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UccnepoBano BauaHme TeMIepaTypsl Ha BpEMA OTKIMKA U BEIUUUHY U3MeHe-
HUA 371eKTPUUECKOTI'0 COTPOTUBIEHUA YYBCTBUTENbHOIO 3/1eMeHTa KOHLYKTO-
METPUYECKOTO IaTuuKa BOZOpona Ha ocHoBe crinasa Pd-Ag 20% macc. B fiva-
masoHe Temieparyp oT 180 no 310°C. YcraHosneHa GyHKIMOHANbHAA 3aBUCK-
MOCTb U3MEHEHUA 3NIEKTPUYECKOTO COIIPOTUBIIEHWUA YYBCTBUTENLHOTO 3J1EMEHTA
OT KOHLIEHTPAL MU BOLOPOZA B Ta30BOW Cpefie ITPU PasNNyHLIX TeMIIEPATypPax.

KnioueBble cnoBa: YyBCTBUTENbHbIN 31€MEHT, KOHAYKTOMETPUYECKUI AAaTYUK BOJOPOAA,
ALlEPHAN IHEpPreTUYECcKas YCTAaHOBKA, TAXKENbIN KUAKOMETANNUYECKUIA TENNOHOCUTENb, CUC-
TeMa KOHTPONIA cofepxKaHua BOLOPOAA
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BBEAEHME

B HacTosuee Bpems B Poccuiickoii ®egepaunm pa3pabartbiBaloTca HOBbIE AflepHbIE
3HepreTUyeckme yctaHoBkm (S13Y), B KOTOPbIX B KAaYeCTBe TENNOHOCUTENEN MCMOb3YIOTCA
pa3NnyHbIe XMAKNE MeTaNbl U CNaaBbl — HaTpuUii B peaktopax bH-800 n bH-1200, Ta-
Xenble ugkometannauyeckue tennonocutenu (THMT) Ha ocHOBe CBMHLA B peakTopax
BPECT 0[1-300 n CBBP-100. MpumeHutenbHo k 3Tum A3Y paspabaTbiBatoTca cpefcTBa
KOHTPOJIA BOJOPOAA B ra3oBbix cpegax. [Ana A3Y c HaTpueBbiM TennoHOCUTENEM NPUME-
HEHWe CUCTEM KOHTPONIA BOLOPOJA CBA3AHO C pelleHnemM npobnembl 6€30nacHOCTH npu
nosiBNeHUN Teun naporeHeparopa. [na A3Y ¢ TaxenbiM XKugKomeTanIMyecknum TennoHo-
cuTenem HeobXoLMMOCTb KOHTPOJA BOAOPOAA CBA3aHA He TOJIbKO C BO3MOXHbIMU Teya-
MU NaporeHepaTopoB, HO U C NPOBEAEeHUEM TEXHONOTMYECKUX MEPOTPUATUI MO OYUCTKE
TENNOHOCUTENA NEPBOro KOHTYpa C UCMOb30BaHUEM BOJOPOAA. B 3aBucumocTy ot Buaa
TennoHocuTena A3Y Kk cuctemam KOHTPOAA BOLOPOAA MOTYT NPeAbABAATLCA Pa3inyHble
TpeboBaHMUsA NO YyBCTBUTENLHOCTU U ObICTPOAENCTBUIO. Hanpumep, AN cMCTeM KOHTpO-
ns BOAOPOAa B 13Y ¢ HaTpMUEBLIM TEMIOHOCUTENEM HaubONee BaXHbIM NapaMeTpoM siB-
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naetcs 6bicTpoaeinctemne, a B A3Y ¢ THKMT — yyBCTBUTENLHOCTD.

