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flpoaedert xo,un.terccuui utluitu3 rTrexaHoaKmusupoBaHHbrx nopotuKoa YBa2CujO6-5 MemodeMu
ntr.uuttccK0?u auLLruJa. cKaHupynueit jlteKmpottHoit .ttuxpocxtutuu. abr()Eome.uneJra typxoit peumte-
uotparjuu u pentni:euoecxoi (tomo:texmpouuoit cnrKntpocKonuu. ]Ioxatauo, \nn s peyJhmame Ho-

nptJteHHozo i1o.uo:m ctl4ecm6ev$o )''tetlbune tn pa3,vep o1racmei Koze[]ettnHo:o puccetHun
(c 83 do 17 rt.tr), a amepua, nepexolunt e aHocmp!-KmypupoaaHHoe cocnlonuue. (hn.ue'rea pocn pe-
urcquonuoi cnocodaocmu .Mamepuana, npora.\trbquio 6 )ctne HoIt HdKonreHuu 6 e,ao cmpyKmype
utmepKatupoea Hoti t:odr'r. Ifpu tmou ue ta6nndanoco icuvemHo;o yae.tuqeuta o67,e.ua flptLuecHbtx

Qaz a nopowre u enutHut nptuecei ua napatrcnpbt xpucma,nulecxoii peutemKu. C no.uouqan earctl-
Komeunepam))ptbfi pe m?eHoscKur uccnedoaauuu napauenrpos xpucna'"-tuuecxott peuemKu

YBa:Cu:Or, 6-Qust t ycnnaoe.teHo, vmo a c.itt)\ae .vexauoaKmutupoao Hdx nopourKaa Hu 3aaucLMocmu

c(T) u;tenm.uecmo cxauxoo6pasuwe pocnr fc urnepauNe me.unepamvp 130--630 t) u nadeuue (no-

c-te 6J0 T)) 6e.7u4utrbt napaMempa c. O6aup1,-x;eua 3d-uemtla.s pe)yKqutl me.r4nepomypH nepexoda uz
oltmopo:vt1uwcxo cmpyrcmypxoit .uodu$uxaquu c metnpo?oHaryutyto. Yxozauuare erlrl.texnnt o6t'ntue-
trbr u3MerrcHueM e npo4acce eraHoatimuea4ult zapndoeux cocmosNufi uouos xuc:topoda, axoaflralur s

cocmas 1asoeoi ntocrocmu oxcttt)a YBazCu:Or, u.

Klnqeaue oroaa: +btcoKome.t4nepanyptatu ceepxnpocoduux, Kl.npam ummpw-6cpun, .vera*t-
oKnntgoltuz, peum:euotscxan dud)paK4ut, peHm?etioacxan (rcntot;teKmpoH a, cneKmpocKonufr.

A comprehensit,e analysis oj mechanically ucti|oled l/Bo2cu:06, s porrders u'as carried out using
methods c'f therntal anal1,5!5, scanning electron micrescop),, high-temperalure X-ray i.lilfradion, and
X-ra1, photoeledron spectroscopy (XPS). It is shovn lhal Cue to intensive grinding,. ccherenl scdtl?rint:
regions signi.ficantb declease in size (fron 83 to I7 m) and lhe mdterial transits to a nanoslrlrtured
state. An increuse in the material rea.:livi+ is .fouftd thal nonifesl.s itsel-f us lhe enhanced accumulation
oJ intercalated v,ater in the powder struclur€. Al the sanle time. neither mdrked incr(ase in the contenls
ol irnpurity phases in the pou,der nor the efJbct of the impm'itie.s on the crysta! loltice paranelers i.s oh-

served. A high-temperature X-ray study ofthe lutlirc parameters in the YBa,Cu306 sphasc revealetl <r

.7tmp (in the temperantre range of 130 630 T) and ati abrupt fall (obove 630 {1 at a c01 curve for
the mechanically actbaled pov,ilers. A signi/icunt reduction it Ihe temperature of the transitiot front
the orthorhombic ntodiftatiott to thal of letragandl slructult lns been Jbund. The ahove fficts vere
expluined by the mechanoactirution-induced chttnges in churge .states of ox-vgen kns helonging to the

b.t\e pla e ol YBa'CuiO, 
"L.,xide.Kqtwords: high-temperature superconductor. yltrium-borium cuprale, mechcmical activution.

X-ray dffiaction, X-ray photoelectron speclrascopy.
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Bse4erle. Hznecruo, qro n€peBo.a MerarnoB H Ifli oKct,foB B HaHocrpyxrypupoBaHnoe cocror-
lrue HeMnHyeMo npHBoAl.rr K yBenHqeHHo Hx peaKuloHHofi n ram,rrrnqecxoE cnoco6Hocrn, xosQ-

Snqneuror auQrfy:nu, r3MeHeHHlo MarHurHbtx cBoftcrB H r. a. Ii-5]. Oaus s: npocrefi[rux cnoco-
6os cograunr laHocrpyxTypbr B Marepuanax - MexaHoaxTr.{Baqar. Tax, r{crofll3oBaHue HaHocrpyK-

rypHpoBaHlbrx MexaHoK()M[o3l.rro8 B co8peMeHHoi noPourxoBoF MerilnJryprHh npHBoIHT K cyrqec't-
BeHrroMy yxyqueHHb KaqecrBa roroBbrx H3Ienl4fi, roBrrruteHuro HX npoqHocrHbrx napaMerpoB H aH-

raxoppo3HoHHbrx caoficra [5]. (Dopnarpoeanae cBepxrrpoBoAerr{Hx coeqxrrenui MgB, 16l N

