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Ore treatment hydrogen peroxide during heap leaching of gold
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ABSTRACT
Over the past century, many problems have been focused on the problems of low leaching rate
of gold and methods have been developed to intensify the leaching of gold. Among these

h h f h i | he leachi f gold is k N
Received: 30 December 2020 methods, the use of hydrogen peroxide to accelerate the leaching of gold is known. In order to
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intensify the leaching process, the indicators of cyanide leaching of gold from ore using hydrogen
peroxide were studied. This article presents the results of assay-gravimetric, chemical, and
mineralogical analyses of gold-bearing ore from the Sari Gunay Deposit (Iran). The content of
sulfide sulfur ore belongs to the category of low-sulphide, by oxidation of sulphur (50.70%) to the
category of oxidized ores. Thermodynamic analysis of possible reactions of ore components with
hydrogen peroxide is carried out. Laboratory studies on cyanide leaching of gold have shown that
the maximum recovery of gold is 52.92% at a concentration of hydrogen peroxide of 0.5%, the
recovery of gold without ore treatment is 52.03%. The results of laboratory and column tests
with and without treatment with hydrogen peroxide (H.0,—0.5%) were compared. Treatment of
gold-bearing ore with hydrogen peroxide during heap leaching of gold increases gold recovery by
1.2% and amounts to 55.89%, without treatment - 54.69%. This increases the consumption of
sodium cyanide by 0.04 kg/t.

Keywords: heap leaching gold, heap leaching intensification, gold leaching, hydrogen peroxide,
oxidizer, gold.
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Introduction

The technology of heap leaching of gold-
bearing ores has been known for about a hundred
years and undoubtedly has positive aspects, namely
[1]:

- low investment;

- reduced terms of preparation of production;

- low cost of extracting a valuable component;

- the possibility of developing small ore
deposits that are economically inexpedient to
develop using the traditional factory method;

- fast payback of projects;
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- high labor productivity with a minimum
number of workers;

- lack of energy-intensive
intensive operations.

Over the past century, many problems have
been directed towards the low rate of gold leaching
and methods have been developed to intensify gold
leaching [2-4].

Among these methods, the use of hydrogen
peroxide to accelerate the leaching of gold is
known [5-9]. Hydrogen peroxide was mainly used
for detoxification of waste water and neutralization
of waste heaps [10-12] and for oxidation during
intensive cyanidation of gold [13-15].

The reaction of dissolution of gold in the
presence of hydrogen peroxide can be represented
as follows [5-9]:

and material-

2Au + 4NaCN + H,0; = 2NaAu(CN), + NaOH (1)

The more active the oxidizing agent, the higher
its oxidizing capacity and concentration in the leach
solution, a high degree of oxidation rate should be
expected. At the same time, with a sufficient
oxidation potential, for example, in the presence of
hydrogen peroxide, in addition to gold, cyanide can
also be oxidized [16]:

NaCN + H,0,= NaCNO + H,0 (2)

The above reaction is the chemical basis of a
widely used method for neutralizing waste cyanide
solutions. Thus, the introduction of an oxidizing
agent, stronger than oxygen, which is the basis for
the acceleration of cyanide leaching, itself has a
limitation. It is quite obvious that the limiting factor
is the redox potential of the leaching system. This
parameter should ensure the intensification of gold
oxidation (reaction (1), in which oxidative
decomposition of cyanide becomes possible
(reaction (2) [17].

In this research paper, in order to intensify the
leaching process, the indicators of cyanide leaching
of gold from ore using hydrogen peroxide were
studied for the first time.

Experimental part and discussion of results

Gold ore from the Sari Gunay deposit (Iran) was
used for research. According to the results of assay
analysis, the average gold content in the ore is 2.90
g/t [18-20]. The chemical composition of the ore is
represented by the following components in, %: Cu
0.009, Zn 0.0082, Ni 0.0003, Pb 0.108, Mn 0.0005,

Co 0.0003, Cr 0.0013, Mo 0.0001, Hg 0.0025, As
0.11, Sb 0.0563, K;O 7.30, Na;O 1.34, SiO; 61.4,
Al,03 19.7, TiO, 0.49, MgO 0.80, CaO 0.31, P,0s
0.21, Fe total 2.67, Fe oxidized 0.44, Fe sulfide 2.23,
S total 1.48, S sulfide 0.73, S sulfate 0.75. Mass
fraction of total sulfur is 1.48%; that of sulfide
sulfur is 0.73. The ore belongs to the low-sulfide
category by the sulfide sulfur content and to the
category of oxidized ores by the sulfur oxidation
level (50.7%). A special feature of the rock is a
negligible content of total iron (2.67%), while iron
sulfide (2.23%) is mainly bound up with pyrite [20].

Mineralogical analysis has established that the
gold in the sample is, in the main mass, in the form
of dispersed grains (no more than 2 microns) and
inclusions in hydroxides, iron oxides and skorodite.
The mineralogical composition of the ore of the Sari
Gunay deposit is presented in Table 1.

Table 1 - Mineralogical composition of the ore from the
Sari Gunay deposit

Minerals Mass fraction, %
Rock-forming minerals
Quartz 23.0
Orthoclase 30.0
Plagioclase 6.0
Hydromica 28.0
Biotite 2.0
Chlorite 1.0
Kaolin 1.0
Gypsum <1.0
Ore minerals

Jarosite 2.0
Magnetite, Haematite 1.0

Iron hydroxide <2.0
Scorodite 2.0
Cinnabar Isolated grains
Metacinnabar Isolated grains

Sulphides

Pyrite 1.0
Arsenopyrite Isolated grains
Galena Isolated grains
Total 100.0

In the research paper of a number of authors
[21-24], it is proposed to use oxidizing agents such
as hydrogen peroxide and others to open gold
particles associated with metal sulfides. In this case,
peroxide solutions are added directly to the cyanide
leaching solution. The thermodynamic analysis of
the reactions (Table 2) shows that the addition of
such a strong oxidizer as hydrogen peroxide directly
to the cyanide solutions used. In the heap leaching

— 6
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Table 2 - Possible thermodynamic reactions of the ore components with hydrogen peroxide

Ne Reaction AG, Kl /mol
298 K 323K 353K 373K

1 | 2NaCN + H20; + 202(g) = 2NaOH + 2CO5(g) + Na(g) -1261,41 | -1260,52 | -1259,34 | -1258,54
2 2NaCN + H202 = 2NaOH + 2C + N2(g) -472,67 -471,65 -470,31 -469,39
3 FeSz + 2.502(g) + 2H202 = FeO + 2H2S04 -1195,93 -1184,04 -1170,04 | -1160,86
4 FeSz + 7.5H20; = Fe(OH)s + 2H2504 + 4H,0 -1866,88 -1856,34 -1844,47 | -1836,96
5 FeSz + 7H20; = FeO + 2H,S04 + 5H.0 -1711,89 -1703,79 -1694,92 | -1689,44
6 2FeAsS + 9H202 = 2Fe0 + As203 + 9H20 + 2502(g) -2386,97 -2383,55 -2380,89 | -2378,89
7 2FeAsS + 10H202 = Fe203 + As203 + 10H20 + 2502(g) -2733,24 -2727,32 -2722,22 | -2717,85
8 FeAsS + 2.5H,0; + 1.502(g) = FeO + H2S04 + H3AsO3 -1135,35 -1126,16 -1116,88 | -1107,51
9 2FeAsS + 5H202 + 3.502(g) = Fe203 + 2H2504 + 2H3As03 -2513,77 -2492,12 -2470,29 | -2448,27
10 | FeAsS + 2.5 H20; + 202(g) = FeO + H2S04 + H3AsO4 -1263,81 -1251,87 -1240,02 | -1228,23
11 | 2FeAsS + 5H20: + 4.502(g) = Fe203 + 2H2504 + 2H3As04 -2770,69 -2743,55 -2716,56 -2689,7
12 | FeAsS + H20; + 302(g) = FeAsO4 + H2S04 -1218,49 -1204,82 -1191,24 | -1177,75
13 | FeAsS + H202 + 2.502(g) = FeAsO4 + H20 +S02(g) -1065,81 -1058,72 -1051,71 | -1044,75
14 | FeAsS + 2.5H202 = FeSOa4 + AsHs(g) + H20 -548,23 -546,91 -545,65 -544,43
15 | CuS + 4H202 = CuSO4 + 4H20 -1021,20 -1015,04 -1009,20 | -1003,66

of gold will lead to the destruction of sodium
cyanide to form an alkali (Reaction (1) and (2),
Table 2). The decrease in the concentration of
cyanide, respectively, reduces the extraction of
gold. Based on the technology of heap leaching of
gold, in which one of the stages of the process is
paused between irrigations [25]. This technological
method is used in the presence of sulfide minerals
in the ore, in which there is finely disseminated
gold.

If hydrogen peroxide is used when irrigating a
heap without supplying alkaline cyanide solutions,
then the oxidizing agent will react with the sulfide
part of the ore. Thermodynamic calculations show
that pyrite, arsenopyrite and galena present in ores
can be oxidized in the presence of hydrogen
peroxide with the formation of various compounds,
oxides, sulfates, etc. Oxidation and dissolution of
iron and copper sulfates will lead to the opening of
finely disseminated gold, which can then be
extracted at supply of cyanide solution.

Laboratory tests of ore leaching

Laboratory tests on cyanide leaching were
carried out in an agitator with a rotation speed of
30 rpm. The modes of leaching were as follows: ore
size -12 mm, ore sample weight for each
experiment 500 g, ratio Solid:Liquid =1:2, pH 10-11,
concentration of sodium cyanide 0.1 %, leaching
duration 24 hours. During the leaching process, the
concentration of sodium cyanide and the pH of the
medium were monitored, and, if necessary,
reagents were added.

Based on the data of thermodynamic analysis,
the ore was treated with hydrogen peroxide for 30
min before cyanide leaching. The hydrogen
peroxide concentration for treatment ranges from
0.2% to 1%. After the completion of leaching, the
filtered solution and the solid phase of the tailings
were analyzed for gold content.

The results of gold leaching are shown in
Figures 1-2.

The results show that the maximum gold
recovery is 52.92% at a hydrogen peroxide
concentration of 0.5%, the gold recovery without
ore treatment is 52.03%. For further research on
heap leaching of gold, this concentration of
hydrogen peroxide (0.5%) was chosen as the
optimal one.

Research on the technology of heap
leaching of gold

Heap leaching of gold in columns was fulfilled in
a closed cycle: leaching of gold from the ore with
alkaline cyanide solutions; sorption of dissolved
gold with activated carbons; return of the solution
into circulation for leaching after correcting the
concentration of sodium cyanide and pH.

Attributes of the unit for conducting column
studies are as follows: ore size is =20 mm; diameter
of columns for leaching is 100 mm; height of
leaching columns is 800 mm; height of the ore layer
in the column is 750 mm. The ore mass in the
columns by dry weight is 9 kg. Solutions of 0.05%
(0.5 g/L) sodium cyanide were used as a leaching
solution; the pH value was maintained within 10.5—
11.0 by adding sodium hydroxide.
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Figure 2 - Gold recovery degree of crushed ore to a particle size of -12+0 mm

For comparison purposes, two series of
research were conducted on heap leaching of gold
with the addition of hydrogen peroxide and
without that.

The method of leaching with the addition of
hydrogen peroxide was carried out as follows: The
first 3 cycles of ore leaching were treated only with
a solution of 0.5 % hydrogen peroxide. In
subsequent leaching cycles, the addition of this
reagent was stopped and the leaching was carried
out with a cyanide-alkaline solution. It took 15

leaching cycles to dissolve the gold. The results of
heap leaching of gold are shown in Figures 3-5.

Figures 3-4 show that pre-leaching ore
treatment with hydrogen peroxide at the beginning
of three leaching cycles increases the gold content
in productive solutions. The degree of gold
recovery with treatment with hydrogen peroxide
(55.89%) is 1.2% higher than in the experiments
without treatment of this reagent (54.69%).

The consumption of sodium cyanide for
leaching without treatment was 0.65 kg/t.
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Treatment of ore with hydrogen peroxide increases
the sodium cyanide consumption by 0.04 kg/t and
is 0.69 kg/t (Figure 5).

Conclusions

The treatment of gold-bearing ore of the Sari
Gunay deposit with hydrogen peroxide in heap
leaching of gold increases gold recovery by 1.2%
and is 55.89%, without treatment - 54.69%. This

increases the consumption of sodium cyanide by
0.04 kg / t.

In the future, studies will be carried out on the
intensification of gold-bearing ores using
alternative oxidizers and experiments for gold-
bearing ores of Kazakhstan.

Conflicts of interest. On behalf of all authors,
the corresponding author states that there is no
conflict of interest.

Cite this article as: Yessengarayev Ye.K., Surimbayev B.N., Baimbetov B.S., Mamyachenkov S.V., Kanaly T.S. Ore treatment

hydrogen peroxide during heap leaching of gold. Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a = Complex Use of Mineral
Resources = Mineraldik Shikisattardy Keshendi Paidalanu. 2021. N21(316), pp. 5-14.

https://doi.org/10.31643/2021/6445.01

ANnTblHAbI YHIHAI Wamanay KesiHAe KeHAi CyTeriHiH, aCKblH TOTbIFbIMEH eHAey

12" Ecenrapaes E.K., >*Cypimbaes b.H.,  Baumbetos b.C., * Mamauenkos C.B., ° KaHanbi T.C.

1Satbayev University, Aamamei, KazaxcmaH
2«KP MLLKKO ¥O» PMK «KazmexaHobp» MemMaekemmixk eHepKacinmik 3K002uf fblabiMu-eHOipicmik Gipaecmizi» gpunauasnsi, Aamamel, Kazakcmax
39n-®apabu amoiHOarbl Ka3ak yammesiK yHusepcumemi, Aamamsi, Ka3akcmar.
4 PecelidiH 6ipiHwi Mpe3udeHmi b.H. EabyuH ameiHOarsl Opas ghedepandsi yHueepcumemi, EkamepuHbype, Peceli
SKazakcmaH Pecny6auKacsiHbig MUHepanobl Wukizammel keweHOi Kalima eHoeydiH, yammebik opmanbifsl, Aamamel K., KazakcmaH

* Corresponding author email: y.yessengarayev@stud.satbayev.university, esengaraev_erlan@mail.ru

TYWIHAEME

OTKeH facblpga KentereH npo6nemanap ANTblHAbI Luaﬁmanay,u,bm, KbiNAaMAbIfblHbIH, TOMeH

6onybimeH 6ainaHbICTbl 60nAbl, an KeliHHEeH anTbiHAbI epiTiHAINeYAl KapKblHAATy a4icTepi

»Kacanabl. Ocbl daicTepain, iWiHAe anTbiHAb! Wakmanayapl Te3geTy YWiH cyTeri acKblH TOTbIFbIH

Makana kengi: 30 enmokcaH 2020
PeueHseHTTEH OTTI: 25 KOHMap 2021
KabbingaHapl: 09 aknaH 2021

KO/4aHa OTbIpbin,

KongdaHaTbIH agic 6ap. LWaiimanay npoueciH KapKbIHAATY MaKcaTbiHAA, CyTeriHiH aCKbiH TOTbIFbIH
KeHHEeH anTblHAbl LMAaHUATIK LWaiimanay apKbiabl any KepceTkiwTepi
3epTTengi. byn xymbicta Capbl-lyHait (MpaH) KEHOPbIHHbBIH, anTbIHKYPaMAapbl KeHAEpiH cbiHama-

rPaBUMETPUANDBIK, XUMUANBLIK, MUHEPANIOTUANDBIK TandaynapblHblH HSTVI)KeI'Iepi YCbIHbINFaH.

Cynbduareri KyKipTTiH, menwepi 6oMbliHWA KeH a3 cyibduATI caHaTKa, an KyKipTTiH, TOTblfFy

Aapexeci 6oibiHWa (50,70%) — TOTbIKKAH KeHAep CaHaTbliHA KaTadbl. KEH KOMMOHEHTTepiHiH

cyTeri ACKbIH TOTblfbIMeH MVMKiH 6onatbiH peakunAanapbiHa TepMOAMHAMUKANbIK Tangay

Kyprisingi. AnNTbiHAbI UMAHMATIK Wakimanay apKblibl any GoMbIHLWA XKYPri3inreH 3epTxaHanblk

3epTTey/siep KOPCETKEHAEW, CyTeri acKblH TOTbIFbIHbIH, KOHUeHTpauuscel 0,5% 6onfaH Kesge

aNTbIHHbIH, €H, oFfapbl 6eniHyi 52,92%-abl Kypaiapl, peareHTTi KongaHbaraH Kesae anTbliHHbIH,
6eniHyi 52,03% 6onagpl. CyTteri ackblH ToTbifbiMeH (H20,-0,5%) eHaereH »koHe eHAemereH

Ke3geri 3epTxaHasblK }aHe 6afaHanblK CbiHaK KOPCETKIWTEPiHE CaNbICTbIPY XYPri3ingi. AnTbiHAbI

o ~ . . . 4-
YUIHAI WanManay KeslHae KeHAl CyTerl aCKblH TOTblfbIMeH eHAecCe aNTblHHbIH a/iblHYbI 1,2%-fa

apTaabl, AFHU 55,89%-abl Kypanapl, an eHAemMereH Kafganaa 54,69%-ap1 Kypangbl. byn kesge

HaTPWI UMaHUAiHIH, WhiebiHbl 0,04 Kr/T-Fa apTagpl.

