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BBEAEHUE

26 ¢eBpanss 1896 roma dpanmysckuii ¢usuk AHpu bekkepenb OTKpBUT sIBICHHE
paanoaktuBHOCTH ypana. B 1909 Xanc I'eiirep u DpHct MapcieH, Mo WHHIMATHBE DPHCTA
Pesepdopna, mpoBenu 3KCIEpUMEHTHI 110 N3YUEHHUIO PacCesHUs U3ITydyaeMbIX YpaHoOM alb(a-
YacTUI] Ha TOHKOMN 30JI0TOH (osibre, KOTOpPBIE BBISIBUIIN CITydal paccesHus Ha OOJIbLIME YIJIbI.
OTO0 NPOTUBOPEUNIIO IPEACKA3AHNUAM IOCIIOICTBOBABIIEN B TO BpEMsI MOiesIn aToMa TOMCOHa,
1 [TOJITBEPIMIIN IUTAHETapHYIO MOZEIb, IPEASIoKeHHY0 DpHCTOM Pezepdoprom, o ueM u 66110
JI0JIO’)KEHO B Kilaccuueckoi ctatbe B 1911 rony. Havamuce MHTEHCHBHBIE MCCIIEAOBAaHUA
ctpoenust aroma. B 1919 romy, obGnydas anbda-uacturiamMmm atombl azota, Pesepdopn
BBIIBUHYJI THIIOTE3Y, YTO SApA COCTOAT U3 IPOTOHOB, IOCKOJIBKY IO CBOEH Macce OHM ObLIU
KpaTHbl Macce Bojpopoja. Ilocne TiiarenbHOro aHaiu3a CBOMX OIBITOB, OH HalIEN B HUX
OIMOKY, YKa3bIBAIONIUME HA HAJIW4YME IPYrod YacTHIBl C ONHM3KOH Maccol, OOHAPYKUTh
KOTOPYIO €My He yjaaiock. 1o cMor caenars Jxelimc Yeasuk B 1932 rony, oOnyyas anbda-
yactuamu Oepwnmii. OOHapy>KeHHasi 4acTWIA, HE HMMEIoUIasi AJIEKTPHUYECKOro 3apsiia |
o3TOMY 0€3 Tpy/la CTAJIKUBAIOIIASCS C ITOJIOKUTENBHO 3apsKEHHBIMU sIpaMu, Oblila Ha3BaHa
HEUTPOHOM. BO BCEM MHpe CTanu HCCIEN0BaTh PaJAMOAKTUBHOCTD M B3aMMOJCHCTBHE
HEHTPOHOB U NPOTOHOB C AapaMu. DHU3MUECKUE KYpHaJbl UHTEHCUBHO MOMNOJIHSIUCH BCE
HOBBIMU SJIEPHBIMU JJAHHBIMU.

B konne 1941r. neiitenant I'. ®népoB Obu1 HanpasieH B Boenno-Bo3nyminyto akajgemuro B
Momkap-Ouy. 1o myTH Tyaa OH yJIydiI MOMEHT T00bIBATh B OHOIMOTEKE U OGHAPYIKHIL, U4TO
JKypHaJIbl TIEpecTaliu MyOJIMKOBATh sJIEpHbIE JaHHbIE. Bynyun ombITHBIM (QU3UKOM (TOAOM
panbie oH BMecTe ¢ K.IleTpskakoM OTKpBLI CIOHTAHHOE JCJICHHE), OH COOOpa3miI, 4TO ATO
O3HAYaeT pa3BEPTHIBAHUE 32 PyOEIKOM pabOT 110 BOCHHOMY MPUMEHEHUIO SJIEPHON SHEPTrUuu U
Hanucan nwcbMo M.B.CranmHy, OTMETHB HEOOXOIUMOCTH BO300HOBJICHHUS TPEPBAHHBIX
BOIHOM siiepHO-(u3nueckux ucciaenoBanuii. Ero o6ecnokoeHHOCTh Oblla MOATBEPKIACHA U
JIPYTMMH UCTOYHUKAM, SAEpHO-(PU3NUECKIE HCCIel0BaHus ObUIM TPOJOJDKEHbI. B pesynbrare
Tparenust Xupocumsl 1 Haracaku 11 COBETCKOTO pyKOBOJCTBA HE SIBUIACh HEOKUJAHHOCTBIO.
B 1949 r. aromuas 6om0a Obuta yaauno ucnsitana 1 B CCCP, a B 1953 r. Obuta mymieHa nepnas
B MUpE aTOMHasl 3JIeKTpocTaHlusd. B pesynapraTe B 1955 1. mpomuia nepas MexayHapoaHas
KOH(EepeHIMsI T0 MHUPHOMY HCIOJIb30BAHUIO ATOMHOW DHEPrUH, IOJIOKUBINAS HAYaJIO0
BO300HOBJICHHIO MEKYHAPOTHOTO OOMEHA SICPHBIMU TaHHBIMH.

Bo BTOpoi#i monoBuHe 20-rO BeKa OPOTOCTOSIIIME YCTAHOBKH JUISI M3MEPEHHS SICPHBIX
JTAHHBIX OBLIM COOPYKEHBI BO MHOTHX CTaHaX M PE3yJibTaThl H3MEPEHHI SIEPHBIX TaHHBIX
nommuchk pexoid. B 60-x rogax B MAT'ATD Obu1 oprann3oBaH cO0op BceX OITyOIMKOBaHHBIX
HKCIEPUMEHTANIBHBIX JaHHBIX M YKa3aHUEM UX MOTPEIIHOCTEH B eIMHONW KOMIIbIOTEPHOI 0aze
naHHbIX EXFOR. OznHako pe3ynpTaThl SKCIIEPUMEHTOB 3a4acTylo (a TOUyHee — KakK IMPaBUIIO)
pa3InyaTcs MEXIy co00i OoJble, YeM 3TO MOXKHO ObUIO ObI 0XKMJATh U3 MPUITMCAHHBIX UM
norperHocteid. KpoMe Toro, uaMepeHuto 00bIYHO MOAJIeKaT He CaMu siJiepHbIe JaHHbIe, a UX
OTHOIIEHWsSI, B pE3yJlbTaTe YEro WX OHKCIEPUMEHTAIBHBIC ITOTPEITHOCTH OKa3bIBAIOTCS
CJIO)KHBIM 00pa30M CKOPPEITHPOBAHHBIMU. BCE 3TO CHIBHO 3aTpymHSET OICHKY SICPHBIX
JMAHHBIX — T.€. YCpPEOHEHHE pe3yJbTaTOB BCEX HW3MEPEHUH ¢ Y4YETOM YCTaHOBJIECHHBIX
TEOPETHYECKUX 3aKOHOMEpHOCTEeH. B pesynpraTe Okas3amoch, 4TO B Pa3HBIX IOCYJapCcTBax,
Pa3BUBAIOIIMX aTOMHYIO DHEPreTHKy, (WIM B IpyMNMax TaKUX TOCYJapCTB) B MHXKEHEPHBIX
pacuérax HUCHOJb3YIOTCS pa3Hble BapUAaHThl OLIEHEHHBIX SIEPHBIX JaHHBIX. MMeromuecs
pPacXOX/IEHUS B XapaKTEpUCTHKAX pacmaja pagdoOHYKIHIOB U JAHHBIX O B3aMMOJEHCTBUM



raMMa-KBaHTOB C BEIIIECTBOM («pacIagHbIey U «raMMa-IaHHbIe») JUIsl MHKEHEPHBIX PacuéToB
MPaKTUYECKH HECYIIECTBEHHbl, a BOT PACXOXKICHHUS B «HEUTPOHHBIX JAHHBIX» -
XapaKTEPUCTUKAX B3aUMOJACHCTBUS HEHUTPOHOB C ATOMHBIMU SAPAaMHU - BECbMa 3aMETHBI.
BriOpare u3 HUX JydlIuMi - €10 HE IPOCTOE, MOCKOJIBbKY Ka)KIblii BapHaHT OLIEHEHHBIX
HEUTPOHHBIX JIAHHBIX, MPOBEPSJICS HA COIVIACOBAHUE PE3YJIbTATOB PAcu€ToOB C pe3yJibTaTaMHu
SKCTIEPUMEHTOB Ha JCHCTBYIOIIUX PEAKTOPaxX WM WX MPOTOTUIIAX- KPUTHIECKUX COOpKax H,
KaK MPaBWJIO, BCE OHU OOCCIICUMBAIOT IIPHEMIIEMOE corjlacue. Takum o0pa3om, MOTpeOHOCTH
pa3pabOTUYNKOB aTOMHOM YHEPTETUKH ObLTH MPAKTUUECKH YIOBJICTBOPEHBI; YTPATUIN HHTEPEC
K IOJYyYCHUIO HOBBIX JAHHBIX, U (PU3HKU-TEOPETUKU YTO MPHUBEIO K TOMY, 4TO B 21 Beke
MHTEHCHUBHOCTb HKCIIEPUMEHTAJIBHBIX MCCIIEIOBAHUM CTaja CTPEMUTENbHO yracaTh. OgHaKo
9TO OTHIOb HE O3HAYaeT, YTO OTMajia MOTPEOHOCTh B 3HAHWHM W B HWCIOJIB30BAHUU YIiKE
OIICHCHHBIX SIJICPHBIX JAHHBIX I O€30MacHOW HKCIUTyaTalid JCHUCTBYIOMHMX OOBEKTOB
ATOMHOUM SHEPreTUKU M, OCOOCHHO MJisi pa3pabOTKH HOBBIX TexHONorwuil. CreoBareibHO,
HEO0OXOAMM CIPABOYHUK, TTO3BOJISIONTNN O3HAKOMUTBCS C SIIEPHBIMU JIAHHBIMH, a TAK)KE C TEM,
KaK MOJYKHO HCIIOJIb30BaTh MX B pacu€THBIX mporpammax. B mponuiom Beke B CCCP Gbu1o
M31aHO J(BAa BapHaHTal?
HEUTPOHHBIX JAHHBIX MPEACTABIUINCH pPE3yJIbTaTAMH YyCpeIHEHHUs 1o 26 u mno 28

TaKHUX CIIPABOYHHUKOB, B KOTOPLIX OHCPIreTUYCCKHEC 3aBUCUMOCTU

HHEPTeTUYECKUM MHTEpBajIaM (TpyIaM) rpynoBbIX MpUOIKeHUsIX. [lepBast U3 3THX cucTeM
KOHCTAHT cTaja Ha3biBaThes 3a pydexxom ABBN, a 8 CCCP — BHAB. O6e crucTeMbl KOHCTaHT
OBLIM MOOYEPEAHO BHEIPEHBI B PACUETHYIO NpakTUKy. K KOHIly Beka BBIYMCIUTEIIbHbBIE
BO3MOYKHOCTH PE3KO BO3POCIH, M OblJIa CO3/JaHa U BHEAPEHA B PACUETHYIO MMPAKTHKY CUCTEMA
KOHCTaHT ¢ 299 rpynmnamu HelTpoHOB U 127 ramma-rpynmamu Ha3BaHHas BHAB-93. 13-3a
60b1I0r0 00BEMA OHa OblIA JOCTYIIHA TOJIBKO B 3JIEKTPOHHOM BHJIE. Mcronp30BaHHAas B HEl
OubnuoTeka OlEHEHHBIX HEHUTPOHHBIX AaHHBIX Obuia HazBana ®OHJI. B 2007 eii Ha cMeny
NPHUILIA HOBas BEPCUS], COCTABIIEHHAsL, KaK U MPEXKHSS, C yUETOM IKCIIEPUMEHTAIBHBIX TaHHBIX
u3 6a3bl 1aHHBIX EXFOR 1 1ocTyHBIX K TOMY BpeMeHH 3apyOeKHBIX OMOIMOTEK OLIEHEHHbIX
naHHbIX. [locne koppekTupoBok 3Ta Oubimoreka Obuia npezacrasieHa B gopmate ENDF-6 u
nepenana B MAI'ATD nopn nazsanmem ROSFOND-2010. Oxgnako [uisi HETOCPEACTBEHHOTO
MCIIOJIb30BaHUs B paCYETHBIX MPOrpaMMax U JUIsi BU3YaJIIbHOT'O 03HAKOMJICHHUS C IPUBOAMMBIMU
nanubiMu popmat ENDF we mpuronen. [{ns momydenust Ha ocHoBe OmOmmorek ®OHJI u
POC®OH/] cucrem 299-rpynnobix koHctaHhT BHADB-93 m BHAB-P® wucnosns3oBanace
nporeccunronas cuctema NJOY ¢ nocienyromeil 10paboTKoM U ApyruMH porpaMMaMu JJist
nony4yeHus He npexycMoTpeHHbIX B NJOY ¢opm rpynmoBbix KOHCTaHT. Mcnosib3oBaiuch,
MOpoM BPYUYHYIO, M HHbIE MCTOYHUKHM sIepHbIX JaHHbIX. B 2021 r. Ha caiite
“saepHblelaHHbIe.pp” B KauecTBE CIPABOYHBIX JAAHHBIX B ()OpMEe TEKCTOBBIX TaOmuI ObuIa
npeacraBieHa Oubnuorexka koHCTaHT BHAB-P®, nomonHenHas JaHHBIMH O JACTAIBHBIX
HHEPreTUUECKUX 3aBUCUMOCTSX HEHUTPOHHBIX JIaHHBIX, MO3BOJIAIOIIMMHU HCIOJIb30BaTh
CIPaBOYHBIE JAaHHbIE HE TOJBKO B IporpaMMax MHOTOTPYMIOBBIX pacy€rax, HO U B
COBPEMEHHBIX IporpamMmax C J€TalbHbIM CIEKEHHEM 3a JHEprueil HelipoHa, Ha3BaHHas
COLIBRY (combined library) nnu, B pycckom nanucannu, KOJIMBPU.

LI AGarsu, H.O.baza3sui, .M. bonngapenko, M.H.Hukonaes, I'pyrnoBbie KOHCTaHTBI IS pacyéra
peakTopoB. AToMuU3IaTU3aaT, 1964.

2 JLI1.AGarsn, H.O.Basassun, M.H.Hukonaes, A.M.Lu6ysis1. I'pynnoBblie KOHCTAHTBI 17151 pacuéTa
peakTopoB u 3amuTel. M. DHeprousnar, 1981.
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Hacrosmuii  cipaBoYHHMK TIpeAcTaBisieT co00il BTOpOE - pacIIMPeHHOE U3JaHUE.
B HOMeHKIaTypy AaHHBIX J0OaBJICHbI: NaplikaibHble BKIAIbl B TAOIUIBI SHEPTOBBIICICHUN U
o0pa3oBaHUs TaMMa-KBaHTOB, OOpa3yIOIIUXCS HEMOCPEICTBEHHO B MOMEHT IMPOTEKaHUS
peaKuu 1 B MOCIEAYIOUIUX MpoIieccax pacnaga 00pa3yoluxcs paJioaKTUBHBIX TPOIYKTOB
(B mpenpIIyIeM H3JaHuH OBUTH TOJNBKO CyMMAapHBIC TAOJHIIBI, YTO JIEIa0 HEBO3MOKHBIM
YCTAaHOBUTh WCTOYHUKU PA3IU4YUil); JOETallbHble JaHHbIE O paclpeiesieHUU BepOosSTHOCTEU
CEYCHUU B 00JIACTH HEpa3pelIEHHBIX PE30HAHCOB; CEYCHUS, BHIXOJBI HEUTPOHOB, MATPHIIBI
BEPOATHOCTEH UX 00pa30BaHus MPHU POTO-SIEPHBIX B3AUMOICHCTBUSX.

CyIlIeCTBEHHBIM pACIIMPEHUEM CIPABOYHUKA SIBJISICTCS BKIIOUYEHHWE B HETO OMOIHOTEK
COLIBRY, nonydennsix He Toiabko n3 ROSFOND-2010, HO u u3 3apyOeKHBIX OUOIMOTEK
OLICHEHHBIX SJIEPHBIX JaHHBIX: amepukaHckoir ENDF/B-VIII.0, 3anagnoeBpomneiickoit JEFF-
3.3, smonckoit JENDL-5.0, kwuraiickoit CENDL-3.2. Pe3ynbrarel pacuéToB peakTOPHBIX
XapaKTePUCTHK, BBIMOJHEHHBIX HAa WX OCHOBE, IIO3BOJSET OICHUTHh IOTPEIIHOCTH,
CPaBHHBAEMbIX JaHHBIX, 00YCIOBICHHbIE HETOYHOCTAMHU PE3YyIbTAaTOB U3MEPEHUI U TPOLIETYP
UX OLEHKH. TO eCcTh PEaATMCTUYHO OIICHUTH COBPEMEHHOE IIOJIOKEHUE JeN C SICPHBIMU
JaHHbIMU. 1715 oGneryenus moucka NpUYUHbI Pa3TUUUiA CIIPABOYHUK JJOTIOJHEH MPUIIOKEHUEM
ATIJIAC, B KOTOpPOM MNpUBEAECHbI I'paUKU CPAaBHEHUH CEUEHUM, MOIYYEHHBIX U3 pa3HBIX
OMOJIMOTEK, BMECTE C X OTKIOHEHHAMHU oTHOCHTENbHO maHHbix ROSFOND-2010.

CrpaBounuk Takxe gomnoiHeH paznenomM GRUCON, B KOTOpbIi MOMEMIEH apXUB C MAKETOM
npoueccuHroBeix nporpamm GRUCON u koMaHAHBIMU MpOLIEypaMu, OCYIIECTBISIONIUMU
nepepaboTKy OICHCHHBIX JaHHBIX U3 OuOmmorek ENDF B 6Oubmmorexky COLIBRY.
Bxirouenue 3Toro pasjeia o0ecreYrBaeT BO3MOKHOCTh BOCIIPOM3BECTH BCE BBIYMCINTEIIBHBIC
paboThI, BEITIOJTHEHHBIE TIPU TTOAT0TOBKE CIIpaBOYHUKA.

JoxymeHTanus 1o cnpaBouHuKy pasmenieHa B pazzaene “CIIPABOYHUK”. Ona cocrout u3
4 pdf-aiinos, comepxarimx:

1. “SnepHble naHHBIE” - TEOPETUUYECKUE OCHOBBI, HEOOXOAUMBIE JJIsi TOHUMAHUs POOIEMBbI
o0ecrieyeHns SACPHBIMU TaHHBIMHU M TIOJIXO/I0B K €€ penieHnto. JIOKyMeHT COCTOUT W3
ISITH TJIaB.

B 1-ii rmaBe paccka3biBaeTCs, Kakue sSiAepHbIe TaHHBIE TPEOYIOTCS IJIs pacdeTa peakTOpOB
U 3aIIUTHI M KaK OHU UCHOJB3YIOTCS B pacuérax.

2-s1 TJ1aBa OCBAIIeHA (hopMaTy TpeIcTaBIeHus saepHbIX JaHHbIX B pasaene COIBRY.

B 3-eii rnaBe o0bsIcHAETCS coepkaHue rpauKoB NMpUBEAEHHBIX B pa3aene ATLAS
HHEPT03aBUCHUMOCTEH HEMTPOHHBIX JTAHHBIX U3 Pa3IMYHBIX OMOIHOTEK;

I'naBa 4 conepkuT cBejeHUs 0 OMOIMOTEKaX OLIEHEHHBIX JAHHBIX, HA OCHOBE KOTOPBIX
dopmupoanucek oudbmorexku COLIBRY.

B rnase 5 naércs onucanue noaxoja K nepepaboTke sAepHbIX JaHHBIX, peaIn30BaHHbBIX B
nakere GRUCON, ¢ moMomibio KOTOPO# OCYIIECTBIIsIIACh epepaboTKa OIeHEHHBIX
naHHbIX u3 paznena ENDF B tabnuuet pazaena COLIBRY, a takke ero paboueii cpenpl,
Haxozsmerics B pazaene GRUCON.

2. “GRUCON. PykoBoacTBO nosib30BaTeNs’” — CBEACHUS, HEOOXOUMBbIE [l IPAKTUYECKOTO
OCBOCHHS MTPOIIECCHHTOBOM CUCTEMBI;

3. “Omnwucanue popmara ENDF-6" - mepeBoa OTeNbHBIX IJ1aB U3 OMUCaHUs popmaTa
ENDF-6 ot 2005 rona, BemmonHeHHBINH 3a0poackoit C.B. mox penaknueit Hukomnaera
M.H;

4. “O6ocnoBanne POCOOHJ/I” — onucanue OeHOK, BKIFOUEHHBIX B POCCUHUCKYIO
6ubnMoTeKy oleHeHHbIX siepHbIx JaHHbIXx ROSFOND-2010.



1. AIEPHBIE JAHHBIE

1.1. OcHoBHBIE 32/1a4N pacyéTa peaKTOPOB U 3allIUTHI, TPeOyoIIue 3HAHUA
SIIEPHBIX JAHHBIX M YMEeHHUs 00paliaThCsi ¢ HUMHU

1.1.1. Onpenenenue pa3MepoB U COCTaBOB 30H PEAKTOPA, NMPU KOTOPBIX B HEM MOXKET
(Oyner) pa3BHBaThCs CTallMOHApHAas CaMONOJJEPKUBAIOIIASACS LIEMHAs peakUus JeJEeHUs
(onpezneneHne KpUTHUECKUX MapaMeTpOB peakTopa). Pasymeercs, peakTop HOJIKEH COAEpKaTh
30HBI, B COCTaB KOTOPBIX BXOJAT HEYETHbIE M30TONbI ypaHa U(WJIM) IUTyTOHMS, NEJIAIUEC NpU
B3auMoOJIeHiCTBUU ¢ HeWTpoHamu. [Ipu peneHun, KpoMe OCKOJIKOB, YHOCSIIMX OOJBIIYIO YacTh
SHEPTUHU, BbIICIAEMON MpU JACIICHUH, MTHOBEHHO UCITyCKaeTcs emie 2 — 3 HeWTpoHa (B cpeaHeM
2.4 - 2.8), oquH U3 KOTOPBIX HEOOXOAMM JUISl TOTO, YTOOBI BBI3BATH JICJICHHE, KOTOPOE TOPOIUT
clleflyrollee MOKOJICHHE LETHOM peakluyu; OCTajbHbIE JOJKHBI JUOO BBUIETETh M3 PEaKTopa
Hapyy, 1100 MOTJIIOTUTHCS B HEM, HE BbI3bIBas JeNeHUs. Bpems *U3HM HEHTpOHA B peakTope
HUYTOKHO MajO M IMO3TOMY, €CJIM KPUTHYHOCTh OOECHEYMBAeTCs TOYHBIM OaJaHCOM MEXIY
YHCIOM BHOBb O0pa3yroLUXcsi HEHTPOHOB JIEJIEHUS U YUCIOM HEWTPOHOB, MOTIJIOLIAEMBIX 0e3
JCJIEHNUs. M YJEeTalolMX HapyXKy, TO OHA Ha3bIBA€TCSi MTHOBEHHOW KPUTUYHOCTBIO WIIU
KPUTHUYHOCTHIO HA MTHOBEHHBIX HEUTpoHax. OnpeneneHue ycloBUui peaan3aluu KpUTUHUHOCTH U
ABJIIETCS MEPBOOUYEPEIHON 3anadel HEeHTpOHHO-(pu3mueckoro pacuéra. Mepoll KpUTHUYHOCTU
sBnsieTcs Kod(D(UIMEHT pa3MHOKEHHS — OTHOIICHHE YHCIa HEWTPOHOB, POXIACHHBIX B
IPEJbIIYIIEM TOKOJEHUH K YUCITY HEHTPOHOB, POXKAEHHBIX B pACCMATPUBAEMOM ITOKOJIEHUU.

1.1.2. YnpaBisaTh HenHOH peakiyei B yCI0BUSIX MTHOBEHHOW KPUTUYHOCTH COBEPLICHHO
HEBO3MOXXHO U MHMPHOE MCIIOJIb30BaHME aTOMHOM 3HEPrHMM OKa3aJloch BO3MOXHBIM Ousiaromapst
TOMY, 4TO 4aCTh 0Opa3yIOLMXCs MPH AEJICHUN HEHTPOHOB UCIYCKAETCsl HE MIHOBEHHO, a 4epe3
HEKOTOpOe BpeMs Tocie O00pa3oBaHMs HEKOTOPBIX OCKOJKOB — IPeAlIeCTBEHHHKOB
JIOTIOTHUTENIBHBIX (3aIla3/IbIBaloNINX) HEUTPOHOB. JloMs 3ama3apIBaloiuX HEUTPOHOB Maja (Tpu
neneHuu ypana-235 0,66% ; npu nenenun 1oryToHusA-239 0,23% ). HeBenmuko u Bpems
3ama3abiBaHus  (mepuosa  moisiypacrnaga  HauOosiee  JOJTOKMBYIIETO — IPEIIECTBEHHUKA
3amasapBaomux Heiitponos — Br¥’ — cocraBmser Bcero 55,7cek.). Ilostomy Baxmeifmeii
XapaKTepUCTUKONH peakTopa sBiseTcs 3(Q(eKTUBHAS [0 3ama3AbIBAOIIUX HEHTPOHOB —
pasinyue Mexay Kod(pQHUIMEHTaMH Pa3MHOKEHHsI, BBIYMCICHHBIM C YYETOM 3ara3/bIBaroluxX
HEUTPOHOB (ONpENeNIONUM YCIOBHE KPUTHMYHOCTH Ha 3ama3fbIBalOIIMX HEHTPOHAX) U
KO3(QQUIMEHTOM  pa3MHOXXEHHMs Ha  MTHOBEHHBIX  HelTpoHax. Ilockombky — cmekTp
3ama3AblBalOIUX HEUTPOHOB MSIrue CHEKTpa HEWTPOHOB JeneHus, 3(PQeKTuBHas OJsA
3arasablBaloluX HEUTPOHOB (B5¢¢) HE paBHA OTHOLLIEHUIO UX MOJHOTO YHCIIA K YUCITY HEMTPOHOB
JIEJIEHNS; OHA MEHSETCS B 3aBUCUMOCTH OT THIIa PEaKTOpa U MOJIEHKHUT PacuérTy.

1.1.3. VmpamneHue UENHOW peaKIUed OCYIIECTBISETCS C TIOMOIIBIO OPraHOB
pEryJIUpOBaHUs, CJIETKa MEHSIOUIMX COCTaB M I'€OMETPHUI0 peakropa. DPPEeKTUBHOCTh OpraHa
PEryJIUpOBaHUS OIpPENEeNsIeTCss TeM, HAaCKOJIbKO €ro mnepemelnieHue u3MeHseT KoddduuueHt
pasMHOXKEHUsA. DTy 3PPEKTUBHOCTD (PEAKTUBHOCTD) MPUHATO MU3MEPATh B €IUHHULAX Poggp. J1st
ONEPAaTUBHOTO YIIPABIEHHUS HCHOJb3YIOTCS OpraHbl pPeryaupoBaHus C 3(P(PEKTUBHOCTHIO
CYLIECTBEHHO MEHBIIEH Ps¢p, YTOOBI CIy4yailHO HE BBIBECTH PEAKTOP B COCTOSIHHE MTHOBEHHOMN
KpUTHYHOCTH. Jlng KommeHcanuu OOJbIIMX, HO MEJUIEHHBIX W3MEHEHUN KPUTHYHOCTU
(HampuMmep, B pe3yJIbTaTe BHITOPAHUS TOTUTMBHBIX HYKJIMJIOB) UCIIONB3YIOTCS O0see 23 pexTuBHBIC
OpraHbl peryJMpoBaHus, KOHCTPYKLIHSA KOTOPBIX HE MO3BOJSET MO0 HEYAsTHHOCTH OBICTPO BBECTH
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ux B gneiictBue. Heodxooumvim ampudymom A0epHO20 peaxkmopa AeénAaemcsa Haauuue
A8MOMAMU3UPOCAHHOU AGAPUIIHON 3auiumbl, Cpadamvléanue KOMOPOU 2apPAHMUPIEAHHO
2acum uyennyio peaxyuio. Hedonycmumocmsv Kakux-nubdo onepayuili Ha Kpumuueckom
peakmope ¢ 3a0J10KUPOGAHHOU ABAPUIHOU 3AUUMOL  O0NHCHA 0Oblmb obecneyeHna

mexHonocuvecku”. Pacuér peakTUBHOCTH OPraHOB YIPABJICHUS SIBIISIETCS OUYEHb Ba)XKHOM, HO U
CJIO’KHOM 3aJjaueil B CBA3M C TEM, UTO BIMSIHUE 3TUX OPIaHOB HA PacCUUThIBaeMblil K03 HULmeHT
pa3MHOXKEHUs OYeHb Mayno. Pacuér peakTUBHOCTH OPraHoOB AaBAPUKWHOW 3allUTHl TaK¥Ke
Heo0X01UM, HO OH Bc€ e rnpoie. HeoOxoaum takke pacu€r peakTHBHOCTH, BHOCUMOW TEMU WIIN
MHBIMM M3MEHEHUSMHU B KOHCTPYKLMIO MM COCTAaB peakTopa (TeMIEepaTypHbI, MOIHOCTHOM,
IUIOTHOCTHOM 3()()eKThI peaKTUBHOCTH, 3()(HEKT BBITOPAHUS U 1IP.)

1.1.4. TlockonbKy 5HeproBelpa0OTKa SBISETCS OCHOBHOW 3agauell 3HEpPreTMYecKoro
peakTopa, To pacy€T paclpeieeHUs SHEProBbIIEICHUS SBIIAETCS HeoTbeMieMoil 3anaueil. [lpu
9TOM B@XXHO YUYUTBIBaTh KaK MIHOBEHHOE JHEProBBIACICHHME IOJ JeHCTBHEM HEWTPOHHBIX
peaKLMid, TaK U HEProBblAEICHNUE, 00YCIOBIEHHOE pacnajoM 0Opa30BaHHBIX B 3THX PEaKLUsIX
panuoHyKiIuaoB. IlepeHoc »Heprum ramma-KkBaHTaMH, OOPa30BaHHBIMU IIPU JIEICHUU WIIH
pacnazie paJuoHyKIUA0B, OOBIYHO HE YUUTHIBAETCS — IPUHUMAETCS, YTO UX IHEPIUs BbIAEINIACH
TaM, IJi€ 3TU KBaHThI 00pa3oBaiauch. OJJTHAKO B HEKOTOPHIX CIy4asiX, B YACTHOCTH IPU pacuére
PEaKTOPOB € TSHKEJIBIM >KUJIKOMETAITIMYECKUM TEIUIOHOCUTENEM, raMMa-U3IyuyeHUe NepeHOCUT
HEMOCPEACTBEHHO B TEINIOHOCUTEND 10 10% BbIAEIAEMON B pEaKTOPE 3HEPTUU U ITO KEIATEIbHO
paccuuThIBaTh M IPUHUMATh BO BHUMaHHUE. YUET BbUIETAa raMMa-KBaHTOB 3a MPEJENbl PeakTopa
Ba)XEH U MPH pacuy€Te ero paJualiOHHON 3aIIUTHI.

1.1.5. HeoOxoaum M pacy€T M3MEHEHHs H30TOMHOI0 cocTaBa TOIUIMBA B Ipolecce
BBITOPaHUS U BIUSHME 3TOr0 M3MEHEHMs Ha Kod(duuueHT pazmHoxkeHus. [Ipu 3ToM BaxHO
OLICHUBAThb M MOBPEKICHUS KOHCTPYKLHMOHHBIX MAaTepUaioB, BHOCHMBIE JJINTEIbHBIM
00JTy4eHHEM B PEaKTOpE.

1.1.6. be3omacHbIi BBIBOJ pEaKTOpa B KPUTHYECKOE COCTOSHHE OOeCTieunBacTCs
UCIIOJIb30BAaHUEM MeETO/la OOpaTHOTrO yMHOXKeHus. B peakTop, 3aBenomMo HaxonsieMmcsi B
NOJKPUTUYECKOM COCTOSIHMM, BBOJIUTCS BHEIIHUN HCTOYHUK HEUTPOHOB HIIM HCIOJB3YETCS
COOCTBEHHBI €CTECTBEHHbI HMCTOYHUK HEUTPOHOB CIOHTAHHOTO JeneHus. HeHWTpoHsl 3Toro
VCTOYHHUKA, YaCTUYHO Pa3MHOXXECHHBIE B PEAKTOPE 3a CUET LENMHOW PEaKLUH, PETUCTPUPYIOTCS
nerekropoM. ITo mepe npubnmkeHns K KpUTHIECKOMY COCTOSIHUIO Pa3MHOKEHUE YCUITUBAETCs, U
CKOpOCTh cuéTa Bo3pacTaeT. BemuumHa, oOpaTHasi CKOPOCTH cuéTa, [0 Mepe MPUOIMKEHUS K
KPUTHYECKOMY (Ha 3ama3/blBalOIIMX HEHTpOHaX) COCTOSIHMIO Bo3pacTtaeT. OJHa ThICAYHAs
obpatHOorO YMHOXEHUA (1 TOy) CIyXUT yIOOHOM MEpOW OTIWYHUS peakTopa OT KPUTUHIHOCTU. B
€AMHMIIAX TOY Ha MOJKPUTHUYECKOM pEaKTOpe MOXKHO H3MEpUTh U 3(PPEKTUBHOCTH OpPraHoOB
pETYJIMPOBaHMsI, a 3aTEM C UX NOMOIIBIO OCTOPOXKHO BBIBECTH PEAKTOP B CTPOrO KPUTHUUECKOE
coCTOsiHME. JTa Mpoleaypa odecrneyut 6e30nacHoe JOCTHKEHHEe KpUTUYHOCTH — OCOOCHHO eCIU
OHa emeé 10 MycKa peakropa OyJeT akKypaTHO NMPOCYMTAaHA U W3MEPEHHBIE TOY COBMAIYT C
PacUETHBIMH.

1.1.7. YtoObl peakTHUBHOCTH, U3MEPEHHBIE B TOY, IEPEBECTH B Pogp, TPEOYETCS ONPEICTUTD
BPEMEHHYIO 3aBUCUMOCTb CHIKEHHSI YPOBHS MOIIHOCTH KPUTHYECKOTO PEAKTOpPa, €CIM B HETO
BBECTU OTPHUIATENIbHYI0 PEaKTHUBHOCTh B N TOYy. JTa KpuBas, OyJAy4yd CpaBHEHHOH C KpHBOM,

* BBIZ[CJ'ICHHOC KYpCHUBOM MPECAIIOKCHUC ABJIACTCA aKCHOMOf;I, T.C. YTBCPKACHUCM, HC Tpe6yIOI]_[I/IM
J0Ka3aTeCJIbCTB (BO BCAKOM CJiy4dac, IIOCJIC 4e HOOBLJIECKOM KaTacTPOQhI
b
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PacCUMTAaHHOMW C Y4YETOM 3aMa3bIBalOLIMX HEUTPOHOB, M IMO3BOJUT OIPEACINUTh PEAKTUBHOCTH
OpIaHOB PETYIUPOBAHUS B Pogo-

1.1.8. Ilenwto pacuéra paauaiOHHON 3aIIUTHI PEAKTOpA SABJSICTCS OMPEICIICHUE CTCTICHH
JIOITYCTUMOCTH 7103 HCITyCKaeMOTO PEaKTOPOM H3IMYYeHHH Ui paboThl AKCIUTyaTallMOHHOTO
nepconana. Tpebyemast TOUHOCTh pacuyéra MpH 3TOM JaJIeKO HE CTOJIb BBICOKA, KaK MPHU pacuére
KPUTHYECKHX XapaKTePUCTHK peakTopa (AOMyCTUMbIE J03bl OOJy4YeHHs] YCTaHOBJEHBI C
CONMAHBIM 3alacoM), HO 3ajada YCJOXKHSAETCS MLeNnbiM psaoM ¢GakTopoB. Bo-mepBbIX,
pajvalMOHHAsl 3alluTa peakTopa JOJDKHA OO0ECleYuTh CHIDKEHHE II0TOKa HEHTPOHOB U
o0pa3yeMbIX MU raMMa-KBaHTOB Ha MHOTO IOPSIIKOB, T.€. TPAJUEHTHI IOTOKOB JOJKHBI OBITH
MaKCHUMaJIbHO BEJMKH; 3TO U HEOOXOAMMOCTh yuéTa 00pa3oBaHMs M IEepeHOca TaMMa-KBaHTOB
YCIOXKHSET pacuéThl. BO-BTOPHIX, B OTIMYUE OT PEAKTOPa, MMEIOUIETO, OOBIYHO, KOMIIAKTHYIO
T€OMETPHUI0, T€OMETPU U COCTaB OTIEIbHBIX YacTeW PaJAMAllMOHHOW 3alUThI, KaK IPaBHIIO,
ciokeH. Benp 3amuTUTh OT paauanuu TpeOyeTcss HE TOJNBKO YIPABISAIOUIMNA NMEpCOHAN, HO U
LENBIN Psiji pacloNIOKEHHBIX BOJIM3U PEakTopa TEXHOJIOTHYECKUX YCTPOMCTB — HHPPACTPYKTYPY
TEIJIOOTBOJA, PA3rPy304YHO-3arPy30YHOE  YCTPOMCTBO, BHYTPU-PEAKTOPHOE  XPaHUIIUIIE
BBITPYKEHHOT'O TOIUIMBA U Jp. YUET MPOHUKHOBEHHUS U3JIYyYEHHS YEpe3 3a30pbl MEXKAY YaCTSIMHU
3aIUTHI CUIIBHO YCIIOKHSET PACUET.

OneHka paJvalMOHHBIX YCJIOBUH IMPU paboTe € AJIEMEHTaMU KOHCTPYKLIHMU peakTopa,
CHUMAEMOr0 C 3KCIUTyaTalllu, pa3rpy3Ke-neperpy3ke oTpadoTaBIlero TOIJINBa U, 0COOEHHO, pU
ero mepepabotke TpeOyeT HaAE&KHOTO 3HAHHUS COACPKAIIMXCS B HUX PAIHOHYKIUAOB, U
npeCTaBICHUs 00 00pa3yIOMINX UX HEUTPOHHBIX PEaKIUsX.

1.2. HeliTpOHHDBIE PeAKIHHN H HX XAPAKTEPHCTHKH

1.2.1. JIvumeHHbI 3apsaa HEHTPOH JIETKO MPOHUKAET uepe3 3JIEKTPOHHBbIE OOO0JIOUYKH
aTOMOB U, €CIIM NOMNAJAET, CTAIKMBAECTCA C UX SAApaMU. BEpOATHOCTh CTOJIKHOBEHMS 3aBHUCHT,
KOHEYHO, OT KOHILIEHTpPAlUM SAEp B Cpele, Yepe3 KOTOpYK IPOJIETaeT HEWTPOH. JTa
KOHIIEHTpalus (4ucio sjaep B cM°) paBHa p=Aw~d/M sgep/cm®, Tae d — MIOTHOCT >JEMEHTa,
coziepKalllero MHTepecylomue Bac smpa, B cocTaBe cpemsl (r/cm®); M —aTOMHBIH BeC 3TOro
JJIEMEHTa— Macca, BBIpaKEHHas B a.e.M. — AaTOMHBIX €IMHHUIAX Macchl (WJIM B MOJSX);
Aw=6,02214076*10% — umicno ABoraapo. KpoMe TOro 3ta BepoOATHOCTh 3aBHCHT OT TUIOMIAIH
MONIEPEYHOI0 CEYEHUs aTOMHOTO sapa. [loCckonbKy B3aMMOJEWCTBHE HEUTPOHA C SIAPOM
OINpPEACIAETCS CIOKHBIMM KBAaHTOBO-MEXAHUYECKMMM 3aKOHAMH, 3Ta IUIOLIAAb OKAa3bIBAETCS
CHJIBHO 3aBUCSIIEH HE TOJIBKO OT CaMOT0 S1pa, HO U OT SHEPTUHU HAJIETAIOIIETO HAa HEro HEUTPOHA.
[Tnomanp sapa, Kak OHO «BUIUTCS» HEUTPOHY C sHeprueit En, Ha3pIBatoT 3¢ ()EeKTUBHBIM MOIHBIM
CeUYeHHUEM siipa U 0003HaYaroT Gtot(En).

[lonHOe cedeHMe W3MEPSIETCS CPAaBHUTENBHO MPOCTO. KOUIMMHUPOBAHHBIA ITy4OK
HEUTPOHOB PETUCTPUPYETCS JETEKTOPOM, OINPENEISIONIIM €ro UHTEHCUBHOCTh No, 3aTEM MTy4OK
TIeperopakKMBaeTCs TOHKOH TLIACTUHKOM, ColepsKalieii p aTOMOB HCCIIELYEMOro IeMeHTa B CM°,
Y U3MepseTCsl HNHTEHCUBHOCTD NeperopokeHHoro mydka Ni. Eciu Tonmuna nnactTuHky —t — mana,
JIOJIS TIJIOIIAM CeUeHHsS MydKa, MeperopokeHHas siapamu, OyneT paBHa p * owt(En) «t 1 eciu
Ka)XIbIil CTOJIKHYBIIHMICS HEUTPOH BHIOBIBAET M3 myuka, To Oynem uMeTb N1/No= p * otot(En) *t,
YTO TMO3BOJIAET ONPENCIUTh IMOTHOE cedeHne 1o u3MepeHHoMy mpomyckanuio Ni/No. Ecmu
TOJIIIMHA HEIOCTaTOYHO MaJla, TpeOyeTcsl yUUThIBaTh CAMOIKPAHUPOBKY (OIHM SJIpa 3aKPbIBAIOT
JpyTHe Ha MyTH ITy4yka). B aToMm ciaydae nponyckanue paBHO 1- €Xp[-p = otot(En) = t].
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1.2.2. CymecTByeT JaBa THUIA B3aUMOJCHCTBUS HEUTpoHA ¢ supoMm. [lepBwIM siBisieTCs
NOTEHLIMAIBHOE YIPYroe paccesiHhe, KOrja HEHUTPOH, OTCKaKMBas OT spa Kak OT IapHKa,
nepesaéT eMy 4acTh KMHETUYECKOM 3HEPIMH U MMITyJbca. DHEPrusl paccesHHOro HelTpoHa E'
OTIpeNeNsIeTCsl 3aKOHAMU COXPAHEHUs DHEPTUU M HMITYJbCa, U MOXKET ObITh BBIYMCIECHA II0
bopmye

E’/E= 1-2A(1-po)/(A+1)? (1.1)

I7le [o — KOCHHYC yIjla paccesiHUsl B CUCTEME KOOPAMHAT LIEHTpa MHEpPLUH, CBSI3aHHBIA C [ —
KOCHHYCOM YIJIa paccesHus B JIAOOPATOPHON cHUCTeME KOOPAMHAT— COOTHOIIEHUEM

ho=[ /A2 + 1+ 22 + > — 1]/A (1.2)

Takum 00pa3oM, PHEPreTHUECKUI CHEKTP YHPYro PACCESIHHBIX HEHTPOHOB ONpEAeIseTcs HX
YIJI0BBIM pactipenenaeHueM. [Ipy Hu3Kux sHEprusix HEUTPOHA YIJIOBOE PacIpeie/IEHUE B CUCTEME
LIEHTPa MHEPLMHU HU30TPOIIHO U CIIEKTP HEHTPOHOB PAaBHOMEPHO paCIpenei€H 10 SHEPrUU OT
MakcuManbHOro 3HaueHus E'=E, no mmmmmansaoro E'=E[1-2A/(A+1)?], mocturaemoro mpu
1060B0oM coyaapeHuu. C yBeJIMUEHNEM SHEPriuY HEMTPOHa BO3pacTaeT BEPOATHOCTh TOT0, YTO OH
«yIapur sipo B OOK» U, paccesiBIIUCh HAa MEHBIIIH yTroll, IepeaTh eMy MEeHbIIYI0 sHepruto. [Ipu
SHEPIruM HEHUTPOHA HECKOJIbKO M5B yrioBoe pacnpeneneHue ynpyroro paccestHusi CTaHOBUTCS
BECbMa CIIOKHBIM U JIJIs1 OLEHKH CIIEKTpa pacCeIHHbIX HEUTPOHOB €ro HA/l0 3HaTh. BepoATHOCTH
NOTEHLMAJIBHOIO pACCesHUs, YMHOXKEHHAs Ha IIOJHOE CEYEHHE, Ha3bIBAE€TCs CEUEHUEM
MOTCHIMATBHOTO PACCEsTHHSI. DTO CCUCHUE SIBIISICTCS TUTaBHOW (DYHKITUEH SHEPTUU HEHUTpOHA.

1.2.3. BropeiM THIIOM B3aUMOJCWCTBUS HEUTpPOHA C SAPOM SIBISETCS OOpa3oBaHUE
COCTaBHOTO s1pa — AJpa, MOTJIOTUBILEr0 HEUTPOH. [losTHOE ceuenne MOKHO ONucaTh Kak CyMMY
CEUEHHUs TMOTCHIMAILHOTO pacCesHUsI W CEeYeHHUs oOpa3oBaHUs COCTaBHOTO sapa. Macca
COCTaBHOTO S/Jpa BCErla MEHbIIE CyMMBbI MacC siipa-MULIEHU U HEUTpOHA. Pa3HOCTh 3THX Macc —
SHEPrusl CBS3U HEUTPOHA — OMpeieiieT MUHUMAIIbHYIO SHEPT U0 BO30YKICHHS COCTaBHOIO SApa;
NOJTHAst HEPT sl BO30YKACHUS BKIIIOYAET B ce0s el U KUHETHYECKYI0 SHEPTUI0 MOTJIOMEHHOTO
HeliTpoHa. Kak u3BecTHO, siapa, COCTOSIIME M3 MHOTMX IPOTOHOB M HEWTPOHOB, 00JIaaroT
MHO’KE€CTBOM OTHOCHUTENIBHO CTaOMJIBHBIX BO30YXKAEHHBIX cOCTOsHUU. Eciu sHeprus HeHTpoHa
TaKOBa, YTO B CYMME C SHEpruel CBsI3U HEMTPOHA B COCTAaBHOM sIAp€ OJIM3Ka K SHEPTUU OJJHOTO U3
YpOBHEH COCTAaBHOTO sJipa, BEPOSITHOCTh OOpa30BaHUSA COCTaBHOIO sipa PE3KO BO3pacTaer.
[ToaToMy B 3HEpreTu4yecKoi 3aBUCUMOCTH CEUEHUsI 00pa30BaHUs COCTAaBHOTO pa HAOII0Jal0TCs
PE3KHE BCIJIECKU — PE30OHAHCHI.

