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REMOVAL OF COPPER (I1) IONS FROM SPENT SOLUTIONS BY
GRANULAR GRAPHITE ELECTRODES

Nurdillayeva R.N.*", Askarov A.K.}, Zhylysbayeva A.N.2, Bayeshov A2

1 Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan
2South Kazakhstan State Pedagogical University NJSC, Shymkent, Kazakhstan
3D.V.Sokolskiy Institute of Fuel, Catalysis and Electrochemistry JSC, Almaty, Kazakhstan
E-mail: raushan.nurdillayeva@ayu.edu.kz

Abstract: The most abundant heavy non-ferrous metals in the industrial wastewaters and spent
solutions are lead, copper, zinc, nickel, however, it depends on the type of the industry. This work
proposes the concepts of an electrochemical method of divalent copper removal from the spent solutions
with the help of granular graphite electrodes. The study has been conducted, changing the meanings of the
five major parameters including the current density (i), the concentration of copper (Il) ions (C), the
surface area of graphite electrodes (S), the concentration of sulfuric acid in the solution (M) and the
electrolysis duration (t), affecting Cu (lI) ions removal percentage from the solution. The experimental
results show that the current density, surface area of the granular graphite electrodes and the time are the
main factors, which affect the removal percentage of Cu (lI), while the changes in the sulfuric acid
concentration in the solution have a minor effect. The highest copper removal value is 97% and 54 %
current efficiency was observed in conditions: i =150A/m?, t = 1.5 h, [H2S04] = 0.4 M, S = 150 cm?
which is considered as an optimal condition for copper removal process by granular graphite electrode.

Key words: copper (1) ions, granular graphite electrode, spent solutions, heavy non-ferrous metals,
removal degree, current efficiency
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1. Introduction

The industrial revolution with economic concerns has created some
secondary problems such as heavy metal contaminated wastewater. And there has
always been a need for a suitable, efficient, and cheap way of wastewater
treatment with a high degree of success. Chemical precipitation, ion floatation,
adsorption, coagulation, and some other chemical methods have been the most
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available methods for wastewater treatment [1].

Biopolymers and hydrogels are widely used for industrial applications
because of their availability and safety. For instance, the modified biopolymer
adsorbents, which are derived from chitosan, starch, and chitin, are proposed to be
new material for water treatment from Cu?* ions. Biosorption is highly effective
for the aqueous solutions, containing low concentrations of Cu?* and other metals
because of its simplicity and high removal capacity [2]. Another adsorption
method of wastewater treatment has been tested with magnetic/carbon
nanocomposites by Andelescu A. and Nistor M.A. pH of the solution, a quantity
of sorbent, the initial concentration of Cu (Il), and temperature have been chosen
as the main parameters. It has been observed that the removal efficiency of metal
ions increases directly proportional to the absorbent’s quantity and temperature,
and inversely proportional to the initial metal concentration [3]. The adsorption
experiments, using DTC-modified rGO-PDTC/FesOsnanocomposite, have
achieved a high level of heavy metal removal. The spent nanocomposite after the
adsorption and desorption process has been regenerated by the organic reaction.
Nanocomposite has exhibited a good adsorption capability for the five cycles [4].
Manganese oxides are observed to be a good adsorbent for heavy metal ions, and
they can be reused many times until the loss of the removal capacity. In his
research, Yang X. used birnessite, which is the main manganese mineral. The
research results have shown that the Cu?* removal capacity of birnessite (44.3mg
g'1) can be remarkably increased to 372 mg g* with the electrochemical redox
reactions [5].

The practical use of fibrous materials in heavy metal treatment has been
shown in the research of Du Z. and Zheng T. Raw jute fiber and carboxyl-
modified jute fiber have been taken as two types of sorbents and have been
compared in the same process conditions. The results have shown that the CMJF
has exhibited 4.2 times higher adsorption capacity [6]. Magnetic
chitosan/graphene oxide nanocomposite (MCGON) can be used as an adsorbent
of Cu?* from the aqueous solutions. MCGON has a high specific area, large pore
volume, small particle size, and strong saturation magnetization. MCGON
exhibited an adsorption capacity of 217.4 mg/g™. The process has been practical
and efficient due to the adsorbent's high saturation capacity [7].

Due to the use of the electrolysis-enhanced micro-electrolysis fluidized bed
technology processes, it has been detected that copper is mostly removed in
optimum conditions: flow rate — 22 mm/s, current-voltage -12V, initial pH=4,
time-30 min [8]. Reusable and capable hollow magnetic polydopamine
nanoparticles have been fabricated as an effective way of heavy water removal
from the sewage and industrial effluents. The experiment results have shown that
the heavy metal removal value has been above 70% and stayed the same after
reusing the Fe;0.@PDA 5 times. Fe;O4s@PDA nanoparticles have been
introduced as a beneficial method of Cu (1) and Pb (I1) recovery [9]. Cu (II)
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removal value reached a high of 99,9% by using mechanically activated CaCOs.
The sediment of treated wastewater Cus(SO.) (OH)s*H.O has been used as a
copper-based antibacterial agent [10].

The advanced methods of treating Cu (ll), containing the wastewater
experiments by combining the internal micro-electrolysis (IME) and
electrocoagulation processes have been conducted by Fu Chen, Zhanbin Luo. The
effects of pH, time, current density, and Fe/C mass ratio have been tested during
the experiment. As a result, by IME, 92% of Cu, 88% of Pb, and 72% of Zn have
been removed within 30 min at initial pH=3. As a result of the coagulation
process 99% of Cu, 99% of Pb, and 98% of Zn have been removed [11].

The electrochemical methods of wastewater treatment can be grouped into
three categories as the transformation methods, separation methods, and
combined methods. These methods are compact and efficient as they do not
require a lot of space and have a high value of metal removal [12]. Our previous
research results reveal the effectivity of the electrochemical method via using the
granular graphite electrodes in wastewater treatment from Pb (1I) ions [13].
Electrolytic recovery of copper from wastewater has been experimented and the
effects of temperature, current density, anode material, organic contaminants have
been measured. As a result of the 2D and 3D electrodes comparison, it has been
observed that 2D electrodes used about 27.3 kWh while 3D electrodes used only
5.86 kWh for the same amount of copper recovery (1.443kg) [14]. I.A. Khattab
and M.F. Shaffei have done some research for the electrochemical removal of
Cu?* from the effluent wastewater. A direct current has been used as a power
supply and a graphite material has been used as an electrode. The experiment has
been conducted in an electrolyte with an initial Cu? concentration of 100-350
mg/l and 750 ml/min flow rate. 0.5 M NaCl has been used as a supporting
electrolyte and the pH value of the electrolyte has been 3. The current density
range has been between 100-500 A/m?. As a result, under the optimal conditions
(current density-500 A/ m?, electrolysis time = 30 min, pH = 3, initial [Cu] = 100
mg/l) removal percent has reached 96% [15].

Heavy metal-containing wastewater can be regenerated by two-stage
electrochemical treatment. It is determined that the process of bioleaching heavy
metals from sediment emits the processed water with a high level of dissolved
metals and sulfate. The model cell with a platinum anode with an effective
electrode area of 10 cm? and a graphite cathode with an effective area of 10 cm?
has been used to achieve a high level of heavy metal treatment. The treatment
process has consisted of two stages. The main load of heavy metals has been
eliminated by cathode in the first stage and excessive sulfuric acid which is 3-4
o/l has been decreased to about 1 g/l with help of anode. The pH level has risen
from 3.0 to 4-5. As a result of electrolyte with a time duration of 5.5 hours, an
electric current density of 0.1 A/m2, more than 99% of Cu, Pb, Zn, and Cd have
been removed [16].
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Although it is possible to achieve a high value of Cu (1) ions removal, some
methods cannot be widely used for the industrial purposes. The main reasons are
high price and low efficiency. As the electrochemical way of Cu (1I) ions removal
with granular graphite electrodes has a high removal value and high current
efficiency, it can be a promising approach for the effective treatment of industrial
spent solutions.

2. Experimental part

The necessary methods and appropriate methods were selected for
conducting the research. A direct current was used to study the rules of the copper
(1) ions removal process. A rod graphite electrode was taken as the anode and a
granular graphite electrode as the cathode for the electrolyzer with a volume of
200 ml (Figure 1). A model solution containing 1g/I of Cu?* ions, acidified with
0.2 M of sulfuric acid was used as an electrolyte. Current density (i), electrolysis
time (1), the surface area of a granular graphite electrode (S), the molar
concentration of sulfuric acid (M), and concentration of Cu (l1) ions were taken as
the main parameters affecting the electrolysis during the study.

Cl

1- rectifier; 2— amperemeter; 3—model solution; 4— rod graphite anode; 5— bed graphite
electrode; 6— granular graphite cathode.

Figure 1 — Model of the electrolyzer used for research.

A voltammeter CTA-1 was used to determine the low concentrations of Cu?*
ions in a solution from 0.001mg/l and above, with high accuracy. The process of
determining the mass concentration of Cu?* ions in electrolyzed solution with a
CTA-1 analyzer was shown in Figure 2.



ISSN 1813-1107, el SSN 2710-1185 Ne 2, 2022

5
g Zn Cd Pb Cu
g A
/
Al
L\
|
-
: qa/’\z{/v
L N
‘%' /A(va 16!nv

Potenti'al, A%

Figure 2 — The expression of reduction maximum of Cu?* ions during voltametric analysis: 1—
voltametric curve of background solution; 2— voltametric curve of sample solution containing Cu?* ions

3. Results and discussions
The research work is based on the removal of copper (Il) ions by the

electrolytic reduction from the spent solutions to metallic copper at the granular
graphite cathode:

Cu?+2e— CU° E°= +0.34 V

The effect of current density on the copper (11) ions removal degree has been
investigated by direct current. The current density interval was 50-250 A/m?. It
has been observed that an increase in current density has resulted in a steady rise
in the removal of Cu?* ions from electrolytes (Figure 3). Despite the high removal
level at a high current density, an erosion of graphite electrode and a reduction of
current efficiency have been noted at a high 200-250 A/m?2. This is due to an
increase in the hydrogen emission rate which is electrolyzed at the same time with
a copper at the cathode at high current densities. Therefore, the current density of
150 A/m? has been assumed to be an optimal value.
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Figure 3 — Influence of the current density on the copper removal degree.

The dependence of copper (I1) ions removal degree from the solution on the
initial Cu?* ions concentration has been studied. As a result of electrolysis carried
out for 0.5 hours at a current density of 150 A/m? and the initial copper (II) ions
concentration between 0.5 and 2.5 g/l, it has been observed that the removal
percentage of Cu?* ions decreases as the concentration increases. However, it has
been revealed that the value of current efficiency increases directly proportional
to the initial copper (1) ions concentration (Table 1).

Table 1 — Influence of the initial copper (I1) ions concentration on the copper removal degree, i =
150A/m?, t = 0.5 h., [H2S04] =1.0 M, S=100 cm?

[Cu¥] g/l 05 1.0 15 2.0 25

Copper (I1) ions removal | 0, 5 5 | 555104 | 420402 | 365402 318402
percentage, %

Current efficiency, % 35.0+0.2 70.6 £0.5 80.6 £0.4 81.8+0.4 89.1 £0.5

The result of experiments, which have been conducted to study the influence
of the concentration of the sulfuric acid in the solution has shown that an increase
in the acid concentration results in a slight growth of copper (II) ions removal
level. This circumstance can be attributed to the high electrical conductivity of
sulfuric acid with increasing acid concentration (Table 2).

10
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Table 2 — Influence of sulfuric acid concentration on the copper (11) ions removal degree, i = 150 A/m?, ©
=0.5 h., [Cu?] =1.0 g/I, S=100 cm?

[H2SO4], M 0.2 0.4 0.6 0.8 1.0

Copper (Il) ions removal | 555, 3 | 536102 62.8+02 651403 | 66.4+04
percentage, %

Current efficiency, % 622+04 65.6 0.3 70.4+0.3 729+£0.4 744 £0.4

The influence of the duration of electrolysis has been studied by direct
current under the conditions of current density 150 A/m?, [H,SO4] = 0.2 M, [Cu?']
= 1.0 g/l and surface area of granular graphite electrode has been 100 cm?. As a
result of the experiment, it has been found that as the electrolysis duration
increases, the degree of copper (Il) ions removal also increases. The maximum
value of copper (Il) ions removal degree has been 96.3% in 2.5 hours of the
electrolysis process (Figure 4). After the electrolysis for 0.5 hours duration, the
current efficiency of copper (I1) ions removal has reached 62%, while the current
efficiency of copper (I) ions removal after the electrolysis for 2.5 hours has been
21%. The reduction of current efficiency can be attributed to the decrease in the
initial copper (I1) ions concentration in the solution over time.

100 -
80
60 -

40

20 4

0.5 1.0 1:5 2.0 2.5 t,h

s
—e—removal, % —CO, %

i = 150 A/m?, [H2S04] = 0.2 M, [Cu?*] = 1.0 g/l, S= 100 cm?

Figure 4 —Influence of electrolysis duration on the copper (1) ions removal degree.

The following research work has been carried out to determine the influence
of the surface area of a granular graphite electrode on the copper (I1) ions removal
percentage at a current density of 150 A/m? with an electrolysis duration of 0.5
hours (Figure 5). It has been observed that copper (II) ions removal value is
proportionate to the surface area of the electrode. The results have shown that
electrolysis with the participation of the granular graphite electrodes with a
surface area of 50 cm? has had a 76.2% current efficiency, and the current

11
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efficiency decreases as the surface area of granular graphite electrode increases.
The efficient surface area of granular electrodes decreases as volume increases in
size.

%o
100 -
80 A

60 -

40 -

20 A

0 S, cm2
50 100 150 200 250

—&— Cu (II) removal —— Current efficiency
i =150 A/m?, [H2S04] =0.2 M, [Cu®*] =1.0g/l,t=05h.

Figure 5 —Influence of the surface area of the granular graphite electrode on the copper (1) ions
removal degree.

By comparing the obtained results, the values obtained as the optimal point
of each parameter are - i =150 A/m?, S=150 cm?, 1=1.5 h, [H.SO4] = 0.4 M,
[Cu?] =1.5 g/l. Electrolysis by the given values has shown 97% copper (ll) ions
removal degree, and 54% current efficiency.

4. Conclusion

As a result of the scientific research, the influence of the main factors
affecting the degree of copper removal from electrolytes has been determined. It
has been noted that:

- Cu?* removal percentage decreases and current efficiency raises as the
initial concentration of Cu®* ions increases;

- Cu? ions removal percentage and a current efficiency raise as the
concentration of sulfuric acid in the solution increases;

- The removal percentage of Cu?" ions increases, and current efficiency
reduces as the duration of electrolysis gradually increases;

- The removal percentage of Cu?* ions increases, and current efficiency
decreases as the surface area of granular graphite electrode expands;

- The removal percentage of Cu?* ions rises, and the current efficiency
reduces as the current density increases. Comparing the results, it has been found
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that the method of using granular graphite electrodes is a very effective way of
cleaning the spent solutions with a high copper concentration.

The results of the study have shown that with the help of granular graphite
electrodes it is possible to remove 97% of copper (Il) ions from a solution and
make the spent solution suitable for technical use.

The results of scientific research can be used in the cleaning areas of the high
Cu?" ions containing solutions.
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KOJJIAHBLIFAH EPITIHAUIEPAI MBIC (1) HOHIAPBIHAH TYHMIPIUIKTI TPA®UTTI
JIEKTPOATAP KOMEI'IMEH TA3AJIAY

Hypoinnaesa P.H.*", Ackapos A.X., Kvinvicoaesa A.H.?, Baewios A.

Kooca Axmem HAcayu amvindaget Xanvixapanwix kazax-mypix yuusepcumemi, Typxicman, Kazaxcman
20umycmix Kazaxcman memaexemmix nedazoeuxanvix ynusepcumemi KEAK, Hloimxenm, Kasaxcman
3/1.B.Coxonbexuii amvindaget Kanapmaii, xamanus ocone snekmpoxumus uncmumymol AK, Anmamuoi,
Kaszaxcman

E-mail: raushan.nurdillayeva@ayu.edu.kz

Tyiiingeme. Ouuipic TypiHe Kapail KOIJaHBUIFaH epiTIHAIIEp MEH akaba cymap KypamblHIa €H Kol
KE3/ICCETiH aybIp JKOHE TYCTI MeTanfap KOPFAChIH, MBIC, MBIPBIII, HUKEIb OONBIN TaObuIaabl. bepinren
3epTTey KYMBICBIHJA TYHIPLIIKTI rpaUT IEKTPOATap KOMETiIMEeH KONIaHbUIFaH epiTinainepaeH Moic (I1)
HOHIAPBIHAH Ta3apTyIbIH OSJICKTPOXMMUSUIBIK OMiCi YCHIHBUIABL 3epTTeyle KOJIaHbUIFaH epiTiHAi
Kypambiaaarsl Mbic (1) HOHIAPBIHBIH Ta3anaHy HopeXkKeciHe acep eTeTiH Herisri 6ec mapaMeTpiH, OHBIH
imminge Tok ThiFbBALIFEL (i), Mbic (I1) wonmapeiHbelH KoHUEHTpanuschl (C), TpaguT 3IEKTPOATAPBIHBIH
Gertik aymaubel (S), epiTiHAiZeri KYKIipT KBIIKBUIBIHBIH KOHLEHTpauusichl (M) jkoHe OJIeKTpoI3
Y3aKTHIFBI (T) MOHICPIH ©3repTe OTHIPHIN *acanasl. TokipuOe HOTHKEIepi TOK THIFBI3IBIFGI, TYHIPIIIKTI
rpaduT BIEKTPOATAPHIHBIH OCTTIK ayldaHbl KOHE OJICKTPOIM3 YaKbITHIHBIH epitinminiy Mbic  (I1)
HOHJIAPBbIHAH Ta3allaHy NOPEeXeciHe eH KOI ocep eTeTiH (akTopiap eKeHAIri, ajn epiTiHaizeri KykipT
KBIIIKBUIBIHBIH KOHIIEHTPAIMACHl adTapibikrail ocep erneirinmiri kepcerri. Mseic (1) uonmapeiHan
Ta3alaHy JASPEKECIHIH eH JKoFapbl MoHI 97% jxoHe Tok OoifbIHIIA HIBIFBIMBI 54 % MoHI Keleci mapTrapaa
anBIKTAnasl - | =150A/M?, T = 1.5 car., [H2S04] = 0.4 M, S = 150 cM? 5xoHe OCHI MOHJIEp KOJIIaHBUIFaH
epitinaini meic (I) wMoHmapbH TYHIpIIKTI IpadUT 3MEKTPOATAPHI KATHICHIHAA Ta3ajayablH OHTAIbI
JKaFAaibl peTinae OeNriaeH .

Tyidingi ce3gep: mbic (1) woHmaps, TyHipuiikTi rpaduT 3IEKTPOIBI, KONAAHBUFAH EPITIHIIIED, aybip
TYCTI MeTajaap, TazajJaHy Aopexkeci, TOK OOMBIHIIA IIBIFBIM.

Hypoinnaesa Paywan Hypoinnaxpizol Xumus 2o11b1M0apbIHbIY KAHOUOAmMbl, npogeccop

Ackapoe Akoap Xamoamosuu Mazucmpanm

Korvicoaesa Axkkonoip Hypoinnaxwizel Xumus 2b116IMOAPbIHBIY KAHOUOAMbL, QOYEeHm

baewoe Oooyani Xumus viimoapuinsiy 0okmopbl, npogeccop, KP ¥FA
akademuzi
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OYUCTKA OTPABOTAHHBIX PACTBOPOB OT MOHOB ME/IM (II)
I'PAHYJIMPOBAHHBIMHA T'PA®UTOBBIMHU 3JIEKTPOJAMMU

Hypounnaeea P.H."", Ackapoe A.X.", JKvinvicoaeea A.H.%, Baewos A.°

Medicoynapoonniii  kazaxcko-mypeyxuii ynugepcumem umenu Xooocu Axmeda Sfcasu, Typxecman,
Kaszaxcman

2HAO  FOxcno-Kasaxcmauckuii  2ocyoapcmeennviti  nedazoeudeckuii  yuusepcumem, — Illviuxenm,
Kazaxcman

340 Unemumym monauea, kamanusza u snexmpoxumuu um. J.B.Coxonscrozo, Anmame, Kazaxcman
E-mail: raushan.nurdillayeva@ayu.edu.kz

Pe3rome. HauGoee pacrpocTpaHEeHHBIMA TSDKEIBIME [IBETHBIMI METaUIAMHU B OTPAaOOTaHHBIX PaCTBOPAx
U CTOYHBIX BOJIaX B 3aBUCUMOCTH OT THIA NPOMBILIICHHOCTH SIBJISIOTCS CBUHEL, Me/b, LIMHK, HUKENb. B
JIaHHOW paboTe MPEUIOKEHO NIEKTPOXUMHUYECKHHA criocod ounctku noHoB Menu (II) m3 orpaboTaHHBIX
PacTBOPOB € MOMOIIBIO TPAHYIMPOBAHHBIX I'Pa(UTOBBIX 3J1€KTPooB. ViccnenoBanue ObLIO IPOBEIECHO C
N3MEHEHHEM 3HaYCHHUH MATH OCHOBHBIX APAMETPOB, BKIIOYAs IUIOTHOCTH TOKA (1), KOHIIEHTPALMIO HOHOB
menu (1) (C), miomans NOBEPXHOCTH IrPaUTOBEIX HICKTPOROB (S), KOHLIECHTPALUIO CEPHON KUCIOTHI B
pactBope (M) 1 MPOJODKUTENFHOCTH 3ICKTPOIIH3a (T) BIMSIONLYIO Ha cTeneHb u3Bnedenus nonos Cu (1)
13 pacTBopa. Pe3yibTaThl SKCIICPHMEHTOB IOKA3BIBAIOT, YTO IUIOTHOCTh TOKA, IUIONIANL MOBEPXHOCTH
rpaUTOBBIX EKTPOJOB M BPEeMs SBIAIOTCS OCHOBHBIMH (DaKTOpaMH, BIMSIOIIUMY Ha CTCIEHb OYUCTKH
Cu (II), B To BpeMss Kak H3MCHEHHS KOHIICHTPAIIMM CEPHOW KHCJIOTHI B PACTBOPE OKAa3bIBAIOT
He3HauuTenpHoe BiysHue. Hanbonplnee 3HaUCHIE OYUCTKU OT HOHOB Menu 97% U BEIXOZ IO TOKY 54 %
YCTAaHOBJIEHO B ycuoBusax: i =150 A/M?, © = 1,5 1, [H2S04] = 0,4 M, S = 150 cM?, uTO TIpEaIOKeHO
OITHUMAJIBHBIM YCJIOBHEM UL IIPOLIECCA OYUCTKH MEIH IPaHyIMPOBAaHHEIMH rPa)MTOBBIMH JICKTPOJAMH.

KiawueBbie cioBa: wonbl menu (II), rpanymmpoBanHble TpaduTOBBIE 3JIEKTPOIBI, OTPabOTAHHBIE
PacTBOPBHI, TSHKEIIBIC [IBETHBIE METAJUIBI, CTEIIEHh OYMCTKH, BBIXOJ TI0 TOKY

Hypounnaesa Paywan Hypounnakoizel Kanouoam xumuueckux Hayx, npogeccop
Ackapoe Axoap Xamoamosuy Mazucmpanm
Kovinvicoaesa Axkkonvip Hypounnaesna Kanoudam xumuuecxux nayx, doyenm
Baewoe Aooyanu OOKMOp XUMUYECKUX HAYK, npogheccop, axaoemux
HAH PK
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GLYCINE LEACHING KINETICS OF CHALCOCITE IN ALKALINE
MEDIUM IN THE PRESENCE OF HYDROGEN PEROXIDE

Nurtazina N.D.**, Azhigulova R.N.}, Uvarov N.F.2

Al-Farabi Kazakh National University, Almaty, Kazakhstan
2Institute of Solid State Chemistry and Mechanochemistry of SB RAS, Novosibirsk, Russia
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Abstract. The leaching of copper-containing raw materials with environmentally friendly reagents
under near-environmental conditions is an important problem of modern hydrometallurgy. In this regard
this article presents kinetic regularities of leaching of sulfide mineral — chalcocite (CuzS), using the
simplest amino acid — glycine (Gly) in the alkaline medium at 25 °C. It is assumed that the leaching is
mainly due to the complexation of copper (Il) glycinates. The influence of different parameters on the
amino acid leaching process such as the concentrations of glycine, sodium hydroxide, hydrogen peroxide,
the reagent ratio and duration of the experiment have been studied. The results of atomic absorption
analysis has indicated a significant increasing of the copper recovery efficiency from chalcocite, when the
oxidant hydrogen peroxide is added to the alkaline glycine solution system. After 30 minutes the degree of
copper recovery has reached 30.79 % in the system “Cu2S-0.1M Gly-0.1M NaOH-0.1M H20>”, while
without hydrogen peroxide about 4 % of copper has been leached. The research results allow one to
recommend glycine as a promising reagent for the hydrometallurgical copper production process.

Key words: leaching, oxidation, kinetics, chalcocite, glycine, lysine, hydrogen peroxide, alkaline
medium
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Pe3rome: BrlmenaunBaHue MeIbCOACPIKAILETO CHIPbS BKOJIOTMYECKH OC30IACHBIMH pEarecHTaMH B
YCIIOBHAX ONM3KHX K YCIOBHAM OKDYXAIOIIEH CPEmbl SBILIETCS BaXKHOW HPOOIIEMOH COBPEMEHHOM
THAPOMETALTYPTHH. B CBSI3M ¢ 3TMM B JJaHHOH CTaThe MPEACTABICHbl KMHETHYECKHE 3aKOHOMEPHOCTH
BBILICNAYMBAHUS CYIb(UAHOrO MuHepaia — xanbko3uHa (CUzS) ¢ HCIoONb30BaHHMEM IMpOCTEHIeH
amuHOKHCIOTH — TiunuHa (Gly) B menounoit cpene mpu temmeparype 25 °C. Cumraercs, 4to
BbILIEIAYMBAHKUE B OOJIbIICH Mepe MPOMCXOIUT 3a CYET KOMIUIeKcooOpasosanus riuiuHatoB meau (11).
Bb110 M3yueHOo BIMSIHUE PAa3IMYHBIX MApaMETPOB HA MPOLIECC AMHUHOKHMCIOTHOTO BBILIEIAYUBAHHS TaKUe
KaK KOHLEHTpPAlWH TJIMIHMHA, THAPOKCHIA HATPHs, MEPEKUCH BOAOPOJA, COOTHOIICHHE PEarcHTOB U
MPOJOJDKUTENIBHOCTD OMbITa. Pe3ynbTaThl aTOMHO-a0COPOLMOHHOIO aHalM3a YKa3ald Ha 3HAYUTENIbHBIN
poct 3pHEeKTUBHOCTH M3BICUECHHSI MEIU U3 XAJIBKO3MHA B CiIydae JOOABJICHUS] OKMCIIUTEINS — MEPEKUCH
BOJIOPO/Ia B CHCTEMY ILEJIOYHOTO pacTBopa riuiuHa. B Teuenne 30 MUHYT CTENEHb M3BJICUCHUS MEIU
nocruria 30.79 % B cucreme «Cu2S-0.1M Gly-0.1M NaOH-0.1M H202», B T0 Bpemst Kak Ge3 HepeKucH
BOZOPOJA OBLIO BBINEIOYEHO OKONO 4 % Menu. Pe3ynbTaThl NPOBEACHHBIX MCCICIOBAHUI MO3BOJLIOT
PEKOMEHJIOBATh TJIMIUMH B KAaueCTBE MEPCIEKTUBHOIO PeareHTa MpH IMAPOMETATyPrHYECKOM Crocode
HOJIyYCHHS MEIN.

KilodeBble cJjioBa: BBIIIENAYMBAHUE, OKUCICHHE, KWHETHWKA, XalbKO3WH, TJHIWH, JH3HUH, MEPEKHCH
BOAOPO/A, IIEIOYHAs Cpea

Hypmaszuna Hapzusza /locmyp3aesna PhD ooxmopanm
Aocuzynosa Pvickyno Hununoena K.X.H., cmapwuii npenodasamens
Yeapose Hukonaii @ascmosuu 0.X.H., npogpeccop

1. BBenenne

XanpbKO3UH SBJISETCS BTOPUYHBIM CYJIb(QHUIHBIM MHHEpaToM Menu. J[oObua
JAHHOTO MHHEpaJla CYMTAETCS BBITOJHOW M3-3a BBICOKOTO COAEpKaHHA B HEM
memn  (79.8 %). B  nocnegHee  BpemMsi  MHTEpeC  MPEACTaBISAIOT
TUAPOMETAILTYPTUYECKHE CITOCOOBI IMOYYEeHUSI METANIOB U3 Py, KOHIIEHTPATOB,
MPOAYKTOB oboramennss u MuHepanoB [1-2]. beictpoe U mepcrleKTUBHOE
pa3BUTHE THAPOMETAIUTYPTHUU CBSI3aHO C TEM, YTO B OOJBIIMHCTBE CIy4yaeB OHa
obOecrieunBaeT BBICOKHH KOA((UIIMEHT WCIIONB30BaHUS CHIPhS W BBIACICHUS
LIEHHBIX KOMITOHEHTOB, TPeOyeT MEHBIINX JHEPreTHYECKUX U IKOHOMHUYECKUX
3aTpaTr, a TaKXe CHIDKAeT 3arps3HEHHE OKpY’Kaollell cpeasl BpeaHBIMU
BEUIECTBAMH B CpPaBHEHHM C MHUPOMETAUIyprudyeckuM wmetogoM [3]. B
THAPOMETAIIIYPTUYECKOM ~ TpOLECCE  BaKHEHIIeH  cTaguell  sBisercs
BBIIIIETIAYMBAaHUE, B KOTOPOM PYZABI, KOHIIEHTPATHI, MOIYIPOAYKTHI M OTXOIBI
MIPOM3BOJCTBA 00PabaTHIBAIOTCS BOJHBIMU PACTBOPAMH XMMHUYECKHX PEAreHTOB C
MOCJEAYIOUIMM BBIICTIEHUEM M3 pacTBOpa MeTaljla U €ro COoelMHEeHWH. 3a
MoCNeJHNEe TATh JIeT BHUMAaHHE WCCIEOBaTeleld OpUEHTHPOBAaHBI HA
WCTIONIb30BAaHNE OPTaHMYECKWX COENWHEHHWH B KadecTBE PaCTBOPSIONINX
peareHToB B Ipoleccax BelmiendaynBaHus [4-6]. OpraHudeckue peareHTHI
00J1aJIat0T TMOBBIIEHHON CEJIEKTUBHOCTHIO 32 CYET CIIOCOOHOCTH 00Pa30BBIBATH C
MEeTalJlaMl  KOMIUIEKCHBIE  COCIWHEHMsS, a TaKkKe  XapaKTepu3yIoTCs
HE3HAYUTEIbHOU KOPPO3MOHHOW aKTHBHOCTBIO. Tak MpocTeias aMUHOKHCIOTa
— TJHMLUH CTajl NEPCICKTUBHBIM PEarcHTOM sl BbIILENauuBaHus meau [7-9].
N3BecTHO, 4TO aMUHOKHUCIIOTHI B 3aBUCUMOCTH OT PH cpenbl MOTYT HaXOAUTHCS B
dbopme KaTHOHA B KHUCIIOW cpefie, MBUTTEP-NOHA B HEHTPAILHON Cpele U B BHJIC
aHnoHa B ImenoyHoit cpexe [10]. OGmacte BbicOKMX 3HaueHud PH (>9.77)
CHoCOOCTBYEeT  B3aUMOJCHCTBHIO  MOJOKUTENBHBIX ~ HWOHOB  MEOU  C
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OTpHULATEILHBIME HOHAMHU TJIMIUHA. B CBsI3M € 3TUM Ipolecc BbIIETaYHBaHUS
XallbKO3WHA Ie1ecoo0pa3sHo MPOBOAWTH B INEJIOYHOH cpele, B KOTOPOH
JTOMHUHHUPYET (opMma TIMIKUHAT-aHHOHOB, oOpasyrome ¢ uoHamu wmeau (1)
YCTONUYMBBIC XeNaTHble KOMIUIeKchl TimiuHatoB Meau (log (2=15.15) [11]
(cxema). Dta peakiysi KOMILIEKCOOOpa30BaHUS MOXKET OBITh YCHUJICHA IIyTEM
No0aBICHHS IEPEKUCH BOJIOPO/A B KAUECTBE OKHCITUTEIIS.

0 NH,
2 H,0,,NaOH O Cu
Cu®” +2HN 22 P —0
’ o PHT, T=298 K 0 t
NH

Cxema — O6pa3oBaHue XenaTHoro komruiekca rmnunara meau (11).

Ha cerogusmnauii  JeHb  JOCTAaTOYHO  Majlo  HMCCIEAOBAaHHM  IIO
BbIIIICJIAYMBAHUIKO XaJIBKO3WMHA B HICJIOYHBIX paCTBOan TJIMOUHA. KpOMe TOTO,
pe3yabTaThl [JIHMLIMHOBOIO  BBIIICIAYUBAHUSA XalbKO3WHA B IPUCYTCTBUU
MEPEeKHCH BOJOPOJA BOBCE OTCYTCTBYIOT. BcneiactBue »Toro Hacrosiiee
HCCJICAOBAHUEC 6I)IJ'IO HaHpaBHeHO Ha I/I3yquI/Ie KHHCTUKHU BbIIICJIAYNBAHUA MEANU
U3 TBepAOW a3kl XambKO3WHA B PACTBOP C WCIIOJB30BAHUEM IIEIOYHBIX
PacTBOPOB TIIMIIMHA M TEPEKUCH BOJOpPOJa TpU aTMOC(HEPHOM MaBICHUH W
TeMmneparype.

2. Pe3yabTaThl U 00CyxKIeHHE

2.1. Bovuyenauusamuue XaibKO3UHA 6 HEUMPANbHOU, KUCAOU U WeN0UHOU
cpedax. OO0 >3(h(DHEKTHUBHOCTH HCIIOJIB30BAHUSA  TIMIUH-IIEIOYHON  Cpe/bl
CBUJICTENLCTBYIOT KHHETHUECKHE KpPUBBIC BBIIIEIAUYMBAHUS XAJIbKO3MHA B
YeThIpeX pa3iuyHbIX cucteMax pactBoputeneid — «1M NaOH», «1IM Gly», «1IM
Gly-0.1IM HCl» u «IM Gly-1IM NaOH» (pucynok 1). Ilpu yBenuueHUu
MPOJOJDKUTEIILHOCTH  OMbITa KOHUEHTPALUsl HW3BJICUEHHBIX HOHOB MEIH U3
TBepIoi (a3bl B pacTBOp yBEIMUMBACTCA BO BeeX cucremax. M3 rpaduka BUaHO,
YTO PacTBOP THJPOKCHJIA HATPUS MPAKTUUIECKU HE PACTBOPSET XalbKO3WH, TOTJIA
KaK TJIMIMH B HEHUTpaJIbHOM cpene u3Biekaer 10 29.74 mr/ia meau B Teyenue 30
MHUH. B cimydae pactBopeHus xanpko3uHa B cucreme «IM Gly-0.1M HCl»
KOHIIEHTpaLMsi MEH B pacTBope coctaBmia 15.32 mr/n npu 30 mun. U3Bneuenne
MeJI B KMCJIOTHOM PacTBOpE MIIMIMHA OKA3aJI0Ch HWKE, YeM B HEHUTpPAIbHOM H
LIETIOYHOM pacTBOpax IIMLUHA. DTO O0YCIOBIECHO TeM, YTo npu PH<2.35 rmunun
cymectByeT B ¢Gopme karnona riuimuus (THzN-CH2-COOH), otopsiii He
B3auMoJIeHCcTBYeT ¢ HoHamMu CU?*. A mpu BbINIETauMBAHNN XAIbKO3WHA B CUCTEME
«IM Gly-1M NaOHy 3a 30 mun 6bUT0 M3BIEYeHO 59.25 Mr/m Memu, 510 B 3.87
pa3 Oojplie, 4eM B CUCTEME C KHCIOTOH. Brlmieonucannsie pe3yiabTaThl
MOATBEPKIAIOT PE3YJIbTATUBHOCTh NPHUMEHEHUS TJIMIMHA B COYCTAaHHU C
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TUIPOKCUIOM HaTpHs AJs NOJAEpKaHMs BBICOKMX 3HaueHuil PH B cucteme, mpu
KOTOPBIX UMEETCSI JOCTaTOYHOE KOJIMYECTBO INIMIMHAT-aHUOHOB, BCTYINAIOIINX B
peaknmio KoMIuiekcoodpasoBanus rimiuHaToB Meau (I1). Ipouecc pactBopenus
XaJIbKO3WHA B IPUCYTCTBUHU TJHMLMHA B IIEJIIOYHOH Cpele MOXHO IPEACTaBUTh
CJIEAYIOIINM YPaBHECHHUEM:

CuzS + 4H,N-CH,-COOH + 2NaOH + 2.50, — 2Cu(H,N-CH,-COO), + Na; S04 +
+3H,0 1)

2.2. Bauanue KOHYEHMPAYUOHHO20 COOMHOWIEHUS 2NUYuH.uenroqs. Js
OIpe/eIeHUsT ONTUMAIBHON TIMIMH-IIEIIOYHON CHCTEMBI BBINIECTIaYlBaHNE
XaJbKO3MHA IPOBOAWIN TPU Pa3IUYHBIX KOHIIEHTPAIIMOHHBIX COOTHOIICHHMSIX
Gly:NaOH B teuenue 10 mun. B cucreme «Cu,S-Gly-1M NaOH» (pucyHok 2,
ClIeBa) CHIBHO 3aMETHO, 4TO 3((}EKTUBHOCTh U3BJICUCHHUS MEIH U3 MUHEpasa
mmensercs. C pocrom koHmentparuu TiauiuHa ot 0.1 M 1o 1 M B cucteme
YBEIMYUBACTCSl KOJMYECTBO TIHUIMHAT-aHHOHOB NPH HEOOXOTUMOM Uil 3TOTO
3Ha4eHu pH B CBs3M ¢ 4eM pacTeT KOHIEHTPAIMs U3BICYCHHBIX HOHOB MEIH B
pactBope. A B ciydae ucnonp3oBannu 0.1 M NaOH (pucyHok 2, cnpaa) mpu
TaKOM K€ YBEJIMUYCHWM KOHIEHTPAIMU TJMIMHA TPOMCXOAUT HE3HAYNUTEITbHOE
najieHue KOHIIEHTPAIMK MEJH B PacTBOPE.

60 4)
=
250
5
240
s
=
830
g
3
;20 (3)
g s (2)
O 10
a(l
0 +(1)
0 5 10 15 20 25 30

Time, min
PPleHOK 1- 3aBI/ICI/IMOCTI> KOHICHTpAallM NOHOB ME€IU B PA3JIMYHBIX CUCTEMAX

BoiitenayuBateneii: (1) — «IM NaOHy, (2) — «IM Gly-0.1M HCly, (3) — «IM Gly», (4) —
«1M Gly-1M NaOH» 0T mpono/sKUTENBHOCTH HpoIecca.
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B pesynbrate ObuTO0 ycTaHoBieHO, uTo cootHomreHne Gly k NaOH kak 1:1
WM U30BITOK TIUIMHA oTHOocHTenpHO memoun (Gly:NaOH = 5:1, 7.5:1, 10:1)
SIBIISIIOTCS  HanOoJiee JNeWCTBEHHBIMU MPU BBINICIAYMBAHUN XalbKO3UHA. A TIpH
HU30BITKE THAPOKCHIA HaTpus B cpaBHennu ¢ riauiuaoM (Gly:NaOH = 1:1.3, 1:2,
1:10) ahexTuBHOCTH BBIIETauMBanus Meau nagaet ot 50.00 mr/im qo 9.31 mr/m.
[IpenmnonoxkeHo STO CBSA3aHO C MAJACHUEM PpACTBOPUMOCTH aTMOC(HEPHOTrO
KHCJIOpoJa Npy NOBbIeHnH KonudecTBa OH™-HMOHOB B cHUCTEME PacTBOPHTEIS
«Gly-1M NaOH» no cpaBuenuto B cucreme «Gly-0.1M NaOH» B 1.45 pa3 [12].
Cunraercs, 4yTo aTMoc(EepHBIH KHCIOPOA BHOCUT OIPEICIICHHBIA BKJal Kak
okucnutenb. Takum oOpasoM mpu ucnoibp3oBannu Triumuaa ¢ 1 M NaOH, Bo-
MEPBBIX, MaaaeT 3PPEeKTUBHOCTh aTMOC(EPHOTO KHCIOPOJa KaK OKHCIUTENS, a
BO-BTOPBIX, COJCPIKUTCS HEIOCTATOYHOEC KOJIHYECTBO TIHIIMHAT-aHHOHOB H3-3a
n30bITKa 1menoun. CreayeT OTMeTuTh, 4To 10-KpaTHBIH HM30BITOK TIIMIMHA B
OTHONICHUYW IENOYM TaKXKe MOXET MPUBECTH K TNaJIcHHI0 3(PPEKTHBHOCTH
BhIIenaunBanust. O4eBUIHO, 3TO CBSI3aHO C YMEHBIICHHWEM 3HaueHwid PH n3-3a
n30bITKA TIHMIUHA. AHAJOTWYHAs 3aKOHOMEPHOCTh ObUIa TOJydeHa paHee B
paboTe 1O BHIIIEIAYMBAHUIO OOPHUTA B MIMIMH-IIEI049HOH cpene [13]. C yuerom

pe3yJbTaTOB Ha PHUCYHKE 2 3(P(EKTUBHOM PACTBOPSIONICH CHCTEMOU SBISICTCS
«0.1M Gly-0.1M NaOHp».

Glycine:alkali ratio Glycine:alkali ratio
1:10 1:2 1:1.3 1:1 1:1 5:1 7.5:1 10:1
60 ' [_]1M NaOH ) 60 | 20 0.1M NaOH
— 50t — 50t T
2 |3 i
g40 g40t
E : g
§ 30 § 30
f=} =
S g
220 - 20+
7] 4 |7}
j=5 (=%
[=% o
St m S0}
1 1 1 1 1
8 0.1 0.5 0

1 1 1
0.75 1 0.1 0.5 0.75 1
Glycine concentration, mol/l Glycine concentration, mol/l

PucyHok 2 — 3aBHCHMOCTD KOHIICHTPAIMH M3BJICUYCHHBIX HOHOB Meu B cucTteMe «CuzS-Gly-
NaOH» oT KOHIEeHTpalMK TIIMIHA U COOTHOIICHHS TIIUIMH IEI0Yb.

2.3. Buusnue oxuciumens — nepexucu 8odopooa. Ha pucynke 3 oTpakeHO
BIMSHUE MEPEKUCH BOAOPOJA Ha BBIIICIAYMBAHUE XaJIbKO3WHA B IIEJIOYHOM
pacTBope TIHMLMHA NP NPOAOCLKUTENBHOCTH ombiTa 10 MuH. Pesynbrarhl
MTOKa3aJIk, YTO KOHIICHTpAITUs M3BICUYCHHOW MeIU BO3pocia Ooiee ueM 6.57 pas
[0 CPaBHEHHIO C OMbITaMH 0e3 HCIIONb30BaHUS TMepoKcuaa. Jpyrumu cioBaMu
yBelnuueHue KoHueHTpanuu okuciautens or 0.05 M mo 0.5 M mpuBomur x
3aMETHOMY POCTY KOHIIEHTPAIlMd HOHOB MENH B BBIIIEIAYHBAIOIIEM PACTBOPE OT
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336.54 mr/n mo 546.75 wmr/m coorBeTcTBEHHO. Takoe yiydiieHHE KHHETHUKU
BBIIIETAYNBAHNS CKOpEe BCEro OOYCIOBICHO TEM, YTO B INEIOYHBIX YCIOBHSIX
MyTeM KaTaln3a MEIHO-aMHUHOKMCIOTHOTO KOMIUIeKca Mo peakuuud DeHToHa
00pa3yloTcs THIPOKCWIBHBIE PAJUKalbl, KOTOPHIC SBISIOTCS 0OJiee MOLTHBIMHU
OKHCIUTEIISIMH, YeM TIepokcH T Bogoposa [14]. CiemoBaTenbHO 00pa30BaHNe dTHX
THIPOKCHIBHBIX PaJUuKAIOB YBEIWYMBAET pacTBOpeHHe Meau B cucteme «CuaS-
0.1M Gly-0.1M NaOH-H;0>». PacTBopenune xajabko3uHa B LICIOYHOM PAacTBOpPE
TTIMIFHA ¥ IEPEKUCH BOJOPO/IA TPOTEKAET 10 CICAYIONIEH BOSMOXKHON pPeaKkInm:

Cu.S + 4H;N-CH,-COOH + 2NaOH + 5H,0,; — 2Cu(H2N-CH>-COO), + Na>SO4
+8H,0 (2)

2.4. Bovhwyenauusanue XanbKO3UHA WETOYHbIMU DACMBOpAMU 2IUYUHA U
auzuna. Ilocne monrBepxaeHus 3((HEKTUBHOCTH HCIIOJNB30BaHUS TIIMIMHA B
Ka4eCcTBE BBINICTAYUBAIONICTO areHTa OblIa paCCMOTPEHA ApYyras aMUHOKUCIIOTa
— mm3uH (LYS). Beibop nmmu3nHa 000CHOBaH T€M, YTO OH, KaK W TJIHIMH SBISETCS
OTHOCUTENIBHO  HEJOPOTUM  pPEareHToOM, a Takke o0JlagaeT  Xopoluei
pacTBOpPUMOCTBIO B Bojie. Ha pricyHke 4 TipeicTaBlieHbl KMHETHYECKHE KPUBBIC
pacTBOpEHHs XallbKO3WHA B MPHCYTCTBUH DIIMIMHA W JIU3UHA, TIO0 KOTOPHIM
MOKHO CPaBHUTH PaCTBOPSIOIINE CIIOCOOHOCTHU JABYX aMUHOKHCIIOT.
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PucyHok 3 — 3aBHCHMOCTD KOHIICHTPAIMH M3BJICUCHHBIX HOHOB Men B cucteme «CuzS-0.1M Gly-
0.1M NaOH-H202» 0T KOHIIEHTpALMHU NIEPEKUCH BOZOPO/A.

[Ipu ucnonszoBanun cuctembl «0.1M Lys-0.1M NaOH-0.1M H;O.» 3nauyenus
KOHIIEHTpAIMii HOHOB MEIN B pacTBOpe Huke, yeM B cucreme «0.1M Gly-0.1M
NaOH-0.1M H:O2». Bo3M0OKHO, 3TO CBSI3aHO C TEM, YTO JIM3HMH IO KHCJIOTHO-
OCHOBHBIM CBOWCTBAM OTHOCHTCS K OCHOBHBIM aMHHOKHCJIOTaM, HECYIIUM
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MOJIOKUTENBHBIN 3apsi]l, TPEMATCTBYIOMINN KOMILIEKCOOOPa30BaHHIO JIM3UHATOB
memu (11).
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PucyHok 4 — 3aBHCHMOCTb KOHIIEHTPAIMH HOHOB MEIU B CHCTEME IIEIOYHBIX PACTBOPOB JTU3HHA
(1) 1 ruumHa (2) 0T NPONOIKUTENLHOCTH TpoLiecca.

3. DKkcnepuMeHTAJbHASA YaCTh

3.1. Mamepuanoi. B JaHHOM UCCIIeI0BaHUHI HCIIOJIb30BaH
MOHOMHHEpAIIbHBIN 00pasell CyIbGpUIHOr0 MUHEpaia Meau — xajabko3uHa (Cu,S)
JI)Ke3Ka3raHcKoro MECTOPOXKACHHMS CO CpeIHUM pa3MepoM dacTul] 60 MKM.
YucToTy MUHEpalia aHATM3UPOBAJM Ha CKAHUPYIOIIEM 3JIEKTPOHHOM MHKPOCKOIIE
(SEM, Quanta 200 FEI Company, CIIIA), OCHalleHHbBIM MHKpPO30HIOBOM
npuctaBkoii EDAX u ona cocraBuna 94 % (75.00 % menu, 13.91 % cepwr). B
KayecTBE BBIIIEIAUYMBAIONIEIO areHTa ObUIM HCIOJBb30BaHbl AMHUHOKHCIOTHI —
rmunuH (Gly, «dkcrpa umcteiity) u smsua (Lys, 99 %) kommanun TITAN
BIOTECH LTD (Munust). Takoi BbIOOp 0OOCHOBaH TeM, 4TO OHU O00NaaroT
XOpOoIIel KOMIUIEKCOOOpa3yromiell CIIOCOOHOCTBIO, SIBIISIFOTCS  JOCTYITHBIMH,
HETOKCHYHBIMHU M HEJIETYYHMHU peareHTamu. Jiist mopaepikaHust eJouHOH cpelibl
B CHCTEMY pAacTBOPSIOIIEr0 peareHTa Obl1 100aBieH THUAPOKCHI HATpHs
(«rexamaeckuity, OAO «PEAKTHUB», Poccus). Ilepeknch Bomopona
(«memnuuuckas», TOO «®Pupma Ckar», Kazaxcran) BbICTymama B poJH
OKHCIIMTEIS B IIPOLIECCE BhILICTauNBaHHA.

3.2.  Hccrnedosanue  sviwenauueanus. BellllenaynBaHue  XallbKO3WHA
MPOBOJMIN HA YCTAHOBKE C JBYMSI HHTCHCUBHO BCTPSIXMBAEMBIMH CTEKIISTHHBIMU
TEPMOCTATUPOBAHHBIMM  PEAKTOpaMH  TUIA  «KAaTaJUTHYECKas  yTKa»
BMectuMocThi0 150 M mpu 25 °C. B peakiMOHHBIM COCYAd BHOCHIIU
nopomkooOpa3Helii  MuHepan wmaccod 100 Mr u HarpeBaaM peakTOpbl 0
TeMIeparypsl OmbiTa. 3aTeM mnpuiauBaiud 50 MJI pacTBOPSAIOUIETO pearcHTa ¢
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W3BECTHOM KOHILIEHTpAallMEXW M COOTBETCTBYIOUIEH TemmepaTypou. J[lanee
PEaKkToOphl 3aKphIBa M BKIOYAIH JaOopaTopHBIA aBTOTpaHchopmaTop s
BCTPSXMBAHUS  PEAKIUOHHBIX  COCYJIOB M  PETYJIMPOBaHUS  CKOPOCTH
IepeMeNIuBalus  peaknmuoHHOW cmecu 150160 00./MHH B  TeUYCHHE
OTIPENICNICHHOTO MPOMEXKYTKa BpeMeHHW. Temmeparypy MOIICPKUBAIA C
touHocThio £0.5 °C ¢ momompio TepmocTara-mupkymnsropa LOIP LT-100. [Mocne
OTIBITA PACTBOPHI M3 PEAKTOPOB (MHUIBTPOBATH. METO0M aTOMHO-a0COPOITMOHHOM
cnekrpockornuu (Shimadzu AA-6200, SlnoHus) aHATU3UPOBaIN (QHUILTPATHl HA
HaJIMYUe MOHOB MEIH, TIEPEIICIIINX U3 TBEPAOH a3kl B pacTBOP.

4. 3akn04eHue

o pesymbraTam UccieaOBaHUSI MOXKHO CIENATh BBIBOJ, 94TO 3()(PEKTHBHOCTH
TJIMIIMHOBOT'O BbIIICJIaYMBAaHUA XaJIbKO3MHA 3aBHCUT OT HCCKOJIbBKHX q)aKTOpOB.
Bo-niepBrix, mporiecc HEOOXOAMMO MPOBOIUTH TOJNBKO B IIEJIOYHOHM cpefe, BO-
BTOPBIX, JODKHO COOJIIOJIATHCS KOHIICHTPAIIMOHHOE COOTHOIICHHE «1:1» Mexay
TJIMIIAHOM U TUAPOKCUAOM HATPpUA B CUCTEME. B'TpeTBI/IX, I[O6aBJ'IeHI/IC IEPEKHCU
BOJOpOaa IMO3BOJISICET B pa3bl I/IHTGHCI/I(I)I/II_II/IpOBaTL HU3BJICUCHNC HOHOB MCEOHU H3
TBepAOH (ha3bl XaJIbKO3MHA B PAcTBOp B CPaBHEHHMU C pe3yjibTaraMu 0e3
WCTIONIB30BaHMs OKUCTHUTENS. TakuM o0pa3oMm, B paboTe Mmoka3zaHa BO3MOKHOCTb
HCII0JIb30BaHUA AMHWHOKHMCJIOT, B YaCTHOCTH TIJIMIOIMHA MW JIM3MHA KakK
NEPCHCKTUBHBIX, 3KOJIOTMYCCKHU 0e30macHbBIX pacTBOPAOIIUX PCArcHTOB U
NEpCKUCHU BOAOPOAA B KaAUCCTBC OKHUCIUTCIA [JIs1 BBIMICIIAYMBAHUA MEANU U3
XallbKo3uHa J[)Ke3Ka3raHCKOTO MECTOPOKACHUS B YCIOBHSIX OJM3KUX K YCIOBHSIM
OKpY>Karollle cpeibl.

®unancupoBanue: lccrenoBaHue He MONyYalo HHKAKMX TPAHTOB OT (HHAHCHPYIOLIHX
OpraHu3aIHii TOCyAapCTBEHHOT0, KOMMEPYECKOr0 HIH HEKOMMEPYECKOTO CEKTOPOB.

BaaromapHocTu: ABTOpBI OiaromapsT cOTpyAHHKA Jabopatopun aHanm3a MeTamioB [[TOXMA
KazHY um. anp-®apabu A.K. Opazanuna u K.X.H., JoueHta kadenpsl ¢usnueckoi xumun CaHKT-
IMetepGyprckoro rocymapcTBEHHOro TexHomormdeckoro mHetutyra O.B. IIpockypuHy 3a Oka3aHHYIO
[OMOLIb TIPY TPOBEACHHH ATOMHO-a0COPOLMOHHOIO HCCIEIOBAaHUS M IPH AQHAIM3e I[OBEPXHOCTH
MuHepana metonoM SEM-EDS cooTBeTcTBeHHO.

KOH(I)J"/[KT HHTEpPECOB: ABTOpLI 3asBJISIFOT 00 OTCYTCTBUU (bHHaHCOBOl"O WA JIMYHOI'O KOH(bHHKTa
HUHTEPECOB, KOTOpBII‘/'I MOT ObI IIOBJIMATEH Ha pa60Ty, TNPEACTAaBJICHHYIO B CTAaThE.

CYTEIT ACKBbIH TOTBIFbIHbIH KATBICYBIMEH CUITLII OPTAJA XAJIbKO3MHAI
TNIMOUHMEH ITAUMAJIAY KUHETHKACBI
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miaiManay/iblH =~ KMHETHKAJbIK  3aHAbUIbIKTapbl  KentipinreH. Illaiimamay kebinece wMbic  (II)
[JIMIMHATTAPBIHBIH ~ KOMIUIEKC Ty3yiHe OainaHbICThl Oonajapl JAen ecentenefdi. [JMIUH, HATpUi
THAPOKCH/I, CyTeri acKblH TOTBIFBI KOHIICHTpPAIMSIIAPBI, PEAreHTTEP/AIH KAaThIHACHI JKOHE TKIPHOCHIH
Y3aKTBIFbl CHSKTBI OPTYPJIi MapaMeTpiiep/iH aMHUHKBIIKBUIIBIK IIaiiMaiay MpoIeciHe dcepi 3epTTeli.
ATOM/IBIK-a0COPOLMSIIBIK Tajay HOTHKEIEpl MIMLHUHHIH CUITII epiTiHAl JKYHECiHE TOTBHIKTBIPFBIII —
CyTeri acKplH TOTBIFbI KOCBUIFAH JKaFjai/a XaJbKO3WHHEH MBIC aly THIMAUINIHIH €[0yip apTKaHbIH
kepcerti. 30 MuHyT imiHge Mbic any gepexeci «CuzS-0.1M Gly-0.1M NaOH-0.1M H202» xyiiecinze
30.79 %-ra xerti, an MBICTBIH 4 %-Fa KybIFBl CyTEri acKbIH TOTBIFBIHCHI3 MIalbUIAbl. JKyprizinrexn
3epTTEYNICPAIH HOTIKEIepl TIMUUHII MbIC ayAblH THAPOMETAILUTYPIHSJIBIK OMAICIHAE MNEePCIEKTHBTI
peareHT peTiHze YChIHYFa MYMKIHAIK Oepeni.

Tyiiinai ce3mep: miaiimanay, TOTbIFY, KHHETHKA, XalbKO3WH, TJHIHMH, JH3HH, CYTE€rl acKblH TOTBIFBI,
ciarini opta
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ANTI-FUNGAL ACTIVITY OF ANTHRAQUINONE DERIVATIVES
(Part 1)

Kharlamova T.V.

A.B.Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
E-mail: kharlamovatv@mail.ru

Abstract. Introduction. The problems of treatment and prevention of infectious diseases, due to the
diversity of biological forms of pathogens, the constant emergence of multi-resistant forms, the emergence
of new types of dangerous pathogens, determine the relevance of the problem of creating new
antimicrobial agents. Over the past few decades, there has been an increase in the incidence of fungal
infections worldwide, as well as an increase in the resistance of some types of fungi to various antifungal
drugs, used in medical practice. The purpose of the review is to provide information on the current state of
fungal diseases and the search for new antifungal structures among natural compounds, in particular
anthraquinone derivatives. Objects. Derivatives of 9,10-anthraquinone: chrysophanol, emodin, physcion,
rhein, aloe-emodin). Results. Currently, special attention has been paid to natural sources of antimicrobial
agents, which can be considered as an alternative to the traditionally used drugs. Nature is a valuable
source of new compounds and a rich arsenal of biologically active metabolites for the search for new
drugs. Chemistry of anthraquinone derivatives is an independent and extensive field of organic and
bioorganic chemistry with a wide range of practical applications. Quite a large number of compounds of
the anthraquinone series have been found in plants, animals, and microorganisms. Many natural and
synthetic derivatives of anthraquinones exhibit a variety of pharmacological activities, among which the
compounds with antitumor, cytostatic, anti-inflammatory, hormonal, antiviral, and other activities have
been identified. The review analyzes the antifungal effects of various types of natural anthraquinone
molecules (chrysophanol, emodin, physcion, rhein, aloe-emodin), as well as some structurally related
derivatives, to assess the effect of structural parameters of molecules on their activity. Conclusion. Natural
objects contain a variety of biologically active derivatives of 9,10-anthraquinone. They can be considered
as promising structures for the search for new antifungal agents.

Key words: 9,10-anthraquininone derivatives, natural compounds, medicinal plants, antifungal
activity.
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Pesrome: Bseoenue. IIpobaemsl nedeHus U NpoGHIAKTUKY HHGEKINOHHBIX 3a00JIeBaHUH, 00YCIOBICHBI
MHOroo0pasuem Ouosiorndeckux (opM BO30yAMTENeH, MOCTOSHHBIM MOSBJICHHEM IOJMPE3UCTEHTHBIX
(bopM, MOsIBIEHHEM HOBBIX BHJIOB OIACHBIX BO3OYAUTENEH, ONPEAEISIOT aKTyaabHOCTh MPOOJIEMBI  CO3-
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JIaHUSI HOBBIX aHTUMHUKPOOHBIX CPEACTB. 3a MOCIEIHUE JCCATHICTHS BO BCEM MHPE OTMEYAeTCs POCT
3a00JIeBaCMOCTH TPUOKOBBIMH MH(EKIMAMHU, a TAKKE MOBBIIICHHE PE3UCTEHTHOCTH HEKOTOPBIX BHIOB
rpuOOB K Pa3IMYHBIM NMPOTHBOTPUOKOBBIM MpenapaTaM, MPUMEHIEMbIM B MEJULIMHCKOM mpakTuke. [ens
0030pHotl pabomul - IPEACTaBUTH HHHOPMALIUIO O COBPEMEHHOM COCTOSIHUHM TPUOKOBBIX 3a00JIeBaHUN U
MOUCKY HOBBIX aHTHI'PHOKOBBIX CTPYKTYp CPEAU MPUPOAHBIX COCIMHEHHI, B YaCTHOCTU MPOU3BOAHBIX
anTpaxuHoHa. Obwexmot. [IponsBoansie 9,10-aHTpaxuHOHA: XpH30(haHOI, IMOIUH, (PUCIHOH, PEUH, aJI03-
amoauH). Pesynbrarsl. B Hacrosiee Bpemsi ocoboe BHUMAaHUE CTalM YAEIATh NPUPOJHBIM HCTOYHUKAM
QHTUMUKPOOHBIX CPEJACTB, KOTOPbIE MOTYT pPAacCMaTpuUBaThCs Kak aJbTepPHATHUBA  TPAJULIUOHHO
NpUMEHSEMbIM IpernaparaM. [lpupoja sBISIETCS LEHHBIM HCTOYHMKOM HOBBIX COCIAMHEHHH U
npesacTaBisier Oorartblii  apceHan OHOJOTMYECKH AKTHBHBIX METaOOJMTOB JUIsl ITIOMCKa HOBBIX
JIEKapPCTBEHHBIX CPEACTB. XUMHs IPOM3BOJHBIX aHTPAXMHOHA MPEICTABIISIET COOOH CaMOCTOSITENIbHYIO U
OOIIMPHYIO 00JIACTh OPraHUYECKOW M OHOOPraHMYECKOH XUMHH C LIMPOKUM CIIEKTPOM HPAKTHYSCKUX
MpUIOKEHUH. J[OBOJBGHO OOJBIIOE KOJHYECTBO COCAMHECHHH aHTPAXHHOHOBOTO psijia OOHAPYKEHO B
pacTeHHsX, JKMBOTHBIX M MHKPOOpPraHu3Max. MHOrMe NpUPOAHBIE M CHHTETHYECKHE HPOU3BOIHbIC
QHTPAXMHOHOB MPOSBISIIOT  Pa3HOOOpasHyo (apMakoIOrHYeCKyl0 aKTHBHOCTb, CpPEIH KOTOPBIX
UACHTH()UIUPOBAHBI COCANHEHUSI C MPOTUBOOIYXOJICBOM, [UTOCTATUYECKOM, MPOTHBOBOCIANUTEILHOIM,
TOPMOHAJIBHOM, TMPOTHBOBUPYCHOW © [PYyrMMH aKTHBHOCTSIMH. B 0030pe mpoaHalin3upoBaHbI
MpOTUBOrPUOKOBBIE A(P(EKTH PA3IMYHBIX THIIOB MOJEKYJI HPUPOTHOTO AHTPaxWHOHA (xpu3odaHol,
9MOJIHH, (PUCLIUOH, PEHH, aJ03-IMOJHH), & TAK)KE HEKOTOPBIX CTPYKTYPHO POJICTBEHHBIX MPOU3BOAHBIX
JUISL OLICHKU BIIMSIHHSI CTPYKTYPHBIX MapaMeTpOB MOJICKYJI Ha MX aKTHBHOCTH. 3aKioueHue. [IpupoaHsie
00BEKTBI COZIEPXKAT pa3HOOOpa3Hbie OMOJOTMYECKH aKTHBHbIC mMpou3BoaHbie 9,10-anTpaxuHona. OHu
MOT'YT pacCMaTPHUBATHCS KaK NEePCHEKTHBHbBIE CTPYKTYPBI Ul [TOMCKA HOBBIX aHTHIPUOKOBBIX CPEJICTB.

KaoueBble cioBa: mnpousBogubie 9,10-aHTpaxWHOHA, NPHUPOIHBIE COCOUHEHHS, JICKAPCTBECHHBIC
pacTeHus, IPOTHBOIPHOKOBAsI AKTHBHOCTb.

Xapnamosa T.B. Jlokmop xumuneckux HAYK, 2NA6HbIU HAYYHBLI COMPYOHUK

1. BBenenue

I'pnOkoBbIe MH(EKIMN TO-TIPSKHEMY SIBIISIFOTCS CEPhE3HOU MPOOIIeMOr ISt
COBPEMEHHOTO 3/IpaBOOXPAaHEHMs, a B TIOCIHEIHHE JECSATWIETHUS OTMEYaeTCs
3HAYUTEIBbHBII WX  POCT, IIOCKOJBKY  YCTOHYMBOCTD K  KJIACCHUYECKHM
MPOTHBOIPHOKOBBIM TIpenapaTam craja Ooniee oueBMIHOH [1-4]. Oto cBsizaHO CO
MHOTHMH (paKTOpaMU W, B YaCTHOCTH, C IMMPOKKM MPUMEHEHHEM B MEIUIIMHCKON
MPaKTUKE aHTUOMOTHKOB IIMPOKOTO CHEKTpa JSHCTBUSL M JPYrHX TPyII
JIEKapCTBEHHBIX CpEICTB, OrpaHUYECHHBIM apceHaIoM JOCTYITHBIX
MPOTHBOTPHOKOBBIX CPEJICTB, TOBBIIIEHUE YCTOWYHBOCTH K MPOTHBOTPHOKOBBIM
mpernaparaM, pOCT YHWClia TAlUeHTOB C OCJNa0JICHHBIM HMMYHUTETOM U Jp.
[1,2,5,6]. B cBsi3u c 3TuUM cymiecTByeT OoJblias MOTPEOHOCTh B IOUCKE U
pa3paboTKe MPOTHBOIPHUOKOBBIX CPECTB, IPUHAICKAIIHX K ITHPOKOMY CIIEKTPY
CTPYKTYpPHBIX KJIACCOB, H30HMpaTesbHO JCHCTBYIONIMX HAa HOBBIE MUIIECHH C
HaNMEHBIIUMH TOOOYHBIMH dPPeKTamMu.

AHTpaxWHOHBI ~ NPEACTABISAIOT COOOH  BaXHBIM  Kjacc MPUPOTHBIX
COeMHEHMI, KOTOPBIE HASHTU(GHUINPOBAHEI B BRICIIHX pacTenusx (Hypericaceae,
Polygonaceae, Rhamnaceae, Rubicaceae w np.), numaiiHukax, rpubax u Jp.
[ToMuMO UX IpUMEHEHUS B KaUueCTBE KpacuTelNel, NpOU3BOAHbIC aHTPaXMHOHA Ha
HIPOTSDKEHUN [UINTENIBHOIO BPEMEHH MCIIOJb30BAJIMCh B HAPOJHOM MEIUIMHE, a
UCCIIEIOBaHUSI MX OMOJIOrMYECKON aKTHBHOCTH I10Ka3aJlo, YTO OHM OOJIAAaroT
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Pa3HOOOpa3HBIMU (hapMaKOJIOTHYSCKUMH CBOWCTBAMHU BKIIIOYAs CIIAOMTEIHHBIX
3¢ (ekT, MPOTUBOOMYXOJCBYI0, MPTHBOBOCHAIUTEIHLHYI0, aHTUMUKPOOHYIO,
AHTUBUPYCHYI0O W Jpyrue BUABl akThuBHOCTH [7]. B mamHOM 0030pe
paccMaTpuBaceTCs aHTUTPHUOKOBOE JCHCTBHE HaMOOJee paclpOCTPAHCHHBIX B
MPUPOJIHBIX O0BEKTaX AHTPAXMHOHOBBIX MOJICKYJ, TaKUX Kak Xpu3odaHo,
SMOJIMH, (UCIMOH, PEHH W aJoe-3MOJIUH, a TaKKe HEKOTOPBIX CTPYKTYpPHO
POJCTBEHHBIX TMPOW3BOJHBIX JUIS OICGHKU BIMSHHUS CTPYKTYPHBIX IapamMeTpoB
MOJICKYJI Ha UX aKTUBHOCTb.

2. CoBpeMeHHOe COCTOsIHUE MPOo0JIeMbl

Pa3zBuTio MH(EKIMOHHOTO MPOIECCa, BBHI3BAHHOTO YCIOBHO-TIATOTCHHBIM
rpuOKoM, OOBIYHO TpENUIecTBYET IepBHYHAs OONE3Hb WM CHIDKCHHE
MMMYHHOTO CcTaTyca. B Tpymmax BBICOKOTO pHCKAa HaXOIATCS TMAIUeHTHl C
HapylIeHHOW WMMYHHOM  (YHKIMEH, TManueHThl C  MHOXXECTBEHHBIMU
COIMYTCTBYIOIIMMHU 3a00JIEBaHUSMHA W TAMEHTHl B YCJIOBUSIX WHTCHCHUBHOMN
teparuu [8]. Ilpm 3TOM, Kak yTBEp)KTAIOT aBTOPHI, Ha TJIOOATFHOM YPOBHE
KOXHBIE 3a00J€BaHHS SABISIOTCS YETBEPTOHM 1O 3HAYMMOCTH TPUYWHOW HE
(aTanbHBIX 3a00JICBaHMI, YTO YyOSAMTEIBHO JIOKa3bIBAET HEOOXOJUMOCTh
BKJIIOUEHUS TPOQUIAKTHKM M JICYCHMs] KOXKHBIX 3a0o0jieBaHuUN B Oymyiiue
rII00anbHBIE CTPATETHH 3]IPaBOOXpaHEHUs. | pHOKOBbIE WH(EKIUH OCTAIOTCS
Cepbe3HON TpOo0JEeMOH ¥  CBsi3aHBl C  BBICOKOW  3a00JIEBAEMOCTBIO U
cMmeprtHOCThIO. Tak, 1Mo naHHbIM [9-11], WHBa3UBHBIE TPUOKOBBIC WHGEKIIUU
MPENICTABISIFOT COOOM CEephe3HYI0 YIpo3y 370POBBI0 YEIOBEKAa M CBSI3aHBI
€XKEroIHO HEe MeHee 4eM ¢ 1.5 MuIIMoHaMu cMepTel Bo BceM mupe. CMepTHOCTh
OT WHBa3UBHOTO KaHAmWmo3a coctasiser 30-40%, a mis TuCCEMUHUPOBAHHOTO
KPHIITOKOKKO3a ¥ Ul WHBasuBHOro acmeprumiesa - 20-30% [12,13]. Takue
MH(}EKINYA 0YeHb PACIIPOCTPAHEHBI Y MAIIMEHTOB C OCIIA0JIEHHBIM WMMYHHUTETOM
B pE3yJbTare arpecCUBHOM TEpanuu: IMPOTUBOPAKOBOM XMMHOTEpAIUH,
JUIMTENIFHBIM ~ JICYEHHEM  KOPTHKOCTEPOUJaMH, Tepanuu  00yCIOBJICHHOW
TpPaHCIUIAHTALMEH OPraHOB, HMMMYHOJICTIPECCUBHBIMU MH(EKIMUAMHU, TAKUMH KaK
BUY/CIIUJ. Oxono 90% 3THUX cMmepTell BhI3BAHO OHOJIOTMYECKHMHU BHIIAMH,
npuHagiexanmmu kK pomam Candida, Aspergillus, Cryptococcus, Pneumocystis,
Mucor u Rhizopus. OqHako MMEIOTCSI M HOBBIE BBl TPHOKOBBIX IAaTOTCHOB,
npuHanekamme kK Zygomycetes, Fusarium wmm  Scedosporium, KoTopbie
CTAHOBSITCS BYKHBIMU JTHOJIOTHYECKUMH BO30YIHUTEISIMH WHBAa3UBHBIX MHKO30B
[14-16]. B cBoem o63ope Thornton C.R. [15] ykasweiBaet, uro Aspergillus
fumigatus sBusercs Hambojee BaXHBIM W XOPOLIO JOKYMEHTUPOBAHHBIM
MaTOreHOM, BBI3BIBAIOIIUM PSJI  CIOXKHBIX PECIUPATOPHBIX  3a00JIeBaHUM,
BKJIIOYAsl MHBA3WBHBIN aclepruiie3 JIETKUX, YacTO MPUBOJAIINKA K JIETAIHHOMY
UCXONy Yy MAIMEHTOB C OCTPBIM JIGHKO30M WIIM MEPEeHECUIMX TpaHCIUIaHTaluU
KOCTHOTO MO3ra, TBEPIBIX OpPraHOB WM JAPYTUX OPraHoB, C OCJIAOJICHHBIM
UMMYHHUTETOM. B TociesiHee Bpemsi cooOIIaeTcs, 4YTO IUIECHEBbIE T'PUOBI, HE
cesi3anHbIe ¢ Aspergillus, Takxke sBIAIOTCS BO30OYIUTENSIMH AUCCEMUHUPOBAHHBIX
3aboseBanuii, a Buabl Fusarium, Scedosporium, Lomentospora u MykopMHIIETOB
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B NPOYHO YTBEPIWINCH B KauyeCTBE IATOTEHOB y WMMYHOCYNPECCHBHBIX W
MMMYHOKOMIICTEHTHBIX HHIUBHAYYMOB [14-16]. T'puOku Takke BBI3BIBAIOT
MOBEPXHOCTHBIE HMH(pEKIUH (MOpaXKarolre KOXXY H IMOBEPXHOCTH CIM3HCTON
000JI0YKH), KOTOpHIE WMEIOT OoJjiee BBICOKYIO YacTOTy, YeM WHBAa3HBHBIE
uHpeKIMH,  yXyIaoImpe  KadeCTBO  JKM3HM  IOPXKEHHBIX  JIIOJCH.
[MToBepxHocTHBIE MHKO3bI BbI3bIBatoTcsi Malasseria globose u M.vex. Koxubie u
MOJKOKHBIE MHKO3BI, TMOPAXKAIOUINE OPOTOBEBIINE CTPYKTYPHI, BBI3BIBAIOTCS
TakuMH BHIamMu jaepmartoduToB, Kak Trichophyton, Epidermophyton u
Microsporum [17]. Wudekipu cau3uctoii 000J0YKH B OCHOBHOM BBI3BaHBI
YCIIOBHO-TIATOT€HHBIMH JPOMOKEBBIMU TPUOKaMHU, KOTOPbIE IPUHAJIEKAT K POIY
Candida, HaunboJsee 4acTo BCTpEYAOIICHCS.

