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NMPOCTPAHCTBEHHO-BPEMEHHOM
PACHET NMEPEXOAHbIX NMPOLIECCOB
B BbICTPbIX PEAKTOPAX
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* HayuoHanwHblil uccnedosamenvckuil AdepHuiil yHusepcumem « MUPH», 2. Mocksa

OmncaHa opraHusauus BLIUUCIAEHUN B KOMIUleKce miporpaMm GVA ansa pacue-

Ta OLICTPLIX MMEPEXOMHLIX IPOIECCOB B peakTopax Tuma BH, Mopenupytoniem
ITPOCTPAHCTBEHHO-BPEMEHHOE TTOBEZIEHWE aKTUBHOW 30HLI PeakTopa Ha Obic-
TPHIX HEWTPOHAX B Clyyae BOSHWUKHOBEHWA aBapuiHOW cuTyauuu. Jina pe-
1IEHUA HECTALMOHAPHOTO YPAaBHEHUA PEaKTOpa WUCI0J1b30BAaHO KBA3UCTATU-
yecKoe MpubNMKeHne, CBOAALLee UCXOAHYI0 337iauy K CUCTEME IBYX YpaBHe-
HWIL: A7 pacyeTa aMIIUTYAHOTO (GaKTopa, OLICTPO MEHAIOLIEr0Cs BO BpeMe-
HU U He 3aBUCALLET0 OT MPOCTPAHCTBEHHBIX KOOPAUHAT, U GOPM-DYHKIUY,
3aBUCALIEN OT TPOCTPAHCTBEHHBIX KOOPAUHAT U C1abo MeHsiolLleiics BO Bpe-
Menw. [IpuBefeHb Pe3ynbTaThl IEMOHCTPALMOHHLIX PACUETOB, B KOTOPHIX B
KauecTBe UCXOAHLIX aBaPUMHLIX COOBLITUIL PACcCMATPUBAIOTCA TaKue, KaK oc-
raHoBka ['IH n camoxop cTepHeW OpraHoB peryinpoBaHUA.

KnioyeBble cnoBa: HecTauMoHapHoe ypaBHeHMe peakTopa, KBasuctaTuyeckoe npu-
OMKeHUe, NepexofHble NPOLECChl, KOMMIEKC NPOrpamMm.

Key words: non-stationary equation of the reactor, quasi-static approximation,
transient processes, program code

BBEAEHME

[lns pacyeta NpoCTPAHCTBEHHOW AMHAMWUKW PeakTOPOB HAa ObICTPbIX HeMTpOHaxX
B THL, P®-®3U paspaboTtaH komnnekc nporpamm GVA [1]. B ocHoBe 3TOro Komn-
NeKca nexaT Tpu nporpammbl, pa3paboTaHHble He3aBUCKUMO apyr oT apyra: GRIF-
SM [2], npegHa3HayeHHasa ANA TPEXMEpHOro TenNoruMapaBAnYeCcKoro pacyera pe-
akTopa Tvna bH c yyetom gByxdaszHoro TeyeHus Hatpus; BOJTHA [3] - ans pacyerta
NPOCTPAHCTBEHHON KUHETUKW peakTopa B (hex-z)-reometpuu B AUPGDY3NOHHOM
MHOTOrpynnoBOM KBa3ucTaTuyeckom npubnuxenun n APAMAKO [4] — pnsa pacue-
Ta FOMOTE€HU3UPOBAHHBIX MHOTOTPYNMOBbIX MAKPOKOHCTAHT B CMeKTPe, TUMUYHOM
AnA 6bICTpbIX peakTopoB. 00beAUHEHME 3TUX MPOrpaMMm B OAUH KOMMIEKC MO3BO-
U0 pelWwnTb rNaBHylo 3ajavyy — NPAMbIM YUCNEHHbIM PacyeToOM NMPOMOLENNpPOBaTh
NPOCTPAaHCTBEHHO-BPEMEHHOE MOBEAEHNE aKTUBHOM 30Hbl peakTopa Ha ObICTPbIX
HeWTpOHax B C/lyyae BO3HWKHOBEHUA aBapuiHOW cutyauuu. lpum 3ToM ans SeMoH-
cTpauuu pabotel komniekca GVA B KayecTBe MCXOAHbIX aBapUiiHbIX COOLITUII pac-
CMaTpuBalOTCA Takue, Kak octaHoBka [LLH n camoxop cTepxHei opraHoB perynu-
poBaHus.

