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Bse.neHue 

YCTaHOBKa CHHM-2, npc.IlCTaBJUIIOlll~ co6oit coqCTaHHe HempoHHoro cne1:rp0Merpa 

HC-3 Ill no BpeMeHH npone-ra Ha ~MnynhCHOM .pealCTOpe HEP-2 H HMnyn&eHOH ManuirHoH 

~aHOB:Df · HMY-2 
121, noJBOrulCT HCCJICJlOBaTb He TOJI&Ko CTPYKTYPY q>aJOBbIX COCTOllHHH, 

'H~HpoeaHHLIX ' MarHHTHblM n6neM, eenHqHHa' · KOToporo TP)'JlHO ' • JlOCTHllCHMa B 

· i crauHoHapHoM pemn,1e: He •. Mettee BUCHblM, JlOCTOHHCTBOM , TaKOH x:0M6u11auuu llB.IDICTcg 

. B03MOXHOCTb H3)"1eHHll. ntHC'THKH q,a:meo~ . nepecrpoHKH, T.~. npoueccoe, KOTOpble MOcyT 

Ha6JllOJlaTLCll T01lbKO : e HMOYJlhCHOM none. B 3TOM . OTHOWeHHH H6P-2 o6na,naCT 

, '~HaqHT~bHbiM , npcHMylll~BOM ne~Jl HMnyn&eHblMH , HCTOqHIU.:aMH HCHTpOHOB, 

' pa60TaiomHMH Ha OCHOBC ycx:opHTeneii, 6naroJlapll Ma/lOH q~CTOTe noBTopeHHH HMnym,COB 
-1 • ' ' ' ' ' '' ' ' 

MOIUIIOCTH , ( 5 C. ) · H, COOTBC'TCTBCHHO,. · 6oJJ&UieMY MntOBCHHOMY nOTOKY TennOBblX 
' HeiiTpoHOB, ' ' ' ,, ' ' '' ' ' ' 

. ' ' ' ' ; ' ' ' ' ' ' ' '. 

,Ilcin cymecreeHHblM orpa11Hqe11HeM BOJMOJKHOCTeii CHHM-2 B' HJyqeHHH nepeXOJllibIX. · 

npoucccoe llBIIJICTCll . •TO o6CTOJITenbCTBO, qyo m.inyn&Cbl MantHTHO~, nMll; HMCIOT 

CHH)'COHJla/lbHYIO (a II~·, , npllMoyron&HYIO) q>OPMY· Te·M . He Menee, H3MepeHHll 

· uimyuHpoeaHHo~· nOJieM . q>aJoBOro · nepexciJla nepeoro poJla,. onHCaHHble • e JlaHIIOH pa6on:, 

noJBOJJHnH 11a6n10J1aTL • · ripouecc&I · MantHTHOH . q>aJOBOii i1epecrpoiiKH, KOTOp&1e, no

. ~HJlRMOMY, 6&InH HCJlOCTynHblMH Jlilll HJY'fCIIHll o6bNHblMH MantHTHblMH MCTOJlaMH, 

j 
:J 
I 

/, 

B HaCTOlllllCH pi6oTe npHBOJlllTCll ' pe3yn&TaTbl HJMepeHHH cnHH-qmon-nepeXOJla. B 

MOHoKpHCTannax a-Fe20 3 · H Cr203 (HeK0Top&1e npeJ1eapHTen&H&1e pe3yn&TaTbl ·• :mix 

HJMepeHHH' COJl~plKaT':ll e riy6nHKauHllx
13

"
7'>. KpHCTannHqCCKall CTpyx:rypa STHX. Belll~B 

OTHOCHTCJI K poM003JlpHqecx:o~ CHHroHHH H onHCblBaCTCll llpOCTpaHCTBCHHOH rpynnoH 

'.' ,'i 

Jit :..R,3c.:'-1ie-r&1~' M~H;HbIX • HoHa pacnono~~~bl, Ha po~6o::iJlpHq~x:oit ocH· B 

rionoJKeHHJIX (4c). 13 Cr203 HH:.Ke TN ~ 310 'K, a B ci.-Fe203 npH T < TM = 260 .K 

MmiHTHblC . MOMCHTbl : ynopllJloqeHbi ' aHTHq>eppoM.ii-itHTHO H ' nanpanneHbl no 

' poM003JlpHqecx:oit OCH, Ho' npH STOM B C~20 3 3Hant MOMeHTOB qepeJlYIQTCll, iax: ( + -+ ~ ), 
a' B 'a-Fe203 : (+ :+ - -); IlOMHMO. pllJJIHqHJI ~ MarHHTHOH CHMMCTpHH, •Ha xapmcTepe, 

~aJOBOH JlHarpaMM&i ~on~o OTpaJKaT&ell H paJnHqHoe cOOTitomeHHe MelKJlY nepeofi H 
BTOpoH ' 'KOHCTaHTru.tH ·, aHHJOTpollHH : OTHOCHTCTlbHO poM603Jlpnqecx.oii ' OCH; Bropaa 

ic.011craHTa aHHJOTpon1:1n , Jlnll ' Cr20 3 HaM He HJBCCTHa, 110 cneJlyCT · ?Xl!JlaTb, qTo 011a 

, HaMHOro MCHbllle nc:pBOH, a OTnHqtte OT a~Fc:203, rJle , 3TH KOHCTaHTbi cpaeHHMbl no " 
. BC11HqH11e. , ' , 

IlOJI)"ICHHble B' SKCnepHM~HTe . pe3y~bTaTbi'. COnOC'l'anJllllOT~ll C, p~ccqHTaJIIIOH . q>aJOBOH 

' ' JlHarpaMMOH reMaTHTa B COOTBC'TCTBYIQllleH ; o6na~H :maqeHHH ; nOJlll H TCMneparypbl; ff'.' ''' 

' noicaJ&IeaCTcs, 'ITO Me~ HH_MH HCT KOJIHq~eeHHO~ cooTBCTCTB~, ~H nonaraT&, qTo 

npeJlCJlbllall ' JlHHaMHqecx:aa nCTnll rHC'l'CpCJHCa onpeJlenJICTCll TWlbKO ' ' JlHallaJOHOM 

. MCTaCTa6HJibHOCTH npH q>aJOBOM nepeXOJle nepeoro pona'.: 

, © 06-i.CAH11CHHhlii 1111cT1;ryT RllCPHl•x llcc.,cJ10R,1111iii. lly6Ha; 1994 
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MeTO)].HKa 

