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MeTo~ pacceBHHB HeHTPOHOB 3aHHMaeT oco6oe MecTo 

B H3y'leHHH CTpyKTYPHMX ~a30BMX nepexo~OB, TaK KaK OH 

~aer TaKyiO HH~OpMaD;HIO, KOTOpyiO ~pyrHMH CllOC06aMH 

nony'IHTL HenLJB: a/ onpe~eneHHe TeMnepaTypHoH JaBHCH

MOCTH KpHTH'IeCKOH MO~bl BO BCeH 30He lipHnniO:ma; 6/ on

pe~eneHHe KOne6aTenLHhiX CMeiD;eHHH ~nB 3TOH MO~LI; B/ HC

cne~oBaHHe ~YHKD;HH pacnpe~eneHHB 3neMeHTapHLix B03-

6y)K~eHHH; r/ onpe~eneHHe nono)KeHHH nerxHx aTOMOB; 

HanpHMep, ao~opo~a. PacceBHHe Ha ao~opo~co~ep)KaiD;Hx 
coe~HHeHHBX HMeeT n;enLii pB~ oco6eHHocTeH I li.HeiTpOHLI 

B OCHOBHOM pacceHBaiOTCB Ha aTOMaX BO~Opo~a, a 0 llOBe

~eHHH ~pyrHX HOHOB MO)KHO CY~HTb llO ero llOBe~eHHIO. 
llocxonLKy ao~opo~ HMeeT ManyiO Macey, oH rnaaHLIM o6-

pa3oM CBB3aH C OllTH'IeCKHMH KOne6aHHBMH OCTanbHbiX 

HOHOB. lfMeHHO 3TH qepTbl OTpa)KeHLI B ~HHaMH'IeCKOH MO

~enH llPOTOH-HOHHOrO BlaHMO~eHCTBHB cerHeT03neKTpHKOB 

c BO~OpO~HhiMH CBB3BMH I 2.31. Kax nora3anH He~aBHHe 
3KCllepHMeHTbl llpH BbiCOKHX ~aaneHHBX 41, 3Ta MO~enb 
~aeT XOpowee Ka'leCTBeHHOe OllHCaHHe ~HHaMHKH MBrKOH 

MO~LI B ~OHOHHOM cnexTpe npH cTpyxTypHOM npeapaiD;eHHH 

a TaKHX cerHeTo3neKTpHxax. B pa6oTe /51 6Lina paJBHTa 

TeOpHB Heynpyroro pacceBHHB TennOBbiX HeHTpOHOB Ha 

cerHeTO~neKTpHKaX C BO~OpO~HhiMH CBB3BMH Ha OCHOBe 

MO~enH 1 
2,

3
/. llpe~CTaBnBeT HHTepec paCCMOTpeHHe ycno

BHB KpHTH'IeCKOrO (T- T c) pacceBHHB Ha MBrKOH MO~e. 
Taxoro po~a 3KcnepHMeHTLI ~aiOT B03MO)KHOCTL onpe

~enHTL napaMeTpbl MO~enH, a TaK)Ke CMeiD;eHHB HOHOB llpH 

~30BOM nepexo~e H TeM caMbiM npoaepHTL npe~cKaJaHHB 
TeOpHH. JaMeTHM, 'ITO aHanH3 KpHTH'IeCKoro pacceBHHB Ha 

MBrKOH MO~e HMeeT H 06ID;ee 3Ha'leHHe, TaK KaK npe~CTaa
neHHe MBrKOH MO~bl cny)KHT HarmJ~HOH HHTepnpeTan;HeH 
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CTPYKTYPHMX ~a30BMX nepexoAOB so MHorux coeAHHeuusx: 
cerHeT03neKTpHKaX, CBepxnpOBOAHHKaX, MarHHTHhlX Ma
Tepuanax u AP· 

BonpocM KpuTuqecKoro KorepeuTuoro paccesuus ua 
MsrKoii: MOAe o6cy.)I(Aanucb B o6ll.{ux qepTax B pa6oTe I sl 
B paMKax MOAenu I 2•31. 0AHaKo B 3Toii: MOAenu MOAa 
CTaHOBHTCS MSrKOB npH k = 0 H pacceSHHe, KOTOpoe SB
nseTCS KBa3HynpyrHM, MO.)I(eT npoHCXOAHTb TOnbKO npH 
onpeAeneHHMX 3Haqeuusx HMnynbcos naAaWII.{HX ueii:Tpouos 
u yrnos paccesuus. KouKpeTHMe ycnosus KBa3uynpyroro 
u Manoyrnosoro paccesuus 6Mnu nonyqeuM npu HH3KHx 
TeMnepaTypax B cny'1e ~eppoMarueTHKOB hi u cerueTo-
3neKTPHKa KH 2PO 4 

