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IIpuBeneHbl pesynbTaThl UCCNEMl0BaHUI 0007109eK TBIJIOB ayCTEHUTHLIX CTa-
nen 4C68 u IK164 mocne sxcrnyataumu B8 peakrope BH-600. Onpenenenst
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B HacToAlwee BpemA aKkTyanbHOW 3afadeil ABNAETCA JOCTUXEHUE BbICOKOTO Bbiropa-
HUS TOM/IMBA B PeakTOpax Ha ObICTPbIX HEWTpPOHax. [lnf 3TOro MCMoNb3YKTCA TBINbLI C
obonoykamu u3 aycteHuTHoi ctanu YC68, M3roToBNEHHON NO YCOBEPLIEHCTBOBAHHOM
TexHonorum Ha MC3, a Takxe TBasibl ¢ 060oNoYKamu M3 paspabotaHHoit Bo BHUMHM
HOBOW aycTeHUTHOI cTann IK164.

Lienb paboTbl 3akntoyanach B onpefeneHnn MexaHuyeckux u Guanyeckux CBOMCTB
o6onoyek u3 ctanu YC-68, N3roTOBAEHHbIX MO YCOBEPLIEHCTBOBAHHOM TEXHOMOMMM Ha
MC3, n u3 ctann 3K-164 nocne ux gnutenbHow 3Kcnayatauum B coctaBe TBC B peakto-
pe bH-600 1 cpaBHeHMM ocTaToYHON paboTOCNOCOOHOCTU 06004Y€EK U3 ITUX CTanei.

MATEPUAJIbI U METOAWKHU UCCNIEAOBAHUA

B paboTe uccnegoBaHbl cemb TB30B U3 AByx TBC:

e N° 5506 nocne akcnayatauuu B TeyeHne 560 3. cyT [O MAKCUMANBHOTO BbIFO-
paHus 9,1% T.a. U JOCTUXKEHWUs NOBpeXAatoleit fo3bl Ha 0607104Ky 77,3 CHa — YeTbipe
TB3Na ¢ obonoykamu u3 ctanu 07X16H19M2r2BTP (3K164) n opmnH TBIA € 060104KOIA
n3 ctanu 06X16H15M2I2TOP (YC68);
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e N° 5541, oTpaboTaBueit 572 3achd.cyT 40 MaKCUManbHOro BbiropaHus 9,6% T.a.
AOCTUXEHUs moBpexaatowei f103bl Ha 060104Ky 82,4 CHa, — ABa TB3NA C 06004YKAMM
n3 ctanum 06X16H15M2ITOP (4C68).

Tpy6bl 3 ctanu IK164 GbinM M3rotoBneHbl no wWrtatHoi TexHonoruu 0AO «MHT3».
3aknouutenoHas gedopmaumsa (20 + 3)% co3gaBanacb METOOM XONOLHON NPOKATKM
Tpy6 ponukamm [1].

Tpy6bl 3 ctanu YC68 usrotoBneHsl no wratHoi TexHonorun OAO «MC3» ¢ ucnonb-
30BaHueM auddy3noHHoro omkmura no pexumy 1180°C B TeyeHMe Tpex YacoB Ha npef-
roToBOM pa3smepe 42x4,8 MM U nociegylolero ayCTeHM3npyoLero omKura no onTu-
MaJIbHOMY PEXMMY HA MPOMEXYTOUYHbIX M MPEeLroTOBOM pa3mepax. 3aKkNounUTeNbHas Xo-
nogHas pedopmauuns co cteneHblo (20 + 3)% BbINONHANACH METOLOM KOPOTKOOMpa-
BOYHOrO BONOYEHMA [1], XMMUYECKUI COCTAB CTanu npueefeH B Tabn. 1.

