gy |

CeBepnm (ApxrTuueckuit) odpemepanbHumM
yHuBepcureT uMenm M.B. JloMoHOCOBa

OEHTP KOJUJIEKTMBHOI'O MOJIBBOBAHUSA

UEHTP HONNEKTHBHOIO NONbL30DBAHKA

HAVYHbLIM OGOPYAOBAHMEM HAYUYHBM OBOPYIOBAHMEM <«ApxTHKA»
163002, Apxanrensck, yn. CeseponemHcxas, 14, men: 8(8182)216100
; go6.1721

OT13biB HAY4YHOI0 KOHCYJIbTAHTA
Ha auccepraunoHnyio pabory Kypmanbaesoii Toakbin Cepikbaiikbizbi
“Development of simple and accurate methods for on-site gas chromatographic determination
of volatile organic compounds in environmental objects using solid-phase microextraction”
(«Pa3paboTka TOYHBIX METOHK ra3oxpoMarorpa@uuecKoro onpeaeJeHus JeTyIux
OpraHHYecKHX COeHHEeHHIl B 00beKTaxX OKpy Kawuiel cpeabl Ha Mecte oTbopa ¢
HCI0JIb30BaHHeM TBepAoda3Holi MHKPOIKCTPAKIIHHY),
NpeACTAB/ICHHYI0 HA COHCKAHHE Yy4eHOoH cTenenn aokTopa ¢puinocodpun (PhD) no
obpasoBareabHoii nporpamme «8D05301 — Xumun»

OnHuUM U3 BOXHBIX 1 OBICTPO pa3BHBAIOLIMXCS HAMNPABIEHUI COBPEMEHHOM aHAIMTHYECKOH
XMMHH SBIISETCS CO3/JaHHE METOJIONIONHM aHallu3a (Ha MECTe», B TOM YHCIIE B TOJIEBBIX YCIOBHSX,
KOrjla cama aHajiMTH4YecKas jnabopatopusi nepemeniaeTcss K oObeKTy HCClIeIoBaHHs, a NEPEHOC
o0pasuoB 3ameHsiercsi nepeHocoM uH@popmanuu. Takoif noaxosx Mo3BOMsAET, ¢ OJHOH CTOPOHBI,
petuarb npodaeMbl ONIepaTHBHOIO KOHTPOJIS 3arpA3HEHHUs OKpYyKatoLei cpejibl, a ¢ Apyroi CTOpOH.I,
CHHJKaTh KOJIMYECTBO JOCTaB/IsiEMbIX B JlabopaTopuio npod uist AeTajlbHOro MCCle0BaHHs 3a CHeT
BBINOJIHEHHS HX NPEBapHTENBEHOTO CKPUHHHTIA Ha MecTe oT6opa.

EcTecTBEHHO, YTO AQHAJIMTHYECKHE TEXHOJOTHH aHalM3a «Ha MeECTe» CYILIECTBEHHO
OTJIHYAIOTCA OT MCIOJb3YEMBIX B CTallHOHApHOH 1abopaTopHu H3-3a HEBO3MOXHOCTH JOCTABKH H
HOPMAJILHOMN DKCILTyaTall B MOJIEBBIX YCIOBHSX CII0XKHOTO aHAJIHNTHYECKOro 060py10BaHH, TAKOTO
KaK XpOMaTo-Macc-CleKTpOMETPHYECKHE CHCTEMBI. DTO HaK/Ia/IbIBAET CEPbE3HbIE OTPAHHYEHHS Ha
paboTy XHMHMKa-aHAJIMTHKA, CHJIBHO YCJIOKHSS pa3spaboTKy METOAMK, OOecreYnBalomux
HEeoOXOIMMBI yPOBEHb Yy BCTBHTEILHOCTH M CEIEKTHBHOCTH aHau3a. B Takoi cuTyaiuu Ha nepBblif
IUIaH BBIXOAMT BHEIAPEHHE MAKCHMAJIBHO IPOCTHIX M CEJEKTHBHBIX aHATMTUYECKHX TEXHOJIOTHH B
KOMOMHALHH ¢ MAaxkCHMaibHO 3()(EKTHBHBIMH METOJlaMH HW3BJICYEHHS H KOHUCHTPHPOBaHHS
aHAJIMTOB M3 CJIOXKHBIX MATPHIL, 00ECIIeYHBAIONINX JKEIaeMble YPOBHH Yy BCTBHTEIbHOCTH aHAIM3A.