8 . 
B HaCTOSll.{eB pa6oTe Mhl paCCMOTpHM KOHKpeTHhle yc

nosus ueynpyroro KPHTuqecKoro paccesuus TennoBMX ueii:T
pouos ua MsrKoii npu k = 0 MOAe. B pa3Aene 1 paccMoT
peHhl OC06eHHOCTH pacceSHHS ueii:TpOHOB Ha MOAe, KOTOpas, 
B OTnuque OT /7,81, HMeeT TeMnepaTypH03aBHCSll.{YIO ll.{enb. 
B pa3Aene 2 nonyqeubl ycnosus ua HMnynLcM naAaJOII.{HX 
ueii:Tpouos u yron paccesuus Ans KBa3uynpyroro pacces
uus c nornoll.{euueM u ucnycKauueM B036Y.)I(Aeuus. B pa3-
Aene 3 paccMoTpeuo Manoyrnosoe paccesuue. TonbKO B 
3TOM cnyqae B03MO.)I(HO nonyqeuue cneKTpa KonneKTHBHMx 
B036Y.)I(AeHHB B BOAOPOACOAep.)l(ali.{HX COeAHHeHBSX, KOrAa 
KorepeuTuas cocTasnsJOII.{as ceqeuus paccesuus cTaHoBHT
cs 3aMeTuoii no cpasueuuro c ueKorepeHTHoii: I 1l. llonyqe
Hhl TaK.)I(e Bblpa.)l(euus Ans napaMeTpos MOAenu qepe3 na
paMeTphl paccesuus. 

1. OCOEEHHOCTH PACCEJIHHJI 
TEIIJIOBbiX HEHTPOHOB HA MJIFKOH MOJ(E 

B AHHaMuqecKoii MOAenu npoTou-uouuoro B3aHMOAeii
CTBHS CTpyKTypuoro nepeXOAa B cerHeT03neKTpHKaX C 
BOAOPOAHhlMH CBS3SMH B cneKTpe KOnneKTHBHhlX B036y.)I(
AeHBB eCTb ABe BeTBH. 0AHa H3 HBX, Ek+ , HMeeT ~OHOHHbiB 
onTuqecKuii xapaKTep, a BTopas, HH3Kone.)l(all.{as MOAa E k _, 
SBnSeTCS MSrKOB npu k=O H npu ManMX k H T-> T c MO.)I(eT 
6b1Tb npeACTaBneua B BHAe 

2 ·- 2{3 2 
Ek- =PIT- Tel + Qk /1/ 

4 

-
rAe P u Q onpeAensroTC.H napaMeTpaMH MOAenu. B cnyqae 

- P,T>Tc 
p = l2P. T < T c ' MOAenu/2. 31 f3 = 112 H 

P=- kB(20)~ 

Q 

J 0 + 

2 2 2 
Fo [wo + (;.!!) ] 
----------

4 
2mowo 

2 J 2 2 2 
(20) o a p F o a 1 

----- (----- + -----~ ) 
Jo gp mow~g ' 

rAe n - qacTOTa TYHHenupoBaHH.JI npOTOHOB B noTeuu:uane 
C ABYMS MHHHMyMaMH, J O - 3~eKTHBHOe 06MeHHOe 
B3aHMOAeiicTBHe B npoTouuoii ITOACHCTeMe, F0 - napaMeTp 
B3aHMOAeBCTBHS npOTOHOB H TS.)I(enbiX HOHOB, m0 - 3~eK

THBHaS MaccaonocneAHHx, ~ w 0 - qacToTa ux Kone6a
uuii, aP = 2,54 A, a 1 = 2,24 A paccTosuue Me.)I(AY 6nH.)I(aii:
WHMH COCeASMH npOTOHOB g p H BOHOB gl . )J,Ba.)I(Abl AH~
~epeHL{HanbHOe ceqeuue ueynpyroro paccesuus TennoBbiX 
ueii:Tpouos Ha MXrKoii MOAe B npeAenax Tenecuoro 

n u I 5 1 du H B HHTepBane 3HeprHH dE HMeeT BHA' I : 

2 + d a- p -> -> -> 

= --- l [N(b F + b F )L'l(k - (g ± q)) + 
p ' q 01 ql Op Op 

1 1 
n(Eq_) + 2 ± -2 

+ (b F + b F )1---------------o(E ±E ), 
11 ql lp qp 2 2 q-

(E -E )E q+ q- q-

rAe BBeAeHM o6o3uaqeuus 

F ql 

...... 2 

-2\\. (k e~~- ({ 2- E 2_ ), Fqp =e --- q q 
2mo 

= a.\lfk i 2 (w~-E~_), 

yrna 

/2/ 

/3/ 
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-> -> -> 

~ = p - p', E .... = EP,- EP - HMnynbc H 3HeprH.Il nepe~a'IH; 
p , E P H p' E P' - HMnynbc H 3HeprH.Il na~a10~ero 

H pacCeJIHHOrO Heii:TpOHOB; b Ol , bOp - aMnJIHTY~bl KOre

peHTHoro, a b 11 , b 1p - HeKorepeHTHoro pacce.IIHH.Il Ha 

HOHaX H npOTOHaX COOTBeTCTBeHHO; W k - cllaKTOp ~e-
6a.11- BaJIJiepa; a - napaMeTp, xapaKTepH3YJO~ii cpe~HIOIO 
3aCeJieHHOCTb npOTOHOB B noTeHUHaJie C ~BYMJI MHHHMy

MaMH; A - cpe~Hee none B npoTOHHoii no~cucTeMe; wq u 

t - 3HeprHH KOJIJieKTHBHbiX B036y)K~eHHH OT~eJibHO B 
""q v v "='"""- v 'I'OHOHHOH H npOTOHHOH no~CHCTeMaX. J'l"''eKTHBHbiH ncea~o-

