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PHYTOSANITARY ASSESSMENT OF WHEAT AND BARLEY SEEDS
TREATED WITH DITHIOCARBAMATES

M.S. Mukanova'?, Ye.S. Sycheva'*, I.N. Anuarbekova!, D.B. Markina'?, M.T. Yskak?

1A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan

*E-mail: yelena-sycheva@yandex.kz

Abstract. Introduction. Achieving high crop yields in agriculture depends largely on the quality of
seeds and planting materials. Seed-borne infections reduce germination capacity and overall plant
productivity, highlighting the need for treatments that combine growth-stimulating and fungicidal
properties. This study aimed to evaluate the stimulant and antifungal effects of aqueous solutions of
dithiocarbamates on wheat and barley seeds, identify optimal concentrations, and assess their impact on
seed quality and pathogenic microflora. Results and Discussion. Seeds of wheat and barley were treated
with five dithiocarbamate-containing preparations at concentrations of 0.001%, 0.01%, and 0.1%.
Germination energy, laboratory germination, seedling growth intensity, microbial activity, and percentage
of infected seeds were assessed. At a concentration of 0.001%, wheat seeds treated with Preparations 1
and 3-5 showed high germination rates (94.0-96.6%), although infection levels varied (6.0-27.3%). In
barley, Preparations 2-5 demonstrated significant stimulation of germination (93.0-98.0%) and reduced
seed infection to 8.0-22.0%. The most pronounced antifungal activity in barley was observed for
Preparations 1 and 3, reducing infection to 10.0-12.0% and 9.0-11.3%, respectively, compared to 77.3%
in the control. In wheat, Preparations 3 and 5 effectively reduced infection rates to 10.6-19.0% and 6.0-
16.0%, respectively. Conclusion. The results suggest that dithiocarbamate-containing preparations can
enhance seed viability while limiting pathogen development. Two compounds were most effective:
Preparation 5 (sodium benzylmethylcarbamodithioate) for wheat and Preparation 3 (sodium
dibenzylcarbamodithioate) for barley. These findings support their potential use as dual-action seed
treatments in cereal crop production.

Key words: phyto expertise, dithiocarbamate, germination energy, laboratory germination, seed
infection, test crops (wheat, barley).
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1. Introduction

In the Development Concept of the Agro-Industrial Complex of the Republic
of Kazakhstan for 2021-2030, sustainable development of crop production with
high and stable yields adapted to climate change is identified as a key priority [1].
Achieving the full potential of productivity and yield stability largely depends on
the use of effective agronomic practices, as well as the application of safe plant
protection products suited to the agricultural conditions of Kazakhstan.

Although global grain production has shown an upward trend in recent years,
wheat yield losses due to diseases still account for approximately 10% of
potential harvests worldwide. Experts emphasize that the implementation of
modern agricultural practices, crop rotation with resistant varieties, and timely
treatment of crops with crop protection chemicals (CPCs) can significantly reduce
disease-related losses [2-4].

An analysis of seed samples collected in Kazakhstan in 2021 revealed the
presence of a pathogenic complex across all cultivated crops, despite the previous
year’s drought. This complex included polyphagous fungi such as Fusarium (5-
15%), Alternaria (5-40%), molds (1-10%), and specialized pathogenic species (3-
15%). Infected seeds exhibited low germination rates and reduced germination
energy, resulting in lower grain mass and poor ear filling — factors that
substantially affect crop quality.

Effective plant disease prevention and protection are based on accurate
diagnostics, including an understanding of disease etiology and development.
Seed treatment with fungicides (seed dressings) must be preceded by
phytopathological examination, which determines the seed’s suitability for
sowing and the need for chemical treatment. Therefore, seed dressing remains an
essential step for effectively controlling the spread and development of
pathogenic microorganisms that can damage seedlings.

The aim of this study is to investigate the growth-stimulating effects of
aqueous solutions of dithiocarbamate-containing preparations, determine the
optimal concentrations for enhancing germination energy and laboratory
germination rates, and assess their fungicidal properties using test crops.

2. Experimental part

The phytosanitary assessment of seeds was conducted at the Laboratory of
Phytopathology, Zh. Zhiembayev Kazakh Research Institute for Plant Protection
and Quarantine. The test materials consisted of seeds from two model crops:
wheat and barley.

Seed treatment was performed by moistening the seeds in chambers with
aqueous solutions of the test compounds at concentrations of 0.001%, 0.01%, and
0.1%. For the control group, seeds were moistened with distilled water. As a
reference treatment, the fungicide TMTD (tetramethylthiuram disulfide) was used
at a concentration of 0.04%. Each treatment was tested using three replicates of
50 seeds. Seed surface inspection was carried out to identify pathological
changes, following standard visual assessment techniques for wheat and barley
grains [5]. Fungicide efficacy was evaluated based on the number of infected

6
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seeds. Germination energy (assessed on day 3) and laboratory germination
(assessed on day 7) were measured according to standardized procedures [6].

The test dithiocarbamate-containing compounds used for biological
evaluation included:

Preparation 1: Sodium (2-morpholinoethyl)carbamodithioate [7,8];

Preparation 2: Sodium 1H-1,2,4-triazole-1-carbodithioate [9];

Preparation 3: Sodium dibenzylcarbamodithioate [10];

Preparation 4: Sodium diphenylcarbamodithioate [11];

Preparation 5: Sodium benzyl(methyl)carbamodithioate [12].

Experimental scheme: 1. Control (untreated); 2. Standard: TMTD fungicide
(0.04%); 3. Dithiocarbamate-containing preparations 1-5 at concentrations of
0.001%, 0.01%, and 0.1%.

3. Results and discussion

Dithiocarbamates have demonstrated high efficacy in the control of fungal
plant diseases and are considered a promising group of compounds due to their
strong fungicidal properties. These fungicides are widely used in agriculture to
combat a range of plant pathogens, including root rot, scab, common bunt, seed
mold, Fusarium spp., powdery mildew, and others. As a result, dithiocarbamates
are extensively applied in the protection of various crops.

Among the most commonly used dithiocarbamate fungicides are Mancozeb,
Maneb, Zineb, Ziram, Metiram, Propineb, and Ferbam. These fungicides are used
for protecting cereals, legumes, vegetables, fruits, and ornamental plants against
numerous fungal infections. Their effectiveness and broad spectrum of activity
make dithiocarbamates a valuable tool in integrated plant protection systems,
contributing to enhanced crop yield and improved agricultural product quality
[13-16].

For the current study, five dithiocarbamate-containing compounds were
selected for biological evaluation: two heterocyclic dithiocarbamates (Preparation
1 and Preparation 2) and three aromatic dithiocarbamates (Preparations 3-5).
Investigated dithiocarbamate-containing preparations are presented in Figure 1.

H
S\\ ,N\/\ NaS /=
=N
(Ij N /\ /\C _N\ /J
SNa I\/O g’ N
Preparation 1 Preparation 2
//S
NaS—C NaS_ .S
N c NaS ~ CH;
O~ N =
Preparation 3 Preparation 4 Preparation 5

Figure 1 — Dithiocarbamate-containing preparations
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These dithiocarbamate-containing compounds were tested according to the
experimental scheme above described. The goal was to assess their fungicidal
activity, as well as their growth-stimulating effects on seed germination and early
seedling development in wheat and barley under laboratory conditions.

The results of the phytosanitary assessment of wheat and barley seeds
indicate a positive effect of treatment with various dithiocarbamate-containing
preparations 1-5 on seed quality, particularly in terms of germination energy and
laboratory germination, compared to the control. However, the effectiveness of
the preparations varied depending on the crop species, concentration of the active
substance, and the parameter assessed.

Phytosanitary assessment of wheat seeds.

In the control variant, high germination energy and laboratory germination
were observed (both at 95.3%), but these were accompanied by intense microbial
growth and 100% seed infection, indicating high pathogen load. The main part of
the pathogenic microflora on the seeds consisted of fungi of the genera Mucor sp.,
Penicillium sp. and Alternaria sp. The standard fungicide TMTD ensured
effective seed protection, reducing infection to 0.6% and suppressing microbial
growth while maintaining germination at 96.0%. The results of the phytosanitary
assessment of wheat seeds are shown in Figure 2.

Among the tested preparations, preparation 5 was the most effective based on
a combination of biological indicators. At concentrations of 0.001% and 0.01%, it
ensured high germination (up to 97.6%), strong seedling growth, and a significant
reduction in microbial activity and seed infection (as low as 6%).

Preparation 3 also showed good results, particularly at 0.001% and 0.01%
concentrations, with germination reaching 96%, reduced microbial growth, and
infection rates lowered to 10.6-16%. However, at 0.1% concentration,
germination dropped sharply to 82%, and microbial activity increased.

Preparations 1, 2, and 4 exhibited less consistent performance. For instance,
preparation 2 showed low fungicidal activity, and the percentage of infected seeds
remained elevated (up to 26%) across all concentrations. Preparation 1 showed
stable germination but did not effectively reduce microbial load. Preparation 4 led
to high seedling vigor, but infection levels remained high, especially at 0.001%
concentration (up to 27.3%).

Thus, preparations 3 and 5, especially at lower concentrations, demonstrated
promising fungicidal activity without compromising seed viability and can be
considered for practical application in wheat cultivation.

Phytosanitary assessment of barley seeds.

A similar trend to that observed in wheat was identified in barley. In the
control variant, seed infection reached 77.3%, accompanied by intense microbial
growth, highlighting the presence of seed-borne pathogens. The reference
fungicide TMTD (4 L/t) effectively reduced infection levels to 2.6%, with
minimal microbial growth, and maintained high laboratory germination (94.6%).
The results of the phytosanitary assessment of barley seeds are shown in Figure 3.
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Figure 2 — Phytosanitary assessment of wheat seeds after treatment with preparations 1-5 at 0.001% (a),
0.01% (b), and 0.1% (c) concentrations.
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Preparation 3 consistently showed the highest efficacy at all tested
concentrations. At 0.001% and 0.01%, laboratory germination reached 98.0% and
97.3%, respectively, while antifungal activity remained high, and the proportion
of infected seeds did not exceed 10.6%. These results demonstrate both strong
protective and stimulant properties.

Preparation 4 also showed excellent results, particularly at 0.01% and 0.1%.
Germination reached 98.6% at 0.01%, and seed infection was limited to 8-15.3%.
Microbial development remained low, and seedling growth intensity was
consistently high, indicating both antifungal and growth-stimulating effects.

Preparation 5 | 94 94 !ﬂ | Preparation § |2ii . S |
<S8 986158

Preparation 4 Preparation 4

Preparation 3 Preparation 3
Preparation 2 |w | Preparation 2

Preparationl |-“_.@ | Preparation 1
Standard TMTD ‘H:ﬁg ‘ Standard TMTD

Control (water) Control (water)

100

200 200

Germination energy, % Laboratory germination, %

. Germination energy, % Laboratory germination, %
Mumber of infected seeds, %

Number of infected seeds, %

@ (b)
Preparations [
Preparation4 |
Preparation3

Preparation 2
Preparationl

Standard TMTD

Control (water)

100

300
Germination energy, % Laboratory germination, %
Number of infected seeds, %

©

Figure 3 — Phytosanitary assessment of barley seeds after treatment with preparations 1-5 at 0.001% (a),
0.01% (b), and 0.1% (c) concentrations.
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Preparation 5 also demonstrated notable effectiveness. At 0.001%
concentration, it provided moderate control of seed infection (16.0%) with
acceptable germination (94.0%) and high antifungal activity. At 0.01%, it
achieved improved performance — germination rose to 97.3%, with infection
decreasing to 15.0% and microbial growth remaining low. The best results for
preparation 5 were observed at 0.1%, where laboratory germination remained at
97.3%, antifungal activity decreased slightly, but seedling vigor was high, and
infection levels were held at 16.0%. These data suggest that preparation 5 offers
stable protection and growth stimulation, particularly at medium and high
concentrations, although its fungicidal activity was somewhat lower compared to
preparation 3.

In contrast, preparation 1 at 0.001% caused a significant decline in
germination energy (66.6%) and final germination (75.3%), suggesting
phytotoxicity or incompatibility at this concentration. However, increased
concentrations led to recovery of seed viability.

Preparation 2 showed limited efficacy in barley: antifungal activity remained
low, and seed infection levels ranged between 13.3% and 22.0%, regardless of
concentration.

A comparison of the tested preparations at equivalent concentrations
revealed that at 0.001%, preparations 3 and 5 showed the best results in both
crops, providing effective microbial control and stimulating seedling growth. At
0.01%, preparations 3 and 4 maintained high germination rates and low infection.
At 0.1%, a number of preparations (notably preparations 3 and 1) showed reduced
performance, possibly due to phytotoxicity or overstimulation of microbial
growth.

The results indicate that preparations 3 and 5 are the most effective among
the tested compounds. They combine fungicidal activity with positive effects on
seedling development and germination. These preparations are particularly
promising for use as environmentally safer alternatives to conventional chemical
fungicides in wheat and barley seed treatment.

4. Conclusion

The results of this study demonstrate that aqueous solutions of
dithiocarbamates, applied at concentrations of 0.001-0.1%, exhibit both growth-
stimulating and antifungal properties when used for seed treatment of wheat and
barley. Seeds treated with dithiocarbamate-containing preparations showed
improved germination energy and laboratory germination compared to the
untreated control, with values reaching up to 96.0% in wheat and 98.6% in barley.

In addition to enhancing germination parameters, the tested dithiocarbamates
effectively reduced the level of seed-borne fungal infections. Infection rates in
treated variants were significantly lower — ranging from 6.0% to 27.3% in wheat
and from 8.0% to 22.0% in barley — compared to 100% and 77.3% in the control,
respectively. This confirms the protective effect of dithiocarbamates against
phytopathogens commonly associated with cereal seeds.
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Among the tested compounds, preparation 3 (sodium
dibenzylcarbamodithioate) and preparation 5 (sodium
benzyl(methyl)carbamodithioate) showed the most promising results in barley
and wheat, respectively, providing a favorable balance between biological
efficacy and germination stimulation.

The findings suggest that dithiocarbamates may serve as effective seed
treatment agents with dual functionality — promoting early seedling development
and suppressing pathogenic microflora. These results support their further
investigation under field conditions and their potential integration into sustainable
crop production systems as an alternative to traditional chemical fungicides.
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Tyiiinaeme. Kipicne. Aybul MmapyalbUIbIFBIHA JKOFApbl OHIMALTIKKE KOJ XKETKi3y KeOiHece TYKbIMaap
MEH OTBIPFbI3y MaTepHANIBIHBIH canachiHa OainaHbiCThl. [IoHII AaKbUIAAPIbIH TYKBIMIBIK HH()EKIUSICHI
©HY DHEPIUsCHIH JKOHE OCIMIIKTEpAiH JKaJIbl OHIMALIIIIH TOMEHAETEdl, Oy OCyaAi BIHTAIaHABIPATHIH
JKoHe (PYHTMUUATIK KacHeTTepai OipiKTipinm eHAey KaKeTTUIriH Kepcetemdi. byn zepmmeyoiy makcamol
JUTHOKapOaMaTTapIbIH CyIbl epITIHALIEpPIHIH Ouaail MeH apra TYKbIMAapbIHa OMOCTUMYJISLUSIIBIK, XKOHE
(GYHrHIUITIK ocepiH Oaranay, OHTAaWIbl KOHIEHTPAIMSIHBI AHBIKTAY YKOHE OJIAPIbIH TYKBIM Camachl MeH
natoreHik Mukpodopara acepin seprrey. Homuoicenep scone mankviiay. bunait MeH apra TyKbIMAApbI
0.001%, 0.01% sxone 0.1% KoHUEHTpalMsACbIHAA Oec IUTHOKapOaMaTKypamjac mpenapaTrTapMeH
eHJeNAl. OHy SHEPrHsCH, 3€PTXAHAIBIK OHTIITIK, KOUIETTEpPIiH ©Cy KapKbIHIBUIBIFBI, MHUKPOOTHIK
OeJNCeHATIK JKOHE 3aKbIMIANFaH TYKbIMIApIbIH maibi3bl Oaranmanasl. 0.001% koHueHTpanmscbiHaa |
koHe 3-5 mpemapaTTapbIMeH OHJEIreH Ouiail TYKbIMAAPhI XKOFaphl OHY KepceTkimTepin kepcerti (94.0-
96.6%), 6ipak uH(peKMs neHreri op Typii 6onasl (6.0-27.3%). Apnana 2-5 mpenaparrap OHTIIITIKTIH
enayip aprysiHa (93.0-98.0%) xone nHpekuusHbH 8.0-22.0% neitin ToMEeHACYiHEe BIKIAT eTTi. Apragarsl
eH ylkeH QpyHruumarik oencenainik 1 xoHe 3 npenaparrtapaa Galikanasl — uHbekus caiikecinme 10.0-
12.0% xone 9.0-11.3% peitin Temenaeni (OakpulaymMeH canbicThipranaa-77.3%). bunaiina 3 xoHe 5
mpenaparrap THIMII Goyisl — MHeKIms JeHredi cofikecinme 10.6-19.0% xome 6.0-16.0% xypansl.
Kopvimuinowl.  Jlutnokapbamatkypamaac mpenaparrap TYKbIMHBIH OMIpLICHJITIH apTThIpyFa JKoHE
COHBIMEH KaTap MaTOreHJACPIiH JaMyblH MIEKTeyre KaOileTTi eKeHIIriHi HoTmkenep kepcerTi. OHBIH
iminge Ounaiira apHainFaH S-mpenapaT (HaTpHid OCH3MIMETHIKapOaMOAMTHOATHI) KOHE apliara apHaJFaH
3-mpenapat (HaTpuii TUOCH3UITKAPOAMOIUTHOATBI) €H THIMII OOJIBII MIBIKTBI. By KOCBUIBICTApIBIH ASHI
JNAKbUIIAPIBIH TYKBIMBIH €Ty aJIbIHIA OHJACYAE KocapiaHFaH acep Ty Kypalbl peTiHIe KOJIaHy
MYMKIHZIri Gap.

Tyiiin ce3mep: ¢uTOIKCHIEPTH3a, IUTHOKAapOaMaTTap, ©OHY DJHEpPIUsChl, 3epTXaHAJbIK OHTIIITIK,
TYKBIMHBIH 3aKbIMJIaHYBI, CBIHAK JaKbL1Iaphbl (Ounai, apna).

12



ISSN 1813-1107, elSSN 2710-1185 MNe 3, 2025

Myxkanosa Mepyepm Cucenbexkogna Xumus 261161MOaPbIHbIY KAHOUOATNDL
Coiuesa Enena Cepzeesna Xumust bL1bIMOAPLIHBIY KAHOUOANb
Onyapoexosa Hnoupa Huszoexkoizol PhD

Mapxkuna /lapus bazapoexosna TexHuKanvlK ebliblMoap Ma2ucmpi
bIckax Mazacan Typcoindexynot Mazucmpanm

OUTOSKCIEPTU3A CEMSH NIIEHUIBI U AYMEHS, O PABOTAHHBIX
JUTHOKAPBAMATAMMU
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Pestome. Bgedenue. JIOCTHKCHHE BBICOKHX YPOXKaCB B CEIBCKOM XO3SiCTBE BO MHOIOM 3aBHCHUT OT
Ka4ecTBa CEMsIH U M0Ca04HOro Matepuaia. CeMeHHas MH(EKIUs 36PHOBBIX KYJIbTYP CHIIKACT SHEPIHIO
MpopacTaHus U OOy MPOAYKTUBHOCTH PACTEHHI, YTO MOAYEPKHBAET HEOOXOAMMOCTH 00pabOTKH,
COYETAIOIIEH POCTCTUMYJIMpYIOIIUEe U (YHTHUUAHbIE CBOMCTBA. Lleavio Oamnozo ucciedosawus ObUIO
OLICHUTh OHOCTHMYJIHUpYIOee W (YHHIHIHOE ACHCTBHE BOJHBIX PAacTBOPOB AUTHOKApOamMaToB Ha
CeMEeHa MIICHUIBl ¥ SYMEHS, ONPEIEIUTh ONTHMAlbHbIE KOHIEHTPAllMd W W3Y4YUTh HX BIUSHHE HA
Ka4yeCTBO CEMSH U MATOTeHHYI0 MUKpoQIopy. Pesyrbmamst u oocyscoenue. CeMeHa MILEHULBI U TYMEHS
o0OpabaTbIBaiIM MATHIO AUTHOKAapOAaMaT colepkalluMH mpenaparamMu B kKoHeHtpanusax 0.001%, 0.01% u
0.1%. OueHHBaIUCh DHEPrusi NPOPACTaHUs, JTabopaTropHas BCXOXECTb, HHTCHCHBHOCTH pOCTa
MIPOPOCTKOB, MUKPOOHAsi aKTHBHOCTh M TPOLEHT 3apaxEHHbIX ceMsH. [Ipu konuentpamuu 0.001%
ceMeHa TIICeHUIbI, 00paboTaHHble mpenaparamu | U 3-5, mokas3ainu BBICOKHE IMOKA3aTEeNH BCXOXKECTH
(94.0-96.6%), onHako ypoBeHb 3apaxkeHus BapbupoBan (6.0-27.3%). Ha sumene mnpenapatel 2-5
cHoco0CTBOBAIM 3HAYUTEIBHOMY YBelInueHuto BcxoxecTH (93.0-98.0%) u cHmkenuto 3apaxenus 1o 8.0-
22.0%. HanOonpluas (pyHrumuyHas akTHBHOCTh Ha SYMEHE OTMeYeHa y mpenaparoB 1 u 3 — 3apakeHue
cHmsmioch 10 10.0-12.0% u 9.0-11.3%, cooTBeTcTBEHHO (110 CpaBHEHHIO ¢ KOHTposieM — 77.3%). Ha
neHune 3G QGeKTUBHBIMU OKa3alliCh Ipenapatsl 3 U 5 — ypoBeHb 3apaxkenus coctaBui 10.6-19.0% u 6.0-
16.0%, cOOTBETCTBEHHO. 3akitouenue. Pe3ynbTaTel MOKA3pIBAIOT, YTO AWTHOKapbamar copepKaiye
MpenapaTbl COCOOHBI MOBBIILATH JKHU3HECTIOCOOHOCTh CEMSIH M OJHOBPEMEHHO OTPaHMYMBATH Pa3BHTHE
naroreHoB. HaubGonee sddexTuBHbIMU Okazanuchk: npenapar 5 (O€H3MIMETHIKapOaMOAUTHOAT HATPUS)
JUIS TIIIEHUNBI U npenapar 3 (quOeH3mIKapOaMOIUTHOAT HATPHSL) JUIS STIMEHS. DTH COSANHEHUS UMEIOT
MOTEHIIMA IPUMEHEHHS B KaUeCTBE CPEACTB JABOWHOTO JEHCTBHUS IPH MPEINOCEBHON 00paboTKe ceMsH
3€PHOBBIX KYJIBTYP.

KumoueBsie cioBa: GuTosKCIIepTH3a, AUTHOKApOAMAT, SHEPTI U IPOPACTAHNS, Tab0paTOpHas BCXOKECTb,
3apa)KEHHOCTh CEeMSH, TECT-KyIbTypHlI (TIICHUIIA, TUMEHB).
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Abstract. Corn is the second most widely sold grain crop in the world (after wheat). Sweet corn is a
valuable vegetable crop, which ranks among the top vegetable crops in terms of nutritional value and
taste. It has a significant list of useful substances: high content of vitamins A, B, C and E, especially a
large amount of vitamin folate (B9), slightly less niacin (B3) and thiamine (B1). Of the macro- and
microelements, corn has the most potassium (270 milligrams) and magnesium (37 milligrams). An
element rare in other products, contained in corn, is gold, which is contained in corn in microportions, but
this is enough to feed our brain with the rare metal necessary for its best work. Corn is balanced in the
composition of fats, proteins and carbohydrates, rich in fiber and does not contain gluten. Fiber helps
intestinal motility, prevents cancer. In addition, the absence of gluten makes corn the most universal food,
which does not have the "contraindications" inherent in wheat, equally suitable for healthy people and
people with health problems. Corn as a silage crop has great fodder value. Silage from cobs in the milky-
wax ripeness phase of grain is considered one of the best in terms of nutritional value. Preparations from
corn silk are used as a diuretic, anti-inflammatory, choleretic, hemostatic agent in the treatment of
kidneys, liver, urological diseases, edema of various origins. Preparations from corn silk have a
moderately calming effect, and can also reduce appetite. Corn oil, obtained from the germs of corn seeds,
regulates the level of cholesterol in the blood, reduces its deposition on the walls of blood vessels, reduces
the risk of thrombosis and has a choleretic effect. The share of corn in the world starch production is about
75%. Given the high importance of corn, it is necessary to conduct systematic research in the field of
developing new effective growth regulators for this plant. In this work we show the results of our own
research in the field of development of promising phytohormones for accelerating the growth of corn
based on ammonium salts of aliphatic dicarboxylic acids. It is shown that the compounds synthesized by
us contribute to the increase of the above-ground and root parts of corn and accelerate the growth of corn.

Key words: corn, growth regulators, phytohormones, growth stimulants, growth substances
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1. Introduction

Abiotic stresses including drought, salinity, heat, cold, flooding and
ultraviolet radiation cause crop losses worldwide [1]. Recently, preventing these
crop losses and producing more food and feed to meet the needs of an ever-
growing population have gained unprecedented importance. However, the
proportion of agricultural land facing multiple abiotic stresses is expected to only
increase under a changing global climate fueled by anthropogenic activities. Thus,
identifying the mechanisms developed and used by plants to counteract abiotic
stresses and maintain their growth and survival under harsh conditions is of great
importance. Recent studies have shown that phytohormones including the
classical auxins, cytokinins, ethylene and gibberellins, as well as newer members
including brassinosteroids, jasmonates and strigolactones, may prove to be
important targets for metabolic engineering to create abiotic stress-tolerant crops.
Recent review papers [2-11] summarize and critically evaluate the roles that
phytohormones play in plant growth and development and abiotic stress tolerance,
in addition to their engineering for abiotic stress tolerance in transgenic crops, in
particular, the recent progress and future prospects including the limitations and
challenges of engineering phytohormones to induce abiotic stress tolerance in
crop plants are shown. Among the numerous agricultural crops, corn has the
greatest importance and application. Corn (Zea mays), also known as maize, is a
staple crop that plays a key role in the global agricultural economy, serving as a
major source of food, feed, and biofuel. The cultural significance of corn spans
many civilizations, with its origins dating back to ancient Mesoamerica over
7,000 years ago. The United States is the largest corn producer in the world, with
an annual production exceeding 14 billion bushels, and lowa is the leading corn
producing state. Corn exhibits remarkable adaptability to a variety of climate
conditions, making it a versatile crop in a variety of agricultural zones. However,
it grows best in well-drained, fertile soils with adequate moisture levels. Corn is
sensitive to drought conditions, relying heavily on consistent rainfall or irrigation
for optimal growth and yield. It also requires significant nutrient inputs, especially
nitrogen, to maintain its rapid growth and high productivity.

In this regard, the development and synthesis of new effective growth
regulators and the improvement of already known classical phytohormones for
increasing the productivity of corn are of great theoretical and practical interest.
In the presented work, we review the results of studies conducted in this area, and
also propose new effective corn growth regulators based on ammonium salts of
some aliphatic dicarboxylic acids synthesized by us.

2. Analysis of research results

Thus, the objective of the study [12] is to determine the growth and yield of
sweet corn based on the concentration of phytohormones sprayed during the day
and night, and to find out which concentration of phytohormones gives the best
effect on the parameters of plant height, leaf number, flowering age, fruit weight
and fruit number. A two-factor completely randomized design (CRD) was used in

16



ISSN 1813-1107, elSSN 2710-1185 MNe 3, 2025

this study. The first factor of phytohormone concentrations consisted of To = 0
ml/L, T1 = 6 ml/L, T, = 8 ml/L, T; = 10 ml/L, T4 = 12 ml/L with 3 replications
and 27 experimental units. The subject of this study is phytohormone and the
object of this study is sweet corn of the Bonanza F1 variety. Data collection in
this study is done by direct observation and documentation. The data were
analyzed using ANOVA (analysis of variance) followed by DMRT (diffusion
spectral tomography) test if there was an effect. Based on the DMRT test results,
T4=12 ml/L treatment had an effect on plant height and fruit weight with values of
195.4 cm and 162 g, respectively. Ts=10 ml/L treatment had an effect on leaf
count with a value of 18.7, and T:=6 ml/L treatment had an effect on flowering
age with a value of 46.2. The best utilization of the phytohormone is achieved by
applying the phytohormone sprayed during the day.

The work [13] noted that phytohormones such as gibberellins, auxins and
cytokinins are plant growth promoting factors which when added to foliar
fertilizers can modulate plant growth and development of crop species. This work
was carried out to study the effects of exogenously applied phytohormones both
individually and in mixtures on legumes and cereals grown in chambers with
controlled conditions of humidity, temperature and light/dark cycle. It was found
that the application of phytohormones resulted in significant increase in plant
growth of soybean and maize plants. A mixture of phytohormones formulated
with the lowest concentration of each required to enhance plant growth resulted in
significant improvement in several growth parameters related to productivity.
Thus, the addition of this mixture to commercial products as foliar fertilizers may
have potential to improve the yield of legumes and cereals.

The grain set of maize (Zea mays L.) at maturity is mainly determined during
pollination. Grain abortion often occurs during this period, resulting in reduced
grain yield. Plasma membrane (PM) H*-ATPase has been identified as a key
enzyme responsible for the supply of assimilates to developing maize grains soon
after pollination. The aim of this study [14] was to stimulate the PM H*-ATPase
activity in grains by in vivo application of the auxin indole-3-acetic acid (1IAA) to
maize plants during anthesis, resulting in improved hexose uptake and ultimately
better grain set. Maize plants were grown under well-watered conditions using
container technology. IAA was applied to unstressed maize plants twice, 2 days
before controlled pollination and during pollination (application rate per plant: 1.9
ml of 1.5 mM IAA). Developing grains were harvested 2 days after pollination
and PM vesicles were isolated and purified by two-phase separation. The
hydrolytic activity of PM H*-ATPase in vitro was significantly stimulated by 22%
by IAA treatment in vivo (control: 0.99 + 0.05, TAA treatment: 1.21 £+ 0.03* pmol
inorganic phosphate/mg protein min!). Vmax was significantly increased by IAA
treatment, whereas Ky, was decreased. The maximum pH gradient (AA492) in PM
was increased by 10% (control: 0.071 £+ 0.002, IAA treatment: 0.078 + 0.002%*).
IAA caused a significant increase in the PM H*-ATPase content in vesicles. The
concentrations of sucrose and hexoses as well as the activity of acid invertase in
the grains were not affected by IAA treatment. However, at maturity, the number
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of grains per ear decreased significantly, resulting in a 19% decrease in grain
yield. Thus, the authors showed that the increased PM H*-ATPase activity could
not be translated into an improvement in grain yield. It is likely that auxin
application occurred too early during grain development. Since cytokinins play a
key role during pollination, auxin application at this stage could have disrupted
the balance of phytohormones, causing impaired cell division and a rather early
onset of cell expansion due to elevated IAA concentrations.

Strigolactones are among the phytohormones that exert multiple effects on
plant growth and development [15]. Since these activities of strigolactones are
closely related to crop yield, the use of strigolactone could be a promising
technology in modern sustainable agriculture. The major strigolactones in maize
root exudates were identified as zealactone and zeapyranolactone. The authors of
the work disclosed the first total synthesis of zealactone along with its biological
activity in maize. They describe the design and synthesis of simplified analogues
of both strigolactones obtained from maize with their bioavailability in soil and
their biological activity. These compounds could be potential leads for the
development of synthetic strigolactones for agronomic use in more sustainable
crop production.

general structure of strigolactones

Indole-3-acetic acid (IAA), the major auxin of higher plants, and abscisic
acid (ABA) have been shown [16] to play critical roles in the ability of maize
(Zea mays L.) to adapt to various environmental conditions by mediating growth,
development, defense, and nutrient allocation. Although the understanding of the
biochemical reactions for IAA and ABA biosynthesis and signal transduction has
advanced, the mechanisms by which auxin and ABA are synthesized and
transduced in maize are still not fully understood. The synthesis and signal
transduction pathway of IAA and ABA in maize can be analyzed using the
existing model. This article focuses on the research progress toward
understanding the synthesis and signaling pathways of IAA and ABA, as well as
the regulation of maize growth by IAA and ABA, which provides insights into the
future development and significance of IAA and ABA in maize improvement.

The aim of the work [17] is to reveal the regulatory mechanism of sweet corn
seedling response to extreme temperature stress; this study integrated
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transcriptomics and metabolomics of volatiles and phytohormones. The results
showed that low-temperature stress significantly affected 20 volatiles; abscisic
acid and salicylic acid accumulated, while auxin and jasmonic acid decreased.
The regulatory patterns of vpl4 and ABF for abscisic acid accumulation and
signal transduction were elucidated under low-temperature stress. High-
temperature stress affected 31 volatiles and caused a decrease in zeatin, salicylic
acid, jasmonic acid and auxin. The upregulation of ARR-B gene highlighted its
function in zeatin signal transduction under high-temperature stress. The
correlations between gene modules, phytohormones and volatiles were analyzed
to construct a regulatory network of sweet corn seedlings under temperature
stress. The result may provide a basis for improving the early development of
sweet corn through biological intervention or modulation at the genomic level.

Azospirillum spp. are plant growth promoting bacteria used worldwide as
inoculants for various crops [18]. Among the beneficial mechanisms associated
with Azospirillum inoculation, the biological process of nitrogen fixation and
phytohormone synthesis are of particular interest. In Brazil, the use of inoculants
containing A. brasilense strains Ab-V5 and Ab-V6 to cereal crops has been
increasing exponentially and in this study, the authors investigated the effects of
maize inoculation with these two strains applied to seeds or by foliar spraying at
the V2.5 growth stage, a strategy to eliminate incompatibility with pesticides used
for seed treatment. The authors also investigated the effects of spraying with
metabolites of these two strains at the V2.5 stage. Maize growth was stimulated
by inoculation of bacteria and their metabolites. When applied via foliar spray,
although survival of A. brasilense on leaves was confirmed by confocal
microscopy and cell recovery, few cells were detected after 24 h, indicating that
the effects of bacterial foliar spray may also be related to their metabolites. The
main molecules detected in the supernatants of both strains were indole-3-acetic
acid, indole-3-ethanol, indole-3-lactic acid and salicylic acid. RT-PCR of
oxidative stress (APX1, APX2, CAT1, SOD2, SOD4) and plant defense
(pathogenesis-related PR1, prp2 and prp4)-related genes was assessed in maize
leaves and roots. Differences were observed depending on the gene, plant tissue,
strain and application method, but overall, Azospirillum inoculation resulted in
up-regulation of oxidative stress genes in leaves and down-regulation in roots; In
contrast, overall, PR genes were downregulated in leaves and upregulated in
roots. Particular attention should be paid to the application of metabolites,
especially Ab-V5 + Ab-V6, which overall resulted in the highest regulation of
oxidative stress and PR genes in both leaves and roots. The authors suggest that
the benefits of Azospirillum inoculation on seeds or by foliar sprays, as well as
foliar sprays with Azospirillum metabolites, are closely related to the synthesis of
phytohormones and the identification of genes associated with plant stress
tolerance and pathogen defense.

Researchs in the field of development of new phytoregulators for corn was
also reported in works [19-27].

19



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XYPHAJI KA3AXCTAHA

3. Discussion of the obtained results

Thus, summarizing the results of the above-described studies in the field of
developing new effective growth regulators of corn, we can conclude that in this
direction, along with classical phytohormones (abscisic acid, cytokinins,
gibberellins), new synthetic phytoregulators are currently widely used, as a rule,
obtained on the basis of nitrogen-containing organic compounds, in particular
amines and ammonium salts. In this direction, we have proposed new effective
regulators of corn growth based on ammonium salts of aliphatic dicarboxylic
acids of the C,-Cs series. The studies conducted in Petri dishes showed that tris(2-
hydroxyethyl)ammonium hydrosuccinate succinate relatively exceeded tris(2-
hydroxyethyl)ammonium succinate, and both compounds of succinic acid
synthesized with triethanolamine exceed the control variant in the effect on corn
seeds in the stem part by 10.8-19.6%, and in the root part by 2.1-13% [28-30].
And also the study of the effect of the glutaric acid derivatives synthesized by us
on seed germination and plant development in laboratory conditions show that
these compounds are recommended for use as a growth substance for various
agricultural crops [31,32]. The work done in field experiments to study the
growth regulatory properties of these compounds provides a basis for the
feasibility of its use in agriculture and landscaping. The effect of a number of
organic acids shows that the use of these derivatives allows to increase the growth
of the above-ground and root parts of corn by a certain percentage, which
contributes to the acceleration of corn growth.

4. Conclusion

Thus, we have developed new effective growth regulators for corn based on
derivatives of dicarboxylic acids of the C,-Cs series. It has been experimentally
established that ammonium salts of succinic acid and ethanolamines can increase
the growth of the above-ground and root parts of corn by 10.8-19.6% and 2.1-
13%, respectively. It has been shown that the obtained compounds have good
phytoregulatory activity and can be recommended for use in agronomy and
agricultural practice.
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Tyiiinaeme. . XXyrepi ayHue xy3iHIe eH KOl CaThbUIAThIH SKIHIII JoHAI Makpul (Ounainan keiin). Torri
JKyrepi — KyHIbl KOKOHIC JaKbUIbI, TaFaMJbIK KYHIBUIBIFBI MEH [IOMi JKarblHaH €H JKaKChl KOKOHiC
JaKbUIIapbIHbIH Oipi. OHAa maiaanel 3aTTapblH MaHb3abl TiziMi Oap: A, B, C xone E mopymennepinin
JKOFapbl Ma3MYHBI, acipece (o KbIKBUIBIHEIH Ker Menmiepi (B9), anaunn (B3) sxone tnamun (B1)
corl a3. Makpo->xoHe MUKpPO3IEMEHTTEPIiH iminje sxyrepige eH kem kamuid (270 mr) xoHe marHuii (37
mr) Gap. JKyrepi KypamblHIaFbl 0Oacka OHIMAEpAE CHPEK KE3JeCEeTiH JJEeMEeHT - Oy JKyrepiie
MHKpOZI03a1a Oap anthiH, Oipak Oyy Oi37iH MUBIMBI3IBI OHBIH XKAKCHI KYMBIC iCTeyi YIIIH KaXKeT CHPEK
METaJIIMEH KOpEeKTeHAipyre »KeTkimikri. JKyrepi MainapiblH, aKybI3OapiblH JKOHE KeMipcylaapIblH
KypaMblHIa TEHAECTIPUIreH, TaNIIbIKKA Oall JKoHE KypaMblHIa [IJIOTEH JKOK. TallblK ilIeK
MePUCTAIBTUKACBIHA KOMEKTECe/Ii, KaTepiii iCiKTiH ayabiH anajasl. COHBIMEH Kartap, TIIOTEHHIH 00IMaysbl
JKYTepiHi eH oMOeOart TaraMIbIK OHIMIe aifHAIBIPA/Ibl, OHBIH OWaiiFa TOH «KapChl KOPCETKILITEPI» JKOK,
JIeHI cay ajgamjap YIIiH je, JeHcayJbIFblHAa mpobiemManapsl O0ap amamuap yiiiH jae Oipael KoJaiibl.
XKyrepi cypiaemaik Jakbll peTiHAE YJIKEH a3bIKTHIK KYHIbUIbIKKa He. JIoHHIH cyTTi-Oanayel3 micy
(a3achiHIarbl KO3aJaplaH aJlblHFAH CYPJIEM TaraM/bIK KYH/BUIBIFBI JKaFbIHAH €H JKaKChUIApIbIH Oipi
Oonbin cananmanpl. JKyrepi jkiOekiHeH jxacajraH IperaparTap Hecen aijarbiil, KaOblHyFa Kapchl,
XOJICPETHKANBIK, T'€MOCTAaTHUKAIBIK areHT peTiHae OyHpek aypynapbiH, OaybIpAbl, ypOJIOTHSUIBIK
aypynapisl, OpTYpJi WIBIFY Teri iciHyilepiH emjieyae KoimaHpuiaael. JKyrepi jkiOeKiHEH jKacairaH
mpenaparrap KalblIThl CEJAaTHBTI dCepre He, COHbIMEH Karap TOOeTTI TeMeHaeTyi MyMkiH. JKyrepi
TYKBIMJIAPBIHBIH YPBIKTAPBIHAH aJIbIHFAH XKYrepi Mailbl KaHAaFrbl XOJECTEPUH JEHIeHiH peTTeiili, OHbIH
KaH TaMbIpJIapbIHbIH KaObIpFalaphiHa LIOTyiH a3aiTaibl, TPOMO03 KayIliH a3aiTa/Ibl JKOHE XOJIEPETUKAIIBIK
ocepre ue. JlyHHexKy3UIK KpaxMall eHAIipiciHIeri xKyrepiHiy yieci mamamen 75% Kypaiabl. XKyrepinig
MaHBI3/IbUIBIFBIH €CKEPE OTBIPBIN, OChI OCIMIIKTIH KaHa TUIMJI ©Cy PeTTerilTepiH )Kacay cajachHIa
Ky#eni 3epTreynep Kyprizy KaxeT. byn xymeicta amudarTbl TUKapOOH KBIIKbUIIAPBIHBIH aMMOHHI
Ty34apbl HETi3iHAE JKyrepi OCIMiH JKeIeiIeTy VIIiH T[EPCHeKTUBTI (UTOrOpMOHIApABI JKacay
CaJlaChIHJIaFbl ©3 3epPTTEYNIePIMi3IiH HOTHKeNepi OepinreH. bi3ne cuHTE3qenreH KOCBUIBICTAap JKYTepiHiH
JKEep YCTi KOHE TaMbIp OOTIKTePiHiH KOOCIOIHE BIKNAI €Till, OHBIH 6CYIH Te3JETECTIHI KOPCETIITeH.

Tyiiin ce3mep: xyrepi, ecy perreriirepi, GUTOrOpMOHIAP, 6CY CTUMYIIATOPIIAPHI, OCY 3aTTaphl
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Pe3tome. Kykypyza — BTOpas 1mo 00BEMY NpojaX 3epHOBas KyJlbTypa B MHpE (IIOCINE MIICHHIBI).
CaxapHas KyKypy3a — II€HHasi OBOLIHAsI KyJbTypa, BXOJSIIAs B YHMCJIO JIyYIIUX OBOLIHBIX KYJBTYp IO
MMUTATENFHOM IIEHHOCTH M BKYCOBBIM KadecTBaM. OHa 00lafaeT 3HAYMTEIBHBIM IIEPEYHEM ITOJIE3HBIX
BEILIECTB: BBICOKMM cojiepkanneM ButamMuHOB A, B, C u E, oco6eHHO 0011bII0ro KoianuecTBa (oIHeBOi
kucinotel (B9), Hemuoro menpiie HuanuHa (B3) u tnammua (Bl). U3 mMakpo- ¥ MHKPODJIEMEHTOB B
KyKypy3e Oonblue Bcero kamust (270 mr) u marnus (37 mr). Penkuit B Ipyrux HpojpyKrax 3JI€MEHT,
coziepKamuiics B KyKypy3e — 30JI0TO, KOTOPOE COJAEPXHTCS B KYKypy3€ B MHKPOI03aX, HO 3TOTO
JOCTAaTOYHO, YTOOBI NMUTATh HAII MO3T PEIKMM METaJIOM, HEOOXOIMMBIM JUISl €ro JIydIleld paboTsl.
Kykypy3a cbanancupoBaHa O COCTaBY JKHPOB, OCJIKOB M yIJIEBOJIOB, OOraTa KJIeTYaTKOH M HE CONSPIKHUT
rmoteHa. KierdaTka mnoMoraeT mepUCTalbTHKE KHINEYHWKA, MpefoTBpamiaeT pak. Kpome Toro,
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OTCYTCTBME TIIIOTEHA JIeNaeT KyKypy3y HauOojee yHHBEpPCAJIbHBIM IPOJYKTOM IIUTAHHs, HE MMEIOLIUM
«IPOTHBOINOKA3aHU», TPUCYINHX IMIIEHHUIE, OJMHAKOBO MOAXOJAIMM KakK Ul 3J0POBBIX JIOJEH, Tak 1
JUIs oJelt ¢ mpobaeMamu co 310poBbeM. Kykypysa Kak cuinocHast KyJIbTypa UMeeT OOJIbIIYI0 KOPMOBYIO
LeHHOCT. CHJIOC M3 IOYaTKOB B (ha3e MOIOYHO-BOCKOBOM CIIETIOCTH 3€PHA CUMTACTCA OAHMM U3 JIYUIIHX
M0 MNuUTaTesIbHOW 1HeHHOCTH. IlpemapaTel M3 KyKypy3HBIX phUIEL NPUMEHSIOTCA KakK MOYErOHHOE,
IPOTHBOBOCIAIMTENLHOE, JKETUETOHHOE, KPOBOOCTAHABIMBAIOLIEE CPEACTBO NIPU JI€UYEHUHN 3a00s1eBaHMit
IOYCK, IICYCHH, YPOJIOTHYECKUX 3a00JIeBaHUH, OTEKOB pa3IMYHOro mpoucxoxzaeHus. I[IpemapaTel u3
KyKYpPY3HBIX DBUIEI OKa3blBalOT YMEPEHHOE YCIIOKauBalolllee MAeHCTBHE, a TaKKe MOIYT CHUXKAaTh
annetut. Kykypy3Hoe Macjo, IOdy4yaeMO€ U3 3apojblliel CeMSH KyKypy3bl, PErylMpyeT ypOBEHb
XOJIeCTEpHHA B KPOBH, YMEHBLIAET €r0 OTJIOKEHME Ha CTEHKaX COCY/OB, CHIKAET PUCK TPOMOO30B M
obnamaeT JKeT4eroHHBIM AeiicTBHeM. JIoNd KyKypy3sl B MHPOBOM IIPOH3BOJCTBE Kpaxmaja COCTaBILIET
0K070 75%. YuuTBIBas BBICOKYIO 3HAUMMOCTb KyKypy3bl, HEOOXOAUMO HPOBOIUTH CHCTEMaTHYECKUE
UCciIeNoBaHusl B obnacTi pa3paboTKM HOBBIX ((EKTHBHBIX PEryJsITOPOB POCTAa ITOrO pacTeHus. B
JIaHHOII paboTe IpEeNCTABICHBI pPE3YJbTaThl COOCTBEHHBIX MCCIICIOBAHHII B 00IacTd paspaboTKH
MEePCIEKTUBHBIX (UTOTOPMOHOB M YCKOPEHHS DPOCTa KyKypy3bl Ha OCHOBE aMMOHHMHBIX COJEH
anubaTHiecKuX AUKApOOHOBBIX KHCIOT. Iloka3aHO, 4YTO CHHTE3HPOBAaHHBIE HAMH COCAHHECHHS
CH0COOCTBYIOT YBEITMUEHHIO HA/I36MHOI U KOPHEBOI YacTel KyKypys3bl U yCKOPSIOT €€ pOCT.

KaroueBble cioBa: KyKypysa, peryjsiTopbl pocTa, (UTOTOPMOHBIL, CTHMYJSITOPBI POCTa, POCTOBBIC
BEIIECTBA
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VALIDATION OF THE METHOD FOR DETERMINING IODIDE IONS
IN SOLUTIONS BY CAPILLARY ELECTROPHORESIS
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JSC «Scientific Center for Anti-infectious Drugs», Almaty, Kazakhstan
*E-mail: karzhaubayeva@mail.ru

Abstract. Introduction. The article is devoted to the validation of the analytical method for the
determination of iodide ions in solutions by capillary electrophoresis. This concept represents the entire
part of analytical chemistry, especially in the field of drug quality control, where the sensitivity and
specificity of the method are of crucial importance. The relevance of the study is due to the need for
accurate and reliable quantitative analysis of iodide ions in solution, including dosage forms, and complies
with international requirements (ICH Q2 (R1)) for the validation of analytical procedures. The objective
of this validation was to determine the validation characteristics of the method for determining iodide ions
in solutions by capillary electrophoresis.

Results and discussion. The article describes in detail the validation parameters: accuracy,
repeatability, limit of quantification, linearity and working range, which increases the practical value of
the validation results of this method. It was established that the limit of quantitative determination is 2.6
mg/l, the working range of the method is in the range from 2.6 mg/l to 240 mg/l, the correlation
coefficient is 0.9999. Conclusion. The work uses international ICH standards and internal company
procedures. Linearity is observed for the entire studied range from 0 to 200 mg/l. High sensitivity of the
method (2.6 mg/l) and linearity (R2 = 0.9999) are proven. The method fully meets its purpose, is
successfully used in the analysis of medicinal preparations, and the possibility of replacing potentiometric
titration with a more accurate method has been demonstrated. The methodology has practical significance
in the context of quality control.

Key words: validation, capillary electrophoresis, substance, medicinal product.
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KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

BAJIMJALIMA METOAUKU ONPEJEJIEHUA HOAUJ] HOHOB B PACTBOPAX
METO/JOM KAIIWIJISAPHOI'O 3JIEKTPO®OPE3A

P.A. Kaporcayoaesa™, C. Typeanobaii, E.H. Caxunos,
3.C. Awmumxanosa, I.K. baucaunosa, A.P. Kypmananuesa

AO «Hayunviii yenmp npomosoun@ekyuonnsix npenapamosy Aimamel, Kazaxcman
*E-mail: karzhaubayeva@mail.ru

Pe3tome. Bseoenue. Crarbs NOCBAIICHA BAaJIWAALMH AHAIUTUYECKOW METOAMKH OIPENeNCHHUs HOIUI
HOHOB B PAacTBOpPAaxX METOJOM KalMJUIAPHOTO 3MeKTpodope3a. DTO HampapieHHE NPEACTaBIseT CoOon
B)KHYIO YaCTh B QHAIMTHYECKOH XHMMHH, OCOOCHHO B 00JAaCTH KOHTPOJS KayecTBa JICKapCTBEHHBIX
CPEJICTB, TJI€ YYBCTBUTEIBHOCTh U CIIEHU(PHUIHOCT METO/IA HMEIOT pellaoliee 3HaYeHHe. AKTYaIbHOCTh
HCCIIE0BaHusl 00yCIIOBIeHa HEOOXOAMMOCTBIO TOYHOTO M JOCTOBEPHOIO KOJIMYECTBEHHOIO aHalH3a
HOJWA-MOHOB B pacTBOpE, BKIIOYAs JICKAPCTBEHHbIC (OPMBI, W COOTBETCTBYET MEMKIYHAPOIHBIM
TpeboBanusiM PykoBoactBo MexayHnapoanoro cosera no rapmonmsanuu (ICH) mo Bamupanun
aHAJMTHIECKUX METOMMK, rae «R1» o3nauaer «Pemakums 1» (nepecmorpennas peaakuus) (ICH Q2 (R1))
K BaIWAALMH aHAIMTHYECKHX mpouenyp. [Llen Oaunou earuoayuu COCTOSNA B OIpPENSICHUU
BAIMJALMOHHBIX XapaKTEPUCTHK METOMUKM ONpeNeleHHs HMOJUJ HOHOB B DPACTBOPAaX METOAOM
KanWUIIpHOTO 3Jiektpodopesa. Pesyibratel u obcykaenne. B crarbe MoapoOHO OMUCAHBI MapaMeTpsl
BaIUJIALMK: TPABUIIBHOCTD, MMOBTOPSEMOCTh, MPEAEN KOJWYECTBECHHOTO OMNPECICHHs, JHUHEUHOCTh U
pabounii Auana3oH, 4To MOBBIMIACT MPHUKIAAHYIO IEHHOCTh PE3yJbTATOB BAIUAAIMHN AaHHOW METOJHKH.
VYcraHOBIEHO, YTO TPEAEN KOJMYECTBEHHOTO ONPEACNICHUS COCTaBiseT 2.6 Mr/i, pabouuii Juama3oH
METO/Ia HAXOQUTCS B uHTEpBane or 2.6 mr/a mo 240 wmr/a, koaddunment xoppemsmun 0.9999.
3axnouenue. B pabore npumeHensl MexayHaponHsle cranaaptbl ICH u BHyTpeHHHe mnpouenypst
npeanpustst. JIMHEHHOCTh COOMIOMACTCS Il BCErO KCCIIEAOBaHHOrO auama3ona ot 0 mo 200 wmr/m.
Jloka3aHa BBICOKAS UyBCTBUTENLHOCTH MeToia (2.6 mr/m) m muHeitnocts (R? = 0.9999). Mertoauxa
MOJIHOCTBIO OTBEYAET CBOEMY IPEAHA3HAUYCHHUIO, YCHELIHO HUCIOJb3yeTCs MPU aHAIM3€ JIEKapCTBEHHBIX
[pernaparoB, MPOJEMOHCTPUPOBAHA BO3MOXKHOCTh 3aMEHBI MMOTCHIMOMETPUYECKOTO TUTPOBaHHs OoJiee
TOYHBIM METOJOM. MeToAnKa HMeeT NPAaKTHYECKYI0 3HAYMMOCTh B paMKaxX KOHTPOJIS KadyecTBa
HOJICOJCPKAIIUX JCKAPCTBECHHBIX MPEapaToB.

KioueBsble cj10Ba: Bamuuanys, KamULIPHBIHA 3JIeKTpodopes, CyOCTaHIMs, IeKapCTBEHHBIH IIpenapar.

Kapowcaybaesa Poza Ackapoena Karnouoam mexnuyeckux Hayk
Typzanoai Ceiimarcan PhD

Caxunoe Epmex Hapumanoeuu Mazucmp mexuuueckux HayK
Awumxanosa 3aypews Caiioaxmemosna Cmapuwiuii HayuHblll COMPYOHUK
bauzaunoea I'ynuam Kyanoexoena Cmapuwiuii HayuHblll COMPYOHUK
Kypmananuesa Acenv Paxumosna Mazucmp mexnuueckux Hayx

1. Beenenue

B coorBerctBun ¢ pexomenmamusamu ICH w Bemymux dapmakoneit
AHAJIMTUYECKUE METOJUKHU JOJDKHBI ObITh BamuaAupoBaHbl. CTaThs MOCBSIICHA
BaJMJIAIMN AHATUTUYICCKON METOIUKU OMpENeNICHHs HMOANJ UOHOB B PAacTBOpax
METOAOM KaIlJUIIPHOTO 3JIeKTpodopesa. ITo HANIPABICHHUE TIPEICTABIISICT COOOM
BOXHYI0O YacTh B AaHAJUTHYCCKOW XUMHH, OCOOCHHO B OO0JIACTH KOHTPOJIS
Ka4yecTBa JIGKAPCTBEHHBIX CPEJICTB, TJ€ YyBCTBUTEIBHOCTh M CHENU(UUIHOCTH
METOJla HUMCIOT  pelIallnee 3HA4YCHUE. AKTYaabHOCTh  UCCIEIOBaHUS
o0ycIioBliecHa HEOOXOJUMOCTBIO TOYHOTO M JIOCTOBEPHOTO KOJIHYECTBEHHOTO
aHa/lM3a MOJUI-MOHOB B pPacTBOpE, BKJIIOYAs JIEKAPCTBEHHBIC (OPMBI, H
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COOTBETCTBYeT MexayHapomuabiM TpeboBanmsiM (ICH Q2 (R1)) x Bammmanuum
AHAIMTUYECKUX MpoLeayp. B cBs3U ¢ 3TUM, Leab JaHHOM BaduAaLMU COCTOsIA B
OTPE/ICTICHUN BaJMJIAIMOHHBIX XapakTepuctuk meronuku TP-CA-004 «Ananu3
CoOJIepKaHMs MOAWJ NOHOB B PACTBOpPaX METOJOM KaNMWIISPHOTO 3JIEKTpodopesa
Agilent 1600» [1], obecnieueHne MOKYMEHTAIHHOTO TOJITBEP)KICHUS TOTO, UTO
MpoLeIypa COOTBETCTBYET CBOEMY MPEAHAZHAUCHHUIO.

Kammmnsapaelid  smekTpodope3 YHHBEPCATBHBIM METOM, O00CCICUHBAIOIIIHI
pasneneHUe W KOJMYECTBEHHOE ONpENEiICHHE 3apsDKCHHBIX — YacTHUIl  C
WCKITIOYUTEIbHON A((EKTUBHOCTRIO W pa3pelieHueM. [Ipou3BOIUTENHEHOCTS,
HaJeKHOCTh M TIPOCTOTa HCIIOJB30BAHUS codeTaloTcss B mpubope Agilent ¢
BBICOKOHA/IEKHOW CHCTEMOM KOHTPOJI M PETryIUpOBKU AaBieHus. KanumisipHeli
anekTpodope3 MEeToJ, T/ie paslieieHHe OCHOBAaHO Ha IMOJBIKHOCTH HOHOB B
SJEKTPUUYECKOM TOJ€, TOSTOMY JaHHBI METON WIeadbHO TMOAXOTUT JJIs
pasfeneHus 3apsHKCHHBIX COCNWHEHHH, KOTOpPBIE 3a4acTyr) MNpoOJIeMaTHYHO
pasmenuth MeromoM BOIXKX. JlerekTop ¢ IHUOMHONW MAaTpHUIleH 3HAYUTEIHHO
YBEJIIMYMBACT YyBCTBUTEIBHOCTh CUCTEMBI. biiarogaps BEICOKOH 3¢ (heKTUBHOCTH
1 paszpemiaromieil cnocoOHOCTH, OBICTPOTE aHANHM3a W MHHAMAIBHBIM 3aTpaTam
oOpasiia ¥ peakTUBOB, KAMJUIAPHBIN 3JIeKTpodope3 cTaj, NPU3HAHHBIM METOIOM
IUIsl  aHajau3a 3apsDKCHHBIX, HOHU30BAaHHBIX WM TOJSPHBIX COCAMHEHMM.
YHUBEpCATHHOCTh METOJIa HAXOIWUT NPUMEHEHHWE B Pa3IMYHBIX O00JacTIX: OT
pa3pabOTKH JIEKapCTBEHHBIX CPEACTB JO KOHTPOJIS 3a KaueCTBOM M aHalM3a
HOHHOTO COCTaBa.

B xome Bammpmammm OBITM HMCCIEIOBAHBI CIIEAYIONIHE XapaKTEPUCTHUKH:
NPaBUIBHOCTb, MOBTOPSEMOCTb, TMpeAesl KOJIHUYECTBEHHOIO ONPEICIICHHUS,
pabounii Arana3oH ¥ JMHEWHOCTH MPH aHAIN3€ NOIU HOHOB B PaCTBOPax.

2. JKcnepUMEeHTAJIBHASA YacTh
Banmpanuio BEITONHATIN Ha MprOOpe KamIIIPHOTO 3ekTpodopesa Agilent,
tun G1600AX (Agilent Technologies, CIIIA) ¢ wucmonb30BaHUEM JIHOIHO-
MaTpPUYHOI'O IETEKTOPA.
AHanu3 NpoBesy MpH CASAYIONUINX TapamMeTpax:
- Kauwuisap ¢ BHyTpeHHUM auameTpoM 50.0 MKM;
- IHHOH 56.0 cMm;
- Oydepusiii pactBop pH 9.3;
- Temneparypa kaccetsl 25 °C;
- IpeaBapUTeNbHas MOATrOTOBKA KamWIIsApa BKIroYaja: MpoMbiBKy 3 muH 0.1 H
NaOH; 3arem 3 mun OydepubsiM pactBopom pH 9.3;
- pu gasnernu 900 m6ap (90 xI1a);
- npo0Oa BBojwIack mHeBMarudecku (50 moOap (5 klla), 10 c¢);
- IOJISIPHOCTh OTPHULIATEIIbHAS,
- Harpspkenue -30 kB;
- JETEKTUPOBAHUE ITPOBOIMUIIH T10 MOJIOCE MOTJIOMIEHHS (IJIMHA BOJIHEL) - 226 HM.
PaGora Ha mpuOOpe BBHINOJHSAIACH COTIIACHO PYKOBOJCTBY, MHCTPYKIIMH,
CTaHJAPTHOU omepalronHoi nporenype SOP-EQ-037 «DkcrutyaTamus CuCTeMbl
KamuiapHoTo anekTtpodopesa Agilent 1600» [2-4]. B kauecTBe crangapTHOTO
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obpasua ucnonp3oBanmu ['CO 9426-2009 woaua moHoB, npousBoauTens CaHKT-
[lerepOypr. PacTBopbl TOTOBHMIM TakuM 00pa3oM, 4YTOOBI KOHIIEHTpAIUS
nomajana B pabouuii muana3on aHaiutuaeckoro meroaa (0-200 mr/i).

Meronuueckass mpouenypa Obla BaJUAMPOBaHA COIVIACHO CTaHIAPTHON
onepanuoHHoii mpouenype SOP-GE-004 «BanuaupoBanue aHaIMTHYECKHX
metoqoB» [5]. TpeOoBaHMs 10 BanWgAlMM  AHATUTHYECKUX  METOJOB
onybnukoBanbl B ICH pykoBoactee Q2 (R1) (CPMP/ICH/381/95) [6-8]. B
coorBerctBud ¢ SOP-GE-004 Obutn  BbIOpaHbl  cEQyIONIME MapamMeTphl
peBaNMIAIMM W COOTBETCTBYIOIINE KPUTEPHUH NPHUEMIIEMOCTH: IPABHIBHOCTD
(cucremarmdeckas  OMIMOKAa), TIOBTOPSIEMOCTh, TMpPeAeN  KOJIMYECTBEHHOTO
onpenenenus (LOQ) u pabouwmii qramaszoH.

Onwucanue npouecca BaluAalum:

- b mpurortosnen pacteop ['CO noaun noHos 200 Mr/m Asst BaJIMAALHH:

rotoBuiH pazbasienueM 5 mi pactopa ['CO (9426-2009) B mepHOiT KoIOE
710 25 MUJI IO MHCTPYKITUH ITPOU3BOIUTETIS.

- b mcmonp3oBan Oydepusrii pactBop Agilent ¢ pH-9.3 (cocraB Oydepa
tetpabopar Hatpust 0,05 MOMIB/T U1 KAHWJUIIPHOTO JIeKTpodopesa).

- bein 3anmmcaHbl AneKTpodoperpaMMbl IPUroTOBIEHHOTO pactBopa ['CO
noaua uoHoB 200 MI/J B IIECTH TIOBTOPAXx.

- beut onpenenen ypoBens mryma aiist pactsopa I'CO nonua noros 200 mr/im.

- boun paccunTaHBl CpefHEe 3HAYEHHE, CTAaHAAPTHOE OTKIOHEHHE IJIs
IUTOIA/AY TIMKA U KOHLEHTPALUH, a TAK)KEe OTHOLIEHUE CUTHAI/LIIYM.

- beut onpennenen pabounii Auana3oH.

3. Pe3yabTaThl M 00CYKIeHNE

[IpaBuiibHOCTH

[TapameTp «IPaBUIBLHOCTHY METOMUICCKOMN MPOIEITyphl ONMPEICISUIH TyTeM
agamm3a ['CO c u3BeCTHBIM MACIIOPTHBIM cofepkaHneM aHanuta. [IpoBommmu
onpenencaue noaua noHa 'CO ¢ xoHuentpanuedt 200 Mr/n B meCTH MOBTOpaXx.
[Mnomane nuka ompenensuin U3 3neKTpodoperpamMM, BHOCHIU B Tabmuiy 1.
Konnentpamusi woaua HWOHOB OMpENesiach aBTOMATHYECKH C  ITOMOIIBIO
nporpammHoro obecrieuerust Agilent Chemstation, 1160 moxHo o dhopmyie 1.
PaccuuTsiBanm cpeHee 3HAaYCHUE U €70 OTKJIIOHEHUE OT NCTHHHOTO 3HAYCHWS.

o, 100xS,
X=—-—
So 1)

rue:

CX - KOHIIEHTpaLKs pacTBopa odpasia, Mr/i

SX - momaap nuka pacTBopa obpasua

SO - mIomwaap NHMKa CTaHJAPTHOTO pacTBopa noaunaa ¢ KonuneHtpauuei 100
MT.

Kpurepun npuHATHS NPaBWIBHOCTH MO KOHUEHTPALUH IOJDKHA OBITH B
nHTepBane + 3 % ot uctuHHOTO 3HAa4YeHUs 200 Mr/iI.
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Taomua 1 - Pe3ynbTaThl OLEHKH IPaBUIIBHOCTH

Ne ITnomans S, MEA*cek. Konnenrpanust C, Mr/n

1 690.96 196.83

2 696.44 198.39

3 700.49 199.54

4 703.86 200.50

5 704.53 200.69

6 708.41 201.80
CpenHee 3Ha4YCHHE 700.78 199.63
HcruHHOE 3HaUCHHE - 200.00
IIpaBuIbHOCTH - -0.37 (-0.19 %)

U3 pesynpraToB B Tabimie | BHAHO, YTO MapaMeTp «IPABHIBLHOCTDHY
(cucremaTHuecKas OTPENIHOCTh) MeTojia coctapiseT -0.37 mr/n wim -0.19 %.

DT0 3HAYCHHE HAXOAWUTCS B TPAHHUIAX YCTAHOBJICHHBIX B BaIUIANMOHHOM
miane VP-PCM-004 "Ananu3 comep)kaHus MOIWI HOHOB B pacTBOpPax METOIOM
KammuIsipHOTO AekTpodopesa” [9].

[ToBTOpsiemocCTh

[TapamMeTp «HOBTOPSIEMOCThY» ObLIA OMNpeJelicHa AHATOTHYHBIM IYTEM.
IIpoBonumu onpenenenre nonun nona I'CO ¢ xornenTpanuent 200 M1/ B mecTn
MOBTOpaXx.

[Tnomank MuKa OMpeessuid U3 BIEKTPOPOperpaMM U BHOCUIH B TAOIHILy 2.
KoHIleHTpauss HOIUA HMOHOB OINpENeNsiach aBTOMATHYECKH C TOMOIIBIO
nporpammHoro obecrieuenust Agilent Chemstation. Cpeanee 3nauenne u CKO
UIl  eIMHUYHOTO  ONpEAETICHUS  PACCUUTHIBAIM  C  HCIIOJIb30BaHHEM
BanmuaupoBanHoi Excel Tabmumpr CS-PCM-002, mn6o moxHO 110 hopmye 2:

N R
CKO = 2. D) 2)
\]!_1

rae: X — OTAEIbHOE H3MEPCHHCE;
X — cpellHEe 3HaYEHUE;
N — 00BEM BEIOOPKH.

Cormacuo  tpeboBanmsiv  metonuku mnosepku  u ICH Q2 (R1)
(CPMP/ICH/381/95) xputepun TPHUHATHSA TPABHIBHOCTH IO KOHIIEHTPAIMH
cocTaBiseT +3 % OT UCTUHHOTO 3HaYCHUs! KoHUeHTpauuu noaua nonos ['CO 200
mr/i. Kputepuu npuHATHS TOBTOPSIEMOCTH XapakTepusyroTcs 3HauenneM CKO u
HE MOJUKHBI MpeBbiiath +4 % i rwomaau nuka U +3 % i1 3HAYCeHUs
KOHIICHTpAIlMK  HOJMJ  HMOHOB. Pe3ynbTaThl  ompejieicHHus  mapamerpa
«IIOBTOPSIEMOCTBY MTPHUBEJICHBI B TabwIIe 2.

29



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

Ta6auna 2 - Pe3ynbTarhl OLEHKU TIOBTOPSEMOCTH

Ne ITnomans S, MEA*cexk. Konnenrpanus C, Mr/a

1 690.96 196.83

2 696.44 198.39

3 700.49 199.54

4 703.86 200.50

5 704.53 200.69

6 708.41 201.80
CpenHee 3HaYCHUE 700.78 199.63
HctunHOE 3HaYeHHe - 200.00
CKO 6.28 (0.90 %) 1.79 (0.89 %)

N3 pesynpraTtoB B Tabmmie 2 BumHO, 9T0 CKO 1m0 KOHIIEHTpAaMHU HOIH
noHa coctabisger 0.89 % u nmo mromanu muka 0.90 %, T.e. OHHM IOJIHOCTBIO
yIOBIETBOPAIOT KputepusaM mpunsatus VP-PCM-004 "Awnanu3 conepxaHus
HMOJHJ MOHOB B PaCTBOPaxX METOAOM KallWJLUIAPHOTO 31eKTpodopesa’.

[Ipenen xonmmaectBennoro onpenencums (LOQ)

[MapameTp «mpeaen KOIMYECTBEHHOTO OIpeesIeHNsDy OBl ONpeesieH TyTeM
cpaBHeHHs curHaina U myma. C HCIIOIb30BaHUEM IPOTPAMMHOIO OOECIICUEHHS
Agilent Chemstation. KpurepusiMmu mnpuHATHA HTaHHOTO IapamMeTpa MOYKHO
CUMTATh COOTHOIIEHUE curHai/mrym 10:1.

Cursan B COOTBETCTBUM ¢ oTdetamu mpubopa cocrasiser 77 mAU (milli
Absorbance Unit - egwHWIla MOTNIOIIEHWS B MHJUIM, €IWHHIA H3MEPEHUS
onTH4eckor MmioTHocTH), a mym MeHee 0.1 mMAU (ASTM). MunumanbHas
koHueHTpaua LOQ nomkna npesbimiats wyMm B 10 pas, T.e. ObITh paBHOH WK
6oxpme 1 MAU. Curnan 77 mAU cooterctByer 200 Mr/i, cooTBeTCTBEHHO 1
MAU cocrasisier 2.6 mMr/im.

Beut ompenenen npeaen KOJIMYECTBEHHOTO ONpEAETIEHHS MYyTEM CpPaBHEHMS
CUTHAJIA W 1IIyMa, HWKHAN TIpeJiell COCTaBIsieT 2.6 Mr/i.

Pabouwnit quamazon

OntuManpHBIA pabounii JUana3oH METOAa BBIOpaH SKCIEPUMEHTAILHBIM
IyTEM.

Ilo pesynapraTaM SKCHEPUMEHTAIBHOIO  OINPECNICHHS ONTUMAJIBLHOTO
pabouero jauara3oHa HaM YJaJOCh YCTaHOBHTh, 4TO HauOosee 3PPEKTUBHBIM
pabouuM [Mama3oHOM KOHLEHTpalMid Uil  JaHHOTO MeETOoAa  SIBISieTCS
KOHIEHTpAIlMK HOANI HOHOB OT 2.6 mr/m mo 240 mr/m. Bepxneii rpanureit
pabouero samamazoHa sBusercss 120 % OT MaKCHMaJbHOW KOHIICHTPAIIHH,
ONPEICIICHHON SKCIIEPUMEHTANIBHO B MpeJieNax JIMHEHHON 3aBUCUMOCTH.

Onpeaenuiu pabounii Auana3oH METOAa HaXOIUTCs B MHTEpBae OT 2.6 MI/n
110 240 mr/m.

JIuneitHocTh

JluHeHHOCTh METOAMYECKOI MpoLeayphl OblIa ONpeiesieHa MMyTeM aHaiu3a 5
Pa3IMYHBIX KOHIIEHTpAlMi, HauMHast oT OaHka (Boaa) u nanee ot 40 mr/i go 200
MI/JI, B KOTOPOM COOJIIOJTaeTCS JIMHEIHAass 3aBUCHUMOCTH IUIOIIAJEH MHKOB OT
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KOHIICHTPAIIMHA HOAMI HOHOB KAaJIHOPOBOYHBIX pacTBOpoB. C  IMOMOIIBIO
mporpamMmel  Origin  mocTpoeH TrpadHK JIMHEHHON 3aBUCHMOCTH, pAcCUHTaH
KOI()GHUIUCHT KOPPENSIUU M TapaMeTpbl JHHEHHOTO YPAaBHEHUS Yy=a+tB+X.
KanubpoBounas npsimast mpruBeAeHa Ha pUcyHKe 1.

1207

TLnomans (MEA*cek)

T T
0 100 200

KonneHTpanms (Mr/m)

Pucynok 1 — KanubpoBouHast kpuast.

Koaddumuent xoppemsaun 0.9999.
JluHeHHOCTD COOMIOaeTCs sl BCETO MCCIENOBAaHHOTO AuamnasoHa ot 0 1o
200 mr/m.

Pe3ynmbTaThl MpOBEICHHON BaIMIAIMK TPUBEIACHBI B Ta0IHIIE 3.

Ta6auna 3 — Pe3ynbTarTsl BAIMAANNA METOIUKH ONpPEACICHHUS MOIUA MOHOB METOAOM KAIMIUIAPHOTO
anekTpodopesa.

[Tapametp XapakTepucTuKa Pesynbrar
IIpaBuibHOCTD % -0.19
[ToBTOpsieMOCTH % 0.89
IIpenen KOMMYECTBEHHOTO M/ 26
Olpe/ie/ICHHs
PaGounii nuamna3zox Mr/i 2.6 - 240
JIuneitHOCTH - R2=10.9999

Pe3ynpTaThl MpoOBEACHHON BalMJAalMU MPUBEACHBI B OTYETE MO BaJIHIAINU
VR-PCM-004 [10], a mpakTHyeckue acmekTel paboT 1O BalWIaluu
aHamutHaecknx Mertonuk [11-12]. B crarbe moapoOHO ommcaHbl MapaMeTphl
BAIWAALUUKN:  NPaBWIBHOCTb, TOBTOPSEMOCTb, Ipelell  KOJIMYECTBEHHOTO
OIpefeNieHHs], JIMHEHHOCTh M pabouuil [uamnazoH, 4TO MOBBIIIAET MPHKIAJAHYIO
LEHHOCTh PE3yJIbTATOB BaJIUJALNU JaHHON METOAMKH.

JlaHHas BaNMMAMPOBAaHHAS METOJMKA YCICHNIHO  HUCIOJB3YyeTCs IpH
MPOBEICHUH HCCIICIOBAHMS KOJIMYECTBEHHOTO ONpEAEICHUS] MOAHMI HOHOB BO
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Bcex paspaboTaHHbIX B HaydHOM IieHTpe JEeKapCTBEHHBIX CYOCTaHLIUAX U
rpenaparax.

4. 3akaiovyeHue

[IpoBenena Bamumalusi METOAMKH «AHAJIM3 COAEP)KAHUS HOIMI HOHOB B
pacTBopax METOIOM KanWUIIPHOTO 3nektpodopesa Agilent 1600». B pabote
MIpUMEHEHBl MeXayHaponHsle craHmaptel ICH w BHyTpeHHHE TpOIEAypHI
MIPEANPUATHA. Y CTAHOBJICHO, YTO MeToaudeckas nporeaypa TP-CA-004 "Ananus
COJIepKaHUs HOM]T HOHOB B PACTBOPaX METOJIOM KalMIUISIPHOTO 3JeKTpodopesa”
[12], mpurogHa nafs KOJUYECTBEHHBIX HCCIEIOBAHUM, TaK KaK IOJHOCTHIO
COOTBETCTBYET crienupukanusM. JIaHHbIH METOJ [MOKa3ad BHICOKYIO TOYHOCTh U
HaJCKHOCTh  PE3yJIbTaTOB. YCTAHOBJICHO, 4YTO TMpeAed KOJMYECTBEHHOTO
ompesieNeHus COCTaBisieT 2.6 MI/n, pa0ouuii NUama3oH METOJa HAXOAWTCS B
uHTEepBaie or 2.6 mr/m mo 240 wmr/a, xodddumment kxoppeaamuun 0.9999.
JlokaszaHa BBICOKAas UyBCTBHTENBHOCTh MeTozna (2.6 Mr/m) m mmmeitHocts (R? =
0.9999). JluneiinocTh COOMIOAAETCS I BCErO MCCIEAOBAHHOIO auarna3oHa ot 0
110 200 mr/m.

Takum 00pa3om, HCIIOIB30BaHNE METOA KaMIISIPHOTO AeKTpodopesa aist
KOJIMYECTBCHHOT'O OIPEJCICHUS HWOIUJ-HOHA SIBJIACTCS OoJiee HAACKHBIM U
OBICTPHIM IO CPABHEHHUIO C METOJIOM IMOTEHIIMOMETPHYECKOTO0 TUTPOBAHUS, YTO
nemaer ero Oojee KOHKypeHTOCIOCOOHBIM [13-14]. MeToauka IIOIHOCTBIO
OTBEUYACT CBOEMY IIPEJHA3HAUCHHUIO, VCICIIHO UCIOJb3yeTCs TP aHaIu3e
JIEKapCTBEHHBIX IPENapaToB.

®dunaHcupoBaHue: 1o nporpamme BR24992760 2024-2026 rr. «Pa3paboTka moTeHImaTtopa
AHTUMUKPOOHOTO JeHCTBUS KOMOMHALMH aHTUOMOTHKOB, i 3(dexTuBHON Tepanmun 3a0o0JeBaHUIA,
BBI3BaHHBIX OaKTEPHSIMH C MHOXKECTBEHHOM JIEKAPCTBEHHOH yCTOMYUBOCTBION.

KoHduKT HHTepecoB: B paboTe OTCYTCTBYET KOHGIUKT HHTEPECOB MEXTY aBTOPAMU.

KAIIWIJIAPJIBI 3JIEKTPO®OPE3 9IICIMEH EPITIHAIJIEPAEI'T MOAUJ HOHJIAPBIH
AHBIKTAY 9IICTEMECIH BAJIMJALUAIAY

P.A. Kapsrcayoaesa™, C. Typzanoan, E.H. Caxunos,
3.C. Awumxanosa, I.K. baucaunosa, A.P. Kypmananuesa

«Hnghexyusza kapcol npenapammap zviivimu opmanvigely AK, Aimamet, Kazaxcman
*E-mail: karzhaubayeva@mail.ru

Tyiiinaeme. Kipicne. Makana KanuiIsIpIIbIK, 31eKTpodope3 diciMeH epiTiHiIepAeri HOIUI NOHAaPbIH
aHBIKTAY/bIH AHAIUTHKAJBIK OMICIH TeKcepyre apHairaH. Byl GarbIT aHAJMTHKAIBIK XHUMHSIA, dcipece
JIOpUTIK 3aTTapIpbIH canachlH OaKpliay CallaChHJa €peKIIe OpPBIH alajbl, MYH/A SIICTIH CE3IMTaJIIBIFBI
MEH epeKIIeNiri oTe MaHbI3Ibl. 3ePTTEYAIH ©3eKTUIIr ASpiliK GopManapabl Koca ajFaHzia, epiTiHAiAeri
WOIUI MOHIAPBIH A9J KOHE CEHIMJII CaHBIK Taljlay KaKETTLTIriHe OaiIaHBICTHI KOHE aHATUTHKAIBIK
MpolLe Ly paiap/isl BaMIalHsIIayFa KOHbUIaTeIH Xabikapaislk taganrapra (ICH Q2 (R1)) coiikec kenesi.
byn sanuoayusansiy maxcamsl KanuuIspIbIK 31IeKTpodope3 9liciMEH epiTiHALIepIeri HOIUA HOHIAPbIH
aHBIKTAY 9JIiCTEMECIHIH BATMIALMSIIBIK CHIIATTaMalapblH aHbIKTay OONABL. Homuoicenep jcane mankwiiay.
Makanana Banuaanus MapaMeTpliepl erKei-TerKeal CUMaTTalnfaH: TYPBICTHIFBI, KaiTalaHybl, CaH/IBIK
IIET1, CBI3BIKTBIFBI )KOHE JKYMBIC ayKBIMBI, OYJI OCBI 9ICTEMEHIH BaJHJalusl HOTH)KEJIEPIHIH KOJIaHOaIbI
MoHIH apTThIpajsl. CaHIbIK aHBIKTay IIeTi 2.6 MI/JI, oicTiH >KyMbIC AMana3oHk! 2.6 Mr/in-nen 240 mr/i-re
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Ieifinri apaneikra, xoppeminus koddounuenti 0,9999 exenniri aHbIKTannel. Kopwimeinowl. XKyMmbicta
ICH xanbIkapaiblK CTaHAAPTTAPhI )KOHE KOCIMOPBIHHBIH 11K MPOLeAypaiapbl KOuAaHbu1aabl. ChI3BIKTHIK
0-nen 200 mr/n-re neiinri 6apibIK 3epTTENIeH AUaNa3oH YIIiH CaKTalaabl.9fiCTIH KOFaphl CE3IMTaIABIFbI
(2.6 mr/n) sxone chi3bIKTHIK (R?= 0.9999) monenzmenni. OmicTeMe ©3iHIH MaKcaThIHA TOJIBIK XKayan Gepe,
JOpUIiK 3aTTapibl TalJayAa COTTI KOJNJAHbUIANBI, IIOTCHIMOMETPHSUIBIK THTPICYHl IQNIIpEK OJicIeH
aybICTBIPY MYMKIiHAIr kepcerinred. Kypambinna wonsl 6ap A9puNiK 3aTTapAblH camacklH Oakbliaysa
O/IiCTEeMEHIH MPAaKTUKAIIBIK MaHBI3bI 30P.

Tyiiin ce3nep: Banumauus, KamuuLIPIIbL AIeKTpodopes, cyOCcTaHIMs, AIPLIIK 3aTTap.
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Typzanoai Ceiitmarcan PhD

Caxunoe Epmex Hapumanosuu Texnuka ebliblMOAPbIHbIY MAZUCIPE
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Bauzaunosa I'ynuam Kyanoexoena Aza evinvimu Kbizmemkep
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VJIK 541.49

CHANGING THE DEGREE OF CONNECTION OF POLYMER CHAINS
WITH GOLD AND IRON IONS IN THE INTERPOLYMER
SYSTEM KU-2-8-P4VP

T.K. Jumadilov'?, G.T. Dyussembayeva *?*, Kh. Khimersen®?,
Zh.S. Mukatayeva?, J.V. Grazulevicius®

1 A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
2Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
3Kaunas University of Technology, Kaunas, Lithuania

“E-mail: g_gazinovna@mail.ru

Abstract. Introduction. This paper presents the degree of binding of polymer chains with gold and
iron ions based on cross-linked polyelectrolyte interpolymer systems. The objects of study were the cation
exchanger KU-2-8 and the anion exchanger P4VP, which are used in domestic production. The purpose.
Determination of the sorption properties of the interpolymer system based on the cationite KU-2-8 and the
anionite P4VP, as well as experimental confirmation of the degree of binding with gold and iron ions. The
obtained results. During the study, the degree of binding of polymer chains to gold (Au*) and iron (Fe?*)
ions in the KU-2-8-P4VP interpolymer system was determined depending on the molar ratio and time.
Compared to the individual polymer KU-2-8 (6:0), the anionite P4VP (0:6) showed a significantly higher
degree of gold ion sorption, which stabilized over time. The maximum degree of binding of gold ions to
the polymer chain was recorded after 6 hours in the interpolymer system at a ratio of (2:4) and amounted
to 3.16 %. The degree of iron ion binding, especially at a ratio of 4:2, reached a significantly higher level
after 24 hours, amounting to 6.46 %. As a result of remote interaction, areas of change were identified at a
ratio of 4:2, and after 24 hours, the degree of gold and iron ion binding increased by 8.77 %. As can be
seen from the diagram, the degree of iron ion binding in the interpolymer system is less intense compared
to gold ions, and in almost all cases, the degree of gold ion binding reaches maximum values. In the KU-
2-8 — PAV/P interpolymer system in a 1:5 ratio, the degree of binding of gold ions to the polymer chain
within 24 hours was 3.13 %, and for iron ions, this indicator was 0.55 %. Conclusion. The results of the
study indicate that in the interpolymer system, the degree of binding of gold ions to the polymer chain is
significantly higher, while the degree of binding of the polymer to iron ions is relatively weak and stable.

