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B3AMMOJIEMCTBUE YIJIEPOJIA C BEPUJIJIMEM
N EI'O BOSMOXHBIE IIOCJEJACTBUA

b.H. Konbacoe (Mucmumym puzuxu moxamarxos, HUL] « Kypuamoscxuii uncmumympy, Mocksa, Poccus),
M. A. Jlasvioos, O.B. Xononosa (BHUUHM um. A.A. Bousapa, Mockea, Poccus)
IIpu pabote MexxayHapOAHOTO TEPMOSAECPHOTO SKCIepUMeHTanbHOro peaktopa UTOP B pesynbrare B3anMOIeHCTBHS IIa3MBI € TIEPBOM
CTeHKOU OyneT 0Opa3oBHIBATHECS OepHILIMEBas MbUIb, KOTOpas OyAeT MHIPUPOBATh B AUBEPTOP M OCENAaTh HA YIJIEPOJHBIX JIEMEHTAX
BHYTpEHHE# cTOpoHBI AuBepTopa. M3Mepenus Ha Tokamake JET mokasanu, uro aroMHoe oTHoleHne Be/C B i€HKax, nepeocaxI8HHbIX
Ha 3TH IUIACTHHBI, HHOTAA NpeBblmaer 3. OOpa3oBaHUe TaKHX OEpHIUINEBO-YIICPOIHBIX IIEHOK MOXKET YMEHBIIHTE XUMHIECKYIO 9pO-
3UI0 YIVIEPOJHBIX JIEMEHTOB JJUBEPTOPA U yACP)KaHUE TPUTHS HPH €r0 COOCAXICHHHU ¢ 00pasyoIelcs yriepoIHol nbuibio. [Ipu Tem-
nieparype 6oee 900 K Bo3mMoxHO 0OpazoBaHme KapOuaa GepuinIns, 9TO YpeBaTO 3aMETHBIM YBEJIIMUCHHEM TEPMUYECKOTO COIPOTHUBIIE-
HMS 00paIEHHBIX K IUIa3Me 3JIEMEHTOB AUBEPTOPA M BO3MOKHOCTBIO 00pa30BaHHUs METaHA U alleTUIICHA IPH HEKOTOPBIX aBapHsX.

KuroueBble ciioBa: Oepuimid, yriaepos, kapOoun Oeprinins, OKuciIeHne, 00pa3oBaHre BOAOPOIA.

CARBON — BERYLLIUM INTERACTION AND ITS POSSIBLE CONSEQUENCES. B.N. KOLBASOV, D.A. DAVYDOV,
O.V. KHOLOPOVA. Beryllium dust will be formed during operation of the International Thermonuclear Experimental Reactor (ITER),
resulting from the interaction of plasma with the first wall. This dust will migrate into divertor and deposit on carbon tiles of inner divertor
side. Measurements in JET revealed that atomic ratio Be/C in the films re-deposited on these tiles exceeds 3. Formation of such Be—C-films
can decrease chemical erosion of carbon tiles and tritium retention at its co-deposition with carbon dust. At temperature above 900 K for-
mation of beryllium carbide is possible. It leads to the increase of thermal resistance of plasma facing elements and to the possibility of me-
thane and acetylene formation at some accidents.

Key words: beryllium, carbon, beryllium carbide, oxidation, hydrogen formation.

BBEJIEHUE

[Ipu pabote coopykaeMoro MexIyHapOIHOTO TEPMOSIEPHOTO dKCIIEpUMEHTANBHOTO peakTopa UTOP B
pe3yabTaTe B3aMMOJICHCTBUS TTIa3MBbl C IEPBO CTEHKON OyIeT oOpa3oBhIBaThCS OepuiuTieBas buib. PacuérHas
MUKOBasi CKOPOCTh 3PO3UU OEPHILTUEBOTO 3AIUTHOTO MOKPHITUS TIepBOl cTeHKH Tokamaka MTOP cocrammser
55 mxwm/4 [1, 2]. Kak moka3zanu onbiTel B TOKamake JET, GepuiuineBasi IbUtb OyJIeT MUTPUPOBATH B TUBEPTOP H
OCsJIeT Ha YIIIEPOJHBIX TUIACTHHAX BHYTPEHHEW CTOpOHHI AuBepTopa [3]. PesynbraTrom 3TOro MoxeT ObITh U3-
MEHEHHE 3PO3UOHHBIX XapaKTEPUCTUK YTIIEPOAHBIX IUIACTHH M, KaK CJIEACTBHE, N3MEHEHUE y/epyKaHUs TPUTHUS
B pa3psIHON KaMepe TOKaMaka, a TakXKe yXYJIIeHHe TeMJI00TBO/Ia OT TOBEPXHOCTH TUIACTHH, KOHTAKTUPYIOIIEeH
C IJIa3MOM, B TCINIOHOCUTEIb.

