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refiynTOBB'I T. R np. Pl4 - 11558 
Hay>~eoe c nowOIIIbJD oefiTposos oponeccos o6poaosaoas 
38pO.!lYmefi oosoii +saw nps +aaosow nepcxone B rewarare 

ITpeacTa&neBY peayiiLTBTY aaMepeuaa TeMileparypuoii aasacaMOCTB au
reacasuocra paccesaas aeiirpooos aa aaponwmax aosoii cJ:aay npa +aaosoM ne
pcxoae nepsoro pona B WOB()I[pacraJUJe reMBTBTa, noMeweooow B HMD)'JJbC&oe 
WBI'BBTHOC none • .QoDOJIBHTeiiLBYii BXJl8l( B HBTCBCRBHOCT!o p8CCCBRH>l, o6yCDOB
.IICBBYi 38pon~o~maMa • BB speMBJJponerooa oeiirpoaorpaMMe nposs..-Iser
cs B topwey3XHX DRXOB,3RB'IRTeJibHO DpeBUW8IOWRX ypOBCHh DODDOlKJCR OT 

o6LI'Uioro aaojlpaxuaosaoro pacce-a.TeMBeparypnaa aasocaMOCT!o arux nuJCOB 
naxonurcs B cornacaa c 4jlaaoBOll aaarpaMMOA rewarara, oanaJCo ux DOil~euue 
HafiruolUlCTCR DpB BCDR'IBBC Mai'HifTHOI'O DODH,3BB'IRTCIILHO OTDB'IBIOWCI'OCR OT 
nonsr.cooTBeTCTB)'IOI!lerc. TepMOliHiiaMII'ICCXOMY paBHOBCCUIO DBYX 4jlaa. noxaaa
RO.'ITO ljla3osas nepecrpoka, o6ycnoaneuaag aapOllbJWBMu, o6poayiOWUMRCB 
B ODBOponROW COCTOBHRR XpHCTBJL"Ul, MOlKCT DpOHCXODBTb n&Wb B WBI'RRTROM Do
.ne,3aBCilOWO DpCBLIWBIDDlCW (nnR D<:>peXODB OT BB3JCOD0DCBOli X BLICOXODOJICBOii 
4Jaae) Done pBBBOBCCBB MClKay 4jla3llMif. noarowy Ba6niOD8CMLIC DRXB MLI CBH3bi
B8CM C 3Bp0DLIWBMH, KOTDpbiC BC'3HBX8IOT B COB~pWeHHOii 'IBCTR KpRCT8DD8 
ocnencTs&e TeDnOBLIX 4uJyxryanuii BJIIf ryuaeiiLHLIX nepexonos, nonaras, 'ITO 
DpOtmneHBe T8XBX npop:eCCOB DpBXTif'ICCXR BenBXO n&Wb DpB llOCTBTO'IHOM 
)'llane&B BX OT paBROBeCHOI'O COCTOHRRB. 

Coo6mene 06~oen&aeaaoro BHCT&TyTa Hllepuux &ccnenosaa&i. lly6ua 1978 

Gebultovich T. et ai. Pl4 - 11558 
Irwesligation of the Formation Process of New Phase 
Nucleations at a Phase Transition in Hematite by means of Neutrons 
The results of measurements of the temperature dependence of 

_neutron scattering intensity on new phase nucleations at the first 
order phase transition in a hematite monocrysta! pktced into a pulsed rna!' 
netic field are given. An additional contribution into the scattering inten
sity due to nucleations is separated on a time-of-Oight neut
ronogram in a form of narrow peaks which exceed the level of backgrOl.ll¥ 
from the ur.iform diffraction scattering. The temperature dependence of 
these peaks agrees to the hematite phase diagram_however their appea
rance is observed at the magnetic field value which differs from the field 
corresponding to the two phase thermodynamic equilibrium.lt is shm'\'1'1 
that phase reconstruction due to nucleations formed in a crystal 
homogeneous state could take place only in the magnetic field which 
clearly exceeds (for the transition from a low-field to a high-field 
phase) the equilibrium field betv..-een phases. Therefore the peaks 
observed are connected with nucleations which appear in a complete 
part of a crystal due to the thermal fluctuations or channel transfor
mations assuming that the nflnifestation of such processes is practi
'cally significant only at their sufficient elimination from the equlibrium 
st.:-:tte. 

Communication of the Joint Institute for Nuclear Research. Dubno 1978 
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BBEAEHHE 

B npe,~~;w,~~;~eii pa6oTe ltl 6wnH paccMoTpeHw pe3yn&

Tana~ H3MepeHHH 3aBHCHMOCTH OT BeJIH'IHHW MarHHTHOrO 

ITOJIB KorepeHTHOrO pacceBHHB HeiiTpOHOB Ha "TOJICTOM" 

MOHOKpHcTaJIJie a - Fe2 0 3 npH T < T M = 260,5 K. 
B o6nacTH ~a3oBoro nepexo,~~;a nepBoro po,~~;a, CBB3aHHoro 

