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1O. JI. fIpomoJos, B. H. Bepbenkuii, C. A. Hukuruu, A. C. AHIApPeeHKo

Mocrosckuil zocydapcmeennuiii ynueepcumem um. M. B. JlomoHocosa,
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119991, I'CII-1, Mockea, Poccusa

HccanenoBano BsaumopeiicTBue coequaenuii RNi ¢ BOIOPOIOM U BJIUSAHUE TUIPU-
poBaHUA Ha MATHUTHBIE CBOMCTBA STUX WHTEPMETALIUAOB. TPOMHBIE THUAPUILI
cocraBoB GdNiH;,, TbNiH,,, DyNiH;,, SmNiH; ; ObL11 mMOJyYeHBI THAPUPOBA-
HIeM UCXOIHBIX coeInHeHuM mpu TeMmieparype 297 K 1 maBiaeHuu Bomopoaa mMe-
Hee 1 atm. TpoitHbIe rEAPUABI 00JI8JAI0T OPTOPOMOMIECKO CTPYKTYpoi Tuiia CrB
(mpocTpaHcTBeHHas rpymnmna Cmcm). YCTaHOBJIEHO, YTO BHEIPEHUE BOAOPOAA B
CTPYKTYPY MHTEPMETALINUYeCKNX coequuennii RNi IpuBoaAuT K 3HAUYNTEILHOMY
YBEeJINUYEHHNI0 00bEMAa MEeTAJLINUECKON MaTPUIILI, OCJaa0JIeHII0 (DEPPOMATHUTHOTO
B3aMMO/IeICTBUSA 1 IOHMKEHUIO TapaMarHuTHOM TemMiiepaTypbl Kiopu.

Hocaimxeno B3aemoniro cioyk RNi 3 BogHeM i BILIUB TiApyBaHHA Ha MarHeTHi
BiaacTuBocTi 1mx iHTepmeramigiB. Ilorpiitai rigpuam cmoayxk GdANiHg,,
TbNiH;,, DyNiH; ,, SmNiH; ; ozep:xaHo rifpyBaHHAM BUXiTHUX CIOJIYK 3a Te-
mueparypu 297 K i tucky Boguio meumr 1 atm. ITorpiiini rigpuam MaroTh OpTOPO-
MOiuny cTpyKTypy Tuny CrB (mpoctoposa rpyma Cmcm). BeraHoBieHO, 1110 BTi-
JIeHHS BOAHIO B CTPYKTYPY iHTepMeTaIigHNX coaykK RNi mpusBoguTh OO 3HAU-
HOTO 30iJIbIIIeHHA 06’€My MeTajeBol MaTpHUIli, ocabieHHsA (hepoMarHeTHOI B3ae-
Monii i sHMKeHHA mapaMaraeTHoi KiopitfioBoi TeMiiepaTypu.

Interaction of RNi compounds with hydrogen and influence of hydrogenation
on magnetic properties of these intermetallics are studied. Ternary hydrides
with compositions GANiH; ,, TbNiH; ,, DyNiH, ,, SmNiH; ; have been produced
by hydrogenation of source compounds at temperature of 297 K and pressure
of hydrogen less than 1 atm. Ternary hydrides possess orthorhombic structure
of CrB type (Cmcem space group). As revealed, the hydrogen introduction into
structure of RNi intermetallic compounds results in substantial growth of vol-
ume of a metal matrix, reduction of the ferromagnetic interaction, and lower-
ing of paramagnetic Curie temperature.

KiaroueBsle ciIoBa: MHTEPMETAJINABI PESKO3€MeJIbHLIX METAJIJIOB, BOLOPOI,
TUAPUALI METAJIJIOB, MarHUTHBLIE CBOMCTBA.
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(ITonyueno 15 anpensa 2010 2.)

