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1. BBEAEHUE

IMTapamarauTHble cBOMCTBA (EPPOMATHUTHBIX Me-
TAJIIOB OOBIYHO OIMCHIBAIOTCS B JIBYX PA3IMIHBIX TEM-
HepaTyPHBIX HHTEpBaJax: IPH TeMIepaTypax 3Hadd-
TesibHO BhIIe Temueparypbl Kiopu To, rie obpar-
Hasl BOCHPUMMYNBOCTD NOUUHSIETCS] JIMHEHHOMY 3aK0-
ny Kiopu - Beiicca, n B kpurndeckoit objacTu Hemo-
cpesicTBeHHO BOMM3H T, T/e MMEEeT MECTO CTEICHHAsT
sapucuMocTb [1-3]. OjHako Her Teopum, CIOCOGHOI
[PEJICKA3aTh SKCIEPUMEHTAIbHBIC 3HAYCHUS KPUTHIC-
CKUX WHJIEKCOB U OIPEJICJIUTh TOUYKY [EPEXOJIa MeXK-
JIy KPUTHIECKUM TI0BejIeHneM u 3akonoMm Kropu — Beiic-
ca [4,5].

Bce reopun cpejmero 1moJist, BKIIOYas JUHAMUIE-
ckue [6-9], 1al0T 0/JHO U TO YKe 3HAYECHHE KPUTHIECKOTO
HUHJEKCa JJIs1 TapaMarHUTHOM BOCIPUUMYNBOCTH: 7y = 1
(sakon Kropu —Beiicca). Pacaersr mapamaranTHoi Boc-
[MPUAMYUBOCTH “U3 TEPBBIX IPUHIUIIOB’, HCIOJIb3YIO-

* . .
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e 3(hGEeKTUBHBIE TAMUIBTOHNAHBI ¢ KJIACCHICCKUMU
CIUHAMU, TaKKe He JAI0T OTKJIOHEHHs OT 3aKoHa Kio-
pu —Beiicca [10-12].

[Ipustozkenusi TeOpUE PEHOPMIPYIIILI OTPAHUIECHBI
JIHO IPOCTHIMU MOJIEISIMHE C JIOKAJTU30BAHHBIMU CITTHA~
MM, TAKAME Kak Moziesn Msunra win Teitsentepra [13],
JIn6O HU3KOTEMIIEPATYPHBIMU MATHUTHBIME (Pa30BbIMU
epexoiaMi B MAIHETHKAX C KOJIIEKTUBIU3UPOBAHHBIMU
ssekTponamu [14-16].

layccoBo npubmzkeHne MOXKHO HUCIIOJIb30BATH JIJIsT
U3YYEHUS KPUTHIECKOTO MOBEJICHUS METaJjIoB, eCJIn
dutyKTyanuu He CJMIIKOM BeJuku. Jpyrumu ciaosamu,
rayccoBO MPHUOJIMKEHUE MPUMEHUMO IIPU TeMIepaTy-
pax, He cauImKoOM OJm3KuX K T, HAIIPUMED, B KeJjie-
se upu (T — T¢)/Tc > 0.01 [17]. Ilpubnuxenne ciy-
vafinbix daz (IICD) [18] u Teopust 'unszbypra—Jlan-
nay [19] onuchiBatoT rayccoBbl hIIyKTYAIUHT, HCIOb3Y ST
TOJILKO CpEJIHEe MM0JIe, U JAIOT Te JKe 3HAUCHUST JIJIsT KPH-
TUYECKUX WHIEKCOB BOCIPUUMYUBOCTH ¥ = 1 u KOp-
PEeJISAIMOHHOrO pajyca ¥ = 1/2, aro u Teopusi cpei-
Hero noJist (mogpobuee cM., nanpumep, [20]). Junamvu-
vyeckasi Teopus cuuHoBbix duykryanuii (ITCD) [21]
HCIOJIBL3YeT ONTUMAJIBLHOE TayCCOBO IIPUOJIMYKEHHE, KO-
TOPOE OIMHUCHIBAELT (DIIYKTYAIUU C IIOMOIIBIO CAMOCOTJIA-

3*



H. 6. Menbuukos, A. C. 'ynenko, b. Y. Pesep

MHITP, Tom 163, BoII. 1, 2023

COBAHHOI'O YCPEIHEHUSI 10 TayCCOBBIM KOH(UI'Y PAIUSIM
TOJIS.

