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C IIOMOIIIBIO0 PEHTTEeHOAJIEKTPOHHOI CIIEKTPOCKOIINY ¥ 30HHBIX PACUETOB IIPOBe-
[IeHO KOMILJIEeKCHOE MCCJIeJOBAHNE JIEKTPOHHOI CTPYKTYpPHI oKcua0B NdVO; u
NdNiO;. ITonyueHsl faHHBIE O PacIpeleeHU MOJHBIX U IapliuaabHbIX 9JIeK-
TPOHHBIX COCTOSHUI B BAJIEHTHOI 30HE U II0JIOCE IIPOBOANMOCTH, 3aPSAA0BBIX U
CIMHOBBIX COCTOSHHSAX ATOMOB, MexaHU3MaxX (hOPMUPOBAHUS MeEIKATOMHBIX
cBsi3eil.

3a TOIIOMOI'0I0 PEHTI'€HOEJIEKTPOHHOI CIIEKTPOCKOIIIl i 30HHIX PO3paxyHKiB BU-
KOHAHO KOMILJIEKCHE AOCJTiIKeHHsS eJIEKTPOHHOI CTPYKTypu okcuzaiB NdVO; i
NdNiO;. Ozmep:xamo maHi Ipo PO3MOAII ITOBHUX i MapIiajJibHUX €JIEeKTPOHHUX
CTaHiB y BaJeHTHIil 30Hi i cMy3i IpoBigHOCTI, 3apALOBi Ta CITiHOBi cCTaHU aTOMIiB,
MexaHisMu (POpMyBaHHSA MizKaTOMOBUX 3B’ A3KiB.

Using X-ray photoelectron spectroscopy and ab-initio band structure calcula-
tions (LAPW method), the complex study of NdVO,; and NdNiO; oxides’ elec-
tron structure is carried out. The distribution of total and partial electron den-
sities in the valence and conductivity bands, the charge and spin states of at-
oms, and the mechanism of interatomic bonds’ formation are determined.

KiioueBsie c1oBa: BaHaJUT, HUKEJIAT, 9JIEKTPOHHOE CTPOEHNEe, 30HHbIE DaC4YeThI.

(ITonyueno 17 anpensa 2013 2.)

1. BBEAEHHUE

HNuTepec K okcugaMm nmepexogHbIX METAJLJIOB C He3aIllOJHEHHBIMHT d- 1 [-
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DJIEKTPOHHBIMI 000JOUKAMU OOYCJIOBJIEH MX YHUKAJIbHBIMU IPOBOIS-
IUMU, ONTHUUYECKNMU, MATHUTHLIMU, CETHETOSJIEKTPUUECKUMU U OPY-
TUMU TIOJIe3HBIMU cBoiicTBaMu. OHM UM UX XapaKTEepPUCTUKU B CyIIe-
CTBEHHOM Mepe B3aBUCAT OT dJEKTPOHHOM CTPYKTYPhI OKCHIOB U B
IIepPBYIO oUepenhb OT CTEIEHU 3aCeJIEHHOCTH He3aIllOJHEeHHBIX 9JeKTPOH-
HBIX 000JI0UEK aTOMOB, CTPYKTYPEI X OopOUTaJeil, XapaKkTepa B3alMO-
IEeMCTBUS 3JIEKTPOHOB B MEJKAaTOMHBIX CBSIBAX.

Cpenu paga YOOMSAHYTBHIX OKCHUIOB OOJIBIION MOMYJIAPHOCTHIO MOJh-
3YIOTCA COeIUHEHUA, B COCTaBe KOTOPBIX IPUCYTCTBYIOT PeIKO3E€MEIhb-
HbIe 9JIEMEHTHI 1 3d-MeTalabl. IMeHHO B HUX 3aUacTyIio HabJIogaeTcs
VHUKAJbHBIN (PA30BBIA IIepexo] HN30JATOP—MEeTaJlJI, MHUINHUPYeMbIi
KaK M3MEeHeHUSIMU COCTaBa COeNHEHN, TaK 1 BHEIITHUIMU BO3AeHCTBU-
AMU Ha HUX (TeMIlepaTypa, JaBJeHusd u T.n.). K cemMeiicTBY mocaegHUX
OTHOCATCA U OKCUALI ¢ 0611eii popmytoit NdMeO; (Me =V, Ni) u mpous-
BOOHBIE OT HUX TBepJble PACTBOPHLI. BaHAAWUTHLI HEeMOHCTPHUPYIOT, KakK
MIPaBUJIO, TOJYIPOBOTHUKOBYIO 3aBUCUMOCTH 3JIEKTPOCOIIPOTUBJIEHU S
oT TeMmIepaTypsl [1], a okcuabl ¢ HUKeJaeM darie Bcero [2] mpu KOMHAT-
HBIX TeMIIepaTypax IepexonAaT B MeTaJJInuecKoe COCTOSHUE.

B KauecTBe BOBMOKHBLIX MEXaHU3MOB (hOPMUPOBAHUA IIOJTYIPOBOIHH-
KOBBLIX CBOMCTB BaHAAWUTOB paccMarpuBaerca [1] mpumecHas IIPOBOAY-
MOCTB, O0YCJIOBJIeHHAS BO3MOKHOCTHIO 00pa3oBaHmsa BaKaHCHUil B UX Ka-
THOHHBIX MoaperntéTkax. OgHaKo Hapany ¢ Hell ymomMmHaercs [1] u coo-
CTBEHHAsA IMPOBOAMMOCTh BAHAIWTOB, HO MCUEPIBIBAIONINX HU SKCIEPU-
MEHTAJIbHBIX, H TEOPETUUYECKUX NAHHBIX AJIA CTeXMOMETPUUYECKUX OK-
CHUJIOB HA ATOT CUET He MPUBOIUTCS.

OTMeTUM TaK’Ke, UTO U B IeJI0OM 9JIEKTPOHHOE CTPOeHMEe YIIOMAHYTBIX
OKCHJIOB eIlle HeJOCTaTOYHO M3yUeHO, a UMEeHHO, BCe eIlle CYIIeCTBYIOT
IPOTUBOPEYMS B KAPTUHAX pacHpelesieHus IMOJHBIX U ITapIiuaJbHBIX
SJIEKTPOHHBIX COCTOSHUII B BAaJEHTHOM 30HE W II0JOCE IPOBOAMMOCTH,
OTCYTCTBYIOT JaHHBIE O 3apPAJOBBIX M CINHOBBIX COCTOAHUSIX aTOMOB,
MexaHu3MaXxX (GOPMUPOBAHUA XUMHUUECKUX cBsase [2—T].

B Hacrosteit paboTe I MCCIETOBAHNS IIE€POBCKUTOIIONO0OHBIX OKCHUIOB
NdMeO; (Me=V, Ni) ObLII UCIIOJNB30BAHBI METOIbI PEHTTEHO3IEKTPOHHOM
CIEeKTPOCKOIINY, a TaKiKe IIPOBeIeHbl KBAHTOBOMEXaHNYeCKIe PACUETHI UX
SJIEKTPOHHOM CTPYKTYpPhI. OCHOBHOE BHUMAaHUE IIPU 9TOM YIeJeHO CTpoe-
HUIO CyOBaJIEHTHBIX, BAJIEHTHLIX XM BAKAHTHBIX COCTOSAHUIN YIIOMSIHYTBIX
OKCHIOB, XapaKTepy UX I'mOpUIU3AIINU, 3apASOBBIM U CIIMHOBBIM XapaK-
TEePUCTUKAM aTOMOB, MeXaHM3MaM O0pa30BaHUA XUMUUYECKUX MEKaTOM-
HBIX CBSI3el, BBIABJIEHUIO 3((HeKTOB 3aBUCUMOCTEll YIIOMIHYTBHIX XapakK-
TEePUCTUK OT AaTOMHOT'O COCTaBa UCCJIEAyEeMbIX COeTUHEHMMA.