CnHHOBbiH cllopMcllaKTOp f k Bbi'IHCJIJleTCJI B npH6JIH)KeHHH 

~BYX B3aHMO~eHCTBYIO~HX OCUHJIJIJITOpOB H HMeeT BH~ /8/ 

k2-b 
4....... -----

f [ . . (e. k)] 
= a + 1 a sm ----- e 

k 1 2 2 

4mpw 141 

r~e a 
Tbl /5/ ' 

' 

a 2 - HeKOTOpble KOOp~HHaTHble K03cllcllHUHeH

e - paCCTOJIHHe Me)I(Ay MHHHMyMaMH noTeHUHaJia 

Ha BO~OpO~HOH CBJI3H, w - KJiaCCH'IeCKaJI 'laC TOT a rapMO-

HH'IeCKOrO OCUHJIJIJITOpa B O~HOM H3 MHHHMYMOB. 

1.1. HerwzepeHmHoe pacce.RHue 

Pacce.IIHHe Heii:TpOHOB Ha ao~opo~co~ep)Ka~x coe~H

HeHHJIX npOHCXO~HT npeHMyiQeCTBeHHO Ha npOTOHax, npu

'leM HeKorepeHTHblM o6pa30M. Y'IHTbiBa.ll, 'ITO b lP = 102b 11 
H BBO~Jl cliYHKUHIO pacnpe~eJieHHJI ~JIJI HH3KOJie)Ka~eii: BeT-

BH cneKTpa §(w) = ·J. };. 8 (w - E J, H3 121 nony'laeM 
q q 

M.ll HeKorepeHTHoro Heynpyroro pacce.IIHHJI, HanpuMep, a 

napaclla3e (T > Tc): 

d2 ± HeKor. 
(-~--) 
dEd!l 

p 
p 

1 1 2 

n (w) + -2 ± 1f If 12 _!!_§((u). /5/ 
--------- b lp k T 

w 

Hcnonb3Y.Il 141, 151, BH~HM, 'ITO ce'leHue pacce.IIHHJI 

JIBJIJleTCJI nepHO~H'IeCKOQ cliYHKUHeH OT yrna cp Me)K~y 

BeKTOPOM pacce.IIHHJI k H HanpaBJieHHeM BO~OpO~HOH 

6 

- ~ 
CBJI3H f, flpH cp = 90°, KOr~a BeKTOp pacce.IIHHJI nepneH-

~KYJI.IlpeH BO~OpO~HOH CBJI3H, Ce'leHHe pacce.IIHHJI MHHH

MaJibHO: npH cp = 0, KOr~a k napaJIJieJieH (, Ce'leHHe 

paCCeJIHHJI MaKCHMaJibHO. 3TOT 3cllclleKT Ha6JIIO~aJICJI B 3K

cnepHMeHTaX no Hey~~yroMy pacce.IIHHIO Heii:TpOHOB Ha 

KPHCTaJIJiax KH 2P04 
9 npu KOMHaTHOH TeMnepaType, 

'ITO JIBHJIOCb np.IIMbiM HafiJIIO~eHHeM cliJIYKTyaUHH npOTOHa 

Ha B~OpO~HOH CBJI3H l3cllclleKT HHTePcllepeHUHH HeHTpOHHbiX 

BOJIH 10, 1 if/. llpu T .... T c' cor nacHo 111, pacce.IIHHe 

CTaHOBHTCJI KBa3HynpyrHM (k _. Q), H, CJie~OBaTeJibHO, Ha-

6JIIO~eHHe 3TOrO 3cllclleKTa CTaHOBHTCJI npaKTH'IeCKH HeBo3-

MO)KHbiM, KaK BH~HO H3 141. HHTeHCHBHOCTb pacCeJIHHJI 

npu T -> T c yaeJIH'IHBaeTC.Il H cTaHOBHTCJI o~HHaKoaoii: ~JIJI 

JII06blx ¢, 'ITO Ha6JIIO~anocb B 191 ~JIJI ynpyroro pacce.IIHHJI. 

1.2. KozepeHIIHoe pacce.RHUe 

flpH KOrepeHTHOM pacceJIHHH B 3HepreTH'IeCKOM pac

npe~eJieHHH HeHTpOHOB 121, pacCeJIHHbiX C HCnycKaHHeM 

(+) HJIH C norno~eHHeM (-) B036y)I(AeHHJI, ~OJI)KHbl Ha6JIIO

~aTbCJI nHKH, onpe~eJIJleMble 3aKOHOM COXpaHeHHJI 3HeprHH 

p'2 p2 
--- - -- + E = 0 161 2m 2m - -> -> 

k+g 

I 3~e Cb H ~anee npHH.IITa cucTeMa e~HHHU c 'h = 1 I. IIIHpHHa 

3THX nHKOB B HaWeM npH6JIH)KeHHH pasHa HYJIIO, 'ITO COOT

BeTCTByeT DpH6JIH)KeHHIO He3aTyXaiO~X B036y)I(AeHHH. 3cll

clleKTbl KOHe'IHOCTH BpeMeHH )KH3HH B036y~eHHH DpH ~aJib

Heii:meM paCCMOTpeHHH He HrpaiOT cy~eCTBeHHOH pOJIH; 

