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PACYET N30TOITHOT'O COCTABA PEAKTOPHDBIX YCTAHOBOK
I MOAEJINMPOBAHNUN ITPOIIECCOB BBI'OPAHNA
N OCTATOYHOI'O SHEPTOBBIJAEJIEHNA ATEPHOI'O TOIILJINBA
B TIPOTPAMMHOM KOMIIJIEKCE CONCORD

C. B. Mxauux, A. B. Anekcees, A. H. I'pebennuros, E. A. T'yces,
A. A. Epmaxos, E. A. Upunuues, C. C. Kacarkun, H. A. KpyTtbko
(POALI-BHUNSD, r. Capos)

DBomonusa (HU3NIECKUX XAPAKTEPUCTUK PADOTAIONMIET0 PEAKTOPA OIMpPemessaerTcd IIaB-
HbIM O0Opa30oM M3MEHEHHEM HYKJIMJHOTO COCTaBa TOIUIABA. JHAHWE M30TOMHOIO COCTABA
TakyKe KpallHe BaXkKHO, TaK KaK MMEHHO HAa ero OCHOBE HPOBOJUTCA ODOCHOBaHHE 0e30-
MaCHOCTH O0palleHus ¢ OTPA0OTAHHBIM SI€PHBIM TOIJIMBOM MDA €r0 XPAHEHUH, TPAHCIOP-
THPOBKE U TepepaboTKe.

JlaeTca onucanure MpOrpaMMHOTO MOYJIs, MPEIHA3HAYEHHOTO /IJIs PACUETa MPOIECCa AIep-
HOH KMHETHKHM B PEAKTOPHBIX yCTAHOBKAaX HA TEIJIOBBIX M OBICTPHIX HEHTPOHAX, KOTODPBIA
BxoguT B cocras nporpammuoro kommekca CONCORD. IlpuBoggarcs uCTOYHUKA JAHHBIX
MOJLyJIsl, OIACBHIBAIOTCS UCIOMb3YEMBIE METOIBL X MOJIEH PACYETA.

Karouesvie caosa: aepHbI peakTOp, KHHETHKA H30TOIOB, MATEMATHIECKOE MOIEINPOBA-
HHUe, OCKOJIKU JIeJIeHHs, BbIFOPAHUE aKTHHOWJOB, dicecmras cucrema auddepeHuaIbHbIX
ypaBHeHwHil, pa3aocTHag cxema Pozenbpoka—Banuepa.

Beenenune

CocraB TOIINBA YHEPIETUIECKOTO UJIU KAKOTO-JIMOO CIENUAIBLHOTO SIEPHOTO PEAKTOPa MPETEPIEBAET
HEIpepbIBHbIE M3MEHEHNI KaK M3-33 PAINOAKTUBHBIX PACIAJ0B €r0 KOMIIOHEHTOB, TaK U U3-3a IMPEBPAIIe-
Huil, 00yCJIOBJIEHHBIX B3AMMOIEACTBUAMI HEHTPOHOB C 9TUMHU KOMIIOHEHTAMU: PEAKIUN PaJUAIHOHHOIO
3aXBaTa HEHTPOHOB, MPOILECCOB HEHTPOHHOrO pa3MHOXKeHud (n, 2n) u (n, 3n), peakuuii ¢ BBLIETOM 3aps-
JKEHHBIX JaCTHII.

B pesysbpraTe paboTsl peakTopa B COCTaBe yPAHOBOrO TOILIMBA OOPA3yIOTCH HOBBIE AKTUBHO JIEJIAIINECT
TYKeNble H30TONbL: Jonroxkusymue aroMer 24 Pu, 242m2Am 243Cm u aromer 233U, 236Np, 239Pu, 245Cm,
KOTOpBI€ HAa MPAKTUKE MOYXKHO CUYATATH CTAOUIBHBIMEH. DTHU d]pa BHOCAT CBOW BKJAJ B SHEPrOBBIIEIE-
HUe, W y9YeT WX HAKOIJIEHUd HeOOXOIWM JJjisd IPABUJIBHOIO IPOTHO3UPOBAHUSA XAPAKTEPUCTUK PEAKTOPA
Ha pa3HBIX 3Tamax ero paborel. KpaiiHe BaKHBIM ABIAETCA TaKKe 3HAHHE W30TOIHOTO COCTABA BBHITPY-
kaemoro orpaboranuoro ageproro rommmsa (OAT). Tax, manpumep, conepxamueca B OAT akruronmbI
232, 242.244Cm B Gosburell CTENMEHM OMPEENAIOT PaJHANHOHHBIH don BOmu3n orpaborannoir TBC [1].
Ecan untepec mpezacrasiager uelirpornaa aktuHOCTh OAT MO mporeccy CmoHTAHHOTO JETeHud, TO Tpe-
6yerca mrdopMarus o KoHneHTparun u3oronop 242244246 Cm  252Cf. Coracuo pabote [1] aas peaxropa
BB9P-1000 ux BKIaz cocrapiageT okouao 97 %.

Eme ommoit mpuumHONl W3MEHEHWs MEPBOHAYAJBHOTO COCTABA TOILINBA, ABIMIOTCA PEAKINU JTEeICHUI
AKTHHOUJIOB HEHTPOHAMHU, B PE3yJbTaTe KOTOPHIX HAKAILIMBAKOTCA OCKOJIKM JejieHus. B camom obiem
MpeICTABIEHUH MPOIYKTHI JEJI€HNA MOXKHO Pa30UTh HA JBE KATETOPHUH: OCKOJKU-IIJIAKW U BHIJETCHHBIE
OCKOJIKU. BbIfte/leHHbIe OCKOJIKYU JeJIEHUs, B CBOIO OYePeb, MOXKHO PA3Je/INTh HA TPU IPYIIbI: H30TOIBI-
OTPABUTEHN, IKOJOTHIECKH ONACHBIE W30TOIBI M M30TONBI — UCTOYHWKY 3ana3apiBatomux meiirponos (3H)
JIeIeHN .
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K orpaBuTensgm OTHOCAT OCKOJKH, UMEIONIHE 3HAUUTE]HHOE CedeHue pPAJUAlMOHHOTO 3axXBaTa. la-
Kue sjapa 0oOpasyroTCd KakK HEMOCPEICTBEHHO B pe3y/IbTaTe JejIeHWs aKTHHOUIOB, TaK U B Pe3yJbTare
meiirporno-anepubix (H-91) u pagmoakTusHBIX MpeBpamnennit caMux 0CKOJIKOB. OHE CIIOCOOHBI OKA3BIBATH
CYIIEeCTBEHHOE BingHUE HA (POPMUPOBAHUE MPOCTPAHCTBEHHO-YHEPTeTHIECKOTO PACIPEIeIeHIS OJId Hell-
TPOHHOT'O IMOTOKa B AKTHUBHOH 30HE peaKTOpHOﬁ yCTaHOBKU, OCO6eHHO B pexKXmMaX U3MEHEHUd MOIMHOCTH
peakTopa. Hampumep, K 3Toif rpymme MoryT 6uITH oTHecensl m3oTombl °9Rh, 3%Xe, 1°Sm, akrupmHO
IIOTJIONAOIINE TEIJIOBbIE HEHTPOHBI.

SKOJIOI’I/I‘IGCKI/I OIIaCHBIE OCKOJIKM MMEIOT 3HAYUTEJbHBIN BBIXO/J[ Y-U3JIy9I€HUA U TEM CaMBbIM TOJIZKHBI
YYUTBIBATHCA B 33ja4ax obocHOBaHus OesomacHoro obpainenus ¢ OAT mpu ero xpaneHuu, TPaHCIOPTH-
poBaHEE U mepepaborke. [IpEMepoM TaKWX OCKOIKOB MOTYT ciy:KuTh aroMbl S°Kr, %0Sr, 12°Sb, 137Cs,
18TmpB, 144Ce 15415y, naomme manbombmmit sriaan B ramma-dor OAT [1]. Dkomormeckn omacubie
OCKOJIKH MOTYT ObITh oTzesiensl npu perenepanuu OAT mnga gambHelinero 3aXopoHeHns UJIU TPAHCMYTa-
AN,

Tax maswiBaemble 3H gesenunsa poxKaaioTcd IpU PaJIrOaKTUBHOM IIPEOOPa30BaHUU A1€P-OCKOJIKOB, TOY-
Hee, I HEKOTOPBIX OCKOJIKOB IPOIECC 3 -pacrmaa COMPOBOXKIAETCH UCIYCKAHNEM OHOTO WMJIA HECKOJIb-
kux Heiirponos. Hampumep, nna msoroma *2As, mo mamaeiM 6ubmorekn ENDF /B-7.1, cymecTsyer KaHam
B~ -pacmaga ¢ obpa3oBaHHEM UYETHIPEX HEWTPOHOB. BcCe OCKOJKHU ITOr0 THUIA HABJISAIOTCA KOPOTKOXKHUBY-
IIME C TIEPHOJIOM IOJTYPAaclaja T OT HeCKONbKHX MHILTHCeKyHn (Hampumep, 7 = 7wuc mra 0°Kr) mo
HECKOJIbKHX JeCATKOB CeKyH[ (Hampumep, T = 55,65 ¢ mra 8" Br).

Haxkornierne 0CKOJIKOB-IIIJIAKOB BEJET K IMAJEHUIO 3a11aca PEAKTUBHOCTU U ONPEIEJISIET TEPUOJ] BO3MOXK-
HOIT paboThI peakTopa 6e3 meperpy3Ku TOIINBA. K Ipylne OCKOJIKOB-ILJIAKOB MOYXKHO OTHECTH, HALIPUMED,
crabmapmbie atomer 29Tc, 101 Ry, 103Rh, 105:108pq 1095, 131,134,136 %, 133(g 141py 143,144,145\ 152Gy,
n ﬂOJIFO}KHByHLHﬁ N30TOIL 147Pm. 9TI/I U30TOIIbI BMECTE C YK€ YIIOMHUHABIINMCHA CTa,6I/IJII)HI)IM N30TOIIOM
1499m prOCAT 3aMeTHEIH BKIa B 0bIee MAKpOCedIeH e CpeIbl Ha KOHeTHO CTa Uy KAMIAHAN PeaKTOPHOI
YCTaHOBKH.

