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REPORT

of the foreign scientific consultant, professor Juozas V. GraZulevi€ius on the PhD thesis of
Dyussembayeva Gulnur Toktargazinovna on the topic: "Development of methods for the parallel
separation of cationic and anionic components from hydrometallurgical process solutions",
submitted for the degree of Doctor of Philosophy (PhD) in the educational program 8D05301 -
"Chemistry."

Hydrometallurgy is a metallurgical process of separatiion of metals from ores, concentrates,
and various industrial wastes by dissolving them in water with the help of chemical reagents.
Methods for the separatiion and purification of metals in hydrometallurgical processes are based not
only on chemical reactions. They are also affected by thermodynamic, kinetic, sorption, and
electrochemical factors. In multicomponent solutions, the action of one metal the chemical reaction
or precipitation of one metal is hindered by the presence of other ions. For instance, if a solution
contains both gold and iron, extracting one of them becomes complicated due to the presence of the
other. Therefore, selectivity, the stability of complex formation, and diffusion coefficients play a key
role.

Hydrometallurgical methods have their own advantages over pyrometallurgical technologies,
as these methods allow to reach high metal recovery. In addition, they are reproducible, easily
controlled, and produce products of high purity.

The PhD thesis of Gulnur Dyussembayeva aimed at studying the effect of long-range
interactions of interpolymer systems based on industrial ion exchange resins on their affinity for gold
and iron ions. The research work was carried out using the following modern methods:
conductometry, plasma inductively coupled atomic emission spectrometry, IR spectroscopy,
thermogravimetry, and differential scanning calorimetry. The influence of the initial state of
polymers on the activation process of the interpolymer systems KU-2-8 (H'):AB-17-8 (OH),
KU-2-8 (H"):P4VP, gPMAA-gP4VP and their sorption properties towards gold and iron ions are
studied in the PhD thesis. The results of the study of the electrochemical properties of interpolymer
systems with different molar ratios showed that changing the initial state of one component changes
the electrochemical behavior of ion exchangers and interpolymer systems. Also, significantly
increased sorption of metal ions compared to the individual ion exchanger is found to be high.
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Gulnur Dyussembayeva conducted her research during her stay at the laboratories of the
Department of Polymer Chemistry and Technology, Faculty of Chemical Technology, Kaunas
University of Technology. The PhD student showed that she is a hardworking researcher who
constantly improves her professional skills while performing the work and can solve complex
problems of basic and applied polymer science.

The results of G. Dyussembaeva’s research work are presented in 10 scientific publications
in domestic and foreign journals. Specifically, she has 2 publication indexed in the international
Web of Science (Ql and Q2) and Scopus databases (percentiles 87% and 89%), 7 publications in
journals approved by the Committee for Quality Assurance in Science and Higher Education of the
Republic of Kazakhstan, and additional work published in the proceedings of international scientific
and practical conference held in the Republic of Kazakhstan.

The dissertation research work of Dyussembayeva Gulnur Toktargazinovna on the
topic "Development of methods for the parallel separation of cationic and anionic cornponents
from hydrometallurgical process solutions", submitted for the degree of Doctor of Philosophy
(PhD) in the educational program "8D05301-Chemistry," fully meets all requirements regarding its
scientific and practical basis and level of completion. I believe that the candidate is worthy of being
awarded the degree of Doctor of Philosophy (PhD).

Foreign scientific advisor:
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Professor Juozas V. Grazulevicius

Juozas Vidas Grazulevicius, tel. +37069940964, e-mail juozas.grazulevicius@ktu.It
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YHHUBEPCHTETI,

