
Report on the work of the dissertation
Councill

Dissertation Council on metallurgy and materials science the Kazakh national resea'rch

tec[rnical University named after K.I.Satpayev on specialties (direction of training):

| ..''.''"^oni ,,I\,tcrollr*c,v;'/!lI)07?04 - <Nlletallursical engiineering>6D07090O-<Metallurp :y >>;l fiD07 204 - <Mtetallurgical engiineering >

-6D070900_<Metallur6;y>/tiD07201-<oreBeneficiation>
- 6D071000-<Materiatr'r.i.u.. and technology of new materials>'/ 8D07103 -

<Materials Science and Eng;ineering >

ll. Data on the number of me:etings held- 5 meettngs'

?-. Full name of membr:rs orf the dissertation council who attended less than half of

the sessions: none.

3. List of doctoral student indicating the orgatnzation of training:

Paltusheva zhaniyalJrazgalievna - KazNITU named after K. I' Satpaev

yessirkege.rou Gi.t,"k Il,ragimovich- KazNITU named after K' I' Satpaev

Utegenova Meruyert Erkinovna - NJSC <D. Serikbayev East Kazakhstan technir:al

university
Abdikerim BekzatErubayuly- KazNIT I' Satpaev

Makhanbetova Baktl,guli[imzhanovna e processins of jh.e Shalkiya

deposit oxide naturai ind I ^ , 
ining raw materials>

Tastanova Aisha Yerbulat after Il' I' Satpaev

Yeshmanova Gaukhar Bavytzhankyzy- nonle'd after K' I' Satpaev

Kuspanov Zhengisbek Boranbayuly ler K' I' Satpaev

Turar Kusmanoi'ich Sarse'mbekov- er K' I' Satpaev

Ablakatov Ilyas Kabylashimuly- KazNI K' I' Satpaev

Baiserikov Berdiyar'li4eiirzhanuly- KazNITU named afier K' I' Satpaev

4. Brief analysis of dissertations considered by the counc:il during their porting yoar

Code arnd

title of
Topics of workFull name of the

Doctoral student

educational
program 8D07103

- <Materia[s
Science and

<<Svnttresis ana study of the properties

nanostructured semiconductor milterials

application in sensor devices>Paltusheva ZhaniYa
Urazsaltevna

8D07204 -

"Metallurgical
Engineering"

ptocetsi"g of neap leach solutions of co

with reduied crud formation during sol

extrzLction under the conditions of
Aktogay Mining and Processing Plant

Yessirkegenov
Meirbek

Ibragimovich

8D07202 -
"MetallurS;Y"

"R., lurgical slags fiom lead

and, on in the context of
tranriition to sustainable development of the

metallurgical industrY"

Utegenova
Meruyert
Erkinovna

educational
program 8'D07204
- "Metallur:gical

<<Ob1 bents on the basis o

natu uranium rlxtraction>Abdikerim Bekzat
ErubayulY



8D07220 -
<MetallurgY>

e"t"pt g of the ShalkiYa

drlposi sulfide
terihno genic zinc-containing raw materials

8D0720,+ -

"Metallur65ical
Engineering"

Drevelopment of a technology for processin

taLilings from chromite and manganese or

b,enefir;iation to obtain pellets for ferroallo
Tastanova Aisha

Yerbulatovna

and Engineer:ing"bxidation on the surface of aluminum alloys

flevet.lpme"t of a technology for applying
protective coatings of plasma 

. 
eler:trolyic

8D07103 -
<Materials
Science and
Engineering,>.

uloretopment and studY of Al-doPe{
photocatalyst based on SrTiO: w-ith <lual co-

catalysts for effrcient water purification and

hydrolgen production>

Kuspanov
Zhengisbek
Boranbayuly

Devel,opment of a TechnologY

ti.ecor,'ering Niobium Compounds in
t'roduction of Titanium Tetrachloride

Turar Kusmanovich
Sarsembekov

8D07103
"Materials Slcience

and Engineering"
trtesearch on the Development of f)omestic

l\lurninium-Lithium AlloY * (DOU)
Ablakatov Ilyas
KabylashimulY

8D07103 -
<Materials licienceltesearch of ways to create domestic

prepreg *(DOU)
Baiserikov BerdiYar

MeiirzhanulY

,1.1 Analysis of the topir: of the dissertation by z.H.Paltusheva "Synthesis and study

of the 
'roperties 

of nanostruclluredL semiconductor materials for sensor devices", presrented

for the, award of the Doctor of Philosophy (PhD) degree in the specialty 8D07103 -
"iVlaterials Science and Engineering"'

Ihe topic of this resJarclh *o,ik li", at the intersection of su.ch relevant scientific areas as

narlotec,hnology, materials science, sensorics, and biomedicine' The main focus of the worl< is on

the development of innovati've sr3nsor solu

s o lis rmination of

ele lY Personalized
t o tic detection of

he research and its medical significance'

mQrphology and defect structures.

The conducted patent analysiis and the presence of'a patent in Kazakhstan conf-trm the

originaility and practical significance of the o rtained results, as well as the high potential for

cofnmercialization of the developed sensors'



Thus, the topic of the dissertal.ion is relevant, inl.erdisciplinzrry, and practically oriented'

The obtrained resulis contribute to solving an important scientilhc and technical task--the

creation of new highly sensitive sensor platforms based on nanostru.ctured semiconductors' This

opens up prospectt fot their implementation in medicine, analytical chemistry, environm,ental

monitoring, and related industrier;.

Connection of the disse,rtati,on topic with the directions of scientilic development

fornned by the Higher ScientifiLc an,rl Technical Commission unriler the Government of the

Republic-of Kazakhstan in ar:cordlance with paragraph 3 of Article 18 of the Law on

"Science" and/or state progratrns.
T'he topic of the-dis;ertalion "Synthesis and study of the properties of nanostructured

semiconductor materials for creating highly sensitive sensor devioes" directly aligns with the

priority areas of scientific and technological development approved by the Higher Scientific and

Technicsl Commission under the Govemment of the Republic of Kazakhstan, in accordance: with

paragraph3 of Article 18 of the Law of the f Kazakhstan on "Science".

llhe work is related to the follo'wing
Rational use of natural reso,urces, incl water resources, geology, raw malterial

processing, and energY Productio,n
llhe develop.*nt of sensor devices based on nanostructured materials can be use:d for

envirorunental monitoring-deterrmining pollut tnts in afu, water, and soil, which contributes to

ensurinp5environmental safety arrd sus;tainable use of natural ts5egrC;es'