1. BBEJEHUE

HMHTepMeTaIMUYECKNE COeUHEHNA PEeIKO3EMENIbHBIX U IEPEXOTHBIX Me-
TAJIJIOB BBISHLIBAIOT OOJIBITION MHTEpeC Oaromapsa BOBMOKHOCTH TPUMEHE-
HUA BO MHOTUX 00JacTAX. B mocienHee BpeMs 3HAYNUTETLHOE BHUMAHUE
yaeasieTca paspaboTKe MarHeTOKAJIOPUUYECKUX MATEPUAJIOB, MCIIOJIB3YIO-
ITUXCSA IJIS CO3MaHUA MAaTrHUTHBIX XOJOAUIBHUKOB. Biarogaps 6obImmm
MATHUTHBIM MOMEHTAM TSKeJIble PeTKO3eMebHBIE 9JIeMEeHTBI I UX COeU-
HEHUA CUUTAIOTCA HauboJiee MOAXOIAINMEI MaTepuaJaMy JId JOCTHKe-
HMs OOJIBIIINX 3HAUEHNI MarieTokasopudeckoro adpexra (MKI).

Haitre Bunmanme npuBaexau coequaenus tumna BRNi (R — P3M). 9tu
COeIVUHEHUS paHee OBLIM WMCCJIEJOBAHBLI JTOBOJBHO ITOAPOOHO, OTHAKO
IaHHBIX II0 CBOWCTBAM THAPUAOB TAKUX MHTEPMETAJJINAOB IIPaKTUYe-
cku Her. UMC RNi aBasaioTca ¢eppoMarHeTUKaMu ¢ TeMIepaTypaMu
Kropu amxe 78 K. 9dpdexkTBHLIE MATHUTHBIE MOMEHTHI 9THUX COeIHHE-
HUU B pacuere Ha GOPMYJbHYIO eIUHUITY OJIM3KY K 3HAUEHUSIM MOMEH-
TOB cBOOOAHBIX MOoHOB P3M [1, 2]. Kpome TOT0, M3BECTHO, UTO COEIMHE-
uusa GdNi, HoNi, ErNi, DyNi [3, 4] o6iagaioT 60JBIITIMY 3HAUYCHUSIMU
MaTrHETOKAJIOPUUYECKOro addeKTa BOIM3Y TeEMIEePATYPhI YIIOPIA0UEeHUA.

WsBecTHO, uTO HUKENL 00pasyeT sKBHATOMHELIe coequHeHus RNi co
BCEMU PeIKO03eMeJbHLIMHU dyieMeHTaMu. Cpeu sTUX CoOeIMHEHNHN TOJIBKO
YNi kpucramiusyerca B mpocTpaHCcTBeHHOH rpynne P2, /c. Takke BbIge-
asierca UMC TbNi. B saBucumocTu ot cmocoba mosyuenusi, ToNi mosxer
KPHCTAJJIN30BATLCS B MPOCTPAHCTBEHHBIX T'pymnmnax Pnma wau P2,/m.
Ocranbubie coequHenusda RNi obmamaioT au6o ctpykTypoit CrB-tuna (IIT
Cmcm) nubo crpykrypoit Tuna FeB (IIT' Pnma) [1, 2]. HecmoTtpsa Ha 3t
pasaununs, coeguHenns RNi o0pasoBaHbBI 13 OMMHAKOBBIX CTPYKTYPHBIX
3JIEMEHTOB — TPUTOHAJBHBIX IPU3M C aTOMaMU HUKEJSA B IIEHTPe U aTo-
mamu P3M 1o BepiinaaM, KOTOphIe, Pa3JINUYHLEIM 00pa3oM paciojarasich
B IIPOCTPAHCTBE, 00Pa3YIOT 3T CTPYKTYPHBIE THUIIBI.

Bsaumogeiicteue UMC RNi ¢ BogmopogoM Ha JAHHBIN MOMEHT MCCJIeNO-
BaHO He oueHb moapobHo. M3BecTHO, uTO mHTepMeTaIauabl RNi B3anmo-
IEeHCTBYIOT ¢ BOJOPOAOM B OTHOCUTEJNHLHO MATKUX YCJIOBUAX (KOMHATHAS
TeMIlepaTypa U HMU3KWE JaBJeHUA BOAOPOJAA) U IIOTJIOIIAIOT OKOJIO TPEX
aTOMOB BOAOpOAA Ha (hOPMYJIBbHYIO eIUHUITY coeanHeHnA. [IpakTnuecku
BCe THUIPUALI 3TUX COEINHEHUN KPUCTANIUIYIOTCSI B CTPYKTYPHOM THIIE
CrB.

