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Quantum chemical study of structural properties for copper halide complexes
with protonated acetamides

Abstract. The chemistry of copper complexes, which contain organic ligands, is one of the
important research areas for modern chemical technology and science. Herein, the copper
complexes coordinated with organic ligands are playing an important role in many applications
including crop production, animal husbandry, and pharmacology. At this point, the coordination
of copper halides with acetamides are good research object for fundamental research. The purpose
of the article is to perform quantum chemical calculations, and analysis for the coordination of
copper halides (chloride, bromide) with acetamides using HyperChem software and PM3 method.
The study helps with the rational design of copper halide complexes with acetamides.

Keywords: copper halides, acetamides, quantum chemical calculations, PM3 method,
HyperChem.
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Introduction

The transition metals are chemical elements that are located in the d-block of the periodic table
and have the following general structures in their configurations (n-1)d'"*®ns!2, where n is the periodic
number [1-5]. The transition metals are classified as 3d, 4d, and 5d elements, where copper is a 3d
transition metal. Copper has unique properties including good electric conductivity, high density, high
strength, high boiling, and melting point strength [5-12]. In addition, multiple coordination of organic
ligands with copper metal is forming complexes called “coordination compounds”, where coordination
bonds are present between organic ligands and copper metal [9-15]. The chemistry of copper halide
complexes with the coordination of organic ligands is one of the interesting research areas of scientists.

At the same time, the two-electron donor centers in amide molecules such as carbonyl oxygen,
and amine nitrogen provide them with unique chemical and physical properties and become special
objects of basic chemical research [12-16]. Moreover, several complex compounds of transition metals
coordinated with organic ligands are implemented in organic and inorganic synthesis [14-18]. Herein,
the quantum chemical study of copper halide complexes with coordination of organic ligands are
important to study by various software such as Gaussian16, HyperChem, Materials Studio, Spartan, and
others [15-18]. In addition, the copper halide complexes coordination with the nitrogen and oxygen
atoms of acetamide is very important which determine the physical and chemical properties of obtained
copper halide complexes [18-22]. In this regard, the quantum chemical parameters such as optimized
structures, bond length, bond angles, dihedral angles, molecular electrostatic maps, molecular orbitals
for various copper halide complexes coordinated with organic ligands are highly important to study
and understand their structural properties in this current research work [19-25].

The article is aimed at determining the physicochemical properties of copper halides (chloride,
bromide) coordinated with acetamides via quantum chemical calculations. Consequently, we will
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construct various computational models of copper halides coordinating with acetamide as complexes
for our computational work. At this stage, copper halides will be coordinated with acetamide via two
options such as i) by nitrogen atom of an amine group, and ii) by oxygen of carbonyl group. After that,
the quantum chemical properties including optimized structures, bond length, bond angles, charge
distributions, molecular orbital distributions, and energies will be studied for copper halides (chloride,
bromide) with acetamide structures.

Methods and materials

Calculations were performed using the semi-empirical quantum chemical PM3 method, which is
part of the software package MOPAC 7 and HyperChemPro 8.0. The 2D structures of acetamide,
protonated acetamide, and copper halides with protonated acetamides were illustrated in Figure 1. The
geometry optimizations were performed via HyperchemPro 8.0 software using the PM3 method to
obtain optimized structures, bond length, bond angles, charge distributions, molecular orbital
distributions, and energies of designed systems.

A B
) Cls g, ) Brac,

Cl Br

0
&) D)pc B
PS - HBr

Figure 1. The 2D structures of A) Copper chloride, B) Copper Bromide, C) Acetamide, D)
Hydrochloric acid, and E) Hydrobromic acid

The chemical structures of copper chloride, copper bromide, acetamide, hydrochloric acid, and
hydrobromic acid were illustrated in Figure 1. Moreover, the designed systems to study the electronic
structural properties of copper halide complexes with acetamide were illustrated in Table 1. As can be
seen from Table 1, pure acetamide was designed for quantum chemical calculation to understand the
structural properties of unprotonated acetamide. Next, acetamide was coordinated with hydrochloric
acid to design protonated acetamide with hydrochloric acid. Thirdly, acetamide was coordinated with
hydrobromic acid to design protonated acetamide with hydrobromic acid. Fourthly, unprotonated
acetamide was coordinated with copper (II) chloride to study the energetic, electronic, and geometrical
properties of copper (II) chloride coordinated with unprotonated acetamide. Fifthly, unprotonated
acetamide was coordinated with copper (II) bromide to study the energetic, electronic, and geometrical
properties of copper (II) bromide coordinated with unprotonated acetamide. After that, protonated
acetamide with hydrochloric acid was coordinated with copper (II) chloride to study the energetic,
electronic, and geometrical properties of copper (II) chloride coordinated with protonated acetamide
with hydrochloric acid. Finally, protonated acetamide with hydrobromic acid was coordinated with
copper (II) bromide to study the energetic, electronic, and geometrical properties of copper (II) bromide
coordinated with protonated acetamide with hydrobromide acid as can be seen in Table 1.
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Table 1
The description of designed systems in our current work
Acetamid | HCl HBr CuCl, CuBr, Purpose
e
1 - - - - Unprotonated Acetamide
1 1 - - - Protonated Acetamide
1 - 1 - - Protonated Acetamide
1 - - 1 - CuCl, with unprotonated acetamide
1 - - - 1 CuBr, with unprotonated acetamide
1 1 - 1 - CuCl, with protonated acetamide
1 - 1 - 1 CuBr, with protonated acetamide

Results. Identification of energetic, electronic, and geometrical parameters of unprotonated and
protonated acetamide. As mentioned above, the structural properties of unprotonated and protonated
acetamide were studied in this section by HyperChem software using the PM3 method. As can be seen
from Figure 2, the optimized structures of unprotonated and protonated acetamide were illustrated.

y

.

Pure Acetamide

%

“
L) (' g&{
Protonated Acetamide with HCl ‘\
S e

(¥

< &
Protonated Acetamide with HBr /g . ‘“:\
¢ ¢

C ¢

Figure 2. The quantum chemical calculation is based on optimized structures for pure acetamide,
protonated acetamide with HCI, and finally protonated acetamide with HBr.
Color keys: nitrogen: blue; gray: hydrogen; violent: carbon; oxygen: red; chloride: black; bromine: yellow.

Moreover, the results of optimization including energies, dipole moments, charges, distances, and
angles were illustrated in Table 2. The quantum chemical parameters for acetamide, HCI coordinated
with N atom of acetamide, HCI coordinated with O atom of acetamide, HBr coordinated with N atom of
acetamide, HBr coordinated with O atom of acetamide were illustrated in Table 2.
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Table 2
Parameters of optimization for unprotonated and protonated acetamide
Parameters | Acetamide | Acetamide+tHCl | Acetamide+HBr | Acetamide+HC | Acetamide+
by N by N lby O HBr by O
-E (total), -17769.1 -25446.40 -26288.3 -25448.1 -26285.00
kcal/mol
wD 3.78 3.78 7.591 5.067 10.79
q(©O) -0.321 -0.321 -0.261 -0.431 -0.260
q(N) -0.014 -0.014 0.366 0.006 0.181
q(©) 0.219 0.219 0.203 0.238 0.193
-0.142 -0.142 -0.166 -0.129 -0.123
r (C=0), nm 1.2164 1.2164 1.2073 1.2369 1.2921
r (C-C), nm 1.5011 1.5011 1.4927 1.5031 1.5008
r (C-N), nm 1.4516 1.4516 1.5152 1.3874 1.3526
r (O-HX, Xis - - - 1.7447 1.0371
Cl or Br), nm
r (N-HX, Xis - 1.7505 1.1172 - -
Cl or Br), nm
Angle, O-C-N 117.4859 117.4859 115.5702 117.2532 122.1379
Angle, O-C-C | 125.5723 125.5723 128.3617 123.7668 117.0125
Angle, O or - 170.1912 163.9789 152.7383 161.5919
N-H-X (X is
Cl or Br)

Identification of energetic, electronic, and geometrical parameters of unprotonated and protonated acetamide
coordinated with copper (II) halides. As mentioned above, the quantum chemical calculation results
including energies, dipole moments, charges, bond length, and bond angles for copper halide
coordination with unprotonated and protonated acetamide were discussed in this part. Herein, the
quantum chemical parameters for copper chloride coordinated with hydrochloric acid by nitrogen and
oxygen atoms, copper bromide coordinated with hydrobromic acid by nitrogen and oxygen atoms are
discussed in detail. The optimized structures for the copper halide (chloride or bromide) coordinated
with pure acetamide, copper chloride coordinated with protonated acetamide with HCl, and finally,
copper bromide coordinated with protonated acetamide with HBr were illustrated in Figure 3.
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The quantum chemical properties for copper halide (chloride or bromide) coordinated with pure
acetamide was illustrated in Table 3. The quantum chemical properties for copper chloride coordinated

with protonated acetamide with HCl, and finally, copper bromide coordinated with protonated
acetamide with HBr were illustrated in Table 4.

Copper Chloride with Pure ’
Acetamide x
[

Copper Bromide with Pure
Acetamide ¢
L

Copper Chloride with
Protonated Acetamide with HCI

¢ X

L
¢
t\wr;
¢
kY
.
¢
¢ M ¢
4B, =
Copper Chloride with
Protonated Acetamide with HBr
¢ ¢
Figure 3. The quantum chemical calculation is based on optimized structures for copper halide (chloride
or bromide) coordinated with pure acetamide, copper chloride coordinated with protonated acetamide

with HCI, and finally, copper bromide coordinated with protonated acetamide with HBr. Color keys:
nitrogen: blue; gray: hydrogen; violent: carbon; oxygen: red; chloride: black; bromine: yellow.

Table 3
Parameters of optimization for copper halide coordination with unprotonated acetamide

Parameters CuCl,+Acetamid | CuCl,+Acetamide | CuBr,+Acetamid | CuBr,+Acetami
eby N by O eby N de by O
-E (total), kcal/mol -59697.8 -59686.6 -61394.3 -61376.2
WD 5.48 5.266 6.668 10.14
q(©O) -0.273 -0.200 -0.270 -0.239
q(N) 0.547 -0.019 0.450 0.120
q(©) 0.165 0.181 0.178 0.203
q (Cu) -0.341 -0.146 -0.161 0.044
r (C=0), nm 1.2108 1.295 1.2099 1.277
r (C-C), nm 1.4954 1.5039 1.4965 1.5045
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r (C-N), nm 1.5246 1.3555 1.5177 1.3674

r (Cu-X (Xis Cl or 2.1408 2.2124 2.4238 2.4427

Br)), nm 2.1704 2.1275 2.4223 2.3980

r (N-Cu), nm 1.9112 - 1.9232 -

r (O-Cu), nm - 1.8946 - 1.9097
Angle, O-C-N 115.5974 122.9816 116.0607 123.4406
Angle, O-C-C 126.5563 116.0873 126.5579 117.3119
Angle, C-N or O-Cu 124.0378 127.9239 125.5949 133.106
Angle, X-Cu-N or O 125.5848 103.5923 136.8242 117.5904
113.9035 125.4748 139.2161 175.1818

Table 4

Parameters of optimization for copper halide coordination with protonated acetamide

Parameters CuCl,+Acetamide+ | CuCl,+Acetamide+ | CuBr,+Acetamide+ | CuBr,+Acetamide
HCl by O HCl by N HClby O +HCl by N
-E (total), -67362.4 -67357.2 -69903.4 -69902.3
kcal/mol
u,D 6.275 4.766 5.541 7.465
q(O) -0.300 -0.169 -0.303 -0.134
qN) 0.692 0.103 0.451 0.426
q(©) -0.024 0.224 -0.159 0.098
q (Cu) -0.389 -0.154 -0.157 -0.127
r (C=0), nm 1.4023 1.2777 1.2175 1.3342
r (C-C), nm 1.5288 1.5026 1.4954 1.5265
r (C-N), nm 1.4764 1.3898 1.5124 1.545
r (Cu-X (Xis Cl 2.16 2.2085 2.4332 2.351
or Br)), nm 2.1403 2.1257 24129 2.3678
r (N-Cu), nm 1.8948 - 1.9248 -
r (O-Cu), nm - 1.9003 - 1.8789
Angle, O-C-N 112.3214 123.1026 116.9329 117.4859
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Angle, O-C-C 110.1739 117.1607 125.3114 125.5723
Angle, C-N or O- 75.9901 127.835 122.4702 151.2548
Cu
Angle, X-Cu-N 144.2997 126.0109 119.6481 141.4844
or O 108.4462 103.2195 137.2847 112.5839
Discussion

The unprotonated and protonated acetamides, and then the copper halides (chloride, and
bromide) coordination with unprotonated and protonated acetamides were studied in this research
work via HyperChem software package using the PM3 method. As a result, coordination of copper
halides with unprotonated and protonated acetamides was leading to important structural change in
comparison with pure unprotonated and protonated acetamides. In this regard, quantum chemical
parameters including energies, dipole moments, charges, bond length, and bond angles were illustrated
in Table 2-3, and Figure 2-3.

Herein, we can obviously note that the highest negative charge belongs to the oxygen atom of the
acetamide compound when coordinated with copper halides. The results imply that the charge of
oxygen is around -0.273 when copper chloride is coordinated with unprotonated acetamide, and then
the charge of oxygen is around -0.300 when copper chloride is coordinated with protonated acetamide.
In addition, the charges of nitrogen, in this case, were reaching the highest value around +0.692 for
coordination of copper chloride with protonated acetamide, and +0.451 for coordination of copper
bromide with protonated acetamide by oxygen atom. It could mean that the proton of acetamide could
connect with the oxygen atom of the carbonyl group of acetamide.

Basically, the quantities of total energy obtained by quantum chemical method. The following
conclusion can be drawn from the comparison, that is, all the total energy of the calculated models and
their qualitative composition depending on the construction and the calculation of the chosen research
method.

Conclusion

To sum up, the quantum chemical calculations were performed for the pure acetamide,
protonated acetamide with HCI, protonated acetamide with HBr, copper halide (chloride or bromide)
coordinated with pure acetamide, copper chloride coordinated with protonated acetamide with HC],
and finally, copper bromide coordinated with protonated acetamide with HBr. The quantum chemical
parameters such as energies, dipole moments, charges, bond length, and bond angles were illustrated
and discussed in detail.

As a result, we can conclude that the highest charge of oxygen and nitrogen atoms was obtained
when copper halides are coordinated by oxygen atoms of protonated acetamide compound. Moreover,
we can see that this could mean a proton could connect with the oxygen atom of acetamide.

These quantum chemical calculations results are very important in the future to the rational
design of the complexes of copper halides which are coordinated with organic ligands such as
unprotonated and protonated acetamides. Copper halide complexes have a wide range of applications
including crop production, animal husbandry, and pharmacology.
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H. ©mipsaxk, P.C. Epkacos
A.H. I'ymunres amoindazor Eypasus yammuix ynusepcumemi, Hyp-Cyaman, Kasaxcman

IIpoTroHaaaraH arreTaMmuATepi Oap MBIC Ta10TeHAiK KelleHAePiHiH KYPbLABIMABIK,
KacHeTTepiH KBAaHTTBIK XMMUAABIK JKOAMEH 3epTTey

Angarna. KypaMbiHaa OpraHMKaAblK, AMTaHATapbl Oap MBIC KellleHAepiHiH XMMMACH Kasipri
3aMaHFbl XMMUAABIK TEXHOAOIMS MeH FBIABIM VIIiH MaHBI3AbI 3epTTey OarbITTapbIHBIH Oipi OOABII
TaOblaaapl. bBya >kepge oOpraHmMkaablK AWTaHATapMeH YIAecTipiareH MBIC KellleHJAepi eciMAik
IIapyalblABIFBIHAA, MaA IapyalllbLABIFbIHAA, (apMakoAOorusla >KoHe KeIllTereH KOChIMINIadapaa
MaHbBI3ABl poa arkapaabl. Ocbl Ke3dge MBIC TadOT@HUATEpiH alleTaMMUATEpMeH YiiaecTipy ipreai
3epTTeyaep YIIiH >KakKChl 3epTTey oObeKkTidepi 0oabll TaOblaaAbl. AFBIMAAFBI JKYMBICTBIH MaKcaTbl —
HyperChem Oaraapaamaablk KypaabH >koHe PM3 ogiciH KoadaHa OTBIPBIN, KBAHTTBIK XUMMSABIK
eceriteylep MeH MBIC TaJOTeHUATepiH (xaopua, OpoMma) alleTaMuATepMeH YILAecTipy YINiH Taajay
>kacay. Makaza alleTaMIATepMeH MEIC Ta/0TeHAl KellleHAePiH YTHIMABI )KoDalayFa KOMeKTece .

TyitiH ce3aep: MBIC TaaoTeHMAl, alleTaMI, KBaHTTBIK-XUMIIABIK ecenreyaep, PM3 aaici,
HyperChem.
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H. OMupsaxk, P.C. Epkacos
Espasuiickuiti nayuonaronvui ynusepcumem um. A.H. I'ymuresa, Hyp-Cyaman, Kasaxcman

KBaHTOBO-XMMITYECKOE nccaeaosanyie CTpyKTYpHBIX CBOVICTB KOMIIA€KCOB raa0reHmnaoB
Meau C IIPOTOHMPOBAHHBIMMY alleTaMNnJaMI

AnaHOTarms1. XM KOMILIEKCOB MeAl, COAep KallllIX OpraHiYecKie ANTaHABI, SBASIeTCSI OAHUM
13 Ba>KHBIX HaIlpaBA€HUI COBPEMEeHHOV XMMMYeCKOV TeXHOAOTMM M HayKM. 34ech KOMILAeKCHI MeAw,
CKOOPAVHMPOBaHHbBIE C OPTaHNYECKMMU AUTaHAaMM, UTPalOT Ba’kKHYIO pOAb BO MHOTUX IPUAOXKEHIIX,
BKAIOYasl PacTeHNEBOJCTBO, JKMBOTHOBOACTBO U (papmakoaoruio. Ha AaHHBII MOMEHT KOOpAVIHALIVS
raloTeHIAO0B MeAM C alleTaMiJaMM  sBASETCS XOPOIIMM OOBEeKTOM Aas  (dyHAaMeHTaAbHbIX
nuccaegosanuii. 1leaplo AaHHON CTaTbU SIBASIOTCS BBIIIOAHEHNE KBAHTOBO-XMMMYECKIX pPacieToB I
aHaAM3 KOOpAMHALIMU TaAOTeHNAOB Meau (xaopmd, Opomma) ¢ aneramMmMjaMM C JCIIOAb30BaHVEM
nporpammHoro odecriedennst HyperChem u meroga PM3. Hacrosmas pabora moMoskeT pariioHaAbHO
CKOHCTPYMpPOBaTh KOMILAEKChI TaA0TeHIA0B MeAl C alleTaMIAaMMu.

KaroueBbie caoBa: raa0reHUABl MeAu; alleTaMIAbL; KBaHTOBO-XuMIJeckne pacyetsl; PM3 MeTtoa;
HyperChem.
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DPpPexTuBHLIN MeTO  yaaBanBaunms: CO: Tpuc-ocHOBaHMeM ¢ 0Opa3oBaHIIEeM
IIOAVIMe PHOV MOHHOM XMAKOCTI

AnnoTarms. Bee 6oaviiee sHumariue yoeAsemes usmeHeHuto KAUMAMA U3-3a 603HUKHO6eHUS
NApHUK06020 APPeKma, Mo NopooUAd PaseUAIosY10cs 0OAACHIL UCCA)06AMHUTI MO NOUCKY
peueryii dantoi npobremvl. B amoil cmamve ocrosHoe eHuMaiie Yoersemcs paspadomixe
apPexmueozo Memoda 1o YAABAUBAMUIO YZAEKUCAOZ0 2434 C 00pa306aHueM MNOAUMEPHOL
UOHHOIL Kudkocmu 0e3 UCNOAD306AHUS PACHBOPUIEALH, COZAACHO KOHUENUUU «3eAeHOU»
xumuu. Jrs uccaedosanus OviA 6358m mpuc-amudun. Jarmuie aKcnepuMeHmvl UCHoAb3Y0mcs 6
AabopamopHbvlx macuimadax.

Karounsbie caoBa: yaasausariue CO2, uoHHASL KUIKOCHTD, AMUOUH.

DOI: https://doi.org/10.32523/2616-6771-2022-138-1-18-23

BBeaenne

C KaXAbIM TIOJOM yBeAMYMBAeTCA KOHIIeHTpalus YIAeKMUCAOro raza B aTMmocdepe, 9TO
CII0COOCTBYeT T100aAbHOMY ITOTEIAeHHUIO, KOTOpoe IIPUBOAUT K DKOAOTMYECKMM IHpobaeMaM. 86%
ITapHMKOBBIX Ta30B COCTaBAsIeT BLIOPOCHI YIA€KICAOIO Ta3a MpuU CKUTaHUM TBepAoro Tormausa [1]. Ha
CeroAHAIIHUIT AeHb paspaboTka 9pPexTrBHOTO MeTosa yaasansanusa CO2 rasa sBAs€TCA aKTyaAbHON
TeMOI AAs UccAeAoBaHMs. XOPOIIO M3y4eHbl ITPOIlecchl M0 (PUKCANUM YIAeKMCAOIO Tasa, Takye Kak
xuMudeckn obOparumoe yaasausaHue CO:2 IepBUYHBIMM aMMHaMM B IIOASPHOM aIllpOTOHHOM
pacTtsopuree ¢ obpasoBaHueM KapOaMIHOBBIX KUCAOT [2]. OgHaKO 5T MPOIIeCCH MCIOAB3YIOT aMUHBI
B ABa pasa 00AblIle, a TeMIleparypa Aa1s BeIcBoOoKAeHs1 CO2 40BOABHO BBICOKASL.

[TepcriekTmBHAs TeXHOAOIMS yAaBAMBAaHMS M UCHOAb30BaHMA yraepoga (CCS) szakarouaercs B
npeoOpasoanyy CO:2 B 1JeHHBIN IPOAYKT ITOCAe ITePBUYHOTO YAaBAUBaHMNA.

