
oT3brB oouqrrAnbHoro olrroHEHTA
Ha Ar4ccepraur4ro Br4AroK Tolaulrr Maxc[NrosHu

<Oco6ennocru Sasoaux a crpyxrypHbrx rpeBpaureHr,rft n cucrelre Ti{{u npu
SneKTpor,rcKpoBoM c[eKaHrr[ r{ xoJro.qHoM ra3oAHHaMllqecKoM Hafibl,reHI4I,I),

[peAcraBJreHHyro Ha coucKanze yvenoft creneHv
KaHAVAara xprMrlqecxr{x HayK rro cneq}ra!'rbHocru 1.4.15. - Xuv.us rBepAoro rera.

Arcrya,rsnocrr, us6pannofi TeMbr rr Bbrno,'rHenHofi pa6oru
llpegcrarrenua, Ar.rcceprarlr4s flocB.f,rueHa peruenr,rrc aKryaurbHofi 3arav,r,

cBr3axHoft c paspa6orroft e$$exrzrrrrx MeroAoB noryqeHr.r{ KoMno3r.rroB c
Mer€LrrJrr,rarecKofi naarpuqeft (KMM) Ha ocHoBe czcreMbr TiC-Cu, o6raAaroqux
srrcorofi flporrHocrbro, TenJronpoBoAHocrlro rr gJreKTponpoBoAHocrLro.

Hecolanesurrfi unrepec AJlfi peureHuf, nocrasJreHuofi 3a1a'ula rrpeAcraBJrrer
peaKIII4OHHOe SJreKTpOr{CKpOBOe CrreKaHrre nOA AaBireHr4eM MeXaHr4qecKrr

o6pa6oraunue cMecl{. MeroA rro3BoJr.fler B oAHy craAnro ocyurecrBrlTb ct4HTe3 Ll

KoHcoJrrrAarlr4ro HauocrpyxTypHbrx KoMrro3rrroB c MeraulJrr,rrlecKofi Marpr{qefi .

.{ocrouncraolr MeroAa {Brqerc, Bo3MoxHocrb ynpaBneHrzrr pexl{MoM cunTe3a
rleJreBoro ripo.qyKTa rr crerreHEro ero KoHcoJrrrAaquu. Orcyrcrnue
npoMexyrorrHux craAuft flerrHoro crrHTe3a r.r AJrr.rreJrbHoro pa3MoJra rroporrrroB
Tyro[JraBKrrx coe4unenufi rroBLrrlaer qr4crory rleJreBoro [poAyKTa rz coKpaulaer
3arparEr 3JreKTpr{qecKofi snepruu.

?IccreAosaHr4e $u:uxo-xurrahqecKr4x flpoqeccoB, nporeKaloull{x npu
peaKrlr{oHHoM 3JreKTporrcKpoBoM cIIeKaHr4rr IIoA AaBJreHr,reM MexaHI{qecKI,I
o6pa6orannux crraecefi, flpeAcraBJrfier uayuurrfi rl npaKTrzrrecKuft unrepec c
qeJrEro BLrrBJreHr4, HoBbrx 3aKoHoMepHocrefi cptn'resa u [oJIyqeHLL KoMno3ltroB
KMM c yryqrxeHHbrMrr MexaHrrqecKurrau ra SynxquoHalrbHblMti cBo[crBaM .

B cngspr c r.r3JroxeHHbrM, aKTy€LrrbHocrb Ar,rccepraqaonnofi pa6orbl Br.r4rox
Tonulrr MarcrNroeHu, nocBrrqeHHofi llcclegoaanuro oco6esuocreft $asonrx u
crpyKrypHbrx npeBparrleHr.rfi B cr.rcreMe Ti{-cu npr.r eJreKTporzcKpoBoM

cIIeKaHITI{ I{ XOJIOAHOM ra3OAZ HaMI4qeCKOM HaTILIJIeHITIZ, He BbI3bIBaeT COMHeHI,Iq.

CoAepxanue Arrcceprarl[onxoft pa6oru
,.{uccep'rarqrar Bugrox T. M. cocrour r43 BBeAeHr,r{, rrtrll rJraB, 3aKJIIoqeHIrfl ll

crrr{cxa qrzrupyeuofi nr4reparypbr. O6rena Arlcceprarlaa cocraBJlfler |42 crpauwp
r.r coAepxr{r 80 przcynroe, 13 ra6nuq u cnr4cox Jrr,rreparypll Ias 206 ccHrox.

Bo eeedeu uu AucceprarlproHuofi pa6oru o6ocriosaHa aKTyaJlbHocrb reMbl
uccleAonannfi, c$opuynupoBaHbr qe,rru 3a1aqfi pa6otrt, [peAcraBJIeHLl HayqHa,
HOB[r3Ha r4 npaKTr,rrrecKaJr 3Haqr.rMocTL fionyqeHHbrx pe3ynLTaToB,

cOopMynr-rpoBaHbr ocHoBHEre rroJroxeHur, npeAcraBJIeHHble K 3aIrII,ITe.

Ifepean fnaea cogepxr,rr nr,rreparypHbrfi o63op ny6nLIKaIIuft uo reMe

Arrcceprarlrr[. Orucanrr MeroA gneKrporrcKpoBoro crreKaHlr{ (314C), ocnoeaHHHfi
Ha AxoyneBoM HarpeBe peaxquouuoft cMecrr [o,q ,qaBJIeHI.IeM, HalpaBJIeHLIf,

pa3Bpl"rttfl. u o1r.acru flpr.rMeHeHr{fl gnerTpol{cKpoBoro crIeKaHIL An, fionyqeHllt
KMM, repnzqecKoft o6pa6orrlr MarepLI€uIoB Ir BblcoKoreMlreparypHofi naftKI,I.



Paccuorpeult flpoueccEr Sopulrponanz, KoMrro3[THr,rx qacrr-ru fipu
uexauuqecxofi o6pa6o'rxe (MO) noporuxoBbrx cMeceft B BbrcoKogueprerr{qecKofi
ruapoaoft MeJrbHr.rue. Paccrraotpeuu BolpocEr xrrMrrqecKoro ssanvo4eftcrar.u a
cl{creMax Ti-C-3Cu, W-C-3Cu u Ti-C-3Al npr noryqeHr,rur KoMrosr.rrIHoHHErx
noxputuft MeroAoM gJreKTpor,IcKpoBoro cIIeKaHl,lfi u ra3o.ul,IuaMl,Iqecroro
HaIrLrJIeHI4{, MeXaHIZ3MLI ynpOqHeHI,I{ KOMIO3I{TOB C MeTaJITIUqeCKI,IMT{

MATPI]IIAMII.

