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Eanarypos A.M. a ap. Pl4 - 11811 

Mero.tt aa6moaeaas .tlOMeaaoil crpyKTypbi ceraeroaneKTpHKOB 
HB &ei!TpOBHOM .tlH~p8KTOMeTpe no BpeMeBH nponeTa 

Hano~esa MeTO.tlHKa HCcneaosaHH!I aa .tlH~paKTOMeTpe no speMeHH npo
nera .tlOMSHHOil CTpyKTypbi KpHCTannoB, H npo.tteMOHCTpHpOBBHO npHMeHeHHe 
3TOil MeTO.tlHKH HB npHMepe C9I'HeT03neKTpHK8 .tlH.tleiiTepO~OC~BTB KBnHSI 
(DKDP). 3KcnepHMeHTbl npose.tteHbl HB .tlH~PBKTOMeTpe nH<t> OHHI1, ycraHOB
neHHOM HB HMnyllbCHOM peaKTOpe HEP-30. no 3KcnepHMeHTBnbHbiM .tlBHHbiM 

nocrpoeHbi ce'!eHH!I HeKoTOpbiX yanos o6paTHoil peweTKH KpHCTanna H pac
C'IHT8Hbi I'eOMeTpH'!eCKHS xapaKTepHCTHKH .tlOMeHHOil CTpyKTypbi. nony'leHHbie 
peaynbTBTbi noarsep~.tta!OT aasecrHyiO MO.ttenb .tlBOiiHHKOBBHH!I DKDP c yrnoM 
cnoaraaaoro casara u xy = ( 31,3:t_0,6) • npH T =80 K. 06cy~.tta!OTC g soa-
MO~HOCTH Meroaa speMeHH nponera ans H3y'leHH!I .ttHHsMHKH nepecrpoeK 
.tlOMSHHOil CTpyKTypb! no.tt .ttei!CTBHSM BHSWHHX noneil. 

Pa6ora BblfiOnHeHa B na6opaTOpHH HeiiTpOHHOil ~H3HKH OHHH. 

npenpHHT 06bellHHeHHOI'O HHCTI!TyT8 SlllepHbiX IICCnellOBBHHil. lly6Ha 1978 

Balagurov A.M. et al. Pl4 - 11811 

Methcxi of Observing the Domain Structure of Crystal 
by Using the Time-of-Flight Neutron Diffractometer 

The procedure of investigating the domain structure of 'crystals 
by using the time-of-flight (TOF) diffractometer is discussed. As an 
example the authors performed the experiment on the investigation 
of the ferroelec tries KD2 P04 (DKDP) with the TOF diffractometer 
installed at the IBR-30 pulsed reactor in the Neutron Physics Labo
ratory (Joint Institute for Nuclear Research). On the basis of the ex
perimental data the cross sections of some spots of the crystal re
ciprocal lattice were constructed and geometrical characteristics of 
the domain structure were calculated. The results obtained are in 
agreement with the DKDP twinning mcxiel with a spontaneous shear 
angle Uxy..(31.3±0.6) 'at T-80 K that has been proposed earlier. A pos-• 
sibility of the 'I'OF methcxi application for studying of the dynamic 
of the domain structure rearrangement under the action of an exter
nal field is also discussed. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06b811HHeHHblit KHCTHTYT HJiepHbiJC HCCnetzOBBHHil P.y6HB 

1. BBEJ(EHHE 

Pa3JIH'IHLie cTpyKTYPHLie clJa30BLie nepexoALI /ceruero-

3JieKTPH'IeCKHe, clJeppoMarHHTHble, 4Jepp03JiaCTH'IeCKHe H 

AP./ conpoao>K,AaiOTCJI pa36HeHHeM KpHcTanna B HH3KOCHM

Mel~H'IHOH 4Ja3e ua AOMeHLI - Tpauc$opMaUHOHHLie ABOHHH

KH' l .B o6~eM CJiyqae B03HHKHOBeHHe TaKOH AOMeHHOH CTpyK

Typbi llpHBOAHT K 93MeHeHHIO 4JopMbi/paCIUeUJieHH~/ 6p3r

rOBCKHX AH!}JpaKUBOHHbiX llHKOB.AHaJIH33THXH3Me-~HHH AH$

paKUHOHHOH KapTHHbl ll03BOJIJleT llOJIY'IHTb HHclJopMaUHID 06 

ynaKOBKe AOMeHOB, HX OTHOCHTeJibHOM o6'beMe B KpHCTaJIJie 

H CllOHTaHHOH /B03HHKaiDIUeH npH 4Ja30BOM nepeXOAe/ Ae

clJopMaUHH peweTKH KpHcTanna. HccneAY.II TeMneparypuyro 

3aBHCHMOCTb BeJIH'IHHbl paCIUellJieHHB UHKOB, MO)KHO HJIH 

onpeAeJIHTb 3aBHCHMOCTb napaMeTpa nepeXOAa OT TeMne

paTypbi, HJIH YCTaHOBHTb Heco6CTBeHHbiH xapaKTep nepe

XOAa, a npunaraB cooTBeTCTBYIDIUee auewuee none /3JieKT

puqecKoe, MarHHTHOe/ HJIH MeXaHH'IeCKOe B03AeHCTBHe , 

MO:>KHO onpeAeJIHTb llOBeAeHHe CTpHKUHOHHbiX H llbe303JieKT

puqecKHx Ko3<W>uuueuToB npu nepexoAe. HaKoueu, nepeKmo

'laB AOMeHbl C llOMOlUbiD TaKOrO BHeWHero llOJIB, MO>KHO 

AHclJpaKUHOHHbiMH MeTOAaMH He TOJibKO H3y'laTb AHHaMHKY 

AOMeHHOH CTpyKTypbi, HO H llOJiy'laTb HHclJOpMaUHIO 0 nepe. 

