ISSN 1563-0331
NMHAOEKC 75879; 25879

O/1-PAPABU aTbiHaafbl KASAK YITTbIK YHUBEPCUTETI

Ka3¥y XABAPLUbICDI

XUMUA CEPUACHI

KA3AXCKUN HALIMOHANBHBIN YHUBEPCUTET umern AJlb-dAPABM

BECTHUK KasHY

CEPNA XMMWUYECKAA

CHEMICAL BULLETIN

OF KAZAKH NATIONAL UNIVERSITY

Ne 2(89)

Anmarbl
"Kasak yHuBepcuteTi"
2018



OcHosaH 22.04.1992 a.
PeaucmpayuoHHoe caudemenscmao Ne 766
Beixodum 4 pasa 8 200

[7IABHbIV PEJAKTOP CEPUN «BECTHUK KA3HY»

Akademuk MymaHoe laneimkaup Myma+Hosu4
pexkmop KazHY um. anb-®apabu, Anmamel, KazaxcmaH

PEAAKLIMOHHAA KOJIJIETUA MYPHAJIA « BECTHUK KA3HY. CEPUA XUMMUYECKAA»

HAYYHbIA PEAAKTOP

Kenecoe bynam HypnaHosuy

KaHOudam xumu4ecKux Hayk, npogeccop

LieHmp ¢husuKo-xumuyeckux memodos ucciedo8aHus u aHausa, Anmamel, Kazaxcmax
bkenessov@cfhma.kz

OTBETCTBEHHbIE CEKPETAPU

lFaneesa AnuHa KynbaesHa

KaHOUOam XUMUYECKUX HayK

LleHmp husuko-xumudeckux Memodos uccnedosaHus u aHanusa, Anmamel, Kasaxcma+
editor@bulletin.chemistry.kz

HAYYHbIE PE4AKTOPbI

Ypakaes ®apum XucamymouHosuy

00KMOp XUMUYECKUX HaYK, Mpogeccop

MHcmumym 2eonozuu u muHepanoauu um. B.C. Cobonesa

Cubupckozo omoeneHus Poccutickoli akademuu Hayk, Hosocubupck, Poccus

LLiImakos Cepeeli Hukonaesu4
KaHOUOam XUMUYECKUX HayK
YHusepcumem KoHHekmuKyma, CLUA

Carlsen Lars
dokmop Hayk, npogeccop
Awareness Center, Pockunede, JaHus

Djenizian Thierry
PhD, npogeccop
Center of Microelectronics in Provence, MINES Saint-Etienne, PpaHyua

Turdean Graziella
PhD, accoyuuposaHHbiii npogeccop
University "Babes-Bolyai", Cluj-Napoca, PymbiHusa

3AMECTUTE/Ib HAYYHOIO PEAKTOPA

Bbypkumbaes Myxambekmanu Meip3abaesuy
QOKMOp XUMUYeCcKux Hayk, npogeccop
KazHY um. ane-®apabu, Aamamel, KazaxcmaH

Adunvbekosa Akboma OpazbakeesHa
KaHOUOam Xumu4ecKux Hayk, doyeHm
KazHY um. ane-®apabu, Aamamesl, KazaxcmaH

Ypanbekos bonam Mypamosuy

KaHOUOGM XUMUYECKUX HaYK, dCCOYUUPOBAHHBIL npogeccop
LleHmp ¢husuko-xumudeckux Memodos uccnedo8aHUA U GHANU3A,
KazHY um. ane-®apabu, Aamamel, KazaxcmaH

Koziel Jacek
PhD, npogpeccop
YHusepcumem wmama Aliosa, CLUA

CelinxaHosa 'ynb3us AmaHeenb0uesHa
O0KMOpP XUMUYECKUX HayK, doyeHm
KasHY um. ane-®apabu, Anmamel, KazaxcmaH

KopynbkuH Amumpuli Opbesuy
00KMOpP XUMUYECKUX HaYK, Mpogheccop
KazHY um. ane-®apabu, Aamamesl, KazaxcmaH

OHeapbaes Epdoc Kanumynnaysnel
00KMOpP XUMUYECKUX HayK, npogeccop
KasHY um. ane-®apabu, Anmamel, KasaxcmaH

BECTHUK KA3HY
CEPUA XMMUNYECKAA

Ne 2(89)

Penaktopbl: Adunsbexosa A.O., [aneesa A.K., KeHecos b.H.

Wb N212230

MoanucaHo B neyats 30.16.2018. Gopmat 60x84 /.
0O6bem 8.08 n.n. bymara odpcetHas. Meyatb undposas.
3aka3 Ne5648. Tupax 29 ak3. LleHa gorosopHas.
W3patensckuii Aom «Kasak yHusepcuteTi»
Ka3axckoro HaLMOHaNbHOro YHUBEPCUTETA UMEHN anb-Papabu.
050040, r. Anmartsl, np. anb-Papabu, 71, KasHY.
OTneyaTaHo B TMNOrpaduUmM U3AaTeIbCKOro Aoma «KasaK yHUBepcuTeTi».

© KasHY vm. anb-Papabu, 2018

© KazsHY um.

Wb N212230

Bacyfa 30.06.2018 »blnbl KON KOWbINAbI.

Miwimi 60x84 1/8. Kenemi 8.08 6.1. OdceTTi Karas. CaHAbIK BacbisbiC.
Tancbipbic Ne5648. Tapanbimbl 29 aaHa. baFacel kenicimg,.
on-dapabu aTbiHAaFbl Ka3aK yATTbIK YHUBEPCUTETIHIH,
«Kasak yHusepcuteTi» 6acna yiti.

050040, Anmartbl K., a1-Papabu gaxfbinsl, 71.

«Kasak yHuBepcuTeTi» bacna yiiHiH 6acnaxaHacbiHaa 6acbingpl.

© 2n-Papabm atbiHaarbl Kasyy, 2018

anb-Papabu, 2018






Quantification of
transformation products
of unsymmetrical
dimethylhydrazine in
aqueous extracts from soil
based on vacuum-assisted
headspace solid-phase
microextraction

Orazbayeva D.*, Kenessov B.,
Zhakupbekova A.

Center of Physical Chemical Methods of
Research and Analysis,

al-Farabi Kazakh National University,
Almaty, Kazakhstan

*E-mail: orazbayeva@cfhma.kz

Quantification of transformation products of unsymmetrical dimethylhydrazine (UDMH) in soil
requires tedious, time- and labor-consuming sample preparation. The simple and fast method for
quantification of transformation products of UDMH in aqueous extracts from soil using vacuum-
assisted headspace solid-phase microextraction (Vac-HSSPME) was optimized in this work. The
method is based on extraction of analytes from soil with water followed by Vac-HSSPME of the
obtained aqueous extracts, and gas chromatography-mass spectrometry analysis. The target
transformation products were: pyrazine, 1-methyl-1H-pyrazole, N-nitrosodimethylamine, N,N-
dimethylformamide, 1-methyl-1H-1,2,4-triazole, 1-methyl-imidazole and 1H-pyrazole. The effect of
a sample pH on responses of target analytes was studied. It was negligible, and no pH adjustment
was recommended before a subsequent extraction. The water amount was optimized to provide the
best combination of analytes responses and their precision. Extraction by adding 7.00 mL of water
to 2.0 g of soil ensured linear dependence of responses of the analytes on their concentrations in
soil. The optimized method provided detection limits of target analytes in soil in the range from 0.2
to 9 ng/g. The spike recoveries obtained for model samples were in the range 90-103%. The
developed method can be recommended for application in laboratories conducting routine analyses
of soil samples potentially contaminated by rocket fuel residuals.

Keywords: solid-phase  microextraction; vacuum-assisted headspace solid-phase
microextraction; transformation products; unsymmetrical dimethylhydrazine; soil analysis.

OnpeaeneHue NpoayKToB
TpaHchopmaLumm
HeCMMMETPUYHOTO
AUMETUATnApPasuHa B
BOAHbIX 3KCTPAKTaX U3

NnouYBbl HA OCHOBE BaKYyMHOM
napog¢asHoii TBepgodasHoi
MUKPOIKCTPAKLMHU

Opas6aesa [.C.*, KeHecos B.H.,
Yakyn6ekosa A.A.

LleHTp GU3NKO-XMMUYECKMX METOL0B
MUccnefoBaHUA U aHann3a,

KasaxcKkuit HauMOHANbHbIN YHUBEPCUTET UM.
anb-dPapabu, Anmatbl, KazaxcraH

*E-mail: orazbayeva@cfhma.kz

OnpegenexHve NPoayKToB TpaHCHOPMALMM HECUMMETPUYHOTO AUMeTUArnapasmHa (HOMT)
B nouse TpebyeT CNOXKHOM, Bpemsa- U Tpyao3aTpaTHOM npobonoarotoBku. B HactosAwen pabote
6bl1a ONTUMM3MPOBAHa NPOCTan M BbICTPasa METOAMKA KONMUYECTBEHHOTO ONMpeaeNeHus NPoAYKTOB
TpaHchopmaumn HOAMT B BOAHbIX IKCTPaAKTaX U3 NOYBLI C UCMONb30BaHWEM BaKYYMHOM napodasHow
T8epAodasHON MUKPO3KCTpakumm (Bak-MTOM?I). MeTogmKa OCHOBAHA Ha 3KCTPAKLUMM aHANUTOB
13 MOYBbl BOAOM C MOCNEAYIOWMM aHAIM30M MOJYYEHHbIX BOAHbIX KCTPAKTOB Npu nomolum Bak-
NTPM3 1 razoBoi xpomaTorpaduum ¢ macc-CreKTPOMETPUYECKUM AeTekTupoBaHuem. Llenesbimun
npoayktamu TpaHchopmaumumu bbian: nupasuH, 1-metun-1H-nupason, N-HUTPO3OAUMETUNAMUH,
N,N-gumetundopmamung, 1-metun-1H-1,2,4-tpuason, 1-metun-ummgason w  I1H-nupason.
WccneposaHo BavAaHMe pH obpasua Ha OTKAMKM UeneBblX aHanuTOB. YCTaHOB/EHO, 4TO
BAMAHWE pH He3HaYUTENbHO U PEKOMEH0BAHO NPOBOAUTL SKCTPaKuMio 6e3 moandukaummn pH.
ONTUMM3NPOBAHO KONMYECTBO pacTBopuTens (Boapl) AN obecnevyeHns HauayyLlero covyeTaHus
MHTEHCMBHOCTM U NPELM3NOHHOCTM OTK/IMKOB aHANUTOB. JKcTpakuma 7,00 ma soabl 13 2,0 r nousbl
No3BO/IAET NO/y4aTb NIMHENHbBIE 3aBUCMMOCTU OTK/IMKOB aHAAWTOB OT MX KOHLEHTPaLuii B noyse.
OnNTMMKU3NPOBaHHANA MeToAMKa obecneynBaeT Npeaebl 0O6HAPYKEHUA LeNEBbIX aHA/IMTOB B NOYBE
B AnanasoHe oT 0,2 A0 9 Hr/r. CTeneHn o6HapyXeHUA aHaUTOB B MOZE/IbHbIX 06pa3sLax MeTofom
BBeJeHO-HalAeHo BapbMpoBanuch B guanasoHe 90-103%. Pa3paboTaHHas MeToauKa MOXKeT BbiTb
pEeKoOMeHZ0BaHa A1A NPUMEHEHUs B NabopaTopusax, NPOBOAALLMX PYTUHHBIN aHann3 obpasuos
noYBbl, NOTEHLMANbHO 3arpA3HEHHbIX OCTaTKaMM PaKeTHOro Ton/MBa.

KnioueBble cnosa: TBepaodasHas  MMKPOSKCTPaKuus; BakyymHas  TeepgodasHas
MMKPOIKCTPAKLMA; NPOAYKTbI TPaHCHOPMaLMKU; HECUMMETPUYHBLIN AUMETUATMAPA3UH; aHANW3
noYsbl.

Bakyympgbl 6y ¢asanbi
KaTTbl pasanbl
MMKPO3KCTPAKLUUAHDIH,
Heri3iHAe TonbIPaKTbiH

CY CbifbIHAbINAPbIHAA
CUMMETPUANDIK emec
OUMETUNTUAPA3UHHIH,
TpaHchopmaLmachl
OHiMmAaepiH caHAbIK aHbIKTay

Opas6aesa [.C.*, KeHecos B.H.,
¥akyn6ekosa A.A.

DuU3nKa-XMMUANDIK 3epTTey daicTepi
opTanbifbl, an-Papabu atbiHAarbl Kasak
YATTbIK YHUBepcuTeTi, AnmaTbl, KasaKkcTaH
*E-mail: orazbayeva@cfhma.kz

© 2018 Al-Farabi Kazakh National University

CummeTpuAnbiK  emec  aumetuarnapasuuHiv,  (CEAMI) TpaHchopmaumscbl eHimaepiH
TOMbIPAKTa CaHAbIK aHbIKTaybl YaKbIT NEH KaHe eHOEeKTi Ken KayKeTciHeTiH cbiHama AaliblHaayabl
KaxkeT eTteai. Ocbl KymbICTa Bakyymapl 6y dasanbl KaTTbl $asanbl MUKPOIKCTPAKUMAHBIH, (Bak-
BK®M3) KonaaHybIMeH TOMbIPAKTbIH, Cy CbifbiHAbLIapbiHAa CEAMI TpaHchopmaumachbl eHiMAepiH
CaHAbIK aHbIKTayAblH KapanarbiM KoHe Te3 ajicTemeci OHTalNaHAbIpbiNAbl. DAicTeme CyAblH
KO/MAQHYbIMEH CYMbIK 3KCTPAKUMACHI XKYPridy, YKoHe a/iblHFaH Cy CbifblHAbIIAPbIH Bak-BKOMI
MeH rasgpl XpomaTorpaduacbl-Macc-CMeKTPOMETPUA apKblibl Tangayfa Herisgenedi. MakcatTbl
TpaHchopmauma eHimaepi: nupasuH, 1-metun-1H-nupason, N-HuTposzogumeTunamuH, N,N-
aumetunpopmamug,  1-metun-1H-1,2,4-tpnason,  1-meTun-mmuaason  kaHe  1H-nupason.
pH acepiHiH, Wamanbl emec eKeHAiri aHbIKTanabl aHe pH e3repicci3 3KCTPaKUMAHBI XKYpPrizy
yCbiHbINAbl.  EpiTKiWTiH,  (CyablH) Menwepi aHanuTTepAiH, KayanTapbliHbiH YKaHe onapablH,
ONAIKTEPIHIH, V34K KOMBUMHALMACBIH KAMTAaMachI3 eTy YLIiH OHTaNAAHAbIPbINABI. 7 MA CYAbIH, 2 MA
TOMbIPAKTaH 3KCTPALMACHI AHANUT KayanTapblHbIH, ONAaPAbIH, TOMbIPAKTaFbl KOHLEHTPauuANapbiHaH
CbI3bIKTbIK TayeNAiNiktepiH anyfa MyMKiHAIK 6epeai. OHTalnaHAbIPbINFaH dicTeme TonblpaKkTa
MaKkcaTTbl aHanuTTepai 0,2-9 Hr/r  apasbifblHA, aHbIKTay LUEeKTepiH, KepceTTi. Mogenbaik
CblHAaMaNapAaFbl eHri3inai-Tabbingpl agici apKbiabl aHbIKTayabliH Aangiktepi 90-103% apanbifblHAa
6ongbl. [dalbiHAanfaH aaicTeme 3bIMblpaH OTbIHbl  KaNAbIKTapbiMeH NacTaHybl  bIKTUMan
TOMbIPAK, CblHAMaNapblHbIH, TanAayblH KYHAENIKTI Kypri3eTiH 3epTxaHanapga KongaHy yuWiH
YCbIHbINYbl MYMKIH.

TyitiH ce3pep: KaTTbl Gpasasibl MUKPOIKCTPAKLMA; BaKYYMAbl KaTTbl Ga3aibl MMKPOIKCTPAKLMSA;
TpaHchopMaLmAChl BHIMAEPI; CUMMETPUABIK EMEC AMMETUATMAPA3NH; TOMbIPAKTLI Tanaay.
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Quantification of transformation products of unsymmetrical
dimethylhydrazine in aqueous extracts from soil based on
vacuum-assisted headspace solid-phase microextraction

Orazbayeva D.*, Kenessov B., Zhakupbekova A.

Center of Physical Chemical Methods of Research and Analysis,
al-Farabi Kazakh National University, Almaty, Kazakhstan
*E-mail: orazbayeva@cfhma.kz

1. Introduction

Contamination of environmental objects with highly toxic
rocket fuel unsymmetrical dimethylhydrazine (UDMH) is one
of the major and the most priority environmental problems in
Kazakhstan. Every launch of space vehicles results in environ-
mental pollution due to a landing of rocket parts containing
residual fuel (<2 t) on soil and water surfaces. Accidents during
transportation or launches of rockets can result in a release of
much greater amounts of the fuel [1]. UDMH released into the
environment undergoes oxidative decomposition with forma-
tion of numerous transformation products (TPs), some of which
possess carcinogenic, mutagenic and teratogenic properties [1-
3]. The most stable transformation products of UDMH are
triazoles, nitrosoamines, pyrazoles, tetrazoles, imidazoles and
pyrazines [4-6].

The majority of methods for quantification of UDMH and
its transformation products in soil samples require continuous
time- and labor-consuming sample preparation involving organic
solvent extraction (Tablel1). The headspace solid-phase
microextraction (HSSPME) was successfully applied for quan-
tification of UDMH transformation products in soil [7,8].
However, the HSSPME methods require complicated calibration
approaches to achieve the acceptable accuracy of quantifi-
cation. Recently, the vacuum-assisted HSSPME (Vac-HSSPME)
method was proposed for quantification of transformation
products of UDMH in water [9]. Compared to the method based
on the regular HSSPME [8], the Vac-HSSPME provided 9-17-fold
increase in extraction effectiveness of target analytes at shorter
extraction times (30min vs 60 min) and detection limits
0.5-100 ng/L. Matrix effect during Vac-HSSPME can be effectively

controlled using multiple extractions from a single sample
vial [9]. The similar approach based on Vac-HSSPME cannot be
used for soil because it is technically impossible to introduce
soil aliquot into an evacuated vial as it is conducted for water. In
this study, we propose to conduct the Vac-HSSPME from soil
aqueous extracts (Figure 1). Relatively high polarity (logk
values in the range from -1.70 to 0.26) and water solubility
values of target analytes make them suitable for pre-extraction
with water followed by HSSPME.

The aim of this work was to optimize the Vac-HSSPME
method developed for aqueous samples to soil analysis. The
target transformation products were pyrazine (PAn), 1-methyl-
1H-pyrazole (MPA),  N-nitrosodimethylamine (NDMA),  N,N-
dimethylformamide (DMF),  1-methyl-1H-1,2,4-triazole (MTA),
1-methyl-imidazole (MIA), and 1H-pyrazole (PAl). During the
optimization step, the effects of water pH and solvent volume on
the intensity and precision of analytes’ responses were studied.
The analytical performance of the method was determined.

2. Experimental

2.1 Reagents and materials

The list of reagents (transformation products of UDMH)
and their properties are given in the Table 2. The stock and
standard solutions were prepared in distilled water.

Mininert® valves (Restek, USA) were modified to fit the 6 x
9 mm cylindrical Thermogreen® LB-1 septum with half-hole
(Supelco, USA) by drilling a 5-mm i.d. hole in it [17].

2.2 Samples

Clay and sandy soils collected in Almaty, Kazakhstan were
used for preparation of model and standard samples. Before

© 2018 Al-Farabi Kazakh National University
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‘ Aqueous extraction ‘ ‘ Evacuation of the vial

| | Vac-HSSPME-GC-MS analysis

> Magnetic stir bar
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Figure 1 — Proposed scheme for the determination of UDMH TPs in soil using aqueous extraction, Vac-HSSPME and GC-MS

Table 1 — Comparison of the methods used for quantification of UDMH transformation products in soil samples

Sample preparation method Analytical instrument Analyte(s) Detection limit (ng/g)  Reference
Steam distillation from a strongly alkaline Hydrophilic interaction liquid UDMH 2 [10]
medium, trapping into the acetonitrile solution of chromatography (HILIC), MH 3
sulphuric acid HPLC-DAD Hy 1
HSSPME GC-MS MTA 24-1000 171
Continuous periodic extraction with methanol for HPLC-MS FDMH 4 [11]
FDMH; extraction using buffer solutions for MTA MTA 15
Extraction using acetone or methylene chloride GC-MS MTA 5 [12]
Soxhlet extraction with methanol GC-MS MTA 20 [13]
FDMH 20
Distillation from the water-soil slurry in the HPLC UDMH 50 [14]
presence of NaOH with amperometric detection FDMH 30
Extraction using 0.1M HCI during 24 h with HPLC-MS/MS MTA 4 [15]
periodic shaking, centrifugation DMF 4
NDMA 22
HSSPME GC-MS 18 analytes including [16]
MTA 14
DMF 12
NDMA 1

Note: MH = methylhydrazine; Hy = hydrazine; DAD = diode-array detection.

experiments, the soil was washed with water and cleaned from
possible analyte residues and water by heating in a drying
furnace at 200°C for 6 h.

2.3 Parameters of gas chromatography-mass spectrometry
(GC-MS) analysis

Analyses were conducted using 7890A/5975C system
(Agilent, USA) equipped with MPS2 (Gerstel, Germany)

autosampler. Desorption of analytes from the SPME fibers into
a GCinlet was conducted in a splitless mode for 5 min at 240°C.
Separation was conducted using a polar 60 m x 0.25 mm DB-
WAXetr (Agilent, USA) column with a 0.50 um film thickness
at the constant helium (>99.995%, Orenburg-Tehgas, Russia)
flow 1.0 mL/min. The temperature program of the oven started
from 80°C (held for 5 min) and heated with the rate 10°C/min

BecTHuK KasHY. Cepua xummyeckasn. — 2018. — No2(89)
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to 240°C (held for 2 min). The temperatures of the MS ion
source, quadrupole and interface were 230, 150 and 240°C,
respectively. Detection was conducted using the electron
impact ionization at 70 eV in the selected ion monitoring (SIM)
mode. The MS program used for the detection of the
UDMH transformation products in the SIM mode is provided
in Table 3.

2.4 Methodology of experiments

2.4.1 Headspace solid-phase microextraction (HSSPME)
procedure

5.00 mL of an aqueous sample were introduced into a 20-
mL screw-top headspace vials (HTA, Italy) and spiked with
a standard solution of analytes. The sample vials were incubated
in the agitator of MPS2 autosampler at 50°C and 250 rpm for
10 min. The automated HSSPME was conducted for 30 min at
50°C using Car/PDMS fiber coating.

2.4.2 Study of the effect of pH of water on responses of
analytes

This set of experiments was conducted using aqueous
samples prepared from distilled water spiked with PAn and
MPA at 100 pg/L, NDMA and DMF at 200 pg/L, and MTA, MIA,
PAIl at 600 pg/L. 5.00 mL of aqueous samples were introduced
into 20-mL screw-top vials and salted-out with 1.75 g of sodium
chloride. Before extraction, pH of aqueous samples was
adjusted to pH, =4, pH, =7, and pH, = 10 using hydrochloric acid
or sodium hydroxide solutions, respectively. HSSPME was
conducted as described in the Section 2.4.1. The experiment was
conducted in three replicates.

2.4.3 Aqueous extraction procedure

For Vac-HSSPME analysis, the soil samples were extracted
with water. A preset water volume was added to a 20-mL
crimp-top vial containing a soil sample aliquot. Vials were
sealed with PTFE/silicone septa and aluminum caps, and
agitated at 50°C and 250 rpm for 15 min. After agitation, the
extracts were manually shaken for 2 min and left to settle for 15
min. The aqueous phase was sampled from unsealed vials
using 5-mL gas-tight syringe (Bioject, China) through the 0.22 um
polyethersulfone disposable syringe filters (Jin Teng, China).

2.4.4 Study of the effect of water volume on HSSPME
responses of analytes from aqueous extracts

Clay soil samples (m=5.00g) were weighed in 20-mL
crimp-top headspace vials and spiked with PAn at 6.2 ng/g,
MPA —at 9.8ng/g, NDMA and DMF—at 25ng/g, MTA
— at 55 ng/g, MIA — at 75 ng/g, and PAl — at 40 ng/g. Different
volumes (8, 10, 12, and 15 mL) of distilled water were added to
the samples. These solvent volumes were selected in order to
provide sufficient liquid phase amount for subsequent Vac-
HSSPME analysis (5.0 mL). The vials with aqueous extracts
were sealed with PTFE/silicone septa and aluminum caps, and
agitated at 50°C and 250 rpm for 15 min. After agitation, water
extracts were manually shaken for 2 min, and left to settle for
15 min. After extraction, 5.0 mL of liquid phase were sampled
into 20-mL screw-top vials using 5-mL gas-tight syringe through
the syringe filters. The HSSPME from liquid samples was
conducted as described in the Section 2.4.1. The experiment was
conducted in three replicates.

Table 2 — The list of studied compounds and their physicochemical properties

Compound CAS No. Molecular weight K., log K, Boiling point
(g/mol) (atm m3/mol) (°C)
Pyrazine (299.0%, Meryer, China) 00290-37-9 80.1 2.92-10° -0.26 115
1-Methyl-1H-pyrazole (>98.0%, Meryer, China) 00930-36-9 82.1 7.88-10° 0.23 127
N-Nitrosodimethylamine (299.5%, Supelco, USA) 00062-75-9 74.1 1.82-10° -0.57 154
N,N-Dimethylformamide (299.8%, Lab-Scan, Poland) 00068-12-2 73.1 7.39-10°® -1.01 153
1-Methyl-1H-1,2,4-triazole (298.0%, Meryer, China) 06086-21-1 83.1 3.26:10° -0.21 187
1-Methyl-1H-imidazole (299.0%, Meryer, China) 00616-47-7 82.1 8.01-10° -0.06 196
1H-Pyrazole (299.0%, Meryer, China) 00288-13-1 68.1 3.69-10° 0.26 187
Note: CFC ‘Arktika’ — Core Facility Center “Arktika” of M.V. Lomonosov Northern (Arctic) Federal University, Arkhangelsk, Russia
Table 3 — MS detection program for the UDMH transformation products in the SIM mode
Analyte Retention m/z of quantification ion m/z of confirmation ion Group Start time
time (min) (dwell 100 ms) (dwell 100 ms) (min)
PANn 11.74 80 53 1 10.0
MPA 12.44 82 81
NDMA 13.66 74 42 2 13.0
DMF 14.02 73 44
MTA 17.58 83 56 3 16.0
MIA 19.13 82 81 4 18.6
PAI 20.23 68 41

ISSN 1563-0331
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2.4.5 Vac-HSSPME procedure

NaCl (m =1.75 g) and a 10 x 6 mm PTFE-coated magnetic
stir bar (Isolab, Germany) were placed into a 20-mL crimp
headspace vial and sealed with a modified Mininert® valve.
The vial was evacuated for 120 s using a low-cost rotary vane
pump (Russia). Aqueous extract from soil (V=5.0mL) was
introduced into the air-evacuated vial and placed into the in-
house made heater block for the magnetic stirrer PE-6100
(Ecros, Russia) with temperature control provided by the
REX-C100 (Japan) temperature controller and type K thermo-
couple 5TC-GG-K-20-36 (Omega, USA) [9]. The samples were
extracted for 30 min after 10-min incubation at 50°C and
1500 rpm stirring speed (maximum stirring rate according to the
manufacturer’s specifications) using 85-um Car/PDMS fiber.

