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1.1-Jlumetaruapasun  (HecuMMeTpUuHbii aumeruaruapasud, HJIMI) Ha npoTsKeHHH
HECKOJIBKUX JIECSATHJIETHI aKTHUBHO MCMOJIb3YETCS B Kay€CTBE PAKETHOro TOMJIHWBa B LEJIOM PAJIC
POCCUMCKHMX, EBPONEHCKUX M KUTAHCKUX PaKET-HOCHTEJIEH, B TOM YHCJIE TAKEJIOT0 Kilacca, TaKMX KaK
«ITpOTOH», 3aMyCKM KOTOPOTO PEryJspHO OCYLLECTBISIOTCS ¢ KocMoapoma baiikonyp. HecmoTps Ha
HAMETHBILUMECS TEHJIEHLMM pa3paboTKku W BHeapeHus Oosiee O€30MacHbIX B 3KOJOrMYECKOM
OTHOIIIEHWM PAKETHBIX JABUrartesiei ¢ TOMIMBOM Ha OCHOBE KEpOCHHA, METaHa WJIK BOJOPOAA, HAMI
M Apyrue TUAPa3HHOBBIE IOPHOYME HE TEPSIOT aKTyaJbHOCTH 1S MCMOJIb30BAHMA B Pa3srOHHBIX
onokax (opOMTaNbHBIX CTYNEHSX PAKeT), YTO HE MO3BOJISET MOBOPUTH O BO3MOXKHOCTH MNOJIHOIO
OTKa3a OT IPUMEHEHMsI TAKUX COEIMHEHH B 0003puMom OyayiieM. [lonajnas B OKpy»aroulyro cpeiy
u Oyayuyd BBICOKOTOKCHUHBIM coeauHenneM, HJIMI' Moxer oka3piBaTe HEraTWBHOE BIIMSHHMC Ha
NPUPOJHBIE SKOCHCTEMBI U 3/10pPOBbE Y€JOBEKA. DTa NpodieMa NPUBJIEKAET NPUCTAIbHOEC BHUMAHHE
obiecTBeHHOCTH M Mccaeaopareneii B Poccuiickoit ®Peaepauun v Kasaxcrane, MCNOJb3YHOMIMX
OOLIMPHBIE CYXOMYTHBIE TEPPUTOPHH B KaU€CTBE PAHOHOB NaJEHHS OTpabOTaHHbIX CTYIEHEN paKeT-
HOCHTEJIEH.

K HacrosilleMy BpeMEeHH pa3padoTaHbl aHAJUTHYECKUE METO/bl KOHTPOJS COAEPKAHMA
HJIMI™ B pa3iuuHbIX 00BEKTaX OKpPY’KatollEeH Cpe/bl, OJHAKO aJ€KBATHAs OLEHKA BO3HHMKAIOLIMX
IKOJOTMUYECKUX PHCKOB BO3MOXKHA JIMLIb MPH YCJIOBHHU yyeTa YPOBHEH KOHLEHTPALMH KaK camoro
paKeTHOro TOMJIMBA, TaK M MHOTOYMCJIEHHBIX TMPOAYKTOB €ro OKMCJIMTE/IbHOM TpaHChOopMaluu,
MHOTHME M3 KOTOpBIX OTJIMYAIOTCS BBICOKOM TOKCHMYHOCTBIO M KaHUCPOICHHOCTHIO. bnaroaaps
UCKJIFOYHUTEIbHO BBICOKOH peakuuoHHoi crnocodnoctn HJIMIL nx oOpasoBanue noa neicrsuem
KHCJI0pOAa BO3/lyXa NPOTEKAeT C BbICOKOH CKOPOCTBIO. boJsiee TOro, NPUMEHSIEMbIE TEXHOJIOTHH
NIETOKCUKALIMM TOYB, 3arps3HEHHBIX PAKETHBIM TOIMJIMBOM, € MCMOJIb30BAHHEM OKHCIIMTE/IBHBIX