B npouecce uccnegoBaHuit y 060104€K TBINOB U3MEPEHbI HAPYXKHbIA AMAMETp K
pacnyxaHue (rugpocraTuyeckum metogom) [2, 3], onpepeneHbl XapakTepucTUku yn-
pyroctu (yNnbTpa3ByKOBbIM PE30HAHCHbIM MeTOLOM) [4] M 3HaYeHMA yAeNbHOro anek-
TPOCONpPOTUBIEHUA 060N104KM (3neKTponoTeHuManbHelM MeTofoM) [5]. TMonyyeHsl
MexaHWyecKkue CBOWCTBA 060/104€K NPU OLHOOCHOM PACTAXKEHWUM KONbLEBbIX 06pa3-
0B [6] 1 Npu UcCnbITaHMAX TpyOYaTbiX 06Pa3LOB BHYTPEHHUM fAaBneHuem [7] npu Tem-
nepatypax 20, 400, 600°C u TemnepaTtype 3KcnayaTauunm UCCNEAOBAHHbLIX Y4aCTKOB
060n04eK TBINOB.

Tabnuua 1
XumMuueckumn coctaB maTtepuanoB ctanen 3K164 u YC68,
MCNOJIb30BAHHbLIX AJI1 U3rOTOBJIEHUA 060NI04YEK TBIJIOB
TBC N2 5506 u N2 5541
CopepaHue anemeHToB, % Macc.
TBan
C Cr Ni Mo Mn Si Ti v Nb B
K164
(Ne 5506) 0,07 1591 19,39 2,26 | 1,60 0,41 0,30 013 | 0,17 0,004
168 0,06 16,39 14,81 2,37 | 1,37 | 046 0,41 0,21 - 0,003
(N(_) 5506) 4 r 4 r r r r r 4
ces 0,07 16,48 14,73 2,30 | 1,68 | 0,48 0,36 0,22 - 0,003
(Ne 5541) ! ! ! ! ! ! ! ! !

PE3YJ/IbTATbl UCC/IEAOBAHUH

Mi3mepeHns gmameTpoB M pacnyxaHua y TB3NOB nocne skcnayaTtaumm B bH-600 no-
Ka3anu, YTo UX U3MEHEHUA B 3aBUCMMOCTU OT MONOMKEHUA WCCNEA0BAHHOr0 y4acTKa B
aKTMBHOM 30He ans ctaneit YC68 n IK164 pasnnyatotca. Makcumym chopmon3mMeHeHus
W pacnyxaHus y obonoyek 13 ctanum YC68 pasnnyHbIX TBIOB PACMONONKEH HA y4yacTKe
c KooppauHatamu oT 350 go 500 MM OT HM3a akTMBHOM 30Hbl (HAK3). MakcumanbHoe
W3MEHeHWe AMaMeTPOB NIEXMUT B AnanasoHe oT 3 Ao 6,5% (puc. 1). Y obonouyek u3 cra-
nm IK164 makcumanbHOe 3HaYeHWe AvMameTpa HabNIAAETCA Ha y4acTKe C KoophauHaTa-
Mu ot 200 fo 400 mm oT HAK3, 1 3HayeHuWe M3MeHEHUsA auameTpa He npesbiwaeT 1,9%
(puc. 1). MakcumanbHble pacnyxaHus NokasaHbl HAa PUC. 2 U UX 3HAYEHUA ANA CTanu
YC68 B nontopa-aBa pa3a Bbilwe, Yem y ctanu IK164 c OAMHAKOBLIMU MapaMeTpamu
obnyyeHus.

MicxogHble 3HauYeHUA MOAYNA YNpyroctM U yAeNbHOro 3JeKTPOCONpPOTUBAEHUA Y
LaHHbIX CTanei pasNuyHbl, YTO CBA3aHO, B OCHOBHOM, C Pa3iUyUAMKU XMMUYECKOrO CO-
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Puc. 1. 3HayeHMe OTHOCUTENBHOrO M3MEHEHUA HApYXHOro AuameTpa no pauHe TB3noe (ctanu IK164 n YC68)
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Puc. 2. MakcumanbHble 3HaueHus pacnyxaHua tBanos (ctanu IK164 u YC68) c ykasaHueM [03bl HA fAHHOM
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Puc. 3. M3meHeHue anekTpoconpoTusieHus no fnuHe TBanoB (ctann IK164 n YC68)
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Puc. 4. N3meHenune mopyns tOHra no pnune tBanos (ctanu IK164 u YC68)