Mpar1 ucnosibzyem JITCD st pacuera KpUTUIECKIX
roKasareJieii lrapaMariuiTHON BOCIPUUMYINBOCTH U KOP-
pessimonnoro pajgmyca B Fe, Co u Ni, a Takxke s
OIIEHKM 00JIaCTH KPUTHIECKUX TeMIlepaTyp B (eppo-
MarHUTHBIX MeTaJliax.

Pabora mmeer ciemytomniyo crpykrypy. B pasm. 2
MBI HCCJIEAYEeM MapaMArHUTHYIO BOCIPUUMYUBOCTH U
CPaBHUBAECM PACCUUTAHHDBI KPUTUYECKUN HHICKC CO
3HAYEHUSIMU, TIOJIYI€HHBIMU Ha, OCHOBE U3MEPEHU 00b-
€MHOIl BOCIHPUUMYUBOCTA WM SKCIIEPUMEHTOB II0 Hel-
TPOHHOMY paccesnuio. B paz. 3 MbI u3y4uaem KoppeJis-
MUOHHYIO (DYHKIIUIO, BBIIUC/IsIEM KPUTUIECKUI WHIIEKC
KOPPEJISAIINOHHOTO PAJIyCa U CPABHIUBAEM €T'0 C SKCIIEPU-
MEHTAJIbHBIM 3HAYEHHEM, [OJIYYEHHBIM B HEHTPOHHOM
paccesuuu. B pas/. 4 npuBOIMM OCHOBHBIE BBHIBOIBI.

2. MATHUTHA4 BOCITPUVMYMBOCTDb

B JAITC®D 3/i1eKTPOH-3JIEKTPOHHOE B3aUMOJIEHCTBIE
3aMEHSETCsl B3AaUMOJIEHCTBUEM 3JIEKTPOHOB C (DIIyKTY-
UPYIOIM OOMEHHBIM mojieM. [lapamarauTHas Heycu-
JIEHHAsI BOCIPUUMYUBOCTD Xg(g) OIIPeJIeJIsIeTCsl BhIpar-
JKEHUEM

o 1/ PRV
Xam =79\ OVemOVqm /.’
rje
F(V)=-ThTre /T —TTr InG° + TTr nG(V)

— cBODOHAST dHEPIUsS HEB3AMMOCHCTBYIONINX JIEK-
TPOHOB B 110Jie V| BbIpasKeHHas depe3 MyHKIuio [ puna

G(V)=(e+p—Ho—-V) L

3iech (1 — XUMUYecKHii nmorennyal, Hy — cymma Ku-
HETUYCCKON U NOTECHUUAJBHON SHEpPruil HeB3anMo/iei-
crBytomux 31ekTponos 1 G = (¢ + u — Hy) L. Cpen-
Hee 3Hadenue (...) 10 BceM KoHdwurypaimam mos V'
BBIYHC/ISIETCS CAMOCOTJIACOBAHHO IIPU KayKJIOH TemIie-
parype (nozpobuee cu. [21]).

VYemwrennas BOCIPHIMIHBOCTL Xq(€) BbIpazKaercs
yepe3 HEeYCUJIEHHYIO BOCIPUUMYUBOCTD Xg(g) o ¢op-
MyJIe
Xa(€)

Xal(e) = TXS(E)’

rue @ = u/N (u — Koncranra 3aumojeiicreus, N —
YHUCII0 9JeKTPOHOB). OTMETHM OT/IMYNE ITOrO BhIPaZKe-
Hust oT BeIpaxkerns B [IC® [18], rie HeycuieHHAs BOC-
PUUMYUBOCTD OIPEIEJISETCA TOJbBKO OJHON KOHMUry-

36

parueit 0OOMEHHOTrO IOJIsl, MUHUMHU3UPYIOMEH CBOOO/I-
HYIO 9HEPIHIO:

92F, (V)
6anL6V—q—m .