y'leT HX MO)KeT 6b1Tb /JI,rKO npoae~eH B paMKaX MeTOAHKH, 

H3JIO)KeHHOH B pa6oTe 5 • 

KpHTH'IeCKOe pacce.IIHHe Ha MJlrKOH MO~e THna 111 
JIBJI.IleTCJI KBa3uynpyrHM. PaccMoTpHM ycnoBHJI TaKoro pac

ce.IIHHJI. HMnynLc pacce.IIHHbiX Heii:TpOHOB npe~cTaBHM a 

BH~e 

p, = p + .,, 171 

r~e 71 - MaJia.ll aenH'IHHa, noJIO)KHTeJILHa.ll B cnyqae pac

ce.IIHH.Il c norno~eHHeM B036y)K~eHHJI H oTpHilaTeJibHa.ll 
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npu pacce.IIHHH c ucnycKaHHeM. HcnoJIL3Y.II /1/, /7/ B /6/, 
nonyqaeM .D;JI.II TJ BLipa)f(eHHe 

Gb [ p --
TJ 1,2 = -b----

2
- cosO- -G- ± y(cosO- cosO )(cosO- cosO ) /8/ 

-p 1 2 ' 

r,IJ;e 

coso 1, 2 = a~- [p 3 ± v (p 2- b )[p 4--=-~;~- 2--:~))] l . /9/ 

II pH 
b = 

Gu 

DOJiy'leHHH /8/, /9/ MLI BBeJIH 0603Ha'leHHJI a ~ p m 
0
2 

2 ~ --+ 4 ' 

Qm 0 • G "p + g H 0 - yroJI pacceJIHHJI Me)f(,IJ;y 
p', < = a! T - T c 12/3. 

B cnyqae P 2 = b 

b(b + G 2
- 2ybG cosO)+< 

------------------·-----7J ~- /10/ 
2b(GcosO --yb) 

B /10/ npu GcosO = yb CHHrynRpHocru He B03HHI<aer, TaK 
KaK B 3TOM CJiyqae, KaK 6y,IJ;eT BH,IJ;HO HH)f(e, DpOHCXO,IJ;HT 
ynpyroe pacceJIHHe. 

KaK BH.D;HO, Ka)f(,IJ;OMY yrJiy pacceJIHH.II 0 COOTBeTCTBy

IOT .D;Ba 3Ha'leHH.II HMITYJILCa pacCeJIHHLIX HeihpOHOB 

(p; = p I TJ 1 H p ~ = p !- r1 2 ) IT pH p 2 t b H O,IJ;HO 3Ha'leHHe 
p' = p J TJ npu p2 ~ b. AuanorH'IHaJI curyai..\HJI BOJHHI<aer 
rrpu pacceJIHHH ua Maruouax , 7/. B uaweM cnyqae 6onee 

CJIO)f(HLIH BH.D; 3HepreTH'IeCKOrO ClleKTpa /1/ IIPHBO,IJ;HT K 

p.II.D;Y .D;onoJIHHTeJILHLIX orpaHH'IeHHH Ha ycnoBHJI pacceJIHHJI. 

2. YCJIOBHJI HA BEJIHlJHHY 
HMIIYJibCA IIA,4AIOJ1!HX HE.HTPOHOB 

H YFJIA PACCEJIHHJI 

2.1. PaccMoTpHM BOJMO)f(HLie yrnLI pacceJIHHJI. H3 BLI
pa)f(eHHJI /9/ CJie,IJ;yeT' 'ITO cos 01 .2 cos02. H3 YCJIOBHJI 
IIOJIO)f(HTeJILHOH onpe,IJ;eJieHHOCTH ITO,IJ;I<OpeHHOrO BLipa)f(eHHJI 
B /8/ llOJiyqaeM YCJIOBHJI Ha yrJILI pacceJIHHJI 

cosO..:? cosO 1 
H cosO_;; cos0 2 . /11/ 

8 

I 

i 
I 

TaKHM o6pa3oM, pacce.IIHHe BOJMO)f(HO JIH6o BHYTPH Ko
uyca, onpe,IJ;eJIJieMoro yrJIOM 0 1, JIH60 BHe KOHyCa, onpe
,IJ;eJIJieMoro yrnoM 02• PacceJIHHe B03MO)f(HO H Ha MaJILie 
H Ha 60JILWHe yrJILI, KpOMe 06JiaCTH Me)f(,IJ;y KOHyCaMH. 

2.2. P aCCMOTpHM YCJIOBHJI Ha HMITYJILCLI na,IJ;alOI.l\HX HeHT
pOHOB. Ilpe)f(,IJ;e BCero 3aMeTHM, 'ITO HMeeTC.II HHTepBaJI 
HMDYJILCOB 

p1<p<p2' /12/ 

r,IJ;e pacceJIHHe Janpemeuo, TaK KaK a 3TOM HHTepaane 

«l~YHI<L\HH cos01.2 !.2/ CTaHOBJITCJI KOMITJieKCHLIMH. KaK 
BH.D;HO H3 /9/, p 1 ' 0 V b, a p 2 JIBJIJieTCJI peweHHeM ypaB-
HeHHJI p 

4 
- b (p + g)2 - b < = 0. AuaJIH3 3Toro ypaa-

HeHHJI llOKa3LIBaeT, 'ITO p 2 "' p 1 + 0 (g, E), r,IJ;e 0"' g +f. 