B MHL, P®-®3W npoBoaaTcsa nccnefoBaHNA No NPUMEHEHUIO YYBCTBUTENbHbIX INEMeH-
TOB CENeKTUBHbIX MO BOAOPOAY, M3rOTOBNEHHBIX U3 NaNiagua u nannagnesbix CNaaBos,
NPUHLMN AeliCTBUA KOTOPbIX OCHOBAH HA CBOMCTBE Mannafus npu BbICOKMX TeMMNepaTy-
pax o6paTMo nornoLwaTe BOAOPOA U3 OKPYKatoLLEel ra3oBoil cpefbl U U3MEHATb NPU 3TOM
CBOE 31eKTpUyeckoe conpoTusneHue [1-6]. MornoweHne BofOpOAa NANNAZUEM UK €rO
cnnaBamu ABIAETCA COXHbBIM MPOLECCOM C BO3MOXHOCTbIO 06pa3oBanus o- u B-¢das
TBEPAOr0 PacTBOPA C rPaHeLLeHTPUPOBAHHOM KyOUYECKOW KPUCTANINYECKON CTPYKTYPOIA,
pasnuyaloLnMxca nepuoaamu KpuctTananyeckoin pewetku. 06pasosarune ayx has npu
pacTBOpeHUM BOLOPOAA B Naniaguu 3Ha4MTENbHO CHUXKAET Takue 3IKCnayaTaLuoHHble
XapaKTEPUCTUKM KaK BPEMA OTKJIMKA U JONTOBEYHOCTb.

JlernpoBaHwe nannagumsa aneMeHTaMu NepBoi rpynmnbl OKa3blBaeT 3HAYUTENbHOE BAUAHME HA
CBOIACTBA cMCTEMBI. TaK Npy NerMpoBaHnUM nNannagmns cepebpom CKIOHHOCTb €ro K 06pa3oBaHmio
[3 -hasbl ymeHbLIAETCS, MPY 3TOM YMEHBLUAETCS U PACTBOPUMOCTL BOLOPOAA B METAIIE.

CornacHo pesynbTatam uccnefoBamii [7, 8] cnnas Pd-Ag c copepkaHuem cepebpa
10 40% macc. npu B3aUMOoAeiCTBUN C BOLOPOAOM NPU HOPMANbHOM AaBNeHUN He 06pa-
3yeT B-da3y. N3meHeHMe cOOTHOWEHUA KOMNOHeHTOB cnnasa Pd-Ag npuBogut K u3me-
HEHUIO NOTNOoLLeHNs BOLOPOAA B WMpOoKux npegenax. C poctom TemnepaTtypbl COrNAcHoO
pabote [4] pacTBOPMMOCTb BOLOPOAA YMEHbLIAETCS, YTO BELET, B CBOK 0Yepefb, K YMeHb-
WEHWNI0 U3MEHEHUA CONPOTUBIIEHUSA, U COOTBETCTBEHHO, NoTepe YyBcTBUTENLHOCTU. KO-
3t duumenTs anddy3un Bogopoaa, Hao6opoT, BO3PaCTaloT C POCTOM TEMNEPATYPbI, YTO
NPUBOAUT K YMeHblEeHWI0 MHepuuoHHocTU. Cnnaebl Pd-Ag ¢ cofepxaHuem cepebpa 15
1 20% macc. ABAATCA Hanbonee ONTUMANbHLIMU ANA U3MEPEHUSA KOHLEHTPALMK BOAO-
popa ot 0 o 100% 06. CornacHo [2] 3neKTpOCONpOTUBIEHE NPOBOJIOKM U3 CNaBa
Pd-Ag(20) c yBennyeHnem cogepxaHus BoJopoaa B razoBoit atmocdepe ot 0 1o 48% 06.
MOXeT BO3pacTaTb NpaKTUYECKM NUHeltHO. o pe3ynbTatam UccnefoBaHun [4] anekT-
poconpoTtuBneHue nposonoku Pd-Ag(20) npu BapbUpoBaHMM KOHLEHTPaLMK BOAOPOAA
B AnanasoHe ot 0 o 100% pna temnepatypbl 250°C n3MeHAETCA COrnacHoO 3aBUCUMMO-
¢t AR = k(C(H2))"2, rae C(H,) — napumnanbHoe faBneHme BOAOPOAA B OKPYKAIOWEM rase
Npy HOPMaNbHbLIX YCNOBUAX, K — KO3 ULMEHT NPONOPLUOHANLHOCTU. ITU pe3ynbTaThl
fIBHO NPOTMBOPEYAT pe3ynbTatam pabotsl [2].