peareHTOB MOIYT OKa3biBaTh CyLIECTBEHHOC BJIMAHUC HA TTyTH Tpanchopmaumu HJAMI. B cBsszu ¢
YTUM. B HacTosilee BpeMs 0co0yIO aKTyalbHOCTb Mpuodpesia pa3padoTKa METO0B OIHOBPEMEHHOTO
onpe/ieeHNs 3HaYUTENbHOT0 YUC1a NPUOPHTETHRIX MPOLyKTOB tpaHchopmauu HJAMI™ pasznuunbix
KJ1ACCOB B OKpysKalouei cpeje. YkasaHHas 3a/ia4a 10 HacTOALUCTO BPEMEHH HE PELICHA B NOJIHOH
Mepe, Npu 3TOM 0CODEHHO OCTPO CTOMT BOTPOC 00 oneparMBHOM KOHTPOJIC TAKWX COCAMHEHHH B
arMoc(hepHoM BO3j1yXe, NPEACTABAIOLLMI CEPbE3HBI BBI3OB JUIS AHANHTHUECKOH XHMHUM.

MmMeHHO Ha pelieHue JaHHOH aKTyaslbHOM npoOJeMbl HANPABICHO JMCCEPTALHOHHOE
ucenenosanue b, BykeHoBa, OXBAaThbIBAOIIEE KOMILIEKC BOMPOCOB, CBS3AHHBIX ¢ OTOOPOM Mpod
Bo3ayxa, pa3paGoTKod MOAX0A0B K COPOUMOHHOMY KOHUEHTPHPOBAHWIO AHAIMTOB, BBIOOPOM M



ONTUMM3AIMEH YCJIOBUH HX XpoMmatorpadguueckoro pasjeieHuss v JIETEKTHpOBaHUA, CO3/IaHHEM
METOJIMK, TIPHIOAHBIX JUIS pean3aliii B HOJIEBbIX ycioBusix Ha Oa3ze MOOMIILHBIX J1aDOpaTOpHHA.
Couckaresib YUEHOH CTENeHH BBINOMHWI HCKIIOUMTENILHO OoMbiioi 00beM TEOPETHYECKOH H
IKCIIEPUMEHTANBHON paboThl ¢ HCNOJB30BAHUEM METO/IOB rd30BOi Xpomarorpapuu — Macc-
CHEKTPOMETPHH B COUCTAHMM C JIBYMSI BOKHEHIIUMH TEXHUKAMH COpOLIMOHHOTO KOHLIEHTPHPOBAHHA
- MCHOJNb30BaHHeM TBepaodasHoii Mukposkerpakiun (TOMD) u  copbumonHpix TpyoOK ¢
nocnenyroueu repmojecopouuei (/1) ananuros.