1.2.4. Bo30yx1€HHOE COCTaBHOE PO HE MOXKET CYLIECTBOBATh OECKOHEUHO JIOIT0 — eMY
Ha/l0 M30aBUTHCA OT JSHEPrHMH BO3OYXKAECHUSA. DTO MOXKET OBbITh OCYLIECTBICHO pa3HbIMU
crioco0amMM M TOT CIIOCOO, KOTOPBIA sIPO BHIOEPET, ONpeneNseT XapakTep M HauMEHOBaHHE
HEUTPOH-SIIEPHOTO B3aUMOJEHCTBUS — HEUTPOHHOM peakuuu. O4eBUIHO BO3MOXKHBINA COCOO -
3TO Mepexo Bo30YKAEHHOTO COCTABHOTIO sI/ipa B OCHOBHOE COCTOSTHUE ITyTEM UCITYCKaHUS OHOTO
WIM HECKOJIbKMX T'aMMa-KBaHTOB. Takass HEHTpOHHas peaklMsl Ha3bIBACTCS paJualliOHHBIM
3axBaToM M oOo3Haudaercs (n,y). Ilpu mornomeHuu HEHUTpOHa SAPOM BOJOPOAA — peaKIUs
Hi(n,y)D — obpasyercs neiiTon (aapo AeiiTepus), SHeprus CBA3U HEWTPOHA B KOTOPOM PaBHA
2,2246 M»B. Jleiiton He uMeeT BO30YXIEHHBIX COCTOSIHHSI U TIOOTOMY €IUHCTBEHHAs
BO3MO>XHOCTb IEPENTH €My B OCHOBHOE COCTOSIHUE COCTOUT B UCIIyCKaHMM I'aMMa-KBAaHTOB C
sueprueit 2,2246 M»>B. [Tpu nornomesny HeliTpoHa sapoM ypaHa-238— peakuus UZ(n,y) U —
obpaszyercsa U-239, B KOTOpOM SHEprusi CBsi3u HeHTpoHa paBHa 6,5382M»1B. Mexny stoit
SHEpTUeH BO30YyKICHUSI 1 OCHOBHBIM cOCTOsTHHEM s71po U-239 001aiaeT HECKOJIBKUMU ThICSYaMU
BO30YXKIEHHBIX COCTOSIHHM, Ha Ka)XXKJ0€ M3 KOTOPHIX 00pa3oBaBIIE€eCs MPH 3axXBaTe HEUTpOHA

8



BO30YKIEHHOE PO «MMEET MPaBoO» MEepelTH MyTEM HCIyCKaHUs ramMmma-KBaHTa. Jlanee ciexyer
[IEM0YKa raMMa-TIepeXxo0B B HIKENEKAINe COCTOSIHUS MOKa He OyleT JOCTUTHYTO OCHOBHOE
cocrosHue. Takum 00pa3oM, HHEPreTUYECKUH CHEKTp TaMMa-KBAaHTOB, HCIYCKAaeMbIX NpHU
paZvallMOHHOM 3aXBaTe€ HEUTPOHOB ypaHOM OKAa3bIBAE€TCS OYEHb CIIOKHBIM, XOTS CyMMapHas
SHEPrusi raMMa-KBaHTOB paBHA, KOHEYHO, 6,5382M»B 1mitoc sHeprus noriomEHHOro HEHTpoHa
En. PanuaruoHHbIil 3aXBaT XapakTepusyercs ceuenneM peakiuu oc(En) u cymMmapHoii sHeprueit,
YHOCHMOI ramMma-KBaHTamH, a, JUIsl TOr0 YTOOBl MOKHO OBLIO yYeCTh MEPEHOC 3TON 3HEPTUU
KBaHTaMU Ha HEKOTOPOE PACCTOSHHE OT TOYKU PEaKIUH, HAJO0 3HATh CKOJbKO KAKHMX KBAHTOB
ucnyckaercs (MHOKECTBEHHOCTb U DHEPreTUYECKUN CIIEKTP raMMa-KBaHTOB).

1.2.5. Jlpyroii Bcerma BO3MOXHBIA CIOCOO0 H30aBUTHCA OT SHEPTHH BO30YKICHHS
COCTaBHOE AP0 MMEET MyTEM HCIYCKaHUS HEUTPOHA TOH K€ HHEPIUH, ¢ KOTOPOW OH OBLI
HOTJIOIIEH, OAHAKO BpeMs, JOCTaTOUYHOE YTOOBI CAeIaTh TaKOW BBHIOOP, COCTABHOE PO MMEET
TOJILKO €CITH 0Ka3aJI0Ch, YTO SHEPTHsI BO30YKIeHHS OIM3Ka K OAHOMY U3 €CTECTBEHHBIX ISl 3TOTO
aapa Bo30yxkACHHBIX cocrosiHU. Tak y U-239 wumeercs OTHOCHTENIBHO CTaOWIIBHOE
BO30Y>KJIEHHOE COCTOSIHME TPU DHEPrHM, MPEBBIIIAIONICH HSHEPruio0 CBs3M Ha 6,6735 »B.
Hetitponsl ¢ sneprusmu 6,66 — 6,68 5B moruommarores sapoM ¢ ropa3ao 00JbIIeii BEpOITHOCTHIO,
yeM HeHTpoHsl ¢ sHeprueit 8 — 15 3B umu 0,1 - 6 3B. C Touku 3peHus pU3NKu peakTopoB YIpyroe
paccesiHue ¢ 00pa3oBaHHEM COCTABHOTO Spa OTIIMYACTCS OT MOTSHIUAIBHOTO PACCESTHUS TOIBKO
HHEPreTUUECKON 3aBUCUMOCTBIO BEPOSTHOCTH COOTBETCTBYIOLIETO IPOLIECCA, U MO3TOMY HMXKE
OyIeT TroBOpUTHCA HPOCTO 00 ympyroM paccesHuHU. OTHOILIEHHE BEPOSTHOCTU YIPYTOro
paccesiHusl K CyMM€ TIPOLIECCOB MOTEHIIHAILHOTO paccessHUsl M 00pa3oBaHMs COCTABHOTO sIpa,
YMHOKEHHOE Ha MOJHOE CEYCHHE, UMEHYETCsl CEUeHHEM YIIPYroro paccesHus, 0003Ha4yaeMbIM
Gel(En) numn ce(En). BeposiTHOCTh paIuanmoHHOTO 3axBaTa, YMHOXKEHHas Ha IMOJHOE CEueHUe,
MMEHYETCSl CEUeHHUEM PaIMallMOHHOr0 3axBaTa. Pa3HOCTh MEX/y MOJTHBIM CEUEHUEM U CEUYCHUEM
MNOTEHIMAJIBLHOIO PACCEsSHUS €CTh CEYeHHEe 00pa30BaHUs COCTABHOTO Apa, KOTOPOE B OTJIMYHE OT
CEYEHNUs NMOTEHIMAIIBHOTO PACCESHNUS, IUIABHO 3aBUCSIIETO OT YHEPTUU HEUTPOHA, PETEPIIEBAET
pe3KHe BCIIECKHU, €CIIM SHEPrus HEHUTpOHa IMonaja B pe30HaHC ¢ YHEpruei Bo30yKIeHHs s]ipa-
mumieHd. CHEeKTp YNPYro paccesHHbIX HEHWTPOHOB OJIHO3HAYHO ONpPENENseTcs HMX YIJIOBBIM
pacnpenesneHneM, TakuM 00pa3oM, 3Ta peaklMsl XapaKTepU3yeTCsl HE TOJIbKO SHEPreTUYeCcKou
3aBHCHUMOCTBIO CEUEHHsI, HO U YTJIOBBIM pactpeneienuem P, (u, Ey).

1.2.6. Eciu HeliTpoH obnanaeT 3Heprueit, 6ojee BHICOKOM, 4YeM SHEPIUs EPBOro yPOBHS
Apa-MHUILIEHHU, 00pa30BaHHOE UM COCTABHOE AP0 MOXKET MCITyCTUTh HEUTPOH MEHbILIEH SHEPTHH
U TIPEBPATUTHCS, KaK U MPHU YIIPYTOM PACCESIHUU, B PO-MHILIEHb, HO TOJILKO HE B OCHOBHOM, a B
BO30YX/JIEHHOM COCTOSIHUU. 3aT€M 3TO COCTOSIHUE OOBIYHO HEMEJICHHO PaciagaceTcsi B OCHOBHOE
— MPOUCXOAMUT peakius (n,n'y) — HEyNnpyroe paccesiuue (¢ Bo30ykaeHueMm mneporo ypoBHs). C
POCTOM 3HEPIM HEUTPOHA CTAHOBATCS BO3ZMOXKHBIMH U, IEHCTBUTENBHO, IPOUCXOJIAT PEAKIIMHU C
BO30yXJIeHHeM Bc€ Oosiee BBICOKMX YPOBHEH, B pe3ylbTaTe KOTOPBIX HEHTPOH TepsieT Bcé
60b11y10 3Hepruto. C peakTOpHO-(PHU3NUECKON TOUKH 3pEHUSI HE BaXKHO, KAKUE HMEHHO YPOBHU
BO30YKJIAIOTCSl NPH HEYNPYIOM paccesHWu. BakHO 3HATH CyMMapHOE CeueHHE HEYIPYyroro
paccesiHusi, o6o3Hayaemoe Gin(EN), u cyMmapHbIil CIIeKTp HEyHpyro paccesHHBIX HEHTPOHOB.
Hago umerp mpezncraBieHue W 00 yrjoBOM pacHpelesieHUH MCIyCKaHUS STUX HEUTPOHOB.
Pazymeercs, moje3Ho 3HaTh U MHOXKECTBEHHOCTb M DHEPreTUYECKUH CHEKTpP IaMMa-KBaHTOB,
MOPOKJIAEMBIX HEYNPYTUM paccesiHueM. [loporom Heympyroro paccestHusi, HaUMHAsE ¢ KOTOPOTO
€ro CeYeHNE CTAHOBUTCS OTJIMYHBIM OT HYJIS, IBJISIETCSI SHEPTUS IEPBOTO BO30YKIEHHOTO YPOBHS
sapa-muienu. s U-235 nopor Heynpyroro paccestHus paseH 773B, mis U-238 — 4500 5B, s
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OCHOBHOTO m30Tomna xeine3a Fe**—0,85 MaB. C peakTopHO-(HU3HUECKOil TOUKH 3pEHUS HEYIIPYTOe
paccessHUE Upe3BBIYAHO Ba)KHO, T.K. SIBJISETCS OCHOBHBIM IIPOLIECCOM, B PE3yJIbTaTe KOTOPOTO
HEUTPOHBI JIETICHHUS TEPSAIOT CBOIO SHEPTHIO.

1.2.7. Ilpu o4eHb BBICOKMX SHEPIHSX SAPO, OCTABIIEECS MOCIE HEYNPYroro paccesHus,
OKAa3bIBACTCSI CITIOCOOHBIM UCIYCTUTH €U OIMH HEUTPOH — peanu3yercs peakuus (n,2n). [loporu
peakuuu (n,2n) paBubl Juist U-235 5,3 MaB, aia U-238 — 6,2 MaB, 111 0CHOBHOT'O M30TOIIA JKeJe3a
Fe>®— 11,4 M»3B. B criekTpe Jie/ieHHs] HeHTPOHOB, CIIOCOOHBIX Peal30BaTh PEaKIHIo (n,2n) MaJio
U e€ y4€T 0OBIYHO OCYIIECTBISETCS MyTEM MPUCOECTUHEHUSI CEUCHUSI ITON peaklMi K CEYCHUIO
HEYNPYTroro paccessHUs U MPUIMCHIBAHUS MOJTYYCHHOMY CEYEHHIO HEYNPYTUX B3aUMOJICHCTBUI
Onon MHOKECTBEHHOCTH Y — CPEIHETO YHCJIa UCITyCKAEMBbIX B PE3yJIbTaTe 3TUX B3aUMOJICHCTBUIA
HeilTpoHoB. Pa3ymeercs, AaHHbIle O HEYNPYrMX B3aMMOJCHCTBHSIX IIOMHMO CEYEHHUS U
MHOXECTBEHHOCTH JIOJKHBI COITPOBOXKAATHCS YCPEAHEHHBIM HEPro-yIJIOBBIM pacipeeeHueM
UCITyCKAaeMbIX B 3THX B3aUMOACUCTBUAX HEUTPOHOB (non(E,E’ ).

[Tomumo wucmyckaHUsi TaMMa-KBaHTOB U HEUTPOHOB COCTaBHBIE siipa MOTYT
«paspsxkaTbCs» M MYyTEM MCIYCKAaHUS 3apsHKEHHBIX YacTHIl: MPOTOHOB — (peakuus (n,p)),
neiitonoB  — (peakuus (n,d)), anbda-gyactun — (peakmus (n,o)) ¥ ap. OObIUHO MPHU pacyére
PEaKTOPOB CEUEHUS BCeX ATHX PEAKINil 0ObEIUHSIIOTCSA C CEUCHUEM PaUAIlIOHHOTO 3aXBaTa B
cymMMapHoe cedeHue mnoriomeHusi ca(E). Peakmum ucrmyckaHus 3apsyKeHHBIX YacTHI[ TOCIE
Heynpyroro paccesnus ((n',p), (n’,0) ¥ T.I.) UMEIOT BBICOKHE ITOPOTH U B PEAKTOPHBIX pacuérax
OOBIYHO BKJIFOYAIOTCSI B CYMMapHOE CEUYCHHE HEYIPYTUX B3aMMOICHCTBHMA.

1.2.8. Peakuus neneHue sSBISETCS OJHUM M3 CIIOCOOOB CHATHUS BO3OYKICHHS TSKEIBIM
COCTaBHBIM s7IpoM. M3 IByX mpupoHbIX n30TonoB ypaHa — U-238 u U-235— HeliTpoHaMu r00OBIX
sHepruil nenutcs Tonbko U-235, TouHee He OH, a oOpasyrolleecs HpU 3axBaTe HEUTpOHA
B030ykaEHHOE cocTtaBHOE siApo U-236. U-238 spdexTuBHO neaUTCS TONBKO MO HEUTPOHOB C
JIOCTaTOYHO BBICOKOW dHEPruel — BhIlle, NpUMepHo,l M»aB.

Jlenenue sapa MPOUCXOMUT Ha JBa (M3pelKka Ha TPHU) OCKOJIKA, IO KOTOPHIM
pacnpenensoTcsl MPOTOHBI HCXOHOTO siipa. PeanusyeTcst MHOXECTBO ClIOCOOOB pacnpesiesieHus
IIPOTOHOB MEXIY SIIPAMHU OCKOJIKOB, HO, KaK ObI TO HU OBLJIO, YUCIIO IPOTOHOB B KAYKIOM OCKOJIKE
MEHBIIIE, YeM B UCXOJHOM SIJIPE U UX SACPHON CHIIBI HE XBATAET, YTOOBI yepKaTh BCE HEUTPOHBI
nensmerocst  siapa. [loaTOMY-TO JielleHHe H  COMPOBOXIAETCS MTHOBEHHBIM HCITYCKaHHUEM
HECKOJIbKUX IHITHUX» JIJIs1 OCKOJIKOB HEUTPOHOB. HecMOTpst Ha 3To obneruyeHue siapa 0CKOJIKOB
OCTalOTCA TMEPerpyKEHHbIMU HEHUTPOHAMH WM BBIHYXKICHBI M30aBIATHCS OT HUX NyTEM Oera-
pacrmiaza, T.e. pacnaja OJHOTO M3 HEWTpOHa Ha MPOTOH M 3JIEKTPOH, KOTOPBIM, €CTECTBEHHO,
BbIOpAChIBAETCS M3 TOJIOKUTENIBHO 3apsbkeHHoro sapa. [lomyuwaromieecss B pesynbTate Oera-
pacmaza sapo CO 3HAUEHUEM 3apsiIoBOr0 uucia Z Ha €IUMHUIly OOJIbIIe, MOXKET OKa3aThCs
CTaOMIIBHBIM, HO Yallle BCETO Teperpy3ka HeHTpOHAMU COXPAHSETCs, U Lenoyka OeTa-pacrajion
MIPOJIOJDKAETCS TOKAa HE o0pa3yeTcsi CTaOMIIbHBIN WM JOJITOXKUBYIIUK u30Tom. [lopoi B 3TOM
IEMoYKe O0pa3yeTcsi M30TOM, B KOTOPOM JHEPTHsl BO30YXKIEHHUS, OOYCIOBJICHHAs JUITHUM
HEUTPOHOM, MPEBOCXOJUT YHEPTUIO CBSI3U HEUTPOHA B HEM M OH M30aBIISAETCS OT BO30YXKIECHUS
nyTéM HCIyCKaHUS DJTOTO JIMIIIHETO HEUTpoHa. DTO M eCTh MEXaHHM3M HCIyCKaHUs
3ara3/bIBAlOLINX HEUTPOHOB. 3arna3/IbIBaHue ONpeesieTcs BpeMeHeM peanu3anuu Oera-pacnaja
spa-reHepaTopa 3ana3/bIBaIoIIero HeWTpoHa (MK BCel eToYKH OeTa-pacriaioB BeAyIIeH K ero
oOpa3oBanuto). M3BecTHbIM npumepoMm sBisercs Br-87, koropeiii ¢ mnepuogom 55,7 ¢
BEpOATHOCTHIO 97,4% pacmagaeTcsi B OCHOBHOE COCTOSIHUE PaJiMOaKTUBHOTO KpunToHa-87, a ¢
BEPOATHOCTHIO 2,6% - B CTOJIb BO30YXIEHHOE €ro COCTOSHUE, YTO OHO MCIyCKaeT HEUTPOH U
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npeBpamaercss B crabunbHbll  Kr-86  (mpoucxoaut Pn-pacman). McTodyHMKOM — ATHX
3aras3AblBaloIMX HEUTPOHOB Ha3bIBAIOT Br-87,a reHepaTopoM sBISETCS MPOAYKT €r0 pacnana
Kr-87. Cam Br-87 moxeT 00pa3oBaThcs ¥ KaKk MPOAYKT JACIECHUS U KaK MPOIYKT B-pacmana Se-87,
uMeroulero nepuoa nosypacnaga 5,8 c. Ilpu atom ¢ BepodrHoctsio 0,0004% Br-87 moxer
00pa30BaThCsl B CTOJIb CHJIBHO BO30YXAEHHOM COCTOSIHUMHM, YTO OH CaM CTAHET I€HEpaTOpOM
3ama3plBaIONIEr0  HEWTpPOHA, TMPEIINIECTBEHHUKOM  KoToporo Oymer Se-87. Ywucno
MPEIIECTBEHHUKOB 3aIl1a3/IbIBAIOIINX HEUTPOHOB BECbMa BEIIMKO, a MyTel UX 00pa3oBaHUs MPU
NEeeHnd W moclenyroomux [-pacnanax emé Oompine. [lockonbKy poiib  3ama3abIBaIOLIUNX
HENTPOHOB B oOecreueHnr 0€30acHOM SKCILTyaTalluu SIEPHBIX pEaKTOPOB OUEHB BHICOKA, BHIOOP
HE CJIMILKOM CJIOKHOT0, HO JOCTATOYHO TOYHOI'O ONIMCAaHUS BPEMEHH UX 3alla3/IbIBaHMsI U CIIEKTpa
3ama3/IbIBAIOIIUX HEUTPOHOB SIBJISICTCS BaXKHOM 3a/layeidl MOJTOTOBKM MMEIOIIMXCS JAHHBIX K
MCIIOJIb30BAaHUIO B NHKEHEPHBIX pacyETax.

1.2.9. Peaknus nieneHus oA AeicTBUEM HEHTPOHOB BO3MOKHA Ha BCEX SJIPax-aKTHHUIAX
¢ 3aps10BbIM yuciioM Z ot 90(topuit) 1o 99 (sitHITeHNHN ). AKTUHUIB ¢ Z<40 1 Z>99 B sinepHbIX
peaxkTopax MpakKTUUECKU HE 00Pa3yI0TCs, a €CIIM U 00Pa3yIOTCsl, TO )KUBYT HEJOJITO U Pa3eIUThCS
HE ycreBaroT. J[Js OCTanpHBIX e ACNAUINXCA aKTHHHUJIOB Ui PEAKTOPHBIX PacuéToB JOJKHBI
ObITh ompeneneHbl ceueHus: aeneHus of(E), uucino MraoBeHHbIX HedTpoHOB aeneHus V(E),
XapaKTePUCTUKHU 3aIla3/IbIBalOIMX HEHTPOHOB, SHEPrOBBIIEICHUE, MHOKECTBEHHOCTb U CIIEKTP
HCITyCKaeMbIX HEHTPOHOB U TaMMa-KBaHTOB.

1.3. YpaBHeHue nepeHoca HEHTPOHOB

1.3.1. Baxueilinye BeJWYMHBI, C KOTOPBIMHU CIIELUAIUCTaM Ha3BaHHBIX HalpaBJICHUI
HOPUXOJUTCS UMETh JEJ0, MPEACTaBIAI0T cO0O0M, TOBOPS SI3BIKOM MaTE€MaTHUKH, (YHKIIMOHAJIBI
HOJIeH pajmon3ITydyeHHid — HEUTPOHHOTO U (POTOHHOTO. /[pyruMu cioBaMu, OHU TPEACTABISIOT
co00ii MHTErpasbl OT TIOTHOCTH MOTOKa u3nydenuss O(r,Q, E,t), ymMHOKEHHOTO Ha 3a/IaHHYIO

¢yskuuto Qr TeX ke mepeMeHHBIX — KOOPAWHAT [, HallpaBJICHHsI TOTOKA W3ITydeHus () , SHEpTUn
E u Bpemenu t:

R= jdrjdfzdeTdt Q. (F,QEt) O, Q,E,t). (1.3)

Az 4y

@OynkiuoHanoM R moxer ObITh K03(pPULIMEHT pa3MHOKEHHUS HEHTPOHOB B peakTope
3aJJaHHOM TE€OMETPUM U COCTaBa; PEAKTUBHOCTb PETYJIUPYIOIIETO CTepKHA (M3MEHEHHe
Kod(pduuMeHTa pa3MHOXKEHHsI B pe3yJbTaTe BBOJA MM BbIBOJA CTEP)KHA); KOJIMYECTBO
HAKOTIIEHHOTO B PEaKTope paauonyknuaa (Hampumep, Pu?® B tonnmuse nmu C* B 3amennmutene
PBMK); 10361 HEHTPOHHOTO U TaMMa-U3Ty4YeHUH B ONpeAeIEHHOM MECTE 3a 3alUTON U T.JI. U T.II.
Beraucnienune ¢pyaknmii Qr TpeOyeT 3HaHUS ONpeAeTIEHHBIX SIEPHBIX TaHHBIX (I030BBIX (PaKTOPOB
JUTSL OTIpeNIeTICHUs 103; CEYeHUI 00pa3oBaHMsl paJUOHYKINA0B JUIsl BEIYUCIEHNS HHTEHCUBHOCTH
UX HAKOIUJICHUS; YHCIIa BTOPUYHBIX HEUTPOHOB, 00pa3yeMbIX MPH JI€JI€HUH TOTO WJIK UHOTO sijipa
B 3aJaHHOM MecTe B peakrope). HeoOxoaumo Taxke 3HaHHE IUIOTHOCTH IOTOKa

paccmarpuBaemoro usnydenuss D(F,C, E,t)- uncna HeiitpoHoB wim ¢GoToHOB ¢ sHeprueil E,
TepeceKalomuX eIMHNYHyI0 miomanky (1 cm?), pacronoKeHHyI0 B TOUKe T MepreHIHKyIIpHO

BCKTOPY Qs HaIllpaBJICHUH 3TOTO BEKTOpAa B MOMCHT BPCMCHU t.
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1.3.2. I1n10oTHOCTH OTOKA OMPEIEAETCS MyTEM PEIICHUST YPaBHEHHSI IEpEeHOCa, KOTOPOE B
¢u3nueckn HanboJee ICHOW UHTErPAIbHOM (hopMe UMeeT BUTT

X max ()
d(F,Q, E,t) = jP(E,r,r—Qx)*S(r—éx,é,E,t—a/JE)dx (1.4)

0

3necs S(F — Ox,Q,E,t—al JE ) - pYHKIKSA HCTOYHHKA (HITH IPOCTO — HCTOYHHMK), T.€.

quciio HeﬁTpOHOB HJIA Y- KBAHTOB C 3H€pl"HefI E, CXKECCEKYHIHO UCITYCKAEMBIX B HaIllpaBJICHUU Q

U3 eAUHUIBI 00béMa B Touke ' — (X, Bo Bpems t —x/a+E . 3aech a~1.39* 10" ko3 purueHT,
MO3BOJISIOIINI BBIPa3UTh CKOPOCTh HEUTpOHA ¢ 3Heprueil E MaB B MeTpax/cekyHiax, Tak uTo

x/aVE -5t10 Bpems nposiéra HEUTPOHA OT MCTOYHMKA 10 TOYKK Habmoaenus © . X, (-Q) -
MaKCUMaJIbHOE PaCCTOSIHUE 0 TOYKU UCTOYHUKA, UCITYyCKAIOLEH HEUTPOHBI paCCMATPUBAEMOU

sHepruu E B uHTEpecyromiemM Hac HalpaBICHUN Q. Takyro ke hopMy UMeeT U ypaBHEHUE
nepeHoca raMMa-u3JIy4eHus1, TOJIbKO CKOPOCTh MEPEMEIIEHUS TaMMa-KBaHTOB OT HCTOYHUKA JI0
TOYKHU HAOJIOJCHUS paBHA CKOPOCTH CBETA U OT PHEPTUH He 3aBUCUT. CKOPOCTh HEUTPOHA MPH
sHepruu 0.025 3B, cOOTBETCTBYIOIIEH €ro CpeiHEN SJHEPTUH MIPU TEIJIOBOM PABHOBECHUU CO
cpenoii mpu koMHaTtHO# Temneparype (300°K) pasna 2200 M/c, T.e. BpeMs ero CBOGOTHOTO
npos€ra yepes BeCh peakTop u3Mepsiercs MuuiicekyHaamu. Ha camoMm gerne anuHa cBOOOIHOTO
MIPOJIETA HEUTPOHA U3MEPSIETCS CAHTUMETPaMHU, a IOPOM U MIJIJTUMETPaMU. 3a TaKOe BpeMs B
peaKTope HUYETro HEe YCIEBAeT U3MEHUTHCS (€CIIM OH HE B3PBIBAETCS) U IOTOMY YYETOM BPEMEHH
npoJiéra (mepeHoca HeUTPOHA OT TOUKH MCITYCKaHUs 0 TOYKH HAOIIOACHUS ) B TalibHEUIIIEM
OyZeT paccMaTpuBaThCs CTAllMOHAPHOE YpaBHEHUE MepeHoca (C HE3aBUCSAIIMMU OT BPEMEHU
napameTpam).

1.3.3. P(E,F,F —(QX) — BepOSTHOCTH HEHTPOHY, BBUICTEBIIEMY W3 HCTOYHHKA, TOJICTEThH

JI0 TOYKU I HE UCIIBITaB CTOJKHOBEHUs. Ha 3TOM myTu HEHTpOHY, BO3MOKHO, TTPEJACTOUT
K
MpoJeTeTh HecKoNbko (ckaxem, K) 30H pa3Horo cocraa, Tak uto P(E,r,r —QX) = H P.(E),
k=1

rae P, (E)=exp[-I k*z Pi.«0i(E)] (dynxuus nporyckanus gepes 30ny k) 3xecs lk — qmHa

HEHTPOHHOM TpaeKTopHy, Jexaiiei B 30He K; o, ;(E) - monHoe ceuenne anpa Hykmna* i; p;, -
IJIOTHOCTH si/iep i-ro Hyknuaa; o, = Aw*d; /A, e d;, - Macca HykInia i B eIMHUIIE

00bEMa 30HbI K, Aj — aTOMHBII Bec 3TOro Hykinia (B equHuax 1/12 Maccel atoma yriepoja);
Aw=0,602214082*10% - ynrciio ABorazpo. ITmomas momnepeyroro ceueHns saep NPUHSITO

m3MepaTh B 6apHax (1 6apa=102* cM?), mosTomy eciu d;, - Macca HyKIH[A B cM®, To TIpH

BBIYHCIICHUH P, cleayeT npuHaTh paBHbIM Aw=0,602214082.

. (E)= z P,.«0;i(E) mpuHATO Ha3BIBATh MAKPOCKOMMYECKHM ITONHBIM cedeHueM. CpeaHss
i

JUTHHA CBOOOAHOTO Tpodera HeTpoHa B 30He K pasna 1/, (E).

* Ilog HyKJIMAOM MBI OyZeM HOHMUMATh MJIH W30TOI ONPENEIEHHOTO SIeMEHTa, TH0O eCTECTBEHHYIO CMECh
CTaOWUIIBHBIX M30TOIMOB — B 3aBUCUMOCTH OT TOTO, C KaKMM OOBEKTOM MPOU3O0IIIIO CTOIKHOBEHHE
HEUTpOHA.
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1.3.4. Ucrounuk uznydenus, purypupyronmii B hopmysie (4), COCTOUT U3 HECKOIBKUX
cocrasistomux. [lepBoil cocTaBisAIOLIEH SBISETCA YIPYTroe pacCesHUEe HEUTPOHOB C DHEPruen
E’>E, koTopsle B pe3yibTaTe paccesiHus MPUOOPETaroT 3Hepruto E. DTa cocraBisomas 3aBUCUT
OT IIOTOKAa PaccMaTpUBaeMOIo M3JIyueHus c sHeprueil E’ u or xapakrtepucTuk tex suaep, ¢
KOTOPBIMH ITPOUCXOUT CTOJIKHOBEHHUE ITUX HEHTPOHOB:

S.(P0.8) = | [A00(,8E)Y Ao, (E)0,, (' E.4)dE 15)

Emin 4z

3neck o ; (E') — ceuenne ynpyroro paccesuus. d;(E',E, 1) — sHepro-yriosoe pacnpenenenue

YIOPYIO paccestHHbIX HEUTPOHOB (U = QQ - KocuHyc yria paccesHusi). Eciu E He ciumkom
MaJlo, 3aBUCHUMOCTb OT 3Hepruu E 37ech MOXHO ONYCTUTh, T.K. UMEET MECTO OJHO3HAYHO
ornpeenseMas CBA3b MEX/y KOCHHYCOM YIJla PacCessHUs U N3MEHEHHEM HEPIUu HeHTpoHa (CM.
dopmyisl (1.1) u (1.2)); Emin B 9TOM cnyuae paBHo E.

B o6mnacTi HU3KKUX SHEPIUi CKOPOCTh JBMKEHUS HEUTPOHA MOXKET OKa3aThCsl CPABHUMOI
WIM J1aK€ HUXKE CKOPOCTH 5ipa, C KOTOPBIM OH cTajKkuBaercs. B 3Toil («rermsoBoit») obiactu
sHepruii (Hmke ~1 3B) BO3MOXHO ympyroe paccestHue, B pe3yjabTaTe KOTOPOro HEHTPOH MOMKET
B p€3yJIbTAaTE CTOJIKHOBEHHUSI C ABMKYLIUMCS SIPOM HE NOTEPATH, a MpUoOpecTH 3Hepruto. B aToit
— TEpPMAIM3ALMOHHON — 00NacTH SHEPrHil MpH pacuyére paccesHus TpeOyeTcs HCIOIb30BaTh

crienuasnbHblil 3axon paccesnus Q,;(E',E, ), ycraHaBIUBarOmmii CBSI3b MEXIY BCEMH TpEMs

nepeMeHHbIMH E, E’ 1 [1. DTOT 3aKOH 3aBHCHT OT SHEPTHH CBSI3M aToMa HYKJIUAA i B MOJIEKYJIe
WIA KPUCTAJUIE, B COCTAaB KOTOPOTO OH BXOJUT. M — HOMEpP 3TOTO COCTOSHUS (Ta3, KHUIKOCTb,
KaKoH-mnbo KpUCTaJI MM MOJIEKYJIa) HaXOJUTCS BEIIECTBO, COJepXKallee s/ipa, paccessHue Ha
KOTOPBIX paccMaTpuBaeTcs. Takium 00pa3om, B TEIUIOBOM obsiactu sHepruit Emin B popmyste (1.5)
OJKHO OBITh PaBHBIM HYJIIO.

1.3.5. Bropas  cocraBmsromas ~ oOycJOBJI€Ha  COBOKYMHOCTBIO  HEYNPYIHX
B3aUMOJICVCTBUN:

S,on(MQE

)
O'—.8

QDY E)Y ()00 (E)8honi (', Ey ) Yo, IE (1.6)
Ar i
nonl (E ) — CYMMAapHOC CCYCHHUEC HCYIIPYTUX BSaI/IMOI[CI/ICTBI/II/I qnonl(E E ,U) - OHCPIro-yrioBoe

pacnpezeneHie BTOPHYHbIX HEHTPOHOB, Y,,.; (E') - ux cpennee unco.

1.3.6. Tperbeil cocraBistomel SBISETCS HWCTOUYHUK HEHTPOHOB jeneHus (eciu
paccMaTpuBaeMast 30Ha COJIEPIKUT JIeNsIIecs Sapa):

S, (F', O, E) =TdE'IdQ'®(r',Q', E)*Y 5 (Mo, (B (B E)V,(E) /47 (1.7)

3neck o ;(E') - ceuenne nenenus i=ro siapa; v;(E') - cpensee uncio MrHOBEHHbIX HEHTPOHOB,

ucyckaembix npu neennn; ¥, (E',E) - sHepretmyeckuii criekTp 3THX HEHTpOHOB. BaxHbI 1Ba

OTJIMYMSI HCTOYHHKA HEUTPOHOB JIEJICHHS OT UICTOYHHUKA PACCESTHHBIX HEUTPOHOB. [IepBoe cocTrout

B TOM, YTO YHCIIO BTOpHYHBIX HeiTpoHoB V;(E')3HaunTensHo mpeBbiaeT eIWHHMILY: VIS

OCHOBHBIX TOINUIMBHBIX MATCPHUAJIOB OHO PaBHO, IPUMEPHO 2,5 -3 HeﬁTpOHa Ha OCJIICHHUC. BTOpOC
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COCTOUT B TOM, 4YTO YacTb HEWTPOHOB, HCIIyCKAaeMbIX IpPH JEJIECHUH, HMEIOT SHEPrHuIo,
IPEBBIIIAIONIYIO YHEPTUI0 HEHTPOHA, BHI3BABIIETO JeneHue. Eciu B paccuuThiBaeMOM 0OBEKTE
JEISIIUXCS siAep HEeT WM MX KOHIIGHTpalWs MPEeHeOpEe:KMMO Majia, HEUTPOHBI B HEM MOTYT
HOSIBUTHCS TOJIBKO OJ1aro/iaps BHEIIHEMY UCTOYHUKY .

1.3.7. YUerBépTas COCTABIAIONIAS — 3TO BHELIHHH (T.€. HE3aBUCALIMH OT MIOTHOCTH MOTOKA

WCTOYHUK), BBEICHHBIA B paccuMThiBaeMblii 00bekT— S,(F',€),E). Ilpu pacuére HEWTPOHHBIX

[ojJel B KayecTBE BHEIIHEr0 MCTOYHMKA MOTYT HCIOJIb30BATHCS, HAIPUMEP, HEUTPOHBI,
oOpasyrolyecs NpU IMONaJaHUU anb(a-yacTHIl MOJIOHMS MM JPYroro aiabga-usiydareis B
oepummii (Be®), uto BeméT K ero pasBany  Ha jaBe anb(ha-yacTUIBI U HEHTPOH; HEHTPOHBI
CIIOHTAHHOT'O JICJICHHSI TOIUTMBHBIX M30TOIOB, MM CHECIUAIBLHO BBeIeHHOTO B peaktop Cf-252,
oOnanaromiero mnepuoaoM mnoiypacnaza 2,645r. B 3,1% cioydaeB mperepreBas CIIOHTaHHOE
nenenue. Ilpu pacu€re 3amuThl peakTopa HCTOYHHK HEUTPOHOB OOBIYHO 3a7aéTcs Ha
MIOBEPXHOCTU €€ CONPUKOCHOBEHHUS C pPEaKTOpPOM (OH OLEHUBAETCSI NPU pacdy€re peakTopa).
McTouHnK raMMa-u3JIy4eHus B 3TOM CiIydae, Kak IpaBuio, 00yCIIOBJIEH HOIJIOLIEHUEM B 3aIlIUTE
BJIETEBIIMX B HEE HEUTPOHOB.

1.3.8. lns peuieHus: ypaBHEHMsI IEpeHOCAa HEOOX0AUMO ell€ 3a/1aTh TPAHUYHbIE YCIOBHSL.
BHeriHue rpaHuIipl ¢ MycTOTON 0TMEYAIOTCs MPOCTO KaK «BHEIIHUE IPAaHULIBD», IPU ITEpeCceUeHUu N
KOTOPBIX HEUTPOH Mcue3aeT. Ecnu 3a BHENIHEH rpaHULEd HaXOAUTCS MaTepHalIbHAs 30HA, HE
BKJIIOUEHHAS B COCTaB 30H PEaKTOpa WJIM 3alllUThl, HA TPAHUILIE C HEM JOJKHO OBITH OIPEEICHO
rpann4yHoe ycinoBHue Sgran(E, E’), ykasbiBaromiee, 4To UCIyCKaHue HEWTpoHa ¢ sHeprued E 3a
npeJenbl TpaHulbl BIeYET 3a co0ol Bo3BpalleHue HelTpoHa ¢ 3Hepruei E'. Ctporo rosops, B
YUCJIO apryMEHTOB 3TOH (YHKIMU JOJDKHBI Obl BXOJUTHh KOOPAMHATHI TOUKH BbUIETA M TOUYKHU
BJI€Ta C BEKTOpaMH MX HampasieHuid. Jlas 3Toro, 10CTaTOYHO «IIPOCTO» BKIIIOYHUTH
IPUJIETAIOIIYI0 30HY B COCTAaB PEAaKTOpa MM 3allUThl, YTO, Pa3yMeeTcs, YCIOXKHUT pelIeHue
ypaBHeHMs mepeHoca. [loaToMy eciu Mo OLEHKaM MOTOK HM3JIy4eHHUs Ha 3TOH IpaHMLE Mail,
OTpak€HHEM OT OKpy»Karolled cpenpl JIuOO BoBce NpeHeOperaercs (OmpenenseTcsl BHEIIHss
rpaHuiia), JuOO HE TpaHUIlE C HEeW OompenenseTcs TpPaHUYHOE YCIOBUE (Kak IMPaBUIIO,
oTpezieIEHHOE B MTPEIBAPUTENIBHBIX pacuéTax).

1.3.9. Brimie (¢ memnbio He CIUIITKOM 3arpy’KaTh U TaK TPOMO3IKHE BEIPAKECHHUS) B KAUECTBE
MEPEMEHHO, OT KOTOPOIl 3aBUCAT KO3(PPUIIMEHTHI YpaBHEHMsI, HE ObUIa yKazaHa TemIepaTypa.
Mexay TeM OoT TeMnepaTypbl, KOHEUHO, 3aBUCAT U SJ€pHbIE MJIOTHOCTH O; U 3aKOHBI PACCESTHUS

TETUIOBBIX HEWTPOHOB, J1a M pa3Mepbl TOXKE. 3aBHCAT OT TEMIIEPATypbl M SHEPreTUYECKHE
3aBUCHUMOCTH HEUTPOHHBIX cedeHMi. [Ipu pernieHnn ypaBHEHHUs MEpeHOca 3TO OOCTOATEIbCTBO,
KOHEYHO, HaJI0 UMETh B BUJLY.

1.3.10. Ilpu pacuére 3aumUTHl peakTopa MCTOYHUK HEUTPOHOB OOBIUHO 3alaéTcs Ha
MIOBEPXHOCTH €€ COMPHUKOCHOBEHHUS C PEAKTOpOM (OH OIEHMBAETCS INMPH pacy€re peakTopa).
HcTouHrK raMMa-u3JIy4eHus B 3TOM cilydae, Kak IpaBuio, 00yCIIOBJIEH TOTJIONIEHUEM B 3aINUTE
BJICTEBIINX B HE€ HEUTPOHOB. /Iy ero y4éra mapaiiensHO ¢ pacdéTOM HCTOYHHKA HEHTPOHOB
HEYNPYTUX B3aMMOJCHCTBHIA TpeOyeTcsl pPacCUMTHIBATD M HCTOYHHK IMOPOKAEHHBIX B ATHX

B3auMoieiicTBuAX ramma-ksantos S (F',€,E )/47x (ucmyckanne raMma-KBaHTOB B HEYNPYTHX
B3aUMOJIEHCTBUAX MOKHO CUHTATh M30TponHbIM). Dopmyna nns seraucnenus S, (F,QE )/ 4x
ornuyaercss oT Qopmynst (1.6) 3amenoit ., (E'\E, )Y, (E) w2 0 (B Ey, 1)y, ; (E)-

BEPOATHOCTh MCITyCKaHHsl ramMma-KBaHTa c 3Heprued Ey mnpu Heynpyrom B3aumoneicTBuu
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HelitpoHa ¢ sHeprueid E’ ¢ sapom i B Hampasiennn Q ,rakum, uto QQ'=p; y (B, Ey,u) -

YHUCJI0 TaKUX KBAHTOB.

1.4. MeToa nokoJIeHUIT ¥ OTHOPOIHOE YPABHEHHUE MEePEeHO0Cca

1.4.1. Ilpu pacuére 3aBeAOMO MOAKPUTUUECKOTO pEaKTOpa LEebI0 pacuéTa, KaKk MpaBuo,

SBISICTCS  ONpEJCICHUE I0Ka3aHusl JeTeKTopa HedTpoHoB N= _[ dE jdﬁ@n(?,ﬁ, E)Sens(E).
0 Az

3nech Sens(E) — 4yBCTBUTENBHOCTL JIETEKTOPA, I - KOOPAMHATBHI €ro MecTomonoxenus. [Ipu
cOOpKe KpPUTHUYECKOTO COCTOSIHHS PEAaKTOpa, MOKa3aHUE JETEKTOpa BO3pacTaeT, U oOpaTHOE
ymMHOXeHHEe No/N ciaykuT Mepod NpUOIMKEHUS PEeakTopa K KPUTHYECKOMY COCTOSHMIO.
[TpenBapuTenbHOE BBIYMCICHUE CHUXKEHHUS OOpaTHOIO YMHOXEHHS IO Mepe COOpKHM peakTopa
BEChbMa I0JIE3HO, T.K. ITO3BOJISET MIPOBEPUTH HAJIEKHOCTh OLIGHKH KPUTUYECKOH KOH(pUTrypauuu
no oOpaTHoMy yMHOXeHHUIo. [Ipu pacuére yMHOXXEHMsI pELIEHHE YpPaBHEHUS IepeHoca
npousBoauTcs nostanHo. CHavana pemtaercs ypaBHeHue (1.4), B KOTOpOM NpPUHUMAETCS BO

BHUMAaHHE TOJILKO BHEMHMN uctounuk S, (I',Q, E) ; ncrounuk HEWTPOHOB JIeNeHHs B HCXOIHOM
COCTOSSHUM HE YYHTBHIBAaeTCA. ECIM B HMCXOIHOM COCTOSIHUM JEISIIIMXCS BEIIECTB HET, TO
MOJIy4eHHOE pEHICHHEe — MOTOK HEUTpoHOB mepBoro mnokonenuss @, (F,Q,E) mo3Bomser

BBIYUCIIUTH OOYCIIOBIIEHHOE 3TUMH HEHTpOHaMH IoKazaHue nerekropa No. Ecnm B mcxomnom
COCTOSIHUM PEAKTOP COJACPKUT JIeNslIfecs HYKIUABL, TO TpeOyercss ydecTb B No BKJIAJbI

HEUTPOHOB [ICJICHUIA, BBI3BAHHBIX HeWTpoHamu ucrounuka. 3unanme @O, (F,Q, E) mo3somser
BeluMCIUTE 10 (opmyne (1.7) MCTOUHMK HEHTPOHOB BTOporo mokomenus S (F',Q,E),

MOPOXKAEHHBIX TIEPBHIM MOKOJIEHUEM HEUTPOHOB. OTHOIIIEHHE
ki = [ff S,.(F'. S, E)dF'df)dE/_[”SO(F',ﬁ, E)dF'dQdE (1.8)

—9TO KO3(I)(I)I/II_II/ICHT Pa3MHOKCHU A HeﬁTpOHOB B IICPBOM ITOKOJICHUHU. Yt0o0BI YUCCThb BKJIAQ
BTOpPOI'O0 MOKOJICHUA, T.C. PCIIACTCA HCOAHOPOJHOC YpPaBHCHUEC C BHCIIHUM HCTOYHHKOM

S, (F',Q,E) B mpeHeOpexeHNH HX Pa3MHOXKEHUS TPH ACICHUH U ONPEAENAeTCS HUCTOYHUK

HEHTPOHOB TpeThero mokoneHus S, (', Q,E)u xoddduimenT pa3sMHOKEHHS HEHTPOHOB BO

BTOPOM TIOKOJIEHUH — k, . 3arem Bbruucisores k3, k4 u 1.1, IlpocTpaHCTBEHHO-YTIIOBBIE U
SHEPreTUUECKHUEe paclpeaeNeHust Sy u S;;, eCTECTBEHHO, Pa3IMYaIOTCs, a BOT IIPOCTPAHCTBEHHO-

YIIIOBBIE ¥ JHEPreTUYECKUE paclpenelieHuss S, ; M S, IPH JOCTATOYHO OONBIIOM HOMEpE

MOKOJICHUS N IPAKTUYECKHU HE Pa3IMyaroTcs U MoToMy KoddduimeHtsl Kn mepectaror 3aBHCETh
ot n. Takum 00pa3oM, MOJTHOE YUCIO HEHTPOHOB, MOPOXKAEHHBIX OJHUM HEHTPOHOM BHEIIIHETO
ucrounuka, paBHo k=ki1+Kiko+...+ Kiko. Kn(1+X5 1 kiY) = K1t ...+ Kika . Kn-1+ kika. kn/(1-kn). B
KaX/IOM TIOKOJICHUH TPEOYETCs BHIYHUCIIATh M BKJIAJ] ATOTO MOKOJCHUS B MIOKa3aHUE JAETEKTOpa U
CYMMUPOBATh 3TH BKJIaabl. CyMMa 3THUX BKJIJIOB M ONPEICITUT UCXOHOE MOKa3aHNUE JICTEKTOpa
No B pa3MHOXarOIIEeM HEWTPOHBI peakTope. TakuMm 00pa3oM, HTEpalMOHHAs MpoIeaypa
3aBepIlaeTcs MOciie TOro, Kak OyJeT yCTaHOBJIEHO, uTo kn omimyaercs ot Kn.i Ha mpuemieMo
Manyio BenuunHy. OTIMYHMe HaiJIEHHOTO 3HAYeHUs Kk OT eAMHHUIBI ABJSETCS MEPOHW OTIUYUS
peaKkTopa OT KPUTUYECKOTO COCTOSTHHSI — PEAKTHBHOCTBIO.
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[Tpu cOopke KPUTHUECKOTO peaKkTopa UCXOJHOE COCTOSIHHE MOIOJIHAETCS T00aBKOW B peakTop
emeé OJHOM WM HeCcKOJMbKUX TeroBbaersomux coopok (TBC), u urepaumonnas mporenypa
BBIYUCIICHHSI TTOKA3aTeNs JETeKTopa moBTopsercs. [lokasanue yBeIHMuMBaeTCs, CKaXeM, BIBOE.
Ecnu B peakrop no6asuts eni€ cronpko sxe TBC, pacuéTHoe mokazaHue AeTEKTopa YBEIHYUTCA,
HO yXe He B 2, a B4 — 8 pa3 wiu Oosiee 3a cuét Toro, uyto kaxkaas nopuust TBC Oyner pasMHOXKaTh
HE TOJbKO HEUTPOHBI BHEIIHEr0 HCTOYHHMKA M pOKJAaeMble B HEll caMmoW, HO U HEUTPOHBI,
obpazoBanHbie Bo BTopoi nopiuu TBC. SIcHo, uTo TpeThst no6aBka TBC moimkHa ObITH MEHBIIIE
MpEbIIyIINX, HHAUYE BEJIUK PUCK, YTO PEAKTOP CTaHET HaJKPUTHYHBIM: B UTEPALIUU [TOKOJICHUN
OOHAPYKUTCSI, YTO B OJJHOM M3 HHUX K OKa3asoch OOJNBIIMM EAMHUIIBI M UTEPAIIMU 3aBEPIIUThH HE
yIacTbCs («B3PBIB» PACUETHOTO peakTopa). Eciam oCTOpOoXXHOCTH cOONIOEeHa M IOKa3aHHe
neTekTopa okasanock B 500 pa3 mpessimaromumM No (oOpatHoe ymHoxenue 0,002—aBa Toy),
CIIEYIONIYI0 TOOABKY ClIelyeT MUHUMU3UPOBATh — N00aBuTh, ckaxem 1 TBC. Ecnu npu 3tom
oKazayioch, u4To oOpatHoe yMmHOxeHue paBHo 0,0005, (peaktuBHocts TBC=1,5 TOYy), TO
cienyromyo TBC B Takoil peakTop A00aBIATh HENb3sl: OH CTAaHET HAAKPUTUYHBIM. Jliis
JOCTHIKEHUS] KPUTUYHOCTH HA OSTOM JTarne HEOOXOAMMO OLEHUTh BKIIAJ B PEAKTHBHOCTH
MPEeyCMOTPEHHOTO KOHCTPYKIMEH oOpraHa peryaupoBaHus (OOBIYHO 5TO MOTJIOIIAIOIIUI
CTep)KEHb, BBOJUMBIM B aKTUBHYIO 30HY peakTopa). Ecnu morpykeHue CTep»HS MOBBIIIAET
o0paTHOE YMHOXEHHUE, CKaXkeM, Ha 2 Toy, TO mnpu godaske nocienneir TBC peakTop coxpaHuT
CBOIO TIOAKPUTUYHOCTh W BBIBECTH €r0 B KPUTHYECKOE COCTOSSHHE MOXKHO Oyner myTém
MOCTETICHHOTO W3BJICUYEHUS MOTIIOMIAIONIETO CTEPIKHSL.