HeiiTpou11h1ii cneKTpoMeTp HC-3, 11peJlCTaenll10lllHH co6oii ycrauoBKY Jlnll H3Mepe1111ii 

11eynpyroro KorepenTHOfO paccellHHll B o6paTHOH reoMe-rpHH, l!CIIOJib30Bancll B JlaHUOH 

pa6oTe B Kaqecrne JlHq,paKToMerpa. feoMCTpHll <1Kc11epnMeHTa 6bma. 11pocreii:meii:: 

HMnynhCllb!H peaKTOp C 3aMeJlJUITeJieM • 3epKanbHhlH HCKpHBJieUUblH ueii:rpouooo.n: • MOHO

KpHCTanJIH"!eCKHH o6pa3eU e KpHoCTaTe, ycrauoBJieUHble BMecre c HMnyJibCHb!M MantHTOM 

na paCCT05IHHH 30 M OT peaKTOpa, - ,n:CTeKTOp neiiTpOHOB ua paCCTOllllHH 2.17 M OT 

06pa1ua. 

licnonb30BanHCb MOHOKpHCTannbl, paJMepbl KOTOpb!X o6ecneqHeann 11onyqe11ne 

Ilb!COKOH HIITeUCHBHOCTH Jlllq>paKUHOHHb!X nUKOB (HO HCKJIIOqann B03MO)KIIOCTb 

KOJIHqecTBe1111oro onpe,n:eJieHHll yrna IIOBOpOTa BCKTopa aHTmpeppoMarneTH3Ma npH 

l13Me11emm IIOJUI H3•3a CIIJ!bllOH 3KCTHIIKUHH): a-Fe203 - C pa3MepaMH 5 X 6 X 8 MM
3
, 

Cr203 - Ulilllll!Jlp .n:naMeTpOM 3.5 MM C Bb!COTOH 8 MM. KpHCTaMbl npe,n:BapHTeJibHO 

opHellTHpoBanHCb TaK, qTo6hI o_cb BTOporo IIOpll,n:Ka 6&ma BepTHKanbHOH C TOqllOCTb!O 

0.05°, IIOCJie qero IIpHKJieHBanHCb K 1111,KHeMY KOHUY Teill!OBOJla (crep)KeHb 113 BeO -

KepaMHKH ,n:JIHHOH 100 MM c JlllaMeTpOM 7 MM), BepXHHH Koneu KOTOporo HaxO.D:HTCll npH 

a30THOH TeMneparype. A11ne11.n:HKC KpHOCTaTa C o6paJUOM BBOJlHTCll B ue1np HMnYJlbCUOro 

Marmna C ropH30HTanbHbIM ua11paBJICHHCM IIOJUI. IlocJie.n:YIQlllall Toqnaa opHCIITaQHll 

o6pa3ua B IIOJIO)KCl!lle 6parroBCKOro OTpalKCIIHll npOH3BO.D:HTCll IIOBOpOTOM KpHOCTaTa 

BOKpyr BepTHKanbHOH OCH. HeOJlHOpOJlHOCTb TCMnepaTypbl B o6'beMe o6pa3I1a COCTaBJJllJia 

ue 6oJiee 1 K, a rnq110CTh CTa61IJIH3aQHH ee 6bma B npe.n:enax 1 %. 

B CJiyqae a-Fe203 ll3MepeHHJI npOH3BOJl:IIJIHCb Ha .n:mppaKUHOHHOM nHKC (333), 

OTCyrCTBYIQlllCM B HCXOJlHOM COCT05IHHH o6pa3ua H HMeJOmeM MaKCHManbHYIO 

HHTCHCHBHOCTb B CIIHH·ql11011·COCT051HHH. Ilpu 3TOM poM603JlpWiecKaa OCb KpHCTanna 

[11 l] 6hma napanJieJihHoii 11anpaBJieHHJO Marn1n11oro nom c ToquoCTbJO 0.2°, a yron 

pacceamUI 208 coCTaBmJJI 169.2°. 

B ll3MepeHHllX C Cr203 ncnonb30BanOCb OTpalKCHHe (224). B 3TOM cnyqae npHXO.D:HTCll 

cqnTaTbCll C TCM, qrn Jlllq>paKUHOIIHblli nnK llRIDieTCa cyneprrmnuneii: x..n:epuoro H 

Mantl!THOfO paCCClll!Hll. 0 BKJia,ne ManIHTHOro pacCCllHHll B nHK (224) MO,KHO CYJll!Tb ITO 

TCMIIepaTypnoii: 3aBHCHMOCTH DnOlllaJIH 3TOro nHKa, noKaJaHHOH ·ua pnc. 1. XapaKTep 

l13MCHCHHJI HHTCHCHBIIOCTH (224) 3aBHCHT OT uanpaBJICHHll, B KOTOpOM nooopaqHBaeTca 

BCKTOp a1nnq,eppoMarnCTH3Ma npH H3MeHeHHH nom. EcnH ManiHTHOe none ueMHOfO 

OTKJIOHCHO OT OCH CHMMCTpHH B ropH30HTanbHOH ill!OCKOCTH npOTHB qacoeoii CTpeJIKH 

(yron y < 0, CM. pnc.2), TO BeKTop I npH yeennqenHH nom BpamaeTca no qacoBoii 

CTpeJIKe. Ilo3TOMY HHTCIICHBHOCTb B nHKC (224) BHaqane JlOJ:i)Klla yeennqnBaThca H B 

HCKOTOpbIH npoMexcyroqnblH MOMCHT BpeMeHH, Kor.n:a BCKTOP I napannene11 ill!OCKOCTH 

(224), npHUHMaTb MaKCHMa/lbHOC 3HaqeuHe, nocne qero YMCUbWaTbCll. If Hao6opoT, npu 

y > 0 npoeKUH51 I Ha (224) C yeerrnqeuneM nom BHaqane YMeHblllaeTCll, COOTBCTCTBeHHO 

HIITCIICHBIIOCTh JlOn,KHa YMeHbWaTbCX H B HCKOTOpblH MOMCHT npoXOJlHTb qepe3 MHHHMYM, 

Kor.n:a BeKTOp I rrepIJCHJlHKYllilPCH rmocKOCTH (224 ). IIoaTOMY WUI HCKJI!OqeHIDI BJIHllHIDI 

) f/1,nt,U:.t·:i.,, .. A H:rnyr '· 
D ti~~,,ltMI ilt.JC13"1119 ! 
f Cl ...... ~.11, t 
~ ~~l:w.rrrl\111 J C:.:nrt.. , ------- ............. -
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Puc. 1 TeMrrepaTypHIDI 3aBHCHMOCTb HHTell

CHBHOCTH OTpillKeHIDJ (224) /l.illl Cr203. 
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Puc.2 BpeMeHHOe COOTBCTCTBHe Me)l(Jly 

nmppaKUHOHllbIM OTpllKCHHeM (224) /l.illl 

Cr203 H HMITYJibCOM MamHTIIOro ITOIDI. 

lllupuua BpeMenHoro Kanana ,: = 4 MKc. 

