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MAI'HITHA CTPYKTYPA KJIACTEPA Cr;

[IpencraBneHo pe3ynbTaTH NOCHIKEHHA MAarHiTHOI CTPYKTYpH knacrepa Cry y
paMkax Teopil ([)}’HICLII{IHM}-’ rycTHHH. [lokasaHo, wo HekoniHeapHa MarHiTHa
Humbwypaum BIAMOBLIAE OCHOBHOMY CTaHy KJIacTepa NpH BIAXHAEHHI OOHOrO
MarHiTHOro MOMEHTY Bia iHworo Ha KyT 120°. Onuc cHCTeMH 3a JONOMOror Moaeni
KJACHYHHX CMiHIB 003BONHB CTBEPMLAVEBATH, WO N8 JOCTIIXEHHA MAarHiTHHX
30yn#ene HeoOxioHO BpaxoByBaTH opicHTAUIfHI CTAHH, WO 3HAXOIATLCH nobausy

OCHOBHOTIO CTaHy KaacTepa.

Knio4oBi c/1oBa: MardiTHi K1acTtepH, HekoliHeapHHH MarHeTHs™M, po3paxyHKH 3

MePLUIHX MPHHLIKMIB,
Betyn

OpHiero 3 ocHOBHHX npobnem cydacHol
NPUKIaaHOT Ta (QyHOaMeHTalIbHOI QIBMKH €
OMHCaHHA Ta nepeabayeHHA eNIeKTPOHHHX Ta
MAarHiTHHX BNacTHBOCTEH HAHOCHCTEM, TAKHX
AK KIacTepH, MOJIEKYJIH, TOLIO. AJDKe Taki
CHCTEMH pO3rNSJalOThCA  AK  MOTEHLIHHI
KaHAHOaTH 111 MaiOyTHBROro BHKOpPHCTAHHA
npH 3anvci iHQopmauii Ta y KBAHTOBHMX
kKoMn'iotepax. Hespakaroun Ha noTyxHHH
PO3BHUTOK eKCMEPHMEHTATBHO] ¢ i3uKu
(TexHOnOr I CKaHYK40ro TYHEJBHOTO
MiKpockona [l] ans gochnimKeHHS Mosekyn
Ha T[OBEPXHI Ta MOJEKYIAPHO-TIYYKOBO]
eMnITakcii 418 YNopAAKyBaHHA HAaHOCHCTEM Ha

MoBepxHi [2]), TeopeTHuYHI [OOCHiIKEHHS
MarHiTHHX  KjJacTepiB Ta  MOJIEKya1 €
Hal3BH4YaHHO CKIaJHHMH 1 noTpedyHTh
MOTY’KHHX PpO3paxyHKOBHX pecypciB Ta

MOCTIAHOIO PO3BHUTKY ICHYIOYHX METOIB.
[lpu MonenoBaHHI MarHITHUX HaHOCHCTEM
3a3BHYai HeoOXINHO BHXOOHTH 3a paMKH
CMIH-TIONIAPH30BAHOrO MiAXOAY Ta BpaxoBy-
BaTH, [0 B OCHOBHOMY CTaHi MOJIeKYJH abo
KJIaCTEPH MOXKYTh MaTH [0BUIBHE MAarHiTHe