Keywords: KU-2-8, PsVP, interpolymer system, hydrogels, sorption, desorption, remote
interaction, gold ions, iron ions, degree of connection.
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KY-2-8-114BI1 l/lHTEPHOﬂMMEPﬂl )KYFIECIHIIE AJITBIH )KOHE TEMIP HOHJAPBIMEH
NOJIMMEP TI3BBEKTEPIHIH BAUJIAHBICY NA9PEXECIHIH, O3I'EPICTEPI

T.K. Incymaounoe*?, I.T. [liocembaesa?", JK.C. Myxamaesa?,
X. Xumapcan Y2, 0. B. I'parcynasuuioc’

Y«O.B. Bexmypoe amvinoazel xumus uiavimoapul uncmumymul» AK, Anmamel, Kazaxcman
246aii ameinoazer Kazax ynmmulk nedazozuxanvis yuusepcumemi, Anvame, Kaszaxeman
3Kaynac mexnonozuanwi ynueepcumemi, Kaynac, Jlumsa

“E-mail: g_gazinovna@mail.ru

Tyiiingeme. Kipicne. Byn 3epreyne TOpiaHFaH MOJNUIJICKTPOIUTTIK HHTEPIIOIUMEPIIK JKyiienepre
HETI3[Ie/ITeH aNThIH JKOHE TEeMip HOHJAPBIMEH MOJMMED Ti30CKTEpiHIH OailIaHBICY TOPEKEC] YCHIHBUIA/IBI.
3epTTey 00bEKTLIEpPI PETIHJIE OTaHABIK OHIpIiCTe KeHiHeH Konganbiateld KY-2-8 xatnonuti men [14BI1
QHMOHHTI TaHJan anblHAbL JKymvicmoly makcamol. Katnonur KY-2-8 sxone anuonur I14BI1 Herizinae
KYpPbUIFAaH HHTEPIIOIUMEPIIIK )KYHEHIH COPOISIIBIK KACHETTEPiH aHBIKTAY, COHIANH-aK aJIThIH XKOHE TEMIp
HMOHJIApPBIMEH OailllaHbICy JOPEXKECIH TOKIPOMENIK TYPFbIOa JONENACYy. AnviHean Hamudicerep. 3epTrey
Gapbicbinaa KY-2-8 — IM4BIT untepnonumepiik xyitecinne antbin (Au*) temip (Fe?) woHpapbiHbIH
MOJIJIIK KaThIHACKI MEH yaKbITKa OailJIaHbICTBI OJMMEp Ti30eriHiH OaillaHbICy opexeci aHbIKTanasl. KY-
2-8 (6:0) sxexe monumepiHe Kaparanga aHnoHUT [14BI1 (0:6) anTelH HOHAAPBIMEH COPY AJPEXKEC] eadyip
JKOFapbl HOTHXKE KOPCETKEH JKOHE yaKbIT oTe TypakranraH. [lonmumep Ti30eriHiH aaThiH MOHAAPHI YIIiH
MaKkcUMalbl OaillaHpiCy Jopexeci 6 cararTaH COH HMHTEpIOJMMEpIiK JKyieHiH (2:4) kaTblHACBIHIA
Tipkenin, coiikecinme 3.16 % Kypaasl. ANl TeMip HOHIApBIHBIH OaifmaHBICY mopexeci acipece 4:2
KaTbIHACKIH/A 24 caraTTaH COH alTapIIbIKTap KOFapFbl KOPCETKIIIKE JKeTim, Oaitnanbicy nopexkeci 6.46 %
KepceTTi. KalbIKThIKTaH opeKeTTecy HOTHXKECiHE 4:2 KaThIHACKIHAA ©3repic aliMaKTaphbl aHbIKTalbII, 24
caraTTaH KeHiH aiThIH JKOHE TeMip MOHIApbIHBIH Oailnanbicy nopexeci 8.77 % aprkaHbl OaiiKanibl.
JluarpaMma MomiMeTTEpi KOPCETKEHICH, MHTEPIOIMMEPIIIK IKYHEHIH TeMip HOHIAPBIHBIH OaiIaHBICY
JIOpEeXkeci alaThlH HOHIAPBIMEH CANIBICTBIPFAH/Ia OHIIA KAPKBIHABI eMeC, COUKECIHIIE alThIH HOHAAPBIHBIH
Oaitmanbicy nopexeci MakcuMainabpl MoHAI kepcetkeH. KY-2-8 — TI4BII unrepnonumepiik xyiienin 1:5
KaThIHACBIHJA 24 caFaT iIIiH/e aJITHIH HOHIAPBIHBIH HOIUMep Ti30eriMeH OaiaHbICy Hopexeci THECIHIIe
3.13 %, an temip nonzmaps! yumin Oyn kepcerkim 0.55 % kypanwl. KopuimvinOvl. AJBIHFaH 3epTTEy
HOTIXKeJIepl MHTEPIIOTUMEPIIIK JKYHeIe alThlH HOHIAPBIHBIH MOJMMEp Ti30eriMeH OaiIaHbICy Aapexeci
TeMip HOHIApbIHA KaparaHa aHaFypIIbIM JKOFapbl CKEHIH )KOHE TOJIMMEp MEH HOH/IAp apachIHIaFbl 03apa
OailaHbICy IOPKECIHIH CaTbICTHIPMAIIBI TYPJE AJICI3 9pi TYPAKTHI eKeHIH alfFaKTaiIbl.

Tyiiin ce3zmep: KV-2-8, II4BII, wuHTepmomuMepiik xyHenep, THAPOTeNbICp, COpOLHs JopexKeci,
JIecopOIHst KAIIBIKTaH SPEKETTECY, AIThIH HOHAPHI, TEMip HOHAAPEL, OaiiaHbICy gapexect
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1. Kipicne

CoHFBl yaKbITTa CHUpPEK JXoHE Oaraylbl METaJUl HOHIAPHIH epiTiHAUIepAeH
THIMII Oexim amy MeH TazapTy OacTel mpoOiemanapisiy Oipi OOJBIN TaOBLIA B!
[1-2]. AnTeH- ©3iHIH HWHEPTTLNIriHE, JKOFApbl JJIEKTP OTKI3TIIITITiHE >XOoHE
Oipereil ONTUKAIBIK KacUeTTepiHE OalaHBICTBI >KOFapbl OarajlaHATBIH Oarajbl
MeTan Ooinblll TaOblIanbl, OYI OHBIH 3JEKTPOHHMKAnAa, 3eprepiik OyHpiMaapna
KoHe 0acka Ja OeHEpKOCiNTe KEHIHEH KOJIaHbUTYbIHA CenTiriH turizenmi [3-4].
AJATBIH 9p TYpJi TEONOTHSIIBIK TY3LTIMIEpe, COHBIH IIIiHJE MIOFBIPIBI JKOHE
meriHAl KEeH OpBIHAApPBIHAA, COHIal-aK KypaMblHIa Oacka MeTanmap >KHi
Ke3lleceTiH Kypaeni keuaepmae kesmeceni [5]. Kenmepaen koHe Kaiita oHIEITeH
MaTepuajiapJaH anThiHABl Oeiin amy, keOiHece MBIC, TeMIp OHE MBILIBIK
CUSKTBI KEIEpTi JKacalThlH DIIEMEHTTEpAiIH OoilyblHA OailIaHBICTBI KYpAemi
MPOLECTepAl  KaMTHUIBL.  AJNITBIHIABI CYJbl  EpITIHAUIEpAEH Oeim — anyra
OHEPKACINTIK HMOHAJIMACTBIPFBIIL MaTepUuaiapisl KOJIZJaHaIbI [6-7].
WonanmacTeIpFbIIT MaTepHaIaap- Keidip opraHuKaiblK epiTKimrepae 6enrii o6ip
oopexxene  iciHeTiH, epime#tin  KarTel moimMepiep [8].  XKyprisinren
3epTTeyJepAiH  HOTWXKECIHAE  KATHOHUT JKOHE  AaHUOHUTTEH  KypallFaH
MHTEPIOIUMEPIIK JKYHEHIH COpPOIMSIIBIK TpOIeCTepiHIe alKbIH OeICeHIUTIK
Oatikangpl. COHABIKTAH, 3epTTEy OOBEKTUIEpiHE MaKPOMOJIEKYJIAIbIK COPOCHTTED
peTiHae KeHIHCH KOJJIAHBUIATHIH OHEPKOCINTIK MOH aMACTBIPFBINI IalbIpiIap
KV-2-8 sxone IT4BII tangan ansiags: [9-10].

KVY-2-8— renp KypasIMIbl, CyIb(HOKBIIKBUIABK (YHKIMOHAIILIK TOTTaphI
(-SOsH) Oap KaTHOHAJIMACTBIPFBILI IIabIp. Cy KyMcapry,
MUHEPAICHI3AaHABIPY,  ayblp  METall  HMOHOAphlH  copOuusiay  JKoHE
THIPOMETALTYPTHSUIBIK, TIpoLecTepae KoJAaHbUIasl. belmiekrepiHiy Memepi
0.3-1.25 MM, ai pUTFaJIIBUIBIFBI IaMaMeH 45—55% apanbirbiaaa 6omaast [11].

[Tomm(4-BUHUIIMPUINH )— 9JICI3 HETI3IiK KaCHeTKe Me THaporenb. [IupuanH
caKkMHachl Oap BUHMJI MOHOMEpJIEPiHIH MNOJIMMEpPJICHYl apKbUIbl aJIbIHATHIH
CHHTETHKAJIBIK noiumMep. bemekrepinin mommepi 0.015 mm [12].

2. Toxipouesik 6oJim

3epmmeyee keneci mamepuandap natidaranwvinowt: 1) KY2-8 (H* hopmacer)
(HoBoxuM, XapbkoB,YKpawHa) CTHPOJI MEH JIUBHHWIOCH30JI CaIlOJIMMEpiH
CybGOXIIOpaay apKbLIbl ANbIHFAH KATHOH aJMAaCTBIPFBINI INAHBIp JKoHE 2)
Homu(4-sunwmupuaud) ([14BI1) —  omci3  Herizmi, Teab  KypIABIMIBI
annoHanMacTeiprbil  (Curma-Onapux,Cent-Jlync, AKIL) nuBuHMIOeH301MEH
comoyiuMepi  maipanaHeuiael.  Kypan-oicabovikmap: ATOMIBI  SMHCCHOHJIBIK
criektpometrp (ICP-OES) xemeriMeH aiThiH XKoHE TEMip HOHMAPBIHBIH KaJIBIK
KOHIIGHTPAIMSACHl aHBIKTAIJbl. KypaujblH TONKBIH Y3BIHIBIFBIHBIH JIAATa30HbI
167.021-nen 852.145 mm-re peiiin. Onmiey kareniri 1%-maH a3 OOJFaHABIKTaH,
QIBIHFAaH MOJIMETTEpAIH JKOFaphl JoNAiri Kamramachid eringi. Ilmasma
LIBIFAPaThIH CHEKTPIIIK CHI3BIKTAp YIITiZEri 3JeMEeHTTepre colkec keieni. Opoip
CHEKTPJIK  CBI3BIKTBIH  KApKBIHJBUIBIFBI  YITIZETI  COMKEC  3JIEMEHTTIH
KOHIIEHTpAIHsIChIHA Tporopiinonan 6omaapl. Yarimep A&D Company, Limited
(Toxwmo, Xamonwst) merraprad HR-100AZG ananuTHKANBIK Tapa3blaa eIIeH .
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Humepnonumepiik scyiienepdin copOyuanblK Kacuemmepin 3epmmey:

1) OHpipictik woH anmacthiprei maiibipaap (KVY-2-8, T14BII) Herizinge
MOJIBIIK KaTbiHacTapsl opTypii KVY-2-8- [I4BIl wHTepnomumepiik xyihenep
KYPBUILIIBL,

2) Opbip momuMepIi MaKpOMOJIEKY IaapBIH €CENTENTeH MOJIIIIEpi apHaHbI
TIOJTUITPOTIFUICH/II CY3Tire CaJBIHIBL;

3) Wonnrrep caiablHFaH MOIUIPOIMIEH CY3Tiaep epiTiHmire 6ip Gipinen 2
CM apa KallIbIKTHIKTa OPHAIACTHIPBUIIIBI;

THonumep miz6ezimen 6ainarnvicy oapescecin (0) anvikmay:

AJNTBIH J>KOHE TeMip HOHIAPBIHBIH IoJuMep Tiz0eriMeH OaitnaHbIcy
JIOPEKECIH aHBIKTay MaKpOMOJIEKYJAaHbIH HOHIAHY JOPEKECIH KOPCETETiH,
COHMAl-aK TOJIUMEP KYPJIBICEI MEH TI30EKTepiHIH alThIH XOHE TeMip
HOHAAphIMEH OalIaHBICy MOPEKECIH CaHABIK TYPFBIIAH aHBIKTAYIOBl OUTMIpemi.
[Monmumep  TizOeriHiH TyHiHapaublK OYBIHOAPBIHBIH ~MeTal HOHAAPHIMEH
Gaiinmansicy mopexkeci (8) xemeci GpopMyiia GOMBIHINA €CENTENII:

0= <255 100%

MYHJIAFBI Veops — COPOIMSIIAHFAH alITHIH JKOHE TEMIp MOHIAAPBIHBIH MOJIIIepi,
MOJIb; V — TTOJIIMEP MacCachIHBIH MeJIIepi (erep epiTiHmiae 2 moauMep OOJFaH
JKaFJaina, OHAAa ONAPIbIH OPKAMCHICHIHBIH MOJIIEPiHIH KOCBIHIBICHI PETiHJIE
KapacThIPbUIaJIbl), MOJIb.

3. HoTtumkesiep koHe 0JI1apAbl TAJIKbLIAY.

Anmuin oicone memip  UOHOAPBLIMEH ROAUMep MIz0eKmepiniy 6allaHblCy
0apeoicecin aHbIKmay

KYVY-2-8- T14BII unTepnionumep KyHeciHiH MOJuMep Ti30€TiHIH aNThIH JKOHE
TEeMIp MOHIAPBIMEH OalJIaHBICYy JOPEIKECIHIH MOJIAPIIBIK KATBIHAC TMEH yaKbITKA
OaifmanpICTBI ©3repicTepi 1 sxoHe 2- Kectene kepcetinred. CopOuuns mpoueciHig
OacTamkbl Ke3eHiHAE TMoJnMep Ti30eKTepiHiH OallaHBICy JSpEKeci oMl TOIBIK
iCKe KOCBUIMaraHABIKTaH, aITBIH MOHIAPBIH a3 MeJepae CiHipemi, Oy
MIPOIIECTIH €H/Ii FaHa OacTaJIFaHbIH KOPCETEII.

Kecre 1- KVY-2-8- II4BIl wunTepmonmuMep:i >XyWeciHIiH mHoiuMep TIi30€TiHIH anThlH  HOHIApPhIMEH
OaiimaHbICy Hopexeci

0 (Au*), %
KYVY-2-8- I14BIl, MoJi1:M0J1b
t,h 6:0 5:1 4:2 3:3 2:4 1:5 0:6
0.5 0.15 0.95 0.99 1.36 1.50 2.19 0.68
2,5 0.67 1.37 1.74 1.98 2.66 2.42 0.22
6 0.17 1.76 2.60 2.34 3.16 243 1.52
24 0.32 2.33 2.32 1.92 2.81 3.13 1.68
48

0.53 1.99 1.58 1.67 2.68 2.65 1.86
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KVY-2-8 (6:0) karbiHachIiHAa OaiiylaHBICY JopekKeci aHTapibIKTall e3repiccis
Kasca, canpicThipMansl Typae [14BI1 (0:6) monuMepiHiH anThIH HOHAAPBIMEH COPY
Jopexeci enoyip KOFaphl JKOHE YaKbIT ©Te TYpaKTalFaHbIH OaiKaiMBbI3.
KambIKThIKTaH e3apa opeKeTTecy HOTIKECiHAe HWHTepHoiuMep >KyiheciHiH 5:1
KaTbIHACHIHIA aJIThIH HOHIAPBIHBIH COPBUIybl OacTalKbl yaKbITKa KaparaHjaa
Oipmama apTkaH, OainaHbicy nopexeci 24 cararra 2.33 % Kypaiabl. An 4:2
KaThIHACKIHIA QJTHIH WOHBIHBIH OaiiaHpicy mopekeci amramksl ke3ze 0.99 %
0oJica, yakpIT ©Te Keie OipTinaen aptein, 6 cararta 2.60 % »xeTkeH, anaiina 48
caratta Oy kepcerkim 1.58 % kypanel. bByn skarmaiina copOums mpoueciHig
Oasty kypreHi Oalikamanbl. 3:3 KaThIHachIHAAa MOIUMEp Ti30€riHiH ajIThIH
HOHJaphIMEH OaliIaHbICy JOpEKeC] YaKbITTBIH aFbIMbIHA OalJIaHBICTHI e3repit, 6
caratta 2.34 % eckeH, keitin xaitman 1.67 % tycken. Ilomumep Ti30eriHig
MakcUMainel  OalimaHeicy nopexeci 6 carattan coH KY-2-8-T14BII
WHTEPIOIUMEPITIK JKYHeciHiH 2:4 KaThIHACHIHAA TipKenTeH, colikecinmre 3.16 %
Kypazapl, OV KaTblHAC TIOJUMEPIiH COpOIHsS TIpoIleciHe KOJaiibl eKeHiH
nonenueimi. 1:5 KaThIHACKIH/A alThIH MOHJAPHIMEH OaiIaHBICY JIOPEKECi YaKbIT
eTe Jkorapeurar, 24 cararra 3.13% kerim, KeiliH a3mar TeMeHAereHi OalKarabl.
Byn anpiHFaH KepceTKimTep NoiauMep Ti30eriHiH aiaThlH HMOHAAPBIH THIMII
CIHIpETiHIH XoHE epiTiHAiAeri COpOIMAIBIK Mpolecc OipiiaMa yakpITTaH KeHiH
Tene-TeHAIKKe )KEeTETiHIH KOPCEeTTi.

Kecre 2 - KVY-2-8-114BIl uurepnomumepii K yHeciHiH noiumep Ti3O€riHIH TeMip HOHIApbIMEH
OaiiiaHbICy Hopexeci

0 (Fe*), %

KY-2-8- I14BIl, mos1:M0.1b

t,h 6:0 5:1 4:2 3:3 2:4 1:5 0:6
0.5 0.37 1.42 1.35 1.67 1.17 1.46 0,.0
2,5 0.59 2.52 3.43 2.77 3.43 1.28 0.22
6 0.43 3.34 5.78 5.07 4.79 0.56 0.97
24 0.21 5.04 6.46 4.15 1.66 0.55 0.43
48 0.59 3.45 3.99 1.38 1.24 0.55 0.27

KV-2-8 karnonut (6:0) xone II4BII anumonut (0:6) KaTeIHACBIHIA TEMip
WOHAAPHIHBIH TOoJUMEp Tiz0eriMeH OailylaHBICY JOpeXeci TOMEH JKOHE eNeyli
e3repictep Oalikanmaiinel. Byn eki xylene e TeMip MOHAAPBIH copOLMsIIayFa
KOJIalJbl €MeC, SIFHU OpPEKETTeCY MpPOLECiHIH Oasy >XYpEeTiHAIriH KepceTei.
ITonmmmep Ti30eriHiH OalaHbICy Aopexeci acipece 5:1 kaTeIHACHIHAA 24 caraTTaH
COH alTapJIBIKTap JKOFapFbl KOPCETKIIIKe JKeTin, Oaimanbicy mopexeci 5.04 %
Kypaznpl. JKylieHiH 4:2 KaTblHACBIHAA MOJIMMEp Ti30€TiHIH Temip HOHIAPbIMEH
OailtaHpICY JOpeKeciHiH Kepcerkimrepi 48 carartan kedin 5.78 % - 6.46 %
apajbIFbIHAA TYPAKThl XKOHE JKOFapbl MOHJICpPre >KeTTi. KallbIKThIKTaH e3apa
opeketTecyi HoTHxeciHae 3:3 KaThlHachiHIa OainaHbicy mopexeci 0.5 caraTtaH
Oacran 24 caraTka JeiiH Oencen i xkypir, 6 cararta MakcuMansl 5.07 % KerTi.
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[Momumep Ti30eriHiH TeMip MOHIAPHIMEH MaKCHUMAaJAbl OaitlaHbicy mopexeci 48
cararTaH coH 2:4 kartelHachiHma Oaikamei, 4.79 % xyparan. KVY-2-8-114BII
WHTEPIIOJIUMEPITI  KYHECIHIEe —IOoJIMMepIepIiy 1:5 xaTbIHAacBIHIA TeMIp
WOHJAPBIHBIH COPBUIYBl OHINA KapKbIHABL eMec, Oenrinmi Oip >karmainapna
TYpPaKTHI OOJIFaHBIMEH, Oipak Kel Ke3aepi HOTIKEIEPIIiH e3repMelli O0aThIHBIH
kepceTemi. TeMmip HOHIAPBIHBIH COPOIUS TIpolleci OapibIK KaThIHACTApAA
YaKBITTBIH aFbIMbIHA OaHIaHBICTHI TYPaKTaIbI, MAKCUMAJIIbl MOHTE KOTEPIITeH.
3-kecmede yaxwvim OovblHWA noaumep mizbeliniy UOHOAPMeH OAlIaHbICY
02PedHCECIHIY HCUBIHMBIZbIHBIY MONAPIbIK KAMbIHACLIHA MaYendiNici KopcemineeH.
Wntepnonumepmik xyiene tek Oip raHa momumep KVY-2-8 Gomranga TypakThl
KacueTke ue Oomnanmbl, cebebi OaimaHbicy nmopexeciHme 6:0  KaThIHACHIHIA
eIIKaHIai e3repic aiiMakTapsl OalikamMmaiiael. IHTepmoInMepItik xKyiene Tek Oip
rana mnonumep KY-2-8 OosraHma TypakThl KacHMeTke wue Oojamel, cedebi
Oalimanpicy nopexeciHme 6:0 KaTblHACBIHAA eIIKAHAal e3repic aiiMaKTapbl
Oaiikanmaiinpl. An 0:6 xateiHaceiHAa (I14BII) Oacramkel — yakbITIICH
canpIcTeIpranaa 6 cararrta 2.50 % >xeTim, TypaKTaaFraHbl OailKata k.

Kecre 3 - KY-2-8-I14BII unrtepronumepii xyHeciHiH HoIuMep Ti30CTiHIH alThIH XoHE TeMip HOHIapbIHA
KATBICTBI OalTaHbICy TopeKect

0(Au* Fe?), %

KY-2-8-114BII, Mmos1:M0J1b

th 6:0 5:1 4:2 3:3 2:4 1:5 0:6
0.5 0.53 2.37 2.34 3.03 2.66 3.65 1.38
2.5 1.26 3.89 5.17 4.75 6.09 3.69 0.43
6 0.60 5.10 8.39 7.41 7.95 2.99 2.50
24 0.53 7.37 8.77 6.06 4.46 3.67 2.11
48 1.12 5.44 5.57 3.05 3.92 3.20 2.13

5:1 karbiHackiHIA Oaitnmanbicy mopexkeci 2.37 % -5.10 % neliin ynemeni
ecim, 24 cararra 7.37 % Kypanpl, amaiina 48 caratka xetkenze 5.44 % xypr
tomenneni. Kecrenen, KVY-2-8-T14BIl wunTepnoamMepii >KyHeciHiH opTypii
MOJISAPJIBIK KAThIHACTAPHI OOWBIHINA AJITHIH JKOHE TEMIp HOHAAPBIHBIH COPOIUS
MIpOIIeCiHeT1 OaiIaHbICy MOpEeKeCiHiH OipIamMa e3repicTepre YIIbIPaUThIHIBIFbI
Oaiikanael. JKylenin 4:2 karbiHacbiHAa OaiilaHBICy Aopekeci 0acka yakbITIIEH
caJIbICThIprania 24 cararra MakCHUMallJibl MOHre keTin, Ttuecinme 8.77 %
kypansl. COHBIMEH Karap, moijuMmep TizOeriHiy 3:3 jkoHe 2:4 KaThIHACTapbIHIA
aNTHIH XOHE TEMip MOHAapbhIMeH OaiaHbICy Jopekeci 6 cararTa CoWKeciHIe
7.41 % sxoue 7.95 % kerin, koFapbl THIMIUTIK OaiikaTThl. [Tomumep Ti30eriHig
1:5 karbiHachiHAa ~ OalJIaHBICY JOpEKECi OHAalW KapKBIHABI KYPMETEHJIr1
Oaiikanapl.

Anmuln  oicoHe memip UOHOAPBLIHGLIY NHOAUMep miz0e2iniy  OauIaHbICY
Oapediceciniy o3zepicmepi ouazpamma mypinoe cCunammaneat.

KV-2-8-114BI1 uHTepmoauMepiTi XYHECiHIH MOJUMEPIIK Ti30CKTIH aJThIH
JKOHE TEMIp WOHMAPHIHBIH OalIaHbICy Jopexeci 1 cyperre muarpamMma TypiHae
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kepceriired. bacrankbl momumep peringe KVY-2-8 kaTHOHUTI KOJJaHBLIFaH
xarmaiaa, 6:0 MOJBIIK KaThIHACTA XYPTi3UIreH Taxipoue OapwickiHaa 48 carar
imiHge anTeiHHBIH Menmepi mamamed 0.53 %, anm temipain memmepi 0.59 %
Kypanpl, OYJI OJapAslH WOHOAPBHIHBIH TOJUMEPIIK Ti30CKIeH OaiaHbICy
TOPEeKECiHIH oTe TeMeH ekeHiH kepcerri. 0:6 Mompmik KarbrHacTa [14BIT
AHMOHUTIHME XYpri3ireH 48 caraTThIK COpPOLMS TPOIECI HOTWKECIHIE alThIH
MOHIIAPBIHBIH TOJIMMEpP Ti30eriMeH Oaiinmanpicy nmapexkeci 1.86 %, am Temip
noHmapel yiriH Oyr MoH 0.27 %. ATanFaH KOPCETKINl alThIH HOHIAPHIHBIH
MOJIMMEPMEH ©3apa dPEeKeTTecy KaOlIeTiHIH TeMip HOHIapblHa KaparaHia 0achkiM
eKkeHiH pnomenaedni. HMuTepnomumepiik JKYWEHIH anThlH HOHIaPBIHBIH
OailTaHBICY TOpekeci TeMip HOHIAPHIMEH CANTBICTRIPFAH/Ia OHIINA KAPKBIHIBI eMecC,
5:1 sxoHe 4:2 KaTblHACTapblHAa TeMIp HWOHAAPBIHBIH OallaHBICY [opexeci
MaKCHUMaJIbl MOHAI KepceTkeH. TeMip moHAapsl yuriH Oainanbicy nopexeci 3.45
%-ten 3.99 % neitin apTca, aNTHIH HOHIAPHI YIIIH Oy KepceTkint Tek 1.58 %-ren
1.99 % neiiin xerexi. Byn wHTepnonMMeprik JKydeme TeMip HOHIAPHIHBIH
OeJceHainTi MeH monmMep Ti30eriMeH OaiaHbICy NOpEeKeCiHIH JKOFaphl €KeHiH,
aJl ajThIH HOHAAPBIHBIH OalIaHBICY MOPEKECIHIH CATBICTRIPMAITBI TYPIE JICI3 opi
TYPaKThl €KEeHIH alfFaKTai bl

o,
459_’ Yo KU-2-8:P4VP, [AU(CN),],[Fe(CN)g]*

4,0
3,5

3,0

2,54

2,04

1,54

1,0 4

0,5]

0,0 T T T T T T T
6:0 5:1 4:2 3:3 2:4 1:5 0:6

Cyper. 1 KY-2-8-114BII unrepnonnmepii xyHeciHiH MOIUMEpITIK Ti30eKTiH alThIH )KOHE TeMip
HOHJIAPBIHEIH OalJIaHBICY TOPEXKECIHIH MOJAPIBIK KaThIHACKa OalIaHBICTBI ©3repyi.

mol:mol

KVY-2-8-114BI1 unrteprnonuMep xy#ecinin 3:3 KaTbIHACBIHIA aAThIH JKOHE
TEeMip MOHAPBIHBIH COPBUTYHI aca KOFaphl eMec, oJMMep Tiz0eriMeH OaiinaHpicy
nopexeci coiikeciHme 1.67 % sxonme 1.38 % xypaiiael. MyHpmaii HoTHXKE
WHTEPIOJIMMEPITIK ~ KYNTapJIarbl  MOHAAPIBIH  KAIIBIKTHIKTaH  OPEKETTeCyi
JKaFJaiblHAa  HMOHAAHY  JIOPEKECIHIH  IKETKUIIKCI3mIriH  kepceremi. 2:4
KaTbIHAChIHIA 48 caraT IilIiHAE aNnThlH WOHAAPBIHBIH IOJHUMEP Ti30eriMeH
Oaiimanbicy nopekeci coiikecinme 2.68 %, an Temip HWOHZaphl YymiH Oy
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kepcetkim 1.24 % OGonnmel. XKyitenin 1:5 KaThIHACBIHIA alTBIH HOHAAPBHIHBIH
monuMep Tiz0eriMeH OaitmaHbIicy nmopexkeci Tmecinime 2.65 % kypam, OapbiHIIa
MaKCHUMaJJIbl MOHTE KETKEHI OalKan/bl. AJNTBIH MOHAAPHI YIIIH Oy KOpCeTKill
0apIBIK yaKbIT OOWBIHIIA CATBICTEIPMAITBI TYPJIE TYPAKTHI OOJIBII KaJlbl.

4. KopbITHIHABI

3eprrey HoTmxkenepi KVY-2-8- II4BIl uHTepnonumepii >KYWECiHIH anThIH
XKOHE TeMip HOHAAPLIHBIH OallaHpICy [AopeXeci YyakKbITKa >KOHE MOJBIIK
KaThlHAcKa OalmaHBICTEI Oipmiama e3repicTepiH kepcerTi. JKyliene anThH jKoHE
TeMip MOHAApBIHBIH Oip yakpITTa cOpOLMSI TPOLECiHE KATBICYbl HOTHXKECIHIE
KypAeni KOMIUIEKCTEp Ty3imil, HonuMep Ti30eriHiH OainaHbICy Hgopexeci
JKOFapel  KepceTkimrepai Oaiikartel. [lomumep  TizOeriHiH OaitmaHbICY
TIOPEKECiHIH MakCUMaabpl MoHzepi 4:2 koHe 3:3 KaThIHACTaphIHIA 6 koHE 24
caraT apaJbIFbIHIa Oavikanapl, coiikecinme 8.39 % - 8.77 % kypamasl. AnThiH
HOHAAPHIHBIH TOJUMEpP Ti30eKTepiMEeH OailaHBICY Jopekeci TeMip HWOHIaphIHA
KaparaHia aWTapibIKTail >korapbl Ooinael. bynm wHTEprmonmMmepiik xyiene
noJMMep Ti30eriMeH e3apa opeKeTTecy OeICEHIITIr KOFapbl eKeHIH KopceTeli.
Bacrankpl apekerTecy KesiHIe mapameTp MoHI TeMeH OoJiFaH, ajaia yaKbITTHIH
apTybIHa OalIaHBICTHI OalIaHbICy TOpPEXKECiHIH OeICeHIUTITI OalKaIIb.

Kap:xblianasipy: 3eprrey xymbichl Kasakcran PecrnyOnukachl FbuibIM JKoHE JKOFapbl OLTIM
MHUHHUCTPIITT FBUIBIM KOMUTETIHIH KOPBI apKBUIBI )KoHE KapKbuianaelpy Ooiibinima No.IPH BR21882220
’K00AChIMEH Kap KbLIaH/IbIPbUIIbL.

Mynneiep KakThIFbICHI: ABTOpJIap OyJl Makanaja e3apa MYZJeNep KaKTHIFBICHIHBIH JKOKTBIFBIH
MoTiMIeH .

W3MEHEHUE CTENNEHU CBA3U MOJUMEPHBIX HENEW C HIOHAMH 30JI0TA
M KEJIE3A B UHTEPIIOJIMMEPHOM CUCTEME KY-2-8-I14BIT

T.K. Incymaounoe*?, I.T. liocembaesa®?", JK.C. Myxamaesa?,
X. Xumapcan'?, FO.B. I'parncynasuuioc®

Y40 «Hncmumym xumuveckux nayx umenu A.B. Bexmyposay, Anmamowt, Kazaxcman
2Kazaxckuii HayuoHANbHbITL Nedaz02uyeckuil yHugepcumem umenu Abas, Aimamol, Kazaxcman
3Kaynacckuii mexnonoeuueckuii ynusepcumem, Kaynac, Jlumsa

*E-mail: g_gazinovha@mail.ru

Pe3ome. Bseoenue. B nanHoi paboTe TpecTaBieHa CTeNeHb CBA3bIBAHMS MOJMMEPHBIX IeTeil ¢ HOHAMU
30JI0Ta M JKelle3a Ha OCHOBE CLIMTHIX MOJIMAJIEKTPOJIMTHBIX HMHTEPIIOIMMEPHBIX cUCTeM. B kauectBe
00BEKTOB HCCIICIOBAaHUS ObUIH BEIOpaHb! KaTHOHUT KY-2-8 u annonut I14BII, koTOpble HCHOIB3YIOTCS B
OTEYEeCTBEHHOM IIPOU3BOACTBE. [[eb pabomubl- ONpeseneHre COPOIUMOHHEBIX CBOHCTB HHTEPIIONIUMEPHOI
cucteMbl Ha oOcHoBe KatnoHuta KVY-2-8 wu anuonura II4BII, a Takke 3KCIEpHUMEHTaIbHOE
MOATBEPIK/ICHNUE CTEIICHU CBSA3BIBAHUS C MOHAMH 30JI0Ta W xkene3a. [lonyuennvie pesyrsmamol. B xone
HcciIeoBaHusl B MHTepronuMepHoi cucrteme KVY-2-8-I14BI1 Obuta ompeneneHa CTENeHb CBS3bIBAHHE
[OJIMMEpPHBIX Leneil HoHOB 3010Ta (Au*) 1 xkenesa (Fe?*) B 3aBUCHMOCTH OT MOJIBHBIX COOTHOIIEHUH U OT
BpeMmenH. [lo cpaBHeHHIO ¢ MHAMBHAYaTbHBIM noaumepoM KY-2-8 (6:0), annonur I14BII (0:6) mokasain
3HAUUTENIBHO 0oJiee BBICOKYIO CTENEHb COpPOLMH MOHOB  30JI0Ta, KOTOpas €O BpEMEHEM
cTabIIM3NpoBanack. MakcuMalbHas CTEICHb CBS3BIBAHHSA HOHOB 30JI0Ta C IOJNMMEPHOH LETbIO ObLIa
3aMKCHUpOBaHa vepe3 6 4acoB B MHTEPIOJIIMMEPHON chcTeMe Tpu cooTHomenun (2:4) u cocrauina 3.16
%. A creneHb CBS3bIBAHUS MOHOB JKeje3a, OCOOCHHO NP COOTHOLIEHHH 4:2, NOCTHIIA 3HAYMTEIBHO
Oonee BBICOKOrO ypoBHS uepe3 24 waca, cocraBwia 6.46 %. B pesynprate IUCTaHIMOHHOTO
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B3aMMOJICUCTBHUS OBUTH BBISBJICHBI 00JIACTH M3MEHEHUsI IIPU COOTHOIIEeHUU 4:2, a yepe3 24 yaca CTENeHb
CBSI3BIBAHKMS HMOHOB 30JI0Ta M JKkene3a yBenudmnachk Ha 8.77 %. Kak BUIHO M3 IHarpaMMbl, CTEICHb
CBSI3BIBAHMS MOHOB JKeJe3a B HHTEPIIOIUMEPHOI CHCTEME BBIpaKeHA MEHEe HHTECHCHBHO 110 CPaBHEHHUIO C
HOHAMH 30JI0Ta, W MPAKTHYECKH BO BCEX CIIyYasx CTCHCHb CBS3BIBAHHS HOHOB 30JI0Ta JOCTHTACT
MaKCHMaJbHbIX 3Ha4YeHUi. B untepnonumepHoii cucreme KY-2-8 — I14BII B cooTHOmeHuu 1:5 creneHs
CBSI3BIBaHMsI MOHOB 30JI0Ta C MOJMMEPHOH Lenbio B TeueHne 24 vacoB coctaBmia 3.13%, a i MOHOB
xKeneza 9TOT mokasarenb coctaBwi  0.55%. Bwisoo. IlomyueHHble pe3ysbTaThl HCCICIOBAHHN
CBHICTENBCTBYIOT O TOM, YTO B HHTEPIOIMMEPHOW CHCTEME CTCIEHb CBSI3bIBAHHS HOHOB 30JI0Ta C
MOJIMMEPHOH IICMbI0 3HAYMTEIBHO BBIIIC, & CTCICHb CBS3BIBAHHS IONMMEPa C HOHAMH JKeJe3a
OTHOCHTENBHO ciabast U CTaOuIIbHAsL.

Kiwuessie cioBa: KVY-2-8, TI14BIl, uxTepmnonnMepHas cHUCTeMa, THIPOTENH, COPOLHs, AecopOLs,
JUCTAHIMOHHOE B3aUMOJEHCTBHUS, MOHBI 30JI0Ta, HOHBI JKEJI€3a, CTENEHb CBI3H
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Mwcemobaesa I'ynvuyp Toxmapeazunosna PhD ooxmopanm
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INVESTIGATION OF LIPOPHILIC COMPONENTS OF RHEUM
TATARICUM L.f.

A. A. Turgunbaeva?, E. E. Shults?, O. I. Sal'nikova?, V. A. Savelyev?, G. N. Gemejiyeva®,
N. A. Sultanova?, Ye. Ye. Zhatkanbayev', Zh. K. Zhatkanbayeva®

1L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry (SB RAS), Russian Federation
3Republican State Enterprise on the Right of Economic Management “Institute of Botany and
Phytointroduction” of the Committee of Forestry and Wildlife of the Ministry of Ecology and Natural
Resources of the Republic of Kazakhstan Almaty, Kazakhstan

*E-mail: Ayman_88@mail.ru

Abstract. Despite the widespread use of Rheum tataricum L.f. (genus Rheum L., family
Polygonaceae Juss.) in phytotherapy, its lipophilic components remain insufficiently studied. In this
study, we analyzed the lipophilic composition of hexane extracts obtained from Rheum tataricum L.f.
Plant material was harvested during the fruiting phase in the Almaty region. Metabolites were determined
by gas chromatography-mass spectrometry (GC-MS). The Agilent MSD ChemStation software (version
1701EA) was used to control the gas chromatography system, record and process the obtained results and
data. As a result of the study, 11 lipophilic components were found in the underground part, of which 7
were identified; in the aboveground part — 23 components, 12 compounds were identified. The main
metabolites of the hexane extract obtained from the underground part of the plant are B-sitosterol
(63.23%), campesterol (11.94%) and octacosanol (8.45%). Steroid components predominate among the
identified compounds. In the aboveground part, p-sitosterol (28.92%), squalene (16.22%), y-tocopherol
(11.73%) and a-amyrin (4.64%) are dominant. The total proportion of identified components contained in
the hexane extracts for the underground part was 91.20%, and for the aboveground part — 76.29%,
respectively. Terpenoid compounds predominate in the studied extracts, which indicates potential
biological activity and value for conducting further research.

Keywords: Rheum tataricum L.f., lipophilic compounds, gas chromatography-mass spectrometry
(GC-MS), B-sitosterol, steroids, terpenes, hexane extract, extraction, aerial part, underground part.
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RHEUM TATARICUM L.f. OCIMAITTHIH JUANO®WIbAI KOCBUIBICTAPBIHbBIH
KYPAMbBIH 3EPTTEY

A.A. Typaynéaesa, 3.3. Illynvy?, O.HU. Canvnuxosa®, B.A. Cagenvee?, H.I'. Temedscuesa®,
H.A. Cyamanosa ', E.E. JKamxanébaes', JK.K. Kamxanbaesa'

YWILH. I'vmunes amvinoasor Eypazus yaimmuix ynueepcumemiy KEAK, Acmana, Kasaxcman
2H.H.Bopoaicyos amuindasut Hosocubup opeanuxansix xumus uncmuntymst (CO PAH),
Peceii ®edepayusicol

SKP OTPM OILDKJIK «bomanuxa sicane pumounmpoodykyus uncmunmymoly LIDKK PMK,
Anmamer, Kazakcman

“E-mail: Ayman_88@mail.ru

Tyiiingeme. Rheum tataricum L.f. ecimnuirinin (Rheum L. tysice, Polygonaceae Juss. TyksIMaachl)
¢dutoTepanusaa KEHIHEH KOJJAHBUTYbIHA KapamacTaH, OHBIH JTUNO(MUIBAI KOMIIOHCHTTEPIHE TOJBIK
3eprTey KyprisinmereH. Byn 3eprreyne ra3 Rheum tataricum L.f. ecimairiHeH aiblHFaH reKcaH
CBHIFBIH/IBICBIHBIH, KYpaMblHa Tajjay >Kyprizingi. ©ciMiik mMkizaTbl AIMaTbl oOJBICHIHAA JkeMic Oepy
Ke3eHiHze faibiHaanasl Merabomurrep ra3 xpomarorpaduscsi-mace-ciekrpomerpus (I'X-MC) oxicimen
aHBIKTANIBL. AJIBIHFAH HOTIDKEIEp MEH JepeKrepii a3y skoHe omueyae Agilent MSD ChemStation
Oarmapnamacel (1701E Hyckanel) naianaHeUIIbl. 3epTTEy HOTHKECIHAE >kep acThl Oemirinme 11
JUNO(GUIbII KOMIIOHEHT aHBIKTAJ/bI )KOHE OJapblH uaeHtudukanusnanransl 7. Xep ycri Gemnirinen 23
KOMIIOHEHT TaObUIIbL, ONapAbIH 12 KYpHUIBIMEI HACHTA(GUKAMIIAHIbL. OCIMIIKTIH XKep acThl OeJiriHeH
aIIBIHFAH TeKCaH CBHIFBIHABICBIHBIH HeTi3ri MeTabomurTepi B-cutoctepor (63.23%), kammectepon (11.94%)
JkoHe OKTako3aHon (8.45%) Oonbinm TaObutaAbl. MaeHTH(UKANHMSIAHFAH KOCBUIBICTAPBIH apachiHa
cTepouaTsl KoMroHeHTTep OackiM. XKep yeri Gemnirinae B-cutoctepon (28.92%), ckBanen (16.22%), v-
tokodepon (11.73%) xone a-amupun (4.64%) memmepi >xorapsl. JKep acTel Geuniri ymIiH rekcan
CBHIFBIH/IBICHIHIA HICHTU(QUKAMAIAHFaH KOMIOHEHTTEpaiH skammbl yieci 91.20%, am sxep ycti Oemiri
ylIiH colikecinme 76.29% kypapbl. 3epTTeNreH ChIFbIHIbIIAPAA TEPICHOUATH KOCBUIBICTAap 0achiM, Oyl
O/laH opi 3epTTeyNep KYPrizy YLIIH 9p TYpJi OHOJIOTHSIBIK OCJICEHALTIKTI aHBIKTayAa KYHIBUIBIFBIH
KepceTe/i.

Tyiiin ce3xep: Rheum tataricum L.f., numoduipai  KockUibicTap, Tra3 XpomaTorpadusi-macc-
crekrpomerpus (I'X-MC), ctpounrap, TepHeHIep, -CHTOCTEPOI, TeKCaH CHIFBIHABICHI, SKCTPAKIS, JKep
ycri Gentik, xep acTbl 0OJIiK.
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OpMANbIZbIHGLY UHIICEHEDI
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1. Kipicne

Kazakcran PecmyOnukacel aymarbinaa Rheum L. (Polygonaceae Juss.)
TYBICBIHBIH 9 TYpi eceji, oJapasiH 7 Typi aopinik kacuerrepre ue [1, 2]. Rheum
tataricum L.f. — Opra A3HsHBIH SHIEMUK ©CIMIIKTEPiHE jKaTabl, OJ IO XKOHE
Jananbl JKeplepie, Taylsl OenaeydiH TeMmeHri Oerkeinepinne ecemi. TambIps
MEH JKEMICTepiHiH KaiHaThachl iKi KaH KeTyJiepie KaH TOKTaTaThlH Kypal
peTiHae, KbI3y TYCIpeTiH [opi peTiHAe, acKa3aH aypyliapblHa HeMmece il
KYPTi3€eTiH Kypasl peTiHAe KOJIaHBIIaAbl, aj OHBIH KYJi XKapalxapAbl jka3y YIIiH
MmadamanpIafgbl. byl eciMIiK aHTHOKCHIAHTTHIK, ICIKKE Kapchl >KoHE P-
BUTaMUHIK OelICEHITIKKE He Iopiiep i amyra Heri3ri ko3 60k Tadbuans [3].

Kasipri yakpiTka neiiin Rheum L. TybICbIHBIH 18 TypiHEH op TYpJli XUMUSIIBIK
KOCBUIBIC KJachblHa XaTKp3bUFaH mamameH 200 KOMIOHEHT OeIliHiIl, OJapablH
XUMHSUIBIK KYPaMbl, KYPBUIBICHI 3€pTTEIreH. byl KOMIIOHEHTTEp il KYPri3eTiH,
AHTHOKCUIAHTTHIK, KAaOBIHyFa KapcChl, iCIKKe KapChl, aHTUMHKPOOTHIK, 3CHIre
KapCchl, aHTHArperaTThlK, KaHT JauabeTiHe Kapchl, OHBIK Jkapara KapcChl,
HEPPONPOTEKTOPIIBIK JKOHE TeMaTONPOTEKTOPIBIK OeICeHIUTIKTEepli KOPCeTKEH
[4]. Rh. ribes L. eciMairiniy TYpKUSIIBIK *abaibl TYpiHiH ra3 XpoMarorpaduschl-
macc-criektpometrpus  (I'X-MC) Tanmgaybl HOTHXKECIHAE OCIMIIKTIH OapIibIK
OeusiKkTepiHAe Mail KBIIIKBUIAAPBI, Mail KBIIKBULAAPBIHBIH KypAeni s¢upiepi,
KapamnaibIM KeMipCcyTeKTep JkoHe 0acKa OpraHWKaJIbIK KOCBUIBICTApAbl KOCKAaH/Ia
72 munoduibai 3ar Tadbuinel [5]. BypbiH QuTocTepoMaTap, TeprEHOUATAp
OpraHHKalbIK KBINIKbUIAAp JkoHe d¢up Maimap Rheum ecimairinin Oacka
TypJaepineH tabwutras [6,7].

Rh. tataricum L.f. ecimairinin Jgumodwisai KOMIIOHEHTTEpi Oipereit
OHMOJIOTHSIIBIK OCIICeH/II 3aTTap TOOBIHA YKAaTKaHBIHA KapaMacTaH, Ka3ipri yaKbsITTa
JKETKUTIKTI Topekesie 3epTrenMercH. byran nmeifiH Heri3iHeH Mail KBIIIKBIIIaPhI
rana cunarttairad. COHIBIKTaH OyJI KOMIOHEHTTEPAl NOPUIIK IIUKI3aT PETiHJe
KOJIIaHy MYMKIHZITIH aHBIKTay VIIIH TepeH apl KemeHni 3eprrey KaxeT. Ocbl
JKYMBIC asiChIHJIa ©CIMJIIKTIH T'C€KCaH ChIFBIHIBICBIHBIH XUMUSIBIK Kypambl [ X-MC
9Mici apKbIIBI 3€PTTEJII.

2. ToxipOuenik 0eimM

3eprrenerin ecimaik mmwkizaTer Rh. tataricum L.f. ecimuiri Kaszakcran
PecniyOnukachiHblH ~ AJIMaThl  OOJIBICBI  ayMarblHAa OYPIIIKTEHY KE3CHIHJIE
xunanael. Rh. tataricum L.f. ecimuiri KP OTPM OIIXKJIK Boranuka xoHe
(DUTOMHTPOAYKITUS ~ WHCTUTYTHIHBIH  «OCIMIIK  PeCcypcTapbl»  3epTXaHACHI
KBI3METKEPJICPIMEH OHJICIIT XKOHE UICHTU(DUKAIIUSIAH]IBL.

Yurakranxran 20 v Rh. tataricum L.f. ecimairinig sxep acThl oHe Kep YCTi
Oemirine 250 mi rekcan kyitbin (1:12.5) 60-80°C Temneparypana 5-6 carat 60iibt
SKCTpaKIMsUTaHIbI. AJTBIHFAH CBHIFBIHIABIHBI alfHAIMAaITbl OyaHabIprbImTa 50-55°C
Cy MOHINACBIHBIH TEMIIEPATypachlH KOCA OTBIPHIN KOHICHTPJICHY >KYPri3ijii.
Hotmxecinae chIFbIHIB KOMIIOHEHTTEP KypaMbl xkep acTsl Oemik yurin 0.085 r, an
xep yeri 6emik yuria 0.198 T KypassI.

KOHIICHTpJIGHTeH TeKCaH ChIFBIHBICHIHBIIAPBIHA ACI0S MapKajbl, eJieMi
(60-200 pm, 60A) cumukarenmMet sxaHe ommemi (1.0x25 cm) Oaran/p! MaiianaHa
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OTHIpHIN, OaraHabl XpoMaTtorpadus ofici kyprizinmi. ['eKkcaH CHIFBIHIBICHIHBIH
XUMISUTBIK Kypambl (okep actel Oemiri 0.43% »xone xep ycti Oemiri 0.99%) I'X-
MC apkputsl Tangaagsl. I’ X-MC Agilent 7890B ra3 xpomatorpadsl sxoHe Agilent
5977A (EI, 70 »B) macc-cenektuBTi nerekTopel Oap Agilent 7890B/5977A
KYPBUIFBICBIHA JKYPri3ingi. XpomarorpadusuiblK Tajufay IIapTTapbl: ChIHaMa
kesemi 1,0 Mk, Gexyci3 aFbIH HeTi3iHAe chiHaMa eHri3y Temneparypacsl 240 °C.
beny DB-Waxetr xpoMatorpadusuIbIK KamMLIAPIIBIK OaraHeIHaa sxyprizimm (30
M % (.25 MM ilIKi AMaMeTpi, MIeHKa KaabIHABIFEI 0.25 MKM); TachIMaNayIibl ra3
aFbIHBIHBIH JKBUIIAMABIFEl 1 Mi1/MuH OomathiH renuil. barmapnamananran OaraH
temnepatypacsl 40°C-tan 240°C-ka gmeiiH (KbI3ABIPY JKBULAAMIBIFBI 1 MUH
iminge 5°C, ycray 10 mun) xone 240°C 30 muH Ooiibl. erexmma SCAN
pexuminge m/z 34-850 xyprizingi. 'a3 xpomarorpadwusicel xyiieciH Oackapy,
aNBIHFAH HOTWXKENIEp MEH JepeKTepii kazy koHe ewaeynae Agilent MSD
ChemStation 6argapnamacet (1701E nyckansr) naiganansuiasl. KoMmoHeHTTEp I
COHKECTEHIIIPY  MAacC-CIICKTPOMETPHSUIBIK ~ JIETEKTOP KOMETIMEH  allbIHFaH
CHEKTPIIIK JepEeKTeP/i, YCTaly YaKbITBIH )KOHE IIBIH ayJaHdapblH Tajaay apKbUIbl
XKY3€re achbIPbUIAbIL.

3. Horm:kesep oHe TAIKBLIAYJIAP

Rh. tataricum L.f. eciMairitiy rekcaH CBHIFBIHABICEIHBIH XUMUSIIBIK KYPaMbIH
I'’X-MC opiciMeH 3epTTey HOTHXKeCiHAE >Kep acTbl Oexirinae 11 numoduibmi
KOCBUTBIC aHBIKTAJIABI, OHBIH 7/ KiTalXaHa AepeKTepIMEH ColKeCcTeHIIpiIi (KecTe
1).

AHBIKTaIIFaH 3aTTapAblH KYpaMblHIAa alKaHOI, CTEpPOJI KOHE CTEpOHAAp
KJIaChlHA JKaTaThIH KOCBUIBICTAp ©OackiM Ooabl. MaeHTu(UKaIysIaHFaH
kommoHeHTTep yieci 91.20% kypasl.

Kecre 1 — Rheum tataricum L.f. ecimairinin »xep acTsl GOIiriHiH reKCaH ChIFBIH/BICBIHBIH KypaMbl

Ne Monekynanbik Monexynan Cakrainy Menmep
Kocbuibic arayst (bopmyacer BIK MacCachl YaKBITBI, MUH 1,%

1 aHBIKTaJIMaFraH KOMIIOHEHT - - 23.91 0.56

2 OKTaKO3aHOJI Ca2gHs60 409 28.84 8.45

3 aHBIKTAJIMaFraH KOMIIOHEHT - - 29.74 5.16

4 5-nueH, 3-cTurMacTan C29Has 396 29.97 1.44

5 KaMIIeCTepO Ca2H480 400 32.25 11.94

6 CTHIMAcTepOJ Ca9H4s0 412 32.95 2.13

7 B-curocrepoit Ca9Hs00 414 34.29 63.23

8 aHBIKTAJIMaFraH KOMIIOHEHT - - 35.43 0.97

9 5-nuen-7-oH, 3-cTUrMacT C29H160 410 36.72 0.90

10 | 4-en-3-oH-cTHrMacT Ca9H4g0 412 37.80 3.11

11 | aHbpIKTaJIMaraH KOMIIOHEHT - - 37.57 2.11
Kaansl 100.00
AHBIKTAJIFAH KOMIIOHEHT 91.20
AHBIKTAJIMAFaH KOMIIOHEHT 8.80
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Rh. tataricum L.f. ecimairi »kep acTbl O6JIriHIH TeKCaH CHIFBIHIBICHIH/IAFDI
HeTi3ri KoMmoHeHTTep: [-cutoctepon (63.23%), kammnectepon (11.94%) xone
oxtako3anon (8.45%). Creponmap xep acTbl OOJIKTIH HEri3ri MerabomuTTepi
OOJBIT TAOBIIATBIHIABIFEI TalAay HOTIDKECIHEH Oenrini Ooimel. By omapasiH
oCIMIIK MeTabOoNMM3MIHIEr MaHBI3ABUIBIFEIH alKeIHmaiael. B-Cutoctepon Rh.
palmatum xone Rh. wittrockii C.E.Lundstr. ecimaikTepiHiH  Herisri
KOMIIOHEHTTepiHiH 6ipi 6ombin Tadsuans: [9, 10]. Rh. ribes ecimmiriniy rymainen
aca KPHUTHUKAIBIK KOMIPKBIIIKBUI Ta3bl MEH MOJSAPIBl EPITKIMTepal KOJAaHy
apKbUIbl  MOAU(UKALMSAIAHFAH CBHIFBIHIBICBIHAH Mad  KBIIIKBUIIAPEl  MEH
¢urocrepunaep Oeminin ansiarad [11].

I'X-MC ranmay mormkecinme Rh. tataricum L.f. ecimmirimiy sxep ycrti
0eJIIriHiH IeKCaH CBHIFBIH/BICHIHAH JKAIIMbBI 23 KOMIIOHCHT aHBIKTAJIBIIN, OJapIbIH
12 nakTeI coiikecTeHAipinai (kecte 2). benrimi Oosran 3aTTapAblH HETi3ri Oeuirin
TEpIeHAep, Mail KBIIIKbUIAAPEL, CTEPOUATAp, TOKO(MEpOa, CTepoaiap MeEH
cnuptrep Kypaiael. CaHnplK sxkarbiHaH [-curoctepon (28.92%), ckBaneH
(16.22%), y-Toxodepon (11.73%), a-amupun (4.64%) yneci xorapbl MeIepIi
Kypanel. ['ekcaH CHIFBIHABICBIHAAFBI  3aTTapiablH  76.29%  KiTarmxaHaJBIK
MOJIMETTEPMEH TOJNBIK colkecTik kepcerTi. Kamran 23.69% ceirbIHABIIA 211
3epTTeIMETeH HEMece CHpPEeK Ke3/IeCeTiH 3aTTapAblH OO0Jlybl MYMKIH €KeHiH
KepceTesi.

Kecre 2 — Rheum tataricum L.f. ecimMairiHiz xep ycTi GeiriHiH I'eKcaH ChIFBIHABICHIHBIH KYPaMBbl

Ne Monekynan Monekynain Caxrany Memmepi,%
Kocsuibic atayst BIK BIK MacCachl YaKBITHI,
(dopmynacer MHH
1 aHBIKTaJIMaFraH KOMIIOHEHT - - 17.97 2.70
2 aHBIKTaJIMaraH KOMIIOHEHT - - 18.41 0.87
3 9-0OKTOEKOH KBIIIKbUIBI C1sH3402 282 19.54 1.46
(9E)

4 ¢uron C20H400 296 20.71 0.95
5 TKaH - - 27.09 2.29
6 aHBIKTaJIMaFraH KOMIIOHEHT - - 27.19 0.43
7 aHBIKTaJIMaraH KOMIIOHEHT - - 27.88 0.66
8 y-ToKOdepos C2gH4s02 430 29.24 1.54
9 TKaH - - 29.57 1.64
10 | amkanon - - 29.74 3.49
11 | 5-pumen, 3-crurmacran CooHas 396 29.95 1.41
12 | y-rokodepon C2sH4s02 430 30.44 11.74
13 | aHBIKTaIMaraH KOMIIOHEHT CooH3s 278 30.64 5.01
14 | aHbBIKTaJIMaraH KOMITOHEHT - - 33.85 2.87
15 | B-curoctepoi Ca9Hs00 414 34.17 28.93
16 | aHbIKTaJIMaraH KOMIIOHEHT - 34.79 5.07
17 | B— amupun CaoHs00 427 34.92 1.98
18 | aHpIKTasIMaraH KOMIIOHEHT - - 35.60 2.20
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Kecre 2 kajarachbl

19 | o- amupuH CaoHs00 427 36.03 4.64
20 | aHpIKTaIMaraH KOMIIOHEHT - - 37.12 1.36
21 | aHBIKTaIMaraH KOMIIOHEHT - - 37.57 1.83
22 | ckBayieH CsoHso 410.7 41.19 16.22
23 | a”pIKTaJIMarad KOMIIOHEHT - - 43.42 0.69
Kannsr 99.98
AHBIKTAJIFAH KOMIIOHEHT 76.29
AHBIKTAJIMAaFaH KOMIIOHEHT 23.69

byran neitin Rh. L.f. eciMairiHiH TaMbIpblHAH Mail KbINIKBLIIAAPEI OOTiHII
ampikTanrad [12]. Rh. officinale ecimairimin [13], »xone Rh. spiciforme Royle
OCIMJIITIHIH CYJIBI-METaHOJ CBIFBIHJBICBIHBIH OaKTepHsulapFa XoHE 3CHIepre
Kapchl ocepiH 3epTTereHie KYpaMBIHAAFbl HETI3r KOMIIOHCHTTEP CTEPOHITap
koHe TepreHaep Oonbin Tabbuiran [14]. B-curoctepon memmepi Rh. tataricum
L.f. ecimairinae sxep ycti Oemirine (28.92%) kaparaHia jxep acThl OediriHiae
(63.23%) sxorapbl, COHBIMEH Kartap »ep ycTi Oemirinme y-tokodeporn (11.73%)
x)oHe TepreHnep — ckpanieH (16.22%), a-amupun (4.64%) yneci 6aceim. ['ekcan
CBHIFBIHBICBIHAA TEPICHAEPAIH YieciHiH OackiM OojraHbl, Oy o3 Keserinae Rh.
tataricum L.f. ecimairiniH jkep YycTi O6JIKTepiHIH TYpii OHOJOTHSIBIK
OeNCeHNITIKTEPiH aliKbIHIAY/ 1A €pEeKIlie Ha3ap ayaapTalbl.

y-Tokopepoa —  JHNOGWIBMIK  OpTamarbl  paaWKanmapra  Kapchl
OCJICeHIITITIMEH EpPEeKIIEICHETIH aHTUOKCUIAHT. OJeOueT KO3iHAC O-aMHpPUH
JKOHE OHBIH TYBIHJBICHIHBIH KAObIHY aypyJapblH eMJCyre apHaIFaH >KEpriliKTi
JIOPiHI jKacaya ©3eKTiTIr opi MaHbI3AbLIBIFEI Xabapaanrad [15].

Bapnwik anpikTanran Koceutsictap Rh. tataricum L.f. ecimmairi yurin amrain
PET TaOBUIIBL.

4. KopbITHIHBI

I'X-MC omici mormxkecinme Rh. tataricum L.f. ecimmirinig »ep acTsl
0eJIiriHiH TeKCaH ChIFBIHIBICEIHAH 11 JUMOQUIBII KOCBUIBIC ~aHBIKTAJIbII,
OJIAPBIH / CIEKTPIIK JepPEeKTep Heri3iHae COMKecTeHIIPiIi; )Kep YCTi OeirineH
23 KOMIOHEHT TaObLIbII, 0JIAPAbIH 12 HAKThI AHBIKTAJIIBI.

Rh. tataricum L.f. ecimairi ep actel Oeumiringe P-curoctepon (63.23%),
kammectepon (11.94%) xone okrako3anon (8.45%) KOMIOHEHTTEPiHIH MeJepi
OackiM, an xkep ycTi Oemiringe [P-curocrepon (28.92%), cksanen (16.22%), y-
tokodepon (11.73%), o-amupun (4.64%) yneci xorapbl MeIIEpIi Kypalbl.
Unentudukanusianrad KOMIIOHSHTTEPIH YyJieci sxep actel Oeik yiria 91.20%,
&ep ycTi Oeuik ywiH colikecinme 76.29% kypaiiabl.

Auarbic: By xywmeic JI.H. T'ymunes atsinnarsr Eypasus ynrteik yausepcuteri meH (PFA CB) H.H.
Bopox1ioB arbiHaarsl HOBOCHOMPCK OpraHUKaJIBIK XUMUSI MHCTHTYTBI apachIHAA )KACaJIFaH XaJIbIKapaJblK
BIHTBIMAKTACTBIK TypaJibl MEMOPAHIYM ILIEHOEPIH e OPBIHIAIIIBI.

CriexTpiik JkoHe aHaIuTHKaNbIK emmeynep ymidH H.H. Bopoxmos arteiHmarsl HoBocnbupck
opraHukanblk XuMus HHCTHTYTHIHBIH (PFA CB) XUMHAIBIK 3epTTEyJepiAiH KeIcaaaisl OpTAIBIFRIHA
aJIFBIC OUIIIpeMis.

Myaaesiep KaKThIFBICHI: ABTOpiIap Oyl Makanazna e3apa MyJieliep KaKThIFbICBIHBIH JKOKTHIFBIH
MoiMIEH .
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NCCJIEJOBAHUE JIUIMTOPHU/IBHBIX KOMIIOHEHTOB RHEUM TATARICUM L.f.

A.A Typeynéaeea', 3.3. Illynvy?, O.H. Canvnurosa®, B.A. Casenves?, H.I'. Temedncuesa®,
H.A. Cyrmanosa L E.E. Kamxkanéaee', K.K. Kamxanéaesa *

'HAO «Espasuiickuii nayuonanouviii ynusepcumen umenu JI.H. I'ymuneea», Acmana, Kasaxcman
2Hoeocubupckuii uncmumym opeanudeckoti xumuu um. H.H. Bopoxcyosa CO PAH,
Hosocubupck, Poccus

3P na IIXB «Mncmumym 6omanuxu u gpumounmpooyxkyuu» KJIX)KM MIIIP PK,

Anmamet, Kazaxcman

*E-mail:Ayman_88@mail.ru

Pestome. Hecmotpst Ha mmpokoe npumeHenue Rheum tataricum L.f., (pox Rheum L., cemeiictBo
Polygonaceae Juss.) B duroTtepamiu, ero JHMOPUIBHBIE KOMIIOHEHTBHI OCTAIOTCS HEIOCTATOYHO
HU3y4YeHHbIMH. B JaHHOM HCClIeOBaHMM NPOBENM aHAIU3 JHIOQHIBHOIO COCTAaBa I'€KCAHOBBIX
9KCTPaKTOB, mMoiydeHHbix u3 Rheum tataricum L.f. PacrurenbHoe chippe 3aroToBwid B (asy
UIOJIOHOLICHHST B AJIMATHHCKOM 00acTi. MeTaboauThI ONPEICHIN METOIOM ra30Boi XpomaTorpaduu-
macc-ciektpomerpun (IX-MC). J{nst 0OpaOOTKH MONYYSHHBIX PE3YyJIbTATOB M JAHHBIX HCIIOJb30BaH
mporpammuoe obecreuerne Agilent MSD ChemStation (Bepcust 1701EA). B pesynbraTe ucciaeqoBaHus B
MMOJI3eMHOM YacTH oOHapyXmwin 11 ITUNOQHUIBHBIX KOMIIOHEHTOB, U3 KOTOPBIX HACHTH(UIHpPOBAIU 7; B
HaJ3eMHOIl yacTn — 23 koMmnoHeHTa, uaeHtuduuuposanu 12 coexunennit. OCHOBHBIMH MeTabONIUTaMU
TEKCAaHOBOTO DKCTPAKTa, MOJYYEHHOrO M3 MOJ3EMHOM 4YacTW pacTeHHs, SBISIOTCS [P-CHTOCTEpOI
(63.23%), xamnecrepora (11.94%) u oxrakozanon (8.45%). Cpean MACHTUGULIUPOBAHHBIX COCAUHEHUI
peolIaialoT CTepOUIHBIC KOMIOHEHTHI. B Haj3eMHON 4Yacte JAOMHHHPYIOT B-cutoctepon (28.92%),
ckBaneH (16.22%), y-toxodepon (11.73%) u o-amupun (4.64%). O6mast rons UIeHTHOUIUPOBAHHEIX
KOMITOHEHTOB, COIEPIKAIIMXCSI B TEKCAHOBBIX SKCTPAKTAaX ISl Moa3eMHOM yactu coctaBuia 91.20%, a ms
Ha/j3eMHOI yact — 76.29% cooTBeTcTBEHHO. B mccnemyeMbix 3KCTpakTax Mpeo0iaialoT TepIeHOBbIC
COC/IMHEHHUS, YTO CBHUJCTEIBCTBYET O MOTECHIHAJIbHON OMOJOrMYEeCKOH AKTHBHOCTH M IEHHOCTH JUIS
MPOBE/ICHNUS JAaTbHEHIINX UCCIICIOBAHUI.

KaroueBbie cioBa: Rheum tataricum L.f., naunodunbHble coeauHeHus, ra3oBasi XpoMmaTorpadusi-macc-
cnekrpomerpusi (I'X-MC), crpouabl, TepIeHBI, [-CHTOCTEPOJ, TE€KCAHOBBIM 3KCTPAKT, SKCTPAKIHS,
HaJ[3eMHasl YacTh, MOJ3EMHAsl 4acTh.

Typzynoaesa Aitman AKvliKbi3o1 PhD ooxkmopanm

Hlynvy Inveupa Idyapoosna Jlokmop xumuueckux HayK, npogeccop

Canvnuxosa Onvea Hocughosna Hnorcenep xumuueckozo cepgucrozo yenmpa Hosocubupckozo
uncmumyma opeanudeckou xumuu CO PAH

Casenves Buxmop Anexcanopoguu Kanouoam xumuneckuii nayx, ooyenm

T'emeoscuesa Haodexncoa I'ennaovesna  JJokmop 6uonocuueckux nayk,npogeccop

Cynmanoea Hypzynv Aoaiibaesna Jlokmop xumuueckux HayK, npogeccop
Kamxanbaee Epnan Epycanosuu Jlokmop mexnuueckux Hayk, u.o. npogeccop
Kamxkanbaeea Kanuna Kananoexosa Kanouoam xumuueckuil Hayk, Ooyenm
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DETERMINATION OF THE EFFICIENCY OF PRASEODYMIUM ION SORPTION
AT VARIOUS RATIO BY THE AMBERLITE IR120 (H*):AB-17-8 (OH")
INTERPOLYMER SYSTEM
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Abstract. Introduction. The aim of this study was to investigate the efficiency of praseodymium ion
sorption using ion exchange resins containing Amberlite IR120 (H*) and AB-17-8 (OH) at different
composition ratios.Goals and objectives. The study established how conformational changes based on
“long-range action” affect the efficiency of praseodymium ion sorption; the features of sorption of this ion
in a static mode were studied.Methods: The study clarified the effect of resin composition on the sorption
efficiency through a comprehensive experimental analysis, including sophisticated sorption experiments
and characterization methods such as spectrophotometry and atomic emission spectroscopy.Results and
analysis. Optimal coefficients providing the maximum efficiency of praseodymium ion removal were
determined. In addition, the study examines the underlying mechanisms that determine the sorption
properties, focusing on the relationship between resin composition, surface chemistry, and ionic
interactions. Conclusion: The results obtained will not only contribute to the development of specialized
ion exchange materials for the efficient recovery and purification of praseodymium, but also to a deeper
understanding of ion exchange chromatography processes. This study is of great importance for
praseodymium-dependent industries, as it offers strategies to address challenges associated with its
production, purification, and use.
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KA3AKCTAHHBIH XUMUA 2KYPHAJIBI XUMHYECKHUU XX YPHAJI KA3AXCTAHA

ITPA3EOJTUM HOH/IAPBIHBIH AMBERLITE IR120 (H"):AB-17-8 (OH)HHTEPIIO/INMEP/IIK
JKYUE APKbL/IbI OPTYP/II KATPIHACTAP/JATbI COPBIIUA/IBIK TUIM/IUIITIH AHBIKTAY

T.K. /Tncymaounos*, M.K Kaoynosea®", 0.B. Ipasynaeuuyc®

1«O.5. Bexmypoe amvinoazul xumus eviiimoapsl uncmumymoly AK, Anmamor, Kazaxcman
2Ab6aii amvinoazel Kazax ynimmelx nedazozuxanvix ynueepcumemi, Anmamol, Kazaxcman
3Kaynac mexnonozuanvix ynueepcumemi, Jlumea

*E-mail: kabulovamk@mail.ru

Tyitinoeme:byn 3eprrey Kypambiama Amberlite IR120 (HY) xomeAB-17-8 (OHY) 6ap oprypui
KOMITO3ULIMSUIBIK ~ KAaThIHACTA HWOH  QJMACTBIPFBINI  LIAHbIpIapasl KOJNAAHy apKbUIbl  [Pa3eouM
HMOHIAPBIHBIH COPOIMSCHIHBIH THIMAUTITIH 3epTTeyre apHanFaH. Makcammap meH minOemmep. 3epTTey
OaphIChIH/IA IPA3€0IUM HOHBIHBIH COPOIIMSICHIHBIH TUIM/ILTITIHE «KAUIBIKTBHIKTAH dCep €Tyre HeTi3/enreH
KOH(MOPMALUSIIBIK ©3repicTep Kajail ocep €TeTiHi aHBIKTaJJbl; OCbl MOHHBIH CTATHKAJBIK PEIKHMIIE
copOysany — epekmelnikTepi  3eprrenni.ddicmepi: KemeHai copOUMSUIBIK  TOXipHOenepai KoHe
CIIEKTPOGOTOMETPHS JKOHE ATOM/IBIK IMUCCHSUTBIK CIIEKTPOCKOIIHS CUSIKTBI CHITATTAY OMICTEPiH KAMTUTBIH
KELICHI SKCIEPUMEHTTIK Tal[ay apKbUIbl 3€PTTEy MIAWBIP KYPaMbIHBIH COpOIHsS THIMIUTIITiHE acepiH
HaKThUIAAbl. Homuowcenep men manoay. Ilpa3eoguM HOHBIH JKOIOJBIH MaKCHMaJAbl THIMIUIITIH
KaMTaMachl3 €TeTiH OHTalibl maprrap MeH Kod(duimentrep aHblKranasl. COHbBIMEH Kartap, 3epTrey
mIaplp Kypambl, OCTTIK XHMHs KOHE MOHBIK OPEKETTECYJep apachblHIarbl OailnaHpicka Oaca Hazap
ayzapa OTBIPBIII, COPOLMSUIBIK KACUETTEpAl PETTEHTIH HETi3r1 MEXaHU3MIEP Jie 3epTTeiai. KopuimuiHobi.
AJIbIHFAH HOTWDKEIIEp Npa3eoAuMIl TUIMJIl 06l ayy >KoHe Ta3apTy YLIIH apHailbl HOH aJIMacTbIPFBILI
MaTepHaIap/sl 93ipieyre FaHa eMec, COHBIMEH KaTap HOH/BIK COPOLIHMS MPOIECTePiH TEPEHIPEK TYCiHyTe
BIKMaJ eTefi. byi 3epTTey npaseoaumre KaTbICThI cayajiap YIIiH MaHbI3bl 30p, OHBI OHIIpYTe, Ta3apTyFa
JKOHE TTaiilaNianyFa GailJIaHbICThI KMBIHIBIKTAP (b LICIIYTe apHAIIFAH CTPATETHsIapAbl YChIHA/IBI.

Tyiiin ce3aep:HHTEPIOTIMEPTIK Kyife, CIeKTpOGOTOMETPHS, THAPOTeTbIAep, MPa3eoanM, Pré* HOHBIHBIH
COpOIHSICHI

Kabynoea Maouna Kabynoena PhD ooxmopanm
Joncymaounoe Tankvioex Kosxcamaesuu x.8.0., npogeccop
I'pasicynasuuroc FOozac Buoac x.2.0., npogeccop

1. Kipicme

[pazeonum nonnapein (Pr**) cupek kesgecetin xep snementrepi (CXKD)
KypamblHaH Oeiim ajy — 3aMaHayd MaTepualTaHy >KOHE XUMUSUIBIK
TEXHOJIOTHSIHBIH ©3€KTi Macelsenepinin Oipi Oonbin Tabbutaabl. byn noHgapapH
JKOFapbl MArHHUTTIK, ONTHKAJIBIK JKOHE KaTaJUTHKAJIBIK KACHETTEpi OJapibl
Jla3epilik MaTepuaigap, JoMuUHO(OpIap, JKOFAapbl OHIMJI MarHUTTEp KOHE
KaTaau3aTopliap CUSKTHl MHHOBAIMIIBIK KOJIaHOAIap YIIiH aca MaHbI3/IbI €TeIi.
Herenmen, CXKD-HiH (U3MKA-XMMHSJIBIK KACHETTEPiHIH YKCACTBIFbI QICTTe
oJiap/ibl Oip-OipiHeH Ta3a Typae Oedin any/bl KubiHaaTam [ 1-3].

Byn KYMBICTBIH MakcaTTapbl Mpa3eoldM HWOHBIHBIH COPOIUSICHIHBIH
TUIMJUTITIHE «KAIIBIKTBIKTAH oCEep EeTyre» HETI3JCITeH KOH()OPMAIUSITBIK
e3repicTep Kajlail ocep eTEeTIHIH aHBIKTAy; OCHl MOHHBIH CTATHKAIBIK PEKUMIC
COpOITUsIaHy ePEKIICTIKTEPiH OLTy.
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2. Toxipuoesik 6os1im

Peaktusrep:

Kypeiireimap:  EpitinginepaiH  cyTeri MOHAAPHIHBIH — KOHLEHTPALHUSCHI
Metrohm-827 pH-metpimen (IlIBeiimapus) emmenmi. I'uaporenbaepain Maccacsl
SHIMADZU AY220 ananutukaniblk TapasbicbiHna (JKanonus) enmenni. Onmey
Kareniri 1% acnaiinsl. Epitingizeri Pr’* noH1apbIHbIH KOHIEHTPALUACHIH OJIIIEY
YLIiH Jenway-6305 (¥np10putanus) KOHE Ko®K-3M (Peceit)
CrIeKTpodoTOMETpIIEPl KONTAHBUIIBI.

onicrep:

[MpazeonmuM MOHAApBIH copOLMsUIay OacTanKpl KOHIEHTPAIMSICHl 5 MI/1 e
npazeonuM HUTpatbiHblH  (Pr(NOs);*6H20) yarinmepi cynbel  epiTiHIinepiHeH
CTaTHKAIBIK, pexkuMe Kyprizimai. CopOeHTTep peTiHae opTypii QyHKIHOHAIIBI
tortapbl 6ap Amberlite IR120 (katnonanmacteipreim, H-popmacer) sxone AB-
17-8(OH)  (ammonammacteipreim, OH -popmackl) HWOH  aIMacCTBIPFBIII
maieIpaapsl Komganeuiael. [lommmepnepain xammsr Mmaccacsl 200 Mt epiTiHaire
0,12 r Kypabl, ax oyapbiH apakarbiHackl 6:0-1eH 0:6-Fa neiin e3rep/i.

HuTteprnionnmepiik xyienepi Kyprak cOpOCHTTEpIli KepCceTiIreH KaThlHacTa
KaIIBIKTBIKTAH ~ apajiacThIpy  apKbUIBl  JTalbIHAQIABI, COAAaH KeWiH —osap
Pr(NOs)3*6H20 epiTiHiciHe KOCBUIIABL. OpekeeTecy 0eiMe TeMIeparypachiHa
30 munyT, 2,5 carar, 6 carat, 24 caraT xoHe 48 caraT OOWBI KYpri3iii.
Kepcerinren yakpiTTan KeifiH opranbiH pH MoHI xoHe epiTiHmineri Pr** xammbix
KOHLICHTPALMSCH aTOMJIBIK YMHUCCHSUIBIK CIIEKTPOMETPHSI apKbIIbI aHBIKTAJIJIBI.

a. Ilpa3eogum HOHIAPBIH AHBIKTAY dici

CXXM wmonpapeiH aHbIKTay 9/1ici Apcera3o Il opraHnkanbik aHaTUTHKAIBIK
peareHTiHIH JIaHTaH HOHJAPHIMEH TYCTI KOMIUIEKCTI KOCBUIBIC —TY3yiHE
HETI3/IEJITEH.

Copbuus nopexeci keseci Gopmyia OOHBIHILA eCenTeNIi:

_ Cﬁac'r. - ceca.r[. - 100%

n
Cﬁar‘r.
My#nnarbl Coacr M Cian— T/ COliKeC JaHTAHHBIH EPITIHIACTI OacTaIlKbl )KoHE
KaJIZIbIK KOHI[CHTPAI[HMSCHI.
ITonumep Tiz0eKkTepiHiH OalaHbICy Iopekeci keneciaed Gopmyara colikec
€CenTey apKbUIbI AHBIKTAJIIbL:

v,
6 =~ 100%

MYHJIAFBl Veops. — COPOIMSIIAHFAH JIAHTaHBI 0ap MoiuMep OipIiKTepiHiH
caHbl, ©JIIIIeM Oipiiri - Mojb;, V — monuMep OalIaHbICTAPBIHBIH JKAJIbl CaHbI

55



KA3AKCTAHHBIH XUMUA 2KYPHAJIBI XUMHYECKHUU XX YPHAJI KA3AXCTAHA

(epiTiHmime eki THApOrens Oojica, OJ OpOip MOTUMEP THAPOTEIIHIH
0aliTaHBICTAPBIHBIH KOCHIHIBICH PETIH/IC €CenTene/i), MOJb.\

3. HaTm:kesep kaHe Tanaay

OcpIFad JIefiHTi WHTEPIOTUMEPIi KyHenepaiH3epTTeyiepi moIuMepiIepIiy
e3apa aktuBTeHyi C)KM-Fa KaThICTBl SJEKTPOXUMUSIIBIKKOHE COPOLHMSIIBIK
KacHeTTepiH e3repyiHe alTapibIKTail acep ereTiHiH kepcerti[4], [5], [6], [7],
[8]. by 3eprreynepai ogan api XKeTAipy YIIiH MPa3eo uM HOHAAPBIHA KATHICTHI
WHTEPIIONUMEPIT )KYHenepAiH cOpOIMSITBIK KACUETTEPiHE 3ePTTEY KYPIi3miK.

Amberlite [R120:AB-17-8 wunTepniomumeprep KyiheciMeH copOuusiay
ke3inge Pri*HOHIApBIHBIH  KOHIIEHTPALUACHIHBIH ~MOISAPJIBIK KAThIHAC —IIEH
yaKbITKa OaliIaHbICTHI ©3repyi 1-KecTene KopceTiire .

CopOrust  mporieciHiy OacTamnKbl YaKbITBIHAA TPa3couM HOHIAPBIHBIH
KOHIIEHTPAIUACH JKOFaphl OonFaH. bipak KamblkraH opekerTecydin24 xoHe 48
caraT YaKbIThIHIA KOHIICHTPAIUS MOHI KYPT TOMEHJereH. by MHTepronuMepi
KyhenepaiH 4:2 KaTbIHACBIHAA alKbIH KOpiHEdl. OpeKeTTecyaiH 48 caraTbIHIa
Mpa3eo MM HOHJIAPBIHBIH COPONMACHI MaKCUMalibl MoHIre keTkeH.byaan
WHTEPIIONUMEDPITL  JKYyHenepaeri TOMUMep JKYNTApBIHBIH ©3apa aKTHUBTEHYL
OJIapJIbIH COPOIMSITBIK KaOIJIeTIHIH ©CYiHE bIKIAJ eTETiHIH 0o/nKayFa 001abl.

Kecte 1 - Cratukanslk pexXuMIe TMpa3eoJiM COpPOLMSCHIHBIH YaKbITKa TOYeNIUIri (KaJIblK
KOHIICHTPAUMsIChl), bacTankbl KoHneHTpanus C =5 mr/m.

Amberlite 0.5 25 6 24 48
IR120:AB-17-
8

6:0 4,98 4.88 4.62 3.52 2.58
5:1 4.99 4.98 4.82 4 3.16
4:2 4,99 4,94 4,72 3.62 2.76
3:3 497 4.95 4.8 4.06 3.48
2:4 497 4.96 4.92 4.26 3.56
1:5 4,99 4,98 4.87 4.6 4.26
0:6 5 4.98 4.84 4.83 4.80

Amberlite IR120:AB-17-8 unTepnonumep KyHeciHiH Ipa3eo 1M HOHIAPHIH
MOJISIPJIBIK KaThIHAC TICH yaKbITKa OaiylaHbICTBI 0N any maapexeci 1,2-cyperte
KOpCETLIreH. 1 -cypeTTe copOLMs IopeKeCiHiH YaKbIT OTKSH CaliblH apTa TYCETIHIH
KepceTel. OpeKeTTeCyAiH alFallkbl YakKbIThIHAA MOJISIPIBIK KaTbiHacTapel 5:1,
4:2, 3:3 xone |:5 wuHTepnonmuMepni  JKyHeirep MEH  JKeKe  HOH
anMacTeIpFeIITapAsiH (6:0, 0:6) copOrus mopekeciHae KaTThl aWbIpMAaIlbUIBIK
KOK.