cTpoB:Ke aTOMHOH CTPYKTypbi, conpoBo)K)J.aroiUeii 3TH nepe-

_KJIJO'IeHHB 11 oTpa:>KaroiUeB: cTpyKTYPHbiH MexaHH3M clJaJoBoro 

nepexoAa. H3 cKa3aHHoro BCHO, 'ITO npuMeHeuue AllliJPaK

UBOHHLIX MeTOAOB AJIB B3y'leHHB AOMeHOB B KpBCTaJIJie 

AaeT aa:>KHYIO uuclJopMauuro o CTPYKTYPHLIX dJa30BbiX nepe

XOAaX H He CJiy'laHHO npBBJieKaeT BCe 60JibWee BHHMaHBe 

HCCJieAOBaTeJieH. 
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PH~ JKCnepHMeHTOB no H3yqeHHffi HBneHHH, B03HHKaro
UUIX npu $a30BOM nepexo~e B cerHeToJneKTPHKe, npoae~eH 
a nocne~Hee apeMH Ha pa3nHqHbiX Tunax ~u$paKToMe;roi 
C MOHOXpO~T,qeCKHM H3nyqeHHeM: J.!e,HTreHOBCKOM ,S , 
HeHTpOHHOM 4•5 H y-~H$paKTOMeTpe6{MeTO~ ~H$paKI.{HH 
He:HTpoHoB acne~cTBHe Manoro nornmueHHH H3nyqeHHH o6-
pa3I.{OM JcPcPeKTHBeH npH HCCne~OBaHHH cpaBHHTenbHO Kpyn
HbiX I V = 1 c.M 3 I KpHCTannoa. B TO *e apeMH, nocKonLKY 
uccne~oaaHHe ~oMeHHOH cTpyKTYPbi Hepe~Ko Tpe6yeT H3y
qeHHH 6onbiiiHX o6nacTe:H o6paTHoro npocTpaHCTBa KpHcTan
na, Cyll.{eCTBeHHbiM OKa3biBaeTCH TO, qTo CBeTOCHna peHT
reHoBcKoro ~u$paKTOMeTpa o6biqHo HaMHoro 6onLille, qeM 
HeHTpOHHoro. 

B CBH3H C nOHBneHHeM MOII.{HbiX HMnynbCHbiX HCTOqHu
KOB HeHTpOHOB a nocne~HHe ro~bl ace 6onbillee npHMeHeHHe 
B JKCnepHMeHTaX no ~H$paKI.{HH HeHTpOHOB HaXO~HT MeTO~ 
BpeMeHH nponeTa, OCHOBHble OC06eHHOCTH H ~OCTOHHCTBa 
KOToporo oTpa*eHLI a o63ope/7 /. HcnonL30BaHHe B ~u«P
paKTOMeTpe no apeMeH:Hiij>O.JieTa I ,D;BIII "6enoro" IMaK
caennoacKorol cneKTpa HeHTpOHOB no3aonxeT, a npHHUHne, 
nonyqaTb HH$opMauuw cpa3y o 6onbiiiOH o6nacTH o6paTHoro 
npocTpaHcTBa KpHCTanna. 06'beM Ha6nro~aeMo:H o6nacTH, 
a cne~oBaTenbHO, H CKOpOCTb Hafiopa JKCnepHMeHTanbHOH 
HH$OpMai.{HH, 3aBHCHT OT orpaHHqeHHH cneKTpa HeHTpOHOB 
no HHTeHCHBHOCTH CO CTOpOHbl ManbiX H 60nbiiiHX ~nHH 

BOnH H OT npHMeHHeMOH ~eTeKTOpHOH CHCTeMbl. )l;nH un
niDCTpai.{HH Ha pUC. J npe~CTaBneHa O~HOBpeMeHHO Ha6nro
~aeMaH Ha )l;Bil o6naCTb o6paTHOrO npOCTpaHCTBa KpHCTan
na B cnyqae npHMeHeHHH O~HOMepHOrO n03HI.{HOHHOrO 
~eTeKTopa, oxaaTbiBaroll.{ero HHTepaan yrnoa pacceHHHH 
(20 . 20max) H npH HCnOnb30BaHHH HeHTpOHOB C BOnHo-

mln' ' 
BbiMH BeKTopaMH B HHTepaane (Jl:min .kmax>· 

Ilo cpaBHeHHID C OfiblqHbiM HeHTpOHHbiM ~H$paKTOMeTpOM 
)l;Bil o6na~aeT ell.{e, no KpaHHeH Mepe, ~BYMH ~OCTOHHCTBa
MH. Bo-nepBbiX, BCH Ha6nro~aeMaH o6naCTb HC
cne~yroTCH O~HOBpeMeHHO, qTo Cyll.{eCTBeHHO C TOqKH 3peHHH 
HeH3MeHHOCTH ycnOBHH JKCnepHMeHTa H, BO-BTOpbiX, )l;BII 
no3BOnHeT JcPcPeKTHBHO uccne~oaaTb nepexo~Hble npoueccbi 
ManoR ~nHTenbHOCTH, npOHCXO)J;HII.{He B KpHCTanne no~ BnHH
HHeM BHeiiiHero nonH, HanpHMep MarHHTHOrO HnH JneKTpH
qecKoro/8/, 
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y• 

x• 
Puc.l. Ha6mooae.Ma.R o6Aacmb o6pamHozo npocmpaHcmea 
KpucmaAAa. HcnoAb3Y€MbiU uHmepeaA cneKmpa kmin ~k9tmax' 
oemeKmop oxeambreaem uHmepeaA yzAoe pacce.RHU.R 
20. <20<20 • mm - - max 