BMOPAAKYBaHHA, a BIiOAMOBIAHO |  IHWII
€/IEKTPOHH} T@ MarHiTHI BNaCcTHBOCTI.
Y paHii  poDBOTI MM TEOPETHYHO

JOOCNULKYEMO MArHiTHI BIaCTHBOCTI KJlacTepa
Cr; 3a [10ONOMOrol MeTOay CTPHMYBaHH:A
HanpAMKY MAarHITHHX MOMEHTIE Ha By3jax
(CMB) [3], apanToBaHoro [0 MeToay
MHIAHOT koM6iHauii aromHux opbiTaneii
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(JIKAQ). [Hanuii MeToa nae MOMKIHBICTD
(ikcyBaTH HanNpAMKH MarHiTHUX MOMEHTIB y
NOBUILHOMY  TOJIOKEHHI, W0 J03BOJIfE
OTPMMATH IapaMeTpH B3aeMOJil CHIHIB Mix
cofo, a oOTKE | NPOBOAWTH NOJAIbLUI
NOCIKEHHSA CMIHOBOT JHHAMIKH Ta CIIHOBHMX
nepexoais, Ttowo. [lonepeaHi TeopeTHYHI
OOCILIKEHHA NpUALLIN no PI3HHX
Pe3YNbTATIB WIOO0 peanisauii
KOHQIrypauii B OCHOBHOMY CTaHi. A caMe,
¢epomarnitui [4] Ta HekoniHeapHi [3, 6], me
OJHH MArHITHHH MOMEHT BIOXWIEHHH Bin
IHIWHX Ha KYT 120°. THM He MeHLue, B O aHi#
3 nonepeaHix po6ir He 6yio OTPHMaHO
napaMeTpis  oOMiHHOT  B3aeMoaii,  fKi
N03BOJIAKOTH KUIBKICHO OMMCATH B3aEMOJII0
CIIHIB.

Teopernuni MeToau

Ina  BH3HAYEHHSA E/IEKTPOHHHX Ta
MarHiTHHX BlacTHBOCTel knactepa Cr; Mu
BUKOPHCTOBYBATIH HAONMHIKEHHA JIOKANbHOI
ryctuHu [7] y pamkax Teopii dyHKuioHany
rYCTHHH. JINs po3paxyHKiB BHKOPHCTOBY-
BaBcAd naketr SIESTA [8], axuii Oy Hamu
MoaugikoBaHMi  [3]  ans  gocaimKeHHS
MarHiTHHX CHCTEM 3 JOBUIBHHM MAarHiTHUM

BNOPAAKYBaHHAM. [l OMHCY eNneKTpPOHHOI

nuacucremun  OyaM OTpUMaHi  MceBO-
noteHuwiany [9], wo Bkmouand 3p Haniepa-
NeHTHI opbrrani 3 pagiycamu oBHYNeHHs 114
s/p/dif opOGiraneit 1.79/1.79/2.39/2.25 artom-
HHUX OJHHHLL BIAMOBIAHO. MH OTpHUMAaNH, WO

MAarHITHOT

N —
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0asuc 3 nBoMa GasMCHMUMH GYHKUIAMH 18
s, p opOrrane#t Ta TphboMa GasHCHHUMH
GyHkuismMu s d  opbiraneit  Haiikpaie
MUIXOAHTh /IS OMHCAHHA (I3HYHMX BACTH-
BOCTEH.

Binomo, wo cucTeMH 3 HekoniHeapHHM
MarHITHHM  BTIOPSJKYBAHHAM He  MaloTh
CMUTbHOT MarHiTHOi oci kBaHTyBaHHs. Lle
O3Ha4ae, WO XBHIbOBA (PYHKUIA eneKTpoHa
ANA KOXKHOTO CTaHY 1| € CIIHOPOM

¥ (7)=3

Takum YHHOM, enekTpoHHa ryctHHa p(F)
Y KOXHIA TOYL MPOCTOPY € MAaTPHLEK 2X2 y
CMHOBOMY  mpocTopi.  BHKOpHCTOBYIOYH
srigHo [10] monspHi kyTH @, @ MM MOXKeMO
IJIA HEl 3alMcaTH, LI0

2 18.(F).
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p(r) = i (r), (2)
m, +im, n-m,
A€ n — 3apsn; my, my, Ta M. — NEKAPTOBI
KOMIIOHEHTH MAarHITHOr0O MOMEHTY, W10
BH3HaYaloThCA Yyepes KytH @ (F), ¢ (F).
Omniero 3 npobneM  nochimkeHHs

