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s 6imapHUX Ta 6araTOKOMIIOHEHTHUX aMOphHUX depoMarHeTUKiB Ha OCHOBI
TPyIIH 3aji3a, ofep:KaHuX IIBUAKNIM IapTyBaHHAM PO3TOITY, B HAOJIMKEHHI CTO-
XaCTUYHOI MAarHeTHOI CTPYKTYPY BUKOHAHO PO3PaXyHKM 3HAUEHb HATIPYKEHOCTH
Kopesaiitinoro nosa H,, BioxoBoi cranol B, KoedillieHTa CIiH-XBUJIHOBOL ITyII-
kKoctu /], cranoi ooMiHHOI B3aeMozAii o, pagitoca Kopessitii 7. BecraHoBIeHO 3aK0-
HOMipHOCTi 3MiHM JIbOKAJLHUX MATHETHUX IIapaMeTpPiB B 3aJIE;KHOCTH BiJ XxeMiu-
HOTO CKJIaAy aMOp(dHUX (pepoMarHeTHKiB Ta IpHU Mepexofi IX y KpHCTaIiuHni
craH. [IpoaHanisoBaHO IPUYWHY iCHYBaHHA KOpPeJAIiil o0MiHHOI B3aeMoii i He-
OTHOpPiAHOCTEl HAMarHeTOBAHOCTH Y HAHOKPHUCTATIUHNX 3d-(hepoMarHeTuKax.

For binary and multicomponent amorphous ferromagnetics based on metals of
the iron group and produced by fast quenching from melt, calculations of corre-
lation-field intensity H,, Bloch constant B, factor of spin-wave rigidity [, con-
stant of exchange interaction o, and correlation radius r, are carried out within
the stochastic magnetic-structure approximation. Regularities in changes of
local magnetic parameters are determined depending on chemical composition of
amorphous ferromagnetics and at their transition in crystal state. Reasons for
existence of correlations between the exchange interaction and the heterogenei-
ties of magnetization in nanocrystalline 3d-ferromagnetics are analyzed.

st GMHAPHBIX ¥ MHOTOKOMIIOHEHTHBIX aMOPMHBIX (eppPOMarHeTHKOB Ha OCHOBE
MeTaJIJIOB TPYIIIEI jKeJie3a, IOJIyIeHHBIX OBICTPOM 3aKaIKOI 13 pacljaBa, B IIPH-
OIM)KEHUY CTOXACTUUECKOM MAarHUTHOIN CTPYKTYPBI IPOBEJEHBI PACUETHl 3HAYe-
HUI HaIPSyKeHHOCTU KOppeJdaluoHHoro nonsa H,, nocrosauuoit Biaoxa B, Koad-
(unyeHTa CIIMH-BOJTHOBOM KECTKOCTH /[, TIOCTOSTHHOI OOMEHHOTO B3aMMOJEMCT-
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BUS O, paguyca Koppessaruu r,. OmpeneseHbl 3aKOHOMEPHOCTH M3MEHEHUS JIO-
KaJbHBIX MAarumMTHBIX IIapaME€TpPOB B 3aBHUCHMOCTU OT XMMHUYECKOI'O COCTaBa
amMop(dHBIX (heppoMarHeTHKOB U MPU [IePexXoje UX B KPUCTAJINUYECKOe COCTOs-
Hue. IIpoaHaaM3WMpPOBaHbl MMPUYUHBI CYIIECTBOBAHUA KOPPEJAIU OOMEHHOI'O
BSaHMOﬂeﬁCTBHH n HeOI[HOpOI[HOCTefI HaMaroHm4YeHHOCTH B HaHOKPHCTAJIJIHYe-
cKkux 3d-peppomMarueTuKax.

Karouogsi croBa: cToxacTruyHa MarHeTHA CTPYKTYpa, amopdHi epoMaruieTnKm,
JBbOKAJIBHI MardeTHi BJIaCTUBOCTI, 0OOMiHHA B3a€MOIiA, HAMArHeTOBAHICTb.

(Ompumano 10 keimnsa 2008 p.)

1. BCTYII

BaraTo marepisaniB cyuacHOI TeXHIKM OZep:KYIOTh 3a HEePiBHOBAKHUX
yMOB (ILIiBKM ab00 TOKPUTTS, M0 (POPMYIOTHCA METOJaMU TePMidHOTO
a00 IJIa3MOBOTO HAITMJIIOBAHHS, CTPIiUKY, AKi OOepP:KYIOTh IIIBUAKUM T'a-
PTYBaHHSM PO3TONY, HOBEPXHEBI ITapu MaTepisjiB Imicasa JasepHoi 00-
pobxu Torro). Ilpu popMyBaHHI TaKUX MaTepPiAJiB OTJHOYACHO IIPOXO-
IATh PisKHI 3a CBOEIO0 MPUPOMIOI0 HPOIECH, AKi OMUCYIOThCA 3aKOHAMU
nMoBipHOCTH. BHACTIZOK IILOTO CTPYKTYPHI Ta KOHIIEHTpAIliiiHi mapa-
MeTpHU MiKpoo06’eMiB TaKMX HEYIOPAIKOBAHMX MATepPisjaiB BigpikHs-
IOThCA BiJl cepeIHhOCTATUCTUUHNX 3a MaKpoob’emoM [1-10]. ®aroKTya-
mii mux mapaMeTpiB iCTOTHO BILIMBAIOTH Ha (PisWUHI BIACTUBOCTI MaTe-
pisniB, soxkpema Ha maraeTHi. O0’€KTH, V AKMX BILJIUB BUNAAKOBUX IIa-
paMeTpiB BeIUKUN, € CIMOXACMUYHUMU.

¥ saraJibHOMY BUIIQIKy OCHOBHOIO XapaKTEePUCTUKOIO HEOJHOPiJHOC-
Tel 0y Ab-AKOI mpupoau € Kopesdaniiiaa GyHKIisa [3]

n(r) = {((a(x)~@))(a(x + r)~<a))),

e a(x) — BUIIagKoOBa (PYyHKITiA KoopamHAT, r — napameTp. Ockinbku 1(r)
OITMCY€ CTATUCTUYHI 3MiHU, TO 7 He MOKe OyTH MEHIITMM 3a PO3Mip aToma
YU cepemHIo MiKaTOMOBY BifcTranb. KopiHb KBagpaTHUN 3 MAKCUMAJIBHOTO
3HAUYEHHA KOPeJAinHol QyHKII v = n(r) xapakTepusye iHTEeHCUBHICTD
HEeOmHOpPigHOCTEH 1 ABJIsIe 0000 cepeHLOKBAIPATHUHY (DIIOKTYAIlil0 BHU-
nagKoBoi GYyHKITI a(X). 3a3HaunMO, IO ITiJ TepMiHOM «(IIOKTyaIlid» po-
3yMiIOTH IJIABHY 3MiHY B CEPEIOBHUII IEBHOT'O CTPYKTYPHOTO, KOHIIEHTPA-
IMiAHOTO Y1 CIIiIHOBOT'O ITapaMeTrpa (I'yCTHHU PEeYOBMHM, KOHIIEHTpAIIil eje-
MEHTiB, JbOKAJIbHOI 3MiHM 00MiHHOI B3a€MO/il, HaMarHeTOBAHOCTH TOIIO).

Hast ommcy cToXacTUYHUX 00’€KTiB, IO XapaKTepUayIOThCA HasBHiC-
TIO HEOAHOpPimHOCTEeH OyAb-AKOI IIPUPOAH, 3aCTOCOBYIOTH CTATUCTHUYHI
metonu [3, 10—18]. B ocHOBY (heHOMeHOIOTiUHOI Teopiil amophHMX, HAHO-
Ta MiKPOKPUCTATIUHNX MarHeTHUX CHUCTEM ITOKJIAJeHO aHAJITUIHUNA BU-
pas AJs 3aKOHY HaOIMKeHHS HaMarHeTOBaHOCTHU IO HACUYeHHs, 3aluca-
Hui y ¢popmi[15]:
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J(H)/J,=(1-2d,)", d,=1/2(S,)/J) = 1/J2jsm(k)dk, 1)

e d,, — BimHOCHA muciepcid, S, (k) — cleKTpajabHA I'YCTHHA KOPEJIAIili-
HOI QYyHKIIII QIIIOKTyallill TOIIepeYHUX KOMIIOHEHT HaMarHeTOBAHOCTH o/ ,.

