2B @)
Bi- 20

33 qUU U.P. LULRULN3ULP why. ehURULUL DhaRLYUSh PLUShSNES

3uunty3uUL Uh3PUL IUUU3UYLP

mMAL2b, LhULLP NF UNRULSH EERYUSLUYNN UbUSNFE@3NFLLENR
JdsPuuULaLNFUL U3rUUL NEdhUNtU B4 ©NCELUUL NE 2NELUSN
ucsunutrkh ususntuc

P.00.01 - "UGopquwiwlwh phipw" dwubwghwnntpjwip phihwywh
ghwnnipyniGbtiph pElGwdanth ghinwlwh wuinhBwih hw)giwh
wunbOwfununtpjwb

ucauuapnr

GNPGdUL - 2008

UHCTHUTYT XUMHUYECKOW ®U3HMKH nm. A.B. HAJIBAHISIHA
HAH PECIYBJIHKH APMEHHA

SAMYKSIH MUTPAH AMASIKOBHY

BOCCTAHOBJIEHHME OKCHAHbIX COEAUHEHWH MEJIH, HUKEJS H
KOBAJIbTA B PEXXMME FOPEHMS W IMOJTYYEHHE [NOPOLIKOOBPA3HBIX H
JIUTBIX METAJIJIOB

ABTOPE®EPAT

JluccepTraunn Ha COMCKAHHE YHEHOMH CTENEHH
KaHAHAaTa XMMHYECKHX HAYK MO CMELHANLHOCTH
02.00.01 - "Heopranu1ueckas XuMHa"

EPEBAH - 2008
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Uik Gwfununtpjwl pEdwh hwunwinyb) £ 6M3 Lhdhwih pwlnepnbinh funphpnnud
Shunwlwh nbYwywnp’ dhq.-dwp. ghwin. nnlwnp,

wpnd. U.L. hwpwwnjwl
MuwzunnOwlwl pGnnhiwfunuGbp® £.g.n. wpnd. U.G. Pwpwjwh
£.g.p. NU. UGwgwlwljwh

33 qUU pGnhwlnip L whopgwOwlwb
phipw)h hGuwnhunin

Unwownwp Ywqdwlbpwnipjntl®

UwnbGwiununtpjwi mwzmu.;u.ﬁmp;mﬁg Yujywhwnt £ 2008 p. hniGhuh 4-hG dwdp 13.00-h0
33 QUU Lhshwlws dhahlwih hGuwnpwnnunh 017 Vwubwghunwyw funphpnh Ghuwnnud
(0014, Gpluwub, M. Ulkwlyh th., 5/2)

UwnbGwlununtpjwGp Yuwnbih t dwinpwlwg 33 GUU LDb-h gpunwpwned:

Ubniwghp wnwpywé t 2008 p. wwphth 30- hG:
Uwubwghunwlwb funphpnh
* ghunwljwh pwpwninwn, phd. ghwn. pbyGwént 3.9. 3wlnpjw

Tema auccepTaumun yTeepsaeHa cosetom (akynbrera Xumuu EIY

JIoKTOp (hH3.-MaT. HayK,
npodeccop C.JI. Xaparau

HayuHblit pyKOBOAHTENb:

OgHuHANBLHBIE ONMOHEHTBI: J.x.1., npotpeccop C.I". Babasn
K.x.H. P.A. MHauakaHsH

HuctuTyT 06L1eH H HEOpraHHYECKOH
xumun HAH PA

Bcﬂymaﬂ OpraHd3auus:

3awura aucceprauny coctoutes 4 uions 2008 r. B 13.00 4acos Ha 3acenaHnu
cneunanusnposantoro cosera 017 Muctutyra xumuueckodt gusukn HAH PA
(0014, r. Epesan, ya. 1. Cenaka, 5/2)

C anccepraimeii MOKHO 03HAKOMHTLCS B GuanoTeke HXD HAH PA.

Astopedepar pasocaan 30 anpens 2008 r.

Yyenslii cexperapb CneuHanM3MpOBAHHOTO 5

COBETA, KaH[. XHM. HayK e AT. AxonsH

uerudNr@3NkL

tuGnnh wonhwlwGnipinilp: dwiwGwlwlhg nbuGhywh tnwppbp phwguywne-
Gopnud (wyb Yhpwenipyneh GO qunbg dbwnwnwihnzhObpp, wjn pdnud’ thnzE00wh
wnhGap, Ghybip L Ynpwiwnp: ©npbGiwh wnhbGdp Yhpwedned pwaiwphy t-
(Eynpwlywh L bEYunpnOwiht vwppwynpnuiGbpnid, pwndp tiEYywnpwhwnnp-
nwlwbnipnth nilbgnn puniplbiph L tdnyuhwlbnh, qniOwynp pwGwplbiph
wwinpwundwh naponed, Yhpwednd £ npybu Ywnwihquinnp tnwnpbp ph-
dhwlywl rtwlghwabpnud, oguwgnpéynid b yhGhiwyht L twopuhnwjhb GGp-
yepned L wypnen: ©npbG0wG Ghybip L Ynpwinp (wyGnpbl Yhpwnynid GG npwtu
Yuwwwlgnn Gynipbp tpunpbiw] ww)jdwbbbpnid w2fuwwnnn L 0ké wpwanipjwdp
wwnnynn Yupnn gnpéhplbph wwinpwundwl hwdwn, hhdGwjhG dwpwnlyngbbiph
L hwunwnntl Gwglhubbph wwnpwuniwl Gywwnwyny, ogunwgnpoyntd GO
npwbu whaokGunGkp hwlwlnenghnl Gepywajniptinnud b wyinep:

JwyinGh 66 Gwé dEnwnuwihnzhGlph unwgdwh dh 2wpp EnwOwybbp®
kbywnpwiunbgnid, hhnpndbnwnipghw, wnndhqughw L wyG: Uu bnwbwb-
Gbpp, nuOBGwiny Gh 2wnp wrwybnpncGatn, ntGEh Gwl (nupe pbpnupyniGGtn:
Mwhp hhiGwlwbned GEpwencd B0 pwgqdwihney, Gpywpwnl ypngbubbn, Juuw-
Jwd LG (nupg EGEpgtinhly dwiuubph htiin L ng dhaun GG pwywpuwpnid dEwnwnw-
thnzhGphG GEpYwjwgynn wwhwbellphl: Uu wenudny wpnhwlywb b dawlbg
dbnwnwthnzhGiph unwgdwh Gnp” wowdb] wprynubwdbn, L GEpYywywgynn
wwhwbelGbphG pwywpwpnn bnwlwyGbn, npnip gtipd YhGkh wywinwlwh
bnwhwyGbph nuibgwé ptpnipnilibphg L Ywwwhnybh dtunwnwihn2hbGbph
wlhpwdbwn npwln:

Ubplywynudu (w)b nwpwénud b gunbip wiopquibwluwh nddwpwhuwg Uhw-
gntpyntlGtph uhGpbigh Gnp Gnwlwyp, npp hwjinbwgnponn htnhGwlyGkph Unn-
dhg Unsuby t pupdppbpdwunpowluyhl hlplunnwnwdyng uhlptq (Yptwwn’
£hU wpngtiu) [1]: d6pehG tiwphlbphG w)b Yphpwryntd t Gwb npny dGnwnbtph
utnwgiwh hwiwp: APU bnwGwlh hhdpnud pGYwé b Bpynt Yuwd wybih twppbph
(ywd phihwlwb dhwgnpynibGiph) thgnptipd thnfuwgntignignibp, npl plpw-
Gnud b nennnpnidwd wypdw etidhindd L hwlnhuwbnud © npwtiu htwnbpngkb
wypiwh tnwpwinbuwl:

Unyb wphuwinwipnid Gpywd dEnwnwihnzhlbiph, hGswbu Gwl ancwédn
wnGah unwgiwh Gwwwnwyny wnwehl whqwd Yhpweyty t PPU Gnwbwlp:
UbtnwnuwihnzhGepp unwgyt| 66 wjpdwb ntdhdinud hwiwwwwnwuhuwb opupn-
Gbph, hOswhu Gwl wnGah L Ghytth hhiGwihG Yuwppnbwinbbph YEpwlwbgGiwh
Swlwwwphny:

UbinwnGbph JbpwlwGgGniil opuhnwihG dhwgnipjntGGtphg Uunuwwybu
nGbghy b pb' qhinwlwh, pt' gnpobwlywl d6é Owhwynipynib: Un Guwwnwyh
hwiwp npwbu YepwlwiqbhsGbn unynpwpwn oguwagnnpéntd b wotuwsbh Gn-
Gopuhn, opwaéhh, wétuwshh, plwywh quq, npng danwnbtp (dbunwnwpbpdhw)
L wy G: Uju wpfuwinwbpnid AhU Gnwbwyny opuhnwihl dhwgntp)ntGGbph ybipw-
GwhqGiwdp Gpqws dwnwnuwihnzhGtiph (Cu, Ni, Co) unwgdwl OGwywwnwlyny
wnwhl wiquwy npwbu Ytpwlwiqhhsltin ogunwagnpoyty G dh awpp wh(n op-
qulwlwG Gynupbip (wnihuhpny, wnihtphitG, wnthwpnwhitl, nipnuopnwhl L
dblwohG), wjuwbu Ynsggws, “hwiwlgdwéd YpwlwhqbhsGen" (Ag): 3J-O6ph
pGuwpnipynibp wwjiwGwynpws t dh pwlh hwGqwdwbpny: tapwnpyned tp, np

(5]
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npwig Yhpwnnidp hGwpwynpnipyntl Yuw funtuwithty npn2 pwpnnipynibatinhg,
npnGp unynpwpwn hwGnhwntd GO wyy JtpwlwGaGhghtph oqunwgnndiwh nbw-
pnud: Uwubwnpwwbu, ququwjh0 UbpwywaqbhsGtnh (Hz, CO L wyb) oquw-
qnpéiwh ntiwpntd dbwnwnh opuhnp ng Ghaw t wipnngntpjwip ytpwywhgbynid
$hwnpwghnb b nhpnighnl ndywnnipntGbtinh wwwndwneny: Uty ynnihg, hw-
Gwfu oguwgnpaynn whin ybpwlwbqGhsGEnh (C, Al L uyh) oquwgnnpgiwb
nwpntd gh Ynndhg ndwnpnipntGGEp GO wnwywlntd whn $wquyhl ntiwy-
ghwG hwpnigkipnt hGwn Ywwydwé, djniu Ynndhg, hGwpwynp t ynndbwyh wpqu-
uhpltiph wnwowgntd, npnGp wnunnnnid B0 Guwinwlw)hG wpgwuhpp: Uju
nbuwalnibhg hwiwygywo YbpwlwhqgGhsbbpp nnpubnpnud GG Gadws tpunt
wnhwh bpwlwhgbh;GEnh npwywd ynndtipp” wnwybinepjntGOGPp L hhdbw-
Ywanud qbnd GO Gpwhg ptipntpyntGOGnhg: Uwubwynpwwtu, npwip qubynud GO
whn waqnbgwwnwihG yhswynud, b nbwaqbkGnbbph fuwnGdwl wpngbulb wybih
hbain b Ujnwu Ynndhg, hy-Gtipp, (hobny onqulwlwh dhwgntpjniGatn, nLOkO
hwibiwwnwpwn guan pwjpwyiwl ptndwunhGwiEn, nph htwnbwlpny wpn-
gbuh pGpwgpntd Ywpnn G hbannipjwtip pwjpuydby puwlwlwdhG guénp gbip-
dwunhdwabbpnud’ wnwowglbny wywnhy quaquyht Ghpwyjuwy wpqwuhplObn:
JdbpehGhbpu £ hpwywGwglnud G0 opuhnh Jtpwlwhglniip (ntnh t nGEGNLG
whin-quwq thnfuwgnbgnipjni): Ujniu ynndhg, wyu ntiwpnd Oujwinwlw)ha
dbwwnp sh wnnunyntd ynndGwlh Gynuplipny, pwh np djniu wpquuhplinp
" quaqtiph wkupny hpwanud 66 hwiwlywnghg: Pwgh wyn, hy-Gtipp dwuwngbh GG b
wnwowglnd &0 tugnptipd fuwnbntpn0tp G2qwé opuhnuihl Ghwgntp)nLGhtph
htwn, npl whhpwdbiain t wpngtiultnl wypdwh ntdhdnld Yuwaoiwybpwtnt hw-
dwp:
UydwG rtidhdnud wnGah opuhnh tpwlwigbiwh hwdwn npwtiu Ybpw-
Ywhqlhsbbn oquiwgnpdyti kG Gub opwohb L uhthgned: Jwikiwwnyb) G CuO-
hy L CuO-Hz hwiwlwngbiph wypdwa ophGwswthnipyntGOEpp: NtunuiGwuppyby
6O YbpwhwGgdiwl wnngbuh dwlpnyhGbwhywi L unwgynn Gnepbiph pwqu- b
anmgL[u.-dpqunngduJﬁ ophGwswihntpjntbOGRQ: pwgwhwnyty 60 wjpdwl
wwpwibnptinh, wpiwl wpqwuhpibnh ghypnywnenigwoph Ynw waqnnn gnp-
énGhbpp, wpdty £ opupnwihl dhwgnpyntbGbph dtpwywighiwh hwywlwlywb

tkhuwGhqdp:

Ustuwwnwiph Guwnwlp: w) Nrunuibwuppbl dh 2wpp gtwnwnGbph (wnhbd, Gh-
ytiL, Ynpwin) opuhnGtinph L hhdGuwjhlG YwppnGwunbtph (wnGah L Ghyth hhdbw-
jha ywppnGunGbn) Ubpwlwhgbiwh onhﬂwzwmmpjmﬂﬁhnﬁ wyniwh ntdhdntd;
p) wwpqupwlbg thnzbGEwWh (dntpwén) wnbah, thn2tGdwh GhybLh L Ynpwinh
unwgiwl hGwpwdnpnipyntlp L Gmwmwuwhmndwnmpjmﬁﬁ wyndwh rdhdnd;
q) pwgwhuwjuntbi| pbndwo hwiwywpgbnpntd wyndwh dbfuwChgaGlpp; n) hbunw-
qnunby GlwjhG fuweGnipnh pwnuwnphsGtph hwpwptpwygntpjwt, Ybpwywla-
Ghsh pGnuph, Showduwyph 6620wk L bwihb pnywiuwnGnipnbbnph huwnnipywl
waqntigntpntoi wjndw wwpwdkipbph L uwnwgynn dtpewaynipliph dnpdnin-
ghugh nt Pwquyhl pwnwnpntpjwl Jnw; b) dzwybip npnawlh dhypnywnntg-
Juépny thnptGdwh wnGah, Ghyth b ynpwiwh FRU tnwbwlyny unwgdwh Gnp
dnunbgnudGhip, b unwluwg npwig thnpdGwywh pwlwlybtip:
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bwnwagnnnipjwb ulnhpGbpp: Ppwlwlwglby pbpinnhOwdhlwlwa dtppniéne-
p)ntGOtn Jbpp Gaqws opuhnuwjhh dhwgntpjnbbtph dpwywhgiiwh L hwdw-
wuwnwufuwb SEnwnGbph unwgiwl hGwpwynpnipjnibGph wwpqupwbdwb
Guywwnwyny:

1. 3bwnwgnunbp wypdwb, Hwqu- nt ywrnigywépwagnjugiwl onhGuwgwihnt-
pJnLGGLnp CuO-hy, dwiwhuhw-hy, GhYLLh hhdaGuw)hb ywppnGuuwn-hy, NiO-hy,
Co0304-hy hwiwlwngbipnud: qGwhwwnby habpwn dhowywph 020wl waqnb-
gnipynibp’ dwpnip Ybpgwljnip unwwnt Guwwnwynd: Pwgwhuwjnti wyh
qnpénGGtpp, npnGg dhengny howpwynp t upguinpb wyndwl wnquuhp-
Gkph dhypnjuwnrniguwépp L $wquihl pwnwnpnipntlp:

2. Upwlb owwnhiw] wwjiwbbtp® pwpdn dwepnipjwdp thnpt0dwl wnh0d,
Ghyb L Ynpwin unwbuwgnt hwdwn:

3. NnuiGwuppt| wnldh opuhnh uhhywpbnohy Ubpwlywhgiiwh L antjwoén
wnGah unwgiwh onhGwswihnipjntOGEG wjniw@ ntidhdnud: vwpwdwgn-
jwglnn Gynepbiph ogunuwqnpéiwdp wwwhnyby mnipwhwy fuwpwidh dlw-
Unpnud L dbnwnulwh Hwgh n fuwpwih wewytiwgnybu (phy pwquipw-
dwhiwh ww)dwhbbp:

4. Mupqupwib] CuO-H;z hwiwywpgnd wypdwh wpngbuh YuqowhEpwiwa
hGwpwynpnepyniGp:  NFunudGwuhpby ppwélng  wnbah opuhnh ybpw-
YuwhGgbdwh ophGw;swihnipyntb0tna wyniwh nbdhdnuy, pwgwhw)int) Ybnpw-
YuiqGuiwh dbhuwGhadp: Yuwwwpb, CuO-hy L CuO-Hz hwiwywngbph
wynpdwb ophGwswthnipjntbOtph hwibdwwnwlwh Yepintdnipntbbn:

Ghunwlwh Gnpniipn: UWndwh rtdhinud thnzb0dwd Cu-h, Ni-h L Co-h unwgiwl
Guywinwyny wnwehl whgud oquwagnnaytip GG Gnp whuh, wjuwtiu Ynsdws, hw-
dwlgyws YEpwlwhqbhsbtn: hpwlwlwgyt GO phnpinnhGwdhywlwh J&pint-
Snupynillbp CuO-hy, dwiwfuhw-hy,  GhykLh hholwihG  YwppnGun-hy,
NiO(Co0304)-hd, CuO-Si-fuwpwiwgnjugntghs hwdwywpgtipnud® Guywwnwy nilt-
Gwiny wwpqupwlbi thnzbGdwh (antwoén) wnbdh, thnpbGowh GhuyGth L yn-
puwinh unwgiwh hGwnwynpnepyntl wypdwl ntdhinud: Q0whwinyty GG wwp-
ptip UbpwlwaqglhsOph wqnbgnip)ntGGEpG wypdwh ntidhiGkph, dbhuwbhqdh L
unwgynn Ubppwljnipbiph pwnuwnpnipjwl  Ypw: Upwldtp GG wnbunbuwubu
abnGunt wnngbultp' Ywpawdnpynn dhypniwrnigwépny thnztGdwh wnhGah,
Ghytih L Ynpwpwnh utnwgiwh hwdiwn: Unwehl woquwd hpwlywiwgyb wyndwb
wpngbu CuO-H2 hwdwlwpgnid®  epwélny wnbéh opuhnh Ybpwlwbgbiwh
onhGwgwthnip)ntGOGG nuunuiGuuhpbny Gnp nbuwalyynibhg: hPpwlwbwgyb) t
wnaah opuhnh uhhlwpbpdhy dnwlywbgbnud wypdwh ntdhind, L fuwpwiw-
gnjuwgntghsGtph oqlntpjwip wuwwhnybi t dhGsk 95% bipny dntjwon wnbdh
PwqupwdwinLl;

QnpéGwlwi wpdtipp: Ogunwagnpotiiny dwunshh JepwlwbgbhsGbn’ drwldby t
wnbunbuwwbu dtnGwne Gnp dninbigntd wypdwh rtdhdnud dhwihnig wpngbund
thnptiGdwh wnbdh, Ghyth L Yynpwinh utnwgiwl hwdwp: CGR npnud, wyndwb
dhwl whin wpgwuhpp Guywinwluwhb dEnwnb t, nnb wnununywé stowyg Gyne-
ptpny: ®nthnpubiny Gh 2wnp qnpénGGtp’ hGwpwdnp b bGnky Ywpguwynpby
wyniwh gpiwunhtwp, wnngtiuhG ninklgnn ququipwindwh wnwgntpynibp,
nph wpryntbpnud £ uinwgynn dbwnwnwihnznt Ghypnlwrnigywspp:




ywunwnpywd  henwgnuinepniGibph - wpryntbplbpp hGwpwynpnip)nth
ypGabnkG Ywqowybnwtine G2qws ghnwnwihnahlbph  wpnwnpnepynth RRU
nbhubwnghwjny:

Uzuwnnwiph wnpnyniGpGpp ghiynigyty GG. UwnbOwfununipywh dbe phpdwd wp-
myntGpGtph hhdGwlwh dwup qtynigyti G0 hbnbyjwy dhowqquwyhl L nbnwlywh
ghunwdnnndbbpned. VI Intern. Symposium on SHS, 6-9 July., 2003, Krakow, Poland;
IX Intern. Symposium on SHS, 1-5 July, 2007, Dijon, France; First Armenian-Israeli
Workshop on SHS, 26-29 Secptember. 2005, Yerevan, Armenia; MexayHapoatas
KOH()epeHLHA M0 XHMHH H XHMHHCCKON TEXHOJOTHH, oxtabpbs 22-25, 2007, Epesan,
ApMelins; 11™ Annual Conference on Electron Microscopy, 20-21 November, 2003,
Yerevan, Armenia; 6M3 niuwbnnwlwd ghnwdnnnyGpnud (2002 nkywnkipkp,
2003 Gnjkipbp, 2004 nbywnbdptp, 2005 dwjhu); 4. Uwpqujwih widwh “Mwg-
dwlwh hGunhwnunned” (2004 dwjhu, 2007 dwpn):

Spwwwpwynuibbpp: UnbGwiununipjwl hhibwlwl dwup nwwanpdbp t 9 wp-
fuwwnwbpbbpnud:

UwnbGwtununipjwl Ywenigwépp L dwywip: Unyh wunblwhunuwywl whuw-
nwbpp pwnlwgwd b GEpwsnipinilpg, 4 qntubtiphg, GanulwgnipynibObphg,
oquwgnpéywé qpulwinipjwl guilyhg: Uzfuwnwipp awnwnnyuwd k114 tenud,
wwpntGwyned £ 3 wyniuwybtin, 65 GYwpGtp L 127 hnnudGkn:

Qynifu 1.9pwlhw whGwnl

UnyG qqfuntd pGowplyty 66 wnbdh, Ghybih L Ynpwiwnh hhibwlwh hwwn-
ynipyniGGbpp, Uhpwndiwl npnpunbbpp: Lbphuwjwgytp GG G2wd dbunwnbph
utnwgliwh nwiwyGbpp hGswbu dnuwon, w)bwbu k| thnpb0dwh wnbupny: COn-
hwGnip inbupny GEplwjwgyws L wn tnwawybeph wewybinipntGGtpp L phi-
pnpyniGGhipp: Phipdwé GO wnbdh, Ghyblh L Ynpwiwnh opupnltiph ybpw-
Ywhqlliwh Jtpwpbpjw] gpwlwiwlw nwibbn: Wn  dGwnwnwihnzhGEph
utnwgiwl npwbu wypbGupwipuwihb dnuinbgned wnwewnlybl £ Gnp, wpwag qup-
qugnn Gnwbuwl, w)b t pwnapptpiwuinhwbuwihG hGphwwnwpwoynn uhlpbkqp
(UnGwin PPU wpngbu): Uwlpwiwul pGGwpyyty t APU wpngbuh® npwbu wo-
opquwlwlwl ndywpwhwy GhwgnepjntGatpp utnwgiwl Bnwbwlh, hGwpwn-
pnepyntGOGpp L wewyGinipyniGGtinp: JdbpohGGhphu 0k wrwbdbGwhwinnty niaw-
npnupyntl & nwnpdayty RPPU wpngtiuh wylwhuh wnwybnipniGGeph Jpw, hGgwh-
upp 6G tOGpqwiuGuwynnnipynilp, wnngbuh wnwg pGpwgpp, uwppwynpnuibtph
wuwpgnepyntlp, utnwgynn ShwgnipjntGGEph pwpdp npwlp, (wenpwnnp thnp-
abphg wpinwnpwywh nkhuGninghwih wigiwh nyniphb thakp b wy G