MAarHiTHUX CHCTeM € CKIaAHicTh dikcyBaHHs
HanpAMKY MarH{ITHOr0O MOMEHTY Ha atomax y
pamkax metony JIKAO. Tomy Hamu 6ys
3anponoHoBaHWi metoa CMB, wo yeniwHo
BHpilUYe naHy npobaemy. Oco6nusicTio
metony CMB € npunymenns, wo Bci
opbirani 4 0gHOro i Toro » aToMa k MaloTh
CMUTBHUA HANpAMOK MArHITHOrO MOMEHTY,

IO B TEPMIHAX MATPHLI I'YCTHHH P

Fig

MOMHa
3arHCaTH fAK

wr (P 0 :

BL=| " |=U®,,)B U ©,,0,),3)
g P

ae u,vek.

Take nepetBopeHHs n03BONAE  po3aiTHTH

OKPEMO CnHIH-BBEPX P, | CMiH-BHM3 |
KOMIOHEHTH MAaTPHLI F'YCTHHH B JIOKAJ1bHHX
CHCTEMax KOOpAHHAT Ta KYTH HAMAarHiueHOCT]
Ha KOXHOMY atoMi (®,,@,, ne k=I..N).
3ajaiouM pisHi 3HayeHHs kyTie ©,, @, Ta
QIKCylOUM IX, MH MOXKEMO [AOC/TiIKYBAaTH
30ymKeHi MarHiTHI cTaum.

s OonMCcaHHA CHCTEMH 3a JOMOMOIOIO
MOJENbHHX ['aMUIbTOHIAHIB MH BHKOpPHCTO-
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BYBalH HaONMKEHHA KJIAaCHYHHX CMIHIB Y
npeacraeneHHi ["afizenbepra

H=J#%3J,(5-5), 4)

ne J, - napametp oOMIHHOI B3aeMoaii Mk
OBOMA CMIHAMH i, j, IO XapaKTepH3YyIOThCA

MarHITHUMH MOMEHTaMHu S, =S¢, Ta S, = Se,

BLAMOBIAHO. Y gaHii poGoTi MU BBOXKAIH, L0
BE/MY4HHH  MAarHiTHHX  MOMeHTIBE  (S)
ONIMHAKOBI Ha BCIX aToMax 18 BCix
OpIEHTALLIHHHX MOJI0KEHb CHCTEMH. TOMY 14
OMHCAHHA CIMIHY MH BHKOPHCTOBYBAIH TUIbKH
HOro Hanpamox e, .

PesyabTaTh Ta 06rosopenns

[lepiinm  etanoM HalIMX JOCHImKEHb
Oyno  BHBYEHHA  penakcauii CTpPyKTYpH
knactepa Cri. Ha puc. | nokasaHa 3anexHicTs
€Heprii 3B’A3Ky KiacTepa BiAd Bigmami Mix
aromaMd Cr ans TpbOX PpI3HHX MarHiTHHX
KOHQIrypauid wiactepa xpoMmy, a came
HeKoJlIHeapHoi MarHitHOT ctpykrypn (HK),
aHTHdepomarnitHoi  (AD), gme  oaMH
MarHITHUA MOMEHT TPOTH/IEKHO HarnpaM-
JIEHHH [0 [ABOX IHIUMX Ta ¢epoMarHitHol

(PM) — BCI MarHiTHi MOMEHTH CniBHA-
NpAMJIEHI.
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Puc. |. 3anexnictb eHeprii 38’s3ky xnacrepa Cry Bia
Biadani mix atomamu Cr. Kpusi Bianosigaots Tpsom
PI3HHM MarHiTHWM koHdirypauism: AP — aHTH-
¢epomarnithol, HK — HekonineapHoi Ta @M — depo-
MATHITHOL.