Irublic health, includirrg firndamental and applied research in medicine and

pharmaceuticals
'llhe dissertation focuses on creating biosensors fbr early disease diagnosis, particularly

for detecting the CD44 cancer marrker. thir dit..tion contributes to the developme nt of

personallizei medicine, acceleriated diagno 'which

ionesponds to the tasks of improving public

Information and telecomtnunir:ations
lfhe use of fiber-optic sensors and thei rrlmote

monitoring opens up oppoitunitiies for the devel digital

medicine,-aligning witf tfre direction of digitalizing the economy and society'

llundamental scientific rerseatoh
'Ihe work includes the study of the fundamental properties of nanostructured malerials

and the investigation of mechanisms of interaction tretween biornolecules and semiconrluctor

surfaces;, contributing to the devellopment of fuirdamental knowledge in nanotechnology'

materialls science, physical cherrListry., and electronics'

l3onnection with state Prograns:
istate program for the Development of Education and Science of the Republic of

Kazakhstan for 2020-2025 - the di:;sertation aligns with goals to stimulate scientific rersearch

aimed at practical application and .o--.r.iulizittion, inclr-rding in biomedicine and

nanotechnologY.
National Digita1ization Stral.egy ("Digital Kazakhstan") - the results of the work,

especially in fiber-o"ptic sensors and rl"moie monitoring, correspolnd to tasks for implementing

intelligent devices in healthcare and ecology'

Analysis of the level of irnplementation of the dissertation results in practical

activities.
Based on the dissertationL research, 19 works have been published, including:

1 article in journals ind,exed in Scopus and Web of Science (Citescore percentile over

35%); 4 articles in publicatiorN re,comm"t O"a by the Committee for Quality Assurarrce 
-in

Science and Higher dducation of the, Ministry rf Stience and Higher Education of the Republic

of Kaz,akhstan; 15 works in trre proceedings of international and national scientific-practical

conferences.



, 4 patent for an inventio:n has been obtained: Abdulllin K.A', Gritsenko L.V., Kr:druk

E.y.i. paltusheva Z.H. "Method lbr obtaining photocatalytically actiive zinc oxide powders' No.

35717,issued on 06.10.2022, applicatiion No. 202110249'

4.2 Analysis of the disserrtation topic by Meirbek Yessirkegenov titled "Processing of
crud formation during solvent extraction

and Processing Plant", submitted for the

the speciatty t1D07204 "Metallurgical

uction of cathode copper, one of the pre:ssing

ach solutio m the

gical issue rlvent

er: (crud), ;antlY

ry, and teads to exiractant losses' These effects

d economic ineffi'ciencies'
ive set of scientifically grounded approaches

research also established how these impurities

formation of diffic:ult-to-separate phases at the

modified extractants from the Acorga series

CR60, and the coagulant POLYPACS-30' These

esting with pregrrant leach solutions from the

extraction-electrowinning (SX-EW) florvsheet

n conditioirs. Praotical recommendations were

account tkrc composition of the solutions and the

al valuLe g the tr:chno-

ducing e coPper losses,

is a.lso other rnining

with the directions of science development'

whlich are formed by the Higher Scientific and Technic'al commission under the

;il;;t#;"t^;i;h" Republic of Kazakhstan in accordance with paragraph 3 of Artjicle 18

;t"[*'il;'l'bn i.i.nce,, and (or) state pro rams. Tlre dissertation aligns with the national
I

resparch priority ..Ecology, EnLviior[ne"J, ;g. Rationa] ulse ot'].laturf *::::1.Y, "13#:
#1;;"rJ.i^ r"i*tiiic direction "Advancecl Frocessing of Mineral and organic

ces,, as defined by the N'ation.al Scientific council under thro Government of the Republic

The freld of research corresponds to the classiiier: "fingineering and Technology;

M4teriials Engineering; Metallurgy."
The research was conducted within the framework oi the following grant and program-

tarpeted projects:
i Apl4S 715g7 ,,Development of a comprehensive technology to reduce crud formation

duf ing copper solvent extractio:n" (2rJ222024)



l\R19175411 ..Development crf a technology for intensifilin.g the copper electrowinning

proQess" (2023-2025)
ElR2lgg1939 .,DevelopmLent of resource-savinlr elelg'v-gen.erating technologies for the

minfng 4nd metallurgical sector and establishment of an innovatiorr engineering center" (t).023-

2025)
ltnalysis of the level of limplementatio of the dissertation in practice'-

A tqtal of 7 scientific articles were published, jour:nals indexed in the Web of

drSccnjo,urnalsrecotnmendedbythe
te e in S igher F,nrrcation (MES RK), and 1 conference

\ rece patent application No. 2052410449'l dated

12 lso Pr
( .A., \lessirkegenov M'I', ra K'K'' Me Y'S'

Sus{aine of Copper Hlidrometallurg ; and Technol Crud

Redluctir Extraciion of Copper. - 202 ;. ISBN 978-6 +0-6'

tfhus, the technological solutipns piopoted in the cirssertation demonstrate a high dlegree

of spientific and practical-significanc,e. T relevant contr:ibution to improving copper

solvent extraction with minimal environm erational losses'

4.3 Analysis of the topic of the diss ion h1' utegenova M'E' "Recycling of
n in the context of transitiron to

", presented for the award of the

alty 8D072A2 -" MetallurgY "'
intersection of such relevant scientific areas as

The main foctls of the work is on the proc'lssing

ction as : contribution to the achievements of a

The rele'r'afloe of the chosen topic is due to the

essing rnetailurgical slags, which corresponds to

ensure environmental safety' increase rel;ource

efhPien concetrt

with thr g Carbo

use of 1 rlretallu

sla$s, tr zlterials 'with

technol facing the incmetahurrgicaf 
iJ;l;1r",;1"1,t3;.tlX?'s;,;',tr#

materiais in the form of granules, tablets, blocks'

e imclen;entation. land plots are freed' from

them io tt', '-i-';ecl 
for agricultural purposes'

cogstru,ction or recreational areas.