TyWiH ce3gep: anTbiHAbl YWiIHAI Waimanay, yHiHAI Wwakmanay npoueciH KapKblHAATY, anTbiHAbI
LwaiMmanay, CyTeriHiH, acKblH TOTbIfbl, TOTbIKTbIPFbILL, aNTbiH.
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AHHOTAUMA

Ha npoTaxeHWu nocnefHero cToneTua MHorve npobnembl 6biAM HanpaBieHbl Ha pelueHne
334341 HU3KOM CKOPOCTY BbILLENAYMBAHNA 30/10Ta U, B Aa/bHelLLeM 6binn pa3paboTaHbl MeToAb!
MHTEHCMOUKALUMM BbileaunBaHua 30n0Ta. Cpean 3TUX METOAO0B, M3BECTHO WMCMO/b30BaHWe
NepoKcMaa BOAOPOAA ANA YCKOPEHWA BbillenaduMBaHua 3o0n0Ta. C Uenblo MHTeHCUbMKaumu
npouecca BbllenaunBaHnsa 6b1n U3ydeHbl NOKasaTeNn LMaHWAHOTO BbilLeauynBaHusa 30/10Ta U3
pyAbl ¢ MCnonb3oBaHWEM MepoKcuaa Bodopoda. B gaHHol paboTe npeacTaBneHbl pesynbTaThl
NPO6UPHO-TPaBUMETPUYECKOTO, XUMMUYECKOTO, MWHEPANOrMYecKkoro aHanu3os
30/10TOCOAEPKALLEN pyabl mecTopoxaeHun Capu-TyHait (MpaH). Mo copepaHuto cynbduaHom
cepbl pyAa OTHOCUTCA K KaTeropuu manocynbduaHoM, No cteneHn okucneHus cepbl (50,70%) — k
KaTeropum OKUC/IEHHbIX pyA. [poBeseH TEPMOAMHAMMYECKUIA aHanW3 BO3MONHbIX PeaKLUu
KOMMOHEHTOB pyApbl C MEPOKCMAOM BoAoposa. /labopaTopHble UcCneAoBaHUA MO LUaHUGHOMY
BbILLLEIAYMBAHMIO 30/10TA MOKa3aau, YTO MAKCMMaibHOE U3B/eYEHMNE 30010Ta cocTasaneT 52,92%
NPy KOHUEHTpauuu nepokcmuaa sogopoga 0,5%, ussneyeHue 3on0Ta 6e3 06paboTku pyapl
coctaBnset 52,03%. [poBeaeHO cpaBHeHWe MoOKasaTeneil N1abopaToOpHOTO M KONOHHOMO
McnbiTaHUA ¢ obpaboTKoit n 6e3 0b6paboTkM nepokcugom Bogopoga (H202-0.5%). ObpaboTka
30/10TOCOAEpMKaLLel pyAbl MepoKCMAOM BOAOPOAA MPU KYYHOM BbILLENAYMBAHUM 30/10Ta
yBeANYMBaAET U3BNeYeHMe 30010Ta Ha 1,2% u coctaBaseT 55,89%, 6e3 06paboTkm — 54,69%. Mpu
3TOM YBE/MYMBAETCA Pacxos umaHuaa Hatpusa Ha 0,04 Kr/T.

Kntouesvbie cnosa: KyyHoe BbllenadvMBaHue 3010Ta, MHTEHCMUKALMA KyYHOTO BbIlLeaunBaHus,
BbllL,eNayMBaHWe 30/10Ta, NepPoKCU BOAOPOAA, OKUCIUTENb, 30/10TO.

EceHzapaee EpnaH Kalipamosuy

WHpopmayusa o6 asmopax:

- lokmopaHm, Satbayev University, Aamamel, KazaxcmaH, - Hay4Helli compydHuK nabopamopuu
671020p00HbIX Memasnsnos. ®unuan PIT1 «HL KITMC PK» locydapcmeeHHoe Hay4YHo-
npouszsodcmeeHHoe 06beduHeHuUe npomblwneHHol sKonoauu «KazmexaHobp», Aamamel,
KazaxcmaH. https://orcid.org/0000-0001-8487-7464, Email:
y.yessengarayev@stud.satbayev.university, esengaraev_erlan@mail.ru.

Cypumbaee BayvipycaH HypyicaHosuy

- flokmop PhD, Cmapuwuli Hay4Hbili compydHUK nabopamopuu 67a20p00HbIX Memansos,

- @uauan PIT1 «HL KIMC PK» [ocydapcmeeHHoe Hay4yHO-pou3soocmeeHHoe obbeduHeHue
npomelwneHHol 3Kkonoeuu «KasmexaHobp», Aamamel, KazaxcmaH; Cmapwul npernodasamesns
Kaghedpol aHanumuveckoli, KonaoudHOU XumMuu U mexHono2uu pedKux anemeHmos, @akynoemem
Xumuu u xumuyeckoli mexHosnoauu, Kazaxckuli HayuoHaneHbIl YHusepcumem umeHu Asb-
®apabu, Anmamei, KazaxcmaH. https://orcid.org/0000-0002-3988-8444,

Email: surimbaev@gmail.com, bauyrzhan.surimbayev@kaznu.kz

Baumbemoes bonomnaii CazuHo8uY

K.m.H., accoyuuposaHHbili npogeccop Kagedpbl Memasnnypeuu U o0b602aujeHuUe ose3HbIX

uckonaemelx, Satbayev University, Aamamel, KasaxcmaH. https://orcid.org/0000-0003-4442-
5038, Email: b.baimbetov@satbayev.university.



https://orcid.org/0000-0002-3988-8444
mailto:surimbaev@gmail.com
mailto:bauyrzhan.surimbayev@kaznu.kz
https://orcid.org/0000-0003-4442-5038
mailto:b.baimbetov@satbayev.university
https://orcid.org/0000-0003-4442-5038
mailto:b.baimbetov@satbayev.university
https://orcid.org/0000-0002-6465-9010
mailto:mr_temirbek_ks@mail.ru
mailto:y.yessengarayev@stud.satbayev.university
mailto:esengaraev_erlan@mail.ru
https://orcid.org/0000-0001-8487-7464
mailto:y.yessengarayev@stud.satbayev.university
mailto:esengaraev_erlan@mail.ru
https://orcid.org/0000-0002-3988-8444
mailto:surimbaev@gmail.com
mailto:bauyrzhan.surimbayev@kaznu.kz
https://orcid.org/0000-0003-4442-5038
https://orcid.org/0000-0003-4442-5038
mailto:b.baimbetov@satbayev.university

Complex Use of Mineral Resources. Nel (316), 2021 ISSN-L 2616-6445, ISSN 2224-5243

A.m.H., npogeccop, 3asedyowuli Kagedpol memannypauu ysemuoix memasnsnos, Ypaneckuli
¢edepansbHelli  yHusepcumem  umeHu nepsozo [lpesudeHma Poccuu b.H. EnbyuHa,
ExkamepuHbype, Poccus. https.//orcid.org/0000-0001-6070-8746,

Email: s.v.mamiachenkov@urfu.ru.

MamsaveHkos Cepaeli Baadumuposuy

Mnadwuli  HayyHeili  compyOHUK  n1abopamopuu  PU3UKO-GHAAUMUYECKUX  Memodos,
HayuoHanbHbIl yeHmp no KomraekcHol nepepabomke MUHepanbHo2o cuipbA PK, Aamamel,

Kanan TemupGex Cepukynel Kasaxcmaw; https://orcid.org/0000-0002-6465-9010, Email: mr_temirbek_ks@mail.ru.

Nutepartypa

[1] Van Zyl, D. J., Hutchison, I. P., & Kiel, J. E. (1988). Introduction to evaluation, design, and operation of precious metal heap
leaching projects. Society of Mining Engineers, Littleton. Colorado. VII. 372.

[2] Surimbayev B.N., Baikonurova A.O., Bolotova L.S. (2017) Prospects for the development of the process of intensive
cyanidation of gold-containing products in the Republic of Kazakhstan. News of the National Academy of Sciences of the
Republic of Kazakhstan. Series of geology and technology sciences. Almaty, Kazakhstan, 4(424): 133-141. ISSN 2224-5278.

[3] Abubakriev, A. T., Koizhanova, A. K., Magomedov, D. R., Erdenova, M. B., Abdyldaev, N. N. (2019). Leaching of gold-
containing ores with application of oxidation activators. Kompleksnoe Ispol’zovanie Mineral’nogo syr'é/Complex Use of
Mineral Resources/Mineraldik Shikisattardy Keshendi Paidalanu, 3(310), 10-15. https://doi.org/10.31643/2019/6445.23

[4] Kenzhaliyev B.K., Koizhanova A.K., Magomedov D.R., Kamalov E.M., Erdenova M.B., Abdyldaev N.N. (2020). A study of the
biohydrometallurgical method for extracting gold from flotation tailings. Metalurgija. 59, 4, 477 - 480.

[5] CopokuH W.M. (1958). WU3yuyeHue ycnoBMIA pPacTBOPeHUA 30/10Ta M cepebpa B UMAHWUCTBIX PACTBOPaAxX NP HU3KKUX
Temnepatypax /Tpyosl BHUMN-1. MaragaH. Ne 33, 13-69.

[6] EceHrapaes E.K. bBaumbetos b.C. bosnotosa /1.C. KaHanbl E.C. Ak:kapkeHos M.[. (2018). BavsHWe nepekucu Bogopoaa Ha
BbllenaymBaHue 3os0Ta. Mezhdunarodnaya nauchno-prakticheskaya konferentsiya «Innovatsii v kompleksnoy
pererabotke mineral'nogo syr'ya»/International scientific-practical conference «Innovations in the complex processing of
mineral raw materials»/Halygaralyqg dylymi-praktikalyq konferentsua «Mineraldy shikizatty keshendi drideydegi
innovatsnalar». Anmatbl, 90-91. ISBN 978-601-06-5370-2

[7] Huang Kong-xuan. (1996). New advantages on gold extraction in foreign countries. Hydrometallurgy, 9-18 (in Chinese.)

[8] Guzman L, Sgarra M, Chimenos J M, Fernandez M A, Espiell F. (1999). Gold cyanidation using hydrogen peroxide.
Hydrometallurgy. 52, 21-35. https://doi.org/10.1016/5S0304-386X(99)00006-7

[9] Typsbicbekosa I.C., MepeTtykoB M.A., bektai E.K. (2015). 3010mo: uHHOBAYUU 8 XUMUU U Memannypauu. AnmaTbl, 117.
ISBN: 978-601-228-838-4, 117-223-228.

[10] Botz, M.M., Mudder, T.l., & Akcil, A.U. (2016). Cyanide treatment: physical, chemical, and biological processes. In Gold
ore processing, Elsevier. 619-645. https://doi.org/10.1016/B978-0-444-63658-4.00035-9

[11] Breuer, P., Sutcliffe, C., Meakin, R. (2010). Comparison of industrial cyanide destruction processes. 25th International
Mineral Processing Congress - IMPC2010, 7, 1483—-1493. http://hdl.handle.net/102.100.100/109330?index=1

[12] Kitis, M., Akcil, A., Karakaya, E., Yigit, N.O. (2005). Destruction of cyanide by hydrogen peroxide in tailings slurries from
low bearing sulphidic gold ores. Miner. Eng. 18, 353-362. https://doi.org/10.1016/j.mineng.2004.06.003

[13] Longley, R.J., McCallum, A., Katsikaros, N. (2003). Intensive cyanidation: onsite application of the InLine Leach Reactor to
gravity gold concentrates. Miner. Eng. 16, 411-419. https://doi.org/10.1016/50892-6875(03)00054-2

[14] Surimbayev B., Bolotova L., Mishra B., Baikonurova A. (2018). Intensive cyanidation of gold from gravity concentrates ina
drum-type apparatus, News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and
technical sciences. 5, 431, 32-37. https://doi.org/10.32014/2018.2518-170X.7

[15] Surimbayev B., Bolotova L., Baikonurova A., Shalgymbayev S. (2019). Acetic acid application as an activating reagent in
the intensive cyanidation of gravity concentrates. Kompleks. ispol’zovanie Miner. syr'é/Complex Use Miner. Resour.
shikisattardy Keshendi Paid. 1, 308, 83—88. https://doi.org/10.31643/2019/6445.10

[16] Lawes, B.C., Mathre, O.B. (1971). Process for detoxifying cyanide waste waters. U.S. Patent No. 3,617,582. Washington,
DC: U.S. Patent and Trademark Office, application 15.05.1969, publication 02.11.1971.

[17] No6aHos B.T., Tumodees E.U., Habuynnmu ®.M., Hayapos B.b., TpeTbsikos A.B., dunoHos H. A., Mukos C. B., lopbyT B.H.,
Makosckaa O.t0., Ctapkos A.M. (2017). Cnocob uUMaHUCTOro BbllEeNaYMBaHUA 3000Ta U cepebpa. llameHm RU Ne
2624751C1, 3an8. 11.04.2016, ony6n. 06.07.2017, 6t0n. Ne 19.

[18] EceHrapaes E. K., bBaumbetos b. C., MamsayeHkos C. B., Cypumbaes b. H., Mposop H.I. (2020). U3yyeHne npouecca
LUMaHWAHOrO BbllesiaunBaHMA 3010Ta C MPMMEHEHMEM aleTaTa HaTPUA MPU PasAnYHON KpynHOCTU pyabl. Kompleksnoe
Ispol’zovanie Mineral’'nogo syr'é/Complex Use of Mineral Resources/Mineraldik Shikisattardy Keshendi Paidalanu. Nel
(312), 59-68. https://doi.org/10.31643/2020/6445.08

[19] EceHrapaes E. K., bBaumbetoB b. C., MamsauyeHkos C. B., Cypumbaes b. H. (2020). M3yyeHne BeLLeCTBEHHOro COCTaBa
30/10TOCOAEpPKAWEN pyabl mectopoxaenua Capu-TyHait. Gornyy zhurnal Kazakhstana / Mining Journal of
Kazakhstan/Qazagstannyn tay-ken jyrnaly. Ne2. 6-11.



https://orcid.org/0000-0001-6070-8746
mailto:s.v.mamiachenkov@urfu.ru
https://orcid.org/0000-0002-6465-9010
mailto:mr_temirbek_ks@mail.ru
https://doi.org/10.31643/2019/6445.23
https://doi.org/10.1016/S0304-386X(99)00006-7
https://doi.org/10.1016/B978-0-444-63658-4.00035-9
http://hdl.handle.net/102.100.100/109330?index=1
https://doi.org/10.1016/j.mineng.2004.06.003
https://doi.org/10.1016/S0892-6875(03)00054-2
https://doi.org/10.32014/2018.2518-170X.7
https://doi.org/10.31643/2019/6445.10
https://doi.org/10.31643/2020/6445.08

KomnnekcHoe Wcnonb3oBaHne MuHepanbHoro Ceipbs. Nel (316), 2021 ISSN-L 2616-6445, ISSN 2224-5243

[20] Yessengarayev Ye. K., Baimbetov B. S., Surimbayev B. N. (2020). Studies on heap leaching of gold with the addition of
sodium acetate as an intensifying reagent. Non-ferrous Metals. 2, 25-30. https://doi.org/10.17580/nfm.2020.02.04
[21] Wymwnnosa N.B., Pe3Huk tO.H., 3bikos H.B., Jobpombicnos tO.M, KoHapesa T.I. (2009). Cnocob Ky4HOro Bbiliena4nMBaHMA

30/10Ta U3 OKUC/IEHHbIX U CMeLLaHHbIX py4. (2009). MaTteHT RU Ne 2361076C1, 3anB. 06.12.2007, ony6n. 10.07.2009, 6ton.

Ne 19.
[22] Karimi, P., Abdollahi, H., Amini, A., Noaparast, M., Shafaei, S.Z., Habashi, F. (2010). Cyanidation of gold ores containing
copper, silver, lead, arsenic  and antimony. Int. ). Miner. Process. 95 (1-4), 68-77

https://doi.org/10.1016/j.minpro.2010.03.002 , ISSN 0301-7516.

