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Ha Ar4cceprarlr4oHHylo paSory E.A. Ycep6aera <Paspa6orr<a rexHotlorl{I4

nonyr{eHqx vrHoroSyHKrlr4oHaJrbHbrx a4cop6euroB rr3 6esrouuroBblx IJII{H lOxnoro
Ka:axcraua>>

.{nx ra:yv elkrfl rrpoqecca nonyqeHlar iunoroSyHKIII4oH€uIbHbIX cop6eHroB I'I3

6eHronuroBblx TyrorIrraBKHX rJrI4H c I{crioJIb3oBaHI4eM TexHoreHHbIX orxoAoB

I4ccrleAoBanu SusuKo -xHMIrr{ecKHe oco6eHuocrl4 xI{MI4rIecKI,IX, MI4HepaJIof}lrrecKHX

v Sa:onrx xapaKreplrcrr.rK KtrHpaxcxux, [\apSazuucKl{x u JlenrepcKl'Ix rrvrlH rI

Bgnyr{r4Barouleff AoSasxu ue$rxHux rJrJraMoB. @ugnro -xI4MI4r{ecKLIMI4

r{ccJreAoB a;p||l'{Mu ycraFroBneHbr coAep}KaHu-f, MHHepoJIorH'IecKofi u oprariia'IecKofi

r{acrr,r He$reiunaMoB. B pe3ynbrare ycraHoBJIeHo, r{To B opraHZrrecr<ofi qacrLr

npeo6na4aror uapaQr.rHHo -ua$reuonue H apoMarl4r{ecKve coeAI4HeHH-s, a B

MrlHepaJlbuofi .{acra npeoS:raAa}or coeAuHeHl,tl KpeMHI4t, KaJIbUI{-s, aJIIoMVHkrfl' 14

xeJre3a. llpoee4euHbrM14 r{ccJreAoB aHr4 flvrLr MeroAoM uo4raQnq vrpoaa]F.Lrn' MecrHbIX

6euroniaros rracnornofi u repntuuecrofi o6pa6orxofi ycraHoBrleHo, rITo Ha

aKTHBr4poBaHr{e cop6quoHHrrx ceoficre BJrHfler raruouurtfi o6uen I4cxoAHbIX

3JreMeHToB MSHTMSpI{JIIISHI4TSB6IX MHHepaloB ;JII4H. MerOAolt

TepMonporpaMMrrpoBaHHoro BoccraHoBJreHu.l z 4ecoo6urru Bo.4opoAa ycraHoBneHbl

o6racrn ,ro.no*.i-1 "" "i" lsgoc, oiodC t o..op,6rt 
^npr4 

4330C'

flpueegeHsr pe3ynbrarbr repMoAI4HaMllr{ecKI4x pacrleroB 3Heprllt4 lu56ca

Bo3Mo)r(Hbrx pearcuufi cr4HTe3a Mr4HepanoB copdenron rrpr4 HcrloJib3oBaHtrr4 B

Kar{eCTBe AO6aeICa Ue$rerularula. VCtaHOeleUO, rITO uaU6Olblfiefi

TepMoAi{HaMra.{ecxofi BepoflTHocrbro xapaKTepv3yercfl' cI4HTe3 MI4HeparoB B

rrpr4cyTcrB?Iq CoHe, a HaHveuruteii -B rlptlcyrcrBl4lr CH+' Vrleno4opoAbl Iro

rroKa3areJl.flM pacqera 3Hepruu fw66ca o6pa:yrcr ptA: CF{4 > C+Hro > CoHo' B

npr{cyrcTBi4l,I CoHo Bepo{THocrb cHHTe3a Bo3pacTaeT B cneAyroqeM pflny

MrrHeparroB: cao .Mgo.2Sioz >cao 'Al2o3.2sio2 >3Al2o3'2sio2 > Na2O'CaO'

3 SiO2>Al2O3'2SIO2;

3rcuepuueraJIbHblMr4 I{ccJreAoB a:n:afl.vlvr ycraHoBrleHo, tITo Suanr<o^ ^ -
MexaHr4r{ecKrre rroKa3arenr4 TepMoo6pa6orHblx rpaHyn npx reMrleparype 1000'C lr

rrpoAonx{i4TeJrbHocrra 60 Mr{Hyr ynyqnalorcs trpu Ao6aexu B cocraB 6eHrouura Ao

30% ue$r.f,Horo rrrJraMa. fIpH erou MexaHl4rlecKaf, nporlHocrb,qocrllraer 5,22 Yilu'
cpeguuit ALIaMeTp rpaHynbl coeTaBJIfeT 18,9 MM, a yAenbHafl noBepxHocTb