2.4.6 Validation of the optimized method

This set of experiments was conducted on sand samples.
For response calibration, five standard samples were prepared
by spiking 2.0g of sand with standard solutions of target
analytes in water for obtaining soil concentrations of
PAn 1.9-31 ng/g, MPA 3.1-49 ng/g, NDMA 8.0-128 ng/g, DMF
7.7-123 ng/g, MTA 17-278ng/g, MIA 13-213ng/g, PAl 23-
375 ng/g. Aqueous extraction was conducted as described in the
Section 2.4.3 by adding 7.0 mL of distilled water to the soil
sample. Calibration slopes and their standard deviations were
determined by the least squares method using LINEST function
of MS Excel. Recoveries were determined by analyzing two
model samples with known concentrations of analytes prepared
from sand. All experiments were conducted in three replicates.

3. Results and Discussion

3.1 Effect of pH of water on responses of analytes

The target analytes are mostly weak bases, which can be
used to facilitate the effectiveness of HSSPME extraction by
adjusting the pH of the samples of water and aqueous extracts
from soil. However, any change of pH of the sample can result in
a degradation of UDMH and some of its transformation pro-
ducts with the loss in the method accuracy and precision [18,19].

Peak area,a.u.-10°

PAn  MPA NDMA DMF
(x0.4)

MTA MIA PAIl
(x10) (x5) (x3) (x3)

OpH4 OpH7 EpH10

Figure 2 — Effect of water pH on responses of target UDMH
transformation products by HSSPME
(extraction temperature 50°C, extraction time 30 min, SPME
fiber Car/PDMS, sample volume 5 mL)

For most target analytes, the effect of pH on HSSPME
responses was negligible (Figure 2). The responses of most target
analytes were similar at all pH values studied in this work
(pH, =4, pH,=7, pH, =10) — the differences were below 25%.
Similar insignificant effect of pH was previously found for
HSSPME of nitrosamines [20]. Since the effect of pH on responses
of analytes was found to be negligible, it is optimal to conduct
extraction without adjusting pH of aqueous extracts.

3.2 Effect of extractant volume of responses of analytes
from soil aqueous extracts

The decrease of the responses of most target analytes was
observed with the increase of solvent amount from 8 to 10, 12
and 15 mL (Figure 3). The decrease of the responses of analytes
can be explained by dilution of the aqueous extracts when
larger solvent amounts were used. However, when soil comes in
contact with water, more complex chemical processes take
place, too. The addition of water to soil samples leads to the
precipitation of calcium and magnesium bicarbonates even
from un-saturated solutions and non-calcareous soils [21] and
co-precipitation of other diluted species [22].

Peak area, a.u.-10°
=

MPA  NDMA (x3) DMF(x3) MIA (x3)
Solvent volume (mL): 08 @10 W12 H15

PAI (x8)

Figure 3 — Effect of solvent (water) volume on Vac-HSSPME
responses of analytes from water extracts from soil samples

When using a 5.00-g sample of soil with 10 mL of water,
the increase of responses was virtually not observed at the
increase of analytes’ concentration, which is required for their
quantification. This can be explained by co-precipitation of
UDMH TPs at the solid particles available in the mixture after
extraction. The effect of co-precipitation can be suppressed by
dilution of the soil aqueous solutions with water. For PAn, MPA,
and MIA, the increase of responses was observed when
increasing the solvent volume up to 12 mL The more efficient
suppression of the co-precipitation, which can be required for
other soils, is also possible by using lower mass of soil aliquot
and even greater volume of water. In this case, however,
detection limits will be increased. Since the sensitivity of the
Vac-HSSPME method used in this study allows using lower
masses of soil samples, further experiments were conducted on
soil samples weighing 2.0 g and water volume 7.00 mL. This
sample-to-solvent ratio provided linear calibration plots for
sandy soils with low detection limits of target analytes.
However, when analyzing clay or other highly dispersed soil
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samples, the use of larger solvent volumes is required to obtain
linear calibration plots.

3.3 Quantification of analytes in soil using Vac-HSSPME

For the studied concentration range, calibration plots
with R? values in the range from 0.991 to 0.998 were obtained
(Table 4). The RSDs of the slopes of the obtained calibration
plots were below 5% for all target analytes. The method provi-
des good sensitivity with LODs ranging from 0.2 to 9 ng/g. The
lowest LOD values were obtained for PAn and MPA, which can be
explained by their high extraction effectiveness (9.9 and 27%,
respectively [9]) provided by Vac-HSSPME from water samples.
The method allows to detect an order of magnitude lower
concentrations of NDMA compared to the method based on
24-h continuous extraction using 0.1M HCI [15]. For DMF and
MTA, comparable detection limits were observed. The detec-
tion limits of the proposed method are close to the ones

reported for the method of quantification of UDMH TPs using
HSSPME from soil and internal standard calibration using
deuterated MTA [16]. However, the method based on Vac-
HSSPME does not require internal standard or standard addition
calibrations for matrix effect control because of the preliminary
solvent extraction of analytes from soil.

The highest “response — spiked
concentration” calibration plots were obtained for PAn and

slope values of

MPA having the highest responses from water samples, too.
This could indicate that extraction effectiveness by Vac-
HSSPME from soil aqueous extracts mostly depend on
transfer of analytes from liquid sample to the headspace. The
recoveries of analytes from spiked sand samples were 90-
103% (Table 5) with RSD of responses in recovery spike samples
0.9-7.7%, which proves the great accuracy of the developed
method.

Table 4 — Analytical performance of Vac-HSSPME for aqueous extracts from soil

Compound Studied linear range R? Slope RSD of slope LOD LoQ
(ng/g) (%) (ng/g) (ng/g)
PANn 1.9-31 0.997 78298 2.7 0.3 1.1
MPA 3.1-49 0.994 196981 4.0 0.2 0.7
NDMA 8.0-128 0.997 8393 2.9 1.8 6
DMF 7.7-123 0.991 7994 4.8 4 13
MTA 17-278 0.994 4695 3.7 9 31
MIA 13-213 0.998 1631 2.4 4 13
PAI 23-375 0.998 6344 23 2 6

Note: The LODs and LOQs were calculated as concentrations providing 3:1 and 10:1 signal-to-noise (S/N) ratios, respectively. S/N ratios were measured
in calibration standards prepared in sand with lowest concentration of each analyte.

Table 5 — Spike recoveries using the developed method based on Vac-HSSPME (95% confidence intervals for three replicate

measurements)
Analyte Spiked Measured Recovery
(ng/g) (ng/g) (%)
PAn 15.5 14.2+0.2 91+2
MPA 25 24+3 99+11
NDMA 64 5745 90+8
DMF 61 59+8 96+14
MTA 139 139419 100+13
MIA 107 109411 103+10
PAI 188 175421 93+12

4. Conclusions

Thus, the new fast and simple method for the quantifi-
cation of transformation products of rocket fuel unsymmetrical
dimethylhydrazine in soil has been developed using vacuum-
assisted headspace solid-phase microextraction of aqueous

ISSN 1563-0331

extracts from samples followed by gas chromatography-mass
spectrometry analysis. The pH4, 7, and 10 provided similar
responses of target UDMH TPs present in water using HSSPME-
GC-MS from aqueous solutions. Hence, pH adjustment of
aqueous extracts is not required before extraction. The soil/
water ratio has the great effect on responses of UDMH TPs from
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soil aqueous extracts. To provide better accuracy and precision,
the lower soil/water ratios should be used. In this study, 2.0 g of
soil extracted by 7.00 mL of water provided linear calibration
plots with coefficients of determination ranging from 0.991 to
0.998. When using larger soil samples, problems with calibration
were observed.

The developed method provides detection limits of target
analytes in the range from 0.2 to 9 ng/g. The detection limits
were comparable to or lower than those obtained for MTA, DMF,
and NDMA using Soxhlet extraction with methanol [13], or
extraction using 0.1 M HCI during 24 h with periodic shaking
and centrifugation [15]. The developed method represents a
simpler and faster alternative to the method based on HSSPME
[16] because it does not require matrix effect control using
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internal standard and standard addition calibrations. If matrix
effect is observed, it can be controlled using a simpler approach
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routine analyses of soil samples potentially contaminated by
rocket fuel residuals.
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In this work, a method of obtaining graphene layers from natural source specifically from
rice husk was developed. A rice husk (RH) was used as a raw material, and potassium hydroxide
was used as activation agent. The graphene layers were obtained after four successive stages:
pre-carbonization, desilication in 1 M NaOH solution, chemical activation and exfoliation of the
carbonized rice husk. The obtained samples were studied using Raman spectroscopy, TEM and
SEM; the Raman peaks evidenced the presence of graphene multilayers in the sample. A detailed
observation of Raman spectroscopy showed that the obtained samples with ratio of 1/4 and 1/5
(RH/KOH) consisted of graphene layers with a high content of amorphous component. The yield of
the product was ~ 3% by weight. This study can provide a new way to the large-scale synthesis of
low-cost single and multi-layered graphene using rice husk or other renewable resources.

Keywords: graphene; rice husk; carbonization; exfoliation; chemical activation.
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B  pgaHHoM  pabote  paspabortaH

MeTog, NoNyyYeHusa cnoes rpadeHa U3 NPUPOAHOro pecypca. B KayectTBe MCXOAHOrO maTtepuana
ucnonb3osaHa pucosaa wWwenyxa (PLU), a B KayecTBe aKTMBMPYIOLLEro peareHTa MCNonb3oBaH
rMapokens  Kanma. Cnom  rpadeHa  Obian  nonyyeHbl  NOCNef0BaTe/IbHbIMM - CTAAUAMM:
npeaBapuTenbHaa KapboHusauua, pgecunvkauma B 1M pactBope NaOH, xumuueckas
aKTMBaUMA M 3kchonmMauma KapboHW3MPOBaHHOU pucoBOW LWenyxu. [MonydyeHHble 06pasupbl
nccnenoBaHbl € UCMONb30BaHMEM  PaMaHOBCKOW — CMEKTPOCKOMWM,  NpocBeyuBalolwein
CKaHUPYIOLWEW 31EeKTPOHHOW MUKpOCKONUW. PamaHOBCKME MNWUKM  NOATBEPAUAMN  Hanuuue
rpadeHoBbIX MHOrOCNOMHbIX cnoes B obpasue. MoapobHoe HabntogeHWe C UCNONAb30BaHUEM
PamaHOBCKOM CMeKTPOCKOMUM MOKas3ano, 4YTo MosydeHHble 06pasupl cooTHoweHuem 1/4 u
1/5 (PLU/KOH) coctonT u3 rpadeHOBbIX CI0EB C BbICOKUM COAEPMKAHUEM aMOPGHOrO KOMMOHEHTa.
Bbixoa, npoaykTa cocTtaBnan ~3 mac.%. I3T0 UCCnefoBaHWE MOXKeT obecneunTtb HOBbIW CMocob
KPYNHOMAacIUTabHOro CUHTE3a OAHOCNOWHOrO M MHOFOCNOMHOrO rpadeHa € MCnonb3oBaHUEM
PVCOBOWA LWENYXW UK APYrUX BO30OHOBNAEMbBIX PECYPCOB.

KnioueBble cnoBa: rpadeH; pucoBas wenyxa; KapboHusaumsa; sKchoNAums;, XMMUYecKas
aKTMBaLMA.
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By »KymbicTa Tabufm pecypctaH rpadeH KabaTTapblH any a4ici )acanfaH. bactankbl matepuan
peTiHAe Kypil Kaybi3bl, af aKTUBTEHAIpYWi peareHT peTiHAe Kanui r'MapoKCUAi KoNAaHblIFaH.
I'padeH KabaTTapbl caTbiNbl CTAAMAMEH aNblHFaH: anfblH-ana KapboHusauuanay, kapboHusaenreH
Kypiw KaybisbiH 1M NaOH epiTiHgiciHge AecMankaumanay, XMMWUAAbIK aKTUBaLMANAY XoHe
akchonaumanay. AnbiHFaH yarinep PamaH CNeKTPOCKONMWA, TPAHCMUCCUA 3KIHEe CKaHupaeyuwi
3N1EKTPOHAbIK MMKPOCKONWA KONAaHbIN 3epTTeniHai. PamaH cnekTpnepi yariHiH KypambiHAa Ken
KabaTTbl rpadeHHiH, 6ap ekeHiH pacTafbl. PaMaH CNeKTPOCKONUAMEH TEPEH, 3ePTTEY HITUMKECIHAE,
1/4 aHe 1/5 (KK/KOH) KaTbiHacbiHAa anbiHfFaH yarinep rpadeH KabatrapbiHaH kaHe amopdTbl
KeMipZeH TypaTbiHbl aHbIKTaNAbl. OHIMHIH, XKannbl WbiFbIMbl ~ 3 Mac.%. byn 3epTTey KyMbICbl KypiLl
KaybI3blHAH Hemece 6acKa Aa KaHapTblabiMAabl pecypcTtapfaH 6ip KabaTTbl »KoHe Ken KabaTTbl
rpadeHai ayKbiMabl CUHTE3AeYAjiH KaHa diCiH KaMTybl MYMKIH.

TyiliH ce3gep: rpadeH; Kypiw Kaybl3bl; KapboHMU3aLMA; IKCHONAUNA; XMMUABbIK aKTUBALUA.
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1. Introduction

Graphene is a single layer two-dimensional carbon
structure, the surface of which is laid out in regular hexagons
with sides of 0.142nm and carbon atoms at the vertices.
Graphene is a semimetal with a small overlap of the conduction
and valence bands. Currently, much attention is paid to graphene
because of its unusual and potentially useful properties such as
high electrical and thermal conductivity, the dependence of
electronic properties on the presence of attached radicals of
different nature on the surface of graphene, an adjustable band
gap, quantum Hall effect, extremely high mobility of charge
carriers, high elasticity and good electromechanical
characteristics. These properties allow using it in future as the
basis for new nanomaterials with improved mechanical,
electrical and thermal physical characteristics, as well as an
element of nanoelectronic devices [1]. The researches on
electronic properties of thin films by Geim and Novoselov have
enabled the development of a new stage in the life of
graphene [2]. They showed the unique electronic properties of
graphene, which gave a new impetus for researchers to further
their studies. If in 2007 were published 797 articles devoted to
graphenes, in 2008 there were 801 publications, in 2016 their
number has already exceeded 1000 titles [3-5].

For several years, since the discovery of the first method for
the obtaining of graphene based on the mechanical splitting of
graphite layers, the efforts of many research laboratories have
been aimed at developing new, more effective approaches to
solving this problem. Many methods, such as liquid-phase
separation of graphite, its oxidation, graphene synthesis by

chemical vapor deposition, epitaxial growth of graphene on a
metal surface, thermal decomposition of carbide, obtaining of
graphene in an electric arc, have been used to obtain
graphene [3,4]. However, these methods are very time-
consuming and have a low yield of graphene. Therefore, the
search for new, simpler and cost-effective methods for the
synthesis of graphene is an actual task. A promising method can
layers from agricultural
Agricultural wastes, e.g., rice husks, poplar tree, saxaul, corncob

be to obtain graphene wastes.
and apricot stones are usually decomposed by burning, which
produces ash residues used as sorbents. Among these materials,
rice husks have high sorption potential [5] and their stocks are
huge in the Republic of Kazakhstan and other countries.
Therefore, the obtaining of graphene from rice husks opens the
possibility of developing various applications due to its
inexpensive, simple and scalable production.

2. Experiment

In this work, rice husk (RH), which is a multi-tonnage and
renewable waste was used as a raw material. KOH was used as a
typical chemical reagent to induce porosity. This method of
obtaining graphene oxide from rice husk was different from the
one reported in [6-8]. The carbonized rice husk containing
in four successive stages: pre-
carbonization, desilication, activation and exfoliation of the
carbonized rice husk (CRH) (Figure 1).

2.1 Pre-carbonization of RH

Firstly, the RH was washed several times with distilled
water to remove impurities, and then dried at 110°C for 1 h.

graphene was obtained

© 2018 Al-Farabi Kazakh National University
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Pre-carbonization of RH ]—{ Desilication of CRH }

Exfoliation

Figure 1 — lllustration of the process of obtaining graphene layers

The pre-carbonization of RH was carried out in a rotating
reactorin aninert medium at 250-300°C, with an argon delivery
rate of ~ 5 cm3/min, the carbonization time was 45 min [9].

2.2 Desilication of CRH

The resulting samples of CRH (60 g) were desilicated in 3 L
of 1 M NaOH solution and heated to 110°C for 3 h to remove
Si0,, then they were let to settle. The solution was decanted to
remove sodium silicate. After that the solution was washed 5-7
times with distilled water (through boiling- sedimentation-
decantation) to reach the equilibrium of pH ~7 and dried in hot
air oven for at least 2 h at 110°C [10].

2.3 Activation

A series of 5 samples of the dried CRH was mixed with
crushed KOH at different temperatures and ratios (Table 1). The
mixtures were compacted in an iron crucible, and the crucible

1 — Argon cylinder, 2 — mass flowmeter, 3 — temperature
controller, 4 — carbonization reactor, 5 —iron crucible.

Figure 2 — Schematic diagram of self-built carbonization setup

was annealed at 850°C for 2 h. To avoid oxidation, argon was
supplied at a rate of 5 sccm (standard cubic centimeter per
minute). After activation treatment, the resulting samples were
washed with distilled water several times to reach the
equilibrium of pH ~7, and the filtered samples were dried at
100°C for 24h. The schematic diagram of self-built
carbonization setup is shown in Figure 2.

2.4 Exfoliation

The exfoliation process of the CRH was carried out in a
solution of hydrogen peroxide (H,0,, 37%) for 48 h, to remove
amorphous carbon from the samples. After exfoliation process,
the resulting samples were washed and dried with the
procedure described above. The yield of the product was ~ 3%
by weight.

3. Results and Discussion

Ko and Day [11] reported the effect of pre-carbonization
during the two-stage continuous carbonization process on the
final properties of carbon nanomaterials. The progression of
pre-carbonization and carbonization were monitored through
measurements of density, elemental composition, mechanical
properties, and the stacking height of the carbon layer plane.
Therefore, we pre-carbonized our RH before carbonization in
an inert atmosphere. The surface area of the resulting samples
were investigated on the analyzer “Sorbtometr M” by low-
temperature nitrogen adsorption method (BET-method). The
standard calculations of CRH shows that surface area of samples
lies from 270 to 350 m?/g.

In the case of silicon, containing carbon composites the
use of alkaline agents such as NaOH or KOH is an extra way to
obtain mesoporous materials due to washing out from the
matrix the water-soluble Na or K silicates formed by the
reaction:

Table 1 — The investigation of optimal ratio and temperature for obtaining graphene layers

Number of Ratio of CRH/KOH, Temperature, 1./1,5 1,/1, Number of
sample g/e °C layers
1 1/4 650 - -
2 1/4 750 - -
3 1/1.5 850 - -
4 1/4 850 2.06 0.29 7-8
5 1/5 850 1.57 0.39 4-5

BecTHuK KasHY. Cepua xummyeckasn. — 2018. — No2(89)
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2MeOH +5i0, > Me,Si0, + H,0

where (Me = Na, K), and SiO, serves as a template for pore
formation. So we used 1 M NaOH solution to obtain porous
materials [12].

Potassium hydroxide is a known hydroscopic material
letting the carbonization reactions to occur at substantially
lower temperatures (its melting point is 380°C) compared to
standard pyrolysis which, is governed mostly by radical
processes leading in turn to disproportionation reactions
yielding tar formation. The purpose of potassium hydroxide is
therefore to provide both carbon retention (higher yields, e.g.,
less amount of volatiles are formed as hydrocarbon tar) and
high surface area.

Although the KOH activation is a well-known method to
generate the pore network in carbons, the activation
mechanism has not been well understood because of the
complexity due to the large number of variables in both the
experimental parameters and the reactivity of different
precursors used. In a general view, the interaction of carbon
and KOH starts with solid—solid reactions and then proceeds via
solid—liquid reactions including the reduction of potassium (K)
compound to form metallic K, the oxidation of carbon to carbon
oxide and carbonate, and other reactions among various
active intermediates [13].

The real reaction processes and activation mechanisms
are variable depending not only on the activation parameters
(i.e. amount of KOH, activation temperature, etc.), but also on
the reactivity of various carbon sources.

To determine the optimal temperature of the KOH/CRH
mixture for obtaining graphene, we took three samples and
heated them at 650°C, 750°C and 850°C (Table 1).

We carbonized the rice husks with the addition of KOH in a
ratio of 1/1.5 (sample No. 3), 1/4 (sample No. 4) and 1/5 (sample
No. 5) at 850°C. Samples obtained at temperatures of 650°C
(sample No. 1) and 750°C (sample No. 2) largely retained the
amorphous phase of carbon (Figure 3). A sample obtained at
850°C showed the presence of a graphite phase. Calculation
data for graphene layers based on Raman spectroscopy indi-
cate a decrease in the number of layers with an increase in
the RH/KOH ratio from 1/4 to 1/5.

A quick and accurate way to determine the number of
layers of graphene is of a great importance in accelerating the
study of this material. As in the previous works [14-15], we
determined the number of graphene layers obtained by
employing the proposed method.

It is well known, that the typical Raman spectrum of
graphene exhibits three peaks: peak D at 1351 cm™, peak G at
1580 cm™, and peak 2D at 2700 cm™. The ratio between the
intensities of peak G (/) and peak 2D (1, ), I /I, gives an estimate
of the number of layers [16]. For monolayer graphene, this ratio
is less than unity. The ratio between the intensities of peak D (/)
and peak G (I ), 1,/1, evaluates the defectiveness of graphene
layers. Figure4 shows Raman spectra of graphene layers
obtained from CRH (samples No.4 and No.5). The maximum

ISSN 1563-0331

number of graphene layers is less than ten (Table 1) as indicated
by the ratio between the peaks’ intensities /_/I, . It was
shown [17] that the ratio of /_/I, = 1.3 corresponds to three
layers of graphene, whereas the authors of [18] found that
I, /1,,=1.8-2.4 corresponds to 5-10 layers of graphene.

According to Raman spectra, high-quality graphene
multilayer was not found in samples 1, 2, and 3 (Figure 3), in
contrast to samples 4 and 5. These results indicate that in our
method, a CRH/KOH ratio of 1/4 and 1/5 at 850°C should be used
during the preparation.

1 1 1 1 1
500 1 Sample No.1| [
4 — Sample No.2
50 1 Sample No.3| [
400 -
3
8 350 o
2
2 300 -
L
£
250
200
150
T T T T T
0 500 1000 1500 2000 2500 3000
Raman shift (cm-1)
Figure 3 — Raman spectra of samples No. 1,2 and 3
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Figure 4 — Raman spectra of sample No.4 and No.5

To identify surface morphological features of sinthesized
samples, we have used scanning electron microscopy (SEM).
Studies were conducted on the microscope Quanta 3D 200i
Dual System, FEIl. Samples have a complex structure, however,
they exhibit a characteristic macrostructure and texture of the
surface. Figure5 shows SEM-images of the samples of
sinthesized samples.

Chemical Bulletin of Kazakh National University 2018, Issue 2(89)
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Figure 5 — SEM-images of the CRH

As shown in Figure 5, obtained samples of carbon material
have a developed surface, and this method generally does not

clledax32\genesis\genmaps.spe 03-Feb-2018 05:38:47
LSecs: 30

5.6

affect the macrostructure of the samples, which is determined Element Wt% At%
by the original structure of the RH. However, carbonization and C 76.64 88.59
chemical activation increase the specific surface of samples, as 45 o 6.56 5.69
shown in previous studies [19]. Mg 1.03 0.59
Si 3.39 1.67

Figure 6 shows the data of elemental analysis of the sample.

4 K 2.09 0.74

The sample contains small amounts of silicon (compared to the
P _ f silicon (comp Kent Ca 157 0.54
feedstock). Thus, in the process of desilication, a small amount of . Fe 372 217
silicon (~ 4 wt%) remains in the samples. ’ Matrix | Correction | ZAF

Next, the structures of graphene layers were analyzed by
transmission electron microscopy (TEM) using a JEM-2100 (JEOL, 11 -

Japan) instrument with high stability of high voltage and beam o mg b Fe

. . Fe K Fe
current along with an excellent electron-optical system. A TEM o ok, e, : . . . .
image of graphene obtained from CRH by activation with KOH is 0.00 200 400 Cemraty oy 1000 1200 o0
shown in Figure 7. Samples have defects and inclusions of an
amorphous carbon component, but there are sections of layers Figure 6 — Elemental composition of the sample No.5

without defects with a homogeneous surface structure.

