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B HamomaTepuaiax OTHOINIEHHE ILJIOIAIN TOBEPXHOCTH MaTepuaja K ero o0be-
My MMeeT OCHOBOIIoJIararlee suauenre. HesHaunTeabHbIe KOJIMUYECTBA dJIEK-
TPOOTPUILIATEJIBHBIX IIPHUMeceil, IPUCYTCTBYIOIINX B BOAOPOIE, a 3aTeM aIcop-
OUPYIOITUXCA HA TTOBEPXHOCTU YACTUIL, 3HAUNTEIbHBIM 00Pa30M BIUAIOT HA KU-
HeTuKy peaknuii metaana—H. Iaa momydyeHnA KOPPEKTHBIX PE3YJIbTATOB B BBI-
TIOJTHAEMBIX WMCCJIeJOBAHUAX 0co00e BHMMAHUE YAeJNAeTCS UNCTOTe BOIOPOIa,
KoTopasi HoJKHa ObITh He MeHee 99,99 ar.% . Taxkyio cTelneHb YMCTOTHEI MMEET
BOJIOPOJI, IIPOIIYIIIEHHBIH Uepes NaLIagueBy0 MeMOpaHy UK JecopOMpPOBaHHbIH
13 KPUCTALINYECKOM PeIIéTKY MeTajliia. B cTaThe M3J1araloTCs IPUMeEPHI IIPakK-
TUYECKOr'0 WCIIOJb30BAHUS METAJIOTHUAPUIAHBIX HAKOIUTE/IeH B KayecTBe HC-
TOYHUKOB 0CO00 YKCTOTO BOZOPOJA IJIA HAYUYHBIX KMCCJIEJOBAHUM, TOILIUBHBIX
9JI€MEHTOB, BOIOPOAHBIX TOPEJIOK, aKKYMYJIATOPOB BOAOPOAA BHICOKOTO JaBJje-
Hus. B pabore mokasaHbl ABTOHOMHOCTD U IIOPTATUBHOCTD CO3JaHHBIX HAKOIIU-
TeJieli ¥ KOMIIPECCOPOB BOJOPO/a, MX BHICOKAS HAMEKHOCTh B paboTe, a TaKKe
BOBMOKHOCTD IIPUMEHEHUSA B CAMBIX CYPOBBIX YCIOBUAX OKPYKAIOIIEl CPeIbI.

Y mamomarepisijax BiJAHOIIIEHHS ILIOIIi IIOBEPXHI MaTepidAsy A0 #oro o6’emy
Ma€ OCHOBOIIOJIOKHE 3HaueHHA. HesHauHi KiJTBKOCTI eJleKTPOHETaTUBHUX J0-
MIiIIIOK, OIPUCYTHIX y BOAHIi, a mOTiM amcop6boBaHMX Ha MOBEPXHi YaCTHMHOK,
3HAUHUM YMHOM BILJIMBAIOTH Ha KiHeTHMKY peakiiii meran—H. [lna oxep:xanua
KOPEKTHUX Pe3yJIbTAaTiB Y BUKOHYBAaHUX JOCIIIMKEeHHAX 0COOJUBY yBary Ipu-
JiJISI0TH YMCTOTI BOAHIO, iKa Mae Oytu He meHie 99,99 ar.% . Taky crymins
YHCTOTU Ma€ BOJeHb, IPONYIIeHNH uepes naaamiliopy MmemMopaHy abo gecop6o-
BaHUH 3 KPUCTAJIYHOI I'DATHUIIL MeTay. ¥ CTaTTi HaBeJeHO IPUKJIALU IIPAK-
TUYHOTO BUKOPUCTAHHA METAJOTIIPUIHUX HATPOMAMKyBaUiB K IKepes 0Co-
OJIMBO YMCTOTO BOAHIO JJIA IAJWBHUX €JIEMEHTiB, BOOZHEBUX HAJBHUKIB, aKy-
MYJIATOPiB BOAHIO BUCOKOTO THUCKY. ¥ POOOTi ITIOKa3aHo aBTOHOMHICTB i mopTa-
THUBHICTh CTBOPEHUX HArpoOMa KyBauiB i KOMIIpeCcOpiB BOJHIO, IXHIO BHUCOKY
HagifiHicTh y pobOTi, a TAKOYK MOXKJIMBICTH 3aCTOCYBAaHHS B HaMCyBOPiIImX
yMOBaxX HaBKOJIUIITHLOT'O CEPETOBUIIIA.
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In nanomaterials, the ratio of material surface area to its volume is essential.
The small amounts of electronegative impurities presented in hydrogen and
then adsorbed on the particles surface significantly affect the kinetics of
metal—-H reactions. To obtain correct results in the performed studies, the
particular attention is paid to the hydrogen purity, which should be not less
than 99.99 at.% . Hydrogen can have such a degree of purity, if it is passed
through the palladium membrane or desorbed from the crystal lattice of a
metal. In a given paper, consideration is concerned with the feasibility of
metal hydride accumulators as sources of high-pure hydrogen for fuel cells,
hydrogen torches and units for hydrogen storage under high pressure. The
autonomy and portability of the developed hydrogen accumulators and com-
pressors, their high reliability in the work as well as the possibility of their
usage in the most rigorous conditions of environment are demonstrated.