Ioorr{raer 1560 cu'h. lloKasarerH Qu:raxo -MexaHr,rqecKl4e xapaKTepr4QTr4K

copdeuron Ha ocgoBe JleHrepcxux r,rII{H c Ao6aeKofi Ao 40% He 3}IaqI4TeJIbHo

orJirrqarcTc.fi or SegroruroBbrx TJIHH. OAHaxo yAenbHa{ noBepxHocrb tr

MexaHnrlecKa-s npor{Hocrb copSerrroB r{a ocHoBe SettroguroBblx rJII{H c ,[o6aeKofi

ne$rerulaua 3Har{I4TerbHo Bbilrre. Cluglztco -MexaHI4t{ecKLIe rroKa3areJlla

aKr?rBr4poBaHHbrx 6eHronuroBbrx frli4H c AoSaexofi ue$rxHoro urrlaMa l0 -30%o ua

MHoro BbIIue rloKasarerefi rreM TyrorIJIaBKI4x rJrI4H leHrepcxofo Mecropox(AeHl{t.



u HanLITKoB (nuuHenux) IoK€BaJII{, rITo Ha xoHeqHrrfi rrpoqecc cop6quoHnofi
oqtrcrKll ]KLtAKocrefi sruser npoAoDI(I4TeJIbHocrb, pacxo.q )Kr4AKocrefi u BJraxHocrb
BxoAf,Iqero [poAyKTa. llptu rIeM rlo Mepe yBenr4qeHr,rf, rrpoAoJrxr.rreJrbHocrr4
[poqecca c 20-200 ceKyHr rIpoI4cxoAI{T aKTr4BHa.rr orrncrKa rrcxoA.rruqefr xzaKocrr{ or
p€BJILIqHbIX MIaHepanbHbIX cocraBJltlolllux. Ha npoqecc cop6qraoHnofi orrr4crKr4
TaKXe BJILIfleT revueparypHrrfi I4HTepBEuI npoqecca. MarczM€LJrbHa.{ oqLrcrKa
Aocrrrraercr rrpr4 reMrreparype 76- gOuC.

PesynrraTbr xI{MI4rIecKoro Lr Susurco -xr4Mr.rqecKoro aHaJrLr3oB orpa6oraHux
copderrron IIOK€BaJILI, qro uonv.{eHHslfi nnorrvrT -.,e' r1.,r{ n..DA..TraEUrratIoK€}3aJILI, rrpoAyKr -oca.rloK OCBETJICHHI4'uonyveuHslfi
npoMbrlmleHHofr cro'IHofi BoAbI rIpoI{3BoAcrBa Mr{HepuurbHbrx }ao6penufi uoNer
TIOBTOPHO I{CTIO JIb3 O BATb C' B TCXHOJIO| I4IIC C KOM UI{KJIE afnoMeparlr{oHHofo npoueccaB KaqecrBe 4o6anr<rz K SocQoparnofi
am,roQouroft nynrrbr B EfC.

MeJIOTII4, A TaKXe Ha }Ta!.HLI CYIIIKH

- 
flanyuerunre psyJnTarbl arcle4onaruaZ ony6rua<onanrr B vtsAaluffie BD(oArrrryx nqperreHb

KKMHMOHPK.
FIa oqronar n Bbtruer/rrrroxerrHoro cqlilaro, r{To Aaccepmuorilfi, palonVcep6aenofi EA

BbITIOJIHeHa rBoprrecKl'I Ha BbICOKOM HayqHo -rupffr4qecKoM ypoBHe, B nOff{OM O6revre z
oolBsrcrBysr r@onarumvr, rperthffiJrrelcM K ,44CCepIaIr{n4 rla lpr4cp{(AeHHe y.reHofi crerreHr4

) AoKropa SzrrocoSru rlo cnel+{aJlbrlosrr 6m72C/J[-<oft^^*..t*" re)croJrorpu
BEIUWIB)).