IloxasaHa nepcneKTrrBHocrr flpr.rMeHeur{s peaKIILIoHHoro
3JIeKTpOI4CKpOBOTO CneKaHr4{ r4 TeIIJIOBOTO B3pbIBa AJL C[HTe3a KOMnO3I,ITOB Ha

ocHoBe cucreMbr Ti-C-Cu, npeAcraBrqroqr4x npaKTr,rqecKyro rleHHocrb, B
qacTHocTI4, An, nonyqeHr.rf, Ha ee ocHoBe 3JreKTpoAoB rxr4poKoro cneKTpa
npulaeueuufi An, gneKTpogposuoxxofi o6pa6orxn MareprrilrroB, cBapxn
conpoTI,rBJreHaeM a MaTHVTHo-r4MrryJrEcHor{ cBapKr.r.

CAeranrr BLrBoAbr o roM, r{To yfipaBneHr{{T euneparypofi, AaBreHaeM,
cKopocrlro, no,'rHorofi npoueccoB ropeHru x B3pErBa, cocraBoM, crpoeHl4eM,
crpyxrypofi u csoficrsaraz o6pasyroquxc, npoAyKroB neo6xoAururr AaHHLre o
MexaHr,r3Me xr.rMr.rlrecKrrx z Qusuxo-xurrar.rqecKux ttpeBpaIueHLIft B KoHKperHofi
cI{creMe. Otlteuaercr, rrro B npoBeAeHHErx r,rccJreAoBaHr4rx He yAeJrrJrocE

AocraroqHoro BHr.rMaHr{, [ccJreAoBaHr]ro rr.ropSororuu r.r Mr.rKpocrpyKType qacrr4rr

peaKur.roxHbrx cuecefi v AX B :zatvto Ha $a3oBrre r4 crpyKTypHLre npeBparrleur{,
lpu peaKrlraoHHoM sreKTporrcKpoBoM crreKaHvr4. He paccnrarpuBrrJrocB pa3AeJreHr.re

Btlt4flHt4s AxoyJreBoro rr xr{Mrir{ecKoro rerr,ua Ha oco6euHocrll OopMLIpoBaHLL
crpyKTypbr crrHre3upoBaHHoro npoAyKroB.

Ha ocHose anaJrtr3a nayunofi Jrareparypr,r cAeJraHbr BbrBoAbr o Bo3MoxHocrr{
r4crroJrb3oBaHr4r peaKrlr4oHHoro 9neKTpoIIcKpoBoro cneKaHu, AJUI I{ccneAoBaHI,I{
MexaHrr3MoB n:auuo4eficru4fl B rereporeHHLrx KoHAeHcr4poBaHHLrx crzcreMax r4

paspa6orxu KoMrr03r4ToB c BbrcoKrrMr.r Suauro-rrexanuqecKrlMlr
xapaKTepr4cTaxarr,ru. csoprr.ryJrr.rpoBaHbr rlerb 14 3aAaqr,r r4ccJreAoBaHr.rr.

Bmopaa fnaoa npeacraerser co6oft MeroAr4qecxyro qacrb pa6orbr, B
r<oropoft olucaHa gKcnepllMeHTaJrbHafl MeroAr,rxa cI,IHTe3a KoMno3I,IToB c
MeraJrJrrrqecKofi rraaT puqefi gJreKTpor.rcKpoBBrM crreKaHr,reM peaKrlr,rourrofi cuecr.r
nopoluKoB rroA AaBrreHrerra. 3I4C npoBoAr.rrrra Ha ycraHoBxe SPS Labox 1575
(SINTER LAND Inc., -fnonux) B ycrroBrrf,x ArHaMrqecroro BaKyyMa nplr
ocrarorrHoM AaBJreHrrr{ B KaMepe 10 lla c uc[oJrL3oBaHr{eu rpa$r.r'roaofi ocnacrxz
(npecc-Soprr,ra, ryaHcoxbr, 3arqr.rrHa, 6yuara). Harpea ocyulecrBn{nu
nponycxaHr.reM vepes o6paaeq r.rMnyJrbcoB flocrosHHoro sreKTpuirecKoro roKa

AJrr,rre.nr,Hocrbro 3 iuc n nocJreAoBarerbHocrbro r.rM[yJrbcoB - 12 ON: 2 OFF.
llpuroxenuoe no ognoocuofi cxeMe AaB!'reHr.re cocraBJr{Jro 40 MIIa, cxopocrb
HarpeBa - 70 " Clrutuv,3reKTpr{qecKoe Hanp{xeHrze - ne 6olee 5 B. ,{uarrterprt
cretreHHErx KoMrraKToB - 10 u 20 MM; ToJrrrlrrHa KoMrraKToB - 2-5 runr. B
SKCneprrMeHTax npoBoAHJracb perr4cTparlu, TenJroBbrx napaMeTpoB, [o3BoJIrIouIauI
oflpeAen.srL napaMerpbr 3HC npu B3ar,rMoAeficrBua a reT eporennofi
KoHAeHcr.rpoBasnoft crraecu. llocre cnexanvfl. analrul:,rponanu $a:oasri cocraB,
Mr{KpocrpyKTypy u olpeAerqru $uauxo-uexaHr,rqecKrre xapaKTeprrcrrrKr{



cLIHTe3rrpoBaHHbrx KoMlo3rrToB. Bce ucloJrb3oBaHHLre MeToAr.rKr.r no3BoJII{Jrr.l

AeraJrbHo r.r AocToBepHo r43r{urb cTpyKrypy r4 cBoficTBa cuHTe3}rpoBaHHbrx
MaTepr{aJroB.