The interdisciplinary nature of the work is confirmed b)' the use of a wide range of

.iig the extrusion proceSS. The study is ainred not

onfy at a fundamental understand.ing of slag recycling processes' but also at crearting a

teclhnology applicable on an inclustry' scale'

Thus, the topic of the ,Jisser:tation is releva.nt, !p'1r1)r;rr;',e and practically oriented' The

reqults obtained contribute to solving an important en',ircr'lle ,iiai and technological problem -



the processing of metallurgical slagsi from lead and ooirlicr production, including additional

extraction of residual concentrations of valuable components (Pb, Cu, Zn) and the subsetluent

use Of sllg residue in the synthesirs of new ceramic materials'

T'he conducted patent analysis and the presence of a patent ol. the Republic of Kazakhstan

confirm the originality and pracliical signihcance o1' the obtained results, as well as the high

potential for commercialization.
Connection of the disserrtation topic with the rfirections of scientifrc development

forqed by the Higher Scientifiic an,rl Tec-hnical Commi'ssion under the Government o'f the

Republic-of Kazikhstan in accordlance with paragraph 3 of Article 18 of the Law on

"Scienc,e" and/or state progranns.
l'he topic of the dissertation corresponds tit litc priority direction of scientific

devolopment "rational use of nalural ,"ro.rr""r, inch"rrliiig "iile: res,ources, geology, procel;sing,

new materials and technologios, safe products and .suuctures". The area of researoh in

accorda'ce with the classifier of scientific areas "Iingineering and technology; Materials

engineering; MetallurgY".
llhe dissertation was carried out within the f,'arneu',itk of research projects financod by

the MiniLstry of Science and Higtrer Education of the ir.ep,ui,

- GF scientific research ".Development of technolog ceramic mal'erials

basod o:n domestic natural raw materiats and man-marie cal enterpriries of

Kazakht;tan" for 2018 - 2020;
- GF of young scientists "Zhas Galym" "Developrne n of digital production of advanced

ceramic materials sy"nthesized fi.om natural ra v rrralerrLal; a d seini-finished products o1'non-

ferrous rmetallurgy" for 2024 - 2026-

r\nalysis of the level rof implementation of, the tlissertation results in practical

activities. Based on the results of dissertation research, 15 works were published, including: 3

artigles in publications indexed in S<;opus a f tabases (CiteScore perc:entile

indipator is more than 35o/o): !i articles in )i )nded by the Committr:e for

Quality Assurance in science rand IJigher Ed stry of Science and Fligher

Education of the Republic of Kazzrkistan and 7 ',r,;olk: in collections of Internationarl and

Republican scientific and practical conferences' 
^^,^. ,^,^An

,A. patent for utility model RK. No. 5394 RK da1.ed 0912512020 clng a

granulafed carrier for a catalyst" was received and apetl':rli lb; iil'entio lmber

2g24lQ9l6g.1 dated IIlIIl2024 "MettLod for increasinP r'le trr;cL'ai,ical i" was

filed (at the stage of examination on the merits)'
,4.4 Analysis of the topic of l;he dissertation by Atrdikerirn B.E. "Obtaining modified

sorbents on the basis of natural raLw materi rls for uraniu.m extraction", presented f'or the

award of the Doctor of philosrophy (PhD) degree in fhr :ii-:recialty 8D07204 - "Metallurgical

Engineering".
The subject of this research lies at the intersectioii of serreral cuffent scientific fields,

including technologies for the treatment of liquid raCioa*tiv: \vaste, sorbent chemistry' and the

processing of indus-trial waste materials. The primary foctrs of the study is the developme;nt of a

cosrt-eflective and efficient technolop;y for modifying nalural minerals - 7sc)111s and shunl;ite -
to create high-performance sorbents for the extrac'it'-:t,,l'i '-it'attium from low-concentration

solutiotrs.
The rel esearch is ul'anlum

mitrring, especi an, vrhe lea se(l' I nls

processi result tion of nt I utanium

concentrations )1 to 10 The ;le.at:n:rrt :,f sticn waste requires accerssible,

low-corst, and efficient sorbent rnaterials'

The scientific novelty oli this work
from 1'ellow phosphorus production -
primari.ly composed of wollat;tonite and

lies in the use ci peospirorus slags - industrial waste

as modifre'rs fcr natural sorbents. These slags are

phosphonrs-containing compounds that shorv high



s in carbonate and chloride media enables the

the stabilization of functional groups' thereby

sLtL.tlqitc. i'hrs ieci to the development of new

first time, the

, achieving an

the l.easillility of reusing modified shungite'

noiotl'
is su,oplrted br' the use of a wide ranSle of

ay ciiffractron (X.RD), infrared spectroscopy

various chemical analysis techniques' The

tal unrlerstanding of the modification processes

. ith tli,: tliractions of scientific development

for4red by the Higher Scientifiic and Technical ('o;nuiiqsio''t uader the Government of the

Reppbli.c of Kazikhstan in accordlance with par'rlr"a'irli '] of Article 18 of the Law on

"Scfence" and/or state programs'
llhe topic of the Airirtttion oorresponds to the priority area of scientific development:

,,EcQlogy, 
"nuiron-.rrt, 

and rational use of nat'ral res'LLrcls". It is also aligned with the

speQiali:led scientifrc direction "Deep pro urces" of the

Natlonat Scientific Council under the Gover

llhe research area, according to falls rtnder:

"Engineering and Technology; I\{ateri'als Engine
-fhe dissertation was ca'rried out withi geted funding

(;01,',"i: ..1.!iiitlii,it il'-' uratlium from productive

atura,,.i-tiir€i'&is" ('10 1 8-2020);

natural sorbents for uranium extraction using

indlrstrial waste" (20202022)'
.Analysis of the level of implementation of tlit clisserrtation results in prarctical

act{viti,es.
Based on the results of the dissertatton r

l-!rj-I'f,:i',:'. . ..1:'iii-'r':rt(:OS'

e becn ot)t'[tin'-'al:

- B.K., Surk Belkinbaveva A'N'' 
--Dosymbayeva -Z'D,

chlrkman bdykerim B.E invention 'iMeth.d for Uranium Extraction by

Solption" it;.:%illil )?r"l;;'::', 1 ri .r.b_dykerim B E,, yes;imova

nveli"ii''':, l,'1,:thocl ftlr Uranium Extractiorn from

, Patentl{o 357'{7'

akhanbetova " {)omprehensive proces;sing of

,,1i1',;r;;iT,-Jiilr'ffi:;?J'fr"irul.";
8il07220 - MetallurgY.



- The subject of this research paper is dt'l-'lt ' ' :'! ,:- .-l'gent problem - improvtng

the efficiency and environmental sustainability oi cor^ip.crr proces,sing of hard-to-enrich zinc-

containilg raw materials, includiing both natural oxide ores and rnan-made sulfide ore rvaste

from the Shalkiya deposit.

