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B Tpoitnoii cucreme Na,0-Ti0,-Si0, 6inu ompesieneHb COCTaBbl TUTAHOCUN-
KaTHBIX CTEKOJ1, KOTOpPLIe 00ECIIEUNBAIOT HE TOJILKO CTEKJIOMOL0OHYI0 CTPYK-
TYPY, HO U 06pa3oBaHue B CTEKJIE aCCOUUATUBHLIX TPYIIT MUHEPAIbHO-II0-
no6HbIX coefuHenun — dpecroura (Ba,TiSi,0,) n meposckuta (SrTi0,). 3T
MUHEPAJILL IPOYHO VAEPKUBAIOT B cebe f-3neMeHTH.

[Ina u3yyeHus BO3MOXHOCTU BKJlOUeHUA f-371eMeHTOB okcuabl eBpomua u
ypaHa O6binu fobaBneHbl B CTEKIA B KonnvecTse 3 Macc.%. [IpeobpasoBatus,
KOTOpble ITPOVU30UIIN BO BPEMA CUHTE3a CTEKOJ U UX KPUCTALNU3ALUY, ObIIN
U3YYeHHl MeTofaMu peHTreHoBckon audpakumu (PO) v puddeperumansHo-
TepMuueckoro aHanusa ([TA). Pacnipenenenve Eu u U o 06beMy pacrinaBos
B CTAllMOHAPHLIX YCI0BUAX OBUIM UCCIELOBAHLL C TOMOLILIO 1a3epHOro (ny-
opecueHTHOr0 MeToza. [Tokasaro, uro Eu pacmpenenex paBHOMEpHO Mo 06be-
My CTeKJa, B TO BpeMA Kak U umeeT TeHAEHLUMNIO K CeUMEHTALUN B HUXKHEN
YaCcTW TWUIAIA 33 cYeT rpaButauuu. Crenens okucnenus ansa Eu 6sina (+3),a U
HaXOZWIICA B COCTOAHUN (+6).

Tak Kak B CceTKe CcTekna ObUIM peannu3oBaHbl CTPYKTYpPHble MUHEPAJIONON06-
Hble TPYNNUPOBKU (pecToHUTa U ITEPOBCKUTA, XUMUYECKAA YCTOWYUBOCTb
cTeKon Obla 0UYeHb BLICOKAsA; TaK CKOPOCTb Bhijenayusanus Eu cocrasnana
3-10°° r/m?cyt, a U — 4-10°° r/M*cyT.

KnioueBble cioBa: TUTAHOCUIMKATHbIE CTekNa, uMmobunusaums BAO, dppecHouT, ne-
POBCKMUT.
Keywords: titanosilicate glass, immobilization of HLW, perovskite, fresnoite.

BBEAEHMUE

B HacTosiwee Bpems HauyanbHoe oboralyeHWe ypaHa BO3POC/O B LWECTb Pa3 Mo CpaBHe-
HWIO C TeM, Y4TO MCMONb30BaNM B BOEHHbIX NPOrpaMMax, a BbiropaHue B 0TpaboTaHHOM afep-
Hom Tonnuee (OAT) — Ha gBa nopsgka. CoOTBETCTBEHHO BO3POCNO COAEPKaHWe NPOAYKTOB
penenus (M), a Manbix akTMHUAOB — Ha Tpu nopaaka (1abn. 1) [1]. B utore Ha 1 T TAxenbix
metannos (TM) B OAT A3C tuna BB3P c Bbiropanuem ~40 Bt-cyt/(T U) cogepxutcsa npu-
mepHo no 10 kr/T 23°U u cymmbl usotonos Pu, a Takxe ~0,7 kr/T Np, 0,5 Kr/T TpaHc-
nnytoHuesblx 3nemenToB (TMN3J) u 44 kr/T npoaykToB Aenexus. Cnegyer OTMETUTbL Ha-
nnune ~16 kr/T P33, Hanbonee 6AU3KMX MO XMMUYECKUM cBoiicTBaM K TM3, u B 50 pa3s
bonblwee MonbHOe copepxaHue Zr, Mo u Ba, koTopble CKNOHHbI K 06pa3oBaHuio ocaf-
KOB Npu BOAHOI NepepaboTke.