Beuay HefocTaTka U NPOTUBOPEYMBOCTY CYLLECTBYIOLWMX IKCNEPUMEHTANBHBIX JAHHBIX
Lenblo paboThl ABNAETCA UCCNEf0BAHNE BAUAHUA TEMNEPATypbl HA 3KCNyaTauMOHHble
XapaKTepPUCTUKM KOHAYKTOMETPUYECKOro YyBCTBUTENbHOTO 3N1eMeHTa AaTynKa BOLOPO-
Aa Ha ocHoBe cnnasa Pd-Ag(20).

9KCNEPUMEHTAJIbHAA YACTb

JKCNepUMeHTbI MPOBOAMANCH HA UCMbITATENILHOM CTEHAE, CXEMA KOTOPOro U3obpaxe-
Ha Ha puc. 1, no3BonstoleM Co3aBaTh B 00beMe HarpeBaTebHON KaMepbl perynupye-
Mylo Temnepatypy B AuanasoHe 25 — 700°C u ra3oBoii cpefbl C 3aJaHHON KOHLEHTpaLu-
el KomnoHeHToB Hp u Ar (nnu Ny).

Ha Bxop HarpeBaTenbHOM Kamepbl, B KOTOPOi NpU onpeaeseHHo Temnepatype Ha-
XOLUNCA LAaTYMK C paCCMaTPUBAEMbIM YyBCTBUTENbHBIM 31EMEHTOM, MOaBanach ra3oBas
cmecb Ar-H, ¢ pacxogom 5-10 ni/MUH € onpefeneHHbIM COfepX)aHueM Bogopoaa. Ha yys-
CTBUTENbHBI 31€MeHT B BUAe NpoBonoku Anametpom 0,15 mm 3 cnnasa Pd-Ag(20) c
YEeTbIpbMS MPUBAPEHHbLIMU 3IEKTPOKOHTAKTaMu nogasancs Tok 20 MA oT cTabunnsupo-
BAHHOrO WCTOYHWUKA MUTAHWUA. INEKTPOCOMPOTUBAEHNE U3MEPANOCh MyNbTUMETPOM
«FLUKE». Temnepatypa 4yBCTBMTENLHOrO 3/IeMEHTA B HarpeBaTe/ibHOWM Kamepe nojaep-
XumBanacb ¢ ToyHocTtbio 0,1°C npu nomowm perynatopa temnepatypsl « TEPMOOAT».
M3mepeHune conpoTMBAEHUSA NPOBOAMNOCH C TOYHOCTbIO +0,02 Om.
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Puc. 1. CTpyKTypHas cxema ucnbiTaTeNbHoro cteHpa: 1 — patumk; 2 — pabouas eMKoCTb; 3 — Tepmonpeobpasosatenu;
4 — N3MepuTenbHas cUCTeMa; 5 — MaHOBAaKYyMMeTpbl; 6 — NpefoXpaHuTeNbHbIl KnanaH; 7 — copoc B atmochepy;
8 — Harpesartenb; 9 — ra3osas IMHUA K BaKyyMHOMy Hacocy; 10 — seHTunu; 11 — pacxofomepsl; 12 — ra3osbiit peyKTop;
13 — 6annoHebl ¢ ra3om (BOAOPOA, aproH, a3oT, NOBEPOYHAA ra30Bas CMeCb)

PE3YJ/IbTATbl U OBCYKAEHMUE

JKcnepuMeHTanbHble pe3yabTaThl U3MEHEHUA 3AeKTPoCconpoTUBAeHUa AR YyBCTBU-
TeNbHOro 3nemMeHTa npu Temnepatypax ot 180 fo 310°C B 3aBUCMMOCTU OT KOHLLEHTpa-
uuu Bogopona C(Hp) nokasaHbl Ha pucC. 2. IKCNepUMeHTaNbHbIe TOYKN annpoKCUMUPO-
BaNNCb METOIOM HAaMMEHbIINX KBAAPATOB AN cTeneHHol dyHkumn AR = a(C(H,))P.
lecTb rpacpnKoB, COOTBETCTBYIOLMX WECTU 3HAYEHUAM TeMnepaTypbl, NOKa3blBaLOT pe-
3yNbTaThl 3TOW annNpoKCMMaL UK.