Tpemon fnaoa cogepxnr pe3ynbrarbr gKcrrepr,rMeuTa.rrrHoro rrccJreAoBaHr{,
3aKoHoMepHocreft cznrega KoMlo3rrroB Ha ocHoBe crrcreMLr TiC-Cu upz
3JreKTpoLIcKpoBoM crreKaHr4t4 rro,4 AaBJreHr.reM MexaHr.rqecxrn o6pa6otaaxrx
noporxKoBErx cvecefi (Ti+C+3Cu). flpeqcranlenrr pe3yrrErarLr r.rccJreAoBaHnfl

3aKoHoMepHocrefi renrtoeoro B3pErBa (TB) npu trequoM HarpeBe s cucrerllax Ti-
C-3Cu, Ti-C-3Al rz W{-3Cu. llorasaHo, qro ArrrrrerrLHocu MO cruecefi
(Ti+C+3Cu) oxa3ErBaer BltlflH:ze ua SopurzponaHr.re crpyKTyprr ra rnlop$onoraa
KoMno3r,rrlr4oHHbrx aruroMeparoa. llpu 3 llunyruofi MO n amorraepaT ax
co.qepxarc, npoc:rofixra rr{TaHa, a npiz 10 uuny'rnofi MO - onu orcyrcrByror.
PenrrenoSasosrrit axa.,-ras o6pa6oranxnx clrecefi rroKa3brB€ur, vro o6pasonaxue
aruroMeparoB conpoBoxAaercr o6paaonaxrreM rBepAoro pacrBopa Cu(Ti).
Vrur.rpenue pe$neKcoB MeArr Ha peHTreHorpaMMax Mexo6pa6oraHHErx [oporuKoB
yKa3brBaer Ha yMeHrrxeHr,re pa3Mepa o6lacrefi KorepeHTHoro pacceertrs. (OKP) u
HaKorrlreHae Mr,rKpor,rcKaxeuufi rplrcra,uaqecxoft pelrerKrr. YcT auoueno, vro
npr.r o6pa6otre B MeJrLHrrrIe [epeMeIUI{BaHr.re KoMloHeHToB B cMecrx
(Ti+C.eao,,+3cu) upoucxo4zr MeAr'IeHHee, lIeM B cMecrx c caxefi. 3T o
o6ycroereuo reM, qro o6:raAaroulufi Hrr3Kr4M xos$$r.rqr.renroM rpeHr4, B flapax c
MeraJrJraMri rpaSur cnoco6crnyer cKoJrLxeHI,Irc alacrr,rq KoM[oHeHToB cMecr{ Apyr
orHocr.rreJrbHo Apyra [pr4 MO n 6apa6auax MeJrEHr{rILr.

llo,ryveuu repMor-paMMbr renJroBoro B3pbrBa MexaHrrqecKr.r o6pa6oraunrx
cuecefi (Ti+Cce.J3Cu). IloxaraHo, r{ro MaKcrrM€L[bHa, TeMrreparypa renJroBoro
B3pEIBa coorBercrByer ap.ua6aru\ecxoft relrneparype ropeHr.r, crr,recu (Ti+C+3Cu)
Lr paB:oa reMneparype rrJraBJreuru Nre.{u (1083 oC). OAnaxo r{3-3a orpaHr.rqeHHoro
KoJrr.HecrBa reuJrorbr peaKrlru4 rroJrHoro rrlraBJreHr,rr MeArr He npoucxogr,rr. IIpu
yBerr.rr{eHr,r[ BpeMeHrr flpeABapr,rrenbuofi MO MaxcrzMaJrbn€ur reMneparypa
TeIIJIoBoro B3pbIBa cuecu (Ti+C"u*u+3Cu) cHr,rxaercr, qro cB.f,3aHo c
o6paeonaulren TiC a 6apa6aHax MeJrEHrrrIH r{ yMeHlrrreHr{eM 3alaca xr,rMr,rirecKoft
gHeprrru. O6pasoaanue TiC npu rerrJroBoM B3pLrBe noATBepxAeHo pe3yJrETaraMr{
penrrenoSaaoBoro aH€Llrrr3a.

florasano, rrro crrHTe3 sepen TiC rryu ?l4C flpo[cxoAr.rr rrpr.r HarpeBe Ao
700 oC. ,{ra noryueuur rpoqHLrx KoMrraxroB reMrreparypy 3I4C yne:ruuunu 4o
900-980 oC. B pesy,rrrare peaKur.roHnoro 3I,IC 6uru cNnregupoBaHLr
HaHocrpyKrypHsre KoMro3rntr 36 o6.%o TiC-Cu.

MuxpocrpyxrypHrle rlccJre.uoBaHru creqeHHbrx KoMno3r,rroB rroKil3€Lrru, qro
rrpl4 cIIeKaHIzr{ Epo}rcxoAzr 4lr$Syslrx rr{raHa K rpaHrrqe pa3Aena cnlaa Ti-
Cr/yrnepo.q. B ycroauax reep4o$a:noro crrHTe3a pac[peAeJreHr4 e :epen TiC r
cfler{eHHbrx KoMrro3rrrax TiC-Cu oflpe,qenrerc.q paclpeAeneur,reM yrnepoAHoro
KoMIroHeHra B peaKrlrrouHoft crraecu. B cucrene Ti{-3Cu Macco[epeHoc ^wffara
qepe3 cJIoLI MaTpr.rrlbr o6ycloeren pacTBopr,rMocTLro Tr.rTaHa B MeAr4 B TBepAoM

COCTO'HI{I,I.



B .rerneprofi rJraBe npeAcraBJIeHEI pe3yJrbrarLl MoAeJIbHbIx
gKcneplrMeHToB r4ccJreAoBaHrlq peaKI-IItoHHofi au$$yauu npl{ B3al,IMoAei.rcrsvLt

crrrraBa Ti25Ct75 c rpaQrzronofi <fonrroi B ycrloBlrrx 3I,1C. floxasaHo, rlro rIpI{
TeM[eparype 800'C 14 BpeMeHI.I BbIAepxKI{ B TeqeHI,Ie 30 rr,rrzs Ha rpaHI{IIe
pa3AeJra cn:ranlrpaSur $opvrapyercx crofi c nusrula coAepxaul4eM tutana. 3ro
o6yc.nonleno reM, qro B 3THx ycJloBl{flx coAepxaBlIrufic.s n cnraae ruraH
gr.rSQyu4aponirrr K rpaHlzue pa3Aena cnnan/rpaSnr u pean{poBarl c yHIepoAoM c
o6pa:oaanuela roHKoro croa xap6u4a rv"ra:r.a. Kax uasectno, npa
agar\aoAeficrafir4 yrJrepoAa v rvrana pocr cros TiC onpeae:rserca .{ll$Syouefi
yrnepoAa. B Aannoru 3KcneprrMeuTe gro ycJIoBIre He BblllorHgercr, TaK KaK