Anmarel, Kazakctan

ITIKTPI

ArocembaeBa I'yannyp TokraprazunoBHanbin «8D05301-xuMusy  6imiM Oepy
Garmapmamacel 6ol dunocopus moxtopsr (PhD) ASPEXECIH aly VImiH
YCBIHBUTFAH «I HOPOMETaITypIHSsHBIH TeXHOIOTHSIIBIK €pITIHAINepiHEH KaTHOHIBI
KOHE  aHHOHIBI ~ KOMIIOHEHTTEPAi MHapalenbai  Gelry amicTepiH  a3ipiey»
TaKeIpbIObHAarsl PhD muccepranmsubik JKYMBICBIHA IHETENAIK FBUIBIMHM KEHECIi,
npodeccop ¥0o3ac B. I'paxynseuaioc

I'appomeTamtypruas — 6y METalapabl KEHACPIEH, KOHIEHTPATTapJaH JKoHE
SPTYPJli ©HEPKACINTIK KATTBIKTApAaH XUMHSIIBIK PEareHTTepAIH KOMETiIMEH CyJIbl
epiTiHAinepne epiTy apKsUIBI  Gejim aTyNbIH  METALTypTHANBIK — IIPOIECi.
I'unpomeramtypruainsk mponectepae MeTannapasl Gery xoHe Ta3apTy omicTepi Tek
XUMHAJIBIK, ~ peaKIusjlapFa  faHa  HeTi3JIeJIMEreH. Omapra  conpjaii-ak
TCPMONMHAMUKAIIBIK, KHHETHKAIBIK, COPOIUAIBIK KSHE JIEeKTPOXHMHASIIBIK dakropiap
acep ereni. Kemkxommonentri epirinzminepne Oip METanbIH XWMHUSIEIK peaKiusFa
TYCyiHe HeMece GeUiHIN MIBIFYBIHA 6acKa HOHZap Kenepri acaiiael. Melcabl,
epiTiHAine anThIH ja, TeMip me Gouca, onapaeiH 6GipeyiH Gemin amy exinmriciniyg
KaThICybIHa GalllIaHbICTE KypaeseHeni. COHIBbIKTAH OyJ1 JKep/ie CeNeKTUBTIIIK, KelleH
TY3UTyiHiH TYPaKTBUIBIFBI XoHe Tubdy3us K03 pHUIMEHTTEp] HEeri3ri per aTKapazbl.

I'uppomeTamTy prusuibik amicTep iy TIMPOMETAJUTY PrUANIBIK TEXHOJIOTHSIAPMEH
CalIBICTBIDFaH/IA 63 apTBIKIIBUIBIKTAPE! Oap, OATKeHi GYJI oiCTep METAIBIH JKOFapbI
Iapexerie Gerin anbHybHa (IIBIFEIMBIHA) KOJT KETKi3yre MyMKiHzik 6epesni. COHbIMEH
KaTap, onap KaiTa JXaHFBIPTBUIATHIH, OHAl 6acKapBLUTATHIH CHIIATKA He JKOHE JKOFaphI
Ta3albIKTarbl OHIMIED ayIbl KAMTaMachl3 ETE].