48 caraTTaH KeHiH €H YKOFapbl MPa3eoJnM HMOHBIHBIH KallblHa Kemyi (2,52
Mr/i1) Kypambiaia Tek Amoepiut IR120 6ap 6:0 xyiiecinae OaliKaiabl.
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65 o Amberlie:AB-17-§

§:3 :':1 4:1 i3 ZI4 1::' 9:':‘
MOILIK KRTHEAC
Cyper 1 - Amberlite IR120:AB-17-8
HHTEPIOIMMEpIIEp KyHeciMeH copOuusay
Ke3iH/Ie HOH aIMACTBIPFBILITAP MEH YaKbITTHIH

Amberlite AB-17-§

Cyper 2 - [Ipa3eonM HOHAAPBIHBIH COPOLIHs
Jepexecinil yakpiT ote keie Amberlite IR120 (H*)
xone AB-17-8 (OH") unTeprionmmepiepitiy

MOJTb apaKAThIHACKIHA OANTAHBICTBI Pr3*
HMOH/IAPBIHBIH KAIABIK KOHICHTPAIMSACHIHBIH
e3repyi.

KAThIHACHIHA TOYEIILIITI.

bipak copOenTTiH Oip MombiHE KaiiTa ecenTereHae (rucrorpamma 1) eH
oFapbl copOusuiblK KaOuterrimikke (0,84 mr/mmonp) 1:5 KaThiHACHIHIA KOI
xeTkizingi (Amberlite:AB-17-8), Oyn AB-17-8 yneciHiH KoFapbulaybIMEH WOH
JIIMACTBHIPFBIIITAP/IBIH 63apa dPEKEeTTeCyiHiH CHHEPIeTUKANIBIK 9CEPiH KOPCETETi.

1 monb nonumepre eTkeH Pr3* MOHJAPbIHbIH,
copbuma gapexeci

0,84
0,77
0,8

0,6
0,4

9,58 0,54
iy 0,42 038 037 034 0,42
4 026 022
02
¥ oo
0

6mol:0mol  Smol:dmol  4mol:2mol  3mol3mol  2mol4mol  1mol:Smol  Omolkémol

Ha3eaHue ocu

H24c W48c

Tucrorpamma 1 - 1 Monb nonmmepre oTkeH Pré* HOHIAPBIHBIE COPOLKS IPEKECIHIH YAKBIT OTE KeJle
Amberlite IR120 (H*) »xone AB-17-8 (OH") nHTeprionuMepiHiH KaTbIHACBIHA TOYEIALIITI.

Epitinainig pH-HBIH e3repyi Je MOH aaMacy IpoIecTepiHiH makaa 00mybIH
pacraiiapl. bapibplk KOMITO3WIIMSIIAP YIIIH YakKBIT oTe Keine pH-HbIH Oipkenki
KOFapbUIaybl Oalkanasl (5-cyper), acipece >KOFapbl aHOHUTTIK Ma3MyHJa alKbIH,
Oy1 H' wuonmapeiHblH gecopOIusIchiH xoHe OH™  TonmrapblHBIH MeETaabl
0allTaHBICTRIPYFa KATHICYBIH KOPCETE]I.

57



KA3AKCTAHHBIH XUMUA 2KYPHAJIBI XUMHYECKHUU XX YPHAJI KA3AXCTAHA

B

repraTri
62~ Amberlite-AB-17-8 = b

Amberlite: AB-17-8
6,0

58 -

56 -

54
52
50
48
46 e
44 45

42 | 44

(@) 0]

Cypert 3 - Oprypai kateiHactarsl Amberlite IR120: AB-17-8unTeprnonnmepiepiniy MOJb KaTbIHACHIHA
(a) »xoHe pH kepcerkimrepiHiH (b) yakbITKa TOyeIIUIri.

Amberlite IR120:AB-17-8 unteprnonumep Kylecineri nojauMep Ti30eriHiH
OaliaHpiCy  JopeKeciHiH (Tpa3eoWM  HWOHAAPBIHA  KATBICTBI)  YaKbITKA
0aifTaHBICTHI TOYEIILIIT 2-KecTeae kepceTinreH. [lomuMep Tiz0eriHig nmpa3zeoqum
WOHJaphIMEH OaiflaHbICy JIopekeci TONMUOHHBIH XUMHSJIBIK TaOUFaThIHA YKOHE
WOHJaHy JopexeciHe OatmanbicTel. CoHuaii-ak OaliaHblc  Kapama-Kapchl
TaHOAJBI 3apsATapIblH Ta3za 3JIEKTPOCTATUKAIBIK TapTHUIYyBIMEH ae, Oacka aa
€peKIle acepiieCyMeH OaiaHbICThl O0Tysl MYMKiH. HTEepIionmumep xyhecinaeri
moJiuMep Ti30eriHiH OalaHbICY JOPESKECIHIH €H Korapbl MoHzepi 48 cararTtaH
keitin  Amberlite IR120 >xone AB-17-8 6:0; 5:1 xoHe 4:2 KaTbIHacTapbIH/IA
coiikecinme 2.86%, 2.21% xone 2.69% xypansl. A Amberlite IR120 sxone AB-
17-8 >xeke MOH aJMacTBIPFBIII HIAWBIPIIAP/BIH TOJIMMEp Ti30€riHiH OalaHbICy
JopekeciHiH MoHIepi 48 caraTTaH KeifiH Tricinmie 2.86% xone 0.23% Kypasbl.

Kecre 2-TTonmmMeprizbekrepininbaiinansicy opexeci(0,%)

t,carar 6:0 51 4:2 33 2:4 15 0:6
0.5 0.021 0.012 0.012 0.036 0.036 0.011 0
25 0.141 0.024 0.072 0.060 0.048 0.023 0.023
6 0.449 0.216 0.336 0.240 0.096 0.153 0.189
24 1.750 1.202 1.659 1.130 0.890 0.473 0.201
48 2.862 2.213 2.694 1.828 1.732 0.875 0.236
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Kecre 3-TuimM/ii INHAMHUKAIBIK COPOIMSITBIK CHBIMIBLIBIK (Q,MMOJIB/T)

t,caraT 6:0 51 4:2 33 2:4 15 0:6

05 0.0000011 | 0.0000006 | 0.0000006 | 0.0000019 (0.0000019 | 0.0000006 0

25 0.000007 | 0.0000013 | 0.0000038 | 0.0000032 | 0.0000025 | 0.0000012 | 0.0000012

6 0.0000224 | 0.0000117 | 0.0000181 | 0.0000128 | 0.0000050 | 0.0000082 | 0.0000100

24 0.000087 | 0.0000652 | 0.000089 | 0.0000603 | 0.0000471 | 0.0000252 | 0.0000106

48 0.0001431 | 0.0001201 | 0.0001450 | 0.0000975 | 0.0000916 | 0.0000466 | 0.0000125

Ocpmaitma, WI1 xypameiHa AB-17-8 eHrizy alKpIHBIpaK aHHOH ajiMacy
MEXaHM3MIiHIH apKacblHAa Pr®* CenmeKkTHBTLNITIH aWTapibIKTail apTTHIPAIbl, ail
Amberlite IR120 KpImKpUT TONTapblHA OAWIAHBICTHI HMOHAAPABIH KOJIEMJIIK
KUHaKTaTyblHa KeOipek ayan Oepemi. bip kyiHemeri KaTHOHHUTTEp MEH
AQHOHUTTEPJIH YKCAC opeKeTTecyi OYphIH HEOAMM KOHE caMapuil CHAKTHI CHpEK
»Kep MeTaJapbIH aiy OolibIHIIa 3epTTeynepae aran ot [9,10].

Hotmxenepre cyiieHe OTBIPBIN, Tpa3eoJvM/l OHTaliIbl Oeuinm amyra
Amberlite IR120 »xofapbl KHHETHKAIBIK cHUIaTTamanapbl MeH AB-17-8 sxorapsl
COpOIUSITBIK KaOiNleTiH OipiKTIpETIH MOH alMacTHIPFRIIITAPIBIH (4:2 xoHe 1:5)
TEHJICCTIPUIreH KYpaMbIMEH KOJI JKETKI3UICTIHIH aliTyFa 00Japbl.

4. KopbITHIHABI

Koperteiaapumaii  keme, Amberlite IR120 xome AB-17-8nerisinzgeri
MHTEPIOIMMEPITIK JKYHenep/i TaijanaHa OTBIPBIN, MNPa3eoAuM HOHAAPBIH
copOnusiiay THIMALTITIH 3epTTey KYHIBI HOTIKenep Oepai. XKyiteni Toxipubenep
HOTWKECIHIE UHTEPIOIUMED JKYHECIHIH COPOIIMSITBIK TUIMIIIT
4:2(Amberlite:AB-17-8) xone  1:5 (Amberlite:AB-17-8) xaTbiHAachIHIA €H
JKOFaphbl JICHrelre JKeTeTiHI aHBIKTANAbl. bysn OHTalibl KaTblHAC EpiTiHIiJACH
Mpa3eoiuM HOHAAPHIH O6IyAiH MaHBI3Ibl QJIEYETiH KoHEe Oy €Ki MOoJMMepHiH
COpOLMSITBIK KaO1JIETiH apTTBIPYIaFbl CHHEPT€THKAIIBIK 9CEPiH KOPCETTI.

byn wMakamama mpaseoamM  MOHIAPBIH  OPTYPJi  KaThIHACTApAArbl
WHTEPIIOJIMMEPITIK KYHelep apKbuibl OenmyaiH THiMautiri 3eprrenmi. [Tommmeprik
KYHenepiH KypbUIbIMBl MeH Pr’* HOHIApBIHBIH apakaThIHACKHL, cOHIaii-ak pH
XKOHE TIONMMepiepliH (yHKIMOHANABl TONTAPBIHBIH IapaMeTpieplaid acepi
TaaH/IBL.

Makanaga Amberlite IR120 (H') : AB-17-8 (OH’) wuonHanMacThIpFbIII
MIafBIpIapblH OPTYPJl KAThIHACTA KOJJAHY apKbUIBI IIPa3eoJuM HOHAAPBIH
copOIMsIay TPOIIECiH JKYHem Typ/e 3epTTey YCHIHBUIFaH. Toxipubenep kemeci
KaTelHAcTa >Kyprizurmi: 6:0, 5:1, 4:2, 3:3, 2:4, 1:5 xone 0:6, OYJI KOMIIOHEHT
KOHIICHTPAIUACHIHBIH COPOIMS TUIMALIITIHE ocepiH Oaranayra MYMKIHIIK Oepei.
3epTTey HOTHXeNepi Npa3eoAUMMHEH CyIbl Ta3apTy MPOLECIH OHTalIaHIBIpY
YIIiH TpakTHKaJIbIK MoJiMeTTepAi Oepinml KaHa KOWMAaHAbl, COHBIMEH Karap
WOHJAPIBIH HMOH aJMacTBIPFBIN MIAHBIPIApMEH OPEKETTeCY MeXaHH3Mepi
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Typajsl TYCIHITIMI3AI KeHeWTemi. AJBIHFAaH MONIMETTep OKOJOTHS JKoHE
OHEPKACIT calanapblHAa YIKEH MAaHBI3bI Oap CHpeK >Kep JJIEMEHTTEPiH CYyIbI
epiTiHALIepAeH Ta3apTyIdblH THIMAI TEXHOJIOTHSIAPBIH 93ipiey YIIiH maizacel
opacan 30p.IIpa3zeoaumMai Taza Typae aryIbIH SKOJIOTHSJIBIK XKOHE IKOHOMHUKAIBIK
THIMAI OicTepiH 93ipJey — Ka3ipri yakbITTaFrbl XUMHSJIBIK TEXHOJIOTHS MEH
MaTepraiTaHy CajlachIHAaFbl MaHBI3IBI MiHAETTEPIH Oipi OO TaObLTA B

Kap:kbuianasipy: 3eprrey xymbicl Kaszakcran PecrmyOnukachl FbUlbIM JKOHE KOFaphl OLTiM
MUHHCTPIIrT FBUIBIM KOMHTETIHIH TPaHTTHIK KapKbUiaHablpy OoWbiHIIaNeAP26195783 xone Ne
BR27101179 sx06acsIMeH KapKbUTaHIbIPBLIIBL.

Myagesep KakTbIFbICBI: ABTOpIap OyJI Makaiaga e3apa MY/Je]ep KaKTHIFBICHIHBIH KOKTBIFbIH
MomiMAEH .

OIPEJEJEHUE 3OPEKTUBHOCTHA COPELIMA HOHOB ITPASEOMMA ITPU
PA3JIMYHBIX COOTHOIIEHHSIX MHTEPIIOJTMMEPHOI CHCTEMOI AMBERLITE
IR120 (H*):AB-17-8 (OH")

T.K. Jlscymaounos ', M.K. Kadynosa %', IO. B. I'pasynaeuuioc ®

L AO «A.b. Hucmumym xumuueckux nayk umenu Bexmyposay, Anmamui, Kazaxcman
2Kasaxckuii nayuonanvuwlii nedazo2udeckuil ynusepcumem umenu Abas, Anmamel, Kazaxcman
3Kaynacckuii mexnonozuuecxuii ynusepcumem, Jlumea

*E-mail: kabulovamk@mail.ru

Pe3ztome: 11enpio TaHHOTO HCCIeIoBaHUs ObUTO HU3ydeHHE 3P HEKTUBHOCTH COPOLMH HOHOB MPa3eouMa ¢
HCIIOJIb30BaHUEM HOHOOOMEHHBIX CMOJ, coiepxamux Amberlite IR120 (HY) u AB-17-8 (OH") mpu
Pa3TMYHBIX COOTHOIICHUSX COCTaBA.

Lenu u 3adauu. B Xome wuccienoBaHMs OBUIO YCTaHOBJICHO, KaK KOH(OpPMAallMOHHBIE W3MECHEHHS,
OCHOBAHHBIC Ha «JIAJbHOACHCTBUNY», BIMAIOT HAa 3(PPEKTUBHOCTH COPOLUHM HOHA TPa3eOANMa; H3yUCHBI
0COOEHHOCTH COPOIMH 3TOTO HOHA B CTATHYECKOM PEIKHME.

Memoowr: UccrieoBaHne IPOSICHIIIO BIMSHHUE COCTaBa CMOJIbI Ha 3P (HEKTUBHOCTH COPOIIMHU TTOCPEICTBOM
KOMIUIEKCHOTO 9KCIIEPUMEHTAIBHOTO aHallM3a, BKIIIOYAIOIIETO CJIOYKHBIE KCIICPUMEHTHI 110 COPOILMH U
METO/IbI XapaKTEPU3ALHH1, TAKUE KaK CIIEKTPOPOTOMETPHUS U AaTOMHO-IMUCCHOHHAS CIIEKTPOCKOTIHSL.
Pesyromamur  u  obcyscoenue. OnpeneneHbl  ONTHMaJbHble KOI(GQHUIMEHTH, o0ecHeYnBaloIe
MaKCUMaJIbHY0 3P (HEKTUBHOCTD yIajeHHsi HOHOB Tpa3eouma. Kpome Toro, B HCCIIEIOBAHUH U3Y9alOTCs
OCHOBHBIE MEXaHH3MbI, ONpPEACIIAIONINE COPOLHOHHBIE CBOWCTBA, C YIMOPOM HAa B3aUMOCBSI3b MEXIY
COCTaBOM CMOJIbI, XUMUEH TOBEPXHOCTH M HOHHBIMH B3aUMOICHCTBUAMU. 3axniouenue. IlomyueHHbIC
pe3ysibTaThl OyIyT COCOOCTBOBATh HE TOJBKO pa3pabOTKe CIeNUaIbHBIX HOHOOOMEHHBIX MaTepHallOB
Juist 3G HEKTUBHOTO M3BJICYECHUS M OYUCTKH Ipa3eoiMa, HO U OoJiee riiy0OKOMY TTOHUMAHHUIO TPOLIECCOB
HOHOOOMEHHO#M XxpomMarorpaduu. ITO HCCIEIOBaHHE HMeEeT OONbIIOE 3HAYCHHE JUIS OTpaciieH,
3aBUCAIIMX OT IPa3eoanMa, MOCKOJIBKY MpeularaeT CTPATeTHH PEIIeHUs MpoOJieM, CBSA3aHHBIX C €TO
MIPOU3BOJCTBOM, OYMCTKON M HCIIOJIb30BAHHEM.

KuiroueBble c/I0Ba:MHTEPIIOIMMEPHAS CUCTEMA, CIIEKTPOPOTOMETpPHS, THAPOTEIH, MPa3eoanuM, copOIus
3+
HOHOB Pr

Kabynosea Maouna Kaoynosna PhD ooxmopanm
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DEVELOPMENT OF COMPOSITE ALUMINUM POWDERS WITH ENHANCED
THERMOREACTIVITY FOR ENERGETIC SYSTEMS

A.S. Khairullina?, 4.B. Artykbayeva'?", 4.E. Bakkara'?, B.S. Sadykov?,
A. 0. Zhapekova'?, I. B. Zhussupova?, V. S. Aksenov*5

YInstitute of Combustion Problems, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
3Kazakh National Women's Pedagogical University, Almaty, Kazakhstan
4National Research Nuclear University “MEPhI” (Moscow Engineering Physics Institute),
Moscow, Russia
5N.N. Semenov Federal Research Center for Chemical Physics, Russian Academy of Sciences,
Moscow, Russia
*E-mail: aidartykbayeva@gmail.com

Abstract: Introduction. In contemporary composite solid propellants, aluminum serves as a key
energetic constituent; however, a passivating Al:Os film on the particle surface markedly diminishes its
effective reactivity. The present study aims to enhance the reaction performance of aluminum powder
through mechanochemical treatment (MCT) employing functional modifiers. Commercial ASD-grade
aluminum powder and GL-1 graphite were selected as the starting materials. Results and discussion.
Within the experimental program, the aluminum powder was subjected to MCT with varying graphite
loadings. The treatment dramatically increased the fraction of active aluminum owing to partial disruption
of the oxide shell. Morphological examinations confirmed oxide removal, uniform graphite coating, and
the emergence of lamellar structures measuring 20-80 nm. Thermal analysis further revealed a shift of the
principal exothermic peak from 662.6 °C to 653.9 °C for the Al + 10% graphite composite, accompanied
by a 27 % rise in heat release, indicative of a lower activation energy and more complete oxidation.
Conversely, a 20% graphite addition reduced the thermal gain, as excess carbon shielded metallic sites.
Conclusion. The graphite content of 10% is deemed optimal, providing the most favorable
thermochemical behavior. The obtained results confirm that MCT of aluminum powder with graphite is an
effective strategy for substantially increasing its reaction capability.

Key words: modifier, aluminum, graphite, mechanochemical treatment, thermogravimetric
analysis, differential thermal analysis
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PA3BPABOTKA KOMIIO3UIITMOHHBIX AJIIOMHUHUEBBIX IIOPOLIKOB C
MOBBIIIEHHOW TEPMOPEAKTUBHOCTBIO 1151 SQHEPTETUYECKHUX CUCTEM

A.C.Xaiipynnuna'?, A.b. Apmuvipaeea*?", A.E. Baxkapa?, b.C. Caovikos,
A. O. Kanexoea?, I. b. )Kycynoaaz, B. C. Axcenog*®
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3Kazaxcxuii nayuonanvuwiii scenckuii nedozazuueckutl ynugepcumem, yn. Iocons 114,

Anmamer, Kazaxcman

* Hayuonanvuoiii uccnedoeamensckuii adepuviii yuusepcumem « MUDPHUy, Mockea, Poccus
S®eoepanvuviii uccnedosamenvcxuii yenmp xumuueckoti uzuxu um. H. H. Ceménosa Poccuiickoii
axkademuu Hayx, Mockea, Poccus
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Pe3ome: Bsedenue. B COBpeMEHHOM TBEPAOM pAKETHOM TOIUIMBE ATIOMHHHI CIY)KHT BaXKHBIM
SHEPreTHYECKUM KOMIIOHEHTOM, OJHAKO OKCHJHAs IUIEHKa Ha €ro YacTHIAaX CHIDKaeT 3(PQEKTUBHYIO
PEaKIMOHHYIO CIOCOOHOCTb. [ens Oanuoul paOomevl - TOBBICHTH PEAKIMOHHYIO CIIOCOOHOCTB
AITIOMMHHMEBOTO TOPOIIKA MyTEM MEXaHOXUMUYECKOH 00pabOTKH ¢ MCIOIb30BaHHEM Mou(pHKaTOpoB. B
Ka4yeCcTBE MAaTepHaJoOB HCIONIb30BaHbI MOpomiok amoMurus Mapkd ACJ u rpadur mapku [JI-1.
Pesynomamul  u  obcyscoenue. B pamMkax OSKCIEpUMEHTa MOPOIIOK AITIOMHHHUS  ITOJBEPTAIN
MexaHoxumudeckoi 00padotke (MXO) ¢ pasnmuunbIME conepxkaHuaMu rpaduta. [TokazaHo, uto MXO
3HAUUTENBHO YBEIMYMBACT COACPKAHWE AKTUBHOTO ATIOMHHHS B TOPOLIKE 3a CYET YaCTHYHOTO
paspylieHUss OKCHAHOHM IUIGHKM Ha ero MOBEepXHOCTH. IloMHMO 5TOro, MOp(OIOrHYecKHe aHaIU3bI
MOATBEPXKAAIOT paspyIICHHE OKCHIA, MOKPHITHE TpaUTOM H TOSIBJICHHE IUIACTHHYATBIX CTPYKTYP
pasmepom 20-80 HM. TepMuueckuil aHaIWM3 TOKa3bIBA€T, YTO OCHOBHOW OJK30TEPMHUECKHH MHK
cmernaercs ¢ 662.6 °C mo 653.9 °C s Al+10% rpadura u Ha 27 % yBeaM4uBaeTCs BBIICISIEMOE TEILIO,
YTO O3Ha4yaeT OoJyiee HHU3KYIO SHEPrui0 akTHBalMKU M Ooiiee moyiHOe okucieHue. Omuako npu 20 %
rpaduTa TEIIOBOW HPHPOCT YMEHBLIAETCS, MOCKOJIBKY YIJIEPOJ SKPAHUPYET METAUIMYECKUE YYaCTKH.
3axmouenue. ONTHEMaNbHBIM TIpU3HAHO coxepkaHue 10% rTpadura, NPH KOTOPOM ITOCTUTAETCS
HaWIyyllee TEPMOXMMHYECKOE IIOBEACHHE AQIOMUHHEBOTO MOpOWKa.  [lodydyeHHbIe pe3ylabTaThl
MOATBEPKAAIT, yTo MXO alltoMHHHEBOrO IOpOIIKa rpaduToM sBiseTcs 3(PQGEKTHBHBIM CIIOCOOOM
MTOBBINICHUS €T0 PEaKLIMOHHOM CIIOCOOHOCTH.

KiloueBble cioBa:  MoaudukaTop,  IOMHUHMH, TrpaduT, MeXaHOXMMHYECKas
TEPMOTPaBUMETPUUECKUH aHamu3, TuddepeHInaabHbII TePMUYECKHH aHAIIH3.
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1. BBenenue

Amomuanii (Al) mHEpoKo WCMOMB3yeTcsl B KadecTBE METALUTHYECKOTO
rOpPIOYero B KOMITO3MIIMOHHBIX TBEPABIX ToruuBax [1] Omaromapst BBICOKOMH
MAacCOBOM TEIJIOTE OKHCIEHHUS, 3HAYUTENbHOW IUIOTHOCTH W KOPPO3HMOHHOU
croiikoctu [1-4]. BrioueHue aqfOMHHHEBOTO MOPOIIKA B TBEPAOPAKETHBIC
torumBa  (TPT)  moOBBIIaET  JHEPreTHYECKYHO  IUIOTHOCTH — 3apsja H
TEPMOJNHAMUYECKUN TMOTEHIMAN cucTeMbl [5-7]. OmHako SKCIUTyaTal[dOHHAsS
peanm3zanys  yKa3aHHBIX = IPEUMYIIECTB OTpaHWYeHa psIaoM  (PaKTOPOB:
naccuBupytomas wiéHka Al.Os  yBenWuMBaeT WHAYKIMOHHBIA  TEPHON
BOCIUIAMEHEHHSI, PACIUIABJICHHBIC YaCTHIBl CKIIOHHBI K KOAQJICCIICHIIUU U
(hopMHPOBaHWIO KPYIMHOIUCIEPCHBIX AarjoMepaToB, HEIMOIHOE OKHCIICHUE
MeTalyla  TPHUBOAWT K  HAKOIUIGHWIO  TBEPAOrO  OCTAaTKa,  yXyZIas
TEIUIOMACCOIIEPEHOC B PEaKIMOHHOM 30HE. [IJIi MUHMUMH3AUK TepeunCIeHHBIX
SIBIICHUH TPeOYIOTCS IeNIeHAPaBICHHBIE METO/IBI TOBEPXHOCTHON MOTUPUKAIIH,
o0ecreunBarone BBICOKYIO PEaKIHOHHYI0 CIOCOOHOCTh AallfOMUHUS TIPH
COXPaHEHUH TEXHOJIIOTMYECKOW HaAEKHOCTH nopomika [8].

OpnuuM 13 3PEKTUBHBIX TIOJXO0I0B SBIISAETCS BBEJACHUE rpadura B Ka4ecTBE
TBEPJIOTO (hyHKITMOHAIEHOTO Monudukaropa. brnaronaps BBICOKOM
TEIJIONPOBOJHOCTA W XUMHYECKOH HMHEPTHOCTH TIpaUT HHTCHCUPHUIMPYET
TEIIOOOMEH MEXIY 30HOH 9K30TePMHUECKON peakiuu U aJIFOMUHUEBBIMU
YaCTHI[AMH, YCKOpSAS MPOTPEB M pa3pylleHHE OKCHIHOW 00osouku [4].
JomomauTenbHO  MOTUPUKATOP-TPAQHUT  BBITIONHSIIOT POJIh MEXaHUYECKOTO
pa3fenuTeNs, YTO YMEHbIIAET CPEAHNN JruaMeTp (GOpMUPYIOIIUXCS arioMepaToB
Y TIOBBINIAET MOJHOTY OKHCJICHUS METalla.

[lomyueHne MOIUQPHUIMPOBAHHBIX YACTHI[ PEaTU3yeTcs IMOCPEACTBOM
MEXaHOXUMUYECKON AKTUBAIUH, YJIBTPa3ByKOBOI'O JUCTICPTUPOBAHMS,
XUMHUYECKOTO OCAKJICHUS M MX KOMOMHaiui. MexaHoxumuueckas o0paboTka
YMEHBIIIAET pPa3Mep YacTHIl, BHEAPSET MOAU(UKATOP B TTOBEPXHOCTHBIN CIION W
MOBBIIIAET JAE(PEKTHOCTh KPUCTAUIMYECKOW PEMETKH, ycKopsas auddy3uro
KHCJIOPO/Ia uepe3 OKCHUIAHYIO MIEHKY [9].

KowmmnekcHast Moaudukanys anrOMUHHS TpadUTOM TO3BOJSET COKPATHUTH
VHAYKIIMOHHBIA TIEPUOJ] BOCIUIAMEHEHUS, YBEJIWYUTH CKOPOCTh TOPEHHS U
CHHU3UTh BBIXOJ TBEPABIX KOHACHCHPOBAHHBIX MPOIYKTOB, TEM CaMbIM ITOBBIIIAS
TEPMOXUMHYECKYIO0 3(PQeKTUBHOCTL TBEpAOro Tomimea. Hacrosimas paborta
HaIpaBlieHa Ha CUCTEMAaTHYeCKOE UCCIIEIOBAHUE BIUSHUS YKa3aHHBIX J00aBOK Ha
TEIJIOBbIE M KHHETHMUYECKHE MapaMeTPbl OKHCJCHHUS aIIOMHHUS B YCJIOBHUSX,
AMUTHPYIOIIMX KCIUTyaTallMOHHBIC HAIPY3KH, U MOTYT OBbITh HUCIIOJIb30BaHbI IIPU
pa3paboTKe HOBBIX THIIOB PAKETHBIX TOIUIMB, OOECIICUUBAsi BBICOKYIO
3¢ (heKTUBHOCTH PabOTHI IBUTATENEH H CHUKEHUIO TEXHOJIOTUIECKHUX TIOTEPb.

2. JKcHepUMEeHTAJbHAS YaCTh

B xone wucciemoBaHus HCHONB30Bald aTIOMUHUEBBIN mopommok AC/]
comepkammid  95.8% wertammuueckoro amoMuHUs. CpemHUN pa3Mep dYacTHll
amromunns ACJ] cocrasmsier 30 MKM.
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Momuduuupyromeii nob6aBkoi ciyxkuna rpaduroBas myapa mapku [JI-1
(FOCT 17022-81). I'padur npumeH€éH I TOAABICHUS  arJioMepaluu
QIIOMUHHUEBBIX 4YacTUI M CHIKCHUS TEIUIOBBIX IIOTEPb 3a CUET BBICOKOH
TEIUIONPOBOIHOCTH U TEPMOXUMHUYECKON CTAOMIBHOCTH.

IIponiecc  mMexaHoxummudeckoit oOpabotkun (MXO) mpoBommics ¢
HCIIOJIb30BaHUEM ILIaHETapHO-I1apoBoi MenbHUIEI NXQM-2A. B akciepumente
BapbHPOBAIOCH BBE/ICHHE MOAUDUIMPYIOMKX N100aBoK B npeaenax 10-20%, npu
stoM MXO mpoBomwiack B TeueHne 20 MHUHYT. Y CTaHOBJICHHBIC
TEXHOJIOTHUYECKUE TapaMeTphbl BKIIIOYAIH CKOpOCTh BpamieHus 460 o0/MuH u
Maccy HOpOIIKa K Macce mapoB paBHyto 1:4. s mpeaoTBpalleHuss OKUCICHHS
YacTUll aJIOMHUHUS KHCIOPOAOM Bo3Ayxa mocie mnposeneHus MXO, oOpasisi
MACCUPOBAIUCH TEKCAHOM.

MuKpOCTpYKTYpHBII aHaIN3 OCYILECTBIISIIN c IIPUMEHEHUEM
CKaHUPYIOIIETO AJIEKTPOHHOTO MUKpockoma JSM-6490 (JEOL, Smonwus).
PentrenogaszoBeie uccienoBanus MpoBoguiaun Ha audpaxtomerpe JIPOH-4M
(Poccusi) ¢ wucmomp3oBaHWEeM — MoOHOXpomaTtmueckoro m3mydeHus CoKa
(A=0.17902 am) u CuKo (A=0.15418 am) B amamazone 20 = 10-70° mpu mrare
0.02°. PacmpenencHue 4YacTHMI[ IO pa3MepaM ONPEACIUIM Ha JIa3ePHOM
ananm3arope nucrnepcHoct Winner 2005A (Jinan Winner, KHP). Tepmuueckuii
aamm3 (ATA wu TI') BemMONHAIM Ha OJHOBPEMEHHOM TEpPMOAaHAIN3aTOpe
STA 409 PC/PG (NETZSCH, I'epmanus).

3. Pe3ynbTaThl M 00Cy:KIEeHHE

Pesynbratsl snepromucnepcuonHoi crektpockonuu (D/C) moxassiBaioT,
YTO MCCIIEAYEMBI MOPOMIOK OOJaJaeT BBICOKOW XMMHYECKOW YHCTOTOM:
MaccoBasi 10JIsl aIFOMHUHUS cocTaBisieT 98.27%. DTo cOOTBETCTBYET TEXHUUECKUM
XapakTeprucTuKaM NopoiukoB Mapku ACJl, KOTopble OOBIYHO COAEpKaT HE MEHEe
99.7% Al n b oxosno 0.3% cymmapubix npumeceit [10].

[lo pesymbraTaM BOJBIOMETPUYECKOTO aHaHM3a YCTAaHOBJIEHO, YTO
MeXaHOXMMHUYeckas oO0paboTKa allOMUHMSA TOBBILIAET COJAEP’KaHHE AKTHBHOTO
metaia ¢ 80.52% o 92.90% 3a cuéT pa3pyiieHHs MaCCUBHOM OKCUIAHOMN TUIEHKU
W aKTHBAllMM TOBEPXHOCTH YaCTHIl. OJTO CIIOCOOCTBYET  YJIYYIICHHUIO
BOCIIJIAMEHSIEMOCTH M PEaKIUMOHHON CIIOCOOHOCTH aJIOMHHHUSI B COCTaBe
TBEpIOro pakerHoro tomiauea. [lpu noGasnenmn rpagpura (10-20% C)
AKTUBHOCTH afOMUHHS cHIkaeTcs 10 76.80% u 74.30% COOTBETCTBEHHO, YTO
CBSI3aHO ¢ pa30aBJIEHUEM METAJUIMYECKOW (a3bl M YaCTUYHBIM SKPAHUPOBAHHUEM
MOBEPXHOCTH, OTPAHMYUBAIOLINM JOCTYI KHCIOPOA.

Pesynbrarhl nccinenoBaHuss MOAU(UKALMK aTOMHHUEBBIX KOMIIO3UTOB C
HCIIOJIb30BaHUEM MexaHOXUMudeckoi o0padoTku (MXO) u 100aBOK, TaKUX Kak
rpaduT, MoKasaad 3HAUYUTEIBHOE BIMSHUE Ha (PU3MKO-XUMHUECKHE CBOMCTBA
Matepuaia. MXO paspymmia HCXOAHYIO OKCHUIHYI0 000JI0YKY HA MOBEPXHOCTU
Al (pucyHok 1a), yBeIMUYHB JOCTYITHOCTh METAUIUYECKOM (a3sl U c(hOPpMHPOBAB
CJIOMCTO-TIACTUHYATYI0 MOP(OJIOTHIO C BBICOKOH yIEeNbHON MOBEPXHOCTHIO, UTO
YCKOPSIET B3aUMOJICHCTBHE C OKHCIUTEIIEM.
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Pucynok 1 - DHeproucepCHOHHBIN CIIEKTP M MaccoBast OIS 3TEMEHTOB B COCTaBe 00pasa
((a) A1 ACL; (6) Al AC+ 10%,; (8) Al AC+ 20% C) nocie 20 muryT MXO.

Hob6asiaenne 10% rpadura oOecneunBaeT 00pa30BaHHE TOHKOIO
YIJEPOJHOTO TMOKPBITHS, MPEIOTBPAIas OKUCICHHE W ariioMEpanuio YacTHIl,
OJHOBPEMEHHO TMOBBIIIAS WX TPAAUIMOHHYIO CIIOCOOHOCTH [UIS YITYy4IICHHUS
TerioooMeHa u aucnepruposanus (prcynok 10). Tlpu coaeprkanuu 20% rpadura
HAOMIOAaeTCs TeTeporeHHass CTPYKTypa C arperaraMd BHYTpU W Oonee
YCTOWYMBOW KOMITO3MIIMEH, OOecrieunBaoneldl TepMHIECKYI0 CTaOMIBHOCTD, HO
CHIDKAFOIIYTO KJIMMAaTHUECKHH 3¢ dekT (pucyHok 1B).

B wucxognom oOpasue Al ACJH (pucyHOk 2a) (QUKCUPYIOTCS pPE3KUe
WHTEHCUBHbBIE IU(paKIMOHHbIe THKA Al, CBHIECTENBCTBYIONIME O BBICOKOM
crenienn  kpuctaummyHocTd. Ilocnme MXO (pucyHok 20) HaOsromaercs
pacimupeHne U yMEeHbIICHHE PACTIPOCTPAHEHHUSI TTMKOB, YTO CBUJICTENLCTBYET 00
YMCHBIICHHH pa3Mepa KPHUCTAIUTOB W BO3PAaCTaHUHM MHKPOJe(hOpMaIinii
KpHCTaJUTHYeCcKOi pemérku. Hanboplnee CHIKEHHE OrpaHHYCHUS] PUKCUPYETCs
npu 20% rpadura (PUCYHOK 2r), YTO OTpakaeT NajbHEHIIee H3MEeIb4YeHHE
KPUCTAITUTOB U POCT ACHEKTHOCTH CTPYKTYpHI. IIpHM 3TOM OTCYTCTBYET JTHHUS
AlsCs, a Al ocraeTcs aHaJIUTHYECKOW KPHUCTAIMYECKOW (ha3oi, a yriaepos
HAXOJIUTCS B aMOP(HOM WIIM TOHKOJMCIIEPCHOM COCTOSIHUU (PHCYHOK 2B-T).
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PucyHok 2 -fuppaxrorpamma o6pasnos: (a) Al ACJ] ucxonusrii; ((6) Al ACL;
(8) Al ACJI+10% C; (r) Al AC[1+20% C) nocne 20 muayt MXO

ITocne MXO amomuHusi (PUCYHOK 3a) OCHOBHOM JAMAama3oH pa3MepoB
cocraBiser 50-150 HM, 49TO yKa3piBaeT HAa BBICOKYIO CTENeHb APOOJICHHS U
omHopoaHocTh. Ilpu nobGaBnennun 10% rpadura (pucyHok 30) MakCHMyM
pacnpenenenus cMmermaercss B obmacte 30-100 HM, a 107 yIBTPaAUCIIEPCHOM
¢pakunu yBennuuBaetrcs. Takod 3QeKT cBA3aH C TUCTIEPTUPYIOLIEH POJIbIO
rpaduTa, KOTOPBI CHIKAET arjioOMEpalvio U yiydliaeT nepenady sHepruu. [Ipu
conepkanuu 20% rpadura (pucyHok 3B) pasMepbl yacTHIil CHrbKaroTces 10 20-80
HM, a paclpelelicHue CTaHOBUTCA Ooyiee paBHOMEpHBIM. HesHauurtenbHoOe
pacimmpenne Auana3zoHa OOBSCHIETCS COYETAaHHEM YCHIIEHHOH (parMeHTaluy 1
(hopMHpOBaHUEM BTOPHYHBIX arperaTos.

@ | /
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Pucynok 3 - Pacnipenenenue yactuu: ((a) Al ACL; (6) AlACH +10% C;
(8) Al ACJT +20% C) nociie 20 mua MXO.

Pesynprater  Tepmorpasumerpuueckoro (TI) wu  muddepennmanprOro
Tepmuueckoro ananuza ([ATA), mpencraBieHHble HA pUCYHKE 4, IEMOHCTPUPYIOT
CYIIECTBEHHbIC pa3iWyis B TEPMUYECKOM TIOBEJICHHUH HCXOIHOTO U
MOIU(HUIMPOBAHHBIX amoMUHHEBbIX mopomkoB. dns Al ACH (pucyHok 4a)
XapakTepHa LIMPOKas 3K30TepMUYecKas oOyiacTb ¢ mukamMu npu 662.6°C u
681.1°C, compoBokiaeMasi HU3KMM TEIUIOBBIJCICHUEM M3-3a TUIOTHOH OKCHIHOMN
o6osoukw. [Tocae MXO (pucyHok 40) MUKK CMEIIAIOTCS B 001aCTh 00JIe€ HU3KUX
temreparyp (655.0°C um 672.6°C), uyTo yKa3pIBaeT Ha pPOCT PEAKIMOHHOM
cnocobHoctn amioMuHHMA. HanOosee BBIpRXXEHHBIA TEPMUYECKHH  OTKIHK
HabmomaeTcs y obpasua ¢ 10% rpadura (pucyHOK 4B), TJe OCHOBHOW ITHK
¢ukcupyercs npu 653.9°C, a TemynoBBIIEIEHHE BO3PACTAET, UYTO CBSI3AHO C
yIy4llleHHEeM TemjooOMeHa MW cTa0WiM3aluel peakuHOHHOW MOBEPXHOCTH.
Beenenne 20% rpadura (pUCyHOK 4T) MPUBOAMUT K CHUIKEHUIO WHTEHCHUBHOCTU U
YaCTUYHOMY  DKPAaHMPOBAaHHIO  METAIUIMYECKOH  ¢a3pl  yriuepoaoM, 4UTO
OTpaHUYMBACT AOCTYI KUCIOPOJa U YMEHBIIAET TEIUIOBOH 3(hdeKT.
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PucyHok 4 - Tepmudeckuii aHanus kommno3utos: (a) Al AC/I ucxoxnnsrii; ((6) Al ACL;
(8) Al ACI+10% C; (r) Al AC+20% C) mocne 20 munytT MXO

Takum 00pa3oM, yMEeHbILICHHE pa3Mepa 4YacTULl NPUBOJUT K YBEIMYEHHUIO
YAEJIBHON ITOBEPXHOCTH Y CHUKEHUIO TEIJIOBOM MHEPLIUU, YTO YCKOPSIET IIPOrPEB
U pa3pylLlIEeHNEe OKCUIHON IIIEHKH.

4. 3akn04eHne

B  pesynbrate  MpOBENEHHOTO  WCCIIENOBaHHS  OBUTM  OTpEJIEICHBI
ONTHUMAJbHBIE  YCIOBHS MEXAaHOXMMHYECKOW  aKTHUBALUU  alIOMHHHS  C
nobasneHneM — rpaduTta, TO3BOJIIOUIME  CYHIECTBEHHO  YIYyYIIUTh €TI0
TEPMOPEAKIIMOHHBIC XAPAKTEPUCTHUKU JUII TPUMEHEHHS B COCTaBe TBEPIBIX
PaKeTHBIX TOIUTUB. YCTaHOBJIEHO, yTo MXO paspymiaer OKCHIHYIO TUIEHKY H
yBEJIMYMBAET JIOMO akThBHOro amomuHus (¢ 80.52 o 92.90%), a Takxe
CMEIIAaeT OCHOBHOM AK30TEPMUYECKUN MUK OKUCHEHUs ¢ 662.6 no 653.9°C, uto
CHOCOOCTBYET YCKOPEHHOMY BOCIUIaMeHEeHHIO. BbisiBiieHo, uTo go6aeienue 10%
C oOecneuuBaeT ONTUMaNbHOE JHUCIEPIHPOBAHHE YAaCTUIL, ITOBBILICHHUE
TEIUIONPOBOJHOCTH U TIOJABJICHUE arjoMepalyy, IMPH 3TOM YMEHBIIACTCS
cpeanuii pasmep kpuctamumToB Al u GopMupyercs paBHOMEPHBIH YIriepOIHBIIR
clo, urto, cornacHo maHHbiM TT/JITA, npuBoauT K 00Jiee MOJTHOMY CTOPaHHIO U
MOBBIILICHUIO YHEPreTUIecKoil apdexkTrBHOCTH TotunBa. [lpu conepxanun 20 %
C nons aktuHOro Al cHmkaerces 10 74.30%, coxpaHsieTcs yriepoaHas 3aIiuTHas
I€HKa, OJHAKO BO3HHUKAET CTPYKTypHas TeTepOreHHOCTh M CHIDKAeTCs
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SHTANBINS pEaKIH{, YTO CBS3aHO C pa30aBieHHEM akTUBHOW (a3pl U
SKpaHWPOBAHWEM AaIFOMHHHEBBIX YYacTKOB. TakuM oOpa3oMm, pa3pabotaH
MOJAX0/A, NPHU KOTOPOM BBelIeHHE rpaduTa B ONTHMAIbHOM COACPKAHHU
MO3BOJISIET OJHOBPEMEHHO CTAOWIM3MPOBATH CTPYKTYpy W aKTUBHUPOBATH
ATIOMUHNHN, oOecIieunBast 0ojiee TOJTHOE CTOpaHre U MOBBIMIEHUE 3P HEKTHBHOCTH
TBEPJOTO TOILIUBA.

®unancupoBanue: Pabora BbemonHeHa npu  (HHAHCOBOM mnoanepxkke Komwurera Hayku
MuHuCTEpCTBA HAayKd M Bbicuiero oOpasoBanus PecrmyOnmku Kazaxcran nmo mIpoekTy IpaHTOBOTO
¢unancupoBanuss AP19680387 - «MexaHOXMMHYECKHI CHHTE3 BBICOKODHEPrOEMKHX MOPOIIKOB Ha
OCHOBE QJIFOMHHUS ISl yJIyUIICHNS] BOCHHO-KOCMHYECKNX TEXHOJIOTHI.

Konduankr wmHTEpecoB: ABTOpPHI 3aiBIAIOT 00 OTCYTCTBHM KOH(JIMKTa WHTEPECOB MEXKIY
aBTOpaMH, TPEOYIOIIEro PaCKPBITHS B JAHHOW CTAThe.
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Tyiiinaeme: Kipicne. Ka3ipri KaTTsl OThIHAp/a QJIIOMUHMI HETi3ri SHEPreTUKAJIBIK KOMIIOHEHT peTiHze
opekeT erendi, amaiima Oemmiektep Oeringeri maccureHmipyurn Al:Os KaObIKmIackl OHBIH THIMII
peaKkIUsUIIBIK, KaOlNeTiH enoyip TeMeHAeTeal. 3epmmeyoin makcamol - (yHKIHOHAIABIK MOTU(PHUKATOD
petinge rpaduTTi MaijanaHa  OTHIPBIN, AITIOMHHMAN  YHTarbIHBIH  PEAKIVSUIBIK  KAaCHETTEpiH
MeXaHOXUMUSIIBIK oHaey (MXO) apkeuibl apTTeipy. bacrankel marepuanmap peringe ACJ mapkaibt
amoMuHui yHTarel skoHe ['JI-1 mapkansl rpadur tanmpanasl. Homuowiep men mankwinay. Toxipude
OapbIChIHIA ANTOMUHMI YHTaFbl TpadUTTIH SPTYPIi Maccanblk yiectepiMeH MXO-re yIbIpaTbUIIbL.
OHJiey HOTHIKECIHJIE OKCHUATIK KaOBIKIIAHBIH imIiHapa Oy3buTybIHA OaiiylaHBICTHI OCJICCHIl AIOMHHUIIIIH
yJieci aiTapibikraid apTThl. MOpGhONIOrHsIIbIK Tajlgayap OKCHUATIH KOWBUTYBIH, OeJIeKTepIiH 0ipTeKTi
rpaduTTiK KaObIHABIMEH KanTtamyblH jkoHe 20-80 HM emmemIi KaObIpIIAK Tapi3ai KYpbUIBIMIAPIbIH
Ty3unyiH pacransl. Tepmusuiblk Tannay Al+10% rpadur KOMIO3MIMACH! YINIH HETi3ri K30TEPMHUSIIBIK
IBIHHBIH 662.6 °C-TaH 653.9 °C-Ka BIFBICYBIH JKOHE JKbUTYIBIH OeiHyiHiH 27%-Fa ecyiH KepcerTi, Oy
aKTHBTUTIKTIH TOMEH/IEYi MEH TOTBIFY/IbIH TOJBIFBIPAK XYpYiH Oinaipeni. Anaiina, 20% rpadut kockanga
KbUTYJIBIK  3(deKTTiH a3arobl Oaiikangsl, ceOebl apThIK KOMIpTEK MeTayul OeTTepiH dKpaHAabl.
Kopvimeinowsi. I'padurtiy 10% yieci oHTailbl Jen TaHBUIIBI, OWTKEHI 0N OChI KaThIHAC YHTAKTHIH €H
KOJIAHJIBl TEPMOXMMMUSIIBIK KAaCHETTEpiH KaMTaMachl3 eTelli. AJIbIHFaH HOTIDKENep alIOMUHHMN YHTaFbIH
rpadUTIeH MEXaHOXUMUSIIBIK OHJCY OHBIH PEaKIUsUIBIK KaOUIeTiH apTTBIPYABIH THIMII 9Iici €KeHiH
pacTaisl.

Tyiiin ce3mep: MoaupuKaTOp, aAMIOMHUHHUH, rpadUT, MEXaHOXHMHAIBIK OHJCY, TepMOIPaBHMETPUSIBIK
Tannay, JudQepeHnIaNb TEPMISUIBIK TaIAay
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OBTAIN OF CUTIN ISOLATE FROM AGRO-FOOD WASTE FOR
FOOD PRESERVATION
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Abstract. Nowadays, various packaging materials are widely used in the food industry, with plastic
remaining the most common due to its light weight, transparency, and mechanical strength. However, the
use of plastic leads to significant environmental consequences, including its long degradation period and
contribution to environmental pollution. This underscores the urgent need to develop sustainable,
biodegradable, and environmentally friendly packaging alternatives. This study explores the potential for
obtaining a natural biopolymer — cutin — from tomato peels, which are classified as agro-food waste.
Cutin, the main structural component of the plant cuticle, possesses unique properties such as
hydrophobicity, UV resistance, biodegradability, and excellent barrier characteristics. These features
make it a promising raw material for the development of edible and eco-friendly packaging films. In this
work an alkaline extract of cutin was obtained for the subsequent preparation of an aqueous dispersion of
its nanoparticles. The paper provides a detailed description of the isolation process and presents the
physicochemical characterization of the resulting samples. The obtained data demonstrate the high
potential of cutin as a sustainable packaging material capable of replacing conventional synthetic films
and extending the shelf life of food products while reducing environmental impact.

Key words: cutin, nanoparticles, food preservation, biopolymer, tomato peels, sustainable

packaging, edible film, natural coating.
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MNOJYYEHUE U30JIATA KYTHHA U3 AT'POIIUMIIEBBIX OTXO/J10B JJIsA
KOHCEPBALIMU INTUIIEBBIX ITPOJAYKTOB

A.B.Hcaeea"", C.B. Aiidaposa’, K.b. Mycabexos*, . Kamona?,
A.A. babaes*, A.A.Illapunoea®, P.A. Capcemberoea*

! Kazaxcmancko-Bpumanckuii mexuuyeckuii ynusepcumem, Anmamot, Kazaxcman
2 University of Novi Sad, Serbia

3 Satbayev university, Anmame, Kasaxcman

*E-mail: isa-asem@mail.ru

Pesrome. Ha ceropnsmHuii feHb B IMINEBON HPOMBIIUICHHOCTH IIMPOKO IIPUMEHSIOTCS Pa3iIHYHbIC
yIaKOBOYHbIE MaTepuajbl, OCHOBHBIM M3 KOTOPBIX OCTafrcs IUIACTUK Onaromapst CBOCH JErKOCTH,
MPO3PaYHOCTH M MEXAaHWYeCKOW mnpo4yHOCTH. OIHAKO €ro MCIOJb30BaHHE BBI3BIBACT CEPHE3HBIE
9KOJIOTHYECKUE IOCIEACTBHS, BKIIOYAs UIUTCIBHBIH CPOK PA3NIOKCHHS U 3arps3HEHHE OKpPYXKarolleH
cpenpl. OTo 00ycIaBIMBacT HEOOXOAUMOCTh pa3pabOTKU YCTOMYMBBIX, OMOpa3iaraeMpIX U 0e30MacHBIX
JUISL TIPUPOJIbI YIIAKOBOYHBIX pelleHuil. B naHHo# pa®oTe paccMaTpuBaeTCs BO3MOXKHOCTb IMOJTYYEHHs
MIPUPOAHOTO OHONOJIMEpa KyTHHA U3 KOJKYPbl TOMAaTOB, OTHOCSILCHCS K arpOIHMIIEeBbIM 0TX0AaM. KyTuH,
KaK OCHOBHOU CTPYKTYPHBIH KOMIIOHEHT KyTHKYJBI PacTeHHi, 00J1aacT YHUKAIbHBIMH CBOMCTBAMH —
rupooOHOCTEIO,  yCTOIYMBOCTEIO K YO-U3IydeHHIO, OHOpa3araeMOCThIO ¥ BBIPAXKCHHBIMU
OapbepHbIMU XapakTepucTukamu. OH NpeCTaBIIeT MHTEPEC KaK CBHIPhE JUIS CO3MAaHUs CheNOOHBIX U
9KOJIOTHYECKH O€30MacHbIX YMaKOBOYHBIX IUIEHOK. BbUI MONy4YeH IENOYHOM JKCTPAKT KyTHHA JUIs
nocJielytomel MoAroTOBKY BOAHOH Iucnepcuu ero HaHowacTuu. B pabore moapoGHO omucaHbl Tambl
TOJIyYCHYS. M30JIITa KYyTHHA, a TAaKoKe TPECTaBICHBI PE3YJIbTaThl (PU3UKO-XUMHYECKONH XapaKTepPUCTHKU
MOJTy4YeHHBIX 00pa3uoB. [lomyueHHbIe JaHHbIE CBHIETEIBCTBYIOT O BEICOKOM MOTEHIIMAIIE UCTIONB30BAHUS
KyTHHa B Ka4yecTBE YCTOWYMBOIO YyIAaKOBOYHOIO MaTepHalia, CHOCOOHOTO 3aMCHHTh TpaJHUIMOHHbBIC
CHHTCTHUYECKHE IUIEHKH W IOBBICUTH CPOK XPAaHCHUS MHINEBBIX IIPOLYKTOB IIPH OJHOBPEMEHHOM
CHIKEHUH DKOJIOTHYECKOW Harpys3KH.

KaioueBble ciioBa: KyTHH, HAHOYACTHIBl, KOHCEPBALMS IHIIEBBIX NPOIYKTOB, OMOMONIMMEp, KOXypa
TOMATOB, yCTOIUMBAasl yIIAaKOBKa, Che100Has IIIEHKA, HATYpaJbHOE MOKPBITHE.

Hcaesa Acem Baxvimcankpizol PhD, nayunwiii compyonux

Auoaposa Cayne baiinapoena Jlokmop xumuueckux Hayk, npogeccop
Mycabexos Kyanviumoex Bumyosuu  JJokmop Xumudeckux Hayk, npogeccop
Apocnas Kamona PhD, accoyuuposannwiii npogeccop
Babaes Annamvic Anmaiiynot PhD ooxmopanm

Hlapunoea Anmuinai Azuzaposna PhD, npogheccop-uccnedosamens

Capcemobexoea Pasus Ayecxanosna  PhD ooxmopanm

1. BBenenue

[InmeBast MPOMBIIUIEHHOCTh CTAJKUBAETCS C PAJOM CEPHE3HBIX BBI3OBOB,
Cpeau KOTOPBIX KIIFOUEBBIMHU SIBJISIIOTCSI COXpaHEHHE KadecTBa M 0e30MacHOCTH
MPOAYKTOB B TEYEHHWE CpOKAa TOAHOCTM W MHUHUMM3AIUs HETraTUBHOIO
BO3/JCICTBHSI Ha OKPY’KAIOUIyl0 cpeldy. TpagulMOHHBIE MaTepHuabl YMaKOBKH,
Takye Kak IUIACTUK M METaJll, 4acTO CO3Jal0T SKOJIOTHYECKHE MPOOIIEMBbI, Takue
KakK 3arpsi3HEHUE OKPYIKAIOIeH cpebl M MEUICHHBIN Ipoliecce pasiokenus [1].

B kauecTBe TOJMMEPHBIX MaTepualioB, OONafaOMMX OapbepHBIMU
CBOMCTBaMH TI0O  OTHOWIEHWIO K  KuUcIopony, ucnonb3ytotcs  PET
(mommayTHiieHTepedTanar-nacan), PA (mommamun), EVOH (3THiIeHBHHHIIOBBINA
cupt), PVDC (moaMBHHUIAMXIIOPU), TIO OTHOLIEHHIO K BoasHOoMY napy LDPE

75


mailto:isa-asem@mail.ru

KA3AKCTAHHBIH XUMUA 2KYPHAJIBI XUMHYECKHUY X YPHAJI KA3AXCTAHA

(monmdTHIIeH HU3KOH MoTHOCTH), PP (mommmponmnen), HDPE (monmustunen
BBICOKOW TUIOTHOCTH). OfHAKO, BCE OHHU SBISIOTCS MNPOAYKTaMH HedTe u
ra3omnepepaboTKH, T.€. SBIAIOTCS CHHTETHYECKUMH [2].

BymaxkHas ymakoBka cuuTaeTcsi 0ojee DKOJIOTMYHOM, HO OHa MOXKET OBbITh
MeHee d(PPEKTUBHON 1T HEKOTOPHIX MPOAYKTOB M3-3a HEJOCTATOYHOW 3allUThI
OT BJIArM W Kuciopoja. MerajMyeckas YHNAakoBKa, Takas Kak aJlFOMHHUI,
o0JazaeT BEICOKOH CTOHKOCTBIO K BO3IEHCTBHIO KHUCIOPOJA M CBETa, YTO JCIIACT
ee TOAXOAALICH s HEKOTOPBIX MPOAYKTOB. YMAakOBKa H3 CTEKJa TaKKe
o0ecrnedrnBaeT XOpOIIyIo 3alIUTy, HO OHA TsDKeTa U 0ojiee XpyTKa.

Takum o00Opa3oM, CyIIeCcTBYeT OCTpas TMOTpeOHOCThP B  pa3paboTke
YCTOWYMBBIX aJlbTEPHATUB CHHTETHYECKUM IIJICHKAaM, OJTYYEHHBIX U3 MIPOAYKTOB
He(TenepepabOTKM, OOBIYHO HUCHOJB3YeMBIX B KayeCTBE  YIMAKOBOYHBIX
MaTepHaoB Uil MUILIEBBIX MPOAYKTOB. JlaHHBIE ajlbTepHATHUBHBIE MaTepHAaIbl
MOTYT OBITH IIOJY4Y€Hbl W3 BO300HOBISIEMBIX PECYpPCOB, HalpUMEp U3
arpomnpoI0OBOJILCTBEHHBIX OTXOJ0B,  OBITh MPUTOJHBIMHU JUISI KOMIIOCTUPOBAHUS
€CIIU  SIBIISIIOTCSL HEChENOOHBIMH, YTO OCOOCHHO Ba)XXHO MJIs1 OAHOPA30BOM
YIaKOBKH (HAampHUMeEp, YMAKOBKH IJISi CKOPOMOPTSIUXCS (PYKTOB W OBOIIEH).
Kpome ToOro, maHHble HOBbIE OHOMATEpHaNbl SBISIOTCS YacThIO TEPEIOBBIX
KOHIICTII[MI YIAaKOBKH, TAKUX KaK CMapT-yIaKOBKa M aKTHBHas yrakoBka. Kpome
TOT0, CYIIECTBYET OCOOBI WHTEpeC B pa3paboTke ChemOOHBIX THIPOHOOHBIX
OMOTIONIMMEPHBIX TUIGHOK JUIi KOHCEPBHUPOBAHHS MHIIEBBIX MPOAYKTOB C
JKeJaeMbIMH BJIar03alllUTHBIMK CBOMCTBAMHM W C HCIHOJB30BAaHHEM KOHIICTIIHN
9KOJIOTHUECKH YHMCTBIX TEeXHOJOrmid. B 3Toll cBA3M, pa3paboTka HOBBIX,
MPOABUHYTHIX W CHELHMANIM3UPOBAHHBIX TEXHOJOTHMYECKHX IIOJXOJ0B HMEET
MEPBOCTENICHHOE 3HAUYEHHE JIsl pEIICHHS JAHHBIX CIIOKHBIX BHI30BOB.

B uHIycTpum ynakoBKM MHUIIEBBIX NPOAYKTOB HCIIONB3YIOTCS Pa3iWYHbIC
Ouomarepuasbl B KayecTBE JKOJOTMUECKHM UYHCTBIX M OMOpasiaraeMbIx
YIaKOBOYHBIX MaTepHAIIOB, BKIIFOUYAsi BOJJOPACTBOPUMBIEC OEITKH M IOJIMCAXapHUJIbL,
JUMAJBI ¥ BOCKH, & TaKKe HaTypalbHble cMOJbl. OHH TOJIEKAT BTOPUYHOU
nepepadoTKe, pas3flaraloTcsi 3a KOPOTKUH IEpHOA BPEMEHH, HETOKCHYHBI H
Oe3omacHbl 1l OKpyxkaromieid cpenpl [3]. OnaHako, HECMOTPS HA MHOMXECTBO
MPENMYIIECTB, IJICHKaM, IMOJYYeHHbIM W3 JIAaHHBIX OMOMAaTepUalioB, YacTO He
XxBaTaeT (YHKIMOHAIBHBIX OapbepHBIX W/WIM MEXaHMYECKHX  CBOMCTB.
[lonucaxapunel M O€nKOBbIE IUIEHKH 001agal0T XOpOUIMMH OapbepHBIMU
CBOMCTBaMH TIO OTHOIIEHHIO K Ta3aM, HO OOJaJaloT IUIOXUMH OapbepHBIMHU
CBOWCTBAMU 110 OTHOIICHHIO K MUTPAIINU BIIATH B CBS3H C HX THIPOPUILHOCTHIO.

Hecmotpss Ha TO, 4TO O€NKOBBIE IUIEHKH YacTo 00JajaloT XOPOLIMMHU
OapbepHBIMHU CBOICTBaMH K a3aM, OHU UMEIOT TEHAEHLMIO ObITh MEXaHUUYECKH
Oosee crnaObIMU M MMETh MEHbIIEE yJUIMHEHHWE IPU pa3pbiBE [0 CPABHEHMIO C
OOJIBIIMHCTBOM CHHTETHYECKUX MOJIMMepoB [4]. JIumuaHble ¥ BOCKOBBIC TUICHKH,
KaK MPaBUjIo, 00JaJal0T XOPOIINMH BIaro0apbepHbIMU CBOMCTBAMH, HO TNIOXHUMHU
ra300apbepHBIMHU CBOMCTBAMH M UIMEIOT HU3KHE MEXaHUUECKUE CBOMCTBA [5].

[IneHkH, U3roTOBICHHBIE U3 BOJOHEPACTBOPUMBIX TOJIUMEPOB M IPUPOTHBIX
cMOJ1, 00J1aJat0T HE TOJBKO JKEIaeMbIMH BJIAr0- M ra300apbepHBIMU CBOWCTBAMH,
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HO ¥ XOpOIIMMH MEXaHHYeCKHMH cBolcTBamMHu. OIHAKO HCIOJIB30BaHHE
BOJIOHEPACTBOPUMBIX ~ TOJMMEPOB  JUISI  IOJYyYeHHS IUICHOK, HAIpHMep
NPOJIAMUHOB M TPUPOTHBIX CMOJI, OTPaHMYCHO, ITOCKOJIBKY HX 00paboTka
MPEAIOoIaraeT HWCIOJIb30BaHHE OPTaHWYECKHX PpAacTBOPUTENCH, IOCKOJIBKY HX
0OBIYHO HAHOCAT U3 ATaHOJIBHBIX pacTBopos [6], [7].

AKTHBHO BeJIETCS TIOMCK HOBBIX IOJXOJOB K IOJYYECHHIO THAPOGOOHBIX
OapbepHBIX TUICHOK M3 COCTABOB Ha BOJHOW OCHOBE. Tak B HemaBHOI ctathe B.
Marelli et al. ams nmomyuenust THAPOPOOHBIX OAPHEPHBIX UICHOK HCIIOIb30BAIIH
¢ubpoun menka, a J. Huan Park et al. ucynpamosnekyisipHbIii KOOpANHAIIMOHHBIN
kommiekc  Fe  (Il)-ayOusapHas KHCIOTA METAUNI-OpPraHWYECKHE IHIIEBbIC
MOKPBITHS JUIS TPOUICHHS CPOKA XPaHEHUS CKOPONOPTSIMIMXCS (PPYKTOB H
opomieir [8], [9]. B 3asBiasieMOM MpOEKTe MPEIOIaraeTcsi HCIOIb30BAHHUE
OMOMHUMETHYECKOrO TOIX0/a U THOKMX HAHOTEXHOJOTMYECKUX HHCTPYMEHTOB
JUIL  TIOJYYeHHs TIOJHOCTBIO HATYpaJbHBIX, CBEJOOHBIX, THIPO(GOOHBIX
OMONONIMMEpHBIX  OapbepHBIX IUIGHOK JUIi  KOHCEPBHUPOBAHMS  IHIIEBBIX
MPOYKTOB.

Bce HagzemHble YacTU BBICIIUX PACTEHHHA MOKPBITHI KYTHUKYJIOW—3alIUTHOE
ruIpoQoO0HOe  TIOKPBITHE, NPEAOXpaHsoNlee pacTeHHs OT (U3IUYECKUX,
XMMHYECKHX U OMOJIOTMYECKUX BO3JCHCTBHH, a TaKKe OT YPE3MEPHOU IOTepU
Boabl [10]. OCHOBHBIM CTPYKTYPHBIM KOMIIOHEHTOM KYTHKYJIbI PacTEHHUit
SIBJISIETCS TPUPOAHBIA nonmddup KyTuH. KYTHH MMEeT BBICOKOMOJICKYIJISPHYIO
JHMIUIHYI0 TOJMMEPHYI0 MAaTpHIly, KOTOpas, B CBOK O4Yepe/ib, COCTOUT W3
THAPOKCHIIMPOBAHHBIX, AMOKCHTHAPOKCHIMPOBAHHBIX, CIIUTHIX "
TepUPUIMPOBAHHBIX KUPHBIX KHCIOT C16 m Cl18, TOKPBITBIX CMEChIo
JUTMHHOICTIOYCYHBIX ~ alu(paTHUYeCKUX  COCIUHEHHH  (Hampumep, BOCKOB).
COBOKYIHOCTh (PM3MYECKUX, XUMUYECKHX 1 MOP(OIOrHIecKUX CBOMCTB MpHIaeT
pacTUTENILHOMY  KYTHHY  XapaKTePUCTUKH  YHUKAJIBHOTO ¥ CIIOXHOTO
onomnonmumepa [11]. KyTtun - HeTOKCHUHBIN, OMOpasnaraeMslii, BOIOCTOMKHIA,
onokupytommii  Y®-uznyueHue, amop(HbIA, HEpacTBOPUMBIN, HEIUIaBKUH U
Oorateiii ononommdup [12], [13], [14]. K HacToseMy BpeMEHU KYTHH BbIACICH
M3 pa3IMYHBIX HMCTOYHHMKOB, BKJIIOYAs JIMCThS PACTEHHH, KOXYpPY GpPYKTOB U
¢pykThl (pazauuHble copTa SI0NOK, SOJOYHBIC BBDKUMKH, Tamnaifs, aim,
MIOMHJIOPBI, 3€JICHBIN Tepell, orypel, ap0y3, pa3iuuHble sroasl u ap.) [15], [16].
KyTHH MOXHO JIETOJIMMEPU30BaTh IyTEM PACHICIUICHUS CI0KHOIDUPHBIX CBSI3EH
HIEJIOYHBIM THAPOJINU30M, TMepedTepudukanueii u apyrumu  meromamu. C
MOMOIIBI0 JJAHHBIX XHMHYECKHX METOJO0B HMEETCS BO3MOXKHOCTH IOJIYYCHHS
MOHOMEPOB H/MJIM TIPOU3BOIHBIX B 3aBHCUMOCTH OT UCIIOJIb3yeMoro pearenra [9].
[Tpn menonuMmepH3auyu KyTHH MOXET CTaTh PacTBOPHMBIM B Bozae. Heckombko
JeT Hazaa ObUI NMPeAsoKeH MPOCTOH METOX BBIICNCHHS KyTHHA — IIEIO0YHAs
OKCTPAKLUs, TO3BOJSIONIMA B MSTKUX YCIOBUSX M 0€3 HCIOJIb30BaHUS
OPraHWYeCKHX PAcTBOPHUTENEH IMOIydaTh MPOXYKTHl KyTHHA BBICOKOH YHCTOTHI
[16], [17], [18]. UmeroTcs maHHBIE OO WCIOJIB30BAHMM KyTHHA B KAueCTBE
MHIYKTOpa NPOAYKUUH KyTHHA3bI [19] mim B coyetaHnu ¢ ApyruMu MoJIMMEpaMu
VTS TIOJTYYEHHS IaCTHKOB.—TI0A00HbBIe MaTepransl [14].
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Kpome Ttoro, coobmanocs 06 o6pa3oBaHMM KyTHHOCOM — HAaHOCTPYKTYD,
MOJYYSHHBIX ITyTeM caMocOopku runponu3aros kytuna [20], [21]. V nuButenbHo,
HO HWCIIONb30BaHKWE KYTHHA JUISI IPUTOTOBIICHUS CheTOOHBIX OApbepHBIX IICHOK
J0 CHX MOp OBUIO PEAKMM M OTPaHHYMBAIOCH MPHUTOTOBICHHEM KOMIIO3UTHBIX
TUICHOK WJIM MOKPBITHH JUIsl yuydieHus ux 6apsepHbix cBoiicTs [8], [10]. Bonee
TOTO, B JIUTEpAType OTCYTCTBYIOT IAHHBIE O TIOJyYSHUH HAHOYACTHIl KyTHHA M UX
UCTIONIB30BAHNH JUISl M3TOTOBJICHHS IJICHOK KyTHHA.

C 37101 1enpio OB BBIJIEJICH SKCTPAKT KYTHHA M3 arpopoa0BOIbCTBEHHBIX
OTXOJIOB (2) ¥ IPUTOTOBIIEHBI TUCTIEPCHUI HAHOYACTHUI] KyTHHA Ha BOJHONH OCHOBE
U HCCIIeIOBaHbI (PU3NKO-XUMUYECKHE CBOCTBA

2. DKCepUMEHTAJILHAS YaCTh.

Mamepuanwi: BeicylieHHas TomaTHasi Koxypa, 1M rugpokcun Hatpus, 6M
COJIsTHAs KUCIIOTA, yIbTPa3ByKOBas BaHHA.

Ilonyuenue uzonama Kymuna

TomaTHYI0 KOXYypy MpeABAPUTEIBHO IMPOMBIBATIN BOAOIPOBOIHON BOJOU C
LENbI0 YAANCHUS CEeMSH M OCTAaTKOB COKa, IOCIE 4Yero BBICYIIMBAIN IPH
KOMHAaTHOM TeMIeparype Ha Bo3ayxe. lI3BieueHue KyTHHa OCYLIECTBISIOCH
METOAOM IIENOYHOW IKCTPAKIMU U3 BBICYILIEHHOUN KOXKYpBI, IIPEICTABICHHON Ha
pucyHke 1.

Pucynok 1 — BeicymenHast TomaTHast KOXXypa

st atoro 13 1 koxypsl cycnenaupoBanu B 0,75 M pacTBope ruapoxcuia
HaTpus B cooTHomeHnH 1:19 (macca koxypwsl Kk o0bemy pactBopa NaOH), u
CMECh MOABEPrajii MHTCHCUBHOMY IIEPEMELINBAHUIO ¢ TIOMOLIBIO MEXaHUYECKOI
Memanku npu temneparype 90 °C Ha mpoTskenun 2 uvacoB. HaOmromamoch
o0pa3oBaHME NEHBI, YKa3bIBAIOIIEEe HA aKTHMBHOE B3aMMOJICHCTBHE KOMIIOHEHTOB
KOXypbl ¢ 1ménousto. Ilo 3aBeplIeHUM SKCTPaKLUH CMECh OXJIaXAaIH M0
KOMHATHOH TemIlepaTypsl Ha BOJSHOW OaHe, mociie 4ero (uiIbTPOBAIM dYepe3
KOJIMYECTBEHHYIO (MIIBTPOBAJILHYIO OyMary ¢ UENbl0 OTHCICHHUS TBEPABIX
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OCTaTKOB KOXYPHBI M TIOYYECHUS KUAKOW (a3bl, comeprKamieid SKCTparnpoBaHHBIN
KyTHH (PHCYHOK 2).

Pucynok 2 — [Ipouecc menoyHoil 3KCTpaKIUK TOMATHOM KOXKYPBHI.

[locnenyromee ocaxaeHue KyTHHAa TNPOBOJWIM IIyTeM  BBEICHHUS
HeoOxomuMoro oobeMa 6 M pacTBOpa COJSHOM KHCIOTHI B 9KCTPAKT (PUCYHOK 3),
B pe3yJibTaTe 4ero opMupoBajach AUCHEPCHS OCAXKICHHOro KyTuHa. KoHTpomnb
ypoBHs pH mnpoBomwica c¢ momompbto pH-merpa. IlomyueHHyro aucnepcuro
MoJIBEprajiy JanbHeleld oopaboTke.

Pucynok 3 — Ocaxnenue KyTiHa 6M COJSTHOM KHCIIOTOH

Ocaxxa€HHble UCIEPCUU KyTHHA TNOJBEprajd LEHTPU(YTHPOBAHUIO MpPU
4°C u cxopoctu 10000 o6/mMuH B TeueHue 20 MUHYT C ILENbIO OTAEICHUS
TBepod (a3l KyTHHA OT XHUIKOW cpeabl. [lomydeHHBIH ocajoKk paBHOMEPHO
pacnpenessiii TOHKAM CJIOEM M OCTaBSUIM BBICBIXaTh MNP KOMHATHOMN
TeMIepaType A0 MOJIHOTO yJalleHUs BIArH, B Pe3yJbTaTe Yero MOJydanu U30JST
KyTHHA.
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Onpeodenenue 6b1xX00a IKCMPAKmMa KymuHa

BrIxoj 3kcTpakTa KyTHHA XapaKTePU3yeT MAcCy KyTHHA, COJICPKAIIErocs B
9KCTpaKTe, MOTYYCHHOM U3 MTP TOMaTHON KOXYPBI, M BBIpaXKaeTcs B MPOICHTaX
OT MCXOJHOM Macchl chIpbsl. PacueT mpousBoauiics mo cienyromieid popmyie:

Bexon (%) = (cCE*mCE)*100/mTP
rue:
¢ MCE - Macca SKCTpaKkTa KyTHHA, TOTYYSHHOTO U3 M KOXYPbI TOMAaTOB,
o CCE - maccoBas KOHIICHTpAIHs KyTHHA B OKCTPAKTE.
3nauenue cCE onpeaessiiy 1o cneayomeMy ypaBHEHHIO:

cCE (%)=((mDCE/mCE)-(mDS/mS))*100

rae mDCE - mMacca cyXoro BemecTBa 3KCTpakTa KyTHHA, IPUCYTCTBYIOLIETO
B mCE, B3sTtomM mns aHanu3a, B TO BpeMs kak mDS o0o3Hayaer maccy
pactBoputenst (pactBop NaOH, KoTopelii HCIOIB30BANCA IS IKCTPAKLHUU
KyTHHA) CyXOro BELIecTBAa, NPHCYTCTBYIOLIET0O B MS - Macca pacTBOPHUTEINS,
B3SITOTO JJISl aHAJIU3a.

Bbixoo uzonama kymuna

Boixon wu3oisTa KyTMHAa NpeAcTaBiseT co0oil Maccy H30isTa KyTHHA,
MoJTy4eHHOTo 13 MTP ToMaTHOW KOXYpBI, BBIPAXXCHHYIO B MPOIEHTaX 10 Macce.
OH paccunThIBaJICS KakK:

Beixon (%) =mCI*100/mTP

rae mCl mpeacrasisier co0oit Maccy H30IATa KyTHHA, oiaydeHHoro u3 mTP
- MacCbl TOMaTHOM KOXYPBL.

PucyHok 4 — ITonyueHne u3ousita KyTuHa
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Macca momydeHHOro wu3osisita KytuHa coctaBmwia 03456 r, 4ro
COOTBETCTBYET BBIXOIY 2.66 % OT Macchl HCXOIHOTO CHIPBSI.

3. 3akiouenue.

CornmacHO TONYYeHHBIM JIaHHBIM B pabore Oblia MPOJEeMOHCTPHUPOBaHA
BO3MOXXHOCTh TIOJIyY€HHsSI BBICOKOUHCTOTO H30JIATa KyTHHA W3 arpOoMHUIIEBBIX
OTXOAOB — KOXYpHl TOMAaTOB — C HCIOJB30BaHUEM MIAJSIIETO METOna
LIEJIOYHOM 9KCTpakuuu Oe3 IPUMEHEHHs OpraHu4eCKHX pacTBOPUTEICH.
[IpoBen€HHbBII  SKCIEPUMEHT TOATBEPAUT AIPPEKTUBHOCTh MpearaeMon
METOAMKH: TIpU 00paboTke 13 r KOXKYpHI ObLI MOTyUeH U30JAT KYTHHA C BEIXOJJOM
2,66 %.

OU3NKO-XUMHUYECKHE XapaKTePUCTUKK KyTHHA, TaKHe Kak IuIpodoOHOCTD,
YCTOMYMBOCTh K YJbTPaQHONECTOBOMY W3IIyUYCHHIO H OHOpa3IaraeMocTh,
MOATBEP)KJAIOT €r0 MMOTEHIMAN B KA4ECTBE CBIPbS AJIS Pa3paOOTKH yCTOMUYMBBIX,
9KOJIOTHUYECKH O€30MacHBIX YIAKOBOYHBIX MAaTEpHAJIOB. YUUTHIBasl MOTPEOHOCTH
MUIIEBOM TMPOMBINUICHHOCTH B ajbTEPHATUBAX CHUHTETHUCCKUM IUICHKAM,
MOJy4aeMbIM U3 HepTe- U Ta30XUMHUYECKOTO ChIPhS, KyTUH MOXKET CTaTh OCHOBOU
JUIsl CO3JaHUsl HOBBIX ChEIOOHBIX W/MIM OnopasiaraeMblx 0apbepHBIX MOKPBITHH
C BJIArO3aIIUTHEIMHA CBOWCTBAaMH.

[Mony4yeHHble  pe3ynbTaThl  OTKPBIBAIOT  TMEPCHEKTHBBI  JTATBHEHIINX
uccieoBaHui B o0nacTy GOpMHUPOBAHHS HAHOIMCIIEPCUN KYyTHHA M Pa3pabOTKu
Ha UX OCHOBE YNAKOBOYHBIX IUIGHOK JJIsi KOHCEPBHPOBAaHMS IHIIEBBIX
MPOAYKTOB, YTO OCOOCHHO aKTyaJbHO B KOHTEKCTE KOHIICIIHHA YCTOHYHUBOTO
Pa3BUTHS, SKOJIOTUIECKH YUCTHIX TEXHOJIOTHH U 0€30TXOIHOTO MPOHU3BOCTBA.

®dunancupoBanue: Pabora BeimonHena B pamkax mpoekta KH MHuBO PK mno npoexty MPH
AP23489239.
Konduaunkrt naTepecoB: ABTOPHI 3asBIIOT 00 OTCYTCTBUH KOH(IINKTa HHTEPECOB.

A3BIK-TYJIKTI CAKTAY YIIIH AT'POA3BIK-TYJIIK KAJIIBIKTAPBIHAH
KYTHUH U30JATBIH AJ1Y

A.B. Hcaeea"", C.B. Aiioaposa’, K.B. Mycabexoe*, . Kamona?,
A.A. Babaes*, A.A.Illapunosa®, P. A. Capcembexosa*

! Kasaxcman-Bpuman mexnuxanoix ynueepcumemi, Anmamst, Kazaxcmar
2 University of Novi Sad, Serbia

8 Satbayev university, Anmamol, Kazaxcman
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Tyiiinaeme. Byrinri Tapma Tamak eHepKaciOiHIe SpTyp:i opay MaTepuaigapbl KCHIHEH KOJIIaHBLIAMIbL,
OJIap/IbIH HETI3Tici JKEH1, MOJIIpIiri MeH MEXaHUKaJbIK OCpIKTIriHIH apKachlHJa IJIACTHK OOJIBIN Kaja
Oepeni. JlerenmeH, OHbI maiinanaHy y3aK bIIblpay Mep3iMi MEH JlacTaHyIbl Koca ajfaHjia, aybIp
9KOJIOTHSUIIBIK 3apAanTtapisl TyIbIpaiabl. By TypakTbl, OHONOTHSJIBIK BIABIPAUTHIH JKOHE TaOHFaTKa
Kayilci3 opay MICHIIMAEPIH 93ipiey KaKETTUIrIH Tyaelpaibl. By JKyYMBICTa —arpoasbIK-TYIIIK
KaJIBIKTapblHA JKATaThIH KbI3aHAK KaObiFbiHAH Taburu KyTuH OHONonmMmepiH aimy MyMKIHZIIr
KapacTeIpsutafpl. KyTHH eciMaik KyTHKYJTachIHBIH HETisri KypbUIBIMIBIK Kypampac Oemiri peTinze
Oipereil KacueTTepre He-THAPO(GOOTHUIBIK, YIBTPAKYITiH COyJIeIeHyTe TO3IMILIK, OHOIOTHAIBIK bIABIpaY
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JKOHE AaWKbIH TOCKAaybll CHIIATTAaMajgapbl. Byl jKeyre jkapamIpl JKOHE OSKONOTHSUIBIK Taza opay
IUICHKAJIAPBIH JKacay YIIIH HIMKi3aT PETiHAE KbI3bIFYIIBLUIBIK TyABIPaAbl. KyTHH CIATiNI CHIFBIHIBICHI OHBIH
HAHOOOJILIEKTEPIHIH Cy AUCHEPCUSICHIH KeiliHHeH AaiibiHaay yiuiH anbiaabl. JKymbicta KyTHH H30514ThIH
ay Ke3eHJaepi erkeil-Terxkeilsli cunarTanFaH, COHBIMEH KaTap ajblHFaH YITUIEpIiH (U3HKa-XUMHSIIBIK
CUMAaTTaMallapbIHBIH HOTHXKENEpi KenTipinreH. HoTmkenep KyTHH/I TYPaKThl Opaybllll MaTepUal peTiHae
naiIananyIblH JKOFapbl QJICYETIH KOpPCeTell, OJ JJCTYpPJi CHHTCTHKAIBIK IUICHKANap/bl aiMacThipa
aJ1a/1bl J)KOHE IKOJIOTHSUIBIK JKYKTEMEHI a3aiiTa OTHIPBII, a3bIK-TYJIIK CaKTay MEp3iMiH y3apTabl.

Tyiiinai ce3aep: KyTHH, HAHOOOIILIEKTEP, TAFAM/IBI CaKTay, OMOIMOIMMED, KbI3aHAK KaOBIFbI, TYPaKThI
KarnTaMa, Xeyre XKapaMpl IUIEHKa, TAOUFH )KaObIH.
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PHYSICO-CHEMICAL STUDY OF ENVIRONMENTAL COMPONENTS
AT THE UZEN OILFIELD, MANGYSTAU REGION

Zh.N. Kaynarbayeva?!, E.A. Tusupkaliyev!, U.B. Issayeva*, A.Zh. Bayzak!, M.T. Oshakbayev?,
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Abstract. Introduction. Environmental assessment is an important task for ensuring environmental
safety and sustainable development of territories. As part of this work, studies were conducted on the
territory of JSC Ozenmunaigas — the Uzen deposit, the GU-85 and GU-88 landfills. The purpose of this
work was a comprehensive assessment of the level of pollution of atmospheric air, soil and groundwater
using modern analytical methods. Methods. X-ray phase analysis, infrared spectroscopy, atomic emission
and gas chromato-mass spectrometry are used to determine the mineral, organic and elemental
composition of samples, as well as the analysis of petroleum products, phenols and synthetic surfactants.
Sampling and analysis were carried out in accordance with state standards and methodological guidelines
in the field of environmental monitoring. Results and discussion. The data obtained showed that the
concentrations of pollutants are within the maximum permissible limits. The analysis of uncontaminated
soils showed a coincidence of the component composition at different landfills. No excess levels of major
pollutants, including petroleum products and heavy metals, were detected in the air and soil. A slight
excess was recorded only for individual indicators in groundwater, which indicates a local anthropogenic
impact. In general, the environmental situation in the studied areas is assessed as stable and safe.