.LJ.anee, HCDOJIL3YJI YCJIOBHJI I cos 01, 2 I ::; 1 H ypaa-
HeHHe /9/, ITOJiyqaeM el.l\e O,IJ;HO orpaHH'IeHHe Ha HMIIYJIL
CLI: 

f(p)cb(p+g)-p3 -y(p2-b)[p4-b(G2+E)] ?: 0. /13/ 

PacceJIHHe B03MO)f(HO TOJILKO npu rex 3Ha'leHH.IIX HMnynL
coa, ITpH KOTOpLIX BLIITOJIHJIIOTCJI YCJIOBH.II /13/ H BHe o6-

JiaCTH /12/. B o6nacru noJIO)f(HTeJILHLix p ypaaueuue /13/ 
HMeer .D;Ba peweHHJI: p 3 _ , H p 

4 
> p 

2
. TaKHM o6pa-

30M, pacceJIHHe B03MO)f(H0 ITpH HMITYJILCaX 

p3_sp~p1H p~p~p4. 

qT06LI onpe,IJ;eJIHTL TO'IHO 3Ha'leHHJI p 
2 

, p 
3 

, 

B Ka)f(,IJ;OM KOHKpeTHOM CJiyqae napaMeTpOB b, 
WaTL ypaBHeHHe /12/. 

/14/ 

p 4' HY)f(HO 
< , g pe-

2.3. PaccMoTpHM ycJIOBHJI, npH KOTOPLIX npoucxo,IJ;HT 
pacCeJIHHe C norJIOIL\eHHeM H HCITYCKaHHeM B036y)f(,IJ;eHH.II, 
T.e. npH KaKHX YCJIOBH.IIX BeJIH'IHHa TJ ITOJIO)f(HTeJILHa HJIH 
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oTpBu,aTenLHa. AHanB3 ypasHeHBB /8/, /9/ noKa3blBaeT, 
'ITO yoryT 6blTL cne,nyromBe cnyqaB B o6nacTB p3 < P < p 1 : 

a/ ..£.. < cosO< 1 
6/ R.. = cosO< 1 s/ £_ > cos0>-1 

G - G -
G -

711> 0 711> 0 
< 0 /15/ 

7113 

> 
712<:. 0 

712 < 0 
712 < 0. 

B o6nacTB p
2 

< P < P 
4 

see 3HaKB B /15/ HYlKHO 3aMeHBTL 
Ha o6paTHble. KaK BB,nHO, B cnyqaJIX a/ B B/ B /15/ MOryT 
6b1Tb CBTyaU.BB, KOr,na pacceJIHBe npOBCXO,nBT TOllbKO C no
rnollJ,eHBeM BllB TOllbKO C BCllYCKaHBeM B036ylK,neHBJI. fipB 
BCll0llb30BaHBB ycnOBBB /15/ ueo6xo,nBMO y'IHTblBaTb or
paHB'IeHBJI ua senB'IBHY seKTopa g, HaKna,nblsaeMble ycno
BBJIMB /11/. nerKO BB,neTb, 'ITO B cnyqae COSO= cosO 1B 

cosO=cos0 2 71 1=77 2 _ 
Bo3MOlKHbl cBTyau,BB, Kor.na 77 1 BnB 112 paBHbl uynro. 

AuanB3 ypasueHBJI /8/ noi<a3blBaeT, 'ITO npB 

p2 p4 1 ' 2 2 
--- --- --- ~bG + f)(p -b) 
G 2 G 2b (Gb)2 

cosO - ------------------------

2p p2 
--- [1- --) 
G b 

B cos0 1> p/G 1'11=/0, 
11 2 f. o. 

71 
2

= 0, a, ecnB cosO 1 < p/G , 
B cnyqae lKe, Kor .na cos 0 = 

ecTL npo&cxo,nBT ynpyroe TO 71 1 = 0 , 
= p/G =cosO 1 

11 1 = 1'/ 2 = 0, TO 

pacceJIHBe. 
PaccMoTpBM cnyqaii p 2 =b . .HcnonL3YJI /10/, nony-

qaeM, 'ITO npB cosO< cosO 3 scer.na 11 < 0, a npB cosO >cos03 

scer.na 1'/ > 0, r.ne cos0 3 = [£ + b 2 + b(p +g)2J /2b vb(p +g). 

3. MAJIOYTJIOBOE PACCE.JIHHE 

PaccMoTpBM 6onee ,neTanLHO xapaKTepBCTBKB KorepeHT
uoro pacceJIHBJI ua yanble yrnbl . .HHTerpBpyJI /2/ no 3Hep-

10 

I 
'l 
I 

I 
L 

rBJIM, nonyqaeM .ItnJI ,nB4MtlepeHu,BanLHoro ce'leHBJI KorepeuT
uoro pacceJIHBJI B6nB3B BeKTOpa o6paTHOB peWeTKB g Bbl· 
pa)l(eHBe: 

+ 
1 da-

N- -~ = [b OIF (k 1 +g)I + bopF (k 1 +g)pl x 

1 1 2 
[n(E k c) + 2 ±2-] (P + 7J 1) ITJ 1l 

/16/ X ---------------------------------------- + 
2 2 2 

(Ek +- E k _)~ _ IP 1J 1 - b(p - cosOG)I 
1 1 1 

1 1 2 
[bOI F(k2+g)I+ bop F(k 2+g)p ].[n(Ek 2-)+2±2](P+TJ 2) ITJ 2'1 

+ ------------------------------------------------------

2 2 I 2 
(Ekt+Ek2_)Ek2-p TJ1 

2 ~ ~ 
r.ne k 1,2 = (p 1J 1, 2 -£)/b. 