B HaCTOHIUe:H pa6oTe H3nO)I(eHa MeTo~HKa uccne~oaa
HH.II Ha ,D;BII JJ;OMeHHOH CTPYKTYPbi , B03HHKaroiUe:H a Kpuc
Tanne npu CTPYKTYPHOM 4la3oBoM nepexo,IJ;e , H npo.IJ.eMoH
CTpHpoaaHo npHMeHeHHe JTOH MeTO,IJ;HKH Ha npHMepe MO
~enbHOrO cerHeToJneKTPHKa ~u~e:HTepo4loc4laTa Kanux 
KD2 P04 (DKDP). B pa3,IJ;ene "MeTOJJ;HKa pacqeToa" 
npBBe~eHbl OCHOBHble COOTHOilleHHH, He06XO~HMble ~nH 

OnHCaHHH H aHanB3a 4lopMbl ~H4lpaKI.{HOHHbiX nHKOB, B03HH
Karoll.{eit npH TpaHc4lopMai.{HOHHOM ~BOHHHKOBaHHH, ~anee 

OnHCaHbl JKCnepHMeHTbl H npHBe~eHbl HeKOTOpble nonyqeH
Hble pe3ynhTaTbl, xapaKTepH3YIDUUie B03MO)I(HOCTH MeTo~a. 
B JKcnepuMeHTax Mbl ucnonb30BanH o6blqHbiH "ToqeqHbiH" 
~eTeKTOp, llOJTOMY O~HOBpeMeHHO Ha6nro~aeMaH o6naCTb 
o6paTHoro npocTpaHCTBa npe~cTasmma co6o:H oTpe3oK 
npHMOH, a ~nH nonyqeHHH ~ByMepHbiX ceqeHHH y3nOB 
o6paTHOH peilleTKH npOBO~HnOCb CKaHHpOBaHHe ~eTeKTOpOM 

B HeKO.TOpOM ~Hana30He yrnoB pacceHHHH. 
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2. MET0,4HKA PAClJETOB 

a. cJ>opMa OOUHO'IHOZO ourfipaKijUOHHOZO nuKa. 

llonHoe peweHHe 3a.JJ.a'IH o Bhi'IHcneHHH 4JopMhl .JJ.HcilpaK
UHOHHoro nHKa, H3MepeHHOrO Ha ,[I.Bll, Tpe6yeT 3HaHHJI 
cPYHKUHH pa3peweHHJI .JJ.H4JpaKTOMeTpa/9,; 0.D.HaKO )J.nJI HHTep
npeTaUHH OnHCblBaeMblX HH:>Ke 3KCnepHMeHTOB )J.OCTaTO'IHO 
ynpOIUeHHhiX COOTHOWeHHR, nonyqeHHhiX B pa6oTef10/, 

0CHOBHhiMH 4JaKTOpaMH, BnHJIIOIUHMH Ha cPOPMY nHKa, 
xanxiDTCJI: P~ 1 ) - pacnpe.D.eneHHe HeRTpOHOB no yrny a 
nepBH'IHOM ny'IKe, W(y2 ) - pacnpe.JJ.eneHHe opHeHTaUHR 
M03aH'IHhiX 6noKoB a KpHcTanne H R(() - pacnpe.D.eneHHe 
BpeMeHH BhlneTa HeRTpOHOB H3 HCTO'IHHKa. Y'leT nepBhiX 
.D.BYX 4JaKTOpOB npHBO)J.HT K cne)J.yiDIUeR 4JopMe nHKa: 

Q(f,y)- P(y + ~~tg(J). W(y + ~tgO), /1/ 

r)J.e ~ = (k- k )/k - OTHOCHTenhHOe OTKnOHeHHe MO)J.ynx 
0 0 u BOnHOBOrO BeKTOpa HeHTpOHa OT HOMHHanhHOro 3a'leHHJI, 

Y = 2(0- 00 ) - OTKnOHeHHe yrna pacceJIHHJI OT HOMHHanh
HOrO 3Ha'leHHJI, e - yron 1ip3rra. B rayccoBOM npH6nH:>Ke

HHH .JJ.nH pacnpe.JJ.eneHHR P H W 

Q(~, y) =exp(-A~ 2
- 2B~y- C y 

2
), /2/ 

r)J.e 

A = ..!.._ tg 20(4G + T) , B = ...!_ tg0(2G + T) C = J..cc + T)· 
2 2 ' 2 ' 

G = 1/Dp, T =1/Dw - aenH'IHHhl, o6paTHhie .D.HcnepcHJIM 
pacnpe.JJ.eneHHR P H W. llpHpaBHHaax noKa3aTenh 3Kcno
HeHThl B /2/ HeKOTOpOH KOHCTaHTe L, nonyqaeM Ce'leHHe 

nHKa nnocKOCThlO Ha ypoaHe exp( -L): 

c2 2 As , 2B~y + Cy = L, 

'ITO JIBnJleTCJI 3nnHnCOM, noaepHyThiM OTHOCHTenhHO 
t H y Ha yron a = % arctg ( 2B/ (A- C)). )J.nx 
pacnpe.JJ.eneHHJI . R(() Heo6xo.JJ.HMO HaRTH caepTKY 