4rz$Syaua yuepoAa B crrrraB Ti-Cu:arpy4ueua.
3ry oco6enuocrr 4uSQysuoHHoro npoqecca [c[oJIb3oBa:;.u ar.x nairxu

rpa$ura c MeABro B ycnoBlrrx 3I4C. Peey.rmrar;l rIoKa3aJILI, uro npu uafire
rpaSura c MeAbro c uc[o,lr3oBaHr.reM crrJraBa Ti25Cu7 5 g soHe nafix]r o6pasyerca
cnlournofi cnofi xap6uga rt4TaHa, a B cJloe MeTaJIJII{qecKo[ rr,ra' puqu rolrqunoft
5-10 rrarrra, flprrJreraroqeM K rpaar4qe pa31era, o6pasonalucr aepua TiC pa3MepoM

:, 1 naru. flpe.qe,r npoilHocrl4 noryqexHblx IIaTHEIX coeAunenuft Ha pacrsxeH[e
Bbrrle npeAera npor{Hocrrl rpa$ura, qro roBopur o Bo3MoxHocrl{ rIoJIyqeELIfl

npoqHbrx coeAunexufi rpa$ur/nregr n ycnoauxx 3I,IC.
B nqroft rJraBe npeAcraBJreHbr pe3ynlTarbl I{ccJIeAoBaHIrfi Bo3MoxHocrll

o6pa6orr<u noxpurufi, noJIyqeHHLIx nppl xoJIoAHoM ra3oAl4HaMuqecKoM

HarbrrreHr,rn (XfH) n ycroBl4sx 3I,IC uoa AaBrIeHIaeM. floxa:ano, uto o6pa6orxa
rroKpbrrrr.f,, crzHre3rrpoBaHHoro MeroAoM 3HC cocrasa Ti-C(caxapu,
no3Bo,'rrlrJra noryirr.rrb KoMno3Eu?roHHoe rroKpbrrr.re 10 o6.%TiC{u. IIpn storra r
HaHeceHHoM cJroe ycrpaHrlorcq rtopbl I4 TpeIquHLI, o6pasonanruuec, Ha rpaH[Iue
uorpurr.re/no4JroxKa. AAresl,rq rroKpbrrlt, K noAJIoxKe yBerlliluracb c 7 lo 14

MlIa. B yc:roBrr{x 6ucrporo AxoyJleBoro HarpeBa rIoA AaBreHI{eM rBepAocrb
rroKpbrrru He cHrrxaercr. TnepAoc'rr IIoKpbIrI4, TiC-Cu no Buxxepcy nocle
HarpeBa sreKTpuqecKr,rM roKoM cocraB:rrer 85 + 10 HV1. TnepaocrL orAeJIbHbIx

KoMno3rrrlrroHubrx arJroMeparoB IIocJIe orxlrra cocraB[Jla 390 + 40 HV0,025.
Taxuu o6pasona, nprz o6pa6orxe noxprtrui cocraBa Ti-C(caxafCu, rIoJIyqeHHLIx

MeTOAOM XOJIOAHOTO fa3OAItHaMLIqeCKOrO HanLIJIeHAr, npOnyCKaHIreM
greKTpuqecroro roKa, floryqeHo KoMrIo3I{urIoHHoe noKpLITIre TiC{u u
yBeflr.rr{eHa a4te3vs, rroKpbrTr.rf, K rIoAJroxKe.

,{auuue o $opvr.rponaHl4lr crpyKrypH r,t cgoftcrsax KoMno3uroB Moryr
6lrrr ucuorusoBaHbr npu paspa6orxe 3JIeKTpoAHLIx MarepIzaJIoB g;rx :rexno:rorufi
cBapK[ colporr,rBJreHr.reM 14 sJreKTpoSposaonnofi pesru. floxasana Bo3MoxHocrE

noryqeHr,rr r€urHLrx coe.(unenufi rraear/rpa(but c uc[oJIE3oBaHI{eM

rrpoMexyroqHrrx cJroeB rr3 cnJraBoB Ti-Cu upu 3I4C.

,{ocronepnocrs rl o6ocnosaHHocrb pe3yJrbraroB Auccepraqloxnofi
pa6oru

flpegc'raanenHar AriccepralllrouHarl pa6ora BbIrroJrlreHa Ha BbIcoKoM

Hayr{Ho-TexHr4}recKoM ypoBxe. ,{octoaepuocrb pe3ynbraron u o6ocnosaxgoctt



BbrBoAoB floATBepx.{aerc, 6orburuM o6l€ttou gKcrIepr'IMeHTaJIbHLIx AaHHbIx,

noryqeHHlrx c [puMeHeHHeM coBpeMeHHoro o6opyAoranrfl AI]fr cI'IHTe3a

KoMrro3rrroB, penrreno$aaoBoro I4 MlrKpocrpyKTypHoro aH€urI'I3oB, a raKxe
corrocTaBJreHI{eM rIOJIyqeHHbIX pe3yJIbTaToB c JII4TepaTypHbIMIr AaHHbIMI'I.

Ilpe4loxeuuue gKcnepI4MeHTaJIbHbIe MeroAI'IKI'I lI npoBeAeHHbIe I'IccJIeAoBaHI4r

rroArBepx,qaror o6ocHoBauHocrb BLIBoAoB, c(bopMyrupoBaHHblx B AI4ccepraIIrI['
Ocsosuue pe3ynbrarEl Alzccepraql{oHHoft pa6orbl B AocraroqHofi ctenenu
anpo6upoBaHbr, HeoAHoKparHo AoKJIaAbIBaJII{cb I,I 06cyxAEIJII'Icb IIa

MexAyHapo,(Hrrx lt poccufi cxnx xonQepenqurx.
IIo rerrae Ar,rccepralllzll ony6nurorano 10 cratefi, B ToM tII'IcJIe 9 cT arefi a

pe$epupyerranx Hayr{Hrlx xypuanax, BxoAruII{x n llepe.renr BAK tt 6asrI AaHHrtx
Web of Science u Scopus, 1 rrana r rr.tonorparf r'rr.r u 12 resucos AoKnaAoB.

