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BBeneHue

Bce epemenno u nocmosincmesa nem.
Bocxoo, 3axam, npunuset u omausbi,
Ymo om Obl1020 CIU3LIBAIOM Cle0

B osuoicenuu ceoem nemoponiueom...

Mpu NPoOEKTUPOBAHMM PEAKTOPOB, B TOM YMCe U Ha ObICTPbIX HeUTPOHaX (Bbl-
CTpbIX peakTopos — bP), He orpaHuyMBalOTCA PacCMOTPEHUEM CTALMOHAPHBIX
3apay. Heo6xoanmo 060CHOBATh YCTOMYMBYIO PaboTy peakTopa B 1I0ObIX pexu-
Max paboTbl HAYMHAA C MyCKa, NepPexofa C MOWHOCTM Ha MOWHOCTb U A0 OCTa-
HOBKM. pyn TakoM 060CHOBAHWUM HEOOXOAUMO YYECTb U aHOMAJIbHbIE CUTYALUM,
Hanpumep, CBsA3aHHble C 0TKa30M 060pyA0BaHMUSA, B TOM Yucae no obuien npu-
yuHe [1], 7. e. 6eCNPUYUHHO, UK, UHAYE FOBOPS, AHANU3UPYIOTCA PEXUMBI HOP-
MasbHOM 3KCMNyaTaluu, PeXmMbl C HapyLWeHUeM HOPMANbHOM 3KCnayaTaLuu
W aBapuiiHble PEXUMBI.

06nactb 3HaHMiA, C NOMOLLBI0 KOTOPOW NpoucxonuT o60cHoBaHMe GesonacHo-
ro NoBefeHWs peaKkTopa BO BPEMEHHBIX NpoLeccax, Ha3blBaeTcs AMHAMUKOW
peakTopa, a ee COCTaBAAIOLWAS, CBA3aHHAsA C HECTALMOHAPHBIMU HEHTPOHHO-
(U3NYeCKUMK NpoLLecCamMm, UMEHYETCS KUHETUKOM peakTopa. [JuHaMuKa peak-
TOpa BKNIOYAET B ce6s pelleHne COBOKYMNHOCTM 3afiay: KUHETUKY, TENNOTUAPaB-
NIMKY, TEPMOMEXaHUKY PEaKTOpa ero COCTaBAAILMX U CUCTEM, @ TAKXKE CUCTEMY
yNpaBeHnus TEXHONOrMWii NpoLecca.

[ins o6ocHoBaHUsA Ge3onacHoi paboThl peakTopa UCMOb3YETCA KaK HaTypHOe
(B 4aCTHOCTH, HA KPUTUYECKUX CTEHAAX), TaK U PacyeTHOe MOAENUpPOBaHHUe Nno-
BELleHWs PEAKTOPa B Pa3NNYHbIX CUTyaLUAX. [laxe npu HaTypHOM MOZenupo-
BaHUM BCE MPOLECCHl HA KPUTUYECKOM CTEHAE AOMKHbI GbITh 0CO3HAHbI, T. €.
NpOCYMUTaHbl, 0COBEHHO B CBA3W C UCMONB30BAHMEM TaKMUX NPOLECCOB ANA 060-
CHOBAHWs TOYHOCTU PACUYETHbIX NPorpaMM. [lo nocnesHero BpeMeHU pacyeTHble
NPOrpaMMbl N0 KMHETUKE PEAKTOPa CTPOMIUCH HA NPEANONOKEHUN KHEUZMEH-
HOCTU (hOpMbI NOJIS HEUTPOHOBY» BO BPEMEHM, YTO MO3BOASANO NPU UIMEHEHUM
XapaKTepPUCTUK MOAENUPOBATL NULb OAUH, HO CaMblil BAXHbIA MHTErpasbHbiil
napameTp peakTopa — MOWHOCTb. OLEHKa MOLYHOCTU NEPEBOAMIACh HA OLLEHKY
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NOKaNbHbIX NapaMeTpoB (MAOTHOCTM TENMNOBLIAENEHNUS, TEMNEPATYPbl U MNOTHO-
CTW MaTEpMasoB), KaK pa3 Yepes UCMOJb30BaHME YKA3aHHOTO NPELNOIOXKEHNS.
Takoe npubaMKeHWe B MOAENMPOBAHNUM NOBEAEHUsS PeaKTopa Ha3biBAaeTCs To-
YeYHOW KUHETUKOW.

B mMoaenu ToueuHoOi KMHETUKM pelleHus HeCcTaLWOHapHOW 3afayn noBeAeHUs
peaKTopa BO BpeMeHW OMepupyloT acCUMNTOTUYECKUMU PELIEHUAMU YCIOBHO-
KpUTUYECKOIi 3afauu, bnaronaps KOTOpbIM 6bI10 BBEEHO NOHATUE PEaKTUBHO-
CTU peaKkTopa Kak Mepbl OTKIIOHEHUS NOCNeLHEr0 OT KPUTUYHOCTU. ITO NOHATUE
OKa3aloCb 0YeHb YAOOHBIM B KMHETWKE PeaKTopa M [axe MPOHWUKNO B HOpP-
MaTuBHble AOKyMeHTbl [1]. Mpudyem Npu BBOAE NOHATUS PEAKTUBHOCTU BbiK
onpegeneHsl U gpyrue 3hdeKTUBHbIE NapaMeTpbl, Takue Kak 3thdeKTUBHas
LONS 3ana3fblBAOLLNX HENTPOHOB, BPEMS FeHEpPaLM MIHOBEHHBIX HEMTPOHOB,
3¢ heKTUBHAA NOTHOCTb 3ana3zbiBaoLWMX HEUTPOHOB. OgHAKO NPU U3MEHEHUM
(hopMbl MONA UM CNEKTPA HENTPOHOB BCe 3 (EKTUBHbIE NAPAMETPbI U3MEHS-
OTCA M MOTYT BHOCUTb 3HQUYUTENIbHYIO MOTPEWHOCTb B PELIEeHUEe NPU UCNOSb-
30BaHUM MOJENN «TOYEYHON KUHETUKM». 0coBeHHO npobaeMHO MCNo/b30Ba-
HWe 3TON MOAENU B aBapuiiHbIX CUTyaLMAX, KOr4a cama Gpopma aKTUBHOW 30HbI
(2. 3.) MOXKeT U3MeHATLCA.

Kpome n3ameHeHus opmbl nonsi HENTPOHOB B HECTALIMOHAPHOM NpoLecce BO3-
MOXHO M U3MEHeHMe NapaMeTpoB Cpefbl, KOTOPOe MOXKET NPUBOAUTL K U3MEHe-
HMI0 3 dEKTUBHLIX NapaMeTpoB YpaBHEHUA TOYEYHOW KUMHETUKU. TeopeTuye-
CKOe 1ccnefoBaHue pelleHns 3afa4yu HeCTaLMOHApHOro NpoLecca U3MeHeHus
nons HeWTPOHOB B PEAKTOpe C W3MEHSIIWWUMUCA BO BPEMEHWM MapameTpamu
cpenbl Hanbonee NoAHO NPeACTaBeHo B [2] ANA peakTopoB ¢ razodasHbiM ro-
proynm.

Cneuuduka BP cBA3aHa C BO3MOXHOCTbIO OpraHu3aLum LenHoi peakuum fene-
HUsA B 061aCTH BbICTPLIX HEUTPOHOB, e CeYeHUs B3aUMOAECTBUA HEUTPOHOB
CO CpPefioi B COTHM pa3 MeHblue, YeM B 061acCTW TeNI0BbIX HeNTPOHOB. COOTHO-
LWeHWe CeYEHNiT TaKOBO, 4TO 06eCneynBaET BOZMOXKHOCTb NOJYYEHMSA 6ONbLLErO,
YeM B peaKTOpe Ha TemnsoBbIX HeNTpOHax (TennoBom peaktope — TP), konuye-
CTBa MU3ObLITOYHBIX HEATPOHOB (V-1); 3[€Cb U3 KONMYECTBA HEHTPOHOB v, 06pa-
3YIOLMXCA B NPOLiecce AesIeHNUs OAHOTO AfPA, BLIYTEH OAMH HEHTPOH, HeobXo-
OVMbII AN NOAAEPaHMA LenHon peakymu. OCHOBHAA «MiaTa» U3OLITOYHbIMM
HeWTpOHaMMU BHOCUTCA KaK pa3 3a 060cHOBaHMe besonacHocTu paboTsl bP.

B BP B otnuune ot TP MHOro BHUMaHWUA YAENAIOT YYETY IHEPreTU4ecKoi 3aBu-
CMMOCTM MAOTHOCTU MOTOKA HEMTPOHOB. HO y4yeTy NpoCTpPaHCTBEHHOI 3aBUCU-
MOCTW NOBefEeHUA NoNs HENTPOHOB BO BPEMEHMU 1O NOCNeAHEro BpeMeHu 0TBO-
OUN0Cb MANo BHUMaHUA. ITO CBA3AHO C TEM, YTO NNOTHOCTb IHEProBbIgeNeHNs
B NMpoMmbllwneHHbIX BP cyuwecTBeHHO npeBbilwaer ee 3HadeHue B TP u, cneposa-
TeNbHO, NPU OAWNHAKOBOW MOLWHOCTK a. 3. BP nmeeT cywwecTBeHHO MeHbLLKeE pa3-



Beeoenue

Mepbl Mo cpaBHeHMIO ¢ TP, n npefcTaBneHne peakTopa B TOYEYHOM Npubnmnxe-
HUM Ans 6bICTPOro peakTopa 6onee onpaBAaHHo, YeM Ans Tennosoro. Ho uz-3a
ManocTu pasmepoB B bP Benuka yteuka HeilTpoHOB (0 10%), 1 ee U3MeHeHue,
CBA3aHHOE C M3MEHEHWEM MPOCTPAHCTBEHHOW hOPMbI MOAA HENTPOHOB, bosee
CyluecTBEHHO OTpaxaeTtcs Ha noeefeHun bP, yem TP.

B cBA3M C BaXHOCTbIO yyeTa n3MeHeHua (opMmbl nons HeiTpoHoB B bP B no-
cnepHee BpeMs BO3HWKNA HEOOXOAMMOCTb B MOAEANPOBAHUM NPOCTPAHCTBEH-
HbIX 3 (EKTOB U B HECTALLMOHAPHBIX NpoLeccax, TeM 6osiee YTO pa3BUTUE KOM-
NbIOTEPHO TEXHUKMU NO3BOAAET 3TO leNatb.

KuHeTUKa peakTopa 3aHMMAeTci WCCNefoBaHWEM MNOBEAEHUS PEeaKTopa BO
BpeMeHM 6e3 TaK HasbiBaeMblx 06paTHLIX CBsA3el, T. €. 6e3 yyeta U3MeHeHMN
BO BPEMEHU NapaMeTpoB ypPaBHEHUS NEepPeHOCa HEMTPOHOB OT XapaKTepUCTUK
cpeabl, B OCHOBHOM TaKMX, KaK TeMnepartypa, NIoTHOCTb U np. Takum oGpasom,
B VYT NPUHMMAIOTCA INLIb HEMOCPEACTBEHHbIE HEUTPOHHO-(U3NYECKUe Npo-
Lecchl, YTobbl KaK MOXHO rny6xe NoHaTh UX. IMEHHO KMHeTUKe peakTopa Ha
ObICTPbIX HEATPOHAX C YYETOM MPOCTPAHCTBEHHLIX 3((HEKTOB NOCBALEHA Ha-
CTOSAWAN KHUra.

ABTOp BblpaXkaeT UCKPeHHIOI0 Npu3HaTenbHoCcTb Nnpodeccopam M. H. Hukonae-
By, A. H. Wmenesy u B. Jl. Beicoukomy oTpeL,eH31pOBaBIUNM PYKONWUCb JAHHON
KHUMM 1 CAENaBLWKUM MHOTO NOME3HbIX 3aMeYaHUi, YUTEHHBIX MPU OKOHYaTeNb-
HOW pefaKumu.
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aBa 1. KoHCTpyKUMA peakTopoB
Ha ObICTPbIX HEUTPOHAX

Cxema 6bicTporo peaktopa [3] npuseaeHa Ha puc. 1.1.

Puc. 1.1. CxeMa KOHCTPYKLMM ObICTPOro peakTopa: 1 — akTUBHas 30Ha (a. 3.); 2 — 6o-

KOBas 30Ha BOCMPOM3BOACTBA; 3 — TOPLiEBble 30Hbl BOCNPOU3BOACTBA; 4 — BHYTpUpe-

aKTOpHOE XpaHunuLie; 5 — rasoBas NofaoCTb; 6 — HanopHbI KONNeKTop; 7 — Hanop-
Has Kamepa; 8 — ctepxeHb CY3

1.1. KoHcmpykyusi akmueHoU 30HbI

AKTUBHas 30Ha BP xapakTepusyertcs He6ONbIIUM YNAOLUEHNEM, T. €. OTHOLWEHM-
€M AnameTpa a. 3. K ee BbicoTe. V13 Teopuu peaktopa [3] u3BecTHo onTUMasnbHoe
oTHoweHue D/H=1,081, HO 3TO ONTUMYM, CBA3aHHBIA C MUHUMU3ALMEN YTEUKM
HENTPOHOB U3 a. 3., INLLb C TOYKU 3PEHUSA HENTPOHHOWN DU3MKK. [Ina onTumun3a-
UMM cbema Tenna Tpebyetcs yBenudyeHue ynnoleHus, U B peanbHblx 3HepreTu-
YecKUX peakTopax OHO JOCTUTaeT HECKOIbKUX eanHuy (2, 3, ...).

AKTMBHaA 30Ha HabupaeTcs W3 WECTUrPaHHbIX TenoBbIAeNAwLWMX CHOPOK
(TBC), BHYyTpeHHEE NMPOCTPAHCTBO KOTOPbIX MONHOCTbIO WM YACTUYHO 3anon-
HEHO TEenNOBbIAENAIOWUMU 3eMeHTaMm (TB3NaMu), 06pa3yIoLUMU PeryaspHyio
peweTKy TpeyronbHoro Tuna. TBC ana BP moxeTt umetb Yexon, 4To NpUBOAUT
K Ha/M4WIo 3330pa MeXAy HUMU NpuU pa3MelleHUM UX B aKTUBHOW 30He peak-
TOpa, HO MOXeT ObiTb M GecuexnoBoil. Hanuuue yexna y TBC obecneumsaer
aBTOHOMHOCTb WX CYL|ECTBOBAHMA B PEAKTOPE, BO3MOXHOCTb MOCTAHOBKU UX
B N0Oyio AYeliky a. 3. U u3BneyeHus u3s Hee. becuexnosas TBC obecneunsaer
MeHbLUYI0 OO0 B a. 3. KOHCTPYKLMOHHBIX MaTepuanoB WU3-3a OTCYTCTBUSA Yex-
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Iasa 1. Koncmpykyus peakmopog Ha 6bicmpbix HeUmpoHax

Na M MeHbLlUYI0 AOMTI0 TENJIOHOCUTENSA U3-3a OTCYTCTBUS 3a30pa mexpay TBC. Kak
npaBsuno, a. 3. ¢ Takumu TBC neperpyatotcs NoaHOCTbI0. OHU MOTYT UMETb KOH-
CTPYKTUBHO O(hOPMIIEHHYIO MONOCTb B LEHTPAbHOM YacTh ANl BO3MOXKHOCTH
pasMelleHNs KaHanoB Ans CTePXKHel cucTembl ynpasneHus u 3awutsl (CY3).

Teanbl B TBC oTaensaoTcs Apyr OT Apyra HaBUTOW MO CMMPANU AUCTAHLMOHU-
pytowei npoBosokomn. [Ina 3Toi Lenm MoXeT UCNOAb30BaThCA U LUCTAHLMOHU-
pytowas pelwetka. TB3aj npefcTaBaseT coboi LMAMHAPUYECKYIO TOHKOCTEHHYIO
Tpy6y, NNOTHO 3aKpbITylo C TopLoB. CTeHKa TpyObl CNyXKUT 060104KON TBINA.
LleHTpanbHas 4acTb TB3/a 3aMOMHAETCA TOMAMBOM B BUAE TabNETOK UAU BU-
GpoynNoTHEHHOrO MaTepuana. B LeHTpanbHOM Mo BLICOTE YACTU TB3NA TONAUBO
WMeeT BbICOKOE 0boraleHne No AenslemMycs MaTepuany, MMEHHO 3TO TOMINBO
W cocTaBnsieT B GyaylleM HENOCPeACTBEHHO aKTUBHYI 30HY. CHU3Y W CBepxy
BbICOKOOOOralleHHOro TOMIMBA MOXET pacnojiaraThCs HeoboraleHHoe uiu
06elHEHHOE MO OTHOLWEHUIO K feNsAleMycs MaTepuany TOMIUBO, COCTaBASIO-
llee HUXKHIOK U BEPXHIOW 30HbI Bocnpon3soacTea (HT3B n BT3B). Beliwe u/unun
HUXeE TONNKUBA B TB3/1e MOTYT pacnonararbca rasosbie nonoctu (M), cxematny-
HO BblAeneHHble Ha puc. 1.1 B 06wy nonocTb. [a30Bble NONOCTM NpefHa3Ha-
YeHbl a5 cbopa razoobpasHbIX NPOAYKTOB AeNeHNs.

TBC 3akpennstoTca XBOCTOBMKAMMW B HAaNMOPHOM KONJIEKTOPE, B KOTOPLIi nofjaeT-
€A TENOHOCUTENb U3 HUXeNexallell HanopHo Kamepbl.

TBC ¢ TB3NaMK, NOAHOCTbLIO 3aNOJHEHHBIMU 06eJHEHHbBIM TONNUBOM, HA3blBAOT-
ca TBC 30HbI BOCNPOM3BOACTBA U MOTYT pa3MellaThCA 3a BHEWHeN rpaHuLen
TBC c oboralleHHbIM TONMBOM, T. €. HEMOCPEACTBEHHO 32 a. 3. U COCTaBNATb
6okoByto 30Hy Bocnpoussogctaa (b3B) peaktopa. Takue TBC moryT pasmewats-
CA M HENOCPeACTBEHHO B a. 3. Mexay TBC c o6oralyeHHbIM TONJIMBOM, U TOrAa
rOBOPSAT O reTeporeHHoil a. 3. 3a BHeWHeil rpaHuueil 60KOBOW 30HbI BOCMpO-
W3BOACTBA MOXET pacnofaratbCi U BHYTpUpeakTopHoe XxpaHunuwe (BPX) —
MecTo Ans pasmelleHus otpabotaswmux TBC (0TBC), umelowmx 3HauuTensHoe
0CTaTOYHOE TENNOBbIAENEHNE U TPEBYIOWMX CHATUA 3TOrO TEMNA, YTO OCYLLeCT-
BNAETCA HeGONbLWIMM NOTOKOM TenaoHoCcuTeNs Yepe3 Hux. CHaTue Tenna ¢ 0TBC
CNOCOBCTBYET M NOBbLIWEHWIO IKOHOMUYHOCTU peakTopa. BaxHo oTMeTUTb, YTO
none HeitpoHoB B TBC BPX npu paboTe peakTopa CyLIeCTBYET, XOTb W 3HAYu-
TeNbHO (Ha NOPALOK) MEHbLUEE, YEM B a. 3., U OHO CBA3AHO C NOJIEM HETPOHOB
B peakTope.

Lar pa3mewenuns yexnosbix TBC B aKTMBHOM 30He ONpeAensoT UCXOAA U3 BO3-
MOXHOCTU 3aMeHbl TBC npu neperpyske, u 06bi4HO war TBC npeBblwaer pas-
mep nog kntoy TBC Ha 2—5,5 MM. 3a3opsl Mexay TBC BbiGMpaloTCca ¢ yyeTom
AOMYCKOB Ha u3rotoBneHne TBC n mMeXLeEHTPOBOro paccTosHMA MOCA[OYHbIX
rHe3j B HaMOPHOM KONNEKTOPeE, a TakXe BO3MOXHbIX Aedopmauuin yexnos TBC
B MpoLlecce 3KCnayatauuu: u3ruba, yBenumyeHus nonepeyHbix (paguanbHbiX)

11



E. @. Cenesnes
Kunemuxa peakmopogé na 6vicmpbix Heumponax

pasMepoB B pe3ysbTaTe TEPMUYECKUX HArPy30K, PafUaLMOHHOTO pacnyxaHus
W NON3YYEeCTU KOHCTPYKLMOHHBIX MaTEPUANOB.

Hanuuune 3a3opos mexay TBC, rugpoguHammuyeckue u BUOpaLMOHHbIE BO3AEN-
cteus Ha TBC B npouecce aKkcniyaTauum peaktopa ciyart npuyMHon Heobxo-
aumocTu kpennenus TBC, utobbl M36exaTh NepeMelleHnit UX B paanabHbIX Ha-
npaBneHunsX.

B 3Hepretuyecknx BP ucnonb3yioT TpyM OCHOBHLIX NpuHuMna KpenneHua TBC

B a. 3. B paf1anbHOM HanpaBieHuu:

e (BobogHo cToslas a. 3., B Kotopoil TBC cToAT HE3aBUCUMO B rHe3aax Ha-
NOPHOrO0 KONNIEKTOpa UK rpynnupytoTcs B Mogynu (peaktop PFR) [4].

® 3. 3. CeCTeCTBEHHbIM OrpaHuWyeHWeM paguanbHbix nepemewennin TBC.
B 3Tom BapuaHTe TBC 3akntoyaloT B «KOP3MHY», COCTOALLYIO U3 HANOPHOTO
konnektopa (HK) n cunosoro kapkaca. TBC gucraHuupyloTcs € nomolblo
BLICTYNOB Ha roJI0BKax U YexnoBbix Tpy6ax (nnatukos). JucTaHLUMpOBaHMUe
TBC B cpefiHeil yacTu no BbicOTe COOPKM NpelyCMaTPMBAIOT AN OrpaHuye-
Hus nporn6os TBC. HoMuHanbHble 3a30pbl MEXAY AUCTAHLUPYIOWNUMU Bbl-
ctynamu cocegHux TBC cocrasnsiot 0,5—0,7 mm (peakTtopsbl «Phenixy», «Su-
perphenix», BH-350, BH-600, bH-800, «Monju») [4].

¢ AKTUBHas 30Ha C CMIOBLIM 00XaTueM HapywHoro psaaa TBC c nomoubio ru-
LPOAOMKPATOB WM PblYaXHbIX YCTPOACTB. B 3TOM BapuaHTe Ha CUNOBOM
KapKace, OKpyXaloleM a. 3., 3aKpennsiT GaHAaXM C ynopamu U3 cTanu
C MeHbLWMUM KO3tDULMEHTOM IMHENHOTO PacluMPEHUS, YEM Y MaTepuana ae-
Taneit TBC, yto obecneumsaet obxatue TBC npu paboTe peakTopa Ha MoLll-
HocTu (peakTop SNR-300) [4].

Mpaktyeckn Bo Bcex BP cdopmuposaHue nepudepuitHeix psagos TBC obe-
CneynBaeTcs OTpaaTefeM HETPOHOB U CUIOBOI KOHCTpyKuMeir. Hanpumep,
B peakTopax bH-600 ocHoBy oTpaxaTens HeTPOHOB COCTaBAAT 0beyanku, Ha
BHYTPEHHEN NOBEPXHOCTU KOTOPbIX MMEETCS MOAC HaKNafoK, BHYTPEHHUN npo-
hunb KOoTopbIX NOBTOPSAET Npoduab HapyxHoro psaa TBC.

1.2. TennoHocumersnb

XONOAHbLIN TENNOHOCUTENb HAarHeTaeTCsA LMPKYAALMOHHLIMW HaCOCaMKU NMEpBOTro
KOHTypa (rnaBHbIMU LIMPKYNALUOHHBIMM Hacocamu — 'LiH) B HanopHylo kamepy
W, Cnepys Yepes HamopHbIA KONNEKTOp, NOCTynaeT B a. 3., FAe NMPOXOAMUT, CHU-
mas Tenno, cHu3y seepx yepes TBC a. 3. unu TBC b3B u, yxe ropaumnm, BbIxoguT
B BEPXHIOIO Kamepy cMeleHus (BepXHUIA KONNEKTOP), M3 KOTOPON CaMOTEKOM
nocTynaeT B NPOMEeXyTouHbli TennoobmenHuk (MTO) ans nepepauu Tenna Te-
MAOHOCUTENI0 BTOPOrO KOHTYpaA.
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Iasa 1. Konempykyus peakmopos na 6blcmpulx HeumpoHax

PeaktopHas yctaHoBka (PY) moxet 1 He umeTb ['LUH, Torpa B peaktope co3paet-
CA PEXWUM eCTeCTBEHHOM LMPKYNALMUM TeNNOHOCUTENS.

B kauecTtBe TennoHocuTens B bP npumeHaOTCA XMAKMe MeTannbl, TaKnNe Kak Ha-
TPUiA, UK TAXKENbIE XUAKUE MeTabl, TaKUe KaK CBUHEL, NN CBUHEL-BUCMYT,
a Takxe ras (reauit) unu BofaHoit nap. [lns Kaxaoro Tuna TeNNOHOCUTENSA KOH-
CTPYKLMA peakTopa WHAMBMAYaNbHA. HiKe 0CTaHOBUMCA HA KOHCTpyKumuax bP
C XNAKOMETANINYeCKUMU TENNOHOCUTENAMY, BoWeAlwmnx B PefepanbHyto Lene-
BYIO Nporpammy «flfepHbie 3HEProTeXHONOrMM HOBOrO NMOKONEHWUA HA NEPUOf
2010—2015 rogos 1 Ha nepcnekTuy o 2020 roga» [5].

1.3. Koncmpykuyusi peakmopose muna bH

Bce n3BecTHble Ha cerogHs bP c HaTpueBbiM TennoHocutenem, nmeHyemsle bH
(6biCTpble HATPUEBLIE), UMEIOT CXOXYI0 KOHCTPYKLMIO, @ UMEHHO WX aKTUBHblE
30Hbl pasmelyaoTcs B Gake (Kopnyce) peakTopa, npeacTasasiowem coboii me-
TaNNYeCKNii Cocyr, C AINMUNTUYECKUM LHULLEM, BbIXOL U3 KOTOPOro B BEpXHeil
€ro YacTu repMeTMYecKM 3aKpbIT KpbllwKoi (puc. 1.2).

12
13

14

Puc. 1.2. PeaktopHas yctaHoBka bH-800: 1 — kopnyc; 2 — CTpaxoBOUHbIit KOpPNYC;

3 — aKTMBHaf 30Ha; 4 — HanopHas kamepa; 5 — noKanusyiollee ycTpoMCTBo; 6 —

WaxTa; 7 — rNaBHbl LMPKYNALWOHHbIA HACOC; 8 — BEPXHAA HEMOABMXKHAA 3alLnTa;

9 — GonbWwas NoBopoTHas nNpobka; 10 — ueHTpanbHas NoBOPOTHas npobka; 11 —

3aWWMTHbI KONNaK; 12 — MexaHW3m neperpysku; 13 — manas noBopoTHas npobka;
14 — NPOMEKYTOUHBI TENN00OMEHHUK
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Kopnyc peakTopa MOXET OnNMpaTbCs Yepe3 KaTKM Ha Moj COOTBETCTBYIOLLENO
3ana (MMeTb Onopy B HUXHeW cBoeit YacTu) (peakTopsl BH-600, BH-800, Poc-
CUA), UKW 3aKpenasTbCs Ha 6ETOHHOE OCHOBAHME BEPXHEN CBOEI YacTblo Heno-
CPenCTBEHHO Y KPBIWKW PeakTopa, Kak 6bl noBucas Ha Hecylel onope (peak-
Topbl «Phenixy, «Superphenix», ®paHuus). Mpu HUXKHeR onope KOpnyc, TeM He
MeHee, He BOCMPUHUMAET Ha cebs Harpy3oK OT BHYTPUMKOPNYCcHoro o6opynoBa-
HUf, TaK KaK nocnefHee nepefaeT ux Ha yHOAMEHT Yepe3 OMNOPHbIA NOAC, Ha
KOTOPOM OHU YCTAHOBJIEHBI.

TBC HUXHeN YacTblo (XBOCTOBMKOM) 3aKpEniAeTcA B HAMoOpHOW Kamepe (Ha-
MOPHOM KONNEKTOPE), YNJIOWEHHOM LUAMHLPUYECKOM COCYAE, Kyaa noctynaer
XONOAHBIA TenaoHOCUTENb U Yepe3 Hero pacnpegensetcs no TBC. Cam Hanop-
HbI KONNEKTOP KOHCTPYKTMBHO OMMUPAETCA Ha yKa3aHHbIN OMOPHbIA NOAC, pac-
MOMOXEHHbI B HUXKHEN YacTW Kopnyca peakTopa. HenocpeAcTBEHHO Ha Kopnyc
LENCTBYIOT TONbKO CUAbI TAXKECTU NOBOPOTHON NPOGKM, LIEHTPANbHOW NOBOPOT-
HOW KONOHHbI ¢ MexaHM3Mamu CY3, mexaHU3Mamu neperpy3ku 1, KOHEYHO, cuna
TAXECTU TEMNOHOCUTENS U N3ObITOYHOE AaBNEHME UHEPTHOTO ra3a Haj 3epKa-
JI0M TeNNOHOCUTENS.

Ha KpbllKke peakTopa pa3melLaroT BCe fBUraTeNu U NPUBOJHbIE MEXaHU3Mbl ANs
ctepxHeit CY3. OpraHbl perynupoBanus (ctepxxHu CY3) BXogAT B a. 3. CBEpXY
BHM3, Yepe3 HanpaBialolWMe, TaK Ha3biBaeMble WTaHrKu ctepxHein CY3, yepes
KOTOpble MPOUCXOAUT Nepefaya BpallaTeNbHOro fBUKEHUSA, Npeobpasyemoro B
nocTynaTeNbHOe ABUKEHUE CTEPKHSA.

CrepxeHb CY3 aBMKETCA B @. 3. HEMOCPEACTBEHHO B HEMOABUXHOM Yexne (rub-
3e), npeAcTaBasiowemM co6oi Tpyby C BHELWHE WeCTUTPaHHO! NOBEPXHOCTLIO
W BHYTPeHHei uunuHapunyeckoit. Cam cTepyKeHb COCTOUT U3 LUAUHAPUYECKOTO
yexna, BHYTPU KOTOPOro PacnofioXeHbl UMAKHAPUYECKUe Nornolatoumue e-
MEeHTbI, COlepXKalye nornowarwlwuii matepuan (nansl), 06bI4HO C €CTECTBEHHBIM
unu oboralleHHbIM No usotony °B kap6ugom 6opa. Manbl 4ns paBHOMEPHOro
CbeMa C HUX Tenna KOHCTPYKTUBHO AUCTAHLMPYIOTCS.

[ins 6e3onacHocTu 6ak peakTopa Kak 6Gbl BCTABASETCA B CTPAXOBOYHbI KOXYX.
Mexay KoXyxoM 1 6akoM MOXeT NPoAyBaTbCs ra3 ANs OXNAXKAEHNA NOCNeHEro
W KOHTPO/ISi €r0 repMeTUYHOCTH.

Kopnyc peakTopa BbINONHAET ele U hYHKLUIO pacluMpuTenbHOro 6aka ans Kom-
neHcalyuu yBennyeHus obbema TenaoHoCUTeNs NpK pasorpese ero 4o paboymnx
Temnepatyp. OxnaxpgeHue CTEHOK KOpNyca peakTopa, Kak NpaBuio, ocylecT-
BASETCA Yepe3 UMUPKYIALMIO «XOJOAHOT0» TEMIOHOCUTENS N0 3aMKHYTOMY KOH-
TYPY: YACTb TEMIOHOCUTENA U3 HAMOPHON KaMepbl Yepes APOCCesibHbIe YCTPOil-
CTBA HANPaB/AETCA B HUXKHIOKW YacTb OMOPHOTO NOsCa, NPOTEKAET B KOJIbLEBOM
3a30pe MeXAy CTEHKAMW KOpMyca, HanopHOro nosica U HapyXHoro TenjoBoro
3KpaHa, NOAHWUMAACH 40 YPOBHA NEPENUBHON KPOMKM 3KPaHa, OTKYyAA B KOHLeE
KOHL,0B MOCTYNAeT Ha BXOf, HACOCOB.
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Iaesa 1. Koncmpykyus peakmopos na 6blcmpuix HetmpoHax

[ns pemoHcTpauuu a. 3. peaktopa Tuna BH Ha puc. 1.3 npeacrasneHa cxema

pa3smeuenus TBC B peaktope BH-600.
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Puc. 1.3. Kaptorpamma pasmewenus TBC a. 3. PY BH-600 B mogenu komnnekca FEQECT

[6] (Homepa c 1 no 14), TBC 6okoBo# 30HbI Bocnpom3BogcTea (¢ 15 no 16), TBC

BHYTpUpeaKTopHoro xpaHunuwa (c 17 no 23), nakeToB UMUTATOPOB B 061aCTH
3n1eBaTopa Bbirpy3ku (24), ctepxHeit CY3: Tuna KC (25), AP (26), A3 (27) v A31 (28),

(29)

a TaKXe BHelHeN KOHCTPYKLUW KOP3UHbI a. 3. peaKTopa

1.4. OnucaHue KOHCMpyKUuu

CBBP-100

peakmopHou ycmaHO8KU

BUCMYTOBbIN TENNO-

, paCC‘{VITaHHOVI Ha CBMHLUOBO

100

AktuBHas 3oHa PY CBEP

HocuTenb, Habupaetca U3 61 yHUdUUMPOBaHHOW TennoBbigenstolwen cOopKu
[7]. AkTuBHas 30Ha cHabXeHa paguManbHbIM OTpAXaTeNeM, 33 KOTOPbIM pac-
MONOXEHbI 3aLUUTHbIE 3KpaHbl. B3aumHoe pacnonoxernue TBC B aKTUBHO 30He
obecneynBaeT CoxpaHeHMe TaM perynspHoi pewetku TBaNoB. Kaxpas TBC

15



E. @. Cenesnes
Kunemuxa peakmopogé na 6vicmpbix Heumponax

copepxuT 198 TB3/10B, 06pa3yIOLWMX TPEYroibHYI0 pelleTKy C warom 13,6 MM,
W WeCTUrpaHHYI0 KECCOHHYIO TPYOY TOMMHOM 1 MM, PaCMONOXEHHYIO B LIEHTPe
TBC Bmecto 19 ueHTpanbHbix TB3NOB. (xema pacnonoxenus TBC u npunsaTas
B pacuete Hymepaumsa CY3, a Takxe pa3melleHne BHYTPU3OHHbIX AaTUNKOB HER-
TPOHHOrO NOTOKa NOKa3aHo Ha puc. 1.4.

Puc. 1.4. CrpyktypHas cxema pa3meweHus TBC, nonoxeHne faTynKoB HEATPOHHOTO
noToKa, Hymepauus CY3

TBan npepcTaBnsfeT coboit TONNUBHbIA cepaeyHUK, HabPaHHBbIH U3 TONANUBHLIX Ta-
Gnetok guametpom 10,9 MM C OTBEPCTUEM B LIEHTPE AUAMETPOM 1,9 MM, KOTOPbIi
pasMmelyeH B YyeTbipexpebepHoil cTanbHoi 06004Ke. MaTepuan TOMIUBHbLIX Ta-
6netok — pnokcup ypaHa UO, nnoTHocTbio 10,6 r/cM’. B HukHeit YacTi TB3Na,
HenocpeaCTBEHHO CPa3y 3a TOMIMBHbIMU TabeTKaMu, pa3MelleH CTanbHOM oTpa-
aTtenb ToAWMHON 300 MM, 33 KOTOPbIM — KOMMNEHCALMOHHBIA 06beM Ans HaKo-
naeHus ra3006pasHbIx NPOAYKTOB fiefeHus oblweit janHoit 640 mM. B BepxHeii ya-
CTW TB3/1a TaK)XKe PAcnonaraeTcs CTaibHON oTpaxaresb ToiwuHoin 100 M. CBepxy
YKa3aHHble 3/1eMeHTbl KOHCTPYKLMM TB3/1a NOAXKATbI CTaNIbHOW NPYXUHOM.
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56.75

Puc. 1.5. MonepeuHoe ceyenue ctepxHeit KC, PKC, PC (a) n A3, A3 (6)

Cucrema cTepiKHelt ynpaBieHuUs 1 3aluThl COCTOMT M3 50 CTepxHeil peryampo-
BaHMs, KOTOpble Pa3MelleHbl B YeX0BbIX Tpybax B LieHTpe TenaoBblfeNsoLmnx
c6opok. B 3aBMCHMOCTH OT Ha3HAYEHUA CTEPKHU NOAPA3AENAIOTCA HA NATb TU-
nos: perynupyoume ctepxHu (PC) — 2 wr., paboune KOMNEHCUpYIOLLME CTEPXK-
Hu (PKC) — 12 wr., komneHcupytowme ctepxHu (KC) — 22 wr., cTepxHu aBa-
puitHo# 3awutel (A3) — 6 WT., CTEPXKHW JONOJHUTENbHON aBapUNHON 3aLUThl
([IA3) — 8 wt. KC npegHa3HayeHbl Af1s KOMMEHcaLum 3anaca peakTMBHOCTM Ha
Bbiropanue, PKC n PC — HenocpenctBeHHO ANA peryanpoBaHuA YPOBHA MOLL-
HocTu. CtepxkHn A3 1 [1A3 BbINONHAKT QYHKLUMIO aBapuitHON 3awwuTbl. KaHans!
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cTepxHeit 1A3 cHabeHbl NNaBKUMK 3aMKaMU, KOTOPbIE BbICBOOOXKAAIOT CTEPX-
HM NpU MOBBIEHWM TeMnepaTypbl OKpyXalolled cpefbl LO YPOBHA nopsaka
700°C, 4TO NPMBOLMT K NAJEHUIO CTEPXKHEN B aKTUBHYIO 30HY NOA COOCTBEHHBIM
BecoM. lMonepeyHoe ceyenune kaHana KC, PKC, PC nokasaHo Ha puc. 1.5a, no-
nepeyHoro ceyeHnus kaHana A3, JA3 — Ha puc. 1.56. B kauecTse nornotutens
B cTepXHsx CY3 ucnonb3yeTcs ropayenpeccoBaHHbIi kapbug 6opa naoTHOCTbIO
2,12 r/cm3: B KC, PKC 1 PC c oboraueHuem 50 macc. npou. no usotony 10B,
B cTepxHAx A3 n [1A3 — c oboraweHuem 80 macc. npou,.

[Ons BbinonHeHWs 3ajay nycKa peaktopa B aKkTtuHoW 3oHe PY CBBEP-100
(Tabn. 1.1) npemyCMOTPEHO HanUyMe PeaKTOPHbIX UCTOYHUKOB HEUTPOHOB
(7 wr.). OHK pa3melyeHsbl B LeHTpax TBC (B KeCCOHHbIX TpyOax) B LEeHTpanbHoM
TBC u B wectu TBC Ha nepudepun (cm. puc. 1.4).

Ta6nuua 1.1. OcHoBHble xapakTrepuctuku bP CBBP-100

Mapametp 3HayeHue
HomuHanbHas Tennosas MolwHocTs, MBT 280
Pasmepbl aKTUBHOW 30HBbI, CM JKBUBANEHTHbIN JuameTp —164,3,

BblicoTa — 90 cM

OnutenbHOCTb Kamnauuu, 3. 4 50 000

Temnepatypa TennoHocutens, °C:

Ha BX0Ae B a. 3. 345

Ha BbIXoae 13 a. 3. 495
KonuyecTtso TB3/10B B a. 3. 12 062
KonuuectBo BHYTPU3OHHbBIX AaTYNKOB 16

HEVITDOHHOFO NOTOKa B a. 3.

1.5. OnucaHue koHcmpykyuu BPECT O/f-300

BbicTpbIil peakTop co cBUHUOBbLIM TennoHocuTenem (BPECT) npegHasHayeH ans
paboTbl CO CBUHLOBLIM TennoHocuTeneM [8]. KOHCTPYKUMA aKTUBHOM 30HbI
(puc. 1.6), ee reoMeTpus U COCTaB JOMKHbLI 06€CneynBaTh NONHOE BOCMPOU3-
BOACTBO NJYTOHMSA B aKTUBHOM 30He, KOMNEHCUPYIOLLEe CHUXEHUE PEaKTUBHO-
CTW NPy BEIFOPAHWUU TOMMBA M HAKOMNEHUM NPOAYKTOB AA€NEeHUS, B pe3ysbTaTte
Yero rapaHTMpyetcs paboTa peakTopa no KaMnaHuu Npu MaaoM, COU3MEPUMOM
¢ B, 3anace peakTMBHOCTY, UCKNIOYAIOLEM HEKOHTPOSMPYEMBIil Pa3roH peak-
TOpa Ha MFHOBEHHBIX HEATPOHAX (CM. rnaBy 3) BCNELCTBME aBapUMHbIX OTKA30B
060pyAOBaHUs 1 OWMOOK NepcoHana.
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Iaesa 1. Koncmpykyus peakmopos na 6blcmpuix HetmpoHax
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Puc. 1.6. Konctpykuus aktusHoi 3oHbl PY BPECT O[]

OcHOBHble TEXHUYECKME XdPAKTEPUCTUKU, KOTOPbIM [0MKHA COOTBETCTBOBATH

PY npu paboTe Ha HOMUHANLHO

2. HekoTopble xapaktepuctuku PY BPECT O/

Tabnuua 1.

Xapakrepucrtuka

HoMmuHanbHas TennioBas MOWHOCTL, MBT

MakcumanbHas NAOTHOCTb MOTOKA He

cm2c?

4

B aKTUBHOU 30HE

Konuyectso TBC B a. 3.

Yucno pabouux opraHos (PO) CY3

(op1eHTUPOBOYHO):




E. @. Cenesnes
Kunemuxa peakmopogé na 6vicmpbix Heumponax

Tabn. 1.2 (npodomxeHue)

Xapakrepucruka 3HayeHue
A3 7
AP 4
KP 20
BeicoTa TonAnMBHOM YacTv TBINA, MM 1100 *
MakcumanbHas rnyGuHa BeIrOpaHus TONAKBA, % 010 *
TAXENbIX aTOMOB
MakcumanbHas nMHenHas NIOTHOCTb TENNOBOMO

o 360

noToKa Ha TBanax wWwratHbix TBC, BT/cm
MakcumanbHas noBpexgaemMocTb 060104KN TBINA, flo 150 *
CMeLeHN Ha aToM
InntenbHoCTb paboTel MeXAY Neperpy3kamu TOnaMBa [l 300
B PEXMMe YaCTUUHbIX Neperpysok, ad. cyt

* NpepnBaputenbHble AaHHblE.

Mpennonaraetcs, 4To TpeOOBaHUA K COCTAaBY aKTUBHOM 30HbI U €€ XapaKTepu-
CTUKaM [LOMKHbl COOTBETCTBOBATL AaHHbIM, NPUBEAEHHbIM B Tabn. 1.3.

Ta6nuua 1.3. Tpe6oBaHUA K aKTUBHOW 30HE W TONUBHOMY LUKNY

PY BPECT O1-300

XapaKkrepucruka 3HauyeHue
JInHenHbI pasmep mexay 175
napannensHoiMu rpaHsamm TBC, Mm
OnuHa TBC, MM, He 6onee 4300
[uametp TB3Na, MM, He MeHee 9,0
[InuHa TBana, MM, He bonee 2600
MakcumanbHas Temnepatypa .

S 650
o6onouku 183N, °C
MakcumanbHblit hntoeHc 6bICTpbIX
HEeNTPOHOB Ha 060/104Ke TB3NA, ~3,5-10% *
cM?, He Gonee
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Tabn. 1.3. (npodomxeHue)

Xapaktepuctuka 3HayeHue
Tun TonnuBa nepBoi 3arpy3ku CmelwaHHoe ypaHNAyTOHNEBOE HUTPUAHOE
Tonnueo (Pu+U)N Ha ocHoBe HU3KO(OHOBOTO
nAyTOHMA
TonnMBO aKTUBHOM 30HbI CmelwaHHoe ypaHnIyTOHMEBOE HUTPUZHOE
nocnegyowmnx 3arpy3ok Tonaueo (Pu+U+MA)N Ha ocHoBe nnyTOHMA

1 MUHOPHBIX aKTUHOMOB, BbIENEHHbIX U3
0TPabOTaBLIEro AEPHOrO TOMINBA TEMIOBbIX
peakTopos

I dheKTUBHAA NNOTHOCTL TONNBA, 12,2
Kr/M3, He MeHee

* pepBapuTensHblie faHHble.

Mpu paboTe peakTopa Ha MOWHOCTM TeMNepaTypa CBMHLOBOIO TEMJIOHOCUTENS
Ha BXOAe B aKTUBHYI 30HY cocTaBnseT 420°C, ycpegHeHHaa Temnepartypa Ha
BbIXOZE M3 30Hbl U 6oKOBOro oTpaxartens — 540°C, noforpes TenjoHoCUTENS
— 120°C, a ero makcumanbHas ckopoctb — 2 Mm/c. B cnyyae HUTpuUAHOro To-
MNI1Ba ero MaKCUManbHas Temnepatypa He fomxHa npessiwarb 1700°C, a B cny-
yae MOX-tonnuea — 2300°C. lepuop HapacTaHUA HEATPOHHOIO NOTOKA — He
meHee 30 c.

B pacueTax npu onpefeneHun [ONyCTUMbIX 3HAYEHWUI MHEAHOM MOLLHOCTY TB3-

na, mowHoctu TBC u peakTopa B LieIOM OCHOBHbIMU OrpaHMyYuBaLWLUMM hakTo-

pamu, onpegensioLMMu LLeNoCTHOCTb TB3J10B, ABNAIOTCA [ONYCTUMbIE TeMnepa-

Typa NOBEPXHOCTM 060J104KM TB3/1a U TEeMNEpPATypa CBMHLLOBOTO TEMNOHOCUTENS

Ha Bxoge B naporeHepatop (MNI). Ha ocHoBaHMM 3KCnepUMeHTaNbHbIX faHHbIX

M 3KCNEPTHbIX OLLEHOK B Ka4eCcTBe TeMNepaTypHbIX NPefienoB NOBPeXAeHUA TBI-

0B C y4eTOM (haKTOPOB NeperpeBa 060104KM ObIAN NPUHSATI:

® 650°C — 3KcnayaTaLMOHHBI Npefen no TeMnepaType o6onoyex TBINA;

® 800°C — npepen Ge3onacHoit akcnayaTauuMu no Temnepatype obonouek
TB3NA;

® 580°C — 3KkcniyaTaUMOHHbIA NpeAen no Temnepatype CBUHLA Ha BXOAe
B l;

e 620°C — npegen 6e3onacHoil 3Kcniyatauum no Temnepatype CBUHLA Ha
Bxope B [I;

e 480°C — npegpen TeMnepaTypbl CBMHLA Ha Bxoae B [LH (B ciydyae npesbi-
LWeHUs — OTK/IIOYEHMUe Hacoca);

® 350°C — MMHMManbHas Temnepartypa CBUHLA Ha Bbixope u3 M.

[lnsi pacyeTHoro mofenpoBaHus akTueHoi 3oHbl PY BPECT-0/1-300 moxkeT GbITh
MCNONb30BaHa ee MOfeNb, NpeAcTaBneHHas Ha puc. 1.7. Ha puc. 1.8 npusefeHa
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noTBaNbHasA pacyetHas mopenb TBC 3Toro peaktopa C LeHTpanbHOI CTanbHoOM
WeCcTUrpaHHOM Tpyboi 1 pa3MeLleHHON B Heil Kpyraoi Tpyboi 3aMKOBOW TATU.
KpaitHuit pag saueek mogenupyeT HapyxHbiil Yexon TBC n npocTpaHcTBO Mexay
cocepHummn TBC, 3anonHeHHoe TennoHocutenem. lpu TakoM MofenMpoBaHuUm
AYENKN KpaiHero psaa sBnsTCcA obwmuMmu ans AByx cocegHux TBC u moryt
MMeTb OT/IMYaloWMecs OT ApYrux syeek pasmepbl. TeXHONOTUA TaKOro MOLENM-
poBaHus Gbina peanusoBaHa B nporpamme METEJIb [5]. TBC c opraHamm pery-
JINPOBAHMA, UMEOW UMM GONbILYIO LIEHTPAJIbHYIO TPYOY ANs pasMelleHus B Heil
c6OpOK N3/10B, MOAENMPYETCA NOJOOHbLIM e Cnoco6oM.

Puc. 1.7. Bo3moxHas pacuetHaa mogens PY BPECT 0[1-300:
XUPHbI KOHTYp — TBC; cNNoOWHO TOHKMIA KOHTYP — AY€KW BbIeMHOT0 OTpaxarens;
MYHKTUPHBIA KOHTYP — AYENKU CTaNbHbIX KOHCTPYKLMiA
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Puc. 1.8. NoTe3anbHas pacyetHas mogens TBC PY BPECT 0[1-300
C LLeHTpaNbHoI CTanbHOI WeCTUrpaHHOM Tpy6oil

Takum o6pasom, B hefepanbHoii Lenesoii nporpamme [5] npesycMoTpeHa pas-
paboTKa peakTOpoB HOBOTO MOKONIEHUSA C PasHbIMU XKULKOMETANNYECKUMM Te-
NNOHOCUTENAMU, C YeXNOBLIMU U BecyexnoBbiMu TBC, ¢ pasmelueHnem KaHanos
ons crepxHen CY3 otaenbHo v B Kaxpoin TBC. 060cHOBaHMe 6e3onacHoCTH A
KaX[oro 13 npoeKTOB [OMXHO OCHOBLIBATLCS HA aHANM3e HECTALMOHAPHbIX
PEXMMOB PEAKTOPOB, B TOM YMCNE C NPOCTPAHCTBEHHOMN KUHETUKOI, obecneyun-
BaOLEN HOBbIE 3HAHMA N0 KAXAOMY NPOEKTY.
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MaBa 2. ®Pu3nyeckue oCHOBbl KUHETUKU
peakTopa

2.1. fJeneHue si0ep

Camblil BaXKHbIN AfepHbI NPOLECC, MPOUCXOAALMUA B ALEPHOM peakTope, —
nenetue agep [3]. B pesynbTate geneHus i-ro HyKNUAa nosiBAATCA V' HOBbIX
HeidTpoHOB. Ha puc. 2.1 npeacTas/ieHa 3aBUCUMOCTb V' OT IHEPTUM HaneTallLe-
ro HeWTpoHa A4NA HEKOTOPbIX HYKNUA0B U3 26-rpynnosoi 6ubnnotekn bHAB-93
[9], ucnonb3yemon pns pacyeToB peakTopoB HA ObICTPLIX HEMTPOHAX U UMetD-
leit 6onblyo UcTopuio ceoero passutus [10; 11].

23 : ‘ ‘ ‘ : : ‘ ‘ ‘ !
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Puc. 2.1. Yncno HeMTPOHOB ieNeHUA OT IHEPrUM HaneTalLWwero HenTpoHa

0TMETMM, 4TO V/, yMEHbLWAACh C NafIEHUEM 3HEPrUN HENTPOHOB, B PE30HAHCHOM
obnactu B 6ubnuoteke bHAB-93 nouTi He yYNUTLIBAET PE30OHAHCHYIO CTPYKTY-
py [9]. 310 06CTOATENLCTBO CBA3AHO C UCNOJb30BaHUEM 3TON GUBAUOTEKN ANs
pacuyetoB BP, rae gons TennoBbix HEATPOHOB B CMEKTPE PeakTopa HUYTOXKHO
mana. Mpu nepexoae oT 26-rpynnoBoi 6MGANOTEKN ceyeHuit kK 299-rpynnoBon
pe30HaHCHas CTPYKTypa Yncna HeMTPOHOB fiefleHNs CTaHOBUTCA 3aMeTHOI ans
2%Py (puc. 2.2).
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Ihasa 2. Qusuueckue 0CHOBbL KUHEMUKU peakmopa
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Puc. 2.2. Yncno HeNTPOHOB AeNeHMSA OT IHEPIUM Aenawero HenTpoHa ans 25U un #°Pu

B 6ubnnoteke POCOOH]] pe3oHaHcHas 3aBucuMOCcTb V' npueoantcs ana 2°Pu
[12; 13] (cM. puc. 2.3 u3 gaHHbix 6ubanotek ENDF/B-VIL, JEFF-3.1, JENDL-3.3
n FREHAUT-73 [14—17]); oHa obycnoBneHa AByMa (aKTopaMmu: BO-NEpPBbIX,
3aBUCUMOCTbLIO 3TOW BENMYMHBI OT KaHaNOB [AeNeHus, BKNaAbl KOTOPbIX B pa3-
HbIX Pe30HaHCaX Pa3/iMyHbl, BO-BTOPbIX, 3aBUCMMOCTbIO OT HaNMyKUA npouecca
(n, yf )-BeneHns, NpOUCXOAALLErO NOCAE UCTYCKAHWA OfHOMO UK AByX doTo-
HOB, YHOCALMX HE CAUWKOM 60MblIYIO0 3Hepruio. B 6ubnanoteke POCOOH[ u3 cy-
wecTeylouMx oLeHoK v\ ana 2°Pu B3aTa oueHka 6ubnnoteku JEFF-3.1 [13].
Ons oueHkun 3pdeKTMBHOCTU Jenslerocs HyKNMAa B peakTope BaxHa Benu-
YMHA CPeAHero Yyucna HelTPOHOB AeNAWEroca HyKAUAa Ha OLHO MOroleHue
B HeMm

roe c} — MUKpOCEYEHUE [eNeHUs i -ro HYKIMAA; G. — MUKpPOCeYeHue 3a-
xBara i -ro Hyknuaa; o’ =o. /o,

MpumepHoe W3MeHeHWe 3aBMCMMOCTU COOTHOLIEHWS BEPOATHOCTM 3axBaTa
N geneHns o ANA HEKOTOPbIX AENAWMXCA HYKNUA0B B 3aBUCUMOCTM OT 3HEP-
TMWU HETPOHOB NPEACTaBEHO HA pUC. 2.4.

Ons nemMoHCTpaumm «CrnaXknBaeMoCTu» rpynnoBbiX NapamMeTpoB Ta e BeNYu-
Ha o' npuBefeHa Ha puc. 2.5 ANA OCHOBHBIX AENAWMXCA HYKANA0B 233U u 2Py
L1158 MynbTUrpynnosoro (299 rpynn) npubanxeHus.
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Puc. 2.3. NoBepfeHue v 2°Pu B 0651aCTH paspelleHHbIX Pe30HaHCOB

Kunemuxa peakmopog na 6vbicmpuix Helimponax

E. @. Cenesnes
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Tasa 2. Qusuueckue 0CHOBbL KUHEMUKU peakmopa
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Puc. 2.4. 3meHeHne 3aBUCUMOCTM COOTHOWEHMSA BEPOATHOCTI 3axBaTa 1 geneHus o
OT 3HEpruM HeTPOHOB A1 HEKOTOPBIX AENALMNXCA HYKANAOB MO faHHLIM MHOTOFpYNMo-
Boi (28 rpynn) 6ubnuotekn bHAB-93
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—a (235U) —a (239Pu)

Puc. 2.5. N3meHeHMe 3aBUCUMOCTH COOTHOLIEHNA BEPOATHOCTU 3axBaTa U AeneHusn

0’ 0T 3Heprm HeitTpoHoB Ans 23U 1 29Pu no gaHHbIM MyNbTMIPYNNOBOi (299 rpynn)
6ubnuotekn bHAB-93

Ha puc. 2.6 npeacrasjieHa 3aBUCUMOCTb CpefHero yucna HEVITpOHOB ANnA He-
KOTOPbLIX AenAawnxca HyKnnaos Ha OAHO nornoweHue B HUX U3 26-prﬂ|’IOBOVI
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Bepcumn 6ubnanotekn BHAB-93, a Ha puc. 2.7 Ta e 3aBMCMMOCTb NOCTPOEHA Ha
6ase MynbTUrpynnoBoii Bepcum 6udnnotekn bHAB-93.

T_li

4

3,5 1

25 ~ /\VA / //

N

1 ! ! ! ! ! ! ! . . E,9B
1,00E-02 1,00E-01 1,00E+00 1,00E+01 1,00E+02 1,00E+03 1,00E+04 1,00E+05 1,00E+06 1,00E+07 1,00E+08

——n(235U) —n(239Pu) — n(241Pu) —n(233U)

Puc. 2.6. 3aBUCMMOCTb CPELHErO YNCIA HENTPOHOB HA OJJHO MOT/IOWWEHME B AENSALIEMCS

HYKNWge 1) OT 3HEprumn HeTPOHOB A1S OCHOBHbIX AENALMXCA HYKNMA0B N0 AAHHBIM
MHororpynnoso# (28 rpynn) 6ubnuorekn bBHAB-93
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Puc. 2.7. 3aBUCMMOCTb CPEAHETO YMCNA HEHTPOHOB HA OFHO MOTNOWEHMUE B AeNAWEM-

€A HyKnuge 1)’ 0T aHeprun HeliTpoHos ans 2°U u 2°Pu no faHHbIM MyNbTUrpYNnoBoi
(299 rpynn) 6u6nuotekn BHAB-93
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Ihasa 2. Qusuueckue 0CHOBbL KUHEMUKU peakmopa

2.2. 3ana3obiearoujue HelimpoHbI

B cpegHeMm npu geneHuu i -ro HyKnupa vp’ HEeWTPOHOB NOABAAIOTCA NpaKTUye-

CKW MFHOBEHHO CO CMEKTPOM AefeHNUs AaHHOr0 HyKnuaa X pl (E) Moatomy 3TH
HeUTPOHbI Ha3bIBAOTCA MTHOBEHHbIMU (prompt) HeliTpoHaMu feneHus. Bpems
X NOABAEHWA COOTBETCTBYET BpeMeHn aeneHus — meHee 10~ c. OcTanbHble
Vv, HETPOHOB NoC/e AeneHus 3TOro HyKAUAA NOABNSIOTCA HECKOJIbKO NO3XeE,
B pe3y/ibTaTe pacnaja HeKOTOPbIX MPOAYKTOB ie/IeHMs, U Ha3blBaOTCA 3anasfbl-
Batowmmu (delay). Mpu geneHnn HekoTopble NPOAYKTbI AeNIEHNUS CUIbHO nepe-
rPYeHbl U36LITOYHBIMU HEUTPOHAMM B CMbIC/IE YCTOMYMBOCTYU JEP STUX HYKNU-
£0B [3] 1 COOTBETCTBEHHO CUNbHO BO30OYKAeHbI. [lepexon 13 BO3OYXAEHHOrO
B YCTOIYMBOE COCTOAHUE TAaKUX AAEP OCYLIECTBIAETCA, Kak NPaBuUIo, NyTeM Nno-
CnefoBaTeNbHbIX aKTOB 6eTa-pacnaja. B pesynbtate Kaxforo Takoro pacnaga
HEeWTPOH NepexXoAnT B MPOTOH, TAK YTO YMCII0 HYKNOHOB B ifpe coxpaHseTcs. Ho
HeKOTOpble NPOAYKTHI AeNeHUs MOTYT NepeiTH B YCTOMYMBOE COCTOSIHUE NYTEM
W3ny4YeHUs M3OLITOYHOrO 3anasgblBawoliero HedTpoHa. [POAyKTb AeneHus,
CnocoGHble M3Ny4aTh TaKUE HENTPOHbI, HA3bIBAIOTCA NMPEALECTBEHHUKAMK 3a-
nasfbiBaolLnx HeilTpoHoB. Ha puc. 2.8 npefcTaBneHbl HOPMUPOBAHHBIA Ha 2
W30TOMHBIN COCTaB NPOAYKTOB AeneHus 235U v pons npepwecTBeHHUKOB 3a-
nasnbiBaolLnX HeTPOHOB cpepu Hux [13]. HopmupoBka Ha 2 cBs3aHa C TeM,
4YTO NpU AENEHUM B CpefHeM 06pa3yioTca 1Ba OCKONKA. Jlerkue sapa nosBAsioT-
Cs B pe3sysbTaTe TPOHOrO AENEHUS, T. €. [OCTaTOYHO PefKOro CobbiTus, Koraa
nocse AeneHus sapa nosBNAOTCA TPU OCKOJIKA.
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NpOAYKTbLI AeneHns NpeALIeCTBEHHUKN 3anasablBatoLLyX HeNTPOHOB

Puc. 2.8. HopMupoBaHHbIi Ha 2 BbIXOA NPOAYKTOB fefleHUs U NPealecTBEHHUKOB 3a-
nasgblBaloWnUx HENTPOHOB NpH feneHun 235U HeilTpoHamMm B BbICTPOM peakTope
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N3 puc. 2.8 BMAHO, YTO NUIWb HEBONbIWAA YACTb NPOAYKTOB AeNeHUs — 3T0
npeAlWecTBEHHNKN 3ana3abliBalolLuX HENTPOHOB, NPUYeM NpepLecTBEHHUKN 3a-
nasabiBatolLUX HETPOHOB MMEIOT aTOMHOe Yncno He 6onee 150. Bpems 3anas-
AbIBAHNA CBA3AHO C PacnafoM HYKAUAOB NpeflecTBEHHUKOB TaKUX HENTPOHOB
 onpefenseTca nepuoAom ux nonypacnaga 7' =1n2 /A’ . 3aecs A/ — nocro-
fiHHaA pacnaga J -i rpynnel npefWecTBeHHNKOB I -ro Hyknuaa. Mepunogel no-
nypacnapga npeplwecTBeHHUKOB 3ana3fbliBalolnx HENTPOHOB CYLECTBEHHO npe-
BbILAIOT BPEMA NOABNEHNA MTHOBEHHbIX HENTPOHOB W COCTABAAIOT BENUYUHBI OT
Aonei cekyHAbl A0 [ECATKOB CEKYHA ANA pa3HbIX npefwecTtseHHUKoB. [pu pe-
WWeHWN ypaBHEHU nepeHOCca HENTPOHOB (CM. pa3fen 3) NpealecTBEHHUKN 3a-
nasabliBaolLUX HEHTPOHOB (MX Yncno cTpeMutcs K 200) NpUHATO 06BEANHATDL
B HECKOJIbKO Fpynn, KaX Ao 13 KOTOPbIX NPUNUCHIBAIOT CYMMAPHbI BbIXOA HEl-
TPOHOB W HEKOTOPOE CpefiHee 3HaYeHue ana nepuofa noaypacnaga. Yucno ta-
KWUX rpynn nopbupaeTcs U3 CTPEMJIEHUS MaKCMManbHO TOYHO OnucaTb Cylle-
CTByIOlWME B IKCNEPUMEHTaX BpEMEHHble 3aBUCUMOCTM  UCMYCKaHUA
3anasfblBaloLLUX HeUTPOHOB NPU fleNeHN PacCMaTPUBAEMOro B 3KCNEepUMEHTe
appa.

[lo HepaBHero BpemMeHu B NPaKTMKe pacyeToB MCMNONb30BANUCH WeCTb rpynn 3a-
na3/fblBaloLUX HENTPOHOB, KAXA0N U3 KOTOPbIX MPUNUCLIBAETCA ONpeAeNneHHas
KOHCTaHTa cnapa (kak nepuog nonypacnaga). CerogHs B Mupe WHUPOKO pacnpo-
CTpaHeHbl B OCHOBHbIX BEPCUM AaHHbIX. MepBas nonyyeHa Kunuxbim [19] Ha
OCHOBE OLeHKU MHTerpanbHblX JaHHbIX — KPUBbLIX CNaja HEMTPOHHON aKTUB-
HOCTM 06pa3Li0B, 06/1yYEHHbIX HEUTPOHHBIM UMMYNILCOM, aNMPOKCUMUPOBABLIUM
KpUBYIO CNafa HEATPOHHON aKTUBHOCTU HECKONIbKUMU IKCMOHeHTamMu. Bropas,
anbTepHaTUBHAA BEPCUA HA OCHOBE OLEHKWU OTHOCUTENbHbLIX A0EN U NOCTOAH-
HbIX pacnaga rpynn 3anasfblBalolmx HeTPOHOB BbinonHeHa bpaau n UHrnaw-
[OM Ha OCHOBE annpoKcMmaLuu NPpOCYMMUPOBAHHbLIX BKNagos 271 npeplue-
CTBEHHMKA 3ana3fblBalowWwux HeMTpoHoB [9].

Tak, B Bepcusx 6MGIMOTEK OLLEHEHHbIX JAHHbIX MPUHATDI:

e BJENDL-3 — paHHble KunuHa (HeCcKonbKo oTnnvarlwmuecs ans geneHus te-
NNOBLIMU U ObICTpbIMU (E > 2 MoB) HeliTpoHaMu;

e B ENDF/B-VI — paHHble bpagu u WHrnavga [9].

B cucteme koHctaHT BHAB-93 [9] ans 0CHOBHBIX HYKIWAOB NPUCYTCTBYIOT 06a

BapuWaHTa, a 1A NPOYUX HYKNMAO0B NPUHATHI faHHble bpagu n NHrnaHpa.

NHTEHCMBHOCTb MCMYCKaHWA 3anas3fblBalownx HeWTPOHOB, MpUHALNEKALNX
3HepreTMYECKON rpynne g, Yyepes BpeMs ¢ MOC/IE UMNYIbCa AeNEHUI paccMa-
TPMBAEMOTO M30TONA NPeACTaBAAETCA B BUAE

S, (1)= deZajxg’g exp(—k‘jt) (2.1)
=
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rae F — 4uCio feneHnii B UMNyNbCe; vV, — YUCIO 3anasfblBalolnx HenTpo-
HOB AieNeHUs; a, — MRONS ITUX HEATPOHOB, MPUHAANEKaWas ; -it rpynne 3a-
NasablBaloOWNX HEMTPOHOB; ¥, — 3HEPreTMYECKUil CNEKTP 3anaspbliBaloLmx
HEMTPOHOB j -i rpynnbl; A, — NOCTOAHHAA pacnaja pns j -i rpynnel npes-
LEeCTBEHHUKOB.

YTo KacaeTcs nepuopoB nonypacnaga npeplecTBEHHUKOB 3anasfbiBaloLyux

HEHTPOHOB ; -it Tpynnbl i -ro HykAuAa Tj' B WECTUrpynnoBoMm npubnuxe-
HUM W MPW COOTBETCTBYIOLMX MOCTOSIHHBIX pacnafa 7»’/ WHAWBUAYANbHbBIX AN
KQXX[Oro fensierocs HyKNUAa, To AAs CMeCU HYKIMZOB B 3TO Mofenu npeg-
CTaB/IEHWA 3ana3fbiBalolnX HENTPOHOB BCTAeT BOMPOC O KAYeCTBEHHOM yyeTe
pacnaga npejlecTBeHHUKOB BCex Agep. TOYHOE pelleHne CBA3aHO C OTCNEXMU-
BaHWEM BCeX rpynn pacnaja Bcex AeNALMXCA HYKIUAO0B, YTO BEAET K yBenanye-
HUIO TPYNN 3ana3fbiBalOWNX HENTPOHOB BBEAEHWEM [0 NPOM3BEAEHUs yucna
FPYNN KaXAoro Aenswerocs HyKaupa Ha ux uucno. MpubnmxeHHoe pelexune
CBA3aHO C yCpeJHEHMEM NEPMOJOB NoJypacnaja NpeallecTBeHHUKOB 3ana3gbl-
BaIOIWNX HENTPOHOB; (HU3UYECKNI CMBICA 3TOFO YCPEeAHEHUA — OnpeAeneHue
cpepHero nepuoga nojypacnaja AaHHoOM rpynnbl NpefwecTBEHHUKOB A8 BCEX
LEeNsALWMXCA HYKNUL0B:

J.drz Ty, (r)a, z\/gci ("¢ (r)
T = i _ g ,
T @Y Y vios (ef ()

(2.2)

roe aj. — OTHOCUTE/IbHbIA BbIXO/ 3aNa3fbiBaOUNX HEUTPOHOB; y,(7) — KOH-
LeHTpauma I -ro HyKAMAa B OKPECTHOCTU TOYKKU 7 ; @ () — NNOTHOCTb NOTOKA
HETPOHOB B TOYKE 7 peaKTOpa IHepreTMyeckoi rpynnel g .

OueHKa NorpelwHOCTH TaKOro yCpeaHEHMS, KaK NpaBuao, aBTOpaMu He NpUBO-
autcs [18].

Tak Kak 3 deKTMBHbIE Nepuoabl Nonypacnaaa ans rpynn npefecTBeHHUKOB
3anasfblBalolMX HENTPOHOB B LECTUIPYNNOBOM MNpeAcTaBieHUN ABAAIOTCSA
Pa3NMYHBIMU AN Pa3HbIX AENAUMUXCA AAep, TO C HefaBHEro BpemeHu 6bino
npeanoXeHo 8-rpynnoBoe onucaHue 3anasfblBalolMX HEATPOHOB — TaKoe,
NPy KOTOPOM OT [eNsieroc HeMTPOHa 3aBUCAT TONbKO BbIXOAbl KAXA0W W3
BOCbMU Fpynn NpefLecTBEHHUKOB NPy CTPOroil puKcaLmm nepuoaos noaypac-
nafa B Kaxgou rpynne [13].

PekoMeH[L0BaHHbIE 3HAYEHUA [N YMCIA 3aNa3LbIBAOLNX HENTPOHOB B CUCTE-
me BHAB-93 [9] npepcTaBneHs B Tabn. 2.1.
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Ta6nuua 2.1. PekomeHA0BaHHbIE 3HaYeHUA v; B cucreme bHAB-93 [9]

Hyknup VZ Vlf Hyknup VZ Vlf
ZoTh | 078:20% | 047425% | Pu 0,65¢4% | 0,42+5%
“oTh 1,63+20% | 0,98+25% ‘5 Pu 0,9048% | 0,60+8%
Th 53045% | 2,9045% PU | 150410% | 0,80£7%
“iPa 1,09+10% | 0,65+20% ‘o Pu 2,10+20% | 1,20+20%
U 051+15% | 0,30£20% | AM | 045:10% | 0,27+20%
U 070+6% | 042+7% | ~oAM | 065:15% | 0,39+20%
U 105+410% | 0,62412% | ‘oAM | 095:20% | 0,57+25%
U 166£3% | 093:3% | eCM | 0,21420% | 0,13+25%
WU 2,20410% | 1,30+15% %eCm 0,44+20% | 0,26+25%
U 3,20410% | 1,90425% | oeCM | 0,63+15% | 0,38+20%
U 450£4% | 2,70£4% WCf | 028+15% | 0,17+20%
2 Np 1,08+10% | 0,65£20% Cf 0,59+20% | 0,35+25%
OND | 147420% | 088+25% | eES | 057+20% | 0,34£25%
s Pu 047+10% | 0,28+20% | 100FM | 0,26£20% | 0,16+25%

anMeanMe. V; — YUCNO 3ana3fbiBaoLnx HeﬁTpOHOB npu geneHnu TennoBbiMn Hen-

14 ~ o
TPOHaMK, V, — YUCNO 3ana3/blBaloLMX HENTPOHOB NpU fieNeHnn BbICTPLIMU HEATPO-
Hamu ¢ aHepruen 14 MaB.

B tabn. 2.2 npencrtaBiaeHbl AaHHbIE NO 3ana3fblBalOWnMM HeVITpOHaM B Pa3HbIX
CncTemax KOHCTaHT Ana HEKOTOPbIX HYKIUAO0B.
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Ta6nuua 2.2. laHHble no 3anasabiBaowmm HeidTpoHam ENDF/B-VII u BHAB-93
(Ans vf, B JHEpreTUYeCKUX MHTEpPBaNax — JIMHENHaA 3aBUCUMOCTD)

ENDF/B-VII BHAB-93
Hyknup MocToAHHaA v MocTtosAHHaA Vi
pacna?g JHeprusa, 3B d pacnag,_a} JHeprus, 3B d
J’ J’

B5y 1,2491E-02 | 1,0000E-05 | 1,5850E-02 | 1,270E-02 | 1,0000E-05 | 1,660E-02
3,1824E-02 | 2,5300E-02 | 1,5850E-02 | 3,170E-02 | 5,0000E+06 | 1,660E-02
1,0938E-01 | 5,0000E+04 | 1,6700E-02 1,150E-01 | 7,0000E+06 | 9,300E-03
3,1699E-01 | 4,0000E+06 | 1,6700E-02 3,110E-01 | 2,0000E+07 | 9,300E-03
1,3540E+00 | 7,0000E+06 | 9,0000E-03 1,400E+00
8,6364E+00 | 2,0000E+07 | 9,0000E-03 3,870E+00

238 U 1,2494E-02 | 1,0000E-05 | 4,4000E-02 1,320E-02 | 1,0000E-05 | 4,500E-02
3,0255E-02 | 4,0000E+06 | 4,4000E-02 | 3,210E-02 | 5,0000E+06 | 4,500E-02
1,1594E-01 | 9,0000E+06 | 2,6000E-02 | 1,390E-01 | 7,0000E+06 | 2,700E-02
3,4148E-01 | 3,0000E+07 | 2,6000E-02 | 3,580E-01 | 2,0000E+07 | 2,700E-02
1,3186E+00 1,410E+00
9,9790E+00 4,020E+00

29py 1,2481E-02 | 1,0000E-05 | 6,4500E-03 | 1,290E-02 | 1,0000E-05 | 6,500E-03
2,9947E-02 | 4,0000E+06 | 6,4500E-03 3,110E-02 | 5,0000E+06 | 6,500E-03
1,0716E-01 | 7,0000E+06 | 4,3000E-03 1,340E-01 | 7,0000E+06 | 4,200E-03
3,1762E-01 | 2,0000E+07 | 4,3000E-03 3,310E-01 | 2,0000E+07 | 4,200E-03
1,3524E+00 1,260E+00
1,0691E+01 3,210E+00

#py 1,3329E-02 | 1,0000E-05 | 9,0000E-03 | 1,290E-02 | 1,0000E-05 | 9,000E-03
3,0510E-02 | 4,0000E+06 | 9,0000E-03 | 3,130E-02 | 5,0000E+06 | 9,000E-03
1,1516E-01 | 7,0000E+06 | 6,1500E-03 1,350E-01 | 7,0000E+06 | 6,000E-03
2,9740E-01 | 2,0000E+07 | 6,1500E-03 3,330E-01 | 2,0000E+07 | 6,000E-03
8,4766E-01 1,360E+00
2,8796E+00 4,040E+00

241Pu 1,3599E-02 | 1,0000E-05 | 1,6200E-02 1,280E-02 | 1,0000E-05 | 1,500E-02
2,9966E-02 | 4,0000E+06 | 1,6200E-02 2,990E-02 | 5,0000E+06 | 1,500E-02
1,1673E-01 | 7,0000E+06 | 8,4000E-03 | 1,240E-01 | 7,0000E+06 | 8,000E-03
3,0691E-01 | 2,0000E+07 | 8,4000E-03 | 3,520E-01 | 2,0000E+07 | 8,000E-03
8,7010E-01 1,610E+00
3,0028E+00 3,470E+00

2 Am 1,3338E-02 | 1,0000E-05 | 4,2700E-03 | 1,330E-02 | 1,0000E-05 | 4,500E-03
3,0798E-02 | 4,0000E+06 | 4,2700E-03 | 3,080E-02 | 5,0000E+06 | 4,500E-03
1,1305E-01 | 7,0000E+06 | 2,4180E-03 1,130E-01 | 7,0000E+06 | 2,700E-03
2,8677E-01 | 3,0000E+07 | 2,4180E-03 2,868E-01 | 2,0000E+07 | 2,700E-03
8,6536E-01 8,654E-01
2,6430E+00 2,643E+00
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BenuunHa v/, cuMTaetcs 3aBUCALEN OT SHEPTMM HANETAKWMUX HENTPOHOB. 3a-
BMCMMOCTb BbIPAXAETCA JIMHEHHO NOCTOAHHON yHKUMEN oT 3Heprun. Hanpu-
mep, B cucteme bBHAB-93 gnsa Bcex HyKNMpoB:

npu E > 7 MaB v, =Vv';
npuE < 5 MaB v, =v1;

npu S MoB > E > 7 MsB v | (E, )=V} +(E,-5)(vi -vi )/ 2,

roe E — 3Heprua HeWTpoHa, MaB.

B nutepatype npeanaraeTcs oTnMYaTh HECKOMBKO [ONEN 3ana3fblBaloWmnx Hen-
TpoHoB. OfHa U3 HUX B; — pons J -t rpynnel 3anasgbiBaloliux HEATPOHOB NpK
AeNeHnn i -ro HyKnAaa — Hen3MeHHa BO BPEMeHU B KaXA0M KOHKPETHO TOY-
Ke peakTopa M xapaKTepusyeT npoueaypy AeneHus faHHOro Hyknuaa. ycpea-
HEHHas C BECOBbIMU (DYHKLMAMU MO 06bEMyY peakTopa BenuuuHa B moxer
M3MEHATbCA BO BPEMEHW B 3aBUCUMOCTMU OT U3MEHEHUS BECOBOW (DYHKLMU NpU
ycpeaHeHuu. Kak npaBuno, Takumu (GYHKUMAMKM CAyKAT NAOTHOCTb MOTOKA
M LEHHOCTb HEUTPOHOB.

HekoTopble uccnefoBateny BblAensaoT QU3NYECKYID AONI0 3anasfblBalowWmnx
HEeATPOHOB 3, — OTHOLUEHWe NHTErpanbHOM NO peakTopy CKOPOCTU reHepaLmm
npejlwecTBEHHWKOB 3ana3fblBalolLUX HEATPOHOB [ENEeHUA K WHTErpanbHow
CKOpOCTYM FreHepauumu HeMTPOHOB fieneHus B peaktope [18]:

[dEdrv, = ¢ (E,r,t)
" [dEdrvE 0Bt

p (2.3)

e v, =v,+v,.

[ns ocmbicneHna HecTauMoHapHbIX NPOLECCOB UMEET CMbIC ONpefenuTb Apy-
ryio BenYnHy — Biw,j(”, t), BONIO 3aNa3AblBaAOWMX HENTPOHOB i -1 rpynnbl i
-r0 HyK/IMAA N0 OTHOLWEHMWIO KO BCEM HEMTPOHAM 3TOr0 HYK/IWMA], NOABNAOLWNM-
CAA BTOYKE 7 B MOMEHT BpeMeHU ¢ . TaKylo BeNMYmnHy 6yaem Ha3biBaTb MTHOBEH-
HOM (MOMeHTanbHOI) foneli 3anas3fbiBalolWwnx HEHTPOHOB, COOTBETCTBYIOLEN
MOMEHTY BPEMEHMU £ .

) A (r, 1)
er,j (r,0)= 1 — — — > (24)
- [dEV,Z o, 7, 1)+ ijcj (r, 1)
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roe Cj- (7,1) — KOHLEHTpaLUs NPeLLECTBEHHUKOB j -if rpynnbl I -ro HyKIUAa;
3HamMeHaTeslb ONpefensieT CKOpPOCTU 06pa3oBaHWUA HEMTPOHOB B TOUKe 7 OT
KOHKPETHOrO I -r0 HyKAWAA B AaHHbIA MOMEHT BPEMEHH, @ YNCIUTENb — CKO-
pocTb 06pa30BaHUsA 3ana3fblBalolLMX HEUTPOHOB OT 3TOrO e HyKnuga; k, —
KO3 OULMEHT, y4UTbIBAIOLMIT JOMI0 HENTPOHOB AeNeHUA CPeAn BCeX HelTpo-
HOB peakTopa (cM. pasgen 3).

Mpu WHTerpupoBaHUM NO NPOCTPAHCTBY PeaKkTopa MOAYYUM WHTErpanbHyto
OLleHKY

) dar\'.c'(r, 1)
B (1) =~ : J — — (2.5)
- [drdEv, = o(E, 7, 1)+ [dr 1ic (r, 1)
n fnanee, C y4eTom BCEX HYKNNAO0B,
[ary 1iei(r, 1)
B, @)= " ,  (2.6)

kls | drdEZ VL EL(E, 7, 1)+ jdrzi“zj‘,x;c; (r, 1)
ntorpa B, (¢) = ZBM ().

Takum 06pa3oM, B HeCTaLMOHapHbIX Npoleccax Npu HensmeHHocTn B 3Haue-
uue B,, () moxeT usmenaTbca Ha untepsane (0, 1). B cTaumoHapHoM cocTos-
Hum B, (1) pasusetcs P

B 1abn. 2.3—2.5 npeAcTaBneHbl HEKOTOPbIE XapaKTePUCTUKM 3anasfbiBatoLmnx
HEMTPOHOB /151 PEAKTOPOB Ha GbICTPbIX HEMTPOHAX.