0
X fr—
| Rrpa

1
2
Boipazkenue 8 IIC® js x§(e) npescrasisier coboit
pocTo caBuHyTyio dyuknuio JIlunmaxapmsa 6e3 mompas-
KM 3a cueT cOOCTBEHHOU sHeprermyeckoii gactu. [Tpu-
venenne [ICP K KpUTHIECKOMY PACCESHUIO A0 XO-
poliiee coryiacue ¢ 3KCIIEPUMEHTOM B Kejie3e, HO He B
Hukese [18].
OnnOpoIHY IO
MO2KHO allIPOKCUMUpOBaTh 3akoHOM Kiopu — Beiicca

CTaTHUICCKYIO BOCIIPUUMYINBOCTD

2
meﬁ'

" 3kp(T — O¢) (1)

X
B IIMPOKOM JHara3oHe Ttemieparyp Bboime To. B
HTC® crarmyeckass OIHOPOJHAS BOCIHPUUMYHUBOCTH
x0(0) msmepsiercss B enununax g’p%/2 u ee cBA3b C
Bocupunmunsoctbio Kiopu — Beiicca (1) 3amaercsa coor-
nomennem Y = N 1xo(0) g>u% /2. dddexrusnbiii Mo-
MEHT Mg U NapaMarHUTHas Temieparypa Kropn Oc,
paccanranubie B JITCD, xoporo coryracyorcs ¢ n3Me-
peHUAMU O00BEMHON HAMATHUYICHHOCTH JIJIST BCEX TPEX
deppomarauTHbIX Mertasuos [22|. PaccunranHasi ma-
paMaranTHag TemuepaTypa Kiopu O¢ ma 7-8% 60mn-
e, yem peppomarauTaas remeparypa Kopu Te, ato
CBUJIETEJILCTBYET 00 OTKJIOHEHUN OOPaTHOI BOCIIPUUM-
qauBOCTH OT psamoit Bou3u To. Ilpu Temmeparypax 10
1.10-1.15T¢ obparHas BOCIPHAMYUBOCTD X, L(0) mox-
YUHSIETCsI CTEIIEHHOMY 3aKOHY

X~ (T =Te). (2)

Yr00bI 1OJIyIUTh 3HAUYEHIE KPUTUYIECKOI'O MT0Ka3a-
tens v u3 pacderoB JATCO, mbl ucrnoab3yeM pesyiib-
TaThl Jiisi OOPATHON BOCHPUUMYUBOCTH B JIOrapu(OMU-
veckoii mkase (eum. puc. 1). Jliast cpaBHeHns ¢ 9KCIepu-
MEHTOM MBI H6epeM MaKpPOCKOIMUIECKYI0 MACCOBYIO BOC-
HIPUIMYUBOCTD X g, KOTOPasd CBA3aHa C MUKPOCKOIIIYE-
CKOM BOCIIPHIMYUBOCTBIO X ypaBHeHHeM X = p$dws Xg,
rJie p — IJIOTHOCTH MeTaslia, {2 yys — 00beM sjrieMeHTap-
Hoii saetiku Burnepa — Setitia. Kak Bugao 3 pucyska,
pas3yMHOE COTJIACHE JIOCTUTAeTCS JITIsT BCeX Tpex (heppo-
MarHUTHBIX MeTaJlJIOB. PacdyeTHble 3HAUEHUS KPUTHUIE-
ckoro nnyekca 7y (or 1.04 To no 1.12T¢) B Fe, Co u Ni
mpecTaBaeHsl B Tabur. 1.

