDL-3.3 Her HeilTpoHOB ¢ sHeprueil Huwxke 5 M»sB, Ho
BEPOATHOCTb HUCITyCKaHUS HEUTPOHOB C dHEprusiMu 6 -8 M»aB CylecTBEHHO BBIIIE, YEM B ABYX
npyrux oreHkax. Cnektpel ENDF/B-VII u MacnoBckuii Beimie 7 M»B Oimsku, HO B
MacnoBCKOM CHEKTpe HUMEETCS AJIUHHBIA “XBOCT  MEUIEHHBIX HEUTpoHOB. [lo Kkakum-TO
IpPUYMHAM BCJEN 3a MCIyCKaHUEM MEIJIEHHBIX HEHTPOHOB HE NMPOUCXOJIUT HU peakuuu (n,2n),
HU JICJICHUS.

CnekTpbl (n,n')
9.0E-07 : : , ,
8.5E-07 F-fl-veeee--- . . . Beaaes ENDF/B-VII; 6 MeV
8.0E-07 PACPRREE Bereenanoenas RIS Beremnaens AR — — ENDF/B-VI; 10 MeV
7.5E-07 f--f-\--ooe Peeeeneeeees Peeeeneeeees Peeeeeeeeees Pooeeee —— ENDF/B-VII; 14 MeV
7.0E-07 £f--f-{------ AEEEEEEEEEEEE AEREEEEERREE EEREE L RREEE EREEEEED 2 4.
6.5E-07 A\l A S L L JENDL-3.3; 6 MeV
m 6.0E-07 A s R R S — — JENDL-3.3; 10 MeV
(x] . . H .
= 55E-07 - beeesnanoenas  PERIE Beremnaenes R JENDL-3.3; 14 MeV
5 i-gg-g; 2 proseeeseese precessessees pressssessess peeseses Maslov; 6 MeV
o 4.5E-07 H[f--- ,
E 40E-07 — — Maslov; 10 MeV
8 3.5E-07 Maslov; 14 MeV
Q v
@ 3.0E-07 :
@ 2 5E-07
2.0E-07
1.5E-07
1.0E-07
5.0E-08
0.0E+00
0.0E+00 2.0E+06 4.0E+06 6.0E+06 8.0E+06 1.0E+07 1.2E+07  1.4E+07
SHepruna,aB

Puc.16. CpaBHeHHE CTIEKTPOB HEUTPOHOB, HEYIIPYTO PACCESHHBIX C BO30YXK/IEHHEM KOHTUHYyMa
YPOBHEM.

Ha puc. 17 cpaBHUBAIOTCS OIIEHKH CIIEKTPOB HEUTPOHOB peakmuu (n,2n) mias IBYX
HauvanbHbIX 3Hepruil — 10 u 14 M»sB. Pa3znuuus B oleHKax BeCbMa BEIHKH, OCOOCHHO npu 14
Mb5B. Pacxoxkenusi yka3plBaloT Ha HEOJIaronoy4HOe MOJI0XKEHHE JIEN C OLIEHKON CIEKTPOB, a,
CTano ObITh, M CEUYEHHUH MPOIECCOB, MPOUCXOIAIMINX MO Pa3HbIM KaHalaM M Pa3HbIM 00pa3oM
(mpenpaBHOBECHOE HCITyCKaHUE HEUTPOHOB W “O0bIYHOE” WCHAapeHHe, JeJIeHHe Tocie
UCITYyCKaHUs OJHOTO-BYX HEUTPOHOB T€M WJIM MHBIM criocoboMm). ITockonbKy CyIiecTBEHHBIX
pa3anurii B OLIEHKaX CyMMapHOTO CEUEHUs JeJICHUS! HET, IPOUCXOIUT KOMIICHCAIIUS pa3Ininil B
OLICHKE BKJIa/I0B PA3JINYHBIX MEXAHU3MOB PEAKLIM.



CnekTpbl (n,2n)

——ENDF/B-VII; 10 MeV
— — ENDF/B-VII; 14 MeV
—— JENDL-3.3; 10 MeV
— — JENDL-3.3; 14 MeV
Maslov; 10 MeV
— — Maslov; 14 MeV

BeposaTHocTb/MaB

0.0E+00 1.0E+06 2.0E+06 3.0E+06 4.0E+06 5.0E+06 6.0E+06 7.0E+06 8.0E+06
OHeprus,aB

Puc.17. CpaBHeHME CIIEKTPOB HEUTPOHOB U3 peakiuu (n,2n).

W3 paccMOTpeHHOTO BHIIHO, YTO OIIEHKA CIIEKTPOB KOHTHHYAIBHBIX peakuuii B ENDF/B-
VII B HEKOTOPOM CMbICIE MPOMEXYTOUHA M 3TO MOPOXKIAeT COoOJIa3H BBHIOpaTh €€ JUId
POC®OH/la. Ognako mpu AajnpHEHIIed BaluJallMd COCTaBHOrO (ailyia, B KOTOPOM CEueHUus
B3SThl U3 OJHOM OLIEHKH, a CHEKTPbl — U3 JAPYrod, MOTYT BO3HUKHYTH NMpoOsieMbl. [10CKOIBKY
CEYEHUS PELICHO B3STh U3, TO CIELYET U CIIEKTPHI IPUHATH B COOTBETCTBUU C ITOU OLIEHKOM.

3ametuM, uTo AanHble o criektpax B ENDF/B-VII npencrasnensl (B oTiMuue OT ABYX
npyrux) B hopmate daiina MF=6, T.e. CIEKTPBI JAOTCS ¢ yUETOM KOPPEISIINI MEX/Ty dHEpPTrUeH
U YIJIOM paccessHWs. OTa KOppelslus, OJHAKO, OIHCHIBAETCS YIPOLIEHHO — IO
nosyamnupuueckoit cucremaruke Kanbaxa-Manna. KpoMe cieKTpoB HEMTPOHOB ONMUCHIBAIOTCS
U CIEKTpHl siiep OTHaud (B Ye€M HET NPAKTUYECKOTO pEe30Ha), a BOT CHEKTPhl (DOTOHOB,
HCIIyCKaeMbIX B KOHTMHYAJBHBIX IPOLIECCaX, HE OMUCHIBAIOTCA. DTO €€ OJJHO CBUAETEILCTBO
HeOJaromnonyuns OLIEHKH, KOTOpO€ CleQyeT B JalbHEHIIeM, IMpU IEePEeCMOTPE OLECHKH,
YCTPAHUTb.

5. lanHblIe 0 poxkAeHHH (POTOHOB B HEITPOHHBIX PeAKIUAX

Hu B Macnosckoii orienke, Hu B ornieHke JENDL-3.3 nannbsie 06 oOpazoBanun (poTOHOB
He npuBogaTca. B JEFF-3.1 Bkimodensl nanabie 006 o6pa3zoBanuu GoToHOB, B3siThEe 13 ENDF/B-
VI (ounenka Crtroapta u Becrona 1978 r.). B ENDF/B-VII ¢ nepecMOTpeHHBIMU JaHHBIMHU O
raMMa-u3JIy4eHUH MPH paJualoHHOM 3axBare. TakuMm oOpa3oM BbIOOpa OLEHOK MPAKTUYECKH
HeT. PaccMoTpuM, Ha YeM OCHOBaHBI UMEIOLIUECS OLIEHEHHbBIE JaHHBIE.

Cymmapuoe Heynpyroe paccessHusi : MT=4. Ilockonbky B ouenke Ctroapta u Bectona
WHAMBUIYaIbHO YUUTHIBAJIOCHh BO30YKICHHE JIUILb YETHIPEX MEPBLIX YPOBHEH sAIpa-MUILICHH, B
criekTpe (DOTOHOB OMHMCAHBI MEPEXOAbl JHUIIb MEXIYy STHMH YeThIpbMs YpoBHSAMH. CHeKTp
¢dboToHOB, O00pa3yromuxcss Opu BO30YKIEHUU KOHTHHYYMa, OIHCHIBACTCS HEMPEPHIBHBIM
criekTpoM (DOTOHOB, KOTOpBI MPHUHAT TAKMM e, Kak Il miyToHns-239’. Beme 1.09 MsB
MHOXECTBEHHOCTh Juisi MT=4 mpunHsta paBHON HYMIO. BO3MOXHOCTH 0oJjiee KOPPEKTHOTO
ONMCAHMS CIEKTPOB (DOTOHOB, OTKPBIBIIASICS B CBSI3M C SIBHBIM OIKMCAHHEM 3HAYUTEIHHO
oompmiero umcna ypoBHed (28 B ENDF/B-VII, 25 y Macnosa, 25 B JENDL-3.3) Hurae He
peain3oBaHa.

" ENDF/B-VL.7, MAT=1399.
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@DOTOHBI, UCITyCKAaEMbI€ MPU JIEICHUH: MHOKEeCTBEHHOCTh 10 1.09 M»sB cooTrBercTByeT
OLICHKE Foq)MaHOBg; CaMM CIIEKTPBI IIPUHATH TAKMMH K€ KaK s mryToHus-239’. Beme 1.09
M5B MHOKECTBEHHOCTh MPHUHSATA PABHOU HYJIIO.

MHOXeCTBEHHOCTh HCIycKaHHusl (OTOHOB mpH 3axBare Hibke 1.09 M»sB mpowusBoiabHO
npuHsaTa paBHoi 4.34. CrnexTp NpUHAT TaKUM e, KaK JUIsl IUyTOHUA-239 ¢ KOpPEKTUPOBKOM Ha
pa3iauuue YHEprui peakuuu.

Beime 1.09 M»sB mnpuBogutcs ceueHue o0pa3oBaHusi (POTOHOB TMPU HEYIPYTUX
B3aumoseiictBusx (Ppaitn MF=13) u HopmupoBanuslii cnekrp ( B ¢aitne MF=15) — takoii xe,
KaK JUTs Iy TOHMS-239,

B ENDEF/B-VII MHOXeCTBEHHOCTb MCIYyCKaHUS (DOTOHOB NpH 3axBaTe€ U UX CIEKTPHI
paccuutansl 1o mnporpamme GNASH. Bce ocranbHble AaHHBIE TPUHSATHI TAaKUMU Ke, Kak
omnucaHo Baiie, T.e. u3 ENDF/B-VI.7.

B POC®OH/] cnenyer BkIOUUTH JaHHbIE 00 oOpazoBaHuu ¢otoHoB n3 ENDF/B-VII.
[Ipu nanpHeimux nepecMoTpax (Qaiia M, 0COOEHHO, B Cllyyae pelIeHHs O BKIOYEHUH (haiina
MF=6 crnengyer mpoBectn Oojiee KOPPEKTHBIH pacyeT ()OTOHOB, 00Opa3yeMbIX B HEUTPOHHBIX
peaKIusXx.

3akjaueHue

Ha ocHOBaHMU W3JI0KEHHOTO BBIIIE MPEICTABIAETCS 1eIeCO00pa3HbIM CPOPMUPOBATH

st POCOOHJIA xoMOMHUPOBAHHBIN (Daiil claeayrommumM oopa3om.

1. @aitner MF=2 u MF=3 B3satp u3 onenku MacnoBa. B oOmactu pasperieHHbIX
PE30HaHCOB OHM, KaK OTMEYaJIOCh, COBIAAIOT.

2. DHepreTHYecKyr 3aBUCUMOCTb HEWTPOHOB J€JE€HUS MPUHATH B COOTBETCTBUHU C
ENDF/B-VII, 3amenuB 3Ha4eHne MpH TeruioBoi sHeprun Ha 2.4900 T1.e. Tak, 4TOOBI
MOJTHOE YHCIIO HEWTPOHOB JIEJIEHUS COBMHAJNO0 C PEKOMEHJIOBAHHBIM TPYIIOW IO
cTaHjapTaMm 3HaueHueM 2.4968.

3. BxmounTh gaHHbIE O cedyeHHsX peakumid (n.p) u (n,alfa) w3z EAF-2003.
COOTBETCTBEHHO YMEHBIIUTH CEUEHHE YIPYroro paccesHus, a B O0JIaCTH
pa3penieHHbIX PE30HAHCOB — BBECTH TIOJIHOE C€UeHHE, paBHOE cyMMe (n.p) | (n,alfa)

4. Yucno 3ama3[bIBAIONIMX HEUTPOHOB JIEJICHHS B TEIUIOBOM TOYKE MPHUHATH PABHBIM
0.0068, a ero sHEpreTUYECKYI0 3aBUCUMOCTb — B COOTBETCTBHHU C orleHKou JEFF-3.1.
[IpuHATE Takke 8-rpynnoBoe ONMCaHUE 3ana3ibiBatonux HeuTpoHoB U3 JEFF-3.1.

5. CHexTpbl 3ama3AblBalOIIMX HEHUTPOHOB NPUHATH TaKUMM, Kak A ypaHa-235, a
OTHOCHUTEJIbHBIC BBIXOABI TpyNIl — B cooTBeTCTBUU ¢ JEFF-3.1.

6. VYrIioBbIE pacnpenesieHus YIPyro pacCestHHbIX HEUTPOHOB MPHUHATH B COOTBETCTBUU
c onieakoit ENDF/B-VIIb2, octaiibHBIE YIIIOBBIE pacpeie]ieHUsI — B COOTBETCTBUU C
OLIEHKOW MacnosBa.

7. CHexkTpbl MIHOBEHHBIX HEHTPOHOB JEJCHHUS M KOHTHHYaJbHbIE CHEKTPHI APYTUX
peaKkuuid MPUHATH B COOTBETCTBUM C OLIEHKOW Maciosa.

8. BxirouuTh JaHHBIE O BBIXOJAX MPOIYKTOB JEJIEHHS B COOTBETCTBUU C OLEHKOMN
P.Mumnca (JEFF).

9. Jlanapie 00 oOpa3oBaHuM (POTOHOB B HEUTPOHHBIX PEAKIUAX TNPUHITH B
cootBercTBUU ¢ ENDF/B-VIL.

ABTOp peKOMeHIaluu
Huxomnaes M.H.

¥ D. C. Hoffmann and M. M. Hjffmann, Ann. Rev. Nucl. Sci. 24, 151 (1974)
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92.5. YpaH-234

Conepxanue B ecrectBeHHOU cmecu 0.0055%
Pamnoakrusen. (T,,=2.455* IOSJICT). Anbda-pacnagaercs B Topuii-230 (T,,=7.54* 10* JIET).
B coBpeMeHHBIX OMOIMOTEKAaX COMEPIKATCS CIICTYIOIINE OIICHKH TaHHBIX JIIs ypaHa-233.
®OH/I-2.2 — ouenka T.Ohsawa, M.Inoue, T.Nfkagawa, 1987
ENDF/B-VII - oneaka Young,Chadwick, 2005.
JENDL-3.3 —ouenka T.Watanabe, 1987
JEFF-3.1 — ouenka Macnoga, 2002.

B ounenkax, npunsateix B ENDF/B-VIIb2 u B JEFF-3.1 rpanuna obnactu paspemeHHbIX
pe30HaHCOB, cojnepxkaiiei 118 pe3oHaHCOB M OAHO CBA3aHHOE COCTOsiHME, paBHa — 15003B.
[TonoxxeHus pe30HaHCOB B TOYHOCTH coBnafaroT. LIIupuHbl pe30HaHCOB, OJTHAKO, Pa3IMYarOTCs.
B ENDEF/B-VII oHu coOTBETCTBYIOT JaHHBIM Myxabxaba-84; y MacioBa ucnonbs3yercs 0ojee
no3aHsis ouenka u3 JENDL-3.2.

Ha puc. 1 usoOpaxeHna HapacTtarolias CyMMa YHCJIa PE30HAHCOB, Ha pPHUC. 2 — CyMMa
NPUBEJCHHBIX HEUTPOHHBIX MUpPHH. V3 TpadiKoB MOKHO 3aKIIOUNTH, 4TO BbIe 900 5B vacTs
PE30HAHCOB IMPOMYLIEHA, HO MPOMYIIEHHbIE PE30HAHCHI UMEIOT MaJlble IIUPUHBI U UX MPOIYCK
HE JTOJDKEH CYIIECTBEHHO CKa3bIBATHCS HA PACCYUTHIBAEMBIX CCUCHHSIX.
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Puc.1. Hapacraromias cymma uuciia pe30HaHCOB
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Puc.2. Cymma npuBeieHHBIX HEUTPOHHBIX IIUPUH
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W3 puc. 2 BugHO, 4TO B o1ieHKe MaciioBa HEHTPOHHbIE IIMPUHBI IPUHATHI MEHBIIITUMHU, YEM
B ENDF/B-VII (mpumepno Ha 12%). PaguanonHble MUpUHBI, HAPOTUB OOJIbIIE, B CPETHEM Ha
45%. JlenuTenbHble UPUHBI IPAKTUYECKU COBMAIAIOT.

B o0eux oleHKax MPUCYTCTBYIOT OOJIACTH HEPA3pELICHHBIX PE30HAHCOB, OMHMCHIBAEMbIE
napameTrpamu s-, p- U d- BosHbl. B omenke MacnoBa 3TH napaMeTpbl CHIBHO MEHSIOTCS C
SHEpPruel, ONUChIBasi IPOCC-CTPYKTYpy cedeHuil. PesynpraT BuaeH u3 puc. 3 u 4, Ha KOTOPBIX
CPaBHMBAIOTCS] CEUEHUS 3aXBaTa U JICJICHUS BbIIIEe 00JAaCTH pa3pellieHHbIX PE30HAHCOB.
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Puc.3. Ceuenue 3axBara
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Puc.4. Ceuenue nenenus.

[loBeiIeHHOE B OlleHKE MacnoBa ceueHHEe 3axBaTa ONPABIBIBACTCS €IUHCTBEHHO
uMerImuMes  pesyibratoM  MypaasHa. OTpaxkeHHas B oleHKe MacnoBa CTpPyKTypa
MOJIITOPOTOBOTO JIEJICHUSI OTpaXKaeT pe3ynbTarhl Jxeiimca.

3aKiIoueHue

B POC®OH/] pexomennyercs npuHsaTh ouneHnky MacmoBa wu3 JEFF-3.1. Cnektpsl 8 rpymnm
3ama3JpIBalOlIMX HEWTPOHOB CIENYyeT MPHUHATH TAKUMHU K€, Kak y ypaHa-235. Beixozsl
MPOYKTOB JienieHus ypaHa-234, conepxxarcs B ENDF/B-VI (Murnang u Punep 1989) u B JEFF-
3.1 (Mumms, 2005). EcrecTBeHHO MPUHSATH MOCIEIHIOK OLEHKY .
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CeueHust OCHOBHBIX peaklMii Ha UHTETPAJIbHBIX CIEKTPax MPUBEICHBI B
HIDKeCHIeaytouen Tadiuie

Total Elastic | Inelastic | (n,2n) (n,f) (n,y)
0.0253 5B 119.23 | 19.416 99.75 | 67.96
Pe3zonancuerit
HHTETpaI 6.637 | 631.98
Crnektp
penennst 22U | 7516 | 4.430 1.812| 0.003| 1.170| 0.101
14 M>B 5.857 2.819 0.533 0.523 1.978 | 0.001
ABTOP 3aKJII0YEHUA
Huxonaes M.H.
92.6. YpaH-235
1.00mme xapaKkTepuCTHKH
1.1. Z=92
1.2. A=235.043929+0.000002
1.3. Aw=233.0247898+0.000002
1.4. Conepxanne B ecrecTBeHHON cMecH: 0.72 at%;
0.711 Bec%
1.5. IlepeyeHb HEHTPOHHBIX PEAKIIAH
MT Peakums Q, MaB Enopor., M2B Hzlpo-npoz[yKT*)
16 (n,2n) -5.297481 -5.320215 2y
17 (n,3n) -12.142136 -12.194243 3y
37 (n,4n) -17.904189 -17.981023 2y
19 (n,f)) 193.72 - ey
20 (n,n’f>) 193.72 4.5 FPinty
21 (n,2nf3) 193.72 9.5 by
38 (n,3nfy) 193.72 14.0 ey
102 (n,y) 6.545451 - ~*y
103 (n,p) -0.627081 -0.6297716 235pg
107 (n,0) 11.118858 22Th

? B paccMaTpHBaeMoii 00IaCTH SHEPIHii BO3MOKHBI M HHBIE PEAKIIHH C BRIIETOM 3apsDKeHHBIX dacThil- (n,d), (n,t),
(n,*He) u zip. - B TOM YHCIIe U SK303HEpreTHIecKue,-(n,20:), (1,NeL), - CEYEHHs KOTOPBIX, OIHAKO, BECMA MaJIbl H B
(haiine oleHEHHBIX JaHHBIX HE IPUBOISTCS.
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1.6. PannoakTHBHOCTD:

[lepuon nonypacnazga: 7.038* 10® mer.
BepostHOCTh anbda-pacmana: 0.99999998
BeposTHOCTh CIOHTAaHHOTO JeneHus: 2* 10

Dueprus pacnaga Q,=4.678 MaB; Q=176.4.
2. Pe3onancHas ob6saacth: (MF=2)
2.1. O6sacTh pa3pelIeHHBIX PE30HAHCOB.

2.1.1. O630p UMEIOIIMXCS OIEHEHHBIX JTAHHBIX

C Touku 3peHHs (PU3UKA PEAKTOPOB HA TEIMJIOBBIX M TMPOMEKYTOYHBIX HEUTPOHAX
o0JjacTh pa3pelIeHHbIX PE30HAHCOB (B KOTOPYIO BXOIUT M OOJACTh «TEIJIOBBIX» 3HEPIUi)
SBIIeTCS HanOoliee BakHOW. JIBa CyIleCTBEHHO pa3HbIX HaOOpa PE30HAHCHBIX MapaMeTpOB
(Gurypupyror B COBpeMEHHBIX OMOIMOTEKAaX OLCHEHHBIX HEMTPOHHBIX JAaHHBIX JUIs ypaHa-235.
O06a stux Habopa Obutn nomyuyeHsl B Ok-Pumkckoit Hatmonansnoit Jlabopatopuu JI.JIunom, H.
JlapcoH u J1p. C TOMOIIBIO OJHOW M TOM K€ HporpaMMbl OOpabOTKHM MCXOIHBIX
HKCMIEPUMEHTAIBHBIX JaHHBIX — mporpammbel SUMMY, ocyiiecTBisitoieil mogoop mapaMeTpoB
pe3oHaHcHOUM Gopmynsl Paitxa-Mypa METOI0M HAaMMEHBIITUX KBAIPaTOB C T€M, YTOOBI ONUCATH
BCIO COBOKYIHOCTb BXOJHBIX SKCIIEPUMEHTAJIbHBIX TAHHBIX.

[TepBbIii u3 Hix ' GbLT nostydeH B 1988 r. u ObL1 BKIIIOUEH B (aill JaHHBIX JJIA ypaHa-
235 B 6ubmuotexke ENDF/B-VI (Revision 2), a 3arem u B oubnuotexku ®OHJI-2.2 u CENDL-2.
Ha ocHoBe 37011 olieHkH ObLIM cocTaBieHbl U 299-rpynnoBsie kKoHcTaHThl BHAB-93.

B 1997 r. Onenka Obuta MOBTOpEHA C HCIMONb30BaHHEeM Oosiee MomHOM DBM, uro
MO3BOJIMJIO OJHOBPEMEHHO 0O0pabaThiBaTh HSKCIEPHUMEHTAJIbHBIE JaHHBIE BO Bced obiactu
sHepruii Hmwke 2.5 k3B (panee sTa oOmacth pazOuBamack Ha 11 wmHTEepBasioB). Ilpu >TOM
AQHAIM3UPOBAINCH AKCIIEPUMEHTAIbHBIE JAaHHBIE TEX € aBTOpPOB (JiMLIb JaHHblE Becrona u
Tonna, panee MoaydYeHHBIE aBTOPAMHU OIICHKH B MOPSIKE YaCTHOTO cooOmeHus, B 1997 r. Oputn
B3STHI CO CCBHUIKOM HA IKYPHATBHYIO MyOIHKALMIO' = ¥  HCIIONb30BAHBI HEKOTOPHIC
JIOTIOJTHUTEIBHBIE AKCIIEPUMEHTAJIbHBIE JTaHHbIE B 00sacTh 3Hepruil Hiwke 4 3B) [lonyueHHsblil B
pe3ysibTaTe Habop Pe30HAHCHBIX napaMeTpOB12 obu1 BKItoueH B Oubnmuoreky ENDF/B-VI kak
“Revision 5”. DTH pe30HaHCHBIE TapaMeTPbl, OXBaThIBAIOIINE 00JacTh dHEpPruu 10 2.25 K3B,
NPUHATEL B OCTIEIHNUX Bepcusx Beex oubmmorex: ENDF/B-VII, JEFF-3, JENDL-3.3".

B 2004 r. B ®OU Obu1 BHINOJHEH PacUeTHBIN aHAINW3 PE3yIbTaTOB HanOoJee HaEHKHBIX
56 KpUTHUYECKMX OKCIIEPUMEHTOB C pacTBOpaMH BBICOKOOOOrameHHoro ypana ( ¢
KOHIIeHTpanend ypada mno 700 1/i1), BBIOJHEHHBIX B Pa3IUYHBIX jJabopaTopusx Mupa. beuio
oOHapy’keHO, YyTO B 0ojee paHHEH OLEHKE CEYEHHUs paJMallMOHHOIO 3axBaTa IMpPHU SHEPTUsIX
Boimie 100 5B ciaumkoM HHU3KHM, YTO HE TMO3BOJSET OMNHMCATh COBOKYIMHOCTh JaHHBIX IO
KPUTUYHOCTH. B TO e Bpems pe3ynbTaThl pacyeToB, MPOBEACHHBIX C MCIIOJIb30BaHHEM Oolee
no3aHer oneHkH (“Revision 57), cormacyrorcs ¢ SKCIEPUMEHTAIBHBIMU JTAHHBIMHA B TIpejenax
MOTPEIIHOCTEH MOCTEeNIHUX. DTO 3aKII0UEHHE TMOCIYXUJIO pelaroIiuM (akTopoM B TOJIb3Y

10N .M.Larson, ORNL/TM-9719/R1,(1985); cm. Takxke N.M.Larson, F.G.Perey

"Resonance Parameter Analysis with SAMMY," Int. Conf. Nuclear

Data for Science and Tech., May 30-June 3, 1988, Mito, Japan.

"L.W.Weston and J.H.Todd, Nucl. Sci. Eng.,11. 415 (1992)

21..C. Leal, H. Derrien, N.M. Larson, R.Q. Wright, "R-Matrix Analysis of 235U Neutron Transmission and Cross
Sections in the Energy Range 0 eV to 2.25 keV," Oak Ridge National Laboratory report ORNL/TM-13516 (1997).
"> B JENDL-3.3 napaMeTpsl IPHHATE! B COOTBETCTBHH C MHOM ITyGIIMKAIME Pe3y IbTaTOB TOM e OLEHKH:

Leal L.C. et al.: Nucl. Sci. Eng., 131, 230 (1999)
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BeiOOpa oreHkn ENDF/B-VI, “Revision 5” mns Bkmtouenus: B 6ubmmoreky POCOOH/I. DOra
OIICHKa, KaK 0TMeYajaoch, BKiroueHa u B ENDF/B-VII.

Ceuenus npu »Hepruu HedTpoHoB 0.0253 3B, crnenyromue U3 3TOM OLEHKH, UMEIOT
3HAYCHMUS:

cf=584.88 GapH;

0¢=98.66 OapH;

ce=15.67 GapH;

v=2.4367.

2.1.2. Pe3onancHas ¢opmyna Paiixa-Mypa

JUis onucaHusl HEPreTUYECKOM 3aBUCMMOCTH CEYEHMM B 001acTH pa3pelleHHBIX
PE30HAHCOB HcIob30Basach popmyna Paiixa-Mypa, HecpaBHeHHO OoJiee CI0XKHash M3BECTHOM
¢dopmyibl bpaiita-Burnepa.

Jns toro, ytoObl OBLIO SCHO, KaK SHEPreTHYECKOe IOBEJCHHE CEUYEHUH CBSA3aHO C
napaMeTpamMl pEe30HaHCOB, NPUBOJUMBIMU B (hailjle OUEHEHHbIX JaHHBIX, 3alHIleM
UCIIOJIb30BABUIYIOCSA JUIsL 3TOM Lenu (opMyily, YUHUTHIBAIOUIYI0 3(PQEKThl MeKpe30HAHCHOU
untepdepenuu. B obmem Buge Qopmyna s cedeHHMs peakUMd I B PE3OHAHCAX C
OIPECIIEHHBIM CIIMHOM J M YETHOCTBIO UMEET BUI:

2
—
Onr = k_ng 8n,r - Un,r ) (1)
IA€ gy — CTaTUCTUYECKUM MHOXKUTENb, Up r — MaTpULIa CTOJIKHOBEHUN:
— o 1(0, +0,) -1
U, =e (0 *or [2((1—1() e = O | )

3necy ¢, u ¢, - passl paccesHns B HSHTPOHHOM KaHaJle ¥ B KaHale peakiuy r (11 3axBata u

JIeNIeHHs] paBHbIE HYJIIO), 5n’r - cumBoa Kponekepa,

1/21/2
I_‘nkr‘nr

1
(I_K)n,rzsn,r__z } ; ’ . 3)
2 Ey—E~il, /2

31ech CyMMHUPOBaHUE BEJETCSA MO BCEM COCTOSIHUAM K COCTaBHOTO sijipa € 3a/laHHBIM CIIMHOM J
Y 4ETHOCTBIO. Eciu onpeenuTs MaTpuily

-1
Pnr = 8n,r - ((I - K) )n,r > 4)
TO SDHCPIr€TUUCCKUC3aBUCUMOCTU ceuyeHH I 6y,I[YT HUMCTh C.]'ICI[YIOH_[I/Iﬁ BUI.

ITonHoe ceuenue:
27t NLS 1+1/2 I+s

o(B)=—2> X Xg; [(1 —C0s2¢;)+2 Re(pn,ne_m’l )] (3)

k? 120 s=[1-1/2)3]j-s

CEUECHUE YIIPYTOro PacCesiHus:
2 NLS I+1/2 l+s

—2i 2
o (E)=— DINED) ng[z —2cos2¢; + 4Re(pn,ne i )_ 4Re(pn,n )+ 4‘pn,n‘ }
K* 1=0 s=1-1/2]7j-|

(6)
CEUYCHHE TIOTJIONICHHUS (3aXBaTa U JICICHUS ):
2 NLS T+1/2  I+s )
Gn,abs (E)= ) Z Z ng [Re(pn,n )_ ‘pn,n‘ } ; (7)
k™ 120 s=[1-1/2]J=]j|

cedyeHue aeneHus (¢ Y4ETOM JIBYX KaHAJIOB):
o NLS I+1/2  1+s
Onf (E) =

D) ZgJDpn,ﬂ\z +‘pn,f2‘2] (8)

k* 120 s<fi-1/2)3]j5
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CyMMupoBaHue BeIeTcs 110 BCEM OpOUTaIbHBIM MOMEHTaM | ( B ciyyae paccMaTpUBaeMoOi
OILICHKH YYHUTHIBAIOTCS TOJIBKO S-PE30HAHCHI, 0Opa3yemblie nipu 1=0) u 1Mo BceM CIUHOBBIM
COCTOSTHUSM ( B TJAaHHOM CJTy4ae BO3MOXHO 00pa30BaHUE COCTOSIHHIA CO ciuHaMu 7/2+1/2=4 n
7/2-1/2=3).

[TpuBeneHHBIC POPMYITBI TOKA3BIBAIOT CKOJIb CJIOYKHA M HE OUEBHTHA CBSI3b MEXKTY
IpUBOJUMBIMU B (haiinie pe3oHaHCHbIMU napamerpaMu Ey, I'nk, Ty, I'r1x 1 Ik 1 HeHTpOHHBIMU
CEUYCHUSIMU.

2.1.3. O0mmme XxapakTeEpUCTUKA 00JIACTH Pa3pPEelIeHHBIX DE3OHAHCOB

Cnun u yemnocms si0pa-muwenu: 7/2°

Paouyc paccesnus: R=0.9602* 10" cm ot sneprun He 3aBucut. OH HCIIOIB3YETCS TOIBKO
IS pacyeTa MPOHUIIAEMOCTEN MOTEHIMAIbHOTO Oapbepa U (a3 paccesHus.

Pe3zonancuas gpopmyna: Paiixa-Mypa.
Pacuem anuzomponuu paccesnus 1o pe30HAHCHBIM IIAPAMETPAaM HE IPEy CMAaTPUBACTCS

Yucno opbumanvHuix Momenmos — oquH (uMeHHo /=0, T.e. paccMaTpUBaIOTCA TOJIBKO S-
PE€30HaHCHI)

Yucno cucmem pe30Hancos ¢ pasnuunvimu cnunamu J: osa (J=3 u J=4)
I'panuywvr obracmu paspewennvix pezonancog: ot 10-5 3B 1o 22505B

Yucno paccmompennvix peszonancog paBHO 3193; u3 HuX 14 HMKE SHEPrUM CBS3U
HEUTPOHA U 9 BBIIIE TPAHUIIBI 00JIACTU pa3pEIICHHBIX PE30HAHCOB.

Yucno pezonancos ¢ J=3 pasHo 1449; u3 Hux 1433 B obnactu ot 0 10 2250 3B.

Yucno pezonancos ¢ J=4 pasuo 1744; uz uux 1732 B obnactu ot 0 10 2250 3B.

2.1.4. Jleranu OlIEHKH

Hacrosimas cekuusi COOEp HUT MEPEBOJ OMUCAHUS OLIGHKU PE30HAHCHBIX MapaMeTpoB,
MIPUBEJICHHBIN B 3ar0JI0BOYHOM cekiuu ¢aiia JaHHBIX sl ypana-235 u3 ounbnuorexku ENDF/B-
VI “revision 5”.

OneHka pe30HAHCHBIX MapaMEeTPOB METOJO0M HAaUMEHBIIMX KBaJApaTOB MPOBOJIMIACH C
YU4ETOM pe3yJbTaTOB HWHTETPAIbHBIX SKCIIEPUMEHTOB. B KauecTBe BXOJHBIX IapaMeTPOB
UCIIOJIb30BAJINCH TEIIOBbIE CEYCHHMsI (JIeJIeHMsI, 3aXBaTa U YIPYroro paccesiHus) u g- (hakTopbl
BecTkoTTa U3 (aiina HeiiTpoHHbIX cranmaproB ENDF/B-6'*, a take pakrop TK1, oneneHmsit
Xapau'". B Tabmuue 1 Ha3BaHHBIE MApaMeTPHI, MOTYUYEHHBIE B PE3yJIbTATE MTOATOHKH TOIBKO IO
pesynbratam nuddepeHIanbHbIX SKCIIEPUMEHTOB, a 3aTeM B C YY€TOM WHTETPAIbHBIX JaHHBIX
CPaBHMBAIOTCS C BXOJHBIMH JIaHHBIMU TTporpaMmbl SAMMY

Tabmuna 1. TeroBeie mapameTphl.

[Tapametp Bxonnoe 3Hauenue | Iloaronka Ttonbko | I[loaronka o
1o audd. JaHHBIM mudd. wm  umHTErp.
JITAHHBIM
CeueHue fieneHus 584.25+1.11 582.28 584.88

" A. Carlson, W.P. Poenitz, G.M. Hale et al., "The ENDF/B-6 Neutron Cross Section
Measurements Standards," National Institute of Standards and Technology report NISTIR-5177
(1993)

"> J. Hardy, Brookhaven National Laboratory, report BNL-NCS-51123 [ENDF-300]
(1979) Sec. B.1.
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CeueHue 3axBaTa 98.96+0.74 99.18 98.66
Ceuenue paccesHus | 15.46£1.06 15.44 15.12
gr 0.9771+0.0008 0.9743 0.9764
g, 0.9789+0.0008 0.9774 0.9785
g, 0.9956 0.9910
K1 722.70+3.90 717.48 72243

3HaueHUe Vv, IMOJIIyYCHHOE B
NOJTy4nsIoch paBHbIM 2.4367+0.0005.

B Ttabmune 2 cedeHus fAeneHUs W 3axBaTa, NOJy4yeHHble nporpammoid SAMMY mo
MOJIOTHAHHBIM PE30HAHCHBIM IapaMeTpaM CPaBHUBAIOTCS C pe3yjbTaTaMU HEMOCPEICTBEHHBIX
WU3MEPEHUI.

PE3YJIbTATC IMOATIOHKHU IIOA IICPCUUCICHHBIC ITapaMETpPhI

Tabamma 2.
PacueTHbIE M SKCTIEpUMEHTAIILHBIC 3HAUYCHUSI HHTETPAJIOB OT CECUCHUS JCIICHUS

Oo6nactp 3Heprui, 5B Pacuer mo pe3. | DkcniepuMeHTalIbHBIE JaHHbIE
oT 10 napamerpam Shark88 Weston84 Weston92

0.5 20.0 910.4 929.9

20.0 60.0 1867.8 1882.8 1869.9

60.0 100.0 954.0 968.0 954.2

100.0 200.0 2032.7 2092.7 2089.5 2073.9
200.0 300.0 2062.2 2007.0 2060.0 2054.6
300.0 400.0 1280.8 1321.6 1297.1 1292.9
400.0 500.0 1333.2 1391.5 1351.8 1347.9
500.0 600.0 1489.2 1467.9 1499.2 1494 .3
600.0 700.0 1126.6 1156.4 1134.1 1132.6
700.0 800.0 1088.7 1085.8 1093.3 1075.7
800.0 900.0 797.6 784.0 813.0 804.9
900.0 1000.0 724.4 723.9 738.2 721.4
1000.0 2000.0 7036.1 7054.2

Tabamna 3.

Pacuernrie n OKCHICPUMCHTAJIBHBIC 3HAUYCHUA NHTCTPAJIOB OT CCUCHH 3aXBaTa

PE30HAHCHBIM MapamMeTpaM paBHbI, COOTBETCTBEHHO, 276.04 GapH u 140.49 OGapH, 4TO BeaeT K

Oo6nactp 3Heprui, 5B Pacuer mo pes3. | DkciepuMeHTalIbHbIE TaHHBIE
oT bi(o) rnapamMerpam deSaussure67 Perez73
0.5 20.0 653.5 647 1057
20.0 60.0 1066.1 1084 504
60.0 100.0 490.2 477 1138
100.0 200.0 1158.8 1148 940
200.0 300.0 907.8 904 642
300.0 400.0 660.2 658 478
400.0 500.0 495.9 506 562
500.0 600.0 533.3 506 449
600.0 700.0 494.8 481 475
700.0 800.0 490.1 513 397
800.0 900.0 439.8 444 482
900.0 1000.0 504.2 542 463
1000.0 1100.0 509.6 522 332
1100.0 1200.0 413.7 395 267
1200.0 1300.0 340.4 372 225
1300.0 1400.0 304.1 304 254
1400.0 1500.0 355.7 301 1057
20.0 1500.0 9164.7 9046 8665
PCSOHaHCHI)IC I/IHTeraJII)I JACJICHUA W 3axBarta, paCCqI/ITaHHLIe II0 OLCHCHHBIM
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BennunHe anbda, paBHOM 0.509, YTO mMpeKkpacHO coTrjacyercs ¢ JAHHBIMH HWHTETPATbHBIX
JKCIIEPUMEHTOB.

[Ipy oumeHke pE30HAHCHBIX IAPAaMETPOB  YUYUTBIBAIACH  JIAHHBIE  CIIEIYIOLIUX

T depeHInaIbHbIX IKCIEPUMEHTOB.

1.

10.

11.

12.

13.

14.

15.

Oxcnepumentsl Harvey88 mo mpomyckanunio Ha yckoputene ORELA na 18-merpoBoit
nposieTHOH 6aze ¢ oOpaszom TommuHoi 0.03269 aromo/6apH, oxnaxaeHHbM 10 77K (ot
0.4 1o 68 5B).

Oxkcnepumentsl Harvey88 mo mpomyckanuto Ha yckoputene ORELA nHa 80-merpoBoit
posIeTHOM 6a3ze ¢ oopasznom tommuHoi 0.00233 aromo/6apH, oxaxaeHHbM 10 77K (ot
4 no 2250 »B).

OxcnepumenTtsl Harvey88 mo mpomyckanunio Ha yckoputene ORELA na 80-merpoBoit
nposieTHO# 6aze ¢ oOpaszom tonmuHoi 0.03269 aromo/6apH, oxnaxaeHHbM 10 77K (ot
4 o 2250 3B).

N3mepenus ceuenus aenenus Schark88 Ha yckopurene RPI Ha nponernoii 6ase 8.4 m (ot
0.02 no 20 »B).

N3mepenus ceuenust neneHuss u 3axsara deSaussure67 Ha yckoputene ORELA Ha
npoJieTHo# 6aze 25.2 m (ot 0.02 1o 2250 3B).

N3mepenus ceueHus neneHus u 3axsata Perez73 na yckopurene ORELA Ha nponetHon
6aze 39m (ot 0.01 1o 100 3B).

N3mepenus ceuenus nenenuss Gwin84 Ha yckopuresne ORELA Ha nponerHoit 6aze 25.6 m
(ot 0.01 go 20 5B).

OkcnepuMenTsl Spencer84 no npomyckanuto Ha yckopurene ORELA na 18-merpoBoit
nposieTHo# 6ase ¢ oOpasiom tomuHou 0.001486 aromos/6apH (ot 0.01 1o 1.0 3B).
N3mepenus cedyenus neneHuss Wagemans88 nHa yckopurene GELINA na 18-merposoit
nposetHoit 6aze (ot 0.001 mo 1.0 5B)

N3mepenus ceuenuit nornomienus u aenenus Gwin96 na yckopurene ORELA (ot 0.01 go
4 53B).

Namepenns ceduenus nenenus Weston84 nHa yckopurene ORELA na 18.9-merpoBoit
nposietHoit 6aze (ot 14 go 2250 3B).

N3mepenns Benmuunnbl 11 Wartena87 Ha 8-meTtpoBoii nponerHor 6aze (ot 0.0018 mo 1.0
aB).

N3mepenns Benmuuuubl 11 Weigmann90 na mexanudeckom mpepsiBarenie (ot 0.0015 mo
0.153B)

Namepenns ceduenus pnenenus Weston92 nHa yckopurene ORELA na 86.5-merpoBoit
nponetHoit 6asze (ot 100 mo 2000 3B).

N3mepenns ceuenns aenenus Moxon92 na yckopurene ORELA (ot 0.01 mo 50 3B).

2.1.5.CchUIKM Ha HCIIOIB30BABIINECS DKCIIEPUMEHTAILHBIE PA0OOTEL.

VYkasareins Ccruika

Harvey88 J.A. Harvey, N.W. Hill, F.G. Perey et al., Nuclear Data for Science and

Technology, Proc. Int. Conf. May 30-June 3, 1988, Mito, Japan. (Saikon
Publishing, 1988) p. 115

Schark88 R.A. Schrack, "Measurement of the 235U(n,f) Reaction from Thermal to 1

keV," Nuclear Data for Science and Technology, Proc. Int. Conf. May 30-
June 3, Mito, Japan (Saikon Publishing, 1988) p. 101

deSaussure67 G. de Saussure, R. Gwin, L.W. Weston, and R.W. Ingle,"Simultaneous

Measurements of the Neutron Fission and Capture Cross Section for 235U for
Incident Neutron Energy from 0.04 eV to 3 keV," Oak Ridge National
ILaboratory report ORNL/TM-1804 (1967)

Perez73 R.B. Perez, G. de Saussure, and E.G. Silver, Nucl.Sci. Eng. 52, 46 (1973)

Gwing&4 R. Gwin, R.R. Spencer, R.W. Ingle, J.H. Todd, and S.W. Scoles,

Nuc.Sci.Eng. 88, 37 (1984)

Spencer84 R.R. Spencer, J.A. Harvey, N.W. Hill, and L. Weston, Nucl.Sci.Eng. 96,
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l B18 (1987)

Wagemans88 C. Wagemans, P. Schillebeeckx, A.J. Deruyter, and R. Barthelemy,
"Subthermal Fission Cross Section Measurements for 233U and 239Pu,"
Nuclear Data for Science and Technology, Proc. Int. Conf. May 30-June 3,
Mito, Japan (Saikon Publishing, 1988) p. 91

Gwin96 R. Gwin, To be published in Nuclear Science Engineering

Weston&4 IL.W. Weston and J.H. Todd, Nucl.Sci.Eng. 88, 567 (1984)

Wartenal7 J.A. Wartena, H. Weigmann, and C. Burkholz, report IAEA Tecdoc 491
(1987) p.123

Weigmann90 H. Weigmann, P. Geltenbort, B. Keck, K. Shrenckenbach, and J.A.
'Wartena, The Physics of Reactors, Proc. Int. Conf., Marseille, 1990, Vol.l
(1990) p. 133

Weston92 IL.W. Weston and J.H. Todd, Nucl.Sci.Eng. 111, 415 (1992)
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2.1.6. CpaBHeHHE PE3YIBTATOB PA3JINYHBIX OLIEHOK OIHUX U TEX K€ DKCHEPHUMEHTAITBLHBIX

JaHHBIX

[Tockonpky ¥ B TpeXHEHl OLIEHKE UCHOJIb30BAINCH TE€ JKE€ CaMble HUCXOJHbIE
HKCIIEPUMEHTAJIbHBIE JIaHHbIE, MPEJCTABISET UHTEPEC CPaBHUTH PE3YyJIbTAThl 3TUX OLIEHOK. Ha
1 mpoBoAMTCS CpaBHEHHE MYJBTUTPYIIOBBIX CEUEHHM, PACCUUTAHHBIX Ha OCHOBE
CpaBHHBAEMbIX OIEHOK. Ha rpadukax mpuBOAATCS OTKIOHEHUS CEYCHUN PACCUUTAHHBIX I10

puc.

ENDF/B-VI(Rev.5) ot ceuennii, paccuntanubix o ENDF/B-VI(Rev.5) B nporienTax.

ENDF/B-VI (Rev.5/Rev.2) ENDF/B-VI (Rev.5/Rev.2)
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Puc.1B

Kak BunHO, 3¢ ekt nepeoneHkn oKa3ajics BechbMa CYIIECTBEHHBIM: CEUCHHE 3axBaTa M
€ro OTHOILIEHHME K CEUEHMIO JEJECHUs CYIIECTBEHHO Bo3pociau. Hano cka3aTh, YTO HMEHHO 3TO
MOBBIIIEHUE PE3KO CHU3UJIO PACUETHO-IKCIEPUMEHTAIbHBIE DPACXOXKIACHUS B KPUTUYHOCTHU
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BOJHBIX PACTBOPOB BBICOKOOOOTAIIEHHOTO YypaHa, CBEIsS MX 10 HECYIIECTBEHHOTO YPOBHS.
[TprunHa cTONB OONBIIOTO U3MEHEHUS OIICHEHHBIX JaHHBIX aBTOPAMH OIICHKU HE Pa3bsCHSIACH.
3ameTuM B CBSI3U € 3THM, 4To B OmOimoteke JENDL-3.3, kak oTMe4alioch, MpUHSAITA Ta
e (Ha TepBBI B3IUIAJ) OLIEHKA TEX K€ aBTOPOB, OJHAKO CCHUIKM HAa HMCTOYHUKH JIaHHBIX
pasmuuatores: 8 ENDF/B-VI (Rev.5) nana ccbuika Ha Ok-Pumkcekuii order”, a B JENDL-3.3 —
Ha JXypPHAJIbHYIO ny6J1HKauH105. Ha puc. 2 npoBoauTcsi cpaBHEHUE MYJIbTUTPYIIIOBBIX CEUECHUM,
paccuntanneix 1o naHHeIM ENDF/B-VI(Rev.5 ) m JENDL-3.3. Kak BuIuM, pacxoXICHHS
ouneHok, npuHATbiX B ENDF/B-VI(Rev.5) u B JENDL-3.3, X0Tb U HEBEIHKH, HO 3aMETHBHI.
[IpakTrueckn TOYHOE COBMAICHUE PE3YIBTATOB UMEET MECTO JIMIIL IpH dHeprusix Hiwke 70 5B.