I'yneryp [lrocembaeBansiy PhD nuccepranusuisik JKYMBICBI ©HEPKACINTIK HOH
ATMACTBIPFBIN MAKEIPIAp HETi3iHAe KYPBUIFAaH MHTEPMOIMMEpI KYHeNnepaiH e3apa
KAMIBIKTAaH OPEKETTECY OCEpiH, alThIH JKOHE TEMIip HOHIAPhIHA CYDPHITHUTBIFBIH
3epTTeyre GarbiTTanraH. 3epTTey JKYMBICTAPEI Kelec 3aMaHayM SIicTepHi KojmaHa
OTBIPBINI JKYPTi3UIN€H: KOHAYKTOMETPHS, ILIa3MaMeH HHAYKTUBTI OGaiimanbicKan
aTOMIBI-SMHUCCHOH/IBI CIIEKTPOMETpHsL, FIK CIEKTPOCKOIIHS, TepMOrpaBUMETPHS JKOHE
muddepeHIanabl cKaHepaeyIi KajopumMeTpus. uccepramusna KV-2-8 (H'):AB-
17-8 (OH), KY-2-8 (H*):I14BII, rIIMAK-rI14BII HHTEPIIONMMEDITi XKYiienepiniy,
aKTHBTEHY IIPOLIECIHE MOTMMEPIIepAiH 6acTamKe! KyHiHiK aCepi JKoHE alTHIH MeH TEMip
HOH/IapbIHa KaTBICThI COPOLMAIBIK KacHeTTepi GoHbIHIIA 3epTTey Kymbictapel PhD
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AHCCEPTalUSICEIHAA 3€PTTENTeH. MOMspIBIK KaThIHACTapE! OPTYDITi MHTEPMOIAMEDITE
KYHETICPIIIH 3JIEKTPOXUMHAIBIK KaCHETTepiHe JKYprisiiren 3eprrey HoTHXKenepi Oip
KOMIOHEHTTIH  0acTankel KyHiHiH e3repyl MOH  aIMacTRIpFBINTAD  MeH
MHTEPIOIHMEDITi JKYHEIEPIiH 3MeKTPOXHMHUSIIBIK SPEKETIH 63TepTeTiHi Genrii 60IIbL.
CoHEIMEH KaTap, MeTall MOHIapHIHBIH COPOLMACH (e3iHe CiHipyi) GacTamks! WoH
aJIMaCTBIPFBIIIICH CABICTHIPFaH/Ia aHTapITBIKTal JKOFaphl €KeHi aHBIKTAIIEL.

I'ymeryp  [rocembaeBa o3  3eprreynepin  KayHac — TEXHONOIMSIBIK
YHMBEPCHTETIHIH XUMHSIIBIK TeXHONOTHs (aKymnbTeTi, [IoMMMepiep XUMUACH! KoHe
TEXHOIIOTHSCH! Ka(elpachiHbIH 3epTXaHalapblHAa TaFbLTBIMIAaMaaH eTy (HeMece
6ory) GapsichiHna xyprizai. PhD nokTopaHTe! sKyMBIC GaphICEIHNA O3iHIH Koci6H
MaFIBLIAPEIH YHEMI JKETUIIIpiN OTHIPAaTEIH eHOEKKOp 3epTTeyINi eKeHiH jXKoHe ipreii opi
KonaHGanb! OMMMED FUTBIMBIHBIH KYP/IEi MOCeIeNepiH MIelle aTaThIHbIH KOPCETTi.

I'. JlrocembaeBaHblH  3epTTEy JKYMBICHIHBIH HOTHXKENEpi OTAHMIBIK JKOHE
LIeTeNAiK 6aceubMaapaa xapusuianrad 10 FeUTBIME MaKaTaqa yChIHbUTFaH. OHBIH
iminge xaneikapanslk Web of Science (Q1 sxome Q2) xoHe Scopus MaJIliMeTTep
0aszacblHa EHTI3IIreH FHUIBIMHA KypHangapaa 2 makana (mpoueHTuns 87% KoHe
89%), KP FvuibiM oHe xoOFaphl GilliM calachlHIarbl camaHbl KaMTaMachl3 eTy
KoMHTETI  GeKiTKeH IKypHamnjapia 7 KapuanaHbIMBI, coHmai-ak KP
YUBIMIACTBIPBUIFAH  XalbIKapalblK  FBUIBIMA-IIPAKTHKAIBIK  KOH(EpEeHIHs
MaTepHaiapbliHia JKapHsaIaHFaH XKYMBICTADMEH PacTallajibl.

Hrocembaesa I'ynbryp TokTaprasuHoBHaHBIH «8D05301-xuMmus» 6iniM 6Gepy
Garmapmamacel Godbmma ¢umocodus mokropsr (PhD) nspexecin amy ymiH
YCBIHBUIFAaH «['MIpOMETaTypIrisHbIH TEXHONOTHSIIBIK €pITiHAiNepiHEH KaTHOHMIEI
JKOHE aHHOHIBI KOMIIOHEHTTepAl mapamnensAi Gemy omictepin  a3ipmey»
TaKBIPBIOBIHIAFEl JUCCEPTALMAIBIK JKYMBICHL FBUIBIMH-TOKIpUOETIK Herizi skoHe
OpBIHIATY J€Hredi OOMBIHIIA IHCCEPTALMAIBIK JKYMBICKA KOMBLIATBIH OapibIK
TananTapra coMkec Kenemi. IsneHymi ¢umocodus moxropsr (PhD) mopexecin amyra
TAMBIK JIETT ecenTeiMiH.