Touka, Tjie jBe TemmeparypHble 3apucumoct (1)
u (2) cOMMKAIOTCs, YKA3bIBACT HA KOHEN KPUTHIECKON
obacTu. DTa TOoUKa cocTasiaser okoso 1.10-1.15T¢
st Co u Ni. B Fe kpurudeckas: 06/1acTh IPOCTUPAET-
cst 710 KOHIA -hasbl. DTU PE3YIIbTATHI COTJIACYIOTCS C
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Puc. 1. (Jlesasi ocb) ObpaTHasi MaccoBasi BOCMPUUMHUBOCTb
Fe, Co n Ni B norapugmmnyeckoii wwkane, paccHmTaHHasi B
OTC® n nonyyeHHas n3 skcnepumenTa B Fe [23,24], Co [25]
n Ni [24,26]. KpacHasi uTpnxoBasi IMHUS — CTENEHHOMN 3aKOH
(2) ¢ napameTpamu, oTBevatowmmmn skcnepumenty. (Mpasast
ocb) ObpaTHbIli KoppensiunoHHbiii paguyc Fe, Co n Ni B nora-
pucbmuyeckoii wkane, pacciutantbiii 8 JTCP n nonyyeHHblii
n3 akcrepumenTa B Fe [27,28], Co [29] n Ni [30,31]. KpacHas
LITPUXOBAs JIMHNS — CTerneHHON 3akoH (6) ¢ napameTpamu,
OTBEYAIOLLMMUN IKCMEPUMEHTY
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Tabnuua 1. Kputuueckue nokasatenu v ans Fe, Co n Ni,
paccuutanHble B JTCD u nonyyeHHble B SKCNEpUMEHTE

ATCD DKCIIEPUMEHT

1.33 [24

Fe (OIIK) 1.354+0.03 124
1.3340.02 [32]
1.21+0.04 [33

Co (T'TIK) 1.24 +0.03 133
1.23 4 0.05 [29]*
1.29 +0.03 [26

Ni (TIK) 1.26+0.03 126]

1.315(15) [34]

f SKCHepI/Il\/IeHT 1o HeI‘/JITpOHHOI\Ty PpacCCesaHnIo.

TeM, 9TO OTHOCUTE/bHASA PA3HOCTh apa- u (heppomMar-
uurnoii remueparyp Kiopu (©0c—T¢)/Te B Fe Gonbine,
gem B Co u Ni [22].

3. KOPPEJIAIIMOHHAA ®YHKIIN A

Bo6usmmzu dazoBoro mepexoa BToporo pomga mpu KO-
HEYHBIX TeMIeparypax TepMOIMHAMUYECKOEe II0BEjIe-
HUE HEIYBCTBUTEJHLHO K KBAHTOBOMEXAHUIECKUM (-
dekram, u dHeppoMarHeTUK MOYXKHO YCIENTHO MOJIE/IU-
POBaTh B KJIACCUIECKOM (CTATHIECKOM) IPUOJIMZKEHU.
JleiicTBUTEILHO, KOPPEJISIIIUOHHAST JIJIUHA YBEeJIMInBa-
erca 10 OECKOHETHOCTU B TOYKe (a30BOTO IMEPEXOIa,
T.€. CTAHOBUTCA HaAMHOI'O 60.}'[])1]167 geM I\/IaCIIITa6 JJI-
HBI, HA KOTOPOM BazKHbBI KBAHTOBBIE 3(DbeKTHI (CM., Ha~
upumep, [20]). CienoBaresbho, 1jig paccTogHuii, 60JIb-
IUX 110 CPABHEHUIO C MEXKATOMHBIM DACCTOSTHUEM, W
TeMIeparyp, OJm3Kux K T¢, CIUHOBBIA KOPPEIATOP
C(r) moxer 6bITh annpokcuMupoBan (opmyiioit Opa-
creitna — lepanke

1
C - —r/re
(r) oc eI,

(3)

rje r. — KOPPEJISIUOHHBIH Pajuyc. DTO BbIparKeHue
OBLIO MOJIyYeHO CHAYAJIA sl MATHETHKOB C JIOKAJIU30-
BAHHBIMA CIIMHAMHU B Mojenm LefizenGepra [35], zaTem
JIIST MATHETHKOB € KOJJICKTUBU3UPOBAHHBIMH 3JICKTPO-
HAMH B MOJIEJIM 3JIEKTPOHHOTO Tasa [18] u, HakoHer,
s peppomarauTHbix Merasios B JITC® [36]. Bou-
3u Te 3aBUCUMOCTH KOPPEJIAIMOHHOTO PAIAYCa T'e OT
TeMIIePATYPhl OIUCHLIBAETCS CTEIICHHBIM 3aKOHOM

rex (T —Te)™". (4)

