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BbicokoTemMnepartypHbie
pPa3nn4ns NJIOTHOCTEN
TEnJ0BOro UCTO4YHMKA
MOX-Tonnmea

N ONOKCUOHOro TonanBa
1 0OYCNOBMEHHbIE 3TUM
0COBOEHHOCTM aBapun
Ha TpeTbeMm Onoke

A3C «Pykycruma-1»

Jo aBapum Ha A3C «Pykycuma-1» nepcrnektvBa pacLUMpeHusi To-
navBHou 6a3bl ASC opueHTupoBasack Ha ucrosb3osaHne MOX-Tonamvsa.
ABapusi Xe BbisiBUIA HEAOCTAaTOYHOE 3HaHWe TeMrepaTypHbIX CBOKCTB
TOMMBHBLIX HYKInA0B B Bosiee LMPOKOM nHTEpBase Temnepatyp (6onee
1000 K), yem nHTepBasibl pabo4ymx Temrnepatyp AEHCTBYIOLNX PEaKTOPOB.

OOBHapyXeHO MPUHUNNUAIbHOE Pasindme TeMnepaTypHbIX 3aBUCU-
MOCTEV Ce4eHU peakuny AeeHs], YCPeaHEHHbIX 110 TernJ0BOMY CEKTPY
HeTPoHOB, A15 23°U 1 239Pu. MonyqeHbl pacHETHbIE TeMnepaTypHbIe 3aBu-
CUMOCTY MIOTHOCTEN Ter10BbiX NCTO4YHUKOB MOX- n UO,-Tonvsa Tenso-
BbIX PEAKTOPOB.

KnwouyeBble cnoBa: MOX-TonnmBo, okcuaHoe TOrmnBo, NiaoTHOCTb
Tern/J10BOro NCTOYHVIKa, TeMrepaTtypa, napoLunpKkoHMeBas peakLusi, aBapusl.
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BucokotemnepaTypHi BiAMIHHOCTI FyCTUHM TEenJsi0BOro
Axepena MOX-nanueaipgiokcugHoro nanveaTanoes’a3aHi
3 UMM oco6nMBOCTI aBapii Ha TpeTbomy 65oui AEC «Pyky-
cima-1»

Ao aBapii Ha AEC «@ykycima-1» nepcrnekTnsa po3LLUNPEHHS NaanBHOI
6a3u AEC opieHTyBanacb Ha BukopuctaHHIM MOX-nanvBa. ABapisi X Bu-
SIBUJ1a HEAOCTATHE 3HAHHS TEMNEPATYPHUX BAACTUBOCTEN NaIMBHUX HYKJi-
AiB 'y 6inbLu LWwmpokomy iHTepBani Temnepartyp (noHas 1000 K), Hix iHTep-
BaJM PO6OYNX TEMIEPATYP Ai0HUX PEAKTOPIB.

BusiBieHO npuHUNNOBY BIAMIHHICTE TeMnepaTypHuX 3asIeXHOCTen
ycepenHeHuX ro TerJioBOMy CrieKTpy HerTPOHIB nepepisiB peakuii noginy
2351 j 239py. OTpuMaHo Po3paxyHKOBI TeMIepPaTypHi 3a1€XHOCTI FyCTUHU
Ternnosux gxepen MOX- ta UO,-nanvsa TensioBmx peakTopis.

KnwoyoBi cnoBa: MOX-nanuBo, okcuaHe naavBo, ryctmHa Tensao-

BOro Axepesa, Temneparypa, napounpKOHIeBa peakLiis, aBapis.
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anboJiee BaXKHBIMU 3a/la4aMU CTpaTerun JAajibHEw -

IIEr0 Pa3BUTHUS SIIEPHON SHEPTETUKU SIBIISIOTCS

obecrnieueHne OezomacHoil aKcryatauuu ADC,

pacuiMpeHue TOIUIMBHOW 0a3bl M mepepaboTKa

0TpabOTaHHOTO SifiepHOTO ToruiMBa. Jlo aBapuu
Ha ADC «®ykycuMma-l» mepcrekTuBa pacLIMpPEHUs] TOIUIMB-
Hoit 6a3p1 ADC cBsI3bIBaJIach, B TOM YMCJIE, C MCTOJb30BAHUEM
MOX-toniuBa (CMeIIaHHOE OKCHUAHOE YpaH-TUIyTOHUEBOE
TorinBo). OgHako aBapuss Ha ADC «Dykycuma-1», KoTopas
npuBeja K pacrijlaBieHUI0 aKTUBHOU 30HBI PEaKTOPOB, BBISIBU-
Jla HeJIOCTaTOYHOE 3HAHUE TEMIIEPATYPHBIX CBOMCTB TOTIJIMBHBIX
HYKJIMJIOB B OoJjiee IIMPOKOM WHTepBajie TeMmreparyp (Oosee
1000 K), yem mHTEepBajIbl pabOYMUX TEMIEpaTyp JAEHCTBYIOIINX
pPeakTopoB.

Llenbto cTaThu SIBJISIETCSI OCBEILEHUE DPE3YIbTATOB MCCIEI0-
BaHUI TeMIIEpaTypHbIX CBOMCTB PEaKTOPHBIX TOTUIMBHBIX HYK-
JUI0B B mHTepBajie Ttemreparyp 6osee 1000 K, a Takke Tem-
MepaTypHbIX 3aBUCUMOCTEH TIJIOTHOCTE! TETIOBBIX MCTOUHUKOB
st MOX-TorimBa (cMech AMOKCUAOB ypaHa U TUTyTOHUSI-239)
U OKCHMJIHOTO YPaHOBOTO TOIJIMBAa (CMECh TMOKCHUIOB 23§U u
2SSU). Taxue uccnenoBaHus MPOBEAEHbBI /IS BBISIBJICHUSI BO3-
MOXHBIX pa3IMuUil  YITOMSIHYTBIX 3aBUCUMOCTEN, TTO3BOJISIO-
IIUX, BOBMOXHO, OOHAPYKUTb U OOBSICHUTH PsIIl XapaKTePHBIX
TEeMITepaTypHBIX OCOOEHHOCTEW aBapuM Ha 3Heproodyioke No 3
ADC «Dykycuma-1», TIe TpeTh TOIIMBHOW 3arpy3Ku peakTopa
cocrasiiszio MOX-Torumso.

3aBHCHMOCTH YCPETHEHHBIX MO TEIJIOBOMY HEHTPOHHOMY
CIEKTPY CeYeHMid OT TeMmmepaTypbl PeaKTOPHOro TommmBa. Tak
kak aBapusg Ha ADC «Dykycuma-1» Mpou3olia Ha PeaKkTo-
pax BWR (xurnsiiue BoIsiHbie peakTOPbl C TETUIOBBIM CIeK-
TPOM HEHUTPOHOB), 3/1€Ch MPEACTABJIEHBI PE3yJbTaThl PACYETOB
TeMIIepaTYPHBIX 3aBUCUMOCTE yCPEIHEHHBIX IO TETJIOBOMY
CTMEKTPY HEUTPOHOB CEYEHUI SACPHBIX peakluil IesIeHUst
W pamgMalMoOHHOTO 3axBaTa 2S§U, 23§U "u 232Pu. Kak wn3-
BECTHO, SHEPreTUYECKUI CMEKTP HEUTPOHOB B TETIOBBIX pe-
aKTOpax OTJIMYaeTCsI OT MaKCBEJJIOBCKOTO CIeKTpa M3-3a He-
PaBHOBECHOCTU, OOYCJIOBJIEHHOW TEM, UYTO B aKTUBHOW 30HE
BCE BpeMsI UAYT IpOoliecChl 00pa3oBaHUsI HEUTPOHOB TIpU Jie-
JIeHUSIX saep (IIpyU 3TOM 3HEPTUM HEUTPOHOB pacrpenesieHbl
MO CNeKTpaM JeJeHUs Il AeSIIMXCS HYKJUIOB), TIPOIIECCH
3aMeNIJIEHNs] HEUTPOHOB M UX TTOTJIONICHUS.