© A.C.Anoti, 10.A. Bap6anens, A.B. Tpogpumenko, 2013
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CopepaHve aKTUHHUOB U BbICOKOBAJICHTHbLIX NPOAYKTOB
AeneHunn (BbigepxxKa OAT 5 neTt) npu paznauyHom Bbiropanuu OAT

Tabauua 1

Briropanue OAT (MBt-cyt/T TM)
?;;“:g;; 05 0w | 05 | 4w [ 10
Copepxanve r/t TM Monb Ha 4,2 kmonb (1 1) TM
282 - 0,0015 0,004 - - -
285236 6550/270 12500/5000 | 6200/7700 | 27,5/1,15 55,6/21,3 26,4/32,6

Np 05 700 1320 0,002 29 55
Pu 500 9900 12900 2,1 41 53,5
Am 05 480 1080 0,002 2,0 45
Sr 18 1440 1920 0,20 16 215

Zr 66 5240 7200 0,71 58 79
Mo 53 4260 6400 0,56 45 67
Tc 16 1090 1350 0,16 11 13,5

I 5 300 405 0,035 23 34
Cs 68 5120 6950 0,50 40 52,5
Ba 31 2460 3490 0,22 18 24
P33+Y 220 ~16000 ~23000 13 104 158
=na 550 ~44000 ~78000 4,6 363 650

Mpu OCTEKNOBbIBAHUM TAKOTO TUNA OTXOAOB HAOMIOAAETCA TEHAEHUMA K MONYYEHMIO
6onee TyronnaBKUx KOMMNO3ULUA Ha OCHOBE BbICOKOKPEMHE3EMUCTLIX U aNloMOCUIN-
KaTHbIX MaTpuu, 06iafaolMx KOMNIEKCOM CBOWCTB, aHaNOrM4YHbIX MUHEpanonoao6-
HbIM MaTepuanam.

Bbibop B KauyecTBe MATpuULbl TUTAHOCUIMKATHBIX CTEKON ANs UMMOOUAM3ALUK BbICO-
KoaKTUBHbIX oTxofoB (BAO), conepxalunx f-anemeHTbl, 06ycnosneH cnepyowmmu o6-
CTOATENbCTBAMMU:

® BBe/leHMe OKCMAA TUTaHa B CMAMKATHbIe CTEKNA B ONpPeAeNeHHbIX COOTHOWEHUAX
No3BOJIAET Peasnm30BaTh TAKOW CTPYKTYPHbLIA KapKac mMaTpuubl, YTO Aaxke B Ciyyae pac-
CTEK/OBbIBAHWS UM pa3pylIEHWM B Mpoliecce KpucTanamsaummn obpasyowmecs dass
no TUNy NPUPOAHbLIX MUHepanoB ¢pecHouta (Ba,TiSi,0g) n neposckuta (SrTi03)6yayT
HaAEXHO yaepXuBath f-anemeHThl;

® ycnonb3oBaHue mopuduuMpyloWwmx cTpyKTypy KatnoHos (Na* K, Ba*?, Ca?*) no-
3BONIAI€T CO3[aBaTh CEPUI0 KPUCTANINYECKUX TUTAHOCUINKATOB C GONbWUM UHTEpBa-
nom KoHueHTpaumuu Ti0, u Si0, u pacwupset o6nacTb cTekn006pa3oBaHMa B TUTAHO-
CUAMKATHBIX cucTemax [2].