OPrAHU3ALIMSA BbIYUCJEHUW B KOMIMJIEKCE MPOrPAMM GVA
B HacToswee Bpema komnnekc GVA paccyuTbiBaeT TONbKO HayaNbHYK CTaguio
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dBapuu, Ha KOTOpOVI HE NMPOUCXOOAUT NnaBNeHUA TONAUBA U pa3pylieHnsa aKTUBHOM
30HblI peakTopa. Ho npuHuMNuanbHbIX OrpaHUYeHUn He cylWecTByeT ANs pacnpoc-
TpaHeHWs [laHHOro Noaxofa Ha Gonee rnyb6oKue cTafuu pa3BUTUS aBapui, CBs3aH-
Hble C mepemelleHMeM MaTepuanos. bonee Toro, Ha Hal B3rnsf, KBAa3MCTaTUYECKUI
noaxopn AsnAeTCca €AUMHCTBEHHO NpPUEMNEMbIM U NPAaKTUYECKN peann3yemblMm ans
OEeTaNbHOro ¥ KOMNNEKCHOro ONUCaHWa aBapuii, NpUBOAALMX K NIABNEHUIO TON-
nuea u paspyuwenuio TBC.

Mporpamma pacyeta Tennoruapasamkyn GRIF-SM pewaet HecTauMOHAPHYK CUC-
TEMY YpaBHEHWNA COXPAHEHMS MACChl, UMNYNbCA U 3HEPIUMM B paMKax MOLeNnu no-
pUCTOro Tena, NpUYeM MOPUCTOCTb, MPOHULAEMOCTb U Apyrue KoddbPuunUeHThl
CUCTEMbl YPaBHEHUIt MOJENU 3aBUCAT OT MPOCTPAHCTBEHHbLIX KoopAauHaTt. Takoe
npuonu¥eHne NO3BONAET ONUCATb KMNEHME HATPUA M ero KOHLEHCALUI B BEpX-
Hei NONOCTM peaKkTopa U y4yecTb rMpaBiuyecKkoe B3auMOLeiCTBME KaHaN0B 30HbI
Apyr ¢ npyrom. BxogHbiMu pgaHHbiMu gna nporpammbl GRIF-SM asndaiotca npoctpaH-
CTBEHHblE pacnpefeneHnsa 3HEproBblAeNeHUs B KaXAbli MOMEHT BpeMeHu. Boixop-
HbIMW JAHHBIMW ABNAIOTCA NPOCTPAHCTBEHHbIE pacnpefeneHns AaBneHuil, ckopoc-
Teil M NNOTHOCTEN TENNOHOCUTENSA, TeMNEpaTyp TONIMBA, 0060/10Y€EK, TENOHOCUTE-
N W OpYyrux Matepuanos.

Mporpamma pacyeta NpocTpaHCTBeHHOW KuHeTukn BOJIHA pewaet npocTpaH-
CTBEHHO-BPEMEHHOE YpaBHEHWE NepeHoca HelTpoHoB B AN dy3MOHHOM npubaun-
XeHuun. [ina pelweHnsa 3Toro ypaBHeHMA UCNONb3yeTCA KBA3MCTaTUYECKUIN NOAXOA.
Mpu Takom moaxofe WCXO[HOE HeCTauMOHapHOe ypaBHEHMe TOXAECTBEHHbIM npe-
o6pa3oBaHMEM NMPUBOAUTCHA K CUCTEME ABYX YpaBHEHWIA: NPOCTPaHCTBEHHO-Bpe-
MEHHOro ypaBHeHus ansa dopm-cbyHKuun y(r, t), ANA peweHns KOTOPOro MCNoNb-
3yetca 3P hEeKTUBHbIA BapuaHT KOMOUHUPOBAHHON CBEPXHEABHOW CXeMbl HEMOJIHOIA
dhakTopM3aLmMmM C napameTpuyeckoit nepudepuitHon KomneHcaumein [3], u TonbKO
BPEMEHHOro ypaBHEHUA TUMA ypaBHEHWA TOYEYHOW KUHETUKU OAS aMOIWUTYAHOTO
tdakTopa P(t), MHTEpNpeTMpyemMoro Kak MOLWHOCTb peakTopa. [NOTHOCTL NOTOKA
HeMTPOHOB paBHa mMpoussefeHuto GopM-PYHKLUUN HA aMNINTYAHBIA daKTop.