- In conditions of depletion of readily available ii'.-ii)i"r1,'ceS and the growth of man-made

accurnulations, the development of integrated l)i,,,,-' 'ri' i .'rir.r,c'?ies is becoming a priority

task for lhe mining and meiallurg;ical r:omplex of l(-.,t,,i,.i', ri." \ dl:tinctive feature of the deposit

is the presence ofiignificant upi:o 50,/o silica content in the ores. Indigenous sulfide ore belongs

to hard-to-enrich *d flotution prorcessing extracts ',tTYo of zitrc from the ore into zinc

concentrate , and 56Yo into lead. tn tne tailings of errich-r"'ert. the mass of which is at leal;t 0'9

tons per I ton of ore, 23o/o Zn and 44o/o Pb ate il,r.:i,-r t -. \r;lih the tailingls of sulfide ore

enriohmronl,allsilicaandironarclalsolost. Inacidr-.'. ' :L'ra(Joiemofcornplexprocessing

of the o>ridized ore of this deposit, corrtaining I Zn arld -.)b 3--1.87o. 40-50%SiOl2' These or(ls are

practically not processed and are exported to landfiils cr sulfide ore,
reate zt new

ihereby *orr.ning the enrichment rates. Based on this' it i
technic,gy with i significant increasr: in the extracticir ""' also a non-

metallic component, silica, into the target prod-li-: ' - '''' "'' 
plocessing of oxidized ore

and tailings of Shalkium ore.

- Iior the first time, the festures of processinq tlr,r tliflbient types of zinc-containinlg raw

materials lbr the Shalkiya deposit have been comparatively anaiT'z'ed: natural oxide and man-

made sulfide origin.
- l\technologicalschemehasbeendeveloperit,!'i'r'- rit.i,-'.i.c'lectrotherrnalprocessingof

oxidizecl zinc-containing ores from the Shalkiya tl';I'.':,.i ::i i-i ii"tLings of sulhde ore processing

with the simultaneous- production of siliceous fLrroallo;rs andl zinc sublimates with the

replacernent of scarce steel shavi'ngs rvith ma c ate

- Ilased on the experim,:ritally obta r: j;al m.od optimal process

parameters (amount of coke, arnount of steel sh ':: i ; iec! of iron contained

in scarce steel shavings with iron contained in r 'l )"rLrii re determin'ld for

producirng fenosilicon'of FeSi25 an<l FeSi45 jo/o of

lZn andPb from the Shalkiya oxidized ore, ' with

&traction of 75-85Yoof silicon into the alloy a .es'

- 'Ihe conducted large-scale laboratory rf the

concentration tailings and s-ulhde ore mixture 2[r1'1,,,- : ,: ..,, 'r-']:, rh;,it during the fbrmation of

FeSi45 fenosilicon]the maximum clegree of siliiu.i 'r:,--ii..r;, -ri1c the alloy (83-86%) takes

place during the srnelting of the tailingi and the o-re rn the plesence of rnagnetite concentrate' At

least 9gi-99 yo of zinc and lead are extracted in the sublimi,,les containing up to 3 1% of zl'n and

10.1 of Pb.

- The relationship of the topic of the rl!:,r,- i ;.:;': ,'';rrii Ihe directions of s'cience

development, which were formed by the Hlg;r"" t;i'i: ':l:rJ l-echnical Comrnission

under rthe Government of the Repubiic of Kazakhs,!,rr:i iri acctrdance with paragraph 3 of

Article 18 of the Law "On Science" and (or) state p,1.ilg,I'arils.

- Compliance with the priorities oi scientific an,C iechnological development rrf the

Republic of Kazakhstan 
^rrcen^n,r Lce and technology

The topics of the work fully corresooa'I "'"r 
.::'';r /-rl sclon

approved by the Higher Scientific and tii ment of the

Republic of KazakhsLn (in accordance w j n Scie:nce"):

- 1. Rational use of natural resource N

minimizing- 2. The research is aimed at iincreasing i' 
g the non-rnetallic

losses and involving man-made accumulations ''' '. I i'')\ ''' Lrsln

bodv oIther:t*51il".:x:::toth 
apptied aspects * r-(::i,i,ol.ji.,:, el.,c {i-,ix]arnenral studies o1'phase

transformations and the behavior of oomponents ar higil r.-rLp"ratures'
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T'he dissertation work vras cirried out on targeted program financing on the topic

lopment of an integrated technology for proce ssit:s i,:;iil,-'.o-errlich polymetallic ores from

hatkiya and Zhairem deposits" withiir tl : i,,t RRl9777l7l Program

:lolprnent of fundamentally new technologies toi u, iegld.eo processing of polymetallir: raw
1 L --1 \r^ .< r^+^l i,,*^ 1 A 1n12. l"afurepn the RSF na PHR

uli," fnr. 2023-2025 undei rcontract No. 35 dated iune 16, 202.3 between the RSE na PHB

Center for Integratecl Pro,cessing of Mineral Rau' Materials of the Republic of

n,' and the Committee of InLdustry of the IVini:ri."' n*'I'tdt-tstry and Construction of the

lic of Kazakhstan
lmalysis of the level of iimplementation u.' l't ' .,,ri sf' j+re dissertation in pra,ctical

ities. The results of the dissentation rvork hal'e been connpnehensively scientifiically

and demonstrate a high llevel of publication activih':

percentile from2l to 77o/o',1, which coi'^.

- 9 publications in collections of InternaticnaL a:rrtl f...atiomai scientific and practical

Patent for invention No' 36683 KZ
ing high-silicon sulfide lead - zinc ores "

tfhe proposed technolog)' for processitr

dated, 0410512024 was obtained. "Method of

enrichment tailings can also btl used for

16 scientif,rc papers have been published, includirig:

- 6 articles in international putrlications indcrlil i'' 'rr-'' ',p)l-L-s ir.lrd Web of Science databases

- r,i:,;i(.ricri recognition of reselrrch;

, ;.i. ,' ' ' , i,;i, "l.. from the Shalkiya dr:posit

srl,,i;;, ,';,,,iriii,il, i,-, Iiazakhstan and thr: CIS

,.llsiecatiion fully comply witlh the

Doc':or c,f PhilosoPhY (PhD) in the
,ao
edt

tec

lfhus, the subject matter arnd content o1' tho

rernents for papers submiitted for the degree ot'

the

ional program 8D07220 - Metallurgy'
a.6 Analvsis of the ditssertrntion topie ,-' /i,/ : .!rfiaiilO\/'1 " Development of a

rlogy for processing tailings firom chromite rrnti iltiirtglresie ore beneficiation to orbtain

tfoi ferroalloy productioi ", submitted fon thre desree of Doctor of Philosophy tthD)

s p eciaf ty 8D07 20 4 - "Metallurrgical En gineeri n t' "
l-er-roalloy production is one of the leaiir':; 'it':

lurgical .o-pl.*, as it is primarily based o i-'' :';!L';;:';; clilotnite and mangianese