CTaBa W CTPYKTypbl MaTepuanos. [Ins MccnefoBaHHbIX cTaneit npu obyyeHun Habnopa-
€TCA POCT 3/IeKTPOCONPOTUBIIEHNA U CHUKEHME MOAYASA YNPYrocTH, YTO CBA3AHO C U3-
MeHEHWEeM CTPYKTYpbl U1, B MEPBYIO 0Yepedb, C pacnyxaHuem obonoyek TB3NoB. M3me-
HeHMe 3TUX CBOWCTB ana ctann YC68 noyTtu B ABa pasa 6Gonblie, N0 CPABHEHWIO CO CTa-
nbto IK164 (puc. 3, 4), 4TO KOppenupyeT C pacnyxaHuem.

N3mepeHne MexaHWYECKUX CBOWCTB GbINO MPOBEAEHO ABYMS METOfAMU: OAHOOCHBIM
pacTsXeHMEM KONbLEBbIX 00Pa3L0B U BHYTPEHHUM JaBieHneM Tpy6uyaTbix 06pa3LioB.
MeToa OAHOOCHOTrO PaCTAXEHUA KONbLEBbIX 00Pa3L0B ABNAETCA KOHCEPBATUBHbLIM U
He OTpakaeT B MOJIHON Mepe MexaHWYyecKue CBOMCTBA MaTepuanoB. Meton mcnbiTaHWUM
Tpy64aTbix 06pa3L0B, BbIpE3aHHbIX U3 007yYeHHbIX 0007104€K TBINOB, BHYTPEHHUM
AaBNEHUEM NNACTUYHOrO 3anofHUTeNs Gonee TpyaoeMKuit U TpebyeT Gonee ANUHHbIX,
No CpaBHEHWIO C KonblieBbiMK, 06pa3uos (15 mm BMecTo 3 MM). Bcneactene 3Haum-
TeNbHbIX U3MEHEHWI TeMnepaTypbl W J03bl MO AAMHE TB3NA 3TO He No3Bo/seT HabpaTb
[OCTAaTOYHYIO CTAaTUCTUKY MCNbITAHWUA.
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Puc. 5. 3HaueHue npepena npoyHocTu no Anuue TB3NOB (cTanu IK-164 u YC-68), n3MepeHHOro Ha KolblAX U
MeTOAOM BHYTPEHHero faBfeHus, npu temnepatype ucnbitaHna 20°C
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Puc. 6. 3HayeHune o6WeEro OTHOCUTENbHOTO YANMHEHUA no AnuHe TB3NoB (cTann IK-164 u 4C-68),
M3MepeHHOro Ha KOoMblax U MeTofj0M BHYTPEHHEro AaBleHWs, Npu Temnepatype ucnbitaHus 20°C

33aBUCUMOCTb U3MEHEHWI Npefena NPOYHOCTU M 0OWEro OTHOCUTENbHOTO YAINHe-
HMA Npu Temnepatype ucnbitaHuin 20°C ot nonoxeHua B Ak3 nokasaHa Ha puc. 5 u 6.
Mo pe3ynbTaTtam WUCMbITAHWIE METOJOM OJHOOCHOTO PACTAXKEHUS MPOYHOCTb 0060/0YeK
n3 ctann YC68 cHuMmaeTcs 1o 3HayeHuin ~150 MMa, B To Bpems Kak y obonoyek U3 cTa-
an 3K164 MMHMManbHble 3HaYeHWs npefgena npoyHocTy Bhiwe 750 MIMa. Mpegen npoy-
HOCTM, NONYYEHHBIA NPU UCNBITAHUAX BHYTPEHHUM AaBneHuem y ctanu YC68 npesbi-
waer 700 MMa, a ycranu 3K164 — 850 Ma.