BaHellwei 4epToN KBA3UCTAaTMYECKOTrO NMPUOAMKEHUA SBASETCA NPUHUUNUANb-
Has BO3MOXHOCTb BBElEHWS ABYX BPEMEHHbIX MAaclWTaboB: KPYNHOro — Ans nepe-
cyeta TpexmepHon GopM-PYHKLUMM M MENKOro — ANA pacyeta amMniuMTygHOro Qak-
Topa.

BxogHbiMK paHHbIMU gns nporpammbl BOJTHA aBnAtoTCA NpoCTpaHCTBEHHbIE pac-
npejeneHus rpynnoBbiX MaKpPOKOHCTAHT B KaXAbli MOMEHT BPEMEHU U CKOPOCTU
ABUXEHUS CTepXHel opraHoB perynupoBaHusa. [locnegHne ncnonb3yoTCa KOCBEH-
HO, TaK Kak N0 HWM ONpefensioTCs KOOPAMHATbl KOHLOB ABUXYLLUXCA CTEPXKHEN U
BbIUMCNAIOTCSA YCPefHEHHble KOHCTAHTbl B A4YeiKax, COfepKalnx KOHLbl 3TUX CTep-
XHeil ¢ yyeToM poneit 06bEMOB AYeeK, 3aHATbIX CTEPKHEM U CBOOGOAHLIX OT HEro.

BbixoaHbIMU faHHbIMKM nporpamMmbl BOJTHA fBnstoTCA NpOCTPaHCTBEHHbIE pacnpe-
[eNeHUs 3HeproBblAeNeHunii no o6beMy peakTopa, rpynnoBbIX NNOTHOCTEH NOTO-
KOB HETPOHOB W rpynnoBbIX KOHLEHTpaLMiA npejlecTBEHHWKOB 3ana3fblBalolnx
HEWTPOHOB.

lpynnoBble MaKpOKOHCTaHTbl Ans pacyeta no nporpamme BOJIHA BbluncnsioTca
no nporpamme APAMAKQ. BxoaHbIMM faHHbIMW A5 3TON NPOrpamMMmbl SBAAIOTCA NPO-
CTPaHCTBEHHble pacnpefeneHns TemnepaTyp M NIOTHOCTeN TONAUBA, KOHCTPYKLMU-
OHHbIX MaTepuanoB U TENJOHOCUTENA B KaXAbli MOMEHT BpeMeHHU, nofyyaemble no
nporpamme GRIF-SM.

HauanbHbiM cocToAHMeM B nporpamme GVA npuHATO CTPOro KpMTUYeCKOe CO-
CTOsAHWE peakTopa. Mi3aMmeHeHWe MaKpOKOHCTAHT X0TA Obl B OAHON NMPOCTPAHCTBEH-
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HON fiYeliKe peakTopa Bbi3biBAET M3MEHEHME 3TOr0 COCTOAHMA. ITO O3HayaeT BBe-
LeHUe peaKTUBHOCTU, BbI3BAHHOE TON MAWN WHOW duU3nyecKon npuynHon. PeakTus-
HOCTb BbIYMCNAGTCA B NpoLecce pelweHna HeCTauMoOHapHOro ypaBHeHUA peakTopa
nyTeM UHTErpupoBaHWsA No 06beMy peakTopa M3MeHEHMWIl B pacnpepeneHnsx Mak-
POKOHCTAHT € BeCOM (hOpPM-(PYHKUUMN U QYHKLUM LEHHOCTU HENTPOHOB AeNeHUA ANs
KpUTUYECKOro peakTopa.

HEKOTOPBIE PE3Y/IbTATbl PACYETOB

MpeacTaBneHsl pe3ynbTaThl PacyeToOB [BYX aBapuii C MOMOLLbIO KOMNAEKCa Npo-
rpamm GVA:

— ocTaHoBKa Bcex [LUH c ogHOBpeMeHHbIM OTKAa30M OPraHoB 3alUThI;

— BbIABMXKEHME Tpynnbl WECTU KOMNEHCUPYOLWUX CTep)KHeVI M3 aKTUBHOMN 30HbI
peaktopa co ckopocTtbio 10 cm/c.

