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ONPEAEJIEHUE XAPAKTEPUCTUK UCTEYEHUSA BOAOPOAA
U3 CUCTEMbl XPAHEHUS B ®OPME T'MAPUAOB UHTEPMETAJINIMAOB

C ucnonvzosanuem BUPUATIBHO2O0 YPABHEHUS NOJYYEHbl 3A6UCUMOCTIU MACCOB020 pacxoda 6000])0061 uepes om-
eepcmue om nﬂowadu CEYEeHUs, MACCbl XPAHUMO2O 6000]700(1. Hozzyqua 3A6UCUMOCIb OCTNAMOYHOU MACCbL 8000~
poda 6 bannone 60 BPEMEHU NPU €20 UCmeYeHUU Yepes omeepcmue.

Knrwouessle cnosa. Booopoo, eudpuo, oasienue, 6pemst, KOHYSHMpPAyUs, memMnepamypa, Uucmeyerue, Maccoswlii

pacxoo.

BBepgeHue

B Hacrosdmee BpeMs BOZOPOA paccMaTpHUBaeTCs
KaKk OAWH U3 IEPCHEKTHBHBIX IKOJIOTMYECKH YHCTBIX
SHeproHocureneil s TpaHcmoprta Oynymero [1, 2].
XpaHeHue Bojopoaa B (opMe THIPUAOB HMHTEpPMeETall-
JHUI0B ABJIAETCS ONHMM U3 CIOCOOOB €ro XpaHeHUs Ha
aBToTpancmnopre [1].

Ilpn >TOM mapaMeTpbl CUCTEMBI OIpPENEAI0TCA
UCXOJS U3 XapaKTEePUCTUK aBTOMOOWIIS, TAKMX KaK Mac-
ca aBTOMOOWJIA, pacxo] BOJAOPO/a, HaIU4Ue peKymepa-
IIMOHHOM yCTaHOBKH H T.JI.

VYunutsiBas BBICOKOE [aBIIEHHE B CHCTEME XpaHe-
HHA BOAOpOZa, BUOpAIMIO B IPOLECCE DKCIUTyaTalluy,
IIOCTOSHHOE W3MEHEHHE TeMIIEPaTyPHBIX PEXXUMOB pa-
0O0THI, JaHHBIE CUCTEMbI XpaHEHHs BOJOPO/A MPEACTaB-
JISIIOT ONACHOCTH B CBSI3M C BO3MOMKHBIM pa3pylIeHHEM
WY UCTEYEHHEM BOJOPOJa Yepe3 LIENIU U CBUIIU.

Ha puc. 1 npuBeneHs! GpoTo pa3pylIeHHBIX CUCTEM
XpaHeHus BOJOBOAa B (opMe I'MAPHIOB HHTEpMeETall-
JIUJIOB.

W3 pUCYHKOB cleyeT, 4TO B Cllydae pa3pyLIeHHs
CHCTEMBI 00pa30BaBIleecs OTBEPCTHE HACTOIBKO BENHU-
KO, YTO UCTEYeHHE BOAOpOAa M3 OaIoHa, a COOTBET-
CTBEHHO, U 00pa30BaHME I'OpPIOYEH Cpelbl, MOKHO CUH-
TaTh MTHOBEHHBIM.

Kpome Toro, omacHocTs IpefcTaBisieT coOOi ro-
prouas cpena, oOpa3oBaHHE KOTOPOH BO3MOXKHO B pe-
3y/JbTaTe BOSHUKHOBEHMS TPEILMH, CBHIIEH, CKBO3HBIX
OTBepCTHH, 00pbIBa TPyOOTIpOBOIA.

B pabore [3] mnpoBemeHa oOleHKa CKOPOCTH
YMEHBIIEHUs JaBJIEHUS ra3a B COCyAax HNPH BO3HHKHO-
BEHUH B HUX Pa3/IMYHOIO POJia TPEIUH U CBUILEH.

OpHako Ha CETOIHAILIHUN JEHb HET CBEICHHI Ka-
caTeNbHO MapaMeTPOB UCTEUEHU BOAOPOJA U3 THAPHUI-
HBIX CUCTEM C y4eTOM Hajauuus f—>a-mepexona.

Henbro nanHoii padoTkl ABISETCA MOTyUYEHHUE 3a-
BUCHUMOCTH MaccOBOI'O Pacxofia BOJOpOAa Yepe3 OTBep-
CTHE TIPU €ro XpaHEHUH B (opMe THAPHIOB HHTEpPMe-
TaJUIN/IOB.

