SCIENTIFIC RESEARCH
OF THE SCO COUNTRIES:
SYNERGY AND INTEGRATION

BHLAERNBZHR - DEM—F1L

Proceedings of the Date:
International Conference  August9

Beijing, China 2023



EEHLBE KRBT PR
[ frn 21X

Z 53 MR &

International Conference
“Scientific research of the SCO
countries: synergy and integration”

Part 2

2023 £ 8 H 9 H. #EIL
August 9, 2023. Beijing, PRC



Proceedings of the International Conference
“Scientific research of the SCO countries: synergy
and integration” - Reports in English

(August 9, 2023. Beijing, PRC)

ISBN 978-5-905695-82-7

X WOESS & T WM R - B s CmRky TAE
BRI . EEE T AL A AR A 2 5 0] 7
— L EE P S N A HRMV AL AT ST i 3 B8 A 7 V518 T VR R
.

TEE X Aol R s, Hse, B, 51 H, Sitdds, %
A A RRAHARAS B AERA M 7 T

These Conference Proceedings combine materials of the
conference — research papers and thesis reports of scientific
workers. They examine technical, juridical and sociological
aspects of research issues. Some articles deal with theoretical and
methodological approaches and principles of research questions of
personality professionalization.

Authors are responsible for the accuracy of cited publications,
facts, figures, quotations, statistics, proper names and other
information.

ISBN 978-5-905695-82-7 ©Scientific publishing house Infinity, 2023
©Group of authors, 2023



CONTENTS

ECONOMIC SCIENCES

TG T ARE T 5T W R U B B K e ri 5

Prospects for the development of innovative technologies in the financial sector of
Russia in the context of macroeconomic instability

Garnov Andrey PetrOVICH. ..............c.cccoovueiiiieiieieeeeee e 9
o ] 0 A LA B AN 5 HAE Tk 4. 095Uk i) 05 1A

China's foreign direct investment and strengthening of its leadership in Industry
4.0.

Kharlanov Alexey Sergeevich, Evans Julia Nailyevna,

Boboshko Andrey Alexandrovich, Novikov Maxim Mikhailovich........................ 14
kbt E e r 6 R R B2 AR — M7 20

Digital scientometrics platforms as a way for efficiency, acceptance and scientific
independence

Aliev Djomart Fazylovich, Shcherbakov Andrey Yurievich,

Malkova Elena ViKIOTOVIAQ...................cccoooveviiiiiiiiiiieiece e 33
M SIS — IR BRI W 45 S AR A S B R G K e

The development of the public administration system for the formation of the
secondary resource infrastructural complex in the Russian Federation

Garnova Victoria YUFIEVIQ ............cccuevceiioiieiiesii ettt 42
7 [ S S BOR AR R P AR E AR

The non-profit sector in the system of state social policy in Russia

Efimova Lyubov ANdreevina.................cccccoociioiiiiiiiiiiiiiiieeeee e 48

JURIDICAL SCIENCES
BRI W R R

Breeding achievement as an object of protection in Russia
Onoprienko Olga FedOrOVAQ ...............cc.ccovevueeciiiieeie et 56

PEDAGOGICAL SCIENCES

PR B 2 A AT PSR ) Je

Development of the communicative culture of students of the technological
College

Tarasova Ekaterina Nikolaevna, Fayzova Alfiya Marselevna............................ 65



% W 2 H 2504F [H 5
250 years of state regulation of Russian general education
Petukhova Irina VIadimirOVna..................cccococviiniiiiiniininiiniieieeeceeeee e 72

PHILOLOGICAL SCIENCES

ZEMIEF TN “EBET MES GETHE. JUEANEIRZD

"The concept ""foolish"" in multi-structural languages (based on Russian, English
and German proverbs)"

Tadzhibova Zainab TagirOVia................cccccoeviiiiiiiiiiiieeeeeeeee e 81
KA AR R TR

Valuatives of Chinese mass media

Iskhakov Raphael Lutfullovich, Li Jiani ..............c..ccccovevoiiviiiiiiiieeiieeen, 88

PHILOSOPHICAL SCIENCES

Hoy e —BOE IR « SLEE =R BoZ b NS SR DU B BOY I
Digital Philosophy - a concept for the formation of the 4th stage of human evolution
in the logic of the 3 stages of Auguste Comte