Y chepuuHiil cucTeMi KoOpAWHAT CIEKTPaJIbHA I'YyCTUHA KOPEJIAI[i-
HOI GyHKIiI atokTyaliii S,,(k) Aad BUIagKoBoI PYHKINI GIoOKTyaIrii
S(k) B3goB:xk oci marHeTHoi anizorponii (MA) mae BUTIAL

S, (k) =n(H, /o) [1 /(K + Ry’ )2 +1/ (K +k +k, sin® e)}s(k), (2)

I 1/2
ne H, = BJ, — mose JIpOKanIbHOL aHi3oTpomii, &, = (H / (och)) — XBH-
JBOBE YHCJIO0, IIT0 XapaKTepU3y€e B3a€EMO/Iif0 HAMarHeTOBAaHOCTH 13 30BHIIII-

. 1/2
uim marsersHuM noxem H, k, = (4n / o) — xapakTepHe XBUILOBE UHCIIO

oO0MiHHOI B3aemogii, o/, — HaMarseToBaHicTh HacUUeHHs, o = 21 / J f —

mapameTp o0MiHy, ] — KOHCTaHTA HeOHOPiAHOI 0OMiHHOI B3aeMO/Iii.

AmopdHi Ta HaHOKpHUCTANIYHI (hepOMATHETHKHN MOXKHA PO3TIIAIATH
AK aHcaMOJib 3B’a3aHUX OOMIHHOIO B3a€MOIi€I0 KJacTepiB poaMipom
2r., Bici merxoro marueryBanua (BJIH) axux opieHTOBaHiI BUIAaAKOBO
[10-18]. Kopenamniitauii pagiroc r, XxapakTepuaye IPOCTOPOBY TOBKUHY
daroKTyarii, posMip yumopsagkoBaHuX obsacTel, y AKUX oOMiHHA B3a€-
MOJis € OJHOPiZHOI. ¥ HaOJMKEHHi CYIIiJIbHOTO cepefoBUIa TaKa CHC-
TeMa ONUCYETHCA I'YCTUHOIO BHYTPIIITHLOI eHeprii [15]:

U:%Q(VJ)2+%B(J-n)2—H-J, (3)

me B=H, /J,=2K /J? — napamerp, 0B’ 13aHUH 3 KOHCTAHTOIO JIbO-
KaabHOi aHizoTporii K, n — omumanuyHnii BeKTop BJIH 1miei amizorporrii;
J — HaMar"LeToBaHICTL.

HeognopinuicTs MaraetTHoi anizorporii (MA) Oyab-sKoi Ipupoau Bese
[14—20] no BuHMKHEeHHS y (DepOMArHETUKY HEOAHOPIAHOTO CTaHY OpPi€H-
raiii MmargeTHoro MoMeHTyY m(r). XapakTepuCTUKMN TAKOI CTOXAaCTHUUHOI
MAarfHeTHOI CTPYKTYPH BH3HAYAIOTHLCS CITIBBIAHOIIIEHHAMMN MiX 30BHIIII-
nim nonem H, o6minauM Kopensanifinum nonem H, = 21 / J,r? Ta cepen-
HBOKBAAPATUYHOIO (DIIIOKTYAITi€l0 OJIs ILOKAJIBHOI aHi30TPOITil D'?H e
ne D — koedimieHT, AKUA OJIa BUIAIKy OTHOBiICHOI amisoTporrii mopis-
HIo€ 1/15. [ BeTUKUX KJIacTepiB, IT10 3aJOBOJILHAIOTHL HEPiBHOCTH

1/2
> D (i) , 4)
K

nose H, Buasnaersea menmum 3a DV?H , , a Kopenarniiini Biactusocti
HEOZHOPIHOTO CTaHy M BHU3HAYAIOTHCA IIEPEBAKHO (IIOKTYaIlifAMHU
abokasnbHOl MA. ¥V npoMy pasi Ipu po3paxyHKY 3aKOHY HAOIMKeHHS
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HaMarHeTOBAaHOCTH J0 HacuueHHs maemo [20]:

2
AJ /D H
— =|(JD=4 ], 5
ne AJ =dJ -, .

Armo, nnsa amopdHUX Ta HAHOKPUCTAJIUYHMX (hepoMarHeTuKiB BU-

KOHYETBCA YMOBa
1/2
I
r. < D71/4 (EJ ’ (6)

3a akoil H, > Dl/2HA , To B o0siactu nmoJriB H < H, KOpeJadaIliiHi xapakre-
PUCTHUKU MarHEeTHOI CHUCTEeMU iCTOTHO BiApiiKHAIOTLCS BiJ XapaKTepuc-
TUK JboKaabHOI MA. ¥V nbomy pasi BigxuiaenHa HaMarHeToBaHOCTH J(X)
BiJ HampAMKY 30BHiNTHBOTO oA H cKopesboBaHi B IIpoCcTOPi y BUTIAIL

21
JH

HabOJIMKeHHSA HAMarHeTOBAHOCTH /10 HacuueHHA [15] BUKOHYeThCSA pu

H > H,, a Beiuununa H, BusHauaeTbCcs Hi€i0o oOMiHHOI B3aemomii, AKa
mparHe yIOPAAKYBATH CHCTEMY 1 YaCTKOBO 3MEHIIHTHA IMIPOCTOPOBi
darokTyarii opieHTaIlii BeKTopa HaMarHeTOBaHOCTH.

Y manux nmonax H << H, B amop(pHUX Ta HAHOKPUCTAJIIYHUX (hepoma-
THeTHUKAaX MpoaBaaeThbea edexT Ipmi i Ma [22], axkuit monarae y HecTiii-
KocTu (hepoOMarHeTHOrO0 CTAaHY CTOCOBHO [Oii BHIAZKOBO OpPi€eHTOBAHOIL
abokaabHoi MA. ¥V nboMy pasi ¢epoMarHeTHUN IOPALOK PealidyeThbCs
Jauine y  MacmiTabi  XapaKTepHHX — KOPeJAifHuX  JOBMKUH
A=rJ H,/D"?*H,)? [21]. MarHeTHa CTPYKTypa TaKUX MaTepidiiB Moxe
O0yTu ommcaHa MOJEJIJII0 aHcaMmOiiB ciabko 3B’as3aHmx O0abOKiB [20].
Posmip 6/1b0Ka cTaHOBUTH 2A, CepeaHsI KOHCTAHTA aHi30oTpoIIii B 6Jb0ITi
(Ky=K/(r./\), a OTUHUYHUIN BEKTOpP Bici aHizoTpomii n opieHTOBaHMI
BUMAAKOBUM YMHOM. Y HYJBOBOMY IIOJi BEKTOP HaMarHeTOBAHOCTU oJ
MarHEeTHOT'0 0JIbOKa OPi€HTYEThCA B3IOBIK BeKTOpa .

EdexTuBHUN KOpeaAliiiHui pafgiioc 7, 3B’ A3aHUNU 3 KOPEJAIiMHOIO
dyuK1ieo n(r) cuiepignomenuam [15]

1/2
craTuyHOl XBuii [21] 3 moBKUHOIO A = [ J . 3a3HaYMMO, II10 3aKOH

S = [, M)

IIpu r > r, cuocrepiraersca icrorae 3menmenHda 1(r). OcKinbKy npu;
kpucraiizamii AMC TomosoriuHuil MOpPAAOK 3MiHIOETLCS, a KOMIIO3M-
mittHmi 36epiraeTsed, To He3MiHHA yacTuHA QyHKIIIT Y 00yMOBIeHA came
romuosuniiaum BII.

3rigao 3 yaBaenHavu [23] OiHapuuit amophHUIA GepoMarHeTHK
CKJIAZa€ThCA 3 KOMILJIEKCiB, II[0 MiCTATHL OAMH aTOM METAaJIOiNy i KiJibKa
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aToMiB (pepomar"HeTHoro mMeraay. Ilig BIIMBOM KOBaJIeHTHUX 3B’ SI3KiB
MeTaJI—MeTaJoi[ aTOMHU MeTaJy B MeKaxX KOMILIeKCY yIIaKOBaHi GiIbII
MIiIBHO, IO 30iJbITye oOMiHHUI iHTerpay. Ilpu MarHeTHIM BIIOPAIKY-
BaHHI oOMiHHa B3a€MOJid MiK CycimHiMM aToMaMu MeTaJy, IO HaJe-
JKaTh OBOM PiKHHM KOMILIEKCAM, IIOCJA0II0eThCA. ¥ IILOMY HAaOJIU-
skeHHi naa AMC tuny Me—X obmimaMi# imTerpan I(r) i Temmeparypa
Kiopi T. BU3HAUAIOTHCA CIIiBBiAHOIIIEHHIMU

or
()]

3v2r(5r2) "
" zTcK@eXp _M , 9)
I, 42*<ra>

I(r) =1,exp (8)

e I, — oOMiHHUII iHTerpas IJid KPUCTAJNiYHOrO CTany, O0r — 3MiHa JTOB-
JKMHU MijKaTOMOBUX 3B’dA3KiB, (r,) = 0,1r, (r, — BicTaHb MiK aToMaMu),
2" — BarasipHa KiTbKiCcTh 3B’ A3KiB Y KOMILIEKCI, II[0 MiCTHTB 1 aTOMIB.