[Ipu HEKOTOPHIX aBapusIX C MPOPHIBOM OXJIAXKIAIOIIEH BOJBI B pa3psaHyI0 KaMepy MOXKeT 00pa3oBaThCs
B3pBIBOONACHBIN BOAOPO. st IpeoTBpallieHus B3pbiBa IpeMydeil CMECH ¥ HaKOIMBIEHCS 32 BpeMst paboTh
peaxkTopa MbLTH, HACBIIIEHHOW TPUTUEM U JCHTEPHEM, U HEJIOMYCTUMOTO BEIOPOCA PaIUOAKTHBHOCTH YCTaHOB-
JIeHbl aJMUHUCTPATUBHBIE MPEJIEIIbl IO HAKOIUIEHHUIO MPOoAyKToB 3po3uu (1 T) u Tputus (880 r) B BaKkyyMHOM
kopryce (BK) UTOP, a takxe no gomyctuMoMy o0pa3oBaHHIO BOAOPOAa MpH aBapuu (2,5 Kr), ¢ y4ETOM TOTO,
yTo 110 1,5 Kr BOJOpOAa B BAKYyMHOM KOpITyce y)Ke OyZIeT UMeThcs U HOpMallbHOH padoTe [4].

UroObl pa3paboTaTe Mepbl, obecneunBaromue coONI0eHHe yKa3aHHBIX IPeNesioB, HEOOXOIUMO 3HATb
CBOWCTBA MPOAYKTOB 3PO3HUH, 00pa3yIOLINXCS B TOKAMaKax, 3aBUCHMOCTH, ONPEIEISIONIe XUMUIECKOE B3au-
MOJEHCTBHE Pa3HBIX BUAOB MBUIM C MaTepHajaMy KOHTAKTUPYIOIIMX C IJIa3MON 3JIEMEHTOB U MEXIy co0oil, a
TaK)Ke XUMHUECKHE PEaKIUH, OXKUAAEMble MEXKIY MPOAYKTaMH APO3UU U BEIIECTBAMH, KOTOPHIE MOTYT MpO-
PBaThCS B pa3psAHYIO KaMepy MPH aBapusiX.

BEPUJIVIMEBAS IIbIJIb B TOKAMAKE

[loBenenne OeprIIMEBOI MBUIM MCCIENOBAJIOCH B X0A€ NpoBeaéHHOro B 1997 r. neifrepuii-tpuTreBOro
skcnepuMenTa B Tokamake JET [3]. Murpupyromas B AuBepTop OepuilineBas MbUIb B OCHOBHOM OCaXIAeTCs B
BHJIC TUIEHOK TOJIIMHON 5 MKM Ha OOpaméHHBIX K IUIa3Me IMOBEPXHOCTSX TUIACTHH 1—4, pacmoIoKEHHBIX Ha
BHYTpeHHEH cTopoHe auBepTopa Mapk-Il1A (puc. 1). Eciau sHeprus HoHOB B AMBEpTOpPE MeHbIe 5 3B (kak ObI-
q0 B JET), To 31ech Murpaiys OepH/IMEBOM MbUIA MPAKTUYECKH 3aKaHYMBACTCS, TaK KaK (PU3HUUECKOE paciibl-
JICHHE TEepeoCaKAEHHOTO OeprUIvs MPH HU3KOW TemIepaType IIa3Mbl BechMa Majlo, a XHMHYECKOe pac-
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TIBUICHHE OepryutHs BooOITe He mMeeT MecTa. Ilopor
pacnbUieHds Oepuiuiist AEWTPOHAMH, COOTBETCT-
Bytomuii koadduumenty pacmbinenus 10, pasen
2 5B, npaBaa, Ipy HAJIMYUK IPUMECEH OH CHHKACT-
cs no 1 3B [1, 5]. He cimy4aitHO B TOJNCTBIX (OKOJIO
50 MKM) yTJIEBOJIOPOJHBIX XJIOMbBSX, CKOIUBIIUXCS B
3aTeHEHHBIX OT IIa3MBI MECTaxX BHYTPEHHEW YacTh
nuBepropa Tokamaka JET (3a mmactuHamu 3 u 4),
OepuiuneBas MbLIb He OblTa 0OHapyxeHa [3].