Tpe6OBa,HI/IH K TOYHOCTHU YUCJIEHHOT'O MOAE/IMPDOBAHUA M30TOITHON KMHETUKHU B HaCTOdlIIee BPEMAd BO3-
paCTarT, 1 CBA3aHO 3TO C TeHILeHIII/IeI';I yBEINYICHUA FJIY6I/IHI)I BBITOPpAHUA aKTHHOUIOB KaK IJId IITATHOT'O
JIMOKCHU/I-YPAHOBOIO TOILIMBA, TaK U JJid HEPCIeKTHUBHBIX BUOB KePAMUYIECKOTO TOIuBa. llogBienue
KOMIBIOTEPOB C BO3MOXKHOCTSIMU ITAPAJIIEIbHON U BEKTOPHON 00pabOTKM JAHHBIX, & TAKZKE yCIOKHEHUE
pacUeTHBIX MOMeJell CTaBAT MepeJ] MaTeMAaTHKaMU 3aJady pa3paboTKyu HOBBIX 3(DPEKTUBHBIX METOIOB
pacdeTa mporecca KHHETUKH a1ep [2].

ITporpammasiii kommieke CONCORD [3] paspabarbiBaics Kak CPeACTBO HPOBEAEHUS 08YMEPHHIT ANe-
€4YHbT MHOTOIPYIIOBBIX PACIETOB SE€PHBIX PEAKTOPOB U JBOIONUU WX (PU3MIECKUX XAPAKTEPUCTHK,
CBA3aHHBIX C U3MEHEHUEeM HYKJUIHOTO COCTABA TOILIMBA B IIPOIECCE €r0 BHITOpAaHWdA. B HacTodlnee BpemMs
pacuer kumaeruku u30TonoB B KoMmmiekce CONCORD ocyimecTBisercs mporpaMMHBIM MOJYJIEM, TIOJIY-
uymBmnM HasBaame KPVICTAJLJT (Kox Pacuera M3oronuoro Cocrasa TBC).

Mogyns KPUCTAJLJI MoxkeT GBITH MCIIONB30BAH JJId pacdera KaK TEIIOBBIX, TaK U OBICTPBIX PEAKTO-
poB. OCHOBHBIE 33/a9M, PENIAEMBIE C TOMOIIBIO MOIYJIS:

— HeCTalMOHAPHBIN pacdeT m3oTonHOro cocrasa TBC Ha cTagun KPUTUIHOCTH PEAKTOPA IIPU U3BECT-
HOM NOJIe HeUTPOHHOU INIOTHOCTH;

— pacuer HecTanmoHapHOro ncrowanka 3H nenenns B rommmBabIx crepxkuax (TBIJI, TBITI') ma cra-
IUM KPUTHIHOCTH PEAKTOPa;

— HECTAIMOHAPHBI PACYET U30TOIMHOTO COCTABA M OCTATOYHOTO SHEPTOBBIIEIECHNs (TEIIOBbIIEICHNUS )
g orpaboranasix TBC;

— HECTAIWOHAPHBIN pacdeT UCTOYHUKOB HEHTPOHHOrO U y-m3iaydeHud ajig orpaboranuerx TBC.

Pabora mo pacdery ucrodHuKa Y-U3JIydeHUd ele He 3aBepIIeHa.

PaccuurbpiBaeMmbie mPOIECCHI PAUOAKTUBHOTO nNpeobpa3oBaHusa aapa

Bce paccunteiBaembie B momyiae KPYMCTAJLJI uporecchl MOXKHO pa3fenTh Ha JIBa THUIA: HEHTPOHHO-
dJIepHBble U IPOIECCHl PAJAMOAKTUBHOTO IPeobpa30BaAHUA ANPA.
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B momyme KPUCTAJLJI yunTsiBaroTCa Ceayronine paJuoOaKTHBHbBIE MPOIECCH:
— pacmaJ ¢ dmuccueii smeKkTpona (S~ -pacman);

— pacmaJi ¢ SMUCCHEil JEKTPOHA W OJHOTO UJIM HECKOJIbKUX HeiTponos (8 n, ..., B 4n);

— pacmag, ¢ smuccueit nosurpona (31 -pacma) wnm 3axBaT A1pPOM JIEKTPOHA ¢ 060109KH (ec);
— u3oMepHbIii mepexor (it);

— pacmag ¢ smuccmeii a-gactunpl (Q-pacman);

— pacmaJ ¢ dMuccueii IpoToHa (p-pacmai);

— pacmaJ ¢ smuccueil HeiiTpoHa (n-pacmal], CBONCTBEHHBIH JIEMKAM dapaM);

— cnonrarHoe geserue (sf) ¢ obpa3oBaHMEM s11€P-OCKOJIKOB, HEHTPOHOB M Y-KBAHTOB.

OCHOBHBIMU WCTOYHWKAME JAHHBIX O PACIaax sdaiaep dABIAIOTCH OMOIUOTEKW OIeHEHHBIX JAHHBIX
ENDF/B-7.1 u JEF-3.1.1, upudeM B yKa3aHHOM IODSJKE C TOYKH 3DEHHs HPUOPUTETA JAHHBIX. Kcim
KaKUX-Tu00 MaHHBIX B 9TUX Oubimorekax HeT, oHU Oepyrca u3 oubsmorek JENDL-4 wim ROSFOND.

C momoIipio CrenuaIbHO pa3pabOTAHHBIX IPOTPAMMHBIX CPEICTB U3 OUOINOTEK OMEHEHHBIX TAHHBIX IU-
TaeTca HeobxomuMad nH(MOpPMAIUT, KOTOPad 3aTeM MOMEIIAeTCd B COOTBETCTBYIOIINE TEKCTOBbIE (DAMIIBI.
Ha rexyuiuit momenT aTu daitibl ComepKaT:

1) oburme maHHBIE O PAIMOAKTHUBHBIX mpomeccax (g 3742 W30TOHNOB W M30MEPOB OT 'H no 260Fm,
BKJIIOUas crabusibable, — u3 6ubiamorexk ENDF /B-7.1, JEF-3.1.1);

2) gmcso meiirponos mporecca sf (umerorca manuble gig 28 aromos akTmHOUZOB — w3 ENDF/B-7.1,
JEF-3.1.1);
3) cmexTp Heilirporos mponecca sf (umerorcs manEble TOIBKO Ayta 292 Cf);

4) mesaBucumble (IpsMble) BBIXOIBI OCKOJIKOB Iporecca sf (Ha JaHHOM dTale HCCIeJOBaHUA BOCTPEGO-
BaHBI JAHHbBIE TOJIBKO s 2+2Cm, xkoropsie ects B JEF-3.1.1);

5) cuextp 3H nenenna " (mverorca mammbie 171a 289 KOPOTKOKMBYIIIX ATOMOB-OCKOJIKOB).

B daiine ¢ obmumu garaeiMu (cM. 1. 1) umerorcs:
— Iepuoj, Hoxypacuanga Tj(C) U IUCIO MPOMEcCoB iy Aid anpa k;

—~

) iE
— pons C}, mpomecca i B 0fHOM axTe mpeobpasosanms aapa k | », Cp =1 |;
i=1

— ypoBeHb BO30yxKaeHus anapa-moromka k' (0,1,2) mua npomecca i Ha agpe k;
— KaJIOPUIHOCTH E,’c (M»B) nponecca i;
— mesoe wmcio mefirporos Vi (0,1,2,3,4), o6pasyembx Ha mporecce i.

PaccuurbiBaembie HEATPOHHO-IEPHBIE MPOIECCHI

OcuoBubiME mporeccamu H-4 B3anmomeiicTsus, koropsie yuntbiBatorcd B moayne KPUCTAJLJI, asmng-
FOTCH:
— meliTponnble 3axBarel: (1, ), (n, a) u ap.;

— penenne szapa (f) mHefirpoHoM ¢ 06pa3oBaHUEM feP-OCKOIKOB, HEHTPOHOB U Y-KBAHTOB;

— ymnpyroe He#TpoHHOE paccesrue (sel).

Boobire roBops, mpomecc yupyroro paccedHusa He MEHseT KOHIIEHTPAIUU U30TONOB, HO B Moxyte KPU-
CTAJIJI mpoucxomuT moOACIeT aKTOB JAHHOTO Iporecca. KCanm HeHTPOHHBIN CIEKTpP 3aXBATHIBAET 0OJIACTH
6ouibiie ~ 5 M5B, TO cmcok mpoIeccoB HyKHO JOMOJHUTh TaK HA3BIBAEMBIMU ITOPOTOBBIMHE IIPOIIECCAMMU:

— HeHTpOHHOrO pasmuOXKeHus: (n, 2n), (n, 3n);
— 3axBaTa HEHTPOHA C dMuccueit GpicTporo moHa: (n, p), (n, &) u ap.;

— Heympyroro HefAiTponHoro paccesuug: (n, n'), (n, n'p), (n, n'a) u gp.

— 51 —



C. B. Mxaunx, A. B. Anekcees, A. H. I'pebeHHUKOB U Jp.

B kagecTBe ucrounuka manabx Ajia pacdera H-{ mpomeccoB ncmosib3yioTca coBpeMeHHbIE OubImOTeKn
oneHeHHBIX gaHHBIX, Takue kak ENDF/B-6, ENDF/B-7.1, JEF-3.1.1, JENDL-4, ROSFOND. /laa cpas-
HHUTEJIbHBIX PACYETOB KOHCTAHTHI MOTYT OBITH IIOATOTOBJIEHB! Ha 6ase crapbix gaHHbix (ENDL-82 u . m.).
Jlamee omenennble JaHHbIE Mpeobpal3yioTcd B rpymmoBeie. B pacderax mo kommiekcy CONCORD emun-
CTBEHHBIM MCTOYHHKOM TPYIIOBBIX KOHCTAHT B3aUMOJEHCTBUII HEHTPOHOB C PA3HBIMA COPTAMHU ATOMOB
asngerca apxus GEMUS [4].

Mogynto KPUCTAJLJI mia pacuera TpebyroTcs caeyoniue JaHHbIe 00 H30TONAaX, COXpaHIeMble B O1b-
JINOTEKe APXUBA!

— CeYeHMd MPOIECCOB, 3aJaHHble HA CETKe IO TeMrepaType 1’ aTOMOB U Ha CETKE IO CeIeHUi0 pa3bas-
JIEHUud 0y;

— KaJIOPUITHOCTH IPOIECCOB, U3 KOTOPHIX B JAJbHENIIEM Oy IAlOT SHEPrOBbIe/IeHne (KHHETHIECKY IO
9HEPrUI0 BTOPUYHBIX ATOMOB). BKIIIOYATH WM HET SHEPIHI0 BBICBOOOKIAEMBIX 7Y-KBAHTOB B ITO
SHepIOBBIJeJIeHNe — 3aBUCHUT OT MOJEeJH pacdeTa.

