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S U M M A R Y 

Measurements of neutron diffraction on a 
"thick" single crystal of hematite at T<TM 
with the application of a pulse vector and 
a pulse magnetic field have been performed. 
In the neighbourhood of the first-order phase 
transition connected with the turn of the 
antiferromagnetic vector into the basal 
plane, at the magnetic field perpendicular 
to the rombohedrical axis, additional scat
tering is observed with the intensity com
parable to the intensity far from the tran
sition point. The increase of neutron inten
sity is explained as a result of diffraction 
on the new phase germs. A theoretical analy
sis of the magnetic diffraction of neutrons 
on a single crystal containing a great num
ber of thin new phase domains is presented. 
It is shown that the concentration of the new 
phase registered in the experiment is 2-:-6·10-3, 

and the thickness of the germs is I0 2 -:-103A. 
The life time of the observable germs near 
the transition point is not less than lOOms. 

(.0 1976 067>eOUHeHHblll UHC,UIIfYIIf JIOepHbiX UCCAe006QHUU ,4y6Ha 

BBEllEHME 

ct>a30BbiH nepexoa nepBoro poaa B MarHlciToynopHilO'-IeH

HOM KpHCTanne XapaKTepeH TeM, '-ITO B KOHe'-IHOM DH8ll830He 

3H8'-IeHHH BHeWHero MarHHTHOrO nonH HnH TeMnepaTypHOM 

llH8ll830He COCyllieCTBy~T DOMeH~ DBYX ¢a30B~X COCTOHHHH, 

pa3neneHHbie DOMeHHblMH CTeHK8MH. no Mepe H3MeHeHHH 

UOnH ( HnH TeMneparypbl) npOHCXOilHT llBH)!(eHHe CTeHOK 

H poeT noMeHOB, o6nana~wHX MeHhweil aueprHeil. CKopocrh 

DBH)!(eHHH DOMeHHOH CTeHKH 38BHCHT OT pa3HOCTH 3HeprHH 

DBYX ~830B~X COCTOHHHH H o6pawaeTCH B Hynh B TO'-IKe 

TepMOilHH8MH'-IeCKOrO paBHOBeCHH DnH HDeanbHOrO MOHO

KpHCTanna. OnHaKo H3-3a B38HMonefiCTBHH c HeonHopon

HOCTHMH KpHCTann;: npaKTH'-IeCKH BCerna nonO)!(eHHe CTeHOK 

CT86HnH3HpOB8HO B KOHe'-IHOM DHana30He 3H8'-IeHHH nonH. 

XapaKTep qJa3oBoro nepexona, noMHMO DBH)!(eHHH no

MeHHbiX CTeHOK, cyiUeCTBeHHblM o6pa30M onpenenHeTCH 

npOUeCC8MH 38p0)!(JleHHH DOMeHOB HOBOH ¢a3~. ileHTp8MH 

o6p830B8HHH 3apOilbiWeH MOryT HBnHTbCH K8K HeODHOpOD

HOCTH KpHCTanna, B6nH3H KOTOpb!X TepMOilHH8MH'-IeCKOe 

COCTOHHHe OTnH'-IHO OT COCTOHHHH OCHOBHOrO 06beMa, T8K 

H llOMeHHble CTeHKH, pa3nenH~IUHe pa3nH'-IHbie DOMeHbl 

ocHOBHOH ¢a3bi I I/. 
3aMenneHHe npouecCOB nepecrpOHKH DOMeHHOH crpyKTyp~ 

B6nH3H paBHOBeCHOrO COCTOHHHH H DOBOnbHO B~COK8H 

KOHUeHTp8UHH HeOilHOpOilHOCTeH B peanbHblX KpHCTannaX 

ll03BOnH~T paCC'-IHT~B8Tb H8 B03M0)!(HQCTb 3KCnepHMeH

ranbHOrO H3y'-IeHHH Ha'-IanbHOH CT81lHH MarHHTHOrO cpa30~0rO 
nepexona, Korna 3apODbiWH HOBOH ¢a3bi He aocrHrnu ewe 

M8KpOCKOllH'-IeCKHX pa3MepOB. 
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Vf3BeCTHbie 3KCIIepHMeHTaJibHhie HCCJiel{OBaHH5I IIOCB5IlileHbl 

Ha6JIJOAeHHIO H H3y'IeHHIO Maf'HHTHbiX BeweCTB C AOMeHaMH, 

HMe!OlilHMH MaKpOCKOIIH'IeCKHe pa3Mepbl (He MeHee 

104 • 105 A) H, KaK rrpasano, saana or TO'IeK ¢a3osoro 

rrepexoaa. 

naHHa5I pa6oTa 5IBJI5IeTC5I IIOIIbiTKOH Ha6JIJOAeHH5I C IIO

MOlilb!O Heii:rpoHoB 3apOAhiweii: c pa3MepaMH 102 • 103 A 
HerrocpeACTBeHHO s6JIH3H TO'IKH ¢a3osoro rrepexoaa rrepsoro 

poaa. 0CHOBaHHeM AJI5I 3KCIIepHMeHTa IIOCJiy~HJI paC'IeT 

AH¢paKUHOHHOf'O paCCe5IHH5I Heii:TpOHOB Ha "TOJICTOM" MOHO

KpHCTaJIJie, COAep~alileM 60JihWOe KOJIH'IeCTBO MaJibiX 

AOMeHOB HOBOH ¢a3bi/
2
/. 06yCJIOBneHHOe pa3MepaMH ACMe

HOB YWHpeHHe 3HepreTH'IeCKOf'O AHaiia30Ha Heii:TpOHOB, 

HCIIb!Tb!Ba!OlilHX AH¢paKUHOHHOe paCCe5IHHe, MO~eT cyweCT

BeHHO rrpeBhililaTb AHaiia30H, CB5I3aHHb!H C M03aH'IHOCTbiO 

6nOKOB OCHOBHOH ¢a3bi. 3TO o6CT05ITeJihCTBO II03BOn5IeT, 

HCIIOnb3Y5I "6enbiH" rrepBH'IHbiH IIy'IOK H o6pa3eU AOCTa

TO'IHO 6onbWOH TOnlilHHbl, rrony'I8Tb 3Ha'IHTenbHOe ysenH'Ie

HHe HHTeHCHBHOCTH paCC85IHH5I B6nH3H TO'IKH ¢a30BOf'O 

rrepexoaa. 