Keywords: environmental monitoring, X-ray phase analysis, petroleum products, groundwater,
atmospheric air, soil, pollution
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OM3NKO-XUMHUYECKOE HCCIIEJOBAHUE KOMIIOHEHTOB OKPYKAIOIIEN CPEJBI
HA MECTOPOXXJIEHUU Y3EHb MAHI'MCTAYCKOMU OBJIACTH

JK.H. Kaﬁnapﬁaesal, E.A. T ycynkaﬂuesl, V.B.Hcaesa'™, A.JK. baiizax', M.T.Owaxé6aes,
A.A. Ecnenéemos', M.H. Bauméemos*, I A. Yckoe', /I.A. Typzanues', K.A. Mananos', H.A. Illaoun?

Y40 «Hncmumym xumuyeckux nayx umenu A.5. bexmyposay, Anmamet, Kasaxcman
2Kazaxcxuii nayuonanvuwlii nedazozudeckuil ynusepcumem umenu Abas, Anmameot, Kazaxcman
*E-mail: ulyajan_1603@mail.ru

Pestome. Beeoenue. OueHKa COCTOSHHS OKPYXKalOIIEH cpeapl SBISETCS BaKHOM 3agadeit st
oOecreveHus 3KOJIOTHYECKOH O€30MacHOCTH U YCTOWYMBOTO Pa3BUTHs TeppUTOpHil. B pamkax manHOMN
pabotel mpoBeneHbl uccienoBanus Ha Tepputopud AO «O3eHMyHalras» — MECTOPOXKICHUE Y3€Hb,
nonuronsl ['Y-85 u T'Y-88. [eavio HacTosIIEro HMCClieOBaHUs ObLIa KOMIUICKCHAsE OLEHKA YPOBHS
3arpsA3HCHUST aTMOC(EPHOrO BO3AyXa, MOYBBI M MOA3EMHBIX BOJ C HCIOJB30BAHHEM COBPEMEHHBIX
AHATUTHYECKUX METOMOB. Memoowl. PentreHodasoBbiii anHanu3, wuH(pakpacHas CIEKTPOCKOMHS,
aTOMHO-3MHCCHOHHAsl U Ta30Basi XpOMAaTO-MacC-CHEKTPOMETPHS — IS ONPEACICHHsST MUHEPAIBHOTO,
OpraHMYEeCKOr0 M DIIEMEHTHOTO COCTaBa TNpo0, a TakkKe aHanu3a He(PTempoayKToB, (EHOIOB U
CHHTETHYECKUX MMOBEPXHOCTHO-aKTUBHBIX BelecTB. OTOOp mpob M aHANIN3 MPOBOAUINCH B COOTBETCTBUU
C TOCYIAapCTBEHHBIMH CTAaHIAPTAMH M METOIMYECKHMH DPEKOMEHJAIMSIMH B OOJIACTH 3KOJIOTHYECKOTO
MOHUTOpUHTa. Pesyrbmamvl u ob6cyscoenue. IlomydeHHBIE ITaHHBIE IOKAa3alid, YTO KOHIICHTPAIUH
3arpsI3HSIONMX BEIIECTB HAXOMAATCS B Mpeleiax MpeAeibHO AOMYCTHMBIX HOPM. AHAIHW3 YHCTHIX
TPYHTOB MMOKa3aJl COBMAJcHNEe KOMIIOHEHTHOTO COCTAaBa HA Pa3HBIX MOJMTOHAX. B BO3dyxe u movBe He
BBISIBJIGHO TIPEBBIIICHUII 110 OCHOBHBIM 3arpsi3HUTENSIM, BKIIIOYass HE(QTEHPOMYKTHI W TSDKEIbIE
MeTtayutbl. He3HaumTenbHOE mpeBbIIeHHE 3a(UKCUPOBAHO TOJIBKO IO OTICIBHBIM ITOKa3aTelsiM B
MOJ3EMHBIX BOJAX, YTO CBHUJCTEIBCTBYET O JIOKAJIBHOM TEXHOTEHHOM BoO3jeiicTBuH. B 1ernom,
9KOJIOTHYecKast 00CTaHOBKA Ha MCCIIETyeMbIX Y4aCTKaX OLCHUBAETCS Kak cTabmibHas U Ge30macHast.

KnaroueBble cj0Ba: 5KOJOTMYECKUII MOHHTOPHHT, PEHTITCHO(A30BBINM aHAIN3, HE(QTEIPOTYKTHL,
HOA3E€MHBIC BOJIBI, aTMOC(EPHBIIl BO3IAyX, I0UBa, 3arps3HEHHE
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KA3AKCTAHHBIH XUMUA 2KYPHAJIBI XUMHYECKHUY X YPHAJI KA3AXCTAHA

1. Bseaenue

DKOJIOTHYECKUE HCCIIENOBaHMsI, MPOBEJCHHbIC B MOCIEIHHE IECATHICTHS
BO MHOTMX CTpaHax MHUpa, IOKa3aJIM BCE BO3pacTarollee pa3pyLIMTEIbHOE
BO3JICIICTBHE AHTPONOTCHHBIX M TEXHOTCHHBIX (PaKTOPOB Ha OKPY>KAIOLIYIO
cpeny, KOTOpble MOTYT MPUBECTH Ha TPaHb IKOJIOTUYECKOTO KPHU3HCA.

B cootBerctBuu ¢ 3emensHBIM U DkojorudeckuM Koxexcamu PecryOmukun
Kazaxcran mnpeanpusarusi, pa3pabaThIBalOLIME€ MECTOPOKACHHUS  IIOJE3HBIX
WCKOTIaeMbIX WM MNPOM3BOASIINE JACHCTBHSA, CBA3aHHBIE C HapylICHHEM
MIOYBEHHOTO IIOKPOBAa HA IPEJOCTAaBISICMBIX MM BO BPEMEHHOE I10JIb30BaHMS
3eMJISIX, 00sI3aHBI 110 OKOHYAHUHU pabOT MPHUBOAUTH UX B COCTOSHHE, IPUTOIHOE
JJISA UCITOJIb30BAHUS B CEJILCKOXO3SIMCTBEHHOM HJIM MHOM ITPOU3BOJCTBE. OI[HI/IM
3 Takux npennpustaii  semsercs  AO  «O3eHMmyHalrasz», KOTOPOMY
MPEJOCTABICHBl BO BPEMEHHOE II0Jb30BAaHHE 3E€MJIM, B Mpelesiax KOTOPbIX
MPOU3BOIUTCS 100bIYA U MTOArOTOBKA HE()TH MeCTOpOXKaeHHs Y3eHb [1,2].

Llens HACTOSIIETO HCCIEAOBAHMS 3aKIIOYacTCS B OICHKE BO3/CHCTBHUS
3arps3HAIONIMX BEIIECTB, OOpa3yOLIMXCS B pe3yJbTaTe IPOU3BOJACTBEHHOMN
nestenbHocTd AO «O3eHMyHairas», Ha COCTOSIHHE OKpYKAIoIIeH cpenpl, a
TaKkKe B BBIIBICHUU TEPPUTOpHUN, HamOojee MOJBEPKECHHBIX TEXHOTCHHOMY
3arps;3HEHUIO.

2. DKcnepHUMeHTAIBLHAS YaCTh

UccnenoBanus mnpoBogwiuck Ha Teppuropun AO  «O3eHMyHairas»
(Mectopoxknenue Y3enb, monmroHel ['Y-85 u ['Y-88). B kadectBe 00BEKTOB
WCCIIeIOBAHUS HCITOJIb30BAIH: aTMOC(EPHBINA BO3YX (Ha TEPPUTOPHH TOJIUTOHA
W Ha TpaHWIE CAHWTAPHO-3AIUTHON 30HBI); BO3MYX pabodell 30HBI, MOYBHI
(ducThIe U ¢ TEPPUTOPHH O0BHEKTA); MTOI3EMHBIE BOBI (KOHTPOJIbHAS CKBAYKUHA).

Memoowr ananusa:

Pentrenogazoserit ananm3 (PDPA) mposommics Ha mnpubope DW-XRD-
27mini (Kutaif) ¢ 1eabl0 ONpEIeSeHUs] MHUHEPaIbHOTO M KOJIUYECTBEHHOTO
COCTaBa IPYHTOB.

Wndpakpacnas  cnektpockormusa  (MK-®Dyppe)  ocymecTBisiach  Ha
cuekrpomerpe Nicolet 5700 (Thermo Electron Corporation, CIIA) mas
UACHTU(PHUKALNY OPTaHUYECKUX COSAMHEHHH [3].

ATOMHO-?MHCCHOHHAsI CIIEKTPOCKOINHUSI C WHAYKTHUBHO CBA3aHHOU IIa3MOMN
(ICP-OES) mnpumeHsigach Ui KOJHYECTBEHHOTO OIPENEIEHUS COIEePIKAHHS
meTtamioB [3].

I"azoBas xpomaTo-macc-criektpomerpust (I'X-MC) BbimonHsIach Ha cUCTEMeE
Agilent 7890 ¢ wmacc-ciektpomerpuueckuM nmetekropom Agilent 5975 s
aHa3a He(TENPOAYKTOB, ()EHOJIOB U CHHTETHYCCKHX MOBEPXHOCTHO-AKTHBHBIX
Bemects (CITAB) [4-5].

Ot0op u aHanu3 Mmpod NPOBOAMINCH B COOTBETCTBHHM C TPEeOOBAaHHSIMU
TOCYy/JapCTBEHHBIX CTaHJAPTOB M METOJIMYECKHX YKa3aHHUH IO KOJIOTHYECKOMY
MoOHHTOpHHTY [6-9].
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3. Pe3yabTaThl M 00Cy:KIeHHE

IIpoBenen [OJYKOJINYECTBEHHBIN peHTrenoha3oBbIi aHau3
He3arps3HeHHBIX  (uncThix) rpyHTOB HIJIY-1, MecropoxneHus VY3eHsb,

mosmroHoB 1'Y-85 u I'Y-88. Pe3ynbpratsl peHTreH0(ha30BOTO aHaIN3a MPUBEICHBI
Ha pucyHkax | u 2, a Takke B Tabmmnax 1, 2, 3 cooTBeTCTBEHHO. B mpuBeaeHb!
CPaBHUTEJIBHBIC KOJMYCCTBCHHBIC XaPaKTEPUCTUKHU COACPKAHNUS KOMIIOHCHTOB Ha
nojmronax I'Y-85 m I'Y-88. Kak BumHo u3 TaOmumpl 3 KOMIIOHEHTHBIA H
KOJIMYECTBEHHBIN COCTaBbl TpyHTOB NONMroHoB ['Y-85 m I'Y-88 daktudeckn
COBIIAJAIOT B IpeAciax AOMYCTUMBIX HOFpeHIHOCTeﬁ JJ14 TIOJTYKOJIMYCCTBECHHOT'O

POA.

ounts}

Ta6auna 1 — MexXIIIOCKOCTHBIE PACCTOSIHUE U WACHTU(HUKALINS COCTABOB rpyHTa mosmrona ['Y — 85

j | P
UWJWAM S

PucyHok 1 —PeHTreHo(a30BbIi aHAIM3 YHCTOrO IpyHTa Honuroxa I'Y-85

40

«LJ,JJL ‘.

Two-The

Htﬂl-{i‘h il ‘\m/.ui ool L-&lJJIw s eipentliced

deg)

2-Theta dd) 1% Phase ID
11.795 7.4964 58.7 Ca(SO4)(H20)2
21.016 4.2236 135 SiO2
23.216 3.8281 5.9 CaCOo3
23.522 3.7791 12.9 Ca(S04)(H20)2
26.780 3.3262 100.0 Si02
29.239 3.0519 771 Ca(SO4)(H20)2
29.560 3.0194 100.0 (Mg0.03Ca0.97)(CO3)
31.270 2.8581 60.0 Ca(SO4)(H20)2
33.465 2.6754 416 Ca(S04)(H20)2
36.102 2.4859 165 (Mg0.03Ca0.97)(CO3)
39.564 2.2759 235 (Mg0.03Ca0.97)(CO3)
43.495 2.0789 311 Ca(SO4)(H20)2
47.698 1.9051 28.3 CaCo3
47.936 1.8943 235 Ca(SO4)(H20)2
48.669 1.8693 21.7 CaCo3
81.648 1.1783 6.2 Si02
83.399 1.1579 38 Ca(SO4)(H20)2
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PucyHnok 2 —PentrenodasoBblii aHaaM3 4uCTOro rpyHTa noauroxa ['Y-88

Tadauna 2 -MexIUIOCKOCTHBIE PACCTOSHUE ¥ MICHTH(HKALN COCTaBOB IPyHTa mojurona I'Y — 88

2-Theta dd) 1% Phase ID

11721 7.5442 58.7 Ca(SO4)(H20)2
20.803 4.2665 100.0 Ca(S04)(H20)2
23.161 3.8371 7.7 (Mg0.03Ca0.97)(CO3)
23.463 3.7885 12.9 Ca(S04)(H20)2
26.683 3.3380 100.0 Si 02

28.018 3.1820 45 Ca(SO4)(H20)2
29.183 3.0576 77.1 Ca(S04)(H20)2
29.499 3.0255 100.0 CaCO3

31.197 2.8646 60.0 Ca(S04)(H20)2
33.444 2.6771 416 Ca(S04)(H20)2
35.500 2.5267 12 Ca(S04)(H20)2
36.080 2.4873 14.6 CaCO03

36.719 2.4455 9.3 Ca(S04)(H20)2
39.540 2.2773 235 (Mg0.03Ca0.97)(CO3)
40.722 2.2139 175 Ca(S04)(H20)2
42.519 2.1244 8.9 Si 02

43.381 2.0841 213 (Mg0.03Ca0.97)(CO3)
43.719 2.0688 17.0 Ca(SO4)(H20)2
47.644 1.9071 345 CaCO3

47.919 1.8968 235 Ca(S04)(H20)2
48.640 1.8704 47.4 CaCO3

50.209 1.8156 25.8 Si 02

51.450 1.7746 17.1 Ca(SO4)(H20)2
56.834 1.6186 135 Ca(S04)(H20)2
64.759 1.4384 18.0 CaCO3
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Tadmuma 3 — KouiuyecTBEHHbIE XapaKTEPUCTUKH COJCPXKAHHS KOMIIOHEHTOB Ha OCHOBaHHHU
TOJIyKOJIMYeCTBEHHOTO POA

Yucreiii rpynr I'Y-85, % Yucrsrii rpynr I'Y-88, %
Marne3naabHbIA KaJabIAT 35.3 34.9
(Mgo.03Cao.97)(CO3)
T'unc - CaSO4 x 2H20 36.1 337
Kansiur, CaCO3 5.4 6.8
Ksapi, SiO2 23.2 24.6

B paMkax mpoBeneHHs aHAIMTUYECKOTO KOHTPOJS © MOHUTOPHHTA
COCTOSIHHSI TIOYBEHHOTO TOKPOBa Ha Tepputopuu noiurona ['Y-88 HI'JIY-1 6pum
BEITIOJTHEHBI JIA0OpaTOpHBIE WCCIENOBAHUS, HAIpaBIEHHBIE Ha OIpE/ICTICHHE
CoJiep’KaHUsl TMPHUOPUTETHHIX 3arpsA3HAIONIMX BellecTB. Pe3ynbTaTel aHaiIm3a
npenctaBieHbl B Tabnuue 4. CorjiacHO TMOJy4eHHBIM JaHHBIM, COZAEp)KaHHe
HedrenpoaykToB coctaBmser 110,75 MI/Kr mpm  TpenenpHO JIOMYCTUMOU
kouneHtparuu (ITJJK) 1000.0 Mr/kr, 4ro CBHUICTEIBCTBYET 00 OTCYTCTBHH
3arpsi3HEHMsI TaHHBIM KOMIOHEHTOM. KOHIIEHTpaIuy TSXKENbIX METAIIOB TaKkKe
HE MPEBBIILAIOT HOPMATUBHBIX 3HAYCHUH.

Ha ocHoBaHuM npoBeNEHHBIX UCCIECAOBAHUN YCTAHOBJIEHO, YTO COCTOSIHUE
mo4yBeHHOTO ToKkpoBa monuroHa I'Y-88 HI'J[Y-1 coOTBETCTBYET 3KOJIOTHUECKIM
HopMaTtuBaM. KoHneHTpary He(TENPOLYKTOB U TSDKENBIX METAIIOB HAXOMATCS
B Hpelenax JOMYCTUMBIX 3HAUYEHHM, YTO MO3BOJIAET CHENaTh BBIBOJ O HU3KOM
YPOBHE aHTPOIOIEHHOTO BO3JCHCTBUS M OJIATONPUATHOW OIKOJOTHYECCKOMH
o0OcTaHOBKe Ha oOcieayeMom yuactke [10].

Ta6auna 4 — PesynbpraTe! aHani30B npod noussl Ha nosiurore ['Y-88 HI'TY-1 AO «O3eumyHaiiras»

Touxkn HaumenoBanue DakTHyecKas Hopma K, m.p.mr/m®
oT6opa npod 3arpsi3HAIOLIHX KOHIEeHTpanusi, Mr/m®
BelllecTB
HOHHE%H ry- Hedrenpoaykrs 110.75 1000.0
HIAY-1 Mens 1.39 3.0
Huxkens 1.05 4.0
CBuHen 5.76 320
Huak 3.01 23.0

B pamkax wucciaemoBaHWid OBUTH TIPOBEICHBI W3MEPECHHSI KOHIICHTpAITUH
3arps3HSIONIMX BEIIECTB B aTMOC(EpPHOM BO3IyXe Ha TEPPUTOPUH moymroHa ['Y-
88 HI'1V-1. Ilony4yeHHble 3HaYeHUs MpeICTaBiicHb B Tabnume 5. Ha manHOIM
TOUKe HaOIIONAeTCs yCTOWYMBOE COOTBETCTBHE (PAKTUYECKHUX KOHICHTpPAILUH
HOpMaTUBHBIM TpeboBaHusiM. Hambonbmiast 1o7s 3arps3HeHHI NPUXOAWTCA Ha
OKCHJI YIJIepOoJia U YIIIEBOJOPO/Ibl, OJJHAKO BCE 3HAUEHHS OCTAIOTCA 3HAUUTEIHHO
HIKE YCTaHOBJIEHHBIX NMPEAETBHO JOMYCTUMBIX ypoBHEH [11]. D10 yka3pIBaeT Ha
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OTCYTCTBHUE  CYILIECTBEHHOI'O BO3JICUCTBUS B
paccMaTpuBaeMoi 30HBI.

KonTpons atrmocdeproro Bozayxa Ha rpanuiie C33 OBIT OCYIIECTBICH C
LETBI0 OLICHKHM YPOBHS  3arps3HEHHUsA, MOTEHIUAIbHO  BJIMSIONIETO Ha
MpUJIETAIOIIKE K IPOU3BOJACTBEHHON 30HE TEPPUTOPUH. Pe3ynbTaThl MpUBEICHBI B
TabuIe 6. YPOBHH 3arps3HAIONINX BelecTB Ha rpanuie C33 3HAYNTEIEHO HIDKE
YCTaHOBJICHHBIX TMPEAENIOB. OTO CBHIETENBCTBYET O TOM, HYTO BBIOPOCHL,
noctymnawomue ot ucrounnkoB HI'J[Y-1, He co3maioT onacHOro BO3EHCTBUS Ha
MIPIJIETAIOIINE JKUJIBIE FITH TIPUPOAOOXPAHHBIE TEPPUTOPHH.

AHanm3 pe3ynbTaTOB KOHTPOJSI aTMOC(epHOro BO3AyXa Ha TEPPUTOPHUU
MOJINTOHA U HAa TPAHMIIE CAHUTAPHO-3AIIUTHON 30HBI MTOKAa3all, YTO BO3ACHCTBHE
HNpEANPUATHS HA OKPYXKAIOLIYI0 Cpely B INpefeNax IOoInyCTHMMbIX HOpM. Bce
HCCIeAOBAHHbBIE TapaMeTphl HaxoasTes B npeaenax [IIK, uro cBUaeTenbCTBYET 0
COOJIFOIGHNH JKOJOTHUYECKUX TPEeOOBAHWN M OTCYTCTBHH PHCKA IS 3IOPOBBS

TCXHOTCHHOI'O npeaciax

HacCCJICHUA.

Tabauna 5 — PesynbpraTsl KOHTpOIIS aTMOC(epHOTro Bo3ayxa Ha nosmrone ['Y-88 HI'IY-1

Touku oT6opa npod HaumenoBaHue dakTHYyecKast Hopma ITJK,
3arpsA3HSAIOINAX BEINECTB | KOHIEHTPaIUsI,MI mr/m®
/m®
Oxcuj yriaepona 3.15 5.0
Oxcup a3oTa 0.0812 0.4
Homuron I'Y-88 Jlrokcu a3oTa 0.0524 0.085
HIJTY-1 Ci-Cs 2.07 50.0
SOz 0.0234 0.5
MepkanTaHbl 0.0000042 0.00005
Bens/a/mupen 0.0141 0.1mkr/100m3

Tabauna 6 - Pe3ynbraTsl KOHTpOIIS aTMOC(EpHOTo Bo3ayxa Ha rpanune C33 HI'[Y-1

Touku HaumenoBaHue dakTHuecKass Hopma MK,
or6opa Npoé | 3arpsI3HAIOLIMX BEIeCTB KOHIEHTPANusi, MI/M° mr/m®
Oxkcun yriaepozaa 0.25 5.0
Oxcuj a3ora 0.001 0.4
HrC V-1, Jlnokcu a3ota 0.00985 0.085
I'pannuaC33 Ci-Cs 1.88 50.0
SOz 0.0123 0.5
MepkanTaHbl 0.0000020 0.00005
bens/a/mupen 0.0070 0.1mkr/100m3

MOHUTOPHUHT COCTOSIHUSI TIOA3EMHBIX BOJ ObLT IpoBeA¢H Ha moiurone Y-
88 HI'AY-1 AO «O3zenmyHaiiraz». Ot6op mpod ocymecTBIsUICS B KOHTPOJIBHON
CKBa)XMHE, II0 pe3yJbTaTaM KOTOPOI'O BBIOJHEH aHajIu3 COJCPXKAHUS
3arpsI3HSIONINX BEIIECTB. Pe3ynprarel mpuBeAcHB! B Tabmuie 7. IlpoBenéHubie
HCCIIEIOBAHNS MOJ3EMHBIX BOJ MO3BOJMIN OLEHHUTH HKOJIOTMYECKOE COCTOSIHHE
BOJIOHOCHOTO TOpPH30HTA. Pe3ybpTaThl aHanmu3a Mmokaszajiu, 4To olliee COCTOsSHHE
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BOJOHOCHOTO TOPH30HTa B  IEJIOM MOXHO  OXapaKTepH30BaTh  Kak
yaosieTBoputensHoe. OmHako 3adukcupoBansl npesbimenus /K mo ¢penomam
1 aMMOHMITHOMY a3zoty [12]. [Ipoune KOHTpoIUpyeMbIe MMOKA3aTeNd, TAKHE KaK
He()TENPOAYKTHI, THKENBIE METaUThl (Menb, CBHHEI, HUKeNb, 1uHK), CIIAB,
HUTPAaThl W HUTPUTHI, HAXOMATCS B Tpeleliax HOPMATHBHBIX 3HAYEHUH, YTO
YKa3bIBaeT HA OTCYTCTBUE IIUPOKOMACINTAOHOTO 3arpsS3HCHUS B HCCICTYyeMOMN
30He. O0Ias MUHEpATU3aIUs COCTABISAET 865 MI/J MPH JOMyCTUMOM YPOBHE JI0
1000 M1/, 9TO TaKXke MOATBEPIKIACT CTAOMIHLHOE 00IIee COCTOSTHUE MTOA3EMHBIX
Boa. Takum 00pa3om, MOXHO CHENaTh BBIBOJA, YTO HAOJIOJacMble M3MCHEHUS
XUMHYECKOT'O cocCTaBa BOJ O6YCJ'IOBJ'ICHI)I JIOKAJIbHBIMHA TEXHOI'€CHHBIMU
BO3JICUCTBUSIMU.

Tabauua 7 — MoHuTOpUHTOBBIE CKBaXHHBI Ha osuroHe ['Y-88 HI'ITY-1 AO «O3enmyHaiiraz»

Touku oTdopa HaumenoBanue dakTHYECKAs Hopma IIJIK,
npood 3arpsi3HAIOIIMX BellecTB KOHIIEHTpanusl, Mr/a
MI/J1
1 2 3 4
pH 7.3 6-9
O01mast MuH. 865 He Gosiee 1000
HedrenpoaykTel 0.055 0.1
DeHobl 0.0631 0.25
CIIAB 0.038 0.5
XIIK 12.3 15
IMonuron I'Y-88 A30T aMMOHUITHBIN 0.84 15
HIr V-1 Hutputst 1.35 3.3
Hurpatsl 29 45
Keneso 0.17 0.3
Mens 0.13 1.0
Huxens 0.068 0.1
CauHel 0.0012 0.003
IuHK 2.2 5.0

4. 3ak/aiodyeHue

B pamxax mpoBenE€HHOTO MCCIIEOBAHUS BBIIOJIHEH KOMIUIEKCHBIH (DU3MKO-
XMMUYECKUH aHalu3 KOMIIOHEHTOB OKpY>Karoliel cpeibl (MoYBbl, aTMOC(hEpHBIH
BO3IyX, TMOA3eMHBIE BOABI) Ha Tepputopun AQO «O3eHMyHaWTasz» C
HCIOJIb30BaHUEM PEeHTreHo(a3oBoro aHanm3a, aTOMHO-3MHUCCHOHHON
CIEKTPOCKONMH C HMHIYKTHBHO CBSI3aHHOM IIJIa3MOW, ra3oBOi XpomaTo—macc-
CIIEKTPOMETPHHU U IPYTUX AaHAIUTUIECKUX METOOB.

Amnanu3 00pa3LoB YHCTOrO TPYHTA, OTOOpaHHbBIX Ha monuroHax ['Y-85 uI'Y-
88, mokasal, 4To UX KOMIIOHEHTHBIH M KOJMYECTBEHHBIH COCTAaBBI IMPAKTHYECKH
UACHTUYHBI, pa3jinuus HAXOMATCA B Mpelesax JOIyCTUMBIX IOIPEIIHOCTEH
MOJYKOJINYECTBEHHOr0 PDA.

Taxum oOpa3omM, o pe3ynbTaraM PU3UKO-XUMHUUECKUX UCCIIEIOBAaHUH OB,
MMOJ3EMHBIX BOJ, atMocepHOro Bo3myxa Ha mojurone 1'Y-88 HIJJY-1 AO
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SYNTHESIS OF NON-IONIC SURFACTANS FROM SUNFLOWER
OIL PRODUCTION RESIDUES

N.Seitkaliyeva?, G. Kussainova'*, B. Sadykov?, Z.Kambarova?,
Chang Chien-Hsiang?, K. Abdiyev!

! Satbayev University, Almaty, Kazakhstan
2Department of Chemical Engineering, National Cheng Kung University, Taiwan
“E-mail: g.kussainova@satbayev.university

Abstract: According to literature data, currently more than 80% of surfactants (SAS) are produced
from raw materials of the petrochemical industry. Industrial processes involving petroleum, natural gas,
and coal generate significant amounts of carbon dioxide (a greenhouse gas). The accumulation of
greenhouse gases in the atmosphere contributes to global warming. Another major concern associated
with surfactants synthesized from hydrocarbon-based feedstocks is their low biodegradability in aquatic
environments under the influence of microorganisms and sunlight. Therefore, the development of
surfactants based on renewable, environmentally friendly sources such as vegetable oils is an important
area of research.

This work focuses on the synthesis of nonionic surfactants from technical-grade vegetable oil,
specifically from sunflower oil production waste, and the investigation of their properties. A mixture of
fatty carboxylic acids obtained from technical vegetable oil was esterified with ethylene glycol (EG),
diethylene glycol (DEG), and triethylene glycol (TEG) to produce nonionic surfactants. The chemical
composition of the synthesized surfactants was confirmed by IR and NMR spectroscopy. The results
demonstrated that the compounds possess surface-active properties and can be used as environmentally
safer detergents.

Keywords: surfactant, fatty carboxylic acids, technical vegetable oil, inexhaustible source of raw
materials, biodegradable compound
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KYHBAFBIC MAMBI ©HJIPICI KAJJBIFBIHAH HEWMOHOTEHAIK BETTIK-AKTHBTI
3ATTAP CUHTE3JEY

H.UK.Ceitmranuesa’, I K.*Kycaiivinoea®, B.b.Caovixos", 3.H.Kambaposa,
Chang Chien-Hsiang?, K.2K.960ues"

Y Combaes ynueepcumemi, Anmamsl, Kazaxcman
2 Department of Chemical Engineering, National Cheng Kung University, Taiwan
*E-mail: g.kussainova@satbayev.university

Tyiiinaeme: Onebu nepekrepre coiikec, Kas3ipri Tanaa 6erTik-akTuBTi 3aTTapabiH (BA3) 80%-1aH acramsl
MYHal-XUMHsI OHEpKOICIOiHIH IIMKi3aTTapblHAH eHAipineni. MyHail, TaOufu ra3 >KOHE KeMipai
naiiianaHaTelH ©H/IpiC MpolecTepi OapbIChIHAA KON MeJiepae KOMIpTeK AHOKCHAl (MapHUK Tra3bl)
OemiHeni. AN HAapHHUKTIK KaOaTTBIH JKyKapysl kahaHIBIK KbUIBIHYFa OKelyi MyMKiH. KeMipcyTekTik
mukizarTal BA3 cuHTe3leyAeH TyBIHAAUTHIH Tarbl Aa Oip KypJeii Macene — oJ Cy alabIHIapbIHIaFbl
myHaaii BA3 MoueKynaiapblHBIH MHUKPOOPTaHMU3MED MEH KYH COYJIECIHIH dCepiHeH TaOWFU bIAbIpay
KBUITAMIBIFBIHBIH, ~ TOMEHAIr. COHIOBIKTaH  OKOJOTWS  TYPFBICHIHAH  alfaHja  Kayilci3, KOpEI
CapKbUIMAHTBIH ©CIMAIK Maiinapel HeriziHeH BA3 cuHTe3ney MaHBI3AbI MocelsenepliH Oipi OoJbln
caHaJaJbl.

Byn JKyYMBICTa TEXHHUKANbIK OCIMIIK Maibl - KYHOAFrbic MaWbIH OHAIPY KaJIbIKTaphl HeETi3iHe
HeuoHoreHJik BA3 cuHTe3ney »xoHe oslapiblH KAacHETTEpiH 3epTTey HOTIXKENepl KapacThbIPbUIFaH.
TexHuKaNbIK  ©CIMAIK  MaifblHAaH  aJbIHFAaH  MailIbl  KapOOH  KBINIKBUINAPBIHBIH  KOCIIAChIH
stunenrnukoneMen  (OI'), mwdtunenrmukonsmer  ([OI)  kone  yumdtunenraukonsmen (YOID)
stepudukarmsinay apkpuisl Henonoreuaik bA3 (HUBA3) cunresaenni. Ansinran HUBA3-H kypamsr UK-
xoHe SIMP-cnexTpockonust onicrepi apkbuibl aHblKTanasl.  ArtanMein  HUBA3  GerTik-akTUBTIK
KOPCETETIHIrT >OHE OJlaplbl JKOJOTHsS TYPFBICBIHAH KaparaHJa Kayillci3 JKyFBII 3aTTap peTiHIe
naiananyra OOJaThIH/BIF! AHBIKTAJI/IBI.

Tyiiinai ce3aep: OeTTIK-akTHUBTI 3aT, Maiybl KapOOH KbIMIKBIIIAPbI, TEXHUKAJIBIK OCIMAIK Malbl, KOPBI
CapKpUIMANTBIH IHKi3aT KO3, OHOIOTHAIIBIK XKOJIMEH BIABIPANTHIH KOCBLIBIC

Ceimkanuesea Hypeyn Kapoinkazankpizvl — Xumusi 2blibLMOAPbIHbIY KAHOUOAMbL, ACCOYUAMUBMIK

npocgheccop.
Kycaiivinosa I'yncapa Kacvlmxankuizot MEXHUKA 2bIILIMOAPIHBIY MASUCIDI, OKbINYULYL,
2bLILIMU Kbl3MemKep
Caovikoeé banmaoaii Banmaéexynvl XUMUSL BLIBIMOAPBIHBIY KAHOUOANMbL, QOYEeHM
Kamébaposa 3apuna Hypnanuxwizol dokmopanm
Chang Chien-Hsiang PhD, npogheccop.
9ooues Kanovioex Kamwmaiiynot XUMUSL bLIBIMOAPBIHBIY 0OKMOPbL, NPodeccop

1. Kipicne

Kazipri 3aManfbl XUMHSI ©HEPKACIOIHIET] YpAICTEp IKOJIOTHSAIIBIK TYPFhIIaH
Kayinci3, OHWONOTHSIIBIK KOJMEH BIJIBIPAHTBHIH JKOHE pecypc YHEMIEHTiH
OHIMJIEP/li, COHBIH ilIiHae OeTTiK-akTUBTI 3arTapasl (bA3) jxacayra OarbITTalIFaH.
Epexme nazap HUBA3-ra aynapeuisin oThIp, ce0eOi olap TOMEH YBITTBUIBIKKA,
XKOFapbsl OHOJOTHSUIBIK ~YHJIECIMIUIIKKE HMe JK9HE Tamak, (QapMaleBTHKa,
KOCMETHKA JKOHE TOKbIMa ©HEPKACiOiHAe KeHiHeH KosmaHbuiansl [1, 2]. HUBA3
CUHTE3/ICY/iH TUIMI JKOJBI - KOPbI JKaHAPTHUILI OTBHIPATHIH OCIMIIK TEKTEC
muKi3aTTel mnaiinanany. KynOarpic MaiiblH paduHanray KesiHae Ty3UIETiH
TEXHUKAJIBIK Mai KBIIKBUIIAPHl MEH caOBIHAAp ap3aH, opi KOJDKETIMII IMUKi3aT
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OonpIm  TAaOBUTANBI, OV OJapAbl JKOHOMHKAIBIK JKarblHaH THIMII  opi
IKOJIOTHSIIBIK JKaFbIHaH YTeIMABI eTeni [3]. Henonorennik BA3 cunTesneynin keH
TaparaH ofici OJ Mailibl KapOOH KBIIIKBUIAAPBIH 3TOKCHIACY HEMece
TJIMKOJIBIEPMEH TYPIEHAIpyY [4].

Byn KyMBICTBIH MakcaThl — KYHOAQFbIC Maibl OHIIPICIHIH KaJIIbIFBIHAH
QJIBIHFaH MaMbl KapOOH KBIIIKBUIIAPHI KOCIAChl MeH apTyp:ii riaukoisaep (O,
JOI xone YOI') Herizinae HenoHoreHIik BA3-map cuHTE37Cy KOHE OJIApIIbIH
(hM3UKa-XIMHSITBIK JKOHE OSTTIK-aKTHUBTIK KACHETTEPIiH 3epPTTEY.

2. Toxipubenik 6oim

Maiiner kapbon Kouuksiioapsr (MKK) men smunenenuxons (31) Kocnacwinan
HEeUOHO2eHOIK OemmiK-aKmuemi 3am cunmesoey

HUBA3-nap cunTe3ney YUIiH KakeTTi rUApodoOTHIK (parMeHT — Maiibl
KapOoH KemKbUAapeiHBIH Kocmackl (MKK) kyHOarpic Maiibl  eHIIpiCiHIH
KaJIBIFBIH CUITLTIK TUAPOIU3CY KOHE IKCTPAKIHSIAY apKbUTBI alTBIHIHI [5].

MKK xocmaceinan HWBA3 cuHTe3ney yimiH 3repuduKainms OKoHE
MoJIMKOHAeH caus  oxictepi Taaan aneiHael. MKK  kocmaceiHan HUWBA3
CHUHTE3/Iey YIIiH MarHWT apallaCTHIPFHIMINEH, TEPMOMETPMEH JKOHE PEaKIUSIIBIK
opTajaH cyabl Oeny amy yinH @ Kaxerti JluH-CTapk  KMHAFBIIIBIMEH
KaOJIBIKTAJIFAH YIIMOWBIHILI KoyIOa TaHdan anbiHabl. Kombara 0.45 mons OI
xoHe katanmuzatop (H2SOs epitinmici, xanmel maccanbliH 1 mac. %) KyHbUIABL.
Apsl Kapail, katanuzatop OI'-MeH apanackaH COH, peakuusuiblk oprara MKK
KOCIIAaChIHBIH KaXKETTI Meumepi KochUiabl. Peakiusuiblk opTagarbl MKK:OI
peareHTTepiHiH MOJbAIK KartbiHackl 1:1.2 TeH Oonmel. KoHueHcanusuiany
peaknusAcel aya MoHmaceiHAa 155-165°C Temnepatypana, Y3IiKCi3 apanacTelpy
JKaraaibiHaa 2 carat OOkl KYPri3ijii.

Peaknust OapwichiHma Ty3inreH Kypaeni dS¢uphiH Memmepi (peaxuus
IIBIFBIMBI) OOJIHTEH Cy KelieMi oHE KOCIAHBIH KbBIIKBUIBIK CAaHBI apPKBLIBI
ecenreningi. PeaknustapiH mbiFbIMBL 90-95 %. ANbIHFaH ©HIM — KOHBIP TYCTI
TYTKBIP CYHMBIK 3aT.

YKorapsigarsr onic Ooitprama MKK werizinge JIO1 xxone YOI Kocy apKbUIbl
HUBA3-nap cunresnenmi. Peakunms Oapeickiima MKK-HBIH TIHKONIBIEpMEH
Kypaeii abupiepi Ty3u:

~R-COOH + HO-(CH,-CH>-0-),H — ~R-COO-(CH>-CH-0O-)H + H0,
n=1, 2 xone 3. (1)

HUBA3-napnein MK-cnexrpnepi Nicolet 5700, Termo Corporation, USA
cnexrpomerpinae 4000-500 cm™ xwuinikrep apanbiFrbinaa Tycipingi. *H xone BC
SIMP- criextpiiepi CDCls epitkimin naiganana oteipein JNM-ECA Jeol 400
cnektpomerpinae (tuiciame 399.78 xome 100.53 MI'm >xumimiri) >ka3bUIbL.
XUMUSUTBIK, BIFBICYJIAP ACHTEPIICHIeH XJIOPO(GOPMHBIH KaJJIBIK MPOTOHAAPbIHAH
HEMeECe KOMIPTEK aTOMIapblHAH KEJICTIH CUTHAJIJapra KaThICThI ©JIIIEH I,
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HUBA3-pap epitinainepiniy OeTTik Kepimyi Bumbrensmur opmici apKbUIBI
IJIaTHHA TUTACTUHKACKHIH KOJIJIaHA OTHIPBIN eJieH i. beTTik kepinyi emniey amici
[5] Makanama TONBIFBIMEH KapacThIPBLIFaH.

3. Hotmxesep KoHe TAIKbLIAY
3.1 Cunmesdenzen mneuonocenOix bBA3-0apowviy snemenmmik  dicone
DYHKYUOHANBOBIK, KYPAMOAPBIH 3AMAHAYU 20iCED apKblibl AHLIKMAY

Cunresnenren HUBA3-n UK-cnektpinge (1-cyper) 1738 cm™? xwuimikre
KaHBIKKaH KapOOH KbIMKBUIBIHBIH KapOokcuin —CH>—COOH ToOwina THicTi, 1644
! xkwuinikre KaHbIKIaraH KapOOH KbIMKLLILIHEIH Kapookcun —CH=CH-COOH
TOOBIHA THICTI KOJIAKTap, 3454 cM™ KMiNIKTE STHIEHIIMKOIBIIH 60C THAPOKCHII
TOOBIHA THiCTI KojaK, anm 2857+2926 cm’ xwuimikrepae e3apa OaiilaHbICKaH
THUAPOKCHII TOMTapblHA THICTI JKONaKTap KepiHemi [6]. An KaHBIKKaH >KOHE
KaHBIKIIaFaH KapOOH KBIIIKBIIIAPBIHBIH KYpAesi a¢upnepinaeri -C—O—C- Oaiina-
HBICTapbIHa THiCTi *komaK 1170 cm? xuinikre Gaiikanansl. Jemek, UK-criekrpre
CYHEHEe OTBIPBIN, KOCIaaaFbl Mailyibl KapOOH KBIMIKBUIAPBI MEH ITHJICHIIMKOIb
apachlH/Ia peaKyst XKYPil, Kypaeni 3gup Ty3UIIl Jem TYKbIPhIM jkKacayFra 0omabl.

CM

=R

Absobance
s o -
n m b B
e
8

Cyper 1 — MKK kocnacst men DI Herizinperi HUBA3- b UK-criextpi

MKK kocnaceiabie, OI-men kypaeni sdupinin *H SIMP cniektpi 6apiibik
IMa-ma3oHaa  opTypii  (parMeHTTIK  KYpBUIBIMAAPJABIH  MPOTOHAApbIHAH
CUTHAIIAPABIH OoiybiMeH cumattanansl (2-cyper). 0.50-3.30 ppm aiimarbraaa
MKK kangpikrapsl MeH DI pparMeHTTepiHIiH METHII )KOHE METUJICH TOITapbIHHA
THICTI mpoToHAap curHamgapel Oadikanansl. byn MKK-OI'  adupnepi
KOCTIACBIHJaFbl  ()parMEHTTEpHiH €H Kol TOObI, OJNapJIblH WHTETPAJIBIK
NPOTOHABIK KapKbIHABUIBIFEI 211.39H. An 3.30-4.50 ppm ailMarbIHAAFbI
CUTHaJJIap KepIIijec KaTkaH OTTerl aromjaapbl Hemece 0acka dIIeKTpTepic
(hyHKIMOHANABIK TONTAaphl Oap TpOTOHmApFa THicTi komaktap. OmapasiH
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HHTETPaABIK IPOTOHABIK KapkKelHAbUIbIFEL 11,75H. An  4.50-6.40 ppm
aiimarpiHna OaifkamaThlH Mail  KBIIKBUIAAPHl  KAIBIKTAPBIHBIH  POTOHIBIK
CUTHaJIapbl KapOOH KBIIIKBUIIAPBIHBIH KaHBIKIAFaH (parMeHTTepiHE THICTI.
OnapaplH, HMHTEIPAIABIK ITPOTOHIBIK KapKbIHAbLIbIFEI 15.84H. 6.70-7.40 ppm
aiiMareIHIarel KanraH curHagmap OI° men MKK-HBIH Kypneni >dupiepiHig
KYpaMbIH/a apoOMaTThIK MPOTOHAAPABIH Oap EKCHIITiH KepceTeidi, OJIap.IbiH
MPOTOHJIBIK HMHTETPAIIBIK KapKbIHABUIBIFEI 2.10H. JKorapwima kenTipinreH
motmwkenepaeHr MKK-OI' sdwupnepinig kocnaceiHma 6.5% KaHBIKIIAFaH CyTEK
atoMaapel Oap gen Oomxayra Oomanel. MKK  kocmackibeiy — OK-MeH
aTepuUKaNUsIaHybl OapBICHIHAA KYPACIi d(DUPIEPIiH Kbl KAaHBIKIIAFaH [bIFbI
azgan TeMeHACH Il JKoHe dTepUPUKAIIIAHY PEaKIUACH KYPETIHIITIH pacTai bl
Conpiven Oipre, MKK-upiH OI'-MeH opekerrecyi OapbICBIHAA KOCHAIaFrbl
apoMaTTBIK KypAeni sdupnepmin yheci OacTamksl Mail  KBIIIKbLIAAPHI
KypambIaaarsl (2.54 %) memmepineH 0.87%-ra neiiiH a3asTHIHABIFBI AHBIKTAI/IBL.
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Cyper 2 - MKK kocnacel MeH stunenriukons (1) werizinaeri HUBA3-apm *H SIMP moneni
Maiinel  kapOOH  KBIIIKBULIAPBIHBIH  OTHICHIJIMKOIBMEH  3dupIepi
kocnaceiHbiE, C SIMP  chieKTpiHZE METHJI JKOHE METHJIEH TONTApbIHIAFbI

KeMipTeri aToMaapsl-HeIH curHamaaps! 10.00-49.32 ppm aiimarsiHia kepinemi (3-
Cyper).
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Cypet 3 - MKK kocnacer MeH stuneHrnukoins (O17) Herisinaeri
HUBA3-ap11 *C SIMP mMoneni

OtTeri aroMaapbIMeH KoHe 0acKa JICKTPTEPIC aTOMIAPMEH ipreiec KaTKaH
KeMipTeri aroMAapbiHbIH curHangaps! 49.32-73.00 ppm aiimarsiHAa, SFHA METHIT
JKOHE METHIIEH TONTAPBIHAH SpipeK OpHalacKaH. byl smpoiapaslH KOMIpTEKTIK
HMHTETpaNABIK KapKeIHABUIBIFBI 289.57. An 110.00-160.00 ppm aiimarbeiHa naiia
0OJIFaH CHUTHAJAAPJABIH IIaFbIH TOOBI KaHBIKIIAFaH TONTAPIbIH KOMIPTEK aTOM-
JapblHa THICTI konakTap. OJapIblH WHTErPANIBIK KapKBIHABUIBIFEL 12.06. 18C
AMP  crmektpinme 174.26 ppm cUTHaNBIHBIH OONlybl Mailbl  KapOOH
KBIIIKBLIAPBIHBIH TUICHIIMKOJIBMEH KOCHAChIHAA KYpAei 3(Gup TONTaphIHBIH
JKOHE KapOOKCHIJI TONTaphl KaJABIKTAPHIHBIH 0ap EKEeHIITiH KepCceTeNdi, OHBIH
uHTEeTrpanablK KapKeHABUIBIFR 0.24. JIOT', YOI sxome MKK kocnace! HeriziHzae
ty3inren HUBA3-mapabiy kypamaapbl fa sxorapeigarbiiaii MK- sxone SIMP-
CIEKTPOCKOIHS SAICTePIMEH JQJICIICH/I].

3.2 Cunmesoenecen HUBA3-0apowviy bemmik-axmusmix Kacuemmepi

HeunoHoreHik OCTTIK-aKTUBTI 3aTTapiblH OETTIK KacHeTTepiHe - OeTTIK
Kepily MeH aicopOLMsIBIK MOHJIEpl JKOHE epiTiHAize MuLemia Ty3UIyiHiH
KpuTHKaNbIK KoHIeHTpanusickl (KKM) skaranpl. Byn kepceTkimrep «CyHbIK/Ta3
JKOHE «CYHBIK1/CYHBIK2» KyHenepinaeri BA3-H amacopOumsfa KaOlIeTTILIIrH
AHBIKTANTBIH HETi3ri nmapamerpiiep OOJbIN caHamaabl. byl KacuerTepai KemeHi
3epTTey MOJIEKYJANApAblH KYPbUIBIMABIK €peKIIeNikTepi MeH oJapAblH ¢a3zanap
apachIH/IaFbl AKTUBTITI apachIHIaFbl OalIaHbICTHI aHBIKTAYFa MYMKIH/IIK Oepeti.

berTik kepily MoHJEPiHIH Tene-TeHIIK HoTIkKenepi OolbiHIa BA3 epitin-
IiepiHiH OeTTiK Kepily HM30TepMachl TYPFBI3BULABL. 4-CypeTTe 3THIICHIIIMKONb
uerizingeri (MKK-OI'), muwatunenrnukons Herizidgeri (MKK-JIOT) skone
yuntuienrinkonb Herizingeri (MKK-YOI) HUBA3-mapabiH — OeTTiK Kepiny
H30TepMajapbl KOPCETIIreH.
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Cyper 4 — MKK-OI (1), MKK -3T (2) «one MKK -YOI (3) HUBA3
epitiHaiepiniy 6eTTik kepiny u3otepmanapsl. T=298 K.

Cyperren BA3-H epiTiHIiAeri KOHIEHTPANUACH apTKaH CaiblH CYIBIH
OeTTiK Kepilyi TOMEHACWTIHIIriH aHrapyra Oonanel. byneiH e3i BA3
MOJICKYJIaJIapbIHBIH cy/aya (a3aapajblk 06y OeTiHe ancopOlUsIaHaAThIH/IBIFbIH
kepcereni. bertik kepimynin eH xorapbl TemeHaeyi MKK-YOI' epitinmicinme
Oaiikanmazpl. bym OackamapMeH canpICTBIpFaHAA, OHBIH OETTIK-aKTHBTITIHIH
sxorapbl ekenairia kepcereni. MKK-OT', MKK-JI2T" xone MKK-YDI™ karapbinaa
CONIaH OHFa Kapal OeTTIK-aKTHBTUIIKTIH apTyblH bA3  Momexynacel
KYPaMBbIH/IaFbl ATUJICHOKCH] (—O-CH2-CH2—) TOOBIHBIH CaHBI apTKaH
caiibIH MOJIEKYJIaHbIH TUAPO(UIBAIri eceTiHAIriMeH TyciHaipyre 6omaasl. BA3-H
epirimTiri xaxcapa tyceni. byn TyxeipeiMasl KKM Monzaepi ne pacraii Tyceni:
MKK-OTI'-nen MKK-Y3I'-ke aywsickanga HUBA3-H KpUTHUKAIBIK MUIEILIATY3Y
KOHIIEHTpAIMACH ocin  oTbIpangsl. MyHBIH 0opi, caiibim kenreHae, bA3
MOJIEKYJIaJlapbIHBIH,  cy/aya ¢a3aapanblk Oeny OeriHe ancopOUHAIaHyBIH
JKakcapTa Tyceai. Apbl Kapai, O0eTTik Kepiny u3oTepMmaiapbiHan ['no0c TeHueyin
(4) maifmanana OTBIPHIIL, aICOPOIIMS MOHAEP] €CEeTITeN/Ii:

c do _ 1 do

RT dc  RTdlnc )

5 - cyperren kepin TypraHbiMbIznal, MKK-sTuieHokcua HeriziHjaeri
HUBA3-nbiH KypaMbIHIAFbl ASTHJICHOKCH]Il TOOBIHBIH CaHBl apTKaH CalbIH
ajcopOIusi IaMachl ©CIm  OTBIPaIbl JKOHE KPUTUKAIBIK  MHIICILIATY3Y
koHueHTpaiusacel (KKM) maHalibiHga aacopOIins e3iHiH TYPaKThl MOHIHE YKETeIl

[8].
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Cyper 5 - MKK-OI" (1), MKK -J9TI (2) sxone MKK -YOI (3) HUBA3-napnasix
azcopOuust U30TepMasIapsl.

Kanmer amcopOumst m30TepManapblH IMIAPTTHI TYpAe €Ki aiiMakka Oedim
KapacTeIpyFa Oomanmel. bactamkel aiiMakTa (KOHIIGHTPAIlMSHBIH a3 aiiMarbIHIA)
epITIHIHIH KOHIEHTPAIMsICHl apTKaH CaWbIH aJCOpOIMs IamMachkl KYpPT ©cim
oTbipanpl.  ExiHmi  afiMakta  (KOHICHTpAIMSHBIH  YJIKEH  aliMarbIHZA)
aJcopOIMsTHBIH MoHI OiprraMa Oasty ecefli ie, apbl Kapai e3iHiH TYpaKThl MOHiIHE
mbIFanbl. AncopOums H30TEpMalapblH calubICThIpaThiH  Ooncak, MKK-YOI
Herizingeri BA3-mpiH  cy/aya Oeny KabaTbiHa —azcopOlusuiaHy — KaOiieri
OackanapblHa KaparaHja )OFapbl eKeHIriH anrapyra 6onaapl. byast MKK-YOT
MOJIEKYJIachl TUAPOGWIb-AITiHIH OacKamapMeH CallbICThIpFaH[a, OiprraMa
KOFaphl eKeHJIITIMEH TYCIHAIpYTe OOMabl.

Hemex, HUBA3 KypaMbIHIaFbl STHJICHOKCH]] TOOBIHBIH CaHbI apTKaH CalbIH,
OHBIH aJIcopOIMANBIK Kalijeri ecim oTbIpagel. by KyObubIC onmebuer
nepekTepimMen coiikec keneni, ssad, HUBA3 MonekynanapsiHblH THAPOGUIBIIT
apTKaH caiibIH aJicopOIIvsl KYIIeHin, OeTTIK KeplIyaiH TOMeH eyl Oaikanazpl [9].

ConpiMeH Oipre, OeTTik kepiny m3orepmanapbiHaH HUBA3-H kpuTHKanbik
munesuiaty3y koHueHTpauusiapeiH (KMTK) ansikrayra 6omanpl. Onap MbIlHaFraH
teH Ooimel: KMTK(MKK-2I') = 8 r/m; KMTK(MKK-/I2I') = 6 r/n xoHe
KMTK(MKK-Y3I') = 4 r/n.

4. KopbITBIHABI

TexHUKaIBIK OCIMIIK MalblH - KyHOarblc Maibl OHIIPICIHIH KaJIIbIFbIH
CUITLTIK THAPONM3NEY KOHE DKCTPAKIMsAJIAy apKbUIBI albIHFaH Maillibl KapOoH
KBILI-KbUIJAPBIHBIH, ~ KOCIAChIH rmkonbpaepmern (O, DI xome YOI)
TepU(HKANMSIAY PEaKIUsIChl  apKbUIbl  JKaHa HeWoHOreHIiKk BA3-map
cunresnenni. BA3-napasiH mbiEbiMbl 90-95 % kypasbl.

Anviran HUBA3-n dynkuumonansaplk Kypambl WMK-cnektpockonms, H
SIMP sxone B*C IMP-crIeKTpOCKOIHS dicTepi apKbLIBI JAJIEIICH .

Anpraran HUBA3-napapiH OeTTik Kepily H30TepMaliapbl TYPFBI3BUIBII,
onaH cy/ay azaapansik Oexry OeTiHzmeri ajacopOlus ImaManapbl €CemTe.
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Conma, HUBA3-apiH KypaMbIHAa STHJICHOKCHI TOOBIHBIH CaHBI apTKaH CaHbIH
OHBIH CYBIH OETTIK KepiTyiH TOMEHAETY KaOiseTi KoHe aJcopOIHs mamMachl apTa
TYCETiHJIIT1 aHBIKTAJIIBI.

MKK-3THJICHTTHKOIb  OCTTIK-aKTUBTI 3aTTAaphIH JKOJIOTHS TYPFBICHIHAH
KaparaHga Oipmama Kayirci3 (OHONOTHSUTBIK JKOMMEH BIABIPAWTHIH) SKYFBIII
3aTTap peTiHae KouJanyra 0oJabl.

Kapaxsunanapipy: Byn seprreyni KP FrutblM oxoHe sxkorapbl OUIIM MUHHCTpIIriHiH FbUIbIM
komuteTi (rpant Ne AP19678114) Kap KbliIaHAbIp/IbI.
Myazesep KAKTBIFBICHI: aBTOPJIAP apachIH/a MY//eIep KaKThIFbICHI KOK.

CHUHTE3 HEMOHOI'EHHBIX NOBEPXHOCTHO-AKTHBHBIX BEIIECTB M3 OTXO/J10B
MNPOU3BOACTBA INOJCOJIHEYHOI'O MACJIA

Ceimranuesa* H.JK., Kycaunosa® I.K.*, Caovixoe' B.b., Kaméaposa® 3.H.,
Chang Chien-Hsiang?, A60ues' K.JK.

L Satbayev University, Anmamsl, Kasaxcman
2Department of Chemical Engineering, National Cheng Kung University, Taiwan
*E-mail: g.kussainova@satbayev.university

Pe3ome: CoriacHO JIMTEpaTypHBIM JIaHHBIM, B HacTosiee BpeMs Ooiee 80% MOBEPXHOCTHO-aKTHBHBIX
BetecTB (ITAB) npousBoasTcst u3 cbipbsi HeHTEXMMUUECKOH MPOMBIIUIEHHOCTH. B X0/1€ MPOMBIIUTEHHBIX
MPOLIECCOB C HCHOJIB30BAaHUEM HE(PTH, MPUPOJHOTO Ta3za W YIis BBLACISAETCS OOJbLIOE KOJIMYECTBO
JIMoKcuaa yriepoja (MAapHUKOBOTO rasa). PaspylieHue NapHUKOBOIO CJIOS MOXET IPHBECTH K
riobdanbHOMY ToTeruieHnto. Emé omHol cepb&3HOW mpoOneMoid, cBs3aHHON ¢ cuHTe3oM [IAB wu3
YIJIEBOJOPOIHOTO CHIPbS, SBISETCS HU3KAsi CKOPOCTh €CTECTBEHHOTO pa3iioKeHusi Takux mojekyn [TAB
I0J1 BO3JIEHICTBMEM MHKpPOOPIaHM3MOB M COJIHEUHOTO cBeTa B BojoéMax. IlosTomy c skomormueckoit
TOYKM 3pEHHUs BaXHBIM HallpaBJIeHHEM sBisieTcss cuHTe3 [IAB Ha ocHOBe BO300OHOBISIEMOTO M
06€30MacHOT0 PACTUTEIILHOTO CHIPBS, TAKOTO KaK PaCTUTENILHbIC MacIa.

B nmannoii pabore mpeacTaBiieHbl pe3ynbTaThl cuHTe3a HeroHoreHHsix [IAB (HUITAB) nHa ocHoBe
TEXHMYECKOTO PACTUTENILHOTO MAaciia — OTXOJIOB IPOM3BOJICTBA MOJICOTHEYHOTO MAaclia, & TAK)Ke H3YUECHBI
ux cBoictBa. Henonorennsie [TAB cuHTEe3MpOBaHbI MyTEM 3TEpUBHUKAIUN CMECH XHPHBIX KapOOHOBBIX
KHUCIIOT, IIOJYyYEHHBIX M3  TEXHHYECKOr0  pPAcTUTENBHOrO  Macia, dTwieHriaukoinem  (OI),
qaTunenrikoneM (91 u rpustunenrimkoneM (TOIN). Cocras nomyuennsix HUITAB 6bu1 onpenenén
metogamu K- u SIMP-criektpockonuu. YCTaHOBJIEHO, YTO OHH OOJAAal0T MOBEPXHOCTHO-aKTHBHBIMU
CBOMCTBaMH M MOTYT OBITh HCTIOJBb30BaHbI B KAYECTBE IKOJIOTMYECKH OE30MaCHBIX MOIOIINX BEIIECTB.

KaroueBble cioBa: IIAB, >xupHble KapOOHOBBIE KHCIOTBI, TEXHHYECKOE PpACTHTEIBHOE Maclo,
HercdepIaeMblii HCTOYHHUK ChIPbs, OHOpa3iaraeMoe CoeINHEHNE.

Ceumxkanuesa Hypeyn Kapoinkazankpizol ~ KaHOUOAM XUMUYECKUX HAYK, ACCOYUUPOBAHHBILL

npogheccop
Kycaivinosa I'yncapa Kacvimxankpizot Mazucmp mexnuyeckux Hayx, npenodasamens,
HAYYHBIL COMPYOHUK
Caovikosé banmaoait banmaoexynv KaHOUOAM XUMUYECKUX HayK, OOYeHm
Kamobaposa 3apuna Hypnankpiso dokmopanm
Chang Chien-Hsiang PhD, npogheccop
900uee Kanovioex Kamwaiiyno OOKMOP XUMUHECKUX HAYK, npogeccop
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OBTAINING THE ACTIVE INGREDIENT FOR SEED TREATMENT
AND ITS EFFECT ON THE GERMINATION OF SPRING WHEAT
SEEDS IN CASE OF SOIL MOISTURE DEFICIENCY
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Abstract. The seed protectants currently used in grain crops have a second class of toxicity, which
negatively affects soil fertility, plant growth and the quality of the products produced. It is of practical
importance to create a low-toxic complex drug with a multifunctional effect, which has a pickling and
stimulating effect on plant growth and development, positively affecting the soil microflora, yield and
quality of grain products. This article sets the task of obtaining a multifunctional active substance based
on monomethyl urea (MMU) and monoethanolamine phosphate (MEAPh), studying its physico-chemical
characteristics, as well as its effect on germination and germination energy of spring wheat seeds with a
soil moisture deficiency of 30% and 50%. The dependence of the equilibrium humidity on the relative
humidity of the atmosphere for the initial MMU, MEAPh and the double compound MMU<MEAPh is
determined. For all isotherms, an increase in adsorbent absorption is observed, provided that the relative
pressure of the adsorbent approaches a certain value of go, which increases sequentially with the transition
from MMU*MEAPh to MEAPh and MMU. It follows from the data obtained that the studied MMU,
MEAPh and MMU*MEAPh have low equilibrium humidity up to a relative humidity of 80%, which is the
basis for the preparation and storage of drugs in autumn, spring and winter conditions with good physico-
chemical and marketable characteristics. A high degree of influence of the MMUMEAPh double
compound and germination energy of seeds with a deficiency of soil moisture by 30% and 50% has been
established.

Key words: Active ingredient, monomethylolure, phosphate monoethanolamine, physico-chemical
characteristics.
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KA3IBIK ’K¥YMCAK BUJIAN TYKbIMbBIH JOPLIEY YIUIH BEJICEH/I 3AT AJ1Y, OHbIH,
TOMNBIPAK bUIF AJBIIBIFBIHBIH TANIIBLIBIFBIHJIA JKA3ABIK )KYMCAK BUJIA
TYKbBIMJAPBIHBbIH OCIMJUIITTHE ©OCEPIH AHBIKTAY

X.C. Tacwibexos?, C.Ycemanoe', I.'T. Omapoea’, ¥.M. Toiinacosa’,
3.H. Pamaszanosa’, I1l. baioawaesa’, H.H. Ecepkeesa’, P.Y. Maxmyooe?, X.C. Ycmanos?

' «B.b. Bexmypoe ampinoazl Xumus eblibimoapsl uncmumymsi» AK, Armamer, Kazaxeman
2 «FoLnoimu-ondipicmix bipnecmix «Ana-Kepy, Anmamot, Kazaxcman
*E-mail: toypasova@mail.ru

Tyiingeme. Kazipri yakpiTTa [oHII [JaKbUl ETICTICIHAE KOJNJAHBUIATBIH TYKBIM JOpiieyilirep
YBITTBUIBIKTBIH CKiHII KJIAChlHA M€, SFHH TOINBIPAKTBIH KYHApJIbUIBIFBIHA, OCIMIIKTEpP/AIH OCyiHEe KOHEe
alplHFAaH OHIMHIH camachlHa Tepic ocep eTeai. ToxipuOenik MaHBI3IBUIBIFEI — TOIBIPAKTHIH
MHKPOGIIOpachiHa, aCTBIK OHIMJEPIHIH OHIMIUIIIT MEH camachlHa OH dCep eTETiH, 6CIMIIKTepHiH ecCyiH
JAMBITYIbIH JKOHE AJPIICYIIITIK KOm(pyHKIHOHAIABI dcepi 0ap YBITTHUIBIFBI a3 KEUICH/I MpernaparThl
xacay Oosbim  Tabbutamel. byn  Makamama MoHomerwnonMoueBuHa (MMM)  xoHe  docdar
MoHO3TaHONaMuH PMDA Herisinzeri kendyHKIMOHAIABI dcepi Gap OelCeHIi 3aTTHIH — JKaHAa KOC
KOCBUIBICTBIH KPHCTAJNJaHy ailMarblH aHbIKTAy, OHBIH ()M3MKA-XUMUSUIBIK CHIIATTaMaapbiH, COHIaN-aK
TombIpaK, bUFaNAbLUIBIFBIHBIH 30% >xone 50% TammubUIbIFBIHAA KA3/bIK KYMCaK OMIail TYKbIMIapbIHBIH
OHTIIITIIT MEH 6Cy SHEprusiChlHA dCepiH 3epTTey MiHzeTi KoiburaH. bacrankel MMM, ®MDBA xoHe
MMM-®MDBA KoC KOCBUIBICHI YIIIH aTMOC()EpaHbIH CalBICTHIPMAJIbl BUIFAJbUIBIFBIHAH TeTe-TeHJIK
BUIFAJIBUIBIFBIHBIH TOYEJIUIIN aHbIKTANAbl. bapiblk n3oTepManiap YINIH CalbICTBIPMAJbl aacOpOTUBTI
KbICBIMBI MMM e®MDA-nan ®MDA xone MMM-re aybickaH Ke3jie JoWeKTi Typlie eceTiH oenrini 6ip @o
MOHIHE JKaKbIHIAFaH Karjaina ajcopOEHTTIH CiHIpYiHIH >KOFapbLlaybl OalKanmaibl. AJIbIHFaH
MoamiMeTTep/ieH 3epTrenin otsipral MMM, MDA xone MMM-®MDA aTtMmochepaHbIH CalbICTHIPMAIIbI
putFanapuibiFbl 80%-re AeliH TOMEH Teme-TeHIIK BUIFAIIBUIBIKKA He eKeHAiri Oenrimi, Oyi (usmka-
XUMHSUIBIK JKOHE TayapiiblK KacHETTepi »KOFapbl IperaparTapibl ajly MoHe Ky3Ti-KOKTeMIi, KbICKBI
JKarqainapa CakTaylblH Herisi Oossin  Tabbutamsl. Tombipak bUTFadgsuibiEbl  30% xone 50%
TamNIBUIBIFBIHA TYKBIMHBIH OHTIIITIT MeH ocy dHeprusiciHa MMMe®MDA KOC KOCBUIBICHIHBIH JKOFApPBI
acep eTy J1opexneci aHbIKTaJIbI.

Tyiiinai ce3gep: bencenni 3at, MoHOMeTUIIONMOYEBHHA, (hochaT MOHOITAHONAMHEH, (PU3HKA-XHUMHSIIBIK
cunarraManap

Tacvioexoe Xaiioap Cyneitmenoguu Xumus 261161MOaPbIHBIY KAHOUOAM b,
Kaybmoacmulpwlizan npogheccop

Ycemanoe Cynman Texnuka ebLiblMOapbiHbll JOKMOPbL, NPopeccop

Omaposa Layxap Tynzywinaesna TexHuka 2blIblMOAPbIHbIY KAHOUOAMbl

Toitnacosa ¥norcan Macimoicanxpizol TexHuxa evliblMOapbIHbIY KAHOUOAmbl

Pamazanosa Inv3upa Hypaodinkpizel Fouvivu Kvizmemkep

baiibawaesa Lllvinap Kiwi evinvivu goismemkep

Ecepkeesa Hazeyn Hypxacvlmkbizsl Folnvlmu Kpizmemxep

Maxmyoos Paswan Ymaposuu bac oupexmopoviy opwinbacapul

Yemanos Xazpem Cynmanosuu Xumusi 2bLbIMOAPLIHbIH KAHOUOAmbl
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1. Kipicme

TyKeIMIapAsl Aopiney OCIMIIKTEpMi KYKHNAIBl aypyjapaaH KOpFaymablH
HEri3ri ofici 6onbin Ta0buTae! [1]. Anaiifa, Ka3ipri yakpITTa JOHII JaKbUIIapIbl
ery Ke3iH/e YBITTBUIBIFBI €KiHII KIaCThl TYKBIM ASpieyilTep KOIAaHbLIa b, Ol
TONBIpaK, MHUKpOQIIOpacklHa e©Te 3UAHABI ocep eTemi [2-4]. Omapapl KomaHy
OMIpIIiK MaHBI3IBl MUKpoopranmsmuepaid 20-25% xolbpiTyblHA OKenemdi, Oy
TOMBIPAKTBIH KYHAPJIBUIBIFBIHA, OCIMIIKTEP/IH ©OCYIHE »XOHE ajblHFaH OHIMHIH
carmachIHa Tepic acep eTei.

Atopmap [4] xoMMepUHsIBIK ataybl Oap «CyHKap-1» acTBIK TYKBIMBIH
Jopineyim skacaasl, O] METHIOJIMOYeBUHaNaH TypaTeiH 10% cymnbl CcycneH3us.
«CyHKap-1» mnpenapaTel — VBITTBUIBIKTBIH TOPTIHII KJjacklHA He, TaMBbIp
JKYHECiHIH epTe MaMyblH BIHTAIAHIBIPAIBl XKoHE MHKpodIopara OH ocep eTei.
ACTBHIK OHIMIIEpiHIH carachlH apTTRIpyFa BIKHAI eTedi. by perte KazakcTaHHBIH
ConTyCTiK OHipJepiHAeri TOMBIPAK bUIFAIABUIBIFRIHBIH 25-30% TammibUIbIFbIHA
JKa3IBIK KYMCaK OMmaimbIH oHiMi 8,1-8,5 m/ra kypaitasl. [4] sxymbicTa «Hyp-1»
KOMMEPUHUSIIBIK aTaybl 0ap eCIMIIKTEpAiH ©CyiH PeTTeyIIi KeNTipireH, OHBIH
Oencenni 3athl Qochatr MoHOdTaHONAMUH (DMDA) Oousbin TaOBUIAABI, OJ 3aT
anMacyra, (DOTOCHHTE3Te KOJAMIIbI )KaFIai jxacaiiibl ®oHe ©CIMIIKTIH CyapMaJbl
Cy MEH TONBIPAK bUIFAIBIHEIH TAMITBUTBIFBIHA TO3IMIUTITIH apTTHIPAIEL.

OciMaikTepAiH ©cyiH BIHTATAHABIPFRINI JKOHE Jopiieyimr acepi Oap,
TOTBIPAKTHIH MUKPO(dIOpackiHa, aCTHIK OHIMJIIIT MEH canachlHa OH dCep €TETiH
VBITTBUIBIFBI a3  KEMmeHAI KON(QYHKIHOHAIABI  TpEenapaTThl  >KacayIblH
MPaKTHKAJIBIK MaHbBI3bI 30P.

byn makanama >kaHa KOC KOCBUIBICTBIH — MOHOMeTmiIoaMoueBnHa (MMM)
xoHe Qocdar moHnosTanonamuH (PMDA) HeriziHzeri KenyHKIHOHAIABI 3cep
eTeTiH OeJNCeHi 3aTThIH KpUCTAIJAHy aiMarblH aHbIKTay, OHBIH (H3HKa-
XUMHSUTBIK KAaCUETTEPIiH, COHJAl-aK TOMbIpaK bUFAIIbUIBIFEL 30% xoHe 50%
TANIIBUIBIFBIHIA Ka3/IbIK JKYMCaK OWJail TYKBIMJAPBIHBIH OHTIIITIIT MEH ecy
SHEPTHACHIHA 9CEPiH 3epTTey MiHAETTepi KOHBLIFaH.

2. Toxipubesik 6oim

3eprTey HbIcaHbl MoOHOMeTHionMoueBnHa (MMM) xoHe  docdar
MoHo3TaHOoNaMuH (PMDA) Gomsit TaObUTAIBI.

JKaHa KOC KOCBUIBICTBIH KpUCTAJJaHy aiMarblH aHbIKTAy YIIiH (U3MKa-
XUMHUSUTBIK TaJ1ay IbIH BH3YaJlJbl TOJIMTEPMUSIIBIK dJIiCi TaHAamab! [5].

XUMUSIIBIK TaJgay OeNTili oficTepMeH KYpri3uiai: kammbl a3oT Kbenpaans
onicimMeH [6]; xanmbl popManbaeruATi MMM rusposusaey KoJabIMEH JKaHe 00C
(dbopManbIeruaTi HOIOMETPHUSUIIBIK THUTPIICY apKbUIbI [7]; kapOokcui TonTaps! [8];
Tele-TCHIK bUTFAIIBUIBIFEI [1ecTOB omiciMeH [9] aHBIKTaI b

3. HoTukesiep soHe 0JIapAbI TAJIKBLIAY

H>NCONHCH,0OH-C,HgNO4P—H>0 ymTik »xyieci antsl ki KeCiHIIMEH:
onbry iminae [-11 Tapansinan xyprizinres ¢ochar monostanomamua (PMDA) -
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cy MoHoMmeTwionMoueBrHa (MMM) misiabiHa, an 111 — VI tapansinan MMM-cy-
OMDA msIHBIHA JIeiiiH 3epTTenreH (1-kecte).

1-xkecte — MMM-OMDA-cy XyiecCiHiH MONUMETPUSIIBIK KECIHIIEp KOMIIOHEHTTEePIiHIH epiriliTiri
TypaJIbl AEPEKTEP

TTouTepMUATHIK EpiTinaizieri KOMIOHEHTTEPIiH Kpucrain-
KeCIHALTEpAiH KypameL, % flary Kattsl daza
- MMM DOMDA H20 Temiepa-
HOMepi o
Typacsl, °C
| - 6.0 94.0 2.1 OMDA
3.2 8.5 88.3 -2.2 Mys + DMDA
6.1 11.4 82.5 -7.0 -1 -
7.5 12.9 79.6 -6.2 MMM-+my3
8.0 13.6 78.4 16.7 - -
9.9 15.3 74.8 27.7 - -
10.8 16.6 72.6 39.1 -1 -
1l - 10.4 89.6 33.2 OMDA
34 13.8 82.8 18.1 - -
5.3 15.9 78.8 104 - -
9.2 19.8 71.0 -2.1 OMDA + MMMOMDA
11.2 21.9 66.9 16.2 MMM+ OMDA
14.8 25.6 60.0 419 -1 -
1 9.8 - 90.0 4.5 MMM
16.7 75 76.0 0.4 MMM+ MMM« ®MDA
19.8 10.4 80.0 12.1 MMM+ OMDA
25.2 15.8 59.0 26.9 - -
29.4 19.2 51.4 42.8 -1 -
v 20.2 - 79.8 21.7 MMM
23.3 3.1 73.6 17.1 - -
27.2 7.8 65.0 15.3 MMM+ MMM« ®MDA
30.1 10.5 59.4 20.6 MMM+ OMDA
35.2 15.2 49.6 35.1 -1 -
36.7 16.7 46.6 405 -1 -
\Y 30.3 - 69.7 30.3 MMM
35.2 5.7 59.1 26.2 - -
37.9 8.3 53.8 24.3 MMM-+MMM«OMDA
40.1 10.5 49.4 28.2 MMM-®OMDA
42.2 12.2 45.6 37.3 -1 -
45,1 15,3 39,6 43,2 -1 -
VI 40.2 - 59.8 43.4 MMM
45.3 5.2 49.5 34.6 - -
47.4 7.7 44.9 28.1 -1 -
50.2 10.4 39.4 32.3 MMM+ MMM -®OMDA
52.3 12.3 354 45.2 MMM OMDA

Byitipiik xylenep MeH imiki keciHaiHiH epirimTiri Herizinge (-11.0°C) — nan
40°C — ka aetiinri remmeparypaga MMM-OMDA-cy KyieciHIH MOJUTSPMUSITBIK
epIrilmTiK  JuarpaMmachl  caibiHAbl (2-kecte, l-cypeT). [loauTepMUSUIBIK
epirimTik quarpammacsiaa uzorepmaiap -10-40°C remneparypa apajibiFbIHAAFbI
op6ip 10°C xomgaHpLIA B
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Qdazanblk  AuarpaMMaza  OKyde OKargaiinapbl  MY3IbIH ~ KpUCTalIIaHy
epictepine, MMM, OMDA xoHe kaHa Kocbutbic MMM OMBA KypambiHA
OeminreH. JXKylieHiH €Ki YIITIK HOHAa BapUAHTTHI HYKTelepi (2-kecTe) Oenrineni,
ojap YUIH KpHCTAIJaHy TeMIeparypaiapbl MEH Tele-TeHAIK epiTiHAiCiHIH
KYpaMAapbl aHbIKTAJIIbI.

Epirimrik ~ nuarpamMmacelHBIH — Tangaybl  aneiaHFaH - MMM -OMDBA
KOCBUIBICHIHBIH CyAa YHJIeciMAi TypAe epUTIHIH KOpCeTTi, eWTKeHI KOCBUIBIC
MOJIIOCIH HETi3rl KopauHaTameH OailIaHBICTBIPATBIH KOCBUIBIC COyNenepi KeH
ayKbIMJIBI TEMIIEpaTypa HHTEPBAIBIHAA KPUCTAIIAHY OPICTEpiH Kecil oTei.

2-xkecre — MMM-OMDA -cy sxyiieciHiH eKi )koHE YIUTIK HYKTeJIepi

CyiibIK (pazaHblH Kypambl, % Kpucrannany Karts! daza
MMM DOMDA H20 Temneparypacsl, °C
- 4.1 95.9 -2.7 My3 + MDA

7.0 4.5 88.5 -7.0 My3 + ODMDA

6.1 5.9 88.0 -10.9 MMM+MMM-®MDA+OMDA
19.7 9.6 70.7 -2.1 OMBA+MMM-OMDA
6.4 9.8 83.8 0.4 MMM+MMMOMDA
7.1 19.1 73.8 15.4 MMM+MMMOMDA
8.1 28.2 63.7 24.2 MMM+MMMOMDA
9.1 38.1 52.8 32.2 MMM+MMMOMDA
7.8 - 92.2 -6.0 my3+MMM

4.1 4.5 91.4 -6.5 My3tMMM e

MM 6T

801

ML =

1-cyper - MMM-OMDA-cy xyiieciHiH MOINTEPMHSUIBIK epirilITiK AHarpaMMackl

Kocseuisic KPUCTAJIIbI TYpae OKIIIayJIaHFaH. Bomxamabt
HoNCONHCH,+CoH7NPO4, kpucTangany aiiMarblHaH OKLIayJiaHFaH (azaHbl
XUMESUTBIK, Tajnay keneci Hotwkenepai Oepui: C — 47.56%; H — 11.94%; N —
41.8%; O —79.52%; P — 30.2%. HoNCONHCH,*C2H7NO4P yurin ne ecentenmi: C
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— 48.01%; H — 12.12%; N — 42.03%; O — 79.95%; P — 30.97%. 3arteIH
aTMocdepalblK bUTFANIbl CiHIpY KaOijieTi oHIMHIH TEXHOJOTHACHI MEH CarachlHa
ocep eremi. XUMMSAIBIK OHIMICPAIH THIPOCKONMSIIBIFBI (P, KPUTHUKAIBIK
TUTPOCKOMIUIBIK ~ HYKTeciMeH  xoHe W,  Teme-TeHOiK  KPUTHKAJIBIK
BUTFIJIBUIBIFEIMEH ~ OaranmaHazpl, Oy THIHAWTKBIITAPIBIH  TayapJbIK
cUMaTTaManapblHa JKas3fbl, KY3Ti-KOKTEeMI1 JKOHE KBICKbl JKaraaiiapna
IpenapaTTapsl allyFa, TachIMajlayFa XKoHE CaKTayFa ocep eTef.

2-cyperTe Teme-TeHMIK bUFainsUIbFbIHbIH (Wp) MMM, OMDA koHe
MMM+«®MDA KOC KOCBUIBICBI ~ YIIiH aTMOC(epaHblH  CaJbICTHIPMAabl
BUTFJIIBUIBIFBIHA TPa(UKAIBIK TIYENALTiri KepceTinred. bapnblk u3oTepmanap
YIIiH aacopOTHBTIH CaIbICTRIPMAIBI KBICBIMBI MMMe®OMDA-nan ®MDA xoHe
MMM-re aybickaH Ke3fe HOOHEKTI Typle oceTiHi Oenrimi, ol ¢@o MOHIHE
JKaKbIHJIAFaH KaFaaiia aIcOpOCHTTIH CiHYiHIH JKOFapbUIayhl OaiiKalaibl.

© 20
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2-cypet — Tere-TeH/IiK BUIFAIIBUIBIFBIHBIH aTMOCHEPAHBIH CaTBICTHIPMAIB
BUTFANIBUTBIFBIHA TOYEIILTITT

AnbiaFaH MoniMeTTepaeH 3epTreneTin MMM, MDA xone MMMOMOA
aTMOC(EepaHbIH CaTBICTRIPMAITBI BUTFAIIBUTBIFEI 80% O0IFaH Ke3/le TOMEHT1 Tere-
TEHIIK BUIFAJIJBIIBIKKA He, OYJ1 (DU3MKa-XUMUSUIBIK JKOHE TayapJblK KacUeTTepi
0ap Ky3ri-KeKTeMrIi >KOHE KBICKBI JKaFjaiiapia npenaparrapisl aiy MeH
CaKTayabIH HETi31 OOJIBI Ta0bIIAIbI.

3-kectene MMMeOMDA mnpenapatein  «CyHKap-1»  mpenapaTbIMEeH
CaJIBICTBIPFaHIaFbl bUTFal TammbUIbiFbl 30% >xoHe 50% OonFaH Ke3leri jKa3JbIK
JKYMCaK OWJAi/IbIH OHTIIITIrT MEH 6Cy JHEPrHsIChIHA dCepi Typasibl MANiMETTep
KenripinreH. TompIpak BUIFANBIHBIH TOJBIK HOpMachkl kesiame MMMeOMDBA
MperapaTbiIMeH TYKBIMIBI JIOPUIETeHJE, TYKbIMHBIH OHTIIITIIT MEH ecy
SHEPTHACHIHBIH JKOFaphl JOpPEKECiH KaMTaMachl3 €TEeTiHI aHbIKTaNIbl. bakpiiay
ChIHAaMaCBhIHMEH caJbICThIpFanaa 8.9% >korapsl OOIIBI.

Tomnbipak burranbiHbl  30%-Fa  TanmbuibFel  Ke3iHge MMMeOMDA
MperapaTbIMeH JopijiereH TYKbIMIIBI Oakpliay ChIHAMAChIMEH CaJIBICTBIPFaH/Ia
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TYKBIMHBIH OHTIIITITI MeH ecy »HepruschiHblH 13.2% - fa, an cyapMaibl CyIbIH
50% - ra tanmmeuTBIFbIHAA 39.1% - Fa apTybIH KAMTaMachI3 €Te/l.

3-kecre — MMMe.®MDA mnpenapaTbIMEH IopiIereH >Ka3AblK XKyMcakK Ougaid TYKbIMBIH Oakbliay
CBHIHAMACBIMEH CAJIBICTBIPFAH/A TONBIPAKTHIH OPTYPIi BUIFAIIBUIBIFBIHAA TYKBIMHBIH OHTIIITII MEH ecy
SHEPrUsiChbIHA dcepi

ToNBIPaKTHIH Hyckanap TYKbIMHBIH OHY1, Ocy sueprusicel, %
BLIFJIIBLIBIFB JaHa/TayImik

6 10 13 6 10 13
JKasrel HOpMacel Cynxkap-1 22 30 45 44 60 90
MMMOMDA 26 34 49 52 68 98
Tomsipak putranbiabiH | CyHKap-1 17 26 38 34 52 76
30% TammbUILIFRHA [ MMMeGMIA 22 | 34 48 44 68 96
Tomsipak sutransiabiH | CyHKap-1 12 17 23 24 34 46
50% TanubLbFbEIE [ TMMM-GMIA 18 | 25 32 36 50 64

l-xkecteme MMMeOMDA mnpemapaThIMEH MOPIICHTCH TYKBIMIBI TOJBIK
MeJIIIep/ie CyapraHia TYKbIMHBIH oHyl 98%, an Oakpuiay ceiHamachiHza 90%
KaMTaMachl3 eTeTIHIT kepceTinred. Tombipak buFaibiHbH 30%-Fa TaIbUIBIFBL
Ke3iH/e TYKBIMHBIH ©HY SHEpPrHACHIHBIH MoHI 96%, Oakpuiay ceiHamama — /6%
eKkeHl aHbIKTaaabl. Tombipak buanbiHBIH ~30%-Fa TaNIIBUIBIFBL  KE31HJE
TYKBIMHBIH ©HY aibIpMAaIlbUIBIFBIHBIH €H YJIKCH MOHI OaKbUiay ChIHAMachIHIa
46%, an MMMe®MDA mnpenapatsl 64% kamramace3 eteni. Ochuiaiimia,
TombIpak BUIFAIBIHBIH 30% sxoHe 50% TanmmbUIblFel Ke3diHme MMMeOMDA
IpenapaTtblH Oakpulay ChIHaMacbIlMeH caiblcThipranga 26.3% xone 39.1%
KYpadTBIH TYKBIMHBIH OHTIIITITIHIH KOFaphl I9PEXKeciH alyFa MYMKIHIIK Oeperi.