Ta6nuua 2.3. OTHOCUTENIbHBIN BbIXOA 3aNa3AblBaOLWUX HEATPOHOB aj, BbHAB-93

['pynna 235y 238 #9Ppy 20py #1py 241Am
1 0,0380 0,0130 0,0380 0,0280 0,0100 0,0355

2 0,2130 0,1370 0,2800 0,2730 0,2290 0,2540

3 0,1880 0,1620 0,2160 0,1920 0,1730 0,1563

4 0,4070 0,3880 0,3280 0,3500 0,3900 0,3364

5

6

0,1280 0,2250 0,1030 0,1280 0,1820 0,1724
0,0260 0,0750 0,0350 0,0290 0,0160 0,0454
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Ta6nuua 2.4. OTHOCUTENbHbIN BbIXOA 3aNa3AbIBAOWMX HEUTPOHOB aj. ENDFBVII

Mpynna 235 238 29py 240py 21py #1Am
1 0,03197 0,01034 0,03308 0,03197 0,01805 0,03553

2 0,16637 0,11481 0,26806 0,25290 0,22430 0,25399

3 0,16131 0,12780 0,18710 0,15082 0,14261 0,15632

4 0,45965 0,45183 0,39074 0,33006 0,34925 0,33638

5

6

0,13350 0,23350 0,10395 0,17954 0,19758 0,17239
0,04720 0,06168 0,01704 0,05471 0,06821 0,04539

Ta6nuua 2.5. 0THOCUTENbHBIN BbIXOA 3aNa3AblBalOLWMNX HEHUTPOHOB a’}
BbHAB-93 — 8 rpynn

rpynna 235U 238U 239Pu 240Pu 241Pu 241Am
1 0,0328 0,0084 0,0319 0,0220 0,0158 0,0340
2 0,1539 0,1040 0,2270 0,2069 0,1751 0,2380
3 0,0913 0,0375 0,0826 0,0795 0,0553 0,0612
4 0,1969 0,1370 0,1820 0,1610 0,1701 0,1820
5 0,3308 0,2940 0,2941 0,3139 0,2801 0,3049
6 0,0902 0,1980 0,0816 0,1050 0,1661 0,1060
7 0,0812 0,1280 0,0722 0,0793 0,1130 0,0384
8 0,0229 0,0931 0,0185 0,0325 0,0245 0,0356

[ns Kaxpoi peakTOpPHON YCTaHOBKW 3 eKTUBHbIE XapaKTEPUCTUKM 3ana3fbl-
BalOWMX HEUTPOHOB MMEIOT CBOM 0cobeHHocTH. B Tabn. 2.6—2.10 npepcras-
NeHbl HEKOTOPbIE UX UHTErpanbHble XapaKTepPUCTUKK AA UCXOZHOTO COCTOAHMA
GbicTpoit KpuTHYeckoii coopku BOC-105-2 [20]. 3Ta cbopKa npeacTaBasna co-
60W UMAMHLPUYECKYIO aKTUBHYIO 30HY BbICOTO 0K010 40 CM 1 BABOE 60/bWINM
avnameTpom ¢ MOX-TonnAnMBOM, OKPYIKEHHYIO TONICTbIM CI0EM 30Hbl BOCNPOU3BOA-
cTBa U3 0befiHeHHOrO ypaHa. B atoit cbopke ctepxHu CY3 cogepxanu B cebe
COCTaB, aHanoruyHelh TBC aKTMBHOW 30HBI, HO Haj, HUM WMenach 30Ha C no-
rnotutenem. Takum 06pa3om, Npu ABUIKEHUW CTEPXKHSA He TONIbKO NOTNOTUTEND
BXOAWN B aKTUBHYIO 30HY, HO U TOMAWBHbIA COCTaB CTEPIKHA NOKNAAN aKTUBHYIO
30HY 1 onycKancs B 061acTb HUXHe 30Hbl BOCMPOU3BOACTBA. 3T0 06CTOATENb-
CTBO 3aCTaBAAN0 MOLENWPOBAaTb NepemelleHne NornoTUTens, TONNMBAa U KOH-
LleHTpaumit npeplecTBEHHUKOB 3ana3AbiBatoLW X HeTPOHOB.
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Ta6nuua 2.6. UHTerpanbHblie XapaKTepUCTUKMN 3ana3fbiBaloLUX HENTPOHOB
B®C-105-2 u3 pacueta no Komnnekcy FEDECT[6]

BHAB-93 ENDF/B-VII 8 rpynn A (Scffy””)'

Lc 3,4236305E-07 | 3,4233686E-07 | 3,4235988E-07

befi(1)  |9,2345438E-05 | 7,6219877E-05 | 7,1453364E-05 |  0,0125
befi(2)  |7,7466059E-04 | 6,7729921E-04 | 6,2768915E-04 |  0,0283
befi(3)  |7,2623896E-04 | 5,7771244E-04 | 2,2609539E-04 |  0,0425
befi(4) | 1,4713489E-03 | 1,6471940E-03 | 6,3800501E-04 | 0,130
befi(5)  |7,0246910E~04 | 6,8850605E-04 | 1,2227131E-03 |  0,2925
befi(6)  |2,3350825E-04 | 1,6920369E-04 | 6,2678577E-04 |  0,6665
befj(7) 43946630E-04 |  1,6348
befj(8) 2,6501393E-04| 3,546
beff 4,0006612E-03 | 3,8361353E-03 | 4,1172220E-03

Ta6nuua 2.7. IpdeKTUBHbIE XapaKTEPUCTMKM 3ana3abiBaOLUX HEUTPOHOB B;,cf

B®C-105-2 no rpynnam u no Hyknupaam ana bHAB-93

235U

238U 239Pu 240Pu 241Pu 241Am Z‘

1 |5,179E-06

3,011E-05 | 5,629E-05 | 7,197E-07 | 1,797E-08 | 1,919E-08 | 9,2345438E-05

2 | 2,938E-05

3,194E-04 | 4,182E-04 | 7,048E-06 | 4,134E-07 | 1,384E-07 | 7,7466059E-04

3 | 2,585E-05

3,750E-04 | 3,201E-04 | 4,951E-06 | 3,119E-07 | 8,451E-08 | 7,2623896E-04

4 | 5,714E-05

9,134E-04 | 4,908E-04 | 9,136E-06 | 7,119E-07 | 1,837E-07 | 1,4713489E-03

5 | 1,786E-05

5,271E-04 | 1,538E-04 | 3,333E-06 | 3,314E-07 | 9,390E-08 | 7,0246910E-04

6 | 3,636E-06

1,766E-04 | 5,251E-05 | 7,568E-07 | 2,920E-08 | 2,485E-08 | 2,3359825E-04

2 | 1,390E-04

2,342E-03 | 1,492E-03 | 2,594E-05 | 1,816E-06 | 5,445E-07 | 4,0006612E-03
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Ta6nuua 2.8. I heKTMBHbIE XapaKTEPUCTMKU 3aNa3AblBaOLUX HEHTPOHOB ﬁ;,ef
B®C-105-2 no rpynnam u no Hykanpam ana ENDF/B-VII

235U

238U

239Pu

ZAOPU

241Pu

241Am

P

1 | 4,336E-06

1,386E-04

4,864E-05

8,221E-07

3,502E-08

1,820E-08

7,6219877E-05

2 | 2,284E-05

2,500E-04

3,974E-04

6,531E-06

4,372E-07

1,312E-07

6,7729921E-04

3 | 2,207E-05

2,762E-04

2,752E-04

3,890E-06

2,776E-07

8,011E-08

5,7771244E-04

4 | 6,421E-05

9,932E-04

5,803E-04

8,618E-06

6,884E-07

1,741E-07

1,6471940E-03

5 | 1,853E-05

5,108E-04

1,540E-04

4,677E-06

3,885E-07

8,900E-08

6,8850605E-04

6 | 6,569E-06

1,357E-04

2,537E-05

1,428E-06

1,344E-07

2,355E-08

1,6920369E-04

Y | 1,386E-04

2,188E-03

1,481E-03

2,597E-05

1,961E-06

5,161E-07

3,8361353E-03

Ta6nuua 2.9. I heKTMBHbIE XapaKTEPUCTMKU 3aNa3AblBaOLUX HEHTPOHOB Bj‘cf
B®C-105-2 no rpynnam u no Hyknupam ana 8 rpynn

i

235U

23BU

239Pu

240Pu

241Pu

241Am

X

1 | 4,214E-06

2,009E-05

4,654E-05

5,584E-07

2,988E-08

1,730E-08

7,1453364E-05

2 | 2,127E-05

2,597E-04

3,409E-04

5,400E-06

3,409E-07

1,245E-07

6,2768915E-04

3 | 1,193E-05

9,061E-05

1,214E-04

2,032E-06

1,054E-07

3,137E-08

2,2609539E-04

4 | 2,647E-05

3,366E-04

2,704E-04

4,159E-06

3,276E-07

9,426E-08

6,3800501E-04

5 | 4,501E-05

7,287E-04

4,401E-04

8,167E-06

5,435E-07

1,591E-07

1,2227131E-03

6 | 1,221E-05

4,895E-04

1,220E-04

2,729E-06

3,219E-07

5,523E-08

6,2678577E-04

7 | 1,106E-05

3,178E-04

1,083E-04

2,068E-06

2,198E-07

2,008E-08

4,3946630E-04

8 | 3,155E-06

2,330E-04

2,792E-05

8,527E-07

4,794E-08

1,873E-08

2,6501393E-04

Y | 1,353E-04

2,476E-03

1,478E-03

2,597E-05

1,937E-06

5,206E-07

4,1172220E-03

Ta6nuua 2.10. UHTerpanbHas gons 3anasabiBaloLWMX HEMTPOHOB B c6opKe BO

Bubnunoteka

By

BHAB-93 (6 rpynn)

5,3407205E-03

ENDF/B-VII

5,1042982E-03

BbHAB-93 (8 rpynn)

5,5252323E-03
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N3 Tabnuy cnepyer, yto ans cbopku bOC-105-2 ¢ MOX-Tonnneom:

e OcHOBHOIN BKNaj B 3amasfgbiBalolyue HeilTpoHsl aaet 2¥U (okono 60%)
1 2°Pu (0K00 35%), OCTaNbHbIE HYKNUABI AAIOT CYMMApHbIN BKNAZ Ha ypOB-
He 5% (2°U — po 3%).

® [lpu yyeTe BCex 3ana3fbiBalolux HeTpoHOB (6e3 B3BEWMWBAHMUA MO LLEHHO-
cTW HellTpoHoB penenus — LIHA) Bknag 22U Bo3pacTtaeT 3a CYeT fefeHus
B 3KpaHe. B HecTauuoHapHOM npouecce npu nepepacnpeaeneHun nons
HEMTPOHOB U M3MEHEHWUM [JOIM HEUTPOHOB B 3KPaHe AaHHbIN aKT NOCAYKUT
NpeanocbIIKOi U3MEHEHUs Bf',-,ef , UTO MOXKeT ObITb NPo6AEMOi NPU UCMONb-
30BaHWM NapaMeTpoB TOYEYHOW KMHETUKW. B mpocTpaHCTBEHHOM pacyete
37O NpobGnemsbl HeT.

e [lons rpynnel 3ana3abiBalolux HeATPOHOB @ ; N06Oro HyKAMAA W aHano-
rMYHAs BENMUYMHA, NONyYeHHAs Kak oTHowenue P’ /P, BnonHe ecte-
CTBEHHO, OT/IMYAIOTCA APYr OT APYra, Tak Kak NocnefHas asnserca spdek-
TUBHON  BenuuMHoW. Hamomuum, uyto Bu = ZB},ef . YkasaHHOe
06CTOATENLCTBO CTaBUT BONPOC, KaKyto W3 foneil rpyfinsl 3anasgbiBalownx
HEMTPOHOB MCNONb30BaTh NPU 06pabOTKe CUrHANA, KOTAA UCNONb3YIOTCA Na-
paMeTpbl TOYEYHOW KUHETUKMU.

2.3. Cnekmpbl M2HOBEHHbIX
u 3ana3dbiearowjux HelimpoHoe

3anasabiBaoliue HEMTPOHBI, NOABAAIOLMECS OT pacnafia Ux NpeAlecTBeHHM-
KOB, T. €. 3aBUCALIME OT HYKINAA U HOMEpA rPyMnbl, XapaKTepU3yloTcs 3Hepre-

TYeckuMM cnekTpamu. CnekTp 3anasgbiBatolynx HeidTpoHoB Xq(E) Heckonbko
MAITYe CNeKTPa MrHOBEHHbIX HEMTPOHOB TOr0 e HyKNMAa, T. e. CNeKTp umeer
MeHbLUYI0 CpefHioto aHepruio (< 0,5 M3B) no cpaBHEHMIO CO CpefHei 3Hepruen
CMeKTpa MrHOBEHHbIX HEUTPOHOB (oKkono 2 M3B).

CI'IEKprI HeVITDOHOB neneHna 0o HefaBHEro BpeMeHn paccynTblBaamMCb B Npo-
rpamMmax noarotoBKu HeVITpOHHbIX CeYyeHui B npeanosoXeHnu, 4To 3TN CnekK-
Tpbl onuceiBatoTCs hopmynon Yatra [9]

2exp (—ab / 4)

X(E): Wexp(—E/a)sh\/ﬁ (2.7)

AHanu3 nokasbiBaeT, YTo 3Ta HOpMyNa NO3BONAET ONUCATL UMEKOLMECS IKCNe-
pUMEHTa/bHbIE JAHHbIE C TOYHOCTbIO 1O UX MOrPELHOCTEN 1 BO BCAKOM Cilyyae
C TOYHOCTbIO, BMOJIHE [OCTATOYHOM A5 PeaKTOPHO-PU3MYECKMX pacyeTos. bo-
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flee TOro, NapameTpbl @ U b [NA pasHbIX AeNAWNXCA HYKIMAOB W ANA PasHbIX
3HEpPruil HENTPOHOB, BbI3bIBAIOLWMX AENEHUSA, NOAAAIOTCA 04eHb NPOCTON cucTe-
matusauuu (ecnu 3Heprus BeipaxeHa B MaB):

a=1,03;
b =0,858v —0,436.

CpepnHue 3Heprum cnekTpoB aenenus 22Cf, 2°U, 23U, 39Pu, ucnonb3yemble B cu-
cteme bHAB-93 [8]:

E=a(3/2+ab/4)

E., =2,13£0,01 M>B;

E,s =1,97+0,02 MoB;

Ey, =2,01£0,03 MaB;

E,,=2,07+0,03 M>B.

Pu9

CneKTp HEMTPOHOB feNeHua ANd NPOBEAEeHUA PeaKTOPHbIX PAaCcYeTOB OLEHMBA-
etca B cucteme bHAB-93 B BUAE

E =1,43+0,227v.

MorpewHocTb onpefeneHns CpefHeil 3HEPruN CNeKTpa HETPOHOB [LeneHus
B 06/11aCTU B0 HecKonbkux M3B B faHHOM criyyae cocTaBnsieT npumepHo 2% Ans
25U u npumepHo 3% pns >*°Pu.

Ha oCHOBaHUM HOBBIX IKCMEPUMeHTaNbHbIX AaHHBIX OT hopmynsl YaTTa npea-
JIOXEHO 0TKA3aTbCA U NPeACTaBNATb B GMOIMOTEKAX KOHCTAHT CMEKTPbI HEATpo-
HOB JleNleHna B MaTpudHoil hopme (x¢~% ) [13].

B 1abn. 2.11 pns neMoHCTpaUmMu npepcTaBiieHbl 3HEPreTUYecKUe CNeKTpbl 3a-

< 235
nasgpiBatolwmx HelitpoHoB U npu 8-rpynnoBoM npeactaBleHUM U [ns
26-rpynnoBoro 3HepreTMyecKkoro npefcraBaeHus.
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,U,J'Iﬂ HarnapHoOCTU Ha puc. 2.9 npeacTaBieHbl CNEKTPbl 3ana3fblBalolnx HeWl-
TPOHOB B CPaBHEHUKN CO CNEKTPOM MIFHOBEHHbIX HEVITpOHOB U CNeKTp HEVITpOHOB
TENNOBOro peakKTopa.

Ta6nuua 2.11. IHepreTnyeckue CNeKTPbl BOCbMM FPynn 3anasabiBaloLmux
HeMTPOHOB HyKNuAaa #°U

JHepre- 'pynna 3ana3fblBalownx HeHTPOHOB
TU4ecKas
1 2 3 4 5 6 7 8
rpynna

1 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
2 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0007 | 0,0003 | 0,0006
3 0,0000 | 0,0000 | 0,0000 | 0,0002 | 0,0015 | 0,0049 | 0,0123 | 0,0087
4 0,0002 | 0,0127 | 0,0042 | 0,0160 | 0,0391 | 0,0425 | 0,0576 | 0,0657
5 0,0139 | 0,2693 | 0,0355 | 0,1087 | 0,1499 | 0,1201 | 0,1241 | 0,1772
6 0,1143 | 0,4392 | 0,2289 | 0,3516 | 0,3316 | 0,2777 | 0,3173 | 0,2861
7 0,3248 | 0,2227 | 0,2921 | 0,2733 | 0,2547 | 0,2773 | 0,2093 | 0,2503
8 0,2768 | 0,0266 | 0,2183 | 0,1448 | 0,1308 | 0,1599 | 0,1265 | 0,1188
9 0,1504 | 0,0260 | 0,1190 | 0,0587 | 0,0538 | 0,0734 | 0,0705 | 0,0609
10 0,0695 | 0,0024 | 0,0543 | 0,0272 | 0,0231 | 0,0273 | 0,0246 | 0,0218
11 0,0458 | 0,0006 | 0,0260 | 0,0128 | 0,0107 | 0,0124 | 0,0537 | 0,0087
12 0,0023 | 0,0002 | 0,0116 | 0,0035 | 0,0025 | 0,0020 | 0,0020 | 0,0007
13 0,0011 | 0,0001 | 0,0054 | 0,0016 | 0,0012 | 0,0009 | 0,0009 | 0,0003
14 0,0005 | 0,0000 | 0,0025 | 0,0008 | 0,0005 | 0,0004 | 0,0004 | 0,0001
15 0,0002 | 0,0000 | 0,0012 | 0,0004 | 0,0003 | 0,0002 | 0,0002 | 0,0001
16 0,0001 | 0,0000 | 0,0005 | 0,0002 | 0,0001 | 0,0001 | 0,0001 | 0,0000
17 0,0001 | 0,0000 | 0,0003 | 0,0001 | 0,0001 | 0,0000 | 0,0000 | 0,0000
18 0,0000 | 0,0000 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000

19 0,0000 | 0,0000 | 0,0001 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000

20 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
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Puc. 2.9. CneKTpbl BOCbMU rpynn 3ana3fbiBaloWux HeTpoHoOB U, cnekTp MrHOBEHHbIX
HEeTPOHOB U CNEKTP HEITPOHOB TEMOBOrO peakTopa

Ha puc. 2.10 npefcTaBaeHbl 3aBUCHMOCTY CEYeHNIT 3axBaTa u feneHus 80 pns
uanocTpauumu (B CONOCTaBNEHUU C pUC. 2.9) Pa3HOI BO3MOXKHOCTU AeNeHus
3TOr0 HYKIMAA MTHOBEHHbBIMU W 3aNa3AblBAOWMUMU HEATPOHAMMU.

GapH
1000

100 'k
10 \
£

0,01 / \
0,001 t
[ 5B

0,0001
1,00E-02 1,00E+05  1,00E+06 1,00E+07  1,00E+08

1,OOE-01 ~ 1,00E+00 1,00E+01 1,00E+02 1,00E+03  1,00E+04
——0of(238U) ——o0c(238U)

Puc. 2.10. 3aBucumocCTb ceveHuit 3axaata U genenus 28U ot aHeprum

Mpu oueHKe cnekTpa 3ana3fAbiBalowWMX HENTPOHOB CYMTAETCA, YTO ANA TUMMUY-
HbIX PEAKTOPOB BiMAHME (OPMbl CMEKTPa 3ana3fblBalolWMX HENTPOHOB Ha 3¢-
(eKTUBHYIO AOMIO 3anasfbiBaOWMX HEHTPOHOB BECbMA HEBENIMKO W3-3a cnaboit
3aBUCHMOCTM OT 3HEPTUM LEHHOCTU HEHTPOHOB, YTO MMeeT MecTo B 06nacTu
3HEeprui 3anaspbiBaroLmx HeliTpoHoB (oT npumepHo 10 k3B fo 1 M3B). OgHako
MO CPaBHEHMWIO CO CMEKTPOM MFHOBEHHbIX HETPOHOB CMEKTP 3ana3fblBalowWwmnx
HEMTPOHOB CyLLECTBEHHO MArYe U MOXET BIUATL He Ha OO TaKUX HENTPOHOB,

42



Ihasa 2. Qusuueckue 0CHOBbL KUHEMUKU peakmopa

a Ha peakTMBHOCTb. 0COBEHHO 3TO CYLECTBEHHO Ans peakTopos Tuna bH, rae
y HaTpusa ecTb pe3oHaHC ceyeHus 3axsata B obnactu 300 k3B, Tem Gonee ans
OLEHKM CUTyauMii C noTepei TennoHoCUTeNs.

[lns peakTopa Ha TENNOBbIX HEUTPOHAX pasniyme B CNEKTPE MTHOBEHHBIX U 3a-
nasfblBalolnUX HEUTPOHOB HE BaKHbl, TaK KaK OCHOBHblE MPOLECCH 3axBaTta
HEeHTPOHOB C AeneHneM u 6e3 Hero NPoUCXoAsT B TENNOBOW 06/M1acTH, A0 KOTO-
pOW BCe HEUTPOHbI HE3ABUCUMO OT MPOUCXOKAEHUA A0OUPAIOTCA Yepes 3HAUU-
TeNbHOE KOJIMYECTBO CTONIKHOBEHUI C AfpaMu cpefpl.

2.4. domoHelmpoHbI

Jenawmecs appa — He eMHCTBEHHbIA UCTOYHMK 3aNa3fblBAOWMUX HENTPOHOB.
Opyrum MCTOYHMKOM cnyxaT QOTOHeNTpoHbl [21; 22], KoTopble BO3HMKAIOT
npu B3aUMOAENCTBUM TraMMa-KBAHTOB NPOAYKTOB [ENEHUA C COOTBETCTBYIO-
wumn matepuanamu. K nocnegHum cnefyet oTHecTU aeiTepuii u Gepunnuii
(Tabn. 2.12).

Ta6nuua 2.12. FpynnoBble KOHCTAHTbI 3aNa3AbIBaLWMUX POTOHEUTPOHOB ANA
peakuum (y, n) Ha D n Be, 06ycnoBneHHoi ramma-KBaHTamMu pgenexus 25U

Homep D Be
pr'?”bl Nepuop AL et | B 107 Nepuog ALt | B 107
J nonypacnaga / / nonypacnaga / /
128 ¢yt |6,27107 0,05 12,8 cyt 6,27107 0,057
2 534 3,6310°| 0103 77,74 248107 0,038
3 4,44 4,38107° 0,323 12,14 1,59107° 0,26
4 1654 117107 | 234 311y 6,910 3.2
5 27 MUH 4,28107* 2,07 432muH | 267107 0,36
6 7,7 MUH 1,50107 3,36 155MuH | 745107 3,68
7 2,4 MUH 481107 7,00 3,2 MUH 3,60107° 1,85
8 41c 1,691072 | 2040 1,3 MuH 889107 3,66
9 25¢ 277107 | 6510 31¢c 2261072 | 267
Mok 100,75 15,175
BbIXOJ,

Mopor (v, n) peakuun ans D paseH 2,226(3) M3B, gnsa °Be — 1,666(2) M3B
[21].
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B kayectBe BB, ucnonb3yetcs oTHoOLWEHME BbIx0AA (POTOHENTPOHOB HA AeneHue
K MOJIHOMY YMCNY HEMTPOHOB vV, UCNYCKAaeMbIX Npu aenerun U,

[nsi uenu oTcnexuBaHWA NoNs HeMTPOHOB B peakTope Mocfie ero ocTaHoBa
B peaKTope MCMosb3yeTcs W CneluanbHble UCTOYHUKM [4], Hanpumep, Sb-Be. B
3TOM UCTOYHMKeE B Npoliecce paboThl peakTopa Ha MOLIHOCTU NOJ BO3LeCTBUEM
noNs HeTPOHOB W3 COJEPIKAILEroCsH B €CTECTBEHHOW CMECU CypbMbl U30TONA
'2Sb obpa3yeTcs usoTon '2!Sb C nepropom nonypacnaaa (6eta-pacnap) 60,2
cyT. NpumepHo 48% 6eta-pacnafoB NpPUBOAUT K BO3OYHKAEHHOMY COCTOSHUIO
"% Te, u3nyyaiowwemy nNpu pacnase raMma-KBaHThl C aHeprueit 1,692 MaB, uto
obecneynBaer nonyyeHne HeNTPOHOB C 3Hepruei okono 25 kaB.

[laHHbIX no doToHeliTpoHam Gepunnusa u aeiTepus B 6ubnnoteke POCOOHL
[13] HerT.

2.5. HetimpoHbi om (o, n )-ucmoOYHUKa

HeliTpoHbl OT (@, 77 )-peakumum He OTHOCATCA K 3anasfblBaOLLUM, HO 06pa3yioT-
CA B peakTope, rae npouecc o6pa3oBaHus HEMTPOHA OCYWeECTBASETCsA No cie-
Jylolen cxeme:

A 4 A+3
,X+,He > ,,X+n+0.

3HaueHne O MoXeT ObITb Kak Gonblue Hyns (3K30TepMUYecKas peakuus), Tak
1 MeHblle (3HAOTEPMUYECKas peakuus) [21].

HeliTpoHbl ( @, 77 )-UCTOYHUKOB, TaKUX Kak Ra-Be, Po-Be u Pu-Be, ucnonb3yiotcs
JINWb KaK UCTOYHWKM Ha MOAENbHbIX IKCMepUMeHTax B Kputuueckux (k, =1,
cM. pasgen 3), nogkputuyeckux (k. <1,cm. pasgen 3) cbopkax unu peakTopos
W XapaKTepU3YIOTCS HeMpepbiBHLIM CMEKTPOM HEHTPOHOB. B GbicTpoM peakTope
HeHTPOHbI OT (o, 7 )-peakuuii n3-3a o6uAna anbda-4acTuL, UMeT MecTo, Ha-
npumep, Ha sagpax ''B, 'iB, '10, *Mg v apyrux HyKknuaax U3 yucna npoayK-
TOB [le/IEHUs, HO C HEBLICOKUM YAENbHbIM BbIXOAOM HEHTPOHOB, 0COOEHHO Ha
(hoHe CNOHTAHHOTO JeNeHUs, U, KaK NPaBuIIO, HE OTCNIEXMBAIOTCA B pacyeTax.

2.6. HeiumpoHbI cnMOHMaHHO20 OesieHUs

KpOMe [EeNeHNA TAXeENbIX Aaep B pe3ynbtarte nx B036y)KJJ,EHl/Iﬂ CyleCTByeT He-
HyneBasa BEPOATHOCTb UX feNneHns U3 OCHOBHOIo COCTOAHUA. Takowm npouecc
Ha3bIBA€TCA CMNOHTAHHbIM fieNEeHUEM. C POCTOM MaCCOBOro 4Yucna saapa Bennyu-
Ha nopora peneHnsa ymeHbllaeTca n, cneaoBaTtesibHO, YBEIMYNUBAETCA BEPOAT-
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HOCTb CNOHTAHHOroO feneHus. I'Iepmop, nonypacnaga no KaHajly CNOHTAHHOro
penenuna T " pa3nuyeH gnsa HyYKnnaoB, UCNOJIb3yEMbIX B Ka4eCTBe TOonJinea

1/2 cn,

1 HapabaTbiBaeMbIx B npoLiecce paboTbl saepHOro peaktopa. Mpu aTom OH 3Ha-
YMTENbHO BbiWE NEpUoAa Nojypacnafa Tex e HYKAULOB MO KaHany anbga-

pacnaga T

Voo !

YTO OTpakeHo B Tabn. 2.13.

Ta6nuua 2.13. UCTOYHMKU HEHTPOHOB CMOHTAHHOTO JleNIeHnA

Rona [Nlons Bbixoaa fona Yucno
fapo T T ansha- APYrux YacTul Ha CMIOHTaRHOTO HENTPOHOB
o 12 enn yacTuy Ha o AeneHuns Ha
pacnag, % pacnag, % pacnan, % Ha fenexHune

22| 68,9 net 7,655:10% net ~100 — 9,010

23 11,592-10° net | 2,653-10% net ~100 — 6,0:10°

34 | 2,455°10° neT | 1,534°10% net ~100 — 1,6:10°°

25 | 7,038:10% net | 3,569°10% net ~100 — 7,0:10°°

26 | 2,342-107 net | 2,481-10% net ~100 — 9,4:107%

#7Y 6,75 fHA — B —1000 —

28 | 4,468:10° net | 8,124-10% net ~100 5510 2,73
ZNp | 2,144°10° net | 1,072-10% net ~100 2,0:10°%°

236py 2,858 net 1,504:10° net ~100 1,9-1077 1,9
238py 87,74 net 4,618°10% net ~100 1,9-1077 2,0
#9Py | 2,411-10% net | 8,037-10% net ~100 3,0-10°1° 2,0
240py 6564 net 1,151-10* net ~100 5,7:10°¢ 2,1
21py 14,355 net | 7,145°10% net | 2,510 [3 — 99,9975 2,0:1107

22py | 3,750-10°net | 6,769:10% net ~100 5,510 2,3
1Am 432,6 net 1,081:10% net ~100 4,010
2emAm | 141net | 3,000-10%2net | 0,45 B — 9955 4,7-10°°

22pm | 16,024 B —s27,

€ -3axsat — 17,3

23Am 7370 net 1,992:10% net ~100 3,7°10°°

20Cm 27 pHent 1,897-107 net 99,50 € -3axeat — 0,5| 3,9:10°¢ 2,1
#1Cm 32,8 anst 1,0 |g-3axsar — 99,0

242Cm 162,8 gHs 7,149-10° net | 99,9999 6,210 2,3
23Cm 29,1 ropa 5,491-10" ner 99,71 |g-3axBat — 0,29 5,3:10° 2.3
24Cm 18,1 net 1,293-107 net 99,99 1,410 2,6
5Cm 8500 net 1,391-10% net 99,99 6,1-107 2,6
25Cm 4760 net 1,587-107 net 99,97 0,03 2,6
%7Cm | 1,56°107 net 100

28Cm | 3,48'10° net | 4,148:10° net 91,61 8,39

29Cm 64,15 MUH B —100,0

20Cm 8,3'10° net 1,122-10°% net 18,0 B — 8,0 74,00
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Tabn. 2.13. (npodomxeHue)

flons [Llons BbiIxoaa flons Yucno
Anpo T T anota- ApYrux YacTuy Ha CrOHTaRHOro HENTPOHOB
Yo 172 cnn yactuy Ha 0 AeNeHus Ha

pacnan, % pacnag, % pacnan, % Ha fieneHue
Bk | 320pWedt | 1,86510°ner | 14107 | B —=~1000 | 4710
0Bk 3,212y B —1000
25CF 3574 1,638:10° net ~100 2,5°10
248Cf 333,5 gHA 3,150-10% net ~100 2,9-10°
29t 350,6 net 7,012:0% net ~100 5,0:1077
20Cf 13,08 net 1,725-10% net 99,92 0,08
BICF 898 net 100
22Cf 2,645 net 85,6 net 96,91 3,09 3,884
#3Cf 17,81 pHs 0,31 B —99,69
24CF 60,5 gHa 60,688 nHA 0,31 99,69

I'Ipou,eccu CMNOHTAHHOTO AeNeHna He urpatoT HUKaKOM poan B pa60Tarow,eM
AAEPHOM peaKTope, HO UMEKT 6obloe 3HaYeHne npun nycke peaktopa,
NOCKOJIbKY ABNAKOTCA NCTOYHUKAMN HeVITpOHOB.

2.7. Pacyem makpoce4yeHull

KoHcTaHTHOe obecneyeHne — OAHO U3 OCHOBHbIX TPEOOBAHMI KAYeCTBEHHOTO
pacyeTa. [lns 6bICTPbIX PEaKTOPOB B HALEN CTPaHe UCMOMb3YeTCsA CUCTEMA KOH-
ctaHt BHAB [9]. CerogHs 3To Bepcus BHAB-93, npuwepwas Ha cMeHy 6onee
paHHum Bepcuam BHAB-64 [10] n BHAB-78 [11]. Yka3aHHas cuctema KOHCTAHT
0CHOBAHa Ha BepcUsAX OMBNMOTEK OLLEHEHHbIX AAHHbIX, TAKUX KaK aMepUKaHCKas
ENDF/B [14] v eBponeiickue JEF [15] u JEFF [16], anoHckas JERY [17], poccuin-
ckue ®OH[, [12] v POCOOH[ [13].

Cuctema KoHcTaHT BHAB-93 copiepuT BCe KOHCTaHThI, He0bX0AMbIE Ans pac-

4eTOB HEWTPOHHbLIX Moneit B 28/26-rpynnosom n B 299-rpynnoBom npubnmnxe-

Hun. Cuctema copepxuT:

® CeyeHMA ynpyroro U Heynpyroro paccesHus, CeYeHna 3axsata U [eneHus,
YNCNO BTOPUYHLIX HENTPOHOB [ENEeHUA U MHOXECTBEHHOCTb BTOPUYHbBIX
HENTPOHOB NpY Heynpyrux npoueccax;

® MaTpuLbl BEPOATHOCTEN MEXTpynnoBbiX Nepexof0B Npyu Heynpyrom u ynpy-
rOM paccesHUn U UxX YraoBble MOMEHTBI;

® (haKTOpbl pE30HAHCHOM CaMO3KPaHUPOBKM CeYEeHMit B 3aBUCUMOCTHU OT ce-
YeHUs pa3baBneHus, Aas NONHOFO CEYEHUs, CEYEHUSA YNPYroro paccesHus,
CeyeHWs 3axBaTta U CeYeHUa AeneHus;

® TemnepaTtypHble NpupaleHns GakTopoB CaMO3KPaHNPOBKMY;
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NOArpynnoBble NapamMeTpbl Pe30HAHCHOW CTPYKTYPbl CeYEHWiA;
BbIXOAbl 6 rpynn 3anas3fgbiBalolWwmx HeWTPOHOB, UX MOCTOAHHble pacnapa
1 28-rpynnoBble IHEpreTUYecKne CneKkTpbl U BbIXOAbI 8 rpynn 3ana3fblBalo-
WMX HeNTPOHOB B 299-rpynnoBOM NPeAcTaBAEHUN C NOCTOAHHBIMU pacnafa
M CNeKTpamu, He 3aBUCALMMU OT Aenaweroca aapa;

® MaTpuLbl CEYEHUI MEXTpYnnoBbIX MEPEXofoB B 061acTU TepManusauuu
U UX NepBbIX YrNOBbIX MOMEHTOB;

® 3HeprosblgeNeHuns B peakLUnax ynpyroro u Heynpyroro paccesHus, 3axaara
W [leNeHuns C BbleNeHneM BKNaaa IHeprum, YyHoCMMON ramma-usnyyeHuem;

® MaTpuubl 06pazoBaHus HOTOHOB B HEUTPOHHbLIX peakuusax B 15-rpynnosom
u 127-rpynnoBom npefCcTaBiAeHUAX raMMa-CrneKTpoB, BEPOATHOCTU U yrno-
Bble MOMEHTbl MEeXrpynnoBbiXx MepexofoB MpU KOMNTOHOBCKOM pacces-
HUW, YTNOBble pacnpefeneHns KOrepeHTHOro pacceaHus (oToHoB B 127-
rpynnoBoM NpubANKeHUM;

® [aHHble AN pacyeta pagnaLMOHHbLIX NOBPEXAEHMWIA (qvicna CMelleHmit Ha
aToM, 06pa3oBaHue BOJOPOAA U renus);

® He3aBUCUMble U KyMYNATUBHbIE BbIXOAbl MPOAYKTOB fieNleHus;

e 28-rpynnoBble U 299-rpynnoBble CeYEeHUA HENTPOHHbIX peaKLnii
Ha u3oTonax.

Cuctema koHcTaHT BHAB-93 cogepxuT cnepyrowme TabauLbl XapaKTepucTuk

paaMaLMOHHOro pacnaga paguMoHYKIUA0B:

® [0CTOAHHbIE pacnana, Ko3dduLUMeHTbl BETBNEHUA U IHEPrOBbIAENEHNE;

®  BbIXOAbl AUCKPETHbIX raMMa-ANHUNA;

® BbIXOAbl MOHO3HEPreTUYECKUX 3NEKTPOHOB, MCNYCKaeMbIX NpU pacnage;

®  BbIXOAbl U CPEAHUE IHEPrUU rpynn 6eTa-3/1eKTPOHOB U NO3UTPOHOB C Nepe-
XO[L,OM Ha AUCKPETHblE YPOBHU AApPa-NPOAYKTa;

® BbIXx0Abl anbtha-yacTuy pacnaga.

OcHOBHOI nporpaMMoi NOArOTOBKM FPYMMNOBbLIX KOHCTAHT CAYXMWT Nporpamma

CONSYST [23]. TnaBHas 3agaya noarotoBku KoHcTaHT BHAB-93 Kk pacuety co-

CTOWT B yyeTe 3pheKTa pe30HaHCHON CaMO3KPaHMPOBKM ceyeHnit. ITa 3agaya

pewaetca Kak pa3 ¢ nomowbto nporpammbl CONSYST. Yuyer camo3akpaHWpOBKK

HEMTPOHHbIX CEYEHUI OCYLLECTBASETCA B HEI C UCNONb30BAHUEM COLLEPXKALLUX-

€Al B CUCTEME KOHCTAHT (haKTOPOB pe30HAHCHOI CaMO3KpaHMPOBKM, NO3BONSAIO-

WMX YyYUTBIBATL IPPEKT CaMOIKPaHUPOBKN CEYEHUN B rOMOTEHHOW NPOCTpaH-

CTBEHHOI cpefe B NpuUOAMKEHUM y3KUX pe3oHaHcos. B nporpamme CONSYST

UTEPaLMOHHO PAcCYUTLIBAKTCA CeYeHUs pa3baBieHus G, Kaxzaoro HyKnuaa,

BXOJALLEr0 B COCTAB CPEAbl, LPYrMMU HYKAULAMM, NPOU3BOLUTCA UHTEPNONALUS

3aTabynMpoBaHHbIX (AKTOPOB CAMO3KPAHMPOBKW MO CeyeHuto pasbaeneHus

W no TemnepaType cpefbl, 4 TabnnUHbIe CEYEHUs yNpyroro paccesHus o,, 3a-

XBata o, W fieNieHnsa O, yMHOXaloTcA Ha HageHHble q)aKTOpr CaMO3KpaHu-
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POBKWN. nOJ'Iy‘-IEHHbIe <(6J'IOKVIpOBaHHbIe» MUKpPOCEYEHNA UCNONb3YIOTCA 3aTEM
[NA pacyeTa napunanbHbIX MAKPOCKONUYECKNX ceyeHui cpenbl:

Z, :Zyiqj]:i (GiJ’T)a

2, =20 f (o 1),
Zin = Zyi Giin :

YyeT camo3KpaHMPOBKMK ceyeHus Heynpyroro paccesHua B bHAB-93 He npeg-
YCMOTpEH.

CymMa napuuanbHbiX CEYEHUM [aeT MojiHoe CedYeHne, YCPeAHEHHOe Mo pe3o-
HaHCHOM CTPYKType MJOTHOCTW NOTOKA HEHTPOHOB X, =X, +X, +2, +%, .
CeyeHue pasbasneHns i -ro HyKIMaa onpeaensercs COOTHOWEHMEM

o) ={Z0 = [l f (@ T Yo £ (64 T Yo 1) (o0 T o, [,

OTKyAa BuaHa HEO6XOJJ,I/IMOCTb €ro nTepaunoHHOro onpeneneHus.

Y70 KacaeTcs MONHOrO CeYeHUs, TO ro MOXHO NoJNy4nTb NN KaK CyMMy 6NoKU-
POBAHHbLIX NapunanbHbIX CeYeHUN, nnu nyTeMm ncnosib3oBaHusa (baKTOpOB camo-

3KpaHUPOBKM f, (c{, T) Mo pe30HaHCHOW CTPYKTYpe TOKA HEUTPOHOB:

X, = Zyict[fzi (Gzi’ T)’

rAe G| ONpepensieTcs B UTEPauMoHHON NPOLEAYPE aHaNorUyHO TOM, YTO Npu-
MEHSETCA ANsi ONpeAeneHns o, .

Bbi6op BapuaHTa BbIYMUCIEHMS MONHOTO CEYEHUS ONPeaenfeTcs nojib3oBareem
B 3aBMCMMOCTM OT CrieLuduKM pelwaemoit 3agadun. B 3agadyax Ha npoxoxpeHue
HeHTPOHOB yYepes 3aluTy TpebyeTcs yCpeaHeHWe MOSIHOTO CEeYeHUs MO TOKY
HeiHTpoHOB. B 3ajayax agepHoON 6e30nacHoOCTH, Kak npasuo, LenecoobpasHo
UCNoJIb30BaTh NOJIHOE CeYEHUE, YCPEAHEHHOE MO NOTOKY.
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leTeporeHHble pe3oHaHcHble 3 tdekTsl B nporpamme CONSYST moryT 6biTb yuTe-
Hbl MWL B NPUOAMKEHUN TeOPEMbI IKBUBANIEHTHOCTH (NpubanxeHue BurHepa
¢ nonpaskamu [laHkosa, benna u 1. n.) [24].

Kpome pacyeTa MMKpO- N MaKPOKOHCTAHT C y4eTOM Pe30HAHCHOW CaMO3KpaHu-
posku nporpamma CONSYST nmeeT u uenbiit pag Apyrux GyHKLMA, Hanpumep pac-
CYUTBIBAET YCPEeHEHHDII NO Pa3MHOXaAlOLWei Cpefe CNeKTP HEMTPOHOB AeNeHUs.

2.7.1. NoarotoBKa KOHCTAHT ANA NOArPYNMNOBbIX pacyeToB

B noarpynnoBom npubAMKEHUN Kaxaan IHepreTMyeckas rpynna, B KOTOpoii npo-
ABNAETCA PE30HAHCHAA CTPYKTYPa CEeYEHMIl paccMaTpuBaeMoro Hyknuaa, pasou-
BAETCA Ha HECKOJIbKO NOArpyn, KaXAas U3 KOTOPbIX 00beAUHAET HEHTPOHLI C A0-
CTaTOYHO GIM3KMMM NONHBIMU ceYeHusMU. [ToArpynnoBoe NpubANKEHUE COCTOUT
B TOM, YTO HEHTPOHAM KaXKAoM Nogrpynnbl NPUNMUCHIBAIOTCA O4UHAKOBbLIE MONHbIE
W napumanbHele cevenuns. Kaxaan noprpynna xapaktepusyeTcs «gonein» a, ,T. e.
BEPOATHOCTbIO TOTO, YTO HEATPOH, NONABLKIA B rpynny (M3 BHEWHEro UCTOYHUKA,
U3 UCTOYHMKA ieNeHUs UNU B pe3ysibTaTe 3aMef/IeHus U3 Apyrux rpynn unm gaxe
W3 paccesiHus B TOM e camoii rpynne), nonagaeT B AaHHyto nogrpynny (T. e. ero
B3aMMOAENCTBME C AfPAMU PACCMATPUBAEMOrO HYKAMAA MOXKET ObiTb OXapaKTe-
PU30BAHO CPEfHUMU CEYEHUMU, NPUNUCAHHBIMK AaHHON noarpynne). Mpeano-
NOXEHWe, YTO BEPOATHOCTL NONACTb B Ty UM UHYIO NOATPYNNY HE 3aBUCUT OT TOTO,
KakuM 06pa3oM HEeMTPOH Nonan B PacCMaTPUBAEMYIO SHEPreTUYECKYIO rpymnny,
ONpaBAaHO B C/ly4yae, ecn Pe30HaHChl Y3KKU N0 CPABHEHUIO C NOTEpeil 3Heprum
npu paccesHuu. NpubanKeHne y3Koro pe3oHaHca sBASETCA OCHOBHbIM OrpaHu-
yeHueM MeToAa NoArpynmn.

CywecTByeT HECKOIbKO METOAOB ONpeAeseHns NoArpynnoBbIX napameTpos [9].
0T Kaxpaoro u3 Hux Tpebyetcs, 4Tobbl MOATPYNNOBOE ONMUCAHUE PE30HAHCHOW
CTPYKTYPbI C NPUEMIEMOII TOYHOCTbIO BOCNPOM3BOANIO (DaKTOPbl Pe30HAHCHOIA
CaMO3KPaHWUPOBKM NP BCEX 3HAYMMBIX 3HAUEHUAX CeYeHUs pa3baBneHus:

a

k Ok + 0,

9
a
k
Z Z“kct,k

2
T (o, +0) 7

fi(o)=

akcr‘k
% Gz,k +G,

b
a
k
> 4 Yao,

2
T (o, +0,)

S (Go )E
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roe r=e, ¢ U f — WHAEKCHI peakLuu.

MpoGnemy cocTaBasieT onucaHue TemnepaTypHon 3aBMCUMMOCTU (HaKTOpoB ca-
MO3KPAHMPOBKM NPU He 3aBUCSLLMX OT TeMnepaTypsl Aoax 4, (4To Heobxoam-
MO Ansi GOPMYNMPOBKM rPaHUYHBIX YCIOBUIA Ha rpaHuLie pasgena cped, cogep-
KAWMX PE3OHAHCHBIA HYKAUA NPU pasHbIX TeMnepatypax).

Mpwu ncnonb3oBaHUM MeTOfA NOATPYNN B pacyeTe cpef, COAEPKALLMX HECKONBKO
pe30HAHCHBIX U30TOMOB, CYLECTBYET OrpaHUYeHne Ha obluee YMCI0 3HepreTu-
yeckux rpynn. Tak, ecu cpefa COAEPKUT [iBa PE30HAHCHbIX U30TONa, CEYEHUS
KOTOPbIX B HEKOTOPOW rpynmne onucbIBaKOTCS ABYMSA M TPEMSA NOATPYNnamm, To ans
OMUCaHUs CTPYKTYPbI CEYEHNII TaKOW CMeCK 3Ty rpynny noTpebyetcs pa3buTb Ha
2'3 = 6 YyacTeil, CeYeHUs B KXAO0W U3 KOTOPbIX ONPEefensioTcs COOTBETCTBYIOLLEI
KoMOWHaLMeit nogrpynnoebix ceuyeHuit. Mpu 6onbliemM KOIMYECTBE Pe30HAHCHbIX
W30TOMOB YMCNIO YaCTel BO3pacTeT NPONOPLMUOHabHO UX Yucny. [laxe ecnu He
BCe rpynnbl Tpe6yloT ONMCaHUs CTPYKTYPbl CEYEHMI M pe30HaHCHas CTPYKTypa
O[HOTO HYKJMAA He BCErAa HanaraeTcs Ha CTPYKTYPY APYroro, YUCIO MaKponosa-
rpynn, TpeOyloLmnXCs AN1S ONUCAHUA PE30HAHCHOI CTPYKTYPbI CPEAb], Ype3Bblvali-
HO 6bICTPO BO3PACTAET C YBENUYEHNEM YMCIA COREPHKALNUXCS B HEH PE3OHAHCHBIX
HYKNWJO0B, YTO OrPaHUYMBAET UCNOb30BaHME 0OCYKAAEMOrO METOAA.

2.8. Yyem pa3mepoe u pacrosioxeHus
(2emepoz2eHHOCMU)

3a Bpems paboTbl peakTopa B HEM MOTYT pa3MelLaTh TennoBbIgensolme coopku
(TBC) ¢ TB3namu, cogepxalmmu cTonbLbl TONAUBA PasHOMN BLICOTHI, YTO MpH-
BHOCWT onpefeneHHble TPYAHOCTU B MOAenupoBaHue peaktopa. Kpome Toro,
pa3mepbl TONJAUBHBIX CTONOLOB MEHAIOTCA NPU U3MEHEHUM TEMNEPATYPLI CPeabl
B aKTMBHOW 30He. Ecnu yyecTb, 4TO Npu nepeBoe peaktopa C MUHUMaNbHO KOH-
TPONMPYEMOro YPOBHA MOLWHOCTU Ha NOJHYIO MOWHOCTb POCT TeMnepaTypbl Te-
NJIOHOCUTENA Ha BXopde B a. 3. coctaBnseT 130—140°C, To NOHATEH ypOBEHb W3-
MEeHeHUs ANuH Npu ko3 duumeHTe NMHENHOrO paclumMperus ctanu 1,8:1075 °C.
Takum o6pas3om, faxe B YCNOBUAX HOPMANbHOM 3KCNAyaTaLMu peakTopa nepe-
melleHuna pasnuyHblix TBC gpyr oTHocuTeNnbHO gpyra HaxoaaTca Ha ypoBHe 1%.
[OnuHbl TonanBHbLIX YyacTei pasHbix TBC moryT otnnyatbea Ha BenunyuHy go 10%,
M He BCErAa MOXHO COBMECTUTb rpaHuubl Tonauea B TBC ¢ rpaHuuamu aveek
pacueTHoW mogjenu peakrtopa. lloatomy AanuHbl Tonauea B mogenu TBC moryt
OTNNYATLCA OT peanbHbIX JJUH Ha BeNUYUHY A0 5%. Banauus atux norpewHo-
CTel Ha pe3ynbTaThl pacyeTa paHee, Kak Npasuo, He oueHnBanocs. Kpome Toro,
B aBapuWiiHbIX CUTyauuax nepemelieHne Tonauea B pasHbix TBC gpyr oTHOCK-
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TENbHO Apyra NPUBEAET K PoCTy OTKNOHeHMi pa3mepoB TBC u sayeek mogenu
peaKTopa, TEM CaMbiM YBEANYMBAS MOAE/bHYIO NOTPEWHOCT.

[ins ee cHuxeHus 6bina npepnoxeHa Hoeas JOKER-TexHonorus mogenuposa-
HUSA aKTUBHOW 30HbI peakTopa [25], Ha3BaHHas MO UMEHW pacyYeTHON Nporpam-
Mbl, Te 3Ta TeXHONOruA Obina peann3oBaHa. B ee pamkax npepnaraercs BMe-
CTO OHON pacyeTHOW MOLEeNN aKTUBHOMN 30Hbl UMETb IBe — MaTeMaTU4YecKylo
n husnyeckylo. Pusnyeckas Moaenb AONKHA COCTOATb U3 PACUETHBIX AYEEK KaK
thu3nyecknx oObeKTOB, Hanpumep 4acteii obbema TBC. Dusnyeckas mogenb
MOXEeT UMETb U3MEHAIOLWMECA rpaHnULbl, y4nUTbIBaOLWME (bOpMOVI3MeHeHVIFI MO-
Aenupyemoro Gu3nyeckoro 00beKTa, HaNpUMep ero TeMnepaTypHoe YATMHeHNe
WAW nepemelyeHne B NPOCTPAHCTBE, CBA3AHHOE C aBaPUINHON CUTyaL e, n T. n.
Takum 06pa3om, hU3nYecKoilt MofeNbIo AN KOMMNJIeKca nporpamMm Oyaem cuu-
TaTb MOZENb PEAKTOPA, 30HbI KOTOPOI OTANYAIOTCA APYF OT Apyra hU3nyeckumu
XapaKTepUCTUKAMU: HYKIULHBIM COCTaBOM, TEMNepaTypamMu HYKNUAO0B, pa3me-
paMu 1 YACIOM TB3JI0B, TONILMHON 000N0YEK TBINOB U Ip.

MaTemaTuyeckas MoAenb LOMKHA UMETb HEU3MEHHbIE PACYETHbIE IYEIKM B NPO-
Lecce Bcero pacyeta. B kakon-To MOMeHT, Hanpumep HavyanbHbIi, huU3nyeckas
M MaTemaTUyeckue MOAENW MOryT coBnagatb (cedyac OHM COBMAAAOT BCer-
na). Matematuyeckas mogenb npefHa3HauyeHa AN peleHUs MaTeMaTUyecKux
VYPaBHEHWIA, HAaNpUMep ypaBHEHUW NepeHoca HeNTPOHOB. M TaK Kak pacyeTHble
AYeiiku 3TOM Mogenn OyayT HEU3MEHHbI, TO U3 Pe3yibTaToB pacyeTa UCKIYa-
€TCA U3MEeHeHWe MaTeEMATUYeCKOW COCTAaBAAKOLWEN MOLENbHOW MOrpewHocTy,
CBA3aHHOW C U3MEHEHMEM PacyeTHOI CeTKM U T. N. Puanyeckas Mofenb LOMK-
Ha 00ecneynTb KayecTBEHHbIN yyeT BCex GU3NYeCKUX NPOLECCOB B peakTope
nyTem u3MeHeHus Ko3(hhULMEHTOB MaTeMaTUYECKUX YPaBHEHUW, Hanpumep
HEMTPOHHBIX KOHCTAHT. B 06lweM cyyae YnMcio pacyeTHbIX AYeeK B MOAENsX He
06s13aTeNbHO [LOMKHO coBnagath. Ecnn matematnyeckas mogens obvemnet u-
3WUYecKylo MoAesb, TO HegocTalolwme 061acT¥ MaTeMaTMYECKOW Mofenu npeg-
nonaratTcs 3anofHEHHbIMM OTpaxaTtenem. Ecivm HaobopoT, To nose HeMTPOHOB
B 30HaxX (hM3MYeCKOW MOJENU BbIXOAALMX 33 FTPAHULLbI MAaTEMATUYECKOW Mogenn
onpepenseTcs annpokcumauuei. Takum obpasom, TBC, umerowme pasHoe no
BbICOTE 3aMN0JIHEHWE TONUBOM, B QU3NYECKOW MOAENN TaKUMU U OCTaHYTCA.

HeNTpoHHbIE KOHCTAHTLI FOTOBATCA ANA 30H PU3nYecKoin Mofenun peaktopa. Ha
6a3e KOHCTAaHT PU3MYECKO MOfENMN CrelmnanbHoi Nporpammoit popmupyioTcs
KOHCTaHTbl €ro MaTemMaTuyeckoin mogenu. Ha noTokax HeMTPOHOB, MOAYYEHHbIX
U3 pelleHns ypaBHEHUA NepeHoca B MaTeMaTMyeckoi Mogenu, onpeaenstoTcs
cpegHue NOTOKWU HEeATPOHOB B 30HAX (PM3MYECKON MOAeNU. 3HaHUE KOHCTAHT
M NOTOKOB HEMTPOHOB B 30HAX PU3MYECKON MOLEeNW NO3BOAAET pewaTh 3aaa-
Y BbIrOpaHusa, NOUCKa NONE IHEProBbIgeNeHUsA U NoNen TeMnepaTtyp, a Takxe
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MHOTUX [pYrux NapameTpoB s Gpusnyeckoit mogenu peakropa. Pacyet Temne-
paTyp MOXHO NPOBOAMTL Ans (GU3MYECKOK MOAENMU peaKTopa.

B komnnekce nporpamm FEQECT [6] yka3aHHas Bblle TEXHONOTUS YY€TA UCTUH-
Hbix pa3mepoB peanu3osaHa B moaynax SCALEA n SCALER, cootBeTcTBeHHO Ans
TBC u ctepxHeit CY3, n yunTbiBaeT HECOOTBETCTBME aKCUANBHBIX Pa3MEepPOB 30H
TBC u nonoxeHusa crepxHeit CY3 matematuyeckoin mopenu peaktopa bH-600
B Komnnekce NEQECT.

Mocne nposepeHus duspacyeta no komnnekcy FEQECT mMoxHO 3anycTuTh Mo-
aynu SCALEA n SCALER pna nepecyeTa KOHCTAHT B pacyeTHbIX fiYerKax mare-
MaTUYeCKON MOJenu peaktTopa 1 noBTopuTh huspacyet. PesynbTat nocnegHero
cnepyeT cuyuTath 6onee NpaBUIIbHBEIM, TaK KaK OH YYMTbIBAeT HECOOTBETCTBUE
pa3mepoB hM3NYECKON U MaTeMaTUYeCKOW MOAeNei peakTopa.

B mopyne SCALEA npocmatpusaiotcs Bce TBC. Mpu nonagaHuu pasnuyHbix To-
nAnBHeix coctaBos TBC B MaTemMaTnyecKyto A4eNnKy MOAENN PeaKTopa KOHCTaHTbI
ANs TAKOW AYENKM NONYYAIOTCA YCPeiHEHMEM KOHCTAHT C BECOM JjoNiell 06beMoB
TONAWBHbLIX COCTAaBOB B AYelKe W NAOTHOCTU NMOTOKA HEMTPOHOB B YKA3aHHbIX
COCTaBax.

B mopyne SCALER npocmatpusatotcs Bce ctepxHu CY3. MpocTeiiwmnm cnocobom
NOArOTOBKN KOHCTAHT AYENKN ABNAETCA CYyMMUPOBAHME KOHCTAHT 30H C BECOM
nx 06beMOoB:

35,0,

T, = (2.8)

y n

m=1

4YTO peann3oBaHo B 6ONbIWMHCTBE Nporpamm. NpeanonoxnM, YTo U3BECTHO pac-
npegeneHue NJOTHOCTU NOTOKA HEUTPOHOB MO 30HAM CTEPXKHA B Aueiike ij .
MycTb 3HaYeHWe NOTOKA HEMTPOHOB B 30HE m €CTb @, . TOrfa MOXHO y4ecTb
Halwe 3HaH1e W yCNoXHUTL (2.8) A0 ciepyloLLero Buaa

iZme(pm
ij :mzln—

Z I/m (Pm

m=l1

: (2.9)

yTo peanusosaHo B Mopyne SCALER.
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I[hasa 2. Qusuueckue 0CHOBbL KUHEMUKU peakmopa

Mocne Toro kak mogynu SCALEA un SCALER (unm xoTs 66l 0AWH U3 HKUX) 0Tpabo-
Tanu, CHoBa NpoBOAMUTCA HU3NYECKUIA pacyeT, KOTOPbI MOXHO CYMTaTb OKOHYa-
Te/IbHbIM peleHneM HeATPOHHO-(hM3nYeckoii 3aaaum B komnnekce FEQECT.
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MmaBa 3. YpaBHeHUs1 KNHETUKMU

3anuiem HecTauMoHapHOE ypaBHeHWE nepeHoca HENTPOHOB ANs ONMpPeLeneH-
HOCTM B AU y3MOHHOM NpubAMKEHUN [24]:

g -1
L_@(p 6(:’ t) =+DéA@® (r, t)— Tt (r, )+ gZ:Z?gq)l (r, t)+
L =
’ JD G JD N - (31)
+y8 | 1- Z; B, ;vz{,qﬂ (r. )+ Z;in;';x;c; (r 1)+ 0% (r, 1),
J= = =l n=
oC” G
—a(t Doy Svisl (o)
=1

roe @°(r,t) — NNOTHOCTb MOTOKA HEUTPOHOB; L, — CKOpOCTb HeATPOHOB
g -1 rpynnbl 3anaspabiBaowmx HenTpoHos; DX (r,t) — Ko3dduLUneHT snuddy-
3un; Zf(r,t) — cedeHue yBoaa; Z’ﬁg — ceyeHue nepeBofa HeWTPOHOB U3
[ -it rpynnbl B & -1o rpynny; X, — CMEKTP MFHOBEHHbIX HEATPOHOB AeNeHMs;
Xf{f — CNeKTP 3ana3fbliBalolWnx HEMTPOHOB; k'; — NOCTOAAHHAsA pacnaga j -h
rpynnbl 3anasAbiBaiowwnx HEATPOHOB HYKAMAA 7} X — CEYeHWe feneHus;
Q*(r,t) — VHTEHCUBHOCTb BHELHEro UCTOYHUKA; (G — YMCIO rPynn HEMTpPo-
HOB; JD — YWUCNO rpynn 3ana3fblBalolWwnx HENTPOHOB; 7 — YUCIO AeNALLNX-
CA HYKIM[OB.
YpaBHeHue (3.1) BOMKHO ObITb LOMNOAHEHO FPAHUYHBIMU U HAYANbHBIMMK YCNO-
BUAMM, HANPUMEP TaKUMK, KaK NlorapudMuyecKoe rpaHMYHOE yCioBue
oo(r, 1) = YQ(r, ) |
or "  Di(r,t) "

M Ha4ajibHOE ycnoBue

@, 0) |, =@ (),

KOTOpOe ABAAETCA peleHneM NGO CTaLLMOHAPHOI 3aiaun C UCTOYHUKOM (T. €.
HEOJHOPOAHOW 3ajauu), NMOO YCIOBHO-KPUTMYECKOW 3afayu Npu HYNeBOM
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BHEWHEM UCTOYHMKE C nony4eHMem COOTBETCTBYIOLLETO COGCTBEHHOrO Yncna
k,

ef 0 ¢

[lns aHanu3a KMHETUKM peakTopa GONbWMHCTBO MccnepoBaTenei npuberaer
K I'Ipl/l6ﬂl/|)KeHVHO TOYEYHON KUHETUKK B €ro Pa3nnNyHbIX (bopmax. Huxe ona ne-
MOHCTpaLMu NpPeAcTaBUM BECb MyTb NONyYEHUA HEKOTOPbIX TaKUX hOPM.

CrauMoHapHoe ypaBHeHME MepeHoca HeWTPOHOB AAs Clyyas YCIOBHO-
KpUTUYECKoii 3aaaumn byaeTt MMeTb BUJ

g-1
DEAQ* (r)+2£0% (r) = Y 21740/ (r) =

I=1

1 JD G L JD N G L (3-2)
= xE I—ZB_f ZVZ‘f(p (r)+22x§j’/’.a;’2v22f(p ™) |,
of Jj=1 1=1 Jj=1 n=1 =1

roe kef — 3(peKTUBHBIN KOIPDULMEHT Pa3MHOXKEHMUS,

N3 Teopuu peaktopa [24; 26] cnepyert, YTo 63 BHEWHUX UCTOYHUKOB HETPO-
HOB Mo/ie HETPOHOB OJHO3HAYHO MOXET OblTb NPEACTABNEHO TONbKO B TOYHO
KpUTUYECKOM peakTope, Koraa k. =1 . Hanbonblwee pacnpocTpaHeHue B npak-
TUKE PpeaKTOpHbIX pacyetoB [26; 27] NOMYYMI0 WMMEHHO 3TO YC/IOBHO-
KpUTUYeCKoe npefcTaBieHne HENTPOHHOIO NONA B HEKPUTUYECKUX peaKTopax
Yepes BBeieHWe YNCNOBOro napametpa k. (3.2), kKoTopoe noapasymeBaeT, 4T0
B 3TOM C/lyyae haKTMyecKoe cpefiHee YNCN0 UCMYCKAEMbIX B aKTe AeNeHunsa Hel-
TPOHOB V 3aMEHAeTCA HEKOTOPbIM DUKTUBHBIM Vi, =V / k. TaK, 4To6bI HEKpU-
TUYECKUI peaKTop OKa3ancs KpUtuyeckum: cobntogancs 6l 6anaHc yncna pox-
LEHHbIX W NOTNOLWEHHbIX (B TOM YUCNe BbIIETEBLIMX U3 peakTopa) HeiTPOHOB.
B atom cnyyae dyHKUMA pacnpefeneHns noToKka HeMTPOHOB [OMKHA YAOBAET-
BOPATb YCNOBHO-KPUTUYECKOMY ypaBHeHuio (3.2), KOTOpOe MOXHO 3anucaTtb
B onepaTopHoii hopme:

Lo* (r) = MEQ* (r), (3.3)

rae L v F — onepaTtopsl yBOAA 1 NPOM3BOACTBA HENTPOHOB COOTBETCTBEHHO;
ero Hanbosblee (Beayliee) co6CTBEHHOE YNCNO A onpeaensercs no gopmyne
A =1/k, . a COOTBETCTBYIOLEE EMY BCIOAY HEOTPULATENbHOE B 061aCTH Onpe-
penenus pewenune ¢F(r) B 3TOM cydae 6yAET CAYKUTL BefyLien COBCTBEHHOM
tyHKUMeN ypaBHeHUA (3.3).

Takoe npefcrasieHne HEATPOHHOTO NOJA Ha3bliBalOT A -npeacTasneHnem [26].
Ero yacTHblit cnyyail — none KpUTMYECKOro peakTopa, Korpa k. =1 n A =1,
npu 3TOM ypaBHeHue (3.2) nepexoAuT B KpUTUYeckoe. 3TO NpefcTaBieHue
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VAOOHO A5 TEOPETUYECKOrO aHann3a U YUCIEHHbIX PacyeToB PeaKkTOpPoB, HO
NMeeT BecbMa YCNOBHYIO CBA3b C AeACTBUTENbHOCTbIO, Korpa k. CKOMbKO-
HUOYAb 3HAYMTENbHO OTIMYAETCA OT eAWHUUbI. TaK Kak hU3MYecKu BO3aei-
CTBOBATb HA BEIMYMHY V He NMPEACTaBAETCS BO3MOXHbIM, 11060€e paccynTaHHoe
no ypaBHeHuto (3.2) cTalMoHapHOe HeilTpoOHHOe pacnpedenerue (npu k. #1)
He MOXeT HabnoaaTbCA IKCNEPUMEHTANBHO, OHO He CyLeCcTBYeT NpaKTUYeCKU.
CornacHo (3.3) k_ MOXHO TPaKTOBaTh KaK OTHOLeEHKe 3hPeKTUBHOrO CpefHe-
ro YUC/a POXAAIOLWMXCA B PEAKTOPE B efUHULY BPEMEHU HENTPOHOB K 3dhek-
TUBHOMY CPEHEMY YUCIY HEHTPOHOB, MCYE3aIOLWMX U3 PeaKTopa 3a TO e Bpe-
msi. IPUHATO CYMTATb YCTAHOBKY NOAKPUTUYHOW, €CAU k. < 1, U HAAKPUTUYHOH,
ecm k. >1 [24].

CooTBETCTBYIOLLEE CTALMOHAPHOE YPABHEHWE ANs CONPSAKEHHON YHKLMUM UMe-
et BUA

G
DEAQ™ (1) + ZE07 (r) = D7 (1) =
I=g

(3.4)

- 1—ZB ngZx o'+ Y Y vizial Zx 0" (1) |

cf Jj=1 n=1

YyutbiBas B (3.1) ABHbI BUJ UCTOYHUKA, NONYUUM:

1 op? (r, t)
v,

+3% I—ZB]JZGZV 9 (r, t)+ZZx“ "Zvd Lo'(n—-  (3.5)

-1
—DAQ* (r, 1)~ Z9% (r,1) + gZz?g(p’ (r. 1)+
=1

=1 Jj=1 n=1

S a3 )+ £ Y ()0 ).

Jj=1 n=1 =1 j=1 n=1

Cnepys pabote [24], ymHOXMB (3.5) Ha ¢ " (r) u (3.4) Ha ¢*(r), NpOMHTErpU-
pOBaB, Nosyyaem
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1 00°(r,t . .
<(P+g U_ () a(: )> — _<(P ngA(pg (r, T)>—<(P gzz;'(px (r, t)>+
g
[ JD G L
(oS50 o) (o2 150, S )
ST )4
JD N JD N
+<ZZ(P+gX§ }’aJ’ZV”E’cP (r)> <ZZ<P*"’X§}’%”ZVZZ}<P’U)>+ (3.6)
Jj=1 n=1 Jj=1 n=1 1
JD
+<Z
j=1

+

FM""

i M=

=l n

QLS AC () +(@ 0% (r, t)>

<<PngA<p*g<r>>+<<pg25<p*g<r>>—<<pg§zg*f ”(r)>

(3.7)

el Jj=1 n=1

kl <K1 ZB Jcp v Zx ¢ (r)+o° ZZV Zfa ”Zxd,@*’(r)D,

rae 3Hak ( > 0603HaYaET MHTErPUPOBAHME NO BCEMY PacCMaTpUBAEMOMY Mpo-
CTpaHcTBYy.

BblunTas OAHO U3 fpyroro, nmeem

(el o o)

JD N D N
(S ma S @o)-($Se e S e ¢.0) 69
1

j=1 n=1 j=1 n=1
JD N

+<22q>*gx§ e r)>+<(p+ggg (1))
j=1 n=1

BOCI'IOJ'Ib3yEMCHI'Ipe)J,I'IOJ'IO)KeHI/IeMO pa3)J,GJ'IEHVII/IBpeMeHHOI7II/I NPOCTPAHCTBEHHO-
3HepFeTVI‘-IECKOI7| 3dBMCMMOCTU NJIOTHOCTU NOTOKaA HeVITpOHOBZ

¢* (r, 1) =y  (NT(1), (3.9)

roe Y& (r) — dopm-dyHkuus; T(f) — amnanutyaHas hyHKUMA,
W onpepfenum:
® ||eHHOCTb HEITPOHOB AeNeHUs
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CND = <¢+gX§ [1 - Z B szz{,,\,,’ (r)> +

(3.10)
JD N
+ ZZd)“”xiTa?Zv oyl (1) );
Jj=1 n=1
° Bpema reHepaumm MrHOBEHHbIX HEI7ITpOHOB
1
A= <¢*g —\ug(r)>/CND; (3.11)
Ug
® 3(hdeKTUBHYIO [OI0 3ana3ablBalOLWMX HENTPOHOB
ul [ a0
<Z¢+gx§ jaijzzfcb (r)>
n=1 =1
. = , 3.12
B],ef CND ( )
® 3 deKTUBHOCTb BHEWHUX UCTOYHUKOB HENTPOHOB
0 Q8 (r t)
Oy (r.1)= <—> (3.13)

BmecTo BpeMeHu reHepaLn MrHOBEHHbIX HeVITpOHOB (kaKk cpepiHero BpemeHu
OT reHepalLui HeiTPOHa OJHOTO MOKONEHNA 10 FeHepaL M HeliTpoHa cnepyto-
Llero NOKONeHNA) Yalle BBOAAT NOHATME BPEMEHM XM3HU MTHOBEHHbIX HETpO-
HOB / (KaK BpeMeHM OT reHepaLmMmu HeNTPOHa /10 ero NCYE3HOBEHNA 13-3a yTeu-
KV U3 peakTopa MK NOrnoWeHus), KOTopble COOTHOCATCA Mexpay coboit yepes
kytl=k,A.

Mocne 3TOro nepenuuem cuctemy ypasHeHuit (3.1) ¢ yyetom paseHcTsa (3.6)
B BUJE

NCUO)
ot

ef

(l—KL]T@) BLT(0)+
(3.14)
<ZZ(p+ng "k C” (r, t)>
O El i +0, (r,1),

CND
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ocC’ (r, t)
+g 7 g,n. J —
<¢ ( )de,‘/ al‘ >
G
= (0" (2 1C) (o)) + <¢ (Msa) vz (r)T(r)>.
=1
Pazpenus 1 ymHOXMB nocnefHee paseHcTBO Ha CND, nonyyum

(0™ (mu3iC; (1))
CND ot -

G
+g g.n _n ny! 1
Yy <‘P+g (rsnct (r, t)> . <(p (rxqa; ;"dzf\l’ (”)>

d.j~j

/ CND CND

()

nnun

8<(P+g (M5C (r, t)> L <(p+g (MSCl (r, t)>
CND 6t / CND

+B T (1), (3.15)
W ecnu 3anuiem

+g g.nn
(e eme ()
Ci(1) = oA , (3.16)
CND
TO MOXEM MepeiTu K peleHuto ypaBHEHUN TOYEYHON KUHETUKW B Knaccuye-

CKOM BUpe:

A th) = (PP )T+ 2 DM CH 0+ 0y (1), (3.17)

j=1 n=1

oc; () _

1 JC (O +B] T,

Jef

rae Cj (1) — uHTerpanbHas KOHUEHTPALUA NpeaWecTBEHHUKOB 3anasablBato-

. 1
WKUX HETPOHOB; p =1——— — pPeaKkTUBHOCTb.
ef
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Cnepys pabote [24], oTMeTUM, 4TO ONpedeneHHas Takum 06pa3om BeNn4mnHa pe-
aKTUBHOCTW UCNONb3YeTCA NPU PacCMOTPEHUM 3NIeMeHTapHON (TOYEYHOIl) Ku-
HETUKM peaKTopoB Npu ycnosuM, 4TO (OpM-DYHKUMA UMeeT Ty e
NPOCTPaHCTBEHHO-3HEPreTUYECKYI0 3aBUCMMOCTb, YTO U COOCTBEHHARA DYHKLUSA
NNOTHOCTU NOTOKA HENTPOHOB YCNOBHO-KPUTUYECKOI 3aa4M C YKa3aHHbIM CO6-
CTBEHHbIM yncnom k. B obuwem cnyyae nosepeHne cobCTBEHHON! yHKLNN
1 popM-dyHKLNUK pa3nuyaeTcs, u onpefeneHHan Takum 06pa3omM peaKTMBHOCTb
HeceT Ha cebe He0CTaTKM 3TOro pa3nuyuns. Mo3Tomy CBA3L P CO CTATUYECKUM
Ko3duumeHTom k, npeactaBnsaeTCcA B JOCTATOYHONM CTENEHN YCNOBHOI W No-
3B01AeT NpuberaTh K pa3HbIM TPAKTOBKAM PeaKTUBHOCTM, Hanpumep [2; 24] p
MOXeT ObiTb UCNONb30BaHa ANA ONpefeneHns JUHaMyeckoro KoadduuneHTa
pa3MHOXeHUs k ,:

:1——,
p ,

rae k ,, CTPOTO rOBOPS, HeMb3A CONOCTABNATL C COOCTBEHHbIM YNCIOM YCIIOBHO-
KpuTU4ecKoit 3agayn. Ho npubnumxeHHo npepnonaraetcs k, =k, B KayecTse
npocreiiweit uHTepnpetaumn p . Mo mepe obcyxpeHMs 3Toi npobnembl byaem
KacaTbCA [LAaHHOrO onpefeneHns u fanee.

PeakTuBHOCTb, OnpefesneHHyto B (3.17), MOXHO TPaKTOBaTh KaK Mepy OTKIOHe-
HUA YCTAaHOBKMW OT KPUTUYHOCTU. TaK, npu p =0 yCTaHOBKAa CYUTAETCA KPUTMY-
HOW, U B HE BO3MOXHO CyLEeCTBOBaHWE CTaLMOHAPHOIO NoNs HENTPOHOB, NpU
p <0 — NOAKPUTUYHOW, 1 B HEN CyLeCTBOBAHWE NOAA HEMTPOHOB B CTaLMO-
HAapHOM COCTOSIHUM BO3MOXHO JINLIb NPU HANUYUKN BHELWHErO UCTOYHUKA, @ NpU
p >0 — HagKPUTUYHOI, B KOTOPON YpPOBEHb MOAA HEMTPOHOB MK MOLLHOCTH
nocTosHHO HapacTaeT. Ecnn p > B, To cornacHo (3.17) amnautyfa nons Hei-
TPOHOB MW MOLHOCTM BYAET pacTu He3aBUCUMO OT HaNWMYKUA 3ana3fblBalOLLMX
HelTpOHOB Nno 3aKkoHy 7'(¢) =T(O)e(”’ﬁ°")“‘, T. e. B, (¢) u3 (2.6) bynert crpe-
MUTBCA K HYJO, U B 3TOM CJly4ae roBOpPAT O KPUTUYHOCTU HA MTHOBEHHbIX Hel-
TpOHax. [N peakTopoB Ha ObICTPbIX HETPOHAX BPEMSA reHepaLun HEATPOHOB
A HaxopuTca Ha ypoBHe 1077 ¢, NO3TOMY HapacTaHUe MOLHOCTU ByaeT ciaunw-
KOM ObICTpbIM, TaKMM, YTO HUKAKas TEXHUYECKAs CUCTEMA HE CMOXKET perynupo-
BaTb NPOLECC U3MEHEHUA MOLWHOCTU. B CBA3M € 3TUM N5 perynMpoBaHus peak-
TOpa paspelleHbl YPOBHU HafKPUTUYHOCTW, 3aBEJOMO MeHbline P, T. e.
p<Py -

ABTOp NpupepXuBaeTca onpefeneHna p Kak napameTpa ypaBHEHUA TOUEUYHOW
KWHETUKM, KOTOPbIY NpK NOLCTAHOBKE B TaKOBOE 06ecneynBaeT MU3MEHEHNE aM-
NAUTYRHON YHKLUMM (4AcTO HOPMUPYEMOW Ha MOLHOCTb PeaKkTopa, HO MOXeT
6bITb HOPMUPOBAHHOM Ha aMMIUTYAY U3MEPAEMOr0 AETEKTOPOM CUTHANa U T. A.),
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COrnacHoe ¢ NoKasaHWAMM feTekTopa. B 3Tom cnyyae noHATHUE «PEAKTUBHOCTbY
U3 YMO3PUTENIbHOTO, T. €. BBELEHHOTO B BUPTYaNbHbIX MOCTPOEHMSX, NpeBpalLa-
€TCA BO BNOJHE PU3MYECKOe — Mepy CKOPOCTU U3MEHEHUS MOWHOCTH (CUTHa-
na). Mpw HenocpenCcTBEHHOM peLeHUU CUCTeMbl ypaBHeHHUi (3.1) noHsTUs pe-
aKTUBHOCTU HEe BO3HWKAET, U YPOBHU HAA- UM NOAKPUTUYHOCTU OnpeaensTcs
MMEHHO CKOPOCTbIO M3MEHEHUs MOLHOCTY (CUTHANA) U ee 3HAKOM, T. €. IeBOH
4acTblo NePBOro PaBEHCTBA CUCTEMbI.

PeakTBHOCTb NPUHATO U3MEPATL BEIMYUHON Af / f , WM B MPOLIEHTAX OT Hee,
unu B ponnapax nMbo LeHTax (CoTbix AONAX [ONNApa) NPU HOPMUPOBKE peak-
TUBHOCTU Ha BENUYMHY [, .

Ecnu xe npegctaButb cuctemy (3.17) B Buge

o 20 o 0 )
6T(t) 0T (t)— BctT(t)+Z n=l oND +0, (r, t), (3.18)
CED e eapaSvyero 6

M Ha KaXLOM BPEMEHHOM liare pelwaTtb MNPAMOE W COMpPAXEHHOE YCIOBHO-
KpUTUYECKWE ypaBHeHUs, T. e. nonyyatb y(r) un @ (r) ana onpepeneHus
peakTuBHocTM P u paccumtbiBate CND, 1o MoxHO u3 (3.19) nonyuutb
Cj(r,t) nucnonb3oBaTh ero Npu pelweHun ypasHeHus (3.18), coxpaHas 3a-
BUCMMOCTb KOHLEHTPALM NpeALecTBEHHUKOB 3ana3AblBalolx HeNTPOHOB OT
npoCcTpaHcTBa. [peACTaBUM 3TO B KOHEYHbIX Pa3HOCTAX B paMKax HEABHOM cxe-
Mbl PeLIeHUs:

L Z}\"fl <(p”1 (r)xg ”an+1 (I")>
( )= 0BT+ 2 D + 0,0 (r), (3.20)

i+1

C;,m(r) (”) =—TA nCnHrl (r)+‘ca”zvd2f\l',z+l ("7, (3.21)

roe T — LWar no BpeMeHu.
N3 (3.21) nonyyaem
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1
cl (r)= Cl(N+——mai) v "y T, 3.21
/,Hl( ) 1+T)\4? jl j z Wl+l( ) i+1 ( )

nopctasms (3.22) B (3.20), nonyyaem

N n
P Nvery e e o)
n=1
-7 +
z+1 ) (p Bef i+l IZ:; CNDHI
Y (3.23)
JD Z:‘l }\," <(P,+1( )ij 72\/ by W:+1(r)>
* CND i+1 + Qef,i+1(r)~
J=1 i+1
Otciopa nmeem
N )\"
T JD zl+ }\/n <(pz+1( )Xs :C_;ll(r)> .
];+f2”1 +— cf,[ﬂ(r)
= A Jj=1 CNDH] A
T = . (3.24)

i+1 N '57\.’,
1:(p B ) Z;l+ 7\‘,1< ,+1( )X§7 ?ZV z:/\Vm(’”)>
ef n
AZ

A

J=1 CNDi+I

W ecnn onpeaennm

<(P1 Xj ;’a;zv Z/(pl (r)>
"o , 3.25
B],z,ef CND ( )

i

T0

e iyy M CEOMCLO)

. AGS 1+ CND,,, A (3.26)

i+l ’t(p Bef) N }\‘n n . .
== ZZ

1+ )Ln / i+1,ef

]lnl
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,U,J'IH cny4aa BOCbMM rpynn npefwecTBeHHUKOB 3ana3fbliBalolmnx HEVITpOHOB,
Korpa HeT 3aBUCUMMOCTU NOCTOAHHbLIX pacnafa OT Aenaweroca HykKnupa, nony-
YyaeMm

ul <(Pl+l(r)X§jCj”z( )> T
+ O i (1)
= +’C7\. o D,,, A
T = t(p—By) & T
1- D et I
A AT+,

(3.27)

n n ’E n <
Cj,i+1 (r)= Cj‘i(r)+r’t_7\’jaj ;Vd \Vz+1 (T, (3.28)

1+’C)Lj

Torga B KOHEYHbIX PA3HOCTAX MOXHO NPEACTaBUThL U pelleHne obpaTHO 3apa-
¥ (onpeaeneHue peakTUBHOCTM NO U3BECTHOMY U3MEHEHMIO MOLYHOCTH):

o no a(esendee)
+1 B (1_,’_,[}\‘ )3€f n=1 CNDi+l

(3.29)

JD . A
-T — B .
i+l ; (1 N T7\4‘,- )Bcf B‘/‘H-],ef Bcf et (1) +( i+l )TBcf

Ecnu paccmMoTpuM ycnoBHO-KpUTUYECKYIO 3aaavy (3.2) M aHanornyHyio ei 3a-
Jady ons cOnpseHHON QYHKLUMM (3.4), HO C BO3MYLLEHHbIMU CEYEHUAMU

G
DEAQ™ () + 5™ (r) = D S (r) =

(3.30)

(180 S v S oo

TO MOCNe B3aMMHOTO NEPEMHOXEHWUS NepBOTO HA COMPAXEHHYIO GhYHKUMIO,
a BTOPOro Ha NpsaMyio GYHKLMIO Nofydum
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g-1
O DFAQF (1) + 9 ZEQT (1) = D T 79 0! () =

I=1

1 . JD G JD N . aon G \
=K_{(p A {I_ZBJJZVZ;‘PI(FHZZ(P N Zvdsz@l(r)}’
= =1

ef J=1 J=1 n=1

(3.31)

G
O DEAQ™ (N + @ @ (r) = X EF ot (1) =

I=g

Jj=1 n=1

1 JD . G Do JD N . G . , (3'32)
= | [ 1= 2B [VEFof 10" (0 + 2 D vizFeta Y e ()
of =] I=1 =1

Mocne BbluMTaHUA BTOPOro n3 nepsoro nMmeem

(9 D*AQ" ()~ 9" DF Ag* (r) > + < 9° 0™ (1) ~ 9™ *TE0% (1)) -

G g-1
- <Z Tt () + ) 20 ! (r)> =
=g I=1

(3.33)

Jj=1 n=1

1 1 & * & L S WSO g
=l 1=D"B, [VEEQ* D 10" () + 2. D visFetal Yy o (r) |
ef ef Jj=1 1=1 1=1
JD G ; ) JD N G , )
x| @ s | 1=20B, D vEle () + DD o x5 a D vizh o' (r)
Jj=1 =1 j=1 n=1 I=1

nnun

(0%8D% A (1) + (9" 555 0* (1)) - <252f Yo" (r)> B (3.34)

ef ef j=1 n=1

1 1 JD G ; ; JD N G ) .
=l {1 2By VRS0t 20 () + 2 3 ViR et a3 e (1) ).
j=1 I=1 I=1

Otciopa
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<(Pg5DgAcp+g (r)> + <<pg825 9 (r)> - <ZG: 32 gt (V)>

=g

<(1—ZB,)V52g(P pr(p”(r)+22v DRA0 a"Zx”’ +1(r)>

Jj=1 n=1

. (3.35)

3ech nofpa3yMeBaeTcs, YTo HEBO3MYLEHHOe COOCTBEHHOE YMCIIO CTh HeKoe
k_, He Bcerpa paeHoe 1,0, u ans npeactasnenus (3.9) U BpeMeHHOro xapakre-

cr’

pa 3ajayu nony4ymm

l{a_mL@T(f)

+DEAYE(r, )+ Z8yE (r, 1) —
o TT0 o \v} e (r, )+ Z5ye (r, 1)

(3.36)

—Zz/*gw (r,0)=x% (1 ZB ]sz v (r, t)+Q5T((rt’)t),

rae unen QOfF(r,t) onpepenser CKOPOCTb pacnaja npeplliecTBeHHUKOB 3anas-
LbIBAKOLWNX HENTPOHOB B MOMEHT BPEMEHU ¢, a UMEHHO

0:i(r.0= [ X3 uinaT(r )Zv"z/ v (1) (3.37)

—oo j=1 n=1

[Janee nonyuum

Ly(ht)-w(rnt,) 11 ora)
v at o T() ot

ZZH*” l(r,tl) Xp[l ZB JZVZ \y(r )+QdT((:)t).

