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Ha ocnoBanuu aHanusa UMeIUNXCA SKCIIEPUMEHTANbHBIX AAHHLIX BhIHECE-
HbBI KOJIMYeCTBEHHbIE OLeHKU UHTEHCUBHOCTU IIOCTYIUIEHUA MeTaJlIudeCKux
TIpUMecei HeIlOCPeACTBEHHO B TEIUIOHOCUTENb. [IoKa3aHo, YTo B HEU3OTEP-
MUYECKUX YCII0BUAX UUPKYIALUNOHHOIO KOHTYPA UX [071 MOXET COCTABNATD
50% 1 BbIlIE OT 061EN UHTEHCUBHOCTU OKUCIEHUS MATPULLL CTaNu, UTO He-
006X0IMMO YIUTHIBATh IIPU Pa3paboTKE CUCTEM TEXHOJIOTUU TEIUIOHOCUTENA.

KnioueBble cnoBa: anddy3uns, MeTanaInyeckme KOMNOHEHTbl, OKCUAHbIE NOKPbLITUSA, Mac-
COMEpeHOC, XKNUAKOMETANNYECKME TEMNNOHOCUTENN.

Key words: diffusion, metal components, oxide coating, mass transfer, liquid
metal.

06ocHOBaHMEe MPOU3BOAMTENLHOCTH, pecypca U rabapuToB YCTPOWCTB TEXHONOTUM
TENNOHOCUTENS BKIOYAET B Ce6A YNCNEHHbIE OLLEHKM Pe3yNbTaToB B3aWMOAeNHCTBUSA
TENNOHOCUTENSA C KOHCTPYKLMOHHBIMKM MaTepuUanamu nepBoro KOHTypa. 310 B3auMo-
[eicTBUE ONpefenseT, C OAHON CTOPOHbI, IOKANbHOE U UHTErpanbHoe notpebneHue
Kucnopopna, BaXHoe Ans 000CHOBAHWA YCTPOINCTB BBEAEHWUS KWUCIOPOAA B TEMIOHOCH-
TeNb, @ C APYroit CTOPOHbI, NOCTYNJEHWE METANIMYECKUX NPUMECei B TEMNOHOCUTEND.

N3BecTHO, YTO Ype3MepHOe HaKOMNeHUe MeTaIMYeCcKUX NpUMeceil, KoTopbie npu
HOPMasbHbIX YCIOBUAX IKCMNYATaLMM HAXOAATCS, B OCHOBHOM, B OKUC/IEHHOM COCTO-
SHWUM, MOXKET NMPUBECTU K 00pa3oBaHUI0 HA Tennonepefalolnx NOBEPXHOCTAX Pa3iny-
HbIX OTNIOXEHU, NPUBOAAWMX K YXYAWEHUIO UX QYHKLUUOHANbHBIX XapaKTEPUCTUK.
Kpome TOro, no 310t e npuynMHe BO3MOXKHO 06pa3oBaHMe B TpaKTax LUPKyNALUU
TennoHocuTens 6N0KaA NPOXOAHbIX CEYEHUI C 3aTPyAHEHUAMU U AaXKe MONMHbIM Mpe-
KpalieHnem pacxofa. Beixop chopMmUpoBaHHbIX B TENJOHOCUTENE TBEPAbIX YACTUL, Ha
OCHOBE OKCMZO0B KOMMOHEHTOB KOHCTPYKLMOHHbIX CTafell Ha rpaHuuy pasfena Tenno-
HOCMTENA C 3alMUTHBIM Ta30M W flafiee HEMOCPeACTBEHHO B ra3oByto cuctemy PY moxer
NPMBOANTL K 3arps3HeHMIo ra3oBoil CUCTEMbI, YXYALWEHWIO PaAMALUOHHOK 06CTaHOB-
KW 1 HapylweHUsmM paboTocnocobHOCTH COOTBETCTBYIOWEro 060pyA0OBaHMS.