TiarenbHoe M3y4yeHHe BIAMSHHS PA3IMUHBIX YCJIOBHH OKCTPAKUMH M JIECOPOLMH CEMH
asoTcojepxalux npoaykros tpaHchopmairun HJAIMIT na TOMD BojokHax ¢ YII€pOIHBIM
copbenrom (Car/PDMS) nossosnio couckarenio pazpadborarh U BaJIMAMPOBATH BEChbMa NMPOCTYIO B
MCIOJIHEHHH MeToAuKy TOMD-I'X-MC ananusza, BrJoyawoulyro oroop M IEpPEHOC B
BaKyyMHpPOBaHHYI0 20-MJ1 BHasly uccaeayeMoi npoObl BO3/lyxa, ypaBHOBEIIMBAHHE C BOJIOKHOM B
teyeHne 10 muH npu temneparype 21°C, ObICTpyIO 1€COpOLMIO aHAJMTOB B MHMkKeKTOpe M [ X-
pa3/ieJIecHHe Ha MOJISIPHOM HEnoJABMXKHOM (aze B TeueHue 28 MuH. JlocTuraembie Ipeeibl
obHapyxenus cocrasuiiu 0,1-0,5 MKr/M>, 4To OTBEUaeT AEHCTBYIOIMM YKOJIOTHYECKUM HOPMATHBAM.
HacTHYHBIM  HCKIIIOYEHHEM  sBisieTcss  HuTpos3oaumeTulamud  (H/IMA)  koTopbii  MOXKET
KOHTposinpoBarbesi Ha ypoBHe [1JIK B Bo3ayxe paboueit 30Hbl. PazBuTueM Takux HUCCIIEI0BAHHH C
pEeLIEHHEM 3aJla4l PaJuKajJbHOrO IMOBbIILIEHHS YyBCTBHTE/ILHOCTH aHaliu3a crtaja paszpadorka 1/1-
['X-MC MeToauku onpejelieHHs TeX K€ aHAJIMTOB C MpeJBapUTENIbHOM aKTUBHOH copOuuen Ha
TpyOKax ¢ MoJMMEpHbIM yHUBepcalibHbiM copOeHTOoM Tenax-TA, a Takke rpa@uTU3HpOBAHHBIM
yriepoaom Carbograph 1TD. BeinonneHHass ontumu3anus npoueaypbl npoboordbopa 1o3soJsinia
JOCTUYDL OJIM3KOrO K KOJHYECTBEHHOMY M3BJICUCHHS QHAJIMTOB IMPH MPOKAYMBAHUU 2 JI BO3/yXa B
teyeHue 10 muH. [locneayrowmas repmojaecopOuus ¢ (POKYCHPOBAHUEM aHAJIUTOB HA OXJIAXKIaeMOH
COpOLIHOHHOI JIOBYIIIKE B COYETAHHH C MCIIOJIb30BAHUEM TEXHHKH ra30BOi XxpoMarorpapuu — macc-
CIIEKTPOMETPHH BBICOKOIO pa3pelleHUsi Ha OCHOBE OpOMTAJIbHOM HOHHOHM JIOBYIIKH ITO3BOJIMIIH
JOCTHYb BIEYATJISAIOMIMX MpeaesioB 0OOHApPYKEHUs, JOCTUIalOLIMX COTBHIX JI0JIEH IHKOrpaMMa Ha
Tpy6Ky mim 0,1-1,1 Hr/™?, uto Ha 3 mopsaka Hixke 1o cpaBHenuio ¢ TOMD-I'X-MC. Jlns perenus
BAXKHOM 3aJlayd OIEepaTMBHOIO aHajiu3a B II0JIEBBIX YCJOBHSX COHCKATElIeM IIPEUIOKEHO
ucronap3oBanue npoctoi I'X cuctembl ¢ a301/(pocop-CeIEKTUBHBIM JICTEKTOPOM B COYETAHHH C YiKe
orpaboraHHOW UM TexHuKoil TMOMD. Hekoropas norepss 4yBCTBHUTEIBHOCTH B 3TOM Cllydae B
3HAYMUTEJIbHON CTEereHH ObUla KOMIIEHCMPOBAHA MCIIOJIb30BAHMEM IIOBBIIEHHBIX 00BEMOB Mpod
Bozayxa (250 wu1), a mnosyyeHHble npejesibl  OOHapyx#eHHs:  (HECKOJIBKO MKI/M>)  MOTYT
paccMarpUBaThCs KAk JIOCTaTOYHbIE JUIS KOHTPOJsS 9KOJOIMYECKOH CHTYalHH B YCIIOBHSX
Yype3BbIYalHbIX CHTYaIHH.

[lonydeHHble pe3yJbTaTbl MPEACTABICHbl COMCKATElleM B BHAE TpeX CTared B
BBLICOKOPEHTHHIOBBIX HAY4HBIX JKypHajlaX ¢ BBICOKOH peryTalHer B CPe/Ie XHMHKOB-AHAJTHTHKOB —
Microchemical Journal u Journal of Separation Science. JloCTOBEPHOCTD IPEACTABICHHBIX JaHHbIX
M [PaBOMEPHOCTb CJIEJIAHHBIX BbIBOJOB HE BbI3bIBAIOT COMHCHHH M MOATBEPKAAIOTCS I11yOOKOH
1popaboTKOiA aBTOPOM METOI0JI0IHYECKHX aCIEKTOB, & TAKIKE AHATIU30M JIMTEPATY PHBIX AHHBIX.

YacTh BBINOJHEHHBIX B paMKax JAMCCEPTALlHOHHOM paldOThl HCCIICJAOBAHMH TNPOBOAMIAC

COMUCKaresieM B XoJe Hay4yHbIX CTAKHPOBOK B I_ICHTPC KOJUICKTHBHOI'O [TOJIB30BAHUA HAY4YHbLIM

o6opyioBaHHEM « ApKTHKa» CEBEpHOIo (ApkTnueckoro) (pepepasibnoro yuusepcurera. [lpu srom b.