Although Kazakhstan ,unt, ..,.ond and fburlll 'Iit',r',,i,i.v' 1l .erms of proven resenres of
^ ^^ ^+-^l^ ^A

mite and manganese ores, respectively, their extraclicn at form,er levels has been constrained

to rjeclining ore quality and increasingly comple;< mii:'ing anci technical conditions' 'At the

rate of extraction, chromite and mangane:ie ort'ir..i)rii'cis r'vil! last only for the ne:<t 30-

;. Due to the depletion of rich chromite ancl -rr i rr !) i i ';' r:f3 '''lsorVe S. technogenic ntineral

s generated during beneficiation plco.)ssi:. -,.i- ...-':','1'"i, ---cleasing attention' During

ion of large known de,posits such as Doirisl,o'i iolii:i:;g ai1,i Processing Plant's DuLbersai

ffiil;;"r1?l *a ,n. Us katyn-3 deposit of t',re 'olr'iue GOK, tens of millions of tons

chromite beneficiation tailings and severai,:rjlljr-,r, tons 'rf manganese tailings have

uLlated. Althoughthe corresporrding slurrv tiliiiil'.:r r'" ''ir'ir ;t'r: ic'i2o"o chromium oxirje and

16o/o manganese, their beneficiation rerlzt. .r : . :-' ' : l ;': reoiinoi<lgical task' In all
L-^---L +L^

ied cases, high recovery ratres of chromiurn oxicle a'r'j il:.rr-.ga4ese wefe achieved through the

;ien,t applicatlon of grurrity concentration methcds. inci'-rding preliminary separation of slurry

ngs furto naffow parti"te-tite classes to oro,lr;ce tine-graimeri conditioned concentrates'

iria.l adjustment oi operating parameters 1,r; iif,i i,-',: ''i:cirir":s and shaking tables when
,^+l-, +^ +Lo.o

t";?;-;;;in"a .Lo'oite and ,,'ari.:.ir':'rr' I "'' 'rl;trlr d significantly to these

Its' FJr the piocessing of fine-grained con'.lit'r-rir-1"'-rL'-:;:-'re riolr lnanganese concenuates' a

nology for the synthe-sis of composite frred pellets was tie/eioped. This process uses a new

rsal fluxing component -- fenuginous diatornile, a" I'aiurar silicate raw material obtained

ttre Zhalpak deposit located near the Emba sta,,icri ir the .'\ktobe region' During ther hringunl
fro
of omposite chromite and mangan,ose pellets u'rilr i.lr -,': ji);-ii',-,\.1irents, including ferruginous



diat mite, their porous and fusible structure or()i:'(iii)i ei ier;rpe"atures up to 1O00 "c' the

fo

t
the

and

thei

ation 'f magnesian hedsn[rergit,r (Ca(F:.1,!i, ;.': .'' .' 
,.'1.''r:r.rtiie pellets or hedenbi:rgite

eSizOo) in manganese pelletll. iurther incr,tr,',,. 
" 
. -, ..' f lrature to 1200'C results in

ormation of a ferrosilico-calcium binding phase r",'ithin the structure of the fired chromite

rguo.t. pellets, signifrcantty improviig ttt.o m'echanical stren$h and enhancing their

ogic,ul properties for subsequerLt ferroalloy stlr:liilltt .r;--" thic
;.T'ffd-il;1;;;. ;ipro e,rring lins-1,"..,",-.-, -.,-'l1.'.',r- ini,J manganese tailings, this

Ltion developed a scientjfic llly srib:;'-i'; ' ; ' "':' i' ioit'tiions for the gravity
-*2 ^1., ^)-^rtatlon oevelopco a sulerllrrru nr) rur'

entration of technogenic clrrom:ite and manganesc u'aste, with pteliminary particb-size

ificiation followed u] tn. synthesris of composite llred chrornit,: and mangzurese pellets and

ffi;il;il;il;;;',;;;;;o6-grad. ierrnallol's Irter nodvnamic calculations c'f the

therrmic reduCtion Of the lman Componelits :"' ' t,' 111r1'r'li'e' cnromite and manganeSe
. I ...^.-. +--.*,.oll^.r"

dernonStrated the f-easibilrty of produltr t1 l' . : ,1':' 'i' r'iri b3r" t-erroalloys'

l,ilOt-scale laboratory sturlies on the smer.irlB dr r.r:rr1)usIe; ,icci ciromite and manganese

confirmed the possibility of olrtaining ferroalloy'r; Lrrat mee riational standards as w'ell as
rorr T\Ttra

pell

pell
ol'China and Germany, the m,ain ."pio.t mai'kets fot ferroatloys produced by JSC TNK

hrc,mt:. Based on the experimerrtal studies. ii'r''-'J-r',s. 1-lcv'r di'rrlrams for the production trf

;-""i;;"Ganese rr,-.,;e'; .' '' ,.'..i- it';.;'iV beneticiation scttemes
-r^-^^.1osiite fired chromite and rnanganese lleric':l -1''. I 'r f-

de.veloped, and their compzyative techtiii;;., r, ,l '; 1 ' ' !1 i l" ' I l'ri-'';r"'i-s were performecl'

lfhe results of this dissertation have signit',cr[:i prai;tit:al irnpr:rtance for improvirrg the

:arl iUrd economic perfonnanc,l of minii g ar d ;r,r:ra.llui'g. 'zLl entefprises, increasirLg the

I extraction of chromium oxicle and manlgal'-13'.-' f'6trt f-irocossed ore raw materiall;' and

ing the environmental p.rforrlance oi rltry'jii, ''i ,' " .i:':-if ' j'he d'-'veloped technologies

also, br: applied at other similar mining aLlil r:ir; ::) be applleo ar orner slrrrllar rrrrurrr5 ciir\r :r!'/

'Ihe connection of the tlissertation 'iotrii; ''';irLlo t'he directions of scientific
!,-:^-

;o#;.rJ^t -.0 by the f{igher $cie,arific :ur,ii Technicat commission
^!

i;l"[il;-."i "i,iln.p'r[ii. "iroroxhiitan 
in acr: rrdance withL paragraplh 3 of

:^ ^l^^^l-,llts \tuYgrlllllwrrl vr lrrv . r -^l--

lg of the Law,,On Scirence" and (or) Sii'lirt l.;i-'ii{i.i.';:i.i 'iil:iissertationtopic is closely
T- ^t^--:^^l

ed to the scientific developrnent prioritil; i'i ' '' .i , r:; t.:'r'Sc;re:ntillc and Technical

.i..,.,. i,it.Jl. ;a acccrdance with
Co

l'"il?"t. is ii,il;;';.or s.i."rJ' .,,,u f ,.,r'iJSf,i)t'ul.'s siile programs. Thj',1:p1t,

i|"Ur ii?fr. *foiity ,ri,rrrtifi,c directron: ''-[]col'cgy- i"n'ironment, and Rational IJse of
---^r r)-^^rooi-,- ^f I\,{inerql and

A
re

ural Resources"
nio Resources.