Smetana VIadimir VaSilyeViCh............c...ccovveeciiiniiiaiiiiieeieee e 93
BN PR GER R B MEO 32 SCEMEY) 3 UL

The confrontation of idealism and materialism through the prism of the Theory of
Population Systems

Apartsev Oleg ROICHOVICH. ...............cccocuevviiiiiiiiieiieie et 97

HISTORICAL SCIENCES

19 2 20 8258, MRl NAEHR B0 (O B KB AR
Montenegrins in service with the Russian Compound in Jerusalem at the turn of
the 19th and 20th centuries

Georgi Daria, Georgi Fedor.................ccoccouviiiiiiiiaiiiieiieieeeeeeee e 105
THFERIMP BIRHL . MMeg 20T 5 iR

Organization of self-government in the Rostov region: from traditional forms to
local self-government

Nikitina Anna AICKSEEVIA .............ccccocoivoiiciiiiiiiiiieie e 114

POLITICAL SCIENCES

KT EWEEFIRH— LR
Some arguments to the debate on ideology
Skorobogatko Alexander VIadimirovich .................c.cccccocvevcnincocoiianne, 121

MEDICAL SCIENCES
ST BUR U K PR LR A PPl

Integrated assessment of drinking water quality in the current conditions of
Donbass
Lastkov Dmitry Olegovich, Elizarova Olga Vyacheslavovna............................ 127



A BN SR ) LE T D) RERERS

Auditory tube dysfunction in children with various ENT pathologies

Khrykova Annag GeOrgieVAQ...............cc.ccccueciiciiiiiiiiiiiiiinieeseeeeee e 135
K X R b PSR s 2 gk P IR TEAEH2 32 2500897 R 2. PCT 1Y
B A FRMOL S 5 SR U URAALE

Comparative characteristics of the separated results of observation of patients with
stable ischemic heart disease who are on medication and who have undergone
PCI, living in the south and north of the Tyumen region

Samoilova Elena Petrovna, Nistryanu Daria Nikolaevna,

Kalugin Alexey Vladimirovich, Gapon Ludmila Ivanovna................................ 143
FE T By i Sl v 5 IR

Regulation of breathing in a wide range of physical activities

Vasilyev Gennady Fedorovich................cccccuoiviiioiniiiiiiiieieee e 150
RN FARIGIT Tk

Method of surgical treatment «Hallux Valgus»

Pryanishnikov Roman Vyacheslavovich, Volovik Valery Evgenievich,

Rykov Alexandr GennadieVich ....................ccccccoceviioiiiiiiieniiieieeeeeeeee e, 158

BIOLOGICAL SCIENCES

iive 6 BREGINIR N Hardy-Weinberg AXAREL

Hardy-Weinberg formula coefficients in the context of the weak limit of the Dirac
delta function

Perfileev Michael Sergeevich, Simakina Alexandra Andreevna....................... 166

N3 (Galega orientalis lam.) [¥IFTSPH PG AL bRt iR A AL
+ ERAE QU2 P FR N - JOHEERD

Prospects of eastern Galega (Galega orientalis lam.) Cultivation on podzolic
soils of the Western Siberia middle taiga (in conditions of Khanty-Mansiysk
autonomous okrug - Yugra)

Moiseeva Ekaterina Alekseevna, Bordey Rimma Khanifovna........................... 171

CHEMICAL SCIENCES
77 B IR G HAI A H T AU 2

Electron beam treatment of aromatic dye solutions
Ponomarev Alexander Viadimirovich, Kholodkova Evgenia Mikhailovna ....... 180

TECHNICAL SCIENCES
) 2 A R B (]

Theoretical aspects of safety of nuclear power plants
Sokolova Anastasia Andreevna, Sokolova Svetlana Nikolaevna....................... 188



PHYSICAL AND MATHEMATICAL SCIENCES
WBARATRAARA IS AR A B8 . “R” kit

"The movement of a liquid in the case when the volume of the liquid does not
change and in the case when there is a change in volume. ""Paradox"" tea leaf"
Shtrom Victor FedOrovViCh ...............ccccooiviiioiioiiciiiioiiiieieeeeeeeees 194
VIARTEREREAE E I BT ShRERIAR AL . T B 2 - IR LU AN

Change in the kinetic energy of a body in a medium with constant energy. Aristotle-
Mpemba effect

Shtrom Victor FedOrovViCh ...............ccccooioiiioioiiciiiiioiiiieieeeeeeeees 202
PR RN B R G A7 11