IIleTennik FEIILIMA KEHECIIII:

XWMUA FEUTBIMAAPbIHBIH
xabunmuranusiaHral

JOKTOPBL, Ipodeccop FOo3ac B. I'pakynsasudroc
JIntBa Pecmy6nukacsl,
KayHac TeXHONOTHSANBIK YHUBEPCHTETI,
XHMHANBIK TEXHOIOTHA (haKyIbTeTi

Juozas Vidas Graiuleviéiué, tel. +37069940964, e-mail: juozas.grazulevicius@ktu.lt



Kayﬂaccrcm‘i TEXHOJOTHYEeCKHH YHHBeEpCHTET
Q)axyaneT XHMHYECKOH TEXHOJIOTHH
I'ocyaapcreennoe yupesxaenue, ya. K. Tonenaiftuca 73, LT-44249 Kaynac, Jlutea.
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Komy: Kazaxckuii HalMoHanbHbI 19 maii 2026 r. Ne
DV19-F02-24

NENarorH4eCcKHi YHUBEPCHTET

HMEHHU Abas,

Anmatel, Kazaxcran

OT3bIB

3apyOeKHOr0 HAYYHOro KOHCYIIbTAHTa, npodeccopa Koszac B. I'paxyasBuuroc mo
AokTopckok muccepranuu (PhD) rocemGaepoii I'ynbnyp ToxTaprazuHoBHBI Ha
TeMy: «Co3naHne METONOB HapamieasHOro PasfeeHuss KaTHOHHBIX M AHUOHHBIX
KOMIIOHEHTOB K3 TEXHOIIOTHYECKUX PACTBOPOB THIPOMETAJUTYPTHW», TIPEICTABICHHOM
Ha CONCKaHMe CTENCHU NoKTopa duiocopun (PhD) no o6pazosarensHoit IIporpamMme
8D05301 — «Xumus».

I'napomeranmypris — sto MeTamtyprugeckuii IPOLECC HU3BJICYCHHUSI METAIIIIOB
H3 PyH, KOHLUCHTPATOB ¥ Pa3IMYHbIX IPOMBIILTEHHbIX OTXOIOB ITYTEM HX PacTBOpPEHHUS
B BOJHBIX Cpellax C IOMOMIBIO XHMHYECKUX DEareHToB. MeTomsl pasieneHHs H
OYHCTKH METaIIOB B TMAPOMETALTYPrHYEeCKHX MPOLECcaX OCHOBAHBI HE TONBKO Ha
XMMHIECKUX peakiuax. Ha HuX Takke BIHSIOT TepMOTHHAMIYECKHE, KHHETUYECKHE,
COpOIIMOHHBIE M 3JIEKTPOXUMUYECKHE (pakTOpEL. B MHOrOKOMIOHEHTHBIX pacTBopax
NIPOTEKaHHE XAMUYECKOM DeaKlUH WM OCaKAEHHE OJHOIO MeTalia 3aTpyIHAETCS
TPUCYTCTBUEM NPYTHX MOHOB. Hamprmep, ecimi pacTBOp COOEPXHT OIHOBPEMEHHO
30JI0TO M JKEIIE30, U3BIICICHHME OJTHOTO U3 HUX yCIIOXKHACTCS U3-3a HATAIHS APyroro. B
CBA3M C OSTHM ° KIKOYEBYI0 pOIb HTParOT  CENCKTUBHOCTh, CTAaOHIBHOCTD
KOMILIEKCO00pa3oBaHus 1 K03 pduirenTs! nudbdy3un.