EJENDL-3.3/ENDF/B-VI (Rev.5) EJENDL-3.3/ENDF/B(Rev.5)
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EJENDL-3.3/ENDF/B(Rev.5)

Pacxoxpenus, %
Shbhdbbioanwas

500 100%Heprwﬂ, 3&500 2000

Puc. 28.
CpaBHEHHE PE30HAHCHBIX MMAPAMETPOB U3 00CYKIaeMbIX OIICHOK MOKa3bIBACT, UTO YHCIIO
U TOJOKEHUS PE30HAHCOB, HMX HEUTPOHHBIE M PpPaJUALMUOHHBIE IIMPUHBI COBEPIICHHO
uaeHTHYHbl. OJHAKO BCE JCIUTENbHBIE IMUPUHBI, KOTOPHIM MPHUIHUCAH OTPUIIATEIBHBIN 3HaK'®
BECbMa CYILIECTBEHHO pA3JIMYAIOTCS, TOrAA Kak JEIUTENIbHbIE IIUPUHBI C TMOJOXKHUTEIbHBIM
3HAKOM B TOYHOCTH COBManaroT. Ha puc. 3 mpuBemeHbl 3HaYeHUS IECATUYHBIX JIOTapu(MOB
OTHOILIEHUN OTPULIATENBHBIX JIETUTEIbHBIX IIUPUH PE3OHAHCOB.

TNorapud M oTHOWEHUA aMNNNTYA AeNUTENbHBIX WMPUH

JENDL-3.3 u ENDF/B-Vi.5 (peaomakchi ¢ J=3) Norapncd ™M oTHOWEHUA aMNNUTYA AeNUTENbHbIX WAPWUH

JENDL-3.3 u ENDF/B-Vi.5 (pe3oHaHchl ¢ J=4)

- 1 - M2 71

8 J J T . T2

Norapudm oTHOwWweHMA
TNorapudm oTHOWweHUA

AR E R A T I T R L N O

R R R S s e e e e el e L e e PR

0 500 1000 1500 2000 0 500 1000 1500 2000
OHeprus, 3B JHeprus, 3B

1 3Hak JeMUTENBHOM MIMPHHBI OMPEAEIACTCS OTHOCHTENBHOM (a30if TOro U3 ABYX AETHTEIBHBIX KAHATIOB, K
KOTOPOMY OTHOCHUTCSI JaHHAs! IeTUTeNIbHAs IMPUHA. 3HAK CYLIECTBEHEH B UI€HAX, OMUCHIBAIOIIMX
MEKPE30HAHCHYIO UHTEP(PEPEHIIHIO.
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Puc.3a Puc.30
OOpartaer Ha ceOs BHUMaHUE TOT (aKT, 4TO JTOTapru(pMbl OTHOIICHU JEIUTEIbHBIX
UIMPYH TPYNNUPYIOTCS BOKpYT 3HaueHuit 1.1, 2.2, 3.3, 4.4, 5.5.
OTMeueHHbIe OUeHb CUJIbHBIE Pa3IMYMsl B JISTUTENbHBIX IIMPUHAX U UX c1a00e BIMSIHUE
Ha pacCUMThIBaeMble ceueHus TpeOyroT 00bsicHeHus (B obmactu Huxe 70 3B, T1ie ceuenus
MIPAKTUYECKH COBMAJAIOT, ACTUTEIbHbIC IUPUHBI, KAaK BUAHO U3 PHC.3, TAK)XKE PA3InYaloTCs Ha
MOPSJKH).

2.1.7. CraTucTHYECKHUE XapaKTEPUCTUKH IIPUHATHIX TIAPAMETPOB PA3PEIIEHHBIX PE3OHAHCOB.
IIponyck cnaObIX YPOBHEN

Ha puc. 4 nokasana sHepreTuuyeckas 3aBUCUMOCTb IIOTHOCTH ypoBHeH ¢ J=3 u J=4.
[1noTHOCTH ypOBHEN BhIpaXkKeHa B YUCIIE PE30HAHCOB, MPUXOAAIINXCS Ha Kaxapie 100 3B.

140

40 —

20 { ——N(=3)

Yucno pesoHancos Ha 100 aB

—N (J=4)

0 500 1000 1500 2000
Oneprus, 3B

Puc.4 DHeprernyeckas 3aBUCUMOCTb INIOTHOCTH YPOBHEH

Kak BunHo, ¢ yBennuenueM sHepruu a0 1000 3B «nabmaromaemas» MIOTHOCTh YPOBHEH
MOHOTOHHO CIIaJaeT, YMEHbIIASCh BJABOE. 3aTEM CJEAyeT CKauyeT BBEpX MPUMEPHO B MOJTOpa
pa3a, a 32 HUM CHOBAa MOHOTOHHBIN CIIaJ] IPUMEPHO 10 mpexHero yposHs k 2000 »B. Ilpu stoi
SHEPruu IUIOTHOCTh YPOBHEW BHOBb CKAaUKOM YBEJIWYHMBAETCS MOYTH A0 IEPBOHAYAIbHOMN
BEJIMYMHBI, [IOCJIE YEro CJIENyeT OYEPENHOM claj, Ha ATOT pa3 BecbMa pe3kui. M3 onmcanus
OLIEHKW, TpUBEICHHOr0 B pazmene 2.1.4., npuynHa HAOIIOJAEMON HEpETyISPHOCTH,
CBUJETEIBCTBYIOIIEH O MOAKIIOUEHUI0 K AaHAIW3y JaHHBIX C JIyYIIHM DHEPreTHYECKUM
paspemenrem HauuHas ¢ 1000 5B u ¢ 2000 »B He sicHa, omHaKO caM (GakT pe3KUX M3MEHEHHH
pa3pelIeHrs B UCIIOJIb30BaBIINXCS TPU aHaNu3e AU HepeHInaIbHBIX TaHHBIX OUYEBUICH.

Ha puc. 5 npuBeneHsl pacupenencHuss NPUBEACHHBIX HEUTPOHHBIX IIMPUH PE30HAHCOB
1o 10%-M KBaHTHIAM pacnpenenerus IToprepa-Tomaca (x> —pacrpeeneHus ¢ OHOM CTEIEHbIO
CcB0O0OBI), KOTOPOMY OHHU JAOJDKHBI MOJUUHATHCS NPU OTCYTCTBHM IPOIyCKAa PE30HAHCOB U
NPaBWIBHOTO ONpEAENCHUs CHMHa U YETHOCTH pe3oHaHca (T.e. OTHOIIEHUS €ro K
paccMaTpyuBaeMOil MOMYJISIIMM PE30HAHCHBIX ypoBHEH). lIpuBeneHHble HEUTPOHHBIE HIMPUHBI
OTHECEHBl K CPEJHEN HEHNTPOHHOW IIMPUHE KaXJAOH M3 PacCMATPUBAEMBIX CHCTEM YPOBHEH.
OxunaeMple pacmpeleneHuss H300pakeHbl MYHKTUPHBIMU WM TPEPHIBUCTBIMU TOHKUMU
muHUAMU. [lyHKTUpHBIE JIMHUM COOTBETCTBYIOT OLIEHKE CpPEIHEH HEWTPOHHOW LIMPUHBI IO
unteppany 0 -5003B; 6osnee Bbicokue mpepbiBUcThie — 10 UHTEpBaLy 0 — 100 3B, B xoTopom
HaOJro1aeMast IIIOTHOCTh PE30HAHCOB BhIIIE (CM. puc.l).
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Ha puc.5a nmpuBonsTcss pacnpelieneHus MPUBEACHHBIX IIMPUH PE30HAHCOB, JIEXKAIIUX
npu sHeprusax Huxke 5003B. BunHo, uTo 1id pe3oHaHcoB ¢ J=3 3TO paclpenenacHue MpeKpacHo
cornacyetcs ¢ [loprep —TomacoBckum. B ciydae pe3oHancoB ¢ J=4 oTauyusi pactpeneneHus ot
IToptep-TomMacoBCKOro CyIIECTBEHHBI: HaOII0AaeTCsl U30BITOK M PE30HAHCOB C OTHOCUTEIHHO
HU3KAMHU TIPUBEJCHHBIMH IMUPUHAMH M C OTHOCHTEIBHO OONBIIMMH (MMEETCS B BHUAY —
OTHOCUTENILHO  CpeAHeW  HEeWTPOHHOW  mupuHbI). Takol  XapakTep  pacxoXkIeHUH
CBUJETEIBCTBYET O 3aCOPEHUM STOW MOMYJSLUU PE3OHAHCOB, HANpUMEpP, MPUMECHIO
OTHOCHUTEJILHO HIMPOKUX P-PE30HAHCOB, KOTOPBIE YJAJIOCh pa3pelinTb. Bo BcsikoM ciydae, u3
HaOJII0IaeMOTr0  pacrpenieieHus] TPUBEACHHBIX HEUTPOHHBIX IIMPHH B 3TOM HHTEpBAJie HE
CJIEZIy€T, YTO YacCTh PE30HAHCOB MPOITYLICHA.

120 0-500eV
——[n0/<N0>, J=3 ——1[n0/<no>, J=4
100 —
& 80
=
-
v
2 60 —
e e D I ECEEEEEE o
o I
5 40 __________ -—-!_ ______ l:% ______
S U b I ----------- | ---------- | N e Ji DR—
T
20
0
0.0 0.016 0.064 0.148 0.275 0.455 0.708 1.074 1.642 2.710 100

Puc.5a. Pactipenenenve npuBeI€HHBIX HEUTPOHHBIX IIIUPHH.

B unTepBanax 500 — 1000 3B u 1000 — 1500 >B HabmromaeTcss COBEPIICHHO MHAsT KapTHHA (CM.
puc. 56 u 5B). Hemocratok pe30HaHCOB ¢ MajJbIMH HPUBEACHHBIMU HEHTPOHHBIMU IIUPUHAMHU
HEHUTPOHHBIMU CTAHOBUTCS OYEBHIHBIM. 711 HEIOCTAIOIIMX PE30HAHCOB B ATHX HHTEpBaiax
cocrasisieT, npumepHo, 30%. Hakonen, npu sueprusix Boime 1500 3B HemocTtaya pe3oHaHCOB
CTAHOBUTCS MIPOCTO PA3UTEIBLHOM (CM. pHC. 5T).
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0 ! ‘ ‘
0.0 0.016 0.064 0.148 0.275 0.455 0.708 1.074 1.642 2.710 100

Puc.56. Pacnipenenenue npuBeeHHBIX HEUTPOHHBIX IIUPHUH.
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1000 -1500 eV
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Puc.5B. Pacnipenenenue npuBe1eHHbIX HEUTPOHHBIX IIUPHH.
Interval: 1500-2000 B
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Puc.5r. Pacnipenenenue npuBeieHHbIX HEUTPOHHBIX IUPHH.

2.1.8 CraTucTHyeckoe MOJAEIUPOBAHNUE IIPONYIIEHHBIX PE3OHAHCOB

I[OHOJIHI/IM Ha60p51 S-pC30HAaHCOB, OIPCACIICHHBIX B PE3YJIbTATC OLUCHKU SKCIICPUMCHTAJIbHBIX
JAHHBIX, MIPOIYIICHHBIMU PE30HAHCAMM TaK, YTOOBI JJISl KaXJI0r0 U3 JABYX BO3MOXKHBIX CIIHHOB
JOTIOJTHEHHAsT  COBOKYITHOCTH  PE30HAHCOB  oO0najnana OXHIAEMbIMH  CTATUCTHYECKUMU
cBoiictBamu — [lopTep-TomacoBCkMM pacrpenelieHueM MPUBEACHHBIX HEUTPOHHBIX HIMPUH U
BurnepoBckum pacnpeieieHueM pacCTOSHUM MEXK/Ty pe30HAHCAMMU.

Jlns pemieHus 3anadyd, MpexXJe BCEro, Tpedyercs ONpeAenuTh, KakoBa JOKHA OBITh
IUIOTHOCTh PE30HAHCOB MPH OTCYTCTBHUHU Ipomnycka. B Tabmuie 1 mpuBoasTCs Yncia pe30HaHCOB
¢ J=3 u J=4, npuxonsmuxcs Ha 100 3B, ycpeanennsie no untepsaigam 0-100 »B, 0-500 3B u
2000 — 2100 5B (rae uncno HaOMIOAABIINXCS PE30HAHCOB CHOBA PE3KO BO3pacTaeT — cM. puc.4).
Tam ke ykazaHbl 3HAUE€HUS OSTUX YMCEJ, CIEAYIOIIHE W3 PA3IUYHBIX OLICHOK CpeIHHX
PE30HAHCHBIX I1apaMETPOB.
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Taoauna 1. Cpexree uuciio pe3onancos B uaTepsaie 100 >B

Hab6mronaemoe umcio pe3oHaHCOB B OreHky B 0011aCTH HEpa3peneHHbIX
Cnun uHTEpBae' PE30HAHCOB
pesoHanca | 0—1005B | 0—-5005B [ 2000—-21003B | ENDF/B-VI | ENDF/B-VII | JENDL-3.3
3 88.0+4.9 74.6+£2.0 97.0+£2.3 102.7 94.5 93.9
4 118.0+£5.7 111.6£2.5 98.0+£2.3 124.7 114.8 120.7
Hroro 206.0+7.5 186.2+3.2 195.0+3.3 227.4 209.3 214.6

Kak BugHO, mpu OIEHKaX IUIOTHOCTH YpPOBHEW B 00JacTH HEpa3pelIeHHBIX PE30HAHCOB
MPUHUMAIUCH 3HA4YeHHs, Onm3kue K HaOmonmaBmumcs B uHTepBasie 0 — 100 3B. Cpennue
IUIOTHOCTH ypoBHeH B uHTepBaje 0 — 500 5B 3aMeTHO HUXKE, YTO MOXKET yKa3bIBaTh HA MPOILYCK
10 — 15% pe3onancos B unrepBaie 100 — 500 3B. Ecnu Ob1 370 Ob1I0 TaK, TO B pacnpeaeieHuu
MIPUBEJICHHBIX HEUTPOHHBIX IIUPUH B MEPBBIX ABYX 10-TIPOIEHTHBIX KBAaHTHIISAX PE30HAHCOB HE
xBaTaJio Obl. B NEeHCTBUTENBHOCTH, KaK BHJJIHO W3 PUC. S5a, IS PE30HAHCOB ¢ J=3 HHYEro
nonobHoro He HaOmromaerca. UTo kacaeTcss pe30HAHCOB ¢ J=4, TO B paclpeaeieHHH HX
npuBeneHHbIX mHMpuH B uHTepBane 0 — 500 5B, nabmromaercs naxe H30BITOK PE30HAHCOB C
MaJIbIMU IIHpUHaMU. VIcXo/s U3 M3J105KEHHOT0, OBIJIO PEIIEHO0, YTO CPEJHHE YHUCIa PE30HAHCOB
paBubl 80 st J=3 1 100 nmst J=4. TU OLEHKHU SIBISIOTCS, XOTSI, BOSMOXXHO, U OCTOPOKHBIMU, HO
MPEJICTABIISIIOTCS BIOJHE MPUEMIIEMBIMHU.

COBOKYITHOCTH pa3pelIeHHbIX PE30HAHCOB B KaXKIOM M3 IIOCIEAOBATEIBHBIX HHTEPBAJIOB
muprHoil mo 100 3B ObUIM NMOMOJHEHBI ONMOJHUTENBHBIMU PE30HAHCAMU TaK, YTO YHCIIO
PE30HaHCOB € J=3 B KaXXJIOM MHTEpBaje cTajgo paBHbIM N;=80, a 4KHCIIO pe30HAHCOB ISl CIIMHA
J=4 — N,/~100 (cm. puc.6).

BceM BHOBb BBEICHHBIM PE30OHAHCAM OBLTH TPUITHCAHBI HyJICBBIC ACIUTCIBHBIC HPHHBI — 1
CpelHME paJUallMOHHbIE UPHHBI, paBHbIE (.042 sB". Uro kacaercs HEUTPOHHBIX LIUPHUH, TO
UX CJIEIOBAJIO OMPEIENUTh TaK, YTOOBI paclpeleieHue NPUBEACHHBIX HEHTPOHHBIX IIHPHH
U3BECTHBIX M BHOBb BBOJMMBIX CJIA0OBIX PE30HAHCOB C OJMHAKOBBIM CIMHOM B COBOKYIHOCTHU
COTJIaCOBBIBAIOCH ¢ pactnpeaenenneMm I[loprepa-Tomaca Pl(y)dyz(Zny)']/ ‘exp(-y/2)dy, rie
y=I"/<TI’>.

"MorpemnocTn 4rcIa pe3oHAHCOB OLEHEHb! HCXO H3 BUTHEPOBCKOTO PACIIPEIC/ICHIS PACCTOSHHUI MEK/TY PE30HAHCAMHE C
OJIHMM CIIMHOM U HE3aBUCUMBIM PACIOI0KEHHEM PE30HAHCOB C Pa3HBIMU CIIMHAMH Ha SHEPreTHUYECKO OCH.

18 [Ipennomnaraercs, 9To BKJIAIbI IPOMYIIEHHBIX PE30HAHCOB B CEUCHHUE JICTICHUS YUTEHBI OJ1aroaps HEKOTOPOMY
3aBBILICHUIO JEIUTENBHBIX IIUPUH Pa3pEIIEHHBIX PE3OHAHCOB.

' B onenke Jlua i p. pa3pelieHHbIM PE30HAHCAM C MATBIMU HEHTPOHHBIMH IIHPHHAME B IIMPOKUX SHEPreTHUCCKUX
JMarna3oHax (COTHHU 9B) npunucaHbl OJMHAKOBBIE PaAHAMOHHBIC IIMPHUHBI, BAPBUPYIOLIMECS OT JUalla30Ha K AUarna3oHy OT

0.039861 3B o 0.043196 3B. Ilpu sneprusx Beime 10005B BceM momgo0HBIM pe30oHaHCaM MIPUIMCAaHa PaJHalliOHHAs IIUPUHA
0.42 5B.
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N . 235
Puc. 6 I'ucrorpamma sHepreTHYECKON 3aBUCMMOCTH TIOTHOCTH ypoBHeit “~~U 1o
(crmomrHast) w nocne (MyHKTUPHAsL) BHECEHWS U3MEHeHHi i cnuHa J=3 (rpaduk cHU3Y) U
cnuHa J=4 (rpaduk cBepxy)

KOHerTHI:Ie IMMOJIOKCHUSA JOIMOJIHUTCIIBHBIX PE30HAHCOB B KAXKIOM MHTCPBAJIC ObLIH
BBIOpaHBI TaK, 4TOOBI pacHpe/ieliCHHe PACCTOSHUI MEXKAYy PE30HAHCAMH HAWIy4IIUM 00pa3oM
COOTBETCTBOBAIIO pacmpeseleHnio Buruepa P(x)dx=(mx/2)exp(-nx’/4)dx, rae x=(E,~E,.;)/<D,>
— OTHOIICHUE PACCTOSIHHUS MEXIY ABYMsl OJMDKANIIMMHU PE30HAHCAMH C JIAHHBIM CIIUHOM J K
CpPEIHEMY PACCTOSHUIO MEXAY HUMH (OJJMHAKOBOMY BO BCEX PHEPreTUYECKUX MHTEPBajax). ITO
OBLIO CIIEJIaHO C MTyTeM Pa30MEeHHs CAMbIX MIMPOKUX SHEPTETHYECKUX PACCTOSHUN MEKIY ABYMS
6JIH)I(aI>iH.IPIMPI pe€30HaHCaMn B TaKOM OTHOIICHHWH, LITO6I:I MOJIyYMBHIUCCA B PE3YJIbTATC
paccrostans  (D';) MeXIy OTACHBHBIMH — PE3OHAHCAMU IOAYHHSUINCh —TEOPETHUECKOMY
pactpenenenuto Burnepa. Takue mnpouexyps! BBIIOJHSUIACH B KaXIOM HM3  UHTEPBAJIOB
mupuHoi o 100 »B,

P(x)
0.8 4 A

0.7 ;SEE

0:6— \

ax12 exp(-zx’14)

AN

o 4
-
N

T

3
S . x = D/<D>
RN J =3 ) =14

Puc. 7 TucTorpaMMsl pacipe/ielleHis PACCTOSHMIT MeX/Ty YPOBHSMHE JIsl IByX CIHHOB ~ U
[IOCJIE BKIIFOYEHMSI IONIOJHUTENBHBIX PE30HAHCOB B CPAaBHEHUU C paclpeaeneHueM Burnepa
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3HaueHus cpeHel HEUTPOHHOU MUPUHBI < [ 3 > JUIA KOKIOH U3 JBYX CHCTEM PE30HAHCOB,

olleHeHHBIe TTyTeM ycpeanenus o nepBbiM 500 3B, pasuer 0.0001248 3B u 0.0000935 3B (c
norpemHocThio 7.3% u 6.0% cooTBeTcTBeHHO). OILIEHKHM 3THX K€ BEJIWYUH MO CyMMam
MPUBEACHHBIX MIUPUH Mo uHTepBaty 0 — 2000 3B

LY
0
Z Fn,i

0 =1
<[ >=—"——,

noan
NJ

J — 9HCI IIEHHBIX HaHCOB B MaTpPUBaeMOM HHTEPB - OICHEHH
K CIIO paspelie €30HAHCO accma aeMo epBaie, N,”" - oLleHEHHOE

IIOJTHOE YHCIIO PE30HAHCOB CO CIIMHOM J B TOM e MHTepBaje) nmpuBeiau K 3HaueHusm 0.0001275
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MaJIbL: TIPOITYIIEHHBIE PE30HAHCHI 00JIAAA0T MAIBIMA HEUTPOHHBIMU IIUPUHAMH.
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Puc. 8 T'ucrorpammel pactpeiesieHus IPUBEACHHBIX HEHTPOHHBIX MUPUH 10 10% - M KBaHTHIIAM
110 (CIUIONTHAS TOHKAs) U MOCJe (CIUIONTHAS TOJICTAs) BBECHUS JOMOJHUTEIBHBIX PE30HAHCOB

Heiitponnbsle mupuHbl BHOBb BBEACHHBIM PE30HAHCAM MPHUIUCHIBAIUCH CIIEIYIOLIUM
obpazom. MuTepran 500 — 2000 3B 6pu1 pa30uT Ha TpU paBHBIC YacTU. B kax ol U3 HUX ObLIH
MOCTPOEHBI  PACTIPENENICHUs] NPUBEACHHBIX IIMPUH pa3pelieHHbIX pe3oHaHcoB 1o 10-
MPOLEHTHBIM KBaHTWISAM. [llupuHBI Hepa3peleHHBIX PE30HAHCOB ONPEEISUIUCh IyTeM
cy4aifHOH BBIOOpKM W3  pacnpeneneHus [loprepa-Tomaca B TEpBBIX  KBAaHTHIISX
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(COOTBETCTBYIOIIUX MaJIbIM ITUPUHAM), T/I€ YUCIIO PE30HAHCOB ObLIO MeHbIe cpeanero. Korma
“BakaHCUM~ B ATUX KBAaHTUJISX OKAa3bIBAJIUCh 3alOJHEHHBIMHU, MPUBEJACHHBICE HEUTPOHHBIC
IIMPUHBI BCEX HEPAZPCIICHHBIX PE30HAHCOB OKA3bIBAJIMCh OIIPCACICHHBIMU. TouHo Tak ke ObUIH
ONpeJIeTICHbI IPUBE/ICHHBIE HEUTPOHHBIE IIMPUHBI TPOIYLIIEHHBIX PE30HAHCOB B MHTEpBasie 2200
— 2250 5B.

PacripeneneHysi NpUBEACHHBIX HEUTPOHHBIX IIUPHUH IIOTIOJIHEHHBIX OINKMCAaHHBIM BBIIIE
o0pa3oM HaOOpOB pe30HaHCOB M0 10-npoLeHTHBIM KBaHTHIIAM pacnpenencHus [loprepa-Tomaca
npuBeneHbl Ha puc. 8. Ha puc. 7 mnpuBeneHsl pacnpeleneHHss IIMPUH MEXAY 3THMU
pe3oHaHcamu 10 10-IpOLIEHTHBIM KBAHTWJISAM pacnpezeneHuss Burnepa. Kak BugHO U3 3THX
PHUCYHKOB, MOTOJIHEHHBIE COBOKYITHOCTH PE30HAHCOB C Ka)KIbIM W3 3HAYEHUH CIMHOB, XOPOLIO
COOTBETCTBYIOT TEOPETUUECKH OXKHIAEMbIM PaCIpPEICICHUSIM.

[TomyuyeHHble pe3ynapTaThl OBUIM  HMCIOJIB30BaHBl JJIi  MOJEPHHU3ALMH  OLEHEHHBIX
HEHTPOHHBIX JAaHHBIX 11si Matepuama MAT=9228 (*°U) u3 Gubmmorexn ENDF/B-VIL. B 1y
yacth cekuuu MT=151 ¢aiina MF=2, xoTopas onucsiBaeT 001acTh pa3pelICHHBIX PE30HAHCOB,
OBLTM BKJIIOYEHBI ‘‘BOCCTAHOBIICHHBIE” TapaMeTpbl Hepas3pelieHHBIX pe3oHaHcoB. Ha ocHose
Mo u(HUIMpOoBaHHOTO (aiina ¢ moMoipo koMiuiekca NJOY 6buin nonyquLI20 299-rpynmnossie
koHcTaHThl BHAB-93.
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Puc.9. Yeennuenue ceuenust 3axparta ypana-235 3a cueT ydyera BKIIajaa
IIPOILYIIEHHBIX CIA0BIX PE30HAHCOB

Ha puc. 9 mnoka3zaHO yBEIMUEHHE TPYIMIOBBIX CEYCHUH paJMAIMOHHOIO 3aXBara,
00yCIIOBJICHHOE YYETOM HEpa3pelICHHBIX pe30HaHCOB. Kak BHIHO, 3TO yBEIHUYEHUE HE CTOJb
MaJio, 4TOObI UM MOKHO OBLIO 3aBEIOMO MIPEHEOPEYb.

B POC®OH/I pemeno BKJIKYUTHL HA0O0P PEe30HAHCOB ¢ HCKYCCTBEHHBIM /10MOJTHEHUEM
NMPONyIIeHHbIX YPOBHEM.

*% PacueT rpymmoBbIX KOHCTAHT ObUT BEIMONHEH B. H. Komeenbim.
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2.2. O61acTh Hepa3peleHHbIX Pe30HAHCOB

2.2.1. O030p OIIEHEHHBIX TAHHBIX

B onenke ENDF/B-VI “Revision 2 061acTh Hepa3pelIeHHBIX PE30HAHCOB MPOCTHPASTCS
oT 2.25 x3B 1o 25 x»3B. IlpuBoauMble cpeaHHE PE30HAHCHBIE MapaMeTpbl PEKOMEHIYEeTCs
HCIIOJIb30BaTh TOJBKO JUISl y4eTa PEe30HAHCHOW CaMOSKPAaHUPOBKHM CEUEHMI; CpelHHE CeueHUs
npuBoaAtrcs B ¢aiiie MF=3. YuutsiBarotcs s-pe3oHaHCHl (o ciuHamMu 3 ¥ 4 U OTpULIATENbHON
YETHOCTHIO, KAK U OCHOBHOE COCTOSIHHE ypaHa-235) u p-pe3oHaHchl (co cnuHamu 2, 3,4 u S u
MOJIOKUTEIBHON YETHOCTBIO); TUIOTHOCTH PE30HAHCOB C OJMHAKOBBIMHU CIIMHAMM YE€THOCTBIO, a
TaK)K€ pPaJUALUMOHHBIE IIMPUHBI ATHX PE3OHAHCOB CUMTAIOTCS HE 3aBUCSIIMMU OT SHEPTHUU;
“KOHKYpHUPYIOIIME HIUPHUHBI  TPUHATHl PABHBIMH HYJIO, T.€. HEYIPYroe paccesHue B 3TOH
00J1acTH PEe30HAHCHBIMH TTapaMeTpaMy HE YYHUTBIBAETCS M, TAKMM 00pa3oM, CaMOIKPaHUPOBKE
HE MOJBEPKEHO.

B onenke ENDF/B-VI “Revision 5” (nmpunsitoii, kak ormMe4anock u B JEFF-3) oGmactp
HEpa3peLIEHHBIX PE30HAHCOB COXpaHEHA HEU3MEHHON

B omenke, mnpunstoii B ENDF/B-VII, o0macte Hepa3pelIeHHbIX PE30HAHCOB
nepecMoTpeHa. CedeHue naeneHUs yBelauMdeHO Ha 1%, a ceueHHe 3axBaTa Ha CTOJBKO K€
noHwxkeHo. CpelHue pPEe30HAHCHbIE MapaMeTpbl 3aMETHO HU3MEHEHbI, HO, KaK M MpPEeXxAe, OHU
PEKOMEHIYIOTCSI TOJIBKO JJIi Y4YeTa PE30HAHCHOM CaMOJKPAaHUPOBKHM CEYEHMH, KOTOpas B
00J1acTi Hepa3pelIeHHbIX PE30HAHCOB ypaHa-235 BecbMa ciada.

B onenke, npunsroit B JENDL-3.3, 001acTh Hepa3peleHHbIX pE30HaHCOB MPOCTUPACTCS
1o 30 k3B. Cpeanue pe3oHaHCHBIE TTapaMETPbl PEKOMEHIYETCS MCIIOJIb30BaTh HE TOJBKO JJIS
ydeTa PEe30HAHCHOM CaMO’KpaHUPOBKM, HO M JJs pacueTa COOCTBEHHO CEYEHHM 3axBara,
JICJIEHUS, PACCESIHUS U TOJIHOTO cedeHus. JlJig ydyera KOHKYpEeHLIMH CO CTOPOHBI HEYIpPYIroro
paccessHMsI HaunHas ¢ 14 k3B npuBoanTCs cpenHss MHUpUHA KOHKYPHUPYIOIIMX MIpoueccoB. B To
e BpeMs B 00J1acTH HEpa3pelIeHHBIX Pe30HaHCOB B ¢aitine MF=3 npuBoauTcs Hepe3oHaHCHAs
«TOJII0KKay, BKITKOYAIOIIAsl BKJIA TOJIBKO HEYTIPYTOrO PACCesSHUA.

Ha puc. 6, 7, 8 mpoBoauTCS CpaBHEHHE CUIIOBBIX (DYHKLMH, CICAYIOUIMX U3 MPUHSATHIX B
YHIOMSIHYTBIX OLIEHKaX CPEIHUX IIUPUH U CPETHUX PACCTOSIHUI MEXIY YPOBHSIMM.

Kak Bunno, B HOBOM onenke ENDF/B-VII cunoBas (QpyHKIUS p-BOJHBI CYIIECTBEHHO
yBEJIMYEHA, a PaIMAllMOHHbIE U JIEIUTENbHbIE CUIIOBbIE (DYHKIIUU JIJISi BCEX CUCTEM PE30HAHCOB
JIOBOJIFHO CHJIBHO TOHWXeHbl. CuiioBble (QyHKUUHM, npuHATbie B oueHke JENDL-3.3 umeror
MIPOMEKYTOUHBIE 3HAYEHUs MEXAY NPUHUMABIIMMHUCA B MNPEABIAYIIMX JABYX OLEHKax. 4Yrto
KacaeTcsl pacCUMTAaHHBIX HAa OCHOBE 3TUX IIapaMETPOB CEUYEHMUH 3axBaTa W JIEIEHMS, TO OHU
otimuatorcst oT nanHbix ENDF/B-VI(5) veperymsipHo B Ty U Ipyryto cTopoHy (cMm. puc.9 - 12),
OJTHAKO TaK, 4TO cpeaHee 1mo oomactu ot 494.5 3B no 2154 5B ceuenue neneHus Oka3bpIBaeTCs Ha
2.3% Hmwke, a cpenHee cedyeHwe 3axBata - Ha 2.4% Bwime, yem B ENDF/B-VI. 3nauenue
BEJIMYHMHBI 0 B 00JIACTH HEpPa3pelIeHHBIX PE30HAHCOB COTJIACHO AMOHCKOM OIIEHKE MOoYTH Ha 5%
Boie, yeM 1no ENDF/B-VI(5) u Ha 7% Beime ouenku ENDF/B-VII. Jlasi 0ubiauorexku
POC®OH/ pemieno npunaTh oueHky u3 ENDF/B-VII, naomyro nis o 4yTh 00j1ee HU3K0e
3Havenue, yeM B ENDF/B-VI (Rev.5).
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Puc.11 Puc.12
Pe3onancHas caMOdKpaHUPOBKA CEUEHUN B 00JIaCTH HEPA3PEIICHHBIX PE30HAHCOB ypaHa-
235 cronb cnaba, yTO UCCIEAOBATh MPEUMYIIECTBA WU HEJOCTATKU MPEACTABICHUSI CTPYKTYPBI
CEYCHUH B Pa3HBIX OIEHKAX HE MPEICTABIILIOCH IIEIECO00pa3HBIM.

2.2.2. MuoroypoBHeBas Gopmyina bpaiita-Buraepa, ncronb3zyemas st OMCaHMs
cedeHull B 00JaCTH HEPa3pEeIICHHBIX PE30HAHCOB, OTINYACTCS OT XOPOIIO U3BECTHON
OJIHOYPOBHEBOU (POPMYIIBI TOJIBKO YUETOM MEKPE30HAHCHOW MHTEPPEPEHITNU TIPH pacueTe
CEYCHHUS yIPYTOTo paccessHusl HEUTPOHOB B P-pe30HaHCaX. ITO HE TIOPOKIAET MPOOIEM B
WHTEPIPETAINH PE3yJIbTATOB pacueTa CEYCHUH, U IOATOMY 3€Ch IPUBOIUTD ATy (POPMYITY
COYJIN U3JINIITHUM.

3. CeueHnst HEMTPOHHBIX PeaKIMil
3.1.I1o1HOE ceuenue

B omenkax ENDF/B-VI(Rev.5), ®OH/I-2.2 u JEFF-3.1 npuHATO OAHO M TO K€ IOJHOE
ceuenue. IlomHoe ceuenne, npunsitoe B ENDF/B-VILO, mpu sueprusax wmwxke 170 k3B
OTIIMYAeTCS OT BBIIICYIIOMSHYTOIO MEHee, 4YeM Ha OJHY JeCATYI0 TMpOIIeHTa; Jaiee
pacxoxaenue B3pactaet 110 -0.4% npu 3 M»aB, 3ateMm cokpaiaercs 10 Hyss npu 8 MaB u BHOBb
Bo3pactaeT 10 1.2% npu 20 M»B. Otnnunsa nonHoro cedenusi, npunaaroro B JENDL-3.3 Takxke
HeBenuku. Ha puc. 13 - 15 olcHEHHbIE TOJHBIE CEYCHHUS B OOJIACTH BBINIE TPAHUIIBI
HEPa3peLICHHBIX PE30HAHCOB CPABHUBAIOTCS C SKCIEPUMEHTAIBHBIMU TaHHBIMU, TOJTYyYE€HHBIMU
nocie 1970 r. Kak Buano, ouenku ENDF/B-VI, ENDF/B-VII u JENDL Becbma Ou3Ku JIpyT K
JIPYTy W MOTPEIIHOCTH COBPEMEHHBIX 3KCIEPUMEHTAIbHBIX JAaHHBIX HE TO3BOJISIOT OTAATh
npeamnoureHue kakoi-mbo u3 HuX. B POC®OH/I pemeno npunsats ouenky ENDF/B-VII,
IJIaBHBIM 00pa3oM MOTOMY, YTO OCTajJbHbIe CEYCHHS OKA3bIBaeTCHd Les1eco00pasHbIM
NMPUHATH U3 3TOH OMOJTHOTEKH.
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Tepeuenv yumuposannvix IKCNePUMEHMAIbHbIX pa60m

VYkazarenb 1-it aBTOp Ccpiika Ne Mnanazon Hucno
EXFOR | snepruu, MsB TOYEK
oT a0
Poenitz83 W.P.Poenitz | ANL-NDM-80 12853 1.83 20.3 68
Poenitz81 W.P.Poenitz | NSE,78,333,8103 10935 0.048 4.81 47
Schwartz74 R.B.Schwartz | NSE,54,322,7407 10280 0.496 15.2 1680
Green71 L.Green | Knoxwill-71,1,325,197 10225 0.507 7.11 352
Cabe70 Cabe | CEA-R-4524,7711 20480 0.138 5.99 368
Harvey88 J.A Harvey | Mito-88,115,8805 13632 0.0021 | 0.322 282
Boeckenhoff72 K.H.Boeckenhoff | LNE,26,91,7202 20134 0.006 0.27 4093
Foster71 D.G.Foster | PR/c,3,576,7102 10047 2.25 14.9 246

3.2. Ceuenue aejseHus

B omnenkax ENDF/B-VI(Rev.5) u ENDF/B-VIL.0 npuHSTBH OZMHAKOBBIE 3HAYCHUS
CCYCHHUS JICJICHUS BE3Ie, KPOMe

a) obiacTu HepaspelleHHbIX pe3oHaHcoB (2.25 — 25 k3B), B xotopoit B ENDF/B-VII
MUHATO POBHO Ha 1% OoJiee BEICOKOE CEUCHUE JICTICHUS;

6) obnactu sHepruit ot 0.9 1o 3.5M», B KOTOpO# cedeHHe JeNEeHUs TaKKe MOBBILIEHO —
10 3.4% mpu 1 M»B;

B) B o0actu »Hepruii Boie 14 MaB, r1ie noBbllIeHHe ceYeHUs JesIeHus Jocturaet 5%.

Ha pucyHkax cpaBHEHHS OIICHCHHBIX JaHHBIX C O3KCICPUMEHTAIBHBIMH JIAHHBIC
ENDEF/B-VIL.0 npuBogsatcs Tonbko TaMm, rae onHu otiaudarotcs oT ENDEF/B-VI(Rev.S).
DKCTIepUMEHTATBHBIC TIOTPENTHOCTH YKa3aHbl TOJBKO TPU HU3KUX JHEprusix. [Ipu BBICOKHX
SHEPTUsSX M3-3a OONBIION MIOTHOCTH SKCIEPUMEHTAIBHBIX TOUYeK rpaduueckoe m3o0pakeHue
MOTPEUTHOCTE HE IMeIeco00pa3Ho; O TOYHOCTH HKCIEPUMEHTAIbHON HH(pOpMAIMA B ITOU
00JacTH MOKHO CYJUTH MO pa3dpocy TOYEK BOKPYT OLEHEHHBIX KPUBBIX.

Ha puc. 16 - 20 oueHeHHble JaHHbIE B OOJACTH BBIIIE TI'PAHUIBl HEPa3pPELICHHBIX
PE30HAHCOB CPaBHUBAIOTCS C PE3yJbTaTaMU AKCIEPUMEHTOB, MPUBEIECHHBIMU B 0a3e JaHHBIX
EXFOR. Kak BumHO, B OTIHYME OT HOJHOIO cedeHns, B oneHeHHOM B ENDF/B-VI ceuenun
JIEJICHUs] TIPOSIBUIIACh CTPYKTypa, MOJTy4YeHHas, KaK YyKa3aHO B KPAaTKOM OIMCAaHUH OIICHKH,
MyTeM OJTHOBPEMEHHOTO OIMCAHUS JAHHBIX H TI0 TIOJTHOMY CEUCHHIO, ¥ 110 CEYCHHIO JCIICHUS, U
M0 BENTMYMHE «alibday.
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Kak BumHo, -B Oubnmorexe JENDL-3.3 mpuHATO B cpelHEM HECKOJIKO OoJiee BBICOKOE
ceyenue nenenus, yem B ENDF/B-VI(Rev.5). DxcnepumenTanbpHbIe TaHHBIC, IPUBEICHHBIE Ha
puc. 14-17, He MO3BOJAIOT OT/AATH MPEANOUYTECHHE KaKOH-THO0 13 OIIEHOK.

B ENDF/B-VII.0 pemeno npuHATh 6051ee Bhicokoe ceuenue aenenus, ueM B ENDF/B-VI
(Rev.5). OmHuM M3 1NOBOJOB K 3TOMY MOCIYXWIO CTPEMJIEHHME TOYHEE BOCIIPOU3BECTH
KPUTUYHOCTH TOJIOU cepbl U3 BEICOKOOOOTANIEHHOTO ypaHa (kpurcOopka “I'oauBa’) B pacueTax
no nporpaMmMme MCNP. Cnenyer ormeruts, uto pacuersl o nporpamme MMKKENO B 299-
IPYNIOBOM HPUOJIMKEHUU TO3BOJISIFOT OMMCAaTh KPUTUYHOCTb ITOM M JIPYT'MX AaHaJIOIMYHBIX
cOOpOK C TOYHOCTBIO JI0 HKCHEPUMEHTAIbHBIX MOTPEHIHOCTEH C HCIIOIB30BAaHUEM OILIEHKU
ENDEF/B-VI(Rev.5) u nepexon k onieake ENDF/B-VII.0 BeneT k MosBICHUIO CUCTEMATHYECKOTO
pacyeTHO-3KCIIEPUMEHTAJIBHOTO  pacXoxkaeHusd. Jlemo B TOM, 4YTO IIpU  BBIIOJIHEHUU
MHOTOTPYIIIOBBIX PACYETOB MCIOJNb3YETCS YIPOIIEHHOE ONHMCAaHUE CHEKTpa HEUTPOHOB
JICJICHUs, BIIOJHE NPUTOAHOE NS Cllydas, KOorja JNOoJis ACJIEHUH MOJA NEMCTBHEM HEHTPOHOB C
sHepruel Beime 5 MaB mana. B kputnueckux cdepax u3 BEICOKOOOOTAIEHHOTO ypaHa-235 3Toi
J0J1ei peHeOperaTh Hellb3s U TpeOyeTcsl yUUThIBaTh, YTO BhILIE Mopora peakuuu (n,n’f) cnexp
JENCHUsT 3aMETHO cMmsryaercsa. B jaeicTByromiell cucrteMe KOHCTAaHTHOTO —OOecreyeHust
MHOTOTPYTIOBBIX PAacy€TOB Y4eT 3TOro 3 dexra He MpeLycMOoTpeH. Takum o0pa3om, nepexos K
orenke cedenus nenenus u3 ENDF/B-VIL.O nomkeH ObITh CONPSOKEH ¢ M3MEHEHUEM METOIUKU
OIHMCAHUs CIIEKTPOB HEUTPOHOB JIEJICHHSI B CHCTEMAX IOATOTOBKM MHOTOIPYTIOBBIX KOHCTAHT.

B oudnoreke POC®OH/I penieHo y4ecTh pa3inyue Ce4eHHIH JeJIeHUs! B ¢ OLCHKAX
ENDF/B-VIIL.0 u ENDF/B-VI u npu 3neprusix soime 14 M3B npuHaTh IepBy10 U3 HUX. DTO
03HAYaeT, 4YTO HPH MCIOJb30BAHUM MHOTOIPYNIOBBIX KOHCTAHT, INOATOTOBJIEHHBIX Ha
OCHOBE  JTOW _ OlEeHKHM  Heo0X0AMMO  HCHOJIb30BATHL  elle  He  CO3[aHHYI0
YCOBEPIIEHCTBOBAHHYIO CHCTEMY MOATOTOBKM MHOIOIPYNIOBBIX KOHCTAHT, HHAYE BMECTO
YTOYHEHHs Mepexo] K HbIHe PeKOMEeHAYeMOMY CeYeHHIO NPH pacyeTax cMCTeM, MO0J00HbIX
“I'onuBe” k03¢ duIHEHT pa3MHOKeHHs 0yaeT 3aBbIIIATLCA NpuMepHo Ha 0.3%. Brpouewm,
OTMEYEHHBI  HEJOCTaTOK IMpPOSBUTCS TOJBKO TPU  pacyerax MpelesNbHO  JKECTKUX
pa3MHOXKaroIUX cucteM, nofooHbIX “T'onue”. Ilpu pacuerax naxke OBICTPBIX SHEPreTUUECKUX
PEaKTOPOB (HE rOBOPS YXKe O TEIJIOBBIX) JOJIS JeNIEHUH MoJ| JeicTBUeM HEHTPOHOB C dHEprueu
BbIIE 5 M»B B HECKOJIBKO pa3 MEHBUIIE W MOTPEIIHOCTh PACUYETHOTO PE3YJbTAaTa CTAHOBUTCS
HECYLIECTBEHHOM.

