
P14-96-385 

B .Jl.AKceHOB, A.M.Ea.rrarypoB, E.H.CaBeHKO, ,U.B .llienrnKoB, 
B.IT.fna3KOB1, B.A.CoMeHKoB1, C.lli.lliHJibIIITei1H1

, 

, E.B.AHTHTIOB2, C.H.ITyrillIHH2 

HEHTPOHOrPA$J-IlIECKOE HCCJIE,UOBAHHE 

CTPYKTYPh~ HgB<tiCu04 + 0 

ITPH BHEIIIHEM UABJIEHHH .uo 5 ma 

HanpaRIH)HO B )KypHaJJ «Physica C» 

1PHU «KyptJaToBCKHH HHCTHTYT», MocKsa 
2X11M11tJeCKHH cpaKynbTeT MrY HM.M.B.JloMoHocosa, MocKsa 



AKce{1oe B:JI. H np: '. .. · ' . .· ,·. •... · .• · 
Heihpo11orpacpH'le~KOe ilccnenoea11He. CTPYK~ypbl HgBai:uo~ + 8 

.. · .·.. .-1 . . . ,.. . .' .. :· • . J . :·· 
npH. ii11eiu11eM naeneimwno s 1rna ·, · ' , , .. _ . , . . ·. · .' . 

·. ' . . . . ~ 

/PI4-96-385. 

. n~'oeeni110 ll~H~pouorpa~11qec~9e_11cc~enoeai;He ~3~tellel;HH ~T~YKTyp1,1 pTyr~
. ~1oro CBepxnpOBQ/:tHHKa HgBa2CuO 4+ 0 B 3aBHC!1MPGTH OTf!PHflO)KellHOro'ei1e~11ero' 

! .. . • . ·. .. . . _. . ... · . ·.. . 

naene11m{ B n11ima:m11e)) - 5,07 ma nptt. KOMIJaTHOH::TeMnepilType. OnpeneneHbl 
'BeJJH'IHHbi C)KHMae~~CTeH n~paMeTpOB \;1eMe11Tap11cii1 H'leiiKH 'H c.hne.ribllblX:Mml 
-_ CB~3ett, B CTpyKfype. n pH 5 rna OTHOCHTenbllble yMeHblllellli~. ll~paMeTpOB pewe:rKn '. 
6ntt3Kll. W~OCTaBnHIOT J ,7, o/o B 6a3HCIIOH rin'ocKOCTH H 2,3 'J'o BllOJlb oc11\. B TO )Ke 
BpeMH H3Mette1111e. Me)KaTQMllblX paCCTOHIIHH BeCbMa uepaBHOMepiio: oiono· 4.o/o.· 
MH ~ntt'i<anbHOH Cu - _0-CBSl3HH TOJlbKO 0,4 % MH anHKaJJ~IIOH Hg ...:.C..:'Q:CBH3li. 

• . , ,. ' r, . . . . , , , , . . 

.. Pa6oni' BbinOJJHeI~. B Jla6oparnpHH. · ueHTp~riu~ii: cpH3HKH 
omn1. 

Aksenov V.L et.al. _P14;-96-385 
· Investigation of the Hg~i 20 ( St~i.Jcture' Under External Pressure/Up : 
'to 5 GPa Q,Y Neutron Powder Qiffraction. · . 

• .• •' e • '-.. ., • ' 

Ne.utro~ p~~vder''ctiff~action·: i~ves~igation · oL the. changes 1.in - the structure 
· of ~~e IT1ercuiy superc~nd~ctor HgBaiu() 4 ~ 0 ir(the_ pressure range O -5.07 GP,a 

• at room temperature has been carried out. .The compressibility' values ·of the unit cell 
- parameter~. and. several -bound· distances. in the·. structure have. b~en 'determined. 

The ~elativ; reductions of the unit cell paraineterS. are dose to eac·h; oth~r a~d are 
-apprqximafely 1.7 % in the base plane and 2.3 %' along the c-axis>At the sarrie time, 
. the interatomi~ distance -niodulatiohs:are_ stro11gl/inhqmogeneo'us: approximately 
.4 o/v for the ~pica! Cb _c.: o·bo~d :and oryly ~bout oA % for the apical Hg::__ 0 bond; 
·:.-• ,·•.·•,··~. •: ;< •;. \'-,, ', •- ',' ....,"'"'·'··,'. -. ,_\. ·:>,, ',- l •_•(~,. "-..._, 

,:,The inve~Hgatiori has. been'~pe~(ormed at die ;Frank La&~r.itory. of 
Physics, JIJ':IR. ··· · · ·· · · 

Preprint of the Joint Institute for Nuclear Rese·~~h. Dubna. 1996 



1. BBC,l(CHUC 

HgBa2 CuO 4• 6 nepBhifi 'IJJeH roMorrornqecKoro pMa pryrHhIX 

CBepxnpOBO.!(HllKOB'
1
' C 06111efi cpopMyrrofi CTPYKTYIJHOll emrnm:.{hl HgBa2Ca •. ]cu.O2n+2+o 

3To ceMefiCTBO CBepxnpoBO.!(»JJJllX MaTepllaJIOB xapaKTepmyeTCjJ HallBb!ClllllMll 