ll3MepeHH5I IIpOH3BOAHnHCb Ha MOHOKpHCTannax reMaTH

Ta. l13secTHo, 'ITO HH~~ TO'IKH MopaHa T M = 260 K BeKrop 

aHTH¢eppOMarHeTH3Ma f reMaTHTa (a-Fe203,IIpOCTpaH

CTBeHHa5I rpyrrrra o;d -R3 c' TN = 950 K) HarrpasneH no 

poM6osapaqecKoii: oca ( ocb [ 111] ) , a Bhiwe T M nepneHAH

KyngpeH e:H /
3
/.Ecna rrpa T< TM rrpano~eHo MarHHTHoe 

none I1.J.. [111], TO c ysenH'IeHHeM rrong yron y Me~AY r H 

OCbiO ( 111) Herrpepb!BHO ysenH'IHBaeTC5I AO HeKOTOporo 3Ha

'IeHH5I Ym H 3aTeM CKa'IKOM npHHHMaeT 3Ha'IeHHe rr/2/4/. 

BenH'IHHa CKa'IKa ( 7 - y m ), pasHag T rrpa T = T M , 

yMeHbWaeTC5I DpH ITOHH~eHHH TeMnepaTypw. flHHH5I TepMO

AHHaMH'IeCKOf'O paBHOBeCH5I ABYX COCT05IHHH ( T H Ym ) 
Ha ¢a30BOH aaarpaMMe B nepeMeHHhiX H a T npaseaeHa 

I 5 I 
Ha p II C • 1 1 1 

• 

METOnHKA l1 3KCTIEP11MEHTAflbH~E 
PE3YflbTAT~ 

l13MepeHH5I DpOH3BOAHnHCb MeTOJJ.OM BpeMeHH IIponeTa 

Tennoswx HeliTpOHOB C HCIIOnb30BaHHeM HMIIynbCHOf'O peaK-

4 

Cb 
0 
" ~ 

150 

100 

50 

0 50 100 150 200 250 T,K 

p H C. 1. <t>a30Ba5I AHarpaMMa MOHOKpHCTanna reM8THT8 

B MarHHTHOM none, T M = 260 K - TO'IKa MopHHa, Mar-

HHTHoe none rreprreHAHKyngpHO poM603ApH'IeCKOH OCH. 

/6/ 
TOpa (YfEP-30) H HMITynbCHOf'O Maf'HHTHOf'O nong . feo-

MeTpH5I H3MepeHHll rroneBOH 38BHCHMOCTH IiHTeHCHBHOCTii 

Maf'HHTHOf'O OTpa~eHH5I ( 100) DpHBeJJ.eHa Ha pH C • 2a. 

nng "rpy6oli" MOHOXpOMaTH3aUHH nepBH'IHOf'O ny'IK8 HeHT

pOHOB HCITOnb30Bancg IIHporpa¢HT B BRAe JJ.HCKa AHaMeTpOM 

100 MM H ronwaHoli 10 MM c M038Ht.IHOCTbJO 5°. CpeJJ.H5I5I 
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\ 
p If C. 2. feoMeTplfSI 3KCnepHMeHTa a) npH lf3MepeHHH 

0Tp8)K9Hif51 (100), 6) npH lf3MepeHHif 0Tp8)K9HHH (210) If 

(333). 1 - aKTHBHaH 30Ha YIEP-30, 2 - 3aMeLIJllfTenb 

HeHTpOHOB, 3 - MOHOXpOMaTop, 4 - MOHOKpHCTannH'IeCKHH 

o6pa3eU, 5 - HMnynbCHblH MarHHT, 6 - JleTeKTOp. 

JlnHHa BOnHbl HeHTpOHOB, ll8Jl8101UifX Ha o6pa3eU, COCTaBnSI

na 4,77 A. MoHOKpHCTannw-IeCKHH o6pa3eu ( N98), HMeiOIUHi1 

¢opMy npHMoyronbHoro napannenenHnena c pa3MepaMH 

CTOpOH OKOnO 8 MM, OpHeHTHpoaanCSI TaK, qro OCb BTOporo 

nopHJlKa 6hina napannenbHa aepTHKanbHO HanpaaneHHOMY non10 

HMnynbcHoro MarHHTa. DnHTenbHOCTb HMnynbcoa MarHHTHoro 

nonH ( CHHYCOHJlanbHOl:f ¢opMbl) 6bin8 2,0 MC, a nonHaSI 

WRpHHa JlH¢paKUHOHHOrO llHKa (100) COCTaBnHna OKOnO 

0,3 MC. YfMnynbCbl nOnSI CHHXp0Hif30B8nHCb OTHOCHTenbHO 

BCllbiWeK MOIUHOCTH peaKTOpa T8KHM o6pa30M, qro pac

C951HHe HeHTpOHOB Ha nnOCKOCTif (100) npOHCXOJlHnO npH 

M8KCHManbHOH BenHqlfHe nonH. 