Ytsa2Cu3O6u6 [7] repe: craa]iro Bblccl(o3nepaeruqec(oro novora n03Bo.;runo 3a\terHo nouH3HTb reM-
nepaTyp\ r{ yBenr{qrTb ct{opocTb cfiHT$a, a h3MepeHHar [,'IoTHocTb t(pHTHqecKoro ToKa flo"tyqeH{ofo
KepaMr.rqecKoro Ma-repxa[a 6ula xa npexe;nlro BbrcoKoM ypoene: 2.3-l0i A/cv] [6], Bueore c rev
BO3MOXHOCTb MeXaHOaKTHBaUHIT |OTOBO|O CiIO)i(HO|O OXCr-r;1a YBa2CU]O6-6 B UCrirx pefy.rrHpoBaHrrr

ero S),rrrui{onaJrr,H6rx xapaKTepllcruK, cBr3aHHbrx c ero cBepxfipoBo.xtrr1efi l8], xararrl u'.recroX [9j n
llouonpoao,4.rrqefi [0] cnoco6uocrrKr, Io cux nop He paccMarplrearacr. llo-e]r.{t,tiuor\t}. 3ro cRs:raHo c

reprr.$,vecrofi s xu[ruqecxoii necra6ulrnocrrrc YBalCu.,O,l*t [1 l--141, trpernorararulqefi: .fro B vc-
jioBr4rx MexaHoaKrnBauru Mo)r(er nerxo npon:ofirn H3MeHeur4e xrc;topo,lroi recrexLioMerpHx oKcr-
Aa h ero crpyK'rlpHo-$a:oaoro cocrorHar, 6o,ree rolo, olr [to](er ttpoc ro pa3r'IoxuTtcr Ha 6oltee yc-
Toi,lqt Bhre coe,tHHeHrt,s .

B xacrolrue[ pa6ore npegnpnHrra non;trra noao6pars pexHMbr MexaHoa].TuBartrr, .q-.is cxcura
YI3a2Cu1O6 6 raxnu o6pa:ou. qto6sr no Bo3MoxHocra coxpaHlr'rcr ero {ra:loerrii coc'] aB npr-i cyqecr-
BeFrHoM yMeHbrrer'tHH pa3Mepa crpyt(ryptIblx 5.roron. ,{onortnurer'IbHo rpeano-Iar&'rocb H3) IH.rh Bnx-
rHrre MexaHoaKTI.lBarlHu Ha rro,'rHMoptluue npenpaureHas B Kynpare nrrplt.n-6apur IrpH ero HarpeBe Ao
6?.5'C na sosi{yxe [14, I5]. Ha:rnuxe 3HarlHTeirr,Horo u3r\teHeH[r reMneparyp no.nxnroprlHbrx nepexc]-

roo (44,) B pe3ynbrare HanpqxeHuoro noMoJ-ra. xapaKTepHoe rJ'rt o[cnaHbtx crcreM [5], laer so:r'ro-

xHocrr, oueHHTb no se;tvttre AZn creneHb oKa3aHHoI o Ha IuarepHaJr 3HeprerurJecKoro ao:geficranr.
3xc[epnuenr. Kynpar urrpru-6aprr YBa1Cu3O6-s r]o,ry'{ajH r}TeM cry-neHqaroro npoKa,'rnBa-

liHrr cMecra a3orrroKHcJroro 6apu-e Ba(NO3)2 (xgaruolxaqlu x. v.), orcu.4a Hrrpun Y2Or H MeaI, yrne-
xnc;rofi octrosHoii CuCOr x Cu(OH)2 (xna,u$r{Kalll*, oc. v.) npu 798-998-1 198 K s le'reHHe 120 q.

[lo.nyverHrti npo.lyKT no,EBeprailH oKr,rcJrHT€r-rbBoMy orxHry nyreM Me.ilneH]loro (c neqbro) oxnaxAe-
HHr alr 'r'eyrreparyp6r cr{Hr*a,to 858 K r.r ar,r.4epxuBarrH npr4 :rori reuneparype Ha Bo3.qyxe B re{erHe
i q. i.tc;topc-l:tuoc coiqepxaHue orleHrrBa,'rfi corJlacHo ltnarpalfMe p-?--6. npr.ieeaenHoi e IJ5]:
Elr '' ers n ,,o, ' ,1 nnn : 0 71.

Mexa oarr sauHlo noporuKa YBauCu:Oc.,a ocylqecrBrsnr c fiot\roulb]o urapoaoi.i n,raacrapuofi
MeJrhr{nubr-aKlsBaropa Al- O-2 (narepnal mpHHl-vp Fe). pa:lxuanqefi ycropeHlte veroulrx re; 60g"
-Ipr.r 

napINH r.rcxoAHorc noporuKa uoro;ru (arrunupom;tu) s cyxol{ Bu,(e B reqeHre 0.5, 2 n l0 rrrNu.

C ue.nrro operorBpauteHut Nt6rttoqgoro HarpeBa Marepnarra qepe3 Kax.{bre 0.5 vus nono;ra .4e;raLru

flepepbrB !.i.rr cHHx{eHH,{ TeMnepar)'pbl craKaHoB Jo r<ovnatroi. npI.J ?Torf craKaHbr ocraBa.jrt.rcb repue-
IH3trpoBaHHbll\fH.

PeHTreuorpa$NvecKr.Ie Br,rcoKoreMnepaTypHbre gccre.IoBaHHt noporIJKoB YBa2Cu,0615 BblrroJlHr-

-rI4 c ooMoubro an{rpaxroverpa D8 ADVANCE (Bruker AXS, fepmaurr), ocHarleHHoro (aMcpoi
Anton Paar XRK 900 c no3uuqoHHo-rryBcrBr.rr€JlLHr,rM .rrereKropoM VANTEC-]. Harpea o6pznnoe

ocyuecrBnrr-rH co cxoDocrsrc 0.2 IO',c c urarov no TeMnepaType 5 K. BpeMt r:oteplruuecxoi :a.qepxKir
Ha clcMr(y B ToqKe coc raa;rrlo 30 c, t4r aua,rn:a 4z$paxrorpaMM lrcfionb3ooa-lla riporpaMMt{L,Ie ra-
xeru DIFFRACpT"' u TOPAS 116, l7l, a rarxe 6a:rr AaHHbrx rrexlyHapotHofo ueHrpa ra$parcuuon-
Hbrx aaHHbrx PDF4+ ICDD I l8l.

