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Kaxk u3BecrHo ['], JaHTAHOBBIÜ H HTTPHEBbIÜ KYMIPpaTbI MPpH aKTHBaIKH

Sr, Ca, Ba HJIM Ipu AONOJHUTEIBHOÜ OKCHAAUHH MEPeEXOAAT KH3 JAUINEKTPU-
UECKOÜ aAHTHPEPppoMarHHTHO YMOpAAOUEHHOÜ a3b B METAaJIJIHUECKYIO (HOP-
MaJIbHYIO HJH CBEpXIIPOBOJAIIIYIO) HEMArHHTHYIO ba3y. 3a 93T0 Mpeßpallle-
HHE OTBETCTBEHHbI BO3HHKaOIIHe lIDH aKTHBAHNHH H OKCHAAHHH HOCHTEJIH

TOKa — JbIpPKH, KOTOpble lEepeCrTpaHßaloT BOKpyr Ce64 aHTHhPeppoMarHHT-
Hbi (AD) Mropazok B beppomarHuTHblü [2]. 110 reoperkueckukm [*3] «H

9KCIIEpHMEHTAJIBHbIM |[+] OHEHKAM, BO3HHKaIIOIHÄ BOKPpYT AJbIPKH (eppo-
MarHHTHO YIOpAAOYUEHHbIÜ KJacTep (phpeppoH) cozepxXHT — 10—20 HoHOB

Cu?t+ c TapaJNeNbHbIMH CNHHAMH; OH IPAKTHUECKH HENOABMXEH, HO BHYTPpH
KJACTEpa AblpKa JBMXETCA C80607H00. lIo93TOMY KOrga UHCJJO AblpoOK 803-

paCTaeT HACTOJIBKO, UTO OÕpa3yIOTCA COCTABHbIe (fPpaKTaJbHble) KJIaCTEpbI
lIDOTEKaAHHA, AÄD-MNOpAAOK HapylllaeTCA H BO3HHKaeT METAaJIJJHUECKaA lIpO-
BOJZHMOCTb (BHaUyaJle JHHIb IO MEpKOJAINMOHHOÜ CeTKE, a lO3AHee, Mpu
HaNbHEÖÜIIEM poOCTe KOHIEHTpPaIKH JbIDOK — BO BCEeM OÕbeME BCJEACTBHE

ITOJJHOH METAaJIJIH3aIHH CHCTEMBI).
lIoMHMO aKTHBaAHHH HJIH OKCHAaNHH JAHTAHOBOFO H HTTPpHEBOro KyYMpa-

TOB, JbIDKH MOIYT CO3XaABATbCA H B UYHCTbIX KpHcrTalax La;»CuO4 H

YBa»;Cu;sOs lIpH HX ONTHUECKOM BO3ÕYXAEHHHU. B STOM CJYyYae MONNOHEHKE

poroHa c aHeprueü 21,8 398 Bbl3blßaeT MNepeHoC aJEKTpoHa OT koHa O K

cocezHeMy HoHYy Cu*+ B CuO»-MocKocTH. B pe3yJlbTaTe OÕpa3yTCA JMa-

MAarHHTHbIX HOH Cu!t H Jblpka B coceaHkedä miaketre CuO4s. Pacemarpupae-
MbIH ONTHUECKHÄ MEpeXOx C MEpeHOCOM 3apAXa HMEeET HaAHÕOJbIIYIO BEpo-
ATHOCTb lIPDH COXpaHEHHH OpMEHTAIHH CNHHOB 9SJIEKTPOHOB, UEMY COOTBET-

CTBYET CO3NaHHE SSJEKTPOHHO-AbIDOUHOÜ Mapbl! B CuO»-IJIOCKOCTH C HeHa-

pyllleHHblM AÕP-ropsaagkom. lIoABH»XHOCTb J3JJEKTpoHa MO AÕD-yropaaoyek-
HOÜ lOApellleTKe HOHOB Cu?+ OUeHb MaJla, a MOABHXKXHOCTb JbIpPKH MO He-

MarHHTHOÜ MOApellleTke HOHOB O2— 3HAYUHTEJIbHA (HIHpHHa BEpXHEÜ I-

pouHoä 30Hbl —/- 0,3 3B). lIo9ToMy 9JEKTpoH H JblpKa JErKO pa3Aei-
lOTCA H MOIYT HEKOTOpoe BpeMAf CYIIeCTBOBATb HE3aBHCHMO JPpyTr OT Apyra.
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3a 3TO BpeMA UYUaCTb JbIPOK MOXKET IPEeBpaTHTbCA B HMEIOIIHE ÕOJee HH3-