9
3 Ds
14_4-%5' 6 7

Puc. 1. Cxema muBepropa Mapk-11A

B Ta6m/1ue MPpUBCACHbI BCJIMYMHBI ATOMHOI'0O OTHOLICHUS Be/C na mmactunax AUBEPTOpA, NMOKa3aHHLIX Ha

puc. 1 [3]. Takas Oomplias BenrmyrHa aTOMHOTO oTHOIIeHus1 Be/C Ha riacTuHax BHYTPEHHEH CTOPOHBI AUBEPTOpPA
oKazajach HEOXKMJAHHOMW, TaK KaK MOTOK MEpeoCakJaroIIerocs yriiepoaa Ha 3Tu miacTuHsl B 10 pa3 Gonblie,
4yeM MoTok Oepuiutusi. OHAKO MPUYHHY TaKkoi BeTrnurHbl Be/C MOXHO TIOHSTD, YUUTHIBAs C1a00€ paclbUICHUE

ATomHoe oTHouIeHUe Be/C Ha muiactunax quBepropa Mapk-11A-JET

o Be/C
HOMep IIJIaCTUHBI Yucno HU3MEPCHUUN [ T ——. CpeﬂHee MaKCHMATEHOG

1 4 0,5 2,5 3.4

2 3 2,25 2,6 31

3 3 1,6 2,0 2,4

4 4 0,2 0,8 13

5 3 0,03 0,05 0,07

6 3 0,04 0,05 0,06

7 5 0,1 0,25 0,4

8 4 0,02 0,04 0,05

9 4 0,03 0,05 0,06

10 4 0,01 0,03 0,04
Oepuiius B IMBEPTOPE U OTHOCUTENILHO OOJIBIIOE XUMH- . o —BITD on
YECKOE PACIBUICHUE IIEpPEOCaXAEHHOro yrieponaa. IIpu KperniéHHam |

AIIEKTPOHHOM Temmeparype 2—3 3B, MIOTHOCTH AIIEKTPO-
HoB (4—8)-10™ M u notoke xeittponoB 6,5-10% M Zct
K03(h(UIIMEHT XUMHYECKOTO PACIBLICHUS YIiIepoia OKa-
3ascs pasHeM 0,5 + 0,3% (puc. 2) [1, 6].

bepuiunii-yrnepoanslie INIEHKH C BBICOKHM COJEp-
KaHWeM OepwiuIns, TepeocakAEHHBIE Ha YTIIEPO/HBIC
3JIEMEHTHI JUBEPTOPA, ITOJDKHBI YMEHBIIUTH 3PO3HUI0 YT-
JepoJia W, ClIeJ0BaTeIbHO, YACPKaHHE TPUTHUS IIPH €ro
COOCaXJCHUU C YTIIEPOJHOU NBUIBIO.

Ortnowenne C/Be B miéHkax Ha MEpBOil CTEHKE TOKa-
Mmaka JET npubmiutensHo B 10 pa3 Goubiiie, 4eM B IIIEH-
Kax Ha ractTuHax 1—3 auBepropa Tokamaka JET [3], T.e.,
MO-BUIVIMOMY, OCKICHHE YIIIEPOAHBIX adpo30iiei Ha Oe-
PWLIHEBBIE TIOBEPXHOCTH TAKKE UMEET MECTO.
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Puc. 2. 3aBucuMocTh KO3()(GHUIHEHTa XUMHIECKOTO pPacIblie-

HUs Yriaepoja OT IOTOKa ACUTPOHOB: ¢ — HOHHBIE Iy4dKH, ['ap-

xunr; @ — PSI-1; o — JT-60U, . qusepropa; m — Tore Supra,

1999; 71 — Tore Supra, 2002; ~ — TEXTOR; ¢ — PISCES; v —
JET, 2001

B3AMMO/IEVICTBHME YIJIEPOJIA C BEPUJLJINEM

VYriepoa u 6epuiiuii COBMeCTUMBI TONIBKO 110 Temreparypbl 900—1000 K. [Ipu Gonee BbiCOKOH TeMIiepa-
Type MeXy HUMH HaYMHAETCs XUMUYecKas peakius ¢ odpazoBaHneM kapouaa Oepums [7]:

2Be +C = BeZC.