,{auHsre peimeHoocroi SorouexrpoHHofi cnex:pocxonua (PO?C) uojrvttirJlu c nol,lourrc 6aso-

aofi nary-vunoi crcreMLr Multiprob Compacl, obopyAoBaHHoi ?Heproaranri3aropov EA-125
tOrnicrr'n- l-epr'larrur). l4croqsHn eo:6yxaarodero H3-'l)qeHlr - MarHraessrfi aHo.'l peHTreHoBcrofi

rry*ruKn MorrlHocrbro 175 Br. 3Heprernuecxar uraJra cneKrpoMerpa cKoppeKrnpoBaHa no xapaKTepn-
cruqecKaM jrr.rHr.rf,M MeraJrJroB Au, Ag H Cu. Hccneayeurtfi noporxoK c ro6asrofi xe6orsuroro ro.nn-
qecrBa MerKo,4acrepcHoro Ag rcpenrurcl Ha pa6o.lefi ruouaaKe aHarlr3aropa c rroMourbro npoBo,lr-
tller-o cKoTqa c 

^qBlxcTopoHHefi 
r,recuiefi [oBepxHocT6to. Ao6asra Ag r o6pa:r1v cxyx(H.rra a,r']s lonor-

uute,rruofi KoppeKTr.rpoBKH no3r.ruxr4 nHKoB, yva*teanueil Bo3HfiKalotrlltt npr.r :lerrpouHofi :vuc-
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cHr.r 3+0eKT ":apxgru" o6pa:uoa. Creury lr:yuaeurx r pa6ore Cls- tt Ols-cnerrpoB npoBoar. rl c

rrarou 0.05 sB u rpeueueu Ha(orureHu;r cnrHalra B ToqKe 7.5 c npl oueprru nponycKaHHq 3neprcaHa-

tuza:opa20:B. TouHocrr onpe4ereHvr nosHuHN nliKog 0.i :B.
[pn auatuza rpaHynoMerpHt]ecxoro cocraBa nopotrrKoB r.rcrroJlb3oaaJrri cKaHtlpyHtuHt 3JeKTpoH-

Hni unrpocxon Carl Zeiss EVO 40 (feplranur). a raxxe Ja3epHufi aH:rtlcarop .racrrlq cy6vurpou-
HOro rr.{ana3oHa DelsaNano S (Beckman Cculter Ltd, CIIIA). TepnorpaBr,tMerpl4qecKr.re (Tf) u na,ro-

pnverpnrecrne (au$$eperruna"rsnar cKaHupyloqaJl K:ulopnMerpllt (.{CK)) ucc;e,aoraHnf, npoBotrhr-IH

c Iorvroulblo repvoarra,rH3aropa STA 449C Jupiter, coBMelueHHoro c Macc-cneKTpoMerpou QMS 403C

A6oJos I\IETZSCT, fepvaur.rr), nx', aH rw3a Bbl.qerqn[]Hxcr ra:on. Cropocrs uarpeea./ox,laxqqenur
o6pa:qoa 1C K/rvas.

H:o6paNeHur noporxKoB, no,ryrteHHbre MerolloM cKaHup)']oureE 3-reKTpoHHoi Ml.tKpocKortl4u
(C3M). npe,lcraeleHbr Ha pxc. 1. I{erpyrxo 3ar4erxrb, vro cpe;fttufi pa3ivep eacrhu rlcxotHoro no-
po[JKa cocraB.]u;l -20 rvxv. Iloc:re noMo,ta;cc nopoLxKx npe.lcraBis,'M co6oli amoveparbl pa3MepoM

5-10 vxlr, cocrorrrlre u:6o,ree ue,rxux sac-mr1: 0.3-3.0 vxn. I'{cc,re.qosaxHt rpaH}-toMerpuqecKo-
ro cocTara o6pa:uoR nocire MexaHoaKTHBaqxH Mero.qoM .{uHaMHrrecKoro cBeropaccerHur Ha Ja3epHoNl

aHir,-rH3arope DelsaNano I pa3"'rnqHbJx cpelax noarBep.llr;trl, qro nopotxKH cKrroHHbr tt cu-rtaoi ar,,'to-

vepau!{H, o6pa:ya cxomenur qacruu pa3Mepoll io l0 vxv.

5 MliM

Puc. i. C?N4-r:o6pax€i rJ1 t{cxoaHoro noporuNa YBa2Cur06-s (n) n vexanoaxrnallpoBaHiihlx

rreverue 30 c (fl.2 rurx (c) u i0 MHH (z) o6pa3uoBi cHtro c lrBe.irnr{eHxen r10000

Oagoerri cocraa H napaNrcrpbr Kpl4cra.Jr.r'ruqecKnx tqeeK cocyuecrByrounx rfa: itpc.lcraB-'ieHbl B

ra6,'t. I u 2. B xaqecrge oonoago[ $a:li ro ecex o6pailllax np],cyrcrBoBa'1 YBa2CurO6,6 Tatixce so

ncex o6pa:uax o6HapyxeHo nphclrcrBue orcnla Y1BaCuO,. (tax ua:ltlaelroil ":e;teHofi" Qa:n Ii9]).
Kpolre yraraunlrx Qei: ua aarlpar<rorpalrlrax ncxoauoro o6pa:ua s He3HaqHTerbHoM Ko.;lHqecrBe

trpr{cyTcTByroT jtr,{HHH. npe.lnoiloxl{TeilrHo oTHoctulnect K TBepAOMy pacTBopy CnCrevu Ba{U-O.
B o6pa:uax. lolBept-Hyrbrx MexaHoaKTuBarlnH" cyulecrBeHlr6rx u:uesegtfi KaqecrBeHHoro rpa3oBoro

cocTaBa He RbnBJIeHO" OIHaKo cr-Ie.4yer oTMeTI.{Tb yBer1qeHhe KonnqecTBa ":e;reHofi" Qa:r,r c 6 ao

12 ok. Orcy,rcrune luunfi npuvecnofi Qa'ru Ba{u*O voxHo o6r'ccHtrl KaK ee I4cqe3HoBeH}.teM B pe-

3yrbra.re MexaHoxl.tMu'{ecKofi peaKllHt4) TaK }, cuJrbHHNr pa3MbrrHeM peHTreHoBcKHx Il}lKoB H3-34

yMeHbrxeHur paemepa o6:racrefi KofepeHTHofo paccerHr4g cooreercttyrouei Qasu. HsueHeHre napa-