Figure 7 — TEM microimages of the graphene layers
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4. Conclusions

A method of obtaining graphene layers from rice husk was
developed. Graphene layers were obtained from rice husk by
potassium hydroxide activation followed by alkaline desilication.
Rice husk samples were subjected to carbonization at the
following conditions: 2 h of activation time, 850°C and ratio of
rice husk/KOH (wt/wt) was 1/5. Concentration of NaOH
desilication solution was 1 M. The obtained samples were
studied using Raman spectroscopy, TEM and SEM; the Raman
peaks put in evidence the presence of graphene multilayers in
the sample. A detailed observation by Raman spectroscopy
showed that the obtained samples No. 4 and 5 consisted of
graphene layers with a high content of amorphous component.
The yield of the product was ~ 3% by weight. Nevertheless, this
method appears promising for the production of high quality
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graphene layers, since the layers observed in the images of the
TEM have an edge structure with domains of several nanometers
in addition to topological defects and nanoscale pores. The
obtained results show the possibility of obtaining graphene by a
simple, cost-effective and scalable method, by carbonization the
CRH with KOH.
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Ga (T,,,= 68 MWH) B KOMNIEKCAX C NENTUAAMM UCMONL3YETCA B MO3UTPOHHO — IMUCCUOHHOI
TOMOrpadum = ANA  AUMArHOCTUKM  HEeMPOIHAOKPUHHBIX onyxonei. Hambonee nepcnekTuBHOMN
cTpaTtervei nNpousBoACTBa 8Ga ABAAETCA WCMO/b30BaHME PaAAMOHYKAMAHOrO reHepartopa
%Ge - %Ga. B gaHHOM nccnenoBaHuM 66110 M3yyeHo copbumoHHoe nosegeHuna Ge(lV) u Ga(lll).
Bbinn  onpepeneHbl  KO3GOUUMEHTbI  pacnpepeneHuns (Kd) Ge(lV) Ha aHMOHOOBMEHHOM
(Dowex 1x8) u KaTMoHobmeHHoW (Dowex 50x8) cmonax B pas/iMuHbIX PacTBOpax 3TaHAMOBOW
M XNOPUCTOBOAOPOAHON KMUCAOT. [NA KawAOW WMOHOOBMEHHOW CMoNbl NposeaeHbl 4 cepuu
M3MEPEHUI, B KOTOPbIX GPUKCUMPOBaANach KOHLEHTpaLMa 3TaHANOBOM KucioTtbl (0,001 M, 0,003 M,
0,005 M, 0,01 M), a KOHLEHTpPaLUN XN0PUCTOBOAOPOAHON KUCIOTbI BapbupoBanuck ot 0 go 3 M.
Ha ocHoBe KoadpduLMeHTOB pacnpeseneHuns paspaboTaHa XMMUYECKasa CXxema PaguoHYKAUAHOMO
reHepaTopa *®Ge - ®Ga. Xumnyeckas cuctema oCHoBaHa Ha aHMoHoobmeHHoW cmonie Dowex 1 x 8
u cmecn 0,005 M C,H,0, / 0,33 M HCI. MccneposaHbl HECKONIbKO BapuaHTOB reHepaTopa ¢ Npamoit
1N peBepCcHOM MOZOI 3/0MPOBaHNUA U onpeaeneHa OonTMManbHas cxema paboTbl. IaoMpoBaHue
reHepaTopoB NPoOBOAN/IOCH Pa3 B AeHb 8 mn pactsopa 0,005 M C,H.0O, /0,33 M HCl. Bbixog *®Ga n
NPOCKOK %8Ge CpaBHUM A1 BCEX UCCEL0BAHHbIX CUCTEM.

Kniouesble cnosa: ®Ge; ®*Ga; pagMoHYKAUAHbIN reHepaTop; pesepcHas MoAa 3/110MPOoBaHUs;
KO3pPULMEHTbI pacnpeseneHuns.
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%Ga (Tl/2 = 68 MWH) NENTUATIK KOMMAEKCTePi MO3UTPOHAbI — 3MUCCUOHAbLI Tomorpaduaaa
HeVpO3HAOKPUHABI iCiK AMArHOCTUKacbiHAA KONAaHbLiadbl. #Ga eHAipyAiH eH nepcnekTUBasblK
cTpateruackl Ge - Ga pagMoHYKANATbI reHepaTopabl KoNAaHy 60bin Tabblnagbl. Ocbl XKymbicTa
Ge(IV) xaHe Ga(lll) copbuuscbl 3eptrengi. AHMOH anmatbipfFbil (Dowex 1x8) aHe KaTMOH
anmactbipFbilw (Dowex 50x8) copbeHTTepiHAe AMKAPOOH 3KaHE XOPCYTEK KbIKbIIAAPbIHbIH, 3P
TypAi epiTiHainepinae Ge(IV) Tapany koadduumentTepi (K ) aHbikTanapl. 9p 6ip noHanmacy copbeHTi
YWiH KbIMbI3AbIK KbILKbIAbI KOHUEeTpauusackl 6ekitiared (0,001 M, 0,003 M, 0,005 M, 0,01 M), an
XIOPCYTEK KbILWKbINbI KOHUeHTpaumsacol 0 aeH 3 M aeiiH e3repTinreH 4 3epTTey TONTamachl XKypri-
3in4i. AHbIKTanfaH Tapany KoadpduumneHTTepi HerisiHae ®*Ge - ®Ga pagnoHYKNUATLIK reHepaTopabliH,
XUMUANBIK CyN6achl AaMbITbINAbl. XUMUANBIK, Kyiie aHMOH afIMacTbIpFbill copbeHTi Dowex 1x8 aHe
0,005 M CZH 0, /0,33 M HCl epiTiHaiciHe HerisgenreH. FeHepaTopAblH Typa KaHe Kaiita antounpiey
HerisiHaeri éipHeLue TypAepi 3epTTenin, oHTainbl cynbacel Tabbinabl. FeHepaTopAabl dntounpaey
KyHiHe 6ip peT 0,005 M C,H.0, / 0,33 M HCl (8 mn) epitiHaicimen »yprisingi. ®Ga woifbiChbl XaHe
%8Ge eTin KeTyi 6apAablk cynb6anap ywiH canbicTbipmansl 60aabl.

TyiiiH ce3pep: ©Ge; *Ga; pafMOHYKAUATBIK reHepaTop; KaWTa a/1toupaey pexumi; Tapany
Ko3abdULMeHTTEpI.
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emitting radionuclide ®Ga:
the radiochemical scheme of
radionuclide generator
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%Ga (TU2 = 68 min) in complexes with peptides is used in positron emission tomography
for diagnostic of neuroendocrine tumors. The most promising strategy for ®8Ga production is usage
of the radionuclide generator ®Ge - ®Ga. In this research, the sorption behavior of Ge(IV) and
Ga (ll) has been studied. The distribution coefficients (K)) of Ge(IV) on the anion exchange
(Dowex 1x8) and cation exchange (Dowex 50x8) resins in various ethanedioic and hydrochloric acid
solutions were determined. For each ion exchange resin, four series of measurements were carried
out, in which the concentration of oxalic acid was fixed (0.001 M, 0.003 M, 0.005 M, 0.01 M), and
the concentrations of hydrochloric acid ranged from 0 to 3 M. Based on the distribution coefficients,
the chemical scheme of the radionuclide generator ®Ge -> ®Ga has been developed. The chemical
system is based on the anion exchange resin Dowex 1x8 and mixture of 0.005 M C,H,0, / 0.33 M
HCI. Several types of the generators with direct and reverse mode of elution were tested and the
optimal scheme was determined. Elution of the generators was performed once a day with 8 ml of
0.005 M C,H,0, / 0.33 M HCl solution. The ®*Ga yield and the “Ge breakthrough are comparable for
all the systems.

Keywords: ®Ge; ®Ga; radionuclide generator; reverse elution mode; distribution coefficients.
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MonyyeHue NO3UTPOH-U3NYYAIOLLErO PaguoHyKanaa %¢Ga:
paAnoXMmmuuyeckasa cXxema pagUuoHYKAUAHOro reHepaTopa

%3Ge - ®8@Ga

2baimyxaHoBa A.E.*, 'Yakposa E.T., >*KapausaHos [].B., “Kozemnenb 1.,

*Péw @., 2dunocodos A.B.

MHCTUTYT AaepHoi pusmkm, Anmatbl, KasaxctaH

206beAMHEHHbIN MHCTUTYT AaaepHbIX uccnegosaHui, [lybHa, Poccua

3SUHCTUTYT AfepHbIX UCCNef0BaHWi U agepHol aHepreTukn, Codus, bonrapus

‘YewcKMIt TeXHUYECKUI yHMBepcuTeT B Mpare, Mpara, Yexusa
*UHCTUTYT agepHOMn xumumn, MaiiHu, Ffepmanua
*E-mail: ayagoz@jinr.ru

1. BeeaeHue

TepaHOCTHKa — pa3aen SAepHOM MeaULMHbI, OCHOBAHHbI
Ha OAHOBPEMEHHOM MCMO/Ib30BaHMM OAHOMO W TOFO Ke
6MONOrMYECKOro BEKTOPa AN MOJIEKY/ISPHOM BU3yann3aumnm m
Tepanuun [1,2]. B  KoHuenuuu Mmoryt 6biTb
MCMO/Nb30BaHbl  M30TOMbl OA4HOMO  371emMeHTa  (Hanpumep,
57Cu/%Cu [3], #’Sc/*Sc [4], °Y/%¢Y [5,6] nnu anemeHTbl aHanorm
(Hanpumep, ’Lu/®®Ga [7]).

[narHocTnyecknin KomnoHeHT napbl Y7Lu/%Ga #Ga (Ty,=
68 MWH) OAHVMM U3 paHHWUX AMArHOCTUYECKMUX
PagMOHYKANA0B, MCMO/b3YEMbIX B MO3UTPOHHO-IMUCCUOHHOM

MULLEHHOW

ABnAaeTcA

Tomorpadpuun. Hanbonee ynobHbim sasasetca nosyyeHue *Ga
nocpeacTBOM  PaAMOHYKAMAHOrO reHepaTtopa %Ge - %Ga.
MepBble reHepaTopbl %Ge -> *®Ga 6biAK paspaboTaHbl B 1960-x
rogax. [.nncoHom 6blna npensioxeHa wuaes oTaeneHus
repMmaHmna-68 ot  rannva-68 nytem  KUAKO-KUAKOCTHOM
3KcTpakumm [8]. MosgHee M.TpuH u Y.Takep paspabotanu
reHepaTop C WMCNo/Ib30BAaHMEM OKCUAA aNOMWUHUA W ITUNEH-
AnamuHTeTpayKkceycHol (SATA) kucnoTbl [9]. Ha ocHoBe npepbl-
aywero reHepartopa H0. AHo v X. dHAKepom Bbla co34aH NepBbiit
reHepaTop AN MmeauLMHCKUX uenen [10].

B Hayane 2000-x rogoB CTasn KOMMEPYECKM A0CTyneH
HOBbII TUN reHepaTopa, pa3paboTaHHbIi B OB6HUHCKe, Poccus
(3A0 UnKNOTpoH). B gaHHOM Tune reHepatopa MCMNO/b3yeTcs
OMOKCUA, TUTAHA, MOANPULMPOBAHHBIN ANOKCUAOM LMPKOHUSA B
KauecTBe copbeHTa 1 0,1 M HCl B KauecTBe 3/1t0€eHTa.

Kommepueckue reHepaTtopbl, MMelolmecs B HacTosliee
Bpems, n Tpebyetca ux
coBeplueHcTBOBaHMe. K TakMM HegocTaTKam MOXHO OTHECTU

061agaloT PALOM HELOCTaTKOB,

MCMNONb30BaHWE CONAHOWM KUCNOTbl, 6o/blwMe 06bEMBI 3/1t0aTa U
Hanun4vune I'IpMMECEﬁ HU3KO3apA4HbIX KaTUMOHOB MEeTaN08.,
KOTOpble NPenAaATCTBYHOT 06pa3OBaHMIO KOMMNJIEKCOB ranama npu
mevyeHunu.

B paHHOM nposoaAnnoCb U3y4vyeHue
COp6Ll,MOHHOFO nosegeHna Ge Ha MOHOOBMEHHbIX CMONax B

nccnenosaHum

Pa3/INYHbIX pPacTBOpax 3TaHAVIOBOl71 n XﬂOpMCTOBOAOpOAHOVI

KMcnoT. Takxe 6blna paapa60TaHa ONTUManbHaA Cxema

b PeKTUBHOro pasgeneHuna repmaHna 1 ranmsa, OCHOBaHHaA Ha
aHMoHoobmeHHOM cmone u cmecn kucnot CHO, u HCIL.
MpefnoXKeHHaa XMMMUYecKasa cxema BblbpaHa MO aHanoruu
CYLL,ECTBYIOLLLErO PaAMOHYKANAHOMO reHepaTopa “Ti = #4Sc [11].
BblM npoTecTMpoBaHbl 3 TMNa reHepartopa %Ge = %Ga.

2. JKcnepumeHT

2.1 Xumu4ecKue peakmuebl

B xoae vccneaoBaHuin 66111 MCNOb30BaHbI cneaytouine
peakTuBbl: BUANCTUNANPOBAHHAA BOAA, X/IOPUCTOBOLOPOAHAA
Kkucnota («OCM 20-4», TOCT 14261-77, Poccua), aTaHAMOBas
(C,H,0,2H,0, «OCMH», CTN TY KOMM 3-104-09,
«KomnoHeHT-Peaktne», Poccua). AHMOHOOBMEHHasn
Dowex 1x8 (CI, 200-400 mew) M KaTMOHOOOMEHHaa cmona

Dowex 50x8 (H*, 200-400 melw) 6bian npuobpeTeHbl y GUpmbl

KNUCNOTa
cMmona

© 2018 Al-Farabi Kazakh National University
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Sigma-Aldrich (Fepmanus). PagnoHykaung *Ge 6bin KynaeH y
3A0 UwnknotpoH (Poccusa) u nonnadupadupketoH (PEEK) 6bin
nony4yeH y dupmbl InmuKa (Poccus).

2.2 l[amma — cnekmpomempus

KoadduumeHTol pacnpegeneHuns, BbIxogbl M MPOCKOKM
reHepaTopoB, a TaKXe aKTUBHOCTb UCCiedyemMblX paauo-
HYKNMAOB 6blav onpeaeneHbl NpU NMOMOLLM Y-CNEKTPOMETpa C
nonynpoBoAHMKOBbIM geTektopom (MMNA4). Bbin Mcnonb3oBaHbl
MNNA 3 ceepxumcrtoro repmanus pupmbl ORTEC 1 nporpammHoe
obecneyeHne SAMAR. Bo Bpems namepeHuit mepTBoe Bpems
JeTeKTopa noagepunsanocb meHee 7%.

AKTMBHOCTb %Ge onpegensnacb B PaBHOBECHOM COC-
ToAHMM ¢ 8Ga no AMHKMK 511 KaB (180%).

2.3 OnpedeneHue KoaghpuyueHmos pacripedeneHus

Kospduumentol  pacnpesenenna (K) Ge(lV)
onpefeneHbl CTaHAAPTHbIM MeTOAOM CTaTUYecKon aacopb-
umm [12]. A umeHHO, K cmone maccon 50 mr 6bin10 gobasneHo
990 mkn BOgHOW ¢asbl B OMpeAeneHHbIX KOHLEeHTpaLmsAX.
BoaHas ¢dasa coctoAana us pactsopos CHO, HCl, H,0, a Takxe
n3 10 MK pacTBOpa PagMOHYKAMA0B — UHAMKATOPOB. Mpuro-
TOBNEHHble 06pasubl 6blIM NepemelleHbl U BblAep:KaHbl A0
OOCTUXKEHMA paBHoOBecus, 3atem 6blav  pasgeneHbl dasbl.
AKTUBHOCTb 06Pa3LOB U UX B3BELUMBAHWE BblAN NPOU3BEAEHDI
40 v nocne pasgena o¢as. KoadpduumeHTtsbl pacnpegeneHus
6bIN BbIYMC/IEHbI MO YpaBHEHMO (1):

6bin

_ Cy(dasal)  Aggy (cMosa)

K= Cp (Paza2)  Asg e, (PacTBop) ’ (1)

rae: C, (bazal) m C, (dasza2) — paBHOBECHbIE KOHLEHTpauuu
3/1eMeHTOB Ha MOHOObMeHHoM cmone (¢dasal) v B pacTBope
(dasa 2), A, (cmona) — akTuBHOCTD (BK) B 50 Mr cmonbi, A
(pacTtBOp) — aKTMBHOCTDL (BK) B 50 MK/ pacTBopa.

50 mkn

%8Ge 6blJ1 WCMONb30BaH B KayectBe pPaAMOHYKAMAa —
nHAMKaTopa ansa onpegenenus K Ge(lV).

2.4 WN3eomoeneHue PaoOUOHYKAUOHbIX
%Ge -> %Ga u ux akcnayamayus

2.4.1 CmeKnaHHbIG 2eHepamop

Ona oTpaboTKM XMMWUYECKOW CXemMbl PagMOHYKAUAHOIO
reHepatopa 6blna MCNONb30BaHa CTEKAAHHAA KONOHKA C
pasmepamun h =100 mm, d =2,9 mm. KonoHKa 6biia 3anonHeHa
cmonoii Dowex 1x8 (660 mkn, 200-400 meLw) 1 nocneaoBaTesibHO
npombita 6 M HCl, 2 M HCI, 1 M HCl n H,0. 1 mn pacTsopa *Ge 8
0,001 M CH,0, 6bl1 HAHECEH HA KOJIOHKY.

[na onpefeneHns ONTUMaNbHbIX YCIOBWUWA pasaeneHus
%Ge n **Ga 6bin npoBefeH PAL 3NOMPOBAHWUIA PA3NUUHBIMU
cmecamm pacteopos C,H,0, n HCI. Ucxoas us pesynbtatos pabot
CO CTEKNAHHbIM reHepaTopom 6binn onpegenieHbl COCTaB U
KOHUeHTpaLuma pabouero pactsopa 0,005 M CZH204/O,33 M HCI.
Mpu Kaxgom 3aMpoBaHMM 6bian cobpaHbl 10 dpakyui
no 4 mn.

2.4.2 Mpsamoli zeHepamop

CneunanbHo Ans reHepaTopoB ObliM  MPUTrOTOB/EHDI
KONOHKM 13 maTepuana PEEK c d = 3 mm, h =50 mm (reHepatop 1)

2eHepamopos

1 10 mm (reHepaTtop Il). O6e KONOHKM BblNK 3aN0HEHbI CMOIOM
Dowex 1x8 (200-400 mew) u nocnegoBaTesibHO MPOMbITHI
6 M HCl, 2 M HCl, 1 M HCI, 0,1 M C,H,0, n H,0. *Ge B pacTaope
0,01 M CszO4 6bl1 HAHECEH HA KO/IOHKY.

leHepaTopbl 3/10MPOBANUCL Pa3 B AeHb 8 M (8 dpaKumii
no 1 mn) pacteopa 0,005 M C,H,0, /0,33 M HCL.

2.4.3 PegepcHelli 2eHepamop

KonoHka u3s matepuana PEEK (d=3 mm, h=50 mm) 6bina
3anonHeHa cmonoi Dowex 1x8 (200-400 mew) u nocnego-
BaTesIbHO npombita 6 M HCI, 2 M HCI, 1 M HCl, 0,1 M C,H,0, n
H,O. %Ge B pacteope 0.01 M CH,0, 6blN HAaHEeCEeH HA KOJIOHKY
06bEmom 200 mKA.

KonoHKa npombiBanach B pesepcHom (06paTHoM) Hamnpas-
neHun cmecbto 0,005 M C,H.O, /0,33 M HCI (8 mn). PactBop
cobupanca B peBepPCHO-HAKOMUTENbHbIN pe3epByap W Bblaep-
usanca 24 4. Pas B cyTku reHepatop (Ill) npombiBancs pactso-
pom u3 pesepsyapa, 3/1t0aT cobupanca B 8 dpakumax no 1 mn.
Mocne OKOHYaHWA npoLecca 3/7OUMPOBAHUA B PeBEPCHO-
HAaKOMUTENbHbLIM  pe3epByap BHOBb Habupanca pabouwnii
pacTsop.

3. Pe3ynbrathbl U 06CyXKAaeHUe

3.1. OnpedeneHue Ko3ghpuyueHMos pacrnpedeneHus

B Tabauuax 1-4 nokasaHbl pesynbTaTbl OnNpeseseHus
KoapdpuumneHToB pacnpeseneHus Ge (V) Ha aHMOHOOOBMEHHOM
1N KaTUOHOOBMEHHOW CMO1axX C Pa3IMYHbIMU KOHLEHTPaLMAMU
cmeceir C,H,O, n HCl. Bbinv nposegeHbl 4eTbipe cepun
U3MEpPEeHUI, B KaxaoW U3 cepuin Bbibnpanacb GUKCUMPOBaAHHaA
KoHueHTpauua CH,O, (0,001 M, 0,003M, 0,005M, 0,1M,
COOTBETCTBEHHO), a KOHUeHTpauma HCl BapbupoBanacb
ot0m03 M.

Tabnavmua 1 — KosdduumeHtol pacnpegpenenua (K ) Ge(lV)
Ha Dowex 1x8 (200-400 mew, CI) n Dowex 50x8 (200-400 mew,
H*). Pactop — 0,1 M C,H,0, C pasnnuHbIMM KOHLEHTPaLMaMu
HCl

C,H,0, HCl K,

(M] (M] Dowex 1 x 8 Dowex 50 x 8
0,1 0 35541 97
0,1 0,05 27 639 45
0,1 0,1 13356 16
0,1 0,15 89 062 13
0,1 0,2 87770 13
0,1 0,3 38408 17
0,1 0,5 32010 13
0,1 0,75 9 046 7,1
0,1 1,0 7578 6.9
0,1 2,0 895 -
0,1 3,0 241 -
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M3 Tabany, 1-4 BUAHO, YTO C NMOHMMKEHMEM KOHLLEHTPaL MK
C,H,0O, ymeHblatotea K. B ananasoHe HCl go 0,25 M K, He
MMEeT onpeneneHHON AMHAMUKKM, Tak Kak Ge, Kak U Bce
YeTblpex Ba/ileHTHble 3/1eMeHTbl, MOABEPKEH TMAPOAM3Y NpU

HU3KMX KOHUEHTpauusax KucnoT. B Buay AanbHeiwero

Tabnuua 2 — Kospduumentsl pacnpesenequs (K) Ge(lV) wa
Dowex 1x8 (200-400 meLw, CI") n Dowex 50x8 (200-400 mew, H*).
PactBop — 0,005 M C,H,0, ¢ pasnnyHbiMW KOHLEHTPALMAMM HCl

CH,0, HCl K,

(M] (M] Dowex 1x8 Dowex 50x8
0,005 0 8134 58
0,005 0,025 7999 18
0,005 0,0375 18 569 7
0,005 0,05 31176 6,5
0,005 0,065 14 096 9,4
0,005 0,08 5426 53
0,005 0,1 8366 10
0,005 0,125 5100 4,8
0,005 0,25 1729 3,6
0,005 0,3 877 3,2
0,005 0,5 93 2,7
0,005 0,75 72 -
0,005 1,0 48 -
0,005 2,0 34 -

Tabnuua 3 — KosdduumenTsbl pacnpegenequns (K) Ge(lV) Ha
Dowex 1x8 (200-400 mew, CI7). Pacteop — 0,003 M C,H,0, ¢
pasIMYHbIMM KOHLeHTpauuamm HCl

ucnonb3oBaHua ®Ga B npurotoBneHun paguodapmmnpe-
napaTtoB AnA AMArHOCTUYECKMX Leneit, 060CHOBAHO WCMO/Nb-
30BaTb PAcTBOPbI C HAMMEHbLUEN KOHLEHTpaumel conun. Takum
obpasom, Ans oTpaboTKM cxembl reHepaTopa bOblan BbibpaHbI

HeckobKo pacteopos 0,005 M C H.O, c HCI.

2274
3.2 TecmuposaHue pPadUOHYKAUOHbIX 2eHepamopos
%Ge - %Ga
B paguoHyknugHoi cucteme  *Ge - %Ga  mexay

MaTePUHCKMM W AO0YEpPHUM PAAMOHYKAMAAMM YCTaHaB/IUBa-
eTcA BeKOBOe paBHOBecue. Bpemsa [OCTUNKEHUA MAaKCUMANbHOW
AKTUBHOCTM [OYEPHEro PafiMOHYKAUAA MOXHO BblYMCAWUTL MO
dopmyne (2):

1 Ay

t=—trI

e (2)
A=Ay Ay

roe: Al n Az — NOCTOAHHAA pacnaga MaTePUHCKOro 1 go4yepHero
PaANOHYKANA0B, COOTBETCTBEHHO.

B cnyyae ®Ga oHo pasHO 144. Ho aaHHOe Bpems He
ABNAETCA ONTMMaNbHbIM, TaK Kak 6osnee 90% MaKcMmasbHOM
aKTUBHOCTM HaKanauBaeTca B nepsble 44. Boibop ontumasnb-
HOrO BPEMeHW [ANA 3/1I0MPOBAHUA reHepaTopa HanpAMYyLo
3aBUCUT OT noTpebHocTelt KoHKpeTHoro M3T — ueHTpa. Mpwu
HAWKWX MOAENbHbIX 3KCMEePUMEHTaxX 31I0UPOBaHME
TOPOB NPOBOANIOCH Pa3 B AeHb.

Ha pucyHke 1 nokasaHbl TEOpPEeTUYECKUI pacyeT pacnaja
Ge 1 HakonneHne %Ga ¢ MMUTaLMEN SNIOMPOBAHUA KasKable
14 v.

reHepa-

Tabnvua 4 — Koadduumentsl pacnpegenenus (K) Ge(lV) Ha
Dowex 1x8 (200-400 mew, CI7). Pactsop — 0,001 M C,H,0, ¢
pasMYHbIMU KoHLeHTpauuamm HCl

C,H,0, HCl Ky C,H,0, HCl K,
[M] (M] Dowex 1x8 (M] M] Dowex 1x8

0,003 0 2000 0,001 0 665
0,003 0,025 1848 0,001 0,025 410
0,003 0,0375 1194 0,001 0,0375 415
0,003 0,05 2905 0,001 0,05 208
0,003 0,065 2284 0,001 0,065 232
0,003 0,08 1536 0,001 0,08 206
0,003 0,1 1672 0,001 0,1 213
0,003 0,125 2919 0,001 0,125 153
0,003 0,25 330 0,001 0,25 267
0,003 0,5 243 0,001 0,5 86
0,003 0,75 306 0,001 0,75 61

0,003 1,0 77 0,001 1,0 22

0,003 2,0 32 0,001 2,0 10
0,003 3,0 26 0,001 3,0 5
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PucyHoK 1 — TeopeTuyeckunin pacyet pacnaga *Ge u
HakonneHwve %Ga c umuTaumeit antoMpoBaHUa Kaxable 14 4

Ona  wccnepoBaHMAa  BbIXxOAa  LLENeBOro  NpoayKTa
reHepatopa Ha CTEKNSAHHOW KOMOHKe 6blin BblbpaHbl cmecu
0,005 M CH,0, u pag KOHUeHTpauuit HCI (0,025 M, 0,05 M,
0,1 M, 0,25 M, 0,3 M, 0,33 M). MakcumanbHbii Bbixoa **Ga 60%
Habaogancs npu nucnonb3oBaHum pacteopa 0,005 M Cszoa/

0,33 M HCI. 65% ®Ga BbimblBaeTcs B 3 mn (ppakumu 2, 3, 4).

Mpodunb 3n0MpoBaHMA reHepaTopa *®Ge - %Ga nokasaH Ha
pUCYHKe 2.

35+
304
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AxrtuBHOCTE, %
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Homep dpaximn

MapameTpbl KONOHKM — h=100 mm, d=2,9 mm. Cmona —
Dowex 1x8, 200-400 mew. Pactsop — 0,005 M C,H,0, /0,33 M
HCl.

