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HOKaSaHO, YTO II0 Mepe CHaTUA B YCIOBUAX IIOJHOI'0 TEPMOAVWHAMUYECKOr'0 paBHOBECHUA PN HU3KUX TeMIIe-
paTypax BemecTBO OOJMHO HAXOOHUTBLCA IOCIeN0BaTEIbHO B 14 MOHOM30TOIHBIX (1)830BI:IX cocroauuax. [Mourmu
BO BCeX (paaax ANepHad noacucreMa fAABIAETCA BUTHEPOBCKUM KPHUCTAaIIOM, a IIpU MaKCUMAalbHOM NOaBlI€HHUHN —

KBaHTOBOM KMJKOCTHIO.
PACS: 64.90.+b

HaGmionaemoe B HOpManbHBIX (36MHBIX) YCIOBHAX
BELeCTBO HAXOAUTCH, KaKk NPaBWIO, B METAaCTabUIbHOM
[0 OTHOLIEHWIO K AJEPHBIM peariuaM cocToanuu. Ipu
CUIBHOM CKaTHM BeUIeCTBa, KOIa MeMbANEPHbIE pac-
CTOfIHVA CTAHOBATCHA 3aMETHO MeHbILe AaTOMHOIr0, HO BCe
ellle BEIVKHU 110 CPABHEHUIO C PaJUyCOM fiEp, AMEKTPO-
HBI TEPAIOT CBA3b C ANPaMU M CTAHOBATCA NpaKTHUYeC-
KM upeanbHbIM ¢(epmu-rasoMm [1]. Tennosoe gBuseHue
ffilep NPUBOAUT K UX CTONKHOBEHUAIM, U B MPUCYTCTBUU
BIEKTPOHHOr0 Pe3epByapa BO3MOMHO YCTAHOBIEHUE PaB-
HOBECHOr0 fAfiepHOro coctaBa. OGbIUHO Takoe paBHOBE-
cue paccMaTpuBaeTcd NPH BBICOKUX TeMmmeparypax [2].
MpuHuMOMAaNbLHBIA HHTEpEC NpeACTaBIAET 3a[a4a O paB-
HOBECHOM fIJlEPHOM COCTaBe CHATOr0 BELIeCTBa PU HU3-
Kux Temnepartypax [3]. ParTuvecku, HUBKMMHU 31ECh
ABNAIOTCA TeMNepaTyphl MeHbIle mc>, Tle m — Macca
anerTpoHa. IIpy Takux TeMmmepaTypax pelfTUBUCTCKUM
BIEKTPOHHBIN ra3 CUILHO BhIpo#ijeH. Bernuuna ~ mc?
TaKKe COOTBETCTBYET XapaKTepHOMY maciurtaly OTiu-
YA B SHEPrUU Ha ONUH HYKIOH y Pa3HBIX ANEP U U30-
TOIOB.

Ilpu HyneBoii TemnepaType pPaBHOBECHIO COOTBET-
cTByeT MUHUMYM 3Hepruu E BemecTBa, 3aKiIiOueHHO-
ro B o6wemMe V mpu 3agaHHOM XUMUYECKOM MOTEHLU-
ane HyHKIOHOB u. llpeneGpeseM BHauyame KyIOHOBCKOMN
sueprueii. Toraa noaneamuii MUHUMU3aLUN TOTEHIU-
an } = E — uN paBeH

Q= ZMZAczNzA + E.(N./V)V — uN,
ZA

(1)

roe Nza u Mz, — uucio m macca ZA-apep, E.
BHEPrus MeKTPoHHoro rasa, N = >, 4 ZNz4 — uuc-
70 anekTpoHoB, N =3, ANz, — 4YMCIO HYKIOHOB.
HeiiTpunHblit BKIag yunThiBaTh He crenyet (cm. [1]).
IIpoBapuupyem norennuan (1) mo yucinam M30TONOB

80 =Y (Mzac® + Zpe — Ap)SNza,
ZA
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Co-

nMe-

rie fe — XUMHUUYECKUI MOTeHOUal 3IeKTPOHOB.
crogHue OyfeT paBHOBECHBIM, ecCld [JA BcCex
IOIMXCA B JaHHOW (pase fAlep BHINOJIHEHO YCIOBHe
pu=(Mzac*+ Zu.)/A. lna ycTOHYMBOCTU COCTOAHUA
Heo6XoAuMoO, 4YTOOBI IJMA BCeX OCTAILHBIX AfAep ObLIO
BepHO HepaBeHCTBO Mziaic? + Z'pe — pA’ > 0. Torna
ux no6asnenue 6Nz 4+ > 0 npuBeler Kk yBeanueHuio Q.
flcHo, YTO NpU U3MEHEHWHM [l B HEKOTOPOM HHTepBale
PaBHOBECHUIO COOTBETCTBYET JIHUIIb ONUH TUI U30TOIOB C
MUHMMaJbHOW BelIUYMHOHN L.