KYIO 9JEKTPDOHHYIO JHEprHIO PEppoHbl H TAKXKE JOKAJIM30OBATbCA. BepofT-
HOCTb IIOCJEAZHEro Mpollecca, OAHAKO, 3ABHCHT OT TOI0, CYIIECTBYeT JH

9SHEpreTHUeCKHÜ Õapbep MEXAY COCTOAHHAMH CBOÕOAHOÜ AbIpPKH KH bheppok-
HbIM. HH»>Ke IOKaxXeEM, UTO Õapbep JEÜCTBUTEJIbBHO HMEETCA, Eero BbICOTA

NO MOpAAKY BEJHUHHbI paBHa 2-10—2 5B. Takok Õapbep AOJKEH IIpHBO-
JMTb K 3HAUMTEJIBHOÜ 3aBHCUMOCTH peraKCallHH CBOÕOAHbBIX AbIpOK B ep-
POHbI OT TEMIIEpaTYpbl 7, UTO MOXEeT, B UaCTHOCTH, IIPOABJIATbCA B KHHE-

THKE peKOMÕHHAallHOHHOTFO H3JIYYEHHA.
PaccMOTpHM B KauecCTBe OCHOBHOFo COCTOSHHA |O0»> AD-yropagoueHkoe

cocrodHHe CuO»-MNOCKOCTH, CoXepxalek HoHbi Cu2+ w O2—. B 3ToM coc-

TOAHHH dx*-y*-30Ha Cu 3amosJHeHa 3JEKTPOHAMH HAaNOJIOBHHY, a Px,y-30Ha O

3aNOJIHEHAa MOJIHOCTbIO (BCe OCTaAJIbHble d-CoCTOAHHA MEAH H P-COCTOAHHUA

KHCJIOpoza TAKXKE MOJIHOCTbIO 3aNOJIHEHbI). OHO OTAEJEHO OT MEPBOro BO3-

ÕYX*XAEHHOrO COCTOAHHA 3HAUHTEJIBHOÜ 5HEpreTkUuecCKOÜ merbio (>—1,83B),
UTO CBA3AHO C ÕOJIbINOÜ BEJHUHHOÜ SHEPIUH" KYJIOHOBCKOTFO OTTAJIKMBAHHS

U nByX dx*-y*-9JMEKTPpoHOB, HAXOAAVIHXCA Ha OAHOM HOHE Me74M. Hac HHTE-

peCyloT CBOÜCTBa OZHOÜ AbIDKH B COocCrTOFHHH |O>. PaccMoTpHM 3TH CBOH-

CTBa B IIpMÕJIMXKEHHH CTATHUECKHX CNHHOB Cu?*+ B ABYX cryYyaaX: 1) Ablpka
NBMXKETCA MO MOAPpellleTKe, COAepXallleÜ HOHbI KHCJOpoza O— H MHOHEI

Cu?+ TOJIBKO OAHOFro (mapanlexbHOro AblpKe) cruka o (3AeCb YUUTbIBa-
ETCA, UTO BCJEACTBHE NpkHuukna Ilay74 AblpKa CO CMHHOM O He MOXET MO-

TazaTb Ha HOHbl Cu2*+ co CTHHOM —o0) H 2) y OZHOro H3 HOHOB Cu?*t+ CIHH

MTEpeBepHYT; AbIpKa JBUXXETCA B TAKOÜ >€ MOApellleTKe, KAK H B IEpBOM

CJyyae, HO HCIbITbIBAeT JOMNOJIHHTEJIBHO BJIHAHHE JIOKAJIM3OBAHHOTFO MEpe-

BEpHYTOFrO CIIHHa.

PaccmaTpuBaeMylo CHCTEMY ONHIINEM MOJJYYEHHbIM B [2] 9 DPeKTHBHBHIM
raMHJIbBTOHHaHOM