CTabunbHble cTEKNa B 3TUX CUCTEMAX He MOABEPIKEHHbIE NUKBALMW W KPUCTaNaM3a-
uun obpasyiotcs npu cootHoweHun Me,0(Me0)/Ti0, > 1. Tak npu cobnogeHUn AaH-
HOTO COOTHOLWEHMS 30Ha CTabUILHOrO CTEKI000pa3oBaHMsA 3aXBaTbIBAET U HU3KOKPEM-
He3eMucTyo 06nactb, HUXe 50 Mon.% Si0,. Mpu KOHUEHTpauuM okcuaa TUTaHa oT 12
00 15 Mon.% CHMXKAeTCs CKNOHHOCTb CTEKON K IMKBALUWM M KpucTannusauum [3].

Mpn pa3paboTKe COCTABOB CTEKOJ YYMTHIBANOCh, YTO B TUTAHOCUIMKATHLIX CUCTE-
Max 061acTb cTeknoobpa3oBaHus Bo3pacTaeT B pagy Li-Na-K pns wenoyHbix metannos
n B pagy Ca-Sr-Ba pis Wweno4Ho3eMeNbHbIX 3NEMEHTOB [4, 5].
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COCTABbI U YCJ/ZI0OBUSAl CUHTE3A TUTAHOCUJ/IUKATHBIX CTEKON

C y4eTOM nepeymncieHHbiX Bblle 3aKOHOMEPHOCTEN OblIM CUHTE3UPOBAHbLI CTEKNA,
COCTaBbl KOTOPbIX NpeAcTaBneHbl B Tabn. 2. CMHTE3 NpoBOAMAM B BO3AYLWHOM aTMocde-
pe. TemnepaTypa CMHTe3a W BpPeMs BbIAEPXKKW Ans BCex 00pa3LoB Oblv OfMHAKOBLIMM
n coctasnsnm 1250°C, 3 vaca.

YKa3aHHble B Tabnuue COCTaBbl CTEKON MMEIOT OfIMHAKOBbIE MOSIbHbIE KOHLEHTpa-
UMM KOMMOHEHTOB, YTO NMO3BONSET COMOCTABAATE UX PU3NKO-XMMUYECKME CBOMCTBA.
MonbHas KoHUEeHTpaumMs okcupa 6apus v cTpoHuus B obpasuax 1, 4 u 2, 5 paBHa cym-
MapHO MONbHOW KOHLEHTpauuM OKCMAoB Gapus WU CTPOHUMA B obpasuax 3 u 6 npu
nx cooTHoweHun BaO/Sr0 = 1. W3BecTHo, YTO OKCMAbl P33 1 ypaHa TpyAHO pacTBoOpS-
0TCA B CMIMKATHbIX pacnnaBax WM B CTEKNMA BXOAAT B OrpaHUYeHHbIX KonuyecTsax [6],
NO3TOMY KOHLEHTpaLMs OKCUAOB ypaHa U €BPONUA B CUHTE3UPYEMbIX CTEK/IAX COCTa-
Buna 3,0 mac.%.

Tabnuua 2
CocTaBbl CUHTEe3MpyeMbIX cTeKon (macc).%

Naz:0 20,0 21,7 20,8 20,0 21,7 20,8 26,4
BaO 24,0 - 12,5 24,0 - 12,5

Sr0 - 17,7 8,5 - 17,7 8,5 128
TiO2 12,5 13,6 130 12,5 13,6 13,0 12,8
Si02 40,5 439 421 40,5 439 42,1 473
Eu20s3 3,0 3.1 31 - - - 0,7
V[6}) - - - 3,0 3.1 3,1 0,7

®A30BbIE NPEBPALLEHUA, MPOUCXOAALWME B LUUXTE
MPU CUHTE3E TUTAHCOAEPXKALUX CTEKOJ

[ns MoHMMaHUs NPOLECCOB, NPUBOAALLMX K GOPMUPOBaHUIO CTPYKTYpbl pacniasa,
a 3aTeM U CTeKna, npepnosaraetca uccnepoBaHue $hasoBbix NPeBpaLLEHUil, NPOUCXO-
OAWMX HA Pa3NMYHbIX CTaguaX TepMoobpaboTKy.