Q'(~,y) =fQ(~-(,y)R(()d(, 
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/3/ 
oceH: 

y'leTa 

no)J. ( 3)J.eCb nOHHMaeTCJI OTKnOHeHHe OT cpe)J.Hero apeMeHH 
BhineTa, Bhlpa:>KeHHoe a e.JJ.HHHuax nonHoro apeMeHH nponeTa. 
,[l.nx R(() = exp(-( 2/28 2 ) = exp(-D(2 ) nonyqaeM 

Q'(~.y) = exp(-A'~ 2- 2B'~y- C'y2), 
/4/ 

r.D.e A'=AD/(A+D), B' =BD/(!A+D), C'=C-B
2

/(A+D). 
AHanorH'IHO MO:>KeT 6hiTh y'ITeHo n106oe .JJ.pyroe anHJIHHe 
Ha Q (~, y), 3aBHCJIIUee OT nepeMeHHOR, He KOppenHpyiD
weR C ~ H y. HanpHMep BnHJIHHe WHpHHhl KaHana aHanH3a
TOpa HnH KoHe'IHOR yrnoaoR anepTyphi .JJ.eTeKTopa. 

HTaK, a rayccoaoM npH6nH:>KeHHH O.JJ.HHO'IHhiR .JJ.H4JpaK
UHOHHhiR nHK JIBnJleTCJI )J.ByMepHbiM rayccHaHOM C 3nnHn
TH'IeCKHM Ce'leHHeM, )J.HCnepCHJI KOTOpOrO Bhipa:>KaeTCJI 

qepe 3 aenH'IHHhi A~ B 'H C '. 

6, Ce.R3b .:JKcnepuMeHma/lbHbiX KoopouHam c KoopouHa

maMu o6pamHozo npocmpaHcmea Kpucma1111a 

06pa3oaaHHe .JJ.OMeHHOR CTPYKTYPhl a cerHeToJneKTpH
Kax npHBO)J.HT K pacmenneHHIO .JJ.H4JpaKUHOHHhiX nHKOB Ha 
HecKonhKO KoMnoHeHT. TaKoe cno:>KHOe pacnpe.D.eneHHe Mo:>K
HO onHcaTh KaK cyMMY HeCKOnhKHX cPYHKUHR Q'(~, y) CO 

C)J.BHraMH no ~ H y: 

Qs (~,y) = ~riQ'(~-~i• Y- Yi ), 
1 

/5/ 

r)J.e ri - BeCOBhie MHO:>KHTenH KOMnOHeHT. 

Bo3MO:>KHhi .JJ.Be 3a.JJ.a'IH: 
- no 3a.JJ.aHHOMY /HnH npe.D.nonaraeMOMY I pacwenneHHID 
y3noa o6paTHOR peweTKH HaRTH aenH'IHHhi (~i , Yi) H no 
/5/ OUeHHTh B03MO:>KHOCTh 3KCnepHMeHTanhHOrO Ha6niD)J.e

HHJI .JJ.OMeHHOH cTpyKTYPhi KpHcTanna; 
- no HaH)J.eHHhiM H3 3KCnepHMeHTa Ha6opaM (fi, Yi) 
HaRTH KOOp)J.HHaThl COOTBeTCTBYIOIUHX TO'IeK B o6paTHOM 

npocTpaHcTae KpHcTanna. 
B o6oHx cnyqaxx Heo6xo.JJ.HMO 3HaTh CBJ13h 3KcnepHMeH-

TanhHhiX KOOp)J.HHaT (f, y) C KOOp)J.HHaTaMH o6paTHOrO npo
CTpaHCTBa (x*, y*, zl). PacCMOTpHM 3TY CBJI3h )J.nJI MeTO)J.a 
Ha6niO)J.eHHJI ceqeHHJI ~\Y~ o6paTHOrO npocTpaHCTBa C 
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nOMO~hiD H3MeHeHH~ yrna pacce~HHB lcKaHHpOBaHHe ~e
TeKTOpOMI. reoMeTpHB 3KcnepHMeHTa H306pa:lKeHa Ha 
puc. 2. lf3 pHCYHKa BH~HO, 'ITO 

x* = r cosl/J 
0 0 0 ' 

Y* = r sin·'· o o '~'o ' 
161 

npH'IeM rrr = k sine. ,LJ;u!WlepeHD;HPYB I 61 no k H e 
H Y'IHTLIBa~. 'ITO dk"" eko. de ~y/2, ¢ .. const "'¢o 'nony'IHM 

(x*-x*)/r =ecosl/J -y/2-(cosl/f /tge +Sinl/J ), 
0 0 0 0 0 0 

171 
(y*-y*)/r =esinl/J -y/2.(sinl/f /tgO -cosl/J ), 

0 0 0 0 0 0 

!J* 
Y.* 

0 

x* • 
Puc.2. Ca.113• Koopc)uHa• <e, y) c Koopc)uHa111aMu (x *. y *) 
npu cKaHupoaaHuu c)e•eKIIIopoM. H3MeH.Re111CJI yzoA y, yzoA 
¢J = const = ¢ 0 • 

8 

.. 

r~e X(\, y(), tj;
0

, eO COOTBeTCTBYIDT 3Ha'leHHBM, OT KOTO-
phiX Be~eTCB OTC'IeT. Pa3pewaB 17 I OTHOCHTenhHO e H y. 

6y~eM HMeTh 

e = 
(y*-y*) cos(e -1/J ) +(x*-x*)sin(e --1 ) 

0 0 0 0 0 0 

r 
0 

sine
0 

(y *- y ~ ) cos 1/J 
0 

- ( x * - x ~ ) sin 1/J 0 
y = 2. 

ro 

e. HHmezpa/lbHble ce'leHuJI. 