WMEHHO B 9TO aKTyalbHOE M MEePCIeKTHBHOE HANpaB/IeHHE BIIMCHIBACTCS JHCCEPTAllHOHHOE
uccnenosanue T. KypmanGaesoii, pa3suBaioniee METONOJOTHIO COPOLMOHHOTO KOHIICHTPHPOBAHHA
JETYyunX M TONYJIETY4MX 3arps3HSIONIMX BELIECTB METOAOM TBEpAO(aZsHOH MHKPOIKCTPaKIHH
(TOMD) ¢ noceAyOMHEM ra30XxpoMaTorpapuyeckuM aHaIH3oM C INPHMEHEHHEM MOPTaTUBHBIX
nepeaBikHbIX ['X cHcTeM, ocHaleHHbIX GpoTononu3anuonbM (PH/L) 1 TepMOHOHHBIM (TAJD) wm
CEeNeKTHBHBIM a30THO-(OC(OpHBIM JeTeKTopaMH. B Ka4yecTBe LENeBbIX aHATHTOB COMCKATENEM
yueHO# cTerneHH BbIOpaHbl Kak Haubosiee IPHOPUTETHBIE JI/isi KOHTPOJIS TOKCHYHBIE apOMaTHIeCKHEe
ymesogopoasl rpynnbl BTEX, Tak u cneumduueckme s Kasaxcrana asorcoaepikainue
COEIMHEHNs, SBISIONMECS BAKHEHIIMMH MPOAYKTaMH TpaHC(HOpMalMH PAaKeTHBIX TOIUIHB Ha
ocHoBe 1,]-IMMeTHITHAPa3HHA, HCTONB3YEeMBIX B PaKeTaX-HOCHTEIIX Tshkenoro kiacca «Ilpotony,
CTApTYIOIIHX ¢ KocmozipoMa BaiikoHyp, a Takoke pasroHHEIX G10Kax (OpOGUTANBHBIX CTYTICHSAX) PaKeT



pa3sIMYHBIX THIIOB. 3arps3HEHUE MOYB U MPUPOAHBIX BOJ TOKCHYHBIM PAKETHBIM TOIUIHBOM BhI3BIBAET
IIHPOKHA OOIIECTBEHHBIH Pe30HAHC M € HTOH TOYKH 3peHHs BHIOOp LI€JIeBBIX aHAJIHTOB BBHITIISAIHT
COBEPIIEHHO ONpaBJaHHBIM M HEPa3phIBHO CBA3aHHBLIM C pelieHHeM HauGosee aKTyalbHBIX A
Kaszaxcrama, a Takke psza [ApyruX CTpaH C pa3BHTOW PaKeTHO-KOCMHYECKOH OTpacibio,
3KOJIOrHYECKUX Mpobiiem.