Pe3ynhTaT H3MepeHHH HHTeHCHBHOCTH orpa)KeHHH ( 100), 

OTHeceHHOH K lfHT9HCifBHOCTif SIJlepHOrO 0Tp8)K9HH51 (200), 
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11100) 

I,zoo-J I T = 240K 

1,5 

~~ 
I 1' 

1,0 ~ I \ 

l/ ' ',.__ t\ 
T = 293K 

0,5 

0 10 20 30 40 H,kOe 

pH C. 3. 3aBHCHMOCTb HHT9HCHBHOCTH OTpa>l<eHHSI (100) 

oT aenHqHHbl MarHHTHOI'O nonS! npH T = 240 K. 

npH HeCKOnhKHX SHaqeHHSIX nonH H TeMnepaType 240 K 
npencTaaneH Ha p K c. 3. YfsMepeHKe npK 240 K B none, 

SHaqHTenbHO npeahiwaroweM 35 K3, He npoKSBOJlHnocb. On

HaKo, K8K BlfJlHO K3 cpa30BOli JlH8I'p8MMbl (p H C. 1) 1 

cocTOHHHe npH T <T M B none, npeBbiWaroweM KPKTKqecKoe, 

TO>KJleCTBeHHO cocTOSIHHIO BhiWe T M B none, nocTaToqaoM 

JlnSI npKBeJleHKSI o6pa3U8 B OJlHOJlOMeHHOe COCTOSIHHe. none 
15 K3 3HaqHTenbHO 60nbW9 scpcpeKTHBHOI'O nonS! 8HH30Tpo

nHH B 6a3KCHOH nnOCKOCTH npH KOMH8THOH TeMneparype 

( CM., Hanp., / 7 I ) • 3To nosaonSieT npoaecTH Ha pH c. 3 

I'OpH30HTanbHYIO npSIMyiO, 6nH3KYIO no aenHqHHe HHTeHCHB

HOCTH K TOqKe, nonyqeHHOH npH 293 K H H = 15 K3, 

a o6nacTb 6onbWHX noneii. CnnowHaH nHHHH Ha pHCYHKe 

KaqecTBeHHO COOTBeTCTByeT noneBOH 38BHCHMOCTH OTpa

)KeHHSI (100), 0)KHJlaeMOH nKWb H3 yqeTa noaopOT8 M8I'HKT-
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HbTX MO'v!eHTOB B MaKpocKorrrrqecKHX noMeHax. KaK BHJJHO, 

B o6naCTII Kp11TI1'!9CKOf'Q TIO[JH Ha6n~nn~TCH 3H8~HTenbHOe, 

ITO'-ITH B 2 pa3a, yBenH'-I9HIIe IIHT9HCI1BHOCTI1, 

HaMepeHIIH IIHTeHCHBHocreH. orpaiKeHHH (210) II (333), 
01'l!eC9HHbiX K HHTeHCIIBHOCTHM HJJepHbiX OT'pa?1<9HHH ( 420) 
II (222), IT:JOII3BO,'HWIICb Ha npyroM o6paaue (Nc5). B 3T'OM 

cnyqae o5paaeu 6wn rroMerueH B "6enhlif" rry'-IOK peaKTO-

pa (piic. 26). PaaMepbi o6paaua Nc5 B rop!130HTanb:roti 

IT[JOCKOCTII COCTBB[JH[JH OKO[JO 0,5 CM, BepT'HKB[JbHO HanpaB

neHHOe none 6tMIO rreprreHJliiKynHpHo K ocrr sroporo 

rropHnKa. Cpe.aHHH nm1Ha soJIHbr Hetirpo~os, pacce:rtHHLrx 

HB ITnOCKOCTII (210), COCTBB[JQ[JB 2,53 A, a HB nnoCKOCTH 

(333) - 1,75 A. iln~IrenbHOCTb rrrvmynbcos MBf'Hl!THoro 

ITO[JH 6una 2,5 MC, 

T H . (-I"l, (j:L, (/"/f.' ex~ 
K KOe I, (/~/ 111 lcalc 
293 0 Q062 t 0,()()1, 0,056 1,1 
242 0 0.070 t 0,004 0.07 

f2f0) 242 513 Q075t 0.004 0,018 4.2 
202 0 0,071 t 0,004 Q07 1.0 
202 893 0 095 t OJ)05 0,018 -~:~----i 

' 293 0 2,35 

1(333) 

··--·-l 
225 0 0 I 

I 

225 49,4 2,05 
···-----1 
·---~ 

245 0 0 - ____ _J 
245 49,4 2,5 I 

.~l 

!Ia raf5nrruhr srrnHo, '4TO npii H=O coorrroweHW' :-..re:; .\\ 

Hl!T8HC11B!I()CT5l:\H! npH 242 11 283 K LJnB MHOf'OJlm,"·trHoro uC>

paaua s CLY'Iae (210) cornacyeTC>l c TeM, 'ITO <' ri!Ja•'Tc ;r 

HB OCHOBBH!lll [!3~.!t?HeHH51 OCH BHTHq'eppOMaf'H8Tl13\:Cl f:. :\Lih.pO

CKOllii'I9CKllX ,~[o:,teHax. Pacqeraoe 3HB'I8HIIe f!HTer• 'l!BHOCTII 

B none npH 20':-: l! :242 K, paBHOe 0,018 ( OTHecerro K !Iil

TeHCIIBHOCTH IT[lll :_;'),3 K, H= 0 ) , no.-ry'WHO B npi9He6pP

;;.:earm :-lKCTHHKUHe: U COOTBeTCTeyeT OctHO,QOl\18HH0\1Y CO

CT05!1-!l1lv rrpr~ nonHv.· nosopore \!Ot,·i.•HT')D B 6a3HC HYK) 

8 

nnocKOCTb. Dpii neficTBIIII non~. 6nii3Koro K KpHTII'!eCKOMy, 

HHTeHCIIBHOCTb OTpa}KeHIHI (210), BMeCTO yMeHbllleHIISI, 

yaeniiqiiaaeTcSI II npeBbilllaeT pacqerHoe 3HaqeHIIe B 4,2 
II 5,3 paaa npii 242 II 202 K, cooTBeTCTBeHHo. 