KaK BB,nuo, npB T .... T c 
B03pacTaeT H npB T = T c 
TaKBM o6pa3oM, KorepeHTHaJI 

- b(p - cos OG)j 

BHTeHCBBHOCTb pacceJIHBJI 
B T/ 1, 2-> 0 MaKCBManbHa. 
COCTaBnJIIOllJ,aJI pacceJIHBJI 

3Ha'IBTenbHO yBellB'IBBaeTCJI B KpBTB'IeCKOM pacceJIHBB npB 
nro6blx yrnax pacceJIHBJI B npe,nenax /11/. 3KcnepBMeu
TanLuoe ua6nro.neuBe MJirKoii MO,nbl eme 6onee o6nerqaeT
CJI npH ManbiX yrnax, T.K. BHTeHCBBHOCTb pacceJIHHJI yse
llB'IBBaeTCJI npu 0 .... o. 3aMeTHM, 'ITO npB T .... T c B 
BHTerpanLHYIO BHTeHCBBHOCTb, B006we rOBOpJI, OCHOBHOH 
BKna.n .naeT u;euTpanLHLiii nBK /nBK npB w = 0 /. B uaweM 
npu6nHlKeHBB OH BMeeT CTaTH'IeCKyro npupo,ny B JIBllJieTCJI 
cne,ncTBBeM cymecTBOBaHBJI MJirKoii MO,nbl. lionee ,neTanL
uoe o6cylK,neuue 3Toro sonpoca Tpe6yeT OT,nenLHoro pac
CMOTpeHBJI. H3Mepeuue TeMnepaTypHOH 3aBBCBMOCTB BH· 
TerpanbHOH HHTeHCHBHOCTH npH KpBTH'IeCKOM pacceJIHBB 
ll03BOnJieT onpe,nenBTb KpBTH'IeCKBH BH,neKC pa,nByCa Kop
pemiD;HB It 21 : I - 1 ( q) - x 2 + q 2 , x - IT - T c I v. 

Ewe o.nuo npeuMymecTBO Manoyrnosoro pacceJIHHJI 
COCTOBT B TOM, 'ITO 3KCnepBMeHTbl MOlKHO npOBO,nBTb C 
nonBKPBCTannB'IecKBMH o6pa3uaMu. KpoMe 3Toro, pac
ceJIHBe aKyCTH'IeCKBMB cllOHOHaMB cpaBHBTenbHO cna6oe, 
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TaK "'TO pacce.llHBe npOBCXO,IJ;BT nonHOCTLIO Ha MO,IJ;e TB" 

na /1/. 
KaK sB.n;Ho B3 /16/, .n;u<WlepeHUBanLHOe ce"leHBe .n;n.11 

Heynpyroro KorepeHTHoro pacce.IIHB.Il HeiTpOHOB onpe.n;e
n.lleTc.ll TO"'KRMB B o6paTHOM llpOCTpaHCTBe, a BMeHHO 

~ ... 
BeKTOpOM g. g = 0 COOTBeTCTByeT ManoyrnoBOMY pac-
ce.IIHBIO. TaKBM o6pa30M, ycnoBB.IlMB Manoyrnosoro Kpu
TB"lecKoro pacce.IIHB.Il .llBn.lliOTC.Il g = 0 B, cornacHo /11/, 
cosO 

1 
= 1. H.cnonL3Y.Il /13/, nonyqaeM, "'TO pacce.llHBe 

B03MO)K~ _npB_ 3Ha"leHB.IlX BMnynLCOB Po "' a l t B 
p 

0 
= v b +a 

2 
v f , r.n;e a 1 , a 2 - nono)KBTenLHLie qucna. 

KaK BBAHO B3 /15/, cny1.1ai 6/, pacce.llHBe B03MO)KHO KaK 
c nornomeHBeM, TaK B c ucnycKaHBeM so36y1IS,IJ.eHB.Il. IIpu 
• ~ 0 pacce.llHBe npoucxo,n;BT npB P = v b · IIpu 3TOM 
11 

1
= 11 

2 
= 11 = ...;7, T .e. B npe.n;ene •-> 0 npoucxo,n;BT yn-

pyroe pacce.llHBe. 
llpH g f 0 ,n;n.ll B3MepeHB.Il cneKTpa KOnneKTHBHLIX B03-

6y)K,IJ;eHBi He06XO,II;BMO BCllOnL30BaTL MOHOKpBCTann. H.3 
BB,IJ;a M.llrKOi MOALI MO)KHO O)KB,ZJ;aTL, "'TO HaB60nLWBe BH" 
TeHCBBHOCTB 6y,n;yT npB ManLIX OTKnOHeHB.IlX OT 6p3rrOBCKBX 
yrnos. N~anoyrnosoe pacce.IIHB~ TenepL Ha.n;o paccMaTpB
saTL OTHOCBTenLHO BeKTOpa G . BenB"'BHY BMnynLCOB na
,n;aiOIUBX HeiTpOHOB MO)KHO onpe,n;enBTL, peWa.ll ypaBHeHBe 