Hawubosnee mmpoko isi OonucaHus 9HEPTeTUUYECKOTO CIEKT-
pa MPUMEHSIETCS METOJl, OCHOBAaHHbBIN Ha MOJEJIM HEHTPOHHO-
ro rasa, ToJjiaramplIleif, YTo TepMaJIn30BaHHbIE HEHUTPOHBI pac-
npeaesieHbl 10 SHEPrusiM MaKCBEJIJIOBCKOTO pacripeiesieHus,
HO HE TpU TeMIepaType AeJSIEencsl cpelbl aKTUBHOUM 30HBI,
a Tpu TemrepaType HeWTpoHHoro rasza. [Ipu sTtom BiIusiHUE
YKa3aHHBIX BBIIIE TPOIECCOB Ha CMEIICHWE CTaHAapTHOTO
MAaKCBEJ/UIOBCKOTO CIEKTpa 3a/1aeTcsl ¢ TMOMOIIbIO BBOAMMON
TeMIiepaTypbl HEMTPOHHOTO Tra3a, KOTopas 3alaeTcsl MOJyaM-
OUPUICCKUM BBIpaxkeHuem [1, 2]

Tayr =T [1+1,4-3, (kT)/(£Z, (19B))], ()

rae T — TemnepaTypa AessALIEcs cpedbl; X, — MaKpOCKOIM-
YecKoe CeueHUue TIOTJIONICHUSI cpelbl (TeruioBoe); & — cpemHe-
JIorapuMUYECKUl  JIEKPEeMEHT JHepruyM Tpu  3aMmeiie-
HUM; Y, — MAaKPOCKOIMYECKOE CEYEHUE PACCESHUs CPEIbl;
£2 (1 3B) — samemsmowas criocoOHOCTb cpeabl npu 1 oB.

SlcHo, 4TO TemriepaTypa JeNsIIecs Cpelabl COBMAIaeT
C TemIlepaTypoil HEMTPOHHOTO rasa TOJbKO B JABYX CiIydasix:
HYJIEBOTO TIOTJIOIIEHUS M OECKOHEYHOW 3aMeJIsSIIoNIeil Cro-
cobHocTu cpenbl. TemM He MeHee, 3TO BBIpaXkeHWe JTOCTAaTOUHO
YIOOHO /ISl TIOJIyYEHUSI YCPEAHEHHBIX 10 HEHTPOHHOMY CIIEK-
TPy CEYEHU 1 TEIJIOBBIX PEaKTOPOB.
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BbICOKOTeMl'[CpaTypHHe pasanuyusa IUIOTHOCTEH TerioBoro uctounnka MOX-TorimBa v TMOKCHUIHOTO TOIJIMBA

VYcepenHeHWe CceYeHU MO HEWTPOHHOMY CIEKTpPY IPOBO-
JIUTCS COTJIACHO CJIEMYIONIEMY BbIPaKEHUIO:

E]‘
jp EV2e~E/kTud)s(E, T)dE
_ 0
(o(Ey,, T)) = T , Q)
J‘El/2C*E/(kTHr)dE
0

rIe 0 — MUKpPOCEUeHHUe siiepHOi peakuiuu; E — sHeprust Heul-
TPOHOB; E — rpaHUYHasl SHEPTUs TETJIOBbIX HEUTPOHOB.
PeBy.]IbTaT YCPEIHEHUS COTJIACHO BbIpaxkKeHUIo (2) st MU-
KpPOCEUEHUI1 3axBaTa, JCJEeHUS U TOMJIONIEHUS ¢ TUTTUUYHBIMU
IUIST 9K30TePMUUYECKUX SIIEPHBIX PEaKIMil 3aBUCUMOCTSIMU
MUKPOCEYEHUH 0 OT CKOPOCTU HEUTPOHOB v, BUIa o~1/v, (uin
OTIMYHBIMU OT HUX) UMEET OOLIMI BUI (3MECh MPEACTaBICHO
BbIpaXKeHUE JIJISI MUKPOCEUEHU S PeaKIIUU JIeTCHUST)

<oy >_£ f TH gf(THr) F(zrp), 3)

e GF — TeruoBoe MUKpPOCEUEHUE JIeJICHUsI TIPU CKOPOCTHU
Heitponos 2200 m/c; Ty — TemInepaTypa HEATPOHHOTO rasa,
Bhlumucisiemasi cornacHo (1); gf(T yr) — ®$axrop BectkorTa
(tabn. 1, 2) nas peaKuHM nenenus (3, 4]; F(z, ) IO PaBOY-
Has (byHKuI/Iﬂ Zp = E_/(kT) — 6e3pa3MepHaH TpaHUYHAas
SHEpPrus s cneKTpa aKcBesIa, T. €. «dHEepPrus CIIMBKU»
HEUTPOHHBIX ClIeKTpoB Makcsesna u depmu.

Jnss MUKPOCEUEHUWI NPYTUX HEUTPOHHBIX SIIEPHBIX peak-
1WA, HaITpUMepP PaJvallMOHHOTO 3axBaTa W TIOTJIOIIEHUS, BbI-
paxxeHue (3) Tpu YCpPemHEHHBIX IO TEIJIOBOMY CIEKTPY Heii-
TPOHOB CEYCHUI MMeeT aHAJOTUUHBIN BUIL.

®axTop BectkorTa (Tabn. 1, 2) omuchIBaeT OTIMYME 3a-
BUCHMOCTM MMKDPOCEYEHMII o OT CKOPOCTH HEHTPOHOB v,
OT 3aKOHA «~1/v,» M CHUJIbHO 3aBHCHUT OT TEMIIEPATYPhI CPEMIBbL.
®axTop BecTkoTTa paBeH 1, eciiu ceueHUe COOTBETCTBYIOLIEH
PEaKLMK TOYHO MOTYMHSAETCSA 3aKOHY «~1/v,».

IMonpaBounast dyHkuus F(z) nojaydyaercss W3 pelIeHUs
TPaHCLUEHACHTHOTO YPaBHEHUS CIIMBKM CIEKTPOB Makcsesa
u ®epmu: Oy, (E, ) q)q,(E ). I3BecTHO, 4TO ee apryMeHT Z
3aBUCHUT OT l‘paHI/I‘-IHOI/I «3Hepr1/11/1 CIIMBKW» M TIPUOIMXKEH-
Ho paBeH 5 niass BBOP u 6 — mig PBEMK [2, 3]. 3naueHus
bynkimu F(z) TabyMpoBaHbI U MPUBOASTCS B CIIPaBOYHUKAX.
OTMeTHM, 4TO 3HAYeHUS (DYHKIIMKM U3MEHSIOTCS C TeMIIepary-
pOIi, UYTO BJIMSIET HA CPEHUE CEUCHUSI.

C momompio BeipaxeHuir (1) u (3) mpoBedeHBI PaCUETHI
TEMIIepaTyYPHBIX 3aBUCUMOCTEH YCPEMHEHHBIX IO TETIOBOMY

CIIEKTPY HEUTPOHOB CEUEHWMU SUIEPHBIX pEaKIUii JeJeHUs
U pagvalMoOHHOro 3axBata 1 95U u “gaPu, a mia 2ggU —
TEMITepaTypPHBIX 3aBUCUMOCTEN YCPEMHEHHBIX TIO TEILIOBOMY
CITEKTPY HEMTPOHOB CEUECHU I paalallMOHHOTO 3aXBara.