Ha BCTaBKe ITOKaJaHa reoMeTpilll 

H3Mepe1mi1:; y - yron Me)l(Jly nanpaBJieHHeM 

MaIBHTHOfO ITOIDI H poM603JlpHqecKOH 

OCbIO B ropH30HTaJibHOH ITJIOCKOCTH, 

HCO)lHOpOJlHOCTH panHaJibHOH COCTaBIDIIOJUCH ITOIDI KpHCTaJIJI Cr20j ycraHaBJIHBaJIC}I c 

OTKJIOHCHHCM OT OCH CHMMCTpHH B ropH30HTaJiblIOH ITJIOCKOCTH Ha orrpenenenHblH yron 
y > 0 (c TOqHoCTbIO 0.25°). Yron pacceanilll B CJiyqae Cr20 3 208 = 90°. BpeMennoe 

COOTHOIIICHHe Me)l(Jly OTpa:iK:CHHeM (224) u HMITYJibCOM IIOIDI ITOKa3aHO Ha puc.2. 

B KaqeCTBe )lCTeKTOpOB HCHTpOHOB B HC-3 IICITOJib3YJOTCa reJIHCBble cqcrqHKH C 

pa6oqnM ofu.eMOM J{HaMCTpOM 90 MM II TOJIIUHHOH 20 MM, C yqcroM TOro, qrn 

3cpcpeKTIIBHOCTb perncrpauuu neil:TpOHOB, KOTOpb!C COOTBCTCTBYJOT YKaJaJIIIOH I'COMCTpHII, 

paBHa OKOJIO 85%, MO:lK:IIO ITOJiaraTb, qTQ 3tpcpeKTHBHIDI TOJIIUHHa JlCTCKTOpa B 

perncrpnpyeMOM ITyqKC OKOJIO 10 MM. TaKIDI TOJIIUH!Ia JlCTCKTopa orrpenenaCT BpeMennoe 

pa3pelllenue rrpu H3MepeHIIH rrepexonuoro rrpouecca. Cnenycr rrpIIHIIMatb BO BHHManue, 

'ITO 3a cqcr KOHe'-!HOH 3HeprcruqecKOH IIIHPHHbl ueil:TpOHOB, IICITb!Tb!BaIOIUIIX JlHtppaKUHIO 

II BOCIIpHHHMaIOIUHX . HHtpOpMauIIm O COCTO»HIIH o6pa3Ua, rrpoHCXOJlHT HCKOTopoe 

"rrepeMeIIIIIBaHHe" 3TOH IIHtpOpMaUHH 3a BpeMa rrponcra OT MOMCHTa pacce»Hilll .JlO 

MOMeHTa perncrpauHII, TaK KaK M03aH'-!HOCTb KpHCTaJIJia CYJUCCTBCHHO MCHbllle yrnoooil: 

paCXOJlIIMOCTH A0B rrepBII'-IHOfO rryqKa, BeJIIIquna BpeMenuoro pa3pellleHID! MO)KCT 6bITb 
. /8/ 

rrpe)lCTaBJiella B BH)le : 

4 

"' 

~ 

6t- r[(A:)' +(!::rr 
rne T = 252.43-L· • A. - BpeMa rrponcra ueil:TpoHaMH paccroaHID! L oT o6paJua no 

neTeKTOpa, AL - neorrpeneneHHOCTb rrpoJICTHOfO pacCTmIHID!, CBa3aHHIDI C pa3MepaMH 

o6paJua H 3cpcpeKTHBHoi1: TOJIIUHHOH ncreKTopa, 0 8 - yron Ep3rra ( ,5 t II T 
BbipillKamTca B MKc, l - BA, Lu AL - BM. ). B nanHOM cnyqae L = 2.17 M, AL = 0.01 

3 • 
M, A0 B = 1.5-10- pan. CnenoBaTeJibHO, 3Ha'-!eHHC ot COCTaBIDICT OKOJIO 5 MKC, 

HMITYJihCbl MamHTHOfO ITOIDI HMeIOT cpopMY rronynepuona CHHYCOH)lbl (c HeKOTOpb!M 

3aTyxaHneM). Heo6xonnMIDI rrpII o6pa6oTKe H3Mepenni1: cpopMa HMITYJibca H3Mepxcrca c 

ITOMOIUbIO IIHJlYKTIIBHOfO na~HKa ITOIDI, ITOMemaeMoro BMCCTO o6paJua. HeonuopOJlHOCTb 

aKCHaJibHOH COCTaBIDIIOIUCH ITOIDI B ofu.eMe o6pa3Ua B JlaHHbIX H3MepeHID!X ne rrpeBbllllaJia 

1 %, a panHaJibHIDI COCTaBIDIIOIUIDI COCTaBJiaJia He 6onee 1 % OT aKCIIaJibHOH, B rrpouecce 

tpH3H'-!eCKIIX H3Mepeuui1: rrpu Ka)KJIOM 3a)laHHOM Hanpa)KeHHH Ha KOH)lencaTOpHOH 6arnpee 

orrpenenacrca pacrrpeneneHne "UIIKJIOB pa6oTbI ycranoBKH 110 tpaKTnqecKHM 3Ha'-!eHIDIM 

3Toro Hanpa:iK:enua. lllupnHa 3TOro pacnpeneneHID! He rrpeBbIIIIaCT 0.4% OT cpenHero 

3uaqenID1 uanpa)KCHID!. 