Kak BugHO 13 puc. 20, HU 0/1Ha U3 OLIEHEHHBIX KPUBBIX HE IPOTUBOPEUUT COBOKYITHOCTH
HEMOCPECTBEHHBIX U3MEPEHUN CeUeHUs JIeNIeHHsI ObICTPIMU HEUTPOHAMM.
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Ilepeuenv yumuposantvix IKCNEPUMEHMANbHbIX pa60m

VYkazarenn 1-ii aBTOp Ccruika Ne Huarasoxn Yucrno
EXFOR | smeprum, MaB TOYEK
oT a0

Jonson91 R.G.Jonson | Prepr. ANL W.Carlson 91 12924 5.99 10.7 19
Merla91 K/Merla 22304 1.88 18.8 7
Iwasaki88 T.Iwasaki | Mito-88,87,8805 22091 13.5 14.9 5
Buleeva90 N.N.Buleeva 40968 0.624 0.785 13
Alkhazov88 1.D.Alkhazov | Mito-88,145,8805 41013 2.56 18.8 5
Jingwen86 Li Jing-Wen 30721 14.2 1
Arlt80 R.Arlt | ZFK-410,122,8001 30558 2.6 8.7 2
Herbash85 C.M.Herbash | ZFK-592,152,86 30706 4.45 18.85 2
Carlson82 A.D.Carlson | Antwerpen-82,456,86 10987 0.31 2.82 67
Weston88 L.W.Weston | NSE.88,562,8412 12877 0.026 0.2 643
Mandari82 M.Mandari | Antwerpen-82,58,8209 10971 14.6 1
Aleksandrov79 | B.M.Aleksandrov | AE,46(6),416,7806 40546 2.5 1
Jingwen82 LiJing-Wen | Antwerpen-82,55,8209 30634 14.7 1
Davis78 M.C.Davis | ANE,5,569,1978 10314 0.14 1.964 4
Cance81 M.Cance | CEA-N-2194,8105 21620 2.5 4.45 2
Zagrafov80 E.A.Zagrafov | Kiev-80,3,45,8009 40610 0.046 0.12 2
Bergman80 A.A.Bergman 70751 0.0001 0.015 68
Carlson78 A.D.Carlson | Harwell-78,880,7809 12848 1.171 6.203 37
Cance78 M.Cance | NSE,68,197,7811 20779 13.9 14.6 2
Sierjacs78 W.Sierjacs | Kfk-2673,7807 20786 1.0 21.2 124
Poenitz77 W.P.Poenitz | NSE,64,894,7712 10711 0.193 8.275 73
Barton76 D.M.Barton | NSE,60,369,7608 10346 1 6 41
Czirr72 J.B.Czirr | NSE,60,383,7608 10547 0.01 65 24
Szabo70 I.Scabo | Helsinki-70,1,229,7003 20567 0.0175 | 5.53 95

Knoxwill-71,2,573.7103

ANL-70,257,7010

ANL-76,208,7606
Zhuravlev76 K.D.Zhuravlev 40476 0.002 0.144 4
Osterhage76 W.W.Osterhage 20715 0.3 13 116
Czirr75 J.B.Czirr | NSE,57,18,7505 10428 2.99 20.1 61

Wasington-75,2,617,7503 0.754 4.129 24
Leugers76 B.Leugers | ANL-76,246,7606 20943 1.22 20.1 144

3.3. CeueHue paguanMoOHHOI0 3aXBaTA.

JlaHHBIX O CEYEHMM paJUAIlIOHHOTO 3axBaTa (WJIM O €ro OTHOIIEHHH K CEYEHHUIO
NEJICHUs, BennunHe “anb(da’”) 3HAYUTEIHbHO MEHBINE, YeM O CEUCHUU JICJICHHs, OCOOCHHO B
paccMaTtpuBaeMoil 37ech 00JacTH SHEPruM, BbIIIE TPAHUIBI HEPA3PEIICHHBIX PE30HAHCOB.
OlLieHEeHHbIE CEYEHUsI CPABHUBAIOTCA C UMEIOIIMMUCS SKCIIEPUMEHTATBHBIMU JAaHHBIMU Ha PHUC.
2la u 22a; Ha puc. 23a NPUBOJATCS TOJIBKO OIIEHEHHBIE JAHHBIE, T.K. MPU BBICOKHX IHEPTUSIX
IKCIIEpUMEHTANIbHBIE JaHHbIe OTCYTCTBytoT. Ha pumc. 216, 226 u 230 mnpuBoasrcs
SHEPTeTUYECKHUE 3aBUCUMOCTH BEJIMUMHEI “ajibda’, CIeIYIONINe U3 PacCCMaTPUBAEMBIX OIIEHOK.
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Hepa3peleHHbIX pe30HaHcoB U 10 1 MaB Benuunna “anbda” B ouenke JENDL-3.3 na 10-15%

pa3InyarTCs
obnactu

Bhimie, ueM B ENDF/B-VI(Rev.5) (u B ENDF/B-VIIL.0, rie npuHATO TO K€ CEYCHHE 3aXBaTa).

Bri6op B POC®OH/I ceuenns nesenus u3 onenku ENDF/B-VII onpeaenun Boidop

3TOii OlIEeHKH U AJIsA CEYECHUA 3axBarTa.

OtMeruM, 9TO W B 00JIacTH HepaspelieHHbIX pe3oHaHcoB omeHka JENDL-3.3 Benmer k
Oosiee BBHICOKMM 3HAYCHHMAM ‘“‘anbda’, mpapnaa, TJaBHBIM 00pa3oM 3a cueT Oosee HU3KOro, B

CpemHeM, ceueHus fieieHus (cM. puc. 8 u 9).

Hepequb UUMUPOBAHHBIX OKCNEPUMEHIMATIbHbIX pa6om

VYkasareinb 1-ii aBTOp Ccpuika Ne Jnanazou Hucio
EXFOR | suepruu, MaB TOUCK
OoT a0
Perez73 R.B.Perez | NSE,52,46,7309 10249 0.0002 | 0.01 180
Muradyan?77 G.V.Muradyan 40550 .00015 | 0.025 21
Kononov81 V.N.Kononov | AE,38(2),81,7502 40412 0.01 0.04 7
Hopkins62 J.C.Hopkins | NSE,12,169,1962 12331 0.03 1 9
AndreJev58 V.M.Andreev | AE4,185,1958 40385 0.024 0.88 3
Spivak56 P.E.Spivak 40350 0.03 0.9 4
Corvi80 F.Corvi | NEANDS(E)-233(3),5,8203 | 21777 0.002 0.085 22
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3.4. CedyeHue ynpyroro paccestnust

Br160p o1ieHKH 17151 CeYeHHUs YIIPYTOTr0 PAacCesTHUS HIKE TIOPOTa HEYIIPYTOro pacCestHUs
y’Ke ompeiesieH BHIOOPOM OIIEHOK IS TIOJIHOTO CEYCHUS M CCUCHUH JISNICHHS U 3aXBara.
CedeHue ympyroro paccesiHus OrpeaenseTcst Kak pa3HOCTh MEXKAY TOJHBIM CEYEHUEM U
CYMMapHbIM C€YE€HUEM HEYNpPYrHX B3auMOJCHCTBUI U BbIIIE IOpOra Heynpyroro paccesHus. Ha
puc. 24 nokazaHbl 3aBUCUMOCTH C€YEHHUI OCHOBHBIX IpolieccoB B obsactu Hike 0.2 MaB.
BuaHo, uTo BeIle TpaHUIIB 00JaCTH Hepa3peuieHHbIX pe3sonaHncoB (0.025 MaB), ctpykrypa
CCUCHUI 3aXBaTa U JICJICHUSI CKOMIIEHCHPOBAaHA CTPYKTYPOIl CEYEHUs YIIPYTOTro pacCesiHus,
COXpaHss IJ1aJIKUH X0/ IOJHOTO CEYESHHUS.

CeyeHuna U-235

6apH
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fission

capture
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JHeprusa, MaB

Puc.24
Bo Bcex onenkax, B Tom uncie B ¢gaiiie POC®OH/I, ceueHue ynpyroro paccesiHust
onmpeaeasercss KaK Pa3sHOCTb MeEKAY MHOJHBIM CEYeHHEM M CYMMAapHBIM Ce4YeHHeM
HeYNpyrux B3auMoAeHCTBHIA.

3.5. CeuyeHue Heynpyroro paccessHus.

B ouenkax ENDF/B-VI(Rev.5) u ENDF/B-VIIL.0 npunsata ogHa u Ta k€ OIICHKA CEYECHUS
Heymnpyroro paccesinua. B JENDL-3.3 ceuenue Heynpyroro paccesiHus IpHUHITO 3aMETHO OoJliee
HU3KHUM, 0coOeHHO B obmactu 1 — 2 M»dB. Ora ouenka, noxanyi, Jydile corjacyercs c
MMEIOLIUMUCS 3KCIEPUMEHTAIIbHBIMU JTaHHBIMU (cM. puc. 25). OnHako, y4uThIBas BecbMa
OosblIME TPYJHOCTH M3MEPEHMs CEUEHUs HEYIPYroro paccesiHus MU CONPSIKEHHYIO C 3TUM
BO3MO)XHOCTh CHCTEMAaTHYECKUX IOTIPEIIHOCTEH, COrjlace C SKCIEPUMEHTAIbHBIMU JaHHBIMU
HE MOJXET CIIY>)KUTh €JMHCTBEHHBIM KpPUTEPHUEM HAJEKHOCTHU OLEHKH. 3aMeTHM, YTO MOTeps
SHEpPruM IpU YIPYTrOM paccesHUU HEHUTPOHOB Ha ypaHe-235 mpu 1.5 MsB nocturaer 25 x3B.
Bxuiag Heympyroro paccesiHusl Ha YPOBHSX € dHeprueil Bo30yxaeHus Hwke 50 k3B mpu 31oii
sHepruu npesbimiaer 0.3 OapHa (cMm. Hke puc.25) Huskue mo cpaBHEHHIO € NPUHATHIMU
olleHKaMu JaaHHble KHuTTepa M AHzpeeBa BIOJHE MOTYT OOBSCHATHCS HE y4YeTOM BKJIAJa
BO30Y KICHHsI HU3KOJIeKAIMX ypoBHEH. Takum oOpa3om, oTka3biBaThes OT orleHku ENDF/B-VI
HET JOCTaTOYHBIX OCHOBaHUII.
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CeuyeHMe HeYNpPyroro paccesiHus
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PaccmotpuM Temepp, BO30YyKIEHHEM KakUX YpOBHeH ypaHa-235 00yclioBlIE€HO
Heynpyroe paccesHue. B Tabnuue 4 mnpuBENEHbl CXEMbl YpPOBHEH, NPUHATHIE B OLIEHKAaX
ENDEF/B-VI u JENDL-3.3. 3ametumM, 4TO B TMOCJETHE OLIEHKE ISl KaXJIO0TO U3 MepBbIX 19
ypoBHE# cymiectByeT ¢ain MF=12, B KOTOpOM NPUBOIATCS HHEPTUM BCEX TramMMa-KBaHTOB,
KaCKaJHO MCITyCKAE€MBIX MPH CHATHU BO30YKIEHHUS, B TOM YHCIIE M TeX, KOTOPbIE UCIYCKAIOTCS
HETIOCPEJCTBEHHO C BO30YXIEHHOTO ypoBHA. M3 HMaHHBIX 3THX (ailioB ObUTH OIpeaesieHbI
CXEMBI pacnaja KaXJI0ro ypOBHs, KOTOpble MpHUBEACHBI B Tabnuue 4. BwisscHMIOCH, YTO 3TH
CXeMBl B TOYHOCTH COOTBETCTBYIOT crpaBouHbIM Tabmmmam Nuclear Data Sheets, vol.40,
Nel,p.35 (1983). CoBnanaror ¢ 3Toi pekoMeHnanue u suepruu yposHeil. B onenke ENDF/B-
VI(Rev/5) osueprum mepBbix 19 ypoBHEH XOTh M HEe BcerJa B TOYHOCTH COBIAQNAIOT C
PEKOMEH/JIOBaHHBIMHM, HO BecbMa OJM3KM K HHM, TakK 4YTO IPUMEHUMOCTh K HHUM
PEKOMEH/I0BaHHBIX 3HAYEHUH CIIMHA U YETHOCTU M CXEM paclajia He BbI3bIBAIOT COMHEHUH.

Uro kacaeTcsi ypoBHEW C OSHeprusiMM Bo30yxkIeHHs Bbime 368 k3B, TOo B
paccMaTpuBaeMbIX OLIEHKAX MMEIOTCS] OTKJIOHEHHUS OT Ha3BaHHBIX BhIIE pekomeHaauui. Tak, B
ouenke JENDL-3.3 yuutbiBaeTcs Bo30ykJeHHE ypoBHsS ¢ sHeprueil 368.799 k3B, a B oueHke
ENDEF/B-VI(Rev.5) — Bo30yx)aeaune ypoBHei ¢ sueprusmu 430 k9B u 438.5 k3B. Dtu ypoBHH
OTCYTCTBYIOT B PEKOMEHJOBAaHHON CXEMe; COIJacHO IMTHUPOBAHHOMY HCTOYHUKY OHMU HE
HaOmoJanuch HU Mpu  anb@a-pacnane IUIyTOHUS-239, HU TpU paJMaLMOHHOM 3axBare
HEUTPOHOB B ypaHe-234, HU IpU KyJOHOBCKOM BO30YXAeHUM ypaHa-235. Bunumo, npu oueHke
CEUeHHII HEYNpPyroro paccesHusl WCIOJIb30BAINCH MHBIE NCTOYHUKK WH(GOpMAIMU. YPOBHIO C
sHeprueil 430 k3B npu oneHke npunucaHa OTpULATENbHAs 4YETHOCTb, YTO CIEAYyeT U3
HHEPTeTUYECKOT0 IMOBENEHHsI CEYEeHUs ero Bo30yxaeHus. Cxem pacraga IOMOJHHTEIbHBIX
YPOBHEH Ha HalWTU HE yAaloCh. B CBs3u C 3TuM, ObLIO pelIeHO0 HMCKJIIYHUTHh W3 OLECHKH
ENDEF/B-VII ceuenns Bo30yxneHusi yposHei ¢ dHepruamu 430 k3B u 438.5x3B, cioxus
HX ¢ ceyeHHMeM BO30Yy:KIeHHsI YPOBHsA ¢ JHeprueii 445.7 k3B u mpunmcaB cymmapHoe
ceyeHHe ITOMY YPOBHIO. DTa IpoLeaypa COXPAHSET MOJIHOE CEYEHHE HEYINPYroro paccesHus
(cMm. Puc. 26) mpu sHeprusx Boiie 447.61 3B. B y3kom untepBane ot 431.845 k3B 1o 447.61x3B
OMYIIIEHHOE CyMMapHoe ceueHue ypoBHel ¢ sHeprusimu 430 k3B u 438.5 k9B He mpebimaer
1.5%10” Gapua. TeM caMbIM BCEM TPEM YPOBHSAM B JajbHeillIeM GyleT NPHUIIMCAHA OJHA H Ta
€, HO BIIOJIHE OIpe/IeJICHHAs CXeMa pacnaja.
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Puc.26. O6weaunenue ypoBHeii ¢ sHeprusimu 430k3B, 438.5 k3B u 445.7 k3B B oauH ypoBeHb,
KOTOPOMY IPUITMCHIBAETCS CXE€Ma paciaja, COOTBETCTBYIOIIAS TOCJIETHEMY U3 3TUX YPOBHEH.
Ha puc.27 — 29 npuBeneHsl ceueHHss BO30YXIEHHUS OTIENbHBIX YPOBHEH M ceueHHe
BO30YXICHHUS KOHTHHYYMa YPOBHEH, JIeXKauX mpu sHeprusx Boimie 0.5 MaB.
DOHepruu, CIMHBI M YeTHOCTU U CXEMBI Pacliajia ypoBHEW yka3aHbl B Ta01. 4. 1 mepBbIX
19 ypoBHel cxembl M BEPOSTHOCTU pachaaa NPUHSATHI TakuMu ke, kak u B JENDL-3.3. [lna
ypoBHei Ne20 - 24 mpuHATBHI CXeMBbI pacnaaa, pekomeHaoBanHeie B Nuclear Data Sheets. Jlns
ypoBHEH Ne25 -30 mpuHATHI CXEMBI MEPEX0J0B, COOTBETCBYIOIINE TAKOBBIM IS OJU3KUX TIO
SHEPTUHU YPOBHEH, HAINYECTBYIOIIUX B YIIOMSHYTOM UCTOYHUKE:
ypoBHto Ne 25 (550 x3B) npurnucana cxema pacrnaia ypoBHs 533.22 k3B (9/2+);
ypoBHI0 Ne26 (650 k3B) npurnucana cxema pacmanga yposas 658.9 kaB (1/2-);
ypoBHto Ne27 (770 x»B) mpunucana cxema pacraja ypoBas 769 k3B (1/2+);
ypoHI0 Ne28 (900 k»B) mpunucana cxema pacrnaja yposas 905.3 k3B,;
ypoBHio Ne29 (1040 k3B) npunrcana cxema pacnaga ypoBHs 1038.4 kaB;
Jna yposuenn ¢ sHeprusimu 1085 k3B, 1330 k3B u 1430 k3B cxembl ypoBHEW He
npunuceiBatoTcs. llepexonpl ¢ 3TUX ypoBHEH NpHU OLEHKE CHEKTpa (OTOHOB YUHMTHIBAIOTCS
COBMECTHO C IepexojaMH MpU BO30YKJIEHHH KOHTHHYYMa YpoBHE# (cM. pazzaen 5.1)

CeuyeHuUst Heynpyroro paccesiHus

0.30

025 fmmmmmmm s

0.20

l
|
0.00 L — }
0.E+00 1.E+05 2.E+05 3.E+05 4 E+05 5.E+05

OHeprus, 3B

Puc.27 Ceuenust Bo30yXI€HHS OTIEIBHBIX YPOBHEH ypaHa-235 Mpu HEYNPyTroM
paccessHUM (PHEPTUU YPOBHEH yKazaHbl B Ta01.4)
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CeyeHUsA HeyNpyroro paccesiHus

5.0E+05 1.5E+06 2.5E+06 3.5E+06 4.5E+06

OHeprusa, 3B

OOWONO IR WN -0

Continuum

Puc.28 Ceuenust Bo30ykIeHUs OTJICIBHBIX YPOBHEH ypaHa-235 npu HEYnpyrom

paccessHuM (SHEPTUH YPOBHEH yKa3aHbI B Ta0J1.4)

CeuyeHUA HeynNpPYyroro paccesiHus

0.00 = S e T :

5.0E+06 1.0E+07 1.5E+07

OHeprusa, 3B

Continuum

2.0E+07

Puc.29. Ceuenus Bo30OykI€HUS OTICIBHBIX YPOBHEH ypaHa-235 mpu HEYNIPYrom

paccessHuM (SHEPTUH YPOBHEH yKa3aHbI B Ta0J1.4)
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Tabnuna 4a. Cxema ypoBHel ypana-235
(B mpunsTOIi cCXeMe ypoBHEH BEpOSTHOCTH IEPEX0JI0B st NEPBBIX 19 ypoBHE#H TakoBsl ke, kak B JENDL/3.3)

ENDEF/B/VI (Rev.5=ENDEF/B-VIL0 JENDL-3.3
Ne In OHeprus Ilepexonsl Ey, »B OHeprus Ilepexonsl Ey,»B Bepost-
ypoBHsL, 3B ypoBH4, 5B HOCTb, %
1 1/2+ 768 | 1 -0 76.8 77.0 1—-0 77 | 100
2 3/2+ 130400 | 2 —>1 12963.2 13040.0 2—1 12963 | 100
3 9/2- 46200.0 | 3 -0 46200 46203.9 350 46203.9 | 100
4 512+ 513000 | 4 —>1 51223.2 51700.9 4-1 51623.9 72.46
42 38260 4—2 38660.9 27.54
5 7/2- 81700 | 5—2 68660 81738.9 52 68698.9 68.03
5—4 30400 5—4 30038 31.97
6 11/2- 103000 | 6 >0 103000 103032 6—0 103032 17.01
6—3 56800 6—3 56828.1 82.99
7 512+ 129300 | 7—0 129300 129297 7—0 129297 85.98
7—2 116260 7—2 116257 7.91
7—4 78000 7—4 77596.1 533
7—35 47600 7—35 47558.1 0.78
8 9/2+ 150500 | 8 = 4 99200 150453 8—4 98752.1 96.15
8—5 68800 8—5 68714.1 3.85
9 13/2- 170700 | 9 — 3 124500 170705 9—3 124501.1 27.01
956 67700 956 67673 72.99
10 7/2+ 171400 | 10 =0 171400 171388 10 —0 171388 27.73
10 —» 2 158360 10 -2 158348 0.25
10 -3 125200 10 -3 125184.1 17.80
10— 4 120100 10 > 4 119687.1 5.38
10—5 89700 10 -5 89649.1 7.45
10 > 7 42100 10 -7 42091 41.39
11 11/2+ 197100 | 11 =5 115400 197098 1155 115359.1 44.44
11— 8 46600 11 -8 46645 55.56
12 9/2+ 225400 | 12— 0 225400 225417 1250 225417 4.63
12—-3 179200 12—-3 179213.1 20.69
12— 4 174100 12-4 173716.1 0.91
12—5 143700 1255 143678.1 5.30
12— 6 122400 1256 122385 0.91
12—7 96100 1257 96120 6.70
12— 10 54000 12 - 10 54029 60.86
13 15/2- 249100 | 13— 6 146100 249130 1356 146098 46.81
13—-9 78400 13—-9 78425 53.19
14| 1172+ 291400 | 14 -3 245200 291140 14 -3 244936.1 7.07
14— 8 140900 14 -8 140687 15.28
14 — 10 120000 14— 10 119752 14.00
14 — 12 66000 14— 12 65723 63.65
15 13/2+ 294700 | 15— 8 144200 294654 15— 8 144201 78.12
15— 11 97600 15— 11 97556 21.88
16 52+ 332800 | 16 —» 0 332800 332842 16 -0 332842 35.21
16 —2 319760 16 -2 319802 0.35
16 — 4 281500 16 — 4 281141.1 15.28
16 -7 203500 16 -7 203545 40.60
16 — 10 161400 16 — 10 161454 8.56
17 17/2- 338500 | 17— 9 167800 338520 17 -9 167815 59.17
17— 13 89400 17— 13 89390 40.83
18 15/2+ 357300 | 18 —» 11 160200 357300 18 —> 11 160202 | 100
19 7/2+ 367100 | 19 =0 367100 367071 19 -0 367071 29.80
19 — 2 354060 19 -2 354031 0.21
19 >3 320900 19 -3 320867.1 18.03
19— 5 285400 19— 5 285332.1 0.61
19 -7 237800 19 -7 237774 4.90
19 — 10 195700 19— 10 195683 35.79
19 — 12 141700 19 — 12 141654 10.66
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Tabmuma 46. Cxema ypoBHe# ypana-235

ENDEF/B/VI (Rev.5)=ENDF/B-VII.0 JENDL-
3.3
No Jn Oueprust | Ilepexonabt Ey,»B Beposit- | Oneprus
YPOBHSI, HOCTb, YPOBHSI,
sB % 3B
368799
20 | 3/2+ 393200 | 20— 1 393123.2 46.90 393212
20—2 380160 41.00
20— 4 341900 8.54
20— 7 263900 3.56
21 | 972+ 414800 | 21— 3 368600 36.42 414762
21 —> 6 311800 10.67
21— 10 243400 10.45
21— 12 189400 34.34
21— 14 123400 8.12
22 | 5/2+ 426700 | 22— 0 426700 0.63 426746
22 —2 413660 39.35
22 —5 375400 41.86
22— 6 345000 14.65
22 —7 297400 1.34
22— 14 135300 2.18
430000
438500
23 | 72+ 445700 | 23— 0 445700 30.32 445739
23— 3 399500 20.81
23— 7 316400 45.25
23— 10 274300 3.62
24 | 72+ 474300 | 24— 0 474300 0.01 474300
24— 2 461260 0.52
24—3 428100 0.24
24— 4 423000 27.39
24—5 392600 47.23
24— 7 345000 9.45
24—8 323800 12.37
24—10 302900 1.13
24—12 248900 1.65
500000 — mopor KOHTHHYYMA
509919
533220
25 550000 | 25— 3 503800 0.04
25— 4 498700 0.99
25—5 468300 31.50
25— 8 447000 43.81
25— 10 399500 2.03
25—11 352900 19.52
25—12 324600 0.90
25—14 258600 1.21
608129
633089
26 650000 | 26— 1 649923 37.6 | 650000-
26— 2 636960 56.2 | mopor
26— 20 256800 6.2 | KOHTHH.

Tabmuna 46. [Ipogomxenue
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ENDF/B/VI (Rev.5)=ENDF/B-VIIL.0

Ne Jn Ouneprus | Ilepexombt Ey, »B Bepost-
YPOBHSI, HOCTb,
5B %

27 770000 | 27— 1 769923 32.1

27— 2 756960 16.1

27— 17 640700 51.8

28 900000 | 28— 1 899923 22.0

28— 2 728600 31.3

28— 7 674600 46.7

29 1040000 | 29— 2 1026960 25.0

29— 22 613300 41.7

29— 24 565700 33.3
30 1085000
31 1330000
32 1430000

Ilepeuenv yumuposanuvix IKCNEPUMEHMAIbHbIX pa6om

VYkazareinb 1-i1 aBTOp Ccplika Ne Juanason Hucno

EXFOR | snepruu, MaB TOYEK
oT o

Armitage66 B.H.Armitage | Paris-66,1,383,6601 21068 0.13 1.5 6

Knitter72 H.H.Kniter | ZP,257,108,7212 20394 1.5 2.3 3

Drake69 D.M.Drake | NP/A,133,108,6908 10016 4 7.5 3

Batchelor69 R.Batchelor | AWRE-0-55/69,6908 20036 2 4 3

Andreev61 V.M.Andreev | Neutron Fiz,287,6107 41217 0.9 1 1

3.6. Ceuenus peakuuii (n,xn)

Ha puc. 30 omeHeHHble JaHHBIE O CEYEHUM peakiuuu (n,2n) CpaBHMBAIOTCA C
MMEIOIIMMUCS DKCIIEPUMEHTAJIbHBIMU  JaHHbIMM. Kak BHJHO, OLIEHKM, OCHOBAaHHBIC Ha
MOJIETIbHBIX pacyeTax, UTHOPUPYIOT 3KCIEPHMEHTAIbHYIO BEIMYMHY, MOJIy4YEHHYI0 Maszepom
npu 14.1 MaB. B ENDF/B-VII ceuenne 3Toi peakiiuu NpUHATO TakuM ke, kak B JENDL-3.3.
OHO, KaKk M CeYeHHue JeJIeHUs B 00JacTH BBICOKMX OHHEPIUi, IPEBHINIAET BEIUYMHBI,
npunumasimecs B ENDF/B-VI. Kouasb ckopo B POC®OH/] penieHo NpuHATH MOBbIIIIEHHOE
ceyenme neqenusi u3 ENDF/B-VIIL.0, ecrecTBeHHO U ceueHUs] KOHKYPHPYIOIIUX € ieJleHHeM
peakuuii B 00/1aCTH BbILIe NMOPOra peaknuu (n,2n) Tak:Ke NPUHATHL TAKHMH Ke, KaKue
npuHaTbl B ENDF/B-VIL.0. B ciyuae peakuuu (n,2n) paziauuusi HECYLIECTBEHHBI M OLICHKA,
npunumasinasics B ENDF/B-VI, npekpacHo moarBepkaaercst akcrepuMeHToM Ppeo.

CeyveHue peakuyum (n,2n)

T T
| | | | |
| | | | |
¢ Frehaut80
®  Mather69
JENDL-3.3
——— ENDF/B-VI(Rev.5)

T

|

|
084 ——————- -

|

|

|

06+---—-—-—-—- ——ENDF/B-VII
X |
=3 |
3 |
044+ ----4F°— EE v N NG [ R N
| |
o
0.2 4 ! !
| |
o
0.0 + ; ! ! . . ; ; ; . . . . .
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
OHeprus, MaB
Puc.30

Ha puc. 31 orneHkd, NpPUHATBIE B COBPEMEHHBIX OWOIMOTEKaX, CPaBHUBAIOTCS C
HKCIEPUMEHTANBHBIMU JTAHHBIMH TI0 peakiuu (n,3n), a Ha puc. 32 — no peakuu (n,4n). Kak
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BUJHO, oOIlleHKa, npuHsatas B JENDL-3.3 nenukoMm omnupaercs Ha pe3ysbTaTbl U3MEPEHUN
Beesepa, onienka ENDF/B-VI nexut cyiecTBeHHO BbIllIe, a orieHka, npuHsatas B ENDF/B-VIIL.0
3aHUMAET IPOMEXKYTOYHOE MOJI0KEHHE.

CeyeHue peakuum (n,3n) CeueHue peakumm (n,4n)

¢ Veeser78 —o—Veeser78
= Mather69 1

—— ENDF/B-V/(Rev.
0.5 JENDL-33 @ - m e m = — = = 1B-Vi(Rev.5)

— ENDF/B-V|(Rev.5) 0.1 —ENDF/B-VII
041 —ENDFBVE L~ S 0.1 ——JENDL-3.3

|
12 13 14 15 16 17 18 19 20 21 19.0 19.5 20.0 205 21.0
Jneprus, MaB OHeprus, MaB

Puc.31 Puc.32
Uro kacaetcs peakuuu (n,4n), To 371€Ch pacX0XACHUS OIICHOK BecbMa Benuku. B JENDL-
3.3 mpuHATa OILIEHKA, ONUparonascs Ha SkcnepuMeHT Beesepa, Torma, kak B ENDF/B npunsTs
OIICHKH, OCHOBaHHBIE, MTPEXK/I€ BCETO, HA MOJIETIbHBIX pacyeTax.
o coobpamxenusiM, u3a0keHHbIM Bbilie, B POC®OH/| npuHuMawTcsi Te Ke
oneHku, uTo 1 B ENDF/B-VII.0.

Ilepeuenv yumuposanuvix IKCNePUMEHMAIbHbIX pa6om

VYkazareinb 1-i1 aBTOp Ccplika Ne Juanason Hucno
EXFOR | snepruu, MaB TOYEK
oT o
Frehaut80 J.Frehaut | NSE,74,29,8004 21568 5.73 13.1 16
Mather D.S.Mather | AWRE-0-72/72,7211 20795 7.10 14.1
Veeser78 L.R.Veeser | Harwell-78,1054,7809 10795 14.8 21 5

3.7. CeuyeHusl peakumii ¢ BbLJIETOM 3aPSKEHHbIX YACTHIL.

N3-3a BBICOKOTO KYJOHOBCKOTO Oaphepa CEYEHHS PEaKIHil C BBUICTOM 3apsKEHHBIX
YacTHll Ha ypaHe-235 Majbl U B COBPEMEHHBIX OMOTMOTEKAaX OLIEHEHHBIX TAHHBIX IIUPOKOTO
Ha3Ha4YeHMs HE MpUBOAATCA. OHAKO, AJI TOTO, YTOOBI MOJIB30BATEIN UMENH MPEACTaBICHUE O
TOM, KaKOW CMBICI UMEIOT CJI0Ba “‘cedeHust Majbl”, Mbl peminjin BBectd B POC®OH/I nannbie
0 CeYeHHUSIX BAKHEHIIMX peakuMii ¢ BBLUIETOM 3apSI’KEHHbIX YACTHI, MNOYEePIHYB
COOTBETCTBYWOIIIHE JaHHbIe U3 Ao3uMeTpuueckoil Omdamorekn EAF-99. [Ipunsateie B Hel
OIICHEHHBIC JaHHBIC JJIs1 3TUX CEYCHUU MOTYUYEHbI Ha OCHOBE MOJTYIMIHUPUYECKON CHCTEMATHKHU.

DHepreTuyeckuili ceueHui peakuuit (n,p) ¥ (n,0) mokasaH Ha puc. 33. DKCIEpUMEHTAIBHBIX
JAHHBIX, Pa3yMeeTCs, HET.
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CeyHeHus peaKum?l C BblJ1IETOM 3apsAXeHHbIX YacTuy

10 1 12 13 14 15 16 17 18 19 20
OHeprusa, MaB

Puc.33

4. DHepro-yrJjoBble pacnpeaejeHuss BTOPUYHBIX HEHTPOHOB
4.1. AHM30TpPONIMSA YIIPYIOro paccesiHusi

OmneHka yrJIOBBIX pacle[eNieHH YIpyroro paccesiHus OCHOBBIBACTCS Ha pacderax Iio
OIITHYECKON MOJENH, TTapaMeTpbl KOTOPOil MOA0OpaHbI TaK, YTOOBI ONMHUCATH TOJIHBIE CEUCHHS U
YTJIOBBIE PacTIpeeNICHNsI yIIPYTOTro paccesiHus He TOJIBKO Ha ypaHe-235, HO M Ha BCEX COCETHHUX
aapax. HemocpeacTBEHHBIX H3MEPEHUH YIJIOBBIX paclpeieieHuil yHpyro paccesHHbIX
HEHUTPOHOB HEMHOTO U BO BCEX CITydasX U3MEPSUTUCh HE TOIBKO YIPYTO PAaCCESTHHbIE HEHTPOHHI ,
HO ¥ HEWTPOHBI, HEYIPYTO PAaCCEsSHHbIE HAa HECKOIBKUX HU3KOJESKAIIUX YPOBHSIX.

Ha puc. 34 oueHeHHBIE YIJIOBBIE MOMEHTHI JU(PQPEPEHINATHHOTO CEYCHHS YIPYToro
paccesiHus, T.€. KO3(QPULIHUEHTHI ©, Pa3I0KeHUS]

ce<E,u)=%f) 1+ 220+ DAL EP () |.

n=1

CPaBHHUBAIOTCS C 3KCIIEPUMEHTAIbHBIMU JaHHBIMU CmuTa (Smith64). Cneaxyer oTMETHTh, UYTO B
oOcyxnaembix u3MmepeHusix 10 500 sB peructpupoBaiuch, KpoMe YIPYro pacCesHHBIX
HEHUTPOHOB, HEUTPOHBI, HEYNPYTO PAacCEsSHHBIE Ha MEPBBIX ABYX ypoBH:X, [lane — 1o 1 MaB —
HEHTPOHBI, HEYNPYTO pacCesHHbIE HA IEPBBIX YETHIPEX YPOBHSIX, a NpU Ooiiee BBICOKUX
JHEPIrusiX — HEUTPOHBI, HEYNPYTO PACCESIHHBIC HA MEPBBIX BOCBMHU YPOBHAX. BKiag Heynmpyro
paccestHHBIX HEUTPOHOB ObLT IpeHeOpexkuMo Man Tosbko Huke 500 k3B (meneel%). K 1 MaB
3TOT BKJIaJ Bo3pactal 10 8.5%, a k 1.5 MaB — no 14%. He ynuButensHo, uTo Bhimie | M»>B
PACXOKAEHUS MEKy OLICHEHHBIMU U U3MEPEHHBIMU JAHHBIMU 3aMETHO BO3pPACTalOT.

A1
0.6
| ‘ 0.4
Fommm = e 0.35 +
05 3k 73 H?j_ﬁ o
1 g o _L_____ L_J___ !
0.4 v $ ! ! 0.25 -
0.3 1 3 . : : 0.2 4
02 f ool 0.15 -
| | 0.1 I I
0.11 : : 0.05 - ! !
0 T T ; ; 0 T | } .
250 500 750 1000 1250 1500 250 500 750 1000 1250 1500
OHeprus, k3B Seprus, koB
Puc.34 a Puc. 346
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1500

Puc. 34 n. CpaBHEHHE OLIEHEHHBIX YIJIOBBIX MOMEHTOB
YIIPYTOTO PACCESTHUS C IKCIIEPUMEHTATbHBIMHU

Ha puc. 35 olieHeHHBIE yIIIOBBIE paclpeeseHns] B TOM )K€ SHEPreTHYECKOM JHara3oHe
CpaBHUBAIOTCsI C Oonee paHHel paOoroil Asmnena (Allen56). Kak BugHo, npu 1 M»sB
pacxXoXXACHUST B CEYCHWH B 3aTHIOI0 MOJYIDIOCKOCTH IPEBBIMIAIOT AKCIEPUMEHTAIbHbIE
MOTPEIIHOCTH.

Allen56 Allen56
1.40 T T 1.40 ; ;
—e—0.5 MaB | |
1.20 4 — —ENDF/BVILO| ~~~~~~ ‘“ ”””” ‘“ ””” — 1201 e—1MsB  [—-—-—--—--—-—-—-—-—-—— T T -
1.00 4 1.00 ] ——ENDF/B-VILO Lo
& 0.80 - & 080 |
s s
g 0.60 | £ 0.60 -
© 0.40 4 © 0.40 -
0.20 4 0.20 1
0.00 0.00
-1.00 -1.00
Puc.35a Puc.356
Puc.35.CpaBHeHue onieHeHHbIX AU(epeHnanbHbIX CEUCHUH paccessHHsI ¢ U3MEPEHHBIMU
Anmenom

TakoB ke XapakTep pacXOXICHMH OLIEHEHHBIX JAHHBIX M C 3KCIEPUMEHTAIbHBIMHU
naaabiMa Kautrepa (Knitter72) mpu sHeprusix Huxe 2 MaB (cm. puc. 36). Oxnako npu Gomee
BBICOKMX JHEPrUsiX CTOJIb CUCTEMAaTHYECKOTO PACXOXKJIEHUs, YKa3bIBAIOIIEro, Ka3ajloch Obl, Ha
UCKakeHne (OPMBI YITIOBOTO paclpele]IieHns 3a CYeT BKJaga HEYNpYroro paccesHHs, yKe He
TPOSIBIISIETCSL.
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Knitter72 Knitter72
10.00
10.00 T 5wz | —e_1.9MsB |
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|
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o [N
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0.01 ‘ : ; 0.01
-1.00 -0.50 0.00 0.50 1.00
Cos
Puc.361 Puc. 36¢

Puc. 36. CpaBHeHME OlICHEHHBIX AU(depeHIInaIbHbIX CeUeHUN ¢ n3MepeHusmMu Kuurrepa.
OOparuM BHUMaHHE Ha TO, YTO HPU MaJbIX yIJaxX paccesiHus, IIe BKIAJ HEYIPYyroro
paccestHUsI MpeHeOpeKMMO Mall, OLIEHEHHBbIE JaHHbIE MPEKPACHO COINIACYIOTCA C JIaHHBIMU
Kuurrepa. B To e Bpemsi, Mexay 3TUMU JaHHBIMU M PE3yJIbTaTaMU U3MEPEHUs PACCESIHUS Ha
OTHOCTUTENLHO Majible yribl Mopo3oBeiM u Ap. (Morozov68) mMmeercs CHCTeMaTHYecKoe

pacxoxaenue (cm. puc.37).

Baph/cTep.

Morozov68 (ycpeaHHble oT 1.62 MaB no 1.93 MaB aaHHble)

4 \
350 . ——ENDF/BVIO| §_
|
I { ,,,,,,, L
|
2.5 1 { |
2 . f
154 1
1] l
|
05 f—mm e P

o
o
-
o
N
o

Yron, rpapychbl

30

Puc. 37. CpaBHeHHE OLICHEHHBIX JAHHBIX C H3MepeHusiMu Mopo3oBa.
B nenom, yuuThiBas OrpaHUYE€HHOCTh UMEIOIIEHCS IKCIIEPUMEHTAIbHON MHPOPMAIIUU U
OTCYTCTBHE KpHYAIIMX TMPOTUBOPEUUN MEXIYy pe3yjbTaTaMu H3MEPEHUN U OlEHEHHBIMU

U-55



JaHHBIMU, MOXHO Hpu3HaTh NPUHATYI0 B POC®OH]I oueHky yrioBbIX pacnpenejieHUi
ynpyro paccessHHbIX HeTpoHOB 3 ENDF/B-VII yoBieTBopureabHOM.

Ilepeuenb yumMupoB8aHHbIX IKCNEPUMEHMATLHBIX PAOOm
Vka3arenb 1-# aBTOp Ccplika Ne Juanaszon Yucno Ywcio 1 quamasoH yrios,
EXFO sHepruu, MaB TOYEK T0 | KOCHHYCOB WM YHCIIO
R oT 10 JHEPTUH K09 HHULHEHTOB
Pa3nokKEHUs
77Morozov68 V.M.Morozov | YF,46(5),1326,1987 40959 | 1.62 192 | 4 4 (8°-23%
6
Knitter72 H.H.Knitter | ZP,257,108,7212 20394 | 1.5 5.5 7 20(-0.87 - 0.94)
Batchelor69 R.Batchelor | AWRW-0-55/69,6908 | 20036 | 2 4 3 9(-0.71 - 0.87)
Allen56 R.C.Allen | PR,104,731,56 12207 | 0.5 1 2 9(-0.96 - 0.91)
Smith64 A. B. Smith | NSE,18,126,1964 10233 | 0.3 1.5 |40 5 YTIIOBBIX
MomeHTOB(P; —Ps)

4.2. XapaKkTepuCTHKH HEHTPOHOB J1eJIeHUS

4.2.1. Yucno HEUTPOHOB JICTACHUSI.

B Tabmume 5 mpuBOASATCS 3HAYCHHS YWCIAa HEUTPOHOB HCITYCKAEMBIX IPH JIEJICHUU
ypaHa-235 TEIUIOBBIMH HEHTPOHAMHU, MPUHITHIE B OCHOBHBIX OMOIMOTEKaX OIIEHEHHBIX JTaHHBIX
B CPaBHEHHUH C OIEHKOM, BIMOTHEHHOW B 2004 1. paboueit rpynmoit MAT'ATD 1o HEHTPOHHBIM
CTaH;LapTaM2 ! 1IpH COBOKYIHOM pAaCCMOTPEHHH pE3yJIbTATOB W3MEPEHHIl BCEX BEIHYMH,
3aBHCSAIIMX OT OTHOMEHHH BemianH v(>>U) (OTHOMICHHH BEIMUHH V IS PA3INIHBIX JCISAIHXCS
sJ1ep, BEJIMYHUH 1, 0., CCUCHUN JIEJICHUS U 3aXBaTa u Jp.).

Kak BugHo, paznuuus Mexay NPUHUMAEMbIMU 3HAYCHHUSIMH V JIeKaT B Ipenenax
MOTPEUTHOCTH €T0 KCIEPUMEHTAIBHOTO OINPECICHHUS.

Tabnuua 5. OueHeHHbIe 3HAYSHMSI YKCIa HEUTPOHOB jeneHus 235U TenIoBbIMU HEHTpOHAMU

Onenka V(235U)
ENDF/B-VI(Rev.2) 2432
ENDF/B-VI(Rev.5) 2.4367
ENDF/B-VILO0 24367
JENDL-3.3 243633

CRP IAEA, 2004 2.43554+0.0023

Ha puc.38 mpuBoasTCS pa3inyus MEXIy OIEHKAMU YHEPTeTUYECKON 3aBUCUMOCTH YHCIIa
MTHOBEHHBIX HEHTPOHOB IENEHHUS, Vprompi( E), mpuHATEIME B OnbmnoTekax ENDF/B-VI(Rev.2) u
JENDL-3.3, a taxxe oneHeHHbIX B1972 r. ®@. Manepo u B. KOHLH_II/IHI:.IM22, - U JJaHHBIMHU,
npuHsaTeiMd B ENDF/B-VI(Rev.5) m ENDF/B-VIL.O. 3ameTtuM, 4YTO BCE€ pacXOXIICHUS,
JIEMOHCTPUPYEMBIE UL Vprompt, B TOYHOCTH COOTBETCTBYIOT U PACX0XKJCHUSAM B IIOJHOM 4YHUCIIE

HEUTPOHOB JICJICHUS.

21 HpeI[BapI/ITeHLHBIeI[aHHLIe, J'[}O663H0 HpCI[OCTaBJ'IeHHLIC B.F.HpOHHeBLIM.
22 F Manero u V.A. Konshin, EXFOR Ne V0015, J. REA, 10, 637,7212.
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OTKNOHeHue pa3Hbix oueHok nu-prompt ot ENDF/B-VII
8

——Manero :
| ——JENDL-3.3 |
| ——ENDF/B-VI(2) |

Pacxoxaenus, %
w

-1 T T T
0.0E+00 5.0E+06 1.0E+07 1.5E+07 2.0E+07|

OHeprus, 3B

Puc. 38

Ha puc. 39 ouenennsie manneie, npuHsaTbie B ENDF/B-VIIL.O, cpaBHHBaioTcs ¢
SKCHEPUMEHTAIbHBIMUA JaHHBIMM TocienHux JjieT. Kak BuaHo, mpu sHeprusx Huxe 15 MsB
pa3nuuus B OIEHKAaX 3HAYUTEIHHO MEHBIIE MOTPEIIHOCTEH U pa3dpoca SKCHEPUMEHTAIBHBIX
nanHbIX. [Ipu 6onee Boicokux 3Heprusx B LENDL-3.3 npunsThl 60s1€€ BHICOKUE 3HAYEHUS Vprompt
B COOTBETCTBHUM ¢ AaHHbIMH Howe-84. DTu naHHbIe MPOTUBOPEYAT HE MOKA3aHHBIM HAa PUCYHKE
pe3ynbTaTaM U3MEPEHHS  Vprompt HPU  0O0JE€E BBICOKUX JHEPrUsX M  TEOPETUYECKUM
MPEACTABICHUSIM 00 HHEPreTUYeCKOM 3aBUCUMOCTH O3TOM BelWYuHBbL. [lo3TOMYy HHKaKHX
M3MEHEHMIl B JHEPreTHYECKYI0 3aBHCHMOCTD Vprompt, NPHHATYI0O B ENDF/B-VII, BBOAMTE
He 1eJjecoo0pasHo.

2.7

e Frehaut-80 :
T 551 A Howe-s4 |
50{ a Boykov-90 |- -1 -~

N
o
|

|
'g'_ = 4.5 |~ ENDF/B-VI | |
S 25 S 40 4 Savin-72 : ‘ : :
g- | e Frehaut-80 > ; | : : :
c | o Savin-73 2 3.5 1 | [ I
| | | | | |
24 | ENDF/B-VI | T S-S T S _
| | ° Kop.peler-75 3.0 | 4\ \# I : : 4\ \F
. j « saun2 25 R R e
| | I » Boldeman-71 o | | o I
2.3 T T T T T T T T T 1 2.0 — T
0.0 0.2 04 06 08 10 12 14 16 1.8 20 234567 891011121314151617181920
OHeprusa, MaB OHeprus, MaB
Puc. 38a Puc. 380

4.2.2. CueKkTp HEUTPOHOB JICJCHUSI.

OtmeTnM, Mmpexe BCero, YTo B COBPEMEHHOM BEPCHU CHUCTEMbl KOHCTAHTHOTO OOecreueHus
MHOTOTPYIIIOBBIX pacyeToB peakTopoB U 3amuThl BHAB-93 ¢ nporpamMmoill moAroToBKd
koHCTaHT CONSYST, ucnonas3yroTcs CHEKTpbl HEUTPOHOB JEJIEHHUS, PACCUUTHIBAEMBIE CaMOM
nporpammoii CONSYST Ha OCHOBE CHCTEMATHKH, TpeanoxenHoi F0.C.XOMIKOBBIM U ap.”
CoriacHo 3TOM CHCTEeMaTHKE CIIEKTPbl HEHTPOHOB JICIICHHS ONMMCHIBAIOTCS (hopMoit Yarra:

x(E)= Mexp(—E/a)Sh\/b_E
Vra’b
[Ipunsro, uto ansg moboro sapa mapamerp a=1.03, a mapameTrp b MoOIHOCTBIO OmpeenseTCs
BennuuHOM v: b=0.858v-0.436. B mocienacBuu BBIACHWIOCH, YTO 3Ta (hopMa CIIEKTpa B Cilydae
ypaHa-235 BeleT K HEJOOLEHKE CPEIHEro CEeYeHMs NeJeHMs ypaHa-238 Ha CIEKTpe AeNIeHus
ypaHa-235, U [Jid YCTpaHEHUsl 3TOro HeJocTaTka B cucTteMe nmoaroToBku KoHcTaHT CONSYST
IIPU pacyeTe CIeKTpa HEUTPOHOB JieNieHHsI ypaHa-235 nenaercss KOppeKTUPOBKa mapaMeTpa b: oH
yBenunuuBaercs Ha 0.172. bnaromapst 3ToMy cpeHssl SHEPTUSI HEUTPOHOB JIETICHUS

2 Xomsikos 10.C. u Jp. OueHka CeKTpOB HEUTPOHOB JIeJCHUS sl IPUMEHEHHs B MHXKEHEPHBIX pacuerax. Bomp.
aT. HAyKd U TeXH., cep. «Snepubie Koncrante», 1992, oin. 1, ¢.70.M. HHUWAU.
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E=a(3/2+ab/4)

Bo3pactaer ¢ 1.98 MaB 10 2.03 M»B, uro npuBOIUT K COTIacHio MEXy U3MEPEHHBIM CPEIHUM
CeueHHEeM JIeJeHUs ypaHa-238 Ha CHEKTpe JeJIEHUS U YCPEAHEHHBIM [0 CHEKTpYy, HO
IPOTUBOPEUYUT OOJBIIMHCTBY 3KCIEPUMEHTAIbHBIX OLIEHOK CpEJHEHl SHEprum HEUTPOHOB
nenenust ( ux cpenHee paBHO 1.97+0.02 MsB'). Hckmouenne cocrasiser SKCIEPUMEHT
FOxancona™ B KOTOPOM CpeXHSISi SHEprHsl HEHTPOHOB JCICHHSA ypaHa-235 TerIOBBIMH
HelWTpoHamu HaiineHa paBHod 2.03+0.03 M»sB. Hano ckaszarb, CHM)KEHHME CpEOHEH 3HEpruu
HelTpoHoB neneHus 10 1.98 MaB BieueT 3a co0oii U cHIKEHUE KOAPPHUIHMEHTa Pa3MHOKCHHUS
Ha OBICTPBIX HEHUTPOHAX 3a CuUeT JeJeHHus ypaHa-238, 4To mposBiseTcs Ha Kod(duuueHte
Pa3MHOXKEHHUS HE TOJIbK OBICTPBIX, HO U TEIUIOBBIX peakTopoB. [loaToMy He TonbKko B Poccuu, HO
U BO BCEX 3apyOeXHBIX JAaHHBIX O CHEKTpax JIeJIEeHUs, PEKOMEHIyEeMbIX Ul pacueTa peakTopoB,
CHEKTp JeNIeHHs] MPUHUMAETCS TaKUM, YTOOBI CpENHss SHEeprus HEUTPOHOB JIEJICHUS OblLia
6mu3ka k 2.03 M»aB. Nmenno Takoii cnekrp nenenus npunsat u B ENDF/B-VI u ENDF/B-VII:

E=2.033 MbsB. 3amerum, uto TmpoTMBOpeuHMss B (opMe CHeKTpa jejieHHs ypaHa-235
OTMEUaIUCh MHOTrOKpaTHO. B MexayHapoaHblii nepedyeHb MNOTpeOHOCTEH B HEHUTPOHHBIX
naHHbIX WRENDA Obliti BHECEHBI COOTBETCTBYIOIIME 3aipockl. OHAKO Mpobiiema 10 CUX Hop
OCTaJIaCh HEPEUICHHOM.