BeJillqllHaMH Tc, .!(OCTIDKllMb!Mll K HaCTOBJJJeMy BpeMeHH. Eorree Toro, TeMnepaTypa 

CBepxnpoBO.!(»JJJero nepexo.!(a B HHX IlOBhJJJJaeTC51 C poCTOM BHeJJJHero .!(aBJieH~
2
•
31 

C 

npaKTuqecKH IlOCTOBHHOll .!(ill! Bcex OilTllMaJibHO .!(OilHpOBaHHhlX KllCJIOpO.!(OM 

npe.!(CTaBHTeJiefi ceMeficTBa CKOpOCThIO, OKOJIO 2 K/ITia. HanpHMep, coo6111arrocb 
12•31 0 

.!(OCTHJKeHHH, Tc CBhlllle 150 K npu .!(aBJieHHH 6orree 10 ma B COe.!(HHeHHH c n=3 (TaK 

Ha3hlBaeMOM Hg-1223 ). 

YBerruqeHHe Tc IlO.!( .!(aBJieHHeM B TOH HJIH HHOll CTeneHH Ha6JIIO.!(aeTC51 BO 

MHOI1lX .!(blpoqHbJX CBepxnpoBO.!(»JJJHX Me.!(Hh!X OKCH.!(ax'
41

• 3To MOJKeT YKa3hIBaTb Ha 

06JJJYIO .!(ill! HHX qm3uqeCKYIO npuqnHy 3TOJ'O 5JBJieHll51. ECTeCTBeHHO npe.!(IlOJIQ:lKHTh, ~o 

eIO 5JBJijJeTC51 ll3MeHeHue KOHl.{eHTpaI.{Hll CB060.!(Hh!X 3ap51.!(0B B npoB0.!(»JJJHX IlJI0CK0CT5JX 

CuO2, npOHCX0.!(»JJJee BCJie.!(CTBHe ll3MeHeHll51 MeJKaTOMHhlX paCCT051Hllll. 

ITpBMYIO umpopMal.{HIO o CTPYKTYPHhIX H3MeHeHH5JX B KpHCTaJIJiax .!(aIOT 

.!(H<ppaKl.{llOHHhie MeT0.!(hl, a B npllMeHeHHH K BTCII-coe.!(HHeHH5JM - B nepBYIO oqepe.!(h 

.!(H<ppaKl.{ll51 HefiTpOHOB, TaK KaK Heo6XO.!(llMO C xopo111efi T0qH0CThlO onpe.!(eJI51Tb 

ll3MeHeHll51 IlOJI0JKeHHll aT0M0B KllCJI0p0.!(a. O.!(HaKO ll C Il0M0JJJblO -.!(H<ppaKl-lllll 

HefiTpoHOB norryqHTh Ha.!(eJKHYIO HH<popMaI-llllO y.!(aeTC51 .!(aJieK0 He BCer.!(a, TaK KaK 

ll3MeHeHll51 MeJKaT0MHhlX paCCT051Hllll 06bJqHo HeBeJIHKll ll ToqH0CTh, C KOTOpofi 

onpe.!(eJI5JIOTC51 K00p.!(HHaTbl aT0M0B, 0Ka3hIBaeTC51 He.!(0CTaToqHofi. ,[(ruJ Il0BbIJJJeHll51 

Ha.!(eJKH0CTH norryqaeMhlX .!(aHHhIX 3KcnepHMeHT Heo6XO.!(llMO Bh!Il0JIH51Tb Ha 

.!(H<ppaKTOMeTpe C xop0lllllM pa3pe111eHHeM no MeJKilJI0CK0CTHOMY paCCT0BHHIO (B 

.!(Hana30He .!(aBJieHHll .!(0 1 ma 06b1qHo .!(0CTaTOqHO llMeTb /:J.d/d::,0.002) HJIH 

YBeJiuqHBaTb HaKJia.!(bIBaeMbie Ha KpHCTaJIJI .!(aBJieHll51 .!(0 HeCKOJibKHX ma, ~o 

Il03B0JijJeT .!(aJKe npH pa3pe111eHHH Ha yp0BHe tld/d::,0.01 .!(eJiaTb BhlBO.!(hl ? xapaKTepe 

B03.!(eficTBll51 .!(aBJieHll51 Ha napaMeTphl CTPYKTYIJhI. 

ll3MeHeHll51 CTPYKTYIJhl PTYfHhIX CBepxnp0BO.!(HllKOB Il0.!( .!(ellCTBHeM BHeJJJHero 

.!(aBJieHll51 YJKe HCCJie.!(OBaJIHCb MeT0.!(0M .!(H<ppaKl.{llll HefiTpoHoB'
5
"
71

• B pa6oTe
151 

npnBe.!(eHbl pe3yJihTaTbl 3KcnepHMeHTOB na Il0JIHKpHCTaJIJiax coe.!(HHeHHll HgBa2 CuO 4+6 

(Hg-1201) ll HgBa2CaCu2O6+S (Hg-1212) npH .!(aBJieHH5JX .!(0 0.6 ma ll 

HgBa2Ca2Cu3O 8.., (Hg-1223) npu .!(aBJieHH5JX .!(0 9.2 ma, norryqeHHhie Ha HefiTpOHHhIX 

.!(H<ppaKTOMeTpax B ANL, AproHa u LANSCE, Jioc-ArraMoc, CIIIA c pa3pe111a10111efi 

cnoco6HOCThIO, 6JIH3K0ll K 0.005. HeoJKll.!(aHHhlM Pe3YJihTaT0M 3TOll pa60Thl 6bmo -TO, 

~o B 0.!(H0- ll .!(ByxCJIOllHOM coe.!(HHeHH5JX nau60Jiblllefi CJKHMaeMOCTbIO o6Jia.!(aJIO 

aITHKaJibH0e pacCT05JHHe Cu-O, TOma KaK B Hg-1223 TaK BeJI0 ce651 pacCT0BHHe Hg-O. 