2. METOJIUKA HCCJETOBAHHUI

UccaenyeMmble OKCHIBI CHUHTE3WPOBAHBLI METOAOM CIIEKAHUSA IIOJYTOP-
HBIX OKCHIOB HEOJNMA, BAHAAUSA U MOHOOKCHAA HHUKEIA B BAKYYMUPO-
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BAHHBIX M 3alasHHBIX KBapIEBBLIX aMIIyJlaXx I[OPH TeMIepaTypax
800 1200°C. PeHTreHOCTPYKTYPHBIN aHAIN3 00pPas3IloB STHUX COeqUHE-
HUI IOATBEPAUJ UX OJHOPA3HOCTE U COOTBETCTBHE ITIaPAMETPOB UX KPU-
CTAJIMYECKHNX PEIIeTOK JHUTEePATYPHBIM AaHHBIM. KpucraiimuecKue
pertetku coegumaerauit NdMeO; (Me =V, Ni) oTHOCSTCSA K OpTOpOMOITITUE-
CKOI CUHTOHUY 1 XapaKTepU3yI0TCA IPOCTPaHCTBeHHON rpyImoi Pnma
(N2 62) [2, 3]. PparmenT Kpuctaindeckoil pemretrkrn NdMeO; nzobpa-
JKeH Ha puc. 1.

nsa ucciefoBaHUSA BJIEKTPOHHOTO CTPOEHUS YIOMSHYTBIX OKCHUIOB
MIpUMEHEeH KOMILJIEKCHBINA IIOAXO0J, OCHOBAHHBIA HA WCIOJb30BAHUU
PEHTIeHOJIEKTPOHHLIX CIIEKTPOB, 4 TAK)Ke 30HHBIX PACUETOB B IPU-
ONMKeHUr JIMHEHHOr0 MeTOJa IIPMCOEIMHEHHBIX IIJIOCKMX BOJH
(JIIIIIB) [8] ¢ rpagveHTHOI anmpOKCUMAaIMell 3JIEKTPOHHOM MJIOTHOCTHU
(GGA — generalized gradient approximation) [9] u npumMmeHeHHEM IPO-
rpammuOTO Koma Wien2k [10]. Ina pacuera mOJHON M IapIiUaJbHBIX
ILJIOTHOCTEM COCTOSAHUI, TUCIEePCUOHHLBIX 3aBucumocTeir E(k) okcumos
HCIIOJIb30BAH CIIMH-IIOJSIPU30BAHHLIN BapHUaHT METOLA U YUTEHBI KOP-
pensaiuu Nd4f- u Me3d-snexTponos B popmaniusme GGA + U [11].

B kKauecTBe HEOOXOOMMBIX [IJI PACUYETOB HCXOTHBIX CTPYKTYPHBIX
MaHHBIX WCIIOJIb30BAHBI IIOJYyUYEHHBIE SKCIEPUMMEHTAJIbHO IIPKU KOMHAT-
HO# TeMIepaType IIOCTOSHHEBIE OPTOPOMOMYECKUX AYeeK UM KOOPIMHATEI
HESKBUBAJEHTHLIX ATOMOB B JOJISIX COOTBETCTBYIOIIIUX pedep:
nraNdVO;a=5,58 A, b=7,762 Auc=5,461 A; Nd (0,052, 0,25, 0,987);
Vv (0,0, 0,0, 0,5); O, (0,479, 0,25, 0,085); O, (0,296, 0,048, 0,702) [3];
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Puc. 1. ®parmenT kKpucrajaamueckoil perietku coegunenuit NdMeO; (Me=
=V, Ni). BykBamu a, b, ¢ 0603HaUeHbI KpUCTAJLIOTpaduIecKre 0Cr, a BEKTOPHI
X, YV, Z YKa3bIBAlOT Ha OPHUEHTaIno II00aabHO# (M300paskeHa Ha PUCYHKE) U
JIOKAQJILHBIX (ATOMHBIX ) IPAMOYTOJBHBIX CICTEM KOOpAUHAT. ATOMEI 3d-MeTa-
Jla HaXOOATCA B KUCJIOPOJHBIX OKTAdAPaX.
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g NdNiO; a=5,389A, b=7,61A u ¢=5,381 A; Nd (0,034, 0,25, 0,994);
Ni (0,0, 0,0, 0,5); O, (0,492, 0,25, 0,07); O, (0,284, 0,038, 0,715)[2].

Pamguycor Henepeceraroruxcsa aTroMHBIX MT (muffin-tin) cdep BLIOUH-
pasuch 13 cOOOpaKe Nl MUHIMU3AIINY PA3MepOB MesKc(epHOo 001acTu
B OKCHEe C HaNMEeHBIIINM 00'EbeMOM dJeMeHTapHoH Aueiiku. Taxoii meTo-
IUYEeCKUH IpHUeM II03BOJIAET KOPPEKTHBIM 00pas3oM yUUTHIBATE IIepepac-
ImpejeJieHre 3JIEKTPOHHBIX II0THOCTEN B MT-c(hepax CTPYKTYPHO OZHO-
TUIHBIX ATOMOB IIPX PACCMOTPEHHH BOIIPOCOB 00 M3MEHEHUAX MX 3aps-
IIOBBIX COCTOSHHUI B COEIUHEHUSAX PAsIMYHOTO aTOMHOI'O cocTaBa. B pe-
3yJIbTaTe COOJIONEHUA YCJIOBUM TaKkoro moaxoza paaunyckl MT chep mia
aTOMOB HeOoAMMa OKasajuch paBHbIMHE 2,27 A, nna Me (Me=V, Ni) —
1,92 A u gna aromos kucaopoza (O, u O,) — 1,69 A. B pacuerax miaoTHO-
CTU COCTOSTHUI MCIIOJIB30BAJIOCh 75 TOUEK B HEIPUBOJAMMOM YACTH 30HEI
Bpunniosna coemmuenuit NdMeO;. a8 anmopoKCHUMAIIMM BOJHOBBIX
dyaxnuit Nd4f-, Me3d- u O, ;2p-s1eKTpoHOB Hcnoab30BaHEl APW + lo-
0as3uchl, A BOJHOBBIX (PYHKIIMI 3JIEKTPOHOB MHBIX CUMMETPUH 0a31ChI
LAPW. IIpousBenenue paguyca MT-chepbl MUHUMAIbHOTO 06beMa (Ryr)
¥ MaKCHMAaJILHOTO 3HAUYEHHUSA BOJIHOBOIO BEKTOpPa ILIOCKUX BOJH (K,..)
BBIOPAHO PABHBLIM BOCBMM, a AJIsI MAKCUMAJIbLHBIX BeJIMYNH OPOUTAIHLHOTO
KBAHTOBOI'O UMCJIA MAPIHAJbHLIX BOJH BHYTPHU C(ep U B BHIUUCIEHUAX
non-muffin-tin MaTpPUYHBIX 5JIEMEHTOB IMPUHATHI COOTBETCTBEHHO 3HA-
yeaua l=10ul=4.