Hayvnan HoBH3Ha flo,'IyrreHHblx pe3y.,'rbraroB, BbIBoAoB,

cQopmy,rupoBaHHblx B ArrcceprallIrll
i. I4:yueuo BItvfl:a:ae AJrI,ITerbHocrIr MO noporuxosltx cveceft

(Ti+C.u*u+3Cu) u (Ti+C.ou*,,+3Cu) na SopurapoaaHl'Ie crpyKrypsr u llopSonoruu
KOMIO3IIIIIIoHHbIX arIoMepaTOB, 3aKoHOMepHoCTI'I SK3oTepMI{qecKOrO CLIHTe3a

KoMrro3uroB Ha ocHoBe cl4creMbl TiC-Cu flpu peaKIII'IoHHoM 3JIeKTpo[cKpoBoM

cneKaHurr BruqHrre. Ilorasauo, tITo rlpll 3 lrunyruofi MO n auouepatax
(f oprrarlpyrorcr upoc,'Ioftxr ruraHa, a npu 10 uuny, uoft MO - o.qNopognue

a roMeparbr r4 rBepALrft pacrBop Cu(Ti). B nepnolt cryqae, tpopnaupyrctcx

o6racru, B Koropblx:epna TiC cy6rraarponuoro pa3Mepa paclpeAeJIeHEI n nte4nofi

Marprzqe, a Bo BropoM - Qoplaupyrotcfl o6rac,r4 o6eAnennue sepnalrlu TiC.
2. flolyuenrr gKclepIzMeHT€LIIEHbIe repMorpaMMEI TB Mexanu'Iecru

o6pa6orannux cMeceft (Ti+C"r*"+3Cu) n (Ti+C.ou*,,+3Cu). Iloxasauo, vro
MaKcrrM€LrrbHarr reMneparypa reIIJIoBoro B3pbIBa paBHa reMleparype [raBreHI'Ic
ueau (1083 oC) a cootnercrrye'r agua6a'rfi'recrofi reMleparype ropeH , cMecv.

C yneruveuneM AJI[TeJIbHocrr.r MO reMneparypa BocrIJIaMeHeH[.s u

MaKCI{MaJIbHiUI TeMnepaTypa TeIIJIoBOTO B3pbIBa yMeHblrraroTc.f, .

3. YcranosreHo, r{To pacnpeAeJleHae 3epeH xap1uga rttTaHa B KoMrIo3I'ITax

Tic-cu, floryrreHHbrx rrepAosaaurrM crrHre3oM rryu 3l4C peaKur{oHHLrx clrecefi
(Ti+C+3Cu) r crIrIaB Ti(Cu)-C, oflpeAerrercq pacflpeAerleureM yrnepoAa B

cMecsx. flo:ryuennuft pe3yJlrrar o6yclonlen au$$ysueft TI'ITaHa K rpaHl'Iqe

pa3Aena cnlar Ti-Cu/yrnepoA.
4. Me'roAou peaKIIIroHHoro 3JIeKTpoI'IcKpoBoro cleKaHI'L rIoA AaBJIeHLIeM

cuHre3lrpoBaHbl HaHocrpyrrypHble KoMflo:urrr 36 o6.% TiC{u c

orHocl4reJlbHofi n,rornocrrro 95 o/o, enextpo[poBoAHocrblo l8 % or
gneKrporrpoBoAHocrlt MeAI4, IIpeAeJIoM TeKyiIecrI'I Trpzl cltarvu 820 MfIa u
rBepAocrbn 360 HVl.

5. Bnepnue roryqeHo Hepa3beMHoe coeAI{HeHI'Ie MeAI'I fi rpatpr'Ita c

ucrroJrb3oBaHrreM IlpoMexyrotlublx cJIoeB cnJIaBoB Ti-Cu npa [polycKaHl4lr
3reKTpnqecKoro TOKa. Bneprue npoBeAeH cIIHTe3 KOMIO3HTOB C Nreta;1flu'Iecxoft

rraarpuqeit npu o6pa6o'rre 3reKrpuqecKlrM roKoM norpuruft, IIoryqeHHbIx

lteroAona XfH.



Teoperuuecrcas rl npaKTrrqecKafl 3Haq[Mocrs pa6orsr
1 . lloryueuurre pe3yJrErarbr rzccJreAoBaHru Soprraupoaanua $asonoro

cocTaBa r,r cTpyKTypLr KoMrr03rrToB, crzHTe3fipoBaHHbrx npr4 peaKr.IrroHHoM

3rreKrpoucKpoBoM cneKaHr{r{ cueceft (Ti+C+3Cu), (Ti+C+3Al) u (W+C+3Cu)
pacurrprror rroHr.rMaHrre $u:ur<o-xurrarlqecKrrx flpoqeccoB, rrporeKarouux npa
rrepAo Sasnorra cr{HTe3e KoMrro3rrroB c Merar.[uqecKr4Mr4 Marpr.rrraMrr.

2. MeroAola peaKrlrroHHoro 3JreKTpor4cKpoBoro crreKaur.r, noA AaBJreHr.reM

cuHTe3rrpoBaHrr rrJrorHrre HaHocrpyKTypHEre KoMrro3rrru TiC{u, correrarorrlrre
BETCOKyTO SJTeKTpOTTpOBOAHOCTb 14 BbrCOKylO MexaHr{qeCKyrO rlpOirHOCTL.

Korvrno:urur 36 o6.oh TiC-Cu uMeror rBep.qocrl no Bzrxepcy 360 HVl, rpeAe,rr

reKyqecrr.r ph cN.aruv 820 MIIa r4 sJreKTporrpoBoAHocrr, paBHyro 1 8 0% ot
SnerTporrpoBoAHocrr4 rr.regu. flory.reHHbre pe3yJrbrarbr MoryT 6rru racuo:rrgoeaHrr
npr.r pa:pa6orKe Marepr{anoB Ans gneKTpoAoB B ycraHoBKax cBapKr.r

coIIpoTr4BJreHr,reM.

4. llora:ana Bo3MoxHocrb noryqeHru rarrHrrx coe4unenufi ne4r-rpa$ur c
npoMexyroqHbrM croeM u3 crrJraBa Ti-Cu npu o6pa6orre uerogona 3I,IC.

5. Ha upuuepe cucreMbr Ti-C{u rroKa3axa Bo3MoxHocrb uo4u$uraqr.ru

{a:oaoro cocraBa r.r crpyKTypbr noKpbrrufi, [oryrreHELrx XlH, a raxxe
yBerur{eHnq x aAre3rt{ K rroAJroxxe npu o6pa6orre ueroAola 3I4C.