KaroueBslie ciroBa: HaHOMaTepuaJjbl, O4YXMCTKA BOOAOPOda, XpaHeHue Boaopona,
MeTaJJIOTUAPUAHBIE HAKOIIUTEJIN, BOOOPOOAHEIE TOPEJIKU.

(ITonyueno 19 aneapa 2012 2.)

1. BBEJEHUE

B mamomaTrepmasiax OTHOIIIEHNE ILJIOIIAAM IIOBEPXHOCTH MaTepuaia K
ero o0’bEMY MMeeT OCHOBOIIOJaramwilmee 3Hauenne. IIpu mcciaemoBaHuMn
0COOEHHOCTEHl MHPOTEeKaHWUA TI'eTEePOTEeHHLIX pPeaKIuili B3aMMOIEHCTBUS
TAKUX MATEPHAJIOB C Ta30BLIMHU CpeJaMu 0co00e BHIMAHNE HCCJIeS0Ba-
TeJIU YAeJSIOT BOIIPOCAM UNCTOTHI IIOBEPXHOCTH TBEPABIX uacTuil. Ocobo
BayKHYIO POJIb UTPAIOT STH IPOIECCHI IPU B3aNMOAeHCTBUU YACTHUII C BO-
mopomoM. HesHaunTeabHBIE KOJMUECTBA 3JIEKTPOOTPUIIATEILHELIX IIPU-
Meceli, IPUCYTCTBYIOIIUX B BOAOPOZE, a 3aTeM aAcOpPOUPYIOIMUXCS Ha
IIOBEPXHOCTH YaCTHUIL, 3HAYNTEJIbHBIM o6pa30M MOTI'YT BJUATH Ha KNHE-
TuKy peaxiuii merajaia(Me)—H. Ilo sToii mpuumie 60JbIIOE KOJIUYIECTBO
9KCIIEPMMEHTAJIBbHBIX PE3YyJbTAaTOB, IIOJIYUYEHHBIX Pa3JIMYHBIMU HCCJIE-
AJOoBaTeJIdAMU, MOTYT OTJIMYATHCA Ha IIOPAISKHN BEJINYMHBI. ,I[JIH II0JIy4e-
HUS KOPPEKTHBIX PEe3yJIbTATOB B BBHITTOJHSIEMBIX HCCJIETOBAHUIX HEO0O0-
XOANMO 0c000€e BHIMAHNE YAEJIATh UNCTOTE BOAOPOLa, KOTOpas JOJKHA
6are He meHee 99,99 ar.% . Takyo cTeleHb YUCTOTHI MOYKET MMETh BO-
IOPOJ, IPONYINeHHLIN Uepes MalIafeBy0 MeMOpaHy MK Jecopompo-
BaHHBIN 113 KPUCTAJJINUYECKON PeIlleTK MeTaJlja.