I'mapomeTanmypruyeckne MeTOOEI HMEIOT CBOH NpEeUMyILEeCTBa TEpEN
[IMPOMETAIUTYPTHYCCKUMH TEXHONOTHAMM, TaK KaK OHH IIO3BOJISIOT JOCTHTATh
BBICOKOH CTCIICHM HW3BIIEYEHHs MeTaioB. Kpome Toro, omm XapaKTepU3yITCs
BOCIIPOU3BOTMMOCTBIO, JIETKOCTBIO B YIIPABICHHH ¥ ITO3BOJIAIOT I10JTydaTh HPOLYKLIHIO
BEICOKOM YHCTOTEL.

Hoxropckas maccepranus (PhD) Iymeryp focemb6aeroii 6buta HallpaBjeHa Ha
M3ydeHHE OS(QeKTa NaTbHONEHCTBHS HHTEPIONMMEPHBIX CHCTEM HA OCHOBE
IPOMBIIUICHHBIX MOHOOOMEHHBIX CMOJI M MX CPEICTBa K HMOHAM 30110Ta M IKEele3a.
Hccrenosarensckas paGota TNpoBOOmmack ¢ MCIOJIB30BAHHEM CIIEYFOIIHX
COBPEMCHHBIX METOLIOB: KOHIXYKTOMETPHH, aTOMHO-3MHCCHOHHOM CHEKTPOMETPHH C
MHIYKTUBHO-CBA3aHHOM muiasmol, HMK-cmekrpockonuy, TEPMOIrPaBUMETPHUH H
nudhepeHIMaTBEHOMN CKaHUPYFOLIeH KaJlopuMeTpud. B nuccepraimu uzydeso siusaue
MCXOIIHOI0 COCTOSHHS [IOJIMMEPOB Ha IIPOLECC aKTHBALHA HHTEPHOIAMEPHbIX CHCTEM
KV-2-8 (H): AB-17-8 (OH"), KV-2-8 (H"): [14BII, rIIMAK-rII4BII, a Takxe ux
COPOLIMOHHBIE CBOMCTBA MO OTHOMIEHHIO K MOHAM 30JI0TA M JKENe3a. Pezymprats



HCCIIEIOBaHU A SJIEKTPOXUMHUYECKHX CBOMCTB HHTepHOJIHMepHI:IX CHCTEM ¢

COCTOAHHSA  OOHOTO  KOMIIOHEHTa MeHseT SJICKTPOXUMHYECKOE  IIOBEJECHHE
HOHOOOMEHHHKOB M HHTEPNOMMEPHBIX CHCTEM B LienoM. Kpome TOro, o6HapyKeHO
SHaTUTCIIEHOE MOBBINICHHE COPOLMH HOHOB METALIOB IIo CPaBHEHHIO C HCXOIHEIM
HOHHTOM.

I'yneryp Trocembaena nposomuia ceou HCCIICIOBAHU B IEPUO.T ITPeObIBAHKS B
n1abopaTopusax Kadenphl XUMUM H TeXHONOMHH TIOJIUMEPOB (DAKYIBTETa XUMHUECKORH
TexHomorun Kaymacckoro Texmomormgeckoro yHuBepcutera. JloktopaHt PhD
noKasana cebs TpyIo/ro6HBEIM HCCIICIOBATENIEM, KOTOpast B MPOLIECCE BBIIOTHEHHS
paboThl MOCTOSHHO COBEPILICHCTBYET CBOM NPOMECCHOHANBHBIE HABBIKH M CHOCOGHA
PCIIaTh CTIOXHBIC 3aa4¥ OyHIAMEHTATBHON 1 TIPHKIIAJHON HayKH O MOJIAMepax.