ABTOpaM npHIWI0Cb npe.!(Il0JI0JKHTh, 'ITO .!(ill! Hg-1223 3TOT 3<p<peKT CB513aH C HaJiuqneM 

npHMecefi B coe.!(HHemm, QTJiuqHoe OT OCHOBHOll <pa3bl IlOBe.!((!HHe_ K0TOpbIX ITO.!( 

.!(aBJieHHeM npHBO.!(llT K CHCTeMaTuqeCKllM OJJJH6KaM B onpe.!(erreHHll MeJKaTOMHbIX 

paCCT051Hllll. 

Hay11uo-TeXHJ-P-H:1. 
6H6JJH0Tf.~Hh 

OHSIH 



B161 
coe.o;llHem1e Hg-1212 myqanoch B .o;HaII330He .o;aBJieHHfi 0-3.6 ma Ha 

.o;mpprucroMerpe )UI-12 (p33perneHHe 8d/d:a,{}.015) Ha peaKTope HEP-2 B )fy6He. 

IlonyqeHHbie 3KCITepllMeHTaJihHhie .o;aHHbie 3aMe'fH0 ll)"IIIIe COOTBeTCTB0BaJill f,10.D;e.rihHhlM 

pactJ:eTaM, eCJm BB0.D;llJI0Ch ITpe.o;IT0JIOJKeHHe 0 He6oJiblIIOM p33yrr0p5U(0tJ:eHllll 

ailllKaJibH0I"O KllCJI0po.o;a 02 B.D;0Jlh .D;llaI"OHaJill llJI0CK0CTll (a,b). OITpe.o;e.rreHHbie B'61 

ll3MeHeHllll Me:lKaT0MHblX paCCTOllHllH B IIe.rI0M 6hlJIH B corrraCHll C pe3YJibTaTaM1!5', xorn 

Be.rill'IllHa C)KllMaeM0CTll CBll3ll Hg-O 0K33aJiaCh cyrrreCTBeHH0 6oJihille. Coe.o;HHeHHe, 

llCCJie.o;oBaHH0e B 3TOH pa6oTe, TaK:l!Ce co.o;ep:lKaJI0 ITpllMeCHbie <p33bl. 

B pa6oTem crpyrcrypa Hg-1223 myqanach B .o;HaIT330He .o;aBJieHHfi .o;o 8.6 ma Ha 

.D;H<ppaKToMeTpe POLARIS (p33perneHHe 8d/d.,,0.005) Ha HCT0'IHHKe ISIS, 

Be.rrHK06pHTaHll51. TaK )Ke, KaK B
151

, coe.o;HHeHHe Hg~1223 co.o;ep:lKaJI0 ITPHMeCH, Ii aBTOpbl 

pa60Tbi7' IT0.D;TBep.o;llJlll 3aKJI!OtJ:eHHe, C.D;eJlaHH0e B'5', 'ITO K00p.D;HHaTa aITHKaJihH0I"O 

KllCJI0po.o;a BeCbMa :qyBCTBllTeJlbHa K CITOCo6y yqera .o;onoJIHllTeJlbHblX <p33. O.o;HaKO 6orree 

BhlC0K0e KatJ:eCTB0 .D;H<ppaKIIHOHHblX .D;aHHblX Ii CITeIIHaJihHbie npHeMhl, ITpllMeHeHHble 

npll o6pa6otKe CITeKTp0B MeT0.D;0M PHTBe.rib.D;a, IT03B0JillJlll aBTopa.M'I' norryqllTh 

ITpaB.D;OITO.D;06Hble pe3yJihTaTbI .1l;Jl5I C:lKI1MaeMOCTefi CBll3efi Me.UH Ii PTYTH C aITHKaJibHblM 

KllCJI0po.o;oM. 

CTp)'KTypa coe.o;mieHll51 c n=l (Hg-1201) llBJI51eTCll HaH6orree npoCTofi cpe.o;H 

tJ:JieH0B pMa PTYTHOH cepllll, Ii 3T0 crryxHT Ba:l!CHOH ITpe.o;ITOCblJIKOH ITPH myqeHllll 

MaJlhlX ll3MeHeHHfi CTp)'KTypbl. KpoMe TOI'(), ·o6p33llhl llMeHH0 3T0I"O coe.11;llHeHll51 y.o;aeTCll 

IT0JI)"IaTh C .D;0CTaT0'IH0 Hll3KllM co.o;ep:lKaHlleM npI1Mecefi, ITpHCYTCTBlle K0T0pbIX M0rJI0 

6hr ITPHBeCTll K llCKa:l!CeHHIO . aHanma CTP)'KTypbl. 3TH coo6paxeHll51 nocrryxIIJill 

0CH0BaHlleM .11;JI51 npo.o;0JI:lKeHllll B HaCT0llIIIefi pa60Te llCCJie.D;0BaHll51 Bllll51Hll51 .o;aBJieHll51 

Ha CTPYKTYPY Hg-1201 B 6orrhrneM, tJ:eM 3T0 6bIJIO c.o;e.rraHo B pa60Te
151

, .o;Haria3oHe. 