Suauenud U,,=U —J (U u J — KyJ0HOBCKUII U OOMEHHBIN IapaMeT-
PBI COOTBETCTBEHHO) [JIsI ATOMOB HEOAMMA BEIOMPAJINCE TAKUM 00pa3oM,
YyTOOLI 3HAUEHIS SHEPTUN CBA3U ero 4f-3JIeKTPOHOB, oIpeaeasdeMble 13
PEHTIeHORJIEKTPOHHBIX CIEKTPOB, OBbLIN OJM3KKA K UX DHEPTUAM, IIOJY-
YaeMbIM U3 PACUETOB.

Hawunyuiiiee coOTBeTCTBHE PE3yJIbTATOB KBAHTOBO-MEXAaHHUUYECKUX
pacuyeToB ¢ SKCIEPUMEHTOM (CM. HMKe) JOCTUTHYTO IPU BLIOOPE Imapa-
merpa U,,=0,716 Ry u U,;,=0,75 Ry n1a aToMOB HeoJuMa B OKCHJAX
NdVO; u NdNiO; coorBercTBeHHO. [[J1sT AaTOMOB BaHAAUA 1 HUKEJS B CO-
CTaBe HUCCJEeIyeMbIX OKCHIOB HMCIIOJIb30BAHLI COOTBETCTBEHHO 3HAUEHU S
U,,=0,209RyuU,,=0,45Ry[12].

PeHTreHo02/IeKTPOHHEBIE CIEKTPhI BaJIEHTHBIX 9JIEKTPOHOB OKCHIOB
NdVO; u NdNiO; mosyuens! Ha cunekTpomerpe «Kratos» ¢ amomMuHMe-
BBEIM aHOZOM IIPU TeMIepaTrypax OJM3KUX K KOMHATHBIM. BBuny ux He-
3aBHCHUMOCTH OT IIPABUJ 0TOOPA B COOTBETCTBYIOIIUX 9JIEKTPOHHBIX IIe-
pexomax, caMu IO cebe 9TH CIEKTPHLI OTOOPAKaIOT BJIEKTPOHBI BCeX
CUMMETPHUH, T.e. HOJHYIO IIJIOTHOCTL DJIEKTPOHOB TOI'O0 HJIA HHOTO CO-
eIuHeHUA. BOCIIpOM3BOAMMOCTD PE3YJIbTATOB U3MEPEHN SHEPTUHN CBA-
31 DJIEKTPOHOB B aToMax coctasuia =0,2 sB.

3. OBCYRAEHUE PE3YJIBTATOB

Ha pucynke 2 n300pasKeHbI PDEHTTEHO3JIeKTPOHHBIE CIIEKTPhI OKCHUIOB
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NdVO; u NdNiO;. 3mech sKe COBMeEI[eHHbIe XapaKTePHBIMI MAaKCHUMY-
MaMMU C 9KCIIEPHMMEHTAJIbHBIMHU CIIEKTPaMHU IIPUBEeIE€HbI KPUBbIE IOJIHOM
ILJIOTHOCTH 3JIEKTPOHHBIX cocToAHuii coemmuenniit NdVO; u NdNiO;,
MMoJyUYeHHbIe B pedyJbTaTe pacueToB. Kak u B cepum TpexBaJIeHTHBIX
coefuHeHUHN HeomuMa [13] B pEeHTIreHOSJIEKTPOHHLIX CIIEKTPaxX O0CY:K-
IaeMbIX OKCHUIOB IPOABIAIOTCA JBA APKUX IINKA a 1 b C IPUJIEraIluMu
K HUM ocobeHHOCTAMH. KOMIIOHEHTHI @, PaCIOJIO}KEHHLIEe B 00JIaCTHU
E ., =205B, momxHbI oTobpakaTth [13] Tak HasbIBaeMble BHYTpPEHHUE
MOJIEKYJIsIPHBIe opOuTain, chOPMUPOBAHHBIE IPEUMYIIIECTBEHHO KBa-
suocToBHBIMU NdbSp- m O2s-cocToguuaMu. B ¢Boio ouepeab 6JI0OK KOM-
IIOHEHTOB, OTMEUEeHHBIX OYKBOII b, Hambojiee BePOATHO, ABIsgeTc [13]
pesyJIbTaTOM IMPOSIBJIEHUS B CIEKTPAX BEPXHUX BAJEHTHBIX MOJIEKY-
JSAPHBIX OpOUTaJIeli ¢ yUuacTrueM B X 00pPa30BaHUM BaJEHTHBIX DJIEKTPO-
HOB aTOMOB METAJIJIOB U KHCJIOPOLA. BhICOKasi MHTEHCHUBHOCTL CAMUX
MTUKOB b, PacIoio:KeHHBIX B CIIEKTpax mpu sHaueHusax E ,=6,39 sB (Ba-
Hagut) u E.,=4,3 5B (Hukesar), cBA3aHa C HAJOXKEHUEM AOIOJHUTEIb-
"o smuccuu Nd4f-(poTosIeKTPOHOB, 00JIaJA0IUX OOJIBIINMYI 3HAUECHN-
AMU UX ceueHuil moumsanuu [14]. B memom mHabiiomaeTcsa Xopoiiee co-
rjaacue MeXAy S9KCIEePHMMEeHTAJIbHBIMU CIIEKTPaMM M IIOJHBIMHU IIJIOTHO-
ctamu coctosaunil okcunoB NdVO; u NdNiO;, uTo cBHIEeTEIBLCTBYET O BhI-
COKOM KauJecTBe IIPOBEJeHHBIX PACUETOB.

C uX IOMOIIBIO IPOAHAJINZUPYEM 0COOEHHOCTH 3JI€KTPOHHOI'O CTPOe-
HHUA UCCJHeAYEMbIX OKCHIOB M YTOUHMM HHTEPIIPETAIINIO MX PEHTIE€HO-
SJIEKTPOHHEIX CIIEKTPOB.

Kak mokaseiBaeT AeTaJbHBIM aHAJIN3 PEe3yJbTATOB PACUETOB 3alIpe-
IIeHHBIEe II[eJIN, OTAe/ISIO[1e 30HY IIPOBOANMOCTH OT BaJIEHTHBIX COCTO-
SIHUM B DHEPTETUUYECKOM CIIEKTPe 000UX HCCJIeSyeMbIX OKCHUIOB, BOSHU-
KalOT TOJBKO JUIIL IIPU yUeTe AOIMOJHUTEJbHBLIX Koppendamuii Nd4f-,
Me3d-s/1eKTpPoHOB, yuuThiBaeMbIX B GGA + U npuOIM:KeHnn.

CooTrBeTcTByIOIINE AuCIepcroHHLIe 3aBucumoctu E(K) Bmoap mps-
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Puc. 2. Peutrenosnektponubie (POC) cieKTphbl, COBMEIeHHbIE C IIOJHLIMU
SJIEKTPOHHBIMY IIJIOTHOCTAME OKcuIOB. ITo ocu aberuce oT/IOMKEHBI 3HAUCHU S
sHepruii cBasu (£ ,) BATTEHTHBIX 9JIEKTPOHOB.
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MBIX, COENUHSIONINX TOYKM BBLICOKOII CHMMETPUM B OOpPATHOM IIPO-
CTPaHCTBe 30H BpurrosHa, mpeacTaBieHsl Ha puc. 3.