Two examples of constructing a system of objects of this kind

Shtrom Victor FEdOTOVICH ..............cccuoiiiieiiiieeieieee e 212

ARCHITECTURE

A 7K ARG B3 ¥ 22 D RE PR RN 22 55 ML Y Gk 1) s SRURT I R A vk 56
Architectural and planning solution of a multifunctional environmental and
economic typical microvillage for permanent and temporary stay

Politov Sergey Ivanovich, Politov Artur Sergeevich, Politov Yanis Sergeevich.... 222

EARTH SCIENCES

R KRAE TR TR

Formation of ridges on a flat bottom by oscillating water flow

HaRTIN YANG. ... 230



Scientific research of the SCO countries: synergy and integration

DOI 10.34660/INF.2023.15.62.087

T IR AR T AR A
ELECTRON BEAM TREATMENT OF AROMATIC DYE
SOLUTIONS

Ponomarev Alexander Vladimirovich

Doctor of Chemical Sciences, Chief Researcher

A.N. Frumkin Institute of Physical Chemistry and Electrochemistry of
the Russian Academy of Sciences, Moscow, Russia

Kholodkova Evgenia Mikhailovna

Candidate of Chemical Sciences, Lead Engineer

A.N. Frumkin Institute of Physical Chemistry and Electrochemistry of
the Russian Academy of Sciences, Moscow, Russia

1. Introduction

Aromatic dyes are among the stable compounds with high thermodynamic sta-
bility due to intramolecular conjugation of chemical bonds. Recently, more and
more dyes are acquiring the status of “food additives”, which creates an illusion
in society about their harmlessness [1, 2]. The downside of persistence is the dif-
ficulty in degrading most dyes with traditional water treatment methods. As a re-
sult, getting into water bodies with sewage, dyes worsen their transparency and,
thereby, weaken photosynthesis [2, 3]. Typical natural microorganisms living in
water bodies are not always able to destroy aromatic dyes. Moreover, some dyes
are converted into toxic products by the action of sunlight and dissolved impu-
rities. For example, aqueous solutions of the azo dye E124 (Ponceau 4R) retain
their mutagenicity even after prolonged photolysis by sunlight [4]. At the same
time, electron beam radiolysis of these solutions reduces mutagenic activity to
the level of spontanecous mutagenesis [5]. The reduction in color and mutagenic-
ity induced by radiolysis occurs in parallel. Accordingly, the study of the unique
mechanism of radiolytic decolorization and detoxification of food dyes is relevant
for the development of promising methods for wastewater treatment. In this work,
we studied the effect of accelerated electrons on solutions of dyes (quinophthalon
E104; indigo E132; triphenylmethanes: E133 and E142; azo: E102, E122, E124,
E129, E151, and E155), which differ both in the length of the conjugation system
of intramolecular bonds and in the type of chromophore.
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2. Experimental

Synthetic dyes from ABF (USA), Kerry Ingredients Flavors (Ireland) and Top
Product (Russia) were used. The solutions contained 0.02 g dm™ of the dye in
distilled water. Tert-butanol (0.5 mol dm™) served as a selective scavenger for OH
radicals. Perchloric acid (HCIO,; 1 mmol dm?) served as an electron scavenger.
The radiation source was a linear accelerator LINS-03-350-EURF (USA) with 3
MeV electron beam energy of and 25 Hz pulse repetition rate (pulses: 4 ps; 0.88
Gy per pulse). Solutions were irradiated at 20 = 2°C in glass test tubes with an
outer diameter of 13 mm to a dose of 1-1.5 kGy. The dosimeter was a copolymer
with phenazine dye SO PD(F)R-5/50 (GSO 7865-2000). The radiolysis of solu-
tions was carried out with access to air (slow bubbling, 0.5 dm? min™). The optical
absorption of solutions was measured on a Cary-100 UV-Vis spectrophotometer
(Agilent) in quartz cuvettes. The initial radiation-chemical yield (G) of decolor-
ization was determined from the dependence of the dye concentration on the ab-
sorbed dose in the range of low doses (up to 150 Gy).