IMpu pacuérax TemIiepaTyp HEHTPOHHOTO Ta3a COIJIACHO
BhIpaxeHuto (1) temrmepaTypa AesIIeics] TOTUIMBHON Cpebl
usmeHsimacb B uHTepBasie ot 300...2100 K, mukpoceueHust
TMOMJIONIEHUS HEWTPOHOB — B JMalia3oHe TEIIOBBIX 3JHEP-
ruii 0,025...0,181 3B; MukpocedeHMsI paccesTHUSI HEUTPOHOB
npu sHepruu 1 3B st HyKJIMIOB nessiiieiicsl TOTJIMBHOM
cpenbl OblIM B3SITHI U3 0a3el sinepHbiX JaHHbIX ENDF/B-VII.O0.
BepxHsist rpaHulla UMCCIEAyeMOro WHTEpBajia TeMIlepaTyp
2100 K ompenenena 3HaueHusimu (akrtopa Bectkorra, orpa-
HUYEHHBIMM 3TON TeMIIepaTypoil HEUTPOHHOTO Tas3a [4].

Ilpu pacu€rax TeMrepaTyp HEMTPOHHOTO Ta3a COTJIACHO BbI-
paxeHuto (1) MPUMEHUTEBHO K TETJIOBBIM peaKTOpaM C BOIOM
B KayeCTBE 3aMEIJIMTENsI 3aMeIsiioniasi CrioCOOHOCTb CpPellbl,
T. €. WIEH X, ONPENE/IAETCA IJIABHBIM 00Pa3oM 3aMENIAIOLIEH
CITOCOOHOCTBIO BOmOpona. MaKpOCKOMUYECKOe CeUYeHUe I10-
TJIOLIEHUST Cpelibl, BXoJsIee B BoipaxeHue (1) Kak 4ucinuTesb
BTOPOT'O CJIaraeMoro, HaXOJSIIIErocss B CKOOKax, OTMpenessieTcst
TJIaBHBIM 00pa3oM 3HAYeHUSIMM CEUSHU I TTOTJIOICHUST B TETIO-
BOI 0Os1acTH LTSt 232U KaK HYKJHIa, OOBIYHO COCTABJISIONIETO
6omnee 90 % cocTaBa SIICPHOTO TOILJIMBA ST TEMUIOBBIX PEaKTO-
p02]338 HO%%‘OMy npu 3HaueHusax £=§,=1,0, o5 = 6 ~20,4 OapH,
oy o, 2,7 Gapn, rme &; — C?%I[HCJIOI‘EI]:)I/I(DMI/I‘IGCKI/II/I
NIEKPEMEHT BHEPrUU JJIsl BOAOpoaa, O, — MHUKPOCEUEHUE pe-
aKIMW paJuallMOHHOTO 3aXBaTa HEMTPOHOB 15 ZSgU , BTOPBIM
cjlaraeMbIM B CKOOKax BbIpaxkeHUsl (1) MOXHO TpakKTUYECKU
MpeHebpeyb, U TeMIiepaTypa HEMTPOHHOTO Ta3a OyaeT MpakKTH-
YecKM COBMAAaTh C TeMIlepaTypou aessiieiicst cpenbl. Eciu Ob
B Ka4eCcTBE IJIABHOTO 3aMEIJIUTEJIsl paccMaTpUBaIUCh OoJee Tsi-
KEJIbIE, YeM BOJOPOL, s1ipa, HaTIpuMep yIJAepo, KUCIOPOI UIn
cam ‘5 U, To BTOpBIM cllaraeMbIM B CKOOKax BbipaxkeHus (1)
yXe HeJib3sl ObLJIO Obl TpeHeOpeyb, U TeMIIepaTypbl HEUTPOHHO-
ro Ta3a 3HAaYUTEIbHO TIPEBBICUJIM Obl TEMIIepaTypy Jesieics
cpenbl. Hampumep, B pacuérax s ITMOKCHIHOTO YPaHOBOTO
toruiuBa mian MOX-rornBa 6e3 BOASIHOTO 3aMEIUTENsl OC-
HOBHOHM 3aMeIUTeb — KWCJIOPOd, a OCHOBHOI/I MOTJIOTH -
TeJb, KaK U B TIPEAbIAYIIEM cnyqae — 92U Torma, Tak Kak
£5=0,12, G? =3,45 GapH, (5338 = (523 =~ 2,7 06apH, Tpu BbIUUCTE-
HUM TeMITepaTypbl HEHTPOHHOTO Ta3a COrJlacHO BhIpaxkeHUto (1)
IUTSE TeMIiepatyp Aessiieiics cpenbl u3 uHtepnaia 300...2100 K
MOJyYMM MHTEPBaJl 3HAUCHU ! TeMIiepaTypbl HEMTPOHHOTO rasa
1200...4600 K. B atom ciyyae mpruMeHeHHE TTOAXO0a, OMHUpalo-
merocst Ha cootHoueHust (1) u (3), HEBO3MOXHO M3-3a OTCYT-
CTBUS TaOJMUYHBIX 3HaYeHUI ¢hakTopa BecTkorTa mias temme-
paTyp HeWTpoHHOro rasa, oonbiux 2100 K [4].

Tabauya 1. ®aktop BecTkoTTa 119 peakKUMii IeJCHUS U paadalliOHHOIO 3axBaTa 92Pu [4]

T, K 300 400 500 600 700 900 1100 1300 1500 1600 1800 1900 2100
8 1,058 1,150 1,305 1,518 1,768 2,290 2,746 3,091 3,328 3,412 3,521 3,552 3,572
& 1,154 1,374 1,713 2,159 2,672 3,724 4,630 5,314 5,782 5,947 6,164 6,226 6,269

Tabauya 2. ®akrop BecTKoTTa 1151 peakinii AeJeHUST U paauallMOHHOIO 3aXBara 235 U [4]

T, K 300 400 500 700 800 900 1000 1100 1200 1300 1400 1500 1700 2100

8 0,976 | 0,954 | 0,938 | 0,920 | 0,914 | 0,910 | 0,907 | 0,903 | 0,900 | 0,893 | 0,891 | 0,887 | 0,887 | 0,885

& 0,978 | 0,964 | 0,960 | 0,970 | 0,978 | 0,987 | 0,993 | 0,998 | 1,000 1,001 | 0,999 | 0,996 | 0,986 | 0,958
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Puc. 2. 3aBUCMMOCTB CeUeHUI paIuallMOHHOTO 3aXBaTa

23§U R 23§U u 232 Pu, YCPEAHEHHBIX MO TEIJIOBOMY CIEKTPY

HEUTPOHOB, OT TEMTIePaTyPhI AEJSIIEHCS TOTUIMBHON CPEIb

PacuéTHble TeMIepaTypHble 3aBUCHUMOCTU YCPETHEHHBIX
10 TETJIOBOMY CIEKTPY HEHTPOHOB CEUEHMH SIIEPHBIX peaKluii
NeJIeHUsT M paJiMallMOHHOTO 3axBara Juist 23§U u 2;2Pu npes-
craByieHbl Ha puc. | u 2. Ha puc. 2 mpuBeneHa Takxe pacuér-
Hasl TeMrepaTypHasi 3aBUCUMOCTb YCPEIHEHHBIX 110 TETJIOBOMY
CIIEKTPY HEMTPOHOB CEUEHU I PaIMallMIOHHOTO 3aXBaTa JJIsl 2S§U .