+DEAYE (r, 1)+ 25y% (1, 1, )-
(3.38)

Ecnu HeCTaluMOHAapHY0 3apayy pewaTtb nowaroBso, N0 3aBepLIEHUN Kaxpaoro
BPeMEHHOrooTpe3KaonpenenaTb kcf 3TOro COCTOAHUA M3yCﬂOBHO-KpMTW{ECKOI71
3afid4u, TO NOJIy4UM CXeMy peLleHnsa, UMeHyeMyto ap,wa6amquKMM npm6nm>+<e-
HUeMm.

[naBHbIi HepoCTaTOK afaMabaTnyeckoro NpUOANKEHUA 3aKIK04ALTCA B TOM, YTO
HEe YYUTHIBAETCA KMEUTENbHOCTbY (3ana3fblBaHue) NpeAlwecTBEHHUKOB 3a-
na3abiBaloLLNX HEHTPOHOB NpKU pacyeTe U3MeHeHUs GopM-tbyHKLUUN e (7,t) .
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Ecnu e MCTOYHMK 3ana3pblBaloWyUx HEHTPOHOB PAcCUUTHIBATL U3 PaBEHCTBA
(3.36) ¥ ucnonb3oBath B ypaBHEHUU s GOPM-GBYHKLWAM B NPeanoNoXKeHuH,

YTO UneH (a\yg(r, t)/at)/o paBeH Hy/o, TO NOJy4YUM TaK Ha3blBaeMoe KBa3u-
cTatnyeckoe npubnuxerue [24]. Bennuuny (aT(t)/at)/T(t) MOXHO B3ATb U3
peLleHNs ypaBHEHNA KUHETUKM AN aMIAUTYAHOM GYHKLMM ANA NOCNeAHero u3
CEpUM BPEMeHHbIX UHTepBaNoB. B 3ToM npubnmeHUn MoxHO nonyunts Gopm-
(YHKLMM C XOpOLWel TOYHOCTbIO Aaxe Ans 6OJbWWX NPOCTPAHCTBEHHO-
pacnpepeneHHbIX BO3MYLWEHNI CBOICTB CUCTEMbI [24].

Ecnu k Tomy e yyecTb uneH Oy®(r,t)/ Ot , NpeLCTaBNAA ero B BUAE

oy (r, 1) A (r.t)—w® (r,t=Ar)
o At

W pelwas 3atem ypaBHeHue ans dhopM-dyHKuMK (3.38) noayyum cxemy pelue-
HUS, UMEHYEMYIO YNYYLIEHHBIM KBA3UCTaTUYECKUM NPUBIMKEHNUEM, TOYTU COOT-
BETCTBYIOLLYIO NONHOMY YMCIEHHOMY pelleHUt0 HecTauuMoHapHoM 3agauu. lpu
60/blWMX BPEMEHHBIX MHTEpPBaNax Ans onpegeneHns hopm-hyHKLMK No CpaB-
HEHWIO C MHTEepBaNaMu ANs onpepeneHna aMnaAUTYAHOW QYHKLKMM TaKas cxema
MOXEeT 0Ka3aTbCs LOCTATOMHO TOYHOI U CYLLECTBEHHO BoNee BbICTPOIA.

(3.39)

KOHLI,EHTpaLl,VIM NPOAYKTOB AeneHna — npenwecTBeHHNKOB (BMMTTepOB) 3anas-

AblBaOWKUX HEI;ITpOHOB ¢ (V, ZL) onpegenarTca Ux pacnagom u O6pa3OBaHMEM
B aKTax fgeneHus. nOBTOMy ONA HUX MOXHO 3anncaTthb ypaBHeHUE

dcj (r, t) _

- o (r0)+ BjjdEj dOVE, (r, E)o(r, E, 1), (3.40)

rae j=1,2,..,8; A, — noctosiHHble pacnaja NpeALecTBEHHUKOB 3anasabl-
BalOLNX HETPOHOB, CBOU B KaX 0N BPEMEHHOM rpynne, He 3aBuUCALLUE OT Mo-
TOKa HETPOHOB, @ 06pa3oBaHMe NPeALIECTBEHHUKOB, HA060POT, ONpefenseTcs
HACTOALMM U MPOLWLIM COCTOSAHUEM NOTOKA HENTPOHOB. B 3TOoM cmbicne ans
KaX[oro npejlWecTBeHHUKA MOXET ObiTb 3anUCaHO pelleHue NpeablayLLero
ypaBHeHUs B 06Leil hopme, CyMMUPYIOLLEN BCIO NpeabicTOpuio:

¢, ()=, [ di'exp[ 4, (—0)|[dE[dOVE, (-, EYo(r B, 0u1). (3.41)

Mpu pelieHnm 3aa4n C UICTOYHMKOM YaCcTO ONEPUPYIOT TAKKE HEKUM k., Oyaem
Ha3blBaTh €ro B JanbHeiweM K, , Tak kak OHO He ABNAETCA COBCTBEHHBIM YNC-
NIOM YC/IOBHO-KPUTUYECKON 33ajauu W ABNSeTCA [ONeil HeHTPOHOB AeneHus
B CYyMMapHOM UCTOYHUKE HEHTPOHOB B peaKTope:
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_ <v2/. (ro* (r, t)>
’ <v2f(r)(pg (r, t)>+S ’

(3.42)

rpe § — MOLWHOCTb BHELWHEro NCTO4YHMKa, H/C,' a UHTEerpuposaHue npoBoanTCA
no BCEMY NPOCTPAHCTBY U3MEHEHUA NEPEMEHHDbIX.

Mo 3TOMY NapameTpy nNpoBoOAUTCA OLEHKa CTapTOBOVI MOLHOCTN KPUTUYECKUX
C60p0K U peakKTopos nNpu M3BECTHOMN MOLLHOCTU BHELHEro UCTOYHUKA U C ero
NOMOLLbIO MOXHO fAeNaTh OLEHKY MOLWHOCTK peaKTopa npu BbiIBOAE €ro Ha Kpu-
TUYHOCTb.

C yyeToM npepcTaBNeHUs HEOAHOPOAHOM 3afauM C UCTOYHUKOM s CTaLuo-
HApHOTO Cyyasn B BUAE

Lo (r)=Fo* (r)+S (3.43)

nosyyaem

Fo*(r) _Fo*(r)

== = s (3.44)
Fo* (r)+S  Le*(r)

YTO HaMOMMHAeT onpefenerne k,. W3 yCJIOBHO-KPUTUYECKON 3adaun (3.3).
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MmaBa 4. «<HeKPUTUYHOCTb» KPUTUYECKOrOo
peakTopa

B cnyuae obcyeTta peasbHbIX PEAKTOPOB MAKM KPUTUYECKUX COOPOK pe3ynibTatsl
peleHmns YyCNOBHO-KPUTUYECKOW 3afaun TPeOyIoT KOPpeKLMH, TaK Kak addek-
TUBHBIN KO3 DULMEHT PA3MHOXEHUSA HENTPOHOB NPM 3TOM BCErfa OTINYEH OT
eAMNHULbI.

Huxe npuBepeHbl pacyeTHble GOpMy/bl ONpefeneHns HEKOTOPbIX QYHKLMOHA-
NI0B peaKTopa Nnpwu OTKNOHeHUN ero GaKTUYeCKOro KpUTUYECKOro COCTOAHMUA OT
pacyeTHOro, NONY4YeHHOro NPU pelleHnn YCNOBHO-KPUTUYECKON 3afaun.

4.1. Ydyem «<HeKpumu4YyHocmu»
npu onpedesieHUU peakmusHocmu

[ins pacyeTHoro onpepeneHus napameTpoB SAEPHOr0 peakTopa HeoOGXOAMMO
NONY4YnTb pelleHne OfHOI 13 GOpM ypaBHEHMsA NepeHoca HeNTPOHOB [24]. Ta-
KOBOW, Hanpumep, ABAAETCA YCIOBHO-KpUTUYeckas dopma (3.2). HacTHbiM cny-
yaeMm pelweHus cuctemsl (3.1) ABNAETCA Noje KPUTUYECKOrO peakTopa, Koraa
k. =1.B pa3spene 3 yxe oTMeyanocs, YTo paccymtaHHoe u3 (3.2) HeiTpOHHOe
pacnpepeneHue npu k, #1 Henb3a HabnoAaTb IKCMEPUMEHTANbHO, TaK Kak
OHO He MOXET CyllecTBOBATL NpakTuyecku [26]. OgHako npepcrasnexue (3.2)
BecbMa YAOGHO NMpU TEOPETUYECKOM aHanM3e W YUCNIEHHbIX pacyeTax peakTo-
poB.

Hanpumep, npu oLeHKe BENMYMHBI BHOCUMOTO BO3MYLLEHUS B PeakTop, T. e. pe-
aKTUBHOCTY, NpeAnaraeTca noNb3oBaThCs HOPMyNaMn TEOPUM BO3MYILEHNS AN
k.. [28]. A MeHHO, ecnu ypaBHeHMe ANA LIEHHOCTU B KPUTUYECKOM peakTope
(k, =1) umeet Bup,

L+(p+:1_F+ +’ (4'1)
roe L, F* — onepaTopbl CONPsXeHHOr0 ypaBHEHUSA K YCI0BHO-KPUTUYECKOMY

ypaBHEHUI0 NepeHoca HeTPOHOB;

a ypaBHEHUWe ANs NNIOTHOCTY NOTOKA HEATPOHOB B BO3MyLLeHHOM (perturbation)
peakTope —

Lo,=—F0,, (4.2)
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rae L,, F, — Onepatopbl BO3MYWeEHHOr0 YCI0BHO-KPUTUYECKOTO ypaBHeHUs
nepeHoca HeMTPOHOB,

TO, npeacrTaBnas

L=1+ L—1 =1+6L, L =L+08L, F,=F+0F
k k k s s

P P P

¥ Npou3BOAA ONepaLuyu NepeKpPecTHOro YMHOXKEHUS, UHTErPUPOBAHUA U BbIYU-
TaHWA, YYUTHIBAA COMPAXKEHHOCTb ONEepaTopoB, MONYYNM U3MEHEeHUEe peaKTUB-
HOCTU NPU BO3MYLLEHUM

11 . (odLo)—(0'dFe)
5E_E—1_ o7 = Ap,, (4.3)

AHanornyHylo npoueaypy MOXHO OCYLECTBUTL A1 BO3MYLLEHHOTO COCTOSHUS
(a). Torpa, cnepys Toi e TeopuUU BO3MYLLEHHUI, NONYYUM OLLEHKY U3MEHEHUS
PEaKTUBHOCTU peaKkTopa Mpu NEpexofe ero M3 CocTosHUA (a) B COCTOAHUE

(P):

1 (ostn)- (o)
Ap,, = SE TR oFo) : (4.4)

ITUM BbIPAXKEHMEM MOJIb3YIOTCA B pacyeTax peakTopos [24].

OpHako ycnoBHO-KpUTMYeckas (OpMa ypaBHEHWA MepeHOCa HETPOHOB KOp-
PEKTHA, TOJIbKO €CIU KPUTUYECKOE COCTOAAHME PeaKTopa COOTBETCTBYeT k, =1.
Mpn cpaBHEHWM pacyeTHbIX W 3KCMEPUMEHTaNbHbLIX XapaKTepUCTUK peakTopa
JKCNepuMeHTanbHOe KPUTUYECKOe COCTOSHME peakTopa, COOTBETCTBYLiee
pacyeTHoMy k_, BCerja He COOTBeTCTBYeT k. =1 ero pacueTHoil Mogenu (cm.
HWXe puc. 4.1). 3T0 oTpaxaeT NOrPewHOCTb MOAEINPOBAHUA PeaNbHOr0 06b-
€KTa, NOrpeLHoCTb NCNONb3YyeMbIX PacyeTHbIX aarOpUTMOB PelleHUs OTMeYeH-
HbIX ypaBHEHUW U T. n. B Takom cnyyae onucaHue peaktopa cuctemoit (4.1)
cnefyet Npu3HaTh HEKOPPEKTHBIM.
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Homep MuKpOKaMImaHuH

Puc. 4.1. 3Hadenmna k., nonyyenHble 3kcnayaTalnoHHoil nporpammoit TEQECT Ha

KoHeL, MMKpokamnaHuii B PY bH-600

MoaToMmy, 3Has 3HaueHWe k., COOTBETCTBYIOLIEE KPUTUYECKOMY COCTOSHMIO
(k.. ), nonpasum cuctemy (4.1) Tak, 4uTo6bl KPUTUYECKOE COCTOSIHME peaKkTopa
COOTBETCTBOBANO KPUTUUECKOMY PAacHETHOMY COCTOSIHUIO. [Inf 3TOrO, HanpuMep,
YMHOXWUM npaBble YacTh ypaBHeHWit B cucteme (4.1) Ha eaunuuy (k. /k,, ).
T. €. nepeingem ot cuctembl (4.1) K cucteme

1 ~
Lo=—F y
¢ kcf ¢
Lo :;Fr(p*, (4.5)
kef

e F=Flk,, F*=F" |k, nk,=k,/k,.

Tak 4TO ecau, Kak u Bbille, npu oueHkKe BeJIMYNHbI BHOCUMOTO BO3MYLLEHUA
B Hally MOAeNb peaKkTopa, T. €. PeaKTUBHOCTK, BOCNOJIb30BaThCA dJOpMyJ'IaMM

TEOPUM BO3MYLLEHUS, TO UMEEM [/Isi KPUTUYECKOTO COCTOAHUA (ker =1)

Lo =1-F¢". (4.6)
MNOTHOCTb NOTOKA HEHTPOHOB B BO3MYLUEHHOM peakTope ( p)

1 ~
Lp(pp :E_F;)(Pp' (4'7)

P
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Mpeactasnas %:H %—1 :1+8~L, L,=L+38L, F,=F+8F wnnpo-
P P P

M3BOAA onepaunn nepeKpecTtHoro YyMHOXeHuUsA, UHTErpupoBaHua U BblYUTaHUSA,
nony4ynMm M3MeHeHne peakKTMBHOCTU NpU BO3MYLLEHUU

SL:L_1:<(p+5L(p>—<(p+6ﬁ(p>

k, (o'Fo)

=Ap,. (4.8)

AHanNornyHyto NpoLeaypy, Kak v Bbile, MOXHO OCYLLECTBUTb ANS BO3MYLLEHHOTO
coctosHus (a ). Toraa, cnepys BCe TOW e TEOPUM BO3MYLLEHUIA, NONYYUM OLLEeH-

Ky M3MeHeHWA peaKTUBHOCTM peakTopa Npu nepexofje ero U3 coctosHus (a )
B cocTosHue ( p):

+ 1 +Q
Ap,, == | - SL(F;>_I~“~<(P 6qu>, (4.9)
v . (9Fo)

cr

unn, nepexona K HenonpasJiEHHbIM OonepaTtopam, Asa KOTOPbIX WU NPOBOAATCA
BC€ pacyeTbl, nony4aem

<(p+8L(p> - ki<(p+81:"(p>
Ap, =| ——— |k = a , (4.10)

YTO HECKONbKO OTNNYaeTCA OT (4.4).

BenuuuHa B 3HameHaTene paBeHcTBa (4.4) — 3TO LEHHOCTb HEWTPOHOB Aene-
Husa. U3 (4.10) cnepyet, yto UHA npu cpaBHEHUM pacyeToB C IKCMEPUMEHTOM
LO/MKHa OblTb  CKOPPEKTMPOBaHa Ha KpUTMYHOCTb. Mcxops W3 duanyeckoro
cmbicna LHJ Kak ckopoCTu reHepaLumn LEHHOCTU HEMTPOHOB 3a CYET fleNleHuns,
NnocnefHo0 cnefyet U3MeHUTb. TO ecTb ANA NONYYeHUA KOPPEKTHbLIX pe3yib-
TaTOB pacyeTHas CKOPOCTb MPOLECCOB AeNeHNs [OMKHA ObiTb CKOPPEKTUPOBA-
Ha Ha k. 3Ty NpoLeAYpY AENaiOT BCe PacyeTuku Npu NEpexoe K peweriio
HecTauMoHapHOW 3afaun, TaK KaK MHaye He yaaeTcs NOAJepKaTb B Hel CTa-
LMOHapHOe cocTosHMe. B paHHoW paboTe npepnaraeTcs CKOPPEKTUPOBAThL He
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TOJIbKO HECTALMOHAPHYIO 3af1auy, HO U CTALMOHAPHYIO, YTO BNOJIHE ECTECTBEHHO.
MposeMoHCTPUPYEM 3TO Ha BbIBOAE YPAaBHEHUIN TOYEYHOH KUHETUKM.

[lns BbIBOAA ypaBHEHMWII OfHOTOYEYHO! KMHETUKW peakTopa BOCMO/b3yeMCs
npeoXeHneMo pa3fefeHnM BpeMeHHON N NPOCTPaHCTBEHHO-3HepreTUYecKon
3aBMcMMOCTM (3.9) NoTOKa HEITPOHOB M Nepenuiem cucTeMbl ypaBHeHui (3.1)
u (3.4) AnA HeKpUTMYeCKOro peakTopa € 3pdekTBHLIM KO3hdULUMEHTOM pas-
MHOXeHMA k B cnepylollem Buge:

1 6¢ '
;§+ch [x—ZBjx},-jjdEcpvjzj+ijxj(E)cj, (4.11)
/ J

c, ,
o B./_[dE ov,z,-1,C,

+ + VX, ’ o+ rat k-1 "o
L ¢ = fk / jdE(P X:szfj.dE(P X_VfZ/TIdE(P X

Cuctema ypaBHeHuit (4.11) ucnonb3yetcs s BbIBOAA YPABHEHMI TOYEYHOW
KMHETUKKU B NPefnoNOXKEHUN KPUTUYHOCTU ypaBHeHW npu k=1. B Hawem
cnyyvae (a B peanbHbIX pacyeTax BCErfa) 3TW ypaBHeHUs HEOOXOAMMO CKOPPeK-
TUPOBATb HA KHEKPUTUYHOCTbY NOJTy4aeMOro 06cyYeTa KPUTUYECKOTO COCTOAHUSA.
Wcnonb3yem onpenenerHoe Boilwe k. Toraa cuctema ypasHeHuii (4.11) nepe-
XOAUT B CefyioLyio:

dE'gv,
%g—+L(p [x ZBXJJ kv +ZM<(E) (4.12)

cr

ac, IdE’(ijEj
or k v

cr

A v, k=1
Lo = f ~f dEf(P+X= r(p+x_ S7r _ dE,(PJrX
k_k j k, k j

cr cr cr

YMHOXMM NepBOe U3 ypaBHEHM CUCTeMbl HA @', BTOpoe — Ha @'X; (E)

M TpeTbe — Ha (p(r, E) Mocne 3TOro NpoMHTErpuUpyem no (r, E) W BbIYTEM
TpeTbe M3 nepsoro. Paspenum nonyyeHHoe Ha
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jdrqufX(E) j dE'DVE, kl =CND

cr

1 BBEAEeM 00603HaYeHUs:
® BpEMS XM3HU MTHOBEHHbIX HEATPOHOB

J'drdEw

~q

, (4.13)

- 1 A+ 1A

o j drdEO X(E)jdE Ovs,
e 3(heKTMBHAA AONA 3ana3fblBaloWMX HENTPOHOB j -i rpynnbl
1 . A
k—jdrdEo 1, (E)[dEOVE,

Bef,j = Bj Clr R N . (4'14)
k—cr_[drdEO*x(E) [aEOvE,

Wecnun B, = 2[36“ — CcyMMapHasa 3¢ deKTMBHaA [0Na 3ana3gblBalolnx Hen-

TPOHOB, a TaKH(e

j drdEOQ” (r, E)y,(E)C,(r, t)

C,(t)= (4.15)

— j drdEO* y(E) j dE'OVE,

TO YpPaBHEHUA TOYEYHOW KUHETUKM peakTopa NpuMyT BUA
_(p B., )N(t)+Zk C, (1), (4.16)

= N(O)B.,; —4,C; (0).

Otcropa cnegyer — cM. (3.10)—(3.12), — 4T0 COBMECTHO C Koppekumeit LH]
OyAeT CKOPPeKTUPOBaH NOCPEACTBOM YMHOXEHUSA HA Kk, MO CPaBHEHUIO C Knac-
CMYECKUM OMpefeneHneM TaKoi (PYHKLWOHAN peakTopa, Kak BpeMA XWU3HU
MIHOBEHHbIX HelTPOHOB [ . Ho 3thdekTMBHas [oNs 3ana3pplBaiowmx HeiTpo-
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HoB [, M3MeHeHa He OypeT. lpu 3TOM ypaBHeHUs A TOYEYHON KUHETUKM
C KOPPEKTUPOBAHHBIMU U HEKOPPEKTUPOBAHHBIMU QYHKLMOHaNaMmn GyAyT oTau-
yatbca Apyr ot gpyra. Mpu 06paboTke 3KCNepUMeHTa METOAOM 06paLLeHHOro
peweHus ypasHeHus kuHetukn (OPYK) onpenensetcs oTHoweHune pexp/Bef, rne
P., — M3MepAeMoe 3HauyeHne peaKTMBHOCTA. N3 (4.16) cnepyeT, 4To 370 OT-
HOLleHMe HeoOXOAMMO CPaBHMBATL C PaCYeTHbIM 3HadyeHueMm k. p/fB. unu c
P.. /Ber TAE P, — PaAcyeTHOE 3HaYeHWe PeaKTUBHOCTH, CKOPPEKTUPOBAHHOE
Ha OTKNOHEeHMe OT KPUTUYHOCTM pacyeTa KpPUTUYECKOro COCTOAHWUA peakTo-
pa (4.10).

KoppeKTMpoBKyY pacyeTHbIX PYHKLMOHAN0B peakTopa Ha ero KpUTUYHOCTb MOXK-
HO TPAKTOBATb KaK Yy4YeT M3BECTHOW MH(OPMALMUM O PACYETHOW MOrpewwHoCTH
B Nony4yaembix QyHKUMOHanax. OTMeYeHHy KOPPEKTUPOBKY PacyeTHbIX 3Haye-
HWN peakTUBHOCTM U T. N. CNeayeT NPOBOAUTL WU NPU CPAaBHEHUW Pe3ybTaToB,
NONYYEHHbIX NO PA3IMYHbIM MPOrPpaMMam npu obcyeTe OfHOMO M TOTO JKe TeCTa,
T. €. Npu BepuduKaummu nporpamm. B aTom cnyyae Bce pesynbTaTthl, KOPPEKTUPY-
ICb Ha MONYYeHHbIe B Pa3HbIX NPOrpammax k., — KpUTUYECKHUe, KaK Gbl NpuBO-
OATCSA K €ANHOMY KPUTUYECKOMY COCTOsIHUMI0 [28—32].

4.2. O cpasHeHuu KoaghguyueHma
eocrnpou3eodcmea

[laBHO 3ameyeHo, 4To KoadduumeHT Bocnpoussogctea (KB) npu &, <1 nony-
YaeTcs 3aBblWEHHLIM N0 OTHoWweHuio K KB, nonyyeHHomy npu k. =1, anpu
k; >1 — 3aHumKeHHbIM. HanpawwnBaeTcs BbIBOA, YTO OTHOLEHWE CKOPOCTeil
NPOLLeCcCoB, OAMH U3 KOTOPLIX fieNeHue, A NosyYeHUs yCTONYUBOrO pesynbTa-
Ta cnefyeT KOPPEKTUPOBaTL Ha NoJyYeHHOe CO6CTBEHHOE YNCNO k. YCIOBHO-
KPUTUYECKOII 3afiaun ypaBHEHUA NepeHoca HeilTpoHOB. MpeacTaBUM YCNOBHO-
KpUTUYECKYI0 OopMy ypaBHEHMIA NepeHOCca HEUTPOHOB B Buae [26]

L’(p+2ﬁ<p+2;’.<p=kLX(E)jdE'cpvzé, (4.17)

ef

e CUMBON  COOTBETCTBYET AeNALEMYCs MaTepUany, U BOCNONb3yeMcs npef-
cTasneHuem (4.17) pns aHanusa pacyeTHoro 3HaueHus KB.

B (4.17) pna cobniopeHns 6anaHca HeNTPOHOB NpepfiaraeTcs 3aMeHATb Cpeg-
HEee YMCNo HeNTPOHOB V, 06pa3syloWNXCca B npouecce aeneHus, Ha v/ k, [24;
31]. OgHako cnoco6boB BAUAHMSA HA BEAUYMHY V AJs NOAFOHKM ee K Kputuye-
CKOMY 3Ha4eHWIo v/ k, Y pacyeTynKoB NPaKTUYECKM HET, TaK Kak 3Ta BeNNYNHA
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— (U3MYeCcKan KOHCTaHTa, C1abo U3MEHSIOWAsACA NPU U3MEHEHUM COCTaBa cpe-
Abl Unu ee reometpuu. NMosaTomy ans nonyyYeHUs KPUTUYHOCTU MOAENM peaKTopa
pacyeTyuk GyneTt U3MeHSTb MaKpOCeYEHUs UK, YTO TOYHee, OyaeT CTPEMUTLCS
M3MEHUTb OTHOLWEHWe CKOpOCTeil npoueccoB. Tak YTO B KPUTUYECKOM COCTOS-
HUW ypaBHeHuWe (4.17) npumeT BUA

L'o+Zip+Z0= kix(E)jdEkpvid., (4.18)

ef

rae TMNbAON 0603HaUYeHbl U3MEHEHHbIE L0 KPUTUYECKOTO COCTOSHUA KOIdK-
LMeHTbl ypaBHeHus (4.17).

N ecnu nepexog ot (4.17) Kk (4.18) ocywiecTBasaCcA NPONOPLUOHANbHbIM U3Me-
HEHWeM CKOpPOCTeW peakLuil, HanpuMep KOHLEHTpaLMel fenswerocs Uam no-
rnowarwuero matepuana, To Ko3ghULMEHT NPONOPLUNOHANBHOCTU ONPEAENUM

U3 WHTErpasibHOro COOTHOLWEHNA, nepexoasa ot (4.18) K MHTErpajibHbIM COOTHO-
leHnaAM:

<Z'¢>=(o—1)<ij¢>—<ii¢>, (4.19)

roe v = <v>/.2f(p>/<2f.(p>,

n ¢ yyetom Ko3hbULMEHT NPOMNOPLMUOHANBHOCTU U3MEHEHUS ONEpaTopoB A
nosy4aem

(L'9)= A[(V-l)(sjq))—(zf ¢>} (4.20)

Mo A noHumaem Ko3hhULMEHT, onpeaensiowuii, BO CKObKO pa3 Heobxoau-
MO U3MEHUTb CKOPOCTU peakuuii AeneHus 1 3axBata feNallerocs Hykauaa ans
LOCTUXKEHUA KPUTUYHOCTU B MOAENU peakTopa. Toraa, cnepys onpepeneHuio
ko3 duumueHTa BocnponsBoacTea U3 (4.19) [28]

R
ERREnY

Jafiee y4yTeEM NpPU 3TOM Nepexof K KPUTUYECKOMY COCTOsIHMIO, Tak Kak KB, kak
n no6oit Apyroit GyHKLWUOHAN, UMEET CMBICA TONbKO A5 KPUTUYECKOTO COCTOSA-
HUA, u, cnepys (4.18)—(4.20), umeem

(4.21)
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KB, = (z20) . (4.22)

T A[(zie)(z]0)]

Wcnonb3ya (4.20), umeem

(L'9) (4.23)

A= .
G ORe) )
Bblpakas unciutens npasoii Yactu U3 (4.17), Noay4nM OKOHYATENbHO

_ (ke 1)z T0)-(2l0)

(V—1)<2“;.(p>—<2‘f,(p>

(4.24)

nnn

(k1)@

v-1)-a

(4.25)
roe o =<2‘i(p>/<2j(p> — cpefiHee o No 06bEMy peakTopa W No BCEM fens-
WMMCSA HYKNMAAM, y4uTbIBaeMbIM Mpu pacyeTtax KB.

Takum obpa3om, oKoHYaTenbHo uMeeM aas onpegenenus KB kputuyeckoro pe-

dKTOpa Ha OCHOBE MMELWEeroca «KHEKPUTUYECKOro» pacyeta cnepyrouiee Bbipa-
XKeHue:

Zlo v-l-a
BTk, _1_55 > e e
v-l-a (<2*(p>+<zf¢>) !

Tak uTo, ec/M Ha OCHOBe pelleHNs ypaBHeHUs (4.17) MOXHO kpome k. nony-
YNTb V U O, TO, NONb3YACH (4.26), BO3MOXHO oLeHnTb KB KpUTUYeckoro peak-
Topa. Hanpumep, ecnu B 6ecKoHeYHOI cpefe roMOreHHo pacnpegeneHs! fens-
Wniics MaTepuan ¢ HefenswWmMMCs, Ho BOCNPOM3BOAALLUM, TAK, YTO BCE UCXOfHbIE
CKOPOCTU peaKuuil paBHbl eAuHWUe, T. e. U =1, V=24 W, KpoMe TOro,
(Lw)=1,T0:
® 13 (4.17) nonyuum k. =0,8;
* 13 (4.18) nony4um KB=0,5;
® 13 (4.26) nony4um KB =0,2.
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MpvBeas 370 HEKPUTUYECKOE COCTOSHWE B KPUTUYECKOE U3MEHEHUEM OTHOLE-
HUA KOHUEHTPALMN Aenswerocs matepuana K BOCNPOU3BOASLLEMY BTPOE, Mo-
nyaum ko =1,0 1 KB=0,2, 4T0 AEeMOHCTPMPYET AOCTOBEPHOCTb OLEHKMU
(4.26).

KoHeuHo, peanbHo 13-3a HeNMHENHbIX 3PGHEKTOB BHOCUMbIE PACYETYMKOM U3-
MeHeHUs cpefbl NPUBEAYT K 6oee CNOXKHbIM U3MeHeHusmM KB, HO paBeHCTBO
(4.26) MOXHO TPAKTOBATb KaK MMEIOWEe CMbICT NPU HEOOMBILMX OTKNOHEHUSAX
OT KPUTUYHOCTK, KOTLA MOXHO BOCMNOJb30BaTbCA TEOPUEN BO3MYILEHUIA, Aony-
CKawuen M3meHeHne COOCTBEHHOTO YMCia NPU HEU3MEHHOCTU COOCTBEHHBIX
hyHKLNRA.

3pecb NokasaHo MCMO/Ib30BaHME MOHATUS KHEKPUTUYHOCTU» KPUTUYECKOTO pe-
aKTOpa B MPOEKTHbIX OLeHKax Ha NpuMepe Takoro GyHKLMOHaNa peakTopa, Kak
KB. AHanoruyHblil NOAX0A, 04EBULHO, MOXET ObITb UCMOb30BaH U 415 OLEHKM
Apyrux GyHKUMOHANOB.

4.3. Yyem «Hekpumu4yHocmu» e 3ada4vax
C 8HEWHUM UCMOYHUKOM

Mpu pelweHn HeCTaLLMOHAPHOTO YPaBHEHUS NEPEHOCa HENTPOHOB C UCTOYHM-
KOM BCe NOMb3YITCA KOpPeKLueil Ha KHEKPUTUYHOCTb» CTALMOHAPHOTO COCTOSA-
Hus [28; 32]. Hanpumep, 310 peanu3oBaHo B Moayne HEXTQ komnnekca FEQECT

(5]:

dE'ov X,
'.-](#+ZK/X/(E)CI. +0, (4.27)
J

s

E—B '[dE(pvaf L
o k =i

s
rae k, — Ko3hULMEHT KOPPEKLMM UCTOYHUKA HENTPOHOB AESIEHUA B peakTo-

pe C UCTOYHMKOM N0 aHaNorumn ¢ KO3PPULUEHTOM KPUTUYHOCTU KPUTMYECKOTO
peakTopa k_, COOTBETCTBYET onpefeneruto (3.42).

cr’

ﬂ.OI'IOJ'IHI/IM 3Ty CUCTEMY YpaBHEHNEM AN LEHHOCTU HEI‘/IITPOHOB

Lot = Lﬁ*qf, (4.28)
kcf
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r4e CUMBON «+» 0603HAYAET CONPSIKEHHYIO DYHKLMIO UIU CONPSIKEHHBIN one-
patop.

YMHOXas cucTemy (4.27) Ha ¢, a (4.28) — Ha @(r, E, 1), nuterpupys ypas-
HEHMsA MO BCEM NEPEMEHHbIM W BbIYTA U3 NEPBOro YpaBHeHUs cucTeMmbl (4.27)
ypaBHeHwe (4.28) Ans CTaLMOHApPHOro COCTOSAHUSA, NONYYUM

-k :L_Q>, (4.29)
F T

roe k =k, /k , F=F/k — onepatop UCTOYHWUKA HENTPOHOB AeNeHUsA, HOP-
MWUPOBaHHbIN Ha M3BECTHYIO MOLYHOCTb NOAKPUTUYECKOTrO peakTopa.

N3 (4.29) cnepyet

1+M : (4.30)

£k (o Fo)

s ef

W ANA KPUTUYECKOTO COCTOSIHUA ypaBHeHUs (4.29) nonyyaem

K, =K, 1+<(V—_Q> m K =K/ I—W—_Q> . (4.31)
<(P+F<P> <<p+F<p>

PaseHcTBa B (4.31) 0TAnYalOTCA HOPMUPOBKOW ONepaTopa UCTOYHWUKA HelTpo-
HOB JleneHnsa Ha kv k. V13 3Tux paBeHCTB CefyeT, YTo Npu OTCYTCTBUM
BHEUHero UCTOYHUKa k, =k, a npn ero Hanuuun k >k . Bennduua otkno-

HeHUA ks oT kcr 3aBUCUT N OT MOWHOCTM NOAKPUTUYECKOro peaKTopa, ecnun
d)yHKLI,VIIO (P(f) HOPMUPOBATb HAa 3Ty MOLWHOCTb, YTO BCErfga n aenaetcs.

Takum 06pa3oM, HecTaLuMOHapHble ypaBHEHWUS nepeHoca HEWTPOHOB AN Kpu-
TUYECKOTrO W MOAKPUTUYECKOrO PeaKTOpOB OTIMYAIOTCSA He TONbKO HaluuueM
BHELWHEro UCTOYHMKA, HO U PasHON HOPMUPOBKOI UCTOYHMUKA HENTPOHOB Aene-
HUA. ITO 0OCTOATENLCTBO OTPAXKAETCA HA ONMpPELEeNIeHUN BPEMEHMU KU3HU MIHO-
BEHHbIX HETPOHOB U [0J1e Npe/WecTBEHHNKOB 3ana3/iblBalolux HEMTPOHOB.
NuTepnpetupys BbipaxeHue (4.29) Kak peakTUBHOCTb, NpU Nepexofe U3 ofHo-
ro MOAKPUTUYECKOTO CTALWMOHAPHOTO COCTOSIHWSA, XapaKTepusyemoro k,,
YCNOBHO-KPUTUYECKOI 3afauu, B Apyroe, Xapaktepusyemoe k., NOAYYUM W3-
MeHeHWe PeaKTUBHOCTU CUCTEMbI
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Ap=k |- Lo <(p1Q> - <(P£Q> :
ko ko) (07F) (0iF0,)

efl

(4.32)

N3 (4.32) cnepyeT, uto addekTUBHOCTbL cTepxHei CY3 B peakTope € BHEWHUM
WCTOYHMKOM HANpAMYIO 3aBUCUT OT UHTEHCMBHOCTYW 3TOTO MCTOYHMKA.

MpyU MOZENUPOBAHUM MOKA3aHWI peakTUMETpa, NPOBOAA M3BECTHbIE Npeod-
pa3oBaHuUs ypaBHEeHWit (4.27) u (4.28), nepeifieM K pelleHnto 06paleHHOro
YpaBHEHUA KUHETUKM s ONpefefeHnUs PacyeTHOM PeakTUBHOCTM peakTopa
C BHEWHUM UCTOYHUKOM

ef
(p*Z?u].x,. (E)C, I;o dtexp [—Xj (t- ‘c)]ﬁ(p/ k,
j

=B, - <(p+x15(p>/kx + (4.33)

.1 op
. <(') V6t> ~ <<p*Q>
<<p*xﬁ <p>/ks <<p*x13“ <p>/ks ’

rae BblpaXeHue B 3HameHaTene npaBoﬁ 4acTn eCTb LEeHHOCTb HeVITpOHOB nene-
HUA.

N3 (4.33) cnepyer, uto npu k =k, pacyeTHas peakTUBHOCTb OyaeT oTANYHA
OT HyNA U COCTaBUT

A (4.34)

3Ta peaKTUBHOCTb, XapaKTepu3ytoLWasn pacyeTHYI PeaKTUBHOCTb BHELWHErO UC-
TOYHMKA B MOJKPUTMYECKOM COCTOSIHUM PeakTopa, JOMKHA ObITb U3bATA U3 pe-
aKTMBHOCTK, nonyyaemoi u3 (4.33) npu oueHke 3hdeKTOB PeaKTUBHOCTMU NpU
BO3MVILEHUWN UCXOAHOrO CTALMOHAPHOIO COCTOSAHUA PEaKTOpa C BHEWHUM UC-
ToyHuKoM. OnpepeneHnem (4.34) BBOAUTCA NOHATUE 3PPEKTUBHOCTU BHelWHe-
o MCTOYHMKA NO OTHOLEHMIO K LLEeHHOCTU HEHTPOHOB AeneHus. Takum o6pasom,
pacyeTHas peaKTUBHOCTb, 3KBMBANlEHTHAsA W3MepAEMON pPeaKTUBHOCTU B MOA-
KPUTMYECKOM COCTOSIHMM peaKkTopa C BHEWHUM WUCTOYHMKOM [28; 33], moxeT
ObiTb NpefCTaBNEHA B BUAE
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k,
p:1—k—“—p0=
<(P+Zk~fxf (E)C, LO dtexp [—7»1. (¢ —T)]ﬁ(p/ ks>
=By —— +  (4.35)

(o xFo) /K,

o0

5 o)

<(P+Xﬁ <p> k, <90+xﬁ (P> Ik

B npubanKeHUN TOYEYHOW KUHETUKM, KOTOPOEe 06bIYHO UCMONb3yeTcs npu 0b-
paboTke 3KCNEPUMEHTOB, 06paLLEHHOE pelleHne ypaBHEHNUS KUHETUKN B Clly4Yae
npeHebpeXeHUs TPeTbUM cnaraembiM B (4.35) U3-3a Manoro BPeMEHU KU3HM
MIHOBEHHbIX HETPOHOB NPUHUMAET BUL

Po-

Badah, [ drexp[-1,(t-1)|N(®)+0

P=Be — NO) —p,»  (4.36)

6
rAe a; — OTHOCUTENbHBII BLIXOA 3aNa3AblBalOWNX HEATPOHOB Za/_ =1.
j=1

OTcloga umeem oLEeHKY HavanbHOM 3P HEKTUBHOCTY BHELHEro CTOYHUKA

O=p,N (1), (4.37)

rae ¢, — BPeMs Hayana HecTalMOHapHOro npoecca.
B (4.36) nsmeHeHue N(t) B TEUYEHWE PACYETHOrO Wara npejCcTaBAseTcs 3KCno-
HEHLManbHO’ 3aBUCUMOCTBIO.

Mpu o6paboTke 3KCnepuMeHTa ANA y4yeTa MNPOCTPAHCTBEHHbIX 3(deKToB
B (4.36) BMecTO N(t) NCMONb3YIOT NOKasaHus aetektopa N, (t) B TOUKe 7, ;
elye To4Hee Bbipaxenne N, (¢)e(r,,t), rae &(r,,t) — HOpMUPYIOLAA DYHKLMS,
nmeHyemas 3(PEKTUBHOCTLIO [EeTEKTOpa B TOYKE 7, FEOMEeTPUYecKoro npo-
CTpaHcTBa peakTopa. TouHoe 3HaueHne &(r;,, £) MOXeT ObiTb MONYYEHO NLb 13
pacyera (4.33) (cm. [33]).

ngdl ﬁ' Bef’j +
o= 2,8, 2, LS (S Z)(P((rp >E )

(4.38)
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rae ngdl — 4ncno rpynn 3anasfblBaloWwnx HENTPOHOB.

Cyyetom (4.38) u3 (4.33) byaem umetsb

<Z 1, (E)C, [ drexp[ =1 (-0 N, (Ve (1. 1)/ k>
P=Pu - N, (e, 1)1k, )
(0'0)

N, (e(r,, 1) /K,

(4.39)

WIN B NPEANONOXEHUN O HEU3MEeHHOCTU 3th(EeKTMBHOCTM feTeKTopa [0 3KCne-
pumenTa &(r,,0) nonyyaem cnepytoliee paBeHCTBO:

e(r,, o)<z 1, (E)C, [ drexp[ - -0 N, @)/ kS>

P=Pu - N, (0e(r, 1) &, )
<z A, (E)C, _[; dt exp[—kj(t —r)JNd (e, (7 ‘c)/kx> (4.40)
- N, (0)(r,, 1) k, B
{o°0)

N, (E(r, 1)k,

Yacto npu M3MepeHWsx WCNoNb3yeTcs anropuTM C anpuopHbIM MONOXKEHUEM
0 CTyNeHYaToM U3MeHeHUM 3 dEKTUBHOCTM AeTEKTOPOB OT &,(7,, ) nepes ABu-
)eHuem ctepxHa CY3 go €,(7, ) nocne Hayana apuxeHus. [laHHoe anpuopHoe
nonoXeHne BHOCUT MOrpewwHOCTb B NONyYaeMblil pe3ynbTar. IKCNepuMeHTanb-
HO BO3MOXHO nonyyeHue oueHkn w=g(r,t)/€,(r,t) [38]. Ecnu ans npep-
CTOALLEro IKCNEpMMEeHTa MOXHO MOAYYUTbL 3aBUCUMOCTb &(r,f) M3 pacyeTa
C NOCeAyIoWNUM UCNONb30BaHNEM ee NpU 06pabOTKE 3IKCMEPUMEHTA, TO BO3-
MOXHO YMeHblUeHMe NOrpeLlHOCTY IKCNepUMeHTaNnbHOro onpegeneHns 3ddek-
TUBHOCTM cTepxHa CY3.

B moayne HEXTQ komnnekca FEQECT [32] peanu3oBaHa BO3MOXHOCTb Noayye-
HWUA He TOJIbKO Pe3ysIbTaToOB HECTALMOHAPHOrO NpoLecca ¢ OLeHKoi ero addek-
TUBHOCTU, HO M 3HAYeH Ui s(r, 1) ¥ ® ANS Pa3HbiX TOYEK peakTopa.
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maBa 5. A heKkTbl peakTUBHOCTHU

Tak Kak Ha CerofiHs peakTUBHOCTb BBeJEHa B HOPMATUBHYIO AOKyMeHTaLmio [1]
KaKk napameTp OUeHKM 6e30MmacHOCTWU peakTopa, BMECTO OLEeHKW Ge3omacHo-
CTW BCeX NpOLIECCOB Ha peaKTope Mo U3MepseMbiM napameTpaM, 0CTaHOBUMCA
nofpobHee Ha ee cocTaBnswwWmMx. Tem 6onee YTo ONpefeneHne HEKOTOPbIX CO-
CTaBAAOLWNX PEaKTUBHOCTM NpefcTaBnseT cob6oil LOBOMbHO CIOXHYIO 3aady. B
KauyecTBe NpuMepa B NPUIOXKEHUM 2 NpefcTaBieHbl NapameTpbl PeakTUBHOCTH,
onpepensiemble B bP TMna BH Ha ocHoBaHWM TpeGoBaHMI 3KCMIyaTMpYHOLLEi]
opraHu3auuu ans peaktopa bH-600 [34; 35]. IkcnepumeHTaNbHOE U pacyeTHoe
o60cHoBaHMe GanaHca peakTMBHOCTY B a. 3. BH-600 npeactasnexo B [36; 37].

Mpu paboTe peakTopa HeM3BEXHbI U3MEHEHUS TEXHONOTUYECKUX MapaMeTpoB,
TaKuX Kak Temnepartypa, pacxofbl TENJOHOCUTENSA, YPOBEHb MOLWHOCTH, NONO-
XeHue ctepxxHenn CY3 B a. 3., cocTaB TONANBA U T. M., BEAYLWMUX K U3MEHEHWUIO
XapaKTepUCTUK Cpefbl a. 3., YTO CAYXKWUT NPUYMHON U3MEHEHUA PEAKTUBHOCTY
peakTopa [38; 39]. [ina aHanu3a nosefeHMs peaktopa B 0ObIX pexumax pabo-
Tbl OT HOPMaNbHOM 3KCNAYaTaLNUU A0 aBapUNHbLIX HEOOXOAMMO YMETb OLLEHUBATD
M3MEHeHWUs PeaKTUBHOCTM KaK MHTErpafbHOro napameTpa, XapakTepusytowero
BO3MOXHOE MOBeJeHNe peakTopa NpWU U3MEHEHWU ero TeXHONOrMYecKUx na-
pameTpoB. CaMn TexHONOrMYeCKMe napamMeTpbl TECHO CBA3aHbI ApYr C APYroM,
Bapuauus OAHOrO M3 HUX NMPUBOAUT K U3MEHEHUAM Apyrux. Hanpumep, npu
CHUXEHUM pacxofa TENJOHOCUTENS HAYUHAET PacT TemnepaTtypa B peakTope,
M CyMMapHblil 3P deKT peakTMBHOCTW B 3TOM C/lyYae ONpefenutcsa AByMa 3¢-
tdektamu. IPdeKTbl peaKTUBHOCTW, BO3HUKAIOIWME NPU U3MEHEHWUW TOTO UM
MHOFO TEXHOJOTMYECKOro napaMmeTpa, XapaktepusylTca Ko3dduuueHTamm
PEaKTUBHOCTU, KOTOPbIE ONPENENATCA Kak NpupaleHne peakTMBHOCTH, OTHe-
CEHHOE K U3MEHEHWI0 TEXHONOrMYECKOro napamertpa. ®PakTuyecku 310 npoms-
BOJHble OT NOBELEHUA PEaKTUBHOCTU MO U3MEHEHWIO KOHKPETHOrO napameTpa.
KoathduumeHT peakTMBHOCTM ANs LAHHOTO napameTpa 0bblYHO cnabo 3aBUCUT
OT [ipYruX NapaMeTpoB peakTopa.

WccneposaHne 3((dEKTOB peakTUBHOCTU C NOJyYEHWEM COOTBETCTBYIOLIMX
K03(h(MLMEHTOB PEaKTUBHOCTU MPOBOAATCH, KaK NMPaBWio, HA MUHUMANbHO-
KOHTPOZIMPYEMOM YpOBHE MOLLHOCTU 3HEPreTM4yecKoro peaktopa (Ha ypoBHe
0,1% HOMUHANLHOW MOLWHOCTH).

06bIYHO PeaKTUBHOCTL B PEAKTOPE B C/lyYae UCMOJb30BaHUA MOAENEN OT ToYey-
HOM KMHETUKM [0 YAYYLWEHHOTo KBA3WUCTAaTUYeCKOro NpUONMKEHUs NpepcTas-
NAETCA CyMMOM MHOTUX KOMMOHEHTOB, Hanpumep, kak B [39]:
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p()=p, 1)+ P, )+ P, (1) + Py, () + P (1) + P (1) + P () +py (D) +... (5.1)

rae p,(f) — BHeWHAS PeaKTUBHOCTb (ANA pacyeToB BBOAMMAA MOJb30BaTe-
nem); p,(t) — peakTusHocTb no addekty flonnepa; p,(f) — peakTMBHOCTL
OT pacTaXeHus Tonnuea u 060104KN; P, (f) — PeaKTUBHOCTb OT MNOTHOCTU
TENNOHOCUTENSA UAK NYCTOT; p,. () — PeakTUBHOCTL OT PaAManbHOro paclumpe-
HUA aKTUBHOM 30HbI; P () — PeaKTUBHOCTb OT nepemeleHmns crepxHeir CY3;
Py (1) — PEaKTUBHOCTbL OT NepeMeleHmns ToNnBea; p,(f) — peakTUBHOCTb OT
nepemeLleHus 060104KM.

Bo3MoxHble MOfenu 06paTHOI CBA3M NO PEaKTUBHOCTU A1l STUX KOMMNOHEHTOB
NpefCcTaBNeHsl B cedylolwmx pasgenax. OnucaHue Kaxpon u3 obpaTHbIX CBS-
3eil MOXHO Haiitu u B [40].

5.1. BHewHsiss peakmueHOCMb

B pacyeTHbIx nporpammax nojb30BaTeNio 06bIYHO NPEAOCTaBIAETCAs BO3MOXK-
HOCTb BBEJIEHUA TaK HA3blBAEMOW BHELWHeH PeakTUBHOCTM, NPUYEM ANs Hee He
06513aTeNbHO NPeAnoiaraeTca Kakas-nubo npuynHa. B HopmaTUBHBIX AOKYMeEH-
Tax TaKoe fileNCcTBME MOAXOAMT NOA ONpeAeneHue aBapum no obuweit npuymnte [1].
[laHHas peaKTMBHOCTb ONpeAensieTcs Nojib30BaTeNieM, HanpuMep, Kak BHELIHe
BBOAMMbI NapaMeTp UiW KaK-TO MHaYe, Kak BHEIWHAS N0 OTHOWEHMIO K BO3Aeii-
CTBUIO HA peakTop peakTuBHOCTb. OHa mpeAnonaraeTcs Ans MOAENUPOBAHUS
3HayeHus nboro cneunduyHoro aceKkTa peakTMBHOCTH, He ONpeaensieMoro
MOAensMu 06paTHOM CBA3K. [/if NpuMepa MOXET ObITb CMOLEMPOBAHO ABUXKE-
HWe TONNUBHON COOPKU Npu Neperpyske u T. m.

5.2. TemnepamypHbIU 3¢hghekm peakmueHocmu

Mop TemnepatypHbiM 3ddekTom peaktuBHOCTM (TIP) NOHMMAIOT W3MEHeHUs
PeaKkTMBHOCTU peakTopa npu OfHOPOAHOM U3MEHEeHWUM TemnepaTypbl peakTopa.
T3P xapakTepu3yetcs TemnepatypHbiM K03 duumneHTom peaktusHoctn (TKP) —
OTHOLIEHWEM NMpPUPaLLEHNA PEAKTUBHOCTW K NPUpaLLeHnio Temnepatypsl [33—
35]. Mpu 3TOM NpepnonaraeTcs, 4To peakTop UMeeT OAMHAKOBYIO TemnepaTypy
W 0AMHAKOBOE MpupalieHue Temnepatypel no Bcemy oovemy. 06bi4HO TKP 3a-
BWUCWT OT TeMnepaTypsl.

Ha npaktuke, Hanpumep Ha PY BH-600, namepenus TKP ocywecTeastotca Ha
MKY npu yposHe mowHocTn 0,5% HOMUHANLHOTO YPOBHA, MPU pa3orpese Te-
nnoHocutens 260—360°C 3a cuer paboTbl [LIH. B 3TOM cnyyae Bce KOMMOHEH-
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Tbl a. 3. (TeNAOHOCUTENb, KOHCTPYKLMOHHbIE MaTepuanbl 4 TOMIMBO) UMeT
OJHY W Ty Xe Temneparypy.

TemnepaTypHblil 3G dEKT PEAaKTUBHOCTU OOYCNOBNIEH TEM, YTO OT W3MEHEHUS
TeMnepaTypbl U3MEHAIOTCA reOMeTPUYECKNE pasMmepbl PeakTopa, NI0THOCTb ero
MaTepuanoB W 3PeKTUBHbIE MUKPOCKOMUYECKME CEYEHUS B3aUMOLENCTBUA
BCIEACTBUE M3MEHEHUs CPefiHeid 3HEepPruM HeTPOHOB M Pe30HAHCHOW BNOKM-
POBKM ceveHuit n3-3a flonnep-addekra (cm. nogpasgen 5.2.1).

Cnepys pabote [33], KauecTBEHHO NpoaHanM3KUpyeM HeKOTOpble COCTaBAAOLWME
TemnepaTtypHoro adekTa peakTMBHOCTU. Tak, B peakTope, COCTOALEM U3 TOMO-
FeHHOM CMecu MaTepuanos, POCT TEMNEPATYPbl NPUBOAUT K YBENUYEHUIO reoMe-
TPUYECKUX Pa3MepOB PeaKTopa, T. €. K yMeHblUeHUo nnoTHocTH agep. Ecnu npe-
Hebpeyb U3MEHEHUAMU MUKPOCKOMUYECKUX CEYEHNI B3aMMOAENCTBUA HENTPOHOB
C AfpamMu, TO B 3TOM C/ly4ae pOCT TeMNEepaTypbl NPUBEAET K NOABNEHUIO OTPULLA-
TenbHOro 3tdeKTa peakTMBHOCTU. ITO CBA3aHO C POCTOM Pa3MepoB peakTopa, T.
€. C YBEIMYEHUEM NOBEPXHOCTM PEAKTOpa U, CIeL0BATENbHO, YTEYKU HEHTPOHOB,
a KONMYeCTBO UCTOYHUKOB HEMTPOHOB B PEAKTOPE OCTAETCA HEM3MEHHbIM. TaKuM
06pa3om, Yyem 6osbLIe pa3Mepbl TAKOTO peakTopa, TeM MeHblie ero TKP.

Bce n3BecTHble 3HepreTMYECcK1e peakTopsl NpeacTaBasioT coboii cyrybo retepo-
reHHble CUCTEMbl — TB3NbI B CTaJIbHOM 060/104KE HaXOAATCA B TEMIOHOCUTENE.,
MNo3TOMy NAOTHOCTb TENNOHOCUTENS, TOMANBA U KOHCTPYKLMOHHBIX MaTep1anos
13-3a pa3iMyns TeMnepaTypHbIX KO3 hULUEHTOB 06LEMHOTO pacluMpeHus npu
pocTe TeMnepaTypbl OYAeT MEHATbCA No-pa3HoMmy. Tak yto TKP 3aBucuUT He Tonb-
KO OT COCTaBa peakTopa, HO U OT ero KOHCTpyKuum (Tabn. 5.1).

Ta6auua 5.1. CocTaBnsiowme TemnepatypHoro 3ddeKra peaKTMBHOCTH

CocTaBnatowas «3Hpuko Gepmu»| BH-600
MowHocTb (31.), MBT 600
06beM 30HbI, N 400 1000
Tonnueo Pu uo,
Pacwupenue Tonauea, 10° Ak /k°C™":

-58 -4,6*
aKcuasnbHoe ~04 ~90*
pagunanbHoe ! !
PactumpeHme anemeHToB koHcTpykuuii, 107° Ak / k °C™ -141
Pacunpenue watpus, 107 Ak /k°C™':

A ~04
B a. 3.

B 3KpaHax 6.9
Jonnep-adpexr, 107 Ak / k °C™ -25 -93
CymmapHbiit TKP, 107° Ak / k °C™ -341 -23,3

* C yyeToM paclumMpeHus KOHCTPYKLMIA.
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B 6onbwom peaKTope Ha 6bICprIX HEI7ITpOHaX C HaTpUeBbIM TENJIOHOCUTENEM
nTONANBOM B BUAE CMECU (}J,VIOKCM}J,I;I ypaHa un I'IJ'IyTOHl/Iﬂ) BblAENAT OCHOBHbIE
cocCTtaBaawwme TKP. npl/l yBEJIUYEHUN obbema nosensercs oTpuuaTtesibHaa co-
CTaBasaloWas peakKTMBHOCTU N3-3a POCTa YTEYKHU HEI7ITpOHOB M3 peaKTopa, KOTo-
pas no a6COJ'HOTHOMy 3HAYEHWIO TEM MeHblue, YeM Gosblue pa3mep peakTtopa.
YMeHblUeHWe NA0THOCTH HaTpuAa U 4aCTU4YHOE YMEHbLUIEHNE €ro obbema 3a cyet
YBEJIMYEHUA Pa3MePOB TB3JIOB NPUBOAAT K NOABNIEHUIO MONOXMUTENbHOW COCTaB-
naowen TKP u3-3a YMeHbLEHNA 3aXxBaTa U 3amepieHns HEVITpOHOB B HATpUMU.
ITa COoCTaB/fAlOlWan OKa3blBae€TCA CPABHUTENIBHO HeboNbLWoNA, a ONA peakTopos
Manoro o6bema oHa umeeT OTpMLI,aTEJ'IbeIVI 3HakK.

TKP ons peakTopoB Ha GbICTPLIX HETPOHAX B LEeNOM oTpuLaTeneH U cnabo 3a-
BUCUT OT TEMMepaTypbl U IYy6UHBI BHITOPaHUS TOMIMBA.

Mpu u3mMeHeHNUsAX TeMNepaTypbl B KOHCTPYKLUAX PEAKTOPOB BO3MOXHbI U nepe-
MeLEHUN CTEPXKHEel peryanpoBaHMa OTHOCUTENLHO a. 3., ECIU JIUHENHbIE TeM-
nepaTypHble K03 dULUEHTHI paclMpeHns NoLBeCcoK (LWTaHr) CTEPKHEN U KOH-
CTPYKLUMOHHbBIX 3N1E€MEHTOB aKTUBHOM 30HbI OTAMYalOTCA. 3T IPdeKTbl MoryT
ObITb 3aMeTHbIMU MO CcpaBHeHUto ¢ TKP.

5.2.1. lonnep-3¢peKr, Kak cocrasasowas
TemnepatypHoro 3p(peKra peakTUBHOCTU

3HauuTenbHas oTpuuaTenbHas coctaenaowas B TIP nossnaercs n3-3a lonnep-
3 dekTa. ITOT 3dheKT CBA3aAH C yWMUPEHUEM Pe30HAHCA B CEYEHUU B3auMO-
LeiCTBUA HEATPOHOB CO cpepoii. [pu JONNEpOBCKOM YLWMPEHUM Pe30HaHca
C yBeNMYeHeM TeMNepaTypsl NoWaab nod pe3oHaHcoM o(E) ocTaetcs npak-
TUYECKUM HEM3MEHHOI, HO M3MEHAIOTCA YMCIa NPOLECCOB, NPeACTaBAsALME CO-
60 Npou3BefieHMe NNOTHOCTU NOTOKA HEMTPOHOB Ha cevyeHne @(E)o(E), Tak
KaK yMeHblleHWe MOTOKAa B PE30HAaHCe MeHee CyllecTBEHHO. Takum 06pasom,
3t dekT Jlonnepa BeAeT K pOCTYy CKOPOCTEN NPOLECCOB.

HecmoTps Ha To uto gns pensawmxca agep (22U, 2*°Pu, u *Pu) ywupeHue peso-
HAHCOB NPUBOJUT K 6ONbLIEMY POCTY CEYEHUI AeNIEHNUS MO CPABHEHMIO C POCTOM
CeyeHUit 3axBaTa B HUX, YTO NMPUBOAMUT K NOABNEHUIO MOJOXKMUTENbHON COCTaB-
nstowei TIP, n3-3a HanuuusA B TONNMBE ObICTPLIX PEAKTOPOB 6OMLLIOr0 KOoANYe-
CTBa YeTHbIX Aaep (3a4acTyto Ha3biBaeMbIx CbipbeBbiMU — 238U, 2%Pu 1 1. n.), Ha
KOTOpPbIX B OCHOBHOM MAYT NPOLLeCChl 3aXBaTa HEMTPOHOB, CyMMapHas BEMYMHA
LonnepoBcKoro 3ddeKTa no BCeM HYKIMLAM CyLLeCTBEHHO OTpULATENbHA.

Ba)kHO OTMETUTb, YTO NMpW WAEANbHOM CMEWMBAHUN JAENAWMXCA U CbIPbEBbIX
ALEp W3-33 AeNEHUA NPOUCXOAUT BbICTPOE U3MEHEHUE TeMMepaTypbl KaK Aens-
LMXCA, TaK U CbipbeBbIX Afep. CKOPOCTb Nepefayn TENNOBON IHEPTUM OT Jens-
WMXCA HYKIWUAOB K CbIPbEBbIM 3aBUCUT OT MUKPO3EPHUCTON CTPYKTYPbI TOMAU-
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Ba M Npu pa3mepax 3epeH, nopsgKa AnUHbl 3aMefJeHUs NPOAYKTOB LeNeHus,
4YTO cocTaBnsfeT NpuMepHo 10 MKM, BpeMs 3ana3fblBaHusA nepenayu TenjoBoi
3HepruM COOTBETCTBYET BPEMEHU MPEOAONEHUA OCKONKOM [eNeHUN yKa3aHHO-
ro pacctosHus. lpu ykasaHHbIX pa3mepax nepefady 3HepPruM MOXHO CYUTaTb
MrHOBeHHoI# (okono 107 c), 0coGEHHO MO CpaBHEHMWIO C PacCMATPUBAEMBIMU
HecTaLWoHapHbIMKM npoueccamu (o1 107° ¢ u 6onee).

Jlonneposckas coctasnsiowas TIP Tem Gonblue, YeM MArYe CNEKTP HEUTPOHOB,
T. €. yeM 6onblle Pe30HaHCOB HabNOAAIOTCA B CMEKTPE HENTPOHOB KOHKpeT-
HOro peakTopa. B 6bLICTPOM peakTope C MeTaNMYECKUM TOMIMBOM K XKECTKOMY
CMeKTpY HEUTPOHOB 106ABASIOTCA U HU3KME TEMNEPATYPbI TOMUBA, CUNbHO MU-
HUMKU3MPYIOLWME fONAEePOBCKUIN I(DEKT peaKTUBHOCTH.

DJonnepoBsckyto coctasnstowyto TIP (unu acdekt Llonnepa) MOXHO onpepensTsb
U3 NPAMbIX PacyeToB k, peakTopa npu U3MEHeHWM TemnepaTypbl OT OLHON Be-
JINYMHBI O APYTON MAW BOCMONb30BATLCA TEOPUEN BO3MYLLEHNI [33]:

[ X 03 (M0, (NaV + [ X oy (it X8 (VES () o, (Y
J X 0u e X vES (e, (ray

(5.2)

Pp =

B

roe 86X, v 8(\/2»,-)— W3MEHeHWe CeYeHn it 3axBaTta 1 iefleHUs Npu U3MeHeHUN
Temneparypbl.

WHTerpupoBaHue npoBoauUTCA No BceMy 0bbeMy peakTopa. [ins aenswmuxcs ma-
TEpUANoB UneHbl C MHOXUTENAMU X, U O(VEZ ) B 3HauYUTeNbHON Mepe KOM-
NeHCMpyIoT Apyr Apyra.

[Ons oueHkn Jonnep-achdekta ncnonb3yerca nNoOHATME JOMNEPOBCKOro Ko3ddu-
umeHTa, onpegensemoro Kak dk, /dT , KOTOpbIA CaM 3aBUCUT OT TemnepaTtypbl.
Ero abconoTHOE 3HaueHWe NafaeT C POCTOM TEMMepaTypbl, NPK 3TOM 3HakK Be3ae
oCTaeTcs oTpuuaTenbHbiM. M3 onbiTa M3BECTHO, YTO B GLICTPLIX pPEAKTOPAX C OK-
CUIHBIM TOMINBOM C BbICOKOI CTEMEHbI TOYHOCTM BbINONHAETCA PpaBEHCTBO

dkcf KD
P _Bo (5.3)
dT T
roe KD — HeKOoTOopaa KOHCTAHTa, Ha3blBaemas ,D,OI'IJ'IEpOBCKOVI NOCTOSHHOW
nonpepenaemaa CoOOTHoOWeHNeM
dk
K, =T, (5.4)
dT
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roe 7 — Temneparypa tonnuea, K.

Mpu 0AHOPOAHOM M3MeHeHUM TeMnepaTypbl Tonauea ot 7, fo 7, AONJepoB-

CKMit KO3 ULMUEHT PEAKTUBHOCTU MOXKHO BbIYMCANT U3 (5.3):

T, T

¢ dk., K T,
p=[=ttdlr = [=2dT = K,In| 2 | (5.5)
7 dr ;T T

1

[leTanbHble MccnefoBaHUsA MOKA3bIBAOT, YTO UCMOJb30BaHUE NMpPU OLEHKe 3¢-
tekTa [lonnepa 3ddeKTUBHO TeMnepaTypel TONAKUBA B TB3/IE, KOTOPas paBHa
160 YyTb MeHblUe CpefHeil No TB3NY, NPUBOAMUT K NOJYYEHUIO NPABUIIbHBIX pe-
3ynbTaToB. KpoMme TOro, CpefHss Temnepartypa B TB3/aX U3MEHSeTCs Mo npo-
CTpaHcTBy peakTtopa. lpakTuka pacuetos [33; 38] nokasana, 4To Npu nepexone
B 6LICTPOM PeaKTOpe C OKCUHLIM TOMNBOM OT YCPeHEHHOI TemnepaTypsl 7,

K yCpefiHeHHoit Temnepatype 7, TOYHOE 3HAaYeHWe PeaKTUBHOCTW MpeBbilaeT
paccyuTaHHoe A5 YCNOBUI OGHOPOAHLIX TeMNepaTyp:

p[L(r) > T,(r) ]~ L1K, 1n%. (5.6)

PacyeTbl NOKa3bIBAKOT, YTO 15t GLICTPOrO PeakTopa C KECTKUM CNeKTPOM (C Me-
TafnMyeckum Tonaueom) sasucumocts dk, /dT 6nuska k 1/T°* [33] B oT-
nnyue ot 3aBucumoctu (5.4).

N3meHeHue Jlonnep-acpekta B Te4YeHHe TOMIUBHOrO LMKna. B npouecce
paboTbl 6bICTPOro peakTopa AONAEPOBCKUIA KO3 ULMEHT PEAKTUBHOCTU U3Me-
HAETCA CO BpeMeHeM. XapaKTep 3TOro U3MeHeHWs UHAWBUAYaNeH Ana Kaxnon
KOHCTPYKLMU GbICTPOro peaKkTopa, Tak Kak 3a U3MEHEHUEM [LONJIEePOBCKOrO KO-
3 duLMeHTa PeaKTUBHOCTM CTOAT [,BAa NPOTUBONOJOXHbLIX Npouecca. Beiropa-
HUWe CbIpbeBbIX AfEP BELET K yMEHbLIEHUIO ONNepoBCKoro 3 dekTa u3-3a CHU-
Kenus OX_, HO MPOUCXO[MT W HaKonneHwe penawmxca agep. Kpome Toro,
“3MeHeHWe nonoxenus ctepxHenn CY3 B peakTope M HakonneHWe NPOAYKTOB
JeNeHUs B HEM BeAyT K U3MEHEHUIO (OpPMbl NONA HENTPOHOB M (YHKLUUM LEH-
HOCTU B OLieHKe 3ddeKTa, U YeM BoNblie pa3mep peakTopa, TeM Goblue 3Ta Co-
CTaBAKWASA N0 a6CONOTHOMY 3HAYEHMIO.

U3meHeHue [lonnep-3pdekra npu yaaneHuu tennoHocutena. lNpu ypane-
HUM TENIOHOCUTENS M3 BLICTPOrO PEAKTOPa C KUAKOMETANIMYECKUM TeMNJI0HO-
CuTeneM, 0COGEHHO C HAaTPUEM, CMIEKTP HENTPOHOB CTaHOBUTCA 6oJiee XKECTKUM,
1 BennmyuHa [lonnepoBcKoro KoaduumeHTa peaKTMBHOCTU yMeHbLaeTcs. Yem
KECTYE UCXOLHBIN CNEKTP HEMTPOHOB 6e3 yaneHus TEeNNOHOCUTENS, TEM MeHb-
e U3MeHeHUs 3Toro Ko3PuLmMeHTa peakTUBHOCTMU.
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5.2.2. NnoTHOCTHbIN 3(pheKT peaKTUBHOCTH

MnoTHOCTHBI KO3 DULMEHT PeaKTMBHOCTMA PAcCYMTLIBAETCA UCXOAA U3 U3Me-
HEHWS NJIOTHOCTW TEMJIOHOCUTENA COOTBETCTBEHHO U3MEHEHUID ero TeMnepary-
pbl. Hanpumep, ko3dduumeHT 06beMHOro paclunpeHus Hatpus (B Kr/m3) npu-
HWUMAeTCs B COOTBETCTBUM C 3aBUCMMOCTbIO

Yao = 951,4-0,23927, (5.7)

rae T — Temnepatypa TennoHocutens, °C.
Ins peaktopoB BH pasnuyaloT HaTpueBblit NAOTHOCTHLIA KO3hdUUMEHT no

TeMnepaType HaTpus Ha BXOAE B aKTUBHYIO 30HY Oy, (TBX), °C™%, v HaTpue-
Bbli MAOTHOCTHbIA KO3(@ULMEHT MO NOJOrpeBy HATPUA B aKTUBHOW 30HE
ay, (47, ), °C

BennuymHa nnoTHOCTHOTO Ko3thULMEHTa PEAKTUBHOCTU ONpeaenseTcs npsambi-
MW pacyeTamu C BapualuMeil NIOTHOCTU TEMJIOHOCUTENS MU, Kak B [38], yepe3
npefBapuTENbHO PACCYMTAaHHYID (YHKLMIO LEHHOCTU MyCTOT TEeMIOHOCUTENS
B Aventke (i, j).

Sp = 2220 (P %y (5.8)

rae (P.); — LEHHOCTb NYCTOT TENNOHOCUTENSA B j -/l aKCUAJIbHOI AYeiike i -ro
KaHana; o, — AONA CPeAHelt NOPUCTOCTYN TEMIOHOCUTENA B j -it AYelike.

ﬂ,Oﬂﬂ cpep,He|7| NOPUCTOCTU TENJIOHOCUTENA PACCUYUTLIBAETCA Ha noboi ocHoBe:
U3MEHEHUA NNIOTHOCTU TENJIOHOCUTENA OT HAYalbHbIX yCJ'IOBVII?I CTaluMOHApPHOro
COCTOAHMA UK KOM6VIHaL|,I/IVI NNOTHOCTU TENNIOHOCUTENA U U3MEHEHUA NNIOTHO-
CTh Nop, MHAYUMPOBAHHbBIX KUMEHUEM, B OT/IMYUE OT CTALMOHAPHOTO COCTOAHUA.

BpeMﬂ peaKumun peaktopa Ha U3MEHEHUA NNOTHOCTU TEMNJIOHOCUTENA MTHOBEHHO.

5.2.3. MycTtoTHbIN 3hheKT peaKTUBHOCTU

MycToTHelit 3chdekT peakTuBHocTu (MIP) TakKe ABNAGTCA BAXHOW XapaKkTepu-
CTUKOW (hU3nyecKoit Ge3onacHoCTH ObICTPOro peakTopa, ocobeHHo BH — un3-3a
HWU3KOI TeMnepaTypbl KUMEeHUA HATPUA; B TAKOM cy4ae 3TOT 3deKT Ha3blBa-
€TCs HaTpWeBbIM NYCTOTHbIM 3ddekTom peakTuBHocTU (HMIP). O6bIYHO pac-
cyuTbiBalOTCA ABe xapaktepuctuku — HI3P npu ypaneHun Hatpus u3 Bcero
peaktopa 1 HM3P a. 3. npu ero yaaneHun M3 akTUBHOIA 30Hbl. Mpu Heobxopu-
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MOCTW (Hanpumep Ans aHanu3a aBapuit) nposogatcsa pacyetsl HMIP ans nioboit
3afiaHHON 061acTu peakTopa.

Takxke MOXKET OnpefensaTbcs MaKCMManbHO BO3MOXHoOe 3HaveHne HIMIP o, kak
OTHOLWEHNE NU3MEHEHNA PEAKTUBHOCTU K Bbi3BaBLUEMY €0 U3MEHEHUIO NNIOTHOCTU
TENNIOHOCUTENA NMPU ONYCTOWEHUU 30HbI MONOKUTENLHOCTU AaHHOTO 3ddekTa
B aKTMBHOW 30He. [locnepHAs BeNMYMHA onpefenseTcs pacyeTom nocie Gopmu-
POBaHUA 3arpy3Kku akTMBHOM 30HbI Ha cnedyiowyto mukpokamnanuio (MKK).

AnropuTM JAaHHOTO pacyeTa, NPefCTaBieHHbIN B [29], 0OCHOBAH Ha ABYKpaTHO
OLleHKe W3MEHEHWs PeaKTUBHOCTU NpWU OCBOBOXAEHWUM PAacYeTHON sYeiiku oT
TennoHocutensi. NepBoHayanbHO B 3aMNOJIHEHHOM HATpUMEM peakTope npocma-
TPUBAETCA BAUSHWE ONYCTOWEHUA TENNOHOCUTENS NOOYEpeSHO B KaXoMn pac-
YeTHOMN fYeKe aKTUBHOM 30HbI U BepXHeil 30He BOCMPOU3BOACTBA NPU HanU4Um
TENJOHOCUTENSA BO BCEX APYruX Aveitkax. Onpeaenns Takum o6pasom noTeHuu-
aNnbHyY0 06/1aCTb NONOXUTENBHOCTH MYCTOTHOTO HAaTPMEBOTO 3t eKTa peakTus-
HOCTW, NPOBOAAT BTOPUYHbIIA pacyeT, B KOTOPOM BCs 061aCTb NMONOXKUTENBHOCTH
OMNyCTOWAeTCs OT HATPUs, U, Npoberas no aYenkam 3Toin 06AaCTU U NOOYEPELHO
3anoNIHAS UX HAaTpUeM, elle pa3 onpenensioT BKAAZA KaXAoih U3 HUX B peaKTuB-
HOCTb. B TakoMm pacueTe npu OTpuLATeNbHOM BKNafe B PEAKTUBHOCTb fYeiKa
M3BNEKAETCSA M3 06/1aCTU NONOKMUTENbHOCTU. TEM CaMbiM OMpeaenstoTcs 1 3Ha-
yeHue HMIP, u obnacTb NONOKMTENBHOCTU 3TOro 3cdeKTa, KoTopas MoXeT
MMETb CIOXHYIO CTPYKTYPY (puc. 5.1).

BPX B2 AKTHBHAs1 30Ha B2

BTD

AKTHBHAas 30Ha

HTD

Puc. 5.1. 06nactb nonoxutensHoct HMIP B pacyeTHbIx sYeiikax no LeHTpanbHoi ocu
mopenu peaktopa bBH-600 nepep octaHOBOM Ha neperpysky

OueHkn M3IP (MaKcUManbHO BO3MOXHOIO 3HaYeHWA) O OAHON W3 aKTUBHbIX
30H BH-600 ans Havana kamnaHum nokasanu senuumnHbl 0,20—0,25% Ak/k npu
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OLEeHKe MaKCHManbHOW MOrpewHoCT pacyeTHoro onpegenenus N3P (makcu-
ManbHO BO3MOXHOr0 3HaueHus) B 0,25% Ak / k.

Dpyroi cnoco6 ouenku HMIP paet Teopus BO3MYLLEHMIA, KOTOpAs No3BoAsET
NPOBECTU pacyeT OTAENbHbIX €r0 KOMMNOHEHTOB. ITOT PacyeT C/I0XHEee Nepeoro,
HO M3-3a BO3MOXHOCTW aHaNM3a YPOBHSA BAUSHUA OTHAENbHbIX COCTaBAAIOLLIMX
3 deKTa OH MOXKET ObITb Gonee MHPOPMATUBHLIM [38].

CnektpanbHas coctaBastowas HIMIP 3a cyeT yBennyeHNUs XKeCTKOCTU CNeKTpa
MMeeT NONOKUTENbHbIN 3HAK:

~ CND IZ > (tpg -, )52:Hg 0. dV, (5.9)

g g>g

roe CND — UEeHHOCTb HEVITpOHOB neneHunsa.

AHanu3 gaHHoro BblpaX€HUA NOKAa3blBAET, YTO U3-3a MAKCMMyMa NOTOKA U LiEH-
HOCTKU B LIEHTpE a. 3. €ro 3Ha4eHune 6yﬂ,€T MaKCMMaNbHO TaM Xe U cnapaTtb no
mepe I'IpVI6J'IVI)K€‘HVIFI K rpaHuiuam a. 3.

CocTaBnsiowasn yreuku HMIP umeer oTpuuatencHbil 3HaK, TaKk Kak npu yaane-
HUM HATPUs yTeYKa HEMTPOHOB BO3pacTaeT, YTO MPUBOAUT K OTPULATENbHOM
peaKTUBHOCTU:

P~ ij(pgst Vo, dV. (5.10)

TaK Kak yTeuyka W3 LeHTpanbHbix 06nacTeil MMHUMANbHA, TO BMECTE CO Chek-
TPaNbHOM COCTaBAAOWEN noaydaeMm CNOXHylo0 3aBucumocts HIMIP oT mecta
B 06beMe peakTopa.

CocTaBnsiolwas oT M3MEHEHUA 33aXBATOB B HATPUM MpPU YMEHbLIEHUU €ro KOH-
LeHTpauu1u BNAOTb A0 HYNA AAeT NONOXUTeNbHbIN Bknag B HMIP

p=- Z(pgSch @AV (5.11)

CND J

CocTaBnsiowas ot U3MeHeHUs CaAMO3KPAHNPOBAHUNA TaKXe NPUBOAUT K HebOoNb-
LWOMY NONOXNTENbHOMY 3(’beeKTy PEAKTUBHOCTU N3-3a UCKNTIOYEHNA paCCeAHNA
B HaTpuu:

Z‘Pg XgZS(V2 Yo, —8%20, dV (5.12)
~CND
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5.2.4. TemneparypHoe paclimMpeHne aKTUBHOWU 30HbI

TemnepaTypHble U3MEHEHUs B PEaKTOpe MPUBOAAT K TEMNepaTypHOMY pacluu-
PEHUI0 MaTepuUanoB, NP KOTOPOM M3MEHAETCA KaK MIOTHOCTb BeWecTBa, TaK
u reomeTpus peaktopa. [ledopmauum MoryT BO3HMKATh TaKKe 3a CYeT rpagu-
€HTOB TeMnepaTyphbl, BeAyLWMX K U3rMby TBINOB W Apyrux KOHCTPYKUMI nog
LEeNCTBMEM TepMOynpyrux HanpskeHuid. N3ruby npu HarpeBaHuu cnocobCTBy-
€T W aKCUanbHoe CXaTue, KOraa TB3Jly YTO-TO MELAeT PacluUpPATLCA B 3TOM Ha-
npaBieHuu.

PocT molwwHoCTH, BbIAENAEMON B TONNBE, BEfeT K NOBbIWEHUIO TeMAepaTypsl Ma-
TEpManoB A0 3Ha4YeHUs, KOTOPOE 3aBUCUT OT TEMI0EMKOCTU U CNOCOBHOCTM TB3-
NoB nepefasaTb TeNN0 TennoHocuTento. N3-3a KOHCTPYKLUMKU aKTUBHOI 30HbI BP
ee TemnepaTypHoe pacluiMpeHue NoapasfensioT Ha paguanbHoe U akcuanbHoe,
4YTO CBA3AHO C paclmpeHnem TB30B 1 TBC B COOTBETCTBYIOWMX HaNpaBleHUAX.

PapuanbHoe pacliMpeHue NpUBOAUT K U3MEHEHWIo foau TennoHocuTens B TBC
N MEKYEX/IOBOM NPOCTPAHCTBE, @ 3aTEM U K BLITECHEHUIO TENIOHOCUTENS U3 aK-
TUBHO/ 30Hbl U COOTBETCTBYIOLYMX YACTEH 30HbI BOCNPOU3BOACTBA. PaguanbHoe
pacwupeHue 060104ek cOOPOK NPUBOAMT K 06LIEMY [BUKEHUIO TONANBA U MaTe-
puana skpaHa B paguanbHOM HanpasieHUW OT LieHTpa K nepudepumn peakTopa.

AKcuanbHoe pacluiMpeHue MOXXET Bbi3BaTb YAJIMHEHME aKTUBHOW 30HbI M COOT-
BETCTBYIOLLMX 30H BOCMPOU3BOACTBA, @ B HEKOTOPbIX CIy4asnX K BbITaKMBAHUIO
4acCTU TENNOHOCUTENS M3 NEePEXOAHOT0 TMAPaBAMYECKOTO NPOMEXYTKA Y BEPX-
HeWl rpaHnLbl AaKTUBHOM 30HbI.

I'Ipvl pocTe TemnepaTypbl TENNOHOCUTENA BEPXHAA 4aCTb BerHeVI 30HbI BOCNPO-
M3BoacCcTBa NOMMUMO yBEJIUYEHUA COBCTBEHHOrO TennoBbiAENEeHNA HarpeBaeTcsa
[ONOJIHUTENIbHO 3a CHET NPUTOKA Te€nJa OT TENNOHOCUTENA. 3ateM TennoHOCK-
T€Nb, NOKNAAA BEPXHIOK 4aCTb BerHeVI 30HblI BOCNpou3BoACTBa C leyFOl‘/'I, 6onee
BbICOKOWA TeMnepaTypon, HarpesaeT U pacwnpaeT KOHCTPYKLUKN, OTBETCTBEHHbIE
3a OpUEeHTaLuio AKTUMBHOW 30HbI 1 3KpaHa.