H=H0+HT+Ht) (1)
TAE

Ho=ea 71D +ep 27 NP) (2)
Ma ma

— CYMMa OZJHOYUACTHYUHbIX TaMMJIBTOHMaAHOB dx*-y* H Px,y ABIPOK, ed N ep —

COOTBETCTBYIOIIHE 3HEpruk, [0 =d*d> un”) =pi, P, > OMEparopi

UHCJa UYUacTHII, dT,. H pt,, — ONEPaTOpbl poxXAEHHA COOTBETCTBYIONIHX

JbIDOK Ha Yy37aX MeEAkH (M) H KHecrJopoza (m'); YUUTbIBAIOTCA TOJIBKO TE

Px,y-PYHKUUH KUHCJOPOAa, KOTOpble HaNpaBJEHbI Ha COCEZHHE ATOMBI MEZMK,

Hr=T 2)2) (d* P TC) (1—109 ;) (3)
(mm')a

— FaMHMJIbTOHHaH THÕpMAM3aNHH dyy*- H Px,y-COCTOAHHÜ,

H=-F ZZ (PkyPme +C (4)
(m'my')a

— ONEpaTOp KHHETHYUECKOÜ 5HEpruU, AbIPOK, ABUramlHXCA MO KHCJJOpoAHOH
TOApeuleTKe, /= (lo+lnr)/2, s H ln — 0—0 Y 1—7 HHTENpallbl MEpeKpblBa-
HHSA P-COCTOAHHÜ COCEZHHX HOHOB KHCJOpofa, (mm') u (m'my') o3HayYakrT,
UTO CYMMBbI ÕepyTCA NO ÕJIHXaÜLIKM Napam CuU—O u O—O COOTBETCTBEHHO.

IIpumMeM, KaK OÕbIUHO, CJEAZyOUIHe 3HaAUEHHA MapaMeTpoB: Trx1,5 3B,
t=0,3 5B, e=e1—epv T.

BBHAY CMNMHOBOTFO 3arNpeTra, OMMCbIBAeMOro OMEpaTOpoM MIPpoeKTHpoBa-

HHa (1—n(Ö ), raMmsIbrTokkak Hr AeÜCTBYeT TOJBKO B Mpexerax OANHOH

TIJaKkeTbr CuO4. IIloaromy B3aumozeäerBue Hr MPpuBOAMT K paCHIeNekko
AbBIpouHOÜ 30HBI Ha 5 MOA3OH C 9HEPrUuAMU
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Ei=0)

Paa hsr= b =0 — 8/% (5)
95267

rne O=(472+e8e2/4)'2 (3a HauasJlOo OTCUeTA MPpHHATA >HEpruA HHXKHEÜ ABI-
pouHoä 30Hb]). IIIupuHa 30H, OMpexenAaeMas OMeparTOpom H;, NO MOpAAKY
BEJJHUHHbI paBHa /. Hu»xHAA 30Ha OTCTOHT Ha ÕOoJblllee (INO CpaBHEHHIO
C ee HIHpHHOH) pacecroagHkye 227 OT OCTaAJIbHbIX 30H H MO9TOMY MOXKET ÕBITb

paceMOTpeHa CaAMOCTOSTEJIbHO. JIbBIDKH B 9TOÜ 30HEe OMNMCBIBAIOTCA NraMMUJIb-

TOHHaAHOM

jaä
+e |h=—t 2) (c+c, +C), (6)

(mmi)

rae š

] z
+.—si OLD + :cm—smadm+2 cosa 2I PY (7)

(m')

=tcos*a/2, a=arctan 47/ (e+20). B pacemarpuBaeMoM cyyae

le]<T umeem cosaxsinax'1//2, hxt/4.
Hac HHTepecyeT 5HEpruAa JbIPOUHOro BOJIHOBOFO MaKeTA B CJEAXYIOHIUX

ABYyX cJyYyaax: 1) B kzeanbHok AD-yropszouekkok CuO>,-pellletTKe H 2) B

TAKOH 2>€ pellleTKe, HO C OZHHUM MEpeBeEpHYTbIM CIIHHOM.

PaccMoTpHM BHayuare MepBblä cNyyaä. Bblõepem ZAbIpouHblkä MakKeTr B

IIpoCTeÄIIeM 9KCNOHEHIIHAJIBHOM BHZE
:

:
00

hbr=ALr 2 exp[—(]m]+]my|/2L]P]mo 19 (8)
My M/=

h

rae Ar=(2L)"”! (m, H m, HyYMEpyoT Y3Jbl NJaKeTbl CuUO4 B x- N y-Ha-
IIpaBJeHHAX). IHEPrua 3TOro MNaKeTA paBHa

4
E<g>=<q;L|h|wL>z—4t1+5—L—ž (L>1). (9)

PaccMOTpHM TENEpb BTOpoä cJy4yaä. VUTEM, UTO IPpH MEpeBOporTe CNKHHa

MarHHTHaAA SHEpPprusA pellleTKH BO3pacTaeT Ha E;-—0,15 5B [°]. Pepporkoe
COCTOFHHE, B KOTOpoe MEpeXOzZHT pacCcMaTpMHBaeMblik MakeT Mpk L=],
CTPOHTCAH3 COCTOAHMSA HEHTPAJBHOFO HOHA Meak J|wo»>=dt |0> H nonko-