[23] Thiago Oliveira Nunan, Isabella Lima Viana, Guilherme C. Peixoto, Herbert Ernesto, Daniel Martin Verster, Jose Henrique
Pereira, Jose M. Bonfatti, Luiz Alberto Cesar Teixeira. (2017). Improvements in gold ore cyanidation by pre-oxidation with
hydrogen peroxide. Minerals Engineering. Vol. 108. 67-70. https://doi.org/10.1016/j.mineng.2017.01.006.

[24] Marsden J., House |. (2006). The Chemistry of Gold Extraction. Society for Mining, Metallurgy and Exploration. 2nd
edition. West Sussex, England: Ellis Horwood. ISBN 10: 0873352408 / ISBN 13: 9780873352406.

[25] Beiticembaes b.6., KeHxkanues b.K., Abcanamos X.K., FoBagosckasa O.10., KoneHos M.K., TypcyH6aesa A.K. (2000). Cnocob

KYYHOTrO BbllLEeN1a4MBaHMA 3010TOCOAEPKAWMX pyAa. MNaTeHT KZ Ne 9446, 3aaB. 17.08.1999, ony6n. 15.09.2000, 6t0n. Ne 9.

Reference

[1] Van Zyl, D. J., Hutchison, I. P., & Kiel, J. E. (1988). Introduction to evaluation, design, and operation of precious metal heap
leaching projects. Society of Mining Engineers, Littleton. Colorado. VII. 372. (in Eng.)

[2] Surimbayev B.N., Baikonurova A.O., Bolotova L.S. (2017). Prospects for the development of the process of intensive
cyanidation of gold-containing products in the Republic of Kazakhstan. News of the National Academy of Sciences of the
Republic of Kazakhstan. Series of geology and technology sciences. Almaty, Kazakhstan, 4(424): 133-141. (in Eng.)

[3] Abubakriev, A. T., Koizhanova, A. K., Magomedov, D. R., Erdenova, M. B., Abdyldaev, N. N. (2019). Leaching of gold-
containing ores with application of oxidation activators. Kompleksnoe Ispol’zovanie Mineral’nogo syr’'é/Complex Use of
Mineral Resources/Mineraldik Shikisattardy Keshendi Paidalanu, 3(310), 10-15. https://doi.org/10.31643/2019/6445.23
(in Eng.)

[4] Kenzhaliyev B.K., Koizhanova A.K., Magomedov D.R., Kamalov E.M., Erdenova M.B., Abdyldaev N.N. (2020). A study of the
biohydrometallurgical method for extracting gold from flotation tailings. Metalurgija. 59, 4, 477 - 480. (in Eng.)

[5] Sorokin I.P. (1958). lzucheniye usloviy rastvoreniya zolota i serebra v tsianistykh rastvorakh pri nizkikh temperaturakh
(Studying the conditions for the dissolution of gold and silver in cyanide solutions at low temperatures). Trudy VNII-1.
(Transactions of VNII-1.) Magadan Russia. Ne 33, 13-69 (in Russ.)

[6] Yessengarayev Ye.K., Baimbetov B.S., Bolotova L.S., Kanaly Ye.S., Akjerkenov M.D. (2018). Vliyaniye perekisi vodoroda na
vyshchelachivaniye zolota (Effect of hydrogen peroxide on gold leaching). Mezhdunarodnaya nauchno-prakticheskaya
konferentsiya «Innovatsii v kompleksnoy pererabotke mineral'nogo syr'yaxs(International scientific-practical conference
«Innovations in the complex processing of mineral raw materials). Almaty, 90-91. ISBN 978-601-06-5370-2 (in Russ.)

[71 Huang Kong-xuan. (1996). New advantages on gold extraction in foreign countries. Hydrometallurgy, 9-18 (in Chinese.)

[8] Guzman L, Sgarra M, Chimenos J M, Fernandez M A, Espiell F. (1999). Gold cyanidation using hydrogen peroxide.
Hydrometallurgy. 52, 21-35. https://doi.org/10.1016/50304-386X(99)00006-7 (in Eng.)

[9] Turysbekova G.S., Meretukov M.A., Bektaj E.K. (2015). Zoloto: innovacii v himii | metallurgii (Gold: Innovations in
Chemistry and Metallurgy). Almaty, 117. ISBN: 978-601-228-838-4, 117-223-228 (in Russ.)

[10] Botz, M.M., Mudder, T.l., Akcil, A.U. (2016). Cyanide treatment: physical, chemical, and biological processes. In Gold ore
processing, Elsevier. 619-645. https://doi.org/10.1016/B978-0-444-63658-4.00035-9 (in Eng.)

[11] Breuer, P., Sutcliffe, C., Meakin, R. (2010). Comparison of industrial cyanide destruction processes. 25th International
Mineral Processing Congress - IMPC2010, 7, 1483—-1493. http://hdl.handle.net/102.100.100/109330?index=1 (in Eng.)

[12] Kitis, M., Akcil, A., Karakaya, E., Yigit, N.O. (2005). Destruction of cyanide by hydrogen peroxide in tailings slurries from
low bearing sulphidic gold ores. Miner. Eng. 18, 353-362. https://doi.org/10.1016/j.mineng.2004.06.003 (in Eng.)

[13] Longley, R.J., McCallum, A., Katsikaros, N. (2003). Intensive cyanidation: onsite application of the InLine Leach Reactor to
gravity gold concentrates. Miner. Eng. 16, 411-419. https://doi.org/10.1016/50892-6875(03)00054-2 (in Eng.)

[14] Surimbayev B., Bolotova L., Mishra B., Baikonurova A. (2018). Intensive cyanidation of gold from gravity concentrates ina
drum-type apparatus, News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and
technical sciences. 5, 431, 32—37. https://doi.org/10.32014/2018.2518-170X.7 (in Eng.)

[15] Surimbayev B., Bolotova L., Baikonurova A., Shalgymbayev S. (2019). Acetic acid application as an activating reagent in the
intensive cyanidation of gravity concentrates. Kompleks. ispol’zovanie Miner. syr'd/Complex Use Miner. Resour.
shikisattardy Keshendi Paid. 1, 308, 83—88. https://doi.org/10.31643/2019/6445.10 (in Eng.)

[16] Lawes, B.C., Mathre, O.B. (1971). Process for detoxifying cyanide waste waters. U.S. Patent No. 3,617,582. Washington,
DC: U.S. Patent and Trademark Office, application 15.05.1969, publication 02.11.1971. (in Eng.)

[17] Lobanov V.G., Timofeev E.l., Nabiullin F.M., Nacharov V.B., Tretyakov A.V., Filonov N.A., Mikov S.V., Gorbut V.N.,



https://doi.org/10.17580/nfm.2020.02.04
https://doi.org/10.1016/j.minpro.2010.03.002
https://doi.org/10.1016/j.mineng.2017.01.006
https://doi.org/10.31643/2019/6445.23
https://doi.org/10.1016/S0304-386X(99)00006-7
https://doi.org/10.1016/B978-0-444-63658-4.00035-9
http://hdl.handle.net/102.100.100/109330?index=1
https://doi.org/10.1016/j.mineng.2004.06.003
https://doi.org/10.1016/S0892-6875(03)00054-2
https://doi.org/10.32014/2018.2518-170X.7
https://doi.org/10.31643/2019/6445.10

Complex Use of Mineral Resources. Nel (316), 2021 ISSN-L 2616-6445, ISSN 2224-5243

Makovskaya O.Yu., Starkov A.M. (2017). Sposob tsianistogo vyshchelachivaniya zolota i serebra (Method of cyanic
leaching of gold and silver). Pat. RU No. 2624751C1, application 11.04.2016, publication 06.07.2017, Bull. N2 19 (in Russ.)

[18] Yessengarayev Ye.K., Baimbetov B.S., Mamyachenkov S.V., Surimbayev B.N., Prozor N.G. (2020). /zucheniye protsessa
tsianidnogo vyshchelachivaniya zolota s primeneniyem atsetata natriya pri razlichnoy krupnosti rudy. [Study of the
process of cyanide leaching of gold using sodium acetate at different ore sizes]. Kompleksnoe Ispol’zovanie Mineral’nogo
syr'é/Complex Use of Mineral Resources/Mineraldik Shikisattardy Keshendi Paidalanu, Nel (312), 59-68.
https://doi.org/10.31643/2020/6445.08 (in Russ.)

[19] Yessengarayev Ye.K., Baimbetov B.S., Mamyachenkov S.V., Surimbayev B.N. (2020). /zucheniye veshchestvennogo sostava
zolotosoderzhashchey rudy mestorozhdeniya Sari-Gunay. [Study of the material composition of gold-containing ore from
the Sari-Gunai deposit]. Gornyy zhurnal Kazakhstana/Mining Journal of Kazakhstan / Qazagstannyn tay-ken jyrnaly, Ne2.
6-11 (in Russ.)

[20] Yessengarayev Ye. K., Baimbetov B. S., Surimbayev B. N. (2020). Studies on heap leaching of gold with the addition of
sodium acetate as an intensifying reagent. Non-ferrous Metals. 2, 25-30. https://doi.org/10.17580/nfm.2020.02.04 (in
Eng.)

[21] Shimilova L.V., Reznik J.N., Zykov N.V., Dobromyslov J.P., Konareva T.G. (2009). Sposob kuchnogo vyshchelachivaniya
zolota iz okislennykh i smeshannykh rud (Method of heap leaching of gold out of oxidised and mixed ores). Pat. RU No.
2361076C1, application 06.12.2007, publication. 10.07.2009, Bull. Ne 19 (in Russ.)

[22] Karimi, P., Abdollahi, H., Amini, A., Noaparast, M., Shafaei, S.Z., Habashi, F. (2010). Cyanidation of gold ores containing
copper, silver, lead, arsenic  and antimony. Int. . Miner. Process. 95 (1-4), 68-77.
https://doi.org/10.1016/j.minpro.2010.03.002 , ISSN 0301-7516 (in Eng.)

[23] Thiago Oliveira Nunan, Isabella Lima Viana, Guilherme C. Peixoto, Herbert Ernesto, Daniel Martin Verster, Jose Henrique
Pereira, Jose M. Bonfatti, Luiz Alberto Cesar Teixeira. (2017). Improvements in gold ore cyanidation by pre-oxidation with
hydrogen peroxide. Minerals Engineering. Vol. 108. 67-70. https://doi.org/10.1016/j.mineng.2017.01.006 (in Eng.)

[24] Marsden J., House |. (2006). The Chemistry of Gold Extraction. Society for Mining, Metallurgy and Exploration. 2nd
edition. West Sussex, England: Ellis Horwood. ISBN 10: 0873352408 / ISBN 13: 9780873352406 (in Eng.)

[25] Beisembaev B.B., Kenzhaliev B.K., Absalyamov H.K., Govyadovskaya O.Yu., Kopenov M.K., Tursynbayeva A.K. (2000).
Sposob kuchnogo vyshchelachivaniya zolotosoderzhashchikh rud (Method for heap leaching of gold-bearing ores.). Pat. KZ
Ne 9446, application 17.08.1999, publication 15.09.2000, Bull. N 9 (in Russ.).

— 4 ——


https://doi.org/10.31643/2020/6445.08
https://doi.org/10.17580/nfm.2020.02.04
https://doi.org/10.1016/j.minpro.2010.03.002
https://doi.org/10.1016/j.mineng.2017.01.006

KomnnekcHoe Wcnonb3oBaHne MuHepansHoro Ceipbs. Nel (316), 2021 ISSN-L 2616-6445, ISSN 2224-5243

@creative
commons

IRSTI 73.39.81

M= Crossref
UDC 532.546
DOI: 10.31643/2021/6445.02

Simulation of oil pipeline shutdown and restart modes
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ABSTRACT

The paper is devoted to the simulating of non-stationary processes of shutdown and restart on the

example of a section of the Zhetybai-Uzen “hot” oil pipeline. A mathematical model of thermal-hydraulic

calculation is given taking into account the rheological properties of the pumping oil. The special module

of the SmartTran software developed by the work’s authors carried out the calculations. In the
Received: 13 January 2021 calculations, the decrease in time of oil temperature in the pipeline during cooling and the increase in oil
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pressure, temperature, velocity after the restart are determined. In addition, the calculations determine
the power of pumping units, heating furnaces and the power consumption, which are necessary for
restart of the pipeline after the shutdown. Simulation the processes of the pipeline cooling and restart
after a shutdown makes it possible choosing the optimum parameters of pumping units at pumping
stations and the time of safe shutdown of the oil pipeline.

Keywords: simulation, oil pipeline, transportation, shutdown, restart, software module.
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Introduction
sharply due to the temperature decrease during the

Simulation of the shutdown, cooling and restart
of the pipeline is very important for constructing a
process flow diagram of the pipeline operation
acceptable modes. The start of the non-isothermal
oil pipeline section after the shutdown is one of the
most complex technological process governing the
entire pipeline operation. Short-term shutdown of
the main pipeline section and its restart requires
extreme care due to emergency risk. This is because
the oil cools down and the oil viscosity increases

short-term shutdown of the section. Pressure losses
in the pipeline increase significantly and for the
restart of section greater pressures of pumping units
are required, which, in turn, create the emergency
risk.

Simulation of the pipeline cooling and restart
after a shutdown makes it possible to analyze
various cases to determine the safe mode of the
pipeline launching. Calculations of the shutdown
and restart of the pipeline allow choosing the
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optimum parameters of pumping units and the safe
shutdown time.

Mathematical setting of the problem

The oil pipeline shutdown and restart process is
a non-stationary pumping mode, because of the oil
pressure, temperature and flow rate are varying
with time. The calculation of the non-stationary
process requires consideration of the differential
equations of motion and energy.

In view of the fact that the length L of the oil
pipeline section is much greater than its internal
diameter D; (L>>D1), the problem is considered in a
one-dimensional settlement.

The energy equation determines the
temperature along the pipeline, depending on the
velocity, in view of the prevailing effect of
convection heat transfer compared to conduction
for oil pumping. Therefore, the conduction heat
transfer can be neglected in the energy equation.

In that case, the energy equation for the main oil
pipeline section, taking into account the heat of
friction and oil heating at the stations, is written as
[1, 2, 3]:

T )
ac = Y ox pDic, w0 1
Low sreoar O

2¢,D; At

where T, T,, are the temperatures of oil and ground,
respectively; p, Cp, U are the density, the heat
capacity, and the velocity of oil, respectively; k is the
heat transfer coefficient, is the hydraulic resistance
coefficient, n is the number of midpoint oil heating
stations, R;(x) is the existence function of the
heating station, equal to 1, if the station is at a point
x, and O otherwise, ATipd is the value of oil heating
at the i-th station.

The values of (x), T,,(x), k(x), {(x) are the
functions of x, i.e. they possess different values
along the pipeline. The term {u3/2(:pD1 expresses
the kinetic energy dissipation of the oil flow.

The outlet temperature of the initial station is
set as the boundary condition for the equation (1).
The temperature at the inlet of end station can be
uniquely calculated by solving the equation (1).

The heat transfer coefficient k through the wall
of pipeline is determined by the formula [4, 5]:

1_ 1 1 +” 1Z(Di+1) o)
KD, Diay ' Doty | 4322\ D;
l=

where @4 is the internal heat transfer coefficient, a,
is the external heat transfer coefficient, 4; is the
thermal conductivity coefficient, D;, D;., are the
inner and outer diameters of the i-th layer (pipe wall,
insulation), respectively, Dy, D, are the inner and
outer diameters of the pipeline, respectively.

The Forchheimer formula [4] is used to calculate
the external heat transfer coefficient a:

gr
2H \?

G 1]

where A, is the thermal conductivity coefficient of

the ground, H is the pipeline depth to its axis.

The internal heat transfer from oil to the wall of
pipeline a; is defined as [6]:

a2=

22
2H
Dout lTL I:E +

where A, is the oil thermal conductivity coefficient,
Nu is the Nusselt’s number of oil-to-pipe wall heat
transfer during forced convection in an enclosed
volume.

In case the pipeline is stopped, so u=0, then the
thermal energy equation (1) takes the simpler form:

oT 4k,
ot pcpDy

(T-T,) =0 (3)

The equation (3) is used to calculate the oil
cooling temperature in a stopped pipeline; the heat
transfer coefficient k1 can be easily obtained by the
formula (2).

The energy equation (1) is solved simultaneously
with the motion equation, which determines the
correlation between oil pressure and flow rate [4]:

ou dp pulu]

por 5= —((Re,e) 2D, pgsinB(x) (4)

where p is the oil pressure in the pipe, Re is the
Reynolds number, € is the pipe relative roughness,

((Re,e)%'u| determines the pressure drop,
1
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pg %sinﬁ(x) is the static pressure change due to
the profile of pipeline.