Bungzo, uto 30HHaAA CTPYKTypa MCCJEAYEMBIX OKCHUJIOB 3aBHUCUT He
TOJBKO OT CIIMHOBOII OpHUEHTAIlNH JIeKTPOHOB, a U OT UX aTOMHOT'O CO-
cTtaBa. B ciyuae oKcuaa BaHaIWsA IIOJCHUCTEMA DJIEKTPOHOB CO CIMHOM
BBEPX XapaKTepusayeTcs MUHUMAJLHON IIPAMOM 3alpelleHHOH IIeIbio
BeanuunHoii B 0,5 5B. Oma HaxomuTcsa B ToOUKe |, pacIoIo;KeHHOH B IIeH-
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Puc. 3. [lucnepcuontusnie 3aucumoctu E(Kk) BZOJb IPAMBIX, COETUHSAIONINX TOY-
KU BBICOKOM CUMMETPHUU B 00PaTHOM IIPOCTPaHCTBe 30HBI Bpuintosna. Bepxaasa
YacTb PUCYHKA — CIIVH BBEPX, HUIKHAA — CIIUH BHU3, K, — sHeprusa epmu.
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Tpe 30HLI Bpuraiosrna. OTMETHUM, UTO OJYUYeHHOE B Pe3yJIbTaTe PACUETOB
3HAUeHMUe IIMUPUHBI 3alIPEINeHHOM 30HLI COBIAZAeT C TaKOBOMU, olpese-
JIEHHOI SKCIepPUMEHTAJIbHO U3 Pe3ucTUBHBIX uamepeHuii [1]. ITogoouas
KapTUHa B cy4yae BaHaAUTa HAOJIONAETCA U IJIA IONCUCTEMbBI 3JI€KTPO-
HOB CO CIIMHOM BHU3, OJHAKO, INMUPUHA 3aIpeIeHHON INeJU IPU 3TOM
CYILleCTBEHHO BO3pacTaeT A0 3HaueHusd B 3,94 5B.

IIpu mepexoje K OKCHUIY HUKEJIA CTPYKTYpPa 30H U UX KOJHUUYECTBEH-
Hble XapaKTEepPUCTUKU IpeTepleBaioT 3aMeTHble m3MeHeHusA. Cucrema
3JIEKTPOHOB CO CIIMHOM BHU3 XapaKTepuayeTcs MUHUMAJIbHON MPAMO
3ampeIreH o IeJbio co 3HaUeHueM sHeprun 3,36 5B, pacmomoxeHHON
B IIeHTpe 30HLI bpurtosHa (Touka IN). UTo ke KacaeTcs CUCTEMBbI JIEK -
TPOHOB CO CIIMHOM BBEPX, TO B HUKeJIaTe OHAa MeTAJLJIN3UPyeTCcs, T.e. 3a-
MeHa BaHAAUS HAa HUKEJb CYIIeCTBEHHO MeHAeT XapaKTep IPOBOAMMO-
CTU UCCJIEIYEMBIX OKCHUIOB.

TakuM 00pasoM, 13 MOJYUEHHBIX PEe3yJIbTATOB MOYKHO CHeJIaTh BbI-
BOI, UTO OKCHUJ C HUKEJIeM SIBJIAETCA TUIIUYHBIM MOJIyMETAJIJIOM CO CTO-
IPOIeHTHOU CONHOBOH MOJITpU3aIiueil 3JIeKTPOHOB Ha YpoBHe Pepmu.

ITonyueHHbIe HJaHHBIE YKA3LIBAIOT TaK:Ke HA TO, UTO 3aMeHa aTOMOB
BaHAAWsS HAa HUKEJIb B PACCMOTPEHHBIX BBIIIIE OKCHUIAX, IIPUBOIUT K
YMEHbBIIIeHUIO INMHUPUHBI 3alPEIeHHON Ieau /s HOACUCTEMBI 3JIeK-
TPOHHBIX COCTOAHUM CO CHMHOM BHU3.

B cTpyKType 9JIeKTPOHHBIX IIJIOTHOCTEH WMCCIEIYEeMBIX OKCUIOB
(puc. 4), COOTBETCTBYIOIIUX 3aHATBEIM COCTOSHUSIM, MOKHO BBIZIEJIUTD IBE
xXapaxkTepHble 0COOeHHOCTH, KaK 1 B PIOC orMeuennble 6ykBaMu a u b.
IlepBas 13 HUX, pacmojio:KeHHas B 00JIaCTy INIyOOKUX 3HAUEHUN SHEePrUi
2JIeKTPOoHOB (=18 3B), aBiasgeTcA pPe3yIbTATOM T'MOPUAN3AIINN SJIEKTPOH-
HBIX COCTOSIHMII aTOMOB HeoguMa 1 Kucjaopona. CaMblil BRICOKUN MUK b ¢
9Heprueu, paBsHou 6 5B g oxkcuga ¢ Bamaguem u 4,6 3B n11a okcunma c
HUKeJIEM, COOTBETCTBYET B OCHOBHOM JIOKAJM30BAHHBLIM COCTOSHUSIM
aTomoB HeomguMa. Cepus IpUIeraionNinxX K HeMy KOMIIOHEHTOB, ITPOCTI-
paloiiascsa B sHepreTuueckoMm mHTepBajsge E =-7-05B, oTobpaxkaeT ru-
OpUIN3UPOBAHHBIE COCTOSIHUA ATOMOB 3d-METaJLJIOB ¥ KMCJIOPOAOB. ITa
CTPYKTypa OTOOpa’kKaeT OCHOBHBIE KOBAJEHTHBLIE MEXKATOMHBIE B3aWMO-
IeficTBUA B MCCIELYEeMbIX OKcuaax. Kak BUIHO 13 00CYKIaeMOT0 PUCYH-
Ka, a TaKJKe JeTaJIbHOT0 KOJINUYECTBEHHOr0 aHAJIN3a, BKJIa bl HEJIOKAJIN-
30BaHHBIX COCTOSHHUII aTOMOB HEOAWMA B YKAa3aHHYIO 9HEPreTHUUECKYIO
00JIaCTh OKa3bIBAIOTCA UPE3BLIYAMHO MAJLIMHU. OTO O0CTOSATEIHLCTBO MO-
JKeT CBUIETeJIbCTBOBATL 00 0CJIa0IeHNN KOBAJIEHTHBIX B3aUMOIENCTBUIA
HeoamMa ¢ aTOMaMU OKPYsKeHus, 1, KaK CJIeJICTBHE, O BO3MOMKHOCTH 00-
pasoBaHUA BaKaHCUM B KaTMOHHON moxaperneTrke Nd B mMccie[yeMbIX CO-
enuHeHUaAx [1].