PeaynbTBThl II3MepePHSI orpa}KeHII~ (333) a none 
49,4 K3 npH 225 II 245 K He npoTHaopeqaT aaBIICIIMOCTH, 

COOTBeTCTBYIOllleH II3MeHeHHIO OpiieHT8UHII B M8KpOCKOnii

qeCKIIX noMeHax. l1 HTeHCHBHOCTb oTpa}KeHIISI rrpii 245 K 

6nH3Ka K IIHTeHCIIBHOCTH npH 293 K, H= 0, 'ITO cooTaer

CTByeT nonHOMY noaopoTy MOMeHTOB B 6a3HCHYIO nnoc
KOCTb. PeaynhT8T II3MepBHIISI B none 49,4 K3 npH 

225 K MO}KHO paccMaTpHBBTh KaK cnencTBIIe noaopoTa Mo

MeHTOB H8 yron, MeHhllliiH, qeM ~ • 

AHAni13 PE3Y nbT ATOB 

PaccMoTpiiM pacce~HHe HefirpoHoa Ha MOHOKpHCTanne 

reMaTIITa, HMeiDmeM !jlopMy rrapannenenHnena co cropoHa

MH, napannenbHbiMH BeKTOpaM aneMeHTapHOH SiqefiKH a. 
( i ... 1,2,3) H paBHbiMH Niai(Nl-N2-N3=N ). nH!JJ¢e~ 
peHUH8nhHOe ceqeHHe M8I'HHTHOI'O ynpyroro KOI'epeHTHOI'O 

pacce~HH~ npencTaan~erc~ B aline: 

d N N 
-d a-= I A 12 I I exp [ i K (r -r , )1 X . n v = 1 v, =1 v v {1) 

3 3 
x I !. (8 {3-e e{J)S S '{3, 

a =l fJ=l a a v a v 

rne p 
A=(r

0
y)fM I signS£ exp(i,1p ... ) 

£=1 ( 
-13 

r 0 = 2,8,10 CM - KnaCCH'IeCKHH p8JlHYC aneKTpOH8 1 

y = -1,913 - M8I'HHTHbiH MOMeHT HeHTpOHa, f M- M8I'HHT-

HbiH !jlopM!jlaKTOp HOH8 }Keneaa, p t" - K00p.ll1IH8T8 M8I'-
u u ... 

HHTHOI'O HOHa B aneMeHTapHOH SI'IeHKe, fv - KOOpJlHH8T8 

aneMeHTapHOH SI'IeHKH B KpHCTanne, e a , e fJ- KOMnOHeHTbl 

eJlHHII'IHOI'O BeKTOpa pacceSIHIISI, p - qifC[JO M8I'HHTHhlX 

HOHOB B aneMeHT8pHOH ~qefiKe 1 Sa , S{J - CpeJlHHe 3H8'Ie

HIISI KOMnOHeHT CITHH8 K8KOI'O-nii60 IIOH8 }Keneaa B gqefiKe, 
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. 
K - H3MeHeHI1e BOJIHOBOro BeK TOp a Het\TpOHa, signS f 

COOTBeTCTByeT qepeDOBBHI1ID 3HBKOB MarHHTHhlX MOMeH-

TOB B Bqet\Ke reMBTHTa). 

Korna secb KpHCTann rrpencTasnaeT co6ort onuH noMeH 

tjJi13hl I ( SI,=S I rrpu ncex I' ) ' cyMMI1pOBaHHe B BblpmKe

HHH (1) ITO KOOpUHHaTBM BCCX aqeeK Dp11BODHT K 113B8CT

l!OMY BhlpBiKCHHID: 

dul 

Jo 

2 :1 (1 -cos N i ;\ ) 3 3 
I A 1 !I ------- L L (rS r1- e e 11)S1 S1f.1 

i~l (1-cosl\i) a=l[i=l a a a ( 2 ) 

( .\ . = " . a . ) . 
I I I 

LlorryCTHM, 'ITO B KpHCTLJJIJ!e o6pa3013LlJIOCb 0 O J1JIOCKI1X 

ilOMCHOB qw3hl II, oTnwwrowei'ica OT <jla3hl I JIH!llb narrpan

JICHHeM KOMllOIICHT CllHIIil. nycTb 3TH ilOMCHl>l nepiTCHJlH

KYJH!pllhl OCI! a I 11 CO/lC[liKilT ITO n K[l11CTGJIJIOI'[li1qHI'ICCKHX 

CJIOCB. npeHe6peraH TOJllllHliOi-i JIOI'v18llllhiX CTCJIOK H npe

o6pa30Bl>JBDB ( 1) DJIH 3TOrO CJiyqiHI, IlOJiyqaeM Bhlflil:>!\CIIHC: 

da I=.!L_ 

Jn 

da 1 
----- f 

dn 
2 (1- cos N 2 ·\ 2 ) (1- cos N :I \ 1) 

I A I -------------- X 

(1-cos .\ )0-cos \ ) . 2 . :1 

x! 2 Re( 'i' /\in 
i=l 

n-1 ;.\
1
, Nl -i\ 1', :1 

.2 e ~ c I ) ~ {£') -e e )S x 
1·~0 I' '=I a.(1=1 a(i a (i I a 

nu . ·\ 

( 
S S ) I In i n-1 i•\ 1' n . \ x 11/3 - 1 {1 + L e L e · I ,/' ·I. I 

0 
j ~:I - i \I''' ( 3) 

· 1 - e k e I= I'= () . = I ' X J 1'=0 

3 

x L ( o af1 - e a e {3 )( S II a - S I a )( S II {3 - S I li ) ], 
a,{3= I 

conepfl<awee nna no6aBoqHbiX K (2) qneHa. ( n i ( n i) 
HOMep KpHCTBJ1JIOrpa4JnqecKOro CJIOH, COOTBeTCTByrowero 

Haqany i -ro ( j -ro) noMeHa ¢a3bi II. 
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f 
I 

\ 
I 

np0113 B8DH CyMMHpOBBHHe B rrepBOM no6aBoqHQM qJ1eHe, 

rronyqaeM: 

"o L'. 
KI-ll= 2Re (}; e i lni l-1 ;L\,1 v 

Nl -i~I!J, 
}; e )= 

i= I v=O e v'=l ( 4) 

= Re[ (1-e iL'.In )(l~~L'.INI) 
1-cosL\

1 
--

0 o iL'. 1(n i -I) 
}; e 
i= I 

flerKO y6eUHTbCH B TOM, qro 11p11 .!\ 1 = 2 T7 k 

l. 