Kak Buaum u3 puc. 1, B ucCCIeIOBAaHHOM HHTEpPBAJIEe TeM-
reparyp HaOJoAaeTcsl MPUHUMITMAIBHOE pas3jinuyue Temrepa-
TYPHBIX 3aBUCUMOCTEN YCPEAHEHHBIX IO TETUIOBOMY CIEKTpPY
HEHTPOHOB CEUeHMIT AIEPHBIX PeaKLmil leneHnst 233U 1 Zipu.
YcpenHéHHOE ceueHue JeIeHUs zggPu pacTéT C poOCTOM TeM-
nepatypsl 1 gocturaer makcumyma rnpu 1500 K, a manee ¢ po-
CTOM TeMIIepaTypbl CHIKAETCS, T. €. 3aBUCUMOCTb UMEET pe30-
HAHCHBIN BUI. YCpeIHEHHOE CEYEHME NIEJICHUS 2SSU TUIaBHO
MajaeT ¢ pOCTOM TeMIlepaTypbl. AHAJIOTUYHbBIE TeMIIepaTypHbIE
3aBUCUMOCTHU YCPEITHEHHBIX T10 TEIJIOBOMY CIIEKTPY HEHTPOHOB
CEUECHUU SIIEPHBIX peaKUU AEJICHUS 2S§U u ZgzPu MOJYYEHBI
TaKxke B [5].

[lpencraBieHHble Ha puc. 2 3aBUCMMOCTM T1OKa3bIBAIOT
3HAYUTEIbHBIN POCT CEUEHUSI paJuallMOHHOTO 3axBaTa 232Pu
C pOCTOM TeMMepaTypbl M HE3HAUYUTEJbHBI POCT CEUEHUS

paanaltMOHHOI'O 3axBaTa ZSSU 5 28%

10

3aBHCHMMOCTH YCPEIHEHHBIX MO MOJHOMY HEHTPOHHOMY CHEK-
TPy CeYeHMii OT TeMmepaTypbl peakTopHoro tommmsa. Kak yxe
OTMEUaJIOCh, BBIUUCIICHUE YCPEIHEHHBIX IO TEPMaJIM30BaHHOM
YaCcTH CIeKTpa CEYEHUI C MOMOIIbIO BbIpaxkeHUs (3), B KOTO-
poe BXOAST TabAWYHBIC 3HaYeHUsT dakTopa BecTkorTa, BO3-
MOHO [IJISl TETJIOBBIX PEAKTOPOB C BOASIHBIM 3aMeIUTENIeM
U C 3aMEJUITUTENISIMU, COCTOSIIIIUMU U3 SIZIEP C MaJIbiIM aTOMHBIM
YUCJIOM, a TIOTOMY OOJaJalolIMMU BBICOKOUW 3aMeIsIoneit
crnocoOHocThio. OHAKO €C/IM OCHOBHBIM 3aMEIJIMTENIEM CIy-
Kat Oosiee TSXKENbIe sapa, HalpuMep yrjiaepoaa U KUCIopoja,
yXe BO3HUMKAIOT MpobjieMbl ¢ BblUuMCieHUssMU 110 (3) u3-3a
OTCYTCTBUsI TaOyJIMpPOBAHHBIX 3HaYeHMI (akTopa BecTkorTa
pHY TeMIiepaTypax HeMTpOHHOTO ras3a, mpesbimatonux 2100 K.
st BBIYMCIEHUST 3aBUCUMOCTEN YCPEIHEHHBIX IO Hel-
TPOHHOMY CIIEKTPY CEUYEHMI OT TeMIlepaTypbl Jejsiieics
cpenbl pa3paboTaH MOAXOA, KOTOPHIN HEe OMUpPaeTCcsl Ha UCTIOJb-
30BaHUe 3HaueHMi (akTopa BecTtkoTra. DTOT 1MOXOM, B OTJIU-
yue OT TPEACTAaBJICHHOrO BbIlle, pa3pabaTbiBaJiCs HE TOJBbKO
JUTSL TETJIOBBIX PEAKTOPOB, U TIO3TOMY TIO3BOJISIET MPOBOAUTH
BBIUMCJIEHUE YCPETHEHHBIX TIO TOJHOMY HEWTPOHHOMY CIHEK-
Tpy (MHTEpBaJl SHEPTUN HEUTPOHOB OT TerJoBbIX 10 10 M3B)
ceyeHUi1. OCHOBHBIE €TO TIOJIOKEHUST OIMyOJIMKOBaHBI B [6—9].
B nmporpammuoii cpene Microsoft Fortran Power Station 4.0
(MFPS 4.0) co3mana KOMIIbIOTEpHAsI IIpOorpamMma, II03BO-
JISIoIIAsi PacCYMTHIBATh 3aBUCUMOCTU CEYCHUST PE30HAHCHBIX
HEUTPOHHBIX peakIMii OT SHEPTUU HEUTPOHOB C YYETOM 3(-
dekra Jortepa. [Ipu pacuérax B KayecTBe BXOAHBIX JTaHHBIX
HCTOJIb30BaJIMCh 3aBUCUMOCTHY CEYEHU I HEMTPOHHBIX peakinit
OT DHEPIrUM HEUTPOHOB PEAKTOPHBIX HYKJIMIOB U3 0a3bl HaH-
Heix ENDF/B-VIIL.0 u COOTBETCTB¥31§)H_[I/IG TeMIepaType Cpeabl
300 K. Hammpumep, Ha puc. 3 miusg 53U mpenctaBiaeHBI pe3yiib-
TaThl pacuéTa 3aBUCMMOCTE CEYCHU I paarallMOHHOTO 3axBaTa
HEUTpPOHA OT €ro 3Hepruu (B HUXXHEM JuaIia3oHe SHEPruii)
MpU pas3fUYHBIX TeMmIiepaTypax IeJseicsi cpeabl B Auanas3o-
He oT 300 mo 3000 K. C momouibio 3TOM NpOrpamMMbl TMOy-
YEHBbl 3aBUCUMOCTM CEUYEHWMI peaKlUil paccessHus, OeIeHUM
W paJvallMOHHOTO 3axBaTa HeﬂTéf)OHa OCHOBHBIX PEaKTOPHBIX
TOIJIMBHBIX HYKJIMIOB 9§U, 232U, 233U 94Pu mpu pas-
JIMYHBIX Temmneparypax B auanazone ot 300 mo 3000 K.
PaspaboTaHa Takxe MporpaMma, ¢ MOMOIIIbIO KOTOPOii T0-
JIyYeHBI pacyETHBIE 3aBUCUMOCTU YCPEIHEHHBIX TIO CIEKTPY