IIpeBanupyoomuii WOHHBI KOMIOHEHT B XHMMUYECKHX CBA3AX
HEeOIMM—aTOMBI OKPYKeHHUS MOMKeT YKa3bIBaTh TaKyKe U Ha BO3MOXK-
HOCTh 00pa30BaHUA TBEPABIX PACTBOPOB IIO TUITY 3aMeIeHusa PeJKo3e-
MeJBbHOTO 9JIeMeHTa Ha OCHOBE HCCJEAyeMbIX OKCcuAoB. OTMETHM, UTO
OTHOCHUTEJIbHAA JeTKOCThL 00pa30BaHUA TBEPAbIX PACTBOPOB 3aMeIlleHU T
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Puc. 4. IToHbIe 3JeKTPOHHLIE ILJIOTHOCTHU (BePXHAA MAHENb) U IIOJHBIE aTOM-
HBIE 3JIeKTPOHHBIE IIJIOTHOCTH OKCHAOB. 3Iech U Jajiee Ha PUCYHKaxX 5—8 misa
SJIEKTPOHHBIX CIMHOB, OPUEHTHUPOBAHHBLIX «BBEPX», ILJIOTHOCTU TPUHUMAIOT
MOJIOXKUTEbHbIE 3HAUEHUS, a AJA CIIMHOB «BHU3» — OTpUIllaTeabHble. Hynb
ITKAJIbI 9HEPTUY COOTBETCTBYET PACCUNTAHHOMY ITOJIOMKEHHUIO YPOBHA Pepmu.

JIAHTAHOUJHBIX aTOMOB XapaKTepHA TaK/Ke U AJSA OKCHUAOB WHOI'O 3JIe-
MeHTHOTO cocTaBa[1].

B crpykType cocTOssHHMII, OTBeUAOIUX 332 (POPMUPOBAHUE IIOJIOCHI
IIPOBOAVIMOCTY OKCHUJIOB, IPOABJIAIOTCSA Y3KKe INKY, COOTBETCTBYIOIINIE
KaK JIOKAJIU30BAHHBIM COCTOAHUSM aTOMOB HeOJUWMa, TaK U I'MOpUAu-
3UPOBAHHBIM COCTOAHUSM aTOMOB METAJIJIOB ¥ KMCJIOPOJa.

W3 obcy:xmaeMoro pucyHKa Takixke cienyeT (pakT CUIbHOU IIOJISAPU-
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3aIMM COCTOSHUI aTOMOB METAJIJIOB, UTO CKas3bIBaeTcsa (CM. HUIKe) Ha
QopMUPOBAHUYN MarHUTHBIX MOMEHTOB HUCCJIeyeMbIX OKCHUIOB.
PesynrnraTel, mpuBefeHHbIe HA PUC. D 1 6, YTOUHAIOT MHTEPIPETAIINIO
PacCMOTPEHHBIX BEIIIIE JAHHBIX. BUIHO, UYTO KOMIIOHEHTY @, IIPOABJISAIO-
meMycsa KaK B PEHTTEHOSJEKTPOHHBIX CIEKTPaxX JAaHTaAHOMUAOCOAEepPIKa-
IIM1X OKCUJI0B, TAK 1 B IIOJIHBIX 3JIEKTPOHHBIX IIJIOTHOCTAX, IPUBEAECHHBIX
Ha puc. 4, B ocHOBHOM c00TBeTcTBYIOT Ndp- u Os-cocroanus. ['eneruue-
CKU OHU CBA3aHBI C KBA3MOCTOBHBIMU NASpj3/s, 5p;5/» 1 O25-2/1eKTPOHAMME.
B aT0ii Ke sHepreTnuecKoil 06JIaCTH IPUCYTCTBYIOT C UX UPE3BBLIYANHO
MAaJIBIMM BECAMU 1 BAJIEHTHBIE COCTOSIHMS ATOMOB BaHAIUS 1 HUKEJIA.
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Puc. 6. ITonubie u IIapInuaJjJbHbI€ 9JIEKTPOHHBIE IIJIOTHOCTH aTOMOB KHCJIOPpOIAa
IIepBOI'O 1 BTOPOTI'O THUIIA B OKCHUaX.

Cilo:kHasi, pacilelljieHHAd CTPYKTypa YIOMAHYTBIX COCTOSHHUU YKa-
3bIBaeT HA X T'MOPUAMBAINIO U, HEHCTBUTEJILHO, KAK W B CJIyYae II0JIY-
TOPHBIX OKCHUIOB HeoguMma [13], cBuaeTerLCcTByeT 00 00pasoBaHUU BHYT-
PEHHUX MOJIEKYJIAPHBIX OpOuTAJeil, 00ecleurBaOININX MeXKaTOMHBIE
xumuuecKkue cBA3u B coegumHeHnAX NAVO; u NdNiO;. CranoBures mo-
HATHOH U IIPHUPOJA CAMOI'0 «IPKOI'0» KaK B CTPYKTYpPE CIEKTPOB, TaK U B
pacupeneJeHUN IJIOTHOCTEH COCTOSHUUM KOMIIOHEHTA b: oOHa mpemMyIle-
cTBeHHO cBsA3aHa ¢ Nd4f-amekTpoHamu. OTCyTCTBIE KAKUX-I100 3aMeT-
HBIX PacCIeIlJIeHU# B ero CTPYKType U ImOpUIN3NPOBAHHBLIX COCTOSHUIA
IPYyTUX aTOMOB B Y3KOUM 9HEPreTHYeCKOM 00JIaCTH ero pPacHoJIOMKeHUS
CBHUIETEJbCTBYET O JIOKAJM30BAHHOM xXapakTepe Nd4f-3JIeKTPOHOB 1 X
HEYYAaCTHUU B XUMUYECKUX CBA3AX.

B cBoio ouepenn, npuieramoinasg K KOMIOHEHTY b CTPYKTypa, OTO0-
pasKkaeT KOBaJIEHTHLIE XMMHUUYECKNE CBSI3H ATOMOB HUKEJIS 1 BaHAIUS C
aToMaMM KHMCJIOPO/a, OCYII[eCTBJIsIeMbIe IpenMyIrecTBeHHo V3d-, Ni3d-
u O2p-snekTpoHamu. UTo KacaeTcs 30HBI MPOBOJMMOCTH, TO €€ HMapIli-
AJILHBIA COCTAB OIIPEAEJSIEeTCS B OCHOBHOM JIOKAJM30BAaHHBIMH Nd4f-
COCTOAHUSIMU.

OT aToMOB BaHAAUSA 1 HUKEJIA B GOPMUPOBAHUHU ITOJOCKHI IPOBOIMIMO-
CTH IPUHUMAIOT yYacTHe S-, P-, d-dJIeKTPOHBI, FT€HETUYECKH CBA3AHHbBIE
C aTOMHBIMU 4S-, 4p- 1 3d-COCTOAHUAMU YIOMAHYTHIX MeTaJIoB. Cie-
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IyeT TaKKe YKasaTh M HA IMPUCYTCTBUE B 00CY KIaeMOU CTPYKType Ba-
KAHTHBIX COCTOSHHUU OKCHIOB I'MOpUIN3HUPOBAHHBIX pP-COCTOAHUI aTO-
MOB KHCJIOPOJA C UX MaJILIMUA BECAMMU.

IIpencrasisieTcs MHETEPECHBIM 6oJiee AeTaIbHOE PACCMOTPEHUE CTPYK-
TYPBI COCTOSAHUI, PACIIONOMKEHHBIX HEIIOCPEACTBEHHO B 30HE TOPUAM3H-
POBAHHBIX BAJIEHTHBLIX COCTOSHHUI aTOMOB 3d-METAJJIOB U KHCJIOPOZA.
OHa «IOpocTHUpaeTcsa» B cpegHeM Ha Iiayomny mpumepHo mo 7,0sB ot
ypoBuA Pepmu 1A 060MX OKCHUAOB, UTO B HATJIALHON (popMe IIPOIEeMOH-
CTPUPOBAHO Ha puc. 7 u 8.