Tounee, na Bxox moxyias KPMCTAJLJI nogaroTcs MacCuBBI IPYIIIOBBIX CEYEHUI U SHEPrOBBIJEICHUS JIJIst
BCEX THIIOB aTOMOB MW BCEX BEIIECTB (HpOCTpaHCTBeHHI)IX 3OH) 3aJa49n. TO €CTh BOIIPOCHI MHTEPIOJIAIINN
CEeTOYHBIX BEJUYIUH PEIIAIOTCA B BBI3BIBAIOIIEH IpOrpaMMe.

Jlna pacdera KOHIEHTPAIWY A1€D, KOTOPHIE ABJIIIOTCA MPOAYKTAMI PEAKINN JejeHus, HeOOXOauMa, WH-
dbopmanus o npamerx Berxogax (I1B) ockonkos. 3HaveHust BRIXOZOB BHIOUPAIOTCA M3 OGMOIMOTEK ONEHEH-
HBIX TAHHBIX U COXPAHAIOTCA B TeKCTOBBIX daitnax xommiaekca CONCORD. /lannabie 3a7at0TCa J1d Tpex
sHavennii sueprum Heiirpona (0,0253 5B, 500 k3B (400 x3B), 14 MsB). B macrosmee spemsa B moxyne KPU-
CTAJLJI ucmomp3yiorcs maHHbIe A 29 JeqSuimxca M30TOHmOB: 220229232 231p,  232-238(] 237,238 N
238-242py 241,242m2.243 Ay 242-246,28Cyy (ce w3 ENDF/B-7.1), 2°Th (w3 ROSFOND) u 226 Am (u3
JENDL-4).

PazubiM copraMm menauniuxcsd sep COOTBETCTBYET pa3HOE UUCIO aTOMOB-OCKONKOB. Hampummep, B 6ub-
nmorexke ENDF /B-7.1 MEEIMAIbHOE YHCIIO aTOMOB-OCKOJIKOB, paBHOe 966, mpuxomuTca Ha m3orom 227 Th,
Torja Kak MakcumyM, pasubii 1208, coorsercrByer m3oromy 22°Pu. Cymma IIB saep-ockonkos pasHa 2.
B 6ubamorekax JEF-3.1.1 u JENDL-4 umerorca BBIXOABI JJId JEMKAX H30TOIOB C aTOMHBIM Becom A < 6
(Bo3mozxen 2!Ne), mpu srom cymma [1B saep-ocKOIKOB HEMHOTO Gombie 2.

Jlarabie ¢ onucanmeMm paccauTbiBaeMbix H-4 mpormeccoB BHOCAT BPYYHYIO B OTHEIbHBIN TEKCTOBBIN
daitn xommaexca CONCORD. Bamerum, uro ana mekoroperx H-{ peaknuii MOXKHO 3aaBaTh HECKOJIBKO
KAHAJIOB MPOTEKAHUS, OTINIAIOIINXCA IUCIOM U TUIIOM BTOPUIHBIX IACTHII.

VYpaBHEHHUS U METO[ UX PEIIeHusd

Ecnmu yumrbiBarh camoe mwupokoe MHOXKecTBO H-Y m pammoaxTWBHBIX IIPOMECCOB, TO CBA3b MEXKIY
THOAMHI aTOMOB CTQHOBUTCS OYEHb CJIOKHON W HOCUT HESABHBIN XapakTep, T. €. a4 pacdeTa KOHIICH-
TpAlUyU ONpeNeJeHHOrO THIA aTOMOB TpeOyeTcs 3HATHh KOHIEHTPAIMIO KaK aTOMOB-IPEIIECTBEHHUKOB,
TaK W aTOMOB-OTOMKOB. (HAKO ecjin npeHeOpedYh HEKOTOPBIMHU IIPOIECCaMU, HAIPUMEDP MOPOTOBBIMEA
peakmuamu (n,2n), (n, 3n), (n, p), (n, &), KOTOPBIE TPAKTUYECKN HE CKA3BIBAIOTCA HA PabOTe TEILIOBBIX
PeaKTOpOB, a TaK¥Ke MCKTIOUATH U3 PaCCMOTpPEeHHs KHHEeTHKY IporeccoB a- u 3'-pacmamos, To cucreMa
CTAQHOBUTCHA SIBHOH M AOIIYCKAECT aHAJIUTUYIECCKOE PEHICHUE.

BaMeTHM, 9TO Cpeau NpOAYKTOB AEJEHUA TOJBKO HEKOTOPBIE aTOMBI MOT'YT PACIaJaTbCA C HCIIyCKa-
HeMm o-gactunpl (mampmmep, “44Nd, 6Sm, 152Gd). Opmako a1 HEX HepmOM HOTYpAacHaja HACTOTHKO
BEJINK, 9TO IMO3BOJAECT PAaCCMATPHUBATH UX B PaCYCTE KaK CTa,6I/IJII)HI)Ie. qTO KaCaeTCd aKTHHOHJIO0B, TO B
IIPAKTHYIECKUX DPacdeTaX KaMIAHHH JOCTATOYHO YYHTHIBATH (-PACIaj JIUIIb Ay m3oromos 242Cm (1 =
= 162,79 cyT), 2*3Cm (7 = 29,1rox), 2#*Cm (7 = 18,1 T0/T), KOHIEHTPAIKA KOTOPLIX B COCTaBE TOILTABA
MaJjia. 3aMeTEM Tak’Ke, 9TO KOHIeHTpamus n3oronos 238 240Py vaso 3aBmcnT oT mpomecca pacmaga yIo-
MAHYTHIX ©30TomoB Cm, mo3TOMy COOCTBEHHO KMHETHKY (-Pachaja, T. €. mpeBpalienus u3oronos Cm B
m3oromsl Pu, MoxkHO He yumThIBaTh. Ilpomecc ST -pacmasa TakKe He OTHOCHTCA K OCHOBHBIM, TaK KakK OH,
KaK MPaBUJIO, XaPAKTEPEH JJId ATOMOB, 0OpPa30BaHHBIX B peaknun (n, 2n). OrMernm, 9TOo 1J1d PEAKTOPOB
Ha OBICTPBIX HEATPOHAX POJIb MOPOTOBHIX MPOIECCOB 3HAYUTEIHHO BO3PACTAET.
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B momyme KPUCTAJLJT 3amaga pacdera W30TOMHON KUHETHKH (GOPMYIUPYETCd B TOJTHON TOCTAHOBKE,
T. €. C y9eTOM HESIBHON 3aBUCHMOCTH MEXKJy arOMaMu. B IpPOCTPaHCTBEHHON TO4YKe (30HE) permaeTrcs
caenyomas cucremMa auddepeHnuaIbHbIX yPaBHEHMI:

a(pk ! !
20k S i Y o0 S, S A (e St ) ¢
k' k' g Pr! g

+ {sz s OCKOJIKOB} , k=1,... ,E. (1)

3zmech (B KBaZpaTHBIX CKOOKAX yKAa3aHBI €AUHUIBI H3MEPEHN )
¢ — KoHmeHTpamua aToMoB copra k [10%4 cm—3);
1)y — IUIOTHOCTH MOTOKA HefiTpoHOB rpynnsl g [10%4 em™2 ¢ 1;
A =Ty 'In2 — Bpemennas mocrosmmaz pacmaga aToma k [c![;

f]
L= v > pwol, ng, kg ~— UCTOYHHK fJpa-ocKoika copra k (mo memenmio Beex azep k')
g k’ ’ 9,
[10%* em—3c ™1,
f % I .
Y, kg — BBIXOZ (3¢bdbexTuBHBI) A7EP-OCKOAKOB COpPTa k B OJHOM aKTe JejqeHus saapa copra k' meii-
TPOHOM TPYIIEI (;
Y’?’ik, g — BBIXOZ Azep copTa k B OZHOM aKTe IPOLECCa Pj B3auMMOAEHCTBHA HEHTPOHA IPYIIBL g C

aapoum copta k';
Y41, — BBIXOI @1ep copTa k B OJHOM aKTe IIpeobpa3oBaHud aipa k';

oPF — ceuenne mpomecca py B3amMOJHCTBIS HefiTpOHA rpyTbL g ¢ aapom copra k' [1 6apa= 10~2* cm?];
M porecca py L POHA IPYIIIIBL g C AAPOM COP p ;

O'If; g’ U}:c g COOTBETCTBEHHO CE€YCHME ACJICHUA W IIOJTHOE CE€YE€HUE M30TOIa COPTa k.
) )

CraemaeM HEKOTODbIE 3aMeYaHUs OTHOCUTEIBHO BEJINYWH, YIACTBYIONUX B 3anucu ypaBHeHusd (1).
1. 3uavyenuna Y‘?’ik g HE BCETJia DaBHBI 1, u B obmiem ciydae Y‘?’ik g EMEeT SHEPreTHIecKyio 3aBUCH-
. .

mocth. [IpuBeseM mpuMepbl TaKUX MPOMECCOB (CHMBOJI = O3HAYAET PACHa] H30TOIA):

UB 4+ 1n — 4 + 2B (17 = 20,2Mc) = v 4 0,984 12C + (1 — 0,984) - 3*He;
21Am 4 'n (B, = 0,02535B) — v + 0,922 Am + (1 — 0,9) 24?™2Am;
M Am +'n (B, = 5M3B) — v +0,522*2Am + (1 — 0,52) ™2 Am.