of, x1000 6apx

35

25

1.5

3000

2000

Puc. 3. Pacu€THble 3aBUCUMMOCTU CEUEHMI peakLuu

o 235
paJMAIIOHHOrO 3aXBaTa HENTPOHa OT ero sHepruu 9 U
NPH pa3IMYHbIX TeMneparypax B guanaszone ot 300 no 3000 K
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Puc. 4. 3aBucuMocTu ceueHus AeJIeHUs (@) U CEUEHUs paJIuallMOHHOro 3axBara (0) 232Pu, 2S§U, 23§U,
YCPeTHEHHBIX TT0 KOMOMHUPOBAHHOMY CITeKTpy MakcBesuta 1 @epMu, OT TeMIepaTyphl JeIsIIeicst
Cpe/bl MPU Pa3HbIX 3HAYEHUSIX TPAaHUUHON 3Hepruu crnekTpoB Mepmu u Makcseia
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HEHTPOHOB CEUEHUH O (r T,t) OCHOBHBIX PEaKTOPHBIX HYK-
JIUJIOB U OCHOBHBIX peaKTopHHx SIICPHBIX HEHTPOHHBIX pe-
aKIIMii B yKasaHHBIX TemImeparypax. [Ipy B5TOM CIEeKTp
HEWTPOHOB 3a/laBajicsi B KOMOMHMPOBAHHOM BHJe: HUXE Tpa-
HUYHOW SHepruu TepMmanusanmu EPY — B BuUIe CIeKTpa
Makcseiia (DM(E ); Beime  ELPY ) HO Huke E; (E;, — Bepx-
HSIST SHEPTHST HEUTPOHOB cneKTpa ®epmu), — B BI/IIIe CITeKTpa
Depmu Pg, (E,,) IUTST 3aMEITSIIONIEH W TIOTJIONIAIONICH CPEIbl;
Bbiie E, Ho Huxe E, , — crekTp meaeHus mist 232Pu [10,
11]. Temmneparypa HEWTPOHHOrO rasza [UISl pacrpenesieHus!
MakcBesia 3amaBajlach COOTHOIICHWEM, aHaJOTMYHBIM BbI-
paxxeHuto (1), HO B HECKOJbKO MOIUMUIIMPOBAHHOM Ha OC-
HOBe TMoaxojia, npuBeaeHHoro B [2], Buae. CorjlacHO 3TomMy
ronxony, (opMasbHO HENOCTaTKM CTaHAAPTHOW TEOpUU 3a-
MeJIEHUsI B 00JIACTH TepMaJIu3allud MOXHO YaCTUYHO YMEHb-
IIATh, €CIM BMECTO CpeaHeIorapudMUIecKoil ToTepu 3Hep-
TUU CTaHIApTHOU Teopum £ (KOTOpast He 3aBUCUT OT SHEPTUU
HEWTpOHAa M, KaK M3BECTHO, JJIsS CPEIbl U3 SIIEP C aTOMHBIM
HoMmepoM Oosbiie 10 & ~ 2/4) BecTn nepemeHHY0 £(27) = £0(2),

rie o(z) = (1 — 2/2), 2= E,/(kT).
Hrak, B paMKax paccMaTpuBaeMoro opmajindmMa Temriepa-
Typa HEMTPOHHOTO Ta3a 3a/1aBajach CJeAYIOIINM BbIPaXKEHUEM:
T,=T|1+18 Q(ZkT) , )]

N

Tae & — YCPEIHEHHbIN JIOrapupMUUECKUil IEKPEMEHT SHEP-
TUU TIPU 3aMeJICHUM TI0 BCEMY MHTEpBaJly SHEPTUii MaKCBeJ-
JIOBCcKoOroO criekTpa &(z) npu k7 = 1 3B.

Ha puc. 4 npeacranens pacCYETHBIE TeMIIepaTypHBIS 3aBI/ICI/I—
MOCTH YCPETHEHHBIX IO CTIEKTPY HGI/ITI.)OHOB cequI/m G’ g é )
JIIST OCHOBHBIX PEAaKTOPHBIX HYKJIMIOB 232U 92U 3
Y JJIST OCHOBHBIX PEaKTOPHBIX SAEPHBIX HEUTPOHHBIX peaKL[I/II/I.

Kak BumnM, pacy€THble 3aBUCUMOCTU CEUEHMI, YCpPeTHEH-
HBIX TI0 KOMOMHUpOBaHHOMY crieKTpy Makcsemia u depmu,
OT TeMIlepaTypbl Jefsiieiica cpeasl B auarazoHe ot 300
1o 6000 K moryr:

CHayajla pacTHM, a 3aTeM I1aJaTh C POCTOM TeMIIepaTyphl,
T. €. UIMETh PE30HAHCHBIH XapakTep (Hampumep, aist “gqPu);

KaK pacTu ¢ yBEJIMUYCHHUEM TeMIIepaTyphl ACTSIIeCS Cpebl
(Harpumep, a1t 28U ), Tak U manarh (HampUMep, WS 330).

OOBSICHUTH 3TO MOXHO TeM, 4TO Yy ggPu pe3oHaHCcHas
00J1aCTh HAYMHAETCS CO 3HAUMTEILHO OOJIee HU3KUX SHEPIHid,
qem IS 232U U C YBEJIMYCHUEM TeMIIepaTypbl TOTJIMBA TTPO-
WCXOIUT YBEJIUYEHUE TeMIIepaTypbl HEUTPOHHOTO Ta3a, BBI3bI-
Barollee CMeEIIeHUST MaKCMMyMa MaKCBEJIOBCKOTO pacripelie-
JIEHUsI HEWTPOHOB B CTOPOHY OOJBIINX SHEPTMH HEUTPOHOB,
T. €. Y)KEeCTOUYEeHUE CIeKTpa HEHTPOHHOTO Ta3a, Mpu KOTOPOM
KOJII/I‘{CCTBO HEWTPOHOB, TIOMajaloliee B PE30HAHCHYIO 00-
JIacTh 94Pu YBCJII/I‘II/IBaeTCH YTO W BBI3BIBAET POCT YCPETHEH-
HBIX ceyeHUi. s 92U STOT MPOIIECC HE CTOJb CYIIECTBE-
HEH M3-3a TOTO, YTO €ro pe30oHaHCHas 00JIacTh pacrojaraercs
BBHIIIIE TI0 SHEPTUSIM, M YXKECTOUYCHUE CIEeKTpa HEHTPOHHOTO
rasa, CBI3aHHOE C YBEJIMYCHUEM TeMIIepaTyphbl TOILUIMBA (B pac-
CMOTPEHHOM WHTEpBaJje), He BBI3BIBACT CYIIECTBEHHOTO yBe-
JINYEHUST KOJMYeCTBAa HEUTPOHOB, TOMAJaloNIuX B PE30HAHC-
Hyt0 obOsacTe. [lpencraBneHHble Ha puc. 4 maHHbIe 1O 238U
(YcpemHEHHOE ceyeHUe MeIeHU s 92U M3-3a BBICOKOTO TTIOpOTa
neneHusi — oonbiie 1 MaB — npakTruecku HEYyBCTBUTEIBHO
K YXeCTOYeHUIO CITeKTpa HEWTPOHOB, BBHI3BAHHOMY YyBeJIWUe-
HUEM TeMIIepaTypbl TOTIJIMBA) TTOATBEPXKIAIOT 3aBUCUMOCTh Ce-
YeHUST paIuallMOHHOTO 3aXBaTa OT TEMIIepaTyphl, TaK KaK €ro
pe3oHaHCHasi 00JIaCTh pacItoJioXeHa TaK Xe HU3KO, KaK U pe-
30HAHCHasT 00J1aCTh 254Pu .

12

3aBHCMMOCTH TUIOTHOCTEH TemjaoBoro ucrounuka MOX-
TONJIMBA M YPAHOBOTO IHOKCHIHOTO TOILUIMBA OT TeMIEPATYPbI
peakTopHoro TomauBa. [IJIOTHOCTH TEIJIOBOTO MCTOYHUKA
MOX-toruBa (cmech aByokucu 238U u 239Pu) B TEMJIOBOM
peakTope ¢ BOIOW B KauecTBe 3amemyiutessi, HarnpuMmep BWR,
paccuuTHIBAJIACh COTJIACHO BbIPAKEHUIO

S(T)=Qp, @ (" (T))- N™, )

rne Qp, = 210,3 MaB — TenuioBast 5Heprus JEJNEHUs OLHOTO
anapa 239Pu; @ = 1013 1/(cM2-c) — MIOTHOCTH MOTOKA HEHTpPO-
HOB; 6?“ — YCpeOHEHHOE CeYeHHUe JEJICHUS IO TETJIOBOMY
criekTpy 254Pu (cm. Boipakenue (3)); NP — koHuenTpaums
siep TTYTOHUS.