PaguanbHoe paclwiMpeHue TOMAMBA MOXET MPUBECTU K BLITAJIKMBAHMIO MOA-
C/IONHOTO HATPYUA, @ TAKIKE K U3MEHEHMI0 CKOPOCTU OTBOAA Tena B pesysibrare
M3MEHEHMI TENNONPOBOAALMX CBONCTB 3a30pa MEXAY TOMINBOM 1 060/I0YKOIA.
N3meHeHMe ABUKEHUS TEMNOHOCUTENSA MMEeT MECTO TOJIbKO NpU paguanbHoOM
pacwupeHnn 060104KM TBINOB.

OTKNOHeHMe OT HOPManbHOro reOMeTPUYECKOro pacCcpefoToueHNs ToNauBa nNo
06beMy a. 3. BO3MOXHO Npu U3rnbe TONANBa BHYTPU TBINOB, NPU U3rnbe TB3I0B
BHyTpu TBC u npu nsrnuée camux TBC. N3ru6 TBC moxeT nposBaaTbCA B Npeae-
Jlax NoNHOW LOAW NPOCBETOB MEXAY HUMU. V3rnb TB3/10B M TOMMBHbLIX CEpAEY-
HUKOB B HUX MOXET NPOUCXOAUTb TONBKO B JIOKaNbHO JOCTYMHBIX Npefenax.
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IbdeKTbl PEaKTUBHOCTM OT PacLMPEHUs ONpeaensioTcs Yepe3 Teopuio Bo3My-
WeHWIt unK NyTeM NPAMbIX pacyeToB. PacyeT coCcTaBnsAOWMUX OT paBHOMEPHOTO
paclWMpeHns a. 3. MOXeT NPOBOAUTCA U HA OCHOBAHUM KO3(DdULMEHTOB YyB-
CTBUTENIHOCTM, MOJyYEeHHBIX NPAMbIMU pacyeTamu k. npu Bapuauuu reome-
TPUYECKUX Pa3MepOB U KOHLLEHTPALMii HYKNUAOB.

TemnepaTypHoe aKCcMaJibHOE pacliMpeHne aKTMBHOM 30HbI. [1py akcuanbHOM
(NpOAOABHOM) paclMpeHUm TBINOB aKCUabHbIE Pa3Mepsl a. 3. yBeAUYMBAIOTCA.
B HekoTOpbIX cnyyasx Takoe paclpeHne MOXKET MPUBECTU K MepeMeLLeHuio To-
nauBa oT nepudepun K LEHTPY a. 3.

Mpu pacyete acdeKkTa peakTMBHOCTU OT AKCUANBHOTO PaCLUMPEHNs MaTEPUANoB
AKTUBHOI 30Hbl YYMTHIBAETCS PasnMyMe B pacliMpeHuu cranu u tonauea. U3
OMbITa IKCM/IyaTaumMu peaktopos TMna bH npuHumaetcs, 4To TONIMBO cuennser-
sl € 060104KOI YIKE K KOHLLY NepBOro Uukna obnyyeHus (nepeoit MMKpokamna-
Hum). C y4eToM 3TOro B KOHLe CTaLLMOHAPHOTO LUKAA pacluMpeHmre TOMIUBHOIO
cTon6a Bo Bcex TBC paccMaTpuBaeTcs B COCTOSHWM CUEnIeHns € 060104KamMm
TB3/I0B, T. €. N0 Temneparype cTanu 060N0YKM. B Hayane uMKNa B «CBEIKUXY»
(BHOBb 3arpyeHHblx) TBC npoucxoauT HesaBUCMMOE TeMnepaTypHoe pacliu-
peHue TONAMBA W CTain 0600YEK, @ B OCTaNbHLIX — paclWUpeHue B cLienneH-
HOM C 060/104KOI COCTOSHMUM.

Ha puc. 5.2 B kauecTBe unnioctpauum pacyeta no komnnekcy JOKER [25] ogHo-
ro u3 coctosHmin peaktopa bH-600 npvBefeHa 3aBUCMMOCTb BHELIHEr0 pagny-
Ca TONNUBHbIX TabNETOK OT HOMEpa BbICOTHOM AYeiiKK B TBINE LieHTpanbHoil TBC
B Hayane ee TpeTbel MUKPOKaMnaHuu. A4eiikn ¢ Homepamu ot 1 Ao 4 cooTBeT-
CTBYIOT HUXHEN TOPL,EBOi 30He BOCNPOU3BOACTBA, C HOMepammn ot 5 ao 15 —
aKTUBHOI 30He 1 0T 16 [0 18 — BepxHeil TOpPLEBON 30He BOCMPOU3BOLCTBA.
B ncxogHom coctosiHuM 3TOT paguyc paseH 3,05 MM.
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Puc. 5.2. U3mMeHeHMe BHelWHero paguyca TONJMBHON TaBNeTKM No BblCOTE TB3/A
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B o6nactax TOpLUEBBIX U GOKOBbIX 30H BOCNPON3BOACTBA pacCMaTpuUBaETCA He-
3aBMCUMOE pacCliUpeHne TonanBHOIro cTon6a u cTanu obonoyexk.

PaclwupeHue cTanu YexnoBbix TpyO MOKET ONpeaensTbCs MO UX CPeAHen TeM-
neparype.

Mpu oueHKe U3MEHEHWS PEAKTUBHOCTU OT aKCMANbHOIO PaclIMpeHuns OTanYaloT
BKNaf OT pacliMpeHuUs: TONJNBA aKTUBHOM 30HbI, CTaM aKTUBHOM 30HbI, TOMIU-
Ba u ctanu HT3B u BT3B, Tonnuea u ctanu b3B.

llpumepHas modens pacsema peakmusHOCMU OM AKCUANbHO20 pACWUPeHUs.
B uHTerpanbHbIX KOMNAEKCcax NporpaMmMm pacyeT TepMOMExXaHWKW MpPOBOAUT-
CA B COOTBETCTBYIOIWMX MOAyNsAX. Huxe npuBegeH Nuwb OgUH U3 BO3MOXKHbIX
YNPOLWEHHBIX aATOPUTMOB pacyeTa peaKTUBHOCTYM OT aKCManbHOrO paclnpeHus
aKTUBHOW 30HbI, B3ATbIN U3 [45]. MpocTas Moaens 0bpaTHON CBA3M NO TeNn0BO-
My PacTAXEHWI0 OCHOBAHa Ha NpeAnonoXeHUW, YTO A0 Hayana MHUMAEHTa no-
BeAEHMWE NOTPECKABLIEroCs U NEPECTPOEHHOro 061y4YEHHOr0 TOMINBA ABNAETCS
NPUYUHON CHUKEHUA HANPSXKEHWUA B ra30BOM 3a30pe Mexay TOMIMBOM U 060-
NoyKoii. B Takom cnyyae ra3oBblil 3a30p 3aKpbIBAeTCsA, HO OCTAlOTCA Manble
CUJIbl KOHTAKTa MeXAy TonAMBoOM U 060104KoM. Mpu MHLUMAEHTE, ecnn 060104Ka
pacTarupaeTcs 6bICTpee, YeM TONNBO, 3330p TOMIMBO-000/104Ka OTKPLIBAETCH,
Y TONJIMBO MOXET pacWmpsaTbCcs CBOOGOAHO B aKCWManbHOM HanpasneHuu. Ecau
TONAMBO paclupseTcs ObicTpee, YeM 000/104Ka, TONAUBO cuennseTcs ¢ 060-
JIOYKOI, U aKCMaNbHOE pacTsKeHUEe onpeaenseTcs yepes 6anaHc aKCuanbHbIX
cun mexgy Humu. CKonbXeHue Mexay TOMAMBOM M 060/104KOI B 3TOM Cyyae
UrHopumpyercs.

Linst K a0 aKcuanbHOM 30HbI J B a. 3. JONIM PaCTATMBAEMOTO TOMIUBA U 060-
NOYKM ONpefensiTCA TakK:

gy (j,t):oc‘,.[T/. (j’t)_Tf' (j’ O)J’ (5.13)

e, ()= [T.(j0)-T.(,0)], (5-14)

rae o, — K03 ULUEHT TeNN0BOro pacllMpeHns Tonanea; o, — Koadduuu-
eHT Tennosoro pacwupenus obonoukn; 7,(j,1) — cpepHas Temnepatypa To-
nauBa pAs Jj - akcuanbHom 30Hbl; 7.(j,¢) — Temnepatypa CpefHei TOUYKM
obonouku.

Ecnn ¢ ,(j) Gonbuwe, yem & (), pacTsxeHne TONAMBa ANA j -il 30HbI

6/'(j’ t)zgf(ja t)Dz(j)’ (515)

a pacTaxeHue 060104KM
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5.(/,0)=¢.(J,0)D.()), (5.16)

roe D, — HOMUHANbHbIA aKCUaNbHbIA pa3Mep 30HbI.

Ecnn €,(j) 2 €.(/), To npocToit 6anaHc Mexay akCuanbHbIMI CUNamMmM TONNNBa
1 060N04KM paeT

e, (J.OY, 4, +e, (j.OY.A,

S,(j,t
s YA, +1.A4,

D.()), (5.17)

3, (J,0)=8,(j,1), (5.18)

rae Y, — mopyne tOura ans tonausa; Y, — moaynb OHra ana o6onoyku; A,
— HOMWHaNbHOE NoNepeyHoe CeyeHne TONANBA; A, — HOMWHaNbHOE nonepey-
HOe ceyeHune 060N0YKM.

PacyeT peaKTMBHOCTM OCHOBaH Ha OLEHOYHOI Tabauue Tonauea M 060N0YUKY,
06bIYHO Ucnonb3yemoit B nporpammax. MepBas akcuanbHas adeiika z,(j) He
pacTATUBAETCSA, W BLICOTHOE MONOXKEHWE rPaHNL, aKCUANbHBIX AYEeK NCNonb3y-
eTCA B pacyerax:

z,(1)=0, (5.19)

z,(J+D =2,(/))+ D. () (5.20)

3anuwem, 410 z, =0 Ha AHe HMXHero TOpPLEBOro IKpaHa.
HoBblii pa3mep pacTaHyTOW aKcManbHOW sYyeidku ANs TONAMBa M 060M0YKM
z,,(J), m z, (j) paccynTbiBaeTCA C MCMOb30BAHUEM COOTHOLIEHMUIA

z, (D=0, (5.21)
z.(1)=0, (5.22)
z, G+ =2z,(N+ f,()HD.()), (5.23)
z,.(J+D) =z, (D+ [.()HD.(), (5.24)

roe
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3,(j,0)
(N=1 f ; 5.25
S =1+ D.0) (5.25)
. 3.(j,1)
=147 5.26
f.(D)=1+ D.() (5.26)

ANropuT™ onpefeneHns peakTUBHOCTU HEMOCPEACTBEHHO W3 U3MEHEHUs pas-
MepoB peann3oBaH B [39], rae ucnonb3yeTcs «UeHa» TONAWBa B e4uHULax Mac-
col R (J) v «ueHa» 060n04kn B efnHMLAx Macchl R (), onpeaensembie Ha
NCXORHOM pasmepe z,(j). Ecnu j - 30Ha Gbina M3MEHeHa W pacTaHyTa Tak,
yTo

z,(j+D 22z,()) 2 z,()), (5.27)

2,(j+2)2 2, (j+1) 2z, (j +1), (5.28)

TO BKNap TOon/MBa B O6paTHyIO CBA3b dKCUANbHOT0O pacTaXeHusa ot J -7 30Hbl
pacCynTbIBAETCA TAK:

[2,G+D=2,()]
2, (G+D =2, ()
[2,G+D =2z, +D]
z,(G+D=2,())

Ap, () =m, ()HR, ()
(5.29)

+m (DR (j+1) —m (DR, ().

Moxoxee BbipaxeHWe ncnonb3yercs Ans pacyeta Ap, () — Bkaansa 060104k
B 00paTHYIO CBA3b aKCUANbHOO pacTserus. Ecan z, (j+1) umeet pacTsHy-
Tyl YacTb z,(j+2), TO CyMMa NpefHa3HaYeHHbIX 30H UCMONb3YeTCH BMECTO
(5.29).

MonHoe n3meHeHue PE€aKTUBHOCTN p , UMEeT BUA

Ps=Ea 2| AP, (N +Ap.()) ] (5.30)

J

rae €, — 3QOEKTUBHbI MHOXMUTESb aKCUANbHOTO PACTAXKEHUA.

CymmupoBaHue B (5.30) NpOBOAUTCA TONLKO MO sYeiKaM aKTUBHOM 30HbI. Top-
LieBble 30HbI BOCMPOM3BOACTBA UTHOPUPYIOTCS NpPU pacyetax 06paTHON CBsA3M
no pactsxeHuto. [lns nonyyeHus 6onee TOYHbIX 3HAYEHMUIA NO 0OPATHOI CBA3M
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Nno pacTaXeHU BBOAUMAA «UeHa» Tonanea ansa 30H BerHEVI TOpLLEBOVI 30HbI
BOCNPOM3BOACTBA A0/XKHA 6bITb ONMCaHa LLeHHOCTbIO TONAMBA aKTUBHOM 30HbI
B 06nacTu 3T TOpLJ,EBOﬁ 30Hbl BOCNpOKU3BOACTBaA.

06paTHas cBA3b N0 aKCMaNbHOMY PACTSKEHUIO PACCYMTLIBAETCA OTAENbHO AR
Ka)XX[oro KaHana. ANroputm fosmxeH ObiTb AOMOMHEH B MPOrpaMMme Ans nony-
YeHUs nonb3oBaTeNeMm crneuuduKN TMNa akCManbHOro PacTsXKEHUs, ONUCAHHO-
ro B 370l MOAenu. B gononHeHue K He3aBUCUMOI MOAENN OT ra3oBOro 3a3opa,
OMNWUCAHHOMN Bblle, PacCMATPUBAIOT CBOOOAHOE PACTSKEHWE TOM/IMBA, KOHTPO-
JMpyeMoe pacTsaKeHue 060J0YKN UAU KOHTPONMpPOBaHME GanaHca cun pacTs-
KEHUSA BO BCE BPEMEHa.

LleHHoCTb 060M104KM 1 TONAMBA, Ucnonb3yeMmas B (5.29), Kak v 3 heKTUBHbIN
MHOXWTeNb aKcUanbHOro pactsaxenus B (5.30), pomkHa 6bITb chopmMmpoBaHa
13 paHee NPOBefeHHbIX PaCYeTHbIX OLEHOK.

TemnepaTypHoe paauanbHoe pacliMpeHMe aKTMBHOW 30Hbl. PaguanbHoe
pacwupeHue a. 3. NpU OAHOPOJHOM PaCIIMPEHUM HANOPHON KaMepbl PACCUMUThI-
BAETCA C y4eTOM KO3(ppuLmeHTa NMHENHOTO pacumpenus ctanm o, °C2

M3meHeHWe paguanbHbix pasmepos a. 3. U aecopmauus c60pok 13-3a usmeHe-
HWUsi NOAOTPEBa TEMIOHOCUTENS U U3MEHEHUS TEMNEPATYPHOrO COCTOAHMUS 3ne-
MEHTOB a. 3. MPX U3MEHEHUM MOLYHOCTU PeaKTopa ONpeaensioTcs U3 pacyeTos
HanpsiKeHHo-[etOpPMUPOBAHHOTO COCTOAHMS a. 3.

llpocmas modens ob6pamHol C8A3uU NO peakmusHocmu om paduaibHo2o pac-
msxeHus [39]. PapmanbHblii pOCT aKTUBHOI 30HbI B HEWl onpeaenseTcs pacrs-
JKEHUEM NMAUTHI HUXHEro KONNEKTOpa M Yepe3 pPacTAXEHUE CTEHKU «KOP3UHbI»
B BEPXHeil 4acTW aKTUBHOW 30Hbl. PacTsaxeHue NAWUTbI HUXKHEro KonnektTopa
npepnonaraeTcs nponopuuoHanbHeiM pocty B TBC BxogHoI Temnepatypbl oT
€e HayanbHOro 3HaYeHWUs B UCXOLHOM CTaLMOHAPHOM COCTOsSHUU. JlokanbHoe
pacTaxeHue B BepxHeil 0bnacTu KoHTakTa nnatukos TBC co cTpyKTypoit 3arpy-
304HOI KKOP3UHbI» NPEANOoNaraeTcs NponopLUOHaNbHbIM U3MEHEHUIO CPeSiHEN
TeMnepaTypbl CTPYKTYPbI B 3TOi obnactu. [ns ux onucanus B [39] ucnonb3sytoT-
cA cnefylolime ypaBHeHUs:

in

XMC /, =
5p,.=C, {AT}H +m(ATSLP —AT, )} (5.31)

rae dp,. — W3MEeHeHMe PeakTUBHOCTM U3-3a PananbHOro pactaxenus, B; C.

— koabduument, B /K; AT, =T, (t)-T,(t); T, — Temnepatypa TenjoHoCu-
Tens Ha exope, K; + — Bpems, ¢; £, — BpeMs B KOHLE NepBoro OCHOBHOIO
wara, ¢; XMC — paccroaHue ot onopbl TBC 0 cpefiHEN NIOCKOCTU aKTUBHOW
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30Hbl, M; XAC — paccrosHue ot onopsl TBC fo Bbixoga TennoHocutens us TBC
unu BepxHero KoHTakTa TBC co cTpyKTYpoii 3arpy304HON KKOP3UHBIY, M;

ATSLP = _SLP(I)_ZTSLP(tl); (5.32)

Nv;
o 2TwGn
TSLP(t):[:lT’ (5.33)

roe T"SLP — CpefAHAs TemnepaTypa CTPYKTypbl 3arpy304HON «KOP3MHbI» Ha
ypoBHe BepxHero KoHTtakta TBC c Hel; 7_’5Lp(z’, t) — TemnepaTypa CTPYKTypbl
3arpy304HOMN «KOP3WHbI» HA YpOBHEe BepxHero KoHTakta TBC c Heili B 7 -M KaHa-
ne; i — HOMep KaHana; N, — 4MC/0 KaHanos B MOfe/IN PeaKTOpa, MOXeET OT-
nunyatbes ot yncna TBC.

MpaKTUKa UCNoONb30BaHUA 3TOFO ANIrOPMTMA NOKa3ana, YTo faHHas MOAENb He
MOXET BObITb MCNONb30BaHa Ana obcyeta COOPOK C KUNAWMUM TENOHOCUTENEM
WAW pacniaBieHHON aKTUBHOM 30HOM, HO C e NOMOLLbI0 MOXHO OLEHUTb 3Hayve-
Hua s C. m XMC/XFC B (5.31). Tak KaK 3¢ eKT U3MEHEHUs peaKkTUBHO-
CTM NPONOPLMOHaNEeH AY_"SLP nan AY_"SLP —Afm, TO U3MEHEHWEe PeaKTUBHOCTU

MOXeET ObITb paccynTaHo yepes ucnonszosanme C,. u XMC/XAC, KOTopble
paccyuTHIBalOTCA 3apaHee.

JemanvHas modens peakmusHocmu om paduanbHoz2o pacmsxerHus. OcHoBa
Mofieny o6paTHO peakTUBHOCTHON CBA3M OT PaAMaNnbHOro pacliMpeHus a. 3.,
OnucaHHas Bbllle, 00beANHAET HECKONbKO OCHOBHBIX NPEANONOXKEH U, KOTOpbIE
OrpaHMYMBAIOT CNOCOOHOCTL MOAENM AN BbIYUCNEHUA TOUHOW 0OPATHON CBA3U
No pPeakTUBHOCTU, 0COBEHHO MpPU PACTSXEHWUM B UHUMUAEHTAX. ITU nNpeanono-
eHUSA TaKOBbI:

e obpaTHas CBA3b N0 PEAKTUBHOCTU ONpeAenseTcs UCKIIYNUTENbHO Yepes Te-
NNOBOE pacliMpeHne ONOPHO NAUTBI HUXHEro KONNEKTopa co BCeMu obna-
CTAMU, UMEIWUMU NOX0XKMe KOIDDULMEHTHI TENJIOBOTO PacIMPeHUs;

® nepemelleHUe cpefiHeit NAOCKOCTU aKTUBHOI 30Hbl AOCTAaTOYHO [/ OLLEHKU
06paTHOI CBA3M MO PEAKTUBHOCTU OT PaAUaNbHOTO PACTSKEHUS aKTUBHOIA
30HbI;

®  BCe NNATUKM 3arpyeHHbIX COOPOK HaxoAAaTCsA B KOHTAKTE NPU UHLMAEHTAX.

C 3TUMM NpeanoNoXeHUAMU MOfEeNb He [AeT TOYHOrO pacyeta Ans yAaneHus
c60pOK 1 He cnocobHa paccynTaTb U3MEHEHWE B YCOBUSX 3arpy3Ku aKTUBHOM
30Hbl BO BPeMs MHLMAEHTA. ITOT HELOCTATOK OCOBEHHO BAXEH ANs HeCTaumo-
HApHOTO YANMHEHUA, 0BLIYHO BCTPEYAIOWETOCS NPU UHLMAEHTAX.
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B nopsake 6onblero npubAMKEHUs MEXaHUCTUYHOCTU s pacyeTa obpaTHO
CBA3M N0 PEeaKTUBHOCTM OT PagManbHOro PacTAKEHUs a. 3. U Ans obecneyeHus
Gonee feTanbHOro MOAeNMPOBaHUsA Obina pa3paboTaHa cnegylowas feTannsu-
poBaHHas Mopfenb. Bce HameyeHHble K NPEOAONEHUI0 OTPaHUYEHUN CBS3aHbI
C 3aMMCaHHbIMK Bbille NPESNONOXEHUAMMU W NpefHA3HAYEeHbl s UCNONb30-
BaHWA pe3ynbTaToOB AETANIbHOrO0 KOMMbIOTEPHOTO MOAENUPOBAHUS aKTUBHOW
30HblI.

MpubnuxeHue, B3aToe A1s A€TaNbHON MOLENN MO OTHOLWEHMUIO K PEaKTUBHOCTM
06paTHOM CBA3M U3-33 pPafuaNbHOro pacluMpeHns a. 3., MeHsoWel pa3mepbl,
MCNOJIb3YeTCA TaK Xe, KaK U 00blYHOe YANUHEHHUE a. 3., ANs pacyeTa ddekTa
PEaKTUBHOCTU M3MeHeHUs 3ddeKkTuBHOro paguyca a. 3. OgHako BMecTo co-
XpaHeHUs LMANHLPUYECKON GOPMbI, CBA3AHHOM C 0ObIYHBIM PaclUMPEHUEM a. 3.,
paccynTbiBaeTCA paAnyc akcuanbHoro npoduna. B TeyeHne BpemeHu usmeHe-
HUA B ee aKCUaNbHOM Mpoduae MCNONb3YIOTCA B COBOKYMHOCTU C KPUBOW LieH-
HOCTM A5 y4eTa aKCUaNbHOrO PacluMpeHns aKTUBHOM 30HbI B MOSIHOM 06paTHOi
CBAA3U N0 PEAKTUBHOCTU.

AKcuanbHbl npodunb paguyca a. 3. Noay4YaeTCs U3 OLEHKU NOBeLEHUA ycpea-
HEeHHoI# COOpKM BO BHEWHEM psAay a. 3. Popma 3Toit cOopku onpepensercs u3
OTHOLEHUs NOKaNbHOI NNOCKoN ceTkn nnatukos TBC a. 3. u noboro orpaHnyu-
BaIOLLEro ee KobLa («KOp3uHbI»). Dopma TakKe 3aBUCUT OT TEMNEpaTypHOro
rpagMeHTa BOONb COOPKM, TaK KaK BBOJUTCA AOMONHUTENbHbIA U3rnb cOHOpKU.
C6opKa B 3TUX YCN0BUAX NPEACTABAAETCA KaK NpoaosKaolwmii ee nyd. OcHos-
HOe ypaBHEHMWe, KOTOPOe ONUCLIBAET 3TU OTKIOHeHUA, — auddepeHLnanbHoe
YPaBHEHWe KpUBbIX yNpyroctu usruba:

2
EIZ Yy (5.34)

2 x
X

roe £ — mogynb ynpyroctu, H/M2%;, [ — MOMEHT MHepLMU NONepeyHoro ceve-
HUA 3rnba, M4, M — MOMeHT u3ruba, H-m; x — paccrosiHue BAOb Nyya, M;
Y — paccTosiHue B HanpaBieHWUU, NEPNIEHANKYNAPHOM K Y4y, M.

JT0 paBeHCTBO onpefenaer npefMeT ANs pPasnyHbIX 3arpy30K U MOMEHTOB, 3a-
BUCALLMUX OT CTALLUOHAPHOTO COCTOAHUA aKTUBHOM 30HbI. 04HAKO NOCKOLKY He-
06X04MMO 3HAHME TONbKO NepeMeLLeHUs U CUbl U MOMEHTLI HUKOTAA He u3me-
HAIOTCA, pelleHne He 3aBUCKUT OT 3HavyeHua EI .

PeakmusHocmb nepemeuweHuda monjausa U 060/104KU. 06paTHaﬂ CBA3b NO pe-
dKTUBHOCTU nepeMeleHna Tonauea u 060104KM pacCcynTbiBa€TCA U3 OUEHKK
peaKTVIBHOCTHOI7I LEHHOCTU BBOAUMBLIX MaTe€pUanoB W MEHAETCA C USMEHEHU-
eM aKCuanbHOM MaTepmaanon MacCCbl Ha4anbHOro CTalMOHAPHOIo COCTOAHUA.
CMMBONMYECKM 3TO MOXKHO npencTaBuUTb TaK:
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NCYAN N Ak
k()= ZE—mj [mij(t)—mij(O)], (5.35)
=1 j=1 ij
roe (A_kj — PEeaKTUBHOCTHAs LleHHOCTb B j -i1 aKCMaNbHO 30He [ -ro KaHa-
Am ).
ij

na maTepuanbHON Macchl m,.j(t) B j - aKCMaNbHOW 30He i -ro KaHana B MO-
MeHT ¢ ; m; (0) — maTepmanbHas Macca B CTaLlMOHAPHOM COCTOSIHUU.

3apaHee paccyMTaHHasn KpUBas LEHHOCTU MOXET BbiTb BBEAEHA 1A TOMIUBHBIX
fAYeeK UM sYeek TensioHocuTens. HadanbHoe M HecTauuoHapHoe pacnpenene-
HUE AaKCUANLHON MACChl ONPeaenseTcs Npu BbIYUCIEHUAX U3 BXOAHbIX JAHHbIX
Mo reoOMeTpUM NPOEKTa U AaHHbLIX MIOTHOCTH, MOAENEN NepeMeleHms TonIMea
1 060/104YKM.

fiBneHue usruba HanGonee BepoOATHO NPU HATUYUM PAfUANbHBIX TPAAUEHTOB
TeMnepaTypbl, XOTA TeMNepaTypHble U3MEHEHWUS MOTYT TaKXe BO34eiCTBOBATb
¥ Ha ONOPHble KOHCTpyKLMK TB3N0B unu TBC v Toxe npusectu Kk usruby. pa-
LWEHTbl TeMNEepaTypbl BO3MOXHbLI MO MHOTUM npuyuHam. Hanpumep, n3-3a cy-
LleCTBOBAHUA TPafMeHTa HEHTPOHHOrO MOTOKA B TOM/MBE, HEPAaBHOMEPHOCTM
TeMnepaTypbl TENNOHOCUTENs No ceyeHuto TBC, HepaBHOMEPHOTO Harpesa He-
LEeNsALMXCA MaTepUanoB OT raMMa-u3ayyeHus uam 13-3a pasiMyHoii Tenionpo-
BOAHOCTW B pafuanbHOM HanpasneHuu [33].

Mpu HanUuuMuM pagmManbHOro rpagMeHTa HeWTPOHHOrO NMOTOKA CTOPOHA TBANA,
HaxoAsLWasncs B 6onee BLICOKOM NMOTOKE, HarpeBaeTCsA U PacliMpPAETCs CUNbHEE,
YeM HaxOAMBLIAACA B 06J1aCTU C MeHbLIMM 3HaYeHWeM noToka. B pesynbrate
TB3N U3rMbaeTcs B CTOPOHY YBENMYEHUS HEATPOHHOrO NOTOKA. AHANOTUYHO U3-
rnbaetca u TBC, ecnu ee yexon HarpeBaeTcs B YCNOBUAX PafMaNbHOro rpagu-
eHTa TemnepaTtypsl, npuyem TBC, nsrubascs, yenekaet 3a coboii M Haxoaslwmecs
B Heil TBaNbI. Ecnin TB3anbl uau TBC 3akpenneHbl c 060UX KOHLOB, TO B pe3y/bTaTe
HEepaBHOMEPHOTO HarpeBaHus CMelLeHUe NPOUCXOAUT OT nepudepun K LeHTpy
peakTopa (Npu HaNUYMM NPOCBETOB). ITO NPUBOAUT K POCTY CPefHEl NAOTHO-
CTW TONJMBA W, CNELOBATENbHO, K NOABNEHUIO MONOXUTENLHON PEAKTUBHOCTM.
Ecnu e TB3nbl unu TBC 3aKkpensieHbl TONbKO C OQHOTO KOHLA, TO Pe3y/bTaToM
n3rnba GyaeT ABMKEHME MATepPUANOB OT LIEHTPa K nepudepun peaktopa [38].

Mo cyTW BO BCEX IHEPreTUYECKUX peakTopax Ha ObICTPbIX HEHTPOHAX nonepey-
Hble CMELEeHWUs TB3NOB OrpaHM4MBaloTCA Gnarofaps UCMONb30BaHUID AUCTaH-
LLMOHHO NpOBOAOKK, HaBMBaeMomn BOKpyr TB3noB B TBC, puctaHumupyiowmx pe-
LWETOK UAW ApYrUX CreuuanbHblX npucnocobneHuit. B pesynbtate nsrubatowme
ycunua, KoTopble pa3BuBalOTCA B TonauBe, nepepatotca Yexny TBC, gpoctatouHo
NPOYHOMY, 4TOObl NpefoTBPaTUTL 3aMeTHble cMeleHnsi. OQHAKO camu yexabl
NOABEPraloTcA BO3AENCTBUIO rPajMeHTa TeMNepaTypbl CO CTOPOHbI TEMNOHOCK-
TENS U NO3TOMY HE3aBUCUMO OT UX MPOYHOCTU UMEIOT TEHAEHLMIO K U3rMOY.
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CnepyeT yKasaTb Ha BaXHOEe pasnuyne B xapakTepax u3rnba ans a. 3., COCToOsA-
el 3 HabopoB TB3JI0B (GbICTPbIE PEAKTOPbI CO CBMHL,O0BO-BUCMYTOBbIM TEMIO-
Hocutenem — CBBP), u gns a. 3., HabpaHHoi u3 TBC (peaktopsl BH, BPECT).
Mpyu n3rnbe TBINOB U3rMbaloWMe YCUANA CNEYIOT NPaKTUYECKU Cpasy 3a u3-
MEHEHUEM MOLLHOCTH, a B ciyyae u3rnba TBC usrubaiolwme ycunus B ux yexaax
cnepyloT 3a U3MEHEHUEM MOLYHOCTU C CYLLECTBEHHbLIM 3ana3fbiBaHUEM, TaK YTO
06e 30Hbl BefyT cebs No-pasHoMy. 3anasfbiBaHne CBA3AHO C TEM, YTO NpU U3Me-
HEHWM MOLLHOCTW rpafMeHT TeMnepaTypbl YCTaHABAMBAETCA CHayana B TEMO-
HocuTeNe, @ HepaBHOMEPHBIK HarpeB Yexna NPOMCXOAMUT TONIBKO 3@ CYET TENo-
NPOBOAHOCTH CNYCTA HEKOTOPOE BPEMS, T. €. HAarpeB Yyexna oTCTaeT OT Harpesa
TB3Na.

PeanbHas a. 3. — CNOXHas, CTaTUYECKW HEONpeAeNeHHas CUCTEMA, B KOTOPOI
HEBO3MOXHO TOYHO ONpeAenuTs CBOBOAHOE AN U3rnba NPOCTPAHCTBO. TOYHbIN
XapaKTtep M3rnba cunbHO 3aBUCUT OT cneundUKM KOHCTPYKLMM peakTopa.

OueHKkaM peaKTMBHOCTW OT M3rMba nocBsweHbl paboThl [41; 42], B KOTOPbIX
npuBeLeH aHanu3 BenuuuH 3cdeKToB M oueHka Ux HeonpegeneHHoctu. Co-
r1aCHO 3TUM UCTOYHMKAM UCKPUBNEHME COOPOK NPU HEOLHOPOLHOM U3MEHEHUM
Temnepatypbl NPUBOAUT K U3MEHEHUID PaANaNbHbIX Pa3MEPOB aKTUBHOW 30HbI.
I deKT peakTUBHOCTU OT paguanbHoit AedopMaLum aKTUBHOI 30HbI ABNAETCA
OJHOW M3 OCHOBHbIX COCTABAKWMX NONHOTO TEMNEPATYPHO-MOLWHOCTHOTO 3¢h-
tekTa B peakTopax bH v B 3HaunTenbHON cTeneHn onpepenser xapaktep npo-
TEKaHWUA B HUX NEPEXOAHbIX PEXUMOB.

OnpepeneHue acdeKTa peakTUBHOCTU OT U3rMba OKa3bIBAETCA HEMPOCTON 3a-
Layell, NOCKOMbKY, BO-NepBbIX, HE0OXOAUMO ONpPEAENUTL CNOXHOE U3MEHEHUE
KOHUrypaLmn aKTUBHOI 30HbI 41 KaXA0r0 KOHKPETHOrO M3MEHeHUs Temne-
paTypHOro COCTOSIHUA W, BO-BTOPbIX, paccynUTaTh COOCTBEHHO 3theKT peakTus-
HOCTM ANs LAHHOTO U3MEHEHUs KOHUTypaLum.

ModenuposaHue uzeuba 8 npakmuke npoekmuposaHus peakmopos bH. Mpo-
Gnembl onpepeneHns 3ddekTa peakTUBHOCTU OT PaAMaNbHOTO pacliUpeHus
aKTUBHOIN 30HbI CBA3AHBI CO 3HAYUTENbHOI HEONHOPOAHOCTLIO KaK CaMoil TeM-
nepatypHon fedopmMaLuu akTUBHON 30HbI, TaK U puU3nyeckon 3ptheKTUBHOCTH
nepemeLleHUs MaTepnanos.

Cnoco6 onpepeneHus cocTaBasioWe OT pagnanbHoOro paclumMpeHus nporpec-
CUpOBaN OT ero pacyeTa no ynpoLeHHON MOLENN KOHYCHOTO pacluMpeHus a. 3.,
roe TBC B3aumopeiicTByioT Mex Ly cob0i TONbKO Yepes KOHTAKTbl N0 NiaTUKaMm
6e3 yyeta u3rn6os TBC npu ux HaknOHe, O y4eTa CNOXHOTO HOPMOU3MEHEHMUS
KaX[oro 3femeHTa a. 3.

YNpoueHHbli NOAXO4 B ONUCAHUM TEOMETPUWU NO3BONSET NPU HEUTPOHHO-
tu3nyeckom pacyete 3ddeKTa peakKTUBHOCTU UCMONL30BATh NPOCTbIE MOAENU
u onpepensaTb 3 HeKT NM60 Yepes pa3HOCTb k. NPU U3MEHEHWUN YCPERHEHHOTO
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no BbICOTE papnyca aKTMBHOM 30Hbl, MO0 C UCMOb30BAHNEM TEOpPUU BO3MYLLE-
HuI. B cny4asax, Korga Benn4mHa AaHHoOro BdJCIJEKTa PE€aKTUBHOCTU HE ABNAETCA
OHDEIJ,EHHIOUJEVI, MCNoNib30BaHUe yNpoLWeHHbIX NOAX0A40B B 4aCTN ONUCAHUA re-
OMEeTpUnN [oNyCcTUMO, NOCKOJIbKY Npn 3TOM abconoTHas BeMYMHa NOrpewHoCcTun
COOTBETCTBYIOLWETO Bde)EKTa PE€aKTUBHOCTU HEBENUKA.

bonee koppekTHbIM ABNAETCA pacyeT GOPMOU3MEHEHUS a. 3. C y4eTOM peanb-
Holt pecopmauum cbopok. OaHAKO B 3TOM ciyyae paccyntatb 3QAEKT peakTus-
HOCTM 3HaYUTENbHO CNOXHee, MOCKONbKY NPsiMOe BOCMPOU3BEAEHNE TUMUYHON
KapTUHbI paguanbHON AedopMauun B TPAAULMOHHBIX SYEEYHBIX TPEXMEPHbIX
MOAENnax ANA HeWTPOHHO-(U3MYEeCKUX NPOrpaMm NpeAcTaBAsfeT OTAeNbHYIO
CnoxHylo 3agavy. B utore gna yyera gedopmauum a. 3. CNOXHON opMbl 3a-
YaCTyo NPUMEHSIOT TEOPMIO BO3MYLUEHUIA.

00wmit Nofxopn K peleHunto 3Toii 3afayn Obin chopmynnposaH B [43], roe no-
Jly4eHbl hopMyNbl TEOPUW BO3MYLLEHWIA JNS pacyeTa BapuaLmii COGCTBEHHOO
yucna 3afiaun k. NpU U3MEHeHUW pa3MepoB OTAENbHbIX 30H peakTopa. Popmy-
JIbl HeJIMHENHbI OTHOCUTENbHO M3MEHeHU 06beMOB 30H W NO3BONSAIOT paccyu-
TbIBaTb O0/bWNME BO3MYLEHMSA. [JaHHbIA anropuT™ Obln peann3oBaH B Nporpam-
me SYNTES [44], B Hem Bo3MylyeHHOe 3HaueHne 1/ k.. npepctasnsetcs B Buae
CYMMbI

15l (5.36)

n

Z (hi —Yin )6Ri

roe (h,- _YHI) — BeNMYUHbI, XapakTepusywlwme 3hdeKTMBHOCTL Nepemelle-
HUA [ -M rpaHuubl peaktopa; OR, — BeNMYMHA NepeMelleHus; 7 — YUCNo
nepemeuwennin; CND — LeHHOCTb HENTPOHOB AeNeHus.

N npu n3meHeHUM TOABLKO pafuanbHOro pasmepa fYENKU B LUAMHLPUYECKOI
reoMeTpumu MOXHO NOJIYYUTb OLEHKY BO3MYLLEHNUA KaK

1 .
S——=—a,, (Ap; —203Ap}" +24p] ;) (5.38)

ef,R
rae o, ,=AL /L , — OTHOCUTE/IbHOE W3MEHEHWe PaManbHOro pasmepa

B 30He R ; Ap; — CyMMapHOe N0 BCEM 3/IEMEHTaM, KDOME HaTpus, U3MeHeHue
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PEaKTMBHOCTU B 30He R; Ap; , — CyMMapHOe W3MeHeHWe PeaKTUBHOCTU
B 30He R BCNEACTBUE U3MEHEHUS YTEUKM.

[ns cnyyas TpexmepHoi reomeTpuu cooTBeTCTBYIOWAA hOpMyna CTaHOBUTCSA
6o/iee rpOMO3LKOI M BKNIOYAET OLEHKY COCTABAAIOWMX OT YTEYKW Ha FPaHMLIAX
AYeiiku co Bcemu ee coceasmMu. Kpome Toro, TpyLHO 060CHOBATb NPUMEHUMOCTb
ONUCbIBAEMOTO NOAXOAA BO BMOJIHE BEPOSITHOM Cllyyae nepeMelleHus MaTepu-
anoB B npefenax syeiiku 6e3 nameHeHus ee KoHourypauuu. Moatomy B pac-
YEeTHOI NpaKTUKe Halen NpUMeHeHWe Lpyroi cnocob MCnonb30BaHNUA TEOPUM
BO3MYyLEHUIA — KOTfa TemnepaTypHoe cMelleHne cO0pOK paccMaTpuBaIOT Kak
nepemelleHne Ux MaTepUanoB OTHOCUTENLHO HENOLBUXHbLIX nonei 3ddeKkTus-
HOCTE COOTBETCTBYIOWMX HYK/NUAOB, KaK NpaBuio, OrpaHUYUBasACh UL UC-
nosb3oBaHueM 3 eKTUBHOCTEH HATPUA Y MAKPOCBOMCTB (T. €. BCeil COBOKYMN-
HOCTW MaTEPUaNOB sYeiikn).

Mpu TaKOM NOAXOAE KAXAYI0 3/EMEHTApHYI0 AYeiiKy aKTMBHOM 30HbI MOXHO
NpeacTaBUTb B BULE AYEHKW HEKOTOPOro 6acceiiHa ¢ HaTpueM, B KOTOPOI YacTb
HaTpus BbITECHEHA MaTepuanamu cbopku. B cnyyae nepemewenus c6opku
B NNlaHe NepexoasT K HOBOI KOH(UrypaLuum MaTepuanos, Korga HaTpuil yactuy-
HO BbITECHEH B IpyroM MecTe HaTpueBoro GacceiHa. B npegnonoxeHuu Heus-
MEHHOTO NMons LeHHOCTH 3 dEKT OT nepemelieHUs MaTepuanos cOOpKM B 3ne-
MEHTapHO pacyeTHOM AYeiike NpeACTaBNAETCA KaK pa3HOCTb 3 heKTUBHOCTEI
3aMeHbl YUCTOrO HATPUA MATEPUANAMMU SYEHKM B CMELLEHHOM U B UCXOAHOM MO-
NOXEHUAX:

E= (EﬂqiENa)i (E,gqiE'Na)a (5.39)

rae E, — addekt nepemeuenns; £, nE', — 3HeKTUBHOCTb BCex MaTe-

i i i . '
puanoB pacyeTHOW 3neMeHTapHOW Aueitkn nocne W fo cMelenus; E, n E'y,
— 3(eKTUBHOCTb AYEIKM B C/ly4ae 3anofHEHNA ee HaTPUEM NOCne U 0 cMe-
LWeHus.

I PeKTMBHOCTb TAKOI 3aMeHbl B 31IEMEHTAPHOII iYeliKe COCTaBAAET

By Ex ZZ)_}I'KI' M Kne = MK (5.40)

i

A€ y, — KOHLEHTpauusa ; -ro 3NeMeHTa FOMOTeHHOro COCTaBa Aueilku 3a uc-
KIIOYEHUEM HATPUSA; Yy, — KOHLEHTPALWA HAaTPUA B COCTaBe AYeiiku C romore-
HU3UPOBAHHLIMWU MaTepuanamm COOPKU; Yy, — KOHLEHTPALMA YUCTOrO Ha-
TpUs; Ky, u K, — wHTerpanbHas no syeitke 3HeKTUBHOCTb AApa HATpUs
W APYrUX 37IEMEHTOB COCTABA AYEIKM.

3Ty hopmyny MOXKHO NpuUBeCTU K 6onee yaoOHOMY BUAY:
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— — I-gy,
Eyy = Eyy = 25K MKy —, (5.41)

Na

rhe €, — 0ObeMHas JoNs HaTPUA B AaHHOI AYelike.

CooTBeTCTBEHHO UCKOMbIi 3 EKT OT NepemMeLleHnsa INeMeHTapHOW pacyeTHOM
AYENKN

R
Ev=Y VK, + PuKy, S—SN (5.42)

Na

rae AK,, n AK, — n3meHeHnune 3(pHeKTUBHOCTU HATPUA W PYTUX INEMEHTOB
AYENKN BCNeACTBME NepeMeLleHus, T. e. pa3HOCTb 3 (HEKTUBHOCTEN B ABYX Me-
cTax (B NONOXEHMAX 10 U NOC/E CMELEeHUH).

OpHako ans oblero ciyyasn B OKPECTHOCTAX JI000M AYeiKM KaK B MCXOAHOM,
TaK M B HOBOM €€ MOJIOXEeHUU Nocie nepeMeleHns NpoUCXOAAT U3MEHeHUs
(hopMbl NONS LLEHHOCTU MaTeEPMana, B TO BPEMS KaK B NPELAN0XEHHOM anroputme
npennonaraeTcs UMeHHO CoXpaHeHWe nosei LEHHOCTe MaTepPMUaAnoB Npu pac-
cmatpuBaembix nepemeleHunax TBC.

TemnepatypHble gedopMaumn cbopoK NpaKTUYECKM MOXKHO NpeacTaBUTb Kak

CoyeTaHue ABYX PaCCMOTPEHHbIX BbllE TUMOB NepeMellieHUs syeek:

®  yYC/0BHO PaBHOMEPHOE M3MeHeHMe pPa3MepoB 3HAUMTENbHBIX rpynn fyeek
co cbopkamu;

®  3HauyuTeNbHOe MnepeMelleHne OTAENbHbIX COOPOK OTHOCUTENbHO rpymMbl
fUeeK, COXPaHSIoLLMUX NOJIOXKEHNE OTHOCUTENBHO ApYr Apyra.

Mpepnaraetcs KoMGUMHMpoBaTh 06a noaxoda v onpefensate 3QHEKT peakTus-
HOCTM OT AetopMauumn c60poK Yepes iBE COCTaBAAOLME.

MepBas coCTaBAsIOWAs, OT U3MEHEHUA NONEPeYHbIX Pa3MepoB YENKK, BbIYUC-
nsetcs no Gopmynam nogobus ¢ HEKOTOPBLIM YNpPOLLEHUEM — BMECTO CIOKHOM
COBOKYMHOCTH Pa3/iMyaloWyuxcs B 3aBUCMMOCTH OT HanpasneHus gedopmauuit
AYeNKWU paccMaTpuUBaeTCss M3MEHEHWe BCEX MOMepeyHblX Pa3MepoB sYeiku
C OLMHAKOBbIM yCpefHEHHBIM KO3 duumMeHToM. s ciyyas TpexmepHoii rek-
CaroHanbHoil reoMeTpun NPUMEHSIOTCA NPUBEAEHHbIE Bbille GOPMYNbI ANA LM-
JIMHAPUYECKON reoMEeTpUM, NOCKO/IbKY BMECTO U3MEHEHUs pa3Mepa no paguycy
MCNOJIb3YeTCs U3MEHEHWe YCOBHOTO pa3mepa WeCcTUyroabHOM sYeitku «nog
KIoY»:

= 0ty 4 (AP} — 203203 +24p] ) (5.43)

ef ,hex
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BTopas cocTaBastowasn, ot nepemeLleHns MaTepuanos BHYTPU AYenKu, onpeae-
nsetca no cdopmyne (5.41), HO BMecTo abCOMIOTHOrO CMELEHUA ocu cOOpKU
OTHOCUTENIbHO ee NepBOHAYANbHOTO MONIOXKEHUS UCMONb3YIOT CMELeHUe OTHO-
CUTENbHO LEeHTPa AYeiKK, onpeaenseMoro Kak LEeHTP YCNOBHOIO WeCTUYroNb-
HUKa (B 0bLWeM cyyae — HenpaBuNbHOI hopMbl), 06pa3yemMoro U3MEHEHHbIMH
NONOXKEHUAMU OCell WecTn cOOPOK, COCEACTBYIOWMX C paccMaTpusaemoit. Mpu
3TOM peanusyeTcs nepeMelieHme MaTepuanoB COOPKM OTHOCUTENBHO NONS LiEH-
HOCTHW, (hOPMUPYEMOTO OKPYXKEHUEM PAcCMATpUBAEMOil COOPKM, U NPUHUMAET-
s, YTO MCNONb3yeMoe nojie LeHHOCTU nocie fedopmalum paccMaTpuBaemon
061aCTV aKTUBHOW 30HbI MPaKTUYeCKU He M3MeHseTcs. [onycTMocTb Takom
npeanockIKM NpoaHanu3uposaHa B [41], rae npoBOAMAOCH NPAMOe CpaBHEHUE
«LEHHOCTU» MaTepuanos sYeek [0 U Nocse OfLHOPOAHOTO PacluMpeHns BCel ak-
TUBHOIA 30HbI HA 1%. BbIBOA COCTOUT B TOM, YTO NPU PABHOMEPHOM PacLIMpeHUm
LeHHOCTb MAaTEPUANOB KaX0i AYeNKM Nocne ee nepeMeLieHns B HOBOE MeCTo
NPaKTUYECKN He MEHAETCH, T. . PafuaNbHoe pacnpefeneHne LeHHOCTU MaTe-
pUANOB NPOCTO «PACTArMBALTCA» U KCKMUMAETCA»» OTHOCUTENBHO UCXOLHOTO
NPONOPLUOHANBLHO PagnyCy NPKU COXPAHEHUN COOTHOLWIEHUA KLEHHOCTU» MaTe-
pUanNoB B COCEACTBYIOLWMX AYENKAX.

TaKoil KOMOMHMPOBAHHBIK ANTOPUTM XOPOLWO 3apeKoMeHAoBaN cebs Ha npak-
TUKE NMpPU MPOEKTHOW OLEHKe peakTMBHOCTU peakTopoB BH [42], koTopas no-
Kasana, YTo BenuyMHa 3deKTa peakTMBHOCTM OT paananbHon Aedopmalnm
aKTUBHOW 30Hbl M €r0 NPOCTPAHCTBEHHOE pacrnpefesieHne CUbHO 3aBUCAT OT
CTeneHn HepaBHOMEPHOCTU U3MeHeHus Temnepatypbl. OCHOBHO NpUYMHON no-
rpewHocTy Npu onpepeneHnn acdeKTa peakTUBHOCTU OT paguanbHon pedop-
MauMmn aKTUBHOM 30HbI B COCTaBe TeMMepaTypHO-MOWHOCTHOrO 3ddekTa aBns-
eTCA YNpPOLLEHHOE ONUCaHKe 3Toii fedopMaLmu, 0COOEHHO B TOM, YTO KacaeTcs
“3rn6os c6opoK.

Ha npumepe HebonbIOro ncenenoBaTenbCKoro peaktopa nokKasaHo, 4To 3T10T
3¢)¢EKT peaKTMBHOCTM B OCHOBHOM onpepenaeTca U3aMeHeHMeMm pasmepa none-
Pe4YHOro ce4yeHua OTAEJNIbHbIX AYeeK U obnacTteit aKTUBHOM 30Hbl, @ U3MEHEHUE
CbOprI AYeeK Npu 3TOM UMeeT BTOPOCTENEHHOE 3Ha4YeHune.

IpdeKT peakTMBHOCTU OT papuanbHoi fedopMauuu akTMBHOW 30HbI ABAAET-
CA OAHOI U3 OCHOBHbIX COCTABMAIWMUX NOJHOTO TEMNEPATYPHO-MOLWHOCTHOIO
3¢ dekTa peaktopos bH 1 B 3HauUUTeNbHOI CTENEHN onpefenseT xapakTep npo-
TEKaHUs NEPEXOLHbIX PEXMMOB PEaKTOPOB.

Wckpuenenne c60pOK aKTUBHOI 30HbI MPU HEOAHOPOAHOM M3MEHEHUU Temne-
paTypbl, XapaKTepHOM A5 B6O/bWMHCTBA NEPEXOAHbIX PEXMMOB, MPUBOANT K U3-
MEHeHMIo ee paguanbHblix pasmepoB. OnpegeneHne cootseTcTByOWeEro 3 dek-
Ta PeakTMBHOCTW B 3TOM C/ly4ae OKa3biBAeTCA HENpOCTOi 3afayei, NOCKONbKY,
BO-NepBblX, HEOOXOAUMO ONpefenuTb CIOXKHOEe W3MeHeHUe KOHQUrypauum
aKTUBHOW 30Hbl ANA KAXA0Tr0 KOHKPETHOTO U3MEHEHUA ee TeMnepaTypHOro co-
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CTOSIHUSA U1, BO-BTOPbIX, PACCYMUTaTh COOCTBEHHO 3PHEKT PEAKTUBHOCTU ANs AaH-
HOTO M3MeHeHUs KoHbUrypaLuu.

MpuHUMaeMble yNpPOLLEHNA MPU peLieHnn YNOMAHYTOM 3aAaum, a TakKe BO3MOX-
Hbleé HETOYHOCTU NpU pacyeTax MOryT BHOCUTb 3HAYUTENIbHYIO HeONpeaeneHHOoCTb
B nosy4aemblit 3pdeKT peakKTUBHOCTU. ITa HeonpefeNeHHOCTb NPUBOLUT K COOT-
BETCTBYIOLLEN HEONpPeAeNeHHOCTN B XapaKTePUCTUKAX NEPEXOAHbIX MPOLLEeCCOB.

MorpewHocTs Npu pacyeTe 3ddeKTa peakTUBHOCTU OT PafiMaNbHOrO paclim-
PEHUA MOXET 0Ka3aTbCA NMPUYMHOI HauboNbLEN HeonpeseNeHHOCTU B Onnca-
HUW aBapUIAHbIX NPOLLECCOB, KaK B CBA3W C €€ BO3MOXHbIM GOJbLIMM BKIALAOM
B MOJIHYI0 PEAKTUBHOCTb, TaK U B CBA3M C CUJIbHON 3aBUCMMOCTbIO pe3ynbTata
OT KOPPEKTHOCTM yyeTa TeMnepaTypHOro pacliupeHus Bkaoyas usrubel TBC.
OCHOBHOM MpPUYMHON MNOrpewHoCcTH Npu onpegeneHun 3ddekTa peakTUBHO-
CTU OT paguanbHoW fedopmalMy aKTUBHOI 30HbI B COCTaBe TeMnepaTypHO-
MOLWHOCTHOTO 3eKTa MOXKET ObITb YNPOLLEHHOE ONMUCaHKe 3TON fAedopmaLniy,
0COGEHHO B OTHOWEHMUM U3rn6oB c60pOK. AHanM3 gaHHoro addekTa peakTus-
HOCTM o5 TMBPUAHOI aKTUBHOIA 30HbI peakTopa BH-600, nokasbiBaer, YTo gaxe
L7151 TaKO OTHOCUTENbHO GONbLIOI aKTUBHOW 30HbI €70 BeJIMYUHA NO BAUAHUIO
Ha NepexofiHble NPOLECChl MOXET 0Ka3aTbCs BECbMA 3HAYMMOIA, YCTYNas TONbKO
addekty lonnepa.

PeaKTMBHOCTb 06paTHOM CBA3M NO PaCTAXKEHUIO WTAHT cTepxHei CY3. [o-
NOAHUTENBHO K 3h(peKTaM PeaKTUBHOCTH, CBA3AHHBIM C U3MEHEHMEM PAa3MEPOB
a. 3., yumutbiBaetca 3 ekt nepemeleHuns crepxHeit CY3 oTHocUTeNbHO a. 3. u3-
3a COBOKYMHOCTW TeMNepaTypHbIX gecdopMauuit Camon a. 3., CTEPXKHEN U WTAHT
npusogos CY3, anemMeHTOB KOHCTPyKLUMM Kopnyca peaktopa. bonbwas yactb
3T0ro 3tdekTa (3a UCKNIOYEHHUEM a. 3.) OYeHb UHEPLMUOHHA BCAeACTBUE 6ONb-
WKNX MOCTOAHHbLIX BpeMeHU (LecATKM MUHYT) pasorpesa. Mpu nepexope OT co-
CTOSIHUA NEeperpy3ku K COCTOAHWIO paboTbl HAa HOMWUHANLHON MOLWHOCTU 3TOT
3(deKT peakTMBHOCTM MOXET gocTurats gonei B ;. Tak, B cnyyae ucnonb3osa-
HUA HUXHEW OMopbl KOpNyca peakTopa 1 Npu ero pa3orpese KpblluKa peakTopa
C pa3MelLeHHbIM Ha Hell o6opypoBaHuem (npusogamu CY3 u np.) Gynet nogHu-
MaTbCA Ha HOBbLIA YPOBEHb, YTO NPUBELET K U3BNEYEHUIO CTEPXKHel M3 a. 3.
B cBolo ouepepb, yanuHeHue npu pasorpese wWTaHr cTepxHeit CY3 npusepet
K NOrpy}KeHUIo CTEpXKHeli B a. 3. U T. f.

[ins oTHOCUTENbHO ObICTPbLIX (BECATKM CEKYHA) NpoueccoB BennuuHa addexta
NPaKTUYECKN NOJHOCTLIO ONpPEAENAeTCcA OfHOW COCTaBAAIEN — yBeANYEHU-
€M BbICOTbl aKTUBHOIA 30HbI NpU ee pa3orpese C POCTOM MOLWHOCTU W COOTBET-
CTBYIOLLMM yrnybaeHneM cTepiHei B a. 3. M3-3a pa3HOro UCXOLHOrO nonoxe-
HuA cTepxHeit CY3 B Hayane n koHue MKK (B ueHTpe a. 3. 1 Ha ee rpaHuue)
Be/MYMHA AaHHOrO 3deKTa MOXKeT CUAbHO M3MEHATbCA, CTAHOBACH K KOHLY
MKK meHblwe B nATb-1ecTb pas.
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Ecnvn ykasaHHble NpuUYMHbI 06ecneynBatoT HeGoNblIME OTINYUS B BENUYUHE pe-
aKTUBHOCTM, TO 00LLee U3MEHEHWE PEaKTUBHOCTY NOC/e 3aBEPLIEHUS [BUKEHUS
CTEPIKHA COCTaBNAET 3aMETHYIO BENUYMHY B HECKOJIbKO NPOLEHTOB. Mpuyem ata
BENWYMHA OMpefeNeHa No U3MEHEHWIO MOWHOCTU KPUTUYECKOi cOopku (T. e.
WHTErpanbHOro U3MeHeHM s ), a NPU OLEHKE TAKOTO W3MEHEHUS MO NOKaNbHOMY
W3MEHEHMWI0 NONA 3HEProBbIAENEHNS, HANPUMEP NO CUTHaNY AeTEKTOpa, pacno-
NOXEHHOTO B KaKOW-TO TOYKe, C/IeflyeT 0XuaaTh 6onee 3HaYMMOro U3MEHeHMs
MOLWHOCTU (CM. HUXKE).

[ns mopenu obpaTHoi cBA3M nepemelieHus crtepkHeit CY3 npepnonaraercs,
YTO UX NepemMeLLeHne NPOUCXOAUT 13-3a BbIXOAALLErO M3 a. 3. TEMNOHOCUTENS.
TennoBoe paclupeHne Ans NepeMelleHns NpoucxoauT 13-3a Nogbema Temne-
paTypbl BbIXOAA TEMNOHOCUTENS U3 a. 3., YTO BedeT K AasbHellemy norpyxe-
HUIO cTepxkHei CY3 B a. 3., obecneynBas oTpULATENbHYIO COCTABNAIOLYIO pe-
akTuBHoCTU. C Apyroi CTOpOHbLI, ecin nepemelyaembie ctepxHu CY3 onupatotcs
Ha KpbILWKY KOpNyca peakTopa W a. 3. ONUPAEeTCA Ha CTEHKU KOpMyca peakTopa,
TO NOJOrPEB CTEHKW KOPMyca peakTopa NpuBedeT K ApYyroMy YPOBHIO a. 3. Unu
K NoAgbemy onopbl nepemeliaembix ctepxHen CY3, BefyliemMy K NON0KMUTENbHOM
cocTaBnswowei peakTuBHOCTU. 06e NMPUUNHBI — U PACTAKEHUA LWITAHT CTEPXK-
Helt CY3, v paclumpeHune CTEHKU KOpNyca peakTopa — aHanu3upyiotcs B [39].

pocToe ofHO30HHOE MOAENMPOBaHME NPUMEHAETCA ANA pacyeTa TemnepaTypsl
npusogoB (wTaHr) ctepxHeit CY3. [lna 3Toro ucnonb3yercs ciegytouiee ypas-
HeHue:

Mcr Ccr dd% = hcrAcr (]:li - 71cr )’ (5'44)

rae M, — macca wraHr ctepxHen CY3, kr; C, — TeNNOEMKOCTb WTaHT CTEPXK-
Hen CY3, Iox/(kr-K); T, — Temnepatypa wraHr ctepxHeit CY3, K; T, — Temne-
paTypa TenjoHoCcUTeNs Haj o06nacTaMu BHyTPeHHei cTpyKTypsl, K; i — Ko3d-
(uuMeHT TennonepeHoca MeXAy TEeNJOHOCUTENEM U WTaHramu ctepxHen CY3,
2 . 2.

B1/(m?K); 4, — obnactb nepeHoca Tenna, M%; { — BpemMs, C.

Maccol wTaHr ctepxxHein CY3 u nx TennoemkocTs, Ko3hduumneHThl Tennonepega-
YU WTAHT M UX MOBEPXHOCTM BBOJATCSA KAk BXOAHbIe NapameTpsl. Temnepatypa
TENJOHOCUTENSA HAZ 06NACTAMU BHYTPEHHEN CTPYKTYPbl PACCUUTLIBAETCA TaK:

T

dT, T -T.
ui _ WC mm ui , (5.45)
dt puI/ui
rne w, — CKOpPOCTb BbIXOAHOro NOTOKa 13 a. 3.; T;nm — CpeaHecMmellaHHasn

BbIXOAHAsA TeMnepatypa TenjioHocuTensa; p, — MIOTHOCTb TBEPAbIX MaTepua-
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NOB rasoBoil NOAyWKK; ¥, — obbem TennoHOCUTENsA Haj 061acTAMU BHYTPEH-
HeWl CTPYKTYpbI.

BHauane, B cTauMOHapHOM COCTOAHUM, BenuuuHbl 7., n T, paBHbl CpefHecme-
WAHHOW BLIXOAHOW TemnepaType TennoHocutens. lpu HecTauMoHapHOM npo-
Lecce paBeHcTBo (5.45) annpoKcMMUpyeTca:

Tu[ (t)+mem (t+At)
I+x

T, (t+At)= , (5.46)

roe

_ow, (t+A)A
e

ui

. (5.47)

Mpwn 3TOM BBIYMCAAIOTCA TONBKO KaHanbl C MOAOXUTENbHLIM BKNAAOM B CKOPOCTb
notoka tennoHocutens w, u T, . PaBeHcTBo (5.44) annpokcumupyetcs:

mm

T (t+At)+T
M_C, G At[)Jr “(t)zhcrAcr[Tm. (t+A0)-T, (t+Ar)]  (5.48)

T, (t)+dT, (t+Ar)

wm T (t+At)= R 5.49

L (4 an) o (5.49)
h A At

roe d =—<—, 5.50

'q MCTCCr ( )

AkcnanbHoe pactaxeHue wraHr ctepxHen CY3 Az paccuuTbiBaeTcs Tak:

Az, (1) = Lyo, [T,(0)-T,(0)], (5.51)

rae L, — panua wraHr ctepxkHeit CY3, ombiBaemas BbIXOAALMUM TENNOHOCKUTE-
nem; o, — K03((PULMEHT TENNOBOro PaCLINPEHUS WTAHT.

PacTsixeHMe CTEHKM KOpPNyca peakTopa pacCyuTLIBAETCs HAa OCHOBE Temnepary-
pbl, NOAYYaEMOM B CUCTEME TENOrMAPABIMKM NEPBOr0 KOHTYPA C aHaNU30M Mo-
TOKA TENNIOHOCUTENS NO KOpNycy peakTopa. PacTsxeHne CTeHKM Kopnyca peak-
TOpa Az, paccyuTbIBAaETCA No opmyne
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Az, =Y [T(0)-T,0) L. (5.52)

rne T, — CpepHss TemnepaTypa CTeHbl k -ro CXuUMaeMmoro o6bema uam xugKo-
ro 3/eMeHTa Kopnyca peakTopa; L, — AnMHa COOTBETCTBYIOWEN CTEHKN KOpNy-
ca peaktopa Anf k -ro ckumaemoro obbema unu 3nemMeHTa; o, — Ko3phuuu-
€HT TemnJ0BOro pacliMpeHus CTEHKM Kopnyca peakTopa.

Yucroe nepemelleHne Az, onpepensetcs no gpopmyne
AZn :AZcr_AZv’ (5'53)
n O6paTHaﬂ CBA3b N0 PEaKTUBHOCTU P, PACCYUTLIBAETCA KaK

P (1) =a,Az, +bAz,, (5.54)

roe a, v b, — Ko3pduLNeHTbI peaKTUBHOCTY.

5.3. MowiHocmHbIlU 3aghhekm peakmueHocmu

MowHocTHbI 3ddekT peakTuBHocTn (MIP), M3MeHeHMe peaKTUBHOCTM peakTo-
pa npu BbIBOAE €ro Ha HOMWUHANbHbIA YPOBEHb MOLWHOCTH, XapaKTEPU3YIOT MOLL-
HOCTHbIM K03t duumeHToM peaktusHocTu (MKP), onpepensiowmm Kak oTHowWe-
H1e NpupaLieH s PeaKTUBHOCTU K MPUPALLEHMIO MOLHOCTM PeaKTopa, KOTOpYto
BbIPaXaloT B NPOLEHTaXx HOMWHANBHOW| MOLLHOCTY, T. €.

MKP:Z—}S,%Ak/kef/% Nyous» (5.55)

NI[OM
n Torga MIP paseH I (dp/dN)dN.

0

Ha npaktuke yao6Hee onpeaensTb NOAHbIA MOWHOCTHLIN KO3 DUUMEHT peak-
TUBHOCTM Ha HOMWHaNbHOM (pa3pelleHHOM) YPOBHE MOLHOCTU o, KaK OTHO-
WeHMe N3MEHEHNA PEAKTUBHOCTMU K BbI3BaHHOMY UM U3MEHEHUIO MOLWHOCTH pe-
aktopa, B, /MBT (T).

3HadyeHne o, onpegenseTca pacyeTom nocne HOpPMMPOBAHWA 3arpy3Kn aKTUB-
HO 30HbI Ha cnepytowyto MKK. M3mepeHna o, nposoasatcsa B Hadane MKK Ha
ypoBHe MowHocTM 95—100% N, ,, C NepUOANYHOCTbIO, ONpeensemoit Tpe6osa-
HuAMKU «YCnoBuit feincTens nuueHsnmn» u «06ocHoBaHMt 6€30MacHOCTU Ha BHe-
JPEHME HOBbIX COCTABHbIX YacTEN aKTUBHOM 30HbI ¥ HOBbIX TUMOB TOM/IUBAY.
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MKP BO BCex M3BECTHbIX IHEpPreTUYECKUX peaKkTopax oTpuuaTeneH, T. e. pocT
MOLLHOCTU peakTopa NpUBOAUT K nNoTepe ero peakTuBHocTu. MIP 3aBucut ot
Tex e napameTpos, 4To 1 TIP. Ho npu yBennMyeHUn MOLWHOCTH B peakTope co3-
LaeTca cyrybo HepaBHOMepHOe pacnpefeneHue Temnepatyp. Camble BbiCOKUE
TeMnepaTypbl YCTaHABANBAIOTCA B LEHTPaNbHbIX 06/1aCTAX TBIOB U JOCTUTAOT
B TOMNMBE W3 ABYOKUCK ypaHa unu nnyToHua 2500°C. B 1o e Bpems Temnepary-
pa TenJOHOCUTENA M KOHCTPYKLMOHHbIX MaTepuanoB OKa3blBAeTCs CyLIEeCTBEH-
Ho Huxe. Hanpumep, B peaktope bH Temnepatypa obonoyek TB310B foCTUrAET
yyTb 6osiee 700°C, a HaTPUA Ha BbIXOAE M3 aKTUBHOI 30HbI — 550°C. B cBA3n
C TaKUM HEOLHOPOAHBIM pacnpefeneHnemM TemnepaTyp BO3HMKAKT pasnuyHble
cneunduyeckne addeKTbl, Hanpumep, M3rnbsl TBaNoB 1 TBC.

MKP 3aBMCMT OT MOLHOCTM peaKkTopa M OT TaKUX TEXHONOTMYECKUX NapaMeTpoB,
KaK pacxof TenaoHOCUTeNs, rybuHa BbIrOPaHUA TOMIMBA, NONIOXKEHWNE KOMMEH-
cupylolmx ctepxHeii CY3, BxogHas TemnepaTtypa TENIOHOCUTENA U T. M.

06bIYyHO Ans onpeaeneHHocTH cyuTtaioT, 4To MKP — 3To M3MeHeHUe peakTus-
HOCTW, HOPMUPOBAHHOE HA efMHMLY MOLHOCTU NPU NOCTOSHHOM TeMnepaType
TENJIOHOCUTENA HA BXOAE B a. 3.. AHanornyHo onpegensaioT MIP kak nsmeHexnue
PEaKTUBHOCTW MPU NOAbLEME MOWHOCTM MpW NMOCTOSHHON TemnepaType Tenso-
HOCWUTENs Ha BXOJe B a. 3.

Ecnm B TemnepaTypHoM 3ddeKTe peaKTUBHOCTM COCTaBAAIOWAs, CBA3aHHAs
C pagmanbHbIM paclimpeHunem a. 3. (paBHOMepHbLIM), ONpefenseTcsa BeanyuHoil
M3MeHeHUs YTeYKN HENTPOHOB U 3aBUCUT B OCHOBHOM OT pa3mepos a. 3., TO Be-
JIMYMHA 3TOI COCTaBAAOWEN pafManbHOro pacluMpeHus B MOWHOCTHOM 3ddek-
T€ PEaKTUBHOCTW 3aBMCUT OT KOHCTPYKLMM a. 3. U COOPOK aKTUBHOI 30HbI (pac-
NONOXEHMA a. 3. MO BbICOTE, cnocoba AMCTaHLUPOBaHWA cOOPOK, OpraHuU3aLmum
oxnaxgenus). Nx n3rnb npu uameHeHUW nogorpesa HaTpUA B aKTUBHOI 30He
MOXKeT NPUBOLMUTL K CYLWECTBEHHO Pa3NMyalolWnMCcs BennymHam addekta peak-
TUBHOCTM BMOTb 0 Pa3nnynA B 3HaKe 3cdekTa (CM. HMxKe faHHble no EBR-II
[41]). BennumuHa mowHocTHOro achdeKTa U BKIAA B HEro OT TeMnepaTypHoit pa-
AVanbHOW aedopMauyum akTMBHOM 30HbI NpefCTaBAeHbl B Tab. 5.2 Ha npuMepe
HEeKOTOpbIX peakTopos bH.

B T1abn. 5.3 pns uanocTpayum npeacTaBieHbl IKCNEepUMEHTaNbHbIE U pacyeT-
Hble, B TOM YUCe U NPOEKTHbIE, 3HaYeHUA TeMNEpaTypHOro 1 MOLWHOCTHOTO KO-
3¢ OULNEHTOB PEaKTUBHOCTM ANA HEKOTOPbIX MUKPOKAMMNaHWUiA OLHOr0 M3 npo-
€KTOB aKTUBHOM 30HbI PY BH-600.
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Ta6nuua 5.2. MowHOCTHbIN 3¢h(heKT 1 ero COCTaBNAIOLAA OT paauanbHoOiM
TemnepatypHoii aedpopmauun, %Ak / k

XapakTepucTuka EBR-II BOP-60 BH-600 | BH-800

MonHbI MOWHOCTHON 3thdekT -0,26 -0,58 -0,8 -0,76

CoctaBnstowas ot pap,maanoDl

necopmavum +(0,02—0,07) | -(0—0,18) | -0,09 | -0,08

Ta6nuua 5.3. 3HaueHMA TeMNepaTypHOro N MOLLHOCTHOrO KO3(h(ULMEeHTOB
peaKTUBHOCTU B Hauyane Hekotopbix MKK PY BH-600

TKP, uent/°C MKP, uent/MBT (1)
H;E}e(p (Pacver - (Pacyert -
IkcnepumeHT| PacyeT |3KkcnepuMeHT)/| IKCcnepuMeHT | PacyeT |3kcnepuMeHT)/
pacyert, % pacuert, %
MpoekT -0,34 -0,073
29 -0,49 -0,45 -85 -0,073 -0,079 7,6
32 -0,46 -0,46 — -0,065 -0,063 -3,2
33 -0,50 -0,46 -8,7 -0,073 -0,074 1,4

5.4. bBapomempu4eckul aghghekm peakmueHocmu

bapomeTpuyeckuit achceKT peakTMBHOCTU — 3TO U3MEHEHWE PEaKTUBHOCTM U3-
3a U3MeHeHWs [aBfeHns B TennoHocutene peaktopa [33]. OH xapakTepu3yeTcs
GapomeTpuyeckum koadduuneHTom peakTusHocTu (BKP), paBHbIM OTHOWEHMIO
npupaLeHns peakTUBHOCTU K NPUPaLLEHUNIO LABJIEHUSA TEMNIOHOCUTENS.

B peakTopax bH peakTMBHOCTb, BO3HMKAIOWAA NPKU U3MEHEHWUU MAOTHOCTU Ha-
TpUs, OYEHb Mana, W €0 MOXHO MpeHebpeyb, TaK Kak M30ObLITOYHOE AaBleHue
B ra3oBOW NOJIOCTM TaKOrO peakTopa HeBeNMKO M M3MeHAeTCcs B npepenax
0—0,05 Mla. Tem He MeHee U3MeHeHWe AaBNeHKUSA B ra30BOI NONOCTU peaKTO-
pa NpuBOAMT K 3ameTHOMY BKP, KoTopblil MOXET ObiTb YaCTUYHO OOBACHEH Ha-
JIMYMEM Ta30BbIX My3bIPbKOB B HATPUM W MANbIMU CMELLEHUAMU KOHCTPYKLMI
peaktopa. Habniopaemble 3HaueHus BKP B peakTopax ¢ ypaHOBbIM TOM/IMBOM
nonoXuTensHel u cocrasnsior 1-10* Ak / k, Ha 0,1 MMa.
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5.5. ludpoduHamuyeckull aghghekm
peakmueHocmu

FmapopmHamuyeckuit acdekT peaktusHoctu (F3IP) cBA3aH ¢ U3MeHeHMEM CKO-
POCTW OBUXEHWUA TENNOHOCUTENS U 3aMETEH UMEHHO B peaKTopax Ha ObICTPbIX
HeliTpoHax [33]. B HMX perynupoBKa CKOPOCTU TEMJOHOCUTENA OCYLLECTBAAET-
CA MyTeM M3MEHEeHMA CKOPOCTU BPALWEHMUA TNaBHbIX LMPKYAALMOHHbBIX HAaCOCOB
nepeoro koHTypa. TBC B peakTope xecTKo He 3akpenneHbl. [103ToMy yBenunye-
HUe Yncna 0O6OPOTOB HACOCOB UAU UX BKIOYEHWUE NPUBOLMUT K NOSBAEHUIO CUJ,
cTpemslmxcs otaenutb ogHy TBC oT apyroii. Takum o6pa3om, a. 3. Kak Obl pas-
Ba/MBAETCA, YTO U LA€T NOTEPIo peakTUBHOCTU. C pOCTOM CKOPOCTH TENNOHOCU-
Tensa ysennumsaetcs fasneHue BHyTpu TBC. Ecam B HaTpum ecTb ny3bipbKy rasa,
TO UX 0ObEM YMEHbLIAETCH, U B PEAKTOPEe C yPaHOBLIM TOMJMBOM NOsABAsETCSA
nonoXuTenbHel 3deKT peakTMBHOCTU. B peakTopax c nMiyTOHMEBBIM TOMAU-
BOM yMeHbLUeHMe 06beMa ra3oBbixX Ny3bipbKOB CO3AAET OTPULLATENbHBIN I DeEKT
peakTMBHOCTU. TakuM 06pa3oM, IhHeKT peaKTUBHOCTYU OT U3MEHEHUS YACTOTI
BPaLLEHNS LUPKYNALWOHHBIX HACOCOB ABNAETCA CYMMOW rMAPOAMHAMUYECKOTO
u 6apomeTpuyeckoro 3heKTOB peakTMBHOCTU. W3MepeHus rugpoguHamuye-
cKkoro atekTa peakTMBHOCTM Ha peakTope BH-600 ¢ ypaHOBbIM TONAMBOM NO-
Kaszanu BenuuYuHy 4,5-1072 ponn. npu yBenMyeHun YactoTsl BpaweHus MUH ot
250 0o 900 muu1.

5.6. UsmeHeHue peakmueHoCcmMU
u3-3a ebl2opaHusi monsuea

N3meHeHMe peaKTUBHOCTM peakTopa, paboTalolero B CTaLLMOHAPHOM COCTOA-
HWUM, CBA3AHO C BbIrOpPaHUEM Jenslmuxcs Hyknuaos (cMm. pasgen 9) u obpasosa-
HMeM NPOAYKTOB AeNeHuUs, 4To NPUBOAUT K NoTepe peakTuBHocTU. Kpome Toro,
06pasyloTcsA HOBble fENsAMecs HYKNUAbI, YTO BEAET K YBENUYEHUIO PEAKTUBHO-
cti. C 3TMMK [BYMA OCHOBHbIMM NPOLECCaMU CBA33HO XenaHue CNpoeKTUpo-
BaTb TaKoi BbICTPbIIi peakTop, B KOTOPOM CKOPOCTM 3TUX MPOLECCOB YpaBHOBE-
cunu 61 gpyr apyra (KBA = 1) n noTeps peakTUBHOCTYU NPU BbIrOPaHUW TONIMBA
oTcyTcTBOBana. Ho Ha ypaHOBOM TONAMBE NONYYUTH TaKoW 3P deKT He yaaeTcs.

CneacteueM M3MeHeHUs HYKIMAHOTO COCTaBa TOMAUBA B Nio6OM peakTope (CM.
pasgen 9), Tem 6onee B peakTope ¢ KBA, MeHbWNM eAMHULI, ABNAETCA NOTEpS
UM PEAKTUBHOCTU, MPUYEM TEMN NOTEPU PEAKTUBHOCTU MEHAETCS CO BPEMEHEM
(puc. 5.3), cTabuNM3UpyACh K AeCATH CyTKaM paboTbl peakTopa Ha MOLHOCTY.
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Puc. 5.3. Temn notepu peakTMBHOCTM B GbICTPOM peakTope B Hayane ero pabotsbl

N3meHeHWe CKOPOCTU NafieHUs PeakTUBHOCTU B PEAKTOPaX C YPaHMIYTOHWUEBbIM
TOM/IMBHbIM LIMKIOM CBA33HO C TaK HA3blBAEMbIM HENMTYHUEBLIM» IPPEKTOM.
IT0T 3hdeKT B BLICTPOM peaKTope CBA3aH C TeM, yTo Aapa **Pu obpasytoTcs
npu 3axBate HeliTpoHa agpamm #8U He cpa3y, a B Lienoyke 6eTa-pacnafos:

28U (n, v) = U (B~ /23,5 mun) — *Np (B~ / 2,3 nus) — *°Pu

Takum 0bpa3oM, NPOUCXO[UT «3afEPXKKa» 00pa3oBaHuA sfep niyToHus. Mo3-
TOMY Npu 6bICTPOM BbIBOAE (3a Yachl) peakTopa Ha MOLHOCTL NOTEps peaKTUB-
HOCTM 3a CYET BbIrOPaHUsA NMPUMEPHO B NEpBble TPOE CYTOK PaboThl HECKOMbKO
BbILUE, YEM NPU NOCAedyloLel paboTe peakTopa Ha TOM e YPOBHE MOLLHOCTM
(puc. 5.4). «[oTepsiHHasA» peakTUBHOCTb OYAET KOMMNEHCUPOBAHA noche ocTa-
HOBa peakTopa. /nu, Hao6opoT, ecnu pe3ko cOPOCUTL MOWHOCTb, TO PeaKTUB-
HOCTb BO3paCTaeT, TaK KaK HaXOAUBLIMIACSA B paBHOBECHOW KOHLEeHTpaLuu 2°Np
npespataetcs B 2°Pu, KOTOPbLIA U CO3LAET NONOKMUTENbHBIN 3PDEKT peakTuB-
HOCTU. PeaKkTUBHOCTb, 0OYCNOBNEHHAA HENTyHUEBLIM 3ddeKToM, Mana u ans
Tunu4Horo BH cocTaBnset BennunHy okono 0,1 gonn. PeakTMBHOCTb peakTopa
nocne copoca MOLHOCTM YBENIMYMBAETCA NO MEPe pacnaja HeNnTyHus:

p(t) ~ 0,18, [l—exp (—prt)], (5.56)

rae Ly, — noctosHHas 6eta-pacnaaa *’Np.
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Puc. 5.4. 3meHeHue 3anaca peakTUBHOCTM Ha CTapTe MUKPOKAMNaHUW 6e3 BblAepPIKKU
TonnuBa (peakTop paboTaeT Ha NOCTOSAHHOM YPOBHE MOLHOCTU) U C BbIAEPXKKOI (Nocne
KaX[bIX CyTOK paboTbl peakTop ocTaHaenuBaeTcs Ha 30 cyT).

HenTtyHueBbli 3hdeKT NpMHMMAIOT BO BHUMAHWE NPU OLLEHKEe NOTepu peakTuB-
HOCTM M3-3a BbIrOpaHus Tonnuea (Npu OLEeHKe TemMna NoTepuU PeakTUBHOCTH).
Mocne TOro Kak peakTop BbIBEAEH Ha MOLWHOCTb, NOTEPID PEAKTUBHOCTU B efM-
HULY BPEMeHM MOXHO 3anucathb B Clefylolem Bue:

op(t)/ ot = —A—Bexp(—kNpt) (5.57)

roe A — noTeps peakTUBHOCTW BCNEACTBME BbIFOPAHUS TOM/IMBA B CTaLMOHAP-
HOM pexume; B — yBeNMYEHUE PeaKTUBHOCTW B pe3yibTaTe 06pa3oBaHUs
29Pu u3 agep *Np.

5.7. 3phekmbl peakmueHOCMU rMpuU OUEHKe
asapulHbIX npouyeccos

Mpu oueHKe NOBeAeHWUs peakTopa B aBapuitHbIX MPoOLECcCax NoNb3yloTCA OLeH-
KaMu peakTMBHOCTEN 3TUX NPOLECCOB [ PacyeTOB NOBEAEHUA NoJel HeilTpo-
HOB M TennoBblgeneHns B HUX. Kak npaBuno, oueHkn 3chdeKToB peakTUBHOCTEN
OCYILeCTBAAIOTCA NPAMbIMW pacyeTamu. TPyAHOCTb OLEHKW CBA3aHa C BO3feii-
CTBMEM Ha NoBefeHNe PeaKkTopa, B TOM YUC/Ie M HA PeaKTUBHOCTb MHOXECTBA
(haKTOpOB, KOTOpPble MOTYT Kak AOMONHATb, TaK W HUBENMPOBATb ApPYr Apyra.
Ocobyio CNOXHOCTb AAis aHaNM3a NpepcTaBAsioT NPOLECChl C IOKaNbHbIM pa3-
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pyweHueM a. 3. M 06pa3oBaHueM B Hell NycToT [45] HayuMHas € pacTpeckusa-
HUsA 060J104KM TB3INA, KOHTAKTa TONJNBO — TeNJOHOCUTENDb U np. [25; 39]. Ons
aHanM3a Takux CIOXHbIX NPOLECCOB CO3AAIOTCA KOMMNEKCH MPOrpamM, BKIIO-
yatoLmMe MOAYNMU, COBOKYMHOCTb KOTOPbIX NO3BO/AET MOAENMPOBATb HE TONbKO
KWHETUKY, HO M AMHAMUKY NpoLecca, T. e. YYeT BCeX NapamMeTpoB 00beKTa B He-
CTauMOHApHOM NpoLecce Npu ero passuTuK. B kayectBe npumepa TakmMx KOM-
NNEKCOB 1 PEAKTOPOB Ha ObICTPbIX HEATPOHAX MOXHO npuBecTn SAS-4A [39],
SIMMER [46], JOKER [25].

