
I fl. I • 1J1,•ttn. '1NT1'UlIU'I., l>N21'tiU.S1' f>'l.,USN>ill'S 

llf\f' Ll.'1 fll JlllJ.'I., l.UUU1'ti <{Ul,Uq.1' 

! II ' IJMUllll•lc)'6fl1''1.,'1.,b!'M U.SI'UlILfibd'f>Uil1'UMo-Cu 
1 ~ 1-J.IJl•l, Ulll1".!3-b!'1' Uf>'l.,.13-bm:! b<{ UbSU'l,'1.,b{'f> l.UUUSb'l. 

•lhl'UttU'l.,q.'1.,um, UbluU'LN2UC 

11 llO "" • •:blu1J1l1wqwb. p)i:upUllt 1huub.wq}>.uimJ.itJUltfp 11Ji.i.Qiwqwb. q}luinl..J.it]Dl..b.b.hp)i. 
1tt.l1\Jwbm)i. q}luiwqwb. wuuipAwh)i. hui]gUUlb wuihbwlununl..J.it]Ulb 

Ub'l,UUq.f>{' 

b!'b<{U'L 2022 

l'llH:;rn1•y1·x11M11'1ECKO:A: <PH3l1KH HM. A.B. HA.JI6AHJVIHA HAH PA 

I( 111' A KOOlll ACMHK BAAfOBHA 

11. llAllOl<OMllO:n1TllhlX MATEPHAJIOBH3KHCJIOPOroiblX 
l!1111ll !llil I! f'I CK llMI~ l'Ol'Elll1H liMEXAHH3M COBMECTHOfO 

IOC:c':fA 11< >HJI El 111$1 METAJVIOB 

A U'l'Ol'E<PEP AT 

•llll"l'(JIUIVIK Jill COKClC.llHHe yqe11oil: creneHH ~Ta XHMl£'1ecKHX llllyK no cn~HOCTII 

02.00.04 - c<PH3H"lecxaJl XHMHJI» 

EPEBAH2022 



Utntlnu]ununtpJUib pttfUib hUiutnUitntll .. L l Z.Z q.uu U.P. °\..,UIJFUib11.JUib]l 1.ul11j111li 
Pjitf]lUiqUib :t>JiqJiqUIJ]l ]lbutn]ltnnt tn p qJi U1tu4tuli ]unJlhpaji Jirui.tf]lg 

q,p.111wqwh qhqwl{wp' l.l. <J U.U. /3 1])31.1.11.j]lg wliqUitf, 

:J>l111 iluq~ qj11nm pjntbbtp]l f}Ilqtnnp, 
n1pn:j>l,1111p lJ111pl.lt Llrnb]l IuUintutnJUib 

'O.m2tnnhUiqUib J!lupynfwltmub.hp' pj11f qj1111 q11 l1111 11 p, 

tqp11~>l . 1111p fl 11 dj il1 ll111 pl.hj1 Z.u1pn L13Jmb1wh 

p[nf. \llnn l•• l.11111111'111 . ·1,l.11111 "1tlp111111j1 U11ru2ruh1wh 

Unw~mwp qUiqtfwqhpi.qntpJI1Lh' SUiu}iup uiL]uun1 nqj 1111lp11lt h1111f 111 11 1111p111!1 

'llw2tntqUibntpjillhl! JiUIJUlhllllill t 2022 13· . UIUJPPW 14 Ji lt, d1111 f p J.!'11 j1 \i u. q lllL I u~ . 
°\..,UIJFUih11.JUihp Uihl{Uih PptfpUiqUih :t>JiqJiqUIJP phutnptnmuinnf q11 pll1111 U. flfJlt j1 017 
«PptfpUI» UUIUhUiqptnUiqUih funphpf}Ilttf (0014, bplilllh, '1l Uli.wqp tj1 '>. 1) 

UtnthUI]ununtpJUihI! ljUIJltJ]l t oUiunpwuUil Z.Z q.uu U.P . \,u11r u1lt qp11lt j1 111l11ju11J 
Pptf)11.t1qUih :t>JiqJiqUIJP phutnptnmuip qpUI!]WpUihmtf: 
UtlltfUiq]iph Uinw11t1_Uio l 2022 Fl· tf111p1nj1 2 Jiu: 

017 lTUiubUiqptnUiqUib ]unphJ1'1ll 
qptnUiqUI\i l!lll}ltnill!l WJl , 
:t>Jiq-tfwp qptnmp1mhhtpp 13tquu1bm ..._,__,= __,, Z. '11. Ui.u rH1111111h 

TeMa AlfCCepTaI.\HH yrBeplK,n;eHa )"IeHbIM COll\'TOM l l11 <: 1111) 'tll ~ 11 ,1 11•1t'c KoM: ¢H3HKH IIAll PA 
HM. A.E. HaJI6aHMH 

lfa}"IHJdA pyKOBO,ll;HTeJIJJ: 

04J~e OIInOHeHThl: 

Be,ll;}'Il¥lJl op~: 

'IJI. Kopp. I IAI I l'A , 11_•:•1i 1••p •I>. M 11. , 
rrpo¢cccop X.ip.111111 Lypr 11 Jl, •11011on11'f 

,ll;oK. XHM. 11 ay1, , 
rrpo¢eccop Apy-111111111 1 1';.~11111 1 ") p1: 11<J11~t'f 

KaH,n;. XHM. HayK A1 ·;1 1 1 •ti~ ll lll1 I l r1 1 11~ I l11Ko;iaeBHa 

TaJIJIHHCKHH TeXHH'fCth 11 il \' 1111 Ii il"'i 

3am;HTa ,n;HcccpTa111111 nlC'T01tTCH 14-ro arrpe= 2022r 1• I •I 1(1 •.1 

Crre~HaJIH3Hpona 1111 orn rnnt•Ta 017 BAK PA "XHMHH" npu ll11 i-- 11 11y1 
HM. A.E. HaJI6aI1,l\Hlla 11/\11 l'A (0014, EpeBaH, yJI. rr. CeBaK<t , '>!.~) 

>!I 11 ,1 "li\CC,ll,aHHH 

c AlfCCepTa~HeM: MO)K lt () 01 11 ,lhOMllTbCH B 6H6JIHOTeKe I1HCTH I 
PA. 
ABTOpe¢epaT ,n;HccepT;ll\1111p.1111<11 0111 2 ro MapTa 2022r. 

Y4eHbIH ceKpeTapb Cnt' t\11,1111n11 1p11 11.11111oro coBeTa 017, 
K3H,ll,H,ll,aT ¢H3HKO-MaTCMilTll'I •'• ,, " ' 11.1yK ~ 

Ht lj1111111<11 IIAH 

1 11 l ·•'I '" 1u·n11 

2 

USb\,UiununNa-sm.. C'l./llm..~r .fl'l..,~@uq,rrc 

Umhhwbmump1wh pWmJb wl11lbm4whmwmhl! 
:bpqJiqUitft]uUihpqUiq1.t1h h1.t1tnqmia1mhhtpntl qtnrmq tnUipptptlilIJ. tpqm tfttnUIIJ.btppg 
(Mo li Cu) qUiqtft1_Uio hnp tnptqJi wiuuitu qn~tlwo "lj~b hwtf1.t16.n1.tt1_Uil:lphtp1!" ttuJh 
qppUinmpimu mhtb ch.utfwhwqtuqpg tnt]uhpqtu]nttf 2hnphJitl pptlig 
pUiqtfw:t>mhqgpnhtut phmpwqrtpp: Mo-Cu htutfUI6.n1.tt1_tubphtpp hqUitntfUitfp lllMil 
httnUIJ1Jll1JlilLFtJnthl! UJUIJtfUihUitlnrtl1.t1b t hpUihnt1_, nr ~hUIJwb Mo-I! Ii Cu-I! 
pjmp~wgwhgp UJUIJltutfttnJltJlp (a(Mo)=0.314 htf, a(Cu)=0.361 litf) li htuttfUih 
2tptfUiutnp6:Uihhtpp (TMo=2625oC, Tcu=1083°C) huqUIJUIJiUib tnUipptJlill.FtJUib tqUitn6:Uinnt1_ 
tlin]uUil}WJl6. 1.t1htmbtJ]l th li' UJJihq, li' htllmli wqrtq1.t1tnwjph tl]16:Uiqhtrnttf, u1.t1q1.t1Jb 
tunU12tu9hn1.tf th pntnrntl]1h hnr ljummgt1_Uiopntl qntftqnq_]ltnUijph hjmptp, nrnhg 
tf]lliJlnqwnmgt1_1.t10111! qqUIJ]lnpth tnUipptpt1_mtf t ph~i.qtu tfttnUIIl1.t1JiUih U1.lltnJlP9UIJntl 
qntftqnqJitnhtp]l, tujhtqtu q UJlihq tmbmjphtpp li unt1_np1.t1qwh hUitftu6.nLtt1_UI011htpp 
tfpliJlnqwnmgt1_woppg: 
lTnJ]lpqthp li tqIJ.ht..p :t>J1qJiqUitft]uUibpqUiqUih hwtnqmiaimlibtpp tlinlu2UihUit1_ttn 
hwtfw11ptfwh 2hnphJitl tfnJJ1p11th-tqilJ1h6. hUitfUI6.n1.tt1_Uiophtpl! phmiaUiqrt1_mtf th pwp&.p 
2tptfw- li q tqtnptuhlUilnJll}tuqUibmpJUitfp, gwop li qwrqwtlnrtJ]l 2trtfw1Jili 
J!hqwp6.UiqtfUih qnrbwqgnt1_, p1.t1p6.p 2tptfwqUIJmhntFtJUitfp li qpUitfUiqhpuUiljUihn1.pJUitfp: 
ChnJlhM h2tllllb hUitnljmia1mhhtrp Mo-Cu hUitfUI6.ntttlUibphtrl! llllJhnpth qppwnt1_mtf th 
qtJlhqnp qtqtnJlilhllljph qnhtnlllljtnhtpp, tnUiqgtfUih qtqtnJlilIJ.htpp UJUIU1Jl1.l1Utntftuh tft2, 
t1_UiqmmUUIJpb tnt]uhntnqpUibtJlilttf, n1.t1qtfUiqUih, Uitl]1Uigpnh, tnptqtp1.t1qhwgmia1wh, 
hUitl1.t12JihntiaJ1.t1h li tf]l 2wr11 UIJl wnUI2wtntuJ1 ntnptnhtrnttf: 
L.wtnqwh2wqwh t, np L.wiwutnwhp hwhpUit1_wiptpl! hUIJlilLUtn th tfnJ]lpqthp li 
tqllht..ptfto UJUI2wplihrntl: lTUiuhUitlnJlUitqtu, .2Uihqtqmpp tqqh6.UitfnJ]lp11thUIJph 
qntfpphwtn~ (.Q'll.UY:) tnwpt qUih WJ111.Jillh1.t1hUihmtf t UJilht..]l Ii tfnJ]lp11thp tfntn 13 tfth 
tnnhhw umt:t>Ji11w1Jili hUihpw11wp, IlJll! thiawpqt1_mtf t tf2wqtfUih tpqm UinUih6.ph 
]utnUihJmptpp utnUigtfUih bi.qwtnUiljnt1_: UtnUigt1_Uio Iutn1.t1h]mphpJ! pnt1_mtf th, puq 
httnwqUI tf2wqmtfl! hptfbUiqUihnttf pJ1UiqUibUigt1_mtf t UiptntpliJln1.tf: UJ11l.lmhpmtf tftp 
tpqpp tnhtntunLFtJUih hwtfwp hwh11wJl1l.lmhUiptpmia1mhl! qwnhnttf t n~ w1h11wh 
2whwt1_htn, httnliUipWJl ]utnwh1miatpp tf2wqtfUih tunl112Wtnwp tnt]uhntnqpUihtpp 
htJll}Jlilttfl! ]uputn tufllllitu4Uih ]uhqpJl t : 
'lt112Jih tlp pwup tnwrtlw J!hiawg11mtf tftp httnUiqntnwqwh ]utfpp JinlltfJig t12wqtltl th 
tqilJ1h6. li tfnJ]lf!I}th tq1.t1pmhUiljnIJ. tfpUigmia1mhht11pg tfhtnUlilhtrp (Mo, Cu) 
hwhntlin2Jihtrp utnUigtfwh pwpt..p2trtfwutnp6:Uihw1ph ]lh11hUitnwpUiotlrui. uphiatqJi 
(PI°'U) tntluhntnq}iUiuhr: :Jtn11 ptpt1_1.t1b q]itntJ]lptitrl! li i.Iinrt..I! tinr 
hhwrwtlnrmra1n1.lihtr th utn~omtf tfttnUI11.UilJ.Uih lj_ntftqnqJitnwiJiu h1.t1tf1.t16.nqt1_wophtpp 
utnUigtf1.t1b bnpUIJllllJlUIJiUib tnt]uhntnq}iUI tf2wq ttm h1.t1tfUip: 
Mo-Cu qntftqnqJitnwj)lh h1miatpp utnwgtfwh 1.t1t1_1.t1hl}tuqUih ~1.t1hwqhtpl! i.qtuhUih2mtf th 
tfto thtJlqWoUI]uUtJl, tpqtupUitnli th, m\it\i gtuOJl WJl'lJillhUit1_tumtpjnth li 
1.UJlUlllll}JllllllllJi1.t1limia1mli, UinqUI th tfpqpnljwnmgt1_Uiopp, hUitfUiutn li qntftqUilj_tn 
htfm2htpp utnUigtfwh httn q1.t1tqt1_wo qch.J.wpmiaimhhtp: Uiu h1mptpp qppwntfwh 
hptfhwqwh ntnptnhtrn1.tf tqUihUih2tlmtf t tlinl1P oUiljntnlj thntFtJ1.t1tfp li hUitfUiulin 
tfpqpnqwnmgt1_Uiopntl hUitfUI6.n1.tt1_UI011htp, ~>n hhwpw!l.nr t WUj whn~t1 oqtntu~pbttml 
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tfwhpLUhLUuijiq h hLUtfwutn pLU2J.titfwtfp tJin2t]liwnhmJ11lhtp: '{l.pyl111 11111111\1111lfJwlJ.mtf 
]ipwqLUhLUgtJ.wo htuiLUqnuimp1mhhtpn hUJ.wuiwqwnu111tJ.LUo th Mo Cu lp1tl11111ql1uim1Jih 
tJin2]ihtpji tnLUljLUttfLUh mhwljmpiwh pLUpttwtJ.tfwhn: '1pwhg]19 I.Ii r1uqml}Jl]i}. 
tftuiUIIJ.htpji tft)liwhjiqwqwh hwtfw&nqmtfn. tnwlJ.LUttfUihJ! hUJ.UIUuinq hlul[Lt lllLIJmptpp 
oquiUiqnpomtfn. ph}.UJ.tu hwh tfntJipqtup h UJ.'lli&]i pptJ.UiohUitJ.np Ujiwgmpimuutpjig 
uuiUigtJ.wo opupqhtpp hUiuUiuihq 4_hpwljw\.iq\.imtfn £pUiol.intJ.: '{tp2Jihu un4_npwpwp 
ppLUIJ.LUhLUgtJ.mu t 800-1000 °C-mu 2-jig up\.i}_h 10 chntf uihnI[ntp]UIUp, ph}_J! )lipuui 
thtpqUIUlUlJl t. tpqLUpU1U1UnlJa]Ulh U]Wlll6°Wnnt[ hw\.iqtgl.intu t UJ.1J.h&p hUiuipqhtpji 
LUhgUil.ilJ.UitJi J.tin2npUigtfUih, ]ih}.UJ.hu hwh uirngLup u1pmwrirn11wljw\.imp1wh quipmq 
]l2tgtfLUh: 
ZUI2tl.Ji wnhttntl tJ.tpn u2tJ.U10 hqUiutuq\JLpp pl.pnqap11 \Jul.pp uni Jli tuzjt1tlllnlUlip111 u 
utpqLU]UigtJ.Uio t umpp, hnwlJwtl.fwu rwp&p pliri111lm14111~Jllttfr Mo Cu 
UUil.inlJnl.fUJ.nq]iuihtpji uuiLUguUiu l.inp, UJ.Wpq 111wliUIIJ., np[! h]1Ulit[tub l tfLunuqul.p[i 
opu]i.qutpji hUiuUiuit'l tJ.tpLUIJ.LUuquuUitfp' UIJptfUih ntd!iumu: 
Mo-Cu lJntfUJ.nq]iuiUIJJili. u1ntphpl1 uuiwgtfwu hwtfwp, wuljwuqwo, mpm1u 
htuiUipppmp1mu t utpqLU]LUghmtf hUih tpqm tftuiUiqhtpli hLUULUUlt'l tJ.tpUIIJ.LUhqhmtfn 
UIJU.UJ.Jiuji tf!iLUgntp]mhhtp!ig. npnhp UJ.UipmhUilJmtf th tpqm tftuiLU11htpn 
ujiUichntfLUhwq: flpUJ.tU LUJI}UJ.]lulip, hwptfUip ttUih]mptp th qjiuiwplJtJ.mu UJ.1J.h&ji 
tfntJipqLUuihtpn. tfUiuhLUtJ.npUIUJ.tu CuMoO•-n: flpUJ.tu ttLUh]mp CuMoO•-Ji 