© II.H. Mapmuvixos, K.[J. Usaros, 0.B. Jlagposa, C.-A.C. Hua3os, B.M. Illenememnves, B.B. YnbaHos,
P.II. CadosHuuuii, A.C. domun, 2013
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OueHka macwTaba NOCTYNNEHUS METaNMYECKUX KOMMNOHEHTOB KOHCTPYKLUMOHHbIX
CTaneit BaxHa Ans 060CHOBAHMA YCTPOWCTB UbTPALMUM TEMJOHOCUTENS U 3ALLUTHO-
ro rasa, a Takxe ANsA OLEHKM pafMaLMOHHbIX CBOWCTB TeMIOHOCUTENA.

[lo HepaBHero BpemMeHU Takas OLeHKa OCyWeCcTBAANaCh UCXOAA U3 IKCNEpUMEHTaslb-
HbIX AAHHbIX MO BbIXOAY METaNAMYECKUX KOMMNOHEHTOB CTaau B TEMJOHOCUTENb, NONY-
YeHHBIX MPK 3KCNO3ULMM 06pa3LOB B CTAaTUYECKMX ycTaHoBKax [1]. B uenom, 3t paH-
Hble MO3BONIUAN BbIABUTb BPEMEHHYIO 3aBUCUMOCTb MHTEHCUBHOCTU BbIXOAA MeTalin-
YeCKMX KOMMOHEHTOB, MOKa3aBIUYIO0 3aTyxalolWnii xapakTep npouecca ¢ UHTEHCUBHbIM
BbIXO[OM B HayasnbHblii MOMEHT (50% OTHOCUTENbHO 0OLLEro KONMYECTBa OKUCIMBLIMX-
CA METANIMYECKUX NpuUMecen U Bonee) U ee CHUXKEHUEM B TeYeHWe npumepHo 500-
800 yacoB A0 ypoBHA ~ 1-2%. VIMEHHO 3TK 3HAYeHWA M UCNONb30BANUCH B [aNbHel-
WweMm Ons COOTBETCTBYIOLWMX YUCAEHHBIX OLEHOK MpU OAAUTENbHON 3KCNO3ULMKU CTanen
B TAXENbIX TENJOHOCUTENAX.

OpHako Takoe pa3BMTME NPOLECCA OKUCNEHUS, MO-BUAMMOMY, XapaKTEPHO [NiA MpaK-
TUYECKN U30TEPMUYECKUX YCIIOBMUIA, KOTOPbIE ObIIM peann30BaHbl B YMOMAHYTHIX 3KC-
nepumeHTax. [ns HEN30TEPMUYECKUX YCNOBMIA, Hanbonee WHTEPECHbIX LA NMPAKTUKMY,
CUTYaLMs MOXET OTNIMYaTbCA KOPEHHbIM 06pa3oM. lTocTapaemcs nokasaTb 3TO NMyTeMm
COOTBETCTBYIOWMX YNCNEHHBIX OLEHOK.

OueHKy fonu notepb MeTanna B TEMNOHOCUTENb MOXKHO BbINOJHUTL HA OCHOBAHMWU
CpaBHEHUA AAHHbLIX NO TONLWMHE CPOPMUPOBAHHON OKCUAHOW NIEHKU W YAENbHON
notepu maccol obpasua. [lonyckas, 4To MaTepuanoMm OKCULHOI MIEHKW ABNAETCA Mar-
HeTWUT, NNOTHOCTM KUCIOPOAA U Kejie3a B KOTOPOM M3BECTHbI, HETPYLHO paccyuTaTtb
Maccy KMCNopofa U enesa B NAeHKe 3afaHHON TONWMHbI. YUNTbIBaS, YTO U3MEPEHHbI
npueec o6pa3la CKNAfbIBAETCA M3 MAcChl NPUCOEANHUBLIErOCA KMCIOPOAA U MacChl
NOTEPAHHOIO XeNnesa, HETPYAHO BLIBECTU PACYETHYIO QPOPMYNY AN OTHOCUTENbHBIX
noTepb Xesie3a B TENJOHOCUTEND:

— (Ammsm. _Amgn') (1)
Amg +(Am,,,, —Amg")’
roe COOTBETCTBYILME UHLEKCHI B U3MEHEHUM MACC YKa3blBAKT HA pe3ynbTaTbl U3mepe-
HWN NPUBECOB WK NOTEPb MACChl U PACYETOB MO TONLUMHE MAEHKMU.