Mepen npoekTaHTOM Bcerga CTOWUT 3afadya MUHMMM3ALUM cymMbl 3deKToB pe-
aKTUBHOCTE/ B aBapuitHbIX Npoueccax, YTobbl MUHUMWU3MPOBATL HEOHXOAUMOCTb
BO3AENCTBMA Ha CUTyaLMIO CUCTEMbI YNIPaBAEHUA W 3awunTsl. B npeane, ecnn Bo3-
AeNCTBMe yAAeTCA CBECTM K HYJTIO, TAKOW PeaKTop Ha3blBaloT CaMOperyimpyembim,
Yero HUKOraa He yAAeTCA [OCTUYb HA NPAKTUKe C IHEPreTUYECKUMN peakTopamm.

5.8. PeakmueHocmb cucmemMbl KOHMPOIJIs

Mpu MofennpoBaHNM COCTOAHMA peakTopa B MHTErpanbHbIX KOAAX BBOAUTCA MNo-
HATME PeaKTUBHOCTU CUCTEMBbI KOHTPONs p, () . PeakTMBHOCTL cuCTEMbI KOHTPO-
N — 3TO 3HAYeHUs, NoNyyaeMble Yepes CUrHabl KOHTPOA PeaKTUBHOCTH; OHM
onpenensTcsA B MOENN KOHTPOJIbHOM CUCTEMBI, €C/IM TAKOBAs UCNONb3YeTCA Ans
mopenupoBaHus. CucteMa KOHTPOAA y4acTBYeT B MOAENMPOBAHUM B UHTErpUPO-
BaHHbIX Komnaekcax TMna SAS-4A [39] v ap. 3Ta peakTMBHOCTb KaK pe3ysibTar
pacyeTHOro MOAENMPOBAHUA CUCTEMbI KOHTPONIS PEaKTUBHOCTU B MHTErpasbHbIX
Kofjax He Bcerpa coBnafaet ¢ BoipaxeHuem (5.1). Ha npakTuke peakTMBHOCTb OT
cUCTEMbI KOHTPOAS UCMONb3YETCA ANS OLEHKW BENUYUHBEI BHECEHUA HEOOXO[MMO-
ro BO3MVILEHWUS ANA JOCTUXEHUA NOCTABNEHHbIX OnepaTopom ueneii. Mpu 3Tom
CUCTEMOII KOHTPONA OLEHMBAETCA HE PeaKTUBHOCTL HA Base nokasaHWii MoHK3a-
unonHou kamepsl (MK), a Bpems (nepuop) yLBOEHUA MOWHOCTU peakTopa, onpe-
Jensemoe Kak Bpems (nepuop) yaBOeHUs MOWHOCTH curHana aton UK:

T, :tln2/ln£, (5.58)
N,

1

rae T — Bpems u3MeHeHWa MowHocTH (amnantyabl curdana MK) ot N, po N, .
[lns cTaunMoHapHoro pexuma BpeMs (Nepuroj) yABOEHUS MOWHOCTU peakTopa
cTpeMuTCs K 6eckoHe4YHoCTU. Mpu yMeHblueHUM BpeMeHu (Nepuoda) yaBoeHus
MouHocT Ao 30 ¢ hopmupyeTcs NpeaynpeauTenbHblil CUrHan Ha 6NoKUpPOBKY
LBuxeHus ctepxxHeit CY3 seepx. Mpu BpemeHu (Neprofe) YABOEHUS MOLLHOCTH,
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MeHblueM 20 ¢, B guana3zoHe oT 10~ o 120% HOMUHANLHO MOLHOCTH Nyom
[OMKHa cpabaTbiBaTh aBapuitHas 3alluTa peakTopa.

5.9. Hekomopbie pe3ysibmamsbl pacdemos
ucnosnb3oeaHuss JOKER-mexHono2uu 05151 oueHKuU
JughghepeHyuanbHoUl aghghekmusHocmu

[ins oueHku Bo3moxHocTeit JOKER-TexHONOMMM (C ABYMA MOZENAMU PEAKTOPOB —
maTtematuyeckon u usnyeckoit) [25] npoBefeHbl pacyeTsl No oueHke audde-
peHuManbHoit 3dheKTUBHOCTU 06OralLEHHOTO TONMBA NO BLICOTE aKTUBHOM Ya-
ctn TBC. Pe3ynbTaThl MOAENMPOBaHNA NPoxofa HeGOMbLLIOK MacChl TON/IMBaA Yepes3
a. 3. CHM3y BBepx NMpeAcTaBieHbl Ha puc. 5.5, rae KpuBas AuddepeHLManbHoOM
3¢ eKTMBHOCTM TONAUBA, MONYYeHHas c ucnonb3oBaHuem JOKER-TexHonoruw,
NPaKTUYECKM OTpaXaeT noBefeHNne QYHKLMKU LEHHOCTM MO BbICOTE peakTopa.

OTH. €.

14
09 m

T L
,l 1
B4 L
| b

0,3 \

0,2

VYpoBeHb BBICOTHI a. 3. CHU3Y BBEPX, %

0,1 ‘ ‘

0 10 20 30 40 50 60 70 80 90 100

Puc. 5.5. OuddeperuymancHas 3¢ deKTUBHOCT 060ralleHHOro TOMIMBA NO BbICOTE
a. 3. C onpefeseHneM KOHCTaHT Yepe3 4oin 06bemMoB 1 ¢ ucnonb3osaHuem JOKER-
TEXHONOrUU

N3 npencTaBneHHbIX LaHHbIX CefyeT, 4TO eC/in Noj MaKCUManbHOW pacyeTHO
MOJENbHOWM MOrpewwHoCTbi0 NOHUMATh OTKIOHEHMA B Cyvae, KOrAa rpaHuua
TOMIMBHOTO CTONGA NPUXOAUTCA Ha CEpefuHY BbICOTbI PACYETHON AYElKM, TO
B OLleHKax KPUTUYHOCTM MorpelwHocTs OyaeT Ha ypoBHe 0,1 LeHTa, a B onpege-
nenun mowHoctu TBC norpewHocTs coctaBut 1,5%.
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Wcnonb3osaHue aByx Mogeneit npu pacyete peaktopa 3heKTUBHO Npu 3arpys-
ke B peakTop TBC ¢ pa3Hoi AnMHOM y4acTKOB € 060ralyeHHbIM 1 HEOOOTaLLEHHbIM
TONNUBOM, NPU MOAENUPOBaHUK (hopMOn3MeHeHUs TB3N0B U TBC npu nameHeHum
TeMnepaTypbl cpefbl NPy HOPMAbHbIX YCNOBUSAX IKCyaTaLMu UAKM NPU aBapuit-
HbIX CUTyaUWaX BNIOTb [0 TSXeNbIX aBapuil ¢ paspyweHuem T8308 1 TBC. Ha
puc. 5.6 npusegeHa auddepeHumanbHan 3hHEKTUBHOCTL OAHOMO U3 CTEPXKHEI
BH-600, paccumMTaHHas no pasHbiM TEXHONOTUAM, Fae nog 0ObIYHON TeXHONOrMel
NOHMMAETCA yyeT foNeil 0ObEMOB, 3aHMMAEMbIX B PACYETHON syeiiKe pasHbIMM
COCTaBaMu cTepHs. CpefHue 3HaYEHUA NOJyYeHbl U3 TOYHBIX PACYETOB, B KOTO-
pbiX rPaHMLA NOFNOTUTENS COBMNAAANA C rpaHULIei pacyeTHON AYeiiku.
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CpeHss 0ObIYHas JOKER

Puc. 5.6. OuddepeHumnanbHan 3¢hheKTUBHOCTb CTEPKHA B Mofensax peaktopa bH-600

MpencraBneHHas Bblle MeToguKa peanusoBaHa B mopyne SCALE komnnekcos
FE®ECT [6] u JOKER [25]. Mogynb SCALE npeaycmaTpuMBaeT npocMOTp KaxLow
TBC 1 nepecyeT KOHCTaHT ANA Hee B UCMOAb3YEMOI B KOMMIEKCE MOLENU peak-
Topa. [inA BOCTVMKEHWs Lenu conocTaBnfeTca MHhOpMaLMa MOAENU peakTopa
v pa3mepoB 30H TBC, 3anucaHHbIx B TonamMBHOM apxuse (TA) MOAEpPHU3NPOBAH-
Horo komnnekca MEQECT.

CuutaHHble M3 Qaitna HelTPOHHO-(M3NYeCKMe KOHCTaHTbl NepecyuTbiBalOTCA
nocpegncteom JOKER-TexHonoruu B mogyne SCALE u 3anucbiBatoTcs B TOT Xe
thaiin HeTPOHHO-PU3MYECKUX KOHCTAHT. Ha aTom pabota mopyns SCALE 3a-
KaHuyuBaeTcsA. B panbHeiilwem npoBoAUTCA ele OAUH HENTPOHHO-(U3UYECKNiA
pacyeT Ha NMOMPABNEHHbIX KOHCTAHTaX, CHUMAIKOLWNUX MOLENbHYI0 NOrpeLHoCTb
MOJenu peakTopa.

Takum o6pasom, pesynbtatsl pabotsl Mogynsa SCALE, cozgaHHOro B pamkax pas-
pabotaHHoi JOKER-TexHONOrMM ANst CHUXEHUS MOLLENIbHOM NOrPEeLHOCTH, NpH-
BOAAT K KOPPEKLMUM TennoBbifeneHns B KOHKpeTHbIXx TBC g0 HecKonbKkux npo-
LLeHTOB.
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maBa 6. PelueHne ypaBHEeHUN KUHETUKU

TpYAHOCTM pelleHUs ypaBHEHUA KUHETUKM (3.1) obycnosneHbl Heobxopumo-
CTbIO MPUMEHEHMUs ManblX LIAroB MHTErPUPOBAHUA MO BPEMEHM M3-33 MAsoro
BPEMEHMU XU3HU MFHOBEHHbIX HEUTPOHOB, YYETOM HECKO/IbKMUX Fpynn 3ana3fbl-
BAIOWMX HEUTPOHOB M (FNaBHbIM 06pa3oM) 6OALLWIMM YUCAOM NPOCTPAHCTBEH-
HbIX PACYETHbIX AYeeK.

TouyeyHas KMHETUKA, He MO3BONAA OCBETUTb NPOCTPAHCTBEHHblE 3 dEKTHI U3-
MeHeHWs Mons HEATPOHOB BO BPeMEHU, obecneynBaeT AOCTATOUHYIO TOUHOCTb
MONYYEHUs UHTErPaSbHON MOLHOCTY, YTO B COYETAHUM C PELIEHUEM CTaLMOHAP-
HOTO ypaBHeHWs NMepeHoca HeMTPOHOB Ha rPaHMLLAX BPEMEHHbLIX UHTEPBANOB,
T. €. C M0JIy4YeHUEM JIOKANIbHbIX U3MEHEHNIT MO HEHTPOHOB BO BPEMEHU, AAET
MeToZ (KBa3uCTaTMYECKOE MPUOGIMKEHUE), COYETAIOWMIA OLICTPOTY pelleHUs
M yYeT NpoCTPaHCTBEHHbIX 3thekToB. MponnntocTpupyem 3ToT cnocob pelue-
HuA cuctemsl (3.1), nepenucas ee B npocTeiiluem Buge:

A 6.1
a,o _BTO -, (t) "
" = A JTINP

rAe p — PeaKTUBHOCTb PEAKTOPa; A — BPEMs reHepaLun MTHOBEHHBIX Hell-
TPOHOB.

6.1. OnpedeneHue ghopM-pyHKYUU

Dopm-tyHKLUA \|](}", t g) 13 (3.8) onpegensercs U3 pelweHus CTaLuoHapHOro
ypaBHEHUs NepeHoca HeHTPoHOB. Ee MOXKHO NepecymTbiBaTh Ha KaXAoM wWware
No BPEMEHU WAW Yepe3 HECKObKO BPEMEHHbIX LWaroB, PacnpoCTpaHss, Takum
06pa3oM, Ha BCe 3TW WaArKM OJHO HEU3MEHHOe NPOCTPAaHCTBEHHOe pacnpefe-
NeHne NNOTHOCTU NMOTOKA HEMTPOHOB. YyeT 06paTHbIX CBA3eN NMPOUCXOAUT Ha
OCHOBe NnepecyeTta ceyeHuii nocie BO3MYLEHUs cpefbl.

Bo3mym,eHV|e MOXeT BHOCUTbCA HENOCpPeACTBEHHO B MMeKLWKMeca 3Ha4eHua
Temneparyp Man 4yepes MiMeHeHue CbVI3I/I‘-IeCKI/IX napameTpoB 3afayn, Hanpu-
Mep, pacxofoB TENNOHOCUTENA Yepes TBC, Temnepartyp Tenj1oHOCUTEN Ha BXO-
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A€ B PEaKTOp, KOHLEHTpauUil HYKAWUGOB TEMNOHOCUTENS, KOHCTPYKLMUOHHbIX
W/UNU DeNsIMXCcs MaTepuanoB B peakTope. M3MeHeHus NonoxeHus cTepxHe
CY3 Take sBNAIOTCA BO3MYLWEHWEM W AOMKHBI YYUTBIBATLCA NMPU NOJYYEHUM
topm-dyHKuum. Mocne onpeaeneHus GopMm-yHKLAU U COOTBETCTBYIOLLETO i
k.., ONpeRenuB PeakTUBHOCTb, MOXHO MEPEXOAUTb K pacyeTy aMniuTyAHOM

€

yHKLMK.

6.2. OnpedeneHue amnaumyOHoU ¢hyHKyuuU

AMnanTyaHas QYHKLWA ONpeaenseTca U3 peleHns cucTemsl ypaBHeHuii (6.1),
KOTOpas B MaTpMUYHOM BUJe NPeACTaBAAeTCA KaK

AP =P, (6.2)

rae A — KBagpaTHas MaTpuLa pasmepom (N+1)-(N+1); P=(T,C,,...C,);
N — yucno rpynn 3ana3gbliBalolnx HEMTPOHOB;

[ns peweHus cuctemsl (6.2) pa3paboTaHo MHOXKECTBO anropuTMmoB [24; 38;
47]. Npueepem ofuH 13 HUx [29], B KOTOPOM MCNONb3YETCA Cleaylolas HesB-
Has cxeMa cuctemsl (6.1):

T. —-T -
i+l i :p—BT+1+Z7\4.C.-+1,
T A 1 - J Ut
c ¢ BT ! (6.3)
j’MT = jAM =2;Cia (0,
roe i,i+1 — HOMepa waroB N0 BpeMeHu.
(xema (6.3) onpepenset crefyoLWmMil UTEPaLMOHHbIA NpoLecc:
"aéﬂ = é’ 6.4
B,=4'P. ¢

[ns cnyyaa yyeta BoCbMYM rpynn 3ana3fblBalolnx HEMTPOHOB 4 — KBajpart-
Hasa mMaTpuua, Mmelowas pasamepHocTs 9-9:
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B_p

NA | TR AT AT AT AT | AT | AT | AT
—ﬁ 1+21 0 0 0 0 0 0 0
A T

T

—% 0 |1+a,t| O 0 0 0 0 0
P

_T3 0 0 [l+a,z| O 0 0 0 0
T

—[B\“ 0 0 0 |l+a,t| O 0 0 0
P

_TS 0 0 0 0 |1+A,t| O 0 0
3

_A6 0 0 0 0 0 |1+At| O 0
3

_T7 0 0 0 0 0 0 |I+A,z| O
3

—TS 0 0 0 0 0 0 0 |I+At

MaTtpuua A ABNAETCA CMALHO Pa3peXKeHHOM, YTO NO3BONAET NErKo NOCTPOUTb
obpaTHyio matpuuy A~ n3 ee onpepenenns A4 =E,necmm A= [d,.r], TO

rpe A, — anrebpanyeckoe JONONHEHNE 3neMeHTa d, .

N
Eowm  R=[J(+%,), R =R/(+th,), R,=R/(+th,)
j=1

N B A
D=det[dir]={1 <(B- p)}R B’A’T R, , 10 06patHas matpua A~ 6y-
J

=1

AeT UMeTb Cliefyiowmnit BUA:
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a_v_ e a v a v a v a v a v a v a v a v

TP Ty gL Ty TP Sy TP Y TP Ty g Ty T Ty T Farn

a v a_ v e a v a v a v a v a v a v a v

zn”\ wﬁ%.&m.ﬂ th\ r&r.&mu. ~ .F% rﬂ¢)mNH mrm hﬂm;&NH vwm hﬂﬂ)mNP mrm hﬂm;&NP Nrm NQNKNP ,rm hﬂ,;&NP rm hﬂP

a v a v a v e+l a v a v a v a v a v a v

Ty T Ty T v Ty T Car i ST Cvar T I v

a v a v a v a_ v e a v a v a v a v a v

wa\ v,&x)mmu. vv,~\ mm_r;mmu. .F,MN mﬂc.&mu. v,m,W\ m&m.&NP — .},W\ mﬂv.&m.ﬂ mm”\ mm—m)muu. mmW\ mﬂu.&m.ﬂ ,m”\ mﬂ,KNP mNN mﬂu\

a v a v a v a v a v e a v a v a v a v

www\ Q@meP rvw\ V&F&NP ﬁ.g vm_c‘&mp mo.wN v&m)muu\ vw% wﬂv&m.ﬁ — mo.MN wﬂm;ﬂNP mvx wﬂm&mu. _w% vuf&mu‘ 7% qu

a v a v a v a v a v a v ‘e a v a v a v

Ty TP Ty gy v Ty T oy TP g1 Ty Ty v I oy T

a v a v a v a v a v a v a v e a v a v

xmw\ Nﬂx)«mu. an\ NQrKnP ﬁN% m&c)mﬂw mN% nﬂmKNP va\ Nﬂo.)mmu. mmm mm—m‘,&NP NNNN Nﬂm)&m.ﬁ ~ _NMN NﬂA&NP NMN NﬂP

g _v a v a v a v a v a v a v a v ‘'we+rjav

Y m?ﬁp :%_&;«nv ﬁk_ucfp &%_uf?v 3%_%5P :%_uf«mv :%_afﬁp :%_n_&NP 1 Ty Ty
a, a, a, a. a, a. a, a, a
—'v —*t s\ — —" — — —'va il
Tt ot b e’ o> . o oY m
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Bpems XW3HM MTHOBEHHbIX HENTPOHOB B ObICTPLIX peaKkToOpax HaXo[UTCA Ha
ypoBHe 1077 ¢; Tak, B peaktope bH-600 oHo cocTaenset 3-1077 ¢ [3]. 370 onpe-
LenseT HeoOXOAUMOCTb MasblX WAroB N0 BPEMEHU T MpPW PeleHun CUCTEMB
C aMnANTYRHON yHKUMER T = 107 ¢. Ecau thopm-yHKUMA Nepeonpenenset-
cs Ha uHTepBane Af, 1o T<Af. 06blyHO Af =nT,rge # — YUCIO BPEMEHHbIX
WwaroB Mexay nepeonpegeneHmem Gopm-tbyHKLUN.

Mpu nepeonpeneneHnn hopm-yHKLMM PaCCUUTLIBAETCA U NPUPALLEHME peaK-
TUBHOCTW Ap . ICHO, YTO 3TO NpUpaLyeHne NPOBOANTCA B KAKOW-TO MPOMEXYTOK
BpeMeHu. B nporpammax MoxeT UMUTUPOBATLCA NMHENHOE U3MEHEHWE peaK-
TUBHOCTMW BO BPEMEHMU

p0) =pla) + )P (6.6)

rae m — HOMep wara pacyeTa no Bpemenn (m=1,2,...,n).
Takoe npefcTaBNeHWe PeaKTUBHOCTM TpeOyeT NepecyeTa Ha Kaxgom ware T

o6paTHoit MaTpuusl A", HO no3BonseT Gonee NpaBuaLHO 0TOBpPaXaTh peanb-
HbIl NpoLecc B Nporpamme.

B pacuetax M3 3afaHHOrO MaccMBa PpeaKTMBHOCTM peakTopa Ha KOHel
BPEMEHHOTO MHTEpBasa ONpefeNuTCcs MacCUB NPUpaLLeHuil peakTUBHOCTH 3a
3TOT uHTepBan. lpuyem npupalieHme peakTUBHOCTU NOAPA3YMEBAETCS NO U-
HeliHoMy 3aKoHy (6.6) OT HyNA Ha Hayano MHTepBana LO YKa3aHHOro nmpupa-
LeHNA peaKTUBHOCTU B KoHUe. Monb3oBaTento He0HXOAUMO 3TO MOMHUTL NpU
BbIGOpE YMCNa MHTEPBANOB W UX NPUpALLEHNiA, HaNpUMep, Bs Bonee TOYHOTO
MOAennpoBaHua ABuxeHus crepxHa CY3 co cnoxHOW KpMBOM WHTerpanbHOM
3¢ (EeKTUBHOCTM NO BLICOTE MOAENMN peaKTopa.

KBasucTaumoHapHeblil npolecc MoXeT GblTb OpraHW30BaH 4Yepes nociefosa-
TENbHbII 3aNyCK CrefyLmnx MOAyNen:
KUHETUKa — TennoBbIAENEeHUEe — TeMNepaTypa — CEeYEHUs — Nose HEHTPOHOB.

MyTeM MCNoONb30BaHWA 3TOr0 Mpouecca NPOUCXOAUT YYeT 0OpaTHbIX CBA3eN.
B 3ToM cnyyae yuuTbiBaeTA M M3MEeHEHMe NPOCTPAHCTBEHHOM (OpMbl Nons
3HeproseifeneHus. Yuet o6paTHbIX CB3el 6e3 u3MeHeHUs GOpMbl NOAs 3Hep-
roBblgeNeHns BO3MOXEH Yyepe3 3afjaHue B HeCTaLMoOHapHOM npoLecce Maccuea
peaKTMBHOCTEN peakTopa, B KOTOPOM 3TW CBA3M YK UCMOb30BaHbI.

TeKcT nporpammbl pelleHns ypaBHeHua TouyeyHomn kuHetukn POINTK gaH B npu-
NOXeHnM 3. ITOT MOfYNIb KPOME OMpeaeNeHMs PelleHNA Ha KaX oM BpeMeHHOM
ware BbljaeT U npoussefeHne AA™, KoTopoe NMo onpepeneHMio paBHAETCH
eAMHUYHOW maTpuue E, Ho u3-3a NOrpewwHoOCTM apuMeTUIYeCKX onepauun
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W NpefCTaBieHUA YUCeN B KOMNbIOTEPE OT/IMYAETCA OT Hee. TaK 4To Mbl NoJyya-
eM «KBa3NEeAUHUYHYIO» MaTpULy E , KOTOpas NOKa3blBaeT ypoBeHb OTKNOHEHMS
OT €AMHMYHOI MaTpULbl U B HEKOTOPOM CMBIC/IE YPOBEHb NOrPeLWHOCTH peLle-
Hus. MpuBeJeM B KauecTe NpuMepa £ M3 peanbHOro pacyeTa noBefeHUs pe-
aktopa bH-600 B komnnekce NEPECT [29].

1,00 2,91E-21 | 4,24E-22 |-1,44E-20| 6,61E-19 | 1,90E-18 | 9,01E-18 (-7,47E-18| 1,39E-17
3,47E-18 1,00 1,69E-21 | 3,39E-21 | 1,36E-20 | 1,08E-19 | 2,17E-19 | 2,17E-19 |-2,17E-19
0,00 |-3,39E-21| 1,00 0,00 |-542E-20[ 0,00 0,00 8,67E-19 (-3,47E-18
0,00 3,39E-21 | 6,78E-21 1,00 1,08E-19 | 4,34E-19 0,00 0,00 |-1,73E-18
0,00 6,78E-21 0,00 5,42E-20 1,00 [-867E-19| 0,00 0,00 |-6,94E-18
-2,78E-17| 0,00 6,78E-21 0,00 0,00 1,00 [-1,73E-18|-1,73E-18|-3,47E-18
0,00 0,00 3,39E-21| 1,36E-20 |-2,71E-20(-1,08E-19| 1,00 4,34E-19 (-4,34E-19
0,00 1,69E-21 0,00 1,36E-20 0,00 0,00 4,34E-19 1,00 |-4,34E-19
0,00 0,00 |-1,69E-21| 0,00 2,71E-20 0,00 |-2,17E-19(-2,17E-19| 1,00

6.3. PeweHue ypagHeHUU KUHEMUKU
C ucnosib308aHuem npeobpasoeaHul Jlannaca

Cnepys [22; 26], ykaxeM Ha Haubonee obLMit NPUEM pelleHNUs YPaBHEHMA TUNA
(3.1) — cBepeHue HecTaLuMOHApPHOW 33afayu NepeHoca HENTPOHOB K YCNOBM-
AM CTallMOHAPHOI NyTeM UcCnofb3oBaHMe npeobpa3oBaHuii Jlannaca gns Bcex
(YHKUMWI BpemeHu:

L[ O]= [ f®)yexp(=st)dt = f (5). (6.7)

Mpu 3TOM yHKLUMA pacnpeaeneHus NoToKa HeMTpoHoB ¢(r, E, €, t) 3ameHs-
eTcs ee TpaHCOpMaHTOM $(r, E, Q, S) — aHanUTUYecKoi yHKLMeit napame-
Tpa S (KOMNNEKCHOI nepeMeHHoit). Tak, ypaBHeHWe NepeHoca HelTpoHoB Ge3
BHEWHMX WUCTOYHUKOB HEWTPOHOB M 6e3 ydyeTa 3ana3fgblBaloWux HeNUTPOHOB
(A, =0, B, =0) npeobpasyercs K BuAYy
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%(r, E.Q )¢ (r, E,Q)=7,00(r, E,Q,5)- Lo (r, E, Q, 5), (6.8)

rae ¢’ (r, E, Q) — Ha4anbHbli NOTOK HEHTPOHOB.

TpaHchopmMaHTbl KOHLEHTpaLMii NpeaWwecTBEHHUKOB 3ana3abiBaloWmx HemTpo-
HOB éj(r, S) MOXHO HaWTU SIBHO M3 MOCNELHEro paBeHcTBa cuctemsl (3.1)
M UCKNIOYUTL U3 Hee. B nTore nonyynTca ofHo ypaBHeHWe ons @(r, E, Q, S):

i@(r, E,Q, s)—

~| (1-B)f,(E)+ Zf( » B [dEVE, (r, E'Yo (r, B, )

—jz_s (r E'— E)o(r, E’, s)dE'+z, (r E)o(r, E,5)+

(6.9)

+OV5(r v 5)= F(r. E),
L

roe FF(r, E) — HadyanbHoe pacnpefeneHune UCTOYHUKOB HETPOHOB.

Ecnm kakum-To nyTem nonyyero pewenre 9(r, £, €, s) ypasHeHus (6.8), To

BPEMEHHOE NOBeJeHNe NOTOKA HEMTPOHOB (p(r, E,Q, 1) moxeT 6biTb nofyye-
HO 0OpaTHbIM Npeobpa3oBaHuem Jlannaca:

o(r, E,Q,1)=L" [6(}’, E,Q, s)] =%¢g—o(r, E,Q, s)exp(st)ds.  (6.10)
T

N3BecTHO, 4TO TaKOW MHTErpan no KOHTYpY B MIOCKOCTWU KOMMJIEKCHOW nepe-
MEHHOI § paBeH CyMMe BbIYETOB M0 0COObIM TOYKaM § =S, . [loaTOMy pelueHue
ypaBHeHus nepeHoca B obuiem cnyyae npuHumaet hopmy

o(r,E,Q,t)= Z(pj (r, E,Q)exp(sjt) (6.11)

MHoOXecTBO uncen s, COCTaBNACT CNeKTp COBCTBEHHbIX 3HAYEHMIl YpaBHEHUS
nepeHoca. [okasaHo [48], 4To ans Bcex NPeACTaBASIOWMX NTPAKTUYECKUI UHTE-
pec peakTopoB BCerga cyliecTByeT Haubobluee (N0 BEWECTBEHHO YacTh) 3Ha-
yeHue s, [49]. 3ToMy uncny s,, KOTOpOe ABNAETCA BELECTBEHHbIM MPOCTHIM
COOCTBEHHbIM 3HAa4YeHMEeM, COOTBETCTBYET OAHO3HAYHO OMNpefeneHHas cob-
CTBEHHAsA PYHKLUA @ (r, E, Q), HeoTpuuaTeNbHas NpU BCEX 3HAYEHUAX nepe-
MEHHbIX U HenpepblBHAsA N0 MPOCTPAHCTBY U IHEPTUN.
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Tak KaK S, — Haubonblee NO BELECTBEHHOI YaCTN 3HAYEHUE CPEAM BCeX s,
TO C TeUeHneM BpeMeHu (B acUMITOTHKe) BCe Bhicwiue rapMoHmku @, (r, E, Q)
BPEMEHHOTO pasnoxeHns B paa (6.11) 3aTyXHYT, U NOTOK HENTPOHOB NPUO6-
peTeT acMMNTOTUYECKYto hOPMY HEU3MEHHOTO BO BPEMEHM «tyHAAMEHTaNbHO-
ro» pacnpepenenus @, (7, £, Q), 3kcnoHeHUManbHo MEHSIOIEro TobKO CBOI0
aMnauTyay BO BPEMEHHU:

¢, (r, E, Q, t): 0, (r, E, Q)exp(sot) npu ¢ —> o . (6.12)

CoOTBETCTBEHHO KOHKPETHOMY 3HAUYeHUI0 S, NMOTOK HEUTPOHOB OYAET 3aTyxaTb
Bo BpemeHu (s, <0), unm pactu (s,>0), unm ocraBaTbCs NOCTOSHHbIM
(5,=0).

CooTBeTcTBYIOWEE KBA3MCTALMOHAPHOE YpaBHEHWE ANs onpeaeNeHus Haubob-
lwero 3HayeHus s, (0603HaunM ero s, =—a., FAe O — MONOKUTENbHOE YUCIO,
Ha3blBaeMOe [EKPEMEHTOM 3aTyxaHWs MrHOBEHHOrO MOTOKA HEWUTPOHOB)
M aCMMNTOTUYECKOrO NMOTOKA HENTPOHOB, KOTOPbIA 0603HaYMM @, (r, E, Q),
3anuCbIBAIOT, UCMONb3YA BBEAEHHbIE ONEPATOPSI, B CledyiolleM BUae:

(1—13)pr%—£%+%% =0. (6.13)

YpaBHeHue (6.13) No3BONSET BBIYUCAUTL ACUMNTOTUYECKUIA NOTOK HEATPOHOB
B peakTope 0e3 y4yeTa 3anasfblBaloWMX HEHTPOHOB U JEKPEMEHT 3aTyxaHus
3TOr0 «MrHOBEHHOrO» NOTOKa HeidTpoHOB. Onpepensemsiit ypasHeHuem (6.13)
acuMnToTMYeCKMil noTok HeiitpoHos ¢, (7, E, Q) asnseTca peanbHo Habio-
[1aeMbIM METOZlaMi BPEMEHHOTO aHaNn3a NoToKa HeMTPOHOB, PErUCTPUPYEMOTo
[1eTEKTOPaMI C INEKTPOHNKOI HYXHOFO BPEMEHHOTO pa3pellieHus.

JleKpeMeHT 3aTyXaHWs MTHOBEHHbIX HETPOHOB CBA3aH C k; YCTaHOBKM Cefylo-
wum obpasom:

a=[1-(1-By Yy |11 :k“BE—:zp' (6.14)

€

Otctopa cnepyet, uto o <0 npu p <P, .

[InA KayeCTBEHHOrO aHaN13a BPEMEHHOTO NOBEe/eHUs PeakTopa paccMaTpuBa-
0T ypaBHeHUs KUHeTUKM (3.1) B NpUOBAUNKEHNUM OZHON rpyNNbl 3ana3AblBatoLL X
HEMTPOHOB. TaKoW NPUOAMKEHHbIA aHaNWU3 YPaBHEHWUI KUHETUKM [OAET Kaye-
CTBEHHO Te )Xe pe3y/bTaThl, YTO U C BObWUM YACTIOM TPYNN 3ana3gbiBalowux
HETPOHOB, HO UMEET HarNAAHOEe aHanuMTUYecKoe peleHue. IpuMeHUB K ypas-
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HeHMUSIM TOYEUHOI KUHETUKM NpeoGpasosaHus Jlannaca [26] u nckiouns c(s)
— u306paxenue GyHkunn ¢ (t), nonyyaiot

s’P, +s[k(PO +c0)+QJ+XQ

Pe= s{s2+S[X—(p—[3d)/1\1—7»p//\}’

(6.15)

rae B, n ¢, — Konn4yecTBa HEMTPOHOB 1 NpefLIeCcTBEHHUKOB 3ana3ablBalownx
HeATPOHOB B MOMeHT £ =0,

3HameHaTenb ypaBHeHus (6.15) npepcraBum B Buge

s(s=0,)(s~0,),

rne o, n o, — KOPHW KBafpaTU4YHOro ypaBHeHUs, CTOALLEro B 3HaMeHaTene.

Mocne onpepeneHus yHKUUIA B NPOCTPAHCTBE OPUrMHANOB MOAYYUM COOTHO-
weHue

0, —©, 0 0

__h S |, 2 _
P(t) = l:col +?{1 + 7 ]+ 5 }exp(mlt)

il ¢ |, 9
- AT+ |+ = 0+
0, -0, l:mz [ PJ P, }exp(mz) (6.16)

0 0

+ 7"Q 1+ @, eXp((Dlt) — o exp(u)lt) )
®, 0, O, — o,

KopHu o, 1 ®, onpeaensioT, pelas ypaBHeHUs

(0 +0,)=—[1=(p-By )/ A(s—0,)| 1 0,0, =Ap/A:

1,22_M 1+ 1+$2 . (6.17)
2A (A -p+B.)

W tak kak AA < B, To npu By —p| > AA KOpHM ypaBHEHUA MOXHO 3anucarth

B BUJE
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AM—p+PB.,
O == i Bet z_(Bef_p)//\a
Ap
S — Y —p).
0, MA+B, —p p (Bef P)

N3 npeacTaBneHHbIX AaHHbIX CEAYET, YTO eCu Obl 3ana3/bliBalolLnUX HEUTPOHOB
He 6bi10 (B =0), To pelweHne ypaBHEHUA KUHETUKM UMeNo Obl BUL

P(t)=Poexp[%t]+%{exp(%tj—l}~ (6.18)
p

PaccmoTpuM noBefeHMe KPUTMYECKOTO peaktopa 6e3 UCTOYHMKA HeUTPOHOB
(p=0; O0=0), ecnu B HeM B MOMEHT BpeMeHN ¢ =0 NPOUCXOAUT U3MEHEHWE
peakTusHocTH (P <P, ). Mpyn ¢t <0 peakTop 6bln B CTALMOHAPHOM COCTOSIHMY,
nu3 (6.1) cnepyert, uto F, =c,AA /B¢, nostomy npu ¢ =0 ypasHeHue (6.16),
NPUHUMAA BO BHWUMaHWe ABHbIA BWUA BEIUYMH O U ®, W YYUTbIBaAA, 4TO
|0)1|>>|0J2 , MOXHO 3anucartb, npeHe6peras npoussefeHnem AA no cpasHe-
Huto ¢ BenuuuHoit (B, —p ):

ef

- A
P(t)=-P,—P exp(—Bef ptj—i—PO Ps exp( P tj. (6.19)
B A Bel‘ p ef _p
J70 PaBEHCTBO MOXET ObITb UCMONBL30BAHO ONnA Ka4yeCTBeHHbIX OLEHOK noBsepe-
HWUSA BO3MYLEHHOrO PeakTopa BO BPEMeHM!.,

YpaBHeHMe nepeHoca HeMTPOHOB C y4YeTOM 3anasfibiBalolunx HeidTpoHoB (3.1)
C UCK/IOYEHHBIM BHEWHWUM MCTOYHUKOM nocne npeoGpa3osaHuit no JNlannacy
uMeeT BUL,

S0 SirB; ' P
S0 = (1—[3)f,,+;ﬁ}deJ.dQvZf(p+

(6.20)
+[dE'[dQE, (r, E', Q' > E, Q)p-2,5-QVE.

PeweHue ypaBHeHus (6.20) MOXKHO NpeAcTaBUTbL B BUAE:
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o(r, E,Q,1)=Y 4,¢,(r, E, Q)exp(s 1)+
J

© (6.21)
+zz PO (r E, Q)exp(s,kt)+IA(s)@s (r E, Q)exp(sj,t)ds

j=1 k=1

YpaBHeHMe (6.20) ¢ MCnosb30BaHUEM OMEpPaTOPHbIX 0603HAYEHUI NPUHUMAET
BU

=/ (1-B)/, +Z "1 06— Lg. (6.22)

Ecnu 3anucatb ypaBHeHWe A5 CONPAXKEHHOI K AAHHOMY YPaBHEHUIO LLEHHOCTH
HEHTPOHOB W NPOU3BECTM OMEPALMUIO NEPEKPECTHOrO YMHOXKEHUS YpaBHEHWUI
Ha LEHHOCTb M MOTOK COOTBETCTBEHHO, BbIYECTb OHO M3 APYroro W NoaenuTh
Ha LLEHHOCTb HENTPOHOB, TO NONYYUM (OPMY CBA3U COOCTBEHHbIX YMCEN PA3HbIX
BMJOB 33a/lay Ha COOCTBEHHYI0 yHKLMIO:

ki
= =s,A+ 6.23
Py, Z1+x /5y (6.23)
roe &, — Ko3(bhUUMEHT OTHOCMTENbHON 3hEKTUBHOCTM 3ana3ablBalowmx
HENTPOHOB j -N rpynnbl:
<(P+JI;Q(PO>

Bef,j = BjEJj = Bj < (6.24)

—
® xQ%)
PeanbHo B HEKPUTUYECKNX CUCTEMAX CYLLECTBYIOT U HabnopawTcs HENTPOHHbIE
nona ¢ hyHKUMAMU pacnpefeneHunsa, OTAUYHbIMUA OT O, (F,E) (3pecb MHaeKc
(hyHKLMM yKa3blBaeT, B KAKOM NPEeLCTaBNEHUMN OHA NOAYYEHa).

[ns HapKpuTMYecKux peakTopos (B k, <1+[) NPaKTUYECKN YETKO MOXHO

Hab/lofaTb aCUMATOTUYECKOE HeilTpoHHoe pacnpepenenne @, (7, E). OHo 06-
pasyeTcs Npu yBEJUYEHUM MOILHOCTU pPeakTopa, KOrfa 3aBepluaTcs Nepexop-
Hbl€ MPOLLECCHl M YCTAHOBUTCS IKCMOHEHLMANbHBIA POCT UHTEHCMBHOCTU NOTOKA
HeiTpoHoB c nepuogom T, =1/, onpegensiembiM no M3BECTHOW (opmyne
Hopareiima [26]:
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ky 1 =l—°°+ZL. (6.25)
ke ke T4 o

Mo cywectBy 3T0 yHAAMEHTaNbHOE pacnpeaeneHue Aas KOHKPETHOro 3Have-
HUA s, = ® >0, paccMoTpeHHoe paHee. HeidTpOHHOE None Takoro pacnpepene-
HUA @, (r, E) OMUCbIBAETCA YpaBHeHMEM, KOTOpoe nonyyaetca u3 (6.9), ecnu
oT6poCUTb HauyanbHoe pacnpeaeneHune F(r, E) unpeHebpeyb uneHoM
op/v:

1-B)f, +Z dedevz 0, (r, E,Q)+

+[dE'[dQys, (r, E,Q > E,Q),(r,E,Q)- (6.26)
2,0, (r, E,Q)-QVo, (r, E,Q2)=0.

Mpuyem B UCNONb3YEMOM AMana3oHe HAAKPUTUYHOCTE 3HaYeHUe ®/ L NoyTH
B 10° pa3 MeHble MAKPOCKOMMYECKUX CEYEeHN T, ANns N06bIX peanbHbixX peak-
TOpOB.

Takoe ™ -npeacTaeneHne HEHTPOHHOTO NOJIA AOCTATOYHO CTPOTO U PeanncTuy-
HO, HO €ro ypaBHeHMe CAMWKOM rpomMo3ako. Ecim npeHebpeds pasHuuet
B CMEKTPe MIHOBEHHbLIX HEHTPOHOB AENEeHUsA M MONHOM CMeKTpe C BKIAfOoM 3a-
NasfbiBalolLMX HEMTPOHOB, TO BbIpAXEHWe B KBAAPATHLIX CKOOKAx ypaBHeHUs
(6.26) npeo6pasyertcs:

(1-p)/, +fo I

Toraa o4eBUAHO, YTO  -NpefCcTaBieHNe HEHTPOHHOrO NoA CTAaHOBUTCA 3KBU-
BAJIEHTHBIM A -NpefcTaBnerunto u notok ¢, (r, E) = ¢, (r, E) — noToKy, onu-
cblBaeMoMy ypaBHeHWeM (3.2). ITo onpaBabIBaeT NpUMeHeHUe A -npeacrasne-
HUS, HO TOJIBKO €C/IN Peyb UAET O MaNbiX PEaKTUBHOCTAX.

MonKpUTUYHOCTL peakTopa B OTJMYME OT HAAKPUTUYHOCTM BCTpEYaeTcs B 60b-
WwoM fuanasoHe 3HauyeHuit k, (Bnnote o k. =0). 310 BHOCUT ONpeseneHHble
TPYAHOCTM MPY NOMbITKE UCMOAB30BaTh /1 ONMCAHWUSA HEATPOHHOIO NONS aCUM-
NTOTUYECKOe pacnpefeneHune B TaKOM e BUAE, KaK B Cyyae HALKPUTUYECKMX
cuctem (Ho npu s, <0).
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6.4. Peanu3auusi peweHusi NpocmpaHcmMeeHHou
KUHemukKu

PelweHune 3afaun NpoCTPaHCTBEHHOI KMHETUKM (3.1) peann3oBaHo, Hanpumep,
B Moayne TIMER komnnekca FE®ECT [29; 32; 50; 51], B KOTOPOM 3TO pelueHue
OCYLLECTBASIETCA B MOJENU PeaKTopa C TPEXMepHOii reKcaroHanbHOi reome-
Tpueit B MHOrorpynnosom aucdy3MoHHOM NpubAnKeHUn 6e3 yyeta 06paTHbIX
CBfA3€el, KOTOpble HA CaMOM fefie MOTYT BbiTb YYTeHbI Yepe3 nepeonpeneneHue
CeYyeHuit B Apyrux Moaynsx Komnnekca. B kauectee npuymuH HecTaLMOHApPHOTO
npoliecca paccMaTpUBaIOTCA BO3MYLLEHWUS CBOMCTB CPeAbl, Hanpumep nepeme-
leHWe OpraHoB perynupoBaHus u T. n. KoHcTaHTHOe obecneyeHne OCHOBAHO
Ha ucnonb3oBaHun 6ubnnotekn BHAB-93 [9] u cooTBeTcTByiOWErO €il npo-
rpaMmHoro obecneyeHus. XapakTepucTUKM 3ana3gblBaoLiux HEATPOHOB 3aaa-
IOTCA @BTOHOMHO M MOTYT COAepKaTb PasNMyHoe YUCNO rpynn NpeaWecTBeHHN-
KOB 3anasfblBalolmx HeTPOHOB — LWIECTb UAU BOCEMb.

Mogynb obecneunBaer pelueHue Npsimoii 3a4aum nepeHoca HeiTpoHos (onpege-
NIEHUS NONA IHEProBbIJeNeHUs B paccyuThiBaeMoM o6beme), a Takxe 06paTHoOM
3afjauu — NoJly4YeHUs peakTUBHOCTM N0 Pe3ybTaTaM U3MeHeH!s 3Heprosblge-
NIEHUs B TOYKE PACNONOKEHUS LETEKTOPA WU B LEeNOM OT U3MEHEHUs MOLYHO-
CTU peakTopa. PacyeTHas ceTka npegycMmaTpuBaeT OfHY pacyeTHylo TOUKY Ha
reKcaroHanbHyto fiYeiiky B naaHe U HEOBXOAMMOE YMCIO PACYETHbIX TOYEK No
BbICOTE.

Komnnekcbl nporpamm HeMTPOHHO-(U3UYECKUX PACYETOB peakTopa, NpeaHa-
3HayeHHble s 06CYeTa HeCcTauMOHApHBIX NPOLECCOB B peasnbHOil Tpexmep-
HOW reoMeTpuu, OTauyaloTca 0OpaboTKoW 6GoNbWUX 06bLEMOB MHGOPMALUK
W He MOTyT UMEeTb MPOCTHIX MOfeNel, Tak Kak AOMKHbI 0TOOpaXaTb NpoLeccs
W3MEHEHUs BCeX JIOKaJbHbIX XapaKTepUCTUK peakTopa. CNOXHOCTL Mopenu
W 3HAYUTEIbHOE BPEMSA Ha pelleHne YPaBHEHMWIA NepeHoca HeHTPOHOB OrpaHu-
YMBaeT BLIOOP METOAOB PeLleHUs, YTO, eCTECTBEHHO, HaKNaAbiBaeT OTNEYaToK
Ha TOYHOCTb NOIYYAEMOro pelueHus. B 3Toil cuTyalMm BO3pacTaeT posib OLEeHKH
PasNUYHbIX METOLOB peleHUs Ans AOCTUXEHUs pPe3yibTaTa, NPUeMIEMOro Nno
CKOPOCTU NOAYYEHUA U TOYHOCTH.

Heo6xoanMMOCTb y4eTa NPOCTPAHCTBEHHbIX 3P (EKTOB B NEPBYIO 0Yepefb BaXKHa
ANs GbICTPONPOTEKAIOWMX NPOLECCOB, T. €. A1 HEAaCUMNTOTUYECKUX NpoLec-
COB, B Te@YEHME KOTOPbIX MNOTHOCTb MOTOKA HEMTPOHOB HE YCNeBaeT NPUHATbL
acMmMnToTMyeckylo (opmy W OTCYTCTBYeT CMpaBeA/MBOCTb pa3feneHus npo-
CTPaHCTBEHHbIX U BPEMEHHOI MepeMeHHbIX ANs (yHKUMM MAOTHOCTU MOTOKa
HEMTPOHOB. B pamKax Takux NpoL,EeccoB HeT BO3MOXHOCTU NOAb30BaTbCA Knac-
CUYECKON YHKLMel LeHHOCTV HENTPOHOB, TaK KaK NocnefHAs MHTepnpeTupyert
aCMMNTOTMYECKYIO MOLYHOCTb peakTopa. B cBA3M C 3TUM Henb3s NoNb30BaTHCA
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M MOHATUEM PEAKTUBHOCTU peaKTOpa, TaK KaK nocnefHas onpenensaercsa yepes
LEHHOCTb HeVITpOHOB MU TaKXe ABNAeTCA XapaKTepVICTVIKOVI dCMMNTOTUYECKOTO
noBefeHnA peaKTopa.

B kauecTBe ObiCTpONpOTEKAOWEro NpoLecca UCcnefoBacs NpoLecc pacnpo-
CTpaHeHMs NOKaNbHOTO BO3MYLLEHUS NOJS HEATPOHOB Mo (ha30BOMY MPOCTPaH-
CTBY apryMeHToB (yHKLWM NNOTHOCTU NOTOKA HENTPOHOB (BPEMEHU, MPOCTPaAH-
CTBY U 3Heprumn). NccnegosaHue pacnpocTpaHeHUs BO3MYLLEHUS B PeaKTOPHOI
Cpefe nokasano, YTo eciu nojie HeHTPOHOB BO3MYILEHO BHECEHMEM AOMOJ-
HUTENIbHbLIX HEUTPOHOB B OAHOM TOYKE Cpefbl, TO PAacnpoCTpaHeHUe 3TUX Heil-
TPOHOB, T. €. PacNpOCTpaHeHWe BO3MYLLEHUA NOS HEUTPOHOB WAW NONSA IHEP-
rOBbIAENEHUs, NPUMEPHO HAMOMUHAET W3MEHEHWe MAOTHOCTU HOPMAJbHOTO
pacnpefeneHus ¢ HEM3MEHHbIM LLEHTPOM (TOYKOW BO3MYyLLEHWA) U BO3pacTalo-
Wwel pucnepcueit. Ecnu noa cKopocTbio pacnpocTpaHeHUsi BO3MYLLEHUA Mo-
HUMATb CKOPOCTb «NepeMelteHuns» ToYKU nepernba naoTHOCTU HOPMAJbHOTO
pacnpefeneHus, To MOXHO MONYYUTb HEKYIO XapaKTEPUCTUKY AN CpPaBHEHUS
pasNUyYHbIX Mofesell peakTopoB. ACHO, YTO JaXke pacyeTHas BEAUYMHA CKOPO-
CTW pacnpoCTpaHEHUs BO3MYLLEHUSA 3aBUCKT OT MeCTa ee ONpefeNeHns, Ho OHa
obecneunBaet 6a3y AN KauyecTBEHHbIX oLeHoK. B [50] nokasaHo, 4To Hanuuune
WK OTCYTCTBME 3aNa3fblBaAOLLUX HETPOHOB NUILIb HE3HAYUTENbHO 3aMeanseT
WM YCKOPSET NPOLLeCC. YYET MHOTUX Tpynn HEMTPOHOB TONbKO YCAOXHSET Npo-
Llecc, He MeHss ero KauyeCcTBeHHO. PacyeTsl B 0fHO- U TPEXMEPHBIX TEOMETPUSAX
Mo CBOWM pe3ynbTaTaM He OTAMYAIOTCA APYr OT Apyra.

PacueTbl faloT OLEHKY CKOPOCTM PaCnpoOCTPaHEHUS BO3MYILEHUA B peaKTopax
BH, BB3P 1 PEMK npumepHo B 100, 10 1 1 KM/C COOTBETCTBEHHO, YTO ABAAETCH
cnepCcTBUEM 3aBUCMMOCTU CKOPOCTM OT CNEKTPA HEATPOHOB. N5 OLleHKM CBEpXyY
MOXHO YKa3aTb, YTO BbIXOL Ha aCMMNTOTUKY, T. €. HA NPEKpalleHne U3MEHeHus
thopMbl NONA HETPOHOB, HACTyNaeT CO CKOPOCTbI, NPUMEPHO Ha [Ba Mopsafg-
Ka ycTynatolieil ykazaHHO! CKOPOCTU pacnpocTpaHeHus Bo3mylueHus. Tak 4To
BPEMs HACTYMJEHUS acCUMNTOTUYECKOrO Mpouecca MOXeT ObiTb OLEeHeHOo Ans
peaktopos bH, BB3P u PEMK B 0,001, 0,01—0,1 1 1,0 c. OTmMeTuM, 4TO B inTe-
paType OTCYTCTBYeT ONpefeneHne MOMEHTA BbIXOAA HA aCUMNTOTUKY, eCTb UL b
NOHATUE BPEMEHW penakcauuu nepexofHoro pexuma [30]. BoamoxHo, nopg
BPEMEHEM BbIX0Jia Ha aCUMNTOTUKY CNeAyeT MOHMMATh MOMEHT BPEMEHMU, nocne
KOTOPOro 1t06ble OTKNOHEHWUS NONsS HEWTPOHOB OT aCUMNTOTUYECKOTO NONs He
NpPeBbIWAIOT JOM 3aNa3fblBAILMUX HENTPOHOB.

K HeacumnToTMYECKMM NpoLeccaM OTHOCATCA W NpoLecchl GbICTPOi nepekoMm-
neHcaumu crepxHein CY3. PaccmatpuBanca npouecc nepekoMneHcauuu AByx
ctepxHeit CY3, Korna peakTop MMeeT HyNeBYI0 PeaKTUBHOCTb AN1A BCEX NO3ULUIA
CTepKHelt 0T «a» 1o «8» (puc. 6.1) 1 fns BCex NepexofoB U3 OAHOTO COCTOAHUS
B Apyroe.
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—

Puc. 6.1. NMonoxeHus ctepxHeit CY3 B npouecce nepekomneHcaLuu

Tem He mMeHee Npu MOJEANPOBAHWUM NpoLecca ABUXKEHUA (MIHOBEHHOM nepe-
BOJle CTEPXHEN 13 O4HON NO3MLMUM B APYryl0) NPOUCXOAUT U3MEHEHUE acUM-
NTOTUYECKOI MOLLHOCTW peakTopa. AHaNorMyHoe U3MeHeH e aCUMNTOTUYECKO
MOLYHOCTM peakTopa HabOAAETCA NPU OTCAEXMBAHUN MTHOBEHHOTO U3MeHe-
HUSA B OAHOM TOYKE NPOCTPAHCTBA IHEPreTUYECKOro CNEKTPa, NPK 3TOM Hayanb-
HbIl M KOHEYHbI CNEKTPbl 06eCcneynBaloT HyNEBYI0 PeakKTUBHOCTL peakTopa. U3
TEOPUM PEaKTOPOB U3BECTHO, YTO «B PEAKTOPE, HAXOAAWEMCS B KPUTUYECKOM
COCTOAHUM NMPKU OTCYTCTBUM HE3ABUCMMOrO UCTOYHUKA HENTPOHOB, C TEYEHUEM
BPEMEHM YCTaHaBNMBAETCA CTaLMOHApHOE pacnpefeneHue HeWTPOHOB, a Ha-
YanbHoe pacnpepeneHune BAUAET NUWb HA “amnauTyay” npefenbHoro crauuo-
HapHoro pacnpefeneHus» [48]. AcHo, 4TO B peakTOpe C MHOXECTBOM YCTPOMCTB
BNIMAHWSA Ha PEAKTUBHOCTb CYLLECTBYET BECKOHEYHOE MHOXECTBO CTaLlMOHAPHbIX
COCTOAHUI. NHTEpeCHO, Kak ByLeT MEHATLCSA MOLLHOCTb peakTopa (MAn «amMmniu-
TyLa» NOTOKa HeWTPOHOB) NpW NepexoAe U3 OfHOrO TAKOrO COCTOSHUA B ApY-
roe. Ha ocHoBe npaKkTMKM pacyeToB NOLOGHbIX 6E3PEaKTUBHOCTHBIX NEPEXOL0B
MOXHO BbICKa3aTb pag yteepxgeHuit [50]. MNpu nepexopne M3 ofHoro craumo-
HApPHOTO COCTOSHMA B LpYroe HabnioaaeTcs U3MEHEHUE MOLHOCTY peakTopa:
® NpK TaKWX nepexofax MOWHOCTb peakTopa («aMnauTyAa» noToka HerMTpo-
HOB) NapgaeT;
® najeHue MOLHOCTU peakTopa BO3MOXHO NpM Nepexofax U3 OAHOro Haf-
KPUTUYECKOro COCTOSIHUS B APYrOe C TOM e HAAKPUTUYHOCTbIO Npu cnaboii
BeIMYUHE nociefHen;
® Npu NepuMofMYeCcKUX Nepexofax U3 OJHOr0 HALKPUTUYECKOro COCTOSHMA
B pyroe CTOi e HaAKPUTUYHOCTbIO HA6IOAAeTCA najeHWe CKOpoOCTU
NOAbEMA MOLWHOCTW BNIOTH 40 NaAEHNA MOLLHOCTW B 3aBUCUMOCTH OT BENU-
YMHbI HAAKPUTUYHOCTY.
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6.4.1. CtpyKtypa pacuetHoro moaynsa TIMER

Mogynb coctout U3 ronosHoro (MAIN) Moayns, Bbi3biBalOWEro BCe Npoyne Mo-
Lynu noanporpamMmbl. Vimeetcs Habop nofnporpamm, OTBETCTBEHHbLIX 3a Hop-
MWUPOBaHWE MOLENWU PeakTopa, TMMOB KaHanoBs, KaHanoB co ctepxHamu CY3,
YTeHWe MaKpo- U MUKpOCeYeHUn u3 thalnoB BHEWHUX YCTPOACTB. ITU ceveHus
rOTOBATCS 3apaHee B paMKax CTaLMOHApHOro Kommiekca [29], Kyna nogknto-
yaetcs mopynb TIMER, npu usmeHeHWM CBONCTB Cpefbl TaM e CeYeHUs MoryT
ObITb NepecyuTaHbl, 06eCNeYnBas TeM CaMbiM yYeT 0OpaTHbIX CBA3EN B peLIeHMH
HeCcTaLMoHapHOM 3afaun.

Cnepytoweit B paboTy nogkntodaercs nognporpamma SNEGRTS. OHa npeaHasHa-
YeHa ANA MOLENUpoBaHWUA nepeMmelleHus ctepxHeit CY3 B ucxogHom 6ubano-
TEYHOM 26-TpynnoBOM NPUBAUKEHUU.

Tak Kak nporpamma npefHasHayeHa 4ns MoAeNNpOBaHNA PEXMUMOB ABUKEHUS
CTepXHeill, TO NpepfaraeTca CHadyana NpoBeCcTU CTaLMOHAPHbLIE pacyeTbl B UC-
XOLHOM 26-TpynnoBoM MPUGIMKEHUN LS MONOXKEHWU UCCNESYEMOI Fpynnbl
ctepxHeit CY3 Ha HuxHeMm koHueBuke (HK), a 3atem ans nonoxeHus Ha Bepx-
HeM KoHueBuKe (BK). lanee nogkniovaetca nognporpamma STATICB, npegHa-
3HayeHas Ns peleHus YCIOBHO-KPUTMYECKON 3afaqn NepeHoca HelTpOHOB
B UCXOAHOM 26-rpynnoBoM anddy3noHHoM npubauxeHuu. Mo 3aBeplueHun ee
paboTbl UMEETCA MacCUB NOTOKA HENTPOHOB FG(n, i, ng) U COOCTBEHHOE YMCNO
3apaun, 7. e. k, BK.locne 3Tux AByx pacyeTos NoABAAETCA BO3MOXHOCTb OLie-
HUTb 3(hEKTUBHOCTL UCCNefyeMblX CTEpPXHe Ha OCHOBE WCXOAHbIX 26-
FPYNMOBbIX PacyeToB CTALMOHAPHBIX COCTOSAHUI, KPOME TOFO, 3T pe3ynbTaThbl
06€eCneynBaloT pacyeT CNeKTpaMu HEHTPOHOB C UCXOAHbBIM U KOHEYHbIM COCTOS-
Huem cTepxHen CY3.

Mognporpamma STATICA npefHa3HayeHa Ans pelweHns COnpsiXKeHHON CTaLuo-
HapHOI 3aauun B 26-rpynnosom Anddy3noHHOM npubamxerun. Mo 3asepule-
HUM ee paboTbl UMeeTCs CONPSAXKEHHAN C NOTOKOM HEMTPOHOB (YHKLUUSA LEHHO-
cu — FGA(n, i, ng) .

Mocne nony4yeHuUs NOTOKa U LEEHHOCTU HEATPOHOB B FOJIOBHOW Nporpamme pac-
CYMTBIBAIOTCA BbIXOAbI 3aNa3fbiBalOLUX HEATPOHOB HA OAHO AeneHune Ansa yya-
CTBYIOWMX B pacyeTax AeNAWmnXca HyKNMA0B, @ TaKXKe CNeKTPbl 3ana3fbiBatolLux
HEeNTpPOHOB. 3aTeM BbI3biBaeTCA noanporpamma BETA, roe onpegenserca senu-
4nHa P, ee cocTaBafAloLWMe NO rpynnam NpellecTBEHHUKOB 3ana3/blBalolmnx
HETPOHOB, a TaKXe CoCTaBaAlWMe no fenawmmca Hyknupam. Kpome Toro,
B noagnporpamme BETA onpepensercs Bpema XU3HW MFTHOBEHHbIX HENTPOHOB.

[lanee ronosHas nporpamma nocnefoBaTeNbHO MOAKIIOYAET K paboTe cre-
pywowme nognporpammbl SOURCE, CLPSBI, SNEGRTD2, CAPPA, STATICA, STATIC,
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STATQ, STATICT n RECSJK. KpaTko 0CTaHOBMMCA Ha OMUCaHUM HEKOTOPbIX U3
HUX.

Noanporpamma SOURCE npepHasHayeHa Ans pacyeTa BHEWHero UCTOYHUKA
HEMTPOHOB B PEaKTOPe 3a CYET CMOHTAHHOrO feNeHUs [ensAlnXcs HYKIA0B.
PesynbTaTom ee paboThl ABASETCA MAaCCUB 3HAYEHMIA MOLWHOCTU BHELIHEro UC-
TOYHMKA HEMTPOHOB B KAXXA0M pPacyeTHOMN fYeliKe peakTopa B HEMTPOHax B ce-
KyHay. [Tonb3oBaTens MOXeT 3aAaTh U BHEWHUA UCTOYHUK HENTPOHOB B KaKMX-
TO pacyeTHbIX fYeNKax, UMUTUPYA, Hanpumep, QOTOHEHTPOHHLIN UCTOYHUK
B peakTope bH-600 1 T. n.

Mognporpamma CLPSBI npefHa3HayeHa ans CBEPTKM MHOTOTPYNNOBbIX CEYEHUN
pacyeTHbIX fiYeeK peakTopa B MaNorpynnoBble C UCMONb30BAHMEM CMEKTPOB
HETPOHOB, NONYYEHHbIX B NOC/EAHel peluaeMoi NnpsAMoi 3agade (Co CTEPXKHA-
Mu CY3 Ha BK). Bo3MOXHOCTb MCMOb30BAHWA ManorpynnoBoro NpubamuxeHus
CBAI3aHa C YBENIMYEHMEM CKOPOCTU NofyyeHus pelwerus. Mo xenaHuio nonb3o-
BaTeNA YMCNO TPynn HEUTPOHOB ManorpynnoBOro NPUOIUMKEHUS MOXET paB-
HATbCA UCXOAHOMY YWUCAY TPYNN MHOTOrpYNnoBOro pacyera.

Nognporpamma SNEGRTD1 npefHa3HayeHa ans nepecyeta ManorpynnoBbix ce-
YeHuii B KaHanax co ctepxxHaAMu CY3 c yueToM Ux BbICOTHOTO NONOXKEHWS B MO-
Jenn peaktopa. [lpu cBepTKe ManorpynmnoBbiX CeYEHUW B PaCUYETHON AveliKe
MOAENN peakTopa ANA KOPPEKTHOCTU UX NONYYEHWUA UCMNONL3YIOTCA T€ CNEKTPbI
U3 pelleHHbIX ABYX 3afay B MHOTOTPYNNOBOM NPUGIMMKEHUN LS 30H MOLENH,
KOTOpble NOMyYeHbl B TOM C/lyyae, KOrAa B 3TON 30HE HAax0AMACA NOrNoTUTeNb
ctepxHa CY3, ecnm nocneaHUin B HACTOAWMIA MOMEHT NPUCYTCTBYET B pacYeTHON
AYeilKe, AW JPYroil CNeKTp, ecnu B AYeiKe B AaHHbLI MOMEHT NOrNOTUTENSA HET.
Kpome Toro, nognporpamMmma onpefiensiet MaccuB fofeit BbICOTHbIX iYeeK Mofe-
NV peakTopa, NONajaloLnX B KAXAYI0 U3 BbICOTHLIX AYEeK pacyeTHON MOoAenu
ctepxHa CY3. PaccunTbiBaeTcs makpoceyeHue VdZ'}(i, ng) ANA KaXAoro Hy-
knupa Kk, TOYKM i 1 IHepreTMyecKoi rpynnsl ng .

Nognporpamma STATICA pelaeT conpsxeHHOe ypaBHeHMe NepeHoca HenTpo-
HOB B Manorpynnosom Auddy3MOHHOM NPUBNMKEHUM, ONPefenss, TakuM 06-
Pa3oM, ByHKLMIO LLEHHOCTU 1 COBCTBEHHOE YUCNO k., 3aAa4M B CTAPTOBOM CO-
crosiiuu. MonyyeHHoe k., B CPAaBHEHMM C AHANOTUYHBIM 3HAYEHUEM ANS
MHOrOrpynnoBoii 3afaun k, obecrneynBaeT [EMOHCTPALMIO TOYHOCTU Mano-
rpynnoBoro npuGAMMKEeHUs No CPAaBHEHMIO C UCXOAHbBIM MHOTOTPYNMOBLIM.

Noanporpamma STATIC npepHasHayeHa s pelleHUs HEORHOPOAHOW 3afaun
nepeHoca HelTPOHOB B Manorpynnosom auddy3noHHoM npubauxeHun. Ecau
COOGCTBEHHOE YMCIIO B MPOLECCe UTepauuii NPeBbIWAET eaUHULY, TO NMOANPO-
rpamma aBTOMaTM4YeCKW NEPexoAnT K pelleHmnio MPAMOI YCNOBHO-KPUTUYECKO
3afayn. B oTanyme oT BCex OMUCAHHBIX Bbille NOANPOrpamMM pelleHns ypaBHe-
HMA NepeHoca HENTPOHOB B HACTOALLei NOANPOrpaMMe B pacyeT BBOAATCA KOH-
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LEeHTpaLMM NpefLeCcTBEHHUKOB 3ana3fblBalolMX HEHTPOHOB U CMEKTPLI 3anas-
AblBalOWMX HeiTpoHoB. Mo3ToMmy nonyyaemoe B nognporpamme k. OGyper
OT/MYATLCA OT NOJYYEHHOTO Bhie K. . OTANYME LieMKOM CBA3AHO C UCMOAb30-
BaHWeM CMeKTpa 3ana3fblBalolMX HEHTPOHOB U 6narofaps cpasHeHuio k., u
k.. no3BonseT aenath oLieHKy 3heKTMBHOCTU APYroro CneKTpa 3anaszblBako-
LWMUX HENPOHOB B OTJIMYME OT CNEKTPA MTHOBEHHbIX HENTPOHOB.

Mpu nepBOM Npoxofie B NporpamMme JOMKHbI ObiTh 33laHbl HOPMUPYIOLLMe Napa-
MeTpbl k. (CTaptoBoro coctosHus k, (3.42) u k, kputudeckoe k. ), pas-
Hble eguHuue. Mocne 3aBeplweHns pabotsl nognporpammbl STATIC oHa gonxkHa
ObITb OCTaHOBNEHA. [lns MOBTOPHOrO 3anycKa B Nporpamme JOMKHbI ObITb 3a-
LaHbl B KayecTBe k, KPUTMYECKOTO WUMEHHO 3HauyeHue k., MonyyeHHoe
B noanporpamme STATIC. Mapamerp k, momxeH GbiTb 3aiaH C HEKOTOPLIM npe-
BbllweHueM Ky . Tem cambim ByLeT onpefeneHa UCXO[HAS MOLWHOCTL UcCre-
AYeMOli MOeNN peakTopa Ha OCHOBE MOJTyYEHHON MOLHOCTM UCTOYHMKA BHELL-
HUX HEWTPOHOB W ero AONW B MOJHOM WCTOYHWUKe (BMecTe C HelTpoHamu
fenenus), onpegensiemort kak (1—k . / k). MoxHo 3aaaThb v CTapTOBYIO MOLY-
HOCTb PeakTopa, TorAa HeoOXoANMBIN NapameTp k. ONpeAenuTCs B UTEPALMOH-
HOM mpoLiecce No ONpeAeneHunto HayanbHO| MOLLHOCTY peakTopa.

Mocne 3apaHns HeObOXOAMMBIX 3HAaYeHWit k. . W k, nporpamma 3amyckaetcs
BHOBb ¥ NOC/IE NPOX0/a BCEil yKa3aHHOM BblIlE LLeNoYKM NOANPOrPaMM NOAKIIO-
yaeT K pabote nognporpammy STATQ, KoTopas npefgHa3HayeHa Ais pacyerta Te-
NN0BbIAENEHMS B KAX/0i pacyeTHOM sYeiike U MOLIHOCTY PeaKTopa B LEeNoM.

Ecnn onpepeneHHas MOWHOCTL NO/b30BATENS YCTPAUBAET, PACYET MOXET BbiTh
npogoskeH. Ecan HyxHO cTapTOBaTh C APYroil MOLHOCTH, TO HEOBX0AMMO OCTa-
HOBMTb paboTy NPOrpamMMmbl U NepeonpeaennTs napamerp k,, nocne yero npo-
rpamMma 3anycKaeTcs BHOBb.

B 3aBepweHue NOArOTOBUTENLHOIO LMKNA pelleHus 3afadyu nojkaoyaercs
nognporpamma STATICT, koTopas npefHa3HayeHa LA peleHns HecTaLnoHap-
HOW 3ajayu B HEBO3MYLLEHHOM COCTOSAHUK. B Hell Kpome onpepeneHuns HecTa-
LMOHAPHbIX Nofell HeWTPOHOB PAcCYMTHIBAIOTCA M COOTBETCTBYIOWME KOHLIEH-
Tpauuu NpeAlwecTBEHHUKOB 3aNa3/blBalolx HEMTPOHOB B PaCYETHbIX AUenKax
MOJenu peakTopa.

[anee nopknioyaetca nognporpamma STATICPK, npesHasHauyeHHas ans peue-
HUA OLHOPOAHOI 3aa4M NepeHoca HEMTPOHOB B Manorpynnosom Anddy3noH-
HOM npubauKeHuu. NporpaMma paccuuThLIBAET MAOTHOCTb NOTOKA HEUTPOHOB,
asnawowyoca Gopm-byHKUMeH B fanbHellleM peleHun HecTalMoHapHoI 3a-
[ayu B KBA3UCTAaTUYECKOM NMpPUGAMMKEHUN. 3MeCh YUUTLIBAETCSA BKIAL B UCTOY-
HMK 3ana3fablBaloLMX HEATPOHOB C UX CNEKTPOM.
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Mognporpamma RECSIKO sBnsetcs BcrnomoratenbHOW W NEpecyMTbiBaeT Ha
ocHoBe onpeaeneHHbix B STATICT KOHUEHTpaUuii NpeAWecTBEHHUKOB 3ana3gbl-
BalOLMX HENTPOHOB B PACYETHLIX AYeiKax MOAENN peaKkTopa HayanbHble KOH-
LeHTpauuM NpeawecTBEHHUKOB 3ana3fblBalolnX HEATPOHOB B 30HAX CTEPXKHSA
CY3, koTopble MOryT ObiTb B CTEPXKHE NMPU HANUYUW B HEM 30H C AENsLMUMCA
maTepuanom. Mpu byaywem ABUKEHUU CTEPXKHS BMECTE C HAM NepeMeLaloTcs
M NPUCYTCTBYIOLLME B HEM MpefWeCTBEHHUKM 3ana3fblBalolUX HePOHOB, KO-
TOpble TeEM CaMblM MOTyT ObiTb NEPEBEAEHbl U3 30HbI, FAe OHWU 0Opa3oBaunCh,
B APYrYI0, rA€ OHM MOTYT UCMYCTUTb HEWTPOHbI. TakuM 06pa3om, B nporpamMme
NPaKTUYECKN MOXET MOAENMPOBATLCSA ABMKEHWE TONAKUBA N0 00bEMY peakTopa.
KcTaTu npegwectBeHHWKM MOryT ObiTb BMECTe € 30HamMu ctepxHsa CY3 Boobuie
BblBeJlEHbI U3 peakTopa.

B nogkntovaemoit panee nopnporpamme STATQS HopmupyeTca dopM-yHKLMUA
n3 STATICPK Ha 3HayeHMe amMnanUTyAHOM YHKLMK, T. €. Ha HaYanbHY MOL-
HOCTb peakTopa.

B nognporpamme POINTCJO onpegenaTca KOHUEHTpALUM NPesLecTBEHHUKOB
3ana3fbliBaloLLUX HEUTPOHOB B KAXOW PACYETHON TOUKE MOJENU peakTopa Ha
ocHoBe HopM-YHKLWUM U aMNINTYLHON PYHKLWUM CTaLMOHAPHOTO COCTOAHMA.

B noaknioyaemoii 3atem nognporpamme BETAS paccuuteiBatotcs B, ee coctas-
nALWMe No rpynnam npepwecTBeHHUKOB 3ana3ablBalolnx HEMTPOHOB, a TaKXe
COCTaBAAoLWME M N0 AENAWMMCA HYKINAAM HA OCHOBE ManorpynmnoBbIX pelue-
HUiA. 3[ecb e nepeonpefensieTcs BPEMS XU3HW MTHOBEHHbIX HENTPOHOB Ha
3TUX e ManorpynnoBbiX pelweHunsx.

[lanee B noanporpamme POINTCJ1 onpepensiTcs KOHUEHTpauuu npepLle-
CTBEHHMKOB 3ana3fblBalolmx HEMTPOHOB B KAXAON PacyeTHON TOUKE MoJeny
peakTopa Ha ocHoBe (POPM-PYHKLUM U aMNAUTYAHON DYHKLMK CTaLMOHAPHOTO
COCTOAHUSA, HO B oTiMumne oT nognporpammbl POINTCJO 3pech pelwaerca HecTa-
LMOHapHas 3ajaya HeBO3MYLIEHHOT0 COCTOAHMA.

XapaKTepuCTUKM CTALMOHAPHOIO COCTOAHMA 3anuchbiBaloTcs B (aiin Kak Ha-
YasibHble NapameTpbl HECTALUOHAPHOIO COCTOSAHMS.

Cnepytowas yactb paboTbl NPOrpamMbl CBA3aHa C pelleHUeM HecTalMoHaAPHOI
3afayu, cocToAWMM U3 AByx 3TanoB. [lo Mepe [BUXEHUA CTepxHel (nepsblif
3Tan) nocnefoBaTeNbHO MOAKMoYaTca nognporpammsl SUZHDS, SNEGRTD2,
CAPPA, STATICA2, STATICTT n RECSJK. Mocne 3aBeplieHna ABUXKEHUS CTEPX-
Heit (BTOpOM 3Tan) Ha KaXXAOM HOBOM BpeMeHHO’M Wware BbI3bIBAOTCS TONbKO
nognporpammbl STATICTT u RECSIK.

Nognporpamma SUZHDS npegHasHayeHa ons onpefeneHuns BbICOTHOrO NONOXe-
HUSA CTEPXHEN B MOJENN PeaKTopa Ha TeKyLLEM BPeMeHHOM Wware. BoicoTHOE no-
JIOXEHNE PACCUNTLIBAETCA HA OCHOBE CKOPOCTEN [IBUMXEHUSA CTEPXHEN, 3afaH-
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HbIX nofb3oBaTenem. Mo JOCTUKEHUM BCEMU CTEPIKHAMMU KPAHWUX NOJOXKEHMI
(HK) 3aBeplaeTcs nepsblil 3TaN peleHus HecTauMoOHapHOI 3a4ayun.

Noanporpamma SNEGRTD2, kak u SNEGRTD1, npepHasHayeHa ans nepecyeta
ManorpynnoBbIX CeYeHUN B KaHanax co ctepxHamu CY3 c yyetom ux BbICOT-
HOro nonoxeHua B mogenn peaktopa. Ho B otanune ot SNEGRTD1 oHa euwe
W onpepensieT KOHLEHTPALUK NpeALecTBEHHMKOB 3ana3abiBaloLnX HENTPOHOB
B pacCyeTHbIX AYeiikax MOAENU PeakTopa, CBA3aHHble C IBUXKEHUEM CTEPKHE,
COAepXalyux TOMIMBO.

Mognporpamma STATICA2 ananoruyHa nporpamme STATICA. Pasnuumne cBsizaHo
C onpefeneHnem HayanbHoro nona yHkuumn ueHHoctu. B STATICA2 B kavecTse
TakoBoro bepeTcs pelweHue Ha npeabiayuem ware, a 8 STATICA — npou3ssofb-
Hoe pacnpegeneHue. To e MOXHO cKa3aTb 1 0 nognporpamme STATIC2, onpe-
genswowen dopm-dyHKLUMIO, N0 cpaBHeHmto ¢ nognporpammoii STATIC.

Noanporpammbl STATICPK, STATQS, RECINI, BETAS obecneuunatot nepeonpege-
neune [, BXxofe HecTauuoHapHoro npouecca, nognporpammbl POINTCI,
RECSJK Takxe nocnefoBatenbHo 0TpabaThiBalOT B XO4e pelleHus HecTauuoHap-
HOW 3ajaun.

Nognporpamma STATICTT aBnseTcs OCHOBHOM NpU peleHUU HecTauuoHap-
HOW 33aAayu W NpeAHa3HayeHa MMEHHO ANA ee peleHus. B anroputme pewe-
HMA UCMONb3yeTCA HeABHAasA cxema. B mognporpamme onpepenaTca Ha KOHel
BPEMEHHOTO liara: nose HeliTPOHOB, KOHLIEHTPALUN NPeALIeCTBEHHIUKOB 3ana3-
OblBAKOWNX HENTPOHOB, NOJie TEMNOBLIAENEHNUA B PACUYETHBIX AYEMKaX MOAenu
peaKTopa, MOWWHOCTb BCEro peakTopa U 0C060 MOLHOCTL CUTHANA B PaCYETHbIX
TOYKax, B KOTOPbIX NONb30BaTENb NPEANONOXUA HaNUYne AeTEKTOPOB HENTPO-
HOB. [TocnegHUX TOYEK MOXKET GbITb HECKOJBKO.

Bo Bcex nmognporpammax, npefHa3HaueHHbIX ANA pelleHus ypaBHEHWN, anro-
PUTMbI YCKOPEHUA UTEPALMOHHOIO NpoLecca He UCNOoNb3YIOTCA, TaK KakK npak-
TWKa PacyeToB NOKa3ana, YTo B C/lyyae UCNO/b30BaHMSA aNrOPUTMOB YCKOPEHUS
BO3MOXEH BbIXO, U3 UTEpPaLMOHHOrO NpoLecca Npu ciyvyaiHOM cTeyeHun o6-
CTOATENbCTB. ITO CBA3AHO C TeM, YTO Jt06Oe YCKOpeHMe UTEPALUOHHOTO npo-
Lecca obblYHO 0OYCNOBNEHO KCABUIOM CMEKTPAY, T. €. C HEUTEPALMOHHbLIM 13-
MEHEHMEM YacTu UCTOYHMKA B ypaBHeHUAX. B kauecTBe ycKopeHUs B anropumax
peleHns HeCTaLMOHAPHOI 3aa4u MOXHO UCMO/Ib30BATb CaMblit 3P PEKTUBHBIN
npueM, 3aKn04aloWMINCs B CTapTe UTEPALIMOHHOIO NPOLecca C HyX)Horo («yra-
LaHHOTOo») pelleHns. B HecTauMoHapHOIi 3afaye 3T0 pelleHue Ha NpeLblayLLem
lWware, Tak Kak 3a BPeMEHHON wWar, KaKk npaBuo, NPOMCXO4AT Hebonblue U3-
MEHEHWs pelleHMs B OTNIMYME OT CTauMoHapHoro npouecca. Kpome Toro, Bce
anropuTMel yckopeHus 3thdeKTUBHBI UL B CyYasx, KOrna pelleHne Ha ute-
paluu elle [aNEKo OT TOYHOTO PelleHus, a Npu NPUBAMKEHUN K MOCNefHEMY
3theKTUBHOCTb aNrOPUTMOB YCKOPEHUS 3aMeTHO Najaer.
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Nognporpamma RECSIK aHanornyHa nognporpamme RECSJIKO, agnsetcs Bcno-
MOraTesibHOW W MepecyuTbiBaeT KOHLEHTPaLMUM NpeAlecTBEHHUKOB 3anasfbi-
BAIOLWMX HEMTPOHOB B pacyeTHbIX Ayeiikax cTepxHa CY3, koTopble MoryT 6biTh
B CTEPXKHE NPU HANMYUM B HEM AYEEK C Jenswmumcs matepuanom. PaboTa nog-
nporpammsl RECSIJKO onucaHa Bhiwe.

[lanee B nporpamme Ha OCHOBaHUM peLleHNi HeCTaLMOHapHOW 3aaum pellaeT-
cs 06paTHas HecTauMOHapHas 3afava: Ha 0CHOBE CHOPMUPOBAHHBIX PACYETOM
CUTHaNoOB B MECTax PacnoioXeHUA [eTEeKTOPOB W MOWHOCTW B LIeJIOM Npous3-
BOAMTCA ONpefefeHne peaKTUBHOCTM B 3TUX TOYKAX W B LENOM MO peaKkTopy.
Takum 006pa3om, nonb3oBaTeNb MMeeT BO3MOXHOCTb HabnioaaTb NpocTpaH-
CTBEHHbIN 3(h(DEKT NpU U3MEPEeHUN PEAKTUBHOCTK, a TaKKe pelaTh 3agady no
ONTUMU3ALMM pa3MellieHUs feTeKTopoB. Mpu pelweHnn obGpaTHO 3agaum uc-
noib3yeTCcA TpexnapameTpuyeckas npoueaypa c onpefeneHnemM peakTuBHOCTH,
3 eKTUBHOCTM ieTEKTOPA U LONW BHELWHEro UCTOYHKUKA C pacyeToMm norpelu-
HOCTM MX OnpefeneHus.

Bo3myleHus cpefapl, He CBA3aHHbIE C ABUKEHWUEM CTEPKHA (M3MEHEHUs Temne-
patyp, NJIOTHOCTU MaTepuana M T. M.), MOTyT ObITb yYTEHbl Yepes nepeonpene-
JIEHWe CeYEHMIl BHE MOAYNA PelleHMs HeCTaLMoHAPHOM 3a4a4mu N0 OKOHYAHMK
BPEMEHHOrO Wara.

Ha puc. 6.2 npeactasneHa cxema pabotsl mogyns TIMER.
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Crapt

CuNTEIBaHME JAHHBIX 331441 W HeliTPOHHO-(u3mieckux ceuennuii (K, .