k = :!:..0,1,2 .•. ) BeJ!Hqi1Ha K1-11 MBKCI1MallbHa u paBHa 

2N,nno· npl1 OTKJ10H8HI111 ~, OT 3HaqeH11H 2rrk KI-ll 

61>1crpo cnanaer 11 o6pawaerca B Hynb np11 \ 
1 
~2rr(k ± -1-). 

npl1 60J1bllli1X 3HaqeHHHX I~ l-2rr k I BCJ111'Hfll8 KI-ll 2 N I 
ocu11JIJI11pyer c 113MeHeHI1eM 3HaKa oKono Hynenoro 3Jiaqe-

1111H. KpOMe TOro, B11ili1M 1 qTo 113-38 CTBTHCTI1qecKoro 

pacnpeneneHHH sen11q11H ( n. -n. 1 ) B o6nacTI1 
1 1- no ·f\ ( I .1\ 1-n. >:> 2rr ¢a30Bb!H MH0/1(11TeJ1b '\' e 1' 1 n i - ) 

I i =- I 
o6pmuaeTCH B HYJib. np11HHI'v18H BO BHI1MBfll.fC 1 qTo 

li .. (n i-ni-l )-:::c:N
1 

, M0/1\HO 311lli1C8Tb 

4rrnn 0 ( 
K I-ll = ---- o ( .1\ 

1 
- r

1 
) • 5 ) 

a I 

CooTBeTCTByrowHil MHOiKI1Tenb no B'i'JpoM no6anoqJioM 

qJicHc npencTannaeTCH B s11ne: 

(1 A ) n 0 i.i\ 1(n .-n. I 
K 

-cos.\ 1 n [ ,, 1 1+ 
= ------ n 0 + k e + 

II 1 - cos ·\I i= I ( 6) 

"o ;\ 1(n;-ni+2 '\' e 
;:;;'J 

no ;;\ (n 
+ ... + L e 1 i-n i-1 J 

i=l ]. 

no TCM iKC coo6pafl<eHHHM, qTo 11 B cnyqae KI-ll, Bee 

cyMMbl B KBanpaTHbiX CK06Kax o6pawaroTCH B Hynb. YqH

TLmaH, qTo IIpH MBKpOCKOITHqeCKI1X pa3Mepax MOHOKpHCTBJ1-

JIB, c xopowert crerreHbro roqHocru 

~~os N; /~;_ = 2 rr N J._ 0 ( ~ . -r. ) , 
1 - COS i\ j a j I I 

MOiKeM 3811HC8Tb Bhlp8iK8HI1e DJ1H CeqeH11H paCC8HH11H 

B cnenyroweM Bl1ne: 

d 3 3 0 1 11 :Z. (2rr) N ,... -> 
--=--=IAI----o(L'.-r)[L(o 13 -e e{3)S S/3 + 
dn v a,f3=l a a . Ia I 
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2n n 0 3 

+ ~a.~=l ( 0af3 - ea ef3)Sia (SIIf3·-S If3 )+ 

+IA12 (2rr)2N 
v 

al no 

NI 
(1-cosA1n) o(A

2
-r

2
)o{A

3
-'3)x (7) 

1-cosAI 

3 

x a~=~oaf3 -eaef3)(SIIa-Sia )(SIIf3 -Sif3 

( v - oobeM aneMeHTapHOH gqeHKH}. HHTep~epeHUHOHHOH 
.ll008BKOH, nponopUHOH8JibHOH nn 0 /N I , MO)KHO npeHeo

peqb H cqaraTb, qro 

da I-II 
dO 

=~+ da11 , 
do do 

(8) 

r.ue ~...IL npe.ucraangeT coooH nocne.UHHH qneH a (7), 
dO u 1 - cos A 1 n 

nponopuHoHanbHbiH 
1 

A • 

-cos u1 
ITonHoe .llH~paKUHOHHoe paccegHHg Ha MaTpHqHoH 

~ase I .ung sa.uaHHoro HanpaaneHHg nepaHqHoro nyqKa 

ocymecrsngercg B .uuanaaoHe .unuH BOJIH 

A .\ M = ,\ 0 • ctg 0 0 • T/ 

AO =2aisin00 , T/ - M03aUqHOCTb MOHOKpiiCTanna), 

(9) 

/8/ Ecmr MosauqHoCTb MeHbrne, qeM yrnapeHue llapBHHa 2s , 
2 
~Nc 

s = . IF I, 
rrs1n 2 0 

0 
( 10) 

( Nc - qHcno aneMeHTapHbiX gqeeK B e.uHHHUe oobeMa, 

F - aMnnHTy.ua paccegHHg Ha O.llHOH aneMeHTapHOH gqeH

Ke}, TO BM8CTO T/ B ~OpMyny (9) cne.uyeT llO,llCTaB-

ngTb 2s. 

( 1 - cos A In ) u 2 
MHO)KHTenb - 1--- A HMeeT MaKCHMyM, paBHbur n , 

-cosui 
npu AI =2rrk (k=±0,1,2, ... ) H o6paruaeTcg a Hynb npa 

12 

I L\ 1 - 2 rr k I= ~rr , r.e. pacceHHHe na noMeHax HOBOti cl,a3bi 

npOHCXO):lf!T f'JI8BHb!M o6pa30M B ):lflalla30He: (1-l...) <:A_< 
n A0 

<(1 + _L ) . ilnH KpHcranna c nocTaTO'-IHO Marroti M03aH'I-
n ,\ 12/ 

HOCTb!O 1,,\!\l << 0JL . . flo3TOMV, npH OUeHKe f!IIT8HC HBHOCTH 

pac:ceHHIHI Ha noMenax cpa3LI II . O.IO/h.HO C'IiiTaTb ee rrponop-

~ 2 Ao 
UHOH8ribHOll n • 0 - · 

floa S[a•S(fa B Cnyqae l~e~ LlTIITEl CJle!'JyeT I!OIHHv!aTb 

CpCDJH!e 3HCl'l2HHII K0Mf10H8HT Cllf!Ha, ll8[lfi8HIHIKYJ1Hflllb18 

npiiJIOiKeHHOMY 1\lftrl!HTHor-..ly nomD, TClK KLlK npH Hl [lll] 
c xopowen creneHbKJ TO'IHOCTII f l. H. 06osHa'-IHM 'ICfJe3 