1.4.2. Tlpu mpoeKTHBIX pacuérax LeIeco00pa3HO PACYETHBIM MYTEM ONPEACIHUTH €ro
KPUTHYECKYIO0 KOHPUTypallnio, He pubderas K MOJASIUPOBAHHIO MIPOLIEAYPHI BHIBO/IA PEAKTOpa B
KpUTHYECKOE COCTOsHUE. [l 3TOro paccMmarpuBaeTcsi OJHOPOJHOE YpaBHEHHE MEepeHOca B
COCTOSIHMH, OJIM3KOM K KPHUTUYHOCTH. ITO TO ke ypaBHeHue (1.4), Ho 6e3 ucrounuka (So=0)

(O/IHOPOJIHOE YpaBHEHHE). DTO ypaBHEHHE MMEET OJHO oueBMaHoe pemenne D(F,Q, E)=0.

HeTpuBHnanbHOe penieHre BO3MOKHO TOJBKO B ToM ciydae, ecin D(r,Q, E), onpenenénnoe u3
ypaBHeHus (1.4) nmpu So=0 mozBosser ompenenuts 1no ¢opmyie (1.7) TOT camblii UCTOUHUK

HEeUTpoHOB nenenust S, (T, Q, E) kotopsiit ucriosb3oBaics mpu pacuére O(F,Q, E). D1o u ecth

ciydail KpuThdeckoro peakropa. M3 m4.1. ciemyer, 4To MOXXHO TOJIBKO MMOJ0OpaThes K
OIIPE/ICNICHNI0 KPUTHYECKUX YCJIOBUH, T.e. HAWTH Toibko QyHkuuio S, (F,(, E), Gonee-menee

MOXOXYI Ha Ty, YTO COOTBETCTBYET KPUTHYECKOMY peakTopy. TeM He MeHee, W TpHU
UCTIOJI30BaHUH ATOM (DYHKIIMY MOKHO HAWTH HETPUBUAIILHOE PEIICHUE OJJHOPOJIHOTO YPaBHEHUS
IepeHoca, €Clid TOANPABUTh YHUCIO HEHTPOHOB, HCIYCKAEMBIX MPH JCJICHUHU, T.€. PEIINTh
YCIIOBHO-KPUTHYECKOE OJTHOPOIHOE CTAIMOHAPHOE YPaBHEHUE

X max (_Q)

O, QE)=  [P(E, 7,7 =) Ser (F, 2 E) + Snon (F,QE) + Sp (F,QE) /kepsldx  (L.9)

3neck kerr (K-opdexruBHOE) BenmuuHa, IpU KOTOpoi ypaBHenue (9) mpu (UKCHPOBAHHBIX
napaMmeTpax peakTopa (TpaHMUYHBIX YCJIOBHUAX, pa3Mepax, TEMIEpaTypax U cOCTaBaxX 30H) UMEET
HETPUBHAJIBHOE pELIEHUE. OTOT MapaMeTp OmnpeleNsiercd IyTEM UTepaluil IOKOJIEHUN
HeWTpoHOB. B nmepBoM nokonennn nonaraercs k=1. Ecnu B nepBoM nokonennu okazanock K1<1,
B ypaBHeHHH (9) K 3amensieTcs Ha K1 1 pacu€r moBTOpsieTcs, moKa uckoMoe 3HadeHue K He Oyuet
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HailIecHO ¢ mpueMiaeMord To4HOCThIO0. [locme »Toro B mapameTpsl peakTopa BBOASTCA
KOPPEKTHPOBKH, 00ECTIEUNBAIONINE PABEHCTBO K-3((eKTUBHOTO equHMIIE. DTO U OyIyT HCKOMBIE
KPUTHYECKHE MTapaMeTpPhI.

1.4.3. MrHOBeHHBIE HEUTPOHBI MACIEHUS PA3MHOXKAIOTCS B PEAKTOPE MPAKTUICCKU
MTHOBEHHO (BpeMsl KM3HU HEUTPOHA OT POXKICHHS 10 IOTJIOIMICHUS MPEHEOPEKUMO MAaJo).
OpnnHako, Kak 0TMEYaJIOCh BBIIIE, YaCTh HEUTPOHOB, POXKIAEMBIX IIPU JIETICHUH, UCITyCKAeTCs MPU
Oera-pacrajge HEKOTOpPHIX MPOAYKTOB JI€JI€HHUS — MPEIIIECTBEHHUKOB 3alla3/IbIBaoIINX
HeliTpoHoB. [lpu pacuére peakTopoB ATH NPEALICCTBEHHUKU AENATCS Ha HECKOJBbKO TPYI,
KaXKJasi U3 KOTOPBIX XapaKTepu3yeTcsl CBOCH CyMMapHOM Jojiell B 00IieM 4Yuciie HEHTPOHOB
JIeJIeHUsI U YCPeAHEHHBIM MO TPYIINE MepuoaoM moiypacnana. [lepBoHavyaibHO jaenieHue Ha 6
rpynn ObUTO MIPOBEICHO JIJIS OTMMCAHUS 3aMa3AbIBAIONIUX HEUTPOHOB, BBIICISEMBIX TIPU JICTICHUN
ypana-235. 3aTeM 3To K€ Npe/ICTaBIICHUE 3ana3/IbIBAIOIINX HEUTPOHOB CTAJIM UCITIOIB30BATh JJIs
ypaHa-238 u miyToHus-239 U Apyrux akTUHUIOB, Y KOTOPBIX JOJIM 3aMa3/IbIBAIOIIUX HEUTPOHOB
CYILLIECTBEHHO OTJIMYHBI OT TakoBo# amst U-235 (st U-238 B 2,5 paza 6onbiie; quist Pu-239 — BaBoe
MEHBIIIE); MEHSUTHCh JUIIb BhIXoAbI Ipymi. B 2002 r. rpynmoii cnenupanuctos u3 CIIA u Poccun
OBLJIO IPEIOKEHO YHUBEPCAIBHOE JIJISl BCEX JACTSAINXCS sAep AeNIEHUE BCeX MPEe/IIIeCTBEHHUKOB
Ha § Tpynm, KOTOPOe MOCie MPOBEPKHU €ro MpUrogHocTu Ha kputudeckom ctenne bOC Obuto
npunsato B Oubmmoreke POCDOHJ] wu, ecTecTBEHHO, B HACTOSIIEM CIPAaBOYHHKE.

JJis UCTIOJTb30BaHUS B HH)KEHEPHBIX pacuéTax He0OX0UMO OLEHUTH dP(EKTUBHEIC 10JIN
TPy 3ama3IbIBalONINX HEHTPOHOB, KOTOPHIE JOJDKHBI YYUTHIBATH OTIWYHE CIIEKTpa KaXKIOU
TPYIIBI OT CIICKTPAa MIHOBEHHBIX HEUTPOHOB JieeHHs. OOBIYHO 3TO MPOBOJUTCS ITyTEM PEIICHUS
ypaBHeHus (1.9) (xenaTenbHO HE YCIOBHO KPUTHUECKOTO, & TOYHO KPUTHUECKOTO — C Kef=1) ¢
3aMeHo St Ha St

S, ,(F,Q,E) =TdE'de'q>(r',Q', EY*Y o (Mo (BN 7, (EW(E)A, (E)/ 4z (1.10)

3necy S ;(E') - BbIXOx j-if TpymIbI 3amasibIBAIOIIMX HEWTPOHOB NPH JENEHHH i-T0 HYKJIHJA

HelTpoHamu ¢ sHepruen E', ;(j(E') - DHEPreTHMYECKUN CHEKTP 3TOH TpyHIbl HEHTPOHOB.

PaccmarpuBaeTcsi TOJBKO OAHO IOKOJEHHE HEUTpoHOB. [losyueHHBII B 3TOM MOKOJEHUU
KO3 PUIHUEHT pa3sMHOXKEHUS kj’ OyzeT OTINYaThCsl OT Keff, MOCKONBKY CIEKTP JHOOOH IpymIibl
3ara3/bIBAIOLINX HEUTPOHOB CYLIECTBEHHO MSIYe CIEKTPa MIHOBEHHBIX HEMTPOHOB JENIEHUS.
OtHomrenue jef = ka/ Keff stBIsieTcst 3ppekTUBHOI 0J1eH J-i TPYIIIBI ¢ IEPHOIOM MOJTypaciaia
T12j. DT mapaMeTpbl M HCIOJB3YIOTCS AJS ONUCAHWS BPEMEHHON 3aBUCHMMOCTH IOTOKa
HEUTPOHOB B PEaKTOpeE Mociie OBICTPOTO M3MEHEHHsI €ro IMapaMeTpoB, BEAyIIeMy K H3MEHEHUIO
Kefr. Eciin m3amenénHoe 3HaYeHUE Keff OKaXKETCs1 OOJIBINE eTUHMIIBI, IOTOK HEHTPOHOB B PEAKTOPE
OyIeT HeyIepKUMO BO3PACTATh, HO €CJTH €0 TIPEBBIIIEHUE HAJl eIMHUIIEl Gy IeT Huske f; 17 pocT
OyJIIeT ONpeIeIATHCS IEPHOIOM ITOTypaciiajia MepBOid, CAaMOM JIOJITOKUBYIICH, rpymisl T1/2,1=55,6
CeK, YTO JacT OmepaTopy peakTopa BpeMsi 4YTOOBl BBECTH OTPHIIATEIHEHYIO PEaKTHBHOCT,
KOMIICHCUPYIOIIYI0 U30BITOUYHOE MpEBBIICHNE Keff HAJl equHuLell. Ecnu n3MenéHHoe 3HaYeHHe
Keff OKa)XeTCS MEHBIIE €IUHHIBI, PEaKTOp IOCTENEHHO OyAeT YBEIUYUBATh CBOI MOIIHOCTD,
nepexoas Ha Ooyiee BBHICOKMH ypoBeHb. BpeMeHHas 3aBUCHMMOCTb ATOTO MEPeXxoaa MO3BOJIUT
OIIPEACIIUTL BHECEHHYIO H3MEHEHHEM pPEAaKTUBHOCTb B EIMHUIAX ﬁef f = ) j ,Bff r (myTém

CpaBHCHHA C paCC‘-II/ITaHHOI\/'I CriIenyaJInuCTaMu 110 AMHaAaMHUKE peaKTopa).
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1.5. Ilepenoc ramma-u3Jy4yeHust

VYpaBHeHHE IepeHOca raMMa-KBaHTOB OTJIMYAETCS OT YPaBHEHUs IEPEHOCAa HEUTPOHOB
TEM, YTO TaMMa-KBaHTHI €CJIM U ITOPOXKAAIOT IIPU B3aUMOJCUCTBUY C sipaMU BTOPUYHBIE FaMMa-
KBaHThl, UX DJHEpPrUsl BCEr/a MEHbIIE JHEPIrUU PACCESTHHOTO KBaHTA, T.€. LIEMHAas peaxkuus
Pa3MHOKEHHUs raMMa-KBaHTOB HEBO3MOkHa. 1103ToMy B ypaBHEHHH nIepeHOCa raMMa-u3IIy4eHHs
BCErJga NPUCYTCTBYET BHEWIHMN HCTOYHUK. Kak npaBuio, UM SBISIOTCS TraMMa-KBaHTHI,
U3NlyyaeMble  pPAJUOHYKIUIaMH, OOpa3oBaHHBIMU B  HEUTPOHHBIX  peakuusax (Jaudo
JOJTOKUBYIIUMH, H3BICUEHHBIMA M3 PEaKTOpa, JHUOO KOPOTKOXKHUBYIIMMH, HCITyCKaeMble
HEIMOCPEICTBEHHO B peaktope). IIpu pacuére ramma-noseil B peakTope BaXXHbIM HCTOYHUKOM
ABJIAIOTCS TaMMa-KBaHThI, IPAKTUYECKU MIHOBEHHO HMCITyCKAE€MBbIE siipaMu, BO30YKIAEHHBIMU B
pe3yJbTaTe HEYNpYroro paccesHus, paaualliOHHOTO 3axBaTa WM JeneHus. B mrobom ciyuae,
€ClIM 3ajaya pacd€ra peakTOpOB PEIICHA, UCTOYHUKM T'aMMa-U3Jy4EHHs OIpelesicHbl. THIIOB
B3aMMOJICHCTBHUSI TaMMa-H3JIy4eHHs] C BEIIECTBOM, KOTOpPbIE HEOOXOAMMO YYHUTHIBATH MU
WHKEHEPHBIX pacuérax (1eIbl0 KOTOPHIX B OOJBIIMHCTBE CIydaeB SBISETCS pacuéT 103
0o0JyuyeHHUs TMOMABIIMX B ramMMma-Tiojie JI0ei) HEMHOTro. JTO KOTepeHTHOE paccesHHue, Mpu
KOTOPOM KBaHT MEHSET HaIpaBJI€HUE IBUKEHHUS, HO COXPAHSAET HHEPIrUI0; HEKOIEPEHTHOE
paccestHue, Ipu KOTOPOM KBAaHT MEHSIET M SHEPTUIO U HANPaBJICHUE (FHEPTUS U UMIYJIbC YXOIAT
Ha MOHU3ALMIO aTOMOB), POXKJIEHUE 3JIEKTPOH-TIO3UTPOHHOM Mapsl (B pe3yJibTaTe KOTOPO BMECTO
UCXOIHOTO KBAaHTAa BO3HHMKAET KBaHT, OOYCIOBJICHHBI aHHUTWISAIMEH TO3UTPOHA) U
¢doronoriouieHre (Korjaa BCs SHEPTUs raMMa-KBaHTa yXOAUT Ha noHu3auuto) Ilpu Topmokenuun
00pa3yronmxcsi B 3TUX B3aWMOJICUCTBUAX DJIEKTPOHOB 00pa3yercss TOPMO3HOE PEHTICHOBCKOE
U3IyuYeHUEe, KOTOPbIM B OOJBIIMHCTBE HWHXEHEPHBIX pacu€ToB mnpeHeOperaercsa. CeueHus
Ha3BaHHBIX IIPOLIECCOB M DSHEPro-yIJIOBBIE pACIPEICICHUS] BTOPUYHBIX KBAHTOB XOPOIIO
U3BECTHBI. BO BCeX pacCMOTPEHHBIX CIydasxX peyb IIa O B3aMMOJECHCTBUM raMMa-U3JIy4eHHs C
aromMamu. B3aumonencTBue raMma-u3iIydeHHs C aTOMHBIMM SIIPaMH BO3MOKHO JIMIIb IIpU
sHepruu (OTOHOB MOPsAKA PHEPIHM CBSI3U HEUTpoHa (MpoToHA WM anb(a-dactuisl). Cronb
BBICOKOOHEPTUYHBIX FTAMMAa-KBAaHTOB M B HEUTPOHHBIX PEAKIUAX U B IIPU PacIaje paaguoHyKIHI0B
o0Opa3yeTcs HEMHOT'0, U TOTOMY (hOTOSIEPHBIE PEAKIIMH MPU UHKEHEPHBIX pacuérax OObIYHO HE
YUUTBIBAIOTCS. DTO HE 3HAUUT, YTO (OTOSAEPHBIC PEaKIUN HE HMEIOT MPAKTUUYECKOT0 3HAUCHHS.
Jo cepenunbl 60-X TromoB MpOLIIJIOrO BEKa B OJKCIEPUMEHTaX JOCTATOYHO IIHPOKO
UCIOJIb30BATHCH (DOTOSIEPHBIE HCTOYHHUKH, B KOTOPBIX peain30oBajlach peakius (y,N) Ha sapax
neiirepus win Be®, B KOTOpBIX SHEPrHs CBA3M HEHTPOHA HEBEMMKA. DTO MO3BOIANIO MOTYUHTH
[IOYTH MOHODHEPTE€TUYECKUE UCTOYHUKU HEUTPOHOB!
(Sb*?*+Be’— 0,024 MaB; Lal* + D20— 0.15 M»B; Lal*? + Be®—0.62 M»3B).

1.6. MeToanb! penieHus1 ypaBHeHUsI ePeHOCA U MUCIIOJIb3yeMble B HUX siIepPHbIe
KOHCTAHTBI

1.6.1. B 20-M Beke mo Mepe pa3BUTHs (PU3UKU PEAKTOPOB, TOMIOIHEHUS 3HAHUH SIIEPHBIX
JaHHBIX W PACIIMPEHHUS BBIYUCIUTEIHHBIX BO3MOXKHOCTEH, CBS3aHHBIX C CO3JaHHUEM U
coBepiieHcTBoBanueM DBM, Obl0 pa3paboTaHo W OMpOOOBAaHO HEMAIO PA3IUYHBIX METOJIOB
peIleHUs YpaBHEHHS TEpeHOCa W3IyUeHWH, W3 KOTOPBIX K HACTOSIIEMY BpPEMEHH aKTHBHO
WCIIONIB3YIOTCS TOJIBKO TpU — MeToa MonTe-Kapio, Sn-meton u nuddy3nonHoe npuOImKkeHne.
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BoruncnuTenbHble TporpamMMbl, peaqu3yIoUMe 3TH METOMbI, UCHOJIb3YIOT SJepHbIE NaHHbIE B
dopMe, aganTHUPOBAHHOM [UIsl yJOOHOTO HCIIOJNIb30BAaHHUS B COOTBETCTBYIOIIEM METOJIE.
bubnroTeKkn YMCIOBBIX JaHHBIX, MPEACTABICHHBIX B ATHX (opMaTax, Ha3pIBAIOT OUOIMOTEKAMU
KOHCTAHT — (PUKCUPOBAHHBIX JIAHHBIX, HA KOTOPBIC YI0OHO CCHIIATHCS IPH CPABHEHUHU PACUYETHBIX
pe3yIbTaTOB, MOJYYEHHBIX B pa3HOE BpeMs, pa3HbIMU MeTojaMu. [IpuBeeHHas B HACTOSIIEM
cripaBouHunKke Oubnmoreka, HasBanHas KOJIMBPU, opueHTMpoBaHa Ha HCIOJIL30BAHHE B
BBIIIEYTTOMSAHYTBHIX METO/IAX.

1.6.2. Meton MonTe-Kapiio — MmeToa pac4é THOr0 MOACIMPOBAHUS TPACKTOPUI HEUTPOHOB
U (WIK) raMMa-KBaHTOB— SIBJISICTCSI CAMBIM ITPOCTHIM B OOBSICHEHHH, HO M HAanOOoJIee TPYT0EMKUM
metogoMm. [log TpymOEMKOCTBIO 3/1eCh MOHMMAETCs OO0BEM MaTeMaTHYECKUX OIepallni,
BBITIOJTHEHHE KOTOPBIX HEOOXOIMMO IS TIONydeHus pe3ynbrara. [IoCKOIbKY B HAIlleM BEKE 3TH
ONEpALMK  BBIMOJHSAIOT BBIUUCIUTEIbHBIE MAIIMHBL, TPYJI pacy€Tuhka COCTOUT JIUIIb B
dbopmynupoBke pacuétHoro 3amanusa. JloctromHnctBoM Metona Monrte-Kapno sBusiercs
BO3MOXXHOCTh CKOJIb YTOJHO JIETAJIbHOTO OMHMCAaHUsI TEOMETPHH PACCUUTHIBAEMOTO PEaKTOpa WU
3aIUTHl ¥ HYKJIUTHOTO COCTaBa TOMOTEHHBIX 30H U CTOJIb IETATBHOTO OMUCAHUS SHEPTeTHUYECKIX
Y HHEPTO-yTJIOBBIX 3aBUCUMOCTEH HEOOXOIUMBIX JIJIS pacy€Ta siIEepHBIX JAaHHBIX, CKOJIb TOUHO OHU
W3BECTHBI 3aKa34MKy — pacuéryuky. Hems3O0eKHbIM HEZOCTaTKOM SIBJISICTCS CTaTHUCTHYECKas
MOTPENIHOCTD (CPEAHEKBAPATUYHOE OTKJIOHEHNE OT TOYHOI'O PE3yJIbTaTa) ONPEeIIIeTCs YUCIOM
N pasbIrpaHHBIX TPACKTOPHI, BHECIIMX BKJIAJ B PAaCCUYUTHIBAEMBIM pe3ysibTaT, U

nporopuuonansHo 1/v/N. Taxum o6pasom, s momydenus morpemsoctu 0,1% Tpebyercs
pas3bpIrpath He MEHEe MUJUTMOHA TPASKTOPUH.

JlomyctuM, pemraercs cTalMoHapHas 3ajlada OIpeneieHHs HEHTPOHHBIX TOTOKOB B
HEKOTOPOM  OOBEKTe,  coJaeplKamieM  3aJaHHbBId  BHENIHWA  HMCTOYHHUK  HEUTPOHOB
SO(F,E,Q) =R(r)*g(E)/4r, 1.e. mpennonaraem, Kak 5T0 OOBIMHO M OBIBAET, YTO HEHTPOHBI
HCITyCKAIOTCSl HCTOYHUKOM H30TPOIHO, a CIIEKTP HE 3aBHCHUT OT TOTO, B KAKOM TOYKE UCTOYHMKA
UCIyIIeH HEUTpOH. Todka HCIyCKaHUs HEUTpPOHA, TPAEKTOpPUsS KOTOPOTO MOJIEIHPYETCH,
BBIOMpAETCS CIy9aiiHBIM 00pa3oM B ero o0béme (obmactu, rae R(r)>0). [lis ciryyaitnoro Beibopa

SHEPrUU HENTPOHA IeNIecO00pa3sHO 3ajaBaTh HE MHTEHCHBHOCTH HCITyCKAaHHsS HEWTPOHOB C
E ©

sueprueit E, a ¢pynkuuro G(E) = J-g(E')dE' / Ig(E')dE' . Torna sueprus E ompenensiercss us
0 0

ycenous G(E)=E, rne 0<E <1 - BenuuuHa, ompeneiéHHAs TEHEPATOPOM CIydYalHBIX YHCEN,
BCTPOEHHBIM B KoMIbloTep®. CiydallHbIM 00pa3oM OIpenesstoTCs M KOCHHYCHI YTJIOB,
ONpeNeNAIOMX  HalpaBlIeHUe HCHyckaHus Heiitpona. Ilocine sroro  BblUMCHsETCS

MaKpOCKOINYECKOe MoJHOe ceueHne X (E) = Z Pio0:i(E) mmst marepuana ucrounuka (k=0).
i

ITonmable ceueHms KaXXJ10ro U30ToI11a, BXOAAIIECro B COCTaB 30HbI UCTOYHUKA, ONPEACIAIOTCA U3
COOTBETCTBYIOIINX Ta6J'II/IIIZ OTBICKMBACTCS MUHUMAJIbHBIN HOMED j TOYKH 3aJaHHusA IIOJIHOI'O

ceuenusi, npu koropoM Ej>E u ceuenne o, (E) onpenensiercs myTéM JIMHEHHON HHTEPIONIALAM
Mex Ty TabmuunbiME 3HauenusmMu o (E;) u oy, (E;,;) . 3arem onpenensercs miuHa cBO6G0IHOTO

npo0era HeWTpoHa B paccMaTpuBaeMoii 30He lo= —In&/ X, ((E) . Ecin okaxercs, uto lo Gonbe,

* I[anee IIpU KaXJ0M YIIOMUHAHUHA cnyqaf/'lnoro qucia & 6YZ[€T HUMCTLCA B BUY HOBOC €0 3HAYCHUC.
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YeM paccTOSTHUE OT TOUKH UCITYCKaHMsI HEHTpOHA 110 TPaHUIIbl 30HBI HCTOUYHUKA, 3HAUUT, HEUTPOH
BbUIETEN B 30HY Nel, OKpy’Karollyro MCTOYHUK, U TpeOyeTcs BBIUMCIUTH MaKPOCKONHUYECKOE
MOJIHOE CEYEHHUE I 3TOW 30HbI U NMPOBEPHUTH, HE BBUIETEN JU HEUTpOH u3 He€. IIpounenypa
ONpeIeTICHUS MTOJIHBIX MAKPOCKOIMMYECKUX CEYECHUN MTPOI0JIKACTCS 0 TEX MOP, IOKA HEUTPOH HE
UCIIBITACT CTOJKHOBEHHs B HEKOH 30HE ¢ HOMEpOM K (WM He BBUICTUT Hapyxky). B Touke
CTOJIKHOBEHHS TPeOYETCsl ONPEICIUTh, C SPOM KaKOro HYKJIH/Ia | POU30IILIO CTOIKHOBeHHE. B
KayecTBE TAKOBOTO BBIOMpAETCsl MEPBBIA HYKIUA, AN KOTOPOIO BBIMOJHSETCS YCIIOBUE

Z pi(E)o . (E) /Ztyk(E)>cf . 3areM mpoBepsieTcsi, HE TOTJOTWICS JU HEUTPOH HpU ITOM

cronkHOBeHHH. Heiitpon cumtaercs mornmotusmmmed, ecmu P, (E)=(1-o,;(E))/ o, (E)<¢.
P.;(E) ompenensiercst u3 TaGIHIIBI BEPOSTHOCTEH HOIIONIEH . ECIN MOIIONIEHHE MPOU3OILLIO,

TpPaeKTOpHUsl OOpbIBaeTCsS, U HAUMHAET PACCMATPUBATHCA TPACKTOPHUS CIIEAYIOIIEr0 HEUTpOHA.
Ecnu nykiau, B KOTOPOM MOTTIOTUIICS HEUTPOH, JETAIINICS, B «OaHKe AeTCHUID 3alIOMUHAIOTCS
KOOpPJMHATHI TOYKH, B KOTOPOW MPOU30LLIO MOTIIOIIEHNE, YPHEPTHsI MOTJOMEHHOTO HEUTPOHA U
CpeJlHEee YMCIIO HEUTPOHOB JIEIEHUs, KOTOPOE MOTJIO Obl HCITYCTUTHCS B PE3YJIbTATE MOIJIOIIEHUS

n(E)=v;(E)o ;(E)/o,;(E). Eciu nornomenus He IPOU30LLIO, TPEOYETCS ONPENCIHTh TUIL
paccesius. CHOBa BBIYHMCIIACTCA CiydaiiHoe umcio & u ecn & < Py;(E), 3naunt, npounsorwio

yIOpyroe paccesHue, MHaue — Heynpyroe 3aumozeilcTBue. [lamee TpeOyercs onpeneiauThb
DHEPTUI0 ¥ HANpaBICHUE [BI)KEHUS pacCesHHOro HeWTpoHa. Illpm ympyroMm paccesHuun
JOCTAaTOYHO ONPEACTUTh KOCHHYC YTJIa PACCEeSHUS L, Pa3bIrpaB ero, UCTonb3ys popmyisl (1.1) u
(1.2), omnpenenuThs SHEPrur paccesHHOro HelTpoHa. Ecinum mnpousonuio  Heynpyroe
B3aMIMOJICHCTBHE, B HCIOJIB3YeMOW OMOIMOTEKE KOHCTAHT TPEOYyeTCsS HAWTH SHEPro-yriioBOe
pactpenenenue dnon(E,E’,1) 1, ucnonb3ys ero, onpeneanTh SHEPTUIO PACCEIHHOTO HEUTPOHA U
KOCHHYC YIJla PAacCesHUs M CPEJHee YHCIO BTOPUYHBIX HEHUTPOHOB Ynon(E), Ha KOTOpBIii
YMHOXKA€TCsl «BEC» HEUTPOHA, IEPBOHAYAIBHO PaBHbIN €JMHULIE.

bubnuorexka MOXeT coJiepaTh JaHHbIE O CEUEHHSX (MJIM BEPOATHOCTAX PACCESIHUA) C
BO30YKJIEHEM BCEX M3BECTHBIX YPOBHEW BO30YXKIEHHs sJ[pa-MHUIIEHH, U TOrJa HEOOXOIUMO
CIlydaifHBIM 00pa3oM BBIOPATh OJMH M3 BO3MOXHBIX YPOBHEH M KOCHHYC YTJIa PacCesHUsI, OocIie
YEero 3HEeprusi pacCcesHHOTO HEHTpOHa OJHO3HAYHO ompenaensercs GopMylioi, cieayromen u3
3aKOHOB COXPAaHEHUS SHEPTHH W MMITYJIbCA MPH PACCESHUU C M3BECTHBIM BO30YKICHUEM siipa-
MmutieHu (aHanornyHou popmynam (1.1), (1.2)). anee cnexyer npoBepuTh HE peain30Baiach Jin
OpyU HEYyNpyroMm B3aumojeicTBuu peakuus (n,n'p), (n,n’a), (N,2n) U T.. a 3aTeM HalWTH B
6ubnMoTeKe JaHHbIE, MO3BOJISIOIINE ONPEIEINTh KOCUHYC yIJla BbIJIETa BTOPUYHOTO HEUTPOHA U
ero sHepruw. Ecnu peanmzoBamack peakmus (n,2n) wnu (N,3N) Bec yMHOXAaeTcsl Ha 2 WIIH,
COOTBETCTBEHHO, Ha 3.

[Toce ATOro PO3BITPHIINT TPAEKTOPUH HEHTPOHA MPOJOIDKACTCS J0 TEX IOp, IOKa OH He
MOTJIOTHTCSl MM HE BBUICTHT HApYXKy, TOCIIE YEro IMPHCTYMAT K PO3BITPHIIIY CIeIyroIei
HEUTPOHHOW TPACKTOPHH, TOKa HE OyIeT 3aBepIICHO PAaCCMOTPEHHWE 3aaHHOTO YHUCIIAa JTHX
TpaekTopuii. Eciii OOBEKT COAEPKUT JHensmmecs HYKIHIbI, HO HE TMPEICTaBIsIET CO00M
KPUTUYECKHI PEaKTOp, TO IOCIE PO3BITPHIIIA BCEX HEHTPOHOB, MCIYIIEHHBIX W3 BHEIIHErO
UCTOYHHKA (HEUTPOHOB NEPBOT0 MOKOJICHHS ), pa3bIrPhIBAIOTCS TPAEKTOPUH HEUTPOHOB JETICHHUS,
UCTOJb3Ysl JaHHbIEC, HAKOIUIEHHBIE B YIOMSHYTOM BbIlIE OaHKe JieJIeHUil (HEMTPOHBI BTOPOTO

nokonenus). [ockonbky 77,(E) >1u3 Kaxmoil 3aperucTpupoBaHHON B OaHKE TOUKH JEJIEHUs
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UCIyCKaeTcs HECKOJIbKO HEWTPOHOB — N0 TeX MOp, MoKa He OyaeT HaOpaHO 3a/laHHOE YHUCIIO
HEHUTPOHOB B IIOKOJICHHUH.

Ecin okazanoch, 4TO paccuuThiBacMasi KOHCTPYKLHS pEaKTopa HAAKPUTHUYHA, YUCIIO
HEHTPOHOB, HCIYCKAEMBIX M3 TOYEK JICICHUS, 3aperucTpUpOBaHHBIX B OaHke, Oyner
HEOrpaHUYEHHO BO3pACTaTh OT MOKOJIEHUS K MOKOJIeHHI0. OIHaKO OTHOIIEHHE YK CIa HEUTPOHOB
B TIOKOJICHUH K YHCITy HEHTPOHOB B IPEIBITyIIEM MOKOJICHUH — KOod(huLineHT pazMuoxkenus k>1
yepe3 HECKOJIbKO OKOJIeHUH ctabunusupyercs. st onpeneneHuss KpUTUYECKO KOHGUTYypaluu,
TpeOyeTcsi BHECTH B KOHCTPYKIHMIO pPeaKTOpa M3MEHEHHUE, CHUXKAIOIIee PeaKTUBHOCTh. Tak ke
Clle[lyeT TMOCTyMaTh, €CIM peakTop okasaiucs mnoakputhuueckuM: K<1l. B asrtom ciydae B
KOHCTPYKLIMIO PEaKTOpa CIeAYyeT BHECTH U3MEHEHHE, TOBBILIAIOIIEE PEAKTUBHOCTbD.

Koneuno, omnpenenéHHoe B TOKOJEHHM YHCIO JCICHUHA UMEET ONPENCIEHHYIO

CTATHCTHYECKYIO IIOTPEIIHOCTD, OTHOCUTE bHASI BEIMYMHA KOTOPO# paBHa, mpuMepHo 1/ JIN ,Tae
N — 4ncio pasbIrphIBA€MBIX B MOKOJCHUM TpaeKTopuid. Takum oOpa3om, MpH pO3BITPHINIE CTA
MWIIHOHOB TPACKTOPHH IMOTPEIIHOCTh PACCUUTAHHOTO KOX(PHUIMEHTa pa3MHOKEHHS Oyaer
coctaBysaTh pumepHo 0,01%, 9To CyIeCTBEHHO MEHBIIE JOJIM 3ama3/bIBAIOUX HEHTPOHOB.
Cromb BBICOKasi TOUHOCTH pacy€ra TpeOyeTcs TOIBKO P pacyére 04eHb OJIN3KUX K KpUTUIHOCTH
KOH(UTypaIMii, KOrja pacCUYUTHIBAIOTCA Pa3sHOCTH B Kspp, OOYCIOBICHHBIC HEOOJBIIMMU
M3MEHEHUSIMHU KOH(pUTypauu (peaKTUBHOCTH ) WIIH, HAIPUMED, TP pacuéte Popp — 3P dHekTuBHON
JIOJIA 3ara3jbIBAlONIMX HEUTPOHOB, T.e. OOYCIOBICHHOTO MMH BKIana B Kope. Jis pemienus
33724 TIOBBIIICHUS TOYHOCTH pacyéra MalibIX H3MEHEHUH Kspy OOBIYHO MPH PO3BITPHIIIE
HEUTPOHHBIX TPAEKTOPUI OLIEHUBAETCS €€ «BECY», T.€. BEPOATHOCTH TOTO, YTO 3TA TPACKTOPHUS
Moria Obl peau30BaThcs B I3MEHEHHOM peakTope (T.€. eciii Obl TeMIepaTypa TOIINBa Obla Obl
YyTh TMOBBIIIEC WK €CIM OBl MCIYUICHHBIM HEWTPOH JEeNICHUs MPHHAJISKAT 3aJaHHOM TpyIie
3amna3/bIBalOLINX HEUTPOHOB). PasHOCTh MEXKIY Kopg VTSI OCHOBHOTO COCTOSIHHS PEeakTopa U Kogg,
OLIEHEHHOT'O C «BECOM» BHECEHHOIO M3MEHEHMs (BO3MYILICHMS) U SBISAETCS OLEHKOW MCKOMOMN
peakTUBHOCTHU. [IorpenHocTh 3TOM OLIEHKH OyIET 3aBUCETh OT TOT'0, KaKas 10JIs pa3bIrphIBAEMbIX
TPaeKTOPUI MOYYBCTBYET BHECEHHOE BO3MYILIEHHE. TPpaeKTOpUU HEHTPOHOB BEICOKUX SHEPTHUil He
MOYYBCTBYIOT U3MEHEHHUS JIOJIM 3aI1a3/IbIBAIOLINX HEUTPOHOB U MOIPEIIHOCTh pacuéta Py OyaeT
BBIIIE MOTPEITHOCTH Kspy. OIEHHTH PEaKTUBHOCTH BO3MYIICHHUSI MAloro o0bEMa, B KOTOPBIN
pa3bIrpbIBacMbIe TPAEKTOPUH 3AJIETAIOT PENKO, ellé TPyAHEe, HO U TYT UMEIOTCS CTeHaIbHbIC
BBIYHCIIUTENbHBIE TPUEMBI. OHAKO, B JIFOOOM citydae pacu€Tbl MeTogoM MonTe-Kapiio sBisitores
BECbMA TPYAOEMKUMU.

1.6.3 Bolme He ynmoMuHanoch 00 OIEHKE (DYHKIIMOHAIOB HEUTPOHHOIO MOTOKa IpH
pacu€rax merogom Monrte-Kapio (He cuutas oneHKd Kopp U Pogpp). Eciam paccunmThiBaeMblit

dynxumonan umeer «iapo» Q;(F,E), mpomopumonansHoe cedenuro Kakoro-nmibo HykKmuia
(HanpuMep, HapaGOTKa IUTyTOHMS B pe3ynbTaTe 3axBaTa HeiiTpoHoB B UZ®) 3mauenme
(GyHKIIMOHATMa OLEHMBAIOTCS B TIpOLECCEe PO3BITphIIa TpaekTopuid. CyMMHUPYIOTCS Cllydyau
nornomenus Heiitponos B U2 yMHOXeHHBIE Ha OTHOLIGHHE CEYEHMs 3aXBaTa K CEYEHHIO
MOTJIOUIEHUS]; 3Ta CyMMa, AeN€HHAas Ha CyMMapHOE YMCio AelieHuH, onpenenser Kodhduiunuent
BOCHpOM3BOZCTBA snepHoro TommuBa. Ecnm Q,(F,E) 3aBucut oT sHeprum mimaBHO (1030BbIE
(bakTophl, HAPUMED), TO PYHKITMOHAT MOKHO BBIYUCIUTH ITOCJIE TOTO, KaK OyeT U3BECTEH IMOTOK
U3IIy4eHus: (B paccMaTpUBaeMOM cCiiydae — HEWTpoHOB). [Ipum »STOM 3HaHWE ACTAIBHOU
3aBHCHUMOCTH TIOTOKa HEHTPOHOB OT HEPruM He TpedyeTcs (a U OLEHUTh ATy 3aBHUCHUMOCTH B
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pacuérax Merogom Monrte-Kapmo mnpoGnematndno). IloTok HEHTPOHOB OIEHUBAEeTCS B
IPYNIIOBOM MPUOIMKEHUN — YUUTHIBAIOTCS TOTOKH HEMTPOHOB, JIeXKaIllue B Ipeenax 3aJaHHbIX
SHEPreTUUECKUX UHTEPBAJIOB. J{J151 OLIEHKHM IOTOKOB B 30HaX PEaKTOPA UCIIONIb3YOTCSI OOBIUHO TPU
METO/Ia: OLIEHKA I10 MOIJIOMIEHUAM (YUCIIO MOTJIOUIEHUM HEMTPOHOB TaHHOW IPYIIIbI AETUTCS Ha
MaKpOCKOIIMYECKOE CEYEHUE TOIJIONIEHNUS); OLIEHKA 110 CTOJKHOBEHUSM (YHCJIO CTOJKHOBEHUH,
JIENTUTCSI HA MAKPOCKOIIMYECKOE MOJIHOE CEYEHHE) U OLIeHKa 110 mpoberaM (cyMma AjauH npodera
HEUTPOHOB paccMaTpHUBAaEMOMN I'PYMIIbI JEIUTCS Ha MAaKPOCKOIMMYECKOE MOJHOE cedeHue). Takum
00pa3oM, Ui OLIEHKH OTOKOB HUKAKUX JOMOJHHUTEIbHBIX SACPHBIX JaHHBIX HE TpeOyeTcs..

1.6.4. Baxnoii 3amaueil sBIAETCS PpacuéT SHEPrOBBIICICHUSA. DHEPIus 3apsHKEHHBIX
IPOJYKTOB JIENEHHUs (Sep OTAAaYH, IPOAYKTOB JEJICHUS) BbIIEISIETCS IPAKTUYECKU B TOM TOUKE,
B KOTOpPO# Mpou3onuia peakuus. Ta 4acTb SHEPrHH, KOTOpask YHOCUTCS 0Opa30BaHHBIMU TPU
peakuy raMMa-KBaHTaMU, BbIAEIAETCS MMU HA PACCTOSIHUU OT TOUYKHU PEaKLUU NOpsiaKa CpeiHen
JuinHBl Tpobera. Eciau 3THUM «pacTekaHueM» BBIJCIAEMONW SHEPrUU MOXKHO IpeHeOpeub,
SHEProOBBIJICIEHUE MOXET ObITh OLIEHEHO B IPOLIECCE PO3BIPhIIA HEHTPOHHBIX TPAEKTOPHUIL.
OpnHako, HampuMep, B OBICTPBIX PEAKTOPaxX CO CBUHIIOBBIM TEIJIOHOCUTENIEM 3aMETHas 4acTh
SHEPIUH, BBLIEISIEMON B HEUTPOHHBIX PEAKLIUAX, BBIIEISETCS FaMMa-KBaHTaMU HEITOCPEICTBEHHO
B TEIUIOHOCHUTEJIE, & HE IEPEHOCUTCS UePe3 CTEHKHU TEIUIOBBLACIIAIOIINX 3J1€MEHTOB. UTOOBI yuecTh
3TOoT 3(dexT mnpu pacu€rax dHeproveieneHuss MetogoM Monte Kapno mnpm  kaxaom
CTOJIKHOBEHUH, CONPOBOXKJAIOLIMMCS HCIIyCKAHHEM I'aMMa-KBAaHTOB, PO3BIIPHIII HEHTPOHHOU
TPAeKTOPHUH CIEAYET MPEKPATUTh, PACCMOTPETHh TPACKTOPUH BCEX MUCIYIIEHHBIX T'aMMa-KBaHTOB
(Ipy 3TOM OLIEHUBAsl SHEPrOBbIIEIECHUE, 00YCIOBIEHHOE MX B3aMMOJICHCTBHEM CO cpeoil) u
TOJIbKO IIOCJI€ 3TOI'0 BEPHYTHCSA K PO3BIIPHILIY NPEPBAHHOM HEUTPOHHOW TpaekTopuM (eciu
raMMa-KBaHTbl OOpa30BajJMCh B IPOLIECCE HENPYIOro paccesHus) WM K PACCMOTPEHUIO
TPACKTOPUU OYEPEIHOrO0 HEWUTpOHA JAeneHus. MOXHO, pasyMeeTcs, NpPOCTO 3allOMHHATH
KOOpJMHATHI TOUYEK NCITyCKaHUs raMMa-KBaHTOB, UX YHEPIMU U MHTEHCUBHOCTH U pacCMaTpUBaTh
UX TPACKTOPHUH TIIOCJIE 3aBEPIICHUS OJHOM WJIM HECKOJBKAX HEUTPOHHBIX TPAaeKTOPHUI.
Pasymeercsi, yuér mepeHoca SHEpruM raMMa-KBaHTaMU HECKOJIBKO OOpEeMEHSET NpOoLeaypy
PO3BITPhIIIa HEUTPOHHBIX TPAEKTOPUNA HECMOTPS Ha TO, YTO CEUEHHS B3aHMMOJCHCTBHS ramma-
U3ITyYEHUs ¢ BEUIECTBOM — (QYHKIIMU HECPABHEHHO OoJiee IMIaBHbIEe, YeM HEUTPOHHBIE CEUEHUS U
JUIS MX OINMCAHMS BIIOJHE MOYKET MCIOJIb30BATHCS MHOTOTPYIIIOBOE MPHUOIMKEHUE — ONMCAHHUE
DHEPreTUYECKUX 3aBUCUMOCTEH THUCTOrpaMMaMM C 3aJaHHBIMU TPAaHUIAMH DHEPreTHYECKHUX
MHTEPBAJIOB. B 4YacTHOCTH, B JaHHOM CIPAaBOYHHMKE MPUBOIATCS KOHCTAHTBI, MO3BOJIIOIINE
OMHUcaTh 3aBUCUMOCTH CEYEHUH raMMa-KBaHTOB B 127-rpynnoBoM NpUOIMKEHHH.

1.6.5. MHororpynmnoBoe MpUOIIIKEHUE MOXET OBITh WCIOJB30BAHO W JUISI OMUCAHUS
HeUTpoHHBIX moje. Ock sHepruil (0ObIYHO B JIOTapU(PMHUUECKOM MaciiTade) NenuTcs Ha
MHOXECTBO 4acTeil. HeHTpOoHBI, SHEPIMM KOTOPBIX JIEKAT B IMpEAENIax ONPEACIEHHONW YacTH,
00pa3yloT Tpymily, 4ieHaM KOTOPOM IpPUIIMCBHIBAIOTCS OJIMHAKOBBIE — CpEIHE-TPYIIOBbIE —
CEYEHUs B3aUMOJECICTBUS C AIpaMH.

CpCIlHe-l"pyrIHOBBIC HCﬁTpOHHBIe CCUCHUS OIPCACIIAIOTCS HYTéM YCPCAHCHHUA IO CIICKTPY

g1 g1

HEWTPOHOB BHYTPH PACCMATPMBAEMOMW TPYIIBL: O, = IU(E)&)(E)dE I&)(E)dE. 3necy o -
E E

9 9

moboe yepenusemoe ceuenne, ®(E) - cnekrp ycpenHenus, 3aBejoMO HEW3BECTHBINH. [ ero
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OLICHKM MOXXHO TIPHHATH TPEX-TPYNIIOBOE NPHONMKEHHE, KOTOPOE MPHUMEHSIOCh B (HU3UKE
peaktopoB eni€ B 50-x rogax 20 Beka: B 00J1aCTH OBICTPBIX HEHTPOHOB (CLIOCOOHBIX IENUTH YpaH-

238) mpunumaercs crnekrp HeiirpoHoB aenenus D(E) ~ Const*exp(—E)sinh V2E - croekrp
VYarra; npu 60Jiee HU3KHX SHEPIHSX — CIIEKTP HEHTPOHOB, 3aMEUIAIOIINXCS B HEMOTJIOIIAOIIEH

cpene — criektp Depmu: E)(E) ~ Const/~+/E ; B 0611acTH TEIUIOBbIX sHepruii (amxe 0.2 — 0.13B) —

ciektp MakcBea: &D(E) ~ Const*VE exp(-E/KT) (mpu xomuathoii Temmepatype kT~0.025

3B). IIpu noctato4yHo OONBLIOM YKCIIE TPYIII 3TO NPUOIMKEHHE (UCIIOIb30BaHKE “CTaHIaPTHOTO
CIEKTpa») MPUEMIIEMO U celyac NP YCIOBHUHU, YTO CEUEHUE IJIABHO 3aBUCUT OT SHEPTUH.