Ominka suauenb I(r) i T. sa piBaaanamu (8) i (9) paa 6imapHUX amopd-
HUX CTOIIiB Ha OCHOBi MeTaJIiB I'PyIIH 3aJrida 3aJ0BiJIbHO Y3TOIKYETHC 3
excaepuMeHnToM [23]. OngHaK, OCKiIbKY MepeKpUTTa d-opbiTameit cycin-
HiX (pepoMarHeTHUX aTOMiB 3aJI€KUTh BiJl BiZHOIIIEHHS Mi:KaTOMOBUX
BimcTaHel r, o pamiroca opbiTaJii, TO CTATUCTUYHUMI POSIOLLT 'y B aMOP-
dHUX 3d-pepoMarHeTUKAX Ma€ IPUIBOAUTU A0 BiJIOBiAHOIO PO3MOIiIy
0o0MiHHUX iHTerpasis, i Take cJIiJ BpaxoByBaTH y CHiBBigHOIIEHHAX (8) i1
(9).

Huska mapamerpiB amopdHOro MarseTuka y (peHoMeHOJOTiuHii Teo-
pii mMoke OyTu IpeAcTaBjeHa y BUTJIALL (QIOKTyAaIlifi 3a HAIIPAMKOM
epextuBuoi MA. V¥V denomenosoriuniMm 'aMinbTOHISAHI BIJIMB HEOOHO-
PiTHUX IPYKHIX HAIPYKEHb, JedeKTiB i HeogHOPiZHOCTEH PisKHOI IpU-
poaM MOJKe BPaxOBYBATHUCA aHIBOTPOMHMMHU ujJeHaMu. B amopdHOMY
MarHeTUKy TaKi aHi30TPOIHI YUJeHN NPU3BOAATE 0 IIOSIBU OPi€HTAITiN-
HO-HEBIOPSAAKOBAHOTO CTaHY BeKTOpa HaMarHeToBaHocTH [6, 15].

droxTyarii oominaoi B3aemonii B AMC o0yMoBIeHI mepeBaskHO
Kommosulitiaum OmmkHiM mopaakoMm (BII) i € HacaigzkoM cuiabHOI 3a-
JIeXKHOCTH OOMiHHOIO iHTerpaJia Big MmisxkaTomoBoi BigcTani. IIpuunuoio
BUHUKHeHHA crnenudiunux BII B 6iHapHuMX Ta 0araTOKOMIOHEHTHUX
AMC e pisxuuisa eneprii mizkaromuoi Bzaemonii Tuny Me—Me i Me—X.

Mera ganoi po60TH — PO3PAXYHOK JhOKAJMLHNX MAarHeTHUX IIapaMeT-
piB ans GimapHMX i 6AaraTOKOMIIOHEHTHHX aMOP(HUX CTOMIIB HA OCHOBIi
eJIeMEeHTIiB I'pynu 3ajisa, Ofep:KaHuX IIBUAKUM rapTyBaHHAM PO3TOIIY,
BU3HAUEHHS 3MiHU ITUX HapaMeTpPiB Ipu mepexoi y KPUCTATIiUHUH CTaH i
BCTAHOBJIEHHS B3a€MO3B’I3KY MilK IapaMeTpaMu CTOXaCTUYHOI MarHeT-
HOI CTPYKTYPMH.
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2. OB’€KTH TA METOJH TOCJI;KEHHS

00’eKTaMu JOCTiMKeHHs Oy CTPiUYKM aMOpMHUX CTOIiB TOBIHHOIO 30
MKM Ta mupuHoio 10 MM, oep:KaHi MEeTO00 IITBUAKOT0 rapTyBaHHA PO3-
Tony 3a imemTwuHux ymoB [9, 10]. Hocrim:KyBaauch CTOIH CHCTEM
Fejp-B, (11 <x <25 ar.%), Feg;_Cr.B;; (8<x<15 ar.%), Fey;_ Me;B,
(y=15, 20; Me=Ti, Mn, Ni), a Taxox 6araTOKOMIIOHEHTHi CTOIIH
Fe;;C05S15B15, Feqo5C05CrsSizByy 5, Fegs ;C05CrsSizByy 5,  Feg,Ni¢SizBs.
CTpYKTYpHI 0c00JIUBOCTI aMOPGHUX CTOMIB AOCTiIKyBAINCh METOTAMU
peHTreHOrpadii Ta IIPOCBITIIOBAJILHOI €JIeKTPOHHOI MiKpockoiii. PenT-
remorpadivHi gocaigsxeHHA BUKOHyBaau Ha gudpaxromerpi JPOH-2.0 3
BUKopuctaunuaMm FeK,-BUIIpOMiHEeHHS, a €JIeKTPOHHO-MiKPOCKOITIiUHI —
Ha eyieKTpoHHIM MiKpockomi EM-200. IzorepmiuHmii Bifgmas 3paskis
amiticHoBaiu 3a (ixcoBanux Temmepatyp 400 K <T <750 K mpotsarom
30 xB. CepenHiii po3Mip HAaHOKpUCTAIIB L po3paxoByBaIu 3a (DOPMYJIOI0
CenarkoBa—Illeppepa

L = \(1/cos 0) / A(20), (10)

Ie A — MOBXKWHA XBUJi BUKOPHCTAHOTO BUIPOMiHeHHdA, 0 — mudpa-
KIifHni KyT, A(20) — miBmupuaa audpaxiiiinol mimii.

TemnepaTypHO-4acOBi 3aJIe2KHOCTi HAMArHeTOBAHOCTH ¢/ () JOCTILIXKY-
BaJIX Ha BiOpalfifiniMm margeToMmeTpi B inTepBaJi remoeparyp 77—-1200 K
y margeruim moai H <1 MA/m [10]. 3uauenusa J,(0) BusHavamm -
xoM excrpamosAaiii KpuBoi J(7) mo mepeTmHaHHS 3 Biccio abcruc.
OckinbKu cBisKo3arapToBaHi amopdHi Ta HAaHOKPHUCTAJIUHI (pepoMarue-
TUKM, 3a3BUYall, HepeOyBalOTh y HAIPYKEHOMY CTaHi, TO IJaA 3HATTS
HaIPY'KeHb i 3[1ificHeHHA CTPYKTYPHOIL peJsiaKcallii BUKOHYBAaJI TEPMO-
IUKJIiYHYy 00p0o0OKY 3paskiB B inTepBayi T < T.. [lJ1s BUABIEHHS BILJIUBY
CTPYKTYPHHUX (QPIIOKTYyAaIliil (hpepoMarHeTHUX CTOMIB, IIO0 IPU3BOAATH OO0
duaroxTyaniit ooMiHHOI B3aeMomii, OyayBaau KpUBi 3BeAeHOI HaMarHe-
roBauocTu J(T)/J,(0) y samexuoctu Big T/T. Opuopiguaicts AMC y
MarHeTHIM BimHoIIeHHi mepeBipsaau mobymoBoio rpadikiBs Masona [7] y
roopamHarax J .2 = f(T?). Bigxunenna nux rpadikis Bix minmifiaoi same-
sKkHOCTH B obsactu T < T, cBifUUTL PO HAABHICTHL CTPYKTYPHUX HEO/I-
HOpifHOCTE! y (hbepoMarHeTuKy.
Metoguka KopeasaiiiiHoro aHaxidy. OCHOBHOIO XapaKTepPUCTUKOIO (e-
poMarHeTHKa € 3aJIe’KHICTh HaMarHeToOBaHOCTH J Big Hampy:KeHOCTH
30BHIiIITHBOTO MAarHETHOTO mojiA H, 3a AKOI0 00UMCJIIOBAIN BEJIUYUHY
HaMarHeToBaHOCTHU HacuueHH:A J,, ipu H =0 kA/Mmi T — 0 K i KoHCTa-
HTY Mar"HeTHol aHizorporii K.

3a xpuBuMu J (H) y HabIMKEeHHI CTOXaCTUYHOI MATHETHOI CTPYKTYPHU
po3paxoByBaJu BifHOCHY nuciepciio [14]

1, JEH)
2 J

s

d (H)= . (11)
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ITo6ymoBa samexuoctu lgd,, = f(lgH) nae smory BU3HAYaTH CepemHi
3HaueHHdA (d,) i HAIPYKEHICTh Kopeaaiiiinoro moada H,;, ocKiabKM IIi
3aJIeXKHOCTI y IITKAaJIi ITOJIiB MalOTh XapaKTepHi TOYKY, 3a AKUX BigOyBa-
€ThCs iX 371aM. 1o Toulli mepeTHY aCUMIITOT BU3HAUAJIN HATIPYKEHICTh
Kopeasdllifinoro noasa H,. Hanpy:eHicTb KopesdIiiinoro noyusa H,; Bu-
3HaAYAJIU METOI0I0 KOMII I0TepPHOT0 MoaeaioBaHHs [10].