IIpn pemeHun Bompoca O TOM, KAKHE OLICHEHHBIE JAaHHBIE O CIIEKTPE MIHOBEHHBIX
HelUTpoHOB neneHus npuHATh B POCOOHJ] comHeHuil HE BO3HHKAJIO: pelieH0 NMPHHATH
cnekTpbl, npuHATHIe B ENDF/B-VIL.0.

Ha puc.39 cpennsis sHEprusi HEUTPOHOB JICTCHUS, paccuuTanHas mo gaHHeM ENDF/B-
VII, cpaBHuMBaeTcs cC TakoBOM, paccuutbiBaeMoii nporpammoit CONSYST, Ha ocHOBe
OMMCAHHOTO BBIIIE ANTrOpUTMa. {151 CpaBHEHMS TaM K€ MPUBOAMTCSA 3aBUCUMOCTb OT SHEPTUu
HEHUTPOHOB, BBI3BIBAIOIIMX JI€JICHUE CPEIHEN dJHEPTUU HEUTPOHOB JIEJICHMSI, PACCUNTBIBABILEHCS
nporpaMmoii 1moarotoeku koHctanT BHAB-78%. Kak BHIHO, pasinuie CPEIHHMX SHEPIHi,
npuHuMaeMbix B BHAB-93 u monmygaembix u3 ENDF/B-VII, Becbma maio, eciau TOJIBKO SHEPrust
HEHTPOHOB, BBI3BIBAIONIUX JIeleHHEe, MeHee 6 MaB. B sHepreTudecknx peakTopax 3Ta 00iacTh
OTBETCTBEHHA OoJiee, ueM 3a 99.5% Bcex NeneHnil U MpHu UX pacyeTe HETOYHOCTh MPUOIMKEHUS,
ucnoaszyemoro B BHAB-93, He cymiecTBeHHa.

24

2.3

N
[N

2.1

AeneHus, MaB

2.0

CpeaHAs 3Heprus HeMTPOHOB

—ENDF/B-V((rev.5)

—— BHAB-78(Hi0)
— BHAB-93(Hi0)

‘

‘

‘

‘

i

‘ ‘

o
1 é 1") 4 5 6 7 8 9 10

SHeprusa, MaB
Puc.39

B kputnueckux cucremax tumna “l'oguBbl’, monsa aeineHud Bwimie 6 MsB coctaBiser,
npuMepHo, 7% ¥ HETOYHOCTh CIIEKTpa HEHUTPOHOB, 00Opa3yemblX MpU ACIECHUU OSTUMHU
HEHUTpPOHAMH, CTAHOBHUTCS 3aMETHOM M BeJIET C 3aBBIIIECHUI0 KOdPUIMEHTa pPa3MHOKEHUs
npumepHo Ha 0.3%. B cucreme koHcranT BHADB-93 sTa HETOYHOCTH KOMIIEHCHpPYETCS
npuHATEIM (B coorBeTcTBUU ¢ ENDF/B-VI) ceuennem nenenns. Kak ormeuanocs B pazaene 3.2.,
B ENDF/B-VIL.O mns oGecriedeHust yJIOBIETBOPUTEIBHOTO COTJIaCHS € IKCIEPUMEHTAMH Ha
coopke “T'oguBa” U Ha T APYTHX MOAOOHBIX COOPKAX MPUHATO HECKOJIBHKO MOBBIIMICHHOE CEUEHUE
nenenus. Takum oOpazom, mpu ucnonb3oBanuu AaHHbix POCDOOH]] mis pacdera momoOHBIX

2% Johanson P.1., Holmquvist B. Nucl. Sci. Eng., 62,4,695,1977.
 AGarsin JLIL. u 1p. [pymIoBbie KOHCTAHTBI IS pacyeTa peakTopos H 3amuthl. M. Duepromszar, 1981. c.135.
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IPEJIENbHO KECTKUX CUCTEM HEOOXOJMMO IPUHUMATh BO BHUMAHHE BCIO COBOKYITHOCTb JIaHHBIX
BKJIIOYasl CIIEKTPbl HEUTPOHOB JeNIeHUs. DTO MOTpedyeT OMpPEeIEHHOIO YCOBEPLICHCTBOBAHNUS
cuctembl kKoHCTaHT BHAB u nporpammsr CONSYST.

Ha puc. 40 u puc. 41 cnexrpsl aenenus235U temnoBsiMu HelTpoHaMu n3 bHAB-93 u
ENDF/B-VII cpaBuuBatotTcs Mexay coOod. Pasnmuus Hemb3si NpU3HATH MPEHEOPEKHMO
MAaJIbIMH.

HopmMupoBaHHbIe cneKTpbl HEUTPOHOB AeneHus U-235
TEeNnnoBbIMU HENTPOHaAMU
0.40 | | | | | || ——BHAB-93. <E>=2.029
0.35 + - ----1-—-—-+4--—-+-—-—-+—-—-—-4——ENDF/B-VI.<E>=2.033
|
0.30 1 :
0.25 Jyi A N T e S
Q |
= 0.20 + m—- TN\~ - -~ T- T~~~ —————1
- | | |
0.15 I I |
| | ) |
0.10 I I I I
| | | |
| | | ) |
0.05 | | | | |
0.00 1 1 1 1 ‘ ‘ ‘ : ‘
0 1 2 3 4 5 6 7 8 9 10
AHeprusa, MaB

Puc.40

OTknoHeHus cnekTtpa BHAB-93 ot ENDF/B-II

9 4

%

hhbbioanvwrno~Nom

(

Oueprua, MaB

Puc.41

4.2.3. 3ana3apIBarolIe HEUTPOHBI IEJICHMUS

4.2.1.1. Yucno 3anazoviearouux HeumpoHos

Ha puc.42 noka3aHbl 3aBUCUMOCTH YMCJIa 3ala3/bIBAIOIIMX HEUTPOHOB HA aKT JEJICHMUS,
MIPUHSTHIC B PA3HBIX OIEHKAX. by y4d B 11€JIOM CXOHBIMH, ITOCJICTHUE OIICHKH 00JIee JIeTaTbHO
OMMCBIBAIOT HIHEPreTUYECKYIO 3aBUCUMOCTD 3TOro uncia. [Ipu nenenuun TenioBsIMU HEUTPOHAMU
JIOJISL 3ara3abIBalonuX HeUTpoHOB cHmkeHa ¢ 0.686% B ENDF/B-VI no 0.665 B JEFF-3 u no
0.651 B JENDL-3.3. R 4-m M»3B nonm 3ama3aplBalolIMX HEUTPOHOB BO BCEX OLEHKaX
cpaBuuBatotcst  (0.578%). Ilpu BBICOKMX DHEprusix JOJs 3ara3[blBAlOLUIMX HEHTPOHOB
MIPUHUMAETCS 3aMETHO MEHBIIICH, YeM paHee. YuutbiBas, 4to oneHku JENDL-3.3 u, ocobenHo,
JEFF-3.3 nmpegHa3zHauaiuch HE TOJBKO JJIsi pacyeTa sIEpHBIX PEAKTOPOB, HO U JUIsl pacuera
3JIEKTPOSAJIEPHBIX YCTPOMCTB, TA€ POJIb BBICOKMX DHEPTUl MHOTO BBINIEC, PelIeHO NMPUHATH B
POC®OH/ nannbie u3 JEFF-3
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Yucno 3ana3abiBatolyiX HEUTPOHOB Ha AeneHne
0.018
——ENDF/B-VI, VI

0.016 ——JENDL-3.3
0.014 \ ——JEFF-3.3
0.012 \\

0.01

\ AN
0.008 —
0.006 \ \ T
0 3Hepr3|9|, MaB 15 2

Puc. 42

4.2.3.2. I'pynnsl 3ana30u186arouux HeUMpoOH08 U Ux Napamempbol

Jlo mocneaHero BpeMEHM B MHXKEHEPHBIX pacyeTax BO BCEX CTPaHAX HCIOIb30BaJIOCh
npeanoxkennoe KumuupiM>® 6-rpymmoBoe ommucanme paciaa COBOKYHOCTH MPEIIICCTBEHHHKOB
3ana3plBaloluX HEUTpoHOB. (CO BpEMEHEM YTOUHSJIUCH BBIXOABl 3TUX TPYII, CIErKa
BapbUPOBAINCH UX MOCTOSHHBbIE pacnajaa, OoyblIoi mporpecc ObLI JOCTUTHYT B OMNpEIEIICHUN
CIEKTPOB 3ama3blBalOlMX HEUTpoHOB. OaHAKO cam O6-TpyIIOBOM TMOJIXO0J COXPAHSJICH.
OCHOBHOHM HEJOCTAaTOK ATOTO MOAXO0Ja COCTOST (M COCTOMT) B TOM, UYTO IOCTOSIHHBIE pacraja,
moIdupaeMble METOI0M MAaKCUMyMa MPaBAONON00Us AJIs ONMUCAHUS BPEMEHHON 3aBUCHUMOCTHU
HEUTPOHHOW AaKTUBHOCTH oOOpasma JAeNAIIerocsl BEHIeCTBA, OOJyYEeHHOr0 HEHTPOHHBIM
UMITYJIbCOM, MEHSIOTCSI TIPU MIEPEXOJIE OT OJHOTO JEIAIIErocs Marepuaia K apyromy. [loatomy
JUIsL OMHCAaHWS BPEMEHHOI'O TOBEICHUS HEUTPOHHOM aKTHBHOCTH OOJyYEHHOrO TOIUIMBA
CJIO)KHOTO HYKIUIAHOTO COCTaBa TpeOyeTcs MPUHUMATh BO BHHUMaHHE HE 6, a MHOTO OoJbliee
YHCIIO TPYMI 3ama3blBaloIUX HeHUTpoHOB. Hampumep, B ObBICTPOM 3HEPreTUYECKOM pPEaKTOpe,
paboTaroleM B pekuMe PEIUKINPYIONIETO0 TOIUTMBA UCTOYHUKOM 3ama3blBAIOIINX HEUTPOHOB
OyIlyT SIBJISITHCS ICJICHUS 3 8U, 235U, 23 7Np, 238Pu, 239Pu, 240 Pu, 241 Pu, 241Am, 22 Am™ u Gosee
BBICOKHE aKTHHH]IBL. TakuM 00pa3oM, YMCIIO TPy 3ana3bIBAlOIINX HEUTPOHOB gocturaet 60 u
6osee. CoBpeMeHHasi BBIYUCIUTEIbHAS TEXHUKA MO3BOJIIET O3 Tpyda YUUTHIBATh TAKOE YUCIIO
Pa3IUYHBIX TPYMI TPEIIIECTBEHHUKOB, OJHAKO IOATOTOBKA JAHHBIX MJIs pacyera TpeOyer
3HaHUA 3(PPEKTUBHBIX BKJIAJOB M30TOMOB B OOIIMN HMCTOYHUK 3ama3iblBalOIIUX HEHTPOHOB,
KOTOPOE€ MEHSIETCS B MPOIECCE MEPETPY30K U B MPOLIECCE BHITOPAHMS. YUET BCEX 3TUX BapuallUi
B DKCIUTyaTal[MOHHBIX YCJIOBHUSIX BECbMa 3aTPYJHEH M pealibHO ammapaTrypa peakTUMETpOB Ha
peakTopax aTOMHBIX AJIEKTPOCTAHIMI paboTaeT MpH pa3 M HABCET/Ia HACTPOCHHBIX MapaMeTpax
3ara3/bIBaloOLIMX HEUTPOHOB, UTO BEJET K HEKOTOPHIM (B HACTOSIIIEE BPEMs HE ONPEIEISIOIINM )
MOTPEIIHOCTSM B OlIeHKaX 3()()eKTOB PEaKTUBHOCTH.

B0O3MOXHOCTP  yHOPOCTUTH ONHMCAHHWE BPEMEHHOM 3aBHCHUMOCTH  3alla3/bIBAIOLINX
HEHUTPOHOB B TOILIMBE CJIIO)KHOTO COCTaBa MOSBUIIACH B CBS3U C pa3pabdOTKON M 000CHOBaHUEM
rpymnmoi crnenuanuctoB u3 Jloc-Amamocckoit maboparopuu u u3 ®OU cuctembl 8-rpymnmoBbIX
HaOOpOB TMapaMETPOB 3ara3/bIBAIONIUX HEUTPOHOB, OOECIEYMBAIOIIUX OIMHMCAHUE BCEX TEX
9KCIIEPUMEHTOB 10 3aIa3/IbIBAIONIIM HEHTpOHAM, KOTOPbIE MOCITY KHIIU OCHOBOM AJis BbIOOpaA 6-
TPYIIOBBIX TapaMeTpoB, HO TMpPU T[OCTOSHHBIX, HE 3aBHUCSIIMX JETSLIErocs HYKIHIa
OCTOSIHHBIX PACIaja TPYINI MPEAICCTBEHHUKOB . OT JEIANIErocss HYKIHIA 3aBHCST JIHIIb
BBIXOABI O3TUX rpynn. Takum oOpa3oMm, 8-rpynmoBoe ONUCAaHUE MPEANISCTBEHHUKOB
SKBHUBAJICHTHO MPEACTABICHUIO, B KOTOPOM MpHU JEJIeHUU o0Opa3yercs TOJbKO 8 pa3iNuHbIX
NPOAYKTOB JIEJICHWs, TPU pacmage KOTOPBIX 0Opa3yroTCs OMUTTEPHI  3ama3bIBAOIINX

% G.R.Keepin et al. Phys. Rev.,107, Ne4, 1044, 1957.
27 Spriggs,Campbel and Piksaikin,Prg Nucl Eng 41,223(2002)
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HEUTpoHOB. B JnelcTBUTENBbHOCTH, pa3ymeeTcs, OOJBIIMHCTBO TPYII COJAEP)KaT BKJIAIbI
HECKOJIbKUX MPEIIECTBEHHUKOB, Ba)XKHEHIINE U3 KOTOPHIX MpPEACTaBiIeHbl B Tabnuue 7. 8-
IpyIIOBOE ONKCAHUE 3aMa3/IbIBAOIINX HEUTPOHOB pUHATO B Oubnuorexe JEFF-3.

B Tabmuue 6. mpoBOAMTCS CpaBHEHHE O-TPYNIOBBIX IApPaMETPOB 3ala3bIBAIOLINX
HEHUTPOHOB, HCIIOJIB3YEMBIX B POCCUUCKOM cHCTeMe KOoHCTaHTHOTO obecmneuenusi bBHAB-93, u
pexoMenayembix B 6ubnmuorekax ENDF/B-VI, ENDF/B-VII u JENDL-3.3. B nocienHeii crpoke
MIPUBE/ICHBI CPEHHE 3HAUEHHUs MOCTOSHHOM pacnaja, BbIXOJ 3ama3/blBalOIIUX HEHUTPOHOB Ha
OJTHO JIeJICHUE TETJIOBBIMU HEHTPOHAMU M UX OTHOILIECHUE.

Tabnuua 6 IlapameTpsl 6 rpymnin 3ana3AbIBAIOIIMX HEHTPOHOB

BHAB-93 ENDF/B-VI ENDF/B-VIL JENDI-3.3

I'pynmna A a BKJIAJ] A a BKJIAJ] A a BKJIQJ| A a BKJIAJ]

1 0.0127 | 0.038 0.0011 | 0.013336 | 0.03501 | 0.0010 | 0.012498 | 0.03515 | 0.0007 | 0.01244 | 0.033 0.0010

2 0.0317 | 0.213 0.0155 || 0.032739 | 0.18070 | 0.0013 || 0.031647 | 0.18405 | 0.0095 [ 0.03054 | 0.146 0.0111

3 0.115 0.188 0.0497 || 0.12078 0.17251 | 0.0450 | 0.10035 0.15971 | 0.0262 | 0.1114 0.196 0.0542

4 0.311 0.407 0.2908 || 0.30278 0.38678 | 0.2528 | 0.30883 0.40573 | 0.2050 | 0.3014 0.395 0.2956

5 1.4 0.128 0.4117 || 0.84949 0.15859 | 0.2908 | 1.00597 0.15325 | 0.2522 | 1.134 0.115 0.3238

6 3.87 0.026 0.2312 | 2.853 0.06643 | 0.4091 | 4.9846 0.06211 | 0.5064 | 3.014 0.042 0.3143
A vy d
> Vd, —

A 0.4353 | 0.0166 | 0.0381 0.4632 0.0167 | 0.0361 0.6113 0.0167 | 0.0273 0.4028 | 0.01585 | 0.0394

Tabnuua 7. XapakTepucTuky 8 rpymn 3ana3apiBatoimux HedTpoHoB (JEFF-3).

I'pynna [penmect- Tip, D¢ dexrusneiii | Boxon s Typ nns A s
BEHHHUKHU BBIXOJ 235U TpyIIITEI TPy
1 | Br-87 55.6 0.033 0.03278 55.6 | 0.01247
1-137 24.5 0.178 0.15391 24.5 | 0.02829
3 | Br-88 16.3 0.111 0.09135 16.3 | 0.04253
Br-89 4.38 0.101 0.19688
4 | 1-138 6.46 0.046
Rb-93 5.93 0.024 5.21 | 0.13304
Rb-94 2.76 0.162 0.3308
5| I-139 2.3 0.046 237 | 029247
As-85 2.08 0.107
Y-98m 2 0.088
Kr-93 1.29 0.005 0.09024
6 | Cs-144 1 0.007 1.04 | 0.66649
1-140 0.86 0.005
Br-91 0.542 0.017 0.08115
7 | Rb-95 0.384 0.049 0.424 | 1.63478
Rb-96 0.203 0.017 0.02289
8 | Rb-97 0.17 0.005 0.195 | 3.55460

Kak BumHO 13 Tabnuibl, 3¢(EeKTUBHBIE BBIXOJbI, MCIOIH30BABIINECS MPH yCPETHECHUH
IPYIIIOBBIX 3HAYEHHWW NEPHOJOB IOIYypaclajga, OTIIMYHBI OT BBIXOJOB TI'PYII IPHU ACICHHUH
ypaHa-235 TemIoBbIMH HEHTpOHAMU, KOTOpbIE MIPUBEACHBI B Tabauie 7. 3aMeTuM, 4To CpelHee
3HAUCHUE BEJIIMYUHBI A 10 JTAHHBIM TaOJIUIBI 7 oka3biBaeTcs paBHbIM 0.40576, uro OMM3KO K
3HaueHu1o, ciuenyroomeMy u3 gaHHblx JENDL-3.3, m CyIIecTBEHHO MpPEBBILIACT BEJIUYUHY,
CIIeTYFOIIYIO U3 mapameTpoB, NpuHATeIX B ENDF/B-VII. Beixon 3ama3apiBaronux HEUTPOHOB Ha

nenenue TeroBbiMu HeTpoHamu B JEFF-3 mpunsar paBasim 0.0162. VTd =0.0399.

Jas Briawvenne B POCPOH/] pemeHo NPUHATH JaHHbIE O 3aMa3AblBAIOIINX
HeiiTponax, npunaTsie B JEFF-3. Pasymeercs, mepexon K 3TUM [aHHBIM [Jis OLICHKHU
0C30MMACHOCTH SIJICPHBIX PEAKTOPOB MOJDKEH OBITH MpEIBapeH TIATEIbHON BepupUKanueld B
HKCIIEPUMEHTAX Ha KPUTCOOPKaX.
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4.2.3.3. Cnexmpul 3ana30ui8aiouiux HeUmpoHos.

B ommmume OT DNOCTOSHHBIX pacnaga W JOJIEd TPy, CHEKTphl BCEX TIPyMI
3ama3pIBAlONINX HEHTPOHOB BO Bcex mocieanux Bepcusax Oubmmorek ENDF/B u JENDL
coxpaHsitoTcsi HeusMeHHbIMH. B Ombnumoreke JEFF-3.0, B koTopoil mpuHATO 8-rpymnmoBoe
ONMCaHUE 3alla3/bIBAOIINX HEHTPOHOB, MPHUHSITHl OPUTHMHAIbHBIE CHEKTpblI Bcex § rpymm. Ha
puc. 43a npuHATBIE B pa3HbIX OMONIMOTEKAaX CIEKTPbl HEUTPOHOB, YCPEIHEHHBIE C BECOM
IPYIIOBBIX JOJ€H, CpaBHUBAIOTCS MeXay co00i. CpaBHEHUE MPOBOIUTCS B MHOIOIPYIIIOBOM
¢dopme, YTO MO3BOJMIIO CPAaBHUTH JETalbHblE CHEKTPhl U3 (AiIOB OLIEHEHHBIX JIaHHBIX C
npuHsaTeiMH B BHAB-93. Kak BumHO, mocieaHue Ba CIEKTpa XOPOIIO COTIACYIOTCS APYT C
JPYIOM, TOI'/1a KaK CIIEKTp, CBEPHYTBIN IO 8 rpyIaM CyLIECTBEHHO OT HUX OTJINYAETCS.

[IoCKONBKY €IWHCTBEHHBIM WM ONPENCNAIOIMNA  BKJIaJA B B IIEPBYIO TPYIILy
3ama3JbpIBAIOLINX HEHTPOHOB 0O0ycnoBieH OpoMoM-87 (cM. Tabm.6 u 7), A 3TOH IpYMIIbI
CJIEIOBAJIO OXHUAATh XOPOIIETO corjacusi B popMe CHeKTpa. ITOro, OJHAKO, HE HAOII0JaeTCs
(cm. puc. 430).

[locnennue rpynoel W B 6-rpynmoBoM U B §-TPYINIIOBOM  IPEICTaBICHUM
XapakTepu3yrTcsl  OJM3KMMM  3HAUYEHUSIMM  [OCTOSIHHBIX — pacmaja M = HEe  CIMIIKOM
paznuyaromuMucs Beixogamu. CpaBHEHHE CIIEKTPOB AJIs ATUX rpyni (puc. 43B) JEMOHCTPUPYET
Ty JK€ KapTHHY, YTO U JUI BCEX TPYIIIT BMECTE.

Ha puc. 43r. cpaBHMBatOTCSl CHEKTPHI 4-i rpynmbl 6-rpynmnoBOoro MpeicTaBleHus U S-i
rpynnsl 8-rpynmnoBoro mnpexacrasieHus. llocTosiHHbIE pacmaza M BBIXOABI ATHX TIPYII TaKke
JIOCTaTOYHO Om3KH (M. Taba. 6 1 7), XapakTep pacXoXKJIECHUN TaKOB K€, KaK U B MPEIbIIYIINX
ClIyqasix.

HcTouHuk AaHHBIX O CIEKTpax 3ala3/bIBaloOLINX HEHTPOHOB, HCIOJIb30BAaHHBIA IPU
¢opmupoBanun Oubnanorexku JEFF-3, Ham HeusBecreH. Mexay TeMm, CHELMAIMCTHI,
NPEUIOKUBIINE  §-TPYIIIOBOE  IPEICTaBICHHUE, BHUMATEJIBHO pacc1v1an1/113aJ11428 BCIO
COBOKYITHOCTb 3KCIIEPUMEHTAJIBHBIX JaHHBIX O CIEKTPAX 3aIlla3/bIBAIOIUX HEUTPOHOB, BKIIIOYAs
HeaBHHE u3MepeHus Ha peakrope VIBP B J/lyOHe u olleHKH, OCHOBaHHBIE Ha JaHHBIX O BBIXOAAX
OTJENBHBIX MIPEIIIECTBEHHUKOB U PACYETHBIE OLICHKU CIIEKTPOB HCITyCKAE€MBIX B PE3yJbTAaTE UX
pacraza HEHWTpOHOB. B 1mmTupoBaHHON paboTe NPHUBOIATCA B H3BECTHOM |6-rpymnmoBoM
npeactaBineHnn  Hansen&Roach crekTppel Bcex 8 rpynm  3ama3fplBaloOlnuX HEWTPOHOB,
ouncHeHHsle B. M. IIukcallkuHbIM Ha OCHOBE COBOKYIHOCTH IPOaHAJIM3UPOBAHHBIX
SKCIEPUMEHTAIBHBIX JAHHBIX. DTH CHEKTPbI TAKXKE NPUBEICHBI HA puc. 43. BuaHo, 4TO CieKTp,
ycpenHeHHbl B.IIMKCallKMHBIM 1O BCEM TIpylmnaM, YAOBIECTBOPUTEIBHO COIJIACYETCS C
IIPUHUMAEMbIMM HBIHE CyMMapHbIMU crHekTpamMu. Hukakux aHomanuii B o0lacTH HHU3KUX
JHEpruii B HEeM He HabmomaeTcs. Mexay TeM, CHEKTphl MEpBOW TPYNIbl pa3inyaloTcs Ha
yauBiieHHe cuibHO. B cniekTpe [lukcaiikuna, kak u B cnekrpe, npuasatom B JEFF-3, conepxurcs
ropa3io MeHbIle OBICTPHIX HEUTPOHOB, IIEHHOCTh KOTOPBIX B PEAKTOpax CYIIECTBEHHO
MOBBIIICHA 32 CYET Yero OHHW CIOCOOHBI AenuTh ypan-238. IlpaBaa, B peakropax tuna BBOP
9TOT 3(h(heKT KOMIEHCUPYETCS MOBBIIIEHHON YTEUKOH OBICTPHIX HEUTPOHOB.

¥ J. M. Campbell,G.D. Spriggs, Delayed Neutron Spectral Data for Hansen-Roach Energy
Group Structure, LA-UR-99-2988, Rev. 0, June 15, 1999
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CyMMapHbie CNeKTpbl 3ana3abiBalolWnuX HEMTPOHOB CnekTpbl 3ana3fbiBaloWuxX HeWTpoHoB1-i rpynnol (Br-87)
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B nocnennei u B mpoMekyTOYHOM Ipynnax cnekTpol [IukcalikuHa, Kak BUJHO U3 PHUC.
43B U T, OIM3KH K OOLIETIPUHSTHIM.

B co3pmaBmmxcs yclaoBHSX HaMM pEIIEHO HE PEKOMEHIOBAaTh K BKIIOYEHUIO B
o6ubmuoreky POCOOHJ] cmexktpel u3 JEFF-3, a ckoHcTpyupoBaTh CHEKTpbl 8 Tpymil
3ama3JpIBAlONINX HEHUTPOHOB TaK, YTOOBI 00ECHEeunTh MPHEMIIEMOE COTJIacue CyMMapHBIX
crnekTpoB. [Ipuemnemoro cornacus yaaercs J00UThCS €CIH:

e UIAd NEePBBIX TPeX IPynn NPUHATH CHEKTPHI COOTBETCTBYIOIIUX Tpex rpymm 6-
TPyNIIOBOrO NpeaCcTABJICHNS;

e CcHeKTpbl 4-ii U 5-ii rpynn NPUHATH OAUHAKOBBIMH U COBNAJAIOIINMH €O CIIEKTPOM
4-ii rpynnbl 6-rpynnoBoro npeacTaBjieHus;

e cmekTpy O6-ii rpynnmbl OpUOKCATHL CHEKTP S-i
NpeaCcTABJICHNS

e cneKkTpbl 7-i U 8-ii rpynn NpUHATH OAMHAKOBBIMHU U COBNAJAIOIINMH €O CIIEKTPOM
6-i1 rpynnbl 6-rpynmnoBoro npeacraBJieHus.

Ha puc. 44 cymMmapHblii CHEKTp, MOJYYEHHBIH B COOTBETCTBUU C OIMCAHHOMN
KOMOMHALMEN C JOJSIMU Ipynn U3 TaONHLbl 7 CPaBHUBAETCS CO CIIEKTpaMH, MPUHSATHIMU B
BHAB-93 u B ENDF/B-VI (u ap.) BUAHO, YTO OTJIMYMS MEXAY CKOHCTPYHUPOBAHHBIM
cnekTpoM u cymmapHbiM criektpoM ENDF/B-VI, gto u pasmuums mexay BHAB-93 u
ENDF/B-VI. IlpencraBnsercs, 4To MNPHUHATOE NPEICTABICHHUE CIIEKTPOB 3ama3fbIBAIOIINX
HEHUTPOHOB MPHEMJIEMO UISl TOTO, YTOOBI MPUCTYIIUTHh K BepU(PHUKAINN 8-TPYIIIOBOrO Habopa
napameTpoB. B nanpHeiiiem, npu nosiBJI€HUH 0OOCHOBAHHBIX JI€TAJIbHBIX OLEHEHHBIX JaHHBIX
9TH CHEKTPBI MOTPEOyeTCs, KOHEYHO, 3aMEHHTb.

rpynnsl  6-rpynmnoBoro
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CyMMmapHble CneKTpbl 3ana3abiBalolwux HEUTPOHOB
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Puc. 44.
4.3. CrieKTpbI ¥ VIJIOBLIE pacnpenejJeHus HeYIIPVIro paccessHHBIX HEHTPOHOB.

Jo 0.5 MsB — T1.e. 10 mopora HEYIpyroro paccestHus ¢ BO30YXKIEHHEM KOHTHHYyYyMa
YPOBHEH — CIEKTp HEUTPOHOB, HEYNPYro pACCESHHBIX C BO30YXKIEHHEM KaXIOro U3
JUCKPETHBIX YPOBHEW OJIHO3HAYHO ONpENENsIeTcs YIVIOBBIM pacnpeaeneHuemM. Bo  Bcex
O6ubaMoTEeKax OIeHKa (OPMBI YIVIOBBIX pacHpeleieHUi HEMTPOHOB, HEYNPYIO pacCEesiHHBIX Ha
JUCKPETHBIX YPOBHAX ypaHa-235, MpoBeJeHa Ha OCHOBE MOJEJIbHBIX pacyeToB. OHA JOBOJIBHO
cioxHa: npu 20 MaB B yrioBoe pacripeieneHie B CUCTEME LIEHTPa HHEPLMH JAIOT BKJIA]] YJICHBI
pasnoxxkeHus no noiauHomam Jlexxanapa o 14-ro — 20-ro nopsiaka (Kak 0TME4anoch, BCE YETHbIE
YIEHBI Pa3JI0’KEHUs! PaBHbI HYJIIO)

Vri0Boe pacrpesielieHie Ha MHOTHX YPOBHSX HECHMMETPUYHO OTHOcHTeibHO 90°. B
YaCTHOCTH, Ha pHUC. 45 MOKa3aHa BSHepreTudeckas 3aBUCHMOCTb CpPEIHEr0 KOCHHyca YIJia
paccestHusi Ha ypoBHe 46.2 k3B (Jn=9/2-), BKiag KOTOpPOro B MOJHOE CEUEHUE HEYIMPYroro
paccesHHsI OCTaTO4HO Benuk (cMm. puc. 27 — 29). VrimoBoe pacmpeneieHue HEUTPOHOB,
HEYIPYTo pacCessHHbIX Ha KOHTHMHYYMe ypoBHe# B onieHke ENDF/B-VI onmcbiBaercs no monenu
Kambaxa-Manna (?Hepro-yrioBoe pacnpenerneHue 3amgaercs ¢daiiimom MF=6). B omeHke,
npusATroil B JENDL-3.3, sHepreTuueckoe 1 yriioBo€ paclpeneacHus paccesHus Ha KOHTUHYYMe
YPOBHEH CUNUTAIOTCS HE3aBUCUMBIMH.

CpenHUM KOCUHYC yrna paccesiHusA Ha ypoBHe 46.2 kaB
0.7 T
——ENDF/B-VI |
0.6 {—=—JENDL-3.3 l 3
| .
|
05 F oo a1
I ° .
0.4 | e, eet
ol
0.3 [ R R R LR LR LR LRt
«8° 0° |
024 ------ B S
s |
|
0.1 + . ____
(11} :
0.0 : : :
0.00E+00 5.00E+06 1.00E+07 1.50E+07 2.00E+07
OHepruna.aB

Puc.45.
Ha puc. 46 cpaBHHMBaIOTCSI CHIEKTPBHI HEUTPOHOB, HEYNPYTO PACCESIHHBIX Ha ypaHe-235,
npuHsaThie B orieHkax ENDF/B-VI u JENDL-3.3.
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CneKkTpLI HeyNpyro pacceAHHLIX HeWTPOHOR CnekTpbl HEYNPYro paccesiHHbIX HEMTPOHOB
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MaxkcumanbHble pa3ninuus  HaOIofaroTcss BOJM3M  [MOpOra HEYNpyroro paccesHuss ¢
BO30Y>KJICHHEM KOHTHHyyMa ypoBHe# (c. puc.460). Hamomuum, uto B ornenke ENDF/B-VI
BbIIlIE TIOpora BO30YXKIACHHS KOHTMHYyMa pacCMaTpHUBAIOTCS MapajyielbHO U BO30YXIEeHHE
IEJIOT0 psAja JUCKPETHBIX YPOBHEH. JTO 00BSACHsAET (hOpMy CHEKTpa HEHTPOHOB C HAYAJILHOU
sHeprueit 1.45 M»B, nmpunstyio B8 ENDF/B-VI. Tlpuunnabl aHOMaJIBHO BBICOKON BEPOSITHOCTH
nepexoyia 3Tux HeUTpoHoB B obmacth 0.1 — 0.3 M»aB, nabmogaemoii B onenke JENDL-3.3, e
SICHBI.

W3noxeHHoe BbIIE Ja€T HEKOTOPOE MPEJCTABICHHE O TOYHOCTU 3HAHUS
SHEPTOYTJIOBBIX PpaCIpeeeHNil HEeYyNmpyro paccessHHbIX HeHTpoHOB. UTO Kacaercs otbopa
naHHbIX i oubmoreku POCPOH/I, To mocne Toro, Kak B He€ MPUHATHI CEUCHUS HEYIIPYTOro
paccessHMs Ha JHUCKPETHBIX YpPOBHSAX M Ha KOHTHHyyMe B cootBeTcTBUM ¢ ENDF/B-VII,
11e1ecoo0pa3HoCTh BO BKIIOYCHUHM B HEE W JAHHBIX IO SHEPro-yriOBBIM paclpeiesieHUsIM U3
3TOI OLIEHKU COMHEHUI HE BBI3bIBACT.

4.4. JHepro-yrioBbie pacupenejeHuss HEHTPOHOB, HCIIYCKAEMbIX B peakiugax (n.2n), (n.3n)

u (n.4n)

B oubnmuorekax ENDF/B-VI, JEFF-3 u ENDEF/B-VII 3T yrioBbele pacnpeneieHus,
paccuuTaHHble 0 Mozenu Xaysepa-Pemrdaxa ¢ yyeToM BKIJIaJa MpeJpaBHOBECHBIX MPOIECCOB,
onuceiBatoTcss o moxaenu Kanbaxa-Manna u ompenensitorcst ¢aitnamu MF=6. Paznuuue B
nmapameTpax d3Tux pacnpeneneHuii HeBenuko. B POCDOOH]le pemieHO COXpaHUTh T XKe
pacnpenenenus, uto u B ®OH/I-2.2, T.e. coorBercTBytomue ENDF/B-VII.

B JENDL-3.3 nmns 3THX peakiuid, Kak U Uisi HEYyIPYroro paccessHusi ¢ BO30YKICHHEM
KOHTHHYyMa YPOBHEH, JHEPre€TUUECKUE PACIIPENEICHUSI IPUHATHI HE 3aBUCSALIMMH OT YIJIOBBIX.
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5. O6pa3zoBanue GOTOHOB B HEMTPOHHBIX PeaKIHAX

B aByx wuMeromuxcs HE3aBUCHUMBIX OIEHKax oOpa3oBaHUs (DOTOHOB B PEAKIIHIX
HeWlTpoHoB ¢ ypanoMm-235 — ENDF/B-VII (coBmamaer ¢ ENDF/B-VI) u JENDL-3 — onucanue
3TUX TMPOIECCOB MPU SHEPrUsSX HUKE U BHIINIE OINPENEJICHHOW TpaHUIbI MPHHIMIIHAAIBHO
pasnuyaercs. B 001acTi HE CIMIIKOM BBICOKMX SHEPTHIA HE3aBUCUMO OTHCHIBACTCS UCITyCKaHUE
(OTOHOB TpU paJMallMOHHOM 3axBaTe, NpU JEIeHWH U TPHU HEYNpPyroM paccesHUd Ha
JIMCKPETHBIX YPOBHSIX; MpU OoJiee BBICOKMX DHEPTUSX OMHCHIBACTCS HCIyCKaHHE (POTOHOB BO
BCEH COBOKYIHOCTH HEYNpPYrHX B3auMojeiicTBuil. ['paHuna Mexmy 3TUMH OOIacTsIMHU B
ENDF/B-VII (u 8 ENDF/B-VI, u B JEFF-3) nexwut npu 1.09 MaB, 8 JENDL-3 — nipu 370 x3B.
Boime oartoit rpanunsl onpenenserca (cdaiimom MF=13) ceuenue oOpasoBanusi (OTOHOB,
NpeCTaBisionee COO0H TMPOW3BENEHHE CYMMAapHOTO CEYEHHS HEYNpPYTuX B3auMOJCHCTBHA
(pa3HOCTH MeEXIy TOJHBIM CEYEHHEM U CEUYEHUEM YIPYroro paccesHusi) Ha CpeaHee YHCIIO
DOTOHOB, HCITYCKACMBIX B JTHX B3aMMOICHCTBHAX . DHEPreTHUCCKHil CIEKTP THX (DOTOHOB
omuchiBaeTcs  (aitmom  MF=15. VrioBele pacnpeneneHus UCHyCKaeMbiX  (DOTOHOB
(ompenensiemsie daitiom MF=14) npu Bcex SHEPTHUIX CUUTAIOTCS U30TPOITHBIMHU.

5.1. O6pa3oBanue (OTOHOB IPU HEYNPYTOM paccessHUH.

B JENDL-3.3 mns Bcex 19 yposueit, nexammx Hrioke 0.37 MaB (cM. Tabdmn. 4) B (daiinax
MF=12 ¢ MT=51, 52, ..., 69 npuBOASITCS UHTEHCUBHOCTH BCEX raMMa-JTMHUMN, HCITyCKae€MBbIX
Py KacKaJHOM CHSTHH BO30YXXIEHUS KaXJOr0 M3 ITHX YPOBHEW. DTH HWHTEHCUBHOCTHU
COOTBETCTBYIOT BEPOSITHOCTSIM MEPEX0/ia MEKIY YPOBHAMU, IPUBEICHHBIMU B TabmuIe 4.

B ENDF/B-VI coBOKyIHOCTh 3TUX CIEKTPOB HpuBoauTcs B Qaitne MF=12 mis MT=4,
T.€. HIHTEHCUBHOCTH YCPEAHEHBI C BECOM CEUEHHIl BO30YKIIEHUSI BCEX TEX YPOBHEH, B KOTOPBIX
oOpa3yercs Kaxkaas MX paccMarTpuBaeMmblx JTWHUHN. [Ipyu TakoMm MpencTaBIeHUH JTUHEHYATHIX
CHEKTPOB (DOTOHOB BOCCTAHOBUTH CXEMY pacraja BO30YXICHHBIX ypOBHEH, MPUHATYIO 3a
OCHOBY IPU COCTABJIICHUH 3TUX JaHHBIX, YPE3BBIUAUHO CIOKHO.

B POC®OH/le pemeHo NPUHATH TOT CHOCO0 OMHMCAHUS JUHEHYATHIX (POTOHHBIX
cnekTpoB, KoTopbiii nmpuHaAT B JENDL-3.3, pacnpocTpanuB ero Ha Bce 26 ypoBHeH,
JIeJKAIIMX HUKe TPaHUIbI B30y kaAeHusi KoHTHHYYMAa (0.5 M»3B). Ilpn 3ToM Mcnosab30oBaHa
cxeMa IepexoaoB, npuseaeHHas B Tadauue 4. Ucnyckanue (OTOHOB NMpH BO30Y:KIEHUH
3THX ypoBHeii paiinamu MF=12 pacnpocrpaneno no 1.09 M»3B, T.e 10 rpaHnnbl, HAYHHAsA €
KOTOPOM ucnyckaHue (pOTOHOB ONMUCHIBaeTcs ¢ noMouubio gaiiios MF=13 u MF=15.

B unTepnasie ot 0.5 M3B 10 1.09 M3B kpome nepedncjieHHbIX BbIlIe JMCKPETHBIX
YPOBHel B0o30y:xaaerca m KOHTHHYYyM (MT=91). IIpu 1 Mb3B Bkaax 3toro mpomecca B
NMOJIHOEe cedeHHe Heynpyroro paccesinusi aocruraer 30%. /lasi onucaHusi MCIyCKAHUS
¢orTonoB B 3TOM mpouecce BBeaeH ¢aila MF=12 qag MT=91, koropsblii oTIiH4YaeTCHd OT
daitna MF=12 nasa MT=4 u3 ENDF/B-VI To1bK0 00/12CTBHI0, B KOTOPOil MHOKECTBEHHOCTh
OTJIMYHA OT HYJIA (0T rpaHuIbI BO30Yy:KIeHuss KOHTHHYYMa 10 1.09 M»3B). Takum o0pa3zom,
HCIyCKaHWe (POTOHOB NpH BO30Y:KIEHUM KOHTHHYYMAa ONHCAHO B COOTBETCTBHH C
pexomenaanueiit ENDF/B-VI.

5.2. Oopa3zoBanue GoTOHOB NPH JAeJIEHHH

B ofeux paccmaTpuBaeMbIX OIIEHKax oOpa3oBaHue (DOTOHOB TpU  JICTICHHUH
paccMaTpuBaeTCsl OTIENIBHO OT APYTUX HEYMPYrHX MPOLECCOB TOJBKO HUXKE OIpeneeHHON
sHeprun (paBHoit 0.37 M»dB B JENDL-3.3 u 1.09 MsB B ENDF/B-VI u -VII).
MHOXeCTBEeHHOCTh UcITycKaHus PoToHOB 3amaetcs (aitiom MF=12 u cunrtaercs He 3aBUCAIIEH

% Huke yKa3aHHOI FPaHHUIIBI cedeHne 06pasoBanus GOoTOHOB B (aiine MF=13 monaraercst paBHBIM HyIIIO.
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OT DHEPTUH B 3TOM dHepreTudeckoM mHTepBaiie — 7.170 xkBanToB Ha nenenne B ENDF/B-VII u
7.428 xBanta Ha neneHue B JENDL-3.3. Dueprernueckuil crektp ompenensercs Qaiinom
MF=15 nns MT=18 u Toxe cuuTaercsi OT YHeprun HelTpoHoB He 3aBucsauM. B ENDF/B-VI
3TOT CHEKTP 3aJaH C JUHEHHOW MHTEPIONIALUEH MEXTy TOUKAMH; CpeIHssl SHeprus (POTOHOB —
0.9277 M»aB. Ionnas sueprus, ynocumas ¢potornamu — 6.652 MaB. B JENDL-3.3 cnekTp 3anan
THCTOTPAMMOM, MPUYEM YCIOBUE HOPMUPOBKH HE BBIMOIHAETCS (MHTErpall MoJ CIIEKTPOM paBeH
0.764). Cpennss sHeprusi (OTOHOB, BEIYUCICHHAS C IEPCHOPMHUPOBKOH criekTpa, paBHa (.8848
M>5B 4To aeT noiHyr 3HEpruio, yHocuMmyto ¢potoHamu 6.572 MaB, T.e. 6JIM3KyI0 K OLIEHEHHOM
B ENDF/B-VII. B cBsi3u ¢ HEKOPPEKTHOCTBIO OMHCaHus criekTpa GpoToHoB aeieHus B JENDL-
3.3, B POCP®POH/I peumieHO NPHHATH OLEHKY CHEKTPa (OTOHOB, HCIYCKAEMbIX HPH
nejsenun, u3 ENDF/B-VII necmotps Ha 10, uto B oTiiuue oT JENDL-3.3, rae ormeuaercs, 4To
CIIEKTp TIPHHST B COOTBETCTBHH C SKCIICPHMEHTATBHBIME JAHHBIMU ', B 3aTOJOBOYHOM CEKIIHH
ENDEF/B-VI o ToM, Ha 4eM OCHOBaHa MPUHSTAsI TaM OIIEHKA, HUYET0 HE TOBOPUTCS.

5.3. O6pa3oBanue (OTOHOB NIPH PAIMALTOHHOM 3aXBarTe.

B o0eux paccMmarpuBaeMbIX OIIEHKax oOpa3oBaHHE (OTOHOB MpPHU PATUALUOHHOM
3axBare mpu sHeprusix Hmwke 1.09 MaB (8 ENDF/B-VI) wnu 0.37 MsB (B JENDL-3.3)
omuceiBaeTcs ¢aimamu MF=12 MF=15 migs MT=102. B ENDF/B-VI MHO0XeCTBEHHOCTH OT
SHEpPIruy He 3aBUCHT, a Cpe/IHssA SHETUst POTOHOB Bo3pacTaeT ot 1.732 M»B B TensioBoit obnactu
1o 2.036 MaB npu saepruu HeiitpoHoB 1.09 M»aB. [Ipu sToM sHeprus, yHOCUMas (OTOHAMH,
n3Mensierca ot 6.459 MaB o 7.549 M»bB. D10 HECKOIBKO NMPOTUBOPEUUT 3HEPTUU PEAKLIMH,
paBHOH 6.545 M»bB, uemy u J0OMKHA paBHATHCS CyMMapHas SHeprus (OTOHOB NpPHU 3axBaTe
TEIUIOBBIX HEUTPOHOB (B NpeHeOpekeHHM OTHadyeld sapa npu ucmyckaHuu Qotona). [lpu
sHepruu HelTpoHoB 1.09 MaB B TOM ke npuOIMmKeHHH SHEPTHsI, yHOCUMast JOTOHAMHU, JTOJKHA
BO3pactu 10 7.630 M»B.