JlK BHAHO 3 PMCYHKa, OCHOBHOMY CTaHY
BIAMOBiNac HeKOJIiHEapHEe MAarHiTHe BMOPAI-
KyBaHHA NpH dcrc, = 2.49 A, npuuomy s
BCIX TOYOK JaHOi KPMBOI MarHiTHi MOMEHTH
aTOMIB XpOMY BIAXWJIEHI OMH Bil OJHOrO Ha
120° Takum 4MHOM, Hauli pe3yabTaTH nobpe
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CNiBNanaloTek 3 JaHWMH pobit [5, 6], oe Taka
X CaMa MarHiTHa cTpyktypa Oyna oTpumaHa.

a) 0)
Prc. 2. CxemaTHyHe nNpeacTABNEHHA Heko/iHeapHol
MardiTHol koHirypauii y knacrepi Cr; B 3anexHOCTI
B K¥TiB @, Ta @, (a) Ta cxeMaTH4He MpenCcTaB/IeHHA
napameTpie  o0MiHHOI B3aemonoii  MiX  cniHamH
BianosiaHux atoMis Cr (6).

[lpy nopaneiioMy OOCALIKEHHI MarHir-
HHX BaacTHBOcTeH knactepa Cr; MH Bapito-
BaTH KYTH ©; Ta ©; (nokasaHi Ha pHc. 2(a))
Bia 0° go 180°. TlpH uboMy HanpsSMOK OJHOTO
MarHIrHOro MOMEHTY Ta reoMeTpia KiacTepa
oynu dikcopanumu. Ha puc. 3 nokasaHo
3aNeKHICTE €Heprii 3B’a3ky aromiB Cr Big
3HaYeHs ®) Ta O, MK BHOHO 3 pHCYHKA
CHCTEMA Ma€ TUIBKH OJHH MIHIMYM, L0
BUIMOBLIAE 3HAYEHHAM KYTIB @) = ©,= 120°,

HaH! noTeHuianbHOro penwsedy 3 pHc. 3
Oyam BHKOPUCTaAHI I8 OTpPHMaHHA
napaMeTpiB 0OMIHHOI B3aEMOZIl MOJEILHOIO
['aMuibTOHIaHa, 3amHcaHoro y (4). Tyt Mu
BpaxoBYBA/H [Ba MOMJIHMBI piwenHA. [lepuie
AOMYCKAN0 HEeeKBIBANEHTHICTh BCIX CIIiHIB

(J,,#J,,#J,,), Opyre — BpaxoByBalo, IO
BCi aTOMH B OCHOBHOMY CTaHi €KBIiBAlEHTHI,
ToMy J,,=J,;=J,;. IHoekcu artomiB Ta

BIAMOBIAHI NapaMeTpH B3aeModil J, mokasaHi
Ha pHc. 2(0). TlinroHka w™oneni (4) no
NOTEHUIATBHOTO penbedy mnpoBoaMnacs 3a
ponomMororo  mporpaMmd  FUMILI  [11].
BenHyHHH OOMIHHHX napaMeTpiB 1A JABOX
pillieHs MOKa3aHo B Tabn., .

Tabnuus |
[Tapamerpn o6minHoI B3aemonil s kaacrepa Cr;

Punenns | J,, (eB) | J,;, (eB) | J,, (eB)
[lepe 0.57 0.57 0.61
Hpyre 0.58 0.58 0.58
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Puc. 3. 3anekHicTs eHeprii 3B’A3Ky MiX aToMaMu
XpOMY Bl BIAXHJI€Hb Mar”iTHHX MOMEHTIB Ha OBOX
aToMax, 3aJaHHx KyTamH @, ta @,.