3aszHaummo, 110 BigmoBigHo 1o I'aiizeHOeproBOTo MOIEJ IO 3MEHITIEHHA
CcepeIHbOTO0 MArHeTHOT'0 MOMEHTY BHACJIJOK TeIJIOBUX (GIOKTyaIrii,
00yMOBJIIOE TeMIIePATYPHY 3aJIe;KHicTh, HamaraeToBanocTu [1]:

J(T)=J(O)[1 - BT*2... - ...]. (12)

Y npomy Habmm:xeHHi obuuciaoBaau BioxoBy cramy B, xoedimieHT
cmiH-xBUJIBOBOI Iynkoctu /] i crasmy oOMinHOI BBaemoxil o nyia amopd-
HOTO0, HAHOKPUCTAJIYHOTO Ta KPUCTAJIYHOTO CTAHY CTOMHiB. 3 I[i€i0 Me-
To10 B o0sactu Temueparyp T < T, smificHoBaIN HepebyIoBY 3aIeKHOC-
i J(T) y xoopaunarax [I,(0) - I(T)]/[I,0)T??]=f(T). 3a kyrom Ha-
XUy oflepsKaHol npaMoi BusHavaam BioxoBy crany B.

Crany oominy o BusHauaau 3a GopmyJiono [15]

(2,612g1,)"k,

= , 13
(4ngp,)B*1,(0)™ (19

ne g =2,1 — daxrop Jlauzne, u; — Bopis marueron, kz; — BoabrimanHo-
Ba craia; J,(0) — mamaraeroBauicTh Hacuuenus npu T’ — 0 K.
ITicna copomenusa piBHauHS (13) MmaeMmo:
1

0=C—-"—, (14)
BZ/3JS(O)5/3

ne C=1,755-10""" Tox®3.Ta 2K .
3HaueHHA CTAJOl CIiH-XBUJILOBOI IynkocTu /] 3HaxonmaIu 3a Gopmy-
Jomo [15]

O = gugds(0)a = GJ4(0)a, (15)

ne G=19,475-10"%* Ix/Ta.
CepepnHili MaTHETHUIT MOMEHT (|l) HA aTOM nepexiguoro meraiy (y Bo-
POBUX MarHeTOHAaX) OIiHIOBAJIM 32 BUPA30M

7Y Ac

_ 16
5585p (16)

() =

e A; i ¢; — aTomoBa Bara i KOHIIEHTPAIlid i-T0 KOMIIOHEHTA CTOIY, p —
cepeHs I'yCTHHA CTOIY.
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3B’A30K MijK eKCIepUMEeHTAJIbHUMY 3HAUeHHAMY BI0oxoBoi ctamoi B
i cTasol CiH-XBUJIBOBOI IIYIIKOCTH /[ BUBHAYAETHCA BUPA30M

%
B=2,612[g“3 M Ry } . (1
J,(0) || 4n]

Axio piBaauua (17) BUKOHYETBCA, TO BBAXKAIOTh [15], 1110 3MeHITIeHH ST
CcepeIHbOTO MarHeTHOTO MOMEHTY (|l) TP 3POCTaHHi TeMmepaTypu o0y-
MOBJIeHE 30yAKeHHIM MarioHiB 3 BeJIMKOIO JOBKUHOIO XBUJII A.

3a 3HAUEHHAMU HAIIPY:KEHOCTH KopeJsdiiiinmoro mous H, Ta mamarue-
TOBAHOCTH HAaCUUYeHHS J, podpaxyBanu ehpeKTUBHY KOHCTAHTY JbOKAJb-
HOi MA:

K, =1,935H,J,,/(d,) . (18)

3 ocHOBHOI KpuBOi MaruetTyBaHHA J = f(H) pospaxyBaji KOHCTAHTY
MA K, 3a popmyioro:

HS
K, =p,[(J,-J)dH, (19)
0

e J, — HaMarHeTOBAaHICTh HACUUEHH, J — CKJaJ0Ba HaMarHeTOBaHOC-
TH 3pasKa B3J0BK 30BHiITHbLOTO noJssa H, H, — HanpyKeHicTh MarHer-
HOTO IT0JIA HacU4eHHd, |, = 1,257-107° I'a /M.

ITopiBaauua Bemuuwnu K, 3 piBHanHa (18) iz xomcranToio MA K.,
obuncyenoio 3a opmyaoo (19), mae 3Mory CyauTH PO BILJINB JUHAMI-
KU pyxy momeHHOI Mexki (JIM) i moBopoTy BeKTOpa HaMarHeTOBAHOCTH o
0 HAIPAMKY 30BHITHBOT'O MarHeTHoro mojs H Ha xapakTep KpUBOIL
J = f(H).

Pagitoc Kopensaii r. patokTyailiii HanpaMky oceit MA BusHauaiau 3a
dopmMyI0I0

ro= |2, (20)

3. PE3YJBTATH JOCJAIIKEHD TA IX OBTOBOPEHHSA

CrpykTypHi ocobauBocTi. [[y1a 6aratbox aMopPHUX i HAHOCTPYKTYPHUX
CHCTEM XapaKTEepHOIO € CKJaaHa MopdoJioriuna 6ygosa. B sanesxHOoCTH
BiJl XeMiUHOTO CKJIay, METOJ i pe:KuMiB ()OPMYyBaHHSA CTPiUOK CIIOCTEPi-
raloThbCAd HAHOHEOJHOPiHA CTPYKTYpPa XBUJIACTOTO, 3€PHUCTOrO abo Js-
OipMHTHOTO TUIIIB, I'THOOYJISAPHi, KOJOHKOBI I KOMipKOBi CTPYKTYpHU, AKi
BiAPIKHAIOTECA PO3MipOM IJIbOOYJIb, TOBIMHOIO i XapakTepoM PO3Mi-
IIIeHHA CiTOK (OiIgHOK mOHMMKeHOI miabHOCTH). 1100y MaloTh (Gpak-
TAJIbHY CTPYKTYPY i ABJASIOTH cO00I0 CTOBMIIIL AisMeTpoMm 5—80 HM, a TOB-
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Puc. 1. Tunoi MiKpOCTPYKTYpPHY HAHOCTPYKTYPHUX ILIiBOK B BUXiTHOMY CTaHi:
a — Fe,(NiyByy; 6 — NiygNbyy; 8 — FeggByg; 2 — CogPig; 0 — Nig Zrsgs; e —
Fe,,Ni, B, (a, 6, 8, 0 — rapTyBaHH: 3 PiAKOro CTaHy; 2 — eJIeKTPOXeMiuHe oca-
IKEHHSA; e — I1JIa3MOBO-AyTOBe HATIOPOIIIEHHS).

IUHA CiTOK Mixk HuMU ckJanae 5—30 um. CrocTepiraiorshecsa BeIMKOMAC-
mrabHi mepioguuHocTi TUY AA0ipuHTIB (puc. 1), 1110 MaOTh TEMHI ¥ CBi-
TJIi ZiIAHKY, SKi BiATIOBiAAIOTh PisKHIN MILIBHOCTH YK PisKHOMY XeMiu-
HOMY CKJaIy MaTepiamy. 3a3BUyail TeMHi TiIAHKN BKasylOTh Ha 30ara-
YeHHA KOMIIOHEHTOM 3 OiJbIltuM aToMoBuUM HoMepoM. CTilike icHyBaHHS
TaKux objacreit 3 piskHuM xapaxkTepom BII y BigmoBizHimM inTepBasi Te-
MIIEpaTyp CBLIUUTH PO cTabirisalriiio GopMyBaHHA reTePOTeHHOI CTPYK-
TYpH BHACJIIIOK 3HIKeHHs ['i66coBoi eHeprii. Taxkuii cran MaTepiany xa-
paxTepusyeThCA MiABUINEHOIO eJeKTPOHHOIO JhOKAaJisallieio, a MaKpo-
rpataunAa 3 oosacrteii BII — HemepepBHO 3MiHHMM ImapaMeTpom R, 3Ha-
YeHHSA AKOT0 B 3aJIeXKHOCTH Bij xemiumoro ckiaaxzy AMC, meron oxmep-
JKaHHA i pesKMMiB TepMO0OOpOOK Y 3HAX0AAThCA B iHTepBasi 5—300 um [9].