B mocaeanee BpeMs yraeKmMcABI ra3 pacCMaTpMBAIOT B KadecTBe MCKOIIAeMOIO MCTOYHMKA.
[TosTomMy mnepcnexTusHbl Iepepaborka CO2 m pa3paOoTKa HOBBIX TeXHOAOIMI MCIIOAB30OBaHUA B
DHEPreTM4ecKOM U XMMMYeCKOM HampaBAeHusx. lluimesas, Xummuyeckas, 9AeKTpOHHas U MHOTIUe
Apyrue mpomsiiiiaeHHoCTH ncrioan3yior COz [3,4]. Tak, B kauecTse aabTepHATUBHOTO TOILAMBA W/UAU
IIPOMEXKYTOYHOIO IPOAYKTa IIpHU IPOu3BOACTBe OeH3nHa, oaedpuHa Bo3MoxHO CO2 mpeoOpasoBath B
aumernaospiii - o¢up [5]. Ilpoextst CCS 3saHMMaOTCS —yJAaBAMBaHMEM  YIA€KMCAOIO — Trasa
HeIIOCPeACTBeHHO Ha IIPOMBIIIAEHHBIX IPeAlIpUATUAX U JadbHellllee XpaHeHue MX B IlJacTax-
xpanmaunmax mog 3emaeit. Ilo rexnoaormm CCS-EOR nmpu yTmamsanmm yraeKUcAOro rasa B Iiaacre
yBeAMYMBAETCA IPUTOK HePTU K CKBaXKMHe, B pe3yAbTaTe IOHIMKaeTCsd BA3KOCTh U yBeAMYMBAETCS
noAsyKHOCTL HepTu. 40 15% 3amacos HepTu M3BAeKaeTcs U3 11aacTa [6].

AAbpTepHaTUBOM  SABASIIOTCA ~ MOHHBIE JKUAKOCTM, ODJAajaroliye TaKUMMU — YHUKAAbHBIMU
CBOMCTBaMM, KaK ®KOJOTMYHOCTb, CTaOMABHOCTb, HErOpIoYecTb U BO3MOXHOCTh IIOBTOPHOTO
1Cr10Ab30BaHMs. OHM HIMPOKO UCIIOAB3YIOTCS B Pa3AMYHBIX 00AaCTSIX.

B HeckoAbKMX 1Mccae0BaHMAX paccMaTpUBaA0Ch ucroab3osanne Mertoga FTIR 445 Monuropunra
peakuym CO:2 ¢ Tpou3BOAHBIMU aMUAVMHA U I'yaHuAuHa. B yacrHocTy, obpasosanue dukapOoHaTa Ipu
peaknun amuauHa ¢ CO:2 mpuBoguT K Haamumio mnoaoc npm 1651 m 1602 cm, cooTBeTCTBYIOIIUX
Ba/JEHTHBIM KoaeOaHusAM IpoToHuposaHHoro rpynmna C=N u 6ukapOboHaT COOTBETCTBEeHHO.
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B nacrosimeM mccaeaoBaHUM MBI MCCA€A0BAaAU peaklMIO MeXay aAnMeruaanierasem N, N-
anMerunapopmamrga n aandarundeckuM aMUHOM, COAep KaIllM TP TMAPOKCUTPYIIIB, TaKue Kak
tpuc (rmapoxcnmmerna) ammHomerad (TPUC) ¢ ammermaaneraszem N,N-gumernadpopmammaa.
[Ipoaykrom ®TONl peaknum SBASETCA TUAPOKCUCOJAeprKalllee IPOM3BOAHOe amuauHa. Ero
B3alIMOJEIICTBIe C AMOKCUAOM yIAepoja, NpuBOAdAllee K OOpa3soBaHMIO ITOAMMEPHON MOHHON
XUAKOCTH, nccaesoBano metodamu VIK-Oypre n namepeHneM BI3KOCTH.

Marepuaabl 1 MEeTOABI NCCAEAOBAHIS

Obmias MeToAMKa MCCA€AOBaHUS I10 CMHTe3Yy TPUC-aMUAVHOB BBITASAAUT CACAYIOIIMM OOpa3oMm:
Tpuc-aMuH 400aBasoT K N, N — aumernadpopmamng AnMeTnianeralb Ipy IepeMeIBaHny B KOA0y
npu temneparype 40-50°C B Tewenme 3-x wacos. bapOoruposanme COez-rasa uepes pacTBOp
IIPUTOTOBAEHHOTIO TPUC-aMUAVHA IPOBOANAN TPV KOMHATHOM TeMIlepaType, B pe3yabTaTe 0OpasyeTcs
OueHb BA3Kas oAMMepHas MOHHas XXUAKOCTh (PucyHok 1).

HO HO

HO MeO OMe HO >
40°C =
NH; + \( W >S4 ameon

HO HO

OH

©0,—0---
@° N
. 7 \\0:C0 74 \H
o o
Ne_
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Pucynok 1. Ilpurorosaesnne aMnaHOBOTO IIPOV3BOAHOIO peaKkyeli TPUC-0CHOBAHWS C
AVMeTOKcHaneTaaeM AuMeTnapopMaMmnaoM

Baskocts umsmepsian KanmmaaspHeiM BuckosumerpoM BIDK-4 (Puc.l). Adas storo 6paam 0,5 r
ammanHa u 15 Ma pactBopuTeas U U3MepPsAAN OTHOCUTEABHYIO BA3KOCTb C MCIIOAb30BaHIEM BpeMeHN
UCTeUeHNs pacTBopa t 1 BpeMeH! ucredeHns pactsoputeas to (nom =t / to)

Pucynok 2. Buckosumetp BIIK-4 aa51 nsMepeHnst OTHOCMTeAbHOM BA3KOCTU
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Dppgexmusnviii memoo ynasmusanusi CO2 mpuc-ochosanuem ¢ 06pazosanuem noJUMepHOU UOHHOU JCUOKOCU

Pe3yabTaThl

B xoae npoaysanusa CO2-rasoMm pacTsopa Tpuc-amuauHa npu 80 MUHYT yBeAndnAach BA3KOCTb,
YTO XapaKTepu3yeT MOAVMEePHYIO MOHHYIO KUAKOCTb.

CoraacHo autepaTypHbuIM gaHHBIM [7, 8, 9], B VIK-criekTpax mpogykra B3aMOAeICTBIS aMUANHOB
¢ CO2 nHabOaO4aeTCsA CHMABHBIN NUK C LeHTpoMm mpu 1652 cml. B amanaszone 1700-1550 cm, uro
cooTBeTcTByeT moraomennio C=N* ammamuosoro ¢parmenra, noraomennio C=N cBob6oaHOrO
amuAnHosoro ¢pparmenTa. Ha puc.3 nmokasansr FTIR-ciekTpsl TmapokcuicogepsKailero aMmuauHa A0
6apboruposanus COx.

Hamnboaee BakHble KOAeOaHM:, ONNCHIBAIOIIVE CTPYKTypy, IlpeAcTaBaeHbl Ha Puc. 3 m 4.

PesyabpTaThl 1OKa3bIBaloT, 4To 1o Mepe noraomenns CO: yseanmumsaeTcss KapOOHMABbHAsA IpyIia, a
HUTPUAbHAsL yMEHbIIIaeTCsl.
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Pucynoxk 4. VIK-cnextp nioraomenus COz2 npu 80 myH

[To pesyapraram Bsaskoctu (Puc.5.) MOXXHO cKasaTh, YTO B3aIMOJENICTBIE MEXKAY aMUAVHOM U
CO:2 B pactBope sBAsIeTCA OOpaTMMBIM UM HaxXOAWUTCA B paBHOBeCHMU OBICTpee, YeM IIPOBeAEHO
usmepenne. Vcxoas n3 sToro 66110 paccMoTpeHo 6apooTtuposanme ipu 120 MuH.
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PycyHOK 5. 3aBUICMMOCTb OTHOCUTEALHOIO YBEeAMYIEeHNS BSI3KOCTH OT BpeMeH! peaKIinm
ammanHa ¢ CO2

3akaiodyeHue

Kaxk BUAHO N3 Ppe3yAbTaTOB MCCA€A0BaHILI, CI/IHTeSI/IpOBaHHBIﬁ Tpuc-aMnANH B(I)q)eKTI/IBHO
rnoraoigaeTr ANOKC1A yraepodaa. HpI/I HTOM BI3KOCTb BEIIEeCTBa C IIOBBIIIEHNIEM BpeMEHN peaKum C CO2
Ha4dlMHaeT YyBeAN4IMBaTbCI. Cve) CBIIAETEABCTBYET O CHHTE3€e HO/lI/IMepHOﬁ MOHHOM KIMAKOCTUL U
BCI)Cl)eKTI/IBHOM MOrA0IEHNM YIA€KNCAOTO ra3a TpUC-aMUAMHOM. PaSpa6OTaHHBII7I Ha OCHOBE TpuC-
aMIIAVIHa METO/, yAaBAMBaHNA AMOKCMAa yraepoda pecypco- n 9Heproc6eperaloma}1 TeXHOAOIMS He
Tpe6yeT JANIIHUX 3aTpar. MeTOA ITpOCT B CIIOAB30BaHI, Oe3omaceH 1 DKOHOMMYECKN peHTaGeAeH.
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IloanmMepai MOHABIK CYMBIKTBIK TYy3ide OTBIpLII Tpuc HeridiHge CO2 TYTyabIH THIMAI d4ici

Anparna. ITapHukrik spdexT maiga 004raabl KAMMATTHIH ©3repyiHe y/AKeH Hasap OeaiHrei,
OChl MaceAeHiH IIemiMiH TaOyra OarpITTaAfaH 3epTTey caJachblHBIH KeHellyi Oalikaayada. bepiaren
MaKaslada Herisri Hasap «XKacCbld» XMMMSA KOHIIENINSACHL OONBIHINIA epiTKilTepai KoagaHOait,
MOAMMEpPAi MOHABIK CYMBIKTBIK TY3y apKbLAbl KOMipPKBIIIKBLA Ta3blH aAyAbIH TUIMAL 94iciH >Kacayra
OarpITTaAfaH. JepTTey YIIiH TpUC-aMUAVH KapacThIpblagbl. bepiaren ToxipuOeaep 3sepTxaHaAbIK
MaciradTa KOAJaHbICKa €.

Tyiin ce3aep: CO2 TyTy, MOHABIK CYMBIKTBIK, aMUAVIH.

LS. Irigibaeva, A.M. Zhapakova, A.B. Yeralinov
L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

An effective method of CO: capture with a tris-base with the formation of polymer ionic liquid

Abstract. Increased attention to climate change due to the emergence of the greenhouse effect has
led to an expansion of the field of research aimed at finding solutions to this problem. The article is
devoted to the development of an effective method for capturing carbon dioxide with the formation of a
polymeric ionic liquid without the use of solvents, according to the concept of "green" chemistry. The
authors considered Tris-amidine in the study. These experiments would be used on a laboratory scale.

Keywords: CO: capture, ionic liquid, amidine.
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KoprbITnaanl aaloMo-HIKeAAIK KaTaau3aToOp apKblabl Gpypdpypoaant
CyTeKTeHaipill TeTparnapodpypPypua CaiupTiH aay

Anpaatna. Bya xymvicma penmzenozpadusirvik  depmmeyaepoit, KubiHmolzol 00UbIHULA
CIAMIAEHOIPIAZEH KAMAAUSAMOPAAP 63 Oemmepinuie Hezidinen Pypdypordvr cymexmendipyde
Kamaiusamoprapovir, bercerdirizine viknarvii ereyai mypde kepcemedi. Karxaror HukeAvo
KAMAAUSAMOp ~ XKaHe — KOPLIMNAALL — AATOMO-HUKEADIK — KAMAAUSAMOPbL  KOCHAAAPOLIH
okcuomepiten, CiAmideH MOALIKIMAL AULIPVIAMAAH  UHIMEPMeMAAAUdmepder  Mmypamoit
Kypderi  ken  komnowenmmi  xyierep  exendizin  wopcemedi.  Convimern — Ni-Al
KAMAAUSAMOPAAPea UUPKOHULL, HUO0U, MOAUOIEH, XPOM, MDIC KOPLIMNAAAPLIHA Memardapol
enzizy 0apolcLiHia KAHKAAL HUKEALOT KAMAAUSAMOpAApOuI, Pasarvlk Kypamviia, KYpblAbiMbl
KaHe yAecmik colpmuiHa aumapAvikmaii  acepin  Oepedi. Kopvimnarvt arromo-nuxerdix
kamausamopoinda ademmezi Ni-Al (50-50) — NiAI3, Ni2 Al3 ¢aszarapvinar xare a6memuxaoan
(NiAI3 +Al) backa xocuiHObIAGY Kana, Al mazoinacol awviamazan Px Pasarapoin Kypaiodol.
Kanxarv nuxeao xamarusamoprapvinan oacka kamarusamopaap Y-Al2 O3, Ni2 Al3 xane Ox
KOCUIMULA KOCLIHOBIAApbIHAN mypadvl. Kopoimnaivl aAtoMo-HUKEA)IK KOCHIHOBIAAY HUKEADOIH
Kpucmaroolx MOPAAPBIHOIH, napamempaepive  LIKNAAbIH muzis0eiioi, aiaida
Kamaiusamoprapovir, kpucmardapvir (L) edayip ycamon, 95,0-128,5 m2 /2 wamacvinda
Kamaausamopovlt YACHIK ColpHbIHOIH, YA2AUMbBIAGOL.

Tyitin cesaep: PypPypor, mempazudpoPypPypur cnupmi, aroMo-HUKeAi Kamarusamop,
2udpaey ypoici.
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Kipicne

Dyppypoaasr TeTparuapoPypPypuasik cromprke JeiiH CyTeKTeHAipyAiH KOIKOMIIOHEHTTIK
JKyleci YCBIHBIABIN, HUKeAbAiK PeHeil KaTaamsaTtopAapbl ©HJeAill  >KYMBICTap >KacaAbIHABIL.
KaraamsaTtopaapablH KOAAaHBICHI peTiHAe - MOAMOAEH, MBIC, XPOMHBIH (HeMece QeppoXpoMm)
KOCBIHABLAAPBIMEH >KaHapThIAFaH, CyTeKIIeH CiATiCi3deHAipiATreHHeH KeliH aaAAblH-ada KypraTblAFaH
KaHKaAbl HMKeAb OpIIiTKidepi aablHABL. OHAeain caparnraabln OepiareH Karaamsatopaap Oisre Oeariai
Do4bIIl XXYpreH KaTaamusatopaapra KaparaHaa 10-12% OeaceHAiAiK TaHBITTBI, OAapAbIH TYPaKThLABIFBI
20-25% >xoHe 0AaH >KOFaphbl JKarjaliapl kepcete 0iaai [1].

Inpxonnitmen, HuoOMiiMeH, MOAMOAeHMEeH >KaHapThLAFaH KOPBITIIAAbl HUKEAb-aAIOMMUHUILAIK
KataansaTopaapaa 40-120° C men 4-12 Mma cytek KpIcbIMBbIHAA QypPypoaasl TeTparugpodpypdpypua
CIIMPTiHe AeNiHIl CyTeKTeHAipy ypdaici seprreaingi. Karaansaropaapably KypaMbl e3TepTiATeHAiKTeH,
JKaHapThIAFaH  KOCBIHABIAAp — €HTi3iAreHAIKTeH  KaTaAusaTopAapablH — OeaAceHAiairi — eHrisizerin
KOChIHABLAAp  TaOuraTbiHa  OailaaHBICTBI ~ MakKcUMyMMeH —eoTedi. beacengizikrepi  OolibiHIna
KaTaamsaTopaap Keaeci katapmeH Keaedi: Ni-Al< Ni-Zr-Al< Ni-Nb-Al< Ni-Cu-Al

Moaubaen MeH MBICTBI; MOAUOAEH, MBIC IIeH XPOMABI; MOAMOAEH, MbIC 1eH (peppoxpoMabr 80-
160° C-ae, 2-6 Mmna cyrek kpicbhiMbIHAQ, 100-180 car! apThIK cyTekTiH OapOoTaxkblHAa Oip MeserTe
eHTi3yMeH >KaHapThlAFaH KOPBITIIaAbl HMKeAb-aAlOMMHMIIAI KaTaausaTopaapia Pypdypoassl KoHe
dypPypoaabl KoHAEHCATTHI Y34iKCi3 CyTeKTeHAipy ypdici sepTTeaiHai. 3epTTeaiHreH KaTaAmusaTtopAaap
OeceHAiairi MeH TYPaKTBIABIFBI OONBIHIIIA MBIHa KaTapMeH opHaaackaH: Ni-Mo-Cu-Cr’-Al > Ni-Mo-Cu-
Cr-Al > Ni-Mo-Cu-Al
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ATOMABI-aACOPOIMABIK CIIEKTPOCKOIINS, PEHTIEHO JKoHe 91eKTpoHOrpadIs, KapbIKKa TyCipeTiH
JKoHe KO3ABIpaThlH DAEKTPOHABI MUKPOCKOIINS, TOMEH TeMIlepaTypaadbl ajscopOIus MeH a30TThIH
KaIllMAASPABI KOHJEHCATHI, peHTreHO(POTODAEKTPAi CIIeKTPOCKOMNS, TeMIIleparypaAabl-
DargapaaMadaHfaH CyTeKTiH AecOpOIMACH TaCidiMeH IIbIFapblAaThIH >KoHe CiaTici3geHAipiareH
KOPBITIIaABl AAIOMO-HUKeAAIK KOPBITIIAAapABIH XMMISIABIK >KoHe (a3aablK KypaMaaphl, CBHIPTTAFbI
BAeMeHTTepAiH KypaMbl MeH Ba/leHTTiAiK KaAIlbl, a4COOLMAABIK KacueTTepi aHbIKTaABIHABI [2].

Hoatmxeaep

MoanbGaenmeHn, XpOMMeH, MBICIIeH, HUOOMIIMeH, IIMPKOHMIIMEH >KaHapTbhlAFaH epiTin
KOPBITIIaABl aAlOMO-HMKeAAIK KaTaAu3aTOpAaphIHEIH (a3aablK KYpaMbl MeH KYPBLABIMBIH PEHTIeHAiK
KYPBIABIMABIK, JKoHe PEHTTeHAIK CIIeKTPAiK capanTay TaciadepiHiH keMeriMeH 3eptreai. Hotiokeaepi 1
KecTege KepceTiareH. 1 KecTe gepeKkTepiHje HIBIFBIC KOPHITIIadap MeH KaTaau3aTopAapAblH KypaMbl MeH
KYPblABIMJapblHa JKaHapThLAFaH MeTaaJapAblH callaablK >KoHe CaHABIK eAeyai acep KepceTeTiHi KopiHin
Typ. Kopsirmara agerreri Ni-Al (50-50) — NiAls , Ni2 Alspasasapreian >xoHe spreTukagan (NiAls
+Al)0acka KOChIHABLAAp >KaHa, 94i MarbIHachl amblamaraH ®x ¢gaszasapbiH Kypaabl. KaHkaabl HUKeab
KaTaAM3aTOpbIHaH Oacka Karaamsaropaap Y-Al: Os, Ni2 Als sxone @®x KOCBIMINA KOCBIHABLAApPBIHAH
Typaabl. KopbITriaapl aalOMO-HUKeAAiK KOCBIHABLAAD HUKeAbAIH  KPUCTaAABIK — TOpPAapBIHBIH
IapameTpAepiHe BIKIIaAbIH TUTi30eli4i, asaiiga KaTaausaTropaapably KpucraagapuH (L) eaayip ycarsin,
95,0-128,5 M?/r mamachIiHAa KaTaAM3aTOPABIH YAECTiK CBIPTBHIHBIH yAraiTagsl. Kyma Tociai apxprasr 1
KecteJe >Keke ¢aszalapMeH OpPBIH aaraH KeHicTikrep keaemi anbiKTaaabl.  NiAls sxene Ni2Als
¢dasasapoibiy  keaemi 35-63 skeHe 30-42% 11aMachlHAA aAyBITKBIII OTBIpaAbl, >KoHe Je oJap
KOphITHaJapAarbkl MeTaljap IIOFRIPAAHYBIHBIH ociMiMen kemugi [3]. Kopeitmaga KocelHABLAQD
CaHBIHBIH ©CiMiMeH 5BTeTuKaAblK Kocra (Al+NiAls) men Geariciz ®x xypamsr 17-20 sxone 12-13% aeitin
antapapikTant  yaraiiapl.  NiAly/Ni2Als  Gaiiaanpic  IpoMOTHpAeHTeH —KopblTiasapaa  1,27-1,38
KOCBIHABICHI3 KOpBITIIaFa KaparaHAa >KOFapblaay, KOCBIHABLAAPBI Oap MeTaaJap IIOFbIpAaHYBIHBIH
eciMmiMeH KemMIuai HeMece ITMPKOHUITI Oap KOpBITIIadapblHaH MoAuOJAeHi Oap KophITIIadapra Kapaii
yarasabl. PenTreHorpausaAbK 3epTTeyAepAiH SKUBIHTBIFBI CiATiAeH alibIpblAFaH KaTaAu3aTtopaap e34i-
e3i HeriziHeH PypPypoaABI CyTeKTeHAiIpyAe KaTaau3aTopAapAblH OeaceHAiAirHe BIKIIAABIH eaeyai Typae
KOPCeTeTiH KaHKaAbl HUKeAbJEH >KoHe >KaHapThlAFaH KOPBITIIaAbl aAlOMO-HMKeAAIK KOCIladapAblH
OKCUATEpPiHeH, CiATiZeH TOABIKTall aWbIpblAMaraH WHTEPMETAaAAUATePAEH TYpPaThlH KypAeai Kem
KOMIIOHEHTTI Xylieaep ekeHAiriH kepcereai. Ceitrin, Ni-Al ra nmupkoHunii, Huoomii, MoAndAeH, Xpowm,
MBIC KOpHITIIaZapblHa MeTalJapAbl eHridy KaHKaAbl HMKeAbAl KaTaAu3aTopAapAblH —(aszaablk
KYpaMBbIHa, KYPbLABIMBI JKoHe YAeCTiK CBIPThIHA aliTapAbIKTall acepiH Oepeai. Aybiciaabl MeTaaJdapMeH
JKaHApPThIAFaH KOpPBITHAABl aAlOMO-HUKeAAIK KaTaAu3aToOpAapAblH XUMMAABIK —CapanTaMachIHbIH
KOPBITBIHABLAAPB! OapAbIK >KaHapTHLAFaH MeTaljap CiATigeH albIpbhlAFaH KaTaAusaTropaap KypaMbIHa
KipeTiHiH KopceTeai. Kataansaropaapaarbl MeTaaa KOCBIHABLAAPBIHBIH IIOFBIPAAHYHI CiATige 0AapAbIH
epy AJopeKeciHe SKoHe KOPBITIIa ImaxtadapbiHa KaparaHaa 0,4-1,4% TemeH OoaaThIHBIHA
6ariaanpicTel.CiaTicisgeHAipiaTeH KaTaan3aTopAapAbIH XMMUAABIK, KypaMbl TaOMFaTKa >KoHe IITBIFBIH
KOpPBITIIaAapBIHBIH KOMIIOHEHTTepiHe aiTapAabiKTail OariaaHpicTel. Ceririnl, OapABIK KOPBITIIAABI
aAI0OMO-HUKeAAiK KaTaAu3aTOphl KOChIHABLAAP Tikeaeil KaHJall Aa Oip KaaAbllTa CiATiAeH Ta3apTblAraH
KaTaAM3aTopJapra eHeJi, 04 ©3 aa/AblHa OJapAblH alcopOIuslaHFaH >KoHe KaTaAUTHUKaAbIK KacueTKe
BIKITaABIH THUTi3edi. ONTUKaABIK MUKPOCKOIMS KYPBIAFBI KOMeriMeH TYIipIIiKTi 3epTTeiTiH apHalibl
KOHABIPFBIHEI I1alijaZaHa OTHIPBII KypaM 3epTTeyAepiHiH HoTVDKeAepi aAblHABL, OA JKepAe >KaAIlbl
IIOFBIpAaHybl  75-89%  KypalThIH 3epTTeyJeri KaTaAu3aTopAapablH ycaK OearekrepMeH
MOJalIFaHABIFBIH KOpceTeai.
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1 xecTe
AAIOMO-HI/IKEAbAiK KOprTHailap MeH MeTal KOCbIAraH KaTaZH/ISaTOpAaPAbIH CUITaTraMachbl