3KcrrepHMeHTaJibHbie pe3y.1JbTaThI 

Ha pIIC. 3 rrpencraBJieHa qaCTb cepHH HOpMHpoBaHHbIX neil:TpOHOI'paMM OTpillKeHilll 

(333) B MalliIITHOM none, rronyqeHHOH rrpu T = 199 K, IIIHpHHe Kanana BpeMeHHOfO 

aHaJIH3aTopa 't = 4 MKC, /1JIHTCJibHOCTH HMITYJibCa MaIBHTHOfO ITOIDI (rro OCHOBaHHIO) 
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Pnc.3 HopMHpOBaHHbie 

neil:TpouorpaMMbI /l.illl Mar

HHTHoro OTpillKCHilll (333) 

reMaTHTa rrpu YKa3aHHbIX 

3UaqeHID!X aMITJIHTY,llbl IIM

IIYJibCOB MaIBHTHOfO IIOIDI. 
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PHc.4 3aBHCHMOl.'TH HII

TCl!CHBIIOCTH OT IlOJlll, 

COOTBCTCTBYJOIIlllC ueihpo

uorpaMMaM, npc,llCTaBJ1e11-

11b1M ua pHc.3. lfopllb!MII 

3Ha'IKaMII IlOKa3al!bl 31!a

'ICl!llll, COOTBCTCTBY!OlllHC 

Bo3pac-ranmo IlOJlll, a 

311a'IKaM11 C npOCBCTaMH -

YMCllhllICIIIIIO IlOJlll ua cna

)lC Mar1illTl!OfO HMnyJihCa. 

PHc.5 To xc, 'ITO ua 

pHC.4, 110 C OTIIOCHTCJ!bl!O 

6oJibllIHMH aMilJIHTYJlaMH 

HMilYJihCOB. 3,llCCh XC )lJIH 

cpaBIICl!llll npHBC)lCUa 

O1111a IlCTJlll mc-repc3Hca c 

npoMCxyTO'IHh!M 

HHCM aMilJIHTYJlhl. 

311aqe-

., 

.. 

TH = 737 MKC. HopM!lpOBKa B )latlllOM cnyqae COCTOl'IJia B )lCJICHIIII IlO!IY'JCIIHh!X npH 

pa3!111'Illh!X aMllJIHTYJlax IlOJlll CllCKTpOB Ha HCHTpo11orpaMMY, COOTBCTCTB)'!Olll)'IO 

MaKCIIMaJihHOH a~nJIIITYJlC, B npc,llCTaBJJCHHOH ccp1111 paBHOH 64.8 K3 (c npe,llBapn

TCJ!hllhIM Bhl'IIITalllICM 113 Ka)K)loro CIICKTpa !pOIIOBOH IlO,llJIO)KKH). CooTBCTCTBYJOUUIC 3TOH 

ccp1m 33Bl!CHMOCTII IIIITCHCHBHOCTH OT llOJlll IlOKa3aHbl Ila pile. 4 II 5. KpoMe Toro, 

Ha pnc. 6 npe,llCTaBJJCHhl 3aB!ICHMOCTII, IlOJl)'ICl!llhlC upn T = 156 K, t = 8 MKC, T11 = 
1000 MKC. B03pac-ra111110 nona COOTBCTCTBYJOT TO'IKII, llOKa3aHHhIC CIIJ!OlllllhlMII 3Ha'IKaM!I, 

a YMCllhllICHIIIO nona - 31la'IK3MII C upOCBCTaM11: 
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Pnc.6 3aBIICHMOCTII 1rn

TCIICIIBIIOCTII B IlllKC (333) 

OT BCJill'Illllhl IlOJlll, nony

'ICIIHhIC np11 T = 156 K, 
t = 8 MKC. JI..rrn npe.IlCTaB

ne1111» 0 TCMnepaT)'PHOH 

33BIICIIMOCTll IIOJIOXCHl!l'I 

ncTm1 mnepe311ca 11p1rne-

)lCHhl TaKXC /laIIHMC, 

COOTBCTl-'TByio11111e TCMilC-

paType T = 157.5 K. 

Ha pnc.7 - cepHa H3 'ICThipex 1aB11cnMocrcii OTpaxmmneii cnoco611oc-rn I = Ou-10)/10 
(Ill H Io - 3KcnepHMCl!TaJihllhlC HCHTpo11orpaMMhl C IIOJICM II OC3 non», COOTBCTl-'TllCIIIIO) OT 

110Mepa° Kattana )l!Il'I Cr 203, noJiyqeu11aa np11 T = 136 K, y = + 1 °, T 11 = 1000 MKC, t = 
8 MKC. CoOT!lCTCTBYJOIUHC 3a!lHCIIMOCTH OTpa;icarmncii CllOCOOl(Ol,'TII OT llCJlll'Illllhl IIOJlll 

npHllC)lCHhl Ila pnc.8(a,b,c). Ha p11c.8(d,e,f) IlllKa1a111,1 aHaJIOrll'IllblC 3aBJICIIMOCTll OT IIOJ(ll, 

llOJIY'JCHHhIC npH T = 153 K, t = 8 MKC II IICHJMCIIIlhlX npO'IIIX napaMCTpax 113Mepc1111ii. 

C UCJihlO Bhll!CIICl!Hl'I BJlll51111I51 Ha !pa30ll)'IO ncpc1..'TpOHKY 6oJicc pC3KOm 113MCIICIIHll 

MaruHTl!OfO IlOJIH, 6bIJIO llbIIlOJIIICHO II3Mepc1111e 11a Cr103 (c IIO!lOH ynallOIIKOH 

KpllnaJIJia) npH TH = 455 MKC, T = 108 K, t = 8 MKC. COOTBCTl..'TIIY!OIIUIC 3allHCIIMOCTII 

I(H) npHBCJlCHhI Ha p11c.9 • 
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Pttc. 7 3aBIICIIMOCTII OTpa)KalO

w:eii crroco6HocTtt I = (lw 10)/10 OT 

HOMepa KaHarra rrpll yicaJaHHb!X 

3Hat.iemrnx aMIUUITYJlbl IIMITYJ!bCOB 

1.urn Cr2O 3, rronyt.ie1mue rrptt T 

= 136 K, Y = +1°, TH= 1000 MKC. 
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Pttc.8 3aBIICIIMOCTII II3MeHemrn OTpa)KalOIUeii crroco6HOCTII OT BeJUft.[IIHbl MailllITH0ro 

rronl! JlJlll Cr2O 3: (a), (b), (c) - rrptt T = 136 K, (d), (e), (t) - rrptt T = 153 K. 
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Pttc.9 3aBttCIIMOCTII 0TpaJKa10meii crroco6HoCTtt Cr20 3 OT IT0Jlll rrpH T = 108 K. 
CTpenKaMII )'Ka3aHbl HarrpaBJ1emrn II3MeHeHHl! I10Jlll. 