BykeHOB IPOJAEMOHCTPUpOBAsl  r1yOOKHE  3HAHMS COBPEMEHHOH METOJOJIOTHH W TEXHHKH

xpomamrpaquecxoro H MAcC-CHEKTPOMETPHUCCKOIO dHaJiu3a, IHOJAXO/0B K HpO6OHOIIFOTOBKC,

[oKasaljl yMEHHE I'rpaMOTHO JIAHUPOBATE U CTABHTB SKCIHCPHUMCHT, 06pa6aTblBaTb H aHAJIH3HPpOBATh

nosydeHnpie  Aanupie,  McexmountenpHo  OnaronpusTHOE  BHEUATICHHE HPOM3BOMAT HABBLIKH



COMCKATENs B IOJAIOTOBKE HayuHbIX nyOiaukaimnii, a Takke rnpejicrapieHus csoeid padboTel B BHJIE
NOKJIAZ0B M NPE3CHTALMM,

Mexons m3 Bblineckazanioro, cuntaio, 4ro baysipkan OmupbekoBud byKeHOB ABIACTCA
BBICOKOKBAIMPULIMPOBAHHBIM  MCCIICJIOBATEICM, 3aC/1yKMBAIOIIUM TIPUCBOEHHUSA YUIEHOH CTENEHH
nokropa ¢unocodpun (PhD) no obpazosaresnnhoit nporpamme «8D05301 - Xumus», a ero
auccepranus «Paszpaborka MeTo10B onpeiesieHus 1pojyKToB TpaHchopmaimy HECUMMETPHYHOTO
JUMCTHIITHIPA3HHA B BO3JLYXe» SIBJISICTCS 3aBEPLICHHBIM HAayUYHBIM HCCJIEJI0OBAHUEM, KOTOpPOE IO
AKTYQJIbHOCTH TEMbl, HAy4YHOH HOBH3HE, [IPAKTHYECKOH LEHHOCTH M 00beEMY TMOJIHOCTHIO
COOTBETCTBYET BceM TpeboBaHusiM MunucTepeTBa Hayku M Boicuiero obpazosanus PecryOnuku
Kasaxcran K qucceprain Ha COUcKaHuue ctenenu gaokropa ¢puaocopuu (PhD).
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Review of academic adviser
for dissertation work of Bukenov Bauyrzhan Omirbekovich
«Development of analytical methods for determination of unsymmetrical
dimethylhydrazine transformation products in air»,
submitted for competition of for an academic degree PhD on the educational program
«8D035301 — Chemistry»

|,I-dimethylhydrazine (asymmetric dimethylhydrazine) is being actively used as missile fuel
within some decades in the whole range of Russian, European and Chinese carrier-missiles including
heavy class such as Proton, starts of those is being regularly accomplished from the spaceport
Baikonur. In spite of trends for development and implement more environmentally friendly missile
engine with fuel based on kerosine, methane or hydrogen, asymmetric dimethylhydrazine and other
hydrazine fuels are still relevant for use in boosters (orbital missile stages), thus it can be said that it
Is impossible to completely refuse from use of such compounds in the nearest future.

Penetrating into environment and being highly toxic compound asymmetric
dimethylhydrazine may negatively affect on natural ecosystems and human health. This problem
attracts careful attention of public and the researchers in the Russian Federation and Kazakhstan using
wide land territories as the regions of fall of carrier-missile exhausted stages.

By now, analytical methods for control of asymmetric dimethylhydrazine content in the
various environmental facilities were developed, however, an adequate assessment of the occurring
environmental risks is possible only under conditions of accounting of concentration levels missile
fuel itself, as well as numerous products of its oxidating transformation, many of those are
characterized by high toxicity and cancerogenity.