[na oueHKM OTHOCUTENbHbIX MOTepb MeTanfna AaHHbIM MEeTO4O0M, BOCMOAb3yeMCsA
IKCNepUMEHTaNbHLIM MaTepuanoMm [2] No OKUCNEHUIO Pa3NIMYHbIX CTanell B CBUHLE-
BUCMyTe Ha JOCTAaTOYHO JA/UTENbHON BpeMeHHoN Oase.

Huxe npencTtaBneHbl pe3ynbTaTbl BbINOJHEHHbIX HaMK no dopmyne (1) oueHok oT-
HOCUTENbHbIX NOTEPb METaNANYeCKUX KOMMNOHEHTOB CTanen.

[ins o6pa3yos ctanu D-9 (nerupoBaHHas ayCTeHUTHas CTanb, coaepxawas 13,6%
Cr n 13,6% Ni) B Buge Tpyb6 Npu 3KCMOHMPOBAHUW B TEMJIOHOCUTENE C KOHLLEHTpaLMeil
kucnopoga (3-5)-1076 % macc. B TeyeHue 1-3 TbicAY YacoB Npu Temnepatypax 460 u
550°C paccyMTaHHble 3HAYEHUA OTHOCUTENIbHbIX NOTepb cocTaBuau oT 15 fo 24%.

[ins obpasuoB ctann 316 (nerMpoBaHHas ayCTEHUTHAA CTaNb C COAepXaHuem ~16—
18% Cr u ~10-18% Ni), 3KCNOHWPOBABLINXCS B TEX e YCNOBUAX, NONYYEHHblE 3Haye-
HUA a coctaBuan ot 27 no 39%.

[ins o6pasuos ctanu T-91 (nernpoBaHHas (GeppuUTO-MApPTEHCUTHAA CTaNlb, COAEP-
Kawas ~ 8% Cr) npu 3KCNOHMPOBAHWUU B TEMJOHOCUTENE C KOHLEHTpaLmeli Kuciopoga
1-107°-1-107% % macc. o ~ 21% (t = 460°C, T = 15004) 1 o ~ 5% (t = 400°C, T = 30004).

Cnepyet oTMETUTb, YTO B pAfle CNYyYaeB OLEHKMW, NPOBEJEHHbIE MO paccMaTpuBae-
MO MeTOAMKE, Aanu OTPULATENIbHbIE 3HAYEHUS Ol ITO MOXHO O0OBACHUTL HANUYUEM
Ha 06pa3uax OCTAaTKOB TEMAOHOCUTENS, NPUBOAALLMX K 3aBbILIEHHBIM 3HAYEHUAM NpU
onpegeneHun npusecos. [1o 37O e NpuyYnHe NpefcTaBNeHHble Bbllle pe3ynbTaThl che-
JyeT paccMaTpuBaTb KaK MUHUMAJIbHbIE OLEHKM.
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OUEHKY BbIXOAA METANNNYECKUX KOMMNOHEHTOB B TEMNOHOCUTENb MOXHO BbINONHMUTD
TaKXe W3 JaHHbIX O COAEPIKAHWM MeTalIMYeCKUX KOMMOHEHTOB B OKCUAHOW NjeHKe u
0 COOTBETCTBYWIMX NOTEPAX TONUMHBI CTANN.