2. 3KcnepHMeHT 

lI3ytiaJIHCh .o;Ba norrHKpHcTarrrrlltJ:ecKHX o6p33IIa HgBa2 CuO 4+6 ITplll"OToBJieHHhie 

Ha XIiM<paKe MIY. Co.o;ep:lKaHHe CBepxcTeXH0MeTpll'IeCK0I"O KllCJI0po.o;a B 0.D;H0M ll3 HllX 

(.o;anee o6p33eII A) 6bIJIO 6rrll3KO K OllTllMaJihH0 .D;0ITHp0BaHH0MY C0CT0llHll!O (3""0.12, 

Tc""96 K), BO BTopoM o6p33rre (.o;anee - B) 3 coCTasrrrno 0KOJIO 0.18. 

.rvrn C03.D;aHll51 .o;aBJieHll51 Ha o6p33IIe llCITOJib30BaJiaCb KaMepa Ha OCH0Be 

canq,HpOBhlX HaK0BaJieH. ,[(aBJieHHe ll3Mep51Jl0Ch no C.D;BllI)' JlllHllH JIIOMHHecrreHIIllll 

py6HHa c TO'IH0CTb!O nop5U(Ka 0.03 ma . 

3KcnepllMeHThI c o6p33IIOM A ITp0B0.D;llJIHCh Ha .o;H<ppaKTOMeTPe ITO BpeMeHH 

nporreTa .[(H-12, npe.o;H33HatJ:eHH0M .1l;Jl5I llCCJie.D;0BaHll51 MI1Kpoo6p33IIOB ITPll Bh!C0KHX 

.D;aBJieHll51X
181

, Ha llYJihCHpyromeM peaKTOpe HEP-2 B .[(y6He. Ilpll Ka:lK.D;0M 3HatJ:eHllll 

.o;aBJieHll51 HefiTPOHOrpaMMbl ll3Mep51JII1Ch ITPll .o;Byx Pa3Jlll'IHhlX 3HatJ:eHll51X yrrra paccel1Hll51 

0.D;H0BpeMeHHO (OKOJIO 45° Ii 90°). lI3MepeHll51 npoBe.o;eHhl npH HyrreB0M .o;aBJieHllll 6e3 

KaMepbl B .o;uan33oHe dhkl OT 1.0 .11;0 5.0 A Ha o6p33IIe ofu.eMOM 0K0JIO 20 MM3 
Ii ITPll 

.o;aBJieHll51X 1.47, 4.31 H 5.07 ma B .o;HaIT33oHe dhkl OT 1.8 .o;o 5.0 A B KaMepe BhIC0Koro 

.o;aBJieHllll (ofu.eM o6p33rra :;;2 MM3). 
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3KcnepllMeHTbl C o6pa3QOM B np0B0.D;llJIHCb Ha .UH<ppaKTOMerpe ".[(IICK',/9/ Ha 

peaKTope c nocTOllHHhIM IT0TOK0M 11P-8 B PHU "Kyp'laTOBCKHfi HHCTHTYT" ITPH 

.o;aBJieHll51X O H 2.37 ma npH .wnrne sorrttbI ITa.o;aromHx HefiTpoHo~ A.=2.343 A. 

.[(Hq,paKQllOHHble ITHKll perncTpHp0BaJillCb B llHTepsane yrrroB 35 -90°, '!TO 

coorneTcrnyeT .o;HaITa3oHy dhkl OT 1.8 .o;o 4.0 A. 

3. Pe1yJILTaTL1 u o6c~eHue 
. 

Ilp!i attanme HefiTpOHOrpaMM, norryqeHHb!X Ha .UH<ppaKTOMeTpe ".[(11CK", 
napaMeTpbl perneTKll 0ITpe.o;eJI51JIHCh C IT0M0IIIb!O MeTo.o;a PITTBe.rib.D;a, a n03llllll0HHb!e 

ITapaMeTpb! YT0'IH51JlliCh no liHTerpanbHb!M llHTeHCllBH0CTllM ITHK0B. Pe3yJibTaTb! 

ITpHBe.o;eHbl s Ta6JIHQe 1. 

O6pa6oTKa .o;mppaKQHOHHblX cneKTp0B, norryqeHHb!X Ha .UH<ppaKTOMerpe .[(H-12 

ITPH HyrresoM .o;aBJieHHH, no MeTo.o;y PHTBerrb.o;a noJB0JillJla onpe.o;errITTb ITapaMeTpbI 

3JieMeHTapH0H ll'leHKH, K00p.UHHaTbl aT0M0B Ii <paKTOp 3all0JIHeHll51 n03llQllll 03. 