MeTpoB 3;reMeHTapHblx rqeeK cocyuecTB),rotqnx rba: (ra6,'r. 2) cnn4ere'rlcreyet o6 orac;rure,rrHo-

BOCCTaHOBnTe"rbHbtx npoqeccax, npoTeKarcullrx B oIrcTeMe B xo.{e pa3MoJa.
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T a 6,'r u q a 1. Ka.recrreurbri u r(oJnqecrBeHHbrft (vac. 7o) Qa:oaurii cocrar o6pa:qoa

O6pa?eu
(Da3o86r[ cocraB

YBCO-0
YBCO-A30
YBCO-A2
YBCO-A t0

l{cxoiurhrt
Afo-2, 30 c
AfO-2,2 M|/''H

AfO-2, l0 MHli

95

E8

88

90

12

t2
t0

T a 6;r r rt a 2. CrpyKrypHbre [apaM€Tpbr 0a3, coreplttau xcq B o6pa]qax

O6pa3eu
YBazCu306-6 Y2BaCuOs

4, Ill\'r h, n*t (. HNI V, uu' A, HM b, HM C, HII{ t',
YBCO,,O

YBCO-A30
YBCO-A2
YBCCT.A' O

0.3830

0.1830

0.3833

0.383i

0.3884

0.3881

0.3882
0.i 880

1.1706

1.1698

L 1698

l.16 t'4

0.\741
0.1739

0.1741

0. r 738

1.2185

1 .2184
1.2182

1.2187

0.-5658

0.5660
0.5661

0.565'7

0.7124
o.7129

0.713 3

0.714s

0.1912
0.4916
0.4920

0.4926

jlrr r.lo1e:ruponannr Mr4KpocrpyKt'ypHbrx 3q)+eKToB (pflMepa o6Jracrei.i KorepeHrHolo paccetlrHt
ri Be;rnrrnubr MrtpoHanprxenr.tfi) ncnolrrooan [ollxo.{ ABofiHoro BoiTa (the Double-Voigt appr.o-
ach f20])- Pe:lrlraru oqeHKr,I npe.qcraBteHbr B ra6r. 3. OvesHAHo, qro pa3Mon BpHBo.aur repBoHa-

'JaJTLHO lr CyUtecTBeHHOM_V yMeHbUeHHIO pa3MepOB O6nacTefi KOfepeHTHOfO pacceqHnt, a jareM K Ha-
pacTaHH|o MHI(potranptxeHHfi no lrepe He3HaqrrerbHoro ,qaJlbHeiillleto H3MeflbqeHHr. IIpH f,ioM 3a-
MerHoro Bo3pacraHu;r Ko.irr{qecrBa np}lMecHLrx Qa: He npoucxoguT. B uenoM 3ro yKa3blBaer Ha nep-
cneKTaBHocrb npHMeH€HHfl MexaHoaKTuBauHoHrrofi o6pa6orxa .4nr KoppeKTnpoaxl $nrnro-
xanH,jecKrjx cgofi cTB oKcI,I.{a YBa2Cu3O6,s.

T a 6 n u a 3. PaiM€pH o6Jacr€tr KorepeHTHor-o pacceaulta <D> x n€J|I|qHtI6r crpvK-
rypubrx r{cKaxenrlft r (xapaKrepmyrculrx Mtr.poHafipaxennn) YBa2Cu3Oo*o-Qa:rr

e o6patqe 4o n noc,te MexaBoak-fxBaurrrl

O6pa3eu E, r'o

YBCO-O
YBCO-430
YBCO-A2
YBCO.AIO

E3

i8
17

0.02
0.04
0.16
0.16

Pe:1,,trraru iepMr.{qecftoro aHurr43a rlcxo,aHofo tt MexaHoaKTHBr.rpoBauHofo o6pa3rroB npe.IcraB-
jteHBr ria pHc. 2- 'levnepawpune 3aBrcHMocT[ "3{+eKToB Tf H H;O" cBr.{IeTe.iLcTBFoT o rrir.r-{H,[rH B
i\re\alroaKrHBxpoBaHHoM noportiic 6onr,uoro KonHqect Ba crp) K rypuor'i prrarH. r\oropar HaqHHaer HH-

feHctlBHo Bbl,qent'fbcH nplt HatpeBe cBblllle 200 oC. V6u-,rb Macc6r rrpH rlraKcnMarblrbrx TeMneparvpaK
ltarpera 770-900 oC ce.fl:aHa c Bl,trerrear4eM KaK Kricr'ropo;ta [l 5], rax n L-O2 (npusal 2'). CryneHva-
loe naAeHne Maccbl B r{HrepBaJre 700-760 uC, overuaHo, He riMeer oruoue}tlrr r ra:av H2O r CO2.
Bos toxrro, 3recb rlpoacxornl .{ecopSunJt CO, rar rar.{aHHuti ra3 Taxxe Mo)Ker HaKarulHBa'rsc{ B

YBa:Cu:Or.r [,i]. lloao6Hue npelcraBrer{HblM Ha pvc. 2 oco6eHHocru noBeAeHr.ie Tf- a l{C(-raslr-
cHMocreri Ha6,trogaucs raxxe flpu repMxqecKoM aHzult€e o6pa3uos. o6pa6oraHusrx s reqeHHe 30 c rt
2 r.rlrH. ro.qbxo oHH oKa3aracb MeHee rpro Br,rptulteuHlrMn.