OTO yCIIOBHE, OHAKO, COOMIOAETCS TOIBKO B OOJIACTH BBICOKMX SHEPIHii, BOOOIIE XKe
DHEPreTHYECKast 3aBUCUMOCTh HEUTPOHHBIX CEUCHUH OOJIBITUHCTBA 1P YPE3BBIYANHO CII0KHA U
JUTSI TOTOYEYHOTO OMTUCAHMS ATHX 3aBUCHMOCTEHN TPEOYIOTCSI COTHU THICSY YHEPTETHYECKHUX TOUYCK,
TaK 4TO €CJIM JaXKE YHUCIIO TPYII JOBECTU JO HECKOJIBKHUX ThHICSY, CEYEHUS B MPEIEIIaX MHOTHUX U3

HHUX OyJyT MEHATHCS Ha TOPSAAKU U MPEUIOKUTh YHUBEPCAIbHBIM HenpepbiBHbIA criekTp D(E)

HEeBO3MOKHO. O XapakTepe 3aBUCHUMOCTH HEUTPOHHBIX CEYCHHUI OT SHEPTHMH MOXKHO CYAWTH I10
puc. 1, Ha KOTOpPOM IpPHUBEJAEHA YHEPreTUYECKasl 3aBUCUMOCTb IOJIHOIO0 CEYEHHUs MPUPOJIHOIO
kene3a npu sHeprusx Beiue 0,5 MsB. Cnemyer ormeruts, yTo mpu sHeprusx 3 — 5 M»sB
CTPYKTypa MOJIHOTO CeYeHHs emIE coKHee n300pakeHHOM Ha pUCYHKE, T.K. HE BCE PE30HAHCHbBIE
BCIUIECKH CEUEHUH YNanoCh IKCIEPUMEHTaJIbHO pa3pewmuTh. Beime 5 MdB nexur obnactb
Hepa3penIeHHBIX PE30HAHCOB, CTPYKTYpa CEYCHUN B KOTOPOH HE MEHEE CII0XKHA, YeM B 00J1acTH 4
— 5 M»B, HO AeTanbHO HE M3BECTHA.

MonHoe ceyeHune NPUPOAHOro XKenesa 8 MonHoe ceuyeHue NPpUpPoOAHOro Xene3a
18
16 7 |
1
14 L 6
o
T 12 4 ll.ll |||“ |
~ 10 1
1 : e
@ e @3 !
S 6 J 8
© 2
4 1
2 | 1
0 . h . , 0 T T T T
05 06 0,7 038 09 1,0 1 2 3 4 5 6
SHeprus, MaB AHeprusa, MaB

Puc.1. IlonHOE cedyeHre npupoaHOTO Kene3a

1.6.6. [IpubmmkenHas orieHKa pOpMBI CIIeKTpa HEUTPOHOB, HEOOXOAUMAS IS yCPETHEHHS
HEUTPOHHBIX CEUYEHUH MO0 TPYINIOBBIM MHTEpPBAJIaM »JSHEPruHU, BBINOIHIETCS MCXOAS HX
cienyoumx cooOpaxkeHuid. IloTok HEHTpPOHOB OyAeM CUMTaTh HE3aBUCSIIMM OT BPEMEHHU
(cranoHapHas 3aaaya). Bynem cumrtaTh, YTO HpPOCTpaHCTBEHHas 00JAcTh, 3aHUMaeMas
paccMaTpuBaeMoOi Cpeoi, HAMHOTO OOJIbIlle JUIMHBI CBOOOAHOrO mpobera u B mpejenax 3Tou
00JIaCTH MCKOMBIH BHYTPUTPYIIIOBOM CIIEKTP HE 3aBHCUT OT KoopauHaT. Torna ypaBuenue (1.4)
pUOOPETET BUA

Imax (752)

O(Q,E) = J.exp[—lk*Zpi’kai(E)]*S(l,fZ,E)dI (1.11)
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HcTrouHnrkoM HEHTPOHOB ¢ dHEpTHEH E MoryT ObITh HEHTPOHBI ACTIEHHUS, CTIEKTP KOTOPBIX
o0nasaeT MIaBHOW JYHEPTeTHYECKON 3aBHCHUMOCTBIO UM HEHTPOHBI, pacCcesiHHbIE MpH Oolee
BBICOKHMX 3HEpIusx. MICTOUHUK pacCEesHHbIX HEUTPOHOB OT PHEPrUM 3aBUCHUT JOBOJIBHO IUIABHO,
T.K. @€ €CJIM €AMHCTBEHHBIM THUIIOM PAacCEsHHUs SIBISETCS YIPYroe paccesHue, MHTErpai Io
HaYaTbHOM SHepruu 6epéTcs Mo MHTepBaTy mupuHOi E*4A/(A+1)? (114 xenes3a 3TOT MHTEpBa
COCTaBIIsIeT, MPUMEPHO,7% OT SHEPruu HEUTPOHA, T.€. MHOrO OOJbIIE IIUPUH PE30HAHCHBIX
0COOCHHOCTEH B XOJIe CEYCHUH, M300paKeHHBIX Ha pHc.l). MTak, OLEHKY CTPYKTYphI CIIEKTpa
HEUTPOHOB MPOBENIEM B MPEANOIOKEHUH, YTO HEUTPOHBI, OMAIAI0ONINE B PE30HAHCHYIO 00J1aCTh,
IUTABHO pacrpezenieHsl 1mo sHepruu. lIpeneOpexem H YIJIOBOM 3aBUCMMOCTBIO HCTOYHHKA
paccesiHHbIX HEUTPOHOB, KOTOPAsl, €CIIM U UMEETCSl, OT JHEPIMH PACCESTHHBIX HEUTPOHOB 3aBUCUT
wiaBHo. Takum oOpa3zom, B Gopmyse Il IUIOTHOCTH IMOTOKAa HEHTPOHOB COXPAHWIIACH JIHIIb

KOOpAWHATHASL 3aBUCHMOCTh ucTouHmKa S(F —X(),E), ycpeqHEHHOro MO BCeM DHEPrHAM H
HaHpaBJIeHI/ISIM JBUKCHUA HepBI/I‘IHbIX HeﬁTpOHOBI
Xmax(_ﬁ) _
o, Q,E)=  [P(E,T,T - x)*S(7 —Qx, E)dx (1.12)
0

I[J'I}I YOpOLICHUA 3ada4u OLCHKU CIICKTpa HCﬁTpOHOB, IIPOUHTCIPUPOBAHHOTO II0 BCEM
HallpaBJICHUAM Q HpI/I6J'II/I)KeHHO peaACTaBuM IMPOCTPAHCTBECHHYIO 3aBUCUMOCTH IIOTOKA B
OKPCECTHOCTH paCCManHBaeMOﬁ TOYKH I B HaIpaBJICHUHA QB BUJC

dS(F,E)

S(F —Qx,E) ~ S(F, E) + Ox (1.13)

[ToncraBuB 310 BhIpakeHue B ¢opmyny (1.12) u nmpouHTErpupoBaB MO BCEM HANpPaBICHUSM,

[oJIy4aeM
X max (-©2)
@, (F,E) = j @, (F,Q, E)dQ = j exp(—x=, (E)) * S(F, E)dx = S(F, E) /=, (E) (1.14)

(ecru paccTosHUE 10 TPaHUIB X, () MHOro Goblle AIMHBI CBOOOJHOTO Mpodera). Takum

o0pa3oM, YCpeOHEHHBIH [0 BCEM HANpaBICHUSM HEHUTPOHHBIH IOTOK HMMEET CTPYKTYpY,
00paTHYI0 MaKpOCKOIUYECKOMY IOJHOMY CEYEHHUIO, T.e. IPU TeX IHEPrusx, NMpH KOTOPBIX B
IIOJTHOM CEYEHHM HaOJI0JA0TCs PE30HAHCHBbIE MHKH, B HEUTPOHHOM MOTOKE HMEIOT MECTO
npoBaibl. [10ckoIbKY ceueHMs MOITIOIIEHUS U IEJIEHHs COCPEAOTOUYEHbl HMEHHO B INHKaX, 1a U
CeueHHe paccessHUs B Pe30HAHCAaX PEe3KO BO3PACTAaeT, YCPEJHEHUE CEYEHUN C BECOM, OOpaTHBIM
MIOJIHOMY MaKpPOCKOIIMYECKOMY CEUEHUIO, IPUBOANT K YMEHBIIEHUIO YCPENHEHHBIX CEUEHUN TI0
CPAaBHEHHIO C PE3YyJbTATOM YCPEIHEHHMEM II0 IPYIIE C BECOM ILIABHO 3aBUCALIETO OT JHEPIUU
CTaHJAapPTHOrO CIHeKTpa. DTOT 3(P¢eKT HazbBalOT 3PGEKTOM CAMOIKPAHHUPOBKU U B (U3HKE
PEAKTOPOB OH UI'PAET BECbMa OOJIBLIYIO POJIb.

3aMeTUM Temnepb, YTO IMOCKOJIbKY MCTOYHHK HEHUTPOHOB 3aBHUCUT OT HAalpaBiCHHS, OT
HampaBieHusi Oy/JeT 3aBUCETh M CTPYKTypa HEUTPOHHOTrO MOToKa. BriGepem, Hampumep,
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5 dS(f,E
HaHpaBJ'IeHI/Ie rpazmeHTa II0OTOKa HCI/ITpOHOB, B KOTOpOM % MaKCHUMAJIbHO. HJ’IH IIOTOKa
X
HEHUTPOHOB B 3TOM HAIIPaBJICHUU II0JIyYUM OLICHKY

O(F,Q, E)=S(F,E)/Z,(E)- >2(E) (1.15)

dS(r,E)
dx

(3HaK MHHYC YKaSI)IBaCT, qTO B HaHpaBJ’ICHI/II/I, IMPOTHUBOIIOJIO)KHOM BCKTOpy Fpa,Z[I/IeHTa ITIOTOK

HEHUTPOHOB yMeHbmaercs). [Ipu paccMOTpeHMH TPOTHBOMOJOKHOTO HAIpaBlIeHUS 3HAK B

¢opmyite (1.10) u3MeHHUTCS HAa OOPATHBIH, TAK KaK CO CTOPOHBI TpajnenTa, riae uerounuk S(r', E)

WHTCHCHBHEE, B paCCMAaTPUBAEMbIi €MHUYHBIN 00bEM BTEKaeT 0ojblie HeHTpoHOB. [[is Toro,
yTOOBl B MHOTOTPYIIOBBIX pacuéTax y4ecTb YIVIOBYI0 3aBHCHUMOCTb CTPYKTYpbl IOTOKa

HEHTPOHOB yCPEHATH TPYIIIOBbIE KOHCTAHTHI Tpebyercs u ¢ Becom1/ T, (E) u ¢ Becom 1/ X7 (E).

1.6.7. Ilpu pemieHHH ypaBHEHUS MEPEHOCA ICTCPMUHUCTUICCKUMU METOJIAMH UCKOMAast
byukus O(r,Q, E) npepcraBisiercss B TON WIM MHOW ITapaMeTPHUECKOil hopme. 3aBHCHMOCTD

OT DJHEpPrHuHM NpPEJCTABISIECTCA, KaK MpaBUIO, B TPYNIOBOM (T.e. KYCOYHO-IIOCTOSIHHOM)
npUOIMKEHNHU. 3aBUCUMOCTB K€ OT YIJIOBBIX U IPOCTPAHCTBEHHBIX KOOPJMHAT B 3aBUCUMOCTH OT
METO/a TPEACTABISIETCS TO B BUJIC PA3JIOKEHHSI MO M3BECTHBHIM OPTOTOHAIBHBIM (YHKIHAM
(MeTon cdepudyecknx TapMOHHUK), TO B IOTOYEYHOM MPEICTABICHUU (METOJA JUCKPETHBIX
OpAMHAT); HUCHOJB3YeTCS H HEMallo WHBIX mpenacTtaBieHuit. IloacraHoBka BBIOpPAHHOTO
NPEACTABICHUS] B YpaBHEHUE I[I€peHOcCAa IO3BOJISIET IOJYYUTh CUCTEMY YpPAaBHEHHMM s
OmpefieNieHus YUCICHHBIX 3HaueHud mapamerpoB. Kosdduumentsr >TUX  ypaBHEHUM
OTPECNAIOTCS  T€OMETPUYECKUMHU  XapaKTePUCTHUKAMU  pPACCUMTHIBAEMOrOo  O0BEKTa U
MaKpPOKOHCTAHTaMH, 3aBUCALIUMHU OT COCTaBa M HEUTPOHHBIX MAHHBIX. TakuM oOpa3om, s
o0OecrieyeHrs MpOrpamMM peUIeHHs] YpaBHEHHUS IEepeHoca JIETEPMHUHHCTUYECKUMH METOJaMU
HUKAKUX CTHEIUATBHBIX KOHCTAHT TOTOBUTH HE TPEOYETCs: B YPAaBHEHUH JUIsI IEPBOM TapMOHUKH,
UMEIOLIEH CMBIC MOTOKA, YCPEAHEHHOTO [0 BCEM HAIPABJIEHUSAM, UCIIOIb3YETCs IEPBbIN HAOOP

IPYIIIOBBIX KOHCTAHT (YCPEIHEHHBIX 0 CIIEKTPY TOTOKa, T.¢. ¢ Becom 1/ X, (E)); B ypaBHenusx

JUIsL TIepBOM TapMOHUKM — TOKa HEHTPOHOB - MCHONb3yeTCs BTOPOHM Ha0Op KOHCTAaHT
o v 2

(ycpemHEHHBIX TI0 CIIEKTPY TOKa HEUTPOHOB, T.e. ¢ BecoM 1/ X7 (E)).

Opnaxo 310 He Bceraa Tak. [Ipu pacuére peakTOpOB IIMPOKO HCIONB3YETCS sUEEUHOE
MpEJICTaBICHUE NPOCTPAHCTBEHHONW 3aBUCMMOCTU HEHTPOHHOro MoToka. Beck 00bEM peakTopa
pa3buBaeTcss Ha JOCTATOYHO (C IMPAKTHUYECKON TOYKU 3pEHMs) MEJNKUE SUelKH, B Ipenenax
KOTOPBIX MPOCTPAHCTBEHHOW 3aBUCHMOCTHIO IJIOTHOCTH MOTOKa mIpeHeOperaercs. llepereuxa
HENUTPOHOB U3 OJJHOU SYEHKHU B COCEIHIOI IPUHUMAETCS TPONOPLUOHAIIBHON Pa3HOCTH CPEAHUX
MIOTOKOB B 3THX siueiikax. BakHO KOppeKTHO onpeaenuTb Ko3(pPpUIueHT IpornopunoHaIbHOCTH.
OueBUIHO, YTO HanboJIee KOPPEKTHO 3TO MOXKHO CAEaTh, MPEABAPUTEIHHO PACCUUTAB IMOTOKU
HEUTPOHOB BO Bcex sAueikax meronoM Monte-Kapiao a1 HEKoToporo (GpUKCHpPOBaHHOTO
COCTOSTHUSI PEaKTOpa, ONpeAeNuTh KO3 UIUEeHTH TPOMOPLUUOHATBHOCTH U 3aT€M UCIIOIb30BaTh
UX JUIsl pacuéTOB HEUTPOHHBIX MOJIEH B peakTope MpH MHON MOIIHOCTH, IIyOMHE BBHITOPAHUS U
T.n. O TOM, Kak MOXET OBITh YyYTE€Ha yTIJOoBas 3aBUCHMOCTb CEUEHUN IpH BBINOJIHEHUU
MHOTOTPYIIOBBIX pacy€ToB MeTo1oM MoHTe-Kapio Oyner ckazaHo HIKe.
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1.6.8. UToObI MMeTh BO3MOKHOCTh PACCUMTATh MHOTOTPYIIIOBBIE MAaKPOKOHCTAHTHI IS
cpea pasIM4YHOro coCrtaBa MW Ppas3IMYHBIX TCMIICPATYP, HGOGXOI[I/IMO Ha OCHOBE€ HOaHHBIX O
JIETAJIbHOW CTPYKTYpE€ HEUTPOHHBIX CEYEHUU TOTOBUTh M MHUKPOKOHCTAHTBI OTHEIbHBIX
HYKJIM/IOB, YCPEAHEHHBIC Pa3HBIMU Crioco0amu. JTa 3a/ladya perraeTcsi ¢ MOMOIIBI0 (haKTOPOB
CaMOIKPaHUPOBKH (32 pyOe)oM 4acTo Ha3bIBaeMbie (hakTopaMu boHIapeHKO 10 UMEHH TJIABHOTO
aBTOpA MEPBOI CUCTEMBI IPYIIIOBBIX KOHCTAHT, B KOTOPOW OHH OBUIN BBE/ICHBI).

['pynnoBble cedyeHUs HYKIHUIOB O, JOJDKHBI  OBITH  ONpeJeNeHbl TaK YTOOBl IMOJyYUTh

r.g
MMPpaBUJIbHBIC 3HAYCHHA MAKPOCKOIMUYICCKHUX CequHﬁ, T.€. YTOOBI BBIIOJHSIIOCH YCJIOBUC

Z'DJ nO-IJ(E) ij,no-t,j(E)

9 ) g

(1.16)

rgm Zplm |r zplm

31ech | — HOMEp HYKJIH/1a, § — HOMEp IPYIIIbI, [ — CHMBOJI PEaKIUu: =S — ceucHue paccestuust; r=f
— CEUEHHE JIeNIeHUs], [=C — ceueHue 3axBara 0e3 jeieHus, =t — moiHoe ceueHue. YTIOBbIe CKOOKH
03HAYAIOT YCPEIHCHUE TI0 BCEM DHEPTHUSAM TPYIIIBI N C BECOM 3aJ]aHHOTO CTaHAaPTHOTO CIIEKTpa.
Bbruncnenue rpynmnoBbIX MHUKPOKOHCTaHT, BXoasmux B ¢dopmyny (1.16), npoBoautcs
I/ITepaI_II/IOHHO. CHavana Juisi KaKIOT0 HYKIUIA 1 PACCUUTHIBAIOTCS CPEIHErPYyNIOBhIE CEUCHUS

Oirg < Ir(E)> .3aTeM BBIYUCISAIOTCS «CEUYEHUs Pa30aBICHUS» BCEMHU OCTAIbHBIMU O, =
0 0 —
z PinCitg ! p, nOitq- Llocne 3TOro O, o PacCUMTHIBAIOTCA B IPEIINOIOKEHUHU, YTO CEYECHHUs
j#i
—0
OCTAJILHBIX HYKJIUJIOB IIOCTOSAHHBI M PABHBI O, 4
— o, (E) 1 —0

e O_i,t(E)+O_o,i,g Ui,t(E)"*'O_o,i,g g Tibg F00g ( )

0 .
3nech fiy (00 ,) - GakTOP CAMOIKPAHHPOBKH CEYCHNUS PEAKIHH [ Ha HyK/IHJE | B TPyIe § IpH
CeyeHUU pa3baBIEHHUs PaCCMATPUBAEMOTO HYKIIMJA B CPENIE, PABHOM Oy ; . . llocie Toro, kak

(pakTOpBl CaMOIKPAHUPOBKH IS BCEX HYKJIHIOB MOJYYCHBI B TIEPBOM MPUOIMKEHUH, CEUCHHS

pa3baBieHus nepechTLIBaIOTc;I Tak YTO JUIsi BTOPOr0 TNPUONIDKEHHS —IOIydYaeM

Coig Z PinC th f Jot o/ P yo ,tg fo g» TJ€ MCHONB3YIOTCA (aKTOPBl CaMO3KPAHMUPOBKH JUIA
j¢|

CeueHHs pa30aBIICHNsl, HallIECHHOTO B MPEIbIAYIIEM TIPUOIIKEHHH.

[ToCKOIIBKY pe30HAHCHAs CTPYKTYpa CEUECHUI 3aBUCUT OT TEMITEPATYPbI CPEIbI (C pOCTOM
TEMITePaTyphl U3-3a TEIUIOBOTO JABMIKCHHS aTOMOB PE30HAHCHI B CCUCHMSIX B3aHMMOJICHCTBHS C HX
SpaMH  Pa3MBIBAIOTCS), (DAKTOPBI CaMODKPAaHUPOBKHM TaKKE OKA3bIBAIOTCS 3aBHCSIIUMH OT
TEMITePaTypBbL.
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JInst KOPPEeKTHOTO y4éTa TOKOB TpeOyeTcsl M MOATOTOBKA JAHHBIX JJIS pacyéra IOJIHOTO
. 2 1
cedeHns, yepeHEnHoro ¢ Becom 1/X¢, T.e. pakropsr fi; ((0y,,T)) , koTopsie onpenemnsiores Tax,

9TOOBI 00ECTICYHUTh BHITIOJHEHUE YCIIOBUS

_ o, (E) 1

Zi m= pi mGiOr filr (G i ) = pi m = (118)

9 Z mUNne L RS Z ’ [ij,no-t,j(E)]z [ij,no-t,j(E)]z
] 9 ] 9

u3 KoToporo s daktopos fiy (04, T)) momyuatores cooTHOMmEHNS

— ;. (E) 1 —0 g1

Oirg = N =0, fi r (U i ) (119)
" \le (B) oy I ) \[on(E) + 03 T° o e T

Ceuenus pasbaBieHus 1yis 1-ii TApMOHUKU O ; ; PACCYUTBIBAIOTCS UTEPALMOHHO TaK KeE, KaK U

1
O,i.g » HO C MCMIONIb30BAHUEM B HTEPAIUSX (HAKTOPOB fiig(ouaT).

Takum o0pa3zom, HAOOp MAHHBIX IJISi MOJYYCHHS CPEJHETPYNIOBBIX CEUCHHA B PE30HAHCHOMN

o o —0
00J1aCTH SHEPrUH JTOJDKEH COCTOATH U3 TaOJHMIL «HEOJIOKUPOBAHHBIX CEYEHUN» O, o W TaOJIHMII

0 1 o~
axropos camosxpauuposku f,  (oy,,T)) u f, (0, T)), rne oy, ,01, u Ti- HaGopsI ceueHuit

pa30aBieHHsS U TEMIIEPATYP, UISI KOTOPBIX PACCYUTAHBI (PaKTOPHI.

Crporo roopsi, TpeboBasiock Obl paCCUUTHIBATE (PAKTOPHI CAMOIKPAHUPOBKH JJIs1 BTOPOI
u 6osiee BBICOKUX TapMOHHMK IIOTOKA HEUTPOHOB, O/IHAKO, OOBIYHO 00XOAATCS NPUOIINKEHNEM, B
KOTOPOM 3TH (haKTOPbl IPUHUMAIOTCS TEMU K€, YTO U JIJIs IEPBOM rapMOHUKH — TOKa HEMTPOHOB.

IIpu po3bIrphilie HEHTPOHHBIX TPAEKTOPHH BO MHOTOIPYNIIOBOM HPUOIMKEHUU MpU
pacuére JUIMHBI IIpoOera cienyeT UCIOIb30BATh MOJIHBIE CEYEHUs, YCPEIHEHHBIE C BECOM TOKa
HEUTPOHOB, T.K. IMEHHO OHU 00ECIIeUNBaIOT MAaKCUMAJIbHO KOPPEKTHYIO OLIEHKY CpeIHEN ITMHBI
npobera. IIpu pacuére ke BEpOATHOCTEW MPOLECCOB NPHU CTOJKHOBEHUU HEUTPOHA CIEAYEeT
UCIIOJIb30BaTh OTHOILIEHUS 3TUX BEPOSTHOCTEH, OIEHEHHBIX HAa OCHOBE CEYEHUI IpOIIECCOB,
YCPEIHEHHBIX C BECOM MOTOKA, T.€. YCPEIHEHHBIX 110 BCEM HAIPABIEHUSAM, C KOTOPBIX MPHIIETENH
HEUTPOHBL.

1.6.9. AnpTepHaTuBOll MeTOAY (aKTOPOB CAMOIKPAHUPOBKHU SIBISETCS METOH MOATPYIII.
Unest ero cocrout B cienyroomeM. Pa3o0béM paccMaTpuBaeMyro SHEPTeTUYECKYHO TPYMIy Ha
HECKOJIBKO (2,3,...5) HOArPYIIIT U MPUIHMILEM KaKI0W U3 HUX HEKYIO JI0JIIO 8 gk M HEKOE 3HAUCHHE

TIOJIHOTO CEYEHMS Oy ; ) JAHHOTO HyKmmua 1. ITondop ciemyer mpoBecTy TakuM 00pa3oM, 4TOOBI
MOATPYIIOBOE MPUOTIKEHUE TTO3BOIISIIO C MMPUEMIIEMOI TOYHOCTHIO BOCIIPOU3BECTH TPYTIIOBYIO

KPUBYIO IIPOIyCKaHMsl, yCPEAHEHHYO 110 CTAaHJAPTHOMY CIIEKTPY &)(E) :

Tyi(x) = fAEg ®(E) exp[—xo; (E)] dE ~ Y AigkeXp [—X0¢ ;g ] (1.20)

K;
mpH  YCNOBHH, 4TO Y, ‘ajgx = 1. Crenyer ompenenuts W mHapluanbHbIE TOATPYTIIOBEIE

K.
napaMeTpbl, TaKue, uTo ), ° Ajgk Origk = (Ur,i,g ) aXy, Origk = Otigk
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VY 10BNETBOPAIONINE 3TUM YCIOBHSIM MOATPYNIOBBIE MapaMeTpbl 00ecrneyrBalOT COXpaHEHHE

Tyi . .
CpeJIHE-TPYMIOBOTO MOJHOTO CeYeHUs (0 5) = — ﬁ U CPEeIHUX 3HAUYEeHUN OOpaTHBIX CTeneHel

1 k. e
IIOJIHOI'O CCUYCHUA <

(a;'jg / (atg"'fg + Gf)‘jg)_m), T.e. 0o0OecreynBaloT coxpaHeHue (PaKTOPOB CaMOIKPAHUPOBKU MPU
JTOOBIX CeYCHUsX pa3OaBieHus. BakHO, 0JIHAKO, HE TOJBKO TO, YTO MOATPYIIIOBOE OIHCAHHE
CTPYKTYpbl ~ CCUEHHMH TIO3BOJIIET KOMIIAKTHEE NpPEJCTaBUTh JaHHbIe O  (akropax
CaMOAKPaHUPOBKH, HO, TJIABHOE - TO, YTO PacuéT, B KOTOPOM IpyIINa g pa3/ieneHa Ha K; moarpymr,
MO3BOJISICT YUYUTHIBATH PE30HAHCHYIO CAMOIKPAHUPOBKY I-r0 HYKJIMA HE TOJIBKO B MPOTSKCHHOM
cpenme, s KOTOPOH ONpaBAaHO MPUMEHEHHE (PAKTOPOB CAMOIKPAHUPOBKU ((DyHKIUH
NPOIYCKaHUsI MHTETPUPYIOTCS 10 OECKOHEYHOT0 YHCIIa [UTMH CBOOOIHOTO Mpodera), HO U B JIF0OOU
qacTH HeOOJBIION 30HBI, cojepkamied Hykmun | (Hampumep, Pu-239) € pe3oHaHCHBIMH
ceueHusiMH. [IpaBia, eciu 3Ta 30Ha COJCPIKHT JIBa MIIM TPH PE30HAHCHBIX H30TOIOB, ITPH PacUETe
MaKpOKOHCTaHT rpymiy npuaércs pazdousath Ha Ki*Ko mmm na Ki*Ko*Ks moarpymm. Ilpu
BBITIOJTHCHUH PacYETOB CETOYHBIMU METOJIAMH 3TO MOYKET MTOKA3aThCsl 00OPEMEHUTEIBHBIM, HO TIPH
MOJICTTMPOBAHUU TPACKTOpUH B pacuyérax merogaoM MonTte-Kapino ¢ ucnons3oBaHueM
MHUKPOKOHCTAHT HYKJIUIOB 3TO HE TIpodiiemMa.

1.6.10. HUctopuueckas cripaBka. Meroa noarpymnn Obut mpeaioxed B 1961 r. Ha ocHOBe
aHaJIM3a 3aBHCHMOCTH KPHUBBIX MPOIYCKAaHUS HEHUTPOHOB OT TOJIIMHBI MUIIEHH B 0O0JIACTH
HEPa3peUIEHHBIX PE30HAHCOB, YTO MO3BOJIMIIO YUYUTHIBATh BIUSHUE PE3OHAHCHON CTPYKTYPHI Ha
MEPEHOC HEUTPOHOB B 00JACTH, IJI€ U3MEPUTD JIETANBHYIO 3aBUCUMOCTh CEYCHHI OT SHEPTUi He
yZlaeTcst 110 TIPHYMHE HeJOCTaTOYHOTO JKCIepHUMeHTaIbHOro paspemenuss. B 1972 r. s CIIA
HE3aBHCHUMO OBLT MPEUIOKEH «METOJ BEPOSTHOCTHBIX TaOIMI’, OTIHYAIOMMiiCs OT MeToza
MOJTPYIIT TE€M, YTO IS TIOJTyYEHUS TapaMeTPOB, aHAJIOTHYHBIX MTOJIIPYIIITOBBIM, UCIIOJIB30BAHChH
MOTOYEYHbIE HAOOpPHl CEYECHWH, TeHEpUpyeMble W3 CPETHHX PE30HAHCHBIX I1apaMeTpoB B
HEOOJIBIIOM Juamna3zoHe »Hepruid, coaepxkammMm 50-100 pe3oHaHCOB, 00OecTEUUBAIOITUM
aZiekBaTHBIH y4€T 3¢ (dexkToB MHTEepPepeHIMH U TEpeKpbITUs pe3oHaHCOB. CyIIecTBEHHOE
OTJIMYUE ITHX JBYX IOJAXOJO0B COCTOSUIO B TOM, YTO METOJl MOATPYMIN MO3BOJSET YYecTh
PE30HAHCHYIO CTPYKTYpY NIpHU YHCIEe TOATPYNN, HA TMOPAJOK MEHBIIE, YeM METOJ TaOIuIl
BEPOATHOCTEMH, OIarogaps BO3MOKHOCTH ONTUMU3AIINH TIO]T PaKTOPBI CAMOIKPAHUPOBKH (OT 2 10
5 moarpym, BMecto 20-50, momydaeMbIx B TaOIUIIaX BEPOSTHOCTEH). ITO AAaET BO3ZMOXKHOCTH
UCTIOJIB30BaTh TOATPYIIOBBIE MapaMeTphl B JETEPMHHUCTHYECKUX pacdyérax, TpeOYIOmx
MOJTOTOBKH MaKpOCEUEHHUH, BpeMsl MOATOTOBKH KOTOPBIX (PAKTOPHUATBHO 3aBHCHT OT YHCIIA
MOJTPYII, B TO BpeMsI KaK TaOJIHIIbI BEPOSITHOCTEH MOTYT OBITh UCTIOIH30BAHBI TOJIEKO B pacueTax
metooM MonTe-Kapio, HCHonb3ylommux MHKPOCKONUYECKHE CEUCHUSI. Ha ocHoBe
HOJTPYIIOBOr0/BEPOSTHOCTHOTO MOAXO00B MOJICIUPOBAHUS PE3OHAHCHOM CTPYKTYpPBI CEUCHHUN
BIOCJIEJICTBUH OBUTH PA3BUTHI METOIBI PACUETOB MIEPEHOC HEHTPOHOB >® 1 0606IIEHE! Ha 06IACTH

% Bonpapenko U.1.,Hukonaes M.H.,®umunmnos B.B., Atomuas sueprus 11, Ne5, (1961) ¢.335
4 L.B.Levitt. Nucl. Sci. Eng. 49 (1972) 450
® Huxonaes M.H.,Urnatos A.A. Vcaes H.B,Xoxyos B.®., AToMHas SHEprus,
yacTtb I, 29 Nel, (1970) 11-16; wacts II, 30 Ne5, ( 1971) 426-430
®D.E.Cullen Nucl.Sci.Eng. 55 (1974) 387-400
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pa3peléHHBIX PE30HAHCOB IMOCPEICTBOM JOIMOJHEHUS TaOaul] MOArPYNIOBBIX MapaMeTpoB
MaTpHUIlaMU BEPOSITHOCTEW MOATPYIIOBBIX MEPEX0JI0B P PACCESTHUU HA IIUPOKUX PE30HAHCAX
(06OOUIEHHEIME TIOATPYITIOBEIMU TTapameTpamu)’. TlapaaiensHo ¢ NpOrpaMMaMy  pelleHHus
ypaBHEHHUs MEPEHOCa METOJAOM MOJTrPYII, Pa3BUBAINCh W COBEPIICHCTBOBAIMCH METOJbI
MOJIyYEHUs TOATPYIIOBBIX IapaMeTpoB. B dacTHOCTHM, NHpU MOATOTOBKE MOATPYHIOBBIX
napameTpoB s oubauorexku KOJIMBPU ncnons30Banych alropuT™Mbl, OCHOBAaHHBIE Ha METOJIS

MOMEHTOB® 1 parMoHAIBHOM anIpPOKCUMAITUN Padé-11%10

, PeaM30BaHHBIX B MPOLECCUHTOBOU
cucreMe GRUCON. B HacTosimeM CHpaBOYHHMKE TMPUBOJIATCS MOATPYIIIOBBIE IMapaMeTphl,
BBIUMCJICHHBIE C HCIIOJIb30BAHMEM 3THUX alropuTMmoB. [lomyueHHble mapaMeTpbl MO3BOJSIOT C
JIOCTAaTOYHO XOPOIIEH TOYHOCTHIO BOCHPOHM3BOIUTH (DAKTOPHI CAMOIKPAHHPOBKH MPU JIHOOBIX
ceueHmsix pazdasnenusx (Puc.2). Ilonneiii Habop cpaBHEHUS (AKTOPOB C UX MOATPYHIIOBBIMU

annpokcuManusaMu npusogutcs B npunoxenuu ATIIAC.

GRUCON:U238 NG=167 EG= 1.778+3 1.896+3 T= 300.0K GRUCON-PU39 NG=129 BG=1.965+2 1.668+2 T= 300.0K

Self-shielding factors Self-shielding factors
| | | | | |

(]

) =)
@08 0 0.6
hrel e
[!.4-|. WES
I |

] o2

| [ -
I:!'DI T L 1 T T T T e T I:”:ll 1 I I I 1 1 1 I L

1w0® 1w0? ot o0 ' w0 o0t w0t w0t ot 7 0% w? w' w? o w0t ot w7

Dilution cross-section [bam] Dilution cross-section [bam)

Puc.2. BocripousBenenre moArpynmnoBsIMU rapameTpamu (GakTOpOB pe30HAHCHOU
camoakpanupoBku U-238 (cnesa) Pu-239 (cnpasa) B rpynmnoBbIX HHTEpBaJIaX ¢ CUIBHO
BBIPQ)KEHHON PE30HAHCHOM CTPYKTYPOM: CIIJIOUIHbIE TUHUU — JETaJIbHbBIN pacuéT, KPYKKHU —
noArpymnmnosas annpokcuManusi. O6o3Hauenus peakuuit: MT=1 - noiaHoe cedyeHue,

MT=2 — ynpyroe paccessaue, MT=18 - nenenune, MT=101 - nornomenue.

1.6.11 Kak u npu pacuérax (hakTOpOB CaMO’KPAHUPOBKH, IPU HCIOIb30BAHUU METO/a
HOATPYIN OOBIYHO MpPENoaraeTcs, YTo MOTepsl SHEPTUH MPHU YIIPYTOM PACCESHUU MPEBBIIIAET
paccTossHHE MEXIY pEe30HaHCaMM M I03TOMY BEpOSTHOCTb HEWTpPOHY Tpynmsl g,
npUHaUIeKaIIeMy oArpye K u momnasmieMy CHOBa B Ty JKe€ TPYIITy ¢, Tonacth B moarpymimy K'
paBHa ax HE3aBUCHMO OT MCXOaHOU moarpymibl K. [Ipu ncmonb30BaHUU METO/IA MOATPYII IPU
pacuére HEHTPOHHO-(PH3MUYECKUX MapaMeTpOB pPEaKTOPOB Ha TEIUIOBBIX HEWTpPOHAX 3TO
NpuOJIMKEHNE CTAaHOBUTCS HEOIPABIAHHBIM, IMOCKOJBKY TOTEPH DHEPTHH TPH PACCESTHUU
HEUTPOHOB B AJIEKTPOH-BOJIBTHOM 00JIACTH SHEPTHI CTAHOBATCS MEHbBILE HE TOJIBKO PAaCCTOSTHUN

"Te6un B.B.,JOnkesnu M.C., Atromnas sHeprust 59 Ne2 (1985) 96-101

8 Cunnua B.B., Huxomaes M.H., Atomuas sueprus 35 Ne 6 (1973) 429;

® Bagukos C.A., I'aii E.B., Pa6otnos H.C., Cununa B.B., Atomuas sneprus, 60 Nel (1986) 29-34
10 Bapukos C.A., I'aii E.B., Cununa B.B., Atomnas sueprus, 70 Ne2 (1991) 146-150
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MEXJly PE30HAHCAMU, HO IIOPOW ¥ HIMPUH OTAEIbHBIX PE30HAHCOB. Y CTPAHUTH HTOT HEOCTATOK
MIO3BOJISIET BBEACHUE MATPULl BEPOSATHOCTEN MEPEXON0B MexAy mnoarpymnmnamu. «IIpocreimmii
MYTh COCTOUT B TOM, YTOOBI 3Hasl ETAJIBHYIO CTPYKTYpPY CEUCHH B TPYIIE, BEIYUCIUTH CIEKTP
HEHUTPOHOB, UCIBITABIIMX B HEM yIIPYroe pacCessHUE U OCTaBIIMXCS B Ipezenax rpynmsl. [lepen
paccessHUEM HEUTPOHBI MOXKHO CUUTATh PABHOMEPHO PACHPEIEIEHHBIMU MOArpYyIIE, T.K. OHU
IONAAA0T TyJa, IVIaBHBIM 00pa3oM, U3 0osiee BBICOKOIHEPETUYECKUX TPy, B pe3yibTare
paccesHMss Ha sanpax samemurens. [laiee, nnsd cnexkTpa pacCesiHHbIX HEUTPOHOB CIELyET
paccuuTaTh (PYHKIMIO NPOIYCKaHMs, a 3aTeM HOoA00paTh MOJArPYIIOBBIE JOJH, [TO3BOJSAIOLINE
onucaTb 3Ty (DYHKIHUIO C MCIIOJIb30BAaHHMEM HCXOAHBIX HOJATIPYIIOBBIX IOJHBIX cedeHuid. B
COOTBETCTBUHM C 3TUMH JOJSIMH U MOXKHO pacHpeieNiarh Mo moiarpymnnaMm K' paccesHHbe B
HoArpymnnax K HeWTpoHsbI.

1.6.12. Ilpu pacuére CHEeKTPOB B peaKkTOpax Ha TEIUIOBBIX HEUTPOHAX HEOOXOIMMO
YUUTBIBATh, YTO IIPU HU3KUX YHEPTUAX CKOPOCTh HEUTPOHA CTAHOBUTCS] CPABHUMOM CO CKOPOCTBIO
TEIUIOBOI'O JIBUXKEHUS aTOMOB (a, CIeI0BATENIbHO, U UX siep). YUET TEIIOBOIO JBMXKEHUS sJiep
IPUBOUT K U3MEHEHHIO ()OPMBI CLIEKTPA HEUTPOHOB, UCIIBITABIINX YIIPYTO€ pacCesiHue; HEHTPOH,
paccessHHbIN Ha ObICTPO ABIIKYILLEMCS sIpe, MOKET J1aXKe YBEJIMYUTh CBOIO HHEpruto. B cucreme
koHcTaHT KOJIMBPU yuér TemnoBoro IBHXKEHHUS SAEp NMPOU3BOIUTCS MPU DHEPrUSAX HUKE
4.64159 »B (rpynma 227). BepoATHOCTM MEXIPYINIOBbIX IEPEXOJ0B IMPU pPACCESHUH, Kak
NPaBUJIO, BBIYMCICHBI B MPHOIMKEHUH CBOOOTHO ABIDKYIIMXCS aTOMHBIX sifep. VckimodyeHue
COCTaBJISIIOT MaTPULIbl MEXIPYMIOBBIX IEPEXOJ0B IPHU PACCEHUM Ha SApax 3aMelsIuTelieH,
BXOJSIIIMX B COCTaB MOJIEKYJ] WIM KPUCTAUIOB. Tak, HampuMmep, pas3jInyaroTCsi MaTpHIIbI
MEXIPYNIIOBBIX NEPEXOA0B IPH PACCESIHUU HA METAIIIMUECKOM(KPUCTANINYECKOM) OEpUIIUU U
Ha OepWILIMH, BXOJAIIEM B COCTaB OKUCH Oepriuinsa. MaTpullbl MEXTPYIIIOBBIX [1EPEX0JI0B MPU
paccesHUM Ha KHUCIIOpOJE, BXOAALIEM B cocTaB okucu Oepwiuius W B coctaB UO2 Takxke
pa3InyaroTCs.

B pacuérax merogom MoHTe-Kapio BeposSTHOCTH U3MEHEHMS SJHEPTMH NPU PACCESIHUU Ha
CBOOOJHO JABIKYIIMXCS siIpaX MOTYT OBITh ONEPaTHMBHO BBIUMCIEHBI alropuTMHuecku. CBsi3b
A71ep B MOJIEKyJIaX U KpUCTaJIaX Mpu OOJIBIIOM YHUCIIE TPYIIIT MOXKET ObITh YYTEHA B IPYIIIOBOM
NpUOIMKEHUH.

1.6.13. B 3akmrodeHne 3TOro paszena YymoMsSHEM PsiJi NPaKTHYECKH BaKHBIX 3a/ad, JJIs
pelIeHus] KOTOPBIX 3HaHUSI HEHTPOHHBIX U TaMMa-KOHCTAaHT HEJ0CTaTO4HO. B mepByto ouepenp k
HHUM OTHOCSITCS 3a]laua OIEHKH HYKIIHIHOTO COCTaBa oTpadoTasmiero saepHoro tormmaa (OT).
[Tocne Toro, Kak TOIUIMBO B PEaKTOpE OTCIY)XUT CBOW CPOK, OHO OyAeT colepikaTb, Kpome
OCTAaTKOB HEBLII'OPCBHIMX TOIJIMBHBIX H30TOIIOB, IMPOAYKTHI ACJICHUA MW TaK HA3bIBACMbIC
MHWHOPHBIC AKTUHU]BI, O6p330BaBIHI/IeC$I B pE3YIBTATC paJHAllMOHHOI'0 3axBaTa HeﬁTpOHOB
AApaMy OCHOBHBIX TOIINIMBHBIX HM30TOIIOB U O6p330BaBI_HI/IXC$I U3 HUX MHHOPOB. HpI/I pvaéTaX
paaMalMoOHHON 3amMThl TpeOyeTcsl pacrojaratb AaHHBIMH O JOMYCTHMBIX YPOBHSX ITOTOKA
u3nydeHud 3a 3amuToil. [Ipu BHIOOpE KOHCTPYKIMOHHBIX MAaTepUalioB HAJO0 pacrojiararbh
JaHHBIMHU 00 MX paJIMallMOHHON CTOMKOCTH.
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1.7. HorpemHocTH s/1ePHbIX JAHHBIX

CrpaBouHble JaHHBIE MPUHITO COMPOBOXKAATH MOTPEIIHOCTSIMH MPUBOJUMBIX YHCIIOBBIX
3HayeHnil. OOOCHOBaHHbBIE MOTPEIIHOCTH, ONPEEIEHHbIE IO pa30pocy pe3ybTaTOB MHOXKECTBA
UX U3MEPEHUN, MOTJIH Obl ObITh MPUBEIEHBI ISl XapaKTEPUCTUK PaJAMOAaKTUBHOTO paciaja sijep.
OpnHako, MOTPEIIHOCTH pE3yJbTaTOB pacyéra XapaKTepUCTHUK PEaKTOPOB M 3allUThl OT
MOTPEIIHOCTEH ATUX XapaKTEPUCTHK 3aBUCAT JIOCTATOYHO CJIab0: OCHOBHOM BKJIaJg B
MOTPEIIHOCTH THX PE3YJIbTATOB BHOCST MOTPEIIHOCTH B HEUTPOHHBIX NaHHBIX. B Onbnmorekax
OIICHCHHBIX HEUTPOHHBIX JAHHBIX OIICHKHU MOTPEUTHOCTEH 3TUX JAaHHBIX MPUBOMAATCS, OJHAKO, B
OTJIMYHUE OT MEPHOJOB MOJIypaclaaa WiIH BEPOATHOCTEH THMNa pacrajga, OCHOBHbIC HEUTPOHHBIC
JAaHHbIE — CEYCHUSI PEaKLIUN — ABJSIOTCS QYHKIUSMHU SHEPTUU U MOTPEIIHOCTh CEYSHUSI peaKluu
r JUId HYKJIUAa 1 Ipu 3Hepruu E MoxkeT KoppenupoBaTh C MOTPELIHOCTHIO 3TOrO CEYSHHs IpU
mo0oit npyroit sHeprum. I[lorpemHoCTH OIEHEHHBIX 3HAYCHWH HEHWTPOHHBIX CEUEHUH ITOU
BO3MOXXHOCTBIO HTUPOKO MOJIB3YIOTCS: B OOJBIIMHCTBE SKCIIEPUMEHTOB U3MEPSIOTCS OTHOIIECHUS
ceueHuil. bonee Toro, M3mMepsieMbIMU BETMIMHAME, KaK IIPABUJIO, SIBISIFOTCS OTHOILICHUS CCUSHHH
pasHbIX HyknunoB. Takum oGpaszom, norpemnoctu 60, ; (E,) mana Bcex R peakuwmii I, Beex |
u30TOIOB I, mpu Bcex N sHeprusix (WiIu TpyI) n ONpeAessieTess CAMMETPUYHON KOBapUAIMOHHOU
Martpuuei  pasmeproctbio (R*I*N)?  muaroHanb KOTOPOH COIEpPKUT MUCIIEPCHH CEUCHMIA
drin=<62(r,i,(E,)) > , a BHEMArOHANIbHBIE DIEMEHTHI COEPkKAT KOI(PPUIIMEHTHI KOPPEISIIUH

MEXOY HNOIPCIIHOCTAMU
_<80(r,i,(En)) +8a(r i, (En")) >
Cr,i,n,r’,i’,n’— (121)
Varin*dyrin

3/1ech yIiIoBbIE CKOOKM O3HAYAIOT YCPEAHEHHUE MO BCEM BO3MOXKHBIM CIyYalHBIM OTKJIOHEHHUSM

OT cpenHero 3HaueHus. HecMoTps Ha 4pe3BbIYalHYIO TI'DPOMO3IKOCTb XapaKTEPUCTHK
HOTPEIIHOCTe HEUTPOHHBIX CEeUeHH OMONIMOTEKH OLIEHEHHBIX MJAHHBIX COMPOBOXKIAIOTCS
KOBapUallMOHHBIMU JaHHBIMH, KOTOpPble MOTYT OBbITH NpeoOpa3oBaHbl B IPYNIOBYIO (GOpMy
cucreMamMu nepepaboTku. CpaBHEHHE HE3aBHCHUMBIX OLEHOK IOTPEIIHOCTEHl HEeWTPOHHBIX
CEUYEHUN NEMOHCTPHUPYET NMPUEMIIEMOE COorJlacue 3TUX oleHok. [Ipobnema, ogHako, B TOM, 4TO
HE3aBHCHUMBIE OLIEHKH CEUEHUH pa3InyaroTCs MHOTO OOJIbIIE, YEM 3TO JOJKHO ObUIO OBITh HCXOS
13 KOBapUALlMOHHBIX JAHHBIX.