IIpu BLICOKUX TeMIepaTypaxX paBHOBECHBIi ANepHbIi
cocTaB BKIIOYaeT HEKOTOPOe KOMM4ecTBO N30TONO0B,  UX
KOHIIeHTpalKA, onpejeNfeMas yCIOBUAMY XUMUUIECKOr0
paBHOBeCHAl, MEHAETCA HeNpephIBHO KaKk QYHKLUUA TeM-
nepatype! 1 gasnenus [2]. Ilpu HyneBoii ke Temmnepa-
Type JOJHbI pealu30BaThCA MOHOU3OTONHLIE (asbl, U
cMeHa coctaBa ZA — Z'A' npoucxomguT npu KpuTUYec-
KX 3HaYeHUAX [JaBleHMi, COOTBETCTBYIOIUX XMMHUIec-
KUM MOTEHLUAaNaM 3MeKTPOHOB Lo = pS:

_AIMZA_AMZ'A'CQ (2)
Z'A—-ZA )
JTHU mepexoibl CONPOBOMKIAIOTCA CKayKaMH ILNIOTHOCTHU
fIlEPHOI cocTaBlIAOIEll IIOTHOCTH Macchl
ZA'-7Z'A
AZ
a 3JIeKTPOHHAafA INIOTHOCTh OCTaeTCA HEU3MEHHOM.
Ananu3 napameTpoB 3180 u3BeCTHBIX H30TONOB [4]1)
noKaseiBaeT, yTo Bcero 14 apmep (cm. Tabmuny) mo-
ryT NOABUThCA NPHU HYJEBOW TeMmmepaType Ha ¢aso-
Boll AuarpaMmMe BellecTBa. Heib3fi, KOHEYHO, UCKIIIO-
YUTb CyIlecTBOBaHUe ellle He 06Hapy:KEeHHbIX HN30TONOB
C KODOTKUM BpeMeHeM KU3HHU, KOTOpble MOTYT KOH-
KypupoBaThb C yKasaHHbIMM B Tabaune. CoBpemeH-
HOe COCTOfIHMEe TEOpHH, OJHAKO, He M03BolAeT cAelaTb

c

He =

Ap = Ps

DB [4] npuBefeHsI Macchl N30TONOB, U JIA HAIIKX Lelei u3 3TuX
BEJIMYUH CledyeT BbIUECTb Macchl Z 3JI€KTPOHOB.
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CKONBKO-HUGYIh HaJEHOTO 3aKIIOYEHUA 10 3TOMY BO-
npocy (18Kr, 120Gr?).

Mpu p > Mc?, rie M — Macca HeliTpoHa, B CHCTe-
Me NOABNAETCA HEUTPOHHBIN (epmu-ras. ITo cobbiTHE
npoucxoaut B paze "SNi npu p, > p} ~ 47.4mc?. lann-
Helilllee NOBBINIEHNE JABIEHUA PUBOAUT K 3aNOTHEHUIO
HENUTPOHHOI (pepMU-chepsl.

KynoHoBckuMe mompaBKM NPUBOJAT MpPEMJE BCETO K
YTOpANOYEHUIO AEPHOI MOACUCTEMBI NMOUTU Bcex (a3
B Kpuctamauueckyio pemetky. Cutyanusa sgeck, npu
npeHeGpeseHUN NMPOCTPAHCTBEHHON MoOIynAnuei MIoT-
HOCTY 3JIEKTPOHOB, MONHOCTHIO PKBUBAJEHTHA 3ajaye o
BUTHEPOBCKOM Kpuctanme. CormacHo M3BECTHBIM pe-
synbraTtaMm [5], HauGollee BEPOATHO PACIONOMEHUE fAlep
B y31ax o60heMHOIEHTPHUPOBaHHON KyGUYeCKOi pemet-
ku. KynoHOBcKad »HEPrufA CTPYKTYPBI, COCTOAIIEH U3
Z A-Anep, oTIMYaeTCA OT YHEPTUH PelIeTKH C I0KaINU30-
BaHHBIMU 3IEKTPOHAMU 3aMeHoil e — Ze:

E- = —AFZ262(47erA/3V)1/3NZA, (3)

roe Ar = 1.79186 — KoHcTaHTa BbIUUCIeHHaA Dyk-
coM [6]. KymonoBcruit BKiax (3) maeT Manble mompas-
KM K XMMHYeCKOMY MOTeHIMaly HYKJIOHOB U JaBIeHMIO.
Herpynno y6eauThCA, YTO yYeT 3TUX MONPABOK MPUBO-
IUT K MalbIM ~ 1073 oTHOCHTENIBHBIM CKauKkaM 3IeK-
TPOHHO#} MJOTHOCTY MpPHM paccMaTpUBaeMbIX Hepexojgax
U K maneM ~ 1073 = 1072 cgBuram 3xauenuii KpUTH-
YeCKUX TOYeK MO JaBIEHHUIO.