OcHoBHasi yacTh BBHINOJHEHHOIO COMCKATENIEM HCCJIe/JOBAHMs MOCBsIIEeHa pa3paboTke u
ontumusaiuu npouenypsl TOMD coenunennii rpynnsl BTEX u3 armocdepHoro Bosayxa, a Takxke
IIECTH a30TCOAEPHKALKX COEIHHEHHH, B TOM YHCJI€ BBICOKOTOKCHYHOrO N-HHTPO301HMETHIaAMHHA,
B NPUPOAHBIX BOAAX M mnouBax. Mcmonb3yemsie W MpeioXeHHbIE B JAMCCEPTALMOHHON pabore
METOJIMYECKHE peIlIeHHs OCHOBAHbl HAa YHHKAJILHOM OIBITE MW HMMEIOLIEMCS OrPOMHOM 3ajiefie,
CO3/1aHHOM Hay4yHbIM KOJUIEKTMBOM moja pykoBoactBoM mnpod. b. Kenecosa. Oum BKmOuaoT
OpHIrHHAIbHBIH noaxoa K ontuMu3auun TOMD ¢ Henonb30BaHHEM MOICTHPOBAHHS IMPOIECCOB
maddy3un/copbumn Ha BOJIOKHE METO/IOM aHai3a KoHedHbIX d1eMenToB (finite element analysis) B
nporpammuoit cpeie COMSOL Multiphysics, a Takxe npuMeHeHne TeXHUKH BakyymMHO#M TOMD,
obecreunBaroLlel YCKOPEHHOE JOCTHIKEHHE PaBHOBECHS cOpOEeHTa H HCCIielyeMoro 00beKTa H, Kak
CJIJICTBHE, CYIIECTBEHHBIN BBIMTPHILI B JOCTHIAEMBIX Npejiesiax 00HapyKeHHs [IPH aHAIU3e BO/IBI H
OYBBI.

CowuckaresieM BBINOJIHEH BHEYaTHAIOMIMIA 00bEM HSKCNepUMEHTaNbHOW paboThl 1O
ontumusauuu TOMDI, pazpaborke Ha 3TOH OCHOBE M BaJMIALMH PsJia AHATMTHYECKHX METOIMK.
[Mocneanne obecneunnu onpenenenne BTEX na yposusx or 0,07 1o 2 mxr/Mm® metogom TOMD-
['X-OU]] u nponykroB Tpanchopmanuu 1,1-auMeTHITHApPa3HHA B BOJAE C BEIMYMHAMH TIPEICIIOB
obuapyxenus ot 0,2 1o 40 mxr/n meronom Bak-TOMDO-I'X-THU]I. B ciryuae nous, 3arps3HEHHBIX
paKeTHbIM TOIUIMBOM, NpEUIOKeHbI H pa3paboTaHbl MPONEAYpPbl pPEABAPHTEILHOH BOIHOM
IKCTPAKIIMH H MATPHYHO-COINIACOBAHHOM TIpaayHpPOBKH, MO3BONHMBIIME HANEKHO OINMpPEAENATH
aHaJIUTBl 1IpH coaepxanuu o1 3-60 MKr/kr. JloCTHrHYThIE YPOBHH UyBCTBHTEIBHOCTH MOJTHOCTHIO
YIOBJIETBOPAIOT TpeOOBAHHSM, PEABSBISEMbIM K METOJHKAM aHATIH3a «Ha MECTe» M o0ecrneunBaoT
omnpejie/ieHHe AHAJMTOB B KOHILEHTPAIMSX, KOTOpbIE CYLIECTBEHHO HHXKE PEalbHBIX 3HAYEeHHH,
XapakTepHbIX Ul 3arps3HeHHOro arMoc(epHoro Bo3ayxa ropofioB W BOJH3H IPOMBIILIEHHBIX
LIEHTPOB, a TAKXKE [10YB H BOJl B MECTAX [POJIMBOB PAKETHOIO TOILJIMBA.

Tpu paspaGoraHHble aHAIMTUYECKHE METOJAMKH NpOILTH TINATENbHYIO anpobauuio Ha
peanbHbIX O0bEKTaX, a HX MPHMEHEHHE BHOCHT CYIIECTBEHHBIH BKIaJ B CO3JaHHE CHCTEMBI
OMepaTMBHOTO MOHUTOPHHIA 3arpsi3HEHMs OKpY)Kalomleif cpefbl H IO3BOJSET 3HAYHTEIBHO
COKPATHTh 3aTparhl BPEMEHH H CTOMMOCTh aHAIM3a.