B xauectBe mpumepa npuBenEM CpPaBHEHHME IMOTPEIIHOCTEH W PACXOXKICHHM MEXIy
OLICHEHHBIMH JaHHBIMM i TUTyTOHMs-239. IlorpemmHocTs 4YMciaa BTOPUYHBIX HEUTPOHOB
JIEJIEHUs, COIJIACHO OLICHKaM, BApbUPYETCS B 3aBUCUMOCTHU OT 3Hepruu ot npumepHo 0,2% npu
HU3KHUX dHeprusax 1o 0,5% npu sHeprun Heckonbko MaB. MakcumalbHbIe pacX0XKICHUS MEXIY
paccMOTpPEeHHbIMM OlLleHKaMu B 2 -3 pa3a Oosbiie (Puc.3). PacxoxaeHus B OLEHKaxX CeueHHs
JIeJICHUS TP BBICOKMX DHEPIrUSAX BJBOE INPEBBIMIAIOT OLICHKU IIOIPELIHOCTEH, a B JJIEKTPOH-
BOJIBTHOH 00J1acTu paznuyust Ha nopsAaok Boiie (Puc.4). TakoBbl ke pacxokIeHUs U ISl CEUeHUN
3axBata (Puc.5). M3noxxeHHoe mMoOsCHSAET, MOYEMY aBTOPHI CIIPAaBOYHUKA HE B3sUIM Ha ce0s
OTBETCTBEHHOCTh 32 PEKOMEHJIAIMI0 TOW WJIM WHOW KOBAapUAIMOHHOW MATPHUIIBI C UETbIO €€
WCIIOJIB30BAaHUs JUISI OLEHKHM ITOIPEHIHOCTEM pacd€THBIX pe3yibpTaToB. boiee peamucTtuyHas
OlLIEHKAa KOHCTaHTHOW COCTAaBISIOIIEH pacu€THOW MOTPEIIHOCTH MOXKET ObITh MOJy4YeHa MyTEM
CpaBHEHHs Pe3yJIbTaTOB Pacu€ToOB IO Pa3IUYHBIM Oojiee MM MEHEE HE3aBUCHUMBIM OIIEHKaM
HEUTPOHHBIX JAHHBIX, WCIOJb30BAHHBIX i (POPMUPOBAHUS IPEJICTABICHHBIX B HACTOSIIEM
cnpaBoynuke 6udnnorexk KOJIMBPU.
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Puc.5. Tlorpemnoctu ceuenus 3axsara Pu-239 (%)

Wmerommuiicss ONMBIT TOKa3bIBaeT, 4ro pasnuuus B k-eff, paccuMTaHHBIX MO NMEPEYHCICHHBIM
CHUCTEMaM KOHCTaHT, OT OSKCIePUMEHTAJbHBIX JaHHBIX, KaK MPaBUJIO, CPaBHUMBI C
MOTPEIIHOCTSMHU, MPHUITMCAHHBIM 3TUM JaHHBIM. B pacu€rax ko3QPHUIMEHTOB pEaKTHBHOCTH,
K03 PHUIIMEHTOB BOCIIPOU3BOJICTBA PA3JIUYUUSI MOTYT OBITh CYIIIECTBEHHEE U OI[EHKA IMOTPEITHOCTH
pe3yIbTaTOB pacuéTa Ha OCHOBE X pa30poca akTyasbHee.

32



2. BUBJIMOTEKU KOJIUBPU

2.1. CtpykTypa paszaeia «COLIBRY»

Paznen COLIBRY copepxut nsate aupekropuit ¢ 6udimnorek KOJIMBPU (nupexropun
0-ro ypoBHsI), Ha3BaHHsI KOTOPBIX COOTBETCTBYIOT OMOIIMOTEKaM OILICHEHHBIX JAHHBIX, H3 KOTOPBIX
ROSFOND-2010, ENDFB8_0 <=

OHHU IIOJIYYCHBHI.

ROSFOND10 <=

JEFF3_3 <= JEFF-3.3, JENDL-5.0 <= JENDL5_0, CENDL3_2 <= CENDL-3.2.

JlupekTopun XpaHaTCcs B BHJC ZiP-apXHMBOB, pa3Mep KOTOpbIX ykazaH Ha Web-ctpanure
cupaBoyHuka. Kaxnas uz nupexropuit 0-ro ypoBHS COCTOUT U3 IIECTH AUPEKTOpUi 1-ro ypoBHs
C IaHHBIMM OIIPEJIENEHHOTO TUIa, 0003HaYeHHbIMU Ha Puc.] nmenamu:

- Common library data

- Content

- 299-group neutron data
- 127-group gamma data

- Decay data

- Point-wise energy data

\4

COLIBRY
\ 4
Common library data < ROSFOND10
ENDFB8_0
! ! JEFF3_3
: JENDL5 0
Library Dose CENDL3 2
parameters factors -
A \ 4 \4
Content 299-group 127-group Decay
neutron data gamma data data

|

|

Point-wise energy
dependencies

01.Basic neutron data
02.Self-shielding factors
03.Subgroup parameters
04.Delayed_neutron data
05.Thermal scattering data
06.Heating

07.Reaction cross sections
08.Fission product yields

Photo-atomic interaction data
Photo-nuclear interaction data

|

09.Gamma production data

Puc.1 Crpykrypa paznena COLIBRY

Cross sections
Probability tables
Anisotropy

Hannbie oudmuorexu KOJIMBPU nipeacrasnens! B Buae TaOaUIl B €IUHOM GopMare,
KOTOPBI UMEET CMBICII PACCMOTPETD MPEXKAE, YEM MPUCTYNUTh K OMMCAHUIO COJIEPKAHUS
JTUPEKTOPHI CIENYIOUIUX MO PAHTy YPOBHEM.

33

ENDF/B-VIII.0,




2.2. ®opmat Tadaun

®opmar KOJIMBPU npexacrasnser coboit popmatr BHADB ¢ yBennmueHHBIME pa3Mepamu
MoJIe  3aroJIOBOYHBIX  KapT  Juisi  OOecHedeHus  eIUHOOOpPa3HOro  IMpeACTaBICHUS
HE TOJBKO IPYIIIOBBIX, HO M JIETAIBHBIX JJAHHBIX.

Kaxnas tabnmua KOJIMBPU npencrapisier co6oit HAOOp CTPOK TPEX THIIOB.

1-# Tunm — mapameTpsl TaOJIUIIBI;

2-11 TN — COOCTBEHHO TaOJIMYHEIC JAHHEIE,

3-¥ THII — CTPOKH KOMMEHTAPHEB.

CTpoku KOMMEHTapueB MpU 00pabOTKe NaHHBIX UTHOPHUPYIOTCS. [Ipu3HakoM TOro, 4To CTpoKa
SIBIISIETCS] CTPOKOM KOMMEHTAPHEB, CITYKUT CUMBOJ «™*)» B IEPBOW MO3UIMH CTPOKH.

[TapameTpsl TaOMUIBl Bceraa pa3MeEIIaloTCsl Ha MEPBBIX JIBYX CTPOKAaX, HMEIOIIUX CTPOTro
¢duKcupoBaHHbIH HopMmart.

IlepBasi cTpoka XapakTepusyeT HYKJIUA U TUIl MPEACTaBICHHBIX B Tabnuie naHHbIXx. CTpoka
oOpabatbiBaeTcs o popmary

READ (NTAPE, ‘(4X A8, 5X, A6, 2(5X, 13), 2(6X, E11.0))’) NAM, LIB, MF, MT, PAR1, PAR2
3necs:

NAM - cuMmBoJibHOE “UMs”’ (HAMMEHOBaHHWE) MaTepHalia, JaHHBIC JJII KOTOPOTO COJEpKaTCs B
tabnuie (He Oosiee 8 cumBoioB). B Tabmuimax, orHocsumxcs k uzoronam, NAM — sto “ums”™
W30TOIA, JIaHHBIC I KOTOPOTO CojiepKarcsl B omnpeneiacHHoM daiiine oudamoreku POCDOH/]
(mampumep, NAM=Fe56, NAM=Am242m u T1.11.).

Tabnuipl MaTpuIl paccesHUs HEUTPOHOB B TEIUIOBOM OOJACTH IHEPTHil HA CBA3aHHBIX
aTOMax UMEHYIOTCS “UMEHAMH’ 3TUX aTOMOB C COKPAIICHHBIM YKa3aHUEM THIIA CBSI3H (HAIIPUMED,
NAM=D_D20 coaep>XuT 1aHHBIE O PaCCETHUU MEICHHBIX HEHTPOHOB Ha JICUTEPUH, BXOISIIEM
B cocrtaB Tskenoi Bosbl, NAM=Be met - nannble 11 METAITMYECKOTO OCPUILTUS U T.11.).
Tabnmuipl JaHHBIX JUIS €CTECTBEHHBIX CMECEHl M30TOMNOB, a TaKXkKe JaHHbIE (POTO-AaTOMHBIX
B3aMMOJEHCTBUIX UCTIONB3YIOT B KauecTBe NAM 0003HaueHNE XUMHUYECKOTO CUMBOJIA JIEMEHTA
(mammpumep, NAM=Ni).

Nmena NAM B Tabiuiax KarajioroB o0pa3yloTcsd M3 Ha3BaHUNW JTUPEKTOPH, KOTOPHIM

9TH KaTaJoTu MPUHAIJIEKAT, COKPAIICHHBIX IO 8§ CHMBOJIOB U MIEPEBEJCHHBIX B 3arjiaBHbIe OYKBBI

(manpumep, NAM=ACTINIDE — nnist nupexropun Actinides ).

HNmena NAM B Tabnunax AaHHBIX, OOIIKX Ui BCeX OUOIMOTEK, 0Opa30BaHbl B COOTBETCTBUH C

TUIIOM JIAaHHBIX; JIs1 TapaMeTpoB OMOINOTEK 3TO:

NAM=EGN - xapakrepuctuku HeiitponHbix rpymmn (Neutron Group Energies),

NAM=EGG - xapakrepucTuku rpymn ramma-kBantoB (Gamma Group Energies),

NAM=DCS - 3nauenus ceuenuii paszoasnenus (Dilution Cross Sections),

NAM=TEM - 3nauenus Temneparyp (Temperatures);

NAM=NDF - no3oBsie daxrops! a1 Heiirponos (Neutron Dose Factors),

NAM=GDF - no3oBsie pakTops s ramma-kBanToB (Gamma Dose Factors).

LIB - cumBonpHOEe “WMs” (HauMMEHOBaHUE) OMOIMOTEKH, NaHHBIE KOTOPOW COIEpKarcs B
TadJymIe; 00pazyeTcsi COKpalieHHEeM Ha3BaHUS TUPEKTOPHH C JIAHHBIMH, ITOJTYYCHHBIMU U3

COOTBETCTBYIOIIEH OMOTMOTEKH OIIECHEHHBIX TAHHBIX, 10 4-CHMBOJIOB:

LIB=ROSF - qns oubaunoreku ROSFOND-2010,

LIB=ENDF - ENDF/B-VIII.0,

LIB=JEFF - JEFF-3.0,

LIB=JEND -JENDL-5.0,

LIB=CEND - CENDL-3.2.

Jlist o01IuX JaHHBIX U TapaMeTpoB OMOIMOTEK UCTIONIB3YeTCs TPAAULIMOHHAsS a00peBraTypa

LIB=ABBN.

MF - unentudukatop THIa JaHHBIX (CM. HUXKE).

MT - unentudukarop TN B3aUMOJIEHCTBUS (CM. HUXKE).

34



PARL1 - nepBbIii BeleCTBEHHBIN MapaMeTp, XapaKTEPU3YIOITHi TPUBOIUMBIC B TaOIUIIE TaHHBIE
WA MaTepuall, K KOTOPOMY OHH OTHOCATCS (HaIlpuMep, aTOMHasi Macca MaTtepuania). B HekoTopbix
TabJIMIaxX 3TOT MapaMeTp MOXKET OTCYTCTBOBATh HJIM HE HCIIOIb30BATHCS.
PARZ2 - BTopoii BelieCTBEHHBIN MapaMeTp, CITyKaIIUK JUIs TeX e 1eneil. B HekoTophix Tabiaumax
3TOT MapaMeTp TAKKe MOKET OTCYTCTBOBATb.
Bropasi cTpoka xapakTepusyer o0beM U (OpMy MPEACTaBICHUS MOCIEIYIOIUX TaOINYHBIX
JAHHBIX.
Omna obpabaTsiBaeTcs 1Mo popmary

READ (NTAPE,’(3X,13,10X,17,2(5X,13),5X,A48)’) LV, LT, LC, LS, FORM
3nech 0003HAYEHBI:
LV - unentudukatop, onmpenessiiomni MOpsAIOK CIEAOBaHUS THUIIOB JAHHBIX B CJEIYIOLIMX
cTpokax tabmuubl. B mabauyax KOJIMBPU smom napamemp He ucnoais3yiomcs (Xoms 00b14HO U
npusooumcsi paguvim 10)
LT - yucio He KOMMEHTUPOBAHHBIX CTPOK B TaOIMIlE (HE CUMTasl NEPBBIX JIBYX 3aroJIOBOYHBIX
CTPOK).
LC - mosmHOE 4MCI0 CTONOIOB B TA0IHIIE TaHHBIX.
LS - nenourciaeHHbIN MPU3HAK, UCIIOJIB3YEMBIH JIUIITL B HEKOTOPBIX THUNAX Ta0nui. B mabiuyax
KOJIUBPH smom napamemp e ucnoavsyromest (xoms u npusooumcs pashvim LC)
FORM — tekctoBas koHCTaHT - Teno oneparopa FORMAT nns ureHus BeNW4YnH, pa3MEUICHHBIX
B OJHOM CTPOKE TAOJIMIIBI.
Cob6cTBeHHO TabIUYHbBIE TaHHBIE CYUTHIBAIOTCA 110 opMaTy, onpeaeneHHoMy napamerpamu LT,
LC u FORM.

Tabanunble fannbie — LT cTpok, ciaeayonmx 3a BTOpOi 3aroJI0BOYHOM CTPOKOM, CYUTHIBAEMBIX
no ¢opmary FORM. Benuuunsl, xpanumeie B Tabnumax KOJIMBPU, MoryT ObITH TpeX THIIOB -
REAL, INTEGER unu CHARACTER

2.3. JlanHble 00111eT0 HA3HAYEHHUSA

2.3.1. Iupexropusi nepsoro ypoBusi Common_library_data conepxxur aBe mupexTopuu:
Library parameters u Dose factors.

2.3.1.1. Library parameters conepxwur 4 TaOnuip:
299_Neutron_group_structure.txt co 3HaueHUSIMU B CTOJIOLIAX
NG - HoMep rpymIbI,

EL, EH - HikHASA M BepXHss SHEpreTHUecKue rpaHuis (9B),

DU - mmpuna rpynmnsl B €AMHUIIAX JIETApTUH,

R - mapamerpsl CTaHJapTHOTO CIEKTpa YCPEAHEHUS,

R=Tr =140E+06 — remneparypa (5 9B ) cnextpa neenms VE - ",

R=n= -1 — mapameTp criekrpa E" (1/E — ciextp ®epmu );

R= Tn =0.025 — Temneparypa T criektpa Makcsemnna E - g E/TM

<1/V> - cpenHe-rpynmnoBas o0paTHasi CKOPOCTh HEHTpOHA (CEK/M),
EAV - cpenne-rpynmnoBas sHeprus B 3B).

127 _Gamma_group_structure.txt co 3HaYeHHUSIMH B CTOJIOIAX
NG - Homep rpymnsbl,

EL, EH - HixHA4 1 BepXHsg SHEpreTHUecKue rpaHuisl (3B),

R - mapametp BecoBoii pynximu, ¢(E)=ER;

EAV — cpenne-TpynnoBas SHEprusl.
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Dilution_cross_sections.txt ¢ 26-r0 3Ha4YeHUSAMH CeucHHMI pa30aBieHUS I (AKTOPOB
PE30HAHCHOM CaMO3KPaHUPOBKYU CEUCHUI

Temperatures.txt ¢ 6-10 3HaAYCHUAMH TEMIIEPATYPbI IS TEMIIEPATYPO-3aBUCUMbBIX KOHCTAHT -
(aKTOpOB CaMOIKPAaHHPOBKH, MOATPYIIIOBBIX MapaMeTPOB, MATPHUI] paccesHHUs HEHTPOHOB Ha
CBOOOIHBIX sSpax B 00JaCTH TepMaIU3allHH.

2.3.1.2. Dose factors comepkuT aBe TaOIUIBL:

Gamma_dose_factors,txt conepxur 127-rpynmnoBbie 3HaueHUs 3PPEKTUBHOMN 103bI (B SANHHUIIAX
1012 3uBept Ha cM?) pu 06ITyYEHHH KOXKH, Tela U T71a3 MapajielbHbIM ¥ H30TPOMHEIM TTOTOKOM
U3JIY4YCHHUsI B COOTBETCTBHH C HOPMaMH paananuonHoi 6e3onacaoctu HPB-99.

Neutron dose factors.txt cogepskut 299-rpymmnoBbie 3HaueHUs >(Q(HEKTUBHOM 03Bl B TEX KE
eAMHMIIAX TPU O0TYUSHHUH TeJa MapaJlIeIbHBIM B U30TPOITHBIM TIOTOKOM HEHTPOHOB.
[Toapaznensl, cogeprkamiue pa3ubie BapuanTbl cucteMbl KoHcTaHT COLIBRY: ROSFOND-2010,
ENDF/B-VIII.0, JEFF-3.3, JENDL-5.0, CENDL-3.2 umeroT oauHakoBbIid (hopmaT u 00J1a1ar0T
OJIHOW M TOH XK€ CTpyKTypod mpuBoauMbix B HuX. Kaxmas Bepcus 6ubmmorexku COLIBRY
COJICPKUT 4 TUPEKTOPHUH IIEPBOTO YPOBHSIL.

2.4. Coneprxanue 0M0JIMOTEKH

2.4.1. IlupekTopus nepBoro ypoBus «Content» comepxut msTh GaiiioB ¢ pacimmpeHuem txt, B
KOTOPBIX HAXOATCS TAOJIUIIBI C TICPEUNCICHUEM XapaKTEePUCTUK JaHHBIX:
Isotopes.txt — manHbBIC IS HEACTALIUXCS U30TOTOB,
Actinides.txt — naHHbIe U1 AKTUHUIOB,
Elements.txt — qanHbIe 1T MHOTO-U30TOIHBIX €CTECTBEHHBIX cMecei (““ 2IeMEHTOB”
Reactions.txt — maHHbIe U1 HYKIUIOB, I KOTOPBIX MPUBEICHBI CIIUCKU HEUTPOHHBIX PEaKIIHil
Y TIPOJIYKTOB ATUX PEAKIH (KpOMe MPOIYKTOB JIEJICHUS, 3a]JaBAEMbIX OTICIBHO )

Bounds.txt — maHHBIe I sAAE€pP ATOMOB, BXOJIIMX B COCTAB MOJIEKYJ HIIM KPUCTAJJIOB
(“cBsI3aHHBIX” ATOMOB).

Ta6mume! Isotopes.txt u Actinides.txt cogepskar XapakTepUCTHKH, 3aJaHHbIE TI0 CTOJIOIAM:
NN — nopsiiKoBbIN HOMEp HYKIUAA;
NIN — HoMep HIKHEH 10 SHEPTUU TPYIIIHI C HEYIPYTUM PacCesHUEM;
NRH — HoMmepa BepxHeil u
NRL — HIKHEH 10 SHEPTHH TPYIII, A7 KOTOPBIX MPUBOAATCA (DaKTOPBI CAMOIKPAHUPOBKH;
NUH — Homepa BepxHel u
NUL — HuxHE# Mo 3Hepruu rpymi, NpHHAIIeKaIIIX 00JacTH Hepa3pelEHHBIX Pe30HAHCOB;
ZAS — npu3HaK 3apsa-Macca-CoCTOsIHHE, onpenensiembiid, kak ZAS=MZ*10000+MA*10+MS;
NAME — nHaumeHOBaHHE HYKJIHA;
AWR — oTHOLIEHHE Macchl HyKJIM/1a K Macce HEUTPOHA;
AM(C12) — macca HyKIua B €IUHUIIAX cz
ABUNDANCE - conepkaHre U30TOIa B €CTECTBEHHON CMECH;
T1/2 — nepron nosypacnaja, B €AMHHUIAX, YKa3aHHBIX B CJCIYIOIIEM CTOIOIE
TU — H—uace1, D-nan, Y —To5!1.

B Tabaume Elements.txt mpusoasTcs:
NN — nopsiKOBbIif HOMEp 3JIeMEHTa;
NIN — HoMep HM)KHEW [0 SHEPTUuU TPYMIBI C HEYNPYTUM pacCesHUEM;
NRH — Homepa BepxHeii u
NRL — HIKHEH 10 SHEPTUH TPYIII, 75 KOTOPBIX MPUBOAATCS (PaKTOPhI CAMOIKPAHUPOBKH;
ZAS — nipu3HaK 3apsia-mMacca-cocTosiHue, onpeaenseMbrit, kak ZAS=MZ*10000+MA*10+MS;
NAME — nanMeHOBaHME HYKIIU/IA;
AWR — oTHoOIIEHHE MacChl HYKIIUAA K Macce HEMTpoHa,;
AM(C12) — macca nykuaa B eauanmax C12,
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Ta6nuua Reactions.txt cogepxur:
NN — mopsiIKOBBI HOMEP JaHHBIX;
ZAS — npu3Hak 3apsa-Macca-CoCTOsIHHUE, onpenensembiid, kak ZAS=MZ*10000+MA*10+MS;
NAME — nanMeHOBaHHE HYKIIU/IA;
AWR — oTHOLIEHHE Macchl HyK/IM/1a K Macce HEUTPOHA;
AM(C12) — Macca HyKIIMIa B €AMHUIIAX ctz

B tabaume Bound.tXt mepedncrsiOTCS aToMbl B CBSA3aHHBIX COCTOSHHUSIX W 3HAYCHUSI
TEMIEPATyp, MPU KOTOPBIX OMPEAETCHBI 3aKOHBI PAacCesHUs HEUTPOHOB B (haiiaX OIEHEHHBIX
JAHHBIX; B CTOJIOLAX TaOIUIIbI 33aHbI:

N — mopsIAKOBBIN HOMEp TaHHBIX,

NAME - uMs JaHHBIX,

NT — uucio temmneparyp,

TEM(NT) — 3nauenus Temmeparyp, 3aganubie B cieayrommx NT cTosomax.

B Tabnune npuBOIATCS TE 3HAYCHUS TEMIIEPATYP, UISI KOTOPBIX MOIYyYEeHBI MATPHUIILI PACCETHUS
B paszeine 5. Thermal_scattering_data, aupexropust Bound.

KonmuecTBo cTOIOIOB TaOJIUIIBI ONIPeIesieTCss MAKCUMATbHBIM 3HaueHueM NT.

2.5. 299-rpynnoBbie HEHTPOHHBIE TaHHBIE

2.5.1. JlupekTopus mepBoro ypoBHsi «299-group neutron data» comepxut 9 aupekropuii
BTOpOro ypoBHA. Hike NpuBOIUTCS ONKcCaHUE CTPYKTYPBI M COJIEPKaHUSI ITUX TUPEKTOPUH.

2.5.1.1 TupexTopusi BToporo ypoBHsi «01.Basic_neutron _data» comepxur 3 aupexTopuu 3-ro
ypoBHsi: «Actinidesy», «Elements» u «ISotopesy, kaxkaast 3 KOTOPBIX COJACPKUT (aiiiibl C MMEHAMHU
HykaoB ¢ pacmupenueM MLT. Ilepeunn HyknuaoB mpuBeneHbl B aupektopuu _Content.
Kaxnprii ¢aitn cogepxut mare Tabmuu, pasnuyarommxcs 3HadeHuwsiMu MF u MT. [lannsbie,
coJepxaliecs B AITOH IUPEKTOPUM, HEOOXOAMMBI A pacdyéra HEHTPOHHBIX IoJiell BHE
3aBHCUMOCTH OT TOTO, KakoBa I€JIb 3TOT0 pacuéra, YTO M TOCIY)XKHJIO OCHOBAaHHEM IS WX
pasMelIeHHs B OTHOW JUPEKTOPHH.
2.5.1.1.1. Tadauua MF=301, MT=0
* THE MAIN 299-GROUP NEUTRON CONSTANT SET.
B cton6max TaGauIel MPUBOISTCS:
N — HOMep rpymIbl,
TOTAL — nonHOE ceueHne,
CAPTURE -- ceuenue 3axBara,
FISSION — ceuenne neneHus WM HyJIH, €CITU JISJIEHUE OTCYTCTBYET,
ELASTIC — ceuenue ynpyroro paccesHus,
INELASTIC — ceuenue HEynpyrux B3aMMOJICHCTBHIA - BCE PEAKIIMH, KPOME yIIPYTOTO
paccesiHUS ¥ JeIeHHs, He MPUBO/ISIINE K oTepe HeiTpoHa: (n,n’), (n,2n),
(n,3n,), (n,n'p), (n,n'a) u xap.
YN — cpennee yuciio HEHTPOHOB, UCITYCKAEMBIX B HEYNIPYTUX B3aUMOJICHCTBUSAX,
NU — noxHoe 4ncio HeHTPOHOB JIENeHHUs, BKJIIOUas 3aIa3/IbIBatoIIe HEUTPOHBI, WM HYJIH,
€CITU JIeJIEHUE OTCYTCTBYET.
2.5.1.1.2. Tadauua MF=302, MT=0
* INELASTIC SCATTERING GROUP TRANSITION PROBABILITIES P(N <- K)
B cronbmax Tabnmiie mpuBOasATCS:
N -- HOMEep TpyHmbl, B KOTOPYIO OCYLIECTBISIETCS 3aMeAJeHHe B pe3yjibTaTe HEyNpyrux
mporieccoB (ompeaeaenne cM. B onucanuu Tabmusr MF301),
K — HoMep rpymbl, U3 KOTOpoil mpoucxoauT paccesuue; K paBHo Homepy cronbma — 1.
Takum 06pa3om, CymMMa 3JI€MEHTOB KaKI0TO CTOJIOA paBHa 1.
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2.5.1.1.3. Tabmmua MF=302, MT=1

* INELASTIC SCATTERING AVERAGE COSINES FOR N <- K GROUP TRANSITIONS.
dopmar TabauIbl COBNAAAET C NPEABIAYIIMM, HO BMECTO BEPOATHOCTEH IEPEX010B COIACPKUT
CpeHHE KOCHHYCHI YIJIa PAcCEesHHS 3aMEJIIOUINXCS HEWTPOHOB B JaOOpaTOpHOM cucteme
KOOp/IMHAT.

2.5.1.1.4. Tadauuna MF=303, MT=0

* ELASTIC SCATTERING GROUP TRANSITION PROBABILITIES AND LEGENDRE
COEFFICIENTS (LCS)

B Tabnuue npuBoaATCs JaHHbBIE 110 CTOJIOLAM:!

N — HOMep rpynnbl, B KOTOPOH MIPOU30LLIO YIPYIO€ paccesHue,

K — HoMmep rpymnmsbl, B KOTOPYIO HOMAN YIIPYTo PacCesIHHbIN HEHTPOH,

P(N->K) — BeposiTHOCTB TIepexosa HelTpoHa u3 rpymnmsl N B rpymmy K;

Cronbusl ¢ 4 mo 8 coxepkaT KO3(PQUUMEHTHl pa3l0oXKEeHUs YIJIOBBIX paclpeAeieHuid B
1abopaTopHON cucTteMe KoopAuHAaT mno nonuHomam Jlexxanapa, ¢ L=1 (paBHoro cpenHemy
KocuHycy paccesHus) no L=5. Takum oO0pa3om, yIioBoe paclpeielieHue HEUTPOHOB,
OCYIIECTBIISIOMINX OMPEEIEHHBIN MEXKTPYIIIOBON TIepexo/, 3aaaétcs B PS- npubnuxenun.

Jlist kax o rpynnsl N IpUBOAUTCS CTOJIBKO CTPOK, B KAKOE YUCIIO PA3JIMYHBIX TPYIII BOZMOXKHO
3aMeJJICHHE.

2.1.1.1.5. Tabmmua MF=303, MT=1

* ELASTIC SCATTERING GROUP TRANSITION PROBABILITIES AND DISCRETE
COSINES (CMS)

[TepBbie Tpu ctonbua Tadmuies coBnagarot ¢ MF=303, MT=0, Ho, B oTiiH4Ke OT MpeablIyIIeH
TaOJIMIIBI, YTJIOBbIE pacupeaeIeHUs HEMTPOHOB 3aJat0Tcsd He KOA(PGUIMEHTAMU PA3JI0KEHUs 1O
nosuHoMaM JlexxaHipa, a BEpOSITHOCTSIMU PACCEIHUS JUIsl TPEX NUCKPETHBIX 3HAYEHUSI KOCHHYCa
yria paccesHusi B CUCTEME IIEHTpa Macc. 3HA4Y€HUs AMCKPETHBIX KOCHUHYCOB pl, pu2 m p3 u
BEPOATHOCTEN paccesiHUsI Ha repBble JBa yria Q1 u Q2 TakoBbl, YTO B TOUHOCTH COXPAHSIOT BCE
IATh YIJIOBBIX MOMEHTOB HHJAMKATPUCHI paccesHus; 3HaueHue Q3 He 3a1aércs, MOCKOJIbKY
OTpEeNIeNIsieTCs. U3 YCJIOBHST HOPMHUPOBKM BepositHocTedl Q3=1-Q1-Q2. D10 npencraBieHue
OPUEHTHPOBAHO Ha MPOrpaMMbl pacyéra HEMTPOHHBIX mosnel MetogoM MonTte-Kapno. ®opmar
TaOIHITBI CIEAYFOIIIHIMA:

N — HOMep IpymnIibl, B KOTOPOI MPOU30IIIIO YIIPYroe paccesHue,

K — HOMED rpymIibl, B KOTOPYIO ITONAN YIIPYTO pacCEeHHBIA HEUTPOH,

P(N->K) — BeposiTHOCTB Tiepexoa HeliTpoHa u3 rpynmnsl N B rpymmy K,

OMEGA1 — BepoSTHOCTh paccesiHusI C KOCHHYCOM yTa l,

MU1 — 3HaueHue pl,
OMEGAZ2 — BepoSTHOCTh paccessHUsI C KOCHHYCOM yTJa [2,
MU2 — 3Ha4YeHHE |2,
MU3 — 3Ha4YCHHE WU3.

2.1.1.1.6. Tadmmua MF=304, MT=0

* TOTAL FISSION NEUTRON SPECTRUM KG -> IG, KG=1, ... ,299.

Marpuna neneHus As aKTHHOHMIOB 3a7aéTcs BEpOsTHOCTAMH nomnananus u3 rpymnmnsl KG, B
KOTOpO# mpou3zonuio nenenue, B rpymnmy |G. Homep KG pasen Homepy cronbma - 1, Homep 1G
COBIIAJ[AE€T C HOMEPOM CTPOKHU. Takum 00pa3zoMm, U3 yCIOBUsS HOPMHPOBKH BEPOSTHOCTEH, CymMMa
DIIEMEHTOB KaX10ro croiona paBHsercs 1. 3Hauenue LC-1 ykazpiBaeT HOMEp TpyIIIbI, HAYMHAS
C KOTOPOT'O BEPOSITHOCTH MEpECTalOT 3aBHCETh OT HAa4YaJbHOW SHEPrMM HEUTPOHOB. B memsx
OKOHOMHH, B TaOJMIAX OHHM HE MPHUBOIATCA. JIJIs1 MOJMYYEeHHs IMOJIHOW MaTpPHUIBI HY)KHO TIPH
YTEHUH CTPOKU MOBTOPUTH 3HaUeHHUe nocieanero crondua LT-LC+1 pas.

2.5.1.1.7. Tabauua MF=304, MT=1

* PROMPT FISSION NEUTRON SPECTRUM KG -> IG, KG=1, ... ,299

®dopmaT TaOIUIBI MMOJTHOCTHIO COBIAAAET ¢ opMaTOM JIIs MOJIHOTO criekTpa jaeneHus MF304
MT=0. Dta Tabnuua co3maércs TOJIBKO B TOM cCllyyae, eciid B (aiijie OIEHEHHBIX JaHHBIX
NIPUBEJICHBI JTUOO CTIEKTPHI MTHOBEHHBIX HEUTPOHOB, TMOO CIIEKTPHI 3aIa3/IbIBAIOIINX HEUTPOHOB.
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Ecnu cnexkrpa MrHOBEHHBIX HEHUTPOHOB HET, OH OMNPENESAETCS MO PAa3HOCTU MEXKIY IOJIHBIM
CHEKTPOM (KOTOPBIN AJIs1 aKTUHUAOB €CTh BCETJa) U CIIEKTPOM 3aIla3/IbIBAIOLINX HEHTPOHOB.

2.5.1.2. InpexTopusi BToporo ypoBus «02.Self-shieding factors»
comepxut 3 aupekTopuu 3-ro ypoBHsS: «Actinidesy, «Elements» u «lIsotopesy, ¢ daitnamu,
NOMMEHOBAaHHBIE CTaHIAPTHBIM MMEHEM HyKiIuAa ¢ pacmmpenueM SSF. daiin ans Kaxaoro
HYKJIHJIA COAEPKUT TaOIHUILy
2.5.1.2.1. Tadaua MF=305 MT=1
* RESONANCE SELF-SHIELDING FACTORS c¢ dakropamu caMO’KpaHUPOBKH. B cTpokax-
KOMMEHTApUsAX yKa3aHbl 6 3HAUCHHUH TeMIiepaTypsl s KOTOpbIX npuBoasrcs ¢gaxrtopsr (300.0
550.0 900.0 1400.0 2100.0 3000.0°K) u 26 3naueHuii ceuenus pazoasnenus (DILUTION
CROSS SECTIONS), myist KOTOpBIX IPUBOAATCS (DaKTOPHI B TIOCIEIHUX 26 CTONIOIAX.
Ctpoku pa30oUThI HA CEKLINHU, KXKIasi U3 KOTOPBIX COACPKUT (PaKTOPbl CAMOIKPAHUPOBKH CEUESHUMN
ornpenenéHHoN rpynmbl. B mepBoM cTondIie nepBoii CTPOKH KaXKA0# yKa3bIBaeTCsl HOMEP TPYIIIIBL,
JUTSL KOTOPOU MPUBOMASITCS IaHHBIE B 3TOM CEeKIMU. B ocTanbHBIX CTPOKaX CEKLUU MEPBBIHA cTOI0EI
HE HCIONB3yeTcsl. B cTpokax cekumu mpuBOAATCS (PaKTOPHI CAMOIKPAHHPOBKHU OMPEEIEHHOTO
TUMa. DTOT THN yKa3aH BO BTOPOM CTOJOIE KaKIOM CTpoku cekuuu. Jms xaxmoro dakropa
CaMODKPAaHUPOBKU MPHUBOAMUTCS 6 CTPOK, COOTBETCTBYIOIIMX YKA3aHHBIM BBIIIEC TEMIIEPATypaM.
Takum oOpa3oM, B KaxJOH YacTH CEKTOpa MpH3HAK THNAa (aKTopa CaMO3KPaHHUPOBKHU
noBTopsiercs 6 pa3. [IpuzHak nMeeT cleayomuil CMbICH:
1.- dbakTOp caMOIKpaHUPOBKH MOJIHOTO CEUYEHUS MO CIEKTPY TOKa (T.. YCPEeIHEHHUE MO CIEKTPY
1/(ctot+60)?)
0 — dakrop caMO’KpPaHUPOBKU IMOJHOTO CEYEHHS MO CHEKTPY IMOTOKa (yCpeaHEHHE C BECOM
1/(otott00))
2 — axTOp CaMO’KPaAHUPOBKH CEUCHUSI YIIPYTOT'O PACCESHUs MO CIIEKTPY MOTOKA;
102 — ¢pakTop caMOIKpAaHHPOBKHU CEUCHHUS 3aXBaTa 10 CIIEKTPY MOTOKa,

18 — daxTOop caMOIKpaHUPOBKHU CEUECHHUS ACNEHUS MO CIEKTPY MOTOKA (IPUBOJIUTCS TOJIBKO
JUISl aKTUHUJIOB).

B cnenyromux 26 cronbuax npuBoAsATcs (GakToOpbl CAMO3KPAHUPOBKU [T 26 CTaHAAPTHBIX
3HaYeHWH CeYeHHUs pa30aBlIeHHsS Go, KOTOpPBbIE yKa3aHbl MU B 3aKOMMEHTHPOBAHHOH CTpOKE,
IpEeIEeCTBYIOUIeH CTpOKe ¢ JaHHbIMU. Bcee (hakTopel mosydeHsl Ui CpeJHUX CEYEeHU mnpu
peneproit Temmieparype T=300°K. Benencreue 3toro, 3Ha4ueHUs (GAaKTOPOB MPHU Go -> o0 BCETAa
CTpeMsTCS K €JUHMIIE TOJNbKO A 3Toi TemmnepaTypsl. [Ipu apyrux temmnepaTypax (axkTopbl
CTpeMSTCS K TpeeNly, PaBHOMY OTHOIICHHUIO CPEIHHX CEUEHHH NMpH 33JaHHOW TeMIepaType K
penepHoil. DTO OTHOIIEHHE MOXET CYIECTBEHHO OTJIMYAThCs OT €AMHUIIBI B JIETKUX siApax MpH
HU3KHAX DHEPIUsiX, NP OTCYTCTBHM PE30HAHCHOW CTPYKTYphI, B YacTHOCTH, Ha BOIOPOJE.
[Tockonbky MH(OpMaIUs O TEMIEpaTypHOIl 3aBUCUMOCTH CPEIHHX CEYEHHUH OT TeMIepaTypbl
SBIISIETCS BAYKHOM, (DaKTOPBI MPUBOASTCS U B OTHX CITydasX.

2.5.1.3 /lupexTopusi BTOporo ypoBHs «03.Subgroup parameters»
coziepkuT 3 mupekropun 3-ro ypoBHs - «lsotopes», «Elementsy u «Actinidesy, ¢ ¢aiinamu co
CTaHJApTHBIM WMeHeM Hykiunaa u pacmmperneM SUN. B kaxxaom daiine Haxoautes 6 Tabmmil
(1o umcity TeMnepatyp). 3HadeHHe TeMIIepaTyphl 3a/1aHbl B 3ar0JIOBOYHBIX CTPOKAX IMapaMeTpoM
TEM na mone PAR2. B nupekropusx «Isotopesy, «Elementsy tabmurisr umeroT 5 cToI0110B
2.5.1.3.1. MF=306, MT=1, LC=5
* SUBGROUP PARAMETERS

CTpoku TaOnuIIbl pa3IeNeHHBIX Ha CEKIMHU. YUCIIO CTPOK B CEKIIMU PABHO YHCITY

MoATpyIIl, Ha KOTOPLIC pa36HTa T'pyniia. B CTpOKE 3aJ1at0TCH.

N — HOMep Ipynibl, 3aJa€Tcsl TOJIBKO Ha TIEPBOM CTPOKE CEKIUH; B IPYTUX CTPOKAX CEKIUU
HOMED HE YKA3BIBACTCSI.
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[TosiBneHue B IEpBOM CTOJIOIIE HOMEpA IPYMIIbI CIIY>KUT MPU3HAKOM Hayaia HOBOM CEKIIMH.
Yucno CTpoK B CEKUMHU 3a0aET YUCIIO MOATPYIII.
[Tocnenyromiue cToIOLBI COACPIKAT:

prob - mosto noarpymIel B paccMaTpruBaeMoOu rpyririe,

capture — moArpyIIoOBEIC MapaMeTPhl 3aXBaTa,

elastic - mapameTpbl ynpyroro paccesiHus,

total — mapameTpbI MOJIHOTO CEYEHUSI.

CrpykTypa Tadbnui qupekropun «Actinides) aHanoruyHa, OTIMYAeTCs TOIBKO YUCIOM CTOJIOLOB
no0aBIIeH CTOJIOCI JJIs TTapamMmeTpa JeJICHUS:

2.5.1.3.2. MF=306, MT=1, LC=6

* SUBGROUP PARAMETERS

N — HOMep rpymIbl (B IEPBOM CTPOKE CEKIIUN);

prob - gosto moArpymIel B paccMaTprBaeMoi rpyIiIie,

capture — moArpynIoBsle MapaMeTphbl 3axBara,

elastic - mapameTpsl yIIpyroro paccesHus,

fission — mapameTps! AeneHus (IPUBOAUTCS TOJIBKO JIJISI aKTUHHUJIOB),

total — mapameTpbI MOJIHOTO CEYEHUSI.

[oarpymnmoBbie CeUeHUss HOPMUPOBAHBI HAa CPE/IHEE CCUCHHE, TOITOMY

CyMMa JIoJIeH B KaXK/I0H TpyIIIe, a TAK)Ke CyMMa IPOU3BEICHUI JI0JICH Ha MTapaMeTphl CTPYKTYPhI
CEUYEHHUI, paBHBI €IMHULIE.

2.5.1.4 JilupexTopus 2-ro ypoBHs «04.Delayed neutron data»

COJICP’KUT JIaHHBIE O CIEKTpaX M BBIXOJAX 3ama3/bIBAIONIMX HEUTpoHOB. Bompeku
PEKOMEHIANUSAM HCIIOJIB30BaTh JUIS CHEKTPOB 3ala3/bIBAlOIIUX HEHUTPOHOB §-TPYIIOBOE
MpeJICTaBICHHUE, B KOTOPOM CHEKTPHI HE 3aBUCST OT HYKJIHJIA, B OTAEIBHBIX (ailnax gaxke OJaHON
OMOIMOTEKH OLEHEHHBIX JAHHBIX BCTPEUYAIOTCS OTIMYAIOIIUECS ISl Pa3HBIX HYKJIHJIOB CIIEKTPBI
B 6-TpyNIOBBIM IpeacTaBieHUU. [l TOro, YTOOBl YIPOCTUTH JOTHKY OOpaIlieHus ¢ JaHHBIMU,
CHEKTPBI PUBOATCS BCET/IA, AAXKE €CITU OHU MOBTOPSIOTCS. Daldiibl JTUPEKTOPHH TTOMMEHOBAHBI
CTaHJapTHBIMU UMEHAMHU aKTUHOUJIOB € paciuupenueM 313 (cornacHo uaeHTU(GUKATOPY TaOIUIIBI
MF). OtnenbHbIil (haiinm MOKET cofepkKaTh OJIHY WM JABE TAaOJUILbI, B 3aBUCUMOCTH OT HaJIU4uUs
crnekTpoB. Ecnu criekTpbl OTCYTCTBYIOT, IPUBOIUTCS TaOIM1Ia

2.5.1.4.1. Tadauua MF=313 MT=0 LT=299 LC=2

* NU-DEL TO NU-TOT RATIO

Cocrout u3 299 cTpok cpenHe-TpYIIOBbIE 3HAYCHHS JOJEH 3ama3/IbIBAlOIIUX HEHUTPOHOB f3,
3aJJaHHbIE IBYMs CTOJIOLAMHU:

N -HOMep rpyIIsbl,

BETA — nons 3ama3apIBaronux HEUTPOHOB.

Ecnu B ucxomHoM aiisie OlleHeHHBIX JaHHBIX TPUBECHBI CIIEKTPHI 3aI1a3/IbIBAIONINX HEUTPOHOB,
3aJal0TCsl 1BE TaOJIUIIBL:

2.5.1.4.2. Tabmua MF=313 MT=0 LT=299

* NU-DEL TO NU-TOT RATIO AND FRACTIONAL PARTS

Cocrout u3 299 crpok u crondmnoB B konmdectBe LC=LS= wymcno rpymnm 3ama3abIBaroIInx
HEUTPOHOB ILJTIOC 2, B KOTOPBIX 33J]aHbI

N — HOMep IpynIbl,

BETA — nons 3ama3apIBaronux HEUTPOHOB B TPYIIIIE,

¢ nmocneaytommmMu LC-2 cronbiaMu (1o 9uciTy TPy 3ama3/bIBalONINX HEUTPOHOB),
COJIepKALUMH BKJIQJbI TPYII B 3TY JOJIO.
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Bropas Tabiumia ¢ uaeHTuGUKaImoHHEIM HOMEPOM
2.5.1.4.3. Tadmmua MF=313 u MT= yucny rpynn 3amna3JIbIBalOIUX HEUTPOHOB COJCPXKHUT B
MEPBOM CTPOKE U MO13ar0JIOBKOM
* GROUP DECAY HALF-TIME (SEC)
COJIEP’)KUT HAUMHAsg cO BTOporo croyidma u mno crondeny MT-+1 mepuonsl monmypacnajga rpyriil
3ana3/bIBAIOIIUX HEUTPOHOB;
[Tocne moa3arongoBka
* DELAYED NEUTRON ENERGY SPECTRA
3amaércs LT-1 ctpok (1Mo 4uciay CTPOK, OTIIMYHBIX OT HYJIS), CO CTOJOIlaMH, B KOTOPBIX
NPUBE/ICHBI 3HAYCHHS CIIEKTPOB JUIS KAXKI0H TPYIIIBI 3a1a3/IbIBAIOIUX HEHTPOHOB:
N - HOMEp HEWTPOHHOH TIpynmbl B MOCIEAYIOIIUX CTOJOINAX - 3HAYEHUS CIIEKTPOB
3ana3bIBaoINX HEUTPOHOB
DNL1 - 1-# rpymisl,
DN2 - 2-ii rpynmbl,
DNS - 3-ii rpymisl,
DN4 - 4-ii rpymsl,
DNS5 - 5-if rpynmsl,
DNG - 6-i1 rpymmsl,
U, €CIIU YKCJIO 3alla3/IbIBAIOIINX TPYII PaBHO §, TOMOJHUTEIBHO 3a/1al0TCA
DNY7 - 7-i rpymisl,
DNS8 - 8-ii rpynmsi.

