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pornueM. MaTepnanosefyeckue UCCNefo0BaHUA ITOKA3anu, UYTO €BPONUEBLIE
crepxHu peakropa BH-600 umeloT BbHICOKME pecypCHblE XapaKTEPUCTUKU.
[IpoBeneH KoMINEKC UCCNE[0BAHUN 0 UCTIONIb30BAHNI0 PAANOHYKINOB €B-
pomus B raMMa-ucToyHukax. Hanbonee mepcrekTuBHOe HalpaBleHNe — UC-
[I0/1b30BaHUE ABYX1EeJEeBLIX KOHCTPYKLUUI OPTaHOB PEryAnpPOBaHUA C IIOTJ0-
marnmuMm cepievyHukKkom B BUae BKJla,U,bI]JIeﬁ AKTUBHOW YaCTU WITATHBLIX TaM-
Ma-UCTOUHUKOB.

HakornieH 607bLIO OTBIT MO 3KCIUIyaTaUWMU OPraHOB PETYINPOBAHUA C €B-

KnioueBble cnoBa: raMma-uCTOYHUK, €BPOMUIA, NOTNOWAIOWMA MAaTEPUaAN, OpraH pery-
NMpPOBaHUs.
Key words: gamma-emitting source, europium, absorbing material, control rod.

EBponuii uMeeT yHUKanbHble AfepHble CBOCTBA, NO3BOAAIOLME UCMNONL30BATL €ro
B KayecTBe MOroLaiollero Matepmana B OpraHax peryanpoBaHua AfepHbIX PeaKTopoB
CamMoro pasfiMyHoOro TUNa, BKIOYas PeakTopbl Ha ObICTPbIX HelTpoHax. Hanbonbuwee
NpYMeHEeHUe NOAYYUIM OKCUA €BPOMUA U OKCUA €BPOMUA B METAJNIMYECKUX MATpULAX,
KOTOpble XapaKTEPU3YIOTCA BbICOKOW PaAMaLUOHHOA CTOMKOCTbIO U MPAKTUYECKU He
pacnyxawT Npu peakTopHOM obayyeHuu. Hanuume Lenoyku AOYEPHUX M30TOMOB C
BbICOKMMMW CEYEHWUSMM NOTNOLEHUS HeTPOHOB obecneynBaeT NPaKTUYECKM HEU3MEH-
Hyto u3nyeckylo 3pheKTUBHOCTb B TeyeHne 20-25 net akcnnyataumu. Okcup eBpo-
nuMs COBMECTUM CO CTanamu po Temnepatyp 1100-1200°C.

C 1965 r. HakonneH GO/bLWOI NONOKMTENbHBIA OMbIT MUCMNONb30BAHMA MaTEPUANIOB
Ha OCHOBE eBpONMA B MOr/OLWAKWMUX INEMEHTAX UCCNEN0BATENbCKUX AAEPHBIX peak-
TOPOB, TPAHCMNOPTHLIX YCTaHOBOK, peaktopos bOP-60 n BH-600.
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B nepuop ¢ 1980 no 2005 rr. B peaktope bH-600 npownu 3kcnayartauuio 6onee
100 crepxHeit KMN-TK (coBpemenHoe o6o03HaueHne KC) u okono 50-Tu ctepxHeint AP
(tenepb PC) ¢ komno3uuymeit Eup,0s+Mo. B Tabnuue 1 npeactaBneHbl OCHOBHble Xapak-
TEPUCTUKM CTepxHeln peakTopa bH-600 c eBponueBbiM nornoTutenem. MakcumanbHoe
BPEMSA HAXO0XAEHUA B aKTUBHOW 30HE U MaKCUManbHbIA HDNIOEHC HEATPOHOB COCTABMU-
v ana KN 390 add.cyt u 1,59-1023 H-cm?, ana AP 510 apd.cyT u 2,43-1023 H-cm?
COOTBETCTBEHHO. Bce ctepxHu CY3 mokasanu BbICOKY paboTocnocoOHOCTb, He 6blo
HU eAWHOro ciy4yas oTKasza B WX pabote. MaTtepuanoBepyeckUMU UCCNEAOBAHUAMU
MOKa3aHo, YTO MaKCUManbHOe yBeNUYEHWe AuamMeTpa yexnoBbix Tpyo ctepxHein KM-TK
He npeBbicuno 3%, @ B MecTax WapHUPHbIX coeanHeHun 2,3%. OTMeyeHa 3AAUNCHOCTb
4exNoBbIX TPYO, YTO CBA3AHO C HEPABHOMEPHOCTbIO PACcyXaHMA KOHCTPYKLMOHHOFO
maTepuana. Bce mornowatoume 3nemMeHTbl COXpaHUAM LENOCTHOCTL U dopmy. Quamert-
pbl 06004eK N3na yBenuumanuch Ao 1% BcnepncTBue BbICOKOTEMNEPATYPHOro pacnyxa-
Husa. lpoeeneHHble B HUWNAP matepnanoBegyeckue uccnefoBaHua no3BoAUAN clenatb
pPEKOMEHAALMM NO YBEAUYEHUIO BPEMEHMW 3KCnyaTauuu crepxkHein. OCHOBHbIM (aKTo-
POM, OTPaHUYMBAIOLLUM PeCYpC CTEpPXHel, ABNAETCA HU3KAA PafnaLMOHHAs CTOWKOCTb
ctanu 3N-847, u3 KoTOpOIi caenaHbl 060104YKN NOTNOWAIOWMUX ITEMEHTOB.