Hna mocmimxenux AMC Ha OCHOBiI MeTaJliB Ipynu 3ajiza B MeKax
aMop(pHOTro cTaHy cepelHi MisKaTOMOBIi BificTaHi <r> Ta CTPYKTYPHi pa-
nmitocu KopesArnii L (061acTh KOTEePEHTHOrO PO3CiIOBaHHS) 3MiHIOIOTHCS
HEeMOHOTOHHO 3 YacOM BiamaJyy Ta 3 iioro Temmeparypoio (puc. 2). Ile
OB’ A3YIOTH [9] 3i 3MeHITIeHHAM PiBHA rapTiBHUX HANIPY:KEHb, 3HUKEH-
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<r>, HM L, H™M

0,254
3 2,14
A :><’\0
\K

2,0
0,252 A\ 0\.—%0/./

2 A /A 1,94 O
[Camma _—A——A
0,250 1 \A\ /A 1,8 o_/ /A”A A
~— A A
. o 1,74
.
0,248 \\ o . 3 /
p 1,61 &
0—o
300 400 500 600 700 300 400 500 600 700
T,K T,K
a
a 0

Puc. 2. SangexkHicTh cepeHIX MiKaTOMOBUX BimcTaHel <r> (a) Ta pamiioca Ko-
penanii L (6) Bix Temuepatrypu izorepmiunoro Bigmany T, ajga aMopGHUX CTO-
miB: 1 — FegyCoySigBig; 2 — Cogs gFe; 1Siz oBy 75 3 — Fegg oNigy 751, oBs 5.

J2102, Ta?

T2.10°%, K?

Puc. 3. I'padiku Masoua nas amopduux (1, 2, 3) i amopduo-kpucraniuaux (I1',
2', 3') cronis (Bignan npu T = T, + 100 K): Fe,,Co4Si;B;5 (1); Fey sCosCr3SisB3 5 (2);
Fegs 5C05CrgSiz By 5 (3)-

HSM BiJIBHOTO 00’€MYy Ta IIepepo3Io1iioM KOMIOHEHTIB CTOIIIB, II[0 IIPH-
3BOJUTD IO 3MiHU AK KOMIIO3UIIIIHOT0, TaK i TomoJioriugoro BII.
BigmiTumo, ogHak, 1110 npogdisb mepmnioro AupakIliiHOro MaKCcuMy-
MY OTPUMYETHCA AK CEPeIHE BiJ IIOJOKEHHS CIa0dKOo 3MIiIleHnX MiKiB
OKpeMUX KBasuUCTPYKTyp. Tomy mna O6araToxkommomeHTHuUX AMC, aki
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Hs

arom Fe

2,0F

T,K

o

700} 0
650 /
600}

15 20 25  ar% B

1, tA-m
15

10} /

5 10 15 20 ar.% B

Puc. 4. Kounenrpalrifini 3aaeXHOCTi cepeJHLOr0 3HAYEHH MAarHeTHOI'0 MOMe-
HTY <|>, Temneparypu Kiopi T, i koedinienTa cniH-xBuaIb0oBo1 ynkocTy J nisa
AMC cucremu Fe—B.

MaloTh MiKp0oo00JacTi 3 pisKHIMHU MisKaTOMOBUMMU BiJCTaHAMMN, HEOJHO-
3HAYHICTh BUCHOBKIB IIP0O aMOP(hHY CTPYKTYPY 3a MepIIUM AudpaKIfii-
HUM MaKCUMyMOM OOyMOBJIeHAa HaKJAJaHHIM KPHUBUX, BiAMOBiZHMX
KOXHOMY BUAY BIOPAAKYBaHHA. B 6ararokomnonenTHux AMC Ha oc-
HOBi IepexigHMX MeTaJiB 3 MeTaJIoifaM! BUABJISAETHCA CUJIbHA MiK-
aToMOBa B3aEMOJisd, 1110 (ikcyeTsesa [9] y Buriaai HangiuBiB Ha IIepIIo-
My MAaKCHUMYyMi 3arajJibHOTO CTPYKTypHOro daxTopa a(s) Ta CKJIAZHOI
dhopmu makcuMyMmiB piskHUIEBOI QyHKIII g(r). e cBimunTts [9] mpo cy-
HepIo3uIlii AeKiJIbKOX Au(dpakmiiHMX ITiKiB, K1 BiAIOBiZaioThL Piik-
HUM Mi’KaTOMOBUM BiJlcCTaHAM.

Tunogsi rpadiku Mazona qyid 6araToKOMIIOHEHTHUX CTOIIIB Ha OCHOBI
MeTaJIiB TpyIu 3ajisa HaBeleHO Ha puc. 3. BuaHo, 110 AJId CTOINB, AKi
3HAXONAThCA B amMop(dHiIM cTaHi, MaOTh Micle JiHifiHI 3aseXKHOCTI
J? = f(T?), a mepexij muxX CTOmB y 3MimaHui aMop(pHO-KPUCTATIYHNIH
CTaH CYIPOBOMKYETHCA BiIXUICHHAM 3a3HaUeHUX 3aJI€KHOCTEH Bif Jri-
HilTHOCTM.

XapaKTepHOIO 0COOJIMBICTIO OCHOBHUX KPUBUX MarHeTyBaHHA J = f(H)
JOCJIiI)KyBaHUX CTOIIIB € BiJICYyTHICTh ITOBHOTO HACUUYEHHS B IIOJAX
H<0,7MA/Mm. CrocrepiraeTbcsi TaKo:X 3MiHAa XapaKTepy KpPHUBUX
J=f(H) nna irearnunux ckjaaniBs AMC sa pixkaux remmneparyp [9]. 3 mo-
HIDKEHHAM TeMIIepaTypu 3HaUeHHsS HAMarHeTOBAHOCTU HACUYEHHS J,
3pocTaioTh. [l 6inbmoctu gocaimxenux AMC Brioxis saxon oc T%? Bu-
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04

02

Puc. 5. 3anexuicrs lgd,, Bix 1gH pusa cromis: 1 — Fe,;,CrgB,s; 2 — Fe;,Cry(Bys;
3 — Fer3Cry3By55 4 — FeqoCry;Bys.

KOHYy€eThesA juttie B oosmactu T < T,/2[10].

Cucrema Fe—B. Cronu cuctemu Fe—B € 6asoBumMu 17151 CTBOPEHHA 6araTbox
amopdHUX cTomiB. dPa30Bi IIEPETBOPEHHA IIPU po3mani amopgdHoi ¢asu B
cucteMi Fe—B BuBueHHi JocuTh mpuckimiauso [9, 24, 25]. AromapHa cTpy-
KTypa amophHux cromiB Fe—B xapaKTepusyeThCs iCTOTHOIO JILOKAJIBLHOIO
HeomHopigHicT0. B ob6smactu ckiaaniB Fe—(23—25) B amopdHi cromu cKia-
IaloThCcA 3 KJacTepiB, OyJoBa AKMX OJM3bKa MO TETParoHAJILHOI (asu
Fe;B’. B obimactu ckiaaznis Fe—(22—17) B 3’ aBaA0TbCA T0JaTKOBO KJIacTe-
pu 3 BII Tumy opropom6iunoi ¢asu Fe;B°. Cumerpia HaMOIMAKIOTO 0TO-
YeHHS Ta HalOJIMKYi BigcTaHi aToMiB 60py Ta 3aiisa B riux aBox BII icToT-
HO BigpiskuaioTseda. B obmactu ckaanis Fe—(16—12)B mo kimacrepis 3 BII 3a
tuniom Fe;B" ta Fe;B° nomatorsea e it kaacrepu 3 BII 3a Tunom o-Fe. Ki-
JBKIiCTB KJacTepiB Tuny o-Fe 36iabIlyeThes Ipy 3MeHIIeHHi BMicTy 60py,
a B cronax Fe—(14—12) B meit Tun KiracTepis cTae nepeBaskuauM [ 24].

Koumnenrpartifini 3a1eXHOCTi cepeJHbOTO 3HAUCHHA MArHETHOTO MO-
MeHTY (1), TemuepaTypu Kiopi T, i koedilieHTa ciH-XBUIBOBOI IYITKO-
ctu /[ icTOTHO 3ajiesKaTh Bil XeMiUYHOTO CKJIaAy aMOPMHUX CTOIIIB, pe-
JKUMIB i MeTon iX onmep:kanHA. Tak, 3a iIeHTUYHUX YMOB OJlep:KaHHAI,
HaIpPUKJIAL, OJA cTomiB cucteMu Fe—B, omep:kaHUX IIBUIKUM TapTy-
BaHHAM 3 PO3TOITY, 3 POCTOM BMicTy 00py cmocrepiraersed (puc. 4) ame-
HIIIEHHA CEPEeIHLOT0 3HAUEHHA MarHeTHOTO MOMEHTY <[>, 30iJbIIIeHHA
3Havenb I.1/].