Teopusi cpenmero mosist, [ICD u teopust ['muzdyp-
ra—Jlamjgay ga0T 3HAYEHNE KPUTHIECKOTO TIOKA3aTeIsI
v =1/2 (cm., Hanpumep, [18,20]).
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SHayeHus V, IMOJIyYeHHbIE W3 3KCIEPUMEHTOB II0
KPUTHYECKOMY paCCedHMIO HEHTPOHOB B MeTaJljlax,
CYIIECTBEHHO OTJINYAIOTCA OT V 1/2. Kpuruue-
CKOe paccesiHHe HEHTPOHOB B OCHOBHOM aHAJIU3UDPY-

eTCsd ¢ TOMOIIBI0 TPUOIMIKEHNST KBA3ZUYIPYTOTO Pac-
cestHus, 9T0 npuBoauT K dopmyse Opucreitaa — [lep-
nuke. [Tapamerper B dopmyne Opucreitna—llepanke
[OJIYYAIOT C MOMOIIBIO AMMIPOKCUMAIHA IKCIIEPUMEH-
TaJbHBIX PE3yJbTaToOB. 1l0CKONIBKY CIUHOBYIO KOppe-
asimonnyo dyaknno C(r) Heab3s U3MEPUTH Hemo-
CpEJICTBEHHO, y/I00Hee UCIIOJIb30BATDH ee IIpeodbpa3oBa-
uue Pypoe C(g), KOTOPOE NPOLOPIUOHAILHO UHTEH-
cUBHOCTHU paccesuus Heifitponos. [Ipu manbix ¢ dyHK-
o C(g) MOXKHO allpoKCUMHUPOBATEH (bypbe-06pasom
koppessitopa Opucreiina — [epauke (3), KoTopbiii nMe-
eT JIOpEHIEeBy HpopMy:

1
K2+q2’

Clg) (5)

re k£ — ObpaTHBIH KOPPeIANMOHHbIH paamyc v, L. U3
ypasuenus (4) ciegyer

ko (T—Te)". (6)
DKCIEPUMEHTAJIBHBIEC 3HAYEHU I U, HOJIyICHHbIE ¢
[OMOIIBIO AIIPOKCUMAIIAI OGPATHOIO KOPPEJIAIMOHHO-
IO paJInyca K CTerneHHbIM 3aKOHOM (6), TIpe/IcTaBIIeHbl B
Tabu1. 2. Kak 1 B ciryuae ¢ 7y, SKCepuMeHTaJIbHOE 3HAYe-
Hue v sl KOGaIbTa HUZKe, YeM JIJid JKejie3a U HUKEJIs.

Tabnuua 2. Kputuyeckne nokasatenm v gna Fe, Co n Ni,
paccuutanHblie B JTCD u nonyyeHHble B SKCNEpUMeHTe

ATCD DKCIIEPUMEHT
Fe (OLIK) 0.67+0.03 0.67+0.01 [27]
Co ('IK) 0.6140.03 0.65=+0.04 [29]
Ni (TIK) 0.62+0.03 0.701 4 0.004 [37]
B ATC® koppeadarop CHOMHOBOH IJIOTHOCTH

C(q) = (sqS—q) BLINHCISETCA C IHOMOIIBIO TEOPUH
JIMHEHHOIO OTKJ/IMKA:

(sas-a) = 5 [ B Imxa) e (D)

e B(e) = (e5/T —1)~' — dbymxims Bose. B craruue-
cKOM TIpub/mzKenun HJryKTyalnOHHO- TUCCUTAIMOHHAS

reopema (7) mpUHUMAET BHJ

(545 -a) = 5 Xa(0),

38

rae xq(0) — crarudyeckas BocupuuMuIuBOCTE. Ipn Ma-
JIBIX ¢ TIOJTy9aeM JIOPEHIEBY (opMy CIHHOBOTO KOppe-
JIATOPA:

( > NT 1

SqS—q) =

Y 2uNg a2 + b2(q/qB)?

rae g — “pammyc’ 30HBI Bpmiuiiosna, a Bce ocrasib-

Hble KO3(DPUIMEHTHI BLIMUCIAIOTCA CAMOCOTJIACOBAHHO
upu kaxaoM T [36]. Takum o6pazom, koppessitop C(r)
umeer (opmy Opucreiina—epuuxke (3), rae Koppess-
[UOHHBIA pajuyc

re = [bl/(lalgs)

BBIauCIAeTcs: camocoryiacosanuo B JITCO.

PaccunranHubiii HaMU KOPPEJISIIMOHHBIN PaJIMyC Ha-
XOJIUTCS B PA3YMHOM COTJIACHHY C ITOJTy YeHHBIM SKCITEPU-
venrasabao B Fe, Co u Ni. Ha pucynke mokazano, ato
r 1 JuHeiiHO 3aBUCHT OT TIPUBEIEHHOI TeMIepaTyphI
B JIOrapugMUIECKOIl IIKaJe B TOM Ke JIUAIla30He TeM-
mepaTyp, 9TO U obpaTHasi BOCHIPUUMYINBOCTD. [Ipsmast
JINHUSI, TOJIYYEHHAs] CPEHEKBaIPATHIHON allllPOKCHU-
Marueit paccautannoro . - xax bynxmun (T —T¢) /T
B JorapudMUYIECKOl IMKaJe, NMeeT OYTH TOT YKe Ha-
KJIOH, 9TO W CPEIHEKBAIPATUIECKAS AITPOKCAMAIUS
9KCIIEPUMEHTAJbHBIX Pe3ybTaToB (Tabu. 2). Ilpu Tem-
mepatypax Boirte 1.15 T 0bpaTHbBI KOPPEIAIHOHHDII
pamuyc B JITC® juHeitHO pacTer ¢ yBeJIUIeHUEM TEM-
[epaTyphl Jjis BceX Tpex (heppOMArHUTHBIX METaJIIOB,
KaK U o0paTHasi BOCIPUAMYUBOCTb.

Hamomamm, aro mpumenenne JITCD, ocHoBanuOit
Ha TayCCOBOM IPUOJINYKEHUH, ONPAaBIAaHO, €CJIU CIIIHHO-
BbIe (DIIYKTYAIUHI JOCTATOTHO MAJBI (TO YK€ KaCaeTcs 1
reopuu ['unszbypra—Jlannay, cMm., nanpumep, [17]). Dro
yCJIOBHE HEe BBIIOJIHAETCSI B HEIOCPeICTBEHHO OJiu-
30CTH OT TOYKK (ha30BOr0 MEPEXO/Ia, TJIe HEOOXOIUMO
YUIUTBIBATH WIEHBI CTAPIIUX MOPSIKOB B PA3JIOXKEHUU
cBODOOHON Hepruu mo durykryarusaM. [leperopmupo-
BaHHOe rayccoo npubsmxkenue JITC®D [38] yunrsisaer
WIEHBI TPETHErO U YeTBEPTOrO IOPSIKOB B PA3JIOKEHUT
CcBODOOHOM SHeprun 110 (rykTyanusiM. Pacaersr obpar-
HOI BOCIIPUMMYINUBOCTU U KOPPEIATMOHHON (DYHKITHHA C
HCIIOJIb30BAHUEM IIEPEHOPMUPOBAHHOIO T'ayCCOBA, IIPU-
O6mKeHust moaTBepKIa0T pesysabrarel JTCD B mua-
mazone ot 1.01 T o 1.10 Te. s Temmieparyp, Om3-
Kux K T, HEOOXOIUMO YIUTHIBATD YJIEHBI BCEX MTOPSI-
KOB B Da3JjioykeHuu cBoOomHON suepruu. l[locTpoenne
TaKOW TEOPUHU TPeACTaB/IfgeT CODON OTHEJbHYIO 3a/a-
qy. OaHako npu temieparypax okosio 1.17T¢ u Bbiie
ATCD naer ymoBIeTBOPUTEIBHOE COTIIACHE C IKCIIEPH-
MEHTOM U TIO3BOJISET OIEHUTH KPUTUIECKIE WHIEKCHI 1
OIIPEJIEJINTh BEPXHIOK IPAHUILY 00JIACTU KPUTUIECKUX
TeMIeparyp.