<l>aKTOp 3anorrHeHll51 IT03liQmi PTYTH IT0JiaraJICll paBHb!M e.o;HHHQe B C00TBeTCTBllli C 

pe3yJibTaTaMli pa6oTbr'
10I

. O6pa60TKa .o;aHHb!X, IT0JiytieHHb!X ITPH Bb!C0KHX .o;aBJieHll51X, 

.o;ana llH<pOpMaQHIO 06 ll3MeHeHll51X CTpyrcTypbl, Bbl3BaHHb!X npllJIO:lKeImeM BHerrrnero 

.o;aBJieHll51 K 06pa3uy. Y'laCTKli o6pa6oTaHHhIX MeTO.D;0M PHTBeJib.D;a .UH<ppaKQHOHHb!X 

CITeKTpos Hg-1201 npH .o;aBJieHmIx O H 5.1 ma ITpe.o;cTaBJieHbI Ha pHc.1, a norryqeHHbie 

. pe3yJihTaTbl .1l;Jl5I .o;aBJieHHH 0, 1.47, 4.31 Ii 5.07 ma npHBe.o;eHbl s Ta6JIHQe 1. 

_! J 1 .~~·~:·~~r:':;-;:·~: ~: :;~~ 
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

d,A 

P=S.07 ma 

~ 

1111 II I I I I 

4 -:JI '\/'"-wo" ............. ~ -~ I 4 _] 1 'V -t,- ,; I • 4+., "'"1F' 
- I I I I I I I I I j I I I I I I I I I I I I I I t I I I 1 

1.5 2.0 2.5 3.0 3.5 4.0 4.5 
d,A 

Puc. 1. Y'lacmKu ou<jJpaKIJUOHHblX cneKmpou om Hg-12O1, UJ.MepeHHble npu paJHblX 

oaaJtemuu: Ha ou<jJpaKmo.Mempe l(H-12 u o6pa6omaHHble no .Memooy PumaeJt&Oa. YzoJt 

pacce.JIHUJI 20=45". lloKaJaHbl 3KCnepU.MeHmaJtbHbte mO'IKU, Bbl'IUCJteHHblU npO<pUJtb u 

pa3HOCmb .Me)KOJ HU.MU, C J'lemo.M ueca mo'leK 6 ymo'IHeHUU. MemKU BHUJY yKa3bl6ll/Om 

pac'lemHble llOJIO)KeHUJI 6p3ZZOBCKUX llUKOB 

IlorryqeHHble 3aBHCHM0CTll napaMepoB perneTKli OT .o;aBJieHll51 npe.o;CTaBJieHl,I Ha 

pHc.2, a 3aBHC~M0CTli Me:lKaT0MHhIX Ii Me)KCJI0eBblX paCCTOllHllH B CTp)'KType Hg-1201 Ha 

pllc.3 Ii 4. PacC'IHTaHHble ITO .D;aHHbIM Ta6JIHQbl 1 Be.rill'lllHbl C)KllMaeM0CTefi .D;Jlll oceii a Ii 

C, ofu.eMa Ii HeK0T0pbIX xapaKTepHblX paCCT0llHllH B CTp)'KType ITPHBe.o;eHbl B Ta6m1ue 2. 

3 



Ta611ui,a 1. Cmpy,anypmxe napa.Mempbl O.IIJI o6pa3ij06 A u B, no11yrteHHble npu 
pa3HblX Oa611eHUJ1X. Ymortnenue Be11ocb 6 np.zp. P4/mmm 6 pa.MKax U36ecmnou .Mooe11u 
(C.M., HanpU.Mep/51

). Ilapa.Mempbl, yKa3HHble 6e3 cmanoapmHblX omKJ1onenuu, 6blJlu 
</JuKcupo6aHbl 6 npoi,ecce ymortHeHUJI cmpyKmypbl 

Ilap\P(illa) 0* 1.47* 4.31 * 5.07* 0** 2.37** 
a.A 3.882(2) 3.853(4) 3.826(3) 3.815(3) 3.879(2) 3.840(4) 

c,A 9.527(3) 9.468(11) 9.335(8) 9.308(7) 9.522(4) 9.389(10) 

V, A3 143.6 140.6 136.6 135.5 143.3 138.4 
Hg, n 1 1 1 1 1 1 

B,A2 1 1 1 1 1 1 

Ba,z 0.2981(4) 0.298 0.299(2) 0.296(2) 0.296(1) 0.294(1) 
B,A2 0.6 0.6 0.6 0.6 0.6 0.6 

Cu,n 1 1 1 1 1 1 
B,A2 0.5 0.5 0.5 0.5 0.5 0.5 

01,n 2 2 2 2 2 2 
.B. A2 1 1 1 1 1 1 

02, z 0.2078(4) 0.209(3) 0.212(2) 0.212(2) 0.210(1) 0.212(1) 
B, A2 1 1 1 1 1 1 

O3,n 0.12(1) 0.12(1) 0.12 0.12 0.19(1) 0.20(1) 
B,A2 1 1 1 1 1 1 

R;..,% 4 10.5 8.8 8.8 

r: 1.8 1.4 1.7 2.5 

Cu-O2, A 2.784(4) 2.76(3) 2.688(19) 2.681(19) 2.761(10) 2.704(10) 