Hay.ruaa H npaKTrrqecKas 3HaqrrMocrb
Ilo:ryveunue pe3yJrbrarEr paclrr4prror rrpeAcraBireHl{.{ o nprlpoAe

flpoueccoB, flpo[cxoArrqux npu peaKurroHHoM sJreKTpoIIcKpoBoM c[eKaH[I4 noA

.qaBreHr{eM MexaHr.rqec(}r o6pa6orannux cueceft . Ycranoaleno, vro
peaKr]r.roHHoe 9neKTpor4cKpoBoe cleKaHpre rroA AaBJreHr.reM MexaHr,rlrecKrl

o6pa6oranurrx cnrecefi ,BJr.f,ercr sSSerruanula oAsocraAafisuu cnoco6on
cuHTe3a rrJrorHbrx KoMlo3r4ToB c Mer€LrrJrr4qecxoft nrarpuqeft . YcranosreHo
BJrr.rrHr.re AJTT4TeJILHOCTT{ MeXaHr4qeCKOft O6pa6OTXZ Ha $OpUr.rpOnaUUe
Mr,rKpocrpyKrypbr KoMno3r4rlrroHHbrx arJroMeparoB Ti-C-3Cu l.r Qoprranpoaanue
Sasonoro cocraBa 14 Mr4KpocrpyKTypEr KoM[o3r4roe TiC{u, cr4HTe3I4poBaHH6Ix

npt,t peaKrlr,roHHoM gJreKTpor4cKpoBoM crteKaHI,II{ rroA AaBJIeHIzetr,t. Ha ocnoae
aHa v3a napaMerpoB TerrJroBoro B3pErBa MexaHuqecKr.r o6pa6otanuux ctr.recefi

(Ti+C+3Cu), Qasoaoro cocraBa r,r Mr,rKpocrpyKrypbr npoAyKroB rer.,'IoBoro
B3pLrBa I{ KoMrro3prroB, noryr{eHHErx 3I,IC, onpe.qereH6I ycJIoBIrrI paSAeJIbHoro

BJII,ISHI{e AxoyneBa I,I xI4MLIqecKoro HarpeBa Ha MI,IKpocTpyKTypy cIrHre3I{ pyeMoro
KoMlo3r4ra. I4:yveu MexaHr43M Soprr.rrzponanux Saaororo cocraBa I.I crpyKTypLl
KoMrro3nroB c MeraJrJrr{qecrofi naarpuqefi Ha ocHoBe cr4creMbl TiC-Cu npu
peaKur,roHHoM 9JreKTpor.rcKpoBoM cneKaHLIu noA AaBJIeHHeM MexaHI4qecKH

o6pa6oraxnrrx cuecefi Ti-C(caNa)-Cu. CaurerupoBaHLl HaHocrpyKrypxLle
KoMrro3rrrLr TiC{u, coqeraroqr4e BbrcoKyro 3JreKTpoIIpoBoAHocrb I4 BbIcoKyIo

Mexaur,rqecxylo npoquocrb. KoNrnosrarn 36 o6.0/o TiC{u I{MeIor rBepAocrr rro

Buxxepcy 360 HVl, rpeAeJr reKyqecrr rrpu cxarr4r4 820 MlIa u
grexrponpoBoAHocrb, paBHyro 18 % or gJreKrpo[poBoAHocrl,I rtegu. Bnepaue
noiryrreHo Hepa36eMHoe coeAr4HeHrre MeAr.r a rpa$r.rra c 14cloJIL3oBaHI,IeM

npoMexyroqHbrx cnoeB cnJraBoB Ti-Cu npu npo[ycKaHal,I greKTpplqecKoro roKa.



CraHre:uponaubr KoMno3nrLr c Merarrxr{ecrofi uarpuqefi npr.r o6pa6orre
greKrpr4qecKr.rM ToKoM norpurufi , rroJryqeHHbrx MeroAoM XfH. llsyrenrr
oco6eHnocr[ o6pa6orxu 3reKTpr{irecKr't M ToKoM rroA AaBJreH erra norprr:rlrfi Ti-C-
Cu, noryueuubrx MeroAoM XfH, .rro [o3BoJraJro ocyulecrBrrrb rBepAo$a3Hbrft
clrures TiC pr yryrrrrrr,rrb crpyKrypHlre xapaKTeprrcrrzxu norpurufi .

llponegeuuue IaccJreAoBaHlr;t no3BoJr{ror cAeJrarb BbrBoA o cyrlecrBeHHoM
HayqHoM BKJIaAe,qaHHOTO ArlCCepTarIr{OHHOTO ZCCTeAO Ba],j^Lrfl. B pa3Br.rTrre O6raCTU

[pI4MeHeHI{.II peaKUr,IOHHOrO sjreKTpOrrCKpOBOrO C[eKaHr]' rrOA AaBJreHr{eM
MexaHr.rqecKrz o6pa6orannrrx crraecefi AJrfi noJryqeHr4q KMM Ha ocHoBe TiC-Cu u
I{ccreAoBaH[q ceoficra grax Marepr{aJron. llpaxruvecKar 3HaqrrMocT r pa6oru
3aK;Iloqaercq B co3AaHI,Ilr HayqHbrx ocHoB crruTe3a rrJrorHbrx KMM na ocHoBe
TiC-Cu MeroAoM peaKrlr.roHHoro gJreKTpor,rcxpoBoro cneKaHa, noA AaBJreHrreM.

Coornercrsue coAepxaHrrfl Aucceprarlull flacflopry nayvnofi
cleqrraJrbHocrlt, rro Koropofi ona 3aIrlurqaercq

.(r,rccepraqlrouHax pa6ora Bra4rox T. M. <Oco6ennocru Sasoaux u
crpyKTypHLIx npenparqenrzfi B crrcreMe Ti-C-Cu rtpl,r 3JreKTpor4cKpoBoM

crreKaHr{u II xoJroAHoM ra3oA[HaMr4qecKoM HaIIblJIeHr{r.r)), cooTBeTcTByeT
flacnopry cneqfi.rJrbHocru 1.4.15. Xuv,us. rBepAoro reJra rro [yHKTaM 1, 3 ra 8:

(1) Pa:pa6orxa u co3AaHlre Mero.qoB cuure3a rBepAo$a3Hbrx coe4uxennfi a
MaTeprraJroB.