KopsiTnaant KoprbiTnia Karaamnsarop
KaTaans3aTop ®dasa ayaaHbl ®x | NiAls | Kpucraan | Kpucraa | Berinin HakTo!
NiAl | Ni2Al: | AI+NiAls Ni2Al; | apamerpi | eamremi ayAaHbl
3
1 2 3 4 5 6 7 8 9
Ni-Al
50-50 50 40 10 - 1,24 0,353 54 105
Ni-Zr-Al
47,0-3,0-50,0 53 42 8 - 1,30 0,353 5,0 95
45,0-5,0-50,0 51 39 7 3 1,28 0,353 4,7 112
40,0-10,0-50,0 48 37 9 5 1,26 0,353 4,4 105
Ni-Nb-Al
47,0-3,0-50,0 48 36 15 - 1,33 0,353 4,2 120
45,0-5,0-50,0 43 33 17 8 1,30 0,353 4,0 123,5
40,0-10,0-50,0 36 30 21 12 1.28 0,353 3,7 128,5
Ni-Mo-Al
47,0-3,0-50,0 47 35 10 _ 1,38 0,353 3,6 100,0
45,0-5,0-50,0 45 33 11 10 1,36 0,353 3,4 111,5
40,0-10,0-50,0 39 30 18 13 1,30 0,353 32 119,8
Ni-Mo-Cu-Al
43,0-5,0-2,0-3,0- 46 34 13 6 1,35 0,353 31 123,6
50,0
Ni-Mo-Cu-Al
40,0-5,0-2,0-3,0- 38 30 19 12 1,27 0,353 2,0 116,4
50,0

Karaamsatopaapaarel  ere ycak OealekTepaiH 0eaiHyi ypaici 9AeKTPOHABI MUKPOCKOIIS
KYPBIAFBICH apKblabl Tekcepiadi. CoHbIMeH KaTap IPOTUPAEHTeH aAlOMO-HMKeAbAiK KaTaAu3aTopAaap
DealeKkTepiHiH CBIPTKBI MeAallepaepi mamameH aaraHaa 0,33-0,47 MKM, KOCBIHABICHI >KOK KaHKaabl
HIKeAbre KaparaHaa 1,6-4,0 ece >kxoraphl ekeHAiri kepceTiareH [3].

bis MeTaa KocblLAFaH KaHKaAbl HUKeAb KaTaAU3aTOpAapbIHBIH KeyeK KYPBLABIMBI 3epTTeiK. AproH
COpOLIMSICBIHBIH, M30TepMJAepi TecTepesUCTiK iaMekTepaiH ¢opmasapsl KelTereH >KaHapThlAFaH
HUKeAbAIK KaTaAu3aTopAap YIIIH cCaAbICTBIPMAaABIK — KBICBIMAApABIH OpTa  aliMaKTapblHAArbl
aACcoOpOIUAABIK >KoHe AecOpOLMAABIK IappadeAbiik OpHaJlacybIMeH JKoHe Je TONTacTBIPYbl OONBbIHINIA
A-TurmiHe >KaTaTBIHBI CHUIIaTTadaAbl, 04 UMAMHAPAIK KYBICTBIKTapABIH OacbhIM OOAFaHABIFBI TypaAbl
MaaiMaeniai. KybICTBIK TapaayAblH KOIITiri aliKblHJaaMaca Aa, >KaKbIH aliMaKTa eKeHAiriH Oalikayra
00aaAbI.
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TaakpLaay

Dypdypoa cyTeKTeHAipiayiHIH aAlOMO-HMKeAbAIK KOPBITIIaZaFbl MeTaAd KOCBIHABLAAPBIHBIH
KypaMBbIHa Kaparii SKBLAAAaMABIK Tayeaaiairin KopceTeai. Oaan OapabIK 3epTTeAeTiH
KaTaAmsaTopaapAarsl  Qypdypoa CyTeKTeHAIpyAiH >KbLAAaMABIFBI KOPHITIIaJaFbl  >KaHApThLAFaH
MeTaasapabiy 1,0 Mac. geifiH >XblaJaM ©CeTiHi, CO4aH KeliH CYyTeKTeHAIPiayaiH >KblaJaMABIKTaphIHBIH
Dasty ecimi OoaaTbiHBI KepiHinn Typ. JKaHapThlaraH KOPBITIIAAbl aAlOMO-HUKeAAIK KaTaausaTopAaap
Heacenaiairi 90° C men 4 MIla-ga apTaasl, KOpBITIIAABl AAIOMO-HUKEAAIK KaTaAN3aTOpP CaABICTHIPMAaAbl
peTiHAe KOCBIHABLICHI3 KOpPBITIIadarbl KaHKaAblK HUKeAbre Kaparanaa 2,1-3,0 ece >xorapwl. EH ken
6eacengiaikti Ni-Nb-Al >xone Ni-Mo-Al karaamsaropaaprr kepcetesi. Pypdypoassl cyTeKTeHAIpY
YLUIiH KypaMBblHJa MBIC, MOAUOAEH, IIMPKOHUI, HUOOMI, XpOM >K9He KeleCi Kypambl Oap HIKeEAb-
aAIOMMHII KOPBITIIadaphl HeTi3iHAeri epiTill KOPBIThLAFaH KaTaAu3aTopAap KOAAaHBLAABL:

Ni-Al (50,0-50,0)
Ni-Zr-Al (47,0-3,0-50,0)
Ni-Zr-Al (45,0-5,0-50,0)
Ni-Zr-Al (43,0-7,0-50,0)
Ni-Zr-Al (40,0-10,0-50,0)
Ni-Nb-Al (49,0-1,0-50,0)
Ni-Nb-Al (47,0-3,0-50,0)
Ni-Nb-Al (45,0-5,0-50,0)
Ni-Nb-Al (40,0-10,0-50,0)
Ni-Mo-Al (49,0-1,0-50,0)
Ni-Mo-Al (47,0-3,0-50,0)
Ni-Mo-Al (45,0-5,0-50,0)
Ni-Mo-Al (43,0-7,0-50,0)
Ni-Mo-Al (40,0-10,0-50,0)
Ni-Ti-Al (47,2-2,8-50,0)
Ni-Mo-Cu-Al (44,0-5,0-1,0-50,0)
Ni-Mo-Cu-Al (43,0-5,0-2,0-50,0)
Ni-Mo-Cu-Al (42,0-5,0-3,0-50,0)

0 0 NSOl W

e e S e
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Cr* - ¢eppoxpom (xypameiaa Cr 69,1 %, Fe 28,04%, Si, P, S 0,96% xocmarsl 0ap).
Karaamszaropaap III-1 mneminge MeTaagap KOPHITYMeH >KacaAblHFaH. baakpity  rpadpwmr
CTaKaHJAApbIHAA KeAecideriaen oTKi3iaai: eH aaAbIMeH aAlOMUHUIIAL OaAKBITEII, KOPBITBLAYFa HUKEAbAL
Kiprizeai. TemmneparypaHblH XblagaM >KOFapblAaybIMeH KeAeTiH aAlOMOTePMUKAABIK — yaepic
OacraayblHaH KelliH Oasy OaAKUTBIH MeTaljapaaH Oacrall, KOCBIHABLAQHFAaH MeTaAAapAbl KOCAaABblL
KocbHabIHBL KBapIl TasKIIaCBIMEH apaAacTBIPBII, IIOMBIH KyliMa KaAblKa KysaAbl. CybIFaHHaH KelliH
KOCBIHABIHBI YTiTiN, ppaknusiaanasl. 2 KecTede IMPKOHNI, HUOOWI, MOANOAEH, MBIC, XPOM MeTaAAaphl
KOCBLAFaH KaHKaAbl HUKeAbAiK KaTaAM3aTOpAapAblH KYBICTBIK KYPBIABIMAAPBIHBIH IIapaMeTpaepi
KepceTiareH. 2 KecTe gepeKTepi JKaHapThLAFaH MeTaalap HeTi3diHeH KOPBITIAaAbl OpIIiTKiHIH KeOeiiTeTiHi
6izineai, caasicTEIpMaasl TypAae aabiHFaHAa 100-138 M sxone 80-90 M? /T A€liiH; caABICTEIPMAABI JKOFapPBI
TUIMAl paagUyCTHIK KYBICTBIK KOA€M, Cip9, )XaHapThLAFaH MeTaldapMeH KaTaaAu3aTopAapAblH HUKeAbAIK
¢dasa mrammipaiTeiHa Kapait eTeai [4]. Exi mHe ym wmetaaawr Oipre enrisyse ©Oopi aybIcajpbl
Abcopb1msHbIH n3oTepmi E-Turine (2 kecre) aybIChIN, KYyBICTHIK K©1€M MeH OJapAbIH Pasuychl KeMill,
IMAMHAPAIK KYBICTBIKTAp II6AMeK Topi3Ai O0ABII KaAaabl.
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2 xecte
MeTaaa KOCblaFaH KaHKAAbl a1I0MO-HIKeAbAiK KaTaam3aTopAapAbIH KYBICTBIK KYPbLAbIM

napameTtpaepi
Kopbrrnaant Sboar, Skym, Sboar, Vnop RapP,A° N3orepma
KaTaansaTop,% M2/ M2/ M2/r SKyM, cM?/r THIII
M2/r
Ni-Al
(50,0-50,0) 105 75 28,5 0,102 30 A
Ni-Zr-Al
(45,0-5,0-50,0) 100 80 27,3 0,122 30 A
40-10-50 120 90 25,0 0,129 32 A
Ni-Nb-Al (45,0- 115 93 19,1 0,135 35 A
5,0-50,0) 120 85 29,2 0,128 33 A
40-10-50
Ni-Mo-Al (45,0-
5,0-50,0) 138,4 110 20,5 0,142 38 A
40-10-50 120,8 100 17,2 0,152 42 A
Ni-Mo-Cu-Al
(43,0-5,0-2,0-50,0) 115 90 21,7 0,097 22 E
Ni-Mo-Cu-Al
(43,0-5,0-2,0-50,0)
132 88 33,3 0,081 20 E
KopsITBIHABI

KopoiTnaasl  aaloMoO-HMKeAAiK —KaTaausaTopAap KypaMblHa KOCBIAFaH —MeTaaJap — YIITiK
KOphITHadapAa KaHKaAbl HUKeAb KaTaAM3aTOPBIHBIH  TEepMOAECOpPOIMAABIK MpeK CUIaThiHa
alfTapABIKTall acep eTneliai, 6ipak TOABIK K©A€MiH ©3repTill oThIpalbl. TepMogecopOIMAABIK UpeKTepe
CyTeKTiH eki (opmachl allKblH KepceTiareH, oaapablH aecopOruscer 0-210° C sxene 210-600° C
aliMaKTapbIHAa Ky3ere acaapl. bipiniti ¢gopma GipiHmIiHiH TeHecTipiayi OolibIHIIa, aa eKiHIm popma —
eKiHIIIi TopTiNIeH AecopOumsaaaHaabl. CyTeri OOVBIHINA €H KOI ChIBIMABIABIKTHI KaHKaabl Ni-Mo-
KaTaAM3aTopAapsl KepceTeai, AecopOiusianFaH cyTeriniH >kaamsl keaemi 600° C-re 51,0-55,0 cm?® /r
AelliH KepceTeai. 3epTTeAeTiH aAIOMO-HIKeAbAIK KaTaAu3aTopAapAblH cOpOLMAABIK KabiderTepi, cipa,
>KaHapThLAFaH KOPHITHaAbl aAl0OMO-HUKeAAIK KaTaausaTopaap KOCBIHABLAApABIH Kypamel 5,0% caiikec
MaKCMMYM apKblabl >KacadaThlH Ooaaabl.KocbiHAbIcel O0aaThiH MeTaadap OipiHIi 94ci3 agcopOIms
YIIBIpalTeIH (OpMaHbl KOOeNTil, cyreri Oepik agcopOnusianFad popmara KaThICTBI IIOFBIPAAHYBIH
epeKIlle KeMiTeTiH aiiTa KeTkeH >keH. Mertaaanr 1,1-1,5 ecere Kocy agcopOiiusianFaH cyTek popMachiH
yaraitagpl. byaan ©Oacka, agcopOiusdaHfaH CyTeriHiH OipiHmm >keHe ekiHII QopmMasapsl
caAbICTBIpMaAbl TOMEH TeMIlepaTtypada (0ipinmri ¢popma — 100-140° C, exinmri popma — 150-240° C) sxone
eH KeM KeaeMiHge (Gipinmi ¢opma  24-30 KAsx/moas, exinmi ¢opma 50,5-65,0 KAx/mMoab)
Aecopbrusaanaabl.  CyrtekTiH  94acis  agcopOiussanran  ¢opmasap caHB  IIPOMOTHpPAEHIeH
KaTaAusaTopaapaa AecopOIiusAaHFaH CyTeTiHiH KaAaIbl caHbiHaH 50-60% >xeteai. CyTeriHiH OapabIK
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¢opmasapsl KaTbICbIHA CUAKTHL €H KOIl cOpOIMAABIK KabizeTTiaik KaHKaabl Ni-Mo KaTaamsaTtopaapst
Oiaaipeai. MoanbaeH MeH MBICTHI Oipre eHrisreHge em esrepic Goamariabl. Hukeab-aaromMmHui
KaTBICBIHAAFBI KOpBITIIaFa MOAMOAEH, MBIC, XPOMABI Oipre eHriziAreHHeH aAbIHFaH OeC KOMIIOHEHTTIK
KaTaAn3aTOpABIH TepMocopOIMAALIK nperiHde 195°C-ae Temiiepatypada IeH CyTeKTiH Oip FaHa IIIBIHBI
Oarikasaapl. CyTekTiH >Kaambel Kypambl Ja 61 cMm3/r aeitiH eceTiHairi Oalikaaaabr.KaHapTbelaraH
KaTaamsaTopaap OeaceHaiairi koceiHABICHI3 Ni-Al ckeaeTTi KaTtaamsaTopbiHa KaparaHaa 1,5-1,8 ecere
>korapsl HeMmece oHAipicTik Ni-Ti-Al 0Oariaanbicka KaparaHaa 1,8-2,0 ecere >Korapbl HOTUIKeHi
koepcerTi.EH kem OeaceHaiaikti kopwoiTbiaraH Ni-Mo-Al  karaamsaTopaapbl KepceTeai.depTTeaeTiH
KaTaamsaTopaap OeaceHAiAiriHiH ecyi OolibiHIIa KaTapMeH Keaeai: Ni-Zr-Al< Ni-Nb-Al< Ni-Mo-AlL

OaedmerTep Ti3imi

1. Bevicexos T.b., Ep>xanosa M.C. u ap. // Xum. mpom. — 1980. — N2 9. — 525 6.

2. Duisembiyev M.Zh. “Hydrogenation furfurily in furfural alcohol in presence of floatable
catalyst” The materials of international conference “The development of science in modern era”. — Kyiv,
2012. - P. 17-20.

3. Ayitcembues M.K. IToabop m paspaboTka KaTaam3aTOpoB IugporeHusanun ¢QypPypoaa.
Hayka m cospemenHocTs-2012: Te3uchl MeXAyHapOAHOV Hay4YHO-IIpaKTUYecKoi KOHQepeHIIUIA.
— Hosocnbnpck, 2012. - C. 171-175.

4. Ilonosa I'.51., Anapymikesia T.B., 3axapos I1.V1., Yecaaos I0.A. // Kuneruka u karaans. — 2015.
- T.46.-C.233.

M.X. AyiicemOues
IOxno-Kasaxcmaricxuii 2ocydapcmeertuiil nedazozuveckuil yrusepcumem, Hlvimienm, Kasaxcman

IToay4denue TeTparmapodpyp@PypnaoBoro cuvpTa rmapuposannem ¢yppypoaa ¢
VICII0AB30BaHMeM KaTaan3aTopa 13 aaloOMIHIEBO-HIKeAeBOTO CII1aBa

AnnoTamms. B aanHOil  paGoTe, OCHOBaHHOI Ha KOMILAeKCe PeHTIeHOCTPYKTYPHBIX
UCCAeAOBaHMI, aAKaAM3UMpPOBaHHbBIE  KaTaAM3aTOpPhl  CyIIeCTBEHHO BAMSIOT Ha  aKTMBHOCTD
KaTaansaTopos rugpuposanus pypdypoaa. IlokazaHo, yTo CKeAeTHBINI HUKeAEBBINI KaTaAU3aToOp U
KaTaAusaTop U3  aAlOMUHMEBO-HMKEeAeBOIO  CIldaBa  HpPeACTaBAAIOT  COOOM  CAOXKHBIE
MHOTOKOMITOHEHTHBIE CJCTeMBI, COCTOsAINNe U3 OKCHUAOB IIpuMeceli, UHTepMeTaAanAoB. Takmm
oOpasom, nipu BBeAdeHun metaaaos B Ni-Al kaTaamsaTopsl CIiaaBbl IMPKOHM:, HIOOU:A, MOAnOJeHa,
XpoMa U MeAM OKa3BIBAIOT CyIleCTBeHHOe BAMsHMe Ha (Pa3oBBI COCTaB, CTPYKTYPY U acIeKTHOe
COOTHOIIIeHNEe CKeAeTHBIX HUKeAeBBIX KaTaAm3aTopos. B KaTaamsaTrope m3 aalOMIHIEBO-HUKeAEBOTO
criaaBa 400aBKM, OTAM4YHBIe OT OObgHBIX (a3 Ni-Al (50-50) - NiAl3, Ni2Al3 u ssrexTuk (NiAl3 + Al),
o0OpasyloT HOBbIe, ITOKa Hem3specTHble Fx-Qaspl. IToMuMO CKeaeTHBIX HUKeJeBBIX KaTaAl3aTOpOB,
KaTaAM3aTOPhl COCTOAT U3 A00aBok Y-AI203, Ni2Al3 u Fx. /lermpoBaHHbBIe aAlOMIHNIEBO-HUKeAeBble
coeAMHEeHNs He BAMIOT Ha ITapaMeTphl KPUCTAAAMYECKMX PeIeTOK HUKeAs, OAHaKO 3HAYMTeAbHO
ApOOAT KpucTaaabl KaraansaTopa (L) 1 yBeanunBaioT yaeAbpHyIO I101adb KaTaausaropa Ha 95,0-128, 5
M2/T.

Kaiouesbie caosa: ¢ypdypoa, TerparugpoPpypPypuaossiii CIMUPT, aAIOMO-HUKEeAEBbIi
KaTaAn3aTop, ITMApPUpPOBaHue.
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M.Zh. Duisembiyev
South Kazakhstan State Pedagogical University, Shymkent, Kazakhstan

Production of tetrahydrofurfuryl alcohol by hydrogenation of furfuryl using an aluminum-
nickel alloy catalyst

Abstract. Alkalized catalysts significantly affect the activity of furfural hydrogenation catalysts
based on a complex of X-ray diffraction studies based on a complex of X-ray diffraction studies. The
skeletal nickel catalyst and the aluminum-nickel alloy catalyst are complex multicomponent systems
consisting of impurity oxides and intermetallic compounds. Thus, when metals are introduced into Ni-
Al catalysts, zirconium, niobium, molybdenum, chromium, and copper alloys have a significant effect
on the phase composition, structure, and aspect ratio of skeletal nickel catalysts. In an aluminum-nickel
alloy catalyst, additives other than the usual Ni-Al (50-50) - NiAl3, Ni2Al3 and eutectic (NiAl3 + Al)
phases form new, yet unknown Fx-phases. In addition to skeletal nickel catalysts, the catalysts consist of
additives Y-Al203, Ni2Al3 and Fx. Doped aluminum-nickel compounds do not affect the parameters of
the nickel crystal lattices, however, they significantly crush the catalyst crystals (L) and increase the
specific area of the catalyst by 95.0-128.5 m2/g.

Keywords: furfurol, tetrahydrofurfuryl alcohol, aluminum-nickel catalyst, hydrogenization.
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Study of steel corrosion inhibition with the use of secondary waste

Abstract. The article investigates the inhibition of steel corrosion by phosphorus-containing
oligomeric inhibitors. In the experiment, samples of carbon steel of the following chemical
composition (mass %) were tested: 0.19 carbon, 0.075 manganese, 0.055 phosphorus, 0.625 iron,
0.047 sulfur, and 0.008 others. Tafel graphs were compiled to provide a deeper understanding of
the kinetics of cathodic and anodic corrosion reactions. It was found that the polarization data at
500 mg/l of the phosphorus-containing oligomer PSK-1 in 1M HCI have a significantly higher
inhibition efficiency of 97.76%, respectively.

Keywords: corrosion inhibitors, metal corrosion, phosphorus (V)-chloride, cyanuric acid.

DOI: https://doi.org/10.32523/2616-6771-2022-138-1-31-36

Introduction

Carbon steel is one of the most widely used materials in the industry due to its high availability,
physical and chemical characteristics, and relatively low cost [1]. These characteristics guarantee the
widespread use of carbon steel in several areas such as chemical processing, spatial construction, metal
processing, seawater, and oil refining [2] or minimize it by introducing compounds of phosphorus-
containing polymers and oligomers into a corrosive environment [3].