3. Results and discussion

In azo dyes, the main chromophore functions are performed by one or several
azo groups (—N=N-) connecting aromatic units. In triphenylmethane dyes, the
function of a chromophore is performed by a quinoid unit formed by the intro-
duction of an amino or hydroxy group in the para position to the central carbon
of methane. The chromophore system of indigoid dyes consists of indole or ben-
zothiophene derivatives and is characterized by the presence of an intraionized
conjugation system with electron-donating and electron-withdrawing substituents
at the ends. The conjugation system of the quinophthalone dye is formed by in-
dandione and quinoline units. Regardless of the chemical structure of the studied
dyes, radiolysis of both individual and mixed solutions leads to an irreversible
decrease in their color with increasing dose.

The correlations between color intensity and absorbed dose are similar for all
dyes tested. In the range up to 60% decolorization, the dependences of the relative
color on the dose are practically indistinguishable from each other. For all solu-
tions, the curves are located in the region between the curves for E104 and E151
(Fig. 1). However, at higher degrees of decolorization, the differences become
more noticeable, probably due to the competition of the original dyes and their
colorless derivatives in reactions with water radicals, due to the lack of oxygen,
due to the absorption of light by suspended substances, and due to some other
effects [6- 8]. For most dyes tested, the observed decolorization yield is between
0.05 and 0.08 umol J! (Fig. 2). However, in solutions of E133 and E155, the
yields are about 0.03, and in solutions of E129, E132, and E142 they reach almost
0.1 umol J*'. The observed yields (G) generally correlate with half- decolorization
dose values, D, .. The higher G, the smaller D, , (Fig. 2).
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The lower degradation yield of E155 is explained by the fact that, unlike other
azo dyes, the intramolecular conjugation system in it contains 3 aromatic units
linked by two azo groups, which makes it more resistant to radiolysis. Complete
discoloration requires damage to the conjugation of both azo groups, which con-
sumes twice as many radiolytic reagents as the degradation of one chromophore
center, as, for example, in E122 or E124. The chromophore system of triphenyl-
methane dye E133 also consists of several parts, where the degradation of one of
them does not lead to the decomposition of the entire chromophore system. Thus,
E133 and E155 show a comparatively lower degree of discoloration. Dyes E129,
E132 and E142, on the contrary, have the most compact chromophore system,
including one chromophore center each, the damage of which breaks the conjuga-
tion between the parts of the molecule and, thereby, leads to discoloration.
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Figure 1. Correlation between the Figure 2. Decolorization yield G and
dose and the degree of decolorization half decolorization dose D, ,
of dyes (4, - optical absorption in a
non-irradiated solution, D,,- dose at
a degree of decolorization of 0.6)

Obviously, due to the low concentration of dyes in the studied solutions, their
decolorization occurs by the mechanism of indirect action of radiation, i.e., as a
result of reactions of the dye with radicals generated from water molecules [6]. In
aerated solutions, decolorization is carried out mainly by OH radicals, since the
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reducing intermediates, a hydrated electron and an H atom (eaq and H), are rapidly
captured by oxygen to form low active radicals (—O, and HO,) [6, 7].

The key role of OH radicals in decolorization is revealed by experiments with
the addition of tert-butanol (a selective scavenger of OH radicals) and perchloric
acid (a selective scavenger of €, which converts €, into less reactive H radicals).
As can be seen from Fig. 3, when tert-butyl alcohol is added, the optical absorption
of the solution decreases insignificantly during irradiation. In turn, the presence of
HCIO, provides the greatest decrease in optical density: the combined action of
OH and H radicals leads to deep discoloration already at a dose of about 0.5 kGy.
However, H radicals have less bleaching effect, as evidenced by the combined
action of acid and tert-butanol. It is also noticeable in Fig. 3 that, with increasing
dose, the absorption maximum shifts to the short-wavelength region, which indi-
cates a decrease in the conjugation length in the chromophore system of the dye.
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Figure 3. Optical absorption of solutions of 0.02 g dm™ E124 and E142 without

additives (1; 2), with the addition of tert-butanol (3), with the addition of acid
(4), and with the addition of alcohol and acid (5). I - 0 kGy, 2-5 - 0.5 kGy.

Figure 4 shows the effect of the absorbed dose on the optical density of a
solution containing a mixture of E104, E122, E132, and E142 (0.005 g dm? each),
representing all four classes of the studied dyes. The initial difference between the
observed spectrum (a) and the calculated spectrum (b), which is the sum of the
spectra of individual solutions, indicates the presence in the unirradiated mixed
solution (dose 0) of interaction and mutual screening of molecules/ions of dif-
ferent dyes compared to individual solutions. Nevertheless, almost independent
discoloration of each of the components of the mixture is observed in the dose
range up to 1 kGy, while spectra (a) and (b) demonstrate a similar proportionality
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of the change in optical absorption with dose. The observed effect of parallel deg-
radation is important from the point of view of the possibility of discoloration of
dye mixtures in real multicomponent wastewater [6].