181 

~opMynw 17 I ~aiDT peweHHe BTopoii Hl yKa3aHHhlX 
BhlWe 3a~a'l, KOTOpaB CBO~HTC~, TaKHM o6pa30M, K onpe
~eJieHHID Ha6opa nap <e. , y . ) • B npuHu;une, aenH'IHHhl 

1 1 
<e., y.) MO>KHo nony'IHTh Hl pacnpe~eneHHB Q <e ,y ). O~Ha-

1 1 s 
KO 3TO Tpe6yeT npHBne'leHH~ CJIO>KHOrO MaTeMaTH'IeCKOrO 
annapaTa aHanuJa ~ByMepHhiX nHKOB. 6onee npocThlM 
cnoco6oM BBnBeTc~ nepexo~ oT ~ByMepHoro pacnpe~eneHHB 
Q 

8 
<e, y) K O~HOMepHhlM HHTerpanhHhlM Ce'leHHBM 

I(e)= JGS<e,y)dy, I< y) = .r Q <e ,y) cte s 
191 

H HX aHaJIH 3. 
,lJ;JI~ O~HHO'IHOrO MaKCHMyMa Q' (e, y) - raycCOBa cPYHK-

D;HB (cPopMyna I 41) H cPYHKD;HH I(e> H I (y) - TaK:lKe 
rayccuaHw. B cnyqae cno:lKHoro pacnpe~eneHHB, no~cTaB-

JIBB 151 B 191, noJiy'IHM 

ICe) = J ~ r. G <e- e . , y - y . ) d y = ~ r1 I( e -e . ) , I 10 I 
i 1 1 1 i 1 

T.e. I(~ lu aHanorH'IHO I(y) 1 npe~cTaBn~eT 
co6oii CYMMY rayccHaHOB C n;eHTpaMH B TO'IKaX e i (y i ) ~ 
B 6onhWHHCTBe cnyqaea ~n~ onpe~eneHHB acex Ha6opoa 
BeJIH'IHH (ei ,y i ) ~OCTaTO'IHO npoBeCTH H3MepeHHB H npo
aHaJIH3HpOBaTh pacnpe~eneHHB 191. 
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llpH CHMMeTpH'IHbiX pac~enneHHXX B03MO)I(H0 HaJIO)I(eHHe 
oT.n.enLHbiX nuxoa u ueo6xo.n.uMo, no xpauueu Mepe, npoaec
TB Ka'!eCTBeHHbiB aHaJIB3 nOJIHOrO pacnpe.n.eneHBX /5/ · 
HanpuMep, B cnyqae pac~enneuux y3na (OkO) ( T .e. npu 
tjJ 0 = TT/2). no cxeMe (x * - x * , y '!' _ y ~ ) ( ± g, ± q) 
nony'IBM (~i, y i) =((±g1.ctg~ 0 ±cb/r 0 , ±2g/r 0 ) u, cne.n.o-
BaTenLHo, npu g. ctg80 = q pacnpe.n.eneuue I(~ 6y.n.er 
COCTOXTb H3 TpeX, a npB g. Ctg8 0 f. q - H3 '!eTblpex 
nuxoa. Pacnpe.n.eneuue l(y) npu mo6blx yrnax pac
ceJIHH.II 6y.IJ,eT COCTO.IITb H3 .IJ.BYX nHKOB. 

3. 3KCIIEPHMEHTAJibHAJI tJACTb 
H OSCY)J(J{EHHE PE3YJibTATOB 

,l],oMeHHa.R cTpyxTypa cerueTo:weKTpuqecxou 4la3LI 
xpucranna DKDP ua6JIJO.n.anacL B .n.u4!paxuuoHHOM 3Kcne
PBMeHTe ua ,l],Bll I 1 10Ja6opa ropuu ueuTpOHHOB 4!B3HKH OH.HH 
ua HMnynLCHOM peaxTope HliP- 30 /12~Peaxrop pa6oTan 
co cpe.n.ueu MO~HOCTLJO 20 KBm npu qacToTe 5 T14. 06pa3eU 
B au.n.e npxMoyronLHoro napannenenune.n.a 8x9x10 ..w..w3 
C pe6paMH B,ll,OJib KpHCTannorpa4!H'IeCKHX OCeB MaJIOB 3Jie
Meurapuou .R'IeBKB jnp. rp. I4 2d I ucxo.n.uou TeTparo
uanLHOB 4!a3bl noMeJ.UaJICJI B KpHOCTaT C perynupyeMOB 
TeMnepaTypou. HoMHHaJILHbiB yron pacce.RHHJI ueuTpouoa 
cocTaBnJin 86 o. Cxauupoaauue o6paTHoro npocTpaHCTBa 
ocymecTBn.RnocL nepeMe~euueM .n.eTeKTopa c anepTypou 
oxono 30' rnaraMH no 15' B HHTepaane yrnoB pacceJIHHJI 
nop.II.IJ.Ka 5° .Il,Jl.ll HanpaBneHHB ( h h 0] ~ H OKOJIO 4 ° .IJ,JIJI 
uanpaaneuuu [ h 0 O]. To'IHOCTL 4luxcauuu nono)l(eHHJI .n.eTeK
TOpa COCTaBJI.IIJia 2 ', BpeMX H3MepeHHJI B Ka)I(.IJ,OB TO'!Ke -
B cpe.n.HeM 20 MUH. ,l1,u4!paKUHOHHble llBKH perHCTpHpOBaJIHCb 