Tabauua 1
OCHOBHbIE XapaKTePUCTUKH €eBPONnneBbIX
crtepxHen CY3 peaktopa BH-600
CrepxeHnb CY3
MNapametp
AP KN-TK

0061wWas ANMHA CTEPXKHSA, MM 2000-2100 2860
[nameTp yexnoBoii Tpy6bl, MM 73 89
TonwmHa CTEHKK, MM 1 15
MaKcuManbHblit AUAMETp CTEPXKHA C y4eTOM 74 90
LEHTPUPYIOLMX NOACKOB, MM
Konuyectso nornowatowux 3neMeHTOB, WT. 31 48
[lnameTp 060104KM N3Na, MM 9,5 9,5
TonwmHa cTeHKK, MM 0,5 0,5
Mornowarwouui matepuan Eu,0,+Mo Eu,0,+Mo
[lnametp TabneTok nornoTUTeNs, MM 8,2 8,2
Tun nana [epMeTUYHbIi [epmeTnyHbIi
PapnaunoHHbii 3a30p mexay crepxHamu CY3 u 2,0 2,0
HanpaBAAOWMM KaHANOM, MM

B koHue 1980-x rr. B peaktope BH-600 6bin ocylecTBNEH Nepexos Ha HOBbIE KOH-
cTpykumu ctepxHent KMN-TK, a B 2005 r. — cTepxkHeit AP ¢ kapbupaom 6opa ¢ ectecTBeH-
HbIM cofepxaHuem no uzotonam 1°B u 11B. OcHoBHas npuyMHa nepexoda 3aknioyanach
B BbICOKOW HAaBEAEHHOI aKTUBHOCTW PAAWNOHYKIUAOB €BpOnuUs C BONbWKUM Nepuosom
nosypacnana, 4to co3faBano npobnembl ¢ obpalieHneM ¢ 0TpabOTaBWMUMK U3LENUAMM
NpW TPAHCNOPTUPOBKE W LJUTENIbHOM WX XPaHEHWU B OGacceiiHe BbiAepXKu. Mmenucob
C/yyau nonagaHus paguoHyKNMAOB eBponus B Bofy 6acceiHa. ITo notpe6osano pe-
lWeHMs BONPOCOB No 6€30MacHOMy XpaHeHUt0 oTpaboTaBLINX CTEPIKHEN C €BPOMMUEM.

B 1998-2000 rr. 8 HAINAP npoBefaeHbl nccnefoBaHna no BO3MOXKHOCTU TpaHCMop-
TUPOBKM OTPAOOTABLINX CTEPIKHEN PEryNMpOBAHUA IHEPreTUYECKUX U TPAHCMOPTHbLIX
peakTtopoB. C yyactuem cneuymanucto FocatomHagzopa P® Gbiin caenaHbl pacyetsl,
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Ha OCHOBAHWMW KOTOPbIX MOArOTOBNEHA «IKCNEPTHAA OLEHKa 6e30macHOCTW npepJio-
XeHUsA No UCMoNb30BaHMIO KOHTeHepa TYK-32 pns TpaHCNOpTMPOBKM eBponNunCcoAep-
)awmux crtepxHen CY3 TpaHCMOPTHbLIX M 3HEPreTMYECKUX PeakTOpoB N0 TeppuTopun
Poccun n ctpan CHIM».

JKCnepTHaA OLEHKa CAenaHa A TPex yCl0BWiA — BpeMa Noc/ie 0CTaHOBa peakTopa
COCTaBNAET OAMH rOf, AiBA TOAA W NMATb NET COOTBETCTBEHHO.