)

C yrieposoM B3auMoJeHcTBYeT Takxke okcu Oepuiuust BeO.
OnbITEl MO M3YYEHUIO XUMHUYECKOTO B3aUMOACUCTBHS MOPOIIKOB OEPHIUINS C YIIIEPOAHO-BOJIOKHUCTHIM

KOMITO3UTOM IIOKa3aJii, 4YTO JUMUTHUPYIOIIUM MCXAaHU3MOM HAaHHOTO IIpOHeCCa ABJISACTCA I[I/I(l)(l)y3I/I$I aTOMOB

OepwuTus yepes cioi kapouzaa.
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Kapbuna 6epriins — mopucThlid Matepran. Ero TemnonpoBOJHOCTh 3HAYUTENLHO MEHBIIIE TEIIONPOBO/I-
HOCTH OepmiuHst U yriepoaHbix MatepuanoB. [Ipu ysenuuennn temreparypsl oT 300 no 900 K TemnomnpoBoa-
HOCTH Oepryunst cHrkaetes oT 183 go 106 Bt/(m-K), remmmonpoBoanocts rpadura — ot 114 mo 60 B/(M-K), a
TETIOPOBOAHOCTE Kapouma 6eprmmis — ot 32 no 18 B1/(m-K) [8]. OnanM u3 ciexcTBuii 00pa3oBaHUs CIOS
kapOuia OepylIvsl Ha YTIIEpOIHON MOBEPXHOCTH BIIEMEHTOB JIMBEPTOPA MOXKET OBITh CYIIECTBCHHOE YBEIIUYC-
HHUE TeMIIEPaTYPHOTO Tiepenana Mexay oOpamEHHON K MIa3Me MOBEPXHOCTHIO H TEIUIOHOCHTEIEM, YTO MOXKET
NPUBECTH K 3aMETHOMY YBEIMYCHHIO TEMIIEPATYPhl MOBEPXHOCTH COOTBETCTBYIOIINX 3JIEMEHTOB. DTO CIEAYET
MPUHUMATH BO BHUMAHHUE NP MPOCSKTHPOBAHUMU.

TEOPETUYECKAS OLIEHKA CKOPOCTH B3AUMOJENCTBUS BEPUILINS U YIJIEPOJIA

[Mpupamienne TOMIMHBL ci1ost KapOuna Oepuuins dh B pe3ynbraTe B3anMoACHCTBYS OSPHILIUS C YIIICPOJIOM
MOYET OBITh MIPEACTABICHO B BHJE

dh = admc + bdmg,. (2)

31ech Mc 1 Mg, — MacChl yriaepoja U OepHUTHs COOTBETCTBEHHO, MPUHSBIINE YYaCTUE B PEaKIMu; a u b —
K03 PUILIMECHTHI, TIEPEeBOAIINE KOTUYECTBO MPOPEArnpOBABILETO BEIIECTBA B 3KBUBAJCHTHYIO TOJIIIMHY Kap-
Oona GepuInTHs:

a= (ZABe + AC)/ACP = 5/2p, (3)
b= (ZABe + AC)/ZABep = 5/3p, (4)

rae Age 1 Ac — aTOMHBIE Beca OEpWILIHS U yTiiepojia COOTBETCTBEHHO; p = 1,9 r/cM® — IUIOTHOCT Kapoua
oepwutus [9]. Koaddurment 2 B ypaBaeHusx (3) u (4) yIUTBIBACT CTEXHOMETPHIO MOJIEKYITbI Be,C.