oquiLUqnpotfUih UinUitJ.ttmia1mhu UIJh t. np Ji uiLUpphpmp1mh opup11utpji hLUuUiuit11 
tJ.tpUIIJ.UihqhtfUih, UlJu 11tUJ.Pmtf tpqm tfttnU11J.htpn' tfntJip11thn ti UJ.11Jih&n qmhtJ.nu.l th 
hmJh p1mpt11LUgLUugmtf' pjitfJiLUUJ.tu lJ.wUJ.tJ.LUo tl.Ji6LUlJmtf h thpLUI}ptJ.mtf t, np LU11Ji 
tJ.tpUilJUihqutfLUup LUnwtJ.tt hLUtJ.LUhLUlJLUh t hLUtfLUuhn qntfUJ.nq]iuip uuiUigmtfn: 
'1ptJ.wo ]u\JI}]ipn tmbttm hUitfUip li]ipwntJ.tt t Pf>U UJ.Pilgtuhtpmtf pjiujiUilJUih 
ntLUIJ.gliLUhtpli 2tptfUI-4]ihtuiplJ.U1lJ.U1h qmqnJ11ltfWh tfnuitgmtfn ' oquiLUqnpottntl Mg+C 
tJ.hpUIIJ.Uihqhp}_ ]liLUnl.intpq: '-ltp2phpu tmp1mhn pmJt tqqnptpu (opjili.UIIJ. MeO+C) 
ntwqg]iUIJli qmqnJ11lllulh t pUip&p lJ.wtnpliwlJwh (MeO+Mg) ntUilJgJiw1Ji htui, npn pmJt t 
UlLUtJiu llli]h UUihtfLUhhtpmtf lJ.UipqLUtJ.nptt h 'l tqLUtJ.LUptt UJ.Pilgtuli 2tptfLUJ!ih ntd]itfn. 
UIJJlUUih UJ.LUpLUtftuiptpn (tfUiuhUitJ.npUIUJ.tu UIJptfLUh 2tptfUiuuiji6"UihJ!), LUpqLUujiphtpp 
:pUiqLUJlili. pUI1J.LUI}pmp1mhh m tfplJ.pnlJ.UinmgtJ.mopn: 

UzluLUmwhph hmwmwkn b. Mmbnhlmn 
Um1h LU2J.tiUiuiUihpmtf hUJ.UIUlLUIJ. t I}ptJ.tt pUiqtfUiplitJ. nl_Ilpuihtpmtf li]ipLUntJ.nI[ Mo-Cu 
hUIULUMLttJ.LUopli UUlUigmtfh lipUIIJ.UlhLUghtt thtpqUI]lihLU]IlI[ pU1p&p2tptfLUuU1l16"LUhU1j]lh 
lihphUiuiUipLUOtJ.nI[ uphptq]i 111UihUiqntJ., pptJ.LUohUitJ.np tfjiUigmp1mhhtpjig (opu]i.I}UIJ!ih h 
Ul1J.Ulj]lh ttLUh]mptp). tftU1U11J.htpp hLUUUIUlt'l tfjiUitJintt tJ.tpUilJUiliqutfUiup Mg+C 
hUitfLUqgtJ.LUo tJ.tpLUIJ.LUhqh]i}_ ]uLUnUntJ11ll1 oqhmpJUitfp: '-lhp2lihu h\JUipUitJ.npmp1mh 
uiUitntJ. qtqUitJ.Uiptt hUitlUI&lltttJ.Uiopli utnUigtlwh hwtlUip whhpwdh2m 2tptlUIJlih ntd]itln. 
tlliUichntlLUhLUlJ. pLUpthUJ.LUuui UJ.LUJtlwhhtp t uUlLri.omtl 11 tlJ.UitJ.LUpttJi 
hUihnqUinmgtJ.UiopntJ. hUJ.UIU1LUIJ.LUJ!ih hUitlUI&lltttJ.Uiop]i utnu1gtl wli hwu wp: 
'-ltpn h2tJ.LUo bUJ.LUuiLUlJbtpph hLUuhttm hwtlLUp. 
• MoOJ-CuO-Mg-C, CuMoO•-Mg-C hUitlUiljLUpqLpmu ppwljwbwgtJ.tt th 
ptptfnqjihLUtfpqLUIJ.LUh tJ.tptmbntp]mhhtp ' Mo-Cu qntlu1nql1lllwJl1lt li1ntphpl1 uuiwgtfUih 
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hhUipUitJ.npmp1mhh LU]ptlUih ntdptfmtf UJ.Uipqttm h OUJ.UlPUUIL UJ.LUJtlLUhhtp quihttm 

hUJ.UIUlUiqntJ.: 

• lmonLJphtpli w1ptfUitlp u!ihptq]i (lUU), pptlliUilJ.LUh huuitgtlLUh h tJ.wnUipUihUIJph 
11lUihUiqhtpp li]ipwntlLUtlp uuiUigtJ.tt th LUUhpUidt2ui UjiqpnqUinmgtJ.UiopntJ. h 
pLU2].titJ.mompJUitlp hUilin}_wt]iuli UJ.'lh&p tln[]ipI}UIUlhtp, npUJ.tu ttUihJmptp' UIJptlUih 

ntdjitfmtl Mo-Cu lJntlUJ.nqjiUlLU]ph b1mptpp uuiUigtfwh hUJ.UIUlUIIJ.ntJ.: 

• Mo-Cu h]mptpli uuiUigtlUih OUJ.UllitlUIL UJ.UI]tlwhhtpp pUigUihUI]UlUUih hUJ.UIUlUiqntJ. 
munttlULUupptJ.tt th UI]ptlwh h :pUiqUI- m qwnmgtJ.LUopLUqnJUigtlUih 
op]ihw}_LUtJ.mtp]mhhtpn MoOJ-CuO-Mg-C, CuMoO•-Mg-C hUitlLUqmpqtpmtl' hlitlUtJ.ttntJ. 

uUI]u.UIUJ.tU lJ.UlU1U1JltJ.Ulo ptptfnajihUitfpqLUqLUh hU12tJ.LUpqhtpl1 tJ.pLU: 

• Pf>U lllJlngtuhtp]i nupUigpmtf tJ.tpUilJUihqhtlLUu tlt]uUihpqtln mumtlUUiupptJ.tt t 

11phUitflilJ.UiqUih lJ.LUnmgtj_LUopLUJlih tlUiqpnli]ihtuipqLUJli uituUihll]mh!ig' UIJptfUiu UIWPli 

tl]litlUiu t11UihLUqntJ. (CFQ): 

• Opu]i.qhtpp hLUtlUiuit11 h uiLUpptp t11UihLUqhtpntj_ uuiLUgtj_LUo UJ.1J.h&p tlnllipqUiuihtpp 
tj_tpUiqUihqutltuu li]ihhuipqtuqLUh opphtu}_LUtjintpJmhhtpn. tjin]utuqqtgmp1tuh h\JLUptutJ.np 
tlt]liUih!iqtln h uiLUptugtltuh tuptuqntpJUih LUq11tgmp1mlin tjin]uwpqtltuh tuuuip6"tuhji tJ.pw 
munttlUtuupptJ.tt t 2tptftu]ph Uihtulliq]i t11tuhtuqlitpntJ.' qLUhI}tu'l 
(I}tplitJ.tuU1IlqpU1:ppUiqUih LUhtulliq (DTA!TG), V .. =2.5-30 °C/pnUJ.t) h LUpUiq (LUptuqLUqnpo 
2tptlLUuuip6"Uihtu]ph uqtuhhp (HSTS), V .. =100-5200 °C/pnUJ.t) uiLUptugtftuh 

UJ.UIJtltuhutpnttl: 

• UJptftuh ntdlitlmtl uuitugtJ.Uio hUil.inhJmptpn pl.intptuqptJ.tt th LUhtutJiq]i 

chntlLUhtulJ.Uili]ig t11tuhtuqhtpntj_: 

• Pf>U t11tuhLUqntJ. uuitugtJ.Uio hUI!.intjin2Jihtpn qntfUJ.LUIJ.uiLUtJ.nptJ.tt th 

lJ.UlJOUlUJ.lUlqtlLUJ!ih tnUiqtuttfUih tll1£ngntj_ h UtnLUgtJ.Uio qntfUJ.UiqUl utlm2htpn 
phmptuqptJ.tt th nuui :Pliq]ilJ.wtlt]liUihpqLUqUih hUiuiqmp1mhhtpl1 (UpplitftqJLUh h 
tpqpUI}_Ult]iLUlJUlh ]li.UlilLJa]Illhlitpp qhUihU1U1IlLU, hLUpLUptpUiqUih ]li.UlilLJa]LUh npn2mtl, 

'-lpq hp up tlpqpnUJ.UqnLJaJUih }_Ult]lnttlhtp): 

UzluLUUlLUhpb qbmwkwb Unp.DLJI!tl! 

• Untu2liu UihqUitf !ipUiqUihUigtJ.tt t Mo-Cu lJ.1110 hUitfUI&nqtJ.wbpp mnUigmtl UIJptfUih 

ntdjitlmtl: 

• flpUJ. tu tj_tpUiqUI\.iqhli}_' tlUiqhtq]imtfli b. UlO]liLUohp tlliLUdtutlUihUIIIJUl li]ipLUntlUitlp 

hhUipUitj_np t t11tt 11tlJ.LUtj_Uiptt LUJptlLUh UJ.Pilgtu]i hlitlULUlJ.Uih UJ.tupUitftmptpn (UIJptfUih 
2tptlLUutn]16"tuh, UIJptlUiu UI[]lpp mUiptuotfUih UipUiqntp]mh): UP11Jmhpmtl, pwp&p 
tlJqnptptl t:ptlJUliltJ. b. UJ.LU]Ja]IllhUI]ph ntdptfmtl J!hpUign'l ULUqhtq]imtlLUptptl 
ntLUqgpUihtpn qmqnpI}ttntJ. pmJL tqqnptptl b. lihphUimUiptuotlUih UihJ!li.qnthUiq 
qLUppnptptf ntlllqgpwhtpli htui, hw2n11tJ.tt t lllJptlUih UJ.pngtuh pptUqLUhLUghtt J.tiliutn 

lJ.LUntUtJ.Uiptw 2tptfLUUU1p6"LUhLU]ph ntdptlli.tpnttl: 

• MoOJ-CuO-Mg-C, 

tjin juLUqI} tgmp]tU h 

CuMoO•-Mg-C htUtltUIJ.Uipqtpmtl pUigtUhUIJuitJ.ht tu 
opp hill}_ LUtjintp]Illhh tpn. tftuiUIIJ. h tp p ti. tpLUlJUihqhtlLUh 
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hU12np1puqUlump1mu~, npn2i.lh1 hu hhtnlllqmm.J.Ulo ntllllJ9lnu\il.pj1 wl1ml1tJ.U1gtfUlu 
tuhpqpU1uhp~ l}UlUl}UlIJ. (V m=2.5-30 •C/pmq h) l.t Ulplllq (V"' I 00 5200 °C/pmq h) 
tnUlpUlgtfUlu llJ.UlJtfUluuhpmtf: 

• 5m19 t tnptJ.hi_, np npllJ.hu t1Ull!Jmp up.hum1u pJmphIJ.U19Ulugmtf tpqm tfl...tnUlIJ.Uhp~ 
llJ.UlpmulllqnIJ. Ulajt' tnU1pphp hIJ.llllilllquhpntJ. u]luphqtJ.Ulo llJ.IJ.l!0.]1 tfni]lpqllltnuhp]l 
q]lpurnmtf~ UllJ.UlUtnmtf t UUlUn~Ultjlu]l h tfhtnlllIJ.lihp]l UlnUltJ.ht hUltfUluhn 
FU12jutllllomp1U1tfp hU1tfU1&.nLttJ.wop]l umUlgtfwu~: 