B JENDL-3.3 MHOXeCTBEHHOCTh B TEIUIOBOM 00JjacTu mpuHATa paBHOH 5.361, a mpu
0.37 M»sB — 5.675 uto nipu cpenneit s3Hepruu 1.22 M»aB obecrnieunBaet TpedyemMyr0 CyMMapHYIO
SHEpruro (HPOTOHOB MPU BCEX IHEPTHUSAX.

B POC®OH/I pemieno npunath cniekTpbl 13 ENDF/B-VII, a MHOKeCTBEeHHOCTH B
daiine MF=12 qns MT=102 noanpasJjieHa TaK, YT00bI CyYMMapHas YHEePrus, yHOCHUMAasi
(oTonamm, coriiacopajiach ¢ 3aKOHOM COXpPaHeHHUsI JHePruu. /IJIs 3TOro MHOKeCTBEHHOCTh
MpH nepexoje ot TenjaoBoi odactu k 1.09 M>B cam:kaercs: ot 3.780 no 3.748.

5.4. Oopa3zoBanue GoTOHOB NPHU HEYNPYTrUX B3aUMOAEHCTBUAX ObICTPBIX HEHTPOHOB

[Ipu sneprusx Bemme 1.09 MaB (B8 ENDF/B-VI) uwnu 0.37 MaB (B JENDL-3.3) s
omucaHusi 00pa3oBaHusi POTOHOB B HEHUTPOHHBIX peakiusax B daitie MF=13 (MT=3) 3anmaercs
ceueHre oOpazoBaHHMs (OTOHOB (CEUCHHME HEYNPYTHX B3aMMOACHUCTBHUI, MOMHOXXEHHOE Ha
MHOXECTBEHHOCTH), a B ¢aiine MF=15 npu MT=3 — ciekTpsI 3TUX (POTOHOB.

Ha puc.47 cpaBHMBAIOTCS TPHUHSATHIE B YIMOMSHYTHIX OIICHKaX CEUYEHHsI O0pa30BaHUS
(¢oToHOB (B OapHax) WU MX MHOKECTBEHHOCTh (CcpefHee 4uciao (POTOHOB Ha aKT HEYNPYToro
B3aMMOJICHCTBHsI). PacxokneHusi, Kak BHAMM, BEChbMa BEIUKH, OCOOCHHO TIPH BBICOKHX
sHeprusix. Cienyer paccMOTpeTb, HE KOMIIGHCHUPYETCS JM pa3inyhe B MHO>KECTBEHHOCTH
pa3inuyreM B CIeKTpax (POTOHOB.

N B ENDF/B-VI u B JENDL-3.3 ¢aitnmom MF=15 omnpeznenensl poTOHHBIE CIIEKTPHI BO
BCEM SHEPreTUYECKOM JHANa30HE OT 10° 5B 1o 20 M»dB (T.e. BKIIOYAs OGIACTb HHKE
TPaHUYHOW HPHEPTUHU, THAE ceueHue oOpazoBaHus (OTOHOB 33/JaHO PaBHBIM HYyJ0). B 00emx
OLIEHKAaX CIIEKTPHI 3a/1aHbl B TUCTOrpaMMHOM nipezctaBieHuu. K coxanenuto, B ENDF/B-VI (u B
ENDF/B-VII, u B JEFF-3) 3T1 criekTpbl He HOpMUPOBaHHKI (CM. puc. 48).

3% Verbinski V.V. et al.: Phys. Rev., C7, 1173 (1973)
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CeyeHne o6pa3oBaHUSA U MHOXECTBEHHOCTb UCMyCKaHUsA
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UHTerpan non cnektpom chotoHoB (ENDF/B-VI)
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Ha puc. 49 npuBeneHbl sHEPreTUYECKUE 3aBUCUMOCTU CPEIHEN SHEPTUM HCITyCKaeMOro
(hoToHa, paccuMTaHHBIE HA OCHOBE JaHHBIX paccMaTpuBaeMbIX oreHOK (B ciaydyae ENDF/B-VI u
-VII, cnekTpbl (POTOHOB MIPH 3TOM NMEPEHOPMUPOBAIUCH HA €UHMILY), a Ha puc. 50 - cymMMapHas
SHeprusi GOTOHOB, UCITYCKAEMbIX B aKT€ HEYIPYTroro B3auMOACHCTBHUS.
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QHeprus POoTOHOB Ha aKT B3aUMOAEHCTBMSA

——ENDF/B-VI
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QHeprus HeliTpoHoB. M3B
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B POC®OH/ pemeno npunsath ouenky n3 ENDF/B-VII necmotps Ha T0, 4TO

Puc.49
Kak BUIHO, HUKAKO# KOMITEHCAIIUH PACXOKIACHUI HE HAOIF01aeTCs.

Puc. 50

NPUYHHBI OTMEUYCHHBIX OOJIBIINX Pa3IMUUi BBISICHUTH HE YAaJI0Ch.
3aMmeTumM,
oOpa3oBaHus (POTOHOB HE HAACKHBI W3 33 TPYAHOCTH PETHCTPAIMM HU3KOIHEPTeTHUYECKHX

U-68

4TO0 HMMCIOMIUCCA CKYIAHBIC OKCIICPUMCHTAJIbLHBIC OJAaHHBIC O CCUCHUH



(OTOHOB, 10JI KOTOPBIX B CHEKTpe BenuKa. Briie 5 MaB 3Tu naHHbIe NeXaT MEXTy KPUBBIMH,
IPUHATBIMU B CPAaBHUBAaEMbIX OLIGHKaX, Kacasich UX mnorpemHoctaMu. Hwmwxe 5 MbsB
PACXOKJICHUS HUA OJIHA U3 OLICHOK HE MPOTUBOPEYNT IKCIIEPUMEHTAIBHBIM JJAHHBIM.

6. O0pa3zoBaHue paJMOAKTHBHBIX IPOAYKTOB.

['maBHe#mmM nporieccoM 00pa3oBaHUsl PATUOAKTUBHBIX MPOAYKTOB SBIISIETCS JIEJICHUE.
B Oubnnorexkax IIMPOKOTO TMOJB30BAHUS HMMEIOTCS TPU OLEHKM HE3aBUCHUMBIX BBIXOJOB
MpOyKTOB JeneHus — ouenka Kapau 1992 r., ouenka T.Murnanna u b.Paiinepa, BeimonHeHHas B
1989r., ucnonb3zyemass BO BCEX MOCIEOHUX BEPCHUAX ENDF/B31, ouenka Tacaka 1990 r.,
ucronb3yemas B JENDL-3% 1 ornenka Muica u ap ., HCIIONB3yeMast C PAIOM YTOUHCHHIA,
caemanubix B 2005 r., B JEFF-3.1. Pemeno Bkawuuth B POC®OH/l nanHbie o
HE3aBHMCHUMBIX M KYMYJATHBHBIX BbIX0Aax npoaykroB aeaenuss u3 JEFF-3.1 (MF=1,
MT=454 u MT=459).

PagHOHYKTHABI OOPA3yIOTCS BO BCEX HEHTPOHHBIX pEaKkIMsAX Ha ypame-235: >°U
(T1,=23.42 muH. 5eT) mpu pagUallMOHHOM 3aXBaTe; B4y (T1,=0.246 mnH. 5ner) B peakuuu
(n,2n), >*U (T2=0.159 mun. net) B peakmuu (n,3n); U (T;,=68.9 1et) B peaxuuu (n,4n).

B peakuusx c BBIIETOM 3apsHKEHHBIX 4YacTHIl 0OpasyroTcs: B peakuuu (n,p) - Oeta-
axtuBHBIH - Pa (T,=24.5 Mun); B peaxuuu (n,0) - —-Th (T;,=1.405%10" ner).

Topuii u Bce M30TONBI ypaHa, 0OpasyiolIiecss B HEHTPOHHBIX pEakUUsAX Ha ypaHe-235
pacmnasarTcs TOJIBKO MyTeM ajibga-pacnajia.

7. IlorpeiHOCTH HEMTPOHHBIX JTAHHBIX

Nmeercs 1enblii psi OLEHOK MOTPETHOCTENH HEMTPOHHBIX JaHHBIX [ ypaHa-235:

1. BHAB-78%*: MOTPEUTHOCTH CEUEHHUs JEeNEeHUs, BEJIMYMH O U V B 12-rpynmnoBom
npeacrasiennu (11 rpynm Beime 1 k3B). DkcniepTHast onieHKa.

2. ENDEF/B-V: norpemnHocTy ce4eHuil AeIeHNs, 3aXBaTa U BETMYUHBI V B popmare (aitinon
MF=31 u MF=33. ABtop 3toii 3kcriepTHOI orienkn R.W.Peele (ORNL). B ENDF/B-VI
i Qaiinsl BimoueHsl He Obun. B ENDF/B-VII coxpepkatcst daiinel morpemHocTeit
TOJNBKO JUIA Viot U Vprompt (ABTOP HE yKa3aH).

3. JENDL-3.3: B dopmare daitnoB MF=31, MF=33, MF=34 u MF=35 omnpenencHsl
MOTPEIIHOCTH CEYEHHM BCeX peakuuii B O0O0JACTH BBILIE TPAHUIIBl HEpa3pelIeHHBIX
PE30HAHCOB (BKJIIOYAsl CEUEHUS BO3OYXKACHUS OTHAENBbHBIX YPOBHEH MNpHU HEyHpyrom
paccesiHiM), TIOTPELIHOCTH YTJIOBBIX paclpeiielieHui YIpyroro paccesHusl U CIEKTPOB
HelTpoHoB neneHus. llonmHoTa wMH(pOpMANMKU CBUAETENBCTBYET O TOM, YTO OIICHKA
OCHOBaHa Ha MOJIEJIbHOM OIMCAaHUN HEUTPOHHBIX JaHHbIX.

4. JEFF-3.1 Conepxatcst TOJIbKO (hailyibl MOTPEIIHOCTEH VIS Vit U Vprompt (TE€ K€, UTO U B
ENDEF/B-VII).

5. bubmmoreka LUND norpemHocTeil HEHTPOHHBIX JAHHBIX CUCTEMBI INDEX™: COIEPIKUT
28-rpynmoBble KOBapHAIlMOHHBIE MAaTPHUIbl TMOTPEIIHOCTEH MJI1 CEYCHHH JEJICHUS,
3axBara, YIpyroro U HEYNPYroro paccesHUsl U Vio BKIIOYAs KPOCC-KOPPEISALUU MEXIY
MOTPEIIHOCTSIMU CEUYCHHUI Pa3HbIX peakIMil. DKCIEpTHAsl OLICHKA.

SITR. England, B.F. Rider, Evaluation and compilation of fission product yelds, 1992, ENDF-349

32 Tasara K.: JAERI 1320 (1990).

33 R.W.Mills (1995) "Fission Product Yield Evaluation", Thesis, The University of Birmingham, UK.

3% JLIL.AGarsn u ap. [pynoBsle KOHCTAHTHI JUTS pacueTa peakTopoB. M. Dueprousaar, 1981.

3> ManTtypos I'.H. Cuctema nporpamm u apxusos MHIIKC. Bonp. Atomu. Hayku u Texn. Cepus «SnepHsie
Koncrantem». T. 59, 1984
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6. KoBapuanuonnass Marpuiia MOTPEUTHOCTEH CEUYEeHMM JeNieHus, 3axBaTa M Vi B 30-
IPyIIIOBOM MPEACTABICHUY, NPUIHMCAHHAs HEUTPOHHBIM IAaHHBIM JUIsl ypaHa-235 wu3
cucrembl kKoHcTaHT BHAB-93 (1a ochoBe ENDF/B-VI (Rev.2)).

7. OueHka mnorpemHocred, BbmonaHeHHas JDk.IlanemuorTn u M. CaJ'IBBaTOpeCOM36,
OTJIMYAOIIAsACA TEM, IMOTPEIIHOCTH BCEX peakUuid BCEX HYKIMIOB B KaXIOM U3 5
JHEPreTUYECKUX AMANa3oHOB C¢ rpaHuuaMu mnpu 1.35 MbaB, 180 k3B, 9.1 k3B u 4 3B
CUMTAIOTCA TOJHOCTBIO CKOPPEIUPOAHHBIMU, a MEXAy JUana3oHaMHU — MOJHOCTBHIO
He3zaBUCcHMBbIMU. [lorpemHocTu npencrasiensl B 17 rpynmnax, u3 KOTOpeIX 15 oTHOCATCS
K oOmactu Huxke 20 MaB.

8. OueHka MOTpelHOCTe, BbINOJIHEHHAs (IpeIBapUTENbHO) MEXAyHApoJIHOW paboueit
IPYIIION IO HEUTPOHHBIM CTaHAApTaM

VYxe TOT ¢akT, 4TO B COBPEMEHHBIX OMOIMOTEKaX OTCYTCTBYIOT TOJHBIE ITaHHBIE O
MOTPEITHOCTSIX HEHUTPOHHBIX JAHHBIX M WX KOBApPUAIIUSAX TOBOPUT O TOM, YTO OOOCHOBAHHBIN
BBIOOp OIICHOK MOTPEIIHOCTeH cJenaTth BechbMa CIO0XKHO. J[Is KadyecTBEHHOTO CpaBHEHUS
YIOMSIHYTBIX BBIIIE OIICHOK Ha OCHOBE OOJIBINIMHCTBA W3 HUX OBLIM MOJMydeHBI 30-rpymmoBbe
KOBapHallMOHHbIE MATPHUIIBl U 3aTEM HA WX OCHOBE OBLIM PAacCUMTAHBl MOTPEIIHOCTH CEUYCHUH,
YCPEIHEHHBIX IO CHEKTPY HEUTPOHOB JEJICHHS W MOTPEIIHOCTH PE30HAHCHBIX WHTETPaJOB.
b monyueHbl TakKe OLICHKM TEIUIOBBIX cedeHWil. Huke OLEHKM 3TUX MNOTrpenrHocTeu
CpPaBHMBAIOTCA APYr ¢ ApyroM. llorpemHocTH v OUEHMBAIuCh Uil OTHOLIEHUS CPETHErO
MPOU3BENIEHUSI VOf K CpeJHEMY 3HAa4eHHIO Gr 0€3 yueTa BIMSHHUSA MOTPEIIHOCTEeH CeueHus
JIETICHHS HA TTOTPEIIHOCTh 3TOT0 OTHOLLICHMUSI.

Tabmmna 8. OueHKH NOrpemHOCTeH CPeTHUX CEUCHU.

Peakuus BHAB- BHAB- LUND | ENDF/B- | JENDL- | Palmiotti&
78 93 \% 3.3 Salvatores
MT=18 | <oc> 1.96% 1.35% 1.92% 1.95% 0.29% 4.47%
RI 2.11% 2.50% 2.07% 0.75% 2.81%
Terul. 0.76% 0.20% 030% | 0.13% 0.99%
MT=102 | <o> 7.95% | 8.86% 10.40% | 20.87% | 7.95% 10.84%
RI 9.68% 5.95% 9.83% 1.31% 4.52%
Ter. 0.96% 1.08% 0.90% 0.22% 0.99%
MT=456 | <vop>/<cp> | 0.48% | 0.51% 0.48% 0.54% 0.29% 0.90%
vRI¢/RI; 0.45% 0.40% 0.66% 0.75% 0.48%
Ter. 0.40% 0.30% 0.70% 0.13% 0.31%
MT=4 <o> 10.05% 9.31% 11.14%
RI 17.55% 55.96% | 13.63%

Kak BHIIHO, OIICHKH MOTPEUTHOCTEH pa3IMyaroTcsl B HECKOJbKO pa3. CTosib OOJbIINE pa3Iudus
00yCIIOBJICHBI, TJIABHBIM 00pa3oM, pa3inuMeM METOIUK OICHKH. Tak, HH3KHE MOTPEIIHOCTH,
npuasateie B JENDL-3.3, HecoMHEeHHO, 00ycloOBieHBI (OPMAIBHBIM TOJIXOJIOM K OIIEHKE,
OCHOBaHHOM OIIEHKE MOTPENIHOCTeH MNapaMeTpUuecKOoro MOJEIBHOIO OMUCAHUSI CEUCHUM.
Paznuunst B pe3ynpTaTax OICHOK, BBIMIOJHEHHBIX OJKCIIEPTaMU Ha OCHOBE CpaBHEHUS
PE3yNBTATOB, MOTYYCHHBIX PA3HBIMH aBTOPAMH, COTIACYIOTCS MEXIy co00ii ropasao myunre. M3
pPacCMOTPEHUs JaHHBIX TaONULbl 7 MOXHO 3aKIOYHUTh, YTO KOBAPUALMOHHYIO MATPHILY
norpeurHocteit ceuenuit, npunsaTyo B BHAB-93, M0oXHO cunTaTh ONTUMaNbHOM, €CIM TOHU3UTh
MOTPEIIHOCTh TerioBoro cedeHus aeneHus a0 0.3%. OTkoppeKkTUpoBaHHAs TaKUM 00pa3oM

36 G. Palmiotti, M.Salvatores. Proposal for Nuclear data Covariance Matrix, JEFDOC 1063 Rev.1, Jan.2005.
" Yacrroe coobmenne B.IIponsesa.
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MaTpHUlla, JOIMOJIHEHHAs IOTPEIIHOCTSMU CEYEHUH YIpPYyroro U HEYHpyroro paccesHus u3
o6ubnmoreku LUND, npuBoauTCS HUXKE.

B ¢aiine ENDF/B-VII conepatcs OIIEHKH IOTPEITHOCTEH BETUYHNHBI YHCIa BTOPHYHBIX
HEUTPOHOB J€J€HMs. OTH JAaHHbIE HE aHAJIW3UPOBAINCH, BO IEPBBIX,IIOCKOJIBKY OLIEHOK
NOTPEIIHOCTEN APYTUX HEUTPOHHBIX JAHHBIX B 3TOM OMONIMOTEKE HE COAEPIKUTCA, @ BO BTOPBIX
M0TOMY, 4TO BKIItoueHue (aiinoB norpemnocreit B POCOOH/] umeer cMbICh TOJIBKO B cllyyae,
€CJIM ATH JIaHHbIE OYIyT IpEJCTaBJICHbI AJISl BCEX OCHOBHBIX PEAKTOPHBIX MAaTepUasioB U OyayT
JIOCTaTOYHO HaJAeXHbl. B HacTosmiee BpeMs pa30poc MHEHUH pa3IMYHbIX OLEHIIUKOB O
MOTPEIIHOCTSIX HEUTPOHHBIX JaHHBIX €Ill€ CIUIIKOM BEJIMK U PEKOMEH/I0BaTh YMCIOBBIE JaHHBIE
O TIOTPELIHOCTAX IOJIB30BATENAM IPEACTABISAETCS NPEXKAECBPEMEHHBIM. {151 yTOUHEHMs ATHX
JTAHHBIX TIOTPEOYeTCsl IOTOJIHUTENbHasT paboTa, Ui BBIMOJHEHHS KOTOPOW JOCTaTOYHO
pacrioyioraTb JaHHBIMH O HOTIPEHIHOCTAX B rpynmnoBoil ¢opme. daiinbl norpemHocTeil B
POC®OH/] He BKIIFOYAIOTCS.

8. Bamnianusi HEHTPOHHBIX JAHHBIX 110 HMHTETPAJTbHBIM SKCIIePUMEHTaM.
8.1. Baquaanusi o KpUTHYECKUM IKCIIEPUMEHTAM.

B paGore®® GbUI OCyIIECTBICH OTGOpP JOCTATOYHO IETAIBHO OMMCAHHBIX KPHTHUCCKUX
9KCHEPUMEHTOB C PACTBOPAMHU BBICOKOOOOTAIEHHOIO ypaHa ¢ KoHueHTpauued ot 10 mo 700
rpaMM Ha JINTP W BBINIOJHEHA OIIEHKA MOTPENIHOCTEH MX PE3yJIbTaTOB U KOPPEISAIHA MEXITY
HuMA. TIoke 3TOT HaGOp GBI JOTMOTHEH KPUTHYECKHMH SKCIIEPHUMEHTAMH C METAIUTHYECKUMH
AaKTUBHBIMH 30HAMH M3 BBICOKOOOOTAIIEHHOTO YpaHa C BOISHBIM HJIM IOJUAITUICHOBBIM
oTpakaTeneM uiau 0Oe3 oTpaxarens. ONUCaHUSA BCeX SKCIEPUMEHTOB ObUIM B3STHl U3
Mexaynaponsoro CrIpaBodYHHKA 10 sAepHON OesomacHocTH . B Tabmume 9 mnpuBoaMTCS
nepeyeHb BCEX ATHX OHKCIEPUMEHTOB C YKa3aHMEM CTpaHbl M Jaboparopuu, B KOTOPOU
BBITIOJIHSUICA Kbl M3 HUX. MneHTuduKanus 3KCIepUMEHTOB COOTBETCTBYET YHMOMSHYTOMY
CrnpaBounuky. M3 Bcex pacTBOPHBIX HKCIEPUMEHTOB, OIMUCAHUS KOTOPBIX COJIEp)KaTcs B
CIpPAaBOYHUKE, IS BaJUJAIMM HEUTPOHHBIX MJAaHHBIX ypaHa-235 Obuld OTOOpaHBI JHINIb
HKCIIEPUMEHTHl C OJHOCBSI3HBIMM TOMOTE€HHBIMH aKTUBHBIMH 30HAaMU C BOJASHBIM MU
TMONMATHICHOBEIM OTpa)kaTelieM WIM 0e3 OTpakaTels. AHANM3 NAHHBIX IIOKa3al, dTo
MOJIaBJISIOIee OONBIIMHCTBO SKCIIEPUMEHTOB, BBIIOIHSABILUXCS C PACTBOPAMHU, OTPaBICHHBIMU
00pOM WM TaJOJMHUEM, COAEPKAT HEHJICHTU()UIIUPOBAHHbBIE MOTPEIIHOCTH, 3HAYUTEIHHO (B
YeThIpe-1IECTh Pa3) MPEBBIIIAONINE TOTPEITHOCTH SKCIIEPUMEHTOB Oe3 nornoTtureneil. [loatomy
HKCHEPUMEHTHI C OTPABICHHBIMH PACTBOPAMHU HE ObUIM PEKOMEHIOBAHBI JIs BT IAIUH.

[TorpemrHOCTH SKCIEPUMEHTAIBHBIX 3HAYCHHH KO3(PPUIIMEHTOB Pa3MHOKEHHUS ObUIH
OLICHEHBI, MPEXAE BCEr0 M3 aHaju3a BKIJIAZOB TEX COCTABJSIOMIMX MOTPEUIHOCTEH, KOTOpHIE
COJIEp)KaJINCh B OMNHMCAHUAX HKCIEPUMEHTOB, a 3aTe€M KOPPEKTUPOBAIUCH Ul YCTPAaHEHUs
IPOTUBOPEYHA, TOPOH MMEBIIMXCS B OLEHKaX B OLIEHKAX STHX COCTABIIAIOUIMX, M Ui y4yeTa
COCTABJISIOLIUX MTOTPEIIHOCTEH, HE YIIOMSHYTHIX B OMMCAHUAX OTIEJIbHBIX SKCIIEPUMEHTOB.

K skcnepumenranbHoil morpentHoctu k-eff mobapnsnace morpemHocts, 00yciioBIeHHAs
HETOYHOCTHIO 3HAHMSI HEWTPOHHBIX JAaHHBIX BOAOPOJA, KHCIOpoda, ¢GrTopa, azora u
KOHCTPYKLIMOHHBIX MaTepUaioB 0AaKOB, U3 KOTOPHIX H3TOTABIMBAINCH KPUTUUYECKHE COOPKH.
CyMmMapHasi MOTrpeuIHOCTh OIEHMBANIACh KaK KOPEHb KBaJpaTHBI W3 CYMMBbI KBaJpaToB
HE3aBUCSIIUX COCTABISAIOMINX MorpemHocTeil. [lomHble morpenHocTy npyuBeaeHs! B Tadnuue 9 B
CKOOKax BCIJIE]l 32 HKCIIEPUMEHTAIbHBIMU COCTABJISIONIMME ATHX MOrpeniHocTeil. B cnemyromem
CTOJIOIE IPUBOATCS PACYETHO-IKCIIEPUMEHTAIbHbIE PACXOXKICHUS, TAKXKE B IIPOLIECHTAX.

3 Ivanova T.T. at al. Nucl. Sci .and Eng. 145, 97 (2003).

3% Wpanosa T.T. OreHKa IOrPemIHOCTel pacueTHOro MPeICKa3aHus KPUTHUYECKUX CHCTEM C BHICOKOOGOTaIEHHBIM
ypanom. Kaun. nuccepranus, O6uuuHCcK, DOU, 2004T.

*0 International Handbook of Evaluated Criticality Safety Benchmark Experiments. NEA Nucl. Sci. Committee,
Sept. 2004 Ed.
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Pacuersr k-eff Bemommsmcs mMetomom Monte-Kapno mo mporpamme MMKKENO?! 8
299-rpynmoBoM mnpubnumxennn BHADB mo koHcTanTam, monydeHHbIM W3 ailna JaHHBIX
POC®OH/I. Cratuctuyeckas MOTPENIHOCTh pPe3yabTaToB pacuera He mnpeBbimana 0.1%.
[TonroroBka 299-rpynmnossix koHcTaHT BHAD Kk pacuery mpoBoauiack ¢ IOMOIIbIO KOMIUIEKCA
CONSYST*. Pacuersl npoBOIHINCH TaKkxke u 1o nporpamme MCNP ¢ IeTabHBIM CIEKCHHEM
3a SHeprueil HeWTPOHOB MPH PO3BITPhIIIE HEHTPOHHBIX TpaekTopuil. IIpu pacueTax pacTBOPHBIX
CHCTEM CTATHCTHYECKH 3HAYMMBIX PACXOXKACHUH MEXIy pe3ysbTaTaMd JTHX pPacyeToOB
oOHapykeHO He Obl10. OfHako KO3(hGUIMEHThl Pa3MHOXKEHHMS METANIMYEeCKUX CHCTEM C
AKECTKUM CIIEKTPOM IpH pacyeTax B 299-rpynmiaoBoM NpUOIMKEHUH OKa3aJUCh 3aBbILICHHBIMU
Ha 0.2% 3a cuer Toro, yrto B komiiekce CONSYST He yunTeiBasiach 3aBUCHUMOCTB CIIEKTpa
HEUTPOHOB JIEJIEHUsS. OT HEPTUM HEUTPOHOB, BBI3BIBAIOLIMX A3TH JeieHus (cM. pazzaen 4.2).
PesynbraTel, nonydeHHsle no nporpamme MCNP 1 MeTalIMuecKUX CUCTEM IMPHUBOASTCS B
tabmuue 9 B ckoOkax. 3aMeTUM, UYTO 3THU PE3YyJbTaTbl C TOYHOCTHIO JI0 CTATUCTHYECKHX
norpemHoctel (menee 0.1%) coBmagator ¢ pacueramu mo nporpamme MMKKENO ¢ 299-
TPYNIIOBBIMH  KOHCTaHTamMu, 1o @Qaitmy mganHeix ENDF/B-VI(Rev.5), B koTopom He
IPOM3BOJIMIIACH KOPPEKTHPOBKA CEUEHMs JAEJeHUs B OO0JIACTH BBICOKMX SHEpruil (CM. pasnen
3.2).

Tabauna 9. Banunanus HEUTPOHHBIX JaHHBIX ypaHa-235 10 KPUTHYECKUM

JKCIEPUMEHTAM.
PacTBOpHBIE pa3MHOKaKOLIHE CHCTEMbI
Kown. ITorp.
Ne Me)KnyHHaﬁzzzg?: Iéa;gf};oqﬂnxa romnmsa k-eff, P;;::;;)}::;—ea;;: . Ton
(rU/m) %
Poxxu ®mote, CIHA. Hunuanps! 6e3 oTpaxkaTens
1 HEU-SOL-THERM-001-001 145.68 | 0.43 (0.61) 0.998
2 HEU-SOL-THERM-001-002 346.73 | 0.59 (0.74) 0.993
3 HEU-SOL-THERM-001-003 142.92 | 0.41(0.59) 1.003
4 HEU-SOL-THERM-001-004 357.71 0.59 (0.74) 0.997
5 HEU-SOL-THERM-001-005 54.89 | 0.42 (0.56) 0.999
6 HEU-SOL-THERM-001-006 59.65 | 0.42(0.57) 1.001 1976- 1977
7 HEU-SOL-THERM-001-007 137.4 0.41 (0.60) 0.998
8 HEU-SOL-THERM-001-008 145.68 | 0.43 (0.61) 0.997
9 HEU-SOL-THERM-001-009 357.71 0.59 (0.74) 0.995
10 HEU-SOL-THERM-001-010 63.95 | 0.43 (0.57) 0.993
Ox- Pumx, CIHA. Cdepsl ¢ oTpaxkaTensiMu U 0€3 HUX

11 HEU-SOL-THERM-009-001 696.42 | 0.43 (0.58) 1.000
12 HEU-SOL-THERM-009-002 543.05 | 0.38(0.55) 1.000 1954
13 HEU-SOL-THERM-009-003 348.84 | 0.32(0.52) 1.002
14 HEU-SOL-THERM-009-004 213.19 | 0.28 (0.50) 0.996
15 HEU-SOL-THERM-010-001 102.06 | 0.23 (0.46) 0.999
16 HEU-SOL-THERM-010-002 103.8 0.23 (0.45) 1.000 1950-1960
17 HEU-SOL-THERM-010-003 109.42 | 0.23 (0.46) 0.999
18 HEU-SOL-THERM-010-004 111.52 | 0.23 (0.46) 0.996
19 HEU-SOL-THERM-011-001 53.017 | 0.24(0.43) 1.006

1954- 1957
20 HEU-SOL-THERM-011-002 52.109 | 0.24 (0.43) 1.002
21 HEU-SOL-THERM-012-001 22.0 | 0.26 (0.40) 1.001 1958
22 HEU-SOL-THERM-013-001 20.12 | 0.30(0.42) 0.997 1958
23 HEU-SOL-THERM-032-001 109.6 0.30 (0.42) 0.999 1950-60

Ox-Pumxk, CIIA. Hunuaaps! 6e3 oTpaskaTesst

24 HEU-SOL-THERM-043-001 134.41 0.24 (0.49) 0.996
25 HEU-SOL-THERM-043-002 25.132| 0.28 (0.42) 1.006 1957-1963
26 HEU-SOL-THERM-043-003 19.992 | 0.29 (0.41) 1.000
27 HEU-SOL-THERM-042-001 17.31 | 0.41(0.50) 0.996
28 HEU-SOL-THERM-042-002 17.02 | 0.38(0.48) 0.996

4 Cepuika Hva MMKKENO
42 Ccpuika va CONSYST
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PacTBOpHLle Pa3MHOKAIIMNE CUCTEMbBI

Wnentuduxarop Konu. Horp. PacuerHo-3kcr.
Ne Mexaynapoanoro CripaBoyHHKa ronimsa keeff, pacxoxaeHue Ton
(rU/m) %
29 HEU-SOL-THERM-042-003 1527 | 0.32 (0.44) 1.000 1950- 1960
30 HEU-SOL-THERM-042-004 14.60 | 0.36(0.47) 1.001
31 HEU-SOL-THERM-042-005 14.06 | 0.36 (0.47) 0.999
32 HEU-SOL-THERM-042-006 14.30 | 0.40 (0.50) 1.000
33 HEU-SOL-THERM-042-007 13.96 | 0.38 (0.49) 1.000
34 HEU-SOL-THERM-042-008 13.61 | 0.37(0.48) 1.001
ODOU, Poccus. Lunuuaps! ¢ oTpaxaresieMm
35 HEU-SOL-THERM-027-001 136 0.41 (0.59) 0.996 1961-63
36 HEU-SOL-THERM-028-001 76 0.23 (0.44) 0.994
37 HEU-SOL-THERM-028-003 76 0.26 (0.46) 0.995
38 HEU-SOL-THERM-028-005 76 0.32 (0.50) 0.992
39 HEU-SOL-THERM-028-007 76 0.38 (0.53) 0.995
40 HEU-SOL-THERM-028-009 76 0.36 (0.55) 0.992 1961- 1963
41 HEU-SOL-THERM-028-011 286 0.39 (0.57) 0.994
42 HEU-SOL-THERM-028-013 286 0.47 (0.63) 0.994
43 HEU-SOL-THERM-028-015 286 0.52 (0.66) 1.000
44 HEU-SOL-THERM-028-017 286 0.55 (0.68) 0.992
45 HEU-SOL-THERM-029-001 286 0.55 (0.68) 0.997 1961-63
46 HEU-SOL-THERM-030-001 76 0.39 (0.54) 0.996 1961-63
47 HEU-SOL-THERM-030-004 289 0.54 (0.67) 0.996
48 HEU-SOL-THERM-035-001 37.51 | 0.31(0.43) 0.999
49 HEU-SOL-THERM-035-005 74.87 | 0.32(0.47) 0.998 1961-63
50 HEU-SOL-THERM-035-007 152.3 0.33 (0.49) 1.000
51 HEU-SOL-THERM-025-001 51.2 | 0.27(0.44) 0.999
52 HEU-SOL-THERM-025-002 51.2 | 0.27(0.44) 0.999 1987
53 HEU-SOL-THERM-025-004 53.3 | 0.29(0.46) 0.999
54 HEU-SOL-THERM-025-005 77.2 | 0.32(0.49) 1.000
55 HEU-SOL-THERM-019-001 447.3 0.41 (0.59) 0.996 1987
MeTannndeckne cepbl ¢ BOIOPOACOAEPKAIMMHU 0TPAKATEAAMHU U 0e3 oTpaxaTeJs.
Wnenrudukarop Ortpaxa- Horp. Pacuerno-skcm.
Ne k-eff, T'on
MexayHaponHoro CripaBodHHKa Telb % pacxoxeHue
Jloc-Amamoc, CIIIA
56 HEU-MET-FAST-001-001 bes otp. 0.14 (0.15) 1950
57 HEU-MET-FAST-004-001 Boz.otp. | 0.51(0.54) 1976
BHUUD®, Poccus.
60 HEU-MET-FAST-018-001 bes otp. 0.17 (0.19)
61 HEU-MET-FAST-020-001 IMosmat.oTp. | 0.30 (0.31)
62 HEU-MET-FAST-031-001 Homwr.omp. | ¢4 0 61) 1962
Y BCTaBKa
BHUUT®, Poccus.
58 HEU-MET-FAST-008-001 Bes otp. 0.19 (0.20) 1982-95
59 HEU-MET-FAST-011-001 IMommot.otp.| 0.18 (0.21) 1986-95

Bann,uaumo MOKHO CUHUTaTh yCHGMHOﬁ, €Clin PaCYCTHO-3KCIICPUMCHTAJIbHBIC
pPacXOXJICHUS B CPEIHEM COBMANAIOT C OIICHEHHBIMH IOJHBIMH OKCIEPUMEHTATbHBIMH
MOTPEITHOCTSIMH. Ha puc. 51 mnoka3zaHa 3aBHCHMOCTb PacuETHO-IKCIIEPUMEHTATbHBIX
PacxXoXKICHUH OT KOHIICHTPAIIUU YpaHa B PacTBOPE.
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Puc.51. PacueTHO-3KCIIEpUMEHTAIbHBIH PACX0KACHUS B 3aBUCUMOCTH OT KOHIIEHTPALIMKU
BBICOKOOOOTAIIIEHHOTO ypaHa
KauecTBeHHOE cornmacue MexIy pacyeTHBIMH M OKCHEPUMEHTAIbHBIMU JIaHHBIMU

OYEBMJIHO. KonuecTBEeHHBIM KpHTEpUEM MOYKET CITYKHTh BEJIMYMHA

, 959 »

v => > Ak, w, ,Ak,,, tame Ak, - npusegeHHoe B Tabiumue 9  pacueTHO-
n=lm=I ’

-1 o .
SKCIICPUMCHTAJILHOC PACXOKACHHUC, a Wn m -~ DJICMCHTBI MaTPHUIIbI, O6paTHOI/I KOBapHalluOHHOU

Matpuie norpentHocteit W, = 0K Ok, . B mocnennem Boipaxenun OK, - mosHble

nP n,m
MOrpemHOCTU SKCIICPUMCHTAJIBHBIX JAHHBIX, IIPUBCACHHBIC B Ta6J'II/II_[C 98 CKO6K8.X, a pn’m

K02(pPULIMEHTHI KOPpENALUU MEeXAy HUMHU. PacyeTsl mpuBenu K 3HAYCHUIO KPUTEPHs COTIacus

2
X~ =105 npu oxugaemom 3HaueHun 1£0.08, 49TO CBUAETENBCTBYET O INPEKPACHOM

MOJITBEPKICHUH MPUHSATHIX HEUTPOHHBIX JAHHBIX Pe3yJbTaTaMH KPUTUYECKUX IKCIIEPHUMEHTOB.
B To ke Bpems HEOOXOAMMO OTMETHUTbh, YTO B MCIOJb30BaBLIEMCS ISl Bepudukauuu Habope
KPUTHUYECKHX JKCIEPUMEHTOB OTCYTCTBYIOT CHCTEMBI C KOHIIEHTpalMell ypaHa TMopsaKa
HECKOJIbKUX KHJIOTPAMMOB Ha JIUTP, C KOTOPBIMHU MPUXOJUTCS MMETh JEJ0 MpU nepepadboTke
SIEPHOTO TOTUIMBA (BIAKHBIE TIOPOIIKH OKCHJIOB ypaHa). DTH CHCTEMbI 001a/1al0T MOBBIIICHHOM
YYBCTBUTEJIBHOCTBIO K HEUTPOHHBIM CEUEHHSIM ypaHa B KECTKOM PE30HAHCHOM obiacTu, rie,
KaKk OTMeueHO B paszzaene 2.1.7, HaJEKHOCTb NPHUHATHIX HEHTPOHHBIX JAaHHBIX (OCOOEHHO
cedyeHusl 3axBara) HeBbicoka. Ha puc. 52 u 53 mpuBOASATCS 3aBUCUMOCTH UyBCTBUTEIIBHOCTEH
KO3 pHIMEeHTa Pa3MHOKEHHUsI K CEUCHUSM JICJIEHUS] M 3axBaTa ypaHa-235 OT KOHLEHTpaIUH
BBICOKOOOOTAIlIEHHOTO ypaHa B BOJHOM pacTBOpEe YypaHWI-HUTpaTa. YyBCTBUTEIBHOCTU
MPUBEICHBI JIJISl YEThIPEX YHEPreTHUECKUX TPYMIL: 1-s rpynmna — HEMTPOHBI, CIIOCOOHBIE JEIUTh
ypnaH-238 — ¢ sHepruel Boiie 1.4 M»aB; 2-g rpynmna — HEUTPOHBI C SHEPTUAMHU, MPU KOTOPBIX
cymecTBeHHO Heynpyroe paccesHue (0.1 - 1.4 M»sB); 3-s rpynma — o01acTe Hepa3pemeHHbIX
pe3zonancoB (1 — 100 k3B); 4-s1 rpymma — o61acTh pa3pemeHHbix pezoHancoB (0.46 5B — 1 kaB);
5-a rpynmna — temnoBas (Huxe 0.46 5B). JlanHble B3ATHI U3 pa60T5126. ToukamMu NOKa3aHbI
KOA(P(GUIUEHTHl YyBCTBUTEIBHOCTH JUISI PACCMOTPEHHBIX 3KCHEPUMEHTANbHBIX KPUTHYECKHX
KOH(QUTYpaluii; KPUBBIMH — 711 C(HEPUUECKUX KPUTUYECKHUX CHCTEM C TOJCTBIM BOISHBIM
otpaxkareneM. KoadhuimeHTsl 9yBCTBUTEIHLHOCTH MPECTABISIOT COOOM OTHOIICHHS
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Puc.52. 3aBucumocTty K03 UIMEHTOB YyBCTBUTENBHOCTH K CEYEHHUIO JieNIeHUs ypaHa-235 oT

€ro KOHIICHTPAIlUU B PaCTBOPE.
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Konuentpanust Tousa, rU/in

Puc.52. 3aBucumocty K03 UIMEHTOB YyBCTBUTEIBHOCTH K CEYEHHUIO 3axBaTa ypaHa-235 ot

€ro KOHIICHTPAIlMU B PaCTBOPE.

[Mpu ananmze saepHON 0€30MAaCHOCTH TOAOOHBIX CHCTEM

OmacTu npu pacCMOTPEHUHU CUCTEM C KOHICHTpaOHUAMHU TIOPAIK KHIIOTpaMM

ypaHa-235 Ha JUTPp — OYEBUIHO.

v

CyIiecTBeHHOE yBeIUYeHHE KO3(PPUITMCHTa YYBCTBUTEIHLHOCTH K CEUCHHUSM 3axBaTa B
PE30HAHCHOM O

CJICAYCT IpEAyCMaTprUBaATb OOJIbIIIKE 3amachl HA BO3MOJKHEIC PaCUYCTHBIC NOTPCHIHOCTU B OLICHKE

K02 puLmeHTa pa3sMHOKEHUS.
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8.2. Basmmanms Ben4nHbI “anbga” mo sxcnepumentam Ha peakrope bBH-350.

W3 matepuanos paszaena 3.3 BUAHO, YTO U OLICHEHHBIE U SKCIIEPUMEHTAJIbHBIE JaHHbBIE O
CEUYECHHUU 3axBaTa OBICTPHIX HEUTPOHOB M €ro OTHOUICHHS K CEYCHHUIO JAeNieHUs (BeIHYuHe
“anp(a”) U3 pasIUYHBIX MCTOYHUKOB CYIIECTBEHHO paznuuaroTcs. llemecooOpa3zHo mpoBecTu
BAMJAIMIO TPUHATBIX CEYEHWM 3axBaTa W JCJIEHHUS [0 pe3yJbTaTaM YHHKaJIbHBIX
IKCIIEPUMEHTOB TI0 W3MEPCHHIO BEIWYMHBI “‘amb(pa” B Pa3IUYHBIX YaCTAX AKTHBHOW 30HBI
ObicTporo »sHepreruyeckoro peakropa bH-350. bbuto BeImonHEHO [Ba U3MEpEeHUS — B
LEHTPaJIbHONW YacTU aKTUBHOM 30HBI — 30HE Majoro oboramenus (3MO) u B nepudepuitHoit
YacTH aKTMBHOW 30HBI — 30HE Oomnbiioro oboramenus (3b0O). 3MeHeHne M30TOMHOTO cocTaBa
ypaHa B oOiy4aBmEXCs oOpasmax (B 9ACTHOCTH, HAKOIUICHHE - 'U) ONPeeIsuIoch Kak ¢
MOMOIIBI0 MacC-CIEKTPOMETPA, TaK U C MOMOINBIO anbda-criekrpomerpa. [ myOuHa BhIropaHus
onpezensagach TaKKe JByMs METOJMKaMU — 1o Hakomnupiemycs 137Cs u o U3MEHEHHIO Beca
ypaHa TOCJ€ OYMCTKA OT MPOAYKTOB JeleHus. B kadecTBe o0Opa3OB HCIOJB30BAJICS Kak
MaTepuall MTaTHBIX TBENOB. B 3MO wucmonboBaMCh Takke 0Opasibl BBICOKOOOOTAIIEHHOTO
(95%) ypana, oOiyd4aBHIUXCSI B KamWUIIpaX, BCTABIEHHBIX B MEXTBEIbHBIE 3a30Dbl.
[IpUBOMMBIC HIDKE PE3y/bTAThl IOMYYCHBI YCPSIHCHHEM MHOTHX H3MEpeHHid . Pacuersl
BBITIOJTHSUTUCH 11 OEHUMapK-MOJIEH SKCIIEPUMEHTA, OMIMCAHHOM B IIMTUPOBAHHON padoTe.

[Tony4ens! crnenyromume pe3yabTaThl:

3MO: skcnepumeHnT - 0.284+0.008;

pacuer — 0.281 (-1.0+2.8%)).
3B0O: skcnepumenrt - 0.241+0.010;
pacuet — 0.259 (+7.5£3.5%).

Kak BugHO, mpekpacHoe corjacue pacyera ¢ 3kcnepuMeHToM B 3MO HECKOJbKO
KOHTPAcCTUPYET C 3aMeTHbIM pacxoxjaeHueM B 3b0O. OgHako M 3TO pacXoKJE€HHUE PEBBIMIACT
SKCHEPUMEHTAIIbHYIO MOTPEIIHOCTD JHIIb BABOE. CpelHee 1Mo ABYM HKCIIEPUMEHTAaM OTHOILIECHHE
pacdeTHOro 3HadeHwsl “‘anbda” K U3MEepeHHOMY OKas3biBaeTcsi paBHbIM 1.02+0.2. Takum
00pazoM, pe3yJbTaThl HMHTErpaibHOro 3KcrepuMenTta Ha BH-350 monarBepxmaroT mpUHSTHIC
OIICHEHHBIC HEUTPOHHBIE IaHHbIE AJiA ypaHa-235.

3akjIoueHue

9.1. Beieon. B POCOOHJI mpemnaraercs NOpuHATH CHOPMHUPOBAHHYIO B MpOIECCE
Hacrosiiero o63opa Momudukaruio (aitna manaeix w3 ENDF/B-VII B daiin
BKJIIOUAIOTCS TAKXKE JIaHHBIE O BBIXOJaX NMPOIyKTOB nenenus — u3 JEFF-3.1.