2. Bnauenus Yjs_,; Taxkke He Bcerja paBHbI 1. B kadecTse mpuMepa MoxHO mpuBecTu pacman 2B (cwm.
Beimie). Eme ogua npumep:

85 As (1 =2,021c) = 0,406 %°Se + (1 — 0,406) (**Se + 'n).

3. Ilpm pactuere BeTWIMHBI az g B BTOPOTO CIAaraeMoro B IPaBoil JacTH ypaBHEHHT (1) yuaurbiBaerca
)

MPOIECC YIPYTOro paccesiHusi HERTPOHA. DTOT MPOIECC HE MEHSET KOHIIEHTPAIMN aTOMOB, JJIs HETO
Y,filkyg = 1, u, KaK BUAHO U3 ypaBHeHud (1), mpm pacdere BTOPOro CIaraeMoro MpaBoii YaCTH €ro
MOKHO He IPUHUMATh BO BHAMAaHWE. B 3TOM Ciiydae mpu pacdere TPEeThero CJIaraeMoro HyKHO U3

IIOJIHOTO CeYeHus o} g BBIYECTD CEYEHNE PACCEedHUs a,sce;.
), ),

B pacdeTrax 3aaa4 peaKTopHoﬁ KUHETUKU CJIEAYET yIUTHIBATH, 9TO HEKOTOPAad 9aCTh aTOMOB N30TOITHOT'O
cocraa TBC maxogurcsa B m3oMepHOM cocTosHUE. VI30Mepbl 00pa3yroTcs Kak HEMOCPEICTBEHHO MPHU
JIeJIeHNn siep, Tak U B pesyabrare H-9 mpomeccos m pacmamos. B macTosImee BpeMs MMEOTCS TaHHBIE
JIJIsl pacdyeTa HEKOTOPBIX ATOMOB C IIEPBBIM M BTOPBIM yPOBHEM BO30y XK aeHus sijapa. Obparum BHUMAHNUE HA
TO, 9TO JJIS MEJJIEHHBIX HEHTPOHOB BEPOATHOCTH 0Opa30BaHUs M30Mepa B mporecce (n, ) caabo 3aBUCAT
OT PHEPTHUHU U MOXKeT OBITH [pEeJCTaBIeHa B pacdere KoHCTaHTOH. OmHAKO B 00IIEM ciiydae, OCOOEHHO 3TO
KaCaeTCsi IOPOTOBBIX IIPOIECCOB, BEPOITHOCTh CJIEIYeT 33aBaTh IPYIIOBBIM BEKTOPOM.

Huddepennuanbuaa cucrema ypasrenuit (1) orHocuTca K orcecrmromy tuiy. CTpororo ompenesieHus
DOHATUA 2KECTKOCTHU HET, HO O6I)I‘-IHO Ioa HUM IOAPA3yMEBAIOT HAJUYINE KaK 6I)ICTpO 3aTyXaloImx, TakK
1 MEOJICHHO MEHAIIUXCAd KOMIIOHEHTOB PCIICHUA [5] B pacCMaTpUBAEMOM CJIy9Iae 2KECTKOCTb ABJIAETCA
CJIEJICTBUEM IMUPOKOTO JUAMA30HA 3HAUEHUN JJId MepUoIa MOy paclaa.
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7KecTkue cucreMsl AJOCTATOYHO TPYAHBI OJId YUCJIECHHOI'O PEIICHUA U Tpe6y10T CIIEIINAaJIbHBIX METOJ0B.

B momgymre KPUCTAJLJT cucrema ypasHeHuit Buga d_sto = Ay pemaercs C MOMOIIBI PA3HOCTHOW CXEMBbI

Pozenbpoxka, obobuiennoit Barnnepom. Bwibop sToro merona, massiBaemoro takxke ROW-meromom, ObLa
CZeJaH Ha OCHOBaHWMU PexoMmeHzamuu u3 paborsr [5]. Cxema orHOCHTCH K Kiaccy ycrofiamBoctu L1. B
obmeM ciydae popMyIBl mepexona oT ciaog t = t" k caomo t = t"T1 = ¢" 4+ 7 3anuCHIBAIOTCS CIIELYIONIIM
obpa3zom:

s i—1 i—1
e ="+ 1y Bk (BE—rmvid)ki=A|@"+7Y ik | +7AY vk, i=1,...,5 (2)
=1 j=1 j=1

3necy F — equHMYHAS MATPHUI@Q; S — 9YHCJO CTaguil cxembl. llojaraem, 9To HA HHTEpBaJIe [t",t"“]
Marpuna A or t HEe 3aBUCHT.

B mogyme KPUCTAJLJI peanusoBan BapwaHT AByXCTaauitHON (§ = 2) m TpexmapaMeTpudecKkoit cxe-
MBI (2) ¢ omubkoit annpokcumanuu Buga O (7'2). Pemenne nyg takoit pa3HOCTHON CXeMbI OymeT HMeETb
CHeIyIONui BU;:

"t ch"+7[(1—b)k1+bk2 :

Broraucnenue BexkTopos ki u ko cBOmmTCH K mOCIEI0BATEIFHOMY PEIIEHUIO ABYX CHUCTEM JIMHEHHBIX ypaB-
HEHUI
— — n. — .
Riki =z, rtne z=Ap"; Ri=FE—71y14;

a + v21 ] (3)

Roko = (1 —x)z + xk1, rme x= Ry = E — my90A.

711
Jlna pacdera Ko3dHUIMEHTOB UCIOIb3yeM Ceayromme (hOPMYJIbI:
1-2c 1-2¢c 2% —4c+1
= C; = 7, = — — a,
711 Y22 21 —c) Y21 2 51— c)

rze a, b, c — mapamerpsl cxembl. Ha ceroguamauit ners B momyne KPUCTAJIJI peann3oBanbl Tpu CXeMBbI
¢ paznuaabiMu HabopaMmu K03 dunuenTos, mid KoTopsix Ry = Ra:

1) cxema Posenbpoka: a =22 b= (1 —271/2) /2; c =1 — 272 (731 = 0; 792 = Y11);
2) cxema Bammepa: a =1;b=1/2;c=1+ 2-1/2 (y21 = —¢/b;y22 = Y11)3
3) cxema Kamarkmsa: a = =3 /2, b=1;,¢=14+2"12 (731 = 1/2 — ¢ — a; Y22 = Y11)-

CrenuaabHBIM yOOPAJ0YEHHEM U30TOIOB TO0MBAEMCHA TOTO, YTOOBI BEPXHAS TPEeyrobHad 9acTh MATPH-
bl A crajia CUIBHO Pa3pPEeKeHHOM, IpUYeM ee PeJKue HEeHYJIEBbIE 3JIEMEHThI ObLIu OBl MaJjIbl. JTH JJIEMEH-
THI OTBeYAIOT mporeccam (n, 2n), (n, p), (n, @), a Takxke B1- n a-pacnagzam, Ha aToMax-Tpe/ITeCTBEHHAKAX.
Kak mpaBmiio, 9Tu npoIeccsl He OnpenesdioT 3HAIeHNH KOHIEHTPAIWil JOJITOKUBYIAX daep. Takum 00-
pa3om, marpursl R} m Ro, KOTOpble B HCIOJB3yeMBIX PA3HOCTHBIX CXEMaX HE OTINYAIOTCHA, OJIM3KH K
TPEYTOJIbHBIM H, CJIeJJOBATEIBHO, JJisd pacdeTa cucreM (3) 3pdeKTuBeH HTepanuoHHbli MeTos 3eiless.

Kunerunka akTuHOua0B

PaccmorpuM MHOXKECTBO HM30TONOB W M30MEPOB, KOTOPOE PACCIMTHIBAETCHA C MOMOIINLI0 Momyias KPU-
CTAJIJI. 3menenne BO BpeMeHU HEHTPOHHO-(PU3MIECKUX CBONCTB AKTUBHON 30HBI ONPEIENIETCA TIIaB-
HBIM 00pPa30M SBOJIONHEl H30TOMHOrO cOCTaBa TOMIUBHEIX crepxkueil (TBDJI u TBII'). M3oronsl, oTHO-
cAIUecs K aKTUHOWJAM, [IPETEPIEBAIOT CEPbE3HBIE MPEBPAIIEHUs U3-33 B3aMMOAEHCTBUS ¢ HEATPOHHBIM
IIOTOKOM, IIPHU 3TOM 00OPa3yI0TCd HOBbIE M30TOIBI AKTUHOUIHON IPYIIBI, CTAOUIbHBIE U HecTabUIbHBIE, U
aTOMBI — MPOAYKTHI JejieHnd. [loMuMOo pacdera U30TOMHOTO COCTABA TOIJINBA, HHTEPEC MOXKET IIPEICTaB-
JISITh PAcUeT 6b.20PaHUs CTADMIIBHBIX M30TOINOB — CHJIBHBIX MOTJIOTHTENIEH TEIJIOBBIX HEHTPOHOB, TaKWX
kax 1B, 113Cd, 15'Eu, %5157Gd, %4Dy, koropsie mpencrasmens: B Marepmanax CBII u perymupyromux
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crepxkHeil. 3aMeTHM, 9TO B TOIIUBHBIX CTEPXKHAX U cTepkHaX [1DJ] moryr "mapabareiBarhea' mpyrue
JOJTOXKUBYIIYE U30TOIBI-IIOTVIOTUTEIN, HAIIpUMeD, 1499m (cTabubHBIIL), 1519, 152,155y,

Jng pacgera kureruku n3oromnos Tomausa B Moxyse KPUCTAJLJI ucnons3yerca cranmapTHasa MENOYKa,
U-Np-Pu-Am-Cm u3 50 copros aroMoB, oTHOCAIIUXCS K ypanoomy tuny. Jljia pacuera 6ojee maabHAX
(TdKesbIX) aKTUHOU/OB K YKA3aHHOM Iemnovke MOryT 6uiTh mobasienst uzoronsl Bk, Cf, Fm. B pacuerax
PEaKTOpPOB C TOPUEBBIM TOILIMBOM MOTYT OBITEH yuTeHbI Takzke n30Tonbl Th u Pa. Takum obpaszom, monuas
OEIIOYKa PaCCYUTBIBACMbBIX M30TOIIOB W M30MEPOB XMMHUYECKUX IJJIEMEHTOB OT Th a0 Fm HaCYUTHhIBAECT
npumepHO 100 THIIOB aTOMOB.

B 3aBucumocTu ot kitacca perraeMoit 3a1a9u MeNOoYKy AKTHHOWIOB MOTY T OBITh COKpatienbl. Hampumep,
IpU pacdyeTe peaKTOPOB HA TEIJIOBBIX HEHTPOHAX 3TO MOXKHO CIETATh 33 CUeT HyKIUJOB, 00pa3yeMbIX Ha
nsoitrom mpomecce (n, 2n). OpHako W 37€Ch HANO YYUTHIBATH cuenuduky 3azaqdm. Tak, ecam mocie
pacdeTa KaMImaEmm TpebyeTcs HpoBecTH pacdeT pagmanmonHoro doma OST, To m3oron 22U asmgerca
BasKHBIM U €r0 CJeAyeT OCTABUTH B IEIOUKE.