Uwwmwuph qnpbb.w!J.wb. b.2!11b.w!J.mmmb.n 

• lT2UllJ.tJ.h1 hu tfUltn~h\li htUlUJmptp]lg Mo-Cu 41...rib hu1tfw&.n11tJ.wop]i ltu1Lm]in2J1Ll...p]i 
UtnUlgtfUlu tf]lUlt]i.mi_, UUltn~t\li h UlJlll]IlLLUltJ.ttn tri.wltw4Ll...p: r-wgj1 opu]iri1u1Jilt hnt tfp]ig, 
npllJ.hu htlllU]ntp lt]lpU1ntJ.ht hlt ltwh u1ri.LO.J1 tfntJirriwu1 , j1L~1 2lt nphjnj hltwpwtjnp L 
l}Ulp.O.t1 u]luphq t1 tfhtnUlIJ. utp.]1 ju]lutn hwtf WU tn pw2lm[ tubm131tutf r lm1 Wln w L1w1l1 lt 
hwtflll&.nqtJ.Ulop]l uUlunt]i.n2J1: 

• Y:]lpurnh1ntl nhlllqg]lllluhp]l 2hptfU1q]luhm]lqU1lJ.Ulu qmqnpqtfUlu tfnmhgmtf~ 

huU1pU1tJ.np t h11h1 U1JptlU1u ntd]ltlmu' qlllnU1tJ.U1p.h\li h tlh11tf 2hptlU1ulll]16:Ulum1]1u 
llJ.UlJtlUluuhpmtl ]lpU1qnpoh1 MoOHCuO, CuMo04 htllllijntphp]l tlUlquhq]lmtfUl­
qlllppnphptl tJ.hplllqllluqumtl~ h utnUllimt Mo-Cu hmtlUlMLltJ.Ulop]l uUlunt]i.n2J1: 

• @ptJ.UlouUltJ.np htUlliJmphp]lg lillJ.UltnUllJ.UlJ]lli hU1tlU1&.nqtJ.U1opuhp]l umUlgtfmu 
llJ.pnghuuhp.]1 OllJ.lll]ltfUll llJ.U1JtfmuuhpTI h]ltfUmtJ.nptJ.ht hu n~ ]lqnphp.tl llJ.lliJUUluuhpnLtl 
U1JptfU1u llJ.Pnghuuhp]l huU1pU1tJ.np tfhjuUlu]lqtfUhp]l 11J.UlpqU1pU1utfwtfp, ]lli~llJ. hu uwh 
llJ.Pnghuuhp]i. tJ.U1PI!J1, t]i.m1Ul1umpJU11.i, hU12nMU1!J.Ulump1mu h q]lutm]l!J.Ul!J.Ulu 
llJ.U1pU1tfhlllphp.]1 tJ.pU1 tnUlpmgtlUlu U1pU1qmpJU1U Ulql}hgmp1wtfp: 

• Opu]ll}uhp]l hUltlU1mh11 tfUlquhq]lmtflllphp.tl tJ.hpUl!J.UluqutlUlu 11huwmtf pU1gmhU1JllltJ.ht 
t ti tfhlJ.uU1pU1utJ.ht tJ.hpUllJ.UluqutfUlu tfhjuUlu]l.qtf]l 11p.u]1uhpqhlll]14. t:t>hlJ.lll]l 
UlnlJ.UlJntpJmh~: 

• UJp.tfUlu nhd]ltfmtf umlllgtJ.lllo ulllhnt]i.n2]1uhp~ tupmpqtJ.t1 hu qntfllJ.UllJ.tnU1tJ.nptfU1u, 
ulllUlgtJ.ht hu pU1p&.p hU1pU1phpU1lJ.Ulu jummpJU1tfp ti pU1phtU1tJ.tJ.Ulo tfhjuUlu]llJ.UlltUlu 
hlllllllj_mp]nLuuhpntJ. utlm2uhp: 

U2luwmwb.Ph bwl],wm h !J.wnncwJ.wbJm 
UtnhuUljunuUllj_UlU lll2juUltnU1Up~ FUllllJ.UlgUlo t 
tqpU1lJ.Ulgmp1muutp]lg h qp.Ullj_UlhnLpJUlli gUlult]lg: 
llJ.llip.ntuUllj_mtf t 7 Ul11.JilLUU1lj_, 70 ulj_Ulp. h 150 hIJ.mtl: 

U2luwmwhph tbnp.Awpb.bmmmb.n 

uhpUlbntpJmli]lg, 5 qlJup.g, 
UJU. 2ll1Plll11Ptllllb t 141 t2mtl, 

Ulllhullljunump1mu~ puuUlplj_tJ.ht l.t hp.U111J.UlpU1lJ.U1JP.li llJ.Ul2tn11J.U1UmpJU1U t 
hpUI2juwtJ.nptJ.ht Z1. Q.UU Pp.tl]i.UllJ.Ulu :b]lq]lli.]1m1]1 p.uumptnnttnP. 'llp.uq :t>wqlllJFU 
nhllllj_gllluhp]l tlUlqpnlt]luhlll]llJ.UlJ]l llllpnpU1lllnp]lU1Jilltf: UlllhumjunumpJUlU 
U1p11Jmhpuhp~ qhqmgtJ.ht hu hhmhJUll qplllwdnri.ntJ.uhp.nttf. 
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• 

• 
• 

Materials 4•h scientific conference of Armenian Chemical Society "Achievements and 

Challenges", Yerevan-Vanadzor, 2014, 7-11 October. 

2015 14th Europian Ceramics Society Conference, Toledo, Spain, 2015, 21-25 June 

15th Conference & Exhibition of the European Ceramic Society: Budapest, Hungary, 

2017, 9-13 July. 

• V Scientific Conference of the Armenian Chemical Society (with international 

participation), Yerevan, Armenia, 2017, 3-7 October. 

• 
• 

Current problems of chemical physics, Yerevan, Armenia, 2018, 25-29 September. 

XIV International Symposium on Explosive Production of New Materials: Science, 
Technology, Business and Innovations (EPNM-2018), Saint Petersburg, Russia, 2018, 14-

18 May. 

• VI Scientific Conference of the Armenian Chemical Society, Yerevan, Armenia, 2019, 7-

12 October. 

• XV International Symposium on Self-Propagating High Temperature Synthesis, Russia, 

Moscow, 2019, 16-20 September. 

uwwmwbPb hpwu,iwpwJimtlblijln 
Ulllhumjununtp]UIU hp.tfuUllj_UIU UUlU~ lllllJ.UlqptJ.U10 t 1np hill}tJ.Uiouhpmtf, npnug]lg h]lliqTI 
tf]12UiqqUIJFU qpUljunmJ.IlIJ. pU1p&.p tJ.U1plj_UluP.2 muhgilIJ. UlUuUlqphpmtl, p.u~llJ.hu ulllh mp 

ptq]luuhpmtf: 

q,1.ntbi 1. q.pwJiwb wJihwp!J. 
q,pUllJ.Ulu UllJ.uUlplJ.~ pU1IJ.lJ.UlgUlo t 6 hp.tlUUllJ.Ulu pU1dJi.uutp]i.g. UlnU12p.u. hptp 
pUidp.uuhp.nttf uhplJ.U1JU19lJ.mtl hu tfn\lipI}hli-11J.i\Jlh&. qntfllJ.nq]ltnUlJP.li u1mphp]l 
hllltnqmp1muuhpu m lt]lpU1nmp1muuhpTI. p.u~llJ.hu uUih Mo-Cu uUlhnu1mphpp. utnlllgtlUlli 
hp.tfUUllj_Ulu hIJ.UlliUllj_litp~ h I}Plllugmtf urnlj_Ul juhl}]lpuhp~: '.:?npp.nPI} pUldhnttl 
ulj_UlplllqptJ.nu.f t npllJ.hu htlllU]ntp llJ.IJ.h&.p. tln\lipl}Ultn]l oqtnlllqnpotfUlu 
UlnUl\]_t1mp1muuhp~, utnUlgtfUiu huU1pU1tJ.np hIJ.Ull!UllJ.lihp~ h u2lJ.U10 Uli\]lg l!11J.UitnU1lJ.U1J]l.h 
Mo-Cu uUlunqntlllJ.nq]ltnlllJP.h u1mp]l utnUlgtfUlu qpU1lj_Ulhntp]mli tlh2 hlll]tnhp. 
hIJ.UlulllquhpTI: z.p.uqhp.npl} pU1dlinttf uhpqU1JUI9tJ.mtf t f!Y-.U 11J.p.ngtup. ~UqhUluntp 
pumplllqpp.~, 11Plll urnU1Mulllhllltnqmp1muuhp~, mhuUilj_uhp~ h UlnUll].t1mp1muutp~ ' 
npllJ.tu UlhopqUluUllj_Ulu u1mphp]l. (tfhtnUlIJ.lihp, hU1tfU1&.ntttJ.U1opuhp, qntlllJ.nq]ltnuhp h 
Ul]tli) u]luphq]l tfhplll}: f!Ulg]l Ul]I}> UIJU pU1UUn1-U uhplJ.U1JU19lJ.mtl t UUlh p]ltf]lUllj_UlU 
nhlllqgp.Uluhp]l qmqnPl}tfUlu tfntntgtfUlu tn1p1mu~, tnUipUltntulllquhp~ . h]ltfUUllj_Ulu 
urnU1tJ.t1mp1muuhpu m lj_UlphnpntpJnth~ f!Y-.U llJ.Pnghuuhp.nttf: 'lhghpnpl} pUldumtf 
uqwpwqptJ.nttl t 1mbnqpuhp]l U1JptfU1tfp up.uphq]l hIJ.Ullillllt]l tmp1mu~, UlJU tfhpn11]1 
hp.tlUUllj_Ulu urnU1lJ.h1mp1muuhpu m hUltfhtfUltnnLpJmli~ f!Y-.U 11J.p.nghup. hhm: 

q.1.ntbi 2. lTh{!tIU}WJiwh tlwu 
"\.,11J.Wll1WqWJFU Mo-Cu uwlinqntfnq]ltnW]]lU U]mphp]l utnwgmtfu p.pUllJ.UlUWglJ.ht t f!Y-.U 
11J.p.nghup. h 1mom1puhpp. w1ptfU1tfp up.uphq]l wnwu&.p.u h hwtfUltnhIJ. oqtnlllqnpotfUltfp: 
f!Y-.U llJ.p.nghuu ]lpuilj_UlulllglJ.ht t hlllUlllUlillmh 6:u2tfUlu nhwqmnpnttf qlllqlllJ]lli Ulqnmp. 
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tfp2unJ.wJpnLtf, puq lUU-g qhquipwqwh uwJ1iqp il!1w uiLI]WI]pl{wo l11{wpgwuiwqh 
pwdwqmtf, pwg Ol}IlLU: \,wlupwh $ip0.wpwpwqwh hhuiwqnuimia1mlil.Ihph uquhw. 
W]ptfwh wqpwpwui 2hptfwuuip6:whhhpp Ii. l{hp2wli1mphpp hwlJ.wuwpwlJ.2nwqwl.I 
pwI]wqpnLp]Uih hUiluhwqUih qhUihUIUlUUI\i huiUiuiUiqnlJ. ppwqUil.IUigl{hL t 
mumtfhwupplJ.IlI] pnlnp hwtfUiqwpqhpp phptfnqphwtfpqwqwh lJ.hl1lmomp1mti' 
oquiwqnpbhLntl ISMAN-THERMO opwqpw]pli ip.wphpg: i.w2lJ.wpqp tmp1mlig hplililJ.wo 
t hwtfwqwpqp phptfnqphwupqUiqwh uinuihhgpwJ1i ulJ.wqwqnLJU. wpdhpp npn2tfwu 
(tfpuptfpqwgpw1p) uqqpmupp il!1w: UJptfwu wJ1ipmtf 2hptfUiuuip6:Uiup pUI2lumtfg, 
wnUilJ.hLwqnLJh 2hptfUiuuip6:Uiuu m uiwpwotfwu wpwqnLpJnLUJ! npn2tlhl hu 
tfpqpn2hptfwqm1qw1pu wuwJ1iqp hI]whwqnlJ.: bLWUJmphpp, lJ.hp2wu1mphpp h 
tfp2wuli.Jwl u1mphpp ~Uiqw1pu pwriwqpnLpJnLUJ! mumliliwupplJ.hL t nhuuiqhuUI~Uiqw1pu 
UiuUIJ1iqp hI]WUUiqnlJ.: Uuiwgl{Uio nhulflqhuUiqpwtfuhppg wnwMpu ~wqhpp 

hnLJhwqwhwgmtfg qUiuiwpl{hL t qp~pwqgpnu uitlJwthtpp tfp2wqqw1pu q huuipnup 
qilI]upg pnI]WpqlJ.wo UUllUUI}lUpUl lUilJilLUUlqWJpU tuiwlnuuhpp hhui hwtfhtfUiuinLp]WU 
tfp2ngnlJ.: bLWUJmphpp Ii. W]ptfwu wpqwuppuhpp tfpqpnqwnmglJ.wopwjph p\in1_pwqphpJ! 
(p]mphI]bhpp ~wip.u, 0.1.i, qwuwlJ.npnLp]IlLU, owqnlflphhpp ~wip.u Ii. W]t\J.) mumtfuwupplJ.hL 
hu lmuwopw1P.u q_ hquipnuw1p.u. tfUiupwqpuiUiqnlJ.: L,tfm2uhpp pptfpUiqwu 
pUII]Wl}pnLp]mhg mumliliwupplJ.hl t UlhI]W]pU nh\iuiqhuUIUUJ. hquipUll wuwJ1iqp 
hriwuwqnlJ. (EDS): 
U1ptfwu uipnghupu nLI]hqgnri qwqw1pu wpuiwuhuin1_tf\ihpp npwqUiqwu Ii. pwuUilj_UiqUih 
PU11lWI}IU1'-PJilLUU mumtfuUiuppl{hL t qUiq-ppntfUiuinqpUI~pwqwu wuwJ1iqp tfp2ngnq: 
Ulflwgqwb i!in2puhpg qntfuiwlJ.uiwqnplJ.hL hu lJ.w10wuilwqtfUI]p\i hnwlJ.wltfwu 
hI]UIUUilj_nlJ.: :;iUiip.l{hL hu uuiwgqUio qntfUJ.wlJ.ui htfm2uhpp UppptfhilJwu Ii. 
hpqpw~wip.wqwu lulflmp1muhhpg, pu~UJ.hu hwh ~pqhpup tfpqpnUJ.\il}IlLp]m\ig: 
Uutfp2wUJ.hu WJptfwu wJ1ipmtf i!inluwqqhgmp1wu Uhluwupqtfp pwgwhUIJUlUUiu Ii. 
qwnmgqwopw]pb $iluUipqmlilihpp qpuwtfpqwu UJ.Wpqhlm hUJ.wuiwqnl{ qppwnlJ.hL t 
UJ.rihO.h tfwuupq nnqp uhuiwO.b. quipqUiopmtf W]ptfwu UllPPP wpqhtwlJ.tfwu uihluupqwu: 
OpupquhpPfwrthpp qhpwqwuqutfwu Uhluwupqtfg n~ pqnphptf UJ.UIJtfUiuuhpmtf 
hhuiUiqnuilJ.hL t 2hptfUIJpU whUIJ1iqp I}UlUUilj_Uih qhppqUiuinqpw~pwlj_Uiu (DTA!TG) 
hrtw\iwqnq 2.5-20 °C/pnuih uiwpwgliwu wpwqnLp]WU uiw1tfwuuhpmtf, Tmox=l000 °C, Ii. 
wpwqwqnpb 2hptfwuuip6:wuw1pu uqwhhp uwppwqnptfwtfp (HSTS-1, i.i. q.uu ll:bfl): 