PucyHok 2 — Mpodunb antonpoBaHuA reHepatopa
%Ge > %Ga Ha CTEKNAHHOMN KOMOHKe

Mpu pa3paboTKe ONTUMANbHON CUCTEMbI AR PALANOHYK-
NNIHBIX reHepaTtopoB *®Ge - %Ga 6blM NpoBefeHbl Uccne-
[0BaHMA € 3 KONoOHKaMKM n3 maTtepuana PEEK c pasnnyHbimun
napameTpamv WM OAMHAKOBOW XMMWMYECKOM CXeMOM, OCHO-
BaHHOM Ha cmone Dowex 1x8 u 0,005 M CH.O, /0,33 M HCI.

2 274

Mocne aKCNepUMEeHTOB Ha CTEKNAHHOM KOOHKe 1 onpeaeneHuns
paboueii cxembl reHepaTopa Hayasnacb oOTpaboTKa MnpAMOro
reHepatopa (I) Ha KonoHke PEEK. Mpu nepexoge Ha AaHHYO
cxemy Bbixog, *Ga ysenununnca go 75-80% v 6bia cTabuibHbIM BO
BCEM Mepuoae 3KCnayaTtaumu, NPOcKoK %Ge u3ameHsancs He
3HaA4YUTEeNbHO U ocTaBanca < 0,1%.

3ameHa cxembl reHepaTtopa C MPAMOM Ha pPeBepCHYIo
npeanonarana ymeHblueHne Npockoka %Ge. [aHHas cuctema
roKasasa xopolune pesynbTaTbl NpU paboTe € aHaNOrMYHbIM
PaaMoOHYKAUAHBIM reHepaTopom *Ti = “Sc [11]. OgHako
npockok *®Ge Bo3poc 1 Bo Bcem nepuoge 6bin meHee >0,4%.
Bbixog, Ga octasanca B 061actn 75-80%. Cxembl npambix (1 v 1)
1 peBepcHoro reHepaTopos (IIl) nokasaHbl Ha pucyHKax 3 u 4.

3

2 NN

Mpamoe HanpasneHue

Dowex 1x8

S

4/

MapameTpbl KoNOHKM — d =3 mm, h =50 mm (reHepaTop |)
n 10mm (reHepatopll). 1 — PacTBop A/nA 31OMPOBAHMUA
0,005 M CH,O, / 0,33 M HCl, 2 — BeHTU/b, 3 — KOJIOHKa CO
cmonoii Dowex 1 x 8, 4 — cocya, ¢ pacTBOPOM PagMoHyKAMAaA.

PucyHoOK 3 — Cxema pafMOHYKANAHOMO reHepaTtopa ¢ npsamoi
mMmozol antonposanua (I un ll)

MapameTpbl KONOHKM — d =3 mm, h =50 mm. 1 — LLnpuy,
ONA CO34aHUA [OAaBNEHUA U paspelkeHus, 2 — BeHTWIb, 3 —
KOJIOHKa co cmonoi Dowex 1x8, 4 — peBepCHO-HAaKONUTEIbHbIM
pesepsyap, 5 — cocyg ¢ pacTtBOpom ana sntomposaHma 0,005 M
CH,0, /0,33 M HCI, 6 — cocya, c pacTBOPOM paauoHyKAUAA.

PuUcyHOK 4 — Cxema pafMOHYKANAHOIO reHepaTopa Ha OCHoBe
peBepcHol cxembl pasgenenus (l11)
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OueHka paboTbl oboux reHepaTopoB nNpPoBOAMAACL B
TeueHue 1 r. HayanbHas akTUBHOCTb ANA KaXKAOro reHepartopa
6bin1a 300 KBK. Ha pucyHke 5 npeacrasieH Npockok %Ge ans 40
nocnenoBaTeNbHbIX 310MPOBaHMit npamoro (1) u pesepcHoro
reHepaTopoB 3a CPOK BeCb PaboThl.

Mcnonb3oBaHWE KOMOHKM C  MEHblueid AAUHOW U
yMeHblueHne 06bEMa CMOJbl 3HAUYUTENbHO He MOB/UANO Ha
XapaKTepUCTUKKM reHepaTopa. Bbixog ®Ga u npockok *Ge ans
npamoro reHepatopa (ll) He n3meHunucb. Mbl Npeanonaraem,
YTO 3TO CBA3aHO C MeAJ/IeHHON KMHEeTUKOM nepexoda coenu-
HeHuit (Komnaekcos) repmaHus Apyr B8 Apyra. BoamoxHo, ato
CBA3AHO C TeMm, 4YTO repmMaHuii vMmeeT naga 6AM3KMX MO
CTabUNbHOCTU KOOPAMHALMOHHBIX uucna — 4 u 6. C apyroi
CTOPOHbI, MPOCKOK MOXeT 6biTb cBA3aH ¢ o6pasoBaHueM
KONN0MA0B.

B  panbHeillem NAAHUPYIOTCA  IKCMEPUMEHTbI Mo

goounctke %Ga c pgobasneHMemM AOMNOAHWUTENbHbIX CTaaui.

10" 5

_k
2L
1

AxtuBHOCTE, %

e
1

Homep smonpoBanus

PucyHok 5 — Mpockok %Ge ans npamoro (1) (cnaowHas) n
pesepcHoro (1) (wTpwmx) reHepatopos
3a CPOK BeCb paboTbl

Nuteparypa

Mpeanonaraetcs  WMCMO/Mb30BaHWe  HEBONbLLOW  KaTMOHO-
0B6MEHHOM KONMOHKM AN HaAeXHOro nepexsatbiBaHua ®Ge
6e3 notepu UeseBoro npoAykra. KaTMoHoobMeHHas KONOHKa
6yaeT cBsA3aHa C OCHOBHOM KOJIOHKOM reHepaTopa B Kadectse

TaHLEMHOM.
4. 3aKkntoueHue

KoadduumeHtsl pacnpegenenua gna Ge(lV) wn Ga(lll),
onpegenéHHble B AaHHOM paboTte, BbliM MCNONb30BaAHbLI ANA
pa3paboTKM  ONTMMANbHOW  XMMMUYECKOM CXemMbl  paamo-
HYKAMAHOro reHepatopa %Ge - ®®Ga. bbina BbibpaHa cxema,
ocHoBaHHaa Ha Dowex 1x8 1 cmecn pacteopa 0,005 M C2H204/
0,33 M HCl. BbliM CKOHCTPYMpPOBAHbI M MPOTECTUPOBAHbLI TPU
pas/NiMyHbIX BapuaHTa reHepaTopa, TakuMe KaK, ABa NpAMbIX
(d =3 mm, h =50 mm 1 10 mm) v pesepcHbili (d =3 mm, h =50 m).
Bbixoa %®Ga (75-80%) v npockok %Ge 6bl1 cpaBHUM 4/ BCeX
cuctem. Mo  pesynbTaTam  MUCCNeLOBaHWA MOMKHO caenatb
BbIBOA, YTO HE 3aBUCMMO OT MAPaMeTPOB KONOHKKU M cnocoba
31OMPOBAHMA (MPAMON, PEBEPCHbII), XapaKTEPUCTUKMN reHepa-
TOPa OCTAlOTCA CPABHUMbIMU. [1N1A TAKON XMMUYECKOM CUCTEMBI
npeanoyYTMTeIbHee NCNoib30BaHME CXeMbl MPAMOTO 31OUPO-
BaHUA, rae NPOCKOK Haxogutcea B obnactv 104-103. danbHel-
lwee MCNONb30BaHME TaHAEMHOW KO/MIOHKM  3HAYUTEsIbHO
YAYYLWMT KayecTBO LEeNeBOro MpoAykTa M AacT BO3MOMKHOCTb
noaobpath yCA0BUA ANS MPAMOro MeYeHus.
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nepepaboTKu NweHuubl
B Npouecce TepMUYECKOoM
06paboTKM

Tacubekos X.C., Kuwunbaes K.K.,
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Ucmaunnosa A.l., HeunnypeHko C.B.,
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LleHTp GU3MKO-XMMUYECKMX METOA0B
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KasaxcKkuii HauMOHaNbHbIN yHUBEPCUTET
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MccnepgoBaHa TepmuyecKkas AeCTPYKUMSA OTXO40B nepepaboTKM MWeHWYHOro 3epHa w3
AnNmaTUHCKON U HOxHo-KasaxctaHckoit  obnacteit. CchopmmMpoBaHbl CTPYKTYpbl MOAyHaemblxX
NpPOAYKTOB B 3aBUCMMOCTM OT TemnepaTtypbl NpoBeAeHMs npouecca KapboHM3auumM U U3yyeHbl
OCHOBHblE GU3UKO-XMMUYECKME XapaKTEPUCTUKM NOY4aeMOro YrIepoaHOro Matepmana Ha OCHoBe
oTxofa nepepaboTku mweHnyHoro 3epHa (OMM3) ¢ Mcnonb3oBaHWEM TEPMOTPaBUMETPUYECKOTO
aHanusa, auddepeHUManbHOW CKaHupylowen KanopumeTtpuu, WK-cnektpockonun u  IMP-
CMEeKTPOCKOMMU. AHann3 3/1eMEHTHOTO COCTaBa M3yyeHHbIX 06pasLoB COpbUMOHHOrO MaTepuana
NoKasas, YTo B COCTaBe MoJly4eHHOro yriepogHoOro maTepvana cofepkaHve yraepoga coctaBnfer
75,08-76,12%, 4TO B CBOW oO4yepedb MOMXKeT 00ycnaBAMBaTb AOCTAaTOYHO BbICOKYKO CTeneHb
COpbUMOHHON CNOCOBHOCTM [AHHOrO MaTepuana, a TaKXKe ero MexaHWYecKon MpPOYHOCTU.
MonyyeHHble yrnepogHble matepuansl Ha ocHose OMM3 mognduuUMpoBanU HUTPATOM aMMOHUA
(NH,NO,) ana yaydwenua ero GM3NKO-XMMWYECKUX XapakTepPUCTUK, TaKUX Kak: yAenbHas
NOBEPXHOCTb, MOPMUCTOCTb M aACOPBUMOHHAA eMKOCTb Mo ioay. MoKasaHo, 4YTO CTPYKTypHble
npeobpasoBaHna 0TXo4a NepepaboTKM MWeHUYHOro 3epHa (oTpybb) B mpouecce TepMUYECKon
06paboTKM He3aBMCMMO OT TemnepaTypbl (B M3y4aemMoOM WHTepBase) NpoTeKaloT yepes CTaauto
obpasoBaHua cBo6OAHbIX paaukanoB. KoHueHTpauma obpasytowmxca npu 3Tom cBO6OAHbIX
paamKanos, a TakxkKe cocTaB rpadpuTonof06HOM KOMMOHEHTbLI MO/Ty4aeMbiX MPOAYKTOB ONpeAenAoTca
TemnepaTypHbIMM NOKasaTeNAMM npoLiecca.

KnioueBble cnoBa: oOTXoapl nepepaboTku; MWeHUYHOEe 3epHO; YINMepoAHbI maTepuan;
TEPMUYECKan AeCTPYKUMA; GUSUKO-XMMUYECKME METOAbI.

Tepmuanblk eHaey
npoueciHgeri 6ugan
KaNnAbIKTbIPbIH KalTa
OHAEYAiIH TePMOXUMMUANDIK
aiiHany mexaHusmi

Tacubekos X.C., Kuwmubaes K.K.,
Bekuwes X.XK.*, Toknaes P.P.,
Ucmannosa A.f., HeunnypeHko C.B.,
Edpemos C.A., Haypbiz6aes M.K.

DU3NKANbIK-XMMUANBIK 3epTTey KaHe Tangay
aicTepi opTanbifbl, an1-Papabu aTbiHAAFLI
Kasak ynTTbiK yHUBEPCUTETI,

Anmartbl, KasakctaH

*E-mail: zhenis.bekishev@gmail.com

Anmatbl KaHe OHTycTiK KasakcTaH o06sbicTapbiHbiH, 6uaaii AsHAepiH KaiTa eHaey
KanOblKTapblHbIH,  TEPMUANBIK  AeCTpyKuuAcbl  3epTrengi.  KapboHusauus  NpoueciHiH,
TemnepaTypacbiHa 6aiNaHbICTbl aNblHFAH OHIMAEPAIH, KYPbIIbIMbl KaNbINTaCTbIPbINAbI XKaHe buaai
A9HAEPIH KalTa eHaeyaiH KanapikTapbl (BAKOK) HerisiHae anbiHAaTbIH KOMIPTEKTIK MaTepuanibiH,
Heri3ri usmKa-xMMUAbIK cnaTTamanapbl KapacTblpblnAbl. 3epTTeyAe Keneci agicTep KoNAaHbINAbI:
TepmorpaBumeTpik Tangay, AvbdepeHumnanbik ckaHvupaeyiw kanopumeTpus, UK- cnektpockonua
»oHe IMP- cnekTpockonua. ANbIHFaH KOMIPTEKTIK MaTepuran KypambiHAa KemipTek meniwepi 75,08-
76,12% eKeHiH 3epTTenreH copbumAnbiK maTepuan yarinepi KypamblHbIH, 3/1eMeHTTIK Tanaaybl
KepceTTi. byn e3 Ke3eriHae, copbunAnbIK MaTepuanbiH, CblMbIMAbIIbIFbI }KIHE OHbIH, MEXaHUKabIK
6epiKTiriHiH, *KeTKINIKTI KOFapbl A3PEKeCiH TyAbIpybl MYMKIH €KeHiH TyciHaipe anagbl. MeHLWiKTi
6eT, KeyeKTiNiK kaHe 1of 6olbiHWA aacopOUMANBIK CbIAbIMABINbIFbI CUAKTbI GUUKA-XUMUANBIK
cuMnaTTaManapblH »KakcapTy ywiH BAKOK HerisiHge anbiHFaH KOMIPTEKTIK MaTepuangap amMoHUM
HutpatbimeH (NH,NO,) TypreHgjpingi. 3epTTenreH uHTepsanaarsl TemnepaTtypafa Tayencis 6uaai
OHAOEPIHIH, KalTa eHaey KanablKTapbiHbIH, (KebekK) KypblabiMabIK e3repicTepi epKiH paavkangap
Ty3iny caTbiCbl apKblabl OTETiHI KepceTinai. Ty3ineTiH epKiH paaukangapablH, KOHLEHTpauumAchl
)KOHe anblHFaH eHiMAepAiH rpaduT Tapisai KOMMOHEHTachl Kypambl NPOLECTiH, TemMnepaTypanbik
KepceTKilTepiMeH aHbIKTanaabl.

TyiiiH ce3pep: KaWiTa eHAey KanablKTapbl; buaain AaHi; KeMipTeKTi matepuan; TepMUANBIK,
LECTPYKUMA; GU3NKa-XUMUANBIK aicTep.

Mechanism of the
thermochemical
transformation of wheat
grain’s processing waste
during heat treatment
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The thermal destruction of wheat grain’s processing wastes from Almaty and South Kazakhstan
regions was studied. The structure of the products obtained depending on the temperature of
the carbonization process was formed, and the basic physico chemical characteristics of the
obtained carbon material based on the wheat grain’s processing waste (WGPW) were studied using
thermogravimetric analysis, differential scanning calorimetry, IR spectroscopy and EPR spectroscopy.
The analysis of the elemental composition of the obtained samples of the sorption material showed
that the carbon content in the composition of the obtained carbon material is 75.08 - 76.12%,
which in turn can cause a sufficiently high degree of sorption capacity of this material, as well
as its mechanical strength. The obtained carbon materials based on WGPW were modified with
ammonium nitrate (NH,NO,) to improve its physico-chemical characteristics, such as specific surface
area, porosity and adsorption capacity by iodine. It is shown that structural transformations of the
processing waste of wheat grain (bran) in the process of heat treatment irrespective of temperature
(in the studied interval) proceed through the stage of formation of free radicals. The concentration
of free radicals formed in this process, as well as the composition of the graphite-like component of
the products obtained, are determined by the temperature indices of the process.

Keywords: processing waste; wheat grain; carbonaceous material; thermal degradation;
physicochemical methods.
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1. BeeaeHue

Bbinyck HOBbIX yriepoacofepsKalux MaTepuanos C
3a/laHHbIMW CBOWMCTBAMU Ha OCHOBE 6€30TXOAHbIX TEXHONOTUM,
PaLMOHaNbHOTO UCNO/b30BaHUA MPUPOAHbIX PECYPCOB MyTem
BOB/IeYeHUs B nepepaboTKy BO306HOBAAEMOrO Cbipba ABAAETCA
OfHOW M3 aKTyalbHbIX 33ajady Hayku u npoussogcrtsa [1]. B
HacTosllee BpPemsa YTUAM3aLMA OTXOAOB W MONyYEeHUE M3 HUX
BTOPUYHbIX MaTepuasioB MpeBpaTUIUChL B BUA, OEATE/NbHOCTY,
NPUHOCALMIA  MHOTOMUIIMOHHbIE MNPUBLIAKM, WM OTAMYatOTCA
BbICOKMMM Temnamu pocTa. TaK, pacTyuwue notpebHOCTU pas-
JNYHBIX OTpacnei npomblwaeHHocTH KasaxctaHa B yriepoa-
cogepKalimx —martepuanax MmoryT 6biTb  yA0OBNETBOPEHbI
nocpeacTsom MCNONb30BaHMUA 0TX0f08 nepepaboTku
nweHnYHoro 3epHa (oTpybb). [laHHOe pacTUTenbHoe Cbipbe B
KasaxcTaHe MmeeTcsa B [AOCTaTOYHbIX KO/MMYeCTBax A4S ero
NPOMbILLINIEHHOTO UCNoNb30BaHuA. ExerogHo npu nocney6o-
poyHol o06paboTke WM nepepaboTke 3epHa B KasaxcTaHe
obpasyeTca nopagka 3-4 MAH. TOHH 0TX0408 [2].

O6bembl MUPOBOrO M  KasaxcTaHcKoro notpebnexus
yrnepoga 3a nociefHve rogpl 3HaYUTeNbHO Bblpocau. OfHaKo
npeanpuaTMA MNULEBOM U XMMWYECKOM OTpacneit CTpaHbl
UCMbITbIBAOT  AedULUT OTeYecTBEeHHbIX YINIepPOAHbIX MmaTe-
pvanoB B CBA3M C OTCYTCTBMEM COBCTBEHHOrO Ka3axCTaHCKOro
NPOV3BOACTBA, MHOTWE W3 HWUX BbIHYKAEHbI MMMOPTUPOBATb
[JaHHble MaTepuanbl M3 3apybexHbix cTpaH. [loatomy, Ha
NPOTAXEHUU pAfa NeT BHUMaHUE MHOTUX WccaefoBaTenen
npuBneKaeT uaea  CO34AHWA  YINepPOoAHbIX  MaTepuasnos
nonndyHKLMOHaNIbHOTO Ha3HAYeHUA C HU3KOoW cebecTonmMocCTbio
M3 YrNepoacofepKallux OTXOL0B KaK MUHEPasbHOro, Tak U
pacTUTeNbHOTO NPOUCXOXKAEHUA [3-6].

2. JKcnepumeHT

O6beKToM wWccneaoBaHUA ABAANCA OTXo4 nepepaboTku
nweHMYyHoro 3epHa (oTpybs) (OMN3), copeprralumii Lenntonosy,
JIUTHUH, A TaK)Ke BeLLecTBa, pacTBOpMMble B CNUPTOBEH30/b-
HOW CMecK U ropsaYelt Boge.

UccnepoBaHbl  TEXHONOTUMYECKME  PEXUMbI  MOJyYeHUA
NOPUCTbIX YrNepogHbIX maTtepuanos Ha ocHose OlM3, a Takke
meToabl MOAUDULMPOBAHUA UX COPOLIMOHHBIX CBOMCTB (0bpa-
H60TKa MCXOAHOrO CbipbA a30THbIMK COeaAuHeHUAMMU). Tepmo-
06paboTKy Cbipbs OCYLWECTBAAAM B WMHEPTHOM aTtmocdepe B
TemnepatypHom uHTepsane 700-800°C npu CKOPOCTM Harpesa
15-20°C/MWH 1 BpemeHWn BblaepKKu 30 MUH (npu 3asaHHOM
Temnepatype). Mocne npouecca KapboHU3aUUU MONYYEHHbIN
YINepoAHbI MmaTepuan akTMBMPOBAAW MeperpeTbiM BOASHLIM
napom npu temnepatype 850-900°C [7].

Ona  un3yyeHMA coctaBa W CTPYKTYypbl  MPOAYKTOB
TepMuyeckolt 0bpaboTKM, a TaKXKe MexaHM3Ma TepMOXUMU-
Yeckoro npespaleHna ucnonb3oBanun WK-cnektpockonuioo wu
MeTOAbl 3NEKTPOHHO-NAapaMarHUTHoOro pesoHaHca (3MMP) [8-9].

MK-cneKkTpbl  pernctpupoBann Ha cnektpodoTomeTpe
IMPACT 410 (CLLA) B BMae npecc-Tabnetok ¢ KBr (KOHUEHT-
pauma ncxogHoro BellecTsa coctasnsna 1,5-3%) 8 obnactum 400-
7000 cm.

SlMP-cneKTpbl MOAEPHU3NPOBAHHOM
cnektpometpe 3MP ¢upmbl JOEL romoamHHoro tuna, pabo-
Talowem B 3CM AManasoHe AJIMH BOJIH, MPU KOMHATHOM
Temnepatype M Npyv ONTUMAJbHbIX YC/NIOBUAX perucrpauuun
CNEeKTPOB (Mcnonbayemasn BeNMYMHA MUKPOBOTHOBOM MOLLHOCTH
UckAoYana 3dodeKTbl HacblweHna avHum MNP, a amnauTyna
MOAYNALUMM  MArHUTHOTO nosfa — ywupeHue anHum IMP).

CHUManun Ha
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CneKkTpbl M3y4aembix 06pa3LoB 3anucbiBanvM mexay 3 u 4
KOMMOHEeHTaMM penepHoro obpasua, B KayectBe KOTOPOro
Mcnonb3oBaan MoHbl Mn?* B8 MnO. 3HaHMe mnapameTpos
Nno3BO/IUIO OnpeaennTb g-Gaktop U WWUPUHY AnHWI IMP
uccnefyembix 06pasuos.  KoHueHTpauuio
ueHTpoBs (MML) B wu3yyaemblx 06pasuax HaxoAWAM MyTem
CpaBHEHMA MNJOWAAe WX CNeKTPoB C MNJIOWAAbI0 CNeKTpa
KanMbpoBaHHOro 3TasIoHHOro obpasua.

napamarHUTHbIX

3. Pe3ynbratbl U 06cyKaeHue
Tepmuyeckasn obpaboTka oTX043 nepepaboTkm
nweHW4yHoro 3epHa B obnactm 50-150°C conpoBoXxpaercs
3HA03bdEKTOM, CBA3aHHbLIM C noTepeit cBoboaHON BoAbl. B
MHTepBane TemnepaTyp 150-750°C MmeeT MecTo pasnoxKeHue
obenx coctasnatowmx OMM3 — yrnesogHoON (Lennonosbl) u
apomaTtuyeckow (AnrHuHa). NMpouncxoauT CTPYKTypupoBaHue u
BbIFOPaHWe YIANCTOro ocTaTKa. [osHoe pasnoXKeHwe ucxoa-
HOrO CblpbfA 3aKaHuuMBaeTcs npu Temnepatype 750+50°C.

TG /%
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MoTepAa Maccbl oOTXofZa nepepaboTKM MLIEHWYHOrO 3epHa
pocturaet 75%.

[JepviBatorpammbl  npouecca KapboHusaumm o06pasuos
OMNMN3 xapakTepusyoTcA 3HA03GDEKTaMU U 3K303PPeKTamum
(pucyHKM 1-2), KOTOpble CBMAETE/NLCTBYIOT O PA3/OXKEHWUU ero
OCHOBHbIX KOMMOHEHTOB: Lie/1/1I0/103bl, IMTHUHA U Ap. BeLecTs. B
UHTepBane Temnepatyp 95-105°C HabnogaeTcs 3HAOTEPMU-
yeckuit addeKT, cBA3aHHLIM C yaaneHnem aacopbupoBaHHbIX
MONEKyN BoAbl. IK30TepMuyeckuii addeKT B MHTepBase Temne-
paTyp 218-332°C cBMAETENLCTBYET O NPOTEKAHUM XUMUYECKUX
peakumit OecTpyKUuum C MNOr/OLEeHWemM Tenna M BbIrOPaHWUK
HECTPYKTYPUPOBAHHOTO YINepoAaa, a TaKKe Pas3/oKeHun nety-
YMX OpraHuMYeckux seluects. oTepsa Beca McxoaHOro obpasua
npu stom pgocturaet 44-45%. Tpu panbHelwem Harpese
06pa3LLOB NPOTEKAET CEPUA IK30- U SHAOTEPMUYECKUX PeaKLni,
KOTOpble CBA3aHbI C KOHAEHCALMOHHO-AECTPYKTUBHBIMU 1N OKUC-
NITEeNbHBLIMK NpoLieccaMy B TBepAoOM ocTaTke. lMonHoe Bbiro-
paHve opraHu4eckoro BellecTBa npoucxoaut npu 889-911°C.
0O6Lan noteps maccbl Npu 3aTom coctasnseT 79,69-84,19%.
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PucyHok 1 — Kpusble TepmorpasumeTpum (TT) n anddepeHumanbHol ckanupytolei Kanopumetpum (ACK) npouecca
KapboHm3zaumm OMM3 AnmaTUHCKOW obnacTm
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PucyHok 2 — Kpusble TepmorpasmumeTtpun (TI) n gubdepeHumanbHoM ckaHupytolel kanopumeTpun (ACK) npouecca
Kapb6oHusauum OMNMN3 KOxkHo-KasaxcTaHcKol obiactu
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Llenbio nposefeHWA TepMOrpaBMMETPUYECKOrO aHanusa
ABNAETCA U3yYEHUE U3MEHEHMUA MacChbl U PEaKLMOHHOW cnocob-
HOCTU YINEPOAHbIX MaTepunanos B npoueccax KapboHUsaummn m
TEPMOOKUCUTENBbHOM AeCTPYKLMK, a Npy nposBeaeHun andde-
PEeHLMANbHOW  CKaHMpYlOWen  KannopumeTpun  U3ydatoTca
Tensnosble 3¢PeKTbl 4ECTPYKLMU U KapOOHU3ALMKN YIIepOAHOTO
matepuana OIMM3.

M3 nonyyeHHbIX Tepmorpamm BWAHO, YTO YrNepOAHbIN
MaTepuan Ha OCHOBe OTXoAa nepepaboTKM MWEHUYHOro 3epHa
u3 ANMaTUHCKOM 06nacTu nocne npouecca KapboHusauuu
TepaeT 6onblyo maccy (84,19%), Yyem yrnepoaHblii maTepuan
Ha ocHose OMM3 u3 KO»KHO-KasaxcTaHckoli obnactu (79,69%).
3TK pe3ynbTaTbl NOKa3sbiBatoT, YyTo OlMN3 m3 KOxHOo-KasaxcTaHc-
KoM 06/1aCTU ABNAETCA TEPMUYECKM YCTOMUMBBIM K BbICOKUM
TemnepaTypam u MMmeeT bonee BbICOKOE CcofepiKaHue yrnepoaa
no cpasHeHuto ¢ OMM3 13 AnmaTHCKoM obnacTu.