Ak BuaHO 3 Talbnmui 1, napamerpu J; ans
NepuIoro pillleHHs, NOKa3ylTh, WO APYryi Ta
TPeTiH aToMH XpoMmy (auB. puc. 2(6))
€KBIBA/IEHTHI. THM He MeHLIe MapaMeTpH
3HaxXoOATBECA ONM3BKO 3a BEHYHHOK UIA
ABOX MOMJIMBHX ONMWCaHb CHCTEMH, IO
JA03BOJIAE BHKOPHCTOBYBAaTH TakoX 1 Jpyre
puueHHs A  nepenbavyeHHs  IHIIHX
JOKaIbHUX MAarHiTHHX CTaHIiB npH Bapiauii
KyTiB @ Ta ©; B iHTepBani Bia 0° go 360°.
AHani3yrO4Hd BIIXHIEHHS MOJEIBHOIO MOTeH-
HIATBbHOTO penbedy Bid poO3paxoBaHOro,
CMOCTepIracTbCA BIAXMIEHHA Y KpPHBM3HI
MOBEPXHI B OKO/i MIHIMYMY, L0 BIJIHBATHME
Ha BH3HA4Y€HHA KOJMBHMX MO CMIHOBHX
30ymxeHb. TOMY BMKOPHCTOBYIOYH TUTbKH
3HA4Y€HHA OPIEHTALIMHOT eHeprii B 0KOJIi MiHi-
MyMY MH oTpuManu J,=J,;=.J,,=0.53 eB
MpH MaKCHMaJIbHOMY BIIXWIEHHI po3pa-
XOBAHOTO Ta MOMENBLHOIO [MOTEHLIATLHOTO
pensedis 0.01 eB.

BHCHOBKH

Y poboTi mokasaHo, WO HeKoJiHeapHa
MarHiTHa CTPYKTYpa BIANOBIZa€ OCHOBHOMY
craHy knactepa Cri, e BUIXHMIEHHA OOHOIO
MarHITHOro MOMEHTY BiJl IHIUMX CTAHOBHTH
120°. Ha ocHOBI po3paxoBaHOro MoTeHLialb-
Horo penbedy Oynu oTpuMaHi napameTpH
0OMIHHOT B3aeMoil y Mozeni KIacH4YHHX
criviB. IToka3aHo, WO 418 Kpalloro OnMca-
HA OCHOBHOIO CTaHy NOTPIOHO BHKOPHUCTOBY-
BaTH [OaHl eHeprii, WO 3HaXoAAThCA O
MIHIMYMY.
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MAGNETIC STRUCTURE OF THE Cr; CLUSTER

The results of the investigation of the magnetic structure of the Cry cluster are
shown. The calculations were performed for free standing cluster using the linear
combination of atomic orbitals formalism hased on density functional theory. We
show that the cluster has non-collinear magnetic structure in the ground state, where
the canting angle between nearest magnetic moments is 120 Also we find the
parameters for the model Hamiltonian which describe different magnetic states of
the cluster.

Keywords: magnetic clusters, non-collinear magnetism, ab-initio calculations.
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MATHUTHAS CTPYKTYPA KJIACTEPA Cr;

[MpencrasneHsl pe3ynbTaThbl HCCNeNOBAHNA MATHHTHONH CTPYKTYpPbl KAacTepa Cry 8
pamkax TeopHH (yHKUHOHaNA nnoTHoCTH. TI0Ka3aHo, 4TO HEKONTHHEApHAR MarHHTHAaN
KOHHUIYpAUKA COOTBETCTBYET OCHOBHOMY COCTORHHIO KIacTepa MNpH OTKIOHCHHH
OHOrO MArHWTHOrO MOMEHTA OT ApYTOro na yroa 120° OnWcaxue CHCTEMEB €
NOMOLLIBIO MOAETH KIACCHYECKHX  CIIHHOB NO3BONHAO YTBEPXKIaTh, 4TO QAN
HCCNeNoBaHHA MArHHTHBIX po36yiaeHHH HeOOXOAHMO YYHTHIBATD OpPHEHTALHOHHBIE
COCTOAHHA, HAaXOAALHEeCH BONMH3IH OCHOBHOTO COCTOAHHA KIACTEPA.

Knio9eBbie c10BA. MArHHTHBIE KIACTEPEL, HeKO//IWHeapHbIA MarHeTHIM, pacHeTs ¢
nepBbIX MPHHLMKNOB.
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