B macrosamiee Bpemsa meramnorugpunabie (MI') Texmosoruu ocraiorcs
OOHUM M3 OCHOBHBIX HAIIpaBJIEHWII BOJOPOAHOTO MaTepuaioBegeHus [1—
5]. Ix mpuMeHeHre MO3BOJISIET CO3TaBAaTh KOMIIAKTHEIE, Oe30lacHbIe U
TeXHOJIOTHYECKU I'MOKMe YCTPOMCTBA A 00paboTKu Bomopoaa. OcobeH-
HOCTU 00PATHMOT0 B3aMMOEHCTBIA BOJOPOAA C THAPUL000Pa3YIOIINMU
MeTaJIJIaMH 1 CIIJIABAMH TaKJKe II03BOJIAIOT PeaJn30BaTh MPOIECC OUKCT-
KM BOAOPOJa OT ras3oBhIX mpumeceit B MI' ycTpoiicTBax. A BO3MOMKHOCTE
peryanpoBaHus HaBJICHIA BLIIaBAeMOI'0 BOJOPOAA IIYTEM YIIPABJISIEMOTO
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TeILJIOBOTO Bo3aelicTBuA Ha MI' copOeHT m03BOIsAET peasin3oBaTh PeryJim-
pyeMyio IIoadyy BOJOPOAA IOTPEOMTEJIO IIOA 3aJaHHLIM IABJIEHHEM.
XpaHeHUe, OUMCTKA, KOMIIMJIUPOBaHUE/PETryJIUPYEMBIA HAIlyCK MOTYT
OLITH COBMEIEHBLI B €IMHOM MHOTO(MYHKIIMOHAJIBLHOM YCTPOICTBE, UTO
IejaeT MOAO0HbBIE MPUJIOKEHNA YPE3BbIUYaHO 9((PEeKTUBHBIMU.

Otrgenom Ne 67 MucTuTyTa Ipobsem maTtepuanosegenud HAH Ykpa-
unbl (MIIM), paspaboTaHa cepus JabopaTopHbIX MI' 1CTOUHMKOB BBICO-
KOYKCTOTO BOIOPOJa, C BO3MOKHOCTBIO €r0 BBIZAYM IIOTPEOUTEIIO IO
peryaupyeMbIM MOBHIINIeHHBIM AaBienueM (mo 200 6ap) ¢ BomopoIoEM-
KocThio oT 3 1o 7000 auTpoB. B 3aBucUMOCTH OT HasHAUEHUSA HAKOIIM-
TeJIX UMEIOT Pa3/IMUYHbIe SKCILIYaTAIlnOHHbIE XapPaKTEPUCTUKH.

2. PESYJIBTATHI U UX OBCYHKAEHUE

B macrosgieii padboTe ob6CcyKIal0TCI ABe MOAEJIN JIA0OOPATOPHBEIX HAKO-

nuTesiel 60JabImoM eMKocTu (puc 1, 2) m cepusa MeETAJJIOTHUAPUIHBIX

HAKOIIHTeJell pa3JInyHOoTro HadHAUeHU A MaJIOH eMKOCTH (puc. 3—5).
JlabopaToOpHBINT METAJLIOTUAPUAHLIN HakonuTesb « VA-7000» (puc. 1)
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Puc. 2. Harueratenb BeicOKouncToro Bogopoga «SVETZAG-2000».
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Puc. 3. Cocyabl BBICOKOT'O JaBJIEHUS AJIA XPAaHEHUS BOLOPOJa U HAKOIIUTEIU
Bomopoaa moaupuranuu «Alsav» emkoctsio 3, 10, 15, 75 u 170 autpos.

Puc. 4. Cocyabl BLICOKOTO IABJIEHUA AJIA XPAaHEHUS BOJOPOLA W HAKOIIUTEJNU
Bomopoga mogupuramuu «Dmisch» emrocteio 3, 10, 15, 75 u 170 guTpos.

yucToro Bomopona 99,999% paspaboran mjis mMCIIOJL30BaHUA B Jiabopa-
TOPHBIX YCJOBUAX B CIydYadX, KOTJA CYIIeCTBYeT MOTPeGHOCTh B GOJIb-
III0M KOJINYeCTBEe BOJOPOIa HU3KOTO TaBIeHUs.

B mHakomnurtese OBbLI WCIOJB30BAH CILJIAB-IOTJIOTUTENbL BOAOPOIA
P3M (Ni, Fe, Al);, n3roTOBJIEHHBIII Ha OCHOBE KOMMEPUYECKOM IepreBOi
auratypsl (Ce/70% /La Pr Nd Fe Al), a Tak:ke jlanTaHa U HUKEJA TEX-
HUYECKOM YMCTOTHI M HEKOTOPBLIX H0o0aBok. CocTaB cIniaBa OBLLI IIOIO-
OpaH TakuM 00pasoM, uTOOBI 00ecIeunTh PaBHOBECHOE JaBJIeHUe BOMO-
poza mag MTI' no 0,5 MIla npu KOMHATHOM TeMIepaTrype.