The addition of polymeric chemical compounds to a corrosion solution to reduce corrosion (HCI,
H2504, H3POs, and HNOg) is referred to as a corrosion inhibitor by forming a protective layer on the
surface of the steel, and this form of corrosion protection is called inhibition [4]. In addition,
phosphorus-containing polymers are adsorbed on the steel surface due to physical, chemisorption,
and/or physicochemical adsorption [5]. Chemical adsorption distributes or transfers the load from the
phosphorus-containing polymer to the surface of the metal, which leads to the development of a
covalent bond of a coordinated type. However, physical adsorption is a van der Waals and electrostatic
interaction between loaded phosphorus-containing polymers and the metal surface of the contaminated
metal. Phosphorus-containing polymers having active sites (especially heteroatoms such as O, N, and
S), aromatic rings, epoxy groups, phosphorus atoms, and m-electrons can be used as steel corrosion
inhibitors [6].

The purpose of this article is to study a phosphorus-containing oligomer as a carbon steel
corrosion inhibitor in an aggressive solution (IM HCI). The influence of a phosphorus-containing
oligomer based on phosphorus (V)-chloride with cyanuric acid (PSK-1) at various concentrations was
evaluated using potentiodynamic polarization.

Experimental part

In the experiment, samples of carbon steel of the following chemical composition (mass %) were
tested: 0.19 carbon, 0.075 manganese, 0.055 phosphorus, 0.625 iron, 0.047 sulfur, and 0.008 others. The
used solution (1M HC1) was analyzed based on 37% HCI using a dilution with bidi stilled water. The
concentration range from 100mg/1 to 500mg/1 is realized, and the surface of carbon steel used is 1 cm?2.
The structure of the studied phosphorus-containing oligomeric PSK-1 inhibitor is shown in scheme-1.

BECTHUK EHY umenu A.H. lymuaesa. Cepus Xumus. Teozpagus. dxkorozus Ne 1(138)/2022 31
BULLETIN of L.N. Gumilyov ENU. Chemistry. Geography. Ecology Series



Study of steel corrosion inhibition with the use of secondary waste

HO
HO X oK N N
NP 5\(%[/ - }‘\,_)'\o "'0/&//@

a N\r,/..ra 481, 100°C .
b ( ‘*‘*-*( 7/“\ o

oH HO

Synthesis of a phosphorus-containing oligomer PSK-1

The device for electrochemical measurements consists of three-electrode cells, namely the counter
electrode (platinum), the reference electrode (Ag/AgCl), and the working electrode (carbon steel),
respectively. The electrochemical measurement is connected to the SP-200 with a signal amplitude (10
mV) [6].

The obtained results and their discussion. Tafel graphs were compiled to provide a deeper
understanding of the kinetics of cathodic and anodic corrosion reactions. Graphs of potentiodynamic
polarization of the carbon steel sample in an aggressive solution (IM HCI) without inhibitor and with
different concentrations of phosphorus-containing oligomer after30 minutes of immersion at 298 K are
shown in Fig. 1. Corresponding electrochemical corrosion variables, such as corrosion current density
(icorr), corrosion potential (Ecorr), inhibition efficiency (nrattel (%)), cathode (s) and anode30 minutes of
immersion at 298 K are shown in Fig. 1. Corresponding electrochemical corrosion variables, such as
corrosion current density (icorr), corrosion potential (Ecorr), inhibition efficiency (nratte1(%)), cathode ((3s),
and anode(pa) The Tafel constants are determined by the Tafel slope and are shown in Table 1.

It is known that the electrochemical reaction of carbon steel in 1M HCI solution without an
inhibitor is a cathodic reaction associated with proton reduction (reduction) 1 reduction (1 reduction).
The corrosion inhibition efficiency (newte (%)) was calculated by formula 3.

2H ++2e- > H2 1
Fe < Fe2 + + 2e- 2)
Ntatel (%) = (1 - iinh /i0) x 100 (3)

where i0 and iinh are the corrosion current density not inhibited and the corrosion current density
suppressed by different PSK-1 concentrations, respectively.
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Table 1

Different polarization parameters for carbon steel are not inhibited and are not inhibited by
different concentrations of PSK-1 at 298 K.

C trati . TiltSlopes
Inhibitor oncentration, mg -Ecorr (mB) Leorr (mB AeC-l) Tl(o/o)
/1 (A/cm2)
-Bs Pa
Noinhibitor
439,7 7 193,1 4 -
(1M HCI) 0 39, 3973 93, 9
100 451.7 83.1 68.7 59.2 79.08
200 412.1 41.5 57.9 41.1 89.55
PSK-1
300 423.3 31.7 60.3 44.9 92.02
400 416.2 23.1 69 41.3 94.18
500 421.4 22.3 69.4 42.6 97.76

-

log i (mA/em?)

0,8 0,7 0,5 -0, 0,3 0,2 -0 1
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Picture 1. Polarization curves of carbon steel in 1M HCI, uninhibited and inhibited by various
concentrations of PSK-1 at 298 K

Electrochemical parameters can be calculated based on Tafel plots [3]. The current densities of
cathodic and anodic corrosion decreased significantly with increasing concentration of PSK-1 in 1M
HCI, indicating that the phosphorus-containing oligomeric inhibitor may also affect cathodic and
anodic reactions (equations 1 and 2). As shown in Table 1, corrosion current densities indicate a
significant decrease with increasing PSK-1 concentration. As a result, it is assumed that the increase in
PSK-1 minimizes the dissolution of iron. Corrosion potential shift (Ecr) was evaluated according to
formula 4, values (Ecorr) are negligible or equal to zero. In addition, the likelihood of corrosion is caused
by a geometrical obstacle on the surface of carbon steel when using a phosphorus-containing oligomer.
If Ecorr values are below 85 mV, the inhibitor can be considered a mixed type of inhibitor [4].
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In the case where the Eworr value was negative below -85 mV, the phosphorus-containing oligomer
can be attributed to the cathodic inhibitor type, while a positive value above +85 mV could be assumed
to be the anodic inhibitor type [4]. In this article, the Ecorr value of the polymer was -451.7mV, so it is
classified as a mixed-type inhibitor. The addition of PSK-1 phosphorus-containing oligomer to the 1M
HCI solution significantly affected the slope of the cathode leg, the decrease in the corrosion current
density of the cathode leg, the decrease in the corrosion current density of the cathode leg may indicate
that the mechanism of hydrogen generation was changed due to the adsorption of PSK-1 on the metal
surface.

AEcorr = Ecorr —=EO 4)

where E0 and Einh mean that the corrosion potential is not inhibited and the corrosion potential is
inhibited by different concentrations of PSK-1, respectively.

Conclusion

Thus, the corrosion inhibition efficiency of a phosphorus-containing oligomer (PSK-1) on carbon
steel was investigated in an aggressive solution using potentiodynamic polarization. The polarization
parameters at 500mg/l of PSK-1 phosphorus oligomer in 1M HC1 have a significantly higher inhibition
efficiency of 97.76%, respectively, and the inhibition efficiency of PSK-1 phosphorus oligomer increases
with inhibitor concentration.
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P. AypayOaesal, X. beknasapos?, A. Acamatannos!, H. IOcynosal
IKapaxainax memaexemmix yHusepcumemi, Hyxic, ©30excman
2Taurkernm XuMus-mexHoAOZUSABLK eblAbIMU-3epmmey utcmumymeot, Tawkenm, O30excman

BoaaTTeIH KOPPO3USICBHIH TeXeyai KOCaAKbl KaaabIKTapAbl IaligalaHa OTHIPBIIL 3epTTey

Anparma. Makaaaga ¢ocdopsl Oap oamroMepai MHrMOMUTOpAAp OOAATBIHBIH KOPPO3NSACHIH
TeXXeayi 3epTresedi. DKCIepUMeHTTe KeAeci XMMMUIABIK KypaMAarbl KOMipTeKTi 00AaTThIH yAriaepi
cbiHaAARI (Mac. %): 0,19 xemipreri, 0,075 mapraners, 0,055 ¢pocdop, 0,625 temip, 0,047 kyxipT >xone 0,008
T.0. KaTtoaTs! 5keHe aHOATHI KOPpO3Usl peaklisilapbhIHbIH KMHETUKAChIH TepeHipek Tyciny ymrin Tadean
rpadukacer >xacaaapl. 500 mr/a ¢ochoprr 6ap PSK-1 oauromepinin 1 m HCL-ae moaspusariys
AepekTepi corikeciHie 97,76% MHrnonpaey Tuimailirine e eKeHAiri aHbBIKTaAAbL.

Tyiiin cesaep: KOpposus MHIMOUTOPAAPE], MeTaaa Kopposwsckl, pocdop (V) - xaopug, iyuaHyp
KBIIIIKBLABI.

P. Aypay0Oaesa!l, X. beknazapos?, A. Acamaraunos!, H. IOcymniosa!
IKapaxainaxckuii zocydapcmeentolil yrusepcumem, Hyxyc, Ysbexucman
2TawkceHmcKuil HAYHHO-UCCACDOBAMEADCK UL UHCIUMYM Xumuveckotl mexrorozuu, Taukenm, Ysbexucmar

MCCAEAOBaHI/Ie I/IHI‘I/I6I/IPOBaHI/I§I KOppo3um ctaamn € CIt0aAb30BaHIeM BTOPUYIHbBIX OTX0OA40B

Annsotamust. B cratee mccaegosaHo MHrnOuposaHne Kopposun craan ¢pocdopcoseprKaniuMm
OAWTOMEPHBIMI MHIMOUTOpaMm. B sKkcrneprmmeHTe OBLAM MCIIBITaHBI OOpasIbl YTA€POAUCTON CTaAu
CAeAyIOIIero XMMIIecKoro cocrasa (Mac. %): 0,19 yraepoaa, 0,075 mapranma, 0,055 ¢pocdopa, 0,625
xeae3sa, 0,047 ceps u 0,008 mpounx. Aas 604ee rayOOKOTO IIOHMMaHNs KMHETUKM KaTOAHON 1 aHOAHOM
peakiuit kopposun Oblam  nocrpoensl rpaduku  Tadeas. bblao ycraHOBA€HO, YTO JaHHBIE
noaspusanyu 1pu 500 mr/a pocdopcogepskammero oanromepa PSK-1 8 1M HCl umeroT 3HaunTeAbHO
6oaee BBICOKYIO 9P PEeKTUBHOCTS MHIMOMPOBaHNUA - 97,76% COOTBETCTBEHHO.

KaiogeBbie caoBa: MHIMOUTOpPEI KOpPpoO3uy, Kopposus MerTaaaos, ¢docpop (V)-xaopua,
IIMaHypoBasi KICAOTa.
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Ecological and economic analysis of the impact of railway transport enterprises on the
environment: (on the example of the branch of JSC «NC» Kazakhstan Temir Zholy)

Abstract. The impact of rail transport on the environment is one of the major problems in the
Republic of Kazakhstan. It is well known that railway transport causes enormous harm to the
environment, destroying natural relief during the construction of railways, pollution of water
and air objects also creates physical pollution for people, and the operation of wagons and the
transport of hazardous substances can lead to a high degree of pollution and land degradation.
This study was aimed at identifying the ecological and economic problems of railway transport in
the territory of the Republic of Kazakhstan. For the analysis, materials and data on environmental
protection were collected. The results showed that reducing the impact on the environment was
achieved through measures of environmental legislation. This concerned the reduction of the use
of liquid and solid fuels, the equipping of emission sources with the necessary purification
equipment, the reconstruction of environmental protection facilities, and the development of
regulatory and environmental documentation. Based on this, it is shown that the use of
environmental technologies for practical purposes can ensure the effective functioning and
operation of a natural resource user enterprise from an environmental and economic point of
view.

Keywords: railways, ecosystem destruction, economic damage, emission charges, asset values,
environmental protection measures.
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Introduction

Environmental protection is one of the most urgent problems facing humanity in connection with
the increasing intensity of industrial and agricultural production, which leads to global changes with
difficult predictable consequences.

In any socio-economic formation, the economy cannot be considered effective if labor potential is
destroyed, resources are inefficiently used, obsolete technology, and air, water bodies, and soil are
polluted. It leads to ecological and economic contradictions between the production growth of material
goods, anthropogenic impact on the environment the natural environment, the value of environmental
costs, the introduction of waste-free technologies, etc.

At this stage of development of the productive forces, economic interests dominate the
environment, which leads to negative consequences in the relationship between society and nature.
Needed a systematic approach in which the interaction of three groups of factors - natural, production,
and social, provides a permissible anthropogenic load on the biosphere. The natural environment is a
combination of ecological systems - extremely complex dynamic formations, for a long time in a state of
internal balance. However, the development of industrial production and transport has such a
significant human impact on environmental systems, which the latter increasingly becomes incapable
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neutralize this impact, which leads to the emergence of a global ecological crisis.

The main indicators characterizing the impact of economic activities on the natural environment
and use of natural resources include:

- emission of harmful substances into the atmospheric air from stationary and mobile sources;

- excessive abstraction of water from surface and underground sources;

- discharge of contaminated wastewater not only into treatment

structures, but also directly into water bodies and on the terrain;

- land pollution due to their non-agricultural use, waste generation during mining, enrichment of
useful minerals, and industrial production [1].

Additional costs of society for environmental protection of the natural environment from its
production activities are associated with:

- direct costs for nature protection, cleaning air and water basins, disposal and disposal of solid
waste;

- losses associated with the need for redundancy in order to nature protection of those facilities
that could be operated and bring real economic results;

- additional costs in connection with the development of natural resources

in the worst mining and geological conditions and more remote places;

- increased costs for recycling and low high-quality raw materials (waste);

- costs for fundamental and applied scientific research and development work related to security,
rational use and restoration of renewable natural resources, and mastering new technological processes.
Economic damage from environmental pollution environment is due to additional costs for:

- healthcare - medical services, sick pay sheets, loss of products (services) due to an increase in the
incidence in zones of increased environmental hazard;

- agriculture - losses in crop production, animal husbandry, and forestry due to the withdrawal
from agricultural turnover of land for industrial and transport construction;

- industry - due to staff turnover, repair costs, and restoration of fixed assets;

- diversion of financial resources to environmental protection of the natural environment from
other spheres of economic and social activities [2].

All this aggravates the ecological situation in Kazakhstan, which is experiencing excess man-
made impact due to the nature of existing industrial enterprises and betrays the problem of researching
the possibilities of management improvement of the natural environment of particular relevance.

Increasing volumes of transportation of raw materials, semi-finished products, and finished
products require additional development of vehicles, from which the leading place is and will be for a
long-time railway (mainline and industrial) transport.

Materials and research method

The length of the main railway lines is more than 14 thousand km, the main part (97.5%) of the
railway network is located in the territory of Kazakhstan, 2.5% - in the territory of the border regions of
Russia and Kyrgyzstan. There are 720 stations and passing points along the road [3]. The freight car fleet
is more than 120,000 units, the locomotive fleet is more than 1,200 units, 609 of which are updated and
modernized [4]. Traction rolling stock includes diesel locomotives, electric locomotives, electric trains,
diesel trains, railcars, railcars, and other self-propelled equipment. Non-traction rolling stock - various
cars (passenger, freight, tank cars).

Provides 70% of freight and 60% of passenger traffic annually [3].

The unfavorable environmental situation is aggravated by the work of railway transport
enterprises - locomotive and carriage depots, stations, track distances, subdivisions of water supply and
sewerage, and fronts of the production of loading and unloading operations.
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Due to more accurate accounting, the number of sources of emissions of harmful substances into
the atmosphere on the railway increased from 8710 in 2018 to 9254 in 2019, or by 61.3%. The volume of
emissions themselves decreased from 8624 tons/year in 2017 to 7960 tons/year in 2016 - by 13.4%.

Reducing the impact on the environment was achieved through the implementation of measures
to comply with environmental legislation. They related to reducing the use of liquid and solid fuels,
equipping emission sources with the necessary purification equipment, reconstruction of environmental
protection facilities, and developing regulatory and environmental documentation.

So, at the boiler houses of Temir Zholy Kostanay LLP, dust and gas cleaning equipment was
installed, in Lokomotiv JSC, oil-containing soils are cleaned with a special biological solution, at
Akzhaiyk station, the drainage system of buildings in the city was overhauled with a road
administration and a machine counting station. In addition, the station "Kazievka" of the East
Kazakhstan branch of the road was transferred to electric heating, and at the locomotive repair of the
station "Kostanay" the sewerage was adjusted, and an oil collector was installed.

As a result, the amount of fines and excess payments imposed over the past year has been
reduced by 46% compared to 2019.

A similar situation takes place with wastewater discharges into water bodies and waste
generation. The most environmentally hazardous facilities for railway transport are washing and
steaming points for liquid rolling stock, disinfection points for cars for transporting animals and
biologically hazardous substances, sleepers and crushed stone plants, rolling stock, transporting oil
products, etc.[5]

Environmental safety is also violated by physical factors from the functioning of railway transport
facilities: noise, vibration, electric and electromagnetic fields, explosions, fires, insufficient strength of
the ballast of the railway track, etc.[6]

All of this determined the purpose of the study - the analysis of the actual

environmental hazard of railway transport facilities and the development of recommendations for
its reduction.

Environmental safety is understood as the conditions under which there are no factors leading to
a violation of the environmental equilibrium in the natural environment, causing a stress state in the
relationship between society and nature, and influencing the habitat of living organisms.

To achieve this with the current level of technology and technology almost impossible. For a
combination of economic and environmental interests of the enterprise and society use environmental
standards - maximum permissible concentration (MPC) of harmful substances and emissions (MPE),
norms of green areas that define the boundaries of permissible anthropogenic loads on the natural
environment.

Results

The main share of emissions of harmful substances into the atmosphere from stationary sources of
railway transport accounted for boiler houses operating on solid fuel - 25% and civil service enterprises
- 36.7%, the locomotive - 25.3%, and wagons depot - 9.8%.
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Emission from stationary sources

m boiler houses operating on solid
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m Service enterprises

locomotive

B wagons

Figure 1. The types of emission from stationary sources

The volumes of emissions of harmful substances into various environments, the cost of fixed
production assets for environmental protection, the costs of their operation, payments for emissions,
discharges, and disposal of solid waste are shown in Table 1. They show that since 2017 Kazakhstan
railway began to pay more attention to the implementation of measures for the protection of the natural
environment. This was reflected, first of all, in a decrease in air emissions in 2018 compared to 2017 by
18.9%, incl. gaseous and liquid hazardous substances by 44.7%. A significant reduction in solid waste is
due to a change in the method of accounting. The cost of fixed assets for environmental protection
increased by 15.3%, and the cost of capital repairs and current maintenance increased 5, 1 time due to
the slow pace of their renewal.

Environmental charges sharply increased both within the limit and above it, which led to an
increase in costs for this item in 2019 by 7.5 times compared to 2018 and 5.2 times compared to 2017 of
the total environmental charges, 49.5% fall on mobile sources (diesel locomotives, cars) and 46.2% on
stationary ones, and this ratio remains stable throughout the period under consideration.

Table 1
Main indicators of work on environmental protection on the Kazakhstan railway

Indicator names 2013 2014 2015 2016 2017 2018 2019
Air emissions, t. 6689 7989 7340 7960 8624 8710 9254
of which solids 2267 2461 2803 2680 3100 3565 3905
gaseous and liquid 4401 6590 6637 6100 4902 4245 3530
Wastewater  discharges, | 5236 3570 3302 3155 4237 3785 3578
thousand m.

incl. down the drain 2535 1766 1639 1470 2364 2222 1968
into water bodies 2729 1824 1672 1649 1891 1474 1401
Solid waste generation, t. | 50500 | 42500 31000 36700 29100 6994* 7808*
The average annual cost | 5405 | 10467 11543 12567 13445 14569 14580
of fixed assets for

environmental protection,

million tenge

40 Ne 1(138)/2022 A.H. Tysunaes amoindazol EYY Xabapurvicor. Xumus. Teoepagus. Ixkoroeus cepuscol
ISSN: 2616-6771, eISSN: 2617-9962



A.Sh. Abubekirova, K.B. Massenov

Overhaul costs, million 4 5 6 7 8 - 3
tenge

Operating  costs for | 3633 5902 6000 6438 6905 7120 7230
environmental protection

measures, million tenge

Fee for emissions, 6 7 7.5 8 o** 9.8%* 10.3**
discharges, waste

disposal, million tenge

incl. into the atmosphere | 246 252 292 320 482 507 1102
from stationary sources

into the atmosphere 158 303 296 375 587 529 1098
from mobile sources

into water bodies 15 17 18 19 21 21 41
placing waste on the | 53 60 69 80 85 105 165
ground

* - solid waste
** - a sharp increase in payments for environmental discharges is due to the indexation of

collection rates and the inflation index
Discussion

JSC NC "KTZh" carries out long-term and current planning in the field of environmental
protection. Within the framework of long-term planning, investment projects “Ensuring environmental
safety”, and “Implementation of resource-saving technologies in railway transport”, as well as there
were developed investment projects of individual departments, offices, branches of JSC NC “KTZh”.

The need for such a program and project are due to the diversity sources of pollution, the physical
and chemical composition of harmful substances emitted into the atmosphere, water bodies, and land,
limited resources, and prioritization of using them to protect the environment as much as a possible
natural environment.

The aim of the program is to establish a sequence and scope of work for the implementation of a
set of activities, which will ensure the reduction of emissions of harmful substances into the
environment and the natural environment and bring their concentrations to acceptable values.

It includes the following organizational and technical measures:

- the creation of an environmental management system aimed at centralized provision of road
enterprises with legislative and regulatory documents on environmental protection and control over
their implementation;

- ensuring the effective functioning of regional laboratories and their re-equipment with modern
complexes measuring equipment for monitoring the composition of the atmosphere, pollution
wastewater, soil, electromagnetic, noise, vibration pollution;

- protection of atmospheric air by equipping dust collectors and cyclones for solid fuel boilers,
creation of ecological diagnostic laboratories in locomotive depots roads, the use of gas analyzers for
vehicle exhaust gases, transfer to electric heating of passenger cars;

- protection and rational use of water resources by construction and reconstruction of biological
treatment facilities, recycling water supply systems, storm sewers, sample analysis water, etc .;

- land protection and rational use of natural plant resources through the inventory of waste and
obtaining permits for their location, development of passports for oil sludge sites, purchase of a plant
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for processing lubrication, improvement and landscaping of the railway, maintenance forest
plantations;

- training and professional development of specialists in the field of environmental protection for
the railway industry.

The implementation of the planned set of measures requires the performance of research works
incl. development of technological processes and equipment samples to reduce emissions of harmful
substances and their neutralization, ways to reduce pollution of the natural environment in case of
transport accidents, technologies industrial waste processing, and modern system environmental
monitoring at railway enterprises.