(3) I4ayvenze rnep4oSasnux xrrMrrqecxrzx peaxquit, ax MexaHr{3MoB,

KrrHerrrKr4 Lr repMoArlHaMr.rKra, B ToM rrxcre 3apoArrureo6pa3oBaurrfl rl xrrMr{rrecKrrx
pearqr.rft Ha rpaHrrrre pa3Aena rBepAbrx Sas, a 'rarxe rofloxuMr.rtrecxux peaxqzfi u
aKTrzBr,rpoBaHrlr reepgo$asxbrx peareHToB.

(8) I4syvenr.re BrrufrHufl ycnoBr.rfi cnHre3a, xr.rMr{qecKoro rl Qa3oBoro
cocraBa, a raKxe reMneparypbr, AaBrer.us,, o6ny.reHr4, r, Apyr[x BHerrrHr.rx

no:4eficmuft Ha xr4Mr{rrecKrle z xunar,r ro-Sr{3r.rqecKr,re Mr{Kpo- rr
Ma(pocKonaqecxue cnoficrna raepgo$a:HErx coeAr.rHeHufi u uarepuaron.

3aneqanus rro ArrcceprauuonHoft pa6ore
Hecrrorpr xa srrcoxufi ypoBeHb flpoBe.qeHu;rx ucclegoaanrafi, x

AnccepTarlrloHHorr paooTe rrMeeTc, prA 3aMeqaHr.rr4:

1. Bo sropofi rJraBe Arrcceprarrr4r4 B pa3AeJre orr.rcaHrrrr 3Kclepr.rMeHToB rro

rerrJroBoMy B3pbrBy (crp. 46) He yKa3aHbr reoMerp[qecKrze pa3Mepbr rr

orHocr.rreJrbutur [JrorHocrb rzccJreAyeMbrx o6pa:qon, a raKxe roqHocrr I43MepeHLIq

TeMrreparypbr BoclJraMeHeHr,r, rr MaKcaMa,-rbHofi TeMrleparypEr rerrroBoro BpLrBa.
He rcno, noAAepxlrBanllcb JII{ B gKc[epLIMeHTax grr4 napaMerpbr nocrornHrlMla?

2. B 4rlcceprarlr4 14 B oflflcaHr4r4 SKcnepr.rMeHToB rro flonyqeHllro
KOMfl03r.rU?rOHHbrX MareprraJroB MeroAoM 3Jre(Tpol,IcKpoBoro cfleKaHr,r,
noporrrKoBrrx cvecefi (crp. 46) yra3aHo, r{To (B xoAe creKaulrq pen{crplrpoBanl,I
I,I3MeHeHI,Ie TeMneparypbr, cMeuleHrre flyaHcoHoB, a TaKxe I,I3MeHeHr.re
greKTpr4qecKoro roKa rr Haflp.rrxeHrrx>>. O.unaro B Marepv€uax Ar,rcceprarlur.r He

npe.qcTaBJreHLr SKcrrepr{MeHTELrrEHLre 3aBr{cr{MocTr{ rr3MeHeHr-rtr Bo BpeMeHrr
gneKTpr4r{ecroro rora r,r HaflprxeHr{.s. Conocranreul,re yKa3aHHErx gas[cuvocreft c
TepMorpaMMaMr4 Ten;roBoro B3pLrBa peaKrlr{oHHErx cueceft nossorr.rrz 6H



y6eAr4TerLHo o6ocHoBarb, r{To (o6pa3oBaHlre pacnJlaBa Ha MexqacrlrrlHbx
KoHraKrax Bo BpeMr orreKrpoucKpoBoro crIeKaHI{x (3I,IC) npu 900-980 'C
o6ycroueno npoxoxAeur4eM sreKTpr,rqecKoro roKa qepe3 MarepI4aJI, a He

renrorofi peaxllarl o6pasonanux xap6uga r[TaHa>.
3. B 4ucceprarlr4r{ rrpeAcraBJIeHEI 3KcrlepaMeHTaJIEHEIe repMorpaMMbI

rerrJroBoro BpbrBa MexaHIrqecKI4 o6pa6otannux clrecefi (Ti+Ccaxa+3cu) (cry. 46,
puc. 20) u (Ti+C.o,a,33Cu) (crp. 77 , puc.40). Ha 3rllx KpI'IBBIX reMrepar)?a
o6pasqoe MoHoroHHo Bo3pacraer or na.raruHofi Ao Marcr,IMaJlbnofi. He ,cHo, KaK

onpeAe,rrrJrrrcL TeMrreparypbr BocrrJraMeHeHr{, peaKIII4oHHEIx cuecefi, TaK KaK IIa
TepMorpaMMax orcyrcrByror oco6rre T o.{rIa?

4. B guccep'raqu[ [peAcraBJreHEr sKcrrepuMeHT€IJIrITLIe 3aBLIcI{Mocrl{
reMneparyprr BoclJraMeHeH[q cr\lecefi (Ti+C"r*"+3Cu), uexanuuecxu
o6pa6orannux B rerrenr.e 3- 10 nauuyr (crp. 46, puc. 2l) a cuecefi
(Ti+C.paon,+3Cu), rraexanuuecra o6pa6oraHHllx B relIeHI'Ie 5-72 wruuyt (crp.77,
puc.41). Terraneparypa Boc[JraMeHeHr,r, B rrepBoM cJryqae yMeHbIIIaerc, or 830 ao
480 oC, a Bo BTopoM - or 680 lo 470 "C.3ro yrasuraer Ha ro, qro cMecla

(Ti+C.puon,+3Cu) npornn*or 6elee BbIcoKyIo peaKulroHHylo cnoco6ttoc, r, veu
cnaecu (Ti+C""*"+3Cu). IIpu srolt B AIlccepraII[I'I [peAcraBneHEI AaIIHEIe o roM,
qro cMecu coAepxau[e caxy nepeMelfiIrBalorc, 6onee eQ$exrI4BHo, qeM

coAepxarlr4e rpa$m (crp. 77 ,78). Hasxufi ypoBeHL nepeMeIxI,IBaHI{rI cMecl4 c
rpa$r.r'rolr noATBepx.uaerc, nplicyrcrBlleu o6racrefi, o6oraqensux TLITaHoM

(Puc. 43e), a Qasa TiC lrMeer HecrexuoMerpaqecKufi cocrag ro yruIepoAy.