[Ins nccnefoBaHua 3aBUCMMOCTY YyBCTBUTENbHOCTY AaTyMKa OT TEMNepaTypbl aHa-
nu3nposanack NUHeiiHas GyHkuusa Buga (AR)? = k(C(H,))+c, roe k — nponopuuoHanb-
HbI YyBCTBUTENBHOCTU KO3 duumeHT (puc. 3).

YucneHHble 3HaYeHMA K03 ULMEHTOB b 1 k, noNyYeHHble NpY annpoKcumaumax AR
n (AR)? cTeneHHoi 1 NUHENHON QYHKLMUAMK, NpeacTaBieHsl B Tabn. 1.

N3 puc. 2 BURHO, 4TO 3KCNEpPUMEHTANbHbIE TOYKWU U3MEHEHMA CONPOTUBAEHNA B 3a-
BMCMMOCTM OT KOHLeHTpaLuum Bogopoaa AR(C(H;)) ana Bcero suana3oHa temnepatyp
LOCTaTOYHO XOPOLUO OMUCHIBAIOTCA CTENEHHOR 3aBUCUMOCTbIO, MPUYEM NPU KHU3KUXY» TEM-
nepatypax cTeneHHas hyHKUMA NpubanKaeTcs K NUHeiiHoit. C pocToM TeMnepaTypsl 0T
180 o 310°C BennymHa cteneHHoro koadduumneHTa b nagaet ot 3HayeHus 0,75 o 0,44
(cm. Tabn. 1). B TemnepatypHom nHTepBane ot 250 fo 300°C cteneHHoit Ko3dduumeHT
npubnukaercs k 1/2.

Takum 06pa3oM, NosyyeHHble IKCNePUMEHTAIbHbIE JaHHbIe CHUMAIOT MPOTUBOPEYUS
BuAaa 3asucumoctn AR(C(H,)) ansa cnnasa Pd-Ag(20) no pe3synbTtatam pabot [2] u [4],
NOCKOMIbKY 3KCNepUMEHTaNbHbIe UCCe0BAHNUA B 3TUX paboTax NpoOBOAMNNCH B pa3iny-
HbIX 3KCNEPUMEHTANbHbIX YCNOBUAX.

Haunbonee cunbHoe nameHeHue anektpoconpotusierus Pd-Ag(20) npoBonoku yys-
CTBUTENbHOTO 3/IeMeHTa NpU B3aMMOLENCTBUM C BOJOPOLOM MPOUCXOAUT NPU CaMOI
HU3KO aKkcnepumeHTanbHoit Temnepatype (7= 180°C). C yBenuyeHnem Temnepatypbl
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M3MEHEeHWe 3NeKTPOCONPOTUBAEHNS YMEHbILAETCA, YTO XapaKTepU3yeTCs YMeHblIeHUEM
Yr10BOro Ko3dduumeHTta k inHeliHoi dyHKLMM npumepHo B 15 pa3 ot 1,05 npu 180°C
£0 0,071 npu 310°C. MpepnctaBneHHas Ha puc. 3 annpokcumauus (AR)?(C(Hp)) nuueir-
HoW dyHKumen npu Temnepatypax 180, 250 n 270°C HarnagHO NOKa3biBaeT Xopoliee
kavectBo npu 250 n 270°C n HeyposneTBoputensHoe npu 180°C.
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Puc. 2. CreneHHas annpoKcnumaumna U3MeHeHUa 31eKTPoCoNpoTUBAEHUA YYBCTBUTENIbHOIO 3N1e€MeHTa NpU pasanyHbIX
TemnepaTtypax B 3aBUCUMOCTU OT KOHLEHTpaLuu BOLOPOAA B rasosoit cmecu Ar-H,
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Puc. 3. JIuHeitHas annpokcumauns KBagpaTta U3MeHeHUs 3J1eKTPOCONPOTUBIEHNA YYBCTBUTENbHOIO 3NemMeHTa npu 180,
250 1 270°C B 3aBMCMMOCTH OT KOHLEHTpPaLUuM BOAOPOAa B ra3oBoit cmecu Ar-H,