[IpoTuBOorpHOKOBEIE CpenCcTBa (AHTUMUKOTHKH ) — JIEKAPCTBEHHBIE CPENICTBA,
obmagaromyie  (QYHTHIMOHBIM WO  (QYHTUCTATHYECKUM  JIEHCTBHEM |
HpUMEHseMBbIe U TPO(UIAKTHKH U JICYSHUS] MUKO30B. JIJ1sl TedeHns rpuOKOBBIX
3a00JICBAaHUI WCIIONB3YIOT psI  JIGKAPCTBEHHBIX CPENCTB, PA3NUYHBIX 10
MPOUCXOXKICHUIO (TPUPOAHBIE WM CHHTETHYECKHE), CIEKTPY U MEXaHU3MY
neicTBus, MIPOTUBOTPUOKOBOMY apdexTy (pyHTHIMAHBIN WIH
(yHTUCTaTHYECKUI), TOKa3aHUSAM K TMPUMEHEHUI0 (MECTHBIC WM CHCTEMHBIE
uH(peKIMK), CcrnocodaM Ha3HaueHus (BHYTpb, MapeHTEPAIbHO, HAPYKHO).
CymiecTByeT HECKOIBKO Kilaccu(UKaIHiA JEKapCTBEHHBIX CPEJICTB, OTHOCSIITIXCSI
K TpyIne aHTHMHUKOTHKOB: TI0 XUMHYECKOW CTPYKType, MEXaHU3My JAeHCTBUS,
CIIEKTPYy AaKTHBHOCTH, (apMaKOKMHETHUKE, HEPEHOCHMOCTH, OCOOCHHOCTSIM
KJIMHUYECKOTO TpuMeHeHus u jap. [18-21]. B cooTBeTCTBHM € XUMHYECKHM
CTPOCHUEM IPOTHBOTPHOKOBBIE CPEJICTBA  KIACCUDUIMPYIOT  CIEAYIOIIUM
obpa3oMm: TmosiMeHOBbIe aHTHOMOTHKM (HuctaTtuH  (nystatin), HatamuIUH
(natamycin), amdorepuma B (amphotericin  B), MukorenTuH,  JEBOpHH);
Npou3BOJHBIE  MMHAa3oma  (kioTpumaszon  (clotrimazole),  MuKoHa3oI
(miconazole), xetokonazon (ketoconazole), m3okoHa301, 3K0HA30:, OupoHA30IM,
OKCHKOHa30I1, OyTakoHa30I1); Mpou3BoiHbIe Tpuaszona (¢rykonasou (fluconazole),
uTpakoHaszon (itraconazole), BopHKOHa30j1 (voriconazole), posaconazole,
Efinaconazole, Isavuconazole);  ammmnamubbl  (Ipou3BomHBIE — N-
metwnHadranuua)  (tepounadun  (terbinafine), wadpTudun  (naftifine));
9XWHOKAHJWHBI (KacnoyHrWH, MHUKaQyHTHH, aHUIyJda(QyHTUH); TMpermaparsl
apyrux rpynn  (Tpu3eodynbBHH, aMOPOI(QHUH, ITHUKIONHUPOKC, (IYIUTO3MH,
xaopuutpodenon) [18-21].

O/HaKOo y ATUX NMPOTUBOTPUOKOBEIX CPEJICTB €CTh Pa3IHMYHbIC HEJIOCTATKH C
TOYKM 3pEHHsT TOKCHYHOCTH, CIIEKTpa  JIeWCTBUS, OE30MacHOCTH U
(hapMaKOKMHETHYECKHX CBOMCTB [1,22].

'pubbl  SBASIOTCS  3YKAPUOTHYECKMMH  OpPraHM3MaMd W CYIIECTBYET
OTrpPaHMYECHHOE YKCIIO MUIICHEH JUIs pa3pabOTKU MPOTHBOTIPUOKOBBIX IpenapaToB. B
pe3yabTare apceHan MPOTUBOIPUOKOBBIX CPEICTB YPE3BBIYANHO OrpaHu4eH. A3OJIbI,
MOJNMEHBl M 3XWHOKAHAMHBI COCTAaBJISIIOT OCHOBY MPOTHUBOTPUOKOBOW Tepariu JUis
MAIMEHTOB C OMACHBIMHU JUIS JKM3HH MHKO3aMH. OJJHUM M3 OCHOBHBIX (DaKTOPOB,
OCTIOKHSIONINX TPOTHBOIPHUOKOBYIO TEPAITHIO, SBISCTCS 0Opa3oBaHUE TPHOKOBBIX

29



KA3AKCTAHHBIH XUMUAJIBIK KYPHAJIBI XUMHYECKHUY XVPHAJT KA3AXCTAHA

OUOTIICHOK-MUKPOOHBIX COOOIIIECTB, MPOSBIISAIONINX YCTOHUMBOCTh K OOJIBITHHCTBY
MPOTUBOTPUOKOBLIX  CpefcTB. CXONCTBO  MEXIy KICTKaMH TPUOKOB H
MJIEKOIIUTAIOUIMX SBJSIETCS. OCHOBHOM NPUYUHON MOBBIIICHHOW TOKCUYHOCTH, YacTO
CBSI3aHHOM C TMpPOTHBOTPHOKOBOW Teparmer [23,24]. TlosiBieHne HITAMMOB,
YCTOHYMBBIX K JCUCTBYIOIUM POTHBOTPUOKOBBIM areHTam, MPHUBEIO K OOJIBIIHM
YCHIHSAM TIO pa3paboTKe HOBBIX JIEKAPCTB C PA3UYHBIMI MEXaHM3MaMH JEHCTBUSI.
OpnHako, TO CpPaBHCHHIO C pa3pabOTKOW HOBBIX AHTHOAKTEPHAIBHBIX JICKApPCTB,
pa3paboTKa TPOTHBOTPUOKOBBIX IPENApaToB SBISICTCS Ooyiee CIOKHOW 3aaadvet,
MIOTOMY HYTO TPHUOBI SBJSTFOTCS SYKapHOTaMH, U MHOTHE TIOTEHIINATFHBIE MUIIICHH TS
JIeYeHUs] TaKKe OOHapy)KMBaeTCs Vy JIOAeH, 3HAYWTENbHO TIOBBIIIAS PHCK
TOKCHYHOCTH JUTS X03smHa [2,5,6,25].

3. Ipupoanbie coeaMHEeHHs] B KayecTBe HCTOYHHKA MOTEHIHAIbHBIX
NPOTHBOIPUOKOBBIX NMPENapaToB

B cB3M ¢ TeHAeHNIMEH K pOCTy TpPUOKOBBIX 3abosieBaHuMi  (Kak
MOBEPXHOCTHBIX, TaK M THKEJIBIX BUCHIEPAIBHBIX MHKO30B, aCCOLMMPOBAHHBIX C
BUY-undekunell, OHKOTeMaTOJOTHYECKUMH  3a00JIEBaHUSAMH), Pa3BUTHEM
YCTOWYMBOCTH BO30yIWTENEH K HMMEIOIIMMCS CPEJICTBaM, BBISBJICHUEM BHJIOB
rpuooB, panee CUHTABIIUXCS HETaTOreHHBIMU (ToTeHIAaTBHBIMA
BO30YIMTENSIMH MHUKO30B cuuTaloTcs okoio 400 BumoB TpuOOB), BO3pocia
noTpeOHOCTh B A(QQEKTUBHBIX MPOTHBOTPHOKOBBIX CpeAcTBaXx. Bce 3T0
MOTYEPKUBACT HEOOXOIMMOCTh IMOWCKA HOBBIX JIEKAPCTB IS JICYCHUS 3THX
nHpeknmii [26].

Pa3paboTka 3TUX HOBBIX HPOTHBOTPUOKOBBIX MPENapaToOB BKIIKOYACT B CEOs
pasnu4Hble 3Tambl ¥ MeToAukH. OleHKa NPOTHBOIPHOKOBOW AKTUBHOCTH H
LUTOTOKCUYHOCTH N Vitro - 3To mepBbie MIard B CKpUHUHTE. TakkKe CylIIeCTBYeT
BO3MOKHOCTH TPHMEHEHUsS MPOTHUBOTPHOKOBBIX KOMOHMHAIMK JUIS YITy4IICHHUS
Tepanuy U CHIKEHUS TOKCHYHOCTH. [IpuMeHeHue HOBOTO MPOTHBOIPHOKOBOIO
KaHJHUJaTa MOXET OBITh WCIIOJNB30BAHO B COYETAHWU C (POTOJMHAMHUECKON
Tepanuedl WM C HUCIOJIb30BAaHWEM HAHOTEXHOJNOTUH B KauyecTBE COIO3HHKA.
Hcnpitanust iN VIVO MOTYT OBITH BBIMOJHEHBI JUIs OIECHKHA 3(G(GEKTHBHOCTH U
TOKCHYHOCTH C HCTIOJIb30BaHUEM TPAJMIIMOHHBIX M aJbTEPHATHUBHBIX MOJIENICH Ha
XKHUBOTHBIX. JlOCTYHHBIE METOIBl OLEHKHM HPOTHBOTPUOKOBON aKTHUBHOCTU U
0€30IaCHOCTH HATypaJIbHBIX HPOIYKTOB, a TAaKXKe MOCIETHHE NOCTIKCHHS B
MPUMEHEHUU HATYPaJbHBIX TPOJYKTOB JUI TPOTUBOTPUOKOBOM Teparuu
MIpeACTaBICHEI B paboTe [27].

[Ipupoga sBiseTCS HEWCUEPNAEMBIM HCTOYHHKOM HOBBIX COEIWHEHUH,
UMEIOIIUX Pa3HOOOpa3HyI0 OWOJIOTHYECKYI0 aKTHBHOCTh M HAICJICHHBIX Ha
pa3IMyYHbIe MUIICHH, B TOM YHCIIC M OOJaJalolNX aHTUIPHOKOBBIM JEHCTBHEM
[28]. PacrteHusi, KHMBOTHBIC, HAa3eMHbBIC WIM MOPCKHE OPIaHU3MBI SIBISIOTCS
XOPOIIMMH UCTOYHHKAMU MTOTEHIIMATIBHBIX TPOTHBOTPUOKOBBIX CPEIACTB M3-3a MX
obmmpHO  OMOCHHTETHYECKOM crmocoOHocTn  [29-31].  Muoro4mciaeHHbE
UCCIICIOBAaHMSl ~ TOKa3ald, YTO  PACTHTENbHBIE  OKCTPAKTBl  coAepiKar
pa3HooOpa3Hble OHMOAKTUBHBIE KOMIOHEHTHL. MeTabomuTel, BbIpabaThIBacMBbIC
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PACTEHHSIMH, SBISIOTCS MHOTOOOCIIAIONICH albTepPHATHBOM, TOCKOJIBKY PACTEHUS
TEHEPUPYIOT LMIMPOKHI CHEKTP COSTMHEHUI MO0 B MPOIECCE CBOECTO Pa3BUTHS,
mn0o0 B OTBET Ha CTpecc WM aTaky maroreHa. Tak, B 0030pHO# pabore Newman
D.J. u Cragg G.M. [32] npencraBunu uHGOPMAIMIO O TOM, YTO IIPHPOIHBIE
COCJMHEHUSI MOTYT BBICTYIIATh B KAYECTBE LICHHBIX POTHBOIPUOKOBBIX BEIIECTB,
a Takke OBITh MCIOJIL30BaHBl B  KAuecTBE MOJEJICH Uil CHHTE3a HOBBIX
COCIMHEHUM.

CoBpeMeHHBIE HCCIEIOBAaHUS B 00JIacTH OOHAPYKEHHUS OHMOIOTHYECKH
AKTHBHBIX COC[II/IHCHI/H\/II B JICKApCTBCHHBIX PACTCHMUAX  BKIIOYAIOT B Ce6ﬁ
MHOTOTPaHHBIA  TOJIXON,  COYCTAMOUIMK  OOTaHWYECKHE,  (DUTOXUMHYCCKHUE,
OHOJIOTHYECKHE W MOJICKY/ISIpHBIe MeTobl. Tak, mo maHHbiM [33] B mocnemmue
JECATIICTUS. OKOJIO YETBEPTH JICKAPCTB, HCIONB3YEMbIX BO BCEM MHpE, ObLIH
BBISIBIICHBI U3 MPUPOAHBIX UCTOUYHHUKOB. Hampumep, amdotepunva B, mosnuen, Obut
oTKphIT B 1950-x romax u3 kymbryp Streptomyces nodosus [34]. MuxkabyHrun -
MPOTHBOTPHOKOBBIN Mpenapart, nmpou3Boausiii rpuoos Coleophoma empetri [35], a
KacmoyHrMH TonydaloT myteM ¢epmenrtamun rpuboB Glarea lozoyensi. O6a
SIBISIIOTCS.  TIPOTUBOTPUOKOBBIMU ~ TIpENapaTaMy, OTHOCSIIUMHUCA K  Kiaccy
SXWHOKAHIWHOB [36].

4.11poTuBOrpuOKOBasi AKTUBHOCTH AHTPAXMHOHOB

AHTpaxUHOHBI NPEACTABIAIOT CAMYI0 MHOTOUUCIIEHHYIO TPYIITY NPHUPOIHBIX
NUTCMEHTOB XWHOMAHOW mpupoasl [37], koropas HacuuThiBaeT okono 700
coeauHeHnid. OHU BBIZCTICHBI W3 PACTEHWH, TPUOOB, JHIIAWHUKOB, MOPCKHX
OpPraHuM3MOB M JPYTHX MpUpPOIHBIX McTOYHHUKOB [38-40]. Cpenut mpou3BOIHBIX
AHTpaXWHOHA  BBISBJICHBI BellecTBa  oOyajarome  claOuTeIbHBIM,
MPOTHBOOIYXOJIEBbIM, aHTHOAKTEPUAIBLHBIM, JIHYPETHYECKHM, OSCTPOTCHHBIM,
MMMYHOMOTYJTUPYIOIIEM, MPOTUBOBHPYCHBIM M JAPYTUMH BHAAMU aKTHMBHOCTH
[38-44]. Ha ceromusimHuii J€Hb AHTPAXWHOHBI MO-MPEKHEMY HIPAIOT BAXKHYIO
poib B memunune [ 17-20].

BBuay mmpoxoro pacripocTpaHeHUs! aHTPaXUHOHOB B TIPUPOIHBIX 00BEKTaxX
[37-40] m ux moTeHIMana B KayecTBE aHTUMHUKPOOHBIX cpeactB [41,45-47] B
0030pe cAenaH akLeHT Ha aHTUTPUOKOBOE JAEHCTBHE MPOU3BOIHBIX 3TOTO Kiacca
BEIIECTB.

AHanm3 HayYHBIX MyOJIMKAIMA [TOKa3all, 4TO MPOJIOIDKAOTCS HCCIIETIOBAHUS
MO0 BBIACIICHHUIO, YCTAHOBJIEHUIO CTPYKTYpbl, OHOJOrMYEeCKOHl aKTHBHOCTU
OKCTPAKTOB M OTICIbHBIX BTOPUYHBIX META0OIUTOB cojeprkamuxcs B Rubia
[48], Morinda [49], Aloe [50-54], Cassia [55,56], Rhamnus [57], Rheum [58-61],
Rumex [62-64], Hypericum spp. [65], Bulbine (Asphodelaceae) [44] u apyrux
aHTPaXMHOHCOJAEPKAIMX pacTeHHAX. VIMEoTcs AaHHBIE O TECTHUPOBAHMU Kak
MHAVBHIYAIBHBIX COCAVWHEHUN NaHHOTO PAAd, TaK U PACTUTEIbHBIX JKCTPAKTOB,
COJIepKaIllUX J3TOT KJIACC COEOUHEHHWH, B KAayeCTBE OCHOBHBIX MapKepOB.
BonbmMHCTBO W3 HUX MNPOSABISAIOT AaKTHBHOCTH IPOTHB TPYyNINbl HaunOoiee
pacIpoCTpaHEHHBIX IaTOICHOB.
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Xpuzodanon (1), smomun (2), ductwon (3), peun (4), amos-smomun (5)
SIBJISTIOTCS. OTHUMM M3 HanOojee MIMPOKO MPEICTABICHHBIX B TPUPOIHBIX 00BEKTAX
MIPOM3BOHBIME  aHTpaxuHOHa. OHHM OOHapyXeHbl y BHIOB RUMEX, KOTOpHIE
BrmoyatoT R. acetosa, R. acetosella, R. confertus, R. crispus, R. hydrolapathum u R.
obtusifolius, ¢ namOombield nokanu3anmeil B KOpHsX pacteHuil. Mnentudu-
IIMPOBAHBI OHU TakkKe B KOpHEBHINAX W KopHsx peBens (Radix et Rhizoma Rhei),
marpumep, Rheum palmatum L., R. tanguticum Maxim. ex Regel u R. officinale Baill,
BeIzienieHbl U3 pactennii Bulbine (Asphodelaceae), Aloe, Cassia, Rhamnus, rputos
pomos  Aspergillus, Cladosporium, Chaetomium, Penicillium u Penicilliosis,
JUIaiHuKoB u jp. [44,50-64,67,68].

OH o OH 1 Ri=H, R=CHs  xpusodanon (chrysophanol)
2 R:1=OH, R2=CHs smoxun (emodin)
3 R1=OCHs, R2=CHs ¢uctmomu (physcion)
4 Ri=H, R2=COOH peux (rhein)
5 Ri=H, R2=CH3OH anoe-smoxun (aloe-emodin)

R; R,
o
1-5

ABTOpHI uccnenoBanus [69] M3y aHTHOKCUJAHTHYIO U aHTHMHKPOOHYO
aKTHBHOCTh METaHOJBHOTO 3KcTpakta Kopsl Rhamnus alaternus L., R. fallax
Boiss, R. intermedia Steud. et Hochst. wu R. pumila. Haubomnee
pacmlpoCTpaHEeHHBIMH ~aHTPaXMHOHAMU B HUCCIEIYyEeMBIX OKCTpakTax ObUIH
xpuzodanon (1) B R. alaternus (3.14 mr/r), smoau (2) B R. pumila (0.399 mr/r) u
¢ucimon (3) B R. fallax (2.70 mr/r) u R. intermedia (0.285 mr/r). ITokasaHo, 4To
BCE IKCTPAKThI MOKa3aiu akTUBHOCTH 10 oTHomeHuto k Candida albicans ATCC
10231 (MIC 0.625 mr/mi), Aspergillus niger ATCC 16404 (MIC 2.5 mr/min) u
Microsporum gypseum MFBF 3 (mms R. alaternus MIC 0.325 wmr/mi, mos R.
fallax, R. intermedia u R. pumila MIC 0.625 mr/mi). Takum oOpa3om, Haubosee
YyBCTBUTEJILHBIMH ObLTH BHIBI JaepmarodutoB (Microsporum gypseum) c
BeauunHamMu  MIC  0.625 wr/mMia  wWiad  HUXKE IS BCEX  OKCTPAKTOB.
Mukpockonuyeckuii TpuOok poga MiCrosporum BbI3bIBAET JAEPMATOMHKO3, a
BBICOKAsl 4acTOTa MICHTU(HUKAIIMY HEJyra CBsi3aHa C TEM, YTO MUKPOOPTaHHU3M,
BBI3BIBAIONINN €ro, SIBISETCS KpaiHEe 3apa3sHbIM M COACPKHUTCS B JIOBOJILHO
BBICOKHMX KOHIIGHTpAIUSIX B MOYBE, HA HEKOTOPBIX BUJAX PACTCHUH M )KUBOTHBIX
[69].

Xpuszodanon (1), ¢puciuon (3), peun (4), anoe-sMoauH (5), BbIJICICHHBIC
3 Kopuesuir Rheum emodi, mposBIsSIM TPOTHBOTPUOKOBYIO aKTHMBHOCTH B
orHomennu Candida albicans, Cryptococcus neoformans, Trichophyton
mentagrophytes u Aspergillus fumigatus co 3auennsimu MIC B unTepBane 25-50
MKI/MJI, B TO BpeMsl Kak JUIS METaHOJIBHOTo 3Kkcrakta Rheum emodi 3HadyeHue
MIC cocramsio 250 mxr/mi. Haumensinee 3nadenne MIC 3adukcupoBano 1o
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OTHOILCHUIO K T. mentagrophytes mis xpusodanona (1) ¢uciuona (3) u perna
(4) u cocraBuiio 25 mkr/mi [70].

Kanannos sBisercst Hanbosee pactipoCTpaHSHHONW IPOXOKEBON HH(EKIINCH,
npuuem Candida albicans siBnsiercst mepBocTeneHHbIM Bo30yauTenemM. CoriacHo
JAHHBIM HccienoBanust [71] aMonuH (2) B pa3HBIX KOHIICHTPAIHMSX MO-Pa3HOMY
BiusieT Ha MeTabomusm pocta C. albicans: muskas xonuentpanus (0-10 Mxr/mon)
ioxo uHrubupyer poct C. albicans, a Beicokast konuenTpanus (15-35 Mkr/min)
3aMETHO HHTHOMPYET POCT IPUOKA U IEMOHCTPUPYIOT OTUCTIIMBBINA TOTCHITUAI.

AKTHBHOCTh 5MOJMHA B KOHIeHTpauuu 5 MM B otHomrennu C. albicans
ATCC10231 ommcana u B padore [72] (uuruduposanue 76%). OnHaKO ClaeayeT
OoTMeTHTh, 4yTo 9,10-anTpaxunoH, antpapydun (anthrarufin) (1,5-muruapokcu-
9,10-anTpaxuHoH, xpu3asuH (chrysazin) (1,8-muruapokcu-9,10-anTpaxuHoH),
nyprypus (purpurin) (1,2,4-TpuruapoKCHaHTpaXxuHOH), peuH (4) U aJoe-3MOIUH
(5), Takxke wucHONB3yeMble B JKCIEpUMEHTE, He IMoKaszainu uHruOupoBanus C.
albicans. Takum 00pa3oMm, OleHHMBas BIMSHHE CTPYKTYPHBIX XapaKTEPHCTHK Ha
AKTHUBHOCTH CJIEyeT OTMETHTh, YTO MOMHUMO THIPOKCHIBHBIX Tpynm B 1 u 8§
MOJIOKEHUU aHTPAxXUHOHOBOM cucTeMbl, HeoOxoaumo Hamuuue —OH umu —CHz B
3/6 1oI0KEHUU HA aHTPAXMHOHOBOW CHCTEMBI.

OmonuH (2) nmoxasisin poct C. albicans u apyrux pedepeHTHbIX mITaMMOB,
takux kak C. Kkrusei, C. parapsilosis u C. tropicalis [88]. ®yurumumHas
AKTUBHOCTb B OTHOIICHWHW STHX BHUJIOB OblIa IMoKa3aHa npu 3HaueHusx MIC
Mexny 12.5 w200 wmkr/mu. Kpome Ttoro, omomua (2) obmagaer
MPOTHBOBUPYJICHTHBIM MOTEHI[MAIOM, YMEHbIIIas 00pa3oBaHue rudoB, MoaBIss
aAre3nuto, KOTOpas SBISAETCS TEpPBOH W KpUTHYeckor (a3oll TpHOKOBOM
UHOEKIMH, ¥ AeCTaOWIN3UPYSI MOTHOCTHIO YCTAHOBUBIIIYIOCS OHOIUIEHKY [73].

OmonuH (2) npeacraBisier co00i MOJIEKYIy CIIOCOOHYIO B3aUMO/ICHCTBOBATh
C HECKOJIbKMMH OCHOBHBIMH MOJICKYJIIPHBIMU MHIICHsIMH, Harnpumep, NF-KB,
AKT/mTOR u STAT3. CoenuHeHne TakKe MOXKET JCHCTBOBATh KaK WHTUOUTOP
HEKOTOPBIX TMPOTEHMHKHHA3, 007azas OcoObIM CpPOJICTBOM K HPOTEHHKHHA3E
CK2. B wuccnenoBannu [73] mpoBeieHa OIEHKAa MPOTHBOTPUOKOBBIX CBOWCTB
sMoauHA (2) ¥ er0 aKTUBHOCTH B OTHOIIEHUH MTpoTenHKHa3bl CK?2, BhIIeIeHHOM
W3 KJIETOK KaHJUIbl. Pe3yibTaThl MMOKa3ald, YTO COEJUHEHHUE TOAABISIIO POCT
KJIETOK pe(EepeHTHHIX IITAMMOB, a TAaKKe KIMHUYECKUX IITAMMOB KaHIUABI, C
MUHHUMAJIBHOW MHTHOHMpYIONIe KOHIEHTpalued 1 MUHUMAIbHBIMU 3HAYEHUSIMU
¢byHruIMaHOM KoHIeHTpamu ot 12.5 1o 200 Mxr/mi. OmoauH (2), 1o6aBIeHHBIN
B KYJIbTYpPY KaHIWABI, WHTHOMpoBan docdopunupoBaHrne MHOTHX KJIETOYHBIX
OEnKOB,  TIPEAINONONKHUTENBHO  W3-32  WHTUOMPOBaHUS  MPOTCHHKWHA3BI
CK2. lIpumeuaTtensHo, 4TO (PEPMEHT, BBIICICHHBIN W3 KIETOK KaHIUABI, OBLT
BocnpuuM4nB K 3MoauHy C ICsp 2.8 mkr/miu [73]. Takum oOpa3om, ¢ TOYKH
3peHHs] BHICOKOW IUICHOTPONHONW MPUPOABI SMOAMHA OBUIO MOATBEPKICHO, YTO
3TO coenuHEHHE SBIsIeTCsA A(P(GEKTUBHBIM HMHIHOUTOPOM mpoTenHKHHa3bl CK2,
BhIIeNeHHOM n3 kietok C. albicans.
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[IpoTrBOTrpHOKOBas aKTUBHOCTH SMOAMHA (2) B OTHOIICHHUH pe(EepEeHTHBIX U
kauHnYecknx 1mrammoB C.  albicans Obma moaTBEpIKIEHA B HMCCIIEAOBAHHMN
[74]. MunnMmanbHasi HFHTUOMPYIOLIAsi KOHLCHTPAIMs B OTHOIICHHU CTaHIAPTHOTO
mramma coctaBuia 12.5 mkr/mi. KoHTposbHbIE aHTHOMOTHKH, KacmoOQyHTUH U
amdoTepuliiH B, HHrHOUpoBaIK pocT apoxokel B KoHIeHTpauusax 0.15 MKr/mi u
1 mxr/mn cootBercTBeHHO. [lokazaHo, 4Tro »MOAMH (2) TOHABISII POCT BCEX
KIIMHUYECKHUX IITaMMOB. AKTHUBHOCTh B OTHOIICHHH JTHX BHIOB ObLIa IMOKa3aHa
npu 3HaueHusx MIC mexny 6.25 u 50 mxr/min [74].

Kierounasi cTeHKa IpOXOKEH BBIMONHSET MHOXKECTBO (DYHKIHMH, B YaCTHOCTH
obecrieurBasi JKECTKOCTh W (OPMY KIIETOK, METa0OIM3M, HWOHHBI OOMEH U
B3aUMOJICICTBHIE C 3alIUTHHIMA MEXaHW3MaM{ X03sinHa. KietouHasi cTeHka rpudka
MIPECTABISIET CO00H YHUKAIBHYIO CTPYKTYPY, IOCTPOSHHYIO 3 O- U [-CBSI3aHHBIX
[JIFOKAHOB, XWTHHA, TOJMCAXapUIOB W MYKOIOJIMCAXapuaoB. MHOTHE W3 3THX
OMONONTMMEPOB  HEOOXOIUMBI ISl TPaBUIBHOTO (DYHKIMOHHPOBAHMST TPHOKOBBIX
KJIeToK. DepMeHThI, CHHTE3WPYIOLME O3TH  OHOMOJMMEPHI, MOTYT  CIYXUTb
MPOTHBOTPHOKOBBIME MuIIeHsMHE [75]. UccienoBanre Janeczko M. mokasaio, 4to
sMonuH (2) cHmwkaer akTUBHOCTH (1,3)-f-D-rmroxaH-cMHTa3bl W YBEJIHUIHBAET
MOBPSK/ICHAE KIETOYHOW CTEHKH. MeToJ] CHHEPIHTHYECKOrO0 TEeCTHPOBAHMS
MPOJIEMOHCTPUPOBAT B OCHOBHOM HE3aBUCHMOCTH JICHCTBUSI O0OOMX TECTHPYEMBIX
MPOTUBOTPHOKOBBIX areHToB, T. €. AMoauHa (2) u kacmodyruHa (caspofungin),
WCTIONb3yEMBIX B KOMOUMHAIHH [ 74].

M3 Rumex abyssinicus ¢ mOMOIIbI0 KOJIOHOYHON XpOMATOrpaduu BbIICIICHBI
THUAPOKCHAHTpaxuHOHBI (1-3,5) W cymma TiaMKO3MAUPOBaHHBIX (opMm (6,7).
UccnenoBana  aHTUMHUKpPOOHAsi aKTHBHOCTh DSKCTPAKTOB, COCTUHEHUM M MX
koMmOuHaImi ¢ ¢uykoHasosnom otHocutenbHo Candida albicans u Candida
neoformans. JIjist METaHOJIBHOTO, 3THJIAETATHOTO W OYTaHOJBHOTO KCTPAKTOB
BenmurHa MIC cocraBuina 64 m 32 Mir/mn coorBerctBeHHO. 3HaudeHuss MIC
coenunenwuii (1-3,5) Haxoamuch B mpezenax 8-64 MKr/mi, a HanboJice aKTHBHBIE
Mpou3BOHbBIE - 3MOauH (2) u ¢ucumon (3), st kotopbix 3Hayenne MIC s
obonx mTamMMoB coctaBuio § Mkr/mi. KomOunamust riamko3uaoB (6) u (7)
nmokasaina 3uadenus MIC 16 mxr/mn otHocutensHo Candida albicans u MIC=8
mkr/mn uis Candida neoformans [76].

OH OH
(0] (0]
HO HO
O (0] OH O (0] OH
HO OH HO OH
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Pe3ynpraThl  mcciemoBaHHS — B3aMMOACHCTBUS  MEXIYy  METaHOJIBHBIM
JKCTPaKTOM, coequHeHusaMH (2,3) u ¢uykoHaszomoMm otHocutenbHO Candida
nokazanu, 4ro 3p¢dext acconmanuu MeranonsHoro skcrpakta (FICA 0.125
FICEx 0.0625 FIC 0.18 Synergistic mist C.albicans m FICA 0.0625 FICEx 0.0625
FIC 0.125 mnsa C. neoformans) u ¢ucuunona (3) (FICA 0.0625 FIC2 0.0625 FIC
0.125 Synergistic s C.albicans u  C. neoformans) HOCUT CHHEPreTUYCCKHI
xapaktep, a ans smommna (2) (FICA 0.25 FIC4 0.5 FIC 0.75 Additive) -
aIIUTHBHBIA [76].

W3 MeTaHombHOTO 3KCTpakTa kopHeBuil Rheum emodi Geuin BeIIETEHBI
HECKOJIbKO  ()pakiuii, B KOTOPBIX C  IOMOIIbIO BOXX  Obutn
WIeHTU(DUITIPOBAHBI smoamH (2), pewn (4) u OUMETHIOBBIH ddup
xpuzodanona. JIOMUHUPYIOIMMA TPOU3BOJHBIMUA B TEPBON CyO(pakmmuu ObLT
sMoauH (2) W peuH (4), BO BTOpPOHl — IUMETWIOBBIH 3dup xpuzodaHona, a B
tperberi-omonuH (2).  Ilokazano, MIC smomuna (2) cocraBmma 125 u 250
mir/mMn B otHomenuun C. albicans MTCC277 u C. albicans ATCC90028,
COOTBETCTBEHHO, TorAa kak 3HaueHne MIC ¢pakuuii mo ornomenmio k C.
albicans ATCC90028 6ru10 3.13 Mkr/mi, a o ornomenuro k C. albicans - 1.56
u 3.13 mxr/mu. Haubonee akTuBHOM ObUTa (pakius coaepskaiiasi JUMETHIOBBIH
3¢up xpuzodanona. MccieaoBaH CHHEPrHYECKUH TMOTCHIMAT OYHIICHHOTO
smojuHa (2) ¥ ¢ppakuuii ¢ (QaykoHa3ooM U amdorepuliiioM B B oTHOIIEHUH
nByx mrammoB rpu6oB C. albicans KOTOpIH NPOAEMOHCTPUPOBAJI, YTO BCE
KoMOnHauuu mnokazanu cuHepreruueckuil sgdexr ¢ FICI <0,5. Hawmmyumas
CHHEpreTHyecKas KOMOMHAIMs HaOmoaanack gpaknuu 2 € amporepuiuaom B,
4TO BBI3BIBANO 156-kpatHoe cHibkenue MIC amdotepunmna B nporus C.
albicans. Taxxe HaGmomanoch 69-kpatHoe cHwkenne MIC — dpakiun 2 C
¢dnykonazomoMm u ¢pakiuu 1 ¢ amdorepurmaom B otHocurensro C. albicans
[77].

B psne ucciemoBaHmii Tarkke cooOmianoch, uto ¢ucuuoH (3) obmamaer
3HAUUTENBHON (yHrUuuaHOW akTuBHOCTHIO. Tak, J.Y. Liu ¢ coaBropamu [78]
coobmmm, uro ¢ucumon (3) momasism poct Candida albicans ¢ MIC 125.0
MKr/mi, a Ttakke Tricophyton rubrum wu Aspergillus niger B BbIicOKoOi
koHneHTparuun (MIC>300 u >150 mxkr/mi). B nmpyrom uccnegoBanmu, S.K.
Agarwal ¢ coaBropamu Mokazanu, 4to (uciyoH (3) MPOSBHI 3HAYUTEIHHYIO
npoTUBOrpuOKOBYI0 akTuBHOCTE mpoTuB Candida albicans, Cryptococcus
neoformans u Trichophyton mentagrophytes (MIC=25-50 mxr/min) [70], a B
pabore [79] mpuBomATCS pe3ynbTaThl MHTHOHMpyromiero aeicteue Ha Candida
tropicalis, Candida parapsilosis u Cryptococcus neoformans (MIC=100, 50 u
12.5 MKr/mi).

U3 mnogos Siraitia grosvenorii Swingle ucmnons3yeMbix B TpagulMOHHOM
MmenunuHe B Kurae, Hapsity ¢ IpyrMMH IPON3BOJHBIMHU, BBIACTICH aJ0E-3MOHH
(5) u ero auerat (8), KOTOpbIe TPOSBHIM aKTUBHOCTH oTHOcHTeNbHO C. albicans
co 3HauenneM MIC=6.10 mxr/mn [80].
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AntumukpoOHas doroauHamudeckas tepamus (antimicrobial photodynamic
therapy, aPDT) nmpuBiekaer BHHMaHHE MCCIAEIOBATelCii B  KadyecTBE
MHOTOOOCIIAOIIero IMoAXoJaa B OopbOe ¢ JIEKApCTBEHHO-YCTONYHBBIMH
MUKpoOaMu. ABTOpHI ucciaenoBanus [81] mpoBenn oIeHKY (GOTOIMHAMHYECKUX
3¢ deKTOB, OMoCcpeJOBaHHEBIE al03-3MOJMHOM (5) Ha YYBCTBHUTENBHBIX K a30J1aM U
ycroitunBeIX K azonam C. albicans in vitro. ITokazano, 4To B IPUCYTCTBHH CBETA
amoe-smonud  (5) os¢ddextuHo wmHakTMBHpoBan kimeTkn C. albicans B
3aBUCHMOCTH OT KOHIeHTpaiuu. [locie unkybaruu ¢ 10 MM anoe-3moauHa (5)
u obnyuenne ceetoM 96 Jk/cM?, GbUIO JOCTUTHYTO CHHUKEHHE BBIKMBAEMOCTH
JUIST 9yBCTBUTENBHBIX K as3oilaM W ycToHumBbiX K azoiam C. albicans.
UccnenoBanne mormomeHus ajoe-3MoanHa (5) TPUOKOBBIMU KIIETKAMHU C
TIOMOIIBIO PA3UYHBIX BUOB MHKPOCKOIIMM TI0KAa3aj0, YTO Mpou3BOAHOE (5)
obnamaer 6osiee CHIIbHOMN CIIOCOOHOCTHIO MpoHUKaTh B kieTku C. albicans mocie
CBETOBOTO OOJYYEHHS W MOXET BBI3BIBATH MOBPEXKIEHHE KIETOYHON CTEHKH,
MUTOIUIA3MBI M siipa. DTH PE3yNbTaThl MO3BOJIAIOT MPEANOJIOKHTh, YTO ajoe-
sMoauH (5) SBISETCS MOTCHIMATBHBIM CPEACTBOM I ucIoiib3oBaHus B aPDT
YCTOWYHMBBIX K JIEKApCTBEHHBIM Tpemnaparam mrrammoB C. albicans [81].

[Mony4yeHHble JaHHBIE TIO AKTHBHOCTU IIOKa3bIBAIOT, YTO CTPYKTYPHBIC
pa3Iuyusl aHTPAXUHOHOB M WX B3aWMOJCHCTBHE C KJICTOYHOH CTEHKOH TpruOOB
MOKET BIMATH Ha pasHuuy 3HaueHuid MIC. bonee toro, pasnmuums B cocTtase
KJIETOYHOW CTEHKHU TaK)K€ MOXKET OKa3bIBaTh BIMSHUE HA B3aUMOJACHCTBHE MEXIY
TECTHPYEMBIMH TTPOU3BOJHBIMA W TPUOKOBBIMH KileTKaMu. Tak, Hampumep,
kieroynas crenka C. albicans, cocrout u3 (1,3)-f-D-rmokanoB u (1,6)-4-D-
TIIIOKaHOB, Torja Kak kierowHas creHka C. neoformans comepxwur (1,3)-a-D-
TIIFOKaHBI, KOTOPBIE MOTYT TIPUBECTHU K pa3in4yHbIM 3HadeHusiM MIC.

OnucaHo TosBJIEHHE ToJepaHTHBIX mTammos Cryptococcus neoformans k
MPOTUBOTPHOKOBBIM IpenapataM. B pabote [82] mpencTaBieHbl pe3yibTaThl
OLECHKH IN Vitro BmustHUs — xpusodanoma (1), amor-smoamHa (5), a Tarxke
Oapbamonna  (9), sBusAOmErocss OWOAKTHBHBIM TJIHWKO3HIAUPOBAHHBIM 1,8-
JUTUAPOKCHAHTPAXHHOHOM (1,8-dihydroxy-10-(3-D-glycopyranosyl)-3-
(hydroxy-methyl)-9(10H)-anthraquinone), ma  Cryptococcus  neoformans,
KOTOPBI  MPECTABIISAET BHI JPOXOKENOJOOHBIX TpPHUOOB U SIBIAETCA
BO30yaUTENIEM KPHUNTOKOKKO3a y YEIOBEKa. Kpome toro, Obuto oreHeHO
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B3aMMOJIEMCTBHE ITHX aHTPAXMHOHOB ¢ amdorepurmaom B (amphotericin B) u
utpakonasoynom (itraconazole). IlepBoHadansHO MHHUMAIBHBEIE MHTHOMPYIOIIHE
koHnentpaiuu (MIC) stux coemuHeHWi OBUIM OIpEACICHBI B OTHOLICHHH 17
mrammoB C. neoformans. Amos-smomuu (5), Gap6amons (9) u xpuzodanon (1)
TOKa3aJTi MHHAMAJILHBIE MHTHOUpPYIOHe KOHIeHTparmu 236.82—473.65 MM (64-
128 mxr/mi), 153-306 MxM (64-128 mkr/mm) u >1007 MM (=256 MKr/mi)
COOTBETCTBEHHO. ABTODBI TIOKA3aJIH, YTO PA3IHUYhe B XUMHUICCKOM CTOCHHU MOYKET
MOBJMATh HA XUMHYECKOe B3ammojeiictBue coemunenus ¢ C. neoformans us-3a
pasnuuuii B TONSAPHOCTH 3amectureneil, Hampumep B 3 monoxkenuu (C-3), u
CTPYKTYPHBIMH KOMIIOHeHTaMH rpuboB. Kpome Toro, ano3-smoaun (5), GapOanonH
(7) m xpusodanon (1) moxazamu Qapmakomornuecknii cureprmsm (FICI<0,5) ¢
amoTtepriHOM B, a B3amMozeiicTBiEe UTpaKoHa3ola ¢ anod-smomuHoM (5) ObLIo
ammutuBabM  (0,5<FICI). Bzaumogeiictere wurpakoHaszon-0apoanmons (9) ObLIO
cuHeprudeckuM (2/15) wm  ammutuBHBEIM (5/15), Torma Kak B3aMMOICHCTBHE
urpakonazon-xpmodanon (1) (2/15) u wurpakonazom-smomun (2) (1/15) 6Grvuro
AIUIMTUBHBIM. TakuMm 00pa3oM, aHTPaXWHOHBI, OCOOEHHO ajod-3MoauH (5) u
GapOanonH (7), MPOSABJISIOT in Vitro IPOTUBOTPUOKOBYIO aKTMBHOCTH B OTHOILICHHH

C. neoformans u moTeHIHPYET MPOTHBOIPUOKOBYIO aKTHBHOCTH amdoTrepuiiHa B
[82].

5. 3akil0ueHue

HccnenoBanne aHTUTPHOKOBOW  aKTHBHOCTH  MOJIEKYN — CBSI3aHO c
TEeHJCHIIMEH K POCTY TPUOKOBBIX 3a00JICBaHUM, pPAa3BUTHEM YCTOHYHMBOCTH
BO30y/AMTENEH K HMMEIOIIMMCS CPeJICTBaM, BBISBIICHHEM BHWIOB TPUOOB, paHee
CUMTABIINXCS HEMAaTOTeHHBIMU. [10MCK HOBBIX MPHUPOJIHBIX COSAMHEHNUN U Ooiree
IIUPOKKE  (PapMaKoJOTHYECKHE WCCIEAOBAaHUS M3BECTHBIX CTPYKTYp CTaiu
MEPCTIEKTUBHBIM HAINpaBJI€HWEM COBPEMEHHBIX HCCIeI0BaHUH. AHTPaxXUHOHBI
MOKHO paccMaTpuBaTh KaK MPUBHUIIETHUPOBAHHBIC MOJEKYIBI, TOCKOJIBKY Cpenu
HUX BBISIBICHBI Pa3HOOOpa3Hble 10 OMOAKTUBHOCTH NMPOW3BOJIHBIE. 32 CUET HX
CTPYKTYPHBIX OCOOEHHOCTEH OHH MOTYT CBSI3BIBATBCA C HECKOIBKUMH
MUIICHSIMH C BEICOKAM CPOJICTBOM. B 3TOM 0030pe TpeicTaBieHa aHTUTPUOKOBast
akTHBHOCTH  xpmu3oganona (1), smoauHa (2), ¢ucumona (3), peuna (4), amos-
aMmoznHA (5), KOTOPhIE SBISTIOTCS OMHUMH W3 HanOOJIee MMPOKO MPECTABICHHBIX B
MIPUPOIHBIX OOBEKTaX MPOW3BOJHBIMHM AHTPAXWHOHA, a TaKXKe HEKOTOPBIX WX
npou3BoaHbIX. [loka3aHo, 4TO OOHMM M3 (AaKTOPOB ONPENCIAIOIMM aKTUBHOCTD
CoequHeHuid  9,10-aHTpaxWHOHAa  SIBJISETCS  CIEIM(PHYECKOE PACHONIOKEHHE
3aMEeCTHTENIC B OCHOBHOW CTPYKType MoJekyibl. Tak, it coemauHeHuit (1-5)
HaJIMYUE THAPOKCUTPYI B 1 U § MOJIOKEHUH, a TAKKE 3aMECTUTENIS B 3 MOJIOKEHUH
AHTPAaXWHOHOBOM CHCTEMBl MMEET pEIIarollee 3HaueHUe sl TPOSIBICHUS
AHTUTPUOKOBBIX CBOMCTB.

OTMeueH TaKke CHHEPrU3M [JEWCTBHA aHTPAXMHOHOB C  HEKOTOPHIMHU
npenapatamu [73,77,79], KoTopelid TpOSBISETCS B YCUJICHUU ACUCTBUS NMpPU UX
COBMECTHOM IPHUMEHEHWU C JpyruMu cpeacTBamu. OH MOXET MPOSBISATHCS
MIPOCTHIM CYMMHPOBAaHHEM HJIH MMOTEHITMpOBaHUEM 3(PdekToB. CyMMHUPOBAHHBIHA
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(anmutuBHBI) >ddekT HabmomaeTcss NPH  MPOCTOM  CIOKEHHH APPEKTOB
Ka)XJ0ro 13 KOMNOHEeHTOB. Tak, 3ekT accolmanuu METaHOJIBHOTO JKCTPaKTa
Rumex abyssinicus u ¢ucrmona (3) ¢ ¢aykonaszonaom otHocuteapbno Candida
albicans u Candida neoformans HOCHT CHHEpPreTHYeCKWil Xapakrep, a Ui
smoauHa (2) — amautuBHbIA [73]. Anmos-oamomun (5), Oapbamoun (9) u
xpu3odanoi (1) mokazamm GhapMaKOIOTHIECKUN CHHEPTH3M ¢ aM(OTEePHITTHOM
B orHocutenpHo 1mtammoB Cryptococcus neoformans, Wro momdepKHBacT
NOTCHIMPYIOIUA 3P dEeKT ITUX COoeqMHEHMH Ha STOM HPOTUBOIPHOKOBOM
npenapare [79]. Tlpeamonaraercs, 9T0 aHTPAXUHOHBI MPEPHIBAIOT MEPEKPECTHOES
CBsI3bIBAHHC f-TNIIOKAaHOB B KierouyHnoir crenke C. neoformans, uro mosxer
YIY4IIUTh JOCTyn am(poTepuiiHa B k miazmaTuueckoit MeMOpaHe rpu0oB, Jeias
ero 3p¢GeKTUBHBIM Ja)Ke MPU HMCIOIb30BAaHUN B 0OJlee HM3KHUX KOHIIEHTpAIUsX,
Kak HampuMep, ommcano pamee miaa C. albicans mocme Bo3meiicTBhsa sMommHA
[74,83]. AnnuTHBHBIN XapaKTep HOCHIIO B3aMMOIEHCTBHE MTPAKOHA30/a C ajJ0d-
smomunoM (5), a urpakonaszon-6apbamoud (9) O OTHOLICHHIO K IITAMMaM
Cryptococcus neoformans ObUTO CHHEPIHYECKHM M aIUTHBHBIM, TOTJa Kak
B3aMMOJCHCTBAE HWTpaKoHa3on-xpu3zodaHon (1) u urpakoHazon-sMmomuH (2) —
anautiBHBIM [79]. TlepCHeKTUBHBIM HANpaBICHUEM SIBIISCTCS HCCICIOBAHHE
AQHTPAaXWHOHOB B KayeCTBE BEUIECTB Uil MPOTUBOIPHOKOBOTO JICYEHHS B
ycioBusix  poromuHamudeckoir tepanmuu (aPDT) jekapCcTBEHHO-YCTOWYHBBIX
mrammoB C. albicans, 4T0 TIPOJEMOHCTPHUPOBAHO HAa IMpPUMEPE aloe-dMOJNHA
(5)[80].

MHOTrOYHCIEHHbIE HCCIECOBAHUS TOKA3aJId, 4YTO MPUPOJHBIC OOBEKTHI
coJiepyKaT pa3HOOOpa3Hble OHONOTMYECKH AaKTHBHbIC Mpou3BoAHbIe 9,10-
aHTpaxWHOHA. J[OCTYIHBIE METOIbl OLEHKH AaHTUIPHOKOBOW aKTHBHOCTH U
0€30MaCHOCTH HATYpPAIbHBIX TPOIYKTOB, & TAKKE MOCICIHHE JOCTHIKCHHS B
METOaX BBIZICTICHUS W HICHTH(OUKAIMH MPHUPOIHBIX COCAMHEHWH SIBISIOTCS
MHOT000CIIAOIIeH aTbTePHATUBOM ISl IOUCKA HOBBIX aHTUTPUOKOBBIX CPEIICTB
B UX PSAY.

®unancupoBanue: Pabora BemomHeHa B AO HMHcTHTyT XuMUYecknx Hayk wuMeHH A.b.
BekrypoBa mo mporpaMme I1eaeBoro (pUHAHCHPOBAaHHs Hay4dHBIX MccienoBanuii Ha 2021-2023 romsl,
ocymectBisieMoro Komurerom Haykn MunucrepcrtBa obpasoBanust u Hayku PecryOnuku Kasaxcraw,
1o npoekty BR10965255.

Kounduaukr unrepecoB: KoH)IUKT HHTEPECOB OTCYTCTBYET.

3EHI'E KAPCbI BEJCEHALJIIIT BAP AHTPAXUHOH TYbIHIBIJIAPBI
(1 xabaprama)
Xapnamosa T.B.

O.5. bexmypos amuvinoasgsl Xumus elnvimoapel uncmumymul AK, Anmamer, Kasaxcman
E-mail: kharlamovatv@mail.ru

Tyiiinaeme. Kipicne. VHbexuuanblK aypynapIblH aliblH albHYBl JXXOHE eMJey Mocelnerepi,

KO3JBIPFBILITAP/IBIH OMONOrHSUIIBIK (pOpMaNapbiHbIH alyaH TYpJIUIriHe, OIMPE3UCTEHTTI hopManapbiy,
JKaHa KayinTi KO3IBIPFBIN TYpJIEpiHIH YHEMi Tmaiga OoiyblHAa HEri3IeNreHIIKTeH, OyJl jKaHa
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AQHTHMHKDPOOTHIK KYpaJIiapsl KYPY MOCEICCiHIH ©3eKTLIriH aHbIKTaiabl. COHFBI OipHEIIe OHXXBUIIBIKTA
oneM OOMBIHIIA CaHBIPAyKYJIaK HHOEKUUIAPbIHBIH KOoOewi, CoHmaii-ak Oyl caHbIpayKyJIaKTap.bIH
ME/IMIMHANBIK TOKIpUOEAe KOJNAAaHBLIATBIH OPTYPJl 3C€Hre Kapchl Ipenaparrapra Te3IMAUIITIHIH
yorapbutaybl Oaiikanaasl. [llomy KyMBICBIHBIH 0AacThl Makcamel - Ka3ipri TaHIAFbl 3¢H aypyJapblHbIH
JKaFJaibl KalJbl aKmapaT YCHIHBIN, TAOMFH KOCBHUIBICTAP,COHBIH IMIIHAEC aHTPAXWHOH TYbIHIBUIAPBIHBIH
apacelHaH 3C€HIre Kapchl jkaHa KypbuUibIMzap i3nectipy. Hoicanoap. 9,10-aHTpaXxWHOH TYybBIHIbUIAPHL,
xpu3o(daHos, IMOIUH, (DUCLIHOH, PEHH, anod-3MoauH. Hamuowcenep. Kaszipri yakpiTra HocTypii Typae
KOJIIAHBUTATBIH IIperiaparTapra Oajama peTiHIe YChIHyFa OOJNAThIH, TAOWFH KO3JEpJCH IKacalbIHFaH
aHTUMUKPOOTBIK TperapaTrapra Kem KeHin OeumiHyne. TaOurar jkaHa KOCBUIBICTAPIbl 13AECTIPYIiH
KYH/IbI, OWOJOTHSUIBIK AKTHBTI MeTaOOnMTTEepAiH Oail Jepekke3i Oombin TaObUTafbl. AHTPAXMHOH
TYBIHABUIAPBIHBIH XHMHSCHI OPraHHKAIIBIK )KOHE KCH KOJIIaHbICKa He OHOOPraHUKAIBIK XUMUSHBIH AepOec
JKOHE ayKbIMIbl ailMarbl OOMNbIN TaObUIaZbl. AHTPAXUHOH KATapbIHBIH KOINTEreH KOCBHUIBICTAPHI
JKaHyapiiap, OCIMIIKTep MeH Mukpoar3anapaa Ttabburran. KenrereH TaOWFH JKOHE CHHTETHKAIBIK
AHTPAXMHOH TYBIHABUIAPHI OPTYPIi (hapMaKOJOTHSIIBIK AaKTUBTUIIK TaHBITA/bl, COHBIH INIHJIE iCIKKE
Kapchl, LUTOCTATHKAIIBIK, KaObIHYFa KapChl, T'OPMOHAJIbJbI, BHUPYCKAa KapChl JKOHE Jie¢ TaFbl 0Oacka
AKTHBTUIIK TaHBITKAH KOCBUIBICTAp colikecTenaipiireH. 1lomy »yMbIChIHIa OpTYPIIi TAOMFH aHTPAXUHOH
MOJICKYJIAJIapbIHBIH (XpU30(haHoI, IMOIUH, (HUCIUOH, PEHH, aJ03-3MOIMH) 3CHIe KapChl Kapchl dcepiHe
Tangay kacaibiHIbl. Kopoimeinosl. Taburu HbICAHAAp OPTYPJIi OMONOTHSIIBIK akTUBTI 9,10 aHTpaXuHOH
TYBIHABUIAPBIH KaMTH bl OJlapibsl 3eHre Kapcehl jKaHa mpenaparrap i3fectipy OapbIChIHIA MEPCIEKTUBTI
KYPBUIBIMJIAp PETiH/E KapacThIpyFa OOoaibl.

Tyiiinai  ce3mep: 9,10-aHTpaxMHUHOH TYBIHIBUIAPBI, TAOMFU KOCBUIBICTAP, TOPLIIK ©CIMIIKTEp, 3CHIe
Kapchl OEICEH ITIK.

Xapnamosa T.B. XUMUSL 2bLIBIMOAPBIHBIY OOKMOPbL, OAC 2bINLIMU Kbl3MemKep
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INFLUENCE OF FERTILIZERS APPLICATION ON MOBILITY
OF METALS

Nursapina N.4.2, Matveyeva 1.V.1?, Yarovaya Y.Y.1?, Zlobina Y.V.*?, Shynybek B.A.12,
Bakytkan B.%, Nazarkulova Sh.N.*?", Ponomarenko O.1.1

tal-FArabi Kazakh national University, Almaty, Kazakhstan
2Center of Physico-chemical Methods of Research and Analysis, Almaty, Kazakhstan
E-mail: sholpan.nazarkulova@kaznu.kz

Abstract. Introduction. Due to the application of fertilizers, not only additional pollutants are
added to the soil of agricultural lands, but also the mobility of pollutants increases due to their
transformation into geochemically mobile forms, which allow them to penetrate through the root system
into edible parts of plants and accumulate through food chains in biological systems, including the human
body. The purpose of this work is to study the effect of using mineral fertilizers on the species of metals in
soils and prediction of their mobility. Methodology. Soil samples selected from the Almaty region
(Baiterek village) of the Republic of Kazakhstan were studied by applying ammonium nitrate and
monopotassium phosphate fertilizers. The species of metals and radionuclides (polonium-210 and lead-
210) were studied according to the method of sequential extraction proposed by A. Tessier. The content of
metals in solutions determined by inductively coupled plasma mass spectrometry on an Agilent 7500a
spectrometer (USA). The activity concentration of polonium-210 and lead-210 were determined by alpha-
beta radiometer. Results and discussion. In the presence of monopotassium phosphate, the proportion of
the geochemically inert fraction of alkali and alkaline earth metals is lower (2.52%, 10.8%, and 5.5% for
calcium, barium, and strontium, respectively) than in the case of using ammonium nitrate and in the
absence of fertilizers. For heavy metals, the smallest proportion of the geochemically inert (acid-soluble)
fraction was observed for the sample without the use of fertilizers (71.25% for iron, 26.84% for copper,
16.40% for zinc, and 25.96% for lead). Conclusion. Using the fertilizers insignificantly affects the species
of alkali metals, polonium-210, and lead-210. While application of monopotassium phosphate increases
the geochemical mobility of sodium and alkaline earth elements due to the transition to the water-soluble
and exchangeable fractions, and heavy metals due to the transition to the exchangeable fraction.

Key words: metals, species, fertilizers, sequential extraction, mobility, inertness.
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BJUSHUE MPUMEHEHHUS YJIOBPEHU HA MTOJIBUKHOCTH METAJLIOB

Hypcanuna H.A.*?, Mameeesa? H.B., Aposaa E.FO.'? 3no6una E.B.*%, Ilunvioex B.A.'?,
Baxvimkan B.', Hazapxynoea LI.H.%*", [Tonomapenxo O.U.

'Kazaxckuii Hayuonansuotii Yruusepcumem umenu anv-®Papabu, Anmamet, Kazaxcman
2[lenmp pusuxo-xumuyeckux memoooe ucciedosanus u anausa, Anmamel, Kasaxcman
E-mail: sholpan.nazarkulova@kaznu.kz

Pe3tome: Metaibl UrpaloT BaXKHYIO POJb B KU3HM PACTEHMH M JKUBOTHBIX, U B MajbIX KOJINYECTBAX
OOJIBIIMHCTBO M3 HUX HEOOXOMMMO JUIS HOPMAJBHOH JKH3HEAESATEIPHOCTH JIFOOOr0 JKMBOTO OpraHM3Ma.
OyiHaKo, MOBBIIICHHBIC KOHIEHTPAL[MA MOTYT TakKe OKa3blBaTh M HETaTHBHOE BIIMSIHUE HA TE Ke
(GYHKLIMM JKMBOTO OpraHM3Ma. B IOYBEHHOM MOKPOBE METAIbl MOTYT COAEPXKAThCs B Pa3JIMYHBIX
(dopmax, OT KOTOPBIX 3aBHCHT HX MOOMJIBHOCT U TOKCHYHOCTb. MeTayuibl MEepexonsiT U3 IOYBBI B
pacTeHUS M 3aTEM B OPTaHM3MbI KHUBOTHBIX M YEJIOBEKA TOJBKO B TOM CIyd4ae, €CIIM OHHM MOOHIBHEL K
MOOHIBHBIM  (ppakiusM  CTOMUT  OTHECTH  BOJOPACTBOPHMYIO,  OOMEHHYIO, KapOOHATHYIO,
BOCCTAQHABJIMBAEMYIO M OKHCIIsIeMYIO (opMbl. IMEHHO OHM CIIOCOOHBI MHTPHPOBATh U3 OIHOH Cpenbl B
JIPYryI0 ¥ BBI3BIBATH HETaTHBHBIA KyMYJISATHBHBIH 3((eKT.YBennueHne aHTPONOTeHHOW Harpys3ku
MPUBOAUT K YBEJIUUYCHHIO MOOMIBHOCTH MeTajuioB. Oco0oe MECTO 3aHMMAeT CelbCKOXO03sHCTBEHHas
JIeTebHOCTh, KOTOpas, NPUMEHsS pa3inyHble YHOOpEHUs, YBEIUYMBACT JOJIO T'€OXUMHUYECKH
MOABMWXHBIX (opMm MeramwioB. Hacrosimas pabora HanpaBieHa Ha H3ydeHHE BIMSHMS BHECEHUS
yOOOpeHHH Ha HOIBI)KHOCTH HEKOTOPBHIX METAUIOB. B paMkax paGoThl OBUIM M3YYeHBI IOYBBI
Anmarunckoi obnmactu (mocenok baiirepex) Pecrnybmuku Kaszaxcran myTeM BHECEHHS Pas3iIMUHBIX
ynoOpeHnii (aMMHaYHast CENUTPa U MOHOKAMUH(OCc)aT) ¢ MOCASAYIOMUM H3yUeHHEM (POPM HAXOXKICHUS
METaJJIOB 1 Hanbosee TOKCHYHBIX PaJHOHYKINIO0B (mooHusA-210 u ceuHIa-210) cormacHo MeToauke A.
Teccuepa. B xone paboThl OBLIO YCTAHOBJICHO, YTO MPUMEHEHHUE M3YYCHHEIX yIOOPEHHIT HE3HAYUTEIBHO
BIHSIET Ha (OPMBI HAXOXKICHUSI INEIOYHBIX METAIOB, monoHusA-210 u ceunna-210. [Ipu npumeneHnn
MoHOKaJmidochara yBeIMUYHUBACTCS TEOXHMHUYECKash MOOMJIBHOCTh HATPHS ¥ LICIOYHO3EMENBHBIX
9JIEMEHTOB 32 CUET Mepexo/ia B BOJOPACTBOPUMYIO U OOMEHHYIO (DpaKIMHU, a TSHKEJIBIX METAJUIOB 32 CUET
nepexoga B OOMeHHyI0 ¢pakuuto. IlomyueHHble JAaHHBIE MOCIY)KaT OCHOBOW Juisl pa3paboTKu
pEeKOMEHIAIMi 110 MPUMEHEHHIO OIPEICICHHBIX BUIOB YIOOPEHUH AJIS CHM)KEHHUSI OTMIACHOCTU BIIHSHUS
Ha JKM3Hb U 37I0pPOBbE MECTHOTO HACENICHHs 0€3 CHIKEHUSI TPOU3BOIUTEILHOCTH CEIbCKOX03IHCTBEHHBIX

KYJBTYD.

KioueBble cjioBa: METaJIbI, (bopMLI HaXO0XICHU, yﬂ06p€HI/I$[, IOCIEA0BATCIIBHOC BBINICIIAYNBAHUC,
MO6I/IJ’[LHOCTL, HUHEPTHOCTB.
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KA3AKCTAHHBIH XUMUAJIBIK KYPHAJIBI XUMHYECKHUY XVPHAJT KA3AXCTAHA

1. BBenenne

Bo MHOrmx crpaHax Mupa €XKErojHO pacTeT NPUMEHEHHE pPa3IHYHBIX
ymoOpenwuii [1], mpu 3TOM He yaeseTcs JOCTATOYHOTO BHUMAHHS COIEPKAIIMCS
B HHUX TMPHUMECSM U 3arpsS3HUTENSM, KOHIEHTPAlHUs KOTOPBIX €XEeroJHo
YBEJIMYUBACTCSl Ha CEIbCKOXO3SHCTBEHHBIX YTOJbsX, YTO BEACT K HEU30CKHOMY
MEIUIEHHOMY OTPaBJICHHWI0O MeCTHOro HaceneHws. OTHOW W3 BaXHBIX TPYIII
3arpsi3HATENEH SBJISIOTCS METAJUTHI [2], T.K. OHH HE CIIOCOOHBI K OMOerpagarim
[3]. TIpucyTcTBHE METAIOB B OKpYIXKAroIei cpee 00yCIOBICHO MHOXECTBOM
(hakTOpoB, TaKMX KaK Odpo3usA, arMocepHble OCaIKH, TeOJIOTHIECKOE
BEIBETPHBaHUE, MIPOMBIIIUICHHBIE MIPOIIECCHI, OBITOBBIE OTXO/IBI,
CeNbCKOXO3AMCTBEHHAS IESTEIBHOCTh M BEIOPOCH! TPAHCHIOPTHBIX CPEACTB [4, 5].

[Tockonbky XUMHYECKOE TMOBEJCHHE M OKOJOTHUECKHE MOCIEACTBUS
3arpsi3HEHMs] MeTaJUlaMH B [I0YBaX OYEHb CIOXHBI, CYIIECTBYIOIINE
OKOJIOTHYECKUE aHAIM3Bl OOBIYHO COCPEAOTOYEHBI HAa W3MEPEHHH BaJIOBOTO
COJiep)KaHUsI METAIJIOB B OKpY)Kalolled cpele W Ha OIEHKE COCTOSHUS
3arpsi3HeHust TouBbl. OmHaKo  wWcciemoBaHUS  [6]  TOKa3BIBAlOT,  YTO
OMOAKTUBHOCTD U TOKCUYHOCTh KOHKPETHOTO TSDKEJIOTO METalla TEeCHO CBSI3aHBI
C €ro akTUBHOCTBIO, MyTEM MUTPAIMH, OMOJOCTYMHOCTHIO U TOKCUYHOCTBIO JJIS
OKpyJKarolllell Cpeibl WJIM OpPraHW3MOB. 3arpsi3HEHUE OKPYKAOWIEH Cpejbl
METaJIJIOM, OIIEHMBAEMOE TOJBKO C TOYKH 3PEHHs OOIIEro KOJMYEecTBa, JO
HEKOTOpPOW CTENEeHH OTPaHUYEHO, MOCKOJBbKY €ro KOHKPETHbIE (POPMBI TaKxke
JIOJKHBI OBITH TIPOAHATU3UPOBAHEI [7].

N3-3a BHeceHns ymoOpeHHH B IIOYBY CEIHCKOXO3SHCTBEHHBIX YTOIHI
NOOABJISIOTCSI HE  TONBKO  JIOTIONHUTENBHBIE  3arpsA3HUATENH, HO  TaKXke
YBEIMUUBACTCS TOABIKHOCTh 3arps3HHUTENIEH 3a cyeT IMepeBoja HUX B
TEOXUMHYECKH MOOWIbHBIE (DOPMBI, KOTOPBIE TO3BOJSAIOT MM IMPOHUKATH Yepe3
KODHEBYIO CHCTEMY B CbheJOOHBIE YAaCTH PACTEHWH M dYepe3 MHUIIECBbIC IIETH
HaKaIUTMBAaThCS B OMOJOTHYECKUX cHCTeMax [8], BKIItouUas OpraHU3M YeIOBEKa.
He Bce TspKenmble MeTalllbl MPEJCTABISIIOT OMACHOCTh, HEKOTOPHIE, TaKHe Kak
IMHK M MeJb, B HU3KHX KOHIICHTpAIUAX HEOOXOAMMEI s MeTabomm3mMa
pacTeHWid W KMBOTHBIX, HO NpH OoJiee BBICOKUX YPOBHSX HApYIIAIOT TE XKe
¢dbyHKIMU MeTabonu3ma. JIpyrue MeTaymuibl, HallpuMep CBHHEI], TOKCHYHBI JIJIS
KHU3HH JaXKe [IPU OTHOCUTEIBHO HU3KUX KondecTBax [9].

B pamkax HacTOSIIEro HCCIEAOBAHHMS HM3YYEHO BIMSHHE YIOOpeHHH Ha
coZep)KaHue METAJJIOB B nouBax. [lojlydeHHbIE JaHHBIE MOCITYX AT OCHOBOW JIJIs
pa3pabOTKu PeKOMEHAAIMI 0 MPUMEHECHUIO OTPEICIICHHBIX BUIOB yI0OpEHUH,
YTO MO3BOJIUT CHU3UTH YPOBEHb BO3MOKHOTO BHYTPEHHETO OTPaBJICHUS MECTHOT'O
HaceleHHss 0Oe3 CHIKEHUS TPOU3BOJUTEIBHOCTH  CEIbCKOXO3SHCTBEHHBIX

KYJBTYP.

2. JKcnepuMeHTAIbBHASA YACTh

Ombop noug. OT60p Mpo0O MOUBHI IS BEICAJKN KOPHEILIONOB OBLIT MIPOBEACH
B mocenke baiitepek, EnOekmmkazaxckoro paiioHa AJMaTHHCKOW oOmacTH,
KOTOpBIH HaxoAuTcs B 20 KM K BOCTOKY OT AJIMaThl, KoopAuHAThI 43°24'10" c.1i1.
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77°13'30" B.n. Mecrta oT60pa npoO OblIM BBEIOPAHBI C YYETOM TOTO, YTO BOIU3U
JAHHOTO  palioHa  HEe  MPOBOJATCS  CEIBbCKOXO3SIMCTBEHHBIE  paboOTHI,
MPEIoNaraloniie KCIodb30BaHHEe MHHEPaIbHBIX ymoOpeHuil. Tun mo4yB B
JAaHHOW MECTHOCTH OTHOCHTCS K cepo3éMaM, KOTOpPbIE XapaKTepU3yIOTCs
colepkaHueM rymyca B mpeaenax oT 1 go 4% W 4yacTo HCHOJB3yeTcs s
BBIPAIIMBAHUS IEHHBIX CEILCKOXO3SMMCTBEHHBIX KynbTyp [10, 11].

OT060p mpo0 MOYBKI OBLT MPOBEJCH METOI0M KOHBepTa Ha TayouHe 0-20 cm
[12]. IlpenBapuTensHO C MOBEPXHOCTH MOYBHI OBUIM YAAJCHBI PACTUTENBHOCT U
MMOBEPXHOCTHBI Mycop mpumepHO B pamuyce 2 M. CoOpaHHas co BCeX TOUYEK
moyra Oblla TIOMENICHA B MOJHUIPOMUICHOBbIC MEIIKH, KOTOpbie OBLIH
MapKHPOBaHbI, B3BEIICHBI W TPAHCIIOPTHPOBAHBI B J1abOpaTOpHIO, Iie 00pa3ibl
MOYBBl OBUTM TOMOTEHH3MPOBAaHBI M BBHICYIICHBI Ha OTKPBITOM BO3JyXe NpH
KOMHATHOU Temriepatype. Jlanee mousa OblIa pocesHa Yepe3 CUTO € AUAMETPOM
mop 2 MM AJIsl yIaJeHUS] OCTaTKOB PacTeHHU, KAMHEH W MHBIX HHOPOIHBIX Tell.

Buecenue yoobpenuii 6 nougy. B paMkax HacCTOSAIIETO UCCIEAOBaHUS OBLIO
u3ydeHo 2 Bujaa ymoOpenuit: ammuaunas cenurpa (AC) Garden Retail Service,
Poccust; monokanuiipochar (MKD), bByiickue ynodpenns, Poccus.

TaﬁJmua 1- COI[Cp)KaHI/Ie MATATCJIbHBIX KOMIIOHCHTOB B MUHEPAJIbHOM yI[OGpCHI/II/I COrjlJaCHO ITaHHBIM
TIPOU3BOAUTEIIA

MunepanbsHOE Conepxanue, %
yaoopeHne N P20s K20
MK®D - 50 33
AC 33 - -
Brecenne ymoOpeHHMII OCYIIECTBISUTM Ha OCHOBAHWU  WHCTPYKIIHM,

npeiaraeMbix npousBoaureneM yaoopenuit. Ilocne 3toro mpoOsl mouyB ObuIH
pa3sMelleHbl B TOPILUKH, NpeJHa3HAYCHHbIE IJIi BEre€TallMOHHOIO IKCIIEPHUMEHTa
[13]. Ist 5TOTO OBLIHM HCIIONB30BaHBI TOPIIKK 00beMoM 2 uTpa. Ha mHO cocymoB
MOMEIIaIM JApEHaXXHOe CTeKno (MpeAaBapUTelIbHO o00paboTaHHOE —CiIadbIM
pacTBOpOM COJITHOH KHCIOTHI), Ha 2/3 nHa cocyaa mox yrioMm 30°, HOKpbIBaIK
KPY>XKOM Mapiii, AMaMeTp KOTopod Ha 3-5 cMm Oojblne auamerpa cocynaa; Ha
TOpKE CTeKJIa BEPTHKAIBHO Ha paccTOSHWUU 1.5-2 cM OT cTeHKH cocyna (mpu
HaOMBKE) yCTaHAaBIMBAJIM CTEKIAHHYIO TpyOKy. HaOuBka mouBel B cocyn
OCYIIECTBIISUTN TIOCIIE €€ CMENIMBAHUS C MCCIIEAYEMbIM yIOOpEHUEM, TaK Y4TOObBI
0 BEpPXHETO0 Kpas cocylda OcTaBajioch 2-2.5 c¢M. Maccy TOYBBI NPH STOM
COXpaHsUIM paBHOM JUId BceX OOpasLoB, M ONpeAesIM NMpOOHON HAOWBKOIA
[IEPBOIO COCY/a.

B xonme »skcmepuMeHTa IPOBOJMIM 3aMephbl BIAKHOCTH, TEMIIEpPaTyphl
BO3/yXa C MEPHOANYHOCTEIO 4-5 pa3 B Henento. Bo BpeMst SKcriepuMeHTa rOpIIKU
pacmonaraii B €CTECTBEHHBIX NPHUPOIHBIX YCIOBHAX, INPH €CTECTBEHHOM
OCBEIIECHUH U JIOCTYIIE K €CTECTBEHHBIM OCaIKaM.

Ilo oxkoHuUaHMM 3KCIEPHUMEHTa NPOObI MOYB ObUIM BHOBb IIPOCYIIEHBI U
MIPOCESHBI Y€PE3 CUTO 2 MM.
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Cenexmuenoe e@viyenavusanue. Jna omnpeneneHus (GopM HaXOKACHUS
METaJUIOB U PaJMOHYKIINAOB OBIJIO MPOBEACHO CENIEKTHBHOE BHINIENAYnBaHHUE TIO
metoauke A. Teccuepa [14-17].

[Ipu mpoBeneHUYU BhINIEIAYUBAHKUS HCIIONIB30BaTH 4.0 T cyXoil mpoOkl, mpu
3TOM COOTHOIICHWE TBepAoW W xuakoi a3z cocraBisuio 1:10. Tlocme kaxmoit
SKCTPAKIUK JKUAKAs 4acTh OTAeisi 1eHtpudyrupoBanuem Ha ROTINA 380R
(Andreas Hettich GmbH & Co. KG, I'epmanns) B Teuenue 30 munayt mpu 4000
000p/MHH, 3aTeM OCalloK MpoMbIBaiu 10 MJI COOTBETCTBYIOLIETO PACTBOPUTENS U
orunsTpoBRIBaM  uyepe3 GuiabTp “‘cuHAf  seHTa”. (OCHOBHBIE  YCIIOBHUS
BBIMOJIHEHHS  CEJICKTUBHOTO  BBINICTAYUBAHUS W HEOOXOJMMBIC PEarcHTHI
MPUBEICHBI B TAOIUIIE 2.

Taﬁ.rmua 2 - HpOTOKOJ'I IIPpOBEACHUS T1I0CJICAOBATECIIBHOI'O U3BJICUCHUS PAIUOHYKIINJ0B

o Bpewms, u
Dpaxkius Pearent Temnepatypa, °C (MHHUMATbHOE)

FO BogopactBopumas JluctiuiinpoBaHHas BoJa 20 2

F1 O6menHas 1 M CH3COONHg4, pH 8-9 20 2

F2 KapGonaruas 1 M CH3COONHa4 B 25% HAC, pH 5 20 2

F3 0.04 M [NHzOH]CI  25% HAc 80 6
BoccranaBinBaemas

F4 Oxucnsemas 30% H202 B 0.008 M HNOs3, pH 2 80 6

Fs 4 M HNOs 90 6
KucnoropactBoprmas

Opakmun FO-F4 mpencraBieHpl peakKIIMOHHOCIIOCOOHBIMH T€OXUMHUYECKH-
MOJBM)KHBIMHA ~ COGAMHEHHMSMH, CIIOCOOHBIMH  TPaHC(OPMHUPOBATbCA  IpU
W3MEHEHUU (PHU3UKO-XUMHUYECKHX TapaMeTPOB OKPYXKaIoIIel Cpeibl, TAaKUX Kak
pH, Eh, conenocts, conmepxanue opranuveckux BemectB. paxmms F5
npencrasisier coboi ocTaToyHble (0OJOMOYHbBIE) MM TEOXUMHUYCCKH-HHEPTHBIC
(dbopMbI, TIpeJCTaBICHHbIE TEPPUTCHHBIMUA YAaCTHUIAMH, B KOTOPBIX METaJUIbI
3a(hUKCUPOBAHBI B KPUCTALTHYECKOHN pereTke MUHEPasoB.