Haytrufi KoHcyJrbraHr

,{oxrop rexHI4rrecKHX HayK, rr
Canr<r -llerep6ypcKoro rocy
TexnolorprqecKoro r4H

(rexunuecKoro yHrlBepc Jlanpon E.A.

t



E. A. vcep6aenaHbll{ "oqrycrir Kagar(crannHq 6enronur ca3bIHaH

reuQynrur4oHanAbi a4cop6enrrep aJry rexHoJrorr4.f,c'n esipney" Anccepralll4flnbrK

xsdbrcbrHa flirip

TexnorenAi K€urAbrKrapAbr nait;ratarta orbrpbrlr' 6entonurti *:1"-- !y-.
6al4rar'n ca3AapAaH xousyururloHzulAbr cop6ennep any upoqecin t"p""l-Tt--:l

Krrnpar<, fiap1asixeHe n#rip ca3AapbrHbrrl, coHAafi'_.at\icinerin Kocn€ilap perlHAe

rvrynafr rruraMAapbrHbrr{ XIIMII'JIbIK, M}IHepaJIofIUInbIK XeHe Qasalur< clIIaTTaM€IIIapbI

xeue Qrasura -xrrMrnrJlbl( epeKlllenimepi 3epTTeJIAi' @?tsura-xuMlltflJlblK 3epTTeylep

rvrynafr rrrJraMbrHbrr{ MlrHepaJror'rrJrbrK xeHe opraHlrK€ursrK 6odr<repinir{ rypaMbrl{

aHbrKraAbr. HeruxecisAe opru""*-"rn 6eniiinre napa6nn4irc-na6renAir xeHe

apoMaTTbI KocblnblcTap' €uI t""ap-O"' 6onirinl" *p"t""fi' ranrqllfi' alrouunufi

xeHe rer'rip Kocbrnbrcrapbr 6u""r, ereni 6enrini 6orpr. xeprini*i 6enronurrep.ui

KbrrrrKbrrrMeH )ICeHe repMllflnbrK "no.v*." 
rvro4nourawtlIay eAicirrlen xyprisimen

3eprreynep cop6quxln4 r<u.".-.pait{ lelynainiiryine 
MOHTMOpLIJIJIoHI'Ir 

. 
c€13

Mr4HeparrAapbrHbrr{ 6acrau1qrr sJleMeHTTepiniq KaTuoH €UIMacybI ecep eTeTlHlH

aHbr(raAbr. cyrercri repvro6ar,4apJlaMaJlaHFaH TOTbIKCbI3AaHAbIpy xeHe

4ecop6qu nnay 
-i;ffi" 

35'0rd-A;u ;;ri*. ciqipv xeHe 4330c reginAe

4ecop6qus afiNda4rapbl opHbIKrbrpbrJIAbI'

Myuaft rrrrraMbrH Iqocra periuae I(oJIAaIIy apKulil cop6enrrir rrautrepTi?p

cunregini' 
^ayrrarcin 

6orairrn peaKrlrurJrapbrHblr{ fu66c eHeprll-f,cblHbrrl

TepMoAtIHaMIIKaJIbIK ecellreyJlepiniU nerraxenepi 6epinren' MunepaJIAapAbII{

cr4HTe3AerryiHirl eq x{ofapbl TepMoAI/tHaMI4KUuIbIK 6I(TLIMaJIA6IF6I ceFlr', aJI eII

rouenrici CH4 KarbrcbrHAa currarrurJrarbrHbr aHbrKr€ulAbr. Korr'ripcyreKrep fu66c

sHeprlr{cbr' ecerrrey Kopcerxrnrepi 6ofi'nua reneci (arapAbr rq1ppafi4': cFI4 >

C+Hro

br(ruMarrAbrFbr apraAbl: CaO 'lrtgo'ZSiOz >CaO lAlrOr'2SiO2 >3AlzOr'2SiOz >

NazO'CaO' 3SiO2>AlzO:'2SiOz; n ^' TeNipll6enir< 3eprreynep 10000C reMrleparypaAa xeHe yp'UicriU paqrurn 60

Mr4HyTra TepMooIIAeyMeH oI{AeJIIeH ryfiipruirrep4iU Quama-naeXaIILIK€uIbIK

Kacuerrepi 6elrronur 4yput"r"u 3}Yo'ta lefiin rvrgrafi IIIJIaMbIH KOCKaIIAa

xaKcaparbrHbrH u""rxtulir. Eyl xarAafiAa MexaHI{K€urbrI( 6epirrir 5'22 MfIa'

ryfiipurixrep.uiu oprarrra 4raverpi 18,9 t'ttr't, t""-i*i 9":^1,19-9 "*'/t 
xereAi' 40%'

ra 4efiinri Kocuac' 6ap re".ip (LrbrH 6aKrarrrn cas Herisinreri cop6en*ep,uiu

Qu:ulca-rvrexaHllK€Ulbl1q 
cuIIaTTaM€UIapbIHbIII Kopcerrirurepi 6enron6T ca34apblHaH

afirapnsr4r"ft ;;;enen6efi4i. Eipax orytal IITJIaM'I (ocblrlraH 6enronur ca3Aapbr

ueri:ingeri cop6enrrepaiu *.*-i*ti 6eriniq ayAaHbI MeH MexaH?IKaJIbIK 6epirriri

enAe*afrAa xorapbr . 10-30% lrynafi rxJraMbr Kt."rn.u" 6encen4ipinren 6enronur

ca3AapbIHbII{ Su:ur<anu(-MexaHI4K€uIbIK 4acraerrepi Jleurip KeH opHbIHbII{ oTKa

rosiNLAi ca3AgpblH an aircapnu4rafi xoFapbl'