B momyme KPMCTAJIJI umeeTca BOBMOKHOCTE pacdeTa KHHETUKH Sep B KazKJOM TOIUIMBHOM CTEPIKHE
(TB3JI, TBIT') u upu HeobxommmocTu B KaxkaoMm crepxkae [I9JI. Ilpu sToM myid Kaxkmoro BeriecTsa i
B Ka’KJIOM CTEepXKHE j HCIOJIb3YeTCd CBOe 3HAYeHHe IJIOTHOCTH HEHTPOHHOrO HMOTOKA v j, HOJIyYeHHOe
yCpeHEHHEM 0 COOTBETCTBYIOIINM IIPOCTPAHCTBEHHBIM TO4YKaM. Jlyid pacdera cTepKHEl NPpUMEHAIOTCT
METOBI MapaJIeIbHON 00pabOTKYU JAHHBIX.

Kuneruka npoayKTOB JeJjleHUSA

Hemasuo B momyne KPUMCTAJLJT mosiBuiack HOBasi BOSMOXKHOCTh PACYeTa aTOMOB TOILINBA. 'lemepsb a¢-
deKTUBHBIE OCKOJIKU-IIJIAKYA U [ENOYKH BBIIEJIEHHBIX OCKOJKOB MOTYT 3aMEIIAThCI CACTEMO aTOMOB —
IpOmyKTOB denenus. HoBag mMomens obamaeT pamoM HOCTOMHCTB II0 CPABHEHHIO C TPAIUIIMOHHBIM CITO-
coboMm pacuera.

Bo-mepBrix, MOZEIb MO3BOJISIET PACCIUTHIBATEL IBOJIONUI0 HEHTPOHHO-SIIEPHBIX CBOMCTB OCKOJIKOB Jie-
JIEHUsI, TOT/IA, KaK XaPaKTEPUCTUKN B3aUMOAEHCTBUS HEATPOHOB C 3(P(PEKTUBHBIMEA OCKOJKAMU-IIIAKAMA
CTATHIHBI.

Bo-BTOpHBIX, MOABIIETCH BO3MOXKHOCTh PACIETA TEMIA TEILIOBBIIEIeHN OCKOJIKOB HEIIOCPEACTBEHHO 10
X KOHIIEHTPAIWH, YTO MO3BOJILET PeIIaTh 3amady ocTtaTrodHoro 3ueprosoiaenenus 1TBC. Mcnonb3yerca
caenyomasa popMmyia:

W (7 t) =D of (7 t) A Y CLEL,
k 7

rae gozp — KOHIIEHTPAINUd OCKOJKa copta k; E,Zc — KaJOPUHHOCTDH MPOIECCA PACIama ¢ JJId aToMa k.

Kaxk yxke rosopusioch, umerorcs ganubie 0 Beixogax 6osee 1000 ockoskoe. OgHAKO MCIOJIB30BATH BCE
9TH aTOMBI B pacyeTe HE BCEerga pa3yMHO. B HacToslInee BpeMs i PAacueTa CUCTEMBI OCKOJIKOB pa3-
paboTaHbI HECKOJIBKO MOJEJEl, COMTACOBAHHBIX MEXKIY CODOM W OTIMYIAIONIAXC PA3MEPHOCTHIO CHCTEMBI
nuddepeHInaIbHbIX yPABHEHAH.

Camas HOTHAS MOJENb, KOTOpyio aBropsl Haspamu FULL, skmogaer B ceba aTomsr ot 'Fe mo 17Yb
¢ KymyaaruBabIM Bbixogom (KB) Yeum > 1078 s Bcex aKTWHOMZOB U 9Heprumel HefATpoHOB F, <
< 500 x3B. Teneps n3 muoxkecTBa Mogenu FULL nckimoInM Te m30TONBI 1 W30MEPHI, IIEPUO, IOy PACIaga
KOTOPBIX MeHbIe 5 ceKyHI. HoBoe MHOXKECTBO BMECTe C MOJIETHIO €r0 pacdera Ha30BeM HS. AHAJIOTMYHO
nosygaem mogeau 50s (7 > 50c¢), 10m (7 > 10 mun), 33m (7 > 33 mun). Ilociae HECKOMBKUX YUCIEHHBIX
9KCIIEPUMEHTOB ONTUMAJIbHON g pacdera kammnanuu TBC peakropa Tuna BBOP npusnana momgens 10m.

Bce copra aromos, koropeie paccuaurbiBaiorcs B Mmogyie KPUCTAJLJI, MoKHO yCIOBHO pa3iesuTh Ha
CJIeAyIONie TUMBI B 3aBUCAMOCTHU OT MOJTHOTHI UCXOJHBIX TAHHBIX:

1) noanw m3oron (u30Mep) — UMEIOTCS JAHHBIE:

— 0 PaJMOAKTUBHOM PEOOPA30BAHUU APA;
— HelirponHble cedeHus u Kajgopuitnoctu H-4 mpomeccos;

— 9HEpProyIJIOBOe paclpejiesieHue BTOPUYHBIX HEHTPOHOB;
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2) menoanwili m30TON (M30Mep) — MO CPABHEHUIO C MOJHBIM H30TOIIOM OTCYTCTBYIOT JAaHHBIE 00 SHEPro-
YTJIOBOM PacIpeeeHnH, a JaHHble 0 Ce9eHIAM OTHOCATCS TOIBKO K MPOIeccaM HOTJIOIeHus Heii-
TPOHA;

3) nycmot m3oron (H30MeEP) — MMEIOTCS JAHHBIE TOJIBKO O PAJAUOAKTUBHOM IIPEOOPA3OBAHUY SI/IPA;

4) s dexTuBHBIE JETKHUil U TAKENBIH OCKOJKA-ILTAKE — B OTJIAYAE OT MOJHBIX M30TONOB HE UMEETCH
ITAHHBIX O PACIa/Ie.

B Tabs. 1 mpeacTaBieHo YUCIO PACCIATHIBAEMBIX ATOMOB-OCKOIKOB [IJTd KaXK0U U3 MepeInCIeHHbIX BbI-
e mozgeneii. [Ipu aTom serkue saapa-ockonku (mx npumepuo 20), TaHHBIE O KOTOPBIX €CTh B OubImoTekax
JEF-3.1.1 u JENDL-4, e yanreiBatorca. B Tabsuie yurensr Kak aToOMbI, HEIOCPEICTBEHHO POXK/IEHHBIE B
IpoTiecce JIeJIeHns, TaK U aTOMBI, KOTOpble 00pa3yI0TCd TOIHKO B PE3yJIbTaTe PAJAMOAKTUBHBIX IIPOIECCOB
(mns mux [1B mynesoit, Ho ects KB).

UccnenoBanna mokasain, ITO MOXKHO JUPEKTUBHO MPUCBOUTH HEMOIHBINA TUII MHOTUM H30TOIAM-OCKOJI-
KaM, KOTOpbIe UMEIOT JaHHBbIE [0 YHEPTOYTIIOBOMY PACIpEeIeIeHII0 BTOPUIHLIX HeliTpoHoB. Ha TouHOCTH
pacdera HEHTPOHHOIO IIEPEHOCA, YTO MPAKTUIECKH HE CKA3bIBAETCH, HO IO3BOJIAET 3HAUUTEIHHO YKOHOMUTH
pa3Mep HCIOJIB3yeMOil MPOrpaMMOil OMEPATUBHON MaMATH. 3aMETHM, 9TO B pacdeTe ODIIEro Makpocede-
HUd Cpenbl, TpebyeMOoro Ipu MOIEINPOBAHNN KAHETHKY HEUTPOHOB, YINTHIBAIOTCI CEIE€HUS BCEX OCKOJIKOB
(IOJIHOrO ¥ HENOJIHOTO THIIOB).

Kaxk BujHO u3 Tabma. 1, Momenn OTANIAIOTCA IUCIOM MyCTHIX W30TONOB. [Ipu 3TOM B pacuerax KaMmaHuu
TBC peakropa tuna BBOP-1000 mao)ecTBO 13 209 MOJHBIX X30TOIOB MOXKHO 0€3 BUAMMOI IIOTEPU TOY-
HOCTH pacdera COKpaTuTh 10 110 aToMoB. YCTaHOBIIEHO, ITO HA OCTABIINECS TTOJHBIE N30TOIBI TPUXOANTCS
e menbire 0,999 or uymcna Bcex H-4 akToB Ha Bcex 313 OCKONKAX OeseHWS, IPUUIEM 3TO yYTBEPKIEHHE
HCTUHHO JJIs JIIOOOr0 MOMEHTa BpEMEHU KaMmiauuu u He 3asucut oT tuna [BC.

Kak yxke 6bu10 cKa3aHO, pa3pabOTaHHBIE MOAEIH PacieTa OCKOJKOB SABJIAIOTCA COTIacoBaHHbIMU. [lo-
SCHUM, ITO TIOJ STUM MOIPA3yMeBaeTCd.

Bo-nepsrix, musa Bcex momeneit cymma 1B Bcex oCkoIKOB ecTh KOHCTaHTA (2, €Cm HET ydera JIerKux
anep). Ilpu mepexome or cioxkuOM Momenu K Gosee mpocroii Berxox (IIB miun KB) uckiarouaemsrx szmep
epepacipesesgeTcss Cpeau Saep W3 PacCINTHIBAEMOTO MHOXKECTBa. BpomuTcs moHsTHE 3P(MEKTHBHOTO
Beixoza (9B) ockoska. B mpocreitmux caygasx 9B cosnagaer ¢ 1B wim KB, HO B 06mem ciaygae DB
3amaerca (popMyIIoil, B KOTOPOii onepanamMu aBiadiorTcd 9B aromos-penmrecreerankoB. Popmyna MoOXKeT
OBITH YHUBEPCAJIHHOHN /I HECKOJBKUX IJIEMEHTOB MHOXKECTBA, HO MOXKET OBITh W YHUKAJbHOMN.

Bo-BTophIX, npu nCKIIIOYEHAN FAPA MOT'YT BOSHUKATH HOBbIE 3(D(PEKTUBHBIE PAINOAKTUBHBIE IIPOIECCHI
JUTd S/ep-IpeIiecTBeHHIKOB. KaJopuiiHOCTH TaKuX IPOIECCOB YYIUTHIBAIOT KAJOPUIHOCTH MPOIECCOB
UCKJIFOYEHHOTO sizipa. 10 2Ke caMoe MOXKHO CKa3aTh W O IMCJIaX POXKIAEMBIX JIerKux Jactur, (n, p, a).