[Ipenmnosnaras, 9To CKOPOCTh pocTa ClIos KapOuaa OepHyuTUs IPH B3aUMOJICHCTBHN OCPHILTHS C YIIIEPOJIOM
orpeaeNseTcs TOIbKo nuddysueit, CKOpoCTh H3MEHEHHsT MacC OEPHILTHS M yIiiepoJa MOKHO TPEICTaBUTh 3a-
BUCHMOCTSMHU

dee/dt = DBeACBe/h; (5)
dme/dt = DeACG/h, (6)

rae Dge u Dc — koo dumments muddysun Gepuinus u yriepoaa B kapouae; ACg, 1 ACc — pa3HOCTh KOH-
IEHTpaIuil OepuLTns U yriiepoa Ha MPOTUBOIIOIOXKHBIX CTOpoHax cios Be,C.
[loncraBuB ypaBuenus (3—o6) B ypaBHeHue (2), pa3eiauB epeMeHHbIE U TPOUHTETPUPOBAB, MOTyYaeM

h2 = Z(aDcACC + bDBeACBe)t. (7)
O603uaunm k = [2(aDcAC: + bDBeACBe)]m, torja ypaBHeHue (7) MOKHO 3alicaTh B BUC
h == k2, ()

W3 ypasuenus (8) ciieayer, 4to 3akoH pocta cjios Be,C B npeanonoxernu o audHy3HoOHHOM Xapakrepe 00-
pa3oBaHuS KapOWaa TPH B3aUMOJIEHCTBIN OEpHILIHS U yIiiepoja sBiseTcs mapadbommaeckuM. Koadunuent K B
ypaBHEHUH (8) MOXKET pacCMaTPHUBATHLCS KaK KOHCTAHTa CKOPOCTH peakinu (1) mpu HEKOTOPO# TeMIieparype.

Tax kak Dge >> D¢ [7], BEIpaXKeHHe s KOHCTAHTBI CKOPOCTH peakiuu K MOKHO 3amucarh B BHue K =
= [2(bDBeACBe)]1/2. VuutsiBasi, uto b = 0,88 cm®/r 1 ACge = 1,84 — 1,13 = 0,71 r/em’, MoJIy4aeM

k=1,12 (Dge)"? cm/c2. (9)

TemmeparypHast 3aBUCHMOCTh Kod(pduimenTa quddy3un oepuiums B kapOuae Oepriuins Oblia moiaydeHa
SKCTPANOJISIIUEH SKCIEpUMEHTANIBHBIX JaHHBIX, TPUBEIEHHBIX B 0030pax [7, 10, 11]:

Dge = (24 = 6)10%exp[(~102400 = 2500)/RT] cm?/c. (10)

Oneprus aktuBanmu quddysun B ypasaenun (10) umeet pazmepHocTs JK/MOIb, COOTBETCTBEHHO ra3oBast
nocrostaHas R = 8,31 J[x/(mounb-K); T — abGcomoTHas Temiieparypa.
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TemrepaTypHasi 3aBHCUMOCTD TOJIIWHBI CIIOS Kap-
Oouma OepHyuIAs TPH TPOIOKUTEITLHOCTH B3aMMO/IEH-
ctBus 10 4, BerumcneHHas mo ypasHeHusM (8—10) c
y4€TOM HEONpeAeNnEHHOCTH 3Ha4deHHs Kod(pQHuIreHTa
muddy3un oepuuns B Be,C, mokazana Ha puc. 3.

CPABHEHUE TEOPETUYECKOM ®OPMY.JIbI
C PE3YJIbTATAMMU DKCIIEPUMEHTAJIBHOI'O
HCCJIEJJOBAHUS B3AUMO/IENCTBUS
BEPWUJIJINA U YTJIEPOJA

Ha puc. 4 nokazana temnepaTypHasi 3aBUCHMOCTh
KOHCTaHTHI CKOpocTH peakmuu (1), paccunrtaHHas c
nmomortpio ypaBHenuit (9) u (10), a va puc. 5 — Tton-
LIMHA CJI0s KapOuaa Oepuiuiusi, BBIYUCICHHAS 110 ypaB-
Henuto (8) mst temneparyp 750 u 950 °C (T = 1023 u
1223 K), 6mu3kux K pabodeil TemmepaType IUIaCTHH
nuBepropa peakropa MTOP. Pacuérnsie 3aBuCcHMOCTH
Ha pHC. 5 TPUBEICHBI C YUYETOM HEOINPEIEIEHHOCTU
3HaueHus kodpduurenta nupdysun 6eprms B Be,C.
g 750 °C oHM cpaBHUBAIOTCS C IKCHEPUMEHTAIIBHBI-
MU JAaHHbIMH [12].