[lns 3TUX ycnoBuii Ha oCHOBE GanaHca KOMMOHEHTOB CTanu BbipaXKeHWe s notepb
METaNINYeCKUX KOMMNOHEHTOB, 3anucaHHoe Yyepe3 KO3 ULUMUEHT NPONOPLUOHANbHO-
CTV K 06LieMy NOTOKY MeTaiia U3 MaTpulibl, UMEET CleaylLni Bua:

p=1-P=.®, )

pCT A
A€ Pny — MNOTHOCTb METAMIMYECKMX KOMMOHEHTOB B OKCUAHOMW NAEHKe; Per — NNOT-
HOCTb METaNIUYECKUX KOMMOHEHTOB B CTanu; O — TONWMWHA OKCUAHON NueHKu; A —
noTeps TONWMHBI CTaNu.

Mpy HaNUYMM 3KCNEPUMEHTANbHBIX JAHHbIX O TONUIMHE OKCUAHOW NAEHKU U OflHO-
BPEMEHHO O rNybMHE NPOHUKHOBEHUA OKCUHOIO COS B MATpHULly CTalu COOTHOLIEHME
(2) no3BonseT HeNOCpPeACTBEHHO OLLEHMBATh CPEAHIO MHTEHCUBHOCTb BbIXOAA MeTan-
NINYECKUX KOMMNOHEHTOB B TEMIOHOCKUTENb 3@ PacCMATPUBAEMbIi Nepuof BPeMEHMU.

B Tabnuue 1 npuBeaeHs

HEKOTOPbIE AAHHBIE MO P&~ pe gy pnTaThl pACUETOB OTHOCHTENBHDLIX
3y/ibTaTaMm 3KCNO3UUMA  noTepb KOMMNOHEHTOB CTa/IM B TEMNJIOHOCHUTEJNb

pa3/iMyHbIX CTaneil B cBuH- Mo dbopmyne (2)

Tabnuua 1

LOBOM TenmjoHOCUTeNe Npu
Temnepatypax 610 u 650°C Tonuwwxa Motepst
NPOLONIKUTENbHOCTBIO  OT Mapka cTanu MNeHKM, TOMLMHbI B
3200 po 10600 yvacoB B 3, MKM CTam A, MKm
BUAE TONWMH cdopmupo- 71 5 031
BAHHbIX OKCULHbIX MIEHOK
M3MEPEHHbIX  U3MEHEHMUIA 130 %8 034
TONWMH 06pasLoB CTanei. 31823 74 52 0,30
BbinonHeHHblE HaMKU COOT- 130 107 0,40
BETCTBYHOLME OLI,EHKE ymc- 139 17 045
JIEHHBIX 3HAYeHUN ans
3TUX YCNOBUI TaKXKe npuBe- 158 135 043
[eHbl B Tabn. 1. 84 52 0,21
Kak cnepyet u3 npuse- 158 9 0,21
LEHHbIX B Tabn. 1 faHHbIX, M-852 102 80 0,37
pacyeTHble 3HayeHus no- s % 044
TEpPb METAIMYECKUX KOM-
NOHEHTOB B TEMJOHOCHUTENb C umnnanTauvein Cr 112 107 0,49
B 3aBMCMMOCTM OT YCIOBUI C vmnnaHTayveit La 112 107 0,49
M BpeEMEHM 3KCNo3uuuw 84 52 0,21
cTanen Bapbupytotca ot 17 102 61 023
[0 49%. 3TN OLEHKM TaKKe AN-732
cnepyeT paccMaTpuMBaTh Kak 93 60 024
MWHUMANbHbIE, MOCKOJbKY B 12 98 0,24
pacyeTHon dopmyne naoT- 56 33 0,17
HOCTb MeTanna B OKCUAHON 015X16H1SM3T (3K 16311 65 5 039
thaze NpUHMManack paBHoil 102 50 034
TEOpeTUYECKON ANA MarHe- 3M-900
TUTa, KOTOpas cocTaBnser 158 126 0,38
3,8 r/cm3. OpHako B peanb- | 9M-38 121 107 0,45
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HOCTW, KaK cneflyeT U3 MHOTOYMCIEHHbIX AaHHBIX MeTannorpaduyeckux uccnefoBaHui,
MAOTHOCTb OKCUAA 33 CYET COOTBETCTBYIOLMX MYCTOT B €r0 CTPYKTYpe MOXeT ObiTb
CyLLEeCTBEHHO HUXe.