B MK-cnekTpax otxoAa nepepaboTku MWEHUYHOro 3epHa
(pucyHoKk 3), nogBeprHyToro Tepmoobpabotke npu 750+50°C
(DaHHblE MO BbIXOAY M 3NEMEHTHOMY COCTaBy MONYYEHHbIX
TBEPAbIX NPOAYKTOB NpeacTas/ieHbl B Tabauue 1), B pesynbrate
paspbiBa XMMUYECKUX CBA3EN U OTLLENIeHUA cNnabo CBA3AHHbIX
paAMKanoB Mc4e3aT Monockl, 0bycnoBneHHble KonebaHuaMmuU
bYHKLUMOHaNbHbIX rpynn obpasyowmux noanmepos, M Habto-
[JaeTcA NoABNEHME MO/OChl BaNeHTHbIX KonebaHwuit conpsa-

100.0.

eHHbIx C=C-cBAseit B obnactn 1600 cm™ (pucyHoK 4), yto
CBUAETeNbCTBYET O AeCTPYKLUMU MocieaHUX U GopmMUpoBaHUN
nonuAAepHOW yraepoaHol cTpyKTypbl [10].

B coctaBe nony4yeHHOro yrnepoAHOro maTtepuana, cbipbe
KOTOpOro npeagapuTenbHO 06pabaTbiBaiiM a30THbIM COeau-
HeHueMm, coep)KaHue yrnepoga coctasnseT 76,05%, yto B
cBotoouyepeb MOXKeT 0b6ycnaBivMBaTbh AOCTAaTOYHO BbICOKYHO
COpPOUMOHHYH CNOCOBHOCTb, @ TAKKE MEXaHUYECKYIO MPOYHOCTD.

lNonyyeHHble yrnepogHble maTepuansl Ha ocHose OIMM3
MOAMOULMPOBAAN HUTPATOM aMMOHMA ANA YAYHLWEHUA ero
DU3NKO-XMMUYECKMX  XapaKTEPUCTUK, yaenbHas
NOBEPXHOCTb, MOPUCTOCTb M aACOPOLMOHHAA EMKOCTb MO Moay.

MK-cnekTpockonuyeckne uccnefoBaHWA MOKasaan, 4TO
KayecTBEHHbIW CcOCTaB QYHKLMOHANbHBIX TPYMn uccaeayembix
06pasLoB NpeaCTaBNeH COEAMHEHUAMM C  KapbOOKCU/IbHOM
(1000-1300 cm?), rugpokcunbHo M ammuHo- (3500-3300 cm?)
rpynnamu, 4YTO XapaKTepusyeT CXOACTBO MPOAYKTa Tepmo-
06pabotkn OMMM3 ¢ NPOMBbILAEHHBIMA  aKTUBMPOBAHHbIMM
YIAAMM PacTUTENIbHOTO NpoucxoxaeHuna. Kpome Toro, Hanmume
Ha WK-cnekTpax ucxogHOro cbipbs (PUCYHOK 3) XxapakTepwuc-
TUYECKMX MONOC MOMOLWEHUA TMAPOKCUAbHLIX rpynn (3400,
1647 cm?), CH, (2926 cm™), NH (2075,51 cm?), C=C, conpsseH-
HbIl ¢ C=0 (1546,66 cm?), C-OH (1045,84 cm™) cBMAETENLCTBYIOT
0 ero LLe//II0I03HOW CTPYKTYpe.

TaKUX KaK:
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PucyHok 3 — MK-cnekTpbl UCXOAHOTO CbipbA (0TX0A, nepepaboTKM MeHUYHOro 3epHa)
Tabnuua 1 — Bbixog, v 31eMeHTHbIN COCTaB NPOAYKTOB TepM0o0obpaboTKM oTxoaa nepepaboTku NEHUYHOTO 3epHa
Macca npobbi, Temnepatypa, Bbixog, MpoueHTHoe copepkaHne, %
° 0
r ¢ % C H S OcTaTok
4,63 750 25 76,05 1,62 0,43 6,05
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PucyHoK 4 — VIK-cneKTpbl NpoAyKTa TepmoobpaboTkv oTxoaa nepepaboTKu NeHUYHOTo 3epHa

B npoayktax Tepmoobpabotkm OMM3  (pucyHOK 4)
HabNOAATCA  XapaKTepPUCTUYECKME MONOCbl  MOMNOWEeHUA
-NH, (3440,6 cm?), C-O (1210,8cm?), C-OH (1008,1, 1086,1,
1127,7, 1158,9 cm?), a TakxKe au3amelleHHoro 6eHsona (753,4,
888,6 cm?). B LWwMpoKo4yacToTHOW 06/1acTM cuibHas nosioca
nornoweHusa npu 587,1 cm* otHocuTcs K nornoweruto N-O.

KauecTBeHHbIl cocTaB GYHKLUMOHANbHbIX rpynn o6pa3Los
npogykta TepmoobpaboTtku OMM3,
pUTENbHBIM ~ MOAMbULMPOBAHNEM

NONy4YeHHbIX
a30THbIM

npeasa-
coeaMHeHMeM
(pUCYHOK 5), noKasbiBaeT xapaKTepucTMYecKne nosaochl Morio-
weHua -NH, (3451,0 cm?), C=C, conpsskeHHbix ¢ C=0 (1574,7 cm
1), C-O (1210,8cm?), C-OH (1013,3, 1028,9, 1075,7, 1127,7,
1158,9cm?), N-O (919,8 cm'ly 597,5cm?) rpynn. [Mosoca
nornoweHna ¢ yvactoto 1574,7 cm?* (N-O), BeposTHO, nose-
NAEeTCA B pesysbrate MoANOULMPOBAHUA UCXOLHOTO CbIpbA.

B pesynbrate Tepmuyeckolr 06paboTKM pacTUTENbHOro
CblpbA, KaK CBMAETENbCTBYIOT MK-CNeKTpbl, BEPOATHO, Mpouc-
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XOAMT pacwenneHme 3sHepreTMyecknx cnabbix cBAsen K

yAaneHue Nerko NoABUMKHbIX FPYMM, YTO MPUBOAMUT K yBeauye-

HUIO KOHUEHTPaL MK cBOboAHOPAAMKaNbHbIX cOCcTOAHWUI (CPC).
MpU  U3yYEeHUM  CTPYKTYPHbIX

nepepa60TKM NweHNYHOro 3epHa B

M3MeHeHuUi  oTxoAa
xofe TepmMuyecKoi
06paboTkn ¢ nomolpto metogda 3IMP-cnekTpockonuu 6bino
YCTAHOBNEHO, 4YTO C POCTOM TemnepaTypbl TepPMUYECKOM
06paboTkn (Tabnuua2) dopmupyetca obwas TeHAeHUMA
YMeHbLeHUA WUPKUHbI AnHuKM IMP, ogHako Ha ¢oHe obuiero
CY»XeHMA NPOMNCXOAMUT HEKOTOPOE ero pacLumpeHme.

MOCKO/MIbKY paclWwMpeHne JIMHUU MOXKeT bbiTb 0b6ycioB-
JIEHO CMWH-CMUHOBbIM B3aWMOAENCTBUEM MEXAY PagmnKanamu,
TO, OYEBWAHO, CTaAMA pPaCLIMPEHUA JIMHUW COOTBETCTBYET
nepuosy aKTUBHOTO PaspyLUeHWA OCHOBHbIX CTPYKTYPHbIX
cBA3ei NPUPOAHbLIX MOJMMEPOB MO CBOOOAHO paguKasbHOMY
mexaHusmy [11]. B wu3yyaemom UWHTepBasne Temnepatyp

06paboTkn OMM3 TaKKe NPOUCXOAMT NOCTEMEHHOE CHUXKEeHUe

11277

1034,4080,9

2000 1500 1000 500

‘Wavenumbers (cm-1)

PUCYHOK 5 — UK-cneKTpbl NpoayKTa TepmoobpaboTku oTxoaa nepepaboTku NeHUYHOro 3epHa, NpeaBapuTenbHO
MOANOULMPOBAHHOIO a30THbIM COEAUHEHNEM

BecTHuK KasHY. Cepua xummyeckasn. — 2018. — No2(89)



Tacunbekos X.C. n ap. 33

3HayeHuA g-dbaKTopa, KOTOopoe NPUBAMNKAETCA K 3HAYEHUIo
g-dakTopa cBobogHOro anektpoHa (g=2,0023) B rpaduToBbLIX
CTpYKTypax (Tabnvua 2).

ConocTaBnsAs 3aKOHOMEPHOCTb MW3MEHEHWUA KOHLEHTpa-
UMM napamarHuTHbIX uUeHTpoB (MML) no mepe noBbiweHMA
TemnepaTypbl TepMUYecKoi 06paboTKU PacTUTENbHOTO Cbipbs
C pesynbTaTamu MK-CNEeKTPOCKONMM, MOMKHO cAenaTb BblBOA,
yto pocT Konamyectsa MML, npu =450°C obycnosneH ysenu-
YeHWeM KOHLIeHTpaLuKn cBOBOAHO pafMKaibHbIX COCTOAHWUI B
pesynbTaTe paclenneHusa 3SHepreTMyecku cnabbix cBAsen u
YAANeHWUA NETKO NOABUNKHbIX FPynM.

Mpouecc TepMUYECKOrO NpPeBpaLLeHUA OpraHUYecKmx
BELLECTB B TBEPAbIN YraeposdHbli MPOAYKT, OObIYHO OMMUCHI-
BaemMblil ypaBHeHuem [12]:

A->B+C,

rae A — UCXo4HOe opraHuyeckoe BelwecTBo; B — neTyuune
Belectsa; C — TBepAbli YINepoaHbI NPOAYKT,

OYEHb C/IOXKHbIM U B 3aBMCMMOCTU OT MPUPOAbI UCXOAHOrO
BELLLEeCTBA M YC/NOBUI €ro npoBeAeHUA NPOTEKaeT No pasHbiM
mexaHusmam [13-18].

PesynbtaThl U3yyeHUA GU3NMKO-XMMUYECKMUX 3aKOHOMeEp-
HOCTEl TEPMUYECKOIN AeCTPYKUUM OTXOLO0B nepepaboTku nie-
HULbI NO3BONAIOT CAENATL 3aK/NOYEHME, YTO TEPMOXMMUYECKNE
npespaLLeHNa pacCMaTPMBAEMOTO CbiPbA PACTUTENLHOTO NPOUC-
XOMXIEHNA NPOTEKAIOT N0 PagUKaibHOMY MeXaHU3My.

[o temnepatypbl 250°C MMeeT MecTo HU3KoTemnepaTyp-
HaA [eCcTPYKUMA, COCTOALLAA B OTLLENNEHUM KOHLEBbIX rpynn
NoAnMMepHbIX  KomnoHeHToB  OMM3. Mpu  ganbHelwem
MOBbIWEHWN TemnepaTypbl TepmoobpaboTKM  NpoUCXoaUT
OECTPYKUMA  OCHOBHOW  MaKpPOMOJIEKYNAPHOW  CTPYKTYpbI,
npotekalowaa Bnaotb Ao 450°C.  [aHHble  peakuuu
conpoBoXaatTca obpasoBaHMem Habopa pasAMyHbIX  NO
pasmepam cBob6OAHbIX PaAMKaN0OB, KOTOPble B3aMMOAENCTBYIOT

rpaduTonoao6HON CTPYKTYpbl nyTem O6beauHEeHUA KOoHAEeH-
CMPOBAHHbIX MJIOCKMX apOMaTMYeCKMX Kosiel, B 6104Hble
NPOCTPaHCTBEHHbIE CTPYKTYpbI [1].

Takum 06pasom, pesynbTaTbl MCCAEA0BaHWA MO3BOAIOT
caenatb cnefyrolme BblBoAbI:

®  CTPYKTypHble npeobpasoBaHua OTXo4a nepepaboTku
MWeHWYHOro 3epHa B npouecce Tepmuyeckon 06paboTku
(8 un3yyaemom wuHTepBane)
obpasoBaHMa  cBOBOAHbIX

He3aBMCMMO OT TemnepaTypbl
npoTeKaloT  uyepe3s  CTaguio
pasvKanos;

e B pe3y/nbTaTe pekombuHauMKu 0b6pa3oBaHHbIX cBO6OA-
HbIX paguKkanos dopmupyetcs HeobxoaMmas NOPUCTas CTPYK-
Typa, BO3MOXHO, Yepe3 cTaguio 06pa3oBaHWsA reKkcaroHasbHO
LMKAMYECKOro NOIMMEPU30BAHHOTO YIepoaa;

®  KOHUeEHTpauusa obpasyloLmxca nNpy 3Tom cBOBOAHbIX
pasivKanoB, a Takke cocTaB rpaduTonofobHON KOMMOHEHTbI
nosiyd4aemblx MPOAYKTOB OMpeaenstoTca TemnepaTypHbIMU
nokasatensamu npotecca.

4. 3aKkntoueHue

Takum 06pa3omM, MOMKHO 3aK/OUYUTb, YTO Hanuune B UK-
cneKkTpax ucxogHoro cbipba (0,70+0,75 mm ¢pakums OMN3)
XapaKTepucTMyecknx nonoc nornoweHuns -OH (3400, 1647 cm?),
CH, (2926 cm?), NH (2075,51 cmt), C=C, conpsixkeHHbIx ¢ C=0
(1546,66 cm?), C-OH (1045,84 cm?) rpynn, cBUAETENbCTBYET O
ero  LenoN03HON  CTpykType.  KauyecTBeHHbIi  cocTaB
DYHKLMOHANbHBIX TPYNn B MCCAedyemblXx 06pasuax npoayKToB
TepmonepepaboTkn OMM3 npeactaBneH CoOeAMHEHUAMM C
Kap6okcmabHoit (1000-1300 cm™?), rMAPOKCUABHOM M amMUHO-
(3500-3300 cm?) 4YTO XapaKTepusyeT CXOACTBO
npoaykta Tepmoobpabotkm OMM3 ¢  NpomblWAEHHbIMU
AKTMBUPOBAHHBIMW YIIAMW  PACTUTENIBHOTO MPOUCXOXKAEHUA.
cocTaBa  M3y4yeHHbIXx  06pa3uos
COpOLMOHHOro MaTeprasna NOKasan YTo, TaKME XapaKTEPUCTUKM,

rpynnamu,

AHanus 31eMEHTHOro

KakK CcTeneHb COp6LIMOHHOﬁ CNOCOBHOCTM M MexaHM4yecKas

APpYyr ¢ Apyrom, ¢ MONEKy/llaMU UCXOAHbIX BellecT B, NoAsBep-  MPOYHOCTb, obecneymBaetca BbICOKMM NPOLEHTHbIM
raloTcA  PEeKoOMOMHAUMM U AWUCNIPOMOPLMOHUPOBAHUIO C  CoAep:KaHuem yrepogaa (75,08-76,12%).
06pa3oBaHMeM HOBbIX PafMKaNOB, @ TaKXKe MPOMEXKYTOUHbIX Tepmoxumunyeckne npespalleHMa  paccmaTpuBaemoro
npoaykTos [12]. CblpbA  PaCTUTENIbHOrO  MPOUCXOXKAEHMA  MpoTeKalT Mo
[Oanee, Bbiwe 450°C, NpOUCXOAAT AECTPYKTUBHO-KOHAEH-  CBOOOAHO-pafMKasbHOMY MexaHusmy. B pesynbtate Tepmu-
CalUMOHHble npouecchl B TBEPAOM OCTaTKe ¢ dopMMpoBaHMEM  Yeckol  obpabotkm  OMM3  npoucxoauT  paclienneHune
Tabauua 2 — MapameTpbl cnekTpos MNP OMM3 1 NPpoAyKTOB ero TepMoobpaboTku
Ne o6pasua Temnepartypa, °C (AH), 3 g-bakTtop OTH. ea.
AY-1 KomHaTtHas (ucxgHas) 7,4 2,00420 0,07
AY-3 800 HeT curHana - -
AY-4 750 4,3 2,00294 0,03
AY-5 450 4,0 2,00275 1,0
AY-6 250 4,6 2,00282 0,38
AY-7 650 3,7 2,00301 0,007

MpumeyaHue: iccnepoBaHHble 06pasipbl AY — aKTUBMPOBAHHBIN Yro/b, MONYYEHHbIN U3 OTXOA,0B NepepaboTKM NWEHUYHOTO 3epHa C Pa3HbIM YPOBHEM

ISSN 1563-0331

Chemical Bulletin of Kazakh National University 2018, Issue 2(89)



34 MexaHM3M TePMOXMMMYECKOTO NPeBpaLLeHns oTxoaa...

JHepreTn4yeckun cnabbix ceAzen u yganeHne nerko noaBuXKHbIX

rpynn,
cBo60AHOPAAMKANbHBIX COCTOAHWUIA. B pesynbtate pekombu-

B pe3y/bTaTe 4Yero yBe/aM4YMBaeTCA KOHUEeHTpauuAa

Hauuu o6pa3oBaHHbIX CBOBOAHLIX paduKanos GopmupyroTca

reKca-roHasibHble CEeTKM LMK/AUYECKM MNOAMMEPU30BAHHOTO
yrnepoga.

Takum obpasom, B npouecce Tepmuyeckolr 06paboTku
CTPYKTYpPHble onns

Temnepatypbl (B M3y4aemom MWHTepBane) MpoOTEKaloT uepes

npeobpasosaHua Hes3aBMCMMO  OT
cTaguio obpasosaHua cBoboAHbIX paaMKanos. KoHueHTpauua
ob6pasyolWmxca npu 3TOM CBOBOAHbLIX PaAMKanoB, a TaKKe

COoCTaB Fpa¢MTOnOAO6HOl7I KOMMOHEHTbI nony4vyaemblix

NPOAYKTOB OMNpefensoTca TemnepaTypHbIMU MOKa3aTenfsMu
npouecca.

bnaropgapHocTun

PaboTa BbiNo/sHEHa B pamKax LOKTOPCKOW AuccepTaumu
PhD pokTopaHTa Bekuwesa XK. Ha Temy "PaspaboTka
TEXHONIOTMU MOMYTHOTO W3BNAEYEHWUA PEeAKWUX INEeMEHTOB U3
MaTO4YHbIX PAcTBOPOB YPaHOBOrO MPOM3BOACTBA A06bIUHbIX
npegnpuatuin AO "HAK" Kasatomnpom"" npu ¢uHaHcoBoM
nogaep:kke AO "HAK" Kazatomnpom".
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Kypfak aiimaKTapparbl
Tabufu cynapapbiH e3piriHeH
TasanaHy Kabinerti

PomaHoBa C.M.*, Pbickanuesa P.I.,
NMoHomapeHko O.U.

on-®apabu atbiHaafbl Kasak yaTTbIK,
yHuBepcuTteTi, Anmatbl, KasakcraH
*E-mail: sofya.romanova@kaznu.kz

Makanaga Kypfak alimakTapgafbl Tabusn cynapablH, (afblHCbi3 Bankaw Keni mbicanbliHAaa)
e3piriHeH Tasapy KoHe e3airiHeH TasanaHy Kabineti 6oMbiHWA 24ebu ManimeTtepi meH
canbICTblpmanbl TypAe »eKke 3epTrey matepuangapbl bepinreH. CoHbIMeH KaTap, e3giriHeH
Tasapy YAepici HbicaHAapblH KannbliHa KenTipyre 6afbiTTanfaH fnacTaHfaH Tabufn cynapaarbl
6apablK Tabufn yaepicTepaiH (rMAPOAMHAMMKANBIK, XUMUAIbIK, MUKPOBMONOTUAMBIK KaHe
rmapobUONOrMANBIK) MUbIHTbIFbIH KypanTbiHbl KepceTinreH. Tabufu cynapgpliH, e3airiHeH Tasapy
YAEepiCTEPiHiH, KYpAENiniri )aHe anyaH TypAiniri, cy KOMManapbiHbIH, Keke (Ppu3nKa-reorpadpuanbik)
KaFpannapbiHa KaHe OHAAfbl 3aTTapAblH, MesiwepiMeH aHbikTanagbl. Cy KoiManapbiHa KaHe cy
aFfbICTapblHa TaCTa/bIHATbIH NacTayLWbl 3aTTapAblH, Ken meswepi e34iriHeH Tasapy yaepicTepiHiH,
y3ere acyblH KMblHAATaAbl. bankall KeniHiH, weriHAinepi XaHe ca3 — meTann MOHAAPbIH e3iHe
CiHipin anaTbiHbl aHblKTasFaH. Mn? MoHAapPbIHbIH, ca3beH CiHipiny yaepici KebiHece aHacyablH
anfalliKbl yW cafaThbl iWiHAe Kypesdi, an onapablH, NaimeH copbuuanaHybl 10-15 Taynikke aeliH
wanfacagpl. WeriHainep kebiHece angpimeH Kagmuiigi (90%), ogaH coH, MblpbiwThl (86%) aHe
mbIcTbl (78%) ciHipeai. OuHamukanblk pexumae Mn*? MoHAapbl KOHLEHTPAUMACLIHbIH, 5,0-TeH
100 MKr/n-re fewiHri AManasoHbiHAA LeOAUTTIH copbumanblk KacueTi xorapbl (CK = 1,02:1073), ogaH
coH, Fe(OH), (0,28-10°%) aHe Al(OH), (0,10-10° mmonb-3KB/r).

TyiiH ce3pep: e3airiHeH Tasapy; e3giriHeH Tasapy Kabineti; Tabufu cynap; copbums;
meTangap.

Camoouuwiaouwan
C€Noco6HOCTb NPUPOAHDIX
BOA apUAHbIX 30H

PomaHoBa C.M.*, Pbickanuesa P.I.,
NMoHomapeHko O.U.

Kasaxckuit HauMOoHaNbHbIN yHUBEpCUTET
MmeHu anb-Gapabu, Aamatbl, KasakcTaH
*E-mail: sofya.romanova@kaznu.kz

MpuBeaeH aHanM3 NUTEPATYPHbIX AAHHbIX U MaTepuanbl COBCTBEHHbIX MCCNEAO0BAHWI MO
CaMOOYMLLEHNIO U CAaMOOYMLLAOLLE CMOCOBHOCTU NPUPOAHBIX BOA apuAHbIX 30H (Ha npumepe
6ecctoyHoro osepa banxaw). MoKasaHo, YTO NPOLLECCHI CAMOOYMLLEHMA MPEACTAaBAAT cobow
COBOKYMHOCTb BCEX MPUPOAHbIX (TMAPOAUHAMUYECKMX, XUMUYECKUX, MUKPOBMONOrMYECcKUX
N rMapobroNorMyecknx) NPoOLEccoB B 3arpA3HEHHbIX NPUPOAHbIX BOAAX, HANpaB/ieHHbIX Ha
BOCCTaHOB/IEHUE 06bEKTOB. CNOXKHOCTb M pazHOO6pasme NPoLEeCccCOB eCTECTBEHHOMO CAMOOUMULLEHUA
NPUPOAHbIX BOA 06ycN0BAMBAOTCA HOMBLIMM YMCIOM 3arpsA3HAIOLLMX BELecTs, creundruyeckumm
(dm3nKo-reorpaduyecknmn) ycnosnamm Bogoemos. bonblumne KoNMYecTBa 3arpAsHAOLLMX BELLECTB,
cbpacbiBaemble B BOAOEMbl M BOAOTOKM, 3aTPYAHAIOT NPOTEKaHWe MPOLECCOB CaMOOYMULLEHMA.
YCTaHOB/NIEHO, YTO [OHHble OT/NOXeHWUA 03. banxaw w rAvHa ABAAIOTCA MOrNOTUTENAMM
MOHOB MeTann0B. Tak, NpoLecc MOrowWweHna MoHoB Mn?* rAMHOW B OCHOBHOM MNpOTEKaeT B
TeYeHWe nepBbix TPEX YacOB KOHTAKTa, B TO BPems Kak copbuua ero uaamu npoponKaerca 40
10-15 cyT. [JOHHbIE OTIOXEHUA /lyylle BCero moriowatoT Kagmuin (90%), 3atem UMHK (86%) u
meapb (78%). B AMHaMMYECKOM pexnme nydlive copbuMOoHHbIE CBOMCTBA NPOABAAIOTCA Y LLeoNUTa
(COE = 1,02:107), 3atem Fe(OH), (0,28:10°) u AI(OH), (0,10-10° mmonb-3k8/r) B AManasoHe
KOHLEeHTpauuit noHos Mn*? ot 5,0 o 100 mKr/n.

KnioueBble €N0Ba: CaMOOYMLLEHME; CAMOOYMLIAIOWANA CMOCOBHOCTb; NPUPOAHbIE BOAbI;
copbumsn; metansbl.

Self-purification ability of
natural waters in the arid
zonhes

Romanova S.M.*, Ryskaliyeva R.G.,
Ponomarenko O.I.

Al-Farabi Kazakh National University,
Almaty, Kazakhstan
*E-mail: sofya.romanova@kaznu.kz
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The paper presents the analysis of literature data and research results on self-purification and
self-purification ability of natural waters at arid zones (on example of closed Lake Balkhash). The
self-purification processes are a combination of all natural (hydrodynamic, chemical, microbiological
and hydrobiological) processes in contaminated natural waters. A large number of pollutants and
specific (physical and geographical) conditions of reservoirs causes the complexity and variety of
cleaning processes of natural waters. Large amounts of pollutants discharged into water reservoirs
and drains impede the self-purification processes. It has been established that the sediments
and clay of Lake Balkhash absorb the metal ions. Thus, the process of absorption of Mn?* ions
by clay minerals mainly occurs within the first three hours of contact, whereas sorption by slits
continues until 10-15 days. The sediments are good absorbents for cadmium (90%), zinc (86%)
and copper (78%). The sorption properties in the dynamic mode decreases in the row of zeolite
(SEC=1.02-10?), then Fe(OH), (SEC = 0.28-10°°) and Al(OH), (SEC = 0.10-10° mmol-eq/g) with respect
to Mn*2 jon with concentrations from 5.0 to 100 pg/L.

Keywords: self-purification; self-purification ability; natural waters; sorption; metals.
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1. Kipicne

©3pairiHeH Tasapy ygepici HblcaHAbl KannblHa KenTipyre
bafbITTanfaH nactaHFaH Tabwufn cynapgafbl H6apablk TabuFn
yaepictepaid, (rMapoAvHamMUKanbiK, XUMUAALIK, MUKPOBUO-
NOTUANDBIK,  KaHEe TMAPOBMONOTUANBIK) KUbIHTbIFbI. Tabuen
CynapablH, e34iriHeH Tasapy YAepicTepiHiH, KypAeniniri »kaHe
QPTYpAiNiri cy KOMManapblHbIH, LWApTTapbiHa ToH (du3uKa-
reorpaduAnblK) Nactaylbl 3aTTapAblH,  MeswepiHe 6alina-
HbicTbl [1,2].