C ITOBOpOTOM BeKTOpa aHTH~eppoMarHeTH3Ma B 6a3HCHYIO 

ITJIOCKOCTh, Ha6JIIO,D;aJIOCh "aHOMaJI&HOe" yBeJIH'IeHHe HHTeH

CHBHOCTH, KOTOpOe HHTepnpeTHpOBaJIOCh KaK pacceBHHe 

HeiiTpOHOB Ha 3apO,D;WWaX HOBOH ~3W. 
B ,~~;aHHoii pa6oTe npe,~~;cTaBneHhl H o6cf)K,D;a10TCB pe-

3yJI&TaTW H3MepeHHH TeMnepaTypHOH 3aBHCHMOCTH pac

CeBHHB HeiiTpOHOB B reMaTHTe C 6onee KOpOTKHMH HMITyJI&

CaMH MarHHTHOrO ITOJIB. IlpH 3TOM y,D;aJIOCh B "'IHCTOM BH

,D;e" BW,D;eJIHTh BKJia,D; pacceBHHB, o6yCJIOBJieHH:biH 3apO,D;W

waMH. ConocTaBJieHHe c H3BecTHOii ~3oBoii ,D;HarpaMMoii 

reMaTHTa I 21 noKa3wBaeT, 'ITO 3apo,~~;wwH HOBoii ~a3w, 
KOTOpWM 06B3aHO ,D;OITOJIHHTeJI&HOe paCCeBHHe, B03HHKaiOT 

ITpH 3Ha'leHHH MarHHTHOrO ITOJIB, OTJIH'IaJOIUeMCB OT ITOJIB, 

COOTBeTCTBYIOJUero paBHOBeCHIO ~a3 npH ~a30BOM nepexo

,D;e nepBoro po,~~;a. 

METO,aHKA 

HccJie,D;OBaJICB O,D;HH H3 MOHOKpHCTaJIJIOB /H!!8/, HCITOJih-

3yeMwx B pa6oTe I 11. KpHCTaJIJI B BH,D;e napannenenHne,~~;a 
CO CTOpOHaMH OKOJIO 0,8 CM OpHeHTHpOBaJICB TaK, 'ITO 

o,D;Ha H3 oceii BToporo nopB,D;Ka 6hlna napanneJI&Ha MarHHT-
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HOMY no~. HanpasneHHOMY sepTuxanhHO. KpuocTaT c 
o6pa3~0M H xa Tyuncoi uunynhcHoro uarHHTa noMelU8..Dca 
B "6enwi" HeiTpoHHYi ny11ox peaxTopa HBP-30 Ha pac
CToaHHH 1300 CM OT akTHBHOB 30HY C 3aMe,AnHTeneM. 
C nouomh~ .AeTeKTopa, ycTaHoBneHHoro Ha paccToaHHH 
265 CM OT o6pa3~a, perHCTpHpOBanHCh HeiTpOHY, pac
ceaHHYe nO,ll yrnoM 70° k nepBH'IHOMY ny'lky. ropH30H· 
TaHhHaa paCXO,llHMOCTh nepBH'IHOrO H BTOpH'IHOrO ny'lkOB 
cocTasnana oxono 1°.AHanH3 cnexTpa pacceaHHYX HeiT
POHOB npOH3BO,llHnCa no BpeMeHH nponeTa C nOMOIQh~ MHOrO
xaHanhHoro speMeHHoro aHanH3a Topa. 

HunynhCHaa uarHHTHaa ycTaHosxa H xpucTaTaT ,D;na 
o6pa3~a no,D;po6Ho onucaHw B pa6oTe /a/. ,nnuTenhHOCTh 
uunynhca uarHHTHoro nona cocTasnana 1,1·10-3 c, H!o,D;
Hopo,D;HOCTh nona Ha o6pa3~e He npeswwana 1,5~/a, He
TO'IHOCTh CHHXpOHH3a~HH HMnynhCOB OTHOCHTenhHO BCnYWek 
peaxTopa - He 6onee 30 ·10-6c, pa36poc 3Ha'leHHi aunnu
TY.llY uunynhCOB B npo~ecce H3MepeHHi - He 6onee 2~. 
llpe,D;sapuTenhHaa xanu6posxa uarHHTa, T. e. onpe,D;eneHHe 
3aBHCHMOCTH MarHHTHOrO nona OT TOka npOH3BO,AHnach 
HH,D;Yk~HOHHYM MeTO.AOM C nOMOIQh~ H3MepHTenhHOB MHOrO • 
BHTkOBOB O,llHOCnOBHOB kaTymkH C TO'IHO H3BeCTHYM 'IHC· 
nOM H ,D;HaMeTpOM BHTkOB. AMnnHTy,D;a H c)opua HMnynhCOB 
TOka 'lepe3 MarHHT H3MepanHCh C nOMOIQh~ 6e3YH,llyk· 
THBHoro WYHTa, Bk~'leHHoro nocne,D;oBaTenhHO c uarHu
TOM, H npoxanu6posaHHoro oc~unnorpac)a. Bo speuJI H3ue
peHHi pacceaHHa HeiTpouoB H3MepHTenhuaa xaTywxa y,D;a
nanach H3 MarHHTa H npOH3BO,D;HnHCh kOHTpOnh H H3Mepe
HHe TOnhkO HMnynhCOB TOka. 0wH6ka B a6CO~THYX 
3Ha'leuuax uarHHTHoro nona - ue 6onee 3~. 