0 

B .n.uana3oue .IJ.JIHH aonH /0,7-:-6,0/ A,'ITO noJaonxno Ha6-
JIJO.IJ.aTL O.Il,HOBpeMeHHO BCe nepBble nopJI,ll,KH .Il,O (1400) 
BKJIJO'IHTeJILHO npB OTpa)l(eHHH HeBTpOHOB OT nJIOCKOCTB 
(100). 

llepexo.n. DKDP B cerHeToJneKTpuqecxyJO 4la3y, onpe
.IJ,eJIXBlliHHCX no pac~enneHHIO .IJ.H4!paKUHOHHbiX nBKOB, npOHC-

-X B HaCTOX~eii pa6oTe HCnOJib 3YJOTCJI HH.IJ,eKCbl 60JiblliOH 
rpaueueuTupoaauuoii gqeuxu TeTparouanLuoii 4la3bl xpuc
ranna /np. rp. F . J;;: /. 
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I 

xo.n.un npu Tc"" 214 K, raxoe 3Ha'!eHHe TO'IKH Kl<>PH coor
BeTCTByer -92~-HOMY .n.euTepupoBaHHJO o6pa3ua/13t)capax
repHbiB BH,II. .IJ.H4!paKUBOHHbiX nBKOB, H3MepeHHbiX C anep-

I 

(040) T=293K 

2,55 2,51 2,59 2,61 2,63 

IJ 
(040) T=BOK 

2,51 2,53 2,55 2.51 2,59 2,61 2,63 
0 

.i\.A 

Puc. 3. Pac~enlleHue iJu(JpaKijUOHHOZO nuKa npu nepexoiJe 
e cezHemo.J/IeKmputteCKYJO (Ja3y. 

TypoH .IJ,eTeKTOpa . - 4°, B napa- H cerHeT03JICKTPB'leCKOH 
4la3ax npuae.n.eu ua puc. 3. llpu noBblrneuuu TeMneparypbl 
o6pa3ua Bblllie Tc BH.Il. cnexTpa, nepBoHa'laJILHO ua6JIJO.n.aa
rnerocJI B napa4la3e, nOJIHOCTbJO BOCCTaHaBJIHBaJICJI B COOT" 
BeTCTBHB c o6paTBMbiM xapaKTepoM liJaJoaoro nepexo.n.a. 

11 



llpH nOBTOpHMX nepeXOAaX B cerHeTOJneKTpHqeCKYW~a3y 
OTHOCHTenbHhle HHTeHCHBHOCTH KOMnOHeHT AH~paKUHOHHhlX 
nHKOB npaKTHqeCKH He MeH.HllHCb, qTO CBHAeTellbCTByeT 
0 nOCTO.HHCTBe 06'beMa, 3aHHMaeMOrO B KpHCTanne AOMe

HaMH OAHOrO THna. 
H3BeCTHo, qTo AOMeHHoe ABOHHHKOBauue B IKDPnpoucxo-

AHT B (xy)-nnOCKOCTH/l~ nOJTOMY npOH3BOAHllOCb CKaHHpo
BaHHe HanpaBneHHH THna [ hk0) o6paTHOH perneTKH KpHCTan
na. Bee o6cy~AaeMhle HH~e pe3ynbTaThl 6hlnH nonyqeHhl 
npu T =80 K. 

06pa6oTKa JKcnepuMeHTanbHhlX cneKTpOB 3axnwqanacb, 
Bo-nepBbiX, B nocTpoeHHH ceqeHHH y3noB o6paTHOH perneT
KH KpHCTanna H, BO-BTOphlX, B BhlqucneHHH H aHallH3e 
HHTerpanbHhlX ceqeHHH I(~) H I(y). 

(080) 

-0,0262 

Puc.4. CetleHue yaAa 
ouHamax (~ ,y ). 
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~ 

Q015 

o,o252 r 

(080) DKDP npu T=BO K e Koop-

Ha puc. 4 npuBeAeHo ceqeuue y3na ( 080) B 3Kcnepu
MeHTan!!_H.biX KOOPAHHaTax (~,y), a Ha puc. 5 - ceqeuue 
y3na (660) B KOOp,IJ;HHaTaX (x*,y>i}. 0TqeTnHBO BHAHO pac
ll.\enneHHe y3na (080) ua qeThlpe, a y3na (660) - ua TPH 
KOMnOHeHT.bl. 3TO CBHAeTellbCTByeT 0 TOM, qTo B HallleM 
cnyqae Ha6nwAanHCb ABa BapHaHTa ynaKOBKH AOMeHOB 
H3 Tpex, 06Hapy~eHHWX B pa6oTe/ 3/,a HMeHHO BapHaHThl, 
OTB~qaiOII.\He npOCT.biM CABHraM no HanpaBneHH.HM (1101 
H [110) , C COXpaHeHHeM cnnOlliHOCTH KpHCJ:anna B COOTBeT
CTBHH co cxeMoil, npeAno~euuoil B pa6oTax I 141. 