OTHocuTeNbHOE yanMHeHMe 06pa3LoB 06onoyek TBINOB M3 cTann YC68, nonyyeH-
HOe Npu OJHOOCHOM PaCTAXEHWU, PABHO HY/I0 HA AOBOJbHO MPOTAXEHHOM yyacTKe
HUXE LUEeHTpa aKTUBHOI 30HbI ANUHOM oKono 300 MM. Y KonbLeBbix 06pa3LoB M3 CTanu
JK164 oTHOCMTENbHOE YANMHEHME TAKKE CHUKAETCA, HO HYNEeBOW MIACTUYHOCTU He
HabNl0AAeTCA U TONbKO OTAENbHble 3HAYeHUA Huxe 2%. [pu UCMbITaHUAX MeToA0M
BHYTPEHHEro faeneHus B o6onoyke u3 ctanm YC68 B LEHTPe aKTUBHOI 30HbI MAACTUY-
HOCTb MPUHMMAET 3HayeHua He Huxe 3%, a ana ctanu IK164 — Boiwe 4%.

WcnbiTaHusa KonbleBbIXx 06pa3yoB 060104eK Npu TemnepaType obnyyeHus (pabo-
yell TemnepaTtype) MOKa3blBalOT, YTO MUHUMAJbHbIE 3HAYEHUA Npefena NpPoYyHOCTU CO-
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Puc. 7. 3HadyeHne npepena npoyHoctu no pauue T83nos (ctanu IK-164 u YC-68), n3mepeHHOro Ha KonbLax u
METOAOM BHYTPEHHero AaBieHus, npu pabouux Temneparypax 370-660°C
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Puc. 8. 3HayeHue o6WeEro OTHOCUTENLHOTO YANMHEHUS no AnuHe TB3NoB (ctann IK-164 u YC-68),
M3MEpEeHHOro Ha KoMblax W MeTOAOM BHYTPEHHEero AasfeHus, npu pabouux TemnepaTtypax 370-660°C

crasaatoT gna ctann YC68 ~160 MIa, a na cranm 3K 164 ~320 Mla. WcnbitaHna BHyT-
peHHWM faBneHuem npusoaat ans ctanm YC68 Kk 3HauveHusam Bhiwe 350 Ma, a pona cra-
nn YC68 - Boiwe 500 MMa (puc. 7).

OTHOCUTENbHOE yAIMHEHWE KONbLEBbIX 00pa3LoB npu paboyeit TemnepaType y cTa-
nm YC68 NpUHMMAIOT HyNEBble 3HAYEHWUS HA YYacTKe 0OO0SIOYKM HUXKE LieHTPaA aKTUBHOI
30Hbl. Y 06osouvek u3 ctanu IK164 nnactMYHOCTb B 3TOM 06/1aCTU B LIENIOM Bblllie, YeM
y YC68, oaHako ecTb 06pa3ubl, NOKA3bIBAKOLWME HYNEBYIO MIACTUYHOCTb, MPUYEM TaKue
06pasLbl BCTpeyaloTcs U B 06/1aCTU HECKONbKO Bbillie LIEHTPa aKTUBHOM 30HbI. [pu
UCMbITAaHWAX TPybYaTbix 06pPa3L0B BHYTPEHHUM AaBneHWeM npu paboyeit Temnepary-
pe TaKxe oTMeyeHbl 06pasupl u3 ctanu YC68, umelowme HyneBylo NIACTUYHOCTb. Y cTanu
IK164 MUHUManbHble 3HaYeHWUA OTHOCUTENbHOTO YAAMHEeHUA npeBblwatoT 3% (puc. 8).