C 37OV Uenbio NpoBeaeHO M3ydyeHue cocTaBa (ha3, 06pa3yIoLMXCA B WMXTE NpU pas-
NIMYHBIX TeMnepaTypax BNAOTb A0 pacnnaea. Wuxta BbIOpaHHbIX ANs UCCNef0BAHNUS
ob6pa3yoB 1-6 (1abn. 1), npoxoauna TepmoobpaboTKy Yepes kaxable 100°C B uHTep-
Bane Temnepatyp 600-1100°C ¢ AnuTenbHOCTLIO BbIZEPXKKM WecTb YacoB. Pa3oBblil co-
CTaB LWMXTbI HA Pa3NNYHbIX CTAANsAX TepMoobpaboTku onpepensnca metogom POA. Cocta-
Bbl KPUCTANIMYECKMUX COEAMHEHUI, 00pa3yioWmxca B WKXTE, NpeacTaBieHbl B Tabn. 3.

JKcnepuMMeHTaNbHble AaHHbIe MOKA3blBAKT CIOXHbLIA MHOrOCTYNEHYATbI XapaKkTep
006pa30BaHNUs COOTBETCTBYIOUIUX KPUCTANINYECKUX COEAMNHEHMII B pe3ynbTaTe B3auMo-
AENCTBUS KOMMOHEHTOB. Ha pasHbix CTafuax TepMOOOPabOTKM B WMXTE MPUCYTCTBYIOT
CUANKATbI, TUTAHATbl, TUTAHOCMAMKATBI WENOYHO-3eMENbHBIX 3eMeHTOoB. [pu Temnepa-
Typax, 6An3KMx K 06pPa30BaHWIO pacnnaBa, B OCHOBHOM, CylWeCTBYIOT Haubonee Tepmo-
ANHAMUYECKM YCTONYMUBBIE COEJUHEHNUA MO TUMY MPUPOLHLIX MUHEpanoB (ppecHonTa
W MepoBCKMUTA), KOTOpPblE, MEPEXOAA B pacniaB, 00pa3ylT YCTOWYUBLIE CTPYKTYpPHbIE
rpynnupoBKM, NOfO6GHbBIE UM MO COCTABY MU CTPOEHMUIO.

Esponuit un ypan (Eup05 n UsOg) octatotcs B wuxte B Buge okcnpos (Eu,03 n UsOg)
BrioTb A0 900°C.
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Tabnuua 3
da3oBble npeBpalweéHuda B LLUXTE NPU CUHTE3e
TUTAHcOEepPXKAaLUX CTEKON
Ne o6pasua 1,4 2,5 3,6
T,°C da30BbIl COCTaB
500 TiOz, NaNOs, BaCOs, TiOz, NaNOs, Si0z, SrSi0s, T'grz’s%iNggig'fz'
SiO2, Ba2TiSi20s SrTiO3, Sr3Ti07 BayTiSi,0s
200 NaNOs, BaCOs, Si0z, | TiOz, NaNOs, Siz, S1Si0s, T'gg%i“ggé‘?z'
BazTiSi20s SrTiO3, Sr3Ti07 BayTiSi,0s
. N Si02, SrSi0s, SrTiOs, SrSi0s, SrTiOs,
800 BaCOs, BaTiOs BazTiSiz06 | .10, NaySiOs, NasSin0s | BazTiSiz0s, NazSizOs
900 BaTiOs BasTiSi-Os SrSiQs, SrTi0s, NazSi0s, SFTOs, BazTiSiz0s
Na2Si20s
1000 Ba;TiSi20s SrSiOs, SrTiOs SITiOs, Ba:TiSiz0s
1100 AmopdhHas hasa AmopdchHas hasa AmopchHas asa

CK/IOHHOCTb CTEKOJZ1 K KPUCTAN/IN3ALIUHA

KpuctannusaumnoHHas cnocobHOCTb CTEKON M3y4yanach C MOMOLWbI MeTofa Audde-
peHunanbHo-TepMuyeckoro aHanusa (ATA). [TA nposoaunca Ha pepusatorpade MOM-
1 c TemnepaTypoi Harpesa go 1000°C, ckopocTb Harpeea 5—10 rpaa/MuH, norpedi-
HOCTb M3MepeHua Temnepatypbl +5°C.