HHTerpanbHWe ceqeuu.a I(() cocTo.anu H3 Tpex nHKOB 
H All.H [h00) /puc. 3/, H All.H[hhO) HanpaBneHHH. B cnyqae 
HanpaBneHH.H [h00) 3TO 06'b.HCH.HeTC.H TeM, qTo B AaHHOM 
3KCnepHMeHTe OKa3anOCb B.blnOnHeHHblM ycnOBHe g ctg0 = q 
MJI paccMoTpeuuoro npuMepa. Ceqeuu.a I(() u I(y) o6pa-
6aTwBanucb no nporpaMMe DIFPAT /15( B JToil nporpaMMe 

0,580 

y* .A-1 
I 

0,570 

0,56(1 

-0.580 -0,570 -0.560 

X* ,A-' 
I 

Puc.S. CetleHue yaAa (660) DKDP npu T =IJ.O K e Koopou
Hallax (x*,y*). l(eHIIpaAbHblii nuK yaAa (660) cooep:rum 
06€ KOMnOHeHmbl. 
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HCnonb3yeTCH MeTO)l,, He Tpe6yiO~HH 3a,ll,aHHH napaMeTpH
'IeCKHX IPYHKUHH KoMnoHeHT cneKTpa. <l>opMa nHKa onpe,ll,enH
eTCH 3KCnepHMeHTanbHO H BBO,Il,HTCH B nporpaMMY o6pa6oT
KH KaK MO,Il,enb. ~nH o6pa6oTKH nHKOB B !(2") HCnOnb30Ba
naCb MO)l,enb nHKa oT I C.;) B napa3neKTPH'IeCKOH 4la3e, 
a ,IJ,nH nHKOB a I(y) MO,Il,enbiO cny:>K:Hn rayccHaH. Ilony'leH
Hble H3 H;) H I(y) Ha6opbl (.; .y

1
) no !PopMynaM /7/ nepe

C'IHTbiBanucb B (Xi- x 0, Yi- yO), pe3ynbTaTbl )l,nH HeKo
TOpbiX Y3nOB o6paTHOH peweTKH npe,ll,CTaBneHbl B ma611Uije. 

' IlpH onpe,ll,eneHHH H3 I(,;) H I(y) BenH'IHH c.; i , y i )HOMH-
HanbHbie 3Ha'leHHH MO)l,ynH BOnHOBOrO BeKTOpa HeHTpOHa 
H yrna pacceHHHH Bbl6upanHCb ua ocuoae npe,ll,nono:>KeHHH 
0 CHMMeTpH'IHOCTH H3MepeHHbiX pacnpe,ll,eneHHH. 3THM 06b
HCHHeTCH paaeHCTBO (Xi- x0 )/r O ,IJ,nH BCeX KOMnOHeHT H 
(yt - y (J) I r 

0 
,IJ,nH nepaoil H rpeTI.eil KoMnoueuT y3noa 

( hOO),a TaK:>Ke paaeHcTBO uynro 3THX aenH'IHH ,IJ,nH BTopoil 
KOMnOHeHTbl y3nOB ( hh0), 

Yron cnouraHuoro C,IJ,BHra u no ,IJ,aHHbiM, npuae,IJ,eHHbiM . xy 
a ra6nuu;e, paaeu: x * _ x * 
)l,nH y3nOB (040) H (080) U = 2_i_ __ _Q = (31,0±0 8)' 

xy TO ' ' 

,IJ,nH y3nOB (440)' H (660) 

uxy =y2((x~-x~)+(Y7-Y~))!r 0 = (31,6±0,8) ', 

cpe)l,HHH pe3yni.TaT uxy = (31,3 ±0,6) ', ('I= 80 K). 
3To 3Ha'leuue xopowo cornacyercH c oenu'IHHOH uxy= 31' 

npu 'I=207 KI 5I_KaK H3BecTHO, npu nepexo)l,e H3 napa- B 
cerueTo4la3y HH:>Ke Tc 3Ha'leHHe u xy,ll,OBOnbHO 6blcTpo ,IJ,OCTH
raer uacbl~eHHH npHMepHo npH T -Tc =-5 K. 3ro H no3-
BOnHeT C )l,OCTaTO'IHOH CTeneHblO yoepeHHOCTH COllOCTaB
nHTb 3KcnepuMeHTanbHble ,IJ,aHHble npu 80 H 207 K. 

BMecTe c TeM,HaH,Il,eHuoe uaMH 3Ha'leHHe uxy y,ll,ooner
BOPHTenbHO cornacyeTCH H C BenH'IHHOH cnOHTaHHOrO C,ll,BH
ra, KOTOpaH MO:>KeT 6biTb onpe,ll,eneHa Ha OCHOBaHHH )l,aHHbiX 
06 H3MeHeHHH nHHeHHbiX pa3MepoB 3neMeHTapHOH H'leHKH 
DKDP npH !PaJoBoM nepexo,IJ,e. Cornacuol161a~ b =10,55A 
npu T = 232 K, a nocne nepexo,IJ,a qepe3 TO'IKY Kropu 
jtlaj=jtlbj = 0,055 A/npH 'I =211 K/, OTCIO,Il,a ux =2ltlaj/a= 

36 
IX u y u u 

= '. n3MeHeHHe nHHeHHblX pa3MepOB 3neMeHTapHOH H'leHKH 
DKDP B uaweM 3KcnepuMeHTe MO:>KHO onpe,ll,enHTb H3 aenH'IH
Hbi (Yt- Yo) /r 0 ,IJ,nH aTopoil H 'leToepToil KoMnoHeHT y3noa 
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(040) H (080). IIonaraJI, 'ITO l~al = l~bl, nony'IHM l~al=l~bl= 
= a(yi- Yo) 1 r 0 =0,052 A', 'ITo .nocTaTo'IHo 6nH3Ko K .naHHbiM 

HJ pa6oTLI I 1 6~1ionee TO'IHLie cae,neHHJI o6 HJMeHeHHH nHHeii

HbiX pa3Mepoa pemeTKH npH cllaJoBOM nepexo.ne, a TaK:>Ke 

HanH'IJIH paJHHD;bl MC:>K,D;Y ~~al H ~~bl MO:>KHO nony'IHTL, ecnH 

npOBCCTH H3MepeHHJI CC'ICHHH ylnOB o6paTHOH pemeTKH 

B napa- H cerHeTocllaJax a6nHJH TeMnepaTypLI nepexo,na. 