Hg-O2, A 1.980(4) 1.98(3) 1.979(19) 1.973(19) 2.00(10) 2.00(10) 

Ba/I-Cu/I, A 1.924(4) 1.913 1.876(19) 1.899(19) 1.942(10) 1.934(10) 

Ba/1.O2/1, A 0.860(6) 0.84(3) 0.81(2) 0.78(2) 0.818(14) 0.770(14) 

Ba/I-Hg/I, A 2.840(4) 2.821 2.791(19) 2.755(19) 2.819(10) 2.760(10) 

* - o6paJeu A, ** - o6paJeU B 

Ta611ui,a 2. Ko3</J</Jui,uenmbl C,KU.Mae.Mocmu neKomopblX napa.Mempo6 Hg-1201 
npu oeucm6UU 6Heumezo Oa6JleHUJI (kq=-{llq)t5qlt5P(J0-3I'Ila-1

)). B noc11eoneu 

KOJlOHKe nOKa3aHbl OaHHble, npu6eOeHHble ,/51 

IIaoaMero O6oaJeu A O6m13eU B Ilo ,llaHHblM ll3 pa6oTbr'51 

ka 3.3406) 4.2(3) 4.26(5) 

kc 4.58(13) 5.9(3) 5.83(9) 

kv 11.4 14.4 14.3 
aHH30TO0ilIDI 1.37(5) 1.4(1) 1.37 

kaa/1-0211 15.9(4.5) 25<14) 14 

kcu-02 7.6(1.0) 9(2) 9(3) 

ktt,-02 0.5(1.4) 0(3) 1(4) 
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Puc. 2. 3aBucU.Mocmu BeJll,f'tUH napa.Mempo6 peutemKu ( a u c na pucyHKax a) u 6) 

coomBemcmBenno) Hg-1201 om BHeutnezo oaBJ1eHUJ1. (◊ - OaHHble O.IIJI 06pa3i,a 

A, □ -oaHHble O.IIJI 06pa3i,a B) 

2.3 -r--,~-r--,--r--r--,--r--r-,-r-"T""2.9 

2.2 

-< 
N° 
0 2.1 
~ = 

2.0 

~ 
~ 

ili • i ili H 

2.8 

-< 
2.78 

= u 
2.6 

1.9 1 , , , , , , , , , I 2.5 
0 1 2 3 4 5 

P,ffia 

Puc. 3. 3aBucU.Mocmu 011un anuKMbHblX 

c611Jeu Cu-02 u Hg-02 om 6Heutnezo 

Oa611enUJ1. (◊ - oaHHble O.IIJI 06pa3i,a A, 

D - OaHHble O.IIJI o6pa3i,a B) 

-< 
0.90 .....-,--r--r-,-,-......,.-.--.-,--.--, 

8 
~ 0.85 
~ 

er 
!5 0.80 
a:l a 
S" 0.75 
c.i cu c.. 

~ 
0.70..L.~-r--r--,........,..-,-"T"""',-,-,-' 

0 1 2 3 4 5 
P,Illa 

Puc. 4. 3a6UCU.Mocmb .Me,KCJ10e6ozo 

pacU4en11eHUJ1 Ba-02 om Oa611eHUJ1 

• (◊ - OaHHble O.IIJI o6pa3i,a A, □ -
oaHHble O.IIJI o6pa3i,a B ). 
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CpaBHeHIIe pe3yJibTaTOB, nonyqeHHbIX B Hacrm1meil: pa60Te C .naHHblMH, 

npHBe):\eHHbIMH 8'51
, IlOKa3bIBaeT, 'ITO H npu IlOBblIIIeHHH .naBJieHHl! IlOlffH B 10 pa3 

H3MeHeHHl! crpYKrypbI HgBa2CuO4+, cml3aHbl B ocHOBHOM c nocreneHHblM 

YMeHbIIIeHHeM paccrmIHHl! Me:lK,IJJ' anHKaJibHbIM KHCJI0pOL\0M 02 u aTOM0M Me.nu, Tor.na 

KaK WJHHa CB.ll3H PTYTH C KHCJI0POL\OM 02 npaKTWieCKH He MeH.lleTC.ll ( C0OTBeTCTByiomue 

OTHOCHTeJibHbie H3MeHeHHl! 3THX paCCTO.llHHil: C0CTaBJl.llJOT 3.7±0.8 % H 0.4±0.8 %) . 

KaK ycTaHOBJieHO B pa60Te
1111

, npu IlOHIDKeHHH TeMneparypbI 0ilTHMaJibHO 

.nonupoBaHHoro 06pa311a Hg-1201 ll3MeHeHIIe WIHH CB.ll3eil: npOHCXOL\HT aHaJIOrH'!HbIM 

o6pa30M: paCCTO.llHHe Cu-O2 3aMeTH0 YMeHbIIIaeTC.ll, B TO BpeM.ll KaK CB.ll3b Hg-O2 He 

COKpamacrc.11 Boo6me. B npHHI.IHne, 3T0T pe3yJibTa:r .llBJl.lleTC.ll Bil0JIHe m1m.naeMbIM, T.K. 