3epTTenin OTbipFaH TaKbIPbINTbIH, ©3€eKTiNiriHe TOKTana-
TblH 60ACaK, afblH Cynap Cy KoWmasnapblHa eHin, angbiMeH
61OLEHO3Fa Kepi acepiH Turiseai, CyablH, XMMUAbIK Kypambl-
HblH, KenTereH KOMMOHEHTTEPiHiH, Tabufn peumiH by3agbl.
CoHAbIKTaH Aa TabUFU CynapablH, XMMUAbBIK KYPaMblH 3epTTey
6YriHri TaH4aFbl ©3eKTi MaceneHiH 6ipi 6obin Tabblnaabl.

Cy KoWmanapblHAQ Ky3ere acaTtblH (U3MKA-XUMUANBIK
yaepictep 6uonoruanbik, acipece MUKPOOUMONOTUANBIK YpAic-
TepMeH Tbifbl3 6ainaHbIcTbl. Byn canagafbl eH Ken 3epTTenreH
macene Tabufu cynappafbl MOHAbIK KaHe ¢asanbik Tene-
TeHAIKTIH Y3/iKCi3 bIFbICYbIH TyAblPaTblH OPraHUKabIK 3aTTapFa
aviHanybl 6onbin  Tabblnagbl. OpraHUKanblK KOCbINbICTapFa
aviHany yaepici bipHewe caTblgaH Typagdbl, HITUMXKeCiHAe
bacTanKkpl 3aTTapfa KapafaH4a apanblK eHimaep yabl acep
eteai [3,4].

Tabufu cynapablH, e34iriHeH Tasapy KabineTiHe KenTereH
dakTopnap acep eteai. Kasipri Kesge afblH cynapgbl CyMbINTy
JKOHE Cy HbICaHAApPbIHbIH, e3firiHeH Tasapy ypaicTepiH
3epTTeyaeri Herisri mMakcaTTbl 6ec Herisri 6afblT apKblibl
TYXKblpbiMaayFa 6onagbl. Ocbl HafbITTapablH, dPKAMCbIChl ©3
beTiHwe 3epTTeyai Tanan etedi. 1) 9pTypai wapTrapga cy
KOMManapblHAafbl  afblH  CynapablH,  CyMblAyblH  YKaHe
aiHaNbIMbIH ecenTey aAicTepiH Kacay; 2) cyhafbl, nanipafbl,
WweriHainepaeri ynbl 3aTTapAblH, XMMU3MIH 3epTTey; 3) MUKPO-

aF3anapablH, aTKApaTblH KbI3METIH aHbikTay; 4) doTocmHTes
yAepicTepiHiH, acepiH 3epTTey; 5) Kep acTbl cynapbiHAAFbI
lacTayLwbl 3aTTap MUMPALLMACHIHbIH MEXaHU3MIH 3epTTey.

YCbIHbINbIN OTbIPFAaH MaKanaga Kypfak anmmakTapaafbl cy
KOMManapblHbIH, ©34iriHeH Tasapy Kabineti rymmAaTik aiimakTap
Cy KOMManapbIMeH CanbiCTbipMmanbl Typae bepinreH.

Kelbip aBTOpnapablH, 3epTTeynepiHiH,  HaTuKeciHae
KOHTUHEHTTIK Ccyabl KOHUeHTpnereHge (Bankaw keni mbica-
NblHAQ) KaTTbl dasara TyHb6anapmeH (KapboHaTTap cynbdaT-
Tap), b6ipre 6pom (0,002...0,025%), oz (0,0002...0,016%), 6op
(0,0002...0,005%), KpemHuir (0,02%-fra peniH), docdop
(2:10° %-ra peitin), kanui (0,016...0,094%) Topi3ai Kommo-
HEHTTEp KypamblHaafbl. ©Top, 6pom, Moa, 6op, NUTUIA, Kanui,
pyounanin, uesuii, KobanbT, HUKENb KaHe MbIpbIl Tapi3ai
3/1IEMEHTTEeP KOHTUMHEHTTIK Cy KOMManapbliHblH, LWeriHAi cyna-
pblHa eTeai Ae, ONapablH, IPTYPAi KonnouaTapmeH ancopb-
LMACHI HITUMXKECIHAE ONapAa KUHAKTaNaTbIHAbIFbIH Adnenaes,.
[ereHMeH OCbl  3NeMeHTTepAiH, KyheciHaeri
reoXMMUABIK CUNATbl 9PTYPAI.

Tabufn cyaplH, canacblH y3ak Mmep3imre 6osKay YLWiH
onapapblH, e34iriHeH TasanaHy Typanbl 3epTreynepiH 6inreH
XeH. TM[ e3eHaepiH 3epTreynep HaTukeci 6olibiHWA
N.M. KopeHoBcKas KaHe bacKanapbl ©3eH CynapblHblH, KOKTEM
— ’Ka3 MmesringepiHae Kelbip nactaywsbl 3atTapmeH  80%
KaMTamacbl3 eTiNreHAiriH - e34iriHeH Tasapy »Kbl1gamAblfbl
KoapPULUMEHTIH ecenTey apKblibl  aHblKTafaH [5].  Kapan
oTbipcak, 1,80 Taynik?® TeH, K Ken mMaHiMeH aMMOHMIA MOHAAPSI,
a3 maHimeH (0,20 Taynik?!) — OXT, MO, Fe, Ni xaHe Cr
cunaTTanagpl.

JlacTaHybl »KaHe e3firiHeH Tasapybl 6olibiHWa Peceiain,
bapnblk, e3eHAepi Aepnik 3eptrenreH. MyHall eHimaepiHeH
Tasapy vyAepictepi KbiC Me3ringepiHe KapafaHZa  »Kas
mesringepiHae Kofapbl Temnepatypaga bipwama KapKbiHAbI
*)ypeai. Mbicanbl, KybaHaafbl e3eHAep YWiH e34iriHeH Tasapy

«cy —nan»
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Kabineti Kbic mesringepiHge 7..35%, an ka3 mesringepiHge
20...60%-fa peniH apTaabl.

N.®. Hocavesa xaHe K.P. AMpuH OpTanbliK KasakcTaHHbIH,
Kenbip e3eHAepiHiH, OpraHMKanblK 3aTTapAaH e34iriHeH Tasapy
KabineTiH 3epTTereH. Mbicanbl, Hypa e3eHiHe XUMUANBIK,
METa/IIYPruAblK, SHEPreTUKanblK eHAipicTepAiH afblH Ccynapbl
JKOHE TYPMbICTbIK, afblH Cynap Kenin Kocbliagbl. Hypa e3eHi
bacceitHiHe KeneTiH afblH CyNapAblH, Xannbl Kenemi ocblaaH
20 Kbln 6ypbiH WamameH 120 mbiH, M3/Taynik 60Aca, an COHFbI
*Kblngapbl 477 MblH M3/TayniK KypafaH. ©3eH cynapbiHAafbl
beHoN KOHUEHTpaumAchbl 3 TayNiKTeH KeliH BacTanKkpl Wamafa
genin asaagbl (0,001 mr/n). JlactaHy KesgepiHeH 5Km e3eH
Genirinae oTTekTi BronormAnbIK TyTbiHy (OBT,) KOHLEHTpauusa-
CbIHbIH, TOMeHAeyi KekTemae 88%, Kas3na — 53% Kypangpbl. Kys
annapblHaa Hypa e3eHiHiH e3airiHeH Tasapy yaepici afblH cynap
TacTaHAablnapbiHaH  Gipwama KawbIKTbIKTa (12 KM)  aHbIK,
6alikanagbl XaHe 55% Kypanabl. Hypa eseHiHgeri (Temiptay
Ka/1lacbl) OpraHMKanbIK 3aTTap menwwepiHii, 0,5 KM KaHe 5,7 km
apanbifblHAaFbl ©34iriHeH KabineTiH 3epTrey HaTUNKeciHAae
MblHaZan ManimeTTep anbiHFaH, (%): Buonornanbik TyTbiHy (BT)
— 11,6; OTTEKTi BUONOTUANDBIK TYTbIHY (OETS) —20,5; peHongap
JKOHE CUHTEeTMKanblK GeTTiK aKTWUBTIK 3aTTap — 60%; MyHai
eHimaepi — 50%. Lypy6ain Hypa, CoKkblp ©3eHAepiHiH Herisri
aFbICTapblHa Aa afblH cynap Kenin tyceai. Kenemi Kiwi eseHaepae
ipi @3eHaepre KapafaHga afblHAAPAbIH, 9Cepi KaHe e3airiHeH
Tasapybl d4eTTe VAKeH apa KawblKTbikTa (20..30 KM) ask-
Tanagbl. OpraHuKanblK 3aTTap Xa3 mesringepiHae Tysineai. *as
mesringepiHae e3airiHeH Tasapy yAepictepi e3eHAe nacraHy
Ke3aepiHeH 30 KM KalbIKTbIKTA BaiKkanaabl. Kektemae sKaHe
Ky3ge e3giriHeH Tasapy yaepictepi ecebiHeH nacTaywbl
3aTTapablH, KOHUEHTPaUMACbIHbIH, TemeHaeyi 36..89% apanbi-
fbiHAa 6onaabl.

Cy KoMManapblHa »KdHe Ccy afbiCTapblHA TacTanaTbliH
nactaywsbl  3aTTapAblH,  Ken meswepi e3firiHeH Tasapy
vaepictepiH KublHaaTagbl. CyaplH meTangapdaH e3firiHeH
Tasapy Kabineti, aaeTTe oHbIH, 6eTKi KapmMacbliHAAfFbl MenLle-
piHe 6alNaHbICTbI: CyAblH, ©34iriHeH Tasapy KabineTi ofapfbl
KOHLIeHTPaLMACbIHA KapafaHAa TOMEHTi KOHUEHTpauuAcbiHAA
»Kofapbl 6onagbl. OgaH 6acka, ayblp MeTangap KOHLEeHTpa-
UMACbIH TemeHAeTyae copbuma yaepici KoHe KWUblH epuTiH
KOCbINbICTapAbIH, TY3iNyi Cy KOVManapbl MeH Cy afblCTapblIHbIH,
e3airiHeH Tasapy KabineTiHe opacaH 30p acep eTes,.

Cy MmaccacbiHbIH, LWeriHainepmeH e3airiHeH apanacy
KesiHgeri BUMOXMMUANBIK TYPaKCbi3 KOCbIIbICTApAblH, OTTEeK
TYTbIHY *KafAannapbiH 3epTTen Kene, byn 6UOXMMUANBIK TypaK-
Cbl3 KOCbUIbICTap apKblibl KYPETiH YAEpPICTiH, KblAgaMAbIK
KOHCTaHTacbl CTaTUKANbIK PEXMMAE IKYPrisinreH Taxipwu-
b6enepmeH canbicTbipfaHaa 4,2 ece apTaTblHAbIFbI aHbIKTAAAbI.
Nlatnap KypambiHAa 60/aTblH  MUKpoOaf3anap, KenTtereH
OpraHuMKasnblK KOCbINbICTapabl biAblpaTyfa Hemece 3aTTapAblH
9PTYP/i MOHAAPbLIH TYyTbiHyFa KabinetTi. POCTOB 06/1bICbIHbIH,
cybl a3 (3,5-4,0m) bGereTTepiHae apHalibl 3epTTeynep
HOTMXKeCIHAE YLIKbIW K3He epireH opraHuWKanblK KOCblbIC-
TapAblH, CYy KypamblHAaFbl MesWepiMmeH canbiCTbipFaHaa nai
meswepi Ken eKeHAiri Nain

KYpaMblH-Aafbl aHbIKTaNfaH.

KYPaMblHAA YLIKbIL OPraHUKanbIK 3aTTapAblH Ty3inyi Xofapbl
nonvmepni
blAblpaybl, COHAAN-aK XEMOCUHTE3 YAepICiHiH, ecebiHeH Xy3ere

OpraHWKanblK  3aTTapablH,  MUKpoOaF3anapmeH
acagpl. Jlalh KypamblHAAFbl YLWKbIW OPraHWKanblK 3aTTapgblH,
Ty3inyimeH KaTap, onapAbl  9pPTYPJAi  MMKpOaF3anapAablH,
TYTbIHY ypAicTepi 6aikanagpl, 6yn KaHa OGUOXMMUANDIK
aHanynapabl eHrisesi [6-8].

Tabufn cynappafbl Kelbip MyHal eHimaepiHiH, aliHany-
napbiH 3epTTey b6actankbl 1,2 kaHe 2,6 Mr/n KOHUEHTpauuaaa
TPpUAEKaHHbIH, Oy3blaybl asakTanagbl. TPUAEKAHHbIH, TOTbIFY
Xblagamablebl  Tabusnm  Kafgainapga  0,55..0,70 mr/Taynik
Kypaigbl, CTepuabaik xargannapga 0,03 mr/TaynikteH ackaH
YKOK.

[Ounsenpik KaHe aBuaumMA Malbl KOFapbl TYPaKTbINbIK
KepceTesi, 50 Taynik 6oMbl KacanfaH Taxipube HaTUKeciHae
0/1apAblH KOHLEHTPaLMACLI TabWUFK cyaa e3repreH oK. [iusens
3,4 Mr/n  KOHUEHTpauuaga TOTbIFy
XblA4amablFbl opTa ecenneH 0,13 mr/Taynik Kypaabl.

Tabufn cynapgafbl AMrHocynbGoHaTTapabl TpaHchopma-
umanay OOMbIHIWIA TUAPOXUMUANBIK MHCTUTYTbI (TXWU) Kyp-

OTblHbIHbIH 6aCTaI'IKbI

risareH 3epTxXaHanblK 3epTTeynep 01apAblH XbINAAMAbIFbIHbIH,
weriHAinepaeri 6BUOXMMUANBIK AEKCTPYKUMACBIHBIH, XKblagam-
AblfblHA  6alinaHbICTbl  6ONATbIHBIH - aHbIKTAyFa  MYMKIHAIK
bepai. ABTopiap NUTrHOCYNbOHATTAPAbIH, LWeriHAiNep KaHe
©JILeHreH 3aTTapMeH copbunanaHaTbiHbiH ganengeai [9].

Kbic mesringepiHae cyablH TemeH TemnepaTypacbiHAa
MMKPOaF3anapablH, ecyi aHe bencenainiri azanaabl. CoOHbIMeH
bipre, ocbl mesringe Ty3iNeTiH My3 OTTEK »KIHE KapbIKTbIH,
OTYyiH WweKTenai, GoToCcMHTE3 d/Cipeiai KaHe Cy MaccacbiHbIH,
e3airiHeH Tasapy vyaepici Texkenegi. Cy HblcaHAAPbIHbIH,
KOHCEepBaTMBTI 3aTTapgaH (mbicanbl, xnopuarep, cynbdatrap,
HATPUI, Kanbuuii »KaHe T.6.) Tasapybl afblH CynapAblH, Tabuin
CynapmeH  CyWbINTbIYbIMEH, an  KOHCEpBaTWUBTI  emec
3aTTapAaH (Mbicanbl, KeNTereH opraHuKanblk 3aTTap) — cyibis-
TbIIYMEH [ie XKaHe 3aT aliHanybIHbIH, dPTYPAi ypaicTepiMeH faHa
Kysere acagpl. Tabufu cynap nacTaHfaHZa KaHe e3fi-
riHeH TasapfaHAA TOTbIFY-TOTbIKCbI3AAHY, MOMUMEPNEHY XKaHe
NONMKOHAEHCAUMA; KONNOUATDLI epiTiHAiNepAin, Ty3inyi; copbumsa
KaHe pecopbuma yaepicTepi; KaTMOH anmacy; KWblH epuTiH
KOCblIbICTap Ty3iny; cyfdaH rasgap MeH OHall  ylWwaTbiH
KOCblIbICTapablH, 6eniHy yaepictepi; KOMMAEKCTi KOCbl/biC-
TapAblH, Ty3inyi CUAKTbI 6ACTbl GU3NKA-XUMUANBIK YAEepicTePaiH,
KYpyi KoHe
XMMUANBIK KYpambl e3repegi.

Tabufu cynapabliH, e34iriHeH Tasapy KabinetiHe kenTtereH
dakTopnap ocep eTeni, onapAblH, iwiHaeri eH, 6acTbicbl —

acepiHeH onapablH,  dU3MKanbIK KacueTtTepi

rMAPOMETANNYPIUANDIK PEXKUM, OJLLUEHreH 3aTTap MenLepi,
pH MmaHi, weriHgji Tysinyi KaHe
ecimajiKkTepaiH, biabipay eHimaepi. COHFbl GpaKTOpFa HaKTblpak
TOKTaNcaKk, Cy KoWManapblHAa Hemece Cy afblHAAPbIHA
OpraHuKanblK KaHe onapmeH 6alinaHbiCKaH BuoreHai 3aTTap-

CyAplH, TemnepaTtypacsl,

OblH, eHyi, acipece TonblpaKTapAaH Kal wWeriHainepaeH afal
KaHe byTaK ecimAiKTepiHiH blablpayblHaH, CYy 6CiMAiKTepiHeH,
dOUTONNAHKTOH, COHAAN-aK ’Kafanay 3po3uAFa yliblpafaHAa
aTmocdepasnblK KayblH-LWALWbIH KaHe 6acka daKkTopnapsabiH,
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acepiHeH Ocbl  ¢daKkTopnapAablH, CyAblH,
TMAPOXUMUANBIK, PEXMMIHE Cy canacblHblH, acepiH baranay
bipwama KublH, BipaK yaepicTepai TaHbin 6iny KaHe AambITy
YWiH faHa emec, onapabl KobanaHaTblH KaHe XKyMmbIC icTen

XKy3ere acajpbl.

TYpaTbIH CYy KOMMaNapbIHAQA KaHe Cy afblCTapblHAA KepceTiareH
KOMMOHEHTTEPAI MOAe/bAeY KaHe 6o/Kay YLiH eTe KaxeT.

Kasipri kesge Pecein meH YKpauHaHbIH 63eHAEepi KaHe cy
KOMManapblHAa KOfapbl Cy OCIMAIKTEPIHIH, eKe Typ/epiHiH,
blAbIPAY VYAEPICIHIH KblngamablFbl Typanbl 6enrini aknapat
JKMHaKTanfaH. KasakctaHaa K. Cotbaes atbiHAafbl  Epric-
KapafaHapl KaHanbl »KafdalblHAA OCbIHAAM KYMbICTAP anfall
pet npodeccop H.A.OmipranuesTiH, xeTekwinirimveH Kasak
6anblK  LWapyawbiiblfbl  FbINbIMU-3EPTTEY  MHCTUTYTbIHAA
Kyprisingi [8]. Ken kbingblk HaKbliaynap »KaHe y3aK yaKbIT
3epTTey TaXKipMbeCiHiH, HOTUKECIHAE KaHANAbIK YKaHE OHbIH, cy
KOMMACbIHbIH, Cy MaccacblHblH, ©3firiHeH Tasapy Kabineri
3epTtTengi. KaHanaa »KaHe OHbIH, Cy KOMManapblHAa AeCTPYKLMA,
Cy ecCiMAiKTepiHiH MWHepangaHybl KaHe (GUTONNAHKTOH
ecebiHeH bln caiblH caikeciHwe 1079 aHe 33T opraHu-
KanblK KemipTek, 329 xaHe 49 T MnHepanabl a3oT kaHe pocdop
Ty3inegi.

3epTTeneTiH aliMaKkTbiH, IKibacTy3 KblNy 3HEpreTUkanbik
KOMMNEKCiHIH, CyNbl HblCAHAAPbIHA, OHbIH, iWiHAEe Ccopfblnay
CTaHUMACbIHbIH, (CC) aBaHKamepanapblHa XKeMeH KaHbak gana
eciMaikTepi Kipeai, onap TybiHe TyHbIn, Bip KblAgaH acTam
blablpayFfa ylWblpaiabl. Xbin caiblH wamameH 3,0 MAH TOHHA
Me/epae LWbiFapblnaTbliH OCbl ©CIMAIKTEPAiH AeCTPYKLUMACHI
ecebiHeH KaHanfa 11971 Copr, 6,9 T MuWHepanabl a30T KaHe
docdop Tyceai. Copfbinay CTaHUMACHI aygaHAApbiHAA LWama-
meH 10% TyckeH eciMAjiKTep ajblHbiN TacTasblHaAbl, KanfaH
Mesiwepi AecTpyKumAFa ywblpaiabl. KaHanablH 6acTbl TpaH3uUTI
beniriHaeri opraHMKanbIK 3aTTapablH, OHAM TOTbIFATbIH 6OAIriHIH,
blAblpaybl a3 Ke3gepiHAe opTawa anfaHga 6 Taynikte
anKTanaabl, TemnepaTypa MaHi menniHwe TemeH (12-16°C) Ky3
avinapbiHga 10-12 ToynikTe aakTanagbl. byn aBTopfFa KaHanapbiH,
Cy MaccacblHbIH ©34iriHeH Ta3apy KabineTi KeTKinikTi menwepae
JKOFapbl eKeHAIriH aHblKTayfa MYMKIHAIK 6epeai. ABTOpAbIH
anfaH ManimeTTepi  rMAPOBMONOTMANBIK,  FMAPOXUMMANBIK
YAEepicTepaiH, KYPYiHiH, TeopuACbl MeH NpaKTMKacbiHa aHe
KypFfak alimaKkTapablH, Tabufu cynapbiHbIH TasapyblHa opacaH
30p yneciH kocaapl [10-17].

2. Hatuxkenep meH Tangaynap

Tabufn KoHEe XMMUANBIK Ta3a 3aTTapablH XKyTy KabineTiH
3epTTey 60lbIHLIA 3ePTXaHabIK KYMbICTAp HerisiHae, COHbIMEH
KaTap Kypfak alMaKTapAblH Cy KOMManapblHbliH, Cy Macca-
NapbIHbIH, ©34iriHeH Tasapy KabineTtiHe copbuMAHbIH, dcepiH
3epTTey 6GoMblHWA 6i3gep 6Gipwama HatuKenep angplK.
XUMUANBIK Tasa 3aTTap, TabuFv MUHEpangap LEeonutTep XaHe
CUNWKarenb Topi3gi copbeHTTep KOHUeHTpauusacbl 50-aeH
500 mKkr/n-re gewiHri cynbdat TMNTi (Mbicanbl, bankaw Keni)
KaHe xsopua TMNTi  (Mbicanbl, Apan) epiTiHainepae cy Kou-
ManapbiHbiH, Mn?* MoHAapbIH CiHipy KabineTtiHe 6aMnaHbICTbI
KaTapfa opHanacTbipyfa 6onaapl.
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Copbuma KaHe MOoH anmacy yaepictepiHe 6alinaHbICTbl Cy
KOMManapbliHblH, Mn?* MOHAapblHAH Tasapybl Ky3ere acagbl.
OnapablH, KoHueHTpaumsacbl 50-geH 500 mKr/n  6onfaHAa,
KaNbLMIN KoHe MarHuii KapboHaTTapbl, Kanbuuii cynbdatbl
KOHEe a/lOMUHUWA TMAPOKCUAI KemerimeH cynbdaT TUNT cy
maccacbl 6ip av iwiHge LWPK-fa geiiH 50..95%-Fa Tasapagbl;
Temip ruapokcuai ecebiHeH 6ip aiaaH KeliH Tasapy 12...98%-fa
OeWiH Kypesi; cuavKarenb, MarHUi CUAMKaTbl KaHEe KanbLuii
opTtopochaTbl KemerimeH, caikeciHwe 48..100%, 28...100%
aHe 48..88% 15 TaynikTeH KeiliH Mn* MOHAAPbIHbIH, 5-TeH
120 MmKr/n-re  gemiHri  KOHUEHTPauMACbIHAA KanbLMii XKaHe
MarHu cMamnKaTTapbl Cy maccacbiH 6ip alt iwiHge ToNbIFbIMEH
Tasanangpl. Erep Mn?* MOHAAPbIHbIH, CyAafbl KOHLEHTPALMACHI
50-geH 530 mKr/n-re pgeiiH 6osca, LEOAMT KypamblHAaFbI
antomocunukatrap, 16-28 taynik iwiHae 75-teH 100%-fa penin
Mn?* MoHAAPbIH KyTyFa 6eitim.

OpaH backa, copbuusfa r’MAPOKCUIIHEH
backa bGapnblk 3epTTenreH copbeHTTep KaTbicKaHAa, cynbdat
TUNTI Cy KOWManapbl xaopug, TUNTI cy KoMmanapbiHa Kapa-
faHga Mn?* MOHAApbIHAH Te3ipek Tasapagbl. Xnopwua
MOHAAPbIHbIH, Menwepi ofapbl 6onatbiH cynapga Al(OH),
ywiH Mn?* KMOHAAPbIHbIH, KYTbIAYy Adpeeci cynbdart TUMTI
cynapfa KapafraHga 6...15%-fa kebipek.

CopbeHTrepmeH Mn?* MOHAAPbIHbIH, epiTiHaige CiHipinyi
OHbIH, MesWepi TiMAi 6oNFaH KaFaanaa »ysere acaapl. CaCo,
ywin on 5100 mkr/n; MgCO, ywiH 150300 mkr/n; MgSiO,
ywin 80+ 120 mkr/n; Tabusn SiO, ywin 60+ 120 mkr/n; CaSO,
ywin 50 mkr/n; CaSiO, ywin 30 mrr/n; Al(OH), ywiH 5-10 mkr/n
Kypanabl. Byn ecenteynep copbuma KuHeTMKacbl 6OMbIHLWA
YKeKe 3epTTeysiep HITUMKenepi KaHe OCbl KOMMOHEHTTepAiH,
opTalla KOHLLeHTPaUMACbl, COHbIMEH KaTap bankaw KeniHiH,
9p6ip rMAPOXMMUANBIK ayAaHbIHbIH CyblHbIH, Kenemi 6olibiHWwa
ManimeTTep HerisiHge »acangbl.

CyablH, OoCblHAAW Kypambl Bankaw KeniHe TaH, on o3
Ke3eriHge ocbl TabUFU HbICAHHbIH, epeKLlle KAacueTi — MUHepan-
OaHyAbIH,  CanbiCTblpMasbl TOMEHF  MaHAepiHAe Ty3dapAbl
TYHAbIPY KaHe CyAbl TylblnaHablpyabl (1-aeH 5 r/n-re geiin)
aHbIKTanapl. Erep akagemuk J1.C. Bepr bankaw KeniH «reorpa-
dUANbIK  Kapama-KallbInbiK» Aen  aTtaca, an npodeccop
A.A. TYpCbIHOB, «KO&A — aliMaKTblH, TyLblNaHAbIPY dabpukac!»
eKeHgiriHe Ke3s »keTki3ai [18].