4. KopbITBIHABI

1. XuMUSUIBIK — TalJayJblH KIACCUKAJBIK  BU3YaJbI-TIOJIUTEPMHUSIIBIK
omiciven MMM-OMDA-cy yImI KOMIOHEHTTI Cy-Ty3 OJKyHeciHae Ty3uIreH
OesiceH i 3aT — jJKaHA KOC KOCBUIBICTBIH KPHCTAIJaHy aiMarbIHBIH XHUMHSIIBIK
e3apa opekerrecyi 3eprrenai. bencenai 3at MMMedMDA xaHa KoC
KOCBUIBICBIHBIH KPUCTAIJIAHY aiiMaFbl aHBIKTAJIIbI.

2. bacranket MMM, ®MDA xoHe MMM*®MDA KOC KOCBUIBICHI YIIiH
aTMochepabIK CaJIBICTBIPMAaJIbI BIUTFAIIILUTBIFBIHA Tene-TEHIIK
BUIFAIIIBUTBIFBIHBIH,  TOYCJAUIITT  aHBIKTANABl. bapiblK M30TepManap  YIIiH
a7COpOTHBTI canbICThIpMalbl KbICBIMBI MMMe®MDA-nan PMDA xone MMM-
re aybICKaH Ke3le IOMeKTI TypAe eceTiH Oenrimi Oip ¢o MoHIHE >KaKbIHIaFaH
JKaFJaia afcopOCHTTIH CIHYIHIH )KOFapbliaybl OaiiKanabl.

AJpiHFaH MaliMeTTepaeH 3eprrenerii MMM, ®MDBA xone MMM.OMDA
MperapaTrTapablH aTMOC(epaHbIH CalIbICTBIPMAalbl bUFANABUIBIFEI 80% OonraH
KE3/Ic TOMEHI Tere-TeHJIIK BUIFAIIJbUIBIKKA He, OyJ1 (pU3MKa-XUMUSUIBIK JKOHE
TayapJIbIK KACUETTEP1, KY3Ti-KOKTEMTI1 KoHE KBICKBI XKaFaiiap/a npenaparrapsl
aJly MEH CaKTayJIbIH HeTi31 OO TaObLIa b
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3. Tomwipak puTFaIABUIBIFEI 30% >koHE 50% TANIIBLIBIFBIHAA TYKBIMHBIH
OHTIWTIri MeH ecy sHeprusicbliHa MMMe®MDA Koc KOCBUIBICHIHBIH YKOFaphl

acep eTy Jopekeci aHBIKTaJIbI.

Kap:xbuianasipy: Xymeic "A.Bb. bextypoB aTeiaaarsl Xumus FeuibiMaapsl HHCTUTYTH AK-na KP
¥KM FoubiMm komuteri icke aceipatbiH 2025-2026 JKpUiiapra apHaiFaH FBUIBIMH  3epTTEyJepIi
HBICAHAJbl Kap)KbUIaHIBIPY Oarnapnamackl wwenOepinage BR27101179 Oarnapnamacel  OolibiHIa
OPBIHJANIbIL.

Myazaeiep KaKTbIFbIChI: ABTOPJIAp apachIHAAFbl My UIENIep KAKThIFBICHI JKOK.

MOJIYYEHME JEACTBYIOIEIO BEILECTBA J1J151 TPOTPABJIMBAHUSI CEMSIH U ET'O
BJIMSTHUSI HA BCXOKECTb CEMSIH SIPOBOM MSIT'KOM IIIEHULBI TPU JE®UIIATE
IMOYBEHHOM BJIAT'H

X.C.Tacuoekos, C.Ycmanos’, I.'T. Omaposa’, Y.M. Toiinacosa’, 3.H. Pama3zanosa’,
1. banoawaesa’, H.H. Ecepkeesa’, P.Y. Maxmyooe®, X.C. Ycmanos?

"AO “Hucmumym xumuueckux Hayx umenu A.b. bexmypoea”, Anmamsi, Kazaxcman

2TOO “Hayuno-npoussoocmeennoe obvedunenue “Ana-)Kep””, Anmamol, Kazaxcman
*E-mail: toypasova@mail.ru

Pe3some. Vcmoms3yemble B HAcCTOSIEE BpEeMs HA IIOCEBaX 3€PHOBBIX KyJbTyp NPOTPABUTEIH CEMSH
HMMEIOT BTOPOH KacCc TOKCMYHOCTH, YTO HETaTHBHO BIMSET HAa MOYBEHHOE IUIOAOPOJHE, POCT pa3BUTHUS
pacteHuMid M KayecTBO moiydaemMoil npoaykuuu. IlpakTuueckue 3HauY€HHS HUMEIOT CO3JaHUA
MaJOTOKCHYHOIO  KOMIUICKCHOIO —Ipenapara IONM(YHKIMOHAIBHOTO  JCHCTBUS, OOJaJaromui
MPOTPABIMBAIOLIMM ¥ CTHMYJIUPYIOIUM 3(GdeKkToM pocTa pa3BUTHS PACTEHHH, IOJOKHUTEILHO
BIHSIOLINE Ha MUKPO(MIOpPY MOYBBI, YPOXKAWHOCTh U KAueCTBO 3€PHOBOI Mpoaykuuu. B maHHO# crathe
CTaBHTCS 3aJaya IIOTydYCHHS ACHCTBYIOIIETO BEHIECTBA MOMM(YHKIMOHAIBHOTO JECHCTBUS HAa OCHOBE
moHoMeTrIomMo4deBuHbl (MMM) 1 docdar monostanomamuna (PMDA), uccnenoBanus ero Gpusznko-
XMUMHYECKUX XapaKTEPHCTHUK, a TAK)KE BIMAHHUS Ha BCXOJKECTh U DHEPIHIO NMPOPACTAHUS CEMsH SPOBOM
MSTKOM mieHunsl npu aepunmrte nouBeHHoW Biarn Ha 30% u 50%. OmpeneneHa 3aBHCUMOCTB
PABHOBECHOI BJIAXXHOCTH OT OTHOCHTENILHON BJIAXKHOCTH aTMocdepbl Wi ucxoguelx MMM, MDA u
nBoitHoro coeauHeHns MMMe®MDA. [lns Bcex HM30TepM HAONIOAACTCS YBEIMYEHHE MOTIIOLICHUS
ajicopOeHTa MpU YCIOBHU TNPHUOIMKEHHS OTHOCHTEIBHOTO NaBJICHMS aicopOTHBA K OINpEAeICeHHOMY
3HAYEHHIO (o, MTOCIICAOBATENBFHO BO3pacTramueMy npu nepexoae or MMMe®MDA k ®MDA u MMM.
W3 nomydeHHBIX JaHHBIX clemyer, uro ucciaepyembie MMM, ®MBOA u MMM«®MDBA umeror Maiyio
PaBHOBECHYIO BJI@XHOCTh J0 OTHOCHTEIBbHOH BIaxHOCTH artMocepsl 80%, 4TO SBISETCS OCHOBOU
MOJYyYEeHUs. U XPAaHEHMS NPEnapaToB B OCEHHE-BECEHHUX M 3MMHHUX YCIOBHSAX C XOPOLIMMH (DU3HKO-
XMMHYECKHMH U TOBAPHBIMU XapaKTE€PHUCTHKAaMU. YCTaHOBJIEHA BBICOKAas CTENEHb BIMSHUS JBOHHOTO
coequHeHnst MMMe@MDA Ha BCXOXECTb M SHEPTHU IPOPACTaHHUSA CEMSH IpH AedHUIUTe MOYBEHHOH
Biary Ha 30% u 50%.

KaroueBbie cioBa: JleiicTByrolee BEHIECTBO, MOHOMETHIIONIMOYEBHHA, (ochar MOHOITAHONAMHUH,
(HU3UKO-XUMHUYECKUE XapaKTEPHUCTUKH.

Tacubexos Xauoap Cyneiimenosuy Kanouoam xumuueckux Hayk,
accoyuuposannbiil npogeccop

Yemanos Cynman Joxmop mexnuyeckux nayk, npogheccop

Omaposa Layxap Tynzywinaesna Kanouoam mexnuyeckux Hayk

Toiinacosa Ynxcan Macumacanosna Kanouoam mexnuyeckux Hayk

Pamaszanosa Inv3upa Hypadunosna Hayunvii compyonux

baiibawaesa Lllvinap Mnadwiuii nayunsili compyoHUK

Ecepkeesa Hazzyns Hypkacvimosna Hayunwviii compyonux

Maxmyoos Paswan Ymaposuu 3amecmumens 2enepanvrozo dupekmopa

Yemanos Xaspem Cynmanosuy Kanouoam xumuueckux nayx
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RESEARCH INTO COMPOSITIONS FOR REMOVING ASPHALT-
PARAFFIN DEPOSITS
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Abstract: This article presents the results of laboratory studies on the effectiveness of compositions
developed to remove asphalt-resin-paraffin deposits (ARPD), which form during oil production and
transportation. ARPDs are solid organomineral deposits consisting mainly of paraffins, asphaltenes,
resins, and mechanical impurities. They are deposited on the internal surfaces of oilfield equipment,
reducing productivity and causing operational complications. This issue is particularly pertinent in fields
in the Mangystau region, where the oil has a high paraffin content. As part of the study, the composition
of paraffin-type ASPOs selected from different parts of the field was investigated. Based on the obtained
data, hydrocarbon-based compositions (pentane-hexane fraction) were developed, incorporating non-ionic
and anionic surfactants (OP-10 and Sulfonol) to provide a synergistic dissolution and dispersion effect.
Laboratory studies conducted at temperatures of 25 °C and 60 °C revealed that temperature significantly
impacts the rate and depth of ARPD dissolution. Compositions containing more than 6 % surfactants are
up to 100 % effective at removing and dissolving ARPDs. At lower temperatures (25 °C), the efficiency
of ARPD removal exceeds 98 %, making the compositions suitable for use in conditions of limited or no
thermal exposure. The proposed compositions are highly efficient at destroying and removing solid
deposits in a short time and contribute to reducing operating costs and increasing the reliability of oilfield
equipment.

Key words: asphalt-resin-paraffin deposits, solvents, surfactants, composition, formulations,
solubility, removal capacity, cleaning capacity, pentane-hexane fraction.
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HUCCIIEJOBAHHUE KOMITIO3UIIMOHHBIX COCTABOB JIJIA Y IAJIEHUA
AC®AJIBTOCMOJIOMTAPA®UHOBBIX OTJIOKEHUAM

K.A.Tneyeanuesa', A.Ill Axxennceesa', M.5. Typxkmenbaesa’,
E.O.Aanéepzenos®", A.K Illaxkupoea®

YHAO «Kacnuiickuii ynusepcumem mexnono2uu u undicunupunza umenu L. Ecenosay,
Axmay, Kazaxcman

2@unuan TOO «KMI” Unocunupunzy «KazHUITHmynaiizazy, Axmay, Kazaxcman
340 «HMucmumym xumuueckux nayk umenu A.5. Bexmypoeay, Anmamui, Kazaxcman
*E-mail: e.ayapbergenov@kmge.kz

Pe3tome. B cratbe mnpencraBieHbl pe3ynbTaThl J1A0OPATOPHBIX HCCIEAOBAaHMIl pa3pabOTaHHBIX
3¢ GEeKTUBHBIX KOMIO3UIHN, IPeJHA3HAYCHHBIX [UIs yajeHus achaabTocMoaonapagpuHOBIX OTI0KEHUN
(ACTIO), oGpa3zyrouuxcs B porecce go0br4n 1 tpancroptupoBky Hedtr. ACIIO npencrasnstor coboit
TBEPABIC OpraHOMHHEPANbHBIE OCAJKH, COCTOSINNE MPEUMYIICCTBEHHO U3 HapadUHOB, ac(albTCHOB,
CMOJI M MEXaHHYeCKUX MpHUMeceil, KOTOpble OTKJIAIBIBAIOTCS HA BHYTPEHHHX ITOBEPXHOCTIX
He(TernpOMBICIOBOr0 000PYNOBaHUs, CHMXASI €ro INPOU3BOJAMTENBHOCTh M BBI3bIBAs OCIOXKHEHHS B
skcmutyatainui. OCOOSHHO aKTyalbHa JaHHas IpobiieMa s MECTOPOXKICHHH MaHIHCTayCKOro peruoHa,
rae He()Th XapaKTepU3yeTCsl MOBBIMICHHBIM COJIEpyKaHHeM NapaduHoB. B paMkax paboThl U3y4eH cOCTaB
ACIIO napaduHOBOrO THMa, OTOOPaHHBIX C PA3JIMYHBIX YYaCTKOB HCCIEIyeMOro MectopoxiaeHus. Ha
OCHOBE IIOJIyYCHHBIX JAHHBIX OBUIM pa3paboTaHbl KOMIIO3ULMH Ha YIJIEBOJOPOAHOM OCHOBE (IICHTaH-
reKcaHoBas (pakius) ¢ 100aBIEHUEM HEHOHOI'GHHOTO M aHHOHHOTO IIOBEPXHOCTHO-aKTHBHBIX BCIICCTB
(OI1-10 u cynbdonoid), 00ECICUNBAIOIINX CHHEPTETUUECKUH 3(PPEKT PaCTBOPEHHSI U TUCHEPrHPOBAHHUSI.
Pesynbrathl abopaTopHbIX HcchenoBaHuii mpu Temmeparypax 25°C u 60 °C mokasamu, YTO
TEMIICPATYPHBIIl PEXXUM OKa3blBaeT CYILECTBCHHOE BIMSHHE HA CKOPOCTh M INIyOHHY DPacTBOPCHUS
ACIIO. Kowmmnosumun, coxepxamue 6onee 6 % IIAB, oGecneunBaioT 3((EKTUBHOCTb yIANCHUSA H
pactBopenuss ACIIO no 100 %. Ilpu moHmwxenHsix Temneparypax (25 °C) saddexTuBHOCTb ynaneHus
ACIIO npesbliaer 98 %, 4ro Jenaer COCTaBbl INPUrOJHBIMH JUIL IPUMEHEHHUs B YCIOBMSX
OIPaHMYCHHOI'O MM OTCYTCTBYIOIIETO TEPMHUUYECKOro Bo3jelcTBus. IIpemnoxkeHHbIe KOMIO3HIUH
JEMOHCTPHUPYIOT BBICOKYIO 3 (HEKTUBHOCTD B pa3pyLCHHU U YAAICHUH TBEP/BIX OTIOKEHHH 32 KOPOTKOE
BpeMsl, CHOCOOCTBYIOT CHIDKEHHMIO OSKCIUTyaTAl[MOHHBIX 3aTpaT ¥ IOBBILICHHIO HAIEKHOCTH PabOTHI
HEe(TENPOMBICIOBOrO 000PYI0BAHUS.

KaroueBble ciioBa: acdanbTeHO-CMOJIO-TIapa)MHOBBIC OTIIOKEHHMS, PACTBOPHTENH, IOBEPXHOCTHO-
AKTHBHBIC BEIECTBA, KOMIIO3HIIMS, COCTAaBHI, PACTBOPSIOIIAs CIOCOOHOCTh, yIAISIONas CIOCOOHOCTS,
Mo¥oII[ast CIIOCOOHOCTD, MTEHTaH-TeKCaHOBast (hPaKLIHsL.

Tneyzanueea Kanemma Acxkapoena Mazucmpanm nepeoeo 2o0a 06yuenus
Axkenaceesa Anap Illvinadaesna KAHOUOAm mexHUu4ecKux Hayx
Typmenoaesa Maiipa bexbonamosna KAHOUOAM XUMUYECKUX HAVK
Asanéepzenos Epoonam O3zapoaesuu KAHOUOAm mexHu4ecKux Hayx
Hlakuposa Aunyp Keizvipoekosna Kanouoam xumuyeckux Hayk

1. BBenenne

O6pazoBanme acganpreHo-cMonucTo-napaduHoBeix otnoxkeHnit (ACIIO)
HeTH SBIAETCS ONHOW M3 Hambojiee aKTyalbHBIX MPOOJEM, BIMSIOMIMX Ha
obecnieuenue OecriepeboitHOTrO Mporecca HedTenoObpun. Ha mpotsokeHNn Bcero
CpOKa DJKCIUTyaTallMd He(Tera3oBbIX MECTOPONKICHUA MapaduHOOTIONKECHNE
ocraeTcsi OJHON M3 Hamboiee OCTPHIX M TEXHOJIOTHUECKH CIOXHBIX 3ajad,
BO3HHUKAIOIIMX B Ipolecce A00bIYM, TPAHCTIOPTHPOBKH U nepepadboTku Hedru [1,
2. ACIIO  ¢opmupyioTcs  BCIEACTBHE  BbIMAJcHHS U3  HedTH
BBICOKOMOJICKYJISIPHBIX KOMIIOHEHTOB — NapauHOB, CMOJI U ac(aibTeHOB — IPU
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U3MEHEHUH TepMOoOapHyecKux ycJoBUH W (a3oBoro cocraBa B mporecce eé
IOBIDKEHHS OT NPOAYKTUBHOTO IUIACTa K YCTBIO CKB&KHHBI, a TaKXKe B XOJE
MOCIIEAYIONIET0 TPAHCIIOPTa MO0 MaruCTPaNbHBEIM TpyOompoBojgaMm. Hakorenue
ACIIO B mnpoToyHOW dYacTH He(TEMPOMBICIOBOTO OOOpPYIOBaHUSA M Ha
BHYTPCHHEH IOBEPXHOCTH TPYOOIPOBOJOB MPUBOMUT K CHIDKCHHUIO OOIIEH
MIPOU3BOAMTEIBHOCTH CHCTEMBI, COKDAIICHHIO MEXKPEMOHTHOTO Iepuojia
SKCIUTyaTally CKBa)KHH, a TaKKe CHIKEHUIO 3P (OEKTHBHOCTH pabOTHI HACOCHBIX
ycraHoBoK [3, 4]. Ocobyro axrtyamsHOCTh mpobiema ACIIO mpuobperaer B
peruoHax, Takux Kak Manrucrayckas o0jacTe, Trle HE(Tb XapaKTepusyercs
BBICOKHM COJIepKaHHEeM Mapa(uHOB.

NsBectHo [4-7], urto mo cBoemy coctaBy ACIIO mpeacTaBisiioT coboit
CIIO)KHYI0O ~ MHOTOKOMIIOHEHTHYIO  CHCTEMY, BKJIIOUAIOIIYyI0  ac(ajbTeHHl,
napaduHbl, CMOIIBI M MEXaHWYECKHEe TPUMECH, a TaKKe He3HAYUTeIbHOe
KOJMYECTBO He(PTH W BOABI, YIEPKUBAEMBIX B IIOPOBOM IPOCTPAHCTBE
orinoxkeHni. OCHOBHBIMH KOMITOHEHTaMH, TPHHUMAIOIIUME HEMOCPECTBEHHOE
yuactue B popmupoBanuu ACIIO, sBisitorcs achaibTeHbl U mapapuHbl. CMOJIBI
HE yYacTBYIOT HETIOCPEJICTBEHHO B TpoIlecce 0Opa30BaHUs OTIOXKEHH, OJHAKO
COOTKJIAJBIBAIOTCA BMeCTe C acdalbTeHaMH, CHOCOOCTBYS CTaOMIM3aIluu
CTPYKTYyphl ~ocanka. [lapaduHbl mOpeAcTaBIsAIOT coOOW HENOJSpHBIE U
HEapOMaTHYECKUE  COCJMHEHUS,  HECNOCOOHbIE K  CaMONPOW3BOIBHOU
accormarua. OHH XOpOIIO PacTBOPUMBI B JIETKMX allkaHAX W CKIOHHBI K
KpUCTAJIM3alMK TpU TOHIDKEHWH TeMmmeparypbl. AcdanbTeHbl, HalpoOTHB,
SIBIIAIOTCS. HawOoJiee TONSPHBIMH M apOMAaTHYECKUMH KOMIIOHEHTaMH HE(TH,
CKJIOHHBIMH K CaMOCOOIIMAIINH JIa)Ke B CHJIBHO pa30aBJICHHBIX PAacTBOpPax; OHU
HEPACTBOPUMBI B aJKaHaX M HE KPUCTALTM3YIOTCS MPH OXJIKJICHUU. Y alleHHe
ACIIO ¢ mpuMeHEHHEM OpTraHW4YeCKHX pPacTBOPUTENEH NpPENCTaBiseT coOon
KOMIUIEKCHBIN  (PH3UKO-XMMHYECKHI TPOIECC, BKIIOYAIOMINNA OJHOBPEMEHHO
pacTBOpeHHE W JIMCIPETUPOBAHUE KOMIIOHEHTOB OTIOXKeHHH. CyIIecTBEeHHbIC
pa3nuuus B PAacTBOPHUMOCTH TapaduHOB, acGalbTEHOB M CMOJ B Pa3iUYHBIX
KJlaccax yrieBoAOpOIOB 00YCIIOBIMBAIOT HEOOXOIMMOCTh THIATEIBLHOTO Mog00pa
PaCTBOPSIONICH M yNAISIOMEH KOMIO3UIIMH C YYE€TOM MOJEKYJISIPHON MPHUPOIBI
kaxxgoro u3 kommnorentos ACIIO.

B npaktuke HepTenoosrun 6opnda ¢ otnoxenusimu ACIIO ocymectBusiercs
[0 JBYM OCHOBHBIM HaNpaBJIeHHSM: NpEJOTBpallleHHe HuX O00pa3oBaHUS U
ynaneHue yxe cHopMHpOBaBIIMXCS OTIOkeHUi. O0a MOAXO0qM peatu3yoTcs ¢
NPUMEHCHUEM KakK (PU3NYECKHX, TAK U XMMHUYECKUX METOJI0B BO3aeicTBuUs [8].

Hcnonb3oBanue pacTBOpUTeNel Al yHaleHHs yxe CHOPMHUPOBABIINXCS
TBepAbIx otnokennit ACIIO sBisieTcst omHUM 13 HanboJiee H3BECTHRIX U IHPOKO
MPUMEHSIEMBIX METOJJOB MHTEHCH(UKAIIUHN TEXHOJIOTHYECKHUX MPOLECCOB TOOBIYH,
TPAaHCHOPTUPOBKHU U niepepadoTku Hedtu [9].

B narentHbIx paborax, npeacrasiaeHubiii B [10, 11] paccMOTpeHbI cOCTaBbI
xommosummid s ynainerns ACIIO. OmHako WX MpUMEHEHHE COMPOBOXKIACTCS
PSIOM HEJOCTATKOB, TAKMX Kak HexocTarouHas dgdekTuBHOCTH (MeHee 95 % mno
orHomenuss kK ACIIO), BbICOKas MPOMOKUTEIBHOCTh H DHEPrOEMKOCTH
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mporecca, a TakKe 3HauuTellbHas CTOMMOCTh, OOYCJIOBJICHHas aeQUIIUTOM
XIMHYECKUX PEareHTOB, BXOAAIIMX B cocTaB Kommosuiuu. I[locnmemnme, kak
MpaBuIio, MPEACTABJIAIOT co0oii MIPOLYKTBI 158105 MIOJIYIIPO LY KTBI
He(TenepepabOTKH ¢ BBICOKOH CTOMMOCTBIO. J[OMOTHUTEIHHBIM OTPAHUYCHUEM
SIBIIIETCS FICTIOJIb30BaHNE TOKCHYHBIX apOMAaTHIECKHX YTIIEBOIOPOIOB B KaUEeCTBE
pacTBOpHUTETS.

Takum o6pa30M, HaMM IPOBEACHLI HAYYHBIC UCCIICIOBAHWA, HAIIPABJICHHBIC
Ha pa3paboTky >(h(EeKTUBHON KOMIO3UIUU Ui PACTBOPSHHS W YJallCHUS
TBepAbIX oTiaoxkeHnuit ACIIO, obmamaromieii JOCTYITHOCTHIO H HE TOKCHIHOCTBIO.

2. JKcnepuMeHTAJIbHASA YacTh

[TocraBnenHnas 3amaya juisi pactBopenus u ynanenuss ACIIO perraercs tem,
91O OBIT pa3paboTaH COCTaB Ha OCHOBE TMIEHTAH-TEKCAHOBOW (paKmuid,
HEMOHOTEHHOTO0 IOBEPXHOCTHO-AaKTHUBHOI'O BEIIECTBA M AHMOHOAKTHBHOI'O
ITOBEPXHOCTHO-aKTHBHOTO  BemiecTBa  (cyabdoHonm).  Jlmsd  MOBBIIICHUS
s dextuBHOCTH pacTBopeHus u ynaieHus ACIIO B cocTaB KOMIIO3UITMN BBEICHA
CMeCch HEHWOHOTeHHOro M aHuoHoakTuBHOro IIAB — OII-7 u cynsdoHon
(cunepreruueckuit a¢dext) [10].

Jns omnpenenenmst s¢dexkruBHOCTH pactBoperns ACIIO u3 TBEpABIX
otnoxkeanii ACIIO dbopmupyior oOpa3iel B Buae Irapuka auameTpom 10-15 mm.
B3BemBaoT Ha aHATUTHYECKUX Becax Oe3 CEeTKM M BMecTe C ceTKoil. [lis
onpenencanst dddextuBHocTrn  ymanmeHus ACIIO  moBepxHOCTH  (HOPMBI
oruutioBeIBaeTcs IUIHQoBaIbHON Oymaroit Ne(, 00e3BOKHMBaeTCS aleTOHOM,
BBICYIIMBaeTCsA U omnpenensiercs ee Macca. [locne HaBecky ACIIO pacrutaBisioT
Ha BoagHOW Oame c¢  Temmeparypoi  (80+0,5) °C, roMoreHM3HpYIOT
MepeMeINBaHueM, Jajiee COAEPKMMOE CTakaHa 3aJnBaioT B ¢opmy. JlumrHss
YacTh OTJIOKEHHSI CHUMAETCsl ¢ (POPMBI IIPU MTOMOIIN METAIITMYECKON MIacTUHBI
TOrJa, KOrja OTJIOXEHHE HE MOJHOCThIO 3acTbula. [loBEpXHOCTh HaHECEHHOTO
ciost ACIIO momkHa OBITH POBHOM, OTIIOKEHHE JTOJKHO 3allOHUTHh BECh 00BEM
dhopmer. Dopmy ¢ ACITIO ocTaBIsAIOT HA CYTKH IS BBICBIXaHUS 10 ITOCTOSTHHON
Macchl Ha OTKPBITOM Bo3ayxe. Ilepen mpoBeeHHEM HCHBITAHWHA OMPEAETSIOT
Mmaccy hopmbl ¢ ACIIO, o6pasubr ACIIO 6e3 KOp3uHBI U ¢ KOP3UHOM.

Hnsa onenku a¢pdpextuBHOoCcTH hopmbl ACIIO ormyckaioT B cTakaH ¢ COCTaBOB
o6séMoM 50-100 cm®. Bpems ombita i pactBopenus ACIIO me Gonee 3 wacos,
s ynanenus ACIIO-ne 6onee 1 waca. Temneparypa skcriepumenTa mioc 25 °C
u He Boime 60 °C. [lo ucredenuto BpeMeHH (OPMBI H3BJICKAIOT, BHICYIIMBAIOT B
TeueHue 24 4acoB W B3BemMBAIOT. [ Kakaoro obpasia ImpoBeIeHO HE MEHEE
JBYX MapajjiebHbIX OMpeaeTICHUH.

O} PeKTHBHOCTH pACCUUTHIBAOT 10 (popmyite:

lil—l lil—z
3="2 "2

— - 100, % macc.
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3a pe3ynapTaT aHaIM3a MPUHUMAIOT cpeAHee apu(pMeTHUecKoe 3HaueHHe
Pe3yABTATOB JIBYX MapajlICIbHBIX ONPEICICHUMN:

91— 3
cp T 2

3. Pe3yibTaThl M 00CYKIeHHE

B mpomecce naGopatopHbIX wmcciemoBannid  u3ydeH coctaB  ACIIO,
O0TOOpaHHBIX C  Pa3UYHBIX yYacCTKOB  HCCIEAYEMOTO  MECTOPOKACHUSI.
[onmy4enHsle pe3yabTaThl peAcTaBieHb! B Tabmune 1.

Ta6auna 1 — Cocras otnoxenuit ACITO ¢ pa3inu4HbIX y4acTKOB UCCIIEYEMOTr0 MECTOPOXKICHUS

Copep:xanue, % macc.
Oopazen II/(A+C) | Tun oTo:KeHmit
napaduabl | achajabTeHbl | CMOJBI | MeX. IPHM.
Nel 19.3 0.5 9.8 9.2 19 napaUHOBbII
Ne2 124 1.9 7.0 11.03 14 napaUHOBBII
Ne3 19.2 0.6 10.0 66.8 1.8 napaUHOBBII
Neq 20.6 0.1 7.7 0.2 2.6 napapMHOBBII
Ne5 19.3 0.1 6.5 2.8 2.9 napapMHOBBII
Ne6 19.2 0.2 7.5 2.8 25 napapMHOBBI
Ne7 18.0 0.5 6.7 7.1 2.5 napaMHOBBII
Ne8 17.2 0.2 6.0 0.1 2.8 napaMHOBBII
cpednee 18.2 0.5 7.7 12.5 2.3 napagunoswlii

JlabopartopHsbie uccnenoBanuii mokasanu, 4yro oopasnsl ACIIO otHOCcATCS K
mapadUHOBOMY THITy C Temmeparypoi TuiaBieHus 74 °C, W KOJIWYECTBEHHO
cogepxat (% macc.): mexanmdeckume mpumecn — 0,1...66,8; achanbreHsr —
0,1...1,9; mapadunsr — 12,4...20,6 u cmounsl — 6,0...10,0.

B Ttabmume 2 mpencraBieH COCTaB HCCIEAYEMBIX KOMITO3UIIMHA, YCIIOBHUS
MIPOBEJICHUS SKCIIEPUMEHTOB U TIOJYUYEHHbIE PE3yIbTaThI.
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Taomuua 2 — Cocras komno3uiuii uist ynanenus ACIIO

PesyabTaTsl
ITapameTpsl
Nel N2 Ne3 N4 Ne5 Ne6
CocraBbl, %
OI1-10 - 1.75 3.5 10.5 21,0 33.25
Cynb(haHon - 0.5 1.0 3.0 6.0 9.5
ro 100.00 97.75 95.5 86.5 73.0 57.25

pdexTuBHOCTH, %

PactBopenust ACIIO B TeueHue

64.33 96.4 95.21 9577 | 942 | 97.05
3 4. ipu 25 °C
PactBopenus ACIIO B TeueHue 7165 98.82 100 99.44 99.26 99.4
3 4. ipu 60 °C
Yaanemus ACHO B tedemme | gq 9 9592 | 9685 | 9609 | 9687 | 97.69
1 u. mpu 25 °C
Vaanenus ACTIO B tedenne | 7597 | ggg7 100 99.9 100 100
1 4. mpu 60 °C
Deoioma  erocoGHocTs i | g3 96.4 95.2 958 | 942 | 971
lg/éoj‘éma" cnocoGHOCTL  mpu. | 44 7 98.8 100 995 99.3 99.4

IIpoBenennsle ucciaenoBaHMs MOKa3ald, 4YTO TEMIEPATYPHBIA pPEXUM
OKa3blBa€T CYNIECTBEHHOE BIHMSHHE Ha J(PQPEKTUBHOCT, KOMIIO3HIIWH,
npeAHa3HAYCHHBIX Juist  yaaneHus otinoxenuid ACIIO. Bo Bcex ciydasx
noBblieHHe Temneparypel oT 25 °C nmo 60 °C cnocoOCTBOBAIO YBEIMYEHUIO
CTENEHU pacTBOpeHwUs, yaanenus u ormeia ACIIO.

B nmepByro ouepens Opita omeHeHa 3(QQEKTHBHOCTH IPUMEHEHHUE
uHAWBUAYyansHOro pactBoputens (cocraB  Nel). CormacHo pesynbraTam
MIPOBEIEHHBIX HCCIECA0BaHUM, 3PQPEKTUBHOCTH KOHTPOJIBHOTO cocraBa Nel B
oTHomeHUN pa3pymenus u pactBoperns ACIIO He mpessimaer 76 %. Oto
yKa3bIBaeT HAa HEJOCTATOYHYIO CIIOCOOHOCTh MHAWBHMIYaJIBHOI'O PACTBOPHUTENS K
ynanenuto 1Bepiasix ACIIO. [Ins mosbimeHus 3(¢GEKTUBHOCTH KOMIIO3HLINHU
HeoOXoanuMo (opMHpOBaHKE TOJMKOMIIOHEHTHOTO COCTaBa, 00JaJafoIero
YHHUBEPCAIbHBIMH CBOMCTBAaMH IO OTHOIICHHUIO K pa3nudHbM THaMm ACIIO. s
peleHnsl JaHHOM 3a/aun ObuIM pa3paboTaHbl KOMIIO3UIMHM, COAEpKaIIne CMECh
HEMOHOT'€HHOI0 U aHnoHHOTO ITAB, criocoOcTBYIOIMX yIyUIICHUIO YIAISIOEH
1 pacTBopstomieil criocodrocTr kommnorenTos ACIIO.

CocraBbl NeNe2...6 obecnieunin BbICOKYI 3(d(dexTuBHOCTE (Oosiee 99 %)
KaKk IpH pacTBOPEHHH, TaK M MNpH YAaJeHUH CHOPMUPOBAHHBIX TBEPABIX
ornoxkeanii ACIIO, 49To TakXke MOATBEPKIACTCS WX BBIPAKCHHOW MOIOIICH
CHocOOHOCThI0. BpIcokas 3QQeKTHBHOCTh HaHHBIX COCTaBOB 00ycCJOBJIEHA
cuHepretndeckum neiicteuem pactBopurens (III'@) u TIAB, a Takke
ONTUMAJIbHBIM COOTHOILICHHUEM IOJISIPHBIX M HEMOJSIPHBIX KOMIIOHEHTOB. Takue

119



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

COCTaBBI 00ECIIeUYMBAIOT HE TOJNBKO pacTBopeHme TBepaod ¢aszer ACIIO, HO U
3G PEKTUBHYIO OecOpOLMI0 C TMOBEPXHOCTEH TpyOOMpPOBOIOB W 000PYHOBaHUS
(ynamenue ACIIO).

BusyansHoe HaOmoAeHHE 3a MPOLIECCOM B3aMMOJAEHCTBHS IIOKA3ano, 4TO
MIpH IPUMEHEHHE HCCIEAYEeMBIX KOMIIO3UIMK B INEPBBIC K€ Yachl HAOIIOmaeTcs
HabyxaHue M yacTU4HOe pacTBopeHue oOpasuoB ACIIO, a monHoe pacTBOpeHHE
JOCTHraeTcsi B TEUEHHE TPEX YacoB. YCTAHOBJIEHO, YTO C YyBEIHYEHHEM
conepxanus IIAB B koMno3unusix 1o OTHOUIEHUIO K PACTBOPEHUIO, YIAICHUIO U
orMbiBaHnio ACIIO BozpacrtaeT nmpomnopiuoHaibHo, focturas 100 %, B oTinuuue
OT KOHTPOJIFHOT'O HHIWBHIYaJbHOTO YTJIEBOJOPOJHOTO PAcTBOPUTENS (COCTaB
Nel).

CnenyeT OTMETHTh, YTO HCCIEIyeMble KOMIIO3MLIUU COXPAHAIOT BBICOKYIO
s dexTuBHOCTE U npu 25 °C, 4TO mpeAcTaBiseT coO0i BaXHOE MPAKTHUECKOE
[IPEUMYIIECTBO AJISl UX IPUMEHEHHUS B YCIIOBHSX MOHWKEHHBIX TEMIIEPaTyp U U
HEBO3MOKHOCTH MPEIBAPUTENHHOTO ITOAOTPEBA CHCTEMBI.

PesynpTaTel HchbITaHWK pa3paOOTaHHBIX KOMIO3WIHUHA TOKa3alH, 4YTO
3asMBJICHHBIN cocTaB obecrmeunBaeT dddextuBHOCTs yaaneHus ACIIO ¢
MTOBEPXHOCTH, JocTuraromyto 98 % mpu temneparype 25 °C u 100 % mpu 60 °C B
TeueHne | vaca. [Ipu mpoumx paBHBIX YCHOBHSIX 3()()EKTUBHOCTH PAaCTBOPEHUS
tBepablx omnoxeHuit ACIIO mpu 25 °C cocrasmser m0 99 %, a mpu 60 °C
JOCTHUTaeT IOJIHOE PACTBOPEHUE B TEUCHHUE TPEX YACOB.

Takum oOpa3zoMm, mOpuMeHeHHE pa3paboTaHHOW KOMIIO3UIIMU ITO3BOIUT
3¢ GEeKTUBHO pacTBOPATb W YIAlsATh TBEPAbIE OPraHUYECKHE OTJIOKEHHS C
MIOBEPXHOCTH HE(TEIPOMBICIOBBIX 000PYIOBAaHUH KaK MPU MOHMKEHHBIX, TaK U
[P TIOBBIIEHHBIX TEeMIIepaTypax 3a KOPOTKHHA TPOMEXYTOK BPEMEHH.
[IpumeHeHne MaHHBIX KOMIIO3MIMM TO3BOJIAT CHU3WUTH OKCIUTyaTallMOHHBIE
3aTpaThl He(hTEeROOBIYM, @ TAKXKE PELIUThH MPOLECCHl OCIOXKHEHHUsI HeQTen00bIun,
BBI3BAHHBIX BBICOKUM COJIEPKAaHMEM BBICOKOMOJIEKYJIAPHBIX KOMIIOHEHTOB
HEQTH.

4. 3axn04eHue

Ha ocHoBaHMM mpeAcTaBIeHHBIX B PabOTE pe3yJbTaTOB MOXKHO CHETaTh
BBIBOZ, YTO pa3paOOTaHHbIE KOMIIO3UIHMKA 001a1at0T BEICOKOH 3 (PEKTHUBHOCTHIO
B OTHOLIEGHUWU pacTtBopeHuss u ynaigenus t1BEpapIx ACIIO, a Takxke
XapaKTepHU3yIOTCs BRIPAXKEHHBIMHA MOIOIIIMMHU CBOWCTBaMH.

HcnpiTanHble COCTaBbI HAa OCHOBE IIEHTAH-TEKCAHOBOH  (pakiuu C
N00aBJICHUEM HEWUOHOTCHHBIX W aHUOHHBIX [IAB moka3anu BhIpaKeHHBIN
CHHEpPreTUYECKUI addexr, obecrieynBarOmnit YHUBEPCAIBHOCTh u
aJanTUPYeMOCTh K  pa3NU4yHBIM  YCJIOBMSM  OKCIUTyaTallMM,  BKJIIOYas
HU3KOTEMIIEpaTypHble pPEXHMBL. Pa3zpaboTaHHbIE KOMIIO3WIMM MOTYT OBITH
YCIENHO TPUMEHHMBI B CHCTeMaxX J0ObIYM W TPAHCIOPTUPOBKH HEPTH,
obecrrieunBas ¢ dekTuBHOEC pemieHne 3amadn 0opbOsl ¢ TBepabpiMu ACIIO.
[IpencrasnenHbie pa3paboTku 006IANAIOT BHICOKMM MOTEHIIMATIOM Uil BHEAPEHHUS
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B He(Tera3oBoit orpaciau KazaxcraHa, 9To OTKpBIBa€T MEPCIEKTUBBI JaTbHEHTIIeH
OTITHMHU3AITIN PEIENTYP U HHTETPAIMA JAHHOTO ITOIX0a.

KoHpauKT HHTEepecoB: B paboTe OTCYTCTBYET KOH(IMKT HHTEPECOB MEXK]ly aBTOpaMHU.
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Tyiiingeme. Makanaga MyHail eHIipy *oHE TachIMaljay OapbIChIHAA Haiifa OONATHIH acQaibT-NIaibIp-
nmapadun (ALLII) weriHminepin KeTipyre apHaiFaH THIMAI KOMIIO3MIHSUIAPABIH 3ePTXaHAIBIK 3€PTTEY
HoTmwkenepi kenripinren. ALl merinainepi — HeridiHeH napaduuaepacH, acdanbTeHACPICH,
LIaipIpapiaH KOHE MEXaHHMKAJbIK KOCHalapiaH TYPaThlH KaTThl OPraHOMHHEpAIbIK TyHOAIap OO0kl
TaObUIAJBI, OJNAp MYHAll KEH OpBIHIAPBIHIAFBl JKAOJBIKTApABIH ImMKi OeTTepiHe IIerim, >XYHeHiH
OHIMJIUIINH TOMEHJEeTIN, MaiianaHy yaepiciHae TYpil KUBIHABIKTap TybIHAATaabl. Byn macene acipece
napaduH MeJIepi >Korapbl OonathlH MaHFbICTay OHIpiHAEri KEH OpBIHAAPHI VIIIH ©3€KTi. 3epTrey
asChIHIA KEH OPHBIHBIH OpTYpIi ydacKenepiHeH anblnraH napaduamik tunteri AL meringinepiniy
KYpaMBbI 3epTTel. AJBIHFAH MOIIIMETTEep HETi3iHae KoMipcyTeK HerisiHmeri (eHTaH-rekcan (HpakKIusich)
sxoHe Gertik-Oenceni 3arrapapid (BB3) — 6einonst (OI1-10) sxoHe aHHOHIBIK (CYJIBL(POHOI) KOCHaIaphl
Oap xommosuuusiap o3ipueHni. byn kommonentrep AIIIl  KypbUIBIMBIH - €piTil, AMCHEPrUpICY
IpoleciHyie CHHEepreTHKaIbIK acep Oepeni. 25 °C xone 60 °C TemmepaTypasa sKYpri3iireH 3epTXaHalIbIK
ToKIpHOeTepIiH HoTIKeIepi Temneparypanslk pexumHil AL epity »KpumamMIbIFBI MEH TepeHJIIriHe
aifrapibIkTail ocep ereTiHiH kepceTTi. Kypambinaa 6 %-man actam Bb3 0ap xommosunusimap AITI-Hbt
epity meH keripyain 100 % Ttuimainiria kamTamacei3 eteni. TeMeHn Temrepatypa skarmaiisiaga (25 °C)
AIIT-ue! ketipy THiMAimiri 98 %-maH acamsl, OWI S3ipJICHIeH KypaMIapAbl XKBUTYJIBIK dCEp MICKTEYi
HEeMece MYJIJC JKOK JKaFiaiaa KoJlaHyFa MyMKIHIIK Oepeni. ¥ ChIHBUIFaH KOMITO3UIUSIIAP KBICKA YaKbIT
ilIiHAe KAaTThl INOTiHAUIEpAl THIMII epiTil, KeTipy apKpUIbl MyHall OHMIpICIHAEri >KaOIbIKTapIbIH
CEHIMJIUIITIH apTTHIPBII, MaiilaaHy MbIFBIHIAPEIH a3aiTyFa bIKIAJ €Te/l.

Tyiiin ce3nep: acdanpr-mmaiisip-napaduy  merivaizepi, epiTkimTep, OeTTik-OenceHai 3aTTap,
KOMIIO3ULIMS, KypaM, epiTKIITIK KabiieTi, keTipy Kabijeri, )Kyy Kabuieri, NeHTaH-TeKcaH (QpaKUUsCHI.

Tneyzanuesa Kanemma Ackaposna bipinwi Kypc mazucmpanmol
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Asanéepzenos Epoonam Ozapoaesuu MEXHUKA 2bLTBIMOAPBIHbIY KAHOUOAMbl
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NEW ANION EXCHANGERS AND THEIR SORPTION PROPERTIES
TOWARD CHROMIUM (V1) AND VANADIUM (V) IONS

*K.A. Sadykov'?, N.A. Bektenov*?, T.K. Chalov!, K.T. Serikbayeva®
F.Ye.Yerboloval, Ye.A. Kuznetsoval,

1JSC Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan
2NJSC “Abai Kazakh National Pedagogical University ”, Almaty, Kazakhstan
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Absract: Introduction.This study focuses on the synthesis of a novel anion-exchange material based
on glycidyl methacrylate (GMA), methyl methacrylate (MMA), and acrylonitrile (AN), as well as on its
ability to sorb heavy metal ions. The dependence of ion-exchanger properties on solution concentration,
pH value, and contact time was investigated. The purpose of the work:To determine the structure, chemical
stability, and optimal conditions for the efficient sorption of chromium (VI) and vanadium (V) ions by the
new anion exchanger. Results and discussions: The optimal synthesis conditions were found to be 24
hours, a molar ratio of 1:6, and a temperature of 80 °C. The maximum sorption capacity was 509.2 mg/g
for vanadium ions at pH 2.8 and 561.6 mg/g for chromium ions at pH 4.5. Kinetic studies showed that
equilibrium was reached within 1 hour for vanadium and 2 hours for chromium. Conclusion: The new
anion exchanger can be effectively applied in non-ferrous and ferrous metallurgy, as well as for the
treatment of industrial wastewater from heavy metal ions.

Keywords: anion exchanger, sorption, chromium(V1), vanadium(V), copolymer, ion-exchange
resin.
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JKAHA AHUOHUTTEP )KOHE OJAPIBIH XPOM (VI) ’)KOHE BAHAJAM (V) MOHJAPBIHA
KATBICTbI COPBLHUAJIBIK KACUETTEPI

K.A. Caovixoe*?, H.A. bexmenos*?, T.K. Yanos', K.T. Cepuxéaesa’, E.A. Kysneyoea', ®.E. Ep6onosa*

1«O.B. Bexmypoe amviioazwl xumus euireimoapul uncmumymuly AK, Anmamel, Kazaxcman
2A6aii amvinoaze Kaszax ynmmulk nedazozuxanvis yuusepcumemi, Anvamel, Kazaxeman
*E-mail: kanat.sadykov.80@bk.ru

Tyiiinaeme. Kipicne. byn zeprrey ramnuaumnmerakpunatr (I'MA), mermnmerakpunar (MMA) xoHe
akpwionutpun (AKH) Herizinzeri »kaHa aHMOH aJIMacCyIllbl MaTepUaJIblH CHHTE31HE XOHE OHBIH aybIp
METall MOHAPhIH copOuuMsuiay KaOineriHe apHanfaH. OHAIMacTBIPFBILITAP/ABIH KACHETTEpl epiTiHjl
KOHIIEHTpauusicbiHa, pH  MOHIHE  jkoHe  OailaHBIC  yaKbITBIHA  TOYCNAUIrl  3epTTeli.
Kymvicmuiy magcamer. JKana aHHOHUTTIH KYPBUIBIMBIH, XUMHUSUIBIK TYPAKTBUIBIFBIH jkoHE XpoM (VI) men
BaHaIUH V) HOHJIapbIH THIMII copOnusay IIapTTapbIH aHBIKTAY.
Homuowcenep men manxwiiaynap. 3eptrey OapbIiChIHIA CUHTE3[IH OHTAWJIBI IIAPTTAPhl AHBIKTANABL 24
carar, 1:6 Mmonbaik KaTbiHac, 80 °C. CopOUUMSIIBIK KaCHETTepl 3epTTeNin, BaHaaui HoHAaps! yiiH pH 2.8
kesinge 509.2 mr/r xoHe xpom yumin pH 4.5 kesinme 561.6 MI/r TeH MaKCHMaIbl COPOLMSIIBIK
CBHIMBIMABLIBIKTB KOpceTTi. KuHeTHkanslk 3epTTeyiep BaHaAui MOHAAphI YIIiH Tene-TeHikke 1 caraTra,
XPOM HOH/IAPHI YIIiH 2 caFaTTa XKETeTIHIH/IITT aHbIKTaNabl. KopbimbiHObl. JKaHa aHHOHHUT TYCTi )KOHE Kapa
METaJUTyprusiia, COHJAai-aK OHIIPICTIK arblH CyJapibl ayblp MeTal HOHJAPbIHAH Ta3zapTyla THIMII
KOJIZIaHbLITYbl MYMKIH.

Tyiiin ce3nep: annonut, cop6uus, xpom(VI), Banaauii(V), comoaumMep, HOHAIMACTBIPFBIIIL.

Caovikoé Kanam Amupkynoeuu XUMUSL 2bITBIMOAPBIHBIY MASUCTPI, EbITLIMU KbI3MENKep
Hecinxan 9é6xcanapynvt bexmenos XUMUSL bLIBIMOAPBIHBIY 0OKMOPbL, NPOodeccop
Yanoe Tynezen Kamenosuu XUMUSL bLILIMOAPbIHBIY OOKIMOPbL, Npogdeccop
Cepukoaesa Kamupa Typnvixanoena PhD
Epéonosa ®amuma Epoonkpize uHdICEHED
Ky3neuyosa Examepuna Anexceesna UuHdICeHEp

1.Kipicne

Ayblp MeTanja HOHJAphIMEH OHEPKOCINTIK aFbIHAbl CyJApAblH JacTaHYBI
Ka3ipri 3KOJOTHSUIBIK KayiNTepHiH ajAbIHFBl KaTapblHOa TYp. Tay-KeH eHipici,
MeTaJlJl OHJCY, XUMUS, ObUIFAPhI KoHE OOSAFBIII OHEPKACIOI CHSKTHI cajaiap Cy
Ke3JIepiHe YBITTBI 3JIEMEHTTEP]Ii IIBIFAPHII, OJIApJbIH 3KOXKYHelepre xoHe ajgaM
JIeHCayJIbIFbIHA 9CcepiH apTThipyaa [1].

Cynarsl ayblp MeTaIap bl dKOWIbIH THIMII 9MICTEPiH d3ipiiey — KopilaraH
OpTaHbl  KOpFayJblH Heriari  MiHgerrepiHid — Oipi.  COHFBI  KbUIIAPBI
Monudukanusutanran rmuauauiMeTtakpuiat (TMA) HeriziHzeri eximik Hemece
YIUTIK COMOMUMEpPIIEPIl CENEeKTHBTI COpPOEHT peTiHAe NaiaadaHy KapKbIHIIbI
3eprrenyne. byn  comosnumepnep  ayblp  MeTall  MOHIAphlH  THIMAI
0aliIaHBICTHIPATHIH JKOHE OJapAbI CYJIbl €PITIHAIEPACH bIFapyFa bIKNal €TeTiH
XeNaTTayllbl areHTTep poejiH aTKapadbl, OcbUlaiiilla KOpLIaraH OpTalarbl YIIbl
3aTTapAbIH AeHreiin perreiimi [2].

124


mailto:kanat.sadykov.80@bk.ru

ISSN 1813-1107, el SSN 2710-1185 MNe 3, 2025

XpoM KOCBUIBICTaphl €H YBITTBI JJIEMEHTTCPAIH KarapblHA JKaTambl.
TexHoreHaik mporecTep Ke3iHIOe KOpIIaraH opTara KaHIIEPOTSHII 3aTTaplblH,
COHBIH ilIIHAE XPOMHBIH, HET13r1 Ke3Jepi Kapa KoHe TYCTi MeTaJulyprusi, MalliHa
Kacay OKOHE DHEpPreTHMKa KOCIOPBIHAAPHIHBIH KOIKOMIOHEHTTI Tra3-TO3aH.bl
LIBIFAPBIHABIIAPEL MEH aFblH CyJapbl OONbIN TaObuIaAbl. AJNTHI BaJCHTTI XpOM
KOCBUIBICTAphI aca yJbl OOJBIN caHalaabl )KOHE Kbl YBITTHl 9CEpiMEH Karap
aJlaMFa MyTareHJIIK BIKIal >Kacal, MbICANbl, MYPBIH KYBICHI KaTepili iCIriHiH
naiiga 6omyberHa okenmyi MymKiH. Cr (VI) TUOTIK MeTan-ceHCHOMIU3aTop peTiHae
Y3aK ’Ka3bUIMATBIH jKapajiap MEH JIepMaTo3ap/Abl TybIHAaTyFa KabinerTi [3].

Tabury xoHE TEXHOTEHIIK cylapla XpoM KeOiHe €Ki TOTHIFy JopexkKeciHae
ke3neceni: Cr(Ill) sxome Cr(VI). Cr(Ill) a3 memmepae OHONOTHSIIBIK TYPFBIIaH
MaHb3ABI 3neMeHT Ooica, Cr(VI) — >koFapbl epirilmTiri, KO3FalIFbIITHIFBl XKOHE
KaHIICPOTCHIITIMEH epeKIeneHe i [4].

Cr (VI) nongaps! xacyma Mmemopanacsinad HCrO4~, CrO+*, Cr.0-* Typinze
orim, acyma imiage Cr(Ill)-ke meiiin ToTHIKCEI3AaHanel. by mporecc ke3inge
JHK-Fa anaykT Ty3eTiH peaKkTHUBTI apajblK eHiMIep maiaa OOJbIM, TeHETHKAJIBIK
3aKbIM KeNTipei )KoHe KaTepJi iCik TyAbIpybl MYMKIiH [5].

Kazakcranma canutapiablk-TypMbIcThIK cynarel LIIPK Cr(Ill) ymiar — 0.5
mr/i, Cr(VI) yuiin — 0.1 mr/n. Akre0e oOJBICBIHIAFBI 3epTTEyJiep/e Kehoip cy
aiinpiHgapeina  Cr MenmiepiHiH Oyl miekTeH OipHelnle ece achlll  Tycyil
aHBIKTAIFaH [6].

XpOMHBIH HEri3ri aHTPONOTCHIIK Ke3Jepi: rajJbBaHUKAIBIK >KOHE METalll
OHJICY OHJIpiCi; ObUFapbl JKOHE TOKbIMA OHEPKACiOl; OOSAFBIITAD MEH
MUTMEHTTEPOHIIPY; OT OacyFa Kapchl Kypam/ap jkoHe arail KOHCepBaHTTaphl [ 7].

Banamuit (V) KOCBUIBICTapbl 3KOHOMHKAHBIH JIaMybl MEH OHEPKICINTIK
OHJIpICTIH ocyiHe OalIaHBICTBI aFBIHIBI  CYJapAbl JIaCTaylIbl — HeTi3ri
(haktopaapabiH Oipi 00JbIT OTBIP. MeTa/UIIBIH KeH KOJIJaHBUTYbI, COHBIH IIITHJIE
KeH oHAipy, OankpITy >KoHE KalTa eHAey MpolecTepl KopllaraH opTara
BaHAIMHIH TyCyiHe ceOeri.

Bananuii Taburm cynapaa kebOine Tterpa- (V(IV)) koHe mneHTaBaNeHTTI
(V(V)) xyitiane ke3geceni. V (V) cy opraceiaga BaHaaat annoHnaps! (H2VO.,
HVO+*) typinme Oonaapl, onapAblH TYPaKTbUIBIFEI pH KoHE HOHIBIK KYIIKE
Toyeni [8].

Kasakcrannmarsl aysi3 cyaarsl BaHaguiaig IHPK — 0.1 mr/n [TH 2.1.5.689-
98]. Meramtyprusi, SHEpreTHKa, KaTalu3aTop >XoHE NUTMEHT OHMIpici, KeH-
0aifbITY KaJIbIKTaphl OHBIH HETI3T1 Ke3aepiHe aTasl [9].

Banajuii  KOCBIIBICTApBIHBIH ~ YBITTBI  ocepi: Oayblp koHe OyHpek
3aKBIMJIAHYBI; KYHKE KYHeciHe Kepi BIKIall; y3aK acep €Ty Ke3iHIe CO3bUIMAalIbl
WHTOKCHUKAIIHS.

Cy TazapTyaa KOJIaHBUIBII XYPTreH HMOHUTTEPIiH KaCHETTePiHiH OipTiHICI
Hallapjaybl, OJIapAblH TaOWFH  OpPTraHUKAIBIK KoHE OeHopraHMKajbIK
KOCBUIBICTapMEH YJaHYBIHBIH caigapbl OOJNBIN TaOBUIAABI XoHE Oy KyOBUIBIC
CyIObl JAE€MUHEpaJJaHAbIPY  YAEPICIHIAEC  HOHAIMACTBIPFBIN  IIalbIpIapibl
MalganaHyqarsel HETI3T1 TEXHOJOTHSIIBIK MocesenepAid Oipi caHamampl. MyHaai
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AHUOHUTTEP CYJABIH JKOFaphl Jopexkele J¢ MHUHEPAIaHYbIH KaMTaMmachl3 eTe
aJIMal bl )KOHE HOTHIKECIHIC OHEPKACINTIK KAIIBIKTapFa aiHaIa b,

Cr (VI) xoume V (V) HOHAAPHIH JXKOIOJIa aHHOHAJIMACTBHIPFBINI ITaHBIpIIap
JKOFaphl THIMIUTIK Kepceremi. KymTi KeIIIKbUIABI aHUOHUTTEP XpOMATTap MEH
JUXpPOMATTapFa JKOFaphl CEJICKTUBTUIIK TaHBITBIN, CYIaFbl KOHIECHTpArUsIHbl <1
MKT/J IeHrefine neiin ToemeHaeryre Kabinerri [10].

Bamaguit (V) KOCBUIBICTAPBIH HOHAIMACTBHIPFBIN ImIakbIpiaapaa (Purolite
AB830, S984, Lewatit MonoPlus SR7, Purolite A400TL, Dowex PSR2, PSR3)
XKoHe MHKpokeyekTi copOentre (Lewatit AFS5) cTaTHKambIK *oHE KOJOHHAIBIK
omictepMeH koubuTysl 3eprTendi. Hotmxkenep pH, amcopOeHT mozackl, xaHacy
YaKbIThl MEH JJIIOUPJICYII areHTTEPIiH KOHIEHTPAIMACH COPOIMs THIMILIITiHE
BIKNAJI €TETIHIH KOPCETTi, COHJAN-aK KYKIPT KBIIKBUIBI OHIIPICIHAETT KaJIbIK
cynapgat V (V) xone Fe (I11) morgapsia »orabH THIMALTIT nonenaerm [11].

2. Toxipubenik 60s1imM

I'MA, MMA :xone AKH Herizingeri ymrik conoimmepJiep cuHTe3i

Canmuauimerakpuaatrrei, (TMA), merwamerakpuwiartein (MMA),
akpwionnTpuiaain (AKH) comosmmepu3amusicbl €piTiHIIACTI  paJuKaIIbl
TIOJTUMEPU3AITHS dIiciMeH KYprizinei.
Y1 MOMBIHIBI KOJIOaFa apaacThIPFBILI, JKaHACIA TEPMOMETP >KOHE TaMILbLIATHII
KYIOFa apHajJfaH BOPOHKAa OPHATBUIBIN, MaccalblK KaTeiHackl 3.0 : 2.0 : 2.0
mmnuauametakpuiaar (I'MA),  metwnMerakpmwiatr (MMA),  akpuIOHHTpHI
(AKH) moHOMepnepiH caibi, O€H30MII TEPOKCHIIIHIH (MOHOMEpP MacCacChIHBIH
0.1%) mumerundopmamuareri (IM®PA) epitiagici xoceutagsl. Kocma 90 °C
Temneparypana 1 caraT OOWbl KbI3JBIPBUIBII, CYHBIK Tellb TY3UITEHINE YCTalabl
a, STWI CHOUPTiHAE TYHABIpbUIanel. Ocblman keitiH mommmep ren MDA
epITKIIIiH/Ee peaKIysIFa TyCIlereH MOHOMEPIIEpIeH Ta3apTy YIIiH KaiTa epiTiiir,
THN crnuprinae TYHAbIpeUIagel. [MA-MMA-AKH cononmMepi BakyyMJIbIK
kenTiprim 1mkadpra OenMme TemreparypachblHIa TYpPakThl Maccara JeHiH
KenTipineni.

Ywtik comosumepsep ('MA-MMA-AKH) xone II9U Herisingeri
AHHOHUTTEP CHHTE3]

Topnanran YILTIK COTOJIMMEPIIEPAIH ('MA-MMA-AKH)
nonmmaTwiieHMMuHEMeH (I1OM) amuHOeHYl OpraHUKaiblK epiTKIIITe >KYpTi3uifi.
YUuIMOWBIHIBI KONOaFa MEXaHWKANBIK apallaCTHIPFBINI, TEPMOMETD IKOHE
TaMINBUIATHIN KYIOFa apHallFaH BOPOHKa opHaThULABI. Konbara aMUHHIH eJeH i
Maccachl CajbIHBIN, OFaH OIpTiHAEN OPraHUKAIBIK EPITKIIITEri COHOIUMED
epiTiHAICI TaMIIBUIATHIT KOCHUIABL. Kocma KapKBIHIBI apajaCcThIPhLIA OTBIPHII
80°C-ka meiiiH KeI3ABIPUIABL. ['enb Ty3inTeHHeH Keiin Macca gapdop Tabaxmiara
tycipimin, 120-130°C-ta 10 carar xartarora Kanublpeuiael. CojaH COH
yHTaKkTajdbi, eneHin, tydipmrikrepair (0.25-1.00) MM ¢dpakuusicel anbIHAIBL.
AHnonuT OipHeme peT epiTKimmeH KybUIslll, COKCIET —ammapaThIHaa
STHJICIIUPTIMEH SKCTPaKUUsIaHAbl (PeakuusFa TYCHEreH 3aTTaplbl JKOIO VIIiH).
25-30 °C TemmepaTypalga BaKyyMaa TYpakThl Maccara Jeifin kentipinmi. Kein
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aHUOHUT 5 %-IBIK TY3KBIIIKBUIBI JKOHE HATPHHA THIPOKCHAI epiTiHAUIepIMEH
engemn, H'- dopmacernan OH -dhopmackia aysicTeIpsuInel. COHBIHAA CY3iHIL
peaknuschl Oeitaparn OoJFaHIIa TUCTUIICHTCH CYMEH IIalbLUIIBL.

3. HoTm:keiep sk9He 0J1apbl TAJKbLIAY

AnnoHuT KypbeuisiMbl MK-cnexTpockonus omiciMeH aHbIKTanabl (cyper 1).
ComonmmepnepiiH CHEKTPIIEPiHACTI XKYThUTY KULTIKTEPIH TarailbiHAay OacTamKbl
mouomepiepnin MK-cnektp gepektepine Herizmenai. I'MA chnekTpiepinae
(cyper 1) snokcunukigig C-O, C—C, C—H OaiinaHbICTapbIHBIH ACUMMETPUSIIBIK
JKOHE CUMMETPHSUIBIK BaJICHTTIK TepOetic xonakrapsl (760, 840, 910, 940, 1015,
1220, 3005 sxone 3065) cm '-me Oaiikamamel. 1640 cM '-meri >KYTBUTY KHULNIri
KOCOaiIaHBICTBIH BAJICHTTIK TepOemiciHe colikec kememi. 2239 cm ' aliMarbIHAAFbI
KYTBUTY skoNakTapbl —C=N 1imaHu TOOBIHBIH BaJCHTTIK TepOeIicTepiHe ToH.

ssorbance

Wavenumbers (om-1)

Cypet 1 —Ymurrik conmomumepain (TMA-MMA-AKH) UK-crekTpi.

bencenni tonTapaplH (YHKIHOHAIIBUIBIFEI MEH JIUCCOLMAIUS JIOPEKECiH
AHBIKTAY YIIIH HOHUTTEP/IH MOTEHIIMOMETPUSIIBIK TUTPJICY KHCHIKTAphl aJbIHIbI

(cyper 2).

Vmn,
0,1 HHCL

pH- pacTsopa

Cyper 2 - (TMA-MMA-AKH) —[19U aHHOHHTIHIH NOTEHIIMOMETPHSIIBIK TUTPIICY KUCHIKTAPBL.
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[ToTeHIMOMETPHSITBIK TUTPJICY JepeKTepl OONBIHIIIA MOHUT OpTallla HEeri3zi
MOJIM(YHKITMOHAIIBI MOHAIIMACTBIPFRINITAD KaTapblHa KaTajael. byn Kacuer
HOHUTTET]1 aMHH TONTAPBIHBIH CaITaIbIK KYPaMBIMEH TYCIHIIpiIe .

Cya6a 1. Yurik comonmumepain (TMA-MMA—-AKH) »xoHe onapiplH Heri3iHIeri aHHOHHTTIH
(TMA-MMA-AKH)—(ITOU) 6omkamMasl KYPBUIBIMABIK (GOpMyIackl.

CH3 CH3

] |
ﬁ[.cHz—z:gcnz—?—]j—cnz
- Lo

C|‘H~]k— + [-CH,CH,NH-]In —»T

] CN
Q o
C|H2 EH,
CH
o1
~CH,»
T
—_— CH,—C CHs—C CH, CH
e e g ffon— gt
c=0o & .
i C= CN
) P
'f’HZ CH,
lel—OH
CH— N—CH,—CH,— NH—

I'MA-MMA-AKH comomumepin amuHaeyaeH KediH anuoHutTiH HWK-
CHeKTpJiepinae snokcurontapra ToH (750, 850, 912, 1000, 1250, 3012 >xoHe
3075) cm! xomakTapbl >KOWBUIBIT, ONapAbIH OpPHBIHA aAMHUHO- XKOHE THAPOKCHI
torrrapbiHa ToH (1500-1650, 3310-3350, 1310, 1420) cm ! sxaHa *KoJaKTap naina
0os1b1 (cypeT 3).

HK-criexktp nepextepi OH TOOBI MEH YHIHIIUIIK aMHH TOOBIHBIH a30T
aToMJaphl apachlHJla MOJIEKYJAINIUNK CYTeKTIK OaiimaHpicTap Oap eKeHiH
pactanel. CoHbiMeH Katap, 1040-1060 cm™' ailiMarbIHIa KOMIPTEK KaHKAChIHA
KOHE  VIIHNIUIIK aMuH TonrapbiHa Oaiimanpickan OH — TomTapblHBIH
nehopMaIVsUTBIK TepOerticTepiHe Colikec jkoyiakTap Oalkanaabl. DTOKCUIIUKIIIH
aMHUHJCPMEH AallbUIybl HOTIKECIHAE TY3UIeTiH ekiHmimik couptrik OH
TONTAPBIHBIH JKA3bIKTHIKTHIK JeGopManusiislk Tepoeictepi 1310-1330 xoHe
1410-1420 cm'-ne Tipkenmi.

PO —

Absottance

Cypet 3 - TMA-MMA-AKH-II9W) annonuTinin UK-cnekrpi.
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ToprasFaH MONMAIEKTPOIUTTEP CHHTE3IHIH OHTAWIBI IAPTTAPBIH alKBIHAAY
MaKcaThIHIA PeaKIUsIIaYIIBI KOMITOHEHTTEPIIH TaOUFaTHI MeH
KOHIICHTPAIUSCHIHBIH, TeMIeparypa MEH Kartaro Y3aKTHIFBIHBIH
AHHOHAJIMACTHIPFBIII TTOJIMMEPIIEp KaCHETTEPIHE ocepi 3ePTTEIII.

I'MA-MMA-AKH comonmuMmepi Heri3iHAeri aHUOHUTTEPAl alyIblH €H
OHTaMIIBI pexrMi — komroHeHTTepiH (1:6) kareiHackl, 80 °C Temmneparypa koHe
10 caraT KaTar yaKbIThI OOJIBIT TAOBLIA B

Ta6auna 1 - T'MA-MMA-AKH cononumepi Heri3iHAeri aHHOHUTTEP/I ally/IblH €H OHTAMIIBI PEKUMI

Maccanelk  KaTbiHac | t°, C T, carar 10485380V CAC, 0.1 B NaOH epiringuici
(conomamep: TION) n, % OOMBIHIIIA, MT-DKB/T
1.0:6.0 80 10 80 6.90

Banaguii (V) xone xpom (VI) monpapsin 'MA-MMA-AKH : IIDHU
Heri3injaeri aHHOHUTIIEH COPOUUsLIay

CopOuusiibIK KacHeTTepl CTaTHKalbIK JKaraaiga, Mep3iMil apaiacTeipy
apKpUIBl, copOeHT : epiTiHmi KarteiHacel  1:400  Oomranma, Oemme
temneparypacbiana (20£2 °C) nmonsiporpadus omiciMeH xyprizinigi. Mozaenbik
epitinaiiepai AaibpiHAay ymiH «x.4.» Mapkaisl NH«VOs (pH 6.4) xone KoCr20,
(pH 4.5) ty3mapel xonpmaHbuLIbl. COpOGHT — epiTiHAI apachIHAAFBI KaHacy
YaKbITHI 7 TOYIIKKE TeH OOJIBI.

Copomnsaabik  colibIMABLIBIK (CC) OacTamkbl OJKOHE — Tele-TEeHJIK
KOHIIEHTpALMsUIapbIHBIH  aliblpMachkl  OoibiHIIA ecenrengi. KoHuentpanusiiap
KJIACCUKANIBIK IoJIIporpadus oiciMeH aHbIKTaJIbL:

cC = (CO_CP).V

m
JKOHE Teme-TeHIIK KOHIICHTpauusuiapel, T/1; V — epiTiHAiIHIH Keiemi, J; M —
KYpFaK MOHUTTIH CaJIMarhl, T.

WoHanMacThIpFBIIIITApABl  TOKIPHOENIK MakcaTTa KOJJaHy VIIH MeTall
WOHJAPBIHBIH COPOLMSCHIH YAepic ImapTTapblHa OalIaHBICTBI 3€pPTTEY KaxKeT.
Xpom (VI) xone Banagmii (V) moHzapbiH Oemin any keOiHe epiTiHAUIEpAiIH
KOHIIGHTPAIMSIChIHA, KBIIIKBULIBIFBIHA, COHJAW-aK HWOHAIMACTHIPFBIIITAP/IBIH
KHHETUKAJIBIK OCJICEHIUTITHE TOYeIIi.

(3), MyHJIa co )KOHE Cp EpITIHJIeri MeTanJbIH OacTanKel

500
X
= 400 1
o 300 2
(%]

200

100

0
2
C e/l

Cypet 4 — NH:VOs (pH 6.4) xone K2Cr207 (pH 4.5) epitinainepinen TMA-MMA-AKH : [1DU1
annonutimMeH Banaauii (V) (1) xone xpom (VI) (2) nonmapsiH copOuusiay n3orepmainaphl.
baiinansiCy yaKbITBI — 7 TOYJIK.
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Cyper 4-ten xepiHin typrangail, NH«VO; epitinainepinaeri BaHaauii
memmepi 0.2 r/n -men 2.0 rv/m-re aprtkanma, [MA-MMA-AKH : IIOU
AHUOHWTIHIH BaHAIWU{ HWOHIAPHI OOWBIHIIA COPOMMSUIBIK CHIMBIMIBUIBIFE (CC)
70.4-ten 385.2 wmr/r-fra geitin ecemi. An K.Cr:0O; epitiHginepinmeri xpom
koHneHTparusacel 0.2 1/n -nen 2.03 r/n-re kebeirenne, xpom (VI) monmaps
ootipramIa AC 38.4-Ten 236.6 Mr/r-ra neiiH apTaibl.

KemBasleHTTI MeTalllT MOHTAPHIHBIH COPOIMACBIHA OJApIbIH epiTIHIiAeT]
KYHi aiitapipikTaii ocep ereni. XpoM Kypamasl epitinainepae xpom (VI)
MOHMIAPBIHBIH KOHIICHTPAIUACHl MEH epITiHAI KBIIKBUIABIFBIHA Kapaih CrO+>,
HCrOs~, Cr.0Os* anuoHmapel TY3Ulyli MYMKiH, OJapIblH apacblHIa MbIHaJan
JKBIDKBIMAJIBI TEIIS-TSHIIK OPHAMIb;

2Cr0O4* + 2HCrO4 2 2Cr.0+* + H.0

Epitiaginiy pH MoHiHe >X0HE BaHAIWIIIH KalIbl KOHIEHTPAIUSICHIHA
0aiflaHBICTBl KOHJACHCAIUS Jopekeci Je esrepemi. Ore CINTimi JXKoHE KYIITI
KBIIKBLIIBI OpTaga MoHoMmep:ii Typiaepi Oonaasl. V(V)-H2SO+—H.O xyiliecinme
QJICi3 KBIIKBUIABI E€PITIHAIEepAe BaHAAWA TeNe-TeHIIKTEri MOHO- JKOHE
nonumMepni  Typrepi ae kesmecenmi: VOf, [H2V10:s]* (pH 2.0-3.0) sxome
[HV1002]>~ (pH 3.0-5.5). Heditpanaer Bamagmii typi HVOs Bamamgwmi-
KaTUOHBIHBIH THJIPOJIH31 HOTHXKECIH/IE TY31Ie/Ii:

VO,;" + H.0 — HVOs + H*

Konnenrparusicet 10710 r/n  apanbiFblHaa OoNFaHaa, MOHOSIPOJIBI
OenmiekTep BaHaAMKIIH TeK KbIIKbULABI (pH<2) sxoHe kymri cintimi (pH>12)
epitiHginepinne faHa ke3necenmi. JlexaBanamuii  KpIIKBUIBI  HeVi1002  cy
epiTiHainepinae oHail 4 mpoToH Oeneni koHe pH 2—6 apanpirpiana Gonmamel. pH
5-7 Ke3iHJle JeKaBaHAIAT-UOHJAPHl METaBaHaJAT-HOHJIAPBIMEH Oipre Kesuecell.
Conpmpikran V (V) HOHOApBIHBIH epiTiHIAET KYHiHIH e3repyi oJapiblH
AHMOHUTTETI COPOIIMS CUITaThIHA BIKIAJ €Tyl MYMKIH.

pH

Cypert 5 — NH4+VOs xone K.Cr.07 epitinninepinen TMA-MMA-AKH:
I15U1 annonuntimen Banaauii (V) (1) sxxone xpom (VI) (2) noHmapbi copOLusiayAblH opTa
KBILIKBUIIBIFBIHA JKOHE OaillaHbICy yaKbIThbIHA (7 TOYIIK) TOYEIALTIri.

pH moni 1.8-1en 5.1-re meliin apTkanga, xpoM HoHmaps! Ooiipamma CC ecin, pH
4.5 kesiHme eH Korapel MoHI 561.6 mr/r-ra xerenmi (cyper S5, 2-mIi KHCBHIK).
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MeraBaHaaT-HOHIAPBIHEIH €H KoFapbl copOuuscel pH 2.8 ke3inae Oaifkamambl,
oyn xezge AC 509.2 mr/r (cyper 5, l-mi kucweik). pH 5.8-6.4 apanpireiana
BaHaguii (V) uonaaper oovibiama CC 254.4 mr/r-ra neitin Temenaerini. pH 6.4—
7.4 apamereiHTa [ MA-MMA-AKH : TIOM  wnoHAIMAaCTHIPFBINIBIHBIH
COPOIUSIIBIK OCTICEHAUTITI TYPaKThl O0JIBIT Kasansl (356.4 Mr/T).

o 600 A .
& 500 » f
£
& 400
vy

300

200

100

0

0 10 20 30
T, hour.

Cypet 6 — NHsVOs (C =2.0 /1, pH 2.8) xone K-Cr-0;7 (C = 2.1 r/n, pH 4.5)
epirinainepiner TMA-MMA-AKH : II9U annonurimen Banaguii (V) (1) sxone xpowm (V1) (2)
MOH/IaPBIH COPOLIsIAaY IbIH KHHETHKAJIBIK KHCHIKTApBIL.

I'MA-MMA-AKH : [I91 aHNOHUTIHIH KWHETHKAIBIK KACHETTEPIH 3epTTEy
HOTIKeciHe BaHanuit (V) MOHIAPBIH copOIusuiayia Tere-TeHaiK Ky 1 cararra
opHalThIHBI aHbIKTaNAbl (cyper 6). An Cr (VI) wmonmapwel ymin, K2Cr.0;
epitinaiciaae (C = 2.1 /i, pH 4.5), Tene-TeHIiK KYHTe KETY YaKbIThl 2 CaFraTThl
Kypaiinel. CanbpICTBIpMANIBI  TYPJle, THOMOYEBWHA, JIUXJIOPTUIPHUH KOHE
MTOJIMATIIICHNIOMAMIWH HETI31HJeTI aHWOHWTTE BaHAIWi Oap epiTiHIiMeH Tere-
TEHJIIK OpHAY YaKbIThI 7 caraTTaH acaisl [12].

4. KopbITHIHABI

XKyprizinren 3eprreynep HotmkeciHme [MA-MMA-AKH : TIDU
anvoHuTiHIH XxpoMm (Cr®) kone Banamuii (V) HOHIAPBIH MOJENBIIK
epiTiHaiiepaeH copOuusuiay KadijeTi MeH KMHETHKAJIBIK CHIIaTTaMallapbl xKyHeni
Typae 3eprrenai. CopOUUsIBIK MPOLECTepAiH n3oTepMaiapel, pH-ka Toyenmiiri
JKOHE Telle-TeH/IIK OPHAY YaKbIThl aHBIKTAIIbl. ONTHMAIBI COPOIIHS IIAPTTAPhI —
OacTarkbl KOHIICHTpAIWsl, KBIIIKBUIABIK OPTa JKOHE OailylaHBICy YaKbITBI —
oenrinenin, Cr®* ymwid pH = 4.5 ke3inzge 561.6 mr/r, V(V) ywin pH = 2.8 ke3inne
509.2 Mr/r COpOLMSIBIK CHIABIMIBLIBIFBI TIPKEIl. AJIBIHFAH JCPEKTEp JKaHa
AQHWOH  aJIMACTBIPFBILITHIH ~ COPOLMSUIBIK JKOHE KHUHETHUKAIBIK KacheTTepi
OHEPKOCINTIK JKOFaphl HETI3Nli AHUOHUTTEPMEH CANBICTBHIPFAaHAa aHAFYPIIbIM
JKOFapel CKEHIH KOpceTTi. byl apTHIKIMIBUIBIKTAP OHBIH TYCTI JKOHE Kapa
METaJUTYPTHsia, COHal-aK OHIIPICTIK aFbIH CyJIapAbl aybIp METAJlI HOHAAPhIHAH,
conbry iminae xpom (VI) »xone BaHamuii (V) WOHAAphIHAH THIMII Tazanay

TEXHOJIOTHSUIAPBIH/IA KOIIAHBUTY QJICYETiH AN ICHIL.

Kapaxblianapipy :koHe aurbic: JKymbic Kasakcram PecrmyOmukacel bimiM skoHe  FBUIBIM
muHucTpiiridig Feutbiv komuteri BR27101179 Garmapnamacel OoiibiHIna icke acwipathin 2025-2026
JKbUIZIAPFA apHAJIFaH FBUIBIMH 3€pTTEyJiepAi HbICaHabl KapiKbUIaHABIPY OaraapiaMachl MHIEHOEpiHze
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(kemiciM rapt Ne34/TTL®D-25-26  05.02.2025 ) opsiHaanipl. barmapiaMaHblH FBUIBIMH JKETEKILICI
Tacubekos X. C., 6armapnama TakeipsiObl: (MPH BR27101179) "VHHOBaUUMSUITBIK 3KOJIOTHSIIBIK Kayirci3
KeIl(pyHKIMOHAIIBI XUMISUIBIK OHIM/ICp MEH MaTepHalLiap bl aly IbIH ipreni Herizaepi"”

Myagesep KaKTBIFBICBI: ABTOpJIap OCbl MakKauaja KeJITIpUIreH jaepekrep OoibIHIIA aBTOpIAp
apachlH/ia MY/IIEIep KaKThIFBICBIHBIH JKOK €KeHIH MOIIMACHIL.

HOBBIE AHHOHHTBI M NX COPBLIMOHHBIE CBOVICTBA IO OTHOLIEHHIO K HOHAM
XPOMA (VI) 1 BAHAIHSA (V)

K.A. Caovixos*?, T.K. Yanos', H.A. Fexmenoe*?, K.T. Cepuxbacea®,
E.A. Kysueyosa', ®.E. Epéonosa*

Y40 «HMncmumym xumuyeckux nayx umenu A.B. bexmyposay, Anmamet, Kazaxcman
246aii amuinoazwl Kazax yammuix nedazosuxanvix, ynusepcumemi, Anmamot, Kaszaxcman
*E-mail: kanat.sadykov.80@bk.ru

Pe3tome. Bseoenue. JlaHHOE nCCeNOBaHUE MOCBSIIEHO CUHTE3y HOBOIO aHMOHOOOMEHHOIO MaTepuaia
Ha ocHoBe rimuuuamnmerakpwiata ('MA), merunmerakpunata (MMA) u akpunonutpuina (AKH), a
TAKKe HM3YYCHHIO €ro CHOCOOHOCTH K COpPOILMM HOHOB TSDKEJbIX METaIoB. V3yueHa 3aBHCHMOCTB
CBOMCTB MOHOOOMEHHHKOB OT KOHIEHTpalMu pacTBopa, 3HaueHus pH u Bpemenu konrakra. Ilens
padompl. OnpenesuTh CTPYKTYypY, XUMHUYECKYIO YCTOWYHMBOCTH HOBOIO AHUOHHMTA M ONTUMAJIbHbIE
ycnoBus 3¢ dexktuBHOi copbiuun noHoB xpoma (VI) u Banamus (V). Pesynsmamut u oocyyicoenue.
OnTuMansHbIe YCIOBHSI CHHTE3a COCTABIISIOT: 24 Yaca, MOJIbHOE cooTHomIeHue 1:6, Temmepatypa 80 °C.
CopO1HOHHas eMKOCTh aHMOHHTA JIOCTHIala MaKCUMyMa JUlst MOHOB BaHaaust — 509.2 mr/r ipu pH 2.8 u
Juist MIOHOB XpoMa — 561.6 mr/r npu pH 4,5. Kunerudeckue ucciaenoBaHUs [10KA3alH, YTO PaBHOBECHE
yCTaHaBNUBaeTcs 4yepe3 | 9 ans BaHaaus W 4yepe3 2 4 Ansd xpoma. Bwieod. HoBblii aHHOHUT MOXKET
3G (PEKTUBHO NPUMEHSATHCS B LIBETHONH M YEPHOM METALTypruM, a TaKkKe IJUIsI OUHUCTKH MPOMBIIUIEHHBIX
CTOYHBIX BOJ] OT MOHOB TSKEJIBIX METAJUIOB.