Ilpu pacuérax 3HaueHue TIOTHOCTU MOX-TOruiMBa Mpu-
HATO paBHBIM 10,82 r/cm3.

TI710THOCTH TEMJIOBOTO WCTOUHMKA If11  YPaHOBOrO -
OKCUJIHOTO TOIUIMBa (CMECh JBYOKUCH 92U 292U) B Te-
TUIOBOM pPeakTope C BOMOW B KauyecTBe 3aMEIJIMTENST TaKKe
paccYMTHIBaIach COIJTACHO BBIpaXkKeHWIO0, aHaJOrUMYHOMY (5),

7,00E419 ST}
6,00E+19 //"" ¢ “‘1\
5,00E+19 /
{p—._/
4,00E+19 ——5(T)10%
3,00E+19 . . AT
A ——5(T)1%

2,00E+19

1,00E+18

y & gl r 3 L3
0,00E+00 T.K
300 800 1300 1800 2300

Puc. 5. 3aBUCHMOCTY TIJIOTHOCTEH TEIJIOBOTO MCTOYHUKA
OT TeMIlepaTypbl TOMJIMBHON AeSILENHCsS Cpeabl

M3 CMECH IBYOKMCH 2S§U " 239Pu IUTS TPEX COCTaBOB
(oGoraiieHue 1o 239Pu —1%,5 %, 10 %)

4,50E+195(M
4
4,00E+19

3,50E+19

P

3,00E+19

2,50E+19 \‘

——5(T)10%

[ § \ ——5(T)5%

2,00E+19 > 2
\\‘ —e5(T)1%
1,50E+19 | —e
1,00E+19 ‘\I—‘I—‘..____.
5,00E+18
0,00E+00 ~ = = ik
300 800 1300 1800 2300

Puc. 6. 3aBUCMMOCTH IIJIOTHOCTEN TEILIOBOTO
WCTOYHMKA JUUISI TOTJIMBHOW CMECU U3 JIMOKCHUJIOB 92U
n 232U OT TEMIICPATYPbl CMECHU OJId TPEX COCTABOB

(oGoraiieHue 1o 235U —10%,5%wn1 %)
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npu 0,35 = 203,0 MsB 1 nI0THOCTH yPaHOBOIrO AMOKCHUIHOTO
toriusa 10,82 r/em3.

IMonaranock, 4TO TUIOTHOCTH MOTOKa HeWTpoHOB P c po-
CTOM TeMTIepaTyphbl JENSIIEHCs Cpelbl OCTaéTCsl TTOCTOSTHHOM,
TaK KaK OCHOBHOE TIOTJIOIIIEHUE HEUTPOHOB MBI CBSI3bIBAEM
c 23§U, a ero ycpeaHEHHOE IO TETJIOBOMY CIIEKTPY CeueHHe
paJMallMOHHOTO 3axBaTa ¢ POCTOM TeMITepaTyphbl CPEIbl B UC-
cJIeIyeMOM IHMara3oHe pacTéT He3HAYUTeJIbHO (CM. puc. 2,
Tabm. 2).

AHaN3 TOJTYYEHHBIX 3aBUCUMOCTEH TJIOTHOCTU TEIJIOBO-
IO UCTOYHUKA OT TeMIepaTyphl Aesieiics cpeabl miss MOX-
TorJuBa (puC. 5) MOKa3bIBAET, UTO TPU POCTE TEMIIEPATypPhl
ot 300 mo 1500 K HaGiiomaeTcss HeJMWMHEWHBINW pocT Ha 45 %
iotHocTu ucrouHuka npu 300 K. C ganpHeiium yBeanye-
HueMm Temnepatypbl 1o 2100 K HaOGitomaeTcss HeKOTOpoe ma-
JIeHWe TUIOTHOCTU. AHAJM3 XK€ TIOJYYeHHBIX 3aBUCHUMOCTEN
TUTOTHOCTEN TEIUIOBOTO WMCTOYHUKA OT TeMIlepaTypbl Jesi-
IIeicsT cpeanl ISl YPaHOBOTO TMOKCHIHOTO TOTutuBa (puc. 6)
MOKa3hkIBaeT, YTO Ipu pocte TemmepaTypsl oT 300 mo 2100 K
HabJTI0MaeTcsl HeJIMHEWHOEe YMEHBIIEHWE TIOTHOCTU TETIOBO-
ro MCTOYHMKA. Takoe TMoBeneHWe TJIOTHOCTEM TeIIOBOTO WC-
TOYHHMKA OOBSICHSIETCS TOJYUYEHHBIMU TEMIIepaTypHBIMU 3a-
BUCHMOCTSIMU YCPETHEHHBIX MO TEIUIOBOMY CIIEKTPY CEUCHUSI
menenns Z3Pu u cevenus aenenms 235U (em. puc. 1).

IlonyyeHHble TeMmepaTypHbie 3aBUCMMOCTH JIJIs1 MJIOTHOCTH
TENJOBOT0 MCTOYHMKA M OCOOEHHOCTH aBADMHM HA 3HEProdJioke
Ne 3 ADC «®ykycnma-1». TakuM 06pa3oM, 0OHAPYKEHO U 00b-
SICHEHO JIJTS UCCJIEJIOBAHHOTO MHTepBajia TeMIepaTyp MpUHIIN-
MMYaJbHOE pa3juyKe TeMIlepaTypHBIX 3aBUCUMOCTEHN IIOTHO-
CTell TEeTIJIOBBIX UCTOYHMKOB JIst MOX-TONIMBa U OKCUIHOTO
ypaHoBoro TorutuBa. [Ipy 3ToM ToJlyYeHHbBIE TeMIepaTypHbIe
3aBUCUMOCTHU TIOTHOCTH TEIJIOBOTO WCTOUHMKA JENSIIENCst
TOTJIMBHOM CpeIbl, TpencTaBJIeHHble Ha puc. 5 U 6, TO3BO-
JISIIOT BBISIBUTH HEKOTOpPbIE OCOOEHHOCTU aBapuy Ha 3HEpPro-
osoke Ne 3 ADC «Dykycuma-1».

Kax m3BecTHO, Ha 3TOM OJIOKE TPEeThb 3arpy3Ku SIACPHOTO
ToruiuBa cocrtaBisiiio MOX-TomiauBo, nBE TpeTU — ypaHO-
BO€ MTMOKCHIHOE TOTLIMBO. ABapusl pa3BUBaJiach CIEIYIONIM
o6pasom. [Ipu MOMBITKE OXJAXIACHUS TIEPErpeToro sAepHO-
rOo peakTopa C TOMOIIBbIO MPOKAYMBAHUS Yepe3 HEero XOJOJ-
HOM MOPCKOM BOABI W3-3a Pas3JIOXKEHUs] BOABLI TPOMU3OIIIIO
HEKOHTpOJIMpyeMoe 00pa3oBaHUE Ta3000pa3HOTO BOIOPONA,
YTO TIPUBENIO K O0Opa30BaHUIO TpeMy4Yeil CMECU U ee B3PBIBY,
BBI3BaBIIEMY pa3pylleHHe SIepPHOro peaktopa. Temrmeparypa
TEePMUUECKOTO Pa3JIOXKEeHUsT BObI TOBOJIbHO Bhicoka — 3800 K.
IMoatomy, ckopee Bcero, 06pazoBaHUe BOIOPOIA ITPOUCXOIUIIO
He B pe3yJIbTaTe TePMUUYECKOTO THAPOJIM3a BOIbI, a TIpu Oojee
HU3KON TemIiepatype B pe3yjbTaTe MapolMpPKOHWEBOW peak-
muu [12—15], T. €. 3K30TepMUYECKON peaKIINU B3aMMOICHCT-
BMS IIMPKOHUEBOM OOOJIOUKYU TB3JIOB M BOABI ¢ 00pa3oBaHUEM
NBYOKVCH IIMPKOHMS U BBIICIEHUEM Ta3000pa3HOro BOAOPOIA
(Zr + 2H,0 = ZrO, + 2H, + O, rne 0=6530 kJx/Kr — BbI-
JEJISTIoIIasicsl TerjaoTa).