/13/ npB 3a.n;aHHLIX napaMeTpax. 
Nlo)KHO nocTaBBTL B o6paTHYIO 3a.n;a1.1y: onpe.n;eneHBe 

c noMOIULIO Manoyrnosoro KPBTB"lecKoro pacce.IIHB.Il napa
MeTpOB M.llrKOi MO,II;LI B TeM caMLIM napaMeTpOB MO,IJ;enB. 
3a.n;asa.ll B 3KcnepuMeHTe senB"'BHLI p , g, A0 u B3Mep.ll.ll 

p'
1 

B v;. nonyqaeM, ucnonL3Y.Il /7/,/8/, 

b = 
2 p~+p;-2p 

p -------------- ' 

p ~ + p ~- 2G cose0 

2f3 , , ) 2 ( 2Gb ) 2 
4a\T-T I = (p - P - ------ x 

c 1 2 b - p2 

2 2p3 p4 
X (cos eo - ---cos Oo - -----) - 4bG

2
. 

Gb c 2
- b 
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Ha ocHose nocne,n;Hero BLipa)KeHB.Il, B3Mep.ll.ll 3KCnepBMeH
TanLHo TeMnepaTypHyiO 3aBBCBMOCTL 3HeprBB pacce.IIHHLIX 
HeiTpOHOB, MO)KHO onpe,n;enBTL BH,IJ;eKC f3 /KpBTB"leCKBi 
BH,IJ;eKC napaMeTpa llOp.ll,n;Ka/. C ,n;pyroi CTOpOHLI, npB 3a
,n;aHHOi TeMnepaType MO)KHO onpe,n;enBTL BenB"'BHY a = 
= Pm~/h 4 • ~n.11 cerHeTo3neKTPBKa KH 2PO 4 Kore
peHJH~e KPHTB"lecKoe pacce.llHBe Ha6niO,n;anocL B napa~a-
3e 13 • DLina llO,IJ;TBep)K,II;eHa B uenOM MO,n;enL KOH,IJ;eHCB
pyiO~eiC.Il M.llrKoi MOALI I 1/, o.n;HaKo aHanB3 napaMeTpos 
MO,n;enB H CMeiUeHBi BOHOB llpB ~a30BOM nepexo,n;e He 6Lin 
npose.n;eH. 

B 3aKniO'IeHBe OTMeTHM, 'ITO KOrepeHTHOe pacce.llHBe 
HeiTpOHOB ll03BOn.lleT onpe,n;cnBTL C06CTBeHHLie BeKTOpLI 
~OHOHHOi MO,IJ;LI B TaKBM o6pa30M nposepBTb, ,n;eiCTBBTenL· 
HO nB ~nyKTyaUBB CMe~eHBi, CB.Il3aHHLIX C HeCTa6BnbHOi 
MO,IJ;Oi, KOH,IJ;eHCBPYIOIUeiC.Il llpB 'I~ , COOTBeTCTBYIOT CTa· 
TH'IeCKHM cMeiUeHB.IlM. O,n;HaKo B03MO)KHOCTB ABHaMB'IeCKoi 
MO,n;enB npOTOH-BOHHOrO B3aHMO,n;eiCTBB.Il ,IJ;n.ll TaKoro aHa
nB3a orpaHB'IeHLI. TaK, oKa3anocL I 14/, 'ITO B KD 2PO 4 
npoeKUB.Il CMeiUeHB.Il ,n;eiTpOHa B KBCnopo,n;a Ha C ·OCb, 
B OTnB'IBe OT npe,n;cKa3aHHi TeOpBB, He pasHa HyniO. 3TOT 
pe3ynLTaT ,IJ;O HaCTO.IliUero BpeMeHB He 06'L.IlCHeH B ,n;n.ll 
ero llOHBMaHB.Il, BBABMO, He06XO,IJ;HMLI pac'leTLI ~OHOHHOrO 
cneKTpa B3 nepBLIX npBHUBllOB. 

O.n;BH B3 asTopos /B.A./BLipa)KaeT 6naro.n;apHOCTL 
K.IIapnBHLCKoMy 3a o6cy)K,n;eHBe pe3ynLTaToB pa6oTLI. As
TOpLI /P.X. B C.C./ 6naro.n;ap.IIT CH.3H-CPC Cci>PIO 3a 
no,n;,n;ep)I{Ky HaCTO.IliUei pa60TLI. 

JIHTEPATYPA 

1. rypeBU'I H.H., Tapacoe JI.B. <PU3UKa HeiimpOHOB HU3-
KUX 3Hepzuii. "HayKa ", M., 1965. 

2. Villian J., Stamenkovic S. Phys. stat. sol., 1966, 
15, p.585. 

3. Kobayashi K.K. Phys.Lett., 1967, 26A, p.55; J.Phys. 
Soc. Jap., 1968, 24, P.497. 

4. Samara G.A. Fourth Int. Meeting on Ferroelectri-
city. Leningrad, 1977. 

5. AKceHoe B.JI., CmaMeHKOBU'I C. <PTT, 1977, 19, c.J366. 
6. Cochran W. Adv. Phys., 1969, 18, P.157. 
7. MaAeee C.B. )f(3T<P, 1957, 33, c.1010. 