KiroueBble ciioBa: annonurt, coporms, xpom(VI), Banaauii(V), cononumep, HOHOOOMEHHHUK.

Caovikoé Kanam Amupkynoeuu MA2UCTD XUMUYECKUX HAYK

Hecinxan 9éxcanapynvt bexmenos QOKMOP XUMUHECKUX HAYK, npogheccop

Yanoe Tynezen Kamenosuu OOKMOP XUMUHECKUX HAYK, npogeccop

Cepuxobaega Kamupa Typnvixanosua PhD

Epéonosea @®amuma Epoonkpizet UHoICeHep
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STUDY OF OIL-CONTAINING WASTES AT THE SITES OF
JSC "OZENMUNAYGAS"

E.A. Tusupkaliyev, M.T. Oshakbayev, Zh.N. Kaynarbayeva*, U.B. Issayeva., A.Zh. Bayzak,
A.A. Espenbetov, M.N. Baiymbetov, G.A. Uskov, D.A. Turgaliyev, K.A. Manapov

A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
*E-mail: zhaniya.kn@gmail.com

Abstract. Introduction. Pollution of lands and water bodies with petroleum products is one of the
main environmental problems in the territory of JSC Ozenmunaigas. The purpose of this work is to
conduct a physico-chemical analysis of oil-containing wastes, such as oil sludge, dirty soil and asphalt-
resin-paraffin deposits, using infrared (IR) spectroscopy and gas chromatography-mass spectrometry. Two
methods were used to analyze the composition of the waste under study: infrared spectroscopy, which
allows detecting the presence of various organic and inorganic components, and gas chromatography-
mass spectrometry, which provides more accurate information about the chemical composition of
hydrocarbon fractions. The results of IR spectroscopy showed the presence of water, clay minerals and
organic substances, as well as absorption bands characteristic of methyl and methylene groups, aromatic
compounds and oxygen-containing functional groups, which indicates the interaction of hydrocarbons
with atmospheric oxygen. The data obtained make it possible to judge the composition of oil-containing
waste and its possible impact on the environment. The use of such research methods is important for the
development of environmental protection measures, including effective ways to clean up contaminated
areas and prevent further contamination of reservoirs and soil.

Keywords: oil-containing wastes, FTIR spectroscopy, gas chromatography—mass spectrometry,
hydrocarbons, petroleum contamination
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UCCJIENJOBAHUE HE®TEOTXO/0B HA IMOJATOHAX AO «O3EHMYHAMIA3»

E.A. Tycynxanues, M.T.Owaxbaes, K.H. Kaiitnapéaesa”, ¥.5.Hcaesa,
A.JK. baiuzak, A.A. Ecnenoemos, M.H. baumoemos, I'.A. Yckoes, /].A. Typzanues, K.A. Mananos

AO «Hncmumym xumuyeckux Hayk umenu A.b. bexmypoea», Anmamei, Kazaxcman
*E-mail: zhaniya.kn@gmail.com

Pe3tome. Bseoenue. 3arps3HeHUE 3eMellb U BOJHBIX OOBEKTOB HE(TENPOMYKTaMH SIBJISIETCS OAHON U3
OCHOBHBIX 9JKOJOTHMUYEeCKHX TpoOinem Ha Tepputopuun AO «OzeHmyHaiiras». [lenvlo ITaHHOTO
HCCIIeOBaHUA ABILIETCS MpoBeAeHrue QU3UKO-XUMHYECKOTO aHaIn3a HehTecoqeprkalux 0TX00B, TAKHX
Kak HedTemuiam, 3aMa3ydeHHBIH IPYHT M achanbTocMOoI0Napa(UHOBBIX OTIOKEHUH, ¢ NPUMEHEHHEM
MetooB uHppakpacHoi (MK) cnexrpockonuu U razoBoi XpoMmaro-macc-crnekrpomerpuu. s anamusa
coCTaBa MHCCICNYEMbIX OTXONOB HCIIOJB30BAaHbI [Ba Memoda: HWH(pPaKpacHas CIEKTPOCKOIIMS,
MO3BOJIIONIAsl BEIABUTH HAJIUYHME PA3NIUYHBIX OPraHUYECKUX M HEOPraHUYECKHX KOMIIOHEHTOB, H Ia30Bas
XpOMAaTO-Macc-CIEeKTPOMETpHsl, Jaromas Oosiee TOUHYI0 HMHGPOPMALMIO O XHMMHYECKOM COCTaBe
yIIIeBOMOPOIHBIX (pakuuil. Pesyabmamsr IK-CIEKTpOCKONMHU T0Ka3add HaJIUYUe BOJBI, TJIMHUCTBIX
MHHEpaJloB U OPraHUYECKHX BEIIECTB, a TAKKE IIOJOC NOITIOMICHUSA, XapaKTePHBIX IS METHIBHBIX H
METHJICHOBBIX TPYII, apOMAaTHIECKUX COCAMHEHHH M KHUCIOPOICOACPKAIINX (yHKIHOHATIBHBIX TPYIIIL,
YTO CBUJIETENILCTBYET O B3aHMMOJEHCTBUH YIIEBOJAOPOAOB C KHCIOPOJIOM Bo3ayxa. [lomyyeHHble TaHHbIE
MO3BOJIAIOT CYIMTh O COCTaBe He(TecoAepKalluX OTXOJOB M HX BO3MOXKHOM BO3AEHCTBMM Ha
OKPYXKAIOIIyl0 cpedy. IIpMMeHeHHMEe TakuxX METOJOB HCCICIOBAaHMA HMEET BaKHOE 3HAYCHHE [
pa3paboTku Mep MO OXpaHe SKOJOTWH, BKIOYas 3(P(EeKTHBHBIE CHOCOOBI OYMCTKH 3arpsi3HEHHBIX
TEPPUTOPHI U NPEOTBPALIEHHE JAIbHEHIIEro 3arpsa3HeHNs BOJAOEMOB U MOUBHI.

KioueBble ciioBa: Hedrecomepxamme otxoapl, HWK-cmekTpockomus, Tra30oBas XpoOMaTO—Macc-
CIIEKTPOMETPHSI, YIIIEBOJOPOIBI, 3arpsi3HEHUE HEPTEPOTyKTaMHU

Tycynkanues Epcun Aduemosuu KaHOUOAm mexHu4ecKux Hayx
Ouwiaxoaee Manc Tneybepouesuy OOKMOp MeXHU4eCKUX HayK, npogeccop
Kauinapoaesa Kanus Hypoexosena mazucmp

Hcaesa Ynorcanzac bakvimowcankoizol PhD

baiizax Acen JKenuckuizo mazucmp

Ecnenbemos Acvinbex Anumoexosuu OOKMOP XUMUYECKUX HAVK

baumoemoe Muszamoex Hypoaesuu KAHOUOAM MexXHUYeCKUx HayxK

Yckoe I'puzopuii Anexcanoposuy UHIICEHED

Typzanues /lapxan Abaeguu uHdCeHep

Mananoe Kaiipam Azzamosuy UHICeHED

1. Beenenue

HedrerazonobpiBatomiasi 0oTpaciib SIBISIETCS OJHOW M3 KIIOYEBBIX Cdep
skoHoMuKH PecriyOmuku Kazaxcran, obecrieunBast 3HAUUTENbHYIO 9acTh JOXO00B
rocy/lapCTBa M TPOMBIIUICHHOTO pa3BUTHsS. B TO e Bpems pa3paboTka
MECTOPOKIECHHUI HEQTH U Ta3a COMPOBOKIACTCSA TEXHOTCHHBIM BO3JICHCTBHEM Ha
OKpyKaroInyro cpeny [1-2].
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MectopoxieHue Y3¢Hb, pAacIOIOKEHHOe B MaHrucraycko obmactu
3anmagnoro Kaszaxcrana siBisercst OAHMM M3 CTapelIMX M HanOoiee KPYMHBIX
MECTOPOXACHUM peruoHa. B mporecce IIUTENBHON SKCIUTyaTalud 3/€ECh
HAKOIJICHO 3HAYUTEIbHOE KOJIMYECTBO HePTecolepXkalliX OTXOAOB, a TaKkKe
3a)MKCUpOBaHbl  Mpolecchl  (GopMHpPOBaHHA  acdaabTocMosIonapaduHOBBIX
ornoxennit (ACIIO), aro TpeOyer mpoBeneHus yriyOIEHHBIX DKOJOTHIECKHAX
uccienoBanuii [3-4].

Ilenpto wuccnenoBaHUs SBISETCA NPOBEJACHHE KOMIUIEKCHOTO —aHaIu3a
COCTOSIHHSI OKpY XKaroIiel cpeasl Ha 00bekTax AO «O3eHMyHalras» — rpynmnoBbIX
ycranoBkax [Y-85 m 1'Y-88, pacmomoxkenHsix Ha Tepputopun HIY-1
MECTOPOXKAEHUA Y3eHb. B paMmkax wHcCclenoBaHUSI NPUMEHEHBl METOMbI
nHppakpacHoii crnekrpockonuu (MK) u razoBoit xpoMaTo-macc-CrieKTpOMETPHN
(I'X-MC), a Takke wuccieqoBanbl 00pa3mpl  acharbTOCMOIONAPA(QUHOBBIX
otnoxennit (ACIIO). [lomydeHHbIe pPe3yIbTATHI IMO3BOIISIOT OICHUTH COCTaB
TPYHTOB, BBIABUTH XapaKTep 3arpA3HAONIMX KOMIIOHEHTOB M OIPEIEIIUTH
0COOEHHOCTH HMX B3aUMOJEHMCTBHUS, YTO HMMEET MPAKTHYECKOE 3HAUCHHE IS
BbIOOpa METOAOB OYMCTKH, YTUIM3ALUN OTXOJ0B M MPOQHIAKTUKH 00pa30BaHUs
OTJIOKEHHUH B TEXHOJIOTUYECKOM 000pYJOBAHHH.

2. DKCIepUMeHTAJIBLHAS YaCcTh

OOBeKTaMH  HCCIIENOBAHUS  SBIAIOTCS 1OIWroHsl [Y-88 wu  I'Y-85,
pacrojoXeHHbIe Ha TeppuTOpuu HedTerazomoobiBatoiero ynpasinenus HIAY-1
AO «O3enmMyHaiirasy.

OT100p npo0 NpOBOAMICA B COOTBETCTBHH C METOJIUUYECKUMH YKa3aHUAMH 110
WCCIIE/IOBAHNIO 3arps3HEHHBIX HeQTEenpoayKTaMd IOYB W TPOMBIIUIEHHBIX
oTX0ZI0B [5-6]. Macca kaxaod mpoObl coctaBisuia He MeHee 500 r. IIpoObt
MOMEIIAJINCh B TIEPMETHYHbIE KOHTEWHEphl W3 HMHEPTHOrO MaTepuala u
TPaHCIIOPTUPOBAIMCE B Jaboparopuio Tmpu Temmeparype +4...+6°C. B
maboparopur 00pa3mbl BBICYIIMBAINCH TPW KOMHATHOW TeMmIepaType [0
MOCTOSIHHON MAacChl, MEXaHUYECKU M3MEbUAINCh U MPOCEUBAIUCH YePe3 CUTO C
pa3MepoM sueek 1 mm. Jl7s BeIeIeHns OpraHngeckoil ppaKIuy HCIoIb30Bajlach
AKCTPaKIHS XJIOPOPOPMOM B COOTHOIIICHNH HaBecka:pacTBopurenb = 1:10 (r/mi)
[IpH NepeMEIINBaHuY B TeueHue 1 4 [7].

Uccnenosanus npoBogunck Ha WK-®ypwe-ciektpomerpe (Nicolet 5700
“Thermo Electron Corporation”, CIIIA) mo mnporpamme OMNIC B obGmactn
BonHOBBIX uncen 4000 - 400 cm™. Hccnenyemble 06pasibl CHUMAINMCh B BHJIE
TOHKHX CJI0€B (IUIEHOK) Ha MOJUIOKKE U3 Opomua Kamus [8].

KoMroHeHTHBIH cocTaB XIOPO(OPMHBIX BBITSKEK ONpPEESUTH Ha Ta30BOM
xpomarorpade C Macc-CelIeKTHBHBIM neTektopoM (Agilent 7890 ¢ wmacc-
CIEKTPOMETPHUECKUM JeTeKTOpoM «Agilent 5975») ¢ KanwUIsIpHOH KOJIOHKOM
HP-5MS (30 Mx0,25 MM, TommmHa 1twieHkn 0,25 mxm).  Temneparypras
mporpamma: 50°C (ymepxkanue 2 wuH), HarpeB 10°C/mur go 300°C ¢
yaepxxkanueM 10 muH. ["a3-HOocuTens — renuid, motok 1,0 Mi/muH. BBOI 00pasma
1 mka B pexxume split 1:20 [9].
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3. Pe3yabTaThl M HX 00CYyKIeHHE

AHaIU3UPOBAINCH MHTCHCUBHOCTH U TOJIOKEHHS I0JIOC MOTJIOMICHUS, YTO
MO3BOJIMJIO BBISIBUTH METHJIbHBIC, METHJICHOBBIC, apOMAaTHYECKUE, KApOOHUIILHBIC,
TUAPOKCUIIBHBIE M aMUHOrpyIHIbl. Pe3ynbrathl MK-CeKTpOCKONNY MpUBEACHBI
Ha puUcyHKax 1-3.

[ET— —

Pucynox 1 — MK-cnextp zapMazydeEHOLO rpyHETa nmomurona [ Y-85,

Pucynok 3 — HK-cnexrp ACIIO nomurona I'V-88.

Ha pucymkax 1-3  mpuBemenst  pesynbratel  WMK-cmexTpockommu
HedTecoaepKaIIUX OTX0MO0B. Bce o00pas3isl coiepkaT IpU3HAKU — BIIATH,
[JIMHUCTBIX U OPraHUYECKUX KOMIMOHEHTOB. M3 pucynkos 1-3 BuaHo, uro UK—
CHEKTPbl ~ HMMCIOT  XapaKTePUCTHUYSCKUE  YACTOThl  TOTJIOIMICHUS  JUIS
yrieBoJoposoB. HactoTel nonoc norjomeduss B UK — crnekTpax ¢ BOJHOBBIMU
yucnamu  2920- 2950 cm? um 2800-2910 cm?! oTHOCATCS K METHIBHOH U
METHWJICHOBOU rpynmnupoBkam. J{ns apomatuueckux cTpyktyp C= C,p XapakTepHO
nostockl norsomenust 1635 em™. IMonocs! nornomenust 1700-1760 cm™ u 1680-
1700 cm? xapakTepnst mis CO-rpynn kak anupaTHIecKuX, Tak 1 apOMaTHIECKUX

137



KA3AKCTAHHBIH XUMUA 2KYPHAJIBI XUMHYECKHUY X YPHAJI KA3AXCTAHA

coeauHeHuni. Habmogaempie yacToThl monoc noriomeHus B oonactu 3350-3415
cm! xapakTepHbl JUIst OKCH- U aMUHOTpyI. OTHECEHHE TEX WM MHBIX TI0JIOC
MOTJIOMIEHUS K KOHKPETHBIM (DyHKIIMOHAJIBHBIM TPYIIIaM 3aTPyIHEHO BBHILY
MHOTOKOMITOHEHTHOCTH HMCCIIeIyeMbIX HedTecoaepxamux oopasuos. Hannune B
o6pasiax noJoc IMorJoleH s Kucaopoacoaepxammx rpymn (1685-1690 cm™) mo
CPaBHEHHMIO C HCXOIHOW He(THhIO, O3HAYaeT MPOTEKAHHS B3AMMOICHCTBUS
YIJIEBOJIOPOIOB C KHMCIOpPOoAOoM Bosmyxa. Ilomocsl mornomenus 3380-3540 cm?
XapaKTepHbl K acCCOIMUPOBAHHBIM TPYyMIaM aMHHOTPYII YCIOKHEHHOH ¢
MepeKPHIBAHUEM THAPOKCHIBHBIX TPYIIIL.

XpoMaTorpaMMbl M COCTaB XJIOPO(OPMHBIX BBITSDKEK IIPEICTaBICHBI B
tabnmunax 1-3 u Ha pucynkax 4-6.

Tadmumma 1 — Komnonents! xJi0podopMHOH BBITSXKKM M3 3aMa3yuyeHHoro rpyHra I'Y — 85 u
OTHOCHTENbHAs IIOLIAAb UX XPOMAaTOrpauuecKux MUKOB

KomnoHeHT Ilnomanb, %
TpureTpakoHTaH 10,64
Terpanekan 3,36
VYunekan 3,3
TerparerpakoHTaH 6,66
2,6,10,14-TeTpaMeTHIIICHTAICKaH 5,2
OkTajieKkaH 11,48
Honaznexan 9,15
Diiko3aH 9,53
Tekcanexan 6,61
TerparpuakoHTaH 6,39
2-METWIOKTaZeKaH 5,52
Terpako3an 5,42
I'eneiiko3an 5,69
OKTaKko3aH 11,04
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PucyHnok 4 — Xpomatorpamma xJ10po(hopMHOM BEITSDKKH U3 3aMa3y4eHHOro rpynra I'Y — 85.
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Tabauma 2 — KommoHeHTH! XJIOpoOpMHOI BBITSDKKM M3 3aMasydeHHoro rpyHra I'Y — 88 u
OTHOCHTENbHAs IJIOLIAAb UX XPOMATOrpauueCKUX MUKOB

KoMmnoneHnr Inomanw, %
Terpanekan 2,94
IleHTanekan 3,98
T'ekcaekan 3,98
T'enranexan 6,86
TerpareTpakoHTaH 3,55
OKTaseKan 7,48
Honanexau 9,25
DiiKko3aH 9,74
I'eneliko3an 6,68
Jloxo3an 6,19
TerparpuakoHTaH 8,27
Terpakozan 5,39
9-OxrmirenTagekas 4,84
Oxrako3aH 8,33
T'enrako3an 4,60
TputerpakoHTan 5,94
3,3,7,11-Terpameruntpunukio[5.4.0.0(4,11)] 1,96
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Pucynok 5 — XpomaTorpamma xjopo(opMHO# BBITSKKH U3 3aMa3ydeHHoro rpynTta ['Y — 88.
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Tabéauna 3 — Komnonents! xjopodopmuoii BeiTsokkn ACIIO I'Y-88 u oTHOcHTenbHas miom@ns MxX
XpoMaTorpaduuecKux MIKOB

KomnoHeHT ILlnomanp, %
Terpanekan 3,03
Ilenranexan 4,13
T'ekcamekan 4,47
T'enTagexan 7,17
I'enrako3aH 7,59
Honanexan 9,36
Diiko3aH 10,21
T'eneiiko3an 7,34
Jloko3aH 6,91
OxTako3ad 12,23
Terpakozan 6,24
OkxTanekan 5,56
7-TeKCHIPIKO3aH 5,56
TputerpakoHTaH 4,13
TerpareTpakoHTaH 6,06

Thes Ao Deaats nas

smoooo

FEe0ocoo

sanooo

szoooo

mooooo

zasoooo

Zeoooo

Zanooo

zzoooa

zZooooo

TEoooa

1TEoooo

Taoooo

Tzoooo

1Tooooo

soooo

soooo

Accoo

T

Pucynok 6 — Xpomatorpamma xiopopopmuoii Bertsokkr ACITO I'Y-88.

Ha  ocHoBanMM  mpoBeA€HHOTO  XpOMaTorpaMuecKoro  aHalIu3a
XJIOpo(hOPMHON BBITSDKKA M3 3arpsisHeHHoro rpyHTa ['Y-85 m ['Y-88 Obumn
BBISIBJIEHBI U KOJMYECTBEHHO OLICHEHB! KOMIIOHEHTHI OPTaHUYECKUX COEIMHEHUI.
B Ttabmumax 1-3 mpencraBieHbl HACHTU(GHUIMPOBAHHBIE COEIWHEHUS U HX
OTHOCUTENIBHOE COJIepKaHHe MO IUIOMAAN XpoMartorpapuuecKkux mNHKoB. Ha
pucyHKax 4-6 mpeicTaBieHa Xpomarorpamma, OTpakarolas paclpeaeicHHUe
KOMIIOHEGHTOB B XJIOPOOPMHON  BBITSDKKE. XpoMaTorpamMma IOKa3bIBaeT
BBICOKYIO KOHIIGHTPAIMIO HACHIIICHHBIX YIJIEBOJOPOAOB C Pa3IHMYHOW JITUHOU
yraepoaHoil menu (B OCHOBHOM  HACHIIEHHBIE alKaHbl (H-ajJKaHbl M
pPa3BETBICHHBIE), TaKHe KaK OKTaK03aH, TPUAKOHTaH, TETPaKO3aH, T'eKCaKO3aH,
HOHJICKaH, SHHea3aH M Jp.), YTO NOATBEP)KIAEeT HAIWYME CIOXHOH cMecu
OpraHMYeCKUX coeauHeHui. [IpucyTcTBUe criennUIeCKUX COCAMHEHUMH, TaKHX
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kak  2,6,10,14-TeTpameTHirekcaaekan U 2-METWITreHTaAcKaH, MOXKET
CBUAETEIBCTBOBATE O OWOTEHHOM WJIM TEXHOTEHHOM  IPOHUCXOXKICHUU
3arpsI3HEHMSL.

Ousuko-xumuueckne mnokaszatenmn ACIIO npuBenensl B Tabnwmie 4.
[TnotHOCTH OMpenensinacy apeomerpoM nipu 20 °C, Temrieparypa 3aCTHIBAaHAST —
M0 CTaHJAAPTHOW METOJMKE OXJIKICHHS JIO MOSIBIICHUS KPUCTALTUYCCKOHN (a3bl,
BSI3KOCTH — Ha Bucko3uMmeTpe mpu 50 °C, pH — mnoTeHIHOMETpHISCKIM
METOJIOM, OOIasi MHUHEpATU3allusi — METOJOM BBIIAPHBAHHUSA C TOCIEIYIOMIHM
B3BelMBaHueM octatka. Conepkanue mnapaduHoB ompenensiiock no ['OCT
11851-85, cmon u acdansreHOB — 10 ['OCT 11858—66. DpakiuoHHBIN cOCTaB
yraero1opo1oB Ciz—Cio OLIEHUBAJICS METOJOM XPOMAaTOrpa(UuecKoro aHaiusa ¢
WCTIONIF30BAaHNEM CTaHIaPTH3UPOBAHHBIX CMECEH H-aJIKaHOB.

Ta6auna 4 — Pesynpratel uccienoBanuii  acamprocMonucTonapaguHoBoro orinoxkenuss AO
«O3enmyHaiiras»
Ne Iloxa3aTenn Copepixanue
n/n
1 ITnoTHOCTB, T/cM3 0,875
2 Temmepatypa 3acteiBanus,’C 35
3 Bsizkoctb: mipu 50°C 13,7
4 pH 8
5 OO1mast MUHepanu3anusi, r/J1 56,3
6 OO6BOIHEHHOCTD, % 7
7 Hedrenponyxrel, conepxanue, %:
8 Cepa 0,18
9 CMmona 16,6
10 AcpanbTeHs! 1,4
11 IMapacuns 25,7
12 Yraesomopons! npeaensasre C12-C19 29,5
B pe3yibTaTe aHanu3a IIPUBEJCHHBIE B Tabnmie 4

acdanbTocMoMCTONapaMHOBBIX OTJIOXKEHHM, OTOOpaHHBIX Ha oObekTtax AQO
«O3eHMyHaira3» ykasplBalOT Ha BBICOKOE COAEp)KaHHE MapaduHOB U
MpenenbHBIX yriaerogopoaos [10, 11].

4. 3akiaoveHue

B CTaTh€  PacCMOTPEHbl  (PUIUKO-XUMHUECKHE  XapaKTEPUCTHUKH
He(recomepxkamux  otxomoB  (ACIIO,  3amasywensblii  rpyHt) AO
«O3enMyHairas» ¢ ucrnoiab3oBaHneM MK-CekTpockonmuu W Ta30BOH XpPOMAaToO—
Macc-criekrpomerpun. OO0pasnbl 3aMa3y4eHHOTO TpyHTa OBUIM OTOOpaHBI Ha
nonuronax I'Y-85 u I'V-88, ACIIO — na mommroHe I'Y-88. Ha ocHoBanumn
nanHbix ~ MK-cmekTpockonmmu M Ta3oBOM  XpoMaTo-Macc-CHEKTPOMETpPUU
YCTaHOBJICHO, YTO KCCJIECIOBAHHBIEC COSIUHEHUSI UMEIOT YIIIEBOJOPOAHBIA COCTAB
¢ npucyrctBueM CO- wu OH-rpynn.  OuU3NKO-XUMUYECKUN  aHAIN3
acaJbTOCMONHMCTOMAPAUHOBEIX OTJIOXKCHHIA TOKa3aJl BHICOKOE COJCpIKaHUC
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napa@uHOB W TPEAeNbHBIX YTIEBOJOPOIOB, YTO CIOCOOCTBYET O00Opa30BaHUIO
IUIOTHBIX OTJIOXKCHWUH B TEXHOJIOTMYECKOM oOopymoBanuu. Hamuume cmon u
ac(haJbTEHOB MOATBEPKIACT CIIOKHYI) MHOTOKOMIIOHEHTHYIO TIPUPOAY OTXOZOB,
YTO HEOOXOAMMO YYWTHIBATH MPH BBHIOOPE METOIOB OYHCTKH M MPOQPHIAKTUKH
3arpsI3HEHUI.
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STUDY OF SORPTION PROPERTIES OF NATURAL ZEOLITE IN RELATION TO CATIONS
Co%, Ni?* AND V* FROM AQUEOUS MEDIA BY SATURATION METHOD

G.Sh.Sultanbayeva, R.A.Kaiynbaeva”, R.M.Chernyakova, U.Zh.Dzhusipbekov
JSC "Institute of Chemical Sciences named after A.B. Bekturov", Almaty, Kazakhstan
*E-mail: raushan_1972@mail.ru

Abstract. Introduction. The presence of heavy metals in aquatic environments creates
environmental problems. Sorption treatment with zeolite from the Shankanai deposit is a promising
method for removing heavy metal ions from aqueous solutions due to its high selectivity, cost-
effectiveness and environmental sustainability. The aim of the work is to study the sorption properties of
natural zeolite with respect to Co?*, Ni?* and V** cations from agueous media using the saturation method.
Results and discussion. Studies were carried out using the saturation method on the sorption of individual
Co2+, Ni2+ and V4+ cations by natural zeolite and in two metal-containing systems: "Ni%~Co?*-NZ-
H20"; "Ni#*-V#-NZ-H:0"; "Co?*-V*-NZ-H:0" from an aqueous environment. Increasing the
concentration of both cobalt (1) and nickel (1) cations in solutions to 10 mg/L increases the degree of
Ni2* sorption by 2.5 times and Co?* by 4.8 times compared to solutions containing 5.0 mg/L. Maxima are
recorded on the sorption curves at C(Ni/Co) = 10 mg/l. The degree of cation sorption in the Ni%*/Co?*/V**
— H20 systems with the working concentration of the studied cations does not exceed 55% on average.
Zeolite in the Ni>*~Co?*-NZ-H.0 system exhibits preferential sorption capacity with respect to Ni?*
cations; at Cni = 30 mg/L it absorbs 0.72 mg/L of CO(Il) cations and 28.3 mg/L of Ni (II) cations, i.e.
RNi>RCo. In the Ni2*—V4*—PC-H.O system, the amount of vanadium (V) absorbed by NZ increases
from 18 to 116 mg/L, which is significantly higher than that of sorbed divalent nickel (5 mg/L). This may
be a potential evidence of a weak competing effect of Ni?* in the system with an excess of VV** cations. In
the Co**-V*-NZ-H:0 system, which includes the vanadium (V) cation, the cation with a constant
content is first completely sorbed by NZ, and then it is additionally saturated with the second cation. At
Cco= (0.5-1.0) and 10 mg/L, 97.0 and 95.8% of vanadium, as well as 86.3 and 88.4% of cobalt are
simultaneously sorbed. Conclusion. In all the studied systems, an unstable nature of sorption is observed,
caused by the effect of coordination interaction between different types of cations, due to the sorption <
desorption process occurring in an aqueous solution.

Keywords: natural zeolite, saturation method, sorption, cobalt, nickel and vanadium cations
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HCCJEJIOBAHUE COPBIIMOHHBIX CBOMCTB IIPUPOJHOI'O LIEOJIUTA
MO OTHOIIEHUIO K KATUOHAM Co?*, Ni?* UV** U3 BOJJHBIX CPE]]
METO/0OM HACBIIIIEHUSA

.1 .Cynma , P.A.Kaitet , P.M.Yepnaxosa, Y.2K./[ocycunoeros

AO «Uncmumym xumuueckux nayx umenu A.b.Bexmyposay, Anmamol, Kazaxcman
*E-mail: raushan_1972@mail.ru

Pe3tome.Bseoenue. IlpucyTcTBUE TSKENBIX METAVIOB B BOJHBIX Cpelax CO3[aeT  JKOJOTHYECKHEe
mpobnemsl. CopOuponHass o0pabotka wneonuToM IllaHKaHAWCKOTO  MECTOPOXKACHHS — SIBISICTCS
MEPCIIEKTUBHBIM METO/IOM Y/IaJIEHHsI HOHOB TSIKEJIBIX METAJUIOB M3 BOJHBIX pPacTBOPOB OJiarojapsi CBoei
BBICOKOH CEJIEKTUBHOCTH, SKOHOMHUYECKOH 3(P(PEKTUBHOCTH U 3KOJIOIMYECKOH ycTOH4MBOCTH.L{enbio
pabompl SABISAIOTCS N3YUYeHUE COPOLMOHHBIX CBOMCTB MPUPOIHOIO LEOJIUTA O OTHOIICHHIO K KaTHOHAM
Co?*, Ni?* uV* u3 BOAHEIX cpej| METOJIOM HACHIIEHHS. Pesynomamosl u obcyacoenue. TIpoBeneHs!
UCCIIEZIOBAHMS ¢ UCTIONB30BAHHEM METOJ[@ HACKHIECHUS O COPOIMM MHAMBHAYaTbHBIX KaTHOHOB Co?"
Ni?* 1 V* npupoHBEIM IEOTHTOM M B ABYX MeTamicoiepskamux cucTemax: «Ni2—Co?*—I11-H20»;
WNiZ*-V*TI-H20»; «Co?~ V4-III[-H20» u3 BojHoit cpeabl. IloBbllIeHWE B  PacTBOpPax
KOHLEHTPALMU KaTHOHOB Kak kobanbra (II), Tak u Hukens (II) go 10 Mr/n yBenuuuBaer creneHb copOLMU
Ni?* B 2.5 pasza u Co?* B 4.8 pasa Mo cpaBHEHHIO ¢ pacTBopaMH, cojepxkammmu 5.0 mr/n. Ha kpuBbIx
copoiun mpu C(Ni/Co) = 10 M1/ mpomuckiBatOTCs MakCUMyMbL. CTerieHb COpOIMU KaTHOHOB B CHCTEMAax
«Ni?*/Co2+/ V* — H20» ¢ paboueii KoHIleHTpalell HcclelyeMbIX KaTHOHOB B CPEHEM HE MPEBBIIIACT
55 %.Ileomur B cucreme «NiZ*—Co?*~III[-H20» oKka3blBaeT NpPENOYTHTENLHYI0 COPOHMOHHYIO
CMOCOGHOCTH 1O OTHOMIEHHIO K KaThoHaMm Ni2*, mpu Cni= 30 mr/in normomaet 0.72 mr/n katuonos Co(ll)
u 283 wmr/n katuonoe Ni (II), To ectb Rni>Rco.B cucreme «NiZ-V4-TII[- H.O»  KkonuuecTBO
mornomienHoro [1II Bamamus (IV) Bospactaer or 18 mo 116 mMr/n, 4ro 3HaYMTENHHO OOJbBIIE MO
CPaBHEHHUIO C COPOMPOBAHHBIM JBYXBAJICHTHBIM HHKeEIEeM (5 Mr/i). DTo MOXKET OBITh HOTEHIHAIEHBIM
CBHIETEILCTBOM clIaboro KoHKypupytomero sddekra Ni?' B cucreme ¢ M30bITKOM KaTHOHOB V4,
Beucreme «Co?*-V4— T — H20», srmouatounmx katuod Banamus (1V), TIL B mepsyio ouepenn
MOJIHOCTBIO COPOUPYETCsI KATHOH C TIOCTOSIHHBIM COJEPXKAHHEM, a 3aTeM MPOTEKAeT ero JOHACHIIIECHHE
BTOpbIM KaTHOHOM. ITpu Cco= (0.5-1.0) u 10 mr/n oxHoBpeMenHO copbupyercst 97.0 u 95.8 % BaHaaus, a
Taike 863 u 88.4 % kobambra.3axnouenue.Bo Bcex HCCIEAyeMBIX CHCTeMax HaOMomaeTcs
HEeCTaOWIBHBIH XapakTep COpOLMH, BBI3BAHHBIN BO3ACHCTBHEM KOOPAMHAIIMOHHOTO B3aMMOJACHCTBUS
MEK/ly pa3HbIMH BHAAMU KATHOHOB, 00YCIIOBJICHHBIN MPOLECCOM COPOLIHUS <> AeCOPOLIHs, TPOTEKAIOIIHM
B BOJTHOM PacTBOpE.

Ki1roueBble ci10Ba: MPUPOJIHBII IEOJUT, METOJIAa HACBIIICHHS, COpPOLMs, KaTHOHBI KOOANbTa, HUKENS U
BaHaIMsl.

Cynmanéaeea I'uma Illamunvesna Kanouoam mexuuueckux nayx,
accoyuuposanmbiil npogeccop
Kanvinoaesa Payuwan Anubexkosna Kanouoam mexnuueckux Hayx,
accoyuuposanmwiil npogeccop
Yepnaxoea Pauca Muxaiinosna Joxmop mexnuyeckux Hayk
Jxncycunoexos Ymupsak Kymacunoeuu Jlokmop mexnuueckux Hayx
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1. BBenenue

C pocToM MHPOBOH WHAYCTpHUAIM3AIMM YCHUJIMBACTCS WHTCHCUBHOCTh
MOCTYIUIEHUSI B OWocdepy TDKENbIX MeTauioB. OIHAMH ¥3 OCHOBHBIX
HCTOYHHMKOB TSDKEIBIX METAUIOB SBISIOTCS JKHIKHE OTXOIbl XHMHYECKOM,
METaJLTy pPrudecKOm, HedTenoObIBaIONICH M HedTenepepadaThIBAIONICH,
(hapmameBTHYECKOW ® JAPYrHX OTpacied mpomsinuieHHoctd  [1],  [2].
3arps3HEHHBIC TIPOU3BOJICTBEHHBIE cTOKH comepkat Co, Ni, V, Mn, Cr, Pb u mp.
KaHIEPOTCHHbIC METAJUTbI, HETATHMBHO BIHUSIOIIME HA 370POBbE uenoBeka [3].
Jus m3Bnedenuss TM 13 TPOMBINIIIEHHBIX CTOYHBIX BOJ IIHPOKO MPUMEHSIOTCS
aJCOPOITMOHHBIE METOMABI, YTO OOYCIIOBICHO WX OJKOHOMHYECKH BBITOJHBIM
xapakTepoM. B mociemHHEe TOABI HCIOJB3YIOTCS COPOCHTHI HPUPOIHOTO
MIPOUCXOXKIEHUS (QTIOMOCWIIMKATHI, YT U Jp.). YHHUKaJIbHas COBOKYIMHOCTh
CBOMCTB - YCTOMYMBOCTb K JCHCTBUIO BHICOKUX TEMIIEPATYP U ArPECCUBHBIX CpEN,
CENIGKTHBHOCTh 110  OTHOIIEHWIO K KPYHHBIM KaTHOHAM  IIEJOYHBIX,
PEAKO3EMEIBbHBIX U TSKEIIBIX METaJIOB, BBICOKAs IMOTJIONIAIOIIAsT CIIOCOOHOCTh U
MOJIEKYJISIDHO-CUTOBEIN  3((deKkT - oOyCIOBIMBAIOT IIMPOKUH  JUAIa30H
WCTIONIF30BAaHUS TPUPOJTHBIX IIEOJIUTOB B COPOIMOHHBIX IMPOIECCaX OYHUCTKU
pa3IUYHbIX Cpell OT TsHKeIbIX MeTawios [7]-[9].

Ilenbpto pabOThI ABJSIOTCS HM3YYCHHE COPOIIMOHHBIX CBOMCTB MPHUPOJIHOTO
IEOJIMTA 110 OTHOIEHUIO0 K KatnoHam Co?*, Ni?* uV*" u3 BoaHBIX cpeaMeTonoM
HACBIIIICHUS.

2. MeToabl HCCJIeT0BAHMS

[Ipy BBITONIHEHUW JKCIEPUMEHTOB HKCIIOJIB30Bal: TPUPOTHBIA IIEOJIUT
Mectropokaenus: llankanaii (Anmartunackas o6i., PK) ¢ comepxanuem mace.%:
1,38 K;0; 0,95 Na20; 0,16 Fe,0s; 10,81 Al,O3; 2,32 Ca0; 0,93 MgO; 65,28 SiOy;
18,5 mm.n. OcHoBHBIE copOumoHHBIE cBoiicTBa neomuta:COE mo katmoHy —
0,997 mr-ake/r, COE no anmnony— 0,4985 mr-ske/r, cyMMapHbIii 00beM TOp —
0,07r/cM®.

B pabGore wucnomp3oBaM  cynb(]arhl  JABYXBAJIEHTHBIX  METaJUIOB:
Co0S04-7H20, NiSO4-7H,0m VOSO4-3H,0 (Mapku «u»).

MetogoM  HACBHIIEHUS  MPOBEACHBI  WCCICAOBAHHWS IO  COpOIUU
VHWBHTY AITbHBIX katonoB Co?', Ni** u V*u no katmomaMm B JIBYX
Metaicoaepkammx cucremax: «NiZ—Co* —mpupomusiii neonnt—Ho0»; «NiZ*—
V*—mpuponuenii  neomur—HO0»; «Co?— V*—npupomnsii neomnt-H,O» 13
BOJIHOW CpEJIbI.

3. Pe3yabTaThl H 00CYKAEeHHE

IMosydeHHbIE pe3yNbTaThl, MPEACTABICHHBIC HA PUCYHKE |, TMOKa3aid, 4To
copOLHMOHHbIE KpuBble M kKaTuoHoB Ni*'uCo?" mpentnunsl apyr apyry. Ha
HAYaJIbHOM y4acTKEe COPOIMOHHBIX KPUBBIX, IJI€ KOHIIEHTPALUS KATHOHOB HU3Kas
(0.1 mr/m), crenens ux copbuum Beicokas u aus NiZ*cocrasnser 94.94 %, mus
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Co?* — 87,50 %, 4to OOYCIOBJIEHO HU3KUM HX COJEPKAHMEM B PacTBOPE U
OBICTPBIM TMOTJIOIIECHHEM TIPUPOTHBIM IIEOTUTOM.

100

0 50 100 150 200 250 300 350 400 450 500
Ni co —V C,mr/n

PucyHnok 1 — BiusHue KOHIEHTpAIMU KATHOHOB METAJUIOB HA CTETICHb UX M3BJICYCHUS B
JIByXKOMIOHEHTHBIX cucTemax «NiZ*/Co?* V4 —H20»

B pactBopax ¢ cogepskanreMm Ni (1) u Co (1) 6o1ee 10 mr/a, crenens ux
copoumu (R) yMeHbIaeTcs, 4To OTpakaeTcs B MPSMOIUHEHHOH 3aBucUMOCcTH R
ot C (Ni/Co) u mpociexuBaeTcsi TEHACHIUS K CHIKCHUIO KPUBBIX COPOIMHU 110
Mepe TOBBIIIEHUS] KOHIIEHTPAlM KaTHOHOB B pacTBopax (pucyHok 1). Ilpu C
(Ni/Co) = (0.1-5.0) mr/n crerrers copbrmu Ni (1) cocrasnster (94.94 - 17.6) %, a
crenienb coporuu Co (II) mocturaer (87.5-15.8) %. B obnactu Goiree BBICOKHX
KOHIIEHTPAIMi HccienyeMbix KaTnoHoB, B Kotopbix C(Ni/Co) Bospacraer ot 10
a0 500 mr/n, R (Ni) cocraBuser (44.8 - 6.4) mr/a, B To Bpems kak R (Co)
HaxoauTcs B o0acTu Oosee BhICOKUX ee 3HaueHui (76.0 - 15.0) % (pucyHok 1).

KpuBasi HachllleHHs TNPUPOJHOTO [eoiuTa KaThuoHoM BaHaaus (IV)
XapaKTepu3yeTcss HHU3KMM 3HadeHHeM cTemeHn copOuum (pucyHok 1). Ilpum
NOBBILIEHMH cofiepkanus V' B pacTopax ot 0.5 110 5 MI/1I cTeneHs ero copoum
Bo3pactaeT B 5 pa3. Ha xpusbix Hacemmenuss V (V) dukcupyercs max,
pacnonaratomuiica Ha 37.67 u 3.0 % % HWKe aHATIOTUYHON TOYKH Ha KPHUBBIX
copoumu coorBerctBerHo Ni () u Co(ll). Crenenb copOIuu KaTHOHOB B
cucremax «Ni?*/Co*/V*~H,0» ¢ pabouell KOHIEHTpAIMEH HCCIELYEMBIX
KaTHOHOB B CPEeIHEM HE MpeBbImaeT 55 %.

3aBUCUMOCTh CTENICHW W3BJICUCHHS COPOMPYEMBIX KATHOHOB MPUPOIHBIM
neomurom  (III)B  cucreme  «Ni>*~Co?~IILI-H.O» mnpu  mepeMeHHO
xoHuenTpamuu Ni?* unocrosHHol koHnenTtpauun Co’'puBeneHa Ha PUCYHKeE
2.CormacHo mony4eHHbIM pesynbTatam IIL[ omHOBpeMeHHO moriomaer oba
KaTHOHA, a COPOIIMOHHBIC KPHBBIE B 3aBHCUMOCTH OT KOHIIGHTPAIUU HOCST
BOJIHOOOPA3HBIA U ONM3KHHA APYT APYTYy XapakTep.
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5 10 15 5 30 SO 100 150 200 250 300 350 400 450 500 SS0

CNi, mr/n

C(Co?")=5mr/m; xpuBsie copbumu: 1— Co (1), 2-Ni (I1)

Pucynok 2 — Biusiuue xonuentpaiuu Hukens (1) Ha cTeneHb n3BiedyeHns KATHOHOB B CHCTEME
«Ni?*~Co?*I111 ~H20», C(Co**)const.

Ha xpuBoii copbuun nonos Co?*(pucynok 2, kpusas 1) npu C(Ni) paBHoii
1.0, 10 u 250 mr/n HaONrOMAIOTCS MAaKCHUMYMBI, COOTBETCTBYIOIME CTEIICHU
noromierns 18.2, 18.4 u 13.2 %. B obxactu Beicokux xonnentpanuii Ni (II) ot
250 go 500 Mmr/i creneHb NOTIIOMIEHUST COPOMPYEMBIX KaTHOHOB YMEHBIIAETCS H,
HE3aBUCHMO OT TPHUPOJbI KaTHOHA, CTAHOBHUTCS MPAKTUYECKH OJMHAKOBa. B
KOJINYECTBEHHOM  OTHOIIEHWH  IICOJIMT  OKAa3blBa€T  MPEINOYTHTEIHHYIO
COPOIIMOHHYIO CNIOCOOHOCTh MO OTHOIIEHHMIO K KaTtmoHam Ni®* Bo BceM
HCCIIelyeMOM WHTEpBaJIe HX KOHIICHTPAIHIA.

C(Ni?")=5 mr/n; xpusste copbimu: 1 — Co(ll), 2 — Ni(ll)

Pucynoxk 3 —BnusiHue koHueHTpaimn kodanbta (1) Ha cTeneHb n3BiIe4YeHUs KATHOHOB B CHCTEME
cucrema «Ni2*—Co?*TI[-H.O»mpu C (Ni?*)=const.
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Kpussie copbumn xatroHoB Co u Ni B 3aBHCHMMOCTH OT KOHIIEHTpPAI[HH
nonoB Co?* mpy MOCTOSHHOM 3HAYEHUH KOHIEHTparmu KatnonoB Ni?* (pucyHok
3) umeroT aBa MeHee BbIpakeHHbIX Max. I[lepmwiit maxuadmomaercs npu Ceo
PaBHOI1 5 MI/I M COOTBETCTBYET OJMHAKOBOH cTemeHu copOumu noHoB Co®' m
Ni?* (28.2 %), a BTopoii max npuxoautcst Ha Cco = 100 mMr/a1, HO pH 3TOM Zco=
248 % u Zni =27,2 %.Jlpuuem Ha pucyHke 3 BHIHO, YTO TIOBBILICHHOE
conepxanue kobanbta (II) B cucteme uannmupyet npouecc copouuu L] obomnx
KaTHoOHOB. Tak, cTenens copbuun katnonos Co?" u Ni?*nasxe npu Cni = 500 mr/n
paBHa cootBercTBeHHO 18.7 u 22.4 % (pucyHok 3, kpuBas 1), a mpu 3TOH xXe
konrentparu Co(ll) cremens ero copbimu cocrasister 13.2 % u mo Ni(ll) —
13.6 % (pucyHok 3, kpuBas 2). PesymbraTtel mokaszamu, uro IIL[ B ycrmoBusax
(QUKCHPOBaHHOrO  3HaueHWs KOHIEHTpamuid karmoHoB  Ni**  okasbiBaer
HE3HAUUTEIbHYIO0  MPEANOYTHUTEIbHYI0  COPOLUMOHHYIO  CIOCOOHOCTH MO
oTHoIeHuIo K katnoHaMm Hukels (1), To ecTb B 3TOM citydae Takxke Ryi >Rco.

U3 nony4enHbIx pe3yinbratoB cuctembl «Ni2 -4 — T — H.O» cnenyer, uro
MPUPOAHBIN LEOIUT OJHOBPEMEHHO copOupyeT KaTroHbl BaHaaus (1V) u Hukest
(1) xak BumHO Ha pucyHkax 4 (a, 0). Pacnonoskenne kpuBbix HachimeHus [11]
karnonamu Ni* u V# onpenensieTcs ycnoBusmu mporecca.
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PucyHnox 4 — BiusiHre KOHIIGHTpaMy HUKeIs (a) ¥ BaHa ust (0) Ha CTENICHD U3BJICUCHHUS
KaTHOHOB B cucteme «NiZ —V*—TI1[-H.0».
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[Ipu nocrosiraom 3uavenun C (V*) u mepeMeHHOI KOHIEHTPALMH HOHOB
Ni**kpuBas 3aBUCMMOCTM CTENEHHM M3BJ€YEHMs KaTHoHOB V4  Hocut
NPAMOJIMHEWHBIM XapakTep ¢ paclojioKeHa BbIlIE KPUBOW 3aBUCHMOCTU
MOTJIOIICHHST HUKEJIS (PUCYHOK 4 a).

Crenens u3sneuenust Banagus (1V) xonednercs B npeaenax ot 94 mo 98 %.
B TO BpeMs Kak Haubonmbmias cTeleHb copbuum kathnoHoB NiZ (69.8 %)
MIPUXOIUTCS Ha 00JIaCTh €ro HU3KUX KoHIeHTparwi (0.5 mr/m). C moBbIIIeHHEM B
cucTeMe cojepkanus KaTuoHOB Ni? 10 100 MI/J ero M3BJI€YEHNE CHMKAETCS JIO
15%, sarem npu C(Ni?) = 250 mr/n ormeuaercst yBennuenue Rni Ha 11 %, a
HaupHas ¢ 300 mr/m Ni (II) mMeer MecTo TEHICHIHS K YMCHBIICHUIO
cop6uroHHoit cioco6rocTu I1L 10 oTHOMmIEHUIO K kKatoHaM Ni? u Ryi magaet 10
15.2 %.0OnHako konuyecTBo copoupoBanHoro Banaaus (1V) cocrapmnser (4.7-4.9)
MT/JI, YTO COOTBETCTBYET MPAKTUYCCKU TOJHOMY €O MOTJIOIICHHIO U3 PAacTBOPA.
[posiensiercst  3PPeKT KOHKYPUPYIOIIET0 BIUSHHS KAaTHOHOB. B HHU3KO
KOHILICHTPUPOBAHHBIX HHUKEIb COJCPKAIIMX pacTBopax copOuus BaHamus (1V)
ILI omepexaer copbumro Ni?*,rak kak V** copOupyercanonnocteio (5 mr/a), a
Ni?* - oT Takoro e comep/KaHus YaCTHIHO. B KOHIEHTPHPOBAHHBIX MO HUKEIFO
(I pactBopax IIL[ morsomaer MOJHOCTHIO KAaTHOHBI BaHamus (5 Mr/i) u
HACBIIAETCS €elle KaThoHamu Ni?* B 3HAYMTENHHO MPEBBILIAIONIUX KOJMIECTBO
MOTJIOIIEHHOTO BaHA/IHUS.

Ha pucynke 46 npusenens! kpupble Hachlmenus [11] karmonamu Ni?'u V4 B
3aBUCHMOCTH OT KOHIUEHTpauuu noHoB V4 mpu const suavennu C (Ni?).B stom
Cllydae 3aBHCMMOCTh CTemeHH copOumm katnonoB yxke NiZ or C (V*)
BBIPAKACTCS MPAKTUUECKU MPSIMOM JIMHUEH, PacHoioKEeHHON MapauIeibHO OCH
abCIMCC M 3HAYUTENBHO BBINIE COPOLMOHHON KpuBOM mis noHoB V4. CremeHn
cop6umu katroroB Ni (1) Bcerma ocraercs Boicokoit (93-99 %).

Ha cop6rwmonnoit kpuBoit katmonoB V  (IV) wHabmomaroTcs 1Ba
paBHO3HAYHBIX MaX mpu ero KoHueHrparmu 5 mr/i (Ry= 59.8 %) u 30 mr/n (Rv=
59.3 %). Haumnas ¢ 30 u mo 500 mr/n V# kommuectBo noromenHoro ITLJ
BaHanus (IV) Bospacraer ot 18 mo 116 wmr/m, uto 3HauMTENHHO OOJBIIE TIO
CPaBHEHHIO C COPOMPOBAHHBIM JIByXBAJICHTHBIM HHKelleM (5 Mr/i). 3To MOXeT
OBITH TIOTCHIMATLHBIM CBHIETENLCTBOM C1a00ro KOHKypHpyromero s¢gdexra Ni2’
B CHCTEME C M30BITKOM KaTHOHOB V* ',

Cucrema «Co?-V*-IILI-H.O».Hapucynke 5 (a, 6) mpeacTaBICHBI
rpaduyYecKue 3aBUCMMOCTH HACBHIIIEHHUs] PHUPOIHOTO HeosuTa Katmonamu Co?
uV* B MX COBMECTHOM TIPUCYTCTBHH. PacronoKeHne M XapakTep COPOIMOHHBIX
KPHUBBIX, MOJIYYEHHBIX B HCCIEIYyEeMOH cUcTeMe, OJIN30K KPUBBIM 3aBUCHUMOCTHU
noryomenns kKatuoHoB B cucreMe «NiZ—V4—III[- H.O» (pucynku 4 a, 6). B
yenosusax const C (V#) m nepeMeHHoOl KoHIeHTpanuu KatuoHoB Co?" creneHsb
copommu Banaaus (1V) konebnercs B mpenenax ot 93.7 no 98.2 %, a Rv B
3aBUCUMOCTH OT Cco — MPAaKTUYECKU MpsMas JIMHUS, TapajuienbHas ocu abcuce
(pucynok 5a). Haubombinas crenens copounu karuoHoB Co (Il) mocturaercs B
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obmactu ero muskux kourenrparmii (0.5-10 mr/m). IIpu Cc, pasuoit (0.5-1.0)
Mr/1 Reo= 86.3 % u ipu 10 mr/i Reo= 88.4 %.

C mnoBbllicHHEeM KoOHIeHTpanuu kobanbra (ll) cremeHp ero wu3BIedeHUs
CHW)KaeTcsi, mocturas Min 3uadenus (21,8 %) mpu 500 mr/n Co(ll). B
KosuecTBeHHOM oTHOmIeHuu [11] copoupyer (4.68-4.86) Mr/1 KaTHOHOB BaHAHs
(IV) mnezaBucumo ot xonuentpauuu Co (II).  KonmdecTBo moOrmomeHHbIX
katrnoHoB Co?* ¢ yBenuuennem ux konuentpamuu ¢ 0.5 go 500mr/n B pactsope
Takxke BospactaeT ¢ 0.431 1o 109 mr/in. B ycnosusx uz6eitka V2 T1LI okasbiaeT
MPENOYTUTEIbHYI0 COPOIMOHHYIO CIMOCOOHOCTh MO OTHOIICHHIO K JTHM
KaTHOHaM.

[To Mepe mnoBbIIEHHMS KoHHeHTpamuu wuoHoB Co?* BospacTaeT mHX
KoHKypupymomee Bmusaue Ha cop6Ormro IIL. IIpu ycmoBuun Cy<Cc, copOums
katuoHoB koOanbta (1) I1L B 1.8-21.8 pa3 BbIlIe MO CpaBHEHHUIO ¢ KaTHOHAMU
BaHagus (IV), T.e. mpu TMOTHOM TOTJIONMIEHWH BaHATUS TPHUPOMHBIN IIEOTUT B
3HAYUTENHFHBIX KOJMIECTBAX CIIOCOOEH COPOUPOBATE eIlle KATHOHBI KOOAIbTa.
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Pucynok 5 — BiusiHre koHIGHTpalyu kodanbTa (a)u BaHaaus (0) Ha CTETeHb U3BJICUYCHHS KATHOHOB
B cucreme cuctema «Co?*—V*— TI11 — H20».
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B ycnoeusx const konuentpanuu Co?u nepeMeHHOH KoHueHTpamun V4
(pucyHOK 50) TpSMOIMHEHHYIO 3aBUCHMOCTh YK€ HOCHT KpHBas CTCIICHH
copbiun kobansta (1) 1 Re, mocturaer (93.6-98.3) %.

Veemnuenue C (V**) 1o 250 MI/n conpoBOXIaeTCsl MOBBILIEHUEM CTENCHH
ero copbruu 10 25.2 %, a npu eiie 0ojiee BRICOKMX KOHIICHTPAIUSAX OTMEYACTCs
TEHACHIMS K CHIDKCHHUIO COPOLIMOHHOMN CIIOCOOHOCTH MPUPOIHOTO LIEOTIUTA U IIPU
500 mr/n Banamus R(V*") ymenbiuaercs 10 20.6 %. B uccnenyeMbIx ycrnoBusax
katronbl Co(ll) mornomaroTes MpakTHYECKH MOJHOCTBIO B KOJIHYECTBE OT 4.92
mo 4.70 wmr/n. KonmdecTBO copOHMpOBaBIIErocss BaHAIUS C POCTOM €ro
KOHIIEHTpAIUH Takxke yBenmauaeTcs oT 0.287 no 103 mr/m.

AHamM3 KOJIMYECTBEHHOTO MOTJIOMIEHUs COPOUPYEMbIX KAaTHOHOB MOKa3al,
YTO B JIByXMETAIBHBIX CHCTeMax, BKIouaromux karnon Banagus (1V), L] B
MIEPBYIO OYEepEAb MOJHOCTHIO COPOUPYET KATHOH C MOCTOSIHHBIM COAEpPKaHUEM, a
3aTe€M MPOTEKAeT €ro [OHACHIIIEHHE BTOPbIM KaTHOHOM. [lpu 3TOM cremeHb
copOIuK BTOPOro KaTHOHA C TIEPEMEHHBIM 3HAYeHUEM KOHIICHTPALUM HE BBIIIE
60-70 %. Uckmrouenue B cucreme «Co? V4~ 11 — H,O» mpu constC (V*), rae
npu Cco= (0.5-1.0) u 10 wmr/mognoBpemeHHo copbupyercs 97.0 u 95.8 %
BaHaausd, a Takke 86.3 m 88.4 % xobanpra. I1l] mpakTHYeCKH MOTHOCTHIO
nornomaer KatuoHbl V4 nCo?* mpu WX HU3KMX KOHIEHTPALMAX, TaK W3
npucyTCTByrommMx B pactBope 5 mr/n V¥ u 0.5 mr/m Co®** cOOTBETCTBEHHO
copbupyercs 4.9 mr/n u 0,49 mr/i, a u3 1.0 Co® u 10 mr/n V¥ - cooTBETCTBEHHO
0.9 mr/n u 8.9 mr/n

4. BuiBoabI

BonHooOpa3ubiii  xapakTep COpOIMM KAaTHOHOB BO BCEX HCCIETYEMBIX
CHUCTeMax CBHJETEILCTBYET O HECTAOMIFHOM XapakTepe COpOIUH, BEPOSTHO,
BBI3BAHHOM  BO3/ICWCTBHEM  KOOPJAMHAIIMOHHOTO  B3aMMOJCHCTBHA  MEXIY
Pa3HbIMU BUAaMU KaTHOHOB. XapaKTep KPHBLIX MMOTJIOMICHUA KaTUOHOB (HaJ’II/I‘II/Ie
Max Ha KPUBBIX)B PACCMOTPEHHBIX CHCTEMax OOYCIIOBJICH IMPOIIECCOM COPOITHS
<> JIecopOIHs, MPOTEKAIOIINM B BOJHOM PacTBOPE.

®dunancupoBanme: padora BeimonHeHa B AO «HeTuTyT XuMHuYeckux HayK UM. A.B. Bekryposa»
B paMKax NpOrpaMMbl IIeJeBOro (UHAHCHpOBaHMS HAy4HBIX HccienoBaHuii Ha 2023-2025 ropsl,
peamzyemoii Komnrerom Hayk MHBO PK, o nporpamme BR 27101179 (ITLID 24-26).

KoH}uKT HHTepecoB: KOHGIUKT HHTEPECOB MEX LY aBTOPAMU OTCYTCTBYET.

TABUFU ULEOJIMTTIH Co?, Ni¥ M)KBHE V¥ KATHOHJAPBIHA KATBICTBI CYJIbI
OPTAJIAPJIAH KAHBIT'Y 9/{ICI BOUBIHIIA COPBLUSAJIBIK KACUETTEPIH 3EPTTEY
Cynmanoéaesa I 11l., Kaiisinoaesa P.A., Yepuakosa P.M., Kycinoekoe O.7K.

O.5.bexmypos ambinoagbl Xumust elibimoapel uncmumymot, Aivamet, Kasaxcman
*E-mail: raushan_1972@mail.ru
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Tyiiinaeme. Kipicne. Cy opranapblHza ayblp MeETAIIapAblH OOMybl OSKOJOTHSUIIBIK MaceJenepai
Tynbipansl. LllankaHail KeH OPHBIHIAFBI LICOJIUTIICH COPOLMSIIBIK OHJICY OHBIH JKOFaphl CEJICKTHBTLIIrIHE,
YHEMJIJTIriHE KOHE SKOJIOTHSIBIK TYPAKTBUIBIFbIHA OaIaHBICTBI CYJIbI EpPITIHIUIEPJCH ayblp MeETaill
HOH/IAPBIH JKOIO/IBIH NEPCHEKTHBAIBI 9/1iCi OOJIBIN TaObUIAABL. JKYMblcmblly MAKCambl KAHBIKTBIPY SMICIH
KOJJIaHa OTBIPBIN, Cyibl opragaH ansiran Co®, Ni?* sxome V** KaTMOHIAphIHA KATHICTBI TAaGUFU
HEONUTTiH cOpOLMSIBIK KACHETTEPiH 3epTTey. Hamuoicenep men nikipmanac. 3eptreynep sxeke Co?*, Ni%*
*koHe V4 KaTHOHIAPBIH TaGMFH HEOIUTIEH copOLusIay GOHBIHINA KAHBIKTHIPY OiCiH KOMIAHY apKbLIbI
JKOHE KYpaMbIHJa MeTabl 6ap eximik skyiienepne :«Ni2*— Co?*-TI[-H20»; " Ni**~ V4 —TII- H20 ;
Cynel opragan " Co?— V4 —TI- HO " skyprisingi. Epitinginepaeri xo6anst (1), nuxens (II)
KaTHOH/IAPBIHBIH KOHLEHTpalusu1apbi 10 Mr/n aeiiid apTTeipy Kypambiaga 5,0 Mr/n 6ap epiTiHainiepMeH
cambicThIpranaa Ni%* copbrms gopexkecin 2,5 ece sxone Co?* 4,8 ece apTThpamsl. Makcumymaap copomus
kuceikTapeiana C(Ni/Co) = 10 Mr/m kesiH#e aHBIKTALIbl. 3€PTTENCTIH KATHOHIAPABIH SKYMBIC
koHuenTpanuscel 6ap NiZ*/ Co**/ V# — Hz0 sxyiienepinieri kKaTHOHIap/IbIH COPOLUAIAHY JopeKeci opTa
ecemmen 55%-man acmaiigel. Ni%*—~Co?*~TLI-H.0 xyitecinae neonut Ni?*kaTHoHIapbIHA KATBHICTHI aPTHIK,
cinipy xabinerin kepcereni; Cni = 30 mr/n kesinge 0,72 mr/in Co (II) karnonmapsiH xoHe 28,3 mr/a Ni (II)
katnoHzapbH, sFan R Ni >RCo cinipeni. Ni%*— V#-PC- H0 xyiiecinge TL ciniperin Banammii (IV)
momiepi 18-mer 116 mr/a-re neiiin aptaabl, Oy copOUMsIAHFAH €Ki BAJCHTTI HUKeNbIeH (5 Mr/i)
alTapibIKTall sxoFapsl. By V4t kaTHoHmaps! apThIK skyitecingeri Ni%* oncis 6ocexernec acepiHiH BIKTUMAI
noneni 60yl Mymkin. Banamuit (IV) xatvonsi kamtuthin Co?'— V#*-PC— H20 xyiiecinae TypakTel
Kypambl Oap katuoH anabiMeH TLI apKbuibl TOJIBIK COpOLMSUIAHAIBI, COAAH KEHiH eKiHII KaTHOHMEH
kocbimiia KaubIKThIpeUTaabl. CCo= (0,5-1,0) »xone 10 mr/n kesinge Oip mesrimae 97,0 xone 95,8%
BaHa/uii, COHbIMEH KaTap 86,3 xone 88,4% kobanbT copbuumsinanaasl. Kopsimeinosl. bapibik 3epTTenreH
XKyHenepze cy epitiHaiciHne OoslaTbIH copOuust <> aecopOrus npoleciHe OaiylaHbICTHl KaTHOHAP/IBIH
OPTYPJIi THIITEPI apachIHIaFbl KOOPAWHAMSIIBIK OPEKETTECY dCePiHeH TybIHIaFaH COPOIMIHBIH TYPAKChI3
cunatsl 0aiiKaiasbl.

Tyiiin ce3ep: TaOUFH LIEOIUT, KAHBIKTHIPY dA1iCi, cCOPOIMs, KOOAIBT, HUKEIb XKOHE BaHAIMI KaTHOHIAPbI

Cynmanéaesa I'uma [llamunkpizo Texnuxa eviavlmoapvl KAHOUOAmbl,
KayblMOacmulpblizan npogeccop
Kaiivinoaeea Paywan Onioexkpizot Texnuka 2bL16IMOAPbL KAHOUOAM B,
KayblMOacmuipulizan npogheccop
Yepnakosa Pauca Muxaiinoena Texnuka 2bL161MOaAPbL OOKMOPbL
Kycinoexoe Omipzax Kymacwvinynot Texnuka 2bL161MOaAPbL OOKMOPbL
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INTEGRATION OF COMPUTER CHEMISTRY AND ARTIFICIAL INTELLIGENCE:
PROSPECTS FOR THE DEVELOPMENT OF SCIENCE AND TECHNOLOGY
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*E-mail: nurlanmé6@mail.ru

Abstract. This article discusses the integration of computational chemistry and artificial intelligence
(Al), their role in science and technology, as well as the possibilities of their application in the fields of
scientific research and education. An individual analysis of branches of related fields of computer
chemistry and Al is carried out. Computer technologies are considered as an important tool in modern
science and the educational process, as they provide new opportunities for researchers, students and
teachers, and contribute to the development of professional and scientific tasks. Also, the information
space and computer programs allow you to quickly find and process the necessary data, as well as carry
out individual work. The interconnection of Al and computational chemistry is the basis of transformative
solutions in scientific research and industrial innovation. Combining these areas makes it possible to
model molecules and chemical processes, develop new drugs and materials, ensure environmental
sustainability, and deeply interpret complex chemical, biological, and ecological systems. Therefore, the
potential of computational chemistry and Al remains an important resource for scientific research and
technological progress. In conclusion, the article notes that the combination of these two industries plays a
major role in determining innovative breakthroughs and new solutions.
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KA3AKCTAHHBIH XUMUA 2KYPHAJIBI XUMHYECKHUY X YPHAJI KA3AXCTAHA

Tyiiingeme. By mMakanaza KOMIBIOTEpIK XUMHsi MEH jxacaHsl uHTe/ekTiHiH (JKW) mHTerpauuscer,
OJIap/IbIH FBUIBIM MEH TEXHOJIOTHSAAFbl POl KOHE FBUIBIMH-3EpTTey MEH OuliM Oepy OarbITTapbIHIAFbI
KOJIIaHy MYMKIiHAIKTepi TajikblUiaHaipl. Kommbroreprik xumus MmeH JKU-HiH Ty#icy cananapblHbIH
TapMaKTapblHa JKEKe-)KEeKe Talljlay jKacalibiHabl. KOMIIBIOTEPIIK TEXHOIOTUsIIAp 3aMaHayy FhUIBIM MEH
OinmiM Oepy YpIiCiHIE MaHBI3ABI KYpaj PETiHAE KapacThIpbLIAJbl, OHTKEHI Olap FhUIBIMU-3EPTTEY
KbI3METKEPJICPiHiH, OUTIM aTylmbUlap MEH OKBITYLIBUIAP/bIH IIBIFAPMAIIbUIBIFBIHA KaHa MYMKIHIIKTED
YCBIHBII, KOCIOM JKOHE FBUIBIMH MIiHJACTTEpiH HaMbITyFa cenTiriH Turizeai. CoHali-ak, akmapatThiK
JKeTiiep MeH KOMIBIOTEpIIiK Oafrgapiamaiap KaKeTTI MONIIMETTepli >Kbuigam Taly MeH 6HJeyre,
COHBIMEH KaTap JKEKeJeHl >KYMBbIC KXyprizyine MyMkiHaik Oepemi. XK1 MeH KOMIBIOTEPIiK XUMHSHBIH
e3apa OailJlaHbIChl FBUIBIMU 3epTTEYJICPACTi KOHE OHEPKICINTIK MHHOBALUSUIAPIA TPAHCHOPMAIHUSIIBIK
memimMaepain  Herizi Oosbin TaObutafbl. byn canmamapipiH Oipiryl Mojekynanap MeH XHUMMSUIBIK
MpoLeCTepli MOJCTbICY, KaHa AOPUIIK MOpenaparrap MEH MaTepualiapibl 93ipiiey, SKOIOTHSUIBIK
TYPAKTBUIBIKTBI KaMTaMachl3 €Ty, COHIAaW-aK Kypledl XMMHSUIBIK, OHOJIOTHSUIBIK JKOHE SKOJOTHSIBIK
KyHenepai TepeH TyciHAipyre MyMkiHgik Oepeni. CoHabIKTaH, KoMnbloTepiik xumus MeH JKH-HiH
qneyeTi FhUIBIMMU-3€PTTeY MEH TEXHOJOTHSUIBIK IIPOrpecc YIIIH MaHbI3Jbl pecypc Oousibll Kana Oepefi.
Makana KOpbITBIH/IBICBIH/IA, OCI €Ki CaJaHbIH Oipiryl HHHOBAIMSUIIBIK CEPITUTICTEP MEH KaHa MIeniMaep i
aHbBIKTAy/1a YJIKSH POJI aTKapaThIHbI aTarl eTiIeIi.

Tyiinoi ce3zoep: xacaunpl unresuiekt (JKM), KOMObIOTEPTiK XUMUS, KBAHTTHIK XHMUS, MaTepUaITaHY,
WHHOBAlMSUIBIK ~ MaTepuajgap, MASpUTK 3aTTap, MOJAENbJACY, MOJEKYJalblK ©3apa opeKeTTecy,
9KOJIOTHSUIBIK TYPAKTBIIBIK.

Mananoe Hypnan Typceimobekynot aza oKbImyuivl
Kootcabexosa Hazvim HypKpiovIpKbi3n XUMUSL 26LTBIMOAPBIHbIY KAHOUOAMbL
1. Kipicme.

Kazipri yakpITTa XUMHS FBUIBIMBI MEH TEXHOJOTHSHBIH JaMy KapPKbIHBI
aKMapaTThIK TEXHOJOTHSIAPMAbIH, COHBIH IIIHAEC KOMIBIOTEPIIK XUMHS MEH
sacaH bl UHTSIUICKTIHIH (JKW) KOJAaHBICBIMEH THIFbI3 OalIaHBICTBI OOJBII TYD.
KommbroTepnik XuUMHS XUMESUTBIK KOCBUIBICTAD MEH TIPOLIECTEpIli 3epTTer
OTBIPBIT, OJAPJAbl MOJEJBJCY VIIIH KOMIBIOTEPIIK Kypanjgap MeH XHMHUsFa
apHaJFaH KOMIBIOTEPNIK OarmapiaManapabl  KojmaHaasl. An XU -
QITOPUTMIEPII  JKETULIIpYy MEH  MONIMeTTepAl eHJAey MYMKIHIIKTepiH
XKakcapTaigsl. bynm eki caja apachlHAarbl HMHTErpalys —FhUIBIMH-3E€PTTEY
XKYMBICTapbIHAa, OlTiM Oepy MEH OHEpKACINTIK >KaHAIIBUIABIKTapAa ayKbIMIIbI
e3repicTep MEH jkaHa MYMKIHJIKTED TYFhI3Y/a.

binim  Oepy  mpomeciHae — KOMIBIOTEPIIK  TEXHOJOTHsUIAp  MEH
Oarapnamanapabl KOJJIAHy FBUIBIMU-3€PTTEY KbI3METKEPIJIEPiHiH, OKBITYIIbLIap
MeH OUTiM alyIIbUIap/bIH IIBIFAPMAIIBUIGIFEIHA KEH JKOJ allajbl, COHJAi-aK
TaHBIMJIBIK TPOLIECTEPl camaibl TypAe e3repreai. 3aMaHayW 3epTTeyliep
aKnapaTThIK TEXHOJOTHsUIApAbIH MYMKIHIITT apKbUIBl 3€pTTEy HbICAHJApBIHBIH
JKoHE OUTIM alTyABIH THIMIUTITIH apTThIpyAa. OJISyMETTIK XKeli pecypcTapbl MEH
KOMITHIOTEPITIK Oarmapiiamanap FBUTBIMH 3epTTEYIIICPIiH, oM
QNBIYIIBUIAPABIH  IIBIFAPMAIIBUTBIK KYMBICTAPBIH JaMBITYyJla MAaHBI3ABI PO
aTKapasjpbl.

AranraH Makajgaga KoOMIbROTepmiK xumus MeH JKU-HiH OipikTipiareH
oneyeTi, OJapAblH FBUIBIM MEH NPaKTUKAIBIK cajajapAarbl BIKHIaJbl JKOHE
FBUIBIMH-3€PTTEY HOTWKENEPiHIH KOFaMFa JIereH Maiaachl KapacTelpbuiaabl. by
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FBUIBIMHU-3EPTTEYJIep HMHHOBALMSUIBIK  JKOOamapIpl  JKy3ere acelpy  MEH
TBIHFBUTBIKTBI €CENTeY 9MICTEpPiHIH JaMyblHA HETi3 OOJIBI, COHBIH HOTHXKECIHIE
FBUIBIMH TPOTPECC OHTAWNAaHABIPBUIFAH TMpOLecc IeH JKaHa IIeliMIepai
TyrbI3abl. KapKbelHIOBI TaMbll Kene >KaTkaH jkacaHasl wHTewrekTi (OKU) men
KOMIBIOTEPIIIK XUMUSIHBIH ©3apa TOFBICYBI 3aMaHay! MHHOBAIIMSIIAPABIH JaMybIHA
cemnTirid Turizepi cescis. by makanana kommbrotepiik xumusi men JKU-Hig Oip-
OipiMeH OalnaHbICHl, ONapAbIH OIPIKTIPUIreH oJeyeTi MeH TYpJIeHAIpYyIIi
MYMKIHITIUTIKTEP1 KapacTHIPBIIaIbL.

MakanaHblH HeTi3ri MakcaThl — KOMITbIOTEpIIiKk Xxumus MeH JXKU-HiH THIMII
HUHTETPaIHsIChI APKBLIBI OpICTEHTIH VHHOBAIUSIIBIK, HemiMIepIiH
MaHBI3IBUTBIFBIH, aPTHIKIIBUIBIKTAPBIH YKOHE OOJIAIIaFbIH KOPCETY.

2. Onicrep.

Kazipri yakpiTTa FBUIBIMH-3€PTTEY XYMBICTAPBIHBIH €oyip Oemiri Koram
OMIpiHiH, FBUIBIMHBIH, OUTIMHIH OpTYpJi cajajapblH KOMIBIOTEPICHIIPY KOHE
aKnmapaTTaHABIPy MocelleCiHe apHanFaH. Mpical peTiHAe, MeAaroruKaibiK
KOFaphl OKY OpBIHAAPBIHBIH CTYAEHTTEPI MEH OKBITYIIBUIAPBIHBIH KaCiOH
KbI3METTE KOMIIBIOTEPJIIK TEXHOJOTMSUIapIbl TMaijanaHyFa paspiay Moceseci
A.A. AGnyxkansipos, B.JI. Anekcees, B.II. becnansko, FO.C. bpanosckuii, S1.A.
Barpamenko, B.M. 3aBapeikuna, B.A. M3Bo3umxoBa, D.M. Kysuemnosa, M.IL.
Jlamamka, U.A. PymsaneBa, FO.K. Ky3HemoBTHIH oHe T. 0. FalbIMAapIbIH
eHOeKTepiH/Ie KopiHic TanThl [2].

CTyleHTTIH KOMIBIOTEp aJJIbIHJA KYMBIC JKacaybl, Oa3alblK OuTIMII
MEHrepyre KeTeTiH YaKbIThIH eJI9yip KbICKapTaiasl. bimiM amymisl HHTEpHET
OaliaHpICTapel apKbUIBI KEPEKTi axKmaparrapisl Taly, aly JKOHE oJapasl
eHJeyTe MalbIKTaHa sl [3].

KoMrbroTepiik akmapaTThlK TEXHOJOTHSIIAp/Abl FHUILIMU-3pTTey MeH OiiiM
Oepy canacelHAa KOJjaHy, Oip >KaFblHaH, FBUIBIMHU-3EPTTEY KbI3SMETKEPIIEPiHiH,
OKBITYIIBUIAD MEH OUTIM amylIblIapAblH LIbIFApMAIIbUIBIFBIHA KEH MYMKIHAIKTEp
amagbl, KOCIOM JKOHE FBHUIBIMU-3€PTTEY MIHJETTEpiH MIenry OapbICHIHIAFbI
MYMKIHJIIKTEpiH KEHEWTe i, aJl eKiHIII JKaFbIHAH, IeJarorrapra Kacion KbI3MeTiHe
KOMITBIOTEPIIIK TEXHONOTHSUIApAbl TaiiaiaHy JalbIHABIFBl TYPFBICBIHAH OKBITYFa
0acka J1a carnasbl )KOoFapbl Tajgantap Kosiasl [1].

JKahaunpik Oi1iM Oepy JkyHeciHe €HYAIH €H JKbLIJaM JKOJbl — kahaHIbIK
aKnmapaTThIK KOFamJarbl KOMMYHHUKAIMsl Yirici OOJBI caHajJaThblH FhHUIBIMH-
3epTTey MeH OiniM Oepy MeKeMeNepiHiH FalaMIblK JKENiHI IadjaajaHyblHa
kKarmai jkacay. FUIBIMH-3epTTey KYMBICBIH OpBIHJIAY OapBICHIHIA JJIEYMETTIK
JKEJTiHI MaliIaTany KeNnTereH Maceeaep Il Menryai eHuaeTe i [4].

XUMHSHBI OKBITY TOKIPHOECIHE aKMapaTThIK TEXHOIOTUSUIAPIbI KOJIAAYAbIH
opTYpIti GopmanapeiH Komanyra 6omanael. EH KapamaibiM sKoHE THIMII SfIC - OYIT
YJIKeH olleyeTke He KoHe OumiM Oepy mpoueciHiH Ma3MyHBl MEH
YUBIMAACTBIPYIIBUIBIK CPEKIIENIKTEpiHEe CYHEHE OTBIPBIN, OJapabl KOJIAaHy
omicTepiH e3repTyre MYMKIHIIK OepeTiH maiblH OarmapiaMaiblK ©HIMISpPIl
nariganany [6].
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Kazipri yakpiTTa KIacCHKalbIK KOMIBIOTEPIK XHMHs aITOPHUTMAEPL 1€,
TEpPEeH OKBITY Toclimepi A€ XUMHUSHBIH OapiblK canajgapblHa €Hill KeTTi:
OpraHUKAJIBIK )KoHE OEHOPTraHNKAIBIK XUMHUS, (PU3UKAIBIK XHMUS, 34T KYPBUIBICHL,
KaTajau3, TOpUTiK XUMHS, aHATUTHKAIBIK XUMUsI, MaTepraliTaHy skoHe T.0. [9].

XumusiHelH —~— «KommbloTeprmik  XuMus» — canackl  XMMsFa  apHaIFaH
KOMIMBIOTEPITIK OarnapiaManapIblH KOMETIMEH OKBITY 9/IiCiHIH OaFBITTaphIHBIH O1pi
JKOHE KOMITBIOTEPIIIK MOJEJBICYi KOJNAHATHIH KBAaHTTHIK XWUMUSHBIH Oip
TapMarbl.

KBaHTTBIK XUMHS - MOJICKYJNAIBIK  KYPBUIBIMAAD MEH  XUMHSUIBIK
KYOBUTBICTapIpl TYCIHY VIIIH KBaHTTHIK MEXaHHKAHBI KOJNJaHyFa OarbITTalFaH
XMMUSIHBIH epeKIIe Oip canachl.

KoMrmbroTepik XuMUsI MOJIEKyJaapAblH KAaCHETTEPiH, ONapblH OpEKeTiH
aHBIKTAY, 3ePTTEY JKOHE OOJDKAY YIIIH OpTYpPIIi Tociaep KomaHaus [7].

Janme-non ecenTeysiep KiacTepiepi MEH CyNepKOMITBIOTEpIIep KOMITBIOTEPITIK
XUMUSHBIH THIMIUIINT MEH JQJIICIH apTThIpyJia MaHbI3Ibl POJ aTKapajbl, OHbIH
TpaHchOpMaIMUTHIK JkeTicTikrepi yiriH KW KypeUTbIMAaphIMEH WHTETPAIMSACHIH
KOJIJanabl.

KoMmrmbroTepiik XuMus MEH >KacaH[Ibl MHTEJCKTIHIH TYHiCyi, WHHOBALIMSIIBIK
YKaHAITBUIIBIKTAPIbIH KAPKBIHBIH Y/IeTe 0acTajpl. ATall aiTcak, OeHopraHuKabIK
KOHE OpraHMKAIBIK IIOJMMEpep ally, Iopi-IopMeK jkacay MeH MeAWIMHA
cajachlH/la, MaTepUalTaHy/1a, MOJIEKYJIabIK OHOJIOTHsAA, TeH/IIK HHXXEHEepHsa,
KOpIIaraH OpTaHbl Ty OapbIChIHAA KEHIHEH KOJIaHy 1a.

EHzni ocbl aWThUIFaH cananapAblH TapMaKTapblHA HAKThl MBICAIJAPMEH,
KOMIBIOTEPIIIK XUMHSHBIH €CEeNTey oNIICTepl KacaHIbl HMHTEIEKTIMEeH Oipiece
OTBIPBII 3ePTTEHTIH OAFBITTAPBIHA TONBIKTAN TOKTANA KETCEK:

1. Kommerotepmik xumust meH JKW-HIH TyHiHIeCcyi MaTepuanTaHy MeEH
TEXHUKAHBIH JXKaHa JQyipiHe o amTel, Oyn OelimumenreH KacuerTepi 0ap O3BIK
MaTepuaiapibl  JkoOajayra KOHE  OHTaWIaHAbIpyFa  MYMKIHIIK — Oepii.
Marepuaniap/pIlH CHIIATTAMACHIH MOJIENB/ICY XKOHE KYPBUIBIMIBIK TYPaKTHUTHIFBIH
OoipKay apKpUIbl 3EpTTEYLIIEp 3aMaHayd SHEPrusi Ke3lepiHe, a’pOrapbIITHIK
KolljaHOaapra »KOHE TYpPaKThl HHQPPAKYpbUIBIMFA apHalfaH WHHOBAIMSIIBIK
MaTepuaIapsl a3ipieyai sxkenenaere Tycti. Komnbrorepiik xumust men JKU-HiH
KYPBUIBIMIAPBIHBIH ~ KUBUIBICYBl MaTepHangapAblH Keieci OYBIHBIH >Kacay.lbl
KeJeI/IeTill, OChl cajajapia OypbIH-COHABI OONMaraH >KETICTIKTEpPre »OoJ allThl.
ATan aiiTcak: 03bIK MaTepHaap/blH >ko0alaHybl, Onomarepuaniap, Kypueni
KYHenepJi  MoJenbley, DSHEPreTUKAIBIK MaTephaljiap, MeTanjiap MEH
KOpBITIIAJIAP.

Bbyn wMpicammap KOMIBIOTEPNIK XHMHS MEH KacaHAbl WHTEJUICKTIHIH
MHTCTPALMSCHIHBIH MaTepUalITAaHy MEH TEXHUKAJarbl >KaHANIBUIABIKTAD MEH
TUIMAUTIKTI apTTHIPY YIUiH MaHbI3/AbI PO aTKapaTHIHBIH KepCeTe i,

2. Kopuiaran opTara apTypii GaKTopiapAbIH TUTI3ETiH ScepiiepiH aHBIKTayFa
KOHE OHBI 3epTTeyre JKacaHAbl MHTEUICKTI MEH KOMIIBIOTEpNIIK ~XHMHUS
alfTapibIKTail KOMAaHbIC TanThl. JKacaHIbl MHTEIUICKT HETi3iHIEer MOJENbACY MEH
OoimkaMbl MOJETbICYAl OIpiKTipy KOpLIaraH OpTaHbl Oaranayapl TyOereinmi
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e3repTeni, OKOJOTHSUIBIK KayilTepAi a3aWTy >KoHe TypakThl Txipubenepmni
IIrepineTy YIIiH ’KaHa KYpaJaap/Isl YChIHAIEL.