~hp2puu pmJl t uiwJ1iu n~ pqnphptf qpuhuipqwqwu hhuiwqnuin1_p1muuhp 
ppwqwuwghht i!in2hluwnhmpquhpmtf uiUipUiguUiu pwpO.p wpwqn1_p1wu 
UJ.W]tfwuuhpmtf ' Vrn=l00-10000 °C/pnuih , Tmox= l300 °C: \,2qwo uiwpwgliUiu wpwqnLpJWU 
uippn'-JPI! wl{hl.P tfnui quiul{hLntl WJptfUiu wJ1ipmtf u1mpp uiUipUiguUiu 
wpUiqn'-pJmbuhpph, wnwlJ.hL tfhb huwpUiqnpn1_p1mu t guO.hnmtf pUigwhUIJUlhlm 
w1ptfwh wJ1ipmtf gupwgilI] nhwqgpwuhpp Uh)uUiupqtfg: 
UJptfwu nhctptfmtf Mo-Cu q hri.o hwtfUIO-n'-LlJ.wbpuhpp uuiUigtfwu UUJ.UiuiUilJ.ntl 
mumtfuwuppl{hL hu MoOJ-CuO-Mg-C, CuMoQ4-Mg-C, (Cu+Mo02)-Mg-C hUitfwqwpqhpp 

w1ptfwu oppuw~wip.mp1mhuhpg, Uipqwuppuhpp ~wqUIJpb pwI]_wqpn1_p1mug Ii. 
tfplj_pnqwnmgqwopg' qw)ul{wb hLWJp\i JuwnhmPI}IlLU Mg+C hwtfwqgqwo qhpwqwuqup~ 
luwnumpqp hUipUiphpwqgmp1mupg: 
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q.tmJ.u 3. Mo-Cu ltlmb hwiliuAm.ul.wb_p\ilipp umwgnuin ilirtbl!llhl1p b uin\u\b opulm\ilql}l 
uwqhhqbnu[w-ltwwml!l\ij)u t!'l:ip.wltwhquuwup 
MoOJ-CuO-Mg-C pwn1wlJ. hwtfwlJ.illpqn1_tf qwuiwpqwo uw)uuillqwu phptfnqphwup­
lj_Ullj_wu hU12lJ.U1pquhpp WPilJmhplthpp hwtfwO.wiu tfnJ1ipqhh-UJ.11PhO. hpqtfhuiwri 
hUltfUllj_UlpqJ! (Cu:Mo=l:l) lJ.UlpilI] t umillglJ.hL Ulo"[tiwblt]:i 1.7-pg 2.3 tfnt h tfillqhhqpmtfp 
1.1-pg 1.9 tfntpwhillqhhpp qhUJ.pmtf, npnltg hU1tfUIUJ.UlU1Uiujuui\in1_tf t UIJptfuiu uiqpuipUiui 
2hptfuimp6:uiuuhpp puiqwquilt tuiJh mppmw' 1100-pg tfpu~h 2100 °C: <I>npO.uwqwu 

hhuiUiqnuimpJmhuhplt ppuiquiuuiglJ.hL t quiquiJph uiqnmp 3 tfpu 6:U2tfuiu 
UJ.Ul]UUlUUhpmu' hui2lJ.P uinlthLntl guiop 6:U2uuiu UIUlJUUlUUhpnLU htWU]mphpp 
huuipuiqnp qnLn112puigtfuilt huiquiltuiquihnLtaJmltg u 5 tfpu-J:ig puipO.p 6:Uztfwh qhUJ.Pmtf 

UiugUiulJ.uii.P tfnJ1iprihup quipp]:iqp wnU12uign1_tfg: 
L.plilil{htnlJ. uui)uuUiquiu phptfnqpuUitfplj_Ulquih hui2lJ.uipqlthpp h hpli.Juiq m hn1uilJ. 
hUitfuilj_Uipqhpp ip.npO.\iUiquiu hhuiwqnuinLpJmhhhpp uipilJmhpuhpp i1I1ui, plt~UJ.hu huih 
uiJptfuiu $ipO.hph uil{hl.P UhIJ.tf 2hptfuiuuipi\uiltw1P.u uiuiJtfUiulthpn1_tf ppuiquiuuiglthLm 
ltUJ.Uluiuiqnl{ l!mrO.uUilj_Uilt hhuiuiqnuin1_p1mhuhplt ppuiquiuuigl{ht hlt CuO-MoOJ-Mg-C 
pwniuilJ. huitfuiquipqp huitfuip phptfnqpuwtfpqnphu OUJ.U1ptfw1 J:!ltmpqwo mppnLJpp 
gwbp2hptfuiuuipi\wuui1J:ih huiuiquib]:ih huitfuiUJ.uimwu]:i.iuihllI] uippn'-Jpmtf: Cum qpui, 
UUlqhhqpn1_tfp OUJ.lflpUUll puiuuiqmp]IlLU t gltmplJ.ht 1.2 unw h hhuiuiqUl 
hhmuiqnmmpJnLuuhpu ppwquihwglJ.ht hh CuO-Mo0J- l.2Mg-yC huitfuiquipqn1_tf ' 

ip.nip.nluhtntl Uioluuibltp puiltuiqmp1mltg: 
t>h~uihu hphmtf t uuiuigqwb uiPilJmltphhppg, lj_UI"[tlqUio Uioluwbh]:i puiltwqpg, quiphl.P t 
humuiq wnwhO.uuigltht hphp mppn'-jphhp' guui UI]ptfuiu wpwqn'-p]uih (liq. lui) : U1uuihu, 
J:!h11uitfhul! 0.5 tfnt uib"[tlwbu]:i (2.3 quihq. %) uiqh1wgmtfg Mo0J-Cu0-l.2Mg 

PU11lui11pn'-pJuitfp h1ui1P.u )uuinltmpqpu, phpn1_tf t UlJptfuiu uipuiqn'-pJuih Uil{hl.P puiu 10 
uiuqwtf hquiqtfuiu: Chq npnLU, Ul]ptfwu uipwqnLp]UlU qmpmq wuqtfuiu Ul]I} mppm1pmtf 

UI]ptfuih 2hptfuiuuipi\uiltJ:! gmguiphpnLtf t uii\tfuiu mhhqhug: U]U I}hllJ.Pmtf quipnt_q 
ltquiqmtf t uwu Ul]ptfuiu uiJ1ipmtf U]mpp UlUlpUigtfuih uipuiqnLp]IlLUJ:! (5-8 wuquitf): 
Ubluuibup puiuuiqp hhuiuiqui uiqh1uigmtfg h1w1ph )uuinhnLPI}Il'-tf phh 2uipn1_ltuiqmtf t 
P.2hguh1 ui1ptfwu uipuiqn'-pJmhg, uuilJ.uiiu wp11hu 2uim uiqhJ1i p]:i~ ~Uiip.nq: fluq UIJptfwlt 
2hpuU1UU1pi\uiulthpJ! qnpbltuiqui\inLU tf\inLU hu \inL]U tfuilJ.wMwlJ.P i1I1w, J:!\iqhnLUJ. tfpu~h 
y=l uni: Uoluuibup uiqhJ1i tfhb puiuwquhp]:i 11huipmtf I}]:imqmtf t ui1ptfuiu 2hptfuiump­
i\uihp qqwJ1i uihqmtf: UUiuhuiqnpuiuihu, Uioluwbup huitfhtfuimuipuip tfhb 
uiuipmuuiqmp1muuhpp qhUJ.Pmtf (y=5; Tw=Twq=l150 °C), u1mpp muipuigtfuilt uipuiqn1_­
p1muu Ul]ptfwlt uiJ1ipmtf quiqtfmtf t J:!UI}UlUhUJ! 500 °C/qpq h W]pUUlU phptfnqpuiup qpui 
huuiuiq Uipmuihui1ml{Uio t wiptfuiu UltPPP quinmgquibpp hplJ.l!m'-L phnLJPl!: Chq npn1_tf 
ltnLJU.puq tfph~h 10 tfnt Ulo"[tiuibltp uiUipmhuiqmp1uiu 11hUJ.Pmtf UIJptfwu uuihtfuiu w 
qpuiqmtf: 
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'l..q. 1. Unufwli oppliw~wip.mp]mlilibpg MoQ3-Cu0-1.2Mg-yC hwtfwqwpqnuf. wiptftuh 
UJ.tupwtfbmpbpp qw]umtfg wopiwolip ptuhwqpg (w) li. tu]ptftuh pbptfnqptutfhbp 

y=O (p), 0,25 (q) 5.0 (I}) , P=3 tfpli 

fihlimqhlitu~wqm]ph wliwJliqp (fi:f>U) WP11Jnthplibpp hwtfw&.wjli, opuP1llibpp hwtfwm!q 
tfUiqlihqpmtfwqwppnpbptf tlbpwqwliqlitfwli 11hUJ.pmtf tfhtnUlI]_hbpp lPPtl tlhpwqwliqlitfwli 
hUitfwp OUJ.tnptfmt t ghmptlbt tfwqlihqpmtfp 1.2 Ull]_. li. wopiwolip 2,1-2.2 tfnt pwhwqp 
ip.nip.npiuwli tnppm.]pg (liq. 2tu): '-1.hpwqwliqlitfwli WP11Jmlipmtf hUJ.mmwqm]pli hJmppg 
pwgp, npUJ.hU qnI}tfhtuqp tupqtuupp tunw2wlimtf !; liwli. MgO, npg hbnwgiJ.bt !; 
tuI}mppiJ.UIJph tf2wlJ.tfwli tfp2ngntl: Upl}]nthpmtf umwgiJ.bt !; 1-5 uqtf tfwulipqlibpp 
~wip.untl hUJ.tumwqm]pli Mo-Cu hwlintlin2p ' qntfUJ.nqptnmtf tfbtntuI}hbpp hwtfwuhn 
pw2IiiiJ.womp1wtfp (liq.2w, p): 

Spectrum 1 Cu:Mo = 1.0:1.14 

Spectrum 2 Cu:Mo = 1.0:1.12 

Spectrum 3 Cu:Mo = 1.07:1.0 

Spectrum 4 Cu:Mo = 1.17:1.0 

'l..q, 2, Cu-Mo qntfUJ.nqpmm1pli $n2m tfplJ.pnqwnmgiJ.wopg, nhlimqbliwqpwtfg h tnbI}m]pli 
nbhtnqblimuUJ. bqmpm]pli uplJ.pnwliwJliqp WPI}Jnthplibpg pptlwipli tf2wqmtfpg hbmn 
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<l>np0.liw4wli pwliw4lihpm.J. uphphqt[wo Mo-Cu 4m.lUJnqpU1WJpli tJ1n2J1lihp[! hlipwp4i.J.ht 
hlt 4wJ1lWUJLWqtiwjplt hnw4wttiwlt tIJ12ngnt[ 4ntiUJW4Ulwt[nptiwli 1000 <>C 
2hptfwuU1p6:wlimtI 3 pnUJh Ull!IlI}nLJaJWtlp: UU1wgt[wo 4ntiUJW4Ul litfm2lthpp '-l.J14hpup 
tIJ14pnUJUl}IllJaJnLh(! 4wquh1I;320 HV: 