Boicokuii Hay4yHbIH ypOBEHb [ONYYEHHBIX PpE3YJBTAaTOB IMOATBEPXKIAIOTCS  TaAKKEe
onyO/IHKOBAaHHBIMM ~ COMCKAaTeJieM B COaBTOPCTBE CTAaThIMH B BEAYIIMX  NPOQHILHBIX
MEKIYHAPOIHBIX JKypHanax - Advances in Sample Preparations, Microchemical Journal,
International Journal of Environmental Analytical Chemistry. JlocTOBEpHOCTh MpeACTaBICHHBIX
JAaHHBIX M [IPABOMEPHOCTH CJENAHHBIX BBIBOJIOB HE BEI3BIBAIOT COMHEHHMH H IOATBEPKIAIOTCS
ray6okoit npopaboTKOH aBTOPOM METOI0JIOTHYECKHX ACIIEKTOB, a TAKXKE aHAJIM30M JITEpPaTy PHBIX
JaHHBIX.

B xole 3KCNEPHMEHTAIbHBIX HCCIEAOBaHHH H MOATOTOBKH JIMCCEPTALMOHHOH paboThI
COMCKaTeeM IPOJEMOHCTPHPOBaHbl IyOOKHE 3HAHWA COBPEMEHHOH METOLOJIOTHH M TEXHHKH
xpomaTorpadHyecKkoro aHainsa, NoJxXoAoB K MpoOONOArOTOBKE, CTCHH(YHKH TEXHHKH TOMD #u
Hambonee aKTyalibHbIX: TMOAXOAOB K ONTHMH3AlMH H BalMJAUMH aAHAMTHYECKHX METOJMK.
Comckartenb M0Ka3aJl yMEHHE TPaMOTHO IUIAHMPOBATh M CTABHTh JKCIEPUMEHT, 0OpabareiBaTh
aHATHIMPOBATH MNOJyYeHHble JaHHble. OcOOEHHO CclefyeT OTMETHTh HABbIKH COHCKaTenls B



TMOATOTOBKE HAy4HBIX MyOnMKaluil, a TakKe NpeACTaBleHHs CBOeil paGoThl B BHIE AOKIANOB H
npe3eHTalHi.

Hexons u3 Bbieckasannoro, cuntaio, uro Kypman6aesa Tonkem CepikGaifKbi3bl sBiseTcs
BBICOKOKBATH(DULIMPOBAHHBIM MCCJICNIOBATENEM, 3aCiy)KUBAIOUINM TIPHCBOCHHS YUCHON CTEleHH
aokropa Qunocodpun (PhD) no obpaszosarensuoii nmporpamme «8D05301 - Xumus», a ee
muccepranus «Development of simple and accurate methods for on-site gas chromatographic
determination of volatile organic compounds in environmental objects using solid-phase
microextraction» SBISETCH 3aBEPUICHHBIM HAy4HBIM HCC/IENOBAHHEM, KOTOPOE MO aKTYalbHOCTH
TEMBI, HAay4YHOH HOBH3HE, MPAKTHYECKOH LEHHOCTH M 00BbEMy MONHOCTBIO COOTBETCTBYET BCEM
TpeGoBaHusM MuHHMCTEpCTBA HaykW M Bhiciiero oOpasosanmst PecnyGnukn Kazaxcranm k
JAMCCepTaLlHK HA COMCKAaHKeE CTenenH aokropa dbunocoduu (PhD).
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Northern (Arctic) Federal University named after M.V. Lomonosov
SHARED USE CENTER FOR SCIENTIFIC EQUIPMENT "ARKTIKA"
163002, Arkhangelsk, ul. Severodvinskaya, 14, tel: 8(8182)216100 ext. 1721

Review of the foreign scientific advisor
on the dissertation of Tolkyn Serikbaikyzy Kurmanbayeva
“Development of simple and accurate methods for on-site gas chromatographic
determination of volatile organic compounds in environmental objects using
solid-phase microextraction” submitted for the degree of Doctor of Philosophy
(Ph.D.) on the educational program “8D05301 — Chemistry”

One of the important and rapidly developing areas of modern analytical chemistry
is the development of “on-site” analysis methodology, including field conditions, where
the analytical laboratory itself moves to the research subject and sample transport is
replaced by information transfer. This approach makes it possible, on the one hand, to
address problems of operational monitoring of environmental contamination, and on the
other hand, to reduce the number of samples delivered to the laboratory for detailed
analysis by performing their preliminary on-site screening.