lla puc. 3 npnBe,qeHbr PtD3C-cnerrpu B o6nacrl, xapaKTepr-tcrHqecKr{x 3reKTpoHHbrx .nuxafi yr-
nepoAa r.r KuclropoAa (Cls n Ols) .qnr Bcex HccreAyeMblx o6pa:uoa. Cnerrp Cls cocrour rr3 Tpex nH-
KoB. Koropbre orHocrrcc no rHrD/ yr.{epoAuoE cBc3r.r K rpynuHpoerau [21]: C-H (nNr I npN
284.9 i 0.1 3B). C-H*O (nNx ll npu 286.0 + 0.3 :B) u C-O (nr.rx iII npn 288.9 * 0.3 aB). Vmeooso-
por6r (niiK I), r,racclrQauhpylo[rHecr B /rHreparype KaK 3arprBHeHrar c,r-t"rafinoro xaparrepa, o6rrvuo
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Prc, 2. Kp[Bbre repMrrlecrtoro aniurrca xcxo,uHoro (1, .l') { MexasoarTnBnpoBaxBoro
B reqenne l0 uru (2, 2') o6pa:qoB YBa2Cu-1O6+6

cJryx(af B KaqecTBc BHyTpeflHero pefiepa. no3BoJrroulero no noj]oxeHHKr cBoei xapaK repHcT}{qecKoil
J-lHHnH Onpe,lersTr, HaKoruleHHl,rfi Ha o6pa3ue sreKTpocTarHr{ecKHi 'lapqfl so:HrjraloruHfi 3a c'rer
3JreKTpoHHofi 3MaccHr,r. Cquraercn 1221, uto no3r.rilfir 3'lo[ ,rr4Hl- ,r ,ljlq Bcex oKcHIoB He cHirbHo orJlH-
qaeTcc cr 285 :B. Ilo,ryvenHbre HaMr.r Cls-cnerrpu rro3Bolrrror llonoJlHHrb AaHHoe [paBHJro He3aaH-

ct-tvocrbo no3gul{14 ) r'jicBo,ilopo.aHoi nnH}tH or yexaHoaKr HBaqHo}rHor o cocrotRl{fl MarepHzula. BMe-

cre c Tenr flo3r{ql]u nHKoB II z III a,rs MexarroaKTrBnpoBanurrx o6pa:uoa 3aMeTHo cMe{eHbr oTHocl.r-
rerbHo rjcxoAHoro (ua .'0.6 9B) I cTopoHy Hu3Kr4x lHeplHfi cR$31.t.

Cnemp Ols pa3Jraraercr Ha qerr,rpc irnHnu, npsqeM j-ruHnu I u lll ornocxrcs K Kr,rc;ropory, Bxo-

ArrueMy B crpyKrypHbre ro3r4unn Kyapara lnTrpLtfl-6aprx 123-25). flijx I orseqaer rrc:ropogy. o6pa-
3l[orqeMy npoqHr,re x]rMHqecKue cBs3u c Ba. Bccb ocra,turoI KHc,,'ropoti oKclrla YBa2Cu306,S. cBt3aH-
usrfi c arolraua Y lr Cu. o6paryer rp)/aHopa3.renHMari xorrrurexc;rnil nnn IIl. Ilo4reepxrgerrre!,r cJr)-

xyr 6,rnrrcrc K lroperH.{ec(oM} orHo[reHHe uH rer rcrrguocreii ltlln = 0,425, no:r1,.reuuoe 1:rr ecex o6-
pa:qoa. B pe3yjlb'r"Te LrcxaHoaKTnBarllin rrpolrcxorHT cMeqeHlre '{acrh cneKTpa OIs. orreraruulefi
crp)Kr)pHoMy Kncjlopo.lr' (ncx,'roqenue -- cneKrp o6pa3rra YBCO-2), B cropoHy srrcoxnx :lneplrrii
cBt3I-t.

YBCO-A l0

200

Cls

288 292284 530 534 538 |i"",:B

Pac. 3, Pely,rrrarrt P@3C-rccrc,qorauur rcxoattoro n MexanoaKrtenpoBaHnoro o6pa:4oa YBa2Cu3O6"6
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IL'rHwrq II u IV o cner<rpe Ols, corlacso t-23-251, orBeqaror fpynnupoaxau [CO;]r r OFF(]I2O).
Hx cueqeure orHocHre.rbHo n[auii xcxoguoro o6pa:ua Ha6mo4aerce rotbxo 4-nr o6pa:qa YBCO-2,
Bo:pacraHue B pe3ynLTare MexaHoaKTHBauHu r4HTeucrlBlrocrrl nAHAr'r lV (aqecrBenHo cornacyercs c

aaHHbrr\rH TepMr'recKofo aHaJrH3a, KocBelIHo (nocxonrry Mero,'r P@3C H3yqaeT cooTotHHe [oaepxHo-
crn) y6a35r"u" Ha yB€nn'{eHre KoHueHTpar{uH H2O s o6r'erue o6pasqa. Bcero Jsutt qerbtpexxparHoe

yBeJtkqeHUe orHoclrretbHoil qIlreHcI,IBHocrH groi ,'laHuH cJrjrKrr r.loKa3arejlhcrBoM 'foro, qro B,,'Iafa

Bourjra ltMeHno n o6r,eu (s xpHcralnHL,ecKyrc peuerK)) o6pa:uoe, a He JIoxajIH3oBairacb Ha [oBepxHo-
cn.r B Bn.q€ aacop6aroa. I{anporun, no,rrn l0-xparuoe yBerH{{eHHe nHTeHcHB}rocrH .'rntru* II n III- Ha-

6;rrortaeuce B cneKrpax Ols n Cls B pe3ynl,Tare MexarroaKTUBaqHH, 3HarJHTerbHo ripeBbnuaer orr\re-
qeHHoe nplr rcpMoaHaqH3e Bo3pacraHlle Macchl Bll.qeilteMoro o6pa:uou CO2 (rpexrparxoe). 3ro csa-

.lereJrbcrBye r o roM, qro rap6ouarHar rpynfilrpoBKa JroKarll3yefct I4MeHHo B noBepxHocrHoM croe
o6pasuor.