<PnjuwqI)ligmp;wu dlijuwuftqi!p Mo01-CuO-Mg-C hwifwljwpqmif 
UjpUUll! wLJ1pnul [!lipwgn11 UJpnghulthpp tihp.iwupqtip UJwpqwpwhtfllih hllitfwp [!l!Ulpt[hL 
I; hwtfhtiwlllwpwp hwltl}WJ:lUl WJJ:ltlilll. Cu0+Mo03+0,8Mg+3C p.iwnlimpq, npp U!Jpmtilt 
ppw4Ulltwgt[h1 I; UJ11ltO.h U\lluupt[ Pln4J1 uhUJUlO.l! \j_Ulpt[Ulopmti: 
U]ptfwli UJpnghupg hhllln uhUJU10.ll 4lllpt[wopp mllipphp hU1Ull[U11llihppg t[hpgt[wll 
ltum2lthp(! hhlllwqnlllt[hL hlt n:riu tI}UllIU14nt[: Ulllwgt[wo llltlJwtlthpp hwuwO.wjlt, 
wlttfp2wUJhU Wjptfwlt wLJ1pp up.iuwlt Ult1lnLU ll qpwupg uhpplt 21.[rnp.iwql}WO htWUjntphplt 
hlt, qpwlt hw2nMilll. t[hpltp lllhqwtfwumtf mh11J1 I; muhght UJ11MJ1 opupqp tppt[, J1u4 
tfnLJ1p11hltp opupqp tfwultU14J1 t[hpw4wltqli.nul (i.lpu2li. Mo02): Upqwupp[! UJWpmu\ll4nu.l I; 
ltwll tiwqlihqpmtf, J1u4 UUlquhqpmtfp opupqp pli.nLJawqpw4Ullt UJJ14hp(! pwgllilJ.wimtI hu: 
Ut[hLJ1 t[hpli. qlllht[IlI} hUllllt[wlllihpnLtf UJ11J1U.O.[! tppt[ t[hpw4wltqltt[U11l I;, tfnLJ1.p11hup 
hnopup11J1 hpi.lltw4wlt UUlU(! t[hpw4wliqt[wo I; tfpu2ll unLJ1p11hlt, wn4w hu uUlli. MgO, 
MoOi: 
UJU Wpr)Jmltplihpp hpuwlt t[pw [!lIJ}hUilimp UJWm4hpwgmtf I; 4wqtft[h1 WJptfwlt 
UJpnghumtf UJ11MJ1 li. tfnLJ1p11hltp opuJ111lthpp t[hpU14wliqlttfwli uhp.iwupqup tfwuplt: 
ZllitfwO.wjlt ulllwgt[wll llltlJwtlthpp. UJqltO.p opuMJ1 t[hpw4wuqli.nLUlt (!lipwumtf I; 
wtfpllfl2mpJwtfp wllp.iwoli.nt[: lTJ1li211hn tfnLJ1p11hltp hnopuMJ1 lJ1m1w1J1u t[hpU14wuqutfwlt 
uhp.iwupqtfmtf, u4qpttw4wlt lJ1mtmi.l npnz'12 l}tp mup 4wppnphpti t[hpw4wuqli.nLU[! 
(tIJ1lt2ll Mo02), J1u4 hhlllwqw UltlPilfl2W4wlt t[hpw4wltqumi.l[! tIJ1lt2li. tinLJ1P1lhu [!ltpwli.nLti 
I; uwqlthqpmunt[: 
Uop.iwllltp 11hp(! w1ptfwu wpwqmp1wu m 2hpuwulllp6:wltp n2 hwuw2wt[t UJWht[wopp 
t[pw UJWJ:lqllipwlthtm, plt2UJtU ltwl! t[tpw4wltqlJtfUllJ UJpnghup utp.iUlltpqi.flt 
mumtfuwupph1m ltUJWlllw4nt[ ppw4wltwgt[h1 hu tfilI}htwJplt t[tnpO.hp, npnltgmtf 
tinLJ1.p11hltp hnopupq[! ljlnp.iwpplti.J.ht I; i.lnLJ1.prihup hp4opupl}Ilt[: '{hp2J1ltu 
hltwpwt[npmp1mu I; U1i.J.ht pwgwnht Mo03-p t[hpw4wliqui.lUlu wnw2J1u t[tmw 
(Mo03+C-Mo0>+CO(C02)), ll WJl}UJpunt[ Ulnwi.J.ht UltuU1lihLJ1 l}UlpO.libt Ulllp.iwoup rihp[! 
t[bpw4wuqlitfwu UJpnghumtf: 
<l>npO.bpp WP11JnLUpuhpp hwtiwO.WJU Mo03+ 1.2Mg p.iwnlinLpqJiu 0.5 tint wop.iUllluJi 
wi.J.htwgmtI[! (Mo03+ 1.2Mg+O.SC) pbpnLtf I; WJptfwli wpwqmp1wu tinlll 10 Uluqwtf 
wu4uwu, tfJiu211bn Mo02- l.2Mg p.iwnumpqJi l}bUJpnLi.f ' UnLjlipwu Ulop.iwouJi wi.J.btU19UUlU 
11hUJpmtf w1puwlt wplliqmp1mh(! qnpouw4wunpbu 211 t[tnp.it[mtf 4wtI ml!Ji Ul6tiwu 
Ulbu11bug: UP11JillUj2IlLU, (Mo02+1.2Mg+O.SC) p.i\llnumpqJi UlJJ:lUWU wpwqnLJa]IllU(! tinm 1.5 
wuqwu qhpwqwugmti I; (Mo03+ L2Mg+O.SC) p.i\llnUnLJ:ll}P W]ptfwlt wpwqmpJWU(!. 2UWJWO 
wnw2J1u 11hUJpmtf w1ptiwu 2bptiwulllp6:wuu wt[bLJ1. gwllp I; (Lfnlll 200 °C-nt[): 
UJU wuhh(! tfJiwu2wuw4 t[4wimu I; WJU UUluJiu, np wop.iwol!Ji ubptfmonLU(! Mo03+1.2Mg 
4wu Mo03+Cu0+1.2Mg p.iwnUnLJ:ll}libpJiu li. qpwu hhlllllnll. wpwqnLJaJWU 4mpnL4 
wli4mi.f(! 4UlUJl[Wo I; tfnLJ1p11huJi t[bpw4wuquuwu ubp.iwuJiqi.fp t[tnljlnp.imp]WU hblll: Ujli 
I;, tfJiwt[tmL tiwqubqpnLtfUlpbptf. pwpO.p2bpuwulllJ16:wuw1Jiu t[bpw4wuquuwu t[tnp.iwpbu 
t[hp(! u2t[wo p.iwnUnLJ:ll}UbpnLU Ujpnghuu [!UJaWUnLU I; bp4t[tnq PJ:lilLUlUlil uhp.iwuJiqunt[, 
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nrp wmu2pli ' 4wrpn[Uh[1tf tjrnqli i!U[Utulimtf t wtJ.htJi gwllr 2hrtfwump6wlimtf li 
WJI}UJpuntJ. qqwtJi wqqhgnqaimli mlihlimtf WJ(ltfwli wrwqnt[UJWU tJ.rw: 'lhr2plipu oqmpli 
t funumtf liwli WJU hwliqwtfwlipl!, nr MoOJ-p tjinJuwrplimtfl! Mo02-ntJ., tJintJ.tili 
pwgwnmtf C lli[ltuqm[aJWU 4mrm4 wli4tfwli hpllnLJ[UI! ' wllfuwlllip lihrtfmlltfwli 
lljlliJlWqWJillU: 

Zw2tJ.ti wnlihtntJ., np pptfpw4wu nhw4gpwlihpp tfhfuwlipqtfp tJ.rw tw4wli wqqhgmraimli 
mlip mwpwgtfwli wpwqnL[aJnLU!!, CuO-MoOJ-Mg-C hwtfw4wpqmtf tJ.hrw4wliqlitfwli 
4plihmp4w4wli orpliw~wtjimraimlilihpl! li tjinfuwqqhgmraiwli hliwrwtJ.nr tfhfuwlipqtfl! 
UJwrqwpwlihtm hwtfwp 4rrwmJ.ht t 2hptftuJpli wliwtJiqp hqwliw41! · will t 2hptfwipli 
wliwtJiqp qwuw4wu qhpptJ.wmnqpw:j>pw4wu uwppwtJ.npmtfl! (Derivatograph Ql500, 
Ym=2.5-20 °/pnlljh) li wpwqwqnpll 2hptfwump6wliwjpli u4wlih[11! (HSTS-1, Vm=l00-5200 
0/pnUJh): UwuliwtJ.npwUJhu, mwpwgtfwli tjinpr wpwqnL[UJmlilihpp qhlljpmtf, pU~UJhu 
hplimtf t u4. 3w-pg, MoOJ+CuO+ l.1Mg+2C fuwnlimpqmtf 480 °C 2hptfwump6wlimtf 
qhnliu tjinfuwqqhgmra1mli W !!U[UtughL (wn4w t httu]pli fuwnUnLJlI}I! ' wlitjintjinfu), 
WJUmhhmli tfpli~li 600 °C mhaji t mlih\imtf UJ11Mp opupqp hp4tjinq tJ.hpw4wliq\imtf 
tfpli~li lljflpUO., pu4 tfntJipqhlip opupql! tJ.hpwywliqlitJ.nuf t tfpli~li Mo02: 

DTG , (w) TG , ~q 
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~ 60 
A C 

40~~t40 DTA H 
20 

Mg hmtnul 

0 200 400 600 800 
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(!!) 1-:1.loO .• l -CuO. J.. MoO . 4-l!;(>'l!oO . !-Mo. 

~ , ~Ca. 1-A!g(). S-l!g 
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e' L__JL___;l __ 

.,;-
6 (C) 

a 
~ I J .6 • J -
% ~(8) 
1 1 1 

i 1 ? 8 8 (.\ ) 

10 30 ~o 29 10 

l,4. 3. Cu0+Mo0J+ l.1Mg+2C fuwnlimrqp qhpptJ.wmnqrw:)ipwywli wliwtJiqp 
WJ11lJmliplih[1Q li plimrawqpw4wli 2hrtfwump6w\i\ihpmtf i!UqhwmtJ.wll \itfm2lihrp 

nhlimqhliwqpwtf\ihpl!, A 480 <>C, B 600 °C, C - 830 °C 

L,2tJ.wll nhwygpwlihrmtf npUJhU tJ.hpw4wliqlih hwliqhu t qwtJiu tfpw]li wlljuwllplil!: 'lw 
hwumwmtJ.mtf t pU~UJhu TG 4npp tJ.rw 42np litJ.wqtfwli, WJUUJhu CL [}:OU tfp2ngntJ. (\i4. 
3p): Y.2np litJ.wqmtfl! hwtfwlljwtnwufuw\imtf t CuO+C~Cu+C02 li Mo0J+C~Mo0HC02 
tjinjuwqqhgmraimlilihrpli: Pwgp WJI}, 600 °C-nLtf uwnhgtJ.wll litfm2mtf tfwqlihqpmtfp 
opupq W hwimliwphptJ.ht: 'lhp2pliu tJ.4w1mtf t W]li tfwupli , np tfwqlihqpmtfl! 
tjinjuwqqhgnL[aJWU tfh2 qhnliu w tfmht: lJwq\ihqpmtfwrahptf tjinjuwqqhgmra1mli\i 
u4utJ.mtf t tfwqlihqpnLtfp hwtmtfpg (650 <>C) hhmn , 720 °C-mtf li mqh4gtJ.mtf t tfntJipqh\ip 
wnw2wgtfwtfp: UJU mprm1ramtf TG 4npp tJ.rw 42np tjintjinfumra1wli pwgw4wJnL[UJillU!! liu 
tJ.4w1mtf t , np hp4Jln[1q tjimtmu' 600 °C-pg pwpO.Jl 2hptfwump6w\imtf IlJlUJhu 
tJ.hpw4wliqlip~ tfwuliw4ghL t tfptu]U tfwqlihqpmtfl! : 
Swpwgtfwli tfhll wpwqmra1mli\ih[1p, tfwuliwtJ.npwUJhu 300 <>C/pnUJh wpwqnL[U]Wli 
qhUJpmtf umwgtJ.wll wpq]ntliplihpp hwtf wO.tuJU MoOJ+CuO+ l.2Mg+2. l5C fuwnlimpqmtf 
UJpnghuli uljutJ.mtf t liwfupwli tfwq\ihqji.mtfp hwtmtfl! ' UJ11liO.p opupqp ljwppnrahrtf 
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tJ.b.pmqmuqut.fmt.fp (uq. 4): UJ11 t tJ.lJ.m1mt.f 600 °C-mt.f i!hIJ:hmunJ.Uill \J.t.fm2mt.f CmO-li 
mnqUI]Ill[UJillU!! h MgO-li pUigUilJ.UlJilL[UJillUI!: Zb.mUiqUl unupmgt.fm\i J!U[Umgpmt.f mhr]li t 
m\J.h\imt.f t.fwq\ihqlin1t.fli hUitntt.f, UUllJ.UlJU unttipqt\J.}1 OJ?UMI! tJ.hpUllJ.UlliqlitJ.mt.f t 
mojuUiohntJ. (MgO-\J. pUigUilJ.UlJntt.f t UipqUiu!iphb.pmt.f) t.fliu~h t.fnltipr1b.hli b.pqopuliq: 940-
990 °C 2hJlt.fUium!i6Uium1lih t.f!i2UiqUIJPillU mb.aji t m\ib.\J.mt.f Mo02-li t.fUiquhqlin1t.fUiphpt.f 
l!liI]:qotJ.wo tqqnrahpt.f iJ.hpUiqUI\iq\imt.f t.fnltipI]:hlili UlilUl2Ul9UUit.fp: U1u ip.mtti 
UlilmtJ.htmqn11h 2tpt.fUimn!i6Ulul! lJ.Uiqt.fmt.f t 1250 °C: 2hpt.fUiuUlli6Ulhli hhmUiqUl 
pUlpO..pUigmt.fl! uuiUluU1Il1t.f t tJ.hpUllJ.Uluqut.fUI\i Ulum}l<'l:Ulli}l t.fhomgt.fUlu!!= 

T,°C 

1200 

800 

400 

A - CuO, l\toOJ, Me 
B - Cu20 , MoOJ, J\·le 

C, 0- Cu,MoO,,Mg 

E, F- Cu, Mo, MgO, 

Moo, (h~UlPWJ~b), 

Mg 

melting 

0 ;=~~~~~~~~~~~~~~~~~ 

0 50 100 150 200 t, l[ 250 

L,q . 4. Mo0HCu0+1.2Mg+2.15C juUlilhntMli mUipUigt.fw\i [Uhpt.fnqpmt.fl! h UlUlpphp 
phntpUlqpUllJ.UlU 2tpUUlULnli6Uluuhpmt.f UUlnhgtJ.Ulo \J.t.fm2uhpli nhumqb.uUl:t>UlqUl]pli 

UlUUltPqp UlfUlJmhp\J.hpl!, 
A - T=500, B - 600, C - 750, D - 890, E - 990, F - 1300°C. Vui=300 °C/pnuit 

U1uui}luntJ., Uil!lJ.Uiju UlUlJ1Ul9UUl\i UlpUiqntp]ntlipg, uiIJ.hO.li opuM!i tJ.hpUilJ.Uiliqhn1t.f\i 
I!U[UUihn1t.f t UiojumllhntJ., liulJ. t.fnltipqb.hli b.nopuliqli iJ.b.pwqwhqut.fUI\J. UlilUl2lih i!imw 
qwppnphpt.f tJ.hpwqUiliq\imt.f\i t t.f}l\i~h Mo02, wiunthhUlh tJ.hpUiqUI\iq\J.n1t.fl! 
2Ulpn1uUiqtJ.mt.f t t.fUiquhqlin1t.fntJ. qmt.f Mg+C juUinumpqntJ.' phphtntJ. t.fnltipI]:hhli 
Ulllm 2wgt.f w \i: 
<I>npO..\iwqw\i hh1IlwqnU1Il1p1mli\ihpli J!lipwgpmt.f UlilmuO..\iUiqp hhmUippppmp1mli t 
Uinw2wgpb.t t.fhmmIJ.hhpli opuliq\J.hpli mnm\J.0..lih h hUIUUlLnGIJ. t.fmpmp t.fmquhqlin1t.fUiphpt.f 
tJ.hpUiqUI\iq\it.fw\i uipnghuhhJli!= P LnUlpphpmp]ntU Uinm\iO..li\i opu!iqlib.pli 
t.fwq\J.hqpmt.fUiphpt.f tJ.hpUiqmuqut.fUiu, npn\J.p liphhglig \J.hpqUIJm9\J.n1t.f th ju!iuUl 
tqqnphpt.f ip.njuwqqhgntpjm\i\J.hp (CuO+Mg. T*=720 °C, Tmax=l210 °C h Mo0J+3Mg. 
T*=740°C; Tmax= l155 °C), opuliq\J.b.pli hwt.fUimb.IJ. t.fUiqub.qlin1t.fmphpt.f tJ.b.pUiqmuqumt.f\i 
J!hpw\J.n1t.f t t.fli pUI\ip pn11t mpmUihWJU1tJ.wll tqqnrahpt.f t:t>hlJ.muhpntJ.: <l>UiuUlilph\i, ju!imn 
tqqnphpt.f h pnLn\i i!\ipUignIJ. hpqm nhUiqgliUI\ihpp' Mo0J+3Mg h CuO+Mg hUIUUlmGIJ. 
lipUilJ.Uiumgt.fm\J. I}Gll!J1IllU, qliUltJ.mt.f t I}UlUqWIJ. ip.njuUiqI}b.9mp1mu, lih~I! Illiulihhpqliq 
t:t>tqmli m!iUJ.UilJ.Ulu I}puhnpn1t.f t h uimiumuUitJ.nptJ.Uio t ip.njuUiqI]:b.gmpJUIU t.fhjuUih!iqt.fli 
ip.nip.njump]mt.fp: PmgUihUIJUltJ.ht t, np Oj?UpI]:lihpli hwUUIUlGIJ. t.fUiq\ihqpmt.fUiphpt.f 
tJ.b.pmqUiuqut.fmu I]:huipmt.f Mg-ntJ. tJ.b.pwqmuqut.fUIUI! umjunpqn1t.f t pmtJ.mqmum~mip. 