B mannoi paboTe OLITIO IPOBENEHO NCCIEOBaHIE B3aMOAeiCTBUA BO-
nopogza ¢ coeguaeHusaMu GANi (CrB-tum), DyNi (FeB-tum), TbNi (cTpyk-
rypubIi Tun TbNi, Huskoremneparypaas mosudpuramnusa) u SmNi (CrB-
THII), a TaK:Ke MCCJIeJOBaHNe MAaTrHUTHEIX cBoiicTB aTux UMC u ux rug-
pUIOB.
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3. OKCIIEPUMEHTAJIBHASA YACTD

Wuarepmerannuabl RNi OLIIM ITOJYYEHBI CILJIaBJI€HUEM IIMUXTHI U3 HC-
XOOHBIX KOMIOHEHTOB B JJIEKTPOAYTOBOI II€UM C HePacXoAyeMBIM
BOJMIL(MPAMOBLIM KATOAOM HA MeTHOM MOAY C BOASHBLIM OXJAKICHHEM.
IIlnaBky mpoBoamau B aTMoc(epe UMCTOTO aproHa € HCIIOJb30BaHUEM
TUTAHOBOTO reTTepa. A MOBBIIIEHNA TOMOTEHHOCTU O0pasIbl Iepe-
mraBaaau 2—3 pasa. B xauecTBe MCXOAHBIX KOMIIOHEHTOB MCIOJIL30Ba-
jauck: Ni(99,99% ) u penxosemenbHble MeTaJIEI (99,9% ).

CuHTe3 ruApuA0B IPOBOININ B yeTaHoBKe Tuita CuBepTca IIpu JaBJie-
HuAX Bomopoga mo 10 atm u mpu KOMHATHOI TeMmiepaTtype. CocTas moJy-
YeHHLIX TUAPUA0B PACCUNTLIBAJICS 110 ypaBHeHNI0 BaH-mep-Baaanca.

s onpenenennsa Ga3oBOr0 COCTaBa U IIapaMeTPOB dJeMeHTapHOM
AYeKU NHTEPMETAJIINI0B U TUAPUA0B IPUMEHAICA PeHTTeHorpaduue-
ckuii ananus. CheMKa 00pas3ioB HPOBOAMJIACE HA PEHTTEHOBCKOM IU-
dpaxTomerpe «/poH-2» ¢ ucnoabzoBanueM Cuk, U3IyueHUsd, a pacuer
CTPYKTYPHBIX ITapaMeTPOB OCYIIecTBAsAIcA B mporpamme Jana-2000.

Bsaumogeiicreue Bogopona ¢ GANi, TbNi, DyNi u SmNi nporexaer
TOBOJIBHO JIETKO IPU OTHOCUTEJILHO HU3KUX JaBJeHUAX Bomopona (maB-
JeHWe B XOJle TUAPUPOBAHUS OBIIO OKOJO 1 aTM.) M mpu KOMHATHOI
Temneparype. TpoiiHble THUAPUALI 3TUX HMHTEPMETAJJINAOB 00JaTaioT
ctpykrypoit Tuna CrB. B cayuae coegunennii GANi u SmNi BHegpenne
aTOMOB BOJIOPOJa IPUBOAUT JIUIMND K PACIIUPEHUIO 3JIeMEHTAPHOMN AUeli-
Ku 0e3 uaMeHeHusa CTPYKTYphI coequnenuii. B cayuae TbNi u DyNi 06-
pasoBaHWe THUIPUIOB, KPOME TOTrO, COIPOBOKIAETCS H3MeHEeHUeM
CTPYKTYPBI MeTaJLINUYeCcKO ImoaperieTKu (IIepexoloM OT CTPYKTYPHI
tunta FeB K cTtpykrype CrB-Tuma). 9To coryiacyeTca ¢ MMEIOITUMUCS
ITaHHBIMU 110 TPoiHBIM rugpugaM apyrux MMC RNi [7-11]. Ha peuTre-
Horpamme obpasma SmNiH; ; kpome TuHUI OCHOBHOU (ha3bl IMPUCYTCT-
BOBAJIM HEOOJILIINE TNKYU IIPUMeCcHO (a3bl, KoTopasd Oblia uaeHTuu’-
IIUpoBaHA Kak ruapun camapus cocrtaBa SmH,. Ilapamerpbl Aueek
TPOMHLIX TUAPUAOB IPUBEAeHbI B TabJI. 1.