llpoH3BO,D;Hnach aBToMaTH'Iecxaa perynuposxa /a/Hue-
3asacuuo OT uee - peracTpa~ua TeMnepaTypw o6pa3~a. 
C :noi ~enh~ O,D;Ha Tepuonapa npuxneeua B sepxuei 'laCTB 
o6pa3~a. a ,D;pyraa - B HH)I(Hei. AunnuTy,D;a xone6auui 
TeMnepaTypw B npo~ecce aBTOMaTH'Iecxoi perynHposxu 
COCTasnana oxono 0,5°npH pa6oTe B o6naCTH 200-300 K, 
O,D;HakO pa3HOCTh TeMnepaTyp Me)K,D;y BepXHHM H HB)KHHM 
xou~auu o6pa3~a B cepe.ABHe :noi o6nacTH cocTasnana 
oxono 4 o. B ,D;anhueiweu se 3,D;e yxa3YBaeTca cpe,D;uaa 
TeunepaTypa o6pa3~a /nony'laeuaa ycpe,D;ueuueu noxa3a
HHi sepxuei H HB)I(Hei Tepuonap/. 
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C ~enh~ 6onee ysepeHHoro conocTasneHHa pe3ynhTa
ToB C c)a,30BOB ,lUiarpaMMOB reMaTHTa H3MepeHa TeMnepa
TypHaa 3aBHCHMOCTh MarHHTHOrO OTpru«eHHa /300/, HOp· 
MHpOBaHHOrO k HHTeHCHBHOCTH a,AepHOrO OTpru«eHHa /400/ 
I puc. 1/. 3Ha'leuue TeMnepaTypw B cepe.AHHe cna.Aa HHTeH
CHBHOCTH Y?OBneTBOpHTenhHO cornacyeTca C T M = 
= 260,5 K/2 , 'ITO nO.ATBeplK,AaeT npaBHnhHOCTh H3MepeHHB 
TeunepaTypw. 

k I - ........... --.---r-o...,---,---r-r--o--r-r--r-r-r---r-Tj J~,fXJ ~ 
~5 

1,0 

100 150 200 250 300 T[K} 

Puc. 1. TeMnepaaypHaJI 3aeucuMoc•• nAowac)u MazHua
Hozo nurca /300/, HOpMUpoeaHHOZO Ha nAOIIIac)• Jfc)epHOZO 
nurca /400/. 

PB3YJlbTATJJ H3MEPEHHJl 

Ha puc. 2 npe,AcTasneua THnH'IHaa cepua H3Mepeuui 
BpeMeHHOrO cnekTpa. flo ropH30HTanhHOi OCR OTnO)KeH 
HOMep xaHana speMeHHOro aHanu3aTopa npu WHpHHe xru«
,D;oro KaHana 16 MKC. nux /100/, nony'leHHYi npu T = 
= 233 K, H=O, H3o6pru«eH cnnowuoi nuHHei, a nux /100/ 
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Puc. 2. BpeMeHHble HeumpoHozpaMMbl MaZHUIIIHozo nuKa 
/100/ npu Hrn"" = 80 K3, T z230, 233, 236 K. CnAOUlHOU 
AUHueu noKa3aH nuK /100/ npu H ""0,, T ""233 K, 
nyHKIIJUPHOU - npu Hm = 80 K3, T ,.. 250 K. 

npa 'I = 250 K B MarHHTHOM none c aMnnHTYAOii H m = 
= 80 K3, npaKTHqecKH COBllaAaJOLQHH C pe3yn&TaTOM H3Me
peHHJI npa 'I = 278 K, H m = 80 K3, - nyHKTHpHo:ii naaae:ii. 
OcTan&Hble TpH cneKTpa nonyqeabl npa OAHHaKoBoii Benaqa
He HMnyn&COB nonJI H m = 80 K3, HO npa 'I = 230 K. 
233 K. 236 K. qeTBepTaJI aeiiTpoaorpaMMa H3 3Toii cepaa, 
nonyqeaaaJI npa T = 238 K. oTcyTCTByeT Ha puc. 2. ao 
npeACTaBneHa OTAellbHO Ha puc. 3. 