9.2 ABTOpLI 000CHOBaHHSI BHIOOPA OLICHEHHBIX HEITPOHHBIX JIAHHBIX
Hukomnaes M.H., IIasnoBa O.H.

* T'onuapos P. K. u 1p. OLieHeHHBIE pe3yIbTaThl H3MEPEH il OTHOMIECH!H CPEIHNX HEHTPOHHBIX CEUCHHIH
TOIUTUBHBIX HY KKIMAOB B peakTope BH-350. Atomuas Oueprus, 1.70. Bpm.2, c. 123, 1991.
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Ta6mmma 8. 30-rpynmnoBasi KOBapualMOHHAs MaTPHUIlA TTOTPEITHOCTEH CeUEHUS JICTICHUS

HNPHUJIOKEHUE

Un..% 1 2 3 4 5 6 7 8 9| 10| 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26 2370
1 0.8 | 100
2 1.0 72 | 100
3 1.0 82 | 82| 100
4 1.3 ] 84| 80| 94| 100
5 20| 83| 8| 90| 96| 100
6 18| 81| 77| 89| 91| 92| 100
7 1.8 79| 76| 87| 89| 89| 88| 100
8 15| 74| 71| 82| 84| 85| 82| 82| 100
9 3.0 100
10 3.0 91 | 100
" 3.7 69 | 92 | 100
12 5.0 80| 93| 92| 100
13 5.3 75| 88| 88| 98| 100
14 5.8 68 | 82| 82| 93| 98| 100
15 3.2 46| 68| 76| 56| 52| 47| 100
16 3.1 47| e8| 77| 56| 54| 49| 92| 100
17 3.1 47| e8| 76| 56| 52| 49| 89| 92| 100
18 3.1 47| e8| 77| 56| 54| 49| 91| 92| 93| 100
19 2.8 43| 62| 69| 51| 49| 43| 81| 82| 82| 85| 100
20 2.6 38| 55| 62| 46| 43| 40| 73| 74| 74| 75| 83| 100
21 2.6 37| 54| 61| 44| 41| 37| 70| 72| 72| 73| 81| 86| 100
22 2.2 30| 41| 47| 34| 33| 30| 56| 56| 56| 56| 63| 68| 68| 100
23 2.2 30| 43| 49| 36| 34| 31| 56| 57| 57| 57| 64| e8| 68| 82| 100
24 1.2 23| 33| 37| 27| 25| 23| 43| 43| 43| 43| 49| 52| 52| 62| 62] 100
25 1.2 21 | 100
26 0.6 21| 75| 100
27-
30 0.3 21 50 | 70 | 100
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Tabnuna 9. 30-rpymnmoBas KOBapUallMOHHAS MAaTPHIIA MOTPEITHOCTEN CeYSHHMsI 3aXBaTa

Un..% 1 % 3 4 5 6 7 8 9| 10| 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26 2370
1 50 | 100
2 50 100
3 50 100
4 20 100
5 12 100
6 12 100 | 100
7 9.7 79 | 79 | 100
8 9.3 73| 73| 79| 100
9 8.9 66 | 66| 73| 77| 100
10 8.5 55| 55| 65| 70| 81| 100
" 8.3 49| 49| 53| 62| 74| 81| 100
12 7.8 26| 26| 26| 26| 34| 54| 73] 100
13 7.4 35| 55| 74| 100
14 7.4 17| 45| 71| 74| 100
15 8.0 100
16 7.8 81 | 100
17 9.6 64 | 68| 100
181 10.3 37| 38| 43| 100
191 12.8 23| 25| 20| 86| 100
20| 128 23| 25| 20| 83| 88| 100
211 127 23| 25| 20| 83| 87| 87| 100
221 13.0 23| 23| 20| 82| 86| 86| 88| 100
23| 126 23| 25| 20| 85| 88| 88| 89| 93| 100
24 6.9 23| 25| 20| 82| 86| 86| 86| 85| 87| 100
25 1.5 11| 100
26 1.5 11| 11| 100
D
30 1.5 11 11 11 | 100
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Tabmuua 10. 30-rpynnoBas KoBapuallMoOHHAs MaTpUIla MOTPELIHOCTEH v

Un..% 1 % 3 4 5 6 7 8 9| 10| 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26 2370
1 1.6 | 100
2 0.8 97 | 100
3 06| 90| 98] 100
4 05| 77| 90| 97| 100
5 0.4 58 | 76| 87| 97| 100
6 0.4 41| 62| 77| 90| 98| 100
7 04| 30| 52| 68| 84| 95| 99| 100
8 04| 23| 46| 63| 80| 93| 98| 100 | 100
9 0.7 14| 29| 38| 47| 54| 57| 57| 57| 100
10 0.7 14| 29| 38| 47| 54| 57| 57| 57| 33| 100
" 0.7 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 100
12 0.7 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 100
13 0.7 14 | 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 100
14 07| 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 100
15 07| 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 33| 100
16 07| 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 33| 33| 100
17 07| 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 33| 33| 33| 100
18 07| 14| 20| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 33| 33| 33| 33| 100
19 07| 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 100
20 07| 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 100
21 07| 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 100
22 07| 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 100
23 07| 14| 20| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 100
24 07| 14| 29| 38| 47| 54| 57| 57| 57| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 33| 100
25 0.4 17| 40| 58| 76| 90| 97| 99| 100| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 100
26 0.4 17| 40| 58| 76| 90| 97| 99| 100| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 100 | 100
2370 0.4 17| 40| 58| 76| 90| 97| 99| 100| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 57| 100 | 100 | 100
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Tabmuua 11. 30-rpynmnoBasi KoBapuallMoOHHAs MaTpUIla MOTPELUTHOCTEH CEUeHUsI HEYNPYTOro PacCesTHUS

Un.% 1 2| 3| 4| 5| e| 7] 8] 9| 10
1 20 | 100

2 20 0 | 100

3 20 0 0 | 100

4 20 0 o| o] 100

d 20 0 0| o 0| 100

6 20 0 0| o 0 0 | 100

7 20 ol o]l o] ol 9] 100 100

8 20 ol o| o| ol 50| 69| 100 | 100

9 20 ol o| o| o 50| 69| 69| 85| 100

10 20 ol o]l o] o 50| 50| 50| 69| 100
11 20 0 ol o] o 50| 50| 50| 69| 69
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92.5. YpaH-236

Pannoakruen. (T1,=2.342%10 ner). UcnbIThiBacT anbha-pacmaz B TOpuii-232.
B coBpeMeHHBIX OMONMOTEKaX COAEpIKATCS CIEAYIOUIME OLICHKH HEHTPOHHBIX MAHHBIX IS
ypaHa-236.

®OH/I-2.2 — ouenka F.M. Mann, R.E. Schenter,1989

BPOH/I-2.2 — KonbimuHz, CyxopyukuH, Knenankwuii, 1989

ENDF/B-VII — Young, Chadwik, MacFarlain at al, 2005

JENDL-3.3 - T.Yoshida, 1988

JEFF-3.1 — Lopez Juminez, Morillon, Romain, 2005

W3 nByx oueHok, matupyembix 2005 r., ENDF/B-VII umeer To nmpeumyuiecTBo, 4rto B
Hell omuchiBaeTcsi o00dacTb HEpa3pelleHHbIX pe3oHaHcoB. IlapameTprl  pa3pelieHHbIX
PE30HAHCOB MPHUHATHI, KaK ONMKUCAHO B 3ar0JIOBOYHOM CEKIMH (aiisia, B COOTBETCTBUH C OLIEHKOM
Manna u Illentepa 1989 r. HoBbIX 3KCHEpUMEHTAIBHBIX C TEX MOP, HACKOJBKO HAaM H3BECTHO,
He nyOnukoBanoch. Jrta e oneHka npuHsata U B DOHJ-2.2. Heckonbko CTpaHHBIM
MIPE/ICTABIISAETCS JIEJIEHUE PE30HAHCOB Ha JIBE TPYIIIBI — S- U P-PE30HAHCHI, IPUYEM BCEM -
pezonancam npunucan crnuH J=1/2. B JEFF-3.1 u JENDL-3.3 Ha ocHoBe Ha 12 ner Ooinee
paHHEH OLIEHKU BCE 3TU PE30HAHCHI pPACCMATPUBAIOTCS KaK S-PE30HAHCHI.

3aKjIoueHue

B POC®OHJI uenecoobpazno mpuHATH (aiin omeHeHHbIX naHHBIX W3 ENDF/B-VII,
BKJIIOYMB B HEro JaHHble 1o 3ana3asiBatoimiuMm  HeiTtpoHam u3  JEFF-3.1. Cnektpsl
3ama3/ibIBalOIUX HEUTPOHOB MpPUHATH TaKUMU K€, Kak g ypaHa-235. IlomHoe umcio
HEUTPOHOB JENEHUS TONYyYUTh KaK CyMMY MTHOBEHHBIX M 3amasipiBatomux. OO6macts
paccmaTpuBaeMbIX 3Hepruit cokparuth 10 20 MaB. Bxirouut gaHHbIe O BBIXOAAaM MPOIYKTOB
nenenus uz JEFF-3.1 (ouenka Mumnza 2005 r.).

B Hmxecnenyromieil Tabnuiie CpaBHUBAIOTCS CEUYEHUS, YCPEIHEHHbIE MO CTaHIAAPTHBIM
cnektpam (mpoueaypoii INTER). Kak BunHO, pacxox/I1eHusI B OLICHEHHBIX CEUCHUAX HEBEJIUKH.

Total Elastic | Inelastic Fission Capture (n,2n)
0.0253 5B | ENDE/B-VII 0.047 5.13
®OOHJI-2.2 0.047 5.13
JEFF-3.1 0.0613 5.295
JENDL-3.3 0.0613 5.295
Myxabxa0 0.07 5.11+0.21
Pe30HAHCHBIH ENDF/B-VII 7.77 338
HHTETpaI DOOHJI-2.2 7.77 338
JEFF-3.1 13.69 8.337 7.72 346
JENDL-3.3 13.69 8.337 7.77 345
Myxabxab 7.8+1.6 360+15
Criektp ENDE/B-VII 7.63 4.60 2.35 0.576 0.0925 0.0082
nenenus U ®OHJI-2.2 7.538 4.316 2.550 0.574 0.089 0.010
JEFF-3.1 7.694 4.824 2.190 0.595 0.076 0.009
JENDL-3.3 7.700 4.767 2.231 0.586 0.107 0.010
14 MsB ENDE/B-VII 5.79 2.75 0.563 1.61 0. 0021 0.718
®OOHJI-2.2 5.825 2.500 0.595 1.628 0.002 0.550
JEFF-3.1 5851 | 2772 0.459 1.626 | 0.003 0.817
JENDL-3.3 5.753 2.757 0.326 1.659 0.001 0.487

ABTOpP peKOMEHIAUNH
Huxomaes M.H.
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92.6. YpaH-237

Panunoaktusen. (T,,=6.751). cnbiThIBaeT 6eTa-pacmnaj B HEeNTyHUH-237.
B coBpeMeHHBIX OMOIMOTEKaX coOAEp)KATCs CIEAYIONIHE OLIGHKH HEHUTPOHHBIX MAHHBIX s
ypaHa-236.

®OH/-2.2 — ouenka T.Nakagawa, 1993. O6nactb pa3pelieHHbIX pe3oHancoB — 10 200
5B conepxut 48 pe3oHaHCOB; 00JIACTh HEpa3pelIeHHbIX pe3oHancoB — 110 30 kaB.

ENDEF/B-VII — P.G.Young, M.B.Chadwick, 2005. O6macte pa3pelieHHbIX pe30HAaHCOB —
1o 102.5 3B coaepxut 19 pezoHaHcoB; 0071acTh HEpa3peIeHHBIX pe30HaHCOB — 10 10 k3B.

JENDL-3.3 - ouenka T.Nakagawa, 1993, xak u 8 DOH/I-2.2

JEFF-3.1 — Lopez Juminez, Morillon, Romain, 2005. B pe3onancHoi 001acTu — OLIEHKA
T.Nakagawa, 1993. Bue pezonancHoii o6nactu onesnka P.G.Young, M.B.Chadwick.

3akiIoueHue

B POC®OH/]] uenecoobpasno npunsaTh onieHky JEFF-3.1. JlonomHUTh ee JaHHBIMU O BBIXOJaX
nponyktoB aenerus u3 ENDF/B-VI. Crnekrpsl 3ama3npiBaromiuXx HEHTPOHOB MPHHATH TAKHUMU
Ke, Kak /Ui ypaHa-235. OrpaHn4uuth paccMaTpuBaeMyto oosacts 20 MaB.

ABTOpP peKOMeHIaAUNHU
Huxkomaes M.H.

92.7. YpaH-238

1. BBoaHblIe 3aMedYaHus

[Ipu ananm3e ObUTH PACCMOTPEHBI CIIEAYIOIINE OLIEHKH:

Ouenka M. H. Huxonaesa u 1p.1978 — 79 r.r., npunsaras 8 ®POH/I-2.2.
Ouenka T. Hakarasa u ap. 1987 — 2000 r.r., npunstas B JENDJ-3.3.
Ouenka M.CoBep6ou u nip. 1989r., npunsitas B JEF-2.2
Onenxka Slura, [leppuena u ap. 2004 -2005 r.r., npunsrtas 8 ENDF/B-VII.
Ouenka B.M. Macnosa u 1ip., 2001r. (B 06s1acTu pa3penieHHbIX Pe30HAHCOB COBMAAAIONIAs C
JENDL-3.3, koTopasi, B CBOIO 04epeib, COBMAAAET C OLIEHKOM, mpuHsAToi B JEF-2).
Ouenka Jlonen-J/xxumenesa u zp. 2005 r., npunsrasa B JEFF-3.1, B o0nactu pa3pemeHHbIx
pe3onancoB cosnanatomas ¢ ENDF/B-VII).

Kpowme Toro, paccmotpena ouenka Cabnera u np. nist ouonuorexku EAF-99,
coJieprkalias JaHHbIe O CEUEHUSIX peakiuit (n,p) u (n,0), OTCYTCTBYIOIINE B IPYTHX OIIEHKAX.

A S

a

2. TensioBast 00J1aCTh IHEPIHIA.
CedeHus B TEIUIOBOI 00J1aCTH BO BCEX PACCMATPUBAEMBIX OIIEHKAX OTPEACIISIOTCS
pe30HaHCHBIMU MapameTpaMu. CedeHus paAualliOHHOTO 3aXBaTa M yIPYTroro paccesHus mpu
0.0253 5B B pa3HbIX OLICHKaX MPUHUMAET CIEAYIOIIee 3HaUCHHE:!

®OH/I-2.2: o, =2.710 6apna; o =11.61 bapna
JENDL-3.3: G, =2.721 6apna; ¢, =12.10 6apna
JEF-2.2: O, =2.72 6apna; ¢, =12.32 6apna
JEFF-3.1: &, =2.67 6apna; G, =12.17 6apna
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ENDF/B-VII: 6, =2.683 6apna; G; = 11.98 6apna.

B onenke MacioBa — kak B JENDL-3.3.
CormnacHo peKkoMeHJalusIM Myxana6a44 O, = 2.680+0.019. Touno Takoe e 3Ha4YCHUE

U MIOIPEIIHOCTD II0JIyY€HBI B DKCIIEPUMEHTE Iénmma™®.

B pamkax koopauHaImoHHON UccieaoBaTebekoit mporpammbl MAT'ATO B 2005 1. Obl1a
BBINOJIHEHHAs COBMECTHAsI COTJIACOBAHHAsS OLIEHKA MHOTUX (DyH/IaMEHTaJIbHBIX HEHTPOHHBIX
JTaHHBIX, UCTIOJIB3YEMbIX B KaU€CTBE CTaHIapTOB. {151 ceueHus 3axBara ypaHa-238 3Toit
rpymnmnoii nomyueHo 3nauenue 2. 677+0.0126apHa, 4yTo cornacyercs ¢ AByMs MOCIEIHUMHU U3
YIOMSHYTBIX OLIEHOK B IPeJeIIax MOrPEIIHOCTH.

CnenyeT OTMETHTb, UYTO aHAJIM3 3aBUCHUMOCTHM  pPacUeTHO-3KCIIEPUMEHTAIBHBIX
pacXoKACHUH B KPUTHUYHOCTH CHUCTEM C HHU3KOOOOIaLIEHHBIM YpaHOM OT OOOralieHus,
BBINOJIHEHHBIN B SIMOHMM, TOKa3ali, yTo Ooyiee HM3KOE 3HAUYEHHE CEYCHHMs 3aXBaTa TeIJIOBBIX
Heiitponos **°U obecreunBaeT Tydiee COrache pesyibTaToB Pacuera ¢ SKCIIEPUMEHTATbHBIMH
naHHbIMU. C 3T0M TOuKM 3peHus nanHble JEFF-3.1 sBnstoTCs MpeanouTUTENbHBIMU.

2. O0s1acTh pa3pelieHHbIX Pe30HAHCOB.

Ota obnacte npoctupaercs B POHJI-2.2 1o 4.65 k3B s s-pe3onancoB u 10 2.15 k3B s p-
PE30HAHCOB;

B JENDL-3.3 (a cnenoBarensHo 1 B ouienke Maciosa u B JEF-2) — 1o 10 k3B;

B JEF-2.2 — taxoke mo 10 k3B;

B ENDF-B-VII (a caenosarensuo u B JEFF-3.1) — 1o 20 k3B.

Onuenka HukomaeBa um np., BBIMIOJHEHHAs YETBEPTh BEKa Haszald, B ATOM 00JAcCTH DHEPruil He
KOHKYPEHTHOCTIOCOOHA, TIOCKOJBKY 3a HCTEKIIee BpeMs OBLJIO BBIIIOIHEHO HECKOIBKO
BBICOKOTOYHBIX U3MEPEHHUI HEUTPOHHBIX CEUEHUH, JIETTIINX B OCHOBY HOBBIX OLIEHOK.

B ouenke, mpunsroit B JENDL-3.1 pe3onancHas obGmacth pa3bura Ha 10 uHTEepBaioB, B
npenenax KakJIOoro M3 KOTOPBIX ISl MapamMeTpu3allid CeueHUuM TpeOyeTcsl HCIOoJIb30BaTh
napaMeTpsl (PUKTUBHBIX PE30HAHCOB, JISKAIINX 33 TPAHUIIAMU 3TUX HHTEPBAJIOB.

B JEF-2.2 »TOT HemOCTaTOK MpEeoJ0JIeH, MpPUYEM B TEPBOM NOAMHTEpBaE — 10 1 K3B
napaMeTpbl PE30HAHCOB B TOYHOCTH COXPAHWIMCH MPEKHUMU, a MPHU 00Jiee BHICOKUX IHEPTUIX
HEOOJIBIINM WU3MEHEHUSM MOIBEPIIINCH JIUIIL SHEPTHH PE30HAHCOB.

Takum 00pazom, MO CyHIECTBY, CpaBHUBAThH cieayeT auib oneHku JEF-2.2 u ENDF/B-VII,
MOCIIEHSS U3 KOTOPBIX BBIIIOJIHEHA CYIIECTBEHHO MO3KE.

Ha puc. 1 wu 2 cpaBHHUBaIOTCS HapacTarOIIME CYMMBI UYHKCJa S-PE30HAHCOB W HApaCTaIOIINE
CYMMBI [TPUBEICHHBIX HEUTPOHHBIX IIUPUH U3 3TUX ABYX OLIEHOK. /{151 cpaBHEHUs IPUBEICHBI U
naunsle JEFF-3.1.

Ha puc. 3 1 4 ananornyHoe cpaBHEHHE NPOBOJIUTCS U ISl P-PE30HAHCOB.

Bunno, uro nanusie ENDF/B-VII u JEFF-3.1 BecpMa Onu3KH.

Mexny onenkamu, npuiateiMu B JEF-2.2 u 8 ENDF/B-VII umeror mecto paznuuus, 0COOCHHO
3ameTHble Bollie 8 k3B. IlonHble uncna pe3oHaHCcOB, Nexamux B uHTepBaie oT 0 1o 10 k3B B
obenx oreHkax mpaktudecku cosnanarot (1602 B JEF-2.2 u 1603 8 ENDF/B-VII), ognako goms
s-pe3onancoB B JEF-2.2 neckonbko Beiiie (29.5% npotus 29.1% 8 ENDF/B-VII). Otu paznuuuns

HPOSIBIISIIOTCA B YHEPreTUYECKUX 3aBUCHMOCTSX OLIEHOK CHIIOBBIX (QYHKIUH S zng /B x5

S, = Z gr! /3E, ., n300paskeHHbIX Ha puc. 5 1 6. [Ipu Epax = 20 k9B nonyyaem

S¢=(1.026+0.024)*10; S1=(1.630+0.047)*10™,
MPUYEM Pa3IMUUs MKy pe3yJibTaTaMU pacdeToB 1o napamerpam, npuasaTeiM B ENDF/B-VII u
B JEFF-3.1, cylecTBEHHO MEHbIIE YKa3aHHBIX CTAaTUCTMUYECKHUX IOTPEIIHOCTEH, paBHBIX

*'S_F.Mughabghab. Atlas of Neutron Resonances. Resonance Parameters and Thermal Cross sections. Z=1 — 100.
ELSEVIER BV, 2006. p92-39.
4> W .P.Poenitz,L.R.Fawcett Jr,D.L.Smith,Nucl. Sci.Eng,78,239, (1981)
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S/A/N/2 , rme N- uncino pe30HaHCOB, JaBIIUMX BKJIAJ B CYMMY NMPHUBEACHHBIX MUpHH. OleHKH

CHWJIOBBIX (YHKIUI 110 CyMMe IPUBEIEHHBIX IWPUH Majo YyBCTBUTEIbHBI K MPOMYCKY CIa0bIX
pe3oHaHcoB. TeMm He MeHee, 11eneco00pa3Ho yOeIUThCs B TOM, YTO HaOJIr01aeMble TPUBEICHHbIC
UIMPUHBI TIOCTATOYHO XOPOILIO COTJIACYIOTCS C OKUIAeMbIM JUIsl HUX pacrperenenueM. B cnydae
S- PE30HAHCOB, UMEIOIIUX OJUH M TOT € CIHUH U YETHOCTb, ITO Xz_ pacrpezesieHie ¢ OJHOMI
creneHblo cBoOOaBI (pacmpenenenue [loprepa-Tomaca). Ha puc.7 mokaszaHo pacmpenenieHue
quciia PE30HAHCOB C NPHUBCIACHHBIMHU MIMPUHAMH, JIC)KAIIUMHU B IPCACIAX 10-HpOI_ICHTHBIX

KBaHTHJIEH 3Toro pacrpeneneHus. I'paHulbl KBaHTHied (rpaHuuHble 3HadeHus I /<D >)

yKa3zaHel Ha ocu abcuucc. Kak BHIHO, pacrnpesneneHue NPUBEACHHBIX LIUPUH S-pPE30HAHCOB
IPEKPacHO COBIAAAET C TEOPETUUECKU OKUIaEMbIM; OCHOBAHHH MpeanoaraTb CKOJIbKO-HHOY b
CYLIECTBEHHOI'O NPOITyCKa YPOBHEH HET U , CJIE€I0BATENBHO, CPEAHEE PACCTOSIHUE MEXIY ITUMHU
YPOBHSIMU PaBHO
D(1/27)=20000/897=22.30+0.35 >B.
<I'?>=2.28610" >B",

Wcnonb3oBaBlieecs BhILIE BbIPAXEHUE M CHIOBOM (YHKUIUM p-BOJHBI IIOJyY€HO B
IPEIOJNI0KEHNH, YTO IJIOTHOCTh YPOBHEW mIpomnopuuoHainpHa 2J+1, T.e. 4Mcio ypoBHEH co
CIMHOM 3/2 BABOE NPEBBIMIAET YUCIO YpPOBHEH co cnuHOM 1/2. DTO cooTHoIIeHHe, BOoOIIe
TOBOPSI, HE SBJISIETCS CTPOTMM U TO, YTO YHCJIO 3aPETUCTPUPOBAHHBIX P-PE30HAHCOB CO CIIMHOM
1/2 (850) mpeBbllIaeT MOJOBUHY 4YHCIA 3apETUCTPUPOBAHHBIX P-PE30HAHCOB CO CHMHOM 3/2
(1565), camo mo cebe HE MOXKET CIy)KUTh CBHIECTEIHCTBOM IIPOITyCKa YacTH YPOBHEH WU
HEKOPPEKTHOrO OIpeneiacHus cMHOB. O HAIM4MM UM OTCYTCTBHUHU IPOITyCKa YPOBHEW MOXKHO
CYIUTh TIO pacrpeAeTICHUsM MPUBEACHHBIX HEHTPOHHBIX MIMPUH P-PE30HAHCOB CO CiMHAMH 1/2
u 3/2. Otu pacnpeneneHuss nokasaHsl Ha puc.8. COBEpLIEHHO OYEBHJIHO, YTO 3HAYMTEIbHAs
4acTh Y3KUX PE30HAHCOB, YbU NPUBEJCHHbIE HIUPUHBI OTHOCSTCS K JIBYM IE€PBBIM KBAaHTHUIISIM,
npomyiieHa. B To ke Bpemst B TpeTbeM U 0oJiee BBICOKMX KBAHTWIISAX NMPU3HAKOB MPOITyCcKa HE
HaOmogaercs. llpomyck y3KHMX pE30HAHCOB, pa3yMeeTcs, IMPUBEN K 3aBBILIEHUIO CPEAHHUX
NPUBEJACHHBIX HEHUTPOHHBIX HIMPHH, YTO MCKa3mio pacnpeaeneHue I'nl/<I'nl> u B BepxHHUX
KBaHTUJISIX.
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Sum of 'n-0 of s- resonances
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S-wave strength function
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Puc.7. Pacnipenenenue npuBeAeHHBIX HEUTPOHHBIX IIUPHUH S-pe30HAHCOB 10 10%-M KBaHTHIAM
pacnpenenenus lloprepa-Tomaca
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Distribution of the observed p-wave reduced widths
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Puc.8. Pactipenenenre npuBeEHHBIX IIUPUH P-PE30HAHCOB MO 10-MpOLEHTHBIM KBAaHTWIAM
pactpenenenus [loprepa-Tomaca

VY4yer nporycka cladblX pe30HAaHCOB HAMU OBUI BHITIOJHEH B MPEANOJIONKECHHH, YTO B BOCBMH
BEPXHUX KBAaHTWIAX MPOMYCK PE30HAHCOB He cyliecTBeHeH. CpelHue MpUBEICHHbIC IIUPUHBI
ONPEIETSITUCH U3 YCIOBUS

1 1 1
WORg, ~NT <00642 <1 5]= Lo 5 1a(<00642<T, >)
8 <I', > <I', >
3necy 0.0642 —HwkHAS TpaHuia 3-r0 KBaHTWISA. BelumTaemblie B JICBOM W MpaBOM YaCTAX
PaBEHCTBA YYUTHIBAIOT BKJIA/Ibl 3aPETUCTUPOBAHHBIX PE30HAHCOB U3 MEPBBIX ABYX KBAHTUJICH.
Ha puc. 9 nokazanbl pacnpeneneHusi MIUPUH P-PE30HAHCOB, IMOJYYEHHBIE TMPU CHUKEHHBIX
3HaueHusix <Inl> CHmwkeHue MNPOBOAWIOCH TaKUM OOpa3oM, 4YTOOBI CymMMa KBaJpaToB
OTKJIOHEHHH 4Yuces pe30HaHCOB B KBAHTWIAX C 3-ro mo 10-if oT cpenHero mo 3TUM KBaHTUJISIM

quciia paBHAJIACh HYJIHO.

Corrected distribution of the p-wave reduced neutron widths
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Puc.9. Pacnipenenenuie npuBeA€HHBIX HLIMPUH P-PE3OHAHCOB C YYETOM IPOIYyCcKa caadbIX
YpOBHEN
HenoGop pe3oHaHCOB B MEPBBIX IBYX KBAaHTHISAX cocTaBwi Juist J=1/2 141 pe3onHanc, a mis
J=3/2 300 pe3onancoB. CpenHue pacCTOSHUS MEXIy YPOBHSMH C YUY€TOM IMPOIyCKa
OKa3bIBaeTCs paBHBIM
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D(1/27)=20.18+0.09 3B;  D(3/2)=10.72+0.03 3B*°.
Cpe,Z[HI/Ie MMPUBCACHHBIC IUPUHBI paBHbI, COOTBECTCTBCHHO,
<T (1/27)>=(3.72+0.18)*107 ;  <T'(3/27)> (1.64+0.06)*107.
[Ipu oueHke MoOrpemHocTeld yYUTHIBAIUCh TOJIBKO YHCIA YPOBHEH, JEKalIUX B 8-MHU BEPXHHUX

KBaHTWIAX. CHUII0BbIE (DYHKIIMM PaBHbI
S, 1o =(1.84420.097)%10™ ; s, ,, =(1.531£0.059)*10™.

CuioBas QyHKUMS P-BOJIHBI, OLIEHEHHAs KaK S, = (8, +28,;,;)/3, paBHa

S1=(1.635+0.051)*10™,
YTO IPAKTUYECKH COBIANACT C IPUBEACHHOW BBIIIE OLEHKOH S, ngrL/ 3E, .. Heckomnbko

OoJibIIasi MOrpenurtHOCTh 00yCIoBIIeHa yaeToM 3(deKkTa MponmycKka YPOBHEH M MOTPEITHOCTHIO B
CpeIlHEM PACCTOSIHIH MEXIY HUMHU.

N3 puc.1 u puc.3, Ha KOTOPBIX W300pakeHBI HAPACTAIOIINE CYMMBI YHCJIa PE30HAHCOB,
TPYAHO CYAUTH 00 OTKJIOHEHHWU PHEPreTHUECKUX 3aBUCUMOCTEH ITHX CYMM OT MPSMBIX JHHUH.
Ha puc. 10 u 11 npuBegeHbl 3aBUCHMOCTH HAOJIFOJaEMbIX TUIOTHOCTEH YpoBHEH ¢ J”, paBHBIME
12°, 122 u 3/2, BBIDAKCHHBIE B YHCJIE PE30HAHCOB, MNpuxoadmuxcsi Ha | k3B, B
NOCJIEI0BATENbHBIX MHTEpBaNaX MHUPUHON 1O 1 k3B. [lyHKTUPHBIMU JTUHUSAMU [TOKA3aHbI YUCIIA
pEe30HAHCOB, mpuxoasmuxcs Ha 1 k3B, ycpennennsie mo mepBbiM 10 muTepBasnam (ot 0 g0
10x3B) 1 o cneayromum 10 uarepasiam (ot 10 10 20 k3B).

Kak BunHOuM3 puc.10, mioTHOCTH s-pe30HAHCOB nocie 10 KB HECKOJIBKO CHUMXKAETCS: Ha
nepBoM JeciaTke K3B 3apeructpupoBaHo 466 pe3oHaHcoB, Ha BTOopoM - 431 pe3oHaHC.
Pacripenenenuie paccTossHMII MeXAy pe30OHAaHCAMH C OJMHAKOBBIMU CIHHAMHU U YETHOCTHIO
MOJUMHACTCS paclpesiefieHnio BurHepa, uisi KOTOpPOro CTaHIAPTHOE OTKJIOHEHHE PaBHO

A (4/m—1)/N Oxunaemoe OTKIOHEHHE OT CPEIHEro MpU cperHeM, paBHOM ~450, cocTaBisieT

+18 (wm, B mepecyere Ha |1 k9B, +£1.8, uTo U mokazano Ha puc. 3a). Kak BumuMm, HaOIt01aeMbIe
Ylciia pe30HaHCOB Ha IIEPBOM U Ha BTOPOM JIeCATKE K3B oTiinyaroTes oT cpeJHero Ha BEJIMUYHHY,
ONMU3KYI0 K OXKHAAEMOMY CIy4aiilHOMY OTKJIOHEHHWIO, T.e. cllaboe CHIDKEHHE HaliromaeMon
IUIOTHOCTH S-PE30HAHCOB Ha BTOPOM JecATKe Kd3B He sBisercs OCHOBaHMEM JUIs
IPEIIOJIOKEHNUT O TMPOMyCKEe 4YacTH pe3oHaHcoB. Kak oTMmedanoch Bbllle, ISl TaKOIro
OPEINON0oKEeHUsT HE JlaéT OCHOBaHME M PACCMOTPEHUE paclpeselieHusl IPHUBEIECHHBIX
HEUTPOHHBIX IIHPHUH.

55

53

514

49 -

47 |

45 4

43

411

Yucno s-pes3oHaHcoB Ha 1 k3B

39 +

37 A

35

OHeprus,kaB

% OTHOCHTE bHAS TIOTPEITHOCTh CPEIHEr0 PACCTOSHHS MEHKILY PE30HAHCAMH CBSI3aHA C YHCIIOM

3apeTUCTPUPOBAHHBIX PE30HAHCOB C COOTBETCTBYIOIIUM CIIMHOM M YETHOCTBHIO N cooTHoIIeHHEM hY, 4 / ™ — 1/\/ N
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Puc.10. OHepreTuueckast 3aBUCUMOCTb HAa0JIF0/1a€MOM IJIOTHOCTH S-PE30HAHCOB.

Ha puc. 11 npuBenensl HabmoaeMble MIIOTHOCTH P-PE30HAHCOB CO CIHMHOM 1/2 U co
cnuHOoM 3/2. Kak BUIHO, B OTIIMYKE OT S- PE30HAHCOB, B 3TUX CIy4asx HaOJrogaemMas TNIOTHOCTh
YPOBHEW HECKOJBKO BO3pacTaeT MIpU Iepexojie OT MepBOoro naecsitka k3B ko Bropomy. s
pPE30HAHCOB €O CHMHOM 1/2, 3TO BO3pacTaHME CYIIECTBEHHO MEHBIIE CTaTHCTHYECKON
HEOIPEEIEHHOCTH; JIIsl PE30HAHCOB CO CIIMHOM 3/2, HECKOJIBKO €€ IMPEBOCXOIUT. 3aMETUM, UTO
Cyld MO pAaclpeAeseHUsIM NPHUBEIECHHBIX HEHUTPOHHBIX IIMPUH JOJS NPONYIIEHHBIX p-
PE30HAHCOB Ha IEpPBOM JeciITKe K3B mpakTHyecku COBMNAAAeT ¢ JO0Jed MpoINyIeHHbIX
PE30HAHCOB BO BCEH 00/1aCTH Pa3pelIeHHBIX PE30HAHCOB.

W3noxxeHHOE MOKa3bIBaeT, 4To B obOmactu Hike 20 k3B HET CTOdb CyHIECTBEHHOTO
MPOITyCKa HEUTPOHHBIX PE30HAHCOB, KOTOPHIM MOT OBl 3aMETHO TOBIIMATH HAa BEIUYHHY
PacCUMTBIBAEMBIX IO MAPaMETPaM 3TUX PE30HAHCOB HEUTPOHHBIX CEUEHUM.

3
o
I

Yucno p-pe3oHaHcoB Ha 1 k3B

IS
o
I

w
o

OHeprusa,kaB

Puc.11 . 3HepP€TI/Iq€CKH€ 3aBUCHUMOCTH Ha6JIIOZ[aCMBIX IUIOTHOCTEH P-PC30HAHCOB

Uro kacaercsi pajuallMOHHBIX IIUPUH, TO Ul OOJBIIMHCTBA PE30HAHCOB OHU MPUHATHI
paBabiMu 23 M3B poBHo. Mckmouenue coctaBisroT 202 s-pe3onanca, u 170 p-pe30HAHCOB,
KOTOPBIM TPHHATHl WHbIE 3HAUYEHUS PaAJAMALUOHHONW MMPHHBI (B cpeaneMm 24.1+17.2 m3B u
26.6£10.7 m3B cootBercTBeHHO). ClieyeT OTMETHUTh, YTO BCE ATH HCKIIOUEHHUS TMOBJICKIU 3a
co0oil yBenuueHHE pe30HAHCHOTro wuHTerpana Bcero Ha 0.12%. PamuanuoHHBIE CcHUIIOBBIC
(GYHKIIMHN OKa3bIBAIOTCS PaBHBIMU

S,0=(10.7£1.3)*10-4; S,,;=(28.1£3.6)*10-4
[TorpemntHocTH 00YCIIOBIEHBI pa30pOCOM pagHaITMOHHBIX IIMPHH, yKa3aHHBIX B (aiine ENDF/B-
VIL

Pe3oHaHCHBIE HHTETpANIBI PABHBI:

®OH/-2.2 — 274.6 GapHa;

JENDL-3.3 — 276.4 6apHa;

JEFF-3.1 —274.7 6apHa;

ENDF/B-VII — 275.3 6apHa.

ITo onenke Myxa6xa6a1 PEe30HAaHCHBIN MHTErpai 3axBaTa paBeH 277+3 OGapHa, yeMy He
OPOTUBOPEYUT HHU OJHO M3 TMEPEUUCIICHHbIX 3HAUYEHUNW PE30HAHCHBIX WMHTErPajoB U3
O6ubnuoTeyHbIX NaHHBIX. Bkman oOmactu paspemieHHbIX pe3oHaHcoB (oT 0.4655B no 20xsB)
cocrtapysieT 274.7 3B, T.e. 99.8%. [Ipomyck ci1aldbIX p-pe30HAHCOB MPAKTUYECKU HE CKa3bIBAETCS
Ha BEJIMYMHE PE30HAHCHOI'0 MHTErpaa.

Ha puc.12 cpaBHHBaIOTCS OTKJIOHEHUS TOJIHBIX CEUEHUM, PACCUUTAHHBIX 0 PE30HAHCHBIM
napameTpam, IPUHATHIM B PA3JIMYHBIX OLEHKaX OT CEYCHUH, pACCUMTaHHBIX HA OCHOBE JIAHHBIX
ENDF/B-VII; na puc.13 takoe >xe cpaBHEHHE MPOBOJIUTCS JIJIs1 CEUCHUS 3aXBaTa.
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nus3

MonHoe cevyeHue

——FOND-2.2 (ABBN-93)

——JENDL-3.3
——JEFF-31

——JEF-2.2
——ENDF/B-VI.3

Macnos

1.E+04

1.E+03

1.E+04

1.E+03

1.E+02

1.E+01

OHeprus

PC30HAHCOB.
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Puc. 12. Otxnonenus moiaHoro cedenust ot TakoBoro u3 ENDF/B-VII B o6iactu paspernieHHbIxX

%"

g 1 0 aUHaTKOXIed

Puc. 13. Otkionenus ceuenus 3axBaTa ot TakoBoro u3 ENDF/B-VII B o6mactu pa3penieHHbIX

[Tockoneky ormenka, mpunsitas B ENDF/B-VII BbmonHena mosmHee W yduThIBaja

4
PE3YJIbTAThl pPAda HOBBIX JKCIICPUMCHTAJIBHBIX pa60T 7, H, K TOMY IXK¢C, o0ecIieunBaer

4 F. Gunsing, K. Athanassopulos, and F. Corvi,Phys. Rev. C, 56, Num 3 (1997);

B. E. Crawford et al., Phys. Rev. C, 58, Num 2 (1998)



IpUEMJIEMYIO BEJIMYMHY CEYEHMs 3axBaTa TEIUIOBBIX HeWTpoHOB, B POCOPOHJ[ BKIIOUYEHBI
PE30HAHCHBIE TAPAMETPbI IMEHHO U3 3TON OLEHKH.

4. O0s1acTh Hepa3pelICHHbIX PE30HAHCOB.

B onenke ENDF/B-VII sta obnacts mpoctupaercs ot 20 go 149.0288 x3B (t.e. mo
1opora HEYIPYroro paccessHus ¢ BO30YKIEHHUEM BTOPOTO YPOBHS 2 8U); CpeHHE PE30HAHCHBIE
napaMeTpbl PEeKOMEHJYIOTCS JIMIIb Al pacueTa (PaKkTOPOB PE30HAHCHOW CaMOIKPaHHUPOBKHU;
yCpeTHEHHBIE TI0 pEe30HAHCAM CEeueHUsl, puBeJeHHbIe B (aitie MF=3, COOTBETCTBYIOT OIleHKE
Frohner’a, BeimosiHenHoM B 1988 T.

B onenke JEFF-3.1 o0iacTs Hepa3pelmeHHbIX pe30oHaHCcoB npoctupaercs ot 20 mo 300
K9B; cpenHue pe3oHaHCHbIE MapaMeTphbl TAKKE PEKOMEHIYIOTCS JUIIb Ui pacyeTa (akToOpoB
PE30HAHCHON CaMOAKPAHUPOBKH; YCPEIHEHHBIC 10 PE30HAHCAM CEYCHUS MPUBEICHHBIC B (haiiie
MF=3, cootBeTcTBYIOT O0Jee mo3aHei ouenke Frohner’a, BeimonnenHoii B 1993 r.®

B omenke MacnmoBa 007acTh Hepa3pelIeHHBIX pe30HaHCOB mpocTupaercs oT 10 mo 150
K9B; cpenHMe pe30HAHCHBIE MapaMeTpbl PEKOMEHIYIOTCS IS pacdeTa CEUCHHH YIpYroro
paccestHus, PaIMallMOHHOTO 3aXBaTa M JeJIeHUs (CEYeHHEe HEYIPYTroro pacCesHusl U ero BKIIAJ B
MOJTHOE cedeHue 3anatorcs B aiine MF=3).

B onenke JENDL-3.3 o6acth Hepa3pelieHHBIX PE30HAHCOB TaKXke MpocTupaercs ot 10
1o 150 k3B; cpeqHre pe30HaHCHBIE TapaMEeTPhl PEKOMEHAYIOTCS JUIsl pacueTa CeYeHUH yIpyroro
paccesHUS ¥ PaIMallMOHHOTO 3axBaTa (CCUeHUsI HEYNPYToro PACcCEesTHUS ¥ JICJICHUS U UX BKJIAJ B
MOJIHOE cedeHue 3anatorcs B aiine MF=3).

B oneake ®OH/I-2.2. o6macTh Hepa3pelieHHbIX Pe30HaHCOB mpoctupaetcs 10 200 k3B.
CpeIHHE PE30HAHCHBIC MapaMeTPhl PEKOMEHIYIOTCS JIJIsl pacueTa CEUYCeHUH yIpyroro paccessHus
¥ paJIMallMOHHOTO 3axXBaTa (CEYEHHS HEYNMPYToro PacCessHUs W ACIEHUS W WX BKJIAJ B TIOJTHOE
cedeHue 3anarorcs B ¢paitne MF=3).

Bo Bcex oreHKax ceueHHs OMUCBHIBAIOTCS C YYETOM BKJIQJI0B PE30HAHCOB CO CIIMHAMH H
+ - - + +
yeTHOCTSIMU 1/2° (s-BomHa), 1/2° u 3/2° (p-BonHa), 3/2° u 5/2° (d-BonHA).

Ha puc. 13, 14 u 15 cpaBHHMBaIOTCS HEHTPOHHBIE U PATUALIMOHHBIC CUIOBBIE (DYHKIHH,
Ha OCHOBE KOTOPBIX PAacCCUMUTBHIBAIOTCS HEHUTPOHHBIE CEUEHHMs B O0JIACTH Hepa3pelIeHHBIX
PE30HAHCOB.

HenTpoHHEIe cunoBble yHKUUU S-BOMHbBI PagnauunoHHble cunoBble yHKLUK S-BONHbI

1.10

@ JENDL-3.3 22.00
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Puc. 13. CuioBbie (yHKIIMH S- BOJTHBI
W3 mpuBeneHHBIX MaHHBIX BUAHO, YTO Pa3HOOON B OIEHKaX CPEAHHX PE30HAHCHBIX
napaMeTpoB JOCTaTOYHO BeNUK. MOXKHO KOHCTaTUPOBATh, YTO OMHCAHWE COBOKYIHOCTH

*8 B H. Froehner,"Evaluation of the Unresolved Resonance Range of 28U + n, Part II: Differential Data tests",
NSE: 111, 404-414, (1992).
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HAKOIJICHHBIX K HACTOSAIIEMY BPEMEHH JaHHBIX O HEHTPOHHBIX CEUeHHUsX B 00JacTu
HEPa3pEeLICHHBIX PE30HAHCOB B TEPMHHAX CPEIHUX PE30HAHCHBIX MapaMmeTpoB M S-, p- U d-
BOJIH HE MO3BOJIMJIO OLIEHIIMKAM IPUATH K COTIAaCOBAaHHOMY Habopy mapameTpoB. YacTHYHO 3TO
paccoriiacoBaHue, BEpOSITHO, OOYCJIOBIIEHO, pa3iMyueM B TeX Habopax 3KCIEepUMEHTAIbHBIX
JAHHBIX, KOTOPBIE HCIIOJIb30BAJIUCH JJIsl ONpEAeTeHUs mapameTpoB. Tak, Hampumep, OLEHKa
CpPEeIHUX PEe30HAHCHBIX MapaMmeTpoB M.HukomaeBbIM M JIp. MpoW3BOAMIACH MyTeM IMoAOOpa
METOJIOM HAMMEHBIIMX KBaJApPaTOB TaKUX CPEIHUX PE30HAHCHBIX I[apaMeTpoB, KOTOpbIE
MO3BOJIATIM OBl OMHMCAaTh OJHOBPEMEHHO KaK CEYeHHs 3axBaTa, YIOPYroro M HEYIpyroro
paccesiHusl, TaK U aHU30TPOIUIO YIPYroro paccesHusi. IMeHHO moTpeOHOCTh OMUCAHUST JaHHBIX

10 aHU30TPONMHU YIPYTOro paccessHUsI NPUBEIO K TOMY, YTO CUJIOBas (yHKLUs d-BOJHBI B 3TOM
OLIEHKE 0Ka3aJ1ach CTOJIb OOJIBILION.

HeitTpoHHble cunoBele hyHKUUM pP-BOTHbI PagunaunoHHble CUNoBbIE YHKLMM P-BONHbI
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Puc. 15. Cunoseie ¢pyHKIMH d-BOTHBIL.

B onucanusix Bcex Ipyrux oueHOK 00 ydeTe JaHHBIX MO YIJIOBBIM paclpeleeHUusIM Ipu
OLICHKE CPEIHUX PE30HAHCHBIX NTapAMETPOB HE YIIOMHUHAETCS. J{pyroil MpUYMHON MOIJIO SIBUTHCS
pasnuyue B 4YMCIIEe MOAOMpaeMbIX MapaMeTPOB PACUETHOM MoJenu: B OOJIBLIMHCTBE OLEHOK
CIIMHOBOW 3aBHCHMOCTBIO HEHTPOHHBIX CHJIOBBIX (DYHKIMH TMpeHeOperamsoch, a B STOHCKOM
OLIEHKE M paJlualliOHHbIE CUIOBbIE (DYHKIMH CYUTAINCH HE 3aBUCAIIMMU OT CIIHHA.

Wrak, HaOOpHI CpEeAHUX PE30HAHCHBIX MAapaMeTPOB, C MOMOIIBIO KOTOPBIX OMHCHIBACTCS
CTPYKTypa Ce4eHMH B 00JacTH HEpa3pelIeHHBbIX PE30HAHCOB, CYIIECTBEHHO pPAa3JIMYHBI.
PaccmoTpuM, Kak 3TO €Ka3aa0Ch Ha yCPEAHEHHBIX 10 PE30HAHCAM CEUYEHUSX.

Ha puc. 16 momHble ceyeHHs, MONyYECHHBIE B Pa3HBIX OIEHKAaX B OOJIACTH HEpa3peIleHHBIX
pEe30HAHCOB, cCpaBHUBAIOTCS ¢ qaHHBIMU ENDF/B-VII.
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NonHoe ceuyeHune
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Puc. 16. OTKJIOHEHUS TIOTHOTO CEYCHUS U3 Pa3HBIX OIMEHOK OT TakoBoro n3 ENDF/B-VII B
00JIacTH HEepa3peIICHHBIX PE30HAHCOB.

UroObl BBHIOpaTh M3 PAacCMAaTPHBAEMBIX OLIEHOK HaWOOJee HAAEKHYIO CpPaBHUM HUX C
IKCIIEPUMEHTAIFHBIME ~ JTaHHBIMA. Ha puc. 17 oOleHeHHbIEe JaHHBIE CpPAaBHUBAIOTCS C
HKCIIEPUMEHTAIBHBIMUA JaHHBIMA XapBH, YCPETHEHHBIMH MO WHTepBaiaM mmpuHoi 10 k3B
(HenocpeCTBeHHBIE JaHHbIE XapBH CIMIIKOM JETAbHBI IS TOTO, YTOOBI IO HUM MOKHO OBLIO
CYIUTh 00 UX COOTBETCTBHH OIICHEHHBIM JaHHBIM, YCPEIHEHHBIM TI0 IIMPOKUM SHEPreTUIECKUM
uHTepBanaM). [IpHBOAATCS TONBKO pE3yNbTaThl M3MEPEHHH C TOHKMM 00pa3loM, T.K.
CaMOAPKPaHUPOBKA CEUCHUH MPH UCTIONB30BaHUM 00pasua TommuHon 0.1748 sa./06apH okazanach
CYIIECTBEHHOH J]a’Ke TIPU CTOJIb BHICOKOM pa3pelleHHH, KOTOPOE UMENI0 MECTO B IKCIIEPUMEHTE
Xapsu. [IpuBoaATCS TakKe U pe3yIbTaThl U3MEPEHUM IPYTUX aBTOPOB.