3mech IpUBEIeHbl KPUBLIE PACIpeleeHUs DJIEKTPOHHOM IIJIOTHOCTH
OTIAeNbHBIX TapMoHUK V3d-, Nidd- u O2p-cocTosumii. BugHo, 4To B CIIeK-
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Puc. 7. dueprerunueckue pacmnpeneseHns V, Ni 3d-571eKTPOHHBIX COCTOAHUI B
3aBHCHUMOCTH OT UX OPOUTANBHOM CUMMETPHUM B OKCHUIAX.



736 B. H. YBAPOB, M. II. MEJIbHUK, H. B. YBAPOB u zp.

NdVo, NdNiO,
0.2 0,2 0.2 0.2
0,4 2P 2P 0.4 1P 0,2 2P
P, 02 p, p, p,
] 0,0 0,01
0,01 0.0
-0,2 —04 -0,2
-0,4
g
0,4 0,4 0,4
= B s 5
p p p, 03 p
i v v y v
Q
- 0,0l 0,01 0.01 0,01
]
=
=® -0,3
8 -0,4
5 -04 0,4
o
&)
0.3 ». 0,3 0.3 0,2 ».
0.0 0 0,0 ool 0.0
-0,3
_ -0,2
0.3 -0,3
E, 5B E, B E, sB E, 5B

Puc. 8. 9nepreruueckue pacnpegenerusa O;, 2p-sJIeKTPOHHBIX COCTOSHHUIN B
3aBUCUMOCTHU OT UX OPOUTANIBLHON CUMMETPUHU B OKCHUIaX.

Tpe BaJIEHTHBIX COCTOAHUM BaHAAUTA IPUCYTCTBYIOT ABE I'PYIIIIHI KOMIIO-
HEHTOB, paslejeHHBLIX 3aIpPeliéHHOW 30HOW: OJHA IeHTPUpPOBAHHAS
BOJIBY 3HAaUeHUs sHepruu 5,0 5B, a Bropas okoJo 0,9 3B (xoMIIOHEHT ¢).
Ilocoenusasa rpymma, B CBOIO OUepeb, OTAeJeHa 3alpPeIeHHOM MIeJbI0 OT
COCTOSTHUH IOJIOCHI MpoBoguMOCcTH. HecKkobKO MHAA KapTHUHA pacipe/e-
JeHUS DJIeKTPOHHBLIX COCTOSHUHA B YKAsaHHOU 9HEPTeTUYEeCcKOU o0JiacTu
HaOJIOmaeTcs B ciiydyae CoeMMHeHUs ¢ HuKeaeM. W3 o0cy:kaaeMoro pu-
CYHKa CJIeIyeT, YTO HUKeJaT, NeliCTBUTENIbHO, SIBIAETCS MOJyMeTaJLIIOM,
TOCKOJIBKY 9JIEKTPOHBI CO CIIMHOM BBEPX MMEIOT 3aMETHYIO IIJIOTHOCTH
HeIoCPeJCTBeHHO Ha caMOM ypoBHe PepMu, B TO BpeMs KaK IJIOTHOCTHU
AJIEKTPOHORB CO CITMHOM BHU3 HA HEM OTCYTCTBYIOT.

ITogpoOubI#T KOMMUYECTBEHHBLIN aHAJNN3 YHEPreTHUYEeCKOTo paclipeie-
JIeHUs 3apAJOBBIX ILJIOTHOCTEHM IMOKasajl, YTO JJiS BBIIIEYIOMAHYTOTO
BaHaguTa BKJIaJ V3d-3apAL0BOM MJIOTHOCTH COCTABJISAET TOJAbKO 18,1%
oT ofIeit, mpuxoasAIeiica Ha aHanusupyembiil (£ =-7,0—-0,0 sB) sHep-
reTUYeCKNil MHTepBaJl, a OCHOBHOU 3apsaj 3xeck gopmupyerca O, ,2p-
aseKkTpoHamu. IIpu stom mpumepHo 51,5% ot obiiero sapsana V3d-
000JIOUKY COCPEOTOUEHO Ha XMMUYECKUX CBA3AX, KOTOpPbIe (hopMuUpy-
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IOT BBICOKMI NUK C B INIOTHOCTU COCTOSHUM, PACIIOJIOKEHHBIN B NHTEP-
BaJie sHepruii ot —1,9 1o 0,0 5B. B cBoto ouepens BKJaag V3d-3/IeKTPOHOB
B 00IIuit 3apsm, COCPeIOTOUECHHBIA B 9TOM 00JaCTU SHEPTUH, ABIIETCS
MOJABJIAIOIIUM 1 cocTaBiadeT 79,3% . Takum o6pa3soM, COCTOAHUA OK-
cuna NdVOs;, hopMupyiomiue IoTOJOK €ro BaJeHTHOH 30HbBI, ITPaKTHIUe-
CKHU IleJUKOM uMeioT V3d-xapakTep. IIpuueM BMAHO, UTO BaJeHTHELIE
COCTOSTHUS aTOMOB, PACIIOJIO)KeHHbIe BOIM3U ypoBHA Pepmu, mOJHO-
CThHIO ITOJIAPU30BAHbBI, TAK KaK OHU OTOOPAKAIOT 3JIeKTPOHBI TOJILKO O/I-
HOI CIIMHOBOM OPHUEHTAIUN.

Yro KacaeTcsa OKCHAa ¢ HUKEJIeM, TO B 00JIaCTH JIOKAJIU3AIIUU COCTOS-
HUM, COOTBETCTBYIOIEl nHTepBany sHepruii £ =-7,0-0,0 3B, npumep-
HO 41,1% oT o00I1eil 9JIeKTPOHHON MJIOTHOCTH mpuxoxuTcsa Ha Ni3dd-
2JIEeKTPOHBI. I3 00Ccy:KTIaeMOoT0 PUCYHKA BUIHO, UTO B OTJIUYME OT OKCH-
Ila ¢ BaHAAWeM B HUKeJaTe B IpudepMUeBCKOl 00JI1acTy 3aHATHIX COCTO-
STHUH TPeBaJUPYIOT 2P-COCTOAHUSI ATOMOB KHCJIOPOAA.

W3 pacupenenennii 9/ieKTPOHHBIX IIJIOTHOCTEH NCCIeAYEeMbBIX OKCHUI0B
110 OTAEJbHBIM FrapMOHUKAM MOKHO TaK’Ke BUIETDh, UTO B CIyyae BaHa-
IUTa 3alpelleHHas 30Ha, pasaesaolnasa 3aHATble 1 BAKaHTHBIE COCTOA-
HusA umeeT d—d XapaKTep, IOCKOJLKY OHa c(hOpMHPOBAHA HIPenuMyIIie-
CTBEHHO BaJleHTHBIMU Vd,,, d,> u mycTeIMu Vd,,-cOcTOAHUAMU. B ciyuae
JKe HUKeJlaTa YIIOMAHYTAas MIejib, IIPUCYTCTBYIONIAA B 9HEPreTUUeCKOM
CIIEKTpPE 9JIEKTPOHOB CO CIIMHOM BHU3, IMeeT (haKTuuecKu p—d XapaKkTep
U B ee 00pa30BaHUM YUACTBYIOT IIO IIPENMYIIECTBY BaJeHTHBIE P- COCTO-
AHAA 000MX TUIIOB ATOMOB KHCJIOPOAA, & TAK)Ke BAKAHTHEIE d,,- U d,2_2-
opOUTAIN aTOMOB HUKEJIS.