XapaKTepHO, IO eKCTpamnoaAIia 3ameskaoctu /] Ha x — 0 mae mpak-
TUYHO HYJhOBe 3HaueHHA. Ile o3Hauae, 110 yncre amopdHe 3a1izo He €
(hepomMarHeTKOM, a MOKe ABJATH COO0I0 HMapaMarHeTHY UM CylepIia-
pamarueTHy dasy [6].

Cucrema Fe—Cr—B. Jlerypanua amopdHUx cromniB cucremu Fe—B mepe-
XimTHUMM MeTaJlaM¥ BILJIMBAIOTH Ha mapaMmetrpu BII, eIeKTPoHHY CTPYK-
TYypy, TepMiuHy cTabisbHicTh i dpisuuni BIacturocrti [9, 10]. HomaBanua
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TABJUIIA 1. Maruetni napamerpu jis crouiB Feg, Cr,By;.

3HaUeHHA ITapamMeTpa
ITapamerp B 3aJIEXKHOCTH BiJX CKJamy

Fe77Cr8B15| Fe;;Cr (B | FeCri,B5 | FeCri;B5

HamarueroBaHicTh HaCUUEHHSA
npu T =300K J, Ta:

amMopdHU 0,63 0,415 0,215 0,07
KpUCTATiUHUN 0,97 0,95 0,938 —
Temneparypa Kropi T,, K:
aMoppHui 396 363 338 297
KpUCTATiUHUH 1038 1032 1030 1023
Temneparypa kpucranisanii T, K 662 675 680 696
BioxoBa crana B-10°, K3/2 8,0 10,6 14,2 16,8
KoncranTa o6MinHOI B3aemMomil
o-10%3, em 2 3,84 3,67 3,6 3,48
KoedimieHT crIiH-XBUIBOBOI ITYII-
koctu /[, tA-Mm 4,87 4,43 4,18 3,84
Cepenne 3HaueHHda gucnepcii <d,,> 0,28 0,48 0,49 0,50
JIbokasnbHe noJse anizorpomnii H,
KA /M 29,6 40 142,4 200,8
Kopenanifinmii pagiroc mpu
T=300K r,, um 9,6 6,8 2,1 1,7
KoedimieHT mpoTsaKHOCTU OOMiH-
Hoi B3aemonii J/T,, bA-Mm/K 12,3 12,2 12,4 12,9
CepenHiit MarHeTHUI MOMEHT <[>,
ng/arom IIM:
amMopdHU 1,26 1,11 0,98 0,76
KpUCTATIUHUH 1,68 1,66 1,62 1,37
Enepria aktuBanii kpucrasisaiii
(E), ®IX/M0NB 235 240 257 280
T°,/T™, 0,38 0,35 0,33 0,29

nepeximTHUX d-MeTaJIiB IIPU3BOAUTD IO 3POCTAHHSA KOHIIEHTPAIIiTHOI He-
OoHOpPimHOCTH aMOP(HOr0 CTaHy, YTBOPEHHA B HHOMY, OKpim OIIK-kia-
crepiB 3 BII Tuny a-Fe i Fe;B, yrpynosaus 3 I'TIK-cTpykTypoio. 3okpe-
Ma, Jer'yBaHHs XPOMOM CTOIIiB cuctemu Fe—B mpusBoauTs 10 3MiHU oC-
HOBHUX KpuBuX MarsHeryBanua [10] i xapakTepy 3sajgexHocTelt
lgd,, =f(1gH) (puc. 5).

s cronis cucremu Feg; Cr,B,; v HaOaMKeHHI Teopii cToxacTUYHOI
MarHeTHOI CTPYKTYpPH OyJIM PO3paxoBaHi JbOKAJLHI MArHeTHI IapaMer-
pu (Tabua. 1). Ananais MarseTHUX IIapaMeTpiB IIOKa3ye, 10 3i 30iJbIeH-
HSIM BMICTy XPOMY CIOCTEPIra€ThbCs 3MEHIIIeHHA 3HaueHbL HaMarHeTOBa-
HOCTH HAacUUYeHHHA J, AK B aMOp(pHOMY, TaK i B KPUCTAJIIYHOMY CTAHAaX.
AmnajioriuHa TeHIEHI[is CIIOCTepiraeTbCcs OJisd 3HadYeHb 1., BiAHOIIEHHS
T%/T%, KoHCTaHTH OOMiHHOI B3aeMomii o, KoediiieHTa cHiH-XBUJIBOBOI
IIyOKOCTH /], KOPeJAIiHOTO pajiioca 7,, CepeiHiX MarieTHUX MOMEHTIB
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TABJUIIA 2. Maruerni napamerpu giasa crouiB FegyMe;B, 5.

3HaueHHA ITapamMeTpa
ITapametp B BaJIE}KHOCTHU BiJ CKJIaZy

FegoTi;B;5 |F980MH5B15| Feg:B;5 |FesoNi5B15

HamarueroBaHicTh HaCUUEHHSA

npu T=300 K gns amopdnoro crany J,, Tax 0,96 0,97 1,13 1,13
Temneparypa Kiopi T,, K:
amMopdHMTH 470 495 580 605
KpUCTATiYHU 1065 1045 1040 1025
Bioxosa crana B-10°, K3/2 4,95 4,50 3,56 2,05
Koucraura o6MminHOI B3aemoxii o-10%2, v 2 3,70 4,22 4,36 5,40
KoedinienT cuin-xBuaroBoi mynkocru /1,
mA-M 5,9 6,48 7,9 9,9
KoedimieHnT nporasxkHocTr 06MiHHOI B3ae-
mozii 1/T., pA-m/K 12,5 13,1 13,6 16,4
Cepenne 3HaueHHA Auciepcii <d,,> 0,45 0,48 0,43 0,45
JIroranbHe moJie aHizorpomii H,;, KA/M 44,8 32 22,4 21,6
Kopenauiitanii pagitoc npu T'= 300 K r,, EMm 7,9 10,8 12,8 14,0
CepenHiii MarseTHUt MOMEHT <[>, [1z/aTom ITM:
aMmopdHMIit 1,15 1,16 1,86 1,6
KpucTaJIiuHni 1,79 1,6 1,93 1,7
Temneparypa kpucranisanii T,, K 660 652 633/687 620
Enepria aktuBanii kpucranisanii (E),
k% /M0Ib 370 260 235 180

<p>. Ilpu 36inbmrenui Bmicty xpomy B AMC 1miei cucremm 3pocraiorhb
JbOKaJIbHe moJie aHizorpormii H, Ta Bioxosa crama B, aKi xapakTepusy-
IOTh JOBrOXBUJIBOBY 00JIaCTh CIIEKTPY CIIIHOBUX XBUJIb. XapaKTepHO, I10
IIpH IILOMY CIOCTepPiraeThbcs MiABUINEHHSA TeMIepaTypu IIOYaTKy KpHC-
raniszarmii T, i cepegHix 3HaUeHDb eHeprii akTuBallii Kpucramnisaiii (£). Ile
BKasye Ha Te, II10 Jer'yBaHHs CTOIIiB cucteMu Fe—B xpoMoM 3 04HOTO GOKY
CIIPHUsE IiABUINEHHIO TePMiuHOI cTabilbHOCT aMOP(HOro CTaHy, a 3 iH-
IIIOT'0 — 3MEHIIIeHHIO BeJINYNHN 00OMiHHOI B3aeMoOii.

3asHaummo, 10 cepemHe 3HAUeHHs muciepcii (d,) i koepimienra mo-
BXKUHU 00MiHHOI BRaemoxil /[ /T, c1abko 3MiHIOIOTHECA IPU 3MiHi CKIaLy
croniB cucremu Fe—Cr—B B amopdHuiM crani. BigHocHo mMaJji sHaueHHA
/T, pna AMC nopiBHAHO 3 KPUCTAJIIYHUMU aHAJIOTaMM BKasyIOTh Ha
MOJKJIMBICTD iCHYBaHHS Yy CTOIIAX I[i€l CMCTEeMU Bix’ eMHOI 0OMiHHOI B3a-
emMogii, Aka Beme 40 aHTU(EPOMATHETHOI'0 3B’A3KY MijK MarHeTHHMU
MOMEHTaM! MeTaJIeBUX aTOMiB.