MonHoe ceyeHne

—JEFF-31
= ENDF/B-VII
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1.00E+05

1.20E+05

Puc.17. IlonHoe cedyeHue B 001aCTU HEPA3PEUICHHBIX PE30HAHCOB

Onenkn ENDF/B-VII u JEFF-3.1, B KOTOpBIX CpeJHHE pPE30HAHCHBIC IapameTphl
PEKOMEHIYIOTCSI TOJIBKO JJIsl OLIEHOK PE30HAHCHOW CaMO3KPaHUPOBKH, MTPEICTABICHBI KPUBBIMH,
OTIpeNIeJICHHBIMH B COOTBETCTBYIOIIMX (paiinax. s BceX OCTalbHBIX OMONMOTEK MPHUBEICHBI
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MHOTOTPYIIIIOBBIE CEUEHUS], PACCUUTAHHBIE 10 CPEAHUM PE30HAHCHBIM IIapaMeTpaM C IOMOIIBIO
nporpaMMbl NJOY-98.

W3 puc. 17 BUIHO, YTO HOJHOE CEYEHHE, paccuuTaHHOe Mo npuHATHIM B JENDL-3.3
PE30HAHCHBIM IIapaMeTpaM, JISKUT HIDKE IMOJABIISIIOIIEro OONbIIMHCTBA SKCIEPUMEHTAIbHbBIX
nanHbix. Ceuenue, npunsatoe B JEFF-3.1, HanpoTuB, npeacTaBiseTcsl 3aBbIIIEHHBIM. ABTOPBI
OLIEHKH, BHUJIUMO, NpPHUJAJIN TOJABJSAIOIIMN BEC pe3ysbTaTaM H3MEpeHHd ATTiM, JeXalluM
CUCTEMATHUYECKHU BBILIE JaHHBIX BCEX APYTHX aBTOPOB, IPOBOIAMUBIINX U3MEPEHUS C JOCTATOYHO
TOHKMMHU oOpa3uamiu. [losiHble cedeHus, MPUHATBHIE B TPEX OCTAJIBHBIX OLEHKAX CTOJb OJIM3KH
Ipyr K Jpyry, 4YTO OTAAaTh MNPEANOYTEHHE OJHOM M3 HUX HAa OCHOBE CpaBHEHUS C
9KCHEPUMEHTATIbHBIMU JAHHBIMU HEBO3MOXHO.

Ha puc. 18 moka3zaHbl OTKJIOHEHHUS CEYEHUW paTUAlMOHHOTO 3aXBaTa OT PEe3yJIbTaTOB
ouenku, npuHstoir B ENDF/B-VII. O6pamaer Ha ce0s BHUMaHUE aHOMAIWs, UMEIOIIasi MECTO
Ha MIOpOre HeYNpyroro paccesinus. [IpudnHa 3Toi aHOMaIMK 3aKIIF0YAETCs B TOM, YTO B OTJIMYKE
oT oneHoK, mpuHATHIX B JENDL-3.3, ®OH/I-2.2 u ot ouenku MacnoBa, B ENDF/B-VII (kak u B
JEFF-3.1) ceuenme 3axBaTa pPEKOMEHIYETCSl pPAcCUMTHIBATh HE IO IPHUBEICHHBIM B (haiiie
CpPeIHUM PE30HAHCHBIM MapaMeTpam, a o JaHHBIM, IpUBEIECHHBIM B (paiine MF=3.

CeyeHue 3axBaTa
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Puc. 18. OTkiI0HEHUS OLIEHEHHBIX CEYEHMI 3aXxBaTa OT oueHKH, npuHaToil B ENDF/B-VII.

Ha puc. 19 npuBegeHo oTivyue CEYEHHMI 3aXBaTa, PACCUYUTAHHBIX MO CPEIHUM PE30HAHCHBIM
napameTpam u3 ENDF/B-VII oT TakoBbIX, paccuuTaHHbIX 10 JaHHbIM (aiina MF=3. Kak BuzaHo,
BEJIMYMHA U XapaKTep ITOr0 OTIIMYMS T0100HBI IPUBOAUMBIM Ha puc. 18.

Ha puc. 20 oreHeHHbIE CEUYEeHHS 3aXBaTa CPaBHHUBAIOTCS C JKCIIEPUMEHTAIbHBIMU JTaHHBIMH.
Ouenkn ENDF/B-VII u JEFF-3.1, B KOTOpBIX CpeIHHME pE30HAHCHBIE MapameTpPhl
PEKOMEHIIYIOTCS TOJIBKO [UJISI OIICHOK pPE30HAHCHOW CaMODKPAHMPOBKH, KAaK U  BBIIIE,
MPEJICTaBICHbl KPUBBIMHU, ONpEAEIEHHBIMA B COOTBETCTBYIONIMX (haiiinax. J[s Bcex oCTalbHBIX
OMOIMOTEK MPHUBEACHBI MHOTOTPYMIOBLIE CEYEHHS, PACCUMTAaHHBIC MO CPEIHUM PE30HAHCHBIM
napameTpam ¢ momoirsio mporpammbl NJOY-98. [lpuBoauTcsi Takke KpuBasi 3aBUCHMOCTH
CEUEHHUs 3axXBaTa OT DHEPrUH, PACCUUTAHHAS MO TMapaMeTpaM HEpa3pelIeHHBIX PE30HAHCOB U3
JEFF-3.1 (m0 150 3B coBmanarommmu ¢ npunsteiMu B ENDF/B-VII).
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CeueHue 3axBaTa

OTKnoHeHue, %

80 i i i i i i
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Puc.19. OTknoHeHue ceueHus 3axBaTa, paCCUUTAHHOTO 1O TaHHBIM (aitna MF=2, ot
paccuntanHoro 1o ganaeiM MF=3 ms MAT=9228 ENDF/B-VII.
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Puc.20a. CpaBHeHI/IG OLCHCHHBIX U 3KCTICPUMCHTAJIbHLIX JAHHBIX 11O CCUCHUIO 3aXBaTa.
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CeuyeHue 3axBara
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Puc.200. CpaBHCHI/Ie OLCHCHHBIX U SKCIICPUMCHTAJIBHBIX TAHHBIX 11O CCUCHUIO 3aXBaTa.

Bo Bcex ciydasx, Korja ceueHusl pacCuuTaHbl [0 CPEAHUM PE30HAHCHBIM IIapaMeTpam,
CKOpPOCTh CHIDKEHMsI CEUeHMs 3axBaTa C 3Heprueil npu npubmikeHun k 40 k3B craHoBuTCcs
3aMETHO MeHbIIeH. IT0 00yCIOBIIEHO yBenudeHneM Bkiiana d-BosHbl. B onenke ®OH/I-2.2, Te
cuiioBast pyHKIUS d- BOJHBI IpUHSATA OOJIBIIEH, UeM BO BCEX OCTAJIBHBIX OLIEHKAX, 3TOT “BblOEr”
ocobenHo 3amereH. [Ipu sHeprum 41.6 k9B CKOPOCTH crajga ceueHus 3axBara ¢ SHEpriueil BHOBb
PE3KO YBEIIMYMBAETCS 32 CUET KOHKYPEHIIMU ¢ HeynpyruM paccesuueM. B onenkax ENDF/B-VII
u JEFF-3.1, B KOTOpBIX SHEPreTMYEeCKUil XOJ CEYEHHIl HE CBS3aH JKECTKO CO CPEIHUMU
PE30HAHCHBIMH NTapaMeTpaMu, 00cykaaeMas 0COOEHHOCTh B X0/I€ CEYEHUS 3aXBaTa CMa3aHa.

BunHo, 4TO XOpOIIO BOCIIPOU3BO/S CEUEHMsI, IPUHATHIE B PA3IMYHBIX OlleHKax 110 120
K3B, cpenHue pe3oHaHCHBIE MapaMeTphbl MEPEOLCHUBAIOT CEUEHUE 3axBaTa MpH 0osiee BBICOKUX
SHEPIHsIX.

Ha puc. 21 MPUBCACHBI SHCPICTUICCKUC 3aBUCUMOCTH CCUCHUA HEYIIPYTIOoro pacCeaHus B
COOTBCTCTBUH C pa3HBIMU OLICHKAMMU.
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Heynpyroe paccesHue
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Puc.21 Onenku cedenus: BO30YKIACHHS 1-TO YPOBHSI 28y

OOpamaer Ha ceOsd BHUMaHME aHOMAJbHOE IIOBEJCHUE CEYEHMs BOIM3M Iopora B
STIOHCKOH OIIEHKE. DTO 00CTOATENBCTBO U PE3KO 3aHMKEHHOE B ITO OIIEHKE ITOJIHOE CEYCHUE He
n03BoJis1tOT NMpuHATE ee B POCOOH/I. OcrtanbHble OLEHKH BOJIM3M MOpora BeayT cedst Om3Ko
Ipyr k apyry. Ha puc. 13 npuBeneHo Takke ceueHue HEYNPYroro paccesiHusl, paCCYMTaHHOE 110
napameTpam HepasperieHHbIX pe3oHancoB u3 JEFF-3.1 (mo 150 k3B onu coBnanaror ¢ JaHHBIMU
ENDF/B-VII). Buano, uro mo 120 k3B »Tu mapameTpsl MpeKpacHO BOCIPOU3BOMSAT CEUCHHS,
OpUHATBIE B JPYTHX OIIEHKAaX, HO MpHU Ooyiee BBICOKMX DJHEPrusiX HENOOLEHKa CEYEeHUs
HEYNPYToro paccesiHUsl CTAHOBUTCS BECbMa CYLIECTBEHHOM.

PaccmoTpuM Tenepp Kak BiIMsAET BbIOOp MapaMEeTpOB HEpa3pELICHHBIX PE30HAHCOB Ha
(akTopsl camodkpaHupoBKku. Ha puc. 22 mpoBoautcsi cpaBHeHHE (HAKTOPOB CAMOIKPAHUPOBKU
npu cedeHuu pazbasieHust 1 O6apH (YTO COOTBETCTBYET cMecH ypaHa-238 c¢ 5% Boxopona).
@DakTopBl CaMOIKPAHUPOBKHU OIPEIECITICHBI CIEAYIOIUM 00pa3oM:

f, =<1/(c, +6,)>/<1/(c, +y)* >;
f,=<o./(c,+0y)>/<1/(c, +0y)>.

VYrinoBele CKOOKM O3HAYalOT yCPETHEHHE IO BO3MOXKHBIM 3HAUEHHUSM CEUYEHUU MpH
paccMaTpuBaeMoil SHEPIUH. O () - CEYEHHE pa30aBIIeHHUs.
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Puc.22. ®axkTopsl pe30HaHCHOM CaMO’KPAHUPOBKH IIOJHOTO CEYEHMs ypaHa-238 u
cedyeHus 3axBara (cieBa) mpu pazdaBieHun 1 6apH.

Kak Bumno, paznuumst B (QakTopax CaMOIKPAHUPOBKH CpPAaBHUTEIHHO HEBEIIUKH.
MakcuMaabHOE PAcXOXKIACHHUE B JIUIS (PaKTOpe CAaMOIKPAHUPOBKHU CEUCHUS 3aXBaTa MMEET MECTO
1utst mapameTpoB @OHJI-2.2. OHo coctaBinseT +3% B HU3KOIHEPTreTUIECKON YacTu 0OJIaCTH, YTO
JaCTHYHO KOMIICHCHPYET PAacXOXJICHHE B CPEIHUX CEUeHUsAX 3axpara cMm. puc.l10).
Pacxoxaenne B (akTope CaMOIKpaHUPOBKH IIOJIHOTO CEYEHHMS B clydae OIleHKH Maciosa
ommska k -3% wu emnie Oosee YCHIIMBAET PAaCcXOKJICHHUE, HAOJIOMAIONIEECS B CPEIHUX CEUCHUSX
(cMm. puc.8).

Puc. 22 moxaspiBaeT, 4TO B Cpele C OYEHb BBICOKOW KOHIIEHTpanuen ypaHa-238
pe3oHaHCHast caModkpanupoBka naxe mnpu 300 k3B cocraBnser okono 1%. Otcroma cienyer,
49TO 00JaCTh HEpa3peIICHHBIX PE30HAHCOB CIIEYET MPOJJINTh, 10 KpakHer mepe, 10 300 k3B,
Kak 370 caenano B JEFF-3.1.

C yueTom u3noxkeHHOTO pekoMmeHayetcst mpuHsaTh B POCDOOH]] Te sxe rpaHuiisl o01acTi
Hepa3peleHHbIX PE30HAHCOB U T€ )K€ CpeJHHE pe30HaHCHble mapameTpbl, 4to u B JEFF-3.1.
[Tapametpsi, mpuBeneHusie B (aiiie MF=2, ucnonp3oBaTh TOJBKO ISl pacdeTa (PaKToOpoB
CaMOA’KPAaHUPOBKH, MOCKOJIbKY BO BCEHl 00JIacTH Hepas3pelleHHbIX pe3oHaHcoB — 110 300 k3B ¢
MTOMOIIIBIO ATUX apaMeTPOB HE YJIaeTCsl peaTMCTUYHO OMKMCATh YHEPreTHUECKOE MOBEICHUE BCEX
HEUTPOHHBIX CEUCHUH.

Uto kacaeTrcsi HEIKpAaHMPOBAHHBIX CEUEHWHU, 3aJaBaeMblXx B (aiie 3, TO W TOJHOE
CeUeHHEe M CEYEHHE 3axBaTa pPEUIeHO MpHUHATh TakuMu ke, kak B ENDF/B-VII. Ceuenue
Heynpyroro paccesnus, npuastoe B ENDF/B-VII, kxak Bumno wu3 puc.21, Beime mopora
BO30Y>KICHHsI BTOPOTO YPOBHS HJIET 3aMETHO BBIIIE BCEX APYTUX OIEHOK. Hinke BBIOOp OleHKH
cedyeHus 3axBara OyzieT moJApoOHO 000CHOBAH. 371eCh ke JTIOCTATOYHO OTMETHTh, YTO B 00JIaCTH
HEpa3pelICHHBIX PE30HAHCOB IS CeYeHHs BO30YyK/IeHUsI 1-ro YpOBHS MPUHUMAETCS OIEHKA U3
®OH/I-2.2, Torma kak cedeHus: BO30YKICHUS OCTAIBHBIX YPOBHEH MPHUHATHI TAKUMU K€, KaK B
ENDF/B-VII.

Ceuenue neneHus B 00J1aCTH HEPa3pEIICHHBIX PE30HAHCOB BechMa Majo (cMm. puc. 23).
Ono npuHUMaeTcs TakuM ke, kak B ENDF/B-VII.

CeueHue ynpyroro paccestHus OpeesieTcsl U3 yCIOBHs OaaHca.
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Puc. 23. Ceuenue nenenus B 006JacT Hepa3pelIeHHbIX PE30HAHCOB

S.HeliTpoHHBIE CeYeHUsI BHE Pe30OHAHCHOM 00J1acTH

5.1. [Toanoe ceuenue

Ha puc. 24 oueHeHHble 3HAayeHUsT TOJHOTO  CEUYEHUSI CPABHUBAIOTCA  C
AKCIIEPUMEHTAIILHBIMU JaHHBIMH. OTMETHM, uTO nojiHoe ceuenne B ENDF/B-VI 6bu10 ocHOBaHO
Ha oueHke PpéHepa, B KOTOPOW IOJHOE CEYEHHE ONPEAEIAIOCh HA OCHOBE CTaTUCTHUYECKOIO
aHaJn3a HKCIEPUMEHTAIBHBIX JaHHBIX C y4eToM Koppemsmnuii morpemuocteii. B ENDF/B-VII
NOJIHOE ceueHue ObLIo cierka (He 6oiee, ueM Ha 1.7%) OTKOPPEKTHUPOBAHO B OOJIACTH BHILIE 6
M>bB st mydrero corjacusi ¢ BHOBb MOSIBUBIIMMHUCS JaHHBIME AOdanbrepepa.

B JEFF-3.1 npuHsATO NOJHOE CEYEHHE, PACCUMTAHHOE [0 ONTHYECKON MOJEeNu,
napamMeTpsl KOTOpOW TOI0OpaHbl MO JaHHBIM HE TOJIBKO Il ypaHa-238, HO W s APYTrHX
AKTHUHHJIOB C XOPOIIIO U3BECTHBIMU CEUCHUSIMHU.

B JENDL-3.3 npu omeHKe TOJHOTO CEYECHHS HCIOJIB30BAIMCh KaK HETOCPEICTBEHHO
AKCIIEPUMEHTAJIbHBIE JIaHHbIE, TaK M PE3yJbTaThl PACUETOB HAa OCHOBE MOJEIU CBS3aHHBIX
KaHaJIOB. Y COBEPIICHCTBOBAHHBIN BApUAHT ATOM MOJIEIN UCIOJIb30BAJICA U B OlICHKe MacioBa 1
JIp., YTO MO3BOJIAJIO COTJIACOBAHHO OMUCATh MOJIHOE U MaplHalIbHbIE CEYEHUSI.
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pasInYHbIX OMOIMOTEKaxX MOoKazaHOo Oosee HarasaHO. M3 COBOKYNHOCTH MPUBEAECHHBIX JAHHBIX
3aMeTHM, YTO Ha IpaHHIle 00JaCTH HEepas3pelleHHBIX PE30HAHCOB (COBHAJAIOLICH C MOPOroM
HEYNPYTroro paccesiHusl Ha BTOPOM YPOBHE) IMONHOE cedyeHue, npuHsiaroe B ENDF/B-VII,
OTIIMYAETCSA OT PACCUUTAHHOTO IO CPEOHUM PE30HAHCHBIM IapaMerpam, B3saTeiM u3 GOH/I-2.2

(u pexomeHnoBaHHBIM Tl BKitoueHus: B POCDOH/]) menee, yem Ha 0.5%. Takum oOpazowm,
HUKAKOW CHEIHMaIbHON IOJJIOXKKHA B IOJHOE CEYCHUE JUIsl COTJIACOBAHMS C pe3yJIbTaTaMu

pacyeToB MO PE30HAHCHBIM MTapaMeTpaM BBOJHUTH HE TpeOyeTcs.

SABCTBYCT, YTO OCHOBAHHU OJId KAKOTI'O
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Puc.266. CpaBHeHHE OLICHEHHBIX U U3MEPEHHBIX CEUCHUN 3aXBaTa

Kak BugHO, mpu sHeprusx Hwxke 2 Md>B HM oIHa M3 OLEHOK HE IPOTUBOPEUYUT
UMEIOLIUMCST AKCIIEPUMEHTaIbHbIM JAaHHbIM. IlpaBma ceuenue, npunsroe B JEFF-3.1, B
untepBaie 0.4 — 0.8 M»B uaer 3ameTHO BbIIIE BCEX APYTHMX OLEHOK, YTO TPYJHO OIpaBIaTh
UMEIOIIMMUCS AKCIIEPUMEHTAIBHBIMUA JaHHBIMU. OOpamaer Ha ce0si BHUMaHHE M CTPYKTYpa
cedeHus 3axBata, npossisomasicsa B ouenkax ENDF/B-VII u JEFF-3.1 B untepsane 0.6 — 0.8
Mb5B. Ha puc. 16 3ta cTpyKTypa cpaBHUBAETCSI CO CTPYKTYpPOM CEUEHUsI HEyIPyTroro paccesiHusl,
JIAIOILEro B paccMaTpuBaeMoi 00JIaCTH 3HEPTUM ONPEEIIAIONINM BKIaJ B CEUEHUE HEYyNpyTux
B3auMOoJeicTBU. JIOBONBHO pe3Koe yBEJIMYEHHE CEUEHUs HEYNpyroro paccesHus mnpu 680 k3B
BIIOJIHE OOBSCHUMO: 3/1€Ch OTKPBIBAETCSI BO3MOXXHOCTh HEYIPYTOro paccesiHus ¢ BO30YXKIeHUEM
5-ro ypoBHs 238, umeroiero suepruto 680 k3B. Jto,
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Puc.27. CpaBHeHrE CTPYKTYp C€UCHHUS HEYNPYTOro pacCcessHusI U 3axBaTa (YMHOX)eHO Ha 20).
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HECOMHEHHO, JTOJDKHO MPHBECTH K CHIDKEHHIO CEUSHHS 3aXBaTa, YTO M HAOIIOJAeTCs B OLICHKE
ENDF/B-VII. Cnan ceuenus 3axBara npu 900 k3B Taxke KoppeiaupyeT ¢ OTKPBITUEM HOBBIX
KaHaJIOB HEYNPYroro paccesiHus, a craj npyu sHeprusx Bbime 1 MaB — takke 1 KOHKypeHLIuen
CO CTOpOHBI JeneHus. TakuMm o0pa3oM, CTPYKTypa CEUEeHHUs 3axXBaTa, NMPOSBUBIIASICS B OLIEHKE
ENDF/B-VII, x0oTa M He OCHOBaHa Ha JKCIEPUMEHTAJIbHBIX JAHHBIX, MPEICTABIACTCS
(du3nUecKky orpaBIaHHOM.

[Tpu sHeprusx Beime 3 MsB, onenku ENDF/B-VII, JEF-2.2 u JENDL-3.3 onupatotcs Ha
JKCIIEpUMEHTaNbHbIe JaHHble Jlpeiika, Jlenuenca m Xyanr Jl3enr-/le. Bce 3Tu pesynbTaThl
MIOJIyY€HbI ITyTEM PETUCTpalluy TaMMa-itydei 3axBara. Kak BuaHO, moATBepxkaas Apyr Apyra,
OHM JIEJKAT CYIIECTBEHHO HIXKE pe3ysbTaToB [laHnTknHa u ToiCcTHMKOBA, B KOTOPBIX U3MEPEHUS
BEJIMCh C MOMOIIBIO aKTHBAIMOHHON METOAMKH B BEChbMa IUIOXMX (POHOBBIX ycloBHsX ((oH
coctaBisan A0 80% oOmero cuera). PanHue pesynpTarel bappu Taxke ObUIM MOJyYEHBI C
MIOMOUIbI0 AKTUBAaLMOHHOM Meronuku. Kak BugHO u3 puc. 14a, 3T pe3ynbTaThl JEkKaT
3HAYUTEIbHO BBILIE COBOKYITHOCTH JIPYI'MX JaHHBIX M MpH 0ojiee HU3KHX SHEPTUsiX, U €/1Ba JIH
MOTYT pacCMaTpUBaThCA KakK MOATBepkAcHUE NaHHbIX [lanuTkuna-Tonctukosa. [loaTomy onopa
IIPY OLICHKE Ha JJaHHBIE, TIOJyYEHHBIE 10 raMMa-JIydaM 3axBaTa IPEACTABIIAETCS ONpPaBIaHHOM.

3aMeTuM. YTO MpH BHIMONMHEHUU oneHku uisi @OHJI-2.2 3T naHHBIE HE MOTJIH OBITh
y4TEHBbI T.K. OHM elle He OBbLIM MOJy4eHbl. ECTeCTBEHHO, YTO OLIEHKAa OMUpajiach Ha JaHHBIE
[TanuTkuna-ToncTukosa.

Xon ceueHus: 3axBara OBICTpbIX HeiTpoHoB, mpuHATHIA B JEFF-3.1 mpencrammsiercs
HEIOCJEI0BaTENbHBIM: TIPU 3HEprusax 4 — 6 M»>B axkTuBaIMOHHBIE aHHBIE UTHOPUPYIOTCA U
KpUBasi DHEPreTUYECKOW 3aBUCUMOCTH CEUEHHUs HampaBieHa K JaHHeIM JleHmenca. OmHako
3aTeM XOJI KPUBOM JIOCTATOYHO pe3ko MeHsieTcs U K 17 MaB ceuenue Bo3pactaer 10 3HAaUCHUH,
OnM3KUX K pe3yibTaraM [laHuTkuHa.

N3noxkeHHOE TMOKA3bIBAET, YTO OIlEHKA ceueHus 3axpara, mpuHstas B ENDF/B-VII,
ABIIEeTCS HambOosee yOeIUTENbHOM M MOXET ObITh pPEeKOMEHJOBaHA Ui BKIIOYEHHS €€ B
POCDOH/I.

5.3. Ceuenmne aejieHud.

Ha puc. 28 oueHeHHble 3HAUYEHUSI CEUEHUS JEJIEHUS CPAaBHUBAIOTCA C PE3yJbTaTaMH
n3mepennii. Kak BumgHo, Bce onenku, kpome JEFF-3.1 odenp xopormio coriacyroTcs ApyT ¢
JIpYrOM M HAaXOJATCS B COIJIACHM ¢ pe3yipTaTamu udmepeHuil. [Ipmunnsl otnuuuns JEFF-3.1 or
3TOM TIpyHNbl OLIEHOK TPYJHO TMOHATH: AKCIHEPUMEHTANBHBIMU JaHHBIMU HX OOBSCHHUTH
3aTpyAHUTEIIBHO.

3ameTuM, 4TO ceueHue AelieHus ypaHa-238 B paccmaTtpuBaemoit Hamu Bepcun ENDF/B-
VII cormacoBaHo ¢ OLEHKOM ceueHusi JeieHus, BbIMoiaHeHHOM B 2005 1. B pamkax
KOOpAUHAIIMOHHOH TTporpamMmMbl MAT'ATD mo HEUTPOHHBIM CTaHIAPTaM.

Ha puc. 29 npoBoautcs cpaBHEHHE PE3YJIBTATOB U3MEPEHNUIN OTHOIIEHUIN CEUEHUN U n
25y ¢ oneHeHHbIMU naHHBIMH 13 ENDEF/B-VII. OTMeTHM, 4TO CeUeHHE IeJICHUS 25U wu3 oroit
o6ubmuorexku npunato u B POCOOH/I. 13 puc. 29a BuaHO, YTO NPH OLCHKE CEYCHUs ACTCHUS
s "U BOIM3M mOpora ONMPAnTMCh HA H3MEPEHHsS OTHOIICHWS CCUCHHH, BBIIOTHCHHBIC
Bbepencom. Pesynbrarel 310 paboThl cornacyrores ¢ Oojiee paHHUMH JaHHBIME Cepuskca, HO
JIe)KAaT HECKOJBKO BBIIIE PE3YyJbTATOB IPYrMX aBTOpoB. lIpenmoudrenue, OoTnaHHOE ITaHHBIM
Bepenca, onpaBabIiBaeTCsl IPEBOCXOJHBIM COTJIACUEM CEUEHUS JEJIEHUS C Pe3yJIbTaTaMH MPSMBIX
n3Mepennii (cMm. puc. 17a). Takum oGpa3om, ecTh Bce ocHoBaHus npuHATh B POCOOH]] onienku
ceuenus nenenus u3 ENDF/B-VIL.
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Puic. 28a. CpaBHEHME OLCHEHHBIX ¥ H3MEPEHHBIX 3HAUCHHH CeUeHMs AeeHus U
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A Slovacek-77
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@ Grundl-67 A Meadows-75
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—JEFF-31
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O Meadows-89
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A

0.5

@ Emma-65

@ Batchelor-65 & Ballini-61

@ Kuks-71
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a Vorotnikov-75

¢ Vorotnikov-71
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OHeprus, 3B
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Puc.28 6. CpaBHeHHUE OLIEHEHHBIX U U3MEPEHHBIX 3HAYCHUM cedeHus nenenus U
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Puc.28 B. CpaBHeHHE OIICHEHHBIX U U3MEPCHHBIX 3HAYCHUN CCUCHUS JCIICHUS 28y

B o6nactu 8 -12 M»B otnomenue ceuenuit u3 ENDF/B-VII npencraBinseTcst HECKOIBKO
3aBBIIIEHHBIM OTHOCUTEJIBHO SKCIIEPUMEHTANBHBIX NaHHBIX (rpu 10 MbB — Ha 3 -4% - cm. puc.
178 u 186). B nmanpueiimux Bepcusax POCDOH/la 3T0 HecooTBETCTBHE (HE CYIIECTBEHHOE C
TOYKH 3PEHUS MHXKEHEPHBIX PacueToB) jKeJaTelbHO YCTpaHWUTh. K coxkalleHuIo, XOJ| ceueHus
JEJIeHUs, TpeanoKeHHbld skcnepraMmu MAI'ATD, 3agaHHbBI Ha CIMIIKOM TpyOOW ceTke, He
pemiaet 3Ty mpodaemy.
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Pric.29a. CpaBHEHHE OICHEHHBIX M M3MEPEHHBIX OTHOIICHHMIT CeUeHNs eeHns > U K CeUeHHIO
nenenust = U
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Pric.296. CpaBHEHHE OLIEHEHHBIX H N3MEPEHHBIX OTHOIICHHH CedeHHs AeIeH s - U K CCYCHHIO
nenenust U

Ha puc. 30 Hapsimy ¢ MOJIHBIM CEYEHUEM JCJICHHS MPUBEACHBI CEUCHUS MapIHaTbHBIX
peakiuii (n,n’f), (n,2nf) u (n,3nf) — B coorBercTBUM c omenkoit ENDF/B-VII. He Oymyuun
MPAKTHYECKH 3HAYMMBIMH CaMU 110 ce0e, 3TH BKJIAbI TIO3BOJISIOT MOHATH MPUYHHBI, II0 KOTOPBIM
MIOJIHOE CEYEHUE JIENICHUS UCTIBITHIBAET PE3KUE MOABEMBI TP ~6, ~12 u ~18 M»aB.

MNonHoe aenexHvie : : :
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Puc.30. [Tapuumansubie BKIaasl B ceuenue aenenus (nanasie ENDF/B-VII)
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5.4. CeuyeHue Heynpyroro paccesiHusi.

Bo Bcex 00cy:k/1aeMbIX OLIEHKAaX CEUYEHUE HEYNPYIroro pacCesHusl ONMUCHIBAETCS CyMMOM
CeueHHMiT BO3OYXKICHHS OTACTbHBIX ypoBHEH U ¥ BO3GYKICHHEM KOHTHHYyMa YpOBHE.
CxeMbl YpOBHEH TpUHSATHIE TPU OLEHKE M TPaHUIBI 00JacTH BO30YXKIEHHS KOHTHHYyMa
HECKOJIbKO paznuyarorcs. OO0 3TUX pa3iuyusaX MOXKHO CyJUTh 10 Tabauue 1, B mepBoM cronbdue
KOTOPOI TMPHUBOIATCS B TOPSIKE BO3pACTAHHS SHEPTHH YPOBHEH, BCTpeUaBIIMECS XOTA OBl B
OIHOM OLEHKE, a B OCTAJIBHBIX CTPOKAax — HOMEpA, IPUIIMCAHHBIE OJTUM YPOBHSAM B
COOTBETCTBYIOIIMX OlLleHKax. OTCYyTCTBHE HOMEpA O3HAYAET, YTO JAHHBIN YPOBEHb B OLIEHKE HE
onuceiBaercs. Homepa ypoBHeH, »HEpruum KOTOPBIX JI€KaT HMXKE TIPaHUIBl BO30YKICHUS
KOHTHHYYMa B JIaHHOH OLIEHKE, HAOpaHbI KUPHBIM MIPUPTOM. DHEPTUN YPOBHEH, OMUCAHHBIX BO
BCEX OLIEHKAaX, TaK)Ke HaOpaHbl )KUPHBIM.

Ta6muna 1. CxeMsbl ypoBHe#i > U, NPHHSTHIE B PA3IMYHBIX OLECHKAX

Oneprus, | ENDF/B- JEFF- | JENDL- | MacnoB | DOneprusi, | ENDF/B- | JEFF- | JENDL- | MacioB

M»>B VII 3.1 33 M»B VII 3.1 33
0.0449 1 1 1 1 1.1689 27 21 26
0.1484 2 2 2 2 117 22 22 27
0.3072 3 3 3 3 1.209 28
0.5183 4 4 4 1.2242 23
0.6801 5 5 4 5 1.2326 24
0.7319 6 6 5 6 1.25 23 29
0.7757 7 7 7 1.2692 25
0.8267 8 8 6 8 1.2785 26
0.9257 9 9 7 9 1.2858 27
0.9308 10 10 8 10 1.44 24 30
0.9502 1 1 9 11 1.59 25
0.9663 12 12 10 12 1.75 26 31
0.9673 13 13 11 13 1.85 27

0.993 14 14 14 1.95 28 32
0.9975 15 15 12 15 2.15 29 33
1.0373 16 16 13 16 23 30 34
1.0566 17 17 14 17 2.39 31
1.0595 18 18 15 18 2.4928 32 35
1.0603 19 19 16 19 2.94 33 36
1.0765 20 20 20 3.189 34 37
1.1057 21 21 17 21 3.388 35 38

1.107 22 3.538 36 39
1.1126 18 22 3.637 37

1.127 23 19 23 3.737 38
1.1283 24 20 24 3.837 39
1.1503 25 25 3.909 40
1.1675 26

Mopor koHTUHYyMma (MaB): 1.1126 | 1.21 1.29 1.18

N3 Tabnuuet BugHO, uto B ENDF/B-VII HUke rpaHuisl KOHTHHYYyMa HE MPOIMYIICHO HU
OJTHOTO YpOBHS, OIMCAaHHOTO B KakoW-IMOO oleHke. Bo30ykIeHHne He OMHMCHIBAEMBIX SBHO B
3TO OLIEHKE YPOBHEHU ¢ 3HEprusiMu B uHTepBanax ot 1.1057 no 1.17 MaB, ot 1.17 go 1.25 M»B,
ot 1.25 mo 1.44 M»sB u npyrux He OMHMCAaHHBIX SBHO YPOBHEW YUYTEHO B CEUCHHM BO30Y KICHHS
KOHTHHyyMa. Takum o00pa3oMm, MO MONHOTE yuyeTa cxembl ypoBHed oneHka ENDF/B-VII
NPaKTUYECKU HE yCTyMHaeT APYTUM, SIBHO OMKCHIBAIONIMM BO30YKICHHE YPOBHEH C SHEPTHIMU
ot 1.1057 mo 1.17 M»B, HO He BceX, a TOJIFKO YacTH.

Ha puc. 31 noka3anel Bkiajpl nepBelX 11 ypoBHEW B IOJIHOE CEUEHUE HEYIPYIroro
paccestaust (1o nanasiM ENDF/B-VII)
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Ha puc. 32 oneHku 3HaY€HUI TOJHOTO CEUEHUS] HEYNPYTOro paccesiHUsl CPAaBHUBAIOTCS MEKIY
cobori. Kak BuaHo, ornenka, mnpunsaTas B ENDF/B-VII, B uatepsane 200 -600 k3B Becbma
3aMETHO MPEBBIMIAET APYTHUE COBPEMEHHBIE OIIEHKH, a B okpecTHOCTH 900 k9B, Ha000pOT, TEKUT
HIOKE UX. B CBS3M ¢ 3THM cpaBHUM OILICHEHHBIC CEYCHHS HEYIIPYTOr'0 PACCESTHHUS ¢ N3MEPECHHBIMA

(puc. 22).

Puc. 31. Bknazpl Heynpyroro paccestHis Ha IEPBBIX YPOBHAX B IIOJHOE CEYEHUE
HEYIIPYroro paccesHusl.

Heynpyroe paccesiHue
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Puc.32a. CpaBHeHne OIICHEHHBIX 3HAUCHUIA CEUEHHUS HEYIIPYTOTO PACCESTHUS
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Puc.326. CpaBHeHME OLICHEHHBIX 3HAYCHUN CEUCHHS HEYIIPYTOro pacCcestHus

Heynpyroe paccesiime Ha 1-M ypoBHe
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Puc.33a. Heynpyroe paccesHue ¢ Bo30yxaeHueM 1-ro (2+) ypoBHs

W3 naHHBIX, NpeacTaBIeHHBIX Ha pUC. 33, BUIHO, YTO OTINYUS OBEJACHUS CEYEHUS HEYIPYIroro
paccestausi B orienke ENDF/B-VII ot apyrux oneHok 00ycioBIeHbI OOIBIIUM BECOM, KOTOPBIN
obul mpuman naHHBIM bapHapma 1970 r. Kak u B JIpyrux COBpEMEHHBIX OIEHKaX, CEYCHUs
HEYIIPYroro paccesHusl Ha MEPBBIX TPEX YPOBHSAX POTALMOHHOM IOJIOCH! MIPOBOJMINCH ITyTEM
TEOPETUUECKHUX PACUETOB MO ONTUYECKOW MOJENIN C YUETOM CBSA3HM KaHAJIOB, TaK YTO Pa3JInyus B
pe3yJbTaTaXx OLEHKU OTPaXKaloT CKOpee pPa3inuMs B NPHUHATHIX MapaMeTpax MOJENH, YeM B
METOJI0JIOTUU OLEHKU. Pe3kuii moabpeM MoJIHOro cedeHust Heynpyroro paccesus npu 0.7 MaB,
HPOSIBIIAIONIUICS BO BCEX OLIEHKAX, 00YCIOBIEH OTKPBITHEM KaHAJIOB BO30YXIEHHS 5-T0 U 6-T0
ypoBHe#l (cMm. puc.19). Cunenyromuit peskuit nogbem npumepHo np 0.9 M»sB o0ycioien
OTKpBITHEM KaHAJOB BO30YKIEHHS LIeJOW Tpymibl ypoBHEH (cM. Tabm. 1). B aToii obmactu
pe3yNbTaThl pa3IUYHbIX OLIEHOK 3aMETHO pa3IndyaroTCsl.
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Heynpyroe paccesiHne Ha 2-mM ypoBHe
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Puc. 336. Heynpyroe paccesiaue ¢ Bo30ykIeHHEM BTOPOro (4+) ypoBHSIL.

OKclepUMEHTAIbHbIE TaHHbIE HE IMO3BOJISIOT OTIATh MPEUMYIIECTBO KakOW-HUOYIb OAHOM U3
OLICHOK. Y4YWTHIBas, YTO CpEJHHE PE30HAHCHBIC MapaMeTphl B 00JacTH Hepa3peleHHBIX
PE30HAHCOB MPUHATHI B cooTBeTCTBUM ¢ oueHkod ®OH/-2.2; yto 3T mapameTrpbl ObUIM
MOJTyYEeHbI HCXO/IS1 U3 TpeOOBaHMS OTMMCAHUS CEUCHHUSI HEYIIPYTOTO pAacCEesiHUsI Ha TIEPBOM YPOBHE
#8U; uro xox ceueHns BO30YKJI€HHsI 3TOr0 ypoBHs B oOsiacTu 3Hepruil Huxe 800 k3B nexut
MEXIy pe3yibTaTaMH APYrux oueHok, a mpu 800 k3B comanaer ¢ ouenkoit ENDF/B-VII (cwm.
puc. 22a) — yuutbiBas Bc€ 370 pemieHo BkIouuTh B POCDOOH/] ceuenne Bo30yxkaeHUs IEPBOTO
ypoBHs B obnactu ot nopora A0 800 kaB uz ®OH/I-2.2. Yto kacaeTcsi cedeHui BO30YKICHUS
OoJiee BBICOKOJIEKAIIUX YPOBHEH U ceueHus! BO30YKIEHUs IEPBOTO YPOBHS MPHU SHEPTUsAX BbIIIE
800 k3B, TO WX pemieHO NMPHUHATH B COOTBETCTBUM C omenkoi ENDF/B-VII. 3amernm, uTto
CEYEHHUE YBOJIa HEUTPOHOB MO MOPOT AECICHHS 238U, paccunutanHoe 1o nanasiM ENDF/B-VII,
IpEBBIIAET TaKOBOE, paccuntaHHoe no gaHHbIM POHJI-2.2 Bcero Ha 2.4%. Ceuenust yBoaa,
paccuuTaHHbIE MO JAHHBIM JIPYTUX OUOIMOTEK, oTiandatorcs ot AaHHbix POHJI-2.2 cunbHee:
JEFF-3.1 na +7.8%, MacnoB — Ha +3.4%, JENDL-3.3 — na -10.6%, ENDF/B-VIL.7 — na -10.4%.
Ceuenue yBoga, nosyuyeHHoe u3 POHJI-2.2 Obuio BepUPHUIMPOBAHO HA OCHOBE JaHHBIX
MHTETPATBHBIX SKCIIEPUMEHTOB M COTJIACME C HHUM SBIIAETCS apryMEHTOM B IIOJIb3Y BBIOOpA
OLIEHKH ceueHus Heymnpyroro paccesaus u3 ENDF/B-VII.

5.5. Ceuenusi peakumii (n,xn).

3.5.1 Ceuenne peakuu (n.2n)

OO0pa3yromuiicss B pe3ysibTare 3TOW peakiuu »7U mcrbiThIBaET OeTa-pacriaji ¢ IepuoaoM
6.75 nHEe, 4TO MO3BOJISET MPUMEHSTH JJIsI U3MEPEHUs CEUCHHs aKTUBAIlMOHHBIA MeTo. Ha puc.
34 OueHEHHbIC 3HAYCHHS CEUCHMS peakiud  U(n,2n) CpaBHHBAIOTCS C pe3yIbTaTaMH
SKCIIEPUMEHTOB, BBIIIOJIHEHHBIX 3a MocienHue 35 jeT. DKCepuMeHTaIbHbIe TOTPEIIHOCTH, KaK
NpaBUiIO, MeHblIE pa3dpoca AaHHBIX W moToMmy He mnpuBoasrcsa. Ilo pazbpoc pesynbraToB
OLIEHKH II03BOJIIET CYJUTh O TOYHOCTH COBPEMEHHOI'O 3HAHUS PAaCCMAaTPUBAEMOIO CEUYCHHS.
Hannpie ENDF/B-VII ¢ TOYkM 3peHHS COOTBETCTBHS SKCIEPUMEHTAIBHBIM JIaHHBIM
MPEJCTaBISIOTCS Haubosiee omnpaBJaHHbIMU. BaXHO W TO, YTO OIEHKAa 3TOr0 CEYeHUus
BBIIIOJIHEHA COIJIACOBAHA C YK€ IPUHATOMN OLIEHKOM CEeUEHUs NETICHUS.
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Puc. 34. Ceuenue peakmuu (n,2n)

3.5.2 Ceuenne peakmuu (n,3n)

W3mMepeHue cedeHus 3TOM peaklMM HaAMHOIO CJIOXHEE, MOCKOJIbKY O00pa3yrolluiics B
pesynbTate °U 0671a1aeT OUeHb HIH3KOM aKTHBHOCTBIO (IIepHo 1 motypacrana 23.415 miw. ner).
OCHOBHOW METOJ] PEerucTpaluy — MO0 MHOKECTBEHHOCTU HEHTPOHOB C JIOCTATOYHO CIIOKHBIM
OTJeNIeHHEeM OT BKiaza jeneHus. Ha puc. 35 naHo cpaBHEHuE pe3yJbTaToB OLICHOK C
umerotmucs B 0aze manHbix EXFOR skcnepuMeHTanbHbIMU AaHHBIMHU. Kak BUIHO, U B 3TOM
ciydae ouenka ENDF/B-VII npuemnemo cornacyercsi ¢ 3KCIIEpUMEHTATbHBIMU JTaHHBIMU U €€
nesecoodpasHo npuHATh B 6ndiamnoreky POCOOH/I.

5.5.3 Ceuenne peakmuu (n.4n)

Ceuenne 9TOi peakIUMM OTIIMYHO OT HYJNA JHIIb Ha TPaHUILE PacCMaTPUBAEMOTO
SHepreTuueckoro auama3zona. Ha puc. 36 oneHeHHbIE JaHHBIE CPABHUBAIOTCS C €IMHCTBEHHBIM
SKCIIEPUMEHTOM, JaHHble KoToporo cojaepxkarcsi B 0aze EXFOR. Omnenka ENDEF/B-VII,
cosnanaromas ¢ JEFF-3.1, BoyiHe npuemsiemMa u B 3TOM cllydae.
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Puc. 36. Ceuenune peaxiuu (n,4n)
5.6. Ceuenus peakumii ¢ BbLJIETOM 3aPSIZKEHHbIX YaCTHII.

N3 3a BBICOKOrO KyJIOHOBCKOTO Oaphepa CEYeHHs] peaKIHMil C BBUIETOM 3apsiKEHHBIX
qactur Mansl. Peakumst 2 U(n,a)> Th AK302HEpPreTUYHA; TEM HE MEHEE, €€ CEUEHHUE Jaxe Npu
sHeprusix Beime 10 MaB u3mepsiercs mummnbapaamu. He HaMHOTO OOJIBITIE M CEYCHUE PEAKIIUH
238U(n,p)238Pa. [IpoaykTel 3THX peakuuil OeTa-aKTHUBHBI C IepUOJaMHM Moitypacnana 7.1 MuH u
2.3 MUH, 4YTO TO3BOJMJIO ONpPENENUTh CEYEHUs MeToaoM  akTuBauuu. OpaHako
AKCIIEPUMEHTAIbHBIC TaHHBIE CKYAHBI (CM. puc.26 u 27). OlieHeHHbIe JaHHbIE O CEUYEHUSIX ITHX
peakuuii comepkarcs nuimb B Oubmuorekax EAF-99 m EAF-2003. Ha puc. 37 u 38 oHu
CPaBHUBAIOTCS C UMEIOIIMMHUCS SKCIEPUMEHTAIIbHBIMU JaHHBIMU. Paznuuus mexnay EAF-99 u
EAF-2003 kacaercst TOJTBKO TIOBEJIEHUS ceueHus (n,0,) B 00JIACTH HU3KHUX dHEPTHid (cM. puc. 39).
B POCO®OH/] pemeno Bkimounth 3TH oueHkH u3 EAF-2003, HECKOIBKO HM3MEHHUB XOJ CEUYEHUs
peakiyu (n,0)) B 007aCTH MPOMEXKYTOUHBIX SHEPTHi (CM. pUC.28) U COOTBETCTBEHHO YMEHBIIIHB
CEYEHUE YNPYTOro pacCesHUs.
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Puc.39. IloBenenue ceuenust peakuu(n, o) Ipyu HU3KUX SHEPTHUSAX.

6. JHepro-yriioBbie pacnpeaejeHusi BTOPUYHbIX HEITPOHOB

6.1. AHU30TPONIMS YIIPYTOro paccesiHust

AHM30TpONIMA yIPYTroro paccessHus Ha ypaHe-238 BelMKa W €€ Y4eT HMEET
CYILIIECTBEHHOE IPAKTHUYECKOE 3HAYCHHME IOCKOJBbKY CYIIECTBEHHO CKa3bIBaeTCsd Ha aibOeno
YPAHOBBIX 9KPAHOB OBICTPBIX PEaKTOPOB, HA MPOXOKICHUE HEUTPOHOB Uepe3 MX TONILY M T.II.
Ha cepun pucynkoB 40 npuBOAsTCS pe3ynbTaThl U3MEpeHUH IuQQepeHInaIbHOro CeYeHus
ynpyroro paccesHusi B cpaBHeHuu ¢ oreHkoii ENDF/B-VII u, npu HEKOTOpPBIX SHEPrusx, C
Ipyrumu oueHkamu. [Ipu cpaBHeHHH clieyeT UMETh B BUJY, UYTO IIPU U3MEPEHUAX CEUEHHUs MPU
BBICOKHMX DHEPIHSIX JOCTaTOYHO TPYJHO OTAEIUTH YIIPYrOo€ paccesHue OT HEyIpyroro paccesHus
Ha TEpBBIX YPOBHIX. MOMKHO OXHUAATh, YTO B SKCIEPUMEHTAJbHBIE JlaHHBIE HEYNpPYyroe
paccessHUEe Ha NEPBBIX YPOBHAX (ropaszno Oosiee M30TPOIHOE, YEM YIPYIro€ paccesiHUE) TaeT
3aMeTHbIN Bkiaa. HabmogaeMble pacXoKIeHHUsS MEXIy HKCIEPUMEHTAIbHBIMU U OLEHEHHBIMU
JTAHHBIMU UMEHHO Ha 3TO M YKa3bIBAIOT.