The temperature-viscosity and temperature-
heat capacity relationships are determined by the
standard formulas [2] - [4]:

p(T) = pyoll +&(20 — T)],

I
w(T) =a-e™ ", (5)

1
c,(T) = 53357+ 107.2-T
p(T) M( )
where p,q is the oil density at 20°C; & is the
volumetric expansion coefficient of the oil mixture
(€ =0.000738 1/°C); a,b are empirical constants.
The oil inlet pressure at the end station is set as
the boundary condition of the equation (4). The
outlet pressure at the initial station is created by the
operation of pumping units for transportation of the
required oil volume along the length of the pipeline.
The hydraulic resistance coefficient is calculated
depending on the oil flowing regime in the pipe [7]-
[9] (Table 1).

The Reynolds number Re includes the oil
viscosity coefficient u(T), which can be found from
the equation (1) if we know the oil temperature.

The system of equations (1)-(5) is solved
together for each time step by the numerical
method [10]-[13]. The computational domain of the
equations coincides with the pipeline length, and is
divided into the computational nodes with 1 m
distance.

An explicit scheme is used for discretization of
the equations (1), (3). The time step for stability of
the explicit difference scheme for (1), (3) is chosen
from the Courant condition [10], [11]. The difference
scheme of the equation (4) was obtained by an
implicit scheme, which, as it is known, is stable [9],
[10].

The difference equations are reduced to a
system of linear algebraic equations, and are solved
by the iterative methods [10]-[14].

The special library was developed to speed up
the calculation. The calculations of oil pressure and
temperature were carried out by the software
developed in C#. The interface window of the
software is presented in Fig. 1.

Table 1 — Determination of the hydraulic resistance coefficient

Flow regime

Condition

Determination of §

Laminar flow regime

Re < 2040

64/Re

Transition regime

2040 < Re < 2800

1.176 % 1075 % Re1 035

Turbulent flow regime (skin friction zone)

2800 < Re £ 17.5/¢

0.3164/Re%25

zone)

. . . . 0.15
Turbulent flow regime (mixed friction 17.5/¢ < Re < 531/¢ 0.206¢
zone) Re01

Turbulent flow regime (quadratic friction 531/¢ < Re 0.11£0:25

Discussion of the calculated data of shutdown
and restart of the pipeline

To simulate the shutdown and restart process of
a given section of the main oil pipeline, it is
necessary to select the calculation type “shutdown
and restart mode” on the tool bar of the main
window (see Fig. 1) and then indicate the stop time
in hours.

Next the following calculation parameters are
entered:

- the type of pumped oil;

- the list of operating pumps before shutdown
and after restart;

-the list of operating preheaters before
shutdown and after restart;

-the oil preheat temperature at the initial
station.

Note that it doesn’t take to set the pipeline
section’s flow rate, because the oil flow rate before
the shutdown and after the restart will be calculated
by the software module according to the parameters
of the operating pumps and preheaters.

Fig. 1 shows the main window domains for
entering the initial parameters and running the
calculation: the domain Nel for selection and
starting the mode, the domain No2 for entering the
operational parameters for each pipeline station.
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After entering all parameters, the calculation
mode of the shutdown and restart of the pipeline is
started.

The simulation results of the shutdown and
restart of pipeline are presented in Fig. 2-6. Fig. 2
shows the calculated data of the hydraulic slope (top
plot), the pressure (middle plot), oil and ground
temperatures (bottom plot) before the shutdown of
the “Zhetybai — Uzen” pipeline section. The
calculation results are presented in the forms of plot
and table in a separate window: oil flow rate,
distributions of oil temperature, pressure in the

[T Pexam pacuers | 7 Hegrecuecn @ Copanowms no wacocams (5] Jarpymms SCADA amvowse | ¥ Cunrare. [Prmven scramommannryera. =

pipe, hydraulic slope along the pipeline, as well as a
list of operating pumps and preheaters at the
stations, the amount of consumed electricity and
fuel (Fig. 2).

Fig. 3 presents the calculation results of the oil
cooling process within 6 hours of shutdown and at
the time of restart of the “Zhetybai — Uzen” pipeline.
The oil temperature decreased as a result of cooling
during the shutdown (see Fig. 3) compared with the
oil temperature distribution before the shutdown of
pipeline (see Fig. 2).
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Figure 1 — The window for entering the initial parameters, and the calculation of the pipeline shutdown and restart
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Figure 2 — Computed data before shutdown of the “Zhetybai-Uzen” pipeline
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Figure 6 - Total change in the oil pressure and temperature over the entire period after the restart of
the Zhetybai-Uzen pipeline

Fig. 4, 5 show the dynamics of the oil parameters
in time after the restart of pipeline: hydro-slope,
pressure, temperature, and flow rate.

The state of oil flow 2 hours after restarting (see
Fig. 4) is characterized by the values of the oil flow
rate, pressure and temperature; those make 737 t/h,
39.3 bar and 45°C, respectively. These data indicate
that the oil temperature rises to 45 °C in the heating
furnaces. However, according to the calculation
data, the flow rate value is less than before the
shutdown, and the pressure value, on the contrary,
is greater. This is explained by the fact that an
increase in oil viscosity in the pipeline due to a
decrease in temperature during the shutdown leads
to an increase in the hydraulic friction resistance
forces and the pressure drop for pumping with a
lower flow rate than before the shutdown. The oil
temperature after 38 km from the beginning of the
pipeline has a lower value than at the time of restart,
so in the end of the pipe, the oil heating rate is less
than its cooling rate (see Fig. 4).

The state of oil flow 12 hours after the restart of
pipeline (see fig. 5) shows an increase in oil flow rate
up to 931 t/h and oil temperature along the full
length of pipeline due to the oil heating. The
pressure drop on oil pumping is reduced due to the
decrease in oil viscosity and hydraulic friction
resistivity. The Fig. 6 shows the general change in the

oil flow parameters after restart and transition to a
steady-state mode.

The non-stationary process of the restart of
pipeline after a short-term shutdown shows the
change dynamics in the oil pressure and
temperature during the transition of the flow
parameters to the steady mode (see Fig. 6).

Conclusions

The calculation results show that the system of
equations (1) - (5) of the mathematical model
describes non-stationary processes of pipeline
cooling and restarting after shutdown.

The calculated data allows determining the
whole process of oil cooling for a given shutdown
time for a given stop time, as well as pipeline starting
by pumping units and preheaters with changing of
state of oil flow parameters (velocity, pressure,
temperature and viscosity)..
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TYAIHAEME

Byn makana «XeTibaii-©3eH» bICTbIK MyHal Kybbipbl y4acKecCiHiH, MbicasblHAA Kybblp KYMbICbIH
TOKTaTY XKaHe KaWTa icKe KoCyAblH, CTaLMOHap/IbIK eMec NpoLecTepiH moaenbaeyre apHanfaH. Kolay-
rMApaBAMKaNblK ecenTeyaiH maTeMaTUKaNblK MOAENi TacbiManfaHaTblH MyHalAbIH, PeonorUanbIK,
KacueTTepiH eckepe oTbipbin 6epinreH. byn ecenteynep »KyMbICTbIH, aBTOpAapbl a3ipaereH SmartTran
6afmapnamanbiK KacakTamaHblH, apHavibl MogyniMeH opbiHAanabl. Ecentey Hatuxkenepi KybbipabiH,
Ca/IKbIHAAYbl Ke3iHAe MyHall TemnepaTypacbiHblH, yaKblT GOWMbIHWA TEeMeHAeyi KaHe KaWTa icke
KOCbLIFaHHAH KeWiHri Kybblpaafbl MyHalAapblH, KbICbIMbl, TEMMepaTypacbl KaHE XKblA4amablfbl
aHbIkTangpl. CoHpait-ak, Kybblp 6eniriH Kbicka asngamafaH COH KalTa icKe KOCyFa KakeT copfbl
KOHAObIPFbINAPbIHbIH, Kbi34blpy NewWwTepiHiH, naiganaHaTblH 3Heprua KyaTtbl BoMbiHWA HaTuxKenep
anbiHAbl. MyHal KybbipbIHbIH, ¥KYMbICbl TOKTaFaHHAH KeWiH OHbIH, Ca/lIKbIHAAYbI }KaHe KaWTa icke Kocy
npouectepiH moaenbaey MyHai aray 6ekettepiHaeri COpFbl KOHAbIPFbINAPbIHBIH, OHTAW/bI }KYMbIC
peXUMAEPIH *KaHe KybblpAblH Kayinci3 TOKTAy YaKbITbIH aHbIKTayFa MyMKiHAIK 6epesi.

TyliiH ce30ep: myHaln Kybbipbl, TacbiMangay, TOKTaTy, KalTa icke Kocy, moaenbaey, 6argapiamansik,
»KacakTama moayni.
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AHHOTALMUA

CTaTbs NOCBALEHA MOAE/NMPOBAHWUIO HECTALLMOHAPHbIX MPOLLECCOB OCTAaHOBKM W Mepesanycka Ha
npumepe «ropsdyero» yyacTka HedTenposoga «KeTbibait-Y3eHb». [NpuBeaeHa maTemaTuueckas
MOoAeNb TenNo-rMapaB/iMYeckoro pacyeTta C y4eTOM PeOoNOrMYecKMX CBOMCTB TpaHCMopTUpyemoi
HedTn. PacueTbl NpoBedeHbl cneumanbHbIM MOAyAem nporpaMmmbl SmartTran, paspaboTaHHbIM
aBTopamu paboTbl. B pacueTax onpegeneHbl CHUMKEHUE MO BPEMEHW Temnepatypbl HedTn B
TpybonpoBoae Mpu OCTbIBaHUM M MOBbIWEHWE AAaBAEHWA, TEMNEepaTypbl, CKOPOCTM HedTU nocne
nepesanycka. TaKe NoayyeHbl AaHHble MO MOLLHOCTM HACOCHbIX arperatos, neuyei mogorpesa u
notpebnsemoit Mmu 3SHepruu, HeobxogMMmoW ANA nepenycka ydacTka Tpy6onposoga nocne
KPaTKOCPOYHOW OCTaHOBKU. MoaennposaHue NpoLEeccoB OCTbIBAHUA U Nepesanycka HepTenpososa
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noc/sie OCTAHOBKM AaeT BO3MOXHOCTb I'IO,EI,06paTb ONTUMa/ibHble PeXUMbl paGOTbI HaACOCHbIX arperatos
Ha nepeKkavynsaroWwmx CTaHUMAX N HanTU Bpema 6e30MacHoOM OCTaHOBKMU He¢TeI‘IpOBO,D,3.
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Study of biohydrometallurgical technology used to recover gold from ore at
a gold-recovery plant
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ABSTRACT

The article contains the results of the studies performed for the biochemical extraction modes for
mineral raw materials using thionic bacteria Acidithiobacillusferrooxidans of a certain strain
capable to oxidize sulfide minerals. A representative sample of mineral raw materials was taken,
and its physical and chemical studies were performed. The optimal conditions to leach mineral raw

Received: 13 January 2021 materials with biochemical solvents based on various factors (temperature, S:W) were established.
Peer-reviewed: 05 February 2021 Modern physical and chemical methods of analysis were used during the study: X-ray fluorescence,
Accepted: 22 February 2021 X-ray phase, mineralogical, electron probe, chemical analyzes, IR methods to study the phase

composition of ores and changes in the structure of minerals. The chemical composition of the ore
sample quartered and crushed up to a size of -0.074 mm is as follows, wt. %: SiO, - 60.11; Al,Os
6.2; Zn 0.016; Cu 0.10; Fe - 2.5; S 0.50; Au - 3.67 g/t and Ag - 3.2 g/t. This paper discusses various
options for agitational leaching with acid pre-wash, bacterial dissection and oxidative
decomposition of minerals using sodium hypochlorite. The results obtained showed that the most
effective method to increase the gold recovery is to perform bacterial oxidation of ore using
acidophilic bacteria At. Ferrooxidans preliminarily adapted to the material composition of the test
sample, followed by treatment with sodium hypochlorite solution and cyanidation.
Biohydrometallurgical ore processing provides high gold recovery (78.1%).

Keywords: ore, gold, biochemical leaching, At. ferrooxidans, sodium hypochlorite, cyanidation.
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TYHIHAEME

Maxkanaga cyaphHATI MUHepaamapabl TOTHIKTBIpYFa KaOijgeTti, Oenrimi Oip mrammbl 6ap
(Acidithiobacillus ferrooxidans) THOHIOBI OakTepUsUIApbIH MaiJanaHa OTBIPBIN, MHHEPAJIbI
LIMKI3aTTl OMOXUMUSUIBIK allly PEXKHMACpPIH 3epTTey HOTmkenepi OepinreH. MuHepaiast
LIUKI3aTThIH IIAarblH  ChIHAMACHI AJbIHIbI JKOHE OFAH (PUSMKAIBIK-XUMHSUIBIK 3€pTTEyJep
Kyprizinai. MuHepanasl HIMKi3aTThl opTYpii ¢akropnapra (temmnepatypa, (K:C) nerismenren
OHOXUMUSUIBIK  EPITKIIITEpPMEH IIaiManayablH OHTAMIBI LIAPTTAphl aHBIKTAIABL.  3epTTey
OapbICHIH/A TAIAAYABIH 3aMaHay! (pU3HKAIBIK )KOHE XHUMHSUIIBIK 0JlicTepi: peHTTeH(IyOpECIeHTTIK,
peHTreHdasaiblK, MHUHEPAIOTHSUIBIK, SJICKTPOHIBI-30HATHIK, XUMHSUIBIK Tajgayiap, KCHICpAiH
(hazaJbIK KypaMbIH KOHE MHHEPAIIAPABIH KYPbUIBIMBIHIA OOJIBIII )KaTKAH ©3repiCTepi 3epTTey il
UKC oaxicrepi Konnanbuisl. Ipimiri -0,074 MM-Te IeifiH ycaKTallFaH K€H ChIHAMACBIHBIH XUMHSLIIBIK
Kypambl MbIHa @i, Mac. %: SiO; - 60,11; Al,Os - 6,2; Zn - 0,016; Cu 0,10; Fe - 2,5; S — 0,50; Au -
3,67 /T xoHe Ag - 3,2 r/T. By ayMbICTa aJbIH ana KbIIIKBUIMEH XYY, OaKTepHSUIBIK allly SKOHE
MUHEpaJIJIap/bl HATPUH TMIIOXJIOPUTIMEH TOTBIKTBIPBIN bBIABIPATY aApKbLIbl ATHTALMSIBIK
maiMaliayiblH SpTYPJI HYCKanaphl KapacThIPbUIbl. AJIBIHFAH HOTH)KEIIEP ANITBIHIBI ATy KOJIeMiH
apTTBIPYABIH H THIMICI ChIHAJAThIH ChIHAMAHBIH 3aTTHIK KYpaMbIHa ajl/IbIH ana GeiiMaenrex (At.
ferrooxidans) anunoduibai 6akTepusIIapbiH KOJIIAHBIT KeHAI 0aKTepPUSITBIK TOTBIKTBIPY SKSHIITH
kepcerti. ConaH Keilin Gapblil epiTiHAiHI HATPHII TUIIOXJIOPHTI ePITIHIICIMEH OHACY XKIHE [IHAHIAY
kepek. Kenzai OHOrMIpOMETayTyprusiiblK ©HJIEY AaNThIHIAbI XKOFapbl MeIIIepie OOl amymabl
KamTamacsi3 ereni (78,1 %).

Tyitin ce30ep: KkeH, anTblH, OMOXMMHUSUIBIK Liaiimanay, At. ferrooxidans, natpuit rumoxmiopwuri,
LHaH/AY.
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Kipicne

ANTbiH  TMAPOMETANNYPrUACBIHbIH,  MaHbI34bl
maceneci — KWblH  anblHaTbIH
TEXHOreHAiK KanaplkTapAaaH

T™MimAai TacinaepiH

Pecnyb6anKacbiHbIH,  aNnTblH
MYMKIHAIK 6epeTiH KaHa

anTblHAbl  anyablH,

KOPbIH  yNfanTyFa
KEH OpbIHAAPbIHbIH,

KopLuafaH OpTaHbl KOpfayfa KOMbINATbIH
TafnantapablH, KypT ecyi, cebebi KopliaraH opTarfa
Kepi acep eTeTiH KeH 6alibiTy dhabpuKanapbiHbIH,
Kanaplk KOMManapblHAA aNnTblHHbIH aWTapAblKTan
menwepi 6ap [1].

KasakcTaH Kasipri yaKbITTa ANTbIH OHAIpeTIH
KacinopblHOAPAbIH, Kenuwliniri umaHaayabl
Ko/iAaHadbl, OHbl 3pTypAni 6alibliTy cxemasapblHa

KeHgep MeH

alWbINybIHA *KaHe nanganaHbliyblHA Kapal OHbIH,
©3eKTiniri 6apbliHLIa apTbin Keneai.