Conclusion

The research carried out allows us to formulate the following directions for preserving and
improving the state of the surrounding natural:

- rail transport contributes to the deterioration the state of the natural environment, which
economically affects on the financial indicators of his work. However, one should expect a more
significant increase in environmental charges when legislative acts on this issue will fully work;

- it is necessary to carry out automatic monitoring for emissions of harmful substances into the
atmosphere from permanent sources;

- more cost effective use of the mechanism environmental control and management at enterprises
railway transport;

- develop and implement technological processes and production equipment that has minimal
harmful impact on the natural environment, saving natural resources;

- create closed systems for water use, recuperation air, rational schemes for collection, storage and
disposal toxic waste

- continue the implementation of the planned set of measures for environmental protection,
providing them with planned financial, labor and material resources.

The practical implementation of these activities will contribute to improving the environmental
situation in the Republic Kazakhstan due to reduction of harmful emissions by railway enterprises
transport.
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A.IIl. AGyGexuposa, K.b. Macenos
A.H. I'ymunres amoindazor Eypasus yammuix ynusepcumemi, Hyp-Cyaman, Kasaxcman

Temip>k0a Keairi KociltopbIHAapBIHBIH KOpIIaFaH OpTaFa 3CepPiH 9KOAOTMSIABIK-
9KOHOMMKaAbIK Taagay: («Kasakcran Temip xoab» ¥K »AK ¢puanaapi-«Marmucrpaabaplk xxeai
AVIpEKIIMSICBI MBICaAbIHAA)

Anaarma. Temip >xoa KeairiHiH Kopiaran oprara acepi Kaszaxcran PecriyOamkacsiHAaFbI Herisri
MoaceaeaepAiH Oipi 60abi TabblaaAbl. Temip k04 KeAiri KoplllaraH opTara opacaH 30p 3UsIH KeATipir,
TeMip K04 KYPBLABICHI Ke3iHAe TaOuu peabeTi OY3HIIL, Cy >KoHe aya OObeKTiAepiH AacTailAbl, COHBIMEH
KaTtap agamgapAblH QU3MKaABIK AacTaHy oCepiH TUTi3edi, aa BaroHAApAbl HalijajaHy >KoHe 3USHABI
3aTTapAbl TacbiMaaAay Ke3iHAe TOIIbIPaKTBIH AacTaHybIHa >KoHe KepAiH JerpaalyscblHa oKell COFajbl.
bya seprrey Kasakcran PecryOamkacel ayMarbIHAQFbl TeMip >KOA KOAIriHiH 9KOAOTUAABIK >KoHe
DKOHOMUKAABIK MacelelepiH aHbIKTayfa OarbITTadfaH. Taagay YINiH KOpllaraH OpTaHbl KOpray
Ool1pIHIIIa KepeKTi MaTepualjap MeH AepeKTep KnHakTaaAbl. HoTiokeaep OoliplHINIa KOpIllaraH OpTara
acepAi asaiTyra SKOAOTUAABIK 3aHHaMaABbIK IIapaJdap apKblAbl KOA KeTKi3iAreHiH KkepceTTi. bya cyiibpik
JKoHe KaTThl OTBIHABI IIalijadaHyAbl asaliTyFa, IIbIFapbIHABIAAP KO3JepiH KaXkeTTi TasapTy
>KaOabIKTapbIMeH >KaOAbIKTay¥a, KOpIllaraH OpTaHbl KOpray 0ObeKTidepiH KaiiTa KypyFa, HOpPMaTUBTIK
JKoHe BDKOJAOIMAABIK Ky’KaTTaMadapabl o3ipaeyre KaTbIcThl. OCBIHBIH —HeTi3iHAe 9KOAOTMUAABIK,
TeXHOAOTUsAAApPABl IIpaKTMKaABIK MakcaTTa IlalijadaHy ®HKOAOTUAABIK-D9KOHOMUKAABIK TYpPFbIAaH
TaOuUFaT MaljadaHyIIbl KoCiMMOPLIHHBIH TUIMAL JKYMBIC icTeyi MeH KbI3MeTiH KaMTaMachl3 eTe aAaTbIHbI
KOpCeTiATeH.

Tyitin ce3aep: TeMip >Xoagap, DKOXYleHi Oy3y, SKOHOMMKaABIK 3MUIH, DMUCCUs TeAeMAepi,
aKTUBTEPAiH KYHBI, KOpIIIaFaH OpTaHbl KOpFay I1apaaphl.

A.III. AGyGexuposa, K.b. Macenos
Espasuiicxuii nayuonaronuiil yrusepcumem /A.H. I'ymunresa, Hyp-Cyaman, Kasaxcmar

DKO0A0T0-9KOHOMITIECKUIT aHaAM3 BO3AeVICTBUI IIp e AIIPVSITUN JKeae3HOA0POKHOTO
TpHacOopTa Ha OKpyXaomylo cpeay: (Ha mpuMepe ¢puanasa AO «HK «KTXKx»-«Aupexknys
MarucTpaabHOM ceTm»)

Annoramiss. Bosaelictsre >ke1e3HOA0POKHOIO TPaHCIIOPTa Ha OKPYXKAIOIIYIO Cpeay sIBASeTCS
O/HOI1 13 OCHOBHBIX ITpo0aeM B PecrryOanke Kazaxcran. VsBecTHO, UTO »Ke41€3HOAOPOSKHBIN TPaHCIIOPT
HaHOCUT OTPOMHBIN BpeJ OKPYy>KaloIlell cpeae: IIPU CTPOUTEALCTBE >KEAE3HBIX AOPOI pa3pyllaeTcs
IPUPOAHEIN peabed, 3arpsA3HAIOTCA BOAHBIE M BO3AYIIHbIE OOBEKThl, ITPOMCXOAUT (PU3MIecKoe
3arps3HeHIe AI0Jel, a DKCIIAyaTalus BaroHOB UM II€PeBO3Ka BPeAHBIX BEIeCTB MOIYT HPUBECTU K
BBICOKOJ CTeIeHM 3arpsi3HeHMsI U Jerpajalium 3emeab. /JaHHOe 1uccaejoBaHMe OBLAO HaNpaBAeHO Ha
BBIABJEHIE 9KOA0TO-9KOHOMIMIECKUX ITpo0JeM >KeaAe3HOAOPOXKHOTO TpaHCIOpTa Ha TeppUTOpUN
Pecrry6anxn Kasaxcran. Jas anaamsa Oplau coOpaHbI MaTepuaAbl ¥ AaHHBIE IO OXpaHe OKpY>Karomer
cpeanl. PesyapTaThl 1OKas3aam, 9To CHVDKEHME BO3AEVICTBIS Ha OKPY>KaIOIIyIo cpely ObL10 AOCTUTHYTO
3a cyeT Mep MNPUPOAOOXPAHHOIO 3aKOHOAATeAbCTBA. DTO KacaloCh COKpaIleHMs MCIOAb30BaHI
KIMAKOTO U TBEPAOIO TOIIAMBA, OCHAIEHMs MCTOYHMKOB BBIOPOCOB HEOOXOAVIMBIM —OYVMCTHBIM
00OpyJOBaHMeM, PEeKOHCTPYKIIMM IIPUPOAOOXPaHHBIX OOBEKTOB, pa3padOTKM HOPMAaTUBHON U
NPUPOAOOXPAHHON  AOKyMeHTanum. Ha ocHOBaHMM STOTO IIOKa3aHO, 4YTO UCIIOAb30BaHNE
IPUPOAOOXPAHHBIX TEXHOAOTUII B IPaKTUIECKMX IIeAsX MOXKeT obecriednts 9PpQPeKTuBHOe
(pyHKIIMOHNPOBaHNE U AEATeABHOCTD IPeATIPUATHA-IIPUPOAOIIOAB30BaTEAs C DKOA0TO-SKOHOMMYECKO
TOUYKI 3PEHU.
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KaroueBble caoBa: >kele3Hble 4OPOTH, pa3pylleHre HDKOCUCTeM, SKOHOMUYeCKUII yinepO, 1aara
3a BBIOPOCHI, CTOMMOCTD aKTBOB, MEpPBI 110 OXpaHe OKPY>KaloIleil CpeAbl.
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DKoaormyeckast OreHKa COCTOSIHMSI IaXOTHOTO CA051 pa3HbIX TUIIOB IIOYB
CesepHoro Kasaxcrana mpu ncnoab3zoBaHyy TexHoaormm No-till

AnHOTanmsI. B cmamuve npedcmasAervt pesyAbmamut oyeHKy NaxomHozo 0pusoHma pasHoLx
munos nous Ceseprozo Kasaxcmana no codepxanuto 6ar06bix Popm medu, yunka u Kaomus.
I1posedert pacuém akoA0zUHECK020 NOKASAMEAS CYMMAPHO0 3AZPASHEHUS U 0AHA IKOAOZUYECKAS]
0UeHKA COCTNOAHUS NOYS.

Wccaedosarus  nposoduruco Ha uepHoseme 00bIKHOSEHHOM, 10XKHO- KapboHamHom U
KAUMAHO6LLX 1046AX NpU MHO20AemHeM npumeneru mexxorozuu No-till. Ilo userexaemvim
5M pacmsopom a30MHOU KUCAOMBL 6ANOGLIM POPMAM MAKEADIX MEMAANOS NPOUSE0OUAU
paciem cymmaprozo 3azpastenus nous. ITposedernas axorozuveckas OUeHKA COCHIOSAHUS
NAXOMHOZ0 CAOSL MpU UchoAvsosanuu mexrorozuu No-till noxasara donycmumyio oyeHky
noxasameAs.  3AZPASHEHHOCHU — NMOY6  OASL  CEADCKOXO3AUCHIBEHHO20  UCHOAL306AHUS  HA
00bIKHO6EHHOM U 10KHO-KApOOoHamHom  ueproseme. Vlccaedosanus, —mnposederitivie  HA
Kawmarosvix nousax, eviasuru I u Il cmenenu sazpsasnénnocmu. Heobxodumovl nepuoduieckut
MOHUMOPUHZ U YUen NOCHIYNACHUS TNAKEADLX MEMAANOG 6 MU NOUGDL.

Karouesble caoBa: mnousa, Mmedv, kaomuii, uyunk, noxasamero Caema, cymmaprvlil
NoKA3AMEAD 3A2PASHEHUSL.

DOI: https://doi.org/10.32523/2616-6771-2022-138-1-45-52

BBeaenne

CeabCKOXO3ANCTBEHHbIE CUCTeMBl AO/AXHBI CHaOXaTh €40l pacTylllee HaceAeHue MUpa,
O/HOBpPeMEeHHO CITOCOOCTBY: yMeHBIIIeHUIO BHIOPOCOB ITapHMKOBBIX Tasos. ITouseHHOe 3eMaeseane c
MMHJMMAa/AbHBIM HapyIlleHleM IIOYBEHHOTIO ITOKpOBa, OCOOEHHO HyJeBas TeXHOAOTINs, ITOCTOSHHBIN
(DeccmeHHBIN) IIOCEB  KyABTYP (CEABCKOXO3SVICTBEHHBIX WAM TIOKPOBHBIX) M MCIIOAb30OBaHNE B
ceBo0OOpOTe AMBEPCUPUITMPOBAHHBIX KYABTYP - BCe 9TO 9(P(PEeKTUBHBIN CIIOCOO YMEeHBIIIeHMs pucKa
DPO3UM ITOYBHI U YAYUIIIeHNs ee KayecTsa IIpy obecriedeHNny IIpoA0BOALCTBeHHOM OesoracHocT [1].

B mnocaeanee Bpemsi cepbe3Hyl0 03a0OYEHHOCTh BBI3BIBAET 3arpsA3HEHNEe ITOBePXHOCTHBIX
OTAOKEHUI B pe3yabTaTe pa3AMUIHBIX BUAOB aHTPOIIOTEHHON AeATeABHOCTU. DTU TsXKeAble MeTaAAbl
UMEIOT TUIIMYHbIE XapaKTePUCTUKI CTOMKOCTY M TaKUM ODpa3soM He yXyAILIAIOTCs U He pa3AaraioTcs co
BpeMeHeM, 4TO geAaeT X TOKCUYHBIMH, KOTIAa KOHIIeHTpalM IIPEeBBIIIaIOT AOIyCTUMBbIe IIpedeasl [2].

3arps3HeHyne IIOYB TSKeABIMIU MeTaAldaMM BhI3bIBaeT OOABIIYIO 03a00YEeHHOCTb B CBA3U C UX
OMOAOCTYIIHOCTBIO, ~ OMOAKKyMyAsIMeil, TOKCMYHOCTBIO I  HEeCIIOCOOHOCTBIO K  Aerpajaljiu.
VccaepoBanns 1okasaam, YTO Ype3MepHOe BO3JeNCTBME 3arps3HeHHBIX II09B MOXKeT BhI3BaTb
TOKCHYeCKoe BO3/elICTBIe Ha O10A0rmdecKie OpraHU3MBbl, TaKle KaK pacTeHIsl U JKUBOTHBIE, OCOO@HHO
TaM, Ide OTCYTCTByeT CTpOroe IIpMMeHeHMe 3aKOHOJaTeAbCTBa 00 OXpaHe OKpYy>KaloIel Cpejbl.
HebGaaronpusaTHble mocaeACTBUS A5 3A0POBbs YeA0BEKa, CBA3aHHbIE C BO3JeNCTBIeM HTUX OTAeAbHBIX
TOKCUYHBIX MeTaAA0B MAM MX CMeceil, BKAIOYalOT pakK, IpoOAeMBl C IedeHbIO, HeBPOAOTMYEecKMe,
reMaToAOTM4YecKre, SHAOKPUHHBIE M PelpOAYKTMBHbIE pacCTPOIICTBA UM IOYEYHYIO HeA0CTaTOYHOCTh
[3/4].

IHeab mccaepqoBanms - u3yuynTh BausHue Texnoaorum No-till Ha Baaosoe cogepkanme meau,
LIMHKa 1 KagMmus Ha pasHbix nousax CesepHoro Kasaxcrana u paccumrarh 9KOAOTMYECKUI ITOKa3aTeab
CyMMapHOTO 3arpsI3HeHMNsI.
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MeTtoanka nccaeaoBaHMsI

VccaeaoBanmst 110 DKOAOTMYIECKON OII@HKEe ITOYBBI IPOBOANANCEH B 2019 T. Ha MPOM3BOACTBEHHBIX
noasix TOO «Central Feedlot», TOO «TreeA-TpuA» u TOO «HIIL] 3X um A.JI. bapaesa» mpu
MHoroaeTHeM nnpumeHeHnn texHoaorun No-Till. Otbop nmouseHHbIX TPOO 1TpoBeseH B caoe 0-20 cm.

Mcxoanas arpoxuMmueckas xapakrepucruka rnoaeit TOO «Central Feedlot»: mouseHHbINT TOKpOB
IpeAcTaBAeH KarnTaHoBbIMu TouBamu (Kaparanguuckast 0064acTh), cogepskKaHue OpraHM4ecKoro
serjectsa — 1,33-4,95 %, Hutparos 7,1-22,1 mr/kr, noaBykHbIX popM Pocdopa (1o Maunruny) — 62,3-
288,2 Mr/kr 1 0OMeHHOro Kaaus — 145 — 541 mr/kr.

Ucxognasa arpoxmmmdeckass xapakrepucruka mnoaein TOO  «TreeA-TpuA»: depHO3eM
OOBIKHOBEHHBIN (AKMOAMHCKast 001acTh, AKKOABCKMII palioH) codep>KaHMe OpraHIIecKoro BelecTsa —
1,95-3,24 %, nutparos 6,7- 16,4 mMr/xr, moABVKHBIX PopM Pocdopa (1o Maunruny) — 5,2 - 24,8 Mr/kr u
00OMeHHOro Kaaus — 271 — 509 mr/kr.

Mcxoanasa arpoxmmudeckas xapakrtepucrtuka mozein TOO «HIIL 3X mm AJI. bapaepa»:
JyepHO3eM IOXKHO-KapOOHaTHBIN (AKMOAMHCKas ob0aacts, IllopraHaMHCKMIT paiioH) cojep>kaHue
OpraHNYeckoro serrecrsa — 3,45 — 3,67 %, aurparos 17,5 — 77,4 Mr/Kr, moABV>KHBIX popM Pocdopa (110
Maunruny) — 32,6 - 44,9Mr/Kr 1 0OMeHHOTO Kaaust — 646 - 693 MI/KT.

VccaepoBanus BpIITOAHEHBI Ha Oase aAabopaTOpuy ITOYBEHHO-aIPOXMMMYECKMX MCCAeJO0BaHUIA
TOO «HIIL 3X um A.JI. bapaesa». OnpeseseHne Baa0BbIX POPM MeAy, IIMHKA U KaAMUsI (DKCTpareHT
5M  pactsop a30THOM  KHMCAOTBI)  OCYIIeCTBASAM  aTOMHO-aOCOpPOLIMOHHBIM — MeTO4OM  Ha
cnekrpodoromerpe Varian AA-140. B kxauecTse MCXOAHBIX IIOKazaTeJell MCIIOAb30BaAM 3HauyeHUe
KAapKa IOYBBL.

ITpakTiyeckn Bce paccMaTpuBaeMble (POPMYABI OCHOBaHBI Ha Kod(dpuiimenTe KoHleHTpanymu Kk
Ka>kA0TO 13 DAeMeHTOB OTHOCUTeAbHO (poHa. Bo MHOIMX cayyasx reOXMMUKM IIPUMEHSIOT ITOKa3aTeab
Caera (Zc) (1), BeananHa KOTOPOTO OTAMYAETCs IO KAaccaM ornacHocty, 1o MHeHnIo Caet IO.E. u ap., u
B HEM CYMTaeTCs KOAMYEeCTBO Y4aCTBYIOIINX DA€MeHTOB-T10A410TaHToB (1) [5,6].

Zc=YKy;—(n—1) (1)

KpI/ITI/I‘IeCKI/Ie 3Ha4YeHN:, Jalolmine XapaKTepUCTUKY IIOYB A4 CeAbCKOXO35IVICTBEHHOTO
MCITOAB30BaHII ¢ CYMMAapPHBIM 3arps3HeHIEM Zc TIO CTeIIeHU OITaCHOCTU [7], IIpeACTaBA€HbI B Ta6/lI/II_[e

1.

Tabamnma 1
IIpyHDUIIMaabHAasI cXeMa OLeHKV II0YB CeAbCKOXO035AMCTBEHHOTO VMCII0Ab30BaHNA I10
CTeleHMN 3arpsI3HEHNs XVIMIIeCKVIMY BelecTBaMI

Bua nmous o crenenn CymMapHbIl HoKa3aTeab IloreHnnmaabHOe IpUMeEHeHNe
3arpsI3HeHIS 3arpsAsHeHus, Zc IIOYB
MoO>XHO  UCHOAB30BaTh  II0A
I Jonycrumas Memnee 16,0
AI0OBIMU KYyABTYPaMIA.
MoO>XHO  UCIOAB30BaTh  II0A
AIOOBIMUM  KYABTYpPaMu ecau
II YMepenHo ornacHas 16,1 - 32,0 yAPTYP !
IPOBOAUTH KOHTPOADL KadyecTBa
pacTeHneBOAYECKON IIPOAYKIIIL.
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MoO>XHO  UCHOAB30BaTh  II0A
KyAbTypamyu ©0e3 HIpOM3BOACTBaA
U3 HUX HIPOAYKTOB INUTaHUA U
KOPMOB, B  KOTOpPBIX MOIYT

I1I Bricoko omacHast 32,1-128,0 CoAep>KaThCs XUMUYecKIe
BerectBa Boime [IAK. He
VICTIOAb30BaATh pacreHus-
KOHIIEHTPaTOPHI BpeAHBIX
BEIIeCTB.

. BriBectnt us3
v Hpesspraaitno Boaee 128,1 CeABCKOXO3SIICTBeHHO
ortacHast

DKCIAyaTalm.

Brecs nmompapouHbIil KOOPPUIIMEHT Ha TOKCMYHOCTD, pPacCIUTHIBAAY DKOAOTMIECKIIT ITOKa3aTeab
CyMMapHOro 3arpssHenus (Zct) mo gpopmyae (2):

Zet =X (Kpi * Ky) —(n— 1) )

rae Ki- Ko9QpPUIIMeHT TOKCMYHOCTU I-TOTO DAeMeHTa. 3HadeHue KOD(PQPUIMEHTOB TOKCUIHOCTU
9A€MeHTOB U KAaCChl OITaCHOCTH IIpeAcTaBAeHbI B TabanIie 2.

IIpeanasnauenne kosdpdunmenra Ki 3akaiouaeTcss B HeOOXOAMMOCTM COXPAaHUTDL INKaAy
KPUTHYECKMX CyMMapHBIX ITOKa3aTeaeit Zc, npeaaoxennyio [O.E.

TabGauma 2

Kaacchel ortacHOCTH TSDKeAbIX METaAA0B U KOB(l)(l)I/IHI/IeHThI TOKcmuHOCcTU Kt

Kaacc ommaciHoctn Kt XuMuMyeckye 51eMeHThI
1 1,5 As, Cd, Hg, Pb, Zn, Cr
2 1,0 Co, Ni, Mo, Cu, Sb
3 0,5 Ba, V, W, Mn, Sr

Maremarnyeckass oOpaboTKa JaHHBIX HPOBOAMAAcCh MeTOAaMI  AVCIIEPCHOHHOTO —aHaAu3a,
Koppeasanuu u perpeccun 1o b.A. Jocniexoy (1985) Ha nnepcoHaabHOM KOMIIBIOTEpE.