Puc. 1. ®oro ruapuIHBIX CHCTEM XpaHEHUs BOAOBOJA
TIOCJIE UX pa3pyLICHHs

OCHOBHOM MaTepman

VYpaBHEHHE COCTOSIHUSI Ta30BOW Cpe/ibl MOXKHO 3a-
IUcaTh B CleayromeM Buae [4]:

14 PBa(T)  p?By(T)
M M2

PGG (r, T) =

pRT
M b

rIe p — INIOTHOCTh Bojopona; T — Temmneparypa B cu-

creme; B, (T)u B5(T) — koaddurmentsr BupHansHOro

YpaBHEHUS.
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OnHUM U3 TOKa3aTeNel CUCTEMbl METaJUIOTUAPHUIT —
BOJZIOPOJ SIBIISIETCS U3MEHEHUE JaBJICHUS B CUCTEME B
3aBUCUMOCTH OT TEMIEPATYphl TUAPUIA U COJEPKaAHUS
BOZOPOJIa B HEM. DTH XapaKTEPUCTHUKHU OIPENEISIOTCS
Tak Ha3zbBaeMbiMU PCT — nmuarpammamu [5].

CymiecTByeT MHOXECTBO — JKCIEPUMEHTAIbHBIX
JIAaHHBIX YaCTHOTO XapaKTepa, OMHMCHLIBAIOIIUX H3MEHe-
HUE JaBJICHUS B CHCTEME METAIOTHAPUI — BOIOPO B
3aBUCUMOCTH OT TEMIIepaTypbl HHTEpPEMETaUINaa U
coJiep>KaHus BOAOPOJa B HEM.

B pabore [5] mist pacyera BOJOPOIHOM MOJCHCTE-
MbI MeTasuioruapuaa Pd-H Obuia ucnonb3oBana MoJeib
pEelIeTOYHOro ra3a ¢ MeXJIyaTOMHbIM JleHHapa-
JI>KOHCOBCKMM TMOTeHIMaIoM. JlaHHBIH MeTon mpe-
CTaBJISIET XapaKTEPUCTUKU UCCIIEyEMbIX CUCTEM B BHUJIE
pAIOB MO MapaMeTpaM, XapaKTepU3YIOIIUM OTIHYHUS
peanbHOro TMOTEHIMala B3aUMOJEHCTBUS MEXIy da-
CTHIIaMH OT ITOTCHIMAja CHCTEMBI HYJICBOIO MpUOIIH-
JKCHUS.

Toraa cocrosiHue ruApua UHTEPMETAIUIHIA MOXK-
HO TIPEACTaBUTh B BHJIE
+(PL)

2| Buf (0, T)-Buyy ~(T)
P, = P]({‘;” (T)-e [ " } )

rae In P](_I];L) (T) JIaplieHHWe Ha YpOBHE IUIATO;

+
Br (6, T) — 3HaueHHe XMMHYECKOTO MOTEHIHaNa IpH

KOHIeHTpauun 6 u temmepatype T BM;:I(PL)(T)

3HA4YeHHE XMMHUYECKOro IMOTEHIMala Ha YpPOBHE ILIATO
pu Temmneparype T.

JlaBieHue Ha ypOBHE IUIATO ONpPEAENAeTCS CO-
TJIACHO BBIPAYKECHHIO

AH AS
B—a + B—a ’ 3)
RT R

rae AHg_,, — oHramemms p—o-mepexoma; ASg ., —

lnﬂgJajz_

sHTponus f—ra-mepexona; R — yHuBepcanbHas ra3opas
nocrosiHHast, T — TeMIepaTypa B CHCTEME.

DHTanbIus ¥ JHTPOIUs B—>a-Iepexona ompene-
JISIFOTCSL COTJIACHO BBIPAKCHHUSIM:

~ Q0 .
ASB—)(X = SH2 +2RAB_)U~ (TC) ; (4)
~ 10
AHg g = HY +2RTAg o (T,), )
e H(I)_12 , S(I)'Iz — TEPMOIMHAMUYECKUE CBOWCTBA BOO-

poa B HeaJbHOM Ta30BOM COCTOSIHUH [5];
Ap_yq(T;) — OTHOCHTENbHAs PA3HOCTh YACHBHBIX

SHTAJIBIINIA PEIIETOYHOrO Ta3a, OlpesesieMas COrJIaCHO
YpaBHEHUIO

_(© _ 0OBhi(8,T)
A T.)=A = - s 6
B—)OL( C) B—)OL ae T:TC ( )
0=0

rae T, — 3HaueHWe KPUTUUECKOH TemmepaTypsl; O- —

3HAUYE€HHE OTHOCUTEIHLHOU KpHTH‘IeCKOﬁ KOHLCHTpAIUH,

+
h;(6,T) — ynenpHas >HTAJbIMA, ONpeAensieMas Co-

TJIAaCHO BBIPAKCHHUIO

Bh;(e,T)=—1—$+

4 2 (M
wio A W,0
b
T(1+0cg®) T2 (1+0c )

rae o — Ko3(GUIMEHT AWIATAIMH; C; — MAKCUMaJIbHOE

KOJIMYECTBO aTOMOB BOOPO/A, IOIJIONIAEMOr0 OJHOM

MOJIEKYJIOH uHTepMeTaiuaa; Wi, W, — mapamerpsl
MOJIEIIH.