,D;al}lpaKnaoHHbl:ii naK /100/ npa 'I = 233 K. H=O co
OTBeTcTByeT HanpaBneHHIO BeKTOpa aHTHI}IeppoMarHeTH3Ma 
BAOllb poM603ApHqecKOH OCH H HMeeT npaKTHqecKH MaK
CHManbHO B03MO)I(HYIO AHJI Hawero o6pa3na HHTeHCHBHOCTb. 
Hanaqae Y3KHX nHKOB, cyi.QecTBeHHO npeBLIWaJOLQHX naK 
npa H = 0, CBHAeTen&cTByeT o aanaqaa MexaHH3Ma pacceJI
HHJI, He CBJI3aHHOrO C AHI}IpaKnHeH Ha MaKpOCKOnHqeCKHX 
06'beMaX HH3KOnoneBOH HllH BbiCOKOllOlleBOH l}la3bl, H, KaK 
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Mbl nonaraeM, o6ycnoBneao pacceJIHHeM aa 3apOAb1Wax 
aoBoii l}la3bl I 1/, TiocKonLKY cneKTP npa 'I = iso K. 
H m = 80 K3 COOTBeTCTByeT llOllHOMY nepeXOAY o6pa3na 
B BhiCOKononeByJO l}la3y. a cneKTPLI c y3KHMH naKaMH HMeJOT 
TeHAeHnHIO B CBOe:ii nonoro:ii qacTH COBllaAaTL C BbiCOKO
noneBOH He:iiTpOHOrpaMMOH, Mbl coqna YA06Hb1M BhiAenHTb 
pacceJIHHe Ha 3apOAhlwax, B3JIB pa3HOCTb Me)I(,IJ;y cneKTpa
MH C Y3KHMH llHKaMH H BbiCOKOllOlleBOH HeiiTpOHOrpaMMOH. 
TionyqeHHble TaKHM o6pa3oM qeTblpe cneKTpa, nepecqa
TaHHble, Kpo'Me Toro, Ko BpeMeHH pacceJIHHJI aa o6pa3ne. 
c yqeToM BpeMeHH nponeTa oT o6pa3na AO AeTeKTopa, 
npeACTaBneHbl Ha puc. 3. Ha ropH30HTanbHOH OCH OTno
)l(eHO BpeMJI B MKC, OTCqHTbiBaeMOe OT Haqana HMnyn&ca 

ItH(K3) 
150t75 

100•50 

.-H 

--· . ... 
l 'I t .......... I I +- • tJ!! f ··-+--

• or 100 200 300 Gl liOO llOO 700 800 900 1000 !tOO t ( MK C ) 

j 
I 

T-233K 

Puc. 3. BpeMeHHble cnentpbl 
pacceJIHUJI Ha 3apOObllllQX 
npu T = 230, 233, 236, 238 K, 
nepeC'IUIIJQHHble KO epeMeHU pac
CeJIHUJI Ha o6pa314e. IloKa3aHa 
eeAU'IUHQ U fPOpMa UMnyAbCQ 
MQZHUIIJHOZO nOAJI. 
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MarHBTHoro non.a. Cl>opya BMnym.ca MarHBTHoro non.a Tai<
>Ke noi<a3aua ua puc. 3. 

AHAJIH3 PB3YJihTATOB 

0CHOBHOB BHTepec npe,JJ;CTasn.aiOT Y3I<Be nBI<B B BHTeH
CBBHOCTB, CMell\aiO~eCJI npB ysenB'IeHBB TeYnepaTypW 
sneso /oTMe'leHw ua puc. 3 cTpeni<aMB/.J:lenB'IBHW H3 war
HBTHWX nonei, npB I<OTOpWX Ha6JDO.IJ;aiOTC.K nBI<B, B COOT
BeTCTBYJO~e BM 3Ha'leHB.K TeMnepaTyp, npe,JJ;CTaBneHW 
B •a611Ufle. :Sonee ena6we nBI<B npu T = 230 K B 233 K, 
no-BB,IJ;BMOMy, es.a3aHW e ,!J;Bc)pai(I.J,Bei Ha HB3I<OnoneBOB 
c)a3e, T .I<. none B eOOTBeTeTBYIOII\ee BM BpeMJI ell\e He,IJ;O
eTaTO'IHO ,IJ;n.ll 3aMeTHOrO nOBOpOTa MarHBTHWX MOMeHTOB. 
llpB'IBHa no.asneHB.K ,JJ;OnOnHBTenbHWX nBI<OB enpasa OT 
OeHOBHWX npB T = 236 K B 238 K He .aeua. 

T, K 
H3t K3 
H11 K3 

230 
80 
54 

Ta611Ufla 

233 
78 
49 

236 
66 
44 

238 
50 
40 

3Ha'leHB.K nonei H p , eOOTBeTeTBYIOII\Be TepMO,IJ;BHaMB
'IeCI<OMY paBHOBeeBIO Me>K,IJ;y ,IJ;BYM.K c)a3aMB B nony'leHHWe 
83 XOpOWO B3BeeTHOB c)a30BOB ,IJ;BarpaMMW reMaTBTa /2/ 
/eM. puc. 4/, Tal()l(e npe,JJ;eTasneuw B •a611Ufle. BMHO, 'ITO 
3Ha'leHB.K H3 eyll\eeTBeHHO npeBWWaiOT eOOTBeTeTBYIOII\Be 
BM 3Ha'leuu.a HP , npa I<OTopwx, I<a3anoeb 6w, Ha'IBHaiOT 
o6pa30BWBaTbe.a B paeTB 3apo,JJ;WWB HOBOB c)a3W. 0,JJ;Hai<O 
3TO HeeOOTBeTeTBBe ,JJ;Onyei<aeT, no I<paiHei Mepe, I<a
'leeTBeHHOe 06b.aeHeHBe. 