w yron M8/KilY BCKTOpO'vl e H OCblO [111] ( e I= COSuJ 

e 2 = sin w , e 3 =0 ) • flonaraeM, 'ITO B HOBorr ~ase II 
yr'Ol! r ~· rr 

1
2, a B !\taTpH'IHOI\ cj,a3e I v * rr /2. Torna, 

·m 
Y'IHTbiBaH, 'ITO cmrH onHor·o HO!Ia ;-hene3n paseH i_ y6e.>K-

2 ' 
~~ll_ 

dn 
Ll88MC11, 'ITO CflHHODdH cyt,li\18 B 3blp[DKCHH!1 DriSI 

fl[lOTIOplU!Of!i.L'1hlli1 KBi1DpnTy jlfJ.::lf!OCH! flpOCKUlili CpEH11IH'~ 

;3l!Q'!C'ill1il CilifHC! l!a OTpUt!.L1lOLllYIO ll.riOCKOCrb: 

:! 
2: (i5,f' -e c,) (S -S )(S -S ) 

a .fi ,~ I " ) a (J II a I u · II f! I fJ 
( 1 1 ) 

2S lsm(uJ•y )-cos,d] 2 . 
4 rn 

CpauJII1M 3Ha'-lemrH CIEJJI>I'WH 

B cc l:J- i A !
2 

a 1 [ sin ( (J tv ) -cos(,; I 
LJ: . m 

( 12) 

;:(JISI HCCJl8DYCMblX OTp8n\8JWii, liOJJi1riHI 1 'ITO a j- Me>h

Til!OCKOCTf!OC paccTo>IHIH?. Dorrycn1r-..r, 'ITO rrpu T = 2,!0 K 
} - 70° T B - 2 9 1o-:l2 3 (3 ""' 10-:12 :l ) 'm- · orna (100)- , • CM . ,.Ja.. CM , 

B - 1 '' 5 1 0 -32 2 B - 0 0 1 1 0 ·32 :1 
(210) - •'" •. C!\l ' (:1:13) - ' • Cl\1 • 

.QJJH OTpmi<eHHSI ( 100) II~JHE\8118HbT 3H8'-18Hfl'il, COOTB8TCTBY!D

Ulfie TIOBOpOTy B8KTOpa f DO '!ClCOBOfi !1 npOTriB '-18COBOif 

CTp8l!KH, a H CliY'-Ii10 (210) npi!Hl1MCl8TC5l BO BHHMBH!18, '{TO 

Haiipasnel!Il>I ncsopoTa Tepc.ronuHaMH'IeCKH 3KBHBaJieHTHbl. 

0TIIOcrnenbHO 1\laJIOJ! seJJH'-IIIHOr"l B (333 ) MOIKHO o6'bSIC-

HHTb OTCyTCTBl18 ):lOTIOl!Hf!T8.rlbHOrO paCC8HHH'il HeriTpOHOB 

B TOCJKe ltwaoBoro uepexona s cnyqae oTpa/I<eHrrH (333). 
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n n a 
llnSI OUeHKH KOHUeHTp8UHH C = 0 1 

Do 
HOBOH ¢a3hl 

(Do - TonmHHa o6pa3ua) Heo6xoaHMO 3HaTh a<l$eKTHBHYIO 

M03aH'IHOCTh 71 3 MOHOKpHCTanna 121. BemPiHHa 71 3 onpe

aeneHa H3 H3MepeHHSI HHTeHCHBHOCTH OTpa*eHHH (100) 
npH T> TM , H = 0 Ha o6pa3Ue N98, noMemeHHOM 6e3 

KpHocTaTa a "6enhiil:" ny'loK peaKTopa. McxoaSI H3 Bhipa

*eHHSI anSI HHTeHCHBHOCTH nonHoro aH¢paKUHOHHOro OTpa-

*eHHSI 

I= i( .>.
0

) .\
0

• ctg6
0 

•7J
3 ( 13) 

i(.\0 )- HHTeHCHBHOCTb nepBH'IHOrO ny'IK8 HeHTpOHOB), 

nony'IHM 71
3 

= 7 ". 0Ka3anOCb 1 'ITO 8TO 3H8'!eHHe 6nH3KO 

K aenH'IHHe 2 s oTpa*eHHSI (100) anSI aoMeHoa, aeKTop 

8HTH¢eppOM8rHeTH3M8 KOTOpb!X COCTBBnSieT HaH60nbWHH 

yron C BeKTOpOM pacCeSIHHSI, T.e. anSI aoMeHOB 1 y KOTO

pb!X f .j. (111] (2s=8 "), 3TO 03Ha'laeT, 'ITO HCTHHHBSI 

M038H'IHOCTb MOHOKpHCTanna 7J• BO BCSIKOM cnyqae, MeHhWe, 

'!eM 8"'. 
KoHueHTpaUHSI Hoaoil: ¢a3hi HaxoaHTCH H3 Bhipa*eHHSI/

2
/: 

k.s c = ---~-.;_ ___ _ 

2 N~a~ B D 0 tg 0 0 

{14) 

B KOTOpOM k - OTHOWeHHe HHTeHCHBHOCTH paCCeSHIIH, 

o6ycnoaneHHOrO 38pOahiW8MH HOBOH ¢a3hl 1 K HHTeHCHBHOCTH 

nonHoro aH¢paKUHOHHOrO pacCeSIHHH Ha MaTpH'IHOH ¢a3e 

Toro *e o6pa3ua. Y'IHThiBaH, 'ITO a:MnnHTyaa pacceSIHHSI 

ang (1 00) Ha oaHoii sneMeHTapHoV. gqeil:Ke npH T < TM .... 