MITP, Tom 163, BhII. 1, 2023

KpuTnyeckne siBneHnst B ANHaMUYECKON TEOPUMN CNINHOBLIX (OIyKTyauuii

Moudukariust JopeHIeBoit GOpMbI CIITHOBOTO KOP-
pesaropa (5) Gbuia nodaydena B mMojeau Leiizenbep-
ra [39]. B rouke Kiopu stot nojxos naer C(q) oc ¢~ 2+,
rJie 1) — KPUTUIECKUI TIOKA3aTe b, OIPEIEISIIONINT 110-
BeJIeHIEe KOPPeJIaTopa npu MaJbix ¢. OqHako B 00beM-
HBIX MeTaJljlaX 3HadeHus 1) nedosbime: okosao 0.07 B
Fe n 0.03 B Co [40], u sopennesa dopma (n = 0) xa-
€T aJIeKBATHOE OLUCAHNE MAJIOYTJIOBOIO KPUTHIECKOTO
pacceanus Boie T [28,29,31].

4. SBAKJIFOYEHUE

Mpb1 nokaszaji, 910 B 3d-dpeppOMarHUTHBIX MeTaJl-
Jlax obpaTHas mapaMarHUTHAs BOCIPUUMYIUBOCTD U 00-
pPATHBIN KOPPEJISIIUOHHBINA PAJIIYC CJIEIYIOT CTEIeHHO-
My 3aKOHY B Kpurmieckoil obiactu o 1.10-1.157¢, a
3aTeM IIPOUCXOJMT IIepexo] K JIMHeHHOMY 3aKOoHYy Kio-
pu — Beiicca. Pesysnbprare: ITCO® qy1a kpurniecKux nH-
JIEKCOB TIAPAMATHUTHON BOCHPUUMYUBOCTU Y U KOPPe-
JisinmorHoro pasguyca v B Fe, Co u Ni jmaror 3amerHoe
yILydIleHne 1Mo cpaBueHuto ¢ pesyiabratamu [ICP u Teo-
pun ['mazdypra — Jlangay n HaxoasaTcsd B pa3yMHOM CO-
[JIACUU C SKCIIEPUMEHTOM.

dunancupoBaHue. llccienoBanne BBITOJTHEHO B
paMKax ToCyJapCTBEHHOrO 3aianus MuHncTrepcrsa Ha-
yKI U BbIcIIero obpazosanus Poccuiickoit Peneparium

(rema “Quantum” Ne AAAA-A18-118020190095-4).

JINTEPATYPA
1. E.P. Wohlfarth, [Iron, cobalt and nickel, in:
Ferromagnetic Materials, Vol.1, North-Holland,

Amsterdam (1980), p. 1.

2. S. Chikazumi, Physics
Oxford (1997)
3uka  PpeppomazHemuama.
sewecmea, Mup, Mocksa (1987)].

of
[C. Tukanzymn,

Ferromagnetism,
Du-
Mazrnummnovie ceoticmea

Clarendon,

3. R.M. White, Quantum Theory
Springer, Berlin (2007)
meopus maznemusma, Mup, Mocksa (1985)].

of Magnetism,
[P. M. Vaiir, Keanmosas
4. R.V. Chamberlin, Nature 408, 337 (2000).

5. U. Kobler, J. Magn. Magn. Mater. 453, 17 (2018).

6. A.I Lichtenstein, M.I. Katsnelson, and G. Kotliar,
Phys. Rev. Lett. 87, 067205 (2001).

7. K. Byczuk and D. Vollhardt, Phys. Rev. B 65, 134433
(2002).

8. Y. Kakehashi and M. A. R. Patoary, J. Phys. Soc. Jpn.
80, 034706 (2011).

39

9.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.
26.
27.