[na oueHKN MHEepPLUMOHHOCTH YYBCTBUTENLHOIO 3IEMEHTA A1A PA3fIMYHbIX TeMne-
paTyp B peakLMOHHYI0 EMKOCTb NOJaBanach razoBas CMecCh C COAEPKAHNEM BOJOPOAA
1% 06. M perncTpupoBanoCh BPEMA AOCTUHKEHNA MAKCUMaNbHOTO U3MEHEHUS IEKT-
poconpoTtuBneHns AR cooTBeTCTBylOLWEN AAHHON KOHUeHTpauuu sBogopoaa. Kak
BUAHO U3 PUC. 4, UHEPLUUOHHOCTb YYBCTBUTENLHOIO 3/1IEMEHTA fJaT4MKa CUIbHO 3a-
BUCUT OT ero paboyeit TemnepaTtypbl.

YpoBeHb 90% AR oT makcumanbHoro npu 160°C gocTuraerca npumMepHoO 3a CEMb MU-
HyT, npu 250°C — 3a gBe MUHYThI, @ npu 310°C — 33 HECKONBKO CeKyHA. 3HavyeHune AR
npu nojaye rasoBoii cmeck ¢ cogepxanuem Hy 1% 06. ymeHblwaeTcs npuMepHoO B ABa
pazac0,50m npu T=160°C no ~0,25 Om npu T=310°C.
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Puc. 4. N3meHeHne conpoTuBNeHMs YyBCTBUTENLHOIO 3N1€MeHTa OT BpeMeHu B ra3oBoit cmecu Ar-H, ¢ copepxaHuem
B0A0poaa 1% 06. npu pasnuyHbIX TeEMNepaTypax

Tabnuua 1
PesyabTatbl annpokcumauuu AR u (AR)2
CTEeNneHHOW U NUHEeHHON PYHKLUAMMU

Ne Temn: cF;’ anvpa, nonyl?ec:-lk:s:ﬁ.ri:: ;;i:i;l:::]:nauuu nonyquI:zlai'? rﬁ:u:::;oﬁcnmauun
AR cTeneHHoW ¢hyHKuUWeN (AR)? nuHeiHoM chyHKLMei

1 180 0,75+0,05 1,05£0,07

2 200 0,67+0,02 0,48+0,02

3 220 0,60+0,01 0,28+0,01

4 250 0,57+0,01 0,164+0,002

5 270 0,56+0,01 0,126+0,002

6 310 0,44+0,03 0,071+£0,003

3AKJ/IIOYEHME

MNpoBefeHHbIe MCCNef0BaHMA MOKA3anK, 4TO TeMnepaTypa CyLLEeCTBEHHO BMAET Ha Bpe-
M OTKJMKA U BENIMYMHY U3MEHEHUA COMPOTUBEHUA YyBCTBUTENILHOTO 3/1EMEHTA KOHAYKTO-
MeTpUYECKOro AaTyMKa BOJOPOAA Ha ocHoBe cnnasa Pd-Ag(20). YcraHoBneHo, 4To 3aBucu-
MOCTb AR OT KOHUeHTpauum H, Hamnyywmum 06pa3om annpoKCMMUPYETCS CTeNEHHO (yHK-
et BO BCeM AMana3oHe KOHLEHTpaumu Bogoposa (0-100% 06.). CteneHHol ko3adduum-
€HT b MOHOTOHHO YMEHbLIAETCs C POCTOM TemnepaTypsl. [ToBbIlWeHWe paboyeit TemnepaTypsl
YYBCTBUTENLHOTO 3leMEHTa KOHAYKTOMETPUYECKOro AaT4MKa Bofoposia 13 cnnaea Pd-Ag(20)
NPUBOAMT K NOBbILEHUIO ObICTPOAENCTBUS U YMEHBLIEHWIO YYBCTBUTENLHOCTU. ToNyyYeHHble
3KCNEepUMEHTaNbHbIE JaHHbIE CBUIETENLCTBYIOT O BO3MOXHOCTH UCNONb30BAHMA AATHNKOB
Takoro Tuna B paspabatbiBaembix 13Y HOBOro nokoneHus.