ANTblH  KeHi  WMKi3aTblH  KanWTa  eHaey
canacblHAafbl Kasipri kafoangbl 6afanay OyriHri
TaH4a Herisri npobnemanapabl TyXblpbiMAayfa
MYMKIHAIK 6epegi. EH anabimeH, onap eHepKacinTik
Toxipnbene Kannbl KabblagaHFaH aaicTepmeH
eHAeyre Ke/JIMenTiH TexHOJIOrMANbIK,  aFfblHaH
TYPaKTbl KeHaep MeH KOHUEHTPATTapablH,
6onybimeH  bainaHbicTbl.  EKiHwigeH, KalTa
eHeNeTiH aNnTblH KeHiHiH, LWWKI3aT canacblHbIH
Hawapnaaybl.  YWiHWigeH, COHFbl  XKblagapsbl

€Hrisin oTbIp.

UmaHuari Tocin 6apnbik TypakTbl KeHaepaeH
CcenneneHreH aHe apanac XyKa A4uchepcTi
anTbiHabl (20-60 %) »Kofapbl Menwepae anyapl
KamTamacbI3 eTneinai »kaHe byn menwepre (80-90%
oHe ofdaH Aa Ken) TypakTbl anTblHAbl Tecin,
KYMAipy, aBTOKNABTbl TOTbIKTbIPY, LLEMEHTTEY KoHe
backa Qga TocingepmeH awyablH  angplH - ana
(umanpayfa [geliH) npouecTepiH NanpganaHfaH
KaFganga Kon KeTkisineai. UuaHpayabl KongaHy
KOplafaH opTafa Kepi oacepiH Turiseai. KeH
LWWKIi3aTbIH BUOTOTLIKTLIPY npouecrepiHgeri
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Acidithiobacillus ferrooxidans (At. ferrooxidans)
b6aKTepuaAnapbliHbIH, PeNi KeHiHeH TaHbiman. Kasipri
vakbitTTa AKLWI, MeKkcnka, Wcnanua, AscTpanua,
MopTyrannsa xoHe T.6. engepae MUKpoarsanap
aNnTbIHAbI XKoHe bipKaTap backa Aa meTangapabl any
YWiH KongaHblnagb [2].

KeH WuKizaTbiHaH anTbiHAbI XKaHe bipre *KypeTiH
meTangapabl 6MOTOTLIKTbIPY 6GapbiHWa Kosainbl,
WhIFbIH a3 KeTeTiH JHe 3KONOTMANbIK afblHaH
Kayincis agic peTiHae KapacTbipblnaabi [3-10].

HYMbICTbIH, MaKcaTbl CybOUATI MUHEpPangapabl
TOTbIKTbIpYFa Kabinetti At. ferrooxidans TuoHAbl
baKTepuanapblH nNakganaHa  OTbIPbIN,  anTbIH
woifapy ¢abpuKacbiHbIH, KeHIHEH anTblH anyAblH,
6uorngpomeTannypruanblk TEXHONOMUACBIH 33ipaey
YKoHe 3epTTey 6onabl.

JKcnepuMeHTIK 6enim

3eptTey obbekTici peTiHae AKbaKalh KeH
OpPHbIHAAFbl KYpamblHAA anTbliH 6ap KeH anbiHAbI, ON
-0,074+0 mm ipinik KnacblHa AeniH caTblnbl Typae
yCaKTanbin, api Kapai TEXHONOMMANLIK 3epTTeynep
MEeH 3aTTblK, Kypamabl 3epTTey YLWiH CbiHaManapapl
(acnanappgpbl) ipikTeyain, cTaHOapTTbl agicTemeciHe
ColKec oprTallanaHbin, 6eniHai. 3epTTeneTiH KeH
CbIHAMACbIHbIH, XUMUANBIK KYPaMbl MbIHaZaMn Herisri
KOMMOHeHTTepaeH Typaabl,%: Fe — 2,5; SKann —
0,50; As—19,4; Zn - 0,016; Cu -0,10; Au-3,67 r/T; Ag
-3,2r/T.

KeHai umaHgay eHimaepiHe THiciHWe aToMAbIK-
agcopbumansik (epiTiHAi) XaHe cbiHaManbIK (Kek)
Tanpay Typaepi *acanapl.

PeHTreHpnyopecueHTTi, peHTreHdasa, UK
CNeKTPo-GOTOMETPUANDIK, Tanpay aaicTepiH
KO/Mi4aHa OTbIpbiN, KeHHiH, ¢as3anblK KypamblHa
KyprisinreH 3epTtrey onapgblH, 0-SiO, (kBapu) -
1163, 1086, 797, 779, 694, 515, 464, 396, 372 cm-1
JKoHe Heri3ri ¢asa peTiHge anbbuT TypiHgeri
nnarnoknasagaH [NaAlSisOs + CaAl,Si;,Og] -1163,
763n, 743n, 727n, 648, 610n, 581n, 464, 436 cm?,
coHpan-ak myckoBuTTeH (KALL[AISiz010][OH,) - 3619,
3409, 1618, 1035, 694, 436 cm, opToknasagaH
K[(Si, Al)40s] - 763n, 727n, 648, 581n, 436 cm?,
Kanbuut CaCOs - 1795, 1421, 878n, 714 cm?,
xanbkonuput CuFeS,, nnuput FeS,, marHeTnt Fes0,,
rematnt Fe OzKaHe Temip rMApoKcuaTepiHeH —
3557, 763n, 463, 436 cm ™ TypaTbIHbIH KepceTTi. Me—
O, Me-S 6ainaHbIicTapbiHbIH, KepiHyi 6alKanaTbiH
¥3blH TOAKbIHAbI BenikTe Fe?* — 0 — 372 cmt; Cu**-0
(HuTpaTT], cynbdaTra) - 336 cml;
Cu* — O (tyspappa) — 263 cm?! TypiHaeri
6annaHbICTapAbIH, BaNIEHTTIK aybITKy/NapblHa CaNKec

KenetiH 372, 336, 263 cm’ TONKbIHAbLIK caHaap
KesiHge CiHipy *KonakTapbl TipkenreH(1-cyper).

80]
70,

60+

k&)

3557
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50,

3616

40!

%T

30;
20+

10+

0
4000 3000 2000 1000 500
cm-1

1-cypet — KeHHiH, 6acTanKbl CbIHaMaCbIHbIH, MHPaKbI3bLA
CcneKkTpi

KypambiHA@ antblH 0Oap KeHaepre KeHAi
MUWHepanaapabiH 60nybl ToH, onapAbiH iWwiHAeri
efayip  MaHbi3gbliapbl  MUPUT,  APCEHOMUPWT,
raneHuT, chanepwur, XanbKonuput 60nbIN
Tabbinagbl. KenTtereH KeHAi MWHepangap KeHcis
MWHepangapfa (KBapl, LWaKnak Tac) KapafaHaa,
LMaHAbl epiTiHAiNepMeH e3apa apeKeTTecesi XaHe
6yn Kesae aNTblH MEH KYMICTiH epyiHe alTap/bIKTal
biknan eteai [11-14]. byn xkafganga mbic, Temip,
MbIpbIW, poAaHuATepAiH KeweHai unaHuarepi
Ty3ine oTbIpbIN, OTTEri MEH LMaHUATIH, KaTbICybIMeH
KaHama peakuuanap xypeai. byn  epiTiHAiHIH
OTTEeriMmeH *KyTaHAaHyblHa, 60C LMaHUA MenwepiHiH,
TeMeHAeyiHe, KoHe ocblnaliwa anTblH MeH KYMICTiH,
€pYy Kbl/IAAMAbIFbIHbIH, a3aloblHA anbin  Keseg,.
CoHbiMmeH 6ipre, anTblH, aaeTTe, cynbdUATI
MWHepanaapmMeH Tbifbl3 6alNaHbICTbl, COHAbIKTaH
anTblH MeH KyMmicTi GapblHLWA TOAbIK any YLWiH
cynbduaTepai awy Kaxer.

Herisri cynbduati  mMumHepan —  KeHHIH,
6acTankbl yariciHeH 6eniHreH NUPUTTI 3NEeKTPOHAbI-
MWKPOCKOMUANDBIK ~ 3epTTeysep  3Heprogucnep-
CUANbIK TangaybiwneH ababikTanfaH JEOL JXA-
8230 pacTpAablK 3NEKTPOHAbI  MMKPOCKOMbIHAA
(*anoHwsa) opblHAANAbI. 2-cypeTTe Kepin
OTbIPFaHbIMbI3AaN, MNUPUTTIH KYpPamblHAA Herisri
KYPbIIIMAbIK, 31EMEHTTEP — TEMIP MEH KYKIipTTeH
6acka anTbliH MeH Kymic Te 6ap.

— 26 —/——
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2-cypet — KeHHiH 6acTanKbl yArici cbiHaMacbIHbIH,
MWKPOKYPbIZIbIMbI (3) KaHE NUPUTTIH,
3HeprogMcnepcuaAnbiK Tangaybl

Mengaip 3/IeKTPOHAbI MMUKpPOCKONUA
KbI3bIFYLUBINbIK TyAblPaTblH MUKPO KaHE HaHOMETp
enwemaepiHiH MMHepanabl pasanapblH aHbIKTayFa,
OMArHOCTMKanayfa KaHe 3epTTeyre MYMKIHAIK
b6epeai. NEKTPOHAbI MUKPOCKOMUAHbIH, KEMerimeH

KeH O6eTiHiH opTeKTiNiri aHbIKTanabl. bacTankbl

CblHAMaHblIH, HaTUXKenepi 6eTkKi KabatTa

meTangapablH  epyiHe blKnNan  eTeTiH  oTTeri
aTomaapblHbIH 6alKanfaHbIH KOPCETTI.
HatuxKenepgi Tankbinay

KopekTik opTanapAapl TaHaay KaHe

OHTAMNAHAbBIPY MWKPOOMONOrMANbIK 3epTTeyaep
JKYPrizy KesiHgeri MaHbi3gbl MiHAeTTep 60nbin
Tabblnagbl. OpTanapabl TaHaay KesiHae
6MOMaccaHblH, ecyi MeH XMHaKTa/NyblHa KaXKeTTi
KOMMNOHEHTTepAi faHa emec, COHbimeH bipre
MWKpOaf3anapabiH, Kenbip KMbIH
CoMKecTeHAipineTiH TonTapblHbIH, OHTalAbl ecyiHe
KaKeTTi KOCbINbICTapabl 43 eckepy KaxkeT [15-18].
KeHHeH anTblHAbl awy »aHe 6uowanmanayaplH,
TEXHONIOTUANDBIK MapaMeTpPAepiH aHbIKTay YLWiH
3epTTeneTiH CblHaMafa benimgenreH At.
Ferrooxidans 3epTXaHanblK, LWTaMmAaapsbl
navgananbingpl [19]. Wanmanay epitiHginepinge:
As, Sb, Fe?, H,SOs4, pH menwepi koHe At.
Ferrooxidans 6akTepuanapbiHblH, CaHbl; LWaHaay
epiTiHainepinae — Au, NaCN, NaOH; KaTTbl KanaplKTa
Au, Ag, As, Fe, S aHbikTanapl. byaan 6acka, KaTTbl
maTtepuangap bakTepuanbik eHaeyre AeWiH KaHe
eHAeyAeH KeNiH KeHAi *KaHe KeHCi3 MMHepanaapfa
KaHe KaTTbl maTtepuangap KYPaMbIHbIH,
KYPbINbIMAbIK, e3repicTepiHe TangaHabl [20-25].
AKbaKah KeH OPpHbIHbIH, KeHAepiHeH anTbiHAbI
OMOXMMUANDBIK  WaKManay Yy4yacKeciHiH,  Herisri
onepaumsanapbl: KOPEKTIK opTaHbl AalblHAay;
b6akTepuanapabiH 6MomaccachiH ecipy; WanmanayFra
apHanfaH epiTiHAIHI OanblHaay; KeHai
buoxummaAnblK  Wanmanay 6onbin  Tabblnagpl.

3epTreynep KesiHAe MblHagan TEXHOMOTUSNbIK
onepauusnap opbiHAANAbI: KeHAi bakTepuanapablH,
TipWinik  KbI3MeTiHe  Kepi  acepiH  TuriseTiH
KOCnanapaplH,  KanAablKTapbiHaH KybIN-LaKo
(K:C=1:4; H,SO4 — 1-2 %; T — 15-28 °C; arntauus
YaKblTbl — 3 caf.); ’KyblIFAaH KEKTeH aNTbiHAbI
6akTepuanbik, awy (K:C=1:4; pH — 1,5-2; Fe* - 5-6
r/om3  At.  Ferrooxidans  6akTepuanapbiHbiH,
menwepi — 107 Kn/mn; aruTaumAHbIH, Y3aKTbiFbl — 5-7
TOyNiK); GaKTepuANbIK eHaeyAeH KeWiH KekTi
6eltapan pH geinin xybin-wato XaHe pH = 10 aeniH
KeTepy; umMaHaay apKblabl 6uowaiimanay
KeKTepiHeH antbiHabl any {K:C=1:4; NaOH - 0,1-0,5
%; NaCN — 0,1-0,2 %; y3aKTbifbl — 24 3kaHe 36 cafr.).

CiHipy KanablKTapblH KaliTa eHAey4iH OHTan bl
napameTpnaepi WarkmanayablH 3pTypPAi HYCKaNapbIH
CanbICTbIPy apKbiNbl TaHAdanabl. Taxipnbe wapThbl
TOPT HYCKa 6OMbIHLLIA *Ky3ere acblpbinabl:

1 AngbiH ana KbILWKbI/IMEH eHaey
(2 % H,S04; K:C= 1:4; t = 15-25 °C; T = 3 caf.), KeKTi
6elTapanTaHablpy, aruTaumanslk umaHgay (K:C=
1:4; 0,1-0,5 r/n NaOH; 0,1 % NaCN; = 18, 24 »aHe
36 car.);

2. AnapbiH ana KbIWKbIIMEH eHaey
(2% H,S04; K:C=1:4;t=15-25°C; t=3c), 5-7 TayniK
60Mbl BMOTOTLIKTbIPY, KeKTi GerTapanTaHabIpy,
unaHaay, (0,2 % NaCN, 1 % NaClO, K:C=1:1, yakpITbl
— 18, 24 »aHe 36 caf.);

3. AnapiH ana KbILKbIIMEH eHaey
(2 % H.SOg4; K:C=1:4; t = 15-25 °C; 1 = 3 ca¥r.), 5-7
TOYIK 60i1bl H6UOTOTBIKTLIPY, KeKTi
benTapanTaHabipy, umaHgay, (0,2 % NaCN, 1 %
NaClO, K:C=1:3, yakbiTbl — 18, 24 xaHe 36 ca¥.);

4, AngbiH ana Kbl KblMEH eHaey
(2 % H,SOg4; K:C=1:4; t = 15-25 °C; T = 3 caf.), KeKTi
6enTapantaHablpy, uvaHgay, (0,2 % NaCN, 1 %
NaClO, K:C=1:1, yakbiTbl — 18, 24 xaHe 36 ca¥F).

KeHAi TOTbIKTbIPY KypambiHAa 5,0-6,0 r/n Fe3*
6ap, 3,0 r/n H,SO4 aeitiH 6onaTtbiH; pH = 2,5 KesiHag;
K:C=1:4, y3aKTbIfbl 5-7 Taynik kaHe At. ferrooxidans
6aKkTepuanapbiHbid, menwepi 107 kn/ma  geiiu
60naTbIH BaKTePUANbIK epiTiHAIHI KoNgaHa oTbIpbIn
JKYPrisingi. BMOTOTBIKTbIPYAbIH, KAaTTbl KanablKTapbl
(kek) 6enTapan pH maHre aeriH cymeH wanbinabl
KOHe ofaH api unaHgay xyprisingi (K:C=1:4; NaOH
-0,1-0,5r/n, NaCN - 0,1 %; yakpITbl — 18, 24 xaHe
36 caf.).

HaTukeciHae KeHAi KaliTa eHAeyaiH, apTypAi
HyCKanapbl OGOMbIHWA anTbiHAbl anyaplH, Keneci
KepceTKilTepiHe KON eTKisingi: 1-wi Hycka - 46,4;
2-Wi HycKa - 66,1; 3-wi HycKa - 78,1; 4-wi HycKa —
52,9. AnblHFaH HaTUXKenep KeHAi OaKkTepuanbik,
Wwanmanay KesiHge cynbduaTepAiH TOTbIFaTbiHbIH,
6epik anTblHHbIH, alWbINATbIHbIH KOHE HaTPWUi
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TMMNOXAOPUTIHIH, KaTbICybIMEH OMOTOTBIKTbIPY
KaNAbIKTapbIH O4aH api LMaHAay Ke3iHAe anTbliHHbIH,
a/NblHATbIHbIH KepceTeai. AnTbiHAbI any mesnwepi
KeHAi KalTa eHaeyaiH, 2-wi  KoHe  3-wi
HyCKanapbiHaa TuiciHwe 66,1 koHe 78% AeliH
KeTteaqi.