B kauyectBe kpuTepus 6esonacHocTy, cornacHo lpasunam 6e30nacHOCTU NpuU TpaHC-
nopTUpoBaHun papmoakTuBHbix Bewects (MBTPB-73), npuHumanach BennymnHa gonyc-
TUMOIN MOLWHOCTU 3KCMO3ULMOHHOIK f03bl (M3[1) usnydeHus ans obwero ciy4yas nepe-
BO3KM pagMaLMOHHbIX YyNaKOBOK HA TPAaHCMOPTHbIX CPefCTBax COBMECTHO C ApPYrumu
rpy3amu.

B pesynbTate pacyeToB ycTaHOBNeHO, 4To TpeboBaHusa MBTPB-73 BeinonHAlOTCA npu
YCNOBUU pa3MelleHns eBponNuNCcofepXkalyux cTepxHen B KoHTeliHepe TYK-32 B gonon-
HUTENbHOM 3aLMUTHOM CTaNbHOM MEHane UK B TOJNCTOCTEHHbIX TPybax C TONCTOCTEH-
HbIMU KpblWKammu (Tabn. 2).

. Tabnuua 2
TonwMHa AONONHUTENILHON 3aLUTDI

Ans oGecneyeHun TpeGosanui NBTPB-73 npu
nepeBo3Ke crepHeu KI' B KOHTEeMHepe

TYK-32, mm
KonnyectBo nepeBo3uMbIX CTepIKHel
HanpasneHue
1 5 15 30
PapuanbHoe (T) - 25 55 70
OceBoe:

sepx (7,) - 50 85 105

Hus (T,) 30 80 110 130

PacyeTbl nokasanu, 4To Ha BOKOBOI MOBEPXHOCTU KOHTEHEpPa MaKCUMabHasA MOLL-
HOCTb [03bl cocTaBuT 100 M63p/y, @ Ha NOBEPXHOCTU [OHbIIIKA 40 M63p/4 1 2 M6B3p/y —
Ha NOBEPXHOCTU KPbIWKK KOHTelHepa. Ha pacctosaHun 1 M oT ynakoBku M3 ymeHb-
waerca B 5 pas.

B aBapuitHoit cuTyauum (napgeHne Yexna Ha AHO KOHTelHepa) MaKcuManbHoe 3Haye-
He M3/l Ha JHWLE M B HUXKHE YacTV KOHTeMHepa MOXKET UMETb 3HayeHne 600 M63p/y, a
Ha paccTosHuM 1 M OT KoHTeilHepa — 30 M63p/u.

PacueTbl NOKa3anu, YTO KakK B HOPMaNbHbIX, TAK M B aBapUINHbIX CUTyaLKUAX COXpa-
HAETCA repMeTUYHOCTb YNAKOBKM M UCKNIOYAETCA BbIXOL PAaAMOAKTUBHOIO NPOAYKTA.

Ha ocHOBaHMU BbINOJIHEHHbIX PACYeTOB U IKCMEPUMEHTOB €XerofAHO 0hopMAAIT-
€A HeobOXoAMMble pa3pelleHns Ha TPAHCMOPTUPOBKY €BPONUEBbIX CTepxHel. Ha pu-
CyHKe 1 npeacTaBneHa Cxema TPAHCMOPTUPOBKM OTPAbOTABLINX CTEPXKHEN WU FOTOBbIX
€BPOMUEBbLIX UCTOYHUKOB.

Pa6oTbl no BbIBO3y eBponueBbix cTepxHei CY3 peaktopa BH-600 benospckoit A3C
B OAO «HL, HUNAP» npoBopsaTca ¢ 2004 r. BbiBO3 CTepiHel 0OCylecTBAAETCA B KOH-
TeiHepe TYK-11BH, pns yero paspabotaH «CepTudmkar-paspelseHne Ha KOHCTPYKLUIO
YNaKoBKM W MepeBO3KY TPAaHCMOPTHOro ynakoBo4yHoro komnnekta TYK-11BH ¢ ob6ny-
YeHHbIMU cTepxxHamMU CY3 ¢ eBponuem peaktopa BH-600» RUS/369/B(M)-96T. B TYK-
116H pa3peuwaetcs 3arpy3ka He 6onee 15-Tu 06nydYeHHbIX cTepxHei CY3 BO BHYTpeH-
HWUIA U cpepHuii pagbl Tpy6 yexna 14Y. CymmapHas aKTUBHOCTb M30TOMOB eBponus-152
n esponua-154 crepxHeint B TYK He pomxHa npesbiwats 11,73 Mbk (317 kKu).