PtpyYwé G PPU wpngbuh pGnhwhnip panipwaptipp b hhdOwlwl nuubpp:
Unwyb| 056 nupwnpnepyntl b nwpddbg $hiwpwghnl wypdwd Jpus:

Qqnctu |l. @npéwnwpwlwl uwpptipp b Gynupbiph hbnwgnuniwi Enwlwbbbpp

UnyG griuntd Ghpluwjwgyti GG hhdGwlwh uwppwynpnudGlpp, npnlg
oqlntpjwip hpwywlwgyt GO thnpdwpuwpwyw hGwnwgnunep)nillbipp, oguw-

qnnpéywé rbwgbOwnbbph pGnipwantpp, thnpdh hpwlwbwgiw, hGswbu Gwl ht-
nwqnuiwl bnwbwybtpp:

Jtwnwagnuninepnilibph 666 wul hpwlwhgyt) 66 hwunwnnil 8020w
nbwlwnnpnid (3p dwiwiny): CuO-Hz hwiwlwpgntd wjnpdwb wpngbulbph dinp-
dwpwpuwlwl hEnwgnunepyniGGbph hpwhwbwgbbine hwdwn Owhiwgdyb] L
wwwnpwuwnyby £ Gnp Juyninudwhi vwppwynpnid, npbG niGh (w)b hGwpwyn-
pnipyntlip wpngbuh nbhwdwpiwl L hhdGwyw wwpwdibnpbph wdunndwn
gpwigiwh hwdiwn: 2nuwaéth 1 dpl-hg pwpdp GhznLdbtph wwjdwabbpnid thnp-
dwpwpwlywh hbnwgnunnepntGGnG hpwhwbwgyt o hwuwnwunntd 660w0
nbwlwnnpnid: MnGah opuhnh uhthywptpihly Yepwlwlqbiwhb ninnywé thnp-
dwpwpwlywb  hnwanunnepyntllbpG hpwlwlwgyty LG pwg nbwlunnpnud’
GywpguyhG wywgh dhewywjpnud: UsinwnwihnzhGtiph (Cu, Ni, Co) thnpdGwlwa
pwhwybtp (h pwah Yg) uinwgyby 66 Yhuwwpunwnpuwlwh nGwlwnpnud (8):

Ujnptwh wpwgnepntlp b pbpdwunh@wip swit GG pbpingnuqujhb
BwGwyny. wn Gywwnwlh hwiwnp ogunwgnpoyty Go 100-200 dyd npwdiwaqgdny
ppndb-wynuibught L dnpdpwd-nEGhniiwihG (20%Re/W L 5%Re/W) pbpdn-
qnuqbp: Uinnwgynn wpryntbplbpp qpuwigyt 60 hwdwlwngsh oqlnipjwdp:

RGGwnYYL| BG unnpl ptipdnn hnwgnundwh GnwbwlGbph hhdbwlwh
ulygpnibplbpp: Updwh whin wpqwuhplbiph dwqu)hl hwpwpbpwlygnep)ntlp
npnzut| £ DRON-3 dwliGhzh nblnghkljwl nhppwliindtnph oqlnipjwip: dbp-
pwlynipbiph thuypnbweniguwépl niunuiGwuhnyby b nuuwdpuyhl tGYwnpnbGwhb
Swhpwnhinwlny’ oquwgnpétiny BS-300 L JSM-840A twllhzh blEYwnnnGuwyht
Swhpwnhunwlbbp: Updwl ququihl wpgwuhpbbph pwnwnpnipjntbp npnadby
ppndwnngpuwdhwlwl tnwbwyny’ ogunwgnpébiny JIXM -72 dwlGh2h qwaqujhb
ppndwwnngnwd:

Unwgynn dntpwén wnbéntd wquin uhthghnudh b Gpywph pwhwlybbpp,
npnzybip t phdhwywl whwihgh nwbwyny:

Unnwgywé  thinwnwthnzhbtiph’ onnid opuhrwgdwl thnpdtinl hpwlw-
Gwgyby £ Q-1500 dwlybhzh ntiphywuningpwdh oqlntpjwip: Ogqunwgnpoywd bjw-
Gynipbiph L unwgywé Ybpewhyniptiph thnzbhwinhyGeph swihuh pwzfuduwént-
pjntlp npnzyty b GwuGhlyh swihuh pwzqwantpjwb MasterSizer X Ver. 1.2a wihwh
(wqtipwhG uwpph oglnupjwdp:

Qqnufu lll. MNL2P OLURNDL b UULUUbSE d6PULULALNFUL USPUUL
ntdhUNHU: ®NGCELUUL b4 2NHLUSN MALab UsSusntue

Uu gunthup Gephwjwgywsé b gnpu hhiGwlwh wwpwagpwpbbph nbupny:
UnwohlG wwpwapw$ned pGhwnplynid &G wypdwh ntdhdnd hwiwlygywd Ybpw-
YuwhqGhsGipny wnbdh opuhnh Ytpwlwhqhiwh L thnzb00wh wnbdh unwgdwh
ophGwswihnipyntGhbnp, tpipnpn wwpwgpwnud® wnGdh opuhnh Ybpwlwia-
Gnuip opwélng nhdnighnl wypdwd nbdhdnid, tppnpnnud’ wnGéh opuhnh uhth-
Lwpbpdhy UEpwlwbqlnudl L anewén wnGah unwgnil wypdwh nkdhdnud, hul
snppnpn wwpwanpwpnud® dey dwypnuynwhwlwb thnyned dwiwfubnh dbpw-
LubqGiwh L dwynunlbl wnbdh unwgiwl ophGuwswthnupyniGGlpp:

Onpdwpwpwywh htnwgninnepynlGlbphg wnwg pninp hwiwlwpgbpned
hpwywlwgltp &0 phpdnnhOwdhywlwh depindnepyniGbbn L hwzdwnlyt
wyniwd wnhwpwn phipdwunhdwienb utnwgynn Ybpewdjniptiph hwywuw-
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pulznwlws pwnuwnpnipintGGtnp: IpdGyting uwuwwpdwé hwzduwnybbph wp-
nyntiplbph dpw® hpwlwGwgdby 66 thnpdwpwnwlwh hGwnwagnuinup)ntGbbp ptp-
dnnhGwihywlwh inbuwblniihg ouwunhdw] wwjdwGGtpnud: IGnwgnuinep)nib-
Gepp gnug BG wdtg, np hGswbu L hbnlnld Ep ptipdnnhOwdhwlwh hwdwnly-
Gbphg, nhwnwnlynn pninp CuO-hy hwiwlwnqbipnud, pwgh CuO-uwdhl hw-
dwlwnghg, hwennyntd t rbwlghwh hpwywiwglby wypdwh etdhdnud:
Muwpgbint hwiwp, pb oguwgnpéywd Jtpwlwhqbhsltphg nnG £ wybLh
Gwhupbunpbh wnGdh opuhnl wybih Guwutwynp wwydwbEpmd YEpwlwibg-
Gt L dwpnip thnpbGiwG wnhGd unwbwine hwdwp, hpwlwlwgyby &G hwdk-
Swinwlwh nuunudGuwuhpnipyniGobp CuO-hy (wnihuwnhpni-PS, wnihtph(tG-PET,
wnihwnnwh EG-PPr, Ur-ntpnunpnuyhl) hwiwywpgbipned: Uwulbwynpwuwbu, unk-
fuhndbwnphly  hwpwptpnipyniGbtph  nbiwpnud hwibiwwybp 60 G2dwd hwdw-
Ywnabnh gbipdwunhGwbwhG wpndhiGtipp, wpdwl wihpnd LlwyhG fuwnGnipn-
Gbph nwpwgiwh wpwgnep)ntGitipp, hOswbu Owl unwgynn ytipowdynipbiph
npn pnipwantip htpun ququihl Shewduwyph (wpgnb Ywd wqnw) 0.25 UNMw
6020wh wwjdwGGbpnud: NrunuibGwuppnpniGbbpp gniyg LG wnygbl, np wrubw-
gnu)0 wypdwh pEpdwunhdwip (830°C) gpwhgynid t, Gpp npwbu YEpwlwhglhs
oquwanpéymd b wnihuwnppnip (wn.): Wpdwl nbwyghwnud wnbéh Jbpw-
YuwigGdwh wunhGwlp pwiwlwwtu qGwhwntiint hwdwp wjpdiwh wpgwuhp-
Ghpp 800°C-nid 1 dwii opuhnuwgyty 60 onnud L npnau by € quibqywéh wap (Am):