O6c)')lmem1e pe3ymTaT0B 

O6meii: oco6eHHOCTb!O rrpe)lCTaBJ!eHHb!X pe3yJ!bTaTOB ll:BJllleTCll: HaJIH"IHe rncrepe3HCa B 

3aBIICIIM0CTII IIHTeHCHBHOCTH OT BeJ!llt.[IIHbl MarnHTHOro I10Jlll. Xapa.KTep H3MeHeHHl! ITeTJIH 

rncrepe31ICa B CJ!yt.iae a-Fe2O3 rrpH YfieJIHt.[eHIIH aMIIJIHTY)lbl HMITYJibCa rrpOHJIJl!OCTpHpOBaH 

pucyHKOM 4, H3 KOTOporo CJ!e)lyeT, B qaCTHOCTH, t.[TO rrpouecc YCTaHOBJ!eHHll paBHOBCCHOfO 

narrpaBJ1el11Ill: )lJlll BeKTOpa aHTHcpeppOMallieTII3Ma I He ycrreBaeT 3a H3MeHeHUeM 

ManmTHOro l10Jlll. ITpH OTHOCUTeJ!bHO He60J1bIIIUX 3Hat.ieHHl!X aMIIJIHTY)lbl, HarrpHMep rrpH 

56.55 H 56.8 K3, IIHTeHCHBHOCTb rrpo)lOJl)KaeT )'BeJ!Ht.[UBaTbCll: )la,Ke rrpH YMeHbIIIeHHU I10Jlll 

ITOCJ!e )lOCTU)KeHHl! MaKCHMaJibHOro 3Ha"leHHll. C )'BeJIHt.[eHUeM aMIIJIHTynbl UMrryJibCOB 

IIeTJlll rncrepe3HCa paCIIIHpll:eTCll:, HO 3aTeM rrptto6peTaeT rrpe)leJ!bHYJO IIIUpHtty H qJOPMY 

(CM. puc.5). ITpH ITOBbIIIIeHUII TeMrreparypbI rrpouecc rrepeopueirraunH C rncrepe3UCOM 

rrepeMemaercll: K MeHbIIIUM 3Hat.ieHHl!M IIOJlll, 'ITO COOTBeTCTBYeT (pa30BOH .uuarpaMMe 

reMaTUTa. Ha puc. 6 IIOKa3aHO, Ka.K CMeru:aeTCll: IIeTJlll rncrepe3uca rrpu H3MeHeHHH 

TeMrreparypu BCero Ha 1.5 K. 
EcreCTBeHHO rrpe.urrono=b, 'ITO Ha6n10.uaeMall: ITeTJlll rncrepe1uca Herrocpe,uCTBeHHO 

CBll:3ana C )lllal1a30HOM MeTacra6UJibHOCTU )lJlll (pa30Bb!X COCTOll:HUH. ITo3TOMY ' 

uenecoo6pa3HO COITOCTaBHTb 3KcrrepnMeHTaJibHb!e )laHHb!e C paCC"IHTaHHOH (pa30B0H 

.unarpaMMOH reMaTUTa, COOTBeTCTBYJO!Uall: t.iaCTb KOTOpoii: rrpUBe)lena na pnc.10 (rroJIHee 
/91 

pact.ieTbl rrpe,uCTaBJ!eHbl B pa6oTe ). Kax BH)lHO na puc.5, OTHOCHTCJ!bHall: IIIUpUHa 

rrpe,UeJ!bHOH IIeTJIU rncrepe3HCa COCTaBJllleT OKOJIO 3.5% rrpH T = 199 K. 3TO ITO"ITU na 

rropll:,UOK MeHbIIIe TeopeTHt.iecKoro )lHaITa30Ha MeTaCTa6HJibHOCTU, KOTOpblH rrpH 

HyfHz=0.01 (ecJ!H .uorryCTHTb Ta.Kile -3Hat.ienHl! HOO)lHOpO,UHOCTH I10Jlll B ofueMe o6pa3Ua) 
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orpai-mq1maercH 3HaqeHlll!MH nom OT 43.8 KOe AO 62 KOe. Ilpn T = 156 K nmp11na 

npe)leJibHOH neTJIH rncrepe3HCa eme MeHbllle, 0K0JI0 1.5% (CM. pilc.6). 
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Pnc.10 <l>a30BaH AHarpaMMa 

reMaTHTa npII T = 199 K. H, II 

Hy - K0Mn0HeHTbl MafHIITH0ro 

noIDI, HanpaBJieHHbte Bll0Jlb 

poM60::l.llpHqecKOH OCH n nepnen-

llHKyIDipH0 K Hett, C00TBeT-

CTBeHH0. CpeAHHH CilJI0lIIHaH 

JIHHllll C00TBeTCTByeT TepM0)lH

naMI1qecK0MY paBH0Becmo Me)K)ly 

qJa3aMII, a )lBe .llpyrne CilJI0lIIHbie 

JIHHIIH - rpaHHl\aM MeTaCTa6l!JlbHOCTII Qla30Bb!X COCTOHHIIH. H11)KHeH nytIKTilpnoii: mu-meii: 

n0Ka3aHbl 3HaqeHlll! yma 0 (Me)K)ly BeKT0p0M I H 0CblO CHMMeTpHH) B M0MeHT Qla30BOro 

paBH0Beclll!, cpe)lHeii: H BepXHeii: .nyttKTHpHbIMII JIHHlll!MH 060311aqe11bI BemiqnnhI ymoB 0 H 

cp (Me)K)ly npoeKUHeii: I Ha 6a3HCHYJO IlJI0CK0CTb n 0CblO X). COOTBeTCTBeHIIO, Ha rpaHIIUe 

MeTaCTa6l!JlbHOCTH HCX0lll!0fO C0CT0HHllll. 

TaKoe pe3K0e pacxo)K)leHHe CBH)leTeJibCTByeT 0 TOM, qTo o6pmeu C0CT0HT H3 

MH0)KeCTBa aHTHQ)eppoMaIHHTHbIX )l0MeH0B, H Qla30BaH nepecTPOHKa onpe)leIDieTCH 

)lBH)KeHHeM )l0MeHHbIX CTeH0K, ~o C00TBeTCTBYeT o6meH3BeCTHbIM npencraBJieHHHM. ,[{o 
u u /10/ 

HeK0T0p0H crenenII )laHllb!e 3KcnepIIMeHTa cornacyroTCH C TeopIIeII , B C00TBeTCTBIIH C 

KOTOpoii: ecJIII B HCX0.llH0M C0CT0HHIIII o6pa3eU C0CT0HT II3 Ml!0)KeCTBa 

aUTIIQJeppOMaIHIITHbIX .ll0MeH0B, Pa3.lleJieHHbIX 180 - rpanycnbIMII CTel!KaMH, TO B o6JiaCTII 

KpHTIIqecKoro 3Haqenlll! II0IDI Ka)K)laH CTeHKa pacmellIDieTCH na .llBe 90 - rpanycHbie 

CTeHKII, K0T0pbie npII YBeJIIlqeHIIII noIDI "pa36eraJOTCH" II CTaIIOBHTCH, TaKIIM o6pa3_0M, 

CTeHKaMII Me)K)ly )l0MellaMII Hil3KOIIOJieBOH II BbICOKononeBoii: Qla3. B TaK0M cnyqae 

"nenOJIHb!e" neTJIII rncrepe3IICa (na pIIc.4-6) C00TBeTCTBYJOT CIIryaUIIII, K0f}la 90-

rpanycHbie CTel!KII 3a BpeMH B03paCTaHlll! noIDI He ycneBalOT npoii:TII BeCb ofueM, 

3anonHel!HblH nepoonaqaJibl!0 ll0MeHaMII HCX0)ll!0fO C0CT0HHllll. 