Mo>KHo npe,JJ;eTaBBTb ce6e ,JJ;Ba uexaHB3Ma c)a3osoi nepe
eTpOBI<B MarHBTHOB eTpyi<TYPW o6pa3~a. llepBWB es.a3aH 
e 3apO,!J;WWaMB, B03HBI<ai011\BMB Ha pa3nH'IHWX CTpyi<TYPHWX 
ueeosepweueTsax MOHOI<pBeTanna /,JJ;Benoi<a~BB, npuueeuwe 
BI<panneHB.K, rpaH~W M03aB'IHWX 6nOI<OB, rpaH~W I<pBeTan-
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Puc. 4. <ll'a3oaa.R ouazpaMMa MOHOKpuc11a1111a zeMa•u•a 
6 MQZHUIIHOM nolle, nepneHOUKYII.RPHOM poM6030pU'4eCKOU 
ocu. T M ,. 260,5 K - 1II0'4Ka MopuHa. 

na/. PoeT 3TBX 3apo,JJ;wwei MO>KeT Ha'IBHaTbe.a npu H, 
6nB3I<OM I< H P , /una npu T, 6nB3I<Oi I< TeunepaType 
pasuoseeu.a c)a3, eena nepexo,JJ; OeYJI\eeTsn.aeTe.a nyTeM a3-
MeHeHB.Il TeMnepaTypw/. llo-BB,IJ;BMOMy, rnaBHWM o6pa30M 
e 3TBM MeXaHB3MOM es.a3aHW nepeXO,IJ;W, Ha6mo,JJ;aeMWe 
npB B3MeHeHBB TeMnepaTypW BnB epaBHBTenbHO Me,JJ;neHHOM 
B3MeHeHBB non.a. BTopoi uexaHB3M es.a3au c 3apo,JJ;wwauu, 
B03HBI<ai011\BMB B O,IJ;HOpO,JJ;HOM eoeTO.KHBB I<pBeTanna. 0HB 
o6pa3yiOTe.a una ua,JJ;6apbepHWM nepexo,JJ;oM B3-3a Tenno
swx c)nyi<Tya~i BnB TYHHenbHWM no,JJ;6apbepHWM nepexo
,IJ;OM 'laeTB MaTpB'IHOB c)a3W B HOBOe eOCTO.KHBe. llpo~eeew 
o6pa30BaHB.K B ,JJ;anbHeiwei 3BOJDO~BB Tai<BX 3apO,!J;WWei 
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Ka'leCTBeHHO OTnH'IHhl OT COOTBeTCTBYIOW:HX npo_ueCCOB, 
o6ycnoBneuuwx uecoBepweHCTBaMH. BwcoTa H wupuua /B 
uaweM cnyqae yrnoBaR/ noTeu.nuanLHoro 6apbepa~n• o6-
pa3oBaHHR 3apO~hiWa B O~HOpO~HOM COCTOJIHHH yMeHbWaeT
CJI npH yBenH'IeHHH nonJI. fipH onpe~eneHHOM 3Ha'leHHH 
H JI /none na6HnbHOCTH/ 3TOT 6apbep Boo6w;e HC'Ie3aeT. 
TaKHM o6pa3oM, BepoRTHOCTb o6pa3oBaHHR 3apo~wwa, Ko
TopaR MO)I(eT 6h1Tb npeue6pe)I(HMO Manoii npu H = H , 
cyw;ecTBeuuo B03pacTaeT c yBenuqeuueM (H - H ) . '-t/To 
KacaeTcR ~anLueiiweii 3BOniO.UHH o6pa3oBaBwuxcl3apo~w
weii, To ueTpy~uo noKa3aTb, 'ITO ~a3oBaR nepecTpoiiKa, 
o6ycnoBneHHaJI BTOphiM MexaHH3MOM, npHH.UHnHanLHO B03-
MO)I(Jfa numb npu npeBwweHHH onpe~eneuoro 3Ha'leHHR 
(H1 -HP)>O. 

PaccMoTpHM o~HHO'IHhlii 3apo~ww uoBoii ~3hl B o~uo
po~uoii MaTpH_ue OCHOBHOH ~3hl, B03HHKWHH npH yBenH
'IeHHH nonR, ~onyCTHB ~nJI npOCTOThl, 'ITO OH HMeeT C~epH
'IeCKyiO ~opMy c pa~uycoM R. Tionua• 3Hepru• ero 

4 3 2 E = (<I> -<I> M + E y) -rrR + E 4rrR , 
3 3 s /1/ 

r~e <1> 3 H <I>M - OTHeCeHHhle K e~HHH.Ue 06'beMa TepMO~HHa
MH'IeCKHe noTeH.UHanhl O~HOpO~HhiX COCTOJIHHH HOBOH H MaT
pH'IHOH ~a3, E - 3HeprHR ynpyroii ~e~opMa.UHH /ua e~u
HH.UY 06'beMa ot?'pa3.na/, Bhi3BaHHOH BHe~peHHeM B Ma TPU.UY 
3apo~wwa HOBoii ~a3hl, E 8 - nnoTHOCTb 3HeprHH rpauu
.nw. OT~enJIIOUJ;eii 3apO~hiW OT MaTpH.Uhl. <1> 3 H tl> M BKniO
'IaiOT B ce6• o~uopo~uoe o6Meuuoe B3aHMo~eiicTBHe, 3Hep
rHIO aHH30TpOnHH, MarHHTOynpyroe B3aHMO~eHCTBHe B O~
HOpO~HhiX COCTOJIHHJIX R B3aHMO~eHCTBHe C BHeWHHM noneM. 
E 8 BKniO'IaeT ueo~uopo~uoe o6Meuuoe B3aHMo~eiicTBHe,, 
H3MeHeHHe 3HeprHH aHH30TpOnHH H, B006w;e rOBOpJI, 3aBH
CHT OT H, HO 3Ta 3aBHCHMOCTb Hecyw;eCTBeHHa B HaWeM 
paCCMOTpeHHH, no cpaBHeHHIO C 3aBHCHMOCTbiO 06'beMHOrO 
'lneua, nponop.nuouanLuoro ( <1> 3 -<1> M),. KOTopwii npu H = H P 
H3MeHReT 3HaK. O'leBH~Ho, E 