13 



. , 
B. Stamenkovzc S. J.Low Temp.Phys., 1972, 9, P.485. 

Grimm H., Stiller H., Plesser Th. Phys. stat.sol., 
1970, 42, p.207. 

10. Stiller H. Ber. Bunsenges. Phys.Chem., 1968, 72, 
p.94. 

11. CmaMeHKOBU'i C. tPTT, 1968, 10, c.B61. 
12. Riste T., Samuelsen E.J., Othes K. In: Structural 

Phase Transition arul Soft Modes, Universitetsjor
laget, Oslo, 1971, p.395. 

13. Arsic-Eshinja M., Grimm H., Stiller H. Neutron 
Inelastic Scattering. IAEA, Vienna, 1972, v.2, p.825. 

14. Skalyo J., Frazer B.C., Shirane G. Phys.Rev., 1970, 
B1, p.278. 

14 

PyKonucb nocmynu;ra e u3oameAbcKuii omoeA 
26 ceH111.116p.11 1978 zooa. 

HeT JU1 rrpo6eJIOB B Bametf 6H6JIHOTe:Ke? 
8bl MOJK8Te OOJJY'IHTb 00 OO'!Te nepet!HCJI8!fHble HHJKe KHHf'H, 

ecJJH OHH He 6biJJH 3aKa3aHbl paHee. 

P1,2·7642 

.ll1,2-8405 

P1,2·8529 

Tpy.11.w MelK.D.YH8POJJ.HOi wxonw wono· 
.II.WX y'leHWX no 4!B3BKe BWCOKBX 3Hep· 
raii.. rowem., 1973. 

Tpy.11.w IV MelKJJ.YH8POJJ.Horo cawno3ay· 
M8 no 4!B3BKe BWCOKBX 3HeprBi B 3Jle• 
weHT8pHwx '18CTBil. 88pH8, 1974. 

Tpy.11.w MelK.D.YH8pOJJ.HOi wxonw-cewa· 
H8p8 YOllO.II.WX y'leHWX. AKTyanJ.HWe 
npo6neMW 4!B3BKH 3llCYeHT8pHWX '18C· 
THJl. CO'IH, 1974. 

,ll6·8846 XIV co&eiJl8HBe no aJJ.epHoi cneKTpo
cxonBH H Teopaa aJJ.p8. )ly6H8, 1975. 

)ll3·9164 MelK.D.YH8pOJJ.HOe COBeiJl8HHe no YeTO· 
.II.BKe npOBOllO'IHWX K8Mep.)ly6H8, 1975. 

.Ill ,2-9224 IV MelKJJ.YH8POJJ.Hwi ceMBH8p no npo· 
6neM8Y 4!H3HKH BWCOICBX 3HeprBi.)ly6· 
H8, 1975. 

,lll3·9287 Tpy.11.w VIII MelKAYH8POJJ.Horo cawno· 
3BYM8 no a.11.epaoi lllllKTpoaaxe. 
,lly6H8, 1975. 

.ll7 • 9734 MelK.D.YH8PO.II.H8a wxon8- cewHH8p no 
B38HMOJJ.eiCTBHIO TalKellWX HOHOB C a.11.· 
paMH H CHHTC3y HOBWX 3lleMeHTOB 
/)ly6H8, 1975/. 

)l2·9788 HenOKaJibHWe, HCllBHeiHWC H Hepeaop· 
MHpyewwe TeopHH nona I AnywT8, 
1976/. 

.ll-9920 Tpy.11.w MelKAYH8PO.II.HOi xoa4lepeHilHH 
no H36p8HHbiY BOnpOC8Y CTpyKTypw 
•JJ.p8. )ly6H8, 1976. 

.ll9·10500 Tpy.11.w I I CHwno3HYY8 no xoneKTHB· 
HbiM MeTOJ1.8M YCKOpeHHa.)ly6H8, 1976. 

)l2·10533 TpyJJ.W X MelK.D.YH8PO.II.BOB WKOllW 
YOllO.II.biX y'leHWX no 4!H3HKe BWCOKBX 
3HeprHi. 68KY, 1976. 

)ll3-11182 TpyJJ.w IX MelKJJ.YH8PO.II.HOro cHwno-
3HYM8 no a.11.epaoi :JneKTpOHHKe. 88p· 
H8, 1977. 

.lllO, 11-11264 TpyJJ.W CoBelll8HHa no nporp8YMBpo· 
BaHHIO H Y8TeM8TH'IeCKBY YeTO.II.8Y 
peweHHa 4!B3B'IeCKBX 38.11.8'1. )ly6H8, 
1977. 

.lll7·11490 TpyJJ.W MelK.D.YH8POJJ.HOro CBMn03BYY8 
DO H36paHHbiY npo6neM8Y CT8TBCTB· 
'ICCJCOi MCX8HBKB. ,lJ.y6H8, 1977. 

7 p. 15 K. 

2p.05x. 

2 p. 60 K. 

1 p. 90 K. 

4 p. 20 K • 

3 p. 60 K. 

5 p. 00 K • 

3 p. 00 K. 

2 p. 40 K • 

3 p. 50 K • 

2 p. 50 JC. 

3 p. 50 K. 

5 p. 00 K • 

6 p. 00 IC • 

6 p. 00 IC. 