IMapounpkoHueBast peakilMs WMeeT psAx OCOOEHHOCTEH:
OoHa HaymHaeTcsa npumepHo mpu 1173...1223 K, a npu 1473 K,
pa3BUBAsICh OYEHb OBICTPO (TaK KaK BBIACISIONIASICS TETIoTa
JOTIOJTHUTEILHO pa3orpeBaeT IMPKOHUI, pa3BUBaeTCsS aBTOKA-
TaJIn3), CTAHOBUTCSI CAMOTIOIIEPKBATOIIICICS.

ITockoMbKY TIPOM30MIEN BOAOPOMHBIN B3PBIB peakTopa
1ocjie BOCCTAHOBJIGHUSI TIOAAUM OXJaXKJalolleid BOOBI B pe-
aKTOp, MOXHO cHejaThb BBIBON, 4YTO BCJICACTBUE BbI3BaH-
HOTO Y/IapoM IIyHAMW JJTUTEJIBbHOTO HapylleHUsT paboOThl CHU-
CTEMBI TEIIOChEMa TeMIlepaTypa TeperpeToro peakTOPHOTO
TOMJMBA JOCTHTaJia 3HAYCHUH Havaja IapolUpPKOHUEBOMI
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peakuuu — 1173...1223 K. [Monyuennas ans MOX-torimBa
3aBUCUMOCTh TUIOTHOCTH TEIUIOBOTO MCTOYHMKA OT TeMIiepa-
Typbl TOTLIMBA (pUC. 5) TOKa3bIBa€T, UYTO TIOTHOCTH TEIJIO-
Boro ncroyHuka MOX-tonauBa 6joka Ne 3 moJKHA B 3TOM
ciiyyae pactu, pocturass makcumyma nipu 1500 K. Takoe mo-
BelIEHNE TIJIOTHOCTU TerJIoBoro uctouHnka MOX-Tonausa Mo-
JKeT BbI3BATh JajibHeilee HarpeBaHue MOX-ToninBa 10 TeM-
nepatypsl 1473 K, mpm KoTopoii mapouupKOHUEBasT pPeaKius
00pa3oBaHUsl Ta3000pa3HOro0 BOAOPOAA HAYMHAET pa3BU-
BaThCsl OYEHb OBICTPO W CTAHOBUTCS CaMOTIONICPXKUBAIONICH-
cs. [loguepkHEM, YTO COMIACHO TIOJIYUEHHOW 3aBUCMMOCTH
MJIOTHOCTU TEIJIOBOIO MCTOYHMKA OT TeMIIepaTyphl TOILIMBA
JUIST YPAHOBOTO TMOKCHUIHOTO TOILUIMBA (puc. 6) OUeHb OBICT-
poro o6pa3oBaHUsSI BOIOPOAA ST YPAHOBOTO JTUOKCHUIIHOTO
TOTJIMBA HE ObLIO OBI.

CrenoBarefbHO, pa3inyne TEMIEPaTyPHbIX 3aBUCUMOCTEN
MJOTHOCTEN TEIJIOBBIX MCTOYHUKOB it MOX-ToriuBa U OK-
CHJIHOTO YPaHOBOTO TOIJIMBA MOTJIO BbI3BaTh 00Jiee MHTEHCUB-
HOE BbIJICJIEHHE BOJIOPO/A, a CIeoBaTe/bHO, U 00Jiee MOITHBI
BOIOPOIHBIN B3pBIB 0J0Ka Ne 3 IO cpaBHEHUIO CO Clydaem,
KOrJa BCSI €ro TOTMJIMBHAsS 3arpy3ka Obljla Obl U3 OOBIYHOTO
YPaHOBOTO JHMOKCUIHOTO TOTIIMBA. DTOT BBIBOA COBMAgacT
¢ MHGOPMAIIMOHHBIMU COOOIIEHUSIMK O OoJiee MOILIHOM BO-
JIOPOITHOM B3pbIBe 0J0Ka Ne 3 10 cpaBHEHUIO C BOIOPOIHBIM
B3pbiBOM Oj10ka Ne 1 ADC «Dykycuma-1», rme He ObLIO 3a-
rpy3ku MOX-roruiuBa.

HanpHeinii pa3orpeB TOIMJIMBA OO TeMIlepaTypbl TLJIaB-
sgerust 2800 K MoxHO OblIo Obl OOBSICHSITH pa3pylieHUEM
P BOJOPOJHOM B3PBIBE CUCTEMBI TTPOKAYKH BOJIBI, a 3HAYMUT,
IUTUTEJIbHBIM  OTCYTCTBMEM HEOOXOMMMOTO ISl TMPeaoTBpa-
IIEHUST pacrjaBjJeHus] TOIUIMBA TEIUIOChEMA. DTO BO3MOXKHO
W TIPU TeX K¢ 3aBUCUMOCTSIX TIJIOTHOCTEH TEIIOBBIX MCTOY-
HukKoB a1 MOX-toruiuBa (puc. 5), XOTsl, KaK yXe OTMeya-
Jioch, Tipu pocte Temnepatypbl oT 1500 mo 2100 K nabGnronma-
eTCsd HEeKOTOpoe TajJeHWe TIJIOTHOCTH TEIIOBOTO MCTOYHWKA
U, TTO-BUIMMOMY, JaXke TPU 3aBUCUMOCTH TUIOTHOCTEH TeTIo-
BBIX MCTOYHUKOB YPaHOBOTO MMOKCHIHOTO TOILIMBA (puc. 6).
IMoHsATHO: YTOOBI TONTBEPAUTH BCE BBICKA3aHHBIC TIPENTIO-
JIOKEHHUSI, Kacalolluecs W3MEHEHUs TeMIepaTypbl TOIIMBA,
HEeOOXOAMMO HAXOIWTh PElIeHUS YpaBHEHUS TeruionepeHoca
C MOJIYYEHHBIMHU MJIOTHOCTSIMU TEIJIOBOIO UCTOYHUMKA JJIsI 3a-
JNAHHBIX HAYaJIbHBIX M TPAHUYHBIX YCIoBUi. Ceifyac MBI 3TOTO
He MOXeM clejlaTh KaK pa3 u3-3a OTCYTCTBMSI MH(pOpPMalluu
0 HAYaJIbHBIX U TPAHWUYHBIX YCIOBUSX U UX BO3MOXKHBIX M3Me-
HEeHUSX B Xoje pa3BuTus aBapun Ha ADC «Dykycuma-1».