B pa6ore [12] mnst TommumHBl criost kKapbuma h u
KOHCTAHTBI CKOPOCTH peakiu K Ha OCHOBaHHMHU JKCIIe-
PUMEHTAIBHBIX JaHHBIX OBLIO TIONYYEHO SMIHMpHUUe-
CKO€ COOTHOIIICHNE

h = kt®*%, (11)

VYpasuenue (11) ommyaercst oT ypaBHeHUSA (8) TONb-
KO HEMHOT'O 00JIee BBICOKMM MOKa3aTeNeM CTeTeHH L.

[To-BunMMOMY, 3TO CBUIETEIBCTBYET O TOM, YTO
nuddy3noHHas TOJIBHXHOCTH aTOMOB  yriepoja
TakKe Oa€T HEKOTOpbhIM BKJIAJ B CKOpPOCTh pOCTa
ciost kapouma. B To ke Bpems GJIM30CTh TeopeTHUe-
ckoit 3aBucumoct h(t), mosyueHHOW B HacTosIei
paboTe, U COOTHOIICHHs, IMOJYYCHHOTO Ha OCHOBE
9KCHEPUMEHTATBHBIX NaHHBIX [12], maér ocHOBaHUe
rmojararb, 4TO IpeajaraeMas MOJeidb B3aUMOJAEHCT-
BHs OEpUILTHS U YTJIepoJa MOXET OBITh WCIOIb30Ba-
Ha TMpH MPOTHO3UPOBAHWH pPOCTa cliosl Kapouma Oe-
pwIs W pacdy€rax Iporecca B3amMOIEHUCTBUS Oe-
PUILTHS U yTIeposa.

Bo BHMMHM um A.A. bouBapa ObLi1v1 MpOBEIEHBI
9KCTIEPUMEHTHI TI0 B3aUMOJICHCTBHIO KOHTAKTUPYFOIIIUX
mickoB w3 Oepwuust TIII-200 w rpadura MIIT-8.
MeTtannorpadhudeckne NUIHGHI MOKa3ajld, YTO BHI-
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Puc. 3. TemmeparypHasi 3aBHCHMOCTb TOJIIMHBI CJIOS KapOuaa
OepuuIns TIpH MPOJOIDKATEIBHOCTH HarpeBa 10 4, oTpaxkarormas
HEonpeaeIEHHOCTh 3HaueHUs kodhduuenta nuddy3un Gepu-
just B Be,C
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Puc. 4. TemmeparypHas 3aBHCHMOCTH KOHCTaHTHI CKOPOCTH
peakuuu 2Be + C — Be,C: m — skcnepument [12]
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Puc. 5. 3aBHCHMOCTH TOJIIMHBI ClIOs KapOuna Gepuiius ot
JUITNTENBHOCTH B3aMMOJCHCTBHS YriiepoAa M OepUILIHs TpHU
temnepatypax 750 u 950 °C ¢ yuérom HeompenenéHHOCTH
kodpounuenta nudpdysun Gepuius B Kapobuae OepHILIus:
m — 3KkcrepuMeHT [12]

JIep)KKa KOHTAKTHOW mapbl rpaduT—Oepuiuinid B CTaHIapTHON BaKyyMHOH Ie4H MpHU JaBICHUU MeHee
107° Topp, Temmeparype 1223 K B TedeHne 3 9 IPHBOIUT K 06pa30BaHMIo ciiosi Be,C TommmHOi 0k0i0 40 MKM.
IIpu srom KapOun Oepuiius o0pa3yeTcss NPEUMYIIECTBEHHO B 00bEéMe rpadura. DTH SKCIIEPUMEHTAIbHBIC
JaHHBIE, TAK)KE KaK M JaHHBIEe paboTHI [12], cormacyrorest ¢ pacuéramu 1mo Gopmyiae 8, KoTopas I TEMIEpaTy-
PBI B JUTUTEIIEHOCTH 3TOTO KCIIEPUMEHTA NaéT TOMIUHY ciaos kapouTa ot 30 10 47 MKM.
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B3AMMO/IEVICTBUE KAPBUJIA BEPUJLIIMS C BOJASHBIM ITAPOM U I'A3AMHA

Kap6unx Oepuius naxe npu KOMHATHON TEMIIEpaType MPH PEakliu ¢ BOJOM WIIH BIaXKHBIM BO3JyXOM
BBImeNsgeT MeTaH [13]:

Be,C +4H,0 = 2B€(OH)2 + CHg,; (12)
Bezc + 2H20 = CH4 + 2BeO. (13)

I'mapoxcnn 6epummms Be(OH), mpu atMochepHOM naBineHun HaduHaeT pasznarathbes mpu 230 °C (500 K), a
npu 770 K monHocThIO TepsieT Bhary. IIpu BEICOKOTEMIIepaTypHOM OKHCICHUH OH He 00pa3yeTcsl.