Onpedenenue memannos. llomydeHHble B pe3ysbTare CEJIEKTUBHOTIO
BBILIENIAYMBAHUS (PPaKIMK, B COCTAB PACTBOPHUTEINS KOTOPHIX HE BXOAMIIA a30THAsS
kucinota, - F1-F3 - BeimapuBamm u pacTBOpsuin B ciaboM pacTBOpE a30THOMH
kucinotel (1-2 M) npu kunsyenuu. OcTanbHble (pakuuyd H3Mepsuid  0e3
W3MEHEHUS paCTBOPUTEIIS.

ConepxaHue METAUIOB B pacTBOpax ONpeNesisild METOJOM  Macc-
CIIEKTPOMETPHH C HMHAYKTHBHO-CBS3aHHOW IIa3MOH Ha cmekrpomerpe Agilent
7500a (CHIA) [18]. VYcmoBus pabOTBHI CHEKTPOMETpa: CKOPOCTH ITOTOKOB
mIa3Moo0pasyromiero raza u raza-socurens 0.1 u 1.0 qm3/MuH, cOOTBETCTBEHHO,
temmeparypa 1miasMel 8000°C, Bpems umHTerpanuu curfama 0.1 ¢, MOITHOCTH
BbIcOoKouacToTHOoro curraga 1600 Br. KammbpoBky wmacc-criekTpomerpa
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NPOBOMWIIM O HAcTpoeyHomy pactBopy (Tuning Solution). [Ins momydeHus
rpalyupOBOYHBIX XapaKTEPUCTHK MNPUMEHSUIM CTaHAApTHBIA pactBop Multi-
element Calibration Standard 2A — Agilent Technologies, CLLIA.

Onpeodenenue uzomonog noaouusi-210 u ceunya-210. Cpeau paguoHyKIHIOB
OBITH BRIOpaHBI HaMOOJIee PATUOTOKCHYHEIC H30TOIBI — MOJMOHUK-210 U cBUHETI-
210, sBnsromuecst IpOayKTaMu pacnaia ypaHna-238 [19] mis ananusa Ha HopMbI
nx HaxoxaeHus. CBuHen-210 gBnseTcss oMHUM W3 HanboJee BaKHBIX O0BEKTOB
HCCTIEAOBAHMS ¢ TOYKU 3PCHHS paaranioHHOM 3amuThl [20] 1 9acTo U3MepsIeTcs
B o0pasmax okpyxatomieit cpeast [21, 22]. Jlns onpeneneHusi H30TOTOB TTOJIOHHS -
210 m cBuHDA-210 monydeHHble (PAKIMK BHIMAPHBAIM M TICPEBOAMIN B
COJISTHOKUCITBIE PAacTBOPBI, W3 KOTOpPHIX (IMOCTE YCTPaHEHHs MEIIAIOIIEro
JNEHCTBHSI TPEXBAJICHTHOTO jKeJie3a) MPOBOJIWIM OCAXKJCHHUEC HAa HHU3KO(POHOBBIN
CTalbHOM nuck. M3mepeHuss M30TONOB npoBoauiau B uHTepBane 10-36 vacoB
MOCJIe CIIOHTAaHHOTO OECTOKOBOTO OCaXJICHUs Ha aib(da-O0era pamuomerpe ¢
KPEMHHUEBBIM JETEKTOPOM JIJIsl H3MEPEHUs MallbIX akTiBHOCTEH Y MD-2000 (3A0
HIIIT “o3a”, r. MockBa, Poccust), kak pekoMmeHnoBaHO B MeTouke (MU No ©P
15382) [23].

3. Pe3yabTaThl U 00CyxKIeHHE

Henounvie u wenounozemenvuvie mMemainvi. B pesynbraTte CeleKTUBHOIO
BbIIICTIAYMBaHNA C MOCICAYIOIIUM ONPCACICHUEM MCTAJIJIOB OBUIH TIMOJTY4YCHBI
CIIeyIOIINE TaHHbIE, IPUBECHHBIE HA PUCYHKe 1.
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Pucynok 1 — Pactipenernenne popM HaXOXKICHHUS MICTOYHBIX U [IETOYHO3EMENBHBIX METAJIIOB B
3aBHCHMOCTH OT IPHMEHIEMOro ynoopenus: 1 — 6e3 ynoOpenus; 2 - aMMHua4yHask CeUTPa;
3 — MoHoKanuii docdar.

[MpumMeHeHne ynoOpeHWIl HE3HAYMTENLHO BIUSET Ha (QOPMBI HAXOXKJICHUS
MIETIOYHBIX METaJUIOB, XOTs B NMPHUCYTCTBUH MoHokanuiiocdara (MKD) mons
TeOXUMHUYECKH WHepTHOU (ppakumu (FS5) MeHbIIle, YeM Mpu yCIOBUH MPUMEHEHUS
ammuauHoit cenutpsl (AC) um mpu OTCyTCTBHHM ymoOpenuit. Kpome Toro, mist
HaTpusl HaOmoJaeTcss yBeJIW4YeHHWE Haubojiee MOOWIBHBIX — (Qpakuuid —
BOJIOPAcCTBOpPUMON M 0OMEHHOH - npu npuMeneHnn MK®, uTo cBuaeTenbCcTByeT
00 yBEJIIMYEHUH €r0 MOOUIEHOCTH.

[IlenoyHO3eMENBbHBIE METAIBI MPAKTUYECKH IMOJHOCTBIO MPEICTABICHBI B
BUAEC TCOXMMUYECKH NOABIKHBIX ¢opM. [lpu »>ToM HammeHblas moiis
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TeOXUMHUYECKH WHEPTHOM (pakimuu Oblla ycTaHOBIEHAa [UIsI TPOOBI ¢
npumeneaneM MK®: 2.52%, 10.8% wu 5.5% nansa xanpums, 6apus U CTPOHIIHA,
cooTBeTCTBEHHO. CTOWT TaKkKe OTMETHTH yBeJImueHHe OOMEHHOW (ppakuuu Mpu
npumeHeHnn MK® s Bcex 1Ie0YHO3EMENbHBIX 3JIEMEHTOB, KOTOpas
coctaBmna 68.69%, 61.03% wu 72.14% nqna xaneuust, Oapus W CTPOHLUSA,
COOTBETCTBEHHO.

Tsicenvie memannvt. Pactipenenenue GopM HaXOXKACHHUS TSHKEIIBIX METAJIIOB
B 3aBUCHMOCTH OT MPUMEHIEMOTO YI0OpEHHUS MPEICTaBICHO HA PUCYHKE 2.

100% 100% 100% 100%
uF5 uF5 mF5 mF5
80% 80% 80% 80%
o 60% k4 o 60% 4 = 60% wF4 1 60% mF4
B 40% F3 © 40% F3 N 40% F3 = 40% F3
20% ) 20% I P 20% |4 2 20% P
0% Lik : 0% MUK 0% Ai i 0% AuM

mFl1 mFl

E 1F1
123 123 123 123

Pucynok 2 — Pacnipeznesnenue hopM TsHKEIbIX METAJUIOB B 3aBUCUMOCTH OT MPUMEHSEMOTO
ynobpenusi: 1 — 6e3 ynoOpenust; 2 - aMMHavHast CEUTPa; 3 - MOHOKanuiidocdar.

s mpoaHaIM3MPOBAaHHBIX — TSOKENBIX METAJUIOB HAaWMEHbLIAs A0S
reoXuMudeckn wHepTHOW ¢pakmmu (FS5) HaOmromanmace mans mpoObl  Oe3
npuMeHeHus1 ynoopenuit: 71.25% - ans xenesa, 26.84% - nnsa mean, 16.40% -
it uHKa 1 25.96% - s cBuHma. O0a M3YYeHHBIX YJIOOPEHWs OKa3bIBalOT
MPUOJIM3UTENHFHO OJMHAKOBOE BIIMSHHE Ha 00Iee COAeplKaHHe TeOXUMUYECKH
WHEPTHOH (pakiuy JaHHBIX TSDKENBIX METaJIOB, MPH 3TOM HaOI0JaloCh
yBenrueHne o ooMeHHON Qpakium (F1) s Bcex TsHKENbIX METaIoB MPH
ycnoBuH ripuMenenuss MKO.

Hononuii-210 u ceuney-210. Pesynprathl anbga-0eTa-pagrnoMeTpuIeckoro
aHanmM3a  MOKa3aJu  clexymomiee  pachpeneneHue  GopM  HaXOXKACHUS
PaAMOHYKINIOB, KOTOPHIE IPUBEACHBI HA PUCYHKE 3.

100% 100%
mF5S o mF5
80%
S mF4 = mF4
= 2 o
a8 50% a 0%
S F3 o 40% F3
=% =%
F2 20% F2
0% MER ov, MEA

123 123

Pucynoxk 3 — Pacipenenenue popm nononns-210 u ceurna-210 B 3aBUCHMOCTH OT IPUMEHAEMOTO
ynobpenusi: 1 — 6e3 ynoOpenust; 2 - aMMHa4Hasi CeUTpa; 3 — MoHOKanuiidocdar.

3HAYUTENTFHOTO BIMSIHUS MPUMEHEHUs ynoOpeHnid Ha (OpMBI HAXOXKICHUS
PaIMOHYKIIUIOB B 3aBUCHMOCTH OT HCIIOJIL3yEeMOTO yJOOPEHUs] YCTAHOBICHO HE
OBLI0.
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4. 3aki1104eHne

[IpumeHeHne ynoOpeHHH HE3HAYUTENIBHO BIUSET Ha (HOPMBI HAXOXKICHUS
LIEJIOYHBIX METaJIOoB, MoyoHNA-210 u cBuHIa-210. B mpucyrcrsun MK® nons
IreOXUMHUYECKH MHEPTHON (Ppakiuy IIETOYHBIX U IIETOYHO3EMEIbHBIX METAIIIOB
menbie (2.52%, 10.8% wu 5.5% gmnsa xampnws, Oapuss W CTPOHIHA,
COOTBETCTBEHHO), 4eM B ciaydae npuMeHeHus: AC U mpu OTCYTCTBUH YIAOOpEHHH.
Jnst HaTpus M LIETOYHO3EMENBHBIX 3JIEMEHTOB YBEIHMUMBACTCS T'€OXMMUYECKast
MOOWIBHOCTE TTpu NipuMeHeHnn MK® 3a cueT mepexona B BOJOPACTBOPUMYIO U
oOMeHHYI0 (bpakiuu.

JAns  TSOKeNbIX METaJUIOB HaWMEHbIIAs JOJII T'COXHMHYECKH HWHEPTHOM
(xucmoTopacTBOpUMOi) (paknuu HaOMrOmazach JIs MPoOBl 0e3 TpPHUMEHEHUs
ynoopenwuit (71.25% - mnsa xenesa, 26.84% - mia memu, 16.40% - mist muHKA U
25.96% - nns ceuHa). O6a N3yYEHHBIX YIOOPEHHs OKa3bIBAIOT MPUOIHU3UTEIBHO
OJMHAKOBOE BIUSHHME Ha 0oOlIee CoAepKaHNE TeOXUMHUYECKH WHEPTHOHN (pakuuu
TSDKEJBIX METAJIOB, HO HAOIFOAaeTCsl yBETMYCHNE A0 OOMEHHON (pakiuu mpu
ycnoBuH rpuMeneHuss MKO.

®unancupoBanue: Pabora BbINONHEHA B paMKax NpoekTa MHUHUCTepCcTBa 00pa3oBaHUS U HAYKH
Pecny6muku Kaszaxcran “MPH AP08052224 BnusHue HCIONB30BAaHUS MHHEPAIbHBIX YIOOpEeHHH Ha
HAKOTUTENBHYIO CITOCOOHOCTH PAIMOHYKIIHIOB M TSHKENBIX METAIIIOB B KopHemionax™ (2020-2022).
Kondaukr unrepecos: KoH(IMKT HHTEPECOB MEX/ly aBTOPAMU OTCYTCTBYET.
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STUDY OF THE LOCAL RAW MATERIALS FOR USING IN THE
PRODUCTION OF THE FOAM CONCRETE MATERIALS

Niyazbekova A.B.”, Shakirov T.A., Murzagaliyeva A.A.

Zhangir Khan West Kazakhstan Agrarian-Technical University, Uralsk, Kazakhstan
E-mail: abnyazbekova@mail.ru

Abstract. The article discusses the importance of affordable, high-quality, easily accessible thermal
insulation materials for the construction industry, based on the new technologies. It is believed that clay
and silicon rocks, which are found in all regions of the Republic of Kazakhstan, can be used as the raw
materials for a modified composition, and create favorable conditions for the development of the
construction industry. The raw material for the research has been the sand of the “Belaya Gorka”
depositof the West Kazakhstan region. The chemical composition of the raw material has been studied by
the physicochemical methods of XRD and SEM. The X-ray phase analysis of the foam concrete without
impurities consists of the following phases: tricalcium silicate (alite - C3S) - d/n = 1.5; 2.50; 2.67; 2.83 A;
slaked lime (Ca (OH) 2) - d/n = 1.91; 2.62; 4.90,9; Clinker content (%): C3S - 40-68, - d/n = 1.83; 2.40;
2.80; 3.07 A. According to the mechanism of the foam concrete sintering, in the solution, quartz forms
H3SiO4- and H2SiO42- ions, the interaction of which with the Ca2 + ions leads to the formation of
calcium hydrolyzate, rich in lime on the surface of quartz. As a result, the crystals of successive calcium
hydrosilicates are formed in the crystallization medium, and their volume increases. The formation of the
CSH (I) phase is influenced by the formation of calcium oxide and the fine grinding of the sand. The
formation of the C3S (I11) phase of the binder mainly determines its strength. According to the results of
the laboratory studies, it has been experimentally proven that the heat-insulating materials with pores of
various sizes are formed on the basis of sand.
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KA3AKCTAHHBIH XUMUAJIBIK KYPHAJIBI XUMHYECKHUY XVPHAJT KA3AXCTAHA

0apibIK ayMakTapblHa/a KEe3[ECEeTiH Ca3/ibl )KOHE KPEMHUILIl >KbIHBICTApbl KOJJIAHYFa JKOHE KYPbUIbIC
canachblH JaMBITyFa KEH JKar[ail jkacayFa MYMKIHJAIK OepeTiHi KapacThIpbLIIbL3epTTeyaepai Kyprisy
yuIiH mukizar Marepuansl peringe bateic Kazakcran oOnbIchl «AKrac Tayb» KYM HIMKI3aThl aJbIHIIBI.
KeH OpbIH MIMKI3aTHIHBIH XUMUSIIBIK KypaMbl (pH3nKa-XUMUSUIBIK aaictepmer POT xone POM 3eprrenyi.
Penrendasanbik Tanaay OoiibiHIa KOOIKTI OETOHHBIH KOCIMACHI3 ChIHAMACKHI Kejeci (a3anapaaH Typajbl:
YII Kanbluiini cumukat (amut - CsS) - d/n = 1.5; 2.50; 2.67; 2.83 A; cenipinren ok (Ca(OH)2) - d/n =
1.91; 2.62; 4.90 A; xnunxepain kypamsi (%): CsS - 40-68, - d/in = 1.83; 2.40; 2.80; 3.07 A KeGikri
GETOHHBIH JKypy MexaHusMmi GoiibiHima kBapi HsSiOs sxone H2SiOs* uoHmapbin Tyablpa epiTiHjire
alinananel, omapaeiH Ca’* MOHBIMEH e3apa opekeTTecyi Kpapl OeTiHme isbecmeH 6aif KambIuit
THAPOCHIMKATTAPIbIH Maiiaa GonybiHa okeneni. Hotmkecinae kpucTanaaHy opTachlHaa i30ecTi Kaablui
THAPOCHINKATTAPbIHBIH KpUCTAIAApBI Ty3Lin, onapasiy Meimepi eceni. CSH (I) dazachHbIH Ty3inyiHe
KalblMil OKCHIIHIH Kypaybl MEH KYMHBIH JKYKa YHTaKTaldybl ocep eremi. TyTacThIpbIII KypamJbl
kocbutbichl  C3S(III) ¢asaceiHplH maiima Ooidybl HeriziHeH OepikTirine »ayam Oepeni.3epTXaHalbIK
3epTTeysep HOTHXKeNepi OoMbIHIIA «AKTac Taybl» KyM HETi3iHe KeyeKTepiHiH eJeMaepi opTypil XKblLy
OKIIAYJIAFbIII MAaTepHAIIAp OHIIPUICTIHI SKIIEPUMEHTAJIb/IbI TYPAE JAJICIACHII.

Tyiiinai ce3aep: kBapil KyMbl, IIMKi3aT, KOOIKTI O€TOH, KOOIK TY3Tilll, XKbUTY OKLIAYJIAFbILI, OEPIKTIIIK,
KEYEKTLIIK

Hus3z6exkosa A. b. Xumus 26L16IMOAPBIHBIY KAHOUOAMbL
Hlakupos T.A. Texnuka dcane MexHoN02UANAP MAUCTPI, A2a OKbIMYULb
MpypzazanuesaA.A. TexHuxa eblablMOapblHbly MASUCMpi, a2a OKbIMYULbl

1. Kipicne

Kazipri ke3eHie KypbUIbIC HHAYCTPUSCHIHBIH KapKBIHIBI 1aMybl a3aMaTThIK,
OHIIPICTIK KYPBUIBICHI YIIIiH KOFapbl OEpiKTi, KOJJaHy Mep3iMi KeJeMiHJle 03iHiH
(¢u3MKa - MEXaHUKAJBIK YXOHE MaijlalaHy KaCUETTEePiH CAKTaNTBIH KaOBIPFasibl
OeifopraHUKaJIbIK MaTepraliapbl, OYHbIMIAPhI KOHE KOHCTPYKUIHUSIAPBIH OHIIPY
MiHJeTiH Korona. KeOikTi OeToH - YSMBIKTBI OETOHHBIH Oip Typi OOBII
tabbiaznpl. On OeTOHHBIH OYKiJI MaccachlHa aya KemipLIiKTepiH Tericreil 6eiy
apKbpUIbl JKacananpl. [a3gpl OETOHMEH CajbICTHIPFaHA, KOMpIIK OeTOH
XUMUSUIBIK PEaKIUsIapAblH KOMETIMEH eMecC, alJIblH ajna JaiblHaadFraH KeOIKTI
OETOH KOCITAChIMEH MEXaHHUKAJIBIK TYPJIC apaaacThIPy apKbLIbl allbIHAJIBI.

Ke0ikTi OSTOH - KOCHaHBI KAaThIPy HOTHXKECIHIE allbIHATBIH, LIEMEHTTEH,
KYMHaH >KOHE Cy/aH, COHbIMEH KaTap KOIPIIKTEH TYPaThlH KCHLUI YSIIBIKTHI
OetoH. by epekimie xeHUT OETOHAAp,0HAAFbl Malija jkKoHeaya YSIIBIKTapBIHBIH
memmepi 1 — 1.5 MM peifiH 0oianbl koHE OSTOHHBIH KAkl KejeMiHiH 85 %
anajapl. YSIIBIKTHI OETOHFA KEYCKTLTIKTI MEXaHHMKAJbIK HEMECe XHMHSIIBIK
KOJIMEH jxacaiisl [1-5].

KebikTenaiprim - OeToHFa KEYEKTUIIK KacHeT OepeTiH apHalbl CYHBIK 3ar.
Onap KypaMblHa OailJIaHBICTBI OPraHUKAJIBIK OHE  CHHTETHKAJIBIK OOJIBII
OeiHei.

Cyneprutactudukaropiaap - Oyl OeTOHABI Hemece OETOHABI Kocha
KYpaMbIHa €HTi3y apKbUIBI OJApPIbIH KACHETTEpiH OaFBITTHI KOHE OaKbLIayJIbI
PETTEHTIH OpraHWKalIbIK HeMece OeHOpTraHWKAIBIK 3aTTap HeMece OJapJIbiH
Kocmacsl [6-8].

CoHFBI KbUIIaphl MaMaHIAPJBIH OPTAK Ha3ap ayJapaThlH HETI3Ti JKarnmai
OyJ1 KypaMbl KON KOMIIOHEHTTI KeOiKTI OCTOH SFHHM SPTYpJi MHHEpaaaap MEH
XUMHSUTBIK ~ KOCTIA  HETI3IHAeri JkaHa KeOIKTY3riluTepi Kacam IIBIFapy.
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COHJIBIKTAH KOIl KOJJJAHBICKA M€ NMEMEHT MeH KYMJIbI TYTACTBIPFBIIITHI, KOFaphl
peaKkIMOHAsl KaOiIeTTI JKOHE asFaHa KeJIeMIerlT MHHepaaabl KocIaMeH
KacalblHFaH OpHHE COHBIMEH KaTap a3 KalmuTalgbl KaKET ETEeTiH, camajbIK
KOPCETKIIMTEPl  JKOFAphl, MEMJICKETTIK CTaHAApTTap MEH TCEXHHKAJBIK
HYCKayJiapJia KapacThIPbUIFaH, TOJBIK KOJEMICT] TallanTapbiHa cail 001yl Kepek.
Ke0bikTi OeToH eHMipiciH IaMbITyAa KOpIIaraH OpTaHbl KOpFay TamchlpManapbl
ECKepinyi Kepek, Cy jkoHe MHHEpal pecypcTapblH OpBIHBI MaiifanaHy, KOCHIMIIA
JKOHE OHIPIC KANIBIKTaphlH KEHIHeH MaiaalaHy ©3eKTi Maceseci OOJbI
cananassl [9-12].

2. DKCHEepUMEHTTIK 06J1iM

3epTTey JKYMBICHI HETI3iHAEC XUMISIBIK, (PU3UKA-XUMUSIIBIK, (GU3NKa-
MeXaHUKAIBIK dJiCTEp HAKTBl HOTHIXKEre jKeTy YIIiH TaHjaan ainblHabl. Ousnka-
XUMPSUTBIK, 9JTICTep HETi3iHAE 3epPTTEJeTiH ChlHAaMallapFa PEeHTTeH(a3aNbIK JKOHE
ANIEKTPOH/IBIK-MUKPOCKOIISIIBIK TalIay TEPMOTPaQHsIIbIK 3€pTTEy KYMBICTaphl
KYPrizimi.

XUMUSIIBIK 9JIIC apKbUIbl IIMKI3aTTap MEH KOMIIOHCHTTI KOMIIO3MIIMSFA
OenNTiieHTeH cTaHmapTTap OOWbIHINA 3epTTeyiep xyprizingi. MemCT 22688-77
CTaHIaPThl OOMBIHINA OKTIH TUTPUMETPHSIIBIK 9JIICTICH aKTUBTLIITT aHBIKTAJIIbI.

XUMHUSIIBIK ~ QICTep HETi3iHAe KoOIKTI OeTOHFAa KAKETTI IKEPriJliKTi
MIMKi3aTTapra SFHA KYPBUIBICTBIK KYM, 9K, IIEMEHT, KOOIKTeHIIpTilmke OeToH
KypaMmblHa KaXKETTi KYpaMBIHJAFbl TOJBIKTHIPFBIIIKA XOHE KOOIKTI OETOHHBIH
e3iHe OipKaTap Tajjayiap eTKi3Ui.

Pentrenodaszasl tammay JAPOH-3M, Cu-katoanen jxoHe Ni-cy3rimimeH
PEHTreHIIK au(paKTOMETpAe IIUKi3aTTap MEH KOMIIOHEHTTI KOMIIO3WIHSFa
Tajiay MEH 3epTTeyJiep KYPrizii.

ONEeKTPOHABIK-MUKPOCKONUSUIBIK ~ Talllay — apKbUIbl  IIHMKI3aTTap  MeEH
KOMITOHEHTTI KOMITO3UIIMSFa Tajjay MeH 3eprreynep kyprisinmi. JEOL
(OKanonus) ¢upMacelHBIH KECKiHAI BJIEKTPOHIAB MHKpockonsl JSM 6490LV
INCA Energy-350. MyHuali KelieH HaHO JopEXKele OPraHHMKaJblK >KOHE
OeliopraHUKalbIK 3aTTapIblH ©T€ JKYKAa KYPBUIBIMBIH 3€pTTE€yre MYMKIHAIK
Oepeni. Ynkertinyi 6ec ecenen 6acram 300 000 ecere xone 3 Hanometpre (3-10°
M) nelfin pyKcar eTiTyiMeH epeKIIeNeHe .

Ke0bikTi OeTonFa ycak »oHe ipi TYTaCTBIPFBIIITAp PETiH/E «AKTAac Taybl» KeH
OPHBIHBIH KYMBI NMaiiiajaHblIbl. bysl KeH OpHBIH TaHJAJBIHBUIBI albIHY cedebi
OHIPIMI3JIeTi 6Te ayKbIMIBI ipi KEH OPBIH OOJIBITT TAOBLIAJIBI.

3. HoTmikeJiep sk9He 0J1apAbI TAJIKBLIAY

Keprinikti mwuKi3aT peTiHAE alblHFaH KBapUThl KYMBIHBIH XUMHSUIBIK
Kypambl 1 kecteme kepcerinreH. KyMmHBIH Oip OesiriHe IBIMKBUT IIEMEHT, aj
eKiHII OeJliriHe KYpFak IIEMEHT KOCKAaH Ke3Jie, KOCIaHbIH Kypamjac OeiriHig
THIFBI3 IIOTYiH KaMTaMachl3 €TeTiH TYHIPIUIKTENreH KYMHBIH Ka)KeTTi KYpaMblH
anyra Oonanel. HerypibiM camaibl, Oepik KeOIKTI OCTOHABI KOC KBIIIKBLIIBI
KpPEeMHHI Kypambl >KOFaphl Ta3za KYMHAH ajaabl, OyJI IIEMEHTTEYI 3aTTa OETOH
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camachblH TOMEHJETETIH HopcelepliH a3 Kypamaa Oodybl HeMece MyJieM
OonMaybIMeH TYCIHIIpineTi.

Kecre 1 — «AKrac Tayb» KeH OpHbI KBapLThl KYMBIHBIH XUMUSUIBIK KYPaMbl

Tay-xen Herisri okcuarep, %
OpHBI
SiO2 | AlOs TiO2 Fe20s3 CaO MgO P20s SOs | MnO Na20 K20 T.6.
«AKrac
Tayb»,
Opan K
93.2 1.6 0.4 0.4 0.57 0.2 0.016 | 0.04 | 0.009 0.67 1.04 0.75

Kecre 2 — KobikTi 6eTOHFa KaXKeTTi KYM MIMKI3aThIHbIH (pU3HKa-MeXaHUKAJIbIK KOPCETKIIITepi

I'panynomerpi Kypambl
Enexreri THaxme xone
KaFan Enex exmemi, MM Ipinix OaNIIBIKTHI
AJbiHFaH 0 Moy KymM
KYM OpHBI KanLIK, % Kypambl, %
2.5 125 | 0.63 | 0.315 | 0.16 | <0.16
BKO,Opan K - 1 15 12.5 447 37.2 3.1 | 1.6+0.3% 25
«AKTac
TaybI», - 11 1.4 13.7 435 39.2 51 | 1.5+0.2% 24
Nel xep
Temimi
- 0.9 15 12.1 46.1 38.0 6.3 | 1.5+0.2% 25
- 0,
BKO,Opar , 0.9 2.0 5.9 278 |96.86 | 2.0 |1.3+0.1% 2.0
«AKrac
Tayb», - 0.9 2.1 6.0 28.8 96.8 | 2.06 | 1.3+0.1% 1.9
Ne2 xep
Temimi
- 0.9 2.0 6.0 29.0 96.8 20 | 1.3£0.1% 21

Kymnbr 76-95% Koc KBIIKBUIAB KPEMHUN KypamMbIMeH MaianaHaasl. backa
kepceTkimTep OoibiHIa KyM MeMmCT 25485-89 OoliblHIIa KaHaraTTaHIBIPYFa
tric; on 90% 1mamachlHIa FaHa KOC KBIMIKBUIABI KPEMHHH, OpTaiia YHiHi
TIFBI3ABIFBL 1500-1550 xr/m3. Oprama TeiFs3asrEs 320-500 kr/m® ke6ikTi 6eToH
IIBIFAPATBIH 3aYBITTAp/ia KYPFAK JKOHE JBIMKBUI YHTaKTaH KEWIHT1 KYMHBIH
nucneperimiri 2300-3000 cm?r xome 2200-2500 cm?r Gomysl Tuic. Kocna
KOMITOHCHTIHIH HEFYPJIbIM TBHIFBI3 KaJdaHybIH KaMTaMachl3 €TeTIH KaXeTTi
TYHIPINIKTI KypaMIarbl KYM aiy YIIiH KYMHBIH Oip Oejiri HeMEeHTIEH BUIFalIbl
TapTHUIFaH JKOHE eKiHII Oeiri Kyprak TapTbUIFaH Ke3zae ae Oonaabl. Herypieim
camaibl, Oepik KeOiKTi OETOHIBI KOC KHIIIKBIIAB KPEMHHH KYpaMbl JKOFaphl Tasa
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KYMHaH anaapl, Oyl [eMeHTTeym 3arta OETOH camachlH TOMEHIETETiH
HOpcenepiH a3 Kypamaa 60ysl HeMece MyliieM 00JMaybIMEH TYCIHIIpiJie/i.

3epTTey HOTWXKeNepl OOWBIHINA aNbIHFAH KYMHBIH (DU3MKa-MEXaHUKAIIBIK
KOpCETKIMTEPl eKiHmI Kecreae kepceTinai.KecreaeHn toxipnOe HOTIKEIEpIMEH
CaJBICTRIPCAK IMWKI3aT PETIHIE AaNBIHBI OTBIPFAaH KYMHBIH IpUTIK MeIepi
opraia anraaia 1.5; AeIMKBULIBFBL — 6.9 % ; maHab! )koHE OANIIBIKTEI MOJIIIEPi
— 2.25 %; casgel Tydipmik Kypambl — 0.5 %; TerBBabFel - 1421 kr/m
OpTaHUKAIBIK KOCIIANAp - STAOH TYCIHEH aIllbIK,

1,2
3.32

1

0,8

0,6

4.27
0,4
1.54 3.23
0,2 .
0 ! | [ I
R N N e O S I A

Q?Qso Q)o ‘2;2‘0 ‘Z;bo QJQO Q;bo ‘2;2‘0 ‘Z;z\o Q;bo Q?Qso Q;bo ‘bQ‘O ‘bo QJQO Q;bo
&) O O O O O O O O &) O O O &) O
X Cb (;Q‘ Cb (:b Cb & (:2\ Cb Cb Cb (;Q‘ Cb Cb Cb
o o ) ¢) ) ) ) ) ¢) ) ) 9) ¢) O )

Cyper 1 — «AKTac Taybl» KeH OpPHBI KBapll KYMBIHBIH HETi3iHJIeT] OaiIaHbICTBIPFBII KOMITO3HIIMS
YITICiHIH PEeHTTeHOTPaMMAacHl.

TONBIKTHIPFBINIKA (QHU3UKA-XUMUSIIBIK Taljiay HETI3iHAe peHreHo(a3albK,
muddepeHInanap-TepMHUSIIBIK, 3IIEKTPOHIBIK-MUKPOCKOIHSIIBIK Tangay
KYMBICTAPBI KYPri3iii.

Byn OipiHmi CcypeTrre IIMKI3aT KYMBIHBIH PEHTI'CHIPaMMachl OOMBIHIIIA
HITPUX JUarpaMMameH KBapiy aeHreiti 1,2, 3 canmap aeHrediMen kepceriiared 1)
kBapi; 2) Ca0+SiO2 * H2O (I); 3) CaO+SiO22HO(I1). dopmanapbiHblH MITPUX
qyarpamma  JISpeKTepiH  CANBICTBIPY  JKa3bIKTBIK  apaiblK  apaKallbIKTBIK
e3repyiMeH Oalikamanpl. ATam aWTKaHga, LWITPUX JUarpaMMaza pyTW, Tajlbk,
KaJIbIIUT, albOUT JKOHE OPTOKJIA3 YLIIH TOH LIEKTEyJiep JKOK. JleMek, KypaMblH
e3repTy OacTankbl HbICAaH KYpPaMbIHBIH »aKCapyblH JKOHE CY CIHIPTIMITITiHIH
Q3aI0BIH TYABIPAJIbL.

«AKTac Taybl» KEH OpHBl KYMHBIH MHKPOKYPBUIBIMBIH aHBIKTay VIIiH
DJIEKTPOHIBI MHUKPOCKOI apKbpUIBI 250 ece VIKSHTUIIT KepceTuired. by
MHKPOCKOIT YJTIEPal 3JEKTPOTKI3rill KabaTIeH To3aHAaHIbIpMaii-aKk 3epTTey
MYMKiHOITiH ~ Oepemi.  KyMHBIH ~ KypbUIBIMBI ~ TBIFBI3  JKOHE  JKAKCHI
KpHUCTaIJaHFaHKYM(CypeT 2).
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CypeT 2 — «AKTac Taybi» KeH OpHbI KYMHbIH 250 ece YJIKEHTIIreH MUKPOKYPBUIBIMBI

Temenmeri kecteae(kecte 3) KYMHBIH 3JICMEHTTIK KYPaMBIHBIH TaldbI3/IbIK
yiecrepi kepceriareH. MyHIa KpeMHUAAIH aTOMIBIK KOHE MACCAIBIK YIIECiHIH
JKOFapJIbIFbIHA Kapar KYMHBIH KBapll KYMbl €KCHIH Joyesjiel anaMbi3. Bipinmri
cplHamMa OOWBIHIIA 53JEMEHTTIK Tajjiay HOTWXKECIHIE KeMipTeri, KpeMHHUI
COHBIMEH KaTap TUTaH MEH KaJIbIIMH OKCUATEPIHIH >KOFaphl ASPEXKECIH KOpCceTe .

Kecre 3—«Akrac Tayb» KeH OpHbI KYMHBIH JIEMEHTTIK KYpPaMbl

DIIEMEHTTIK

yreci, % C e} Na Mg Al Si K Ca Ti Fe

MaccanbIg 521 | 55.78 | 0.25 | 0.34 | 1.63 | 3244 | 0.63 | 2.18 | 0.11 1.43

ATOMJBIK 825 | 66.30 | 0.20 | 0.26 | 1.15 | 21.96 | 0.31 | 1.04 | 0.05 0.49

JKanmsr
Memepi

100

KebikTi OeToH eHfipiciHe KaKeTTI KyM 76-95 % KoC KBIIIKBUIABI KPEeMHUN
KypaMmblHa COHKeC Kely KepeK. «AKTac Taybl» KEH OPHBI KBapIThl KYMBIHBIH
XMMUSIIBIK, KYpaMsl sifHA Herisri okcuarepi: SiO2 (93.2); AlbOs (1.6); TiO: (0.4);
Fe,O3 (0.4); CaO (0.57); MgO (0.2); P.0Os (0.016); SOs (0.04); MnO (0.009);
Na2O (0.67); K20 (1.04); kanaraTtanasipyra tiic. On 90 % imamachiia FaHa KOC
KBIIIKBULIBI KPEMHUIEH, KYKIpTTi %oHe SO3 ecebiHeri KyKipT KbIIIKbIIE 2 %
KOCTIa IaMachIH/a CUITIZCH TYPYHI THIC.
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Cypert 3 — Kocna kynitin 250 ece YAKSHTIITeH MUKPOKYPBLIBIMBI

OHIM KypamMblHA KOCBUIATBIH KOCTa KAaTThl OTHIH KymiHiH 250 ece
YJIKEHTIITeHMUKPOKYPBUTBIMBL 3 CypeTTe >KOHEXHMHSUIBIK KypaMbl TOMEHJIET1
TOPTIHIII KecTene Oec MOHIHIH OpTalla MoHI ecenTelin KepceTiuireH. TemeHne
OepinreH MamiMerTepJeH KoOiKTi 0eTOH KypaMblHa KOCIA PETiHJe KOCBHUIFaH
KYJIIIH OKCHATI KYpaMbIHBIH MaccalblK Yieci MEeH opTallla MoHiHiHAe Oapuit
OKCHJII MaccallblK yieci keOipek ekeHiH Oaiikaiimbi3. JKoHe XUMHSIIBIK Taljay
motmwkecinge SiO; (11.85); Al,Os (4.21); Fe20s (21.95); CaO (13.64) coiikecriri
aJIBIHATBIH OHIMHIH KYPBUIBICBIMEH KYpaMbIHA 9Cep eTeIi.

Kecre 4 — Kynzin kpucTam ¢a3acbHbIH XKapThUlail CaHIbIK peHTreH(}a3abIK Tajlaay HoTHKenepi

Kypawmsl, %
ChlHaMa aTaybl Muepar, Kymnmi
YJLIiH JKaImbl
bopmyza KpHCT::IiiITg;agara MaccachlHa
K KaThICTB
Kagap, SiO2 38 24
Kamprut, CaCOs3 31 19
Kyn Anrunpur, Ca(SOa4) 20 13
Temarur, Fe;03 9 6
Asp6ut, Na(AlSizOs) 2 1
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Penrrendazanbik  Tangay HOTHXKECIHJETI TOPTIHIN  KecTene KYIIiH
MUHEPAIIBIK KYPaMbl KPUCTAIIBIK (ha3a MEH KYJIIH JKajIbl MaccachblHa KaThICTHI
Kypambl KepceTinreH. KBapUTBIH KOFapbl CaHIBIK KOPCETKIMIHIH OOIyBI KYI
MacCCaChIHBIH IIEMEHTIICH KOCBUIBIN JKaHA OHIMHIH TYTaCTBIPHIII TY3LTy KaCHETiH
JKOFapJIaTabl.

OHIM KypaMbIHa KOCBUTATHIH KOCIIAa KATTHl OTBIH KYJIiHIH XUMHSIIBIK KYpaMbl
TOMEHJIETI TOPTIHII KecTeae Oec MOHIHIH OpTalmla MOHI €CENTeNi KOPCETiIreH.
TemeHzae OepiareH MoliMETTEpACH KOOIKTI OETOH KypaMblHa KOCHa PETiHIE
KOCBUTFaH KYJIiH OKCHATI KYPaMBIHBIH MacCaJIbIK yJIeci MEH opTallla MOHIiHIHIE
Oapuii OoKcHAI MaccallblK yieci KeOipeKk eKeHIH OalKaiMbI3. Byn XUMHSITBIK
tangay wotmwkecinme SiO; (11.85); AlOs (4.21); Fe,Oz (21.95); CaO (13.64)
COKECTIr albIHATBIH OHIMHIH KYPBUIBICBIMEH KypaMbIHa ocep etesi (5 kecte).

Kecre 5 — KyniH XMMHIBIK OKCHATI KypaMbl

Kochumsic 1 2 3 4 5 6 Oprama

MOH1

Na:0 - - 0.19 0.51 - 0.67 0.46
MgO 0.33 - 0.71 0.66 043 | o091 0.61
Al20s 421 2.72 33.49 26.5 9.7 2.29 13.15
Sio, 11.85 4.49 4746 53.92 988 | 355 21.86
SOs 0.48 - 2.88 0.35 0.4 2.0 122
K0 - 0.16 - 111 0.3 0.18 0.44
Ca0 0.69 0.31 0.78 2.35 3379 | 439 13.64
Tio, - - 2.35 0.47 ; 0.23 1.02
FexOs 2634 | 2754 11.41 1466 | 2879 | 2298 | 2195
BaO 25.65 - . - . . 25.65

DJNIEKTPOHABI MHUKPOCKOI HOTHIKECIHJC KYJIIH aTOMIBIK >KOHE MaccaliblK
yJiecTepl anThIHIIBI KecTene KepceriireH (6 kecte). MyHOa Maccaliblk JKOHE
ATOMJIBIK 3JIEMEHTTIK yiiecTepi OOMBIHIIA OTTErl MEH KaJbLIUH dJIEMEHTTEpl
JKOFaphl CKEHIT aHBIKTAIBIN Typ. COHBIMEH Karap adlOMHHHHMA, THTAaH MCH
TeMip, KYKIpTTiH OSJEMEHTTIK Tajjay KepceTKimTepi OipiHm  Kypam
MOJU(DHUKATOPEIMEH CaJBICTHIPFAHAA TOMCHIITIH KOpCeTTi. bysl IeMeHTIeH
KOCBUTHITI )KaHa OHIMHIH TYTACTBIPHIII TY31Ty KACHETIH KOFapiiaTaIbl.
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Kecte 6 — Kynnin 31eKTpOHIBIK-MIKPOCKONUSIIBIK TaLay HOTHKEIepi

3ﬂeMer,2i“ yaeci, 0 Mg Al Si Ca Ti Fe
Maccaibix 41.89 0.52 0.71 10.43 45,54 0.26 0.67
ATOMJIBIK, 62.48 0.51 0.63 8.86 27.11 0.13 0.28
JKamer Memmepi 100

4. KopbITbIHABI

Kymbicka kakeTti Oapiblk mwkizarrap tuicti MemCT-tap OoiibiHIna
3epTTey Ke3iHie aHBIKTAAbl. KeOikTi OeTOH TeXHOJOTHSACHIHA KAXKETTI YCak
TYTacTBIPFBIII 3aT «AKTac TaybD» KyM MIHKi3aTel 3eprrengi. Koiiburan
MiHIeTTepre OaliaHbICThl HETi3T1 KEPrilikTi MIMKi3aTTapAbIH XUMHSLIIBIK KypaMbl
AHBIKTANBIN, sFHU Herisri okcum: SiO: (93.2); OogFaHIBIKTAH KBApITBl KYM
exeHziri manenaenai.CoHpIMEH Karap XHMMHSJIBIK Tajlay HOTH)KECIHZE Kocra
peTiHAe anblHFaH KeMIp KYJiHIH OKCHITI XUMHSMIBIK Kypambl aHBIKTAaJbII,
OKCHATEPiH catikectiri xkepcerimmi: SiO2 (26.85); Al.O; (4.21); Fe,O3 (21.95);
CaO (13.64). byn mukizar KyM skoHe mopriantieMentien (M 400) KOCBUIBIT
KaHa OHIMHIH TYTacTBIPBIII TY3UTy KacHeTiH jkorapnaranpl. POT rtamnmay
oMiCIMEH KYMHBIH (Da3ajiblK KypaMbl aHBIKTANbIN, KBaplTaH Oacka JajalibIK
mmarrap, COHbIH imHge oprokimaz - KyO-AlO3'6SiO; (3.18), amsbur -
Na>0O-Al;03'6Si02 (1.66), kambuut - CaCOs (2.27), tansk - 3Mg0O-4SiO,'H,0
(2.12) xome pyrun - TiOp (1.53) Oap ekenmiri 3eprrenminai xoHe POM
omicTepiMeH  MIMKIi3aTTapAblH  MHUKPOKYPJIBIMBI  aHBIKTANIBL.  ToxipuOe
HOTHXXENIEPIMEH CaJBICTBIPCAK IINKI3aT PETiH/AE aNbIHBIN OTHIPFaH KYMHBIH ipiiiK
MeJIIepi opraiia anranaa 1,5; IbIMKbUIIBIFEl — 6.9 % ; maHabl )KoHe OaIIbIKThI
memmiepi — 2.25 %); cazawl Ty#ipmik Kypambl — 0.5 %; TeIFb3abIFEL - 1421 Kr/M3;
OpTraHUKaJIbIK KOCTajap - 3TajJoH TyCiHeH ambIK. AktuBTiniri 83.4 %, cenberen
Gemmuek Kypambel 11.9 %, ceny temneparypacel 78 °C xoHecoHy yakbIThl - 4
MUHYT. OKTIH XOFapFbl CYPHITITHI €KEHIIT aHBIKTAJIJIBI.

Kapaxblianaeipy: 3eprrey Kaszakcran PecryOnukachbIHBIH KapKbUIBIK KOJIAaybIMEH «ANHMaKTBIK
OHE TEXHOTCHMIK INMKi3aT HETi3iHAe KYPHUIBIC MAaTepUaTIapbIH aly TEXHOJIOTHACHDY TaKbIPHIOBIHIAFHI
iprei 3epTTeynepre Kypri3iiii.

Auarbic Oinaipy: ABTOpiap MakaJlaHbl JKapusiay Ke3iHAEri YCBIHBICTAphl YIIIH PELEeH3eHTTepre
aNFBICBIH OUIIIpei.

Mynnenep KaKThIFbICBI: Makanansl xa3y OapbIChIHAA OapibIK KYKBIKTHIK JKOHE OSTHKAIBIK
CTAaHJAPTTap, OHBIH ilIiHJAEC HHTEUIEKTYaJIblK aJajJblK IEH FBUIBIMU AEPEKTEpAi JKacaHAbIpY MEH
OypManay/bplH, IUIaTHATTBIH JKOHE SJKaJfaH OipJecKeH aBTODJBIKTBIH aJIBIH  adylblH OSTUKAJIBIK
mpouexypanapsl cakTanasl. JKapusuiaHeIMIap aBTOpJApbIHA 3EPTTEYNEpIE ANBIHFAH [EPeKTep MeEH
KOPBITBIHABUIAPBI 0acka KaThICYIIBUIAPIBIH KeliciMiHCI3 HaiimamaHyra pykcar eTinMmeiini. 3uATKepiik
MEHIIIK OCBI XapHsJIaHBIMHBIH OapJbIK aBTOpJIapblHA THECLII.
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HUCCIEJOBAHUE MECTHOI'O CbIPbA AJIsA UCIIOJbB30BAHHUSA B ITPOU3BOJACTBE
NEHOBETOHHBIX MATEPHUAJIOB

Husasbexoea A.b., Lllakupoe T.A., Myp3azanuesa A.A.

3anaono-Kasaxcmanckuil  acpapno-mexuudeckuii ynugepcumem umenu aweup xana, Ypaneck,
Kazaxcman
E-mail: abnyazbekova@mail.ru

Pe3tome. B crathe paccMatpuBaeTcsi BaKHOCTh KaY€CTBEHHBIX, JISTKOAOCTYITHBIX TEIUIOU3OJISALMOHHBIX
MaTepHaioB JUisl CTPOUTEIBHONW OTPacid Ha OCHOBE HOBBIX TEXHOJNOTHH. CUMTACTCS, YTO HCIIOIb30BaHHE
B KauecTBE CbIpbS I8 MOAU(UIMPOBAHHBIX KOMIIO3MIMH TIJIMHUCTBIX M KPEMHHUCTBIX IIOPOJ,
BCTpEYaIoIIUXcsl Ha Beell Tepputopun PecnyOnnku Kazaxcras, co3naer mMpOKUe YCIOBHS AJIs Pa3BUTHUS
CTPOUTENILHON OTpacind. B KadecTBe CHIPHEBOrO MaTepuaia [Jisi TMPOBEACHUS HCCIICHOBAHHI
HCIIOJIb30BAHO [ECYAHOE ChIpbe MecTopokaeHus «bemas ropka» 3amaano-KasaxcraHckod o0sacTH.
XuMHUYECKHI COCTaB ChIPhbsl M3yueH (u3uko-xummudeckumu merogamu POA u POM. PentrenodasoBbrii
aHaJIN3 TIEHO0ETOHA 6e3 IIPUMECei COCTOUT M3 CIIEAYIOMIX (a3: CHIMKAT Tpukanbiuii (amut - C3S) -d/n
= 1.5; 2.50; 2.67; 2.83 A; ramenas ussects (Ca (OH) 2) - d / n = 1.91; 2.62; 4.90, 9; conepxanue
knuHKepa (%): C3S - 40-68, - d / n = 1.83; 2.40; 2.80; 3.07 A.ITo MexaHu3My CleKaHMs MEHOOETOHA B
pactBope kBapi obpasyer monbl HsSiOs u H2Si0s%, Bzaumoseiictsys ¢ wonamu Ca?* NpUBOIMT K
00pa3oBaHUIO THAPOJIW3AaTa KalblHs, 0OraToro HM3BeCThI0. B pesyinbrare KpHUCTAUIM3ALUMH B CPeEle
00pa3yroTCsl KPUCTAJUIBI MTOCJISIOBATEIIBHBIX THIPOCHIMKATOB KaJIbLUs, 1 UX 00beM yBenuuuBaercs. Ha
obpaszoBanne ¢aszpr CSH (I) Bamsier KOAMYECTBO OKCHIAA Kajiblsl W TOHKOE H3MENbYCHHE IIEeCKa.
O6pasosanue ¢as3pr C3S (III) ces3yromero B OCHOBHOM oOmpezesseT ero mpoyHocts.llo pesynbratam
71a00paTOPHBIX ~ MCCIEAOBAHUN AIKCIEPUMEHTAIBHO JIOKAa3aHO, Ha OCHOBE Iecka 00pasyroTcst
TEIJION30JSIIHOHHBIC MATEPHAIIBI C TOPAMH Pa3IMIHBIX Pa3MEpPOB.

KiioueBble ciioBa: KBapI.[eBBIf/'I TIECOK, HCHO6CTOH, HeHOOGpaBOBa'TeJTB,Tel'lJ'IOI/I?:OJ'IHHI/IS[, NIPpOYHOCTbD,
TIOPUCTOCTH
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Hlakupos T.A. MA2UCMP MeXHUKU U MEeXHOI02UL, CIapuiuil npenoodagamens
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OBTAINING NEW POLYFUNCTIONAL ION-EXCHANGE
SORBENTS

Sadykov K.4.'", Bektenov N.A., Ybraimzhanova L K ?

A.B.Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
2].Zhansugurov Zhetysu University, Taldykorgan, Kazakhstan
e-mail: kanat.sadykov.80@bk.ru

Abstract. The purposeful synthesis of polymeric chelate-forming sorbents, distinguished by high
efficiency, selectivity of action, cost-effectiveness, is one of the promising directions in the field of
increasing selectivity of the sorption processes. The paper aims at the synthesis of new ionic compounds,
based on the copolymers of glycidyl methacrylate and chelating agent - oxyethylidenediphosphonic acid.
The preparation of the insoluble complex sorbents by the method of a chemical modification with the
introduction of a soluble complexone, hydroxyethylidenediphosphonic acid, widely used in the industry
and heat engineering, into the polymer matrix has been studied. The ways of obtaining new ion-exchange
resins, based on a double copolymer of glycidyl methacrylate, methyl methacrylate and
oxyethylenediphosphonic acid complexon, have been developed. The optimal mode for obtaining the ion
exchangers, based on a double copolymer of glycidyl methacrylate, methyl methacrylate and
oxyethylenediphosphonic acid, is the mass ratio of copolymer:acid 1.0:1.0, at a temperature of 90 °C, and
heating during 10 hours. The yield of ion exchangers makes up 78-80%. The composition and structure of
the obtained ionites have been identified by the infrared spectroscopy and elemental analysis. The static
exchange capacity for 0.1 M NaOH solution is 5.92 mg-eq/g. It has been found that the obtained ionite has
a satisfactory chemical resistance to various acids, alkalis and oxidants, the loss of the static exchange
capacity does not exceed 7%. The resulting ionite can be used as a sorption material for the industrial
wastewater treatment from various metal ions.
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oxyethylidenediphosphonic acid
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MOJYYEHUE HOBBIX NIOJN®YHIUNOHAJIBbHBIX HOHHOBMEHHBIX COPBEHTOB
Caovikos K.A.*", Bexmenoe H.A.*, blopaiimycanosa JI.K.?

Y40 Uncmumym xumuueckux nayx um.A.5.bexmypoea, Aamamet, Kasaxcman,
2Kemuvicyckuii ynusepcumem um. M. Kancyzypoea, Tanowvixopean, Kazaxcman,
E-mail: kanat.sadykov.80@bk.ru

Pesrome. OIHEM U3 MEPCICKTUBHBIX HANPABICHUA B O0O0JACTH IOBBINICHUS H30UPATEIBHOCTH
COPOLIMOHHBIX TPOLIECCOB SIBISETCS HANPABJICHHbIH CHHTE3 MOJIMMEPHBIX XeNaToo0pa3yIomnux COpOeHTOB,
OTJIMYAIOLIMXCS BBICOKOH 3()(EKTUBHOCTBIO, W30UPATENIbHOCTBIO ACHCTBUS, SKOHOMHUYHOCTHIO. Llenbio
paboTHl SBIAETCSA CHUHTE3 M HCCICAOBaHUE (U3MKO-XMMHYCCKUX CBOMCTB HOBBIX MOHHTOB HAa OCHOBE
COIIOJIUMEPOB TJIALAAMIMETaKpUIaTa u METHIMETaKpHIaTa c KOMILICKCOHOM -
OKCHATUINACHAN(DOCHOHOBON KUCIOTOH. XUMHUYECKOW Moau(pUKalueid - BBEJCHHEM B IMOJMMEPHYIO
MaTpHIly MIPOKO HUCHOIB3yeMOro B MPOMBIIUICHHOCT! U TEIUIOTEXHUKE PACTBOPUMOIO KOMIUIEKCOHA —
OKCHATHINACHIN(DOCHOHOBON KHUCIOTHI, IOITYYCHBI HEPACTBOPUMBIC KOMILICKCHBIC COPOCHTBI M M3y4CHBI
ux cBolcTBa. ONTHMalNbHBIM DPEKHUMOM IOJTYy4YEHHsS HOHUTOB Ha OCHOBE JBOMHOIO COIOJIUMEpa
TIMLIUIUIMETaKpUIAaTa U METUIIMETAKpUIIaTa ¢ OKCHITUIICHAN(POCHOHOBOI KUCTIOTOH SIBISIETCS MACCOBOE
cooTHomenue cornonumep:kuciora 1.0:1.0 npu temneparype 90° C u nposomkurensHocTd Harpesa 10
4. Beixonq noHHTOB coctaBisier 78-80%. CocTaB NONYYCHHBIX HOHUTOB IIOATBEPXKICH OIEMEHTHBIM
aHaJIM30M, CTPYKTypa — METOJOM HMH(]pakpacHOW crekrpockonuu. CraTnueckas OOMEHHasi eMKOCTb IO
0.1 M pacreopy NaOH paBma 5.92 Mr-skB/r. YCTaHOBJEHO, 4YTO MOJYYCHHBIH HMOHUT O00JagacTt
YIOBJICTBOPUTEIBHON XUMHYECKOH CTOMKOCTBIO K KHCJIOTaM, IIENOYaM M OKUCIUTEIAM, IOTeps
CTaTUYEeCKOH OOMEHHOW eMKOCTH He mpeBbImacT 7%. I1oydeHHBI HOHUT MOXXET OBITh HCIOJB30BaH B
KayecTBe COPOLIMOHHOTO MaTepuaja JUlsl OYUCTKU MPOMBIIUICHHBIX CTOYHBIX BOJ OT Pa3IMYHBIX MOHOB
METAJIIOB.

KiaroueBble cj10Ba: COINONMMEP, KOMIUIEKCOH, OKCHATHIMAECHAU(OCPOHOBAS KHUCIIOTA, HOHHT,
cratuyeckast 0OOMEHHasi EeMKOCTh, COPOSHT

Caovikos Kanam Amupkynosuu Ma2ucmp Xumuu,

bexmenos Hecunxan Abaycanapoguu O00KMOP XUMUYECKUX HAYK, hpogheccop

blopaiimacanosa Jlaypa Kaiiponoaeena Mazucmp mexHudeckux HayK, npenooasamens-
Memooucm

1. BBenenne

TexHOTeHHas] JeSTENBHOCTh YEJNOBEUECTBa TNPUBENIAa K 3HAYUTEIHHOMY
3arps3HEHHIO TOYBEHHOT'O TIOKPOBA M TUAPOC(Ephl, B YACTHOCTH COJIEpKaHHUE B
HEKOTOPBIX BOAHBIX OaccefHaX MOHOB TSDKENBIX METAJJIOB MPEBBILIIAET
MpeJeNbHO JIOMyCTUMBIE KOHIIEHTPAIMU, CTaBsl T0J] yTrpo3y 370pOBbE YeIOBEKa
[1-5].

Cpenu cnoco0OB OYHMCTKH METAJUIOCOJAEPKAIIMX CTOYHBIX BOJA BaKHOE
MECTO 3aHUMAIOT COPOIMOHHBIE METOIBI, KOTOPhIe 00ECIIEYHBAIOT MaKCUMAIILHO
MOJTHOE W3BJICUCHHE TOKCHYHBIX WOHOB, BKIIOYas pacTBOphl C HHU3KOU
KOHIIEHTPALMH 3arpsI3HUTENCH.

NoHOOOMEHHUKHN  SBISIOTCA  ONHOM M3 HambOosee  3(peKTUBHBIX
COCTaBISIIOIINX TIPH pa3paboTke OE30TXOJHOH HKOJOTHYECKH YHCTOH CXEMBI
W3BJICUCHUS HWOHOB MeTauioB. IlpuMeHeHHMe WOHOOOMEHHON TEXHOJOTHH
MO3BOJISIET MOJYYaTh METAIbl U3 HU3KOCOPTHBIX PyJ M TEXHOT€HHBIX OTXOJOB,
OZTHOBPEMEHHO periasi mpobieMy OXpaHbl OKpyskaromiel cpensl. Vcrionp3oBanne
COpOCHTOB TeNeBOIl M MaKpOIOPUCTON CTPYKTYpHl HE NPHEMIIEMO, TaK KaK HX
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HOHOOOMEHHBIE CBOWCTBA XapaKTEPHU3YIOTCS HECTAOMIBHOCTBIO, HEIOCTATOYHOM
MPOHULIAEMOCTBIO U HU3KOM XUMHUYECKOW CTOMKOCTBIO TIOJIMMEpPa K arpeCCHBHBIM
pactBopam. [losTomy pa3paborka 3¢GheKTHUBHBIX HOHOOOMEHHBIX COPOCHTOB C
YIIYYIICHHBIMH  (DU3UKO-XUMUYECKHMH CBOWCTBAMH OTHOCHUTCS K aKTyaJbHBIM
3aJauaM COBPEMEHHOW HAaYKH.

enbto paboOTHl SIBISETCS TOTYYEHHUE HOBBIX HOHHUTOB, OOJANAIOIINX
MOBBIIIEHHBIMA  (DU3UKO-XMMHUYECKAMH  CBOWCTBAMHM JUIi TIPUMCHEHHS B
TEXHOJIOTHSIX OYUCTKH CTOYHBIX BOA. B KauecTBe MCXOAHBIX COCAMHEHHMH IS
pa3paboOTKH  HEPACTBOPHMBIX KOMIUIEKCHBIX COPOCHTOB  B3SIThl  JTBOWHOU
comonuMep ThumuauiMmerakpmiata (I'MA) m merunmerakpwrata (MMA), a
TaKXE IHUPOKO I/ICHOJ’II)?)}’CMI)Iﬁ B IMPOMBIIIIJICHHOCTH u TCIIJIOTEXHUKE
pacTBOPUMBII KOMIUIEKCOH — OKcHATWHAeHAu(ocoHoBas kuciaora (0D D).

2. DKCIepUMEHTAJIbHAS YaCTh

CuHTe3 comoiuMepa MpOBOJWIA METOJIOM pPaAUKaIbHOW IMOJMMep3aliy B
pactoBoputene - mumetmiadopmamune (IM®DA), B mpHCYyTCTBHH WHHUIHATOPA
nepokcuga Oensouna, B3siToro B konudectse 0.1 % oT mMaccsl MOHOMEPOB, IpU
temneparype 90°C B 3amasHHBIX aMIyjlax K3 MOJHOJECHOBOTO CTEKJIa B
atMoc(epe HMHEpPTHOro ra3a (aproH). PacTBopuMbIii CONOIUMED OYHMIIAIH
JOBYKpPaTHBIM IIE€PEOCAXKICHUEM M3 pacTBopa B ATWIOBBIA cnupT. Comnoimmep
I'MA-MMA oTMBIBaJ M OT HENPOpearupoBaBUINX MOHOMEPOB 1,4-IHOKCaHOM.
OO6pa3ipl CymwIy Ipyu KOMHATHOM TEMIIEpaType B BaKyyMHO-CYIIMIBHOM HIKady
1o nocrostHHON Maccel. Conepixkanue 3mokcuaHbix rpynm (Y, %) onpenensim
10 U3BECTHOM MeToaUKe [6].

Memoowr cunmesa uonumog. KoHpeHcalMioo JMHEWHBIX W CHIUTHIX
cononumepoB 'MA-MMA ¢ O31® nposoaunu B JIM®PA. B Tpexropiyio kondy,
CHa0XKEHHYIO0 MEXaHWYECKOM MeEIIaNKol, TEPMOMETPOM U KaleJbHOH BOPOHKOM,
NPWIMBAIA B pa3HbIX COOTHOIIEHHAX 35% - Hyto kuciory (O3/D) u
IIOCTETIEHHO TpUKamnbIBad pacTBop conoiumepa B IM®A. Ilpu nHTEeHCHBHOM
nepememuBaHun cMech HarpeBasnm npu 90 °C nmo oOpasoBanusi rens. Ilocie
o0pa3oBaHHsl TeNs CMeCh INepeluBaid B (aphopoByIO HalllKy, OTBEPKIAId B
teuenue 10 1 mpu 90 °C, apobwim, mpocenBain, oTonpas Gpaxiiuio ¢ pasMepoM
rpanyn 0.25-1.00 mm.

IloAroToBKY MOHHUTOB U1 WCHBITAHUN M UIS ONpEAENICHUS CTaTUYECKOU
obmennoit emkxoctr (COE) nmpoBoauiu 1o u3BeCcTHOM MeToauke [7, 8].

UK—crektpbl 00pa3ioB MoaMMepHOro noHuTa 3anuchiBain Ha UK-Dypobe-
cnektpometpe Nicolet 5700 (Thermo Electron, CIIA, 2006) B Tabnetke ¢ KBr.

OnementHeii  aHanu3 wuoHuTa (IMA-MMA-O3/I®) mpoBoamics 10
nu3BecTHOMY MeToxy [9].

3. Pe3yabTaThl M 00CyKIeHHE

KomrmiekcoHbl  OTHOCATCS K  MYJBTUACHTAaTHBIM  XEJIaTOOOpa3yoLIM
pearentam [10, 11]. K mupoko npuMeHseMbIM NPEICTABUTENSM KOMILJICKCOHOB
OTHOCATCSI MMWUHOAMYKCYCHasi M HEKOTopble (ocdopocoaepkamme KUCIOTHI.
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HutpuntpuykcycHyro, 3THICHINAMUHTETPAYKCYCHYIO U ApPYTHE IOJIUYKCYCHBIE
KHUCIIOTBI, a TaKxKe OKCHITIIIEHIN(POCHOHOBYIO u
HUTPUIOTPUMETHI(POCHOHOBYIO ~ KHUCIOTBI ~ MOXXKHO  paccMaTpwBaTh  Kak
CTPYKTYpHBIC aHAJIOTH.

BaxxHpIM 0TIHMYHEM XeTIaTO00Pa3yOUINX TOJIMMEPHBIX COPOEHTOB OT IPYTuX
TUTIOB COPOEHTOB SBIISICTCA HAJIMYME B MAaTPULE XUMHYECKH aKTHBHBIX TPYII,
CIOCOOHBIX B3aMMOJICHCTBOBATH C HAXOASAIIMMUCS B PaCTBOPE MOHAMU METAJLIOB
¢ 00pa3oBaHHEM XEJAaTHBIX KOMIUIEKCOB. DTH IpPYIIBl MOTYT OBITh BBEIEHBI B
MOJMMEPHYIO MAaTPHUILy TyTEM XUMUYECKUX MPEBPAICHUI UK OHU 00pa3yroTcs B
MIpoLIeCCe CUHTE3a MOIMMEPHOT0 COpOeHTa.

XenaTHple CMOJIBI — 3TO THIIBI MaTE€pPHANOB, KOTOPBIE 4acTO 0003HAYarOTCA
10 UX LEJICBBIM U CEJICKTUBHBIM Pa3AeiIUTeNbHBIM CcBOMcTBaM. OHAKO AMAINIa30H
WX MPUMEHEHHUs JaJeKO He MCYEpIIaH, MCCIEOBAaHMS M0 CHHTE3Y COBPEMEHHBIX
MaTepHajJoB HAa HUX OCHOBE, pPAaCKPBIBAOLIME MHOIO(YHKLIHOHAJIbHBIC
YHUKaJIbHBIE cBOHCTBA [12, 13], ”HTEHCHBHO pa3BUBAIOTCA.

Hanpumep, MOHOOOMEHHBIE CMOIBI, UMEIOIIME OMpe/e/cHHbIE XeMaTUPYIOIIHe
TPYNIIBL, PUCOSIUHEHHBIE K MOJMMEDPY, HAIIUTA IIMPOKOE MPUMEHEHHE sl COPOLMH 1
MPEABAPUTETIHOTO KOHLICHTPUPOBAHKSI HOHOB Pa3MUHBIX MeTawioB. OCOOCHHOCTHIO
Xenaroo0pasyromx  COpOCHTOB  SABISETCS  MX  CEJICKTUBHOCTh  IIPH
B3aUMOJICHICTBMM C HMOHAMH METaJIOB, HAXOISAIIMMHUCS B pacTBope. ITO
onpeneNseTcs IJIaBHBIM 00pa3oM IPHUPOAOH XHMMHUYECKH AaKTHBHBIX TIPYIII,
cozepxanmxcs B mojaumepe [14, 15].

PemrarormuM  aktopoMm ycmexa paszielieHHusi MOHOB METAJUIOB  SBIISIETCS
BbIOOp nuranga. dochopopraHryeckre COCTUHEHUS IUPOKO HCIOIB3YIOTCS B
KayecTBE KOMIUIEKCOOOPa3yIOUINX areHTOB NPHU 3KCTPAKLIUU PAaCTBOPUTENEM H3-
32 WX BBICOKMX KO3(QHIMEHTOB pacrpelielieHiss U BBICOKOW CEJIEKTHBHOCTH B
JIOTIOJTHEHHE K WX Hu3KoW 1eHe. Cpeau MHOXKECTBa BO3MOXKHOTO MPHMEHEHHUS
UCKJIIOUUTEIBHOT0 BHHUMAHMS 3acilyXHUBalOT (ocdopconepxaiiine CMOJIb,
UCIIONIb3YEeMBbIE B IPOIIeccax pasjeneHus cmecei [16].

OcHOBHasl TpPUYMHA WX YHUKAJIBHOCTH 3aKIIOYaeTcss B IMOTCHIAANE
noHmzau  ¢pocdopcongepkamux  KUCIAOT. [lodTomMy  MHOTHE — ydeHbIe
uHTEpecyroTcs (HochopopraHNuECKUMH U XeIaToo0pasyolMMy NOIMMEPHBIMU
copbenTamu [17-19].

BecbMa mepcrieKTHBHBIM SIBJISIETCSl MCTIONB30BaHHE TIIMIMIAIMETAKpUIIATA
JUIL CHHTE3a HOBBIX IOJHMAJIEKTPOJIUTOB, KOTOPBIE YIAYHO COYETAIOT B CBOEH
CTPYKTYpe JIETKO MOJMMEPH3YIOIIYIOCST JIBOWHYIO CBSI3b u
PEaKIMOHHOCIIOCOOHYI0 SIOKCHAHYIO TPYIIY, OTKPBIBAIONIYI0 BO3MOXKHOCTh
panuKanbHOM W HMOHHOW TOJMMEpU3alUH C  IIOJyYEeHHEM  Pa3IHYHbIX
nonuMmepHbix BemiectB [20, 21] mns paspabotku dPQEeKTHBHBIX METOIOB
U3BJICYCHUS HOHOB METAJJIOB U3 BOJHBIX PACTBOPOB U CTOYHBIX BOJ.

PactBopumbie kommekconsl (OD/®, nurpunorpumeruiadochoHoBas Hu
STUICHONAMUHTETPAYKCYCHAsl KHCJOTHI) IIUPOKO HCIOJB3YIOTCS B CEIBCKOM
XO34HCTBE, MEIUIMHE, IPOMBIIIJICHHOCTH, Ha TEIUIOBBIX CTaHIMAX JUIS
IpenynpexIeHUs 00pa30BaHUsA HAKUIIM WIK OYUCTKU OT Pa3iIMuHbIX coiel. s
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WCIIOJIb30BAaHUS TaKUX KOMILJICKCOHOB IPH BBIJICJICHUU WOHOB METaJUIOB U3
Pa3NUYHBIX PacTBOPOB HEOOXOJMMO MPHIATh MM «HEPACTBOPUMBIC CBOMCTBa»
MIPUBUBKOW HA TOJMMEPHYIO MaTPHILY.

B nactosmeli paboTe HaMH BIEPBBIE CHHTE3UPOBAHBI MOHHUTHI HA OCHOBE
JBOMHOTO COMOJIMMEpa TIUIMIWIMETAKpUIaTa C METHIMETaKpHIaTOM U
KOMIUIEKCOHA  —  OKCHITWICHAN(POC(HOHOBONH  KHCIOTHL. Y CTAaHOBIEHBI
ONTUMANBHBIE YCIOBUS CHHTE3a W HW3YYEHBl (PU3UKO-XMMHYECKHE CBOWCTBA
nonnta. MaeHTu(uKanus MoJlydeHHBIX COCIUHCHHI MPOBEJCHA Ha OCHOBAaHHUHU
aHaJIM3a JaHHBIX deMeHTHOro aHanu3a u MK crekrpockommu [9, 21].

B UK-cnektpe nonusnekrponuta I'MA-MMA-O3®P wucue3nu MOOJIOCH
nornomenus mpu 850, 912, 1000, 1250, 3012 u 3075 cm™?, xapakrepHble s
OIIOKCUTPYIIT W TMOABUJIMCH HOBBIC IIO0JIOCHI IOTJIOIICHUS, COOTBETCTBYIOLINEC
rpymnam P=0, C-P, P-OH, P-C (1267, 703 cm). D10 ykasbBaeT Ha TO, 4YTO
comonmmMep pearupyer ¢ O3/1d c obOpa3oBaHHEM HOBOTO BEIIECTBA — HOHHTA
I'MA-MMA-O3/1®, ¢ npeamnonaracMoi CTPYKTYpPOH, MPUBEIACHHON Ha PUCYHKE
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Pucynok 1 — [Ipeanonaraemas cTpykTypHas Gpopmyrna
MOHHTA Ha OCHOBe JBoitHOTO cononmmepa [ MA-MMA u O3 1®.

74



ISSN 1813-1107, el SSN 2710-1185 Ne 2, 2022

st ycTaHOBIIEHUS ONTUMAJBHBIX YCIOBHUM CHHTE3a XEJIaTo00pa3yHOIIMX
HOHUTOB Ha OCHOBe JBoiHOro comonumepa 'MA-MMA u O3AD wuzyueHo
BITUSTHIE COOTHOIICHHS UCXOTHBIX PEarupyroInX KOMIOHEHTOB, TEMIIEPATyphl U
MIPOJIOJDKUTEIHPHOCTH TIPOIecCa HAa CTATHYECKYI0 OOMEHHYI0O €MKOCTb HOHHTOB
(tabmumpr 1). Kak BugHO W3 Tabmunbl 1, yBenwmueHHe KOHIEHTPAIUH KUCIIOTHI
O2J® or 0.5 mo 1.0 mac.u. B MCXOAHONH CMECH MPHUBOAUT K IOBBIIICHUIO
OOMEHHOHM €MKOCTH HMOHHTa 10 5.92 wMr-skB/r. [lanbHeiilee MOBBIIICHHE
comepxkanust KuciaoTel ODJID mpuBoaMT K 00pa30BaHHMIO PACTBOPHUMBIX HIIH
ciabocmMThIX MOHUTOB. [l03TOMY B JambHEHIIMX HCCIENOBAHUSAX KOJIWYECTBO
O3 /1® Opanu B BIIIEYKA3aHHBIX MpeAeax, KOTOPBIE TAI0T XUMUIECKH CTOHKHE
Y MEXaHUYECKH MPOYHBIC HOHUTHI.

Tab6auna 1 — OntumanbHble YCIoBUs cuHTE3a (OCHOpCOACepKAIUX HOHUTOB HA OCHOBE JABOWHOTO
cononmumepa 'MA-MMA u O3 1d

MaccoBoe cOOTHOIIEHUE te, C T, 4 Brixoxg COE o 0.1 u pactBOpY
(conomamep: OD1D) n, % NaOH, mr-skB/r
1.0:0.5 75 3.11
1.0:1.0 80 5.92
1.0:2.0 %0 10 80 5.10
1.0:3.0 79 5.03

PesynpTaThl HCNIBITAHUI XUMHUYECKONH YCTOMYMBOCTH MOHUTOB TIOKA3aJId, 4TO
HOBBIE CHHTE3MPOBAHHbIE MOHOOOMEHHHMKH OCTaTOYHO HHEPTHBI K JEUCTBHUIO
XUMHUYECKUX PEareHTOB, TAKUX KakK MEepPeKHCh BOJOpoJa, | H a30THas KHUCIOTa, 5
H NaOH u cepnas xucnora (tabnauua 2). Crenens norepu eMkoctu nonura [ MA-
MMA-O2/1® ne npesbliuaet 7 % npu 06paboTke UX pacTBOPaMH.

Tabauna 2 —Xumuyeckasi yCTOWYMBOCTh HOHOOOMEHHHKOB

Norut PacTBOpBI HCTIONIB3yeMbIe It 00pabOTKH HOHUTA
I'MA-MMA-O21® 10% pactBop 1 1 pacTBOp SH pacTBOp SH
H202 HNO3 NaOH pactBop H2S04
COE ucx., Mr-skB/t 5.92
COE moci, Mr-3kB/r 5.24 5.22 5.34 5.19
X¥UM.yCcTOHYHBOCTD, %0 95 94.55 96.67 94
Takum obpazom, paspaboran CIoco0 TTOJTYICHIISI HOBOTO
nom(pyHIIMOHATLHOTO ~ COpPOGHTa HAa  OCHOBE  CONOJIMMEpa —  TIOJH
[(MeTHaMeTaKkpHIaT)-cO-(TIMIMIUIMETaKpUIIaTa)], u pacTBOPUMOTO

KOMIIJICKCOHA, 06.]'[3,[[3101].[61"0 BBICOKUMH (1)I/I3I/IKO-XI/IMI/I‘-I€CKI/IMI/I IIoKa3aTcIsIMU.
CPIHTC?:PIpOBElHHI:Iﬁ HOHUT 6yneT HCIIBITAH JIA OYUCTKHU pa3INYHBIX BOJIHBIX
PacTBOPOB U NPOMBIINUICHHBIX CTOYHBIX BOJI OT MOHOB METAJLJIOB.
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4. 3axno4enue

Haunbonee onTuManbHBIM PEKUMOM TMOTYUYSHHSI HOHUTA HAa OCHOBE JIBOMHOTO
coronuMepa AU ARIMETaKprIaTa c METHJIMETaKPHIATOM u
OKCHATUICHIU(POCHOHOBON  KUCIOTOW  SBISETCS MAacCOBOE COOTHOIICHUE
cononumep:kuciora 1.0:1.0, Temneparypa narpesa 90° C, npoaoKUTEILHOCTD
10 4. Haiimeno, 4ro creneHs motepu ero emkoctd ['MA-MMA-OD]I® He
npeBsimaeT 7 % mpu oOpaboTke pacTBOpaMy OKHCIUTENEH, MeIovYeld U KUCIOT.
[lomyueHHble  MOHOOOMCHHBIC  TOJHMMEPHBIE  COOCHTBI  PEKOMEHIYETCS
WCTIONB30BATh ISl OYMCTKU PA3IMYHBIX BOJHBIX PAacCTBOPOB W MPOMBINUICHHBIX
CTOYHBIX BOJ OT HOHOB METAJUIOB B THIPOMETATYPTHH U JPYTHX OTPACISIX
npomsinuieHocTsax PK.