HMeHHO B PTYTHblX coe.nuHeHHl!X WIHHa CB.ll3H anHKaJibH0ro KHCJIOpo.na C aTOMOM Me.nu B 

npOBOMmeM CJIOe Heo6bl'!HO BeJIHKa (nOlffH Ha 0.5 A 60JibIIIe, '!eM, HanpHMep, B 

coe.nuHeHHH Y123} H, COOTBeTCTBeHHO, 3Ta CB.ll3b .llBJl.lleTC.ll CJia6oil:. Hao6opoT, raHTe.Jlb 

O2-Hg-O2 .llBJl.lleTC.ll BeCbMa lKeCTKHM o6pa30Bam1eM, co CTaHL\aPTHbIM LIJl.ll CB.ll3H PTYTb

KHCJiopo.n MelKaTOMHblM paCCTO.llHHeM (1.95 - 1.98 A), KOTOpoe Jlllllib He3Ha'!HTe.JlbHO 

MeH.lleTC.ll no.n .neil:CTBHeM .naBJieHHll llJIH TeMnepaTypbI. Ha WIHHY 3TOil: CB.ll3ll 

cymecTBeHHO 6onee CllJibHOe BJIHllHHe OKa3bIBaeT H3MeHemi:e KllCJIOPOL\HOil: 

CTeXHOMeTpHH/IO,I 11• 

0.90 

o< ~~ Ball-02/l ~ = 0.80 = g,j 

6 
g,j 

= ~ 0.70 
C. 
g,j 
0 = g,j 5 0.60 

-~ 
~ 

0.50 
I 

0 1 2 3 4 5 6 7 8 9 
P, ma 

Puc. 5. 3a1JUCUMOCmb Me:>KCJ10e1Jo20 pacu,eT1J1e1UU1 Ba-O2 om oa1JJ1e11UJ1 1J pmym11btx 
c1Jepxnpo1Jod11uKax. (□ - Hg-1201, oa1111ble u/51

, o - Hg-1201, 11acmo11u,aJ1 pa6oma, 

o6pa3elJ A, ■ - 06pa3eij B, ◊ - Hg-1212, oa1111ble u/5~ ♦ - Hg-1212, oa1111ble ul&, A -

Hg-1223, oa1111b1e u:/71) 
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CpaBHeHne pe3yJibTaTOB Will OL\HO-, L\Byx- H TpeXCJIOHHbIX PTYTbCO.llepJKamux 

OKCHL\OB, nonyqeHHbIX B 3KCnepHMeHTaX C ,llaBJieHHeM, IlOKa3bIBaeT, 'ITO HX CTpYKTYPHOe 

Il0Be.neHne HMeeT MHOro o6mero. Koacpqm11neHTbl CJKHMaeMOCTll napaMeTpOB c peIIIeTKH 

npHMepHo OL\HHaKOBbl L\JI.ll Bcex npe.ncraBHTeJieil: cepun, B TO BpeM.ll KaK CJKHMaeMOCTb 

napaMeTpOB a CHCTeMaTH'leCKll YMeHbIIIaeTCll C pOCTOM 'IHCJia CJIOeB CuO2. Koop,llHHaTbl 

aTOMOB 6aplll! ll anHKaJibHOro KllCJIOpo.na 02 MeH.llJOTC.ll TaKHM o6pa30M, 'ITO 

MeJKCJIOeBoe paCCTOllHHe Ba-O2 3aMeTHO YMeHbIIIaeTC.ll C pocroM ):\aBJieHHll, B TO BpeM.ll 

KaK cpe.nHee IlOJIOlKeHne CJIO.ll ocraeTCll npaKTH'leCKH HeH3MeHHbIM. 

Ilo HaIIIHM .naHHbIM L\JI.ll Hg-1201 OTHOCHTe.JlbH0e COKpameHne MelKCJIOeBoro 

pacCTO.llHHll Ba-O2 B :::::4 pa3a npeBbIIIIaeT OTHOCHTeJibHOe COKpameHHe BL\OJib OCH C. Ha 

puc. 5 IlOKa3aHbl 3aBHCHMOCTll BeJIH'IHHbl pacmeIIJieHHl! MelKL\y CJIO.llMH aTOMOB Ba ll 02 

OT BHeIIIHero .naBJieHHl! Will Bcex H3BeCTHbIX .naHHbIX ( 3a HCKJIIO'leHHeM .naHHblX, 

nonyqeHHbIX B pa6oTe'
5
' Will Hg-1223). KaK BHL\HO m puc. 5, H3MeHeHne c .naBJieHHeM 

MelKCJIOeBoro paccTOllHHll Ba-O2 OKa3b!BaeTCll npHMepHO OL\HHaKOBblM L\JI.ll BCeX 

npe.ncraBHTeJieil: ceMeil:CTBa, ll HMeHHO eMy CO0TBeTCTBYeT HaH60JibIIIal! CJKHMaeMOCTb. 