PESYAI)TaTbI nccaea0OBaHMSI

PesyabTaThl aHaamu3a IO ONpejeAeHUIO COAepKaHUs MeAU, KaAMMs U IMHKa B MCCAeAyeMBbIX
nousax ¢ npumenenuem No-till mpeacrasaens: B Tabaute 3.
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Tabaumna 3

Coaep:xaHne BaaoBbIX (pOPM TsDKeAbIX MeTaAA0B Ha pasHBIX TUIIAX II0YB, KO} PUIMeHTDI
KOHIIeHTpanmy, Iokasareab CaeTa 1 9K0A0IMYIeCKNIi II0Ka3aTeab CYMMapHOTO 3arpsi3HeHMsI C
y4€TOM TOKCMYHOCTY IIPU MCI0ab3oBaHym TexHoaorvm No-till, 2021 r., B caoe 0-20 ¢cm, Mr/Kr

Toae, No Cu | Cd | Zn | Kkaw | Kk | Kkew | Zc | Zet
TOO «Central Feedlot» (kamrraHoBbie IOYBBI)
027-210 14,16 2,02 49,34 0,71 12,6 0,91 12,3 19,0
118-216 16,54 2,18 68,02 0,83 13,5 1,26 13,6 21,0
118-217 17,28 2,33 59,32 0,86 14,6 1,10 14,6 22,4
118-045 14,43 2,35 27,81 0,72 14,7 0,52 13,9 21,8
118-046 19,06 2,16 49,74 0,95 13,5 0,92 13,4 20,6
166-494 7,78 0,72 111,46 0,27 5,31 1,78 5,36 8,91
027-213 5,38 0,85 95,95 0,66 4,19 1,88 4,73 7,77
027-211 13,10 0,67 101,78 0,42 5,56 3,09 7,07 11,4
027-209 8,38 0,89 167,10 0,32 4,13 1,27 3,72 6,43
Klark 20,0 0,16 54,0 - - - - -

TOO «TreeA-TpuA» (4epHO3eM OOBIKHOBEHHBIN)

1 6,33 0,78 105,45 0,25 3,25 1,55 | 3,05 5,46

2 7,43 0,85 107,60 0,30 3,54 1,58 | 342 5,98

3 10,48 0,83 78,48 0,42 3,46 1,15 | 3,03 5,33

4 10,93 0,77 86,89 0,44 3,21 1,28 | 2,93 5,17

5 10,53 0,85 90,58 0,42 3,54 1,33 | 3,29 5,73

6 8,78 0,83 117,95 0,35 3,46 1,73 | 3,54 6,14

7 10,58 1,04 99,63 0,42 4,33 1,47 | 422 7,13

8 9,13 0,43 107,38 0,37 1,79 1,58 | 1,74 3,43

TOO «HIILI 3X um A.V. BapaeBa» (4epHO3eM I0>KHO-KapOOHATHBIIN)
11 amrenmnriia 17,97 1,55 75,83 0,72 6,46 1,12 6,30 10,09
8 sruMeHD 12,42 1,27 38,54 0,50 517 0,57 | 4,24 7,12
Klark 18,0 0,24 37,0 - -

Cogep>kanmne Mertaaaos, ocobenHo Cd m Zn, mpeBbpliad0 3Ha4eHUs KAapKa DTUX MeTaaloB B
nouse. Cogep>kaHue MeAM Ha BCeX MCCAeAyeMBIX ITO4Bax ObLAO MeHbIIle 3HauyeHMsl KAapKa U A
KaIlITaHOBBIX IOYB cocTaBuao 20 MI/KI, 445 yepHO3eMOB - 18,0 mr/kr. HeobxoaAmMo OoTMeTUTD, 4TO Ha
noae Ne 11 TOO «HIILL 3X nm. A.JI. bapaesa» coaep>kanne mean (17,97 mr/kr) npubam>Kaaoch K ero
¢poHoBOMY 3HAUEHMIO.

ITo pesyabTaTaM DKOAOTMYECKON OIIeHKN ITOYBBI OBIA0O yCTaHOBAEHO, 4TO Ha moasx 027-210, 118-
045 1 118-046 TOO «Central Feedlot» coaep>kanue Baaosbix GOpM IIMHKa cocTaBuao 27,81-49,74 mr/kr u
He IIPEeBHIINAA0 3HaueHMs KAapKa, XapaKTepHOTO 445 KaIlITaHOBLIX IOYBH (54,0 M1/K). OTMeTHUM, 4TO Ha
noasax 166-494, 118-216, 118-217, 027-209, 027-211 n 027-213 »rToro >xe Xxo3siicTBa codep>KaHue Zn
IpeBBICIA0 POHOBOE 3HaUeHNe 1 cocTaBrA0 95,95-167,10 mr/kr. Hauboasiee cogep>kanne 1yHKa OBLA0
oTMedeHO Ha roae 027-211, kotopoe cocrasnuao 167,10 Mr/kr, mpeBbicuB POHOBOE 3HaUYeHNeE B 3 pasa.

VccaepoBanne nokasaao, 4TO Ha YepHO3eMe I0XKHO-KapOOHAaTHOM cogep>KaHMe IJMHKa Ha I10AsX
TOO «HITIL, 3X nm. A.VI. bapaesa» 6110 pasHBIM 75,83 1 38,54 MI/KI, 4TO OBLAO BHIIIIE YPOBH: KAapKa,
XapaKTepHOTo Aas yepHo3eMos (37,0 mr/kr); Ha 1moae Nell - B 2 pasa, u Ha mmoae Ne§ — B 1,5 pasa. Ha
yepHoseme o0bikHOBeHHOM (1104s1 TOO «TreeA-TpuA») npu MHOroAeTHeM IPMMEHEHU! TeXHOAOTUU
No-till cogep>xanne nmHKa B 1ouse cocrasnao 78,4-117,95, yto 6b140 BbIlIe GOHOBOTO 3HaYeHNUA B 2-3
pasa.
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OgnuMm ns Hanboaee TOKCUYHBIX TSKEABIX MeTaAA0B AAsl XKMBOTO OpTaHM3Ma B IIOUBe SBASETCS
Kaamuii [8]. Jdake B HMYTOXKHO Ma/bIX KOAMYECTBaX OH He ydacTByeT HM B OAHOM M3 M3BECTHBIX
O1OXMMIYECKUX ITPOLIeCcCOB B OpraHM3Me JKMBOTHBIX U pacTeHmi [9].

Ha yepHO3eme OOBIKHOBEHHOM cCOJep>KaHMe KaAMUs B IIO4YBe IIPeBhIIalo (POHOBOe 3HaueHNe
(0,24 Mr1/KT), HO IO BaA0OBOMY COAep>KaHMIO DAeMeHTa B IIaXOTHOM CA0e IOYBBI M3yJeHHBIe 104 Malo
pasamyaanucsk. OTMeTMM HauMeHblllee cogep:KaHu:A 34eMeHTa Ha 1ode No§ TOO «TreeA-TpuAvx,
KoTopoe cocrasnuao 0,43 wmr/kr, u HamnOoAblllee ero codepKaHme - Ha roae No7 (1,04 mr/xr). Ha
yepHO3eMe IO0JKHO-KapOOHAaTHOM BBIABAEHO HAKOILAeHMe KasMMs B IIOYBe B CpaBHEHMM C (POHOBBIM
cogepxanueM Ha nose Nell um No§ TOO «HIILT 3X um. A.JI. Bapaesa». Tak kaK uepHO3eMbI I0JKHO-
KapOOHaTHbIe XapaKTepU3YIOTCsl CAabOINeA0YHON CpeAoii, COeAMHEeHMs MeAM, KaAMUsS U IIVHKA,
coraacHo cucreMme I'aazosckoir (1997), B aT0I1 cpese caAabONOABMIKHBIE, HO aKTMBHO HaKaIlAMBAIOTC.
[Ipesbiienne 3HaueHMs1 KAapka 1o codepkaHmio Kagmms (0,66-2,35 Mr/kr) ObLAO OTMEYeHO Ha
KarrrraHosbix rmousax (moast TOO «Central Feedlot»).

Pacuer nmokasareas cyMMapHOMN 3arpsA3HEHHOCTM IIOYB C y4eTOM TOKcMYHOCTU (MeHee 16,0)
BBISIBUA AOIYCTUMBIN YPOBEHb 3arpsA3HeHus (44s IOYB CeAbCKOXO35MCTBEHHOTO MCII0Ab30BaHIA)
Ha IOKHBIX ¥ OOBIKHOBEHHBIX YepHO3eMaXx HpU ucroab3oBannn texnoaorun No-Till.

ITokasaTtean Caera Ha noae Nell moa nmocesamu mmenuisl (TOO «HIILL 3X Vim. A.V. bapaepa»)
cocrasua 6,30, 4To 6110 00YCAOBAEHO IPEeBLIIIeHNeM COAepP KaHMs KaAMUs M IIMHKA BBIIIe 3HaYeHIs
KJapKa, a TaK>Ke IOBBIIIIEHHBIM 3HadeHreM Koo PUIINEHTOB KOHI[eHTpally, KOTOphle cocTaBuan 6,46
n 1,12 coorsercrsenno. Ha moae N0 8 sKoaormdeckmii rnmoxkaszareab CyMMapHOIO 3arpsi3HeHMsI TIOYBLI C
y4eTOM TOKCMYHOCTH DAeMeHTa cocTaBua 7,12, 94To OBlAO CBA3aHO KakK C ITpeBBbIIIIeHNeM COAep KaHIs
Ba/0BBIX COeAVHEHNII KaJMLs BBIIIe YPOBHSA KAapKa, TaK U C BBICOKMM KOD(PPUIIMEHTOM TOKCUYHOCTI
(Kt=1,5).

Pesyabrater pacyeros rokasaay, 4to Ha noasax TOO «TreeA-TpuA» skoaormyeckmnii okasareab
CYMMAapHOIO 3arpsi3HeHus Mous cocraBua 3,43-7,13, 4To cooTBeTcTByeT I KaTeropmm IIO0 cTereHHn
3arpsI3HEHHOCTH U SIBASIeTCsA AOIYyCTUMBIM. MakcuMaabHOe 3HadeHMe Iokasateas Caerta - 4,22 Obla0
OTMeYeHO Ha 11oae No7.

Ha xarmmrranossix mmousax (mmoast 027-210, 118-216, 118-217, 118 — 045 mu 118-046) TOO «Central
Feedlot» nmokasatean Caera cocrasuan 9,66-11,54, uyto 11o3poasier oTHecTH UX K I KaTeropuu 1o crenenu
3arpsI3HEHHOCTM. J3HayeHNe 9KOJOIMYeCcKOro IIoKazaTeass CyMMapHOIO 3arps3HeHMs C Yy4eTOM
TOKCMYHOCTU DAaeMeHTa coctasuao 19,0-22,4, yro xapakTepusyeT IHOYBB Kak yMepeHHO omacHble (II
KaTeropus), B 9TON CUTyalluyi HEOOXOAMMO OCYIIeCTBAEeHNe IOCTOSIHHOTO KOHTPOAS 3a cogep>KaHueM
AOCTYIIHBIX 4451 pacTeHnit popM KaAMUs U LIVHKA.

3akaio4deHue

Takum oOpazoM, IHpoBeseHHas DKOAOTMYecKas OLleHKa COCTOAHMA IIaXOTHOIO CAO0s IIpU
ncrioap3oBanny texHoaorun No-till mokaszaza A0IycTUMYIO OLIEHKY IOKa3aTeAsl 3arpsA3HEHHOCTY ITOYB
AASl CeABCKOXO3SVICTBEHHOTO MCIIOAB30BAHIISI Ha OOBIKHOBEHHOM I IOJKHO-KapOOHAaTHOM 4epHO3eMe.
Vccaeaosanms, mpoBedeHHble Ha KaIUTaHOBBIX ITOYBaX, BbLABMAM I m II cTemeHmM mx 3arpsI3HEHHOCTML.
HeobxoauM neproAndecknii MOHUTOPYHT U YIeT IOCTYILA€HNU S TSOKEeABIX MeTaAA0B B STU ITOYBEL.
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Coarycrik KasakcranHbIH apTYpAai TOnbIpak Typaepinae No-till TexaHoa0rnsiceH K0agaHy
OapbICBIHAA ©HAEeAeTiH KaOaTThIH JKaFJaiibIH 9KOAOIMUSIABIK Oafaaay

Anpaarna. Makaasaga Coarycrik KasakcranHblH op Typai TombIpak TypAepiHiH ©HaeaAeTiH
TOPM3OHTBIHAA MBIC, MBIPBIII >KoHe KagMMUIIAIH >KaAmbl Mealepi OolbiHIIa Oara Oepy HaTyKeaepi
Oepiaren. JKaarbl AacTaHyAblH DKOJAOTMAABIK KOPCETKIllli ecenTeaai >KoHe TOIBIPAKTBIH >KarlaiibIHa
DKOAOTUAABIK Oara Oepiaji.

No-till TexHOAOTHACEIH KOII >XBlAAApPBl KOAAAHBII >KaTKAaH K9AIMIi Kapa, OHTYCTIK KapOOHATTHI
Kapa >KoHe KOHBIp TOIBIpaKTapJa 3epTTeyaep >Kyprisiadi. 5SM asoT KbIIIKBLABI epiTiHAiciMeH OeaiHin
aAbIHaTBIH ayblp MeTaAdapAblH >KaAlbl (popMadapbl OONMBIHINIA TONBIPAKTBIH KMBIHTBHIK AacTaHybIH
ecenTegik. No-till TexHoaormsacein KoagaHy OappIChlHAQ ©HAeAeTiH KaOaTThIH >Kargalibl OOVIBbIHIIA
JKYPrisiaTeH 9KOAOIMAABIK Oafaday aybld IapyalllblABIFbIHAA I1alidadaHy VIOiH Ko4iMrIi Kapa
TOIIBIpaKTa >KoHe OHTYCTiK KapOOHATTHI Kapa TOIIbIpaKTa TOIIBIPaKThIH AacTaHy KOPCeTKillliHiH pyKcaT
eTiaren OaracbiH KepceTTi. KOHBIp TOmnbIpakTapaa >KypridiareH seprreylep AacraHyAbid I sxene II
AdpexkeciH aHbIKTagbl. OCpl TOIBIpaKTap¥a ayblp MeTalaJapAblH TYCyiH Mep3iMAi DaKblaay >KoHe ecerl
>Kacay Kepex.

Tyitin cesaep: Tomblpak, MbIC, KaaMmii, MBIpbI, CaeT KOpCeTKillli, AacTaHyAbIH >KMBIHTBIK
KOPCeTKIIIi.
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Ecological assessment of the condition of the arable layer with the No-till technology on
different types of soils of Northern Kazakhstan

Abstract. The article presents the results of the assessment of the arable horizon of different types
of soils of Northern Kazakhstan on the content of gross forms of copper, zinc, and cadmium. The
authors carried out a calculation of the ecological indicator of total pollution. The article considers an
ecological assessment of the soil condition.

The studies were carried out on ordinary chernozem, southern carbonate, and chestnut soils with
the long-term use of No-till technology. According to the gross forms of heavy metals extracted with a 5
M solution of nitric acid, there was calculated the total soil pollution. The conducted ecological
assessment of the state of the arable layer using No-till technology showed an acceptable assessment of
the soil contamination index for agricultural use on ordinary and southern carbonate chernozem.
Studies conducted on chestnut soils revealed I and II degrees of contamination. Periodic monitoring and
accounting of the intake of heavy metals into these soils would be required.

Keywords: soils, total form, copper, cadmium, zinc, Sayetha’s indicator, total pollution indicator.
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MogaeanpoBaHue BBIOPOCOB 3arpsI3HSIOMIVIX BEIeCTB
B atMOc(depy ropoaa Pyanbiin

Annortammsa. Hayunas paboma ocrosana HA COGPEMEHHBIX Memodax MameMamu1eckozo
MOJEAUPOSAHUS AMMOCPHEPHLIX NPOUeccos, Komopvie NO0360AL0OM PaAcCHumamv, Ha 0CHOEe
cmamucmuieckux OanHulX, 00bembl 6bI0pOCO6  3AZPASHATOUUX —6eULecms 6  OMOeAbHBIX
(KOHMPOALHBIX) MOUKAX U CMPOUMb US0AUMENHble KAPMbl pacnpedereHus. KOHUeHMpauil
sazpssmAouux éeujecms. B dannoii nayunoi cmamve Kapmuposaue YposHs 3Aeps3HEHUs!
ammocdepvl 2. Pyonuiil nposoduroco ¢ yuemom 6vi0pocos ¢ meppumopui npoMulAeHHOLX
npednpusmuti no memoduxe B.A. Ilempyxuna u B.A. Buuienckozo, n036oAstouiei paccuumambo
cpedrue 3SHAUEHUS KOHUEHMPAuUil 3azpASHAIOULUX  6eULece N0  CAOI0  NepeMeutusaHus.
Paccmompen sxaad npupodnvix paxmopos 6 sazpasverue ammocPepul. Buiserervl ocHogHbvle
UCOYHUKY  3azpsi3Henust ammocdeprl, npusedeHvt 00bEMLL 6bI0POCOS COZAACHO OAHHBIM
crayuoHaApHLIX nocmos. B pabome cocmasierivl ModeAu pacceusamuist 3azpAsHAOWUX 6eULectns
no 4 noxazameasam.

Karogesble caoBa: Mmodeauposanue, ammocdepa, 6bl0pocyl, 3sazpasmsouiue  6euLecmea,
CMAYUOHAPHDIE UCTIOUHUKU.

DOI: https://doi.org/10.32523/2616-6771-2022-138-1-53-61

BBeaenue

[IpobGaema 3arpssHeHNUsI OKpy>Kalollleil cpeAbl sSBASIeTCS OAHOM M3 aKTyaAbHBIX IIpo0aeM
yeaoseuectBa. OcoOeHHO 9Ta IIpoDJeMa KacaeTcsl IPOMBIIIAEHHBIX I'OPOJ4OB AI0OOTO TrocyAapcTsa.
Hawnboaee IoABep>KeH M3MEHEeHUIO aTMocQepHbI BO3AYX, KOTOPBIN BBIIIOAHSIET
>KI3HeoOecIeunBaroine, 3aluTHele u Apyrue GyHKIum. IloBbleHHOe 3arpssHeHne aTMOCpepHOro
BO3JyXa IPUBOAUT K HETaTMBHOMY BAVSHMIO Ha 340pOBbe HaceaeHm [1, 2].

Hauboaee »¢pPpexTnBHbIM cr1ocoboM KapTorpaduyeckoro npejacraBaeHns AaHHBIX O COCTOSHUM
aTMOC(EpPHOTO BO3AyXa ABASETCS M30AMHeIHas Mogeab. [Ipu orpaHimaeHHOCTN JaHHBIX MOHUTOPVIHTA
OHI JCIIOAB3YIOTCA IIPEUMYIIECTBEHHO AAsl BepuduKaiuy, TOTAa KaK OCHOBHBIM METOA0M
KaprorpapupoBaHNs SIBASETCA MOAeAMpOBaHIE IIPOIECCOB pacCeMBaHIsI BEIOPOCOB OT MICTOYHUKOB C
y4eTOM CTaTUCTMYEeCKUX AJAHHBIX M KaAuMarudeckux xapakrepuctuk [3]. CospeMeHHBle MeTOAbBI
MaTeMaTN4ecKoro MOJeAMPOBAHMS aTMOC(EPHBIX IMIPOIECCOB IIO3BOASIOT pacciuTaTh Ha OCHOBE
CTaTUCTUYECKUX AaHHBIX 00 oObeMax BHIOPOCOB 3arps3HAIONINX BEIleCTB B OTAEAbHBIX (KOHTPOABHBIX)
TOYKaxX ¥ CTPOUTHh M3OAMHEIHbIe KapThl paclpeAeleHNsl KOHIIeHTpaluil 3arpA3HAIOIINX BelecTs [4].
OcHOBHOII 001aCTBIO IIPMMEHEHNSI PaCIeTHBIX METOAOB SIBASIETCSI HOPMIPOBaHIIe BBIOPOCOB Ha YPOBHE
HNpeANPUATUN, HO BTO He MCKAIOYaeT UX IIPMMEHEeHMs U IIPY PellleHNUN HaydHBIX 3ajad, CBSI3aHHBIX C
OIIeHKOU DKOAOIMYEeCKO OOCTaHOBKI B npeaesaax 00ABIIINX TEePPUTOPUIL.

OOBeKT M MeTOAbI MICCA€AOBAHUST

3 MeTOA0B pacyeToB paccemMBaHNs 3aTP3HAIONINX BeIecTs Haj OOABIIMMIU TePPUTOPUAMY, He
MMeIOImMX OpUIINAaABLHOTO CTaTyca, UCIOAB3YIOTCSI D0Aee IIPOCThie MOAeAN, YIUTBIBAIOIie MOIITHOCTD
BBIOPOCOB  OT KPYIHBIX MCTOYHMKOB (TOPOJOB, OTAEABHBIX IPEATIPUATUIL), BBICOTY CAOS
IepeMeIBaHsl aTMOC(ephl, IOBTOPAEMOCTD ¥ CKOPOCTh BeTPOB Pa3AMYHBIX HarmpaBaeHnIt. Tak, A4
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OIIeHKU 3arpsi3HeHus aTMocpepHOro Bo3Ayxa Hag Tepputopueil I. PyaHbI Hamy ObLA MCIOAB30BaH
MeTOAMYeCKIII 110AX04, padpaboranssiii B.A Ilerpyxunpim n B.A . Bumencknm [5], 4451 koamdecTBeHHOM!
OIIeHKI COCTOSIHMSA aTMOCQEpPHOrO BO3AyXa IIPM PaclHpOCTPaHEeHU!U 3arps3HSIONIMX BeIlecTs Ha
3HauNTeAbHbIe PaCCTOSHUSA JCIIOAB30BaAUCh POHAOBEI MaTepmaa ¢puanaaa PITI «Kasrmapomer» B
ropoge Pyaupni [6-8], a Takke IIOBTOPSIeMOCTh U CKOPOCTh BETPOB Pa3AMYHBIX HaIlpaBACHMI IIO
AaHHBIM MeTeOpPOAOTNIeCKIX cAyX0 [9].

Bornpoc mpumeHeHns »KOAOIMYECKOTO KapTorpapupOBaHMs TOPOACKMX TePPUTOPUI B IIeAsX
nposedeHns  9(PQPeKTUBHOIO aHaAM3a ¥ IIPOTHO3a M3MEHeHUs 9KOAOTMYeCKON  CUTyaluu
paccmatpusaercs B [10] koaaektusom asTopos — H.C. Kacumosreiv, A.C. Kypo6arosoii, B.H. bamknasim.
Kaprorpaduueckuit MmaTepnaa BbICTyIIaeT KakK CpeACTBO HarAsAHOTO OTOOpa>keHMs! IIPOCTPaHCTBeHHO-
BPE€MEHHBIX aCIIeKTOB B3alIMOOTHOIIEHMs IIPUPOALI U YeAOBeKa U CAYXKUT MHCTPYMEHTOM AAs
IIpeACTaBAeHNs Pe3yAbTaTOB KOMILA@KCHON OLI€HK) COCTOSIHMS OKPY>KaIOIIlell CpeAbl TOPOJOB.

O0OBeKTOM 1ccaeA0BaHNUs SABASIETCS IIPU3eMHBIN cA0ii atMocdepsl I. Pyanbiii. Pyauslit sBaseTcs
ropoAoM 004aCcTHOTO 3HauyeHNs, PacIioAoXKeH B 45 KM K I0oro-zaragy oT 001acTHOTO IIeHTpa Ha AeBOM
Oepery pexkum Toboa Ha aBTOMarmcrpaam peciyoankaHckoro 3HaueHus Kocranait — JKutmukapa,
oOpasosaH B 1957 roay.