OnHako IJisT OOBSICHEHUsT BO3MOXKHBIX OCOOEHHOCTEH KH-
HETMKHW pa3orpeBa TOIUIMBA JIO0 TEMIEPaTyphl TJIaBJICHUS
2800 K, cBsg3aHHBIX ¢ OOHApPY>KEHHBIMU TEMIIEPATYpPHBIMU
ocobeHHocTsiMu MOX-torutuBa (puc. 5) U yCpeaHEHHBIX ce-
yenuit 23%Pu 1o criekTpy HEHTpPOHOB (pHc. 4), HAM IIpeNCTaB-
JISTIOTCSI UHTEPECHBIMU CJIENYIOIINE COOOpakeHnsl.

B pesynabrare TpoTeKaHUs TApPOLIMPKOHMEBOM peakInu,
0COOEHHO TI0CJIe BOMOPOIHOTO B3pbIBa, HAPYLIMBIIETO CUCTEMY
MOIaYM BOIBI B PEaKTOpP, KOJIMYECTBO BOIBI B PEAKTOPE YMEHb-
111aeTcsl, YTO BJIEYET 3a COOOI yMEHbIIIEHUE ee 3aMeJIsolei
CITOCOOHOCTH M Y3KeCTOYAET CIEKTP HEUTPOHOB, T. €. MAKCUMYM
MAaKCBEJIJIOBCKOTO pacrpenesieHusi TepMalu30BaHHBIX HEUTpO-
HOB CMeIIIaeTCsl B CTOPOHY OoJiee BHICOKUX 3Hepruii. Jas 60-
Jlee XKECTKOTO CIeKTpa HEMTPOHOB 3aBUCUMOCTh YCPETHEHHBIX
MO TEIUIOBOMY CMEKTPY HEHTPOHOB ceueHuil aeneHus 259Pu
OT TeMIepaTyphl, MPEACTAaBJIeHHYIO Ha pucC. | W UCIOJIb30Ba-
HYIO TIPU BBIYUCIEHUSIX TEeMIIEpaTypHOW 3aBUCUMOCTH ILJIOT-
HOCTH TerjioBoro ucrounuka MOX-rtonnusa (puc. 5), ciaenyer
3aMEHUTH 3aBUCUMOCTBIO YCPETHEHHBIX 10 CIIEKTPY HEHTPOHOB
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Ha puc. 4, st E;P" =3kT. Tak Kak 9Ta 3aBUCHMOCTb YCPEIHEH-

HBIX II0 CIEKTPY HEUTPOHOB CEYEHUI AEIECHUS 232Pu OT TeM-
nepaTypbl IEMOHCTPUPYET HEJIMHEWHBIH POCT ¢ MAKCMMYMOM
npu temneparype 3000 K, To Takum ke o6pa3oM AOJKHa Be-
CTU cebsl U TemIepaTypHasl 3aBUCMMOCTb TIJIOTHOCTHM TerJIO-
BOro ucToyHuka ajasg MOX-TornauBa, KOTopash pacCUMThIBaeT-
csl corjlacHo BblpaxkeHuio (5). Apyrumu cioBamMu, B OTIAMYUE
OT 3aBUCUMOCTM Ha puC. 5, MOJyyaeM TeMIIepaTypHYylO 3aBU-
CHUMOCTbD TIJIOTHOCTH TEIJIOBOTO UCTOUHMKA 111 MOX-TorinBa
¢ makcumymom npu 3000 K. Takum o6pa3oM, B cUly moao0-
HOM TeMMEepaTypHOW 3aBUCUMOCTU IUIOTHOCTM TEIJIOBOIO HMC-
TouHHKa B MOX-TOIJIMBE MOXET MPOUCXOAUTH TJIABHbBIN, He-
JIMHEHHBI POCT €ro TeMIlepaTypbl OT TeMIepaTyphl Hayala
nmapanupkoHureBoil peakuuu 1173...1223 K, yepe3 ee Temmepa-
Typy aBToKaranuza 1473 K, K TeMneparype pacriaBieHUs TOII-
muBa 2800 K. CrnemoBatenbHo, MOX-ToruimBo B 00ke Ne 3
ADC «Dykycuma-1» JOJIKHO OBLIO IUIABUThCSI B TIEPBYIO OYe-
penb U CrocoOCTBOBATh PACIJIaBIEHUIO YPAHOBOTO JMOKCHUIHO-
rO TOTLJIMBA peakTopa.

IMepuoanueckoe (myJbCUpYIOlEe) aBapUitHOE TOBBILIEHUE
TeMIiepaTypbl 1M JaBJIEHUS B pa3pylIeHHOM peakTope 0Jyioka
Ne 3 B xozme paboT MO OXJIAXKIEHUIO peakTopa, MPUIMHA KOTO-
poro paHee OblJla HEM3BECTHA, MOXKET OBITh TaAKXKE OOBSICHEHO
TOJIYUEHHON HEJIMHEWHOW TeMIEepaTypHOU 3aBUCUMOCTBIO
TUJIOTHOCTU TETJIOBOTO MCTOUuHMKA 1J1si MOX-ToriuBa, nMero-
el pe3oHaHCHBIN BU (puc. 5).

OOHapyXeHHbIE 0COOEHHOCTU TeMTIEPaTypPHOTO MOBEIECHU ST
MOX-TonnuBa U MX MpearnoyiaraeMoe BJIUSHUE Ha KUHETUKY
aBapuu B 0Ji0ke No 3 MOXHO OBLJIO OBbI YCTPAHUTH, UCKJTIOUUB
W3 CIEeKTpa HEUTPOHOB AeJIeHUs IJs aeasiumxcs siaep [2] Tep-
MaJIM30BaHHBIN XBOCT (MaKCBEJJIOBKAsl 4acTh criekTpa). st
9TOT0 Ha TePBOM 3Tare OXJaXJEeHUS TMEeperpeToro peakropa
Hal0 ObIIO Obl TEXHUYECKM peajiM30BaTh 3aMEHY BOISTHOTO
3aMEeIUTENSI-TETJIOHOCUTENST  Ha  3aMeJIUTEeb-TEIIOHOCU-
TeJb C MACCOBBIM YMCJIOM, 3HAUUTEbHO OOJIBIINM MacCCOBOTO
Yyucjia BOAOPOJA, HAIIPUMEP Ha OKKCh YIJIepoaa, XUJIKOMeTa -
JIMYECKUE O0JIOBO, CBUMHEL, PTYTh, BUCMYT WJIM CMECh BUCMYTa
W CBUHIIA, YTO MPUBEJIO Obl K YKECTOUCHUIO CIIEKTpa HEUTpO-
HOB M MO3BOJINJIO Obl M30€XaTh BOIOPOIHBIX B3PHIBOB.

BbiBOAI

OOHapyXeHO M OOBSCHEHO MPUHIMITUMAIBLHOE pa3inyuue
TeMIIepaTypPHbIX 3aBUCUMOCTEI CEUEHUU JeeHUs], YCPEeTHEH-
HBIX TI0 TETIJIOBOMY CIIEKTPY HEHUTPOHOB, st 2S§U u 292Pu.

[MosyueHbl pacu€THble TeMIepaTypHble 3aBUCUMOCTHU
MJIOTHOCTEX TEMIOBLIX MCTOYHUKOB Mg MOX- u UO, Tom-
JIMBA JJISI TETIJIOBBIX PEaKTOPOB.

OOHapyXeHHBIE B pabOTe OCOOEHHOCTH TEeMIIepaTypHO-
ro mosemeHnss MOX-TomamnBa IO3BOJMIN OOSCHUTH HEKOTO-
pble 0OCOOEHHOCTHU JUHAMUKU aBapuu Ha TpeTbeM 0j0ke ADC
«Dakycuma-1»,
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