OcHOBHblE XapaKTepucTuyeckue TemnepaTypbl (pasMAryeHus, Kpuctanamsauuu,
NIMKBUAYCA) NpeAcTaBieHbl B Tabn. 4.

Tabnuua 4
Oannsbie ATA
Ne obpasua Tg, °C Temnepartypa kpuctannusaumm, °C | Temnepatypa nukeugyca, °C
1 580 760 He onpepenexa
2 590 730 910
3 560 770 900
4 560 740 He onpepenexa
5 600 800 910
6 560 790 He onpepenexa

ToT daKT, YyTo 3K30TEpMUYECKUe 3 deKTbl 06pa3oBaHNUsA KpucTanauyeckmnx $as Ha-
6ntopatoTcs Ha Kpuebix [ATA B nHTepBane Temnepatyp 730-860°C, cBuaeTenbCTBYET 06
YCTONYMBOCTU €BPONUIA- U YPAHCOLEPKALLMX CTEKON K PACCTEKNOBbIBAHUIO.

MpuHyaUTENbHYIO KpUcTannmsauuio obpasyos ctekon Ne 1-6 npoBoguau npu Tem-
nepaTtypax, COOTBETCTBYIOWMNX MAKCMMyMaM 3K30TepMUYeCcKnx 3PpdeKToB Ha KPUBLIX
OTA ¢ pnuTenbHOCTbIO BbILEPIKKM 3 4.

Mo paHHbIM POA coesuHeHWe CO CTPYKTYpoil pecHouUTa ABNAETCA OCHOBHOW Kpu-
cTannuyeckon das3on B 3aKpUCTannu3oBaHHbIX cTeknax N2 1 u 4. ina crekon N°2 n 5
0TMEeYaeTca MPUCYTCTBME MEPOBCKUTA M CMAMKATA CTpoHUMA. Kpuctannmuzauma ctekon
N 3 u 6 npuBOAMT K 06pa3oBaHMI0 hpecHOUTa U NepoOBCKUTA OAHOBPEMEHHO.

AHanornyHble CoeaMHEHUs OTMEYaNnUChb U B NPOAYKTaX TEPMOOOPABOTKM WUXTbI
COOTBETCTBYIOLWMX COCTAaBOB NpuU Temnepatypax, 6M3kux K o6pa3oBaHuio pacniasa
(tabn. 3), uTo cBUAETENbCTBYET 06 06pPAaTMMOCTM Mpouecca CTeKN006pa3oBaHms.
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AHanusupys ¢as3oBble NpeBpalLeHns, NPOUCXOAsALMe NPKU GOPMUPOBAHUM pacnia-
BOB M KPUCTaNNM3aLMUMN CTEKOJ, MOXKHO MPeAnonoXuTb, YTO CTPYKTypa UCCIeAyeMblx
TUTAHOCUIMKATHBIX CTEKON (OPMUPYETCA HA OCHOBE (parMeHTOB COEAWHEHMIA aHano-
roB NPUMPOAHBIX MUHEPANoOB — pecHOUTa U NEepPOBCKUTA.

Tak kak f-anemeHTbl M30MOPGHHO BXOAAT B CTPYKTYPY MPUPOAHBIX MUHEpanoB [2], To
cnepyeT 0XuaaTh, YTO B CTEKNAX MOZOOHOro TMMNa OHW GyayT NPOYHO (HMKCMPOBATHLCA.

OAHOPOAHOCTb EBPONUM- U YPAHCOAEPXALLUX CTEKON

Metogom peHTreHodasoBoro aHanusza (P®A) Gbino onpeneneHo, 4To CcTeKna BCex
COCTABOB HE COAEPXAT Kpuctaniamyeckux ¢as.