Ob6cynuMm MexaHu3Mbl (DOPMUPOBAHUSI MArHUTHBIX MOMEHTOB U 3aps-
IOBBIX COCTOSHUI ATOMOB B ICCIIeYEeMBIX OKCHUAAX.

B Tabaume 1 npuBemeHnl pe3yJbTaThl PaCueTOB MArHUTHBIX MOMEH-
TOB B aToMHBIX MT-cdhepax, B 00aacTi MeXKIY HUMU ¥ CYMMAaPHBIHA Mar-
HUTHBIA MOMEHT, IPUXOAAINUICA Ha coAep:Kalliue II0 YeThIpe (dop-
MYJbHBIX €IUHUIIBI dJIEMEeHTApHble AYEHKM MCcCIeqyeMBIX OKCHUAOB.
BugHo, UTo MaruuTHBIE MOMEHTHLI, JJOKAJTN30BaHHbIE Ha aToMax MeTaJl-
JOB M B MexKAychepbe, MMEIOT IIOJIOKUTEJbHYI0 HAIPaBJIEHHOCTL U
MMeIOT ITOAABJAIOININE BKJIAABI B QOPMUPOBAHUY MATHUTHBLIX MOMEHTOB
BCell pJIeMeHTapHOH SUYeHKM OKCHAOB. ATOMBI KICJIOPOAA IIEPBOTO U
BTOpPOTO THUIla B BaHaguTe (cM. puc. 1), «HecyT» Ha cebe HE3HAUUTEIb-
Hble MAIHUTHBIE MOMEHTHI.

TABJHUIIA 1. MarauTtHble MOMEHTBI (B MarHeToHax Bopa ;) B aromusix MT-cde-
pax (Me =V, Ni), B mexkchepHoii obnactu (M,,.) 1 B aJieMeHTapHOI auetike (M ).

CoexuHeHnue | Nd ‘ Me | 0O, ‘ 0, | M, ‘ M.,
NdVO, 2,981 1,624 0,004 0,009 1,493 20,000
NdNiO, 2,973 1,316 -0,113 -0,116 0,231 16,001
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ITomoGHasa curyamnua HaOJII0JaeTCA U AJIA COeIUHEHU ¢ HUKeJIeM, HO B
OTJNYMeE OT BAaHAANTA, MAarHUTHbBIE MOMEHTEI ATOMOB KMCJIOPOJA B HUKe-
JlaTe IPOTHUBOIIOJOMKHO HAIIPaBJIeHbl MArHUTHBIM MOMEHTAM Ha IPYTUX
aTomMax coeguHeHUA. 3 IpuUBeIeHHBIX TaHHBIX CJEAYyeT, UTO HanboJIb-
il MAarHUTHBIA MOMEHT JOKaJIM30BaH HA aToOMax HeOJMMa U eTo BeJu-
YUHAa IPaKTUYECKU He 3aBUCUT OT COCTaBa MCCIeIyeMbIX COeTUHEHUH.

ITpoucxoxaenre momeHTOB B MT-chepax u 3apsAg0BOM MJIOTHOCTHA Ha
aToMaxX MOKHO IIOHATDL, IPOAaHAJIM3UPOBAB MaHHBIE, NPUBEIEHHLIE B
Taba. 2 u 3. U3 HUX caedyeT, 4TO, KaK W OKUIAJI0Ch, IOJABJIAIOIMII
BKJIang B ¢opMuUpoBaHMe MaruumTHoro momenTa B NdVO; ma aTomax
HeoJmMa BHOCAT €ro CUJILHO HOJIAPU30oBaHHLIE 4f-3JeKTpoHbI. Poib
SJIEKTPOHOB MHBIX CUMMETPUHN aTOMOB HeoIuMa He3HaunTeJ IbHA.

BosnukHOBeHMEe MarHUTHOTO MOMEHTa Ha aToMaX BaHaausa obecre-
YUBAETCS €ero IMOJAPU30BAHHBLIMU d-3JIeKTpOHAMU. POy 9JIeKTPOHOB
OTAEJbHBLIX OpOMUTajell MPU STOM OKA3bIBAIOTCA HEIKBUBAJCHTHBIMU:
MATHUTHBLIT MOMEHT Ha aTOMe BaHaAlsd B OCHOBHOM OOecIIeuMBaeTCs
CHJIBHOI mosiApusanueit d,,- u d,2-COCTOAHNN, B MEHBIIeH CTelIeHH II0-
JIApHU3anuei dJIeKTPOHOB d,2_2- U d,,-opOuTaseil u c1abo IoJIAPU30BaAH-
HbeIMu V3d,,-cocTogHuAMHU. [JId aTOMOB KHCJIOPOAAa 000MX THUIIOB UX
MATHUTHBLIE MOMEHTHI HNPaKTUYECKH MMEIOT HyJIeBble 3HAUeHUSA, 00Y-
CJIOBJIEHHBIE CJIA00M MOoIAPU3a el NX 3JIeKTPOHOB.

B cayuae mukemara HabadomaeTca cxokasd KapTuHa. Tak OCHOBHYIO
POJIb B POPMHUPOBAHUYN MAarHUTHOTO MOMEHTA Ha aTOMe HeoquMa UTIpaioT
ero 4f-smeKTpoHLI. B mpoucxokIeHN MarHUTHBIX MOMEHTOB Ha aTo-
MaxX HUKeJ IJIaBHYIO POJIb UTPAIOT €T0 MOJAPHU30BAHHBIC d,,- U d,2_2-
cocTosHUA. MeHbIllee yuyacTre B GOPMUPOBAHUY MATHUTHBLIX MOMEHTOB
Ha aTOMaxX HMKeJsd OTBelleHO UX d,2-, U CoBceM MaJoe d,,- u d,,-opbura-
aam. J[JIs aToMOB KHMCJI0pPOIa 060MX TUIIOB 3JIEKTPOHHBIE COCTOSHUA C
Pa3sHOOPUEHTUPOBAHHLIMY CIIMHAMHM 3acejIeHbl IIPMMEePHO OANHAKOBO,
YTO 1 IPUBOIUT IPAKTUUECKU K HYJIEBBIM MAarHUTHBIM MOMEHTAM.