Ila pnc. 4 npraBerellbl reMneparlTHbre 3aBHcrrMocrr,r napaMe'lpoB 3jieMeHTapHofi r.{eiiKri ocrroB-

nofi $assl (YBa:Cu:Or*r) o6pa:uoa xynpara nrrpnr-6apHe, HMetorqrx pa3rt{qnylo npeltstcropuro. I1o-
Jlyii*rHblc 3aBncnrlrocrn rgnur{Hbr rJrr BbrcoKoreMneparypH;rx cBepxnpoBo/rHl.rKoa U5. l9l. flpu Ha-

rpeBaHHH orcn.qa YBa:Cu:O6+D Ha Bo:i,ryxe noTepr KHcjlopo.aa flp]',r Bf,rcoKl.rx TeMrleparypax collpoBo-
i(laercg $a3ossrv nepexoaoM xs opropor'l6nvecrofi vo.alrQxraqxl4 I rerparoHarrbHyro. Cor,racHo I I 5j,
rfra:ousrii nepexoa (IDII) YBa2Cu3O6*6 Ha Bo3A),xe Ha6rroaaerc.r \pn 625 oC.,{,rr ucc-negyevoro nc-
xogHoro o6pa:qa c6auxesse napaMerpoB a u b npn T x 600 "C 3Kcrpano.IrHpyerct KaK pa3 Ha'roqK.y-'

Ot{ -625 "C (plrc.4, a), o,4uaxo He6o.rlruoe opropov6uvecroe HcKax(eHHe coxpaHterct Bn'rori, ilo
665 "C, qro Moxno o5sscurfir, HeoAuopo.EHocmro YBa2Cu3o6*6-tpa:;t c'6pa.:qon no KlrcnoporHo[ry
cocraay. AHa.:roraqHa, 3allepxiKa @fl st{aHa Ha 3aauclrlrocrtx a(I) w b(D JI,.I{ NrexaHoaKrHBHpoBaH-

Horo o6pastla (puc. 4. 61. B erou c,ry'rae ":rcrpanoluporaHuuii" Ofl nporicxo.qll trpu 595 "C, a pe-

a,r;Hrri.i -- npH -61 5 "C. lJouo,rHurensHo yKiD(eM, qro BLIno,'rHeHHr,te HaM14 aHarorfitlHLre ucc.{e.qoBa-

uru o6parua, MexaHoaKrnBhpoBaHHoro B reqesr.re 30 c, He noKa3a-;n.l cMerueHl4)r <DII no cpasHennrc c

acxo.lllrrrv o6pa:uol't,

A r' A' ..,,6.c, A I,', AT

il.g i

11.3f
'11 .i I

+

r79

I t'?
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173
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Pl{c. 4. 'feMneparypHarr 3aBr4cl.iMocrL napaMerpoB 3neMelrrapsoi rqeitr rcxolaoro (n)

MexaHoaxrllBrrpoBarHoro B reqeHrle 10 vut (6) o6pa:rtoa YBa2Cu506-5

l axuir,r o6pa:ora, l0-vnu1'rxar MexaHoaKTnBauut [pHBo,qI,n K.noBonbHo cyrqecrBeHHoMy cMeqe-
H[ro reMneparypu OfI y YBa2Cu:O6*r. Ha:ttlrne 4attnoro o$Qexla, cotracHo la6.n.3, cnr:laHo ue

cT0JI6KO C pa3Mepoll CTpyKry-pHHX 6rOrOg, CrO-tlSrO C eeJ'lD,{aHofi ['tl4KpoBafipc){eH}ifi, UarOruteHlrx a

Marepnare npn nexaxoo6pa6orxe. HanprxeHusr[ floMon, KpoMe roro, npuBo.qm x no.re:reHnio .npxofr

oco6esuocrn Ha reMneparypHofi gasHulMoctn napaMerpa c :,leueurapHofi t"e*KH ts HHTepBa-te

430--430'C (pxc. 4, 6). ?ra ocoSenHoctl tuoxet 6ut, o6rrcueHa pasaurHeM KllctoporHoro o6veua
o6pa:qa c ra:oaofi $a:oii alrue 430 'C u OfI, flpolrcxoAtuutM npu:630 oC.

400
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O6cyxaeune pe3ynbraroB. Conocras.nqg aaHHbre, noJD,^reHHHe c noMorlbro peurreHoocrofi 4n-
Qparqun u r€pMl.IqecKofo aHara3a, Mor{<Ho orMerr-rrb, rrro MexaHoaKTgBaquc npxBoArr K Bo3pacra-
nr*o pearquoHHofi cnoco6uocru rynpara n'rrpnr-6apHc no orHorreHHro K KoMnoHeHraM sosAlxa H:O
n co:. Hacuqesue nvH YBa2Cu3O6-6 rre npxBoJlHT x aeoopMauHra KpdcrarnuqecKofi peuerKH
(cp. puc. 4, a u 6), uro o6tccruerc.r cna6uv xrausqecnulr ssallro.aeficra eM uHrepKanrpoBaHHllx
Mo,'rcKy:r, pacnolaratourHxcr s cro6o,rxux KuciropoaHbrx y3J'tax Sa3osoi ruIocKocrr,r, c orcnaol,t. Bue-
cTe c TeM o rfrocr4TeJl bt{o cHrbHat cBr3r, KHcJropoila 6a:osoti nJrocroctta c penemofi (xaparrepn:yn-
uaqcr onpe.qereHsoii crcnegro rloHHocrx,) oKa3brBaef 3aMclHoe Brru{HHe Ha apa\terp c. qro nporB-
Jfrerce rrpfi Kric,ropoAHom o6r'reHe ncxoluoro YBa2Cu3O6,5 c ra:osoii $aloii (cu. puc.2 t pnc. 4. a).
florlrxeuuoe npr xorunarHoii TeMnepa'rype 3HaqeHHe napaMcrpa c.4:rx uexanoo6pa6crauHolo o6pa:r-

ua (pi{c. 4, 6) voNitc rarnu oSpa:ou cBt3arb c ycH,,'ren etlr cBr3H Kt.tcnopola c peruerxtli.i nocnc "ua-
xaqwr" s riee McxaHgqecKofi eHeprnn. IIpu :rov Bo3pacraer r.16o crenenu KoHHocrH yxa:aHnoi cst-
',rlr. ,ru6o o6ruee .riciro BaileHTHbrx crr:efi. I lpr BH,rereHHr4 TaKoro KHcnopoAa (npeAno-rroxl.rrc.flbHo Bo

BpeMt HafpeBa errrlre 430 oC) npor.rcxo,arr ycnreHna.q repltoxhMkqecrilt penaKcarrufl pe erKH, ,{To

nporBrrrercr B noqTH cryrreHqaroM Bo3pacraHnH napaMe,pa c (pNc. 4. 6). Brlrecre c reiu o6parHufi
cKaqoK napaMerpa c npn 610---630 oC, cygl no reMneparype, cBr3aH c nepexoAou crpyrrypHoh lrtr-
,1u$unaqxa oKor'l1a H3 opropoNt6hqecKofi B rerparoH:r:rbHyFo. IIpu:rou o6teu r.nenetrapsofi sqeirN
pe;laxclrpJ,er K cBoeMv "xoplra-nlrou-l," (xaparrepHovl ,tJ'n lrcxolnoro o6pa3ila) 3Ha{eHnro -177 At.
llossr enuaq 3+SeKrlrBHo{.rrb AaH}roro npouecca B oKpecrHocrr.i Ofl .qnr xynpara u,rrpu*6apzx na-
ra:ana e pa6orar [26,27].