WccnepoBaHne 06pasLoB CTEKON C €BPONMEM W YPAHOM, OTOOPAHHbIX M3 Pa3HbIX
yacten pacnnasa, NPpoOM3BOAMIOCH NO CMEKTPaM NIIOMUHECLEeHUNN HA Na3epHO-NIOMU-
HECLEHTHOM CneKTpoMmeTpe, co6paHHOM Ha 6a3e MoHoxpomaTopa [®PC-24 c obpaTHO
nuHelHon aucnepcueir 0,45 HM/MM. Bo3byxaeHMe NPoOM3BOAMNOCH UMNY/IBCHBIM A30T-
HbiM nasepom MJITN-503. Peructpaunio cneKTpoB OCYLLECTBAAAU NPU NOMOLLM CNEKT-
pomeTpa ¢ feTektopom Tuna-®3Y-79, paboTaloWwmm B pexume cyeta OfAHOINEKTPOH-
HbIX MMNYNbLCOB.

CpaBHeHMe CNeKTPOB NtOMUHecLeHuMn obpa3Los 1-3 (puc. 1) nokasano, Yto Be-
NIMYUHA OTHOCUTENbHOW WHTEHCUBHOCTM NioMUHecUeHuun esponus (A3 = 611,8 HM)
OAMHAKOBA ANs 06pa3uoB, 0TOOPaHHbIX U3 pa3HbIX YacTel pacnnasa (Bepx, HU3, cepe-
LMHa). 3TOT (DaKT yKa3biBAeT Ha TO, YTO E€BPOMUIA pacnpefeneH B AaHHbIX CTEKNAxX pas-
HOMEPHO Mo 06beMmy.

N3 nony4yeHHbIX CNEKTPOB NIOMUHECLLEHLMMU CleayeT, YTO BO BCEX U3Y4YEHHbIX 00-
pasuax eBpoNuil COXpaHAeT BaNeHTHOEe COCTOAHUE 3+.

a) 6)

7\'Eu3+
611,8 Mm

720 A, Mm 570 720 A, Mm 570

Puc. 1. CneKTpbl NOMUHECLEHLNN €BPONUA B LENOYHOM TUTaHOCMAMKATHOM cTekne. Copepwanue Euy0s3
3 mac.% T =293 K: a) — Bepx cautka; 6) — HU3 canTKa

B cnektpax ctekon Ne 4-6 (puc. 2), cogepxalmx ypaH, BENMYMHA OTHOCUTENbHON
WHTEHCUBHOCTM NlOMUHECUeHUMN (Ayo2*2 = 530 HM) NOCTENEHHO BO3pacTaeT OT BEpX-
HUX K HUXHUM 4acTAM pacniasa, YTo roBopuT 06 0GOraweHun ux ypaHom.

CKNOHHOCTb YpaHa K CeauMeHTauuu, Kak M OKCMAa MayToHus [7], MOXET npuBecTu
K HexenaTenbHbIM NOCNeAcTBUAM Npu ocTeknoBbiBaHuu BAQ. Moatomy cneayet ob6pa-
TUTb 0c060€e BHMMAHME Ha BbIGOP TEMMNEepaTypHO-BPEMEHHbIX YCIIOBUIA Bapku, npefenb-
HOW KOHLUEHTpPALWUKU ypaHa, NPy KOTOPOW 3TOT INEMEHT pacnpefensieTcs paBHOMEPHO
no obbeMy CTEKNOMACChl, @ TaKXe Ha Heob6X0AMMOCTb NepeMellNBaHUA pacniasa.

poBefeHHbIe UCCNEA0BAHNUA NOKA3aNM, YTO NIOMUHECLUPYIOWMMU LEHTPaMU B U3y-
YeHHbIX 00pa3Lax CTEKON ABNAOTCA UCKNOYMTENBbHO MOHbI WECTUBANEHTHOIO ypaHa —
U0,2+.
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450 500 550 600 650 700
A, Mm

Puc. 2. CnekTpbl NIOMUHECLEHL MM YPAHCOAEPXKALMX CTEKON

B CNeKTpax JIIoOMUHECUEeHUMN BCEX NCCenyeMbiX COCTaBOB He |-|a6mo,uaeTc;| Cyxe-
HMA NOAOC MW NOSABNEHNA TOHKOM CTPYKTYpbI, Cief0oBaTENbHO, B U3y4aeMbIX CTEKNaX
Kpucrannunyeckue O6pa3OBaHI/1ﬂ OTCYTCTBYIOT.