JKcnepumeHTTep 3-wWi  HyYCKaga ogaH 3api
LuMaHaay apKbl/ibl BaKTEPUANBIK allyAaH KENiH KaHe
HaTPUM TMNOXNOPUTIHIH, KaTbiCybl Ke3iHAEe KeHHeH
anTblHAp! any menuwepi 28 °C TemnepaTypa KesiHae
78,1 % KypalTbIHbIH KOPCETTI.

3epTTeynepaiH, HaTUXKeCiHAEe KeHHEeH anTbiHAbI
buolwalimanay y4YacKeciHiH, Heri3ri TexHONorMANbIK
onepaumanapbl: KOPEKTIK OpTaHbl TaHAAy »KaHe
hanblHAAy, MUHepangaplKk Kypamsa 6benimpenreH
baKTepuanapablH 6buomaccacbliH ecipy 60/1bIM
Tabblnagbl.

KopbITbIHAbINAP

3epTTenetiH CblHaMaZafbl anTblHHbIH, MeLwepi
3,67 r/T, Kymic - 3,2 /T KypalTbiHbl aHbIKTaNA4bl.
ANnTblH NUPUTTE  yCcaK  TyMipwikTep TypiHAe
60naTbIHbI aHbIKTaNAabl. MuKpoburonoruanbik,
3epTTeynepaiH, HaTUXeciHae 3epTTeneTiH CblHama

MUKpodopacbiHbIH, KypamblHAA HEri3iHEH CON KeH
OPHbIHbIH, Kasipri TeXHONOTMANbIK NPOLeCTepiHiH,
WapTTapbiHa benimaenreH retepoTpodThI
MWKpOaf3asap aHblKTanfaHbl 6enrini 6onabl. At.
ferrooxidans TMOHAbI TemipZi  TOTbIKTbIPFbILL
b6aKTepuAnapbliHbiH, KapKblHAbI ©cyi MeH gamybl
YLWiH OHTanNbl opTa 6osbin Tabbinagbl.

AKbaKalhi KeH OpHbIHbIH, KeHAepiH KalTa
eHaeyAiH, 61ornapomeTannypruanbik,
TEXHONOrnAcCbl  33ipneHai. BUOTOTbIKTBIPY  5-7

TOYNiKKe co3blnfaH Ke3ge 36 cafaTTbiH, iWiHAe
uMaHaay apKblibl antbiHabl any menwepi 78,1%
Kypanapl.

KoHdnukr

Bapnblk, aBTOpnapAplH, aTblHAH KOPPECNOHAEHT
aBTOp MyZJenep KaKTblfbICbIHbIH, ~ YKOK  EKeHiH
manimaengi.
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UccnhepoBaHue 6uorngpometannypruyeckoin TEXHON0rMmn u3BaeyeHua 3010Ta U3
pyAbl 3010TOM3BNEKaTeNbHO Ppabpukmn

“KoitkaHosa A. K., 2CepgenbHukosa I'. B., ‘EpaeHosa M. b., ‘bepkunbaesa A. H., *Kamanos 3. M.
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AHHOTALUSA

B cratbe MNpEACTaBICHBI PE3YJIbTAThI HCCIACAOBAHHII PEKUMOB OHOXHMHYECKOTO BCKPBITHS
MHHEPAILHOTO CHIPhS C HCIOJb30BaHHEM THOHOBBIX Oaxtepmii Acidithiobacillus ferrooxidans
OIPEETICHHOr0 MITaMMa, CIIOCOOHBIX OKHUCIATH Cyiab(uaHbie MuHepanbl. OcylmiecTBIeH OTOOp
[PEACTABUTEILHON TMPOOBI MHUHEPAIBHOTO CBHIPbS M ITIPOBEACHBI €€  (DHU3MKO-XUMUYECKUE

Cmamws nocmynuna. 13 aneapsa 2021
Peyenzuposanue: 05 ¢pespans 2021
Ipunama 6 nevams: 22 espans 2021

HCCIICIOBaHKS. YCTaHOBIICHBI ONTHMAIBHBIC YCIOBHS BBIIIETAQUYMBAHNUS MUHEPATBHOTO CBHIPbS
OHOXMMHUYECKHMH PACTBOPUTEISAMH MCXOJs M3 pazian4HbIX (aktopoB (Temmepatypsi, T:0K). B
MpoILecCe HCCICIOBAaHUI NPUMEHSUICh COBPEMEHHBIE (U3MYECKHE M XUMHYECKHE METOJBI

aHaiM3a: PEHTIeHO(IYOPECLEHTHBIH, PEHTreHO(a30BbIl, MHHEPAIOrHYECKUH, 3JIEKTPOHHO-
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30HI0BBIN, xumuueckuii anamm3pl, MKC wmerompl wucciemoBanus (a3oBOro coCTaBa pyld d
W3MCHEHHUH, NPOMCXOMSIIMX B CTPYKTYpE MHHEPAIOB. XMMHUYECKHIl COCTAaB M3MENBYCHHOM [0
kpynHoctH - 0,074 MM 1po0kI pyasl crenyrouuii, Mac. %: SiO; - 60,11; Al,O; - 6,2; Zn - 0,016; Cu
0,10; Fe - 2,5; S—0,50; Au - 3,67 r/TuAg - 3,2 r/T. B nanHoii paboTte paccMaTpUBAIOTCsI pa3IuvHbIC
BapUaHTBl ATMTALMOHHOIO BbILIEIAYMBAHUSA C [PEABAPUTEILHON KHUCIOTHOM HPOMBIBKOM,
GakTepHalbHbIM BCKPBITHEM M OKHCIIMTEIBHBIM DPa3J0XEHHEM MHHEpPAJIOB C IOMOLIBIO
runoxyopura Hatpus. [loydeHHble pe3ysbTaThl, MI0Ka3aid, 4To Hanbosee 3PHEKTUBHBIMU IS
MOBBIIICHHST M3BJICUCHHUS 30JI0TA PEKOMEHIYETCS TIPOBOIUTH OaKTepUaIbHOE OKHUCIECHHE PYIbI C
npuMeHeHneM arunoduIbHbBIX Gaktepuit At. ferrooxidans, mpenBapuTenbHO agaNTHPOBAHHBIX K
BEIECTBEHHOMY COCTaBY HCCIIENyeMOW MpoObI, 32 KOTOPHIM CIEAYIOT 0OpaboTKa pacTBOPOM
THIOXJIOPUTA HATPUsl M [[MAHAPOBAHWE. BHOTHIPOMETAITyprHYecKas IepepadoTka pyIbl
obecrieunBaeT BHICOKOE U3BIeueHue 3050t1a (78,1 %).

Kniouesvie cnosa: pyna, 301010, OMoXuMHUYecKoe Beienaunsanue, At. ferrooxidans, rumoxmopur
HATpHs, LHAHUPOBAHHE.
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ABSTRACT

The results of studies of granular materials from magnesia compositions are presented. To
obtain the compositions, fillers of various origins were used: sawdust, wheat husk, rubber and
cork crumbs, ash microsphere. The formulations of molding mixtures that ensure the production
of granules by the method of pelletizing are determined. The factors of influence on the strength
of granules at various stages of the technological process are revealed. Methods for reducing the
density of magnesia granular materials by combining various types of fillers and introducing a
gas-forming agent are proposed. The use of caustic magnesite ensures reliable bonding of the
filler particles in the granules. Features of hydrate formation of magnesia binders allows the use
of low-temperature processing of raw granules. The expediency of increasing the temperature of
the salt recluse to accelerate the hardening of the porous granules is shown. Magnesia granules
with a bulk density of 400 — 500 kg/m? were obtained. The work is aimed at creating a resource-
saving technology of non-annealed granular aggregates for light concrete.
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Introduction

The modern industrial policy of Kazakhstan
concentrates efforts on the development of
"green" technologies, the production of new
efficient materials.

Concrete is the most common composite
material. Aggregate is the dominant component
that makes up 70 - 80% of the mass and determines
the structure and properties of concrete.

Lightweight concrete based on porous
aggregates are composite materials for energy-
efficient construction [1 - 4]. The structural and
geometrical characteristics of the porous aggregate
make it possible to regulate the structure of
composite materials, determine the thermal and
physical and mechanical characteristics of
lightweight concrete.

Porous aggregate is obtained from natural raw
materials as a result of mechanical processing, as
well as by chemical transformations during deep
processing of the original mass. Technogenic

granular materials of mineral and organic origin can
serve as a raw material for the production of
porous aggregates in roasting and non-firing
technologies.

Improvement of firing technologies made it
possible to create porous granular materials of a
new generation: highly porous sodium silicate
powder from liquid glass [5, 6]; glass-ceramic foam
multifunctional  granular  materials  (kerpen,
thermogran) [7]; granular nanostructuring filler
with prolonged action [8-10]; granular microporous
material using a burnout additive [11-13]

Research aimed at reducing the density and
increasing the strength of aggregates, reducing the
energy intensity of production is relevant [2, 4, 14 -
17]. Non-fired aggregates technologies provide for
the production of composite granules in which the
filler particles are held together by a binder. Ash of
heat power engineering, microsilica and other
finely dispersed materials are used as fillers [3, 5,
8]. Two-layer granule technologies are effective,
based on the creation of a light porous core, on



mailto:psm58@mail.ru
mailto:ORCID%20ID:%200000-0001-6892-2763
mailto:psm58@mail.ru
https://creativecommons.org/licenses/by-nc-nd/3.0/

KomnnekcHoe Vicnonb3oBaHne MuHepanbsHoro Coipbs. Ne1 (316), 2021

ISSN-L 2616-6445, ISSN 2224-5243

which a dense layer is applied. Modern technology
of porous granular materials, as a rule, is based on
the use of molding sands or several raw materials,
successively forming a porous structure of granules.

Most of the non-fired aggregates are produced
on the basis of cements, which leads to
technological difficulties in molding and relatively
high values of the density of granules. To develop
the technology of granular porous materials, it is
necessary to expand the raw material base.

Raw materials of Kazakhstan are capable of
providing the production of porous aggregates
using oil shale, ash from heat power engineering,
ore and coal processing waste, metallurgical slags
and other technogenic materials, the properties of
which are often poorly understood. When used car
tires are recycled, a number of valuable materials
are formed. Waste from the processing of grain
crops (for example, wheat and rice husks)
accumulates in regions with a developed
agricultural sector.

Non-fired granules should be considered as a
composite material, the matrix of which is a binder
that connects the filler particles into a given
structure. Porization of granules is ensured by the
use of various fillers of the appropriate structure
and the introduction of a special component - a
pore former. Stability of highly porous granules is
achieved by forming a dense shell by, for example,
dusting with binders.

Analysis of technological solutions for obtaining
non-fired granules made it possible to determine
the criteria for the selection of raw materials for
granular materials (table 1).

Table 1 - Criteria for the selection of materials for porous
granules

Materials for non-firing technologies
function in the raw mix criteria
dispersion
adhesion
Matrix - binder — -
hardening intensity
strength
felting
. gassing
Steam generating component
porous structure
adhesion
Dusting component dispersion
. & P adhesion
astringent - —
hydration activity
Magnesian binders are distinguished by

intensive hardening, high strength properties,
expressive adhesion to materials of various origins

[18 - 21]. Information about magnesian granular
materials is very limited.

The purpose of the work is to study non-fired
granules based on magnesian binders.

Experimental part

To obtain granules, we used caustic magnesite
powder - 75 with an active MgO content of 75 -
85%, fillers of various origins and states. Ash
microsphere of energy ash - hollow solid particles
with a predominant diameter of 100 - 250 microns
and a bulk density of 400 kg / m3. Wood sawdust -
particles formed during cross and longitudinal
sawing of timber, sawn timber, with a bulk density
of 210 kg / m3. Wheat husk - grain processing waste
with a bulk density in a crushed state of 220 kg /
m3,

Rubber crumb is particles of 1.5 - 3.0 mm in
size, formed during the processing of car tires, with
a bulk density of 610 kg / m3. Cork chips is granular
mass with a particle size of 2.5 - 3.0 mm, obtained
from production and consumption waste of bottle
corks, with a bulk density of 160 kg / m3.

Molding mixtures were prepared by thorough
mixing of caustic magnesite with different
proportions of filler. For mixing the molding sands,
a magnesium chloride solution with a density of
1230 kg / m® was used. The content of the salt
grout provided forming properties at close values
of the water-binding ratio. Formation of granules
with a diameter of 10 - 12 mm was carried out by
the method of rolling using a laboratory granulating
device. The strength of the raw granules was
assessed by the compressive load with fixation of
the moment of the appearance of cracks and
destruction of the granules. The strength of the
hardened granules was determined using a
hydraulic press. To accelerate hardening, the
granules were heat treated at a temperature of 50 °
C.

Discussion of the results

The rolling of magnesia mixtures occurs with
the participation of gravity forces, dry friction,
mechanical engagement, electrostatic interaction;
in the presence of a liquid phase - forces of
capillary-adsorption interaction, viscous resistance.
The role of these forces is reduced to both
structure formation and the preservation of the
properties of the structure. The strength of the
granules is ensured by the presence of structural
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bonds. The results of the study of granulation of
magnesia mixtures of various compositions indicate
that with an increase in the amount of filler, the
cohesion of the masses and the strength of the raw
granules decrease (table 2).

Comparison of the characteristics of molding
sands with sawdust of various sizes indicates that
with the enlargement of particles, pelletizing
becomes more difficult. This limits the proportion
of woody component in the mixture.

For magnesia mixtures that exhibit a weak
ability to pelletize, the pressing method is
advisable.

To form a coherent molding mass and obtain
stable granules from wheat husks, it is advisable to
grind the material to particles with a size of 0.315 -
0.63 mm.

Particles of cork and rubber crumb are larger
than the fine fraction of sawdust, but the lumpiness
of these mixtures is superior to magnesian wood
pulps. Cork and rubber chips have irregular shape
geometry, are distinguished by elasticity, low water
absorption, which promotes rounding with the help
of magnesia suspension, which is characterized by
high adhesion to surfaces of various compositions
and conditions.

The smooth surface of the ash microsphere is
capable of increasing the molding properties of the
magnesia mixture. On the other hand, the high
specific surface area of the porous filler particles
emaciates the molding mass. The ash microsphere

is characterized by the smallest grain size and
exhibits the worst granulation properties under
experimental conditions. Therefore, the size of the
filler particles determines the pelletization of only
compositionally related masses and does not apply
to other mixtures.

Heat treatment at a temperature of 50 ° C for 4
hours accelerates the hardening of the granules.
The choice of the drying temperature is due to the
rate of hardening of the magnesian binder and the
peculiarities of hydrate formation.

The properties of the granules depend on the
type of filler (table 3). The quality factor, defined as
the ratio of strength to density of the material, was
used for the comparative evaluation of the
granules. By the type of filler, the granules are
arranged in descending order of the quality factor:
wheat husk — sawdust — ash microsphere — cork
crumb — rubber crumb.

To reduce the density of magnesia granules, the
possibility of additional porosity of the molding
mass based on sawdust with the help of a gas
generator - perhydrol was investigated (table 4).

When adding a blowing agent, the raw mixture
swells, the molding mass acquires increased
plasticity. This allows you to reduce the proportion
of the liquid component in mixtures with a low
content of sawdust. The cohesion and granularity
of the molding materials are increased, including 25
and 35% filler.

Table 2 - Influence of the composition of the molding mixture on granulation

Molding sand composition, % Visual assessment Strength
. . filler magnesium of mixture raw granules,
caustic magnesite - . . ..
type quantity chloride solution connectivity N / granule
52 sawdust 15 33 high 25
38 0,14-1,25 r:nm 25 37 hlgh 23
26 35 39 medium 20
52 sawdust, 10 38 high 20
45 1,25-2.5 mm 15 40 medium 19
37 20 43 low 17
51 15 34 high 26
40 0 ;:fa; Q;Sr':]’m 25 35 high 23
27 ’ ’ 35 38 medium 21
54 , 15 31 high 26
40 ) chr_kzcg"f;;n 25 35 high 23
28 ’ ’ 35 37 medium 20
54 15 31 high 26
40 lr ung_egcsr ‘:?:: 25 35 high 24
28 ’ ’ 35 37 medium 19
56 _ 10 34 high 22
47 gfgsm_'corjzpr:?;e' 15 38 medium 19
37 20 43 low 13

— 34 ——
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Table 3 - Influence of the type of filler on the properties of magnesia granules

Type and content of filler in the mixture

Sawdust, Wheat husk, Cork crumb, Rubber crumb, Ash microsphere,
0,14-1,25 mm 0,315-0,63 mm 1,25-2,5mm 1,25-2,5mm 0,05-0,10 mm
25% 25% 20% 20% 15%
Density, kg / m?
740 720 | 830 | 890 780
Strength of granules, MPa

5,5

Table 4 - Influence of perhydrol on the properties of magnesia mixture and granules

Content of wood filler in the Gas generator additive, % Attitude Bulk density of granules,
mixture, % ! "Liquid: solid" kg / m3

0 0,50 580

15 1,5 0,50 560

2,5 0,48 470

3,5 0,46 410

0 0,58 520

25 1,5 0,58 490

2,5 0,58 420

3,5 0,57 380

0 0,65 460

35 1,5 0,64 430

2,5 0,64 370

3,5 0,64 340

The influence of the blowing agent is extreme.
An improvement in the forming properties is
observed at a content of 2.5% perhydrol, a
subsequent increase in the proportion of the
blowing agent is accompanied by a decrease in the
stability of the granules: a tendency to sticking is
manifested. The introduction of a blowing agent
into the molding mixture made it possible to reduce
the bulk density of the granules by an average of 25
- 30%.