B kayectBe npumepa MOXHO NPUBECTW pe3ynbTaThl MeTannorpaduyecknx uccnepo-
BaHuit ctanu IN-852 (puc. 1-3), ANA KOTOPbIX MOMYYEHbl YNCNEHHbIE OLLEHKU COOTBET-
cTBeHHO B = 0,37 u B = 0,44.

Yyet nopuctoctu chopmMMpOBaBLIMXCA NNEHOK (MO AAHHbIM NpefCcTaBAEHHbIX pu-
CYHKOB), KOTOpas B NEPBOM C/lyyae OKa3anacb 3anoiHEHHOW CBUHLOM, NO3BOMMA OT-
KOppeKTMpoBaTh AaHHble Tabn. 1 B yactu ctanm 3N 852 . YncneHHble 3HaYEHWUS NOTepb
KaK B NnepBoM, TaK U BO BTOPOM CNly4yasx BO3POCAM A0 ypoBHA nopapka 60%.

Mo-BUAMMOMY, laHHAs BEeNMYMHA Goee NpaBUNbHO OTpaxkaeT peasnbHble notepu. 06
3TOM CBUAETENbCTBYIOT U Clefylollue JONOJHUTENbHbIE COOOPaXeHUs.

Ha pucyHKe 3 npeactaBneHo pacnpefeneHue 31eMeHTOB N0 TOAWMWHE OKCUAHOW
MAEHKU. AHanU3 3TUX JaHHbIX MOKA3biBAET, YTO HA BHELIHEeW rpaHuLLe MIEHKU OTCYTCTBY-
€T B BUAE OTAENbHOW (Da3bl MArHETUTOBLIA NOACNONA.

Cam aKT OTCYTCTBMA MArHETUTOBOrO MOAC/I0N B OKCUAHOW NNEHKE, KOTOpbIi 06-
pa3syeTtca Ha BHeWHeN rpaHuLe OKCUMAHOrO CN0S W TENNOHOCUTENA, CBUAETENLCTBYET,
4TO NOTEepU COCTaBAAOT He MeHee 51% (cm. dhopmyny (2) npu & = A). Kpome Toro,
Hanu4yue pasynnoTHEHWUS MOBEPXHOCTHOrO CNOsA MaTpuubl (puc. 2), NpUMbIKaKOLWero K
BHYTPEHHEN 30He OKWUC/IEeHUS, @ TaKKe Hanuyme B 3TOW 30HE APKO BbIPAXEHHOro no-
PUCTOTO CNOS MOKA3bIBAKT, YTO peasibHble NOTEPU AOMKHbI ObiTh 3aMeTHO Bblwe 51%.

Puc. 2. OkcupHas nneHka Ha ctanu 3852 nocne ucnbitanuit npu 650°C B TeyeHne 8500 u
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PaccTtosHue, MKm
Puc. 3. PacnpepeneHune XMMUYeCKUX 3NE€MEHTOB B OKUCHOW nneHke Ha ctanu 31-852 nocne ucnbiTaHuit npu
650°C B TeyeHue 8500 4

Takum 06pa3om, npuBefeHHbIe NpUMEpPbl MOKA3bIBAOT, YTO Aaxe Ha A0CTAaTOYHO
6onbloit BpeMeHHOW 6a3e OTHOCUTENbHbIE MOTEPU MeTanna B TEMJOHOCUTENb B HEU30-
TEPMUYECKMX YCNOBUAX MOTYT CyllecTBeHHO (Ha Nopsaok u 6onee) npesbiwats 1-2 %,
4TO HeoOX0AMMO YYUTLIBATL NPU pa3paboTKe CUCTEM TEXHONOTUW TEMJOHOCUTENS.