XUMMUUYECKAS YCTOMYUBOCTb CTEKOJI

N3yyeHne xummuyeckoit ycTonymBoCTM 06Pa3LOB TUTAHOCUINKATHLIX CTEKON Mpo-
Boauan no metoauke MCC-1 [8]. YcnoBus BbllenaynBaHmus: Bollenadnpaiollas cpega —
ANCTUNNMpPOBaHHasA Bofa; S/V = 10 m~1; Temnepatypa — 25°C; ANUTENbHOCTb — 28 AHEN.

Bblwenartbl aHanM3MpoBanuCh Ha ypaH U eBpPONUiA Na3epHO-TIOMUHECLLEHTHbIM Me-
TOAOM C BpeMeHHbIM pa3pelleHnem. OTHOCUTENIbHOE CpeflHEKBAAPATUYECKOE OTKIOHE-
HWe ana ypaHa coctaBuno 6%, a gna esponua — 3%. YyBCTBUTENbHOCTb MeTOAA —
10-10r/n.

3HayeHWs PaBHOBECHbIX CKOpPOCTEN  BbllenaymaHus coctaBaawot (14—
3,8)-10710- r/cm?.cyT pns esponusa u (1,1- 4,0) 10710 r/cm2-cyT pnsa ypaHa (tabn. 5).

MonyyeHHble AaHHblE NO3BONAIOT CAENATb BbIBOA O BbICOKOW YCTOMYMBOCTU €BPO-
MUIA- 1 ypaHCOAEPKALMUX TUTAHOCUNUKATHBIX CTEKON.

Tabnuua 5

CKOpOCTH Bbllje/lauyHBaHUS €BPOMNMUS U ypaHa
W3 TUTAHOCHJIMKATHBIX CTEKOJ

1 [ 2] 3] 4] 5]
Eu U
CKopoCTb BbllLenaymnBaHus ricm2.cyt -1010 3,8 ‘ 3,6 ‘ 14 11 ‘ 4,0 ‘ 25

Ne obpasua

BbiBOAbI

1. PaspaboTaHbl COCTaBbl TUTAHOCUIMKATHBIX CTEKON C COAEPXAHUEM OKCUAOB ypa-
Ha unu esponus 3 macc.%, B CTPYKTYpe KOTOpbIX 06Pa3ylTCs accouuaTUBHble rpyn-
MUPOBKM NO TUNY NPUPOAHLIX MUHEPanoB — pecHouTa 1 NepoBCKUTA, NPOYHO YAep-
KuBatowmx f-anemeHTbl. 3HaYE€HUA PaBHOBECHbIX CKOPOCTEN BblleNnaynBaHNUA COCTaB-
nawT (1,4-3,8)-10710- r/cm?-cyT pns esponus u (1,1-4,0)-1071%r/cm2-cyT ans ypaHa.

2. OueHKa OJHOPOAHOCTU pacrnpefeneHus eBponus W ypaHa B 06beme pacnnaea Ha
CTafuu BapKu CTeKNa Npu OTCYTCTBUM NPUHYAWUTENBHOTO NepemMelnBaHus nokasana,
4TO €BPOMNMIA PaBHOMEPHO pacnpefensercs no obbemy, B TO BpeMa Kak Afs ypaHa Ha-
6nopaeTcs oboraleHe HUXKHUX CNOEB pacniaBa.