H= 0, 6nH3Ka K aMnnHTyae pacceSIHHH ans:I aoMeHOB f.l[lll] 
npK T > T M (npa T \TM ,BeKTOp aHTH¢eppoMarHeTH3Ma 

COCTBBnHeT yron 72 26 C BeKTOpOM pacceHHHH), H nona
f'BSI, B COOTBeTCTBHH C pH C. 3, k = 0,5, nonyqaeM llnH 

oTpa*eHHH (100) ( Nc ~3 10 22 cM·
3, s = 4", B = 3.10·32 cM~ 

D 0 = 0,8 CM): c = 2.10 . 
MHTeHCHBHOCTh pacceSIHHH Ha MaTpH'IHOH ¢a3e npH aefi

CTBHH MBrHHTHOro nons B cnyqae OTPB*eHHH (100) yMeHh

waeTC H B aea pa3a (eM. p H c • 3). A ywHpeHHe llapBHHa 

2s npH nOBOpOTe BeKTOpa ( B 6a3HCHYIO nnOCKOCTb 1 

cornacHo (10), yMeHhwaeTCH 6onee 3HB'IHTenbHO- c 8" 

14 

ao 2,5 ': 3To HeCOOTBeTCTBHe MO*eT CBHaeTenhCTBOB8Tb 

0 TOM, 'ITO HCTHHHBH M038K'IHOCTb MOHOKpKCTanna 

OKOno 4 ". 
B cnyqae (210) OTCyTCTBHe 3KCnepHMeHTanhHoro pe-

3ynhTaTa no pacceHHHIO Ha Ma TpH'IHOH ¢a3e Bb!We TO'IKH 

¢a30BOrO nepexoaa He n03BOnHeT npOH3BeCTH npHMOH 

OUeHKH KOHUeHTpBUHH HOBOH ¢a3hl. llaHHhle B Ta6nHUe 

ans (210) cny*BT nHWh yKa3aHHeM Ha HanH'!He aonon
HHTenhHoro pacCeHHHH HefiTpOHOB B TO'!Ke ¢a30BOrO nepe

XOilB. OaHaKo, Y'IHThJBaH, 'ITO o6pa3UhJ N95 u N98 H3ro

ToaneHw H3 oaHoro 6onhwero no pa3MepaM MOHOKpHCTan

na, MO*HO nonaraTh, 'ITO HCTHHHBH M038H'IHOCTh o6pa3Ua 

N95 TaK*e 6nu3Ka K 4"'. 3Ha'!eHHH ywupeHHH 2s npH 

T<T M , H = 0 H npH T< TM , H >Ho, paBHhJe cooTBeT

CTBeHHo 2" H l: MeHhWe, '!eM 7J. f103TOMy 1 B03MO)!(H0
1 

HHTeHCHBHOCTh au¢paKUHOHHOro pacceHHH51 Ha MaTpH'IHOH 

¢a3e He H3MeHHeTCH npu aeil:CTBHH nong, B TaKOM cnyqae 

anH TeMnepaTyphl 242 K B none 51,3 K3, ucnonh3YH aaH

Hhie Ta6nHUhi, nonyqaeM k = 0,28. TioacTaanHH ace Heo6-

xoaHMhie aaHHhie B ¢opMyny ( 14) ( BMeCTO S nOilCTBBnHeM 

.l7J=2" ,D 0 = 0,5 eM), nonyqaeM anH oTpa)!(eHHH (210) 
2 3 

aenH'IHHY c = 6.Hf', Y'IHThJBaH BeChMa npH6nH)!(eHHhiH 

XapaKTep npOH3BOaHMhiX OUeHOK H HeTO'IHOCTh 3KCnepHMeH

TanbHhlX aaHHhlX, MO)!(HO C'IHT8Th 1 'ITO 3TO 3HB'IeHHe 

Hennoxo cornacyeTCH c pe3ynhTaTOM, nonyqeHHOM Ha 

o6pa3ue N98. 
ll3MepeHHe TOnhKO HHTerpanbHOH HHTeHCHBHOCTH pacces

HHSi HefiTpOHOB Ha 3apoawwax HOBOH ¢a3hl He n03BOnHeT 

onpeaenHTh HX pa3Mepbi, Ho ecnu aonycTHTh aenH'IHHY 

cpeaHero paCCTOSIHHH Me)!(llY nnOCKHMH 3apoahJW8MH HOBOH 

¢a3hJ, paaHyiO 10-3 
CM, 'ITO xapaKTepHo anSI pacnpeaeneHHH 

HeoaHopoaHOCTeil: B MOHOKpHCTannax pa3nH'!HhlX BeiUeCTB, 

nonyqaeM cpeaaHe 3Ha'!eHHH TonmHHhl 3apoawweil: HOBoil: 

¢a3bl, KOTOpbie HaM yaaeTCSI perHCTpHpOB8Th: 200 H 600 fl. 
anH o6pa3UOB Nc8 H N95, cooTaeTCTBeHHo. 

TipencTaaneHHoe BhJWe paccMoTpeHue orpaHH'!eHo 

MO.Qenhi0 1 B KOTOpOH .QOMeHbl HOBOH ¢a3bl napannenbHbl 
OTpa*BIOIUeil: nnOCKOCTH, 'ITO, O'leBHaHo, HepeanhHO anH 
H3MepeHHH Ha pa3nH'!HblX KpHCTannorpa¢H'IeCKHX nnoc-
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KOCT51X, 0nHaKO nng IIpH6ntDKeHHblX OUeHOK 1 KOTOpbie ne
nanHCb B HaWeH pa6oTe, 8TO HecyrueCTBeHH0 1 T8K K8K 
MHQ)I<fl:Tenh, Y'HITbiB8!0IUHH opHeHT8UH!O llOMeHa HOBOH <jla3bl 1 

anSI yrna pacceSIHHSI 70°- rropSinKa enHHfiUbi 121. 
OTMeTf!M, wcxonSI H3 ycnoauli rrpoaeneHHhlX H3MepeHnli, 

'ITO BpeMSI )KH3HH perHCTpupyeMbiX 38p0llblilleH HOBOH 
<jla3bi a6nn3H TO'IKH <jla3oaoro paaHoaecuSI - He MeHee 
100 MKC, 