$iseee
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Puc. 1. Kaptorpamma akTMBHOI 30HbI AnA TecToBoro pacyeta: [_J — TBC 30HbI Manoro, cCpesHero u
Gonblworo oborauexns; [:i_:] — KOMMeHcupyloljue CTEPKHN; EJ — Perynupyloline CTepxHu; [F1 — CTepxHH
aBapuitHoi 3awmThl; [E) — CTepKHM naccuBHOl aBapuitHoit 3awmTel; (] — paguanbHas 30Ha
BOCMpPON3BOACTBA

MepBas aBapuAa. Ha pucyHkax 1, 2 npuBefeHbl KapTorpamma u pacnpepene-
HWe NOo BbICOTE MaTepManoB peaKkTopa B Ha4YaNbHOM COCTOAHWMW; Ha puc. 3 — pac-
CYMTaHHble 3aBUCMMOCTU PEAKTUBHOCTWU U MOLWHOCTU peakTopa Npu aBapuMNHOM
oTkntoyeHun TUH. CnnowHble KpMBbIe OTBEYAKOT pacyeTy NO KOMNAEKCY Npo-
rpamm GVA, a nyHKTUpHble — No opMmynam ToyeyHon kKuHetuku. Mocne obec-
TounsaHua MUH npoucxoput pasorpe akKTUMBHOM 30Hbl NPU OQHOBPEMEHHOM
CHUXEHWU MOWHOCTU. PeakKTMBHOCTb Ha NPOTAXEHUMU BCEro npolecca ocTaer-
CA OTpULATEeNbHOW M ONpefenseTcs, B OCHOBHOM, HAaTPMEBOW MIOTHOCTHOW KOM-
nMOHeHTON. Ha 16-0M CeKyHe HauyMHaeTCAs KMNeHWe HAaTpus B OAHOM M3 KaHa-
NOB B CEYEHUMU, COOTBETCTBYIOWEM BepXxHeMy TOpPLY aKTUBHOM 30HbI. [0 mepe
o6pa3oBaHMA map mocTynaeTt B 06M1acTb HAaTPUEBON NPOCIOWKM, TAE HATPUEBLIN
nycToTHEIN 3dekT oTpuuyateneH. B pesynbtate HabnogaetTcs pe3koe napeHue
peaKTUBHOCTM, a 3aTE€M U MOLWHOCTW peakTopa. [lanee yMeHbleHNe MOLWHOCTH
NMPUBOAMT K MPEKPALEHUID KUMEHUS HATpUA U yMeHblleHUlo ob6bema napa B
peaktope. PeakTMBHOCTb HauyMHaeT BO3pacTaTb, @ C HEl U MOWHOCTb.
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kVig1 (2|3 4|5([6 |7 |89 (10|11 12|13 14|15
29 125 (25| 25| 25| 25 | 25| 25 |25 |25 |25 |25 | 25 Q281 25| 25
28 Q25 (25| 25| 25| 25 | 25| 26 | 25 | 25 | 26 | 25 | 25 ) 28 | 28 | 37
21 §25 |25 (25| 2551 | 51 | 51 | 51 | 51 |51 |51 |51 §28 | 28 37
26 025 |25 (25| 2561 | 61 | 51 | 51 |51 |51 |51 |51 §28| 2830
25 §25 | 25 (25| 2561 | 61 | 51 | 61 | 51 | 51 | 61 | 51 § 27 | 27 § 30
24 51 [ 51 | 51| 51 |51 |61 |51 |51 |51 51 )51 |51 Q27| 27Q30
23 451 [ 51 | 51| 51 |51 | 51 | 61 |51 | &1 [ 51 | &1 | 61 j27 | 27 | 30
22 33|34 |35 | 3624 | 24| 2424 |24 |24f24 | 2404272703
21 §45 (46 | 47 | 48 |49 | 49 | 49 Q49 | 49 (49 452 | 69 § 27 | 27 | 30
20 Q40 [ 41 |42 | 4344 |44 | 44 Q44 |44 |44 52 | 68 Q27| 27T Q30
19 Q40 (41 | 42 | 43 Q44 | 44 | 44 Q44 | 44 | 44 |52 | 68 | 27 | 27 | 30
18 Q40 [ 41 | 42 | 43 Q44 | 44 | 44 Q44 | 44 | 44 |52 | 68 § 27 | 27 | 30
AT 18 |19 | 20 | 21 Q22 | 22 | 22 22 | 22 | 22 |52 | 32 Q27 | 27 § 30
16 Q13 | 14 [ 15 | 16 Q17 | 17 |17 Q23 | 23 | 23 Q52 | 39 § 27 | 27 | 30
15 Q13 | 14 [ 15| 16 Q17 | 17 | 17 Q23 | 23 | 23 452 | 39 § 27 | 27 | 30
14 Q13 [ 14 | 15| 16 Q17 | 17 | 17 Q23 |23 |23 Q52|39 27| 27 § 30
13 Q13 (14 | 15| 16 Q17 |17 | 17 Q23 | 23 | 23 |52 | 39 § 27 | 27 | 30
12 13 [ 14 | 15| 1617 |17 | 17 Q23|23 |23 Q52|39 Q27| 27 | 30
11 Q13 (14 | 15| 1617 |17 |17 Q23|23 |23 Q52|39 27| 2730
10 §13 [ 14 | 15| 1617 |17 | 17T Q23|23 |23 52|39 Q27| 2730
13 (1415|1617 |17 | 1723|2323 Q52|39 Q27| 27Q30
13 (14| 15| 16417 |17 |17 Q23|23 |23 Q52|39 Q27| 27§30
13 (14| 15| 16417 |17 |17 Q23|23 |23 52|39 Q27| 27§30
13 [ 14| 15| 1617 |17 | 17 Q23|23 |23 Q52|39 Q27| 27 |30
1314 | 15| 16 Q17 | 17 | 17§23 |23 |23 452 |39Q27| 2730