The research held is classified as 'i: .''t'

lrrg'y."
TI'e dissertation was canried 

'ut 
within the iri'r'c"''ili'i ti

- ,,,Development and tesiting of an improve;l l,lrll-i;rtrioij-'

from fine-grained chromite conceiitr'1 i {lil i i ''1 ":

08856229,2019-2022);
- '''Development of a

ilicomanganese and

:ne, ucilo wing s;cientific Projects:
[,or producing strong chromite

,"iiiit;1 irito ferrochrome" (No'

ter;hnology for pro,iuUlrl.! rr1?illiriresi: Peiieis for the production of

hislh-ca:rbo-n ferrc.nangzr-r,es.- r.,.,r, fl'e-grained sludges" Q'{o.

09258880, 20202023);
- "lmprovement of technology for prodrrcir ,1 ,'i!-1)nr 1,' i',r:.-.1e'.s 1'r0m fine-grained sludges
- llrrPruvutlrwlll vr rvvrrrrv^vbJ ^"^ t-- .1 1 ^ A^a \

thepr,tductionof high-carbonfetrochronc'i."'- "'''', 
I I 'i )' t': 

',.:Yjt"l:
ili 

"#;;;ti;;implemerrtation 
t;'.'e:. : .: ,- "' ;"r' i :t3-i.lts in practical activities

', : ^--*^.1^ i^A^-oA in fhe
*r.r1;#^'i'o"rj*tarc pape:s were publishec, ,incruc,.rg s, ;.n lournals .indexed 

in the
r:--+^-.^^+i^-^l

it "'it.,""..^aiutur.r, 
2 ir other scieruirlo iouffials. e;nc 4 presented at international

ihc and practical conferences.

Thus, the ProPosed solutions

ical significance and rePre:sent a

in'il-iis cl:,:.':l r;

timel; ccrri, ; i

manganese WeLill0S,ing technogenic chromite and

. ,;;1' c.-gree of scientific and

, ,'lr, irlni:nt of technologies for



(P
sur

of
al
P

4.? Analysis of the dissertntion topic by \ e-smi,oa tor'a Gaukrrar titled "Development of

hnrology for applying protective coatinEs cf plasila elerctrolytic oxidation orL the

ce rof aluminum alloys-"isubmirtted for the degree of Doctor of Philosophy (PhD) in the

It5r 8D07103 - "Materials Science and Engine'"rring'

Mlde,rn advanced technol,cgies 6f s'.;1121,1- : ' l:,, r, r, I r',i';ls allow solving urgent

lms in the direction of ilcreariing iiit i..^,rl'rli,., : ';.1 J,.ali'r:y oi machine parls and
S ln UfC UlIgUtfUIf Ul lllrvls4$urli ruv L .

sms operating in conditionsr of friction and a..qsressive environments. Since these

make it possible to influence the phase ccmpositiol and tniorosfucture of the sample

.wilhout affecting the entire volume of thr mrlrrirl. The plasma electrolyte oxidation

) method is the environmentally friendlr'iin'-i ' ' " 1'; "i 'l r11'-;:.lfl o1-surface hardening of

d rnaterials. However, PEIJ technok,;ir ", -.1 ' :'-r'c : - -i i,r '' tlun-rbet of problemsl that

r t6e competitiveness of the obtained pictective coatings on ihr: sttrf-ace of aluminum alloys

glLobal economic atena. Today, the most urgent ..asKS afe to reduce energy consumptlon
"proc.ssing, 

increase pr,r.rss productivity aitrj reC,uce the porosity of the coatings

T6e deVelOped Optimal prOce,S:i:lg nii,r.,,- I 't " -' ii'il :li-l]|loi1 0L uuaL'rBS \/.rL' 4

rll,ed structure and phase cbmposition. llilcLr liiaK,'s ;i liossit;le to 'ichieve the required set

ifional characteristics otf the surface of the atirrniil..iif- alJ,:'is. 
-lhe development of an

i.ve cost-effective methoclbased on optirni:ting l!:Le :iectrolite cornposition in the unipolar

treratrnent mOde, whiCh SaveS errergy uuitlt r'i'"1)'- I "'!t''i.::IiL\\'vtl'' a's an alternative to bipOlar

rent in the soft sparking mode is i-ot's.::";""'ll -' ''l' "r' - r '" apr'ioiich' The use of an

eleCtfOlyte COmpOSitiOn COntributes iu u-ri;-",\ :,';V;.i,,.,3 {,i '.;, 1{t :- 
' 9'o lvhen USing a IOW

density of SO -,qy.-tiu unipolar PEO treatm:nf. Tl,'r; pt losed z.pproach is innovative,
--:-,- +L^:-

sol

ned.