Kanmer anranzma, KOMIBIOTEPNIK XUMHS MEH JKacaHIbl WHTEUICKTIHIH
KOpIIaFaH OpPTaHBI 3epTTeyAeri WHTEeTpaluschl JKOJOTHSUIBIK 3epTTEeYIepAiH
HOTIDKETIUTITIH apTTHIPBIN, KOpIIaraH OpTa MocelleepiH capaliayra MYMKIiHJIK
Oepeni. by canagarsl ”HHOBaLMSUIAp SKOJOTHAJIBIK JKYHEIEePAiH TYPaKTHUIBIFBIH
KaMTaMachl3 €Tyre KOHE aJaM JeHCAyJBbIFbIHA, dKOXKYyienepre jkoHe TaOWFaTKa
ocep eTeTiH (akTopmapapl Oackapyra OaFbITTalFaH 3epTTEYNepaiH HeTi3iH
Kalayna;

3. XeMmouHpopMaTHKa — KOMIBIOTEPIIIK XHMHSIHBIH €CElTey oJicTepi
JKacaHpl WHTEJIEKTIMEH Oipire OTHIPHIIN, ecenTey OaFbITHIHIAAFBl 3aHBLUIBIKTApHI
MEH TYy3eTylepli aHBIKTayFa KOMEKTECETiH XHMISUIBIK AaKHapaTThlH YIIKeH
JCpEeKTep JKUBIHBIH Tajjay YIIiH KOJAaHbUIaAbl. XeMmowH(popMmMaThka —
KOMITBIOTEPIIIK XUMHUSI MeH >kacaHabl wHTelmiekTiHiH (OKM) Oipiryl apKbuIbl
XUMPSUTBIK MOTIIMETTEP/Ii TAJIAY/IbIH apHANHBI OaFbITHI.

Ocbl apKbpUIbl XeMOMH(OPMAaTHKA 3epPTTEYLIIepre XUMHUSUIBIK MIeIIiMAep I
KaObUIay NPOIECIH TE3METIN, MOJCKYJIAIbIK JAM3AHHBI MEH Iopi-TopMEKTepi
JAMBITY/1a )KaHA MYMKIHJIIKTEDP YCBIH/IHI,

4. BybIN-TYHEeTiH TYTBIHY ©HIMJEpl — Oopay HeMece KanTay MaTepualiapbiH
)obanay yKoHe oJIapIibl ChIHAY Ke3iHJe KonaaHny. by mporeccTin OipHelie Herisri
Ke3eHaepi Oap: wmarepuaniapiblH TaHAAybIH 3€pPTTEy, MOJENbICY KoHE
CUMYJISIMS, JAW3AMHBI JKOHE MPOTOTUITEY, ChIHAY JKOHE Talay, 3KOJOTHSIIBIK
acreKTiiep.

Ocbunaiitia, OybII-TYHETIH TYTHIHY OHIMJEpl YIIIH opay HeMmece Kamray
MaTepHaapbliH )k00anay MeH ChIHAY Ke3iH/Ie KOMIBIOTEPIIIK XUMHSHBIH €CeTTey
olicTepl  TYTHIHYIIBUIAPABIH  KAKETTUIIKTEPIH, ©OHIMHIH CalachlH JKOHE
3KOJIOTHSIHBI €CKepY/li KaMTaMachl3 eTeIi;

5. Kaxerti mopi-gopMeKTepi alKpIHAAI JKOHE OHBIH KACHUETTEPiH aHBIKTAy
OarbITBIHAA, COHBIMEH Karap (apMaleBTUKAIBIK 3epTTEYJIep MEH JaiblHaaMaiap
canaceina JKU-MeH Oipre KOMITBIOTEPIIK XHUMHS JIOPUTIK 3aTTaplibl Kacay
Ypaicinze TeHKepic jkacaqpl. MoNeKyIalblK e3apa opeKeTTeCyJIepiH Tauaay >KoHe
0ailyIaHBICTBIPY YKCACTBIKTApBIH ecenTteyre OaiaHbIcThl O0HKaMIbl MOAETbAEPl
naijanany — apKbUIbl, JKacalaThlH  JIOpI-JOPMEKTIH  KypamblHAa  KipeTiH
KOMITOHEHTTEP/li aHBIKTAy YIIIH JKYMCAJaThiH YaKBITTHl €9yip KBICKAPTTHL.
Kommbrotepnik  xumus meH JKU-wiH Oyn  Oipiryi »amaH aypyjaap MeH
MEIMIIMHABIK MOCENICNIEPl IIeNIyre »aHa YMIT YCHIHBIN, OMIpAi CaKTaHThIH
JIOPLIEPIiH TaMybIH JKEACIIETYTe CEIITITH TUT13YIE;

6. IlpoTenn/anTHACHENEP HHXEHEPHACHI - KOMIIBIOTEPJIIK XUMHUSHBIH €CETTeY
omicTepi aKybl3 Ti30eriH jkolalay >KOHE aKybl3 KYpbUIBIMIAphIH OOJpKay YIIiH
KOJITaHBLIAIbI.

Byn umXeHepHUsHBIH HETi3iHAE KWHAIFaH MAJTIMETTEp MEH WHHOBAIMSJIBIK
QITOPUTMIEP, aKybI3OapAbIH KacHeTTepiH mAon  Oomkay MEH — ONapIblH
(GYHKIMOHANABIK MYMKIHIIKTEPIH ONTHUMH3ANMsAIAyla KOJMAHBUIATHIH THIMII
Kypaymap peTiHae KbI3MeT eTe/i;
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7. ®epMEHTTIK HMH)XEHEpH — OPTYpPAl KoifaHOamapra, COHBIH IIiHAE
OHEPKICINTIK TpolecTepre apHanraH (EpMEHTTEpAl >KacayFa KOMEKTECei.
KoMmmbroTepiik XUMHUSHBIH MOJETI MEH CHUMYJISIHCH apKbUIbl (pepMEeHTTEpAiH
KYPBUIBIMABIK JKOHE (YHKIMOHAIIBIK KACHUETTEpi TepeH 3eprrenedi, Oy
(hepMeHTTepiH «ONTHMHU3AIMACHIHY KYPri3yre MyMKIiHIIK Oepei;

8. OpraHuKaJbIK JJIEKTPOHHUKA - KOMIBIOTEPIIIK XUMHSHBIH €CENTey dJIicTepi
JKacaHIbl ~ HMHTEJNEKTIMEH  Oipire  OTBIPBIN,  OPTaHUKAIBIK  DJICKTPOHIIbI
Marepuanaapasl  kobamay MeH Tanjayda  KondaHbutaael.  Kommbroteplik
XUMUSIHBIH ecenTey ojictepi MeH >kacaHnbl wHTemekt (JKW) Oyn camanma
OpraHUKAJIBIK IEKTPOH/IBI MaTepUaIapAbl )K00anay MeH Tajiay YIIiH MaHbI3IbI
pen aTkapajpbl.

CoHBIMEH KaTap, KOMIBIOTEPTIK XUMHAHBIH koHe JKU-HiH Oipiryi
MaTepuaniapapl JaMBITYIbIH YaKbITHIH KBICKAPTHIN, >KaHAa (YHKIIMOHAIIBIK
KacWeTTepai amryra MyMKiHIOIK Oepemi. On jkaHa 3epTTeyiepiAiH OarbIThIH
aHBIKTAy, OHMIPICTIK MPOLECTEPAl >KETUIAIPY >KOHE SHEPreTUKANBIK THIMII
KYPBUIFBIIAP/IBI d3ipiiey YIIiH Haimanel Kypan Oonbin TaObutaael. OpraHUKaIBIK
ANEKTPOHHUKAIAFBI KOMITBIOTEPITiK Xxumusi MeH JKU-HiH yitnecyi Oy canana >kaHa
WHHOBAIMSJIBIK HICHIIM/Ep MEH TEXHOJIOTHSIIAP/bI IAMBITYFa BIKIIAT E€TYAC;

9. Karaym3 pau3aiiHbl - KaTaJIMTHKAIBIK S>KYHEIEpHal Tajujay »MKoHE jKaHa
KaTanu3aTtopiapipl  d3ipiey  ymiH — KoijaHbutagsl.  Karanmm3 — nu3aifHbl
KOMITbIOTepJiKk xumuss MeH JKV-HiH KeMeriMeH KaTaIMTHUKAIBIK KYHelepaiH
3epTTeNyiH KOHE >KaHa KaTalu3aTopJap/AblH O3ipJeHyiH THIMII TYypAe Ky3ere
aceIpyFa MYMKIHIIK Oepei;

10. Ilonmmep nu3aifiHEI — ©3iHE TOH KacWeTTepi Oap monmMmepriepai
xobamayra kemekteceni. [lonuMep au3aliHBl - OYJI KOMIBIOTEPITIK XUMHSIHBIH
€CemnTey oiCTepi MEH IKacaHIbl HWHTEJUIEKTTIH KOMETIMEH IOJIIMMepIepIi
)o0baay mporieci.

Ocbl ozicTep MEH MeXaHH3MJIEPiH HHTETPALUsChl TOJIMMEp IU3aiiHbIHAH
KYTIJIETIH )KaHa UHHOBAIMSUIAP]IBI JJAMBITYFa MYMKIHJIIK Oepesi, Oyr o3 Ke3erinje
aHa MaTepualIapJblH >KacayblHa >KOHE OJapAblH KOJAaHy cajlajapbIHbIH
KEHEIO1HE OKEeIl COFaJIbI;

11. BerTik XuMHSI - KOMITBIOTEPIIIK XUMUSHBIH €CENTey 9JiCTepi KacaHIbl
MHTENCKTIMEH Oipire OTHIPBIN, OeTTepAeri MOJEKylalapiblH OPEKETiH 3epTrey
KoHe OoIpKay YILIiH KOJIaHbLUIa bl

BerTik XuMUs, KOMIBIOTEPITIK XUMHSI MEH JKacaHIbl HHTEJUICKTTI OipiKTipe
OTBIPHIT, MOJIEKYJIAJap/blH OPEKETTEePIH TEPEHIPEK 3epTTeyre *koHe OoinKayra
MYMKIHIIK Oepeni, Oyl MaTepuaniapAblH *KaHa (QYHKOMSIIaphl MEH OHIMAEPiH
WHHOBAIMSJIBIK TYP/IC TAMBITYFa BIKITAT €Tei;

12. DHeprusHBI agy KoHE CaKTay - DOHEPrusHbl CakTay CHSIKTHI
KYOBUIBICTApABIH HETi31H/AE KaTKaH HeTi3ri (PU3UKaIBIK MPOLECTEpl 3epTTey YLIiH
KOJIAaHbLIAAbl. DHEPTUSHBIH albIHYbl MEH CAaKTaTYyBIHBIH FBUIBIMH HETi3[Aepi MEH
MIPaKTUKAIBIK KOJTaHyIaphl TYpabl KeJIeci MAIIMETTePAl alThITT 6TCeK 0O0JIasb:
(U3UKANBIK-XUMUSUTBIK  TIPOLIECTEP, DHEPTUSHBIH CaKTaTybl, JKaNIbl SHEPrus
XKYHeepi, HEPTUsIHBIH aIMacybl, KOJIaHy cajlajiaphl.
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13. JKaprputaii eTKi3rimrTep - KOMITHIOTEPIIK XHMHSHBIH €CenTey dJicTepi
KapThUTald eTKI3rimTepal jkobamay MeH Tajmayaa Kosmanbuiaabl. JKapTeiaid
OTKI3rimTepai obajgay MEH Tajjayda KOMIBIOTEPIIK XHMHUSHBIH €CenTey
omicrepi MeH JXM wMaHBBBABI pen aTkKapadbl. by omicTep  apKBUIBI
MaTepHaIAapAblH 3JICKTPOHIBl KAaCHETTepl MEH KYphUIbIMAAPHl HAKTBUIAHBII,
OJIapAbIH XKapThUIail OTKI3TIIITIK KaCHETTepl 00IrKay apKbUIbI OHTANIAHIBIPHLTYBI
MYMKiH. MpICallbl, KOMNBIOTEPIIIK MOJENIBACP OAETTC aTOMIAap apachIHIAFbl
OaimaHpICTapabl, OJEKTPOHIBIK  KYH-KYHeIepai JKOHE OJapIslH — e3apa
OPEKETTECYiH 3epTTeyre MyMKiHIiK Oepezi. COHBIMEH Karap, ecentey oiictepi
MeH KW opTypni KOCBUIBICTApbIH BIKTUMAaJl KAaCHETTEPIH CalbICTHIPHIN, €H
TUIMZI HYCKaHBI TaHJAy YIIiH KOJJAHBUIABI, OYJI *KaHA 3aTTapbl alyFa KoHE
OHJIIpiC MPOLIECiH OHTANIAHABIPYFa CENTITiH THTI3e],

14. Mertanmap, KOpbITHAlap >oHE KepaMUKa AM3aMHBI - MeTalfapibl,
KOPBITHATApAbl KOHE KepaMHKajaplbl >koOajiayFa »oHE TajllayFa KOMEKTeCemi.
Mertannap, KOpbITHagap *oHE KepaMHKa OU3aiHbBl CanachlHAa KOMIBIOTEPIIK
XUMHSIHBIH ~ecentey omictepi MeH KM Mertamgap MeH MaTepuaIapibiH
KYPBUIBIMBIH, KAaCHETTEpiH KOHE TYPAaKTBUIBIFBIH OOJDKay VIIiIH KEHiHEeH
naiinanansutagsl. COHbIMEH KaTap, KOphITIanap MEH KepaMuKalapAarbl aTOMIBIK
opHajacylapisl OHTAMIAHABIPY AapKbBUIBI  OJApJAbIH  MEXaHUKANBIK YKOHE
(U3UKaANBIK KACHETTEPiH jKaKcapTyFa OarbITTalIFaH IM3aifH Kyprisineni;

15. Macc-crieKTpoMeTpHsl - KOMIBIOTEPIIIK XUMHUSI MOJIEKYJIANIBIK CIIEKTPIIEp
MeH SHepreTHKaHbIH TOXKIpUOEIiK aHbIKTaMaJlapblH Oarajiay YIIiH jKoHEe XUMHSIIBIK
peaKIusIapAbIH PeaKiys KOJIapbl MEH OHIMICPIH TYCIHAIPY YIIIH KOJIaHbLIAIbI.
Macc-crieKTpoMeTprsa KOMIBIOTEPIIK XUMHS MOJEKYIaJbIK CIEKTPIepAiH
AQHAJMTUKANBIK TaJJayblH JKYpPri3y YIIiH KeHiHeH KoigaHbuiaapl. byn omic
apKBUIBI aJBIHFAH JKCIEPUMEHTTIK CIEKTPIEPIiH JepeKTepiH MOJETbILY KOHE
OoipKay Ky3ere achlpbuIajibl, OJ MOJEKYJIANapIbIH KYPBUIBIMBIH JKOHE OJIAP.IbIH
9HEprus [JeHreinepiH aHbIKTayFa MYMKiHAIK Oepeni. CoHbIMEH —Kartap,
KOMIIBIOTEPJIIK XUMHSl PEaKUus >KOJAAPbIH MOAENIEY apKbUIbl PEaKIMSIHBIH
OpTYpJli MYMKIiH OOJNIaThlH MeEXaHU3MJIEpPiH JKOHE OHIMJIEpPIH TYCiHyTe
KeMekTeceai. by Tocin XuMHSAIIBIK peakusiapAblH OapbIChIH 3epTTey Ke3iHAE,
peaknuara KaTbICaThlH MOJIEKYJIaJapAblH 3JICKTPOHABI KYpBUIBIMIAPH MEH
SHEprusi JCHreWiepiH OoKay »MOHE CalBICTHIPY apKbUIbl, HAKTHl pEaKIus
XKOJJAPhIH ~ aHBIKTayJa MaHbBI3[Bl penl  arkapaiusl. Horwkecinme, Macc-
CHEKTPOMETPHS JI€PEKTEpiH HMHTEpIpeTalusyiay ASJAIrT apThil, XUMHUSIIBIK
KOCBUIBICTAp MEH Peakusuiap TYPajibl TOJNBIK 9P HAKTHI aKIapatr allbIHAJIbI.

byn komnanOanap KOMITBIOTEPIIIK XMMUSIHBIH €CENTey 9JiCTepi JKacaH/Ibl
UHTENIEKTIMEH Oipire OTBIPHIN, KeH ayKbIMBIHAAFbl KYpAETi ecenTephi LIeuryaeri
oMOe0anThIFbIH KepceTeai. byl cana TeXHOIOTHAHBIH KETICTIKTepIMEH JKoHE JKaHa
TEOPUUIAPMEH IaMybIH XKaJIFacThIpy/a, OoJalaKTa KojJaHy asichl KeHele Tycel.

KommploTepnmik ~ XMMUSIHBIH ~ KacaHIbl — HMHTEIUIEKTIMEH  Oipiryinzeri
APTHIKIIBUIBIKTAPE] MEH KEMIIUTIKTEPiHE XKeKe-)KEeKe TOKTaJICaK,

KomrmproTepitik XMMUSIHBIH apThIKIIBUIBIKTAPBL:

* MoseKyaHbIH KaCHETiH AoJ1 00IDKay MYMKIHIITUTIKTEPI;
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*Jlopi-nopMexTik 3aTTapAabl azipieyni JKOHE MaTepHaIiapsl
OHTaWIaHIBIPYABI XKEACTIETY;

* Kypmeni XuUMESUTBIK JKOHE OHOJIOTHSUTBIK, SKOJOTHSIIBIK IKyHenepi
TepeHipeK TYCIHIIpYi.

KemmrinikTepi MeH mIeKTeyIIepi:

* Keringipinren Moaenbaey/IiH ecenTey KapKbIHAbUIBIFH;

* J)K1 xemeriMeH mienrivM KaObUIIaYIbIH STHKAIBIK aCTIEKTiIepi;

* Kypaeni 6omkamIs1 MOAEIbACPIIH HHTEPIPETAIUSIIAHYBI;

* bacrankp! nepexrepi qabiHIayMeH OaiiiIaHbICTBI MOCETIeNep;

* Jlepektepre Kare aHIaTa;

* XMMUSUITBIK PeaKIMsuIap Typalibl aKmapaTThl AYPHIC EMEC aBTOMATTHI OHJIEY.

Kommbroreprik xumust Me JKU-HiH TYHiHAECYi STHKAIBIK TYPFBIIAH, acipece
OomKamMIel MOZETBIEP HETi3iHAe IIemnM KaObuiiay KOHTEKCIiHIE MYKHST
KapacTeIpyIbl Talam eTeli. ANIBIKTHIKTBI, €CeNTeyiH ASMAITIH JKOHE ITHKAJBIK
Kajaranayael Kamramachkid ety JKM-re KoJmalThIH KOMITBIOTEPIIIK XUMUSHBIH
MYMKIHIIUTITIH Taiaanany, Oip)KaKThUIBIKKA KON OepMey »oHe OChl caiajapia
KayarTbl TYpIe KOJAaHyAbl KAMTaMAachl3 €Ty YILIIH 6Te MaHbI3IbI.

XUMUKTEp KOMIIBIOTEPIIIK XUMHSHBI MOJICKYNANap/blH CHIATTaMaIapblH
3epTTey JKOHE jKaHa 3aTTapiblH KacHeTTepiH OoJbKay VIIIH KOMIBIOTEPIIiK
MOJIENIbJIeY MEH JKacaHJbl WHTEJUISKTIHIH MYMKIHIIIEKTepiH TMaixaiaHaibl.
3arTappl KOMIBIOTEPIIIK XUMHUSHBIH €CENITTEY TACUIACPIMEH 3epTTey OaphIChIHIA,
KOMIIBIOTEPJIIK XUMHUSHBIH ©CENTey TACUIIepl Kypeii XMMHUSUIBIK TeHJCYJIep/l
LIENTy JKOHE PEaKLHs MOJEIbICPiHIeTr1 AAICI3AIKTEPMEH KYpecy CHSKTBHI MaHbI3IbI
KUBIHABIKTAapFa Tan Oosaapl. COHBIMEH KaTap, IoJI MOJENbAEY YIIIH KaKeTTi
JICPEKTEPIiH YIKSH KoJieMi alTapIIbIKTall KeIepri Jxacaapl.

Ocsl kezepriyiepre KapamacTaH, KOMIOBIOTEPIIK XUMUSHBIH €CEeNTey Tacinaepi
MeH >KacaH/bl MHTEIDIEKTIHIH MYMKIHIIUTIKTEpI WHHOBAIMSIIBIK IpernapaTTapibl,
MaTepuaIap/bl )KOHEe OHEPKACINTIK MPOIeCTepl JaAMBITY YIIiH MaHBI3IBI pecypc
Oompim Kana Oepeni. On FBUILIMH TIPOTPECC VINIH MAaHBI3JBl JKOHE ECenTey
TOCUIIEPIHCI3 KO JKETIMCi3 OONaThIH MOJIEKYJIAIbIK ©3apa 9peKeTTecylepai
TEpeHipeK TYCIHyTe %aHe OoInKayFa MYMKIHIIIK Oeperti.

3. KopbIThIHABIL

KopeITeHapmai keie, koMibsloTepinik xumus MeH JKU-HiH yiinecyl Hemece
TOFBICYBI FBUIBIMU-3€PTTEY JKYMBICTAPhIH]IA, OHEPKACINTIK MHHOBAIMSIIAp/A JKOHE
TYPaKThl TEXHOJOTHSUILIK MKETICTIKTep/ie ©3iHIH HOTWXKeNepiH Oepe Oacrajpbl.
XKerinpipinreH Hemece HaKThl €CENTEy 9JICTepi MEH OOKaMJIbl alrOpUTMIIED
apacelHmarsl  OalmaHBICTHI — TaiiajaHa  OTBIPHINN,  €CENTEYy  XUMUSCHI
(hapmareBTHKama, MaTepUANTAHya, SKOJOTHIBIK TYPaKTHUIBIKTA, OWOIIOTHsIA
JoHe Oacka Ja FBUIBIMHBIH cCajlajlapblHa TPaHCQOPMAIMSIIBIK MICHTIMICPIiH
HETI3ri MYMKiHAIriHe aiiHanel. KOMITBIOTEpITIK XUMHUS JKacaH/Ibl WHTEIUICKTIMCH
Oipre ocbl OipieckeH OailJTaHBICTBIH IIIEKCi3 OJNIEYETIH 3ePTTEYIl JKaIFacThIpa
OTBIPBIT, OOJAIIAK HHHOBAIMSUTBIK, CEPIILUTICTEP MEH JOCTYPIIi MICKTEYIEPCH aChIIl
TYCETiH MIemiMAep/i aHbIKTayFa bIKIal eTe 0acTaipl.
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JKacanapl MHTEIUICKTI MEH KOMIBIOTEPIIIK XMUMHSHBIH Y3IIKCi3 JaMbIN Kelre
KATKaH oNleMiHIe, ONapAplH OOJDKaMABIK MOZETbACYJIepl MEH alTOpUTMIIK
TOIIKTEPiHIH ~ Oipiryi, FBUIBIMH JKaHAIIBUIABIKTAPEI MEH  TEXHOJOTHSIIBIK
WHHOBAIMSIJIAPBI YHIECIM/L TYP/Ie PEBOTIOIMSIIBIK JKETICTIKTEpTe albI Key/e.

KommbroTepimik ~ XMMHSHBIH =~ OOJAIIaFbl  MOJICKYJTANapblH,  XHUMHSITBIK
NpOLIECTEPiH KacueTTepi MEH culaTTaMalapblH  JoJlipek Oomkay — YIIiH
KOMIIBIOTEPIIIK €CeNTey MEH JKacaHIbl MHTEIUICKT WHTETPAIMSICHl apKBUIbI eIeyIli
KETICTIKTepre >KeTyre MaiibiH. HerypinsM Kypenmi anropuTMaep MEH ecemnTey
OMCTEepIiHIH JaMybl MOJEIBJACY >KbUIAAMIBIFBI MEH JIQJITIH apTThIpajbl Jemn
kyTtinyae. CoHbIMeH Karap, Oy OipiH-0ipi TONBIKTBIPATHIH calla, €CeNTey KyaThblH
apTTHIPY/IaH JKOHE KBAaHTTHIK-XMMUSUIBIK €CEeNTeyNep i Maiifanany/IIH THIMALUTIT
MEH XUMISUIBIK MOceNeepAl IIenly TOCUTH TyOereii e3repryl MyMKiH.
buonndopmarrka, (opMaleBTHKa, SKOJOTHS KOHE MAaTEpUANITAaHy CHSKTHI
cajajapMeH TOHAPAIBIK OaijlaHBIC KOMIBIOTEPNIIK XUMHS MEH JKAcaHJIbl
VHTEJUIEKTiHIH KOJJaHy asChIH OJ]aH dpi KEHEHTIIl, OHBI FEUILIMU-3epPTTEYJIEp MEH
o3ipiemMenepiH OJlaH Ja axxpIpamac OeiriHe alHaIIbIpaabl eTeH CEHIMIEeMI3.

WHTEIPALIMS KOMIIBIOTEPHOM XUMHAN U UICKYCCTBEHHOI'O MHTEJIJIEKTA:
MEPCHEKTHUBBI PABBUTHS HAYKH U TEXHOJIOT A

H.T. Mananoe, H.H. Koscabexosa

Kazaxckuil HayuonansHull nedazo2uieckuil ynusepcumem umenu Abas, Aimamol, Kazaxcman
*E-mail: nurlanmé6@mail.ru

Pe3tome. B a1oii crathe 00Cy)IaeTcss HHTErPALMS KOMITBIOTEPHOH XUMUHM U MCKYCCTBEHHOTO MHTEIUICKTA
(MN), ux poiap B HayKe W TEXHOJOTHUSX, a TAKKE BOSMOKHOCTH WX NMPUMEHEHHs] B 00JACTSIX Hay4YHBIX
uccneoBannii 1 obpasosanust. IIpoBomuTcss WHAMBUAYANBHBIA aHaIM3 BeTBEH CMEXHBIX oOJacTed
kommbtoTepHOi XxuMun U . KoMnpioTepHbIE TEXHOIOTHH PACCMATPUBAIOTCS KaK B)KHBIN MHCTPYMEHT B
COBPEMEHHOMN Hayke U 00pa30BaTeILHOM MPOIECCe, MOCKOJIbKY OHH MPEIOCTABISIOT HOBBIC BO3MOXKHOCTH
JUIL  HAydHBIX  McclefoBaTenied, oOydaloluxcss ¥ IIpernojaBaTeliel, CHOCOOCTBYET — Pa3BUTHUIO
npoeCCHOHATIBHBIX M HayyHbIX 3afad. Takke HHPOPMALMOHHOE IPOCTPAHCTBO U  KOMIIBIOTEPHbIE
MPOrPaMMBbI TIO3BOJISIIOT OBICTPO HAXOIUTh M 00pabaThIBaTh HEOOXOAMMYIO JAHHBIE, a TAKXKE MPOBOIHTH
HMHIMBUAYaIbHY0 paboTy. B3anmocss3e U 1 KOMITBIOTEpHON XMMHH SBISIETCS OCHOBOH NMPeoOpasyroImx
pelleHui B HAy4YHBIX HCCICIOBAaHHMSAX W IPOMBIIUICHHBIX MHHOBaLMsAX. OObenuHEeHHe 3TuX olnacteit
MO3BOJISIET MOJEJIMPOBATh MOJIEKYJIbl M XUMUUYECKHE MPOLECCHI, pa3padaThiBaTh HOBBIC JICKAPCTBEHHBIC
mpenapaTbl M MaTepHaibl, O00eCHeYMBaTh HSKOJOTMYECKYI0 YCTOMYMBOCTH, a TakkKe TIIIyOOKO
UHTEPIPETHPOBAaTh CJIOXKHbIE XUMHYECKHe, OHOJOIMYECKHe M HKOJOTrMYeckue cucrteMbl. IlosTomy
MOTEHIMAl KOMIbIOTepHOH Xxumun 1 WM ocraercs BaXKHBIM PecypcoM Ui HAay4HBIX HCCIIEIOBAHMN W
TEXHOJIOTHYECKOT0 mporpecca. B 3aKioyeHnu cTathbi 0TMEUAETCsl, YTO 00BEMHEHNE 3THX JBYX OTpacieit
urpaeT OOJIBIIYIO POJIb B ONPEICIICHHN HHHOBAIIMOHHBIX IIPOPHIBOB U HOBBIX PELIICHHUI.

KiroueBble cioBa: wuckycctBeHHbld wuHTeIuiekT (M), KommbroTepHas XWMHs, KBaHTOBas XHUMUS,
MaTepUaIOBEACHHEe, WHHOBAIIMOHHBIE MaTepHaibl, JIEKapcTBA, MOJCIMPOBAHHE, MOJICKYISIPHBIC
B3aUMOJICHCTBHS, SKOJIOTHIECKAs yCTOHINBOCTb.

Mamnanoe Hypnan Typceimoexkosuy Cmapwuii npenodasamerns,

Kootcabexosa Hazvim Hypkuioviposna Kanouoam xumuuecxux nayx,
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OLEFIN OLIGOMERIZATION CATALYSTS
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A.B. Bekturov Institute of Chemical Scineces JSC, Almaty, Kazakhstan
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Abstract: The article presents an analysis of literature and patent data concerning olefin
oligomerization catalysts used for the production of long-chain linear a-olefins, which are of significant
importance in the manufacture of consumer goods such as base lubricating oils, detergents, and various
other products. Olefin oligomerization catalysts are typically coordination compounds of transition metals
in combination with organoaluminum compounds. A key factor influencing catalytic performance is the
nature of the central metal in the coordination complex: the greater the variety of oxidation states the
metal can adopt, the more diverse the resulting complexes. In this context, chromium stands out, as
evidenced by the large volume of patent literature dedicated to it. Olefin oligomerization catalytic systems
generally comprise transition metal complexes and organoaluminum co-catalysts, and the reactions are
typically carried out in solution under elevated temperatures and pressures. For each metal, the catalytic
properties are determined by the nature of the ligands: their composition, structure, geometry, and acid-
base characteristics. However, no clear patterns have been established for ligand selection, and the
optimization remains largely empirical. Zeolites and ionic liquids may also serve as olefin oligomerization
catalysts. Zeolite-based oligomerization is applied to butene-1 or butane-butylene fractions derived from
petroleum refining to produce gasoline, with reactions conducted at temperatures above 300°C, where the
zeolite acidic sites are activated. Of particular interest is using of ionic liquids as catalysts, on which
oligomerization can be carried out at atmospheric pressure and below 100 °C, although there is little
information on this.
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1. Introduction

Reactions in the field of hydrocarbon conversion are well known, yet the
demands of modern industry require that such processes be conducted in more
selective and energy-efficient forms. To achieve these objectives, catalysts are
needed that are capable of lowering temperature and pressure while
simultaneously increasing the yield of target products.

One of the key reactions in the processing of hydrocarbon feedstocks is
oligomerization. Oligomerization is a chemical process in which monomeric
compounds combine to form dimers, trimers, tetramers, or longer-chain
molecules (oligomers). Oligomers of simple olefins, such as ethylene and
propylene, are referred to as long-chain or linear a-olefins (LAOs). The
importance of LAOs in petrochemical synthesis is difficult to overestimate, as
they serve as intermediates in virtually all petrochemical processes. The
production of polyolefin base oils, in which the double bond of the oligomer is
subjected to hydrogenation, is carried out on a large scale. Approximately one
third of synthetic base oils consist of polyalphaolefin lubricants (PAOLS) [1, 2].

Review articles [3-6] provide information on ethylene tetramerization [3],
technologies for the production of higher linear a-olefins [4], as well as
oligomerization catalysts for alkenes known up to 2015 [5]. In addition, study [6]
summarizes results on dimerization and oligomerization of alkenes using
transition-metal complexes. Other authors have focused their reviews on more
specific reactions: [7] discusses the formation of cyclic hydrocarbons, whereas [8]
is devoted to selective ethylene tetramerization.

Ethylene is the simplest alkene for oligomerization, and articles [3, 4, 6]
describe both the mechanism of ethylene oligomerization and its industrial-scale
implementation. Based on the analysis and generalization of the literature, authors
[1, 3] proposed the following mechanism for ethylene tetramerization on
chromium complexes. In chromium complexes, the ligands are organic molecules
similar to those used in Ziegler—Natta catalysts. Initially, two ethylene molecules
are adsorbed on the chromium center, and through oxidative coupling (oxidation
of chromium) a cycle involving chromium is formed. Subsequent insertion of an
ethylene molecule produces a six-membered ring with chromium, which upon
elimination may yield 1-hexene. Further insertion of another ethylene molecule
into this six-membered cycle results in an eight-membered ring with chromium,
the elimination of which produces 1-octene. Ethylene oligomerization requires
redox cycling of the complex-forming agent Cr" «» C"™2, During adsorption and
complex formation, chromium is oxidized, whereas during the reductive
elimination of the formed cycle, chromium is reduced. Reference [3] also
discusses the formation of 1-octene via a binuclear complex at the active site, as
well as the possible formation of methylcyclopentane and methylenecyclopentane
as byproducts. Review [6] further elaborates on the intricacies of the mechanism
of metal-complex catalysts, which depend on the nature of the central metal and
the structure of the resulting a-olefins.
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For a systematic analysis of the literature on alkene oligomerization, we have
grouped the available data according to the nature of the central metal in
complexes with various ligands. Ligands may include both organic and inorganic
molecules, as well as ions. For oligomerization, organic ligands are generally
preferred, in analogy with Ziegler—Natta catalysts.

2. Discussion

A series of studies [9-26] is devoted to oligomerization catalysts in which
nickel acts as the central metal. Another sequence of works [27-63] examines
chromium catalysts. References [64-67] provide data on oligomerization over
iron complexes, whereas publications [68—-76] report titanium-based catalysts. In
addition, oligomerization on zeolites [77-82] and ionic liquids [83-87] has also
been investigated.

A characteristic feature of metal-complex oligomerization catalysts is that all
transition metals are multivalent, and catalytic activity is directly related to the
redox state of the central metal, as demonstrated above for the mechanism of
ethylene oligomerization. The development of ligand field theory, together with
the interpretation of chemisorption of reactants as the formation of coordination
bonds, and the combined consideration of coordination and catalysis, has
expanded the understanding of catalytic mechanisms. Ligand field theory assumes
interaction between ligands when their fields come into contact or overlap.
Ligands located on opposite sides of the central atom cannot interact, as their
fields do not overlap. Chemisorption on heterogeneous catalysts is interpreted as
the formation of donor—acceptor (dative) bonds.

Catalysts are d-elements, which may have up to ten electrons in their d-
orbitals or vacant orbitals available for donor—acceptor bonding with molecules or
atoms possessing a free electron pair. The electronic states of transition d-metals
in octahedral and tetrahedral coordination are presented in Scheme 1 below.

AE, eV
Octahedral | Tetrahedral
dxy dXZ dy7 | dXZ-y2 d ZZ
dXZ_yZ d Zz || de dXZ dy7

Scheme 1 — Energy state of the d-level of transition metals depending on the coordination factor.

Transition metals, depending on the charge of the ion, may exist in various
coordination states. The scheme presents two configurations, tetrahedral and
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octahedral, in which d-electrons are distributed differently. The presence of these
energetic oscillations determines the catalytic properties of transition metals. The
behavior of such metal-complex catalysts is defined by the nature of the central
metal ion. Therefore, as demonstrated above, the primary criterion for analysis
was the nature of the central metal ion.

Studies [9-26] report results on catalysts in which nickel acted as the central
metal ion. For ethylene oligomerization in a homogeneous medium, Ni?* was
coordinated with 1,10-phenanthroline (phen) [9]. The selectivity toward linear a-
olefins was 43%. Introduction of carbonyl groups into positions 5 and 6 of 1,10-
phenanthroline increased catalytic activity, whereas hydroxyl groups at the same
positions decreased activity but enhanced selectivity toward butenes to 80-96%.
Use of the activated o-complex {[NiBr(Mes)(phen)], where Mes = 24,6-
methylphenyl}, increased the activity of ethylene dimerization into butenes. At
the same time, the o-complex in combination with EtsAl,Cl; and EtAICI,, serving
as activators, exhibited higher oligomerization activity but lower selectivity
toward butenes, at 58-61%. The choice of 1,10-phenanthroline as ligand was
justified by the authors [9] on the basis of literature analysis. To enhance the
selectivity of ethylene dimerization into butene-1 on heterogeneous catalysts, in a
manner analogous to homogeneous metal-complex catalysts, the authors [10]
proposed anchoring a metal-organic framework {ZnsCl,(BTDD)s, where BTDD
= bis(1H-1,2,3-triazolo[4,5-b] or [4',5'-b])dibenzodioxane} that selectively
catalyzes ethylene dimerization onto the surface of a heterogeneous catalyst. Ni%*
on the surface was further coordinated with tris-pyrazolylborate ligands. In the
presence of ethylene and methylaluminoxane, ethylene dimerization proceeded at
a rate of 41,500 mol per mol Ni per hour with selectivity toward butene-1 of up to
96.2%, which exceeds the selectivity of industrially used catalysts.

In their review, the authors [11], dedicated to the oligomerization and
dimerization of ethylene on nickel metal-complex catalysts, divided the available
data into two categories, homogeneous and heterogeneous, and attempted to
identify correlations between ligand type and structural features. They concluded
that the methodology remained largely empirical, based on trial and error. At the
same time, they emphasized the potential of nickel-based metal-complex catalysts
both for fundamental research and industrial applications. In [12], ethylene
oligomerization was conducted over a heterogeneous Ni—Hp catalyst in a flow
regime, and optimal conditions of ethylene feed rate and reaction temperature
were established with respect to conversion and yield of target products. For
instance, at 120 °C, 25.6 bar, and an ethylene feed rate of 5.50 h™!, conversion
reached 44-47% with a selectivity toward butene-1 of 74.9%. After 8 h of
operation, only minor coke deposition was observed, while conversion remained
stable, suggesting that Ni—-Hp catalysts are suitable for ethylene oligomerization.
In [13], nickel supported on SiO>—-Al,O3 with various Si/Al ratios, prepared by
hydrolytic sol-gel and gel-sol methods, was tested for ethylene oligomerization at
150 °C, although product distributions were not reported. Catalysts prepared via
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ether-based synthesis demonstrated higher activity compared with those
synthesized in alcoholic media.

LAOs were obtained both on homogeneous and heterogeneous catalysts in
[14]. It was shown that the decisive factor is the nature of the central metal ion.
For heterogeneous catalysts, anchoring a metal-organic framework on the surface
is required. Ni-MOF-5 heterogeneous catalysts [15], obtained by co-precipitation
of Ni?* on MOF-5 (a zeolitic structure), demonstrated ultrahigh activity in
ethylene dimerization: at 35 °C and 50 bar, 1 g of catalyst produced 9.040 g of
oligomers, substantially exceeding the activity of known catalysts in this reaction.
A similar catalyst was proposed in [16].

Ethylene oligomerization on Ni-H-B (H-B, acidic form of zeolite) was
studied in [17, 25], where the role of nickel and Brensted acid sites was discussed.
A mechanism for the formation of [Ni?*~H]* centers was proposed, involving
adsorption of ethylene on Ni?* and the Bronsted site. This interaction was shown
to surpass the performance of all known heterogeneous nickel catalysts. Ni—H-
Beta catalysts were prepared by ion exchange of NH4-p and H-B zeolites with
aqueous Ni(NOs), solution and subsequently characterized by hydrogen and
ammonia temperature-programmed desorption and FTIR spectroscopy [25]. A
comparative study of Ni2+ ion exchange with NHs-f and H-B, followed by
catalyst calcination at 500 °C in helium flow, revealed that the exchange capacity
of Ni?* with H-Beta was approximately 20% lower than with NH4-p.

The authors [18] proposed a process for producing gasoline from renewable
feedstocks: ethanol was dehydrated to ethylene, which was subsequently
tetramerized to 1-octene (gasoline). A nickel catalyst supported on
aluminosilicate was employed, demonstrating stable performance in a flow
reactor at 120 °C, 50 bar ethylene pressure, and a feed rate of 8 h™! over 170 h,
with 99% ethylene conversion. Product composition was as follows: Cs — 15%; Csg
— 25%; Cio — 18%; Ci» — 10%. Alongside linear olefins, iso-olefins were also
formed. To obtain gasoline, the Cs—Ci. fraction was subjected to hydrogenation,
and the resulting properties were consistent with commercial gasoline [18].

Further, [19] reported propylene dimerization on in-situ generated nickel
hydride complexes, formed via reaction of Ni complexes with phosphorus-
containing ligands, e.g., Ni[P(OCsH4sCH3-0)2]2(CoH4)-CFsCOOH. It was
demonstrated that the reaction produced a nickel hydride complex in the cis-
position relative to the phosphite ligands. The highest yield of n-hexene-1 87.5%,
was obtained with the catalytic system Ni[P(OEt)s].—CF;COOQOH in chlorobenzene
medium. The mechanism was described in terms of nickel complex structure and
ligand effects, showing how catalytically active hydride complexes influenced
selectivity in propylene dimerization.

Nickel catalysts with various ligands were investigated in [20-23]. In [21],
ethylene oligomerization was studied on nickel complexes with 2,9-disubstituted-
1,10-phenanthrolines, characterized by FTIR spectroscopy and confirmed by X-
ray crystallography. In [20, 22], formasans (azohydrazones) were employed as
ligands for nickel complexes. Sixteen formasan complexes were synthesized and
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tested, yielding maximum values of £Cs = 88.4%, £Cs = 58.3%, and XCs = 71.0%
[22]. In [23], nickel was supported on aluminosilicates with varying Si/Al ratios.
Using temperature-programmed adsorption—desorption of nitrogen and ammonia,
and XRF analysis, the authors evaluated catalyst aging, likely associated with
particle agglomeration, oxidation, or carbon deposition. They noted that low Si/Al
ratios, high temperatures, and balanced distribution of nickel and acid sites
favored higher selectivity toward C10 oligomers. Octahedral coordination of Ni2*
reduced byproduct formation at elevated temperatures. Conditions such as
temperature, ethylene feed rate, and nickel loading were optimized [23].

Reviews provide summaries of nickel complex catalyst applications in olefin
oligomerization up to 2014 [26] and up to 2021 [24]. The article [24] provides a
comprehensive mechanism of ethylene oligomerization on nickel catalysts,
emphasizing bifunctional effects of nickel and acid sites. Based on experimental
data, calculations, and kinetic modeling, it was shown that Ni?* selectively
oligomerizes ethylene into light linear alkenes via the Cossee—Arlman
mechanism, whereas Bronsted acid sites catalyze subsequent alkylation, cracking,
and isomerization reactions. The influence of reaction conditions on
oligomerization selectivity and activity was also discussed. The Cossee—Arlman
mechanism involves formation of an intermediate coordination complex
containing both the growing polymer chain and the monomer (alkene). Within the
coordination sphere of the metal, the ligands interact, elongating the polymer
chain by two carbon atoms. Adjustment of the relative proportions of nickel, acid
sites, and support framework enables rational catalyst design for targeted product
yields. The authors [26] also highlighted not only the advantages of nickel
catalysts but also their major limitation, namely sensitivity to poisoning by water,
carbon monoxide, acetylene, butadiene, oxygen, and sulfur compounds, which
restricts their industrial applicability.

The next series of studies [27-61] focused primarily on chromium as the
central metal ion, along with other transition metals. A distinctive feature of
chromium compared with other transition metals is its multivalency, with
oxidation states ranging from +3 to +6.

In [27], ethylene oligomerization was conducted on a catalytic system
comprising chromium ethylhexanoate, Al(C2Hs)s, and 2,5-dimethylpyrrole in the
presence of CCl4. Preparation of the catalyst and experimental conditions for
ethylene oligomerization were described. Optimal conditions for achieving a
maximum 1-hexene yield of 96.8% were established: CCl./Cr=2, temperature 60
°C, ethylene pressure 2 MPa, and catalyst operation time of four hours. Kinetic
aspects and the influence of component ratios on process activity were analyzed,
although ligand effects were not separately addressed.

The authors [28] investigated the kinetics of ethylene trimerization on a
homogeneous chromium-pyrrole catalyst under conditions similar to [27],
varying temperature between 30 and 70 °C and ethylene pressure 0.4-1.6 MPa.
Reaction orders with respect to ethylene were determined, and kinetic equations
were derived, with calculations satisfactorily matching experimental results. In
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[29], data were presented on the oligomerization of propylene, propane—
propylene, and butane-butylene fractions over aluminum chloride in a carbon
tetrachloride medium, modified with magnesium, nickel, and copper. At 30 °C,
propylene conversion on AI+CCls was 50%, on AI+CCl,+Mg 72%, on
Al+CCls+MgCl; 76%, on Al+CCl4+NiCl; 54%, and on Al+CCl,+CuCl; 58%.

To obtain synthetic lubricants, study [30] presented the results of PAO
synthesis through ethylene oligomerization on Lewis acids, such as AICls:/BF;
systems, transition metal complexes, and ionic liquids. It was noted that active
and selective catalysts are required for PAO production, and pathways for the
development of efficient catalysts were recommended.

Studies [31-38] are devoted to the investigation of ethylene oligomerization
using chromium complex catalysts. In [31], the authors employed N-
arylphosphinamine ligands forming Cr®* complexes for ethylene tetramerization:
C5H4(m-CF3)N(PPh2)2 (l); CeH4(p-CF3)N(PPh2)2 (2); CeH4(O-CF3)N(Pth)2 (3);
CesH3(3,5-bis(CF3))N(PPh2)2 (4). Upon activation with MMAO-3A (co-catalyst),
the novel catalytic system with the m-functional PNP ligand (1) exhibited high
selectivity (90%) toward 1-octene at a rate of 2000 kg/g Cr-h. In contrast, ligands
with para- and ortho-substitutions demonstrated significantly lower activity and
selectivity. In [32], a PNP ligand incorporating an N-triptycene scaffold was
employed. After activation with MMAQO-3A, the catalytic mixture containing the
Cr¥/ligand complex effectively promoted ethylene tetramerization with high
productivity (1733 kg/g Cr-h) and selectivity toward 1-octene (74.1%). PNP
ligands bridging at the 1- or 1,4-positions of the triptycene moiety achieved high
selectivity toward 1-hexene and 1-octene, exceeding 90% [32]. Comparative
catalytic studies with various PNP ligands, with and without the N-triptycene
framework, showed that rational design of PNP ligands with an optimal steric
profile around the nitrogen center enables controlled and highly selective ethylene
oligomerization involving C6 cyclic intermediates.

Study [33] presented a review of chromium catalysts for selective ethylene
oligomerization into 1-hexene and 1-octene, where catalytic systems were
classified according to ligand type. Despite significant advances in the field, the
range of catalysts capable of combining high activity, selectivity, and low
polymer formation remains limited, which is particularly relevant for ethylene
tetramerization to 1-octene. The work also addressed recent issues regarding
oligomerization mechanisms.

In [34], a series of Cr* complexes was synthesized: [Cr{l1-(3-
phenoxypropyl)-1H-pyrrole}Cls]. (Crl), [Cr{1-(3-phenoxypropyl)-3,5-dimethyl-
1H-pyrrole}Cl3]2 (Cr2), and [Cr{1-(3-phenoxypropyl)-3-phenyl-1H-
pyrrole}CI3]2 (Cr3). These were characterized by elemental analysis, HRMS and
IR spectroscopy. Upon activation with MAO, complexes Cr? and Cr®
demonstrated moderate activity in ethylene oligomerization. In contrast,
Cr1/MAO catalyzed ethylene polymerization (63.7 wt.%). Catalytic activity and
selectivity were found to be highly sensitive to the R-group at the 3- and 5-
positions of the pyrazolyl ring. Based on electronic and steric effects of R-
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substituents, the trend in ethylene oligomerization activity was established as
Cr2(PzMe2) > Cr3(PzPh) > Cr1(Pz).

Study [35] reported highly active chromium catalysts for ethylene tri- and
tetramerization using iminophosphine ligands. The influence of electronic and
steric modifications of these ligands on activity and selectivity was examined by
varying P- and/or N-substituents. After activation with MMAO, the ligand
bearing a P-cyclohexyl group showed high activity (307 kg/g Cr-h) with 92.6%
selectivity toward trimerization. Reduction of steric hindrance at the N-aryl group
decreased selectivity toward 1-hexene to 74.5% and resulted in the formation of
10.3% 1-octene. X-ray structural analysis confirmed that ligands coordinated to
the chromium center in a «2-P,N binding mode.

In [36], bidentate PN ligands were applied for ethylene tri- and
tetramerization. Steric restoration principles were used in the design of N-
phosphinoamidinate ligands for chromium catalysts. The most effective system,
Cr/PN/MMAO, producing 1-octene, differed from the reference Cr/PNP/MMAO
system in that 1-octene selectivity was proportional to the ligand bite angle within
a narrow range. Acyclic phosphine catalysts yielded lower amounts of 1-octene
due to smaller bite angles. The relationship between ligand bite angle and 1-
octene selectivity was disrupted when the Cr/PN/MMAQO structure was modified
[36].

In [37], ligands L1-L3 of the type Ph.PN(cyclopentyl)P(NR2). were
employed in chromium complexes, where R = methyl (L1), ethyl (L2), and
isopropyl (L3), for selective ethylene tri-/tetramerization. It was established that
the length of the radical affects both activity and oligomer selectivity. Maximum
selectivity toward 1-octene was 67.98%, while catalysts with ethyl and isopropyl
radicals demonstrated 97.76% selectivity toward 1-hexene. Aluminum complexes
were used as precatalysts. Catalysts with higher Al/Cr ratios and under elevated
ethylene pressure showed high activity and selectivity in ethylene oligomerization
[37].

In [38], ethylene tetramerization was carried out using the complex [2-
CrCly]+[B(CeFs)4] in combination with iBusAl, which achieved high tetramer
yield at temperatures up to 90 °C with minimal polyethylene byproduct formation
(0.03%). Screening of a series of iPrN[P(CsHas-p-SiR3)2]> ligands further
confirmed that bulky R3Si substituents enhanced catalytic activity while reducing
polyethylene formation. The authors of [39] proposed the chromium complex [1-
CrCly][B(CsFs)a], where 1 = iPrN[P(CeH4Si(Octyl)s).]., for ethylene
tetramerization with minimal polyethylene byproduct. Experiments showed that
polyethylene formation can be reduced by adjusting synthesis conditions for [1-
CFC|2][B(C6F5)4].

Many companies, such as Sasol, which produce polyolefin oils or long-chain
a-olefins, use expensive MAO as a co-catalyst with transition metal complexes.
In [40], the search for MAO-free ethylene oligomerization pathways was
investigated. A chromium  complex of the composition [1-
CrAl(acac)Cls(THF)].+[B(CsFs)a]-» was synthesized, which, in combination with
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iBu3Al, showed four times higher activity than the original Sasol system
composed of Cr(acac)s, iPrN(PPh2)2, and MAO. This effect was achieved by
introducing bulky trialkylsilyl substituents into the para-positions of phenyl
groups, which reduced polyethylene formation even at elevated temperatures
(<0.2%). The authors [40] discussed the intricacies of complex synthesis, paying
particular attention to the steric effects of ligands, supported by NMR results and
DFT calculations.

In [41], silicon-bridged N,P ligands (PNSiP) with Cr** were used for
ethylene tri-/tetramerization, with various fluorinated hydrocarbons as modifiers.
Modifiers such as perfluorohexane, hexafluorobenzene, and perfluorobiphenol
significantly influenced ethylene oligomerization into 1-hexene and 1-octene. The
best results were obtained with perfluorohexane at 90 °C. Detailed NMR, UV,
and IR studies led the authors [41] to conclude that perfluorohexane can react
with trimethylaluminum present in modified methylaluminoxane (MMAOQO). The
solubility of Cr®* in the solvent increased after the addition of perfluorohexane,
and possible pathways of its interaction with trimethylaluminum and MMAO
were proposed.

For ethylene tri-/tetramerization, the authors of [42] used the complex
[CrCI3(THF); + MMAO]. Binuclear ligand frameworks were linked via alkyl
spacers, the length of which affected catalyst activity and selectivity. Longer
linkers inhibited catalytic activity, while the chromium complex with shorter
linkers and stronger o-donor P-isopropyl substituents exhibited high activity and
selectivity of 93.1% for the sum of C¢ and Cg, with 53.0% attributed to 1-octene,
along with a low yield of polyethylene byproduct.

In [43], Cr¥* complexes with ligands of the type Ph2C(R)=CHPPh(alkyl)
were synthesized and tested in ethylene tri-/tetramerization. It was established that
not only steric properties of the main chain substituents and P-substituents, but
also electronic properties of the main chain, influenced catalytic activity. At 100
°C and 40 atm ethylene pressure, selectivity of 84.8% for C6+C8 and 56.1% for
1-octene was achieved. The synthesized complex combined with MMAO in
ethylene oligomerization yielded productivity up to 2213 g Cr-1 h-1 with
minimal polyethylene formation. The influence of ligand structure on activity and
selectivity was discussed, demonstrating that electron-withdrawing phenyl groups
in the main chain decrease chromium activity in ethylene tri-/tetramerization [43].

In [44], Cr®* complexes with phenylene-bridged diphosphine ligands bearing
P-alkyl substituents were employed for ethylene tri-/tetramerization. Selectivity
was shown to depend on the steric properties of ligands. Reduction of ligand
steric bulk favored trimerization, yielding 82.5% 1-hexene, while the introduction
of a bulky PPhCy group increased 1-octene content to 43.3%, with productivity of
1874 kg/g Cr-h at 40 °C and negligible polyethylene byproduct formation.

In [45], Cr®* was coordinated with bidentate nitrogen-containing ligands.
Catalytic systems Cr(lIl)/TEA/L, where Cr(Ill) represented chromium tris(2-
ethylhexanoate) (Cr(EH)s) and chromium tris(acetylacetonate) (Cr(acac)s), TEA
was triethylaluminum, and L corresponded to 2,2’-bipyridine (bipy), 1,10-
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phenanthroline (Phen), N,N’-bis(cyclohexyl)diazabutadiene-1,3 (DCy-DABD),
and N,N’-bis(2,6-diisopropylphenyl)diazabutadiene-1,3 (Dipp-DABD), were
applied for ethylene polymerization and oligomerization at 60-80 °C and 2-3
MPa. Their catalytic properties were evaluated, showing that increasing ligand
basicity in the studied series promoted the formation of higher oligomers (XCs.)
and polyethylene. Selectivity toward 1-butene or 1-hexene decreased in all cases,
with maximum selectivity of 98% for 1-butene and 92% for 1-hexene achieved on
the DCy-DABD/TEA system, while the Dipp-DABD complex proved suitable for
polymerization.

The authors [46] employed chromium(lll) complexes with ligands of the
type Ph2PC(R’’)=CHPRR’, containing a P-alkyl substituent, for the tri- and
tetramerization of ethylene. These complexes exhibited high activity and a low
polyethylene by-product yield of < 0.1%. Dialkylphosphine ligands, being strong
o-donors, demonstrated higher activity than mixed alkyl/phenylphosphine
analogues: the greater the electron-donor ability, the higher the catalytic activity.
Reducing the steric volume of the ligand shifted the reaction pathway from
trimerization toward tetramerization, yielding an octene-1 to hexene-1 ratio
greater than 1, without compromising the high combined selectivity of hexene-
1/octene-1 (> 90%). Furthermore, ligands with dialkylphosphine groups displayed
high activity with high selectivity for octene-1 and complete suppression of
polyethylene formation. In all cases, MMAO served as a cocatalyst. In [47], the
use of chromium complexes with PNP ligands containing a condensed aryl
fragment was reported, demonstrating 74.6% selectivity toward octene-1 and an
octene-1/hexene-1 ratio of 3.4 when the nitrogen atom bearing the aromatic group
was located at position 2.

The exceptional importance of long-chain or LAO for the production of base
lubricating oils, surfactants (detergents), and other petrochemical syntheses has
led to a vast body of patent literature, where chromium, along with other
transition metals, serves as the principal complex-forming center [48-63]. In [48],
a catalyst based on Cr(lll) salts and diphosphine ligands was patented, with the
structural design of the ligands described in detail. The catalyst was combined
with a mixture of organoaluminum activators, namely methylaluminoxane—
trimethylaluminum or a cocatalyst consisting of a pentafluorophenyl-substituted
borate together with triisobutylaluminum.

In [49, 50], halogen-containing substituents in diphosphine ligands were
employed for the tri-/tetramerization of ethylene. In [49], the invention described
the structure of the halogen-substituted diphosphine ligand, including substituents
on the phenyl rings of the phosphine complex and two ethylene substituents
bridging the phosphorus atoms of the diphosphine framework. Similar results for
diphosphine ligands in chromium(I11) complexes were reported in [50].

Patent [51] disclosed a method of ethylene oligomerization to obtain hexene-
1 and octene-1 in an organic solvent in the presence of a chromium catalyst and
an organoaluminum compound. The ligand of the chromium complex was a
derivative of 5,6-dihydrodibenzo[c,e]-1,2-azaphosphinine, whose structure
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significantly influenced the oligomerization pathway. In [52], a method for
ethylene oligomerization into higher olefins C10-C30 using triazole-based
ligands was patented. The general formula included substituents R=H, (4,5-
bis(diphenylphosphanyl)-2H-1,2,3-triazole)-P,P)-trichlorochromium(lll) - KI1;
R=(CH2)sCHs, (4,5-bis(diphenylphosphanyl)-1-hexyl-1H-1,2,3-triazole)-P,P)-
trichlorochromium(l1l) - K2, R=(CH2),S(CH>)7CHj, (4,5-
bis(diphenylphosphanyl)-1-(2-octylthio)ethyl-1H-1,2,3-triazole)-P,P)-
trichlorochromium(lll) — K3; R=CHjs, (4,5-bis(diphenylphosphanyl)-2-methyl-
2H-1,2,3-triazole)-P,P)-trichlorochromium(lll) - K4; R=n-Bu, (4,5-
bis(diphenylphosphanyl)-2-butyl-2H-1,2,3-triazole)-P,P)-trichlorochromium(lil)
— K5, among others.

In [53], ethylene oligomerization to hexene-1 or octene-1 employed a
catalytic composition comprising a chromium complex with a diphosphineamine
ligand (NPNPN) of the formula (R1)(R2)N-P(R3)-N(R4)-P(R5)-N(R6)(R7),
where R1-R7 each independently represent hydrogen, linear or branched C1-C10
alkyl, phenyl, C6-C20 aryl, or C6—C20 alkyl-substituted phenyl, along with an
activator or cocatalyst. The chromium center could be in oxidation state +2 or +3.
The patent described 23 variations of the ligand structure. The activators or
cocatalysts included trimethylaluminum, triethylaluminum, triisopropylaluminum,
triisobutylaluminum, diethylaluminum chloride, ethylaluminum sesquichloride,
ethylaluminum dichloride, methylaluminoxane, MMAO, or combinations thereof.
In [54], a chromium complex for olefin oligomerization employed a
diphosphinoaminyl ligand and an alkyl metal compound containing aluminoxane.
The resulting mixture was prepared at metal-to-metal ratios of 100:1 to 3000:1,
aged for 20 min at 10-130 °C in the substantial absence of olefin monomer, and
then contacted with the monomer at 0-150 °C to afford an oligomeric product.
The metal compound was chromium(lll) chloride or chromium(lll)
acetylacetonate, with ligand structures and reaction conditions described across
15 claims.

The catalyst for ethylene oligomerization into higher olefins Ci0—Cao
patented in [55] comprised a series of triazole-based ligands: R=H, (4,5-
bis(diphenylphosphanyl)-2H-1,2,3-triazole)-P,P)-trichlorochromium(lll) - KI1;
R=(CH:)sCHj, (4,5-bis(diphenylphosphanyl)-1-hexyl-1H-1,2,3-triazole)-P,P)-
trichlorochromium(111) — K2, among others.

References [55-58] reported ethylene dimerization to butene-1. In [55], the
process involved feeding ethylene into a reactor containing solvent and a
catalyst/cocatalyst mixture, conducting oligomerization, and discharging the
reactor effluent containing linear a-olefins including butene-1, unreacted ethylene
dissolved in the effluent, and the catalytic composition, followed by separation of
ethylene and butene-1. Fourteen claims detailed the process, with solvents
including aromatic hydrocarbons, cyclic aliphatic hydrocarbons, and ethers,
preferably toluene, benzene, ethylbenzene, cumene, xylenes, hexane, octane, and
others. In [56], a single-pass reactor with an internal partition, separation system,
and external drive was used to induce instabilities in the liquid flow. The authors
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of [58] noted that chromium, molybdenum, or tungsten could act as complex-
forming centers, with ligand structures described in general terms.

Reference [59] reported ethylene oligomerization using treated solid oxides.
Such catalytic systems could include a heteroatomic ligand complex of a
transition metal, a chemically treated solid oxide, and an organoaluminum
compound. The ligand complexes involved diphosphine derivatives, such as N.-
phosphinylamidinate, N-phosphinylformamidine, and Nz-phosphinylguanidine
transition metal complexes, with synthesis methods provided. In [60], a catalytic
system based on a heterocyclic ftransition metal complex with a
[(phosphinyl)aminyl]imine ligand was proposed, with the structure and
substituents detailed, combined with an organoaluminum compound. Ethylene
oligomerization included contact of ethylene with the catalytic system and
organoaluminum compound, optionally in the presence of hydrogen. A similar
system with 2-[(phosphinyl)aminyl] cyclic imine ligands was described in [61]. In
[62], a multistage activation method for ethylene oligomerization catalysts was
introduced: formation of a first mixture of ethylene, chromium heteroatom ligand
complex, and organoaluminum compound in an activation vessel, residence time
control, subsequent introduction into the reaction zone with ethylene and a second
organic medium, and product recovery. The process could be conducted under
hydrogen or inert gas, with variations in stage sequencing and residence times
considered.

Patent [63] disclosed a modified PNP ligand, its synthesis, and an ethylene
oligomerization catalyst. The patent described seven variations of substituents in
the diphosphine ligand and conditions for ligand formation. Cocatalysts included
MAO, MMAQO, alkyllithium compounds (methyl-, ethyl-, propyl-, isopropyl-, n-
butyl-, sec-butyl-, tert-butyl-, amyl-, hexyl-, cyclohexyl-, tert-octyl-lithium), and
triethylaluminum, with specified ratios relative to chromium. The catalyst
selectively oligomerized ethylene in the presence of hydrogen.

Analysis of the patent data [48-63] highlights their applied orientation: the
production of long-chain linear a-olefins, which are in high demand across
numerous petrochemical syntheses. The most large-scale applications include the
manufacture of polyolefin base oils and synthetic detergents. No consistent
patterns have been identified regarding the influence of ligand structure in the
transition metal complexes on catalytic performance, with only isolated empirical
observations reported [48-63].

In studies [64-66], iron was employed as the transition-metal complex-
forming center. The authors of [64] reported data on the oligomerization of
ethylene catalyzed by iron formazanates and organoaluminum compounds.
Complex synthesis involved Fe(ClO4)2-H,0, while substituents in the nitrogen-
containing backbone and two substituents in the benzene ring of the formazanate
ligand were varied. Using a range of modern physical techniques, the properties
of the synthesized complexes were determined and subsequently tested in
oligomerization. The maximum content of hexene-1 (99%) was observed with
complex 1.7Fe + MAO, and 95% with complex 1.5Fe + MAO; the maximum
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octene-1 content (60%) with complex 1.6Fe + MAQO; and the maximum decene-1
content (64%) with complex 1.2Fe + Al(CzHs).Cl. These results indicate that iron
complexes based on benzothiazolylformazan ligands combined with
organoaluminum compounds exhibit selective catalytic activity in ethylene
oligomerization to hexene-1, with lower efficiency for octene-1 and decene-1.

Patents [66, 67] provide data on ethylene oligomerization methods. In the
invention described in [67], the catalytic system consists of a heteroatomic
ligand—iron salt complex combined with an organoaluminum compound. Fourteen
claims specify the composition and structure of the heteroatomic ligand. Reported
outcomes include conversion to hexene-1 with 98.5% selectivity in the first
catalytic system, octene-1 with 98% selectivity in the second, decene-1 with
97.5% selectivity in the third, and dodecene-1 with 96.5% selectivity in the fourth
system, forming a C12 oligomeric product. Study [65] describes a technological
scheme for continuous ethylene oligomerization using a bis(imino)pyridine—iron
salt complex. The ligand was 2,6-bis[(arylimino)hydrocarbyl]pyridine, where the
substituted aryl groups could be identical or different, or
[(arylimino)hydrocarbyl][(substituted arylimino)hydrocarbyl]pyridine. The iron
salt complex had the formula FeXn, where n = 2 and X represented a
monoanionic species. The cocatalyst was an organoaluminum compound
(alumoxane).

In the next series of studies [67—75], other transition metals were employed
as complex-forming centers. The authors of [67] investigated selective ethylene
trimerization using the system phenoxy—imine—ether(F1)TiCls/MAO. The results
demonstrated that the system either trimerizes or polymerizes ethylene depending
on the reaction temperature. At 3040 °C, hexene-1 selectivity reached 85%. At
temperatures above 60 °C, polyethylene was produced with 70-80% selectivity.
The catalytic mechanism was discussed as being similar to that of Ziegler—Natta
catalysts.

In [68], the authors described selective ethylene trimerization with titanium
complexes containing phenoxy—imine ligands with side groups. Catalytic systems
of the type (F1)TiCls/MAO, where F1 was a phenoxy—imine ligand with an
additional aryl-O—CHs donor group, demonstrated high activity in selective
trimerization. NMR and EPR spectroscopy were used to study titanium species
formed in the catalytic systems (F1)TiCls/MAO, (F1)TiCls/MMAO, and
(F1)TiCIs/AIR3/[PhsCl]+[B(CeFs)s]—, where R = Me, Et, or iBu. It was shown
that at the initial stage of the reaction, (F1)TiClz with MAO, MMAO, or
AlMes/[PhsCI]+[B(CeFs)a] formed outer-sphere ion pairs, which partially
converted into Ti*" and Ti?** species. The system (F1)TiCls/MMAO exhibited
lower hexene-1 activity compared to (F1)TiCls’MAO due to undesired
polyethylene formation. It was suggested that Ti?* and Ti*" ionic species
participate in ethylene trimerization.

In [69], zirconium was used as the complex-forming center. Ethylene
oligomerization was conducted on zirconium carboxylates derived from
individual carboxylic acids CH3(CH2):.COOH and CH3(CH2)sCOOH. Catalyst
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activity depended on the composition of the zirconium complex and the nature of
the solvent. The oligomers consisted of C4—Cyo fractions, and pathways to
increase the C12—Cis fraction were discussed. In [70], heterogeneous zirconium-
containing catalytic systems activated with organoaluminum compounds in
heptane, toluene, and chlorobenzene were employed. Activity was higher in the
presence of diethylaluminum chloride compared to ethylaluminum dichloride.
Oligomerization products consisted of C4—Cig oligomers, while in the presence of
ethylaluminum dichloride an oil fraction with boiling point > 350 °C was
obtained in > 75% vyield. The products were easily separated from the catalysts by
simple decantation, and zirconium complexes could be reused for subsequent
ethylene oligomerization.

Study [71] reported butene oligomerization over boron-containing alumina.
The highest activity was observed with a catalyst containing 4.5% boron oxide,
achieving butene conversions of 77.8-86.8% with 90% selectivity to liquid
products at 150 °C, 8.0 MPa, and feed rates of 0.5-1.0 h—1. The catalyst was
regenerable, with activity restored after regeneration.

Patent [73] disclosed a method and device for a-olefin production. The
catalyst was based on alumina with a surface area of 450460 m?/g, modified with
x- and y-dialuminum trioxide. Various fractions containing low-molecular-weight
olefins were oligomerized. The technology involved multiple parallel-sequential
stages in continuous operation, resulting in PAOs. Reactions proceeded at 60-100
°C and 1.0-4.0 MPa, with feed rates specified for different stages. However, no
data were provided on the yield or composition of PAOs.

The authors of [73] also synthesized nine complexes based on
oxovanadium(lV) and cobalt(ll) ions combined with organic ligands such as
dipicolinic acid, 2,2'-bipyridine, iminodiacetic acid, diglycolic acid, thiodiacetic
acid, and 1,10-phenanthroline. Compound [VO(tda)-0.5H.O] was a novel
complex, with its synthesis and structure described for the first time in [73]. These
complexes were tested in ethylene oligomerization. The most effective catalyst
was a cobalt(II) complex containing an iminodiacetate anion and 2,2'-bipyridine.
Other polycarboxylate complexes also showed significant activity in ethylene
oligomerization.

Study [74] described the preparation of a zirconium amide complex catalyst
for ethylene oligomerization. The catalyst composition included a zirconium
amide of general formula ZrXm,-w(RCONR'R”), where X is a halogen atom
(preferably chlorine), m = 4, n = 2, and R, R’, R” are saturated or unsaturated
aliphatic Ci-10 hydrocarbons, combined with an organoaluminum compound and
an additive. Eleven claims specified zirconium ligand structures and types of
organoaluminum compounds.

Review [75] emphasized the importance of producing LAO using metal-
organic framework (MOF) catalysts. Various MOF-based methods for selective
ethylene oligomerization were discussed. The process proceeds through a
metallacyclic mechanism, with linear chain growth recognized as the accepted
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pathway for ethylene oligomerization and polymerization. The potential of MOFs
for future studies in a-olefin oligomerization and polymerization was highlighted.

In the subsequent series of publications [76-81], zeolite catalysts were used
for olefin oligomerization. Zeolites, being solid acids, exhibit their acidity at
elevated temperatures, making them suitable for industrially important
oligomerization processes such as gasoline production from butane—butylene
fractions. Studies [76—79] focused on butene-1 oligomerization. In [76], synthetic
zeolite ZSM-5 in its acidic H-ZSM-5 form was employed in a differential reactor
under atmospheric pressure and varying temperatures. As the temperature
increased from 150 to 200 °C, selectivity toward liquid hydrocarbons rose, but
above 200 °C selectivity declined due to competing cracking reactions. The
highest selectivity (86%) was obtained with H-ZSM-5 at 200 °C, 50 kPa partial
pressure, and a feed rate of 12.5 x 10-3 h-1. In [77, 79], butene-1
oligomerization was carried out over H-ZSM-5 with SiO,/Al,Os ratios of 30-280
in fixed-bed reactors at 175-325 °C, 1.5-40 bar, and feed rates of 2—6 h—1.
Catalyst regeneration was achieved by coke combustion in a steam-—air mixture at
500 °C. In [78], olefin oligomerization was studied in a light gasoline FCC matrix
in the presence of zeolites. Under optimal conditions (dual-layer bed, 270 °C, 40
bar, 1.0 h—1 feed rate), iso-olefin mixtures were obtained, which after
hydrogenation could be converted into environmentally clean gasoline and diesel
fuel components.

In [81], styrene oligomerization was performed over zeolites ZSM-12 both in
solvent (chlorobenzene) and solvent-free systems, achieving high conversion (98-
100%) and 82% selectivity toward linear dimers. The main oligomerization
products on zeolite B were dimers (70-80%), predominantly the linear isomer
trans-1,3-diphenylbutene-1. In contrast, the less active zeolite Y produced
mixtures of oligomers, with dimers dominating (53-60% in chlorobenzene) or
dimers and trimers (60-80% in bulk). Study [80] reported oligomerization of
higher a-olefins using catalysts containing a perfluorinated copolymer F-4SF.
Mesoporous catalysts demonstrated high activity in decene-1 oligomerization
under both batch and continuous-flow conditions, achieving 95-99% conversion
with 90-95% dimer yield in batch operation, and approximately 70% conversion
in continuous mode.

Studies [82-86] present results on the oligomerization of olefins using ionic
liquid catalysts. lonic liquids are substances composed solely of ions, practically
salts dissolved in water with melting points below 100 °C. The authors of [82]
reported the oligomerization of olefins using novel and efficient catalytic systems
based on Brensted acidic ionic liquids. The main catalyst was a Brensted ionic
liquid, with tricaprylmethylammonium chloride employed as a cocatalyst. The
synthesized ionic liquids with acid groups were characterized by Fourier-
transform infrared spectroscopy, UV-visible spectroscopy, *H and **C NMR for
structural and acidity analysis. The effects of different ionic liquids, catalyst
loading, cocatalysts, molar ratios of ionic liquid to cocatalyst, reaction time,
pressure, temperature, solvents, feedstock sources, and recycling of the catalytic
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systems were studied. Among the synthesized ionic liquids, 1-(4-sulfoacid)butyl-
3-hexylimidazolium hydrogensulfate ([HIMBs]HSO,) exhibited the highest
activity. Under optimal reaction conditions, the conversion of isobutane reached
83.21 % with a trimer selectivity of 35.80 %. The catalytic system was reusable,
and a plausible reaction mechanism was proposed. Ethylene, propylene, and
isobutene were tested on the optimized catalytic system. It was demonstrated that
ethylene produced linear a-olefins up to Cis, whereas isobutene and propylene
yielded various branched olefins, with schematic pathways of oligomer formation
provided.

In [83], ionic liquids were employed as oligomerization modifiers of a-
olefins with conventional AICIl; catalysts in the reaction of 1-decene
oligomerization into polyolefin oils. Various ionic liquids with identical anionic
moieties but different cationic fragments were used, based on triethanolamine
(TEA), tributylamine (TBA), and pyridine (Py) precursors. The results showed
that ionic liquids derived from Py and TBA suppressed the molecular weight of
PAO compared with neat aluminum chloride, whereas TEA-based ionic liquids
enhanced it. According to *C NMR, oligomers obtained with TEA exhibited a
higher degree of long-chain branching, which is favorable for improving viscosity
indices. Schemes of 1-decene oligomerization on four catalytic systems with the
percentage composition of the main oligomers were provided. Possible
mechanisms of the reaction were discussed using **C and *H NMR results.

Acrticle [84] reported the production of lubricants based on PAOs using
(poly)ionic liquid/AICI; catalysts as environmentally friendly alternatives to the
conventional AICI; route. To reduce the dosage of corrosive AICl; in PAO
production, two new (poly)ionic liquid/AICIs catalysts were synthesized: first,
ionic liquid (IL) was obtained by reacting 1-vinylimidazole with benzyl chloride,
and subsequently, the vinyl group was polymerized via radical polymerization to
yield polyionic liquid (PIL). The cationic oligomerization of three a-olefin
monomers (1-hexene, 1-octene, 1-decene) was conducted with IL/AICI3 and
PIL/AICI3 at a 50:50 ratio to minimize AICI3 usage. A comparison of these
catalysts with neat AICI; showed that PIL/AICI3 is a promising alternative to
corrosive AICIs, achieving similar molecular weights while exhibiting superior
viscosity properties.

The authors of [85] reported the oligomerization of 1-octene and 1-decene on
chloroaluminate ionic liquids, which were characterized by high selectivity, low
consumption, and recyclability. Viscosity—temperature dependence, lubricity,
oxidation resistance, and volatility of the resulting oils were studied. Work [86]
described the oligomerization of 1-hexene on recyclable chloroaluminate ionic
liquid catalysts in combination with titanium complexes containing “grafted ionic
liquid” ligands. It was shown that selective production of oligomers with
oligoalkylnaphthene structures and narrow molecular weight distributions, free
from double bonds, was achievable. The possibility of regulating the molecular
weight of oligomeric products by varying the molar ratio of catalytic system
components was established.
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3. Conclusion

The principal catalysts for olefin oligomerization are coordination
compounds of transition d-metals, where the nature of the central metal plays a
decisive role: the greater the number of oxidation states, the broader the range of
complexes formed. Chromium is particularly notable in this respect, as evidenced
by a substantial body of patent data.

A review of the literature indicates that the catalytic performance in olefin
oligomerization depends on the composition, structure, and acidity of ligands.
However, no systematic correlations have been identified, and outcomes are
determined primarily by experiment, that is, trial-and-error and empirical
approaches.

Zeolite catalysts constitute a distinct class employed in the oligomerization
of 1-butene and the butane—butene fractions of petroleum refining. Their catalytic
activity is associated with acidic sites of the zeolite framework, which require
elevated temperatures for activation and may be accompanied by competing
cracking reactions.

Particular interest lies in the use of ionic liquids as olefin oligomerization
catalysts, although data on their catalytic properties remain scarce.

Catalysis with transition-metal complexes is carried out in the presence of
organoaluminum compounds (MAO, MMAOQ), often referred to by authors as
cocatalysts. Numerous unresolved issues remain, the most significant being which
complexes determine selectivity and which are responsible for activity in the
catalytic system.

Research into the development of novel olefin oligomerization catalysts must
therefore be continued, since experimental validation remains the decisive factor.
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OJE®OUHAEPAI OJIUTOMEPJIEY KATAJIU3ATOPJIAPBI
C.P.Konvicoaes™, K.A. Kaoupoexos, O.K. IOzait

O.b. bexmypos ameinoagul Xumus 2ul16IMOapsl uncmumymul, Aimamet, Kazagcman
*E-mail: srkonuspayev@mail.ru

Tyiiingeme. Byn Makanaga oneuHIepAi ONMIOMEpIEy KaTalu3aTopiiapblHa o[e0H JKOHE MaTeHTTI
MomiMeTTepre Tanpay okacanran. OiedHHAEpIl OJUromMepiey apKbLIbl Y3bIHTI30CK CBI3BIKTBI 0~
onehUHACPAl anagbl, oMapAaH enre Kepek 0Ga3alblK jkKarap Maiap, XKYyFbIII 3aTTap TaFbl 0acka Kepek
Hopceniep anbiHaapl. ONUromMepiey KaTaau3aTopyiapbl PETiHAE OTIEN METaIAAPBIHBIH KOMIUIEKCTI MeH
KOCBUIFaH QJIFOMHHUHOPTaHUKAJIBIK KOCBUIBICTAPBI KOJJIAHBUIAbI, MICHIYHIi 3aT pETiHAe KOMILUIEKC
Kypayllbl METaJIbIH TaOWUFaThl CaHaIaJbl, OHBIH 3aps/ATAJFaH CaHbl HEFYPJbIM Kem 0oJica COFYpIIBIM
nmaiima OOJNAThIH KOMIUIEKCTEP/IIH CaHbl KO OOJajpl, OJapHblH ILIHAE XPOMHBIH OpPHBI O6JeK, OFaH
apHaJIFaH MaTeHT caHbl Ja kern. OneduHaepl omUroMeprey KaTaJUTHKAJBIK JKYHelep oTIell MeTanaap
KOMIUIEKCTEPI MEH KOCBUIFaH aTlOMHUHHHOPTaHUKAIIBIK KOCBUIBICTAPAAH TYPabl, PeaKIUsIIapbIH ePiTKIlT
OpTaja JKOFapbl TEMIIEpaTtypa MEH JKOFapbl KbICBIMIA Kypri3iiemi. AJl op Meranna KaTalUTHKAJIbIK
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KaCHeTTep/i aHBIKTAUTBIH JMTAaHATAPABIH TaOUFATBI: KYPaMbl, KYPBUIBICH, CTPYKTYPAchl MEH KBIIIKBLI-
HeTi3/iK KacuerTepi; Oipak oJapibl TaHAAy 3aHIbUIBIKTAphl aHBIKTAJIMaraH, OHBIH JKaKChI-)KaMaHbIH
9KCIIEPHMEHT aHbIKTaiabl. OneUHACpI ONUroMepiey KaTalu3aTopiapbl PETiHAE LEOJNHUTTEP KOHE
HOHIBI cyibikTap Ooiysl MyMmkiH. Lleonmutre OyteH-1 >koHe MyHaneHzaeynaeri OyTaH-OyTHICH
(bpakuusimapslH  onuremepiienn OeH3uH anaapl, npouecte 300°C  skorapsl TemIiepaTypaja IEOJTUTTIH
KBIIIKBIUT opTanapbl OenceHnai OonraHma »xyprizeni. Epekine KbI3bIKIIBUIBIK TAHBITATBIH KaTaau3aTop
peTiHzie KOMIaHbLIATBIH HOHIBIK CYHBIKTAp, ONap/a OJUTOMEpIIey PEaKIUsChl aTMOC(EpPaIbIK KBICBIMMEH
100°C temeH Temiiepartypasa oTeai, 0ipak onap Typaibl MAIIMET a3/ay.

Tyiiinai ce3aep: onuromepuzauus, o-ojdeHH, KaTaau3aTop, aybiCy METaJIapbl, LEOJIHUT, HOHJBIK
CYHUBIKTBIK.

Konycnaee Canapkanu Pemaesuu XUMUSL 2bITLIMOAPBIHBIY OOKMOPbL, Npodeccop
Kaoupéeoe Kaiipam Aovipoexosuu XUMUSL 2bLIBIMOAPBIHBIH 0OKMOPbL, NPodeccop
FO:zaii Onvea Koncmanmunoena XUMUSL 26ITBIMOAPBIHBIY KAHOUOAMbI, OOYeHm

KATAJIU3ATOPBI OJINTOMEPU3AILIMA OJIE@UHOB
C.P Konycnaes”, K.A. Kaoupéexos, O.K. IQzaii

HUnuemumym xumuueckux nayk umenu A.b. bexmyposa, Anmamwi, Kazaxcman
*E-mail: srkonuspayev@mail.ru

Pe3tome. B cratbe mnpoBen€H aHaNM3 JMTEPATYpHBIX M TNATEHTHBIX JAHHBIX [0 KaTalM3aTopam
OJIMTOMEPU3ALMH OJIC)UHOB JUISl MOJYYEHHs] JUIMHHOLCHHBIX JIMHEHHBIX 0-0Je(HHOB, KOTOPBIE UMEIOT
Ba)KHOE 3HAY€HHE JUIS MOJYyYeHHUs TOBApOB HAPOAHOIO MOTpeOieHMs, kak 0a30Bble CMa30uHbIE Macia,
MOIOIIME CpeAcTBa M MHoroe jpyroe. Karammsaropamu onuromepusaluu oie(HHOB  SBISIOTCS
KOMIUIEKCHBIE COCAMHEHMS] IMEePEeXOIHBIX METAIOB M HX COYETaHHE C aNTIOMHHHHOPraHWYECKUMHU
COCIMHEHUSIMY, TAE PeIaromuM (akTopoM SBISETCS MPHUPOJa MeTala KOMIUIeKcooOpa3oBaTels, 4eM
Oouibllle 3apsAIOBBIX COCTOSHUI MeTajuia, TeM pa3HooOpasHee oOpa3yeMble MMH KOMIUIEKCHI U 0C000 B
9TOM OTHOLIEHHMH BBIJEIAETCS XPOM, KOTOPOMY IOCBSIIEHBI OOJBIIOE KOJMYECTBO MATEHTHBIX JaHHBIX.
KaTanuTnuecknue cHCTEMbI OJMIOMEPHU3ALMU OJIE(UHOB COCTOST U3 KOMIUIEKCOB MEPEXOJHBIX METAJIIOB
IUIIOC  QMIIOMUHUOPTaHUYECKUE COCIMHEHHs, KOTOPBIX HAas3bIBAlOT CO KAaTaJM3aTOPAMH, PEaKIMU
MPOBOJT B PAaCTBOPHUTENE NPH MOBBIMIEHHBIX TEeMIepaTypax M pAaBieHusx. Ha kakaoMm Metamie
KaTaJIUTUYECKUE CBOMCTBA ONpPEAEISIFOTCS MPUPOJOH JIMTraHAa: COCTaB, CTPOCHUE, CTPYKTYpa, KUCIOTHO-
OCHOBHBIE XapaKTEPUCTUKH, OJHAKO KAKHX-TO 3aKOHOMEPHOCTEH M0 MX MOoAOOpYy He OOHapy»KeHO M Bce
olnpezeNsieTcs HKCIEPUMEHTOM. B KkauecTBe KaTalnu3aTOpoOB OJIMTOMEPU3ALUM  OJE()UHOB MOTYT
BBICTYNaTh LEOJIUTHI M MOHHBIe >uakocTH. Ha 1eonmrtax omuromepusytor OyteH-1 uiam OyTaH-
OyTmieHOBYI0 (pakuuio HedTenepepaOOTKH I HONydeHHs OCEH3MHA, MPOIECC MHPOBOAAT IPU
Temmneparypax Boiire 300°C, Koraa akTHBHUPYIOTCSI €r0 KHCJIOTHBIE HeHTpbl. Oco0bIii MHTEpeC BHI3bIBACT
UCIIOJIb30BaHHUE B KaU€CTBE KATAIU3aTOPOB MOHHBIX XKUAKOCTEH, HA KOTOPBIX OJMIOMEPH3AIMI0 MOKHO
MIPOBOJUTH pH aTMochepHoM aaBinenny U Hike 100°C, xoTs HHpOpPMALUY IO HEMY HEMHOTO.