Unyneuwrly

CuO-hy hwiwlwpagbnh wjpdwb wwpwdbnpbpp, w)ndwh yepewbnipbiph
pwquhb pwnwnpnipintlp L Am-p

i Ui Vims Ujpdw wpguupplliph Am,

Swiwluipgp "CJ llljfl[l['ll[ “CAlpy | pwquihl pununpmipinilp | %
Cu0-0.05PS 830 0.09 300 Cu, Cu,0-h htinplip 24.1
CuQ-0.167PET | 720 0.04 120 Cu, Cu,0 23.7
CuO-0.111PPr | 700 . 0.09 100 Cu, Cu;0 L CuO 19.6
Cu0-0.055Ur 790 0.04 50 Cu, Cu,0 L Cu0 17.2

UzJwd hwiwlwpgbph wypiwl gbpdwunhGwlw)hb wpn$hGepp Jbpne-
6nupintihg wwpquby £ np thnfuwqnbgnipjwl gnuntd wnwybwagnt)i nwpwg-
dwh wpwgnipjntlp (Vm=300°C/ply) Lu nhunyned £ npuytu ybpwywagbhs wnih-
unhpn| oguwgnpdbipnt ntiwpnud: Pwgh wyn, gpuipibwnpwlwh whwihap gnyg t
iy, np wewybiwgnyl quibgyuwdh wa (24.1%) nhub( £ CuO-PS hwdwlwngh
wypdwl wpquwuhph opuhnwgdiwl ntiupnd: LykGp, np dwpnip wnhGdp Gh0sk
wnGah opuhn opuhnwglbiihu nbuwlwbnpkb hwzwé quibquéh wsp Juqinid
25.2%: Unwgywé wpryntGpltph hhdwl Jpw tGpwnnuby k, np wypdwl nbdhdncd
wnGah opuhnp Ubpwlwiqltnt hwdwp thnpawplywé Yepwlwhqlhsltinhg wyb-
th GwfupGuwpbih £ wnihunhpnip:

LY. 1-nud pepdwsd GO CuO-aPS hwiwlwnpgh wypiwb wwpwibuptph Yu-
funtiGbpp o—hg (o-G PS/CuO hwpwpbpnipntGh t) wannh 0.25 UMw GG0wh
wuwydwhGotpnud: Updwl wwpwdbnpbph wnwybiwagnyyG wpdbpbbpp gpwbgytiy

LG «=0.05 wpdbph nbwpnud (unbfuhndGwphy hwpwpbpnepynel): «=0.035 L
@=0.09 wpdbphtph nbwpnd hwiwwwwnwufuwbwpwp nhundtp G0 wjndwb Gep-
pht L ybphG uwhdwGGEn:

NGGuingLGwdwquihl wbwih- 1000 - r 0.2
an gnyg t wby, np wnGsh sa] =1 P R e
whibph wowdbiwgnyG hG- T EME lud/iny
wnbGuhynipyniGhbpp  gpuwbg- 1 5 5
Uty GG 0.05<a<0.06 wnhpny- g w2 15 01
pnud, tipp Utpgwlynipp wjw- 1 3! 3
pniGwlnid £ wnGah  &Gp- 1 % Uu,. a2
opuhnh hbwpkp: = : =)
hGhpwn quah GG20wWG 200 D T T 0
wagnbgnep)nitbp wypiwl ww- 0.02 0.04 0.06 0.08 0.1
nwdbnptph L unwgynn ytip- . Skl
BUIOjRUpbinD HuiduliD purite .1 CuO-aPS hwidwlwngh wjniwG

PG e PAGURIE  wunudens afdGene a—
L Cu0-0.055Ur hwdwlwpgbpnid nuunudbwuppdbp GG wypdwG  ophlGwgsw-
thnupynuGGtpp” Ywiudwé hGbpn quah SGznuihg (G4.2): POswbu Gplnud £, CuO-
0.05PS hwiwlwpgh nbwpnud (G4.2w) dhowduwjph GGnuip 0.013-hg dhGsk 0.5
UNw whpnypntd dbéwglbihu wypdwl phpdwunh@wil wiénud t 680-hg dhisl
820°C, hulj wpwanipnilp' 0.03-hg 0.11 ud/dpl: 6G0wh htinwquw wsh nbwpnid
wyndwh wwpwdbwnpbpp Yuiudwé s60 6G2nuihg:

10004 =rE

|

| 1000 - 02 )] ¥

b Tuss 'C Ll

Ty € Uyys . Ty, ud/y]
[ udf 800 : L 02

-0l

600 4 A

. . : 0 400 T T T T T 0

‘t 0 I 2 P, UMmm 3 0 I 2 P, UMw 3

LY.2 Cu0-0.05PS (w) L CuO-0.055Ur (p) hwiwlwpgbiph wjpdwb
wwpwibkinpbph Ywiunwip hGEpwn dhewdw)ph GGznuihg

NtGngbbwdwquhl wiwihgp gnyg bt wyb, np wypdwl wpquuhp-
Gbpp, npnGp unnwgyb] GG hGEpn qugh G00wh dhGsk 0.5 UTNw inhpniypnd,
wwpntbwyned G0 wnhGd L wnGdh GGpopuhn (G4.3): 660wl wybkh pwpdp
wpdtipltph nhwpnud wnGéh opuhnp JbGpwlwlqlyntd bt wdpnnenipjwip, L
nhppwlingpwih ypw wnlw GG thGnd dhuyl wnGahG pGnpnz whitpp (G4.3):
Jdbpwlwigbiwh wpngbiuh wjuwhuh plpwgpp Yuwpbih b pwgunpby hbunbyuwg
Ybpw. opqwlwlwh ybpwywGqbhsp™ wnihuwnhpnip, nGbGwiny  pwjpwjdwh
gwén ebpdwutnhGwa (320-350°C), thntuwqnbgnipjwl gninnud puijpwjynid £, L
hibpuin qugh 6020wl gwdn wpdbplhph nbwpnid pwjpw)iwl wpquuhpltipp
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(Ubnwlwhqlhs pGnup niGtignn Showbljw ququjhl wpqwuhplbin) Gwuwdp hb-

nwind BG thnfuwgnbignipjwlb gnunnig: UpnyniGpnud wnGdh opupnp dbpw-

ywGghynid t Gwuwdp: 6G0wh WEhi qnigplpwg nddwnwinud b wyn dhewlljwi

wpqwuhpGbph  hGnwgnudp

thnfuwgnbgnipjwl gnunig, L J 1-Cu
A

600wl npnawlh  wpdbiphg 0,5 Ul 2-Cu,0
uluws (0.5 UNw) npwlp wi- A
pnnenipjwip Ybpwlwhqlnud
bG wnGeh opuhnp, huy | 2T J
wypiwl wwpwdbkwpkph wp- A A
dtplbpp hwulind GG wnw-

JbLwanyGh: 0.05 UMu ‘ll 1 -
b wwppbipnip)nil P V| :
Cu0-0.05PS  hwdwlwpgh’ ;0304'0 Sk
Cu0-0.055Ur  hwdwlwpgh . 20
nbwpnud  (Gy.2p),  hGbpwn
qugh ¢hGsk 0.5 UTw LLy.3 Cu0-0.05PS hwiwluwngh wjndwa

6Gznci0tpnud wjpdwl W wpquuhplanh thpnwlnngnuin” juiudws
pwibptpp hwqbgdwh kO hGtpwn qugh Ghznuihg

hwulnd L 6020wl wBh0

qnigplpwg pwpnibwlnid GO wsk; Cu0-0.055Ur hwiwlwpgh wypdwl wpqu-
uhplObph nbGwngbbwdwaquihb L qnuwipibinpwlws wiwhgltipp gnyg GO wnybi,
np gwoép 6020wl ww)dwhbEpnud (8pGsk 0.5 UMw) wypdwl Ybpewlynipbipp
wwpnGwynud BG wnphld L pwywlwihb pwlwlynipjwdp subnuwyuwiqbyws
wnG&h GLOGpopuhn nu opupn: Uytth pwpén GGznuiGbpnud (0.5-2.5 UMw)
nhdpwhningpwih Unw wnsh opuhnh whytin sywd, wji welw GG Ghu)l wnGah
L wnGah kGpopuhnh whytn:

MnGah opuhnh dwulwyh dtpwlwGgGnudp GnuyGhuy hOkpn quqh
8620wl pwlwlywlhl pwpdp wndtiplbph ntwpnud pwgwwnpdnud t nipnunpn-
whGh pwjpwyiwh guwop obpdwuwnhdwing (160°C): WGniwikGw)Ghd, hObnwn
qugh pwpdp GGznui0bph (2.5 UMw-hg pwpdn) wuwydwGotpaud hGwpwdnp t
wnG&h opuhnp wadpnnentpjwdp dtpwywhqlby GhGsk Ghnwnwlywh wnhaa:

Wuwhuny, Yunbih t bgpuluwglti, np wjniwd nbdhdntd wnGah opuhnp
wnthuwnhpniny  GhGsgk dwpntp dhinwnuwlwh wnhod depwlwigltipnt hwdwp
wOhpwdtzn b wwywhnyb hotipn quagh 0.5 UNMw-hg, hul nipnuinpnwhGh nbw-
pnud’ 2.5 UMw-hg pwpdp GGznLd: 3wl t G761 Gwl, np npwbu JEpwlwbqbhsGbn
wnihtphitG L wnihwpnwhito oguwgnpdtiint nbwpntd Gnyylwbu hGwpwdnp &
wnG3h opupnp Ytpwlwhbglt| wdpnnontpjwip, uwluwyl wpntb pGepn qugh 1
UMNuw-hg pwnap 6Gnudbbph ntiwpnid:

Unwgywé wpnynebplbiph L gnwlwiwywb ndwilbph hhdwh Ypw
wnwownyynid £ wypdwh rtdhincd hwiwlgyws Jbpwywbgbhsbtipny wnGéh
opupnh Ybpwluwigbiwh hwywGwlwo dhuwbhqd: Cuwn wjnd, wnbGdh opuhnh
UbpwlwbgGnudb opqubwlwh UbpwlwGqbhsbbpny ulunid t Ubpwlwbgbhsh
pwjpwntihg: Upmynilpntd wnwowlntd b0 ququihl dhewlyjw] wpgwuhpltp,
npnGp pGnniGwly 66 Ybpwlwlolbin wnG&h opuhnp: hGswbu Gabg, npnawyh
wuw)iwhGEpnud wnbdh opuhnh Utpwlwgiiwh wpgwuhplbph nhypwlywnn-

50 60 70
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gpwibtpnud wnlw G wnGdh Ghpopuhnh whytp, npnlp YYuynid LG Gplthnep
dbpwlwqGiwh dwupb: Wpdwh rtdhind hwiwlgywd YbpwywlqbhshGbepny
wnGah opuhnh UbpwlwGgbiwl hwdwlwlwh Gbfuwbhqip ububdwwnhynpkh
Ywpbh £ OEpYuywglb] hbnbgw Yepw.

CxHy (Ur) —» P (P1)
CuO + P (P1) = Cuz0 +CO2 + H20 + (N2)

Cu,O +P (P1) — Cu +CO7 + H:0 + (Nz)

nputn P-G L Py-p hwiwwwwnwufuwGwpwnp wnhdbipGbph L nipnuipnuhbh puwy-
pwyiwh Ghowlyjw| gququyhl wpquuhplbiph GG:

Uyndwa ndhinid hwiwlgywé depwlwhqbhgbtpny wnbdh opuhnh yb-
nulwiqliwl wpgqwuhpltph dhypnywenigywépp b npw Ypw wannn aqnnénl-
Gbpp pwgwhwjnbint Gywunwyny wpdwh JEpewhynipbnp hGwnwgnuydb 66 (nL-
uwépwyhG bEYnpnGuwhG dwGpwnhunwiny: NFunwGwuhpnupynuGlbpp gnyg GG
wbL, np wptwd Jtpewbniph dwulhyGtiph dbp L swihup hhdGwlwinld Yuwku-
qué GO GuuwghG wnGdh opuhnh GwuGhybtiph dlhg L jwihuhg, hGswbu Owb
wypiwh obpdwuwnhBwlhg: hGswbu Gplnud bt 0Y.4-hg, pbbpn qugh gquwadp
6020wl wwydwhGbpned  (G4.4p) uwnwgynn wpgwuhpl nbh GluwhG wnbGap
opuhnh Shypnywenigdwdphb (GY.4w) hwdwhdiwh dhypnjwnnigwép:

LY.4 buwshG wnGah opuhnh (w) L CuO-0.055Ur hwiwlwpgh wyndw
wnpgwuhpGtnh dhypnywnrnigwépltipp hGtpwn qugh inwnpbip 8GnudGeph
wwywhGpnud. P=0.5 UNw (p); 1.5 UNw (q); 2.5 UTw (n)



8nyg t wpyby Gwl, np funznpwhwinhly dwubhyotpny wnbdh opupn oguiw-
qnpdtithu uinwgyned b hwdbdwwnwpwnp wydtih funznp dwubhybbpny wnawuhp,
puly Swhpwhwinhlyh nbwpntd’ hwdbdwnwpwnp dwlpwhwnhl: hGswbu G24bg,
hwenpn gnpénp, npl wqnnud t wypdwh wpgwuhph dhypnywnnigdwéph Ynw,
wyndwh ebpiwunhGw t: dbpghlGu npnawyh wihpnypnid thnthnfulnud t hGGpn
ququjhl Shpwywph 60znudp thnthntubihu: UwuGwynpwwbu, gnyg t wnpykL, np
dkéwglbinyd hGbpwn quagh 6Gznwdp (nph wpynelpnud wdnud b Owb wypdwh
gbndwunhdwap), wniknh t nGEGNLE wewewgwd Ytppwljniph dwubhybbph dhw-
antpntd L funznp wgndbpwinGbiph wnwewgnid (G4.4p,q,n):

tpunnpn wwpwgpwdnid Gephujwgywé GG opwelny wnldh opuhnh
UbpwlwigbiwG ophGwswihnipntGitnh wjpdwh nbdhdnud: dtpghlGhu hwdwnp
hhip t Swnwjbi w)G hwOqwiwbpp, np CuO-Hz thntuwanbgnipnilp plnt-
puwqgnyntd t pwywpwp tygnptipdhynipjwdp: Onpdwpwpwlwh  hbnwgnnnt-
pynLGGEpp gnyg GG wby, np GJwoé hwiwlwpgnud hGwpwynp £ Luqlwybpwty
wyndwh wpngbu, pGn npned, wjG odinwé b wypdws wpngbulbphlb ng plnpng th
ownp htnwppphp wrwGdbGwhwinynipynibbipny: Uwubwynpuwtu, wwnaquby k,
np CuO-Hz hwiwlywpgntd wypdwh wpngbiu hGwpwynp b Yuqdwlbpwty pnwalh
GnuyGhuly pwwn gwén (pinhnty dhbgk 0.01 UNw) 620wl wwjdwbbbepnud: Chn

npnud, wypdwl wpngbup pOnipwgpynid wjndwl wpngbulbphh ng plnpng
guwén ehptwunhwibtpny ne wpwagnipjnbGtipny: Ujuwbu, wyndwh 9bpdwuwnh-
Gwip Juqunud t 400-600°C, hul wyndwh wihph nwpwéiwl tghehlG wpwgnt-
pymbp’ 0.05-0.1 di/nl: Updwl wihpnud Gjniph nwpwgliwl wrwybjwagnt)i
wnwgntpntGGtnp Ywaqonu GG pGnwdkp 5-10°CApl:

Wniwh wpnghuh pGpwgph twuhl wwwnytipwgntd Yugqdkint Owwinwyny
wnOdh opuhnhg wwwpwuwnn- e e
qwéd grubwadl  GdnpGbpnud
tnwppbp pwpdpnipynebibph L
funpnipyniGGtiph Unw nbnw- 400 - 2
nputy 6G pyny dhGsk 8 pipdn- | r
qnuabin: Mwpqyt £, np Gdnt- 1= Dontsh dulbrbnhe: |
pnud BhLOnyl pwpdpnipjwd, 2 — Gdnuzh funppnud
uwluw)G wnwppbp funpnipjwb 1 |
Upw wnbnwnpjwd pbpdngnt)- 0 T — — |
qbph gpwOgwé  phipdwuwnp- 300 e llmf."o :
SwlwyhG wpnphiltpp qqu-
thnptG wwppbpynud GG hpw-
nhg (GY.5): @Epdngpwiltnhg
hwdwpyywsd nwpwgdwl w-
nwantpyntGatph (Vm, °CAlpl) hwibdwwnnipnilp gnuyg t wdt, np dwlbpling-
pntd (1-hG ynp) wyb dnin 2 wlqwd qbpwquwgnud t Gontzh funpentd (2-pn Ynp)
Vm-h wpdbiphg: Uw Jyuwynid t wyl dwuhb, np wpngtiul pGpwlnd £ dwlbplint-
pwjhl wypdwb nbdhinud: NFunuiGwuhpdti b wnbdh opuhnhg wwwnpwunywd
A=0.42 hwpwpbpwlwh funnipjwdp GdntzGGph wypnudp gpwdébh 00wl (wyh
whpnyenud (0.01-2.5 UNMw): Mwpayt £ np wyndwb pbipdwuwnhdwhp pnyyl k
Ywhujwé 6Gzniihg, dhgntin wypdwh wihph nwpwdiwh wpwanepjntlp, pln-

600
T, c

| Ty - 1

0 100 200 400

.5 CuO-Hz hwiwlwngh windwé
etindwuwnhdwlwhG wpndhiGGpp.
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hwlwrwlp, qquihnptl Ywhudwd t ppwélh GGznuihg: COn npnud, SG20wh ni-
untdGuuhpywé nng whpnypnud (0.01-2.5 UMw) wjpdwh wpngbiulG plpwgb| t
dwlbplntpwyhG ekdhdnud’ phiptiny ng hwiwutin Cu/CuO wpqwuhph unwgdw:
VwuGwdnpuwbu, wwnqybl t, np wypdwh wihpp Ganizh unnphG Gaphl hwu-
Gbint wwhhG opwéhbp rtwlghnb gnluwjhg wpwg hbrwgllithu Gintzh Gpluwy-
GwlwG Yupduéplbpnud wnlw t sytpwywbqlidws wnbdh opuhn (GY.6uw):

i
|
A

LY. 6 LuntGEph Eplw)bwlwh Yunpduoplhpp epwéhhp ntiwlghnb qniwjhg
wpwq hnwglbinig htun. w) wjpdwh wihpp Gdnizh uinnphb Gaphl hwulGbnt
wwhh(, p)400 dpy htwn, q) 1000 Ypy htinn

0Gn npnud, Ginezh uninphG Baph dnn Yepwlywholywsd wnbdh ztpwnh hwuwnne-
pntlp Ywadnud £ dnn 1 66 Updwl wihpl wiglbinig htitn wbinh t nilbOnd
hbunwyniwa thne. epwdahGp zwpnibwynud £ GEppwihwbgti Gdnizh funppp nwp
wpquwuhph theny, Cu/CuO pwdwliwl uwhdiwlp wnknwzwnpdyntd L nbwh
Gunczh funppp b dwiwbwyh pGpwgpntd sybpwlwiqlywé wnbdh opuhnh pw-
Guyp wipGnhwwn Gugned £ (G4.6p,q): CGn npnud, Ywiujwé dh wpe gqnp-
énGGEphg (Gintzh uwrbgiwh wnbdw, epwébh G6znud, Ginuzh funnipyntl b wy0),
UbpwlwGaGnuip Ywpnn b pipwlwy iphy Ywd dwuwdp:

wjwinGh £, np Gowbwwnhy whin-quq hwiwywpgbpnud ququw)hl nbw-
qhOwnh npnawyh GG20wh wnpdbiphg pwpdn wpdtplbph nbwpnid inbnh t nulb-
Gnud wypdwh dwybplnipwihl rtdhdh whgnid 2tpun wn 26pn wpdwh ptdhdh:
Uwlw)l, CuO-Hz hwiwlwpgntd wynwhuh wagnid sh nhnyty GnyGhuy opwdhh
pwwlwGhG pwpap (2.5 UNw) GG20wh wwjdwaGbpnud:

Loywé hwdwlwnpgnud wypdwb 26pn wn 2tpn ptidhd Jwqiwlybpwbnt
Guwinwyny hpwlywwgyty 60 dh wpp wyl thnpdwpwpwlwih hbnwgnnnt-
pjntGOtp’ (wyG whpnypnd thnthnfubing GpughG Ganeh funnepgnelp,  Ganezh
npwiwghép b wy G: Uwlw)G, papnp ntiwpbpnud wpnudl plGpwgt| b plngoywo
dwybplnipwyhl ptdhdnui: Uju hwlqwdwlpp Ywpbih b pwguinpbi’ hwyuh
wnGbiny, np CuO + Hz = Cu + H20 nbwyghwh ng dhw)l nunbilgyntd t enwélin
JlwGdwdp, wyl 6h wy ququihG wpquuhph® enwyhl gninpznt hwdwndtp
pwlwyh wlowwndwdp: Wu waeniny, nhiwplynn nbwpenid nbknh nulh nh-
$nighnG wypned, nph ntiwpentd wypdwh wihph nwpwdiwl wpwanipjwl hwdwn
npnzhs nbp b wwnbuwlnd dwybplnipwyhl 2bpunbpnud vnwgwé wnbGdh dw-
ynunlG Showywypnud enwjhG gninpzhGliph Gheny enwéGh nhpnighw)hG: Ywnb-
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th t GGpwnpty, np htlg npwinyg b wwydwbwynpws GO windwd wwnpwdbin-
nbph whunynp gwép wndtiplbipp:

Ujndwh nkdhdnid CuO-Hz nbwlghuwih dGluwbhqdp wwpgbint Oujw-
rwyny Gh pwpp Abwpbpnd wyndwh wpngbulbpl wpwg plnhwnytb] b Juw-
nwnyb 66 Yhuwwpdws GincpGbph nbGngbGwdwquihlb whwihqltn: NEGnghb-
Gwhwquihl whwihah wprynibplbpp gnuyg G0 wdty, np GdntzG6ph Gplw)Gwlywb
Lupdwépbbpnid BlwjhG wnGah opuhnh L JEpwlywGgbdwh wpnynibpnid unwg-
Jwé wnGéh pwdwhiwl uwhdwbinud wnlw t wnbéh tGpopuhnh Gtin 2tpwn, npp
dyuwynud t, np Ybpwlwielnidb pipwlntd £ Gpynt thnuny (CuO—-Cuz0—-Cu):

Eppnpn Wwpwapwpnud Gepyuwjwgdwd GG wypdwh rbdhdnud wnbah op-
uhnh uhthywpbpdhy Ybpwlywiqiwh L dnipwén wnGdh unwgdwl ophlwsw-
thnepyntGGhpp: PEpdnnhiwdhywlywh hwpwnplltipp gnyg GG wydt, np 2Cu0 +
Si — 2Cu + SiO; nbwlghwjh wnhwpwwn ghpdwunhdwlp pwywlwbhb pwndp £
(Twy>2500°C): Liwh wuwydwhGbpnid Yepwlwiqlyws dhnwnh npnz dwup Yuw-
pnn t gninpzhwGwiny hbnwbw| hwiwywnpghg: Ujntu Ynndhg, wjpdwh wpngbiup
hwpnignidhg htiwn thnfuwgntignipyntG pGpwhnud b 2w pnuel Yepwny, wyp-
Jwh pnynp wpgwuhplbpp hwidned GG, uwlw)G denwnwlwh ne opuhnuyhl dw-