Hactoswme uccnepoBaHuA NpoBOAATCA NpU NoaAepiKKe MUHMCTEPCTBA HAYKM
u obpasoBaHua Poccuiickoit Pepepauymnn (MK N2 16.516.11.6083).
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Moctynuna B pepakuuio 25.09.2012
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VIK 621.039.54

Water Cooled Reactor VWER SCP (preliminary elaboration) \ Kirillov P.L.; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering)
— Obnibsk, 2013. 10 pages, 5 tables. — References, 22 titles.

Brief review on the state of nuclear power engineering on 01.01.2013 is presented here. The
project of nuclear reactor cooled with water at supercritical pressure — VVER SCP based on operation
experience of such nuclear reactors as WWER, PWR, BWR, RBMK (more than 14000 reactor-years), long
term experience of thermoelectric stations on fossil fuel, where steam at supercritical and super-
super—critical pressures is used. Advantages of such type of reactor are listed as well as scientific and
technical problems to be solved. Preliminary estimations in accordance with INPRO approach are
made. Knowledge accumulated during last 10 years in this field allows reactor concept to be specified
and the project of experimental reactor of small power to be launched.

VAK 621.039.534

Effect of of the Diffusion of Metal Components out of Steel through the Oxide Coating on Mass Transfer in Flow
Circuit with Heavy Lead—containing Coolants \ P.N. Martynov, K.D. Ivanov, 0.V. Lavrova, S.-A.S. Niasov, V.M.
Shelemetev, V.V. Ulyanov, R.P. Sadovnichy, A.S. Fomin; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013.
5 pages, 1 table, 3 illustrations. — References, 3 titles.

Article is devoted the interaction of structural steel with heavy lead-containing coolants on the definition
of the diffusion effect of metal components steel output through the oxide coating on the mass transfer in
the flow circuit. Based on the analysis of experimental data rendered quantitative estimates of the intensity
of metallic impurities proceeds directly into the coolant. It is shown that in the non-isothermal conditions of
the circulation circuit, their share could be 50% or more of the total intensity of the oxidation of the matrix
of steel, which must be considered when developing systems cooling technologies.

VAK 669-1

Mining Conditions Passivation on Steel Pipe Heaters Steam Generator NPP \ Pavlenko V.L., Lebedev L.L., Prozorov V.V.,
Doilnitsyn V.A.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 8 pages, 4 tables. — References,
4 titles.

Electrochemical studies conducted on samples of pipe heaters steam generators made of steel
08X18H10T not of used after washing with acid solutions and complexing with various additives
followed by passivation or without passivation. Found that the best passivation marked processing
samples in solutions containing aluminum nitrate — a stationary potential, while in comparison with
the investigation of shifts to a more positive region, which indicates the high shielding of active
sites on the surface of the metal.

VAK 621.039.72

The Titanosilicate Glass Matrix for Immobilization of the Wastes Containing f-elements | A.S. Aloy, Y.A.
Barbanel, A.V. Trofimenko; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 7 pages,
5 tables, 8 illustrations. — References, 4 titles.

The compositions of titanosilicated glasses were defined in the ternary system Na,0-Ti0,-Si0,,
which provide not only a perfect glassy-like structure (body) formation, but also associative groups
of mineral-like compounds-fresnoite (Ba,TiSi,0,) and perovskite (SrTi0,) were implemental as
well. These associates can incorporate f-elements very firmly. To study how these associates can
incorporate f-elements europium and uranium oxides were added to the system in amount of 3
wt.%. Transformation, which took place during the presynthesis of glasses and their crystallization,
were investigated by X-ray diffraction (XRD) and differential-thermo analysis (DTA). Distribution
of Eu and U throughout the melts body in steady state conditions was detected using laser-
fluorescence method. As a result, Eu was uniformly distributed in the volume while U has a tendency
has a tendency on sedimentation at bottom part due to gravitation. Oxidation state for Eu was (+3)
and U was in (+6) state. Because glass networks were based mineral-like associates, namely
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