8 
> 0 H E y >0. 06pa3oBaB

WHHCJI 3apo~ww ue "cxnonueTcR", a 6y~eT pacTH npu ~au
HOM H TOnbKO B TOM cnyqae, ecnH npOH3BO~HaJI OT 3Hep
rHH no pa~uycy OTPH.UaTenLua, T.e. ero uaqanLHhlii pa~uyc 
npeBhiWaeT KpHTH'IeCKOe 3Ha'leHHe, paBHOe 
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RKp = 2E s (tl>M -<1>3 -E y) -1 • /2/ 

Tipe~cTaBHB B6nH3H H P pa3HOCTb noTeu.nuanoB B B~e 

<I>M -<I> = " (H - H ) , a > 0 3 p /3/ 

I a - K03~H.nueuT nponop.nuouanLHOCTH/, y6e)l(~aeMcR, 'ITO 
~JI pOCTa 3apO~hiWeii MarHHTHOe none ~On)I(HO, BO BCJIKOM 
cnyqae, npeBwwaTb 3Ha'leuue, paBuoe 

E 
H

1
=Hp+::..L. 

a 
/4/ 

llpu H = H 1 MoryT pacTH nHWb 3apo~www, HMeiOw;ue MaKpo
CKOnH'IeCKH 6onLWOH Ha'lanbHhiH pa~HYC (R -+oo ). Auanoruq
HhiM o6pa3oM MO)I(HO noKa3aTb, 'ITO "uecxnonbiBaiOUJ;Hec•" 
3apO~hiWH HH3KOnoneBOH ~a3hl npH o6paTHOM ~30BOM 
nepexo~e MOryT B03HHKaTb B MarHHTHOM none, KOTOpoe, 
BO BCJIKOM cnyqae, MeHbWe 'I eM 

E 
H =H - :::L. /5/ 

2 p a 

B Bhlpa)l(eHHH /5/ E y - 3HeprHR ~e~opMa.UHH, Bbi3Bauuoii 
BHe~peuueM 3apo~wwa HH3KononeBoii ~a3bl B BbiCOKonone
ByiO MaTpH.UY, KOTopaR, B006w;e rOBOpJI, He paBHa ynpyroii 
3HeprHH, BXO~Rw;eii B Bblpa)l(eHHe /4/. TaK KaK BepOJITHOCTb 
B03HHKHOBeHHJI 3apO~hiWeii BeCbMa cyw;eCTBeHHO yMeHb
waeTCJI c yBenuqeuueM R, cne~yeT nonaraTb, 'ITO npaK
TH'IeCKH ~a3oBaR nepecTpoiiKa MO)I(eT 6b1Tb o6R3aua 3apo
~wwaM, B03HHKaiOUJ;HM B O~HOpO~HOM COCTOJIHHH, B none, 
ew;e 6onee oTnH'Iarow;eMcR oT H P' 'leM 3TO cne~yeT H3 
/4/, /5/. lionee Toro, npoRBneuue BToporo MexaHH3Ma 

npuu.nunuanLHO ueB03MO)I(HO, ecnu 3Ha'leHHJI H 
1 

unu H 2 
BbiXO~JIT 3a npe~enbl noneii na6unbHOCTH H JI1 H 
H ~ I cooTBeTCTBYIOW:HX cyw;ecTBOBaHHIO MHHHMYMOB no
Teu.nuana HH3KononeBoii H BhiCOKononeBoii ~a3/. 

Ha ocuoBe BhiWeH3nO)I(eHHoro noHJITHO, 'ITO ecnu none 
H3MeHJieTCJI He~OCTaTO'IHO 6hiCTpO, TO peWaiOW:YIO ponb 
urpaiOT 3apo~wwu, B03HHKaiOw;ue ua uecoBepweucTBax. llpu 
3TOM nepexo~ B HOBOe COCTOJIHHe MO)I(eT npOH30HTH pauL
we, 'leM Ha'IHYT 3aMeTHhiM o6pa30M B03HHKaTb 3apO~hiWH 
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B OAJIOPOAJIWX 'laCT.X KpRCTaJIJia. llpRHRMa• BO BHRMaHRe 

orpaHR'IeHHOCTh 'IRena 3apOAbUUeB, B03HRICaw~X Ha He

OAHOPOAHOCT.X, a TaiC*e ICOHe'IHOCTh CICOpOCTR RX pOCTa, 

CB.3aHHOrO C ABIDICeHReM AOMeHHWX CTeHOIC, MOlKHO no

naraTh, 'ITO OTHOCRTenhHa• ponh Toro BnR Apyroro Mexa

HR3Ma ~30BOB nepecTpOBICR C~eCTBeHHWM o6pa30M 3a

BRCRT OT CICOpOCTB R3MeHeHR. MarHRTHOrO non•. HHTeH

CRBHOCTh HeiTpoHoB, o6ycnosneHHa• pacce•HReM Ha 3apo

AbUUaX HOBOB ~3W, nponopnBOH&nhHa RX KOnR'IeCTBY /4/. 