[Ipu B3aumopeiicTBuM KapOuaa Oepuiuiis ¢ BOZOH BO3MOKHO Takke oOpasoBanue anerwiena |14, 15]. Ec-
T METaH caMOBOCIIJIaMEHsieTcsl B Bo3ayxe npu temmnepatype 810 K, To ais auerunena sTa Temmneparypa paBHa
608 K [16]. Bc€ 310 MOKET yBEINYUTH TSKECTH MOCIEICTBHI aBapuu C IPOPHIBOM B Pa3psIHYIO0 KaMepy BOJIBI
U BO3/yXa.

[Ipu aBapum ¢ IPOPBHIBOM BOJBI B Pa3psIHYIO0 KaMepy IUIs BBIIACICHHUS TPUOIM3UTENBHO OJJHOTO HOPMallb-
HOTO KyGOMeTpa MeTaHa (BO3MOXKHO B CMECH C areTriaeHom) ¢ 1 M? kapbuaa Gepriuinst HeoOX0auMa TOIIIHHA
9TOTO CJIOSI B HECKOJIBKO MIJUTUMETPOB. COrlacHO JaHHBIM, IPUBEAEHHBIM Ha pHC. 5, TAKOW cJIOH KapOuma Mo-
xeT ObITh 00pa3oBaH Ha auBepTope MTIP, mimacTHHBI KOTOPOTO MOKPHITHI YIIIEBOJOKHUCTHIM KOMITO3UTOM, 32
HECKOJIBKO THICSIY YaCOB PaOOTHI.

BzaumopeiictBue kapbuma Oepuiuiusi ¢ YIJIEKHUCIBIM Ta3oM M KHCIOPOAOM HAET TIIaBHBIM 00pa3oM IO

peakuusm
Be,C +3C0O, =4CO + 2BeO; (14)
Be,C + 20, =2BeO + CO,. (15)

Peakrus (14) mpoTekaeT MmeaiieHHo. Peakiinu
Be,C + 2H,0 =2BeO +C + 2Hj; (16)
Be,C + 2CO, =2BeO + C + 2CO, 17)

€CIM U HMMEIOT MECTO, TO B BeChMa OrpaHMYCHHBIX Maciitabax [17], ogHako B pabore [18] mpu macc-
CIIEKTPOMETPUYECKOM aHaJIM3€e MPOAYKTOB peakiuu KapOuaa OepHiunsi ¢ BOASHBIM NapoM (TIpH TeMIleparype
773—823 K u mapumanpHOM JaBieHud BojsiHOro napa 3,3 klla B Teuenne 24 4) 010 0OHApPYKEHO HAPSIILy C
MeTaHoM (44—48%) 3HaunTenbHOE KondecTBO Bosopona (41—49%). [losBnenue Bogopoa HE MOXKET OBITH
00yCJIOBJIEHO Pa3/I0KEHNEM BOJIbI M3-3a HU3KOH TEMIEpaTyphl.

[IpoTuBopeunBs Takxke AaHHBIE padoT [17, 18] o B3auMozeicTBuH KapOuma OepusuIHs C BOJOPOIOM.
CornacHo pabore [17] peakiust

Be,C + 2H, = 2Be + CH, (18)

NPaKTUYECKH HE UMEET MecTa, TOrjJa Kak Macc-CIeKTpoMeTpuiecKuil anainus [18] BeIABMII B ra30Boii (aze mpu
TakoM B3aumoneicTeun 9—18% merana. Hecmotpst Ha 3T0 pacxoxaeHue, nannaesle pador [17, 18] ykassiBaior,
YTO BO3MOXKHOM MPUYMHON HAOIIOAABIIETOCS SKCIEPUMEHTAIbHO HAYaJIbHOT'O CKadKa IPUBEca IPU OKUCICHUH
OeprUIHS BO BIAXHBIX Ta3ax sBJSIETCS TMAPOreHn3aus Kapouaa oepuiuiusl.