=1 k =1)

CTalMoHapHBI pacyeT MoJIs HEfTPOHOB ¢ HCCIe yeMbIMU cTepHsMU Ha HK

CTanuoHapHBIii pacyueT Mojs HeHTPOHOB ¢ MCCIIeyeMbIMU cTepkHAMI Ha BK

CTamuoHapHEIii pacueT LEHHOCTH HEHTPOHOB ¢ HCCIeTyeMbIME CTepkHsAMU Ha BK

Pacuer CIEKTPOB U BBIXOJOB 3aI1a3/1bIBAIOIINX Heﬁrponos W3 HYKJIMJOB 3a1a4u

Onpeﬂenel-me B €€ COCTaBJIAIOIINX U BPEMEHH JKU3HU MIHOBEHHBIX HeﬁTpOHOB

ef >

Pacuer BHEIIHET0 HCTOYHHKA

CBepTka MHOTOIPYIITIOBBIX CeueHHil B Masorpynmossie a1 TBC

CBepTka MHOTOIPYIITIOBBIX CCUCHHI B MAJIOIPYIITOBbIC 115l BMKYIIUXCs cTrepxkHeil CY3

CTaHHOHapHHﬁ pacHeT nomust HeﬁT]JOHOB B MaJIOrpymnIoBOM le/IﬁJ’II/DI(eHl/H/I B 3a/1a4€ C HICTOYHUKOM.

Honyuenue Ky

OneHka HaYaIbHOH MOIIHOCTH M HEOOXOJUMOCTH €€ MepeonpeeeH s
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Pewenue necmauuouaplmﬁ 3a0auu 0JisL UCXOOHO20 CMayuoHapHo20 coOCMosiHus

Pacuer npocTpaHCTBEHHOI HECTAIIMOHAPHOH 3a1a4K JUIS HCXOJJHOTO CTAllHOHAPHOTO COCTOSHHUS

Pacuer crarmonapHoii 3a1auu I HCXOIHOTO CTAIIMOHAPHOTO COCTOSHMS — ONpeJieNenne popM-QyHKIuI

Pacuer KOHIEHTpAIMii IPe/IIIECTBEHHUKOB 3aI1a3/IbIBAIONINX HEHTPOHOB B siueiikax crepskuei CY3

Hopmuposka (popM-dyHKIMH Ha MOIHOCT PeaKTopa

Pacuer KOHUEHTpALHIT PE/IIIECTBEHHUKOB 3a11a3/bIBAIOIIMX HEITPOHOB Ha OCHOBE (HOPM-PYHKIMN 1
MOIHOCTH PEAKTOPa B CTALMOHAPHOM COCTOSHHH YePe3 PEIeHHE HECTAMOHAPHO 3a/1aun JUIs
HEBO3MYILEHHOTO COCTOSHMS

Pewenue necmayuonaproi 3adayu

ITepecuer Bo3myenus (mosoxkenus crepxneii CY3)

Tlepecyet HeHTPOHHO-DU3NUECKUX CEUCHUI H3-3a BHECEHNUS BO3MYIIEHHS (BIDKeHus cTepskHein CY3 u
KOHLEHTPALHii MPe/IIIeCTBEHHNKOB 3aMa3/bIBAIOIIMX HEHTPOHOB B cTepkHaxX CVY3, conepikaliyx TOMINBO)

Tlepecuet (yHKIMN LEHHOCTH U3 PEIICHHS CONMPSKEHHOTO YPABHEHNS K YCIOBHO-KPHTHYECKOH 3a1a4ye

Tlepecuer GpopM-DyHKIHH U3 PELICHHS YCIOBHO-KPHTHYECKOI 3a1a4n

Tlepecuer BeanumHbI B, €€ COCTABJISAIONIMX U BPEMEHHU JKU3HH MIHOBEHHbIX HEHTPOHOB

Pemenue HeCTaHI/IOHapHOﬁ 3aJla4yv B KBa3UCTATUYCCKOM Hp"6]’l“)KCH"|/I

ITpsimoe perienne NpocTpaHCTBEHHOMN HECTAIIMOHAPHOM 3a/1auH C OIpe/IeJIeHHEM JIOKAJILHON 1
PIHTeraHl:HOﬁ MOIIHOCTH, a TaK)KC MOLIIHOCTH CHUI'Hajla B PaCYCTHBIX TOUKaX BO3MOIKHOI'O PacIioIOKCHHUSA
JIETEKTOPOB HEUTPOHOB

Crepxun CY3 6yayt

HET
JIBUTAThCA Jajiee

3aBepuieHne pacuera

O6paTHOe penrenre HeCTAIMOHAPHOH 3a/1auM 0 CHTHAJIaM JIeTEeKTOPOB HEHTPOHOB, ¢ ONpe/Ie/icHHeM
PeaKTHBHOCTH, () (EKTHBHOCTH IETEKTOPOB U IOJICH BHEIIHETO HCTOYHHKA U OLICHKOII MIOTPEIIHOCTH HX
OIpeJIe/ICHUs.

Puc. 6.2. Cxema pabotsl mopyns TIMER
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7.1. Anecopumm obpabomku cuzHana demekmopa

Mpobnema peweHns oOpaTHOI 3afaun KMHETUKM CBSi3aHa C TeM, 4YTo, opMu-
pys unu 06CYMTHIBAA CUTHAN JETEKTOPa, NPUXOLUTCA OTCIEXMBATL NOABIEHUE
MTHOBEHHbIX W OTAEbHO 3ana3fblBalowWux HEWTPOHOB, A Yero HeOOXOAMMO
YYUTbIBATb BCIO UcTOpHMIio npouecca [20; 52]. Mpu 3TOM HesceH anropuTM Bbl-
60opa hyHKLMN LLEHHOCTH B KaXblii MOMEHT NPOLECCA, TaK KaK B KNACCUYeCKUX
paboTax [24] npefnaraeTca UCNONb30BATh €€ U3 KPUTUHYECKOTO COCTOSHUSA, KO-
TOPOTrO HeT B HECTALMOHAPHOM ciyyae. [TonbITKM BHECTU CTPOrOCTb B pelleHne
ob6cyxaaemoit 3agaymn yepes BBoJ «peTpodYHKLNOHANO0BY, T. . hYHKLMOHANOB
C YCNOXHEHHOW BPEMEHHOW 3aBMCUMMOCTbIO, KOrAa ANA UX OnpefeneHus uc-
NOJb3YEeTCA YacTb (PYHKLMA M3 NPOLIOrO BPEMEHU, @ YACTb — U3 HbIHELWHETO
[52], noka He HawnK pacnpoCcTpaHeHMUs B NPaKTUKe.

06bI4HO 06CYET IKCNEPUMEHTOB NPOBOAAT N0 ypaBHeHUIO (3.17), cnepys pabo-
Te [52], HO 3HayYeHUs a, (oTHOCHTENbHAsA [ONA 3aNa3fbliBaloWMUX HEUTPOHOB f
-/ rpynnbl) onpepfensTCca B pacyeTe, Kak M obpaTHas BeAUYMHA LEeKPEMeHTa
3aTyxaHUsA MFHOBEHHbIX HEATPOHOB B KpUTUYECKOM peakTope 1/a, = A/B,; .

MNonyyaemblit geTeKTopoM curHan N(f) nNpu 3KCMOHEHLWanbHOM npepacTaBie-
HUM ero 3aBUCMMOCTM OT BPEMEHU 0600LWEHHbBIM LEKPEMEHTOM 3aTyXaHUs No-
TOKa HEATPOHOB B KMHETMKE  Ha  3ana3jbiBallMx  HelTpoHax

A dN(t)
BN () dt
Ha ObICTPbIX HETPOHAX KaK 0YeHb Manyto BeNMYMHY nopsaka 1074 MpeactaBum
CKOpOCTb reHepaLum 3ana3abiBaloWmx HEMTPOHOB j -1 Fpynnbl B MOMEHT Bpe-
MeHH ¢, B BUAE

o(t)=1/N(¢t)ON(t)/ Ot no3BoNAET OLEHUTb YNeH B peaKkTopax

C, :ajxj.[;dt'exp[—xj (-1)|N () (7.1)
roe N(¢f) — curHan getekTopa; HanoMHWUM, YTO B pacyeTte

[dE'o(r, E, t)v 2,
K

Ky

N(t) =
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Torpa paseHcTBo (3.17) npu npepctasneluun p(t)/ B, = R, OyaeT umets BUA

o, .
il N, =N,
Rizl_f__g_Ft—HL’ (7.2)
N, N, ™, o,

i i i

rae i=1,2,3,..

AAns nocnefoBaTenbHoro nosyYenms Bennini C, B pexxume peanbHoro Bpeme-
HU UCNONb3YETCSA PEKYPPEHTHOE COOTHOLIEHME, NONlyYaemMoe U3 paBeHcTBa (7.1)
B NPEANONOXKEHUN IMHEHHOTO M3MEHEHMS MOLHOCTM Ha OTpe3Ke BPeMEeHU T,

N.—N,
aumeHHo N(t)= N,  +———"1¢ . Torpa
T

—A;T
C,=C,e” +d,N_  +hN, (7.3)
l_ei}\/‘[ -\t
rned.=a.|——e " |,
p‘ J J 7\“]’,[
1 e*)ﬂ:
hjE ’ 1- .

B npeanonox)eHnn 3KCNOHEHLMANbHOTO N3MEHEHUS MOLYHOCTU Ha OTPE3Ke Bpe-
MeHU T, a UMeHHO N(f)= N, e ", N NINHeHOTO U3MEeHeHUs YHKLUN BAUS-

u.—u.
HUA (CM. onpefeneHne HUXe) Ha 3ToM oTpeske u(f) =u, , +———-¢ nonyva-
T

emB (7.3)

G A=y < (7‘1' _Y)T
7\‘ ) 1 _ e—(k, —y)r
=4 kjly - (7‘1_‘/)1 .

b 2 x|

Ins cnyyas 6e3 GyHKUMM BAUAHUA 3TU KOIDULMEHTLI ONpeensTcs Tak:

141



E. @. Cenesnes
Kunemuxa peakmopogé na 6vicmpbix Heumponax

A
d,=—a,—* e,
A -y
h =a,—
J ]7\.1-—"{
_InN_ /N,
i T :

0OpnHako 3KcnoHeHLUWanbHoe npeacTaBieHne U3MEHEHNA MOLWHOCTU Npu hayK-
TYMpYIOWLEM CUrHane NPUBHOCUT [OMOMHUTENbHbIE MOrPeWHOCTU U TpebyeT
thunbTpaLMK curHana.

Mpu peweHun paseHcTsa (3.17) MCMONb3YIOTCA HaYanbHble YCAOBUS, TOYHEE,
NPeAbICTOpUA 3aBUCMMOCTU N (f) . 3T0 16O NOCTOAHHOE YCTAHOBMBILMECS 3HA-
yeHne N, , 60 M3MeHeHUe CKOPOCTY CcyeTa no 3kcnoHenTe Nye'’”, cootset-
CTBYlOLEit Pa3roHy peakTopa C YCTaHOBUBLIMMCA NEPUOAOM T UM feKpemeH-
TOM 3aTyxaHus a, =1/7 (Npu BOCTaTO4HO BONBWON MOLHOCTI PeakTopa Ans
yﬂoBﬂeTBOpMTeﬂbHOl\/’l TOYHOCTH M3MepeH|/|l7| N BO3MOXHOCTH I'IpeHe6pel4b no-
CTOAHHbIM cnaraembiM B N (1) OT BHELHEro CTOYHMKA HelTPOHOB). [N onpe-
neneHua o, N, 0BbI4HO MCMONb3YIOT YETbIPE HaYaNbHbIX 3HAYEHNUSA MACCHBa

Yucen N;:

1 N,+N,
o, =—h——F,
2t N, +N,
(7.4)

1 & .
Ny =3 2 Ne™™,
i=1

rae N, — CpefHee, 3KCTPanoNnpoBaHHOE Ha HYNeBOW BpeMeHHOI war (Ka-
Han) uncno N . Cneposatensho, ana C;, nmeem

A
CjO :Noajrjao (75)
u cornacHo (7.3)
C,=Cye " +d N, +h N, ut.p. (7.6)

142



Iaea 7. Pewenue oopamnoii 3a0auu Kunemuxu

MNocne onpegeneHuns fekpemeHTa 3aTyXaHWA MOXHO PacCyMTaTb NONOMKMUTENb-
HYI0 PeaKTUBHOCTb NPW HaYaNbHOM pa3roHe peakTtopa [37] (6.23)

4;

P (7'7)
1+4, /a,

R, =Aa,+),

J

rie A — BpeMs reHepauum HelTpoHOB.

[lnsi 3KCnepUMEHTOB Mo OLEHKE 3PPEKTUBHOCTU CTEPXKHEN HA ObICTPbIX peakTo-
pax, Hanpumep Ha peaktope bH-600, nepsoe cnaraemoe B (7.7) 06bl4HO cO-
cTaBnseT BennynHy okono 107", B To BpeMs Kak BTOpOe ClaraeMoe HaxoamTcsa
Ha ypoBHe 1072 TaK YTO NepBbiM ClaraemMbliM MOXHO NpeHebpeyb.

Ecnn B HayanbHOM COCTOSHUM PEAKTOP MMeeT MOCTOAHHbIA YCTaHOBMBLIMICA
YPOBEHb MOLLHOCTU MM YCTAHOBMBLUMIACS Nepuof pasroHa 7 =1/ a,, To, npea-
nonaras HEM3MEHHOCTb (hOPMbI MOAA HENTPOHOB B TaKOI cuTyauuu, s dekTus-
HOCTb fleTekTopa (4.38) MOXHO NMPUHATb B Ka4eCTBE MOCTOSAHHON BENUYMHBI:
e=¢g, =const. [lpegnonaras nocne OKOHYaHUA BO3MYyLieHUA POPMbI MOASA
HeiTpoHOB Apyryto 3hheKTUBHOCTL eTeKTopa € =g, = const, MOXHO npef-

&(t")
CTaBUTb OTHOWEHHUE B BUae
82
t’
80 _ ot (1— o)u(e), (7.8)
82

rae o =¢, /&, — OTHOCUTeNbHas 3PMEKTUBHOCTb fleTeKkTopa; u(t’) — HopMuU-
poBaHHas (YHKUMUA W3MEHEeHUA OTHOCUTeNnbHOW 3dEKTUBHOCTU AeTeKTopa,
n3meHawwWanca ot 0 B HaYaNbHOM COCTOAHUM A0 1 B KOHEYHOM COCTOSHUM U3-
MeHeHMsA OTHOCUTeNbHOI 3P dEKTMBHOCTM AeTeKTOpa BO BPEMEHU; HAa30BEM ee
(YHKLMER BANAHNA.

Hanpumep, npegnonaras, 4to npu GOKOBOM PacmoNOXeHUU LETEKTOPOB Hell-
TPOHOB W BEPTMKANbHOM NepeMellleH OPraHoB PerynupoBaHns BENUYMHA 3¢-
(heKTUBHOCTU AETEKTOPA MEHAETCH IMHENHO OT €, 10 €, C BBOAUMOII peaKTus-
HOCTbIO OT MOMEHTa Hayana pAsuxeHus crepxHs CY3 po MomeHTa ero
3aBeplieHus:

T R]——R(t’) (7.9)
€ € € RI_R2 ,

nosyvaiot
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R —R(¢
u(ry =B,
RI_RZ

rae Ru R, — adbdektusHocTu crepxkHa CY3 B Hauane u KOHLe ero asuxe-
Hus.

Beepem (7.8) B (7.2):

t 1 =k (t=t") ’ ’
>a, LO di'e N, (")e(r,, 1)
P -
B N,()e(r,, 1)

Sy LA L NG AT Ge(0) _
N,(0e(r,, 1) By N,t) ot B, e, (t) o
Sha | dte N, (@) [o+ (- 0u)]

- N, (1)

S, AL NG A T 05,0

N,()e(r,,t) B, N,(t) ot B, g, () ot

(7.10)

Torpa
Sha, [ die™ N, () [o+ (- o]
P - —
Ber N, (@) (7.11)

_ Sty 1.,) +A 1 aNd(t)_'_Ag(rd’t—w) Oe, (1)
N, (De(r,, 0)e(r,, ) By N,() Of Be &, e(ry,t.,)ot

=

Sha, [ dte™ N (@) [o+(1-0)u)]

P _q__ _
Ber N, ()
S, A 1 ON,@)
- +— +
N, (0, (r)[o+(1-ou@)] By N,0) o (7.12)

A (1- o) ou(t)
+— .
B [o+1—ou()] o
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Torpa B MOMEHT i -ro Wwara nosy4yaem

S, [ dte N (@) o+ (- u)]

P _

Bef Nd(t)

- S AL N, (1) + (7.13)
N, (e, (r)[o+1-ou)] By, N, () o

+A (1_0)) U, —u;_, ]
By [0+(-0)u,] =

Mo 3aBepleHnn 3MeHeHUA HYHKLMW BAMAHUSA NONyYaeM

; Zx 4 jw di'e™ N (") [o+ (1 - o)u(r)]

Ly —

Ber N, (@) (7.14)

S, A 1 ON,()

TN, O By Ny@) ot

B cooTBeTcTBMM C npepioXKeHHbIM u3MeHeHneM 3(dEeKTUBHOCTU LeTeKTopa
pas6busaem uHTerpan B (7.14) Ha Tpu untepsana (-, 1, ), (1.t ), (tx.1),
rae t, — BpeMA Hayana BO3MYILEHWUA peaKTUBHOCTYU, NPUPaBHEHHOE KO Bpeme-
HU Hayana BO3MyLieHUs QOPMbl NONA HEATPOHOB; f, — BPEMs 3aBepllieHns
n3meHeHus hopMbl NONS HENTPOHOB. YacTo Noj ¢, NMOHWUMAIT BpeMsA 3aBeplue-
HUA U3MEHEHUS| PEAKTUBHOCTH, T. €. BPEMS 3aBEpLIEHUA ABUXEHUS CTEPIKHS,
YTO He BCerga COOTBETCTBYET BPEMEHW 3aBeplleHUs u3mMeHeHus GhopMmbl nons
HEWTPOHOB.

4 = (1=t
o ha, [ dieV N, (1)
J

P _
B N, (@)
(1-o) > %,q, j dr'e™ Nt
- . . - (7.15)
N, ()

ha [ die N, (o
_; AN R LA LN,

Ny () N0 By N, (@) ot

rae S =S /e(ry),
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nnun

BiNd )+ m{z Aa, J-j dt'ef)"(H')Nd -
ef J *

i ’ - —t 3 ' '
~Ya, [ dre™ N, (1wt >}+Scf +
J " (7.16)

+Z »a, j di'e™ N (hu(t')+
J

A ON,(1)
B ef at

B pesynbTate JaHHOTO PacCMOTPEHUs [ MHOXECTBA 3HAYEHUN BpeMeHu f;,
COOTBETCTBYIOLIEMY BPEMEHU KOHLA I -r0 UHTepBana (Unu i -my kaHany) B 06-
NacTi C NOCTOSAHHOW PeaKTUBHOCTbIO R, MOMYYalT CUCTEMY UHENHBIX YCIOB-
HbIX YPaBHEHMWII C LieNiblo MONyYeHUs Tpex napameTpoB R,, Q2 no=eg,/¢
W UX NOrPeLIHOCTel N0 MeTOAY HaUMEHbLWUX KBaAPaTOB:

ki r (=t r
+ijajj.tkdtelf( 'N, (1)~ —N,()=0.
J

RA+0B +0,+C =0 (i=k+1,.., k+m), (7.17)

N[ _NH _

o,

e 4=N,, B=F,—G, C =G, +H, - N,.

i

To ectb

F=Yan[" Ntyexp[ -1, ~t)]des 1<i<k+m,  (7.18)
G = Za‘,xjj;" N(#Yu(t'yexp| -1, (t, =t |dt's H+1<i<k+m,(7.19)

H = Zajkj‘[:( N(yexp[ -2, (¢, —t) |de" k+1<i<k+m. (7.20)

[ns nonyyeHus mMaccua BeNM4MH F, Npu i <k MCNONb3yeTcs peKyppeHTHoe

cooTHoweHwe (7.3) n HayanbHble ycnosus (7.4) u (7.5). [lanee F,,, = er_”

-\
mE=F."".

i

MacecuB G, nonyvaeTcs npuMeHeHMeM COOTHOWeHUs (7.3) AAf KyCOYHO-
nuHeltHoW dyHKUMK n(¢")u(t') co 3HaYeHuamn nu, = n(t,)u(f,) B MOMEHT Bpe-
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MeHU f,. Tlpn 3TOM HayanbHoe 3HayeHue G, MPUHUMAETCA PaBHbIM HYMO —
G, =0. Tlocne OKOHYaHWA  BO3MYLIEHUA  PEAKTUBHOCTM  XapaKTep

G _ G -\t
PEKYPPEHTHOIO COOTHOLWEHNA MEHAETCA. ,D,flﬂ =Gge

v Meem G
—A
nBoobwe G, =G, e .

K+1

Maccus H, nonydaetcs npumeHeHueMm paBeHCTBa (7.3) npu HayanbHOM 3Haye-
HuM H, =0.

N3 cucTembl ycnoBHbIX ypaBHEHWit (7.17) cornacHo [52] cnepyioT TpM HOpMasb-
HbIX YpaBHEHUA:

RzZAzi +(’0AiBi +Q22Aii +ZA,-C,~ :0,
R, AB +0B’+0,Y B, +> BC, =0, (7.21)
RY. A+0Y B +0m+>.C =0,

roe m — YWCNO 3HAYEHMI MHAEKCA { ANA MCMONb30BaHWA METOAA HAaWMEHb-
WKX KBaApaTos.

N3 HUX BN UCKOMbIX NapamMeTpoB NoyYum
R,=D,/D, ®=D,/D, Q,=D,/D, (7.22)

roe D — onpepenutens cuctemsl (7.21).

[AA][AB][A1]

=[AB][BB][Bl]| =Y 4°) B m+2) AB Y B Y A -

[A1][B1][1-1] (7:23)
-(C4) X8 -(TB) TA4-m(T 45

a D,, D, n D, — onpegenutenu Buaa

[ACI[4B][41]

D, =—{[BCIBBI[BI| =Y 43 B> C+34C (3B ) +

[C1][B1][1-1]
+> 4B Y BCm—-Y AC> Bim- (7.24)
—~>4BY B> 'C,-> 4> BCY B,
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[AA][AC][Al]

D, =—[AB][BC1[Bl]| =) 4>Y BC,+> A>> B> C +

[AT][CT]1-1]
+my ABY AC -y A’y BCm- (7.25)
_ZA"C"ZB"ZAI' _ZAiZAiBizCia

[AA][AB][AC]

D, =—[4BI[BBI[BCY| =Y 4 Y BiY AC,+ Y 473 B Y BC, +

[A1[B1][C-1]
H(ZAB) TC-NATEBIEC - 026)
> 4> ABY BC -> ABY ACY B.

Jucnepcumn (ownbKM) nonyyeHHbIX TakUM 06pa3oM NapameTpoB R,, o U Qz
paBHbl (C BEPOATHOCTbIO 68%) [53]:

GR:GO/\/E:GO/\/Z, c,=0,/P,, o,=c,/ /P, (7.27)

rpe o, =5 /(m-3); (7.28)

m — yucno Todek ana MHK: 3 — yucno onpegensiembix napameTpos; § —
CyMMa KBaf,paTOB HEBA3OK &, :

k+m

5= 8= (RA4+0B +Q2+C) (7.29)

i=k+1
[lna BecoB napameTpoB umeem
P,=D/D,,..; F,=D/D,,,..; P, =D/Dy, (7.30)
rae D,,, D,, u D,;, — anrebpanyeckue JONONHEHWUA NOCNE[OBATENbHbIX e~

MEHTOB I1aBHON JuaroHanu onpepgenntena CUCTeEMbl HOPMaJibHbIX ypaBHEHMVI
D.

B paHHOM cnyuae
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_[iBB1B1]|
“Bn-|

my B’ (ZB) (7.31)

11

D, —‘[Al][l 1]‘ my A’ (ZA) (7.32)

A2y B2~ (ZAB) (7.33)

33

[441[4B]
[AB][BB]

YKa3aHHble ajiropuTMbl Peasn30BaHbl B MPOrpaMMe W NO3BOASAIOT NOyYaTh He
TOSIbKO HECTALMOHAPHOE MOJie HEMTPOHOB B PEAKTOPe W ero MPOU3BOAHbIE, Ta-
KU1e KaK rojie 3HeproBbiAeIeHNS, HO U XapaKTePUCTUKM LETEKTOPOB B peaKTope.

7.2. TpynnoBas 06paboTKa cMrHana geTtekropa

BBep,eM 3aBUCNMOCTHN Cl)yHKLLVII‘/lI BAUAHUA OT rpynnbl 3ana3abiBatoWwmnx HEI‘/lITpOHOB:

aj(t') B ~ ,
- =o,+(1-0, Ju, @), (7.34)

rie ; =g, /&,, — OTHOCUTE/bHAsA 3¢ eKTUBHOCTb ieTeKTOpa Ana Jj -i rpyn-
Nbl 3aNa3AbliBaloWUX HeATPOHOB.

Ecnu cuutatb nponopunoHanbHbIM NpouseefeHue Bd)dJEKTVIBHOCTM [ETEKTOpa
[NA 3ana3fblBaloWnx HEI7ITpOHOB OfLHOW 13 rpynn u noKasaHum [ETEKTOpPaA UH-
Terpany no NpoCTpaHCTBY 3ana3fabliBaloWnx HeVITpOHOB, T.e.ecnn

g, (1, t)<2d (s E)o(r, E, t)> = <(p+xdj[3j2\/2j(p>, (7.35)
g
TO 3HaMeHaTeNb B (7.2) MOXeT ObITb 3aMeHeH Ha

<Zd (rd, E)d)(rd, E,t)>Zs/.(rd, t).

Takum o06pa3om (v cornacHo [33]) apheKTUBHOCTb AETEKTOPA €CTh OTHOLWEHHUE
B3BELWEHHOW NO LLEHHOCTU CKOPOCTU 06Pa30BaHNA NpeALecTBEHHUKOB K YpOB-
HIO CMrHana WoHM3auMoHHOI Kamepbl (ckopocTu peakuuit B UK). Torga B uunc-
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nuTene NoNyuuM ,; =g, /ZSU — OTHOCUTENbHYI0 3DPEKTUBHOCTb JETEK-

. J
TOpa rpynnbl j,a o, =Zmu . B1akom cnyuae o,; =¢,; /2821 =a; v
J J

% o (g’
Yok, [ dte™ N, (1)
J

P _
B N, ()
(@, =), [ de'e™ N, (e
_; v I’” ‘ i _ (7.36)
N, (0

ral de ™ ON
; J ./J',K a(t) Se'f N A 1 ON,(1)

N, (1) TN, By N,G) o

1- AT s 1— AT
Torpa ansa (7.3) umeem djzo)lj[ ; e ],hjzmlj(l— ¢ ]
T

J

Ho moxHo COXpPaHUTb U I'IpI/IBbI‘-leIl7I BUA ypaBHeHI/IVI, nepeﬁp,ﬂ K BEJINYNHAM

o, €. 8”2[3/'
ﬁjl_ =$= Y = / (7.37)

Jj - s
4; “1282/ BJZS2J
J J

te _ o
2. ®,ak, J.,: di'e’”"N, (1)
j

L. i
B. N,
S (= Jagh, [ dre™ N, @Ou(e) (7.38)

_

N, (1)
ra [ die ™ N (1
ZI O s A 1w

N, @) TN, By NG

nnun
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Lsz(l‘)"‘

ef

+> 0ha, U di'e”™ "N, (") - j di'e”™"N, (t')u(t')} +
j v
8L+ A j dt'e ™ ON () + (7.39)
j H

A N,()

o —N,(t)=0.

b ger A=t '
w2k, [ die ™ N, (1)~
J

B pesynbTaTe JaHHOTO PacCMOTPEHMA [l MHOXECTBA 3HaueHuin li, cooTset-
CTBYIOLEMY BPeMEHW KOHLA i-ro uHTepBana (unau i-my kKaHany) B obnactv
C MOCTOAHHON PEeaKTUBHOCTbIO R, MONYYaAlOT CUCTEMY JIMHEAHbLIX YCNOBHbIX
yPaBHeHWii C Lenblo OnpefieNieHns Tpex napameTpos R,, O, U 0, =¢,,/¢;
W UX NOrpeLHOCTei N0 MeToAY HaUMeHbLKX KBaAPaTOB:

RA+Y 0B +0,+C =0 (i=k+1,...k+m), (7.40)
Jj=1
N,—N,
e 4 =N, B,=F,-G,, C,=) G, +H -———"=—N,.
: , & -~

Ecnu umeer mecto ®, =1,0, 7o paBeHcTBO (7.40) nprobpeTaet Bug

RA+Y 0B, +0,+C =0 (i=k+1,.... k+m), (7.41)
J#p
. N[ _NH
e A =N,; B,=F,~G, g j#p;C =) G, +H -———"-N +F,.
J oy
Fy=a) [ N@yexp[ -1, —t) |de's 1<i<k+m,  (7.42)

G, =a, j N(w(t'yexp| A, (4, —t) |dt's H+1<i<k+m, (7.43)

[ , , B .
H, :ZajijtKN(t)exp[—kj(t[—t)}dt; k+1<i<k+m. (7.44)
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N3 cuctembl ycnoBHbIX ypaBHeHuit (7.40) cornacHo pabote [20] cnepyeT cucte-
Ma HOpMaJbHbIX YpaBHEeHMUA:

RY A2+ 0 AB +..+®, 4B, +0,> 4, +> AC, =0,

RY AB,+® Y BB, +..+®,Y BB, +0,> B, +Y B,C =0,

(7.45)
RY. AB, +o, BB, +..+0,> BB, +0,> B, +> B,C =0,
RY A +0 B +..4®, Y B, +Om+> C =0,

roe m — 4Yucno 3HaYeHU HeKca i ANA UCnosib30BaHUA MeToAad HaUMEHbLLKNX
KBappaToB.

M3 HUX LA MCKOMbIX napaMmeTpoB NOJIy4UM pelleHune.

B pamkax gaHHOro anroputma rpynnosas QyHKUMA BAMAHUA U3 (7.34) moxer
ObiTb ONpeAeneHa cnefyoumm obpasom:

(N, -N)(1-B, )+Z(G,.j +H,.j)
u(t,) = / R (7.46)
Nl _Nz

rae B 3HaMeHaTesle — pa3HOCTb CUrHana (MOLWHOCTH) UKW, LPYTUMU CIOBaMMU,
4ucna HeWTPOHOB B HAYaNbHbLIN M KOHEYHbI MOMEHTbI ABUXKEHWS, a B YMCIU-
TeNle — YUCII0 HENTPOHOB, HecyWux HOBYIO HOPMY Nons HEMTPOHOB (C HOBOIA
3 eKTUBHOCTBIO feTeKTopa).

MocnepgHee npefnonaraet, 4To BCeM NpeflecTBEHHMKAM 3ana3fAblBaloW X Hell-
TPOHOB, POANBLINMCA NOC/E HaYana iBUXEHUS CTEPKHSA, NPUNUCLIBAETCA HOBas
topma nons HeliTpoHOB. Taknm 06pa3om, 3a cTapyto GOpMy NONA, OTpaKaloLLyio
NpexHiolo 3PPeKTUBHOCTL [eTeKTOpa, OTBETCTBEHHbI NUWb 3anasfbiatolyue
HeATPOHbI, NOABAAIOWMECSH B pe3y/ibTaTe pacnaja npeplecTBeHHUKOB, POAMB-
WUXCA elle A0 Hayana aABuxeHns ctepxHsa (F; ). Takoe onpesenequne obecne-
YnBaeT nonyyeHue GYHKLUUKM BAUAHWA, NPOLOMKAIOWENH U3MEHEHME U nocie
OCTaHOBKM CTEPIKHA, Yepes onpeaeneHmne

25
u(t) = fN (7.47)

i

KaK OTHOLWEHNA 3ana3ablBatloWnx HEVITDOHOB OT «AaonepecTpoeyHbIX» npeplle-
CTBEHHUKOB KO BCEM HEVITpOHaM, MOABAAIOWMMCA B LAHHbIA MOMEHT.

Takoe onpefeneHue QyHKLUM BAUAHUS OTPaXaeT pa3Hoe ee MoBeAeHMe Mpu
pasNUYHON CKOPOCTU cOPOCA CTEPXKHSA U MOXKET CMOCOOCTBOBATH MOBbILEHUIO
TOYHOCTU IKCNEPUMEHTANbHON OLeHKU 3 (HEKTUBHOCTHU CTEPIKHSA.
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maBa 8. O6cyeT 3KCnepuMeHTOB
moaynem TIMER

MpW N3MepeHnn peakTUBHOCTU METOLOM COPOCA CTEPKHA PeaKTop HeKoTopoe
BPeMsA «Pa3roHAETCA» C HeBONbLIOW NONOXKUTENLHON PeaKTUBHOCTLIO, U 3aTeM,
Mo JOCTUXEHUW JOCTATOYHOW AN U3MEPEHUS MOLLHOCTM curHana, cbpachbiBa-
eTCA CTepXeHb AW rpynna crepxHeit. Cxema n3mepsaemMoro curHana npeacras-
NeHa Ha puc. 8.1.

1 1
Ob6nactb . .
H3MEHEHHs! | |
OPMBbI IOJIST ! !
| |
| |
M i ]
1 1
| |
1 1
| |
| |
1 1
O6nacts Obnactn : : O6uactb 06paboTKH
noabeMa a IeHus | | CHTHAJa METOIOM
MOIIHOCTH CTCPIKHSI | | HaMMEHBIINX KBaJPaToB
|
|
| |
< it » | ¢ >
| |
| | —
| |
NO NF NS NU NM NL

Puc. 8.1. Cxema curHana usmepenus u ero 06paboTkn:NO — craproBas Touyka; NF —
TOYKa Hayana ABmxeHus ctepxHa CY3 BHn3; NS — Touka 3aBeplieHns ABUKeHUs
ctepxHs; NU — Touka 3aBeplieHns usmeHeHus dyHkuum BanaHus; NL — nocnepHss
Touka curHana; NM — HoMep TOYKM, HAYMHAA C KOTOPOW CUrHan obpabaTtbiBaeTcs MeTo-
[OM HauMeHbLIKUX KBAJPaTOB

06biyHo Touku NS, NU 1 NM cBOAAT B 0AHY, HO, COXpaHsAs 0OWHOCTb, Npeanara-
eTcs ux pasnuyats [20].

Camo n3mepeHue 3pdeKToB PEaKTUBHOCTU B fUana3oHe 6OMbLWNX UX 3HAYEHUIA
OC/IOXHEHO PAAOM TPYAHOCTEl KaK ANa 3KCNepUMEHTaTopoB, Tak U 1A pacyeTa.
HanGonee cywecTBeHHas U3 HUX — HaaUYMe BECbMA 3aMETHbIX MPOCTPAHCTBEH-
HbIX 3¢(EeKTOB, 0COBEHHO CUIbHO NPOABAAIOWMXCA NMPU 3HAYUTENBHO Najato-
el MOLWHOCTK, T. €. NMPW BO3pacTatolel poau BHELHEro UCTOYHUKA HENTPO-
HOB. Mi3MeHeHMe 3 deKTUBHOCTH feTEKTOPA HENTPOHOB 0OYCIaBNMBAETCSA KaK
nedopmauuenn HENTPOHHBIX NONEN NPU BBELEHUU CTEPXKHSA, TaK U U3MEHEHNEM
«MNPONYyCKaHWUA» HENTPOHOB CUCTEMOI cTepikHelt CY3 B HanpaBneHUn aeTekTopa.
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B 3Tux yCNoBUNAX U3MEHEHUE Bd)dJEKTVIBHOCTM [NETEKTOPOB OKa3biBA€TCA BECbMa
3dMEeTHbIM faXe npun U3MepeHunmn 3quJGKTVIBHOCTl/I OTAEJIbHbIX CTep)i(HEVI — Ao
10%.

Ecnu paBeHcTBO (7.16) NpeacTaBuTbL Yepes HeKOTopble hyHKLMN:

Iy t
Y [dee TON ey Yo ha, [die TN (@)
f J Iy

PO=1- TNO ) N, - @)

Sha, [ dre N W) -S [ N, )
i J ty

Z(t)=- = 0 , (8.2)
X(@)= Nl(t), (8.3)

T0 paBeHcTBO (7.16) npencraBnserTcs B Buge

p()=L+0Z)+S. X () ma i=NM,.,NL.  (8.4)
ef
3710 YpaBHEHUE pelaeTca MeToAOM HAaMMeHbWUX KBAApaToB MO OTHOLWEHUIO

K HEU3BECTHbIM L, ® n S .3ametum, yto B (8.4) S!; cuuTaeTcs NOCTOSAH-
ef

HOV BEMYMHOIA, B TO BpEMS KaK COrnacHo popme yneHa c NpoM3BOLHON CUTHA-
na B (7.16) 3T0T napaMeTp NPUXOANUTCA NepenucaThb TaK:

p_ Sa A ON,O)
o 8(ra') Bef at

: (8.5)

a BblYMTaeMoe B HEM 3aBUCUT OT BPEMEHMN. OHO MaKcMManbHO B MOMEHTbI MaK-
CNUMaNbHOro N3MeHeHNAa MOLWHOCTHU (cmrHana), 4TO MMEET MECTO Npu ABUXEHNN
CTEPXHA, a 3aTeM, NoCne ero OCTaHOBKW, 3aMETHO YMeHbLIAeTCA U 00bIYHO He
npesbillaeT HECKONbKMUX NPOLEHTOB OT NEPBOro cnaraemoro.

Ha puc. 8.2 1 8.3 npeactaBneHa B niaHe U NO BbICOTE pacyeTHas MOAeNb Kpu-
Tu4eckoit c6opku BOC-105-2 [20], npeacTaenstoleint CObON LUNMHAPUYECKYIO
aKTUBHYIO 30HY BbICOTOI 0KONO 40 cM 1 ¢ BABOE 6onbwKM anametpom ¢ MOX-
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Inasa 8. Obcuem sxcnepumenmog mooynem TIMER
B AYeNKax 43, 44, 45, 46 n 73 KapTOrpammbl KpuTu-

Puc. 8.2. Hymepauus pacyeTHbix fsueek B nnockoctu bOC-105-2

6930,

a303aga;

63e303036!
63630261

d1, d2 n d3) 6bian pacnonoxeHsl Ha nonoBuHe BoicoThl TBC 1123, 1257 1 1201
CO0TBETCTBEHHO. KpoMe TOro, B pacyetax OTCNEXMBaNach aHanormyHas ykasaH-
Kax 50, 76, 78, 108, 112 n 146, BTopas rpynna nomelanach B fyeiikax 38, 63, 91,
Takum obpasom, setektop d5 pacnonarancs B TBC, coceactsytoweii ¢ kaHanom

B akcnepumeHTe nepsas rpynna ctepxxHeit CY3 coctosna u3 cTepxHeit B auent-
94, N0 KOTOPOMY ABMUraNca OAUH U3 CTEPXHeW BTOPOMN rpynnbl.

TONNUBOM, OKPYIKEHHYIO TONCTbIM CJI0EM 30HbI BOCMPON3BOACTBA U3 06EfHEH-
Horo ypaHa. Mpu npoBefeHnM akcnepumeHToB aetektopsl (N2 1, 2 u 3, panee
HbIM [leTEKTOpaM MHGOPMALMA elle B TPEX TOUKAX MOJENH, TaKXKE PacnosoxeH-
HbIX Ha nosioBuHe BbicoThl B TBC 2, 131 1 475 (panee — Touku d4, d5 u d6).

94 126 n 167, a TpeTbs

yeckoii coopku.
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Yo nMeeTcs B peallbHOCTH TIpeutaraemas MOJIEIb IIPU MOJETHPOBAHHH
ctepxeHb Ha BK crepxenb Ha HK
— — — |
1
I
— cranm — U0, :
1
1
| | !
1
I
ceboensmac L | _|ssewoBaC SU0 e
1 A
: P
160 cm a
— — \ c
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Puc. 8.3. Cxema MoaenupoBaHus aBukeHue ctepxHs B bOC-105-2

PacuyetHas mopenb TBC akTMBHOI 30HbI MO BbicOTe cocTosia U3 51 sYeitku, us
KoTOpbix 20 NEpBbIX CHU3Y iYEeK OMUChIBANK HUXKHIOK TOPLEBYIO 30HY BOCMPO-
M3BOACTBA, Aajiee No BblCcOTe cnefoBanu 11 sueek aKTUBHOM 30HbI U 3aTem 20
fueeK BepxHel TOPLEBOW 30HbI BOCMPON3BOACTBA). Pa3mepsl Aveek: 20 ayeek
no 3 cm (HT3B); 5 aueek no 3 cM, 1 Aayeitka aanHow 4,05 cm, 5 sveek no 3 cm
(Bce — akTuBHas 30Ha); 20 Avyeek no 3 cm (BT3B). Pa3mep rekcaroHanbHoM
pacyeTHOM AYENKW Nof KN4 cocTaBnan 5,1 cm.

Pa3mepbl sueek B cTepxHsax CY3 ykasaHbl Ha puc. 8.3. CrepxHu CY3 copepxar
cocTas, aHanorunyHblv TBC a. 3., HO Hap ykopoyeHHoW BT3B umeetcs 30Ha ¢ no-
rnotutenem. Takum obpasom, Npu OBUKEHUM CTEPIKHA HE TONbKO MOrNOTUTEND
BXO[MT B . 3., HO W TOM/IMBHbI COCTaB a. 3. CTEPXHSA NOKMAAET aKTUBHYIO 30HY
1 onyckaetcs B o6nactb HT3B. 310 06CTOATENBCTBO 3aCTaBAAET MOAEIUPOBATD
nepemelleHne NornoTUTeNs, TONJAWBA W KOHLEHTPALMUA NpeflecTBEHHUKOB 3a-
nasgbliBaloLLMUX HEATPOHOB.

156



Iaea 8. Obcuem sxcnepumenmog mooynem TIMER

Ha puc. 8.2 BbigeneHa ueHtpansHas TBC, rpaHuupbl akTuBHOM 30HbI ¢ TBC, co-
LepXalWwumm fenswuincs matepuan. 3a npegenamu aKTMBHOM 30HbI Pacnonoxe-
Hbl TBC c 06€AHEHHbIM YpaHOM.

Cxema mofiennpoBaHnA ABUXEHUS CTEPKHSA NpeAcTaBieHa Ha puc. 8.3.

HekoTopblie pe3ynbTaThl pacyeToB coopku bOC-105-2 npeacTtaBneHbl B paboTtax
[20; 51] v Huxe.

Ha puc. 8.4 neMOHCTpUpyeTCA M3MeHeHMe Takux NapaMeTpoB KMHETUKM, Kak B,
n A, No CpaBHEHMIO C UCXOAHBIMM BEUUYMHAMM NPU COPOCE Tpex rpynn CTepx-
Heil. Te e napameTpbl, HO NpK cOPOCe OHON rpyNMbl CTEPIKHEN, NpeCcTaBNeHbI
Ha puc. 8.5.

%
Sﬁ

A
A U

—&— betta —— timegeneration

Puc. 8.4. U3meHeHUs napamMeTPOB KUHETUKM B NPOLLECCE [BUXEHWA Tpex rpynn
cTepxHen

N3 3TuX gaHHbIX CNefyeT, YTo NapaMeTpbl TOYEYHO! KUHETUKM B 0OWEM Cyyae
U3MEHSIOTCA BO BpeMeHW. B Hawem cnyyae u3meHeHne B CBA3aHO C ABMKe-
HWEeM CTepHeW, CoAepaliux 4acTu C TONJIMBOM AKTWBHOWM 30HbI U NOFNOTU-
TeneM, BBOAAWMMCA B NpoLiecce ABUXEHUA B aKTUBHYIO 30HY, B TO BpeMsa Kak
MaTepuan akTuHOM 30Hbl (MOX-TOMNMBO), NOKMAAA AKTUBHYIO 30HY, Nepeme-
LAEeTCs B HUXKHWIA OTpaXaTesb, Cofepalimit 06eaHeHHbIN ypaH. 3TOT npoLecc
NPUBOAMUT K POCTY NOAA HEMTPOHOB B HUXHEN 30He BOCMPOM3BOACTBA U, KaK
CnepCcTBUE, K POCTY YMCNa AeneHnii Ha 238U, y KOTOporo BbIX0f 3ana3fbiBatoLmnx
HEWTPOHOB CYLECTBEHHO NPeBbIWAET aHaNOrMYHYI0 BEAUYUHY Y NAYTOHUSA.
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Puc. 8.5. 3meHeHMa napameTpoB KUHETUKMU B NPOLLECCe [BUKEHUA OfHOW rpynmbl
CTepXHen

Ha puc. 8.6—8.8 noka3aHbl BO3MOXHOCTU MOLENNPOBAHUA KUHETUKM peaKTo-
pa TOYeYHbIM NPUBNMKEHUEM [JIS MOLLHOCTYU U MPOCTPAHCTBEHHBIMU DYHKLMA-
MU ANA KOHLUEHTPALMWA NpeflecTBEHHUKOB 3ana3fbiBatowmux HeuTpoHos (pkcj)
B CPaBHEHUM C KNaCCUYeCKUM pelleHneM YypaBHeHU ToueuHol kuHeTukn (pk).
Ha Bcex pucyHkax waru npouecca Ao 10 cootseTcTBYOT 1 € (Bpems cbpoca
cTepxHeir — 10 ¢), a waru nocne 10 cootsercTytoT 10 € Kaxpabii. MpeacTas-
NIeHbl OTKNOHEHUSA NAapaMeTPOB PEeLIeHNs B PA3NUYHBIX MPUOTUKEHUAX MOLENM
TOYEYHOW KMHETUKM OT pelleHWUs ypaBHEHMA nepeHoca HeNTPOHOB B MOAENU
NPOCTPAHCTBEHHON KUHETUKN.
%
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Puc. 8.6. OTKNOHEHMS NONHON MOLHOCTH
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Puc. 8.7. OTKnOHeHMs NOKaNbHbIX MAKCUMYMOB

L 4
L 4
3

01 23 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25
—&— pkmin —ll— pkcjmin
Puc. 8.8. OTKNOHEHMA NOKaNbHbIX MUHUMYMOB

N3 npuBeaeHHBIX [AHHbIX CEAYET, YTO BAPUAHT MOJENMPOBAHNA KUHETUKM pe-
aKTOPa TOYEYHbIM NPUBAMKEHNEM A1 MOLYHOCTU U NPOCTPAHCTBEHHBIMU (YHK-
UMAMM AN KOHLEHTpAUMA npefwecTBEHHUKOB 3anasfblBalowWnx HedTPOHOB
npeanoyTUTeNbHee KNaccuyeckon hopmbl YpaBHEHUN KUHETUKM.

B npouecce ABMXEHUS CTepxHel B cOOpKe U3MEHSAIOTCA A0AW rpynn 3anasgbl-
BalOWWX HedATpoHoB @ , B, /.(t)/Bm(t) (puc. 8.9).
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Puc. 8.9. lonn rpynn 3ana3pbiBaiolmx HEUTPOHOB NpU COPOCE Tpex rpynn cTepxKHei
3a 5 ¢ (BBMXKEeHMe € 3-1 N0 7-10 CEKYHAY)

Ha puc. 8.10 1 8.11 npepcraBneHbl GYHKUWM BANSHWUA ANA Pa3HbIX AETEKTO-
poB o1 d1 go d6 (cm. Bbiwe) (ul—ub) M3 pacyeTa NPOCTPAHCTBEHHON KUHETUKM
(TIMER) 1 yHKUMSA BAUAHKSA, NONyYaeMas B NPeANON0XEHUN NPONOPLUOHANb-
HOCTU BHeCeHHOMY Bo3MyLieHuio (U7). HanoMHMM, 4TO nepBbie TpW feTeKTopa
COOTBETCTBYIOT [IETEKTOPAM B 3KCMepumeHTe. YeTBepThiil AETEKTOP HAXO[MUTCA
B LeHTpe cbopku (TBC 2), natbiii B TBC 131, coceacTByioWeit C OLHUM U3 ABUXKY-
LMXCA CTEPXHel, B 7-M pAAy OT LieHTpanbHOW aveitku. LecToit getektop ctout
B TBC 475, uto B 13-M pApy oT ueHTpanbHon auenku. [letektopsl N2 4, 5,6 n 1
(20-# psap) HaxodATCcA Ha OfHOM sydye. Bce peTekTOpbl pacnonoXeHbl B LEH-
TpanbHOiA 30HE MO BbICOTE COOPKMU.

N3 3Tux puCyHKOB CrepyeT, YTo pacyeTHble DYHKLMKN BAUSHNA NPOXOAAT Cylye-
CTBEHHO Bblle PYHKLMUYN BAAHWA, NOCTPOEHHOW B NPeANON0XEHUN ee Nponop-
LMOHANbHOCTU U3MEHEHUIO PeaKTUBHOCTH (CM. puc. 8.10).

Ecnm npu noctpoeHun dyHKUWUM BAMAHWA 33 KOHeYHYl0 OPMY NONA CYMTATh
MOMEHT 3aBeplUeHna IKCNepPUMEHTa, TO NoBefieHne YHKLUNIA HECKONbKO MEHSA-
€TCA, YTO BUJHO U3 COMOCTABNEHNS NPEACTaBNEHHbIX PUCYHKOB.
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-0,2 T T T T T ; T T T 1
0

—o—ul ——u2 u3 —¥—u4 —¥—u5 —@—u6 —+—u7

Puc. 8.10. Nosepexue dyHKUMI BANAHUA U3 pacyeTa (3slow) HopmMMpoBKa Ha opmy
Monis B MOMEHT 0CTaHOBA CTEPXKHeil
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Puc. 8.11. NosepeHune hyHKUMIT BAMAHUA U3 pacyeTa (3slow); HopMUpoBKa Ha opMmy
noAs KOHLA 3KCNepuMeHTa

B 1abn. 8.1 npepcTaBneHbl faHHbIE MO BO3LEACTBUIO DYHKLMM BAUSHUA HA pe-
3ynbTaT 06paboTKM IKCMEPUMEHTANbHOr0 cUrHana. Moa wratHOM dyHKuUMei
BANAHMA NMoHMManack GyHKuma (7.9), B BapuaHTe «nf» QyHKUMA BAMAHUA W3-
MeHsieTcs OoT O 0 1 B MOMEHT Hayana [BUXKEHWA CTepxHA. B BapuaHTe «ns»
GyHKUMA BANAHMA U3MeHAeTcs oT O o 1 B MOMEHT 3aBeplIeHUA ABMKEHUS
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cTepxHs. B Bapuante «Uj n3 W» dyHKUMSA BAUAHUS U3MEHANACL NPONOPLMO-
Ha/bHO U3MEHEHUIO MOLLHOCTU:

W, —-wi(t
u(t) :1—(), (8.6)
W, W,
rA€ J¥,, W, — MOWHOCTb YCTAHOBKN B MOMEHT Ha4ana v 3aBeplieHns ABuxKe-
HUA CTEPXHA COOTBETCTBEHHO (MKW, MHAYE, MHTEHCMBHOCTb CUFHaNa B 3TW MO-
MEHTbI BpEMeHH).

Take Mcnonb3oBanuCh Age MOAMd)VIKaLI,VIM 3TOro onpefeneHua n3-3a nMmerLe-
ro Mecto npn MeaneHHoMm nepeMeleHuu CTep)KHEﬂ nogbema MOWHOCTW B nep-
Bbl€ MOMEHTbI ABUXEHNA CTep)KHEﬁ.

Ta6nuua 8.1. Ih(heKTUBHOCTL FPyNN MaKeTOB, AONN.

Ne | Oeuxenue Ne Toyey QYHKUAK BIMAHNA
cur-|rpynn cTepi- pe- | Craru-| funa- Has | WWrat- . Ujus | Ujus
Hana| Heit CY3 TT(;e]:a_ Ka | mnKa s onens| nas nf s UTms Wl | gy e
tarra |1 20,26 |-7,00 [-19,20 |-13,38 [-16,69
1 |rpynnbl Meg-| 2 18,86 [-7,59 |-18,03 [-13,32 |-16,60
JIEHHO | 5 21,86 |-8,97 |-21,21 |-14,63 [-21,39
tarra |1 -19,42 |-12,76 [-19,23 |-12,93 [-11,00 |-13,58 [-14,39
2 | rpynnbl 6bi-| 2 -17,47 -13,90 17,25 |-13,63 |-12,51 [-14,26 |-14,80
cTpo 3 21,04 |-17,21 [-19,28 [-21,08 [-13,65 |-14,25 |-14,44
tasoas |1 32,75 |-24,38 [-29,29 |-23,38 [-22,67 |-23,80 |-24,07
3 | 3-arpynne | 2 [-26,33 [-26,30 [-26,43 20,40 [-25,18 |-18,72 |-23,48 [-25,18 [-25,49
Guictpo |4 31,42 |-25,58 [-28,84 |-22,67 [-27,46 |-28,20 [-28,35
tasoae | L 32,30 |-16,26 [-29,24 [-16,13 [-22,60
4 | 3-arpynnbl | 2 |-26,33 [-26,30 [-27,24 |-8,82 |-25,34 [-16,65 [-23,20
MEANEHHO | 5 34,22 110,79 |-31,11 |-22,27 [-29,99
1-9+3-7 ! [1476
5 |rpynnbl meg-| 2 -17,97
NIEHHO | 4 14,46 20,27

* [Ins BapuaHTa NOLbEMa MOLHOCTY NPY Havane cbpoca cTepxkHei B NpaBoi YacTu (8.6)
UCNOMb3YeTCA MHOXUTEND

max{[W, =W ()], [W (=1)]Y W = 12),

rae W(i) — MOWHOCTb YCTAHOBKM Ha warei ; W, — MaKCMManbHas MOLIHOCTb B Te-
YeHue npoliecca N3MepeHus.
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** [N BapuaHTa NOAbEMA MOLWHOCTM NpU Hadyane cOpoca CTepKHeN B NPaBoil YacTu
(8.6) Mcnonb3yeTCs MHOXUTEND

max [0 O] [ O Gy 0 w,).

K 1abn. 8.1 MOXHO [aTb Cleayiolnii KOMMEHTapuit. PasnuyHble BeAUYUHbI pe-
aKTUBHOCTM NOJIyYeHbl U3 PACYETOB CTaTUYECKOro (KaK pasHOCTb COOCTBEHHBIX
yncen ycnoBHO-KPUTMYECKMX 3afay ANA UCXOLHOTO M KOHEYHOTrO MOJOXKEeHMI
ctepxHeit CY3) u guHamnyeckoro (kak pesynbtat pewenus 3agayn OPYK npu
M3BECTHOM M3 pacyeTa M3MEHeHUW MOLLHOCTM peaKkTopa Npu nepemeLieHnm
cTepxHeit CY3 oT UCXOAHOTO 4O KOHEYHOTrO MOMIOXKEHWIA) cocTosAHUA. PasHuua
pe3ynbTaToB CBA3aHa CTeM, YTO B CTaTUYECKUX pacyeTax paccMaTpuBaloTcs
aCMMNTOTMYECKMe COCTOAAHMSA, PaBHOBECHbIe MO 3ana3fblBaloWMM HENTPOHaM.
B auHamuyeckux pacueTax AONA HeATPOHOB, MOABAAIOWMXCA B faHHbIA MO-
MEHT BpPeMeHM OT pacnaja npeplecTBEHHUKOB 3ana3fblBalolWnX HeRTPOHOB
CpeAun BCex HeTPOHOB, MOABAAIOWMXCA B LAHHBI MOMEHT BPEMEHHU, MeHAeTCA
BO BpemeHu (puc. 8.12). B pe3ynbTate pasnuymii CNEKTPOB MFHOBEHHbIX U 3a-
nasabiBaloLLMX HENTPOHOB, @ TaKXKe TOro akTa, YTo 3ana3fbiBaloLme HENTPOHbI
POXAATCA OT NpejWecTBEHHUKOB, 06pa30BaBIINXCS B NPeablAyLMe MOMEHTbI
BPEMEHMW, T. €. COXPaHAIOT POpPMy NONA HENTPOHOB, UMEBLIEr0 MECTO HEKOTOpPOe
BpPeMs Ha3ap, ¥ BO3HWKAeT HECOBNAieHMe pe3ynbTaToB. TakuM o6pa3oMm, oLeH-
Ka peaKTUBHOCTU M3 pelleHns YCIOBHO-KPUTUYECKON 3aAaun B TeYeHne HecTa-
LLMOHAPHOro NpoL,ecca He MOXET NONHOCTbIO NPOABUTLCS, @ NPOABNAETCA NNLLb
peaKTMBHOCTb, pacCuMTaHHas B HecTauMoOHapHONW 3apaue. loxanyi, 3T ABe
peaKTMBHOCTM CefyeT NOHUMATb TaK: NepBYyl0 — Kak OLEHKY BO3MYLLEHUS, CO-
BEPLIEHHOTO C GECKOHEYHO Manoi CKOPOCTbIO, @ BTOPYIO — KaK PeaKTUBHOCT,
MCNoJIb30BaHME KOTOPOM B YPaBHEHUN TOUEYHON KMHETUKN 06ECneyuT TOUHOoe
3HayeHWe MOLLHOCTM peakTopa B KaXAbli MOMEHT BpeMeHu. BTopas peakTus-
HOCTb peanu3yetcsa Ha NpakTuKe (B IKCMEpUMeHTax, Npu 3Kcnayatauum PY).

3pech BCTaer BOMPOC O BEJIMYMHAX PEAKTUBHOCTU, NPUCYTCTBYIOLWNX B NPOEKTAX,
KaK npaBuio, NONYy4Y4E€HHbIX U3 CTaTUYECKNX pacyeToB.

Ha puc. 8.12 npeacTtaBneHo pacyeTHoe U3MeHeHWe peakTUBHOCTU Nocie 3aBep-
LIEHWA [BUKEHNA CTEPXHE Npu ux cbpoce 3a pasHoe Bpemsa («ro01» — cbpoc
3a0,1c «rol» —3a1c «ro5» —3a5c, «rol0» — 3a 10 ¢, «ro50» —3a 50 c).
Kpusas «exptime» yKka3biBaeT NpMMepHOe BpPeMs 3aBeplIeHNA IKCNepUMeHTa,
TaK KaK K 3TOMY MOMEHTY ypOBeHb W3MepAemoro CurHana CTaHOBWUTCA COMo-
CTaBUMbIM C POHOM. MI3MeHeHWs peakTUBHOCTU ANs pa3Hbix BapuMaHToB copoca
O1U3KW ApYr K APYrY, OTKJOHAACh 33 BPEMsA NPOBEAEHUA 3IKCMEpUMEeHTa npu-
MEpHO Ha 4% MCcxoAHOI BennynHbl. OfHAKO ecTb U pas3nuuus, obycnoBneHHble
ABymA cdaktopamu. MNepsBbii — 3TO ypoBEHb NONA HEATPOHOB, B KOTOPbLIA BBO-
AMTCA cTepxeHb. Mpu 6bICTPOM BBOAE NOFNOTUTENb NONAAAET B 60O NOTOK
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HENTPOHOB, W B TaKOM C/ly4ae A0S NOMOWEHNUSA HEATPOHOB B HEM BbIlUE, YEM
npu MeafieHHOM BBOAE, T. €. PEAaKTUBHOCTb NpU ObICTPOM BBOAE NOrNOTUTENS
[OMKHA ObITb BbIlE, YEM NPU MeANeHHOM BBOAe. BTopoii dakTop cBA3aH c 3a-
nasabiBaloLWMMM HeidTpoHamu. Mpu GbICTPOM BBOAE CTEPXKHA MOLWHOCTL ObICTPO
nafilaeT, v NpeflecTBEHHUKOB 3ana3fblBalolWMX HENTPOHOB, pacnagatlowuxcs
no3e, B 3TOM C/ly4Yae HaKOMUTCS MeHblue, YeM Npu MepneHHoM Beofge. [po-
ABIEHUS 3TUX PAKTOPOB MOXHO BMAETb Ha pUC. 8.12, rae Ha MOMEHT OCTaHOBKM
CTEPXKHA BHECEHHAs PeaKTUBHOCTb TeM 6oJiblue, YeM ObicTpee BBOAMACS CTep-
)KeHb, a 3aTEM CO BPEMEHEeM PeaKTWBHOCTb CTaHOBMTCA Gonblieit ans Gonee
Me[/IEHHOr0 BBEAGHHOTO CTEPXKHSA, KOrAa NPOABNAETCA BAMAHME 3ana3fbiBalo-
WMX HENTPOHOB. B KoHLe npolecca 3aMeTeH pocT peakTUBHOCTH, CBA3aHHbIN
C 3aMe[/ieHNEeM NpoLiecca NafeHUs MOWHOCTU M3-3a NPOSBIEHUS BHEWHNUX UC-
TOYHMKOB HEITPOHOB.
TIOJII.
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Puc. 8.12. U3MeHeHMe peakTUBHOCTY Nocsie C6poca Tpex rpynn CTepHeN C pasHou
CKOpOCTbIO

Ecnu ykasaHHble npuymnHbl 06ecneynBaloT HebobLIKE OTAUYMA B BENIUYKHE pe-
aKTUBHOCTU, TO 06LLEe U3MEHEHE PEaKTUBHOCTM NOC/E 3aBepLlieHUs ABUKEHUS
CTEPXKHA COCTaBAAET 3aMeTHYI0 BennunHy — 4%. [puyem 37a BenmumHa onpe-
LeNeHa No W3MEHEHUIO MOLWHOCTU KPUTUYECKOW COOPKM (T. €. MHTErpasbHOro
M3MEHeHUs), a MPY OLLEHKE TaKOTro M3MEHEHUSA NO NIOKANIbHOMY NOBEEHUIO NONSA
3HeproBblAeNeHns, HanpyuMep No CUrHany feTeKTopa, Pacnon0oXeHHOro B onpe-
LEeNEeHHO TOYKe, CnefyeT 0Xuaath 60nee 3HaYUTENbHBIX U3MEHEHN I MOLHOCTY
(cM. HUXKe).
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[laHHOe 06CTOATENbCTBO NOATBEPKAEHO 3KCNEPUMEHTANLHO NMPU U3MEPEHUN
3t deKkTuBHOCTU cTepxHs AP peaktopa BH-600 npu cOpoce ero c pasHoit cko-
pocTbio. IPGeKT CBA3AH C HaNMYMeM 3ana3fblBaloLMx HERTPOHOB U HEHTPOHOB
«BHELWHEro UCTOYHMKA» (CMOHTAHHOTrO AeneHus u np.). IhdekT umeet mecto
LN NoBbIX BEMMYUH PEaKTUBHOCTH, YCUNMUBAACH ANA BONbLKX 3HAYEHUI, T. €
0YeHb BAXEH [/ OLLEHKU aBapuUAHbIX CUTYaLUIA.

Pe3ynbTathl aHanM3a 3KCMEPUMEHTANbHBIX CUTHANOB NPU U3MepeHun 3ddek-
TUBHOCTU cTepxkHel AP npeacTaBneHbl B Tabn. 8.2. U3-3a HeGonbwon addek-
TUBHOCTU CTEPIKHE pe3ynbTaT 06paboTKM cMrHana cnabo 3aBuUCKT OT BbiGOpa
GyHKLNUM BAUAHMA.

Ta6nuua 8.2. IhekTMBHOCTL AP-MaKeToB, LieHTbI

Ne Ne |PeakTus- Toueu- DyHKuMM BAMAHUR

cur- [ CurHan | petek-| HoCTb Has . . Ujus
WratHas| nf n 3 W |Ujus W4

Hana Topa | pasroHa | mMojenb atHa s Ujus W \Ujus W **

1 12,987 [-33,26 |-34,04 |-33,96 |-34,13 |-34,04 [-34,05 |-34,04

6 |AP(220)| 2 13,152 |-33,68 |-34,24 |-33,87 |-34,51 |-34,25 (-34,28 |-34,25

3 13,174 |-33,71 |-27,88 |-26,71 |-29,01 |-27,89 (-28,04 |-27,93

1 7,078 |-39,01 |-40,85 (-40,78 |-40,17 |-40,33 |-40,33 |-40,33

7 |AP(213)] 2 7,175 |-39,40 (-39,93 [-39,77 |[-40,39 |-40,11 |-40,11 |-40,11

3 7,001 |-39,39 |-39,98 |-39,85 [-40,21 [-40,19 |-40,19 |-40,19

* Ins BapMaHTa nofbemMa MOLWHOCTY Npu Hayane cbpoca cTepkHelt B npaBoii YacTu (8.6)
UCNOMb3YETCH MHOXUTEND

max {[ W, =W @)], [W (=1)] Y (¥ =),

rpe W(l) — MOLWHOCTb YCTAHOBKK Ha ware i ; I/VmaX — MaKCuManbHaa MOWHOCTb B Te-
YeHue npouecca namepeHus.

** [Ina BapuaHTa nofbeMa MOWHOCTM NpW Hadyane cbpoca CTepxKHel B NpaBoit yacTu
(8.6) ucnonbayetcs MHOXUTENb

max {[W, - ()], [W ()~ (-1)] y (7, -W.)-

Pe3ynbTaThl 06paboOTKM IKCNEPUMEHTOB NO U3MEPEHNIO 3HEKTUBHOCTU CTEPXK-
HA AP B kputcbopke BOC-105-2 npeacTaBneHbl Ha puc. 8.13, rae MMs KpuBoi
dbNcdK cooTBeTcTBYET CMUrHaMy € pa3roHOM [0 Havana cbpoca € NoAOKUTENb-
HOW peakTUBHOCTbIO B N LLEHTOB M NONyYeHMEM CUTHaNa Ha JeTeKTope C HoMme-
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pom K. W3 3Tux faHHbIX cnegyeT, 4to npu 6onee GbICTPOM POCTe MOLHOCTU [0
Havyana cOpoca cTepxHs (BapuaHTbl db13 COOTBETCTBYIOT Pa3roHy C MONOXKM-
TeNbHOW PeakTUBHOCTbIO B 13 LeHToB, a db7 — € NONOXUTENBHON PeaKTUBHO-
CTbl0 7 LEHTOB) [0NA 3ana3fblBalolWnUX HENTPOHOB B OOLWEM YUCIE MOSABASAIO-
MXCA HENTPOHOB B JaHHLIi MOMEHT BPEMEHU B YMEeHbIIAeTCS, U UX MeHbluas
[ONsi COXPAHAETCSA B TeYeHWe BCero akcnepumeHTa. Mpu 3Tom 3a Bpems cbpoca
CTepXHs (BBOAA OTPULATENbHOM PEAKTUBHOCTU) AONS YKA3aHHbIX 3ana3fbiBato-
WWX HEATPOHOB B 06LEM YMCe HETPOHOB 3aMeTHO pacTeT. MpupalyeHue 3Toil
A0/ NOYTH COOTBETCTBYET NPUBEAEHHOI B Tab1. 8.1 BeNUYMHE OTPULATENbHO
PEaKTUBHOCTH.

Bm
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0,0041 :
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0,0035 + T T T T T T 1
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Puc. 8.13. [lons 3ana3abiBatolimMx HENTPOHOB B NONHOM Ux reHepauuu (0 — cTapr,
warn 1—13 — aBuxeHue cTepxHa AP, ¢ 20-ro wara yepes 10 c npolecca)

3necb MOXHO COPMYNMPOBATL YCNOBUE PA3rOHa PeakTopa Ha MrHOBEHHbIX
HEMTPOHAX: eCU NpW pasroHe PeakTopa [o/s HeUTPOHOB, NOABAAIOWMUXCA OT
pacnagos ux NpeaLecTBEHHUKOB, CTPEMUTCA K HYIIO, TO TaKOM peakTop pasro-
HAGTCA Ha MIHOBEHHbIX HEMTPOHAX.

Takum 06pa3om, Npy ONEPUPOBAHMHN C YPABHEHUAMM TOUEYHON KUHETUKN UMeeM
AeNo ¢ AByms npeanosoxeHusmu. Mepsoe — pasgeneHue NpoCTPaHCTBEHHO-
3HEPreTUYeCKUX U BPEMEHHOI NepeMeHHbIX A1 NNOTHOCTM NOTOKA HETPOHOB.
BTopoe — napameTpbl CaMOro YpaBHEHMUs NONYYAIOTCA U3 PeleHUs YCIOBHO-
KPUTUYECKMX 3aJay C fONeil 3ana3ablBaiolmx HEMTPOHOB Cpepu BCex Npoay-
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Uupyembix HEVITpOHOB, COOTBETCTB_\/FOU.LEﬁ CTauMOHApPHOMY COCTOAHUIO, YTO Ha-
pywiaeTca B HeCTauMoHapHOM npouecce.

Ha puc. 8.14 npepcraBneHa Ta xe MHGOpPMaLMaA, HO ANA ABYX CKOPOCTel nage-
HUA Tpex rpynn cTepxHeit (6yKBbl «s» U «f» 0603HavatoT cobpoc 3a 10 cm5 ¢
COOTBETCTBEHHO.
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Puc. 8.14. [ons 3ana3abiBatoLimMx HeHTPOHOB B NONHOM UX reHepauuu (0 — cTapToBoe
cocTosaHue, warn 1—10 —pBuxeHune ctepxHa no 1 ¢, ganee — war yepes 10 c npo-
Lecca)

3pech pasHble foau Ansa pasHsix getektopos (d2 no cpaBHeHuio ¢ d1 u d3) ceu-
LETeNbCTBYIOT O Pa3HOM U3MeHeHUK HOPMbl NoAs HEMTPOHOB BOAK3N 3TUX fe-
TEKTOpPOB.

[lns aKcnepUMeHTaNbHOM OLEHKM BHECEHHOTO B PEAKTOP BO3MYLLEHWUS UCMOb-
3yeTcs 06paboTKa IKCNEPUMEHTANbHOMO CUTrHana Ha 6ase pewenus OPYK, obe-
cneynBaloWwas MUHUMAJIbHYIO MOTPELWHOCT IKCNEPUMEHTANIBHOTO pe3ynibTaTa.
[lns 3TOro pelwaeTca TpexnapameTpuyeckas 3afaya, B KOTOpPOW Tpu onpepense-
Mblx napameTpa (peakTMBHOCTb R, OTHOCUTENbHAA 3D HEKTUBHOCTb LETEKTOPA ®
V1 BEIMYUHA BHELHEro UCTOYHMKA ) NPefcTaBAAIOTCA HEU3MEHHbIMU BENUYU-
HaMu nocne BHeCEHUA BO3MYyLUEHU — cM. (8.4).

0nHaKo B peanbHOCTY CyLLECTBYET 3aBUCUMOCTb CTAOUNBHOCTY 3TUX BENUYMH OT
B3aWMHOr0 pacnofoXeHMa MecTa BO3MYLIEHWUA M MeCTa PacnoNoXeHNsa AeTek-
Topa. Ha puc. 8.15—8.17 npeacTaBNeHO U3MEHEHWEe OTHOCUTENbHON 3ddek-
TUBHOCTM JeTeKTopa ® npu ABUXKEHUU CTepxHA B nepsble 10 ¢ npouecca u B
nocnegytoliee BpeMs B pasHbix MO BbicOTe Touykax TBC Kputuueckoit c6opku
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B®C-105-2 (HomMepa B UMEHW KPUBbLIX COOTBETCTBYIOT HOMEPAM PaCUeTHbIX Aye-
ek cHusy Beepx TBC ¢ ueHTpanbHoii aueiikoit N 26). MpeacTasnersl TBC, B ko-
TOpbIX ObIM pacnonoxeHbl getektopbl N2 1, 2 1 3 COOTBETCTBEHHO B UX LiEH-
TpanbHbIX TOYKax. M3 puCyHKOB cnepyeTt, 4To KpaiHue TOUKM (KaK HUKHUE, TaK
 BEPXHWE) HE OTANYAIOTCA COXPAHEHWUEM OTHOCUTENbHOW 3EKTUBHOCTU Je-
TeKTopa.

Mepeble 10 WwaroB cOOTBETCTBYIOT BpeMeHU 1 ¢, a B fanbHEMWeM Kaxablii war
cootBetcTByeT 10 c. M3 puc. 8.15 cnepyert, 4to oTHOCUTENbHAA 3 (HEKTUBHOCTD
petektopa B Toukax TBC 1123 (rme B Touke 26 ctosn getektop Ne 1), no Bpe-
MEeHW W3MEHAETCA No-pa3HoMy. TaK, B KpaiiHMX TOYKax Aaxe mocie oCTaHOBa
CTEPXHs HabNoJalTCs AOBONbHO 3HAYUTENbHblE U3MEHEHWs paccMaTpuBae-
MOW BENMYUHDbI.
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Puc. 8.15. OTHocuTenbHas 3 HeKTUBHOCTL fAeTeKTopa B Toukax TBC 1123 u3 pacyeta
(3slow)

AHanormyHble U3MEHeHWs XapaKTepHbl W ANA W3MEHEeHWUs OTHOCWUTEeNbHOW 3¢-
tektusHocTu fetekTopos B TBC 1257 (B Heit cTosn petektop N2 2) u 8 TBC 1201
(netektop N2 3) — cMm. puc. 8.16 1 8.17. Vi3meHeHMA oTHOCMTeNbHON 3tdek-
TUBHOCTM NOC/Ie OCTAHOBA CTepXHeit cocTaBnatoT B Touke N2 26 gna TBC 1123
makcumym 0,0109 1 npu 3aBepweHun skcnepumenta 0,0024, pna TBC 1257
— makcumym 0,0102 1 npu 3aBepweHun akcnepumenta 0,0036, gna TBC 1201
— makcumym 0,0119 v npu 3aBeplwenun 0,0040, B Touke N2 29 gna TBC 1123
— makcumym 0,0103 1 npu 3aBepweHun 0,0048, pna TBC 1257 — makcumym
0,0095 1 npu 3aBepweHumn 0,0075, gna TBC 1201 — makcumym 0,0110 u npu
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3aBeplieHnn 0,0016. Takum 06pa3oM, MOKHO KOHCTaTUPOBATb, YTO BO BCEX CNy-
Yasx HauMeHblUWe M3MeHEeHUs MOC/ie OCTAHOBA CTepXHel HabniogaloTca Ans
LeHTpanbHbIx Touek TBC, yTo noaTBEPXKAAET NPaBUNbHOCTb pa3MelleHmns eTek-
TOpOB MO LeHTPY BbicoThl TBC B Touke No 26.
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Puc. 8.16. OTHocuTenbHasa acdekTMBHOCTL feTekTopa B Toukax TBC 1257 u3 pacyeta
(3slow)
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Puc. 8.17. OTHocuTenbHas atdekTMBHOCTL AeTekTopa B Toukax TBC 1201 u3 pacueta
(3slow)
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Ha puc. 8.18 KkpuBas ¢ «ro» COOTBETCTBYET UHTErPaNbHOM PEAKTUBHOCTU peak-
TOPa, a KpUBbIe «roK» EeMOHCTPUPYIOT PEAKTUBHOCTb B TOYKAX PACMONOKEHHUS
petektopos (d1—d6) B mogenu cb6opku BPC-105-2, npencTaBieHHOI Bblle.
BuaHO, 4TO peaKTUBHOCTb TaKKe MOXET MEHATbCA MOC/e 3aBeplieHUs BO3MY-
weHus (cM. puc. 8.12), 4to CBA3aHO C NepepacnpefeneHuem nNIoTHOCTU Nons
HETPOHOB MO NPOCTPAHCTBY peakTopa. [103TOMY ANA CHUKEHUS 3KCNEpUMEH-
TaNIbHOM NOTPELHOCTM OLEHKN PEAaKTUBHOCTU HEOOXOAMMO 060CHOBaHUE MeCTa
pacnonoxeHus feTeKkTopa, 06ecneynBaloLLero MUHUMU3aLuIo NorpelwHocTy. 13
puc. 6.18 cnepyerT, 4TO UHTErpasbHasn PEaKTUBHOCTb U PEaKTUBHOCTb B LIEHTpE
a. 3. U3MEHSAKTCA MUHUMANLHO (ro4). PeaKTUBHOCTb B MECTAaX PacrosioXeHUs
peanbHbix AeTekTopos (rol, r02 1 ro3) BO3pacTaeT co BpEMEHEM, O4EBUAHO, U3-
3a nepepacnpegeneHus Gopm-dyHkLuU. To ecTb ocTaBlIeeCs Noie HENTPOHOB
nepepacnpefensercs K UeHTpYy cOOpku. N3MeHeHUs peakTUBHOCTM B MecTax
pacnonoxeHus AeTEKTOPOB B NPOLECCE U3MEPEHMSA cornacHo puc. 8.18 poctu-
ratot 40%.
JOJLI.
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Puc. 8.18. N3meHeHMe peakTMBHOCTM MO 3aBeplueHUm ABUXEHUA (3a 1 c) Tpex
rpynn ctepxHen Ha bOC-105-2

[laHHbIl NpuMep MANOCTPUPYET BO3MOXHOCTM WCMOJIb30BAHMA MpPOrpamMmbl
NPOCTPAHCTBEHHON KMHETUKU A1 MOMUCKA ONTUMANbHbIX MECT pa3MelleHns ae-
TEKTOpOB (KaK BHE pPeaKTopa, Tak W BHYTPYU €ro) € TOYKM 3pEHNUS MUHUMU3ALUY
MOrpeLwHOCTU IKCNepUMeHTa.

Ha puc. 8.19 npepctaBneH nepuop pasroHa peakTopa, T. €. BPEMs YABOEHUs
MowWHOCTM — cM. (5.2), ANA IKCNEpUMEHTa Ha KpuTuyeckol c6opke bDC-2
C YNJIOWWEHWEM a. 3. OKONO 3, NPUYEM Nepuoabl NONYYEHbI MOTOUEYHO, T. €. 6e3
cunbTpaumn curiana. OcHoBHas TEHAEHLMSA MEHbLIEro Nepuoaa Ans AeTekTopa
NS 2 npu NofbeMe CTEPXKHSA, PACMONOKEHHOTO PAKOM C HUM, 6IM3KO K OfjHOMY

170



Inasa 8. Obcuem sxcnepumenmog mooynem TIMER

U3 KpaeB cOOpKM, Xopowo oTcnexusaercs. MNepuog no 3ToMy [ETEKTOpY OKa-
3bIBAETCS MeHblUe ABYX APYTUX U N0 NorMke 06paboTku curHana Ha PY (aea u3
Tpex) AOMKeH ObiTb UCKNIOYEH M3 06PABOTKK, XOTA B JAHHOM Cilydyae Bce fe-
TEKTOPbl PA6OTAIOT HOPMAJILHO U OTPAKAIOT PeanbHYI0 CUTYaLMIO HA YCTaHOBKe.
Mo noruke paboTbl CUCTEMbI YNPABNEHUS CaMblil HYXHBIA cUrHan Gyper aToii
cucTeMoil 3abpakoBaH, U MUHUMANbHBIA Nepuop PocTa JIOKANLHOrO TemnaoBbige-
neHus 6yaeT HopMMPOBATLCA CUCTEMOI C 3aNa3abiBaHUEM B HECKOJIbKO CEKYH,
No AaHHBIM BYX OCTABLIMXCS AETEKTOPOB.
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Puc. 8.19. Mepuopgsl pa3roHa no AaHHbLIM TPEX AETEKTOPOB

OueHum ponto 3anaspbiBalOWMX HEATPOHOB CpPeAW BCex B Touke (r,f) Kak
B, (r,t) — cm. (2.3), HOpMMPOBAHHYIO HA AOMIO 3aNa3AblBalOLMX HENTPOHOB
B MOMEHT Hayana ABMXEHWUS CTEPXHA ANA Tpex LeTEeKTOPOB.

PR RACH!
i

D,(r,t) = 1 , (8.7)
(1-;3)]7 j dEz UL S Q(E, 7, 1)+ ijc; (r,0)
s 1 L]
UIn oNsa 3KCNEPUMEHTaNbHOro CUrHana
Z?x.jc;(r, 1)
D,(r,1)= (8.8)

(- B)A{r, RN AN
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rae A(¥%, t) — 3KCNepUMEHTaNbHbIA CUTHAN; I, j — WHAEKCHI HYKAWUAA U rpynmbl
3anasfblBaloWmnx HeTPOHOB.

JTa BEIMYMHA, HOPMMPOBAHHAA Ha AOJI0 3aNa3fblBalOLLNX HEATPOHOB B MOMEHT
Hayana ABUXeHUA CTePXHA, U npefcTasneHa Ha puc. 8.20 ana Tpex 4eTEKTOPOB.
BuaHo, 4To pnA BTOpPOro geTeKTopa OHa OTAMYAeTcA OT ABYX APYrux U noka-
3bIBaeT, YTO B MeCTe pa3MmelleHUa AeTeKTopa A0 3ana3fblBaloWmnx HeTPpoHOB
cpeau Bcex NoABNAIWMXCA B MOMEHT f HEMTPOHOB MeHbLUE, YeM B APYruX ABYX
TOYKax. JTO KaK-TO OTpaxaeTca Ha nepuoje pasroHa — nepuope yABOeHMA
MoWHOCTU curHana (5.2), — TaK Kak ecnu 31a gons GyAeT CTPeMUTLCS K HYJIO,
TO NEpUOf TaKKe YCTPeMUTLCA K HyNI0.