The elimination of color and mutagenicity of solutions is associated with a
number of effects (Fig. 5). First, there is a decrease in the stability of the mole-
cule due to damage caused by radicals to the intramolecular system of conjugat-
ed bonds. This is evidenced by the discoloration of the solution. Secondly, the
molecule loses side sulfo groups, which reduces its solubility and, consequent-
ly, mobility in reactions with microbial DNA. Thirdly, there is a splitting of the
connecting bridge -N=N- between the naphthalene units. Moreover, this cleavage
occurs without the formation of amines or amides.

E142
0.91 E132
E122
06] E104 :
& i a
S 0.3
g [ —
@ 0.0 : o
c iDose, Gy
<] U
5 0.91 _
o 500
@ 750
0.6
2 1000 ! b
0.31
0.0

400 500 600 700
Wavelength, nm

Figure 4. Effect of dose on the optical absorption spectrum of a mixed solution
of E104, E122, E132, and E142 (0.005 g/dm3 each): a — experimental results for
the mixture, b — sum of the spectra for individual dyes. The values of the absorp-

tion maxima are shown by the dotted line
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Figure 5. Degradation of the E124 OH adduct (options a and b)

The probability of degradation of OH adducts by a bimolecular reaction is low
due to the low concentration of the dye, its low diffusion coefficient, and steric
hindrance. Accordingly, most of the rapid transformations of the OH adduct pro-
ceed via the mechanism of monomolecular decomposition or pseudo-first order
reactions with water molecules. The introduction of a new substituent (OH) into
the naphthalene unit changes the electron density distribution that existed before
the formation of the OH adduct. The unpaired electron of the OH adduct is delo-
calized over the remainder of the conjugation system, which includes aromatic
rings, azo and sulfo groups. At the same time, the energy of the new C-OH bond is
much higher than the energy of splitting of existing C-N and C-S bonds [9]. Thus,
the relaxation of the OH adduct occurs due to the elimination of a substituent with
a weaker bond (Fig. 5). In this case, the unpaired electron ends up on the split-off
fragment. Similar dissociative processes could also occur in the absence of air due
to the capture of a hydrated electron or H radical [6, 10].

At 1.5 kGy dose, each dissolved E124 molecule can interact with several OH
radicals and, thus, lose all side groups without the formation of mutagenic prod-
ucts and intermediates. The degradation of the chromophore system occurs with
the elimination of the connecting bridge and side substituents due to the radical
addition of a new OH functional group, the binding energy of which is higher
than that of the sulfo groups and the diazo bridge. Initially, the E124 dye in 0.02%
aqueous solution is a nonspecific mutagen [5]. Without metabolic activation, it
induces G—A transitions as well as +1 and -1 frameshift mutations. In turn, in
the presence of liver enzymes, it causes mutations of the first two types. Electron
beam-induced decolorization and detoxification occur in parallel and are due to
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the same radical processes. The above-described neutralization of dyes does not
require special preparation of the solution, which is attractive from the point of
view of the use of electron beam processing in large-scale wastewater treatment
[11].

4. Conclusion

The example of radiolysis of food coloring solutions shows the possibility of
effective irreversible degradation of systems of conjugated bonds. In dye solutions,
the effect of radiolysis on bond conjugation can be conveniently observed from
changes in the color of the solutions. At 20 mg dm-3 dye concentration, complete
discoloration is observed at 1-1.5 kGy dose. The effect is achieved under condi-
tions of deficiency of dissolved oxygen. It is these conditions that are most attrac-
tive for large-scale electron-beam treatment of colored wastewater using powerful
electron accelerators [11-13]. Radiolytic decolorization of representatives of the
4 considered classes of dyes with limited air access has an undoubted similarity,
since it consists in the degradation of the intramolecular system of conjugated
bonds. The main transformations consist in the addition of OH radicals to con-
jugated bonds and the subsequent interaction of organic radicals with dissolved
oxygen or with each other. Damage to chromophore systems consists in the same
type of interaction of radicals with double bonds responsible for the conjugation
of atoms into a combined chromophore system.
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