JlaGopaTopHbIli  MeTAaJJIOTUAPUIHBIM  HAKOIUTEJIb/HaTHeTaTelb
«SVETZAG-2000» (puc. 2) emxocTbio 2000 TUTPOB BEICOKOUHCTOTO BO-
IopoMia, MpeqHasHauYeH A1 paboThl B TaOOPATOPHBIX YCIOBUAX.

PaspaboTaHHBIN MeTAJLIOTUAPUIHBIN HAKOIUTEIh/HATHETATEIb BOJIO-
polia XxapaKTepuayeTcs BEICOKON KOMITAKTHOCTHIO, CPABHUTEJIBHO HU3KO
remmneparypoi Harpea MI' mpm HarLeTaHWU OOCTATOYHO BBICOKOTO
maByieHusa Bomopoga (mo 25,0 MIIa) u xopoIluMu JUHAMUYECKUMU Xa-
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a
Puc. 5. Cocynnl BBICOKOrO AABJECHUA IJIsI XPAHEHUS BOJOPOJa M HACTOJIbHBIE

HaKomuTeau Bomopoma momumpuranum «Viachbog» emrxocreio 3, 10, 15 u 75
JIUTPOB.

31Lu_.|u_m_m Konnay DuneTp Merannaruapun MarousTp & dimapos

a

Puc. 6. BomopoaHas MeTalIOrUAPULAHASA FOPEIKa.

PaKTepPUCTUKAMU.

Ha pucyrkax 3—5 mpeacTaBieHbl HaCTOJbHBIE HAKOIUTEIN BOAOPOIA
pasauuHoOit eMKocTHu, (oT 3 mo 170 murpoB) momumbukramnuit («Ancas»,
«Baubor» u «[Imuin»), mpegHasHaueHHBIE IJIA dKCILIyaTaluu B jado-
PaATOPHBIX YCJAOBUAX B KOMILJIEKTE C JaO0OPATOPHLIMH TOILJIHMBHBIMU
3JIeMEeHTaMU IIPU OTPaboTKe J1abopaTOPHBIX IPAKTUKYMOB CTYAEHTAMHU
10 BOOOPOLHOM sHepreTuKe. TaKk:Ke OHU MOT'YT OBITh NCIOJb30BAHEI IJI
IPYTUX IeJiell B KauecTBe MCTOYHUKOB 0c000 UMCTOro Bogopona. Kpome
Toro MommUKaANUA «[MUI» OcHAIlleHA IMEeCTUBOJBLTHBIM BHEITHUM
HarpeBoM. OTO II03BOJISIET HCIIOJbH30BATh €e B KauecTBe KOMIIpeccopa
Bogmopoaa. PaGouee maBienne Mo:keT usMmesaTbes ot 0,2 o 17,0 MIla.

Ha ocHoBe ombITa CO3TaHNA BOOOPOIHBIX HAKOIIUTEJIEH eMKOCThIo 1—
100 n1uTpoB aBTOPAMM B OTAEJE Pa3paboTaHbl 1 N3TOTOBJIEHBI TOPEIKH C
METAJLJIOTUAPUAHBIMY aKKYMYJATOPaMM BOAOPOILa, IIpegHasHaudYeHHBbIE
IJIA MaKyu MUHUATIOPHBIX JeTajell BEICOKOTeMIIePATYPHBIMU IIPUIIO-
MU 1 OJIA BBIIIOJIHEHUA APYT'UX CIIeIMaJIbHBIX p3.60T B YCJIOBHUAX BBICO-
KHX 9KOJOTUUECKUX TpeOoBamuii. BHeITHUHA BUA U YCTPOMCTBO MeTAaJI-
JOTUAPUIHBIX TOPEJIOK MOKa3aHbl Ha puc. 6—8.
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Puc. 8. Bomopoamo-KucaopogHasa ropesika ¢ MeTaJIJIOTUAPUAHLIM aKKYyMYJIATO-
poM BomOpoOza, 0AJJIOHOM BBICOKOTO IABJIEHUSA AJIA KHUCJIOPOIA U IIHE303JIeK-
TPUUECKUM IOMKUTrOM (haKesa.