1-
0,98 \
0,96 \

0,94 \

0,92 \

0,9 \

0,88 \

0,86 \

N
0,84 T T T T T T T T T 1
30 40 50 60 70 80 90 100 110 120 130

—dIn1 din2 —dIn3

Puc. 8.20. [lonu 3ana3pbiBatolLnx HENTPOHOB CPefM BCEX HENTPOHOB B TOYKAX pac-
NONIOXEHNA AeTEKTOPOB, HOPMUPOBAHHbBIE HA [1O/IN B CTALMOHAPHOM peXume

Ha puc. 8.21 npeacraeneHa oueHKa peakTMBHOCTM, CHOPMMPOBAHHAsA HA OCHO-
BE CUrHaNa Ha KaXK4oM 13 AeTeKTOpoB. M3 puCyHKa 3aMETHO OT/IMYME PeaKTUB-
HOCTM BTOPOTO JETEKTOPA OT ABYX APYIUX B CTOPOHY 3aBblleHNs. ITO 3HaUeHne
PEAKTMBHOCTM OTPAXaeT TOT (haKT, YTO OHA €CTb JILb NAapaMeTp YPaBHEHUS Ku-
HETUKW AN MOLHOCTY TENNOBbIAENEHUS B MECTE PACTONOKEHUA AETEKTOPA.
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0,16

0,14  ——ma—
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0,08 Z

0,06 //

0,04 yzZ4
0202 4

O T T T T T T T T T 1
30 40 50 60 70 80 90 100 110 120 130

—r1 —r2 —1r3
Puc. 8.21. PeakTMBHOCTM B f0NAX [3 N0 NOKa3aHUsSM TpexX LETEKTOPOB

Mpeanonaras cucTeMy YpaBHEHUN KUHETUKU AN KAXAOM U3 MOHM3ALMOHHBIX
Kamep B Buae

AEED o) ar 1+ 3,0
o (8.9)
T = BJ.A(I", f) _x‘,—C,’(r’ t)a

rae C,(r,0)=Y ¢, ,(r,1),

MMeeMm pelweHune gna KOHLLEHTpaLLMVI npepwecTBeHHNKOB 3ana3abliBaloWnx HeW-
TPOHOB B MOMEHT £,,; NO OTHOLEHUIO K UCXOLHOMY MOMEHTY BPEMEHMU t, cuc-
NoNb30BaHWEM HEABHOW CXeMbl

C'n+1(r)_C' n
— () =B, 4,,(N-1,C, ("), (8.10)
T

unn

TﬁjAnH (r) + C/',n (r)
1+A;1 '

C/"n+1 (I") =

Ecnu onpenenuts CKOPOCTb BLIXOAA 3ana3fbliBalolLMX HEATPOHOB CefyoLMM
obpasom:
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$,()=3%,C,, ),

TO MOXHO 3anncaTtb

S,(r)

D,
*) (l B)A »+S,()

(8.11)

W OnpefenuTb peakTUBHOCTb B BenyMHax B 13 (8.9) c yyeToM Manoctv nesou
€ro YacTu TakK:

S () 1 S (r)
= =—|1- 1 . 8.12
P =0 ) 4 Q@&@} (812)

Ecnn Bocnonb30BaThCsA OLEHKO NOBEAEHNA CUTHANA B PEAKTOPE C HEOOMbLIUM
3HayeHueM peakTuBHOCTM U3 [38] — cM. Takxe (6.19) — ans ofHOrpynnoBoro
npeAcTaBfeHWs 3ana3fbiBaloWwux HEMTPOHOB B BUAE

__ P _B-p p Ap
A(t) = AOB—peXp( X tj+AOB pe p(B pj’ (8.13)

T0 6€3 MrHOBEHHOM COCTaBfiAoWEN ANA aCUMNTOTUYECKOTO POCTa CurHana npu
MONOXKMUTENbHOW PE€aKTUBHOCTM nojsiy4aeMm

B Apt
A(t) = =2, 8.14
Q) AOB—peXp[B—p] (8.14)

Unun, eChn peaKTUBHOCTb OL,€HEHA B BEJIMYMNHAX B,

A1) = Aﬁ—pe p(l}”péj (8.15)

u,onpepenss T Kak Nepuof pasroHa, T. € BpeMs YABOEHUA aMNIUTYAbl CUTHaNa,
nonyyaem

2= ! exp ApT . (8.16)
I-p I-p
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Otciopa

;_nR20-p]i-p _m[0-p] s,

, (8.17)
A P A B4 -S

n

M ecnu MOHMMaTbL NOJ A CPefHIO CKOPOCTb pacnaja Bcex rpynn npejecTseH-
HMKOB 3ana3AblBaloLLyX HEMTPOHOB M yYeCTb TO, YTO OHA He U3MEHSAETCA CO Bpe-
MEHeM, TO Npu ManblX 3HAYEHNAX PEaKTUBHOCTU HepBbIVI COMHOXUTEeNb MOXHO
CYNTATb YCNOBHO «HEU3MEHHbIMY». PaccMOTpeHWe BTOPOro COMHOXMUTENA NOKa3bl-
BAET, YTO B CTALLMOHAPHOM COCTOSHUM BeNnUMHa A — CKOpOCTb 06pa3oBaHus
npepjLecTBEHHNKOB 3ana3AblBaloLMX HENTPOHOB — BCErAa paBHa CKOPOCTU pac-
naja npefecTBEHHUKOB, T. €. CKOPOCTU 06Pa30BaHMA CaMUX 3anasfblBatoLmX
HeliTPOHOB W3 3TUX NPeALIeCTBEHHUKOB. Takum 06pa3oM, ANA CTaLMOHAPHOTO CO-
CTOSIHWA NEPUOJ, Pa3roHa BCerfa CTPEMUTCA K GECKOHEYHOCTH.

T= 1n[2§ P) Dé (lDB). (8.18)
n

Ecnn ke pona D, yCTpeMUTCA K HYJIO, YTO COOTBETCTBYET CUTYyaLUK C pa3roHOM

Ha MTHOBEHHbIX HEMTPOHAX, TO COrnacHo yucnutenio B (8.18) nepuop pasroHa

TaKxe ycTpemutca K Hynto. NoHumas noj poneit 3anaspblBalolmx HeTPOHOB

Cpefu Bcex HeTPOHOB B CTaLMoHapHoM coctosHun D, , hakTuyecku pasHoe

no onpefeneHuio 3HaYeHuno P, nonyyaem us (8.18)

- In[2(1-p)] D, (1—an,0)= mn[2(1-p)] (1-D,,)D,/D,, |

(8.19)
A Dn‘0 -D, A 1-D,/ Dn‘0

Hanbonee 4yBCTBUTENbHLIM 3HAYEHUE NEPUOSA OKA3blBAETCA K BENMYNHE 3HA-
MeHaTens BTOPOr0 COMHOXMUTENs, NOBEAEHWE BbLIYNTAEMOr0 BO BPEMEHU
(D,/D,,) kotoporo npepcrasneHo Ha puc. 8.20. Mo BpemeHn pasroHa ans
ofHoro momeHTa BpemeHn D, /D, , pns pasHbix Kamep MakCUManbHO OTIMYa-
eTcs Ha BeanyuHy 0,007—0,008, yTo obecneynBaeT OTKNOHEHWE 3HAYEHUS BTO-
poro comHoxuTens B (8.19) B 1,07 pa3a u ans nepuopa B 50 ¢ AaeT OTKIOHeHUe
B Nepuofax AN pasHblX KAMep B 3—4 ¢, YTO U HAO/MIOAAETCSA B IKCNEPUMEHTE.

Ha puc. 8.22 n 8.23 npefcTaBneHbl MU3MeHeHUA foNer 3ana3fblBatolnx HelTpo-
HOB W PEaKTUBHOCTM MO NoKa3aHuaM Tpex fetektopoB (N2 1,2 u 3) npu u3mepe-
HUK PeaKkTUBHOCTU MeTofoM cOpoca cTepxHsa Ha BOC-2 ans BapuaHToB: 3 — U3
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KPUTUYECKOro MONOXEHUs; b — M3 COCTOAHUA NPeABapUTENbHOMO «PasroHa»
peaKTopa Heu3MepsieMbiM CTEPXKHEM; C — U3 COCTOSHUA NpefBapuUTeNbHOro
«pa3roHa» peakTopa U3mepsiemMbiM cTepHEM. VI3 3TUX AaHHbIX ClefyeT, 4To no
3aBeplieHUI IKCNEPUMEHTA UMEEM OTINYNS B OLLEHKE PEAKTUBHOCTU CTEPXKHS
Gonee 5% npu cOHpoce CTEPXKHSA U3 KPUTUYECKOTO NONOMKEHUA U U3 COCTOAHMS
«pa3roHay, YTo MOXHO 06bACHUTL pasHoli goneit B_(7; £) B cbOpKe Ana BapuaH-
TOB npouecca U cneyndUKoi 3aBUCUMOCTU CEYEHNUIT OT IHEPTuu.

1.2

e

115 /
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~ y
/
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0 \\
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Puc. 8.23. PeakTMBHOCTM B LieHTax N0 NMOKa3aHUAM Tpex JeTeKTOpOoB
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370 03Hayaer, 4o Npu cpabatbiBaHUK cTepxHa CY3 nNo curHany aBapuiiHoi 3awu-
Tbl, HANPUMep 13-3a YMeHbLIeHUs nepuoaa pasroHa meHbue 20 ¢, T. €. npu dak-
TUYECKOM POCTE MOLLHOCTH, peanu3yemMas B peaktope 3(PEKTUBHOCTb CTEPIKHSA
Oyaer MeHble ero 3((EKTUBHOCTH, OLEHEHHON W3 CTALMOHAPHbLIX PAcyeToB
¥ 3KCnepumMeHToB. TaK Kak 3TOT pe3ynbTaT 0ObACHAETCA pa3Hoi Joneit 3anas-
AblBAIOIWMX HEUTPOHOB B CTAPTOBOM U KOHEYHOM COCTOSHUSAX ABUKEHUS CTEPXK-
HS, MOXHO FOBOPUTb O EMOHCTPALMM HAPYLIEHUS ANS PEAKTUBHOCTU CBOMCTBA
KOMMYTAaTUBHOCTH, T. €. O TOM, YTO NEPEBOA CTEPXHA U3 COCTOSAHUA «a» B COCTOA-
Hue «b» 06ecneynT peakTUBHOCTL OTANYHYIO N0 AMMAUTYAE OT PEaKTUBHOCTY NpH
nepeBo/e 3TOM0 e CTEPIKHA U3 COCTOAHUA «b» B cOCTOAHME «av.

Takum 06pa3om, 06CYET IKCNEPUMEHTOB NOKa3aN, YTo B HECTALMOHAPHbIX NpPo-

Leccax He TONbKO M3MEHAETCA [ONS 3ana3fbiBalolWwux HENTPOHOB B PeakTope,

HO ¥ 3TO M3MEHEHWe BAMAET Ha WHTErpasbHblil CNEeKTp HENTPOHOB AeneHus

B peaKkTope, CNefiCTBUEM Yero ABNAETCA ClepyloLyee:

®  u3meHAloTCA 3 heKTUBHbIE NapaMeTpbl KUHETUKM peakTopa, Takue Kak 3¢-
theKTUBHAA [ONA 3ana3fbliBalOWMX HEITPOHOB U BPEMSA XU3HWU MTHOBEHHBIX
HEUTPOHOB;

®  aCMMNTOTMKA HECTALMOHAPHbIX NPOLECCOB B OLICTPOM peakTope onpefens-
€TCA aCUMNTOTMKOM NPOLECCOB Ha 3ana3fblBalolLUX HENTPOHAX U COCTaBAsA-
€T COTHU CeKYHS;

® B HeCTaLWMOHApHOM npolecce U3MeHAEeTCs IPEKTUBHOCTb AETEKTOPA B BEpX-
HUX M HUXHUX TOYKAX MOJENW peaKkTopa npu u3mepeHun 3QekTUBHOCTH
ctepkHs CY3, yTo NpuBOAUT K 6ONbLUEH NOTPELHOCTI TaKOro U3MEPEHUSA NpPU
pa3MeLleHn JeTEKTOPOB B KPaiiHWUX BbICOTHBIX TOYKAX, T. €. MaKCMMabHas
MOrpewwHocTb onpefeneHus 3MHeKTUBHOCTU CTEPXKHEN OYAET UMETb MeCTo
Npu pa3MeLLeHnn AEeTEKTOPOB Had WU NOJ, aKTUBHO 30HOW peakTopa;

®  NpPU UCNO/b30BAHUM WTATHbIX CNOCOG0B U3MepeHUs IPHEKTUBHOCTM CTEPHK-
Heit CY3 (meTofoM cOpoca cTepxkHs) 3 HEKTUBHOCTL CTEPXKHS, U3MEPEHHO-
ro Npu npegBapuUTENbHOM Pa3roHe peakTopa C NoA0XKUTENbHO! peakTUBHO-
CTbl0, CO3AAHHON APYrUM CTEPKHEM, MeHblle N3MepAeMOon 3PPEeKTUBHOCTH
TOrO XK€ CTepXHs NpU Havane U3MepeHus 6e3 NpeABapUTENLHOTO BBEAEHMS
NONOXMUTENbHON PEaKTUBHOCTM; 3TO CBA3AHO C Pa3HbIMU KOHEYHbIMMU (acCUM-
NTOTUYECKUMU) COCTOAHUAMMN PeaKTopa B TaKUX U3MEPEHUAX;

® nocnefHee 06CTOATENbCTBO YKa3blBAET HAa HECOBNIOAEHME CBOWCTBA KOMMY-
TaTUBHOCTW MO OTHOWWEHMIO K PEAKTUBHOCTH, T. €. NEPEXOA U3 OLHOO COCTOSA-
HUA B [pYroe, XapaKTepu3yeMblii KaKoi-TO peaKTUBHOCTbIO, NP 0OpaTHOM
npouecce MOXeT GblTb 0XapaKTepM30BaH APYrUM ee 3HAYEHUEM, UTO CBUAE-
TENbCTBYET 0 HEOOXOAMMOCTU NEPEXOAUTL B PacUeTax K pelleHuto ypaBHeHHi
NPOCTPAHCTBEHHOM KMHETUKM, PACCYUTLIBATL HEMOCPEACTBEHHO U3MEpAEMble
napameTpsbl U CO BPEMEHEM 0TKa3aTbCA OT NOHATUA PEAKTUBHOCTY.
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MaBa 9. PacyeT HYKNMAHON KUHETUKN

9.1. YpasHeHusi ebl2opaHusi 8 mornsuse

[ns onpefeneHns TONAMBHOIO COCTaBa B PacYeTHbIX AUENKax MOJEeNU peakTopa
MCNONb3YIOTCA LLeNOYKM NpeBpalleHuit TonameBHoro uukna. MpepBaputenbHo
L7158 pacyeTa [OMKHbI ObITb MOArOTOBJEHbI BCE HEe0OX0AMMble AaHHble. Tak,
B PacyeTHbiX AYeilkax c o6bemMoM V' onpenensioTca: NOTOKW HENTPOHOB, MM-
KpoceyeHMs NPOLLeCcCOB 3axBaTa U feNeHns A5 BCeX HYKNUAOB, CKOPOCTU pac-
nafia HyKJAWA0B U CMOHTAHHOTO leNeHus:

® (CKOpOCTb Npouecca AeNneHus ans Hykauaa i

A, :ﬂjcﬁ (E,7 Yo (E, 7)dEdV; (9.1)

® CKOpOCTM npoLeccoB 3axBaTta
1 N (=
ha=7 [[o. (B 7Y (E, 7)dEdV; (9.2)
VE

rae 0, (E.7), o,(E,F) — ceyeHns COOTBETCTBYIOWMX HEMTPOHHBIX peaK-

unit; @(E, F) — NNOTHOCTb NOTOKA HEMTPOHOB;

aHaNoOrn4yHO NpeACTaBAAIOTCA CKOPOCTU peakuuit (n, 2n) — A

— Ay (n,0) — X, MT. A

* CKOpOCTb Nepexopa Hyknvpa i B Hykaup J B npouecce pacnaja ¢ nepuo-
pom nonypacnaaa 7}, v BEPOATHOCTM KaHasa AaHHOTO pacnaaa €,.,;

(n,3n)

n2ni’

172>

A7 =g In2/T),; (9.3)

dHaNOrnM4yHoO NpeacTaBNA€TCA CKOPOCTb CNOHTAHHOTO AeNneHnsa.

[laHHble O MUKPOCEYEHUAX HYKAMAOB, CKOPOCTAX PACMafoB M BEPOSTHOCTAX
NPOLLECCOB MOXHO B3ATb B 61MOGAMOTEKE AaHHbIX [13].

Ha Ka/J0M BpeMeHHOM WHTepBane Af Bce yKa3aHHble napaMeTpbl ypaBHEHUS
BbIrOpaHMA npefnonaraloTcs HemsmeHHbIMU. Ha cnegytowem uHTepBane OHU
nepeonpegenstotcs. Paamep BpeMeHHOro UHTEPBANa ONpefenseTcs nojib30Ba-
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Tenem 13 pU3nYecknux coobpaxKeHuil, B OCHOBHOM A/ MUHMMU3ALMK NOTpell-
HOCTeil onpefeneHns KOHUEHTPaL Ui HYKNUA0B.

PaccmatpuBaeMble B PEAKTOPHbIX 33fayax LENoYKW NpeBpalleHuit HyKNUAoB
MOTYT 6bITb Pa3NMYHbI M 3aBUCAT OT TOTO, KaKas pellaeTcs 3aAaya. 3afadun Mox-

HO KnaccuduumMpoBathb TakK:
® onpefeneHue U3MEHEHMU TONJIMBHOMO COCTaBa B PaCYeTHOMN aYeiike mofenu
peakTopa npu paboTe peakTopa Ha MOWHOCTU 4 ero oCTaHOBE ANA onpeje-
NIeHNsA U3MeHeHn B hM3nKe peakTopa;
pacyeT U3MEHeHWIt cocTaBa NornoTUTENs Npu pabote peakTopa;
pacyeT HaKOMNEHUA NPOLYKTOB AeNeHUA O NOCNeAVIoWero onpeaeneHus
OCTaTOYHOrO TEMIOBbLIAENEHUA B 3TON CPefie U ONpeLeNeHNs ee aKTUBHOCTH.
B kauectBe npumepa Ha puc. 9.1 npepcraBieHa LENoYyKka NepexofoB ypaH-

nJayToHUEBOro Tonaunea.

»
El

R
>
3

NRT

Pu

Np

Pa

Th

Puc. 9.1. Lenouka U-Pu nepexogos, mogenupyemas B mogyne BPS
(BeneHune 1 cnoHTaHHOE fieNleHne He NoKa3aHo)
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Ha puc. 9.2 npuBegeHa 4acTb CXeMbl YYUTHIBAEMbIX B aITOPUTME LienoyeK pac-
naga npopyKTOB AeNeHUs, YaCTUYHO ONUCAHHbIX B [54].

Shy=> 4> “Mn FFe> “Co> “NiSHCu>*7n
65V9 65Cr> 65Mn> 65Fe> 65C09 65NI~> GSCu éGSZn é“Ga
66V9 66Cr> 66Mn> 66Fe> “CO% 66Ni> 66Cu9 66ZI‘1 666Ga é“Ge

7v=>Ce> Mir> Fe> 'Co> INe> Cu> Zn €“Ga < Ge

Sce> M Fe> ®Co> ®Ni > o> “Zn <P Ga <% Ge

GQITNi\ 69ng\

“Cr> “Mn #Fe> “Co> “Ni> “Cu> “Zn> “Ga < G&V As

70
£Cu

7Om(w0\ 70m u /\

Oce> Mm> °Fe> °Co> NP> °Cu=> 7°Zi€ ' Ga> °Ge < °As
71 mQA\ ﬂiGe

71Mn> 7]F6971C& 7]N_i> 71Cu9 7121’19 71Gaé7]G&7lAs

72mG a
\

72Cr> 72Mn> 721:;e > 72C09 72Ni> 72Cu9 7ZZI_> 72G39 72Ge énAﬁ”Se
73gZ

7 73
73m "Ge "Se

K 2\
BMFFe > *Co> N> *Ce> *Zn~> Ga™> *Gec*As < 7*Se

Puc. 9.2. CxeMbl Lienoyek pacnagos HYKNUA0B — NPOAYKTOB fieNeHus (Nepexopbl,
CBA3aHHbIE C 3aXBATOM HENTPOHOB, He MOKa3aHbl)
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9.2. Cuctema ypaBHEHUI HYKNMAHOWN KUHETUKH

Cucrema ypaBHEHUIN HYKNUOHON KUHETUKW — HEOZHOPOLHAA NMHERHasA cucTe-
Ma ypaBHeHMui

dy ) n

—L=>ay +q, (i=12,.,n) (9.4)
dt
C HaYasbHbIM YCIOBUEM
v,(0)=y,, (i = 1,2,...,n) (9.5)
W BHEIWHUM UCTOYHUKOM
q. (i = 1,2,...,n), (9.6)
WAW B MaTPUYHOI hopme
dy .
L iy+g, (4=1q,1) (9.7)
dt
¥(0) = ¥y, (9.8)

C NOCTOAHHBIMU K03quJVILLI/IeHTaMVI a; nmeet o6u.|,ee dHaIMTU4eCKoe peleHune,

KOTOPOE eCTb CyMMa KaKoro-i1mbo ee 4acTHOro pelleHus 1 06Lero peweHus co-
OTBETCTBYIOLWEN OAHOPOAHOW IMHENHON CUCTEMbI YPAaBHEHUI

dy. <
B Sy, (=12,m) ©.)
(B

C Ha4aNbHbIM yCNiOBUEM

»,(0)=y,, (izl, 2,...,n). (9.10)

06uiee pelleHne UMeeT BUA

y(ry=e"y,, (1=0), (9.11)
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rme matpuuHas dyHKUMA e’ sABnAeTca MaTpuueit pasmepa nxn. W3secTHo

[47], uTo Kaxpaasn KBagpaTHas MaTpuua 4 ynoBNETBOPSET CBOEMY COOCTBEHHO-
My XapaKTepucTuyeckomy ypasHeHuio (Teopema Kanu — FamunbToHa):

F,(4)=0, (9.12)

r/ie CNeKTp COBCTBEHHbIX 3HaYeHNi KBaapaTHOW MaTpuubl 4 =[a,] nopagka n
COBMAJAET C MHOXECTBOM KOPHeN anrebpanyeckoro ypaBHeHNs 7 -il CTENeHN

Ay =My, a,,
B, Y

F (1) = det (A— 10 )= det[a, ~25, = “rl20, (9.13)
el Ayeeenily, — N

ABNAOWEroCa XapaKTepuCTMY4ECKUM Ui BEKOBbIM YPAaBHEHNEM MATPULLbI A.

Teopema Kanu — lamunbTOHa NO3BOMAET KAXAYIO LLENOYUCAEHHYIO CTEMEHD,
a NOTOMY U KAXAYI0 aHanuTM4Yeckyto QYHKLUI0 KBaapaTHOM MaTpuLbsl A nopag-
Ka 7 npepcTaBAATb B BULE NUHERHON DYHKLUM OT 71 PA3NUYHbIX MONOXKUTEN b-
HbIX LLeJIOYUCNIEHHBIX CTENeHel MaTpuubl A . TouHee

f(4) EiiA"%A"’k, (9.14)

roe A — onpepenutens Bangepmonaa

2 n-1
Sl x)
Loy XXy
L S > | 3
W(xl,xz,...,xn)— —H(x,. xk),
........................... ik
Llox, !

B Hawewm cay4ae 7 (A, A, ..., A, )= det[xf']];

A, — onpepenutenb, Nosy4yaemblit, ecim B A BMeCTo k{,k{,..., M noacra-

BuTb f(A), f(hy), s f(R,).

182



Iasa 9. Pacuem HykauoHot Kunemuxu

Ecnu Bce coGeTBeHHbIE 3HAYEHNA A/, AJ, ..., L) MaTpuupl A pasnnyHbl, To pa-
BeHCTBO (9.11) cornacHo Teopeme CunbBECTPa MOXHO NepenucaTb B BUAE

) [T(4-x1)
f(A)EZ:;f(Kj )W (9.15)

i#]

Pasnoxenue dyHkunun e’ no dopmyne (9.14) TpebyeT rpomMo3aKNX NepemMHo-
KEHWII MaTPUL, HO eC/IM JaHHaA MATPpULA 4 UMeeT 1 Pas3NNYHbIX COBCTBEHHbIX
3HauYeHNit, To pasnoxenune dyHkuMil e’ no Teopeme Cunbeectpa (9.15) paet
HOpManbHyi0 GopMy pelieHns:

y=Ce" +Ce™ +...+Ce", (9.16)

napameTpbl KOToporo onpegensiotca U3 (9.9) v HayanbHbIMU UAU KPAEBbIMM
YC/I0BUAMM.

9.2.1. PeweHue cucteMbl ypaBHEHUN HYKNNAHOMN
KWHETUKM METOAOM MaTPUYHOW IKCMOHEHTbI

0nvH U3 MeTof0B peleHns 3afayn (9.4)—(9.8) 6bin peanu3oBaH B nporpamme
ORIGEN [55]. Mporpamma ORIGEN-S 6bina paspaboTtaHa B OKpuaXKCKoi HaLuo-
HanbHoit nabopatopuu CLIA ans pacyeta u3smeHeHMs COCTaBa U PaguOaKTUBHO-
CTW TOMNUBHBIX 3N€MEHTOB, NPOAYKTOB AeNeHNs, KOHCTPYKLMOHHBIX MaTepua-
710B B AflepHbIX peakTopax. OCHOBHOe NMpenMyLLeCTBO 3TOM NPOrpamMmmbl nepes
LPYrMMWU NpOrpamMamiy BbiIrOPaHUs COCTOWT B BO3MOXKHOCTW MpeACTaBieHUs
MOJIHOM MaTpULbl U30TOMHbLIX NEPEX00B 6e3 OrpaHUYEHUN Ha YNCIO NEPEXOA-
HbIX LLEMOYeK, YTO CTaNo BO3MOXHO 6narofaps paLuoHaNbHOMY NPUMEHEHNUIO
MaTpUYHOr0 IKCMOHEHLMANBHOrO METOLa.

Pewenne (9.11) B nporpamme ORIGEN-S npepctaBnsetcs pas3noxeHueMm B psg
3KCMOHeHLMaNbHON yHKLMHU

AN A NT
exp(gt):i+gt+@+...+ z@ (9.17)

rae I — efMHUYHaA matpuua.

TakuM 06pa3oM, BMECTO 3KCMOHEHLMANbHOW HYHKLUMM BBORAUTCA PeKypCUMBHOE
COOTHOLWEHNe

183



E. @. Cenesnes
Kunemuxa peakmopogé na 6vicmpbix Heumponax

() ()
2! 3!

y(t)=|I+At+ +... [»(0). (9.18)

OHo MOXET 6bITb PACCMOTPEHO KakK pelleHune Ans OTAENbHOMO HyKnuaa y, . B pe-
3ynbTaTe nosyyaem BbipaXKeHWe U3 claraeMbix NOCNeA0BaTENbHOr0 NOCTYMHO-
KEHWUs MaTpULLbl Nepexofia Ha BEKTOP NpUPALLeHUI KOHLEHTPALMN HYKNNUAA,
MOJly4EHHOrO OT BLIYUCIEHUS NPeSblayLMX YIeHOB. INeMeHTbl MaTpuLpl nepe-
XOfia @; ABNAOTCA KOHCTaHTaMM NepPBOro NopsAfKa AnA 06pa3oBaHNA HYKNMA0B
i W3 HyKNMAOoB J . PelweHme C UCMONb30BaHUEM @; TaKOBO:

¥, (t) = y,(0) +tza,-,y,- 0) +%Z{a,ﬂz a,y; (0)} +

+§Z{aim éZ{am,{tz ayy, (O)H +...

(9.19)

rAe VHOEKCHl j, k, m HaxoAATCA B AuanasoHe oT 140 n npu pasmepe matpu-
usl 4 (nxn)-

PekypcuBHOe cooTHoueHne (9.19) MOXHO nepenucath, BBeAs 0603HaueHMe
(G

i

n+ t n = n
Cio =yi(0)> Ci : :Ezaijcj’ Vi ZZCI. . (920)
J

n=o0

Torpa B ypaBHeHuu (9.20) ans noayyeHus pewweHumn cuctemsl (9.11) Tpebyetcs
BCEro ToNbKO f4Ba BekTopa C" u C"*' K TekylyeMy BEKTOpY pelleHus.

9.2.2. AHanuTHYeCKoe pelleHne CUCTeMbl YPaBHEHUN
HYKJUAHOU KUHETUKN ANA HENONHOW MaTPULLbl NepexoAoB

Anroputm pewenus 3agaun (9.4)—(9.8) cunbHO ynpowaeTcs ana ciyyas He-
NOAHOM MaTpuLbl, HaNnpuMMep TpeyronbHoi. Tak, Npu HanMuuW NepexofoB OT
«MATEPUHCKUX» HYKNULOB K «[OYEPHUM» U OTCYTCTBUM OOPATHLIX NEPEXOLO0B

A

MaTpuua A CTaHOBUTCS HUKHETPeYrofibHOW. YKaxeM, 4To OTCyTCTBME obpart-
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HbIX NepexofoB BeyeT 3a Co60i HEBO3MOXHOCTL yYeTa nepexofos, 0603Ha-
YeHHbIX MyHKTUPaMK Ha puc. 9.1. B 3ToM cnyyae ans ofHOPOAHOI 3a4aun Ume-
€M cuUcTeMy ypaBHEHUI BbiropaHus Tuna [38]

dyl 11
a

>

dy2 1521 2.2
7:}\. y _7\.1)_)/ ) (9'21)

dy3 153 1 ,7253_ 2 3.3
S =LA Ty ATy
di Yy y 2V

dyk < m—k  m k_ k
dt =;?\‘ y _)\'py s

rae A% — cKopocTb yBoga HyKMAa k 3a CyeT BCex MPoUECCoB (3axBata Heil-
TpoHa v pacnaga ¢ ‘F +1*); F — nnoTHOCTb NOTOKa HEMTPOHOB; y* — KOH-
ueHTpauns Hyknaa k ; A% — ckopoctb 06pasoBaHmna Hykanaa k n3 Hykau-

4a m Cy4eTOM BEpOATHOCTM TaKOro NpoLecca npu BO3MOXHOCTU BETBIEHUS
npolecca.

B o6Lem BuAe nMeeTCs crepyioliee peleHue:

y'=4, exp(—k;t)
yi=4,, exp(—k plt)+ A ,, exp (—kjt),

yi=4, exp(—k plt)+ 4., exp(—k jt)+ 4 exp(—k ;t),

m

y"=> 4, exp(—?»;t) (9.22)
=1
(m=1)—>n
r'u'e A mnzﬁ m—1,n"*
A
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KoadduuueHtsl 4, onpeaenaoTca U3 ypaBHEHUS

ym(o) = zAnm (9'23)
n=1

W MOJyYalTCA U3 pelleHns cucTeMbl ypaBHeHUi (9.21) MeTofoM BapuaLum no-
CTOsIHHbIX [46], KOrAa pelleHWe, HanpuUMep, BTOPOro ypaBHEHUs onpefenseTcs
M3 peweHns ero OAHOPOLHOW YacTu y2 =c,(t)exp —Kif) C 3aBUCUMBIM OT
BpeMeHU KO3 DULUEHTOM c,(T), KOTOPbLIN onpefenseTca U3 NoACTaHOBKK pe-
WeHWUs B HEOAHOPOAHOE YPaBHEHWE C YY4ETOM HAauyaNbHOTO YCA0BUS.

Anroputm (9.21)—(9.23) peanusosaH B komnnekce FEPECT [6]. 06wuit Bug
peweHus (9.22) cooTBeTCTBYET 06WeMy BUAY pelweHus (9.16) ans nonHoi ma-
TpUUBI, T. €. B8 TPEYroNbHO MaTpULbl CKOPOCTU YBOAA HYKNMUAA kﬁ u cnyxar
ee COOCTBEHHbIMM 3HAYEHUAMY,

Tak, AN BTOPOro HyKMAa nojyyaem

}\11»2 1-2
i =——r o —— 7 (0)exp (-2, r){yz((» — yl(O)}eXP( 2t)=
(9.24)
}\‘14)2 . 5
yl(O) X [exp( A t)—exp( A t)}+y2(0)exp( A t),
ONA TPETbero HyKnnpaa nony4yaem
7\(2—)3 }\‘1—>2 }\‘1—>3
3 1
¥} (0 =3,(0) { + }exp(—x t)-
ST YR L ’
}\’14)2 }\{2%3 }\‘14)2 7\‘24)3
- exp(-M | ———————
o O
(9.25)

7\’1%3 s }\’2~>3 5
BrERTYE exp( A t) +y2(0) exp( A t)+
P P .”

23

+% o exp (- k%)}-)@(O)exp( At

Ewe Gonblwe 3afaya v pelueHune ynpolaoTca fas ciyyas JMHERHON LEenoyku
nociefoBaTe/ibHbIX NpeBpaLleHnil
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vt
dr

peleHne KOTOPOi MOXHO, Kak M Ansa ciydas, pacCMOTPEHHOTO BbILE, MOAYYUTD
aHanuTMyecku. Hanpumep, ins TPETbEro HyKAUAA B LLENOYKe OHO OYAeT UMETb
BUA

— )\‘k—lakyk—l_}hl;yk , (9.26)

s }\12—>3 )\‘l—>2 ( X )
V(O =305 exp(-2,0 )
7\'17 _}\‘p )Lﬁ _}\‘p !
}\1%2 23
2
_k kl }3 }\2 exp( A t)+
2122923 7&2% (9.27)
+ exp(-At)e+y (O) exp At )-
(0 =2, =2) Gy A, - 2)
23
—Wexp (—7\3,1) + Vs (0) €Xp (—7\.371,‘)
P p
WT. ., a B o6UEM Clyyae pelieHne MOKET GbiTh 3aNUCaHO B BULE
n e—kf,t
v, ()= Zym(o) Hk’"*’“ e (9.28)

FI16)
I=m

l#k

PeweHue ypaBHeHus (9.26) peanusosaHo B nporpamme CARE [56].

CpaBHuB pewenus (9.25), (9.27) n (9.28) c dopmoit (9.16), 3ameTnM, 4TO KO-
3 duLMeHTb Nepes 3KCNOHEHTaMU MOTYT GbITb 3HAKONEPEMEHHbBIMU, BMPOYEM,
Kak 1 B (9.18)—(9.20). TakKe MOXHO 3aMeTUTb, YTO KOHEYHasA KOHLEeHTpaLuus
HYKAWA@ eCTb CyMMa HepacnaBLUencs YacTu ero MCXOAHON KOHLEHTpaLum nitoc
yncno agep, 06pa3oBaBLKNXCA OT NPeAbIAYLIMX HYKNMA0B, PAaCNaBLINXCA Ha pac-
CMaTpMBAEMOM UHTEpPBaAJIe BPEMEHMU.

AHanuTMyYeCKoe pellieHne NoMyYaeTCA C OHUMM BPEMEHHLIMI 3aTpaTamMi He3a-
BUCMMO OT Pa3Mepa BPEMEHHOTO Lara, HO OHO MMEeT U HepocTaTkM. MepBbiil u3
HUX — CNOXKHOCTb NOJYYEHUS COOCTBEHHbLIX YMCEN ANS MONHOM MATpuULbl, Aa
W NS TPEYro/ibHOM MaTpuLbl, COGCTBEHHbIE YMCA KOTOPOW U3BECTHLI W ABNSA-
IOTCSi CKOPOCTAMM YBOAA HYKNMAA A, , Tak YTO BbIYUCIUTENbHbIE MPOLEAYPbI
TpebyIoT 3HAUUTENbHBIX BPEMEHHbIX 3aTpaT. Ho rMaBHbI HEAOCTAaTOK TaKOro pe-
WEHU — 3TO BO3MOXHOCTb MOJYYEHUS OTPULATENbHBIX» KOHLEHTPALUi Hy-
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KnupoB. [puynHa 3aKnOYaeTcs B TOM, YTO BO BCEX CAYYaAX aHAIUTUYECKOrO
pelweHus oHo umeeT Bug paga (9.16), nokasatenn CTENEHU B KOTOPOM MOTYT
0TAMYATHCA Ha NOPARKY (HaNpUMep, ANA TPEYToNbHOI MaTPULbI S; = A', ), 1 BO3-
HUKaeT Npobnema cnoxeHus 60ablWKUX U Manbix yncen. Kpome Toro, koadduuu-
eHTbl nepes 3KCnoHeHTaMu B (9.16) MoryT 6biTb Kak MONOXKUTENbHBIMM, TaK
W OTpULATENbHBIMU, U PU OFPAHUYEHUSAX N0 NPESCTAaBAEHUIO YNCNA B KOMMbIO-
TEpe MOXHO NOJYYUTb OTPULLATENbHYIO KOHLIEHTPALMIO HYKNMAA, 0COBEHHO eciin
pap (9.16) COCTOUT U3 HECKONIbKUX AECATKOB CNaraeMblx, T. €. Npu [ecATKax unu
Gonee HyKIMAOB B Lienoyke BbiropaHus. OGbIYHO B NporpamMMax TaKyl CUTya-
UMIo OOXOAAT «OGHYNEHUEM» KOHLEHTPALMM HYKIMAA NPU NOJyYeHUU ero oT-
pULATENBHOrO 3HaYeHNs. HanoMHUM, 4TO KO3 ULUEHTBI 3aBUCAT OT 3HAYEHUS
MAOTHOCTU NOTOKA HEMTPOHOB U NPU MalbiX YPOBHSX MOWHOCTM peakTopa A,

YMEHbLUIAIOTCS, YTO TAKXKE MOXET NPUBECTU K U3MEHEHMUIO 3HAKa cymMMbl (9.16).

9.2.3. PelweHue cucteMbl ypaBHEHUN HYKNNAHON
KWHETUKMU UTepPaLUOHHbIM METOAO0M

Paccmotpum ppyrue metoabl pelweHus cuctembl ypaBHeHun (9.4) unu (9.8),
a UMEHHO He aHaNUTUYEeCKMe, a UTEPALUOHHbIE.

B [38] npvBeaeHo pelieHne METOOM YUCNEHHOTO UHTETPUPOBAHUS. B HeMm ans
HYKAuaa k 3anucbiBaeTCs ABHbIN BUL BEAUYUHDI yk(r) Ha KoHel, BpemeHHdro
Wwara T 4yepe3 3HayeHuWe ee U ee NPOM3BOAHON B Npeabiayliei TOYKe — Ha30-
BEM 3Ty TOYKY HyneBoM («0»):

dy!

k k 0

Y=y +—1 (9.29)
dt

YTO ABNAETCA 3aNUCbio METOAA Jinepa [47], KOTOpbIN fAeT Xopollee NpubanKe-

HUE peleHus TONbKO NPK JOCTaTOYHO MAJIOM Lare UHTErPUPOBAHUA T W TONb-

KO A1l HECKOJIbKMUX NEpPBbIX TOYEK.

bonee TOYHbIM npepnaraeTca C4UTaTb UHTErpMpoBaHue C ycpegHeHnem npons-
BOAHbIX Ha KOHLAX BPEMEHHOrO Wara:

i (D) [T

, 9.30
dt dt |2 ( )

YD) =y +

4TO CRYXUT MoguduKaumen metoaa Innepa.
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- A (1)
TaKk Kak BenM4MHa NPOWN3BOJHON ————— BbIPAXaETCA yepe3 UCKOMYI0 (yHK-
umio y* (1), pewenne nonyyaercs ¢ F{(t)MOLLLbIO UTepauMoHHON npoLenypsbl, KO-
TOpas peanu3oBaHa, Hanpumep, B nporpamme 3DB [57].

HekoTopoe BpeMs fns pelweHus ypaBHeHus (9.8) WHUPOKO UcnoNb30oBancs me-
104 PyHre — KyTTbl [47], B 4aCTHOCTM, 3TOT MeTo[, YeTBEPTOro nopsgKka Obin
peanu3oBaH aBToOpoM B nepeoi Bepcuu komnnekca SYNTES [44].

B cucteme BPS utepauuoHHoe peleHue onpefensercs uHadve. Ha nepeom 3Ta-
ne HaXo4MTCA peleHne OfLHOPOAHbIX YPABHEHUIN C HEM3BECTHLIM KO3 dHULIMeH-
ToM. MNpeacTasum ypaBHeHue (9.8) B BUae

Z Dy A +§ (A=[a,)), (9.31)

rae D, (D=[a,]) — puaroHanbHas yactb matpuupl 4; A'= A—D — He-
AMaroHanbHas 4yacTb maTpuubl A ; AUAroHanbHbIA YNeH OTBeYaeT 3a «yxon»

HYKNUAQ 3@ CYeT BCeX peakuuii, HeiaroHanbHbIe YNeHbl 0TBEYAIOT 3a «06pa3o-
BaHME» HYKIMAa U3 APYrux HyKIuaoB.

Ha nepsomM UtepauMoHHOM LWare pacCMOTPUM CUCTEMY

A

—=Dy+gq, (9.32)
dt

KOTOpas Nerko pewaetca aHaiuTM4eCKM Ha BpEMEHHOM Ware t© ansa VICXOJJ,HOI‘;I

(HyneBoit) utepauuu:

1—exp (—k’;r)

s (0 =y Oexp(-1it)+q" Y (9.33)
P

rAe nepBoe CflaraeMoe — OCTAaTOK KOHLEHTpauuW saep HyKAuaa nocne ydyeta
«PaCcnajfoBy» U3 UMEIOLMXCA HA HauasbHbIA MOMEHT siep, BTOPOe claraeMoe —
«NPUXOA» HYKNNAA OT BHELWHEro UCTOYHMKA C YYeTOM ero pacnafa no BpeMeHiu
(0,1).

04HOBPEMEHHO MOJYYMM Ha KOHEL, UHTEPBANa KONNYECTBO «PacnaBLIerocs» 3a
Wwar t 3TOro Xe Hykauaa

1—exp (—7\./;’5)

9.34
1:7»'; ( )

Ayt = y* (0)[1 —exp (—kl;'c):| +qtt1-
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ITO KONMYECTBO MEPeXOAUT B APYr1Me HyKAMabl C BEPOATHOCTbIO, NPONopLUO-
HaNbHOM CKOPOCTAM COOTBETCTBYIOUIUX MPOLECCOB 06Pa30BaHUA APYrUX Hy-
KAMOoB M3 AaHHoro. Toraa Ans KOHUEHTpauuu Hyknuaa k B UTepauoHHOM
npoLecce Ha Nepeoil UTEPALIMM MOXKHO 3anuCaTh:

m—k

m }\/
o=y + D dyy = = (9.35)
m#k P

M C y4€TOM BO3MOXKHOTI0 yXxo4a BHOBb NpuwefWwnx aaep AaHHOro HykKnumaa no-
nyyaem Ha nepBon nTepaunn Ha KOHel BPEMEHHOrO Wara t

Ak 1—exp (—k’;t)

k k m
)=y, (0)+ ) d , 9.36
M@=y Z; WS e (9.36)
wnn
1-exp(-A5t Aok 1—exp (A0t
7@ =y ) exp (Mt ) gt ( )+ S dyy v o (T )(9.37)
p m#k P

€ 06pa30BaHMEM HOBbIX HYKJWA0B U3 APYTUX, PACNABLIMXCA HA AAHHOI UTepa-
Luu:

ok 1_ 1-exp (—K’;r) .

dy = Zdyo T - (9.38)
m#k p }\4[)'[
B utore ANA utepauun n UMeem
, ok T—exp (AT
V(@) = yi, (D+ Y dyl = k( L ) (9.39)
m#k 7\v P 7\.!}‘5
m—k l—exp(-\ft
=>dy), x 1- k( ") : (9.40)
m#k p }\.pT

NTepaunoHHbIil npolecc 3aKkaHYMBAETCA MO KaKOMy-nu6O0 3aKOHy, Hanpumep,
Npu BbINOAHEHUW HEPABEHCTBA

<& pnascex k, (9.41)
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rpe € — MaKCuMManbHasa nonyctumasn BeJIM4nNHA OTKJIOHEHUA KOHLI,EHTpaLI,VIVI Hy-
KnnpoB Ha ABYX COCEAHUX UTepaumax.

AHanusupys BblpaxeHue B KBafpaTHbIX CKOOKax (9.40), 3ameyaem, 4To Npu Ma-
JIbIX 3HaueHusx A (Manoil CKOpOCTW pacnaja) oHa CTPEMUTCS K HyNto, a Npu
GoNblMX ee 3HauYeHMAX (HanpuMmep, Npu nepuofe nosypacnaga pasHom 0,1 c,
umeeM A = 6,931 c!) ykazaHHOe BbIpaXKeHWe BCe PaBHO OYAET MEHbLUE eAUHU-
ubl. Takum 06pasom, MMeeM CTpeMIeHUe K HyNio 06pa30BaHNA «HOBbLIX» saep
MCKOMOTO HYKNM/A Ha KOHEL, BDEMEHHOTO LLiara, 4To 06ecneynsaeT CXoaMMoCTb
MTepPaLMOHHOro NpoLecca. Yem MeHblile pa3Mep BPEMEHHOrO WWara, TeM MeHbllle
3HaueHue BblpaXeHUs B KBafpaTHbIX CKoOKax B (9.40), T. e. TeM GbicTpee cxo-
OUMOCTb. V]TaK, nonayynmm peleHne npn MeHbllem Konm4yecrtee VITepaLI,VIVI.

PeweHune MOXHO 3anucatb U B ABHOM BUAE:

y(©=y 0+

V2

P l—exp(—kit) 1_l—exp —7»"1) " Ak

+Z }\‘m,, )\‘k }\‘k m;
m, #k P pT p‘['- J=U\ m; =k A

A" 1—exp(—At 1) 1-exp _7‘%) pot (9:42)
~ v (D) + " Ly N
¥ (D) ’; Vo 7"; 2ot At vl B

P P

1—exp (—kfﬂ:) " ok

+..+|1 o
»T JA\m=k A

N3 Hero cnepyert, yTo Npu n —> o0 NoOCNefHee cnaraemoe B psgy — 370 haKTu-
YecKu Npou3BefeHUe ABYX COMHOXUTENEN, Kb U3 KOTOPLIX ABASAETCS BO3-
BEAEHHBIM B cTENeHb ( 1 —1) YNCNOM, 3aBEAOMO MEHBIIMUM €AMHMULLbI, U CTPEMUT-
s K HYJ/I0, 4TO rapaHTupyet cxogumoctb. CornacHo [47] pag (9.42) moxeT 6bITh
WHTEPNPETUPOBAH Kak psag HeliMaHa, CXOAMMOCTb KOTOPOTO fOKa3aHa.

06paTM BHMMaHME Ha To, YTO BO BPEMS UTEPALMOHHOrO MpoLecca onepupo-
BaJIM TONbKO C HEOTpULATENbHLIMU 3HaYeHuAMK paBeHcTB (9.39) u (9.40). Ta-
KM 06pa3oM, peleHue CyLecTBYeT, U OHO MONOXKUTENBHO, MOCKOJbKY B CyMMe
(9.39) Bcerpa HailgeTcs X0Tb OAHO CNaraemoe, OTAUYHOE OT HynA (Tak Kak uc-
XOf\Has KOHLEHTpauus xota Obl OFHOTO HYKNUAA MOJOXUTENbHA, MHAYe cama
3af,a4a He UMeeT CMbICAa).

Monb3osaTtenb cuctembl BPS MoxeT camocTonTelbHO onpeaennTb onTuManbHoe
COOTHOWEHUEe MeXxay ONUTENbHOCTbIO BPEMEHHOIO Wara U CKOpPOCTbi nojay4ye-
HUA peleHunsa.
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OueHKa NorpelHoCTU pelleHns CUCTeMbI YPAaBHEHUI HYKNUAHON KUHETUKM
UTepaLMoHHbIM MeTofoM. OLeHKa NOrpelwHocTeil MOXeET 6bITh ClenaHa Heno-

CpencTBEHHO B npoLecce Utepauuit. Tak, Ha KOHew, HayanbHo utepauum (9.34)
numeem

k k k k k k 1 exp( 7\‘ T)
8y} (v) = v (T)(t8L) + 14 5T) + 8y* (0)exp (147 )+ 3" —
P

([ 1-exp(Ar)ant Zexp( o (9.43)

k ok
2 A

)! (30 + 25t

+q

[na nepsoi utepaynm npu peweHmu

l—exp(-A%t

(1) =y (0)exp (—kﬁr)+ q" X—A(/)) +

(22 ’ (9.44)
m xmak l_exp _)\17'5

+2.dy; TR

m#k

nosy4ymMM OUEHKY NOrpewHoCcTn

m—k | — _7\‘/(
Syl (t)= 8y (1) + 25(dy”’ \7» exp( pr)+

AR M
}\‘mak 1- €Xp (-}nf}’[){ 87\"1'; . 87\‘m~>k j .

)\‘ m )\‘k T 7L m )\‘ m~>£

m—> k
oo ),

+dy;
(9.45)

A" kk At

P

A;;T exp7€k}L )(éx t—FSTxk)

P

roe
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8yl =y ()] 1-exp (-1 2) |+ v yexp (-4 e (i e+ 180, )+

l_e%(k_xir) P 1_1_L(_7”f’1) + (9.46)
Wy

+8q"t|1- o
T
V4

+q' T +q T

k
™, TR, ™,

— K -\,
e (i) ﬁ+% ‘ M(@sﬁmﬁ)

uT. A.

PeweHue c coxpaHeHMeM MOLIHOCTU B pacyeTHoW AuyemnKe. M3 paseHcTB
(9.1)—(9.2) cnegyert, 4TO B NPaBOii MX 4ACTW UCMOAb3YETCA abCONOTHAA NAOT-
HOCTb MOTOKa HenTpoHoB. [lpepnonaras ee HEU3MEHHOW Ha 3aflaHHOM
BPEMEHHOM WHTepBase Af, NofiyyaeM NOCTOSHHbIE HA 3TOM UHTEpBase CKOPO-
ctv npoueccos (9.1) u (9.2), c KOTOpPLIMU U pelaeTcs 3afaya BbIropaHus To-
nnuBa. B paboTatowem peaktope Npu BbIrOpaHUM TOMIMBA U3MEHSAETCA KaK ero
COCTaB, TaK W YpOBEHb MNOTHOCTU MOTOKA HEMTPOHOB M3-3a HEOOGXOAUMOCTH
noajepaHus MowHocTu. Mo3ToMy Npu pacyeTe HYKAULHOA KMHETUKM MOXET
ObITb MOCTaBNEHA 3afja4a TAKOTO pacyeTa C COXPaHEHMEM MOLLHOCTM B paccyu-
TbIBAEMON AYeiiKe, YTO peann3oBaHo, Hanpumep, B nporpamme ORIGEN [55].
®u3nyeckm 3To 03HaYaeT, YTO NPOrpamMma y4YMThIBaeT U3MEHEHUE MIOTHOCTM No-
TOKa HENTPOHOB Ha PacyeTHOM UHTepBane BpemeHn Af, cBA3aHHOE C U3MeHe-
HMEM HYKIMAHOrO COCTaBa B pacyeTHoi sAveitke. Hanpumep, B aveitke ¢ KB,
onpefensemMbiM Kak OTHOLIEHWE COOTBETCTBYIOLMX CKOPOCTEN NPOLLECCOB B HEN
W He MpeBbIWAIWMUM eAUHULY, MO Mepe BbiIrOpaHWA TONAWBA U NOALEpXKaHUsA
TEeNnN0BOW MOLHOCTU AYENKW MIOTHOCTb NOTOKA HEWTPOHOB NOBbIWAETCA. 3Ty
CUTYALMI0 MOXKHO MOJENNPOBATH C ManbiM BPEMEHHbIM WaroM, Ais KOTOporo
M3MeHeHWe NNOTHOCTU NOTOKA HEATPOHOB He3HayuTenbHOo. HO MOXHO yuyecTb
3TO U3MEHEHWe, UCNONb3YA chefytolmne NpesnoaoXKeHus:

® 33 BpeMeHHOIA War CNeKTp HEfTPOHOB B AYeiiKe CylIECTBEHHO He U3MEHAETCS;

® Y3MeHeHWe pacnpefeneHns MOWHOCTW NO PacyeTHbIM AYeilkaM MOfieNnu pe-

aKTOpa He3HauyuTeNbHO.

B atom cnyyae ansa yvyeta U3MeHeHuUa NNOTHOCTU NOTOKa HEI?IT]I)OHOB ncnonb3y-
€TCA ero npepcrasneHne snpa:

o)~ W)/ V1 ¥ (05" 0F, (9.47)

roe @(tf) — NNOTHOCTb NOTOKAa HEMTPOHOB; W(t) — MOLLHOCTb, BblAensemas
B pacyeTHol auelike; ¥V — obbem aueitku; y*(f) — KoHUeHTpauus Hyknaa
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k k

k; o) — ceyenue genenus Hyknupa k; Q7 — 3HeprosbigeneHue npu gene-
f !

HUU Ha HYKuge k .

N3 npepcTasnenus (9.47) cnepyert, 4To U3MEHEHWE NAOTHOCTU NOTOKA HERTpo-
HOB CO BpEMEHeM OJHO3HAYHO CBA3BIBAETCA C U3MEHEHWEM TOJIbKO KOHLEHTpa-
UMl HYKNMAOB U MOXET ONPeAeNaThCs B NporpamMme BeiropaHus [55] kak

o) _ 27 00,0
0(0) > V(e 0F

(9.48)

AHanornyHLIn anropuTm peann3osaH v B nporpamme BPS.
PeweHune c nepemelieHnem 4actu NpoAyKTOB AeneHnsa no Teany. Kak us-
BECTHO, C JOCTUXEHUEM HEKOTOPbIX 3HaYeH Wil BbIrOPaHMA YacTb MPOLYKTOB Ae-
JIeHUs B ra3006pa3HOM BUE BbIXOLUT U3 TOMIMBHBIX KPUCTANNOB U MUTPUPYET
B ra3oBblil 3a30p, a 3aTeM 1 B ra30BYyi0 NONOCTb TB3/13, PACNONOXEHHYIO CHU3Y
WnK/v cBepxy TOMNUBHOTO cToNba B TB3NE.
[lns onucanms 3toro npouecca pa3paboTaHbl COOTBETCTBYIOLLME TEPMOMEXAHN-
yeckue anroputmbl [39]. PaccmoTpum Bo3moxHOCTH anroputma BPS ans yyeta
nepemelleHns 4acTu NPoAyKTOB AeneHus no Te3ny. [lna aToro cKOpocTb yBoaa
k
HYKAMAa k 3a cyeT Bcex mpoueccoB A, (9.21) AONOJHUM CKOPOCTHIO yX0/a
HYKIUAA k M3 Aueiiku [ B apyrue syeilku of . Mpuyem fononHeHne npouseo-
AMTCA B C/yYae, €C/IM KOHLEHTPALMA HYKIMAA k B Avelke 7 y' npesbiwaer He-
k - .
KOTOpoe 3HayeHWe V; ., (KOHLEeHTpauus Hyknupa k B AYeilKe i, Npu NpeBbl-
WEeHUN KOTOPOW HYKNWMA HAYMHAET BbIXOAWUTb M3 TOMIMBA B ra3oByilo cpepy).
k
3HayeHne Y, ., MOXeT 3aBMCETb OT NapamMeTPOB CPefbl, HaNpuMep Temnepary-
pbl TONAKBA U T. f.
Mpuxop 3TOro HyKNMAA B AYEKy 7 U3 Apyrux suyeek Gynem onucbiBaTb 3aBUCU-
MOCTbIO

bE@) = Y[ W) = ¥ 0 DL (9.49)

n#i

rae p' . — BEpOSTHOCTb NONAAAHNSA HYKNUAA k, MOKUHYBIIETO AYelKy 5 Ha
PaCYeTHOM LUare No BPEMEHU, B AUEHKY ; .

Ecnv npuxop Hyknupa k B Aveiiky i pf(t) NPUCOEAUHNUTD K BHEWIHEMY UCTOY-
HUKy 3TOr0 Hykauaa g° B paseHcTBe (9.33), TO, NOMHS, YTO NONHAs CKOPOCTb
YX0/a 3TOro HyKnuaa AononHeHa CKOPOCTbIO Nepexofia B fpyrue sueiku, nony-
YMM yYeT Npouecca nepexosa HYKNUA0B U3 AYeiKU B AYEIKY B paMKax anroput-
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k
Ma nporpammbl BPS. 3HaueHust V; i, o, pl,  MoryT 6biTb onpegeneHbl Heno-
CpefiCTBEHHO B UTEPaLMOHHOM NMpoLiecce B OTBEAEHHOM [J1A 3TOI LieNn MecTe.

9.3. XapaKTepuCTUKU NPOAYKTOB fieNIeHnA

[laHHble No BbIXOfAM MPOAYKTOB AeNeHUs ANA AeNAIUUXCA HYKNMZGoB GepyTcs U3
taitnos 6ubnuotekn POCOOH[ [13]. B 1abn. 9.1 npeactaBieH CNMCOK AenslUXCs
HYKAWZO0B, A5 KOTOPbIX B 3TON 6UBAMOTEKE MMEIOTCA AaHHbIE MO BLIXOLAM Npo-
LYKTOB fieNeHUs. YKa3aHHble JaHHbIE UCMONb3YETCA KaK BXOLHbIE B cucTeMe BPS.

Ta6nuua 9.1. CNUCOK AeNALMUXCA HYKIUAOB, HE3aBUCMMbIE U KYMYNATUBHbIE
BbIXOAbl NPOAYKTOB AieNIeHUA KOTOpbIX U3 6ubnnoteku POCOOH] [13]
MCNONb3YIOTCA KaK BXOAHbIE AaHHble B cucteme BPS

Ne n/n Densawmiica HykAug Ouexka POCOOH[a
1 90-Th-227 ENDF/B-6 Brady, England
2 90-Th-229 ENDF/B-6 Brady, England
3 90-Th-230 ENDF/B-6 Brady, England
4 90-Th-232 ENDF/B-6 Brady, England
5 92-U-232 ENDF/B-6 Brady, England
6 92-U-233 JEF3.1 R. W. William
7 92-U-234 JEF3.1 R. W. William
8 92-U-235 JEF3.1 R. W. William
9 92-U-236 JEF3.1 R. W. William
10 92-U-237 ENDF/B-6 Brady, England
11 92-U-238 ENDF/B-6 Brady, England
12 94-Pu-239 ENDF/B-6 Brady, England
13 94-Pu-240 JEF3.1 R. W. William
14 94-Pu-241 ENDF/B-6 Brady, England
15 94-Pu-242 JEF3.1 R. W. William

Bbixoabl NPOAYKTOB fieNeHUs A5 KaXAOr0 U3 HYKIMZ0B MOTYT pPa3nnyaTbcs no
IHEPruM Aenswero HeiTpoHa. Tak, Ha puc. 9.3 noKasaHbl KpUBble BbIXOAA NPO-
LYKTOB AeneHus U ansa pasHelx 3Hepruin genswero HeilTpoHa (Tennosoi u 14
M3B). [1ns yyeta 3aBUCMMOCTM BbIXOA0B NMPOLYKTOB AENEHUA OT IHEPTUM Aens-
lero HeiTpOHa OHW XapaKTepU3YIOTCs yKa3aHHOW 3Heprueii. B 6Gubnuotekax
AaHHblE NPUBOAATCA OT OHOI TOYKM MO IHEPTUM [0 TPEX, A1 TPOMEKYTOYHOTO
3HAYEHWS 3Heprun NpefyCcMaTpuBaeTCs IMHeHHas UHTEPNONALNUS AaHHbIX.

195



E. @. Cenesnes
Kunemuxa peakmopogé na 6vicmpbix Heumponax

1,00E-01

| 00E-02 N AN

1,00E-03 VA \ / N\

1 00E-04 /] Neao! \
1,00E-05 ¥} /[ \\
1,00E-06 [/ \\
00507 | [/ A\
L0008 | [/ \\ \

1,00E-09 A / / \
1o0E-10 [ W
ook-i1 '/ I/ L

0 20 40 60 80 100 120 140 160 180
MaccoBoe uncio

BBIX0/1 IPOIYKTOB JCJICHHS, OTH. 1.

—— E=2.53E-020B —— E=1.4E+07 3B

Puc. 9.3. Kpusble Bbixofa NpoAyKToB Aenerus °U ana pasHbix IHEPruit fensuiero
HeiiTpoHa (TennoBoii u 14 M3B)

B cucteme BPS uHTepnonauma 3Tux faHHbIX OCYLECTBAAETCA B [Ba 3Tana. Ha
NepBOM U3 HUX NO IMHENHON UHTEPNONALMKU ONPEAENAoTCA AONN NPeACTaBeH-
HblX HabOpOB [JaHHbIX [N KOHKPETHOW 3Hepruu [ensilero HedTpoHa
d(n,E), n=1,.., N,rae N — uucno Habopos AaHHbIX. pu 3TOM

>.d(n E)=1. (9.50)

[lanee onpepensercs fons Habopa faHHbIX C HOMEPOM 1 MO BCEMY YUCNY Aene-
HUIl KOHKPETHOrO HYKNNAA k Ha KOHKPETHOM NOTOKe HEMTPOHOB

j d(n, E')s, (k, E') f(E")dE'
D(n, k) ==

(9.51)
[o, (k, E") f(EGE"

npuyem

> D(n, k)=1. (9.52)

CornacHo 3Toi npoueaype YYMTHIBAETCA U3MEHEHUE BbIXOLOB NPOAYKTOB fie-
JIEHUA OIS KQXKAOT0 HYKNMAA NPU U3MEHEHWUM CNEKTPa HEHTPOHOB PacyeTHOM
AYeiiKn, ANA KOTOPOW pellaeTcs 3afaya BbIropaHus.
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[Ins pemoHcTpaumu Bo3moxHocTeit koga BPS B Tabn. M4.1 u N4.2 npunoxe-
HWA 4 NpeAcTaBieHbl pe3ynbTaThl pacyeTa KOHLEHTPALMIM aKTUHOMAOB U HEKO-
TOpbIX NPOLYKTOB AeneHus y(t) B TECTOBOI 3a/la4€ BbIrOpaHuMs TONAKUBA B Obl-
CTPOM peakTope Ha AByx MHTepBanax B 30 u 5 cyt. lpuyem ecnu Ha nepsom
WHTEpBane peakTop paboTan Ha MOSHON MOLHOCTU, TO HA BTOPOM MHTEpBane
€ro MOLWHOCTb paBHANACH Hyt0. TaMm e npefCcTaBAeHbl NOrPeWHOCT onpege-
NeHNA KOHLEHTpaLun Sy(t)/y(t) Ha 3TUX e WHTepBanax C AeMOHCTpaLueil
MOrpewWwHoCT pacnagHblX JaHHbIX OA /A MpU NOrPelHOCTM ONpefeNeHus CKo-
pocTen 3axsata u genexus B 0,001.

9.4. PeweHne ypaBHeHU BbIrOpaHUA
nornoTutens B crepxuax CY3

B kauyecTBe nornotuteneit B cTepxHAX CY3 GbICTPbIX peaKTOPOB UCMONb3YIOTCS
Hyknugbl °B, 1B u 52Eu. N3-3a TOro, 4TO €CTECTBEHHbIN €BPONUiA COCTOUT U3
CMecU HyKNWUELOB eBPONMS, NEPEXOAALLMX NPU BbIFOPAHUM ApYr B Apyra u obna-
LaI0WWNX NPUMEPHO TOi 3e 3¢ HEKTUBHOCTLIO, BEIrOpaHWe eBpONus, Kak NpaBu-
110, HE paccymTbiBaeTcs. [11s OCTaBLWIMXCA HYKIWULOB CUCTEMA BbITOPAHUA B KaX-
LOii pacyeTHOW TOYKE BBIFAAANUT clepyowmum obpasom:

dy™ — ) B10,,B10
dt e
dy ™ _ xBlOﬁBllyBlO_}\/BlplyBll ’ (9.53)

dt
rae 0603HayeHMs aHanoruyHsl cucteme (9.21).

I'Ipep,nonaraﬂ NOCTOAHHBIMU NOTOKWN U CEYE€HUA HA PAaCYETHOM UHTEpPBaAse Bpe-
MeHU ‘C=Z‘i+l —l‘l., nojayvyaem cnegywouee aHaluMTU4eCKoe peleHue CUCTEMbI
(9.53):

()= " (1, )exp (—kﬁmr), (9.54)

P (tHl )= B (ti )+ y BIO (ti )|:1 —exp (_}\’BIOABIIT):|'

CnoxHocTb pacuyeTa BbiropaHus B nornotutene crepxHen CY3 cBAsaHa He
C pelweHnem cucTembl ypaBHEHI/IVI BblFOpaHuA, a C y4eTOM OABUXEHUA CTEPIKHA
B peakTope B npouecce ero paboTbl. [s KauyecTBEHHOro MOLENUPOBAHUS Bbi-
ropaHua NornoTUTeNa C y4etTom aBuxeHus ctepxHeint CY3 nornowatouwwas yactb
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CTEPXXHA MOAENMPYETCA COCTOsAIEN U3 6ONbLIOro YUCNA PacyeTHbIX sueek. Pas-
Mepbl 3TUX AYeeK CYLEeCTBEHHO MeHblUe Pa3MepoB PaCYETHbIX AYeeK MOAeny
peakTopa. B 3Tom cnydyae B pacueTHoii fYeilke Mofenu peaktopa MOryT npu-
CYTCTBOBATb HECKONbKO PacyeTHbIX siveeKk nornotutens crepxus CY3, kaxpas
CO CBOMM HYKNUAHBIM cOcTaBoM. [pu onpegeneHun cedeHunit pacyeTHo auei-
KW MOAENM PeakTopa YYMTbIBAIOT NPUCYTCTBUE AYEEK MOMNOTUTENS C KBECOM»
o6bema syeiiku NornoTUTens B pacYeTHOM syeiike MOAENU pPeakTopa U Ans Ka-
YeCTBEHHOTO y4yeTa HeOOXOAMMO B KaUecTBe BECOBOM (YHKLMWU UCNONb30BATh
npou3BefeH1e yKasaHHOro 06bemMa Ha hyHKLMIO NIOTHOCTU NOTOKA HEUTPOHOB
BHYTPM syeiiku mopenu peaktopa [58]. Takum o6pa3oM, Ais KayeCcTBEHHOTO
yyeta BbIrOpaHUs NornoTutens B sdeilkax crepxHs CY3 HeoGxopumo pewarb
LONOAHUTENbHYIO 3aia4y 06 onpeaeneHun Nons HEMTPOHOB B ITUX YEMKaX.

Tak Kak pacyet BbiropaHus B ctepxxHax CY3 aHanuTUYeCKMiA, TO MOXKHO CKa3aTb,
YTO MOTPELHOCTb AITOPUTMA PeLleHUs CUCTEMbl YPABHEHUI BbIFOPAHUS OTCYT-
ctyeT. CpefiHee BbIropaHue Mo CTEPXHAM aBTOMATUYECKOrO perynupoBaHus
M KOMNEHCATopax BbiroOpaHuWsA 3a Of4HY MWUKpoKamnaHuio B peaktope BH-600
cocTaBnseT npuMepHo 6% [59]. 3aBUCUMOCTb BLIFOPAHWUS NOTNOTUTENS MO ero
anure B ctepxHe KC npuBeseHa Ha puc. 9.4. B HuxHeM TopLe nornotutens Bbl-
ropanue pocturaet 30%.

Briropanmue, %
14 ~

0 T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10

Homepa siueex moraoTuress CHU3y BBEPX

Puc. 9.4. 3meHeHMe BbIropaHua NornoTuTens 3a ofHy MMKpokamnanuio B ctepxxHe KC
MO €ro pacyeTHbIM AYeiikam CHU3y BBepX

Mpu onpepenennn achekTnBHOCTEN cTepxHei CY3 NOrpewHOCTM B BLIrOpaHUu
HUBENIMPYIOTCA, TaK KaK €CU CTEPXKEHb HAXOLUTCA Ha BEPXHEM KOHLEBUKE, TO
€ro HeT B aKTUBHOW 30HE, €C/IN e OH HAXOLUTCA HA HUXHEM KOHLEBUKE, TO OH
HaxOOATCA B aKTUBHOW 30He BCEN CBOEW AJINHON.
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MmaBsa 10. PacueTt octatouHoOro
TennoBbigeneHus

OcTtatouHoe TennoBbIfeNEHNE OT IHEPrUM pacnaga NPOAYKTOB AefeHUs U aKTu-
Hugos ana TBC BP, kak npaBuno, paccyuTbiBaeTcs No MeTOLy, ONUCaHHOMY
B [60]. B Hem cocTaBnsiowwasn 0CTaTOYHOro TENNOBbLIAENEHNUS — TenoBblgene-
HWe NPOLYKTOB JeNeHUs — OLEHWUBAETCA C NOMOLUbI0 QYHKLMIA cnaja TenaoBbl-
LeneHus OT aKTa AeNeHns Ha genawmxca Hyknuaax. Napamerpbl 3Tux hyHKL it
6binn oLeHeHbl aBTopamm [60]. 3To NnapameTpbl CYyMMbl SKCNOHEHT AN KAXA0ro
LensAWerocs Hyknuga n Buaa

33
D)= Cre, (10.1)
Jj=1

roe D"(t) — ¢yHKUMA, onucbiBaOWas cnag TennosblgeNeHns npu LeneHnm
Of4Horo sapa Hyknuaa n (MaB Ha geneHue); C}, P, — napameTpbl.

Pacyet ocTtaTo4HOro TennoBbIAeNeHUsA OT MPOAYKTOB ileNeHNA CBOANUTCA K UHTe-
rPMpPOBaHMIO NPOMU3BEAEHUA CKOPOCTW YNCNA feNleHNI AeNnAlLeroca HyKnuaa Ha
ero yHKUMIO cnafa TennoBbigeNneHus:

TO
W, = [y @), FD" (T -1)1,6-10dr, (10.2)

Ui

rA€ ¥ — MIOTHOCTb OCTATOYHOTO TEMIOBbIACNEHNS ANS 71 -TO AENALErocs Hy-
Knuaa B pacyeTHon Touke mogenu TBC peaktopa, Bt/cm?; 7, — Bpems Hauana
pab6otel TBC B peakTtope, ¢; 7,, — MOMEHT BPEMEHHU, Ha KOTOPbIit onpepenseTcs
0CTAaTOYHOE TEMNOBLIACNEHNE, C; G} — CeYEHUe ILNIEHNA 7 -TO HYKNUAA, CM;
F — nNNOTHOCTb MOTOKa HeWTPOHOB B pacyeTHOM TOYKe, HelTp./(c-cm?);
y"(f) — KOHUEHTPauus [eNswwerocs HyKuaa, spep/cm’.

MonHoe ocTaTouHOE TENNOBbIAENEHME €CTb CyMMa BCEX JF/ .

BuipaxkeHue (10.2) onucbiBaeT niobble pexxumbl 067y4eHUs C U3MEHEHWNEM MOLY-
HOCTU, OCTAHOBKaMMU, BbIAEPKKOM U T. ., /1A 3TOT0 HEOBXOAUMO YUUTLIBATD U3-
MEHEHWe CeYEHNI 1 NNOTHOCTU NOTOKa HEMTPOHOB BO BPEMEHMU.

B KaaoM KOHKpPeTHOM ciyyae peanusaluun meTofia UMEKTCA HI0aHCbl. Tak,
npu pacyete ocTaToyHoro TennosbigeneHus B TBC B komnnekce FEQECT [29]
NCcnonb3yeTca TOMAUBHBIA apxuB, rae dhukcupyetcs uHdbopmaumus 06 uctopum
npe6eisaHusa TBC B peakTope ¢ y4eTom ee MecTa, BpeMeHU HapaboTKM OCKOJIKOB
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“ BpemeHu neperpy3ok. B yactHoctH, B uctopumn obnyyenus TBC B peakTope,
npeacTasfeHHoi Ha puc. 10.1, HEO6XOAMMO onpefenuTh BKAAA KaXaoi CTy-
neHbKU 061yYeHUs, AIUTENbHOCTU NEPErpy30K U BPEMEHU BbISEPIKKU.

F

F F t

T 1> T3 T4 Ts Ts To

Puc. 10.1. Cxema uctopuu o6nyyenus TBC

Ha puc. 10.1 BCAKMUIA HeYETHbIN MOMEHT BpeMeHUu T, xapaKTepusyeT Hauano
MUKPOKaMMNaHUW, BCAKWUIA YETHbI MOMEHT BPEMEHU XapaKTepu3yeT ee KOHell.
Bpems I, ecTb MOMEHT, Ha KOTOPbIA ONpefeNsaeTca 0CTaTouHoe Tennosblaene-
Hue. B kaxgon u3 MKK peaktop moxeT paboTtaTb Ha pasnu4yHOM YpoOBHE MOLL-
HOCTH, YTO HaLWO OTPaKeHue Ha puc. 10.1 B ypoBHe NOTOKOB HEUTPOHOB F .

B komnnekce NEQECT ponyckaeTcs BO3MOXHOCTb pacyera OCTaTOYHOrO TEMJIO-
BbigeneHua Kak nocne 3aeepuwenunsa MKK, Tak u fo ee 3aBepleHus, Hanpumep
npu aBapuNHON OCTaHOBKE, NO3TOMY B MOAYNE HenoCPeACTBEHHOrO pacyera
OST npepycMOTpeHbl iBa COOTBETCTBYIOWMX PEXMMA pacyeTa 0CTaTOYHOro Te-
NNOBbIAENEHNS.

N3-3a MHOroo6pasus BapuaHTOB AnuTenbHoCTM npebbiBaHus TBC B peakTope
1 HEBO3MOXHOCTU NOJIHOTO XpaHeHus Bcelt uHdopmaumu 06 uctopun TBC B TA
KoMNieKca NpeLyCcMOTPeH Cnefyioluni anropuTM pacyeta 0CTaTOYHOro Tenno-
Bblgenerus. Mo gaHHeiM TA opmupyeTcs uctopus npedbisaHua TBC B peakto-
pe, T. €. ONpeaensATCAs MOMEHTb Hayana u okoHyaHua Tex MKK, B kotopbix TBC
6bina B peaktope. Mpuyem momeHTbl Hauyana MKK onpepensiotca Kak pasHuua
MeX[y MOMEHTOM ee OKOHYaHusA W 3(DEKTUBHLIM BPEMEHEM [UTENbHOCTU.
Ecnn MKK He 6bina 3aBeplueHa, Nofb30BaTeNb 3aaeT AaTy OCTaHOBKM peakTo-
pa, kotopas B mogyne OST BoCcnpMHMMAETCS Kak AaTa 3aBeplleHus nocneaHewn
MKK.

OnpepeneHue YNCIa OCKONKOB MPOUCXOANT HA NOAX HEUTPOHOB, CYUTAHHbIX U3
TA, riie oHM XpaHATCA B BUAE cymmapHoro ¢ntoeHca no kaxpoit u3 MKK. Ceyve-
HUA HYKNMA0B MOTyYT ObITb MoayyeHsl B nocneaHeit MKK, ecnu TBC ewe HaxoguT-
CA B peakTope, unu 13 nocnefHeit nocuntanHoit MKK, npu 3tom yunTbiBaertcs
mecTononoxerue TBC B peakTope B NpefnoNoOXeHUM, YTO MUKPOCEYEHUS HY-
KIMAO0B cnabo MeHAITCA NO MUKPOKaMNaHUAM B KOHKPETHOI A4elike peakTopa.
Komnnekc FEQECT no3Bonset xpaHutb hainsl c ceyeHusmu scex MKK, n B 3tom
Cllyyae MOXHO CYMTATb MUKPOCEYeHUs HYKIMAoB cooTeeTcTByIOWEN TBC.
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Anroput™m pacyeta U3MEHEHUs CKOPOCTEl AeNeHuil KaXaoro HyKAupa aHano-
rMyeH peanusoBaHHOMY B Mopyie BPS (cM. rnasy 9), Tak YTo He fenaercs Hu-
KaKux NpesnonoxeHuii o NOBefeHUU KOHLEHTPaUUi AeNAluxca HYKAUL0B BO
BPEMEHMU.

Mopcraenas (10.1) u (9.22) B (10.2), nonyyaem

-137,

W, =1,6-10 jc"FZA exp (- x'"t)ZC"exp[ P (T,~1)]d,  (10.3)

roe k — HOMEP MUKPOKaMnaHuu.

WHTerpan nepexofut B cymmy cnaraembix, paBHbix yncny MKK koHkpetHoit TBC,
W Ans npuMepa, NpeacTaBieHHoro Ha puc. 10.1, 6yaeT umeTs creaylowmnin Bua:

33 -P(Lh=T) ~Mjy(hL=h) _ -Pi(T,-T)
W,=16-10"c" FZAch; ¢ exm — - +
m=1 pt
s —Pj(To-E)e-X,,"z’(E-Ta) _e—P,(To-TJ)
+1,6-10° G”FZ ,,,,,ZC” P +  (10.4)

P,(To*T[,)e*K 3 Ts=Ts) e*P,(To’Ts)

+1,6-10™°c} £ Y. WZC” - ,
m=l Ny =B

rfie NOMHaA CKOPOCTb Peakumit HyKAMAa m MUKpOKaMnaHum k A, npeAcras-
NIeHa CyMMOW CKOpOCTei HeHTPOHHBIX peakuuit u pacnaga S, +A" .
B obuiem Buae ans k MUKpOKaMnaHuit noayyaem

0 3 hmen) G @)

W, =1,6-10 ZGFZAWZC;' - . (10.5)
S 7\'pl_P/

m=1

roe T, T' — Bpems Hayana U KOHLA MUKPOKaMNaHuu k .
A onpepensoTca Ha Hayano cooTsetcTByloueil MKK c ydetom nepuopos

nm

0CTaHOBA peaKTopa, NpU KOTOPbIX BO3MOXEH pacnapj Aenawnxca HyKknnnos.
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0pHako npakTMyeckoe ucnosb3oBaHue npeactaBnenus (10.5) okasanock 3a-
TPYLHEHO U3-33 OrpaHuMyeHuit Ha npepcTasneHue yucen B IBM. W3-3a 3Haum-
TesbHOro pasbpoca napamerpa £, npoucxofuT noTeps 4acTu cnaraeMmsblx, u pe-
3yNbTaT BbIYUCNEHMI CTAHOBUTCA HEJOCTOBEPHbIM. [nf NPeoAoNeHUs 3TUX
TPYLHOCTEN peann3oBaHa MHOTOWAroBas CXeMa peleHUs No MUKPOKaMnaHum,
B KOTOPOM NocCnefHss pas3buBaercs Ha S WAroB, B KAKAOM U3 KOTOPbIX KOH-
LEeHTpaUMs HYKNWLOB CYUTAETCS HEU3MEHHOMN, COOTBETCTBYIOLLEH KOHEYHOMY
3HauYeHMI0 KOHLLEHTPALNil HYKANAOB Ha JaHHOM BPeMeHHOM wWware. B 3Tom cay-
yae UmMeeMm

1Bk S n B e_P’(T”_T;)(l —e )
W,=1,6:10 Y ' F Y > Ake™ Y C - . (10.6)
k=1 Jj=1 i

s=1 m=1 Jj

roe v, =71 =T, — ANUTENbHOCTb Wara s OT BPeMeHW HadYana 7, [0 BpemeHu
ero okoHuawus T°; A onpepensaioTcs Ha Hayano COOTBETCTBYIOLIEr0 MHTEp-
Bana s MUKpoOKamnawum k.

Bknap B ocTaTouHOe TenoBbIeNeHMe OT pacnaja akTMHU0B onpefenseTcs no
BbIPAXEHMIO

W,=1,60219-10"% y L E,, (10.7)
J

rae W, — ocTaTo4HOe TennoBbijeNeHne U30TONOB aKTUHUAOB, BT; ¥, — KOH-
LeHTpauus usotona j, afep/cm®; A, — nocTosHHas pacnaaa usotona j, c;
E, — tennosbipenexue npu pacnape usotona j, MaB/pacn.

Bknap ot pacnaga akTUHULOB paccyMTbIBAETCA NO faHHbIM TA, rae Ux KOHLUEeH-
Tpauuu COOTBETCTBYIOT MOMEHTY OKOH4YaHus nocnegHen MKK, B koTopoii yya-
creoBana TBC. 3aTem no Lenoykam pacnaga, peannm3oBaHHbIM B MOAY/Ee pacyeTa
BbIFOpaHMA, ONpefensoTCcA KOHLEHTPaLUM akTMHUA0B Ha MOMEHT pacyeTa ocTa-
TO4HOro Tennosbigenenus 7, v no gopmyne (10.7) HaxOAMTCA UCKOMAA Benu-
4uHa. [laHHble NO TeNNOBLILENEHNIO HA pacnaf, cooTBeTCTBYIOT [59].

CornacHo [59] cywecTBeHHbIA BKNaj B OCTAaTOYHOE TEMNOBbIAENEHNEe MOXeT
BHOCWTb aKTUBALMA Afep NPOAYKTOB leNeHUs 3a CYeT peakuuu (n, v ), 0cobeH-
HO s Tpex u3otonoB 34Cs, 48Pm u “Eu. MoaTomy, cnegys [61], B Mogynb pac-
YeTa 0CTaTOYHOTO TEMNOBbIAENEHNA MOXHO 406aBUTb pacyeT 06pa3oBaHus ITUX
M30TOMOB Yepe3 3afjaHne KyMYNATUBHbIX BbIXOLOB NPeALeCcTBEHHUKOB YKa3aH-
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Inasa 10. Pacuem ocmamouno2o meniosvloeleHus

HbIX HYKNUAOB M peakumio (7, y) Ha nocneaHux. Pacyet TennosbigeneHns ot
pacnaga yKasaHHbIX HYKNMAOB WV, OCYWeCTBAAETCA NO BbIPAXKEHUIO, aHaNo-
rmyHomy (10.7):

W =1,60219-10°> "y A E.. (10.8)
J

[laHHble N0 TeNNOBBILENEHNIO HA pacnaf, U CeYEHUAM aKTUBALMM NMPOAYKTOB Ae-
JIeHUs COOTBETCTBYIOT [61].

N3-3a ManocTu BennNUYMHbBI MOXHO He ONpefensiTb HEMOCPELCTBEHHO BKNAA aK-
TUBALMOHHbIX KOMNOHEHTOB CTajW B CyMMapHOe 0CTaTOYHOE TennoBbigeNeHue,
OrpaHNYuUBLIMCL yBeAUYeHNEM Ha 3% MOJHOro OCTaTOMHOrO TEN/OoBbIAeNeHUs
ons TBC akTUBHOI 30HbI, 4TO N0 OLEeHKaM [61] MOXET BHOCUTb LOMONHUTENBbHYIO
MorpelwHoCcTb Ha ypoBHe Bcero 1%. [ns TBC 60koBoil 30HbI BOCMPON3BOACTBA
MOXHO NPeaoXuTb YBENUYMBATE NOJHOE OCTaTOYHOE TENJ0BbIAENEHNE, YMHO-
Kas ee Ha BenuunHy (1+0,029logT ), rae 7 — BpeMaA B CyTKax OT BPEMEHH
3aBepleHus nocnepHeit MKK TBC go momeHTa onpepeneHus octaTtouyHoro Te-
nnosbligeneHus. Mo oueHkam [60] Takoe onpefeneHme MOXET BHOCUTb NOrpeLL-
HOCTb B OMpeAeneHune NOAHOro octatouHoro Tennosbigenenns TBC b3B menee,
yem 2%.