2.5.1.5. ilupexTopus 2-ro yposHs «05.Thermal scattering data»
conepkut 4 qupexktopuu 3 ypoBHs «Actinides», «Elementsy», «Isotopes» u «Bound», B KOTOpBIX
IPUBOJAATCS MATPULbl BEPOSTHOCTEM MEXTPYIIOBBIX MEPEXO0B MPH PACCEIHUU HEHTPOHOB B
obnactu Tepmannzanuu (rpynmnst ot 227 1o 299).
[lepBble TpU AMPEKTOPHM COAEPKaT (hailyibl C JAHHBIMU 10 PACCESIHUIO HEMTPOHOB B 00JacTH
TEpMaIM3aliy Ha CBOOOAHBIX SApax, MOMMEHOBAHHBIC CTAHIAPTHBIM UMEHEM C PACHIMPEHHEM
FG. Kaxnplii ¢aitnn cogepkut mecTs nap tadmaui (1o 4uciy TeMnepaTyp B CTaHIapTHOM Halope,
3HaueHue TeMrepaTypsl npuseneHo B PARD).
[lepBas Tabnuua B mape
2.5.1.5.1. Tadamua MF=307 MT=0
* FREE GAS THERMAL SCATTERING CROSS SECTION AND
* GROUP TRANSITION PROBABILITIES P(IG => KG,...,KG+NG-1)
conepxut LT=73 cTpok (4ucio rpymni B 00JIaCTH TEpMaINU3aLUN).
B cTonbmax TabauIib! 3a1aHbl:
IG — HOMep rpynibl, B KOTOPOH MPOMU30LLIO CTOJIKHOBEHUE,
KG — HoMep BepxHEil 110 SHEPTHH TPYIIIHI TOCIIE CTOIKHOBEHNS,
NG — uucio rpymnn, B KOTOpoe Monajau HeUTPOHBI B pE3yJIbTaTe PacCEesTHUA.
B nmocnenyromux cTonduax mpuBOASTCS:
XS — ceueHue paccesHUS U
P(IG->KG) — NG BeposTHOCTEH MIepexo0B, HauuHast ¢ rpymmsl KG.
PazmepHnsiit mapamerp Tabnuisl LC onpenensercs, kak 3 mitoc MmakcuManbHoe 3HadeHne NG.
Bropas tabnuua B nape
2.5.1.5.2. Tabamua MF=307 MT=1
* FREE GAS THERMAL SCATTERING CROSS SECTION AND
* GROUP TRANSITION AVERAGE COSINES MU(IG => KG,...,KG+NG-1)
ITo cTpykType coBnaziaer ¢ nmepBoil, HO BMECTO BEPOSTHOCTEN MEPEX0/1a B HEW 3aAar0TCs
CpeZHMe KOCUHYCHI YIJla paccesHus Ipu rnepexoJie (B 1a00opaTopHOM cucTeMe KOOpIuHar).
B nmupextopun «Bound» coneprkatcst ¢ailibl ¢ MaTpuliaMu BEpOSITHOCTEN MEKIPYMIOBBIX
NEepexo/I0oB NPU PACCesTHUM HEWTPOHOB Ha CBs3aHHBIX aTomax. (Daiinam NpUCBOEHBI MMEHA,
COCTOSIIIME U3 “HMEHHN” aToMa M YCIOBHOTO 0003HAUY€HHUs TUIA CBs3H, ¢ pacmupeHuem THM.
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Hamnpumep, daiin ¢ maHHbIME 171 KUcIopoaa B Tsokenoi Boae umeet umst O_D20.THM, st
MeTajuimdeckoro xenesa - Fe_met. THM. Crpyxkrypa ¢aitnoB unentuuna daitnam FG,

HO YHUCJIO W 3HaU€HUs TemrepaTyp Oepyrtcs u3 (aiiya oueHEeHHBIX JaHHBIX, U B KaXI0M (aiine
napameTpbl PARI umeroT cBou 3HaueHuUs.

2.5.1.5.3. Tabauna MF=307 MT=0

* BOUND ATOM THERMAL SCATTERING CROSS SECTION AND

* GROUP TRANSITION PROBABILITIES P(IG => KG,...,KG+NG-1)

COJICP)KUT CEYCHUS W BEPOATHOCTH IEPEXOJOB, MOIydyaeMble CYMMHPOBAHHUEM HEYIPYTrOro
HEKOT€PEHTHOI'O PACCESTHUSI C CEUCHUSIMH KOTePEHTHOTO WM HEKOTEPEHTHOTO YIPYroro
paccesiHuii (€cl OHU UMEIOTCS)

2.5.1.5.4. Tabauna MF=307 MT=1

* BOUND ATOM THERMAL SCATTERING CROSS SECTION AND

* GROUP TRANSITION AVERAGE COSINES MU(IG => KG,...,KG+NG-1)

COJICPKHUT CCUCHHSI U CPEIHUE KOCUHYCHI TIEPEXOJIOB, MOJYYCHHBIC U3 CYMM IEPBBIX MOMEHTOB
HEYNPYroro HEKOTEPEHTHOTO PACCESIHUS W KOTCPEHTHOTO WM HEKOTEPEHTHOTO YIPYTroro
paccesiHui (€CI OHU UMEIOTCSH).

2.5.1.6. lnpexTopus 2-ro ypoBus «06.Heating»
conepxut Tpu Tadmmiel MF=308 ¢ naHHBIME 00 SHEPTrOBBIICIIEHUN B HEUTPOHHBIX PEaKIHIX:
MIOJIHOTO HEPTOBbIICTICHUS
2.5.1.6.1. Tabauna MF=308 MT=0
* ENERGY RELEASE IN NEUTRON REACTIONS
* WITH DECAY PRODUCTS CONTRIBUTION (MeV)
MOJIHOE DJHEProBbIIEICHHS (CyMMa MIHOBEHHOTO M OCTaTOYHOTO, B pe3yibTaTe pacmaja
PaauOaKTUBHBIX MPOIYKTOB PEaKIUi
2.5.1.6.2. Tabauna MF=308 MT=1
* ENERGY RELEASE IN NEUTRON REACTIONS (MeV)
MTHOBEHHOTO, T.€. BBIJEISIEMOTO B MOMEHT MPOXOKIEHUS PEaKIINU
2.5.1.6.3. Ta0auma MF=308 MT=2
* REACTION PRODUCT DECAY ENERGY RELEASE (MeV)
SHEPTOBBIICIICHUE B PE3yJIbTaTe paciaia paAHOaKTUBHBIX MPOTYKTOB PEAKIIHH.
Uucno cTonl110oB y BceX TpEX Tabmuil (aiiia 0AMHAKOBO U paBHO 6 ISt ©30TOIOB U AJIEMEHTOB
u 8 - st aktuHuI0B. CosiepkaHue CTOJIOIOB, B IOPSIIKE UX CIEAOBAHUS:
G -HOMeD IpymIIbI,
E-EL — nokanpHOE SHEPTOBBIJICTICHUE TIPH YIIPYTOM pacCesTHUH (00yCIOBIEHHOE TOPMOKEHHEM
siep OTJIa4n),
E-C — mokanpHOE 2)HEPTOBBIICTICHUE TIPH 3axBaTre (00YCIOBICHHOE TOPMOKEHHUEM 3apsHKCHHBIX
MPOJYKTOB PEAKIUil 3aXBarta),
T-C — mosHOE SHEPTOBBIEIICHHE (C YIETOM SHEPTHH, YHOCUMOW 00pa3yeMbpIMU TaMMa-
KBaHTaMH ),
E-IN — nokanpHOE SHEpProBBIJICTICHUE B HEYNPYTHX MPOIleccax,
T-IN — momHOE YHEproBhIZIeNIeHHE B HEYIIPYTHX MPOIeccax;
U, U1 aKTUHUIOB, IOTOJIHUTEITEHO
E-F — nokaneHOE SHEProBBIICICHUE TPU JCIICHUH,
T-F — noxanpHOE SHEPTOBBIJICIICHUE TIPH JCIICHHUH.

Brmang E-EL B Tabmuisl sHeproBouiieiacHus npu pacrage npoaykrtoB (MT=2), ectectBenHo,
paBeH Hymto. Pamuonyknuapl, napmme Bkiangsl B E-C, N-C, E-IN u T-IN nmepeuuncnstorcs B
3aKOMMEHTHPOBAHHBIX CTPOKAaX 3aroJioBKa ¢ ykazaHueM HoMmepa peakiuu MT B HOMEHKIaType
ENDF-6. ns peakuuu [eleHHUs BKIJIAJ TMPOIYKTOB HE BBIACTSETCS. DHEPTOBBIICICHHE
MPUBOJUTCS B equHMIIAX M»aB.
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2.5.1.7. lupexTopus 2-ro ypoBHs «07. Reaction cross sections»

COIEPXUT JIBE NUPEKTOpUU 3-TO ypoBHs: «Actinides» m «ISOtopes», B KOTOPHIX MPUBOIATCA
daiinbpl ¢ JAaHHBIMU O CEUYEHHSIX peakiuil o00pa3oBaHUS ANEP-TIPOJYKTOB peaKUud U HX
METACTaOMIBHBIX COCTOSTHUN. Daiiibl MOMMEHOBAHBI CTAHAAPTHBIM HAUMEHOBAHHEM HYKJIHIA C
pacmipenuem REA.

2.5.2.7.1. Tabamua MF=500, MT=0
* REACTION CROSS SECTIONS
CoepsKuT Y4UCIIO CTPOK, paBHoe uncity rpymm + 3 (LT=302)
B nepBbIX TpEX CTpOKax, HAYMHAS CO BTOPOTO CTOJIOIA, TPUBOAITCS
MT - uaeHTHGUKATOPBI HEUTPOHHBIX peakiuid MpuHAThIC B popmare ENDF-6,
ZAS unentupukaTop npoaykra peakuu (s aenenust ZAS nonaraetcst paBHbIM 0),
Q — sueprus peakiuu (MaB).
B nocneayrommx cTpokax B mepBOM CTOJIOIE MPUBEACH HOMEP HEUTPOHHOMU I'PYTIIIBI, B OCTAJIBHBIX
— COOTBETCTBYIOUIHE €I CEYCHUS peaKIUii.

2.5.1.8. lupexropus 2-ro ypoBus «08.Fission product yields»
COJIEP’KUT (pailyibl JTaHHBIX O BBIXOJAX IPOJIYKTOB JEJNEHUS Uil BCEX AaKTUHHIOB. Daiiibl
MMOMMEHOBAaHbI HAMMEHOBAaHUEM aKTHHH 1A ¢ pacimupenrneM NFY. daitnn coaepkut 2 TaOauIb.
2.5.1.8.1. Tadmmua MF=314, MT=454
COJICP’KUT BBIXOABI MPOIYKTOB JIEJCHHS] HETMOCPEICTBEHHO B MOMEHT MPOXOXACHUS PEaKIuu
(3Hauenue MT coorBeTcTBYeT npuHsiTomy B popmare ENDF-6).
PasmepHocTh TabnuI onpeaenseTcs, Kak

LT = yuciom npoaykToB aeneHus + 1,

LC = uncio onopHsIX 3HEpruii + 3.
IocJie 3arojoBKa
* REFERENCE ENERGIES

Ha4YMHAs ¢ 4-Tr0 CTOJNOIA, B TAOJIUIIEC IPUBOIATCS 3HAYCHUS OTIOPHBIX 3Hepruii (3B).
3areM, IOCIIE 3ar0JIOBKa
* FISSION PRODUCT INDEPENDENT YIELDS
3aJat0TCs MO CTOI0LaM:

N - mopsiAKOBBIN HOMEp MPOIYKTA,

HZAS — TekcToBO€ UM IPOYKTA,

MZAS — npuznak npoxykra MZ*1000+MA*10+MS (3apsii-macca-cocTosiHUE)
U, HAYMHAas C YeTBEPTOI0 CTOJIONA — 3HAYCHUSI BBIXOJIOB JUIs KaX/101 OMOPHOM SHEPIrUH.
CymMmMa BBIX0JI0B HOpMHpPOBaHa Ha 2.

2.5.1.8.2. Tabruna MF=314, MT=459

(c 3nauenmeM MT, COOTBETCTBYIOUIMM MPUHATOMY sl 3Toro Tuma naHHeiXx B ENDFO6) u
3aroJIOBKOM
1ocJie 3arojoBKa
* REFERENCE ENERGIES

HauyuHas ¢ 4-1o cTo01a, B TAOIUIIE TPUBOIATCS 3HAUEHUS ONOPHBIX dHEpruii (9B).
3areM, IOCIIE 3ar0JI0BKa
* FISSION PRODUCT CUMULATIVE YIELDS
3aJal0TCs MO CTOI0LaM:

N - mopsiAKOBBIN HOMEp MPOIYKTA,

HZAS — TekcToBO€ UM IPOYKTA,

MZAS — npusznak npoxykra MZ*1000+MA*10+MS (3apsia-macca-cocTosiHUE)
U, HAYMHAas C YeTBEPTOI'0 CTOJIONA — 3HAYSHUS BBIXOIOB JUIs KaX/10i OMOPHOM SHEPIrHH.

43



2.5.1.9 lupexTopus 2-ro ypoBHs «09.Gamma production data)
COJICPXKHT TPU TUPEKTOPUH TpeThero ypoBHs «Actinides», «Isotopes» u «Elements» B koTopbix
NpUBOIATCS (Dailibl TaHHBIX C MATPUIIAMU 00Pa30BaHKs raMMa-KBAaHTOB B HEUTPOHHBIX PEAKITHSIX
KaK B MOMEHT CTOJIKHOBEHHSI HEHTPOHA C SIPOM, TaK U B pe3yJibTaTe paciaja 00pa30BaBIIMXCS
saep. Daiiiibl MOMMEHOBAHBI CTAHAAPTHBIM HAMMEHOBAHUEM HYKJIH/IA.

B citydae, ecnu B uMeeTcs MOJIHBIA HAOOp JaHHBIX, (ailily IPUCBAaUBACTCS PACIIMPCHHE
310, mo HOMepy MepBOW TAOJIMIBI, C JAHHBIMA U CYMMAapHBIX JHEPrHsX U BBIXOJAX raMma-
KBaHTOB. TaOJUIIBI CIICAYIOT B MIOCIIE0BATEILHOCTH:

2.5.1.9.1. Tadauna MF=310, MT=4
* GAMMA ENERGY RELEASE AND YIELDS IN INELASTIC REACTIONS WITH DECAY
CONTRIBUTION

2.5.1.9.2. Tadauna MF=310, MT=101

* GAMMA ENERGY RELEASE AND GAMMA YIELDS IN CAPTURE REACTIONS WITH
DECAY CONTRIBUTION

To e, U peakiuy 3axBaTa HEUTPOHOB

U, B cityvae ak THHOUJIOB

2.5.1.9.3. Tadauuna MF=310, MT=18

* GAMMA ENERGY RELEASE AND YIELDS IN FISSION REACTIONS

(BKJ1a1 raMMa-KBAaHTOB OT PAcIiajia MPOJYyKTOB JCJICHHS HE YIYUTHIBACTCS)

3aTeM TPUBOAATCS AaHAJIOTMYHBIC TAOJMIBI JIJII MTHOBEHHBIX T'aMMa-KBaHTOB, C HOMEPOM
MF=311:

2.5.1.9.4. Tadauna MF=311, MT=4
* PROMPT GAMMA ENERGY RELEASE AND YIELDS IN INELASTIC REACTIONS

2.5.1.9.5. Tabruna MF=311, MT=102

* PROMPT GAMMA ENERGY RELEASE AND YIELDS IN CAPTURE REACTIONS

W, HaKOHell, - Ui raMMa-KBaHTOB, OOPa3yIOIIMXCS B pe3ylbTaTe pachaga paguoaKTHBHBIX
MPOYKTOB PEAKIUi (KpoMe peakiuy JeJIeHus) - Ta0IuIel ¢ Homepom MF=312:

2.5.1.9.6. Tadauna MF=312, MT=4
* DECAY CONTRIBUTION TO GAMMA ENERGY RELEASE AND YIELDS IN
INELASTIC REACTIONS

2.5.1.9.7. Tadauna MF=313, MT=102
* DECAY CONTRIBUTION TO GAMMA ENERGY RELEASE AND YIELDS IN CAPTURE
REACTIONS
[Ipy HamUuuMM TOJNBKO OJHOTO THNA JAHHBIMM (71 MTHOBEHHBIX WJIM T'aMMa-KBaHTOB
pacmajna), daitiaM MpucBanBaeTCs paclIMpeHne, cooTBeTcTByomee Homepy MF, MF=311 wm
MF=312.
Bce Ta0nuIel UMEIOT OJIHY U TY )K€ CTPYKTYPY; B CTOJIOIAX 3a/1al0TCS:
IG — HOMep rpynIbl, B KOTOPOW MPOHU30ILIO CTOJIKHOBEHNE HEUTPOHA,
KG — HOMep BepXHEi 10 SHEPTUHU TPYIIIBI, B KOTOPOH 00pa30BaIMCh TaMMa-KBaHTHI
NG — uucno rpymm, B KOTOPBIX 00pa3oBajUCh raMMa-KBaHTHI MPU CTOJIKHOBEHUH HEUTpOHA
B rpymme 1G.
B 4-m cronbiie cronbuax npuBoOAITCS:
EGAM — »sHeprus raMma-KBaHTOB,
B nocinenyronmx NG cronbuax:
Y (IG->KG) — BbIX0/1bI raMMa-KBaHTOB B rpymimax B rpynmnax ot KG mo KG+NG-1.
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[Tocne 3aromoBkoB B TaOmumax MF=311 mnpuBOASITCS CTPOKH- KOMMEHTapuu C
uH(popMaIMel 0 MPOUCXOKICHUN TaMMa-KBaHTOB; Hampumep, it tadmunbr Agl07 MF=311,
MT=4 510 THIBI peaKIHii
* REACTION MT= 4 16 17 22 28
a g tTabmuiel Agl07 MF=312, MT=101 — npoayKThl peakiuit
* REACTION AND PRODUCED ISOTOPE: MT ISOTOPE

* 102 047Ag108

* 102 047Ag108ml
* 103 046Pd107

*

107 045Rh104

2.6. 127-rpynmnoBple JaHHbIe TAMMa-KBAHTOB

2.6.1. JlupekTopusi mepBoro ypoBHs «127-qroup gamma_data»

ComepXkHuT 2 aMpekTopum 2-ro  ypoBHs. «Photo-atomic_interaction_data» u  «Photo-
nuclear_interaction_data».

2.6.1.1. IlupexTopusi BTOporo ypoBHs «Photo-atomic_interaction data»

¢ (aiimamMu maHHBIX 0 (OTO-aTOMHBIX B3aumojaeicTBHi it 100 371eMeHTOB, MOMMEHOBAHHBIC
CTaHJAPTHBIMH HMMEHaMH aToMOB u pacmmpeHuem PHA.  JlanHbie npezictaBieHbl 4-ms
TabIuIaMu:

2.6.1.1.1. Ta6auna MF=111, MT=0

* MAIN PHOTO-ATOMIC INTERACTION CROSS SECTIONS
CO CTOJIOIAMH:

GR- HOMEp ramma-rpyIis

COHER - ceueHne KOTepeHTHOTO PACCESTHUS,

COMPT - ceueHne KOMIITOHOBCKOT'O PACCESHUS,

PAIR - ceuenne oO0pa3oBaHUs JIEKTPOH-TTO3UTPOHHBIX TIap,
PHOTO - ceuenue ¢poronoriomieHus,

TOTAL - nmonHOE ceueHue,

EN.LOSS - cpennsist motepst 3HEPTUu NpH CTOIKHOBEHUH (3B)

2.6.1.1.2. Tabmmua MF=112, MT=0

* GAMMA COHERENT SCATTERING ANGULAR

DISTRIBUTION DISCRETE COSINES conepXuT naHHbIe 1O aHU30TPOINUHM KOTE€PEHTHOI'O
paccestHus. Tabinila HAUMHAIOTCS € TPYMI, B KOTOPBIX BEPOSTHOCTh PACCESHUS CTPOTrO BIEPEN
HauuHaeT omnyarcs ot 1.0 6onee, uem Ha 0.0001, moatomy umcio crpok LT B Tabnunax pasHsle.
Uucno crosdoB onpeneisieTcs MaKCUMaIbHBIM YUCIIOM JUCKPETHBIX KOCUHYCOB M OJMHAKOBO
Juis Beex Tabaui - LC=6. [TockonbKy KOrepeHTHOE paccessHue raMMa-KBaHTOB IMPUBOJUT TOJIBKO
M3MEHEHHUIO HaNpaBJICHUs WX JBWKEHUS, B TaOJIMLIE YKa3bIBAE€TCA TOJIBKO HOMEp TpPYIIIbI, B
KOTOPOM ITPOU30LIIO PACCESTHUE.

AHH30TPONUU KOTEPEHTHOTO paccestHUs MpejicTaBiieHa B TabJMle AUCKPETHBIMU KOCHHYCaMU
yIia paccesiHUsl. 3HaUYEHUs] JUCKPETHBIX KOCUHYCOB L], n2 1 u3 u BEpOSATHOCTEN paccesHUs Ha
nepBble aBa yraa 21 u 22 TakoBbI, 4YTO B TOYHOCTH COXPAHSIOT BCE MATh YIJIOBBIX MOMEHTOB
MHAMKATPUCHI paccesHus; 3HaueHue (23 He 3ama€rcs, MOCKOJIbKY ONPEAENAeTCS U3 yCIOBUS
HOPMHUPOBKH BeposiTHocTel Q3=1-Q1-Q2. B cTton0uax 3anucaHsbl:

NG — HOMep IpymIibl, B KOTOPOI MPOU30IILIO paccesHue,

OMEGA1 — BepoSITHOCTh paccesiHUsI C KOCHHYCOM yTia l,

MU1 — 3HaueHue pl,
OMEGAZ2 — BepoSITHOCTB paccesiHUsI C KOCHHYCOM yTJa 2,
MU2 — 3Ha4YeHHe |2,
MU3 — 3Ha4YeHHE U3.
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2.6.1.1.3. Tabauna MF=112, MT=1

* GAMMA INCOHERENT SCATTERING GROUP TRANSITION PROBABILITIES

AND ANGULAR DISTRIBUTION DISCRETE COSINES

C MaTpHIeld BEpOATHOCTEH TPYIIOBBIX IEPEXOJ0B TaMMa-KBAaHTOB MPHU HEKOT€PEHTHOM
paccestHiH

AHU30TPOIIUSL TPYNIIOBBIX TIEPEXONOB NPEACTaBICHA, KaK W B Mpeablayliei Tabiuie-
JUCKPETHBIMU KOCHHYCaMHU.

UYucno crpok LT onpenensiercss 4nciom nepexo 0B, KOTOPOE 3aBUCUT OT PACCEUBAIOIIETO aTOMa;
qUCIIO CTOJIOLOB BO Beex Tadimnax LC=8

CronlOIbl comepxar:

IG — HOMEp TpyIIIbI, B KOTOPOIl MPOU30IILIO YIIPYTOe PaccesiHue,

KG — nHomep rpymsbl, B KOTOPYIO MONaJ YIPYro pacCesHHBIA HEUTPOH,

P(IG->KG) — BeposiTHOCTH Tiepexoa Heiirpona u3 rpymnsl |G B rpynny KG,

OMEGAL — BepossTHOCTB paccessiHusi ¢ KOCHHycoM yruia pl,

MU1 — 3HaYCHHE KocuHyca 1,
OMEGAZ2 — BepoSTHOCTB paccesiHUsI C KOCHHYCOM yTJa p2,
MU2 — 3Ha4YeHHe KOocuHyca U2,
MU3 — 3HaUYEHHUE KOCUHYyca U3.

2.6.1.1.4. Tadaua MF=112 MT=2

* ANNIHILATION GAMMA YIELD IN PAIR PRODUCTION REACTION

C HOMEPOM TpYIIIBI, B KOTOPYIO TOMATAIOT TraMMa-KBaHThI TIPH AHHUTHIISIIIAHA DJICKTPOH-
NO3UTPOHHOU Tapel. Tabnuia npuBeneHa U3 (GOPMATBHBIX COOOpPAKEHUH - Ui 00CCTICUCHHS
MOJTHOTHI JIAHHBIX (JOTO-aTOMHBIX B3aUMOJICHCTBUN. EE pa3mepHbie mapameTpsl GUKCHPOBAHBI:
LT=76 u LC=3. B cToy01iax npuBeaCHBI:

IG — HOMEp TPYIIITEI, B KOTOPO# MPOM30IILI0 B3aUMOICHCTBHE TaMMa-KBaHTa,

KG - HoMep rpyIiisl, B KOTOpOii 00pa3oBairch raMMbl-kBaHThI (KG=87),

YIELD - uncno ramMma-KkBaHTOB, 0Opa30BaBIIKXCS B PE3YyJIbTAaTe aHHUTWIISLUU M1aphl 3JIEKTPOH-
no3utpoH (YIELD = 2.0).

2.6.1.2. lupexTopus BTOporo ypoBHs «Photo-nuclear interaction data» comepxut ¢aiiisr ¢
JTAaHHBIMA  (OTO-SACPHBIX B3aWMOJICHCTBHI, TTOMMEHOBAaHHbIE CTAHIAPTHBIMH HMEHAMH
HykinaoB ¥ paciupenueM PHN. Yucno Tabnun B daiine paBHO yncity peakiuii ¢ o0pa3oBaHHEM
HENUTpoHOB +1.

2.6.1.2.1. Tadauuna MF=121, MT=0

*  PHOTO-NUCLEAR INTERACTION CROSS SECTIONS

3amaétr 3HAYeHHS CeUeHU (OTO-AACPHBIX B3aUMOJCHCTBUNM, W €CJIM PEAKIHsl MNPUBOJIUT K

00pa30oBaHUIO HENTPOHA - 3HAUYEHHUS BBHIXOJOB HEHTPOHOB.

COJIEPXKUT B TIEPBOM CTPOKE, HAUMHASL CO BTOPOTO CTOJIOIA

MT. — upenTuguuupyrommii Homep peakuuii (¢ Toukoif) B HomeHknarype ENDF; eciu B

pe3yibTaTe peakiuu o0pa3yeTcss HEUTPOH, B CICAYIOIIUM CTOJOIE 3a/1aéTCs 3HAUCHUE
MT, yBemmuennoe Ha 1000 (ams  oOo3HayeHUs  BBIXOJA  HEUTPOHOB)

CootserctBytomuii 3HadeHussM MT 3amucu peakiuii B OOIIETIPUHSATOM BHJI€ HAXOISATCS HaJl

HUMH, B CTPOKE-KOMMEHTAPUHU.

[Tox 3nauenusimu MT, cTpokoii Hibke, 3amaroTcst 3HaueHus Q peakiuu (B MaB). B cronbax st

BBIXO0/1a HEUTPOHOB 3HaUeHHEe QQ TOBTOpSIETCS.
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BoT kak BRITTISANT, HAIPUMED, 3ar0J0BOYHBIN (parMenT Tadimuubl MF=121 mia U-235:
* (r,nonel) (r,anyth.) n-yield (r,2n) n-yield (r,fis) n-yield
3. 5. 1005. 16. 1016. 18. 1018.
0.0000 -5.2600 -5.2600 -12.1471 -12.1471 190.3000 190.3000
rae 3HadyeHusiM M T cOOTBETCTBYIOT:
MT=3 - “ Bce peakiuu, KpoMe YIIPyroro paccesiHus’;
MT=5 - “Bpuieraer BcE, 4YTO yrogHO ’, TOMOJHUTEIBHO K TEM PEAKIIUAM, JUIsl KOTOPBIX
JaHHbIE TIPUBEICHBI SBHO,
MT=16 - peakuus ¢ BbIJIETOM ABYX HEHTPOHOB,;
MT=18 - peakuus GoroacieHus.
Bcenen 3a aTuMu cTpokamu, HauMHAs C 3-€i 3HAYaIIe CTPOKH, 3a/1al0TCS IO CTOJIOAM:
N - HOMep rpynmsl Ui raMMa-KBaHTa,
XS - 3HaueHue ceueHus At cooTBeTcTByomero MT u, eciu 00pa3yroTcs HEHTPOHBI,
YN — 4uciio HEUTPOHOB,;
MOCIICAYIONIUE CTOJIOIBI 32/1al0TCS aHATIOTHYHBIM 00pa3oM JIJIsl KaXKI0W PEeaKIIHH.
Yucno cTpok B Tabsnile paBHO MAaKCUMAIbHOMY UMCITY TPYMI ¢ HEHYJIEBBIMH 3HAUCHUSIMU
CCYCHUU + 2.

2.6.1.2.2. Tabuna MF=122, MT= unentudukarop peakunu B HomeHknarype ENDF

*  PHOTO NEUTRON PRODUCTION PROBABILITIES P(N <- K)

COJICPKUT BEPOSATHOCTH 00pa30BaHUs HEUTPOHOB B Tpymie N mpu B3auMOJICHCTBUU raMMa-

kBaHTOB B rpynne K misa peakiuun MT.

B nepBom crosbrie 3anaéres:

N - HOMep rpynIbl, B KOTOPOi 00pasyeTcs HeUTpoH, B nocneayoumx KM - cronbiiax

P(N<-K) BeposiTHOCTh 00pa30BaHKs HEHTPOHA TIPU B3aUMOICHCTBHH IT'aMMa-KBaHTa B FPYIIIE
K, K=1,2,...KM (KM — MakcuMaibHOE YUCIO TaMMa-TPYII C HEHYJICBO
BEPOSTHOCTHIO O0OPAa30BaHMSI HEUTPOHA)

Yucno ctpok B Tabnuiie LT paBHO yuCITy TpyIII, B KOTOPBIE MOMAgal0T HEUTPOHBI.

CyMMma 371eMeHTOB CTOJIONA paBHA 1, TTO ONpeEICHHIO.

2.7. XapaKTepUCTHKH pacnajaa

2.7.1. lnpexkTopusi nepBoro ypoBus “Decay data” comepxuT JaHHBIC ¢ XapaKTePUCTUKAMU
IPOIIECCOB pacHaia: Mepruo Moylypacmnasia, BEpOSITHOCTH paclaioB pa3IMyHbIX TUIIOB, JIOKAIbHOE
U TIOJHOE DHEPrOBBIACIICHHUS IIPH pacraje, CHeKTp TraMMa-KBaHTOB B TraMMa-TPyNIIOBOM
IpeCTaBICHNUN TP pacnaje JaHHOTO HyKJIMJa U CYMMapHBIH, 110 Bcel Iernouke 00pa3yonmxcs
paZIMOaKTHBHBIX TPOAYKTOB. Dailibl JaHHBIX B AUPEKTOPHUH MOWMEHOBAHBI CTAaHIAAPTHBIMH
UMEHaMU HYKJIHJIOB ¢ pacimperueM 90.

TaOnuie1, pazmeniéHnble B Gaitnax, uaeHtupunupyrorcs Homepamu MF=90, MT=127. Ha
mecte PAR1 3amaércs mpusznak ZAM= MZ*1000+MA*10+MS - 3apsu-macca-cocTosiHUE
Hykmmaa. Ha mecre PAR2, 3amaéress mapamerp ACT, KOTOpBIE MOXET NpPHUHUMATh Kak
LIEJIOUMCIIEHHBIE 3HAUYEHUs, Tak JpoOHble. B kadecTBe pasnenurens HENOM yacTh W APOOHOM
ucnonp3yercst Touka. Llemas wacte mapamerpa INt(ACT)= lilo. I« — wuaeHTH(UKATOP THITOB
pacnaja, rjie Yicio 3HaKoB K paBHO 4MCITy pacmiajioB, a j-i pa3psn lj ykaseiBaet Tum j-ro pacmana,
KOTOPBII MOXKET IPUHUMATh 3HAUYCHUS:

0 — n3omepHBIi iepexo (ecau JpoOHast 4acTh OTCYTCTBYET);

1 — mO3UTPOHHBIN pacmaj WIIK 3aXBaT OPOUTAILHOTO JJIEKTPOHA,

2 — Oera-pacnas;
3 — anmba-pacman;
4 — cHOHTaHHOE JIEJIEHHUE.
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Ecnu cTaOunbHBIN HYKIUA BXOJIUT B COCTaB €CTECTBEHHOW CMECH HM30TOIOoB, mapamerp ACT
3amaét ero copepkanue B cMmecu. Ecnu ke m3otonm B cMmecu oauH, mapamerp ACT 3anmaercs
paBabIM He 1.0, a 0.99999, 4TOOBI OCTAaBUTHh BO3MOKHOCTh yKa3aTh, B YaCTHOCTH, s Th-232,
KaHaJbl pacnana anbda (3), CIOHTAaHHOTO JeneHus (4) U ColepKaHUe B €CTECTBCHHON CMECH:
ACT=34.99999.

Uncno CTPOK 3aBUCHT OT YHUCIA raMMa-TPYII, B KOTOPBIA IOMaNal0T raMMa-KBaHTHI,
oOpa3yroniuecs B LieMoYkax pacnaga. Yuciao ctondios B Tabnuie ¢pukcupoano, LC=4.
[TepBrie aBa cronblia comepikar AaHHBIE JJIs PACCMATPHUBACMOIO HYKJIHAA, JABA MOCICIHUX —
JaHHbIE JJIs1 HENOYKU PacIaioB, MOPOXKIAEHHON STUM HYKIIUIOM.
[lepuonbl mostypacmnana 3a1at0Tcst B €AUHULIAX: | — CeKyHIbI, 2 — MUHYTHI, 3 — 4ackl, 4 — T1HU, S5 —
TOJIBI.

Copep:xanue CTOIOIIOB 3aBUCUT OT HOMepa CTpokH. [Ipu ykazaHuu HOMEpa CTPOKU CTPOKH--
KOMMEHTApUU HE YUUTHIBAIOTCS.
B 1-i1 cTpoke cTonOIbI coepkar:
IT — npusHak eaMHMIIA U3MEPEHUS IEpUOJIa TIoTypachaia HyKJIn/a,
T1/2 — nepuoj mosypacmaaa HyKJIH/a,
ITC — mpu3Hak eAUHMIIA U3MEPEHUST MAKCUMAJIBHOTO TIEpHO0/Ia MOIypaciaja B LeMouKe,
TC1/2 — makcuMaibHBII MepHOJT NOTypaciaga HyKIUJI0B B IIETIOYKE PACIaoB, MOPOKAEHHOM

UCXOHBIM HYKIIUIOM.

Bo 2-ii ctpoke: int(ACT) - mepedeHb pacnajoB paccMaTpUBaeMOro HYKIIH/IA,
A=In(2)/T1/2 — nocrosiHHas pacmana B 00paTHBIX ceKyHax; (4-i cTos0el He UCTIONB3YIOTCS).

B 3-i1 ctpoke, HaunHas co 2-ro cronoua (1-i cronber He UCIONb3yeTCs):
EL — nokanpHOe SHEproBuielieHne Ipu pacnaje Hykinaa (MaB)
NRC — uncio paaroHyKIHIOB, YYTCHHBIX B IIETIOUKE
ELC - nokanpHOE SHEProBBIJCICHHE BO BCEH menouke pacnaaor (MaB)

B 4-ii crpoke, HaunHas co 2-ro crondiua (1-if cronben He UCIONb3yeTCs):
ET — nonHoe sHeproBeieneHne npu pacnaje Hykinaa (MaB)

NNC — nosHoe 4nciI0 HYKJIHIOB B LIEMOYKE

ETC - mommHOE HEPTOBBIZICTICHHE BO BCEH 1IeTIoUKe pacnaaoB (MaB)

B 5-i1 cTpoke:
ZAM — uneHTrduUKaTOp MPoayKTa pacnana (st conTanHoro aenerus ZAM=000000)
PD - BeposiTHOCTh pacniafia (3 u 4-i cTONIOLBI HE UCTIONB3YIOTCS)

B 6-i1 cTpoke 3amaeTcst TO ke, UTO B S-i, JUIS CIEAYIOIIET0 MPOIyKTa pacnajaa, €Clid OH €CTh,
00 CTPOKA OCTaBISETCS MMyCTOU

B 7-ii cTpoke 3agaercs TO ke, 4TO B 6-, A CIEAYIOIIEro MPOAYKTa pachaja, eciu OH ecCTb,
00 CTPOKA OCTaBISETCS IyCTON

Haunnas ¢ 8-if cTpoku npUBOJATCS, 110 Mepe OOHAPYKEHHS! TaHHBIX

IG - HOMep raMMa-TpyNIbl, B KOTOPYIO MOMAAa0T TaMMa-KBAaHTHI IIPH pacrajie HyKIu/a,

YG — BIXoa raMma-kBaHTOB B Tpymity |G muist paccMaTpuBaeMoro HyKITH/Ia,

IGC — HOMep raMMa-rpynisl, B KOTOPYIO MOMAJal0T raMMa-KBaHThI M3 IIETIOYKH PACIIaIoB,;

YGC — Bbixon ramma-kBaHToB s IGC Tpymmiel U3 Beel ENOYKHU paciiaios;

[Tpu oTCYTCTBUM KaKMX-IMOO TaHHBIX, IPEIHA3HAYCHHBIE 11 HUX TOJIsI OCTABIISIOTCS MyCThIMU.
[Tocnenyromue CTPOKU IPUBOAATCS 10 TEX MOP, MTOKA €CTh 3aII0JTHEHHBIE TTOJIS.

[Tapamerp LT ompenensiercs nociue 3aBepiieHust GOpMUPOBAHUS TAOIUIIBL.

Hwxe npuBezeH, B kauecTBe mpumMepa, pparmenT Tadmmnbl MF=90 s Se87.
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NAM=Se087 LIB=ROSF MF=90 MT=127 ZAM= 340870 ACT=225
LV=10 LT= 81 LC=4 LS= 4 LF=(17,E12.0,17,E12.0)
*Gamma contributers:035Br087 036Kr087 037Rb087

*Involved to chain: 035Br086 036Kr086

*T1/2, LAMBDA, ENERGY LOC, TOT

15.50000E+00  54.81329E+10
225 1.26027E-01

3.10714E+00 3 4.77634E+00

3.76907E+00 5 1.08399E+01

350870 9.98000E-01
350860 2.00000E-03

*

IG YIELD

44 1.77100E-02
46 1.40300E-02
47 1.01200E-02
65 5.42800E-02
71 4.09400E-02
73 4.23200E-02
82 7.06100E-02
85 1.19140E-01
88 1.10860E-01
93 2.15280E-01
98 2.30000E-01

IG YIELD

28 1.95000E-06
29 9.10000E-07
31 1.44300E-05
32 7.68460E-04
33 4.35468E-03
34 1.37397E-02
35 2.83133E-02
36 3.64669E-02
37 4.09859E-02
38 3.73851E-02
40 3.33332E-03

41 1.25049E-02

126 5.75942E-05

2.8. JletasibHBIE 3aBUCUMOCTH

2.8.1. IupexTopus nepBoro yposHs «Point-wise energy dependenciesy
COAEPKUT 3 TUPEKTOPUHU 2-TO ypoBHs. Hibke MPUBOIUTCS ONMUCAHUE CTPYKTYPHI U COJCPIKAHHS
ITUX TAPEKTOPHUH.

2.8.1.1. IlupexTopusi BTOPOro ypoBHs “Cross_sections”

comepkut 3 mupekTopuu 3-ro ypoBHs: «Actinides», «Elementsy u «lsotopesy, kaxmas u3
KOTOPBIX COJEPXKUT (paiipl ¢ UMEHaMu HYKIUAoB ¢ pacmupenueMm 701. Ilepeunu HykianmoB
npuBesieHsl B qupektopun _Content. daiinsl cogepikaTt TabIUIBI C 1eTaTbHBIMU CEYEHUSIMU.
Junana3zon wu3smeHeHus »sHepruii-or 1.E-5 no 20M»>B, sHeprum pacnosioxeHbl B HOpSIKE
yObiBanus. CeueHus nmpuBeaeHs! i Temmepatypsl 300°K.

Tabnuubl pa3HbIX TUPEKTOPUH UMEIOT OJMH M TOT ke Homep MF, HO oTiiM4aloTCs 4YUCIOM
CTOJIOIOB.

B nupexropun «lsotopesy ncnosnb3yercst 7 cToI010B

2.8.1.1.1. Tabmua MF=701, MT=0, LC=7

* DETAILED CROSS SECTIONS

N/N — mopsAKOBBI HOMEp YHEPTreTUYECKON TOUKH,

ENERGY - 3nauenue sHepruu B MaB,

TOTAL - nonHoe ceueHue,

CAPTURE — ceuenue 3axBata (CyMMa BCEX peakIvii, MPUBOISIINX K NICUE3HOBEHUIO HEUTPOHA)
ELASTIC - ceuenue ynpyroro paccesHus,

INELASTIC — ceuenune HEynpyrux B3aMMOJICHCTBHIM - BCE PEAKIIMH, KPOME YIIPYTOTo
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paccesHUs M JCNICHHS, HE MPUBOIAIINE K MMOTepe HelTpona: (N,n’), (n,2n),
(n,3n,), (n,n'p), (n,n'et) u ap.
YN — cpenHee yuCiio HEHTPOHOB, HCITYCKAEMBIX IPU HEYNPYTHUX B3aUMOJICHCTBHUSX.

B mupexkropun «Elements» B Tabmuubl mob6aBieH cronber; ¢ 3¢hGEKTHBHON Maccoil cMmecu
M30TOIIOB, 3aBUCSILEH OT SHEPIUU:

2.8.1.1.2. Tadauna MF=701, MT=0, LC=8

N/N — nopsAKOBBIIl HOMEp YHEPreTHYECKOW TOUKH,

ENERGY - 3nauenue snepruu B MaB,

TOTAL - nonHoe ceueHue,

CAPTURE — ceuenue 3axBata (CyMMa BCEX peakluii, MPUBOASIINX K HCUE3HOBEHUIO HEUTPOHA)

ELASTIC - ceuenue ynpyroro paccesHus,

INELASTIC — ceuenue Heynpyrux B3auMoIeiCTBUI

YN — cpennee unciio HEUTPOHOB, UCITYCKAEMBIX IPU HEYNPYTUX B3aUMOJICHCTBUSAX,

AWEL - »sddexrtuBHas macca sieMeHTa, OTHECEHHBIH K Macce HEWTpOHA, IOyYeHHBIN
ycpennenneM AWR kax10ro U30Tola ¢ BECOM CEUEHHs! YIPYroro paccesHusl.

B nupexropun «Actinides» mobasieHsl 2 cTonOa 1yist JaHHBIX 110 JSJICHUI0

2.8.1.1.3. Tadaua MF=701, MT=0, LC=9

* DETAILED CROSS SECTIONS

N/N — nopsiKOBbI HOMEp YHEPreTUYCCKOM TOUKH,

ENERGY - 3nauenue snepruu B MaB,

TOTAL - nonHoEe ceueHue,

CAPTURE — ceuenue 3axBara (CyMMa BceX peakluid, MPUBOISIINX K HCUE3HOBEHUIO HEHTPOHA)
FISSION-ceuenue nenenus,

ELASTIC - ceuenue ynpyroro paccesHus,

INELASTIC — ceuenune Heynpyrux B3auMoIeHCTBUN

YN — cpennee unciao HEHTPOHOB, UCITYCKAEMBIX MPU HEYMIPYTHX B3aUMOJICHCTBHSIX,
NU — cpenHee ynciao HEUTPOHOB JIETICHUS.

2.8.1.2 JIlupexTopusi BTOporo ypoBHsi “AnNisotropy” coaeput Tpu AUPEKTOPHH 3-TO YPOBHS -
«Isotopes», «Actinides» u «Elements» ¢ ¢aitnaMmu co craHmapTHBIM HMEHEM HYKIWAa H
pacmupenuem 703. daiinbl conepkat TaOIUILY, HACHTUDULIHUPYEMYIO 3HAYCHUSIMU

2.8.1.2.1. Ta6auua MF=703, MT=0, LC=35

* ELASTIC SCATTERING ANGULAR DISTRIBUTIONS.

B tabnuue npuBoasTCsA 3HaUE€HUS IPAaHULl PABHOBEPOSITHBIX UHTEPBAJIOB (UHUCIIO UHTEPBAJIOB 32)
YIJIOBBIX pacrpeieseHuid Ipu YIpyroM paccesHUU HEHTPOHOB B OTAEIbHBIX HHEPreTHUECKUX
tToukax, [lapamerp Tabnuipl LT yncnom Touek B ¢aiiie OlleHEHHbBIX TaHHBIX,

napamerp LC=35 (uncno unrepsanos +3). B cTronbuax npuBeaeHs:

N/N — mopsaKoBbIif HOMED,

E - 3nauenue sneprun (MaB)

MUL1 - 3nauenune kocuHyca Ha 1-ii (HI>KHEN) rpaHuile paBHOBEPOSITHOIO HHTEPBAJIa.

MU33 - 3naueHne kKocuHyca Ha 33-if (BepXHel) rpaHnIle PpaBHOBEPOSITHOTO MHTEpBaJa.
3Ha4yeHus1 PHEPTUH 3a/1al0TCS B MOPSAIKE YOBIBAHHS.

Ha mone mapamerpa PAR1 3anmaercs mapamerp aam3orpornru COS — cpeiHee 3HaYCHHE KOCUHYCa
yTIia yIpyroro paccesiHust Juist Bcero sHeprerudeckoro narepsana 1.E-5 3B -20.0 M»B
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2.8.1.3. /lupexTopusi BToporo ypoBus “Probability tables”

COZICPKUT JIBE JUPEKTOPUU 2-TO YpoBH: - «Isotopes», «Actinides» ¢ ¢aitnamu co craHaapTHBIM
UMeHeM Hykiauaa u pacupenuem 706. B Ttabmunax npuBoASTCS B ONOPHBIX SHEPreTHUYECKHUX
TOYKAX HAKOILJICHHBIE BEPOSITHOCTU PACIPEACIICHHUS] CEYCHHUH ISl OCHOBHBIX THUIIOB PEAKIIMM,
MOJlyYeHHbIE M3 TaOJHIl BEPOSTHOCTEW, BBHIYMCICHHBIX HA OCHOBE CpPEIHUX PE30HAHCHBIX
[IapaMeTPOB U 3aKOHOB MX PAclpeAeseHUIl METOJO0M T'€HEPUPOBAHUS CIIydallHbIX PE30HAHCHBIX
MOCJIEIOBATEIbHOCTEN. UMCIIO pPE30HAaHCHBIX IOCIEN0BAaTENbHOCTEN cocTaBisio S50; yucio
WHTEPBAJIOB 3HAYCHHUN CEYCHUN, B KOTOPBIX HAKATUTMBAIUCH BEPOSTHOCTH, OBLIO MPHUHSTO
paBHbIM 20.

B xaxom (aiine Haxoautces 6 TabnuIl (10 YUCITYy TEMIIEPATyp), 3HAUCHUE TEMIIEPATyPhI 3a1aTCs
napametpoM TEM nHa mone PAR2. B Tabmumax 3amal0Tcsi HAKOIUICHHBIE BEPOSITHOCTH
JIOJIEW MOATPYIIIBI U BEPOATHOCTEH CEYEHUH — MOATrPYIIIOBBIX CEYEHUH, HOPMHUPOBAHHBIX HA
CpeIHe-TPYIIOBOE 3HAUEHUE M YMHOKEHHBIE Ha JIOJIO MOATIPYIIIIHI.

Tabmuubl qupexktopun «ISOtOPes» nmeroT 6 cTonbI0B

2.8.1.3.1. Tadauna MF=706, MT=0, LC=6
* PROBABILITY DISTRIBUTION CUMULATIVE FUNCTION
Ctpoku TaONUIBl pa3/ieieHHbIX Ha CEKIUHU. YHCI0 CTPOK B CEKIMU PABHO YMCIY HOATPYIII, HA
KOTOpbIe pa3buta rpymnmna. B mepBoM crondie 3agan N — HOMep IpYIIbL; 331aeTCsl TOIbKO Ha
HIEPBOM CTPOKE CEKIUH, B IPYTUX CTPOKAX CEKIIMsI HOMEP HE YKa3bIBaCTCH.
[MosiBeHUE B TIEPBOM CTOJIOIE HOMEPA TPYIIIIbI CIY)KUT MPU3HAKOM Havaa
HOBOH CeKIIMH. YKCIIO CTPOK B CEKLNU 3a1a€T YUCIIO TOATPYIIII.
[Mocnenyromue cToI0IBI COAEPIKAT HAKOIIIICHHbBIC BEPOSTHOCTH:
prob — nonananus B moarpymiy,
capture — 3axBara,
elastic — ympyroro paccestaus,
total — cronkHOBEHUS.
Tabmuupr nupextopun «Actinides» MMET aHAJOTMYHYIO CTPYKTYpPY, HO C JIONOJHHUTEILHBIM
CTOJIOIIOM ISl CEYEHUS IeTICHUS

2.8.1.3.2. Ta6smua MF=706, MT=0, LC=7

* PROBABILITY DISTRIBUTION CUMULATIVE FUNCTION
B niepBom ctosib1ie 3a1aH

N — HOMep rpymIibl (TOJIBKO Ha MEPBOM CTPOKE CEKITUH)
[Mocnemyrotue CTONOIBI COEPKAT HAKOTICHHBIE BEPOSATHOCTH:
prob — nonaxanus B moArpymiy,

capture — 3axBara,

elastic — ympyroro paccestaus,

fission — nenenns,

total — cronkHOBEHUSI.