3. MoKasaHo, 4To B CTeKNax eBponuii HaxoauTcs B cocTosHuu Eu3t, a ypan — US*.

4. CuHTe3MpOBaHHble CTekna 061afaloT [JOCTAaTOYHO BbICOKOW YCTOMYMBOCTLIO K pac-
CTEKNOBbIBaHUIO, T.K. Habnoaaemble Ha Kpuebix [TA 3k3oTepmuyeckue 3ddekTs Kpuc-
TannM3aLnmu pacnonoxeHsl B 061actu BbICOKMX Temnepatyp 700-800°C.
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ABSTRACTS OF THE PAPERS

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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fresnoite and perovskite, chemical durability of produced glasses was very high level, since
equilibrium leach rate of Eu was 3-107° g/m?day and of U was 4-10"° g/m?day.

VOK 546.212:541.12.012.3+534-14

Use of Generation of Acoustic Vibrations in Chemical Reaction and Properties of the Bubble Medium in Liquid to
Reveal through Defects in Claddings of Slugs with Sodium \ Titarenko N.N., Dvornikov P.A., Kovtun S.N., Polionov
V.P.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 8 pages, 5 illustrations. — References, 23 titles.

An opportunity to use the acoustic emission method to control micro-defects in the equipment
is considered. In particular, for the first time it is shown experimentally that while sodium is interacting
with water, the acoustic emission parameters are determined by the size of the interacting area for
reacting components of the reaction. It is assumed that the major source of acoustic emission in the
reaction of sodium interacting with water is generation of acoustic vibrations caused by phase
transitions of sodium hydroxide. The obtained data make it possible to design a high-efficient
system to control through defects in claddings of slugs with sodium.

V1K 621.039.534

The Investigation of the Acoustic Level Limit Switch of Coolant in the Integrated Stand of the KV-2 \ V.I. Melnikov,
V.V Ivanov, Yu.A. Kiselev, A.A. Kiselev, K.M. Miriasov; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013.
5 pages, 3 illustrations. — References, 4 titles.

The results of the level switch based on 24 point acoustic probes which monitored process into
the testing integrated unit KV-2 three-year operation was generalized. It has been estimated that
the developed level switch worked satisfactorily. They make possible monitoring the thermohydraulic
processes associated with vapor phase formation died to the increase of liquid level and steam
condensation into reactor.

VYK 004.42.001.5
Coolant Forecasting of Nuclear Reactors \ Malovik K.N., Nikishin V.V.; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) —
Obnibsk, 2013. 6 pages, 7 illustrations. — References, 15 titles.

The article considers analytic forecasting of coolant and its limit condition. Shown experimental
data of physical modeling of volumetric steam content via improvement of machine vision system.
Proposed using theory of dynamic trends for coolant forecasting of nuclear reactor.

VK 621.039.517

Technique and Software to Calculate Temperature Field in the System of Layered Cylindrical Fuel Elements \ Starkov
V.A., Marikhin N.Yu.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 9 pages, 2 tables, 4 illustrations. —
References, 5 titles.

A technique has been proposed and thermal conductivity problem has been solved analytically for the
system of layered cylindrical fuel elements. Based on the results, an algorithm and FORTRAN software for the
thermo—hydraulic calculation of a channel (THCC) have been developed to calculate the temperature field
and thermal flux density in a fuel assembly with layered cylindrical fuel elements. The software also provides
the calculation of the surface boiling onset temperatures on the fuel elements, critical fluxes and corresponding
thermotechnical margins. Two coolant circulation schemes are provided for a fuel assembly: straight flow
and Field tube. The results of the THCC calculations were compared with the analogous ones. A correlation
between the calculation results is shown as well as the advantages of the THCC software performance.

YIK 519.6:621.039.5
The Overimplicit Scheme of Incomplete Factorization Method for Solving the Three—-dimensional Diference Equations
of Elliptic Type \ N.M. Troyanova, V.P. Ginkin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 8 pages,
1 tables, 4 illustrations. — References, 8 titles.

The over—implicit scheme of the incomplete factorization method (IFM) is proposed for solving the
systems of linear algebraic equations that approximate the equations for neutron transport in the multigroup
diffusion approximation, and the variant of combined IFM schemes is proposed, in which the peripheral
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