lJ.UIJmh CuMoO. maji Ulllm2mgmt.fl!, np\J. w1hnthb.Ulh tJ.b.pmqwuqutJ.mt.f t UitJ.hlti I}UlUI}UlIJ. 
nhdpt.fmt.f: 
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Sllll1lll9thuli tnlllp.php. UipUiqntFJntlilihpml (100-1200 °C/pnUJ.h) ppUiqUiliUigtlUio tlinp&.hpp 
Uip11Jmli11lihpp hptfUili tlp.UI hlllztlUipqtlht t hhtnUiqntntlUio hUitfUiqUipqhpnttf 
tfUiqlihqlimtfUIFhptf tlhpUiqUiliqlitfUili UJ.pnghulihp.p UiqtnlitiUigtfUili tlihpqpUIJli t:phqtnlitl 
Uipdh11lihp[! Y:pupli2hp.p hIJ.UiliUiqntl: 
MoOJ+ l.SMg+C FlllIJ.tUJUllllFJUitfp lulllillimprµittf tfUiqlihqlimtfUIFhptf tlinttJ:i 
UiqtnlitiUigtfUili tlihpqpUili qUiqtfmtf t 102±S.7 q2/tfllJ_, np[! tfntn t Mo0J+3Mg 
f'lllIJ.lllI}p.DtFJUitfp luUinlimpI}Ilttf qmtn tfUiqlihqlimtfUIFhptf nhUiqgpUI]p UiqtnptlUigtfUili 
tlihpqFUIJF Uipdh11pli' 110±6.9 q2/tfnt Cu0+Mo0J+l.2Mg+2.1SC lulllillintpI}Ilttf tfntJ:iprihlip 
hpqo11u!irip tfUiqlihqlimtfUIFhptf tlhpUil.J.UiliqliUili tp.mtJ:i Uil.J.tnMUigtfUili tlihpqliUili l.J.Uiqtfht 
t lSS±l0.7 q2/tfnt U]li qhp.UiqUiligmtf t Mo0J+l.5Mg+C h gUiop. t CuO+O.SMg+O.SC 
f'lllIJ.UlI}pntFJUitfp luUinhntp.I}lihpnttf [!liFlll9IlIJ. tfUiqlihqlimtfUIFhptf tlhpUil.j_UiliqlitfUili 
ipmtJ:i llltnlitlwgtfwli tlihpqpm]p wpdh11lihppg (hwtfUIUJ.WtnUiuluwliwpwp' 102±S.7 l.J.2/tfnt 
h 320 q2/tfnl): 

q.lm.bi 4. Mo-Cu kJmb bUiuw.&.m.uJ.wbhphph umwgn1.un YinMh tlntli~wmh uwqhhqhm.uw­
kmJ!Plphpu tlhpwJiwhqhuwup 
Mo-Cu l.J.ntfUJ.nqptnUI]pli liJmFhpp utnUigtfwli hrutfUip, Uiliqwul.J.wo, mpnqli 
hhtnwppJ;!ntFJiltli t lihp.l.J.wiwglimtf liwh hpl.J.m tfhtnmIJ.lihpp hUitfrutnhIJ. tlhprul.J.Uiliqlimtf[! 
UIJliUJ.liup tfpUigntF]ntlilihppg, npnli11 UJ.UipmliUiqmtf hli hpqnt tfhtnmIJ.lihp[! 
tfpUidUitfruliUiq: DpUJ.hU WJI}UJ.liup11 liUJ.mtnwqwhwptfwp htmliJntFhP hli UJ.IJ.li&.p 
tfntJ:ipriwtnlihp[!. tfwuliwtlnpUIUJ.hu CuMo04-[!: DpUJ.hU htmliJmF CuMoQ4-p 
oqtnwqnpotfwli UinUitlhtntFJntlili UI]li t, np p tnUipphpmFJntli 011u!irilihpp hUitfUitnhIJ. 
tlhpUiqruliqlitfwli, WJU I}hUJ.11mtf hpl.J.m tfhtnUIIJ.lihp[! ' tfntJ:ipqhli[! h UJ.IJ.lili&.[! qtnlitlmtf hli 
linqu p]mphIJ.wgUiligmu' 11!itflimUJ. hu l.J.mUJ.tlmo tlliO:wl.J.mtf h hliFUII}P.tlmtf t . np. wqll 
tlhp.UiqUiliqlitfwtfp hUitlUiliUil.j_Uili t UinUitlht hUitfUiuhn qntfUJ.nqptnp mnUignttf[!: 
'llIJ.liO.p tfn!J:ipI}Uitnp utnwgmtfli ppUiqUiliUigt1_ht t hph11 tnUipphp tfntnhgmtflihpntl' 
tllllillllplllliUIJPli. 11PtfliUiqUiu hUitfUiliutnhgtfUili h tmbntJFlihpp UIJptfUitfp uJiliFhqp 
oqhntFJWtfp: 
Cliq npmtf, UJ.IJ.li&.p h tfntJ:ipqhlip 011uJirilihppg tlUinUipUiliUI]pli hIJ.UiliUiqntl utnUigtlwo 
UJ.IJ.li&.p tfn!lipI}UlUl[! pphlipg lihp.l.J.UIJWhnttf t 100 litf-pg tPn11P UUiulipquhpp tfJ12lili 
~Ulipuntl, CuMo04 pUIIJ.llll}PillFJUitfp UlIJ. (UI]Umhhtn CuMo04 I) (liq. SUI) : Utfnlipmtfp 
UJ.UipUitfntJ:ipI}Uitnp (U'llU) h UJ.IJ.li&.p unq:pUitnp tmomwlihpp hUitfUiliutnhgtfUitfp 
UtnUigtlUio lllIJ.[! (lll]Unthhtn CuMo04 II) pphlipg uhpl.J.UIJUiglimtf t UJ.IJ.li&.p tfn!J:ipI}Uitnp 
(CuMo04) h hp11popuptfn!J:ipI}Uitnp (CU3Mo04(0H)4) luUinhntM ' tfUiulipqlihpp zSO litf 
tfp2pu ~Uitp.unt1_ (liq. Sp): LUU hIJ.UIUUiqntl UtnUigtlUio UJ.IJ.h&.p tfn!J:ipI}Uitnp (lll]Unthhtn 
CuMo04 III) utnUigtfUili hUitfUip. npUJ.hu htUiliJntF oqtnwqnpbtlht hu 2Pllltnto Uitfnlipmtfli 
UJ.lllpllltfn!lipI}Uitn (U'llU), UJ.IJ.li&.p liptnpllltn (Cu(NOJ)2), h qptnp.nuUIFFnt (CA, npUJ.hu 
qntfUJ.thpuUiqn]UighnIJ. h tlhpUiqUiliqlip~ nhUiqhlitn): Chq npnttf qptnpnlilllFFtlli tfpli~h 2 tfnt 
l/lllliUil.J.p 11hUJ.11mtf UJ.Pnghuli Il1.IJ.hqgt1_mtf t pmnli qUiqUiu2wtntfUitfp h tfntn lSO litf 
tfUiulipqlihpp ~UI$untl tfliUI:pUiq a -CuMoQ4-p UIDUI2lll9nttfntl (liq . S q): 
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"l.,l.j_.5. SUipphp hIJ.mliwl.J.lihp.ntl utnwgtlwo u1IJ.li&.p tfntJ:ip11wtnp tfpl.J.pnqlllilmgtlUI011lihp[! 
(ill) CuMo04(1), (p) CuMo04(Il) , (q) CuMo04(III) 

'llllilllljllllliUI]pli, 11JitfliUil.J.Uili hUitfUiliutnhgtfUitfp h LUU hIJ.Uiliwqnt1_ utnUigtlUio UJ.IJ.li&.p 
tfntJ:ipqUitnlihppg UJ.IJ.li&.p h tfn!lip11hlip hUitfUitnhIJ. tfUiqlihqlimtfUI-qUippnFhptf 
tlhp.UiqUiliqlitfUili h Mo-Cu qntfUJ.nqptnp UtnUigtfUili hUitfUip OUJ.tnptfUit hli [!litnptlht 
hhtnhJllll PUIIJ.tUJUllltFJntlilihp[!' CuMo04(1)- l.2Mg-2.2C, CuMo04(Il)-1.SMg-l.6C h 
CuMoO•(III)- l.3Mg-2.2C: bp.h11 qhUJ.11m.tf q UIIJ.UIFFtlUIJPli tlzUiqm.tflig h tfUiqlihqlinufp 
011upqp hhnUigm.tfpg hhtnn nhlitnqhliUiqpUitflihpmtf UinqUI hli tfpUI]li tfn!liprihlip h UJ.IJ.li&.p 
plim.FUiqpUiqUili UJ.liq hp, pul.J. UipqUiup11lihpp tflil.J.pnl.J.Uinmgtlmo11hpmtf lllilqUI hli S0-100 
litf ~Uli!iuntl qliriUI&.h hllltnpquhp (liq. 6): 

"l.,l.j_.6 . CuMo04(1)-1.2Mg-2.2C (m), CuMo04(Il)- l.SMg-l.6C (p) h CuMo04(Ill)-1.3Mg-2.2C 
(q) lumnhntpqlihpp UIJptfmli Uipqmupplihpp tfpl.J.pnl.J.lllilmgtlUioplihp[! 

Ummgtlwo uUiunipnzplihp.[! qntfUJ.ml.J.tnUitlnp.tlht hli qmJOUIUJ.LUiqtfUI]pli hnml.J.mttfUili (SPS) 
h.IJ.UiliUiqntl' 100 U'llUI O:UztlUili h 1000 °C 2hptfmutnpO:Uilimtf 3 pnUJ. h tnhnIJ.ntFJUili 
UJ.UIJtfmlilihpnttf: Cutn utnmgtlmo IDP11Jmliplihpp Cu- Mo(III) liUilintlinzm hnUiqmttfmli 
mp11Jmlipmtf utnUigtlht t pUip&.p hUipmphpml.J.Uili lutnntFJUitfp qntfUJ.mqtn litlm.z, npp 
tfpl.J.pnUJ.l!rintFJntli[! qUiqtfht t 470 HV (4.61 GPa) : U1li tfntn l. S UiliqUitf qhp.UiqUiligmtf t 
t1_lllilUipmliUIJPli h hUitfUiliutnhgtfmli hIJ.mliml.J.ntl utnmgt1_mo qntfUJ.Uil.J.tn litfm.zlihpp 
tfpl.J.pnUJ.l!rintFJUili mpdhpuhppli h tfntn 2 UiliqUitf qhpUiqUiligmtf t qpUil.j_UilintFJUili tfh2 
hllljtnlip tfhFnqlihpntl utnmgt1_Uio tflil.J.pnUJ.lil}IltFJlllli mpdhppli: 
SUipphp hIJ.lllliUiquhpntl umUigt1_Uio UJ.IJ.li&.p tfntJ:ipqUimuhp.p ' Mg+C hUitfUiqgt1_Uio 
t1_hpmqmliqlip~nt1_ t1_hpUil.j_Uiliqlitfmli oppliUI~llltPnlFJntlilihp[! UJ.Ulpqmpmlihtm. liUJ.UltnUil.J.ntl 
munttfhUiupptlht t CuMoQ4-xMg-yC hmtfmqmp.qnttf i!inluUiqI}hgntFJUlU tfhlumlipqtf[! 
qom1P.li tnUipmgtfUili UJ.UIJtfUililihpmtf: 
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5m19 t tnpqhi, np CuMoO•(Il)-Mg-C hunfui\pupqnuf tlin]uwql}hgmpJUlU Ut.]uuiupqtfl! 
huitfuiutfuiu t qumuipuiuui1pu u lUU h11uiuuiqnq utnuigquio tfntiipquitnuhpp 
qhpuiquiuqutfuiu tfh]uuiu}lqtfpu: twquiu tnuipphpmp1mu1! huitfui\Jutnhgtfui\J hJi.uiliuiqnq 
utnuigquio w11mtf uinqui UJ.I\li&.p h}ll}popuptfntiipquitnp puiJpUlJtfui\J tlintlli uinqui1mp1mu\J 

t: 
Cutn utnuigquio wpl}Jmlipuhpp. }1 tnuipphpmp1mli tnuipuigtfuiu tlinPP. uip.uiqntpJmliuhp.p. 
tfho uipuiqntp]mliuhpp qhUJ.Pmtf tlinJuwql}hgmpJmliI! uqmlmtf t tfuiquhqpmtfp huitmtfpg 
ui\Jtfp2uiUJ. hu hhtnn: Clil} nJ1Ilttf tnuipuigtfuiu uipuiqntpJuili tfhouigtfuiul! qmql!upuig 
uinuiu&.p\J tlintthJ11! tnh11wzuip.chj_uio hu qhUJ.P rnqhlli pwp&.p. 2hp.tfrnump6:wlirn1}1u mpp.m1p: 
Uuqui]u muipuigtfuiu uipuiqntpJmlipg. qhpuiquiuqutfuiu UJ.]1Ilghuu uquqmtf t uiqhtii pntJl 
(C) li uiquip.tnqmtf mdh11 (Mg) qhpuiquiuqu}12:11 hhm tlinJuwqqhgmp1uitfp: '1111\J&.p 
qhpuiqui\Jqtfui\J UJ.]lnghuu I!liprnumtf t puigumuiUJ. hu uio]uuio\Jnq, puq tfntiipl}hlip 
qhpuiqui\Jq\Jnttfu I!\Jpui\Jnttf t pli~UJ.hu uio]uuio\Jnq, ui1liUJ.hu ti tfuiq\Jhq}lmtfnq: 