Yro KacaeTcs 3apsAA0OBLIX COCTOSHUN OTAENLHBIX aTOMOB B HCCIemye-
MBIX OKCHUJAX, TO IIPU IIepexojie OT BaHAAUTa K HUKeJaTy HabJogaerTcs
2 deKT He3HAUNTEJIbHOT0, Ha YPOBHE HECKOJbKHNX COTHIX 3apana 3JeK-
TPOHA, YMEHBIITIeHUA O0IMUX 3apAA0BEIX ImaoTHOcTeilr B MT-chepax of-
HOTHUIIHBIX aTOMOB (CM. IocJjiefHue aBe Tabsuiibl). CHUMKeHMe 00Imero
3apsAla Ha aToMaX KHCJI0PoJAa B HUKeJaTe IIPU 9TOM MOXKET CBUIETE h-
CTBOBATh 00 yBeJIMUYEHUN KOBAJEHTHOI COCTABIAIOINEH B XUMUUYECKUX
CBA3AX ero aToMoB. He MCKJII0UeHO, UTO B CBOIO OUepedb 9TO U IPUBOJUT
K HaOJI0TaeMOMY B 9KCIEePUMEHTE YMEHBIIEeHUIO ITapaMeTpoB a, b u ¢
DJIEMEHTapPHON SYelKU HUKejJaTa B CPaBHEHUM C TAKOBBIMU JJIS BaHa-
nuTa (cM. paszmes 2 HaCTOAIIEH CTaThH).

4. BbIBOJ1bI

1. IToryueHHBIE pacueTHBIE U 9KCIIEPUMEHTAJBHBIE TaHHBIE YKA3bIBAIOT
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Ha TO, YTO JHO BaJIeHTHOI moJiockl okcumoB NdVO; u NdNiO; chopmu-
POBAHO T'MOPUAMBUPOBAHHLIMHU COCTOSHUAMMU, OTOOPAKAIOIIUMU IIpe-
MMYIIeCTBEHHO XMMHUYeCKHe CBA3U KBas3HMOCTOBHBIX NdbSp;s, S5ps, u
02s-saekTpoHOB. Bimike K ypoBHIO PepMU pacIoiaraloTcs He ydacT-
BYIOII[i€ B MEKATOMHBIX B3aMMOJEHCTBUAX JOKaIuM30BaHHbIe Nd4f-
DJIEKTPOHBI. 3IeCh JKe U Jajiee BIJIOThH I0 MOTOJKA BaJeHTHOH 30HLI pac-
MMOJIOKEHbI COCTOSTHU S, 0TOOpaKaroIue KOBaJIeHTHbIe XUMUUECKHe CBs-
3u aTroMoB 3d-MeTrasioB (Me) ¢ aToMaMu KHUCJIOPOa, OCYIIeCTBIAEMbIE
npeumyiiecTBeHHO Me3d- u O2p-anekTpoHamu. IlapruaabHBIN cocTas
30HBI IPOBOAMMOCTY YIIOMAHYTBIX OKCHIOB IIPEICTABJIEH B OCHOBHOM
JoKanu3oBaHHBIMU Nd4f-BakaHTHLIMHU COCTOAHUAMHU. B dopmMupoBa-
HUU TIOJIOCHI IIPOBOAMMOCTH NPUHUMAIOT ydacTue S-, p-, d-COCTOAHUS
aTOMOB BaHAAUS U HUKEJd, a TaKiKe Majas HOJA P-COCTOSHUIN aTOMOB
KHCJIOPOa.

2. CrpyKTypa aucnepcuoHHBIX 3aBucumocTeil E(K) 3aBUCUT HE TOJIBKO
OT CIMHOBOM OpHEHTAIIUK JJIEKTPOHOB B coexmHeHusx NdAVO; u
NdNiO;, a 1 oT X aTOMHOTO cocTaBa. B ciayuae okcuma BaHAAUA, IOI-
cucTeMa 9JIEKTPOHOB CO CIIMHOM BBEPX XapaKTepusyeTcs HpAMOil 3a-
IpeIeHHOH 1eJabio BeanunHoi B 0,5 5B, paciooKeHHOH B IleHTPe 30-
HbI Bpuinaiosna (I'-trouka). IlogobHasa KapTuHa HAOJIIOZAETCA AJIA IIOJ-
CHCTEMBEI 9JIEKTPOHOB CO CIIMHOM BHU3, a4 BeJIMUMHA CAMOM ITeJIN TOCTH-
raet sHauenusa 3,94 5B. B cayuae HHKejaTa cucTeMa SJEKTPOHOB CO
CIIMHOM BHU3 XapaKTepUus3yeTcsd MPAMOI 3alpeIleHHoN [e/IbI0 BeJIuYn-
HOI B 3,36 5B, moxkanmzoBaHHOU B Touke I' 3oubl Bpuriosua. Ilogcu-
cTeMa 3JIEKTPOHOB CO CIIMHOM BBEPX B HUKeJaTe MeTaJJIu3WpPOBaHa CO
CTOIIPOIIEHTHON WX CHWHOBOW IOJApHU3aliueil Ha ypoBHe Pepmu, 4TO
IIpeBpalaeT OKCU C HUKeJeM B TUIINYHELIN II0JyMeTas. 3alpeleHHas
30HAa, pasAesdolnasd 3aHATble ¥ BAKAHTHBIE COCTOSTHUS BaHAANUTA, UMe-
eT d—-d xapakxTep, CcGOPMUPOBAHHLIN NIPEUMYIIIECTBeHHO V3d-
opburanaMu. B HUKeJaTe YIOMAHYTAas IeJb, IPUCYTCTBYIOIIasd B
SHEPTeTUUYECKOM CIIEKTPE DJIeKTPOHOB CO CIMHOM BHM3, mMeeT (haKTH-
yecKu p—d XapaKTep U B ee 00pa30BaHUM YUACTBYIOT IIPEUMYIIIEeCTBEHHO
BaJIeHTHBIE 2P-COCTOSHUSA aTOMOB KHUCJIOPOAa 000MX TUIIOB U BAKAHTHBIE
3d-opOuTanu aTOMOB HUKEJ.

3. Ilepexon oT BaHaAWTa K HHUKEJATY COIPOBOKIAETCSI HE3HAUUTEIb-
HBIM, Ha YPOBHE HECKOJBbKHUX COTHIX 3apfAla 3JeKTPOHAa, YMEHbIIIeHUEM
00IITUX 3apsAAOBLIX IJIOTHOCTEH Ha OJHOTHUIIHBIX aToMax. MarHUTHBIE
MOMEHTBEI aTOMOB METAJIJIOB, BHOCAT IIOJaBJISIONINE BKJAALI B OOIIHe
MArHHTHBIE MOMEHTBI SJIEMEHTAPHBIX SUYeeK MN3YUYeHHBIX OKCHIOB.
HaunbGoapmuii MarauTHLIA MOMEHT JIOKAJIN30BaH Ha aToMax HeoIuMa U
chopMupoBan ero 4f-sJIeKTpoHaAMM, a caMO 3HaUeHHe HTOT0 MOMEHTa
MpaKTUYeCKN He B3aBHCUT OT COCTaBa MCCJIEIOBAHHBIX COEIUHEHUI.
BosHuKHOBeHMEe MArHUTHBIX MOMEHTOB HA aTOMaX BaHAAUS U HUKEJS
CBS3aHO C UX 3d-3JIEKTPOHAMU U O0YCJIOBJIEHO CUJILHON CIMHOBOI II0-
JApusanyel COOTBETCTBYIOIIMX cocToAHui. [Jid aToOMOB KucJIopoaa
000X THIIOB 3JIEKTPOHHELIE COCTOAHUA C PasHOOPUEHTUPOBAHHBIMU
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CIIMHaAMMn 3acCeJIeHbI HpI/I6JII/ISI/ITeJIBHO OOVMHAKOBO, YTO MW IIPUBOAUT
IIPAKTUYEeCKH K HYyJIEBBIM MarHuTHbIM MOMEHTaM Ha HUX.
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