4. 3aKJIIO'leHHe 

B Hacrnameil: pa60Te myqeHo noee.neHue CTPYKTYPbI HgBa2CuO4., B .nuanaJoHe 

.naBJieHnil: .no 5 ma, 'ITO B ::::8.5 pa3a 60JibIIIe, 'leM 3TO 6bIJIO CL\e.JlaHO pattee. IlOKa3aHO, 

'ITO npu6nll3HTeJibHO JIHHeil:Hoe CJKaTHe napaMeTpOB 3JieMeHTapHOil: .ll'!eil:KH ll OCHOBHbIX 

MeJKaTOMHbIX paccrollHHil: B 3TOM .nuamoHe .naBJieHnil: coxpaID1eTc.11. Ilo.nrneplKL\eHa, 

BnepBbie ycTaHOBJieHHal! B pa6on:'
51

, CllJibHal! HepaBHOMepHOCTb ClKaTHl! pa3JIH'!Hb!X 

cpparMeHTOB CTPYKTYPbI: npaKTH'leCKH HyneBoe CJKaTne CBll3ll Hg-O2, CllJibHal! 

ClKHMaeMOCTb CB.ll3ll Cu-O2 ll eme B 2 - 3 pa3a 6oJiblllal! CJKHMaeMOCTb MeJKCJIOeBoro 

paccTO.llHHll Ba-O2. 

Pe3yJibTaTbl HaCTOllmeil: pa60Tbl, TaK JKe, KaK ll pe3yJibTaTbl .llpyrnx HCCJie,llOBaHHil: 

rroBe.neHHl! PTYTHbIX BTCIT no.n .neil:crnueM BbICOKoro BHeIIIHero .naBJieHHll, noKa3bIBaJOT 

npelKL\e Bcero, 'ITO _Heil:TpOHHbie CTPYKTYPHbie 3KcnepHMeHTbl npu .naBJieHHllX B 

HeCKOJibKO rnranacKaneil: ocra10Tc.11 Tpy.nHoil: 3a.naqeil:. Bee eme He.nocraTO'!Hbie 

CBeTOCHJia H pa3peIIIeHne cymecreyiomux Heil:TpoHHbIX .nucppaKTOMeTpOB orpaHH'IHBaJOT 

TO'IH0CTb nonyqaeMblX CTPYKTYPHblX .naHHblX, KpoMe Toro. BeJIHKa BepOllTHOCTb 

npoaBJieHHl! CHCTeMaTH'!eCKHX norpeIIIHOcreil:. TeM He MeHee COBOKynHblil: aHaJIH3 

HMe10meiic.11 HH!pOpMa11nn Il03BOJI.lleT Bbl.llBHTb HeKOTOpbie oco6eHHOCTll B03.neiicTBHll 

.naBJieHHl! Ha PTJTHbie CBepxnpOBOL\.llmHe OKCHL\bl, KOTOpbie npe.ncraBJilllOTCll .nocraTO'IHO 

Ha):\elKHblMll. IlpeJKL1e Bcero 3TO aHH30TpOnHll CJKHMaeMOCTH peIIIeTKH no 6a3HCHblM 

HanpaBJieHHl!M (kc 3aMeTHO 6oJibIIIe ka) ll, B0-BT0pbIX, cymecrBeHHO 6onee CllJibHal! 

ClKHMaeMOCTb MelKCJI0eBoro pacCTOllHHll Ba-O2, '!eM CJKHMaeMOCTb BL\OJib OCH c 
peIIIeTKll. 

IlepBbiil: pe3YJibTaT npe.ncraBJl.lleTCll BilOJIHe ecrecrBeHHbIM Will CJIOHCTblX 

coe.nuHeHnil: (aHaJIOrH'IHOe IlOBe):\eHHe .neMoHcrpupyioT H .npyrne CJIOHCTble BTCIT), H 

6onee llHTepeCHblM llBJl.lleTCll TO, 'ITO BeJIH'IHHbl kc npHMepHO OL\HHaK0Bbl Will acex 

7 



tJJieHOB pll.na p-ryrHhlX OKCH,llOB, Tor.na KaK ka MOHOTOHHO )'MeHblllalOTCll C poCTOM 'IHCJia 
Me,llHhlX CJIOeB .. HeKOTOpue Offi,llCHeHHll 3TOMY cpaKTY ,llaHbl B

151
• 

HHTepeCHO OTMeTHTb, 'ITO eCJIH JIHHeHHhie 3aBHCHMOCTH, IIOKa3aHHbie Ha pnc. 5. 
coxpaHllTCll npH 6onee Bh!COKHX ,llaBJieHHl!X, TO IIpH 30-60 ma MO)KHO O)KJl,llaTb 
o6parn:eHHe B HYJib Me)KCJIOeBoro paCCTOllHHll Ba-O2, 'ITO JKa3b!BaJIO 6hI Ha B03MO)KHbie 
CTpJKTypHbie npeBparn:eHHll. 

ABTOphI nptt3HaTeJihHhI B.A.AnernHHY H ,U:.A.MnxaHJioeoii. 3a no.uroTOBKY 
o6pa3l.lOB. Pa6oTa BhIIIOJIHeHa npn IIOMep)KKe qJOH.Ua P<ll<l>H (npoeKT 96-02-17823), 
rocy.napcTBeHHOH nporpaMMbl IIO ceepxnpoBOL(HMOCTH (rpaHTbl 93192 n IloHCK-3) n 
rpaHTa NATO (HTECH.LG 951022) 
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