Kyr<ipr n"r-n"rn"roalu 6errcen4ipinren 6enro'Lrr ca3*ap'rn cgfiu4rbl4rapAbr'

aran ait-rKaHAa MrrHepaIIAH rsrqafirKbllllrap eu4ipiciuiq oueprecinrir cap(FIHAbI

cynapbr MeH cycbrHAap (rurae) cop6qrarnu4 ra3apTy upoqecrepine 4on'4anY

6ofr'nrua 3eprreynep4iU ,r.t"*.otpi cg'rgsngappr cop6IIHlnbIK ra3apTayAbIII



Funuuu Ker{ecilrl

Texsura fbrJlblMAapbrHbrr{ AoKTopbr'

C anr<r-flereP6YPr ueurererrir

". TexsolorllflJlbl( ?rHOTrITyru upoQeccopbl

(rexnraralbrK YHlIBePcurer)

cor{fbrneruxecineupoqecriqY3aKrblrbl,:yitntblKrapAblHrlTbIHbIJrybIxeHe
ryceriu onivfirir{ brnfnJrAbrJrbrfhr ecep ererin4irin repcemi. conHuen Karap,

upoqecriqy'u*",.",20-aag2o}ceKyHAKalefiiuapTKaHcaitrtrt,IIIbIFaTbIH
cyft'4rrrK eprypni *raneparAbr. KoMrroHeHrrepAen 6encen4i rypAe ra3aprblJlaAbr'

cop6qraxnu4 ra3array upoqecine reMrleparypallbrK -111T:"-l 
Aa ecep ereAl'

Marcuuaro"r r*- uyru I o -200C rertrneparypaAa Kon x(erKl3uleAl'

flafiAanan"r*;; cop6enlrep.uin ""ir]111trx 
)KeHe su:ur<a-xrrMrl{rlbrK

TiurAayJrapbrHbrrl HeTI'IXeJIepl aJIbIHfaH ouirvr -MLIHepaiIAbI rHr{afrrr<FUllTap

onAipiciniq enepreciurix cap(brHAbr cybrH arapryAbrq ryn6acbr arnoMepaIrI4'IJIbrK

upoqecriq rexHoJIorIIflJIbIK U"*i"O. Qoc$opurri ycaX 3arrapra Koc11a pergAe'

coH.Uafi-aK anrr'ro$ocri r<euripy caTbIcbIHAu 'quttu 
naftI,ana'rblnybl rrayrrariu erenin

"untffi;reynepAiu arrbrHraH neurxenepi KP EFM EFSEK rig6ecine riperin

5 aculrru Aap Aa )I(apl4fl rIaHraH'

)KorapH4 a fuaxYgasttsaHHblll nerisiHAe EA' Vcep6aenaHblll Al{cceprallutnblK

xs\4brcbr xoFapbl FbIJIbIMI/I -TeopHflJIbI( AeqfefiAe ruHrapMaIUbIJIbIKIIeH OpbIHAtUIAbI

xeHe 6D072000 -,,EeftopraHlrKaJrbr( 
3arrapAbrq xLrMI4-flJIbIK TexHoJtorutt_cH"

MaMaHAbrrbr 6ofirrmua sunocosu-a AoKropbl F'IJIbIMII '.epexeciu 
6epy YIII'H

Ar4ccepTarl r4flIIapta(ofirlnarrm TzUIaIITapra cefir<ec rene4i AeII ecellTefil'rin'

Jlanpoe E. A.

ET6000486221 1 01 1 34505Q5841 3F

HorapilanuK ic-apexeni4 6iperefi HeMipi / yHrKanbHbti rouep norapralsroro Aeictgvr



(01) (uepnoro) nox6px 2022 roAa

A, Pax\aeroea fynruar Paxuetrltsu, Horapr{yc ropoAa TlTrrurenr, Pecuy6nurz
Kasaxcrau, JrLIIIeH3rrt }lb 0001518 or 16.07.2003 roAa, BbrAaHHoro MIO PK,
cBllAerenbcrByro BepHocrb coBeprrreHHofo MHoro [epeBoAa AaHHofo reKcra AoKyMeHTa c
pyccKoro .fl3brKa Ha Ka3axcxuilt sz
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