I'opoa Pyaunni Bxoaut B coctas Kocranaiickor o0aacty, 3aHmMaeT raomaas 193,13 xkm? [11].
JaHHBIN palioH XapaKTepusyeTcsl CTenHbIM JAaHAmadpToM. OCHOBHBIE IIPUPOAHbIE OCOOEHHOCTU
Kocranarickoit 00aactu ompeaeAsliOTCA ee BHYTPMMAaTepPUKOBBIM II0A0XKeHMeM Ha CThiKe Ypaaa,
3anaanon Cubupu n Lenrpaasnoro Kasaxcrana. 'opog pacrioaoxeHn B ceBepHoi yactu Topraiickoro
raaro, Ha Oepery pekn Toboa (pucyHok 1). Peabedp B 0OCHOBHOM paBHMHHEIN. BrpicoTa Hag ypoBHeM
Mmopst 200 — 220 M [12].
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IIpumeuariue — cocmasaero asmopamu Ha ocrose cucmembvt ArcGis 10.1
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A. Twopysrcanosa, A. Hypmazambemosa, K.1I". bepoenos

B cocras ropoackon agmuHHUCTpanuu BXoaaT 1 ropoa 004acTHOTO 3HadeHMs, 2 TOPOACKMX
rocéaka u 1 ceao.
B oObeme mmpomsInaeHHOTO TponsBoacTBa Kocranaiickort obaacru 1. Pyansii sannmaet 37,8%.

Anaans u o0cyxaeHne

I'opoa sBAseTcs OAHMM W3 IIPOMBIIIAEHHO-Pa3BUTHIX pernoHoB Kocranaiickoi obaactu. B
ropoje (QYHKIIMOHMPYIOT IpeanpuAtus ropHogooOsBaoomeir (AO «CCITIO»), oOpabatsisarorrer
npomsimaeHHoctn (TOO «Anaep-2010», Pyanencknit puanaa TOO «Apacan» (IIpon3BoACTBO INBA),
TOO «Kasorneynop 2015», TOO «PyaneHckmit 3aBoJ MeTaAAOKOHCTpyKIuii - VImcraabkon», TOO
«3aak+t», TOO «Paymena»), mpeAnpuATUsA IIO NPOU3BOACTBY U paclpeseleHUI0 DAeKTPODHepPIuu
(Pnanmaa  «Capbaiickme MBDC» AO «KEGOK», TOO «OIIK Atica», TOO «Pyanenckas
OneproKommanms), rasa (PyaneHckoe razoBoe x03:A1cTBO KocTaHalicKoro IpoM3BOACTBEHHOTIO
Ppuanaaa AO «KasTpancl'azAitmak») u Bogsl (TOO «PyaneHcknit BogokaHaa»).

Bce BrimernepeuncaeHHsle rpasoo0Opasyiomye Ipelnpusatus obecnieunsaioT 91% Bcero oobeMa
IIPOMBIIIIAEHHOTO IIPOM3BOACTBAa Tropoda. Tax kak PyaHbIT sBAseTCS rOopoAOM C IPOMBIIIAEHHON
HaIlpaB/AeHHOCTbHIO, TO AQHHBINI CeKTOp UIpaeT KAIOYeBYIO poAb B DKOHOMUKe ropoga. Beaymras poan
TOPHOAOOBIBAIOIEN ITPOMBIIIAEHHOCTH 0OycAaBAMBaeT HeraTMBHOe BO3JeNCTBUEe Ha COCTOsIHUe
aTMOC(EpHOTO BO3AayXa B ropode. B cTpykType ®KOHOMMKHU ropoja yAeAbHBIN BeC IIPOMBIIIAeHHOCTI
cocrasaseT 85 %.

OCHOBHBIMM MICTOYHMKaMM 3arpsI3HeHNUs BO3AYIIHOro OacceitHa B TI. PyaAHbIl ABASIOTCA
NpeANpUATUs TOPHOAOOBIBAIOIIEN 1 TeIA09HepreTYecKoi ITPOMBIIIAeHHOCTY, aBTOMOOMABHBIN
TPaHCIIOPT.

K npeanpuarmam  ropHogoOwiBaiomieit  npomseimaeHHoctn  otHocutcs  AO  «CCITIO».
Ob6pabaTrIBaiomas MpOMbIIIIAeHHOCTs TpAectasaeHa: TOO «Auaep-2010», Pyanenckuit puanaa TOO
«Apacan», TOO «Kasoruneyrop 2015», TOO «Pyanenckuii 3aBog, MeTaAA0KOHCTPYKIUIA - VIMcraabkon»,
TOO «3aak+», TOO «PaymeHna».

Ha a0410 camoro xpymHoro ropHogo0sisaomiero npeanpuarus Kocranaiickoit obaactu - AO
«CCITIO» («Coxoaoscko-Capbaiickoe TIOpHO-ODOraTUTeAbHOE ITPOM3BOACTBEHHOe OObheJuHeHNe»)
IIPUXOAATCS OKOAO 79% BHIOpOCOB OT 0OIero oobemMa IIPOMBIIIAEHHBIX BBIOPOCOB IpeArpUATII
obaactu.

PesyabTaThl

ITo aanueiM Komurera no cratucruke PK, oOmunit o6sem BeiOpocos B 2021 roay cocrasmna 130,5
ThIC. T. 3a 2019-2021 roap! HabAIOAaeTcs yBeAndeHne 00beMOB BRIOPOCOB (PUCYHOK 2).

O06uuit 00vem 6v10pocos 6 ammocdepuiii 6030yx om
cmavuonaprolx ucmounuxos 3a 2019-2021 zodvt (moic. m).
130,5
135 123,9 V.
130
y

125 114,8
120 A
115
110
105

2019 rop, 2020 rop, 2021 rop,

Pucynoxk 2. Cxema 06beMOB BEHIOPOCOB B aTMOC(pepHBI BO3ayx [42]

IIpumeuanue — cocmasaero na ocrose darnvix Komumema cmamucmuxu PK
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O0pem obmmx BeIOpocos 1o Kocranaiickoir obaactu 3a 2021 roa cocrasua 130,5 Teic. TOHH, 13
HIUX OOBEM IIPOMBIIILIEHHBIX BBIOPOCOB COCTaBAseT OKOAO 21%, 404 BBIOPOCOB OT COKUTAHUS
aBTOMOOMABHOTO TOIIAMBA - 0K0A0 79% (Tabania 1), (pucyHok 3) [13].

TaGamria 1

OOBbeMbl BHIOPOCOB OCHOBHBIX 3arpsISHAIONINX BelecTB B aTMOc¢epHDIli BO34yX 3a 2020-
2021 roasl (ThIC. T) [13]

HammMenosanme ocHosHbIX 3B 2020 roa (TOHH B 10a) 2021 roa (TOHH B rOa)
CepHUCTHII aHIUAPUA 22,6 25,1
Oxkcuarp! a3ota 3,7 6,9
TBepapble BellecTBa 52,0 55,5
Oxkmce yraepoga 18,1 19,7
ITpumeuarue — cocmasaerio na ocrose darriotx Komumema cmamucmuxu PK

Habaroaennss 3a cocrosiHMeM aTrMocepHOTo BO3AyXa Ha Tepputopum ropoga Pyawnsri
IIPOBOASATCS Ha 2 aBTOMaTUYECKIX CTaHIIVAX.

B 1ieaom mo ropogy onpegeasiercs 6 mokasareaeii: 1) B3pellieHHbIe YacTUIIBI (IIBIAD); 2) AMOKCUA
ceprl; 3) OKCHA yraepoaa; 4) AMOKCHA a30Ta; 5) OKCHUA a30Ta; 6) CepOBOAOPOA.

MOHNUTOPMHT COCTOSIHUSA aTMOCPEPHOTO BO3dyxa B TOpOAe HPOBOAUTCA CIIeIaabHBIMU
nogpasaeaeausamu  PITI  «KasrmgpoMmer» 1O IIPOBeAEHUIO HKOAOTMYECKOIO MOHUTOPMHIA 3a
COCTOsIHMEM OKpY>KalolIlleil cpeAbl Ha Ha0AI0AaTeAbHON CeTU HaljMOHaAbHOM IMAPOMEeTeOpOA0TYeCKOMn
cay>x05b1. Haba104eH1s1 BeayTcs Ha ABYX CTallMOHAPHBIX IOCTax (Tabauia 2).

Tabamiia 2
PacnoaoxeHne 1ocTos Hada0A4eHII IO TopoAay Pyanbni

Ne OT106op
Agapec mocra OrmpeaeasieMble IpyMecH
IIoCcTa poo
. B3BeIIeHHbIe yactunsl PM-10, anmokcna
ya. Moaogon
B N cepbl, OKCIA YI1epoda, AMOKCUA U OKCIJ,
1 I'sapaun, 4-p1i1
HeITpepbLIBHO a3oTa, CepoBOAOPOJ, MOIITHOCTh
repeyA0K 3
M pexxuMe - SKBUBaJA€HTHOII 403bl TaMMa-U3Ay4eHNs
Kaxxasre 20 B3BeIIeHHbIe yactunsl PM-10, amokcna
MUH Ccepbl, OKCIJ, YIAepoaa, AMOKCUA I OKCIA,
2 yr p-H Meuernu PPy yraepoaa, i
a30Ta, MOIITHOCTDh DKBMUBAJAEHTHOM 4035l TaMMa-
M3AyIeHU:
Ipumeuariue — cocmasaero na ocrose dariroix Kaszudpomema

PesyabraTel MOHUTOpPMHIA KadecTBa aTMocdepHOro BosAyxa I. Pyausiit 3a 2021 rog 1o AaHHBIM
CTallMIOHAPHON ceTu HabAIOAEHUIL: YPOBeHb 3arpsA3HeHIs aTMOC(EpPHOTO BO3AyXa OLIeHMBAAC HU3KUI
(MI3A=2), ontpeaeasiacs snauenusmu CV paBHbIM 4 (r1oBbieHHbIN ypoBeHb) 1 HIT = 4% (riosbieHHbIN
yPOBeHb) 110 AMOKCHAY a3oTa B parioHe rocra ITH3 Noé6 (psaoM ¢ MedeTnio).
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Pucynok 3. Kapra pacnpocrpaHennst BBIOPOCOB OCHOBHBIX 3arpsI3HAIONIVIX BellleCTs B
aTtMocdepHbIT BO3AYX Topoaa Pyaubii 3a 2021 rog,

A — pacripocTpaHeHue TBepAbIX BeecTs, b — pacripocrpanenne cepuncroro anrmapuga, B -
pacpocTpaHeHue oKcrga asora, I' — pacpocTpaneHne OKucH yraepoda 110 epumMeTpy TeppuTopumn

Ipumeuariue — cocmasaero asmopom Ha ocrose cucmemor ArcGis 10.1

Coraacno P4 ecan M3A, CI n HII nonagarmor B pasHble I'pajaliuii, TO CTeleHb 3arpsA3HeHN:
aTMocdeps! onjeHnBaercs 1o VI3A=9.

CpeaneMecsuHble KOHLIEHTpaumm Anokcnaa asora — 1,57 I1AKe.c., KoHIeHTpanmm OcCTaAbHBIX
3arpsA3HAIONINX BelllecTs He rpesbimaan [TAK.

MaxkcumaapHO-pa3osble KOHIleHTpanun Anokcuga cepsl — 4,00 IIAKwm.p, okenaa yraepoaa — 1,30
ITAKwm.p, anokcnga asora — 4,20 ITAKwm.p, okcnga asora 1,73 IIAKM.p, KOHIIeHTpamum OCTaAbHBIX
3arpssHAIONINX BerecTs He rpesbimaan [IAK. (tabauria 3).

Cayyan BbIcOKOTO 3arpsasHeHmusa (B3) m okcrpemaabHO BBICOKOTO 3arpsisHeHmst  (DB3)
aTMOC(epHOTO BO3AyXa He OOHapy>KeHBI.
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Tabamuiia 3

XapakTepucTuka sarpsi3HeHUs1 aTMOC(pepHOro BO3ayxa

MakcnMaabHast
Cpeansia
pa3oBas Yncao caygaes
KOHIIeHTpanus HIT
KOHILIEeHTpaLst npesbimeHnsa [TAKwp.
(Qmec).
(Qw)
IIpumecnh 3 )
g . | EEs| . |EEsg
9]
% é’ =Y, % % v % > >5 >10
S | §EZ| ¢ | EiR MAK | MAK | TAK
3 FiF
= =
r. Pyanbmi
Bapemiennnie
qgactunsl PM- 0,00 0,0 0,0 0,0 0,000 0 0 0
10
Avoxaia 0,025 0,491 2,000 4000 | 1,912 | 994 0 0
CephI
Oxkcug,
0,1 0,0 6 1,3 0,019 10 0 0
yraepoga
Auoxciia 0,06 1,57 0,84 420 | 2,579 | 1341 0 0
aszora
CepoBogopog 0,00 0,00 0,00 0,000 0 0 0
Oxkcng asora 0,013 0,22 0,69 1,73 0,063 33 0 0

HPUME’UIHME — COCABAEHO Ha OCHOBE exKe200H020 O10AAEINEeHS Kaszuapomema

3a nocaeanne rognl (2017-2021rr.) ypoBeHb 3arps3HeHMsI aTMOCPEPHOIro BO3JAyXa M3MeHACS
caeAyiomymM o6pasoM (PUCYHOK 4):

=

.. LEL

= C/M@ HITEa N3A

Pucynoxk 4. CxeMa mokasaTeaeii 3arpsisHeHMs1 atMocgepsl ropoga Py anbiii

Ipumeuariue — cocmasaerio Ha ocrose darirotx Kaszudpomema
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Kax Bmano m3 rpaduka, yposeHb 3arpsasHeHmsa 3a 2017-2021 rr. oljeHmMBaACs KaK HU3KUIL
[Ipesbimienns HOPMaTUBOB CpeAHECYTOYHBIX KOHIIEHTpaIuil HabAI04aAMCh IO AMOKCUAY a30Ta,
AVOKCHAY cepbl. JaHHOe 3arpsi3HeHNe XapaKTepHO A4s51 MeXKCe30Hbsl, COIIPOBOXKAAIOIIETOCs BAUAHIEM
BBIOPOCOB OT TeIA109HePTeTUYeCKIX MPeAIIpUATAN U OTOILAeHNI YaCTHOTO CeKTOpa.

MHoroaeTHee yseanyeHne Iokaszareasl «<HauOOAbIIas IOBTOPsAEMOCTb» OTMEJeHOB OCHOBHOM 3a
cyeT AMOKCHAA a30Ta U AMOKCHAA Cepbl, UTO CBUAETeABCTBYeT O 3HAYMTeAbHOM BKJaje B 3arps3HeHue
BO3JyXa KaK aBTOTpaHCIIOpTa Ha 3arpy>KeHHBIX IIepeKpecTKax ropoJa, Tak 1 OTOINITeAbHOTO ce3oHa [13].

BriBoabI

OgHoil M3 Ba>KHEMIINX Te0DKOAOTMIECKUX ITIpo0AeM sABASeTCSl 3arps3HeHne BO3AYIIHOTO
OacceriHa 1. Pyansiit. [Ipobaema 3arpsisHeHns sosayxa I. PyaHslil Bcrada ocCOOEHHO OCTPO B ITOCAeAHNe
ABa roga (3a 2019-2021 roaer HabalOAaeTcs yBeAndeHUe OObEMOB BBIOPOCOB), KOIJa IepHOANYECKU
perucTpmupoBasaach BEICOKAs CTEIIeHb 3arps3HeHNsT aTMOCEPHOro Bo3Ayxa cepOBOA0POAOM.

I'VIC mosBoasieT peaan3oBaTh TPagUIIMOHHBIE MOJeAM IIepeHoca, BbIITaJeHNs 3arpsA3HeHUuil B
npocrpaHcTBe 1 BpeMeHn. Bo-sroprix, ['TIC coaep>xut OGoraTelil MHCTPYMeHTapuil A4l OTOOpaskeHs U
XpaHeHM:sI Pe3yAbTaTOB MOAeAUPOBaHIs B BIiAe TeMaTIecKux MHTepakTuBHbIX KapT. Kpome toro, ITIC
VIMeeT BCTpOeHHble (QPYHKUMM Teorpapryeckoro aHaAm3a JAaHHBIX M CBA3eMl MeXAy HUMM (aHAAU3
0AM30CTY, HaAOXeHMs, pacdeT IAollajell, AAUH, IIepUMeTpOB U T.A.). /JaHHBIE BO3MOXKHOCTHU
II03BOASIOT CO34aBaTh 0OJee peaAUCTUYHBIe U TMOKMe MOJAeAU paccesiHUs IpUMecell BO BpeMeHM U
IIPOCTPaHCTBe.
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A. Tropyxanosa, A. HypmaramGetosa, XK.I'. bepaenos
A.H. I'ymunes amuvindazor Eypasus yammuvrx yrusepcumemi, Hyp-Cyaman, Kasaxeman

Pyanbni KaaachIHbIH aTMOC(epacblHa MIbIFapblaaThIH 3aTTapAbl MOAeAabJey

Anpatnma. TeuasiMm  kyMmbIic  atMocdepaablK  ypdaictepai MaTeMaTHKaABIK —MOJAeAbAeYAiH
3aMaHayM dJicTepi HeHeTi3geAreH, OA dAiCTep CTaTMCTUKAABIK JepeKTep HeridiHAe >keke (Oakplaay)
HYKTeJep/Jeri AacTayIllbl 3aTTap IIbIFapbIHABLAAPBIHBIH KO©/AeMiHe cellTeyre JKoHe AacTaylIllbl 3aTTapAblH
KOHIIeHTpalMsIAaphIHbIH TapaAyblHbl HOK IllayJaHFaH KapTaJapblH KypyFa MYMKiHAiK Oepeai. bya
FRIABIMI MaKadaga B.A.Ilerpyxmn >xonHe B.A. Buimenckmit agicrepi OovibiHIa, PyaHBIN KaaachIHBIH
aTMocdepaabl KayachlHbIH AacTaHy AeHrelli KapTorpadusidaHraH, Oya AereHiMi3 apadackaH KaOaTTaFrbl
AacTaylipl 3aTTapAblH KOHIIEHTpPalMACBIHBIH OpTallla MoHJAEpiH ecenTeyre MYMKIiHAIK Oepeai.
ATMocdepaHBIH AacTaHyblHa YAeCiH TUTi3eTiH TaOurm ¢akropaap KapacTBIPbLAAbl. ATMocdepaHbI
AACTAlITBIH HETi3Ti Ke3dep aHBIKTAaAAbl, CTallIOHApABIK IIOCTTapAbIH MaAiMeTTepi OoOViBbIHIIIA
IIIBIFAPBIHABLIAPABIH KeaeMAepi KeaTipiaai. JKyMmbicta 4 KepceTKimn OOVBIHINA AacTayIIbl 3aTTapAbIH
MOAeAbAepi KYPacThIPbLAABL.

Tyitin cesaep: Mojeabaey, armocdepa, IIbIFapbIHABLAAP, AacTaylIbl3aTTap, CTalMOHAPABIK
Ke34ep.

A. Turyuzhanova, A. Nurmagambetova, Zh.G. Berdenov
L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

Modeling of emissions of pollutants into the atmosphere of the city of Rudnny

Abstract. The scientific article is based on modern methods of mathematical modeling of
atmospheric processes, which allow calculating, based on statistical data, the volume of pollutant
emissions at individual (control) points, and building isoline maps of the distribution of pollutant
concentrations. In this scientific article, the mapping of the level of air pollution in the city of Rudny was
carried out taking into account emissions from the territory of industrial enterprises according to the
method of V.A. Petrukhin and V.A. Vishensky, which makes it possible to calculate the average values
of pollutant concentrations over the mixing layer. The article considers contribution of natural factors to
atmospheric pollution. The authors identified main sources of air pollution and the volumes of
emissions according to the data of stationary posts. The authors compiled models of dispersion of
pollutants according to 4 indicators.

Keywords: modeling, atmosphere, emissions, pollutants, stationary sources.
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Introduction

The main subject of regional geography is investigation of the complex relationships between
nature, population, and economy in a space with defined boundaries.

Regional geographers should take broad advantage of the various branches of geography, such as
geomorphology, climatology, hydrogeography, biogeography, economic geography, population and
settlement geography, and political and cultural geography, and be able to reasonably interpret the
relationships between these sub-branches.

Regional geography experts or teachers who teach these courses should be in close relation with
different science branches such as botany, zoology, economics, demography, history, ecology, statistics,
anthropology, geology, and geo-politics and be able to present more reliable country analyses and
deeper scientific and pedagogical syntheses by benefiting from these sciences [1].

One of the priority functions of regional geography is to address and explore the similarities and
common features as well as contrasts and differences. In other words, regional geography should not
confine itself to examining the physical, human, and economic characteristics of different countries but
should present their achievements, positive aspects, and differences while examining their failures,
negative aspects, and problems with the same rigor, i.e., regional geography should include economic,
ethnic, ecological, social, cultural, demographic, and geopolitical problems as well. So that, regional
geography should give wider coverage to “Critical Geography” and “Geographical Issues” [2].

Regional geography should present a broader vision to the itinerant, researching, curious, and
informed individuals of the 21%t century and a sounder and more scientific outlook on the world’s
political, social, economic, and cultural realities and regional and global problems. Regional geography
should provide individuals with opportunities to get to know the cities, regions, and nations that we
have not yet visited, seen, or learned about. It should make different spaces and countries more familiar.

62 Ne 1(138)/2022 A.H. Tymunes amuirdazor EYY Xabapurvicor. Xumus. Teozpagus. Ixorozus cepuscot
ISSN: 2616-6771, eISSN: 2617-9962



Alaattin Kizilgaoglu, Erol Kapluhan

Intensified relations between countries in the areas of technology, tourism, trade, science,
education, and politics in the globalized world make information sharing among countries inevitable as
well [3]. Hence, research, books, and scientific studies on regional geography have significantly
increased in all civilized counties. Regional geography courses are taught in high schools and
universities as compulsory subjects [4].

According to Baranski, regional geography is the complementary and integrative branch of
physical, human, and economic geography. Regional geography was born from the intersection of
physical, human, and economic geography branches on an area whose borders have been defined and
from the interrelations among these geography branches. According to Baranski, regional geography
should not regard itself as a separate science but strive to generate a sounder county profile by
collecting and assessing the diverse information from different branches of geography and by often
asking and answering “why, where, when, how, and what” questions about all geographical features of
these countries [5].