Bankaw KeniHiH, weriHAinepi KaHe ca3 6anwbIKTap
MeTangap MoHAapbiH CiHipriwtep 6o0abin Tabblnagbl. Mn?
MOHAAPbIHbIH, Ca3  bGanwbIKTap KyTbly yaepici HerisiHeH
YKaHacyAblH, anfallKpl YL cafaTbiHAA *Ky3ere acafbl, an OHbIH,
navimeH copbuuscel 10...15 Toynikke aeniH xanfacagpbl. LLeriH-
ninep kebiHece angbimeH Kagmuiai (90%), ofaH  COH,
MbIpbILWTbI (86%) aHe MbIcTbl (78%) ciHipeai.

Batbic Bankaw cybiHaH CaCO-neH Gipre caiikec kap6o-
HaTTap TypiHae 30,517 Mn%*, 5,41 Zn%*, 0,441 Cu® KoHe
85T P04'3; LWbiFbic Bankalw cyblHaH OCbl MOHAAP CalKeciHLe,
3431, 6,91, 14T KoHe 3,7T TyHaTblHAbIFbl aHbIKTaNfaH.
VIII TMAPOXMMUANBIK aiMaKTblH, Cy/napbiHAa MgCO,-neH ocbl
KOMMOHEeHTTepAiH cankeciHwe 20,6 T; 5,3 T; 0,42 T aHe 9 TOHHA
TYHYbI XKy3ere acagbl.

aNoMUHUI
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Kypfak aimakTapaafrbl TabUFK CynapablH, 634iriHeH. ..

Kypfak alimakTapgafbl Tabufu
TasanaHy KabineTiH 3epTTeil Kene, Ken cynapbl KaTkaHda Aa
KapboHaTTbl  Ty3gap TyHbafa  TyceTiHairi

MyHAa XUMMUANBIK KypamHblH, Keibip KOMMOHeHTTepi KbiC

cynapAablH,  e3airiHeH
alKblHAANAbI.

mesringepiHae onapmeH bipre TyHaTbiH Cy KOWMMAaCbIHbIH,
TMAPOXMMUACHI KaHEe rnaposiornacel BolbiHWA Taxipnbenik
manimetTepai KaNbLUMN  KIHE MarHui

Kap60Ha'rra PblHAOQA XeMOCOp6LI,MFIﬂaHaTbI H

eckepe OTbIpbIn,
MapraHew, MbIC,
MbIpbILL aHe docdaTTap maccachl ecentengi.

My3 KaTy mep3imiH gekapboHaTrapmeH 6ipre 11 ToHHafa
JKYbIK  mapraHeu, 115ToHHagaH actam  ¢ocdhaT MoHAapsI,
1 TOHHaAaH actam mbIC XaHe 0,3 T MbIpbll KaTMOHAAP YLiH

colikec KapboHaTTbl Ty3dap TypiHAe aHe opTodocdaT MOoHbI

YWiH KanbuMii KaHe MarHuii Ty3gapbl TypiHae TyHbara Tycyi
MYMKIH eKeHAir aHbIKTanabl (1-kecTe »aHe 2 Kecte).

WyprisinreH KaHe
KapboHaTTapbiHbIH, KapKbiHAbl TyHbafa Tycyi »KoHe onapmeH

3epTTeynep  KanbLui MarHum
bipre TyHaTblH MeTangap aHe belimeTangap MoHAApPbIMeH
bipre Bankaw cybl naiiga XKoHe WeriHA4inepae KWHakTanfaH

meTangap (Mn, Cu, Zn) kaHe ¢ocdop KoCbINbICTapbIHAH

TasapaTblHAbIFbI  Typaibl KOPbITbIHAbI Kacayfa MYMKIHAIK
6epeni. [lereHMeH CyfblH  KapKbiHAbl  apanacybl, KyH
pafvauMAcbIHbIH,  dCepi  KaHe CyAplH,  aKCbl  ¥KblayblHA

6alinaHbICTbl OCbl MeTaN4apAblH, NaaH CyFa eTyi Tapisai Kepi
yAepic, AFHW OCbl MeTangapAblH, NangaH cyfa eTyi Kysere
acybl MYMKiH.

1-KkecTte — banKall KesiHiH, CybiHAaFbl MapraHeL, MbIC, MbIpbILL aHe ¢pocdaT MOHAAPbIHbIH, KOHLLEHTPaLmMAC (MKr/n)

TMAPOXUMUANBIK aiMaK

MNoHAap KOHLEeHTpauuaChl

[ [ I \% v Vi Vi vill
Mn2* 23 17 17 20 17 38 72 74
cu? 10,0 9,5 8,0 17,3 11,0 10,0 8,0 9,5
Zn? 11,0 12,5 12,0 14,2 18,0 17,0 9,0 14,0
PO,> 21,0 33,0 37,3 29,0 32,7 32,3 43,5 52,0

2-kecte — bankal Keni cyblHbIH KaTybl ecebiHeH calikec kapboHaTTap TypiHAE KanbLuii aHe marHuii KapboHaTTapbimeH TyHbara

TyceTiH MapraHeL, MbIC, MbIpbILL }aHe dpocdaT MOHAAPbIHBIH Maccachl

TMAPOXMMUANBIK aliMaK

Maccacbl Bapnbifbl, T
| I 1 vV \Y Vi Vil Vil

Mbic 0,095 0,089 0,081 0,142 0,154 0,054 0,104 0,15 0,87
0,18 0,18

MblipbiLw 0,012 0,013 0,014 0,009 0,050 0,017 0,013 0,03 0,16
0,15 0,15

MapraHel, 0,50 0,37 0,39 0,26 0,54 0,43 2,14 2,78 7,41
3,38 3,38

docdaTTap 5,04 7,59 8,58 6,55 7,42 7,30 9,87 11,13 63,48
52,0 52,0

Kap6oHatTap, T-10° 54,5 54,0 57,7 32,0 78,9 28,6 74,2 93,8 474

OcblHAaW yaepictep cy KoMmanapblHAA Y34iKCi3 Ky3ere Kypfak alimakTapfafbl Cy KOWManapblHO4A *KoHe Cy afbicTa-

acbin oTblpagbl. bi3giH, 3epTxaHanblk 3epTTeynepimis CinTinik
Kep  MeTangapbliHblH - KapboHaTTbl  Ty3A4apbliHbIH,
MenLwepiHiH» 6ocalTbiHAbIFbI Typanbl npodeccop A.A. Typcbi-

«apTbiK

HOBTbIH, «©3A4JrHEH CaKTany» MexaHM3Mi Typasibl TMnoTe3acblH
Tafbl Aa pacTanabl.

3. KopbITbIHADI

CoHbimeH, Tabwufu cynap bipereid KacueTtep — cy

MmaccacbiHblH, ©3firiHeH Tasapy KabineTimeH epeklieneHes,.

pbiHoa 6yn  yaepictep onapdblH  CyNapbiHbIH, - a34blfblHa,
OTTEKMNEH »K9He Ky3riHAepMeH KaHblfyblHa
SKeNeTiH cyAblH KAapKbIHAbI apanacyblHaH apTa Tyceai.

NanaHybiHa,

AnsfbicTap

*ymbic bapbicbiHAa Taxipubenik benimai eHgey KesiHge
KYHAbl nikipnepimeH KemeK KepceTKeH npodeccop
A.A. TypcbIHOBKa 30p a/fbiC alTambl3.

Kas¥Y xabapubicbl. Xumus cepusacbl. — 2018. — Ne2(89)



PomaHoBa C.M. aHe T.6. 41

oaebuerrep Tisimi

1 PomaHoBa C.M. becctouHble Bogoembl KasaxctaHa. Tom 1. fuapoxumuyeckuin pexkmm. — Anmatbl: Kasak yHusepcuTeTi, 2008. —
250 c.

2 Kpyna E.T., PomaHoBa C.M., UmeHTai A.K. Tnapoxmmmnyeckas u TOKCMKONOTMYECKan XapaKTepmncTnka osep focyLapcTBEHHOTO Ha-
LMOHa/IbHOTO NMpMpogHoro napka «Kencaikengepi» (KyHreit Anatay, HOro-BoctouHbiit KasaxcrtaH) // Nature Conservation Research.
3anoBegHan Hayka. —2016. —T.1, Nel. — C.2-10.

3 PomaHoBa C.M. Taxenble meTansbl B 6eccTouHbIx Bogoemax KasaxcraHa // Joknagp! IV MexayHapoaHOM Hay4HO-MPaKTUYeCcKoM
KoHdepeHLMn «TAXKeNble MeTanbl U PaSUOHYKANABI B OKPYyKatoLwel cpeae». — CemunanatnHck, 2007. — T.1. — C.396-402

4 Krupa E.G., Barinova S.M., Romanova S.M., Malybekov A.B. Hydrobiological assessment of the high mountain Kolsay Lakes
(Kungey Alatau, Southeastern Kazakhstan) ecosystems in climatic gradient // British Journal of Environment and Climate Change. —
2016 - Vol.6, Is.4. — P.259-278.

5 KopeHosckasa U.M., KnumeHko O.A., Panees B.B. KoadduLmeHTbl CKOPOCTU CaMOOUULLEHUA PeK ANA AONTOCPOYHOrO MNPOrHo-
3MpoBaHMA KayecTsa Boabl // MaTepumansl 28 Bcecoo3HOro rmapoxMmmnyeckoro coselaHmns — JleHuHrpag: fmapometreomsaar, 1987.
-Y4.1. - C.79-80.

6 HukaHopos A.M. Tnapoxumus. — CaHkT-MeTepbypr: Tmapometeonsaat, 2001. — 444 c.

7 YepHoraesa .M., 3eneHos A.C. CpaBHUTE/IbHAsA OLEHKa KavecTBa NOBEPXHOCTHbIX BOZ B cybbekTax P®// Matepuansl XXX KO6u-
newHoro Mmapoxmmuyeckoro CoselaHus. — PoctoB-Ha-loHy, 2005. — C.28-31

8 Amupranves H.A. ckyccTBeHHble BogHble 06beKTbl CeBepHOro n LleHTpanbHoro KasaxctaHa (rmapoxmmumsa U KauecTso BOAbI).
— Aamatbl: HUL, «bacTtay», 1999. — 191 c.

9 HukaHopos A.M., yanaos A.B., Emew, B.M. Taxkenble meTannbl B opraHn3max setneHgos Poccun. — CM6.: Tnapomereomsaar,
2000.-295c.

10 bypanbaes M.XK., Amuprannes H.A., MypTasuH E.XK. n ap. MeTtoguyeckme ykasaHua no opraHn3aunm n GyHKLMOHMPOBaAHUIO
NoACUCTEMbI MOHUTOPUHIA COCTOAHMA TPAHCTPAHUYHbIX MOBEPXHOCTHbIX BoA Ka3axcTaHa. — ActaHa, 2012. - 138 c.

11 CoBpemeHHOe 3KoM0rMYecKoe cocTosHue BacceiHa 03. banxaw / Mog, pea. T.K. Kyaekosa. — Aamatbl: U3gatensctso «KaraHaty,
2002.-388c.

12 Amupranuves H.A., TumupxaHos C.P., UcbekoB K.B. BogHble pecypcbl KasaxcTaHa: oueHKa, NporHos, ynpasnexue. Tom XIV. Pbi6-
Hoe x03AKlcTBO KasaxcTaHa: coctoaHue u nepcnektusbl (4CM). — KaparaHaa: «APKO», 2012. — 667 c.

13 Mycradaes K.C., Ababisannesa K.C. Feoakonornyeckasn oueHKa TpaHCHOPMALMM KOHLEHTPALMM 3arpA3HAIOLLMX BELecTB B
BOAax HM30BbA pekn Coipaapbu. — loknaabl TCXA: Bbinyck 289. Y.I. — Mocksa: M3gatenbctso PTAY-MCXA, 2017. — C.301-303

14  Burlibayeva D. M., Burlibayev M. Zh., Opp Ch., Bao A. Regime dynamics of hydrochemical and toxicological parameters of the
Irtysh River in Kazakhstan // Journal of Arid Land. — 2016. — Vol.8, Is.4. P.521-532.

15 Barinova S., Krupa E., Romanova S. The role of planktonical gaein the ecological assessment of storage-reservoirs of the lle-
Balkhash basin (Kazakhstan) // Transylvanian Review of Systematical and Ecological Research. The Wetlands Diversity. — 2018. — Vol.
20.2.-P.1-14.

16 Bonkos W.B., 3anmuyeBa W.H., MauuHa B.C., Unbmact T.B., Kalimmma H.B., MosuyaH [.B., WyctoBa H.K. O npuHumnax
pernameHTMpPOBaHUA aHTPOMNOreHHOW Harpy3kM Ha BogHble aKocucTembl // BogHble pecypebl. — 1993. — T.20, Ne6. — C.457-462.

17 KlimovE. S., Kalyukova E. N., Buzaeva M. V. Sorption Properties of Natural Sorbent Silica Clay in Relation to Nickel Cations // Rus-
sian Journal of Applied Chemistry. — 2010. — Vol.83, Is.6. — P.1080-1082.

18 TypcyHos A.A. OT Apana o JlobHopa. — AamaTbl: TOO «BepeHa», 2002. — 384 c.

References

1 Romanova SM (2008) Drainless reservoirs of Kazakhstan. Chapter 1. Hydrochemical mode [Besstochnyye vodoyemy Kazakh-
stana. Tom 1. Gidrokhimicheskiy rezhim]. Kazakh University, Almaty, Kazakhstan. ISBN 9965-30-527-7. (In Russian)

2 Krypa EG, Romanova SM, Imentay AK (2016) Nature Conservation Research. Zapovednaya Nauka 1(1):2-10. (In Russian)

3 Romanova SM (2007) Heavy metals in drainless reservoirs of Kazakhstan [Tyazhelyye metally v besstochnykh vodoyemakh Ka-
zakhstana]. Proceedings of the International Scientific Practical Conference “Heavy metals and radionuclides in the environment
[Tyazhelyye metally i radionuklidy v okruzhayushchey srede]”, Semipalatinsk, Kazakhstan. P.396-402. (In Russian)

4 Krupa EG, Barinova SM, Romanova SM, Malybekov AB (2016) British Journal of Environment and Climate Change 6(4):259-278.
https://doi.org/10.9734/BJECC/2016/26496

5 Korenobckai UM, Klimenko Ol, Fadeev VV (1987) Rate of self-purification rate of rivers for long-term forecasting of water quality
[Koeffitsiyenty skorosti samoochishcheniya rek dlya dolgosrochnogo prognozirovaniya kachestva vody]. Materials of 28t the all-Union
Hydrochemical Conference [Materialy 28 vsesoyuznogo gidrokhimimicheskogo soveshchaniya]. P.79-80. (In Russian)

6 Nikanorov AM (2001) Hydrochemistry [Gidrokhimiya]. Gidrometeoizdat, St. Petersburg, Russia. ISBN 5-286-00138-6. (In Russian)

ISSN 1563-0331 Chemical Bulletin of Kazakh National University 2018, Issue 2(89)



42 Kypfak aimakTapaafrbl TabUFK CynapablH, 634iriHeH. ..

7 Chernogayeva GM, Zelenov AS (2005) Comparative assessment of quality of a surface water in territorial subjects of the
Russian Federation [Sravnitel'naya otsenka kachestva poverkhnostnykh vod v sub"yektakh RF]. Materials of the 3™ of the Anniversary
Hydrochemical Meeting [Materialy XXX Yubileynogo Gidrokhimicheskogo Soveshchaniya]. Rostov-on-Don, Russia. P.28-31. (In Russian)
8  Amirgaliev NA (1999) Artificial water objects of Northern and Central Kazakhstan (hydrochemistry and quality of water)
[Iskusstvennyye vodnyye ob"yekty Severnogo i Tsentral'nogo Kazakhstana (gidrokhimiya i kachestvo vody)]. Bastau, Almaty,
Kazakhstan. ISBN 9965-413-33-9. (In Russian)

9 Nikanorov AM, Zhulidov AV, Emez VM (2000) Heavy metals in the organisms of the vetlands of Russia [Tyzhelye metally v
organizmah vetlendov Rossii]. Gidrometeoizdat, St. Petersburg, Russia. ISBN 5-286-00957-3. (In Russian)

10 Burlibayev Mzh, Amirgaliyev NA, Murtazin EZh et al (2012) Methodical instructions on the organization and functioning of a
subsystem of monitoring of a condition of a cross-border surface water of Kazakhstan [Metodicheskiye ukazaniya po organizatsii i
funktsionirovaniyu podsistemy monitoringa sostoyaniya transgranichnykh poverkhnostnykh vod Kazakhstana]. Approved by the order
No. 152-P Min. OOSRK in 11-May-2012. Astana, Kazakhstan. (In Russian)

11  (2002) A current ecological state of the basin of the Lake Balkhash [Sovremennoye ekologicheskoye sostoyaniye basseyna
oz.Balkhash], ed. by Kudekov TK (2002). Kaganat, Almaty, Kazakhstan. ISBN 9965-13-495-2. (In Russian)

12 Amirgaliyev NA, Timirkhanov SR, Isbekov KB (2012) Water resources of Kazakhstan: assessment, forecast, management. Chapter
XIV. Fishery of Kazakhstan: state and prospects (DSP). [Vodnyye resursy Kazakhstana: otsenka, prognoz, upravleniye. Tom XIV. Rybnoye
khozyaystvo Kazakhstana: sostoyaniye i perspektivy (DSP)] ARKO, Karaganda, Kazakhstan. ISBN 978-601-7150-27-3. (In Russian)

13 Mustafayev GS, Abdyvaliyeva KS (2017) Reports of Timiryazevsky Agricultural Academy [Doklady Timiryazevskoy
Sel'skokhozyaystvennoy Akademii] 289(1):301-303. (In Russian)

14  Burlibayeva DM, Burlibayev MzZh, Opp Ch, Bao A (2016) J Arid Land 8(4):521-532 https://doi.org/10.1007/s40333-016-0083-y
15 Barinova S, Krupa E, Romanova S (2018) Transylvanian Review of Systematical and Ecological Research. The Wetlands Diversity
20.2:1-14. https://doi.org/10.2478/trser-2018-0008

16  Volkov IV, Zalicheva IN, Ganina VS, limast TB, Kaymim NV, Movchan GV, Shustova NK (1993) Water resources [Vodnyye resursy]
20(6):457-462. (In Russian)

17  Klimov ES, Kalyukova EN, Buzaeva MV (2010) Russ J Appl Chem+ 83(6):1080-1082. https://doi.org/10.1134/51070427210060303
18 Tursunov AA (2002) From the Aral Sea to Lop Nor [Ot Arala do Lobnora]. Verena, Almaty, Kazakhstan. ISBN 9965-13-833-8. (In
Russian)

Kas¥Y xabapubicbl. Xumus cepusacbl. — 2018. — Ne2(89)



(2018) Chem Bull Kazakh Univ 2(89):43-46

CHEMICAL BULLETIN

of Kazakh National University

http://bulletin.chemistry.kz/

XABAPUWbI

BECTHMK

OOKTOP XMMUYECKUX HAYK, MPOPECCOP
ABUNOB XAPbIIKACbIH ABAYAXUTOBUM, C OBUNEEM!

21 aseycma 2018 20da ucnonHnnock 70 NeT co AHA POXKAEHUA U3BECTHOIO Y4EHOTO, YNeHa-koppecnoHaeHTa AH BLU PK, uneHa-

KoppecnoHaeHTa HauuoHanbHOW MHXeHepHOol akagemun PK, 3acnyxeHHoro paboTHuKa obpasosaHua PK, Jlaypeata npemun

«Fblnbim capaapbl», AOKTOPa XUMUYECKUX HaYK, npocbeccopa Kasaxckoro HauMoHanbHOro YHUBEPCUTETA UM. anb-¢apa6m, neparora

1 gopororo yunutens Aéunosa HapbinkacbiHa A6ayaxutosuya

70-neTHnn  tobuner  —  nNpeKpacHas
Nno3BO/AOWANA OLEHWUTb MNPOMAEHHbIM cBoeobpasHbI NyTb,
KWU3HEHHble CcobBbITMA M cBepleHua tobunapa. [MyTb
KapbinkacbiHa ABoyaxuToBMYa — APKUIN NpUMEpP CAyKeHWUs

HayKe, CTpaHe, BEpHOCTU 1 NpeaaHHOCTU Bbl6paHHblM naeanam.

BepLWwHnHa,

OH ABNAeTCA BOMOLWEHMEM CaMbIX NydlWMX 4epT neaarora,
YUYEHOrO, UHTENIUTEHTA U PYKOBOAALLEN IMYHOCTH.

C 1966 rogpa u no cei AeHb XU3Hb KapblaKacbiHa
AbOyaxuToBMYA  HEMpPEepbIBHO  CBA3aHa ¢
HaUMOHANbHBbIM YHUBEPCUTETOM, e MPOLWAU CTyAeHYecKue

Kaszaxcknum

roabl, Ha4yanacb Kapbepa y4eHOro, neaarora U pykosoauTenAa.

OH npowen CTyneHuW ynpaeneHWa OT pyKoBoAWUTENA
MarvMcTepckoi MOArOTOBKM HA XMMUYECKOM  dakryabTeTe,
3aBegylowero Kadeapoi OpraHMYEcKoOM XUMUM U XMMUK

NPUPOLHbIX COeANHEHUI A0 AeKaHa XMMUYecKoro dakybTeTa.

TpyaoBsas u Hay4YHas aeatenbHocTb Abunosa HK.A. TecHo U
NA0LOTBOPHO NEpensieTaloTcd BOeANHO U BepyT Havano yke C
1974 ropa, Korga OH MO npurmaweHuto npodeccopa
MycabekoBsa K.b., 3aBeaytoLLero kapegpon KoNNOULHON XMMUK
xumuyeckoro  ¢dakynbteta  KaslY um.Kuposa, asnssacb
ACCUCTEHTOM, Ha4yan UcCaef0BaHMA MO KOMMekcoobpasoBaHUIO
CUHTETUYECKMX MOJININEKTPONIUTOB C HU3KOMONEKYNAPHBLIMM
NMOBEPXHOCTHO-aKTUBHbIMKM  BelecTBamn. Monoaol  y4eHbl
M3y41/1 BOSMOXKHOCTb YNpaBJeHNA YCTOUYMBOCTbIO KOMIMIEKCOB,
peryanpys cTenexHu nx conbBaTaLuy, Bapbupya
OMINEKTPUYECKYIO  MPOHULAEMOCTb  cpedbl C  MOMOLLbIO
opraHMYecKkux copacteoputesiein. bonee aetanbHble U rybokue
nccnefoBaHna 6biav ganee nposegeHbl Abunosbim H.A. Ha
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KOM/IONAHOM XMMUK JNleHnHrpaackoro

Kadenpe
rocyAapcTBeHHOro yHmeepcuTeta u Copuinckoro yHnsepcuteTa B
nabopaTopuu U3BECTHOTO YYEHOro B 06/1aCTU KOAIOMAHOM
xvumun iumo MnatrkaHoBsa. B ganbHelilwem coTpyAHUYECTBO C
akagemukamu HAH PK ybaHosbim B.A.n BekTyposbim E.A., a
TaKXe C YNeH-KoppecnoHAeHTOM POCCUICKONM akafeMuu Hayk,
3aB. Kadeapoi BbICOKOMONEKYNAPHBIX coeguHeHnin  MIY um.
M.B. JlomoHocoBa, npodeccopom 3e3uvHbim A.b. u ap.
WUHULMNPOBANO MNPOAO/IKEHNE 3TUX WUCCnefoBaHwuii B Honee
CNOXHBIX CUCTEMAX W, KAaK 3HAYMTE/IbHbIA Hay4YHbIN pe3ynbTarT,
BbIIMNCA B KaHAMAATCKOW AuccepTauuun “Bsavmopeiicteue
CUHTETUYECKMX NOIMINEKTPOSIUTOB C MOHHBIMW NOBEPXHOCTHO-
aKTMBHbIMW BELLLECTBaMUW B BOAHbIX pacTBopax”’, Mojy4yeHHble
Hay4yHble pe3ynbTaTbl OblM  Aanee rNy6OKO WM3yyeHbl U
0606uWeHbl B AOKTOPCKOW Aucceptauuun  “MoavKomnnekcebl
CUHTETUYECKMX NO/IMINEKTPONNTOB”, 3aLLMLLEHHbIX B UHCTUTYTE
XMMUYECKMUX Hayk um. A.b. bektyposa B 1982 wn 1993 rr.,
COOTBETCTBEHHO. Ye B 1996 rogy A6unosy X.A. 6bin0
NPUCBOEHO yYeHoe 3BaHue npodeccopa XMmmnun.

3aHMManA BbICOKYIO aKTUBHYIO NMO3MLMIO KaK B HayKe, Tak u
B negarornyeckoin peatenbHocT, B 1996 roay (a Takxe B
nocnegytowmne 2009-2011 rogbl) oH U3bupaeTcs 3aBesyowmnm
Kadenpolt opraHMYeckol XMMWUU U XMMUU  NPUPOAHBIX
coeauHeHnt, a B 2000 rogy MapblikacblH AbayaxuToBuy
OOCTOMHO 3aHAN NOCT AeKaHa Xumuyeckoro ¢akynbTeTa,
KOTOpPbIM BnecTaAle pyKOBOAWA B TedeHue aesATu et. B 2011-
2013 rr., B pe3ynbTtaTe peopraHu3aunmn kadeap Ha pakynbTeTe,
npodeccop Abunos H.A. BO3rnasaan 60MbLWION KONNEKTUB
Kadeapbl XMMUM U TEXHONOTUW OPraHUYECKUX BeLLecTB,
NPUPOAHbIX COEAMHEHUI U MOANMEPOB, Nocae 06beANHEHUA C
Kadenpoi BbICOKOMONEKYNAPHBIX COEAUHEHWN.