O)lHaKO, npll3HaBaH .llBII)Kel!IIe ll0MeHHbIX CTel!0K 0TBeTCTBeHHbIM 3a Qla30BYJO 

nepecrpoii:Ky, CJie)l0BaJI0 6bI 0)KHJlaTb, qTo lIIIlpIIHa nernn 6yner YBeJIHqIIBaTbCH c 

YBeJIIIqenIIeM CK0p0CTII II3Menenlll! noIDI. ,[{eii:CTBIITeJibHO, npennoJI0)KllM, ~o KpHCTaJIJI 

C0CT0IIT H3 Ml!0)KeCTBa .ll0MeH0B IICXOJIHOH Qla3bl, pa3.lleJiel!HbIX n IlJI0CKIIMII 180 -

rpanycHbIMII CTeHKaMII. lfnTel!CHBHOCTb pacceHHllll nponopUH0HaJibHa pa3Mepy d .ll0MeHa 

noooii: qJa3hI, o6pa30BaBlllerocH na 180 - rpanycnoii: crenKe, no Kpaii:neii: Mepe B 
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na'iaJibHblH ncpll0.ll !pa30BOH nepecrpoii:Kll, K0r)la eme ne np0HBJIHeTCH 3KCTHHKU11H. 

Pa3JlaraH CK0p0CTb llBH)KellHH BH0Bb B0311HKlllllX 90 - rpanycubIX CTeH0K B pH.ll no 
a . 

(H-H0), orpa1mqUMCH mrncii:uhIM qnenoM, V = -(H - H0 ) (a - napaMeTp JaTyxamrn 
. a 

Kone6a11I1ii:, Ho Kpnn1'iecKoe none, cooTBeTCTByromee TepMomrnaMnqecK0MY 

paBIIOBeCIIIO). l1MnyJibC MarHIITH0ro noJIH 6mnoK K c1111ycoH)laJibll0MY, T.C. npuMeM 

H = Hm sino:t. Torna. npmrnTerpHpoBaB BbipaJKeHIIC llJlH pa3Mcpa .ll0Mena d = f~
0 

Vdt, 

nonyqacM B KBaApaTH'iH0M no (H-Ho) np116m1JKCHHH 3aBIICIIM0CTb IIIITCHCIIBH0CTII OT 

(H-Ho) II aMilJIIITY.llhl IIMnyJibC0B Hm: 

na(H- Ho}2 
I "" ---''-==~= 

2am 1H 2 
- H 2 v m o 

Han11q11c npcnenhnoii: neTJIII rncrcpc311ca, no Kpaii:ncii: Mcpe, npII TeX 311aqc111rnx 

aMUJIIITYllbl HMIIYJibC0B,. K0T0pblC 6wm B ::lKCilCpIIMCIITC, 11ponmopc'iHT ::)TOH cpopMync • 

HecOMIICIIIIO, B na6JIJO)laCMOH Kapnmc rJK,epC311Ca npoHUJIHeTCH HC T0JibK0 xapaKTCp 

nepcop11e11Tamm naMarIIH'iCHII0CTll ManmTtlblX II0JipClllCT0K, 110 II CIICUH!pHKa JIH!ppaKIUIII 

ua M0II0KpIICTaJIJie. Pocr IIHTCHCHBH0CTH Ha B03pacrarorneii: BeTBII IleTJIII rHCTCpC3HCa 

CBH3aH IIC T0JibK0 C YBeJIIl'ieHHCM pa3MCp0B )I0MCII0B I11J)lyuI1p0Ba1111oro C0CT0HHIIH, 110 II C 

pacceHHIICM Ha )l0MCHax HCXO)IHOH cpa3bl, B KOTopoii: BCKTOp J 0TKJI0lllleTCH OT 0CII 

CIIMMeTpllH npH pocrc noilll H3-3a pcanbH0fO HaJlll'illll Pa.llllaJlbHOH K0Mn0HCHTbl nonll B 

pa3JII1qtlb!X qaCTllX o6pa3Ua. l1nTeHCIIBHOCTb ::lT0ro pacCCHIIIIH npII MaJiblX 0TKJI0HC!lllHX 

BCKT0pa I nponopUH0HaJiblla KBa)lpaTy cm1yca yrna 0TKJIOIICHIIH 0. Ha pIIC. 11 npHBC)lCHa 

1aBI1CHM0CTh sin2e OT noJIH H, npII JIByx 111aqcn11llx HyfH, II TCMncparype T = 199 K. 
COOTBeTCTBYJOIUeH pHc.4 II 5. 

0.06~--------------~ 

T= 199K 
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Pttc.11 3aBIICIIMOCTb IIIITCIICIIB

II0l-111 JlllqJpaKUHOIIHOro pacceH

llllll IICHTpOIIOB na llOMCllax 

IICX0)III0I'O !pa30BOro C0CT0HIIIIH OT 

BeJill'iHllbl II0JIH llpH YKa3ailllblX 

oTuomcmrnx HyfH,. 