®unancupoBanue: Pabora BbinonHeHa B MHcruryre XuMuueckux Hayk uM. A.b. BekrypoBa 1o
nporpamme BR10965255 neneBoro ¢uHaHcHpoBaHWS Hay4yHBIX HccienoBaHuid Ha 2021-2023 roasl,
ocymiectBisiemoro Komurerom Hayku MuHrctepcTBa 00pa3oBanus u Hayku Pecryonuku Kazaxcran.

KonauKT HHTEpecoB: ABTOPHI 3asBIISIOT 00 OTCYTCTBUM KOH(INKTAa HHTEPECOB.

MNOJU®YHKINOHAJAbI 7KAHA UOHAJIMACTBIPFBILL COPBEHTTEP AJ1Y
Caovixos K.A.*", Bekmenoe H.A.", blopaiimacanosa JI.K.?

'0.5. bexmypoe amvinoazwl xumus euinbimoapl uncmuymol AK, Anmamot, Kazaxcman
2] JKancyzipoe amvinoazer XKemicy ynueepcumemi, Tanovikopzan, Kazaxcman
e-mail: kanat.sadykov.80@bk.ru

Tyiiinaeme. CopOUUAIBIK NPOLECTEPIIH CENEKTUBTLIINH apTThIPY YILiH jKOFapbl SKOHOMUKAJIBIK THIMJI
JKOHE TaJFaybIITHIFBIMEH EPEKIICIICHETIH MOJIUMEpITi XeNaT TY3YIli COpOCHTTEp/iH MaKcaTThl CHHTE31
MEPCIIeKTUBANBI  OAFbITTapAbIH Oipi Oonbin TaObuTabl. JKYMBICTBIH MaKCAThI-TITHIAAMIMETAKPHIAT
COTIONIMMEpJIEpPi MEH KOMIUIEKC — OKCHATHIMACHAN(POC(HOH KBIMIKBUIBI HETI3IHAE XaHa HOHHUTTEpIi
CHHTE3/Iey KOHE ONlapAbIH (PH3UKa-XUMHUSUIBIK KACHETTEPIH 3epTTEy.

XKyprizinren 3epTTeyiaep OHEPKACINTEe MXOHE JKbUTy TEXHHKACHI CallachlHAa KEHIHEH KOJIaHBLIATHIH
EpUTIH KOMIUIEKC — OKCHATHINACHAN(POCHOH KBIIKBUIGIH MOJHMEpIi MaTpUliaFa CHri3e OTBIPHII,
XUMUSUIBIK  MOAM(UKaNMsUIay 9MiCIMEH epiMeiTiH KemieHai copOeHTTepai aimyra OareiTTanFad. Koc
CONOJIUMEp TIMIUAWIMETAKPUNIAT, METHIMETaKPWIAT IKOHE OKCHATHUICHAN(POCHOH KBIIIKBUIBIHBIH
KCIIeHI HeTi3iHAe JKaHa HWOHUTTEP ally o;ICTepi YCHIHBUIABL. ~ ATalFaH KOC  COIOJIMMEp
NIMIAAWIMETaKpPUIaT, METHIMETAKPHIIAT JKOHE OKCHATHICHAN(OCHOH KBIIKBUIBI HETi31HAEe HOHUTTEP/II
aJTyJIbIH CH OHTAMJIBI PEXXUMI aHBIKTAJIBIH/IBL, SSFHU ITOJIMMEP:KBIIIKBUT MaccalblK KaTtbiHack 1.0:1.0, xyiie
Temneparypacsl 90 °C xoHe KbI3ObIpy y3akThIFbl 10 carar. MonutTepaiH mbEbIMbl 78-80% Kypaimbl
AJIBIHFaH HOHUTTEP/IH KYpaMbl )KOHE KYPbUIBIMBI HH(PPAKBI3bUI CIIEKTPOCKOIHS KIHE JIEMEHTTIK Talay
omicrepiMeH anbiktasabl. 0.1 M NaOH epitiHzgici OOibIHINIA aHBIKTAIFaH CTaTHKAIBIK aiMacy
CBIMBIMABLIBIFBI 5.92 Mr-3kB/T TeH. HoTmkeciHae ajblHFaH MOHMT SPTYPJi KBIIKBUIAAPFa, CUITiIEpre
JKQHE TOTHIKTHIPFBIIITAPFA KAHAFATTAHAPINIBIK JACHTEHIe XUMUSUIBIK TYPAKTBUIBIK TaHBITAJbl JKOHE
CTaTUKAJIBIK aJMacy CBHIMBIMIIBUIBIFBIHBIH KeMyi 7% - OaH apThaiiibl. AJBIHFaH HOHUTTI ©HEPKICINTIK
arbIHIBl CYyJapIbl OPTYpJi MeTall HWOHIAphIHAH Ta3apTy YVIIiH COpOLMSUIBIK Marepuall peTiHIe
naiiananyra Gomambl.

Tyiiin ce3mep: copOeHT, HMOHUT, CTATHKAJBIK ajMacy ChIMBIMIBUIBIFBI, COMOJUMEP, KOMILIEKCOH,
OKCHATHINACHAU(POCHOH KBIIIKBLIBI

Caovikose Kanam Omipkynynst 2bLILIMU KbI3MEemKep, XUMUSL MASUCTDT

Bexmenos Hecinxan Abscanaposuy  Xumus 2blIbIMOAPLIHLIY OOKMOPbL, hpogheccop
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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF
FLUOROBENZOIC ACID AMIDES
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Abstract. The chemistry of organofluorine compounds, before the eyes of one generation, has
turned from a small branch of organic chemistry into a large independent branch of exceptionally
important theoretical and practical significance. Numerous studies have confirmed the high biological
activity of a number of fluorine-containing organic compounds, as a result of which such drugs as
fluoroquinolone antibiotics, risperidone, fluorophenazine, haloperidol, etc. have been created and are
successfully used. Among amide derivatives, substances with antibacterial, anticonvulsant, analgesic and
antifungal properties have been found. The purpose of this work is to develop ways to obtain a number of
new potentially biologically active fluorine-containing amides based on morpholine, and to study their
biological activity. Results and discussion: on the basis of cyclic amine - morpholine, by acylation with
para-, meta-, ortho-fluorobenzoyl chlorides, reaction according to Schotten-Bauman, the corresponding
amides of para-, meta-, ortho-fluorobenzoic acids were synthesized. The reaction was carried out in
absolute benzene with cooling and the ratio of amine: acylating agent = 2:1. Inclusion complexes of
compounds with b-cyclodextrin have been obtained. The composition and structure of the synthesized
compounds were confirmed by data of elemental analysis and IR, NMR spectroscopy, individuality - by
thin-layer chromatography. The synthesized compounds under the codes IIMII-4 - IIMII-6 were studied
in an in vitro experiment for antimicrobial activity. All compounds exhibit pronounced antibacterial
activity against the presented gram-positive and gram-negative test strains, in particular, they exhibit
moderate activity against the gram-positive strain of Staphylococcus aureus ATCC 6538. The compound
IIMII-6 exhibits moderate activity against gram-positive bacteria Bacillus subtilis and moderate
antibacterial action against the gram-negative test strain Escherichia coli ATCC 25922. The compound
TIMII-6 also has antifungal activity against the yeast fungus Candida albicans ATCC 10231.

Key words: amides, fluorobenzoyl chloride, morpholine, antimicrobial activity, fluorobenzoic acid
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Tyiiingeme: OTOPOPraHUKAIBIK KOCBIIBICTAPBIH XUMHSCH OIp YPIAKTHIH KO3 alblHIa OPraHUKAaJBIK
XMMMSHBIH IIAFBIH CaJaChIHAH TEOPMSUIBIK JKOHE IMPAKTUKAJbIK TYPFbIA epeKIie MaHbI3bl 0ap YJIKeH
nepbec camara aifHanapl. Kemreren 3eprreynep ¢ropsl 0ap OpraHUKaibIK KOCBUIBICTApIBIH Oip
KaTapblHBIH  JKOFapbl  OWMOJIOTHSUIBIK ~ OEJICEHIUIITIH  pacTaibl, HOTIDKECIHAE (TOPXUHOJIOHIBIK
AHTHOMOTUKTEP, PHUCIEPUIOH, (GTOp(EHA3UH, TATONEPUION KIHE T.0. CHAKTHI MpEmapaTTap >Kacablll,
COTTI KONAAHbUTYyAa. AMUA TYBIHIABUIAPBIHBIH imIiHAe OakTepusiFa Kapchl, KYpPBICYFa Kapchl,
aHAJIbIeTHKAJIBIK JKOHE CaHbIpayKyJIaKTapra Kapchl KachuerTepi Oap 3arrtap TaObUIFaH. ByJl KYMBICTBIH
Mmakcamel MOP(OIMH HEri3iHze KaHa MOTEHIUAIIBI OMONIOrusIIbIK Oenceni Gpropsl Oap amuarepain Gip
KaTapblH ajly >KOJNAAPBIH 93ipjey KOHE ONapiblH OMOJOTHSIIBIK OCICEHIIUTITiH 3epTrey. Homuoicenep
oicone mangopiaay: 1lorreH-bayman peakumsichl apKpLIbl IMKIAIK aMHH — MOP(OJIMH HerisiHze, napa-,
Mmema-,  opmo-OTOPOCH3OWIXJIIOPDHATEPMEH  aIliiiey  HOTWDKECIHAE  napa-,  Mema-,  Opmo-
(TOpOCH3OMKBIIKBUTIAPBIHBIH COMKeC aMuaTepl cuHTe3aen . Peakiys abcomoTTi OeH30i11a CaIKbIHIATY
JKOHE aMMH MEH allMJIJCHAIPTill areHTTiH Keleci KaTbIHachIHaa xyprizingi: = 2:1. B-IuknonekcTpuHMen
0ap KOCBUIBICTAP/BIH KOCBUTY KOMIUICKCTAphl ajbIHABL. CHHTE3NENreH KOCBUIBICTApIbIH KypaMbl MEH
KYPBUIBIMBI 3JIeMeHTTiK Tangay xoHe UK, SIMP criekTpockomus JepeKTepiMeH, HHIHMBUIYalIbIFbI-KYKa
Kabat xpomartorpadusiceiMeH pactanabl. CHHTE3IENreH KochUIbIcTap, artan aitkanna, [IMII-4-TIMII-6
mudpIapsl MEH KOATAaJfaH aMHATED MHKPOOKa Kapchl OCNCEHAUNTIH aHpIKTay YmnH in  Vitro
9KCIICPUMEHTIHAE 3epTTeNdi. bapiblK KOCBUIBICTap YCHIHBUIFAH TPaMOH JKOHE TI'paMTepicChIHAK
mTaMMIapbliHa Kapchl OakTepusiFa Kapchl OEICEHIITIKTI KepceTe/l, aran aiTKanaa, 0apiblK 3epTTeNreH
kocbutsicTap Staphylococcus aureus ATCC 6538 rpamMoH mmTaMMbIHA Kapchl alKbIH OCJICEHIUTIKTI
kepcereni. [IMII-6 konpiHmarsl Kocsuibic Bacillus subtilis rpam-oH GakTepusuiapbiHa KaTBICTBI alKbIH
Oencenpimikti koHe rpamrtepic Escherichiacoli ATCC 25922 cplHaK IITaMMbIHA Kapchl aMKbIH
Oaktepusira Kapcbl ocepni kepcereni. [IMII-6 kompiarsl Kocbuibic Candida albicans ATCC 10231
allIBITKBI CaHBIPayKYJIaFbIHA Kapchl OesiceHainiriae 6ap.

Tyiiinai cesnep: amuarep, GropdeH30MIKIOPUL, MOPGHOIHH, MAKPOOKA KapChl OeyIceHNVTK, pTOpOSH30i
KBILIKBLIBI.
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KA3AKCTAHHBIH XUMUAJIBIK JKYPHAJIBI XUMHYECKHUY XVPHAJT KA3AXCTAHA

Hcaesa Yvreanzacbaxvimorcankpizot PhD ooxmopanm

Axmemosa I'ynomupa Cepikkbizot Xunvust soumvoapel OOKIMopel

Ilipanuee Kanowvioan Kaiinayynv XUMUSL bLILIMOApbl OoKkmopul, npogheccop, KP ¥FA
akademuei

Jlamxaee Yoanuounna Maxamoemynot Dapm. 26116IMOAPbI OOKMOPLL, NPopeccop

Omuipszaxoe Manac Tokmacwvinynot PhD ooxmopwi

Centoaxmemosa Poza bammankuizo npogeccop

Ab6oambaes lanuap Aboysanuesuu PhD 0oxmopui

Cennxanoe Tonecen Mypamynot npogeccop

1. Kipicne

OchI Ke3/1eTi KOPIHIC aJIbIIl )KaTKaH CUHTETHKAJIIBIK OPTaHUKAIBIK XUMHUSHBIH
KapKbIHIBI JaMybl HeETi3iHEeH OoJDKaMAbl KACHETTepPiHIH JKHUBIHTBIFBI 0ap
KYPBUIBICHI ~ KaliTamaHOaWThIH, »aHa KOCBUIBICTApPABI i3lley KaXKETTLIITiHe
OaitnanpICThI [1].

MenuiuHa — FBUTBIMBIHBIH,  JKOHE  XaJIbIK  JICHCAYJBIFBIHBIH  JIaMYBI,
HayKacTapAblH aypyblH allJbIH adyJblH, JHATHOCTUKAJAYIbIH *OHE eMICYIiH
JKaHa oJicTepiH OeJCeHIl KOJJaHy KeOiHece MeIAMIMHANBIK MEKeMelep MEH
XaIBIKTHl 3aMaHayd THIMIl JSPLTIK 3aTTapMeH KaMTaMachl3 €Ty Jopekeci MeH
aHbIKTanaabl [2]. By Macenenepai meniye MaHbI3bI POJI ipreii FhUIbIMIApPFa,
aTarn alTKaH/a, OPraHUKAJIBIK XUMHS MEH (hapMaKOJIOrHsiFa THECLIi.

by 3eprreynmiH ©3eKTiNiri MeTWIMHA YIIiH JKaHa TUIMII IMpermapaTTapiabl
MaKCaTThl TYPE 13/1€yIiH MaHbI3Ibl MOCEJIECiIHIH Oip KaTap MaceseepiH ey Ie
*KaTeIp[2,3]. En XankpIHBIH JEHCAYIBIFEIH KOPFAY OHBIH JaMYBIHBIH €H >KOFaphI
0achIMIbIFBI  OONbIT  TaObuIaabl. COHABIKTAH MEAWIMHAFA apHAIFaH XHMHS
FBUIBIMJIBI TAMBITYaFbl 0achIM OarbITTapAbIH OipiHE KATKBI3bIIFaH.

Byn FeUIBIMU 3epTTEy OMOJIOTHSUIBIK OCJICEH[I 3aTTapiblH, aTal alTKaH[a,
(hTOpOEH30MKBIIKBUTIAPBIHBIH aMUITEPiHIH XKaHa OYBIHBIH CHHTE3JIEY SJIiCTepiH
asipyieyre apHairad[l]. Amuarep TaOuraTTa MaHbI3[BI POJl aTKapaibl, TaOMFH
MENTUATEP MEH aKybI3JAapAblH MOJICKYJaiaphl aMUATIK TONTAPAbIH — MMENTHATIK
OaiitaHBICTApBIH KaTHICYBIMEH O-aMHH KBIIIKbIIIaPhIHAH KYPbUIabi[4].

Kemnreren 3eprreyiiep HOTHXKECIHAC OYI  (QHU3UOJIOTHSUIBIK — O€JICeHIl
MOJIEKyJIajap, aMHATEpP ocep eTYMIH KenTereH MeXaHu3Miepi eceOiHeH
KeH(}YHKIIMOHA/IBI CIIEKTPre HeeKeH Iir oenrimi 6ommsl[5-7].

AMU TYBIHABUIAPBIHBIH IIIIHAE KYpbICYFa KapChl, aHEJIbIeTHKAJBIK,
caHpIpayKyJIaKTapFa Kapchbl >KOHE OakTepusra Kapchl KacueTTepi Oap 3arrap
TabbLFaH[8,9].

2. HoTrikeJiep 7k9He TAJIKbBLIAY

Mopdomur IllorreH-bayman peakiuscblHA KaThICATBIH IUKIIIK aMUH
Oomeim TabsuTaE! (1).

82



ISSN 1813-1107, el SSN 2710-1185 Ne 2, 2022

Buonorusslk OeNiceHi aMUATEpl CUHTE3/AeY KYMBICTaphl sxkanrachin [10],
OChl  JKYMBICTBIH  asCBIHIA  napa-, Mema-  JicaHe  OPTO-PTOPOCH30M
KBIITKBUTIAPBIHBIH, aMUATEP] MOP(MOIHMH HETi31HIe abIHIbI.

Monekynara 0HOOeICEHAUTIKTIH KO3/1ereH TypiH OepeTiH ¢dapMakodopibIK
KYPBUIBIMABIK (parMeHTTepli CHHTE3Ney YIIiH MOPQOIHH XoHE (TOphEeHIT
¢parmenTTepi CHAKTB (apMakoop TomTapabl Oip Mojekyiara OipikTipyre
apHaJFaH TYPJICHAIPY OKypri3inmi, Oyn kaHa OHOJOTHUIBIK — OeJceHIl
KOChIICTapra amblnl Kemyi MyMmKiH.Ocbl Makcarta l[llorreH-bayman Ooifpraima
Mopdomunniy (1) rapa-, mema-, opmo-HTOPOCHIOWIXIOPUATEPMEH AIMIICHYI
Kyprizinmgi. Peakuus cankplHAaTy KesiHIe aOCONIOTTI OCH30J1a Kypli. AMHH
MEHAMIICHIPrill areHT 2: 1 KaThIHACKIHA AJTBIH/IBI.

Peaknust kocriacel 1 carar 0Ooiibl apanacTeIpbUIAbl. Peakums OapbIchl kKyKa
kabat xpomarorpaduscel (JKKX) apkpuibl O0akbiiaHabel. bacTanmkbl aMUHIEPIIH
THAPOXJIOPUATEPIHIH TYHOANAphl CY3UIN, aHaiubIK epiTiHAI KelKeHre JeuiH
OyNMaHIBIPBUIABI,  KAJIABIK  MaKCaTThl  peakius  OHIMIepi -  KapOoH
KBIIIKBLIIAPBIHBIH aMuaTepi (2-4) 00JIbIN TaObLIa k.

(0)
T REa N

20 NH 0 NH-HCl| t O N—C—R

\_/ \_/

1 2-4

R= @F (2); Q (3% @ )
F F

Mopdomur (1) n-drop-OeH30MIXIOPHINIEH OHAW AalWIACHETIHI Oenrii
Oongpl, anm OEH30] CaKMHACBIHBIH opmo KyHiHzgeri ¢rop Ooica, mpouecTi
OackanapbliHa KaparaH/a eH Kell JIeaK THBAIUUIAUTBIHBI aHBIKTa bl ColikeciHIe,
WBIFBIM #-QTop-OeH3omnamun (2) yuin 75%, m-¢rop-6enzomnamun (3) yuiH
56% >xoHe 0-¢propOeH3omnamun yuiis 51% (4) 6onapl.

Cunresnenren mophomuroamuarep (2-4) Ooimn anbHIBL, Ta3apTHUIIB! XKOHE
UK, BC SIMP criekTpOoCKONHUSICHI aPKbLIbI CHIIATTAIIBII, MHIMBHILYaJIBIFBI — KYKA
kKabaT xpomatorpaduscel HeriziHnme aWkpiHAanAbl. LlerFemvM, Rf, smemeHTTIK
MHKpoaHanu3 xoHe MK-ciekTpockonmst nepexrepi 1-kecrene 6epinreH.

Mopgonunoamunrepaiy (2-4) UK cnexrpnepinge 3500-3300 cm? N-H
JKYTBUTY SKONAFbl KOraueln, 1631.7-1644.9 cm? aiiMarplHZa aMHMATIK TONTBIH
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kapborwtinin (C=0) KapKbpIHABI CiHipy »OJarbl, CoHpai-ak 2850-2937 cm
aliMaFrbIHJIa KAHBIKKAH METUJICH TOOBIHBIH BaJICHTTI TepOeITicTepi OaiiKanaipl.

1-kecte - Mopdonus amuarepinin (2-4) MIBIFBIMBI XoHE QU3UKO-XUMHSUIBIK CHIIATTAMACHI

Kocei- IerFsr | Teanxy, Rf" Tabbuip1% , UK cnektp, cm™t Bpyrro -
JIBIC Mb1% ocC Ecenrennai (hopmynacet
C H Cc=0 C-H

2 75 Mai 0.77 | 6247 5.43 1631.7 2850.8 C11H12FNO2
63.15 5.78 2937.6

3 56 Mait 0.76 | 62.54 5.46 1644.9 2857.2 C1H12FNO2
63.15 5.78 2902.2

4 51 Mai 0.73 | 62.69 5.54 1635.0 2858.2 C1H12FNO:
63.15 5.78 2922.9

“EckepTy: 9II0€HT - GEH301: IMOKcaH = 3:2

®TOpOEH30i  KHIIKBUIIAPBIHBIH —~ MaKCATTHl  aMHITEePiHIH BC  AaMP
CHeKTpiHze (2-KecTe) aMHATIK TONTHIH KapOOHWIJIEPIHIH >KOFaphl KHIJIKTI
CUHTJIET CUTHAJIapPBIHBIH 00yHl 166.9-168.23 M.0. Oalikanmaabl, COHBIMEH KaTap
¢Top rerepoaromuapbiabiH ocepiHeH C-F arompapsr (2-4) KOCBUIBICTApHI YIIiH
colikeciHiie aJci3 epicte curHai oepemi (165.2; 162.34; 156.8 m.0.).

2-kecre- (2-4) amumarepnin SIMP  ¥C  cmekrtprepinzeri KeMIpTEri aTOMIApBIHBIH —XHMHSUIBIK
BIFBICYTIAPBIHBIH MOHIEPI

Kockubic XumusutelK biFsicynap (CDCI3), §, m.6.
C-2 C-3 C-4 C-5 C-6 F-dbernn C=0
4-F-C 165.2;
2 42.50 67.47 - 67.30 | 48.00 131.7; 129.85; 129.84; 166.9
116.1; 116.11;
3-F-C 162.34; 135.59;
3 42.70 67.46 - 66.63 | 48.20 123.48; 113.19; 119.27, 167.59
129.96
2-F-C 156.8;
4 42.50 67.40 - 66.60 | 4800 120.22;114.06; 131.90; 168.23
122.96; 127.75

AMUATEp HETI3iHEH Malabl eHiMaep Oonbin  Kenemi. IloTeHIuanabi
OMOJIOTHSUTBIK ~ O€JICEHII  KOCBUIBICTAPIBIH ~ KPUCTAIABIK (opMaapblH  ainy
MaCeeci KOChUIBICTAPAbIH [B-I[MKIOASKCTPUHMEH KOCBUTY KOMIUIEKCTEPI apKbLIbI
LS.

Bromorusielk  OENCEHIUTIKTI 3epTTey MakcarhlHAa amuarepmin (2-4) B-
IUKJIOJIEKCTPHHMEH KOCBLTY KOMIUICKCTEPi CUHTE3 ST,

B-LIMKIODEKCTPUHMEH KeNeci KOCBUIBICTAPIbIH KOCBHUTY KOMILIEKCTaPBhIHBIH
MUKpOOKa Kapchl Oencenmimiri 3eprrenmi: [IMII-4 xomel OoitbiHma 1-(n-
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¢dropbersomnamum)mMoponuuniy  (2), IIMII-5  komel  OGoiisramal-(a-
¢dropbersomnmamum)moponuuniy  (3), TIMII-6 komer  OGoiipiama  1-(o-
¢dTopbenzonnamua)MopdonnuHHiH (4).

Korapeima atamraH yATiIepAiH OakTepusra Kapchl OCNCEHIUITIH 3epTTey
Staphylococcus  aureus, Bacillus subtilis rpamon  OGakTepusIapbIHBIH
mramMaapbiHa ckoHe Escherichia coli, Pseudomonas aeruginosa rpamTepic
OaKTepUsUIapbIHBIH IITaMMIAPbIHA KATBICTHI JKacallibl. AN caHbIpayKyJaKTapra
Kapcer Oencenniniri Candida albicans amrsITKbl caHBIpayKyJIaKTapblHa arapra
(yarpiMara) auddy3us oici apKeUibl aHBIKTaNABL. CalbICTBIPy MpernapaTrTapbl —
OakTepusIIap YIIiH OSH3WINMCHUIWILIMHHIH HaTpuid TY3bI, all C. Albicans ambITKbl
caHpIpayKyIaKTaps! yiriH HuctaTud [11].

[IMI1-4, TIMII-5, IIMII-6 ynrinepiniy OakTepusra Kapchl JXoHE cCaHbIpay
KYJIaKKa Kapchl OCJICEHAUIITIH OHMOJNIOTHSUIBIK 3€pTTEY HOTHXKENepi 3 KecTene
KOPCETINTEeH.

3-kecreneri HoTmwxkenepaeH kepiHin typrannmai, [IMII-4-1IMII-6 ynrinepi
3epPTTENIeH TPaMOH XOHE I'paMTepic ChIHAK IITaMMIapblHa Kapchl OakTepusiFa
Kapchl OCJICEHTUTIK KopceTe .

[IMI1-4, TIIMII-5, IIMII-6 xoxTrapel OoifbIHIIA OapibIK 3€pPTTENTeH
KoceuisicTap Staphylococcus aureus ATCC 6538 rpaMoH IITaMMbIHA KapChl
alfippIKIIa OEJICEHIITIK KOPCETE/I].

I[IMII-6 xocbutbicel Bacillus subtilis TpamoH OakTepusiappiHa >KOHE
Escherichia coli ATCC 25922 rpamTepic ChIHAaK HITaMMIapbiHa KapChl alKbIH
OeJICeHUTIKTI KopceTei.

IIMII-6 xocbutbichl conbiMer KaTap Candida albicans ATCC 10231 anibITKel
caHbIpayKyJIaKTapblHA KapChl OSJICEH/IITIKKE He.

3-kecre- [IMI1-4,IIMII-5, [IMII-6 ynrinepidin MEKpOOKa KapChl OSICEHIIITIT

Staphylococcus Bacnl_ll_JsSu Escherl_chla Pseudomonas Candidaalbi
Koceuisic aureus btilis coli Aeruginosa cans
mudpi ATCC 6538 ATCC ATCC ATC ég 27853 ATCC
6633 25922 10231
I[IMI1-4 16£0.1 14+0.1 14+0.1 - -
TIMII-5 1740.1 15+0.2 14+0.2 - 13+0.2
TIMII-6 154+0.2 1740.1 16+0.1 14+0.1 18+0.1
bensun
MEHUIAUTMHHIH 15+0.1 15+0.1 16+0.1 1440.2 -
HaTPHUH Ty3bI
Hucrarna - - - 21+0.2

EckepTy —- *- canbICThIpy TOOBI MEH CaJIbICTBIPFaHa albIPMAIIBUIBIKTaP/IbIH MIBIHAWBLIBIFBIP<0,05
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3. Toxipubenik 661im

Peakuus xypy Oapbickl MeH KocbuiblcTapplH xekemenirin I mopesxkeni
amfomuani  ToThiFeiHa JKKX omicimen, #on OymapsIMeH MJaKTapAblH Taiga
6onyeimMen Oaxbutaiinpl. K cmektpnepi "Nicolet 5700" crmextpomerpinge KBr
TabNeTKaIapbelHAa XKoHE IuMTanap apaceinaa xaspuiran. CDCLs-Te 3epTTeneTin
koceubicTapas, SIMP BC sxone 'H cmexrpepi 400 MI'I sKyMbIC KHiTIriMeH
"Jeol" (Kamomms) xommanwmsacel meiFapran JNM-ECA400 wmapkachIHBIH
CIEKTPOMETPIiHIIE TIpKEIi.

bapipIKk cHHTE3meNreH KOCBUIBICTApABI AJIEMEHTTIK Taljay JaepeKTepi
AKCIIEPUMEHTTI TaIKbUIAYIAFbl THICTI KECTeNep e KeNTipiireH.

3.1 XuMUITBIK TOKipuOemik 0eiim

1-(n-pmopobenzounamud)mopponun (2) any.

MexaHUKaNBIK apallacTHIPFBININIEH JKOHE XJIOPKANBLUWK TYTiri Oap Kepi
TOHA3BITKBIIINCH *)a0apIkTaaran kememi 100 M1 eki MOWBIH Topi3ai konbara 20
mi abcomotti Gerzonaa 1 r (0.0115 monb) mopdomuumi (1) sxone 20 M
abcomrotTi O6en3onma epitimred 0.68 mur (0.0057 moms) n-propOeH30MIT XITOPHIT
SPITIHIICIH KYWFBINI apKbUIBl TAMIIBUIATHIN KySAAbl. PeakiMsIbIK KOCHaHBIH
KbI3ybl JKOHE aK TyHOa Ty3inyl Oalikanmaabl. PeakiusuiblK KOCHaHbl OejiMe
TeMmreparypacbiHga 1 carar  apanacteipagel.  Tysinren tyHO6a IlloTta
BOPOHKACBIHA CY31eli, epiTiHAi poTopiabsl OyNmaHIBIPFBINTA  aljanajsbl.
Hormxecinae 1.79 © (75 % teopusnbiktan) 1-(n-dropbenzonmamuma)MophoIrH
(2) ambIK capsl TYCTi KaJiblH CYWBIKTBIK TypiHzme,Rs 0,77 (amoeHT — GeH30I-
JTMOKCaH — 3:2) aJIbIHIBI

Tabsuiaer, % : C 62.47; H 5.43 C11H12,FNO;

Anemapger, % : C 63.15; H5.78.

UK cnekrpi, cmt: 1631.7 (C=0); 2850.8, 2937.6 (C-H).

1-(n-pmopbenzounamud)mopponuntiy  [-yukio0eKCmpuHmern KOMNIEKCIH
any.

0.3 r (0.00143 moms) 1-(n-propbenzommamua)MophoauaHiy (2) 5 M 3THIT

coupringeri ckoHe 1,63 r© (0.00143 w™monb) P-umkinoaekcTpuHHIH 20 M
JVICTWIJICHI'CH CyJIarbl BICTBHIK EpITIHAINIEepiH apanacTeipansl. KocnaHbl KenTipy
mKadblHA OPHANACTBIPAJBI, dTaHON MeH cyasl 45-50°C-ta  Gynammbipabl,
HOTHXKECIHJE 1.76 r 1-(n-ropoeHzonmaMu)MOpPOITMHHIH B-
LUKJIOJIEKCTPHHMEH KOMILIEKC aJIbIH]IBI.

1-(m-pmopobenzounamud)mopgonun (3) any.

MexaHUKaIBIK apaiacThIPFBININIEH JKOHE XJIOpKaNbIMH TyTiri Oap Kepi
TOHA3BITKBIIIIEH *a0piKTanran kememi 100 M eki MOWBIH Topi3ai konbara 15
M abcomorTi O6enzomma 1 T (0,0115 mome) mopdomunmi (1) sxome 15 M
adcomotTi Oenzonaa epitinred 0.7 mia (0.0057 monb) m-GTOPOSH30MIT XJIOPHI
epITIHAICIH KYHFBIII apKbUTBI TAMIIBUIATHINT KYSIbl. PEakIUsUIBIK KOCTAHBIH
KbI3Ybl JOHE aK TyHOa Ty3unyl Oailikamaapl. PeakIusuiblK KOCHaHBI OeiMe
TeMmreparypackiima 1 carar  apamacteipansl.  Ty3imren TyHOa Illorra
BOPOHKACBIHAA CY311€li, epiTiHai poTopiasl OyJmaHABIPFBINTA — aljaiajbl.
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Hotmxkecinae 1.34 r (56 % teopusuibiktan) 1-(m-hropdbensonnamua)mopdonun
(3) amBIK capbl TYCTI KalblH CYMBIKTHIK TypiHzme,R: 0,76 (amroeHT — OeH301I-
JTMOKCaH — 3:2) aJIbIH]IBI

Taosuiaer, % : C 62.54; H 5.46 C11H12FNO:

Anperagel, % : C 63.15; H5.78.

UK crektpi, cm™: 1644.9 (C=0); 2857.2, 2902.2 (C-H).

1-(m-gpmopbensounramud) mopghonunniy  f-yukiodeKcmpuHmer KOMNHAEKCIH
any.

0.3 r (0.00143 momnp) 1-(m-bTopbenzomnamua)mopdonuntiy (3) 5 M 3THI
cnupringeri xone 1.63 r (0.00143 ™oub)B-1mKnoAeKCTpUHHIE 20 M
TUCTHIIICHTeH CY/AaFbl BICTHIK E€pITIHIUIEepiH apamacTeipanbl. KocmaHbl kenTipy
mKa(blHA OPHANACTBIPAJAbI, 3TaHON MeH cyasl 45-50°C-ta  GynaHmbipabl,
HOTIDKECIHE 1.73 r 1-(m-dropbenzonnamua)MOpHOTHHHIH B-
LUKJIOACKCTPUHMEH KOMIUIEKCI aJIBbIHIBI.

1-(o-¢pmopobenzounamud)mopgonun (4) any.

MexaHHUKaNBIK apallacTBIPFBININIEH JKOHE XJIOPKANBLIMK TYTiri Oap Kepi
TOHA3BITKBIIIIEH *a0apIKTaaran kesemi 100 M1 eki MOWBIH Topi3ai kosbara 15
i abcomorti 6enzonma 0.5 r (0.0057 monp) mopdonunmi (1) xone 10 mi
abcomrorTi Oenzonma epitinred 0.34 v (0.0029 monb) o-hTOPOSH3OMIXIOPHT
EpITIHAICIH KYHFBII apKbUTBI TAMIIBUIATHIN KYSJIbl. PeakIusuIbIK KOCIAHBIH
KbI3ybl JKOHE aK TyHOa Ty3inyl Oalikanmaabl. PeakiusuiblK KOCHaHbl OejiMe
TeMmreparypacbiHga 1 caraT  apanacteipagel.  Tysinren tyH6a IlloTta
BOPOHKACBIHJAa CYy3ileli, epiTiHAI pPOTOPNBI OYyJIaHIBIPFBINITA  ai/lanajbl.
Hotmxecinae 1.22 r (51 % rteopusuibikral) 1-(o-hTopoeH3zomnamum)Mopdosina
(4) amrsik capbl TYCTI KalblH CYHBIKTHIK TypiHme,R¢ 0.73 (amroeHT — OeH301-
JTIMOKCaH — 3:2) aJIbIHIBI

Tabsuiaer, % : C 62.69; H 5.54 C11H12,FNO;

Aneraner, % : C 63.15; H 5.78.

UK cnektpi, cm™: 1635.0 (C=0); 2858.2, 2922.9 (C-H).

1-(o-pmopbenzounamud)mopponunniy  S-yukio0eKCmMpUHMern KOMNIEKCIH
any.

0.3 r (0.00143 moms) 1-(o-dpropbenzommamun)mMophoauHHin(4) 5 M THI
cnupringeri skoHe 1.63 r (0,00143 w™monp) P-umknoxekcTpuHHiH 20 M
JTVICTWIIJICHI'eH CyJIaFrbl BICTBHIK EpITIHAINIEepiH apanacteipansl. KocnaHbl KenTipy
mKadblHA OPHANACTBIPAJBI, dTaHON MeH cyasl 45-50°C-ta  Gynammbipabl,
HOTHXKECIH/IE 1.73 r 1-(o-dpropbenzonmamu)MOpHOTHHHIH B-
LUKJIOAEKCTPUHMEH KOMILIEKCI JIBbIHIBI.

3.2 BHOJIOTHSIIBIK TOXKIpHOEITiK 0eitiM

JHaxpiinap 18-20 carar iminge 30-man 35°C-ka neitinri Temneparypana pH
7.3 £ 0.2 cyiieik opraga ecipinmi. Jakeuimap 1:1000 WM30TOHHMKANIBIK HATpUit
xynopuniHig crepwibai  0,9% epiTiHAiciHAe ecipiidi, 3€pTTENeTiH ChIHAK
mTamMAapbl YIIiH THICTI 3JIEKTHBTI, KOPEKTIK OpTachkl Oap IIBIHBIASKTapra 1 Mt
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canbln, "Tyrac keranmap"omicimen erinmi. KenTipymeH keifiH arapibslH OcTiHIe
emmemi 6,0 MM TecikTep maiiia OONIbI, OFaH 3EPTTEICTIH YITUICPAiH, HATPUH
TY3BIHBIH ~ OCH3WITICHUITWUIMHIHIH, HUCTATHHHIH  EpITIHAUIEpI  €HTI3UIII.
3epTTelNreH YIriiep MEH CATBICTRIPY MpernapaTTapbl | Mr MOJIICPiHC ChIHAIIBL.

Ericrep 37°C kesine MHKyOalMsIaHABI, OCiN Keje KaTKaH AAKbLIAap.bl
ecenke amy 24 carartaH KeWiH XKyprisuimi. YunrimepaiH MHKpoOKa Kapchl
OeNCeHalTir ChIHAK MITaMIAPBIHBIH OCYiHIH KelIeyulaey ailMarbIHBIH JuameTpi
(MM) OoiibiHITa OaranmaHbpl. OCyliH TeXeny aiMarbHbIH quaMeTpi 10 MM — aeH
a3 JKOHE MIBIHBIASKTAFBl Y3IIKCi3 6CYy MHKPOOKa Kapchl OSICeHAUTIKTIH O0IMayHl,
10-15 mm — onci3 Gencenaimik, 15-20 MM — oprama Oencenaimik, 20 MM-IeH
JKOFapbl-alKbIH ~ OCJICCHIUTIK Jen OarajaHapl. ©Op VI YII  [apajuieib
AKCIIEPUMEHTTE ChIHAIIBI. CTaTUCTHKAJIBIK OHJICY OpTallia apu(pMETHKAIIBIK JKOHE
CTaHIAPTTHI KATE€HI €CeNTed OTBIPBIN, MapaMEeTpPIiK CTAaTHCTHUKA SIiCTepiMeH
KYPTi3imi.

Y ChIHBUIFAaH MUKPOAF3aJIaplblH TECT-IITaMIApbI-3TAIOHBIK (pehepeHTTIK)
mTaMIap aMepuKaHABIK THMTIK JakbuimapaslH  kosureknusceiHaHn (ATCC)
aJIbIHFaH.

4. KopbITBIHABI

benmve TeMIepaTypachiH/Ia OEH30J11aF bl n-, M-, o-
(hTopOCH30MIXIOPUATEPiIHIH MOpdoiuHre 1:2 KaThbIHACKIHIA 9CEpP eTYITHICTI
aMUATep MEH TyHOa TypiHJeridacTankpl aMUHACPAIH THAPOXIOPHIATEPIHIH
TY3UJIyiHE aibll KeseTiHi aHbIKTaiabel. Cy3y apKbUIbl O6JIreHHEeH KeWiH, epiTKiITi
cyanteil, 51-75% WbFBIMIA MaKCATThl AMUITED aJIbIHAIBI.

CuHTEe3/Ie/ITeH  KOCBUIBICTap OKIIAYJIaHJIbl, Ta3apThULIbI JKOHE 3EPTTEYIIH
(bM3UKa-XUMHSIIBIK 9icTepiHiH KemeHiMeH cunartanasl (MK-cnextpockomms,
13C SAIMP criekTpocKonusChI).

Huxnmi amusgepi 7-QpTopOSH30MIXIOPUANICH allUIbIECTCH/IE IBIFBIM MOHI
€H JKOorapbl OOJAThIHBI, ANO-PTOP TYBIHABLIAPHIMEH AalMJIbIACTEHAEC €H TOMEH
00JIaTBIHBI KOPCETUII.

Cunre3genreH KOCBUIBICTap, aram aWTtkanga, [IMII-4-IIMII-6 xoxrapbl
apKBUTBI IIHU(PIIEHTEH aMHUATEPAIH MHUKPOOKa Kapcel OenceHimiriin  Vitro
AKCIIEPUMEHTIH/IE 3epTTeN/i. bapiblK KOCBUIBICTAP YCHIHBUFAH TPAaMOH JKOHE
rpamTepic ChIHAK INTaMMJAapblHA Kapchl OakTepusifa Kapchl OeNCeHIUTiKTI
KepceTei, aram alTKaHma, OapibIK 3epTTeNreH KochuisicTap Staphylococcus
aureus ATCC 6538 rpaMoH 1TamMbIiHa Kapchl allphIKIa OSICEHIUTIKTI KOPCETEI].

[IMII-6 xomeiHmarsl Kocbutbic Bacillus subtilis rpamoH Oaxrepusiapra
KaThICTBI OpTallla aiiKbIH OeJICeHAUTIKTI y)oHe rpamrepic Escherichia coli ATCC
25922 cplHaK IMTaMMBIHA Kapchl OpTamia alKeIH OakTepusFa Kapchl ocepii
KepceTei.

TIMII-6 xonmeiaars! KockutbIcTIH Candida albicans ATCC 10231 amsITKeI
caHbIpayKyJIarblHa Kapchbl OeJICeHIiIIr 1e Oap.
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Pe3rome. Xumust (TOpOpPraHUYECKHMX COCAMHECHUI Ha TJla3aX OJHOTO IMOKOJCHUS MpEeBpaTHiIach W3
MaJIEHbKOIO OTBETBJIEHHMSI OpPraHMYECKOW XMMHMU B OOJBIIOW CaMOCTOSTENbHBIH pa3fen, UM
UCKIIIOUUTEIBHO BAXKHOE TEOPETUUECKOE M IPAKTHYECKOE 3HaueHUe. MHOrOYHCIEHHBIE UCCIIEN0BaHUS
MOATBEPIMIM M BBICOKYIO OMOJIOTMUECKYI0 aKTHMBHOCTBH LEJIOT0 psiia (pTOPCOAEPIKAIIUX OPraHHYECKUX
COEIMHEHUH, B pe3yiabTaTe 4ero ObUIM CO3JaHBI U C YCIIEXOM HPHMEHSIOTCS TAaKue IpenapaThbl Kak
(TOPXMHOIOHOBBIE AHTUOUOTUKH, PUCTIEPUIOH, (TOpdeHa3nH, rajonepunon U T.4. Cpeay Npou3BOIHBIX
aMMJIOB HAMJeHbl BeLIeCTBAa C aHTUOAKTEPHAIBHBIMH, MPOTHBOCYAOPOXKHBIMH, AHAJIBI€THYECKUMH WU
MIPOTUBOTPUOKOBBIME CBOWCTBaMH. [[enbio HAcTOsIIEH paboThI SIBISICTCSl pa3paboTKa MyTei MONMyueHuUs
psiia HOBBIX NMOTEHIMAIBHO OMOJIOTMUECKH aKTHUBHBIX (hTOPCOJEPKAIUX aMUI0B HA OCHOBE MOP(OIIHHA,
n3ydyeHne MX OHOJIOTMYECKOH aKTHUBHOCTU. Pesynbmambl u 06cydcoenue: HA OCHOBE IMKINYECKOTO
amMuHa — MOpP(OJNMHA, AIMINPOBAHUEM Hapa-, Memd-, opmo-GTOPOCH3OMIXIOPUAAMH, pEaKIHMeid Mo
Iorren-baymany, CHHTE3HMpOBaHBI COOTBETCTBYIOLIME aMHIbl napa-, memd-, opmo-GpTopOeH30IHBIX
KUCHOT. Peakiuio mnpoBoiwiu B aOCOMIOTHOM O€H30JIe INPH OXJIaXICHHMM M COOTHOLICHHH AaMHH:
arpupyronuid areHt = 2:1. [Toimy4deHbl KOMIUIEKCHI BKIFOUESHHS COSANHEHHH ¢ [3-IIMKI0JEeKCTPHHOM.
CocTaB M CTPOEHHE CHHTE3MPOBAHHBIX COEAMHEHMI MOATBEPHKJCHB IaHHBIMH 3JIEMEHTHOTO aHalIu3a U
UK, SIMP crekTpockonuy, WHAMBHUAYaJIbHOCTh - TOHKOCJIOWHOHN Xxpomatorpadueil. CHHTE3UpOBaHHEIC
COCIIMHEHWsI, B YaCTHOCTH, aMupl 1101 mmppamu [IMII-4-TIMII-6 n3ydeHs! B SKcriepuMenTe iNVitro ua
MIPOTHBOMHUKPOOHYIO aKTUBHOCTb. Bce COeIMHEHMS] NPOSBISIOT aHTUOAKTEPUATIbHYIO aKTUBHOCTH B
OTHOUICHHH MPE/ICTABICHHBIX TPAMIIOIOKHUTEIBHBIX U IPaMOTPHUIIATENIBHBIX TECT-IITAMMOB, B YaCTHOCTH,
BCC H3YYCHHBIC COCJUHEHHsS TNPOSBISIOT YMEPEHHO-BBIDAXKEHHYI0 AaKTHBHOCTH B  OTHOLICHHU
rpammonoxurensHoro mramma StaphylococcusaureusATCC 6538. Coeaunenne mox tmuppom ITMII-6
MPOSIBIIICT  YMEPEHHO-BBIPAKCHHYIO aKTHBHOCTh B OTHOIICHHH TI'PAMIOJIOKHUTENBHBIX OaKkTepuit
Bacillussubtilisuymepento-BoipaxkeHHOE aHTHOaKTepHAILHOE JieicTBrE B OTHOIICHHU
rpamoTpunarensHoro tecr-mramma EscherichiacoliATCC 25922.  AHTHTpHOKOBOW aKTHBHOCTBIO B
oTHomeHnn npoxokeBoro rpudka CandidaalbicansATCC 10231 obnagaer Takke COSIUHEHHE IIOJ
mudpom [MIMII-6.
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STUDY OF THE CHEMICAL COMPOSITION OF RAW ALCOHOL
OBTAINED FROM THE TUBER OF DAHLIA

Kamysbhayeva A.K.", Azimbayeva G.E., Myrzakhmetova N.O.,
Argynbayeva Z.M., Medeuova G.zh.

Kazakh National Women's Teacher Training University, Almaty, Kazakhstan
E-mail: aliya.kenesbekovna@gmail.com

Abstract. The raw material for alcohol production is a variety of plant materials, which contain
sufficient amounts of digestible sugars or other carbohydrates that can be saccharified. Dahlias are
tuberous plants of the Asteraceae family with a quick and powerful growth and a long vegetation period.
The study of the chemical composition of dahlia tubers is of undoubted interest in terms of practical health
care. Dahlia tubers are the main raw material for obtaining inulin, which has a wide range of
pharmacological action. The vegetative (aboveground) part of dahlia has been an object of research. The
purpose of this study has been to study the chemical composition of raw alcohol, obtained from the dahlia
tubers. For this purpose, the chemical composition of the tuber of dahlia plants belonging to the
Compositae family has been studied. It has been found that the tubers of dahlia contain a large amount of
biologically active substances: protein, coumarin, polyphenol, pectin and inulin. Dry alcoholic yeast (TC
BY 100104781.010-2005 dried alcoholic yeast Saccharomyces cerevisiae produced in Belarus) has been
used as yeast. The fermentation process has taken place at the room temperature for 2-3 weeks. After 2
weeks it has been filtered, the quantity of wort has been measured and distilled. The chemical
composition of the raw alcohol, obtained from dahlia tubers has been identified on an Agilent
7890A/5975C chromato-mass spectrometer.

Key words: dahlia tuber, raw alcohol, biologically active substances, chromatography-mass
spectrometer.
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1. Introduction

In recent years there has been noted an increased interest in the problem of
the introduction of plants, containing valuable biologically active substances
(essential oils, polysaccharides, amino acids, vitamins, etc.), necessary for the
human body [1]. The genus Dahlia Cav. belongs to the Asteraceae family, and
includes about 19 classes (cultivars). More than 10,000 varieties of dahlia are
cultivated worldwide as ornamental plants. At present, dahlia tubers are processed
as a promising inulin-containing raw material in the United States and in
European countries to produce inulin, which has a wide range of pharmacological
action. The study of the chemical composition of dahlia tubers is of undoubted
interest in terms of practical health care [2].

The Genus Dahlia is native of Mesoamerica, principally in the high plains of
Mexico, some species can be also found in Guatemala, Honduras, Nicaragua, El
Salvador & Costa Rica (probably introduced by the Toltecs or their ancestors) as
well as parts of the South America, where it was introduced, and at present there
are 35 recognised species in existence. Botanically, the Genus Dahlia belongs to
the family Compositae (Asteraceae), tribe Heliantheae, and was given the Genus
name “GEORGINA” in error in 1803, a name by which it is still known in many
eastern parts of Europe [3].

The authors in this work [4] studied phenolic compounds of dahlia simple
tubers by paper and thin-layer chromatography, chromato spectrophotometric
method, high performance liquid chromatography method, using the standard
samples of the substances. As a result of the studies, 31 substances of phenolic
nature have been found, which are mainly represented by coumarins,
phenolcarbonic acids and tannins.

In the production of rectified edible ethyl alcohol, there is a growing interest
in the continuous improvement of the alcohol production technology. The process
of technology modernization can take place in different directions. This can
occur, for example, by improving the hardware part of the production, minimizing
losses, searching for new strains of bacteria with a high coefficient of efficacy
[5,6].

Using advanced technology, it is now possible to develop alternative fuels,
which are renewable, combustible, and more reliable than the traditional fuels.
Ethanol is a renewable alcohol fuel, which is mainly produced from the
agricultural products. In most cases, it is made from starch, derived from rye,
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sorghum, corn and wheat. Ethanol can be made from the industrial waste from the
food and beverage production. Cellulose, which is found in wood, straw, rice
hulls and millet, can be used for its production. Thus, it can be argued that the
production of ethanol can significantly raise the level of agriculture, economy,
and improve the environment [7]. The process of producing ethanol is based on
the enzymatic hydrolysis of starch into sugars and their conversion into ethanol
by yeast digestion. There are several process variations: dry milling or wet
milling, batch or continuous fermentation, etc. The industry uses acid hydrolysis
technology to produce ethanol from cellulose. An alternative to the acid
hydrolysis of cellulose with a high potential of saccharide formation at the lower
production costs is enzymatic hydrolysis [8].

2. Experimental part

The vegetative (above-ground) part of dahlia, sampled in October 2020, was
the object of the study.

There are two ways to produce alcohol: biochemical and chemical or
synthetic ones. The biochemical method is fermentation with sugar, the synthetic
method is the interaction of ethylene with water in the presence of a catalyst.

We used a biochemical method to produce ethyl alcohol.

The technology for producing ethyl alcohol includes the following stages: 1)
boiling the grain with water 2) cooling of the boiled mass and saccharification of
starch with enzymes 3) the fermentation of sugars by yeast in biosport 4) distilling
alcohol and its rectification [9].

The raw materials are washed and crushed. Besides 1:2, 1:3, 1:4 water is
poured, then (TC BY 100104781.010-2005 produced in Belarus, dried alcoholic
yeast wort Saccharomyces cerevistal) is filled with pre-prepared yeast, mixed and
put on for 2-4 weeks at the room temperature. After two or four weeks, they
filtered it out. After weighing the amount of wort, distilled it. The resulting wort
was poured into a heat-resistant flask, and an electric stove was used to heat it.
The temperature of the first distilled alcohol is 89°C. Because the concentration
of the first distilled alcohol is low. To increase the concentration, alcohol was re-
distilled. The distilled alcohol contains impurities. To determine their gquantity
and purify them from the alcohol-containing impurities, it is necessary to adsorb
and distill them with activated carbon and calcium oxide [10-12].

The composition of ethyl alcohol, obtained by fermentation of dahlia wort,
was determined on Agilent 7890A/5975C chromato-mass spectrometer.

3. Results and Discussion

The content of anthocyanins, flavanoids, polyphenols, coumarins, carotene in
plants was determined by photocalorimetric method on photocalorimeter “KFK-
2” and “KFK-3”. The mass fraction of protein was determined by the Kjeldahl
method, cellulose - by the Kiirschner's and Hafer's method in modification of A. I.
Ermakov. Crude oil content was determined by the gravimetric method, using a
Soxhlet extractor laboratory apparatus.
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The results of the study are shown in Table 1.

Table 1 - Chemical composition of the vegetative part of dahlia
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As is seen from the Table, the dahlia tubers contain large amounts of inulin,
carotenes and pectin substances.

The content of raw alcohol, obtained by the direct distillation of the filtered
mash, fermented from dahlia tubers, is presented in Table 2.

Table 2 — The chemical composition of raw alcohol, obtained from the dahlia tubers after the first
distillation

Name of the components Retention times,tR min Content,%
Carbon dioxide 1.411 1.06
Ethanol 1.577 69.94
Ethanol 24.00 1.66
Acetic acid 3.317 2.10
2,3-Butanediol 5.435 1.09
Ethylene oxide 9.317 0.25
Acetaldehyde 14.457 0.19
Carbon dioxide 21.289 0.25

This Table shows the retention time, tR min and the content of the
components in the composition of the raw alcohol. After the first distillation the
initial content of the raw alcohol in it was about-71%. Of the impurities in large
guantities contained: carboxylic acid, aldehydes.

The content of the raw alcohol, obtained by the adsorption with activated
carbon for 30 minutes is shown in Table 3.
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Table 3 — The chemical composition of the raw alcohol, obtained from the dahlia tubers after the Active
carbon adsorption

Name of components Retention times,tR min Content,%
Carbon dioxide 1.417 0.15
Acetaldehyde 1.500 0.23
Ethanol 1.684 74.26
Ethanol 1.756 16.04
Ethanol 1.916 0.05
Isopropyl Alcohol 1.809 0.90
1-Propanol 2.011 0.34
1-Propanol, 2-methyl- 2.444 1.31

This Table shows the retention time, TR min and the content of components
in the raw alcohol obtained after the adsorptions of Active carbon. After
adsorptions of the first distilled crude alcohol Active carbon the initial content of
ethyl alcohol in it was -90.3%. Of the impurities in large are quantities contained:
aldehydes, alcohols.

Table 4 — The chemical composition of the raw alcohol, obtained from the dahlia tubers after calcium
oxide adsorption

Name of components Retention times,tR min Content,%
Carbon dioxide 0.931 0.04
Propane 1.429 0.08
Ethanol 1.619 98.18
1-Propanol 1.916 0.05
1-Propanol, 2-methyl- 2.361 0.43
1-Butanol, 3-methyl- 3.857 0.48
Acetaldehyde 13.151 0.03

After purification of raw alcohol by calcium oxide the initial content of ethyl
alcohol in it was about 98.18%. Of the impurities in large quantities are
contained: aldehydes, alcohols.

The main goal of our work is to obtain pure ethyl alcohol. This work is
currently in progress.

4.Conclusion

The chemical composition of the raw alcohol, obtained from the dahlia
tubers was identified on an Agilent 7890A/5975C chromato-mass spectrometer.
After the first distillation the composition of the raw alcohol-71%, and impurities
are-29%. After the adsorption by the activated carbon, the content of the raw
alcohol is 90,3% and impurities are 9,7%. At the further treatment of this alcohol
with calcium oxide the content of the raw alcohol is 98,18% and impurity is
1,82%.

Thus, based on the above, the technology of obtaining the raw alcohol from
the dahlia tubers is effective. As this raw material is characterized by significant
content of the easily fermentable substances with a high alcohol yield.

Conflicts of Interest: The authors declare no conflict of interest.
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T'EOPTHH (DAHLIA) )KEMICITHEH AJIBIHFAH IIAKI CIIUPTTIH XUMMWSIJIBIK
K¥PAMBIH 3EPTTEY

Kamvicoaeea A.K. *, Asumbaeea I'.E., Mvipzaxmemosa H.O., Apzvinéaesa 3.M., Meoeyosa I /I.

Kazax ynmmulk Kbi30ap nedacocuxansi yHusepcumemi, Aimamei, Kasaxcman
E-mail: aliya.kenesbekovna@gmail.com

Tyiiingeme. Cnupt eHAIpiCiHAE IIWKI3aT PETiHAE KypaMblHAA CIUPTTIK allyFa KaTbICAThIH KaHTTap
HeMece 6acka KaHTTayFa OONaThIH KeMipcynap Oap op Typ:i ecimaiktep Konnansuiansl. ['eoprun (Dahlia)
Asteraceae TyKbIMIAChIHA JKaTAThIH TAMBIPTYHHEKTI KOIDKBULABIK ociMaik. ['eoprun (Dahlia) xxemiciHin
XUMUSUTBIK KYPaMblH 3€pTTEYyre NPAaKTHKAJBIK MaKcarTa Ja, COHBIMEH Karap [CHCAyJbIK CaKTay
caylachlH/Ia J1a KbI3bIFYIIBUIBIK apTyna. Cebebi reoprun (Dahlia) »xemici (apMaKkoIOrHsUIbIK KACHETKE He
WHYJIMHHIH TA0OUFH KaiHap Ke3i 00BN TaObLIa bl
Byt xkyMmbIcTa 3epTTey HBICAHBI PETIH/EC TE€OPTUH JKeMicCi anblH/bl. JKYMBICTBIH MaKCaThl TEOPTHH ©CIMIIT
(Dahlia) »xemicineH anblHFaH MIMKi CHUPTTIH XHMHSUIBIK KypamblH 3eprrey Oommsl.  Ocbl Makcarra
reoprun ecimairi (Dahlia) sxeMiCiHiH XUMUSIIBIK KYpaMbl aHBIKTAJIBII, 3€PTTEY HOTHIKECIHAE T€OPrHH
(Dahlia) JKEMICIHIH KypaMblHIa OWONOTHSUIBIK OeJceHi 3aTTap: 6eloK, KyMapuH, MONM(EHOI,
MEKTHH/II 3aTTap )KOHE UHYJIMH KOl MeJIep/e Ke3/1eCeTiHI aHBIKTa/IbL.
I'eoprun ecimairi (Dahlia) xxemiciHen muKi COHUPT any YIIiH albITKe! peTiae Saccharomyces cerevistal
(TY BY 100104781.010-2005) xommaHbULABl. AmIBITY Tporeci 2-3 anra GesiMe TeMIepaTypachiHIa
JKYPri3ini. Amny mpoiieci asKTaifaH COH CY3LIiI, CYCIIo ailiaiibl.

Teoprun ecimuiri  (Dahlia) sxemicinen ambiHran wmmki comprrig kypamsr Agilent 7890A/5975C
XPOMAaTO-Macc-CHEKTPOMETPIHAC AIEITACH]I.

Tyiiin ce3aep: TreopruH >keMici, IIUKI CcHOUPT, OHONOTHSIBIK OeJceHal 3arTap, XpoMaTo-macc
CIIEKTPOMETD.

Kamvicoaesa Anua Kenecoexosna Iledazocuxka  2bIILIMOAPLIHGIY — MASUCTIDI, Xumusi
KapeopacviHbly OKbIMYULbICHL

Azumbaesa I'ynoaiipa Epanuesna Xumusi  ebLILIMOGPBIHBIY — KAHOUOAMBbI, Xumus
Kagedpacwinwiy npogheccop m.a.

Muipzaxmemosa Xumus EbLILIMOAPbIHBIY Kanouoamsvt, Xumus

Hypéana Opazvimoexkosna Kagedpacwvinbly baz0apirama Koubacuibicol

Apevinoaeea 3aype Mysuposena Xumuss ~ maecucmpi,  xumus — Kageopaceinvly — aza
OKbLIMYUIbICHL

Meoeyosa I'anus /icymakanoena Ayvinuapyauislibizbl SbLILIMOAPbIHbLY KaHouoamol,
buonocus Kagedpacwinbly KayblmMOacmulpolizan

npogeccop m.a.

W3YYEHUE XMMHYECKOIO COCTABA CIIMPT-ChIPLA MIOJTYYEHHOTI'O U3 KJIYBHS
TEOPTHHA (DAHLIA)

Kamvicoaeea A.K. *, Asumbaesa I.E., Muvipzaxmemosa H.O., Apzvinéaesa 3.M., Meoeyosa I /I.

Kaszaxckuii HayuoHanbublil HceHcKull nedazo2udeckul yHusepcumem, Anmamot, Kazaxcman
E-mail: aliya.kenesbekovna@gmail.com

Pe3tome. CoippeM aJIs TIPOW3BOACTBA CIHUPTa CIY)XKaT pa3HOOOpa3HbIE PACTHTEIBHBIC MAaTepHAlbI,
coJieprKalline B JOCTATOYHOM KOJMYECTBE COpaKMBaeMble caxapa WM JIPyrHe YriieBO/bl, KOTOPbIE MOYXKHO
ocaxaputh. ['€OpruH KiyOHEBbIe pacTeHHs U3 cemelicTBa Asteraceae ¢ ObICTPBIM M MOIIHBIM POCTOM U
MPOJOJDKUTENIBHBIM — [IEPHOJIOM ~ BereTauuu. V3ydeHne XHMHYECKOro cocTaBa KiIyOHeil reopruH
MPE/ICTaBIISIET HECOMHEHHBIH HMHTEPEC C TOYKH 3pPEHHS MPAKTUYECKOro 3/apaBooxpaHeHus. KiyOHu
TEOPTUHBI SBJISIFOTCSI OCHOBHBIM CBIPBEM JJISI TIOJydCHUS MHYJMHA, 00JIaAlOIero IUPOKUM CHEKTPOM
(bapmakoorndeckoro aeicTBusi. OOGBEKTOM HCCIEI0BaHHs CIy)KHIa BereTaThBHas (HaJ3eMHas) 4acTh
reopruHa. llenplo JaHHOrO WcciefoBaHUS ObUla M3y4EHHE XHMHYECKOrO COCTaBa CIHPT-ChHIPIA
MOJNYYEHHOr0 U3 KiyOHel reopruHa. C 3TOH LeNbl0 M3y4eH XUMUYECKHH COCTaB KIyOHS pacTeHHi
reopruHa, OTHOCAIIErocs K CEMEHCTBY CIIOKHOLBETHBIX. B pe3ynbraTe MccieoBaHus yCTAHOBICHO, YTO
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KIIYOHHU T@OpPTUHA COJepiKaT OOJbIIOE KOJMYESCTBO OMOIOrMYECKH aKTHBHBIX BELIECTB: OeKa, KyMapuHa,
nonudeHosia, MNEKTHHOBBIX BELIECTB W HMHYIHHA. B KauecTBe JPOXOKEH HCIONB30BAIM CyXHE
crupToBbie apoxoku (TY BY 100104781.010-2005 apoxoku cyuiensie «CrnupToBbiey» Saccharomyces
cerevisiae npousBojcTBa benapycu). [Iporecc OposkeHuUs: MPOBOAMIICS MPU KOMHATHOW Temmepartype 2-3
Henenu. Yepes 2 Henenu OT(GUIBTPOBAIM, H3MEPSUI KOJIHMYECTBO CYCJIO M MEPErOHSIIN. XUMHUUYCSCKHUI
COCTaB CIHUPT-CHIpLIA IIOJYYCHHOrO M3 KIyOHEH reopruHa ObUT MACHTH(OHIMPOBAH Ha XpOMAaTO-Macc-
crekrpomerpe Agilent 7890A/5975C.

KioueBsble cjoBa: KiyOHS reOpruHa, CIHPT-CHIPEL, OHONOTHMYECKH aKTHUBHBIC BEIIECTBA, XPOMATO-
Macc CIEKTPOMETP.

Kamvicoaesa Anua Kenecoexosna Mazucmp nedazosuyeckux HayK, npenodasamens
A3zumoaesa I'ynoaiipa Epanueena KAHOUOAM XUMUYECKUX HaYK, U.0.npogheccopa
Muipzaxmemosa Hypoana Opazvimoexosna KAHOUOAM XUMUYECKUX HAYK, Judep npozpammol
Apzvinoaesa 3aype Mysuposna MA2UCMP XUMUU, CIApWiuLl npenoodagameis
Meoeyosa I'anus /{rcymakanogna KAHOUOam  CenbCKOXO3AUCMBEHHbIX — HAVK,  U.0.

accoyuuposannozo npogheccopa
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INVESTIGATION OF ORGANIC AMINE DERIVATIVE ADSORPTION
AT THE INTERFACE OF PIGMENT AND AIR

Dyuryagina A.N.", Kozik D.YU., Degert A.l., Lezhneva M.YU.

NPLC North Kazakhstan University named after M. Kozybayev, Petropavlovsk, Kazakhstan
*E-mail: adyuryagina@inbox.ru

Abstract: in systems based on bituminous film-forming agents, the adsorption of a surfactant AC-1
at the interface with air and aluminum powder has been studied. The effect of temperature, quantitative
contents of the film-forming and initial surfactant concentration on the parameters and mechanism of AC-
1 concentration on the interface has been established. The equilibrium indicators of the adsorption of
surfactant AC-1 at the interface between the film-forming agent and air were determined (limiting
adsorption I'», thickness of the adsorption layer & of the surfactant AC-1 group, landing area S of the
functional group of AC-1 surfactants). A decrease in I'xin 1.5-2.0 times (0.91- 10mol/m? with Cs = 1.78)
and & (2.80-10"°+3.00-10° m) with an increase in temperature from 280 to 310K and solvent concentration
up to Cs=1.78. The area S of the occupied amino group in the adsorption layer was 8.50 - 102°+10.00
102 m2 The value of the resulting thermal effect (AH) for bituminous compositions with
Cs = 1.17+1.78, regardless of the surfactant content, is plus 38-40 kl/mol;for compositions with a solvent
content of 1.78 (Csaa = 0.06) with an increase in temperature from 300 to 313 K, there was a decrease in
the resulting adsorption index by 1.0 - 10°mol/m? and AH to a level of 20+1.5 kJ/mol?A proportional
increase in the adsorption of AC-1 on aluminum powder from the initial concentration of surfactants and
an insignificant decrease in the adsorption index in systems more concentrated in bitumen were
established.

Key words: adsorption, pigment, aluminum powder, bitumen, destructuring of bitumen
compositions, modeling, thickness of the adsorption layer.
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1.Introduction

The study of the surface-active properties of low-molecular surfactants in
combination with oligomers (polymers) belongs to the modern, new direction of
colloidal chemistry, which has been formed in recent years [1-3]. Hence, the
information in the scientific literature is largely contradictory and applies mainly
to aqueous solutions.

Meanwhile, it is known that the adsorption processes for surfactants in non-
polar hydrocarbon media are in many respects the opposite, in comparison with
aqueous media. This is evidenced by a decrease in the surface activity of
amphiphilic compounds with an increase in the length of the hydrocarbon radical
(inversion of the Duclos-Traube rule).

Undoubtedly, the determination of the processes of adsorption of surfactants
introduced into paint and varnish compositions is not only of theoretical interest,
but also practical, since it is the basis for optimizing the composition of paintwork
materials and the subsequent improvement of the quality of coatings based on
them. In this regard, it seemed appropriate to investigate the effect of the nature of
film-forming on the surface activity of the low-molecular-weight amino
derivative AC-1, synthesized in the laboratory of the PChRMNKSU [4], at the
interface with air.

2.Experimental part

When studying the adsorption of AC-1 (TU 655-RK 05606434-001-2000),
bitumen (ORB 90/130) was used as a film-forming agent, and white spirit was
used as a solvent (GOST 3134-78).

The effect of the concentration of AC-1 (C, mol/dm31.2-:103-1.0 - 10,
temperature (T, K: 283+313) and bitumen content (Cgit,% 20+30) for bitumen
compositions based on white spirit solvent. The development of the adsorption
process was monitored by measuring the surface tension of the liquid phase using
a Rebinder device.

The development of adsorption processes was established in suspensions at a
fixed pigment content (0.2 g). The duration of the experiments was limited to 40
minutes, which was sufficient to achieve adsorption equilibrium. Upon
completion of the experiments, the suspensions were separated by centrifugation
(in a thermostatted mode) and the surface tension in the liquid phase was
measured by the method of the highest pressure of air bubbles [5]. The amount of
adsorbed surfactant (I', mol/m?) was determined from the previously obtained
calibration dependences o = f (Csaa).
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3. Results
The results of the AC-1 adsorption study are presented systematically.

1. System «bitumen-white-spirit-AC-1»
In the initial sections of the isotherms (Figure 1) at 293 K, the adsorption of
the AC-1 surfactant (I'.g) is satisfactorily described by the dependence

g = (Csan(40 + 15-(Cs-0.94)?) (1)

For systems with a solvent content of not more than 60%, the
AT'/ACsaaindex remains practically unchanged and amounts to 3.7-10mol/m?; at
the same time, with a further increase in the solvent content, this indicator
significantly increases and amounts to 4.3-:10°mol/m?.

At low (not more than 293 K) temperatures (Figure 1), an increase in Cs to
1.17 practically does not affect the adsorption indicators (I'ig), the values of
which stabilize at Csaa=0.03 and Csaa=0.06 at the level of 1.25:10° and
2.42:10%mol/m? and characterize exclusively the adsorption of AC-1. The
development at T~ 293 K for dilute bitumen systems (C, > 1.17) destructuring
processes is accompanied by an increase in the adsorption value by the amount of
surfactants delocalized from bitumen. Thus, the increase in AI'igat T =293 K and
Cs=1.78 due to surfactants released from bitumen, at Csaa = 0.03 and
SAA =0.06, was 0.28:10% and 0.45-10-*mol/m?2.

With an increase in temperature to 300+313 K, a similar effect manifested
itself only at Cs less than 1.17. The degree of concentration of surfactants that
make up the bitumen at the interface in this case is much higher (approximately 2-
2.5 times), which is explained by more guantitative destructuring and destruction
of intra- and intermolecular associates, and as a consequence - an increase in the
equilibrium concentrations of unbound surfactants in near-surface films.

Thus, it can be concluded that the presented indicators of adsorption of I'ig
are an integral value that takes into account the contribution of two active
components — the introduced AC-1 and surfactants, released in the process of
destructuring bituminous systems. The above-mentioned regularities are also
typical for compositions concentrated in bitumen (Cs = 0.54), which is confirmed
by the curves shown in Figure 2.

A decrease in I with increasing temperature indicates that the fixation of
AC-1 at the interface with air is carried out by physical forces. As bitumen is
diluted with white spirit, up to a concentration of the latter of 70 %, with an
increase in temperature to 300 K, the surfactant content in the adsorption layer
increases. An increase in adsorption in this area is achieved due to surfactants that
are part of the bitumen, as indicated above. So, with Cs=1.17 and the
contentCsaa = 0.06, with an increase in temperature from 283 to 300 K, the
increase in the adsorption index was 1.25-10° mol/m?, which is 2 times higher
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than at T = 283 K. A further increase in temperature at a given solvent content has
practically no effect on the G4 value. Based on this, it can be concluded that for
this bitumen composition, the limiting temperature that ensures complete
destructuring is 299-301 K.

Ty, 108 mol /m?

3,0
1
- °
- -
- -
O == S -./
2,0
1,5
1,0
0,5
0,0
0,0 0,5 1,0 g 1,5 2,0
Cs

1—Csan= 0.06, T = 293K; 2 — Csan= 0.06, T = 313 K;
3-Csaa=0.03, T =293 K;4 - Csan=0.03, T =313 K.
Figure 1 — Influence of solvent concentration on the surfactant adsorption

The limiting role of the destructuring processes of bituminous compositions,
characterized by additional energy consumption (endothermic effect), on the
adsorption index is also evidenced by the values of the calculated heats of
adsorption AH, which for bitumen compositions with Cs = 1.17+1.78, regardless
of the surfactant content, are plus 38-40 kJ/mol.

At the same time, for compositions with a solvent content of 1.78
(Csaa = 0.06) with an increase in temperature from 300 to 313 K, a decrease in
the resulting adsorption index by 1.0 - 10°mol/m? was noted. Obviously, this
value of the decrease in the adsorption index corresponds to the amount of
desorbed AS-1 from the interface, bound by the forces of physical adsorption (AH
= (20+1.5) kJ/mol?).
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1 - Cp=054, Csan=0.03; 2 — C,=0.54, Csan =0.06; 3 — C,=1.17,
Csaa =0.01;
4 — C,=1.17, Csan=0.03; 5 — C,=1.17, Csaa=0.06; 6 — C,=1.78,
CSAAZ 0.03;
7-Cp=1.78, Csaa = 0.06.
Figure 2 — Influence of solvent concentration on the surfactant adsorption

It has been established (Table 1) that an increase in temperature and solvent
concentration in bitumen compositions leads to an intensification of the
vibrational component of surfactant molecules, concentrated in the adsorption
layer, and, as a consequence, to a decrease in their distribution density and a
decrease in the values of T.

Table 1 — Equilibrium characteristics of the adsorption of surfactant AC-1 depending on the
temperature and composition of bitumen mixtures

T,K 283 293 300 313
Cp 1.78 | 1.17 | 054 | 1.78 | 1.17 | 054 | 1.78 | 1.17 | 054 | 1.78 | 1.17 | 0.54
T'»-10%,mol/

m2 213|225 | 3.08 | 1.75 | 1.95 | 2.77 | 1.34 | 1.66 | 2.79 | 0.91 | 1.29 | 1.95

§$102°m?2|7.79 | 7.40 | 539 | 943 | 851 | 5.99 | 124 | 100 | 5.95 | 182 | 129 | 851
5-10°m |3.87 | 409 | 560 |3.18 | 3.55 | 5.04 | 2.44 | 3.02 | 5.07 | 1.65 | 2.35 | 3.55

With an increase in temperature from 280 to 310 K, the limiting adsorption
index decreased 1.5-2.0 times and at Cs 1.78 and 0.74, respectively, 0.91-10"° and
1.95-10° mol/m?. A similar effect was noted for compositions with a high
bitumen content. As the specific content of white spirit increases from 0.54 to
1.78 (300 K), accompanied, as a result, by a decrease in the viscosity of the
system, the limiting adsorption index I',, decreases approximately 2 times and
does not exceed 1.35-10"° mol/m?
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The values of the areas (landing area according to [6]) attributable to active
functional groups of surfactants (amino groups), equal to 8.5-10%-13.0-102° m?,
coincide with the values calculated by the geometric model of Stuart-Brigleb , and
taking into account the molecular-kinetic features with the experimental data
presented in the literature [7-17].