Caustic magnesite is the basis of magnesian
molding materials, characterized by intensive
hardening. However, for porous molding sands,
there are difficulties in hardening in a
technologically acceptable time.

An increase in the temperature of the salt grout
makes it possible to increase the strength of the
raw granules, to accelerate the hardening of the
hardened granules (figure 1). The use of a grout,
heated to 35 ° C, provides an increase in strength to
the technologically required values during heat

treatment for 3 hours. A subsequent increase in the
temperature of the saline solution and an increase
in the duration of the thermal effect on the
granules are inappropriate due to low efficiency.
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Figure 1 - Influence of the temperature of the grout on
the hardening of magnesia granules based on wood filler
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The high strength of the granules is facilitated
by the reliable contact of the fillers with the
magnesian matrix, the crystalline base of which is
formed by fibrous magnesium hydroxychlorides
(Figure 2).

Another way to reduce the density of magnesia
granules is the use of combined fillers, for example,
wood particles and ash microspheres (Figure 3).

Picture 2 - Microstructure of magnesia granules

Figure 3 - Magnesia granule with combined filler

The combination of fillers of various shapes
allows you to adjust the molding properties of the
raw materials and the structure of granules with a
bulk density of 470 - 550 kg / m?.

Conclusions

The possibility of obtaining granular materials
based on magnesian compositions has been
proven.

High adhesion of caustic magnesite ensures the
cohesion of the molding mixtures, reliable adhesion
of filler particles of various origins.

Compositions based on technogenic fillers of
plant origin or their combination with an ash
microsphere are preferred.

To obtain granules of reduced density, it is
effective to introduce a blowing agent into the
molding mixture.

Intensive hardening of caustic magnesite
provides hardening of the granules during low-
temperature drying. The crystalline base of
magnesium hydroxychlorides contributes to the
formation of a strong structure of granular
magnesia materials.
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TYWIHAEME
Makanaga MmarHesus KOMNO3MUMANAPbIHAH anblHATbIH TYWipWiKTi MaTepuangaphpl 3eprrey
HaTUXKenepi KenTipinreH. Komnosuumanapapl any ywiH ap TypAai TOATbIPFbIWTAP KOAAAHbINAbI:

i afaw yriHainepi, 6uaai Kaybi3bl, pe3eHKe JKaHe TbifblH KOKbIMAapbl, Kyaai mukpocdepanap.
Makana kengi: 29 kaimap 2021

PeueH3eHTTeH oTTi: 09 aknaH 2021
Kabbinganabl: 23 aknan 2021 JalblHaay  aaicTepi  aHbIKTanAbl. TeXHONOrMANbIK — NPOLECTiH  apTypai  KeseHaepiHAae
TyHipwikTepaiH, b6epikTiriHe acep eTeTiH ¢daKTop/iap aHbIKTanAbl. Op TypPAi TOATbIPFbILTAPAbI
6ipiKkTipy, ras TysriwTi €Hri3y apKblibl MarHesvangbl TyWipwikTenreH maTepuangapabiy,

TericTey apKkplibl TYMipLWiKTep anyAbl KamTamacbi3 eTeTiH Ka/bINTacTbipylubl KOCManapblHbIH,

TbIFbI3AbIFbIH @3aWTy 34icTepi YCbiHbINABI. KaycTMKanblK MarHesuTTi KongaHy TyWipwiktepae
TONTbIPFbIW  GenweKkTepdiH, ceHimai  GalnaHbicyblH  KamTamacbis  eTegi.  MarHesus
6alinaHbICTbIPFbILWTAPbIHBIH, MAPAT Ty3y epeKlenikTtepi eHAenmereH TyWipwiktepai TemeH
TemnepaTtypaga eHgeyre MymKiHAiK 6epeai. KeyekTi TyMipwikTepaiH, KaTaloblH Te3geTy yuwWiH
Ty34bl epiTKIlWTIH TemnepaTypacbliH YKOfFapblnaTyAblH, NakganbiibifFbl KepceTtinreH. Cycbimainbl
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ABSTRACT

This paper analyses the experience uranium deposits mine development under conditions of
highpressure nature of groundwater proposed technology "pumping wells" and upgrading
technological scheme unit receiving and distribution of the solution. The results of experimental
study of the use of "pumping wells" in mining deposits of uranium by in-situ leaching mine
"Karatau". It is proved that by using the proposed technology and circuits under conditions of the
high groundwater pressure reduces the cost of procurement of cables, significantly reduced the
cost of acquisition of submersible pumps, savings in the end cap. In practice, one processing unit
is equipped with one unit for receiving and distributing the solution, therefore, a leaching
solution with the same acidity is supplied to all injection wells. To avoid such cases requires
selective supply of different concentrations of acid with the different indicators pH. The
modernization of the scheme of the unit for receiving and distributing the solution was carried
out by connecting two bypass lines, where one bypass line is designed to transfer the injection
wells to the pumping one, and the second one is to transfer the pumping wells to the pumping
one. By connecting the two bypass lines, it will be possible to supply a leach solution with a
higher acid concentration, selectively to any injection well. As a result, acid consumption will
decrease due to its selective supply and pH values in wells will be balanced.

Keywords: In-situ leaching, high-pressure character, «pumping wells», pH factor.
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Introduction

According to the IAEA about 19% of the world's
known uranium reserves are concentrated in the
Republic of Kazakhstan. The total reserves and
resources are estimated at 1,610 thousand tons of
uranium, including the reserves of industrial
categories (B + C1 + C2) amount to 920 thousand

tons [1].

A unique feature of uranium deposits in the

the most advanced, relatively cheap, and
environmentally preferable method of in situ
leaching (ISL). In situ leaching (ISL), also known as
solution mining involves leaving the ore where it is
in the ground and recovering the minerals from it
by dissolving them and pumping the pregnant
solution to the surface where the minerals can be
recovered. Consequently, the soil cover is almost
not disturbed, no tailings and waste rock are
formed.

Republic of Kazakhstan is that 75% of them are
concentrated in rocks associated with regional
zones of formation oxidation. This type of deposits
is not widespread in the world. It is developed by

One of the stages of development of reserves
in the operational unit is a technological step,
which includes three stages.
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e Ore deposit acidification - supply of working
solutions to the ore-bearing horizon in order to
change its state and ensure the conditions for the
transition of uranium into solution.

¢ Active leaching - formation and extraction of
productive solutions from the block.

e Modification of operating units (additional
leaching, “washing” of uranium) is the final stage of
uranium mining, which is characterized, as a rule,
by a decrease in the uranium content in productive
solutions [2].

When mining blocks at the stage of active
leaching, the hydrodynamic equilibrium (balance)
of the injected and pumped-out solutions must be
strictly observed, both for individual production
cells, as well as for blocks and areas [3]. In this case,
as a rule, provided optimal solutions hydrodynamic
filtering mode in block circuit. In the development
of deposits in the conditions of high-pressure
nature of groundwater, ensuring optimum
hydrodynamic filtering mode solutions unit circuit is
very difficult. With an imbalance towards pumping
(negative balance, pumping exceeds pumping),
productive solutions dilute due to the pulling up of
formation water due to the block contour. The
imbalance in the direction of pumping (the positive
balance exceeds injection pumping) leads to the
exit of process solutions beyond ore deposits. Thus,
there is a uranium loss due to the spreading and re-
sedimentation, increased consumption of leaching
reagents. It should also be noted that the
unbalance solutions in operational blocks may
occur overflow of process solutions between
adjacent blocks. This significantly complicates, and
often makes it impossible to account for uranium
production by block (calculation of the movement
of reserves) [4].

Hydrodynamic  equilibrium (balance) for
individual production cells, blocks and sections is
established because of data from measurements of
production rates of pumping wells and injectivity of
injection wells. As a result of mudding, the flow
rates and injectivity of wells can vary significantly
[5]. Therefore, timely measurements and repair
and restoration work is very important to ensure
the balance of injected and pumped out solutions.
In connection with the above, the studies carried
out in this work are quite relevant.

As is known, the main factors when using the
method of in-situ leaching are projection of the ore
deposit to the surface that determines the location
of the wells and infrastructure, the specified
productivity of the processing complex and the
number of pumping and injection wells. Thus,

binding process begins with arrangement of wells in
the upper portion of the exhaust well submersible
pump, which is the cause of the borehole drilling
large diameter "plant around" the larger diameter
pipes to equip the upper end of the well head part
correspondingly more expensive. In addition,
electric cables are laid to the location of the
technological unit and each well from the
transformer substation and from the distribution
units of solutions. All of these additional costs is
inevitable because of pumped well location
identified the morphology of the ore body and the
need to define solutions underground vector of
their movement with the use of a submersible
pump [6,7].

Experimental part and discussion of results

The experimental unit is located in the section
Ne2. The area of the block is 40,500 square meters,
the ore is represented by hard rocks, the thickness
of the aquifer is 8-12 m, the depth is 670 m. The
experimental block has 30 injection wells, 14
extraction wells, the distance between the injection
and extraction wells is 30 meters. An in-line
autopsy scheme was adopted. Drilling is carried
out with the drilling machine BFU-1200m (mobile
drilling unit). Extraction wells are constructed in the
injection format, as shown in Figure 1, cased with
89 mm PVC (poly vinyl chloride) pipe, filter - KDF
118. To carry out experimental work, an improved
scheme for connecting technological wells was
proposed (Figure 1), the essence of which is the
extraction of pumping wells in the injection format;
near the transformer substations with a depth of
50-100 meters, "pumping wells" are being built,
equipped with a blind filterless column, in which
submersible pumps are located. The total power of
the pumps is equal to - optimal with a traditional
piping scheme [8].

Pumping wells connected to the extract hose
and constitute a system of communicating vessels.
Apparently, a necessary condition in this case
should be - a positive head of groundwater above
the surface and the location of the pump below the
dynamic level. The minimum number of such
“pumping wells” is one per processing unit [9].

In this case, the flow rate in the extraction wells
is regulated by means of shut-off equipment. The
use of "pumping wells", along with a direct
economic effect, makes it possible to use any
combination of injection wells in the functions of
pumping wells at different stages of block
development.
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In the new technical solution, adding "pumping
wells" to the piping, we create conditions that do
not require a pump and infrastructure for it to be
located at the desired point of the block; the
necessary vector of formation water movement at
such a point is created remotely, using "pumping
wells". This radically optimizes the operation of the
system (at any time, you can use any wells in any
ratio, both pumping and injecting ones,
constructing them in a pumping-only format),
reducing the cost of underground leaching and
reducing uranium losses by developing "stagnant"
zones.

HVTL | Proposed block diagram Extraction wells
.

o —Injection wells

TNRDS

ectrical transmission line
node reception and
n

Figure 1 - Experimental scheme of binding the unit

To implement the proposed technology, it
is necessary to modernize the scheme of the
solution receiving and distribution unit (Figure 2).
The main goal of the modernization of the scheme
is to supply the leach solution to the wells with
different acid concentrations, to minimize the
difference in pH values in the wells, as well as other
parameters for compiling the leach balance. The pH
index is of particular importance in the extraction
of uranium by the in situ leaching method [10].

For effective leaching, we need to achieve a pH in
the range of 1.5 - 2, where natural uranium
dissolves much better in this environment, but it is
not always possible to achieve a simultaneous or
gradual decrease in pH in all wells. One of the
reasons is the close location of previously operated
and new technological blocks, namely, wells that
are in close proximity to the wells of old blocks
have a lower pH value than wells located far from
the already acidified technological block.

In practice, one processing unit is equipped with
one unit for receiving and distributing the solution,
therefore, a leaching solution with the same acidity
is supplied to all wells. To avoid such cases,
selective feeding with different acid concentrations
is required considering different pH values. By
making small changes to the scheme of the unit for

receiving and distributing the solution, it is possible
to supply the leaching solution with different
acidities.

1.

if ‘ Connection of two
it LTl bypass lines

Figure 2 - Proposed scheme unit
distribution of solution

reception and

The modernization of the scheme of the unit for
receiving and distributing the solution was carried
out by connecting two bypass lines, where one
bypass line is designed to transfer the injection
wells to the extraction one, and the second one is
to transfer the extraction wells to the injection one.
By connecting the two bypass lines, it will be
possible to supply a leach solution with a higher
acid concentration, selectively to any injection well.
This can be avoided above problems.

As a result of the application of the proposed well
piping scheme, the costs of purchasing cable
products are reduced many times, the costs of
purchasing submersible pumps are significantly
reduced (the cost of a more powerful pump is
much less than the cost of several of the same
power), and funds are saved on the end caps.
Modernization of the scheme of the unit for
receiving and distributing the solution will allow to
reduce the consumption of acid due to its selective
supply and balance the pH values in the wells.

Conclusions

In the new technical solution - adding "pumping
wells" to the piping, we get a system of
communicating vessels, which does not require a
pump and infrastructure for it to be located at the
desired point of the block; the necessary vector of
formation water movement at such a point is
created remotely, using pumping wells. This
radically, ultimately optimizes the operation of the
system (at any time you can use any wells in any
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ratio, both extracting and injecting ones), thereby
working out stagnant zones in the area of blocks
and increasing the percentage of block
development - without additional costs for drilling
wells and building the necessary infrastructure.
Technically, these possibilities are realized using a
"bypass" piping line directly in the building of the
receiving and distribution unit.

The investment effect from the introduction of
the new technical solution in the process of

to achieve cost savings for the implementation of
mining and preparatory work (piping of wells of
technological blocks).
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¥ep acTbl cynapbiHbIH, }KOFapbl KbICbIMAbl CUNATTaFbl KafaaubiHAa epiTiHgiHI
Kabbinpgay »KaHe TapaTy KOHAbIPFbICbIHbIH, Cbi36acbliH (CXeMacblH) }KaHapTy
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TYRIHAEME

Byn KymbiCTa ep acTbl Cy/napblHbIH, XOfapbl KbICbIMAbI CUMATTaFbl KaffanblHAA YpaH KeH
OpbIHAAPbIH Urepy Taxipubeci TangaHFaH, «COPFbl YHFbIMANAPbI» TEXHONOTMACHI XKIHE epiTiHAiHI
Kabblngay KaHe TapaTy KOHAbIPFbICbIH KaHapTy (mogepHu3aumanay) cbizbacbl YCbIHbINFaH.

Makana kenai: 30 kaymap 2021 «KapaTay» KeHiwiHae yHFbIManapapl *KepacTbl Waimanay a4iCiMeH ypaH KeH OpbiHAAPbIH Urepy

PevueHseHTTeH oTTi: 15 aknax 2021
KabbingaHapl: 24 aknaH 2021

Ke3iHAe «COPfFbl YHFbIMANApPbIH» KONAAHYAbl SKCNEPUMEHTTIK 3epTTey HITMXenepi KenTipinreH.
YCbIHbINFAH TEXHONOMMA MeH Cbi36aHbl ep acTbl CyNapblHbIH, XOfapbl KbICbiMAbl CUMATTafbl
)KafoaWbliHOA KONZaHFaH Ke3ge Kabenb eHiMAepiH caTtbin  anyfa KeTeTiH  LWbIFblHAAP
a3anATbIHAbIFbLI, CY aCTbl COPFbINAPLIH CaTbIN aNyfa KETeTiH LWbIFbIHAAP eAaYip a3anaTbIHAbIFbI KaHe
YHFbIMa 6acblHa KyMcanaTblH KaparkaT yHemaeneTiHAiri fanenpeHai. Toxipubene 6ip
TEXHOMOTMANBIK BNOKTa 6ip faHa Kabblngay KoHe TapaTy KOHAbIPFbiCbl 60nafbl, COHABIKTAH
6apnblK aaay yHFbIManapbiHa Wwarimanay epitiHaici 6ipaeit KblwKkbinapikTa 6epineai. OcbiHAaN
Kafparnapabl 6onabipmay  YWiH ipiKTen KplWKbINAbl 3P TypAi KOHUeHTpauusnapmeH pH
KepceTKilwiHe baiinaHbIicTbl 6epy KaxeT. Kabblngay XKaHe TapaTy KOHAbIPFbICbIHbIH, KaHapTblaFaH
cbi3bacbl eki barnacTbl MHMANApAbl 6ip-bipiHe »Kanfay apKpblabl iCKe acTbl, OHAAfbl 6ip Halnac
JIMHUACHI aiifay YHFbIManapblH COPFbIll YHFbIMaNapbiHa aybICTbipy YLiH, an eKiHWici copfbiw
YHFbIManapblH anlfay yHfbiManapbiHA aybICTbipyFa apHanfaH. Eki 6alinac AnHuAanapbiH Kocy
apKbl/ibl WaKmanayLbl epiTiHAiHI }KoFapbl KOHLEHTPALMANAHFAH KblLUKbIIMEH Ke3 KeareH aingay
YHFbIMAcbIHA ipikTeMeni Typae xibepyre 6onaapl. HoTuxKeciHAE KbIWKbINAbIH, WbIFbIHBI a3anabl
»KaHe pH KepceTKili 6apblK COpFbil YHFbIMANAPbIHAA TEHrepineai.