B cootBercTBHU € [6], MacCOBBIN pacxoj cKaToro

rasa W3 pes3epByapa OMUCHIBACTCS CICAYIONIMM BbIpa-
KEHUEM:

-3 -5 2 05
Q=609,5-S-p[(1+7,167-10 p+9,09-107°p )} ,(8)

rae S — mIonab UCTEUSHUs BOAOPOIa.
Jononuus BeipaxkeHus (2) — (8) ycmoBusiMu

dm )
E = _Q i (9)
PG =Py (10)

MOJIyYUM CHCTEMY YpaBHEHMH Ul ONpelelieHus Iapa-
METPOB UCTEUEHHS BOAOPOJIa U3 €T0 CUCTEMBI XpaHEHHUSI.

Ha puc. 2 mpuBeneHa 3aBHCHMOCTb MacCOBOTO
pacxoza BOJOpoza OT Macchl BOJOPOAA B CUCTEME, a Ha
pHc. 3 — 3aBUCHMOCTb OCTATOYHON Macchl BOAOPOAA B
0aJyIOHE OT BPEMEHH.
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Puc. 3. 3aBUCHUMOCTh OCTaTOYHON Macchl BOAOPOa

B OaJUTOHE TIPU UCTEUCHUH Yepe3 OTBEPCTHUE TUIONIA IBIO:
1-1 MMZ; 2-0,2 MMZ; 3 —100 mrm’
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W3 puc. 2 ciaenyer, 4TO MaccOBBIH pacxoi Cylie-
CTBEHHO 3aBHCHT OT MacChl XpaHUMOT'O BOZAOpOJa, T.€.
CTETICHU HACBIIICHUS THIAPUIA BOIOPOIOM.

pRT

L PBa(D)  p?By(T) |.

1 ;
M M2

PGG (r, T) =

T b
g - H2 2

PeG =Py;

3 5 2\
Q=609,5-S-p[(1+7,167-10 049,09-107p )} :

dm

—-=Q
dt

T = const.

BeiBOAbI

B pesynbraTe nmpoBeneHHOH pabOThl ¢ UCIOIB30-
BaHHEM BHUPHAJIHHOI'O YPaBHEHHs OIpe/esieHa 3aBUCH-
MOCTh MacCOBOI'O pacxojia BOZOpPOAA 4Yepe3 OTBEpCTUE
OT IUIOIIAJY CEYEHHUsS, Macchl XPaHUMOIO BOAOPOJA.
IMomy4eHsl 3aBUCHMOCTH OCTaTOYHON Macchl BOAOPOAA
B OaJJIOHE BO BPEMEHHM IPH €r0 MCTEYCHUH Yepe3 OT-
BepcTre. [lomydeHHbIe pe3yabTaThl B AajbHEHIIEM ILIa-
HUpYETCS HCIONb30BaTh IPH OLEHKE BO3MOXKHOCTH
00pa30BaHUs roproYel cpensl B 3aMKHYTOM IIPOCTPaH-
CTBE.
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BU3HAYEHHA XAPAKTEPUCTUK BUTIKAHHSA BOAHIO 13 CUCTEMM 3BEPIT AHHSA
Y ®OPMI NAPUAIB IHTEPMETANIAIB

1O.I1. Kirouka

3 sukopucmannam 8ipianibHO20 PIGHAHHA OMPUMAHO 3ANEICHOCMI MACOBOI UMPAmMu 600HIO Yepe3 Omeip 8i0 Niowi
nepepisy, macu Go0HI0, wo 30epicacmuvcs. OMpumMano 3aneHCHICMb 3ATUUKO08OI MaAcu 600HIO 8 OANOHI 8 Yaci npu toeo

SUMIKAHHI Yepe3 Omeip.

Kniouosi cnosa: 6ooenv, 2iopuod, muck, uac, KonyeHmpayis, memnepamypa, UMIiKanHs, Macosa UmMpama.

DETERMINATION OF THE CHARACTERISTICS OF EXPIRATION OF HYDROGEN STORED
IN THE FORM HYDRIDESINTERMETALLIC COMPOUNDS

Yu.P. Kluchka

By using the virial equation, the dependences of the mass flow of hydrogen through the opening of the cross-
sectional area, the mass of stored hydrogen. The dependence of the residual mass of hydrogen in the tank at the time when

the end through the hole.

Keywords: hydrogen, hydride, pressure, time, concentration, temperature, outflow, the mass flow rate.
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