As the temperature of the compositions decreased and the content of bitumen
in them increased (Table 1), in the region of maximum adsorption, a decrease in
the area attributable to the polar groups of surfactants was noted, which is due to
the predominance of structured complexes in the surface films and the lack of
kinetic activity of surfactant molecules.

So, for example, with an increase in temperature from 293 K to 313 K, at
Cs=1.17, the S values increase from 8.51-10% to 12.90-10%° m? the same
indicator at Cs = 0.54 and other things being equal, varies from 5.99-10% to
8.51:10% m?.

According to the data presented (Table 1), the thickness of the adsorption
layer naturally decreases with increasing temperature and solvent content in the
bitumen composition. The nature of the change in the thickness of the adsorption
layer & (1.5-10-5.6-10° m) from the temperature and concentration of bitumen is
also consistent with the change in the physical properties of the system; as the
viscosity and density of the compositions used decrease, 6 regularly decreases.

Taking into account the presented physicochemical regularities and
characteristics, it can be concluded that the main provisions of the theory of
monomolecular adsorption are applicable to the processes developing at the
“bitumen composition-air” interface with the participation of the AC-1 surfactant.

2. System «bitumen-white-spirit-pigment-surfactant-AC-1»

An experimental study on the adsorption of AC-1 on aluminum powder was
carried out in bitumen compositions with different bitumen content (Figure 3): 20
and 30 %.

For bitumino us compositions, a proportional increase in the adsorption
index of AC-1 was not ed with an increasein the concentration of surfactants.

The generalized equation reflecting the combined effect of the initial
concentrations of surfactant and bitumen in the studied compositions on the
adsorption rate of AC-1 has the form:

T4=[4.76 — 0.05+(Coit— 20)]-Csan @)

where, Cgit - bitumen concentration,%;

Csaa—AC-1 surfactant concentration, mol/dm?.

As the temperature rises to 295 K, the adsorption index on the aluminum
powder decreases, however, with a further increase in temperature, this index
stabilizes at 6.49 - 10°mol/g.
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Figure 3 — Partial dependences of the adsorption of surfactant AC-1 from
the solvent on the surface of aluminum powder on the initial concentration (a) and
temperature (b)

I2=7.69-10°-T2 — 4.28-10*-T + 0.012 ©)

The resulting thermal effect was AH =-18 kJ/mol, which confirms the
preference of fixing the amino-containing surfactant on the aluminum powder in
this film-forming agent.

4. Conclusions

Generalized correlation equations G = f(c) have been obtained, which make
it possible to establish a mutual relationship between the surface tension
indicators and the nature of the distribution of AC-1 surfactants in the bulk and
surface phases, as well as with operating parameters (temperature, surfactant
concentration, composition of the bitumen composition). For the first time, the
equilibrium indicators of the adsorption of surfactant AC-1 at the interfaces
between the phases of the film-forming agent and air were determined (maximum
adsorption I's, thickness of the adsorption layer 8, landing area S of the functional
group of surfactant AC-1, The area S occupied by the amino group in the
adsorption layer was 8.50-10%°+10.00-10%° m2,

The limiting role of the processes of destructuring of bituminous
compositions, characterized by additional energy consumption (endothermic
effect), on the adsorption rate has been established. The calculated heat effects of
adsorption AH for bitumen compositions with Cs = 1.17+1.78, regardless of the
surfactant content, are plus 38-40 kJ/mol. For compositions with a solvent content
of 1.78 (Csaa = 0,06) with an increase in temperature from 300 to 313 K, there
was a decrease in the resulting adsorption index by 1.0-10°mol/m? and AH to a
level of 20+1.5 kJ/mol2.

A proportional increase in the adsorption of AC-1 on aluminum powder from
the initial concentration of surfactants and an insignificant decrease in the
adsorption index in systems more concentrated in bitumen were established.
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INUIMEHTIEH )KoHE AYA MEH UHTEP®A3AJIbBIK IHIEKAPAJIAPJA OPI"AHUKAJIBIK
AMMH TYbIHABICBIHBIH AJCOPBLIUACBIH 3EPTTEY

Jlopazuna A.H.", Kosuxk JI.1O., /lezepm A.H., /lexcneea M.IO.

Kozybayev University kommepyusnoix emec axyuonepnix kosamet, Ilemponaen, Kazaxcman
E-mail: adyuryagina@inbox.ru

Tyiiingeme. butymael 1ieHKa Ty3ymn oKyileqepae ayaMeH allOMUHHNA YHTarbIMEeH (asza apaibiK
mekapanapaa AC-1 6errik-6encenni 3arteiH (BB3) ancopouumsics! 3eprrenai. berrik-0encenai 3artapapix
TEMIIepPaTypachlH, IUICHKAHbl KYPAaHTBIH CaHIBIK KYpaMbIH JKOHE OacTamnkbl KOHLEHTpaLMschiH (aza
apanblK O0etke AC-1 KOHIEHTPAIMACHIHBIH KOPCETKIMTEPIMEH MEXaHH3MIHE dcepl aHBIKTAIIbl. YJIIIp
Ty3rimTiH ayameH OeminymiekapacsiHza AC-1 IIB3 amcopOnuschIHBIH Tere-TeHIIK KepceTKimTepi
aHbIKTaNAB!l (MIekTi agcopouus ['w, ancopOnusubiK KabaTThIH KaibHabFEl dac-1 BB3 To6b1, AC-1 BB3
(yHKIHOHATABIK TOOBIHBIH S KoHyamaHsl). ['» 1,5-2,0 ece (0,91-10-moms/M? Cy=1,78 kesinme) xoHe &
(2,80-10°+3,00-10° M) Temmepatypansie 280-men 310 K-re meifin skorapblmaybIMeH KOHE €piTKIIITiH
koHueHTpanuscsl Cp=1,78 neiin. AncopOUMsUIBIK KabaTTarbl aMUH TOOBIANATBIH S ayJaHIapbIHBIH MOHI
8,50-10%°+10,00-10° m? kypamsl. BB3 kypambina kapamactan, ¢ Cp, = 1,17+1,78 OGUTYM/BIK
KOMITO3MIIMSIIAp YIIiH ajblHFaH Xbuty ocepiniy MoHi (JIH) rutroc 38-40 k/x/Monb Kypaiiapl; KypaMbIHaa
1,78 (Cras = 0,06) epitkimmi 6ap kypamaapymin temneparypanbie 300-neH 313 K-re meiiin xorapbuiaysl
Ke3iHIeHoTIKeCiHIe a/copOMsaHbH  kopceTkiminie 1,0-10°moms/M? sone AH 20+1,5 xJlx/Moib?
JleHreiline Jeitin TeMeHmeyl Oaiikanapl. AmromuHuil yHTareiHmarel AC-1  amcopOuwsiceiabiy Bb3
0acTanKpl KOHUECHTPALMACHIHAH MNPONOPILMOHANIBI YJIFAIOBl JKOHE OMTYM OOMBIHIIA HEFYPIIbIM
LIOFBIPJIAHFAH XyHesepieri aacopOLus KepCeTKilliHiH 1aMalbl TOMEH/EYi aHbIKTaI bl

Tyiiinai ce3mep: aacopOLus, MUTMEHT, ATIOMHHUN YHTAarbl, OMTYyM, OMTYM KOMITO3MIMSIAPBIH OY3y,
MOJIETBICY, aacopOLHs KaOATHIHBIH KaTbIHIBIFBL.
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HU3YYEHUE AICOPBLIMU OPTAHUYECKOI'O AMUHOIIPOU3BO/JHOI'O HA
MEX®A3ZHBIX TPAHUIIAX C IMT'MEHTOM U BO31YXOM

Jliopazuna A.H.", Kosux JI.1O., /lezepm A.H., Jlexcnesa M.IO.

HAO Cegepo-Kazaxcranckuit yausepcurer uM. M. Kosbibaesa, r. [lerponasnosck, Kazaxcran
*E-mail: adyuryagina@inbox.ru

Pe3ome. B cuctemMax Ha OCHOBE OMTYMHBIX IJICHKOOOPA3YHOIMX HM3ydeHa aICcopOLMsl MOBEPXHOCTHO-
aktuBHoro BeuiecTBa (ITAB) AC-1 Ha MexdasHbIX rpaHHIIAX C BO3IYyXOM H aJIOMHUHHEBOW IMyJIpOH.
VCTaHOBJICHO BIMSHUE TEMIICPATYPBI, KOINYCCTBCHHBIX CONCPKAHUN INICHKOOOPA3yIOIEro H UCXOXHON
xoHueHTparuu ITAB Ha nmokasaTenu 1 MexaHHu3M KoHIeHTpupoBaHus AC-1 Ha Mexda3HOil HOBEPXHOCTH.
Onpenenenbl  paBHOBecHble — mokaszatenu — aacop6bumm [IAB AC-1  wa rpanumie paszgena
IJIEHKOOOpa30BaTelsi ¢ BO3AyXoM (TpeaenbHas aacopouus ['«, TonmmHa agcopOIHOHHOTO CIIOS & TPYIIIBI
ITAB AC-1, nocamouHas miomans S pyHkuoHansHoi rpynmsl [IAB AC-1). Beisieno ymenbienue '
B 1,5-2,0 pasa (0,91-10° moms/m?® mpu Cp = 1,78) m § (2,80-10°+3,00-10° m) ¢ yBenuueHnem
temneparypsl oT 280 no 310 K u xoHuentpanus pacrBopurens no Cp=1,78. 3HaueHue ruiomaznei S
3aHMMAEMOl AMUHOTPYIIIOH B aJICOPOIIHOHHOM ciioe cocTaBmih 8,50-102°+10,00-10720 M2,

3navenue pe3ynbrupyomuiero Temiosoro 3¢ dexra (AH) ans 6urymusix komnosuimii ¢ Cp = 1,17+1,78,
He3aBHCUMO OT cozeprkanus [1IAB, cocraisror wmoc 38-40 kxJ[x/MONb; Ui COCTaBOB C COIEPIKaHHEM
pactBopurens 1,78 (Cras = 0,06) npu yBenmmuennu temnepatypst ot 300 go 313 K, ormMedanoch CHHXEHUE
Ppe3yJIBTHPYIONIEro MoKas3aTens agcopduuu Ha 1,0-10° mons/M? u AH 10 yposHs 20+1,5 xJ[x/Moms?,
YcTaHoBI€HO MPONOPLHOHAIbHOE yBenndeHue ancopounn AC-1 Ha allOMHHHEBOH MyApe OT HCXOAHON
koHUeHTpalmu [TAB 1 He3HaYnTeNbHOE CHIDKEHHUE TTOKa3aTeNsl afacopouuu B 6ojiee KOHIICHTPUPOBAHHEIX
1o OUTYyMy cHUCTeMax.

KiroueBsle ciioBa: aacopOuus, MUrMEHT, ATIOMUHUEBAs My/ipa, OUTYM, JECTPYKTYPHPOBaHHE OUTYMHBIX
KOMITO3HIIUH, MOJICIIMPOBAHUE, TOJIINHA a/ICOPOIIMOHHOTO CIIOSL.
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STUDY OF THE POSSIBILITY OF OBTAINING BIOPLASTIC

Darmenbayeva A.S.", Zhussipnazarova G.M.

M.Kh. Dulaty Taraz Regional University, Taraz, Kazakhstan
E-mail:_ maral88@mail.ru

Abstract. Introduction. What makes plastic materials so popular? And what environmental
problems are emerging, conquering the whole world? Today, we can see that everything around us is
made of plastic. Most of us know that most of the things around us contain plastic. Despite the wide range
of applications, however, there arise many problems. Common examples include plastic pollution, plastic
decontamination processes, as well as the release of gases and substances thereof into the garbage, which
pollute the environment. The indiscriminate burning of plastic results in the emission of deadly gases and
carcinogens into the environment. Dumping them in the landfills results in leaching of toxins into the
ground and surface water resources. Recently, along with plastic recycling, we are considering ways to
produce bioplastics that can replace plastics, to decompose which it takes several hundred years. Due to
their natural origin, these are more biodegradable than ordinary plastic. The purpose of this work is to
study the ways of obtaining bioplastics, and obtaining bioplastics in the laboratory. As a result of the
work, bioplastic mass has been obtained in the laboratory, and hydrolysis of the resulting product has been
carried out. Hydrolysis has been performed in three different environments. This is because pH of the
environment can be different. For the same reason, it has been carried out in a weak acid, a weak base
environment and a neutral environment. By observing the hydrolysis results, the resulting product changes
have been determined. However, to explain its change in the context of the molecule, the method of
infrared spectroscopy has been used, and results have been discussed.

Key words. Starch, keratin, bioplastic, IR spectroscopy, hydrolysis.
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Japmenéaesa A.C.", Kycunnazapoea I'.M.

M.X yramu ameinoasur Tapas eniprix ynusepcumemi, Tapaz, Kasaxcman
E-mail: maral88@mail.ru

Tyiiinaeme: IlnacTuk Marepuangap >KOHE OJIAPABIH AKOJIOTHSFA THTI3€TiH 3UAHBI Oapimisre Oenriii.
Kasipri ke3ne aifiHamaMbI3bIH OapibIFbl IUIACTUKTAH €KEHITIH aHFapyra Oonajpl. AWHaIaMbI3Iarbl KOl
3aTTap/blH KypaMbIHJIa TUIACTUK Oap €KEHJITiH Ke3-KeireHimi3 Ouremi3. bipak, KONJaHbICH KaHIIAJIBIKTA
KeH OOJIFaHBIMEH OHBIH KOJJIAQHBICHIHAH TYBIHIANTHIH Mocesesiep Kerl. Mbicaiibl, IUIACTUKIICH JIACTaHY,
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OHBI 3aJIaChI3aH/IBIPY YIIIH OJapibl KOKBICTAPFa TACTaFbIHBIMEH, OJiapjaH OeJiHeTiH rasjap, 3arrap
KoplIaraH opTaHbl nacrayfa. COHFbl yakbITTapJa IUIACTHKTI KaliTa ©HAEYMEH KaTap, bIAbIpaybIHA
OipHeIe >XKY3JereH JKbUINAp KaKeT CTETiH IUIACTUK OPHBIH aIMAcThIpyFa OOJIATHIH OHMOILIACTHK ay
XKOJIaphl KapacTHIPYbLIya. broriacTuk — e3iHiH TaOUFYU MIBIFY TETi apKachIHAA, KaparailbM ILTACTHKKE
KaparaHjga, OHONOTHSUIBIK BIABIPAHTBIH MaTepuan OoJbIl  Kelmedi. byl JKYMBICTBIH —MakcaThl
OMOILTACTHKTIH aJIBIHYBl JKOJJAPhIH 3€pPTTel, JIabopaTopHsia OUOILIACTUK MATepUAIBIH aly OOablll
TabbUIanbl. AJIBIHFAH OHOIUIACTHK OHIMHIH TIHApONW3i kyprisinmi. I'mapomms ym Typm oprana
skacanbiaabl. Cebebi, Kopiuaran opranelH pH oprTypini 6omybl MymkiH. Con ceOemnTeH, oJCi3 KbBIIIKbLI,
9JICi3 HETI3/IK opTa XKoHe Oeifrapan opraza Kyprizinai. ['maponusi HoTHKECIH OaKbUIay apKbLiIbl aJbIHFaH
OHIMHIH e3repiciH aiKbIHIanbl. JlereHMEH, OHBIH ©3repiCiH MOJeKyla TYPFBICBIHIA TYCIHIIpY YIIiH,
NHPPAKBI3BUI CIEKTPOKCONHUS 9/1iCi KOJINAHBLIBIII, HOTIKECI TalJaH bl

Tyiiinai ce3nep. Kpaxman, kepatus, 6nomnactik, UK-cnekrpockomnus, Tuapous.

Japmenodaesa A.C. «Xumus ~ JrcoHe  XUMUANBIK — MEXHON02UA»  KapeopacwiHbly
Kayvimoacmuipiazan npogeccop m.a., PhD doxmopwi
Kycunnazapoea I'.M. Mazucmpanm
1. Kipicne

Kynpaenikti eMip/ie KOJaHATBIH 3aTTapAbIH IIIIHAC KEH TapajJFaH MaTephall
on — macTuk. COHFBI YaKbITTap/a KOpIIaraH OPTaHbIH JIACTAHYBI YIKEH MACelIe
Ooxpim oTelp. COHBIH INIIHAE TUIACTHKIICH JACTAHYBIHBIH Ja YJeCi KOFaphl.
Meicanbl, agam3ar KUl cailbiH 300 MWJUITMOH TOHHA IUIACTHK KaJABIKTAPBIH
mbirapaapl [1]. Onapapiy OackiM 0eJIiri FajlaMIIapbIMBI3BIH MYXHUTTapbIHIA
IIOFBIPIIAHBIN, “KOKBIC apaijapblH’ Ty3edi Je, OChl OopTaja TIPIIJIK eTeTiH
ar3ayiapra 3usH Turiemi. byn moceneHi mremyniH exi xonbl Oap. bipinmrici,
IUIACTUKTI Kalja OHJey, CKIHIIICI, ©3MdiriHeH bIIBIPAWThIH IUIACTHK TYPIiH
KOJIJIaHy.

Bomamiakra  OWOIITACTHK,  BIABIPAMAWTBIH  IDIACTUKTI  aJIMACTHIPHII,
FaJIaMIIapBIMBI3IbIH TUIACTUK KaJIJBIKTAPBIHBIH dKaObIHBI ACTHIHIAa KATYbIH aJJIbIH
QIyABIH HETi3rl TACLIl PeTiHAE KapacThIpbLIaAbl. BHOMIACTUKTEPiH KOIIILTIr
JKaHAPTBHIIATEIH Matepuaingap Oonbin TaObuianbl. COHBIMEH, OHOILTACTHKA-OYIT
OMOJIOTHSUIBIK Herizzeri Marepuangap [2]. buonnactuka OHOIOTHSIBIK HeTi3aeri
HMHHOBALIUSIIBIK IJIACTUKAJIBIK MoJIuMepJIepre JKaTaJIpl, MBbICAJIbI,
MOJIMTAKTUKAIBIK KBIIIKBUI, TOJUTAIPOKCHAIIKAHOATTAp, MMOJUTHIPOKCUOYTHPAT
JKOHE KpaxMaJj KOCIaJIapbl, COHBIMEH KaTap MOJIMHYKICOTUTED, ITOJUENTHIITED
JKOHE TIOJIMCAaxapUATep CHIKThI MHKPOOTBIK MOJUMeEpsiep. ByriHri HaphiKTa
YCBHIHBUIFAaH OWOIJIACTHKAJIBIK OHIMIEPIIH KOIIIIUIr JXyrepi, KaHT KaMbICHI,
KacTop Maiibl, KapTon Hemece Ouaal CUAKTHI OipiHIi OybIH MHKi3aTTapsl [3].

Ocnbl cebernTi, KeNenekTe OHbl KOJIIAHBICKA CHII3y YIIiH, OMOIUTACTHUKTIH
KacHeTTepl, KYPbUIBICHI MEH aJIbIHY >KOJIJIaPbIHBIH TEPEH 3ePTTENYiHIH MaHbI3bI
30p.

BuormactukTi 3epTXxaHana anyAblH €H THIMJI JKOJBI — KpaXMaijaH ajblHFaH
owormactuk. IllprFy Teri aysummapyarmbUDIBIK  (arpapiiblK) — OarbITBIHIAFBI
OMOIUTACTUK ay JKOJJaphlHA TOKTAJIATHIH OOJICAK, HETI3Ti IIWKi3aT Ke3zaepi
MOJIMCaXapyuATeP, OHBIH IMIHAE KpaxMaJl IeH IeJITF0II03a.

Kazipri yakpITTa KEeHIHEH KOJJIAHBUIATHIH OMOILIACTHK TEPMOILIACTHUKAIIBIK
KpaxMai. TepMOIUIaCTUKAIBIK Kpaxmall ACTCeHIMi3 OHWO-BIABIPANTHIH, KpaxMal
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HeTi3iHae *kacairaH, OnormracTuk Typi [4]. Kpaxman HarbI3 TEPMOIIaCTHK eMeC,
Oipak tutactTudukaTop (Cy, TIUIEepruH, COPOUT KaHe T.0.) KaThICYBIHAIA, KOFAPHI
temneparypaga  (90-180°C) onm  Oankpll,  CYWBIKTBIKKAa  aifHamafpl.
[Inactudukaropmap Kpaxmanfarbl CyTeri OalJaHBICTAPBIH OJICIPETENl KOHE
MTOJIMMEPITT MAKPOMAIIEKYIAJIBIK Ti30€KTiH KO3FAIFBIITHIFBIH apTTHIPAHI [5].

bronnacTukTi amyIplH Tarbl Oip KONBI O — MAyblK KAVbIPCHIHOAPLIHAH
ouonnacmux any. KayblpchlHIAp — >KaHAPTBUIATBIH aKybI3AApABIH €H ap3aH
Ke3nepinia Oipi. KOKbICTHI monuronra Ttactay KOpIIaFraH OpPTAaHBIH JIACTAHYBIHA
OKeNell JKoHE aKybI3[bIK MHKi3aTTeiH 90% sxoramybiHa okeneni. Keparun
KaHOAWUTBIH, THAPOQWIBII *OHE OUOJIOTHUSIIBIK BIABIPAUTHIH, COHJBIKTAH OHBI
XUMISUTBIK, OHJIEY apKbUIBl TYPIi Kepiepae Konmanyra Oomambl. Kaszipri tanma
TayblK  KAybIPCHIHAAPHI  KOJJIAHBICTAH  MYIAE IIBIFBIN  KeTTi.  TaybIk
KaybIPCBIHAAPHl HETI3iHJE OWOIUIACTUK ajly »JKOJOTHUSJIBIK THIMII OOJIBII
TaOBUIAE. [6].

JKyMBICTBIH MakcaThl OWOIUTACTUK aly MYMKIHIITIH 3epTTey OOJBIm
TaObLIa bl XKYMBICTBIH MiHIETTEPI:

1. FeutbiMu opmeOueTTEpal Tanmay HETI3iHIE OHOIUIACTUK MaTepPHaJIbIH
ATy JTbIH CXEMACHIH KOHE KaJIJaMJIbIK 9JICTEPiH TaHAAY.

2. 3eprxaHaja OWOIJIACTMK MATEPUAJIBIH Ay JXOHE OHBIH OHOJIOTHSUIBIK
YKOJIMEH BIIBIPAYbIH TOXKIpHUOE KY3iHIe aHBIKTAY

3. HoTmxkeni Tanmkpuiay

2. Toxipubenix 60im

AranraH >xkOoJIMEH OHWOIUIACTHK JKacayJa KaybIpChIHIApMEH KaTap 0i3re
Hatpuil cyne¢uai (NaoS), Hatpuil ruapokcuai (NaOH), ty3 kpiuksuier (HCI),
ueTpuMoHuii  Opomuai, Harpui xmopuai (NaCl), xammit xmopunmi (KCl),
munatpuiidocdar (NaHPO,) xone mukanuiipocdar (KH2POs) xaxer [7]. By
olicTe KaybIPCBIHIAPBI EPITIHAIMEH epiTill, MEXaHWKAIBIK apallaCTHIPFBIIITHIH
KOMeriMeH KepaTHH anblHaabl. Anaiina Haptuil cynbduai  (NaxS) yiusl
OOJIFaH]IBIKTaH, OHBIH OPHBIH alIMacThipa anaThlH 0acKa OJbI KapacThIPHUIIHL,
SFHU HATpUil cynb(QuAl aBOKaJIo OOHIAEPIMEH alMacTBIPbULABL. ABOKano Oi3diH
enje KpIMOAT TYpFaHbIMEH, OCBHI JKeMic TYpiH ajy HaTpuil cynb(QuaiH amyra
KaparaHJia OHalbIpaK api THIMIipeKk 00iibl. OHBIH YCTIHE aBOKAIOHBIH ©31H eMec
OHBIH JKEyre d>XapaMmchl3 OeJiri, SFHM KaJIbIFbIH MaiaanaHbpUIIbl. ABOKAIO
KaJAbIFBIHAH KpaxMan anbiHazael [8]. buomnacTuk TayblKk KaybIpCHIHBIHAH
QIBIHATHIH KEpaTWH MEH aBOKaJIO KaJJILIFhIHAH AJIBIHATBHIH KpaxMmall Heri3iHie
KacabIHaJIbI.

3. HoTm:keJiep 7k9He 0J1apAbl TAJKBLIAY

Kpaxman any ke3eHiHJe aBOKaIO0 TYKBIMBIHBIH KaJIIBIKTAPbIH XKYBII, KECiI,
OHBI YCaK YHTaKKa yHTakTtangsl. ConaH keifiH OenMe TeMIiepaTypachliHIa HaTpUi
cynbuTiHIH  epiTiHAiciHe  OaTBIPBUIBII ~ OHE  KYWITI  OJeHAepMeH
apayacThIpbUIFaH. AJIBIHFAH KOCTAHbI KaJbIHABIFEI 20 MKM HEHJIOH TOPBIMEH
€JIEKTEH OTKI3II, CyMEH KYBUIIBL.
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TynOa ycTiHAeri CYMBIKTBIK CY3TiZICH OTil, aj Ta3apTbUuIMaraH Kpaxmal
aFplHOBl cyMeH OipHeme per xywsuiabl. ComaH KeifiH cy3ri Topel 50°C
TeMrieparypaaa 24 carat KenTipijin, 6eaMe TeMiepaTypachlHAa CaKTalIbl.

Cypet 1 — ABOKa/I0 TYKbIMBIHAH aJIbIHFAH KpaxmaJ YJITicCi.

Kepatun any ke3eHiHAE TayblK KaybIpCHIHAAPBIHAH Maiabl xoHE Oacka na
KaJABIKTapAaH apbuly yuiH SDS TayblK KaybIpCBIHAAPBIHBIH MaccachlHbIH 1%-
BIH KYyYy apKbUIBI Ta3apThulabl. 10 T TayblK KayBIPCHIHAAPBIHBIH KaJIBIKTapBIH
CTaKaHFa caJyibll, CYHBIK-KarThl 40:1 kareiHaceiHza SDS epitiHaici KOCBUIIBI.
Yuari 30 munyt Ooiipl 50°C TemmepaTypala cakTajJaTblH BICTBIK IUTUTAIaFbl
MEH3ypKa O0ap MarHMTTi apalacTBIPFBINICH apanacTeIpelInbel. KaybpchiH
yirinepi cyna 10 MHUHYT KyBUIBII, COJIaH KEWiH alFOMMHUHN (hOJIbrara CaJIbIHBII,
KenTipiimi.

s

Cypert 2 — TaybIK KaybIpChIHBIHAH aJIbIHFaH KepaTuH YJITici.

YuriHmi  Ke3eHAe KanubIMid THUAPOKCHIl, HecemHop xoHe 10% SDS
epitinaicin gaibiHgamael. 250 mi epitinaire 10 r© TayblK KaybIPChIHIAPBIHBIH
yHTars! Kocsuiasl. Kepatunni kocnanbsl 70°C temneparypaaa 30 MHHYT TYpakKThl
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apanacTeIpy apKbUIbI abIHALL 50 MKM HEWJIOH TOpBIHA EPITIHAIHI Cy3immi. Y
KyH Ooifpl OemMe TeMIiepaTrypachlHIa Ta3apThUIFaH CyFa OaTBIPBUIFAH ITHATH3/I
LIEJUTION03a TYTIKTEPi apKpUIBI KOCIAHBI TY3CBI3MAHABIPY Xyprizimmi. Hwamus
Ke3iHae 6 caraT caiiblH Cybl aybICTBIPBUIBII, >KaHAPTHULNBL. KepaTwH yHTarbiH
nmaiganaHyra qaiieia Oonranra aeiiin 4°C Temreparypaja cakTay Kaxker.

TepTiHmI Ke3eHAe CYJIbl KpaxMal epiTiHAiCI CyFa 5 T KpaxMal YHTaFbIH KOCY
apkbutel 30 munyT iminge 70°C temmeparypaaa TypakThl apaiacThlpy apKbUIbl
nmanerHmanapl. CanMarbl 7 T KepaTWH YHTarblHBIH yiriciie NaOH kocwLimbl,
cogan keiiH 70°C-ta 15 MuHYT OO#BI MarHMTTIK apanacTBIPFBINITA YHEMi
apanacTbipa OTBIPBIN KbI3ABIpeUINbL. Keiin OipHelne yiriHi any YIIiH KepaTHH,
Kpaxmall JKOHE TIHIEPUH ePITIHIUIepiHIH 9pTYpi KaThIHACTA apaNacThIPBUIIBL.
[mumepuH — OWOMIACTUKANBIK IUICHKANAPAbl OHIIpYJe KOJNJAHBUIATHIH KEH
tapanran 1iactugukarop. Kocmamap 70°C temmneparypaga 10 MuHYT OOWBI
KEepaTHH MEH Kpaxmall KOCIACHIH ally VIIH Y3/IIKCi3 MarHUTTIK apajacThIpyMeH
KBI3ABIPBUIIBL.

ith

Cyper 3 — Kepartus, kpaxma oHe TNIHIEPUH epiTiHAIepiHiH opTYPili KATbIHACBIHAAFEI OHIM.

Becinmni ke3eHiae anpiaFaH oHIM 24 carart Ooiibl 60°C Temmeparypaia
BaKyyM/BIK IEIITe KeNTipityre ioepinai. OHIM KaTThl KYHre KOIIKEHHEH KeWiH
OMOJIOTHSUIBIK, BIABIPAUTHIHABIFBIHA THKIpHOEep Kypri3ini.

3epTxaHaja OWOMIACTUK MaTepHallblH aNyJAbIH KeJleci 9iici o1 —Kpaxmal
(xapromn) HeriziHzeri ouomnactuk. O yIIiH YHTaK Kpaxmai, TYTKbIp TJIHMLIEPHH,
100 T MemmepiHAe AUCTHIACHICH CY, KOCHAHbI IUINTKA KOMEriMEH KBI3IBIPY
KepeK. AJIBIHFaH MOJIIIp CapFBINT TYCTI MaTepHAIABl KETIPY KoHE CYBITY YIIiH 2
anTara aIFOMUHHUNA (OJIBTrachIHIA KA ABIPHIIIBL.

AJBIHFaH ©HMHIH OHOBIIBIPAUTHIHIBIFBIH aHBIKTAY YIIiH TY3 KBIIIKBUIBIHBIH
0.2 M cynsr epitiagiciame, 0.2 M HaTpwii THAPOKCHAIHIH CYyJIBI epiTiHmiCiHIe
XKOHE CyAa THUAPONM3l >Kyprisinai. Osrepicrepni Oakpiiay YIIiH —ajbIHFaH
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MaTepHalabl TUAPOIM3re AcHiH xoHe KeiiH MK-cmekrpockomnusiceinma tangay
JKacajibl.

OHIMHIH OHOJIOTHSIIBIK JKOJIMEH BIIBIPAUTHIHABIFBIH THIPOIU3 JKYPri3y
apKbpUIbl aHBIKTAIABL. [WIpONM3 — Cy MEH Typii 3aTTap apachlHAAFbl HMOHIBIK
alMacy peakuuscel. [ uapommsre Ty3map, THIPUATEp, THUOAHTUAPHUITED,
TaJOTeHAHTUAPHUATEP, Op TYPAl OPTaHWKANBIK KOCBUIBICTAD  YIIBIPaWIbL.
I'mapomn3 — ke#bip XUMUSIIBIK KOCBUIBICTAPABIH CY MOJICKYJIACHIHBIH OCEpiHeH
TOMEH MOJIEKYJIANbl TY3UTiMAEp KHUBIHTHIFbIHA BIABIpay KacueTi. [ maponus cyisl
epiTiHALIep JKarnaiblHAA HEMECE CyIBIH XOHE Cy OybIHBIH KaTTbl, CYHBIK KOHE
ra3 TeKTec 3aTTapFa TUTi3ep acepi HOTIXKeCIHAE XKy3ere acasl [9].

- Ogn yumiH yum Typiii opTaja ajlblHFaH ©HIM ChIHAJIIBI. OJICI3 KbIIIKBLI,
oJICi3  Heri3mik >koHe Oeiftapam opTamarbl cblHamMa okacangsl. HoTmxkeci
OaKpIIAHBII, XUMHSIIBIK TAJIAY KacallIbl.

- 3eprxanHajga KpaxMaiJaH OMOIUTACTHK aJIBIHBIMN, YII TYPJIi epiTiHAiIepre
CaJIbIHFAHHAH KEWiH, OHBIH CBIPTKBI TYpi ©3TepeTiHIIrT aHBIKTANIbl, IEMEK, OJl
TUIpOJIM3Te yIublpam, bigslpaiapl. Horwkecinme ipi  Oemmexrtepi  Kesre
KOPIHETIHCH epITIHIIHIH 1IiHAe OMOTUTACTUK BIABIPabl. CalbICTHIPMAIIBI TYPAC
HATPUH THIPOKCHI epiTiHIiCiHaeri OnoracTMacca TOJIBIFBIMEH EpireH.

(a) (6)

Cypet 4 — l'uaponusre jieiiin (a) )xoHe KeiiiH (0).

BuomtacTMaccaHbIH MaccaaapbIHbIH ©3repici TOMEHIe KeCTele KOPCeTireH.
AtiTapasikTai e3repic cinTi epitinaicinae Oonapl. CUTTi epiTiHIICIHAEC THAPOIU3
HOTWDKECIHZIETT KOCIa TYCl TAJ KBI3FBUIT TYCKe OOSUIFaH JKOHE JKYKa IUICHKara
afiHayFaH. AJl KBIIIKBLI ePITIHIICIHAET] OuoracTMacca ipTiK-ipTik OeJieKkTepre
aiiHanFaH. AN cyasl OuorutactMacca OEpiKTIriH KOFaiThIN, KYMCAaK MaTepuall
TY3Ii. AJIBIHFaH OMOIUIACTHK MaTePHANIbl YaKbIT OTE KeJe )KYMCAKTBIH JKOFAJITHII,
KaTThl, THIFBI3 3aTKa alHanabl. Byl KypamblHIa bUIFaIABIK/ IUIaCTU(HKATOP
MOJIILIEPiHiH a3dbIFbIH HE 0acka THIMAI TUIACTH(UKATOP KOJAAaHy KEpEeKTiriH
KoepceTTi. SIFHHM, KOJJaHBICHIHIAFbl Y3aKTBIFBIH apTTBIPY YIIIH JKYMBICTBI
KETUIIpy/Ae 3 anrtajaH KeWiHT1 alblHFaH OMOTUIACTUK MaTEPUABIHBIH ©3repicke
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YIIbIpayblH OONABIPTHAC YLIIH KYMBICTBI SKETUIAIPY >KONAApBIH KapacThIpy

Kepek.

Kecre 1 — BromactMaccaHbIH THAPOIU3Te JICHiHTT )KOHE KeHiHTT MaccallapbIHbIH ©3repici OepiireH.

Maccanapbl 0.2 M HC1 (cymbr epiTil—mici)/ 0.2 NaOH (cyust epiTil-mici)/F H2O/r
r
T'upponusre peitin 1.75 1.66 1.11
T'uaponusneH keitin 1.58 1.32 0.98

ANBIHFAaH MaTepHalJblH THIPONHU3 HOTWXKECIHIE  BIIBIPAHTHIHABIFBIH
nonenney yunH MWK-CIeKTpOCKONHUSIBIK OiCi apKbUIbl Talfay >KYpTi3ijii.
NudpakpI3bul caysenaep 3aT apKbUIbl OTIM, OJ aToMaap TOOBIHBIH (MOHIAP/IBIH)
Taburu TepOeyic JKUiNiriHe coiikec KeleTiH KeiOip kwmimiktepai ci”ipenmi. MK
xyTy cnektpi KBr cyOcTparsinia xyKa Tabnerka 9/liciMeH JalbIHAAIFaH YITiiep

“Infraspek, ‘“Model FSM 12017 (P®, Cankr-lletepOypr) KOHABIPFHICHIHIA
1400-400 cM™ TONKBIH y3BIHABIFLI UAIA30HBIHAA TYCIpiII.

|
/ .
- gt g /
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1500

Cyper 5 — T'unponusre neiinri UK-cnekrp.

CriekTpaeH ajblHFaH OMOIUIACTHKTIH KYpaMblHIOarbl KeWOip OemexTepmi
aHbIKTayFa 00ajel (5-cyper).

Kecre 2 — MH}pakpi3bu1 criekTpine tangay xacay [10]

benmekrep Tonkpia cansl CM-1 Tannay HoTHXKEC]
(TonkeIH y3bIHABIFE MKM)
-CH3 2885-2860 (3.47-3.50) -CH3s TOOBIHBIH IeTepOKOCHIIBICTAPIMEH
OaitaHbICHI
-O-CHs
R-C=C-H 2140-2100 (4.67-4.76) -C=C- kanbiknaran CH
3550-3500 (82-2.86) - OH T0o651
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Cypet 6 — I'unponuszen keiinri UK-crexrpi.

I'muneprH MeH KpaxMmai epiTiHAUIEPIH KbhI3ABIpAay HOTIKECIHIE Ty3uryi
MYMKIH ©HIMHIH (hopMynacel ToeMeHeriaei 6onanst (1).

HO 1-D
! U‘L GH
e oH o Nai Gy
W H, ™ .
oH [ ——
‘[/<:/\ ~of 4 o H:\D‘E 42{ >
| n
OH
A{FEXMAT TITHIEPHE

EHEMATHHOSHTEH KPERMAIT

1)
PearenT apanapsinia sxail a¢upiik OailiaHpIC apKbUTBI OalIaHbIC APKBUIEI
Ty3ineni. Ocbl ©HIM THIPONIN3 Ke3iHAETI MYMKiH OOJIaThIH MEXaHHU3IMi TOMeH e
KEJITIPUITeH.

| | | |
-C-C-0-C-C- —= -C-C0 + —-C-C-

T 11 +
o1
LHM_OE-H :OH
L7
I I
—> —C-C-0 + ~C-C
1 |
H OH 2)

CHexTpAeH coylelepaiH JKYThIIy e3repiciH Oaikayra Oojaibl. AJIBIHFBI
2886-2860 cm! (MKM) Oyn cmekrpae kepinGeimi. byn —O-CHs TOOBIHBIH
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TUAPONM3ACH KEWiH JKOK eKCHOINiH KepceTedi. [ HMaponms MexaHW3Mi
HYKHOGWIBI1 KOCBUTY JKOHE 06JliHy MeXaHu3IMiMeH Xypeni (2). OHiMaeri oTTeri

e

~  HyKIO(WIb peTiHIe Cy MOJIEKYJIaChIHIaFbl )KapThulail OH 3apsnka ue H**
CyTeK aTOMbIHA Ia0yn skacaiinbl. HoTxkeciHae CyTeK aTOMbI HYKIO(UIb OTTEK
aTOMBIMEH OaifHapIC Ty3im, KapOokatnoH >koHe :OH™ monsl Ty3imeni. :OH" xym
JJIEKTPOH KapOOKaTHMOHFa IMAybLIBI HOTHXeciHme Oactanmkbl OH- ToOBI Oap
pearent Kaiita Tysinemi. Con cuskrel 2140-2100 et (MKM) Oy criekTpinge
O0omyel MyMmkiH —C=C- aToM TOOBIHBIHIA THAPOJIM3ICH KEHIH e3repicke
ymeiparad. MK crekTpiHiH e3repici 0acTamkbl OHOINIACTHKTIH THAPOIU3ICH
KeWiHTi KypaMbIHJarbl e3repicin kepcereni. by, 3 ke3erinae CyablH ocepiHeH
JafBIHAIFaH TUTACTUKTIH BIABIPaFaHbIH OLTipEIi.

4. KopbITBIHIBI

By makanana 3eprxaHazia OMOIIIACTUK MAaTEPHAIIAPBIHBIH AJIBIHY KOJIIaphl
KapacTeIpbuabl. COHBIH IITiHAE TAayBIK KAayBIPCBIHBI MEH Kpaxmall HeTi3iHOeTi
OMOITIAaCTHK MAaTepHAIIapablH adybIHy JKYpri3iimi. ABOKAaIO TYKBIMBIHAH
(moHIHEH) KpaxMall, TaybIK KaybIPChIHBIHAH KEPAaTHUH aJBIHBII, TUIACTU(MUKATOP
peTiHAE TIUIEPUH KOJJAHBUIIBL. AJl, KapTON KpaxMmall HeTi3iHJeri albIHFaH
OMOTIACTUK MATEpUANTbl THAPOJIN3 HOTIKECIHIE BIIBIPAUTHIHABIFBIH UK criekTpi
apKbUIBI THIPOJIM3TE JCUIHT1 JKoHE KEHIHTT OMOIUIACTHK MaTePUANIBIHBIH CHIPTKBI
CHUITaTBIHBIH ©3repiCiHeH Kopyre 00majbl.

NCCIIEJOBAHUE BO3MOXKHOCTHU MMOJYUYEHHUSA BUOIIJIACTUKA
Japmenbaesa A.C.", JKycunnazapoea I'.M.

Tapazcxui pecuonanvhuviil ynugepcumem umenu M.X. ynamu, Tapas, Kazaxcman
E-mail: maral88@mail.ru

Pe3tome. UTo BBI3BIBACT TaKylO IMOMYJSIPHOCTH IUIACTHKOBBIX MarepuanoB? UM kakue sKonornyeckue
poOseMbl BO3HHUKAIOT, 3aBOEBbIBas Bech Mup? B Hacrosimee BpeMs Bce BOKpYT U3 IUtacTuka. JIro6oit u3
HAC 3HAeT, YTO MHOTHE INPEeAMEThl BOKPYr Hac cojepxkaT Iulacthuk. Ho, HeCMOTps Ha TO, HAaCKOIbKO
OOIIMPHO €ro TMpHMEHeHHe, EcTh MHOro mpodsieMm, KOTOpbIe BO3HHKAIOT H3-3a €r0 HCIOJIB30BAHUS.
Hampumep, 3arpsi3HeHHe TIIACTUKOM, €r0 YTHIM3ALHs B MyCOp, BBIISISIONINECS U3 HEro ra3bl, BElIeCTBa
3arps3HSIOT  OKPYXAloLIylo cpefny. B mocnenHee Bpems, Hapsgy ¢ IepepabOTKOH IIIacTHKa,
paccMaTpUBAIOTCS CIIOCOOBI TTOMyYSHHUsI OUOIUIACTHKA, KOTOPBIH MOXKET 3aMEHUTH IUIACTHK, PAa3IOXKeHHE
KOTOpPOTO 3aHMMaeT HECKOJbKO COTeH JieT. buomnmactuk-Onaromapss CBOeMy €CTECTBEHHOMY
MIPOUCXOXKACHHUIO, B OTINYNE OT OOBIYHOTO IIACTHKA, BIISIETCS OMOpa3iaraeMbIM MaTepuaioM. B naHHOM
paboTe nonyckaercs noixydeHHe OMOIUIACTHKA, B JIAOOpaTOpUM ObLI NMPOBEIEH THUIPOJIU3 MONYyYEHHOTO
OMOIUIACTHKOBOIO MPOAYKTa C IOJyYeHHEeM Marepuayia OMoIuiacTuka. ['Maposian3 mpousBOAMICS B TpeX
pasnMyHBIX cpefax. OTo motoMy, uto pH oxpykaromeil cpemsl MoxeT ObITh pasHbIM. [losTomy
IPOBOMIIA B CIHAOOKHCIBIX, CIa00OCHOBHBIX CpelaX M HEUTpambHBIX cpemax. HaOmomeHuem 3a
pe3yJabTaToOM THAPOJIM3A ONPENesId M3MEHEHHE IOJIYyYeHHOro Npojaykra. TeM He MeHee, 4TOOBI
OOBSCHHTH €ro HM3MEHEHHE B KOHTEKCTE MOJICKYNIBI, OBLI HCIIONB30BAaH MeETO] HH(MPaKpacHOH
CIIEKTPOKCOIIUH, ¥ Pe3yIbTaT ObLI IPOaHAIH3HPOBAH.

KiroueBble ciioBa: kpaxMai, kepatut, Ouoruiactuk, UK-crniektpockonusi, ruapoin3.
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Abstract: Bimetallic Fe-Ag composites were fabricated based on silver (1) ferrite (AgFeOz2)
synthesized using a co-precipitation method with and without the polyvinyl alcohol as a nanoparticle
stabilizer, followed by the heat treatment at 500, 700 and 900°C and electrochemical reduction. Phase
compositions and morphological features of AgFeO2 samples produced after heat treatment and after
electrochemical experiments were determined by X-ray diffraction analysis and electron microscopy. A
decrease in the temperature of the thermal decomposition of silver ferrite prepared with polyvinyl alcohol
was established. The possibility of the electrochemical reduction of AgFeO: in aqueous alkaline catholyte
on a copper cathode with the formation of crystalline phases of both metals or their alloy was shown. The
Fe-Ag composites formed during heat treatment and electrochemical reduction were used as
electrocatalysts in the electrohydrogenation of p- and o-isomers of nitrobenzoic acid and exhibited high
activity. Compared to their electrochemical reduction under similar conditions, the hydrogenation rate and
hydrogen utilization coefficient were increased, and their conversion reached the maximum values. The
main products of electrocatalytic hydrogenation are p- and o-isomers of aminobenzoic acid, which are
widely used in the production of drugs (for example, benzocaine, novocaine., etc.).
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1. Introduction

Nanoparticles of a number of metal ferrites with magnetic properties are used
as catalysts in various reactions of organic chemistry [1]. This group of metal
ferrites also includes silver (I) ferrite, AgFeO2, which exhibits high photocatalytic
activity in many chemical processes [2—4]. In addition, silver ferrites are widely
employed as sensors, energy storage devices, in lithium-ion batteries, and for
water purification due to their non-toxicity, optical, electrical and magnetic
properties, as well as a unique electronic structure [5-7]. It is known [8] that silver
() ferrite has a delafossite-type layered structure with the general chemical
formula ABO,, which is characterized by alternating layers of BOg octahedra with
common edges, where the B cation can include various trivalent transition metal
cations (for example, Fe®*) with close-packed monovalent A* metal cations, which
are located between the layers. For AgFeO,, rhombohedral (space group
symmetry R-3m) and hexagonal (space group symmetry P63/mmc) crystal
structures are known [9].

In literature, various methods for producing stable nanosized particles of
silver ferrite have outlined: sol-gel method [2], hydrothermal [10], co-
precipitation [11], solid-phase synthesis [12] and others. These methods can be
used to prepare silver ferrite with a highly crystalline structure, with good
dispersion and stability, with the ability to control the size and shape of its
particles [13-15]. It is known that silver has antibacterial properties, and recently
a tendency to obtain mixed ferrites of metals with silver has been developed to
create new composite materials with good physical properties and antimicrobial
activity [16, 17], which can be promising in biomedical and pharmaceutical
productions.

Some metal ferrites, in addition to their direct use as catalysts, serve as
sources for preparing nano- and microparticles of bimetallic iron-containing
composites, which also have catalytic properties. The scientific papers [18-20]
describe in more detail the creation of Fe-Cu- and Fe-Zn-composites by thermal
reduction of metal ferrites in a hydrogen flow or in an environment of other
reducing gases. We have also shown that as a result of the electrochemical
reduction of copper (lI) ferrite (CuFe20,) the Fe—~Cu composites are formed with
various metal contents determined by the temperature of their preliminary heat
treatment, and they exhibit high electrocatalytic activity [21]. Nickel and zinc
ferrites behave somewhat differently under similar conditions [22, 23].

This paper presents the investigations of the thermal and electrochemical
reduction of silver ferrite, the preparation of Fe-Ag composites on its basis, and
their application in the electrohydrogenation of nitrobenzoic acid (NBA) isomers,
the amino-products of which are intermediate reagents in the synthesis of known
drugs (benzocaine, novocaine, dicaine and etc.).

It should be noted that there are practically no studies on the thermal and
electrochemical reduction of silver ferrite in the literature. At the same time, it is
known [7, 24] that at temperatures of 600-700°C, silver ferrite decomposes with
the loss of oxygen and the formation of metallic silver and Fe;Os:
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4AgF602 — 4Ag + 2Fe,03 + Os. (1)

In addition, there are studies on the creation of bimetallic Fe—Ag
nanoparticles and investigation of their optical, magnetic, photocatalytic, and
catalytic properties [25-27]. Their syntheses are based mainly on the chemical
reduction of silver cations in the presence of iron or its oxides and the formation
of core-in-shell nanoparticles. For example, in [25], at the first stage of syntheses,
Fe and FesO4 nanoparticles were first prepared by the hydrothermal method, then,
in their presence, silver cations were reduced from its nitrate using sodium
borohydride, and the photocatalytic properties of the formed Fe-Ag
nanocomposites were studied.

2. Experimental part

In this work, silver (1) ferrite was synthesized by co-precipitation method
using a modified procedure from [24]. Silver (1) nitrate (0.06 mol) and iron (I11)
nitrate (0.06 mol) were dissolved in 300 mL of distilled water of room
temperature and stirred on a magnetic stirrer at 70°C for 1 h. The 2M aqueous
sodium hydroxide solution was added dropwise to this mixture until pH 12 was
reached, and it was stirred for 3 h. A ruby-red precipitate formed, which was
filtered and washed with 150 mL of distilled water heated to 50°C. It was dried at
80°C to constant weight. The resulting reddish-brown powder was divided into 3
equal parts and thermally treated at 500°C, 700°C and 900°C for 2 hours. The
heat treated composites were ground in a Tube Mill control at the same speed and
duration of grinding.

On this procedure, the composites of silver ferrite with polyvinyl alcohol
(PVA) as a polymeric stabilizer of the particles were also fabricated, when metal
salts were dissolved in the 3% PVA solution. The resulting precipitate was
filtered and washed with distilled water of room temperature. After drying, the
composite of silver ferrite precursors and PVA adsorbed on them was also
thermally treated at 500°C, 700°C and 900°C for 2 hours.

The phase constitutions of heat treated silver ferrite samples, as well as the
same samples after electrochemical reduction and after application in the
electrohydrogenation of p- and o-nitrobenzoic acids were determined using a X-
ray diffractometer (Bruker D8 ADVANCE ECO) using Cu-Ka radiation in the
angle range (20) of 15-90°. Their morphological features were studied using a
scanning electron microscope (TESCAN MIRA 3 LMU).

The electrocatalytic properties of formed Ag-Fe composites were studied in
the electrohydrogenation of p- and o-nitrobenzoic acids, the main hydrogenation
products of which were the corresponding isomers of aminobenzoic acid. The
experiments were carried out in a diaphragm cell in an agueous alkaline catholyte
solution at a current of 1.5 A and temperature of 30°C in two stages: the
electrochemical reduction of AgFeO, samples, and then the electrohydrogenation
of NBA isomers. Silver (I) ferrite powder (weighing 1 g) was applied to a
horizontally placed copper cathode (with an area of 0.05 dm?) tightly adjacent to
the bottom of the electrolytic cell. The AgFeO, powder, which has magnetic
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properties, was held on the cathode by an external magnet. The platinum gauze
was served as an anode. Electrocatalytic hydrogenation of the organic compound
on reduced metal composites was carried out after the termination of hydrogen
absorption in the first stage. The initial concentrations of p- and o-NBA were
0.066 mol/L. Based on the volumes of gases (oxygen and hydrogen) evolved, the
rate of the hydrogenation reaction (W, mL Hx/min), the hydrogen utilization
coefficient (1, %), and the conversion of the reduced substance (a, %) were
calculated.

3. Results and discussion

Bimetallic Fe-Ag composites were prepared on the basis of silver (1) ferrite.
Silver ferrite was synthesized by co-precipitation method without and in the
presence of the PVA polymeric stabilizer followed by heat treatment at 500, 700,
and 900°C and electrochemical reduction.

Table 1 presents the weight losses of silver ferrite samples during heat
treatment, their weights after heat treatment and the content of both metals in 1 g
of each sample, calculated taking into account their amounts in the initial salts.
With the same molar ratio of silver and iron salts taken for the silver ferrite
synthesis, the silver content in 1 g of the samples is significantly higher than that
of iron. The initial weights of silver ferrites without and with PVA were 3.55 g
and 5.00 g, respectively. Despite the difference in the initial weights, the higher
weight loss of the samples synthesized with PVA during heat treatment confirms
the adsorption of the polymer on the particles of precipitated metal oxides as the
precursors for the formation of silver ferrite.

Table 1 — Some characteristics of silver heat treated ferrite samples

. . The HT The weight . . Metals content in 1 g of
Silver ferrite temperature loss durin Silver ferrite silver ferrite, g
samples pe ’ 9 weight, g :
C HT, g Ag Fe

AgFeO; 500 0.06 3.49 0.619 0.321
AgFeO; 700 0.23 3.32 0.651 0.337
AgFeO; 900 0.24 3.31 0.652 0.338
AgFeO; + PVA 500 1.29 3.71 0.582 0.302
AgFeO; + PVA 700 1.62 3.38 0.639 0.331
AgFeO; + PVA 900 1.65 3.35 0.645 0.334

For the prepared AgFeO, and AgFeO. + PVA samples, X-ray diffraction
(XRD) analyses were performed. According to the XRD pattern of the AgFeO;
sample heat-treated at 500°C (Figure 1, 1a), its phase constitution corresponds to
the XRD data for silver ferrite with a rhombohedral crystal structure [7].

The particle sizes were calculated using the Scherer formula and X-ray
diffraction data for prepared composites. The sizes of the silver ferrite particles of
the (102) crystalline phase corresponding to the extended peak at the diffraction
angle 26 = 35.30° in the XRD pattern are ~ 9 nm. The particle sizes of other
crystalline phases of this ferrite sample vary from 5.7 to 39 nm. Electron
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microscopic studies of this sample, indeed, show a fine-grained structure of its
particles with a tight fit to each other (Figure 2).

According to XRD analysis (Figure 1, 2a), the heat treatment (HT) of silver
ferrite at 700°C is accompanied by its decomposition into iron oxide (I11) and
silver metal (reaction equation (1)). This sample contains Ag and a-Fe;O3
crystalline phases. The size of the silver crystallites of the phase at the angle of 20
= 38.3° is ~16 nm. In the micrograph of this sample, taken with a BSE detector
(Figure 2, b), it is clearly seen that multiple light inclusions of different sizes
appear on the surface of its particles, corresponding to silver crystallites.

The AgFeO, sample (900°C) after HT (Figure 1, 3a) also contains silver and
hematite (a-Fe203) in smaller amounts in its constitution. In addition to silver, the
presence of reduced iron is also possible in this sample, the iron corresponding
peaks are located along the peaks of silver in the XRD pattern. For example, for
Fe, the values of 26 angles for its main crystalline phases are 44.3°, 64.4°, 81.6°,
and for Ag, they are 44.5° 64.5° and 81.8°. The formation of alloyed Ag-Fe
particles is also possible. It follows from the XRD data that all particles are large
(40-80 nm). Micrographs show iron-containing crystalline formations up to
several micrometers (Figure 2, ¢). The melted silver (see the attached spectrum of
one of the light areas in micrograph (Figure 2, c)) covers these crystals in the
form of films of different thicknesses.
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Figure 1 — XRD patterns of AgFeO2 samples heat treated at 500°C (1), 700°C (2) and 900°C (3)
after HT (a) and after electrochemical reduction
and electrohydrogenation of NBA (b)
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Note that the AgFeO. samples prepared without a polymeric stabilizer and
treated at 700 and 900°C have magnetic properties, while the sample with HT at
500°C does not have such properties. This is in a good agreement with the results
of the work [24], which states that silver ferrite annealed at 400°C is
paramagnetic (remanent magnetization value Mg = 0.0023 emu/g). At the same
time, composites fabricated from silver ferrite during heat treatment at 700 and
900°C exhibit ferromagnetic properties (Mg = 0.035 and 0.383 emu/g,
respectively).

The phase constitutions of all three AgFeO, samples after electrochemical
experiments are shown in Figure 1, 1b-3b. In the AgFeO, (500°C) sample, in
which only silver ferrite particles were present after HT (Figure 1, 1a), the
electrochemical reduction of silver cations and partially of iron cations occurs,
when it is saturated with hydrogen. In the XRD pattern (Figure 1, 1b), the peaks
for these metals are located together, and as noted above, the alloyed Ag-Fe
particles (or heterostructural formations) could be formed. The AgFeO; (700°C)
sample contains only crystalline phases of silver and iron oxide (a-Fe203). In the
AgFeO; (900°C) sample, reduced iron appears in a small amount (Figure 1, 3b).

Figure 2 — Micrographs of AgFeO. samples heat treated at 500°C (a), 700°C (b)
and 900°C (c)

The presence of the PVA polymer in the process of co-precipitation of metal
cations affects the phase changes of silver ferrite samples during their heat
treatment. So, already in the XRD pattern of the AgFeO, + PVA (500°C) sample
(Figure 3, 1la), the peaks appear corresponding to the crystalline phases of
metallic silver. The remaining silver ferrite and iron oxide a-Fe,Os; are also
present. That is, under the action of temperature and PVA polymer, a partial
decomposition of silver ferrite occurs at 500°C, which takes place at higher
temperature in the case of AgFeO, prepared without the polymer (Figure 1).

The XRD pattern for AgFeO. + PVA (700°C) sample shows almost the same
phase constitution (Figure 3, 2a) as for the sample annealed at 500°C, and
obviously with a smaller number of silver ferrite phases.
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In the AgFeO, + PVA (900°C) sample, in addition to the crystalline phases
of metallic silver, iron and iron oxide o-Fe;Os, there is presumably another
modification of this oxide, y-Fe;Oz (maghemite), with low-intensity peaks in the
X-ray diffraction pattern (Figure 3, 3a). It is known that the phase transition from
v-Fe203 to the more stable modification a-Fe,Os; occurs in the region of 550-
560°C [28, 29], but during stabilization it can also exist at higher temperatures.
Apparently, silver acts as its stabilizer in this heat-treated sample. At the same
time, this sample exhibits weaker magnetic properties than the other two samples
synthesized using the PVA polymer and treated at 500°C and 700°C.

From the micrographs of these samples, one can trace their morphological
changes: from the beginning of the Ag particles separation from the rather dense
AgFeO; structure to the formation of almost pure metallic Fe and Ag large
crystals several micrometers in size (their compositions are shown in the EDS
spectra 2 and 3, attached to the micrograph b) and to the sample with some melted
silver (Figure 4, d).
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Figure 3 — XRD patterns of AgFeO2 + PVA samples after heat treatment (a) at 500°C (1), 700°C
(2) and 900°C (3) and after electrochemical reduction
and NBA electrohydrogenation (b)

Heat-treated silver ferrite samples were deposited on the surface of a copper
cathode, held on it with a magnet placed outside the cell, and saturated with
hydrogen. Then the resulting Ag-Fe composites were investigated for the
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manifestation of electrocatalytic activity in the electrohydrogenation of p- and o-
isomers of nitrobenzoic acid (p- and 0o-NBA). The obtained results are shown in
Table 2.

It should be noted that the electrochemical reduction of aromatic nitro
compounds, as a rule, is complicated by the various chemical transformations of
the intermediate reduction products formed and significantly depends on the pH
of the environment [30]. The electrocatalytic hydrogenation of nitro compounds
proceeds by the mechanisms similar to their catalytic hydrogenation on
heterogeneous catalysts in the liquid phase. Brief reviews of the catalytic
hydrogenation processes of nitroarenes with a description of their mechanisms
can be found in recently published articles [31, 32].

B Spectrum 2

S e P
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Figure 4 — Micrographs of AgFeO. +PVA samples annealed at 500°C (a),
700°C (b and c) and 900°C (d)
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From the data in Table 2 it follows that all heat-treated AgFeO. samples
absorb hydrogen and undergo an electrochemical reduction, but to variable
degrees, which are determined by changes in their phase constitutions that occur
during heat treatment at different temperatures. The AgFeO: (500°C) sample after
HT practically retains the silver ferrite crystal structure (Figure 1, 1a), therefore,
in the electrochemical system, its reduction is accompanied by the absorption of
the largest volumes of hydrogen (131.1 and 125.2 mL Hy). For the complete
reduction of silver and iron cations from 1 g of AgFeO, taken to activate the Cu
cathode, according to the equation

AgFeO; + e + 4H* — Ag® + Fe® + 2H,0, )

228 mL of H, are needed, of which 57 mL are used to reduce of silver
cations, and 171 mL for the reduction of iron cations. Obviously, in the AgFeO;
(500°C) sample, all the silver and part of the iron cations are reduced. In all other
AgFeO; and AgFeO, + PVA samples, two metals are partially formed even
during their heat treatment both during the release of oxygen from AgFeO, and as
a result of reduction by PVA decomposition products. Therefore, in the
electrochemical system, they absorb smaller volumes of hydrogen.

Table 2 — The results of the electrochemical reduction of silver ferrite samples
and electrocatalytic hydrogenation of p-NBA and o-NBA

Electrochemical Electrocatalytic
reduction of AgFeO. hydrogenation of NBA’s
Silver ferrite samples W mL Ho/min
T, Min V2, mL (a=0.25) n, % a, %
p-Nitrobenzoic acid
Cu cathode - - 3.7 36.1 63.9
AgFeO; (500°C) 80 131.1 9.0 88.9 99.4
AgFeO; (700°C) 20 17.0 6.3 61.5 935
AgFeO2 (900°C) 60 98.1 9.3 90.3 100.0
AgFeO2 + PVA (500°C) 20 30.2 9.5 91.7 97.2
AgFeO2 + PVA (700°C) 30 38.7 8.6 83.3 94.6
AgFeO2 + PVA (900°C) 60 46.9 8.4 81.9 96.0
o-Nitrobenzoic acid

Cu cathode - 3.8 36.1 66.4
AgFeO2 (500°C) 60 125.2 7.9 77.8 99.6
AgFeO; (700°C) 50 25.8 7.0 67.8 99.9
AgFeO; (900°C) 40 88.7 9.3 91.7 99.3
AgFeO2 + PVA (500°C) 30 38.6 9.1 88.9 99.8
AgFeO2 + PVA (700°C) 30 38.6 8.5 83.3 99.5
AgFeO; + PVA (900°C) 40 51.4 9.0 87.5 99.8

The electrocatalytic hydrogenation of both NBA isomers in the presence of
Fe—Ag composites formed after the electrochemical reduction of thermally treated
silver ferrite samples proceeds noticeably faster than their electrochemical

127



KA3AKCTAHHBIH XUMUAJIBIK KYPHAJIBI XUMHYECKHUY XVPHAJT KA3AXCTAHA

reduction on a Cu cathode (Table 2). Moreover, more consistently high
conversion values are repeated for all samples in the case of electrocatalytic
hydrogenation of o-NBA. In general, it is quite difficult to determine,
electrocatalytic hydrogenation of which NBA isomer is more intense using the
prepared Fe—Ag composites, since high hydrogenation rates (9.3-9.5 mL Hx/min)
are achieved in processes of both NBA isomers being studied. It can be noted that
composites containing crystalline phases of two metals or their alloys after
electrochemical reduction are electrocatalytically more active than composites
containing only reduced silver and iron oxide a-Fe;Os.

4. Conclusion

Thus, the performed experiments have established that silver ferrite AgFeO-
can be reduced in the electrochemical system under specified conditions, and the
degree of its reduction is determined by changes in the phase constitution of
AgFeO;, samples during preliminary heat treatment. The resulting Fe—-Ag
composites exhibit a high electrocatalytic activity in the electrohydrogenation of
p- and o-nitrobenzoic acids and, obviously, can be used as catalysts in the
synthesis of other aminocompounds.
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BUMETAJIJIbI Fe-Ag KOMITO3UTTEPIHIH, KOJIIAHBLTYBIMEH HUTPOBEH301
KbIIIKBIJIBIHBIH r- )KOHE o -U3OMEPJIEPIH DJIEKTPKATAJIM3AIK T'MJIPJIEY

Cobonesa E.A.Y", Bucypxanosa A.A.12, Heanoea H.M., Beiicenbexosa M.E.}, Kensicemaesa C.0.2

DKIIC «KP Opeanuxanvix cunmes dicone Komip Xumuscol uncmunymoly, Kapazanowl, Kazaxcman
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Tyiiingeme. bBumerannsr Fe-Ag KoMIo3uTrepi, HaHOOOJIIEKTEPAIH TYPAKTaHABIPFBIMBI pETiHAE
nonmuBuHm crupTiHiH ([IBC) KaThiCybIChI3 JKOHE OHBIH KaThICYbIMEH Oipre TYHIBIPY oIiCiMeH
cunresgenred, kymic (I) deppuri (AgFeO2) Herizimge, compiHaH oHBI 500, 700 xome 900° C
TeMIeparypana TepMUSUIBIK oHaey (TO) jxoHe DIEKTPOXUMHSIIBIK TOTBIKCHI3IAHABIPY aPKBUIBI AJBIHIBL.
TepMUsIIBIK OHICYACH KEiliH JKOHE OSJICKTPOXHMUSUIBIK JKCIEPHUMEHTTEpACH KeiliH aneiHFaH AgFeO:
YIIrisiepiHiH (a3anslk Kypamaapbl peHTreH(pa3alblK Tanaay kKoHe IeKTPOHIbI MUKPOCKOITHS d/liCTepiMeH
QHBIKTAAB! KOHE MOPGOJOTHSIBIK epekmenikrepi 3eprrenai. [ToMMBHHHI COUPTIMEH ailbIHIaIFaH
KyMic (EeppUTiHIH TEPMUSUIBIK bIAbIpAY TEMIEPATYpPAchIHbIH TOMEHJEreHi aHblKTangbl. Cyibl-ciaTiii
KaTONUTTE MBIC KATONBIHIA €Ki METaJUIABIH HeMece OJIapIbIH KYHMACHIHBIH KpPHCTAIIBIK (a3anapsl
Ty3inyiMeH xypeTiH AgFeOz 31eKTpOXUMUSIIBIK TOTHIKCHI3AHY MYMKIHIIri kepcerTimmi. TepMuUsbIK
OHJIey KOHE JJICKTPOXMMMSUIBIK TOTBIKCHI3JaHy OapbiChlHIa KajiblnTacaTeiH Fe-Ag KoMmosuTTepi
HUTPOOEH30M KBILIKBUTBIHBIH n- KOHE 0-M30MEpJIepiH  DJEKTPruupiey  ypaictepiHnue
JNEKTPKATANIN3aTOpIap peTiHAe KOJNNAHBUIABL JKOHE JKOFaphl OelCeHAiNmiKk KepceTTi. Omapably
SNEKTPOXMMUSIIBIK TOTHIKCHI3AHYBIMEH CaNIBICTBIPFAaHNA, Typa OCBHIHHAH >KaFqaillapia THAPICHY
JKBUIIAMJIBIFBL KOHE CYTEKTI KOJNJaHy Kod(QUIMEHTI apTThl, aj olap/blH KOHBEPCHSACHI MaKCHMAJJIbl
ImIaMajapra JKeTTi. DJIEKTPKATANM3IK THAPIEHYIIH HETi3ri eHIMaepi Iopilik HpemapaTrap (MBICABL,
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aHECTe31H, HOBOKAMH K.0.) OHAIPiCiH/Ie KeHIHEH KOJJaHbUIAThIH aMHHOOCH30M KBIIIKBUIBIHBIH 71- )KOHE 0-
nu3oMepiepi 00JIbIN TaObLIAIBL.

Tyiiin ce3mep: Oummeramnblk Fe-Ag xoMmosuTrepi, Kymic ¢eppuri, HOIMMEpAl TYpaKTaHIBIPFBIIL,
3IIEKTPKATAIU3 K THAPIIEY, HUTPOOESH301 KBIIKBUIBIHBIH II- XKOHE 0-H30MepIIepi
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IJEKTPOKATAJIMTHYECKOE TUAPUPOBAHUE n- U 0 -U3OMEPOB
HUTPOBEH30MHOM KMCJIOTHI C NIPUMEHEHUEM BUMETAJIAYECKUX
Fe-Ag KOMIIO3UTOB
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Pe3tome. bumerammmueckne Fe-Ag KoMIo3uThl monydeHbl Ha ocHoBe (eppura cepedpa (1) (AgFeO2),
CHHTE3UPOBAHHOTO METOJIOM COOCXKICHHs ©0e3 W B TNPUCYTCTBHUH TOJMBHHUIOBOIO CIHPTa, Kak
crabumu3aropa HAHOYACTHUI[, C MOCIeAyoueld Tepmudeckonr obpaborkoir mpu 500, 700 u 900°C u
SNEKTPOXMMUYECKIM BOCCTAHOBICHHEM. MeTomaMH PEHTIeHO()a30BOr0 aHain3a W IICKTPOHHOU
MHKPOCKOIIUH OIpe/IeiieHbl (ha30Bble COCTABBI U U3YUeHBI MOP(OIOrHYECKHE 0COOCHHOCTH TTOMYYSHHBIX
obpasuoB AgFeO: mocie TepMuuecKkoil 00pabOTKM M MOCIE DIEKTPOXUMHYECKUX IKCIIEPUMEHTOB.
VCTaHOBJIEHO CHIKEHHE TEMIIepaTypbl TEPMHYECKOro pacmana ¢eppura cepebpa, IPUTOTOBICHHOTO C
MOJIMBUHIJIOBEIM CIHPTOM. [ToKazaHa BO3MOXKHOCTB 3JIEKTPOXHMHYECKOro BoccTaHoBieHus AgFeO: B
BOJHO-IIEJIOYHOM KaTOJIUTE HA MEIHOM KaToJe ¢ 00pa3oBaHUEM KPHCTAJUIMYCCKHX (a3 000MX METauIoB
wii ux caBa. DopMHUpyIOHecs B XOA€ TEPMHYECKOH OOpabOTKH H  AJIEKTPOXHUMHYECKOro
BOCCTaHOBJICHUsSI Fe-A( KOMIO3UTHI ObLIH MPHMEHEHBI B Ka4eCTBE JJICKTPOKATAIN3ATOPOB B JIICKTPO-
THAPUPOBAHUU 7- U 0-U30MEPOB HUTPOOCH30WHOM KHCIOTHI M IMPOSBHIHM BBICOKYIO aKTHBHOCTbH. 1o
CPaBHEHHIO C HX ODJIEKTPOXUMHYECKAM BOCCTAHOBJICHHEM B AHAJOTMYHBIX YCJIOBHUSX IOBBICHIIHCH
CKOPOCTh THIAPHPOBAHUS H KOI()(GUIMCHT HCIONB30BAaHUSI BONOPOAA, & WX KOHBEPCHS OCTUTIIA
MaKCHMaIbHBIX 3HaueHHH. OCHOBHBIME MPOIYKTAMH SJICKTPOKATATUTHYESCKOTO THAPUPOBAHHS ABISIOTCS
n- ¥ 0-M30Mepbl aMHUHOOEH30MHOM KHCIOTBI, IIMPOKO MPUMEHSEMbIE B MPOU3BOJCTBE JIEKAPCTBEHHBIX
npenaparoB (HarpuMep, aHeCTe3MHa, HOBOKAaHHA U [Ip. ).

KioueBsie ciioBa: Oumerammyeckue Fe-Ag KOMIO3UTEL, GeppuT cepedpa, HOIUMEpHBIi CTabHIN3aTop,
UEKTPOKATAIUTUYECKOE THIPUPOBAHUE, /- K 0-U30MEPBI HUTPOOECH30MHOM KUCIIOTHI
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OXIDATIVE DESULFURIZATION OF THE STRAIGHT-RUN
GASOLINE FRACTION FROM THE GAS CONDENSATE OF THE
KARACHAGANAK FIELD

Muktaly D.*", Myltykbayeva Zh.K.:, Akopyan A.V.?, Smaiyl M.B.}, Mufteyeva N.!

Al-Farabi Kazakh National University, Almaty, Kazakhstan
2 L.omonosov Moscow State University, Moscow, Russia
e-mail: dinara.muktaly@mail.ru

Abstract. An annual increase in the consumption of the automobile fuels makes us look for new
ways of their obtaining. It is also important that the environmental and operational requirements for the
quality of the motor fuels, obtained during oil production (associated petroleum gas, gas condensate) are
systematically made more rigorous. One of the ways to solve the problems described above is to use the
process of oxidative desulfurization to improve the quality of the petroleum products. In this case,
oxidative desulfurization of the straight-run gasoline fraction, obtained from the gas condensate of the
Karachaganak field, has been carried out. The oxidation process has been carried out with hydrogen
peroxide in the presence of salts of the transition metals, molybdenum and vanadium. The optimal
technological parameters (Pam, T=60°C, 2 h, H202:S=4:1 (mol), Me:S=1:100 (mol)) of the oxidation
process for the straight-run gasoline fractions have been selected. Under the optimal conditions of the
oxidation process, the total sulfur content has been reduced by 89.9%. It has been shown that the
molybdenum compounds exhibit greater activity in the oxidation of sulfur-containing compounds at a
temperature of 60°C, as compared to the vanadium compounds. A schematic diagram of the purification
of the gasoline fractions from the sulfur-containing compounds by oxidative desulfurization, followed by
its extraction desulfurization with the most effective N,N-dimethylformamide has been presented.