Pesynbrarel HayyHoil pabots! I'. [lrocembaesoi lpexacrasnensl B 10 Hay4HbIX
IyOIMKAIUAX B OTEYECTBEHHEBIX 1 3apyOexHBIX KypHanax. B wactHocTH, y He€ ecTh 2
MyOJIMKallY, HHAEKCHPOBAHHEIE B MEKAYHAPOAHBIX Oazax maHHbIX Web of Science
(Ql u Q2) u Scopus (mepueHTHIH 87% WU 89%), 7 mybmukamuii B XKypHaJIax,
YTBEpKICHHBIX KomureroM mo ofecmeuenmio kasectsa B HayKe€ M BBICIIEM
obpasoBanun  Pecry6imkn Kazaxcran, a Ttaxxe AOTIOTTHUTENIBHBIE  PabOTEI,
OMyOIHMKOBaHHBIE B MaTepraax — MEeXIYHapOJHOH  Hay4HO-IIPAKTHYECKO
KOH(EPEHLIUH, ITPOIIe/IIeH B Pecrry6muke Kazaxcran.

Huccepranuonnoe uccienopamme Hrocembaepoit I'ynbHyp ToKTaprasmHOBHEI
Ha TeMy: «Pa3paboTka METONOB mapauIebHOro Pa3Ne/ICHUs] KATHOHHBIX M aHHOHHBIX
KOMITOHEHTOB 13 T€XHOJIOTHYECKHX PACTBOPOB THAPOMETAIUTY PrHK», TIPEACTABIEHHOE
Ha COMCKaHHE CTETeHH JOKTOpa $unocoduu (PhD) o o6pasosarensHoi mporpamMme
"8D05301 — Xumus", moNHOCTEIO COOTBETCTBYET BCEM TPEOOBAHMSAM B OTHOIIEHHH
HayIHO-TIDaKTHYECKOH 6a3bl M YPOBHH 3aBEpIICHHOCTH. Cunraro, 4to couckarenn
3aCITy’KUBACT NPHCYKACHHS CTETICHH JOKTOpa ¢unocodun (PhD).

: ¥
3apyOeKHbIi HayYHEIH KOHCYIBTAHT:
XaOHIUTHPOBAHHBIN JOKTOP XHMHYECKHUI] HayK,
npodeccop FOo3ac B. I'paxynseuuroc
JlutoBckas Pecry6iuka,

Kaynacckuit TexHONOrHueckuii YHHBEPCHTET,
DaKyNLTET X MMHIECKOH TEXHOTOTHH

Juozas Vidas Grazulevigius, tel. +3 7069940964, e-mail: Jjuozas.grazulevicius@ktu. It



F'opon AnmaTtel. Pecny6anka Kazaxeran.

IIsTHagnaTOE MIOHS ABE THICAYH ABAAUATE MIECTOrO rOJA.

Texcr-mepeBon TOKyMeHTa ¢ aHTIHICKOrO A3BIKA HA KA3AXCKUM U pyccKui
A3BIK BBIIIOJIHEH MEPEBOIYUKOM bakbITKBI3E! AHeel.

Tloanuce

["'opon Anmatsl. PecriyGnuka Kazaxcran.

IIsaTHaIUATOE MIOHS /1BE THICSYHM ABAALATE IIECTOrO TOA.

A, Abnpamanosa I'ymesupa AfiTnexosHa, HOTapuyc ropoa AJMaTsl,
JICHCTBYIOIMH Ha OCHOBaHWH IOCYNapCTREHHOM muieHszuu Ne 17007165 or 21
anpesst 2017 rona, BEIIaHHOW MUHHCTEPCTBOM IOCTHIMH Pecniy6nuxu Kazaxcran,
CBUACTCJIBCTBYIO IOMJIMHHOCTE IIOANWCH TIEPEBOJYMKA bBaKbITKLI3BI AHEH.
JInyHOCTE NIEepeBo TUKKa yCTaHOBIEHA, IEECTIOCOOHOCT 1 TOTHOMOYHS [IPOBEPEHBI.
3aperucTprpoBaHo B peecTpe 3a Ne1910
B3bickano: 2292 temnre.

Hotapuyc

HemipneHreH xeaHe bayneikTarnfati
MpoHYMEPOBaHO 1 NIPOLIHYDOBRRY
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