T. solve the above probJlems, the ili:icrlrl i '-'" 'i.rt:-' ,: s':.r oi scientifically lbased

ing parameirrc on the transition to the soft sparirir:- :r'r-'rle d'urirg bipolar PEO trea[ment

n c.rried out, and the conditions ensuring lii;Ii, i"ilr'r:, efficie:ncy of the process have been

rizgd. An increase in the density. !ii'e.;r ..r-r1r ')r.,ii ii-' ;,;.,irr,: of cclatings has been

lished due to the introductiion of silic.':...c,-,,ri..,,-;r,r,; -. r:;iiiLr'l '.--: the eier:trol;vte and their

uent incorporation into the oxide larye';.'l'he -,:ra.its'''.'ii iif' c.iianges in the coatings phase

siition depending on the electrolyte compos;t-i,;'r: atii final voltage during oxidatiion is

mirrecl. The influence of the 'hemical stabili'v '-'i' iilt;:iie cle:ctrolvtes on the PEO pt'ocess

has n er;tablished.

ions for optimizing processing conaitions usl.:ir{ .i vri(iir..(Iriltally friendry electr:olyte

ulations using ,p".Tui puk;ed ilectroll'sis ri.ro.:!.js A ietaiieri alalvsis of the effe ct of

d aI comprehensiveiy solving th,: problems of 6ig tr gi. r'.'th ; 'tr: of coatings' improving their

tural chaiacteristics and increasing the erf'*1.-t-' ':;f .il':i',.'rt:'i '-i'iiii: I)r')cesS'

Tihe propoSed solutions usring low-cost'.r.1r-:{ ii' 'r.i )'" '''i 1:l':ilecial electrolysis modes

) an eCOnOmiC advantage o'Ver plu'rr'Jlil''-i ',:'. 'i rl:'i(':r''1 rle results Of the Study

e it possible to substaniiate the f'easibility of usrng ne pllc rneihod for aluminum all'oys as

:fferctive alternative to tradiLtiona.l technologies, s:l eir'Jlrtg the possibilities of its prrlctical

are formed bY the Highrel Sc '''1''
;#;;;i^r^n. n p"f[c ,of Kazalrhstzrr ]ro r,',)r.j{Jt,lart* t4 tt,:: fi?Yl[raph 3 of Article 18

,-- ---!+L +L^

i?*""6i;.1;;;;' and (o:r) state prog'a*rs. 'ii'.,; ri-t:;sr:ffiation topic aligns with the

research priority: "Energy, advanced maierials and :ranspcrt" as.defined O{:1: ]]ttn"
ffi;;Tl."nri*i-commissioir untler thc i-',: , l --; 

' 
.i ;-, r:;;, i '-.r,irblic of Kazakhstan.

The field of research c:rlresrfron'is I'

icallion in various industries.

Connection of the dissertation topics r;''r"

ine,ering; Coatings and Films".
The research was conducted rvithin

projects:

t.!., .-: i I iit it{ti;s of science develop'mentt

L!' .,:,.i ; 1'll'r'rrnission under the

the fi'a:n,:v,'lrlli ',1 the lbiloi,ving grant and program-

(fi.urctrcn:i (lo.i1.iii::r) F{crizon H2020-MSCA'RISE-- International Project FUNCOAT



stu
pu
arl
6511,4

("l)evelopment and design of new multifunctirtlali llEO cilarini]s". 823942)\

- l'he Zhas Galim project /\P251954A!r '-ji. -' .;' -; :::'ii::r' rir':rtlion of aluminum alloys

41.8, Analysis of the topic of tlhe diss',:l'iati*q'

of Al-doped photocatalyst ba.secl o:'r 5r--
i-n- i<. 1.1s;.-^i n q>', 7..h, B. <Development and

r i ll

ficartion and hydrogen proL\ui.i!orr.': t)

and submitted for the degrr:e of Ductor rii' Phil,ost,phy (i'hl)) in specialtv 8D07103 -

SrT
pho

env

:r1: soiar enc:^'gi for the

ition of harmful comPounds
the development of erlfic'i,.it t:.i\,! t t 

"

arrd roe '- '7'.",i'21'-ilii of irle a'n fuel is of parl;icular

rrtance. The creation of A'l-doped
tion, ensuring high activity, stability,

SrTiOs wiih <iual cocatalvsts represents a prornising

and c a,:',. .i / -- .1 1., .;-' r:s'., j I .i,1,Jtoc atalytic water splitting

and wastewater treatment procesises.
'Ihe scientific novelty of rri,:- ,\.-,i- l: ; ''::' ' ' an Al-coced SlrTiO:

yst modified with dual cocataiysts Ii-!:,,u,r.,.), ri;;"1 '-o(){-r[-,i ior eiltci-r:nt photocatalytic

n and water purification. It was estaclis;l:ii that tiie rlolten-flux method provides

uni irLcorporation oi Al into the SrTiOr lattice r,",ithottt iist':rbirig its structlure, reducing the

entration of Tit* species and fbrminJ:: ,.,1.../:r,.r - ,'^.'i:f .:l tll,. .li''-inote imprclved oharge

able r,l'ater purification and siolar-clt'ivorrr.'tr; ': 'r r.

Thus. the topic of the dissc;',,'.:."1-

results contribute to solving ilrtl'r,'l ilit'- 3li

.. , - 'ri',\'{irts fclr efficient 'water
i; : .: , ,n': (:1 r series of scierntihc

) I -,,_i \ r .1' L,_l'-r.,1

' :' ;;,:;c',iCall,r :;ij:rltcrJ. The
. ,,lilr--:t;.2.1 l ii:i ,.::ie;igy r:hatlenges - the

b,;;oc c;. ;-fbldable materia.ls fbr water

scl:zr lrgrht The proposed apprr:aches

, "i"", ":t' r:',',:..1 saf-et'y and sustainable

sol

;port. The deposition of dual c(ji.iil.i\' '- '

reduces recOmbinatiOn. The resuiLtng i...r.ip.,- it'- - .-. .i' -.. .)-,.j.r .:-- '-iv in t^ie J'lgradal'iOn Of
, lLl^ ^

icpollutantsandstablehydrogernel"ojutioni:-nr1':r"lol')i':"rr-''ilr"-ilqinapanelreactorwitha
areaof I m2.

The interdisciplinary nal"ure of the iest,llch. -; ,: 'r i:r*':,] lr' 'i-t' irSe of a wide.rarrge of

ph SiCOChemiCal analySis metliod:l ''a'n''.1 ":r' '1 i7 
":'ti 

r r-:iP'D) rc:annin[l and

missionelectronmicrosco1i-liri.'t,,,:.,l
Vis diffuse reflectance rpi,"t or.opy i'U\,r--'v'is i'"?'-:.'. 'l'l:c ::tuj1'ts airned not only at the

lamental understanding of cloping and chalge gcne:ation triiocosses in SrTio::A1 but also at

development of practtal techno,logies fol lrrocli:ir':: :;'iicii)r'rrr Fhotocatal'vsts appliceLble inthe
sca

llopment of efficient and economicai pho;ocaital'' sts

ficzLtion and renewable hydrogen prodttction unrlt:r



llelevance of the disserra';i,rl

gy, Advanced MaterinlS, r,;';,; 
-1 

,

ials and Nanotechnologit:s" definec

!, iiFvei0pment Priorities
u.nder the Governme)nt of
of the Law "On Science"

ti,

alt-

Lr.'t.het

rrE

esta

the
a

adv
and

Ed

T
T

lns

of

lisherl by the Higher Scientifir: and Technical e.oiumissionr

tenublic of Kazakhstan in accordance with ,4rtieie l8(3)

or sitate programs.
l-he, topic of the dissertation ,Jor:c\l ji ': ls t( : !. i :-1.; , i'1'scient:ihc development

.':' |,..:,-ct: iilr':tion ''New

'.2r-i rirz I Sr;rentj 'tc Council under the

Fieids. the area of researctL falls
I 1 i;;.1'', l, i 'il eri al s S cience" .