Keywords: gas condensate, motor gasoline, hydrogen peroxide, feedstock, oxidative
desulfurization, gasoline fraction
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OKHMCJIMTEJbHOE OBECCEPUBAHME MPSIMOTOHHOM BEH3WHOBOM ®PAKIIMU
I'A30BOI'O KOHJAEHCATA MECTOPOKJIEHHUS KAPAYAT'AHAK

Myxmanvt JI."Y, Moinmuixéaesa K.K.Y, Axonan A.B.%, Cuaiivin M.B.Y, Mypmuesa H.*

'Kaszaxckuii HayuonansHuiil Yuusepcumem umenu anv-@apabu, Armamet, Kazaxcman
2MTY umenu M.B. Jlomonocosa, Mockea, Poccus
E-mail:dinara.muktaly@mail.ru

Pe3tome: Exeronnoe ysenuuenue o0beMOB NOTPEOICHUS] aBTOMOOWIIBHBIX TOIUIMB BBIHYXJIA€T HCKAaTh
HOBBIE IYTH UX MOJIyYCHHUS, HEMAIOBAXKHBIM TAKXKE SIBJSETCS TO, YTO CHCTEMATHYECKH YKECTOYAIOTCS
9KOJIOTMYECKHE W HKCIUTyaTal[MOHHbIC TPeOOBaHMS K KauyeCTBY MOTOPHBIX TOIUIMB, MOJIyYaeMbIX B
mpoitecce 100bud HepTH (MOMyTHOrO HE(TSHOrO rasa, ra3oBoro KosjeHcara). OgHUM U3 cHoco0OB
pelieHHsi ONMMCAaHHBIX BbIIIE POOJIEM SIBISETCS  HMCHOJIBb30BAHHE IPOLECCA  OKHUCIUTENBHOTO
obeccepuBaHusl IS YJyYlICHHS KadecTBa He(TEHpoAykToB. B paboTe NPOBEACHO OKHUCIHTEIHHOE
obeccepuBaHUE MPAMOTOHHONH OCH3MHOBOW  ()pakiMH, MOJYYEHHOH M3 Tra30BOro0  KOHJEHcaTa
MectopoxaeHus Kapauaranak. Ilpomecc OkucieHusl ObLT MPOBEJCH IEPOKCHAOM BOIOpOJa B
NPUCYTCTBUM coyied MonubieHa W BaHagus. bBbuin momoOpaHbl ONTHUMANbHBIE TEXHOJIOTMYECKHE
napametpbl (Pany, T=60°C, 2 u, H202:5=4:1 (MosbH), Me:S=1:100 (MoJIbH)) Tpoliecca OKMCIIEHHUS st
NpsSIMOrOHHOW ~ OEH3MHOBOM  (pakuuii ra3oBOro KoHjaeHcara MecTopoxieHuss Kapauaranak. B
ONTHMAJIbHBIX YCIIOBUSIX TPOBEJCHHS MPOLIECCAa OKUCIICHUS coJiepiKaHue o01eil cepbl ObUIO CHUKEHO Ha
89.9%. Iloka3aHo, YTO COEAMHEHHs MOJUOACHA MPOSIBISIFOT OOJBUIYIO AKTHMBHOCTh B OKHCICHUH
cepocofepKalliuX COeAUHEeHHH mpu TemmepaType 60°C 1O CpaBHEHHMIO C COEJMHEHHSMH BAaHAIWA.
INpuBeneHa MPUHIMITHAIBHAS CXeMa OYHUCTKH OCH3MHOBOW ()pakimil OT cepocojepiKalliX COSAUHEHUI
MyTeM OKHCIIUTENIBHOrO 00ecCepuBaHusi, C MOCIEAYIOUICH ee 3KCTPAKIHOHHON JeCyibpypU3aliu
naunbosee a¢pexruBuabiME N,N-aumerundopmamuiom.

KinioueBble cJ10Ba: ra30Bblil KOH/IEHCAT, aBTOMOOMIIbHBIH OSH3UH, IEPOKCH BOLOPO/A, ChIPbE,
OKHCIIUTEIbHOE 00eccepuBanue, OEH3MHOBAsK (hpaKLus

Myxmanwt /lunapa PhD, eeoywuii nayunviii compyonux

Mpuvinmuixkoaesa Kannyp Kaoenosna Kauouoam — XUMUYECKUX — HAyK, — 6e0ywutl  Hay4Hblll
CcOmMpyOHUK

Axonsan Apzam Bunukosuu KaHOUMam Xumu4ecKux HayK, 6e0yujuil HayuHulil
COmpyOHUK

Cmaiivin Maou Bexesrcanynvl O0OKMOpanm, MIAOWUL HAYYHBII COMPYOHUK

Mygmuesa Hypus 2eHepanbHblIl QUPEKNOop

1. BBenenue

TpaAUIIUOHHBIM MEPBUYHBIM CHIPHEM JJISI POM3BOJICTBA MOTOPHBIX TOTUIHB
— SABJISIOTCS HEPTh M ra30BbI KOHACHCAT. | a30BbIi KOHICHCAT SBJSCTCS [IEHHBIM
CBIPpbEM JIsI TPOMU3BOACTBA 6CH3I/IHOB, PCAKTUBHBIX W JU3CJIBHBIX TOIUIUB, a
TAKXKE MOXKET OBITh HCIOMB30BAH JUIT KOMIUIGKCHON He(TeXuMUuecKon
repepaboTKA ¢ TOJYICHHEM BBICOKOOKTAHOBBIX KOMITOHEHTOB, PacCTBOPHUTEIICH,
aApPOMATUYECKUX YTIICBOJOPOJIOB, CIHPTOB, PA3JIMYHBIX WHTHOMTOPOB, a TaKKe
CHHTETHYCCKMX BOJOKOH M rtuactmacc [1]. Taxke, ra3oBblii KOHJCHCAT IO
CPaBHEHHIO C HE()TBHIO SBISETCS SKOHOMHUYECKH 0OJiee BBITOJHBIM CHIPHEM IS
MIPOM3BOICTBA MOTOPHBIX TOILIMB [2], TaKk KaKk B HEM MAaccOBasl JIOJSI CBETJIBIX
He(PTEPOAYKTOB, T.C. MPSIMOTOHHBIX OCH3UHOBOW U JU3CIbHON (HpaKiuii, MOXKET
nocturath 95-100%, toraa kak B He(Tsx 3Ta BeauunHa cocrasisier 30-70%. s
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WCIONb30BaHMUsl B KayecTBE MOTOPHOTO TOIUIMBA HPSIMOTOHHBIE OEH3MHOBBIE
(pakuuu TOJHKHBI COOTBETCTBOBATh LIEIOMY Py TPeOOBaHUH, MPEAbBISIEMbIX
cranmapramMu K Oemsunam[3,4]. Hauboiee pacrmpocTpaHeHHBII B MHUpE CIIOCO0
OYHCTKH HE(PTENPOLYKTOB OT CEPbl - T'MAPOOYHCTKA TpeOyeT CYyLIEeCTBEHHbIX
SHEPro- U KaIUTAIOBIOXKeHHH [5].

B cBsBu ¢ 3TUM 0COOYI0 aKTyaJbHOCTh INPHOOPETACT IOMCK HOBBIX,
HETPaJNIHOHHBIX METOJOB YAAJICHHUS Cepbl M3 MOTOPHBIX TOIUIMB. OnHUM HU3
TaKUX METOJIOB SIBISICTCSA OKUCIUTENbHOe obeccepuBanue [6,7]. Tlpu sTom
croco0e 3HAYUTEIbHOH 3KOHOMHHM MOXHO JOOMUTHCS IYTEM 3aMEHBI J1OPOroro
BOozOpoJda Ha Oosiee JCLIEBble OKHMCIMTENM, TAKHE KakK KHCIOPOI BO3AyXa,
MIEPOKCH]] BOJIOPO/IA, pa3IMyHble OpraHudecKre nepekucu u np.[8].

Ilepokcun BoAOpoAa INMPOKO HMPUMEHSETCS U OKHMCICHUS Pa3IMYHbIX
OPTaHMYECKUX COCAMHEHHH, B TOM YHUCJIE CEPHHUCTHIX KOMIIOHEHTOB HE(TIHBIX
¢dpakuuii, MOBBIICHNE AKTUBHOCTH MEPOKCHIA BOAOPOAA MPOHMCXOAUT IIPH
00pa3oBaHHU B BOJHOIH Cpele MEPOKCOKOMIUIEKCOB MEPEXOMHBIX MeTamioB[9].
OGpasyrommecs INSitU MEPOKCOKOMIUIEKCHI TEPEXOAHBIX METAIUIOB SIBISIFOTCS
CUJIBHBIMH ~ OKUCJIUTENSIMHM, YTO TIIO3BOJISIET TMPOBOJIUTH PEAKIUH U C
TPYZIHOOKHUCIISIEMBIMH CEPHUCTBIMH COCIUHECHUSIMHM, Takue Kak O€H30- H
nuben3otuodeHsl.  [IepOKCOKOMITIEKCHl  Pa3iMYHbIX TEPEXOAHBIX METaJJIOB
xopomo wm3ydeHsl B smrteparype [10,11]. Cpemm Hux HauOobliee
pacnpocTpaHeHue B KaTaJlu3e MOJIyYHIId COeIMHEHUSI MOJIMOICHA U BaHAIHA.

Llenpio HacTOsiIed pabOTBI CTAJO HCCIEIOBAHUE MpOLEcca OKHCICHUS
MNPSMOTOHHOW OCH3MHOBOM ()paKIMU Ta30BOTO KOHJEHCATa MEPOKCHIOM
BOJIOpOJa B NPUCYTCTBHU COJIEH TEPEXOAHBIX METAJUIOB, a TaKXKe aHalu3
BIIMSIHUSL OKHCIIMTENILHOTO o0eccepruBaHMsl Ha (U3MKO-XHMHUYECKHE CBOMCTBa
OeH3MHOBOH (hpakiuy.

2. JDKkcnepuMeHTAJIbHAA YaCTh

B xauecTBe 00BEKTa WcCleAOBaHUS B HACTOsIIEH pabore Oblna BeIOpaHa
OpsAMOrOoHHas OeH3MHOBas (pakuus W3 CTa0MJIBLHOTO Ta30BOr0 KOHJIEHCATa,
MOJYYeHHOT0 W3 MeCTOpokIeHus Kapadaranak c cojepkaHueM oOIIel cepbl
4880 ppm.

B pabote ObutM HCTIONB30BaHBl CIEAYIOLUIME PEAKTUBBI: MOJIHOAAT HATPHS
(NazMoQO4 H20, u. 1. a.,*Sigma Aldrich”), Banagar ammonust (NHsVOs3, “Sigma
Aldrich”), mnepokcua Bogopoma (H20., 37%-ubiit,JIabopdapma’™), N,N-
mumerungopmamun  (AMPA,“Sigma  Aldrich”), cunukarens wu  Boxa
muctruipoanHas o 'OCT 6709.

OpakuuoHHBI cocTaB  OCH3MHOBOW  (pakuuu ObUI  ONpelelieH B
COOTBETCTBHH C I'OCTom 2177-99 wna ammapatre APH-JIAB-02,
IpeHa3HAYEeHHOT0 JJIsI OTIPEAeIIeHHs cocTaBa HePTAHBIX (ppakumii.

WnavBuayansHBIA yrieBOIOPOIHBIN cOCTaB 00pa3loB OBLT ONpenesicH Ha
xpomatorpage «Xpomardk-Kpuctamn 5000». Xpomarorpaduueckuii aHaius
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00pas3IoB MPOBOAMWICS B COOTBETCTBUHU C METOAMKOM, npeacraBieHnoi 8 [OCT P
52714-2007.

OmpeneneHne cepbl B COCTaBe OCH3WHOBON (PPaKIMH MPOU3BOIIIICS 10
I'OCTy P 51947-2002 wiu ASTM D 4294-98 na anmapare CriekTpockaH S.

IIpomecc oxmcieHusi OEH3MHOBOHN (HpPaKIUH OCYIIECTBIUTN CIETYIOIINM
0o0pa3oM: B TEPMOCTATUPOBAHHBIH peakTop A00aBwsu 20 M OSH3MHOBOH
(dpakuy, HaBeCcKy Karanu3aropa Opamu u3 pacueta Me : S = 1:100,
paccuntanHoe komuuecTBo 37%-nHoro H»O» B coortHomenun HyO, @ S = 4:1.
Cwmech nepememupanu B Teuenue 2 4 npu 20-60 °C, 3arem npomsiBanm Boztoii (20
MI X 2), Jajlee OKHCJIEHHBIX MpPOAYKTOB pa3feisuii oT TomiauBo N,N-
mumetrndopmamuaoM (10 Mt X 2) WiIw CHITHKareiIeM.

AZcopOIMOHHAs OYHCTKA OCH3MHA OT OKHCJICHHBIX CEPHUCTBIX COCTMHCHUIMA
npomsBoguau  Ha cunukarene ACKI rputHocteio  0.2-0.5 wmxm. Ilpum
COOTHOIIIEHNH Ha 00beM OeH3WHa Ha CHIHKarendb 3:1 — pacxoj Ha cMadnWBaHUE
copOeHTa B peaenax 5-7 %.

WK criekTpsl OBbIIH 3alTUCaHBI C TOMOIIKIO criekTpodoTomeTpa “VIPTEX
70v FT-IR” (4000-400 cm, paspemenne 10 cm™).

3. Pe3yabTaThl M 00Cy:KIeHNE
Pe3ynpraThl (U3HKO-XMMHUECKHX XapaKTEPHCTHK HCXOJHOW OCH3WHOBOM
(dpakuny npuBeeHk! B Tabnuie 1.

TaﬁJmua 1- ®Ou3HMKO-XUMHYECKHE XapaKTEPUCTUKHU NPSAMOIrOHHOI'O OCH3MHA W3 ra30BOTO KOHJCHCaTa
MECTOPOKIACHUS KapaqaraHaK

HaunmeHoBanue nokasarenei Meron Hopma mo 'OCTy dakTuueckre JaHHBIE
OKTaHOBOE YHUCIIO, HE Oojee T'OCT
HCCIIEIOBATENBCKUM METOT 2177-82 92.0 75
MOTOPHBIH METOJ 83.0 64
Inornocts npu 20°C, kr/m® roct 725-780 726
31072
DpakioHHas IeperoHKa rocTt
Havaso kunenus, °C 2177-99 He nopmupyercs 7
10% 6Gensuna, °C He Bbime 75 60
50% GeHn3uHa, °C He Beime 120 101
90% Gen3uHa, °C He Beime 190 168
CopeprkaHue cepsl, MI/KT (Ppm) TP TC
013/2011
K2 500 4880
K3 150
K4 50
K5 10

CpaBHEHHE  DKCIEPUMEHTAJIbHO  MOJIYYECHHBIX  (PU3HMKO-XUMHUYECKHX
Iokasaresiell MpSMOTOHHOIO OEH3MHA M3 ra30BOro KOHAEHCAaTa ¢ HOPMaMu IO
I'OCTy mnokaspiBaer (tabnmma 1), YTO XapaKTEpU3YIOIIUH JeTaHAIIMOHHYIO
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CTOHKOCTh aBHALIMOHHBIX M aBTOMOOWJIBHBIX TOIUIMB OKTAHOBOE  YHCIIO
OPSMOTOHHOTO OCH3MHA IO HCCIEI0BATEIILCKOMY METOAy cOcTaBisieT 75, a
MoTopHOMY 64, 9TO Ha 20 TYHKTOB IPEBHIIIAET CPEIHECTATHYECKOE OKTAHOBOE
YHUCIO NPSAMOIOHHBIX OeH3uHOB. M3 pe3ysnpTaToB BHIHO, 4YTO IUIOTHOCTH
uccreayemMoro OeH3WHAa ONW3Ka K TIJIOTHOCTH TakKUX PaclpoCTPaHEHHBIX
OCH3MHOBBIX KOMIIOHEHTOB, KaK aIKWJaT M Ta30Bblii OCH3MH, a Takke
cootBeTcTBytoT 1m0 ['OCTy. Ilo ¢pakimmoHHOMY COCTaBy TeMIepaTypHbBIE
XapaKTepUCTUKX TOIUIMBA MPSIMOTOHHOTO O€H3WMHAa M3 Ta30BOrO KOHJAEHCaTa
cootBercTBYrOT craHgaptaM ['OCTa. CopepxaHue cepbl B HPSIMOTOHHOM
OcH3MHE W3 ra30BOro KoHAeHcara cocTaBisier 4880 MI/KT, KOTOpbBIH TpedyeT
JanpHeel nepepaboTKH.

Hcxonss W3 TMONyYeHHBIX PE3yNbTaTOB, MOXHO  3aKJIIOYUTh, YTO
WCIONB30BaHUE CTAOMJIBHOTO TA30BOIO KOHAEHCAaTa B KaueCTBE CHIPhS
aBTOMO6I/IJII)HI)IX 6eH3I/IHOB ABJISIETCA BO3MOXXHBIM. KpOMe TOI'0, Y IaHHOI'O ChIPbs
nMmeercss OOJNBIIOH 3amac MO CONEPXAaHUIO ONe()UHOBBIX WM apOMATHYECKHX
YIJIEBOAOPOIOB, YTO J€JacT CTAaOMIBbHBIA Ta30BBI KOHACHCAT MEPCHEKTHBHBIM
KOMITOHCHTOM IIpHU IIPOU3BOACTBE aBTOMO6I/IJ'II)HBIX 6CH3I/IHOB.

B nanHOW paboTe MBI HCHONB30BANIM JIByXCTYIEHYATYIO TEXHOJIOTHIO
yAaJIeHus! COEAMHEHHMH Cephl, MEPBBIM 3TAallOM KOTOPOH SIBJISETCS OKUCIICHHE
MPSIMOTOHHOTO O€H3MHA M3 Ta30BOTO KOHJIEHCATa, & BTOPHIM-ETO MOCIEAYIOMIast
SKCTPAKIIHSL.

B HacTosmmeit paboTe ncnonb30BaHbl cony nepexonHsix (Mo, V) meranios B
KayecTBE KaTajJM3aTOpOB B MPUCYTCTBHU MEPOKCHIA BOAOPONA ISl OKUCICHHS
CEpHHUCTHIX COeITUHEHUI OCH3MHOBON (hpaKLMM, TaK KaK COJH ITHX COCIUHEHUH
00pa3yloT TIEPOKCOKOMIUIEKCHI C TEPOKCHIOM  BOJIOPOJAA, OKHCISIOIIUE
CEpHHCTHIE COCUHEHHUSI JIO COOTBETCTBYIOIIMX CYJIb(OKCHIOB H CYIb(OHOB,
KOTOpbIE M3-32 CBOEH MHOJSIPHOCTH JIETKO YNAISIOTCS METOAAMHU aAcopOuuu u
skcTpakiuu [5]. [ToxydeHHble pe3yapTaThl IPUBEEHBI B Tabaunax 2,3.

Tadauna 2 — BiusiHue Temriepatypsl Ha OCTaTOYHOE COJEpXKAaHHE Cepbl B NMPSIMOTOHHON OEH3MHOBOI
(bpakIyy B IPUCYTCTBHI MOJIMOACHCOIEPKAIIETO KaTaIu3aTopa.

HaumMeHoBaHue nokasarenei Ucxonusiit Mo:S=1:100 Mo:S=1:100 Mo:S=1:100
OeH3uH 20°C 40°C 60°C

OKTaHOBOE YHUCIIO 75 79 80 77

Inotrocts npu 20°C, kr/m® 726 726 725 729

DpakIHOHHAS IEPETOHKA

Havano kuterns, °C 7 28 28 36

50% GensuHa, °C 101 111 101 109

90% GensuHa, °C 168 168 168 165

Conepxkanue cepbl, ppm 4880 2320 710 490

Baxnelmmmyu noka3zarelsiMH - KadecTBa MOTOPHBIX TOIUIMB  ABJISICTCA
IIOTHOCTB, KOTOpasd OTpaXa€T €ro ISKCITyaTalluOHHBLIC CBOICTBA U OTHEBBIC
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KayecTBa, OMpeAessieT Maccy W pasMmepbl ABuratess. OT IUIOTHOCTH 3aBHCAT
OCHOBHBIC (DU3UKO-XMMHUYECKHE XaPAaKTCPUCTHKH TOIUIMB: MOJIEKYJSPHBIA BeC
COCTABIISIIOIINX  YTJICBOAOPOJIOB, TPEIENbl BBIKHITAHUS (QpakKiuil, XapakTep
pacnbLia B JIaHHBIX YCJIOBHSAX. [IOTHOCTH aBTOMOOHMIIBHBIX Gen3uHOB 1pu 20°C
HaxoauTcs B npenenax 710-760kr/m>. OkTaHOBOE YHCII0 06eCCEpPEHHOro GeH3HHA
(Mo0:5=1:100 (mompH.)) MOCIIe OKHCICHUS HE3HAYUTEIHHO MOBBIIIACTCS, YTO T0-
BUAMMOMY MOXET OBITh CBf3aHO C OOpa30BaHMEM KHCIOPOACOASPIKAIIUX
COECIMHEHH.

AHanu3upysi JaHHbIE TaONUIBI 2 BHIUM, 4TO y oOeccepeHHOro OeH3WHa
cormacio ['OCT 2177-99 xapakTepHble - TOYKH OTTOHA COOTBETCTBYIOT
MPUBCACHHOMY CTaHAapTy. [IpoBeJeHHBIE WCCIEIOBaHUS IMOKa3ald, YTO
KOJIMYECTBO CEPHl MPHM YCIOBHMAX peakuud Puy — T=60°C, 2 1, HOq:
S=4:1,M0:5=1:100 (MOJBH.) 3HAYUTEIHLHO YMEHBIIUIOCHL OT 4880 mr/kr mo 490
mr/kr Ha 89.9%, dYro sBuseTCA 3HAYMMBIM JOCTIDKEHHEM C TOYKH 3PECHHSA
«OKOJIOTUYHOCTH)» KauecTBa TOILUINBA.

Tabéauna 3 — BimsHue TemriepaTypsl Ha OCTaTOYHOE COJIEp)KaHHE CEpbl B NPSIMOTOHHOW OEH3MHOBOI
(bpakuny B MPUCYTCTBHU BaHAIUICOICPKAIIETO KaTauu3aTopa

HaumeHnoBaHue mokasaTenei HcxomHbrit V:S=1:100 V:S=1:100 V:S=1:100
OCH3UH 20°C 40°C 60°C

OKTaHOBOE YHUCIIO 75 79 80 85

IlnoTHOCT, TPM  TeMmmeparype 726 726 726 726

20°C, kr/m®

OpakiHoHHas IeperoHKa

Hauaso kunenus, °C 7 7 28 36

50% GeHn3uHa, °C 101 98 111 135

90% 6eH3uHa, °C 168 168 168 186

Copnepxanue cepsl, ppm 4880 2000 1960 1930

Pe3ynpTaThl ONMBITOB MOKA3bIBAIOT, YTO TOCIE MPOBEACHHSI OKUCIUTEIHHOTO
obecceprBaHusl OCH3MHA B MPHUCYTCTBUU COJIM BaHAJIWs HadajbHAs TEMIEparypa
KuIeHus: mosbicunack ¢ 7 go 36°C. Xapakrepnas Touka 50%-HOro OTroHa y
obeccepennoro 6ensuna npu 60°C cormacno NOCT 2177-99 npeBbImaeT BepxHee
orpanndenne 120°C, 90%-HOro OTroHa TOYKH COOTBETCTBYET HPHMBEIECHHOMY
CTaHAApTy. OTO CBSI3aHO TEM, YTO IPHU TMOBBLIIIEHUM TEMIIEPATyphl PEaKlUu
OKHCJICHUs HaOJIoJaeTcsi YJNeTydrBaHWUE JIeTKMX (Qpakinuii u3 OeH3MHA.
OKTaHOBOE YHCIIO MOBBICHIIOCH 75 110 84. MUHUMAITEHOE COJIepiKaHUE cephbl OBLIO
nonydeno npu Ttemmeparype 60°C. CieayeT OTMETHTb, YTO B HPHMCYTCTBUM
COEIWHEHWH BaHAAWA JOCTHTAIOTCS XYIIINE pEe3yNbTaThl IO OCTaTOYHOMY
COJICPKAaHUIO CEPbl 1O CPaBHEHMIO C pe3ylbTaTaMH, IOJIYy4aeMBIMH B
OPUCYTCTBHM  MOJMOACHCOACpKAIMX  Katanu3zaTopoB.Takxke, aKTHBHOCTBH
METaJJIOB ObUTa OMpe/eieHa OTHOCUTENHHO 10 TpapuKy pa3ioXeHHs MepeKucH
Bojopona (Puc. 2).
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PHCyHOK 2 — 3aBUCUMOCTh o6pa303aHHe TICPOKCOKOMIIIICKCOB IIEPEXOAHBIX METAJIJIOB C
TIIEPOKCUIOM BOAOpOaA.

[To rpaduxy pasiiokeHHe MEPEeKUCH BOAOPOJAA BHJIHO, YTO KOMIUIEKC
MONMUOJICHA TIPU PAaBHBIX O0bEMax KaTalM3aTOPOB TPOSIBUI  BBICOKYIO
3QGEKTHBHOCTh TpPU  PA3NIOKEHUW TepeKucH. llomydeHHBIE pe3yiabTaThl
IMMOKAa3bIBAIOT YTO HAMJIYYINYIO KAaTaJIUTUYCCKYIO aKTUBHOCTH B OKUCIWUTCILHOM
obecceprBaHUM MPOSIBIICT MOJTUOAT HATPHS.

JlaHHBIE 1O TPYMIIOBOMY YTJICBOJOPOJIHOMY COCTaBY 00pa3IOB CTaOUIBHOTO
ra3oBOro KOHJICHCATa MPUBEICHBI B Ta0IUIE 4.

Tabéauna 4 — ['pynmoBoii yrieBoAOpOIHBIA COCTaB MPSMOTOHHOTO OCH3WHA M3 CTaOHMJIBHOTO I'a30BOTO
KOHJICHCaTa

KommnoneHTsI Conepxanue B obpasue, % 00.
HcxoHblit Par, T-60°C, 2 q, H202:
S=4:1(mosnbH.),Me:S=1:100(mobH.)
Na2MoOgs- H20 NHsVOs
1 | MMapadpunst 26.6 22.7 20.7
2 | Mzonapagunsl 34.6 34.7 33.6
3 | Apomaruka 11.9 9.4 14.3
4 | Hadrenst 20.3 20.1 22.1
5 | Onedunst 6.4 12.9 9.3
7 | Hroro 100.0 99.7 99.9
Pe3ysnbprathl  XpomarorpauMueckoro aHaiuza oO0pa3loB HCXOJHOTO U

obeccepeHHOro OEH3MHAa M3 CTAOMJIBHOIO Ta30BOrO KOHJCHCATa, MOKA3bIBAIOT,
yro B oOpasuax OeH3WHa NpeoOIafaloT Takue TPYIIBI YIIEBOAOPOIOB, Kak
napaduHbl, n3onapaduHbl 1 HaTECHBL
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Conepxanne oneuHOB B 00pa3iiax HaxoauTcs B npeaenax 6.4 u 12.9% o6.,
YTO HE TPEBBINIACT JOMYCTHMBIX 3HAUYCHWA B AaBTOMOOHMIBHBIX OCH3MHAX,
cormacio [5] (me ©Oomee 18.0 % 006.). ConepxaHue apoMaTHUYECKHX
YTIIEBOIOPOIOB MUHIMAIFHO — HaX0auTCs B mpenenax 9.4-14.3% 06., B To Bpems
KaK HOpMaTHBHOE COJICpIKaHKe apOMATHIECKUX YIIIEBOIOPOJIOB, COTTACHO [5], He
6oxee 35.0 % 00. s Bcex MapoK aBTOMOOMIBHOTO OCH3MHA.

B UK cnektpax cunukarens (oOpasel] caMbIM HH3KHM COJEPYKAHHUEM CEpbl
490 ppm) mocie OYKMCTKHA TOIUIMBA TMPOCIECKUBAKOTCS CHIBHBIC TMOJOCHI
nornomenust coorBeTcTByromme CHz, CHs cBsI3sM yriaeBOAOPONIOB, a TaKXke
ITOJIOCHI TIOIJIOMICHHUA XApPCEKTCPHLIC IJId TI/IO(I)CHOBI)IX COCI[I/IHCHI/Iﬁ B O6J'IaCTI/I
780-800 cM™, CBHIETEILCTBYIOT YTO CEPHHUCTHIE COECAMHEHHMS TIOCIE MPOBEICHHS
TMpolecca OKUCICHUS BBIIENSIOTCS U3 OEH3MHOBOH (Ppakiny MyTeM aICOPOIIHH.

4. 3axn04eHue

B pabGotre mpoBemeHBl HCCICIOBaHHUS  Mpolecca  OKHCIMTENLHOTO
obeccepuBaHus 00pasiia MPSIMOTOHHON OEH3MHOBOW (hpaKIMH, MONYYCHHOH H3
ra3oBoro KoHjaeHcaTa MecTopoxkieHuss Kapauaranak. BrepBwie uccieqoBaHbI
BIIMSIHUE TPUPOJBI METANIa, & TAKKE TeMIepaTypbl HA OCTATOYHOE COJACPIKAHHE
cepbl B OEH3MHOBBIX (PaKIMii OTEYECTBEHHOTO Ta30BOr0 KoHAeHcaTa. [lokasaHo,
YTO M3 HUCCIEAYeMBIX coequHeHuid metawioB (Mo, V) HauOoiyiee BBICOKYIO
KAaTAIATHYECKYI0 aKTUBHOCTh MPOSBISIIOT TMEPOKCOKOMIUIEKCHI HA OCHOBE
MonubeHa npu Temneparype peakuun 60°C, i KOTOPOrO OKHMCIHMTEIBHOE
obecceprBaHue OCH3MHOBOW (hpaKI[MK ra30BOr0 KOHACHCATA MO3BOJISET CHU3UTh
coniepkanue oOmieit cepbl Ha 89.9%. CpaBHeHHE (U3MKO-XUMHUYECKHX CBOWCTB
HCXOJHOU U 00eccCepeHHOW OCH3MHOBOHM (hpakiMK TMO3BOJSAET YTBEPKIATh, UTO
mpolecc  OKHCIUTENLHOrO  OOeccepuBaHHMs  MPOTEKaeT C  BBICOKOU
CCIICKTUBHOCTBIO W MHUHHMAJIbHBIM BOSHeﬁCTBHeM Ha KOMIIOHEHTHBIA COCTaB
CBIPBSL.

®unancupoBanme: Pabora BhImonHeHa B pamkax mnpoekta AP09058524 mo rpaHTOBOMY
¢unancuposanuio Komurera Haykn Munucrepersa odpa3oBanus U Hayku PecriyOnuku Kaszaxcran.
KondauKT uHTEepecoB: ABTOPHI 3asBIISIOT 00 OTCYTCTBUM KOH(JIMKTAa HHTEPECOB.

KAPAIIBIFAHAK KEH OPHBIHBIH TA3Jbl KOHIEHCATHBIHAH TYPA AWMJAJIBII
AJIBIHFAH BEH3UH ®PAKIUACBIH TOTBIKTBIPBIII KYKIPTCI3AEHAIPY

Myxmanwt /I."Y, Motimuikéaeea JK.K.Y, Axonan A.B.%, Cmaiivin M.B.', Mygpmuesa H.

10n-Dapabu amvinoaser Kazax, ¥immuix Yuusepcumemi, Anmvamst, Kazaxcman
2M.B .Jlomonocos amuvindazei MMY, Moackey, Peceti
E-mail:dinara.muktaly@mail.ru

Tyitingeme. XKbI1 caifblH aBTOMOOMIb OTHIHIAPBIH TYTHIHYBIH ©Cyi, COHBIMECH KaTap MyHalifaH (skomnait
MyHaif ra3gapsl, ra3isl KOHICHCAT) aJbIHATEIH MOTOP OTHIHAAPBIHBIH CAIlaChIHA JIET€H KOOI UIIBIK KOHE
9KCIUTyaTalMsUIbIK TaJanTap/bIH JKYHeni Typle KaTaHaHybl oJapibl alyblH jKaHA JKONJApBIH i3eyre
MOKOypienai. MyHait eHIMJEpiHIH camachlH KaKcapTyZla TOTBIKTHIPBII KYKIPTCI3IEHIIpy MpOLEciH
KOJNJaHy >KOFapblla aWTBUIFaH Mocelenepii memyxain Oip skombl Oomslm TaObLIamsl. JKyMbicTa
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Kapamubsiranak KeH OpHBIHBIH Ta3[bl KOHICHCATBIHAH Typa ailaiblll ajblHFaH OCH3MH (PaKIMICHIH
TOTBIKTBIPBINT KYKIPTCI3ACHAIPY Mporeci »Kypriziared. TOTBIFY MpoIeci cyTeri acKplH TOTBHIFBI MEH
aypICIIaybl METAT MOJMO/ICH JKOHE BaHAIMH Ty3/apbl KaThIChIHAA KYprisiaai. Typa aiianbin anblHFaH
GeH3uH (GPAKIUACHH TOTHIKTHIPY TIPOIECiHe OHTAMIB TEXHONOTHITBIK KopceTkimTep (Pam , T=60 °C, 2
car, H202:S=4:1 (monbH), Me:S=1:100 (MonbH)) TaHAaNbIN anbHABL TOTHIFY TPOLECIH OHTAMIIBI
JKarjiaiiia JKyprisy HOTHKeCiH/e Kbl KyKipT Memmepi 89,9% Tycken. Kykiprti kochuibicTapast 60 °C
TeMIleparypajia TOTHIKTBIPY/Aa MOJUOICH KOCBUIBICTAphl BaHAAWil KOCBHUIBICTApbIHA KaparaH[a JKOFapbl
OeNCeHAITIK TaHBITKAHBI KepceTinreH. beH3uH (GpakiusIChblH KYKIPTTI KOCBUIBICTapJaH TOTHIKTHIPY
JKOJIBIMEH, apbl Kapail eH Twimai N,N-auMeTwidopMaMUANEH SKCTPAKIMSIIBIK IeCyIb(ypHU3anusiMeH
Ta3agayblH MPUHIHUIHAIBABI ChI30ackl KeNTipiireH. Makanasa OacTamkbl jKOHE KYKIPTCI3ACHIIpUIreH
OeH3MH (paKusIapbIHBIH HET13r1 (PH3UKAIIBIK-XUMHSUIBIK KACHETTEPI, IKCIUTyaTAMsIIBIK CHIIATTaMAaJIapbl
YKOHE KOMIPCYTEKTIK KYpaMbl 3€PTTEITCH.

Tyiiinai ce3mep: rasmpl KOHAEHCAT, aBTOMOOMIIBJI OCH3HMH, CYTEK acKbIH TOTHIFBI, LIMKI3aT, TOTHIFY,
TOTBIKTBIPBII KYKIPTCi3[AeHIIpY, OEH3MH (PpaKusiCchl
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SYNTHESIS AND CHARACTERIZATION OF COPPER(I1) CHLORIDE
COMPLEXES WITH NON-IONIC POLYMERS
PEG AND PVP

Bakirova B.S.", Smagulova I.A., Akbayeva D.N.

Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: bakirova.botagoz@kaznu.kz

Abstract. The compositions of polymer-metal complexes based on copper (Il) chloride and
polyethylene glycol (PEG) and polyvinylpyrrolidone (PVP) have been determined by the potentiometric
method. Based on the experimental data, obtained to determine the composition of the complex, the
titration curves have been plotted, and the optimal molar ratios of the reacting components have been
found. The Bjerrum’s formation functions have been calculated. The obtained data indicate the formation
of the polymer copper complexes, in which there are two PEG mono-links per two copper ions-
complexing agent (1:2 in the Cu?*-PEG), and in the case of PVP, there are three ones (1:3 in the Cu?*-
PVP). On the basis of thermodynamic constants of stability, using isotherm equations and isobars of Vant Hoff
and Gibbs, Gibbs’ energy (A:GP), enthalpy (AH®) and entropy (ArS°) changes have been calculated. The
complexation process in the Cu?*-PEG and Cu?*PEG systems is characterized by negative Gibbs’
energies, which indicates a spontaneous occurrence of the polymer-metal complex (PMC) formation
process in these systems. In contrast, the complexation of copper ions with PEG is accompanied by the
large positive enthalpy values, which indicate that the interaction of Cu?* with the functional groups of the
polymer is energetically unfavorable. The entropy values are positive, which can be explained by the
dehydration of ions and functional groups, acting as ligands and a chelating effect during complexation,
when one ion binds to several functional groups. The structure of the synthesized complexes has been
investigated by IR spectroscopy.

Keywords: polyvinylpyrrolidone, polyethylene glycol, copper, complexation, stability constants,
composition.
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1. Introduction

The study of the interactions of metal ions with polymers in solutions is an
actual task, the solution of which will allow one not only to deepen the knowledge
of the reactions in the solutions, but also to find new solutions to some technical
problems, such as, for example, increasing the efficiency of water purification
from metal ions, creating new sensors or biomedical diagnostic labels and active
catalysts. The properties of such systems are largely determined by the interaction
between the ions and polymer in the aqueous solutions, which includes the
hydration of ions and polymer macromolecules, complexation, and electrostatic
interaction [1].

The main characteristic of the interaction of metal ions-complexing agent
with the polymer ligands is the constant of complexation, which, according to the
main provisions of physical chemistry [2], is associated with the standard change
in the Gibbs’ energy during the reaction. This value is integral and depends on the
change in both the enthalpy and entropy during binding. The enthalpy and entropy
contributions to the Gibbs’ energy of complexation are usually not specially
estimated. Even for low molecular weight complexes, such data are rare in the
literature [3].

Meanwhile, for the polymer-salt systems, the values of enthalpy and entropy
of complexation are of particular interest, since they make it possible to clarify
the complex mechanism of the interaction of ions with macromolecules. The
copper (I1) complexes are characterized by high activity and selectivity in various
processes due to the metal-ligand interaction [4-6]. The ligands PEG and PVP are
also widely used as ligands [7-9]. In turn, the mixtures of copper with PEG and
PVP are widely used today as catalysts for the C-N bond formation, cross-coupling
reactions, azide-alkyne cycloaddition, synthesis of substituted imidazoles and indole
[10-14]. Earlier, the polymer-metal complexes based on palladium (1), iron (111)
chloride and polyvinylpyrrolidone were synthesized and their structure was
studied [15,16]. A palladium-polyvinylpyrrolidone complex PdCl,-PVP
demonstrated catalytic activity in the oxidation of octene-1 [17]. There are
practically no data on the thermodynamic data on the complexation of PEG and
PVP with the copper (1) ions in the aqueous solutions.

The aim of this work is to present the results of studying the complexation
process, using the potentiometric method, comparing the thermodynamic
characteristics (Gibbs’energy, enthalpy, entropy) of the complexation process of
the copper (I1) ions with the water-soluble non-ionic polymers PEG and PVP, and
the investigation of the morphology of the copper polymeric complexes. A
comparative analysis of the thermodynamic parameters of the formation of the
polymer complexes of copper (I1) has been carried out and their stability has been
assessed.

2. Experimental part

Copper chloride CuCl,-2H,0, polyethylene glycol (molecular weight 10,000,
Aldrich), polyvinylpyrrolidone (molecular weight 40,000, AppliChem, Germany),
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hydrochloric acid, nitric acid, sodium chloride, sodium nitrate were used without
a preliminary purification.

The processes of complexation of the copper (Il) ions with PEG and PVP
were studied by the potentiometric method [18]. Potentiometric studies were
carried out under the thermostated conditions on a pX-150MI ion meter, using
silver chloride and glass electrodes. The pH measurement accuracy was 0.02 pH
units. The IR spectra of the PEG, PVP ligands and Cu (I1I)-PEG and Cu (I1)-PVP
complexes were recorded on a JASCO FT IR-4100 type A instrument in the range
4000-450 cm'™. The stability constants of the PMC were calculated on the basis of
the modified Bjerrum’s method [19, 20]. The SEM images were obtained with a
JSM-6490LA Jeol instrument. The IR spectra and SEM images were obtained in
the analytical laboratories at the Technical University of Kaiserslautern
(Germany).

The complexes CuCl,-PEG and CuCl,-PVP were prepared by mixing the
aqueous solutions of CuCl»-2H,0 and PEG and PVP at the optimal molar ratios of
1:2 and 1:3, respectively. The resulting mixtures were stirred on a magnetic stirrer
for 1 hour at the room temperature. The resulting complexes were dried and
stored in air at the room temperature. The yield was 97%.

3. Results and discussion

Figures 1 and 2 show curves of potentiometric titration of PEG with nitric
acid (Fig. 1), and PVP with hydrochloric acid in the absence and in the presence
of Cu?*ions at T = 298 K, 1 = 0.10 mol/L (potentiometric titration curves for other
values of temperature and ionic strength have a similar form).

As can be seen from Figures 1 and 2, the titration curves in the presence of
metal ions, the complexing agent, are in a more acidic region than in their
absence. This fact indicates the presence of a complexation process between the
polymer ligand and the metal ion.

pH S

3.2+

s0d  PVP-Cu*

Figure 1 — The curve of pH-potentiometric titration Figure 2 — The curve of pH-potentiometric titration
of the PEG-Cu?* complex with nitric acid of the PVP-Cu?* complex with hydrochloric acid

(C(HNO3) = 1102 mol/L) (C(HCI) = 1-102 mol/L)
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To interpret the displacement of the titration curves, a modified Bjerrum’s
method has been used, the data of which are presented in Table 1. The calculated
data confirm the formation of a polymer-metal complex (PMC) in a ratio of 1:2 in
the Cu?*-PEG system, 1:3 in the Cu?*-PVP system [21, 22]. It is known that the
transition metal ions, interacting with polymers may not realize their maximum
coordination number, since the copper ions can be saturated with the coordination
due to anions or solvent molecules [19].

Also, the steric repulsion between large ligands and electrostatic mutual
repulsion of ligands — anions, when they are replaced by the water molecules at a
positively charged metal ion, can prevent the coordination of additional ligands
[23].

Table 1 — Calculated values of the Bjerrum’s formation functions of the PEG -CuClz, PVP-CuCl2 system
(T =298 K, | =0.10 mol/L)

System [LH7 @ [L1°® [L© Ld ne
molL molL mol/L P
2.26-10* 13.49-10* 1.76-10° 2.87 1.13
5.37.10* 16.22-10* 1.17.10° 2.79 0.75
8.37-10* 10.72.10* 1.42.10° 2.97 091
11.46-10* 8.91.10* 1.29-10° 3.05 0.83
PEG- Cu?
14.56-10* 7.24.10* 1.15.10° 3.14 0.74
17.64-10* 5.89-10* 0.98-10° 3.23 0.63
20.74-10* 4.90-10* 0.77-103 331 0.49
23.95-10* 4.79-10* 0.46-10° 3.32 0.29
0.99-10* 3.46-107 9.00-10* 0.46 2.70
1.99.10* 2.81.10* 8.01.10* 0.55 2.40
2.99-10* 0.76-101 7.02:10" 1.12 2.10
PVP —Cu?*
3.97-10* 0.69-101 6.03-10* 1.16 1.80
4.97-.10* 0.71-10* 5.03-10* 1.15 1.50
5.96-10* 0.68-10! 4.03-10* 1.17 1.20
Note. 2 [LH*] — the concentration of the protonated ligand groups; ® [L] — the concentration of the
free ligands which are not involved in a complexing process; ¢ [Lc] — the concentration of the ligand
groups connected in a complex; ¢ pL — the concentration of the free ligands calculated on Henserson-
Hasselbach equation pH = pKa + mig[L]/[LH+], where m - the empirical coefficient considering
interlink interaction of a polymeric chain; © n — Bjerrum’s formation functions or average
coordination number of a metal ion.

The thermodynamic parameters of the complexation of high-molecular
ligands with the copper ions were also calculated, using the classical laws of
thermodynamics for the systems with polymer ligands.
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The results of our studies have shown that the complexation process in the
Cu?*-PEG and Cu?"PVP systems is characterized by negative Gibbs’ energies,
which indicates a spontaneous occurrence of the PMC formation process in these
systems (Table 2).

The process of binding ions by the functional groups of the polymer leads to
a limitation of ion mobility, is entropically unfavorable, and contributes to a
decrease in entropy. However, in the systems under study, the entropy values are
positive. This phenomenon can be explained by a number of reasons: first, this is
due to the dehydration of ions and functional groups acting as ligands. In this
case, the released water molecules acquire translational mobility, resulting in an
increase in entropy [24]; secondly, it is a chelating effect during complexation,
when one ion binds to several functional groups.

For low molecular weight systems, it has been shown that the formation of
chelate complexes is accompanied by an increase in entropy. As an explanation of
this effect, it is indicated in the literature that the occupation of several
coordination centers of the complexing ion by the functional groups, belonging to
one ligand molecule is entropy advantageous, since dehydration releases more
water molecules than when the ligand molecules are bound [1].

The reaction of complexation of the copper ions with PVP is accompanied by
an exo effect, as evidenced by the negative value of the enthalpy. As the
temperature rises, the stability of this complex decreases.

In contrast to the system, based on Cu?*-PV/P, the complexation of the copper
ions with PEG is accompanied by large positive enthalpy values, which indicate
that the interaction of Cu? with the functional groups of the polymer is
energetically unfavorable. The positive value of the enthalpy for this system
indicates cooperative structural changes in the solution, accompanied by a gain in
entropy.

Table 2 — Thermodynamic characteristics of the complexation process of the Cu?* ions with PEG and
PVP.

-AGOP, £AHCC +AS0¢

Complex T.K | lgp°® ka/mol ky/mol JImol K

298 5.98+0.06 34.11+0.42
PEG-Cu? 318 6.10+0.07 35.98+0.41 117.3+0.11 501.05+0.15

343 7.25+0.09 44.13+0.45

298 14.50+0.19 82.72+0.09 175.7+0.30 218.62+0.94
PVP-Cu? 308 14.40+0.18 84.91+0.11 487.5+0.80 1307.13+0.57

318 11.50+0.25 71.83+0.08 244.9+0.90 544.26+0.30
Note. 2B°is the thermodynamic stability constant of the complexes. PAG° is the change in the Gibbs’
energy of the reaction. ¢ AHHC is change in the enthalpy of reaction (thermal effect). ¢ AS° is the
change in the entropy of the reaction.

IR spectroscopy is one of the simplest methods for determining the
functional groups of a polymer ligand, which are involved in the formation of a
coordination bond with a complexing metal. The IR spectra of PEG and Cu?'-
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PEG are shown in Figures 3 and 4. The bands due to the C-O stretching mode
were merged in the very broad envelope, centered on 1242 and 1089 cm™ arising
from C-O, C-O-C stretches, and C—O—H bends vibrations of CuCl. in PEG [22,
25, 26].

The IR spectra have shown the existence of the van der Waals interactions
between the chain of PEG and CuCl,.The shift of peaks corresponding to the
vibrations of the carbonyl group of the polymer to the lower frequency region is
due to the formation of the coordination bond due to the donor — accepter
interaction between the O atom of the PEG polymer ligand and ions Cu(ll).

i

- y - r - r T i . . . . . .
4000 3003000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
cm cm®t

Figure 3 — The IR — spectrum Figure 4 — The IR — spectrum
polyethylene glycol of the complex CuCl-PEG

As seen from the IR spectra (Figures 5 and 6), the peak characteristic of the
C=0 bond in PVP becomes asymmetric after the addition of metal chlorides,
which indicates a strong interaction between PVP and Cu (Il) ion in the PVP-
CuCl; complex. The IR spectra of the studied complex based on copper (II)
chloride and PVP contain a band at 3400 cm™, which is characteristic of PVP.
The carbonyl group in PVP is characterized by a peak at 1651 cm™, broadened
due to the C=N bond in the lactam ring. This band shifts to 1510-1645 cm™ in the
complex [21, 22, 27, 28].

" N
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Figure 5 — The IR-spectrum Figure 6 — The IR-spectrum
polyvinylpyrrolidone of the complex CuClz-PVP

The differences in the IR spectra of PEG and the PEG-CuCl, complex, as
well as PVP and PVP-CuCl; coordination compound, are observed as a result of
the donor-acceptor interaction between the O atom in the PEG and PVP polymer
ligands and the metal ion.

147



KA3AKCTAHHBIH XUMUAJIBIK JKYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

Based on the results of the studies carried out, taking into account the
literature information [29, 30] and that chlorine anions do not form a complex
with polymers, the following schemes of the interaction between the components
of the Cu?*-PEG and Cu?*-PVP systems can be presented (Figure 7):

25 OC + wollln 2+
nCuCl, +

H, i H *
—CH c CH— CH
nCucCl, + *+C—CH~}* 25°C LT TN~ CHz p,c—~1
\ o | De—d f o \ 7 Fi
N o H,0 H,—CH 2 2 CH 2
N /
\C O"C

Figure 7 — The interaction between the components of the Cu?*-PEG
and Cu?*-PVP systems

The proposed mechanism of interaction of the copper ions with PEG and
PVP is similar and the following stages were suggested: the formation of Cu-ClI-
PEG/or PVP bridge, and the formation of Cu-ion which is coordinated by two
oxygen atoms of PEG or three oxygen atoms of PVVP and two chlorine ions [22].

To study the surface of the polymer-metal complexes of copper (1), the
method of scanning electron microscopy has been used (Figures 8, 9). An analysis
of the micrographs indicates the formation of the polymer films with a porous
inhomogeneous amorphous structure.

Figure 8 — Micrographs of the PEG and PEG-CuCl. complex
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Figure 9 — Micrographs of the PVVP and PVVP-CuCl. complex

4. Conclusion

The present study describes the synthesis and characterization of the copper
(1) complexes with the non-ionic water-soluble polymers PEG and PVP. From
the IR spectra it may be concluded that the polymer ligands act as a chelating
agent to the metal ion and bind through the oxygen atoms of the C=0 group.
Scanning electron microscopy confirms the coordination of the polymer ligands
PEG and PVP, and the amorphous structure of the polymer copper complexes.
The calculated data indicate the formation of the coordination compounds in the
Cu?*-PEG and Cu?*-PVP systems. The thermodynamic parameters of the
complexation processes between ions have been calculated. The stability constant
and Gibbs’ free energy calculations show that the Cu®*-PVP complex is more
stable than the Cu?*-PEG complex. The both complexes are effective co-catalysts
for the octene-1 oxidation. The percentage product of reactions shows that the
PVP-CuCl, complex is more active than the PEG-CuCl, complex.
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MBIC (II) XJIOPUATHIH MOH/Ibl EMEC II3T" ’)KOHE IIBI1 KEIIEH/1
KOCBUIBICTAPBIHBIH CUHTE3I ) KOHE CUITIATTAMAJIAPBI

Baxiposa B.C.}, Cmazynosa H.A.Y, Axéaesa /I.H.?

On-Dapabu ammuindviev: Kasax ynmmuix ynueepcumemi Anmamor, Kazaxcman
E-mail: bakirova.botagoz@kaznu.kz

Tyiiingeme. Meic(I) xmopuni xene nommytmieHrmkonas (II9I)  men momusuHmmMpponunon (IIBIT)
HeTi3IHer] KeleH i KOCBUIBICTAp/IbIH KYPaMbl IIOTCHIIMOMETPIIIK dJTiCTIIeH aHbIKTasFaH. KerieH1i KOChUIBICTBIH
KYpaMbIH aHBIKTAyFa apHAJFaH TOKIPUOETiK MoTiMETTep HOTHIKECIHIE TUTPIICY KHCBIKTAphl TYPFBI3bLIFAH
JKOHE OpEKeTTeCyIl KypayllbUIap/IblH ONTHMANbIl MOJBIIK KATHIHACTAPhI TaObUIaH. BbeppyMHBIH Ty3ily
¢bynxuuscsl ecentenred. Ecenrenren mannep 191" exi MOHOOYBIHBI (Cu*-TI3T" KemeHni KOCHUTEICEIHAA
1:2), TIBIT yur MoHOGYBIHBI KerueHTy3rim Mbic nonbia(CuZ*-TIBIT kemenai kochuibichbinaa 1:3) coiikec
KeJETIHITIH AosengereH. TypakThulblK KOHCTaHTachl Herizinae Bant — Iod¢ xone T'ub0c m3orepma
’koHe H300apa TeHeyJlepiH KomjaHa OTwIpein ['m66c sHeprusichl (A:GP), surampmus (AH®) sxone
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surporus (ArS®) monnepi ecentenren. Cu?*-II2T skone Cu?*-IIBII skylienepinseri kemenTysiny yaepici
I'n66c >HEprHUACHIHBIH TEpiC MOHIMEH CHIIATTalabl, SFHH aTaJMBII >Kyifelepie MOIMMEePMETaIbIK
KeIIeH 1l KOCBUIbIC TY31Iy y/epici e3/iriHeH Typa 6arbiTTa Xypeni. Mbic nonaapsiasiz [1BI1 kemenTysiny
peakuuschl k30 — d(hdeKTneH oTemi, SAFHM OSHTANBMHA MoHI — Tepic. CUZ-TIBII sxyitecimen
CaNbICTBIpFaHa MbIC HMOHAApbIHBbIH 1D KeleHTy3iny yaepici SHTaJbIHSHBIH JKOFApbl OH MOHIMEH
cunarrananpl, srau  Cu?*  monuMepaiH (YHKIMOHAIBIBIK TONTAPMEH OPEKETTECYi SHEPTETHKATBIK
TYpPFBIIAaH THIMCI3. DHTPOINHMS MOHI — OH, aTaJMBbIII KYOBUIBICTBI JIMTAH[ PETIHICTi HOHAAp KOHE
(YHKIMOHATBB TONTApP/bIH JerpajalusacbiMeH, Oip HOH OipHerie (YHKIHOHANBABI TOMMIAJapMeH
OaifTaHbICATBIH KCIIEHTY3Lly OapbICBIHIArbl XeNaTThIK dddexrneH Tycinmipyre O6omagsl. MK —
CIIEKTPOCKOIYS JNICIMEH CHHTE3JIENICH KEeIIeHJI KOCBUIBICTapbIH KYPBUIBICH! 3epTTeNreH. Ilomumepii
JIMTQHATAPAAFbl OTTErl aTOMBI METAaUT — KELICHTY3TIll HOHBIMEH KOOPAMHALMSIBIK GaillaHbIC OpHATYFa
KATBICATBIHBIFB aHbIKTAIFaH. CKaHUPJIEYILI JIEKTPOHIBIK MUKPOCKOI HOTHXKECI KeyeKTi OIpTeKTi emec
aMOp(THIK KYPbUIBIMFa He HOIMMepIIi KaObIKIIaIapAbIH TY3UICTIHIIrH KopceTesi.

Tyiiinai ce3mep: MOMUBHHUIMUPPOIUIOH, MOMUITIICHIIIMKONb, MBIC, KEIICHTY3UIy,TYPaKThLUIBIK
KOHCTaHTaChl, KypaMm.
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CHHTE3 1 XAPAKTEPUCTHKA KOCIIJIEKCOB XJIOPUIA MEJH (1) C HEHOHHBIMHA
NOJIUMEPAMM IIOI" U IIBII
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Kasaxckuil HayuonanoHwlll yrugepcumem um. anv-@apabu, Armamet, Kazaxcman
E-mail: bakirova.botagoz@kaznu.kz

AoctpakT. CoOCTaBbl  MMOJMMEPMETANIMYECKMX KOMIUIEKCOB Ha ocHoBe xiopuma wMemd () wu
(mommmstunenrivkons (T1917) u momuBuammUpponraoHa (ITBIT)) Obuti ycTaHOBIICHBI MOTEHIIHOMETPHYECKAM
MeToZIoM. I10 MONy4eHHBIM SKCIIEPUMEHTANBHBIM JTaHHBIM, [0 ONPEICICHHIO COCTaBa KOMIUIEKCA OBUIH
IOCTPOCHBI KPHBBIC THTPOBAHHS ¥ HAMICHBI ONTHUMAaJbHBIE MOJBHBIE COOTHOLICHUS PEardpyOIIUX
KOMIOHEHTOB. bbumm paccuurtansl (yHkumu obOpasoBaHusi bbeppyma. PaccunmTtaHHble naHHBIC
CBUJIETEIICTBYIOT 00 00Opa3oBaHUM IOJIMMEPHBIX KOMIUIEKCOB MEIM, B KOTOPBIX Ha J[Ba COCTaBHBIX
monossena I1OT npuxonsres asa (1:2 B kommiexce Cu?*-TI3T), a B ciydae TIBI1 npuxoautest Tpu HOHA
Meau-Komrnekcooopasosatens (1:3 B kommmekce Cu?*-TIBIT). Ha ocHOBaHHM TepMOIMHAMHYECKHX
KOHCTaHT YCTOMYMBOCTH, WCIIONB3Yysl ypaBHEHHs H30TepMbl u n300apsl Bant-T'odda n 'mbdea, Obuim
paccunTaHbl u3MeHeHus sHepruu I'm66ca (AGP), smtamenmum (AH®) u surpomum (ArSP). Tporuece
KoMIIIekcoobpasopanus B cuctemax CU?*-IIT wu Cu?-TIBI1 xapakTepusyeTcs OTpUIATETbHBIMU
3HaUCHUsIMH dHepruu ['mb0Oca, YTO CBHIETEIBCTBYET O CAMOIPOU3BOJIBHOM IIPOTEKaHHM IIpolecca
oOpasoBanus  nonuMepmeramueckux — kommekcoB  (IIMK) B otux  cucremax.  Peakums
KoMIIekcooOpa3oBanus HoHoB Menu ¢ [IBII comnpoBosknaercs 3k30-3p(hekTom, 0 ueM CBUAETENBCTBYET
OTpMIIATENPHOE ~ 3HAYEHWE OHTANBNMM. B  OTIMYMM OT cucTeMbl Ha ocHoe CU?*-TIBIT
KOMILIeKco0Opa3oBaHue HOHOB Menu ¢ 10T conpoBokaeTcst OONBIIMMHU MOJIOKUTEIBHBIMA 3HAYCHUSIMH
SHTAIIBIIMM, KOTOPHIE CBUJETENBCTBYIOT O TOM, 4TO B3aumogelcTeue CUZ* ¢ (YHKIMOHANBHBIMHU
IpyINIIaMH IOJIMMEPa SHEPTEeTUUESCKU HEe BBITOIHBL. 3HAYCHHS SHTPOINH MOJIOKHUTEIbHBI, TAHHOE SIBICHHE
00BSICHSCTCSI IeTHpaTanieil HOHOB M ()YHKIIMOHAIBHBIX TPYII, BBICTYMAIOUINX B KAYECTBE JINTAHAOB, U
XeNaTHBIM 3G (EKTOM HPH KOMIUICKCOOOPA30BaHMHM, KOTJa OJWH HOH CBSI3BIBACTCS C HECKOJIBKHMH
¢byHKunoHanbHBIME  rpynmaMi.  Mertomom  UK-crekrpockomuu  OBUIO  HMCCIIENOBAHO — CTPOCHHE
CHHTE3UPOBAHHBIX KOMIUICKCOB. YCTaHOBJICHO, YTO AaTOMBbl KHCJOpPOAa TOJUMEPHBIX JIMTaHIIOB
NPUHUMAIOT ~ y4acTHe B 00pa3oBaHMM  KOOPJMHALMOHHOM  CBS3M C  HMOHOM  Meraluia-
KOMILIEKCcO0Opa3oBatensi. Pe3ynbTaTel CKAHUPYIOLIEH 3JIEKTPOHHOH MUKPOCKOIMH CBHIETEIBCTBYIOT O
(OpMHPOBAHHUH MOJIUMEPHBIX TUIEHOK C MTOPUCTON HEOTHOPOAHOH aMOp(HOIT CTPYKTYpOH.

KuaroueBble cJIoBa: TOJMBUHWIIUPPOIUIOH, MOJUITHICHIIIMKOIb, Meb, KOMILIEKCOOOpa3oBaHue,
KOHCTAHTBI YCTONYMBOCTH, COCTAB.
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SOME PECULIARITIES OF OBTAINING COMPOSITE
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Abstract. The current trend in obtaining new structural polymeric materials for mechanical
engineering, agriculture, food industry, instrumentation, electrical engineering, electronics, and other
industries is the development and use of mixed compositions, based on structural thermoplastics. A
special place among the initial components for the creation of structural materials is occupied by heat-
resistant polymers, in particular polyimides. Currently, lots of thermoplastic and thermosetting polyimides
and other imide-containing film-forming polymers have been synthesized and successfully processed into
composite materials with the special properties. The goal of this research is to consider the peculiarities of
obtaining binary and ternary polymer mixtures, based on alicyclic (co)polyimides, containing
polyethylene glycol with other polymeric additives and the mineral montmorillonite. An effect of the
surfactant polyethylene glycol on the compatibility of components in the composition and the possible
mechanism of interactions of polyfunctional polymers as well as alkylated montmorillonite has been
shown on the basis of the IR spectroscopy data of compositions and films. The formation peculiarities of
the ternary compositions (co)polyimide + polyethylene glycol + an additional component
(polyacrylamide, polyethyleneterephthalate, alkylated montmorillonite) has been provided. The thermal
and physical-mechanical properties of the films formed from the composites, determined by the
appropriate methods of thermogravimetric analysis and stretching of the material at a constant strain rate
have been presented. It has been established that the best indicators of the studied properties are polyimide
(copolyimide) + polyethylene glycol + alkylated montmorillonite composite films, where the temperature
of the decomposition start is 430°C, the breaking strength is 200 MPa, and the relative extension is about
24%.
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HEKOTOPBIE OCOBEHHOCTHU NOJYYEHUS KOMIIO3ULIUOHHBIX MATEPHUAJIOB HA
OCHOBE AJIMIUKJIUYECKOI'O (CO) NIOJIMUMUJA U TOJTUITUIEHTJIUKOJIA
(O630p)

Vmepsaxosa M.B.', HckaxoeP.M.%, Capuesa P.B.*,
Ecnenbemos A.A.%, Kaiinapoaesa K.H.*

A0 «HMncmumym xumuyeckux nayx um. A.5. Bexmypoea», Anmamol, Kazaxcman
2«Kaszaxcxuii Hayuonanvnoui Texnuueckuii yuusepcumem um. K. 1. Camnaesay, Anmamet, Kazaxcman
E-mail:umerzak@mail.ru

Pe3iome. CoBpeMEHHOH TEHACHUWEH TNPH MOJIYYCHUH HOBBIX KOHCTPYKLIMOHHBIX MHOJMMEPHBIX
MaTepuanoB I8 MAalIMHOCTPOGHUs,  CEJIbCKOrO0  XO3SHCTBA,  MHMINEBOH  HPOMBIIUICHHOCTH,
pUOOPOCTPOCHUSI, IEKTPOTEXHUKH, SIIEKTPOHUKM W JPYruX oOTpaciell sBisiercs pas3paboTka U
MIPUMEHEHHE CMECEBBIX KOMIIO3UIIUII HA OCHOBE KOHCTPYKLIMOHHBIX TepMoruiacToB. Ocoboe MecTo cpean
HCXO/HBIX KOMIIOHEHTOB ISl CO3/aHMSl KOHCTPYKIMOHHBIX MAaTEepUallOB 3aHUMAIOT TEPMOCTOMKHE
MOJIUMEPBI, B YACTHOCTH NOJMMMMHIBL. K HacToseMy BPEMEHHU OCYLIECTBIEH CHHTE3 OONBIIOro 4yucia
TEPMOILIACTUYHBIX U TEPMOPEAKTUBHBIX MOIMUMUIOB U JPYTUX UMUACOAEPIKAIIUX IIEHKOOOPA3yIomuX
MOJIUMEPOB, KOTOPBIE YCIELIHO INepepadaThIBalOT B KOMIIO3MILMOHHBIE MaTepHalbl CO CIELUaIbHBIMU
cBoiictBamu. Llenpro HacTosel pabOThI SIBISIETCS] PACCMOTPEHHE OCOOCHHOCTEH MOMYYCHHUS IBOMHBIX U
TPOMHBIX IIOJMMEPHBIX CMeCe Ha OCHOBE AIMIMKINYECKUX (CO)MOIMUMUJIOB, COJEPKALIUX
MOJIUATHICHIINKOIb € JAPYTMMH MOJUMEPHBIMU JJOOaBKAMH U MUHEPAJIOM MOHTMOpPWILIOHMT. [Toka3aHo
BJIMSIHUE TIOBEPXHOCTHO aKTMBHOI'O BEILECTBA, KAKMM SIBJISIETCS TIOJMATUIICHIIUKOIb, HA COBMECTUMOCTh
KOMIIOHEHTOB B KOMIO3HLIUM W BO3MOXKHBIA MEXaHU3M B3aUMOAEHCTBHH MNOMM(YHKIMOHAIBHBIX
MOJIUMEPOB, a TAaKXKe AJIKWINPOBAHHOTO MOHTMOPWUIOHHMTA, McXoas M3 TaHHbIX MK cnexrpockorun
KOMIO3MLHHA U IUIeHOK. OTMeueHbl 0COOEHHOCTH 00pa30BaHMsl TPOWHBIX KOMIO3HULMH (CO)IOIMUMUL +
MOJUATHICHIJIMKONIb  +  JIONOJHUTENbHbI  KOMIIOHEHT (MOJNMAaKpWIAMKA, TOMMATUIIEHTepedTanar,
AJIKWIMPOBAHHBIH MOHTMOpWILIOHHT). [lpuBeneHsl Tepmuueckue U (DU3MKO-MEXaHMYECKHE CBOHCTBa
c(OpPMOBAHHBIX U3  KOMIIO3MLMH  IUIEHOK,  OIpPEJENEeHHblE  COOTBETCTBYIOLIMMH  METOJIaMHU
TEPMOTPAaBUMETPUUECKOTO  aHaNIW3a M PAcTSDKEHHs MaTepuana [pd  HOCTOSHHOM — CKOPOCTH
nedopMupoBaHus. YCTaHOBIEHO, 4YTO JIYYIIMMH IIOKA3aTEIsIMM HCCIEIYeMbIX CBOWCTB 00JaaaioT
KOMIIO3MLMOHHBIE IUICHKH MOJMUMUZ (CONOJMMMHJI) + IOMMITUICHIIMKONL +  aJKWIMPOBAHbIN
MOHTMOPHWJUIOHHT: TeMIlepaTypa Hadana paznoxeHus = 430°C, mpouHocTs npu paspeise = 200 Mlla,
OTHOCHUTEJIBbHOE YATHHEHUE = ~24%.

KioueBble ci10Ba: IMIMKIMYECCKUH (CO)IOJMMMU, HONUATHICHIIIMKOb, MOJIMATWICHTEpe(Taar,
MOJMAKPHUIAMUJ, aJTKHIMPOBAaHHBIN MOHTMOPHIIIOHNT, KOMITO3UIIHS, BOZOPOJHAS CBSI3b, COBMECTIMOCTD

Ymepszaxoea Maiipa Joxm.xum.nayx, npogpeccop, enas. HayuH. compyoHux
bepouzanuegna

Hckaxos Punam Mapamosuu Jlokm. xum. Hayk, npogeccop

Capuesa Paxuma Kano. xum. nayx, cmapw. Hayun. compyoHux
Bbaumyxamemosna

Ecnenoemos Acvinoex Jlokm. xum. Hayk, npogeccop, 21as. HayuH. COmpyOHUK
Anumbexoguu

Kaunapoaeea Kanus Mnao. nayun. compyonux

Hypoexosna

1. BBenenune

TepmoriacTHYHBIE IMOJUMEPHl HAXOMAT BCE OOJIbIIee TNPUMEHCHHUE B
Pa3IMYHBIX OTPACIAX HAPOIHOTO XO3SAHCTBA, MOCKOJIBKY M3TOTOBIICHHUE NeTajci
W3 HUX OCYIIECTBISIETCS MPOTPECCUBHBIMHU TEXHOJIOTUYECKUMH CHoco0aMu —
AKCTpYy3UEH, TUThEM MO JaBleHUEM. BrICTpoTa H3roTOBICHUS AETaNCH CIOXKHOM
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KOH(UTYpaluu B COYETAHUH C MUHHMAIBHBIMU OTXOJAaMH MPHUBJICKAIOT K 3THM
MaTepHajaM Bo3pacTaroliee BHUMaHue morpedurens [1,2].

COBpeMEHHOUM TEHJACHIMCH TIPU TOJIYYCHUU HOBBIX KOHCTPYKITMOHHBIX
MOJMMEPHBIX MATEepPHATOB ISl MAIIHHOCTPOSHHS, CEIbCKOTO XO3SHCTBa,
MUIIEBON TPOMBIIUIEHHOCTH, TPUOOPOCTPOCHHUSI, STEKTPOTEXHUKH, IIEKTPOHUKH
U IPYTHX OTpaciel siBiiseTcsl pa3paboTka U MPUMEHEHUE CMECEBBIX KOMIIO3HIIUI
Ha OCHOBE KOHCTPYKIIMOHHBIX TepMoruiacToB (noiuamunsl (I1A), nonukapOoHar
(I1IK), MONMUOYTHIIEH), a TaKKe MTOJTHATTKIJIEHTePe) TATaTOB
(monmbyTenenTepedTanat (ITBT), MONMATHIICHTEpedTaIaT (II2TD)),
MoJIHANETaICH, TTONUCYIb(GOHOB, momuddupcynshuHoB [2].

Ocoboe MecTo CpeiM HCXOAHBIX KOMIIOHCHTOB JUIS HHX 3aHHMAIOT
TEPMOCTOUKHE TIOJMMEPBI, B YaCTHOCTH MOJMUMUALL. K HacTosmemy BpeMeHH
OCYIIECTBJICH CHUHTE3 OOJIBIIOTr0 YKCJa TEPMOIUIACTUYHBIX M TEPMOPEAKTHBHBIX
MOJMMMMHUIOB W JPYTUX HMMHUACOACPKAIUX IICHKOOOPA3yIONUX TOJIUMEPOB,
KOTOpBIC YCIEIIHO TepepadaThiBAIOT B KOMITO3WIIMOHHBIC MATEPHANTBI  CO
cnenuanbHbiMu  cBoicTBamu  [3-10]. B aTux paborax ocoboe BHHMaHHE
HCCIIeIOBATeNCH YACICHO BEISICHCHHIO BOIIPOCOR BIIMSIHUS BBOJUMBIX JJ00aBOK Ha
CBOWCTBA TIOJIyY4aeMbIX KOMIIO3UTOB H O0JIACTSM MPUMEHEHUSI MAaTEPHATIOB HA HX
OCHOBE.

Hcnonb3oBaHue cMecedl M CIUIABOB IIOJIMMEPOB IIO3BOJISIET  YJIydILATh
MHOTHE CBOMCTBA KOHCTPYKI[MOHHBIX TEPMOILJIACTOB: HANpUMEp, YIapHYIO
BA3KOCTh M TEIUIOCTOMKOCTh, XHMCTOHWKOCTh W CTA0MIBHOCTH pPa3Mepos,
TEXHOJIOTHYHOCTH u 1ip. [11,12].

Celiyac yxe pacCMaTpUBAIOT CMECH HE TOJBKO KaK HalpaBJICHUE B
MOTU(HUKAIMK TMOJTUMEPOB JUISl PACIIMPEHUS AaCCOPTUMEHTa MapoK yKe
CYIIECTBYIOLIMX TOMOIIOJUMEPOB M oOnacted ux npumeHeHus. [lo cyiecTy,
MOJIMMEP-TIOJIMMEPHBIC KOMIIO3UIIMU SIBJISIFOTCS HOBBIMH TIOJIMMEpPaMH, KOTOPBIS
00pa3yroT COOCTBEHHBIN KJIACC U MIUPOKUI MapOYHBIH aCCOPTUMEHT MATEPUAIIOB
C pa3HOOOpa3HBIMH CBOMCTBaMH, OOCCIICUMBAIONINEG KX NPUMEHEHHE B
pa3nuuHbIX oOnacTsx. [lpu 3TOM 3arpaThl Ha IMOMCK HCXOIHBIX MOHOMEPOB,
Croco0OB CHHTE3a HOBBIX MOJUMEPOB M OpraHM3aIHsS UX MPOU3BOACTBA TpeOyeT
OynpIIMX 3aTpaT, 4YeM OpraHM3alus IPOU3BOACTBA CMECE U CIUIaBOB
KOHCTPYKI[MOHHBIX TEPMOILIACTOB, TPEOYIOIIETO JOPOTrOCTOAIIET0 000PYA0BaHUS
[1].

Jpyrumu ciioBamu, onpeenstonas CTaaus mpu pa3paboTKe U U3TOTOBICHUU
KOMITO3UIIMOHHBIX ~ KOHCTPYKI[HOHHBIX  MaTepHajoB Ha OCHOBE cCMecei
TEPMOILIACTOB — 3TO CHHTE3 W/WIIM MOJy4YCHUE YAAPONPOUYHBIX, TEIIO-, MOPO30-,
XUM- ¥ MOTOJOCTOUKHX TOJIMMEPOB C XOPOIIEH CIIOCOOHOCTBIO K TepepadoTKe B
M3JIenus U OJIarONpPUSTHBIM COOTHOIIICHHEM CTOMMOCTH M CBOHCTB [13].

Jlis monydeHus] HOBBIX KOHCTPYKIIMOHHBIX MMOJMMEPHBIX MAaTEpHUaIOB C
Pa3HOCTOPOHHUM KOMILUIEKCOM CBOWMCTB HawOoJiee TMEPCIEKTUBHBIMH SBIISFOTCS
CMECH Ha OCHOBE MOJIMMEPOB, MMEIOIIUE CTENIeHb KpucTtaummaHocTy 110 40—-60 %.
DTO TakWe TEePMOIUIACTHI, Kak monmamuabl [1A-6 u I1A-66, TepMoIUTacTHYHBIC
nosndduper: [IBT; TI9T®; IIK, koTophle XapaKTEpU3YIOTCS OTHOCHTEIBHO
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BBICOKUMH  TEeMIlepaTypaMH IUIaBJICHHs, CTOWKOCTBIO K  OpraHHMYeCKHM
pPacTBOPHUTENSAM, BBICOKOW MEXaHUYeCKOW MPOYHOCTHI0. HemocTaTkoM yKka3aHHBIX
MaTepHaloB SBISIETCS OonblIas TEXHOJIOTHYECKas ycaaka IpU JIMTbE WIN
skcTpy3un [1]. Torma kak mpu MX BBEAEGHHMH K aMOpP(GHOMY TEPMOCTOHKOMY
NOJMMMHUAY B KadecTBe J00AaBOK BO3MOXKHO TOJNyYEHHE IOJIUMEPHOTO
MaTepHaia, B KOTOPOM PEaIU3yHTCS KaK ITOJIOXKHUTENbHBIE CBOWCTBA TOTO WJIN
WHOTO KOMITOHEHTA, TaK W HUBEIUPYIOTCS X OTPHIIaTENbHEBIE CBOMCTRA [ 14].

Takum o00pa3oM, B HacTosIee BpeMs HAyYHO-NPAKTHYECKUH HWHTEpec
0€3yCIIOBHO MpPEICTaBIsIET pa3pabOTKa HOBBIX KOMIIO3UIMN ITOJIMUMHUIOB U
KOMIIO3UIIMOHHBIX MaTE€PUAJIOB HA UX OCHOBE C YJIYYLICHHBIMU CBOHCTBAMHU.

Pabotamu mocnennux et B AO «MHCTHTYT XMMH4eckux Hayk uMm. A.b.
bektypoBa» (UXH) MoKa3aHa MEepPCIEKTUBHOCTD HCNOJIb30BaHUA
nomyTrneHraukons  (II2I7) B kawectBe IacTudumupyromed A00aBKH K
IMLUKINIECKAM CO- M TOMOIOJUUMHUIAM B Pa3IMYHBIX COYETAHHUSIX C APYTHMU
BBICOKOMOJICKYJISIPHBIMH  COCIMHCHUSIMH W HEOPTaHWYECKUM HATOJHUTEIIEM,
CIOCOOCTBYIOIICH Kak TMOKOCTH IUIGHKM TaKk M €€ BBICOKMM 3HAYCHUSIM
MPOYHOCTH U TepMoycToiuuBocTH [ 14-16].