IMocenHss CTpOKa KaXKI0# CEKIMU COCTOMT 13 1.0
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2.8.2. IlpumMenenne B pacuérax meroaomM MoHuTte-KapJio

JleTanbHble YHEPrO3aBUCUMOCTH HEUTPOHHBIX CEUYCHHMM M YTJIOBBIX PACIPEIECICHUN YIPYro
paccesiHHbIX HEUTPOHOB OPHUEHTUPOBAHBI HAa UCIOJIb30BAHUE UX B pacu€Tax peakTOpOB METOJIOM
MonTe-Kapno ¢ jeranbHbIM CIEXKEHHE 3a SHEPruedl HEUTPOHA M MOHYKIIUIHOTO PO3BITPHIIIA
CTOJIKHOBEHUU. OTHAKO JIJIs1 BBIMIOJIHEHUS TAKUX PACYETOB MPUBOJAUMBIX JAHHBIX HEJOCTATOYHO;
HEJIOCTAIONINE JIaHHbIE HEOOXOIMMO HCIOJb30BaTh B 299-rpymnmoBoii dopme. 3mech Oyner
Pa3bsICHEHO ISl KaKUX LIeJIeH U KaK 3TO JIeTaTh.

2.8.2.1. OnpenejieHue 3HEPIruu HEHTPOHA JIeTIeHHS.

HMcTOYHMKOM HEWTPOHOB SABISIOTCS TOYKU IIOTJIOIIEHMsS HEHTPOHOB AKTUHUIAMM,
onpeneN€HHbIe B TPEAbIAYIIEM IOKOJEeHUH. [l KaKIOW TOYKH JOJDKHBI OBITH 3a/laHbl
KOOPJAMHATHI, HOMEP pa3AeiuBIIerocs: akTuHuAa ia0, HOMep TPYINIbl HEHTPOHA, BBI3BABIIETO
nenenue — ng0, ¥ YKUCIIO0 UCIYIIEHHBIX IPU MOIIOIEHUN HEUTpOHOB N*. MoryT ObITh 3a7aHbI U
Jpyrue napamMeTpbl, He BIMSIOIME Ha OIpeJesieHue SHEepPruu HertpoHa paenenus. Jlis
OTIpeNeJICHUs] DHEPTruu HEUTPOHA JeNeHHs TPeOyeTcsl HCIONb30BaTh CHEKTPhl HEHTPOHOB
neneHus, npuseleHHble B Tabmuuax MF=4, MT=0. Ilepen nauyasiom pacyé€ra 3TH CIEKTpHI,
conepxamrie BepositHocTH f(ia,ng0,ng) nmomaganus HEWTpPOHA JCICHHUS aKTHHH/IA 12 HEUTPOHOM
nenenust ng0 B rpymiry ng, Ijsl BCEX BXOJSIINX B COCTaB PACCUUTHIBAEMOTO PEKTOPa aKTHHHUIOB
TpeOyeTcst mpebpa3zoBaTh B HakorieHHbIe BepostHocTu F(ia, ngo,ng) = ZZ‘Zl f(ia,ng0,n) .
Homep rpymmbl HCIyHIEHHOTO HeWTpoHa NQ ompenensiercs u3 ycnousF(ia, ngo,ng) < § <
F(ia, ngo, ng + 1), rue § ciyuaiiHoe yrcino. DHeprus UcmynieHHOro HeiTpoHa E onpexnensercs B
NPEIOI0KEHUH IMHEWHOM 3aBUCUMOCTH CIIEKTPa JACTCHHUS OT YHEPTUU B HHTEPBAJIC IPYIIIbI Ng,
T. €. E=EUng-(EUng-ELng)*[ § — F(ia, ng0,ng)], rne EU u EL — BepxXHsis U HIKHSS TPAHUIIBI
HaWJIEHHOM IPyMIIbI NG.

Ecnu paspirpeiBaeMasi TpaeKTOpHS 3aBEpIIMIIACh MOTJIONICHHEM B aKTHHHIE, TO TOYKA
TIOTJIOIEHHS pacCMaTPUBAETCA KaK HCTOYHUK HEHTPOHOB JICIEHUS TSI CIICTYFOIIETO MOKOJICHHS.
CyMMapHOe 4HCII0 TOPOKAEHHBIX HEUTPOHOB JIEJIEHUS, OTHECEHHOE K UnCITy Nj pa3bIrpaHHBIX B
NOKOJICHUH | HEWTPOHOB Kj sBiIseTCS OLEHKON KoddduimenTa pa3sMHOXKEHHs B JITaHHOM
nokosieHuu. Ecnu passirpaHo M nokosieHuil, To ycpeAHEHHOE MO0 BCEM MOKOJEHUSM 3HAaueHUe
Ko uLIreHTa pa3MHOXKEHUS onpeaenuTes kak k= 9'4=1 kj /M

2.8.2.2. Onpeneienne BeCOB 3aMa3/IbLIBAIOIINX HEHTPOHOB.

JUis oueHku >(PGEeKTUBHON JOJM 3amna3AblBAIOIIUX HEHUTPOHOB HEUTPOHY JIENEeHHS,
TPAeKTOPHS KOTOPOTo OyAET pa3bIrPhIBaThCS, CIEAYET MPUIKUCATH «BEC» - BEPOSITHOCTH TOTO, YTO
ATOT HEUTPOH OBLI UCITYIIEH ¢ 3ama3/ibiBaHieM. YTOObI C KAKUM UMEHHO 3ara3/IbIBAHHEM OH ObLI
UCIYILEH, CIeAyeT IPUIMCaTh HE OIMH, @ BOCEMb «BECOB) - BEPOSITHOCTEH MCITyCKaHUS KaXKIbIM
U3 TPEAIIECTBEHHUKOB 3aIa3/(bIBAIOIIX HEUTPOHOB. JlJ1s onpeieneHus 3TUX «BECOB» Tpedyercs
oboparutcst k Tabmuue MF=313, MT=0 nmns paccmarpuBaemoro axtuHuga i0. B crpoke,
COOTBETCTBYIOIEH HalJEHHOW TpyMnie ng B NEPBOM BELIECTBEHHOM CTOJIOIE OYyJeT CTOSATh
3Ha4YeHHue [3, KOTOPOe U CIIeTyeT UCIOIb30BaTh B KAUECTBE CYMMAapHOT0 «Becay. [l onpeaeneHus
BOCBMH IapIHUaIbHBIX BECOB HAWJEHHBIN CYMMAapHBIN BEC CIEAYET YMHOXHUTh Ha 8 TPYMIIOBBIX
JI0JIeH 3ara3/IbIBaloINX HEHTPOHOB, MPUBEACHHBIX B CTONIOLAX, CIEAYIOUIHMX 3a cTosonoMm ¢ 3. B

* 3HaueHHEC T UCIIOJIB3YCTCA IPpU BBI60pe TOYKH OCIICHUA.
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IpoIiecce PO3BITPHIIIA TPACKTOPHH «BECa» 3ala3/bIBAIONIMX HEHTPOHOB He MeHstoTcsa . .Eciu
TPACKTOPHUS 3aBEPIIUIACH MOTJIOMICHUEM B JICIAIIEMCS HYKIH/C, TIOPOJANB TOUKY JEICHUS IS
PO3BITPHIIIA  CIACAYIOIIErO IMOKOJCHHS, TO OTOM TOYKE, IIOMHMO KOOpPJHHAT, HOMEpa
pa3IeIMBILIEroCs aKTHHUIA K HOMEpPA TPYIIIbLI HEUTPOHA, BBI3BABIICTO JACICHHS, TIPUITHCHIBAIOTCS
eié U BEpOSATHOCTH beta TOro, uTo 3TO JieieHre ObLIO BBI3BAHO 3aI1a3/bIBAIONUM HEUTPOHOM (WK
BOCEMb TaKHWX BeposTHOCTel — betal, beta2,....beta8 — ecnmu Bce rpyImmsl 3amasabIBarOIINX
HEWTPOHOB YUUTHIBAKOTCS TIOPO3HB).

[lpu ompencicHWH MApaMeTpOB HEWTPOHA JCICHHS CJEAYIOIIEr0 IOKOJICHHs —«Beca
3aras3AblalonMX HEUTPOHOBY OMPEICIIAIOTCS 3aHOBO B 3aBUCUMOCTH OT Pa3JeIMBIICTOCS siapa U
DHEPreTUYECKOM TIpymmbl HeWTpoHa aeneHus. Ilpum 3aBepmenun Bcex M TpaekTopui,
paccMaTpuBacMbIX  TOKOJCHHH  KpOME  OICHKH Kj  BBIMOJHSCTCS  TakXke  OLCHKA
betaeff:2§-”=1 kbetaj /M, rne Kkbetaj ominuaercs ot Kj TeM, 4TO CyMMa HEWTPOHOB [C/ICHHS,

HOpO)KI[éHHBIX B IIOKOJICHHUH j, 3aMCHJACTCA CYMMOﬁ «BE€COB», T.C. CYMMOﬁ BepOHTHOCTefI TOIO,
4TO OTHU HeﬁTpOHBI ObLIU IOPOXKACHBI 3al1a3/IbIBarOINNMHU HeﬁTPOHaMH.

2.8.2.3. OnpenesieHue ceueHuii B3anMo1elCTBUSI.

[lepen wmawanmom pacuéra mnemecooOpa3Ho cPopMUpPOBATH TAOIHUILy, B KOTOPOM It
Ka@XJIOTO HYKIJIU/A, COJICPIKAIIErOCs U PaCCUNTHIBAEMOM pPEaKTOpe, ObLTH OMpeAeICHbI IPaHHUIIbI
o0nacTu HepazpeleHHbIX pe3oHaHcoB. Jtu rpanuibl ENR mpuBoastes B tabnunax MF=706
TUpeKkTopun probablity tables Bo BTopom (IepBOM BEUIECTBEHHOM) CTOJIOIE, pa3aenéHHbMu 20
crpokamu. IlepBoe 3nauenue ENRU; ompenenser BepxHIOw0 IpaHHIly 00JacTi Hepa3peleHHbIX
pe3oHaHcoB, mnocienHee — ENRLj — HwkHiolo mo sHepruum rpanunly. Ecium sHeprus
paccmarpuBaemoro HeiTpoHna jaexut Beiie ERRU; nnu auxe ENRL;, ceuenus BzanmoaencTust
HEWTPOHA C HYKJIHMJIOM | OJTHO3HAYHO ompezessirores Tadbnuneii MF=701. B nporuBHOM cityuae
HEUTPOHY CJeNyeT MpUIMcaTb HOMEpP MOATPYIIBL, ONpeesieMoil ciydaiiHoi BeIOOpKOH u3 20
HaKOIUICHHBIX (Cumulative) BepostHocTel Prob u3 Tabmuier MF=706 11 TOro HEpreTHYECKOro
MHTEpBaJa, B KOTOPbIi momnain HeiiTpoH. MHTepBan onpexaensercs u3 ycnoBus ENRi<E<ENRi.1.
Homep noarpymisl ns B 3TOM HHTEPBAJIE ONPEACIIETCs U3 yCIoBHs Probns<E<probns+1. 3nauenue
ns onpexaenser ko3dpduuuentsr PCrs, PEns, PFns 1 PThs, KOTOpBIE, Oyyun YMHOXEHHBIMH Ha
CeueHHe 3axBaTa, CEUYCHHE YINPYIoro pacCesiHUs, CEUYEeHUE JEJeHHsS U IIOJHOe CeuyeHHe,
onpezaenéHHele 1o AaHHbIM Ta0aubsl MF=701 g sneprum Heiitpona E, onpenenar 3HaueHus
ITUX CEYEHUH, KOTOPBIE U CIIEyET MPUIKNCATh HEUTPOHY MOATPYIIBI NS C d3HEpruei E.

2.8.2.3.1. Yupyroe paccesinue.

Ecnu  HeWTpoH wucHbITan ymopyroe paccesHue, KOCHHYC yrIja 3TOr0 paccesHus
omnpenensercs Mo AaHHbIM Tabmuisl MF=702. OnpenenstoTcst BepXHEIHEpreTHUeckas rpaHuia
EU unTepBaia, KOTOpBIN coAepKUT 3Hepruto E, u ero Hukussa rpanuna EL; onpenensercs Homep
3TOrO UHTEpBaNTa  |. [Hanee BBIYHCIIAETCS MHTEPIOJSILIMOHHBIN MHOKUTEINb
Z = (EU-E)/(EU-EL). Ilocne sToro ompexpensieTcsi MHTEPBaJl KOCHHYCOB yIJia pacCesTHHUS —
nepBoe 3HaueHue Kk, mpu kotopom Oyner ymomieTBopeHo ycnoBue (1-28)< Cjk*Z.3HaueHue
KOCHHYCa yria paccesaust onpeaenurcs kak C= Cj*Z-(1-28).

* Ecnin He MeHseTCs IO KaKOH-TO MOPUYINHE BEC camoit TPACKTOpUU
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2.8.2.3.2. Heynpyroe paccesiHue.

Ecnu HEUTPOH HMCHBITA HEYNPYTrO€ B3aUMOAEHCTBUE, CIIEKTP PACCEIHHBIX HEUTPOHOB U
(TIpyu BBICOKMX HEPI'USIX) UX CPEIHEE UNCIIO HA OCHOBE JJAaHHBIX HACTOSIErO CIIPAaBOYHUKA MOKET
OBITH OLICHEHO JHILB B 299-rpynnoBoM npubdinxeHuu. T.e. eciiy 3Heprus HEUTPOHa J10 paccesHus
Obuta paBHa E W mpuHajuiexxana rpynmne ng, TO SHEPreTHYecKoe paclpeiesieHuEe pacCessHHBIX
HEHUTPOHOB MTPUXOJIUTCS OLICHUBATh Ha OCHOBE MaHHBIX Ta0auIsl MF=302, MT=0 u3 nupexropun
Basik Neutron Data, conepskariieit /st KaKI0ro HyKJIu/a MaTPHUILY BEPOSITHOCTEH MEKIPYITITOBBIX
nepexonoB mpu Heynpyrux B3ammopeicTBusx PIN(ng—ng’). Tlpu omeHke 3TOH MaTpHUILbI
IIPEII0JIarajloch, YTO SHEPIUs PACCESIHHOIO HEMTPOHA paclpesesieHa 110 3HEPIUU I'pyibl ng B
COOTBETCTBUU C MPUHATHIMU BHYTPUTPYIIIOBBIMHU CHEKTPAMH, & PACCESHHbIC HEUTPOHBI HEKUM
obpazom pactpezenensl o rpymnne ng'. Ecimu PIN(ng—ng)=0 wim npeHeOpexxumMo Maio, mpu
UCIIOJIB30BAaHUM O3TOM MaTpuubl B pacdy€rax MerogoM Monre-Kapio MOXHO IpUHATH
pacnpeziefieHue 1o TPyIie paBHOMEPHBIM. Torja BEpOsTHOCTh TOTO, YTO PACCESIHHBIA HEUTPOH
Oynmer wumerh oHHepruio E', mnpunaanexamyro Trpymmne ng', MOXHO MPHUHATH pPaBHOU
PIN(ng—ng’)*[(Eng - ( Eng — Eng-1)*€]. Ectu PIN(ng—ng’)>0, To pacrpezeieHne HEHTPOHOB,
OCTaBILIUXCS B MIPEKHEH TPYyIIe HENMb3sl IPUHITh PABHOMEPHBIM, T.K. YBEITUYCHHE YHEPTHH MIPH
HEYIPYTOM pacCesHUH HEBO3MOXKHO. [IpocTeiiiinii myTh pazperieHus 3Tori mpoOaeMbl COCTOUT B
TOM, YTOOBI IPUHSTH BEPOATHOCTH PACCESITHHOMY HEHTPOHY OCTaThCS B TOH K€ TPYIIIE, TUHEHHO
pacryuieii ¢ aueprueit ot 0 mpu E=Eng+1 10 Mmakcumyma, pasaoro PIN(ng—ng)/( Eng- Eng+1) mpu
E=Eng, a paccesiHHbIE HEUTPOHBI CYUTATH PABHOMEPHO PAaCHPECIEHHBIMU OT HAYaJIbHOU SHEPTUU
E no mwxuelt rpanunsl rpynmnbl  Eng+1. [Ipu 3TOM criexyer COOTBETCTBEHHO YBEIHUYMBATH
BEPOATHOCTb MEPEXO/a B COCENIHION rpymiy ng+1. Y4ér pa3sMHOKEHUSI HEUTPOHOB B pe3yJibTaTe
peakiuu (N,2n) MOXKET OBITh YYTEHO MyTEM YMHOXKEHHsI Beca HEHTpOHA Ha MHO>KECTBEHHOCTH
Yng, npuBoaumyto B Tabnuiax MF=301. CtyneHn4aroe onucaHnue CrieKTpa HEYyIpyro paccesHHbIX
HEUTPOHOB SIBIISIETCS CAMBbIM CJIa0BIM MECTOM B MpeAsiaraéMoil B CIPaBOYHHKE METOAMKH y4éTa
HEYNpyrux B3auMojieicTBUi. ONbIT, OAHAKO, IOKA3bIBAET, YTO OOYCIIOBIEHHBIE 3TUM CKAYKU B
CHEKTpEe HEWTPOHOB B PEAKTOPE CIVIAKMBAIOTCS BIUSHUEM JAPYTUX HCTOYHHUKOB (ITJIABHBIM
o0pa3oM 3aMeAJIeHUEM IpU YINPYyroM paccessHUU) U CKPBIBAIOTCS 32 CTaTUCTUYECKUMU
MOTPENIHOCTSMH PacUETHBIX Pe3yJIbTaTOB.

2.8.2.4. Pacuér QyHKIMOHAIOB HEHTPOHHOI0 MOTOKA MOXXET OBITh BBIMOJHEH MPHU KaKJIOM
npobere M TMpH KaXJOM CTOJIKHOBEHUH. BOJBIIMHCTBO (YHKUMH, SBISIOMUXCA AIpaMu
(YHKIIMOHAJIOB, NpEACTaBIE€Hbl B MHOTOTpyHmnoBoil ¢opme. Bakueimedl n3 HUX sBisercs
SHEPTOBBIICIICHNUE, JaHHBIE O KOTOpPOM TpeiactaBieHsl B (aittax MF=308. Tabmuust MF=310
MO3BOJIAIOT YYMTHIBaTh MEPEHOC HHEPruu ramMma-kBaHtaMu. J{is 3Toro Tpedyercss IpepBaTh
paccMOTpEHHE TPAaeKTOpUM HEHTpoHa B TOYKe OOpa3oBaHMsl ramMma-KBaHTa M PacCMOTPETh
TPAeKTOPHIO UCIYIIEHHOTO HEUTPOHA, BIOpPAB HOMEp IPYIIbI IPONOPIHUOHATIBHO YUCITY FraMMa-
KBAaHTOB, MOMNABIIMX B IPYMITy ngam, YMHO)KEHHOMY Ha OTHOILEHUE CPEAHEN SHEPruu KBAaHTOB
sroii rpymmel (MF=0, MT=127), nen€nnoii Ha cymmapHoe osHeproBeiaenenue (MF=310,
NoCIeTHUH cTosOelr). ITO OTHOIIEHUE CIIEAYEeT MCIOJIb30BaTh B KAUYECTBE BECOBOI'O MHOKHUTEIS
ramMMa-KBaHTa, TPAeKTOPHs KOTOporo OyjaeT pasbirpbiBarthbes. [locie e€ 3aBeplieHHs MOKHO
IIPOJIOJKUTH PO3BITPHILI HEUTPOHHOU TPAEKTOPHH.
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2.8.2.5. Pacuér peakTopoB ¢ OTPaGOTABIIMM TOILUIMBOM TpeOyeT yu€Ta BIMSIHUS OYEHBb
0onBIIOr0 4YMciaa 00pa30BaBIIMXCS HYKIHIIOB. BBIMONHEHHE 3TOTO y4éTra TpPHU PO3BITPHIIIE
HEUTPOHHBIX TPAEKTOPUU C JETAJIbHBIM CIICKCHUEM 3a DHEPTHEN M YYETOM BCEX BO3MOKHBIX
CTOJIKHOBEHUW CYILIECTBEHHO yBEIMYMBAET pacu€THOoe Bpems. Benp mia  pacuéra
MaKpOCKOITUYECKOr0 TOJIHOTO CeUeHMs (BEIUUYMHBI, OOpaTHOM JIMHE CBOOOJHOTO MPOJETA)
HEO0OXO0IUMO OMPEENATh CeUeHUs BCEX HYKIUIOB (2 UX MOXKET ObITh MOPSAKAa MHOTO COTEH) MPU
KaX7I0M HOBOM mpoOere. CoKpaTuTh 3aTpaTbl BPEMEHM M OINEPATUBHOM MaMSTH IO3BOJISET
OIKCAaHNE B3aUMOJCHCTBHS C HaCThIO HYKJIMIOB B TPYIIIOBOM NpubImkennu. Bee HeoOxoaumblie
JUIS1 3TOTO TAHHBIE B CIPABOYHUKE UMEIOTCH.
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3. ATJIAC

B paznene «ATLAS» npuBoasarcs rpaduku HEHTPOHHBIX SHEPTETUUECKUX 3aBUCHMOCTEN
SZICPHBIX JIaHHBIX, TpuBeeHHbBIX B pa3aene COLIBRY. Paznen ATLAS coxepkut detsipe Zip-
apXxuBa ¢ AUPEKTOpUsIMH U oauH Pdf-caii.

3.1. CpaBHeHUEe HEHTPOHHBIX CeYeHU

3.1.1. ilupextopus Neutron cross sections conepxar Tpu JUPEKTOPUH BTOPOTO YPOBHS
«Isotopesy, «Actinides» u «Elementsy, B kaxo0ii U3 KOTOpbIX nomeieHbl PAdf- daitisr ¢
nMeHaMmu HykinoB u3 ouommoreku COLIBRY. B ¢aitnax npencrabiieHbl rpaduKd OCHOBHBIX
TUTIOB ceueHUH B 299 rpynmnoBoM pa30MEHUH: CEYCHHS TIOJTHOTO B3aUMOICUCTBHS, YIIPYTOro
paccesiHUsI, CyMMapHOTO CEYEHUS HEYIIPYTUX B3aUMOCHCTBHIM, CyMMapHOTO CEUeHHs 3axBaTa
HEUTpOHA, a TAaKXKe JIeJICHUS U CPEJIHEro YKciia HEUTPOHOB AeNieHus (71 akTUHUI0B). Bmecte ¢
CEUYCHHUSIMH MTPUBOIATCS UX OTHOIICHUS K MaHHbIM u3 ouoimorekn ROSFOND-2010. B kauecTse
prMepa NPUBEICHBI CPABHEHUS CEUCHH JIeTICHHS U YMCiIa HEUTpOHOB neneHus Pu-239,
MPHUBEIEHHBIC U3 3TOW TUPEKTOPUH:

094Pu239 Fission Cross Section T=300.0K 094Pu239 NU-bar T=300.0K
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3.2. CpaBHeHHE HEHTPOHHBIX KepMa-(paKkTOopoB

3.2.1. Tmpekropus Neutron kerma-factors comepxut Tpu TUPEKTOPUU BTOPOTO YPOBHSI
«Isotopes», «Actinides» u «Elementsy, B kax0it u3 kotopsix coaepxarcs pdf- ¢daiisr ¢
umeHaMu HykinnoB u3 6udarorexkn COLIBRY. B daiinax npeacrasiensl rpaduku
SHEProBhIeNIeHHH B 299 rpymnmax mpH yIpyrom paccestHuy, HeYIpyTHX B3aUMOJICHCTBHSIX,
3axBara HEHTpOHa, U JIeNICHUs (U1 aKTUHHUJIOB), VIS TISATH OUOIMOTEK, a TAK)KE UX OTHOIICHHUS K
K gaHHbIM u3 6ubmorekn ROSFOND-2010. B kauecTBe npumepa npuBeI€Hbl CPaBHEHUS
JIOKaJIbHOTO SHEPTOBBIICTICHNS U SHEPTOBBIICIICHHUS, TIOTYYEHHOTO C BBIYETOM YHEPTHH,
YHOCHMOH TaMMa-KBaHTaMH U3 3TOH JUPEKTOPUH

026FeD56 Local capture kerma

b 026Fe056 Neutren capture kerma
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3.3. HoarpynnoBas annpokcuManus aKTopoB caMOIKPAHUPOBKHU

3.3.1. JInpekropus Subgroup self-shielding factors comepxut nsth AUPEKTOPHIA BTOPOTO

YPOBHS1, IOMMEHOBaHHbIC HA3BAHUSIMU OUOIMOTEK OLICHEHHBIX SIJICPHBIX JIaHHBIX. BKIIIOYEHHBIC
B HUX JHUPEKTOPHHU TpeThero yposHs Isotopes, Elements, Actinides comepskar pdf-daitnsr, B
KOTOPBIX IPUBOJAATCS Tpa(UKH 3aBUCUMOCTEH (PAaKTOPOB pe30HAHCHOW CAMOAKPAHUPOBKHU OT
BEJIMYMHBI CEYCHUS pa30aBICHUS JIJIsl BCEX SHEPTeTUYESCKHUX TPYIII, /I KOTOPBIX 3TU (aKTOPBI
umeroTcs. MakTopbl CaMOIKPAHUPOBKH MTOJIHOTO CEUSHHSI TTOJTyYEHBI C BECOM TOKa (BTOpast
rapMOHHMKA), /ISl OCTaIbHBIX cedeHuid (ynpyroro MT=2, 3axBara MT=101, a s akTHHUIOB U
nenenusi MF18) ¢ Becom notoka. KpoMe HenocpeicTBEHHO BBIYHCICHHBIX (PaKTOPOB
CaMO3KPaHUPOBKH MPHUBOJATCS (DaKTOPbI, BOCCTAHOBIICHHBIC M3 MOJIPYIIIOBBIX apameTpoB. Ha
PHCYHKaX HIDKE B KA4eCTBE ITpUMepa MPUBEACHBI TIOATPYIIIOBbIC alMPOKCUMAIH (aKTOPOB
CaMO3KpaHUPOBKH (0003HAUEHBI KpyskKamu) uist ceuennit Zr-90 monnoro (MT=1), ynpyroro
(MT=2) u 3axBara (MT=101) B rpymiie C HHXKHEl rpaHuIICH M0 SHepruH, paBHO# 136.1 k3B npu
temmepatype 300°K. B 6ubirnorexke JEFF-3.3 dhakTopbl caMO3KpaHUPOBKHU B STOM IPYIINE PaBHBI
€JIMHUIIE, TOITOMY MOATPYIIOBbIC TTAPAMETPhI HE MIPUBOISATCS.

ROSFOND10/Zr090 NG= 66 EG= 1.361+5 T= 300.0K
o - Subgroup approximation of self-shielding factors
1 | L L Il 1 1 L 1

ENDFB8_0/Zr090 NG= 66 EG= 1.361+5 T= 300.0K
o - Subgroup approximation of self-shielding factors
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3.4. Ceuenusi poTOATOMHBIX B3aUMOelCTBUI

3.4.1. daiin Photo-atomic cross sections coxepxur rpaduku cedeHuit HoTo-aTOMHBIX
B3aMMO/ICHCTBUIT B 127-rpynmoBoM pa3OUeHUH: TIOJTHOTO CEYCHHSI, KOTEPEHTHOTO H
HEKOT'€PEHTHOTO paccesHuii, 00pa3oBaHusi nap, GOTOMOIIONIEHHS, & TAKXKE TOJTHOTO
sHeproeiaeneHus. OTo-aTOMHbIE TaHHBIE BO BCEX OMOIMOTEKaX OJMHAKOBBI, TO3TOMY
CpaBHEHHE [UIsl HUX He IpuBoAuTCs. [IprMep MpUBEAEH s aTOMa KHCIOPOIa.

0080: Photo—atomic reaction cross sections and
total heating in eV*barns
— —— ——T T

Cross Section (barns)

Total
Coherent
Incoherent
Pair product
Absorption

5 3 5 4 5 5 5 (] 5

10 10 10 10 10 v
Energy (eV)

3.5. CeueHus 06pa3oBaHusi HEHTPOHOB B (POTOSIIEPHBIX peaKIUIX

3.5.1. ilupexkTopus Photo-nuclear cross_sections comepxwur ¢aiisl ¢ rpapukaMmu cpaBHEHHUS

CYMMapHOT'0 ce4eHusi 00pazoBaHMs HEUTPOHOB B (POTO-AAECPHBIX PEAKIUAX B 127-rpynmnoBom
pa3buenun uig TpEX OMONMOTEK, a TAK)KE OTHOLICHUS IaHHBIX U3 JPYTUX OMOIMOTEK K TaHHBIM

ROSFOND-2010 (manapie ROSFOND-2010 ToxxnectBennsl ENDFB8_0, mannsie st CENDL-
3.2 orcyTcTBY10T). Ha nmpuBenéHHblil HUXe rpaduke Noka3aHbl cedeHus A uzoromna O-17.

0080_017 Total neutron production

102 in photo-nuclear reactions
5 ROSFOND10 i ' T E
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4. BUBJIMOTEKH ENDF

B paznene cnpaBounnka «ENDF» coOpansl (aityibl olleHEHHBIX JaHHBIX COBPEMEHHBIX
HAIMOHAIBHBIX On6ImoTek B popmare ENDF-6'!, HacTpoeHHBIE Ha epepaboTKy mpoIeypamMu
GRUCON. Hacrpoiika cocTosiyia B MpuCcBOCHUH (pailiiaM HYKJIUIOB CTaHAAPTU30BAHHBIX UMEH U
YCTPaHEHUH OMIMOOK U MPOTUBOPEUMIA B TIPEACTABICHUH IaHHBIX, BBIABICHHBIX MOJyJIEM
GRUCON/ENDF. Opwurunanbhble (aiiibl COXpaHeHbI 1 ToMelneHbl B anky _Corrections,
BMECTE C MCIIPABICHHBIMH, YTOOBI 1aTh BO3MOKHOCTh YOeIUTHCSI B 000CHOBAaHHOCTH U
KOPPEKTHOCTH BHECEHHBIX perakuuid. Kak rmpaBuiio, HE00X0AMMOCTb UCIIPaBICHUN BO3HUKAJIA
M3-3a HECOTJIaCOBAaHHOCTU 00JIacTel ompeesieHns JaHHbIX U3 Pa3HbIX CEKLIUN MaTepuania, K
koTopbiM anropuTMbl GRUCON oxka3piBasiich 4yBCTBUTEIBHBIMU. Pexke — SBHbIC OIIMOKHU B
MPEJICTABICHUH JaHHBIX - HEMOHOTOHHOCTH B TAOJIMUYHBIX IPECTABICHUSX, IOTEPS MOPAIKA U
np. i mpoBepKU UCIIPABIEHUN JOCTATOYHO CPABHUTH UCXOIHBIN (haill ¢ MCIpPaBICHHBIM C
MIOMOIIBI0 KOMaH/]| CPaBHEHHsI, IMEIOLIMXCS B JIIOO0H ONEepariioHHON CHCTEME

4.1. ROSFOND10

bubmuorexka ROSFOND10 noarorosieHa U3 poccHCKO OMOINOTEKH ROSFOND-2010"?,
Boiryck 2010 roga, myTemM NprUCBOEHUS CTAaHAAPTHBIX MMEH, KOPPEKLIUH JIEBATH (paiiioB
001H_001, 007N014, 048Cd106, 050Sn118, 054Xe134, 063Eu153, 092U 233, 092U 234,
094Pu230 u nomonHeHs TaHHBIMH CIIEIIHATFHOTO Ha3HAYSHHS, KOTOPbIe TPEOOBAIHCH IS
nonydenus nonHoro Hadopa tabmaui KOJIMBPU, a uMeHHO: BhIX0/1aMU IPOAYKTOB AeNCHUS,
XapaKTePUCTHKAMU pacriaja paJHoOHyKIHIOB, TaHHBIMHA O ()OTO-aTOMHBIX U (DOTO-SICPHBIX
B3anMoeiicTBusax. HepocTaronye naHHbie ObUTH B3SThI U3 COOTBETCTBYIOUINX MOIOMOINOTEK
ENDF/B-VII11.0. Cocras 6u6mnorexu ROSFOND10:

Yucno marepuanon Tun gaHHBIX
322 HEUTPOHHBIC JAHHBIE OOIIET0 HA3HAYSHUS JJII U30TOTOB
62 HEHTPOHHBIC JaHHBIE OOIIET0 HA3HAYCHUS s aKTUHUIOB
299 aKTUBAaI[MOHHBIE TaHHLIE
14 JTAHHBIE 110 PACCESIHUIO TEMJIOBBIX HEUTPOHOB
31 BBIXO/IbI IPOAYKTOB AEIEHHUS
3821 XapakTepUCTHKH pacnaaa
100 JaHHbIe (OTO-aTOMHBIX B3aMMOJICHCTBUN
163 JaHHble (QOTOSIIEPHBIX B3aUMOJEHCTBUI

11 ENDF-6 Formats Manual: Data Formats and Procedures for the Evaluated Nuclear Data Files
ENDF/B-VI, ENDF/B-VII and ENDF/B-VIII, ed. A. Trkov, M.Herman and D. A. Brown,
CSEFG Document ENDF-102, Report BNL-203218-2018-INRE, SVN Commit: Revision 215,
February 1,2018, nocryrmien Ha caiite
https://www-nds.iaea.org/exfor/x4guide/manuals/endf-manual.pdf

12 https://www-nds.iaea.org/public/download-endf/ROSFOND-2010/
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4.2. ENDFB8_0

Bu6miorexa ENDFBS 0 moarorosieHa u3 amepukanckoii 6uommnorekn ENDF/B-VIIILOY,
BbITTyCcK 2017-r0 roaa, myTeM MPUCBOSHUS CTAHIAPTHBIX UMEH M KOPPEKITUH IIeCTH (ailioB
020Ca042, 020Ca043, 020Ca044, 020Ca046, 020Ca048, 078Pt192.

CocraB ou6nmorexku ENDFB8_O:

Yucno marepuaioB Tun naHHbIX
471 HEUTPOHHBIC JJAHHBIE OOIIETO HA3HAYCHUS JJI U30TOTIOB
(axTUBalIMOHHBIC TAHHBIC BKJIFOUEHBI)
86 HEUTPOHHBIC JJAHHBIE OOIIETO HA3HAYCHHUS I AaKTUHHJIOB
(axTUBallMOHHBIC TAHHBIEC BKJIFOUEHBI)
16 JTAHHBIE 110 PACCESIHUIO TEMJIOBBIX HEUTPOHOB
31 BBIXOJIbI IPOAYKTOB JEJICHUS
3821 XapaKTepUCTUKH pacrajaa
100 JaHHBIC ()OTO-aTOMHBIX B3aMMOJICHCTBUIA
163 JaHHbIe (QOTOSIIEPHBIX B3aUMOJEHCTBUI
4.3. JEFF3 3

bubmuorexa JEFF3_3 moaroTosiiena U3 3amagHoeBpONECHCKON OMOIMOTEKH JEFF-3.314
BeImyck 2018-ro roma, myTéM MPHCBOCHHS CTaHIAPTHBIX MMEH M KOPPEKIUHU IATH (ailyioB
001H_002, 057Lal38, 072Hf176, 072Hf178, 092U_239. IlockoibKy maHHbBIE 00 00pa30BaHUH
PaZIMOHYKJIM/IOB BKIIOYCHBI B MaTepUalbl OOIIEro Ha3HAYCHUs (I MX YKa3aHHS UCIIOJIb3YETCs
daitn MF8), monbubmuoTeka aKTHBALMOHHBIX [OaHHBIX, 3amdaHHas B (Gopmare EAF, mpu
noaroroBke 6udmuorekun COLIBY He ucnonb3oBanach.

Yucno marepuaioB Tun jaHHBIX
494 HEUTPOHHBIC JJAHHBIE OOIIET0 HA3HAYCHUS JJI U30TOTIOB
(aKTUBallMOHHBIEC TAHHBIE BKJIFOUEHBI)
68 HEHUTPOHHBIC JaHHBIE OOIIETO HA3HAYCHUS I aKTUHUIOB
(aKTHBaIlMOHHBIEC TAHHBIE BKJIFOUEHBI)
7 JTAHHBIE 110 PACCESHUIO TEINIOBBIX HEUTPOHOB
20 BBIXOJIbI MPOAYKTOB JAEIECHHUS
3852 XapaKTEpUCTHUKU pacmaia
100 JaHHbIe (OTO-aTOMHBIX B3aMMOJICHCTBUN
163 JaHHble QOTOSIEPHBIX B3aUMOJEHCTBUI

13 https://www.nndc.bnl.gov/endf-b8.0/download.html
14 https://www.oecd-nea.org/dbdata/jeff/jeff33/
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4.4. JENDL5 0

bu6mmorexa JENDLS 0 moarorosieHa u3 SIOHCKOH OMOIMOTEKH JENDL-5%°, BBITTYCK
2021-ro rosa, myTeM MPHUCBOCHUS CTAaHIAPTHBIX UMEH U Koppekiuu (aiima 059Pr141.

CocraB 6u6mmorexu JENDLS O:

Yuciao matepuaioB Twun maHHBIX

710 HEUTPOHHBIC JTAHHBIE OOIIET0 Ha3HAYCHUS JJISI H30TOTOB
86 HEHTPOHHBIC JaHHBIC OOIIET0 HA3HAYCHUS Il aKTUHUIOB
794 aKTHUBALIMOHHBIE TaHHBIE
16 JTAaHHBIE IO PACCESIHUIO TEIJIOBBIX HEUTPOHOB
34 BBIXOJIbI MPOJYKTOB JEICHUS

4070 XapaKTepUCTUKHU pacmaia

100 JaHHBIE ()OTO-aTOMHBIX B3aMMOJICHCTBUIA

2684 JaHHBIE (POTOSACPHBIX B3aUMOACHCTBUI

4.5. CENDL3 2

Bu6mmoreka CENDL3 2 noarorosnena u3 kuraiickoii 6u6amorekn CENDL-3.2%6, eimyck
2020-ro rosma, myTéM mpHUCBOEHUS CTaHAAPTHBIX UMEH. CocTaB OMOIUOTEKH:

Yucino MaTrcpuaJoB

Tun naHHBIX

238

HGfITpOHHBIC JaHHBIC O6HICFO Ha3HA4YCHUA OJ1 U30TOIIOB

34

HeﬁTpOHHLIe JaHHBIC 0611161"0 Ha3sHA4YCHMA AJI1 aKTHHUI0B

HpI/I nepepa60TKe 3TOI OMOIHOTEKHU AOIOJIHUTEJIIbHBIC NAHHBIC HEC ITPUBJICKAIIUCH, IIO3TOMY
nupexropun o6udarorexku COLIBRY  08.Fission_product_yield, 127-group_gamma_data,
Decay_data mycreie, a gaHHBIC 110 00Pa30BaHUIO TaMMa-KBAHTOB M YHEPTOBBIICICHUIO

NOJTy4eHbl 0€3 yueTa BKJIa/1a paliOaKTUBHBIX TPOAYKTOB PEAKIIHII.

15 https://www.ndc.jaea.go.jp/jendl/j5/j5.htm

16 hitps://www-nds.iaea.org/public/download-endf/CENDL-3.2/
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5. HAKET 'PYKOH

5.1. UcTtopusi pa3paboTKu

MonynsHast npoueccunronas cucrema GRUCON sBisieTcst mpoayKTOM KOMITBIOTEPU3ALIUS
npolecca MpeoOpa3oBaHMs SIIEPHBIX JaHHBIX, KOTOPBIM Hayaiucs C pa3padoTku (opMaToB
XpaHEHUs JAHHBIX MUKPOCKOIIMYECKUX SKCIIEPUMEHTOB U OLIEHEHHBIX SIIEPHBIX JIaHHBIX C LIEJIbIO
(dopmupoBaHUs MAIIMHHBIX O0MOIHOTEK. OTIeHEHHBIE JaHHBIE TOJIKHBI COOTBETCBOBATH yCIOBUSAM
HEMPOTUBOPEYUBOCTH, OJJHO3HAYHOCTH U IMOJIHOTHI (C TOYKU 3pEHMsI MPHIIOKEHHsI, HA KOTOpOe
OHU oOpueHTHpoBaHbl). Jlns oOecneueHus 3TUX YCIOBUH, HKCIEPUMEHTANIbHbIE JaHHbIE
HOJBEPratoTcs IMpOLEeAype OLIEHKH, COCTOSALIEH B aHaJW3€ IMPOTHBOPEUMM MEXAy JaHHBIMU
pasIMYHbIX SKCIEPUMEHTOB M B BbIOOpEe CcHocoOOB MapaMeTpu3aluM, OOeCIeYUBAIOLIUX
OJIHO3HAYHOE BOCCTAHOBJIEHHE OTOOpPAHHBIX JAaHHBIX. TaM, T 3TO clenaTh HEBO3MOXKHO (110
IPUYMHE OTCYTCTBHSI SKCIEPUMEHTAJBHBIX JaHHBIX), [apaMEeTpbl PAacCCUMUTHIBAIOTCS IO
TEOPETUUECKUM MOJIEJISIM UJIU OIPEAEISAIOTCS U3 CUCTEMATHK. JleaTeIbHOCTh 10 OLEHKE BeAETCS
MHUPOBBIM COOOIIECTBOM (coriacHo nmpuHATOMY B 1955 rony nHa 1-ii JKeneBckoil koH(pepeHIH
COIJIAILIEHUIO) U UMEET KOHEYHBIM IPOJYKTOM JIOKAJIbHbIE OMOJIMOTEKH OLIEHEHHBIX SAEPHBIX
JTAHHBIX, IIPEJCTAaBICHHbIEC B onpeenéHHOM Gopmare. VcTopuyeckH CylIecTBOBAJIO HECKOIBKO
dbopmaroB xpanenus orieHeHHBIX JaHHbIX — UKNDL B Benmuko6puranuu, KEDAK — B I'epmanuu,
ENDL — B JluBepmopckoit HanmonanwsHoii JIabopatopuu u ENDF — B apyrux naGoparopusax
CIIA, COKPATOP — B CCCP. Ha nauanbHOM 3Tane 3TH ¢popMaThl HE ObUTH COTJIACOBAHBI APYT
C IpyroM, 4TO 3aTPYJHSIIO MEXyHapOAHbII OOMEH TaHHBIMU.

3agaua co3aaHus MPOTPAMMHBIX CPEJICTB, LIS 00ECIIeYeHUsI KOHCTAHTAMH PAcYEéTOB OBICTPBIX
PEaKTOPOB U 3aIIUTHI HA OCHOBE OlleHeHHBIX AaHHBIX (cucteMbl COKPATOP) Obia mocraBieHa
B Hauase 70—x rogos. K aTomy BpeMeHH B KOHCTaHTHOM 1abopaTropun Ou3nko—3HEpreTH4eckoro
MHCTUTYTA, Bo3riaBisieMoil mpodeccopom M.H.HukomnaeBbiM, yke UMEINCS ONBIT pa3padOTKu
O6MOIMOTEKH TPYMIIOBBIX KOHCTAHT Ul pacuéra ObICTphIX peakTopoB M 3ammthl BHAB-26 [c
UCIIOJIb30BAaHUEM BBIUMCIUTENBHBIX porpamm Ha si3bike AJII'OJI-60 st 9BM M—-20 u M-220.
TpeboBanoch OOBEIUHUTH 3TH NMPOrPaMMbl B KOMIUIEKC, Uil KOTOPOTO OBIIO MPEII0KEHO
HazBaHue [ PYKOH. B mpouecce paboTbl Haj KOMIIEKCOM BBISIBIJIMCH HEJOCTATKU MPOCTOTO
"MexaHuuyeckoro" oobeauHeHus nporpamMm. I[ockonbKy mporpaMmsbl ObIIIM HANKMCAaHbl Pa3HbIMU
aBTOpaMH, BXOJHBIE M BBIXOJHBIE JIaHHbIE HE ObUIM COIJIACOBaHbI, TPEOOBAIUCH TPOMO3IKUE
uHTEp(dENchl; B psijie MPOrpaMM HCIOJIb30BATUCH OMU3KHE MO (PYHKIMOHAILHOMY HAa3HAYEHHIO
anropuTMel. Bcé 310 mpHBENIO K TOMY, YTO MOIBITKA 3aKOHYMJIACh HEYJauel — KOMIUIEKC HaJall
MOpaJIbHO yCTapeBaTh €Ile /10 3aBepIIeHHs paOboThl HAJl HUM.

K xoniy 70—x ronoB Hauan OOHOBIATHCA MAIIMHHBIN mapk — Ha cMeHy M—220 npunum
6osee morrabie 9BM BOCM-6, s13p1k AJII'OJI 6611 BeITecHeH si3p1koM FORTRAN. Tlapannensto
OpoTeKal Mpolecc CTaHIapTU3alMK OMOTUMOTEK OLIEHEHHBIX JAHHBIX — OT CYIIECTBOBABIIETO
MHOT0o00pa3usi GopMaTOB OTKAa3aJUCh, BO BCEX CTpaHax cTajiu ucnoib3oBaTh Gopmar ENDF,
pa3pabotannbiii 'enpu Xonekom B 1964rony B bpykxeliBeHCKol HalMoHaIbHOU Jabopartopuu
(CILA). Tlocne cTpyKTypHpOBaHUS JaHHBIX U Pa3pabOTKH (YHKIHMHA TOCTYIA, YPOIIAIOIINX
JOCTYH K HUM, YJAJIOCh OOBEIUHUThH MPOrPaMMBbI, UCIIOJIb3yEeMbIe /ISl TIOATOTOBKU T'PYMIOBBIX
KOHCTaHT, B IIAKET MPHUKIATHBIX MPOrpaMM, 3a KOTOPbIM ObL10 ocTaBieHo Ha3BaHue [ PYKOH —
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[TIIIT TPYKOH-1. B 1984 roay sTa Bepcus Obljia MPOTECTHPOBAHA B MEXIYHAPOIHOM MPOEKTE

MATATD 1o BepuuKaLU MPOLECCUHTOBBIX IIporpamMm 1.

Bepcust TIIIIT 'PYKOH-2 Bo3HHMKIA B CBS3M C TEPEBOAOM NpOrpaMMbl Ha Ooiee
npousBoautensasie OBM cepun EC. Kpome Ttoro, Obum pacmupensl (hyHKIMOHAJTbHBIC
BO3MOXXHOCTH TakeTa (H00aBIeHBI MOIYJIM NepepadOTKH JaHHBIX [0 HHEPrO—yriIOBbIM
pacrpenesieHusIM UM pa3pa0OTaHbl HOBbIE AITOPUTMBI (CBEpTKA CEUYEHUHW U IOJIydYeHUE
MOATPYMIIOBBIX TapaMeTPOB C Hcroib3oBaHueM Padeé—ll anmpoxcumanum). Bropas Bepcus
COIPOBOKAANIACH M pa3BUBAJIACh BIUIOTH 0 KOHIA 80—X ro/1oB.