~:i.mbi 5. Mo-Cu liJm!) hmuwAmu!ui!)bpbpb umwgm.uu lUU h PP.U liIJ111b111\iblij}b 
h111uw:qp.u111up 
Mo-Cu uuiuntlinznt umuigtfuiu huitfuip tfhp qn11tfpg umw2uip.qi1_ht t tmbmJplihpp 
uiJptfuitfp up\Jphqp u Pt>U UJ.]lnghu\Jhpp huitfwl}ptfuitfp uu tfp UlJlI!litnpui\JpuiJpli h11uiuuiq: 
Uui hhmrnppprnquiu t ui1b ummtfnq, np. uiiu l}hUJ.Pmtf uinui2pu tlinqmtf htuili1mphpp 
(uitfnupmtfp UJ.uip.uitfntiipquitn, UJ.11.li&.p uptnpuitn, qpmJ1Illiuippm, uitfn\Jpnu.fp \Jpmpuim) 
\filOnt]plihp.I! ]uuinuqmtf hu tfnthqnquiJpli tfuiqw]1l}wqnq, njlillig tlinJuwql}hgmpJUlU 
Ul]1I}Jntlipmtf umuigqmtf t (MoOi+Cu) hrutfuiuhn ]uumlintp11.P uuilintlinz}l, npu ti 
hwli11.Puui\Jnttf t htuili1mp hpl.J.]1n]1l} tlimtmtf Pt>U hJi.ruuuiqnq qhprnquiuqutfrnu li Mo-Cu 
huitfui&.mtY.uiopp utnuigtfrnu huitfuip: L.uitfui&.Ul]li uui]uuuiquiu tlinp.&.uipuipuiqui\J 
hhmuiqntnmp1muuhpp, htuili1mphpp U'll U + 7Cu(N03)i+xCA ]uuinbnt]1l}Ilttf (tft.mUlI( uh pp 
1:1 tfn1ui1pu huipuiphpmp1mu) tiin]uuiqqhgmpmuu pupuuimuipuioqll11. ui1ptfuiu nhdptfmtf 
h\Juip.uiqnp t quiqtfuiqhpUJ.hl tfpui]li uitfn\Jpmtfp \Jptnpuitnp (Nt) umqui1mp1uili 

UJ.UlJtf ui u \Jhpmtf: 
UuiuuuiqnpuiUJ. hu U'llU +7Cu(N03)i+8CA+ 12Nt puiI(Ull}]lntpJuitfp ]uuinuntpl}p UlJptfui\J 
l}hllJ.Pmtf qpuiugquio phptfnqprntlp huitfui&.uiiu uiip.tfuiu 2hptfwump6:rnu1! qruqtft.l t 800 °C, 
puq umuigquio liJmpp nh\Jmqhuuiqpuitfp huitfui&.ui1u ui1li pphupg \Jhpqui1uigumtf t 
tfntiipl}hlip hpqopupl}p h UJ.11.li&.p ]uumlint]1l} (liq. 7ui): 

I <w) I 1"¢5 
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Liq . 7 . U'11U-7Cu(N03)2-8CA-12Nt pui11uil}]1IlLpJUltfp ]uumlintP11.P UlJptfuih uipquiuppp 
nhutnqhuuiqpuitfl! (ui) \J. tf}ll.J.Jlnquinmgquiopl! (p) 
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Cum tfpljpnljtunmgtj_tubptuJpli tulitul.Pqp tuf111Jmlipl.Jhf1p, umtugtj_tuo tJ.h112utuliJnt13[! pf1hlipg 
ul;pljtujtug\Jmtf t so \Ju tftuu\Jpljlil;flp tfp2p\J ~tuqiuntj_ tftuliJ1tuhtuU1plj tjrnzp (\Jlj. 7p}: 
LUU uipngl;up I!UJatugpmtf mhaji muhgn'l tjrniutuqqhgm131mli~ ljtuphl.P t lihJ1ljtu]tug\Jl;L 
hl;mhJtuL utuhtftu]nq. 

(NH•)6M0102•·4H20 + 7Cu(N03)i+cpt C6Hs0 1+cp2NH.NQ3-7Cu+ 7Mo0i+CO/C02+ H20 +N2 
LUU uirngl;up tup.I}Jm\Jpnttf umtugtj_tub (MoOi+Cu) ptu'ltu11J1nLJaJtutfp Iutun\Jmpqpg 
tfnl.Pp11hup LPPil qhrtuljtu\Jq\Jmtf\J pptuljtu\Jtugtj_l;L t tu]ptftu\J nl;dptfmtf ' Mg/C 
htutftuljgtj_tuo qhJ1tuljtu\Jq\Jp~ IutunlimJ11lP oqlmt13Jtutfp: 
LTtuq\Jhqpmtfp 1 tfnl h tub!utub\Jp 0.9 tfnl ptu\Jtuljlil;flp qhuipmtf ~um [}lJ tulitul.Pq}l 
tuf111JnLup\Jl;p.p qpmtj_mtf t tfnl.Ppql;up LPPil tj_hptuljtu\Jq\Jmtf, pulj tu]ptftu\J 
2h11tftuump6:tuli[! ljtuqtfmtf t 1250 °C, npl! htutfhtftumtuptup tuqhl.P gtuop t, ptu\J 
opupq\Jhpp htutftumh11 h ll!'lli&.'1 tfnl.Ppqtump LPPil tj_hptuljtu\Jq\Jtftu\J qhuipmtf qptuugtj_tub 
2hJ1tftuump6:tuulil;J1~ (1300 oC, 1350 °C htutftuUJ.tuUltuuiutulituptuJ1): 
Up.q]mlipmtf tj_l;p2tuliJmiaI! umtugtj_mtf t tutj_hl:ti tfuiuptuhtumplj h m\Jp tutj_hl:ti ptup&.p 
:jituqtu]pli m ljtunmgtj_tubptu]pli htutftuuhnm131mu (ulj. 8.tu-q, \Jlj. 9): 

L,lj . 8 . Mo-Cu ljntfUjtuljm \Jtimzp tfpljf1nljtunmgtj_tuop~ (tu} Ii utimzmtI mtupphflp 
ptu2IutJ.tubm131muI! (p-q) 

'lhJ1tuljtuuq\Jtftu\J uipnghu[! ljtuJ1hl.P t lihJ1ljtu]tuglihL hhm ll]tuL nhtuljgptu]p mhupntj_. 
Cu+Mo02+ Mg+0.9C--->M o+Cu+ Mg0+0.8CO+O. l C0 2 

Z.tutftud.tu]li tfpljpnljtunmgtj_tubptu]pli tulitul:tiq}l tuJ1qm\Jplihf1p, 1313qtu]pli tiztuljmtfpg hhmn 
tJ.h112utulijnLJa[! pph\Jpg litrljtujtug\Jmtf t 70 utf-pg qrnpp tftuu\Jpljp ~tutji.untj_ tfnllipritu­
Uj'lPLid. ljntfUjnqpm (ulj . 9p}: 
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L,lj . 9. (Mo02+Cu)+Mg+O. 9C !utun\JmpqlihJ1p tuJJ1tftu\J tuf1qtuupphhpp 
nhumqh\JtuqptutIUhp[! 1313qtuJpli tiztuljmtfpg tuntu2 (tu ), hhmn (p) 

h tfpljpnljtunmgtj_tubp[! (q) 
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UJUUJ.puntl WJU hqwuwqnil utnwgtlwb uwumpn2pu plmqawqptjmtf t tfwuu)1quhpp wtlttli 
t!inpp ~wttiuntl (<70 utf), pwu opu)111utp)1 hwtfwtntq (>500 utf) li UJ.ql!&)1 tfnJl1pqwrnp 
(tfpu~li 100 utf) iltpwqwuqutfwu WJUUillUpnLtf urnwgtlwll Cu-Mo qntfUJ.nqprnwipu 

ttin2putrE: 
Upuiatqtlwll Mo-Cu uwunt!in2pu huiawpqtltL t qntfUJ.wqrnwtlnptfwu 1000 °C 
2tptfwurnp6:wuw1pu Ii 100 U'llw 6:U2tfwu UJ.WJtfwuuhpmtf (UJ.whtfwu chutfwulll4~ ' 3 
pnUJ.t): UJUUmlipmtf huwpwtlnp t tri.hL utnwuwl 92 % hwplllptpwqwu Jummiaiwtfp Ii 
440HV (4 .31 q.'flw) '-lpqhpup tfpljpnUJ.Ul)IlL]UJWtfp qntfUJ.lllljUl utfm2: Umwgtlwll wpdtp~ 
tfnrn t lUU tqwuwqntl u)1uiatqtlwll UJ.fJ.lI&)1 tfntlip11wrnpg umwgtlwll qntfUJ.wljtn 
utfm2utpp tfpljpnUJ.Ul)IlL]UJWU lllpdhppu 470 HV (4.61 GPa), U\UljW]U tfnm 1.4 wuqwtf 
qhpwqwugmtf t opu)111utpp hwtfwmt11 tltplllljwuqutfwu 11tUJ.pmtf umwgtllllll 

wpqwupppu: 
U]UUJ.puntl. t!inp&uwqwu 6:wlIWUJ.Wphntl hwumwmtltg, np lUU tqwuwqntl umwgtlwll 
MoOi+Cu JuwnumMti Mg/C hwtfwqgtlwll tlhpwqwuqup~nil iltplllqwuqumtfu w1ptfwu 
ntdptfnLtf ]3Ill]l t rnwL)1u hllltfttfwmwpwp tftqtf 2tptfut]pU ntdptf)1 UJ.W]UWuuhpmtf 
upu13tqtl Mo-Cu ljntfUJ.nqprnw1pu u\Ulmt!in2)1. npp qtqmpwqw11lw1pu tnwqwLtfwu 
WJUUillUj2nttf umwgtlmtf t pwp&p tfpqpnUJ.lil)IlL]U]WUp ljntfUJ.lllqUl utfm2: 

bqp,tu!}tugnLF,JntuuhJ:_l 
1. Unw2pu wuqwtf Mo-Cu uwlmqntfUJ.nqptnwJplI u1m13p umwgmtfU ppwljwuwgiltL t 
opup11w1pu (Mo03, CuO) Ii w11w1)1u (CuMo04) tlwuimiatprg. w1ptfwu ntdptfmtf ' Mg+C 
iltpmljwuqup~ Juwnumpl)Iltl tfttnw11utpp hwtfwtntl} iltpwqwuqutfwtfp: 
2. MoOJ+CuO+xMg Juwnlimpl)pli wllJuwllup n~ tftb pwuwqutpp wiltLwgtfwu qtUJ.pmtf 
(1-2 %) qpmtlnuf t WJptfwu wpwqnL]UJWU ljtnpmlj wuqmtf' W]ptfwu 2tptfwump6:wup 
wuttinttinJu wpdtpp qwtf n~ tftll utlwqtfwu 11hUJ.pmtf' pu~~ J3IllJL t mwwu WJptfwu 
wnwiltLwqnLJU 2tptfwutnp6:wup m mwpwlltfwu wpwqnLFJWU wpdtputpJ:! t!int!inJutL 
tftlj~ Ujmupg wuljwJu ' WJl)UJ.puntl lmp huwpwtlnpmJ3JillUUtp utntqlltLnil W]ptfwu 
ntdptfmtf tnwpptp uimiahpp l!UJ.wmwqwipu upu13tqp ppwqwuwgtfwu hwtfwp: 
3. Uttnw11utpp opupquhpp t!inJuwptu npUJ.tu tLWUJillJU UJ.111.i&p tfntlip11wmp qppwnmtfE 
UUJ.lllummtf t wnwtltl hllltfwutn Ii tfwupwhwtnplj Mo-Cu ljntfUJ.nqpmr utnwgtfwu~ li 
qtljmpwljwjlJWjpU tnwqutLUWU tl)WUWqnil utnwgtlwlJ qntfUJ.Wqtn utfm2p 
tftJuwupljwljwu hwmljm131muutpp qqwtli pwptlwtltfwu~: 
4. lmllmiiautpp w]ptfwtfp upuptqp unp tnwpptpwqntl umwgtlwll Mo02+Cu 
pw11wqpm131wtfp JuwnlmLMP ' Pf>U t11wuwljntl tltpwljllluqutlwll Mo-Cu uwlmt!in2pu 
pum13wqptlmtf t tfwuupljutpp wilttli t!inpp ~wttiuntl, pwu opup11utpr hwtfwtnhl} li 
UJ.ql!&p tfntlip11wtnp tltpwljlllliqutfwu 11tUJ.pmtf, pu~ WJUUml!pmtf umwgtlmtf t pwp&p 

tfpqpnUJ.lil)IlLJ3JWUp ljntfUJ.Wljtn utfm2: 
5. MoOJ-CuO-Mg-C JuwnlmLpl)IlLtf tfttnllll}UtpJ:! tltpwljwuqutlmtf tu t!imLutJplI 
tftJuwupqtfntl. UJ.11J1li&~ tltpwljwuqutlmtf t wtlttli gwllp 2tptfwump6:wuutpmtf' 
pwgwnWUJ. tu wllJuwlluntl: Untlip11hup iltpwqwuqlmLtfU ~u13wumtf t uwJu wllJuwlllmil' 
tfpu~li Mo02-p wnw2wgmtf, npu w1lmLhhmli wtlhtli pwp&p 2tptfwuU1p6:wuutpmtf 

iltplllqwuqlitlmtf t Mg-nil tfpu~li Mo: 
6. Unw2pu wuqwtf Mo03+3Mg li CuO+Mg tpljm Jupum tljqn13tptf li UJ.WJFJntl!wtltnwuq 
JulllnlmLpl}litpmtf ntwqgpwlitpp hwtfwtntq ppwljwuwgtfwu 11tUJ.pmtf (Mo0J+Cu0+4Mg) 
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11]1.tml_ht l: 11mu11m11 tlin}umqqhgmp1mu ' pmJL J:i.U.1.2umU1tuJ.2tugtfmtfp (q]:i.u]:i.U.hpqpq l;:lihlJ.U1) 

uttuJtftuutuil_npil_mll nhmqgJ:i.m1J:i. tfh}umu]:i.qup tlintlin.lumia1mtfp: 
7. Unm2J:i.u muqmtf UltuJ.2tugtfmU. mpmqmp1m.U.U.hp]:i. tlintlin!utfmu ttuJU. U1ppnlJpmtf (5-
5200 °C/pnuth), hm2il_mpqtl_hL hu tuJptftuu tuWJ.2P U1tuptu1n.futu utpuiqmp1tuu htutftup 
uttuU1tuU}utuutuU1nL llp 2lUJ1J.2 tftuquhqpmtftuphptf nhtuqgptuuhpp l::t>hlJ.U1]:i.tl_ 

mlJ.U1J:i.tJ_mgtfmU. l:U.hpqpm1p. mpdh1.2uh11~ : 