28.

29.

30.

A.S. Belozerov, 1. Leonov, and V.I. Anisimov, Phys.
Rev.B 87, 125138 (2013).

J.B. Staunton and B.L. Gyorffy,
69, 371 (1992).

Phys. Rev. Lett.

M. Uhl and J. Kiibler, Phys.Rev.Lett. 77, 334
(1996).
A.V.Ruban, S.Khmelevskyi, P.Mohn, and

B. Johansson, Phys. Rev. B 75, 054402 (2007).

J. C. Le Guillou and J. Zinn-Justin, Phys. Rev.B 21,
3976 (1980).

A. 3. Taramunckuit, B.JI. [Tokposckuit,
ayuoOHHaA Mmeopus  Hazoeur NEPerodos,
Mocksa (1975).

Dayxmy-
Hayxka,

J. A. Hertz, Phys. Rev. B 14, 1165 (1976).
A.J. Millis, Phys. Rev. B 48, 7183 (1993).

P. Yaiir, T. xeben, Jlarvrutl nopadox e meepovir
meaaz, Mup, Mocksa (1982).

T. Izuyama, D.J. Kim, and R. Kubo, J.Phys.Soc.
Jpn. 18, 1025 (1963).

B.JI. T'unasoypr, JI. . Jlanmay, 2K9T® 20,
(1950).

1064

N. Goldenfeld, Lectures on Phase Transitions and the
Renormalization Group, Taylor & Francis, Reading,
MA (1992).

N. B. Melnikov and B. I. Reser, Dynamic Spin Fluctu-
ation Theory of Metallic Magnetism, Springer, Berlin
(2018).

N. B. Melnikov, G.V. Paradezhenko, and B.I. Reser,
J.Magn. Magn. Mater. 525, 167559 (2021).

S. Arajs and D.S. Miller, J.Appl. Phys. 31, 986
(1960).

S. Arajs and R.V. Colvin, J. Appl. Phys. 35, 2424
(1964).

Y. Nakagawa, J. Phys. Soc. Jpn. 11, 855 (1956).
S. Arajs, J. Appl. Phys. 36, 1136 (1965).

A.1. Okorokov and V.V. Runov, Physica B 297, 239
(2001).

J. Als-Nielsen, in Phase Transitions and Critical
Phenomena, Vol. 5a, Academic, London (1976), p. 88.

C. J. Glinka, V.J. Minkiewicz, and L. Passell, Phys.
Rev.B 16, 4084 (1977).

B. Jacrot, J. Konstantinovic, G. Parette, and
D. Cribier, in Inelastic Scattering of Neutrons in
Solids and Liquids, Vol.1I, TAEA, Vienna (1963),

p. 317.



H. 6. Menbuukos, A. C. 'ynenko, b. Y. Pesep

MHITP, Tom 163, BoII. 1, 2023

31

32.

33.

34.

35

. P. Boni, J. L. Martinez, and J. M. Tranquada, Phys.
Rev. B 43, 575 (1991).

N. Stiisser, M. T. Rekveldt,
Phys. Rev. B 31, 5905 (1985).

and T. Spruijt,

R.V. Colvin and S. Arajs, J. Phys. Chem. Sol. 26, 435
(1965).

N. Stiisser, M. T. Rekveldt, and T. Spruijt, Phys.
Rev.B 33, 6423 (1986).

. L. Van Hove, Phys. Rev. 95, 1374 (1954).

40

36.

37.

38.

39.

40.

N.B. Melnikov and B.I. Reser,
Mater. 397, 347 (2016).

J. Magn. Magn.

R. Anders and K. Stierstadt, Sol. St. Commun. 39,
185 (1981).

N.B. Melnikov, B.I. Reser, and V.I. Grebennikov,
J. Phys.: Condens. Matter 23, 276003 (2011).

D.S. Ritchie and M. E. Fisher, Phys. Rev.B 5, 2668
(1972).

D. Bally, B. Grabcev, M. Popovici, M. Totia, and
A.M. Lungu, J. Appl. Phys. 39, 459 (1968).