3AKJIJOflEHHE 

B HaCTOJIID;eii pa6oTe noKaJaHo, 'ITO npHMeHeHHe MeTo,na 

apeMeHH nponeTa HeiiTpoHoB K HJy'leHHIO ,noMeHHoii cTpyK

TYPLI KpHcTannos JIBnJieTcJI ,nocTaTO'IHO JcllclleKTHBHLIM. IIo

ny'leHHLie ce'leHHJI yJnoB o6paTHOii pemeTKH DKDP no,nTaep

:>K,D;aroT Mo,nem • .naoiHHKOBaHHJI ,npe,nno>t_ctiHHyro paHee. Hail

,lJ;CHHaJI H3 3KCnepHMCHTa BenH'IHHa yrna Uxy CnOHTaHHOrO 

C.D;BHra, paaHaJI 131,3±0,61 ' npH 'I =80 K, xopomo corna

cyeicJI C pe JynLTa TaMH, nony'leHHbiMH ,D;pyrHMH cllHJH'ICCKH

MH MeTo,naMH I CM., HanpHMep,/51 I. HJMeHeHHJI napaMeTpoa 

3nCMCHTapHOB JI'ICIKH TaK:>Ke cornacyiOTCJI C nHTepaTyp

HbiMH .naHHLIMH. OcHOBHLIMH ,nocTOHHCTBaMH MeTo,na npH 

npoae,neHHH yKaJaHHoro THna Hccne,noaaHHii, KaK OTMe'la

nocL paHee, JIBnJIIOTCJI: 

- . 60nLmaJI CKOpOCTL Ha6opa 3KCnepHMCHTanLHOH HHcllopMa

IUIH; 

- O,D;HOBpCMCHHOCTL Ha6nro,D;CHHJI paJnH'IHbiX TO'ICK o6paT· 

Horo npocTpaHcTaa; 

- BOJMO:>KHOCTL Hccne.noaaHHJI nepexo.D;HLIX npou;eccoa Mano:H 

,lJ;JIHTCnLHOCTH. 

Jiepaoe 06CTOJITenLCTBO HaH6onee CYID;CCTBCHHO B MCTO

,lJ;H'ICCKOM OTHOWCHHH, a ,D;Ba nocne,D;HHX JIBnJIIOTCJI npHHD;H· 

nHanLHbiMH ,D;OCTOHHCTBaMH MCTO,D;a. _ 

B caMoM .nene, HanpHMep, npH HJy'leHHH JaBHCHMOCTH 

CfiOHTaHHOH .AecllopMaD;HH OT TCMnepaTypbl O,D;HOBpCMCHHOCTL 

Ha6IDO,D;CHHJI paJnH'IHbiX TO'ICK 06pa THOrO npOCTpaHCTBa 

l6onLWOrO 'IHCna nopJI,D;KOB 6p3rrOBCKHX OTpa:>KCHHH/ H OT

CYTCTBHe MeXaHH'ICCKHX nepeMCID;CHHH o6pa3u;a HnH ,D;CTeK

TOpa nOJBOnJieT HCKniO'IHTL ,D;OnO~HHTCnLHble CHCTeMaTH'ICC • 

I<:He OIIIH6KH. EcTeCTBeHHO, 3TO 6y,neT npHBO.D;HTL K nony'le

HHIO 6onee ,D;OCTOBepHbiX 3KCnepHMCHTanLHbiX peJynLTaTOB. 
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HHTCpCCHbiM, no BCCH BH,D;HMOCTH, JIBHTCJI H npHMC-

HCHHC MCTO,D;a BpCMCHH nponeTa K HCCne.D;OBaHHIO ,D;HHaMHKH 

nepecTpoeK ,noMeHHoii CTPYKTYPLI no.n anHJIHHeM BHCWHHX 

B03,11;CHCTBHH Ha KpHCTann. XOTJI ,D;aHHble no HcnonLJOBaHHIO 

3TOro MCTO,D;a ,D;nJI TaKOH u;enH B nHTepaType nonHOCTLIO 

OTCYTCTBYIOT, nepcneKTHBHOCTL ero B 3TOM OTHOWCHHH 

HarnJI,D;HO npo,D;CMOHCTpHpOBaHa npH H3Y'ICHHH npou;eCCOB 

nepecTpoiiKH a TOMHOH cTpyKTYPLI cerHeT03neKTPH'IeCKHX 

KpHcTannoa /NaN0
2 

,eM. /8/1. Cne,nyeT, o,nHaKo, OTMCTHTL, 

'ITO Hccne,nyeMLie npH 3TOM npou;eccbl ,non:>KHLI xapaKTepH-

30BaTLCJI BpeMeHaMH, npeBbiWaiOiu;HMH ,D;nHTenLHOCTL HM" 

nynLca na,naiOID;HX Ha o6paJeu; HeiiTpoHOB /.nn» HliP- 30 
,D;JIHTCJILHOC TL HMnyJILCa -150 M KC/. 

B 3aKJIIO'IeHHe aBTOPLI BLipa:>KaiOT 6naro,napHoCTL 

IO.M.OcTaHeBH'IY H P .II.OJepoay 3a o6cy:>K.D;CHHe pe3yJILTa

TOB. 
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ecJIH OHH He 6hi.JIH 3aK83aHhl paHee. 
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