• 
0 npol1BJieH1m m1cppaKUIIII Ha /l0MeHax IICXO/ll!OH !pa3bl CBll/lCTCJlbCTBYCT B0JpaCTaHIIC 

lll!TeHCIIBl!0CTII np11 H < Ho, CCJIII C'll!TaTb, '!TO BCJlll'IHHa nom1 B UCl!Tpe JieTJIII 

mcrepe3l!Ca paBna Ho- Mo)Kl!O )la;Ke /l0IIYCTl!Tb, '!TO HeJaBHCIIM0CTb II0JI0::tee11m1 

B03paCTalOIUett BeTBII IICTJIII OT II0Jlll npl! 6oJibUHIX Jlla'!CllllllX aMTIJIIITY/lbl IIMIIYJibC0B 

o6yCJioBJieHa TeM, '!TO HJ-Ja 3KCTIIHKUl!II B M0H0KpHCTaJJJIC 11acblluem1e IIHTel!CIIBH0CTII 

paccel!Hllll Ha /l0MeHaX IICXO/lHOH !pa3bl /l0CTl!raeTCll npe::te)le, 'leM /l0Mel!bl HOBOH !pa3bl 

ycneBalOT JaJI0JIHl!Tb Beeb o6beM o6pa3Ua. Ho aHaJI0fll'IHbIM cnoco6oM o6bllCHHTb 

!pl!KCHpOBaHHOCTb JieBOH BeTBH IIeTJII! fl!CTepe3l!Ca lie y)laeTCll. TaK '!TO llaJill'!lle 

npe/leJibHOH IICTJIII mcrepe311ca B UCJl0M He o6bllCHlleTCll BJil!lllll!CM /lll!ppaKUIIH Ha 

!pa30BOM C0CT0llHIIII, K0T0poe llBJllleTCll np11 1!3MeHCHHII II0Jill IICX0/lHblM. 

HecKOJibKO YllHBHTCJlbllbIM llBl!JlaCb '1pe3BbI'laiino MaJiall CK0p0CTb /lBl!lKClll!ll /l0MellllblX 

CTel!0K, CJie/lYIQWall HJ xapaKTepa 113Mel!eIU!ll IIIITCl!CIIBH0CTII, '!TO II II03BOJIIIJIO, Il 

cymH0CTH, na6JIIO)laTb fl!CTepe3HC. lb p11c.5 CJIC)lyeT, _'!TO ecJII! )laJKe /lOJIY(.,"fl!Tb pa3Mep 

/l0MeH0B B IICXOlUIOM !pa30BOM COCT0lll!l!I! paBHbIM 0.1 CM, TO IIpl! (H-Ho) ~ 500 3 
CK0p0CTb V ~ 20 Mfc. 

Boo6me, na6JIIO/laeMall KapTmia TaKOBa, 6ymo np11 /lOCTHJKemm 11eK0Toporo JHa'!eHllll 

IH-H01 cKopocTb /lBH::teeHHll /l0Me1rnux CTeH0K pe3K0 B03pacraeT, '!TO II Morna 6bI 

npOllBJillTbCll B cymeCTBOBaHl!ll npe/lCJlbl!OH neTJII! fl!CTepe3HCa npu 0TH0CIITCJlbH0 

Me)IJleHH0M HJMe11e1111u Marnunmro noJlll, KaK B 11awux U3Mepc1111llx. 

C.rre)lyeT OTMCTUTb, 'ITO, no Kpaiineii Mepe B a-Fe2O3, 11a6JI10)laeMbIH fl!CTepe3HC l!MeeT 

,111111aMH'lecKUH xapaKTep, T.e. 011 11e npollBl!JICll 6bi B no.rre, K0T0poe 1!3Me!llleTCll 0'!ellb 

Me)IJle!IIIO. Ilpu 0TII0CIITCJlbl!0 MaJibIX 311a'!ClllillX Hm, K0f)la II0JIC H3Me!llleTCll B6JIH311 

MaKCUMYMa HMnyJibCa, HHTellCIIBII0CTb paCTCT, npu6JIH::teal!Cb K 11eKOTOpoii JIHHHH, 

npoxo)lllmeii 0K0JI0 ue11Tpa npe/leJibHOii nern11 mcrepc311ca. ECJIH II ecTb mcrepe311c, 

CBll3allllblH C noporonoii 3Hepmeii CTa611.rr113au1111 Ha'laJibll0ro II0JI0::tCCHllll /lOMellHblX 

CTell0K, TO 011 cymecrnemm MCHbIIIe 11a6JI10)laeMoro fl!CTCpC3HCa. 

YMellbWen11e Wllpllllbl neTJIII C YMeHblIICIIHeM TeMnepaTypbl MOlKHO o6bllCHIITb 

YfleJIH'leHHeM CK0p0CTII ,1lBH::teeHHll /lOMCllllbIX CTell0K 3a C'leT YMellblIIeHl!ll Bep0llTH0CTII 

MamoH-MarnoHHb!X II Marnon-cpoHOHllblX B3aHMO)leHCTBHii, 11enocpe)lCTBe1rno 

np0llBJlll!OWerocll B YMellbWeHHII K0HCTa!ITbl 3aTyxaHl!ll a. Ho CJie)lyeT 3aMeTIITb, '!TO ,1lJllI 

reMaTHTa np11 IIOIIH::teellllll TeMnepaTypbl YMeHblIIaeTCll II /lllaIIa30H MCTaCTa6HJibHOCTII 

!pa30Bb!X COCTOllHIIH. 

HeCKOJibKO IIHall CHTyaUHll C Cr2O3. TaK KaK B 3T0M c.rryqae II0Jie 6bIJIO 3aBe)lOMO 

nanpaBJieH0 IIOll IICKOT0pbIM yrJIOM K OCH CUMMCTpHU, OCHOBHOH xapaKTep 113MeHeHllll 

111ne11c11BH0CTH onpe11e.rrllCTCll npoucccoM cwero po/la "KorepenTnoro" nooopoTa BeKTopa 

I IICX0/ll!0fO C0CT0lll!llll np11 113Me11e1111u nOJill. ECJIH conoCTaBIITb, 11anp11Mep, )laHllbie, 

npe)lCTaBJiellHbie Ha pnc.9, C pnc.l, Bll/lH0, '!TO. npH onpe)le.rre11110M 3Ha'!ellllll noJlll 

MafllHTllall '!aCTb paccellllllll npaKTH'lecKH IIC'le3aeT, T .e. BeKTOp I CTallOBIITCll 

nepnellllllKYJillpHbIM TIJI0CK0CTII (224 ). 