3AKNIOYEHHUE

AHanu3 BbllWwenpuBeaeHHbIX HU3NKO-MEXaHUYECKUX CBOWCTB 0007104EK TBINOB U3
ctanu YC68, 06nyyeHHbIX 1O MAaKCUManbHOW NoBpexaatollein 1o3bl ~81,3 cHa, U U3 cTa-
nn IK164, 06nyyYeHHbIX O MAaKCMMaNbHOW NOBpeXAatolei Ao3bl ~77,3 CHA mMokasan,
4TO TB3NbI C 060I0YKAMU U3 ITUX CTaNE COXPAHUIN OCTATOYHYID PaboTOCNOCOOHOCTD.
Mo Komnnekcy GU3MKo-MexaHUYeckux cBoicte obonoykn u3 ctanm IK164 nocne akc-
nayataumu B peaktope bH-600 o6napatoT npeumyuiecTsoM nepes 060104KamMu U3 CTa-
an YC68 u ponyckalT npoafieHne pecypca A0 NOBPeEXAAWMX 103, NpeBbiwatowmx 90
CHa.
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VK 621.039.53
Structural Materials for Fuel Cladding and Sub-Assembly Wrappers of the BN-600 Reactor\N.M. Mitrofanova, A.V.
Tselishchev, V.S. Ageev, Yu.P. Budanov, A.G. Ioltukhovsky, M.V. Leonteva-Smirnova, F.G. Reshetnikov, Yu. K.
Bibilashvili, I.A. Shkabura, Yu.A. Ivanov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. - 13 pages, 5
tables, 6 illustrations. — References, 16 titles.

The results of research into materials such as wrapper and cladding steels of various grades for the
BN-600 fuel sub-assemblies are presented. Different steel types are compared in terms of the operating
reliability. The prospective steel patterns for the commercial BN-1200 reactor are determined.

V1K 621.039.54

Change in the Physical-Mechanical Properties of the Fuel Cladding Made of the EK-164 and ChS-68 Steels after Their
Operation in the BN-600 Reactor after Four Cycles\A.M. Mosin, M.V. Evseev, LA. Portnykh, E.N. Shcherbakov, V.S.
Shikhalev, A.V. Kozlov, N.M. Mitrofanova; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energeticay (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. - 7
pages, 1 table, 8 illustrations.

The results of research into the fuel cladding made of the ChS68 and EK64 austenitic steels after
operation in the BN-600 reactor are presented. The change in diameters, the swelling, the mechanical
properties, the electric resistance and the Young modulus of the cladding materials along the fuel pins
have been determined.

YK 621.039.54

Comparative Studies of the Porosity Formed in the Material of the Fuel Cladding Made of ChS68 steel and
Manufactured following the Pervouralsk Novotrubny Works Technology and Advanced Machine-building Works
Technology after Operation in the BN-600 Reactor\LA. Portnykh, A.V. Kozlov; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2011. - 9 pages, 8 illustrations. — References, 4 titles.

Itis shown that the improvement of the technology of the manufacture of the fuel cladding made
of the ChS68 cold-worked steel has led to the reduction in the spread of the porosity characteristics
and therefore in the cladding swelling values. At the same time the spread of the characteristics of
porosity and swelling of the cladding manufactured by the Machine-building Works remains significant
which requires further improvement of the fuel cladding manufacture technology.

VNK621.039.54
Absorbing Materials and Control Rods of the Innovation Nuclear Reactors\V.D. Risovany, A.V. Zakharov, E.P.
Klochkov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. - 9 pages, 13 illustrations.
Boron carbide differently enriched in boron-10 isotope remains to be a main absorbing material
for the safety rods of the fast reactors. The promising line is a utilization of the rods with annular
shapes of boron carbide of a large diameter. For extension of the fast reactor control rod lifetime the
absorbing materials based on europium and hafnium hydride are proposed.

YAK 621.039.54

Development of the BN-600 Reactor Safety Rods based on Refabricated Boron Carbide with a Lifetime of 745
efpd\V.D. Risovany, A.V. Zakharov, E.P. Klochkov, V.V. Maltsev, A.I. Karpenko, E.A. Kozmanov, A.M. Tuchkov,
B.A. Vasilev, 0.V. Mishin, Yu.K. Alexandrov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. - 11
pages, 2 tables, 7 illustrations.

On the basis of the developed technique of the refabrication of enriched boron carbide from the
spent safety rods the closed cycle ensuring its recycling as a kernel of the absorbers has been created.
The specialized section for the control rod manufacture as complying with all the necessary requirements
imposed on the standard safety rod manufacture has been created.
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