Thanks to exclusively high reactivity of asymmetric dimethylhydrazine, their formation under
oxygen air effect occurs with high speed. Moreover, the using technologies for detoxication of soils
polluted with missile fuel with the use of oxidating reagents may essentially affect on the ways of

asymmetric dimethylhydrazine transformation.
In this connection, development of methods for simultaneous determination of signiticant

number of priority transformation asymmetric dimethylhydrazine products of the various classes in

environment is especially relevant.
Until now, the specified task is not completely resolved, provided that the issue on operative

control of such compounds in the atmospheric air represented the serious challenge for analytical

chemistry is especially critical.
Dissertation study of B. Bukenov covering a range of the issues associated with the air

sampling, development of approaches to sorption analyte concentration, selection and optimization
of conditions of their chromatographic separation and detection, creation of methodic suitable tor
realization under the field conditions based on the mobile laboratories is dedicated to solution of this

relevant problem.



The candidate for an academic degree has performed exclusively large scope of theoretical
and experimental work with the use of methods of gas chromatography — mass spectrometry in
combination with two important lechniques of sorption concentration the use of solid-phase
microextraction and sorption tubes with the next thermal desorption of analytes.

Careful study of influence of various conditions of extraction and desorption of seven nitrogen
containing asymmetric dimethylhydrazine product transformation on solid-phase microextraction
fibers with carbon sorbent (Car/PDMS) allowed to the candidate to develop and validate very simple
methodic of solid-phase microextraction-GC-MS analysis including selection and transfer into
Yacuum 20 ml vial of the tested air sample, balance with fiber within 10 minutes at temperature 2 1°C.
tast analyte desorption in injector and GC separation on the polar stationary phase within 28 min.

Reachable detection limits amounted to 0,1-0,5 pg/m’ that meets applicable environmental
norms. Partial exclusion is nitrosodimethylamine, which may be controlled at maximum allowable
concentration level in the working area air. Development of TD-GC-MS methodic for determination
of the same analytes with preliminary active sorption on the tubes with polymer versatile sorbent
Tenax-TA, as well as graphitized carbon Carbograph 1TD became innovation of such studies with
solution of the task for radical Increasing of analysis sensitivity.

Performed procedure optimization of sampling allowed to reach extraction of analytes close
10 quantitative at pumping of 2 I. of the air within 10 min. The next thermal desorption with analyte
focusing on the cooling sorbent trap in combination with the use of gas-chromatography-mass-
spectrometry of high-resolution technique based on orbital ion trap allowed to reach impressive
detection limits reaching two decimal places picograms per tube or 0,1-1,1 ng/m? that by 3-fold lower
in_comparison with solid-phase microextraction-GC-MS. For solution of the important task of
operative analysis under field conditions, the candidate has proposed use of simple GC system with
nitrogen/phosphor-selective detector in combination with already proved solid-phase microextraction

technique.
In this case, some sensitivity loss was significantly compensated by use of increased air

sample volumes (250 ml) and the received detection limits (some pg/m’) may be considered as

sufficient for control of environmental situation under emergency conditions.
The received results are presented by the candidate in the form of three articles in top-rated

scientific journals with good reputation in the environment of chemist-analytics - Microchemical
Journal and Journal of Separation Science. Accuracy of presented data and validity of conclusions
made are doubtless and confirmed by deep working out of methodological aspects, as well as

literature data analysis by the author.
Part of studies performed within the frames of dissertation work was conducted by the

candidate during scientific internships at Core Facility Center “Arktika™ of Northern (Arctic) Federal
University named after M. V. Lomonosov. Provided that B. Bukenov has demonstrated deep
knowledge of the modern methodology and technique of chromatographic and mass-spectrum
analysis, approaches to sampling, showed skill to correctly plan and conduct experiment, process and
analyze of the received data. The candidate’s skills in preparation of scientific publications in the

form of papers and presentations make exclusively favourable impression.
Based on the above I believe that Baurzhan Omirbekovich Bukenov is the highly skilled

researcher worthy of award of academic degree PhD on the educational ?rogram «SDO:SS()I -
Chemistry» and his dissertation “Development of analy.tica.l n?cthods or dete.rml.nzmon of
unsymmetrical dimethylhydrazine transformation products in air” i1s a complete scnen.uﬂc §ttndy,
which on topic relevance, scientific novelty, practical value and scope completely complies with all




requirements of the Ministry of Science and Higher Education of the Republic of Kazakhstan to
dissertation for PhD degree competition.
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