Ha1160.rrec onpe11e.rreHHb!M pe3yJibTaT0M 113MepeHHH C Cr2O3 llBJllICTCll llaJill'!He 

fl!CTepe1uca npu Hm < Ho (CM. pnc.8, 9). 3TO CBll,1lCTCJlbCTBYCT 0 cymeCTB0BaHHII 
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Mexattl!3Ma, Bbl3b1Ba10mero JanaJ/lbIBaillle nponecca nonopoTa 11aMaI1111'!e11110cTeii 

Mal11HTl!b1X · II0/lpelIIeT0K 3a,)10Jlf0 110 /l0CTl!lKeHl!ll IIOJICM KpHTH'ICCK0ro 3lla'!Cllllll. J:l.rrll 

C0II0CTaBJieHHll 3KCnepHMCHTaJibllbIX pe3yJibTaT0B C !pa30BOH miarpaMMOH Ila pnc.12 

npe)lCTaBJieH COOTBCTCTBYIQWHH 11113KOTCMJiepaTypllbIH yqaCT0K cc, no.rryqemlblii 113 )laH!lbIX 

no np0,1lO]IbllOH Mal11UTIIOH Bocnpm!M'IIIBOCTII II a11n1cpeppoManI11TIIOMY pc1011a11cy B 

Cr2ol111
• l1Me10m11ecll 3Kcncp11Me11Ta.rrbHb1e )la1111Mc nc n01noJill10T BblJlCJIIITb B 

fl!CTepc3UCIIOH Kapnrnc '!aCTb, CBll3aHHYJO 11enocpe)lCTBCHIIO C !pa30BblM nepeX0/l0M, Koma 

Hm > Ho, 

TaK::teC noKa ne npe)lCTaBJillt:'rCll BOJMOlKllbIM CY/ll!Tb O 3aBl!CIIM0(.,'TII ntCTcpc111ca B 

c.rryqae Cr2O3 OT CKOp0CTII 113Me11e1111l1 IIOJill. l1 l!CB03MOlKl!0, K C0lKaJICIIIII0, C0II0CTallllTI, 

no.rryqe11111,1c 3Ha'!ellllll lIIUpUHbl IICTJIII fl!CTepe111ca C rpammaMI! M(.,"faCTaGiJJibllOCTII 

!pa30BbIX COC.,'TOllHIIH, C00TBeTCTBYIQIUIIX IIOJIIIOH !pa30BOH miarpaMMC Cr2O3. 

B OTJill'IIIC OT reMaTHTa, yrncp::te)laTb C ynepCIIII0CTblO, '!TO u111p1ma IICTJIII mcrcpc111ca 

llJlll Cr2O3 YMCllbrnaeTCll c no11u::tec1111eM TcMncpaTypbl, nc npl!XO/ll!TCll 111-1a orpa1111'1c1111oii 

T0'III0CTH ll3Mepcnuii. Ho TaKall TCll)lCIIUHll BCC-TaKII npocMaTplrnac.,-rcll II ll 3T0M CJ1yqac, 

cc.rr11 cormcTaBHTb )la11111,1c, no.rryqe1111b1e np11 T = 108 K, 136 K 11 153 K. 

BbIBO)].bl 

,!l.11cppaKUHOIIHble ll3MCpem!ll CIIIIIl·!pJIOII-IICpcxo11a n M0II0Kpl!CTaJIJiax a-Fc2O3 II Cr2O3 

C IIMIIYJibCHbIM Mal11HTHblM II0JICM II0Ka3aJIII IlaJill'IIIC [ll(.,"fCpc:mca B 1am1c11Moc.,7·11 

IIIITeHCIIBl!OCTU OT BCJlll'll!Hbl II0Jill. lll11pmia IICTJIII rm:rcpe111ca ll CJiyqac I'CMan!Ta 

cymeCTBel!H0 MCHblIIe 1111ana3011a MCTaCTa6l!JibllOCTII, nonyqacMoro II] pac•ICT0II cpa1onoii 

11uarpaMMbl, '!To cornacyercll c Mexan113M0M cpa1oooii 11cpcc-rpoiiK11, cnl11amn,1M c 
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06paJOBam1eM Jl0MeH0B IIOBOH qia3bI Ha 180 - rpaiiycHbIX Jl0MCIIIIblX CTCHKax 11cxom10ro 

C0CT0lHlllll. 

CriCJlYJOWl!e pe3yJibTaTbl IIY)KJ:{alOTCll B TCOpcn!'!CCKOH IIIITCpllpCTallllll II JlaJII,HCHIUCM 

3KCIICp11MCIITaJibH0M HCCJICJl0Bamrn: 

l) TipH YBeJill'!CHHII aMITJIIITYJlhl IIMITYJibC0B, T.C. CKopocn1 !l3MCIICIUlll II0Jlll np11 

qJaJOBOM nepcxo)le, nenrn mcrepc111ca B c11yqae rcManna np111111MacT npCJlCJibIIblc qiopMy 

H lllllpHHY, He H3MCHll!OWl!CCll np11 JlaJibHCHlllCM YBCJIH'ICHIIH CKOpOCTH H3MCIICIIHll HOJill. 

moT qJaKT np0Tl!B0pC'IHT TCOpCTll'!CCKOH M0JlCJII!. 

2) ITpH H0HH)KCIIIIII TeMncpaTyp1,1 0TIIOCHTeJibllal! nmpmia nern11 I'IICTCpC311Ca 

YMCHbIIIaCTCll. Oco6cmIO onpe)lene,mo ::JT0 np0l!BHJIOCI, ll ll1MCpC!lllllX C a-Fc2O3. 

3) Ha6mo)laeMblH mcrcpe3IIC IIMCCT JlHHaMl!'ICCKIIH xapaKTCp, T.e. OH HC npollBIIJICll 61,1 

B MC)lJICHH0 ll3MCilllIOWCMCll none. fncTepe3HC, cmnamibIH C 311Cpmcii: CTa611nmaun11 

H0JI0)KCIIllll Jl0MCl!llblX CTCII0K, B ll3Mepcl!Hl!X He npmIBHJICll. 

4) CKopOC.."Tb Jlllll)KCHl!ll Jl0MeHllbIX CTCII0K np11 qia1onott nepeCTpOHKe n6Jm111 

KpHTH'-lecKoro 31!a'-!emrn II0Jill Mana. ITpn npCllblWCIIHII Maflll!TJll,IM noneM KpllTH'!eCK0ro 

3Ha'-!el!Hll BCCro 11a 500 3 oHa C0CTaBJillCT 0KOJI0 20 Mic. 

5) B ll3MCpellllllX C Cr2O3 npollBHJICll rHCTcpe3HC npn aMIIJlllTYJlC llMHYJibC0ll HOJill, 

MCl!b[l]CH, '-ICM KpHTH'-ICCKOC 3Ha'-!CIIHC. mo npHXOJlHTCll paccMaTpHBaTb KaK 3aITaJ)lblllaHUe 

rrpouecca o6bI'-1110f0 IT0BOp0Ta HaMarHl!'-ICIUIOCTeii: IT0JlpemeTOK np11 113MCHCIIl!ll II0J!ll 

(HH)Ke TO'-IKII qJaJOBOfO nepeXOJla). 
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