Naturally, on-site analytical technologies significantly differ from those used in
stationary laboratories, due to the impossibility of delivering and normally operating
complex analytical equipment in field conditions, such as chromatography-mass
spectrometry systems. This imposes serious limitations on the work of the analytical
chemist, greatly complicating the development of analytical methods that ensure the
required levels of analytical sensitivity and selectivity. In this situation, the
implementation of maximally simple and selective analytical technologies in combination
with highly effective methods for the extraction and pre-concentration of analytes from
complex matrices, ensuring the desired sensitivity levels, becomes paramount.

It is precisely into this relevant and promising direction that the doctoral research
of T. Kurmanbayeva fits, developing the methodology of sorption pre-concentration of
volatile and semi-volatile pollutants using solid-phase microextraction (SPME) with
subsequent gas chromatographic analysis using portable mobile GC systems equipped
with photoionization (PID) and thermionic (TID) or selective nitrogen-phosphorus
detectors. As analytes, the candidate selected both the most priority toxic aromatic
hydrocarbons of the BTEX group and nitrogen-containing compounds specific to
Kazakhstan, which are the most important transformation products of rocket fuel based
on 1,1-dimethylhydrazine, used in the Proton heavy-class launch vehicles launching from
the Baikonur Cosmodrome, as well as the upper stages (orbital stages) of various types
of rockets. The contamination of soils and natural waters with toxic rocket fuel generates
wide public concern, and from this perspective the choice of analytes appears entirely
justified and is inextricably linked to solving the most pressing environmental problems
for Kazakhstan, as well as for a number of other countries with an advanced space
industry.

The main part of the research carried out by the candidate is devoted to the
development and optimization of the SPME procedure for BTEX compounds from
atmospheric air, as well as for six nitrogen-containing compounds, including the highly



toxic N-nitrosodimethylamine, in natural waters and soils. The methodological
approaches used and proposed in the dissertation are based on the unique experience and
considerable accumulated expertise of the scientific team led by Prof. B. Kenessov. They
include an original approach to SPME optimization using finite element analysis
modeling of diffusion/sorption processes on the fiber in the COMSOL Multiphysics
software environment, as well as the application of vacuum-assisted SPME technique,
which enables accelerated equilibration between the sorbent and the analyzed subject,
and consequently a substantial gain in the achieved limits of detection for water and soil
analysis.

The candidate has carried out an impressive volume of experimental work on
SPME optimization, the development of analytical methods on this basis, and their
validation. The latter provided determination of BTEX compounds at levels of 0.07 to 2
pg/m* by the SPME-GC-PID method and of |,1-dimethylhydrazine transformation
products in water with detection limits of 0.2 to 40 ug/L by the Vac-SPME-GC-TID
method. For soils contaminated with rocket fuel, preliminary aqueous extraction and
matrix-matched calibration procedures were proposed and developed, enabling reliable
determination of analytes at contents of 3-60 ug/kg. The achieved sensitivity levels fully
meet the requirements for on-site analytical methods and enable determination of analytes
at concentrations substantially below the actual values characteristic of polluted urban
ambient air and near industrial centers, as well as soils and waters in the vicinity of rocket
fuel spill sites.

The three developed analytical methods have undergone thorough testing on real-
world objects, and their application makes a significant contribution to the creation of a
rapid environmental contamination monitoring system and allows considerable savings
in the time and cost of analysis.

The high scientific level of the results obtained is also confirmed by the candidate’s
co-authored publications in leading international peer-reviewed journals — Advances in
Sample Preparation, Microchemical Journal, and International Journal of Environmental
Analytical Chemistry. The reliability of the presented data and the validity of the
conclusions drawn are beyond doubt and are confirmed by the author’s thorough
treatment of methodological aspects, as well as by analysis of the relevant literature.

During the experimental research and preparation of the dissertation, the candidate
demonstrated a thorough knowledge of modern chromatographic analysis methodology
and techniques, sample preparation approaches, the specifics of SPME technology, and
the most current approaches to the optimization and validation of analytical methods. The
candidate demonstrated the ability to competently plan and conduct experiments, process
and analyze the resulting data. Particular note should be made about the candidate’s skills
in preparing scientific publications and presenting work in the form of reports and
presentations.