B OAO «IHL, HWWAP» ocywecTBnsioTcs Heo6xoanMble MeponpuaTus no 6esonacHo-
My XpaHeHuto oTpaboTaBwmx cTepxHei CY3, co3aalTcs HOBbIE TEXHOMOTUM MO UCMONb-
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TVEK-32

Ha sarpyzxy L
B TAMMA-YCTAHOBKH

HCTOYHITKH

Puc.1. Cxema TpaHCNOpTUPOBKM OTPabOTaBLIMX CTEpXKHEN

30BaHWI0 PaAMOHYKNUA0B €BPONUA AN PaaMaLMOHHON 06pabOTKM pa3nnMyHbIX MaTe-
pYanoB 1 U3aeNunii. IKCNePUMEHTANbHO NOATBEPXKAEHA 3PHEKTUBHOCTL U IKOHOMMUYEC-
Kas LenecoobpasHOCTb CO3AaHNA raMMa-UCTOYHWKOB HA OCHOBE €BPOMUsA KaK Ans fei-
CTBYIOWMX, TAK U NMPOEKTUPYEMbIX YCTAHOBOK. OHM OTNIMYAOTCA OT WMPOKO WMCMONb3Y-
eMblX UCTOYHMKOB Ha ocHoBe %0Co 6oNbLWMM BpEMEeHEeM 3KCMayaTauunM U MeHblueil CTo-
MMOCTbIO, ECNIN UCMONb3YIOTCA HOBbIE TEXHONOMMM NO CO3AAHMIO ABYXLENEBLIX OPraHoOB
perynupoBaHus. B Hux nornowaiowmii cepaeyHmnK BoINONHEH U3 HAabopa BKNAAbIWEN,
KOTOpble NOC/ie 3KCayaTauuu U pasfenku U3genuin aBnaTCA aKTUBHOM YacTbio ram-
Ma-UCTOYHUKOB. TpebyeTcs TONbKO pa3MecTUTb UX BO BTOPYIO repMeTUYHyt0 060104-
Ky, MPOBECTU Ae3aKTUBALMIO MOBEPXHOCTU U 3aMEPUTb MOLHOCTb 3KCMO3ULUOHHOM
[03bl C 3aMO/IHEHWEM MACMOPTHBIX AaHHbIX. [Py 3TOM pewaioTcs ABe OCHOBHblE 3a4auu
— NMpU UCNONb30BAHWUM PAAMALUOHHO CTOMKUX KOHCTPYKLMOHHLIX MAaTepuanos yBenu-
yeHue pecypca ctepxHeint KIM-TK peaktopa BH-600 BnnoTe go 1000 ach.cyt v yTunu-
3auusa oTpaboTaBWMX U3AENMNA. AHANOrNYHBI NOAXOL MOXET OblTb peann3oBaH U s
OpraHoOB pEry/jMpoBaHuA MPOEKTUPYEMbIX MHHOBALMOHHbLIX SAEPHBIX PEAKTOPOB.

MulweHun c eBponuem [is raMMa-uCTOYHUKOB MOTYT Takke 061y4yaTbcs U B GOKO-
BOM 3KpaHe fAEPHbIX PEAKTOPOB Ha ObICTPbIX HEUTPOHAX B CMeLManbHbIX 06ayYaTeNb-
Hbix ycTpoicTax (0Y). B 1992-2004 rr. B 60koBOM 3KpaHe peaktopa BH-600 6bino
o6nyyeHo pesatb OY no HapaboTtke %9Co, roe B KauecTBe 3KpaHa MCMONb30BanW NOrIO-
Watowme 3NeMeHTbl ¢ okcuaom esponus (puc. 2). YaenbHas aKTUBHOCTb PafMOHYKIM-
[0B eBponus B HUX gocTurana 100 Ku/r. PasmelueHne nornotuteneit MeXay akTUBHO
30HOM W KOpNYyCOM iIEPHOr0 peakTopa No3BONAET CHU3UTb A030Bble HArpy3Ku Ha HEro
W YBENNYUTb CPOK CIIYHKObI.

Co-60

Eu,O,
N [ 7L |
Q

Puc. 2. Cxema koHcTpykuuu 0Y (Eu,0s+Co)

3AKNIOYEHHUE

HakonneH 60nblwoi ONLIT NO 3KCNAyaTaLUM OPraHOB PEryanpoBaHUs C €BpONUeM
B PA3/IMYHbIX TUNAX SAEPHbLIX peakTopos. MaTtepuanosefyeckune UccnesoBaHNUs NoKa-
3aNy, YTO eBpONueBble CTEPXHMU peakTopa BH-600 umeloT BbiCOKME pecypcHble Xapak-
TEPUCTUKM.
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B HUWAP npoBefeHbl nccnefoBaHUs No BO3MOMHOCTW TPaHCMOPTUPOBKK 0Tpabo-
TaBWMUX CTEPXHEN peryaupoBaHMA IHEPreTUYeCKUX W TPAHCMOPTHbIX PEaKTOpPOB C
MCNOAb30BAHMEM CYLLECTBYIOWMNX KOHTENHEPOB

lpoBefeH KoOMNNEKC UCCNefoBaHUA NO UCNONb30BAHUIO PAfUOHYKANL0B €BpONus
B raMMa-uUCTOYHMKAX. /3roToBneHbl nepebie raMMa-MCTOYHMKM M3 OTpaboTaBWUX Op-
raHoB perynuMpoBaHua sigepHbix peaktopoB bH-600 n BOP-60.