53 | 54 | 55 | 56 | 67 | 67 | 657 § 67 | 657 | 67 § 52 | 57 § 27 | 27 § 30
63 | 64 | 65 | 66 | 67 | 67 | 67 § 67 | 67 | 67 §67 | 67 § 27 | 27 § 30
2|3 | 4|56 | 7|89 (10| 1M Q123127 |27T]29
111 (1 11 1 1 1 111 (1 1 26| 26 § 29

|l |w | s | oo~ m|w

Puc. 2. PacyetHas mopenb peaktopa Tuna BH-800: 1- HMXHAA HanopHas kKamepa peakTopa; 2-12, 31 -
BXOAHble yyacTku TBC; 13-16 — 30Ha Manoro oboraweHus; 17 — 30Ha cpefHero oGoraueHus; 23 — 30Ha
Gonbworo oboraueHus; 18-22, 32 — 06nacTb CTaibHbIX 3araylWeK TB3N0B; 24, 33-36 — 061acTb rofNoBOK
TBC; 45-49 - BepxHsas GopHas 3awuta; 40-44 — HaTpueBas nonoctb; 53-57 — HUXHAS TopueBas 30Ha
BOCNMpPOWU3BOACTBA; 63-67 — 06nacTb razoBbix 06bLEMOB TB30B; 52 — pajuanbHas 30Ha BOCMPOWU3BOACTBA;
39, 68, 69 — BHyTpeHHAs pajuanbHas 3awuta u xpaHunuue; 51 — BepxHAA Kamepa peakTopa; 26 — BXOA-
Hoil Tpy6onpoBOA; 29 — Hacoc NepBoOro KOHTypa; 27 — MPOMEXYTOYHasA pafuanbHas 3awurta; 28 — cTep-
XHeBas 3awuta; 30, 37 — NPOMEXYTOUYHbIN TenN00OGMEeHHUK; 25 — Npoyne KOHCTPYKLMUOHHbIE 3NEMEHTHI