- 
,,' '!: ',(:

li\ )+,r '. ''Development and

,( {,' t11.' 'ol' je,llcntation

tlhe work was carried eu1 \ ri1'r' : :1^.

- Grant funding competitiorr oi iir- *i.'ron';"-

r lldrrcation of the Republic of l(azakhsrah for )0)1"'z-2i'2+. pr2+. project No. AI'}14869381, titled
ilnistL,v of Science and- Grant funding competitiorr oi iir- *i.'ron'-"-

lopnrent of a composite pJhotoc,atal'yst SrTiO:@);rirLir':rpltene Oxide for efficient hydrogen

of the Republic of ll.azak-hstan.

l\ccording to the National Classification of Sci:ntific
"llec,hnical Sciences; Materials Enginr:e r'j :g; li r' i 'r': i ':

ucti.on via water splitting."
- Program-targeted fundinri rt''Ji 'r:-: '1'O

ment of innovative devictls, r-,.. i,.
.Jlul

ion of the Republic of Kazakhr;tan.
,{.9 Analysis of the topir: of tlhe dissertation br"L"K

hnology for Recovering Niohil"un Compc"iuri" iir

chloride", submitted for the Ce{ir'"', 'rf Do'

mineral resource Lrase, cile i:, :,

use of hydrogen energy inKaza\distan."
r{.nalvsis of the implementatiion lievei cf the dissil'r.atrorr

on the results of the dissertatiorr research, ii,l scientiljc

ir:Lg 9 articles in journals inC,erxcil iii il'''' Sr

percentile abcve 35ctc) 'er t ' : '- .' - .'- L

Iity Assurance in Science ian irlgxLel lrd,rcati,-.,j,. -;' f';.. ivliilisl:,v- ol Science ancl lligher

resr,lts in pr:l.ctical acti'vities.
papers have been Published,
l: :'r ,;icnce databases (with
;, ' ..i' 'rv 1re Co'-nrnittee fbr

S:irsembekov "DeveloPmenrt of a
fhe }lroduction of Titzrnium

* , i{rr.',:'', i l)hD) in the spe:cialty

709)00 - "Metallurgy".
'Ihe production 6i titanium tetrachloricie is one of uirg l;irategicaily important sectors of

the in61 and metallurgical comple:r of the R epublic c,i K;;:a<lstirn. as it provides ttrg Uasil tf
i;ffiil ili;;iff sponge, titanium ailoys anc, jii:,h-q.aht)' t-eroalloys. This area is

,-rl^--^l -,^^

icularly relevant under the c,urterii. conqlii '; is, \ I i^itLr,:4...,r'-, ?l'',1e and fertiorLal use

mineral resource base, ttle ':, :r r ' L'

als in processing, and an increrase in the :irpterials in processing, and an increrase in the :ieptll or iccrl',i:jf \" ol-lare :nd rarc earth elertents,

udi'g niobium. At the same time, e>risting lechncloglcai sci.ernes lbr titarLium tetrachloride

ion are focused mainly on tl:ie ta.rget rnetal, tit:tni'-r.t:1, r\'.1ereas the bekravior of niobium

a other associated components al 
":";-e 

!'i:r-: i i''
fficriently studied, atd a si1:nifil. I '

sl ;;fr;; ir.,*v "r 
spray scrubb,ers ot 6;l-,ie1ii-'tt,c,il r, 'r.L'i lhe,e -clrearns are traditlonally

. : -l-:----^

re lN wastes subiect to rLetttraiiT'"'l' i'-;'' '' 'lisr' ', 1-.i 'i. ,, rrri) , :,fI ,;al i-tail O1t njObiUm

i -. p,;,. ji--'- iil ,nein. Ai iht: same

regtrlatory documents ancl exir;ting reoiinclogicli r.:gl,r,--ir':;:ts; l:,ainlil' spe'cify requirements

the target product, titanium tetrachloricle. r,vithout i::iiiiL's:Lig thc issues of conipreh'ensive

izationrof niobiu* and reduction 6il6sses ,:t'lhis r;",l3irit: rl,'rlt':rcneni'

Tc, solve this scientific and ier;rrltri ::'I ,''otr

ops a set of scienrificail\ ;:ct-r'r: '

;;;;"* "i 
tfr. i""h"ological chain "r:neorite o{\:rr.i','Li.: 'iii- -- titaLtiuln slaq - chlorination -

.rt|"i-iiiil;;, and ,at creating zn efri.:ie ir. irdirnul:r;;\' ror rec;overins niobium
f ^--^ +L^-*^l

and by-products.
In the course of ore-thermal smeii:ing anri chli)rrnatioil or ijti'ienit': reedstock, a widerrange

hinogenic products is forrneC: titaniutr rlags iJii-'{c'S';S a-irC dust, condensates' tailing

from the iniiial iimenite 'i-L\li i:''; is

uti

""A, 
'n5--ip1"v slrubber s,urr1,. B,'ls:ri o',r 1r'rr'r.n:,.r:tr'rr 'rric rcr1ellirrg of ore-thermal



scrl

nio

dev
soli
the



sing by-products anci was!,-s ui rIuai,'-"' v'ruu-i-- r

4.I0'Analysis of the Dissertation 
-flopic ot 1."(" Abla]katov, "Research int'

prment of a Domestic Aluminum-Lithium Alloy," Submitted-=lo1 -tl:,Ptgtt'
or,of philosophy (phD) in thr. gD0i'1[1-; ;,r,0{a",,1i.]',rt. {i,..1.-'1{;f rrir1{i li,r:qineering."

Delbrmable alttmiP;1'';1 ;'li" g i '
,t t-:, g.:lc tecirnoltlgical

,;.d;1fi""rj;h," 6f,3'ational oharacl.e'rirt:os. 'ihcir cor:rposrticr.n, strucfrre, and
: - --^ ^--.-^,*^a+-
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