W3mepenus HaMarHMYeHHOCTHY IPOBOAMIN HAa BUOPAIIMOHHOM MarHe-
TOMETpEe B MHTEePBaJie TeMIIepaTyp oT ~ 78 K mo koMmHaTHO# Ha o6pasiiax
maccoit 150—400 mr B Buge TabeTok (ruapuabl) uiu ciiasos (MMC).

4. OBCYXKIAEHUE PE3SYJIBTATOB

IIpu usmMepeHnAX HaMarHUYEHHOCTH 00pasIi[0OB 0KA3ajoCh, UTO TeMIIepa-
TYPBI MATHUATHBIX II€PEXO0J0B HUKE TeMIIEPATYPhI KUIICHUS KUIKOr0 a30-
Ta. OCHOBHOE BHUMAaHNE OBLIO YIeJEHO U3YICHNIO0 MATHUTHBIX CBOMICTB B
mapaMarHUTHOM 00JacTH. BBLIO yCTAaHOBJIEHO, UTO MATHUTHAS BOCIIPH-
UMUYMBOCTE 06pasoB (Kpome SmNi u SmNiH; ;) B mHTEpBajIe TeMIIepaTyp
78-300 K wusmMmeHsieTca B COOTBETCTBHUH C 3aKoHoM Kriopu—Beiicca
x=C/(T —©) , uTo I03BOJIAET OIeHNUTDH 3HAUEHN S IapaMarHUTHON TeMIIe-
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TABJINAIIA 1. ITapamerps!l crpykTypsl IMC RNi u ruapumos.

AV/V,
%
GdNi CrB  a=3,778(4), b=10,337(6), c=4,238(5) 4 165,54(3) —

GdNiH,, CrB  a=3,767(2), b=11,576(7), c=4,733(3) 4 206,45(2) 24,7
TbNi  TbNi(HT") a=21,31(2), b=4,211(4), c=5,454(2), 12 485,48(4) —

Cocras [CTPYKTypal ITapameTrps! sdeiiku, A zZ| v, A3

B=97,43°
TbNiH,, CrB  a=3,740(2), b=11,435(6), c=4,671(3) 4 199,8(2) 21,4
DyNi FeB a=1,025(4), b=4,181(3), c=5,445(2) 4 159,94(2) —
DyNiH,, CrB  a=3,711(2), b=11,325(4), c=4,618(2) 4 194,1(2) 21,4
SmNi CrB  a=3,782(3), b=10,375(4), c=4,301(2) 4 168,76(3) —

SmNiH,, CrB  a=3,791(2), b=11,644(4), c=4,761(2) 4 210,15(2) 24,5

“HuskoTtemneparypHas monudukanusa ToNi (up. rp. P2,/m).

TABJIMIA 2. Marautasie coiictBa MMC RNi u ruapunos (W.q,, — 3Hade-
HusA 3(G(PEeKTUBHBIX MarHUTHBIX MOMEHTOB COEJUWHEHWII B pacyeTe Ha aToOM
P3M; W(R) — MarHUTHLIE MOMEHTEI CBOGOIHBEIX MOHOB Lin®").

R | Maq@.’ Up | M(R)7 Ug | G)Pv K | TC’ K
SmNi — — — — 45 [1]
SmNiH,, — — 0,71 — — —
GdNi 8,3 7,8-8,1[1, 4] 7.0 80 77 [1] 69-71 [1, 4]
GdNiH;, 7,5 — ’ 21 — —
TbNi 10,0 9,7 [1] 9.0 56 40 [1] 52 [1]
TbNiH,, 10,3 — ’ -12 — —
DyNi 10,3 10,7 [1] 10.0 51 64 [1] 59—62 [1, 3]
DyNiH,, 10,1 — ’ 3 — —

parypsl Kiopu Op 1 paccunuTaTh COOTBETCTBYIOI[ME 3HAUEHUA 9(PPEeKTUB-
HBIX MArHUTHBIX MOMEHTOB [l,, HTPUXOJAIUXCA Ha (DOPMYJIbHYIO elu-
HUITy coeguHennudd (Tabdu. 2).