KiroueBble cjioBa: onvroMepusanusi, o-oieuH, KaTaau3aTop, HepeXo HbIe METAJUIbI, [IEOJIUT, HOHHAS
JKUJIKOCTb.

Konycnaeg Canapkanu Pemaesuu O00KMOPp XUMU4ECKUX HAyK, npogheccop

Kaoupoeoe Kaiipam Advipoexosuu O0OKMOP XUMUYECKUX HAYK, npogeccop

FOzan Onvza Koncmanmunosna KaHouoam  XUMUYECKUX  HAyK,  acCOYUUPOBAHHbILL
npogheccop
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[TpaBuia oopmiteHHs cTaTell B )KypHae
«XUMHMYECKHUH )KYPHAJ KASAXCTAHA»

1. OBIIME IMOJOXKXEHUSA

Kypnan «Xumudeckuii xxypran Kazaxcrana» (ISSN 1813-1107, eISSN 2710-1185)
BBITTycKaeTcst opaeHa TpymoBoro KpacHoro 3namenn AO «MHCTUTYTOM XUMUYECKHX
Hayk uM. A.b. bektypoBa» 4 paza B rom u myOJHKyeT pabOTHI IO HMIMPOKOMY KPYTY
(hyHIaMEHTAIBHBIX, IPUKIAJAHBIX 1 HHHOBAIIMOHHBIX MCCJICIOBAHUI B 001aCTH XUMHU H
XUMHUYECKOU TEXHOJIOTHH.

SI3pIkM MyOJMUKAIMK: Ka3aXCKUW, PYCCKUM, aHTMUACKHUM. JKypHal HHICKCHPYeTCs
KazaxcTraHckoil OMOIMOMETpUUYECKOW CHCTeMOW W BKIOYeH B IlepedeHp u3maHui,
pexomeHayeMblx KoMuTeToM 1O KOHTpoimro B chepe o00pa3oBaHUS U HAYKU
MunucrepctBa o0Opa3oBaHusi W Hayku PecmyOmuku Kaszaxcran mis  myOnukaiuu
OCHOBHBIX PE3YJITATOB HAYYHOH EATETHHOCTH.

W3nanue umeeT Clieayolue pyopuKu:

1. OO63o0pHbIe cTaThby 10 20 TMeYaTHBIX CTPAHUI]

2. OpuruHanbHbIe cTaTh (10 8—10 MeYaTHBIX CTPAHUIY)
3. Kpatkue coobmienuns (10 4—5 meyaTHbIX CTPaHHII)

2. IPEJCTABJIEHUE CTATER

Pepakiyst mpuHUMaeT CTaThi OT Ka3aXCTAaHCKHUX M 3apyOeKHBIX aBTOPOB. B memsx
noryssipu3anuy JKypHana, peaakiMOHHOM KOJUIerneil NpUBETCTBYETCS IIPUEM CTaTel Ha
AHTJIMICKOM SI3BIKE.

s permcTpanuu M NMyOJHMKAIUU CTATHH MaTepHal CTaTbU MPEACTAaBISIETCS B
pelaKIMIoO dYepe3 CHCTeMy JJIEKTPOHHOM Tmojadd cratbl Ha caiite JKypHana
(https://www.chemjournal.kz/) B komIuiekTe co cleayOMUMH JOKYMEHTaMU:

1. DnexrponHas Bepcus cratbu B popmarax Word u PDF co BcTpoeHHBIMH B TEKCT
Ta0JIUIIaMH, CXeMaMH, PUCYHKaMH ((aily moipkeH OBITh Ha3BaH MO (aMIIIUK TIEPBOTO
aBTOpA HA AHTIMHCKOM SI3BIKE).

2. CompoBoauTeNbHOE MMHCHEMO, apecoBaHHOe B Pepakunio XUMHUYECKOTO KypHaia
Kazaxcrana oT opraHuzamuy, B KOTOPOW J[aHHOE WCCIICOBAHHE BBIIIOJHEHO, C
YTBEPXkKAECHUEM, YTO MaTepHal PYKONHCH HHI/IE He IyOJIMKOBAiCs, HE HAXOAWTCS Ha
paccMOTpeHHMH Uil ONMyOJIMKOBaHWS B JAPYTMX JKypHalaX M B Marepuajax CTaTbH
OTCYTCTBYIOT CEKpPETHBIE JJaHHbIE. B COMPOBOAUTENFHOM MUCHME YKA3bIBAIOTCS CBEJCHUS
00 aBTope /It KoppecnoHaeHunu: damMuins, UM U OTYECTBO aBTOpa, CIy)KEOHBIN ajpec
C yKa3aHHEM MOYTOBOT'O MHJIEKCA, aJjpec AMeKTPOHHOI mouTsl, Tenedon u ORCID.

3. Bce crarbu, ony6naukoBaHHbIe B XUMuueckoM xypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myGmukyrorcst B OTKpeITOM poctyre. UToObl obecneduTh
CBOOOAHBIN JIOCTYH 4YHTaTEeIIM M MOKPBITH pPACXOJbl HA OKCIEPTHYIO OICHKY,
pEIaKTHPOBAaHUE, MOJJEPKAHUE CalTa >XypHaJla, JOJITOCPOYHOE APXMBHPOBAHUE W
BEJCHHE KypHalla, B3WMaeTcs IulaTa 3a o0pabotky crareu. IlpaBuma ommatel 3a
oIyOJIMKOBaHKE TIPHHATOMN K [I€YaTH CTaThU HAXOAATCS B OTACIBHOM JIOKYMEHTE Ha caiite
Kypnana «Ormnara 3a ormyOIMKOBaHHE).

4. CraTbe IpUCBauBAETCs PETHUCTPAIIMOHHBIA HOMEP, KOTOPBIH COOOIIAeTCs aBTOpamM
B TE€UCHUE HEJIENIU MOCie MOMyueHHUs YKa3aHHOTO MEepedHs JOKYMEHTOB; Ha 3TOT HOMEp
HEOOXOMMO CChUIATHCS MPHU TEPEIHCKE.
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5. TlpuHATBIM K II€YaTH CTaThsM IIPUCBAMBACTCS IU(PPOBOH HIACHTH(PHKATOD
(DigitalObjectldentifier — DOI).

6. YuuThiBasi HEBO3MOXXHOCTh TPOBOJUTH CTAaThU Ha Ka3axCKOM sI3BbIKE 4Yepes
CHUCTEMY aHTHILIaruat, OyAyT YYHUTBHIBATHCS (POPMYJIHMPOBKU DPEILECH3CHTOB M PEIICHHE
HU3J1aTCIbCKOM KOJIJIETHH.

7. CTaTh¥ TOKHBI OBITH O(OPMIICHBI COTJIACHO IIA0JIOHY, KOTOPBIA MOYKHO CKa4yaTh
B pazaene «OTnpaBka MaTepualioBy Ha caiite Xumuueckoro XKypnana Kazaxcrana.

3. CTPYKTYPA IYBJUKAIIAI

3.1. B Hayase 0030pOB, OPUIrHMHAJIbHBIX CTaTell W KPATKUX COOOUIeHMIl Ha
MIEPBOH CTPOKE YKa3bIBaeTCs HOMEpP 10 YHHBEPCAIBHOM MECATUYHOU KIacCH(PHKAINH
(VK wim UDC), cooTBETCTBYIONTHI 3asBJICHHOW Teme. J[aeTcst mponucHbIMA OyKBaMu B
BEPXHEM JIeBOM yIiy. Takxke Ha MNEpBOHl CTpOKE cHpaBa MNPOMHCHBIMH OyKBaMH
nonyxupHeiM mpudoM Ne 14 ykasbiBaeTcs Haspanme xypHana XMMHWUYECKHA
KYPHAJI KA3AXCTAHA (KA3AKCTAHHBIH XHWMUS JKYPHAJIbI,
CHEMICAL JOURNAL OF KAZAKHSTAN), rox, HOMep.

3.2. anee yepe3 CTPOKY MPUBOAUTCS MEXAYHAPOTHBINA CTaHAAPTHBIM cepHaTbHBIN
Homep xypHana (ISSN 1813-1107, eISSN 2710-1185) u Ha cnenyromel cTpoke cieBa
npuBogurcsi DOIL: koTopblit OyseT nMeTh 3HaYeHUE MOCIIe IPUHSATHS CTAThU K ITEYaTH.

3.3. [Jlanee, mocne OTCTyIlla CTPOKH YKa3bIBaeTCs 3arjiaBHe CTAThH IPOIUCHBIMHU
OykBamu, mpudt Ne 14 — momy>XupHBIH, BBIpaBHHBAaHHE TEKcTa Mo IeHTpy. HaszBanme
JOJDKHO MAaKCHMAaJbHO IIOJHO M TOYHO ONKCHIBATH COJEPXKAHHE CTaThH, BKIIOYATh
KITFOUEBBIE CIIOBA, OTPAXKAIOIINE HAMIPABJICHHE W/UIM OCHOBHOW PE3yNbTaT HCCIEAO0BAHNUS,
HO B TO € BpPeMsI ObITh KOPOTKUM U SCHBIM U HE COZIEPKAaTh COKPAICHUI.

3.4. Jlanee, mocie OTCTyTa CTPOKH, YKa3bIBAIOTCSI HHMIHAJbI M haMuiIMM aBTopa(-
OB) CTPOYHBIMH OykBamu, IIpUMT Ne 12 Moy KUPHBIN, KypCHB, BRIPABHUBAHUE TEKCTA TI0
neHtpy. ®damwuims aBTOpa, C KOTOPBIM CJEAyeT BECTH IIEPENHCKY, JIOJDKHA OBITh
ormeueHa 3Be3foukoit (*): C.C. Camaesa*, A.M. /[»cyoananuesa.

3.5. Uepe3 ctpoky mmpudtom Ne 12, cTpouyHBIMH OyKBaMH, KYPCHBOM C
BBIPAaBHUBAaHMEM TEKCTa MO IIEHTPY CJIEAyI0OT HauMMeHOBaHHe(d) opraHusanmu(ii) C
yKa3aHWEeM YacTH Ha3BaHUS OpraHU3alnuH, KOTOpas OTHOCUTCS K MOHSATHIO IOPHIMYECKOTO
muna (B aHTJIMHCKOM TEKCTe HEoOXOAMMO YKa3blBaTh O(UIMANBHO TPHHATHIN MEpeBOA
Ha3BaHMUs), TOPOJl, CTpaHa. B aHIrmiickoM BapHaHTe aJlpecHbIC CBEICHHS JOJIKHBI OBITH
TIPECTaBIICHbI Ha AHTJINICKOM SI3bIKE, B T.4. TOPOJ M CTPaHa.

Crpokn ¢ daMwimsIMH aBTOPOB U HA3BaHMSAMHM OpPraHM3alMi  COJEp)KaT
HaJCTPOYHBIE WHACKCH (mocie ¢GaMwink W Tepel Ha3BaHWEM OpraHu3aIlnu),
YKa3bIBAIOIIME HA MECTO pabOTHI aBTOPOB.

Ha cnenytorueii crpoke KypcuBHBIM HauepTanuem, mpudt Ne 12, ¢ BelpaBHUBaHHEM
TEKCTa 110 LEHTPY YKa3bIBACTCS AIEKTPOHHBIN afipec sl MePETHCKH.

3.6. Pe3rome (Abstract, Tyiiinmeme) cOCTOUT U3 KpaTKOro Tekcra (He Menee 150—
250 cnos, mpudt Ne 12) Ha s3bike crarthu. AbStract myGmukyercs B MEXAyHAPOIHBIX
0a3ax, JTaHHBIX B OTPBIBE OT OCHOBHOT'O TeKcTa. Pe3toMe J0IHKHO OBITH aBTOHOMHBIM, BCE
BBOJIMMBIE 0003HAUCHHMS M COKPALIEHHUsI HE0OX0ANMO pacmrdpoBarh 31ech XKe.

[TpuBercTBYeTCS CTPYKTYPHPOBAHHOE PE3IOME, TOBTOPSIONIEE CTPYKTYPY CTaTbu U
BKITIOYAIOIICE: BGedeHue, yeau U 3a0ayu, Memoobl, pe3yIbmamvl U 00CyxHcOoeHue,
3aKmouenue (8b1600bl). B TO e Bpems, EenH 1 3a1a4 OMICHIBAIOTCS, €CIIM OHHU HE SCHBI
W3 3aryIaBUsl CTAaTbH, METOJBI CIEAYET ONMCHIBATh, ECIIM OHU OTJINYAIOTCS HOBH3HOW. B
pe3oMe BKJIFOYAIOTCS HOBBIE PE3YNBTATHI, MMEIOMINE JONTOCPOYHOE 3HAUCHUE, Ba’KHBIC
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OTKpBITHS, ONpPOBEpraiolline CYLIECTBYIOIIME TEOPUH, a TaKKe JaHHbBIE, HMEIOIIHe
mpakThHueckoe 3HaueHue. CremyeT HCIONB30BATh TEXHUYECKYIO  (CHEHHAIBHYIO)
TEPMHUHOJIOTHIO Ballled ANCIUTUINHEIL.

Pesrome maercst 6e3 a03amHOTO OTCTyIMa CTPOYHBIMH OYKBaMH; OHO HE OJDKHO
cofiepKaTh HOMepa COeTMHEHNH, 3KCIIepUMEHTAIbHBIC TaHHbBIC U CCHUIKM Ha JUTEpaTypy.
Pe31oMe TOBKO OJJHO — B HavYaJIe TEKCTA.

3.7. Jlanee Ha sA3bIKE CTaThM 0€3 a03aI[HOTO OTCTYIA CTPOYHBIMK OyKBaMH MIPHUHTOM
Ne 12, BrIpaBHHBaHHE TEKCTA IO JIEBOMY Kparo MPHUBOIATCS KJII0YeBble ¢JIoBa (0T 5 110
10 mt.), obecneurBaromye HanboJee MOHOE PACKPBITHE COJIEPIKAHMS CTATHH.

3.8. B kpatkux coobdmenusx npuBoautcs pestome (150-200 cioB), kiarodeBbie
CJIOBa, HO JEJIEHUsI Ha pasjensl He TpeOyercs. [laeTcs TeKCT KpaTKoro COOOIIEHMs Ha
OJTHOM M3 TPeX SI3bIKOB C BBINOJIHEHHEM TpeboBanuii k Y JIK, Ha3BaHUIO cTaTby, MEPEYHIO
aBTOPOB, HAMEHOBAHUI OpraHn3alyii, B KOTOPBIX OHM PadOTAIOT, YKa3aHHUIO aBTOpa JUIs
MepenucKku. B Tekcre KpaTKOro cooOIIeHHS NPUBOAATCS KOHKPETHBIE CYIIECTBEHHO
HOBbIe pe3yJbTaThl, TpeOylolue 3aKpelnjeHHsi TNPHOPUTeTa C HEOOXOANMBIMU
9KCIIEPUMEHTAIPHBIMA ~ MOAPOOHOCTAMH.  3aTeM  ClefyloT:  uHpopMamus O
(bvHaHCHUpPOBaHWH, OJArOJAPHOCTH, CBEJCHUS O KOH(INKTEe WHTEpecoB, HHPopMAIUsI 00
aBTOpax M CIHCOK JINTEPATYPHI.

3.9. Crarbss HayWHAETCS C BBedeHHs, B KOTOpoM (opmynupyeTrcs Leinb Hu
HEOOXOJUMOCTb TIPOBEACHUS UCCIIEOBAHMsI, KPATKO OCBEIIAETCSI COCTOSIHUE BOIPOCa CO
CCBUTKaMM Ha HauOoJiee 3HAYMMBbIE MMyOIMKAIMU ¢ W30EraHueM CChUIOK Ha YCTapeBLINE
pe3yibrarbl. M3naratoTcsi OTKpPBITHS, CHENIaHHbIE B XOJle JaHHOTO MCCIIEAOBAHUS.
Yka3bIBaeTcsl CTPYKTypa CTaThH.

3.10. DxcnmepuMeHTAJbHAsi YacTh COJCPXKHUT OINMCAHWE XOJa M Pe3yJbTaTOB
9KCIIEPUMEHTa, XapaKTEepPUCTHKY MOy YE€HHBIX COEIMHEHU. B Hayane
SKCIEPUMEHTAIIFHON  9acTW  NPUBOAATCS  HAa3BaHWs NPHOOPOB, Ha  KOTOPBIX
3apEerHCTPUPOBAHBl  (PM3UKO-XMMUYECKHE XapaKTEPUCTHKH BEIIECTB M YKa3bIBAIOTCS
YCIOBUSI HW3MEPEHHS; TaKKE YKa3plBAalOTCA JIMOO HWCTOYHWKH HCHONB30BAHHBIX
HETPUBHAIBHBIX PEAreHTOB (HAIIPUMEDP, KKOMMEPUECKHE MPETapaTsl, Ha3BaHUE (HUPMBD»),
700 AAIOTCS CCHUTKM HA METOANKHU MX MOTy4CHHUS.

Kaxnpiit maparpad SKCIEpUMEHTAJIbHOW YacTH, ONMUCHIBAIOLIMK  TONyYeHUE
KOHKPETHOTO COEIIMHEHUs], JOJDKEH COJepKaThb €ro IMOJHOEe HauMEHOBaHHE MO
Homenkinarype MIOITAK u ero mopsakoBbiii HOMep B cTathe. B MeTo/Mkax 00si3aTelbHO
yKa3blBaTh KOJMYECTBA PEarecHTOB B MOJBHBIX M MAacCOBBIX eAMHHMIAX (s
KaTaJM3aTopoB — MAacCy M MOJIbHBIE IPOLIEHTHI), 00BEMBI pacTBopuTeneil. Meroauka
9KCIIEPUMEHTA U3JIaraeTcs B npouieduiemM BpeMeHH.

JIisi M3BECTHBIX BELIECTB, CHHTE3MPOBAHHBIX OIyOJIMKOBAHHBIM paHEe METO/OM,
HEOOXOJMMO TIPHBECTH CCBUIKY Ha JINTepaTypHbIe AaHHBIE. [l M3BECTHBIX BELIECTB,
MOJMY4YEHHBIX HOBBIMH WJIM MOJU(HUIMPOBAHHBIMA  METOAAMH, JIOJDKHBI  OBITH
MIPEACTAaBICHBI NX (PU3NUECKHE M CHEKTPATIbHBIC XapaKTEPHCTHKH, MCIIOIb30BAaHHBIC IS
TIOATBEPKACHHUS UICHTUIHOCTH CTPYKTYPbI, METOJl CHHTE3a M CCBUIKA Ha JINTEPATyPHBIC
JTaHHBIE.

IIJ'IH BCE€X BIICPBLIC CHHTE3UPOBAHHBIX COC}II/IHGHI/Iﬁ HCO6XOJII/IMO IMPUBECTU
J0Ka3aTeJbCTBA MPUIHUCBIBAEMOI'0 UM CTPOCHUA U JAHHBIC, ITO3BOJIAIONINE CYIUTH 06 nux
HHAUBUAYAJTbHOCTU M CTCHECHU YUCTOTHI. B YaCTHOCTH, JOJI’)KHBI OBITH MMpEaACTAaBJICHBI
JIaHHBIC 2JIEMEHTHOT'0 aHAJIM3a WM Macc-CIEeKTPbI BBICOKOTO pasperteHus, K criekTpsl u
cnektpsl SIMP *H u °C.
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JlaHHBIC PEHTI€HOCTPYKTYPHOIO aHAJIM3a IPEACTABISIIOTCS B BHIEC PHUCYHKOB H
Tadau. Bce HoBbIe coequnenusi, fanable PCA KOTOPBIX IPUBOJSATCS B CTAThE, TOJKHBI
ObITh 3aperumcrpupoBaHbl B KemOpumkckoii 0a3ze cTPpyKTYpPHBIX AAaHHBIX M HMETh
cootBercTByMone CCDC HOMepa.

Ecnu, mo MHEHHMIO pEleH3eHTa WM PelaKkTopa, HOBbIE COCIMHEHHs He ObUIN
YJIOBJIETBOPHUTEIILHO OXapaKTepU30BaHbI, CTAaThs HE OYAET MPHUHSATA K ITeYaTH.

Ipumep METOANKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 2.18 g (0.01 mol) of 3-
carbethoxycoumarin, 1.08 g (0.01 mol) of 2-amino-6-methylpyridine was added with
stirring. The mixture was boiled for 10 h. The solution was cooled, the precipitate was
filtered. Then it was washed with cold EtOH. After the drying and recrystallization of the
residue from i-PrOH vyield of the product 12 was 2.05 g (63%), mp 226-228 °C, Rf 0.82
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C16H12N20s.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

Bnumanue! B cTaThsiX, MOCBSIIEHHBIX CHHTE3y HOBBIX COEIMHEHMH, JOIyCKAeTCs
pasMelieHre IKCIePUMEHTATbHON YacTH 3a pa3zesioM Pe3ynbTaThl U 06Cy:KIeHHE.

3.11. B pasznene Pe3yabrarsl M 00cCy»KIeHHe, KOTOpBIH sBISETCS Hambolee
Ba)XHBIM, CJIeyeT OOCYyIUTb M OOBSICHUTH IIOJNy4YEHHbIE B paboTe pe3yabTaThl,
MIPOaHAIN3UPOBATH OCOOEHHOCTH CHHTE3a, IPOJEMOHCTPHPOBATh U yKa3aTh BO3MOJKHBIC
orpanndeHus. [IpoBecTH cpaBHEHHE IIONYYCHHBIX PE3YJIbTaTOB C OITyOJMKOBAaHHBIMA
panee. Bce HOBbIE COEIMHEHHSI JIODKHBI OBITH IIOJHOCTBIO  OXapaKTEpPH30BaHbI
COOTBETCTBYIOIINMH CHEKTPATbHBIMH W JPYTUMH (HU3UKO-XMMHYECKHIMH JaHHBIMH. B
TEKCTe O0OOOMIAIOTCS M Pa3bsACHIIOTCS TOIBKO TE€ CIEKTPAIbHBIC [aHHBIE, KOTOpBIC
UCTIONB3YIOTCSL  IUI1  TIOATBEP)KACHHS  CTPYKTYPbl  IONYYEHHBIX  COCAWHEHUH.
[lepeuncnenne OmHMX M TEX JXK€ JAHHBIX B TEKCTe, TAaONMMIAX W Ha PHCYHKax He
nomnyckaercs. [Iy1s1 HOBBIX METOJOB CHHTE3a JKeJaTelIbHO OOCY/ANTh MEXaHH3M PEaKLUH.
it 0000IIeHNST TaHHBIX HEOOXOIUMO HCIOJIh30BATh MOHATHBIC PUCYHKA WU TAOJIHIIBL.
Hpe)ICTaBHeHHBIe JaHHBIC JTOJDKHBI IOJAJaBaTbCA HHTCPIIPECTALTNHN.

IIpn oOcyxaeHun pe3ynbTaToB CIeayeT MNPHICPKUBATHECS  OQUIHMAILHON
tepmuHoaoruu [IUPAC. Pe3synbTatsl pekoMeHaAyeTCs u3araTh B IPOIIEAIIEM BPEMEHH.

O0cy:kaeHne He JODKHO IOBTOPSTH OIMCAaHWE pe3yJbTaToOB HCCIenoBaHHs. B
TEKCTE€ JIOJDKHBI OBITh HCIIONIB30BaHBI ~OOLICTIPUHATHIE B HAYYHOW JIUTEpaType
cokpamenus. HectanmapTHble COKpamieHWsl JOJDKHBI OBITh pacmudpoBaHbl IocCie
NIEPBOTO TOSIBJICHUS! B TEKCTe. EAWHUIBI W3MEpeHWH [OJDKHBI OBITh yKa3aHbl B
MexnyHnapoaHoii cucteme CH.

3.12. 3arem pexomeHayeTcs cHOpMyIHpOBaTH 3aKJIKYeHHE, B KOTOPOM YKa3aTh
OCHOBHBIE JIOCTIDKCHUS, NPEICTaBICHHBIE B CTAaThe, U OCHOBHOM BBIBOA, COAEP KAIIUH
OTBET Ha BOIIPOC, MMOCTaBJICHHBIM BO BBO}IHOf/'I YacTHu CTaTbHU, a TAKXC BO3MOXHOCTH
HCIIOJIb30BaHUA Mmarepuajia CTaThHu B d)yH}IaMeHTaHBHBIX 0050 ITPUKIIATHBIX
HCCIIEZIOBAHUSIX.

3.13. IlpuBoaurcs uadopmaIus 0 GUHAHCHPOBAHUH HCCIICIOBAHUI.

3.14. BeipaxkaeTcs 6J1aroqapHOCTb TEM, KTO TIOMOT BaM B MOATOTOBKE Ballei
paboTHI.

3.15. B pykomucu AOMKHO OBITH 3asBICHO O TOM, HMMEETCS JH KOH(WIMKT
HHTEpPecoB

3.16. B undopmanuu 00 aBTOpax YKa3bIBalOTCSA: ydYeHas CTENCHb, 3BaHUE,
IOJKHOCTB, e-mail, ORCID.
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3.17. Crarbsl 3aKaHYMBACTCS CHUCKOM JIMTEPATYPBI CO CChIIKAMHU Ha PyCCKOM (MM
Ka3aXCKOM) SI3bIKE€ M CCBUIKAMH Ha s3blke opHruHana. CCbUIKM Ha JIMTEepaTypHbIE
HCTOYHUKH B TEKCTE MPHUBOIATCA MOPSIKOBBIMH apaOCKUMHU OU(PpaMd B KBaIpPaTHBIX
ckoOKax 1Mo Mepe ynoMuHaHWsA. Kaknas cceUika MOIDKHA COJEpXkKATh TOJBKO OIHY
nuteparypHyto nutary. CHHCOK JHTEpaTyphl JOIDKCH OBITh TpEACTaBICH Hambolee
CB&KUMH M aKTyaJIbHBIMH MCTOYHUKAMHU 0€3 M3JIMIITHET0 caMOoIuTHpoBaHusI(He 6onee 20
nporeHToB). s crareil jkemareneH CHUCOK W3 He MeHee 10 cCBUIOK CO CTpOKaMH
JA0CTYyIla B UHTCPHETC.

3.18. OO0s3arenbHa unHdopManus 00 aBTopax. B Hell yka3bIBaloTCs: ydeHas
CTeleHb, 3BaHKE, TOKHOCTB, e-Mail, ORCID, ¢pamuaus, umMs, 0T4€CTBO MTOJHOCTHIO Ha
TpeX S3bIKAX.

HNudopmanust 00 apTopax:

JxycunbexoB Ymupsak KymacnnoBud — AO «HCTHTYT XUMHUYECKHMX HayK HM.
A.b. bBekrypoBa», 3aBemyrommii nmabopaTopuell XWMHH COJEH M YOOOpEHWH, dYiIeH-
koppectnoHneHT HarmmonaneHoi akagemun Hayk PecnyOmukm Kazaxcran, mpodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .

HypramueBa I'ynp3una OpbIHTaeBHa — JOKTOp XUMHUYECKHX Hayk, AO «HCTHTYT
XUMUYECKHX Hayk uM. A.B. BekrypoBa», Asmarel, PecmyGmuka Kaszaxcran, e-mail:
n_gulzipa@mail.ru , ORCID: https://orcid.org/0000-0003-2659-3361 .

BbasxmeroBa 3amupa KenecOekoBHA — KaHOHIAT XMMHYECKUX HAYK, BEIYIIUit
Hay4HbIN coTpyaHuk, AO «MHCTUTYT XuMHYeckux Hayk uM. A.b. bektypoBa», Anmarsl,
Pecniy6snka Kasaxcran, e-mail: zamirabkz@mail.ru , ORCID: https://orcid.org / 0000-
0001-7261-2215.
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Chnucok  HUTHpYyeMOH  JuTeparypbl  OGOPMIIIETCS B COOTBETCTBUH  C
HIDKEIIPUBEACHHBIMU 00pa3iaMu Oubarorpadguueckux onucanuii (4.8.).

3.19. B KoHIE cTaTbM MOCNE CIHCKAa JUTEPATYPHl OONOJIHUMENbHO TPUBOIMUTCS
nepeBos Pe3tome Ha kazaxckuii (Tyiiinmeme) u Ha aHrmuiickuit s3biku (Abstract). Cnoso
Pe3rome (Abstract, Tyiiingeme) maercs mo uentpy. Ha cremyromieii cTpoke ¢
BEIPaBHUBAHHEM I10 JICBOMY KpalO IMPOMUCHBIMH OyKBaMU TONXYKUPHBIM MIpuQToM Ne 12
MPUBOAMTCS Ha3BaHWE cTaThu. UYepe3 CTPoKy Oe3 ab3amHOro OTCTyIa KYpPCHBOM,
Oy KUPHBIM TIpuQTOM Ne 11 marorcs MHUIUAIE U (paMUITHH aBTOPOB.

Ha cnemyromeir ctpoke 0e3 ab3aifHOTO OTCTyIa KypCHBOM, CTPOYHBIMH OyKBaMmw,
mpudToMm Ne 11 mpuBoasTcs Mecta pabOTHl aBTOPOB C HAACTPOIHBIMU HHACKCAMH (ITOCHE
(haMuMK ¥ TIepen Ha3BaHWEM OpraHW3alliH), YKa3bIBAIOIIE HA MECTO pabOThl aBTOPOB.
3aTeM uepe3 CTPOKY C ab3allHOrO0 OTCTyINa C BbIpaBHMBAHMEM TEKCTa IO IIUPHUHE UAET
TEKCT pe3toMe, HaOpaHHBIN CTPOUHBIM HipudTom Ne 12.

Janee uepe3 cTpoky ¢ ab3alHBIM OTCTYIIOM CTPOYHBIMHU OykBaMu mpudtom Ne 12, ¢
BEIPaBHUBAHHEM TEKCTa IO NIMPUHE TPUBOJATCS KJIIOYeBBIe ciaoBa (oT 5 mo 10 mrt.),
o0ecreunBaroIue HauboJIee MOJIHOE PACKPBITHE CONIEPIKAHUS CTATHU.

3.20. [Inst craTeit, mogaBaeMBIX Ha SI3BIKE, OTIIMYHOM OT aHTIUICKOTO (Ha Ka3aXCKOM
WIA PYCCKOM sI3bIKE), B KOHIIE CTaTbU HaxOAWUTCS aHrmickuii Omok (Abstract,
Information about authors, References).

3.21. Bce cTpaHUIIBI PYKOIHUCH CIIEYET MTPOHYMEPOBATh.

4. TPEBOBAHUS K O®OPMJIEHUIO PYKOIIMCEN

4.1. O6beM cTaThy, BKIIIOYast aHHOTALIMIO U CIIMCOK JIUTEpaTypsl: 10 8—10 cTpaHwmII.
O630pHbIe cTaTbu MOTYT ObITh 110 20 ctpanuil. CtaThs IOJDKHA OBITH HaledaTaHa Ha
omHOW cropone sucta A4 mpudprtom Times New Roman, pasmep kerias 14 ur;
MEXCTPOYHBIM MHTEpBaJI — OAMHAPHBIA U monaMu: BepxHee — 2.0 cM, HmkHee — 2.0 cMm,
neBoe — 3.0 cM, mpaBoe — 1.5 cM; paccTaHOBKa MEPECHOCOB HE JOIYCKAaeTCs;, a03amHbIN
orctyn — 1.0 cM; popmaTrpoBanue — 1o mupuHe. JloikeH ObITh HCIONB30BaH TEKCTOBBIN
penaktop Microsoft Word for Windows, B Buzae doc-¢aiina, Bepcus 7.0 u 6onee mo3nHue.

JUist KpaTKOCTH M HarISITHOCTH OOCYXK/IEHHS COEIMHEHUs, yIOMHUHAaeMble Ooee
OJTHOTO paza, ClieflyeT HyMEpoBaTh apadCKUMM IU(paMy B COUYETAHUH CO CTPOYHBIMHU
JIATHHCKUMHU OykBamu (111 0003HAYCHUS COCAWHEHHH ¢ TICPEMCHHBIM 3aMECTHUTEIICM).
[Ipu ymoMuHaHUH TOTHOTO Ha3BaHMS COCAMHEHUS MI(P AaeTcs B CKOOKaX.

CTepeoXuMHYecKne CHMBONBI W TIPUCTABKH, XapaKTEPH3YIOUINE CTPYKTYPHBIC
0COOCHHOCTH WIIM TOJIOXKEHHE 3aMECTHTENsl B MOJIEKYyJe, CleAyeT HaOupaTh KypCHBOM
(italic): (R)-snautHOMEp, mpem-OyTWIl, napa-KCWiaol. BMecTO I'pOMO3JIKHX Ha3BaHUMN
HEOPraHWYECKHX M 4acTO yIOTPeOIIIeMbIX OPIraHUUECKUX COSAMHEHNH CIIeIyeT AaBaTh UX
¢dopmyns: NaBr, TsOH Bmecto OpoMun HaTpus u ToiyoscynibpoHoBas kucnora. IIpu
WCIIOJIb30BAaHUM TEPMHHOB M OOO3HAYCHWH, HE HMMEIOIIMX LIMPOKOI'O MPUMEHEHHS B
JUTEpaType, X 3HAYCHUS MOSCHAIOTCS B TEKCTE NPH IIEPBOM YIOTPEOJICHNH: HallpuMep,
nommaTHICHTepedTanar (IIDTD).

Jist m300pakeHnst CTPYKTYPHBIX (OPMYJT XUMHUYECKHX COEIMHEHHH HEoOX0anMo
HCIIONB30BaTh pefakrop xumudeckux ¢opmya ChemDrawUltra. Bce magmucu Ha
cXeMaxX MPHUBOAATCA Ha AHTIIMHCKOM s3bIKe. B cxeme HEOOXOOMMO YKa3bIBaTh BCE
YCIIOBHS pPEaKIWi: HaJ CTPENKOW — peareHTHl, KaTaln3aTopbl, PacTBOPUTENH, O[T
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CTpPENIKOW — TeMIlepaTypa, BpeMs, BBIXOH. Ecim yclioBusi peakuuii CHIBHO 3arpyaroT
CXEMy, UX MOXHO ITEPEHECTH B KOHEI] CXeMBI, paclii()poBbIBast OYyKBEHHBIMU HHAEKCAMH,
manpumep, i: HCI, H,0, 80 °C, 5h. Tako#i e OYyKBEHHBIH HHIEKC MOJDKEH OBITH yKa3aH
HaJl CTPEJIKOW COOTBETCTBYIOIIECH PEAKLIUU.

4.2. YpaBHEHUs, CXEMBbI, TaOIHIBI, pUCYHKH U CCBHUIKH HA JIUTEPATypy HyMEpYIOTCS
B MOPSAAKE WX YIOMHHAHHSA B TEKCTE€ U OOJJHCHbI OblMb 8CMABIEHbL 8 MEKCm CMAmbl
IOCTIe TIEPBOTO YIOMUHAHUSA. TaONHIBI U PUCYHKH JOJDKHBI COIPOBOXKIATHCS TTOAMUCHIO;
3aroJIOBKH K CXeMaM JIAI0TCs TPH HEOOXOAMMOCTH.

4.3. Tlo BO3MOXHOCTH CIJIElyeT TOTOBUTh PHCYHKH C IIOMOIIbIO KOMIIBIOTEPA.
OZHOTHUIIHBIE KPUBBIE OJDKHBI OBITH BBIOJHEHBI B OJMHAKOBOM MaclITabe Ha OJHOM
pucynke. KpuBble Ha pHCyHKax HyMepyloTcs apaOCKumu mHdpamMH, KOTOpPHIE
pacmudpoBBIBAIOTCS B TMOMNHMCAX K pHUCYHKaM. [l BceX PHCYHKOB HEOO0XOIMMO
MpeNCTaBUTh rpaduueckue Qaiinsl B GopmaTe jpeg ¢ MUHUMANBHBIM paspemenueM 300
dpi. Hagnucn Ha pucyHKaxX JODKHBI OBITh HAa AHTJIMICKOM SI3BIKE U TI0 BO3MOXHOCTH
3aMeHeHbI udpamu, pacmrupoBKa KOTOPHIX TaeTCS B OIMHUCH K PUCYHKY.

OnuHOYHBIC TPSMBIC, KaK MPABUIIO, HE TIPUBOJAT, a 3aMCHSAIOT ypaBHCHUEM JTMHHUH
perpeccun. Ilepeceuenne oceil KOOPAWHAT CIIEAyeT pacIojaraTh B JIEBOM YTIIy PHCYHKa,
CTpeNKH Ha KOHIIaX OCeil He CTaBATCS, JMHWH, OTPAaHUYHBAIOIINE TIOJNE PHCYHKa HE
MIPUBOASTCS, MacIiTabHas ceTka He HaHoCHTCA. ManomH(popMaTHBHBIE PHCYHKH, HE
oOCyXJaeMble B CTaThe CHEKTPHI, BOJbTAMIIEPOrPaMMbl H APYrHE 3aBHCUMOCTH HE
nyONUKYIOTCS. PHCYHKHM CHEKTpoOB He T0JLKHBI ObITh BBINOJHEHBI OT pyku. Bce
PUCYHKH JIOJDKHBI UMETh HyMepauuio apaOCKuMu IudpaMu (eciid pUCYHOK HE OJIMH).
CrnoBo «PucyHOK» M HaMMEHOBaHHE IIOMELIAIOT IIOCIE IOSCHUTENBHBIX NaHHBIX W
pacronararot cienyromum odpazom: Pucynok 1 — Jleranu npudopa.

4.4. Kaxpnas TadJuua JODKHA MMETh TEeMaTHMYECKUH 3arojloBOK M MOPSAKOBBIN
apaOckmii HoMep (0Oe3 3Haka No), Ha KOTOpBIA NaeTcs CCHUIKa B TeKcTe (Tabmumma 1).
Haszanne tabauis! pacronaraercst Haa TaOnuneit ciaeBa 6e3 ab3aliHOTO OTCTYIA B OHY
CTPOKY C €€ HOMEpPOM depe3 THpe 0e3 TOUKM Tocie HazBaHus. ['padbl B TaOIHIIE TOKHBI
AMETh KpaTKHe 3arOJIOBKH, OTPAKAIOMIME TapaMeTphl, YHUCICHHBIC 3HAYCHHUS KOTOPBIX
MIPUBEICHBI B TaOJHIIe; OHU MUIIYTCS B MIMEHUTEIHFHOM ITaJie’ke SIUHCTBEHHOTO YMCIIA C
NPOMUCHOM OYKBBI M Yepe3 3aIlsiTyI0 COMPOBOX/IAIOTCS COOTBETCTBYIOIUMHU €IUHULAMHU
u3MepeHusi (B cokpaiieHHoi ¢opme). PucyHku wimu ctpykrypHbeie ¢opmyinbsl B Tpadax
tabnuy He nomyckatorcs. [Ipomycku B rpadax nmpu OTCYTCTBUHM JAHHBIX 0003HAYAIOT
Tpems TOYKaMH, npu OTCYTCTBUH SIBJICHUS - 3HAKOM «THpe».
[Mpumeuannss k TabIMIAM WHISKCHPYIOTCS apaOCKUMK IHM(paMud M TOMEUIAIOTCS B
rpaHMax Tadyumbl mojx MarepuanoM tabnuupsl. Crnoso «I[Ipumeuyanue» ciiepyer neyaraThb
¢ mponucHO# OykBHI ¢ ab3ana. Ecnu npuMevanue ogHo, To nocie cioBa «IIpumedanue»
CTaBUTCS THPE W NPUMEYaHHUE MeYaTaeTcsl C MPONHCcHON OyKBbl. Heckosbko npuMedanuit
HYMEpYIOT 10 TOPSAAKY apaOCKMMHU mudpamu 0e3 NMPOCTaBICHHS TOYKHA M IIE€YATAIOT C
a03ara. B Tabnmmax HCMoNB3YIOT TOT XKe MPUDT, YTO M B TEKCTE CTATHH; JOMYyCKaeTCs
ymeHbIIeHHbIH (He MmeHee Ne 10 mpudt TimesNewRoman).

4.5. Tlpu BeIOOpE eAWHUI] U3MEPEHHs] PEKOMEHIYEeTCS TMPUACPKUBATHCS CHCTEMBI
CHU: 1, mMr, M, cM, MKM (MHKPOMETP, MHUKPOH); HM (HAHOMETpP, MWIUIMMHUKPOH); IIM
(muxomerp); E (amrctpem); c (cexynama); muH, 9 (dac), ' (repu); MI'n (merarepir); 3
(apcren); I'c (raycc); B (BonbT); 3B (a:mektponBonsT); A (ammep); Owm, Ila (mackanb);
MIla (meramackanb); rlla (rexromackanb); Ik (mxoynb); K (keneBun), °C (rpamyc

Henbcus); 1 (debaii).
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B necATHYHBIX APOOGAX Wedasi YacTh OTAeJsieTcsl OT APOOHON He 3amsATOi, a
TOYKOM.

Hcnonp3ytoTcst CleAylolye COKpameHUs:: T.KUM. ¥ T.UI. (TOYKM KHUIIEHHS W
IUIaBjieHus1) — mepex  Ludpamu; KoHL. (KOHLEHTPUPOBAHHBIA mepen  (opMyJion
coequHeHus1); M — MonekylspHas macca); MOJb, Kajd, KKajJ, H. (HOpMaubHBIH), M.
(MOJIAPHBIN); KOHIIEHTPAILKA PACTBOPOB 0003HavaeTcs (1/cMS, I/31, MOJIB/I).

J1 BcexX BHepBbIe CHHTE3HPOBAHHBIX COEAMHEHMI 00s3aTeNbHBI [JaHHbIE
3J1eMeHTHOT0 aHAJIN3a JIH00 Macc-CeKTPhI BHICOKOTO pa3pemieHns.

B 6pymmo-gopmynax snemeHTH pacmnonararotcs B cheayromeM mopsiake: C, H u
Jlaee COTJIACHO JATHHCKOMY andaButTy. DopMynmsl MOJEKYISAPHBIX COCIUHCHHH U
OHHEBBIX couleil narorcst uepe3 Touky (Harmpumep, CsHsN.HCI). [Ipumep 3ammcu KoHCTaHT
W JaHHBIX 3JeMeHTHoro aHanmmsa: T.kwim. 78°C (100 mm pt. cr.), T 50°C (EtOH),
d4?°0.9809, n?1.5256; Haiizeno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcN¢Oe.
Breruncneno, %: C 59.02; H7.01;121.20; N 8.22.

UK u Y® cnektpbl. B skcnepumentansHoit wactu it MK u Y@ crnexTpos
JIOJDKHBI OBITh YKa3aHbl XapaKTePUCTHUECKHUE YaCTOTHI MOJIOC, UTMHBI BOJH MaKCHMYMOB
HOTJIOMIEHHS, KOA(MGHUIUEHTH! SKCTUHIUH (MITH UX JIOTapH(MBbl) U YCIOBHS, IPH KOTOPBIX
3aMucaH CHeKTp.

Hpumepor 3anucu: UK cnextp (ToHKHI coif), v, cM™: 1650 (C=N), 3200-3440 (O—
H). Y@ cnekrp (EtOH), Amax, BM (1ge): 242 (4.55), 380 (4.22).

Cnektpel SIMP *H un *C. Jlomkubsl ObITh yKasaHbl pabodas 4vacTtoTa Hpubopa,
HCIOJH30BAHHBIN CTAaHAAPT W PACTBOpHUTENb. [IPOTOHBI B COCTaBE CIOXHBIX TPYHI, K
KOTOPBIM OTHOCHUTCSI CHTHAJI, CJleIyeT MOTYEepPKHYTh cHm3y — 3.17-3.55 (4H, wm,
N(CH2CHs),); miast moimoxeHHsT 3aMeCTHTeNel HCIoIb30BaTh 0003HaueHus 3-CHs; mis
obo3HaueHus monokeHuss atomoB — C-3, N-4 u T.1. Ecam kakoi-HHOyah CHTHaI B
CIIEKTPE OIMHCHIBAETCS KaK JyOJeT, TPUILIET WK AyOJeT AyOieToB M T.II. (2 He CHHIJIET
WA MYJIBTUIUIET), HeoOXoauMo mpuBecTH coorBercTByone KCCB. Ecnu mposeaeHs
JIOTIOJTHUTEJIbHBIE HCCIICIOBAHUS Ul YCTAHOBJICHHUSI CTPOCHUSI MJIM TPOCTPAHCTBEHHBIX
B3aUMOJICHCTBUIT aTOMOB, JOJDKHBI OBITh YKa3aHbl UCIIOJIb30BAaHHbIE JBYMEPHBIE METO/BI.
B onucanuu cnexktpos SIMP °C oTHeceHHe KOHKPETHOTrO CUTHAIA K KOHKPETHOMY aTOMY
yriepoja NPUBOIUTCS TONBKO TOTAA, KOIJa OIpeJeNIeHHEe IPOBEJCHO Ha OCHOBE
JIBYMEPHBIX 3KCIIEPHMEHTOB.

Ilpumeput 3anucu:

Crexrp IMPH (400 MI'u, CDCls), 3, m. 1. (J, I'm): 0.97 3H, T, J= 7.0, CHs); 3.91
(2H, x,

J=17.0, COOCH?); 4.46 (2H, 1, J= 6.1, NCHy); 7.10-7.55 (6H, M, H-6,7,8, NHCH,C¢Hs);
7.80 (1H,
¢, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, 1. n, J= 8.2, J= 2.3, H-5); 11.13 (1H, ¢, NH).

Crnexrp AMPYC (100 MI'u, IMCO-ds), 8, m. 1. (J, T'ny): 36.3 (CH2CH3); 48.5 (C-5);
62.3
(CH2CHjs); 123.0(CAr); 125.8 (1, 2Jcr = 26.1, C-3',5' Ar); 128.9 (CPh); 134.4 (C-5a);
168.3 (C=0).

Macc-cneKTpbl NPUBOAATCA B BHJIE YHCIOBBIX 3HAYCHUH M/Z M OTHOCHTENBHBIX
3HA4eHUH MOHHOTO Toka. HeoOXoauMo yKa3plBaTh METOJ W OSHEPTHI0 WOHHU3ALNH,
MaccoBBIE YHCIAa XapPaKTEPUCTUYECKMX HOHOB, MX HMHTCHCHBHOCTH II0 OTHOIICHHIO K
OCHOBHOMY MOHY ¥ TI0 BO3MOYKHOCTH HX T€HE3UC. B ciryuae XUMUYeckoil HOHH3AUN TIpU
omvcaHuH Tpubopa HEOOXOOMMO yKas3aTh ra3-peareHT. B Mmacc-cmekTpax BBICOKOTO
paspenieHusi HaWJICHHBIC W BBIYMCICHHBIC 3HAYCHHS M/Z TIPUBOIATCS C YCTHIPHMSI
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JECATHYHBIMU  3HAKaMH; €CIIM HAWJeHHOe 3Ha4YeHue M/Z COOTBETCTBYET HE
MOJICKYJSIDHOMY ~HOHY, OpyTTO-GOpMyJa U BBIYHCICHHOE 3HAYeHHE M/Z TaKKe
OPHUBOJMTCS JUIS TOTO K€ HOHA.

Ipumep 3anucu oannvix macc-cnexkmpa: Macc-criextp (9Y, 70 3B), M/z (low, %):
386 [M]* (36),368 [M—H,O]* (100), 353 [M—H20-CH3]* (23).

Macc-criextp (XU, 200 3B), M/z (lom, %): 387 [M+H]*(100), 369 [M+H-H,0]* (23).

Ilpumep 3anucu 0aHHBIX MaACC-CREKMPA 8bICOKO20 PA3PEUIeHUA:

Haiinero, m/z: 282.1819 [M+Na]*. C17H2sNNaO.

Brruucneno, m/z: 282.1828.

4.6. laHHbIe PEHTTeHOCTPYKTYPHOIO0 HCCJEIOBAHUS CIEIYeT NPEJOCTaBISATh B
BUJIE PUCYHKa MOJIEKYJBI C NPOHYMEpOBaHHBIMH aTomamu, Hampumep, C(1), N(3) (mmo
BO3MOXKHOCTH B ITPECTaBICHUH aTOMOB JJIJIMIICO U IAMHUTEIIOBBIX KoebaHui). [lomHble
KpucTauorpaguyeckne TaHHBIC, TaONWIBI KOOPAMHAT aTOMOB, [UIMH CBSI3eH U
BaJICHTHBIX YTJIOB, TEMIIEpaTypHbIC (aKTOpPEl B IKypHaJe HE MyOIHKYIOTCS, a
IenoHNpyrTcss B KeMOpHIKCkoM OaHKe CTPYKTYPHBIX JAHHBIX (B CTaThe YKa3bIBACTCS
PETUCTPAIIMOHHEI HOMEp JETIOHECHTA).

4.7. Ilo TpeboBaHMAM MEXIyHApOIHBIX 0a3 maHHBIX Scopus, Clarivate Analytics,
Springer Nature mpu oOIlleHKe ITyOJUKauid Ha S3bIKaX, OTIIMYHBIX OT aHTJIMKACKOTO,
oubnuorpaduyeckre CIUCKU JOJDKHBI JaBaThCs HE TOJIBKO HA S3BIKE OPUTHHANA, HO M Ha
natuHuLe (poMaHcKuM ajidaBuToM). [loaTOMY aBTOpHI crareil, MoJaBaeMbIX Ha PYCCKOM
U Ka3aXCKOM S3bIKE, JIOJDKHBI IPENOCTABILITH CIHCOK JIMTEPATyphl B JBYX BapHaHTax:
00oun na sizvike opueunana (CUCOK JUTEPaTyphl), a IPYroil — B poMAHCKOM angasume
(References). Tlocnennuii cMCOK BXOJMUT B aHTTIMHACKUI OJIOK, KOTOPBIH PACIONOKEH B
KOHIIE CTaTbhH.

Ecim B cmmcke ecTh CCBUIKM HAa WHOCTPaHHBIC ITyONUKAIIMH, OHU TIOJTHOCTBHIO
noBTopsitorcst B cmucke References. Ilpn OUTUPOBAaHWHM PYCCKOS3BIYHOTO IKypHana,
TIEPEBOIMMOTO 32 pyOEIKOM, B PYCCKOA3BITHON Bepcuu CIHCKa JINTEpaTypbl HE0OX0IMMO
MPUBECTH TOJHYIO CCHIIKY Ha pPYCCKOA3BIYHYIO Bepcuio, a B References — ma
MEXITyHaPOIHYIO.

Crmcok ucrounnkoB B References nomken GbITh HamMCaH TOJIBKO HA POMaHCKOM
andaBure- jatuHUIE (TIPH 3TOM OH JOJDKEH OCTaBaThCs MOJHBIM aHaiorom Crucka
JIUTEPaTypbl, B KOTOPOM HCTOYHHKH OBbLIM TPEICTABICHBI HAa OPHTHHAIBLHOM SI3bIKE

OITyOJINKOBaHMSA).
JInist HanKMCaHUsI CCHUTOK HA PYCCKOS3BIYHBIC HCTOUYHHUKH (M MCTOYHUKH HA HHBIX, HE
HCTOJB3YIOUIAX ~ POMAHCKW  andaBuT,  sA3bIKAaX)  CJEAyeT  HCIOJIb30BaTh

ODULIMAJIBHBIN TIEPEBOJT u TPAHCJIMTEPALIUIO (cm. TpeboBanus K TEPEBOIY
U TPaHCIUTEPALHH).

B References tpebyercst cnenyromas cTpykTypa OHOMHOrpaguuecKoil CChUIKU U3
PYCCKOSI3BIYHBIX HCTOYHUKOB: aBTOPHI (TPAaHCIUTEPAIHs), HepeBO/] Ha3BAaHUS CTATHU WIIH
KHUTH Ha QHTTIMACKHUHN SA3BIK, Ha3BaHWE UCTOYHHKA (TPAHCIMTEPALHs — IS TeX M3TaHHH,
KOTOpbIe HE HMMEIOT YCTaHOBJIECHHOTO PeIaKlHeil aHITMHCKOro Ha3BaHMS), BBIXOAHBIC
JaHHbBIC B IU(pPOBOM (opMarte, yKa3aHHe Ha S3bIK CTaThM B CKOOKax (in Russian wiu in
Kazakh). TpaHcnuTepaiinio MOXKHO BBIMOJHHUTE Ha caiire http://www.translit.ru.

VYCnoBHBIE COKpAlCHUS] HAa3BaHWI PYCCKOSI3BIYHBIX JKypHAJIOB U CIPAaBOYHHUKOB
MIPUBOJIATCS. B COOTBETCTBUH C COKpAILCHUSIMH, IPUHATHIMU B «PedepaTtnBHOM xypHaie
XUMHSD». aHTJIOS3BIYHBIX M JIDYTUX HMHOCTPaHHBIX JKypHAJOB — B COOTBETCTBHUH C
COKpaIIeHUsIMH, PEKOMEHAYEeMBIMH H3aaTenbcTBOM «Springer and Business Mediay:
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http://chemister.ru/Chemie/journal-abbreviations.htm. Jlns  crareii Ha pycckomM u
Ka3axCKOM sI3bIKax Ha3BaHHWe >kypHana «Xummueckudh Kypuan Kazaxcrtama» criemyer
cokpamath: «Xum. Kypn. Kaz» n «Ka3z. Xum. KypH.» COOTBETCTBEHHO, a JJisl cTaTel Ha
anrimiickoMm si3bike: «Chem. J. Kaz.». [IpuBonstcs dpamuniy n MHUIMAIB BCEX aBTOPOB
(coxpaienus u Op. u et al He momyckarotcs).

B Cnucke nuteparypst u B References Bce pa6otsr nepeuncisiiorcst B IIOPSIJIKE
HUTUPOBAHUSL, a HE B andaButHOM TOpPSIIKE.

DOIl. Bo Bcex cimywasx, Korga y ULUTHPYEMOrO Marepuaja ecTb IudpoBol
AICHTU(DUKATOP, €ro HEoOXOOMMO YKa3hlBaTh B CAMOM KOHIIE OMMCAHUS HCTOYHHKA.
[posepsite Hamuuue doi y mMcTOYHMKA crenyeT Ha caiite http://search.crossref.org wmu
https://www.citethisforme.com.

Jnst  hopMUpOBaHHSA CIHCKA JIATEPATyphl (BceX 0€3 HCKIIOYEHHUS CCHUIOK) B
Kypnane npuasaT 6ubnuorpadpudeckuii cTanaapT 6€3 UCTIOIB30BaAHUS PA3ICTUTENS «//»:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

J1J1st Ka3axCKO- WM PYCCKOS3BIYHOTO UCTOYHHKA!

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49— 53. (In Kazakh or In Russian).

Hwke nmpuBeneHs! 00pasibl 0hOpMIIEeHUS pa3iuuHbIX BHIOB JOKYMEHTOB, KOTOPBIX
HEOOXOAMMO TIPHIEPKHUBATHECA aBTOpaM Tpd  O(GOPMIICHHH pPOMAHCKOTO CITHCKA
References.

Omnucanue cTaTbH U3 JKYPHAJIOB:

Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timinov A.V., Kardymov
D.V. Technical and economical optimization of hydrofracturing design. Neftyanoe
khozyaistvo. Qil Industry, 2008, No. 11, 54-57. (In Russian).

Omnucanne crateu ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized electrochemical
micromachining. Rus. J. Electrochem., 2008, 44, No. 8, 926-930. doi:
10.1134/51023193508080077.

Onucanne UnTepHer-pecypea:

Kondrat’ev V.B. Global naya farmatsevticheskaya promyshlennost’ [The global
pharmaceutical industry]. Available
at: http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost_2011-
07-18.html (Accessed 23.06.2013).

niIn

APA Style (2011). Available at: http://www.apastyle.org/apa-style-
help.aspx (accessed 5 February 2011).

NI

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Available
at: http://www.scribd.com/doc/1034528/ (Accessed 7 February 2011).

Onncanme CTaTbH U3 JIEKTPOHHOT O KypHaJa:

Swaminatan V., Lepkoswka-White E., Pao B.P. Browsers or buyers in cyberspace?
An investigation of electronic factors influencing electronic exchange. Journal of
Computer-Mediated Communication, 1999, 5, No. 2. Available
at: http://www.ascusc.org/jcmc/vol.5/issue2/(Accessed 24 April 2011).

Onucanue cTaTbU U3 MPOAOLKAIOIIETOCS] H3TaHUs (COOPHUKA TPYAOB)

Astakhov M.V., Tagantsev T.V. Eksperimental’noe issledovanie prochnost
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4.9. Hpumep AHIJIOA3LIYHOIO 0JI0KA AJiA MpeaACTaBJICeHUusA CTaTbU, HANIMCAHHOM

Ha fA3bIKE, OTJIMYHOM OT AHTJIMHCKOro:
Abstract

DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED
AND NEUTRALIZIED SOIL

Zhusipbekov U.Zh.t, Nurgaliyeva G.0.%", Baiakhmetova Z.K.%, Aizvert L.G.2

1JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan

2Scientific and practical center of sanitary-epidemiological examination and
monitoring of the Ministry of Health of the Republic of Kazakhstan Almaty, Kazakhstan

E-mail: n_gulzipa@mail.ru

Introduction. Pollution by oil has a negative effect on chemical, physical,
agrophysical, agrochemical and biological properties of soils. Sorption methods of
cleaning the soil with the help of humic preparations from oil pollution are of great
importance. The purpose of this work is to study the composition and properties of the
contaminated and neutralized soil, the determination of the toxicity indexes of all
components of oil waste, the calculation of the hazard class of waste according to their
toxic-ecological parameters. Methodology. Samples of the contaminated and neutralized
soil were treated with the use of humate-based energy-accumulating substances. The
metal content in the contaminated soil was determined by spectrometry using an AA 240
instrument using the method of decomposing the sample with a mixture of nitric,
hydrofluoric and perchloric acids until the sample was completely opened. Results and
discussion. Fractional composition of oil products of all samples is stable: the content of
complex acetylene hydrocarbons is ~ 70.0% of the total mass of oil products, the content
of resins and paraffin-naphthenic group of hydrocarbons is 27.3%, the content of bitumens
is 2.6%. In the neutralized soil, paraffin-naphthenic fractions, resins, bitumens and
asphalteneswere  mainly  found; complex acetylene hydrocarbons are not
present. Conclusion. It has been established that the contaminated soil belongs to the
substances of the 3rd hazard class. Neutralized soil became less toxic and according to the
total toxicity index, it was classified as hazard class 4 (low hazard). Neutralized soil can
be used as construction and road materials, at the improvement of boreholes and at land
reclamation.

Keywords: oil, contaminated soil, neutralized soil, humate-based energy storage
substance, toxicity, radioactivity, hazard class.
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Fouabimn KAPUAJTAHBIMHBIH 3TUKACBI

«Ka3zakcTaHHBIH XHUMHUSJIBIK KypHaabD» (0yaan api — ’KypHaju) GacnacbIHbIH
ankacel MeH Oac penakTopbl «JKapusiiaHy 3THKachl KOHiHJeri KOMHMTET —

(Committee on Publication Ethics — COPE)»
(http://publicationethics.org/about),«Eyponaubik FBUIBIMU PeIaKkTopJIapABbIH
KaybIMaacThirbl  » (European Association of Science Editors - EASE)

(http://www.ease.org.uk) xoHe F'BLIBIMHM JKAPHUSIAHBIM 3THKACBIHBIH KOMHUTETIiH/IE
(http://publicet.org/code/) kabbLTIaHBLIFAH XAJBIKAPAJIBIK TATANTAPAbI YCTAHA/IBI.

Bacma xp3MeTiHAeTi ofemnke cail emec ic - opekeTTephi (IUIarmar, skKajaraH aKmapaT
koHE T.0.) OONABIpMayFa J>KOHE FHUIBIMH IKAPHUSIAHBIMAAPIBIH JKOFAphl CamachlH
KaMTaMachI3 €Ty YIIiH, KOJI JKETKI3TeH FhUIBIMH HOTIKENepAl )KYPTIIbUIBIKKA JKapusiay
MaKcaThlHAa PeNaKIys ajJKachkl, aBTOpjap, pElEeH3eHTTep, COHIai-ak Oacra yuaepiciHe
KaThICATBIH MEKeMeJlep STHKAIBIK HOpMajlap MEH epeKernepii cakTayra MIiHAETTI KoHE
onmapaplH Oy3pUIMayblHa  OapiblK Imapajgapabl madmananysl Teic. Ochl  yaepicke
KaTBICYIIBUIAPABIH OapJIBIFBIHBIH FHUIBIMU JKapUsIaHBIMIAD 3THKACBIHBIH EpPEeKEIepiH
CaKTaybl, aBTOPJIAPIBIH 3UATKEPJIIK MEHIIIK OOBEKTIIEPIHE KYKBIKTAPBHIH KaMTaMachl3
eTyre, XapUsUIaHBIMJIAP CalachlH apTThIPYFa JKOHE AaBTOPJBIK KYKBIKICH KOPFaJFaH
MaTepHangapasl JKeKe TYJIFajlaplbslH My[AAeci VIIIH IaiijanaHy MYMKIHJIITIH >KOIOFa
KOMEKTECE1.

Penaxmmsra xibepinreH OapiblK FRUIBIMH Makalanap MIHACTTI TYpAe €Ki >KaKThI
Kymus capanTtamara sxioepinesni. JKypHamablH pelakusiIbK adKachl MaKadaHbIH JKypHAT
TaKbIPHIOBIHA KOHE TaJalTapblHA COWKECTITiH aHBIKTAWIIbI, KypHAIFa TIPKEY VIIIH OHBI
QNJIBIH aja capajiayFa >KypHaJJIbIH JKayanThl XaTHIbIChIHA jkibepemi. Oy Komka30aHbIH
FBUIBIMU KYH/BUIBIFBIH aQHBIKTAIl, MaKala TaKbIPHIObIHA )KAKbIH FHUIBIMH MaMaHIBIKTaPbI
O0ap €Ki ToyelsCi3 capamllblHbl aHBIKTAHABL. Makanamap/pl PeIaKIMsUIBIK alKa JKOHE
peIaKkIMsUIBIK alKa Mylleliepi, cCoHaai-ak 0acka eNeplieH MIAKbIPBUIFaH PELEeH3EHTTEP
capanTaiasl. MakajiaHbl capanTay YIIH PeleH3eHTTepAl TaHAay Typajbl Hiemrimai oac
penakrop KaObuaanasl. Capanray Mep3iMi 2-4 anrta oHE PEIEH3CHT OTiHIII OOHBIHIIA
OHBI 2 amnTara y3apTyra 0oJa/sl.

Penaknusi MeH pemeH3eHT Kapayra >kiOepiireH kapusulaHOaraH MarepuaniapIby
KYITUSUTBUTBIFBIHA KUK Oepeni. XKapusiray Typaisl MIeIiM sKypHAIIBIH PeIaKIUsITBIK
aKachl TEKCEpreHHEH KeliH KaOwpuimaHambl. Kaxker OonmraH skarmaiima (pemaktop(iap)
KOHE/HeMece PELeH3CHT(JIep) TaparblHaH ecKepTyJepaiH Ooirybl) Koynkazba aBTopiiapra
KOCBIMIIIA TY3eTyJIepre KiOepisemi, coman KeliH ofl KalTa Kapajiajsl. ITHKAa HOpMaTapsl
Oy3bUIFaH JKaFfaiiia, MakajlaHbl >kapusiiayfaH 0ac TapTy KYKbIFbIH Penakuums e3ine
KaJaeipazpl. JKayanTel pefakTop Makaiajia Iulardat Jer ecenTeyre KeTKUTIKTI akmapar
OoJIFaH JKaraaiia OHbI JKapusIayFa pykcaT Oepmeiii.

ABTOpJIap pelakiusara xiOepiireH Marepuanaap/by kaHa, OypbIH KapusiaHOaraH
JKOHE TYIMHYCKa eKCHAIriHe Kemingik Oepeni. ABTOpiiap FBUIBIMH  HOTHXKENEPIiH
CCHIMIUTINT MEH MAaHBI3bUIBIFBIHA, COHJAi-aK FBUIBIMH JTHKAa KaFUJaTTapbIHBIH
CaKTallyblHa, aran alTKaH[a, FBUIBIMUA STHKAHBI OY3bUIMAayblHA (FBUIBIMH JICPEKTEPi
KOJNJaH jKacay, 3epTTey ICpPEKTepiH OypmanayFa oKeleTiH OypMmanay, IuiardaT >KOHE
JKaIlFaH OipJIeCKeH aBTOPIIBIK, KaiiTanay, 0acka agaMaapAblH HOTIKEICPIH HEMICHY JKOHE
T.0.)TiKeneH KayamnTsl.

Makanansl peaknusra O0epy aBTOpIapAbIH MaKaldaHbl (TYHMHYCKana Hemece Oacka
Tiepre Hemece TUIACH aynapMasna) Oacka s>KypHaira(iapra) skiOepMereHiH xoHe Oy
MaTepuanaslH OypeiH kapusiaHOaraneiH Oinmipeni. Omait OonmmaraH jkarnmaiiza makana
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aBTOpJIapFa «ABTOPJBIK KYKBIKTHI Oy3raHbl YIIIH MaKaJlaHbl JKapusuilamay» JereH
mienriMMeH Kaifrapbuiaasl. backa aBTopabIH TyBIHIBICHIHBIH 10 MaiibI31aH acTaMbIH, OHBIH
ABTOPIIBIFBIH JKOHE JIEPEKKO3Te CcilnTeMenepli KepceTredl ce30e-co3 Kemlipyre Ko
OepinMerini. ATBIHFaH Y3IHIUIEp HeMece MolliMAEeMeNep aBTOp MEH JEePEeKKe3Ii MIHIeTTi
TYpZIe KepceTe OTHIPBIT peciMaenyi kepek. lllamamaH TeIc e3re MaTepHaigapabl
naljanany, COHIai-aKk Ke3 KeINTeH HBICAaHAaFbl IUIaruar, COHBIH IIIiHAE JoHeKci3
notiekco3nep, 0Oacka agamaapAblH 3epTTEYJCPiHIH HOTIKENEPiH HEeMICHY JTHKara
KaTnalapl JkoHe KaObUimaHOalapl. 3epTrey OapbiChlHA —KaThIHACKAH 0apIIbIK
TYJIFAapAbIH YJIECIH MOMBIHIAY KaXKeT )KoHe Makajaja 3epTTey[i Kyprizyae MaHbI3/bI
OosiraH KymbIcTapra ciitemenep Oepinyi kepek. bipieckeH aBTopiap apachlHAa
3epTTeyre KaTbiCIaraH ajiamMmapabl KepceTyre ol OepiiamMeiini.

ABTOp(J1ap) )KYMBICTapbIHJa KaTeJikTep Oalikaiuca, Oy Typasbl Aepey peldakTopra
xabapuiar, Ty3eTy Typajibl YChIHBIC Oepyi THic.

Komxka36anel Oacelll mpFapygaH 0ac TapTy Typalbl IIEIIiM peIeH3CHTTePHiH
YCHIHBICTAPBIH €CKEepPE OTBIPHIN, PEAAKIUS aJKACHIHBIH OTBIPBICHIHAA KaObUITaHAIbI.
PemakuusuiblK anmKaHbBIH INEIIIMIMEH XapHsjiayFa YCHIHBIJIMaraH Makasla KalTa Kapayra
KaObuTmanOaiael. Kapusmaynan 6ac TapTy Typalibl xabapiama aBTOpFa SJEKTPOHIBIK
TIOIIITA aPKBUIBI XKiOepiiemi.

KypHangslH peaakuusuiblK amkachl MakKajlaHbl JKapusulayFa pykcaT Oepy Typaibl
HIenimM KaObUTjaFaHHaH KeiiH peAakLMsUTBIK alika OYJ1 Typasibl aBTOpFa Xadapiiai bl koHe
JKapusUIay IapTTapblH Kepcereai. Makaiara GepiireH mikipaepAiH TynHyckacel JKypHan
PelaKIHACHIHAA 3 KbUT CAKTAIBIHA/IBL.
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ITuKa HAYYHBIX My0IuKAMI

Penakumnonnas KOJLIerust u TJIaBHBII penakTop HAY4YHOT0
skypHajaa «Xumudeckuii skypHai Kazaxcrana» (nanee — dKypHan) npuaep:kuBaroTcs
NPUHSITBIX MeKTYHAPOAHBIX crangaproB «Komurera THKH no
nyoukammusav» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «<EBponeiickoii acconHanuu HAYYHBIX
penakrTopos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KomuTera mo ITHKe HAYYHBIX NyOJIMKALMID

(http://publicet.org/code/)..

Bo m3bexxanune HemoOpOCOBECTHOW NPAKTHKH B ITyOJWKAIIMOHHOW JEATEIHHOCTH
(Tmaruat, U3J0KEeHNE HEJOCTOBEPHBIX CBEICHHH U JIp.) U B IENIIX 00eCTIedeHUs BEICOKOTO
KadecTBa HAYYHBIX ITyONHMKAIWi, IpU3HAHUS OOIIECTBEHHOCTHIO, ITOyUYEHHBIX aBTOPOM
HaY4YHBIX PE3YJILTATOB, YJICHBI PECAAKIIMOHHOI'O COBCTA, aBTOPbI, PCLCH3CHTLI, a TaKKE
YUPEKICHHUS], yJaCTBYIOUINE B U3ATEIILCKOM IpoIiecce, 00sI3aHbl COOII0NATh ATHYECKHUE
CTaHJapTbl, HOpPMBI W IpaBWja W NPHHUMATb BCEC MCPbLI A MPCAOTBpAIICHUA HX
HapyuieHui. CoOmrofeHne MpaBWI STHKH HAyYHBIX IyONUKalMi BCEMHM YYaCTHUKAMH
9TOT0 TMpoliecca CHOCOOCTBYET OOECHEYEHHIO IIpaB aBTOPOB Ha HHTEIJIEKTYaJIbHYIO
COOCTBEHHOCTb, TIOBBIIICHHIO KauecTBA W3JAHUS W HCKIIOYEHHIO BO3MOXKHOCTH
HEMpPaBOMEPHOTO MCITOIB30BAHMS aBTOPCKIX MAaTEPHUAIOB B HHTEpECcaX OTHACTHHBIX JIHII.

Bce HaywHBIC CTaTbd, IMOCTYNHBIIHE B PEOAKIMIO, MOJUICKAT O00S3aTCIFHOMY
JBOMHOMY CIIETIOMY pelleH3upoBaHuio. Penaknus XKypHana ycTaHaBIUBaeT COOTBETCTBHE
crate Tipodumio XKyprana, TpeOboBaHUAM K OQOPMIICHHIO W HAIpaBJIIET €€ Ha IMEepBOe
paccMOTpeHHe OTBETCTBEHHOMY cekpeTapio JKypHana, KOTOPBIH ONpeneseT Hay4YHYIO
LIEHHOCTh PYKOINCH M Ha3HA4YaeT JBYX HE3aBHUCHMBIX PEIICH3CHTOB — CIICHIHAIINCTOB,
UMEIOIINX HauboJee OJIM3KUE K TeME CTaThi Hay4yHbIE ClelMaNn3alri. PeleH3npoBanme
CTaTell OCYLIECTBISETCS WICHAMH PENAKIMOHHOI'O COBETa M PEIAKIIMOHHOM KOJUIeruy, a
TaK)Ke IMPUTJIALIEHHBIMH PEIEH3eHTaMH JIPYyruX cTpaH. PerieHne o BhIOOpE TOro WM
WHOTO peleH3eHTa JUIsl TIPOBEICHHST IKCIIEPTH3bl CTAaTbU NPHUHUMAET TJIaBHBIH PEAaKTOP.
Cpok peneH3UpoBaHMs COCTaBisieT 2-4 HeEIH, HO MO MPOChOe PEleH3eHTa OH MOXET
OBITH IPOIICH, HO HE Oosiee yeM Ha 2 HeJlelH.

Penakumsi M peleH3eHT TapaHTHPYIOT COXpaHEHHE KOH(HUICHINAIbLHOCTH
HEONMyOJIMKOBAaHHBIX MaTepualioB IPHCIAHHBIX Ha pacCMOTpeHHe paboT. Pemienme o
MyOJMKAIMY TIPUHAMAETCS pEAaKIIMOHHON KoJuterueit JKypHama mocie perneH3upoBaHusl.
B cirygae HeoOX0oMMOCTH (HaTUYHe 3aMedaHrii penakTopa(-oB) U /WK perieH3eHTa(-0B))
PYKOIINICh HANpaBIACTCS aBTOpaM Ha JOpabOTKy, IIOCIIE Yero OHa IOBTOPHO
peuensupyercs. Pepakiust octaBisier 3a co0Oi MPaBO OTKIOHUTH MYOIUKAIIUIO CTAThU B
cilydae HapylleHusl MpaBuil dTHKU. OTBETCTBEHHBIM PENaKTOp HE JOJDKEH JIOMYyCKaTh K
nyOnuKanuy MHGOPMAIMIO, €CJIM MMEETCsl OCTATOYHO OCHOBAHWil mojaraTh, 4TO OHA
SIBIISIETCS] TUTarHaTOM.

ABTOpBI TapaHTUPYIOT, YTO TIPEJICTABICHHBIE B PEAAKLUIO MaTepPHAaNbl SBISIFOTCS
HOBBIMH, paHee HEONyOIMKOBAaHHBIMM ¥  OPUTHMHAIBHBIMH.  ABTOpBI  HECYT
OTBETCTBEHHOCTh 32 JOCTOBEPHOCTh M 3HAYMMOCTh HAYYHBIX DE3yJbTAaTOB, a TaKXke
coOIo/ieHNe TIPUHIMIIOB HAYYHOM OTHKH, B YaCTHOCTH, HejAoINylieHne (akToB
HapyUIeHUs] HayYHOU 3THKH ((paOpuKanus HayqHbIX TaHHBIX, (aabcuUKanus, Beaymas K
WCKaXXCHUIO  WCCIENOBATENbCKAX  JAaHHBIX, IUIAarHaT ©  JIOKHOE COaBTOPCTBO,
nIyOnrpoBaHUe, TPUCBOCHHUE UYXKHUX PE3yIbTaTOB H Jp.)
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HamnpaBneHune craTby B peakLUIO O3HAYAET, YTO aBTOPHI HE MEPEAaBaIN CTAThIO (B
OpHUI'MHAJIE WJIM B IIEpEeBOAE Ha APYIHe SI3bIKM WM C APYTHX SI3BIKOB) B Jpyroi(-ue)
KypHaJ(BI) U YTO ITOT MaTepuan He OBUI paHee OIMyONMKOBAaH. B MPOTHBHOM cirydae
CTaThsl HEMEIUIEHHO BO3BpaIlaeTcst aBTopaM ¢ (hopMysIupoBKOil «OTKIOHUTH CTaThIO 3a
HapylIeHHe aBTOPCKUX IpaB». He nomyckaercss nocioBHOe KomumpoBaHue Oornee 10
MIPOLIEHTOB PabOTHI APYTOro aBTopa 0e3 yKa3aHUs €ro aBTOPCTBA U CCHUIOK HA MCTOYHHK.
3auMCTBOBaHHbIE (pParMEeHTBl WM YTBEPXKACHHUS JOJDKHBI OBITh O(OPMIIEHBI C
00s13aTeNbHBIM YKa3aHHEM aBTOpa W IEePBOMCTOYHMKA. Upe3MepHbIe 3aMMCTBOBAHUS, a
TaKXKe IUIaruat B JII000i (Gopme, BKIOYas Heo(pOpMIICHHBIC IIUTATHI, IiepedpasupoBaHUe
WY TIPUCBOCHKE TIPaB Ha PE3yJIbTaThl Uy)KHX HCCIIETOBAHUM, HEATUYHBI U HEMIPUEMJIIEMBI.
HeobxoauMo mpu3HaBaTh BKJIAJ BCEX JIMI, TaK WIM HHade NOBIMSABIINX Ha XOJ
WCCIIe/IOBAaHMS, B YaCTHOCTH, B CTAaThe JOJDKHBI OBITh MPEACTABIICHBI CCHUIKM Ha PaboTBhI,
KOTOpblE HWMEJHM 3HadeHHe IpH IPOBEJCHUH HccienoBaHus. Cpenud  COaBTOPOB
HEJIOMyCTUMO yKa3bIBaTh JIUII, HE YIaCTBOBABIIMX B NCCIIEIOBAHHH.

Ecmm aBTOpoM(-amum) oOHapyxkeHa omuOka B paboTe, HEOOXOINMO CpPOYHO
YBEIOMHUTB PEaKTOPa M BMECTE MPUHSTH PEIICHNE 00 UCIIPABICHHH.

Pemenne 00 oTkase B MyONMKAaLMM PYKONHCH MPUHUMAETCs Ha 3aceJaHuH
pPEIAKIMOHHOM KOJMJIETMM C YYeTOM pEKOMEHJauuil peneH3eHToB. CraThs, He
PEKOMEHIOBaHHAs PELICHHEM PENAKIMOHHOW KOJUIETHHM K MyOJHKanuH, K MOBTOPHOMY
paccMoTpeHui0 He npuHuMaetrcs. CoolleHre 00 0TKase B MyOJIMKAIMK HAIpPaBJIsSeTCS
aBTOPY I10 3JIEKTPOHHOM 1OYTe.

[Mocne mnpunsTus penkoiuierueid JKypHama pemieHuss O JOIMyCKEe CTaTbU K
myOJIMKanyy pefaknyst HHGOPMUPYET 00 3TOM aBTOpa M yKa3bIBae€T CPOKH ITyOJIMKAIINH.
OpuruHansl perieH3uil Xxpanarcs B pefpakuuu JKypHana B TedeHue 3 JieT.
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Scientific Publication Ethics

The Editorial Board and Editor-in-Chief of the scientific journal the “Chemical
Journal of Kazakhstan” (hereinafter referred to as the Journal) adhere to the
accepted international standards of the “Committee on Publication Ethics”
(Committee on Publication Ethics— COPE) (http://publicationethics.org/about), the
“European Association of Science Editors” (European Association of Science Editors —
EASE) (http://www.ease.org.uk) and the “Committee on Scientific Publication
Ethics” (http://publicet.org/code/).

To avoid unfair practices in the publishing activities (plagiarism, false information,
etc.) and in order to ensure the high quality of the scientific publications and public
recognition of the scientific results, obtained by the author, the members of the Editorial
Board, authors, reviewers, as well as institutions, involved in the publishing process, are
obliged to comply with ethical standards, rules and regulations, and take all measures to
prevent their violation. The compliance with the rules of the scientific publication ethics
by all process participants contributes to ensuring the rights of authors to intellectual
property, improving the quality of the publication and excluding the possibility of misuse
of the copyrighted materials in the interests of the individuals.

All scientific articles submitted to the editors are subject to mandatory double-blind
peer reviewing. The Editorial Board of the Journal determines the compliance of the
article with the specificity of the Journal, the registration requirements and sends it for the
first reviewing to the Executive Secretary of the Journal, who determines the scientific
value of the manuscript and appoints two independent reviewers — the specialists with the
scientific specializations closest to the topic of the article. The articles are reviewed by the
members of the Editorial Board and the Editorial Staff, as well as the invited reviewers
from the other countries. The decision to choose one or another reviewer for reviewing the
article is made by the Editor-in-Chief. The reviewing period is 2-4 weeks, though at the
request of the reviewer, it can be extended, but no more than for 2 weeks.

The editors and the reviewer guarantee the confidentiality of the unpublished
materials submitted for reviewing. The decision to publish is made by the Editorial Board
of the Journal after reviewing. If necessary (the presence of comments by the editor(s)
and/or reviewer(s)) the manuscript is sent to the authors for revision, after which it is re-
reviewed. The editors reserve the right to reject from the publication of the article in case
of violation of the rules of ethics. The Executive Editor should not allow the information
to be published if there is sufficient reason to believe that it is plagiarism.

The authors guarantee that the materials, submitted to the editors are new,
previously unpublished and original. The authors are responsible for the reliability and
significance of the scientific results, as well as compliance with the principles of scientific
ethics, in particular, the prevention of violations of scientific ethics (fabrication of the
scientific data, falsification leading to distortion of the research data, plagiarism and false
co-authorship, duplication, appropriation of other people's results, etc.).

The submission of an article to the editor means that the authors did not submit the
article (in the original or translated into or from the other languages) to the other
Journal(s), and that this material was not previously published. Otherwise, the article is
immediately returned to the authors with the wording “Reject the article for the copyright
infringement.” The word-for-word copying of more than 10 percent of the work of
another author is not allowed without indicating his authorship and references to the
source. The borrowed fragments or statements should be drawn-up with the obligatory
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indication of the author and source. Excessive borrowing, as well as plagiarism in any
form, including inaccurate quotations, paraphrasing, or appropriation of the rights to the
results of the other people's research, is unethical and unacceptable. It is necessary to
recognize the contribution of all persons, who in one way or another influenced the course
of the research, in particular, the article should provide links to the works, which were
important in the research conduction. Among the co-authors, it is unacceptable to indicate
persons, who did not participate in the research.

If the author(s) finds an error in the work, it is necessary to immediately notify the
editor thereof, and together decide on the correction.

The decision to refuse from the publication of the manuscript is made at a Meeting
of the Editorial Board, taking into account the recommendations of the reviewers. An
article, which is not recommended by the decision of the Editorial Board for the
publication, is not accepted for re-consideration. A notice of the refusal to publish is sent
to the author by e-mail.

After the Editorial Board of the Journal makes a decision on the admission of the
article for the publication, the Editorial Board informs the author thereof, and specifies the
terms of the publication. The original reviews are kept in the Editorial Office of the
Journal for 3 years.
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