Tatuu o6pa:orv, pa3Bltrne peitaKcauuoHHbtx rrpoueccoB B NrexanoaKTr.iBr,rpoBaHnoM YBa:CurOo*l
traer Bo3r\{o)I{JiocTL npeanojloxl{Tb, qTo .qo 3t'HX npoqeccoB cocTDrH[e KpHcTarr-lkr']ecxot"r peuerri]r
oKcHlIa (B qacrr{ocrH, ee,ruHefiHue fiaparrerpLr) onpeJeieiocb HaronrepHofi ynpyroii eHepmei He

ToJrbKo lraoprltylo, Ho H onocpeloBaHHo -* r.repe3 BJltitHHe Ha ctury cB.l3H Cu{). Kax H3Becrt{o, np
hacr,lqeHrt{ orclr4a YBa;Cu3O6 Kl,cropoiloM B ero crpyxrypHyio [li-roct(ocra CuO: no ueno.{Ke
Osp{usp0o,]-CuOz (rge Osn, (luErr 

- Rr,rcropot x MeAb 6asosofi unocrocru; O- -- an[KaJrr,Hbri
ruc:ropo;t) flepereKaer ,{upourrufi 3aprr'I I Ko.rrr{qect Be .'C.25 ,ai'rpKg Ha I arou HHreprzrnr,rpoBaHHoro

Nncilopo,{a [28J. l]ror:lapf,,l^ HaKan:ruBarcl. o6pa:ye'r'3oHv npoBo4aMocra (rrpx un:xux ]'eMnepary-
pax (uuxe 7i) :rla lsrpKI, o6pa:;yxrr crepxrpoBoarqHe K\lnepoBcKHe naprr). B pe3)-lbrare CuO2-ruro-

cKocrL oKa3brBaercl raprxenuoii 6o,'ree no,loxurerbHe no cpaBi{etiuro c cocraBCM 6 = 0. a 6asoaax -,-j0-ree otplti{u tc.tr,u,-r. -).re 
x rpoc ra rr qecKoc BiauIro-lciiL rBye riH\ U,rrrcroctci rlpHBonxI X cxilTHIL}

KpHcra-'uli,recxofi pelrerKri BAonb HanpaB,ieHvs c. Pt]ct:ueprlru Ctt-O-car3H B MesaHoaKTI4BHpoBarr-

ifoM Kynpare urrput-6apwt c yqeroM Rbltreu3-roxeHHofo Mo)nlio rpanToBarb KaK yBe.ql.{,JeHue KoJ,'ut-

,r('crBa Btutelltbtr c3rrei Mcriqy Crr5q r Osn: lc(t -() j -+ lCu'--O- l-. Ilpr ,rrotr 'lrcno nepere-
Kaorunx B lJiL\cKocrh CuO2 Ar,rpoK r{a o.qult arot\l Oi;rr oKi*blBc€rct e.xaa pala 6o;rsure. qrli no3Boirte'I

oSr,scHrrru aBofiHOe yBeJHqerrrre HaKqoHa 3aRr4c!n{oclH c(I) ua puc. 4. 6 no cpasnelruto c puc. 4. a u

aHrepBajre 4:10- {30 "Cl. Kpouc roro, }BeraqeHHe 3aprr'la a ttoHax KnctopoAt! ()6r H cBt3aHlroe c

tTHh{ BO3parTaHXe SHeprHH OTTanKHBaHrtr Mex.n)',lTr]MrJ i.{OHaMLr, COL'IaaHO CiaTItCTBqccKO'l NO,Ie]I}.!

(MoH1e-Kap"io) onrcaBnr @I1 a YBazCu:Oo.; i29l, ac,rxHo sprBecrll I< noH]txeHBro reMneparipbi
tD11, uro cor,racyercr c Harrjr.rN''r 3KcnepuveHTzuIbllr'I;rau,lauul,tulr (ctt. prc. 4).

Clerrpu P@l)C iuexaHoarruBHpoBaHHl,r\ o6pa:uol (pNc. 3) noxa:sioaK)r' cMen{eHHe ,,'tllxt.rfi Ois.
orHocruKxct K "crp) K r)'pHoi\lY" KrrcJtopoay. B c'l'opoltj- sttcoxux rHeprnii cscstl'. Taroe cMellleilUe.

cof;racuo reoprn xHMHt{ecKofo c,aBfira 3ur6aHa [30], 03Haqaer-.rro 60rbnlhHcrso arouoB KHcJiopora

B crpyKi'ype YBa:CrrrOers rro.{Bepl agrcs BJrHrHnro .{ono.lrJfir'enbHoro 3neKrpocrarHvecKoro no-It, Hc-

TOT;HHKOM KOTOpOTO 
'LrreTCr 

IrOJlOXr4TeJrb6blfi 3apSI. 3rO CJ!)',xtltr noJ1] BeplqeHueM Tofo, ttro B Me-

xaHoaxrkBHpoBarrriux o6pa:uax (no KpatHeii Mepe, o6pa6orattHt'Ix B reqeHre l0 mru) r crpyKrypHoii
nJlocKocru Cu02 (n roropoii lr s6nusa roropofi pacno,'to)(eHH tuecrb aroMoB KHcJIoPo,4a Ha Qop-
l'i),Jrbrryn err{Hxu-v YBazCulOe.t) aeiicrBuTenbHo iltoxe f 6bl'I b toKajII.BoBaHo rlogtllreHHoe nc oitto-
ueHHro l( [cxoJIHoMy o6Pa3tdv Ko,,]l4qecrBo 3reKTpottHblx JlbIpoK.