- qbpp pwdwGnud inknh sh nlGb-

100 | Gnud: CuO-Si hwdwlwngh thn-

Y, % tuwqnbgnipjwl ebpdwunhtw-
75 Gh GJwqgbgdwl hwiwp Yhpwn-

i Yk t ebpdw)hG Gnupwglwl k-

50 ! - nubwyp: 3wzyh weGbing w)b
o ! i hwOqwdwbpp, np  2CuO+Si

! | fuwrGnipah wypiwl dwiwbwy

o ¥ et | Qwllwih £ np Gujpl pnyw-

. 0 25 50 75 100 fuwnGnipn Gbpdnwéynn Gynepk-
FeO, % nh oglnipjwdp hGwpwdnp (h-

" Op Ywpgwynpty ng dhuyh thn-

LY.7 MnGah Giph Ywiunydp fuwpwdntd rqunhganijLthﬁwumhdm—

FeO-h quiqyuwéwhb pwdlhg Gp wyl Gwl wnwowgnn opuh-
nuwjhG/uplhjwunwhG fuwpwd-
Ghnh hpoGwlwh pGnipwgnptipp, pndwhuwnGnipnhG wybwgyty LG FeO L SiOq:
Muwpquby £, np, hpnp, wyn opuhnlbiph Ghpunuénudp ng GhwyG pnyp £ tiwihu dbin-
db| nbwlghwih wwyiwhGtpp, wy Gwl pwpbluwun ww)dwhbbn b unbnéncd
pwqupwdwidwl hwdwp: Mpngtuh pGpwgpntd Ubpwlywbqbywd wnhGép L
nbwlhghwyh Gynie wpgqwuhplbpp hwidnud 66 L tbnwnwywb pwqglb nu uhth-
YuwwihG uwpwdp fuinnepntbGeph qquith wnwpptpnipyjwb hwayhl pwdwynid
&G hpwphg: LY.7-nud pipdwé t wnGdh Giph utunidl wnwowgwd upthywunwiha
fuwpwintd FeO-h quigywdwjhb pwdbhg: Gpp wjniwh wpgwuhplbpnud pwgw-
Gujnid t FeO-0, $wqupwdwlnid wbnh gh nLatOnud; uwpwdned Bplywph op-
uhnh pwhwlh wybjwgdwbp qnigplpwg wkinh & nLGEGNLE dhnwnuwywb dwagh L
fuwpwih dwulwyh wqupwdwlnid: Cln npnud, wnGah Geh Ynph Upw wnlw
GG Bpynt dwpuhdnuiGbp® [Fe0]=61.5% L [Fe0)=73.1% wpdtiplbph ntwpnid:
2nudwéph bretipp hwiwwwnwutiwbwpwnp Juqdnud LG 76 L 89%, npnlg nbw-
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pntd wynptwh ghpdwunhBwGitpp hwiwwwnwufuwlbwpwn 1650°C L 1350°C
G: Mwpquty £, np Gieh Unph dpw b hwjn Byws bnynt dwpuhdnuibbpp hwiw-
wwnwuhuwbnud 60 FeO-Si0z wquyjhl nhwanpwdh tdwbywnhy einkphh: Udkth
guén hwpiwh ghpdwunhtwh (1150°C) niGtignn tywnblnhly YEwnhG hwdwujw-
nwufuwGned b wytih gwoép Gieny (Y=76%) wnuwghh dwpuhdnudp: bul 2-nn
tybwnbywnhly YewnhG (1230°C) hwiwwwunwufuwbnd £t Bpypnpn dwpupdnudp
(Y=89%): Mw wuwjiwGwynpdws t Gpwlny, np wnwoehlh nbwpnid wyndwh obip-
dwunhGwip pwywlwbhl pwpdp t (1650°C) L nbinh £ nLGEGNLS wnGah Ynpniuwn
gnnnzhwgiwh Gwhwwwphny: buy Gplpnpn nbwpnid wjniwh epdwuinhBwip
(1350°C) pGnwdkGp nin 200°C-ny pwpdp £ wnbéh L fuwpwih hwowh gbipdwu-
nhswhGbphg, npG bt Pwqupwdwidwl hwiwp Guwuwmnwynp wwydwbbbp £
unbnénid: Wn  wuwydwGGpnd  wjpdwh ytpowlynipbph  uwngbinig hbkwnn
wnhGap antwlywnnph wntupny htpwnnipjwdp wrwbdbwgyned b uhihiwwnwhl
luwnwihg (Fe2SiO4), npp unynpwpwn utnwgyntd t uGwibke funqnjwyh wnbupny:
MnGak dnudwépntd wquwin upthghnidh b Epyweh wwpniGwynupyntGGnp npng-
dty GG phihwlwh wlwihgny: Cun phdhwlwh whwihgh® dnijwépnid waqun
uhthghnuih pwGwyp sh qbpwqubgky 1%-p. huy Gplweh pwlwlyp Yuqdty t
0.3+0.05%:

Upqwé hwidwlwpgh 066 pwlwlylbph wpdwh ntwpntd hOwpwdnp t
tinb| wnGah pbpp hwuglti 6hisk 93-95%-h:

Uyniu wwpwgpwdned pGlwpyywé GO dbY dwypnuynyhwlwb thnegned
dwiwfuhtnh Ypwlywiqhiwh L éwyninlytt wnbdh unwgdwh ophGwswihnipynil-
Gtpp: Cutn phpdnnhGwihywlwi hwwpybbiph’ dwwhuhwn-hwiwlgdwd Jbpw-
Ywhqbhs hwiwywngned hGwpwynp st Lwadwltpwb) wyndwd wpngbu, pwlh np
wyl odwuwé t guép Gwinphwlwbnipjwdp: Ubkp wnol npwéd Gwwwnwyl hpw-
Guwhwgbbin hwiwp gnigupbinyb t hbunlyw] gnunbgnidp. dwiwfuhwn-hy hwdw-
Jupgp hwdwygyt| t wytih pwpdp Juinphwlwbnep)nth niGignn hwdwlwpgh
htwn: Iwdwlwng GG GEpdncdyt nudbin opuhnhs Ojniptip (Ghinpwinbbn, prnpwn-
Gbp, whppnpwnGtn), L wpdbg £ yspwlwigbhsh wybgniy: ©Qwuwnnpkl, wyb)-
gniywjhb YbpwlwhGgbhg—opupnhs pwndn Yunphwlwinipjwip odnjwd fuwn-
Gnipnh wypdwG wpryniGpnud wiowindwd obipdnupywa hwpyhb wbnh b nibbbnud
Gwl Gwiwhuhwn-hy thnfuwgntignipnilp, L dwiwfuhnp Ubpwlywbqbynid £ GhGsl
dEwnwnuywhb wynhGa:

Ppwlwiwgywd  htivnwgnunnignlbbbpp  pouyL GO wdb]p pwgwhwjwnb
wypiwh rtdhdnud dwiwfuhwnh dbpwlwiqbnithg unwglwsé wnbGdh dhypnjw-
anigywépuhl wnwidGwhwinynipyniGbbpp: Mwpqybi t, hhdGwlwb gqnpénlb-
Gtpp, npnlp wrwdb] 066 swihny GO wagnnid unwguynn wnbdh dhypnlwnnig-
Jwéph Upw, wpngbup pGpwgpnid wnkinh nibtignn ququwiowinnidl t (hhdGw-
Jubntd COz, CO, H20, Nz) L ogunwgnpéynn GluwhG dwiwfuhinh hwwnhybbph
swithulG nu abp: Ujuwbu, wyG nbwpbpnud, Gpp ququipwwnnuip hwibkdwwnwpwn
g4 b, unwgywé wnhGal nubkGnud £ éwynnlytb Yurnigywép, pln npnd, welw
b0 hOswhu Gwypn- (GY.8w), w)jliwbu k| dhypnéwlynwnhbln (G4.8p):

hGswhu O2ULg Ytpp, hwonpn hhdGwlwb qnpénbp, nnG wannud £ dlwdnp-
tnn wnbah dhypnlywnnigwdph dpw, Glwjhl dwiwiuhwnh hwuwnhlyGbph swihub nu
aLG t: UwuGwynpuwbu, qlnwdl hwwnhyltpnd (hwwhlGtph dhehl swthup 50-
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