3 aHaJsisy maHUX, HaBedeHUX y TabJ. 1, BUILINBAE, IIT0 XapaKTepHa J0-
B:KMHA oOMimHOI B3aeMonii B AMC MeHIITe, HidK Y KPUCTATIYHUX MaTepi-
sanax. [ua AMC Ha ocHOBI 3aiisa QuroKTyarlii oOMiHHOTO iHTer'paJia Bu-
11, Hisk B AMC Ha ocHOBi KoOaIbTy. BHACTIOK CHIBLHOI 3aJI€KHOCTH 00-
MiHHOTO iHTer'paJia Bix MikaToMoBuXx Bigmaseii, mapamerpiB BII i komdi-
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Puc. 6. 3anmexxHicTh MarHeTHUX mapaMeTpiB i mapamerpiB Kpucramisamii gia
cromiB Fe,;Me;B,, Bim KoHIIeHTpAaIi]l ex1ekTpoHiB Ha aTom IIM N, ,: a — Koedi-
IieHT cOiH-XBUJILOBOI ynkocTu /] i BiguomernHa /[/T,; 6 — cepenHiit maruer-
HUU MOMEHT (l1); 6 — TeMIepaTypu Kpucramnisarii T, i eHeprii akTuBaIlii Kpuc-
raaisaiii (E).

ryparii aToM0oBMX MiKpOyrpyIlnoBaHb (IIOKTyaIlii ooOmMiHHOI B3aemoii B
OibIriit Mipi 00yMOBJIEeHI THOKAJILHUM KOMIO3UIIHUM 6e3agoM, a He
JBOKAJIBbHUM TOIIOJIOTIYHMM PO3YIOPAAKYBaHHAM. [IpmumHOI0 Hampas-
JIEHOTO aTOMHOTO BIOpaAKyBaHHA B AMC € pisKHUIST CHJI MiKaTOMHOIL
B3aemogii Tunry Me—Me i Me—X.

Cucrema Fe—Me—B. Ananiz marmetHux mnapamerpie AMC cucremu
Fey;_ Me;B, (y = 15, 20; Me = Ti, Mn, Ni) nokasye, 1o y Bcix ¢epomar-
HETHUX CTomax 3i sHaueHHAMU Temnepatypu Kiopi 7., HU:KUMMU 3a Te-
MIIepaTypy modaTkKy Kpucramizamii T,, mpu JeryBaHHi cTomiB 3d-
eJleMeHTaMu, IO 3HAXOAATHCA JiBOPYY Bix 3aiisa, Temmeparypa Kiopi
T, BHUKYETHCSA, a AKIIO JIETYBAJbHUM €JIeMEHT 3HAXOQUTHCA IIPABOPYY
Bij 3asisa, To 3HaueHHA T, 3pocTae. ¥ KPUCTAJIIUYHIX aHAJIOTaX BUABJIA-
€ThCS IIPOTUIIEKHA TeHAeHITidA. IIpu mboMy criocTepiraeThes i ABUITIEH-
HA TepMiuHOI cTabismbHOCTH aMOpP(dHOTO cTaHy: 3pocTtae 3HaueHHA T i
eHepria akTuBalii Kpucranisairii (E). 36iJbIlIeHHS BMiCTy MeTalOigiB y
TaHOMY iHTEepBaJi MPUBBOAUTD AK A0 301JILIIIEHHS CUJI MiKaTOMHOI B3a-
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eMofii, TaK i 0 301IbIIeHHA KOHCTAHTH CIIiH-XBUJILOBOI I[YIIKOCTH.

IlopiBHANBbHUIY awHajJi3 MarHeTHUX IIapaMeTpPiB CTOIIIB CHUCTeMHU
FegoMe;B;; (Tabu. 2) i Fe,;;Me;B,, (puc. 6) mpu T = 300 K Brasye Ha Taxi
TeHAeHIiI. ¥ Mipy 3allOBHEHHSA eJeKTPOHHOI d-000JIOHKM aTOMIiB Jiery-
BaJILHOTO eJIeMeHTa, TOOTO IIPH IMepexoAi Bil TUTaAHY O MaHTaHy, 3aji3y
i HikJI0, HAMarHeTOBaHiCThL HacUUeHHd J,, BinHomenHa 1%/T%, xoedi-
IIEHT CIiH-XBUJIBLOBOI IIynKoCcTHU /[ 3pocTaioTh. IIpu Takomy mepexoni
CIIOCTEPIiraeThCs TAKOMK 3MeHINIeHHA BoxoBoi crasoi B, JHOKaJIbHOTO
noJis a"HisoTporrii H,;, KopeadniiHoro pajaitoca r,, TeMIlepaTypu IO4YaTKy
Kpucrasisarii T, i cepeqHbOTr0 3HaAUEHHA eHeprii akTuBaIlili KpucraJi-
sarii (E).

ITpu samini neryBanbHUX ejgeMeHTiB y HanpamMky Ti — Mn — Fe —»
— Ni gna cronis Fe,;Me;B,, ciocTepiraerbesa 36inbmensa T, a mpu me-
Pexoi IMUX CTOIIB [0 KPUCTATIUYHOTO CTaHy BUSABJISAETLCSI 3BOPOTHA 3a-
JIeXKHICTh — 3MEeHINeHHA 3HaUeHb 1. SHUKeHHA TeMmeparypu Big 300
mo 77K cupuuwniioe 30i7bIlIeHHA HaMarHeTOBAHOCTH HACUYEHHS IIPHU-
6smsuo Ha 10—-15% i 3meHIlIeHHs 3HAUeHb 1, Ha 5% . Ocramua obcTaBu-
Ha BKa3ye Ha BasKJIUBY POJb V AOCHiIAKyBaHUX aMopdHUX dhepoMarHe-
THUKAaX JbOKAaJbHOI aHi30TPOIIil MarHeTONpy:XHBOTO IIOXOIKEeHHI.
BararoxommnonenTHi amop@Hi cronu. Y Tabauili 3 HaBeIeHO 3HAUEHHS
MaTrHeTHUX MapaMmeTpiB anda 6araroxommoHenTHux AMC. BigmocHo ma-
Ji 3HaueHHd KoedimieHTa criH-xBuiIboBol nnynkoctu /[ niasgs AMC nmopis-
HSHO 3 KPHUCTAJIUHMMM aHajJoraMM BimoOpasKaioTh HecTabiJIbHiCcTL y
HUX CIIIHOBUX XBUJIb, OJHOUACHO 3 AKMMM MOJKJINBE 30yI:KEeHHS M iH-
IINX HU3bKOEHEPTeTUYHUX MOJ.

Hna mocaimxenux 6araTokommnoneHTHUX AMC KoedimieuT B maiixke
Ha MOPAJOK Oinbiuii, a KoedillieHT CIiH-XBUIBOBOI IynKocTu /] 3HAY-
HO MEHNINH, HiK N1 KpucTagdivHux aHajoriB. Ile cBiguuTh mpo 3MeH-
IeHHsa oOMiHHOTO iHTerpasa npu amopddisailii cromis. 3asHauUMMO, IO
BesimuuHa /] mponopIiifina o0MiHHOMY iHTer'pasy, MarHeTHOMY MOMEHTY
i kBagpary MiskaTomMHOI BigcTaHi. OIMiHKY BeIuuynHM OOMiHHOI B3aeMoO-
nii mosxHa oxmepsxkaru 3 BigHomenud /[/T., ake naa 6inabioctu Garato-
kommoHeHTHUX AMC cranosuth mpubausuo 12—-10 pA-m/K. Cepenne
3HaYeHHA nucnepcii (d,) i /T, mano sMiHIOIOTbCS 3i 3MiHOIO CKJamy.
Bimguocuo mauti suauenna /1 i /I/T. 8 AMC cucrem Fe—Ti—B, Fe—Mn—B
MOMKYTBH OyTH 3yMOBJIEHI HecTabiIbHICTIO B HUX (DepOMATHETHOT'O CTAHY.

CroxacTryHa MarHeTHa CTPYKTypa XapaKTepu3yeThCA BUIIAJKOBUMU
BigxmujiaMu BeKTOpa HaMarHeTOBAHOCTU J Bil HaIpAMKY 30BHIIITHBOTO
marueTHoro nojasa H. ITpu s0inbienni Hanpy:xkeHocTu moJs H ammriTy-
Ia (QuroKTyariii BeKkTopa J 3MeHIyeThCs, a IIPOEKIiaA oro Ha HAMIps-
Mok 1oy H 3pocrae. Ile mpusBoauTh 10 HAOIUIKEHHSA CepPeIHbOTO 3Ha-
YeHHS HAMATrHETOBAHOCTH 0 HAcCWYeHHs, ToOTO (J) — J,. 3pocranus
HaIIPY KEeHOCTH B3O0BHIIIHKOrO MarsHeTHoro mojs H cynopoBom:KyeTbCs
TaKOK 3MEHIIeHHAM JOBKWHM XBUJI CTOXAaCTUUYHOI MAarHeTHOI CTPYK-
TYpH A.
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IIpu manpyskeHOCTH 30BHINTHBOTO MarHeTHOTO Tossa H = H, ToB:KuHA
XBWJIL A OJIM3bKAa 0 KOPEJAIIHOTr0 pajiloca MarHeTHOI HeOJHOPiJHOCTH
r.. Hampy:KeHicTb KOPeJAMillHOTO MOJA MOMKHA IIOJaTH Y BUTJIALL
H, = ockf <J > , e k.~ 1/r, — xopeidilifiie XBUJIbOBE UYMCJIO QIIOKTyaIlii
oci MA. Benuuuna 2r, y amopHOMY MarieTuKy BiAIIOBigae po3Mipy opi-
€HTaI[iMHOr0 MarHeTHOro KJjiacTepa.