llO!JTOMY B cnyqae AOCTaTO'IHO COBepmeHHOrO MOHOICpRCT&n

na Hama MeTOARKa He'lyBCTBRTenhHa IC 3apOAbUUaM, o6-

pa3YKRQBMC• Ha HeOAHOPOAHOcT•x. H TOnhKO o6pa30BaHRe 

B 3TOM cnyqae MHO*eCTBa 3apOAWWei B OAHOPOAHOM co

CTO.HRR MO*eT npRBOABTh IC 3aMeTHOMY 3(lclleKTY B pac

ce•HRR HeiTpOHOB. llOCKOnhKY npaiCTR'IeCICOe Ha6moAeHRe 

pacce•HR• Ha 3apOAwm&X B03MOlKHO TOnhKO, ecnR RX pa3-

Mepw HaXOA•Tc• B onpeAeneHHOM ARana30He /MW nona

raeu, 'ITO An• Rcnonh3yeuoro o6pa3Jla 3TO 100+1000 J.h/; 
MO*BO C'IRTaTh, 'ITO YKOpO'IeHBe BMnynhCOB non• AO 1 MC 

/s cpasHeHRR c npeAWA~ei pa6oToi /1 I, rAe AnRTenh

HOCTh RMnynhCOB COCTasn•eT 2 MC/ npBBeno IC cneA}'IO~M 
pe3ynhTaTaM. Bo-nepBWX, BWpOC OTHOCRTenhH~B BICn&A 

B BHTeHCRBHOCTh pacceJIHR. Ha 3apOAbUUaX B OAHOPOAHOM 

COCTO.HRR. 3TO BWpa3BnOCh B ysenB'IeHBR MaKCRManhHO

ro C'leTa B nRKaX /Ha puc. 2/ no OTHOWeHBIO IC RHTeHCRB

HOCTR ABc)paKnBB Ha MaTpR'IHOi 'laCTR o6pa3Jl&. Bo-BTOpWX, 

COICpaTBnc• BpeMeHHOB BHTepsan C~eCTBOBaHB• 3apoA:w

mei C OnTBManhHWMR An• Ha6moAeHBJI pa3MepaMB, T .IC. 

c ysens'leHBeM KPYTB3HW R3MeHeHBJI non• 3apoAwmB 6wcT

pee cTaBos•Tc• HeHa6moAaeMWMR. 3To npo•sRnoch B 

yMeHhWeHBB WRpRHW nBKOB, CB.3aHHWX C 3apOAWWaMB, 

'ITO n03BOnBnO HaM BWAenBTh BX Ha c)oHe "nOAnO*KB" HOp

M&nhHOB ABc)paKnBB. B pa6oTe /1/ Ha6moA&nOCh B3MeHeHRe 

c)opMW ABc)paiCilBOHHWX nRKOB, HO He npeACTasn•noCh 803-

MO*BOCTR BWAenRTh BKnaA pacce•HB. Ha 3apOAWm&X. 

TaKBM o6pa30M, pa3nB'IRe 3Ha'leHRi H
3 

B H P RMeeT 

Ka'leCTBeHHoe o6~•cHeHRe, ecns nonaraTh, 'ITO, so-nep

swx, MW Ha6moAaeM pacce•HRe Ha 3apoAwmax B OAHo

POAHOM COCTO.HRR R, BO-BTOpWX, Bepo•THOCTh o6pa3o

BaHR. TaKRx 3apoAwmei He3Ha'IRTenhHa npR H =HP . qTo 

KacaeTc• 3apOAWWei, B03HRICaw~X npH o6paTHOM ~30-

12 

BOM nepeXOAe, TO HaM He YAaBanOCh RX Ha6moAaTh. Ha 

OCHOBaHRR R3nO*eHHOrO 3AeCh JICHO, 'ITO R3 Ha6moAae

MOCTR 3apOAWWei npJIMOro ~30BOrO nepeXOAa OTHJOAh 

He cneAyeT o6•3aTenhHOCTh RX B03HRICHOBeHR. R Ha6moAe

HR. npR o6paTHOM nepeXOAe. 0AHaiCO He RCICniD'IeHO, 'ITO 

pacce•HRe Ha 3apoAwmax o6paTHoro nepexoAa npo•BRTc• 

npR 6onee TIJlaTenhHWX R3MepeHR.X. 