MoHnmasn BCtO  GosiblWyld  OTBETCTBEHHOCTb  3a
CyWecTBOBaHME W AasibHelllee pasBUTME PYKOBOAMMOMN MM
Kadeapbl OpraHWYeckol XUMUM U XUMUM  NPUPOAHBIX
coefuHeHUn, 6orato cBoeirt UCTOpPUEN, CBOMMM  HAyUYHbIMMU
OOCTUKEHUAMMU B COAPYKECTBE C M3BECTHbIMWU COBETCKMMU U
OTEYeCTBEHHbIMU y4eHbiMK,  HapblnkacblH  AbayaxuToBMY
BCerga CTpemuaca K ChNNOYEHWUI0 CUA nejarormyeckoro
KoNneKTMBa Kadeapbl ANA COBEPLUEHUA HAYYHbIX OTKPbITUIA U
pasBUTUA UCCef0BaHUI B 061acTV OPraHUYeCcKon XMMUK KaK
byHAaMeHTaNbHOWM HayKK, B 061aCTU TOHKOTO OpraHW4eckoro
CUHTe3a, B 0COBEHHOCTAX TEXHONIOTUN CUHTE3a CUHTETUYECKUX
6uonornyeckn akTuBHbIX BelecTs (BAB), neKapcTBEHHbIX
cybCcTaHUMI, W, KOHEYHO, B 06/11acTM XMMUU NPUPOAHBIX
coeguHeHWU, paspaboToK TeXHONOrMK BblaeneHus bAB yke 13

pacTUTENbHOrO CbipbA OTeYecTBEHHOU nopbl. [na Hero
BaXHbIM ABAANOCL He TONAbKO MNONYYUTb aKTU4eckue
pe3ynbTaTbl UCCNEAOBaHWM  KaK  Hay4yHble  [JOCTUMKEHUA

Kadeapbl, OH TaKXKe O4YeHb TPemneTHO, NO-0TeYyeckn C 3aboToi
OTHOCM/ICA K Kakaomy Koasere, NabopaHTy, acCUCTEHTY W
YUYEHMKY, Haxo4A K HUM  cBoeobpasHblii, Bcerga
WHTENIUTEHTHbIN, HO B TO e BPEMs, Ye/I0BeYeCKMn MoAXOa.
Tem cambim MapbliKkacblH ABayaxMTOBMY CO34aBan MOCTOSH-
HbI 3HEepPreTMYeckM MO3UTUBHLIM HACTPOW B KOA/IEKTMBE W
CoAeincTBOBaN TOMY, UTOBbI KaXKablli couMcKaTeb H6bin BOBpemsA

3alMLWEH U YAOCTOEH CBOEro 3BaHWA. TaK, MpoAoKas paHee
NpoBOAUMbIE WUCCNEAOBAHUA MO W3YYEeHW AUKOPacTyLLen
dnopbl KasaxctaHa, 6bian co3faHbl HOBble OPUTrMHasbHbIE
oTeyecTBeHHble npenapaTtbl «ANXMAUH», «JIAMOHUAUH» U3
pacTeHWt  KaHTak W  KepMeK NpOTMBOOMYXO/NEBOrO U
6aKkTepmumaHoro aencrems, «buoces-K» paHosaxusnstowero,
NPOTUBOBMPYCHOrO M MNPOTMBOBOCMANIUTENBHOIO AENCTBUA W
pag Apyrux. W3 pacTeHWii OYMTOK U KepMeK MNoJy4eHbl
QHTUBMPYCHbIe NpenapaTbl, 3HAYUTENbHO MpPeBocxoasAllMe no
aKTMBHOCTM  UCMO/Ib3yeMbIi B MeAuUMHe  npenapar
«PemaHTagmH». MpPon3BOACTBO 3TMX MPEnapaToB OCBOEHO Ha
AO  «Xumdapm». [lpenapat BBeJeH B
FocyAapCTBEHHbIM  peecTp MNpemapatoB  AnA  Ce/bCKOro
xo3anctea PK. Kpome TOro, M3 KOpHel Kepmeka M Tpasbl
OYMTKOB  pa3paboTaHbl  BbICOKOKAYeCTBEHHble  Aybutenu
Kapakyna u oBuuHbl. B 2008 rogy 3a co3gaHue cepuu
OTeYeCTBEHHbIX BbICOKO3bPEKTUBHbIX NIEKaPCTBEHHbIX
npenapaToB NPOTUBOBOCMAINTENIbHOIO, PAHO3aXMBAAIOLLETO U
aHTMBMpPYCHOro pgeicteua npodeccop K.A.Abunos 6Hbin
yooctoeH npemun  «Fbinbim - capgapbl»  Coto3a  yyeHblx
Pecnybaunku KasaxctaH. Mpoasnsa 60bWON HayYHbIW MHTEpec
K HOBbIM BEAHUAM MWPOBOWN HayKM M Mmes paspaboTaHHble
COTPyAHUKaMK Kadeapbl CUHTETUYECKME U pacTUTesbHble
NleKapCTBeHHble BewectBa W cybctaHumu, MapbliKacbiH
AbayaxuTtoBmud B 1997 rogy NOMOMWA Hayaso HOBOMY Hayy-
HOMY Hanpas/leHWlo Ha Kadegpe Mo UMMOBUAM3aUUK
6MONOrMYECKM aKTUBHbIX BELLECTB Ha NMOJIMMEPHbIe MaTPULLbl U
NONMMEpPHbIE KOMMO3UTbl, AaBas BO3MOXKHOCTb CO34aHUIO
OTEYeCTBEHHbIX HOCWUTE/NIel NeKapCTBEHHbIX Havyan B Buae
PasNINYHBIX MAFKMX MOIMMEPHbIX NIEKapCTBEHHbIX dopm. Tak,
nof pykosoactsom npodeccopa K.A. Abunosa n npodeccopa
M.K. BeiicebekoBa 6blnM  nNpoBeAeHbl UCCAeAOBaHUA MO
co3gaHuo NOANMEPHbIX NeKapCTBEHHbIX dopm
NPOJIOHIMPOBAHHOTO aenctaua c KOHTPO/IMPYEMbIM
BblJe/IeHWeM NleKapCTBeHHOro BewectBa. OcyliecTBneHa
MMMOBUIN3aLNA OTEYECTBEHHbIX IEKAPCTBEHHbIX NpenapaTos
aHecTesupyloLWwero AencTBuA
BOCManUTeNbHoro  6uonoruyecku
«ANXnanHa» Ha NoAMMepax opraHMYecKoro U HeopraHMYecKoro
NPOUCXOXKAEHUA, NONYYeHbl 4 MHHOBALMOHHBIX nateHTos PK.
Ha ocHoBe yrnybneHHbIX KAMHUYECKUX UCMbITaHWI NONyYeHbl
aKTbl 0 BHEAPEHUU UMMOBUIN30BAHHBIX MAEHOUYHBIX U reieBblX
NIeKapCTBEHHbIX GOPM aNxXMAuHa U pUXJOKauHa
LIMHCKYIO NPAKTUKY, B YaCTHOCTU, B CTOMATO/ONMIO.

B uenom, noa HayyHbIM PYKOBOACTBOM npodeccopa
Abunosa XK.A. 3awmweHbl 7 gokTopckux (N.L. bypawesa, 4.10.
KopynbkuH, T.E. }Kycynosa, M.K. belicebekos, C.H. KanyruH,
LL.H. Xymaranunesa, H.A. CyntaHoBa), 4 aoktopckux PhD u 14
KaHAMAATCKMX  AuccepTaunin, onybamnkosaHo 6onee 590
Hay4HbIX CTaTe M TE3UCOB MeXAYHAapPOAHbIX KoHbepeHLuit, 6
moHorpadmi, 3 yuebHuKa, 21 yuebHO-meToaNYECKoe nocobue,
nonyyeHo 68 nNaTeHTOB W  aBTOPCKUX CBUAETE/IbCTB  HA
n3obpeTeHus, yteepxaeHo 16 dapmakoneiHbix ctaTteit PK, 10
OMbITHO-MPOMbILLIZIEHHBIX PErNaMeHTOB NPOU3BOACTBA Pa3/ny-
HbIX NPenapaToB M NeKapCTBEHHbIX $OPM Ha UX OCHOBE.

«lFanantn»

«PuxnokanHa» wu npoTmnBO-

AKTUBHOIO KoOmMnnekca

B mMeau-
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Elle 04HMM 3HAUMMbBIM U OTBETCTBEHHbBIM 3TAaNOM B XKM3HU
KapblnkacbiHa AbayaxuToBuya asnsetcA ero pabota Bo rnase
XMMmU4Yeckoro gaKkynbTeTa Ha NOCTy AeKaHa B nepuog ¢ 2000 no
2009 rr.  byayum Abunos XK.A. COBMECTHO ¢
KONNeKTMBOM aKyabTeTa, YCnewHo MpPOBes KOJ0CCANbHYIO

AEKaHOM,

LesieHanpaBaeHHY OpraHM3aLnoHHy0 paboTy No nepecmoTpy
cneuuanbHOCTEN  XMMUYECcKoro npoduaa B nporpammax,
y4ebHbIX MnaHax W, COOTBETCTBEHHO, MO CO3J4aHUI0 HOBbIX
y4yebHbix Kypcos. Ha dakynbteTe 6bin10 paspabotaHo 6onee 15
[ocypapCTBEHHbIX CTaHAAPTOB MO PA3/IMYHLIM HaNPaBIEHUAM
o0bpas3oBaHMA ANA CTyAEHTOB, obyyatowmxca B 6akanaspuate u
maructpatype, 6bliM  peanusoBaHbl  nporpammbl  PhD-
AOKTOpaHTypbl. Kpome 3Toro, npodeccop Abunos HK.A. 6bin
npeacegatenem paboyero coseTa  dakynbTeTa, UYNEHOM
npobnemHoro coseta M coBeTa MO 3aliuTe [AOKTOPCKUX U
KaHAMAATCKMX AuccepTauuii Ha dakynbTeTe, npeacepatenem
[OBYX AWCCEPTALMOHHbIX COBETOB MO 3almTe goktopos PhD,
pefakTopom XypHana «BecTHuK KasHY. Cepua xmmuueckan»,
Y/IEHOM CEKLMMN XMMMKO-TEXHONOTMYECKMUX HAYK NO NPOBEeLEeHNIo
9KCMNEPTHO-aHaNIMTUYECKOM OLLeHKM paboT, BbIABUHYTHIX Ha
couckaHue locyaapcTBeHHOM npemumn Pecnybaukmn KasaxctaH B
06nacT HaykM U TexHWKW. Moa ero pPyKoBOACTBOM W C €ro
ydacTmem  ycrnewHo nposoguaucb  MexayHapogHble U
PecnybnukaHckme HaydHble ¢opymbl M KoHdepeHuun. C
nepuoamnyHOCTbIO B 2 roga W MOHbIHE OpPraHu3yloTcA
Bepem»KaHOBCKMeE Cbe3fbl U eXXerofHble Hay4Hble KOHpepeHLMn
cTyaeHtoB. B 2002r. 6bina nposegeHa MekayHapoaHas
MeHgeneesckaa onvmnuaga WKOAbHMKOB no xumun u Il
MexayHapoaHaa  KoHbepeHUMA  MONOAbIX  YYeHblX no
COBPEMEHHbIM  MeToAaM  MOHWTOPMHIA  PaAWMALMOHHOrO
3arpasHeHua noys, 8 2003 n 2007 rr. — | u Il MexayHapoaHble
Hay4yHble KOHdepeHUUN «XMMUA, TEXHONOTUA U MeULMHCKNe
acneKkTbl MPUPOAHbBIX COEAMHEHWUI» C Y4acTUEeM YYEeHbIX U3
6onee 40 cTpaH 6/aMKHEro v ganbHero 3apybexba. Bmecte ¢
TeMm, Ha BbICOKOM Hay4yHO-MeTOAMYEeCKOM YpOBHe npodeccop
Abunos M.A. uuTaetr obwme U cneumanbHble Kypcbl AnA
6aKanaBpoB M MarncTpos: «MMmobunnsauma nekapcTBEHHbIX
npenapatos», «OCHOBbI CO34aHWA NEKAPCTBEHHbIX (GOPMY,
«CuHTes MAB» 1 Ap.; NOCTOAHHO BbLICTYNaeT € AOKAaZaMKU Mo
BOMPOCAM MoOJepHM3auMM yyebHoro npouecca Ha ydebHo-
MeTOAMYECKUX KOHdEepeHUMAX pasM4yHOro paHra. CTyaeHTbl-
XMMUKM OTMeyaloT B XapaKkTepe npodeccopa Abunosa XK.A.
TaKMe KayecTBa, KaK BbICOKYIO HPABCTBEHHOCTb, Ye/10BEYHOCTD,
6onblyto 3aboTy O CTyAeHTax, CobpaHHOCTb, YypaBHOBe-
LIEHHOCTb, MYHKTYa/lIbHOCTb, CTPOroCTb WM CNpaBeaMBOCTb. 3a
negarormyeckne OOCTUNKEHUA U BHECEHHbIN BKNag B HayKy PK
Abunos X.A.  6bln  HarpaxkaeH  NOYETHbIMM  3HAKaMM
«3a 3acnyrm B pasBuTMe Hayku PK» (2003),
obpasoBaHua PK» (1998).

MoMMMO BbllLECKa3aHHbIX AOCTUKEHWUI, B TeYeHUe BCEro
npebbiBaHMA Ha MOCTy [JekaHa poaHoro dakyabTeTa U
3aBeaylowero Kadbeapo XMMUU U TEXHONOTUU OPraHUYECcKnX
BELLLeCTB, NPUPOAHBIX COEAUHEHUI 1 NoNMMepoB, HapblaKkacbiH
ABLyaxuToBMY Bcerga CTapancA COXPaHUTb Ty TBOPYECKYHO
aTmocdepy v Tpaamumm Ha dakyabTeTe, UCTOKU KOTOPbIX Bblan
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3a/10}KeHbl 3aMeyaTesIbHOM KOropToi BbIAAMOLWMXCA YYEHBIX U
neparoros:  4ieHom-koppecnoHgeHtom AH Kas3CCP bepem-
*KaHoBbiM B.A., akagemmkammn AH KasCCP Cokonbckum [.B.,
YcaHoBuyem M.U., Kosnosckum M.T., CoHrmnnHoi O.A.,
WapnokaHosbim A.LLl.,  npodeccopamu:  Yymbanosbim T.K.,
Cepreesoti B.®., LLiImoHuHoW B.MM. n apyrumu npenogasatenamum-
HacTaBHWKamu. Mpu 3Tom OH paboTan TaK, YTObbl XMMUYECKUI
baKynbTeT NpoJO/MKaN OCTaBaTbCA JIMAEPOM  XUMUYECKOTO
06pa3oBaHMA M HAyKM B HallemM rocyfapcTse, TemM CamMbiM
YKpennaa npectuk M aBTopuTeT KasaxcKoro HauvoHasbHOro
yHuBepcuteTa UM. anb-Papabu. Tak, MM  yCTaHOB/IEHO
MeXAyHapo4HOe COTPYAHWYECTBO C LEenblM PAAOM BeayLimx
3apy6eXKHbIX YHUBEPCUTETOB, NPMU3HAHHbBIX MUPOBBIM Hay4YHbIM
€oobLWecTBOM, TaKMX Kak MccnepoBatenibcknin LeHTp UHCTUTYTa
Xumuu r. Kapaum (MakuctaH), YHusepcuteT Muccucunu (CLUA),
3anagHo-MuuuraHckuin - yHusepcuteT (CLUA),  YHuBepcuteT
Mypay (CLUA), UHcTUTYT TEXHON0TUKn r'yasoHa (CLUA),
Muancekckuin YHusepcuteT (BennkobputaHua), YHusepcuTeTt
PeguHra (Bennkobputanua), Umnepuan Konnepx (Benukob-
putaHusa), TexHuyeckuit yHusepcuteT UnbmeHay (Fepmanus),
TOKMICKUIA TEXHONOTUYECKUIA MHCTUTYT (ANoHuA), JlyHACKUIA
yHuBepcuteT (LUBeuus), YHuBepcuTeT Haykm o Hu3sHK
(Hopserus), yHusepcuteT PocToK (FepmaHus) u ap.

CnegyeT o0TMeTUTb, 4YTO 0coboe MecTo B Hay4HOM
AeaTenbHocTM  MKapblikacblHa —~ AbaoyaxMToBMYa  3aHMMALOT
paboTbl B pamKax NaKMCTaHO-Ka3aXCTaHCKOrO COrNalleHua C
BeAyWMM MexayHapoaHom weHTpom H. E. J. Research Institute
of Chemistry Dr. Panjwani Center for Molecualr Medicine and
Drug Research University of Karachi, koTopble npogonskatoTcs u
no ceit AeHb. [aHHbIA UCCNeOBATENIbCKUM UHCTUTYT XMMWUU
ABNAETCA KPYMHbIM MEXAYHAaPOAHbIM LEHTPOM HayK B Asuu,
NpU KOTOPOM UMEIOTCA XOPOLLO 060pYA0BaHHbIE COBPEMEHHbIE
CreKTpanbHble, papmakosornyeckme u BHuUoTeXHoNOrMYecKue
nabopaTtopun. [MPEKTOPOM MeXKAyHapOA4HOro LEHTpa B T.
Kapauu, ABnAeTca KPynHblid yyeHblit B 061aCTM opraHMYecKo
XUMUWN, XUMUU NPUPOAHBIX COEAUHEHWUN, BUOTEXHOMOTUKU U
6uoxumumn, npodeccop Mkban Yayapwu, c KoTopbim y npodeccopa
Abunosa K.A. CNOXKUAUCL KperKue Apy)KecKne OTHOLIEHMUA C
2000 roga. B pamkax faHHOro corfaleHua ycnewHo BbINo-
HeHbl COBMECTHble MeXAYHapoAHble NPOEKTbl U OCyLlecTBieH
Uenbli  PAA  HAy4YHbIX CTAXKMPOBOK MOJIOABIX YYeHbIX W
COTPYAHMKOB Kadeapbl B 0671aCTU OPraHNUYECKON XUMUU, XUMUK
NPUPOAHBIX COeAMHEHUIN, UMMOBUAM3ALMM NEKAPCTBEHHbIX U
O6MONOTMYECKN  aKTUBHbIX COEAMHEHWM Ha  MOJMMEPHBbIX
HocUTenAx. PesynbTaTbl NPOBEAEHHbIX UCCAEA0BAaHUI BKIOYEHDI
B YCMeLWHOo 3alulieHHble 4 fokTopckue, 10 KaHAMAATCKUX 1 1
PhD  pgucceptaumu; onybnvKoBaHbl B MEXAYHAapPOAHbIX,
peLeH3npyemMblxX U3aaHMUAX C BbICOKMM MMNaKT-pakTopom: Chem.
Pharm. Bull; Planta Med; Journal of Ethnopharmacology;
Phytochemistry; Helvetica Chemica Acta; Chemical of Natural
compounds; Fytoterapia; opopmneHbl U nonyyeHol 6onee 20
COBMeCTHbIX NaTeHToB Pecnyb6aunku KasaxcraH.

B 2012 rogy npodeccopamm Abunosbim HK.A.
Yaygpu N.M. B coaBTOpcTBe M3A4aHa KHura «An example of
successful scientific collaboration between Pakistan and
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Kazakhstan» ¢ COBMECTHbIMM Hay4YHbIMW  pe3ynbTaTamu,
nocsAleHHaa 12-neTuio NAOAOTBOPHOro coTpygHuyectsa. B
NPOAOJIKEHUE 3TUX NNOAOTBOPHbIX OTHOWeHMI B 2015 roay no
MHUUMaTuBe npodeccopos Abunosa K.A. u  Yaygpu U.M.
OTKpbITa nabopaTtopusa KasHY um. anb-Papabu no dputoxmmmm s
mexayHapoaHom LeHTpe Kapauu (MakuctaH). OCHOBHbIM
HanpaB/eHNem AeATeNbHOCTU AaHHON nabopatopun asasetcs
nposegeHWe COBMECTHbIX MnepeaoBbiXx  GyHAAMEHTaNbHbIX
nccnefoBaHWUi c Lenbto pas3paboTkm besonacHbIx M 3bPeKTUBHBIX
duTonpenapaToB ANA MECTHOrO M MWUPOBOro papmaLies-
TUYECKOTrO pbIHKA.

B 2015 rogy noanuncaHo cornaweHne 0 MeXayHapoaHOM
npoekte «Developing the Capacities of Al-Farabi Kazakh National
University (KazNU), Kazakhstan in Phytochemical Development»,
duHaHcupyemoe Mcnamckum 6aHKOM pasBUTUA B Nepuos C
mionsa 2015 roga no 2018 rop nop pykosoactBom npodec-
copoB Abunosa X.A. u Yaygpn U.M. B nnaH peanusauumu
MPOEKTa BKNIOYEHbI paboTbl MO OTKPbLITUIO B CTeHax dakynbTeTa
XMMUW U XMMUYecKol TexHosnormn KasHY um. anb-®Papabu
Hay4YHO-UCCNe[0BaTENbCKON NabopaTopum U ee TEXHUYECKoMy
OCHALLEHMIO CneLunanmsnpoBaHHbiM 0bopyaoBaHNeEM, a TakKe
CTa¥XMPOBKM  MONOAbIX Y4eHbIX Ha 6ase nabopatopwuit
MexayHapoaHoro ueHTpa Kapaunm n cemmnHap-KoHpepeHLmmn ¢
yyactmem Beaywmx crneumnanuctos MakuctaHa n KasaxcraHa no
obyyeHuto M 0bmeHy onbiTom B chepe XMMUM MPUPOAHbIX
coeauHeHuit. Tak, B 2017 rogy B nepuog, ¢ 23 no 27 oKTabpsA
npodeccopom Abunosbim K.A.  No JaHHOMY NPOEKTy 6bia
OpPraHM30BaH CEMUHapP-KOHPEPEHLMA C yHacTUeM NaKUCTAaHCKMUX
y4YeHblX, Ha  KOTOpOM  npenofasBaTenn,  AOKTOPAHTI,
MarncTpaHTbl U CTyAEeHTbl YHUBEPCUTETa MNOJYYUIN BO3MOMK-
HOCTb PaCLUMPUTL CBOW 3HAHUA.

Ba*kHO oTmeTuTb 1 TO, 4To B 2012 roay noa pyKoBOACTBOM
Abunosa .A. ¢ coTpygHuKamu Kadeapbl 6Obla  BbIMrpaH
MexayHapogHblit npoekT: «Co3gaHne Npou3BOACTBa HOBbIX
ruaporenesbix fedebHbix dopm duTOonpenapatoB Ha OcHoBe
pacTUTeNbHOro cbipbA KasaxcTaHa» Mo rpaHToOBOW mporpamme
Mpynn Crapwwmx HayuHbix CoTpyaHukos (TCHC) B nepwog, 2013-
2015 rr. B Tom ke rogy apbiakacblH AbAyaxMTOBWUY CTan YneH-
KoppecnoHAeHTOM HauuoHanbHOM MHXKeHepHol AKkagemuun
Pecnybnvkn KasaxctaH. B gekabpe 2013 r. HOMWHAUMOHHbIV
KomuTeT nMmeHn CoKpaTta NpeacTaBWUA ero K NOYETHOW Harpage

«The Name of Science» n oH 6bln 3aHeCeH B MMPOBOW peecTp
BblAatoOLWMXCA YYeHbIX. HeogHoKpaTHo npodeccop Abunos XK.A.
YA0CTanBanCcA 3BaHMA Nyywnin npenogasatens KasHY um. anb-
dapabu, a B 2018 rogy ctan obnagatenem rocysapcTBeHHOro
rpaHTa «Jlyywwuii npenofasaTtenb By3a». [lo pesynbratam
periTuHra MMC He3aBMCUMMOTO areHTCTBa aTTecTaumm u peiTuHra
(HAAP) KapbinkacbiH ABAyaxvMTOBMY 3aHMMAET Nuaupyowme
nosuumun B Ton-50 1 ABNAGTCA OAHMM U3 Ka3axCTaHCKUX YYEHbIX,
MMEIOLLMX BbICOKUI MHAEKC LUTUPYyeMoCTH. Ero HayuHble Tpyabl
ony6/MKoBaHbl B BbICOKOPEUTUHIOBbIX  MEXAYHAPOAHbIX
KypHanax. Tak, ToNbKO 33 nocnegHue 5 net um onybAnMKoOBaHO
6onee 20-Tv cTaTel B MeXAYHAPOAHbIX YPHanax C BbICOKMM
UMnakT-pakTopom B 6ase pgaHHbix Web of  Science,
Thomson Reuters.

BbilweoTmeyeHHble B pasHble roapl AOCTUXEHUA U yCnexu
Ha nonpwuile Hay4YHoW AeAaTenbHOCTU npodeccopa Abunosa K.A.
COBMECTHO C KO/leraMmn 1 y4eHUKaMu CBUAETENbCTBYIOT 06 MX
oblwem  CTPEMAEHUM  CAYXKWUTb  nporpeccy  obLiecTsa,
CTPEM/IEHNM, KOTOPOE CTajsio HeNpemeHHOM MoTPebHOCTbIO
AyLWN 1 yCI0BUEM IMYHOTO TBOPYECKOTO CHACTbA.

KapblikacblH ~ ABAyaxuToBMY  MOMYYMA  AOCTOWHOE
npusHaHWe B HAy4YHOM COObLLECTBE KaK KPYMHbIA Y4eHbli,
TaNaHTAMBLIM Neparor WM MPEeKpacHbli  OpraHuWsaTop, OH
nonb3yeTcA 3ac/ay)KeHHbIM aBTOPUTETOM Cpeau Koaner u
CTYZLeHTOB XMMMYecKoro ¢pakynbTeTa.

[oporoi Haw XapbiikacbiH AbayaxuToBuy, Bbl BHecau
60nbWON BKNaZ B PasBUTME W CTAHOBJEHWE Hay4HbIX
HanpaBneHU u yyebHo-obpas3oBaTeNbHOrO NpoLecca B CTeHax
popgHoro Bam yHuBepcuTeTa M OTpPagHO, YTo M ceivac Bbl

OorpomHoe BHUMaHWE yaenAaeTe KasaxcTaHCKom Hayke MU
BOCMUTAHUIO HOBOTO NOKO/1IEHUA Haquoﬁ MOI04eXN.

Bbl ABaAeTeCb 06pa3LI|OM HacToAuero y4eHoro,
3aboTansoro yyuTena, nopAagovyHoro 4esnoseKa, OT/IMHHOrIO

ceMbAHMHA U 419 BCeX Hac, Bawwmx yyeHMKOB M COpPaTHUKOB,
CAYXKWUTE APKUMM MpUMepom 6e33aBeTHOro C/AyXKeHua aeny
NpoLBETaHMA HAaYKM U Ky/NbTypbl Hallero otedyecrea. MycTb Bawa
nyTeBoAHas 3Be34a CBETUT elle adoarve-gonrve rogpl! Mol,
Baluu yuyeHMKM, cyacTamBbl, YTo cyabba cBesna Hac ¢ Bamu, v ot
BCero cepgua nosgpasnsem Bac ¢ HO6uneem! Xotum ot Bceit
AylWu noxkenatb Bam Kpenkoro 340p0BbA, BLOXHOBEHMA, HOBbIX
nAeu n 4ONrUX NeT NAOA0TBOPHOM paboTbi!

C  Hauny4wumu
npogpeccopa .A. Abunosa

rnoxenaHuamu  L6UAApY,  YYeHUKU
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