XuMHUYecKHe CBOMCTBA KapOuaa Oepriuius UMEIOT psii ocodenHocTeil. OH CTOEK MPH BBICOKOTEMIIEPATYP-
HOM HarpeBe B CYXHUX razax (KHUCJIOpOJe W BOAOPOJE), HO B3aUMOJCHCTBYET € a30TOM (IIPH TEMIIEpaType BhILIE
2770 K), ammuakom (Beimie 1170 K) u yrnexucibiv razom (Berme 1700 K) [19]. Peakius kapouna 6epumus ¢
a30ToOM conpoBoxaaercs: oopazoBanrueM BesN, n C. O6pa3zoBanue BezN; yckopsercs npu no0aBieHNH K a30Ty
2—6% Bonopoxa [20]. IIpu narpeBanun Be,C B azote no temneparypsl 6onee 1270 K ormeuaercs: pactBope-
HYE Ta3a ¥ yBeIMUYEHHE MepHo/a peéTky kapouaa 6epumius (4-10* um Ha 1% asora).

Bxuttouenust kapbuaa Oepuius yCHIMBAIOT OKUCIIeHHE OSpUILTUs B BOJSHOM Mape, KUCIOPOJE U YIIIeKH-
ciom raze [17].

CepbE3HBIM HEJOCTAaTKOM KapOuma OepHiuIus SIBISICTCS B3aMMOJACHCTBHE C BIaXXHBIM BO3AYXOM MPU KOM-
HaTHOM TeMIieparype.
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IIpu paboTe TepMOsSAEPHOTO peakTopa, B KOTOPOM IPUMEHSIOTCS] OepHUTHEBbIe U YTIIEPOAHbIE KOHTAKTH-
pyHoIre ¢ TUIa3Moi MaTepralbl, OyeT 00pa3oBhIBaThCA OSPUILUIHEBAs U YTIIEPOIHAS TBUIh. bepuimneBas IbLUIb
OyZeT MUTPUPOBATh B TUBEPTOP M OCEAATh TaM Ha YTIIEPOTHBIX dJEMEHTaX BHYTPEHHEW CTOPOHBI TUBEPTOpA.
Obpasyromuecs OepUIUTHEBO-YTIAEPOAHbIe TUIEHKH (C aTOMHBIM oTHomeHneM Be/C mo 2,5—3) MoryT ymeHb-
IIUTh XUMUYECKYIO SPO3HUIO0 yIIIepoia 1, CIEJJOBATENbHO, YACPKaHHe TPUTHS IIPH €T0 COOCAXKICHUH C YIIIEPOI-
HO¥ mbuTEI0. [IpHu B3auMonelicTBIH OepHIUTHEBOH TBUIH ¢ yTiaepoaoM npu temmnepatype Boimie 900 K obpasyer-
cs1 kKapomn Oepriuns. boee HU3Kas TEITONPOBOAHOCTH KapOuma OepHyuIHsI IO CPAaBHEHUIO C TEIUIONIPOBOIHO-
cThio TpaduTa (B 3,3—3,6 paza) MOXKET 3aMETHO YBEIHMINUTh TEPMUIECKOE COMTPOTHBIICHNE MEX Ty OOpaIIEHHON
K IIJ1a3Me TIOBEPXHOCTHIO U TETNIOHOCHUTEIIEM.

IIpu B3ammopeiicTBun kapbuga Oepryuiusa ¢ BOJIOW 0Opa3yeTcs MEeTaH, TeMIleparypa CaMOBOCIUIAMEHEHUS
KOTOporo B Bo3AymIHOH cpene paBHa 8§10 K. Bo3amoxxHO Taxke oOpazoBaHHE aleTHIICHA, TEMIIEpaTypa caMo-
BOCIUIAMEHEHUSI KOTOpPOro B Bo3ayxe paBHa 608 K. DTO MoOeT yBENIWYUTh TSKECTh MOCIEACTBUN aBapuH C
MPOPHIBOM B pa3psiTHYIO KaMepy BOABI M BO3AyXa. BiiroueHust kapOuaa Oepuiuinsl yCKOPSIOT OKHCIeHue Oe-
punvs B BOASHOM I1ape U BO3yXE.
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