K co•aneHRIO, HenonaoTa Hamsx 3KcnepRMeHTanhHWX 

AaHHWX no pacce•HHJO Ha 3apOAbUUaX R CnO*BOCTh Mar

HRTHWX B3aRMOAeBCTBBB, C ICOTOpWMB CB.3aH R3y'laeMWB 

~30BWB nepeXOA B reMaTRTe, He n03Bon•IOT noiCa npOR3-

BeCTR XOpomee KOnR'IeCTBeHHOe COnOCTaBneHRe pe3ynh

TaTOB 3KCnepRMeHTa C R3nO*eHHWMR 3AeCh npeACTaBne

HR.MR. B 'laCTHOCTR, 3KcnepRMeHT&nhHWe AaHHwe o se

nB'IRHax nonei na6RnhHOCTR reMaTRTa OTCYTCTBYIOT, a 

R3BeCTHWX CBeAeHRB 0 ICOHCTaHTaX B3aRMOAeBCTBRJI He 

AOCTaTO'IHO An• OJleHICR 3TRX nonei. 

CneAyeT yKa3aTh eiJle Ha HecooTseTCTBRe Me*AY Ma

noi WRpRHOB nony'leHHWX nRKOB R 3Ha'IRTenhHOB 3aBRCR

MOCThiO RX nono•eHR• OT TeMnepaTypw o6pa3Jla., C OAHOB 

• CTOpOHW, R HeOAHOPOAHOCThiO pacnpeAeneHR• TeMnepaTypw 

no o6pa31lY /paBHOB, ICaiC OTMe'l&nOCh, OKOnO 4°/, C APY

roi CTOpOHW. llo-BRARMOMY, 3TO CBRAeTenhCTByeT 0 TOM, 

'ITO Ha6moAaeMwe nRKR o6ycnosneHw npoJleccaMR, npoRc

xoA•~MR nRWh B HeiCOTOpoi orpaHR'IeHHOB 'laCTR o6pa3Jla. 

BJJB0,4JJ 

1. YMeHhmeHRe AnRTenhHOCTR RMnynhcos MarHRTHoro 

non• B cpaBHeHRR C npeAWAY~MR R3MepeHR.MR Aano 

B03MO*BOCTh nony'IRTh Ha nOAnO*Ke o6W'IHOrO ARc)paiC

IlBOHHOrO pacce.HR. Y3ICRe RHTeHCRBHWe nRKR. 3TO n03BO

nsno BWAenRTh B "'IRCTOM BRAe" BICnaA B RHTeHCRBHOCTh, 

ICOTOpWB MW CB.3WBaeM C pacce•HReM HeiTpOHOB Ha 3apo

AWWaX HOBOB c)a3W, B03HRKawiJlRX B MOHOICpRCTanne npR 

~30BOM nepeXOAe. 

2. Y3KRe nRICR Ha6moAawTc• npR 3Ha'leHR•x MarHRT

Horo non•, c~ecTBeHHO npeswma10~x Te 3Ha'leHR•, xo-
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Topwe COOTBeTCTBYIDT TepMOAHHaMBqecKOMY paBHOBeCBID 

Me>KAY ABYMJI MarHBTHWMB 4Ja3aMB. Ilpa yBenaqeaaa TeM

nepaTypw o6pa3na 3TH nBKB cMemaroTcJI B o6nacTb Mea&

mero MarHBTHOrO nonJI, B COOTBeTCTBHB C 4Ja30BOBABar

paMMOB reMaTBTa, cornaCHO KOTOpOB none paBHOBeCBJI 

TaK>Ke yMeHbWaeTCJI C nOBWWeHHeM TeMnepaTypbl. 

3. IloKa3aHo, qTo 4Ja3oBaJI nepecTpo8Ka, o6JI3aHHaJI 

3apOAWWaM, o6pa3yrolD;HMCJI B OAHOPOAHOM COCTOJIHBB KpB

CTaJIJia, MO>KeT npOBCXOABTb nBWb B MarHBTHOM none, 

3aBeAOMO npeBwmarolD;eM /AnJI nepeXOAa OT HB3KOnoneBOB 

K BWCoKononeBoB 4Ja3e/ none paBHOBeCBJI Me>KAY 4la3aMB. 

Pa3naqae B Benaqaaax nonJI, npB KOTOpOM Ha6JIIDAaiDTCJI 

AOnOnHBTenbHble nBKB, B nonJI paBHOBeCBJI Me>KAY 4Ja3aMB 

HaXOABTCJI B KaqecTBeHHOM COOTBeTCTBBB C npBBeAeHHWMB 

B pa6oTe npeACTaBneHBJIMB 0 4Ja30BOB nepecTpOBKe, co

rnaCHO KOTOpbiM nBKH CBJI3aHW C 3apOAWWaMB, B03HB

KaiDID;BMB B OAHOPOAHOM COCTOJIHHB, a BepOJITHOCTb B03-

HBKHOBeHBJI TaKBX 3apOAWWeB npaKTBqeCKB 6on&WaJI nBWb 

npa AOCTaToqaoM YAaneHBH OT nonJI paBHOBecHJI. 

ABTopw non&3YIDTCJI cnyqaeM AnJI Bwpa>KeHBJI 6naro

AapaocTB r .P3nKe 3a BeCbMa none3HWe o6cy)I{AeHBJI BO 

BpeMJI npoBeAeHBJI 3TOB pa6oTw, a TaK>Ke A.M.6anarypo

BY B IO.M.OcTaHeBaqy 3a neHHble JaMeqaHBJI no coAep

>KaHBID CTaTbB. 
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