' hcgmqetre coc'raBjlrgT o6pa3e[ YBCO-A2. Ha,]u.{Ee y :rorc o6pa:{a {enoro ptaa "oco6eHHocrci" (cM.

puc. l, 3 l ra6-rr. l) car.aerelrcrnyer o6 oco6ou xaparrepe npoqecca ero MexaHoaxrlrBaquti.

l0l
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flor,,uliuo ocHosHox Oa3br, onyqeHHbre 3KcnepHMelrflurbHbre AaHHlle lro3Bojrtlor cAerarb 3aKnro-
qeHne raK)(e o cogrotHr{u npuuecuofi Qa:rr BaCO3 B MexaHoaxTngHpoBaHHoM lrarepua're, Ee npu-
cyrcrBHe aoKa3blBaercr Hiuurqr4eM coz B cneKTpe Ebraenrloutloicr npir HarpeBe oxoro 800 "c ra:os,
qro conpoBoxqaerct .qoBotbHo 3HaqHTeJIbHbIM u3MeHeHHeM Maccbl: -0,25 uac. Vo. B rrepecqere Ha

BaCO3 :ro cooTBeTcrByeT -1.5 o6. o/o. Blrecre c reM oTcyrcrBHe cooTBeTcrByrourr( peQ.nercos Ha

peHTreHorpaMMax cBnaereitcrByer,'Iulub o roM. vro rra $ara I pe3ynr,Tare MexaHoarTrrBaulra nepe-
urna r auopQroe cocrosHHe. O6racruro ,roKa"rfi:auuu yrarannofi $a:u.ar.;rrercr noBepxHocrb qacrrru

YBa2CulO6-6 [13, 14, l9], onBepruascrr rlraKchMair,HoM), r\,rgxaHuqecKoMy gclsaeicrsrlto. Xaparre-
pl-rcrl{Kau}r MexaHoarThBupoBarrHoii Qa3br BaCOj. rlorvrHMo aMopQHoro cocrotHn.c, flBJurorcr rroBbl-

rlleHr{aJ|reMneparvpa pa3jroxeHlrr ua BaO r.r CO2 (pac. 2) r.r cyuecrBeHHbIfr XHNIH.{ecKnfi cABnr -qHHr. r

yrnepoAa III s cneKrpe Cls (pnc. 3) no HanpaBnenHlo K Hl.l3KrrM ("rap6nqHr,rr.r") 3BepfnfiM cBs3H.

Kpoue roro. oco6eHHocruro vexaHoaKTHBHpoBaHHo)'c Kap6oHara 6 aput xsnnercx Sostlrtroi t-r36Lrrox g

HeM KlrcxopoAa (-50 %). 3ro creayer H3 pacqeroB coorHotrreHng 3liellteHToB O r C no nHTeucHBHo-
clrM coolBercrByroulrx ;rsuuii B PO3c-cncl<tpax. Olveruv. rrro yBernqeHr.le reMrreparlpbr pa3no-
NerrHr BaCO3 u "xap6ugusagut" cooraercrnyrouefi euy :ruxuu Cls n P@3C-crexrpe uorvr 6urrs
o6yc,roa,reurr (B coorBercrBrln c reopfiei [30]) cueuenr.rem l:rertpottHoi nrorHocrx I rlenotrKc
Ba-O-C n cropouy HoHoR 6apws.

3arurroqenre, HHreHclreHat trexaHoaKT[BauaoHHat o6pa6orr(a rvnpara nrrpltl-6apdt ,tJrurcnh-
uoctrcr 0,5- ! 0 i\{HH npnBo.lm K cyulecrRerrHbrM lr3}r{eHe}rHrl{ efo NruKpoc'tpyKTvpHbix xaparocpa-
crr,rK, TeMreparypLr nonHl,rop$Horo nepexoaa H3 Hr4jKoreMtreparypnoft opropovSurecxoi Qarsr r rrr-
coKoTeMneparypH_vlo TeTpat'oH&rrbHJ,'Io, a Ta(xe 3apr.4oBofo cocTotHlIt KHclopo,4Hbrx r-loHoB, Bxo.qn-

utr.rx B cocraB 6asonofi n,qocrocrr.r YBa2Cu3O6-5 (c O Ha O'z-). OrrueveH pocr peaKuuoHr{oil cnoco6Hc-
crt-t Marepllara noc:re uexauoo6pa6orKu. npo,tBrnrougicr B ycH,'IeHHoM HaxonreHrrH B efo crpyKrype
lrHTepKart.{poBaHHoi Boabt, oaHa(o 3aMerHoro yBe-1hqeHH,I o6r,eva npnuecHux Qa: r varepaa,re nprl
:ior,l ne na6.nrcila:rocr. I'lo,ryreunbre pe3),x6Tarbr yKa3brBalor Ha nepcneKTnBHocrh r,rcrrolrb3oBar'lr,rfl

MexalloaKTrrBarlHoHljofo MeToAa Bo3lleftcTBut Ha oKcI.{A YBa2Cu3O6*6 aJu ue.i-rerranpaBireHHoro !ro-
'lnQluuponarln cro rlu:uxo-xnnauqecKur cBoiicrB.

Aeropu a;rpaxaror 6raro71apHocru corpyAHr{xaM Hn-ra vera,rnypruN YpO PAH T. H, Ou,ruH-
I{rrBoii D A. li. illy6nrry:a no roulb B npoBeAeHsh 3Kc[epr{Me}rToB r A.,'. OHulva4,3a H rcpec K pa-

Sore H oScyNreHue pevlrbraroB.
Pa6ora LlrrrrorscHa npn noAilepx(e Poccaficroro rloHga O)'HlaMeHTanbHhrx Hcsie;IoBaHufi

(rpaHr Nr l1-03-003i7) r{ rocyaapcrBeHHoi nporpauvrr "hcc,re,qosaHnr a pa:rpa6orriu no rp!.iopu-
TerHbrM HafipaBJreHlltv pa3BHTHfl HayqHo-TexHo:rorfiqecKoro KounJrerca Poccun Ha 2007-20112 rc."
(roc. xonlparr J\! I 6.552.1 I .7C l7) ua o6opy,aorauNr-r llenrpa ro"urenrnBHoro lro,-lb3oBaHH" "rrrpan-M".
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