B-Tperbux, miga cornacoBanua momesieii Ob11 mepecuntan KB mia Bcex amep-ockonkos. /leo B ToMm, 9TO
naunable KB 6ubnuoreku ENDF /B-7.1 me cormacosans! ¢ qarabivu [1B (Bo3moxuo, KB orkopperTupoBan
JUIsl KaKOi#-TO KOHKPETHOH pacdernoit momesm). Vcmonb3oBanme mamabix KB 6ubmmorexn npuBogmio K
TOMY, ITO Pe3yJIbTaThl PACIETOB OCTATOIHOTO 3HeproBeiaenennd 1TBC mo pa3aeiM MogenaM Ajisd 60JIbIIOT0
BPEMEHU OXJIAXKI€HUd HE COBIAJIAJIM.

Jlna co3manus U pemakTHPOBAHUA MOzeseil Obia pa3paborana CrernuabHAS HHTEPAKTHBHAA IPOTrPaM-
ma MODELER c¢ rpaduaeckum maTepdeiicom, KoTopasd MO3BOJIFET PACCIATHIBATE DB u mapamerpsr 3¢h-
dEKTUBHBIX TPOIECCOB, a TAKXKe MepecuYnThiBaTh 3HadeHus KB.

Tabaruuya 1
Yucsio paccYnNThIBaeMbIX COPTOB aTOMOB-OCKOJIKOB B Pa3HBIX MOEJISX
Mogennb

T msorona 33m 10m 50s 5s FULL
ITonHbBIH 209 209 209 209 209
Henounaprit 104 104 104 104 104
[Tycroit 60 101 210 349 713
Bcero 373 414 523 662 1026
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IIpamoit meToxa pacuera mcroununka 3H nenenus

Tpagunuonuo mauubie 0 3H nejenuns 9uTajuch U3 COOTBETCTBYIOMMX (hailjioB OUOIMOTEK ONEHEHHBIX
MaHHBIX. JTHU JAHHBIE OTCOPTHUPOBAHBI IO TAaK HA3BIBAEMBIM TpDYyIIaM 3ama3abiBaHud. B Oubanoreke
ENDF/B-7.1 gucso rpyun 3ana3zapiBanus paBHo 6, Torma kak B 6ubnmoreke JEF-3.1.1 1o guncio pasuo 8.
Kaxoit rpymme cooTBeTCTByeT HEKOTOPOe MHOXKECTBO KOPOTKOXKUBYIIAX ATOMOB — OCKOJIKOB [I€JIEHUd,
KOTOPBIM CBOWCTBEeHHBI mpomeccel Tuma - vn (v =1,2,3,4). B oumeHeHHBIX JAaHHBIX IPYIIA XapaKTe-
pu3yercsi CBOMME CHEKTPAJbHBIMU JaHHBIME O uyucjie 3H m mx sHeprermueckoMm pacupenesenuu. HKcian
ucrounuk 3H paccunThiBaeTcd B HECTAIMOHAPHOM NPUOIMKEHUH, TO JOMOJHATETHHO HYKHA HHPOPMA-
nug 00 yCpeJHEHHBIX 3HAYEHUdX IIePUOJa MOJIyPACIafa OCKOJIKOB, COOTBETCTBYIOIINX PA3HBIM T'DYIIIaM
zanasapiBanus. Eciau ucrounuk 3H cramuonapen, To JaHHBIE 110 IPyIIIaM 3ala3bIBaHId MOXKHO 3] dek-
THUBHO MPOCYMMEPOBATh A0 pacdera 3ama4dn, chOPMUAPOBAB TEM CAMBIM IMICEBIOIPOIECC 3aNna30b6a10UE20
nenernus (df). 3amerum, 9TO maHHBIE, O KOTOPBIX WIET PedYb, OTHOCATCA K JEJIANIEMYCS U30TOIY, T. €.
BBIOOpKA 13 OUOIMOTEK OIEHEHHBIX MAHHBIX HYXKHA JJId BCeX aKTHHOUOB 3aadu.

C momompio mporpammbl KPUCTAJLJI MokHO paccuuTaTh HECTAIMOHAPHBIN W CTAIMOHAPHBIN MCTOY-
muku 3H emre omEuM C110cOO0M — HEMOCPEACTBEHHO 110 JAHHBIM O 3 -paclajie KOPOTKOXKUBYIIUX aTOMOB-
OCKOJIKOB. 3aMeTHM, 9TO 3TH UCTOYHUKHU IOJHOCTHIO COTIIACOBAHBI MeXkKay coboit. [lng peurenud 3ama<dn
npusiedem muOXKecTBO FULL, KOTOpOE Hambosee MOJHO TPEACTABIAET KOPOTKOKUBYIINE ATOMBI.

Hnsa pacaera mecrammonapuoro ucrounuka 3H mcmons3yem cienyroryio dpopmyry:

Q" = Z or MV X, (4)
rae 5,
- oo
=Y Civks X = / dE, ZX /X;gndE =1
¢ E, 0

1/,‘3“ — yCpemHeHHOe 110 BceM mporeccam [ -pacmnazga guciao 3H mia aroma k.

Paccmorpum ycTanoBuBIIHiCA (CTauHOHapHmﬁ) pexkuM obpazoBanug 0CKOIKOB — ucTounukos 3H. [lo-
Oy
ot

neficTBAdA, TaK KaK OHM HUYTOXKHO MaJIbl 110 OTHOIIEHHUIO K CJIAra€MbIM, OTBEYAIONIUM 33 PAJUOAKTUBHBIE
npeobpal3oBanud gziep. llosyaum paBeHCTBA [jig KOPOTKOXKHUBYIIUX OCKOJIKOB:

fp — f cum
O Ak = § Yy § Sok’o-k’,g’yk’—)k,g’a
gl kl

noxuM B ypaHernuu (1) = 0 ¥ UCKJIIOYNM cJIaraeMble, OTBETAONINEe 33 HEHTPOHHO-A/IepHbIE B3aNMO-

rae Y, g €CTh KB anpa-ockonka k npm memennn axTuHOHga k' HelirpomoMm rpymmel g'. IlomcraBus
),

npaByIO 9aCTh PABEHCTBA B (opmyiry (4), mOIyvInM BhIparkKeHUe i PACIeTa CTAIMOHAPHOTO UCTOYHWUKA,

3H mo mammBIM mceBmompornecca df Ha akTHHOWTAX:

— f df df
=D Wy X ow Oy Vit g g
gl kl

roe
dn cum
Vk”_zy’%kg’yk’ gk’,g%g df ZY’%kg’Vk k,g7 ng’g%g L. (5)

OTcroa BUAHO, 9TO BETHINHBI V) g ¢df k' g'— g TICEBIOTIPOIIECCA 3aNa3ABIBAIONIETO JEIEHN MOKHO Pac-
CIUTATh, UCIIOJIB3Yyd HE3ABUCUMbBIEC I/ICTO‘-IHI/IKI/I JAHHBIX, — IO I'PYNIIaM 3alla3JbIBaHNA ONECHEHHBIX JAaHHBIX
i no dopmynam (5). EcrecTBeHHO, BO3HHKAET BOIPOC: HACKOJIBKO OIM3KM 3HAYEHUS PACCINTAHHBIX Ta-
KM 00pa3oM BEJTHMIUH MeXKIy co00ii? DTO CpaBHEHUE BBINOIHAIOCH CIEAYIOMIM 0Opa30oM.

IIpomecc 3amasmpiBatomiero pesierns (GpOPMHUPOBAJICH [JId OMOJIUOTEKN TPYMIIOBBIX JAHHBIX C THUCJIOM
rpynn 192. CpaBHuBaiuch 3HAYEHUA V,‘j{ g/» HOJNydeHHbIe Ha Gase CTaIIOHAPHONO DEIIEHMs CHCTEMbI
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ATOMOB-OCKOJIKOB C FWCIOJIb30BAHHEM BBIXOJOB coBpeMeHHbIX 6ubnmorek (ENDF/B-7.1, JEF-3.1.1,
JENDL-4), u cymma 3H mo Bcem rpynmam 3ana3abiBanus. JlaHHBIE IO rpymnmam 3ana3ablBaHusS ObLIA
B3sThl 13 6ubmmoreku ENDF/B-7.1. BeiGop 3roit 6ubianorekn onpenessiercsi, BO-IEPBHIX, €€ HOBU3HOIA,
1, BO-BTOPBIX, HAJTUINEM JAHHBIX JJId IIXPOKOTO MHOXKECTBA aKTHHOU0B. (CxeMma MpeBpaIeHunil OCKOIKOB
B PaJMOAKTUBHBIX IIPOIECCaxX TakzKe B3aTa u3 oubnmoreku ENDF/B-7.1.

Ha puc. 1 mpencrasmens: 3asucuvoctu v¥ or E (sHeprus HeHTpoHA), pacCYMTAHHBIE IS H30TOIA
235U. Buzno, uTo 6IMKe BCero K KpUBOii 3, KOTOpad MOIydeHa TPaJHITIOHHEIM CIOCOBOM, JIesKUT KPUBAd,
MMOCTPOEHHAas Ha 0a3e CTAI[MOHAPHOTO pelleHns 1Mo gaHHbIM Oubmmoreku JEF-3.1.1.