B ¢asax maKcumanbHOro /aBlIeHWA CTaHOBATCA
BatHBIMM 3(Q(QEeKThl KBAaHTOBOH JeloKanu3anuu Afep.
JleficTBUTeNbHO, CPaBHMBAfA KHUHETUUYECKYIO 3HEepruio
~ h?/AM (0z)? nBumenun angep BOMM3U y3na pelieTHU
C XapaKkTepHBEIM HM3MeHEHMeM DHePruu KyJOHOBCKOTO
BaauMojeiicTuA Anep ~ z2e*(6z)? /a®, nonyuum

((6z)?%) N h 1 mag ()
a? Zev/AMa ZvA\ Ma’
rae ag ~ 1078 cm — aTomueIil pasmep. Onensa napa-
MeTpa 3 MoOKa3blBaeT, uTo (asa 'H BepoATHO ABIAET-
cA hepMUMMIKOCTLIO y#e npu nepexone us dasel 1OHe
(8 ~ 1). B dase °He Bo3aMO#HO KBaHTOBOE MIaBleHNe
(8 ~0,3). B ocranbubix tdazax 3 ~ 1072 + 1072,

Ilpu HU3KMX TemMnepaTypax B paBHOBECHOM BEIECT-
Be NOABJIAIOTCA TEPMOAKTHBHUPOBAaHHbIE NPUMECH IpPYy-
rux ajgep. B Tabiauue ykasaHbl DpUMecH € MUHUMalb-

/8=

HOI1 3Heprueil B Kam a0l U3 a3 BOMIU3U TOUKU Ilepexoia
OpY MOBBIMIEHUU naBieHuA. llpu nanbHeiimeM moBbliiie-
HUM TeMIlepaTyphl, Tak e Kak M B clIyuyae OOBIYHBIX
(a30BbIX NEepexoioB, NTUHUU W30TONNYECKUX IE€PEX0I0B
JOJKHbI OKAHYMBAThCA B KPUTHUYECKUX TOUYKaX.

Ta6auna usoTonuuyeckux das

HzoTon | ug A 75 a
H 74 | “0Mn:9.2 | 16 20
1%He 72 "H:0.9 32 24
19Mg 61 | 5'CL2.3 | 45 55
123 55 | 51CL0.4 | 46.7 67
$2Ar 54 493:0.6 47 71
NI 26 | PCw:l.5 | 47.4 | 170
83Zn 21 | "8Zn:1.4 220
82Ge 15 | 80Ge:0.2 300
§iSe 11 | 36Kr:0.7 420
88Ni 8.1 | %0Fe:1.2 550
$aNi 5.2 | ®2Ni:0.3 850
58Fe 3.9 | ®4Ni:0.9 1100
82Ni 1.9 | 58Fe:0.4 2300
3¢Fe 0 62Ni:1.5

Mpumeuanue. puS — mepexof NpHU NMOBHIMEHUM AaBieHusdA, A —
MUHUMAalbHaA 3HEPruf ANEPHON NPUMeECH, [ — BOBHUKHOBE-
HUEe HENTPOHOB B (pase, a — paccTOAHME MEKIY OnuzKaiiy-
mu Aapamu B OIlR-pemerke npy MMHHMaIbHOM AaBIEHUH.
SHepruy yxasaHbl B eQUHMIAX mc2, NIMHBL — B eQUHULAX
10~ Bem.

OGcy:xmaemMble (asbl JOMMHBI pealn30BaThCA Ha MO-
clenHell cTaguu OCThIBaHUA 3Be3[. Toraa snepHbie pe-
aknuu BHYTpu (a3 GyqyT MpeKpalleHbl U, MOKA MeH-
(a3Hble rpaHUIbl HE OCTAHOBATCA B MOJNIOMEHUAX PABHO-
BeCHfl, EIMHCTBEHHBIM UCTOYHUKOM BbIJENEHNA S3HEPT U
GyneT KMHETUKA U30TOMUYECKUX (a30BhIX NMEPEXOMIOB.

Bnarozapio A.fl. IlapmuHa 3a noje3Hble JUCKYCCUU.

1. JI. I. Jlanpay, E. M. JIn¢pmun, Cratucrudyeckaa ¢pusuka,
4. 1, M.: Hayka, 1995.

. I. A. Kupmxunn, YOH 104, 489 (1971).

. f.B. 3eanpgoBuu, U.]I. HoBuroB, Teopusa rAroreHusa u
sBoaionua 3se3q, M.: Hayka, 1971.

w N

>

. http://www.nndc.bnl.gov/amdc.
. W.J. Carr, Phys. Rev. 122, 1437 (1961).
. K. Fuchs, Proc. Roy. Soc. (London) A 151, 585 (1935).

(=20

Nucema B MATP® Tom 87 BeRIM.3—-4 2008