Ilenpto HacTOsAIICH pabOTBI SBJISICTCS PACCMOTPEHHE OCOOECHHOCTEH
[OJIy4EHUs] JBOMHBIX M TPOMHBIX IIOJUMEPHBIX CMECEd Ha OCHOBE
QIMLIUKINYECKUX  (CO)IOMMUMHUIOB, COAEP)KAILMX  MOJMITHICHIJIMKOIb  C
JIPYTUMH TIOJIMMEPHBIMU 100aBKaMHU ¥ MHHEPAJIOM MOHTMOPHJUIOHHT.

2. O0mast MeTOANKA MOJTYyYeHHs] KOMIIO3UTHBIX MATEPHAJIOB

4,4'-Tnamunoaudenunonsiit adpup (JAJDI, Ty, 188°C) ounimarot MeToa0M
cyomumanmu B Bakyyme (0.8 arm.) mpu 202°C, nuaHTHAPHIBI TPUIHMKIO-
(4,2,2,0%%) nen-7-en-3,4,9,10-TeTpakap6oHOBOH (anayKT GEH30J1a ¥ MAIEHHOBOTO
aarunpuna, Ab) u 3,3'.4,4'-nmudennnokcunrerpakapoonoBeix (ADO) xucnor -
nporpesanueM B Bakyyme nipu 10 mum pr. cr. npu temneparypax 200-230°C, Ty,
=351 u 221°C, coorBercTBeHHO [17].

[TonusTHneHrnuKons (I12T) 2000 MOPOILIKOOOPa3HBIA;
noymmatunenrepedranar (II3TD) 40000 rpaHynMpOBaHHBIN; TOJHAKPHAMHIT
(ITAA) wmomexynmsapHoit maccsl 210000 mopomkooOpasHbIil; MPOU3BOJACTBA
«Aldrich u Bayer Materaly Mapok «xu» HCHONB3YIOT 0€3 IOMOJIHUTEIEHON
OYHCTKH.  AJKWIAPOBAHHBIA  MOHTMOPWIUIOHHT (AMM)  mpemocTaBiieH
Nanophase Research Center, Texas, USA.

Ucxonnslit cononuumug Ha ocHoBe Ab, JI®O u JAIDS npu COOTHOLIEHUU
naHHbX auaHruapunoB 90:10 momp% (CIIM1) momywaioT omHOCTamUHHON
COTOJIMKOH/ICHCANEH B TIPUCYTCTBUU KATAIUTHUYECKUX KOJIMYECTB IMUPHIUHA 110
CIIEMYIONIEH METOMUKE: B TPEXTOPIIYIO0 KOJOy momemtaroT 6,165 1 (0.0225 moib)
AB, 0.775 r (0.0025 mounp) IDO, 5.00 r (0.025 mons) JAJIDI, npumusator 15.5
M (43 mac.% ot cymmsl MmoHOMepoB) MII u moGasmsror 0.73 M (6 mac.% ot
CyMMbI MOHOMEpPOB) nupuAnHa. Koly ¢ peaklmOHHBIM PacTBOPOM OITYCKAlOT B
MaclisiHyto OaHro, mporpetyto 10 90°C, u npu nepeMelnBaHuy IPOBOISAT CHHTE3
B Teuenne 0.5 4. 3arem B Teuennun 20 MHH TeMmmepaTypy MacisHOH OaHM
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moBemaroT g0 140°C u peaknnoHHYI0 CMeCh MIpH JTOW TeMIeparype
nepemenmuBaroT 3.5 4. C ygeToM BpeMEeHH IS TIOBHIMICHUST TEMIIEpaTyphl 00Imas
MPOAOJDKUTENBHOCTE CHUHTE3a cocTaBisieT 4.3 4.

Amnamornano mpoBommmi cuHTe3 CIIN2 (npm cootHomenun Ab:[PO=
85:15).

Kommno3unmonnsie cmecu Ha ocHose 1M, CITM1 unu CITM2 u 0.5-2.0 mac.%
[I3I" momy4aroT MEXaHUYECKUM METOIOM CMelleHus. KoMIo3HInoHHyI0 cMech
Ha ocHoBe CIINU1+1,0 mac.% IIOI' momyuatroT caexyoommM 00pa3oM:
MIpeBapUTENbHO KOHEYHBINH peakiuoHHbli pactBop CIIM1 (43 mac.% B MII)
pasbarisun 10 25% MerunnuppoauaoHoM. 3areM k 2,0 T pacteopa I1H, CIIN1
wm CIIN2 (25% B MII) nobasmsror 0,02 t pactBopa II9I" (2% B MII), uro
COOTBETCTBYET cocTaBy kommnosummu: 99 mac.% IIM, CIIM]1 wmm CIIN2 u 1
Mac.% IIOI. 3arem konmOy miu OIOKC C TMOJMMEPHOH CMECHIO TMOMEINAIT B
tepmomikad mpu 40°C U BBIACPKUBAIOT MIPH MIEPHOANIECKOM TIEPEMEIIMBAHUN B
TeyeHne 1.5 4.

Kommo3unyu Ha OCHOBE [N+ TO+HIOT, TIIN+ITAAAIIOT,
[MN+AMM-HIIOT" nony4yaroT B COOTBETCTBHHM C METOAMKAMH, OMUCAHHBIMH B
paborax [16,18,19].

Kommo3sunmonnsle miedHkun Ha ocHoe IIM, CIIM1 wumu CIIM2 ¢
MOJMMEPHBIMH  JI00aBKaMH WJIM C TIPUPOJHBIM HAIOJIHUTENEM MOTY4atoT
MOJIMBOM, TOJYYEHHBIX KOMIIO3UIIMOHHBIX PACTBOPOB HA CTEKJISTHHBIC MOJIOXKKH,
(opMHpOBaIM IUICHKY CHEUUAIBHBIMU TPHUCIIOCOONEHUSIMH — CTEKJISTHHBIMHU
MAJIOYKAMHU OTPENICICHHBIX JUAMETPOB, YTOOBI B pe3yibTare (OpMUPOBAHHS
wienka umeer tomuuHy 0.5-0.6 mMxm. Jlns ynaneHus pacTBOPHUTENS IUICHKY
CylaT B TepMOIIKa(y MpH IMOCTEIICHHOM IOABEME TEMIIEpaTyphl B BO3IyLIHOM
cpene oT 90 no 140°C B Teuenue 1.5 4. 3aTeM OCTHIBIIYIO IUIEHKY CHHUMAIOT C
MOBEPXHOCTH  cTekia. Jlns Oonee MONHOW WMHIU3AIMKA  OCTaBIIAXCS
aAMHUJIOKHCIOTHBIX TPYII MPOBOISAT JOIOJHHUTENbHYI0 TEPMOOOPaOOTKY IJICHOK
nipu 250°C B Teuennn 20-30 MuH.

UK crnekTpsl KOMITO3MIIMOHHBIX PAacTBOPOB H3y4YaeMbIX CMECEH, a TaKke
IUIGHOK Ha MX ocHoBe cHuMaiu Ha npubdope MK-Dypre-cnextpomerp «Nicolet
5700» mpouzBoacta Thermo Electron Corporation (CIIA).

TepMHUUECKHE CBOWCTBA KOMIIO3UITUOHHBIX IUICHOK OMpEAessUTd METOJaMH
tepmorpaBumetpur (T'A) u muddepeHnnansHON CKaHUPYIOMIEH KaToOpUMETPHN
(ACK) cootBerctBenHO Ha mpubope «Metler Toledo» TGA/SDTA 851° u FP85
TA Cell (Beiiuapus) mpu MOCTOSHHOW ckopocTH HarpeBa 4 u 8§ °C/muH,
COOTBETCTBEHHO.

MexaHnuecKre CBOWCTBA KOMIIO3UIIMOHHBIX TIEHOK — MPOYHOCTh HA Pa3phiB
U OTHOCHTENILHOE YIJIMHEHHE, I 00pa3nos pasmepoM 70x10 Mm% TommuHOM
0.45-0.55 Mxm m3yuaroT Ha paspeiBHOW MammHe Com-TemTesting Equipment
(CIIA) mpu ckopoctu paspeiBa 0.05 M/MuH.

Hcxonsa U3 naHHBIX Ha TAabJI0 pa3pbIBHOM MalllMHbI (3HaYEHUE HArpy3Ku IIpH
paspbiBe IUICHKH B (yHTax, AJHHBI — B JIOKWMax), pa3pblBHOE HaNpsDKEHHUE MPU
PacTsHKEHUH BBIYUCIISIOT IO GopMyIe:
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2oe Py; — Haepyska, npu komopot obpasey paspywaemcs, H;
d — monwuna paboueit uacmu obpasya, mm;
b — mmpuna paboueit yactu odpasiia, mm (10)

OmuocumeinbHoe YOIUHeHUe npu paspslée paccyumolearom no opmyie:

AL,
g, = l + 1009%

03
0

rae Alys — mpupaieHue JTHHBI pabodei YacTH MPH Pa3phIBe, MM;
l, — ucxomauas muHa paboueii yactu, MM (40).

3. Tepmuueckue u (PHU3NKO-MeXaHHYECKUE CBOICTBA AJMIIUKIMYECKHX
NOJIMMMMIOB U KOMIIO3UTHBIX MaTEPHAJIOB HA HX OCHOBE

OpHUM W3 HEYJOBJIETBOPUTEIBHBIX CBOWCTB aIMLUKIMYECKUX MOJTUMMHUIOB
(ITM) saBnsgeTcs WX HU3Kag B CcpaBHEHMM ¢ apomaTtuueckumu [11
TEPMOCTONUCKOCTh. VcclenoBaHMSIME TI0 H3YYEHHIO TEPMHUYECKHX CBOMCTB
UIMLUKINYEeCKUX noiauumunoB [20], paHee NpOBENEHHBIMH B JaOopaTopuu
cuHTe3a nosmMepoB MXH, nmokas3aHo, 4To B LEIOM IIPOLECC TEPMOAECTPYKIIHU
MOJIMUMHU/Ia Ha OCHOBE AIUIUKINYECKUX ITHAHTHAPHAOB M IHAMHHOB HMEET
CHOXHBIM xapaktep. Tak, mpu gectpykuuu IIM Ha ocHOBEe AWaHTHAPUAA
TPHULIMKIOACLIEHTeTpakapOoHOBOH KucHOThl ([TMa5) M JAMAMHHOIU(EHHIOBOTO
spupa (JAADD) npu Ttemmeparypax Oosiee S500°C HauMHAIOT NPOTEKATh
peakinuu, CBA3aHHBIE ¢ PEKOMOMHALMEH paguKalioB, OOYCIOBIEHHBIX Y4acTHEM
I(EHNITOKCHIHOTO 3BeHa apOMAaTHYECKOT0 JMaMUHa B PaAMKaJIbHBIX Mpolieccax
Y pacrajoM MIapHUPHOW CBSA3HM B STOM apOMaTHYECKOM KOMITOHeHTe. M3BecTHO,
YTO B MPOAYKTaX pas3lokKeHHd MPHUCYTCTBYIOT MaJICUMHUAHbIE, CYKIIMHUMHIHBIC
(¢parMeHTBl, a TakXKe NPOAYKTHI, CBA3aHHBIE C TEPMOJIM30M aPOMATHYECKOTO
¢parmenTa. [losTomy mporecc pas3noXeHHS ATHIUKINYECKOTO TMOJMHMHIA
MOXXKHO paccMaTpuBaTh KaK TIPOIECC TEPMHYECKOTO pacmhaja CHIMTHIX
MoJMOMCMAaIeMMHUI0B, OJTHOBPEMEHHO C MPOLECCOM paclaja aTHuLUKIMYECKOH 1
apoOMaTHYECKON COCTABIIAIONIEH COBMECTHO C HMMHUIHBIM ITUKJIOM, YTO MOXET
poTeKaTh cormacHo cxeme (puc.l) [20].

Kak mokazano B pabore [14], comomummuner (CIIM) ©Ha ocHOBe
OUAaHTHIPUAOB ATWIHUKINYECKUX W apOMaTHUYECKUX TEeTPakapOOHOBBIX KHCIOT
(6enzodenon- u nudenugokcuaTeTpaKapooroBoit (JJPO) KKUCI0T, BKIOYAIOIINX
IIapHUPHBIE CBA3M) C IUAMHUHO(DEHWIOBBIM 3(PHPOM, HMEIOT OoJiee BBICOKHE
3HAYEHUS TEPMOCTOUKOCTH B CPABHEHHH C ATUIUKINYECKUM TOMOIIOIUUMHUIOM.
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Pucynok 1 — CxeMma pacnazia UMUIHOTO LIMKJIA apUIATTUIUKINIECKOTO
noauumuaa [20].

Qo OO

OTo, MO-BUANMOMY, CBSI3aHO C YBEJIMUYEHHEM JOJM apOMaTHUYECKOTO
(¢parMeHTa ¢ MIAPHUPHOW CBSI3bIO, TEMIIEpaTypa Pa3lIoKEHHsS KOTOPBIX BHIIIE
pacnazna ATUIUKINYECKON COCTAaBJISIOIIEHN. OmHako TEPMOCTOMKOCTh
apunanuuukianaeckux CIIM Opu1a HUKE, 4eM Yy apoMaTHYecKUX MOTUUMHI0B. O
MOBBILIEHUH TEMIIEpaTyphl Hayana pas3yIoKeHUsI HMHJICOJAEPKAIIETO COMOIuMeEpa
(monmamMuIOMMKIA) C BBEACHUEM apOMAaTHYECKOTO JWAHTHAPHIA C IIapHUPHOM
CBsI3pI0 cooOmmaercsi Taxke B padote [21]. [Toaromy paboThl Mo MoaUpHKAINH
APUITATMLMKINYECKUX TOMUMMUAOB ObUIM MPOJOIDKeHbl. Kak oTMedeHo Bblile,
Ul YAYYLICHUS! KAKUX-JIMOO CBOWCTB MOJUMEPHOIO MaTepualia IOIydaloT ero
CMECH C Pa3IMYHBIMH T0OABKaAMHU.

UzBectHo, 4Yro Hambosee JEUCTBEHHBIM (HaKTOPOM, IO3BOJISIOLINM
peryaupoBath napaMmerpbl (pa3oBol CTPYKTYpHI, SIBISETCS TEPMOIUHAMUYECKOE
CPOACTBO KOMIIOHEHTOB B TOJMMEpHOW cMmecH. Hwuskoe TepMoanmHaMudecKoe
CPOJCTBO TPUBOAUT K BBICOKOMY MEX(}a3HOMY HATSDKEHHIO W 3aTpyIHSET
CMEIIeHNE MOTUMEPOoB. B CBOIO odepens, 3TO MPHUBOAUT K HHU3KOW Mex(a3zHOH
aaresud B TBEPIOM COCTOSHMM M OOYyCJIaBIMBAaET IPEKAEBPEMEHHOE
MEXaHMYECKOE pa3pylleHne martepuana. Ilo3ToMy OCHOBHBIE 3aauM, peliacMble
B paMKax HpoOIeMbl CO3[aHUSI KOMIO3WIUOHHBIX MAaTEPUANIOB WM Pa3IHMYHBIX
MOJMMEPHBIX CHUCTEM, SBISIOTCS: HAIPABICHHBIH BBHIOOP XUMHUYECKOW MPUPOJIBI
KOMIIOHEHTOB, COCTaB CMECEH H TeMIlepaTyphl mepepadoTku [22].
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Hcxomst 3 aroro, Betoop IIDI° B kadecTBe MommukaTopa IS CO3MAHHUS
KOMIIO3UIIMOHHOTO ~ MaTepuaja Ha OCHOBE  &JIMLUKIMYECKHX CO- U
TOMOIIOJIMMMHUAOB  OOYCIIOBJIGH TeM, 4YTO JaHHBIH moaumep oOnajgaer
HEOOXOIUMBIMH [UISl COBMEILEHHUSI C TEPMOCTOHKMM IIOJMMEPOM CBONHCTBAMHU:
TEPMOOKUCIUTENbHAs  JeCTpyKuusi  JeKuT B mpexenax — 320-370°C,
otHocutenpHOe ymmuHeHne 700-1200 % [23]. C gpyro#t croponsr [19T°
moxmaeTcs  JIOOBIM  croco0amM  mepepaboTKu  —  JIMTBIO,  OKCTPY3HH,
KaJlaHJpOBaHUIO, TpeccoBanuio. OH 00pa3yeT HUTH W IUICHKH, O0Jajaromine
BBICOKOW HPOYHOCTBIO W 3JIaCTHYHOCTHIO. [lOJIMATHICHINIMKOMM OTHOCATCS K
HEHMOHOT'€HHBIM MOBEPXHOCTHO-aKTUBHBIM BEILIECTBAM, B KOTOPBIX
MOJIMOKCUATUIICHOBEIE OJIOKH, a TAKXKE KOHIEBBIE THAPOKCUIIBHBIC TPYIIITBI MOTYT
Y4acTBOBaTh B MOJMMEP-TIOJMMEPHBIX B3aUMOJCHCTBUSIX C COOTBETCTBYIOLIMMHU
(yHKIIMOHANBHEIME ~ TrouMepaMu  [24,25] u  00pa3oBBIBaTH COBMECTHUMBIS
MIOJIUMEPHEIE cMecH [26].

HccnenoBanusi 1O MOIYYEHUIO KOMIIO3MLMN HAa OCHOBE AJTMLIMKIMYECKOTO
(co)nommmmuna ¢ 1131 mpoBOAMIMCE IO PUHITUITY OT MPOCTOTO K CIOXKHOMY, a
HMEHHO CHHT€3 M  U3yYCHHE JIBOMHBIX M  TPOHHBIX  KOMIIO3HMLIUN
APUIATMLMKINYECKUX MOJIMUMHUIOB, BKIIOYAIOLUINX MOIMITHIECHIIMKONIb — [T +
[9T; A + TI9T® + 1121 [IK + AMM (ankunvpoBaHHBIA MOHTMOPUJUTIOHHMT) ~+
[19T; II1 + [TAA (monmmakpunamun) + 1917 CTIA + 19T

Metonom MK cnekTpoKonuM KOMIO3MLMOHHBIX CMECEH alMIUKINYEeCKUX
[N ¢ noAMSTUIEHIIIMKOJIEM, TTOJIyYSeHHBIX METOAOM MEXaHMYECKOrO CMELICHHUS
KOMITOHEHTOB, OBLJIO YCTaHOBJICHO, YTO B3auMojehcTBHE BBogumoro II0I ¢
IMLUKINIECKON CO- WJIM TOMOIIOJIMUMHUIHON MaTpHULEel MPOUCXOIUT Ha YPOBHE
BOJIOPOJIHBIX  CBSI3EH. O6 »TOM cymmid 1O CIBUTY  OCHOBHOW
XapaKTepUCTUIECKOW IOJIOCHI BAJICHTHBIX KOJIEOAHWH aMHIOKHCIOTHBIX TPYIII
(16801685 cm™ B ucxoanom peakumonnom pacteope MW mnm CIIU) m OH-
rpynn B obnactu 3200-3600 cm?, cMemenne koTophix B npucyrctsuu 1210 He
npesbimaer 20 cm? [15,27]. Vcxoas u3 3T0r0, CTPYKTYpY mpeanonaraemoro H-
KOMIIJIEKCa MOYKHO TPEJICTABUTH CIECAYIOLINM 00pa3oM:

= g
= —
= iH + a S ; OH = 1)
= — e = = L E
g - c |TC o
C L] =] )
= ",
H=O "H—0O
Bceaencrtrue YKa3aHHOTO B3aUMOJIEUCTBUSA I[er paBHOMEPHO

pacnpeaciiacTca B HOHHHMHI{HOﬁ OCHOBEC, 4YTO CHOCO6CTByeT B HaﬂBHeﬁmeM
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[OJIyUEHUI0  KAueCTBEHHOI'O  MaTepuana M3  pacTBopa  KOMIIO3MIUHU
I[IH/CIIA+IIOT .

OmHako B BRICOKOYACTOTHOM OOJIACTH IS KOMIIO3UIHMM, comeprkamux 1 u 2
mac.% IIOI, ummeer M™ecTo nedopmalysi TOJOC TOMVIONICHUS BaJCHTHBIX
KoJeOaHuil, OTHOCSIIIIHXCSI K OH-rpymmam HETOIUKIN30BAHHBIX
aMUJIOKHUCIOTHBIX 3BeHbeB B IIM, ocTaTkoB BblAENUBLIENcd B mpolecce
nonukonaeHcarmu HO u koHUEBbIX ruapokcunbHeix rpymm [13I0, B obmactu
3445-3599 u 3355-3555 cm?, cootBercTBeHHO (pHC.2, cnekTphl 2,3). B sTOM
cllyd4ae, BO3MOXXHO, HMEET MEeCTO IIpOsBICHHE IOBEPXHOCTHBIX CBOMNCTB
MOJIMATUJICHTIIMKOJIS 10 OTHOILIEHHWIO K TOJMMEpHOM MaTpuue. B wacTHOCTH,
MMOBEPXHOCTHO-aKTUBHBIE  BEIIECTBA CIIOCOOHBI HM3MEHSATh  MOJIEKYISIPHBIC
CBOWCTBAa TOBEPXHOCTH pa3liesia W XapakTep Mek(pa3HbIX MOJIEKYISIPHBIX
B3auMojeiicTBuil  [23]: opueHTauus ancopOMpOBaHHBIX MOJEKYN Hapyxy
MOJIIPHBIMU ~ TPYIIIIAMH ~ TIPUBOJIUT K THAPOPWIN3ANMAKA TIOBEPXHOCTH U
COMDKEHHIO ee CBOWCTB ¢ BOAHOW (pa3oif; opueHTauus HApyXy YIrIepOIHBIMU
LUEeMsIMA  BBI3BIBaCT  TUApodoOM3anMi0  TOBepXHOCTU. [lo-BuamMomy, B
paccMaTpuBaeMOM ClTydae MPOMCXOTUT THApodoOH3anus MOBEPXHOCTH, T.K. Ha
CIEKTpPE MPU MakcuMaabHOM cojaepkanuu [19T (puc. 2, cniektp 3) HabmomaeTcs
YBEJIMYEHNE HMHTEHCHMBHOCTU TI0JI0C mMoriomenus B obmactu 2800-3000 cm™,
xapaktepabix it C-H cBs3eil METWIIEHOBBIX M 3TWJICHOBBIX Tpymil. Hapsay c
3THM, TO-BUAMMOMY, COXpaHsAeTcsl B3aumo/ieiicteue koHeunblx OH-rpynm gactu
19T ¢ amunokucnotrHeiMU 3BeHbsIMH 1. [To3TOMY MOBEpXHOCTHBIE SIBJIEHUS HE
OKa3bIBAIOT 3aMETHOTO BIHSIHHS Ha CPOJCTBO JIBYX IOIUMEPOB, U IUICHKH,
conepxkammue 2 mac. % II9I", ocTaroTcst OTHOPOIHBIMHU, HE PACCIAUBAIOTCS.

Orcioga cnemyeT, 4YTO JUId JOCTW)KEHHMS XOpOIIEH COBMECTHMOCTH
MOJIMMEPOB B KOMIIO3UIIMOHHOM MaTepHalie CofepKaHrne BBOJAUMOTO KOMITOHEHTa
HE JOJDKHO TIpeBbIIaTh 2 Mac%. B 3TuX ycloBHSX IUIEHKAa TOIy4aercs
MPO3pavyHOi, OJTHOPOAHOM, C I1aJIKOW MOBEPXHOCTHIO. JlanbHelee yBeTuueHne
koHueHTpanuu [131 mpuBOIUT K paccioeHnI0 KOMITIO3UIIMOHHON TUIEHKH (TIJIEHKA
npuoOpeTaeT  Oelechlii  OTTEHOK). JTO  OOYCIOBJIEHO, IIO-BHIUMOMY,
OTpaHUYEHHBIM COJICPKAHMEM aMUAOKUCIOTHBIX Ipymnm B (co)nonuumuzae (~10—
15%), ydacTByromux Bo B3aumoaencTeusx ¢ [101 [28].

Ilpu BBeneHUM B AIMIMKIWYECKHUN MOJUMMMJI pacTBOpa JIBOMHOM cmecu
NAAAHIIOT Ha UK cnekTpax paccMaTpHBaeMbIX KOMIO3HIIMOHHBIX PAacTBOPOB
(puc.2, chmektpsl 3—5) B BBICOKOYACTOTHOH 00NacTH TaKke HaOIogaeTcs
ne(opManus BaJeHTHBIX KojeOanuii npu 3367-3475 cmt [16]. OnpHako MOXKHO
BBIJICIUTH HEKOTOPBIE OCOOCHHOCTH B XapaKTepe B3auMOJCHCTBUI KOMIIOHEHTOB
TPOWHOW KOMITO3UINH, 00pa3yeMoil mpu JT00aBIICHUN TaHHOW JBOWHOM CMECH K
HUCXOJHOHN MOJMUMUIHON MaTpHIE.
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Pucynok 2 — VIK cniekrpsr amumukimndeckoro [TU (1), nBoiHbix (2,3) v TpoiiHbIX (4-6)
KOMITO3HIIMI Ha OCHOBE IOJIMMMUJIA C Io0aBKaMu ronusTuieHTepedranara: 2 — [T + 1.5 mac.% I10T, 3
—II1 + 2 mac.% I19T, 4 — TI1 + 1.4 mac.% ITAA + 1 mac.% I19T, 5 — 11 + 1.4 mac.% ITAA + 2 mac.%

T39I, 6 — T +1.4 mac.% [TAA + 2.5 mac.% I19T.

[lonuakpwiaMu ¥ MONMATWIEHIJIMKONb MPH  CMELIMBAaHUM  MOTYT
B3aWMO/JICICTBOBATh JPYr C JPYIOM C ydacTheM (YyHKIMOHANBHBIX TPYII C
o0pazoBaHHEM MOJMMEpPHOTo accoruara. [lostoMy mpu nobaBieHUM IBOWHOM
cmecu [TAA + 101" k monmuuMuly U3MEHEHHUS B BRLICOKOYAaCTOTHOM 001acTh mpu
cogepxxanuu 2 mac.% II9I" ornnuarotes ot TakoBoro B orcyrcTBuu [1AA (puc. 2,
cnextpel 3 m 5). Kpome TOro, B pe3ynpTare MOJUMEpP - TOJUMEPHOTO
B3auMozelcTBua  nonamakpwiamuaa ¢ IIOI' moBeimaercs  cpoAcTBO
MOJIMATUIICHTIIMKONSA K TOJIMMMUTHOM MAaTpHLE, YTO IO3BOJSET YBEIUYUTH
comepxkanme [IDI" B TpoitHONW Kommosmmum 10 2.5 wmac. %. Ilpum 3ToM
HaOIo1aeTcs HEOONBIIOE TOBHIIIEHNE MHTEHCUBHOCTH B OOJIACTH TOTJIOMICHHUS
C-H cBs3u  ankunpHBIX rpymnn  (puc. 2, chekTp 6), yKasblBamollee Ha
ruIpooOHU3aIuIo.

Hcxonda w3 BBIIEU3T0KEHHOTO, NMPU BBEJACHUU B COMOJUUMHJ JTBOMHOU
cmecu [TAA + IIOI' paBHOMepHOe pacmpeneneHue MNOJIMMEPHOH H00aBKH B
UCXOIHOW (CO)ITONUMMUIHON MaTpUIEe MPOUCXOJUT, IO-HAIIeMy MHEHHIO, B
pe3yibpTaTe 00pa3oBaHms HanOoJee BeposaTHOTO H-komruiekca (2), OTIHMYHOTO OT
TakoBoro (1).
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Komno3unuoHHble MICHKH Ha OCHOBE pa3pabOTaHHBIX PacTBOPOB TPOIMHBIX
nonuMepHbix cMmeceit [T + [TAA + T19T, conepxkamux 1.4 mac. % [TAA u 1-2,5
Mmac. % I19T, 06pa3yroTcst ¢ rnajKoi HOBEPXHOCTHIO, MMPo3payuHble 0e3 1e(eKTOB.

HHTepecHble pe3ysbTaThl IMOJNyYeHbl NPH Pa3padOTKe KOMIIO3ULIMOHHBIX
cmeceit I[IM + AMM + TIOI'. Ilpupoasslii MuHEpan MOHTMOPUJUIOHUT U €ro
QIKHJIMPOBaHHAs (opMa HE PacCTBOPSAIOTCS B OPraHUUYECKHX PACTBOPHUTENSAX, B
KOTOPBIX OOBIYHO MPOBOJAAT CUHTE3 PA3JIUUHBIX HOJIMMEPOB, B T.4. MOJIUUMHUIOB.
[losTOMy OOBIYHO BBOAMMBIA B IOJMUMEP MOHTMOPHIUIOHUT MOAMMDUIMPYIOT
pas3TuHBIMU coenuHeHusMH [29-33]. Kpome Toro, npu NoaydeHUH MOIUMEPHBIX
KOMIO3UIMHA Ui 3()()EKTUBHOIO COBMEIIECHUS YACTHUL[ HAIOJHUTENS C
MOJMMEPHON  cpelol  HCHOJB3YIOT — aACOpPOLHOHHOE  MOIU(PHUIUPOBAHHE
HAIOJHUTENIS C MOMOIIbI0 TTOBEPXHOCTHO-akTHBHBIX BelecTB ([TAB). O6pazys
BCJIEJICTBHE aJICOPOLIMM Ha MOBEPXHOCTH YACTUI[ TBEPAOH (a3l TPOYHO
3aKpEIUICHHBIE CJIOM OPHEHTHPOBaHHBIX MoJekyn, 1IAB mo3Bomsior cOnm3uth
MIPUPOLy HAIOJIHUTENS C MOJIUMEPHON Cpefod, YIydIIUTh CMayHMBaHHUE YacTHUIL
HAIOJHHUTENSA U pachpeneiienue ux B noaumepe [34]. Kak mokazano B pabote
[29], [IOI', sBAsromIMiics MOBEPXHOCTHO aKTHBHBIM BELIECTBOM, aJcopoupyercs
[IOCPEACTBOM TOJISPHBIX IIEHTPOB HA BHYTPEHHEH W BHEIIHEH MOBEPXHOCTU
CIIOHCTOTO cHiHKara, GopMupys opraHouibHbIE CIIOH, W, B KOHEYHOM HTOTE,
CHOCOOCTBYSI €r0 COBMECTUMOCTH C MATPUYHBIM HOJIMMEPOM.

B peaknuoHHOM pacTBOpe, B KOTOPOM CHHTE3UPOBaHBl KOMIIO3UIUU Ha
ocuoe IIM1 + AMM + IIOI, mpoucxogutr obpazoBanme H-kommexkcoB
KHCIIOTHBIX TPyHN (CO)HOJIMMMHJA C KOHLEBBIMH THUIPOKCHUIBHBIMHU TPYIIIaMU
[I3I', ancopOMpOBaHHBIMH IOCPEICTBOM TMOJIIPHBIX LIEHTPOB Ha BHEIIHEH
MTOBEPXHOCTH CJIOWCTOTO CHJIMKaTa. YacTWUIbI MOHTMOPWJUIOHWTA B JAHHOM
clydae, 5TOMY HE TMpENATCTBYIOT, HMes HeoOXoanMoe aJIcopOMpoBaHHOE
koinuectBo IIOIT s coxpaHeHMs pacTBOPMMOCTH Ha CBOMX BHEIIHMX U
BHYTPEHHHX (MEXKCIIOEBOE IPOCTPAHCTBO) MOBEPXHOCTIX [35].

B3aumoneiicTBue B KOMIIO3ULIMOHHBIX cMecax Ha ocHose I + AMM +
I[I3I' nmpoucXOoAMT aHAJIOTMYHBIM O0pa3oM, YTO M JJIS CUCTEM Ha OCHOBE
ammnukiudeckoro (co)momuumuga ¢ [IO0 [18], ¢ oOpa3zoBaHHEeM BOJIOPOTHBIX
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cBsi3eil (puc.3). Ho MOXHO 3aMeTHTh, YTO B Ciydae aJIKHIMPOBAHHOTO
MOHTMOPHJUIOHHTA, KOTOPBIH YAaJoCh NMpeABAPUTENBEHO PAacTBOPUTH B PacTBOpPE
9T (5% B MII), Habmromaercss xopomas coBmectumocth ¢ [IM. B mamnHOMU
cuctreme AMM BBogutcs 1o 3 mac. %, a IIOI' no 6 mac. %, T.e. ymaercs
coJiep>)kaHue TMOBEPXHOCTHO aKTUBHOTO BEIECTBA YBEIUYUTh, MPH 3TOM IUICHKA
COXpaHAET CBOIO TPO3PavyHOCTb, OTydaeTcs 6e3 neeKToB.

Ty

Wwraru ez (om-l

Pucynok 3 — UK crektpsl
xomnozunuu ITH + 3 mac% AMM + 6 mac.% IIOI'(1) u tepmoobpaboranHoii mpu 250°C 1IeHKH B
TOHKOM cJ1oe; (2) B pacTBope, B cTekiax KBr.

N3yyenne xomMno3uuuoHHbIX cMmecedl Ha ocHoe IIM + TIOT® + IIOI
MOKa3ajo, YTO B B3aUMOJEHCTBHE MEXJIy KOMIIOHEHTaMH aHAJIOTUYHO
npoucxozsmemy B TpoitHoi cmecu [IU + [TAA + TI91, Gnaromaps umerommmcs
y KOMIIOHEHTOB CMecH (YHKIMOHAJIbHBIMKU rpynmnamu. llpm noGasneHun
neoitHoi cmecu [IDT® + IIOI' k mosMUMUAHON OCHOBE 0Opa3yercst IelneBOi
KOMITO3UTHBIA MaTepHall.

Komnozunuonssle mieHk:, cOpMOBaHHBIE U3 Pa3pab0TaHHBIX KOMIIO3ULHHA
Ha ocHoBe (co)nomuumunoB, [IOI" m npyrux no0GaBok, OBUIM OLIEHEHBI IO
OCHOBHBIM cBoiictBaM. B paboTe uWCHONb30BAIM IUIGHKM HAa  OCHOBE
ATULUKINYECKOTO JRISINS u COTMOJIMMMHU/IBI, MIOJTy4YEHHBIE pu
COIOJIMKOHACHCAMN AMAHTUAPHUIOB TPHLUKIOAELeHTeTpakapOoHoBoi (AB) u
midennpokcunrerpakapobonosorr  (JADO)  kmenor.  Kpurepuem  oreHKH
TEPMOCTOMKOCTH TOJMUMHUIHBIX MaTEepUalOB SBISETCA TEMIepaTypa Hadaia
pasznoxxeHust UMUAHOTO LUKIA (Trp.), @ MEXaHUYECKUX CBOMCTB — MPOYHOCTD MPH
paspbiBe (0p;, MIla) m oTHOCHTENbHOE YAJMUHEHUE (€p, %). IS MCXOTHBIX
nonmmmepoB [1U, CITN1 (Ab:APO = 90:10 monp%) u CIIN2 (Ab: DO = 85:15
Moib%) T.p cocraBmser 380, 405 um 406°C, coorBeTcTBeHHO. BBeacHwme
UIACTUQULIUPYIOINX, a  TaKkKe  HEOPTaHMYECKOrO  HATONHUTENsS B
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IMLUKINYECKUH (CO)IOIMUMU] TOBBIIAIOT €0 TEPMUYECKUE M MPOYHOCTHBIE
cpoiictBa. Hnsa cuctem IIM + TIOI" m CIIM1; CIIM2 + IIOI' 3mawenus T,
UMUJHOTO 1UKIa yBenuuuBaroTcs 1o 402 u ~417°C, coorBercTBeHHO [15,16,19].
B 3aBucumMoctu OT mpupoAbl MOIUGHUMPYIOIIETO KOMIIOHEHTa TEPMHUUYECKHE
CBOICTBAa TPOMHOM KOMIIO3ULMOHHOW IUICHKM MOBBIIAKOTCS B CIEAYOLIEH
nocnenosatenbHocTh: [IW + [IOT® + TI9I" (Tup. = 423€C) > [IU + TTAA + [129T
(Tup= 426eC) > II1 + AMM + IIOI" (Tup= 430eC) [16,17,19]. Hannyumee
3HAYEHUE TEMIEpPaTypbl pa3lIoKEHHs MMUIAHOTO LHKJIA IOATBEPXKIACTCA
muddepenumnansHoit kpuBoir TT'A cuctemsl [T + AMM + 13T (puc.4).

om-
i+

ELE

am

am

am-

am

m m m m = mm = m s m = mm L] =
L . L

1
[ Fl = = F 0 “ El = m m m = ool

H o
Lab: METTLER

Pucynox 4 — Jluddepenunansuas quarpamma TTA
KOMIIO3UIIMOHHOM 11eHKH Ha ocHoBe [IU + 3 mac.% AMM + 6 mac.% IO

Boszpacranue TepMOYyCTOMYMBOCTH KOMIO3WIHOHHBIX IJIEHOK € JO0OaBKaMu
oM yHKITNOHAIBHBIX MTOJMMEPOB U MPHUPOTHOTO HATIONHUTENS B CPAaBHEHHUU C
WCXOAHBIMU  (CO)IOJMUMHIAMH, TO-BUAMNMOMY, OOYCJIOBIEHO YacCTHYHBIMU
CIIMBKaMH 1O (DYHKIMOHAJIBHBIM TpyHIiaM ¢ oOpa3oBaHHEM Pa3IMYHOrO THIIA
MEXMOJICKYJISIPHBIX ~ «MOCTHUKOB», 0Opasylomuxcs Ipd  TepMooOpaboTke
Marepuana a0 250°C mis MONMHOW NHUKJIHM3AIMH WUMHUIHOTO ITUKIIA MOJMMEPHOMN
MaTpulbl. B ciydae BBeAeHus B (CO)NOJMMMHJ JIBOMHOW IOJMMEPHOH CMecH
[I3T® + II3I, npennonaraercs oOpa3oBaHHE KHCIOPOAHOTO MOCTHKA MEXKIY
MakpoMosiekysaMu (co)mommumuaa u [I9TO. [TomudTHIeHT KO, CBSI3aHHBIH C
nonmaTHIIeHTepedTaaToM H-KOMIUIEKCOM | pa3pylaroIniicst IpH TeMIiepaType
Boime 100°C, mpu TepMooOpabOTKE PAaBHOMEPHO pacIpefensieTcs B Iopax
OCHOBHOT'O HCXOJHOTO TIOJIMMEPHOTO TmopucToro wmarepwana [14]. Ilpm
tepmooOpadotke mwieHkn CIIN(IIN) + ITAA + II9T mpoucxogut oOpa3oBaHme
MEXMOJIEKYIIIPHOI CIIMBKY MO THITY [36]:
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Hns cucremsr 111 + AMM + II9I' ¢ nyymmMu TOKa3aTeNsiMH CBOWCTB
YCTaHOBJIEHO, YTO AJKUIMPOBAHHBI MOHTMOPWIOHUT B pEaKLIHOHHOM PacTBOpE
[N  obpazyer ruapaTHyro  (QopMy  aTIOMOCHIMKATHOTO  KOMIUIEKCa
Al;[Si(OCH3)4](OH)4, xoTOpbIii paBHOMEPHO pacIpeaeisieTcs B MOJTHUMHIHOM
MaTpHIIe U CIOCOOCTBYET MOBBIIIEHUIO TEPMOYCTOHYMBOCTH MaTeprana B LEJIOM,
IIpH 3TOM B TIJIEHKE COXPaHAETCs] COBMECTUMOCTh BCEX KOMIIOHEHTOB [33].

3Ha4yeHus] MPOYHOCTH HA pas3pbiB (Op;) KOMIIO3HMLMOHHBIX IUIEHOK MpU
MepexoJie TOMOIIOJIMUMHUIA K COTIONMUMUY ¢ jo0aBkamu [1D1" moBbIatoTCs OT
160 mo 181°C Mlla u mpeBBINIAIOT AHAJIOTHYHBIC 3HAYCHHUS MCXOJHBIX
(co)monmumepos (ITH o= 71; CIIN1 u CITU2 — o, = 137,138 [14])

1 TpoHHBIX CHCTEM HPOYHOCTHBIE CBOWCTBA BO3pPACTalOT B TOH e
MOCJIEZIOBAaTEIbHOCTH, YTO W TEpMUYEcKas yCTOMYMBOCTh MMHUIHOIO LIMKIA B
komnosurmu: [T + TI9T® + T3 (o= 168 Mlla) > 111 + I[TAA + TIOI" (op:=
194 MIla) >[I + AMM + 1I3I" (6p;= 200 MI1a).

Bo Bcex uccneayeMbIx KOMIIO3ULMAX 3JIACTHYHOCTh MaTepuasa yiaydmaeTcs
c BeegenneM [1OI. OH oka3pIBaeT XOpollHe IUIACTUPHUIMPYIOMINE NEHCTBUS, a
WMEHHO OTHOCHUTENIHOE YJUIMHEHUE (€p;) yBenmuuBaercs oT 30 m ~20% mns
ucxonnseix [IW n CIIN1/CIIN2, cooTBeTcTBEHHO, 110 45% 1 ~24% B IPUCYTCTBUA
[I9T" ¢ gpyrumu nonumepamMu 1 MUHEPaIOM MOHTMOPHIIJIOHUT.

Takum o0pa3oM, B paboTe MOKa3aHa MEPCHEKTHUBHOCTH KOMIO3WIIMOHHBIX
MaTepHajOB Ha OCHOBE JBOMHBIX M TPOWHBIX KOMIIO3UIMH aTUIMKINYECKOTO
(co)ymomuumuaa w [ ¢  ynydmieHHBIMH —TEPMHYECKHMH M (QHU3HKO-
MEXaHWMYECKUMH CBONCTBaMH.

4. 3ak04eHne

TTokazano BIIUSIHUE MTOBEPXHOCTHO aKTHBHOTO BellecTBa  —
MOJUATUIICHIIIMKONS, HAa COBMECTUMOCTH MMOJU(PYHKIHOHAILHBIX MOJUMEPOB
(I, TITAA, AMM, IIOT®), a Takke OpraHOMUHEPaTbHOW JOOABKU —
MOHTMOPUJUIOHUTA, B KOMITO3HUIIMH C (CO)IMOJIMUMHUIHON MaTPUIICH U BO3MOYKHBIC
MEXaHHM3Mbl B3aUMOJICHCTBHII KOMIIOHEHTOB B CMECH, CIIOCOOCTBYIOIIMX HX
coBMecTUMOCTH. [IpH 3TOM yIIydIIalOTCS TEPMHUYECKUE U (PUIUKO-MEXaHHUECKUE
CBOMCTBa KOMIIO3UIIMOHHOTO MaTrepuaja, KOTOpble OBUIM  ONpPeaeCHbI
COOTBETCTBYIOIIMMHM  METOJaMH  TCPMOTPAaBUMETPHUECKOIO  aHajgM3a U
pacTsbkeHust 00pasiia ¢ MOCTOSTHHOM CKOPOCTHIO 1ehopMUpoBaHus (pa3phiBa).

VYCTaHOBICHO, YTO JIYYIIMMH TMOKa3aTeNlsIMH  HCCICIYEMBIX CBOMCTB
obmagaror kommnosunuonHble 1ieHkn [TA(CIIN)+HI3I+AMM: T, =430°C,
0ps=200 MIla, g,= ~24%.
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FREE ENERGIES OF 2-AMINO-1,5-DIAZASPIRO[4.5]DEC-1-EN-5-1lUM
CHLORIDES MONOHYDRATES AND ARYLSULFONATES
FORMATION AT B-AMINOPROPIOAMIDOXIMES
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Abstract: Introduction. We have previously obtained new spiropyrazolinium compounds by
arylsulfochlorination of B-aminopropioamidoximes. But it was found that under certain conditions, the
main or by-product of PB-(thiomorpholine-1-yl)propioamidoxime tosylation was 2-amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium chloride monohydrate. In the case of other B-aminopropioamidoximes,
only 2-amino-1,5-diazaspiro[4.5]dec-1-en-5-ium arylsulfonates were isolated. The aim of the work is to
perform a theoretical comparison of reactions of tosylation, para- and ortho-nitrobenzenesulfochlorination
of B-aminopropioamidoximes and evaluate the propability of 2-amino-1,5-diazaspiro[4.5]dec-1-en-5-ium
chlorides monohydrates formation. Methodology. The calculations were performed using Gaussian 09
package by DFT/B3LYP/6-31G++(d,p) method. Results and discussion. Thermodynamically preferred
products were identified by comparing the Gibbs free energies of reactions. Chemical stability and
reactivity parameters for 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium chloride monohydrate,
tosylate, para-nitrophenylsulphonate and ortho-nitrophenylsulphonate were predicted based on calculated
HOMO and LUMO energies. In most cases arylsulfonates are thermodynamically favorable, except when
the initial substrate is PB-(thiomorpholine-1-yl)propioamidoxime. Conclusion. 2-Amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium chloride monohydrate is more preferred compared to the corresponding
arylsulphonates.
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1. Introduction

As we previously reported [1-3], tosylation and para-
nitrobenzenesulfonchlorination of p-aminopropionamidoximes 1-4 (p-amino
groups were: piperidin-1-yl-, morpholine-1-yl-, thiomorpholine-1-yl- and 4-
phenylpiperazin-1-yl) leads to the formation of the corresponding 2-amino-1,5-
diazaspiro[4.5]dec-1-en-5-ium arylsulfonates, and in the case of f-
(benzimidazole-1-yl)propioamidoxime products are O-arylsulfo derivatives.

When optimizing the conditions for B-aminopropioamidoximes
arylsulfochlorination, it was found that under certain conditions (when heating the
reaction mixture in chloroform in the presence of N,N-diisopropylethylamine
DIPEA), the main or by-product of B-(thiomorpholine-1-yl)propioamidoxime
tosylation was 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium  chloride
monohydrate 19. The experiment did not provide for carrying out f-
aminopropioamidoximes arylsulfochlorination reactions in an inert medium. The
high  hygroscopicity of 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium
chloride determines its existence as a monohydrate.

In the case of other p-aminopropioamidoximes (1, 2 and 4)
arylsulfochlorination, only 2-amino-1,5-diazaspiro[4.5]dec-1-en-5-ium
arylsulfonates were isolated. Conditions of 2-amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium chloride monohydrate obtaining, its physical and
chemical characteristics, NMR H and *C spectra and X-ray diffraction data were
given in [4].

This paper presents the results of a theoretical comparative study of reactions
and propability of 2-amino-1,5-diazaspiro[4.5]dec-1-en-5-ium  chlorides
monohydrates 17—20 formation in the reactions of tosylation, para- and ortho-
nitrobenzenesulfochlorination of B-aminopropioamidoximes 1-4.

N—OH
cl s M
CHCI3 DIPEA _
NI \NH2 r.t. g Y ﬁ _\X
| — 0}

X = CHj (5-8); p-NO, (9-12),0-NO, (13-16)

o \:Hz (5,9, 13), O (6, 10, 14), S (7, 11, 15), PhN (8, 12, 16)
LIS
- o

CHCl3 DIPEA, 0
H,0, 70°C + ; N g_OH
Y = CH, (1), O (2), S (3), PhN (4) cl X = g

Y H,O
Y = CH, (17), O (18), S (19), PhN (20)

Scheme 1 — The reactions of tosylation, para- and ortho-nitrobenzenesulfochlorination
of B-aminopropioamidoximes.

Complete optimization of the molecular geometry and calculations of
thermodynamic parameters were performed using Gaussian-09 software [5]. The
reliability of DFT/B3LYP method in the calculations of thermodynamic
parameters and HOMO-LUMO energies related to the heterocyclic compounds

173



KA3AKCTAHHBIH XUMUAJIBIK KYPHAJIBI XUMHYECKHUY XVPHAJT KA3AXCTAHA

has been confirmed by previous studies [6—8]. The applied basis 6-31G++(d,p)
shows sufficient accuracy in calculating the thermodynamic parameters of organic
reactions [9]. Vibrational frequency analysis confirms that the ground states were
found (no imaginary frequency). lonization potential (IP), electrophilic index (w),
electronegativity (), chemical softness (¢) and hardness (n) were calculated
using HOMO and LUMO energies as reported in literature [10-12].

Solvation effects were accounted for by using the polarizable continuum
model (IEFPCM) for chloroform. Thermodynamic functions were determined for
standard conditions (1 atm. and 298.15 K).

2. Results and discussion

Thermodynamically preferred products were identified by comparing the
Gibbs free energies of the corresponding chemical reactions calculated by the
Hess equation as the difference between the free energies of the formation of
reaction products and reagents. The calculation results are shown in Table 1.

Table 1 — AG values of products 5-16 and 17-20 formation reactions

AGci-AGs, kd/mol
Product AGs*, kJ/mol Product AGci**, ki/mol
tosylation
5 -144.29 17 14214 215
6 -129.96 18 130.79 -0.83
7 -117.26 19 125.36 8.1
8 -119.99 20 129.47 -9.48
para-nitrobenzenesulfochlorination
9 -163.57 17 15156 12.01
10 -160.02 18 14021 19.81
11 -139.70 19 145,88 6.18
12 -147.61 20 -138.89 8.72
ortho-nitrobenzenesulfochlorination
13 -206.59 17 162,66 43.93
14 -157.56 18 15131 6.25
15 -142.80 19 145,88 -3.08
16 -154.66 20 -149.99 467
AGs* — the free energy of formation reactions sulfonates (5-16)
AGci** — free energy for the formation of the monohydrates of chlorides (17-20)

Calculations show that in most examples aryl sulfonates are
thermodynamically favorable, except cases when the initial substrate is f-
(thiomorpholine-1-yl)propioamidoxime 3. 2-Amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium chloride monohydrate 19, based on comparing the
values of AG reactions, is more advantageous compared to 2-amino-8-thia-1,5-
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diazaspiro[4.5]dec-1-en-5-ium tosylate, para-nitrophenylsulphonate and ortho-
nitrophenylsulphonate (7, 11 and 15, respectively).

Thermodynamic calculations of the reactions of formation of product 18
compared to 6, and product 20 compared to 8 are exceptions. For the first one,
the advantage in free energy is rather insignificant (-0.83 kJ/mol), and for the
second one, a difference of -9.48 kJ/mol is observed. However, under the
conditions described in [1-3], the formation of chloride monohydrate salts was
observed only for the 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium cation
19.

The formation of monohydrate chloride 17 should be considered the least
likely, since the energetic advantage of the formation of ortho-
nitrophenylsulfonate in B-(piperidine-1-yl)propioamidoxime ortho-
nitrobenzenesulfochlorination reaction is the largest among the obtained free
energy differences in -aminopropioamidoximes arylsulfochlorination reactions.

For obtained 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium chloride
monohydrate 19 the molecular orbitals were simulated and frontier molecular
orbitals (FMO) analysis was performed in comparison with tosylate, para-
nitrophenylsulphonate and ortho-nitrophenylsulphonate of 2-amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium (7, 11 and 15, respectively).

FMO analysis is very important to predict chemical stability and reactivity
parameters based on HOMO (highest occupied molecular orbital) and LUMO
(lowest unoccupied molecular orbital) energies. The HOMO energy in absolute
value corresponds to the ionization of the orbitals and determines the electron-
donor properties and, accordingly, the ability to interact with electrophilic
reagents. The LUMO energy determines the electron affinity, i.e. electron
accepting properties, their ability to interact with nucleophilic reagents. The
reactivity parameters of products 7, 11, 15 and 19 reflecting their chemical
properties are estimated. Results are presented in Table 2.

Table 2 — Reactivity parameters of products 7, 11, 15 and 19

Reactivity parameters 7 11 15 19
HOMO energy (eV) -6.60 -6.74 -6.72 -6.47
LUMO energy (eV) -0.62 -3.02 -2.57 -0.61
Energy gap AE(LUMO-HOMO) (eV) 5.98 3.72 4.15 5.86
lonization potential IP = —E(HOMO)(eV) 6.60 6.74 6.72 6.47
Electron affinity EA = —E(LUMO) (eV) 0.62 3.02 2.57 0.61
Electronegativity y (eV) = (I + A)/2 (eV) 3.61 4.88 4.65 3.54
Hardnessn = (IP — EA)/2 (eV) 2.99 1.86 2.08 2.93
Chemical potential g = — y (eV) -3.61 -4.88 -4.65 -3.54
Electrophilicity w = u?/2 n (eV) 2.18 6.40 5.20 2.14
Softness ¢ = 1/ 1 (eV) 0.33 0.54 0.48 0.34
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Figure 1 shows 3D plots of HOMO and LUMO. GaussView 05 program [13] was used to visualize
molecular orbitals.

) & 2
Q‘ *) 297
¥
LL'\IO 9 s ‘-“ 4 LUMO
®.9
AE=5.98 eV J¥ aE=3mev
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Figure 1 — Frontier molecular orbitals of products 7, 11, 15 and 19.
Isovalue = 0.02.

A molecule with a high energy difference between HOMO and LUMO
orbitals (energy gap) has low chemical reactivity and high kinetic stability [14].
Molecules with a high and low energy gap are called hard and soft molecules,
respectively. Hard molecules are less polarizable than the soft ones and require
more energy for excitation. Thus, it is clear from Table 2 that compounds 7 and
19 are less soft while 11 and 15 with relatively low energy gap are characterized
by easy polarizability and high reactivity. Compound 11 having greater value of
chemical potential (-4.88 eV) is the most reactive, while chloride monohydrate 19
is the least reactive (-3.54 eV) of all. A highest electron affinity value is found to
be 3.02 in 11. The least value of electron affinity is 0.61 observed in 19. The NO;
group in compounds 11 and 15 is a very strong electrophile; these compounds
exhibit higher electrophilicity then 7 and 19. The results of calculations show that
the E(LUMO) orbitals of all the calculated structures are negative, which indicate
that studied molecules are nucleophiles.
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3. Experimental part

Methods  for  obtaining  2-amino-1,5-diazaspiro[4.5]dec-1-en-5-ium
arylsulfonates, characteristics and identification were published in [1-3].
Conditions  of  2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium  chloride
monohydrate obtaining, its physical and chemical characteristics, NMR 'H and
13C spectra and X-ray diffraction data were given in [4].

The calculations were performed using Gaussian 09 package. The molecular
structure of compounds was fully optimized using Density Functional Theory at
the B3LYP levels with 6-31G++(d,p) basis set. The absence of imaginary
(negative) frequencies in the calculation results indicates that a local minimum
was found.

4. Conclusion

Calculations show that in most examples arylsulfonates are
thermodynamically favorable, except when the initial substrate is p-
(thiomorpholine-1-yl)propioamidoxime (3). 2-Amino-1,5-diazaspiro[4.5]dec-1-
en-5-ium chloride monohydrate (19), based on comparing the values of AG
reactions, is more advantageous compared to 2-amino-8-thia-1,5-
diazaspiro[4.5]dec-1-en-5-ium tosylate, para-nitrophenylsulphonate and ortho-
nitrophenylsulphonate (7, 11 and 15, respectively). Thermodynamic calculations
of the reactions of formation of product 18 compared to 6, and product 20
compared to 8 are exceptions. The formation of monohydrate chloride 17 should
be considered the least likely. The possibility of the formation of chloride
monohydrates from arylsulfonates and hydrochlorides of DIPEA was also
evaluated.

For 2-amino-8-thia-1,5-diazaspiro[4.5]dec-1-en-5-ium  tosylate, para-
nitrophenylsulphonate, ortho-nitrophenylsulphonate and chloride monohydrate
the molecular orbitals were simulated and FMO comparative analysis was
performed. The results of calculations show that all the E(HOMO) and E(LUMO)
orbitals are negative, which indicate that studied molecules are stable.
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Tyiiinaeme. Kipicne. BypblH [-aMHHONPONHOAMUIOKCHMACPAI apuiICyNb(OXIIOpiay apKbuibl 0i3 jkaHa
CIIUPONHUPA30IUH KOCBUIBICTAPBIH aNublK. bipak Oenrimi Oip xarmaitmapma  f-(tmomopgomms-1-
WJT)ITPONHOaMHUIOKCUMHIH TO3WIJICHYIHIH HEri3ri HeMmece JkaHaMa oHiMi 2-amuHO-8-THO-1,5-
nuazacnupo[4,5]nen-1-eH-5-aMmmMonuss  GonaThlHbl aHBIKTANABL. backa [B-aMHHOIPONHOAMHIOKCUMICD
yurH Texk 2-ammHo-1,5-mmasacmmpo[4,5]nen-1-eH-5-aMMoOHHS  apuicynb(OHATTaphl FaHA  OeINiHiI
anelHFaH. byn orcymvicmeiy makcameol f-aMUHOIIPONMOAMUIOKCUMICPIH TO3WIACHYI, napa- XoHe opmo-
HUTPOOCH30JICYIb(QOXIOPIaHy  PEaKLUsUIapblH  TEOPHSJIBIK  CajJbICTBIPY  JKOHE  2-aMuHO-1,5-
nuazacnupo[4,5]neu-1-eH-5-aMMoOHII XJIOpU/II MOHOTHAPATTAPBIHBIH TY31ly MYMKIHITiH Oaranay OoJbim
Tabbutaabl. Odicmemeci. Bapibik ecenreynep Gaussian 09 Garmapiaamacsin DFT/B3LYP/6-31G++(d,p)
KOJIIaHA OTBIPBIN KYPri3ingi. Hamuowcenep men mankwiiay. TepMOOUHAMHKAJBIK KOJAWIbI ©HIMIED
ONapAbIH TY3ly peakuusuiapeiHblH [MOOCTIH 00C 3HEprusIapblH CalBICTBIPY apKbUIbl aHBIKTAJJIbI.
Ecenrenren JKOMO xone TBMO sHeprusuiapblHa cyiieHe OTBIpbIN, 013  2-aMuHO-8-THO-1,5-

nuaszactupo[4,5]nen-1-eH-5-aMMOHHIIIH XJIOpUA MOHOTHUJPATHI, TO3UJIATBIHBI, napa-
HUTPOEHUICYNB(GOHAT NIEH 0pmo-HUTPOGEHIICYIbGOHATTIH XUMUSIIBIK TYPAKTBUIBIFEl MEH PEaKIHsL
KaOinerTinik napamerpiepin 00JDKaIBIK. Bacranke! cyocrpar B-(tnomopdonuu-1-mm)

MPOITMOAMHIOKCUM/II  KOCIIaFaH/a, KONTEreH JKaraailiapia apuicyib(OHATTap TEPMOAHHAMUKAIIBIK
TYpFBIIAH  KONMainmeipak.  KopwimuinOvl.  2-amMuHO-8-THO-1,5-1na3acnupo[4.5]aen-1-eH-5-ammonuit
XJIOPUIHIH MOHOTHIPATHI TUICTI apriICyIb(pOHATTAPFa KaparaH1a THIMAIPEK.

Tyiiinai ce3mep: B-amuHOMponUoaMHUIOKCUMIEP, apuicynbdpoxiaopiaay, TOT omici, ZKOMO —-TEMO
Tangaysl, Gaussian 09
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APWICYJb®OHATOB 2-AMWHO-1,5-THA3ACIIUPO[4,5]JELI-1-EH-5-AMMOHUS TIPHU
APRJICYJb®OXJIOPUPOBAHUMU B-AMHUHONPOIIMOAMMIOKCUMOB
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Pe3tome. Bgeodenue. Panee npu apuicyibhOXIOpHPOBAHUN [3-aMHHOIPONHMOAMUIOKCHMOB HaMH ObLIN
TOJTyYECHBI HOBBIC CIIHPOMHUPA30IHHIEBEIC coequHeHnss. Ho OBLIO yCTaHOBJICHO, YTO HPH ONMpPEICICHHBIX
YCIOBUSIX ~ OCHOBHBIM WM  INOOOYHBIM  IPOAYKTOM  TO3WIMpoBaHHs  [B-(TmomopdoiuH-1-
WI)ITPONUOAMUJIOKCHMA SIBIIIETCSI MOHOTHIPAT XJIOpHaa 2-aMuHO-8-TH0-1,5-11a3acnupol4,5]nen-1-en-5-
amMMOHUs. 1 ApYrux [B-aMHHONPOIMOAMHIOKCUMOB OBUIM BBIICNICHBI TOJNBKO apHICYIbGOHATH 2-
amuHO-1,5-1mazacriupo[4,5]nen-1-en-5-ammonus. Ljenv Hacmosiwyell pabomsi TPOBECTH TEOPETUUECKOE
CpaBHEHHE peakIMil TO3WINPOBAHUS, napd- W  Opmo-HATPOOSH30JICYIb(OXIOpUpPOBaHUS  [3-
aMHMHONPONHNOAMUIOKCHMOB M OLICHUTh BO3MOXKHOCTH 0Opa30BaHUsI MOHOTHPATOB XJIOPHIOB 2-aMHUHO-
1,5-nuazacrimpo[4,5]nen-1-en-5-ammonnst. Memooonoeusi. PacdeTsl BBIIONHEHBI C HCIIOIB30BAHHEM
makera Gaussian 09 wmeromom DFT/B3LYP/6-31G++(d,p). Pesymemamsl  u  obcyscoenue.
TepMoaMHAMUYECKH MPEANOYTHTENbHBIC MPOMXYKTHl HACHTU(GUINPOBANH IIyTeM CPAaBHEHHUS CBOOOIHBIX
sHepruil 'n66ca peakuuit ux obpasosanus. Ha ocHoBe paccumranusix 3nepruit B3SMO nu HCMO 6bu10
BBINOJIHEHO HPOTHO3UPOBAHUE IMAPAMETPOB XUMHYECKOW CTAOWJIBHOCTH M PEAKLMOHHOW CIIOCOOHOCTH
JUIS MOHOTHJIpaTa XJIOpWAa, TO3WiaTa, napa-HUTpoheHmwICyabhoHaTa U opmo-HUTPOPEeHMWICYNb(pOoHATA
2-amnHO-8-THO-1,5-nazacnupo[4,5] neu-1-eH-5-ammonns. B OonbIIMHCTBE ciydaeB apuiCyiib(OHATHI
TEPMOIMHAMUYECKU 0oJiee BBITOIHBI, 32 HCKIIOUEHUEM CIIy4aeB, KOrJa HCXOHBIM CyOCTPaTOM SIBIISIETCS
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B-(Truomopdonun-1-un)nponnoamuaokcum. 3akmouenue. MoHoruapar xjaopuaa 2-amuHO-8-THO-1,5-
nuaszacnupo[4.5]neu-1-eH-5-aMmoHus  OoJiee MPEANOYTHTENICH MO CPABHEHHIO C COOTBETCTBYHOIUMHU
apuicyab(oHaTamu.

KioueBble c10Ba: [-aMHUHOMPONHOAMHUIOKCHMBI, apwiCyibhoxinopuposanne, meron TOII, anamms
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I'nybokoyBa:kaemblii Tankbioexk KoxaTaeBuu!

KomnextuB Oppaena TpynoBoro KpacHoro 3HaMeHH aKIMOHEPHOTO
obmiectBa, «MHCTHTYT XMMHUYeckuxX Hayk UM. A.b. bekTypoBa» u pemakmuoHHas
KOJUIETUs KypHasia «XuMudeckuil xypHai Kazaxcrana» cepaeqHo MO3ApaBisoT
Bac ¢ 70-neTHuM robuieeM co JHs pOXKICHHS!

Bama  HaydHas — pmeATenbHOCTH — mocne  okoHuaHus — Kasaxckoro
roCyJapCTBEHHOI'0 YHUBEPCHUTETA Hadanach ¢ 1975 r. B IHCTUTYTe XMMHYECKUX
Hayk AH Ka3CCP, rae Bbl 3amuTwin KaHIUJATCKYIO HUCCEPTAIHIO IO
pykoBoacTBOM KpymHOTO ydeHoro akamemuka HAH PK E.A.bektypoBa. B 43
roja Brr 3aLIUTHIIH JIOKTOPCKYTO JUCCepTaIiIo Ha TeMy
«KommnekcooOpa3oBaHue reTepoaToMCOACpKaluX IOJUMEPOB C HOHAMHU
IIEJIOYHBIX U IIET0YHO3EMEIBHBIX METAIIOB» B 1995r.

OcHoBoli Bammx HaydHBIX HWHTEPECOB SBIAIOTCS (yHIAMEHTabHBIE H
NPUKIAJHBIE MCCIEAOBAaHUSA B OOJACTH KOMIUIEKCOOOPa30BaHUS HEHMOHHBIX
MOJIMMEPOB U aM(pOTEPHBIX MOJUDIIEKTPOIUTOB C PA3THYHBIMH KJIACCAMH HU3KO-
1 BBICOKOMOJIEKYJISIPHBIX COeIMHEHHH. BaMu co3aHbl HayuyHBIE OCHOBBI CHHTE3a
M TIOJIyY€HUS HOHOMPOBOJAIIMX MOJUMEPHBIX CHCTEM ISl TBEPJOTEIbHBIX
XUMHYECKUX HMCTOYHHKOB TOKa. BamMu [MOCTUrHYTBI OOJBIIME YCIEXH B
pa3paboTKe COBPEMEHHBIX METOJOB HM3BJICUCHMS DPEIOKHUX M PEIKO3EMEIbHBIX
METAJIJIOB M3 PacTBOPOB THAPOMETAUTYPIMH. 3HAYUTENbHBIA BKIJIAJ BHECTH B
HCCIIEIOBAaHNH PEOJIOTHHU BBICOKOBSI3KUX HedTel Kazaxcrana.

Bama HayuHo-MccaenoBarenbckasi paboTa OCYIIECTBISIETCS B TECHOM
KOHTaKkTe ¢ BeAymuMu YydeHbIMH KayHacckoro yHuBepcutera u3 JIUTBBI,
I'manbckoro  TexHuueckoro  yHuBepcutera u3  [lombmm,  JIbBOBCcKOro
MOJIMTEXHUYECKOTO YHUBEPCUTETa M3 YKpauHbl U JIp. cTpaH. Bel monroe Bpems
corpynnauuaere ¢ AO «HAK» Kazarommpomom» ¢ nenbto pa3paboTku criocob6oB
U TEXHOJOTHMM W3BICYEHUS PEAKO3EMENbHBIX METAUIOB M3 IMPOMBIIIIEHHBIX
pPacTBOpPOB TOA3EMHOTO BBINIENAYMBAaHNA. bijaromapst BBICOKOMY YpPOBHIO
Hay4YHBIX  MCCJIENOBaHUH, NpodeccHoHATU3My W COTPYAHHUYECTBY C
3apyOeXHBIMH HAayYHBIMH IIEHTpaMH BBl CO CBOMM KOJUJIEKTUBOM JIOCTHIIIN
3HAYUTENIBHBIX PE3yNbTaToB. Baine Hay4yHble OTKPBITHS W pa3pabOTaHHBIC
Hay4YHbIC HaNpaBJICHUS TIPU3HAHBI 3apyOC)KHBIMHM YYEHBIMH KakK BeIylIne
COBpEMEHHbIE pa3padOTKH U 3aHUMAIOT repeoBbie nozuiu B CHI™ 1 mupe.

Bama TBopueckass >KM3Hb CIIy’KUT TNPUMEPOM 0€33aBETHOTO  CITy>KEHHS
OTEUYECTBEHHOM XMMHUYECKOM Hayke M  IOAIOTOBKE KaIpOB  BBICIIEH
kBanuukanui. OKOHYMB 30JI0TOH MEJabI0 CPEAHIO0 MKOMy-uHTepHaT Ne 12 B
r. IlemMxent, Bpl moctynunu Ha xumuueckuil ¢akynbreT Kazaxckoro
rocynapcrseHHoro yauepcutera mMm. C.M.Kuposa (r. Anma-ara). C TpeTbero
Kypca YHUBEPCHUTETa HadalHd MPOBOJUTH CBOM IEpPBbIE HAYYHBIE HKCIEPHUMEHTHI
[0 CHHTE3y U HCCIICOBAHMIO KUHETUKU COIOJIMMEPHU3ALUN BUHUIIBHBIX
MOHOMEpOB TIPH HMX PAJUKAIBHON IOJMMEPU3alUU MOA PYKOBOICTBOM IPOQ.
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O.l.KypmananueBa. B 32 roma 3amumaere KaHauaaTckyio, a B 43 roja
JNOKTOPCKYIO JMCCEPTALMI0 II0Jl HAay4yHBIM pPYKOBOACTBOM akajgemuka E.A.
BextypoBa  Brr  sBuserech  aBTOpoM  2-XHay4HBIX  OTKpBITHHA, 12
(dyHIaMEHTaNbHBIX MOHOTpaduu, PYCCKO-Ka3aXxCKOTO CIOBaps XHMHUYECKHX
TEPMHUHOB, 6 0030pHBIX cTaTell M 12 MaTeHTOB WM TMPEINaTEeHTOB HAa MOJE3HYIO
moznenb. [lon BammM pykoBOACTBOM ObLIM 3alUMINEHBl 15 KaHIUAATCKUX &
MarucTepCKUX AHWCCEpTalUi, a Takke MOATOTOBIEHBI 3 MoKTOopa ¢umocodun
(PhD).

3a myOnmuKanuu B BBICOKOPEHTHHTOBBIX JKypHajax Bbel ObUIM yaOCTOCHBI
rpanta ®onma Copoca. 3a rTmyOokme HaydHble pa3paboTkum Bam Opuia
MpUCY)KJIEHA TOCYJapCTBEHHAs CTUIEHAMA JUISI  BBIJAIOIIMXCS — YUYEHBIX.
Pazpabotku mocneanux 20 JieT HApaBICHBI Ha CO3JaHUE BBICOKOCEICKTHUBHBIX
MOJMMEPHBIX  COPOCHTOB HAa  OCHOBE  HHTEPIOJIMMEPHBIX  CHCTEM U
AKTUBHUPOBAaHHBIX HMOHWUTOB HA TNPHUHIMIMAIGHO HOBOM HayyHOW ocHoBe. Jlis
ONMCAHMS PABHOBECHS B MHTEPHOJIMMEPHBIX CHCTEMax HCCIEeI0BATEIIMU
cosmana  teopusi  <«odpdekra  Jxymammnoay.  M3yuenme — «ddekra
JNAIbHONEUCTBUS» U OTKPBITUE  SABJICHUS ~ AHOMAJbHOM  aKTUBHOCTHU
(YHKUMOHANBHBIX TPYHN  TOJUAJICKTPOJIMTOB MNPH HX JAUCTAHIUOHHOM
B3aMMOJICHCTBUH, TI0 MHEHHIO 3apyOeKHBIX SKCIEPTOB, MpPEACTaBIsieT coOOU
HOBBIH TpeH XXI Beka B XuMu4ecKkoil Hayke. Pa3BuTue ucciieqoBaHUI B JaHHOU
00JIaCTH CTHMYJIUPYeT BO3HUKHOBEHHE HOBBIX HAyYHBIX HAlpaBJICHUH U
TEXHOJIOTHH C MPUHIUIHAIFHO OPUTHHAIBHBIMU TEXHUYECKUMHU PEIICHUSAMU.

Bl aBTop Oomee 500 HayuyHBIX MyONUKAIlMil. pyKOBOAWTENh 12 HaydHO-
HCCIIEI0OBATENBCKUX MPOCKTOB (DyHJAMEHTAIBHBIX W MPUKIAJHBIX HCCIIEI0BAHUN
n 3 XO34HCTBEHHBIX JOroBopoB. llpm wuccienoBaHnMM B3aUMOIEHCTBUS JIBYX
ruaporeneid  ObT  OOHapyX)eH «3(PQeKT MaTbHONEHCTBUSY, ITO3BOJSIONIHNA
YIPABJIATh CBOMCTBAMHM PEAKOCIIMTHIX IIOJUMEPOB Ha PACCTOSHHUU. JlaHHBIM
3¢ ¢eKT 3aJI0KeH B OCHOBY MHOTHMX  NpoekToB. EBpomeiickuii HaydHO-
MIPOMBIIIEHHBIM KOHCOPIIUYM MIPUCYANI Hay4YHOe 3BaHue «OcHOBaTe b HAyYHOMH
LIKOJIBDY U Harpaaui «3onotod Menansio uM. JI.M1. Menneneea» [)xymannunosa
T.K. 3a Gosp110i1 BKIIa/ B pa3BuTHE XUMHUUecKoi Hayku (2014 rox).

Bamm ydeHWKH IIOJOTBOPHO TPYIATCS BO MHOTHX OOpa3oBaTENbHBIX M
HayYHBIX KOJUIEKTUBax pecryOnuku Kazaxcran.

Bama Bbicokas spyaunus W TpoecCHOHAIN3M JTOOPOXKENaTeNbHOCTh U
CepACYHOE OTHOILIEHHE K JIIOJISM BBI3BIBAET YyBCTBO IIyOOKOTO M HMCKPEHHETO
yBakeHUs K Bam. Bbl HE TOJNBKO 3aMeyaTeNbHBIM yUeHBI, HO WU MPEKpacHBIN
Tne1aror, 3a00TIUBbBIN PYKOBOJAHUTENb U OTIUYHBINA CEMbSIHUH

B sT0T 3HaMeHaTenbHBIN AeHb keaaeM Bam m Bammm Onuskum Talkeioek
KoxaraeBny fanpHEHIIMX TBOPUYECKHUX YCIEXOB, IUIOJOTBOPHONW pabOTHI,
3/I0POBbS Ha JIOJITHE T'O/Ibl, CYACThs U Oaronoisydus.

Tenepanvhoiii oupexkmop AO « ncmumym xumuueckux Hayk um A. Bb. bexmyposa
U 2nagHulll pedakmop xcyprana «Xumuueckuil xcypran Kazaxcmanay, kaHouoam XumMudeckux HayK
J.E. Duwep
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[IpaBmna opopmieHus crateii B xKypHaie
«XUMHYECKHM KYPHAJ KA3SAXCTAHA»

1. OBIIME ITOJIOKEHUSA

Kypnan «Xumuueckuit xxypran Kazaxcrana» (ISSN 1813-1107, eISSN 2710-1185)
BhITycKkaeTrcsa opaeHa Tpymosoro KpacHoro 3namenun AO «/HCTUTYTOM XUMHUECKUX
Hayk uM. A.b. BekrypoBa» 4 pasa B roj u myOiuKyeT paOOThl IO LIMPOKOMY KPYTy
(yHIaMEHTaNbHBIX, TPUKJIAJHBIX 1 WHHOBALMOHHBIX UCCIEJOBAaHUN B 00JIACTH XUMUHU U
XMMHYECKOH TeXHOJIOTHH.

S3pIKM TMyONMUKAINK: Ka3aXCKUW, PYCCKUH, aHTIUicKuid. JKypHanm HHAEKCHpYETCS
Kazaxcranckoit OHOMHOMETpHYECKOH CHCTEMOH H BKIOYCH B llepedeHb W3IaHUMA,
pexkomeHayeMblx Komurerom mo KoHTposmo B cdepe 00pazoBaHHS U HAYKH
MunucrepctBa o0pa3zoBaHuss W Haykd PecmyOmmkm Kazaxcran ams myOuukannu
OCHOBHBIX PE3yJIbTATOB HAYYHOH JEATEIHHOCTH.