Pe3ynbTaThl pacyeta no ABYM yKa3aHHbIM Bbilwe noaxopam 6ausku. OaHako, B oT-
Anyune ot GopMyn TOYEYHON KMHeTUKK, nporpamma GVA paccyutbiBaeT NpocTpaH-
CTBEHHble 3(PdeKTbl, KOTOpble, B YaCTHOCTW, MPOAEMOHCTPUPOBAHbLI Ha puc. 4. Ha
3TOM pUCYHKE NMPeACTaBieHbl OTAUYUA NMPOCTPAHCTBEHHbIX pacnpefeneHnin 3Hep-
FOBbIAENIEHUA OT HaYaNbHbIX pacnpefeNieHnit B TPeX CEYEHUAX peaKkTopa Mo BbiCO-
Te B MOMEHT BpeMeHu t =20 ¢, KOraa NpoUCXOAMUT 3aKUNAHWe HATpuA. YeTKo BU-
JEH NPOCTPAHCTBEHHbIN 3(PeKT OT 3aKMNaHUS HATPUA B BEPXHEW YacTu peakTopa.
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Puc. 3. PacyeTHas 3aBMCMMOCTb peaKkTUBHOCTM peakTopa OT BPEMEHW MpW aBapuitHoMm oTkayYeHun TLH

Puc. 4. OTHocuTenbHoe opmoOnN3MeHeHMe NMPOCTPAHCTBEHHOrO pacnpefeseHna 3HeproBbijeNleHna B pas-
HbIX CeYEeHMAX peaKkTopa Ha MOMeHT BpeMeHu t =20 c no oTHoweHUio K t=0: a) — 73.5 cM OT HU3a aK-
TUBHOW 30HbI; 6) — 52.5 CM OT HW3a aKTUBHOW 30HbI; B) — 31.5 CM OT HM3a aKTUBHOW 30HbI.
Mopenupyetca apapuitHoe oTknoyeHune MLH

Bropas aBapua. Ha pucyHkax 5, 6 npuBefieHbl 3aBUCUMOCTU PEAKTUBHOCTU U MOLLHOC-
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TU OT BpeMeHU AN BTOPOi aBapuu, CBA3AHHOI C BLIOBPOCOM WECTU KOMMNEHCU-
pYIOWMNX CTEPXHEN, KOTOpble B HaYaNbHbIii MOMEHT BPEMEHU MOAHOCTbIO OMy-
WeHbl B aKTUBHYI 30HY peakTopa, co ckopocTbio 10 cm/c. CooTBeTCTBYIOWME
pacnpefeneHns OTHOCUTENbHbIX POPMOU3MEHEHUI I IHEPTrOBbIAENEHUA B Pa3HbIX
CeYEHMAX NO BbICOTE peaKTopa B pa3NiMyHble MOMEHTbl MPUBEAEHbl Ha puc. 7.
BupaHo, 4TO MMeeTcs CUNbHOE NOKaNbHOE BO3MyllEeHUE, KOTOpPOe MOCTeNEeHHO
pacnpocTpaHAeTCAs Ha OKpyXalolue 06N1acTM aKTUBHOMN 30HbI.

R

2.0E-3+

1.6E-3+

| T.c
T A A A e
00 04 08 12 18 20

Puc. 5. PacyeTHas 3aBUCUMOCTb PeaKTUBHOCTU peakTopa OT BPeMeHU MpPW M3BNEYEHUU TPynnbl U3 WeCTH
KC co ckopoctblo 10 cm/c
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Puc. 6. PacyeTHas 3aBUCUMOCTb OTHOCMTENbHOW MOWHOCTU peaKTopa OT BPEMEHW NpU U3BNEYEHUU
rpynnsl u3 wectn KC co ckopoctbio 10 cm/c

BbiBOAbI

1. Pa3paboTtaHa nporpamma GVA, npeaHasHayeHHas A1s COBMECTHOIO peleHuns
B TPeXMepHO# reomMeTpun ypaBHEHWW NPOCTPAHCTBEHHO-BPEMEHHON KWHETUKM
peakTopa ¥ TennornapaBAUKM NPUMEHUTENBHO K pacyeTy HeCcTaluMOHapHbIX U aBa-
PUIHBIX NPOLECCOB B peaKTopax.
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Puc. 7. OTHOCMTeNnbHOe M3MeHeHMe NPOCTPAHCTBEHHOTO pacnpefeNeHus 3HeprosbijefleHNa B pasHbIX
CeyeHUAX peakTopa B MOMEHTbl BpemeHu t=1c u t=2.1c no oTHOweHUto K t=0 npu ussneyeHuu
rpynnel CTepXHel co ckopocTbio 10 cm/c