Ilocle4uee yKa3LrBaer Ha ro, lrro crr,recr.r (Ti+C.p"q,,*3Cu) nporularot 6olee
BbrcoKyro peaxur.roHHylo cnoco6nocrr, o6ycronreuxylo MeHrIrrI,IM pa3MepoM
rracrlrq caNa. Yxagauurle pe3ynrTarEr HaxoArrcff B nporl{Bopequu. flosrorrty ne

f,cHo, fioqeMy reMneparypa BocIIJIaMeHeHuq cMecefi (Ti+C.p"o,'+3Cu) nuxe, veu
reMrreparypa BocrrJraMeHeHnx crraecefi (Ti+C""*"+3 6u;2

5. He acuo, noqeMy yBerur{eHI4e AJIIrreiIbHocru MexaHI4qecKofi o6pa6orrr,r
flprrBoArrr K yMeHLrxeHr]ro reMrleparypbl BocrlJlaMeHenus cuecefi (Ti+C."*"+3Cu),
(4uccepraqua ,, crp. 46, puc. 2l) u crraeceft (Ti+C.pao,,+3Cu), (4uccepraqur, crp.
7 8, puc. 4 1 )? YruenrueHr.re MaKcrrMaJurofi reunepaT ypEl TenJloBoro B3pEIBa

o6r.qcHqercs o6pa:oeaurzeu xap6r.r4a rI,ITaHa B npoqecce MexaHu.{ecxofi
o6pa6orxr.r, qro nprlBoArlT K yMeHbrr]eHr4lo 3allaca xunau.Iecrofi gueprrlrl B

crzcreMax. O6pasonarae LlHeprHoro [poAyKTa - TiC, o6pasoBaBl]reroc, flpz
Naexana.recrofi o6pa6orxe, AoJrxHo rrpr,IBoAI4Tb K pocry reMleparypEl
BocnJraMeHeHLts., TaK rax geo6xoAuMo KoMleHcI,IpoBarB yMeHbIrreHI'Ie MoIrIHocrl4

TerrJroBbrAeJreHax, o6yc,roareHHoe co.qepxaHrreM IrHeprHoro [poAyKTa.
6. B 4uccep'raqurr Ha puc. 1 5, 22, 25, 27 12, 35, 37, 38, 4345, 48-50, 55,

67, 7 7 -80, Ha Koropblx [peAcraBJIeHbI MlrKpocrpyKryprl KoMrIo3I{ToB,

orcyrcrByror o6osHaqeuus orAeJrbHbrx $a:, uro 3arpyAHrer qreHlre AlacceprallfiIl,
a.{Ba pr4cyuKa, [peAcraBJreHHLre Ha crp. 89, o6ogna.IeHH oAIiHaKoBLIM HoMepoM -
55.



r4ccJreAoBare,rrLcKofi pa6orbr Bu4rox Tonrulrr Maxcurr,rosuu. flpegcrarlenuax
Ar,rcceprarlu, {BJrrerc, saxou.reHHoft HayqHo-KB.uru$Nxaquonnofi pa6orofi ,
OT.4EJIBHbIC EE rJIABbI JIOT}IqECKI,I B3AI,IMOCB{3AH6I I,I HANPABJIEHbI HA I,ICCJIEAOBAHI,IE
oco6ennocrefi Sa:oarrx fi crpyKrypHrrx rrpeBparrlerrlrft s cucrel*{e Ti-c-cu npu

ffi
OQuqua.nrnufi onnoxenr,
Illep6arcoe B,raguruup Au4peeau.r, r,rasHnfi nayunrri corpyAH[K,
AoKrop $uarzxo-uareuarr.rqecKr.rx uayr, (cnequalbHocrE 01.04.17 - X[ltu.recxaq
Sasura, topeHr,re Lr B3pErB, Qr.rsr,rxa 3Kc.IpeMaJrbHbrx cocrosHr4[ aeulectna),
@f6yH l4uc'ruryr c:rpyxrypnofi MaKpoKrrHerr,rrrE r upo6,relr Marepr{ErJroBereHr.rrr
au. A.f. Mepxanona Poccuftcxofi axa.{eMrrr,r HayK
Ter. : +7(905 ) 53 5 -57 -22; E-mail : vl ad i mir.@i sm.ac. ru

3arc,rrc.reHue
YxagaxuHe 3aMellaHlr.f, He cHI,IxaIor IIeHHocrL I,I 3HaqliMocrb HavqHo-

gJreKTpOrzcKpoBoM CrreKaHr4I4 Lr XOJIOAHOM Ta3OAUHaMI{rrecKoM HanbrJreruta. Ona
IZMeeT CyruecTBeHHOe 3HaqeHr4e AJrfl pa3BLr.tvfl xr4MLL TBepAOrO TeJra, IIo
HAIIPABJICHIIIO IPI4MCHCHII' PEAKUI4OHHOTO 3ICKTPOIICKPOBOIO CNE(AHII'I
MexaHr4r{ecKr.r o6pa6o'rannrrx cuecei IJu rroJryr{enlrq KoMrro3r.rroB c
MeraJrJlr{qecKoft rraarpuqeft. Pa60ra Bbr[oJrHeHa Ha BEICOKOM HayqHOM ypoBHe,
coAepxlrr HoBbIe BaxHLIe reoperuqecKl4e 14 3KclepIrMeHTalrLHbIe AaHHEI€,
BbrBoAbr no pe3ynbrarana pa60ru o60cuonaurr, arrope(lepar coorBercrByer
coAepxaHrrro .qlrccepTarlua.

llo o6#uy noryrreuH'rx pe3yJrbraroB a HayuHofi 3uaq[Mocrr.r Arrcceprarln-rr
coorBercrByer rpe6onauuxlr n. 9 <flo,roNeHn, o [pacyxAeHr{u f{eHLrx
creneneftr>, yrBepxAeHHoro fiocraHoBJreuuerra llpaazreJlbcrBa poccraftcxofi
(De4epaqr.ru or 24 ceu-rx6ps,2013 r. )l! 842, rperbrBnfleMErM K KaHAr.rAarcKr.rM
Aacceprarlr.rf,M, a e€ aarop - Burror Tonau,ra Marclnroaua 3acJryxr,rBaer
NPI{CYXAEHI,I' YVCTTOft CTCIIEHI4 KAHAI,IAATA XIIMI,IqECKI.IX HAYK IIO CIIEUI4AJIbHOCTI,I
1.4.15. -Xuvns rBepAoro rerra.

142432,9epuoro,rosxa, Mocxoecxax o6lacru, yn. Ax. Ocrnr.aua, g.8.

07 rot6pt 2022r.

llo4nracr 3aBeprrc
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