Hanbonee nepcnekTnBHOE HanpaBleHWe — WUCMOJb30BaHWNE ABYXLENEBbIX KOHCTPYK-
LM OPraHOB peryaupoBaHWsA C MOTNOLWAKWNM CEPAEYHUKOM B BUAE BKNAAbIWeENR aK-
TUBHOM YaCTK LWITATHBIX FAMMa-UCTOYHUKOB.

Moctynuna B pepakumnio 14.10.2011
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Analysis of the Dynamics of Hydrogen Ingress into Secondary Sodium after Replacement of the BN-600 Power Unit
Steam Generator Stages\Yu.V. Nosov, G.N. Tsygankov, A.L Beltyukov, P.P. Govorov, A.A. Kuznetsov; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher
Schools. Nuclear Power Engineering) — Obninsk, 2011. — 9 pages, 4 illustrations. — References, 3 titles.

The technique of calculation of hydrogen ingress into the secondary circuit of the BN-600 power
unit after replacement of the PGN200M steam generator stages is presented. The hydrogen diffusion
from the water-steam circuit from the new evaporator stages of which the heat exchange surfaces
have not been subjected to the passivation yet is shown to be the main source of ingress.

V1K 621.039.54

Operating Experience from Europium Absorbers in the BN-600 Reactor and Perspectives of Their Further Utilization
in the Innovation Nuclear Reactors\V.D. Risovany, A.V. Zakharov, E.P. Klochkov, V.V. Maltsev, A.I. Karpenko,
V.I. Ogleznev, A.M. Tuchkov, I.A. Chernov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. -
5 pages, 2 tables, 2 illustrations.

An extensive operating experience from the europium control rods has been accumulated. Research
into materials has shown that the BN-600 reactor europium rods have high lifetime characteristics.
A setof the studies on utilization of europium radionuclides in the gamma-emitting sources has been
conducted. The most promising line is a utilization of double-purpose designs of the control rods
with an absorbing kernelin the form of the inserts of the active part of the standard gamma-emitting
sources.

YK 621.039.54

Genetic Algorithm for the Localization of Defective Fuel Assemblies in the BN-600 Reactor Core|
A.0. Skomorokhov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energeticax»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. — 8 pages, 2 tables,
3illustrations. — References, 10 titles.

The article considers the problem of determining the location of the fuel assemblies with leaky
fuel rods in the reactor BN-600. The problem is solved by the method of neutron flux tilting at the
operating reactor. Perturbations of the neutron field in the motion of control rods can be approximated
by using a radial-basis neural network. A genetic algorithm for the localization of defective fuel
assemblies is proposed.

V1K 621.039.56

Additional Method of Determination of the Predictive Position of the Shim Rods of the Beloyarsk NPP\
V.A. Zhyoltyshev, A.A. Lyzhin, V.A. Shamansky; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. -
7 pages, 3 tables, 1 illustration. — References, 9 titles.

BN-600 reactor in the critical conditionThe additional method of determination of the predictive
position of the KS1-18 control rods in the critical condition after refuelling is justified. Together
with the existing method the above-mentioned method makes it possible to reliably determine the
KS1-18 control rod position in the critical condition and improve safety and effectiveness of the BN-
600 reactor operation.

YK 621.039.56

Experimental and Computational Justification of the Reactivity Balance and Power Distribution in the BN-600
Core\V.A. Zhyoltyshev, V.V. Maltsev, V.F. Roslyakov, A. V. Moiseev, M.Yu. Semyonov, Yu.S. Khomyakov, A.A. Belov,
E.F. Seleznyov, B.A. Vasilev, M.R. Farakshin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. - 15
pages, 4 tables, 12 illustrations. — References, 13 titles.

For the 30-year history of the BN-600 reactor operation a set of the computational and experimental
measures on the monitoring of the reactor core neutron-physical characteristics has been perfected.
In this paper the results achieved by means of the reactivity and spectrum measurements and their
computational analysis by all the available domestic software packages are presented.

262