C nosiBIeHUEM MEPCOHANBHBIX KOMIIBIOTEPOB HaYaINCh padOThI HaJl TPEThEl BepcHei nakera, B
KOTOPYIO MPEINOoIaraioch BKIYUTE epepadoTKy JaHHBIX (POTO—aTOMHBIX B3aUMOJICHCTBUH, HO
3aKOHYUTh €€ He ynanoch. llpuumHON mnpekpamieHus pador B DUZHKO-IHEPTreTHUYECKOM
uHctutyTe HaJ naketoM I'PYKOH sBuiiocs pacnpocTpaHeHne aMepuKaHCKON MPOLIECCUHIOBOM
nporpammbel NJOY, craBmieit ne—¢hakTo pabouyuM MHCTPYMEHTOM I MTepepabOTKH OIEHEHHBIX
JAHHBIX B TPYIIOBBIC KOHCTAHTHI BO BceM Mmupe. [[oHag00MIOCh MOUTH ABAANATH JIET, YTOOBI
NPUIIO Oco3HaHuWe orpaHudeHHocTH mnporpammbl NJOY u HeoOXomuMocTu pa3paboTKu
QIBTEPHATUBHOTO MPOTPAMMHOTO CPENICTBA /ISl YJOBIETBOPEHUSI COOCTBEHHBIX MOTPEOHOCTEMH.
Tem He MeHee, 3TO CIyYuInock, U B 2008 roay paboThl HaJ TAKETOM MPUKIIATHBIX TPOrpaMM ObLIH
B0300HOBeHB B HUI] "KypuaroBckuii MHCTUTYT", B CBSI3W ¢ BO3HUKIIEH 3a/1a4eii OOHOBIICHUS
OMOMMOTEeK KOHCTAHT JJIS 33/1a4 MAaTeMaTH4YeCKOro MOJEIHPOBAHUS (PU3NYECKUX MPOIECCOB B
AJIEPHBIX YCTAaHOBKAaX C LIENbI0 00OCHOBaHMS UX siIepHON Oe3omnacHocTU. B Hacrosiiiee Bpems
naker [PYKOH-21 (GRUCON) noctynen Ha caiite MATATD, Biiors 1o 2022 rojga maker
GRUCON  yvacTBOBam B TMpOEKTe IO BepH(PHUKAINKA NPOIECCHHTOBBIX  MPOrpamMM,
nHunuupoBaHHbIM B 2015 rony Cekuueit o Anepueim lanaeim MAI ATD . 1o 2023 paboTsr
II0 CONPOBOXKACHMIO M paszpuTHio nakera Benuch B HUILL «Kypuarosckuit macTuTyT». Ilocie
BBIXO/Ia aBTOpa mporpamMmbl Ha mneHcuto B 2023 romy paboTbl ObUIM TMPONOJKEHBI Ha
WHUIMATHBHOM OCHOBE, C IIeNbI0 OOECIeYeHHs BO3MOXKHOCTH TIOATOTOBKM OMOIMOTEKH
KOJIMBbPU. [Ilpunaraemoe B pasgene «CIIPABOYHUK» “PykoBoacteo I'PYKOH”
cootBercTByeT coctosiHuio makera GRUCON na cents6ps 2024 rona.

5.2. KoHuenuusi mpoueccuHra

"IIpeoOpa3oBanuem" (WK "MpoLIECCHHIOM", COTIIACHO aHTJIOS3BIYHON JIUTEPAType) AIEPHBIX
JAHHBIX TPUHATO HA3bIBaTh BBIUMCIICHUS, L€JIb KOTOPHIX COCTOMT B IOJTOTOBKE pabouyux
O6MOIMOTEK AJIS BBIUMCIUTENBHBIX IPOrpaMM, UCIOIb3yEeMbIX JUIS peIIeHUs MPUKIAIHBIX 3a/1a4,
Ha OCHOBE (DyHIaMEHTaIbHBIX OMOTMOTEK OIIEHEHHBIX IaHHBIX. TakuM 00pa3om, mpeodpa3zoBaHue
o0ecrieunBaeT CBA3b MEXAY ABYMS BHJAMM JI€ATEIBHOCTH B 00JAacTH SACPHOM HAyKU U
TE€XHOJIOTHH:

— MOJIy4€HHUE U HAKOIUIEHUE SKCIIEPUMEHTAIbHON M TeOpeTUYeCKOr HHPOPMAIUH O

MHUKPOCKOIIUYECKUX MPOIleccax B3auMOIEHCTBUS;

— OIMCAaHUE MAKPOCKOIIMYECKUX CUCTEM, IOBEIEHNE U XapaKTEPUCTUKHU KOTOPBIX

00yCIIOBJIEHBI SIIEPHBIMU PEAKIIUSMU U PEBPALLIEHUSIMU.

17 Cullen, D.E." Report on the IAEA Cross Section Processing Code Verification Project",
INDS(NDS)-170/NI, Vienna, 1985
18 Cunnna B.B., Puneiicknii A.A., Mankos M.P. [Taker nporpamm [PYKOH-2021 nns nepepabotku
OILICHEHHBIX S/IEPHBIX JaHHBIX; JOCTYIEH Ha caiite MAI'ATO
https://www-nds.iaea.org/grucon/
9 https://www-nds.iaea.org/index-meeting-crp/CM_Data_Processing 2015/
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K cMmexxHbIM 3a1auaM, UCTIONIB3YIONTUM ITpeoOpa3oBaHue, OTHOCITCS Takxke: 00paboTKa
PE3yJIbTaTOB I/ISMGPGHI/Iﬁ MHKPOCKOIINMYCCKUX SKCIICPUMCHTOB, OIICHKA 3TUX NJAaHHBIX,
KOMITHJISITTHSE (DaiiJIOB OLIEHEHHBIX JIaHHBIX, TOJrOTOBKA Pa00YMX OMOIMOTEK ISl TPAHCTIOPTHBIX
paC'—IéTOB " UX BaJinganus, OUCHKA MOrpCirHOCTH UCIIOJIb30BAHHBIX HpI/IGIH/I)KeHI/If/'I Hu T.O. ILJISI ux
pEILICHHS TAaKXKE MOTYT OBITh HCIIOJIB30BAHBI aJITOPUTMBI i METO/IbI, PA3BUTHIC JIJIS IOATOTOBKH
pabounx OHOIHOTEK.

Mmoroo0pasue THIIOB JaHHBIX, CIOCOOOB MapaMeTpu3auuu U (popMaToB UX XpaHEHHUS
orpezeNnseT He TOJIbKO MHOT0OOpa3ue alrOPUTMOB U METOJIOB BBIYMCIICHUH, HO U X
OpraHM3alHIo, YTO ONPEIENISIET ApPXUTEKTYPY porpaMmsl. Bee mporiecCUHroBble CUCTEMBI
UMEIOT MOJIYJIbHYIO CTPYKTYPY, OTJIMYHE UX TOJBKO B TOM, Kakas ()yHKIIMOHAJIbHAs Harpy3Ka
HakJabIBaeTcs Ha Moayiau. ClielyeT BbIIEIUTD J1Ba TUIIA MOAYJIEN — MOJyJIN-BbIUMCIUTENHY,
MEHSIOIINE TUI TAPaMETPU3ALMH TaHHBIX, UX IIPEICTABICHUE, U MOAYIU-KOHBEPTEPHIL,
BBITTOJIHSIONIHE (DYHKIIHIO 10 U3MEHEHHIO (POPMBI MpeICTaBIeHHs — popMaTa JaHHBIX.

B cucreme NJOY, B 4aCTHOCTH, MO TyJIU-BBIYMCIIMTEIN MHOTO(YHKITMOHAIIbHEI,
00BETMHSIOT HECKOJIBKO CJIOKHBIX BEIYUCIICHHH, a IIO3TOMY MX CpaBHUTEIHHO HeMHOTO — 10,
ocTtaBiuecs 9 ABIAIOTCA MOAYISIMU-KOHBepTepaMu. Hebonbiioe yucino Moaynei-
BBIUMCIIUTENEH OrpaHUYMBAET [10CJIEI0BATEIbHOCTD UX BBI30BA, KOTOpAsi, KaKk IPAaBUIIO,
(buUKCUpOBaHa.

Oynkuuu MoayJei-Berancinuresneit B cucreme [ PYKOH cymecTBeHHO ynpoIeHbl, TO3TOMY
YHCIIO UX 3HAYUTENIbHO Oombie - 51 moayns. Kak cienctBue 3Toro — yajinHeHue
BBIYUCIUTENBHBIX IENOYEK U UX MHOT00Opasue. it Toro, 4To0bI HX pean30BaTh, TPEOYIOTCS
JOTIOTHUTEJIbHBIE CUCTeMHBIE cpeicTBa. [1o aToit nmpuunne apxutektypa [ PYKOH BriOpana
nakeTHO-MoAynbHOM. [log makerom, mim 6osee Touno, "[lakeTom MpUKIAAHBIX TporpaMM" B
COOTBETCTBHH C ONpE/IeieHAEM, JAHHEIM B TOKYMeHTe?", IPUHSATO HAa3bIBATh TAKYIO
OpraHM3aL1I0 BEIUMCIUTEILHOW IPOrpaMMBbl, KOTOpask IpeIoiaracT Haluuue:

— s13bIKA 3aJaHUs JUIsl ONMCAHUS CLICHAPUsI BBIYMCICHUM;

— Habopa QyHKIIMOHAIBHBIX MOIYJICH;

— CUCTEeMHOH NMOAJIEPKKH, 00ecreunBarolleld HHTEPIPETALHUIO S3bIKa, OCIIe10BaTEIbHbIH
BBI30B MOJyJiel 1 0OMeH HH(popManen Mex1y HUMH.

Omnucanue nmakera GRUCON — cucrema komMaH[ 17151 ONMCaHUs CIIeHapus IpeoOpa3oBaHus,
CTPYKTYPBI PEOOpa3yeMbIX JaHHBIX, PYHKIIUK MOJYJICH U YIIPABJISIONINE UMU ITapaMeTphI,
TUTIOBBIC 33JIa4H, PEIIaeMbIe C €T0 IIOMOIIBIO - HAXOJAUTCS B IIPHJIATAaeMOM B pa3jieiie
CITPABOYHUK pdf-aiine” PykoBoacteo GRUCON”. B ciemxyrorieM ke paszene
MIPUBOIUTCS OMTUCAHNE BBIYMCIUTEIBHON CPe/Ibl T IOArOTOBKH Ta0 Il OMOIHOTEKH
KOJIMBPU u3 daiinos onenenHsix aanubix ENDF cpenctBamu makera GRUCON.

20 Akanemust Hayk CCCP. Komuccust 1o nakeTam NpHKJIaJHbIX TPOrPaMM KOOPIHHAIMOHHOTO
KOMHTETA M0 BRIYUCIUTENbHOM TexHHKe." [Tonoxenue o nopsake paspaboTKu u
JOKYMEHTHPOBAHHUH MTAKETOB MPHUKIATHBIX MporpaMM. [Ipoext".
penpunt BIl AH CCCP, M.,1981.
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5.3. Ctpykrypa pa3nena GRUCON

[TepepaboTka (haiiyioB OlleHEHHBIX JTaHHBIX U3 paznena ENDF B OuOiInoTeku KOHCTaHT,
naxoxsmuecs B pazaene COLIBRY ocymectsusercs B nupekropurn GRUCON ¢ momMoribsro
nporeIyp - KOMaHIHBIX (DaiiioB, pasmeiméHHbix B Tasks u _Procedures, 3amyckaeMbix u3
nyckoBbIx KoMaHaHbIX ¢aiios all_libraries u all_tasks. Hwke npuBoautcst onrcanue paszeion
GRUCON u yHKIM# KOMaHIHBIX IPOIIEAYD.

Paznen GRUCON comepxuT ciieayroniie moapasaeibl:

_Soft - ucnonusiembie Moy npoieccuaroBoit cuctembl GRUCON (grucon.exe), mporpaMmmbl
dbopmupoBaHus KaTaiora OCHOBHBIX paszenoB ouodarnoreku COLIBRY (content.exe),
IIpOrpaMMBbI ITOATOTOBKH rpa)uKOB CpaBHEHMs AaHHBIX 1 pasaena ATLAS (viewzplot.exe,
plotsave.exe).

_Procedures — nporieaypst epepabOTKH JaHHBIX — KOMaH/IHbIE (haiiiIbl, BBITOJHSIOIIHIE
npeoOpazoBaHue ONpeAeNEHHOr0 TUTIA TaHHBIX AJI 3aJJaHHOTO Habopa
apaMeTpos;

_Parameters — rmoGanbHbBIC TapaMeTphl IpeoOpa3oBaHuil (TPYIIIOBbIC TPAHHIIBI, BECOBBIC
byHKIUH,
HaOOpBI TEMIEpaTyp, ceueHu pa30aBIeHUs);

_Tasks — 3aJ]aHus Ha TIepepabOTKy — KOMaHJHbIE (hailIbl, BEI3BIBAIOIINE ITPOIICTY P
nepepadoTKH

JIAHHBIX U 3aJafoIye 11l HUX Ha0Op JaHHBIX U 3HAYCHUS I1apaMeTpoOB;
_Temp - KOHTEIHEep JJIs pa3MelIeHUs] CerMeHTOB paboyei OudaroTeku (daiiibl file*)

[Tpu 3anmycke npornenyp nepepadbotku, B pasaene GRUCON co3narorcs U 3amoyHsA0TCS
HOJPa3/ebl:

Tapes — koHTeitHep T XpaHEeHHsI IPOMEKYTOUHbBIX pe3ynnbTatoB (daiinsl *.tape*)

Listings — koHTelHep JUIs XpaHEHHs IPOTOKOJIOB MPOXOKACHUS 3a7anuil (paitmsl *.15t*)
Plots - konreitnep s xpanenus rpadukos (daiier *.pdf)

5.3.1. lIpoueaypsl nepepadoTKN JAHHBIX
[Ipouenyps! nepepadbotku aiinos oneHeHHbIX JaHHBIX ENDF B Ta6muusr KOJIMBPU,
pa3MemnéHHbIe B moapaszaene Procedures, mpeactapisitor coboit Habop u3 40 KOMaHHBIX
(aiinoB, BHIMOIHSAIOUINX CIEIyIOIINE OJHOTHITHBIE OTIepalluu:
- KomupoBaHWe JaHHbIX U3 onodmuorekn ENDF i konreiinepa Tapes B manky GRUCON,
- (hopmupoBanme 3ananus Ha s3bike maketa GRUCON — crierapust mpeoOpa3oBaHus JaHHBIX U
YIPaBJISIOIINE ITaApaMeTPhl MOJTYJIEH,
- 3amryck nmporpammbel GRUCON ¢ momotipto komanHOTO (haiina grucon, B KOTOPOM IPOTHCaH
MyTh K UCTIOJHAEMOMY MOJIYJIIO,
- 3aIKCh MPOTOKOJIA MPOXOKACHUS 3aJaHus B mojpas3aen Listings,
- 3aMuCh (PaifIoB ¢ MPOMEKYTOYHBIMH JTaHHBIMH B TIOJpa3 ienbl Tapes,
- 3aIuCh pe3ynbTaToB - Tabmui B popmare KOJIMBPU — B moapazaenst COLIB
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B noapaszmen _Procedures BKIIOYeHBI TaK)Ke KOMaHIHbIC (hailiibl, BBHITOIHSIOIINE
BCIIOMOTaTeNbHbIC (DYHKIIHH:
COLIBRY _dir - ¢dopmupoBanue pasaesoB u mnoapasaenos oudauoreku COLIBRY,
get_endf - KomupoBaHus AaHHBIX U3 paznena ENDF B pabouyro manky GRUCON ¢aiinos

HEUTPOHHBIC TAaHHBIC OOIIET0 HA3HAUCHUS,

get_endf _act - ¢aiiioB aKTHBAILIMOHHBIX JaHHBIX,
get_endf_nfy — BbIX0/10B OCKOJIKOB JIC/ICHUS,
get_endf _rdd - xapakTepucTuk pacmnaja,
get_endf_th - maHHBIX MO paccessHUIO HEHTPOHOB HA CBA3AHHBIX SIPAX,
get_endf_ph - nanHbBIX (OTO-aTOMHBIX B3aUMOJICHCTBUH,
get_endf_ph_nuc - manHbBIX (OTO-SIEPHBIX B3aUMOICHCTBHN.

Karanorun pasnmenoB oubaumoreku COLIBRY rotoBsitcs xomanmaHbeiM (aitiom content,
3aIyCK KOTOPOTO OCYIIECTBIISICTCS U3 COOTBETCTBYIONIMX 33JJaHUH Ha TIepepadOTKy MaHHBIX: JJIS
3TOrO B (paiisie 3aanuil TpedyeTcs yaaauTh NPU3HAK, OJOKUPYIONINH BRI30B content (# wim rem,
B 3aBHCUMOCTH OT OIIEPAIIMOHHON cHCTEeMBI - [iNUX mim windows).

AHaJOTrUYIHBIM 00pa30oM Qaiisl 3a1aHust MOXKET ObITh HACTPOCH Ha 3aITyCK IPYTUX KOMaH THBIX
daitnos, oTinuHbX oT task*. B wactHOCTH, Tabmuiel aeranbHbix cedenuit KOJIMBPU MF701
MOTYT OBITh MIOBTOPHO npeoOpa3oBaHbI c TIOMOIIIBIO IPOIIETyPHI
doppler_MF701 - nmony4yenue u3 tabmuipr MF701, momydeHHON Mpr KOMHATHOM TeMIieparype,

cedeHuit uig 3ananHoi remmeparypsl 1>300K

Jiis moarotoBkH (haiioB rpaduueckoro npeacTaBIeHus JaHHBIX 1 pazaena ATLAS
CITy’KaT MPOLEAYPHI:
compare_MF111 — ceuenus GoTO-aTOMHBIX B3aMMOJCHCTBHIA;
compare_MF121 — cpaBHeHHE MOJHBIX CEYEHUH BBIXOJ0B HEUTPOHOB B (hOTO-SIIEPHBIX
peaKkuuax
MOJYYEHHBIX M3 pa3HbIX OMOINOTEK,C
compare_MF301 — cpaBHEHUS TPYNIOBBIX CEYCHUH, IOTyYEHHBIX U3 PA3HBIX OMOINOTEK;
compare_MF306 - cpaBHeHHE (HaKTOPOB PE30HAHCHOM CAMOIKPAHUPOBKH C (PaKTOpaMH,
MOJTYYSHHBIMH U3 TIOJTPYIIIOBBIX TTAPAaMETPOB;
compare_MF308 — cpaBHeHUs kepMa-(PaKTOPOB, MOTYICHHBIX U3 PA3HBIX OMOTHOTEK.
s ynanenust orpabotaBmux ¢aitnos u3 padoueit nanku GRUCON u koHTeliHepa
_Temp cayxut komanaublii ¢aiin clear_all.

Hwxe mpuBeneHsl GyHKIHUK MPOLEAYP MEepepaObOTKH, BXOIHBIE W BBHIXOJHBIC JaHHBIX IS
Hux, Moayiim GRUCON, ucnionb3yemsbie B mpeoOpa3oBaHnu. BXOJHBIMU JaHHBIMH MOTYT OBITh
daitner ENDF  unu  OGunapnsle ¢aiiner tapeN C mpomexyTouHbIMH pesynbTatamu. s
0003HaueHHUsI COBOKYMHOCTH (hailioB ¢ JaHHBIM HoMepoM N H30TONOB, BXOAALIMX B
€CTECTBEHHYIO CMECh, HCIIONIB3YIOTCS (purypHbie ckoOku: tape{N}. BbxoaHbIMU JTaHHBIMU MOTYT
ObITh (paiisl tape™® wim Tabnuuel KOJIMBPU, naentudunmpyemsie Homepom kotopsix MF*.
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IToaroroBka HEMTPOHHBIX IPYNIOBBIX JaHHBIX (Mpouexypsl 1-12)

N Hasznauenue npoueaypsl Bxonnsie Brixogurie Monynu
JaHHBIE aHHbBIE GRUCON
1 |UYrenue ¢daitta ENDF ¢ neittponnsiMu nanabiMu; | ENDF tape20 | tape21 ENDF
npeoOpazoBanue B cTpykrypel GRUCON ¢ SXIXS
MPOBEPKOM HA HEMIPOTUBOPEUUBOCTD; JIMHEAPU3ALIUS WRITE
CEUEHHH, 3aJaHHbIX TaOIHIIaMU
2 | BoccraHoBieHne — JA€TaJbHbBIX CEUYEHUI u3 | tape21 tape22 READ
PE30HAHCHBIX IMAPaMETPOB B OOJIACTH pa3peIIEHHBIX EXTRAC
PE30HAHCOB U CPEIHUX PE30HAHCHBIX MMAPAMETPOB B RXTXS
oOmacTi  Hepa3pem€HHBIX  PE30HAHCOB  (eciu UXDXS
TaKOBBIE HMMEIOTCS) TPU HYJICBOH TeMIlepaType; SXCXS
BBIUMCIICHUE W30BITOYHBIX CEUEHHH W3 YCIOBUH SXAXS
coOiroieHus Oajrauca REDUND
WRITE
3 |IlonyueHue pAeTanbHBIX CEUEHUW MJId 3aJlaHHOTIO | tape22 tape23 READ
HaOopa TeMIleparyp WHTETPUPOBAHUEM CCUCHUH, EXTRAC
3aJIaHHBIX TAOJIUIIAMH, C SIPOM — PACTIPEIACICHHEM SXCXS
Makcseinna SXEXS
SXTXS
WRITE
4 | Beruncinenue TabnuI] BEpPOSTHOCTH CeYCHHMHA B |tape 21 tape24 READ
obactu HEpa3pemIEHHBIX PE30HAHCOB n3 UXEXP
JIeTalbHBIX  CEUEHMM, BOCCTAHOBJICHHBIX M3 WRITE
[IOCJIEZIOBATENIBHOCTEN PE30HAHCOB, T€HEPUPYEMBbIX
Ha OCHOBE CPEIHUX PE30HAHCHBIX [TapaMeTpoB (eciiu
TaKoBbIe UMeI0TCs1) MeTosioM Monte-Kapiio
5 | BeluncieHnue cpeaHe-rpynnoBbIX 3HaUeHUH cedyeHuii | tape21,23 tape25 READ
pEeaKUHii, SHEPTOBBIJEIEHHUS, @ TAKKE CIIEIHATbHBIX EXTTEM
BEIMYUH JUIi HEWTPOHOB (YMCIO HEHUTPOHOB KERMA
JIEJICHUs, JOIM W CHEKTPhl  3ala3AbIBAIOIINX EXTRA
HEHTPOHOB) B 3a/JlaHHON TPYNIOBOM CTPYKType ¢ AXXS
3aIaHHONW BECOBOM (YyHKIIMEW TNpU OECKOHEUHOM NUXXS
pa30aBIeHUH M KOMHATHOH Temmeparype SXIXS
SXCXS
SXAXS
SXGXF
FXXS
WRITE
6 | BbluncieHne MOMEHTOB CeUeHHWH, Kak QyHKIMi | tape23,24 tape26 READ
TEeMIIEpaTyphl U ceueHUs pa30aBiIeHUs], 1 PeaKuil EXTRAC
C PE30HAHCHOM CTPYKTYpOH REDEF
(ympyroe paccesHue, paJAMallMOHHBIA  3axXBar, SXCXS
JIeJICHUE, CYMMBbI CEUEHUM ) SXAEXFM
WRITE

67




HEUTPOHOB B HEYNPYTux Tporeccax (TaOauIbI
KOJIMBPU MF702)

7 | Bolumcnenue Marpull  TIpyHIOBBIX — IepexonoB | tape21,23,24 | tape27 READ
HEUTPOHOB B pe3yJbTaTe CTOJKHOBEHUH C SAPOM EXTTEM
[pY KOMHATHOM TEMIIEpaType SXAEXFM

WRITE

8 |3amuce  IpynmoBbIX ~ BEKTOpoB M Marpun | tape21,25,27 | MF301 READ

JUTSI HEUTPOHHBIX aHHbIX B Tabnuiel KOJIMBPU MF302 REDUND
MF303 MXXS
MF304 REDEF
MF313 SXCXS

COLIBRY

9 | Bbluucnenue NOATpPYNIOBBIX — IapaMeTpoB U3 | tape26 tape29 READ
MOMEHTOB CEUEHUN FXEXP

WRITE

10 | Beiunucnenue (haxkTopoB pe3oHaHCHOM | tape26,29 MF305 READ
CaMO3KPaHHUPOBKU M3 MOMEHTOB CEYEHUM U 3aMKCh MF306 COLIBRY
UX BMECTE€ C HOArPYNIIOBBIMM  IapaMeTpaMu B
tabmuisl KOJIMBPU

11 | Boluucnenue Marpull paccesHUsi HEHTpOHOB Ha | tape2l tape30 READ
CBOOOJHBIX sApax B OONacTH TepMau3allu SXIXS
HEUTPOHOB RXTXS

SXCXS
SXTXS
THXXDS
DXEXD
SXGXF
SXDXM
WRITE

12 | 3anuce  Marpul paccessHus ~ HEUTpoHOB  Ha | tape30 MF307 READ

cB0oOOAHBIX simpax B Tabnuisl KOJIMBPU COLIBRY
IloaroroBka HEMTPOHHBIX /1eTAJTbHBIX 110 JHEPITUH JAHHBIX (Mpouenypsl 13-17)
N Hasnauenue mpouenypsl Bxonnsie Beixonnsie Monynun
TaHHBIE JTaHHBIE GRUCON

13 | 3anuch NOTOYEYHBIX AETANBHBIX CEYEHUH U BBIXOOB | tape21,23 tape28 READ
HEUTPOHOB B HEYNIPYTUX Mpoleccax ik KOMHAaTHOU MF701 EXTTEM
temneparypsl T=300K B Tabmuier KOJIMBPU PROD

SXCXS
REDUND
NUXXS
EXTRAC
SXAXS
SXEXS
WRITE
COLIBRY

14 | 3ape3epBUpOBaHO I HPOLEIYPHl OATOTOBKH
[IOTOYEYHBIX  JHEPreTUYECKUX  PaACIpeneIeHUN
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B MIPEACTABICHUHN Ta0IuUIL

BEPOSTHOCTEMN

HaKOIIJICHHBIX

15 | IlpeoGpazoBanue JAHHBIX 110 yriIoBoMy | tape21 MF703 READ
pacnpeneneHuio yIpyro pacCesiHHbIX HEUTPOHOB EXTRAC
13 MPEJICTABICHUN OLICHEHHBIX JaHHBIX AXXA
B JIMCKPETHOE MPEACTaBICHUE rpaHuLiaMH1 COLIBRY
PaBHOBEPOSITHBIX KOCUHYCOB B CUCTEME LIEHTpa Macc
u 3amucek B Tabinunsr KOJIMBEPU

16 | I[Tomyuenue IIOTOYEYHBIX NOATPYMNIOBLIX | tape24 tape34 READ
rapaMeTpoB M3 TaOJIUIl BEPOSTHOCTEH CEYCHHH B PXDXF
o0racTu Hepa3pelIEéHHBIX PE30HAHCOB FXEXP

WRITE

17 |3amuch  TOTOYEYHBIX  TAOMMIT  BeposATHOCTEH | tape24/ MF706 READ

/moarpynmnoBbeix mapametrpoB B Tabmuisl KOJIMBPU | tepe34 COLIBRY

(mpouenypsi 18-19)

IToaroroBxka IpynmnoBbIX JaHHBIX 110 06pa30BaHmo ramMmma-KBaHTOB B HeﬁTPOHHbIX PeaKIUsAX

N Hasnauenue npouenypst Bxonnrie Brixonurle Monynu
JTaHHBIE TAHHBIE GRUCON
18 | Beiuncnenue cpeqHe-rpynmnoBbIxX ceueHud U marpul | tape21,23,24 | tape40 READ
o0Opa3oBaHHMsI TraMMa-KBaHTOB B  HEHTPOHHBIX EXTTEM
peaKuMsaX Npu KOMHATHOW TeMmIeparype PROD
SXAEXFM
WRITE
19 | Boruncnenue sHeprui, yHocUMbIX TaMMa-KBaHTaMH | tape21,23,24 | tape4l READ
B HEUTPOHHBIX peakuiAX TMpA KOMHATHOH EXTTEM
TeMIlepaType PROD
REDUND
KERMA
SXCXS
SXGXF
FXXS
WRITE
IoaroroBka rpynmnoBbIX JaHHBIX M0 PACCESHUIO HEHTPOHOB HA CBA3aHHBIX AAPaX
(mpouenypsr 20-21)
N Hasnauenune npouenypst Bxonnsie Beixonnsie Monynn
aHHBIE aHHbBIE GRUCON
20 | Beruncienne cpenHe-rpynnoBbix ceuennii u marpun | ENDF tape30 | tape3?2 ENDF
IPYIIIOBBIX MEPEXOJOB IIPU PACCEIHUM HEUTPOHOB THXXDS
Ha SI7Ipax, CBSI3aHHBIX B MOJIEKYJIaX U KPUCTAILIAX DXEXD
SXGXF
SXDXM
WRITE
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21

3anuch rpynnoBbIX BEKTOPOB M MaTpHI] pacCesHUs
HEHTPOHOB Ha CBSA3aHHBIX sApaXx B TaOIHIIBI
KOJINBPU

tape32

MEF307

READ
REDEF
FXCXF
MXCXM
COLIBRY

IHosyyeHne HEMTPOHHBIX TPYNIOBLIX JAHHBIX JIfl €CTECTBEHHBIX CMeceil H30TOMOB
(mpouexypsi 22-28)

N Hasznauenue npoueaypsl Bxonnsie Brixogurie Monynu
JaHHBIE aHHbBIE GRUCON
22 | JIuneiHas cBEpTKa IPYNIIOBBIX BEKTOPOB CEUCHUM U | tape {25}, MF301 READ
MaTpHIl TEPexXoAO0B JUIsl M30TONOB, BXOAAMIUX B | {27} MF302 MXXS
€CTECTBEHHYI0 CMECh, M 3amuch B TaOIHIIBI MF303 REDUND
KOJINBPU REDEF
SXCXS
SXAXS
MXCXM
COLIBRY
23 | CBepTka JeTalbHBIX CEYEHMM B mepecedeHud |tape {21}, tape26 READ
obnacteit pa3penmeéHHbIX PE30HaHCOB c| {23},{26} MF305 EXTRAC
IIOCJIEAYIOIIMM BBIYMCIEHUEM MOMEHTOB, CBEPTKA SXCXS
MOMEHTOB B IpynIax ¢ pa3peui€HHbIMA YaCTUYHO U SXGXF
HEpa3pemEHHBIMA ~ PE30HAHCAMH, OOBEAMHCHUE FXCXF
MOMEHTOB, UX COXPAHEHUE U 3aIIUCh [TOJYUYECHHBIX U3 REDEF
HUX (aKTOPOB PE30HAHCHOW CaMO3’KPAHMPOBKU B FXCXF
tabmuisl KOJIMBPU FXGXF
WRITE
24 | Boluncnenue TOATPYNIOBBIX — MapaMEeTpoB U3 | tape26 MF306 READ
CBEPHYTBIX MOMEHTOB M 3allUCh B TaOIUIIbI FXEXP
KOJINBPU COLIBRY
25 | CBepTka rpyIIoBbIX BEKTOPOB U MaTpHIl paccesiHus | tape {30} MF307 READ
HEHTPOHOB Ha CBOOOJHBIX SIJIPaxX JJIsl €CTECTBEHHON FXCXF
CMeCH M30TOIOB, 3anuch B Tadnunsl KOJIMBPU MXCXM
COLIBRY
26 | CBepTKa JAeTaNbHBIX CEYEHUH M30TOIOB, BXOIAIMIUX | tape {28} MF701 READ
B €CTECTBCHHYIO CMECh W 3allMCh B TaOJHUIIbI SXAXS
KOJIMBPU SXCXS
SXEXS
COLIBRY
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27 | CBéprka MOMEHTOB YIJIOBBIX pacrpeneneHuit | tape {21}, MF703 READ
Mpyu  YIOPYrOM  paccessHUW TNpu  KOMHATHOH | {23} EXTRAC
Temmeparype, mpeoOpa3oBaHWE B  TPaHUIIBI EXTTEM
PaBHOBEPOSITHOTO pacnpeneneHus KOCHHYcCa AXXS
paccesiHus, 3anuch B Tabnuiel KOJIMBPU SXCXS

SXXA
AXEXA
AXXA
COLIBRY

28 | CBepTka cedyeHHMd W MaTpull oOpa3oBaHuUs Tamma- | tape {40}, tape4?2 READ
KBaHTOB {41} MXCXM

SXCXS
WRITE

IToaroroBka I'PpyNnmnoBbIX JTAHHBIX O B3aMMOJeHCTBUY raMMAa-KBAaHTOB ¢ aTOMaMH

(mpouenypsi 29-30)
N Hasnauenue npouenypsl Bxonnrie Brixonurie Monynu
JTaHHBIE TAHHBIE GRUCON
29 | Beruncnenue cpeHe-rpynnoBbix ceuenuii u marpun | ENDF tape50 | tapeS1 ENDF
IPYIIIOBBIX  IIEPEXOJOB IMPH  B3aUMOJAECHCTBUU SXIXS
raMMa-KBaHTOB C aTOMaMH SXGXFM
FXXS
WRITE
30 | 3anuchk cpeaHe-TPYNIOBBIX CEUEHUHW U Mmarpull | tapeSl MF111 READ
IPYIIOBBIX MEPEXONOB Ul TIaMMa-KBaHTOB B MF112 COLIBRY
a0l KOJIMBPU
IMoaroToBKa JaHHBIX MO BHIX0AM OCKOJIKOB jejenus (nmpouexypa 31)
N Hasznauenue npouenypsl Bxonnsie Brixonusie Monynu
TaHHBIE JTaHHBIE GRUCON
31 | 3anuchk He3aBUCHUMBIX M KyMyJIATHBHBIX BbIX00B | ENDF tape40 | MF314 ENDF
0CKOJIKOB Aenenns B Tabmuusl KOJIMBPU COLIBRY
IMoaroroBKa JaHHBIX MO 00PA30BAHMIO sI/IEP - MPOAYKTOB HEMTPOHHBIX peaKIuii
(mpouenypa 32)
N Ha3znauenue npouenypsl Bxonnsie Brixonubie Monynu
JaHHBIE JTaHHbBIE GRUCON
32 | Beruncnenue CpEIHE-TPYIIOBBIX ceuenuii | ENDF tape20 | tape55 ENDF/
oOpa3zoBaHMsI TIPONYKTOB peakiuii u3 (aitnos | tape21,25 MF500 READ
AKTUBAI[MOHHBIX JAaHHBIX WiId (GaiioB oO0IIero SXIXS
Ha3HaueHus, conmepkamux ¢aiitnm MF8; 3ammuce B SXTXS
tabmuusl KOJIMBPU. Ilpu mnepepabotke daiinos ACTIV
aKTHUBAIIMOHHBIX JAHHBIX MPOBOJIUTCSA SXGXF
JIMHEapu3alys CEYCHUM U UHTETPUPOBAHUE C SIAPOM FXXS
MakcBenna Uil MOJNYYEHUs  CEYEHMM  IIpHU WRITE
temneparype T=300K COLIBRY
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IToaroroBka 1aHHBIX 00 00PA30BAHUM FAMMA-KBAHTOB B HEITPOHHBIX PeaKUUAX U
JHEProOBbIIeJIEHUH C YYeTOM pacnajaa o0pa3ylomuxcs paauoaKTUBHBIX NPOAYKTOB peaKIui
(mpouexypsi 33-38)

N Hasznauenue npoueaypsl Bxonnsie Brixogurie Monynu
JaHHBIE aHHbBIE GRUCON
33 | Urenue daiina ENDF c xapakrepuctukamu pacnana | ENDF tape60 | tape61 ENDF
U CHEKTpaMU TaMMa-KBaHTOB, MpPeoOpa3oBaHUE B WRITE
ctpyktypsl GRUCON
34 | CnusHue BceX CTPYKTyp C XapakTepucTtukami |tape {61} tape80 READ
pacnana B ¢aiia RDD WRITE
35 | BoruncneHnue BBIXOJOB I'aMMa-KBAaHTOB B II€MOuYKax | tape6l tape63 READ
pacmaza paguoaKkTHBHBIX MPOAYKTOB peakuuid, | tape80 MF90 RDXXS
00bEeTMHEHNE ¢ MTHOBEHHBIMH BBIXOJJAMH M 3aIHCh WRITE
B Tabmuier KOJIMBPU COLIBRY
36 | CnusiHue BceX CTPYKTYp C BbIXoJaMH Tramma- |tape {63} tape81 READ
KBaHTOB B IIeNOYKax pacnajaa B gaitn RDY WRITE
37 | Beruncnenue SHEpPrui raMMma-KBaHTOB, | tape25,55 tape65 READ
BBIIEIIAIOIINXCS B erno4YKax pacnaza | tape81 MF308 REDUND
PaZMOaKTUBHBIX MIPOAYKTOB peakiui, 00beIuHEHHE RDHEAT
C MIHOBEHHBIM OJHEPIOBBIACICHUEM; 3allUCh B EXTRAC
tabmuisl KOJIMBPU SXCXS
WRITE
COLIBRY
38 | Berumcnenue TPYMIOBBIX MaTpuil oOpaszoBanus | tape40,41,55 | tape66 READ
raMMa-KBaHTOB B HEIOYKax pacnaza | tape81 MF310 RDYIELD
PaZOaKTUBHBIX MIPOAYKTOB peakui, 00beIuHEHHE MF311 WRITE
C MaTpuuamMu oO0pa30BaHUS MTHOBEHHBIX TramMMa- MF312 COLIBRY

KBaHTOB U 3anuch B Taduusl KOJIMBPU

IToaroroBka KaHHbIX 00 00pa30BAHMU FAMMA-KBAHTOB B HETPOHHBIX peaKUUsIX 1
JHEPrOBBIEICHUH € YYeTOM pacnajaa o0pasylommuxcs paIuO0AKTHBHBIX IPOAYKTOB pPeaKIui
JJISl eCTeCTBEHHBIX cMeceil n30TonoB (mpouenypsl 39-42)

N Hasnauenne npouenypst Bxonnsie Beixonnsie Monynn
JaHHBIE JaHHbBIE GRUCON
39 | BoruncneHnue 3HEproBbIIEICHUN JIJIs1 €CTECTBEHHOH | tape {25}, tape65 READ
CMECH M30TOMOB, 3anuck B Tabmuisl KOJIMBPU {55} MF308 REDUND
tape81 RDHEAT
EXTRAC
SXCXS
WRITE
COLIBRY
40 | BeluucneHnue TpymnmoBBIX Marpull oOpa3oBaHus | taped2,{55} |tape66 READ
raMMa-KBaHTOB JIJIs €CTECTBEHHON CMECH M30TONOB | tape6S MF310 RDYIELD
u 3anuch B Tabnuiel KOJIMBPU tape81 MF311 MXCXM
MF312 WRITE
COLIBRY
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41 | Beluncnenue rpynmnoBbix ceueHudt u  marpun | ENDF tape50 | tape52 ENDF
00pa3oBaHMsI HEUTPOHOB B (DOTOSAIEPHBIX PEAKITHSIX SXIXS
SXGXF
FXXS
SXAEXFM
WRITE
42 | 3anuch ceuyeHUN U BBIXOJOB HEUTPOHOB, Marpull |tapeS2 MF121, READ
BEpOSITHOCTEH  oOpa3oBaHHMs ~ HEHTPOHOB B MF122 MXXS
¢dorosinepubIx peakiusax B Tadnuisl KOJIMBPU SXCXS
COLIBRY

5.3.2 3aganus Ha nepepadoTKY JaHHbBIX

3amyck mpoueayp nepepadoTKH MPOUCXOTUT U3 KOMAHIHBIX (haiyioB, pa3MEIIEHHBIX B
noapasnene Tasks — 3aganuii Ha nepepaboTKy. B aTux daitnax 3amar0Tcsi XapaKTePUCTUKU
OMOMMOTEKH KOHCTAaHT — ‘“‘yHpaBISIOLIUE MapaMeTphbl MPeoOpa3oBaHUS . YUCIO HEUTPOHHBIX
u/Wik raMMma rpyIii, BeCOBbIe (GYHKIIUH ISl TPYIIIOBOTO YCPEIHEHHUS, YMCIIO TEMITEPATYP, YHUCIIO
cedeHui pa30aBIeHHUs, YUCIIO YIVIOBBIX MOMEHTOB. Habop ynpaBisionux napaMmeTpoB 3aBUCHUT OT
TUTIA JaHHBIX, KOTOpbIE TpedyeTcs mpeodpa3oBaTh. 3aTeM CIEAYIOT BBI30B KOMaHJIHOTO (ailia
run_task ¢ mapameTpamu: HOMEp HA4yadbHOM W KOHEYHOW MPOLEAYPHI MEPEPabOTKH, HMS
Oubnmuorekn, WMs MaTtepuana (HYKIHAa, OJJIEMEHTa, aroMa - B 3aBUCHMOCTH OT THIIA
nepepabaTbIBaeMBIX JaHHBIX), UMs moxapasnena Ouoimoreku kKoHcTant COLIBRY wu mws,
prcBaBacMoOe TaONWIIe KOHCTAHT, 3aBEpIIacT KOMAHIHYK CTPOKY MAacCHB 3HAYCHUU
YIPABIISIONIUX [TaPAMETPOB.

[ToCKONBKY CIIHCOK MaTepPUAIOB 3aBUCUT OT OMOJIMOTEKH/TIOIOMOIMOTEKH OIIEHEHHBIX
JIAaHHBIX, B ©UMeHa (haiiIoB 3a1aHui T0OABJICH MTPU3HAK, YKA3bIBAIOIUN OMOIUOTEKY, ISl KOTOPO

33 32)

OHM TpEIHA3HAYeHBl. DTOT TMpPH3HAK OOO3HAYEeH HIKE CHMBOJIOM , KOTOPBIH MOXeET
npuHuMaTh 3HaueHus: f10 — mis 6ubauorekn ROSFOND, b80 — anst ENDF/B-VIII.0, €33 — st
JEFF3 3 1 j50 — anst JENDLS_0. OrcyTerBre npu3Haka ( cuMBouia “*” ) B Ha3BaHHUH MPOLETYPbI
O3HayaeT, 4To 33aJJaHHe HE 3aBHCUT OT UCXOJHON OMOINOTEKH.

Bcero B pasmene mmeercss 8 THUIOB KOMAaHIHBIX MPOIELYp, MpPEIHA3HAYCHHBIX IS
nepepabOTKU TaHHBIX OMPEAETEHHOTO THIIA:
all_isotopes_* - HeHTpOHHBIC JaHHBIE OOIIETO HA3HAYCHUS,
all_actinides_* - HeliTpoHHBIE TaHHBIE OONIETO HA3HAYCHUS;
all_decay_* - XapaKTEePUCTHKH Pacrajia paJluoaKTUBHBIX sICp;
all_reactions_* - HeWTpoHHBIE TaHHBIE O0IIET0 Ha3HAYCHHUS, coaepskarue daitn MF8 ¢
JTaHHBIMU 00 00pa30BaHUM HECTAOMIIbHBIX IPOAYKTOB PEAKIIHIA;
all_activations_* - akTuBanMoOHHBIE JaHHEIE,
all_atoms_* - naHHbIe (HOTO-aTOMHBIX B3aMMOICHCTBHIA;
all_nuclides_* - nanHbie GOTOSICPHBIX B3aUMOICHCTBUIA,
all_bound - TaHHBIE IO PACCESTHUIO HEUTPOHOB Ha CBSA3aHHBIX S/Ipax.

CBepTka JaHHBIX JUIs1 U30TOIOB B €CTECTBEHHBIE CMECH BBIIIOJIHAETCS IIPOLIEAYPOM:
all_elements - roTOBUT HEHTPOHHBIE KOHCTAHTHI ISl IPUPOTHBIX JIEMEHTOB CBEPTKOM
JAHHBIX JIJIS U30TOIIOB C BECOM MX KOHIIEHTPALlUl B €CTECTBEHHOM CMECH.
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Hcxonnbie kKoMaHHbIe (aiiaax manku T asks HacTpoeHBI Ha mepepaboTKy BCex

HYKJIN0B Oubimoreku. Ecian kakoi-mnbo HyKIH He TpeOyeTcsl, BBI30B KOMaH bl Ha €r0

nepepaboTKy Onokupyercs cumBoiaamu # (st linux) wiu rem (s WinOws) B Havalie CTPOKH.

5.3.3 [IyckoBble KOMaH/HbIe (PAIbI

3amyck 3a/1aHuii Ha MepepadOTKy JaHHBIX OCYIIECTBIIICTCS KOMaHIHBIM (haiiiioMm
run_all_tasks u3 paszgena GRUCON, ¢ pacuupenuem sh g linux u bat s windows. Ipu
BBI30BE PACUETHOTO 33aJJaHHs yKa3bIBaeTCs: UM (hailyia ¢ 3aJaHreM Ha rnepepaboTKy, Auana3zoH

HOMEPOB MPOoIIeayp nepepaboTKH (HavanbHbIH 1 KoHeuHbIi) ums (lib) u npusHak (ext)

OMOJIMOTEKH OLICHCHHBIX JaHHBIX. Hibke nmpuBeIeHbI TEKCTHI ITyCKOBOM kKoMman bl run_all_tasks

JUTSI IBYX OTICPAIMOHHBIX CHCTEM, HACTPOCHHBIC Ha MOJITOTOBKY TAOJIMII BCEX Pa3/IeiiOB
ouommorexkn COLIBRY wu3 daitnos onenennbix qanabix ROSFOND10.

Hacrpoiika Ha qpyryro OMOIMOTEKY OCYIIECTBISIETCS pa30JIOKMPOBAHUEM HYKHBIX

CTPOK (yIasieHueM # uiu rem B Havajie CTPOKU, B 3aBUCUMOCTH OTIEPALIMOHHON CUCTEMBI.

Komanauabie daiiasl 1 3amycka 3aaanui run_all_tasks:

task=./_Tasks/linux

$task/all_isotopes_$ext.sh 1 19 $lib $ext
$task/all_actinides_$ext.sh 1 19 $lib $ext
$task/all_bound.sh 20 21 $lib $ext
$task/all_elements.sh 22 28 $lib $ext
$task/all_atoms.sh 29 30 $lib $ext
$task/all_actinides_$ext.sh 31 31 $lib $ext
$task/all_reactions_$ext.sh 32 32 $lib $ext
$task/all_decay $ext.sh 33 36 $lib $ext
$task/all_isotopes_$ext.sh 37 38 $lib $ext
$task/all_actinides_$ext.sh 37 38 $lib $ext
$task/all_elements.sh 39 40 $lib $ext

Linux Windows

#! /bin/sh setlocal
lib=ROSFOND10 set lib=ROSFOND10
ext=rf10 set ext=rf10
#lib=ENDFB8_0 rem set lib=ENDFB8_0
#ext=b80 rem ext=b80
#lib=JEFF3_3 rem set lib=JEFF3_3
#ext=e33 rem set ext=e33
#lib=JENDL5_0 rem set lib=JENDL5_0
#ext=j50 rem set ext=j50

set task=.\_Tasks\windows

call %task%\all_isotopes_%ext%.bat 1 19 %lib% %ext%
call %task%\all_actinides_%ext%.bat 1 19 %lib% %ext%
call %task%\all_bound.bat 20 21 %lib% %ext%

call %task%\all_elements.bat 22 28 %lib% %ext%

call %task%\all_atoms.bat 29 30 %lib% %ext%

call %task%\all_actinides_%ext%.bat 31 31 %lib% %ext%
call %task%\all_reactions_%ext%.bat 32 32 %lib% %ext%
call %task%\all_decay_ %ext%.bat 33 36 %lib% %ext%
call %task%\all_isotopes_%ext%.bat 37 38 %lib% %ext%
call %task%\all_actinides_%ext%.bat 37 38 %lib% %ext%
call %task%\all_elements.bat 39 40 %lib% %ext%
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