[To pesysnbraTram cpaBHeHUS OBLTH BHIPAOOTAHBI PEKOMEHIAIUN IO UCIOJH30BAHUIO JAHHBIX O BBIXOJAX
0CKOJIKOB (Tabur. 2).
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Puc. 1. Duepreruueckne 3apucumocTu n1d gucia 3H mpormecca 3amasapiBaomero getenus 2°° U, pacCauTaHHBIE C
HCIOJIb30BaHUEM Da3HBIX JAHHBIX: 1 — cTamumoHapHOe pernenue, Bbrxoasl u3 ENDF/B-7.1; 2 — crannonapHoe pe-
wenue, Borxoapl u3 JENDL-4; 3 — cymma no rpynnam 3anasapisanug (ENDF/B-7.1); 4 — cranuonapHoe peruenue,
Berxoael 3 JEF-3.1.1

Tabruya 2
PekomeHoBaHHbIe OMOJIMOTEKN OIEHEHHBIX JAaHHBIX [JId pacyueTa BbIXOI0B OCKOJIKOB
AxTunonn Bubanoreka

227’229Th; 231Pa; 2327233’2367237U; 241Pu; 242011’1 ENDF/B—71
230 ROSFOND
2327, 234,235,23817, 237,238\, 239,242y, 241,242m2 Ay 2430y JEF-3.1.1
238,240, ;. 242,243 . 244,245 246,248

Pu; Am; Cm JENDL-4

Yucaenuoe uccaenoBanue TouHoctu ROW-merona Ha 3amade pacuera kammauuu TBC

B kagecTBe TecToBo#l 3a/auu Bo3bMeM 3amady pacdera kammanuu ['BC peakropa BBOP-1000. Cpenun
aTOMOB, 00pa3yeMbIX B IPOIECCE JeIeHns aKTUHOUIOB, €CTh TaKWe, KOHIIEHTPAInd KOTOPBIX MOYXKeT ObITh
pacCauTaHa KaK PAa3HOCTHBIM METOAOM, TaK U TOYHO, T. €. INOCPEACTBOM pPEHICHUA COOTBETCTBYIOIIEI'O
nuddepeHITnaIbHOTO YPABHEHNA.
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PaccmoTpum puc. 2, HA KOTOPOM IIpeaCTaBIIeHA CXeMa MPEBPAIIEHUH OCKOJKOB, OTHOCAIIAXCA K HU30-
Gapam 149—153. 3Bamermm, 9TO KOHIEHTpamus CTabmibHOro m3oroma WlEu daxkTmaeckn ompemess-
ercs TOJNBKO (3 -pacIaioM AOJrOXKEHByIero m3oroma 91Sm. JleficTBUTENIHLHO, COCELH CII€BA, ATOMBI
149,150,150m By - gemocpesicTBeHEO B aKTe AeneHms He poxjgarorca (mo mammeiM ENDF/B-7.1), x Tomy
JKe OHU He 00pa3yloTcs Ha paclajiaX KOPOTKOXKUBYIIMX OCKOJIKOB, TaK KakK "dKpaHUpOBaHbI'" cTabuiib-
vz m3oromaMu 4°Sm m 1%9Sm.  Cremosaremsno, ma m3oronm P'Eu cocemm cieBa (pakTmueck:m He
saumior. Cocen m3oroma P'Eu cmpasa, moaroxupymmit m3oron 92Eu, Tak»Ke SKpaHEPOBAH CTAOHMIb-
HEIM aTroMoM %2Sm, a ero HemocpejCTBEHHEIH BBIXO B aKTe jejeHns mpeHeOpexxkmMo Maj. Jada aro-
Mop 192152mL152m2Ey,  cymectyer ciabag 3aBmcmMocTh oT aToma °3Eu.  Cam mo cebe mpormecc
153Eu(n, 2n)to2152mLI2m2Fy 1hg TenIoBBIX PEAKTOPOB MAJIO3HAYMM, TaK KaK SBJIAETCH BBICOKOIOPO-
roseiv (~9 M3B). Tem He MeHee B pacuere mporecc JIydIre YIuTHBATh, TaK Kak m3oron P2 Eu asagercs
CTaOUIBHBIM U €r0 KOHIEHTPAIUd CO BpeMEHEM PacTeT.

13 puc. 2. Tak¥xe CieyeT, 9TO KOHIEHTPanud crabmibaoro n3orona °2Gd hakTuaecKn 3aBUCHT TOIb-
KO OT ero cocejieif o m3o6ape. Taxmm 06pa3oM, eclim CINTATH H3BECTHRIME KOHIEHTPAIMH H30TOHOB > Sm

Gd#2
CEwsm || | ieH
] 1 931H o s
Eul¥ | '---y-{ Eul® T B 7
¢3.1D 3697 w 13.537Y
b4 ¥ 3 ¥
Smi# Smi%0 %%ﬁ Smi$? '—L \

5 1
Smisim :

,---? i Pmlss 10.6mS

Pmim 1|1 i4aM SREREEE
R I v s e 5
149 Pmlso Pmlsl femwwm-y Pm152 1 :
;::.%Sﬁ I6H aH PAIM | S25M o

344mS

Puc. 2. Cxema pajjmoak THBHBIX IPEBPAIIEHUI I ATOMOB-OCKOJIKOB JI€JIEHUs, OTHOCAIUXCA K n3obapam 149—153
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u '%3Eu, o kommenTpammu aromos P1Eu, 19202Ey, 152Ey, 192m1Ey, 152Gd MoxHO paccunTaTh mOCTENO-
BaTEJbHO W3 COOTBETCTBYMOIINX audepeHnuaabHbIX ypaBHeHuit. bojiee TOro, yuurhiBas J0CTATOIHO
GoubIof TIepmos, moIypacnaga u3orona P1Sm (7 ~ 90 1er), MOKHO 3aKJIIOYNTH, 9TO 3HAYEHHUs KOHIICH-
Tpanuu m3oromnos P'Sm u %1 Eu uepes kakoe-To Bpems 6yAyT OTIMYATHCE APYT OT APYyra Ha HECKOIHKO
TOPSIJIKOB.

Takum 06pa30M, CpaBHEHHE PA3HOCTHOIO M TOYHOTO perreHuil mrs m3oroma P1Eu mossosutr omeHETH
mpakTrIeckyo ToaHocth ROW-merona.

C 270it 1esIbI0 OBIT MCHOJIB30BAH CJIEAYIOmMi MeTos pacuera. V3oronHas kuHernka kammanuun TBC
paccauThIBAIACh, Kak 00bI19HO, ¢ momoIbio ROW-Meroma. [lapammeasHo paccInTHIBAINCH KOHIIEHTPAIIAT
[SITH W30TOIOB, KOTOPBIE MEPEYNCIIEHBI BBINIE, IPU ITOM CYUTAJUCH U3BECTHBIMEU PA3HOCTHBIE 3HAUEHUS
KOHIeHTpanuit 114 u30oronos >1Sm u 3Eu. ATOMBI, KOHIEHTPAINE KOTOPEIX PACCIATHIBAILCH U3 Hu-
depeHuaNbHBIX ypaBHEHUH, HAUKAK HE BJINAIOT HA pacdeT KaMIaHUU; OyaeM HA3bIBATh WX M30TOIIAMU-
nybsepamu.

PesyabraTer pacueros npusegensl B Tabi. 3. llpeicraBiieHbl OTHOCHTEIBHBIE OTKJIOHEHWS 3HAYEHUN
KOHIIEHTPAIUI JIJIs W30TOMOB-1y0JIEPOB OT COOTBETCTBYOIINX 3HAYEHUH, PaCCINTAHHBIX ¢ TOMOIIBI0 ROW-
Meroza. Kax BumHO, 11a crabmibabix m3ortonos P1Eu, %2Gd, momroxusymero nsorona P28Eu, a Takxe
KOPOTKOXKHBYyIIero msomepa 2™ Eu coBmajennme MOXKHO CYMTATh OYeHb XOpommM. Jljis APyroro Ko-
POTKOKHUBYyIIEro m3oMepa >?™2Eu copmajenne MOKHO CUHTATDH yIAOBIETBOPHTEIbHBIM. OIHAKO Cleyer
y9IeCTb, UTO [JId BCErO BPEMEHHOTO WHTEPBAJIa KAMIIAHUU, 33 WMCKJOYEeHHEeM HeOOJIBIIOTO HAYAJIBHOTO
y9acTKa, KOHIeHTpanus aroMoB 222y 6p11a Ha 5—8 MOPAIKOB MEHbIIe M0 CPABHEHHIO C KOHIIEHTPAIIL-
eil APyrux M30TOIOB-1yDJIEpPOB.

Tabauya 3
OrHocCuTeIbHBIE OTKJIOHEHUS 3HaYeHUU KoHneHTpamui (%) ajg nsoronos-ay6iiepoB, MOy YeHHBIX B
TOYHOM pacyeTe, OT COOTBETCTBYIOIIUX 3HAUYEHUUN PA3HOCTHOT'O pacdera

OTk0oHEHTE 151Ey 152 Fy 152mlpy, 152m2 gy 152(3d
B komnme pacuera 0,001 0,001 0,002 —0,476 —0,005
MaxkcumaibHOE 3HAYEHUE 0,021 0,040 0,040 1,194 0,069

Bricokag TounocTs pacdera, npomemorcTpupoBannags ROW-Meromom Ha JAHHOM TeCTe, ABJIAETC CIe/I-
CTBUEM HE TOJIbKO TOYHOCTH AIIPOKCAMAIINY PA3HOCTHOU cxeMbl Pozenbpoka—Banuepa, HO u BEIBEpEHHOM
TAKTUKU IPEeACKA3aHUSA 1IAara 0 BPEMeHH.

HekoTopble BO3MOXKHOCTH NPOTrpPaMMBbI IO pacdeTy 3HeproBbiaesgeHus QAT

[IpogeMoHCTpUpPYeM HEKOTOPBIE BO3MOXKHOCTH IPOTPAMMBI [IJId PAacdeTa KJIacCa 3aad OXJIAZKIEHUS
TBC. Uccnenosanca TBC peakropa BBOP-1000.

Ha puc. 3 mpeacraBieHbl 3aBHCAMOCTH MOIIHOCTH TEILIOBBIIEIEHUA OT BPEMEHHU OXJIAXKICHUS, IOJLY-
YEHHBIE IIPU pacCY€TaX C PA3HBIMU MOAEC/IIAMU yd€Ta KOPOTKOXKHUBYHIINX ATOMOB-OCKOJIKOB. I/I3 PpucCyHka
XOPOIIIO BUAHBI ODJIACTU MPUMEHUMOCTH 9TUX Mojeaeil. BumgHo TakKe, 9TO BCe 3aBUCUMOCTH C TE€IECHUEM
BPEMEHHU CXOIATCa K ofuoit. OmHAKO 9TO CTAJO BO3MOXKHBIM TOJIBKO IOCJIE TOr0, KAK aBTOPBI OTKA3AJIUCH
or KB u3 6ubsmorek ONeHEHHBIX JAHHBIX W PACCIUTAIN ITH JaHHBIE camu 1Mo 3HadeHnaMm [IB ¢ momorisio
uporpammvbl MODELER.