3AKfllOYEHl1E 

Pe3ynhT8Thl paccMOTpeHHOH pa6L~hl caonHTCSI K cne
nyJOIUeMy: 

1. Dpn H3MepeHHH nu<jlpaKUHH HelirpoHOB Ha "ToncTbiX" 
MOHOKpHCTannaX reMaTHT8 B HMIIynhCHOM MarHHTHOM none 
o6Hapy)KeHO 3H8'IHTenbHOe yaenu'leHHe HHTeHCHBHOCTH 
pacceSIHHoro rry'!Ka B o6nacTn MarHHTHoro <jla3oaoro rrepe
xona nepaoro pona. 3To yaenw'leHHeM rrpoSIBf!nocb B cny
qae OTpa)KeHHH (100} H (210), HO He 06Hapy)KeHO anSI 
oTpa)KeHH SI ( 333). 

2. llnSI 06b5ICHeHH5I 8KCIIepHMeHTanhHhlX pe3ynbT8TOB 
rrpuane'leHa Monenh nu<jlpaKUHOHHoro pacceSIHHH HelirpoHoB 
Ha noMeHax Manhlx pa3Mepoa B "ToncToM" MOHOKpHcTan
ne/2/.npoH3aeneH reopeTu'leCKHH aHanH3 nH<)JpaKUHH HeliT
poHOB H8 MOHOKpfiCTanne OCHOBHOH MarHHTHOH <jla3hl 1 

"rrpOHH38HHOM" TOHKHMH IInOCKHMH llOMeHaMH HOBOH <jla3hl, 
OTnH'l8JOIUeHC5I BenH'IHHOH HnH HarrpaaneHHeM MarHHTHhlX 
MOMeHTOB, llaHO 06b5ICHeHHe OTCyTCTBHSI 38MeTHOrO ysenH
'!eHHSI HHTeHCHBHOCTH HeHTpOHOB B Cnyqae OTpa)KeHHSI 
(333). 

3. Dpou3aeneHa oueHKa KOHUeHTpauHH Hoaoli <jla3hl, 
COO~BeTCTBYJOIUeH Ha6nJOnaeMOll HHTeHCfiBHOCTH HeliTpOHOB, 
B cnyqae oTpa)KeHHSI (100) Ha o6paaue ~8 oHa paBHa 
OKano 2.10-3 , a anSI oTpa)KeHHSI (210) Ha o6pa3ue N95 -
6.10-3 . EcnH cpenHee pac CTOSIHHe Me)Kny aaponbrruaMu 
HOBOH <jla3bl norryCTHTb paBHbiM 105 t., 8TH KOHUeHTpaUHH 
oraeqaJOT cpenHeli TonwHHe 3aponbJrueli 200 H 600 !5., 
COOTBeTCTBeHHO, 

16 

4. Ha OCHOBBHHfl H3MepeHHli nw<jlpaKUHOHHoro pacceg
HHSI Ha MaTpH'lHOll <jla3e IIOK838HO, 'ITO fiHTeHCHBHOCTb 
pacceSIHHSI anSI nnocKocreli (210) " (100) orrpenenSieTcSI, 
rnaBHbiM 06pa30M 1 yruapeHHeM llapBHH8, 'ITO SIBnSieTCSI 
peaynhT8TOM BhlCOKOll CTeiieHH COBeprueHCTBa MOHOKpHCTan
nOB. Dpow3aeneHa oueHKa M038H'IHOCTH ucrronh3yeMbiX 
o6pa3UOB, senH'IHHa ee OKano 4 "'. 

5. l1a ycnoauli 8KCIIepHMeHTa cnenyeT, 'ITO apeMSI 
)Klf3HH perHCTpupyeMb!X 38p0llb!Weli HOBOH <jla3b! - He Me
Hee 100 MKC, 

CnenyeT OTMeTHTh, 'ITO HMeJOmuecSI aKcrrepHMeHTanh
Hbie pe3ynhT8Tbl He II03BOn5IJOT peWHTb COBeprueHHO OllH0-
3H8'IHO BOIIpOC 0 IIpOSIBneHHH 3apOllhlWeli HOBOH <jla3hl, 
Heo6xonnMhl nanhHeliwue aaMepeHnSI, llnSI 6onee nocToaep
HOli oueHKH paaMepos 3aponbrrueli Heo6xoaHMO orrpeaenSITh 
KOHUeHTp8UH!O UeHTpOB 38pOllbiWeo6pa30B8HH5I. llnSI 8TOro 
rrone3HO H3MepeHHe, IIOMHMO HHTerpanbHOll HHTeHCHBHOCTH

1 

8HepreTH'leCKoro pacrrpeaeneHHSI pacceSIHHhlX HelirpoHoB, 
nnw xoTSI 6hr aenH'IHHbi ywupeHHSI A.\. DpencTaaneHHe o rrpo
CTpaHCTBeHHoli opneHT8UHH 38p0llbiWeli HOBOH <jla3bl MO)KeT 
6hlTb rrony'leHO H3 COIIOCT8BneHH5I HHTeHCHBHOCTeli 0Tp8)Ke
HHH OT pa3nH'IHhlX KpHCTannorpa<jln'!eCKHX ITnOCKOCTeH, 

B 3aKnJO'leHwe aBTOphl 6naronapSIT A.B.AHnpocoaa 3a 
KOHCTpyHpOB8HHe HMIIynbCHOrO MarHHTa, f.A.BapeHHKa 38 
aHa'lnTenbHbili BKnan B rronroTOBKY " rrpoaeneHHe H3Mepe
Huli, E.H.Conoahesa 3a H3roToaneHHe " HanaaKy cucTeM 
aneKTpOHHOrO yrrpaaneHHSI HMIIynhCHOll MarHHTHOll ycTa
HOBKH, M,CTpaXOTOBy 38 IIOMO!Ub IIpH o6pa60TKe 8KCIIepu
MeHT8nbHhlX peaynbT8TOB, 
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