Pacuer ocTtaToyHOro TeNNOBLILENEHUA BO3MOXEH U nyTeMm oTcnexuBaHusa pac-
NnagoB B aKTUHOMAAX N NPOAYKTaX AeneHus. B sTom cnhy4ae K CKOpoCTAM pacna-
[noB HEO6XOAMMO ,D,O6aBMTb BbIXOAbl 3Heprm7| 3TUX pacnapoB, HO U3-3a MHOro-
o6pa3vm YPOBHEBbLIX NepexonosB B Aapax U BbIXOO0B 3Heprm7| OT UX nepexopna
n3 BO36y)K,D,EHHOFO B CTAUMOHApHOEe COCTOAHUE pelleHune 3TOW 3apauu npep-
CTaBaAeTCAa [OCTATOYHO C/IOXKHbIM, XOTA U 3aMaHYUBLIM.

Ins  wnnoctpaumm  paboTOCNOCOGHOCTM  NMpefCTaBAEHHOTO  aNropuTMa
B Tabn. 10.1 npuBeaeHbl pe3ynbTaThl IKCNEPUMEHTANbHBIX UCCNE0BAHMIT OCTa-
TOuHoro TennoBbigeneHns Hekotopbix OTBC u3 peaktopa BH-600 v pe3ynbTathl
nx obcyeTa No nNpefcTaBAeHHOMY anropuTMy.
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Ta6nuua 10.1. laHHble pacyeTHoro (FTEPECT) 1 akcnepUMEHTaNbHOTO 0CTaTOYHOIO
3HeprosbigeneHuns ana TBC bH-600 [61]

Ne n/n N; 1i(ﬁ Tun TBC Haqpflf(:(Haﬂ Ko;\l/le;}l(-laﬂ [latbl n3mepeHus

1 7198 b3B 32 41 24.10.01

2 7304 | MOX 36 39 12.10.00 | 24.10.01

3 7305 MOX 36 39 12.10.00 | 24.10.01 | 14.11.02
4 7366 360 33 37 20.05.99

5 7375 360 33 37 20.05.99

6 7383 360 33 37 22.05.99

7 7386 360 33 37 20.05.99

8 7564 | 3B0 34 37 10.06.99

9 7590 360 34 37 10.06.99

10 7597 360 34 37 10.06.99

11 7809 360 36 39 13.10.00 | 24.10.01 | 14.11.02
12 7946 360 36 39 13.10.00 | 24.10.01 | 14.11.02
13 8171 | 3MO 38 41 24.10.01

14 8573 | 3MO 38 41 24.10.01

15 8709 3C0 40 43 17.11.02
16 8854 B3B 41 43 14.11.02
17 8855 b3B 41 43 14.11.02
18 8867 360 40 43 15.11.02
19 8868 | 3b0 40 43 15.11.02
20 8944 | 3MO 40 43 17.11.02
21 8960 3C0 40 43 17.11.02
22 8990 | MOX 40 43 15.11.02
23 8991 MOX 40 43 17.11.02
24 8992 MOX 40 43 15.11.02
25 9086 b3B 41 43 14.11.02
26 9087 b3B 41 43 15.11.02
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IKcnepumeHT, Bt Pacuer, Bt 5 (P-9) 3, %
150 176 17,3
680 332 718 360 5.6 84
673 357 153 719 368 206 6,8 14 34,6
197 250 26,9
204 242 18,6
355 472 33,0
421 481 14,3
479 570 19,0
547 570 4,2
460 542 17,8
527 230 109 562 277 166 6,6 27,7 53,3
524 252 133 564 278 167 7,6 10,3 25,6
596 635 6,5
622 629 11
1047 1014 -3,2
725 716 -1,2
718 720 0,3
1176 1051 -10,6
969 1052 85
1064 1009 -5,2
1002 1039 3,7
1102 1160 53
1100 1134 31
1097 1224 11,6
655 690 53
711 693 -2,5
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maBa 11. PacyeT akTUBHOCTU OTpaboTaBLUMX
TBC

Mpu peanusaumu pacyeta akTuBHocTM TBC uaum ee yactu moryt BbITh paccmo-
TPEeHbI TPU anropuTMa.

MepBbli — caMmbll NPOCTOM, HO M CaMblii KOHCEPBATUBHbIA, OH COCTOWT B UC-
NoMb30BaHNUKU KOHLEHTPALMA aKTUHOMAOB W NPOAYKTOB AeNeHus, 3anncaHHbIX
B TonnBHOM apxuse Tuna TA komnnekca FEQECT [29], Ha momeHT (7, cornacHo
puc. 10.1) nocnepHeit OCTaHOBKM peakTopa C NPUCYTCTBUEM B HEM UccChedye-
moit TBC. B 3Tom ciyyae fna pacyeta akTMBHOCTU HAa MOMeHT T, npeanonaraet-
CA pacyeT M3MEHeHMA COCTaBa aKTWHOMAOB 3a CYeT pacnajoB 3a Bpems
At =T —T , aTaKKe U3MeHeHWe COCTaBa OCKOJIKOB [le/IeHM1sA 3a CHYeT pacnajos
3a 370 Xe BpeMms.

Btopoit anropuTM coxpaHseT MeTOAUKY pacyeTa akTUBHOCTU aKTMHOMAOB nep-
BOrO a/iropuTMa, HO yYUTbIBAET NPeobpa3oBaHus 3a CHET pacnafos, NPoucxoaa-
WMX B OCKOJIKAaX B MpoOLECcCe WX HaKOMJeHWUs B peakTope. Takum o6pasom,
OCHOBHOE OT/NMYME OT NEPBOFO anropuMTMa COCTOWUT B NepeonpefeneHnn KoH-
LeHTpaLnii HYKNMAOB B OCKONKax AeneHus K MoMeHTy 7, 0CTaHOBa peakTopa
c uccnepyemon TBC.

TpeTuit anropuTM sABASETCA YTOYHEHUEM BTOPOro. B Hem npu yyeTe npeobpaso-
BaHWUA HYKNUAOB B OCKONKAX AENEHUSA K y4eTy pacnafoB fobasnsercs yyer ux
B3aUMOZENCTBMA C NOJIEM HENTPOHOB B peakTope.

AkTuBHOCTb Hyknuga B OTBC npepctaBnsieT coboii npoussefeHue ero naoTHO-
CTW Ha NOCTOSHHYI0 pacnafa, NPocyMMUpOBaHHoeE no Bcemy o6bemy OTBC unu
no HeoGXOAMMON ee YacTu:

v
Ak(ZO):kkJ‘yk(x’ya Z9t())dva (11.1)
0

rae A, (t,) — aktuBHOCTb Hyknupa k OTBC Ha momeHT 4, BK; A, — noCTOSAH-
Has pacnaga Hykampa k , ¢ y, (X, y,z,t,) — KOHUEHTpauua Hyknupa k
B 06beme OTBC, cm~3.

Kak npaBuno, B pacyeTHbIX Komnnekcax, Hanpumep NEQECT [29], koHuUeHTpaLuK
HYKIM[0B NOAAEPXKMBAIOTCA B PACYETHBIX TOMOTEHHBIX fYeiKax, Kaxaas u3 Ko-
TOpbIX 3aHMMaeT Bce ceyeHne TBC 1 yacTb ee BbICOTHI, T. €. 33BUCMMOCTH NAIOT-
HocTu oT (x, ¥ ) HeT. No3aTomy paBeHcTBO (11.1) nepexoauT B cnepytollee:
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ntz

A,(t) =18 [ 3, (n. 1) z(m), (11.2)

roe S — nnowapb ceveHus 0TBC, cm?; z(n) — BbICOTHbIN pa3mMep pacyeTHo
Aventku n B TBC, cm;
MpuMepHbIe Lenoykn akTMHOMAOB U HYKNUAOB U3 NPOAYKTOB AeNeHua npea-
cTaBsieHbl B rnase 9.

Ha puc. 11.1 npepcraBieHo noBeaeHne akTuBHoCTH ofHoi 3 OTBC B 3aBucu-
MOCTM OT BPEMEHM BbIIEPIKKM OT MOMEHTA U3BNeYeHus fo Gonee TpUaLATYH JeT.
Hanbonblinii BKNaa B aKTMBHOCTb AaK0T OCKOJIKU JeNeHUs.

bk
1,00E+17 -

1,00E+16

1,00E+15

1,00E+14

1,00E+13

1,00E+12 T T T T 1 CYyT
0,1 1 10 100 1000 10000

= aKTUHUAbl — OCKOJIKM — CyMMa

Puc. 11.1. Nosepexue aktusHoct OTBC PY BH-600 (TBC N2 9690 B TA) no BpemeHu o1
MOMEHTa U3B/IEYEHNSA ee U3 aKTUBHOI 30HbI

11.1. OnpedenerHue ucmMoYyHuUKa HelimpoHOo&

HeitTpoHbl 06pasytoTcs 6e3 LenHoi peakuuu AeneHns Yepes:

® CNOHTAHHOE AeneHue;

* (o, n)-peakuum.

Hanbonee nonHo metopuka pacyeta HeWTPOHHOrO UCTOMHUKA NpeACTaB/ieHa
B [62].
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11.1.1. OnpepeneHue NCTOYHUKA HEMTPOHOB
3a CYeT CMOHTAHHOrO AeneHuns

Bbixod HE/iTPOHOB CNOHTAHHOTO fieneHna sf onpefenserTca Yyepes ypaBHeHUs
HYKNUAHON KUHETUKM (CcM. rnasy 9):

» — dy, —ioni i At _;, In2 m, .

sf i i i i i Sf i i f
=YV, |—L| => V. A ye =>»v., ——LN,.e ™, (11.3
Y ( ) Zl: sf [ It jsf Z sfsf Yo Zl: sf T M A ( )

1/2sf i

roe M. — monekynsapHas macca Hyknuga i ; N, — 4ucno Asoragpo.
i A

B nporpamme NEDIS [62] gns pacyeTta cnekTpa HeMTPOHOB CMIOHTAHHOTO Jefe-
HUA ucnonb3yetcsa Gpopmyna Yartta (2.7). B KOTOpOii napaMeTp a npeacraBaseT
cpedHiolo Temnepatypy 7 NpOAYKTOB CMOHTAHHOTO AeNeHWs, UCMYCKaLWnX
HEMTPOHBI, U 3aBUCUT OT CPEIHErO YMCA UCTTYCKAEMbIX MU HEATPOHOB V-, KO-
TOpO€ B COOTBETCTBUM C COOTHOWeHMEeM (11.4) no3BONSET NONYYATh CPEAHION
3HEpruio CrekTpa HeMTPOHOB CMIOHTAHHOTO fiefeHus, BNN3KYI K SKCNepUMeH-
TanbHOMY 3HauYeHUI0 ONA XOPOWO M3MEePEeHHbIX HyKNUAoB (%°Pu, 24Pu, #8Cm,
zsch):

T(v,)=048+02(1+v,) . (11.4)

MNapameTtp b wu3 (2.7) onpepensieTcs Kak 3TON TemMnepaTypow, TaK W CpepHei
KUHETUYECKO 3Hepruelt Ha HYKNOH NPOAYKTOB CMOHTAHHOTO AeNeHNA £, npu-
HATol B nporpamme NEDIS s BCcex CNOHTaHHO AENALWMXCA HYKAUAOB PaBHO
0,76 M3B.

b=4E, /T> =3,04/T" =3,04a’. (11.5)

I'Ipvl 3TOM CpeaHAA 3Heprua cnekTpa HeVITpOHOB CMOHTAHHOTO AeneHnsa
3 .V 11.6
<E>=Ef+5T=1,48+0,3(1+v3f) . (11.6)

11.1.2. OnpepeneHue NCTOYHUKA HEMTPOHOB
3a cyer (o, n )-peakumm

Brixop anbcba—qacwlu, n3 O6'b€Ma, coaepiKalliero cMeCb HyKnnaoB ¢ MacCamn m;

M obweit maccoit M =) m, , OnpenenseTca U3 ypaBHeHuii HyKIMAHOI KiHe-
TUKM (CcM. rnasy 9): !
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AOE Z{ j Zx "“zszzg’;N NCER)

! 1/2sf

Bbixog HeATPOHOB Ha OfHY anbta-4acTuLy U3 TOJCTON MULWEHU BblpaXKaeTcs
dhopmynoin

yn( ) J‘Gtot(E) E, (11.8)

rhe E, — 3Heprus anba-4acTuly B nyuke npn 60MbapAMpOBKE TONCTOI MUlLe-
HU; &(E) — aToMapHas TOpMO3Has CNOCOBHOCTb MULIEHU Ans anbda-yacTuy,
C 3Heprueit, paBHoit E ; o, (E) — NonHoe WHTerpanbHoe ceyeHne obpa3osa-
HUA HEITPOHOB NPU B3aUMOZENCTBUM anba-4acTuL, 3Heprum E ¢ MULLEHbIO.
Ecnu ceyenue B (11.8) BbipaxaTtb B MUIINOAPHAX, TOPMO3HYIO CNOCOBHOCTL —
B 107" 3B cm?(4ncno atomoB)™, a aHepruo £ — B M3B, To BbIxoA HeNTPOHOB
GyfeT HopMupoBaH Ha 10° anbda-yacTuu,.

BblpaxeHue gna pacyerta nojHOro BbIXOAa HEMTPOHOB M3 MULIEHW ANA NPOU3-

BOJILHOTO CMeKTpa anbta-4yacTul I(Ea) C MaKcuManbHoil 3Heprueit E, .
BLIFIAAMT Cleayiomm 06pasom:

E,

0, (E)
0= [ I(E, )UW }dEa. (11.9)

0 0

E(l X
Beepem oGoswauerun P(E,)=

3
g

I(E)dE, otciopa cnepyet, uT0

e

dP(E,)
— 3y __J(E ). Nepennuwem (11.9):
" (E, )- Nepenuwen (11.9)

0= Ea‘[ ](E“)|:T G;n(téf) dE:| dE, =

(11.10)

+I- APE) | 9l |
dE &(E) “

0 [ 0
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W, uHTerpupys (11.10) no yacTam, noayyum

To (E) ik
——P(E, ) | 20 g o
. . (11.11)
+ | P(E,) A J.Gm—(E)dE dE,.
) dE,| 3 &(E)

MepBoe cnaraemoe paBHO HyNIO, TaK Kak P(Ea’max )= 0,a c(O)z 0, nocraet-
ca, 4To

o- | MP(EQ YE,. (11.12)

v e(E,)

roe P(E) — yucno anba-4acTuL, Ha MHTepBane (E+dE) C 3Hepruen 60/b-
we £ .

BeipaxeHue (11.12) no3BonseT 3a OAMH War UHTErPUPOBAHUA NONYYUTL 3HaYe-
HMe BbIXOAA HEWTPOHOB [/l MPOM3BOJILHOIO CMeKTpa anbtha-yacTui I(Ea).
[lns MHOTOKOMMOHEHTHOW cpeAbl HEOOXOAMMO NPOCYMMUPOBATb BbIXOAbI OT
BCEX MUIIEHeN, YYuTbIBas, YTO TOPMO3HAA CNOCOOHOCTb Cpedbl Onpeaensercs
npaBunom agautueHoctu bperra u Knumana [62].

CneKTp HEATPOHOB peakumu (o, ) CMecU HyKIMZO0B UMeeT BUf,

dN(E,) < " o (B, . (E, E,)RAT,,
i P L p(E,)dE,, (11.1
dE Z J ( Cl)d a? ( 3)

n ij.k Xk (E,) gk (Ea )+ i yLSB SRI-)/-)/( (Ea)
B=1B#k yk .

rAe €, — aToMHas TOPMO3HasA CNOCOBHOCTb k -ro aneMeHTa cpefbl ANs abda-
yacTul; E, — 3Heprus anba-yactuupl B 1a6OpaToOpHOii cUCTeMe KOOPAMHAT;
i — YpOBeHb OCTAaTOYHOTO AAPa, J — M30TOM k -rO 3/EMEHTa, Ha KOTOPOM
npet peakuus (o, n); k — 3NeMEeHT, Ha j -M U30TONE KOTOPOro UAET peakLuus
(a,n); 0,;, — ceyenue (o, n )-peakLuum Ha i -it ypOBEHb OCTATOYHOrO AAPa
Ha j-M u30TONe k -ro anemeHTa; § — 3nemeHT B cMecu, I<PB<L; L — yuc-
/10 3NEMEHTOB B CMECH; ), J, — YUCIO aTOMOB COOTBETCTBYIOLIETO 3/1IeMEHTa
B eAnHuLe obbema cmec; RAT,, — atomHas yacte J -ro usotona B npupos-

k
HOW cMecu n3otonos k -ro anementa; f(E,,E,)=1+Y a,(E,)P, (cose*)
=1
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— yrnosas CoCTaBifAOWan B pa3ioXeHUn ce4yeHnsa no NnoOJIMHOMam J'IemaH,upa,

0" — yron B cucTeMe LEHTPa MAcc; ANsi MPOU3BONLHOTO IMUCCHOHHOTO w(E,)
E

o, max

nektpa anbta-yacr = TblBaeT, YTO B TbiBae-
cnekTpa anbta-dactuy P(E, @(u)du y4uTHIBAET, YTO B pacCymThIBaE
E,

MOE 3HayeHue Ycna HeMTPOHOB € IHepruein £, BHOCAT CBOM BKNaj BCe anbga-
4aCTULbl 3MUCCUOHHOTO CMEKTPa, 3Heprus KoTopbix Gonbwe E_ ; R, (E)

npefcTaBnseT coboi MHTepBan 3Heprui (Eﬂ’max —E, in ) B KOTOPOM POXAatoT-
CA HETPOHBI AN 3aAaHHOTO 3HAYEHMA IHeprun anbda-yacTuLbl, ANA KAKAOTO
J -u30T0Na, k -ro 3nemMeHTa MUWEHW 1 i -ro YPOBHs OCTaTOYHOrO AAPa.

Mpepensl MHTerpupoBaHus ypaBHeHus (11.13) onpepensioTcsa KUHEMATUKOI

peakumu.

[laHHble MO aTOMHOM TOPMO3HOW CMOCOGHOCTM anbda-4acTul B eAUHULAX
10 3B cm%(4yncno atomoB)™! nonyyalT C UCMONb3OBAHUEM YypPaBHEHMII W3
[55].

(11.14)

[ 1 j 1 1
— =] — |+ S
€ S]ow Shigh

S = A(E)", Sy = (4, E, ) (1+(4, / E, )+ AE ).

low high

TopMO3Has CnoCO6HOCTb Pa3IUYHBIX KOMMO3ULMOHHbIX CMECEN U COeANHEHU
onpegenseTca no npasuny agauTusHoctu bperra u Knumana [62].
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MocnecnoBue

PeakTopHas ¢u3nMka MHOrve roApl Onepupyer TEPMUHOM «PeaKTUBHOCTbLY,
copMynMpoBaHHbIM Ha 6a3e pelleHns CTaLMOHAPHOTO YPaBHEHUS MepeHoca
HEMTPOHOB, Ucnonb3yoLlLero 3hheKTUBHbIA KOIMPULUNEHT pasMHOXEHUs. ITK
MOHATUA OKa3aAUCb OYeHb YOOOHBIMU MpPU OLEeHKe 6e30MaCHOCTU PeaKTOPHbIX
YCTaHoBOK. B TO e Bpems MM CBOMCTBEHHbI W HepocTaTkn. OHW Hemocpea-
CTBEHHO He U3MepAIoTCA 3@ UCKNIOYEHWEM C/TyYas C HEM3MEHHOMN MOLWHOCTbIO,
Korga k, =1, a peakTMBHOCTb paBHa HyMo. Kpome TOro, 3TM NOHATUA UHTe-
rpanbHbl U HE ONEPUPYIOT NOKANbHLIMU U3MEHEHNAMU CPeAbl U OTCIEXNBAEMbIX
MPOCTPAHCTBEHHbIX YHKLMIA. Mexy TeM noBefeHne peakTopa BO BpeMEH! Xa-
paKTepU3yeTCA U3MEHEHWEM NOKaNbHbIX XapaKTEPUCTUK, @ HbIHELWHNE BO3MOXK-
HOCTM NPOTrPaMMHOr0 06ecneyeHus U BbIYUCAUTENbHON TEXHUKU AaK0T BO3MOX-
HOCTb OTC/IEXMBATb 3TU U3MEHEHUs, He npuberas K NOHATUIO PeaKTUBHOCTM
W Onepupys He yMO3pUTENbHbIMW, A BMOSHE HAabNIOAAEMbIMU U U3MEPSAEMBIMU
napameTpamu U3MeHEeHWUsA CBOMCTB Cpefbl M NOBEAEHUS B HEl NONA HENTPOHOB.
Hanpumep, ceityac ctout npobnema cpaBHeHUs U3MepeHHoi (B HecTauuoHap-
HOM peXu1Me) U paccyMTaHHOM (B CTaLLMOHAPHOM COCTOAHMUMU) PEaKTUBHOCTH, HO
noyemy 6bl He CYUTATb PEaKTUBHOCTb B HECTALLMOHAPHOM COCTOSIHUM, BO3MOX-
HO, NPUAAB eil HOe, HOBOE KayecTBO?

B HacTosweil paboTe ¢ UCMONb30BAHWUEM NOHATUI CErOAHSLWHEr0 AHA ChopMmy-
NIMPOBaHA CUCTEMA YPABHEHMWI TOYEYHOW KMHETUKM C MPOCTPAHCTBEHHOM 3a-
BUCMMOCTbIO KOHLEHTPALMiA NpeAecTBeHHUKOB 3ana3abliBalolmX HEUTPOHOB.
MpumeHeHUe 3TOi CUCTEMbI YPaBHEHUI NPU MOAENMPOBAHUK COpOCa CTepXKHel
AEMOHCTPUPYET 3HAYUTENbHOE YMEHbLIEHWE NOrPELHOCTH PeleHus no cpas-
HEHMIO C UCNOb30BAHUEM KNACCUYECKON CUCTEMbI YPAaBHEHUI TOYEYHO KUHe-
TUKU.

MokasaHo, YTO MpW NOMyYEHUM YPaBHEHUI TOUEYHON KMHETUKWU UMET Aeno
C ABYMsA npegnonoxeHusmu. Mepsoe — 3T0 pasfeneHune NpoCTPaHCTBEHHO-
3HePreTUYeCKUX 1 BPEMEHHO NepeMeHHbIX 1A NIOTHOCTU NOTOKA HETPOHOB.
Btopoe npennonoxeHue coCcTOMT B TOM, YTO NapameTpbl 3TUX YPaBHEHUI no-
JIY4aloTCA U3 pelleHus YCAOBHO-KPUTUYECKUX 3afay C JoNeil 3ana3fablBatolLnx
HETPOHOB Cpeau BCex NpoAyLMUpPYyeMbIX HEHTPOHOB, COOTBETCTBYIOWEN CTaLu-
OHapHOMY COCTOSIHUIO, YTO HapyllaeTcs B HecTaunoHapHoM npouecce. N ecnn
nepBoe NpeAnoioXeHue 06CyKAAETCA B KAXAOM KOHKPETHOM C/ly4ae, TO O BTO-
pom faxe He ynoMmuHaetcs. 04HAKO ero Take HYXHO BCAKWIA pa3 060CHOBbI-
BaTb, YTO U NOKa3aHo B AaHHOW paborTe.

Wcnonb3oBaHue BOCbMU rpynn 3ana3ablBallux HEMTPOHOB BUAMTCA NpPeano-
YTUTENbHBIM, TaK KaK YNpOLAeT pelieHne HeCTalMOHaAPHO 3a4a4m Npu 3arpys-
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Ilocnecnosue

Ke B peakTop pasfNuyHbIX AeNsINUXCA HYKIUAOB C CONOCTaBUMbIMU KOHLEHTpa-
umamu, Hanpumep MOX-TonnuBea.

BmecTe C TeM NOKa3aHO, YTO MMEHHO B NEPEXOAE K NporpaMmmMHomy obecneye-
HWIO, No3BoNAOLEMY 06C‘-WITblBaTb NPOCTPAHCTBEHHbIE HeCTauMOHaApHbIE 3a-
Aauu, GopMMpoBaTh U3MEPAEMbIA CUTHAN, 0OpabaTbiBaTh M3MepsieMble CUTHANbI
WT.N. U TeM caMbiM 06ecneynTb Nnepexos K 060CHOBaHUI0 6@30MacHOCTM peak-
TOPHbIX YCTAHOBOK HEMOCPEACTBEHHO B HECTALMOHAPHBIX PeXUMax (B TOM ynucne
AAXKe C pa3pylueHnem LesoCTHOCTU UCCeAYeMOoro 06bEKTa), BUAUTCS OCHOBHOE
nepcneKTMBHoOe HanpasJieHUe B MOAENIMPOBAHUN HeVITpOHHO-CbVBI/I‘-IeCKI/IX npo-
LLeCCOB PeaKTopa HapsAy C OLEHKOI BAUAHWS HELO0CTOBEPHOCTM HALWMUX 3HAHUM
0 NapaMeTpax pPeakTopHOI Cpedbl, UCMONb3YEMbIX B TaKMX pacyertax. Ecau 3Ta
paboTa NOCAYKUT MaNEHbKUM LIAroM Ha GONbLIOM NYTH K TAKOMY NEPEXOfy, aB-
TOp GYAeT CYMTaTh, YTO OHA CAENaHa He 3ps.

YenoseKy yLOOHO XUTb He B peasibHOM MUPE, a CPEAN COBCTBEHHbLIX UIIO3UI
(ycnoBHocTeit). Tak, BMECTO YECTHOTrO pelleHUs HeCTaLMOHApHOro ypaBHeHUs
nepeHoca HENTPOHOB B MHOTOMEPHOM MNPOCTPAHCTBE peWanT YCI0BHO-
KpuTuyeckylo 3apady. KoHeyHo, Tak cnyyumnoch nog Bo3geicTBueM 06bLEKTUB-
HbIX 06CTOATENLCTB, FNAaBHLIM 0O6Pa30M U3-3a YPOBHA KOMMbIOTEPHOTO obecne-
yeHus. [lo3TOMy BMECTO MOSHOM 3afayuu HA NEPBOW CTAZUKU Pa3BUTUA AAEPHO
3HEpreTUKM CTanu pelaTb HeCcTaLMOHAPHYI 3afjayy B YNpOWEHHOM BuUae
YC/IOBHO-KPUTUYECKON 3afjauu, onepupys oTCyTCTBYIOWMM B npupoge (T. e. He-
n3mepsiembiM) napametpoM k. Ncnonb3ys 3T0T ycnoBHbIA Napamerp, ctaiu
onepupoBaTb NPOMU3BOLHbLIM OT HEFO TOXE YC/OBHbIM NOHATUEM PEAKTUBHOCTU.
3T0T napameTp TOXe He WU3MepsieTCs HenoCPeACTBEHHO, a AWlWb NOoJyvaeTcs
pacyeTHoit 06paboTKoi HENOCPELCTBEHHOrO curHana. Onupasch Ha peleHue
YCNIOBHO-KPUTUYECKOrO YpaBHEHUS U ONepUpys ero YCNOBHbIMU NapameTpamy,
NPUHANM, YTO U3 ONpejeNeHns NOHATUA PEaKTUBHOCTY MOXHO 3aKNI0UNTb:
® npu p<0 MOLWHOCTb peakTopa Nagaet, eCiy OHa NONHOCTLIO He onpejenseT-
CA BHEWHMM UCTOYHMKOM M B 3TOM C/ly4ae OCTAeTCA HeU3MeHHO;
® npu p=0 MOLWHOCTb peakTopa He U3MeHsaeTCs;
® npu p>0 MOLWHOCTb peaKTopa pacTer.

0pnHako nokasaHo, YTO B OOWEM Clyyae MpU HEacUMMNTOTUYECKUX MpoLeccax
3TV BbIBOABI He paboTaloT (CM. rnasy 6). Cneays NpuUBbIYKe ONEpUPOBaTL YA06-
HbIMU NapaMeTpamMu, s 3TUX CIly4YaeB BBE/M NMOHATUE [UHAMUYECKON PeaKTuB-
HOCTM [2; 24], HUKAK He xenas COBCEM OTKa3aTbCA OT 3TOTO MOHATUA, Toraa
KaK npsMoe pelleHue HeCTaLuMOHapHOro ypaBHEHUA NepeHOCa HENTPOHOB He
“meeT fena C ONMMUCAHHBbIMW YCJIOBHOCTAMW W OTPAXKaeT peanbHOe MOBELEHMe
peaKkTopa BO BPEMEHW, MPUYEM KaK B MHTETPasibHOM, TaK U B JIOKaJIbHOM CMbIC-
ne. Bce napameTpbl 3TOr0 ypaBHEHUS MOTYT ObITb M3MEpEHbI, U, TaKM 06pa3om,
3KCNEpUMEHTANbHbIE U PACYETHblE 3HAYEHWA CTAHOBATCA HEMOCPeACTBEHHO
conocTaBumbiMu. CTpemieHWe paccyuTbiBaTh Te€ NMapaMeTpbl, KOTOpble HEMo-
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E. @. Cenesnes
Kunemuxa peakmopogé na 6vicmpbix Heumponax

CpeacTBeHHO U3MepATCa, BUANUTCA npeo6na,u,a|ou.|,V|M B pacyeTax. Bo3moxHo,
370 6_\/[J,yT HOBbI€ NMapaMeTpbl UK e npexHune, HO C HOBbIM HANOJIHEHUEM, Ha-
npumep peakTMBHOCTb MOXET ObITb onpepeneHa He 4yepes COGCTBEHHOE YUCIIO
yCﬂOBHO-KpMTM‘{ECKOVI 3ajayu, a NnpeacTaBnAaTb XapakKTep CKOPOCTU U3SMEHEHUA
MOLWHOCTKN peaKTopa.

MokasaHo, YTo BBEAEHHAs PEAKTUBHOCTb «MPOSABAAETCA» HE CPasy, a ULb CO
BPEMEHEM U 3aBUCUT OT CKOPOCTU BBOJA. YeM ObiCTpee BBOA PEAKTUBHOCTH, TEM
6oMblias YacTb PeaKTUBHOCTU MPOSBUTCA» B MOMEHT 3aBepLUEHUS BHECEHUS
peakTUBHOCTU. XOTA NPOLECC «MPOABNEHUA» PEaKTUBHOCTU HE OFHO3HAYEH.

Mpu aHanuse 3KCNepUMEHTaNbHbIX AAaHHbLIX OCTAeTCA OTKPBITHIM BOMPOC O MO-
BEeAEHUN PYHKUMM BAUAHUS (T. e. 06 M3MEHeHWUU BO BpeMeHU 3P dEeKTUBHOCTH
getextopa). MoKa3aHo, YTo pacyer NO3BOMAET ONPEAENNUTb ONTUMASLHOE MECTO
pacnoiioXeHus fetekTopa ais obecneyeHns MUHUMANbLHOM NOTPELHOCTH 3KC-
nepuMeHTaNbHOro pesynbTata. PaccMoTpeHo HoBoe nonoxeHue o hopmMuposa-
HUM YHKLMW BAMAHMSA HA 6a3€ OLEHKM 3KCNepUMEHTAIbHOTO CUTHaNa.

N3 npepcTaBneHHbIX 3KCNEPUMEHTAbHBIX JAHHbIX MOXHO CAENaTb BbIBOJ, O He-
cobnofeHNM CBONCTBA KOMMYTATUBHOCTU MO OTHOLWEHUIO K PEAKTUBHOCTU. TO
eCTb Nnepexofi U3 OAHOr0 COCTOSIHUS B iPYroe, XapakTepusyemslii onpefeneH-
HOIl PeaKTUBHOCTbIO, NpK 0GPaTHOM MpPOLECCE MOXET BObiTb 0XapaKTepu3oBaH
LPYr1M ee 3HaYeHMeM No aMnauTyAe. B yacTHOCTH, 3TV faHHbIE CBUAETENLCTBY-
toT, 4T0 3hhekTUBHOCTL cOpoca cTepxHei CY3 B aBapuHON cUTYaLMK Npu pas-
FOHe peakTopa MeHblue Mo CPaBHEHUIO C IPMEKTUBHOCTBIO ITUX e CTePIKHeN
npu cOpoce UX U3 KPUTUYECKOTO COCTOAHUA. ITO rOBOPUT O HEOOXOAMMOCTH
nepexoauTb B pacyeTax K pelleHni0 ypaBHEHUN NPOCTPAHCTBEHHOW KUHETUKM,
paccyuTbIBaTh HEMOCPEACTBEHHO U3MepseMble NAapaMeTphbl U Ha KaKOM-TO 3Tane
0TKa3aTbCs OT NOHATUS PEaKTUBHOCTM.

CerofHs 3T0 MOHATUE BOWIO AAXKE B HOPMATUBHbLIE [OKYMEHTI, B KOTOPbIX Npa-
BUbHEe Gbino Gbl (MKCMpoBaTh TpeGoBaHWe He 0 3anace PeaKTUBHOCTH, @ O
nepeBofje MOLHOCTM PEaKTOPa C TaKOr0-TO HA TAKOE-TO 3HAUYEHME 3a TaKoe-To
BpeMA U T. M.
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MpunoxeHue 1.

HopmupoBaHHbIW Ha 2 BbIXOA NMPOAYKTOB
aAeneHusa 2°U u ponsa npealecTBEHHUKOB
3anasgbiBaloWUX HEUTPOHOB

[lons BbixofoB
Mexpy-
Ne Homep HapoAHEl . Bbixop | npeplwecTBeH-
n/n HyKnmpa MHReKC Mms AsC T,,,,C | NpomyKTOB | HMKOB 3a-
B BPS JeneHus |nasfabiBaoLmx
HyKnmpa N o

HeWTpPOHOB, %
1 32 200520 Ca52 0,000 — 0,00 2,00
2 116 250640 Mn64 7,788 0,089 5,690E-12 33,00
3 123 250650 Mn65 7,534 0,092 3,715E-12 6,92
4 132 250660 Mn66 3,950 0,175 1,587E-12 10,88
5 188 270710 Co71 1,926 0,360 1,685E-09 2,61
6 199 270720 Co72 3,925 0,177 6,427E-10 4,80
7 234 280750 Ni75 1,536 0,451 9,482E-09 8,43
8 235 290750 Cu75 0,5332 1,300 8,140E-07 3,50
9 248 290760 Cu76 0,4404 1574 4,030E-07 3,00
10 281 290790 Cu79 1,262 0,549 9,094E-09 55,00
11 282 300790 n79 0,2636 2,629 7,347E-06 1,30
12 283 310790 Ga79 0,2310 3,000 1,764E-04 0,09
13 296 300800 Zn80 0,6156 1,126 2,428E-06 1,00
14 297 310800 Ga80 04176 1,660 1,437E-04 0,86
15 307 300810 Zn81 2,595 0,267 2,261E-07 7,50
16 308 310810 Ga81 0,5635 1,230 6,026E-05 11,90
17 322 310820 Ga82 1,155 0,600 1,173E-05 19,80
18 334 310830 Ga83 2,236 0,310 1,778E-06 37,00
19 347 310840 Ga84 3,128 0,222 1,214E-07 70,00
20 348 320840 Ge84 0,5776 1,200 1,457E-04 10,80
21 350 330840 As84 0,1308 5,299 1,302E-03 0,28
22 360 320850 Ge85 0,8935 0,776 1,841E-05 14,00
23 361 330850 As85 0,3332 2,080 1,430E-03 59,40
24| 373 330860 As86 0,7702 0,900 4,222E-04 33,00
25 384 330870 As87 0,9495 0,730 9,125E-05 15,40
26 385 340870 Se87 0,1238 5,599 6,467E-03 0,20
27 386 350870 Br87 | 1,2447E-02 | 55,648 | 1,522E-02 2,60
28 397 340880 Se88 0,4530 1,530 2,994E-03 0,67
29 398 350880 Br88 | 4,2524E-02 | 16,299 | 1,669E-02 6,58
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[Lons BbixofoB
Mexay-
Ne Homep HAPORHbI L Bbixon |npeplecTBeH-
n/ HyKnpa WHzeKe Nms AsC T,,.C | NPORYKTOB | HMKOB 3a-
B BPS JeneHus |naspgbiBaolmx
HyKnmpa N o
HelTpoHOoB, %
30 408 340890 Se89 1,691 0,410 5817E-04 7,80
31 409 350890 Br89 0,1583 4,378 1,374E-02 13,80
32 421 350900 Br9o 0,3610 1,920 5167E-03 25,20
33 434 340910 Se91 2,567 0,270 5,410E-06 21,00
34 435 350910 Bro1 1,279 0,542 1,522E-03 20,00
35 447 350920 Br92 1,915 0,362 2,013E-04 33,10
36 448 360920 Kr92 0,3747 1,850 1,817E-02 0,03
37 458 350930 Br93 2,330 0,297 1,836E-05 68,00
38 459 360930 Kro93 0,5377 1,299 4,643E-03 1,95
39 460 370930 Rb93 0,1169 5,929 3,290E-02 1,39
40 472 350940 Bro4 2,847 0,243 8,085E-07 68,00
41 473 360940 Kra4 3,332 0,208 9,511E-04 1,11
42 474 370940 Rb94 0,2511 2,760 1,726E-02 10,50
43 484 360950 Kr95 0,8887 0,780 9,836E-05 2,87
44 485 370950 Rb95 1,805 0,384 7,915E-03 8,73
45 496 350960 Br96 4,864 0,142 6,667E-10 27,60
46 497 360960 Kro6 1,396 0,496 7,906E-06 3,70
47 499 370960 Rb96 3,414 0,203 8,497E-04 13,30
48 510 360970 Kro7 2,779 0,249 3,296E-07 8,20
49 511 370970 Rb97 4,077 0,170 3,083E-04 25,10
50 512 380970 Sr97 1,572 0,441 1,727E-02 0,05
51 524 360980 Kro8 2,692 0,257 1,340E-08 7,00
52 526 370980 Rb98 6,418 0,108 1,388E-05 13,80
53 527 380980 Sr98 1,050 0,660 6,617E-03 0,25
54 529 390980 Y98 1,066 0,650 5,331E-03 0,33
55 537 360990 Kr99 5,581 0,124 3,964E-10 11,00
56 538 370990 Rb99 11,75 0,059 2,056E-06 15,90
57 539 380990 Sr99 2,606 0,266 1,217E-03 0,10
58 540 390990 Y99 0,4951 1,400 2,128E-02 1,90
59 552 371000 Rb100 3,968 0,175 8,036E-08 6,00
60 553 381000 Sr100 0,5791 1,197 1,843E-04 0,78
61 554 391001 | Y100m 1,260 0,550 4,188E-03 0,92
62 565 371010 Rb101 3,709 0,187 4,610E-08 28,00
63 566 381010 Sr101 5,728 0,121 1,274E-05 2,37
64 567 391010 Y101 1,386 0,500 2,479E-03 1,94
65 578 381020 Sr102 1,383 0,501 8,543E-07 4,80
66 579 391021 Y102m 0,000 - 1,846E-04 4,90
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IIpunooicenue 1. Hopmuposannutii na 2 6v1x00 npodykmos oenenusi 235U u oons
npeoulecmeeHHUK08 3anazoblealowux HelimpoHos

Mexay-

[Lons BbixofoB

Homep N Bbixon |npeplecTBeH-
Ne HapOoAHbIN "
n/n HyKnpa WHzeKe Nms AsC T,,.C | NPORYKTOB | HMKOB 3a-

B BPS JeneHus |naspgbiBaolmx

HyKnmpa N o
HelTpoHOoB, %

67 580 391020 Y102 0,7702 0,900 1,846E-04 4,90
68 594 391030 Y103 0,6897 1,005 3,804E-05 8,00
69 633 411060 Nb106 0,6931 1,000 3,042E-04 4,50
70 659 411080 Nb108 1,082 0,641 4,289E-05 6,20
71 671 411090 Nb109 0,9882 0,701 2,800E-06 31,00
72 684 411100 Nb110 2,144 0,323 7,407E-08 40,00
73 686 431100 Tc110 0,6931 1,000 2,059E-04 0,04
74 699 431110 Tcl11 0,2440 2,841 7,152E-05 0,85
75 713 431120 Tc112 0,7036 0,985 1,070E-05 1,50
76 726 431130 Tc113 0,4438 1,562 1,715E-06 2,10
77 806 451180 Rh118 0,4560 1,520 4,283E-06 3,10
78 835 451200 Rh120 0,6938 0,999 1,117E-08 5,40
79 838 471200 Ag120 0,5924 1,170 8,958E-05 0,003
80 850 471210 Ag121 08774 0,790 1,083E-04 0,08
81 863 461220 Pd122 0,1099 6,307 8,542E-08 2,50
82 865 471220 Ag122 1,216 0,570 8,601E-06 0,19
83 878 471230 Ag123 2,310 0,300 3,835E-06 0,55
84 893 471240 Agl24 4,077 0,170 3,080E-07 1,30
85 936 491271 |In127m 0,1873 3,700 2,588E-05 0,69
86 937 491270 In127 0,6027 1,150 1,327E-04 0,03
87 952 491281 |In128m 0,1238 5,599 4,026E-05 0,05
88 953 491280 In128 0,8252 0,840 1,007E-04 0,05
89 966 491291 |In129m 0,5776 1,200 9,970E-05 2,50
90 967 491290 In129 1,175 0,590 4,501E-04 0,25
91 981 481300 Cd130 0,4790 1,447 4,732E-06 3,50
92 983 491301 |In130m 2,100 0,330 3,077E-04 0,93
93 984 491300 In130 1,203 0,576 2,682E-04 1,65
94 998 481310 Cd131 3,015 0,230 3,225E-07 3,50
95 999 491312 | In131g 2,166 0,320 8,233E-05 0,03
96 | 1000 491311 |In131m 1,980 0,350 8,233E-05 2,00
97 | 1001 491310 In131 2,567 0,270 8,233E-05 2,00
98 | 1013 481320 Cd132 3,411 0,203 1,131E-08 60,00
99 | 1014 491320 In132 5332 0,130 3,211E-05 6,30
100| 1028 491330 In133 3,094 0,224 1,646E-06 85,00
101| 1029 501330 Sn133 0,4715 1,470 9,662E-04 0,008
102| 1042 491340 In134 4,287 0,162 4,484E-08 65,00
103| 1043 501340 Sn134 0,6665 1,040 9,097E-05 17,00
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[Lons BbixofoB
Mexay-
Ne Homep HAPORHbI L Bbixon |npeplecTBeH-
n/ HyKnpa WHzeKe Nms AsC T,,.C | NPORYKTOB | HMKOB 3a-
B BPS JeneHus |naspgbiBaolmx
HyKnmpa N o
HelTpoHOoB, %
104 1045 511340 Sb134 0,8155 0,850 1,854E-03 0,09
105| 1057 501350 Sn135 0,5796 1,196 4,546E-06 21,00
106| 1058 511350 Sb135 0,4053 1,710 1,346E-03 22,00
107| 1071 501360 Sn136 1,008 0,688 1,572E-07 30,00
108| 1072 511360 Sb136 0,8453 0,820 1,496E-04 16,30
109| 1073 521360 Tel36 | 3,9608E-02 | 17,499 | 1,569E-02 1,31
110| 1085 501370 Sn137 1,320 0,525 3,142E-09 58,00
111 1086 511370 Sb137 0,5714 1,213 1,288E-05 49,00
112| 1087 521370 Tel37 0,1980 3,501 3,618E-03 2,99
113| 1088 531370 1137 | 2,8292E-02 | 24,498 | 2,956E-02 7,14
114| 1099 521380 Tel38 0,4951 1,400 6,804E-04 6,30
115| 1100 531380 1138 0,1073 6,459 1,359E-02 5,56
116 1112 531390 1139 0,3014 2,300 5,279E-03 10,00
117| 1123 531400 1140 0,8060 0,860 9,994E-04 9,30
118| 1133 531410 1141 1,612 0,430 1,592E-04 21,20
119| 1134 541410 Xel41 0,4007 1,730 1,313E-02 0,04
120| 1135 551410 Cs141 | 2,7837E-02 | 24,899 | 3,484E-02 0,04
121| 1146 541420 Xel42 0,5590 1,240 4,171E-03 0,21
122| 1147 551420 Cs142 0,4053 1,710 2,569E-02 0,09
123 1157 541430 Xel43 2,310 0,300 6,125E-04 1,00
124| 1158 551430 Cs143 0,3894 1,780 1,576E-02 1,64
125| 1169 541440 Xelb4 0,6027 1,150 6,085E-05 3,00
126| 1171 551440 Cs144 0,6918 1,002 2,052E-03 3,20
127| 1182 541450 Xel45 0,7702 0,900 2,678E-06 5,00
128 1183 551450 Cs145 1,146 0,605 8,190E-04 14,70
129| 1192 541460 Xel46 0,3096 2,239 9,875E-08 6,90
130| 1193 551460 Cs146 2,069 0,335 7,896E-05 14,2
131| 1203 541470 Xel47 2,626 0,264 1,302E-09 8,00
132| 1204 551470 Cs147 3,180 0,218 4,981E-06 43,00
133| 1205 561470 Ba147 0,9902 0,700 1,412E-03 0,06
134| 1206 571470 Lal47 0,1565 4,429 1,117E-02 0,04
135| 1216 551480 Cs148 4,077 0,170 1,314E-07 25,10
136| 1217 561480 Ba148 1,136 0,610 1,856E-04 0,40
137| 1218 571480 La148 0,6601 1,050 3,874E-03 0,15
138| 1228 561490 Ba149 0,9902 0,700 1,102E-06 0,43
139| 1229 571490 Lal49 0,5776 1,200 1,022E-03 1,43
140 1240 571500 La150 0,1026 6,755 1,266E-04 2,70
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NMapameTpbl peakTUBHOCTMU,
onpepensemble B BP Tvna bH

Huxe npuBedeHbl HEKOTOpble napameTpbl PEAKTUBHOCTM, OMpeaensemble
Ha OCHOBaHWM TpeOOBaHUI 3KCNyaTUPYIOLLE OpraHW3auuM s peakTopa
bH-600.

1. 3anac peaKTMBHOCTU B COCTOAHMM C €10 MAKCUMAJIbHON BEIUYUHOM Dy5p
— peaKTUBHOCTb, KOTOPAs MOXET peann3oBaTbCA B PeakTope Npu U3BNEYEHUM
BCEX CPe/CTB BO3JeNCTBMA Ha PEAKTUBHOCTb [i1 MOMEHTa KaMnaHWUu U CoCTos-
HUA peakTopa C MaKCUMasbHbIM 3HaYyeHUeM 3(PPeKTUBHOTO KO3IPULMeHTa
pa3MHOXeHUs.

[Ons peaktopa BH-600 3HauyeHue Py cooTBeTcTBYET Havany MKK npu temne-
paType COCTaBHbIX YacTen akTUBHOM 30HbI 230°C.

3HaueHue Pyszp  PAcCYMUTLIBAETCA KaK BeWUYMHA HAJKPUTUYHOCTM NPU NONHO-
CTbIO M3BNEYeHHbIX cTepHAX CY3 No OTHOWEHMIO K KPUTUYECKOMY COCTOSHMIO
nocne GopMUPOBaHUA 3arpy3Ku akTUBHOM 30HbI Ha cnepytowyio MKK npu Tem-
nepartype COCTaBHbIX YacTeit akTMBHOM 30HbI 230°C No cOOTHOLWeEHMI0

k

_ cr
J e
_ ef

Pmze = T

N3mepenus Py nposopatcs B Havane MKK nHa yposHe mowHocTn 0,1% N o,
npu 230°C.

MporHosHoe k, ONpefenAeTcs COrNacHoO CylWeCTBYIOWMUM METOANKAM.

2. CymmapHas 3¢pdeKTMBHOCTb opraHoB CY3 B COCTOAHUMN C MAKCMMAJIbHOW
BeJINYMHOI 3anaca PeaKTUBHOCTU p ., — IPPEKTUBHOCTL BCeX CTepxHel
CY3 ansa cocTosnHWA peakTopa € Pysp .

3HaueHue Py, ONpeAenseTcs pacyeToMm nocne GoOpMUPOBAHUA 3arpy3Ku aK-
TUBHOI 30HbI Ha cnepylolyto MKK kak abGconoTHas BennYMHa peaKkTUBHOCTH,
Bblensiemas npu nepemelyerdumn scex PO CY3 (Bkntoyas PO A3) u3 nonHocTbio
norpyxeHHoro nonoxenus (HK) B nonHoctbio u3sneyeHHoe (BK) no cootHo-
WeHUIo
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1 1k

P J cr
cy3 = .
k:tl' ¢ ke?K B ef

N3mepeHus acddekTnBHOCTM oanHouHbIX PO CY3 npoBopsaTcs B Hayane MKK Ha
ypoBHe MolHocTh 0,1% N,y,,. 3HaueHne Py ONpefensieTtca U3 U3MepeHHbIX
3t dekTnBHocTen ofnHouHbIx PO CY3 1 koadduuneHTa nHTepdepeHymu, onpe-
[eNleHHOr0 COrNacHo CyWecTBYIOWMUM METOANKAM.

3. 3¢ peKTUBHOCTb OPraHoOB aBapUNHOM 3aWuThI 6e3 ofgHOro Haubonee ach-
(heKTMBHOr0 OpraHa B COCTOAHWUU C MAKCMMa/bHOIW BENIMYMHOIM 3anaca pe-

aKTUBHOCTW P,  — PEAKTUBHOCTb, BBEAEHHAA B PEAKTOP NP NOrpyKeHun
B aKTUBHYIO 30HY KPUTUYECKOrO peakTopa B cocTosHumn ¢ Pvse Bcex PO A3 po
HK, kpome ogHoro, Hanbonee 3 deKTMBHOTO.

3HaueHue P, | ONPefenseTca pacyeTom nocne GopMMpOBAHMA 3arpy3Kn ak-
TUBHOM 30HbI Ha cnegytowyto MKK no cooTHoweHuio

k,
1— e
ke

pBA:H - B
ef

N3mepeHus sddektusHocTn oguHouHeix PO A3 nposopsTca B Hauane MKK Ha
ypoBHe MowHOCT 0,1% Ny, - 3HAUEHHNE Py, . | ONPEAEnsieTcs U3 U3MepeHHbIX 3¢-
(heKTUBHOCTEN OfMHOYHBIX CTEPXHeN A3 COrnacHO CyLLECTBYIOLMM METOLMKAM.

4. 3(pheKTMBHOCTL HE3aBMCUMOM CUCTEMBbI OCTAaHOBKM peakTopa, He Bbl-
nonHawwen quleu.mo A3 Ppparas = Py — IDDEKTUBHOCTD BCEX CTEPXKHE
CY3 6e3 cTepxHeit A3 unu acekTmBHocTb cuctembl Bcex PO KC (19 wt.) n PO
PC (2 wT.) Anst COCTOAHMA PEAKTOPA C P, 130

3HaueHne Py ... ONPeAeNseTcs pacyeTom nocne GopMUPOBAaHUSA 3arpy3KM aK-
TUBHOI 30Hbl Ha cnepylowyto MKK kak abcontoTHas BennyYMHA PeakTUBHOCTH,
Bblgensiemas npu nepemewenun scex PO CY3 (6e3 PO A3) 3 nonHoCTbIO norpy-
xeHHoro nonoxeHus (HK) B nonHocTbio nssneyenHoe (BK) no cootHoweHrmto

1 1 )k,
Pss = - :

HK BK
kef k ef B ef

N3mepeHns apdektuHocTu oguHouHeix PO CY3 nposogsaTca B Havane MKK Ha
ypoBHe MowHOCTH 0,1% N,j,. 3HaYeHNE P ONPeAeNAeTCs U3 U3MEPEHHbIX 3(-
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thekTBHOCTEN OAMHOYHBbIX PO CY3 1 KoadduuneHTa nHTEpdepeHLnm, onpege-
NIEHHOTO COFACHO CYLeCTBYIOWMUM METOAMKAM.

5. «MycToTHbI» 3chtheKT peakTUBHOCTU (MaKCMMaNbHO BO3MOXHOE 3Have-
HVIE) Oy, — OTHOLWEHNE U3MEHEHNA PEAKTUBHOCTU K Bbl3BaBLIEMY €ro Usme-
HEHWIO NNOTHOCTU TENJIOHOCUTENA NPU ONYCTOLWEHUN 30HbI NONIOXKNTENBHOCTH
JaHHoro 3 deKTa B akTMBHO 30He. OnpegenseTca pacyeTom nocsie hopmMupo-
BaHMA 3arpy3Ku aKTUBHOM 30HbI Ha cnepylollyio MKK.

6. MonHbIi MOWHOCTHON KO3(h(PMLUUEHT PEaKTUBHOCTU HAa HOMMUHAJIbHOM
(paspelueHHOM) YPOBHE MOLHOCTH o, — OTHOLIEHWE U3MEHEHUA PeaKTUB-
HOCTM K BbI3BaHHOMY UM U3MEHEHUIO MOWHOCTY peakTopa B, B MBT (T). 3Hauve-
Hue o, OnpepensieTrcs pacyeTom nocne GOPMUPOBAHUA 3arpy3KN aKTUBHOM
30HbI Ha cnegyiowyio MKK.

N3mepenns o, nposopatcs B Hadane MKK Ha yposHe mowHoctn 95—100%
Nyon € NEPUOANYHOCTBIO, ONpefiensemoil TpeboBaHAMU «YCNOBUIA AeiicTBUS
namueH3nn» m «060cHOBaHMT 6e30MacHOCT Ha BHELPEHWE HOBbIX COCTABHbIX
4acTei aKTUBHOM 30HbI U HOBbIX TUMOB TOMUBAY.

7. KoachpmumeHT peakTMBHOCTU NO TemMnepaType TenAoHOCUTENA HA BXOAe
B aKTUBHYI0 30HY O, — OTHOLIEHNE U3MEHEHNA PeaKTUBHOCTY K Bbl3BaBLIEMY
ero cpefjHeMy no BXOAY B aKTUBHYIO 30HY U3MEHEHMIO TeMNepaTypbl HaTPUA Ha
1°C Ha ypoBHe mouHocTn 95—100% Ny,

3HayeHune O, onpeaensieTca pacyeTom nocae GOPMUPOBAHNA 3arpy3KMU aKTUB-
HOt 30HbI Ha cnepyiolyio MKK.

N3mepenns o, nposoaatcs B Hadane MKK Ha yposHe mowHocTn 95—100%
Nyon € NEPUOANYHOCTBIO, ONpefiensemMoil TpeboBaHAMU «YCNoBUIA AeiicTBUS
nmueH3snmn» m «06ocHOBaHMT 6e30MacHOCTU Ha BHELPEHWE HOBbIX COCTABHbIX
YyacTei akTUBHOM 30HbI U HOBbIX TUMOB TOMUBAY.

8. YpoBeHb NOAKPUTUYHOCTM peaKkTopa nocie B3BOAA CTepxkHel A3 npu
MaKCMManbHOM BeJIMYMHe 3anaca peaKTUBHOCTU Priomsessas = Prss — YPO-
BEHb NOAKPUTUYHOCTU peakTopa npu u3sneyeHunun Ha BK Bcex cTepikHeit A3 npu
nonoxeHun Ha HK Bcex apyrux crepxHeit CY3, PO KC (19wr.) n PO PC (2wrT.),
ANIA COCTOAHMA PeaKTopa C P, ...

3HaueHue P .. ONpefeNseTcs pacyeToMm nocne GOPMUPOBAHUS 3arpy3KM aK-
TUBHOI 30HbI Ha cnepyioltylo MKK Kak abconoTHas BeNWYMHA PEaKTUBHOCTH,
Bblfensiemas npu nepemeteHnn scex PO CY3 (6e3 PO A3) u3 kputuyeckoro co-
CTOSIHWA B MOJIHOCTbIO NorpyxeHHoe nonoxerue (HK) no cooTHoweHuio
-
ef

Bef

Prss =
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N3mepeHus acddektnBHoCTM oanHouHbIX PO CY3 npoBopsaTcsa B Hayane MKK Ha

yposHe MowHOCTH 0,1% Nyoy. 3HaYeHMe P .. ONPeAeNseTCcs U3 U3MEPEHHbIX
3t dekTnBHocTen oanHouHbix PO CY3, ux kpusbix guddepeHymansHoi addek-
TUBHOCTU M KO3 dULMEHTa UHTepdepeHL K, ONPefeneHHOro COrnacHo cylle-
CTBYIOLMUM METOAMKAM.

9. 3ddeKTuBHAA pona 3anasfbiBaloMX HEUTPOHOB [, — AoNA 3anasfbl-
BalOWMX HENTPOHOB B MONHOM YUCNe HENTPOHOB, rEHEpPUpYEMbIX B peaKkTope
BCEMMW AENAWMMUCA HYKNUAAMU TONANBA, B3BELWEHHAsA N0 QYHKUUK LEHHOCTK
HEWTPOHOB feneHus.

3HadeHne B onpefensetca pacyetom nocne GOPMUPOBAHMS 3arpy3KM aKTUB-
HOM 30HbI Ha cnegytolwyio MKK.

10. CymmapHas 3¢pcextusHocts rpynnel (A3, A3-M, PC, KC) B — addek-
TusHocTb PO A3, PO A3-12, PO PC, PO KC cooTBeTCTBEHHO, 060CHOBAHHAsA B Npo-
eKTe AN1A CTalMOHapHOro pexuma neperpysokx.

11. CKopocTb yBeNMYEHNA PEaKTUBHOCTU B rpynne ;B /c — MaKkcumasnbHoe
3HayeHune NoNOXNUTENbHON PeaKTUBHOCTY, BBOAUMOW FPYNNoM B aKTUBHYIO 30HY
3a OfHY CeKyHay.

Onpepensierca Ans COOTBETCTBYIOLEN rpyNMbl MO COOTHOLWEHUIO

Vz(@) Vv ,
aH i H3BIT

0
roe (%) — MaKkcumanbHaa no Bbicote anddepeHumanbHaa 3pdekTus-
HocTb rpynnbl (PO CY3), B /m; an — CKOpPOCTb U3BIEYEHUA rpynnbl, 060CHO-

BaHHas B NpoeKTe, M/C.

MakcumanbHas no BbicoTe AuddepeHumansHas atddekTneHocTs rpynnbl (PO
CY3) onpepensetcs pacyeTom.

1 A3-1 — cTepxeHb aBapuiiHOIi 3alLnThI, CpabaTbiBAIOWMI NPU OTKIKOYEHUMN NETU.
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NMpunoxeHwue 3.

MNMporpamma PK ana pewweHns cuctemMol
ypaBHEHUN TOYEYHOU KUHETUKMU

PROGRAM PKMAIN

C *  x %

C PK - Point kinetic program
C***

REAL*8

* A,AA,ALJ,AT,B,BETA,BJ,BL,C,CR,D,D1,DRO, R, RK,ROF, SC, TAU, TAUL, TS
*, W, WTOT, XEF

*, DROQ, DROQT, DROMT, EFKQ, ROQ, ROQT, TAUM, TAUQ

DIMENSION

* A(100),AA(100),ALJ(10),AT(100),BJ(10),C(10),CR(10),RK(10),SC(10)
*,W(100)

*,DROQ (1000) , DROQT (1000) , EFKQ (1000) ,ROQ (1000) ,ROQT (1000) , TAUQ (1000)
*,NTQ (1000) ,NSTEPQ (1000)

NAMELIST

*/INA/ALJ, BJ, BL, EFKQ, ROF, ROQ, TAU, TAUM, TAUQ, WTOT, XEF

*, IPDI, NREGRO, NREGT, NSTEPQ, NTAU, NTS, NTTAU

DATA

* IPDI/2/

* ,NDNG/8/

* ,NTS/1/

*,NREGRO/2/

*,NREGT/1/

*,NSTEPQ/1000*1/

*,NTAU/1000/

* NTTAU/10000/
*,ALJ/.0127,.0317,.115,.311,1.40,3.87,4.87,5.87,0.0,0.0/
*,BJ/1.9635E-04,1.0921E-03,1.0740E-03

*, 2.5696E-03,1.2187E-03,5.0325E-04,4.0E-04,3.0E-04,0.0,0.0/
*,BL/.00000041/

*, DROMT/.001/

*, EFKQ/1000*1./

*, ROF/.0/

*,ROQ/1000*.0/

*, TAUM/.01/

*, TAUQ/1000*1./

*,TAU/0.01/

*,WTOT/1470./

*, XEF/1./
C
C INPUT DATA
C
C NDNG - umMCJIO TPyNN 3arlas3mbBallix HEMTPOHOB
C ALJ (NDNG) - T[OCTOSHHBEIE paclala [penueCTBEHHMKOB 3allas3ObBalomyx

HeMTpoHOB, 1/cexk;
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QOO0

d

o NN NN N NS NS NS NN Ne]

C
C
C

2

BJ (NDNG) - IOV 3anas3OplBallMX HEMTPOHOB [0 I'PyIlaM;
BL - BpeMs XM3HM MI'HOBEHHEIX HEMTPOHOB, CEK;
NTS - UYMCJIO BPEMEHHEIX MHTepBaJjioB 3azaum, <1000;
EFKQ (NTS) — COOCTBEeHHHE UMCJla Ha KOHLIAX BPEMEHHBIX MHTEPBAJIOB;
NREGRO - pexyM BBOIa PEaKTMBHOCTEN:
=1 - BBOX COOCTBEHHEIX YMCeJ;
=2 - BBOn peakTuBHOCTel, dk/k.
NREGT - pexyM BBOIA BPEMEHHOI'O llaHa:
=] - uepes CKOPOCTb BBOJa PEaKTUBHOCTU;
=2 - uepes nstep(nts). 1;
NSTEP (NTS) - umMCJIO BPEeMEeHHEIX MaroB Ha KaxIOM MHTepBale;
ROF - cymecTeBOBaBllasgd B peaKTOpe PeakKTMBHOCTB OO CTapTa 3aladu,
k/k;
ROQ (NTS) - PEaKTMBHOCTL peakTopa Ha KoHel MHTepBana, dk/k;
TAUM - MaKCUMAaJIbHEIM pasMep BPEMEHHOT'O mara, CekK;
TAUQ (NTS) - IOJIMTEJIbHOCTL MHTepBaJla, CeK;
XEF - CcOOCTBEHHOE UMCJIO BPEMEHHOM 3amaumn;
IPDI - mpmM3HakK HedaTu:
=0 - HeT nedvarwu;
=1 - yacTuyHasa [edYaThb;
=2 - [oJiHas IedaThb.
DROMT -

WTOT - MOWHOCTBL peakTopa, MBT;
TAU - /0.01/

NTAU - /1000/

NTTAU - /10000/

NDNGM=NDNG-1

NDNGP=NDNG+1

OPEN (5, FILE='D_QUASIK ', STATUS='UNKNOWN')

OPEN (6, FILE='1lst quas', STATUS='UNKNOWN')

READ (5, INA)

CALL PKP

* (A,ALJ, AA, AT, BJ, BL, C, CR, DROMT

*, DROQ, DROQT, EFKQ, ROQ, TAUQ, RK, ROQT, SC, TAUM, W, WTOT, XEF
*, IPDI, NDNG, NDNGM, NDNGP, NREGRO, NREGT, NTAU, NTQ, NTTAU, NTS, NSTEPQ)
STOP

END

SUBROUTINE PKP

* (A,ALJ, AA, AT, BJ, BL, C, CR, DROMT

*, DROQ, DROQT, EFKQ, ROQ, TAUQ, RK, ROQT, SC, TAUM, W, WTOT, XEF

*, IPDI, NDNG, NDNGM, NDNGP, NREGRO, NREGT, NTAU, NTQ, NTTAU, NTS, NSTEPQ)

*  x %

PKP - Point kinetic program

*  x %
REAL*8

* A,AA,ALJ,AT,C,CR,B,BETA,BJ,BL,D, D1, DRO, DROMT, DROQ, DROQT, E, EFKQ
*,0NE, Q1,0Q2,R,RK,RO5, ROF, ROQ, ROQT, SC, TAU, TAUL, TAUM, TAUQ, TS, W, WTOT
*,Wl,W2,XEF, ZERO

DIMENSION

* A (NDNGP, 1) ,AA (NDNGP,1),ALJ(1),AT (NDNGP,1),BJ(1),C(1),CR(1)
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*,DROQ (1) , DROQT (1) ,EFKQ (1) ,RK(1),R0OQ(1),ROQT (1) ,SC (1), TAUQ (1)
*, W (NDNGP, 1)
*,NTQ (1) ,NSTEPQ (1)
ZERO=0.0D0
ONE =1.0D0
IF (NREGRO.EQ.1) THEN
DO 1 J=1,NTS
ROQ (J) =ONE-XEF/EFKQ (J)
DROQ (J) =ROQ (J)
IF(J.GT.1) DROQ (J)=ROQ (J)-ROQ (J-1)
ROQT (J) =ROQ (J) /TAUQ (J)
DROQT (J) =DROQ (J) /TAUQ (J)
KM=1
Q1=DROQT (J)
02=ROQT (J)
IF(Q1.GT.DROMT) KM=1+Q1/DROMT
IF (Q2.GT.DROMT) KM=1+Q2/DROMT
IF (NREGT.EQ.1) NTQ(J)=(1+TAUQ (J)/TAUM) *KM
IF (NREGT.EQ.2) NTQ (J)=NSTEPQ (J)
1 CONTINUE
END IF
IF (NREGRO.EQ.2) THEN
DO 2 J=1,NTS
DROQ (J) =ROQ (J)
IF(J.GT.1) DROQ (J)=ROQ (J)-ROQ (J-1)
ROQT (J) =ROQ (J) /TAUQ (J)
DROQT (J)=DROQ (J) /TAUQ (J)
KM=1
Q1=DROQT (J)
Q2=ROQT (J)
IF(Q1.GT.DROMT) KM=1+Q1/DROMT
IF(Q2.GT.DROMT) KM=1+Q2/DROMT
IF (NREGT.EQ.1) NTQ(J)=(1+TAUQ (J) /TAUM) *KM
IF (NREGT.EQ.2) NTQ (J)=NSTEPQ (J)
2 CONTINUE
END IF
C(1)=WTOT
write(6,102) wtot,bl, (bj(j),3=1,NDNG), (alj(j),j=1,NDNG)
DO 3 I=1,NDNG
J=I+1
3 C(J)=WTOT*BJ (I)/ (BL*ALJ(I))
IF (NTAU.GT.NTTAU) NTAU=NTTAU
W1=WTOT
RO5=ZERO
BETA=ZERO
DO 4 I=1,NDNG
4 BETA=BETA+BJ (I)
NN=NTTAU/NTAU
NN=10
IF(IPDI.GE.O) write(6,117) (ntg(j),j=1,nts)
TS=ZERO
IF(IPDI.GE.O) write(6,102) (drog(ns),ns=1,nts)
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DO 20 ns=1,nts

IF(IPDI.GE.2) write(6,116) ns
NTTAU=NTQ (ns)

TAU=TAUQ (ns)

IF(IPDI.GE.2) write(6,110) C(1),TAU
TAU=TAU/NTTAU

TAUL=TAU

DO 11 J=1,NDNGP

DO 11 I=1,NDNGP

11 A(I,J)=ZERO
A(1,1)=ONE+TAU*BETA/BL

DO 12 J=1,NDNG

I=J+1

A(I,1)=-TAU*ALJ (J)
A(1,I)=-TAU*BJ(J)/BL
A(I,I)=(ONE+TAU*ALJ (J))

12 CONTINUE

CALL INVMATR

* (ALJ, AT, BETA,BJ,BL, D1, R,RK, SC, TAU, TAUL, NDNG, NDNGM, NDNGP)
RO5=DROQ (NS) /NTTAU

NTAU=1

IF (RO5.EQ.ZERO) NTAU=NTTAU

IF (RO5.EQ.ZERO) NTTAU=1
IF(IPDI.GE.2) write(6,103) NTTAU,NTAU
DO 19 NSS=1,NTTAU

ROF=ROF+R0O5

DRO=ROF

B=TAUL*DRO
C ****xxx*x* diagonal elements of inversing matrix
*hkkkhkhkhkhhkkhkkkhkkkkkkhx

A(1,1)=ONE+TAUL* (BETA-DRO)

DO 13 I=1,NDNG

J=I+1

13 AT (J,J)=SC(I)-RK(I)*B
C * Kk k ok ok ok ok kK DETERMINANT Ak Kk hkhkhkhkhkhkhkhhkhkhhkhkhkkhhhkhhkhkrhhhkhkhkhkrhrhkhhkhxkx*k
D=ONE/ (D1-R*B)

DO 14 I=1,NDNGP

DO 14 J=1,NDNGP

AA(J,I)=AT(J,I)*D

14 CONTINUE

DO 15 K=1,NDNGP

DO 15 J=1,NDNGP

W (K, J)=ZERO

DO 15 I=1,NDNGP

15 W(K,J)=W(K,J)+A(I,J) *AA(I,K)

DO 18 II=1,NTAU

TS=TS+TAU

IF(IPDI.GE.2) write(6,121) RO5,ROF,ts
IF(IPDI.GE.2) write(6,110) C(1),TAU
DO 16 I=1,NDNGP

CR(I)=ZERO

DO 16 J=1,NDNGP
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CR(I)=CR(I)+AA(I,J)*C(J)

16 CONTINUE

DO 17 J=1,NDNGP

17 C(J)=CR(J)

W2=C (1) /Wl

IF(IPDI.GE.1) write(6,118) W2

18 CONTINUE

WTOT=C (1)

19 CONTINUE

write(6,115) ((W(I,J),I=1,NDNGP),J=1,NDNGP)

IF(IPDI.GE.1) write(6,113) C(1)

IF(IPDI.GE.1) write(6,114) (C(J),J=2,NDNGP)

20 CONTINUE

IF(IPDI.GE.O) write(6,109)

RETURN

101 FORMAT (20X, ’Block PKP is working. Variant=’,Al10)

102 FORMAT (2X,1P7G10.3)

103 FORMAT (1X, 'number of step with change reactivity inside this time
*interval’,16,/’ number of step without change reactivity inside
*every step with change reactivity ',16)

109 FORMAT (20X, ’Block PKP was ended ')

110 FORMAT (2X,’start»s reactor power =’,1P1G1l2.5,’ Mwt’

*,’, time»s step =’,1P1Gl2.5,’sec’)

111 FORMAT (10X, ’Value of reactivity dK/K =’,1P1G12.5,’ KEF0=’
*,1P1G12.5,’ KEFT=',1P1G1l2.5)

112 FORMAT (10X, ’Amount time steps = ',I8)

113 FORMAT (2X,’end»s reactor power =',1P1Gl2.5,’ Mwt’)
114 FORMAT (2X,’Concentrations of precursors =’/1P8G10.3)
115 FORMAT (1X,’E-matrix ‘,1P9G9.2)

116 FORMAT (10X, ’time interval numer = ‘,1I8)

117 FORMAT (1X,10i6)

118 FORMAT (1X,’reactor power for end of step =’,1P1G1l4.7

*,’ part of one’)

119 FORMAT (2X,’ concentrations of precursors =’/1P8G10.3)

120 FORMAT (10X, ’step»s number inside time steps = ',I8)

121 FORMAT (1x,’step deviation reactivity dK/K =’,1P1G14.7

*,7, full reactivity dK/K =’,1P1Gl4.7,’ time=’,1P1Gl4.7’ sec’)
END

SUBROUTINE INVMATR
*(ALJ,AT,BETA,BJ, BL, D1, R,RK, SC, TAU, TAUL, NDNG, NDNGM, NDNGP)

C *  x %

C INVMATR - inversing kinetic matrix
C***

IMPLICIT REAL*8 (A-H,0-2)

REAL*8

* ALJ,AT,BETA,BJ,BL,D1,ONE,R,RK,RP,RR, SC,S1,SS1, TAU, TAUL, TAU2L, ZERO
DIMENSION

* ALJ(1l),AT(NDNGP,1),BJ(1),RK(1l),RP (NDNGM, NDNGM) , RR (NDNG)
*,8C(1),S1(NDNG)

ZERO=0.0DO

ONE =1.0DO
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DO 1 J=1,NDNG

1 RR(J)=0ONE+ALJ (J) *TAU
R=ONE

DO 2 J=1,NDNG

2 R=R*RR (J)

DO 3 J=1,NDNG

3 RK(J)=R/RR (J)

DO 4 I=1,NDNGM
II=NDNG-I

DO 4 J=1,1II

JJ=I+J-1

4 RP(I,JJ)=RK(I)/RR(J+I)
TAUL=TAU/BL
TAU2L=TAUL*TAU

SS1=ZERO

DO 5 J=1,NDNG
S1(J)=ALJ(J) *BJ(J)/ (1.+ALJ (J) *TAU)
5 $51=SS1+S1 (J)

DO 6 J=1,NDNG

6 SC(J)=SS1-51(J)
S$S1=SS1*TAU2L

DO 7 J=1,NDNG
SC(J)=SC (J) *TAU2L

7 SC(J)=RK(J)* (1.+TAUL*BETA-SC (J))
D1=R* (ONE+TAUL*BETA-SS1)

C ****xxx* first line of inversing matrix
R R R R R R R R R R R R R R R R

AT(1,1)=R
DO 8 J=2,NDNGP
JJ=J-1

8 AT (1,J)=TAU*ALJ (JJ) *RK (JJ)
C **xxkxxk first column of inversing matrix
R R R R R R R R R R R R R

DO 9 J=2,NDNGP

I=J-1

9 AT (J,1)=TAUL*BJ(I)*RK(I)
C x**xkxx%*x others elements of inversing matrix without diagonal members
DO 10 I=2,NDNGP

II=I-1

DO 10 J=2,NDNGP

JJj=J-1

10 AT(I,J)=TAU2L*BJ(II)*ALJ(JJ)

DO 13 J=1,NDNGM

DO 11 I=J,NDNGM

II=I+1

11 AT(J+1,II+1)=AT(J+1,II+1)*RP(J,I)
DO 12 I=1,J

II=I+1

12 AT (J+2,II)=AT(J+2,II)*RP(I,J)

13 CONTINUE

RETURN

END
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MpunoxeHue 4.

N3MeHeHue KOHLUEeHTpauMm akTMHOMAOB,
NPOAYKTOB AieNIeHUA U NOrpeLHoCcTen nx

onpeaeneHusi Ha NepBbIX ABYX UHTepBanax
B TeCTOBOM 3agaye

Ta6nuua M4.1. U3sMeHeHUe KOHLEHTPALUN AaKTUHOMAOB U NOrpeLHOCTeN nxX

onpepeneHua Ha nepBbiX ABYX UHTepBanax B TeCToBOM 3apaue

| LY (@) | Y(2) |sy(n) y()| v (2) y(2)| AN
1 | Th228 | 4,332E+05 7,029E+05 0,104 0,107 8,370E-04
2 | Th229 | 2,332E+06 3,108E+06 5,281E-02 5,275E-02 2,180E-02
3 | Th230 | 3,758E+09 5,001E+09 2,161E-02 2,161E-02 3,980E-03
4 | Th231 | 5,682E+09 5,673E+09 5,068E-03 5,067E-03 3,918E-04
5 | Th232 1,387E+10 1,846E+10 1,752E-02 1,753E-02 4,270E-03
6 | Th233 | 7,329E+04 | 4,693E-93 3,041E-02 0,440 1,832E-03
7 | Th234 | 5827E+10 6,398E+10 5,298E-03 5,360E-03 1,245E-03
8 Pa230 | 3,411E-00 | 2,795E-00 0,160 0,166 2,874E-02
9 Pa231 1,058E+11 1,243E+11 1,256E-02 1,256E-02 3,358E-03
10 | Pa232 | 1,833E+08 | 1,327E+07 6,391E-02 0,104 1,527E-02
11 | Pa233 1,198E+09 1,579E+09 1,891E-02 1,579E-15 4,819E-04
12 | Pa234 | 6,741E+08 | 7,416E+08 2,990E-02 2,997E-02 7,463E-03
13 | U232 1,808E+09 | 2,135E+09 9,442E-02 9,879E-02 5,806E-03
14 | U233 1,301E+13 | 1,301E+13 6,441E-03 6,442E-03 1,256E-03
15 | U234 3,212E+16 | 3,212E+16 8,774E-03 8,774E-03 2,444E-03
16 | U235 1,372E+21 1,372E+21 1,054E-03 1,054E-03 1,420E-03
17 | U236 1,120E+19 | 1,120E+19 6,435E-03 6,435E-03 1,281E-03
18 | U237 7,092E+16 | 4,244E+16 4,744E-03 4,896E-03 2,962E-04
19 | U238 6,828E+21 6,828E+21 1,003E-03 1,003E-03 6,714E-04
20 | Np236 | 2,973E+10 2,973E+10 9,905E-02 9,905E-02 3,896E-02
21 [Np236m| 1,118E+10 2,774E+08 6,967E-02 0,135 1,778E-02
22 | Np237 | 1,403E+17 1,687E+14 1,124E-02 1,136E-02 3,265E-03
23 | Np238 | 2,748E+14 | 5,347E+13 2,036E-02 2,190E-02 9,447E-04
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Tabnuua MN4.1. (npoAomxeHue)

n”fn ma | Y(1) | v (2) |Sp(a)/ y(n)| sy (e2)/ y(2)| Sh/h
24 | Np239 3,398E+18 7,800E+17 6,161E-03 8,035E-03 1,273E-03
25 | Pu236 4,311E+10 4,818E+10 0,110 0,112 2,799E-03
26 | Pu238 1,048E+15 1,269E+15 2,355E-02 2,382E-02 1,140E-03
27 | Pu239 2,625E+19 2,886E+19 1,370E-02 1,354E-02 1,244E-03
28 | Pu240 1,762E+17 1,762E+17 1,459E-02 1,459E-02 1,067E-03
29 | Pu241 5,418E+14 5,415E+14 1,682E-02 1,682E-02 4,199E-04
30 | Pu242 9,457E+11 9,457E+11 2,780E-02 2,781E-02 5,333E-03
31 | Am241 | 5,882E+11 9,465E+11 1,991E-02 2,010E-02 1,387E-03
32 |Am242g| 3,787E+08 2,167E+06 2,620E-02 3,280E-02 1,248E-03
33 |Am242m| 5,349E+08 5,349E+08 5,082E-02 5,082E-02 1,418E-02
34 | Am243 1,372E+09 1,372E+09 4,895E-02 4,895E-02 5,427E-03
35 | Cm242 1,983E+09 2,248E+09 3,063E-02 3,089E-02 1,229E-03
36 | Cm243 2,624E+06 2,623E+06 3,961E-02 3,961E-02 3,436E-03
37 | Cm244 | 3,798E+06 3,796E+06 7,052E-02 7,052E-02 5,525E-03
38 | Cm245 | 4,425E+03 4,425E+03 0,105 0,105 1,176E-02
39 | Cm246 | 3,469E-00 3,469E-00 0,145 0,145 8,403E-03
40 | Cm247 | 2,413E-03 2,413E-07 0,225 0,225 3,205E-02
41 | Cm248 | 2,023E-06 2,023E-06 0,324 0,324 1,724E-02
42 | Bk249 | 8,900E-10 8,804E-10 0,382 0,382 1,212E-02
43 | Bk250 1,287E-13 7,297E-25 0,409 0,450 1,557E-03
44 | Cf249 4,918E-12 1,450E-11 0,416 0,417 5,698E-03
45 | Cf250 1,697E-12 1,825E-12 0,414 0,415 6,881E-03
46 Cf251 1,111E-13 1,111E-15 0,522 0,522 4,900E-02
47 (f252 4,527E-19 4,510E-19 0,624 0,624 3,025E-03
48 | Ra224 2,650E+03 5,095E+03 0,105 0,107 6,333E-04
49 | Rh220 4,655E-02 8,951E-02 0,108 0,110 1,799E-03
50 | Po216 1,256E-04 2,415E-04 0,118 0,119 1,379E-02
51 | Pbh212 2,934E+01 5,725E+01 0,148 0,150 9,398E-04
52 Bi212 4,284E-00 8,381E-00 0,151 0,153 9,909E-04
53 | Po212 1,449E-10 2,835E-10 0,151 0,153 6,689E-03
54 | TI208 4,971E-02 9,726E-02 0,146 0,148 1,310E-03
55 | Pbh208 2,476E+02 5,732E+02 0,147 0,149 0,00

56 | Poison | 4,747E+19 4,747E+19 0,001 0,001 0,00
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IIpunooicenue 4. Hzmenenue konyenmpayuti akmunouoos, nRpOOyKmog OeleHus.
U nozpeutHocmetl ux onpeoeseHus: Ha nepevix 08YX UHMEPBANAX 8 Mecmosoll 3a0aye

Ta6nuua M4.2. U3meHeHMe KOHLEHTPAL U HEKOTOPbIX MPOAYKTOB AeNeHus
M NOTpeLHOoCTeN UX ONpefeNeHUs Ha NepBbIX ABYX UHTEPBaaxX B TECTOBOM 3ajaye

Ne

o | Y(tl) Y(t2) dy (tl)/ y(tl) dy (t2)/ y(t2) SA /A
Cd135 | 2,197E+06 | 2,197E+06 0,0 0,0 0,0
1 In135 | 5,675E+03 | 5,782E-13 0,109 0,109 0,109
2 Sn135 | 2,743E+08 | 3,396E-08 3,777E-02 3,776E-02 3,777E-02
3 Sb135 | 1,838E+11 | 5,248E-05 0,148 0,183 1,190E-02
4 Tel35 | 5,359E+13 | 1,578E-02 7,784E-02 8,284E-02 1,053E-02
5 1135 1,396E+17 | 4,847E+11 9,182E-02 0,139 3,044E-03
6 | Xel35m | 1,570E+15 | 5,456E+09 0,101 0,152 3,270E-03
7 Xel135 | 1,986E+17 | 7,919E+13 0,105 0,135 2,188E-03
8 | Cs135m | 1,171E+12 | 2,068E-03 0,105 0,105 3,774E-02
9 Cs135 | 1,070E+19 | 1,106E+19 0,369 0,369 0,130
10 | Ba135m | 2,127E+11 | 1,173E+10 2,086E-02 2,086E-02 6,969E-03
11 | Bal135 | 1,260E+17 | 1,260E+17 1,608E-06 1,903E-02 0,0
12 | Lal35 | 1,036E+08 | 1,456E+06 3,067E-02 7,442E-02 1,026E-02
13 | Cel35 | 6,014E-17 | 5,562E-19 5,066E-02 0,130 1,695E-02
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