B mesom, paccunTanHble 3HAUCHNUS MArHUTHBIX MOMEHTOB IJIS UHTEP-
MeTALINUYECKNX COeQUHEHNI COBHALAIOT C IPHUBEAEHHBIMU B JIUTEPAType
mTaHHBIMU. [Ipy 5TOM OHM HPaKTHUUYECKU He MEHSIOTCS B XO/e I'MIpPHUpoBa-
HUS ¥ OYeHb OJIM3KY K 3HAYEHUSAM MATCHUTHBIX MOMEHTOB CBOOOIHBIX HO-
HOB pPeIKO03eMeJIbHbIX METAJLJIOB. JTO, II0-BUANMOMY, CBUIETEJILCTBYET O
TOM, UTO HUKEJb B 3THUX COeJUHEHNAX HeMariuTeH, 1 MarHUTHEIE CBOMICT-
Ba coeguHeHUH RNi 00ycI0BIeHEI TOJIBKO BKJIaA0M aToMOB P3M.

Biausuune Bogmopona ua cBoiictBa coepuuennit GANi, TbNi u DyNi cBo-
IUTCS B OCHOBHOM K OcCJIabJieHII0 (heppOMATrHUTHOTO B3aMMOAEHCTBUA B
YKa3aHHBIX HHTEPMETAJINAAX U IIOHMMKEHHUIO TEeMIIePATYP MaTrHUTHBIX
IepexoI0B COOTBETCTBYIOIIUX coeAuHEHUH (Tabi. 2). ITo sKCIepUMeH-
TAJIbHO IIPOSABJIAETCA B CUJILHOM CHIXKEHUU HapaMArHUTHBIX TeMIIepa-
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Typ Kiopu, KoTopble XapaKTepU3yIOT BeJIUUYNHY OOMEHHBIX B3aMMO/Ieli-
cTBuii. Mcue3sHoBeHIe MATHUTHOT'O MOMEHTA B 3d-IIOAPEIIeTKE B 9TUX CO-
eIMHEeHNAX MOXKHO O0LACHUTH 3aIlOJHEeHNEeM 3d-30HbI HUKEJs dJIEeKTPOo-
HaMH, KOTOPbIe OTAAIOT aTOMBI BOJIOPO/Ia B SHEPTETUUECKYe 30HbI MeTaJl-
JITYEeCKOH MaTpHUIEl. DIeKTPOHHAA 000JI0UKA aTOMOB HuKeld (3d%) 6ims-
Ka K 3aBepIIIeHHOl, M HOABJEHINE JOMOJHUTEILHBIX 3JIEKTPOHOB B 3d-
30HE IIPUBOJIUT K €€ 3alI0JTHEHUIO: YNCJI0 3d-9JeKTPOHOB CO CITMHOM + 1/2
CTAHOBUTCS PAaBHBIM YMCJY 3JIEKTPOHOB co cruuoM —1/2. B pesaynbrare
STOr0 MArHHUTHBIA MOMEHT 3d-IIOACHCTEMELI CTAHOBUTCSA MCUE3aloIe Ma-
JBIM, OOMEHHOE B3aNMMOJENCTBME CHUJILHO YMEHBIIAeTCA, a OCHOBHOI
BKJIaJ] B MATHETU3M BHOCHUT IIOJICICTEMa aTOMOB PeIKO3eMEJLHBIX Me-
TaJJIOB.

MaruuTHbie cBoiicTBa coeguaennit SmNi u SmNiH; ; orauuaiores ot
CBOMCTB BBLINIEONMCAHHLIX 00pasIioB. B maHHOM ciiydyae HaMarHUYeH-
HOCTh TMAPUA IPHU IPOUYNX PABHBIX YCJIOBHUSAX BEIIIE, UeM y HHTEpPMe-
rajanruga. Kpome Toro, mojieBas 3aBUCUMOCTb HaMarHUUYeHHOCTU TUIP-
Ila CUJIbHO HeJMHeliHa Kak mpu 78 K, Tak 1 mpu KOMHATHO# TeMmepary-
pe. TemnepaTypHbIe 3aBUCIMOCTH 00paTHO# BocmpuuMuuBocTr SmNi u
TUIpUIA TaKiKe HeJIMHEeNHBI M He MOTYT ObITh ONMCAHBI B paMKaXx 3aKo-
Ha Kropu—Beiicca, 4To He MO3BOJIAET pacCcUnTATL 3HAUEHUT d3PHEKTUB-
HBIX MAarHUTHBIX MOMEHTOB I IapaMarHuTHbIE TeMIilepaTypsl Kiopu qisa
9TUX COeTNHEHUNA.
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