2. No nporpamme GVA npoBepgeHbl TeCcToBble pacyeTbl 3anpoekTHbix ULOF- n TOP-
aBapuit B peakTtope Tuna bH-800. 3Tu pacyeTbl JOCTaTOYHO XOPOLIO COrNAcylTCSA
C pacyeTamu Tex e aBapuitHbix npoueccos no nporpamme GRIF-SM, ogHako mo-
3BONAIOT YYNUTbIBATh CYyLECTBEHHbIE MPOCTPAHCTBEHHbIE M3MEHEHUA NONeN 3Hepro-
BbilefleHNA B peaKTope, Bbi3BaHHble NMepemMelleHMAMU PeaKTOPHbIX MaTepuanos B
aBapuMNHOM npolecce, ABMXEHWEM Mornowawwmx crepxHeit (o 10-15% ot uc-

XO[HbIX 3HAYEHUN).
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with the weight windows generated with the method of characteristics. Technique proposed
implements CADIS (Consistent Adjoint Driven Importance Sampling) scheme and includes solving
the adjoint multigroup problem with characteristics code MCCG3D to generate the space-energy
weight windows for the Monte-Carlo calculation. A general structure of the technique for use in
design calculation is described. Presented numerical results confirm the high efficiency and accuracy
of the proposed hybrid technique. The advantages of using the method of characteristics in the
CADIS scheme are discussed.

YAK519.6:621.039.5

Space-time calculation of transient processes in fast reactors \ Ginkin V.P., Troyanova N.M.; Editorial board of
Jjournal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear
Power Engineering) Obnibsk, 2013. 8 pages, 7 illustrations. References, 4 titles.

Algorithms of 3-D neutron physics simulating for fast transient abnormal conditions in BN-type
reactors core were developed in the GVA code. A quasi-static approximation is used for the solution
of non-stationary equation of reactor physics This approach divides the original equation onto the
system of two equations: for calculating of the amplitude factor, which is quickly changed during the
time and does not depend on spatial coordinates, and form-function, which depends on spatial
coordinates and is slightly changed during the time. The results of test simulating in flow rate stop
conditions and in self-movement of control rods conditions are demonstrated.

VK 537.58:539.321.9

The physical phenomenon of emission of electrons in metals under the action of ultrasound \ Trofimov A.L;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 8 pages, 5 tables, 5 illustrations. References, 9 titles.

A theoretical and experimental study of a new physical phenomenon the emission of electrons in
metals under the influence of ultrasound. Shows the analogy mechanisms to increase the internal
energy in metals by heating and effect of ultrasound. The substantiation of a possible rise in the
emissivity of the emitter thermionic converters.

VK 621.039.052
Numerical and experimental investigations of thermalhydraulic characteristics for fast reactor vessals on integral
model SARH in different operation regimes \ Zaryugin D.G., Kalyakin S.G., Leskin S.T., Opanasenko A.N., Sorokin
A.P.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 9 pages, 8 illustrations. References, 4 titles.
Features of the stratified flows on examples of reactors on fast neutrons, possibility of their scale
modelling are considered. Some results of experimental and numerical researches in mixing chambers
and pipelines are presented. It is underlined necessity of the account of the stratification phenomena
at a substantiation of reliability, safety, periods of operation for various nuclear power plants.

VK 621.039.517

Simulation of loop test conditions for the modified SM reactor fuel rods and test results in justification of their
performance \ Starkov V.A., Fedoseev V.E., Shishin V.Yu.; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 9
pages, 1 table, 9 illustrations. References, 9 titles.

Irradiation conditions were simulated to test pilot modified fuel rods of the SM reactor under
middle (10MW/m2) and maximal (up to 15MW/m2) thermal load. Some post-irradiation results are
presented. A conclusion was made about the performance of the pilot SM fuel rods with the U content
increased by 20%. A comparative analysis of both test conditions and material tests of the SM fuel
rods was performed. The material tests results were used as a basis to propose and justify a
phenomenological model of fuel rods swelling.

VK 621.039.519
Tests of experimentel low neutron poisoning fuel assemblies in reactor SM \ Klinov A.V., Kalinina N.K., Marikhin
N.Yu., Pimenov V.V., Petelin A.L., Starkov V.A., Fedoseev V.E.; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) Obnibsk,
2013. 9 pages, 6 tables, 6 illustrations. References, 12 titles.

The paper presents the heat rate distribution, thermal flux density and burnup for thee experimental
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