Puc. 4 nnmroctpupyer BriIan P paguoaKTHBHBIX IIPOIMECCOB — (Q-PacClaoB, [ -pacHagoB, H30MEPHBIX
[IepexXoI0B — B MOIIHOCTh TeIIoBbIaenenns Bce Toit ke TBC. [IpeacraBmena Tak:ke KpuBad IJId aKTHU-
HOMJOB (I CyMMBI O BCeM mpomeccam). Kax BHIHO W3 PHCYHKA, OPUMEDHO 9Y€Pe3 3 HeJeNu MOCIIe
magasa oxaaxgenua OAT mpormeccer S~ -pacnaga aKTHHOUIOB MMEPECTAIOT OKA3BIBATH BIIMSHUE HA dHEP-
roBeifeserne. [Ipu mampHeiinieM oxyaxKkaeHnu, mpuMepHO depe3 80 jeT, mporece a-pacriata aKTHHOUIOB
CTQHOBUTCS JOMUHUPYIONUM Jjisd Temia dHeprosoigesnenns OAT, npuuem moJst mpomecca co BpeMeHeM
CTpeMUTETHHO Bo3pacTaer. [logobuble ncciemoBanus ObLin onucansl B pabore [6].
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Puc. 3. BpemeHHbIE 3aBHCHUMOCTH MOIIHOCTH OCTATOIHOTO 3HEepropuifeaenus TBC musa pa3HbIx Momesneil pacuera
ocKOJIKOB: 1 — mozmens 33m; 2 — mozmesns 10m; 3 — momens 50s; 4 — mozens 5s; 5 — momens FULL
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Puc. 4. Bknang paamoakTHBHBIX IIPOIECCOB B MOLIHOCTH TemioBbiaenenus TBC B pacuere mo 100 ser: 1 — B -

pacmaz, Bkiodad S~ «, 7 n,..., [ 4n; 2 — a-pacnam; 3 — M30MEpPHBIH mepexon; 4 — BCe pacmagbl HA AKTHHOUIAX

Ha puc. 5 npeacraBiersl #30TOIBI 1 H30MEPHI, KOTOPBIE TAIOT OCHOBHON BKJIAJ B UHTETPAJIbHOE SHEPIO-
Boiiesieane OAT (~94%). /lannble B Buje AuarpaMMbl IPEACTABISIOT CO0OI TOJU OT SHEPTOBBIIEICHNS,
COOTBETCTBYIOIHE PA3HBIM cOpTaM aToMmoB. llpuBomgrca 3madeHud Jjd ABYX MOMEHTOB BpeMeHH — 3
roga u 10 ser. Pe3ynbraThl aHAJOIWYHBIX HCCIEZOBAHU MOXKHO Hajitm B pabore [7]. IlompzoBarenn
nporpammvbl CONCORD moryT ucciregoBars mporeccst cioaTanHoro jgesenus B8 OAT.

Ha puc. 6 orobpaskens! pesynbrarsl pacuera AuddepeHnajIbsHOr0 BbIX0Ja HEHTPOHOB s mporecca, sf
Ha MOMEHT 3 roja c Hagdasa oxyuaxjaeHusd 1'BC. Jlannble, mpejcTaBieHHbIE B BUJIE JUATPAMMBI, COOTBET-
CTBYIOT U30TOIIAM, KOTOPbIe HA (DUKCUPOBAHHBIN MOMEHT BpEMEHH HanOO/Iee aKTUBHBI B PACCMATPUBAEMOM
mponecce. Bugno, 4T0 HCTOYHEK HefiTpoHOB dakTHuecKn onpeneasercs n3oronoM 24 Cm. ITogoGuble uc-
ciesoBaHus ObLIN omucaHbl B pabore [1].

— 61 —



C. B. Mxaunx, A. B. Anekcees, A. H. I'pebeHHUKOB U Jp.

35

30

25

20

15

10

Adaalaaa s laaaadlaasd

Al laaay

Jasiay

895 90g. 9y 91y 957, 95Nh 103R, 106Rpk 134¢g 1370, 137mp, 1401, 1410, 144, 14dp, 239N, 238py 2420 244 oy

Puc. 5. Bkmanx auep (B %) B smeproseigemenue OAT: — Ha MOMEHT BpeMeH:m 3 roza; B — Ha MoO-

MeHT Bpemenu 10 ser

. -1
9,8-10 P o0

244 Cm 246 Cm 252 Cf 240 Pu 242 Pu 238 Pu

Puc. 6. Bkuan (B monax) uzoronos B nuddepeHnuanbabiil BBIX0L HEHTPOHOB nponecca sf Ha MomeHT 3 roga

3akKJro4YeHue

CdopmynupyeM OCHOBHBIE BBIBOJIBI:

1.

B POAI-BHUNID® pazpaboran mporpammusiit mogyias KPUCTAJIJI ana pacuera mporecca Kune-
THKY SJIep B PEaKTOpaX Ha TEILIOBBIX U ObICTPHIX HeliTpoHax. Mojy/ib HHTErpUpPOBaH B MPOTrPAMM-
uele komiiekcst CONCORD [3] w TDMCC [8].

Monyap mo3BossgeT paboTrarh ¢ MHUPOKuM MHOXKecTBOM H-4 m pammoakTuBHBIX mporeccoB. OCHOB-
HBIMU UCTOYHUKAMU JTAHHBIX JIJI MOMYJIs SBJSIOTCS COBPEMEHHbBIE OMOJMOTEKN OIIEHEHHBIX JAHHBIX.
Monysb MO3BOIIET PACCIUTHIBATH HOJHYIO CHCTEMY MPOAYKTOB MIEJIEHHUS, IPU STOM UHUCJIO PACCUH-
THIBAEMBIX AJIEP-OCKOJIKOB MOXKeT ObITh Gosbime 1000 (3Ha9eHME OMpEmeNseTcs TOJIBKO HAJMYUeM
JTAHHBIX ).

VmeeTcsa BO3MOXKHOCTD HMPSIMOTO METOA PACCYETa HECTANMOHAPHOTO U CTAIMOHAPHOIO MCTOYHUKOB
3H genenus mo JaHHBIM IIPOIECCOB [ -pacraja KOPOTKOXKUBYIIAX OCKOJIKOB. 3aMETHM, YTO IIPH
9TOM JIaHHBIE O IPYMNIAX 3aNa3/bIBAHUS HE UCIOJb3YIOTCS.

[Tpu pacuere BeposiTHOCTElH 0OpazoBaHus M30MEPOB B pedyibrare H-¢ B3ammomeiicTBuil yunThiBa-
eTCd SHEPreTUIeCKasd 3aBUCHMOCTbD.
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6. [IporpaMMHBI# MOTYJIb TO3BOJIAET PACCINTHIBATH KWHETUKY M30TOIOB B KAZKJOM TOILIMBHOM CTEpIKHE
u crepxkue [[9J], ucnons3ys napaJuiesbHbie BoiuncjieHus. VMeercs BO3MOXKHOCTb PacueTa KUHETH-
KO gJI€p B PAJUAJIBHBIX CJIOAX CTEPIKHEH.

7. Vilmeercs BO3MOKHOCTD MCCJIEIOBATE 3TAIl OCTATOYHOrO Heprooijesenus TBC. MoxHo paccauTbi-
BaTh UCTOYHUK HEHTPOHOB CIOHTAHHOTO [EJIEHUS.

8. Jloma pacdera cuCTeMbI W30TONOB IPUMEHSETCA pPa3HOCTHad cxema Pozenbpokra—Banmepa BTOpOro
MOPsiJIKa, TOYHOCTH. DPMEKTUBHOCTh METOJa PACUeTa MOJATBEPKIEHA HA MPAKTUKE.

Mg aHamwW3a OIEHEHHBIX MAHHBIX AKTUBHO HUCIIOJIb30BAJIACh HH(MOPMAIMOHHO-CIPABOIHAA CHCTEMA
NDX [9].

Pabora max momysnem KPUCTAJIJI morpeboBasia pa3spaboTKu MPOrpaMMHBIX CPEACTB BHIOOPKU HEOD-
XOOUMBIX OII€EHEHHBIX MAHHBIX, & TaKzK€ CO3aHUA HECKOJIBKHX aBTOHOMHBIX I"pa,(bH‘-IeCKHX oporpaMm —
obpaboruunkos uundopmanuu. Hampumep, ¢ momorpio narepaktusHo# nporpammbl MODELER dopmupo-
BaJINCh BXOJIHBIE JaHHBIC IJIA PA3HBIX MOILeJIefI pacaeTa, KOTOPbIE 3aTEM COXPAHAJINCH B COOTBETCTBYIOINUX
TekCTOBBIX (daitnax. [Ipu meobxomumocTu >Tu (aitibl MOXKHO JIETKO OTKOPPEKTHPOBATh BpydHy0. O0bem
nauabix Moxyna KPUCTAJLJI, sagaBaembix mosb3oBareneM i pemerus (mo xommrekcy CONCORD)
KOHKPETHO! 3a/[a9i, MUHUMAJIEH U B OCHOBHOM BKJIIOYA€T B Cedd yKa3aHUs IO BBIOOPY MOeseil u pexxu-
MOB pacdera.

C nmomomrpio apyroit maTepakTuBHOM mporpaMmbl ISOREL MoxkHO BU3yaJbHO KOHTPOJHPOBATH KOP-
PEKTHOCTH BBOZ[A HEKOTOPBIX JAHHBIX 3a[a9d, OTHOCAIINXCA K pacdeTy U30TOHmHOW KuHeTuku. llpum 3a-
mycke nporpammbl [ISOREL Ha skpan MOHUTOpA BBIBOAATCH JaHHBIE (baiiia, 3anucanuoro moxyiaem KPU-
CTAJIJI mo okoHYaHUHU 3Tama pacdera HAYAIbHBIX JAHHBIX 3aJa9d. 3aMETHM, UTO MAaHHBIE 9TOTO (aiiia
ABJIAIOTCA MPOEKINeld YUCIOBBIX MAaCCUBOB OMEPATUBHON MAMATHU, UCIOJH3YEMBIX HA ITAIE PEryIgpHOrO
cuera. VHpOpMaIys npeacTaBIsgeTcs B BUAE YIEKTPOHHOrO rpada, 3aJa0IIero CBA3u MEXIY PaCCIUThI-
BaeMbIMHU aTOMaMu JJid pa3HbIX (usngeckux obmacreir TBC.
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