4. 3ARTHYEHHSA

CTpyKTypHUiI pagiroc Kopeadlii L, BU3HAUEHUH 3a pes3yJabTaTaMu Jud-
PaKIliiiHOTO eKCIepUMeHTy, BimmoBigae aaa AMC mexkiJbKOM MisKaToM-
HUM BiJ[CTaHAM, a KOPEJAIIMHUN pamiloc , MArHETHOI HeOJHOPigHOCTH
MOXKe CKJIAIaTH JeCATKU HaHOMeTPiB. SHaueHHA KOpesaIliitHoro mouasa H,
OPaKTUYHO AJIA BCcix amopdHUX 3d-PheppoMarHeTHKiB He 30iraeTbhcsa 3
mojeM TexHiunoro HacuueHHa H,. Kpucramisaimia AMC cynpoBom:Ky€eTh-
cs 3POCTaHHAM CTPYKTYPHOTO pamiroca Kopessarii L, y TOH uac AK Kope-
JAifHI pagitocy MarHeTHOI CTPYKTYPHU 7, IPAKTUYHO He 3MiHIOIOThCA. 3
ixmoro 60Ky, 3HaUEeHHS IMapaMeTpiB 6K HBOTO mopaAnKy AMC igeHTHy-
HOTO CKJIAZY, YCepeqHEeHHI IT0 MaKpoob’eMy, cIabKo 3aJIe;KaTh BijJ TeXHO-
Jorii iX BUTOTOBJIEHHS, X04a JbOKAJbHI XapakTepuctuku (H, i r,) croxa-
CTUYHOI MarHeTHOl CTPYKTYPU MOMKYTb IIPU IIbOMY 3MiHIOBATHUCA OCUTH
icroTHOo. CTPYKTYpPHi 3MiHM, III0 CIIOCTEpPiraioThca B aMOP(PHMNX, HAHO- i
MiKPOKPUCTAJIUYHUX MAaTepidjiax MiJl Ai€eio piKHOMaHITHMX B0BHIITHiX
YMHHUKIB, MOKYTb OyTH YMOBHO pPo37ijieHi Ha aBi rpymnu: 1) 3B’sasami 3i
3mMimamMu BijbHOTO 00°eMy i mapamerpamu BII; 2) o0ymoBieHi piskHUM
KoMmoauliiiauM Ta TomoJsoriuauM BII y Mmikpoo6’emax maTepianay. IIpo-
1ecu, 110 BeAyTh 0 3MiHM HaMarHEeTOBAHOCTH HACUYEHHS, TeMIIepaTypu
Kropi, KoHCTaHTM MATHETOCTPHUKIIiI, 0OYMOBJIEHI IIepeBaKHO 3MiHaAMM
Kommosuriinoro BIl. 3 1no0KaIbHUME ITapaMeTpaMU CTOXaCTUYHOI Mar-
HETHOI CTPYKTYPHU KOpeJioe HM3Ka (PismuHmX BJIacTUBOCTei. 3oKpeMa,
3aJIe;KHO BiJl XeMIiUHOT0 CKJIaay (DepoMarHeTruKa Ta TeXHOJOTiYHNX YMOB
oro ofiep:kaHHs, BeJIMUYNHA pagitoca Kopeadirii r, cramoBuTbh 1—100 mMm.
IIpu mpomy y 6imapHUX Ta 6araTOKOMIOHEHTHUX CHUCTEeMAaX 3HAUEeHH 7,
3aJIe;KHO BiJ KOHIIEHTpPAIlil eJeMeHTiB MOKYTh 3MiHIOBATHCS HEMOHO-
TOHHO. 3a3BHUall cTpyKTypa 6araToxkoMmmnoHeHTHUX AMC e JLOKAJIBHO
HEOTHOPiAHOIO, V Hill IMOCUJIIOIOTLCA (WIIOKTyAaIlii, a 3ajieskHoCTi (hismy-
HUX BeJIMUNH MAaIOTh CUHTYJIAPHUN XapaKkTep.

IIprumnoro icHyBaHHS KOpesIliii oOMiHy i HAaMarHETOBAHOCTH B aMOp-
¢HUX (hepoMarHeTHKax € CTPYKTYPHi i KOHIIeHTpaIlliliHi HeomHOPigAHOCTI
MacHITaby Bil oIMHUI 40 KiThKOX JAeCATKiB HAHOMETPiB. ¥ CTOIaX THUITY
Me—X xemiuHi HEOTZHOPIAHOCTI IIPU3BOAATE 10 (POPMYBaHHSA BEJIUMKOMAC-
MITa0HIX HEOTHOPiZHOCTel 0OMiHHOI B3aeMozii, a B cronax turry Me'—Me"
— 1o (opMyBaHHS HEOTHOPiAHOCTEN HaMarHeTOBaHOCTU. PasoM 3 TuM,
HaIpUKJIa, Y HAHOKPUCTAIIYHNX cTonax cucremu Fe—C—B BuaBiAa0ThHCS
[16, 18] ogHOuacHO aK GurroKTyarlii oomirmHoi B3aemomii I(r), Tak i (uriok-
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Tyarrii HamaraeroBamocTu J(r). IIpuunmoro Takux QIIroKTyalrii € xemiuni
HeomHOpigHOCTI, mpuuomy B AMC Tumy nepexigHuii MeTaJa—MeTasoin xe-
MiuHi HEeOIZHOPiZHOCTI BUABIAIOTHCA uepes (GhIOKTyaIlii oOMiHHOrO mmapa-
metpa I (uu o) (FeB), a B cTommax nmepexigauii MeTaa—TepexXiJHUN MeTaI —
yepes IIPOCTOPOBi (PIIOKTyaIlii MOAYJIsI HaMarHeTOBAaHOCTHU. XapaKTepHO,
1o cepenHe 3HaueHHA (/[) v crpiurkax mux AMC 3pocrae mpu 30iabIIeHH]
roBiTuHYu d. Ile obymoBiaeHe THM, 110 KiHeTnka TBepauenHs Fe(C) saie-
JKUTD BiJl ITBUIKOCTH OXOJIOMKEHHA IJIIBKHU, AKa, Y CBOIO Uepry, BU3HaUa-
eTbca ii ToBmMHOI0. PaszoBuit ckiaan Buxigamx miaiBok Fe (I'LIK-Fe(C),
T'TITY-Fe(C), mementutr Fe;C [16—18]) BusHauaeThcA IepeBaskKHO XeMid-
HUM CKJIQJIOM 1 TEXHOJIOTIUHMMU peRkuMaMm ix (popMmyBaHHA. Benmuuuu
KOPeJAIifTHOrO pajitoca 7., KOHCTAHTHU CHiH-XBUJILOBOI Iynkoctu (/I) Ta
inTencuBHOCTH (PIIOKTYamii yJ? s maiBok cuctemu Fe—C He 3amesxaThb
Big ix ToBIuHU. VIMOBipHO, IO y IIbOMY BUIAAKY MOAU(DIKAIid 3aKOHY
auciepcii cniHoBUX XBUJIb 00yMOBJIeHA (PIIOKTyAIiAMN HaMArHETOBAHOC-
1 po3MipoMm ~ 10 HM, CIPUUYMHEHUMY HEOTHOPITHUM PO3IOAiJIOM aTOMiB
BYTJIEITIO B ATOMHIH CTPYKTYPi HAHOKPUCTATIUHUX ILTiBOK cuctemMu Fe—C.
ITuwm BigpiskHAToTHCA ITiBKY cToniB Fe(C) Big crpivok AMC cronis cuctem
nepexigumii meran (Fe, Co)—meramnoin (B, P, Si), y AKuX ocHOBHUM (PJIIOK-
TYyBaJILHUM ITapaMETPOM € OOMiHHA B3a€MOMif.

ABTOpPU BUCJIOBJIIOIOTE IIIUPY BAAUHICTEL goreHTy M. I. 3axapeHnko 3a
KOPUCHY AMCKYCil0O Ta CIAYIIHI 3ayBarKeHHs.
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