W3naHne uMeeT ciienyronie pyopuKu:

1. O0630pHbIe cTaThu 10 20 MEYATHBIX CTPAHMIT

2. OpwuruHanbHble cTaThk (10 8—10 meyaTHBIX CTPaHUIL)
3. Kparkue coobmenus (10 4—5 neyaTHbIX CTPaHMUIL)

2. IPEJICTABJEHUE CTATEM

Penakiyst mpuHUMaeT cTaThi OT Ka3aXCTAHCKHX M 3apyOeXHBIX aBTOpOB. B memsax
nonysspuzanun JKypHana, peIakIMOHHOW KOJUIeTHEH PUBETCTBYETCS IPUEM cTaTel Ha
AHTJIMHCKOM SI3BIKE.

Jasi perucTpauuu M My0JMKAOMHM CTATBM MaTepuall CTAaThbH NPEJCTaBIACTCS B
pEelaKIMIO Uepe3 CHCTeMYy OJJICKTPOHHOM TMojadu CTaThM Ha caiite JKypnama
(https://www.chemjournal.kz/) B komriekTe O CleIyIONIMMHU JOKYMEHTAMH:

1. DnekrponHas Bepcus cratbu B popmarax Word u PDF co BCTpOGHHBIMHU B TEKCT
TabauIaMu, cxeMaMmu, pucyHkamu (¢ain A0/KeH ObITh HA3BaH MO (HaMUIMK MEPBOTO
aBTOpA Ha aHTJIIHICKOM SI3BIKE).

2. ConpoBoUTeNbHOE MHCHMO, a/ipecoBaHHOe B Penakiiio XuMHYecKoro xypHaia
Kazaxcrana or opraHm3anud, B KOTOPOW JaHHOE WCCIEIOBAHHWE BBITIONHEHO, C
YTBEPXKJICHHEM, YTO MaTepHal PYKOIHCH HHI/IE HE ITyOJIMKOBAJICS, HE HAaXOAWTCS Ha
paccMOTpEHHMH MJIsl OIyOJIMKOBAaHMS B JAPYIMX JKypHalaXx M B Marepuajax CTaTbH
OTCYTCTBYIOT CEKPETHBIE JJaHHbIE. B CONPOBOIUTEIIEHOM NHChME YKa3bIBAIOTCSI CBEJICHUS
00 aBTOpe Ayt KoppecnonaeHmu: Gamuims, UM 1 0TYECTBO aBTOPA, CIIY>KEOHBIH aspec
C YKa3aHHEeM MOYTOBOTO MHJIEKCA, aJJpec MIEKTPOHHOI nouTsl, Tenedon 1 ORCID.

3. Bee craTbu, onybnukoBaHHbIe B XuMuueckoM xypHaite Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myOmukyroTcsl B OTKpPHITOM Jgoctymne. UYToObl obecneduTh
CBOOOJHBIA JIOCTYI 4YHTaTeIIM M MOKPBITh PAacxXoJbl Ha SKCIEPTHYIO OILEHKY,
pellaKTHpOBaHWe, TMOJJICpPKAHUE CalWTa JKypHana, JOJTOCPOYHOE apXMBHUPOBAHUE U
BEJICHWE JKypHaja, B3UMaeTcd Iviata 3a oOpabotky crathu. [IpaBmia omumaTel 3a
oITyOJIMKOBaHHNE PUHATOHN K II€YaTH CTaThH HAXOAATCS B OTACIBHOM JOKYMEHTE Ha caiite
Kypnana «Ormrara 3a ormyOJIMKOBaHHE.

4. Crarbe IpycBauBaeTCs PETHCTPALIMOHHBIN HOMEpP, KOTOPBIH co00LIaeTcs aBTopam
B TEUCHHE HEAENIH IOCIIC TOJIyYeHUS] YKA3aHHOTO NEepeyHs JOKYMEHTOB; Ha 3TOT HOMEpP
HEOOXOAMMO CChIIATHCS IPH MEPEIHCKE.
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5. TlpuHATBIM K TI€4aTH CTaTbsiM IIpUCBauUBaeTCs LUPPOBOH HAEHTH(DUKATOP
(DigitalObjectldentifier — DOI).

6. YuuTbiBas HEBO3MOXXHOCTh MPOBOJUTH CTaThl Ha Ka3axCKOM SI3BIKE uepe3
CHCTEMY aHTHIUIAruar, OyOyT YYWTHIBAThCS (DOPMYIHUPOBKH DPEICH3EHTOB W PEIICHHE
U3ATEIbCKOM KOJUIETHH.

7. CtraThy TOMKHBI OBITH 0(OPMIIEHBI COTIIACHO MIA0IOHY, KOTOPHI MOXKHO CKadaTh
B pazzene «OTnpaBka MaTepraioBy» Ha caiite Xumudaeckoro XKyprana Kazaxcrana.

3. CTPYKTYPA IYBJIUKAIIAI

3.1. B nHauane 0030poB, OPUIHHAJBHBIX CTaTeil M KPaTKUX COOOUIeHMIi Ha
MEPBOIl CTPOKE YKa3bIBACTCS HOMEP IO YHHBEPCAIbHON NECATUYHOW KIaCCHU(pUKAIMU
(YK wnmu UDC), coOoTBETCTBYIOIINI 3asBJICHHOM TeMe. J{aeTcs mponmucHbIMU OYKBaMu B
BEpXHeM JIeBOM yriy. Tamxke Ha NepBOM CTpOKe CIpaBa IPONHCHBIMH OYyKBaMHU
nonmyxupHeiM mpupoM Ne 14 ykaseiBaercss HasBaume skypHama XMMHUYECKHUM
KYPHAJ KA3AXCTAHA (KA3AKCTAHHBIH XUMUs JKYPHAJIbI,
CHEMICAL JOURNAL OF KAZAKHSTAN), ron, Homep.

3.2. lanee 4epe3 CTPOKY NPUBOAUTCS MEKAYHAPOIHBIM CTAaHAAPTHBIA CEpUATIbHBIN
Homep xypHana (ISSN 1813-1107, eISSN 2710-1185) n Ha crnenyromeii cTpoke cieBa
npusogutcst DOI: koTopslii OyeT nMeTh 3Ha4eHHUE TOCIIe IPUHATHS CTaThH K [ICYaTH.

3.3. Jlanee, mocne OTCTyma CTPOKH YyKa3bIBAaeTCs 3arjiaBHe CTATBH IIPONUCHBIMHU
OykBamu, mpudt Ne 14 — nomyKHpHbIH, BbIpaBHMBaHHE TEKCTa MO LEHTpYy. Ha3Banme
JOJDKHO MAaKCHMaJIBHO TIOJIHO M TOYHO ONKCHIBaTh COJAEP)KaHWE CTaThH, BKIIOYATh
KJIFOUEBBIE CJIOBA, OTPAXKAIOIINE HANPABICHUE W/UJIM OCHOBHOW PE3yJIbTaT HCCIIEI0BAHUS,
HO B TO K€ BpeMs ObITh KOPOTKHUM U SICHBIM U HE COJIEPKATh COKPAIICHHH.

3.4. anee, mocie OTCTyIa CTPOKH, YKA3bIBAIOTCS MHULIMAJBI H (haMuJInu aBTopa(-
OB) CTPOYHBIMH OyKkBamu, WpUQT Ne 12 1oyKUpHBIA, KypCHB, BIpABHUBaHHE TEKCTA 110
nentpy. ®amunus aBTopa, C KOTOPBIM CJEIYeT BECTH IEPENHCKY, OJDKHAa OBITh
orMedeHa 3Be3noukoit (*): C.C. Camaesa*, A.M. /[ncybananuesa.

3.5. Yepes crpoxy mpudrom Ne 12, cTpoyHBIMH OYKBaMH, KYPCHBOM C
BBIPABHUBAHUEM TEKCTa MO ILEHTPY CIEAyIOT HauMeHOBaHMe(s1) opranm3aumm(ii) C
yKa3aHWEeM YacTH Ha3BaHUS OPraHU3allH, KOTOpas OTHOCUTCS K TIOHATHIO IOPHIMYECKOTO
mina (B aHTIIMHCKOM TEKCTe HEOOXOAMMO YKa3blBaTh O(UIMAIBHO NPHHATHIN MEpeBOa
Ha3BaHUA), TOPOJ, CTpaHa. B aHrMMiiCKOM BapHaHTe agpecHBIE CBEIEHUS JOJKHBI OBITh
MIPECTaBJICHBI HAa AaHTJINHCKOM S3BIKE, B T.4. TOPOJI M CTPaHa.

Crpokn c¢ (¢amMmwimsaIMH aBTOPOB M HA3BaHMSAMH OPTaHW3AIMA  coAepiKat
HAQJICTPOYHBIE HWHAEKCH (mocne ¢GaMuInk © Tepel Ha3BaHHEM OpraHHW3aluu),
YKa3bIBAIOIIHE HA MECTO PaOOTHI aBTOPOB.

Ha cnenytommeii crpoke KypcuBHBIM HauepTanueM, mpudt Ne 12, ¢ BElpaBHUBaHHEM
TEKCTa M0 LIEHTPY yKa3bIBAaeTCs AIEKTPOHHBIN apec AMsl NEePEIUCKU.

3.6. Pe3rome (Abstract, Tyitingeme) cocrout U3 KpaTtkoro tekcra (He meHee 150—
250 cnos, wpudt Ne 12) Ha s3bike crathu. AbStract myGiukyercs B MEXAyHAPOIHBIX
6azax, JaHHBIX B OTPHIBE OT OCHOBHOT'O TeKcTa. Pe3toMe J0HKHO OBITh aBTOHOMHBIM, BCE
BBOJMMBIE 0003HAYECHHUS M COKPAIIIEHHs HE00OX0IMMO pacuindpoBarh 3/1eCh XKe.

[IpuBeTcTBYyeTCS CTPYKTYPHPOBAaHHOE PE3IOME, HOBTOPSIOIIEE CTPYKTYPY CTaTbu U
BKIIIOUAIONIEE: GBeOeHuUe, Yeau U 3a0auu, Memoobl, pe3yibmamvl U 00cydicoeHue,
3akuouenue (6b1600bt). B TO xe BpeMs, IeIH U 3aJa4y OMHCBHIBAIOTCS, €CIIH OHU HE SICHBI
13 3arjaBus CTaTbH, METOIBI CIEAYeT ONUCHIBAThH, €CIM OHM OTJIMYAIOTCS HOBU3HOI. B
pe3roMe BKIFOUAIOTCS HOBBIC PE3yJbTaThl, MMEIOIIHE JOITOCPOYHOE 3HAUCHHE, BaXKHBIC
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OTKPBITHS, OIPOBEPralOIINe CYIIECTBYIOIINE TEOPUH, a TaKXKe [aHHbBIC, HMEIOIINE
mpakThdeckoe 3HadeHwe. CleayeT WCIONB30BaTh TEXHUYECKYI0 (CHEIHANBHYIO)
TEPMHUHOJIOTHIO Ballled ANCIUIUINHEL.

Pesrome maercs 6e3 ab3alfHOrO OTCTyNa CTPOYHBIMH OYKBaMH; OHO HE TOJDKHO
coJiepKaTh HOMepa COeAMHEHUH, SKCTIEpIMEHTAIbHbIE JAaHHBIE U CCBIIKU Ha JIUTEparypy.
Pe3roMe TOIBKO OHO — B Ha4aje TEKCTA.

3.7. Jlanee Ha s13bIKe cTaThM 0€3 a03aI[HOTO OTCTYyINA CTPOYHBIMH OyKBaMH LIPUPTOM
Ne 12, BEIpaBHUBaHUE TEKCTA I10 JIEBOMY Kpalo NPUBOAATCS KJII0OYeBbIe cJIoBa (0T 5 110
10 mrt.), oOecneyrBaromye Hanbosee MOJTHOE PAaCKPHITHE COJIEPIKAHHSI CTAaThU.

3.8. B kparkux coodmeHusx npuBoxutcs pesome (150-200 cnoB), KITrO4EBEIC
CJIOBa, HO AETCHUS Ha pasfensl He TpeOyercs. JlaeTcs TEKCT KPaTKOTo COOOIICHMS Ha
OJTHOM M3 TPEX SA3BIKOB C BBINONHEHNEM TpeboBaHuil k YIK, Ha3BaHUIO cTaThH, IEPEUHIO
aBTOPOB, HANMECHOBAHUH OpraHU3alNi, B KOTOPHIX OHU pabOTaIOT, YKa3aHUIO aBTOpa A
MepenMcKi. B TekcTe KpaTKoro cooOWIEHWS NPHUBOAATCS KOHKPETHBIE CYIIECTBEHHO
HOBbIe pe3yJbTaThl, TpedyloliHe 3aKpelJieHus: NPHOPUTETa C HEOOXOIMMBIMHU
SKCIIEPUMEHTAIBHBIMU  TOAPOOHOCTSIMHU.  3aTeM  CIEIYyIOT: uHpopManus O
(buHaHCUPOBaHMUHU, OJArOTAPHOCTH, CBECHHUS O KOH(IMKTE WHTEPECOB, MH(pOpMAIHs 00
aBTOPAX U CIMCOK JINTEPaTypHI.

3.9. Crarbss HauuHaeTcs C BBeJEHHsI, B KOTOpoM (Qopmynupyercss Leilb |
HEOO0XOIUMOCTh NPOBEJCHUS UCCIIEIOBAHUA, KPATKO OCBEIIAETCSI COCTOSIHHE BOIIpOCa €O
CChUIKaMH Ha HauboJjiee 3HAuYMMBble MyOJIMKAMK ¢ M30EraHueM CChUIOK Ha YCTapeBLIME
pe3ynbTarel. V3maraioTcst OTKpPBITHS, CHENaHHBIE B XOJ€E JAHHOTO HCCIICIOBAHUS.
VYKa3bIBaeTCs CTPYKTypa CTAaThH.

3.10. DxcnmepuMeHTAJNILHASI YacTh COJCPXKUT OIMCAHHE XOAa M PE3YJIbTaToB
9KCIIEPUMEHTA, XapaKTEePUCTUKY MOJTY9EHHBIX COCMHEHUI. B Havasne
SKCIIEPUMEHTAIbHOM  YacTH  TPHBOAATCS  HA3BaHMA  INPHOOPOB, Ha  KOTOPBIX
3aperuCTPUPOBAHbl  (PM3UKO-XMMUYECKHE XapaKTEPUCTUKM BEIIECTB M YKAa3bIBAIOTCA
YCIOBHS W3MEPEHUs; TaKkKe YKa3bIBAIOTCS JHOO WCTOYHMKHM  HCIOJIb30BAHHBIX
HETPHUBUAJIILHBIX PEareHToB (HalpuMep, «KOMMEpUYEeCKHe MpenapaThl, Ha3BaHue GUpMBbI»),
100 AI0TCS CCHIIKM HA METOAMKH UX HOJIy4YESHHUSI.

Kaxnpiit mnaparpad 5SKCHepHUMEHTAIBHOM 4YacTH, OIMCHIBAIOUIMN IOJy4eHHE
KOHKPETHOTO COEIMHEHHMs, [OJDKEH CONepXKaTb €ero IIOJHOe HAaNMEHOBAHHE II0
nomenkiarype MIOITAK u ero nopsakoBslii HOMep B cTathe. B MeTonukax o0s3aTesibHO
yKa3bIBaTh KOJHMYECTBA pEarecHTOB B MOJBHBIX M MAacCOBBIX eIUHMIAX (Ui
KaTaJM3aTOPOB — Maccy M MOJIbHBIE IIPOLEHTHI), 00BbEMBI pacTBopHTeseil. Meroanka
SKCIIEPUMEHTA U3J1araeTcs B npouieouiemM BpeMeHH.

Jlsi M3BECTHBIX BEIIECTB, CHHTE3MPOBAHHBIX OITyOJIMKOBAaHHBIM paHEe METOIIOM,
HEOOXOAMMO TPHUBECTU CCBUIKY Ha JINTEpPAaTypHbIE JaHHbIE. J{18 M3BECTHBIX BEILECTB,
MOJYYEHHBIX HOBBIMH WM  MOJIU(UIMPOBAHHBIMH  METOJAMHM, JOJDKHBI  OBITh
MIPECTABICHBI UX (U3MUECKUE M CIEKTPAIbHBIC XapaKTePUCTHKH, MCIIOIB30BAaHHbIC I
MTOJITBEPKICHIS HICHTUIHOCTH CTPYKTYPBI, METOJ CHHTE3a W CCBHUIKA Ha JINTEPaTypHBIC
JIaHHbIE.

Jns Bcex BIEpPBBIE CHHTE3MPOBAHHBIX COEAMHEHHI HEOOXOAMMO MPUBECTH
JI0Ka3aTEeNbCTBA IMPUINCHIBAEMOTO UM CTPOCHUS U JaHHBIE, IIO3BOJIAIOIINE CYAUTh 00 MX
WHIMBHUIYAILHOCTH W CTENEHHM YHCTOTHI. B 4yacTHOCTH, MOJDKHBI OBITH IPENCTABICHBI
JIaHHBIE JIIEMEHTHOT'O aHAJIM3a WM Macc-CIEeKTPhI BEICOKOTO pasperieHus, MK cnekrpsr n
cnextpsl SIMP H u B°C.
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JlaHHBIE PEHTreHOCTPYKTYPHOTO aHalIM3a NPEJCTABIAIOTCS B BHIEC PHCYHKOB H
Tadaun. Bce HoBbIe coennmHennst, 1anHbie PCA KOTOPBIX MPUBOASATCS B CTAThe, JOJDKHBI
ObITh 3aperucTpupoBanbl B KemMOpumkckoii 6a3e CTPYKTYPHBIX JAaHHBIX U HMETh
cootBercTByone CCDC HoMmepa.

Ecnn, mo MHEHHIO pEIEH3eHTa WM PENaKTopa, HOBBIE COCAWHEHUS HE OblIH
YIOBIETBOPHUTEIHHO OXapPaKTEPHU30BaHbI, CTAThsI HE Oy/AET NMPUHSTA K NICUaTH.

IMpumep METOAUKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 218 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 C16H12N20Os.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

Brumanue! B cTaThsX, TOCBSIIEHHBIX CHHTE3y HOBBIX COEIMHEHMH, OMYyCKaeTCs
pa3MelIeHNe IKCNePUMEHTAIBHOI YacTH 3a paszzenoM Pe3yabTaThl  06cysKIeHHe.

3.11. B pasgene Pe3yabTarhl W 00Cy:KIeHHe, KOTOPBIA sIBIsieTCs HamOojee
Ba)XHBIM, CJIEAyeT OOCYOUTh ¥ OOBACHUTH TOJNy4YEeHHbIE B paboTe pe3yabTaThl,
MIPOAHATU3MPOBAaTh OCOOEHHOCTH CHHTE3a, IPOAEMOHCTPUPOBATh M YKa3aTh BO3MOXKHBIC
orpaHudeHus. [IpoBecTH CpaBHEHHE IIONyYEHHBIX PE3YJIbTaTOB C OITyOJMKOBAaHHBIMHU
panee. Bce HOBBIE COEOUHEHHUS MJOJDKHBI OBITH IOJHOCTBIO OXapaKTepHU30BaHBI
COOTBETCTBYIOIIUMU CIICKTPAJIbHBIMU U APYTIUMHU (bI/I3I/IKO-XI/IMI/I‘IeCKI/IMI/I JaHHBIMHU. B
TeKCTe OOOOINAIOTCS M PA3BACHSIOTCA TOJBKO T CHEKTPaJbHBIE IaHHBIE, KOTOPHIE
HCIOJIB3YIOTCA JJIA TOATBCPKACHUA CTPYKTYPhI TMOJTYYCHHBIX COGI[PIHGHI/Iﬁ.
HepeqncneHI/Ie OJHUX M TEX XC JaHHBIX B TCKCTC, Ta6J'II/IHaX U Ha PUCYHKax HE
Joiryckaercsi. [l HOBBIX METOAOB CHHTE3a JKEJIaTeNbHO OOCYAMTh MEXaHU3M PEaKIHH.
Jnst 06001mIeHnss TaHHBIX HEOOXOAMMO HCIIOJIb30BATH TOHATHBIE PUCYHKH W TAaOJIHUIIBIL.
[IpencraBneHHbIe JaHHBIC JOJDKHBI IT01aBAaThCSl HHTEPIIPETAlNH.

I[Ipn  oOcyxneHun pe3ynbTaToB CleIyeT NPHIACPKUBATHECS  O(UIMAIBHON
tepmuHonoruu [UPAC. Pe3ynbTaTel peKOMEHy€eTCs U3JIaraTh B MPOLIEAIIEM BPEMEHH.

O0cy:kaeHne He IOJDKHO NOBTOPATH OIMCAaHWE pE3YJIbTaTOB HcCiIeAoBaHUS. B
TEKCTE€ JIOJDKHBI OBITh HCIIONIB30BaHBl OOILIETIPUHSATBIE B HAY4YHOW JIUTEpaType
cokpamieHus. HecTaHgapTHBIE COKpamieHHS JOJDKHBI OBITH pacmmupoBaHBl IOCIE
TIIEPBOTO TMOABJICHUA B TEKCTEC. E}lI/IHI/IHBI H3MepeHI/Iﬁ JOJIPKHBI OBITH YKaszaHbl B
Mexaynaponnoii cucteme CU.

3.12. 3arem pekomeHayeTcs cHOpMynIHpOBaTh 3aKJIOYEeHHE, B KOTOPOM YKa3aTh
OCHOBHBIE JOCTHIKCHUA, IMPEACTABIICHHBIC B CTAThE, U OCHOBHOM BBIBO/I, CO}IGp)KaH.IPIﬁ
OTBET Ha BOINPOC, NMOCTABJIECHHBIII BO BBOJHOM YacTH CTaThd, a TaKXXe€ BO3MOXHOCTH
UCIIONB30BAHMA ~ Marepuana cTaTbd B (DyHIAMEHTANBHBIX WM NPHKJIAJHBIX
HCCIIEJOBAHUSX.

3.13. IIpuBoanTcs nadopmanust 0 GUHAHCHPOBAHMH HCCIICTOBAHHMN.

3.14. Brpaxkaercs 6JIar0AapHOCTh T€M, KTO IIOMOT BaM B IIOATOTOBKE BalleH
paboThLI.

3.15. B pykommcu JOKHO OBITH 3asBICHO O TOM, HMEETCS JU KOH(JIMKT
HHTEpecoB

3.16. B undopmamuu 00 aBTOpax YKa3bIBAIOTCI: ydYeHas CTEICHb, 3BaHUE,
noikHOCTh, e-mail, ORCID.
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3.17. CraTps 3aKaHYMBAETCS CIHCKOM JIMTEPATYPbI CO CCHUIKAMHU Ha PyCCKOM (HIH
Ka3aXCKOM) S3bIKE M CCBUIKAMH Ha sA3bIKe opuruHana. CCBUIKM Ha JIHTEpaTypHBIC
UCTOYHUKHM B TEKCTE IMPUBOJITCS IMOPSIKOBBIMH apaOCKMMHU I(paMu B KBaJpaTHBIX
ckoOKax TMo Mepe ynomuHaHMs. Kaxpas ccbUlka [OJDKHA COJEPXKaTh TONBKO OJHY
nuTepaTypHyto Imrary. CIHCOK JIMTEpaTyphl JOJDKEH OBITh NpelcTaBieH Hauboiee
CBEXMMU U aKTyaJIbHBIMU MCTOYHHMKAMU 0€3 U3NHIIHEro caMolUTHpoBaHus(He Oosee 20
mnporeHToB). Jlns crareil jkemareneH cnMCOK U3 He MeHee 10 cchbUlOK CO CTpOKaMu
JIOCTyIa B UHTEpPHETE.

3.18. OGs3arenbHa uHpoOpManusi 00 aBTOpax. B Hell yka3pIBaloTCs: ydeHas
CTeleHb, 3BaHKe, TODKHOCTD, e-mail, ORCID, ¢pamuiaus, umMs, 0T4€CTBO MOJHOCTHIO HA
TpeX S3bIKAX.
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Comcok  mutupyeMod — nuTepaTypel  OQOpMISIETCST B COOTBETCTBHH  C
HIDKETIPUBEICHHBIMA 00paznaMu Oubarorpaduaeckux onucanuii (4.8.).

3.19. B KOHIe CTaThM TOCIIE CIIUCKA JIUTEPATYPHl OONOIHUMENbHO TPUBOTUTCS
nepeBos Pe3rome Ha kasaxckuii (Tyiinaeme) v Ha anrmiickuit si3piku (Abstract). Ciioso
Pesiome (Abstract, Tyiiinmeme) maetcs mo teHtpy. Ha crmenmyromeit crpoke ¢
BBIPAaBHUBAHUEM 10 JIEBOMY Kparo IPOIMHCHBIMHI OyKBaMH HONY>KHPHBIM mpudTom Ne 12
NPUBOJMTCS Ha3BaHWE CTaThH. Yepe3 CTpoKy Oe3 ab3almHOro OTCTyna KypCHBOM,
NOJTYXUpHBIM HiprdToM Ne 11 naroTcs MHUIMATE U paMUIMKA aBTOPOB.

Ha cnenyromeii ctpoke 06e3 ab3allHOro OTCTyIa KypCHBOM, CTPOYHBIMH OYKBaMH,
mpudrom Ne 11 npuBozsiTcs MecTa paboThl aBTOPOB € HaJCTPOUYHBIMH WHAEKCAMH (T10Cie
(aMuuy ¥ mepes Ha3BaHWEM OpPraHHM3allMK), YKa3bIBAIOLIME HA MECTO paboThl aBTOPOB.
3aTeM yepe3 CTPOKY ¢ ab3aIl[HOTO OTCTyNa C BhIPABHHBAHHUEM TEKCTa MO IIUPUHE HJET
TEKCT pe3toMe, HaOpaHHBIH cTPOYHBIM mIpudTOM Ne 12.

[anee depe3 CTpoKy ¢ ab3aIllHBIM OTCTYIIOM CTPOYHBIMHU OykBamu mpudrom Ne 12, ¢
BBIPAaBHUBAHWEM TEKCTa IO IIMPHHE MPUBOJIATCS KJK4YeBble cjoBa (oT 5 g0 10 mr.),
obecrieunBaroe HanooJee MOITHOE PACKPBITHE COAEPKAHUS CTATHH.

3.20. JIns cratel, mogaBacMbIX Ha SI3bIKE, OTIIMYHOM OT aHTJIUHCKOTO (Ha Ka3aXCKOM
WM PYCCKOM SI3bIKE), B KOHIIE CTaTbH HAXOJWTCsA aHrimiickuii Gmok (Abstract,
Information about authors, References).

3.21. Bce cTpaHunbl pyKOIHCH CIIEAYET IPOHYMEPOBATh.

4. TPEBOBAHUS K O®OPMJIEHUIO PYKOIIMCER

4.1. O6bem cTaTby, BKIIIOYAs aHHOTAIMIO U CITUCOK JINTepaTypsl: 10 8—10 cTpaHwmII.
O063opHbIe cTathil MOTyT OBITh 10 20 cTpanun. CraTksi HODKHa OBITH HamedaTaHa Ha
omHoi cropoHe smcta A4 mpuptom Times New Roman, pasmep kerns 14 ur;
MEXCTPOYHBIM MHTEpBal — OJMHAPHBIA U NOJIsIMU: BepxHee — 2.0 cM, HuxkHee — 2.0 cwM,
neBoe — 3.0 cM, mpaBoe — 1.5 cM; paccTaHOBKa IIEPEHOCOB HE IIOIYCKAaeTCs; aO3aIHBII
orctyn — 1.0 cM; popmaTupoBanue — 1o mupHHE. J{oKeH OBITh HCIONB30BaH TEKCTOBBIN
penakrop Microsoft Word for Windows, B Buze doc-daiina, Bepcust 7.0 u 6onee mo3aHue.

Jis KpaTKOCTH M HAIJBIIHOCTH OOCY)XKICHHSI COeIMHEHHS, yIOMHHaeMble Oolee
OJIHOTO pa3a, clelyeT HyMepoBaTh apadCcKMMHU IdpamMu B COYETAaHHH CO CTPOYHBIMH
JATUHCKUMH OykBaMu (A1 0003HAUCHHS COSAMHEHHWH C MEPEMEHHBIM 3aMECTHTEIIEM).
[Tpu ynmoMuHaHIY TOJTHOTO HA3BAHMS COSAMHEHMS MHU(pP HaeTcs B CKOOKaxX.

CrepeoXUMHYECKHE CHMBOJBI M TPHCTAaBKH, XapaKTePHU3YIOIIHE CTPYKTYypHBIE
0COOCHHOCTH WJIM TIOJIOXKEHUE 3aMECTHTENsI B MOJIEKYJE, cilelyeT HaOupaTh KypcHBOM
(italic): (R)-smanTHOMEp, mpem-OyTHi, napa-Kcunon. BmecTo rpoMO3AKHMX Ha3BaHHI
HEOPraHUYECKHUX U YacTO yIOTPEeOIIIeMbIX OPIraHUYECKIX COSTMHEHNH CIIeyeT JaBaTh nX
¢dopmynsr: NaBr, TsOH Bmecto GpomMun HaTpust U TOIyOJCYJIb(pOHOBas Kuciora. I1pu
UCIIONIb30BAaHUH TEPMHHOB M 00O3HA4YEeHHH, HE HMMEIONINX IIMPOKOr0 NPHUMEHEHUs B
JUTEpaType, UX 3HAYCHHs TOSICHSAIOTCS B TEKCTE MPU MEPBOM YHOTpPEOJIEHHH: HAapUMED,
oy TIieHTepedTanat ([I2TD).

Jlnst m300pakeHusT CTPYKTYPHBIX (HOPMYT XMMHUYECKHUX COCIWHEHUH HE0OX0IUMO
UCIIONB30BaTh pemakTop xumudeckux (opmyn ChemDrawUltra. Bce waamucu Ha
CXeMax MpPHBOIATCA Ha AHIVIMHCKOM s3bIKe. B cXxeme HEeoOXOoAMMO yKa3blBaTh BCE
YCIIOBUSI PEaKIUi: HaJ CTPENKOHl — pearcHThl, KaTalu3aTopbl, PAacTBOPUTENH, MOX
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CTpENIKOM — TemIepaTypa, BpeMsi, BbIXoA. Eciu ycnoBusa peakuuidl CHUIBHO 3arpysKaroT
CXeMY, UX MOKHO MEPEHECTH B KOHEIl CXEMBI, paciii(poBbIBas OyKBEHHBIMU MHIEKCAMH,
mampumep, i: HCI, H20, 80 °C, 5h. Takoit ke GYKBEHHBIM HHIEKC TOJDKCH OBITH yKa3aH
HaJ| CTPEJIKON COOTBETCTBYIOILEH PEAKLIUH.

4.2. YpaBHEHHA, CXeMBI, TaOIHIIBI, PUCYHKH U CCBUIKM Ha JUTEPATypy HYMEpPYIOTCS
B NOPSJKE WX YIIOMHHAHHUS B TEKCTE U OO0IJICHbL OblMb 6CMAGIEHb 8 MEKCM CMambu
IOCJIe EPBOTO YIOMHUHAHMS. TaOJUIbl U PUCYHKU JOJIKHBI COTTPOBOXKIATHCS ITOAIHCHIO;
3aroJIOBKH K CXeMaM JaloTcsl TP HE0OXOJUMOCTH.

4.3. Tlo BO3MOXHOCTH CJIElyeT T'OTOBUTb PHCYHKH C IIOMOIIbIO KOMIIBIOTEpA.
OIHOTHITHBIE KPHUBBIE JOJDKHBI OBITH BBINOJHEHBI B OJMHAKOBOM MAacIITa0e Ha OJHOM
pucynke. KpuBele Ha puHCyHKaX HyMepylTcs apaOCKUMH IU(PpaMH, KOTOPHIS
pacmupoBHIBAIOTCS B TOAMHCAX K pPHCYHKaM. J[mg BceX PHCYHKOB HEOOXOIMMO
npeacTaBuTh rpaduueckue Gainel B popMate jpeg ¢ MUHHMabHBIM pasperneHuem 300
dpi. Hammuicn Ha puCyHKaX MOJDKHBI OBITh Ha AHTJIIMICKOM S3BIKE W 1O BO3MOXKHOCTH
3aMeHeHBI nu(paMH, pacIIuPPOBKA KOTOPHIX JACTCS B TIOATHCH K PUCYHKY.

OpnuHOYHBIE TIPSAMBIC, KaK IMPaBUIIO, HE MPHUBOMSIT, a 3aMEHSIOT YPaBHEHUEM JIMHUU
perpeccun. Ilepeceuenne oceil KOOpAKUHAT ClIEyeT paclojaraTh B JIEBOM YIIIy PHCYHKa,
CTPEJIKM Ha KOHI[AX OCe He CTaBATCS, JHMHHM, OIPAaHMYMBAIOIIUE II0JE PHCYHKa He
NPUBOJSITCS, MaclitaOHas CeTka He HaHOCUTCsA. ManonH(opMaTuBHBIE PUCYHKH, HE
oOCcyXJaeMble B CTaTh€ CHEKTPHI, BOJbTaMIIEPOTPaMMbl M JAPYrHe 3aBHCUMOCTH HE
nyOMuKytoTcs. PHCYHKH CHEKTPOB He JOJLKHBI ObITH BBINOJIHEHBI OT pyKH. Bce
PUCYHKH JOJDKHBI UMETh HyMEpamuio apaOCKumu mudpamu (€cii pUCYHOK HE OMIHH).
CnoBo «PHCYHOK» W HAaUMCHOBaHHE ITOMEMIAIOT IIOCIE MOSCHUTEIBHBIX NaHHBIX W
pacronararoT cieayromuM oopazom: Pucyrnok 1 — [eranu nmpudopa.

4.4. Kaxnas TadJuua JO0KHA UMETh TEMATHUYECKMH 3arojIOBOK M IOPSIKOBBIN
apaOckmii HOMep (0e3 3Haka Ne), Ha KOTOPBI JaeTcs cChUTka B Tekcre (Tabmmma 1).
HazBanme TaOmuIbl pacronaraercs HaJ TaOMUICH cieBa 0e3 a03aIlHOTO OTCTYNa B OTHY
CTPOKY C €e HOMEPOM 4epe3 Tupe 0e3 Touku mocie HazBaHus. [ padbl B Tabuuile JOIKHBI
HUMETh KpaTKUE 3aroJIOBKM, OTPAXKAIOIIME MapaMeTpbl, YHCIICHHbIE 3HAYE€HHsS KOTOPBIX
NPUBEJICHbI B Ta0JIMIIE; OHM MHUIIYTCS B MMEHHUTEJILHOM MaJieKe €AMHCTBEHHOTO Yucia ¢
MPONUCHOM OYKBBI M 4Yepe3 3arsTyl0 COMPOBOXK/IAIOTCS COOTBETCTBYIOIIUMH €IUHUIAMU
n3MepeHus (B COKpamieHHOH ¢opme). PHCYHKN mim cTpyKTypHBIE (OpMYyNBI B rpadax
Tabnui He pomyckaroTcs. [Ipomycku B rpadax Npud OTCYTCTBHHM J@HHBIX 0003HAYaloOT
Tpems TOYKaMH, Ipu OTCYTCTBUH SIBJICHUS - 3HAKOM «THPE».
[Mpumeyanuss k TabnaunaM WHIAEKCHPYIOTCS apaOCKMMU LIU(GpaMH W TOMEIIAITCS B
rpaHuIax Tabauuel noj Marepuanom tabmuipl. CioBo «IIpuMedanue» cienyeT rnevyarath
¢ mponucHoi OykBsI ¢ ab3ana. Ecnu npumevanue ogHo, To nocie ciosa «lIpumedanuer»
CTaBUTCS THUPE W NPUMEYAHHUE IeHaTaeTcs ¢ IMPONHCHON OykBbl. Heckonbko npumeyannit
HYMEpYIOT TI0 HOpPSIKY apabckumu 1mmdpamu 6e3 MpOCTABICHUS TOYKH M I1€YATAIOT C
ab3ana. B tabnuiax MCHOJB3YIOT TOT e WIPU(T, 4TO U B TEKCTE CTAThH; JOIMYCKAETCs
ymenbeHHbH (He MeHee Ne 10 mpugpTt TimesNewRoman).

4.5. Ilpn BeIOOpE eAWHUI M3MEPEHHUS PEKOMEHAYETCS TPHICPKUBATHCS CHCTEMBI
CH: 1, Mr, M, cM, MKM (MHKPOMETpP, MHUKPOH), HM (HAaHOMETpP, MIUIMMHKDPOH);, TIM
(muxomerp); A (amrctpem); ¢ (cekyHma); muH, 4 (dac), I'm (repm); MI'm (Merarepm); D
(apcren); I'c (raycc); B (Bosbt); 3B (anmexTponBonbt); A (ammep); Owm, Ila (mackanb);
MIla (meramackanb); rlla (rexromackans); JIx (mkoyns); K (xexsBun), °C (rpamyc

Henbcus); 1 (debait).
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B pecATHYHBIX ApPOGAX Heaast YacTh OTAeNdsieTcsl OT APOOHOW He 3amsATol, a
TOYKOM.

Hcnonp3yroTcst clefyromue COKpameHus: T.KUM. ¥ T.UI. (TOYKH KHUIICHHS |
IUIABJIEHHUs) — Tmepex Ludpamu; KOHI. (KOHLIEHTPHPOBAaHHBIH mepen (Gopmylon
coemuHEHHUs); M — MOIEKyIsipHas Macca); MOJb, Kal, KKaji, H. (HOpMambHBIH), M.
(MOJIApHBIA); KOHIIEHTPALMs PACcTBOPOB 0003HauaeTcs (r/cMS, 1/i1, MOJIB/I).

Jnsi BceX BHepBble CHHTE3UPOBAHHBIX COeJHMHEHUH 00s13aTe/IbHbI [JaHHbIE
3J71eMeHTHOI'0 aHAIN3a JH00 Macc-CeKTPbI BBICOKOTO pa3pelieHus.

B 6pymmo-gopmyrax snemMeHTH pacnonararorcs B cieayiomeM nopsaake: C, H u
Jajee COrjacHo JaTuHckoMy andaButy. DoOpMyibl MOJEKYJISPHBIX COCAMHEHUH U
OHHMEBBIX coJlell natotes uepe3 Touky (Harmpumep, CsHsN.HCI). [Ipumep 3anucu KOHCTaHT
U JaHHBIX 3JIeMeHTHoro aHaim3a: T.kum. 78°C (100 mm prt. c1.), T.I1. 50°C (EtOH),
d42°0.9809, n%1.5256; Haiineno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcNgOe.
Brruucaeno, %: C 59.02; H 7.01; 121.20; N 8.22.

UK n Y® cnexktpbl. B skcnepumentansHoit wactu aas MK u Y@ cnekrpos
JIOJDKHBI OBITh YKa3aHbI XapaKTEPUCTHICCKUE YaCTOTHI MOJIOC, [UTMHBI BOJTH MaKCHUMYMOB
TIOTJIOIEHH, KO3(GUINEHTH! SKCTUHIUH (WIIH UX JIOTapU(MBI) B YCIOBHSL, IPH KOTOPBIX
3aIiCcaH CHEKT.

Ipumepst 3anucu: VK cuextp (ToHKHI cioif), v, cM™: 1650 (C=N), 32003440 (O—
H). YO cnextp (EtOH), Amax, M (Ige): 242 (4.55), 380 (4.22).

Cnektpsl SIMP *H u ®C. Jomkubl ObITh yKa3aHbl pabouas 4acToTa mpudopa,
WCIIONIb30BAaHHBIM CTAaHIAPT M PAcTBOPHUTENb. [IPOTOHBI B COCTaBe CIOXHBIX TPYII, K
KOTOPBIM OTHOCHTCSI CHTHAN, ClielyeT NOA4YepKHyTh cHu3y — 3.17-3.55 (4H, wm,
N(CH2CHs),); mist monoxeHust 3aMeCTUTENEH HCIOb30BaTh 0003HayeHuss 3-CHs; s
obo3HaueHus nojoxeHus atomMoB — C-3, N-4 u T.n1. Ecim kakoi-HMOynb cHUrHam B
CIIEKTpE OIHUCHIBACTCA Kak MyOneT, TpUIJIeT WK AyOJeT Qy0sieToB U T.II. (2 HE CHHIJIET
WIH MYJIBTUIUIET), HeoOXoammo mpuBecTd cooTBercTByromue KCCB. Ecnu npoBeneHb
JOTIOJTHUTENBHBIE HMCCIIEIOBAHHS ISl YCTAHOBJICHHSI CTPOEHMS WM NPOCTPAHCTBEHHBIX
B3aUMOICHCTBHUII aTOMOB, JIOJDKHBI OBITh YKa3aHbBI UCIIOJIb30BAaHHBIE IBYMEPHbIE METO/IBL.
B omucanuu cnektpos SIMP °C oTHeceHMe KOHKPETHOIO CHTHAJA K KOHKPETHOMY aToMY
yriieposia TPHUBOAUTCA TOJNBKO TOTAA, KOIZA OIpEAe]eHHe IPOBEJCHO HAa OCHOBE
JIBYMEPHBIX SKCIIEPHMEHTOB.

Hpumepwt 3anucu:

Crnexrp SIMPH (400 MI'u, CDCly), §, m. 1. (J, T'm): 0.97 3H, T, J= 7.0, CHs); 3.91
(2H, x,

J=7.0, COOCH?); 4.46 (2H, n, J= 6.1, NCH,); 7.10-7.55 (6H, m, H-6,7,8, NHCH2CsHs);
7.80 (1H,
¢, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, n. n, J= 8.2, J= 2.3, H-5); 11.13 (1H, ¢, NH).

Cnexrp AMP3C (100 MT'n, IMCO-ds), 3, M. a. (J, T'm): 36.3 (CH,CHj3); 48.5 (C-5);
62.3
(CH2CHa); 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 MPUBOIATCS B BHIC YHUCIOBBIX 3HAYCHHH M/Z U OTHOCHUTEIBHBIX
3HaUYeHWH MOHHOTO ToKa. HeoOXxoamMmo yKa3blBaTh METOA M SHEPTHI0 HOHM3AINH,
MAacCOBBIE YHCJIAa XapAKTCPUCTUYECKHX HOHOB, WX WHTCHCHBHOCTh IO OTHOIIEHHIO K
OCHOBHOMY HOHY U 1O BO3MOKHOCTH HX T€HE3HC. B ciryyae XuMUUeCcKoil HOHM3AIMN TIPU
ommcaHuM INpudopa HEOOXOAMMO yKa3zaTh ras3-peareHT. B Macc-CriekTpax BBICOKOTO
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paspelieHusl HaWJCHHBIE W BBIYHCIICHHBIC 3HAYCHHS M/Z OPHBOISTCA C YETHIPHMSI
NECATHYHBIMH  3HAKAMH, €CJIM HaifilecHHOe 3HAYeHWe M/Z COOTBETCTBYET He
MOJIEKYJSIPHOMY HOHY, OpyTTO-(OpMylla U BBIYHCICHHOE 3HAYeHHE M/Z TaKKke
HPUBOMTCS JUISL TOTO K€ HOHA.

Ilpumep 3anucu oanuvix macc-cnekmpa: Macc-criektp (OY, 70 3B), m/Z (Iom, %0):
386 [M]* (36),368 [M—H>0]" (100), 353 [M—H20-CH3]" (23).

Macc-cniektp (XU, 200 3B), M/z (lom, %): 387 [M+H]*(100), 369 [M+H-H,O]* (23).

Ilpumep 3anucu 0AHHBIX MACC-CREKMPA 8bICOKO20 PA3PEULEHUA:

Haiineno, m/z: 282.1819 [M+Na]*. C17H2sNNaO.

Brruncieno, m/z: 282.1828.

4.6. JlaHHBbIE PEHTTeHOCTPYKTYPHOr0 HMCCJIEAOBAHUS CICAYCT NPEIOCTABIATH B
BHJC PUCYHKa MOJCKYJHI C IPOHYMEpOBaHHBIMH aromamu, Hampumep, C(1), N(3) (mo
BO3MO>KHOCTH B TIPE/ICTABICHUH aTOMOB JIUIAIICO W TAMHUTEILUIOBBIX KoJeOaHwmif). [lomHbIe
KpucTaymorpaduieckie HaHHBIC, TAaONHIBI KOOPAWHAT AaToOMOB, [UIMH CBSI3eH U
BaJICHTHBIX YTJIOB, TeMIepaTypHble (akTopel B JKypHalIe HeE MyONHKYIOTCS, a
JenoHupyrorest B KeMOpumkckoM GaHKe CTPYKTYpPHBIX JIaHHBIX (B CTaThe YKa3bIBAeTCS
PETUCTPAIIOHHBII HOMEp JICTIOHEHTA).

4.7. Tlo TpeGoBaHMAM MEXIyHapOIHBIX 0a3 maHHbBIX Scopus, Clarivate Analytics,
Springer Nature mnpu oOlLeHKe NyOJIMKalMi Ha $3bIKaX, OTIMYHBIX OT AHIJIHMHCKOTrO,
6ubmorpaduyecKkue CIUCKH JOJKHBI JaBaThCS HE TOJBKO HA sS3bIKE OPUTHMHANA, HO U Ha
nmatuHUIE (pOMaHCKUM anipaBUTOM). [103TOMY aBTOpEI cTaTel, MOaBaeMBIX Ha PYCCKOM
M Ka3aXxCKOM SI3BIKE, JOJDKHBI MPEIOCTABIATH CIIMCOK JIUTEPATyphl B JBYX BapHaHTaX:
00un na sizvike opucunana (CHUCOK JUTEPATYPHI), & APYTOi — B poMAHCKOM angpasume
(References). TlocnenHuii CIUCOK BXOJUT B aHIVIMHCKUN OJIOK, KOTOPBIH PACIONOKEH B
KOHIIE CTaThH.

Ecmu B cmmcke ecTh CCBUIKM Ha WHOCTPAHHBIC ITyOJMKAIIMH, OHHU IIOJIHOCTBHIO
noBTopsifotcst B cmucke References. Ilpu muTHpoBaHWHM PYCCKOSI3BIYHOTO SKypHAua,
MIEPEBOIUMOT0 3a pyOekoM, B pycCKos3bIuHON Bepcun CIHCKa TUTepaTypsl HEOOXO0IUMO
NPUBECTH TOJHYIO CCBUIKY Ha pPYCCKOsA3bIUHYIO Bepcuio, a B References — wna
MEXTyHapOJHYIO.

Crcok ucrounukoB B References nomkeHn GbITh HAllUCAaH TOJBKO Ha POMAHCKOM
andasute- naTuHMIE (P 3TOM OH JIOJDKEH OCTaBaThCA TMOJHBIM aHaioroM Crmcka
JUTEPaTyphl, B KOTOPOM HMCTOYHHKH OBUIH TPEACTaBICHH HA OPUTHHAILHOM S3BIKE
OITyOJIMKOBAHMS).

JJis HamuCcaHus CChUIOK HAa PYCCKOSI3BIYHBIC HCTOYHHUKY (M MCTOYHUKHU HA WHBIX, HE
UCTIONB3YIOMINX POMaHCKHii andasur, SI3BIKAX) cienyer UCTIOJIE30BaTh
ODULIMAJILHBIN TTEPEBOJI u TPAHCJIMTEPALHIO (cm. TpeOoBaHUS K TEPEBOLY
Y TPAHCIIUTEPAIINH).

B References tpebyercs crieayromas CTpykTypa OHOIHOrpaGuUecKoil CCBUIKH U3
PYCCKOSI3BIYHBIX MCTOYHHKOB: aBTOPHI (TpaHCIUTEpANys), IepeBo]l Ha3BaHUS CTaTbU WU
KHHATH Ha aHTJIMACKUH S3BIK, HA3BaHUE UCTOYHHUKA (TpaHCIUTEepaus — Ui TeX M3IaHuH,
KOTOpBIE HE MMEIOT YCTAHOBJICHHOTO pENaKIWell aHTIUICKOTO Ha3BaHWSA), BBHIXOIHEIC
TaHHBIE B 1M poBoM (opMate, yKa3aHue Ha s3BIK CTaThH B CKOOKax (in Russian mim in
Kazakh).TpaucauTepaliio MOXKHO BBITIONHUTH Ha caitre http://www.translit.ru.

VYCIOBHBIE COKpallleHHsT Ha3BaHUH PYCCKOSA3BIYHBIX >KYPHAIOB W CHPaBOYHUKOB
MIPUBOJISITCS. B COOTBETCTBUM C COKPAILCHUSIMU, MPUHATEIMU B «PedepaTnBHOM KypHaie
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XUMUS». AHIVIOSI3BIYHBIX M JIPYTMX WHOCTPAaHHBIX JKYpPHAJOB — B COOTBETCTBHUH C
COKpAIIICHUSIMH, PEKOMEHIyeMBIMH HU3JaTelbcTBOM «Springer and Business Mediax:
http://chemister.ru/Chemie/journal-abbreviations.htm. JIns  crareit Ha pycckoM u
Ka3aXxCKOM s3bIKax Ha3BaHue >XypHaya «Xumuueckuid JKypHan Kazaxcrana» ciemyer
cokpaate: «Xum. Kypn. Kaz.» n «Ka3. Xum. KypH.» COOTBETCTBEHHO, a AJIs CTaTel Ha
anrmiickoM s3pike: «Chem. J. Kaz.». [IpuBoasarcs haMuny 1 MHAIAATEI BCeX aBTOPOB
(cokpartenus u dp. u et al He gomyckarorcst).

B Cnucke nureparypst u B References Bce pabots nepeuncisitorcss B IOPSAIKE
OUTUPOBAHMUSI, a HE B andaBuTHOM IOpSIKE.

DOIl. Bo Bcex cmywasx, KOrga y IHTHPYEeMOTO MarepHaia ecTh IH(POBOit
I/IZlCHTI/I(l)I/IKaTOp, €ro HCO6XOL[I/IMO YKa3bIBaTb B CaMOM KOHIIC OIIMCAaHUA HCTOYHHKA.
Iposepsats Hamuume doi y WCTOYHMKA criemyeT Ha caite http://search.crossref.org wmu
https://www.citethisforme.com.

Hdns QopmupoBaHHsi crnucka JuTepatypbl (BceX ©0€3 HCKIIOUEHHs CCHUIOK) B
XKypnane npunsat 6udarorpaduuecKuii craHIapT 0e3 UCTIOIBL30BaHUS PA3ICTUTENS «//»:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

J11s Ka3aXCKO- HIH PYCCKOS3BIYHOTO HCTOYHHKA:

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).

Hwmxe npuBeneHsr 00pa3mbl 0OpMIICHHS Pa3IMYHBIX BHIOB TOKYMEHTOB, KOTOPBIX
HEOOXOAMMO TIPHIEPKUBATHCS aBTOpaM Ipu  OGOPMIICHHH pPOMAaHCKOTO CITHCKa
References.

OnucaHue cTaTbM U3 KYPHAJIOB:

Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timinov A.V., Kardymov
D.V. Technical and economical optimization of hydrofracturing design. Neftyanoe
khozyaistvo. Oil Industry, 2008, No. 11, 54-57. (In Russian).

Omnucanne cratsu ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized -electrochemical
micromachining. Rus. J. Electrochem., 2008, 44, No. 8, 926-930. doi:
10.1134/S1023193508080077.

Onucanne UnTepHeT-pecypca:

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).

N

APA Style (2011). Available at: http://www.apastyle.org/apa-style-
help.aspx (accessed 5 February 2011).

HJIn

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Awvailable
at: http://www.scribd.com/doc/1034528/ (Accessed 7 February 2011).

Onucanne cTaTbH U3 JIEKTPOHHOIO KYPHAJIA:

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).
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Onucanue cTaTbU U3 NPOAOJIFKAIOLIETOCS U3IaHMA (COOpHUKA TPYAOB)
Astakhov M. V., Tagantsev T.V. Eksperimental 'noe issledovanie prochnost
soedinenii «stal’- kompozit» [Experimental study of the strength of joints «steel-
compositey]. Trudy MGTU
«Matematicheskoe modelirovanie slozhnykh tekhnicheskikh sistem» [Proc. Of the
Bauman MSTU
«Mathematic Modeling of the Complex Technical Systems»], 2006, No. 593, 125-130.

Onucanne MaTepnaJioB KOH(epeHuii:

Usmanov T.S, GusmanovA.A., Mullagalinl.Z., MuhametshinaR.Ju.,
ChervyakovaA.N., SveshnikovA.V. Featuresof the design of the field development with
the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma «Novye resurso
sberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc.
6" Int. Symp. «New energy saving subsoil technjologies and the increasing of the oil and
gas impact»]. Moscow, 2007, 267-272. (In Russ.)

HexenatenpbHO OCTaBIATH OJHO ICPCBOAHOC HA3BAHUC KOH(I)epCHL[I/II/I (B clrydac
CCJIM HCT ICPEBCACHHOI'O Ha AHTIMHCKUH S3BIK Ha3BaHUS KOH(i)epeHLII/II/I), TaK KaK OHO
IIPH TOMBITKE KeM- KOO0 HANTH 3TU MaTepHabl, UACHTUDHUIIUPYETCS ¢ OONBIINM TPYIOM.

Onucanne KHUrH (MOHOrpagum, cOOPHUKA):

Nenashev M.F. Poslednee pravitel’stvo SSSR [Last government of the USSR].
Moscow, Krom Publ., 1993, 221 p.

Onucanne nepeBoIHON KHUIM:

Timoshenko S.P., Young D.H., Weaver W. Vibration problems in engineering.
4thed. New York, Wiley, 1974.521 p. (Russ. ed.: Timoshenko S.P., lang D.Kh., Uiver
U. Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985. 472 p.).

Brooking A., Jones P., Cox F.Expert systems. Principles and cases studies.
Chapman and Hall, 1984. 231 p. (Russ. ed.: Bruking A., Dzhons P., Koks F. Ekspertnye
sistemy. Printsipy raboty i primery. Moscow, Radioisviaz’ Publ., 1987. 224 p.).

Onucanne quccepTaliy WM apTopedepaTa I1MCCEPTALUM:

Grigor’ev Yu. A. Razrabotka nauchnykh osnov proektirovaniia arkhitektury
raspredelennykh sistem obrabotki dannykh. Diss. Dokt. Tekhn. Nauk [Development of
scientific bases of architectural design of distributed data processing systems. Dr. tech.
sci. diss.]. Moscow, Bauman MSTU Publ., 1996. 243 p.

Onucanne 'OCTa:

GOST 8.596.5-2005. Metodikavypolneniia  izmerenii. Izmerenie raskhoda |
kolichestva zhidkostei I gazov s pomoshch’iu standartnykh suzhaiushchikh ustroistv [State
Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate and volume
of liquids and gases by means of orifice devices]. Moscow, Standartinform Publ., 2007.
10 p.

N

State Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate
and volume of liquids and gases by means of orifice devices. Moscow, Standartinform
Publ., 2007. 10 p. (In Russian).

OnucaHue maTeHTAa:

Patent RU 228590. Sposob orientirovaniia po krenu letatel’nogo apparata s
opticheskoi golovkoi samonavedeniia [The way to orient on the roll of aircraft with optical
homing head]., Palkin M.V., Ivanov N.M., Gusev B.B., Petrov R.H., 2006.
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4.9. HpnMep AHTJIOS3BIYHOIO0 0JIOKA AJig IpeaACTaBJICHUA CTAaTbH, HANIHCAHHOM

Ha fI3bIKE¢, OTJUYHOM OT AHTJIHICKOro:
Abstract

DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED
AND NEUTRALIZIED SOIL

Zhusipbekov U.Zh.%, Nurgaliyeva G.0.%", Baiakhmetova Z.K.%, Aizvert L.G.?

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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FplibiMu KAPUAJTAHBIMHBIH 3THKAChI

«Ka3zaKkcTaHHBIH XHUMHUSUJIBIK KypHaabD» (0yaaH api — 7KypHaj) OacnacbIHbIH
ajgKacbl MeH O0ac pegakTopbl <«OKapusulaHy »3THKAchl KOHiHIeri KOMUTeT —

(Committee on Publication Ethics - COPE)»
(http://publicationethics.org/about),«Eyponaabik FBHLUIBIMHI PeIaKTopJapaAbIH
KaysiMaacTeirbl  » (European Association of Science Editors - EASE)

(http://www.ease.org.uk) xoHe FbLIbIMH KapusiaHBIM 3THKACHIHBIH KOMUTETiH/IE
(http://publicet.org/code/) KaGBPLIAAHBLIFAH XAABIKAPAJIBIK TATANTAPAbI YCTAHAIDI.

bacna KpI3MeTiHzET1 o/ienKe caif eMec ic - opeKeTTepi (IUIaruaT, JKajifaH aKmapar
kKoHe T.0.) OoJmplpMayra J>KOHE FBHUIBIMH JKapHUSJIAHBIMAAPIBIH JKOFaphl CanachlH
KaMTaMachl3 €Ty YIIiH, KOJI )KeTKIi3reH FhUIBIMH HOTHIKENEPl JKYPTIIBUIBIKKA Kapusiay
MaKkcaThIH/Ia PEAaKIMs alKachl, aBTOpJap, PCICH3CHTTEP, COHAal-aKk Oacma ynepiciHe
KaThICATBIH MEKeMeJep STHKAIBIK HOpMalap MEH epexelepi cakTayra MIHACTTI JKoHe
onapaelH Oy3plIMayblHAa  OapiblK Imapajgapabl maimananysl Thic. Ochkl  yaepicke
KATBICYIIBLIAPBIH OapJIBIFBIHBIH FBUIBIMU JKAPHSIAHBIMAAD JTHUKACHIHBIH epexenepi
CaKTaybl, aBTOPJAPbIH 3USATKEPIIK MEHIIIK OOBEKTiepiHe KYKBIKTAphIH KaMTaMachl3
eTyre, JKapUsJIaHBIMAD CAlaChlH apTTBIPYFa JKOHE AaBTOPIBIK KYKBIKIICH KOpFafaH
MaTepHalIapabl JKeKe TYIFalIapIblH MYAIeci YIIiH NaiganraHy MYMKIHIITIH JKOIOFa
KOMEKTECET.

Penaknusra xiOepinreH OapiblK FBUIBIMH Makaiajap MIHICTTI TYpAe €Ki jKaKThl
Kynusi capantamara xioepinesi. JKypHaaublH pelakUsIbIK ajJKachl MaKaJaHbIH JKypHa
TaKpIPbIObIHA JKOHE TaNaNTapblHA COWKECTITiH aHBIKTAM/IbI, )KypHAJIFa TipKey YIIIH OHBI
IJBIH ajla capajayra >KYPHAIIBIH JKayanThl XaTHIBIChIHA Ki0oepemi. Oa KoymKa30aHbIH
FBUIBIMHM KYHJBUIBIFBIH aHBIKTAI, MaKaja TaKbIPhIObIHA KAKBIH FHUIBIMH MaMaHIBIKTaphI
Oap ekl Toyelici3 capamilibiHbl aHBIKTAHAbl. Makanangapisl peJaKkiusUIbIK ajiKa JKoHe
PEelaKIMsIIBIK alKa MyIIeNepi, COHai-aK 0acka enjep/eH MIAKbIPbUIFaH PELEH3CHTTEP
capanTaipl. MakanaHbl capanTay YOIiH peleH3eHTTepAl TaHOay Typaibl miemrimuai 6ac
penakrop KabOemaiinel. Capanray mMep3imi 2-4 anra )oHE pPELEH3SHT OTiHImI OoMbIHIIA
OHBI 2 anTara y3apTyra 00Ja/bl.

Penakuusi MeH pemeH3eHT KapayFra kiOepinreH jkaprsuiaHOaFaH MaTepHaAapIbIH
KYIVSUTBUIBIFBIHA KenUIaik Oepeni. XKapusiiay Typaibl mIenIiM KypHAJIIbIH PeIaKIUsUIbIK
aNKachl TEKCEpreHHeH KeiiH KaOpurmanaabl. Kaker OonraH jkarmaiima (pemakTtop(iap)
JKoHe/HeMmece peleH3eHT(JIep) TapalblHaH €CKePTYJIepAiH 00iybl) Kobka3ba aBTOpiapra
KOCBIMIIIA TY3eTyJiepre xioepinemi, colaH KeiiH of KaiTa Kapagaapl. DTHKa HOpMaaphl
Oy3bUIFaH JKaFjaiiiia, MakajaHbl jkapusuiayiaH 0ac TapTy KyKbIFbIH Penakuusi e3ine
Kanasipaabpl. JKayanTel penakTop Makajiaaa Iularuar JIeN ecenTeyre >KEeTKUTIKTI akmapar
OoJrraH >KafF/iaiiia OHbI XKapusiayra pykcar oepmeiii.

ABTOpJIap penakiysra xiOepiireH MarepuaniapablH kaHa, OypbIH jkapusutaHOaraH
JKOHE TYIHYCKa CeKEHJIriHe Kemiamik Oepelmi. ABTOpIap FBUIBIMH HOTHXKEIEPIiH
CEHIMIITIri MEH MAaHBI3IBUIBIFBIHA, COHIAH-aK FHUIBIMA STHKA KaFHIATTapPBIHBIH
CaKTallyblHa, aTanm alTKaHNIa, FRUIBIMH 3THKAHBI OY3bUIMayblHAa (FBUIBIMH JEpEKTepIi
KOJIJaH jKacay, 3epTTey JACpEeKTepiH Oypmarnayra OKeNeTiH OypMmanay, IJlardat >XKOoHE
JKaJFaH OipJecCKeH aBTOPIIBIK, KaiiTanay, 0acka amaMaapbplH HOTHKEIEPiH HeMICHY JKOHE
T.0.)TiKenel xayanThl.

Makanansl penaknusra O0epy aBTOpIapIbIH MaKajaHbl (TyImHYCKana Hemece Oacka
TUIZepre HeMece TUIICH aynapmajna) Oacka sKypHaira(iapra) skibepMmereHiH oHe Oyl
MaTepHuaablH OYphIH KapusiaanOaraneiH Ournipeni. Omail OGomMaraH >karmaija Makaiaa
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aBTOp/Iapra «ABTOPNBIK KYKBIKTBI Oy3FaHBl YIIIH MaKaJaHbl >Kapusulamay» AereH
mIenriMMeH KaiTapbeiiaasl. backa aBTOpABIH TYBIHABICHIHBIH |0 MalbI31aH acTaMbIH, OHBIH
ABTOPJIBIFBIH JKOHE JIEPEKKO3Te ClITeMenepi Kepcernedl ce3z0e-co3 Kemripyre Ko
Oepinmeiini. ATBIHFaH Y31HIUTIEp HEMece MalliMAeMeNep aBTOp MEH NepeKKo3i MiHIeTTi
TYpZe Kepcere OTHIpbIN peciMaenyi kepek. lllamanan Teic e3re MaTepHangapiabl
nalijanany, cOHfAaii-ak Ke3 KeJIreH HbICaHAarbl IUIaruaT, COHBIH IIIiHIEe Joiekci3
noiiekce3nep, Oacka amaMaapAblH 3CpPTTEYICPiHIH HOTIXKEICPIH HEMJICHY JTHKara
KaTHaiapl SkoHe KaObulIaHOalabl. 3epTrey OapbIChlHa — KaThIHACKaH 0apIIbIK
TYJIFaNIap/IbIH YJIECIH MOMBIHIAY KaXKeT oHEe MakKajajga 3epTTey.i Kyprisyae MaHbI3bl
OonraH JKyMBICTapra cinreMenep Oepimyi kepek. bipreckeH aBTopmap apachiHAa
3epTTeyre KaThICIaFaH aJlaMaapAbl KepceTyre ol OepiaMeii.

ABTop(J1ap) JXYMBICTaphIHAA KaTelikTep Oalkaica, Oy Typaisl Aepey pedaKTopra
xabapJarr, Ty3eTy Typajbl YCHIHBIC Oepyi THiC.

Komka30aner Oaceill msIFapymaH 0ac TapTy Typaisl WICHIM pPELEH3CHTTePIiH
YCHIHBICTApBIH €CKEpE OTBIPBIN, PEAAKIMs aTKACHIHBIH OTBIPBICHIHAA KaObUIAaHAIbI.
PepakuusnbIK ajqKaHbIH LIENTIMIMEH jKapusUlayFa YChIHBUIMaraH Makaja KaiTa Kapayra
kabbpuInanOaiapl. JKapusiaynan 6ac TapTy Typajibl xabapiiamMa aBTOPFa 3JICKTPOHIBIK
TIOLITa apKBUIBI XKidepineni.

KypHanaplH peaakuusUIbIK ajlKachl MaKajlaHbl jKapusulayFa pykcaT Oepy Typajibl
nIemriM KaOblijaraHHaH KeHiH peJakUMsUIBIK aJika OyJ1 Typalibl aBTopra xabapaiiibl )koHe
Kapuslay mapTTapbeiH Kepcereai. Makanara OepiireH mikipiaepaiH TymHyckacel JKypHai
pelaKnMsACHIHA 3 KBUT CAKTaJIbIHA/IBI.
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Omuka nHayunvxX nybauxayuil

Pepakuunonnas KOJLJIerust | TJIaBHBIH peaaKTop HAYYHOT0
JKypHasa «XuMmnveckuii :xypHan Kasaxcrana» (nanee — )KypHas) npuaepxkuBarorcst
NMPUHATBIX MeKIYHAPOIHBIX crangapToB «Komurera 3THKH no
nyoaukamusam» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «kEBponeiickoii accouMauu HAYYHBIX
penakropos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KoMuTeTa MmO »JTHKe HAYYHBIX NyOJIHKAMUI

(http://publicet.org/code/)..

Bo wn30exanne HeJOOPOCOBECTHOI MPAKTUKH B MyONIHKALMOHHON IEATEIBHOCTH
(mIaruart, M3J0)KeHUEe HEJOCTOBEPHBIX CBEICHUH M Ap.) U B IIENSAX 00CCIICUCHHUS BBICOKOTO
Ka4yecTBa Hay4YHBIX MyOJUKalWi, MPU3HAHHS OOIIECTBEHHOCTBIO, MOIYUYSHHBIX aBTOPOM
HAaY4YHBIX PE3YJIbTaTOB, WICHBI PEJAKIMOHHOIO COBETAa, aBTOPHI, PELIEH3CHTHI, a TaKXe
YUPEXKICHUS, yIaCTBYIOIINE B U3aTEIbCKOM IpoOLecce, 00sI3aHbl COOMI0NATh ATHYECKHE
CTaHAapThl, HOPMBI M IpaBWa M NPUHUMATh BCE Mephl Ul NPEJOTBPAILCHHS HX
HapymeHnid. CoOio/ileHne NpaBWI ATHKA HAYYHBIX MyOJNUKAalWil BCEMU yYacTHHKAMHU
9TOTO Mpollecca CHOCOOCTBYET OOECIIEUEHHIO IpaB aBTOPOB Ha HWHTEIUICKTYAIbHYIO
COOCTBEHHOCTh, TOBBIILICHUIO KayecTBa H3JAHHUA W HUCKIIOYCHHIO BO3MOXHOCTH
HEMPaBOMEPHOT'0 UCIIOJIBE30BaHMs aBTOPCKUX MAaTEPHANIOB B HHTEpECaxX OTACIBHBIX JIHII.

Bce Hay4HBIE CTaTbW, NOCTYIHMBIIHE B pENAKIUIO, IOJUICKAT 005A3aTeIbHOMY
JBOMHOMY CJIeTIOMY pereH3upoBaHmio. Penakims JKypHasia ycTaHABIMBAaET COOTBETCTBUE
ctatbu npodmitro KypHana, TpeboBaHHAM K ODOPMIICHUIO M HAINPAaBIISET €¢ Ha IepBOE
paccMOTpeHHE OTBETCTBEHHOMY cekperapro JKypHania, KOTOPBIH ONpeselnsieT HaydHYH
LEHHOCTh PYKOIUCH M Ha3HayaeT ABYX HE3aBUCHMBIX DPELECH3EHTOB — CIICIIMAIMCTOB,
HUMEoUIMX Hanbosee OIM3KKE K TeMe CTaThu Hay4yHbIe ClielManu3aluu. PelneH3upoBanme
CTaTeil OCYLIECTBIISIETCSl WICHAMH PENAKIMOHHOTO COBETA M PEAAKLIMOHHOM KOJUIErny, a
TaKKe IMPUTJIALICHHBIMH PEIeH3eHTaMH JPYyruX cTpaH. PerieHue o BbIOOpE TOr0 MM
WHOTO PELEH3EHTa JJIsl MPOBENICHNs] SKCIEPTHU3bl CTaThU NMPUHUMAET TJIaBHBIH PENaKTop.
CpoK pelLieH3UpOBaHHs COCTaBIseT 2-4 HEAeNu, HO MO MpochOe PELeH3CHTa OH MOXKET
OBITH MPOAJICH, HO He OoJiee YeM Ha 2 HeZemH.

Pepaknmsi M pemeH3eHT TapaHTUPYIOT COXpaHEHHE KOH(HICHIHAIbHOCTH
HEOIyOJMKOBaHHBIX MAaTepHalioB IPHCIAHHBIX Ha paccMOTpeHue paboT. Pemenune o
myOIMKanuy NpUHAMAETCsl PeAaKIMOHHON Kosuierneld JKypHana mocie peneH3upoBaHus.
B ciiyuae HeoOXxoquMocTH (HalmM4yKe 3aMeyaHnii pelakTopa(-oB) U /Ui pereH3eHTa(-0B))
PYKONHUCHh HAmpapjseTcs aBTopaM Ha JopabOTKy, II0CI€ 4Yero OHa IOBTOPHO
peueHsupyercs. Penakiusi octaBisier 3a co00¥ MpaBo OTKIOHHUTH MyOJMKAIUIO CTAThH B
cllyyae HapylleHHsi paBuil STHKU. OTBETCTBEHHBIH PElAaKTOp HE JIOJDKEH JIOMYyCKaTh K
nyOmuKanuy MHGOPMAIMIO, €CIIM MMEETCsl JI0CTATOYHO OCHOBAHMU IoJyiaraTh, 4TO OHa
SIBJISIETCS TIATUATOM.

ABTOpBI TapaHTHPYIOT, YTO MPECTaBICHHbIE B PEJAKIHI0 MATEPHAbl SIBJISIOTCS
HOBBIMHM, paHee HEONyOJMKOBAaHHBIMH M  OPUTMHAJIBHBIMH.  ABTOpHl  HECYT
OTBETCTBECHHOCTb 32 JIOCTOBEPHOCTb M 3HAYMMOCTh HAYYHBIX pE3yJbTAaTOB, a TaKXe
coOJlojieHNe TPUHLMIIOB HAay4YHOW OTHKH, B YaCTHOCTH, HejpomyuieHue (akTos
HapyIIeHHs HayqHOH 3THKH (paOpHKalis HayYHBIX JaHHbBIX, (panbcuduKarys, Bexymas K
NCK@KEHUIO  WCCIENOBATEIbCKUX  JAaHHBIX, IUIAarMaT M JIOKHOE COaBTOPCTBO,
IQyOnIMpoBaHKeE, IPUCBOCHUE YY)KUX PE3yJIbTAaTOB H AP.)
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HanpasneHnne cTaThby B PEIAKIHIO O3HAYACT, YTO ABTOPHI HE TEPEaBan CTaThio (B
OpWTHHAJIC WIH B TIEPEeBOJIe HA JPYTHe S3BIKM WM C IPYTUX S3BIKOB) B NPYToii(-me)
XKypHaJI(bI) U YTO 3TOT MaTepuayl He ObUI paHee omyOimKoBaH. B mpoTtwBHOM ciydae
CTaThsl HEMEUIEHHO BO3BpAIacTCsl aBTOpaM ¢ (HOpMyIHUpOBKOil «OTKIOHHUTH CTAaThIO 32
HapylIeHHe aBTOPCKHX mpaBy». He nomyckaercst aocioBHOe KomupoBanue Oonee 10
MIPOLIEHTOB pabOoTHI APYroro aBropa 0e3 yKasaHHs €ro aBTOPCTBA U CCHUIOK HA UCTOYHUK.
3auMcTBOBaHHbIE ()ParMEHTHl WM YTBEPXKICHUS JOJDKHBI OBbITh O(OpMIICHBI C
00s13aTeNbHBIM YKa3aHHEM aBTOpa W IEPBOMCTOYHMKA. Upe3MepHbIe 3aMMCTBOBAaHUS, a
TaKke Iiaruat B Jro0oi gopme, BIIIOYas HeO(OPMIICHHbBIE ITUTATHI, epedpasupoBaHie
WJIN TIPUCBOEHHE MIPaB HA PE3yNIbTAThl Uy>KUX MCCICIOBAHNM, HEITUIHBI U HEPHUEMIIEMBI.
Heobxoanmo mpu3HaBaTh BKJIad BCeX JIMI, TaK WJIM HHA4YE TOBIMSBIIMX HA XOX
HCCIIEJOBAHMs, B YACTHOCTH, B CTAaThe JOJDKHBI OBITH IPEICTABICHBI CCBUIKH Ha paboTHI,
KOTOpbIE HWMENM 3HAau€HWe IIpU NpOBEACHHHM wuccienoBaHusi. Cpeawm coaBTOPOB
HEJIOITyCTHMO yKa3bIBaTh JIMII, HE Y9aCTBOBABIINX B HCCIICAOBAHUH.

Ecmu aBTOpoMm(-amm) oOHapykeHa omuOka B paboTe, HEOOXOONMO CpPOYHO
YBEIOMHTH PElaKTOpa U BMECTE MPUHATH pelieHne 00 UCIpaBICHHN.

Pemenne 006 oTkaze B NyOJIMKAaUMHM PYKONHMCH NPUHMMAETCs Ha 3acelaHud
PEJaKIMOHHON KOJJIETMM C VYY€TOM pPEKOMEHJaluil peneH3eHTtoB. CrTarhs, HE
PEKOMEHIOBaHHAs PEUICHHEM pEelIaKIMOHHOW KOJUIETMH K ITyOJIMKaluH, K HOBTOPHOMY
paccMoTpeHuto He mnpuHuMaeTcs. CooOiieHrne 00 OTKasze B MyOJHKAIMK HAMpPaBIIsACTCS
aBTOPY I10 3JIEKTPOHHOH 10OYTE.

Ilocne mnpumsTus penkomtermeid JKypHama pemieHnss O JOMyCKEe CTaTbU K
MyOIMKanuy pegaknusi HHPOPMHUPYET 00 3TOM aBTOPA M YKa3bIBAET CPOKH ITyOJIMKAIIUH.
OpuruHainsl peueH3uil xpansaTes B pegakuuu JKypHana B TeueHue 3 Jer.
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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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