Atalay’s view on the significance and function of regional geography reflects a similar outlook: “It
is possible to know the position and significance of a country in the world, to cooperate with it for the
future, to prepare plans in the social, political, and strategic fields and to develop various strategies via
knowledge on other countries. Therefore, educators, bureaucrats, and intellectuals must have deep and
detailed knowledge of regional geography. Especially politicians and educators should test the pulse of
their countries on one hand and test the pulse of other countries on the other to achieve their tasks
thoroughly and adequately.”

Human beings and society are placed at the center of regional geography. It is the synthesis of
geographical sciences. Hence, nature, economy, culture, politics, and space relationships are also
included at the center of regional geography. Also, there is an increasing need for regional geography in
solving the social, cultural, political, demographic, and economic problems of the planet day by day.
When regional geography presents the geographical characteristics of a country through various
symbols, visual materials and numerical data, such as graphs, drawings, maps and charts, and analyzes
the industrial, agricultural and tourist potential of countries, as well as natural resources, commercial
and demographic structures, it must address questions relating to the field from geographical areas
such as social geography, cultural geography, political geography, ethnic and religious structures,
military and economic organizations and demographic, economic and political problems. Then it is
possible to picture the geographical portrait of countries [6].

Y. G. Masbits, a pioneering Russian expert in regional geography emphasizes the different roles
and functions of regional geography and combines these under six headings:

1. Function of informing or informatics
Function of description or representation
Function of education
Function of culture or enlightenment
Scientific function or research
Function of implementation

AL

However, it is crucial not to discuss these functions based on reasoning about which one is more
important. Masbits reports that these headings should not compete against one another, and that
regional geography should undertake all these roles and functions together. According to the author,
regional geography has three different research and exploration aspects:

a) Physical aspect
b) human-financial aspect and
c) complex aspect (multi-dimensional).
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But it is stated that they benefit as a whole, not individually [7].

The scheme prepared in the 1930s by N.N. Baransky in regional geography studies is still relevant
and widely used. According to this scheme, research should be conducted under six headings while
undertaking geographical analysis for a continent, region or country [4]:

1. Geographical location (mathematics, special or geo-political location). The position and
significance of the country in the world. The historical evolution of the country and its significant
historical steps

2. Physical geography characteristics (climate, geographical formations, hidrography, soil types,
flora, and fauna, etc.). Potential and production of the natural resources (surface and underground
resources).

3. Historical geography characteristics and the past and present of the human-financial system.

4. Human geography (distribution and structure of population, demographic characteristics,
settlement geography).

5. Economic geography (agriculture, industry, trade, tourism, transportation etc.)

6. Regional geography and characteristics of important cities.

In this working draft with six categories, Baransky specifically emphasized regional
differentiation of continents or countries and the physical, economic, and human characteristics of
different regions. He underlined the parts rather than the whole and focused on the differences rather
than the general and similar aspects. He specifically mentioned that regional geography should have at
least a 70% share in a country's working text [8].

In the following years, geographers such as V.P. Maksakovski, LM. Maergoyz, N.M. Panter, Y.G.
Masbits and M.D. Sarigin presented different studies and suggestions in this area. Among these, there is
the remarkable work of Y. G. Masbits’s 1995, “Complex Working Method in Regional Geography”.
Masbits suggests an outline composed of 11 main headings for studying a country. These 11 main
headings are summarized below along with subtitles [5]:

1. Factors or characteristics that enable a country to be “distinctive” or “privileged”
v" Formation of country identification card
v' Position and significance of the country among others in terms of human, economic, and
politic characteristics
v" Geographical location, neighbors, and distinctness in terms of political and administrative
structure
Distinctness in terms of human, physical and economic characteristics
Distinctness in terms of social, cultural, religious and settlement characteristics
In short, “privileges” and characteristics that are unique to this country
Geographical Position.
Area of the country and its population potential
Geographical location of the country (advantages and disadvantages)
Neighbors, land borders, and coastal characteristics of the country
Relationship of the country with economic, military, and political organizations
Geo-political position of the country and relevant results
Historical and political past of the country.
(Masbits defines the historical and political past of the countries as the “Genetic Code of the
Countries”.)
v’ Stages in the formation of nations and governments based on time and space
v The main historical-political achievements and failures of the country, the position, and
significance of the country in the world history

NN N N N VNN
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v

results

3.
v

v
v

Man-nature interactions undertaken in the country soil in the historical process and their

Natural environment, natural resources, and use of natural environment

Physical structure of the country (vertical and horizontal distribution) and its characteristics
Natural characteristics such as climate, land formations, flora, fauna, and water resources
Natural regions (highland, bottom land or wasteland, river basins, low or high areas, arid or

moist areas etc.)

AN N N N N N N N N N N N N N N UE AR VR NEN

Potential and production of natural resources

Forestry, fishery, apiculture, animal husbandry, and vegetal production
Energy-mining reserves and their production

Impact of humans on the natural environment and its ecological results
Use of land and soil.

Population geography.

Qualitative and quantitative characteristics of the population
Population density types and their characteristics

Population increase, its causes, and results

Demographic, health, and education characteristics of the population
Ethnic, religious and socio-cultural characteristics of population
Population projections

Population problems

Settlement geography

The evolution of settlement in the land of the country

Rural and urban distribution of country population

Main characteristics of urban and rural settlements

Urbanization process in the country and its characteristics

Main characteristics of metropolises

Internal and external immigration, cause and results

Settlement problems

Economic geography

General economic structure of the country and its economic potential
Technological and scientific potential of the country

Regional and local characteristics of the country's economy
Production, employment, and sectoral characteristics of country economy
Analysis of main economic branches such as agriculture, transportation, tourism, and

commerce

v

CE LA ® AN

Economic and commercial relations with other countries

Social geography.

Social, the educational, and cultural structure of the country

Societal and political characteristics of the country

Folk culture and popular culture

Ethnic, linguistic, and religious problems of the country

Regional geography.

Main geographical characteristics of the country along with its physical and economic regions
Ethnic, the linguistic and cultural structure of the regions

Economic potential of the regions and their standards of life

Regional differences, similarities, and contrasts

Environmental protection and ecological problems

Environmental problems related to the industry, transportation, and tourism
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v" Environmental problems related to population, nutrition, and urbanization

v" Environmental problems related to activities in the areas of agriculture and energy
v" Regional ecological problems, their causes, and results

10. Country perspective and projections for the future

v" Economic projections for the country

v" Political projections for the country

v" Population and settlement projections for the country

v" Regional and local projections for the country

Masbits attributes the methodical approach that can be used in regional geography to the five
main  principles of geography (space/region, complexity, clearness/demonstrativeness,
multidimensionality, interactivity, and dependence) [9]:

According to Masbits, the five principles cited above are valid for all world geography studies in
all realms such as scientific, informatics, educational, cultural, descriptive, etc. there are not very
different methods in today’s regional geography studies as well. the methods that are valid for all
geographical sciences such as the presentation and description method, historical development method,
comparative analysis method, cartography method, and statistical and economic methods are also
equally valid for regional geography. However, using all these methods in conjunction with each other
while trying to develop a sound portrait of a country may be the soundest method of them all [5].

Which Learning Domains Should be Incorporated in 21t Century Regional Geography Courses
Geared towards University Students?

Educators, scientists, and especially geography teachers face a daunting task in presenting,
endearing, and popularizing different cultures, societies, civilizations, different continents, cities and
countries, different nations, and minorities to young generations. Studying, comprehending, protecting,
and embracing the world requires internalizing and embracing different cultures, different nations,
different continents, and countries. We cannot love and adopt a world that we do not know, and we
cannot sufficiently protect and embrace a world that we do not love. One of the indispensable tasks of
regional geography is to present similar and common aspects among countries and nations and smooth
out biases and intolerance and to bring nations and states closer. The part below discusses what
university students should be taught in regional geography courses in today’s complex world.

Teaching awareness of world-homeland

Today, when there are 7 continents, more than 230 countries, some 5,000 ethnic communities,
some 6,000 languages, and a huge number of religious beliefs, reflecting the wide divisions, great
diversity, and richness in the world, the concept of a common homeland where all civilizations and
humanity join together is either ignored or cannot be perceived rationally.

Today’s educational system brings differences and superiorities to the forefront rather than
underlining the similarities and common characteristics of humanity and prefers to emphasize the
strong and privileged aspects of each nation and country.

While separatist movements and schisms increase in this century in which religious exploitation,
ethnic conflicts, and competition among civilizations have increased, societies also integrate, cultures
get increasingly closer, the world becomes smaller and dependencies among countries increase. In other
words, while the concept of globalization familiarizes and integrates societies and countries, it also
increases conflicts, divides, and separatist movements. While our planet becomes unites, it is divided
and fragmentized on the other (Morin, 2003). The 21t century is about transformation into a century in
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which anthropological and homogeneous awareness is eroded and ecological awareness and world
citizenship consciousness are underrated or ignored. However, the melting pot that unites the black and
white, the Japanese and the English, the westerner and the southerner, the villager and the urban, the
Christian and the Muslim, the poor and the rich, and the Pygmy and the Aborigine is the melting pot of
the world where we exist altogether.

The melting pot of the world is the pot where concepts such as the common planet, common
destiny, and common humanity reach significance and make sense. This pot is the pot of a “world-
homeland” pot where ethnic and religious discrimination is destroyed, and there are eroded racial and
cultural differences. This pot is the pot of common joys and sorrows, achievements, and failures, hopes
and expectations, and the past and the future. It is the pot in which the passengers of the same ship wait
for the next stop. Regional geography courses should be areas where awareness for a common planet is
transfused, they should present the reasons why we should lay claim to our world with sound
rationales. Moreover, these courses should transfer students a sense of ethnic awareness, religious
awareness, nationalistic awareness, and consciousness of citizenship while they also transfuse world-
homeland consciousness.

How can we be purified, become clean, renew ourselves and change our consumption,
production, and lifestyles before it is too late? We need to equip today’s children of the world with new
morals, awareness, and with new attitudes and behaviors. We need to develop their world-homeland
consciousness, their awareness of belonging to the Blue Planet, and their consciousness of world
citizenship. With the help of regional geography, we should teach these children to listen to the world
homeland instead of dominating it, to feel it instead of conquering it, and to love it instead of exploiting
it. Because there is no other homeland in this infinite universe than the blue planet. Because all races, all
nations, and all religions have the same identity under the same roof. They have an identity of an
earthling. Because we are all passengers of the same ship, we share a common destiny, we share a
common fate, and we share the same hopes and expectations. The happiness of our homeland is our joy.
Its future is our future. The fate of the planet is looped in the fate of humanity. Therefore, regional
geography courses should teach our children how to be earthlings. It should teach them how to adopt
and embrace our planet and teach them how to live as brothers and sisters, how to embrace each other,
how to share, and how to be tolerant [10].

Today, all nations, all religions, civilizations, and countries share the same ecological destiny, the
same global threat, and the same fear of death. Therefore, the consciousness of humanity should be
combined with the earthly consciousness of sharing a common fate. Because all human beings are
citizens of the same planet, they are dependent on the same world. Therefore, we should stake a claim
to the biosphere that we depend on, the planet that we are contingent upon, and we should ameliorate
and protect them, or we will be destroyed in our shared destiny with our selfishness and insensitivity.
Comprehending world citizenship requires internalization of our shared destiny and consciousness of
belonging to the same planet [8].

Main responsibilities of regional geography teachers in the globalized world

While regional geography teachers analyze the causes and results of global and regional
problems, they should have students grasp that events and problems can be approached by using
various outlooks, different thoughts, and viewpoints. They should also train students to become
individuals who can learn and make deductions from these problems, compare different regions and
countries, objectively examine the advantages and disadvantages of these countries, make sound
connections between the problems of the country and global problems, and freely create individual
worlds in their own heads. Before anything else, teachers should not transfer concepts to students such
as the superiority of countries or nations, show of strength, competition, ethnic spite, and religious
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hatred; on the contrary, they should give students positive, universal, and peaceful messages to students
by emphasizing similarities, beauties, commonly shared items, and tolerance. In these courses, students
should be able to observe together and balance the beautiful and the ugly, the positive and the negative,
the advantages, and the disadvantages.

Regional geography courses should not be unpleasant and monotone courses that only teach
about the mountains, rivers, the largest lakes and cities, and the mines of countries; that have students
memorize country capitals and confuse students’ already confused minds by filling them with
encyclopaedic, empty, and boring information. Modern regional geography teaching should be a
learning domain that builds peace and Brotherhood Bridge among different nations, different religions,
different countries, and cultures and it should emphasize democracy, human rights, and positive
universal values. Also, regional geography teachers should teach their students how and where to use
numerous digital data, maps, figures, and diagrams on continents and countries by utilizing the most
recent scientific and technological innovations. What’s more; they should have their students love,
comprehend, and make sense of the field of geography by synthesizing and deeply filtering the
geographical events and by looking for answers to “when, where how much, and how” in the
framework of cause and result and have their students stay away from stereotyped information and rote
learning in the field of geography.

Embracing the unity of the planet and of humanity

“Geography is a science that presents the characteristics of the spaces on earth and examines and
explains these characteristics, the reasons for similarities and contrasts among different spaces and the
rules that govern them” [5]. Geography explores the complex relationships between the social and
natural environment, and it is a science of synthesis whose most prioritized research field is the
interaction between society and the geographical environment by placing man and space in the focus of
its exploration. Hence, geography is the science of space before anything else. Space is constant, limited,
and variable. Anatolian peninsula, Japanese state, Cyprus Island, and the African continent are constant,
but limited and variable spaces. While the limits of the spaces are determined by different physical
factors such as seas, oceans, valleys, mountains, and rivers and by political factors such as state borders,
internal changes in spaces are determined by internal forces, external forces, and human activities [10].

Results

While teaching students the natural, human, and economic characteristics of different spaces
during regional geography courses and having students learn about authentic aspects and superior
sides of different countries, it should be remembered to teach them the factors that bring these countries
together and unite these people and the factors that integrate the nations included in different political
and economic organizations. Regional geography courses should not ignore the fact that the common
space for us all. Teachers, first, should train students to be individuals who can approach regional and
global problems from peaceful windows, who can approach different races, religions, and cultures with
tolerance, and who can volunteer to remove biases and enmities among countries. Hence, regional
geography should move away from being the field of occupation that marginalizes and excludes people
and states and must be turned into a teaching field in which messages of love, peace, amity, empathy,
cooperation, and tolerance are given.

Having students comprehend human ethics and develop homogenous awareness lies at the center
of future regional geography education. The homogenous awareness that should be developed in
students should be built on the belief foundation that all races, all religions, all cultures, and all peoples
belong to the same human race and that all people are relatives. Until now, our lineages, skin colors,
beliefs, the languages we speak, country borders, political beliefs, and our kindreds have separated us
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form one another, they have even estranged us. The quadruple unity of “individual-race-nation-state”
has caused nations and countries to view one another with suspicion and distrust and resulted in
conflicts and wars, genocides and immigrations, tears, and tragedies. Therefore, future geography
teaching should work to humanize humanity and it should strive to develop world citizenship ethics,
ethics for understanding, tolerance, and empathy. This is only possible through comprehending our
earthling identity and embracing and adopting the unity of the planet and the unity of humanity. The
regional geography teaching of the future should surpass national, ethnic, and religious awareness, sow
the seeds of homogenous awareness and develop ecological awareness and world-homeland awareness
and advance world citizenship consciousness which shows that we belong to the same humanity.

References

1. Miwa A. Takeuchi, Pratim Sengupta, Marie-Claire Shanahan, Jennifer D. Adams, Maryam
Hachem. Transdisciplinarity in STEM education: a critical review // Studies in Science Education. —2021.
- Vol. 56. - Issue 2. — P. 213-253. DOI: https://doi.org/10.1080/03057267.2020.1755802.

2. Atalay I. Continents and World Regional Geography. — Izmir: Meta, 2007. — 245 p.

3. Bilgili A.S. Fundamentals of Social Studies. — Ankara: Pegem, 2008. — 142 p.

4. Giiner 1. Introduction of the Geography of Continents. Erzurum: Atatiirk University
Publication. — 2005. — No791. — P. 75-81. [in Turkish].

5. Becca C. Merrill. Configuring a Construct Definition of Teacher Working Conditions in the
United States: A Systematic Narrative Review of Researcher Concepts // Review of Educational
Research. — 2021. — Vol. 91. — Is.2. DOI: https://doi.org/10.3102/0034654320985611.

6. Atasoy E. Education for Environment and Environment consciousness, Kaygi. // Uludag
University Faculty of Arts and Sciences Journal of Philosophy. —2005. — Vol. 5. — P. 124-129. [in Turkish].

7. Lipson L. Moral Crisis of Civilization. Spiritual Melting or Progress? // Cultural Publications
of Turkey Isbank. — Istanbul, 2010. — 425-450 p.

8. Giiner 1., Ertirk M. Continents and World Regional Geography. — Ankara: Nobel
publications, 2015. — 236 p.

9. Abril C.R., Bannerman J. K. Perceived factors impacting school music programs: The teacher’s
perspective // Journal of Research in Music Education. — 2015. - 62(4). — P. 344-361. DOL
https://doi.org/10.1177/00224294 14554430.

10. Runova T.G. Economic Geography with Fundamentals of ReginaListics // Journal of Moscow
State University, Geographic series. —2010. - No5. — P. 75-78.

Aaaartyna Kmsnakaoray?!, Epoa Kanayxam?
IBarvikecup ynusepcumemi, barvikecup, Typxus
Mexmem Axug pcott amvindazor bypdyp yrusepcumemi, bypdyp, Typxus

Earany naHi Iegarormka relabIMBIHAAFEI )KahaHABIK peai, Ma3MyHBI, MOHI JKoHe OOAalIarbl

Anpatna. bya reapivu sxymbicta Typkusgarsl reorpadpus >KoHe IeJarormka FhLABIMAApPEI
(paxyabreTTepiHAe OKBITHIAATEIH €ATaHy KypCTapbIHbIH HeTidgeMeci, MoHi MeH KbI3MeTTepi CUIIaTTaAblIl,
OCBbI KyPCTBIH I1eJarormkaablK >KoHe FBLABIMM peJi aliblaraH. 3epTTey OapbIChIHAA Keaeci cypakTapra
’KayanTap aAblHABL eajdepre TreorpapusAblK Taaday >KYPridy >KeHe oO4apAblH reorpadpusablK
cuIaTTaMaJdapblH JaliblHAQy YIIiH HeHi ecKepy Kepek >KoHe KaHJall TaKblpblNIalapAbl KaMTy Kepek?
EaTany neHiHiH MyFaaimMaepi eagep Typaabl akapaT >KIMHayAa, OKBITY MeH Oiaim Oepyai >kocniapaayaa
HeHi eckepyi kepek? FEaranyabplH KipikTipiareH ogici KaHJAall Herisri TakKbIpplITap MeH
TaKbIpbINIajapasl KaMTysl Kepek? XXI racbipAarsl eATaHy KypcTapblHAa KaHJAail FELABIMU KaHe 0iaim
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Oepy caaasapbiHa OachIMABIK Oepiayi kepek? OKylIblaapFa apHaAfraH eATaHy KyPCBIHBIH YATTBIK JKoHe
941eMAiK MaHbI3bI KaHAal? EaTany MyFraaiMAepiHiH aaeMaik ayKbIMAaFbl HeTi3ri MiHAeTTepi kaHAait?
Tyiiin cesaep: Typkus, eataHy, aliMaKTBIK reorpadus, yHUBEPCUTET CTyAeHTTepi, MyFaliMaepi.

Aaaartyna Kumsnakaoray?!, Epoa Kanayxam?
Wrusepcumem Barvikecup, barvixecup, Typuus
2Bypdypckuii yrnusepcumem um. Mexmem Axug Dpcoii, Bypdyp, Typuus

I'aob6aabnas poap, coagepKaHue, 3HaYeHNe U IIepCIeKTUBEI reorpadgum cTpaH Miupa B
rejarorm4eckoi Hayke

Annoramis. B ganHoit HaydHOIT paOoTe OIMcaHbl paccy>KAeHus, 3HadeHue 1 PYHKIMU KYpCOB
CTpaHOBeJeHIs, IperojaBaeMbIX Ha (paKyabTeTax reorpadpuu u nejarormuecknx Hayk B Typimm, Taxke
packprIBaeTcs Mejarorndeckas M HaydHas poAb JaHHBIX KypcoB. B Xxoze nccaeaosanmst Ob141 IOAYIeHBI
OTBETBI Ha CAeAYIOIINe BOIIPOCKL: UTO CAeAyeT YYUTHIBATh U KaKle ITI0A3ar0A0BKA CAeAyeT BKAIOYaTh 445
IIpoBeAeHNsl Teorpapryeckoro aHaAu3a CTpaH U IOATOTOBKM MX Teorpapuyueckmx Xxapakrepucruk? Yro
AOAKHBI YIUTHIBATh YUUTEAs CTpaHOBeAeHI:sI IIpu cOope MHpOpMaIuu O CTpaHax, IIpy ILAaHMPOBaHU
oOydennst 1 obpasosanmsi? Kakme ocHOBHBIE TeMBI U T1043ar0A0BKY AO/AXKEH BKAIOYaTh KOMILAEKCHBIN
MeTog cTtpaHoBedeHns1? Kakue HayuHble 1 ITO3HaBaTeAbHbIe 004aCcTU AOAYXKHBI OBITh IPUMOPUTETHBIMU B
Kypcax crpaHoBedeHr:1 21 Beka? KakoBo HalllOHa/AbHOe U MMPOBOe 3HadeHle Kypca CTpaHOBeAeHI:
AAs1 IKOABHMKOB? KakoBLI OCHOBHEIE 3a4aull yUnTeAell CTpaHOBeAeHNs B I100aAbHOM MaciTabe?

Kaiouesbie caosa: Typums, reorpagus cTpaH Mupa, pernoHaabHas reorpadus, CTYAeHTHI
YHUBEPCUTETOB, IIperiojasaTean Teorpadpui, crpaHoBeeHne.
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Araammun Kusuaxaozay — npodeccop Kadeapbl cOlMaAbHBIX HaykK, (pakyabTeT oOpa3oBaHIs,
YHusepcurer basaxecup, baaakecup, Typuus.

Epoa Kanayxan — acconumpoBaHHbIN mnpodeccop kadeapsl reorpadpuy, paxyabTeT HayKU O
3emae, ynusepcutetr Mexmera Axkuda Dpcos, bypayp, Typums.
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