Based on the foregoing, I consider that Tolkyn Serikbaikyzy Kurmanbayeva is a
highly qualified researcher deserving the award of the degree of Doctor of Philosophy
(Ph.D.) in the educational program “8D0530]1 — Chemistry”, and that her dissertation
“Development of simple and accurate methods for on-site gas chromatographic
determination of volatile organic compounds in environmental objects using solid-phase
microextraction™ is a completed scientific study that, in terms of the relevance of the



topic, scientific novelty, practical value, and scope, fully meets all the requirements of
the Ministry of Science and Higher Education of the Republic of Kazakhstan for a
dissertation submitted for the degree of Doctor of Philosophy (Ph.D.).

12.05.2026

Scientific Advisor

Director of the Shared Use Center for Scientific Equipment “Arktika”

of the Northern (Arctic) Federal University named after M.V. Lomonosov
Member of the Scientific Council on Analytical Chemistry of RAS
Candidate of Chemical Sciences, Associate Professor

D.S. Kosyakov /signed/ /sealed/



Pecny6ainka Kasaxcran, ropos Aamarbi.
JlBeHajqmatoe HIOHS JB€ TBICAYH JABaALATH
IIECTOro roja.

Tekcr-nepesoj JIOKyMeHTa o
PYCCKOro/Ka3axCKoro fi3bIKOB Ha aHTIHHCKHI
A3bIK BbINOJIHEH NepeBoAgYHKOM KeHxkeTaeBoii
AnaHo¥ Cepuk6010BHOM.
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Pecniy6inka KasaxcraH, ropos AnMaTbl.
JBeHanmaroe WIOHS JABe TbICAYM JBaALAThb
LIECTOro roja.

fl, Poickoxa Algap Kypman6Gaiiy/bl, HoTapuyc
ropojia AnmaThbl, JeHCTBYIOIIHH HAa OCHOBaHWH

JIHIEH3UH Ne24035361, BblJJaHHOH
MunucTepcTBOM HOcTunuu Pecny6anku
Kazaxcrau oT 19.12.2024 roja,
CBHAETENbCTBYI0O  NOAJMHHOCTb  MOJNHCH
nepeBoA4YHKa KenxeTtaeBo# Auanbl
Cepuk6osnoBHBL.  JIMYHOCTB nepeBojuMKa

yCTaHOBJIeHa, /1€eCnoCo6HOCTb H MOJHOMOYHS
NpPOBEPEHbI,
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Republic of Kazakhstan, Almaty city.
The twelfth of June, two thousand and twenty-
SiX.

The text-translation of the document from

Kazakh/Russian into English is executed by
translator Kenzhetayeva Diana Serikbolovna.

Signature

Kenz.kq‘{’c}vpua Dccmo S{rclc(:ba{oun;\‘

Republic of Kazakhstan, Almaty city.
The twelfth of June, two thousand twenty-six.

I, Ryskozha Aidar Kurmanbaiuly, notary of
Almaty city, acting on the basis of license No.
24035361 issued by the Ministry of Justice of
the Republic of Kazakhstan dated 19.12.2024,
hereby certify the authenticity of the signature
of the translator, Kenzhetayeva Diana
Serikbolovna. The translator's identity has been
established, and her legal capacity and authority
have been verified.

Registered in the register for N 2051
Collected: 2292 tenge

Notary: /signed/

Seal: Ryskozha Aidar Kurmanbaiuly

Private notary of the city of Almaty

State license No. 24035361 dated 19.12.2024,
issued by the Ministry of Justice

of the Republic of Kazakhstan

/QR-code and a unique number of the notarial
action is available/
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Notary: /signed/

Seal: Ryskozha Aidar Kurmanbaiuly

Private notary of the city of Almaty

State license No. 24035361 dated 19.12.2024,
issued by the Ministry of Justice

of the Republic of Kazakhstan
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