Kaknas 13 ropejloK COCTOUT M3 KOHTeliHepa, 3alOJHEHHOTO MeTaJl-
JOTUAPUIOM, (OUIBTPYIOIIEr0 dJIEMeHTa, 3alO0PHO-PEeryIupPYyIOIero
yCTpOMCTBA, MHIKEKTOPHOTO COILJIa, CMECUTEIbHOM KaMephl, BEIXOJAHOTO
coILTa, MaHOMeTpa.

3amopHO-peryanupyioiiee yCTPoiiCcTBO, MMeIoIllee OCEeBOM KaHAaJ IJIsd
BBIXOZa BOAOPOAA K WHIKEKTOPHOMY COILTY, obeclieuruBaeT HeoO0XOIu-
MBI Pacxo/l BOJOPO/1a IPY BBITIOJHEHN Y KOHKPETHBIX pabor.

OcHOBHEBIE TEXHUYECKIE XapaKTepPUCTUKU dTUX TOPeJIoK (puc. 6—17):

— BomopomoéMKocTb — 30 J;

— obmaa macca — 0,45 Kr;

— pabouee AaBJeHre IPU KOMHATHOH! Temieparype — 0,2—0,5 MIla;

— pgauHa 245 Mm;

— nuametp 29 MmM.

Kpowme Toro, ropesnka, moxkasaHHas Ha puc. 7, OCHAIIleHA ITHe303JIeK-
TPUYECKUM IOIKUTOM.

[ MOBBINIIEHUS TEMIIePaTypPhI ra3oBoro gakesa Oblaa paspaboTaHa
¥ U3TOTOBJI€HA aBTOHOMHAS BOJOPOAHO-KUCJIOPOIHAS ropeska (puc. 8) ¢
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METAJLIOTUAPUIHBIM aKKYMYJATOPOM BOAOPOZA, OAJIIOHOM BBLICOKOTO
JaBJICHUA IJIA KMCJI0POLa U MIbe303JIeKTPUUYECKUM IOXKUTroM (PaKeJia.

Mo2KHO OTMETHUTH CJeAVIOI[Ne OCHOBHLIE TEeXHHYECKUE XapaKTepu-
CTUKU BOJOPOSHO-KUCIOPOSHON FrOPEIKI:

— BOJOPOAOEeMKOCTb — 50 JI;

— eMKOCTb 0aJIJI0Ha AJII Kucaopoga — 15 i;

— macca 2,8 Kr.

K ocHOBHBIM 0COOEHHOCTAM U IIPEUMYIECTBAM CO3LAHHBLIX METAJLIO-
TUAPULHBIX TOPEJIOK MOYKHO OTHECTU:

— X aBTOHOMHOCTH 1 IOPTATUBHOCTD,

— BBICOKYIO HAJeXHOCTh B paboTe, yA0OCTBO B SKCILIyaTaIllid U 00-
COYKUBAHUM;

— BO3MOYKHOCTD MCIIOJIb30BAHUSA B CAMBIX CYPOBBIX YCJIOBUIAX OKPY-
JKaloIel cpeabl;

— OTCYTCTBHE 3arpA3HEHUA OKPYIKAIOIIEN Cpeabl.

3. BBIBOAbI

Ha cerogasaimmawnii 1eHb METOJ XPaHEHUI BOJOPOJa B TBEPAOM TeJie OCTa-
eTCs IO-IPeKHEeMY JOCTATOUHO YIOOHBIM, 3(p(peK TUBHBIM 1 0€30IIaCHBIM.

ABTOpBI HAAEIOTCA, YTO U3AENU, CO3TaHHLIe UMHU Ha 0aze MeTaJlIo-
TUAPUAHBIX HAKOOUTEJEH, OyAyT UCIOJb30BATHCA BO MHOTHUX OTPACIAX
MIPOMBINIJIEHHOCTH M 00JIaCTAX MesaTeJbHOCTH UesioBeKa. OHU 3aIIOTHAT
Te TIPo0esibl B MHCTPYMEHTAJIbHOM O0ecIlieueHUN, KOTOPhIe Ha CeTOmHS
100 IMepeKpPLIBAIOTCI IPYTUME MeHee IIPUCIIOCOo0IeHHBIMY Ipubopamu,
100 BOBCE HE 3aKPHITHI.
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