Kax BUJHO H3 MPUBCACHHBIX I‘pa(l)I/IKOB, MCKAY SKCIICPUMCHTAJIIbHBIMU W OLHCHCHHBIMU
JaHHBIMU UMECTCA NPUEMIICMOC COTrJiaCHuc. Pe3y1H>TaTI)I PAa3HLBIX OLCHOK pa3jin4yaroTCsa 3aMCTHO,
HO OTAaTh MNpPEAINOYTCHHUC KaKoi-11ubo u3 OILICHOK Ha OCHOBC 3KCIICPUMCHTAJIbHBIX NAHHBIX HE
MMPEaACTaBIISICTCA BO3SMOXKHBIM. PaCXO)KIleHI/ISI B pE3yJibTaTaxX OLUCHKH €ABa JIM MOT'YT CKa3aTbCsd Ha
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Bo BcskoMm ciydae, TpOBEICHHOE CpPaBHEHUE

pacdeTax IIepeHOca HEWTPOHOB B YypaHe.
ENDF/B-VII.

(v

PacxXoKICHUH.
B POC®OH/] pemeHo BKIIOYUTH OLICHKY YIVIOBBIX PacCIpeeNIEHUN yIPyro pacCEesiHHbBIX

v

OLICHEHHBIX JaHHBIX HPU BBICOKUX SHEPrHsIX MO3BOJSAIOT MPEACTaBUTh cebe MacmrTad 3TuX
HEUTPOHOB U3
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14.5 MaB
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® Hansen-86 (14.1MeV)
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Puc. 40. I3mepenHble 1 onleHEHHbIE TU(PepeHIMaIbHbIE CEYCHHUs YIIPYTOr0 PACCEesTHUS

6.2. YriioBble pacnpesieJieHHs1 M CIIEKTPbI HEYNPYIoro paccesiHus

DKCIepUMEHTAIbHBIC JIaHHBIC TI0 AaHU30TPOITMU HEYIIPYTOTO PACCESIHUS BEChbMa CKYTHBI
U OLCHCHHBIC JaHHBIC 6a3I/IPYIOTC$I Ha pe3yjibTaTaX pacd€TOB IO TCOPCTHYCCKHUM MOACIIAM
HEUTPOHHBIX peakuui. Pe3ynmpTaThl 3TUX pacyeToB, KaK YBHIUM HIDKE, CYIICCTBEHHO
pas3In4aroTCs.

Ha puc.41 npuBeneHsl 3KCIEOPUMEHTANIbHBIE JaHHBIE [0 AHU30TPOIHMHM HEYHpPyroro
paccesiHusi HeTpoHOB ¢ sHepruei 144 x»3B. Ilpu 3T0i#l sHeprum Bo30yKIaeTcs JHIIb CaMOe
HU3KO’HEPreTHYecKoe BO30YXkAeHHOe cocTosiHue. Hapsiiy ¢ sKcnepuMeHTalbHBIMU JaHHBIMU
OpPUBOJATCS M oOLEHeHHble. Kak BHIHO, pacXOoXIEHHS OIIEHOK BeECbMa 3aMETHBI, HO
€IMHCTBEHHBIM BBIBOJ, KOTOPBIH MOKHO CJ€laTh W3 CPAaBHEHMS C HKCIEPUMEHTAJIbHBIMU
JAHHBIMHU, 3TO TO, YTO AHM3OTPOIHUS paccesiHUs B OolleHKe MaciioBa, 0ue€BHUHO, HEONPABIAHHO
CHJIbHA.

Ha cepuu pucyHkoB 42 cpaBHMBAIOTCS YIJIOBBIE PACIPEICICHHUS] HEUTPOHOB C dHEpPrueit
9 M5B, Heynpyro paccesiHHbIX ¢ BO30y>KI€HHEM HECKOJbKUX MEPBBIX YPOBHEH *%U. Ha [IepBOM
U3 HUX, puc.42a, CPaBHUBAIOTCS OLIEHKH YIJIOBBIX PACIpPEIEICHUN TPEX CaMbIX HKHUX YPOBHEN
(OTHOCAIMMXCST K POTAllMOHHOM I0JIOCE, CIIMHBI M YETHOCTU KOTOPBIX TOCTOBEPHO H3BECTHBI).
Kax Buaum, pacxox1eHus B OLIEHKAaX HEBEJIUKH.
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Puc. 41. YrioBele pacnpenesieHus: HEYNIPYro pacCesiHHbIX HEUTPOHOB C dHepruel 144 k3B

Ha puc. 4206 cpaBHUBAIOTCS OLIEHEHHBIE YIJIOBBIE pACIpPENEICHUS] HEHUTPOHOB,
UCTIBITHIBAIOIINX HEYNIPYrO€ paccesHue ¢ BO30YXIEHUEM CleAyoumx 8-Mu ypoBHeil. [l Bcex
stux ypoBHeil B ENDF/B-VII npuHHMaioTcsi 0JJMHaKOBBIE YTJIOBBIE pacrpeseieHus. B omenke
MacnoBa OIMHAKOBBIE PaCHpPENEICHUs IPUHATHI TOJIBKO JUIsl HEKOTOPBIX U3 pPacCMaTpUBAEMBIX
ypoBHeii, a B onienke JENDL-3.3 Bce yrioBeie pacripeaesieHus pazinunbl. Kak BUIUM, OIEHKH
Macnosa u JENDL-3.3 “BproTcsi” BOKpPYT NPOCTOTO YIJIOBOI'O PACIpENEICHHs, NMPUHATOrO B
ENDEF/B-VII, He cucTeMaTH4YHO OTKJIOHSSACH OT Hee Kak B Ty, TaK M B JPYTYIO CTOPOHY.
Bximtouenne B8 POCOOH/I naHHBIX Mo aHM30Tponuu Heynpyroro paccessHus u3 ENDF/B-VII
IIPEJICTABIISIETCS ONPABIAHHBIM.

0.0449 BENDF/B-VII
Maslov

0.148 ENDF/B-VII
Maslov

Puc. 42a
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6.3. CniekTpbI HEYNIPYIo paccesiHHbIX HEMTPOHOB.

Ha cepun pucyHkoB 43 mnpuBelIeHbl CHEKTPhl HEYIPYIO pAacCesIHHbIX HEHTPOHOB,

paccunTaHHBIC HA OCHOBE Pa3HBIX (a

WJIOB OLICHEHHBIX HEUTPOHHBIX JAaHHBIX.
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Puc.43. CnexTpsl HEUTPOHOB Pa3IMUHBIX SHEPTHH, HCTIHITABIINX HEYTPYTroe paccesiHue.

Kak BuiHO, MakcUMaIbHOE pa3inyKie OLEHEHHBIX CIIEKTPOB HaOiogaercs npu 6 MoB,
rae cornmacHo omeHkam JEFF-3.1 m JENDL-3.3, Bo30yXneHue KOHTHHYyMa YPOBHEH HMeEET
MEHBIIYIO BEPOATHOCTh, YyeM 3To cieayeT u3 oneHok ENDF/B-VII u onenxun Macnosa. Ilpu
BCEX DOHEPIHsIX CHEKTPhl HEUTpOHOB, crheayrommue u3 omneHkun ENDF/B-VII, 3aaumaror
IIPOMEXYTOUHOE MoNokeHHe. HeT ocHoBaHMI He IPUHATH 3Ty OLIEHKY criekTpoB B POCDOOH/I.

6.3. DHepro-yrjaoBbie pacupenejJeHuss HEHTPOHOB, HCIIYCKAeMbIX B peaknusax (n.2n), (n,3n)

u (n.4n)
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B oubmuorekax ENDF/B-VI, JEFF-3 u ENDEF/B-VII 31 yrioBele pacnpeneneHus,
paccurTaHHble 0 Mojenu Xay3epa-Demdbaxa ¢ yuyeToM BKJIaJa MpeIpaBHOBECHBIX MPOLIECCOB,
omwmchBatoTcs 1o Moxaenu Kambaxa-Manna u ompexaenstorcs daitiamu MF=6. Paznmuuune B
napaMmerpax 3THX pacnpenencHuid Hesenuko. B POCOOH[/le pemeHO coXpaHUTh Te€ K€
pacnpenenenus, uro u B DOHJI-2.2, T.e. coorBercTByromme ENDF/B-VII.

6.4. XapakTepucTHKH HEHTPOHOB JIeICHUS

4.4.1. Yucao MrHOBEHHBIX HEUTPOHOB JIEJICHUS.

Ha puc. 44, bsHeprernueckue 3aBUCHMOCTM YHCJIA MIHOBEHHBIX HEHUTPOHOB JIEJICHUSA
CPaBHHMBAIOTCS MEXOYy CO00iW M ¢ 3KcrnepuMeHTaIbHbIME JaHHBIMH w3 EXFOR. Onenku
ENDEF/B-VII u JENDL-3.3 ouenp Onu3ku JApyr K JApyry MpakTHYECKH BO BCEM
paccMaTpHUBaEMOM JMaIla30He SHEPIUi. MacioB IPUHSIL T€ K€ 3HAYEHUS Vprompt, YTO U B JENDL-
3.3. IIpu sHepruu 3 M»>B npuHHMaeMmble B HUX 3HAYEHUS Vprompt JIEKAT CYIIECTBCHHO HMKE
OOJIBIITMHCTBA SKCIEPUMEHTAIBHBIX JaHHBIX W ONPABABIBAIOTCS JIMIIb pe3yibTaTamu Dpeo
(1980). Ouenka JEFF-3.1 B aToit obnactu sHepruii, kak u orenka @OHJI-2.2 mpoxoasaT uepes
OOJIBIITMHCTBO AKCIIEPUMEHTANIBHBIX TOYEK M MPEJCTABIAIOTCS Oojee omnpapaaHHbiMU. [Ipu
SHEprusix Humxe 3(P(HEeKTUBHOro mopora AeneHus ypaHa-238, 1.e. Huxe 1.4 MdB, OLEHKH Vprompt
u3 ENDF/B-VII u JENDL-3.3 npencTaBisitoTcsi HEONPaBAaHHO 3aBBIIIIEHHBIMU. CTOJIb BRICOKHE
3HAQUEHMS OINPABIBIBAIOTCS JIMIIb JBYMs MOCICAHUMHU TOUKaMu »HKcrepuMeHta Ppeo u
IIOCJIEIHEW TOYKOM DSKCIEPUMEHTa JBYMs IIOCIECIHMMH TOYKAMM OJKcliepuMeHTta @Ppeo u
MocJIeIHEe TOUKOM 3kcnepumenTa Hyprencosa.

Nu-prompt (U-238)
3.9
— ENDF/B-VII —_FOND-2.2 i i i i
389 ___ JEFF-3.1 — JENDL-3.3 R I T
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’ A Hypneuncos-75 « Frehaut-80 ! ! ! ‘
3.5 1 e MarnuHoBckuin-83 o Bao Zongyu-75 i A TR > & S
— POCo»OHA ‘ ‘ ‘ ‘
3.4 4 T T T T - i\ 7777777 J\ 777777 ST 7: 77777777
| | | | | | | |
331 | | | | | ‘ | |
| | | | | | |
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;_ 31 +------- - - - - e e i H4-——-—— == == ————— ]
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| | | jo | | | |
29l U vv o] I
l l l l l l l
2.8 1 l l ‘ ‘ l l l l
| | | | | | |
2.7 1 l | m l l l l l
26 I - = T ______ Lo deo Ao A0 oo
l ‘ l l l l l l
2.5 | | | | | | |
| | | | | | |
| | | | | | |
2.4 4 | | | | | | | |
23 l l l l l l l l
0 1 2 3 4 5 6 7 8 9
SHeprusa, MaB

Puc.44a. Duepreruueckast 3aBUCUMOCTb YMCJIa MTHOBEHHBIX HEHTPOHOB JICICHUS

[Tpu sTOM mpuYeM MpenblIyIlIue TOYKH ITOr0 SKCIEPUMEHTa, Kak U JaHHble bao J[30HTIKY,
naHHbIe MaIMHOBCKOTO M JaHHBIE AciyHA-HuUIbCOHA, yKa3pIBaIOT HA Tropa3no Oojiee ObICTPBIN
CHAaJ Vprompt C YMEHBIICHUEM YHEPTUN HEUTPOHOB (OoJ1ee 1eTaabHO ITO BUIHO Ha puc. 440)
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Nu-prompt (U-238)
2.9 T }
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o 238
Puc.446. SHCPFCTI/ILICCKaH 3aBUCUMOCTD YUCJIa MTHOBCHHBIX HCUTPOHOB ACJICHUA BOIH3H rnopora ACJICHUA U

Nu-prompt (U-238)

—— ENDF/B-VII
5.2 4

——FOND-2.2
5.0 4 —— JEFF-3.1

—— JENDL-3.3
4.8 o Conde-61

o Aslund-Nilsson-64
4.6 A Friedhouse-66
Frehaut-80
4.4 -
42 +-——-—-—p———— -
4.0
838+ ---9fF - - - — -
o

3.6

SHeprusa, MaB

Puc.44s. 9HepFeTI/I‘-ICCKa$I 3aBUCUMOCTD YHCJIa MTHOBCHHBIX HeﬁTPOHOB JACIICHUA

ITpu sHeprun 9 MaB pasnnunble OLEHKH Vprompt IEpECEKaOTCA. CpaBHEHME OLICHOK ITpH OoJtee
BBICOKUX DHEPTHUSX IMOKA3aHO Ha pHC. 44B.

AHanu3 pacxoKAECHUH MEXIy OLCHEHHBIMH M W3MEPEHHBIMH 3HAYEHHMAMH Vpromp: IPHBET TK
BBIBOAY O HesecooOpazHocTH BKIOYUTE B POCOOH/] HekoTopyr yCpeaHEHHYIO OLEHKY,
n300paxkeHHyt0o Ha puc. 44 dyepHoi ymHued. [Ipm »Heprusx Beimme 9 M»dB a3ta oreHka
npaktuyecku copnaaaer ¢ oueHkamu ENDF/B-VII u JENDL-3.3 (cm. puc.44B). B unrtepsaie 5
— 9 M5B paznuuus MeX1y 3THUMU OLIEHKaMH M NPUHUMAEMON YCPEAHEHHOH OLIEHKOH TaKxke
HECYIeCTBEHHbI (cM. puc. 44a). B untepBane 2 — 5 M»sB mnpunumaemasi oreHka Onm3ka K
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takoBoii m3 OuOmmorexkn JEFF-3.1, omgHako, mpum Oojiee HHU3KMX DJHEPIrHsIX OHA CIagacT
HECKOJIbKO Kpyue (cM. puc. 440) o npudrHaM 00Cy ICHHBIM BBIIIIE.

4.4.2. DHepreTHUecKue CIeKTPhl MTHOBEHHEIX HEUTPOHOB JICJIEHUSL.

Ha puc. 45 noka3aHbl 3aBHCUMOCTH CpEIHEH SHEPTUH HEUTPOHOB JICTICHUS OT SHEPTUHU
HEHTPOHOB, BHI3BIBAIOIINX JCNICHUS, CICAYIONINE U3 CIEKTPOB HEHTPOHOB JICICHHUS, IPUHSTHIX B
COBPEMEHHBIX OIEHKaX. DTH CHEKTPbI ObLIM paccYUTaHbl O Moaenu MemryHna-Hukca ¢
napaMeTpamu, YUUThIBAIOIIMMHE BKJIaIbl peakuuit (n,n’f), (n,2nf) u (n,3nf). Kpachoit nunueit
NpUBEJICHA 3aBUCUMOCTh CPEIHEH SHEPTHH CIEKTpa JCICHHUs, PACCUUTHIBAEMOT0 HA OCHOBE
npuHATOMN B cucteme koHcTaHT BHAB-93 nmapamerpuzauuu:

2exp(—ab/4)
(E)=
& \/ na’b

rae a=1.03, a b=0.858v-0.436. CpenHsisi sHeprus TakuM OOpa3oM ONpPEAEICHHOIO CIEKTpa
(ciektpa Yarra) paBaa <E>=a*(3/2+ab/4).

exp(—E/a)sh+/bE,

2.70 ‘ ‘

| |
260l _ |—ENDFBNVH
— JEFF-31

Maslov
250+-4 | m = -
——JENDL-3.3

|

|

|

|

|

|
——ABBN-93 | |

|

|

|

|

|

|

2.40 +

2.30 4

2.20 4

2.10 4

2.00 +

CpenHAA aHeprusa HEMTPOHOB AeneHus, MaB

N

©

o
I

OHeprusa, MaB

Puc. 45. DHepreTnueckas 3aBUCUMOCTb CPEHEN SJHEPTUU HEMTPOHOB JCIICHUS.

Kak BuauM, paz0dpoc AaHHBIX Jake COBPEMEHHBIX OILIEHOK JOBOJIGHO BEJIHK. 3aMETHM,
YTO y4eT COBPEMEHHBIX JAaHHBIX O CHEKTpaX HEUTPOHOB AEICHHUS MOXKET ObITh JOCTATOYHO
cymecTBeHHBIM. Hampumep B cpezie u3 ypaHna ¢ 5.56% ypana-235 ( kotopoii koo=1), mepexox ot
npunstoil B BHAB-93 napamerpuzanuu Kk COBpeMeHHBIM (popMaM CHEKTpa JIEJICHHS BIICYET 3a
co00il CHWKECHHE CpeIHero ceueHus neneHus ypana-238 Ha 0.37%. D10 3ddext 3ameHsl
CIIEKTpa CO CpeaHel sHepruei, n300pakeHHOM KpacHOM KPUBOM, K CIIEKTPY AEJICHUS CO CpeIHen
SHEprueH, n300pakeHHOW YepHO KpuBOM. M3 3TOH OLEHKM CliedyeT, YTO OT TOro, Kakas U3
COBPEMEHHBIX OLIEHOK CIeKTpa JefeHus Oyne BbIOpaHa, cpeJiHee ceueHue JeseHus ypaHa-238 u
Pa3MHOXEHHE HEUTPOHOB B CpellaxX, coAepkKaliux ypaH-238 B BHICOKMX KOHLIEHTpALUAX OyIeT
3aBHUCETh yxke cnabo. TeM He MeHee, ATOT BBIOOD CleyeT CleNaTh.

Ha cepuu pucynkoB 46 cnektpsl nenenusi, npunsateie B ENDF/B-VII, cpaBauBaroTcs ¢
3KcnepUMeHTaIbHBIMU JaHHbIMU U3 EXFOR.
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Puc.46. CpaBHeHI/Ie OLCHCHHBIX U UBMCPCHHBIX CIICKTPOB MI'HOBCHHBIX HeﬁTpOHOB ACIICHU.

Kax BuaHO, MacinoBckue CIEKTPhI MpU SHEPrusx Boille 6 M>3B oka3bIBalOTCS CIUIIKOM
xecTkuMu. M3 puc. 45 scHo, yto cnekTpsl, npunaTeie B JENDL-3.3 6au3ku k MaciioBckum u
noromy Ha puc. 46 He npuBoasaTcs. Crektpsl u3 oueHok JEFF-3.1 u ENDF/B-VII 6nu3ku npyr
K npyry. IIpu sHeprusax 3 MsB u 15 M»B onu npaktuueckn He pasznuuuMbl. CpaBHEHHE C
sKCIIepuUMeHTOM Tipu 6 M»aB, mo3Bossier otaats npeumyiiectBo orienke ENDF/B-VII, kotopast u
pexomennyercss B POCOOH/I. [Ipu sHeprusix Boime 15 MaB cniekTpel, cOriacHO 3TOH OLIEHKE,
CYLIECTBEHHO cMsAr4arorcs. Hackompko 3T0  OOOCHOBAaHO HOKaXyT  3KCIIEPUMEHTHI,
BBITIOJIHEHHBIE ITPU dHEprusx nopsaka 20 Ma>B. OcHoBaHueM i1l CMATYEHUs CIIEKTpa MPH ATHX
DHEPTUsX SBISAETCS BKIOUeHHe peakiuu (n,3nf). B npyrux coBpeMeHHBIX OLEHKaX BIUSHHE
9TOM peakIuy M0YeMy-TO He MPOosBIseTCs Ha (popMe CreKTpa.

6.4.3. I'py1nsl 3a0a3I6IBAIOIINX HEUTPOHOB M 3aBHCAUMOCTD MX BBIXOJA OT DHEPTHUH.
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B oubmoreke POCOPOHJ] mnpunsTo 8-rpynmoBoe MpeacTaBICHHE COBOKYITHOCTH
TPEIIIECTBEHHIKOB 3aMa3/bIBAIONMX HEHTPOHOB, PEKOMEHIOBAaHHOE B pabore™, mpuHsATOE
Taroke 1 B oubnnorexke JEFF-3.1.

Ha puc. 47 NOPUBCACHBI SHCPTCTUUCCKHUEC 3aBUCHUMOCTHU BbIXOJA 3aIla3AbIBAOIINX
Hef/'ITpOHOB IIpu ACJICHUHU, ITOJIYUCHHBIC B Pa3HbIX OLICHKAX B CPABHCHHH C SKCIICPUMCHTAJIbHBIMU
JaHHBIMH.

0.075
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o -
©

AHeprua, MaB

Puc. 47. 3aBucumMocTb 4yKciia 3ana3pIBaloIlMX HEUTPOHOB OT SHEPTUU HEUTPOHOB,
BBI3bIBAIOIINX JICJICHUE.

Haunyumiee cornacue ¢ COBOKYMHOCTBIO SKCIIEPUMEHTANIBHBIX JaHHBIX MPU SHEPTHUSAX
no 7 MaB nemonctpupyer onenka JENDL-3.3. [Ipu 14 M»B npunumaemoe B Hel 3HaU€HUE
YyHuCJla 3ala3[plBalOIIMX HEUTPOHOB, MOXalyH, cierka 3asbiiieHo. [loatomy B POCOOH/]
pelIeHO MPUHATH 3HAYEHHUE TOr0 YUCIIa TAKUM, KaK BO BCEX OCTaJIbHBIX OIIEHKaxX (cM. puc. 47.).

6.4.4. ITonHoe uncia0 HEHTPOHOB JIEJIEHUS.

[lonHOE 4YMCIIO HEHUTPOHOB JAEJIEHHs OIPENEIEHO KaK CyMMa 4YMCE]l MIHOBEHHBIX H
3ama3/bIBAIOIINX HEHTPOHOB, OLIEHEHHBIX Bbille. Huke naHa cBopHas Tabiuua 3THX YHCEN.
KupupiM mpuTOM OTMEYEHBI 3HAUEHUS, YKa3aHHbIE B COOTBETCTBYIOIIMX CEKLUAX (aiina
MF=1.

Omeprus, Vprompt Vdelay Vtotal
M»hB
1.0%10™1 2.3000 0.0463 2.3463
2.53*10° 2.3000 0.0463 2.3463
2.00 2.6000 0.0463 2.6463

¥ G.D.Spriggs, J.M.Campbell, V.M.Piksaikin. An 8-Group Delayed Neutron Model Based on Consistent Set of
Half-Lives. OECD/NEA Work Party on Delayed Neutrons. 98-1619, March 28, 1999.
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2.90 2.7200 0.0463 2.7663
4.50 2.9760 0.0463 3.0223
5.15 3.0800 0.0439 3.1239
7.00 3.3800 0.0371 3.4171
9.00 3.6650 0.0297 3.6947
10.00 3.8180 0.0260 3.8440
14.00 4.4300 0.0260 4.4560
16.00 4.7000 0.0260 4.7260
20.00 5.2000 0.0260 5.2260

7. O6pa3zoBaHue GOTOHOB B HEMTPOHHBIX PeaKIHAX

B Oubmuorexke JEFF-3.1 mnpunsatel Te jxe ngaHHble 00 oOpa3oBaHMH (OTOHOB B

HEUTPOHHBIX peakuusax, uto u B ENDF/B-VII, a umenHo:

Hns peakumii (n,2n), (n,3n), (n.4n) U HEynpyroro paccessHus C BO30YXKIECHHEM
KOHTHHYYMa ypOBHEW 00pazoBaHHe (JOTOHOB ONMUCBHIBAETCS B CIELUAIBHBIX MOJICEKIUAX
COOTBETCTBYIOIIMX cekiuii ¢aitna MF=6. DTu naHHbIE OIICHEHBI Ha OCHOBE
cratuctudeckorn monenu. Onenka ENDF/B-VII mist atux peaknuii mpuHUMaeTcs U B
POCOOH/.

OO6pazoBanue (HOTOHOB NpU AEIECHUM U PAJUALUOHHOM 33aXBaTe OMMCBHIBACTCS 3aJaHHEM
MHOKECTBEHHOCTH 00pa3yroIuXcs KBAaHTOB B COOTBETCTBYIOUIMX CEKLUAX (paiiia
MF=12 1 HOpMUpPOBaHHBIMH CIIEKTPaMHU, 3aJJaHHBIMU B (haitine MF=15.

Uucno ¢GhoToHOB, 00pasyrommxcs MNPy ACICHUH, TPUHATO paBHBIM 8.18 BHE
3aBUCUMOCTH OT SHEPIHMH HEUTPOHOB, BBI3BIBAIOIIUX JEICHUS, YTO HECKOIBKO BBIIIE
npuHuUMatomerocs s ypana-235 (7.17 xBantoB Ha aeneHue). Crektp (OTOHOB
nenenust B ENDF/B-VII He 3aBUCHT OT 3HEpru HEUTPOHOB, BBI3BIBAIOIINX JIEJICHHUE,
toraa kak B JENDL-3.3 Takas 3aBUCUMOCTb XOTh M OMHUCHIBAECTCS, HO MPAKTHYECKU
He cymiectBeHHa. Ha puc. 48 nmpoBoauTcs cpaBHEHUE 3TUX CHEKTPOB. s mpumepa
MIPUBEJIEH CPABHUTEIILHO XOPOIIO W3BECTHBIM CIIEKTp (DOTOHOB JACJICHHs ypBaHa-235
TeruioBbIMU HelTpoHamu (B omucanuu JENDL-3.3 yka3piBaeTcsi, 4TO OIIEHKa
criekTpa (POTOHOB TSI JIeJIeHUST ypaHa-238 ocHOBaHA HAa M3MEPEHUSIX ITOTO CIEKTpa
npu aeneHun ypana-235). Cpenanue >Hepruu (pOTOHOB B IMPUBEACHHBIX CIEKTPAX
cymectBeHHo otinudHbl: B ENDF/B-VII - 0.772 M»B, B JENDL-3.3 — 0.692 M»sB.
CymMmapHble 3Heprui (OTOHOB JIEeHUsl OTIMYaroTCs eule cuibHee — 6.317 MaB B
ENDF/B-VII u 4958 M»B B JENDL-3.3. 3amerum, uro B cexkuuu MT=458,
cojiepKalleil cocTaBisiloLIMe B3HeproBbyaeneHus npu aeneHun B ENDF/B-VII
MPUBOAMUTCS SHEPTUsi MTHOBEHHBIX (POTOHOB, paBHas 6.53 M»B, uro Omu3ko K
JAHHBIM CIIEAYIOLIUM W3 OMUCaHUs UCIyCKaHusi (POTOHOB B 3TOM (aiine. B ¢aiine
JENDL-3.3 cexuust MT=458 orcyrctByer. [nsi nenenust ypana-235 B CEKIMH
MT=458 yka3biBaeTcs emie Oonbinas 3Heprust -6.97 MaB. Takum o0pa3oM, 1aHHBIE
JENDL-3.3 npexncrasinstorcs nporuBopeunBbiMd 1 B POCDOOH/] penieHo MpUHSTH
nanasle  ENDF/B-VII, npunsateie u B JEFF-3.1. Bmecte ¢ Tem HeoOxoaumo
OTMETUTh OCTaBIIEECS HECOOTBETCTBUE B CYMMApHOM HHEPrMM MIHOBEHHBIX
¢dbotoHoB nenenusd, cienyomux u3z cekuuid MT 18 daitnoB MF=12 u MF=15 u
cexuun MT-458 ¢aitna MF=1.
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Puc. 48. CpaBHeHHE CIIEKTPOB MTHOBEHHBIX (DOTOHOB JICJIEHUS.

Yucno ¢poToHOB, 00pa3yromuxcs Npu paauauoHHoM 3axBate B orjeHke ENDF/B-VII nuneitno
Bo3pacTtaeT oT 4.33 mpu HyJeBoil sHepruu 1o 22.28 mpu 20 MsB (ckopocts pocta 0.798
kBaHTa/M»3B). B onenkxe JENDL-3.3 uncno ¢oToHOB Bo3pactaeT oT 3.6 IpH HyJI€BOIH SHEPruu
1o 9.347 npu sHeprun 0.935 MaB (ckopocth pocra 6muska: 0.734 kBanTa/M3B). CriekTpsr
(OTOHOB B 3TUX JBYX OIEHKax mnpuBeneHsl Ha puc. 49. B JENDL-3.3 yuuThiBaetcs
SHEepreTuveckas 3aBUCHMOCTD CIIEKTpa (JOTOHOB, OJIHAKO OHA BEChbMa cllada: CpeIHsIs SHEePTus
¢doronoB Bozpacraet ot 1.040 MaB npu Hynesoit sHepruu 10 1.080 mpu 0.935 MaB. Cpennsis
sHeprus (QoToHOB B cnekTpe, npuHsitoM B ENDF/B-VII, paBna 1.112 M»sB. B pesynbrare
NIOJIHAsL 3HEPrusi, yHocuMas (poToHamu, 0Opa3yroIUMICs IPU 3axXBaTe TEIUIOBOTO HEUTPOHA, B
JENDL-3.3 oxa3piBaercsi paBHOUM 3.745 M»>B, uro 3HAUMTENbHO HMXKE SHEPTUU DPEAKIMU
(4.8065 M»1B); cormacuo manusiM ENDEF/B-VII ata sneprus pasna 4.819 M»sB, 1.e. maxke
MIPEBBILIAET SHEPrui0 peakuuu. IIpoTuBopeune Mexay OLIEHKaMHM YCTpPaHSETCs, €CIu
IPENoNoXuTh, 4To B oueHke JENDL-3.3 npumepHo 17% (OTOHOB HM3KUX 3HEpruil (HUXE,
npumepHo, 100 xk3B) nMMeeT BBICOKYIO BEpOSTHOCTb BHYTpeHHEH KoHBepcuu. lIpu Takom
MOJXO0/I€, OJIHAKO, HEOOXOJUM YYeT SHEProBbIIEICHUS 3a CUET KOHBEPCHOHHBIX 3JIEKTPOHOB,
YTO THE TpeaycMaTpuBaeTcsi GopMaToM IMpeCTaBIeHHsI HEUTPOHHBIX naHHBIX B ENDF/B-VI.
[Toaromy B Oubnuoreky POCDOH]] uenecooOpa3HO BKIIOYUTH OIICHEHHBIE IaHHbBIE W3
ENDF/VII, BHecs, OgHaKO KOPPEKIHI0O B MHOKECTBEHHOCTb HCITyCKaeMbIX (POTOHOB,
00eCreYnBaOIIyI0 COXpPAaHEHNE YHEPTUU: MHOKECTBEHHOCTh JI0JKHA MEHAThCs OT 4.138 mpu
HyJIeBOM 3Hepruu Ao 21.638 kBaHTa Ha 3axBat npu sHeprun 20 MsB.
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Puc. 49. CnexTpsl (hOTOHOB pagualiMOHHOTO 3aXBaTa.

e (OOpazoBanue ¢OTOHOB TIpH TMPOUYMX HEYINPYrux mporeccax. Kak crmexyer wus
BBIIIEHU3JI0)KEHHOTO “IIPOYMMM HEYIPYTMMH IPOLECCAMM’ SIBJIAIOTCS JIMIIb HEYIPYToe
paccesHUE Ha JUCKPETHBIX YPOBHSAX M PEAaKLUM C BBUIETOM 3apsDKEHHBIX dactull. B
ENDEF/B-VII nocnennue peakiyuyu HE yYUTHIBAIOTCS, U CJIENOBaJO OBl 0XKHUIATh, YTO B
(aiine OymyT coaepaThCsi JaHHbIE 00 oOpa3oBaHuM (OTOHOB TMPU HEYIPYTOM
paccesHUM Ha OTAEIbHBIX ypOBHAX. OpHaKko, B AECHCTBUTEIBHOCTH TaM IPHUBOIATCA
JaHHBIE Ui CyMMapHOTO CedeHHUs Heynpyrux B3aumopeiictsuit (MT=3). B (aiine
MF=13 npuBoautcs ceueHue oopazoBanusi GOTOHOB MPH HEYNPYTUX B3aUMOJICHCTBUSX,
OTJIMYHOE OT HyJIS JIUIIb BhIme mopora 1-ro ypoBHs. Takum o0pa3oM, sICHO, YTO BKJIaJ
paIualMoOHHOIO 3aXBaTa U JIeleHusl B 00pa3oBaHue (POTOHOB MPU PHEPTUSX HHUKE ITOTO
nopora B 3ToM daiine He yuutbiBaercs. OnHAKO, HESICHO, BKJIAIBl KaKUX HMEHHO
peakuuii yuutsiBarotes B paitne MF=13 Bbimie nopora.

B cBa3u ¢ m3noxkenHsM pemeHo onucate B POCOOH/Ie oGpa3oBanue (HoToHOB
IpU HEyHNpyroM paccesHUM Ha JUCKPETHBIX YPOBHSAX B ABHOH (popMe — ¢ MOMOLIbIO CEKIUH
MT=51 — 90 B ¢aiine MF=12, B KOTOpBHIX YKa3bIBAIOTCSI MHO>KECTBEHHOCTH OOpa30BaHHSA
JUCKPETHBIX (DOTOHOB, COOTBETCTBYIOIIME CXE€M€ YpOBHEW ypaHa-238, coaepixkaiieiics B
cnpaBounnke PCNUDAT?. Tlpu stoM mis ypoBHeil ¢ sHeprusmu Bbimre 1.17 MbB,
NPEICTABISIOMNX TPYIIBl peallbHbIX YpOBHEH ypaHa-238, HCIOJIb30BaHbl CXEMbI MEPEXO0B
JUISL TOTO TIPEJICTABUTENSI TPYIIIBI, sl KOTOPOTO BEPOATHOCTH NEPEX0/I0B U3BECTHBI Hambolee
netanbHo. B cexnusax MT=51 — 90 ¢aiina MF=14 onucansl yrioBble pacnpeenenus GOoTOHOB,
MIPUHATHIE H30TPOITHBIMU TS BceX (POTOHOB.

8. O0pa3oBanue paJMOAKTHBHBIX IPOAYKTOB.

I'maBHeHmMM TIpoIIeccOM 00pa30BaHMs PAJMOAKTUBHBIX MPOJYKTOB SIBJISICTCS JICTICHHE.
B Oubnmorekax MIMPOKOTO TMOJIb30BAHUS HMMEIOTCS JBE OICHKM HE3aBHUCHMBIX BBIXOJOB
NPOYKTOB JeneHuss — onenka Kasam 1992 r1.°' u ounenxa T.Murmanga u B.Paiimepa,
BBITIOJTHEHHAs! B TOM K€ roz[ysz. CpaBHUTENBHOIO aHaNIM3a JAHHBIX 3THX JIBYX OIICHOK HE
npoBoausioch. [lockonbky B cucremMe koHCTaHT BHADB-93 ucnonb3yrorcss gaHHblE HOCIEIHEN
orieHku, a B 6ubnuorekax ®OH/I-2.2 u BPOH/I-2 cekiuu ¢ BhIXOJaMU MPOTYKTOB JEICHUSA,

Y PCNUDAT Version 2.8., by Robert Kinsey (NNDC(BNL,USA). IAEA, NDS, March 2000
I M/ Kawai et al. J.Nucl.Sci.Technol. 29, 195 (1992)
2 T.R. England, B.F. Rider, Evaluation and compilation of fission product yelds, 1992, ENDF-349
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OTCYTCTBYIOT, pemieHo BkItouuTh B POCOOH]] nanHble 0 BBIXOJAX MPOIYKTOB JENEHUS W3
ENDF/B-VI (MF=1, MT-454) nepenecennsie emie u3 ENDF/B-III.
Pamnonykimuael 00pa3yroTcst BO BCeX HEUTPOHHBIX PEAKIMsIX Ha ypaHe-238:

%0, obpasyroluiicss Py paaHalOHHOM 3aXBaTe, PAClafacTcs MyTeM OeTa-paciana
¢ nepuogom T;,=23.5 MuH B 239Np, KoTopbld ¢ mepuogom T1,=2.355 pnus
pacrazaercs myTeM Oera-pacrazia B 1oarokuByimii = Pu (T1,=2.411%10"ner);

27U, obpasyrommiics B peakumi (n,2n), paclagaercss MyTeM Oera-pacraga C
nepuoaoM T,=6.77aHs B JOATOXKUBYLIUH 237Np(T1 2=2.144*10°1er);

B peaxuuu (n,3n) oGpasyercst gonroxuBymmii >~ U(T,=2.342*10"net);

B peaxuuu (n,4n) oGpasyercst gonroxusymmii - U(T,=7.038*10°ner);

B peakuuy (n,p) obpasyercs > Pa, paciaiaroluiics myTeM GeTa-paciaga ¢ IepHOIoM
T,,=2.3 MHH B TOT Ke 238U(T1/2Z4.468*109HGT);

*Th, obpasyiommiicss B peakuun (n,o), pacrmagaercs MyTeM OeTa-paciafa ¢
nepuonom T;,=7.1 mMuH B 235Pa, KOTOpbIi Cc mnepuogom Ti,=24.2 MuH AHS
pacmnazaercsi myTeM OeTa-pacrnaja B JI0JIT0KUBYIIHIMA 235U(T1 »=7.038* IOSJ'IGT).

[ImyToHUT W Bce IOJNTOXKUBYIIME H30TOMBI ypaHa, OOpasyromuecss B HEHTPOHHBIX
peakuusax Ha ypaHe-238 pacnasaroTcs TOJIbKO IMyTeM ajib(a-pacnaja.

9. Baaupanusi HeHTPOHHBIX JAHHBIX N0 HHTErPAJbHBIM IKCIIEPUMEHTAM.

9.1. Banmnpanmg ceueHnus yBOAa IO OPOT AEJeHU ypaHa-238&.

Ceuenne yBoma HEHTPOHOB JEJCHMs ypaHa-235 TEIIOBBIMH HEHUTPOHAMH IO IOPOr

JIeJIeHUs ypaHa-238 ompeensercs CIeIyomM 00pa3om:

rem

[ 17 ®)*c (B)* ol (B)dE
_0

cyrem - o
[ )i (E)dE
rac
r £ O (B t Ner())
6. (E)=c,(E)+o, (E)a{)il ~f(EE )%} +o, (E)_ﬂl ~f (E>E )%} +
t ~ o (E)
+0,(E) g [1 ~Vv(E)y(E—E )%}

[locnennuii WwieH 1aeT OTPULATENbHBIN BKIIAJl B CEYEHUE YBOJA.
Ceuenne yBona, Berauciennoe mo nanabiM POCOOH/la, pasuo 1.849 6apna. Bxnax genenus B
3TO ceueHue cocrasisieT —0.252 GapHa.

[IpssMbIM TTyTEeM OIpEeACNICHUs] CEYCHHS YyBOJAA SBJSETCS HM3MEPEHHUE IPOITYCKaHUS
HEUTPOHOB JIEJICHUS Yepe3 TOHKYIO YPaHOBYIO cepy C MOMOIIBI0 KaMephl JIEICHUS C ypaHOM-

238:

T= exp(-acrem) ,

rae d - cpemHui MyTh, MPOXOJUMBIN HEUTPOHOM JENICHUS, CTIOCOOHBIM ACIHUTHh ypaH-238 B

chepe. s Tonkoit chepsl d Bechbma OMM3KO K TOJNIIMHE CHEPUUECKOTO CIJIOS; OTIMYWE
MPUHUMAETCS BO BHUMAaHHUE C TMTOMOIIBIO PACUETHBIX MOMPABOK. DTUM METOIOM OBLIH MOTYUYEHBI
cienyromue pesyisrarter: 1.75+0.1 6apra™ u 1.83+0.1 Gapua™

53 Okrent D., Avery R. and Hummel N.N. Int. Conf. Geneva-55, v.5, p. 419.
3% Bondarenko L.1. and Kovalev V.P. IAEA Seminar on Physics of Fast and Intermediate Reactots, Vienna, 1961,

v.2,p. 159.
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238 / G238

I[perﬁ IIyTb COCTOUT B USMCPCHHUU OTHOIICHUS D=c r rem » OIIPCACIEIIOIIECTO YUCIIO

JIeNIeHUH, TPOU3BOIMMBIM HEUTPOHOM JieNieHHsl ypaHa-235, monaBiuM B OECKOHEUHYIO Cpelly U3

ypana-238. 31ech G, - cpe/lHee ceueHHue JeIeHns ypaHa-238 Ha CIeKTpe JejleHus ypaHa-235

TETJIOBBIMH HEHUTPOHAMHU, PaBHOE, COTVIACHO coBpeMeHHBIM naHHbpM (.309 Gapna. Benwmumnaa D
OIpEEIAIach HEMOCPEACTBEHHO B OKCIIEPUMEHTE C UICTOYHUKOM HEMTPOHOB JEJIEHUS B LIEHTPE
TOJICTOM ypaHOBOM cq)epbl55 . Ilocne BBeneHUST MOMPABOK HA YTEUKY HEHUTPOHOB M3 chephbl HA
neneHust ypaHa-235, conepxkaiierocst B MaTepuane cepbl U3 €CTECTBEHHOI'O ypaHa, ObLIO
noiyyeHo D=0.1703+0.065. Otcroma cienyer ijﬁ=1.82i0.07. Pesynbrarel Kaxaoro wus
MEPEYUCIICHHBIX U3MepeHuit u ux cpennee, pasoe 1.80+0.056apHa, corjacyrorcs B mpeaenax
HOTPEIIHOCTEN C CEUEHUEM YBOJa, CIAEAYIOLUIMM U3 OLIEHEHHBIX JIaHHBIX.

9.2. Baauaanys olleHKU 0 KPUTHYHOCTU OBICTPBIX KPUTCOOPOK.

Bamupanyst HEUTPOHHBIX JaHHBIX JMJIs  ypaHa-238 MpoBOAWIACH TaKXKe IyTEM
CpaBHEHMs pE3yJbTAaTOB pacueTa KPUTUYECKUX MapaMeTpoB MJS PAa3MHOXKAIOLIUX CUCTEM,
CHEKTp HEUTPOHOB B KOTOPBHIX (HOPMHUPOBAJICS TNPEUMYIIECTBEHHO ypaHoM-238. K stum
cucTeMaM OTHECEHBI:

1. TomMoreHHas cpeia W3 METAJUIMYECKOTO ypaHa ¢ oborameHuem 5.56% c k,=1
(SCHERZO-5.56%);

2. 3 rereporeHHblE CHCTEMBI U3 BBICOKOOOOTAIIEHHOTO W O0EIHEHHOrO ypaHa C
kx~1 oTnuyaromiyecs reTepOreHHOM CTPYKTYpoH IpH IOYTH OJUHAKOBOM
cpemreM coctase (c6opku BOC-35"7);

3. 3 rereporeHHble CHUCTEMbI M3 BBICOKOOOOTAIEHHOTO YpaHa C JBYOKHCBHIO
obenenHoro ypana ¢ k.=l oTnuuaroniyecs TeTepOreHHON CTPYKTypoll mpu
IIOYTH OJIMHAKOBOM CPEAHEM COCTABE (B(DC—3314)

4. KpuTHYeCKash CHUCTeMa C aKTHBHOH 30HOH w3 ypaHa ¢ oOoramenuem ~10% u
oTpaxkareneM u3 obeaHenHoro ypana (BIGTEN %),

PacyeTpl kpuTHYHOCTM TpOBOAWIKMCHL MeToAoM MonTte-Kapino mno mnporpamme

MCNP-5 ¢ yueroM JETalbHOM HOHEPreTUYECKOM 3aBUCUMOCTH  CEUCHUH,

omnpeneneHHbix (ainamu POCOOH/I.

Pe3ynbTaTel CpaBHEHHs pacdeTHBIX U AKCIEPHMEHTAIbHBIX 3HAYeHUH K,¢p¢ MPUBEICHBI B
Hkecneayromeit Tabmuie. [Tockonbky cocTaBsl Bcex Tpex coopok bDC-35 u cBex Tpex cOopok
b®C-33 Obumr  BecbMa ONM3KHM, IS HUX TOPHUBOAATCS CpPeAHHE  OTKIOHEHHS C
COOTBETCTBYIOIIUMHU MOTPEIITHOCTSIMH.

Kak BHUIHO, PE3YJbTAThl PACUYCTOB COIIACYIOTCA C OKCIICPUMCHTAJIBHBIMH JAHHBIMU B IIpCACIax
nor peHlHOCTCﬁ IIOCICIHUX.

>> Hukomae M.H., F'ony6es B.U., Bounapenko N.U. Jlenenue ypana-238. JKOT®D, 34, 1956. ¢.752.

%6 Darrouzet M.,Chaudat].P.,Fisher E.A.et al. Studies of Unit Koo Lattices in Metallic Uranium assemblies ZEBRA-
8H, SNEAC-8, ERMINE and HARMONIE UK .- In: International Symposium on Physics of Fast Reactors .
Proceedings. V.I. Tokio, 1973, p.537

*"International Handbook of Evaluated Criticality Safety Benchmark Experiments.Vol.IV, MIX-MISC-FAST-001.

>¥ International Handbook of Evaluated Criticality Safety Benchmark Experiments. Vol.III, IEU-MET-FAST-007
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DKcIepUMEHTAIbHBIE M PacyeTHbIC 3HAaYCHUs1 K03 duiimenTa pa3sMHOKEHHUSL.

Kputcbopka E=k-skcm. C=k-pacueTH.. C/E
SCHERZO-5.56 1+0.005 0.9976+0.0002 0.9976+0.005
B®C-35-1 0.9736+0.0071 0.9709+0.0002 0.9972+0.00071
bDC-35-2 1.0050+0.0057 0.9986+0.0002 0.9939+0.0057
B®C-35-3 0.9956+0.0059 0.9909+0.0002 0.9953+0.0059
Cpennee g bOC-35 0.9952+0.0043
b®C-33-1-1 0.9656+0.0054 0.9656+0.0002 1.0000+0.0054
b®C-33-1-3 0.9692+0.0055 0.9649+0.0002 0.9956+0.0055
b®C-33-2-1 0.9967+0.0039 0.9998+0.0002 1.0033+0.0039
Cpennee pist BOC-33 1.0005+0.0034
BIGTEN 1.0045+0.0013 1.0051+0.0002 1.0006+£0.0013

10. 3akarouyenue

B POCO®OH/] mpennaraercst NpuHATH CHOPMUPOBAHHYIO B TIPOIIECCE HACTOSIIETO 0030pa
moaupukanuio ¢aitna ganaeix u3 ENDF/B-VII

ABTOpBI 000CHOBAHUS BLIOOPA OLIEHEHHBIX HEHTPOHHBIX JIAHHBIX

Huxomaes M.H., Komees B.H.
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