'b.mufhg hptuIDwpw\vlwh hhtnh]Wl w2}uwIDwup\ihpnuL 
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KHPAKOCHHACMHKBAArOBHA 

CHHTE3 Mo-Cu HAHOKOMll03HTHhIX MA TEPHAJIOB H3 KHCJIOPO.l1,HhL\'. 
COE.l1,JIBEHHH B PEJKJIME rOPEHIDI M MEXAHM3M COBMECTHOro 

BOCCTAHOBJIEHIDI METAJIJIOB 

PE3IOME 
Pa6oTa TIOCBl!llleHa HCCJJe,!IOBaHHI-0 npo1.1eccos COBMeCTHOro BOCCTaHOBJJemrn 

K11CJJOp0,!1CO.!leplKaIL1HX COe.!IHHeHHH MOJJH6,!leHa H Me,!IH B pelKHMe ropeHHll c TIOMOll.lblO 

KOM6HHHpOBaHHOH BOCCTaHOBHTeJJbHOH CMeCbH (Mg+C) H CHHTeJa Me.!lb-MOJJH6,lleHOBblX (Cu­

Mo) HaHOKOMTIOJHTHbIX MarepHanos. 

oJJarO,!lapll BJaHMOBblfO.!IHOMY CO'leTaHHIO c)JHJHKO-MeXaHH'leCK11X CBOHCTB MOJJH6,!leHa H Me,!IH, 

CTIJJaBbl Mo-Cu xapaKTepH3YIOTCll BblCOKOH TeTIJJO- H 3JJeKTponpOBO,llHOCTblO, HH3Kl1M H 

perynHpyeMblM K03<!i<!mUHeHTOM reTIJJosoro pacwHpeHHJI, ynyqweHHbIMH 

BblCOKOTeMnepaTypHblMH CBOHCTBaMH H ,!IHaMarHeTHJMOM. OJJaro,!lapll 3THM CBOHCTBaM, CTIJJaBbl 

Mo-Cu ampoKo npHMeHRIOTCll B csepxMOll.IKbrx 3JJeKTPOKlfbIX KOHTaKTax, csapo'IHblX 

3JJeKTpO,!lax, BaKyyMHOH TeXHHKe, BOeHHOH TeXHHKe, ropoHaBTHKe H HeKOTOpbIX .llpyr11x 

nepe.nosbrx o6naCTl!X. 

Tpa.nHL1HOHlfb1e MeTO.flbI nonyqeHHR Mo-Cu KOMTIOJHl.IHOHHblX MaTep11anos TPe6)'1-0T 6oJ!bwHX 

3HeproJaTpaT, ,llJJHTeJJbHbl, HMelOT Hl13KYIO J<!ic)JeKTl1BHOCTb H npOH3B0,!111TeJJbHOCTb, B03Hl1KalOT 

TPY.!IHOCTH c MHKpOCTPYKTYPOH, O,!IHOpO,llHOCTblO H nony'leH11eM KOMnaKTHbIX o6paJQOB, B CBll3H 

c 'leM aKTyaJJblfblM CTaHOBHTCll TIOHCK aJJbTepHaTHBHblX IlJTeH CHHTeJa, KOTOpble MOfYT 

YJJY'lWHTb He TOJlbKO xapaKTep11CTHKY MaTepHaJJOB, HO H o6ecne'IHTb 3 KOHOMH'IHOCTb npouecca. 

Y'IHTblBall TPY.!IHOCTH nonyqelfHll HaHonopomKOB c KOHTPOJJHpyeMOH CTPYKTYPOH, Manoii 

nopHCTOCTblO H O,!IHOpO,!IHOH M11KpOCTPYKTYPOH, 6bIJJ npe,llJ!OlKeH HOBbIH, npOCTOH cnoco6 11X 

nonyqeHl1Jl, npH KOTOpOM BMeCTO nopOWKOB MeTaJJJJOB, npHMeHl!eMblX B Tpa,!IHl.IHOHHOM MeTO,lle, 

HCTIOJ!bJyeTCll OKCH,llHOe 11JJH conesoe ,llOCTYTIHOe Cblpbe. 3a.naqa peweHa MeTO,llOM 

BblCOKOTeMnepaTypHoro CaMopacnpOCTPaHlll-Oll.lerocl! CHHTeJa (CBC) c HCTIOJ!b30BaHl1eM 

TIO,llXO,!la TepMOKHHeTH'leCKOfO conpl!lKeHHll peaKQHH, '!TO TIOJBOJJl!eT npOBO,llHTb npouecc 

BOCCTaHOBJJeKl1ll B KOHTpOJIHpyeMOM TenJJOBOM peJKl1Me. B peJyJJbTaTe ynpasneHl1Jl ycJJOBHllMH 

npouecca ropeKHll H xapaKTep11CTHKaMl1 ueneBblX npO.flYKTOB Y.llaJJOCb TIOJIY'JHTb KOMTiaKTHble 

o6pa31.lbl c Bb!COKOH OTHOCHTeJJbHOH IlJJOTHOCTbl-0 H YJJY'IWeKKblMl1 MeXaHH'leCK11MH 

CBOHCTBaMH. 

B peJyJJbTaTe npose,lleHHblX HCCJJe,!IOBaHl1H 6bIJJH nonyqeKbl CJJe,!1)'1-0lllHe OCHOBlfble peJyJJbTaTbJ: 

I . Bnepsbre HaHOKOMnOJHT Mo-Cu nonyqeH 113 OKCH.llHbIX (MoOJ, CuO) 11 conesbrx (CuMoQ4) 

11CXO,llHblX MaTep11aJJOB B pelKHMe ropeHHR COBMeCTHb!M BOCCTaHOBJJe1£11eM MeTaJJJJOB 

BOCCTaHOBHTeJibHOH CMeCblO Mg+C. 

2. DpH He6onbwoi1 ,llo6asKe yrnepo.na (l-2%) s cMeCH Mo03+CuO+xMg, Ha6JJIO,llaJJOCb peJKoe 

CHHlKeHHe CKOpOCTH ropeHHll npH TIOCTOllHHOM HJJl1 He60JJbWOM CHl1lKeHHH Te~mepaTypbI 

rope1mJ1, 'lTO TIOJBOJJlleT HeJaBHCHMO 113MeHl!Tb MaKCl1MaJJbHble JHa'leimJI TeMnepaTypbl H 

CKOpOCTl1 pacnpOCTPaHeKHll 41pOHTa ropeHl1ll , '!TO COJ,!laeT HOBble B03MOlKHOCTl1 

1.1e11eHanpasneHoro CHHTeJa paJJIH'IHblX semecTB s pelKHMe ropeHHJI . 

3. HcnOJJb30BaHHe MOJIH6,!laTa Me,!111 B Ka'leCTBe HCXO.!IHOro MaTep11ana BMeCTO OKCl1,llOB 

MeTaJIJJOB cnoco6cTByeT nonyqeHHl-0 6onee 0,!IHOpO,!IHOfO MeJJK03epH11CTOf0 KOMTI0311Ta Mo-Cu H 

3Ha'll1TeJ!bHOMY ynyqweHl11-0 MexaHH'!eCKHX CBOHCTB KOMTiaKTlfblX o6paJl.IOB, nonyqeHHblMl1 

MeTO,!IOM 3JJeKTpOl1CKpOBOf0 KOMTiaKTHpOBaHHll. 

4. HaBonopowoK Mo-Cu, BOCCTaHOBJJeHHbIH MeTO.llOM CBC HJ cMec11 cocTasa Mo02+ Cu, 

KOTOpblH nonyqeHHO HOBblM TIOAXO,!\OM CHHTeJa pacTBOpOB ropeHHll , xapaKTepH30BaJJCll 

21 



MeHhWHM pa3MepOM 
MOJut6}:1aTa Me}:IH, B 
MHKpOTBepJlOCTbl-0. 

'!aCTHIJ, '!eM B crryqae COBMeCTHOfO BOCCTaHOBJTellHll OKCH)lOB HJIH 

pe3yJlbTaTe 'lero 6bJJT DOJlY"eH KOMnaKTHblH 06pa3e1J c BblCOKOH 

5. B cMec11 MoQ3-CuO-Mg-C MeTaJUJbl soccrnHasrr11sarr11cb no CTIIJlMHHOMY MexaHM3My: MeJlb 
BOCCTaHaBJTHBaJJaCb npH 6orree HH3KHX TeMnepaTypax HCKJ!l()'IHTeJTbHO yrrrepOJlOM. 
BoccTaHosrreHHe Mom16neHa cHa'lana ocywecrnJUieTCll yrrrepOJlOM JlO o6pa30BaHHll Mo02, 
KOTOpblH 3aTeM BOCCTaHaBJTHBaeTCll JlO MOJTl16JleHa ManmeM npH 6orree BbJCOKHX TeMnepaTypax. 

6. BnepBble npH COBMeCTHOM npose)leHHM JlBYX CHJ!bHO 3K30TepMH'leCKHX H 6ypHO 
npoTeKaJ-OUJHX peaKUJlli Mo03+3Mg 11 CuO+Mg (cMeCb Mo0J+Cu0+4Mg) o6HapyJKeHo 
Me)lJ!e1rnoe B3311MO)leHCTBHe co crra6blM caMOpa3orpeBOM (JlHClrnepm'leCKIDi J<!><!>eKT), '!TO 
o6ycrroBJTeHO H3MeHeHHeM MeXaHH3Ma peaKUHM. 

7. BnepBble B WHpOKOM )lHana30He H3MeHeHHll CKOpOCTH Harpesa (5-5200°C/MHH) pacC'111TaHhl 
3Ha'!eHHll J<!><!>eKTHBHblX 3Ha'!eHHH 3Hepnrn aKTHBaJ..\Hl1 MarHe3HOTepMtt'leCKHX CTa)lMH, 
OTBeTCTBeHHblX 3a CKOpOCTb pacnpoCTpaHeHl1ll BOJ!Hbl ropeHHll. 
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KIRAKOSYAN HASMIK 

COl\IBUSTION SYNTHESIS OF Mo-Cu NANOCOl\IPOSITE MATERIALS FROM 
OXYGENEOUS COMPOUNDS AND MECHANISM OF JOINT REDUCTION OF METALS 

SUMMARY 

The work is devoted to the study of joint reduction processes of molybdenum and copper 
oxygenous compounds by (Mg + C) combined reducers in a controlled combustion process and to 
the synthesis of molybdenum-copper (Mo-Cu) nanocomposite materials. 
Due to the mutually beneficial combination of physicomechanical properties of molybdenium and 
copper, Mo-Cu alloys are characterized by high thermal and electrical conductivity, low and 
alterable thermal expansion coefficient, well high-temperature behavior and diamagneticity. Due 
to these properties, Mo-Cu alloys aere widely used in heavy-duty electronic contacts, welding 
electrodes, vacuum technology, military fields, aeronautics. portable apparatus and some other 
advanced fields . 
Traditional methods of obtaining Mo-Cu composite materials require high energy costs. are long­
lasting, have low efficiency and productivity, there are difficulties with microstructure. 
homogeneity and in obtaining compact samples, and therefore the search for alternative synthesis 
ways becomes important, which can improve not only the characteristics of materials, but also to 
ensure the economy of the process. 
Given the difficulties in obtaining nanopowders with a controlled microstructure, low porosity and 
homogeneous phase distribution, a new, simple method for their preparation was proposed, for 
which available raw materials (oxides and or salts) are used instead of metallic powders applied in 
the traditional method. The challenge was tackled by high temperature self-propagating synthesis 
(SHS) method, using the approach of thermo-kinetic coupling of reactions, which allows the 
reduction process to be carried out in a governed self-propagating mode. As a result of controlling 
the combustion process conditions and the characteristics of the target products, it was possible to 
obtain compact samples with high relative density and improved mechanical properties. 
As a result of the conducted research, the following main results were obtained: 

1. For the first time Mo-Cu composite powder was in-situ prepared by coreduction of metal oxide 
(MoOJ, CuO) and salt (CuMoQ4) precursors with Mg+C reducing mixture in combustion 
mode via reaction's coupling approach. 

2. At small addition of carbon (1-2 %) in the MoOJ+CuO+xMg mixture. a sharp decrease in the 
combustion velocity was observed in the case of a constant or small decrease in the combustion 
temperature. It allows independent change of maximum values of temperatures and velocity, 
thus creating new opportunities for targeted synthesis of different materials in combustion 
mode. 

3. The use of copper molybdate as a starting material instead of metal oxides contributes to a 
more homogeneous, fine-grained Mo-Cu composite preparation and a significant improvement 
in the mechanical properties of the compact samples obtained by spark plasma sintering. 

4. Mo-Cu nanopowder prepared by SHS method from mixture with composition Mo02+Cu 
obtained by new approach of solution combustion synthesis was characterized by a smaller 
particle size than in the case of co-reduction oxides and copper molybdate, resulting in a 
compact sample with higher microhardness. 

5. In the MoQ3-CuO-Mg-C mixture, metals are reduced by a stepwise mechanism. Copper was 
reduced at lower temperatures exclusively with carbon. The reduction of molybdenum was first 
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carried out by carbon up to fomrntion of Mo02, which is then reduced to molybdenum by 

magnesium at higher temperatures. 

6 For the first time, it was revealed that when two strongly exothermic and violent reactions 
Mo01 t 3Mg and CuO+Mg are carried out together (Mo03+Cu0+4Mg), there is a slow 
interaction with weak self-heating (dysynergistic phenomenon), which is caused by a change in 

the reaction mechanism. 

7 1:or the first time in a wide range of heating rates (5-5200 °C/min), the effective activation 
cm:rgy values of the magnesiothermic stages responsible for the propagation velocity of 

combustion wave have been determined. 
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