CHMMETpHUHbIX KOMÕHHalHÄ COCTOAHHÜ ÕJIMUXKAÜLIKX UETbIpPeXx NNaKeT CUO4.
M3 NnAaTH TAKHX KOMÕHHAaHHÜ JAIOT BKJaAA TOJbKO ABEe |Yi)> H

l 2
$|ba)>=—- ]p1) ——27P 10b

V3 V3 m

((m”*) osHauaeT, UTO CYMMa ÕepeTCsi MO UETbIpPeM HOHAM KHCJOpofla, OK-

PyXaONIHM HEHTpaJibHbIlX HOH MEAM). MHHHMAJIbBHYIO 5SHEpPrHlo HMEIOT CO-

cocTOAHHA |i> (aHeprya Ei=0) H

p (0)>=sin B- |po>+cos B | 2), (10)

rne B=arctan2 V37T/(e+(12724822)!2) xxn/4, (aneprua Eo=O— (3724
+e2/4)!2x0,27T7), KOTOpble H JAaIOT OCHOBHOH BKJaA B heppoHHOe COC-

TOHHHE:

f >=a1 | (0)>+V1 — 2? |419 (11)

(a111/V2). Ixeprua 3TOro CoCTOAHHA IpPH fi=0

l
; :

;
EY =Eé+—š- (Eo— (4T2 sin*asint B+E2 )*2) z Es — 0,47T (12)
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IIDaKTHUECKH COBIIaAAaeT C TOUHBIM 3HauekkHem £'=E;—0,45 T (mpr e=0)
[]

PDeppoHHbIÜ MNaKeT KOHEUHONrO pa;3Mepa MOXHO BBECTH, OÕOÕILUB (pOop-
myny (11) Ha koHeunoe L:

lyf >=ar|y(0)>+171—22 |pr). (13)

IHEPrua 93TONo NaKeTA paBHa

" 3 r
m

;

EY teE,++0a% (E0+—2—tcoszb)H E%-+2TA.ar Y1 — ? sinasinf.

HeH3BecTHbIÄ Moka mapaMmeTtTp a (<1) onmpeaenum H3 YCAOBHA MUHHMYMAa
SHEprHH NaKeTAa. MbI NOJYYHM

T sinasin 0,93 2aLz—————'-——š—“,N"'—'—————N'— (L>1)L (2ŽEo+3t cos? B) L (1+2,87/T) 36

(tx0;2 T). Jro zaer

T2sinž2a sin2 B T2
E! zE:+EO ——— ——— — xE, +FO—i———| 14L Dk 2L2(2Ec+3t cos2 B) ä 412(1,1T7438) t

OrcoAza CNeAxyeT, UTOo B cryyae /<0,7 T 5Heprua GeppoHkHoro makera

YMEHbIIlaeTCA C YMEHbIEHHEM ero pagMyca. IloaTOMYy YCTOÜUHBbIMH ABJIA-

IOTCA PEppoHHblk MaKeT MaJloro paakyca (peppoxH) H cBO60zHaA Ablpka
Õ60s1bllloro paakyca. IIpn 5ToM MEXIYy CBOÕOAHOÜ AENOKANU30BAHHOÜ ABIp-
Ko (c akeprreü PO=—/) H pPeppoHoM HMeerTCs Õapbep

öE:(1,17/T+2(?/T)2) /2. (15)

YUHTbBIBaA, UTO Es;-0,15 3B, moryyaem ONEHKY BBICOTEI Õapbepa Õ
—0,02 35B. Bapbep TaKoH BbICOTbI JOJXKEH CYILECTBEHHO 3ATpYyAHATb pe-
JAKCAIHIO OITHUECKH CO3NaAHHOH CBO60ZHOÜ JbIDKH B PeppoHHOEe COCTOH-

HHE IIDH HH3KOH TEMIEpaType H NPHBOAXHTb K CHJIbHOÜ TEMIIEpaTyYpHOÜ 3a-

BHCHMOCTH 3TOFO IIpollecca. JTOT BbBIBOAX JNaHHOÜ TEOpUH MOXKET ÕBITb IIpo-
BEpeH 9KCMEpUMEHTAJIbHO, HalNpHMEp, MPH MCCJEAOBAHHH TEMITEpaTYypHOÜ
SABHCHMOCTH KHHETHKH PpeKOMÕHHAaIMHOHHOTO MH3JYUEHHA PpaCCMOTpeHHbIX
3NECb KpHcTasi10oB La»CuO4 n YBa»CusOs.
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