Pa6oTa BbinosHeHa npu nopaepixke MMHMCTEpCTBA HayKK U 06pa3oBaHua Poccwmii-
ckoit Pepepauun (FK N2 16.526.12.6008)
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oxygenated electrolyte with different measuring electrodes and reference electrodes. Experimental
results prove the possibility of applying of the gas phase electrochemical oxygen sensor with a
solid oxygenated electrolyte for control the content of hydrogen in gas phase of loop of reactors
with heavy liquid metal coolants.

VYAK 53.082.731:543.272.2

The study of temperature influence on the performance of conductometric hydrogen sensor element
based on Pd-Ag alloy \ Skomorokhov A.N., Shelemet'ev V.M., Askhadulin R.Sh., Storozhenko A.N.,
Skomorokhova S.N., Sitnikov I.V.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013.
- 8 pages, 1 table, 4 illustrations. — References, 4 titles.

Temperature influence on such characteristics of the conductometric hydrogen sensor
elements response time and magnitude of variation of the electric resistance in the
temperature range from 180 up to 310°C has been investigated. Type of functional
dependence of variation of the electric resistance in dependence from hydrogen concentration
at various temperatures was determined.

YK 621.039.548

The methodical features of structural investigations for sodium cooling pins \ Kinyov E.A., Tsygvintsev
V.A., Barybin A.V.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. - 10 pages,
1 table, 6 illustrations. — References, 3 titles.

The specificity of rupture pin defect and gas flow pin defect are examined. It is complicated
to identify the first type of defects about its feature: initial or secondary. It is hard to localize
the other flow defect. Depth analysis is demanded of the complex investigation including
the defect modeling results. Article data illustrates the urgent need of waterless technology
is one must during preparation of faulty pins for post reactor investigations.

V1K 621.039.53
Analysis of approaches to the simulations of the processes of radioactive deposits formations on the
contour’s walls of the fast sodium reactors \ Korsun A.S., Kharitonov V.S., Filippov M.F.; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. — 5 pages. — References, 7 titles.

The paper presents analysis of approaches to the simulations of the processes of
radioactive deposits formations on the contour’s walls of the fast sodium reactors.

V1K 621.039.526.034

Design substantiation of electricity-heated reactor model construction with supercritical parameters | Avdeev
E.F., Chusov I.A., Shelegov A.S., Ukraintsev V.F., Titov D.M., Ragulin S.V.; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power
Engineering) — Obninsk, 2013. — 9 pages, 4 tables, 3 illustrations. — References, 11 titles.

The paper presents the Russian concept of electrically heated supercritical reactor model.
Coolant with such parameters can enhance efficiency of facility to 45-49%. Russian concept
of new generation NPP’s based on supercritical parameters of coolant not limited only reactor
facility. The development of new electricity generating facility based on Brayton cycle with
recuperative heat exchangers is considered. Basic concept of reactor facility model is based
on transition possibility between one-way and two-way core models by minimal change in
reactor core model design. Reactor facility model has been developed with geometry distortion
with scale factor (full scale reactor/reactor model) 1:5. In this paper the main requirements
has been formulated for design of reactor model. Design justification of reactor model based
on energy equation for coolant flow and closure equations for cell and assembly model flow
rates. In the energy equation included the heat part generated by the friction and loses on
acceleration. The original system of equations was performed by iteration. Calculations were
performed for three types of media: water, carbon dioxide and Freon-134. Estimation results
of thermal-hydraulic characteristics for supercritical reactor model shows that parameter of
water, carbon dioxide and Freon-134 achieved on 31 MWt, 3,9 MWt and 4,0 MWt respectively.
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