TyihiH ce3gep: epacTbl LialiManay, »Oofapbl KbICbIMAbl CUMMNAT, «COPFbl YHFbiManapbi», pH

KepceTKilli.
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MopepHu3sauma cxembl y3na npuema u pacnpeaeneHma pactsopa B yCa0BUAX

BbICOKOHAMOPHOIO XapaKTepa noAa3eMHbiX BOA,

*
1Anues C.B., ¥ Omap6ekos E.V.
1 lHcmumym npob6nem KomnnekcHo20 oceoeHus Hedp um. akademura H.B.MenbHukosa Pocculickoli akademuu Hayk UIMKOH PAH,
Mockea, Poccua

2Satpayev University, Aamamel, Kazaxcman

* dnekmpoHHaa noyma aemopa: 13s_yernur88@mail.ru; y.omarbekov@stud.satbayev.university

AHHOTALMUA

B AaHHoi paboTe NpoaHann3vpoBaH OMbIT Pa3paboTKN YPaHOBOTO MECTOPOXKAEHUA B YCNOBUAX
BbICOKOHAMOPHOTO XapaKTepa NoA3EMHbIX BOJ, NPEAJIOKEHbI TEXHONOMMUA KHACOCHBIX CKBAKMUH»
M CXeMa MOAEpHM3aLMM y3ia npuema u pacnpegeneHus pactsopa. MNpuseseHbl pesynbTaTbl
9KCMEPUMEHTA/IbHbIX  UCCNef0BaHUM MPUMEHEHUA «HACOCHbIX CKBaXXMH» npu oTpaboTke
MECTOPOXKAEHUI ypaHa METOAOM MOA3EMHONO CKBAXKMHHOTO BblLENAYMBAHMA Ha PyAHUKe

Cratbs noctynuna: 30 sHeapa 2020 «Kapatay». [lokasaHa, 4To Mpv UCMO/Ib30BAHWMM NPeLIaraemMoi TEXHOIOTMM U CXEMbI B YCIOBUAX
PeueHsvposaHue: 15 geapans 2021 BbICOKOHAMOPHOTO XapaKTepa MOA3EMHbIX BOZ YMEHbLIAIOTCA 3aTpaTtbl Ha 3aKymnKy KabenbHoW
MpuHATa B Nevatb: 24 hespans 2021 NPOAYKUMM, CYLLECTBEHHO YMEHbLUAKOTCA 3aTpaTbl Ha MNpUOBpPEeTeHMEe MOrpyMKHbIX HACOCOoB,

SKOHOMATCA CPeACTBAa Ha OroNOBHMKaX. Ha npakTMKe Ha OAMH TEeXHONOrMYeckuin 6nok
YyCTaHOBNEH OAWMH y3en NnpuemMa M pacrnpedesneHnA pacTBopa, MNOITOMY Ha BCe 3aKauHble
CKBaXXMHbl MOJAETCA BbILLESAYMBAIOWNIA PACTBOP C OAHOM M TOW Ke KUCAOTHOCTbIO. Bo
nsberkaHne Takux cnyvaes, TpebyeTcA BbIOOPOYHAA Mofa4a C PasHbIMU  KOHLEHTpauuAMMU
KMCNOTbl C Y4eTOM pasHbIX MOKasaTenei pH. MopgepHM3auma CxXembl y3en npuvema U
pacnpepeneHus pactsopa bblna ocyLecTBieHa 3a cHeT coeaMHeHUA AByX 6alnacHbIX IMHWIA, rae
oaHa bainacHas NMHWMA NpefHasHayeHa A1 NepeBOAa 3aKaYHbIX CKBAXKMH B OTKayHylo, a
BTOpas-A/1A NepeBoAa OTKAYHbIX CKBAXKMH B 3aKauHyto. CoeanHAA ABe 6alinacHble IMHWUU, MOXHO
bypeT nopaBaTh BbllENauMBaloWMin pactBop C 60/see BbICOKOW KOHUEHTpauuWen KucaoTbl,
BbIGOPOYHA Ha NtOBYI0 3aKauHyl CKBaKMHY. B pesynbTaTe CHU3WTCA pacxof KWUCAOTbl 3a cyeT
Bbl6OpOYHO ee nogaumn n cbanaHcupytoTca pH nokasaTenu B CKBarKMHax.

Knroueswle cnoea: [0oA3€MHO-CKBaXXMHHOE BblleNaunMBaHWe, BbICOKOHAMOPHbIW XapakTep,
«HACOCHbIE CKBAXKMHbI», NOKasaTesb pH.
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ABSTRACT

Waste recycling of both ferrous and non-ferrous metals is a useful process for the
economy of any country. This paper proposes a new technology for recycling bar scrap of
ferrous metals by rolling it in radial-shear rolling mills by producing a commercial product
in the form of bars with an ultrafine-grained gradient structure. Studies have shown that
the deformation of bar scrap in the form of pieces of reinforcement made of steel grade
18G2S in a radial-shear rolling mill makes it possible to significantly disperse its structure
by producing a gradient ultrafine-grained structure, and this, in turn, leads to the
elevating of the mechanical characteristics of this steel grade. Thus, the tensile limit of the
18G2S grade steel deformed on the radial-shear rolling mill was 620 MPa (at the initial
value of 365 MPa).

Keywords: recycling, bar scrap of ferrous metals, reinforcement, radial-shear rolling,
microstructure, mechanical properties.
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Introduction

The environmental problem has been a hot
issue all over the world for more than a decade.
Conventional waste disposal does not always solve
this problem, since in many cases it also leads to
significant environmental pollution, for example, in
the case of waste disposal in a waste landfill or
waste incineration. Therefore, at present, much
attention is paid to the development of various
methods of waste processing, i.e. recycling,
including scrap metal, which is also the most
economically profitable.

For example, the “3R Initiative” in waste
management, based on three basic “coordinates”:
Reduce — reduction; Reuse — reuse of waste;
Recycle — use as secondary resources were
proposed in Japan as far back as 2004 [1].

In the present case, we shall consider the
problem of processing and using “iron waste”, a
special category of waste called scrap metal, as
secondary resources.

The sources of the formation of scrap metal can
be conditionally divided into three categories: parts
or mechanisms, as well as structures that have
exhausted their service life; deteriorated metal
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products; waste generated during the production
and processing of ferrous metals.

As is well known, the final stage of the life cycle
of most metal products is most often their disposal
in the form of scrap metal, followed by remelting
and further recycling.

At the same time, it is difficult to disagree that
this is one of the simplest ways to dispose of metal
products that have served their service life.

Although there has long been another way of
processing some metal products that have served
their service life by various methods of hot pressure
treatment to obtain a finished commercial product
[2-10].

But a qualitatively new level of possibilities for
the recycling of scrap metal processing, both in the
form of some long metal products, such as rods,
axles, shafts that have served their service life, and
ordinary bar scrap of ferrous metals, including
rebar, opens the radial-shear rolling process (RDR).

Radial-shear rolling is cross rolling of solid
rounds mainly on a three-high screw rolling mill
with large feed angles and high one-time draftings,
the main difference of which is the feed angle
increasing to a = 18° - 20° at a conventional rolling
angle B =5 "°[11].

During the radial-shear rolling, the metal
extrusion in the deformation zone along
programmed trajectories creates the effect of
volumetric macro-shear, which makes it possible to
pick up the metal efficiently and squeeze
throughout the volume. At the same time, the
blank is squeezed in two directions and tensiled in
one direction corresponding to the rolling progress
in the longitudinal direction in the deformation
zone during the RDR. In the transverse direction,
the blank is rolled in addition to the drafting itself.

As a result, after passing the deformation zone
in the rolls, the blank decreases in diameter
lengthens, and also twists around its axis by a
certain angle, which depends on the magnitude of
the torque, blank material, and its geometric
parameters. Such deformation conditions are
favorable for defect-free rolling of practically any
deformable materials.

Radial-shear rolling has currently found
application in the recycling of pump rods in
conditions of the Ocher Machine-Building Plant [12-
14] and has been tested in laboratory conditions in
the recycling of used railway axles [15]. We propose
to use the radial-shear rolling technology to process
common bar scrap of ferrous metals with producing
bars with an ultrafine-grained gradient structure.

Experimental Procedure

To confirm the possibility of recycling various
bar scrap of ferrous metals, a physical experiment
was conducted at the SVP-08 radial-shear rolling
mill, which allows deformation of blank with a
circular cross-section from a diameter of 40 mm to
a diameter of 8 mm. Pieces of reinforcement made
of 18G2S steel grade of class A-Il (A300) GOST
5781-82 with a diameter of 32 mm and a length of
250 mm were used as initial blanks, which were
previously subjected to homogenizing annealing
before deformation.

Deformation of the pieces of reinforcement
was performed in two stages: 1st stage — rolling out
of the reinforcing profile itself to obtain a common
cylindrical blank; 2nd stage — rolling of the
produced cylindrical blanks for producing ultrafine-
grained gradient structure.

At the first stage, pieces of reinforcement with
a 32 mm diameter were heated in a Nabertherm
R120/1000/13 tube furnace to a temperature of
1100°C with equalizing during 32 minutes before
deformation in the SVP-08 radial-shear rolling mill.
After that, the deformation of these pieces of
reinforcement was performed on the radial-shear
rolling mill to a diameter of 28 mm in two passes
with a step of absolute reduction in diameter of 2
mm according to the reverse scheme [16].

After producing blanks with a 28 mm diameter
with a cross-sectional shape close to cylindrical,
they were cooled at 700°C in a tube furnace
Nabertherm R120/1000/13 to equalize the
temperature over the blanks cross-section. At the
second stage, the deformation of blanks with 28
mm diameter was also performed with a step of
absolute reduction in 2 mm diameter according to a
reversible scheme to 16 mm diameter in six passes.

Polished micro specimens for optical
microscopy and TEM objects for studying the fine
structure as well as standard samples for
mechanical tests, were prepared from the initial
sample (after homogenizing annealing) and after
each pass. The microstructure was studied using an
OLIMPUSBX53M optical microscope; the fine
structure was studied using a JEM-2100
transmission electron microscope (JEOL, Japan) at
an accelerating 200 kV voltage. The microstructure
was investigated in the center and at the periphery
of the bar section.

Mechanical properties were determined by the
tensile strength test of standard cylindrical
specimens on an Instron 5966 testing machine. In
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this case, three duplicate specimens were taken for
tensile strength test for each point of the
experiment (after each pass), [17, 18, 19, 20].
Analysis of the microstructure evolution
showed that 18G2S grade low-alloy steel has a
ferrite-pearlite structure in the initial state (after
homogenizing annealing), secondary cementite is
located along the grain boundaries (Fig. 1), the
average grain size is 25 um.
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Picture 1 — Microstructure of 18G2S steel grade in
the initial state (after homogenizing annealing)

Results and Discussion

The analysis of the microstructure after 2
preliminary deformation passes at 1100°C on the
SVP-08 radial-shear rolling mill showed the
recrystallization in the structure of the deformed
18G2S grade steel.

Since the deformation temperature during
rolling was higher than the temperature of the steel
allotropic transformation upon heating, cementite
decompositions, and ferrite transition to austenite,
the steel had an austenite structure upon
deformation.

Austenite, on the other hand, is very plastic and
mobile at high temperatures; accordingly, during
rolling, the grains underwent a very significant
deformation, began to stretch and turn in the
direction of rolling. Besides, large grains began to
disintegrate into small grains. After cooling, the
blank has a ferrite-pearlite structure with 17-18
microns grain size.

Analysis of the microstructure after eight
deformation passes (2 preliminaries at a
deformation start temperature of 1100°C and 6
main ones at a deformation start temperature of
700°C)  deformation  showed that grain
fragmentation was observed as a result of the
formation of dislocation walls and the formation of
deformation cells in the peripheral part of the
18G2S steel bar.

Figure 2 — Microstructure of 18G2S steel grade after
2 preliminary deformation passes at 1100°C

Despite the high dislocation density, a large
number of dislocation-free subgrains were also
observed (Fig. 3a). Recrystallized regions with a low
dislocation density describing themselves as a sign
of the development of dynamic recrystallization
during deformation were also found in the
microstructure.

The detected recrystallized grains are
distinguished not only by the absence of
dislocations in the grain body but also by the close-
to-equilibrium structure of the disorientation
boundaries, as evidenced by the weak streaky
electron microscopic contrast at these boundaries.
The structure of the central zone consisted of long
and narrow grains elongated in the rolling direction
with a size ranging from 1 to 2 um (Fig. 3b).

Figure 3 - Microstructure of the peripheral (a) and
central (b) parts of the low-alloy 18G2S grade steel bar
after 6 passes of the RSP

After analyzing the microstructure evolution,
mechanical characteristics of bars made of 18G2S
grade steel, produced after 8 passes (2 preliminary
and 6 main) of reversible radial-shear rolling was
studied. The mechanical characteristics were also
determined for the initial non-deformable sample,
previously subjected to homogenizing annealing.

The average static value of properties was
determined and passes number-strength and
plastic properties charts were constructed
according to statistically processed results of
mechanical tests (Fig. 4).

The results of mechanical tests have shown that
the initial (averaged) values of mechanical
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properties are: ultimate strength is 365 MPa;
relative elongation is 36%.

After all 8 passes in the radial-shear rolling mill,
the mechanical properties of 18G2S grade steel
change as follows: the strength properties increase,
and the plastic ones fall.

% Mpa

27 4 650 -
&

1100 °C

700 °C

25 4
600
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550
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19 4 300
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15 4
400
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350
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oxopa

® Reiative elongation "¢ A - tensile strength

Figure 4 — Passes number-strength and plastic
properties chart of 18G2S grade steel

So the value of the ultimate strength (oB) after 8
passes increased to 620 MPa, and the relative
elongation, which is one of the indicators of the
plastic properties of any material, decreased to
10%. At the same time, it can be seen from the
charts that these changes do not occur
monotonously: after the first pass of deformation,
when the temperature of the beginning of
deformation of the reinforcing profile was 1100°C,
a sharp increase in the strength index and a drop in
the value of the relative elongation were observed,
while during the second pass these values did not
change significantly.

After cooling the blank obtained after 2 passes
at a temperature up to 700°C and the subsequent
3rd pass, we again observe the intensive change in
the mechanical properties of 18G2S steel (there is a
sharp increase in ultimate strength and a significant
drop of relative elongation). Later (after a sharp

spike in properties during the implementation of
the 3rd pass), a smooth change in the mechanical
characteristics of 18G2S steel is observed.

Conclusions

Thus, it may be concluded that deformation in
the SVP-08 radial-shear rolling mill makes it
possible to disperse significantly the structure of
bar scrap, and the degree of structure refinement is
the higher, the greater the degree of deformation.
Thus, eight passes of deformation made it possible
to reduce the average grain cross-sectional size by
almost 30 times (from 25 to 0.8 um) in comparison
with the initial state.

The change in the size of the initial grain led to
a significant change in the mechanical
characteristics of the bars obtained after
deformation in the radial-shear rolling mill.

So the tensile strength of 18G2S steel after
deformation increased by almost 1.7 times to a
value of 620 MPa. The relative elongation, which is
one of the indicators of the plasticity of the
material, decreased 2.6 times 10%, against the
initial 26%. Such a decrease in the plasticity index,
in this case, is within the normal range for materials
after severe plastic deformation.

Conflicts of interest

On behalf of all authors, the corresponding
author states that there is no conflict of interest.

Acknowledgment

This study was funded by the Science
Committee of the Ministry of Education and Science
of the Republic of Kazakhstan (Grant No.
AP08955575).

Cite this article as: Lezhnev S. N., Naizabekov A. B., Volokitina I. E., Panin E. A., Kuldeyev E. |. Radial-shear rolling as a new
technological solution for recycling bar scrap of ferrous metals. Kompleksnoe Ispol’zovanie Mineral’'nogo Syr’a. = Complex Use

of Mineral Resources =
https://doi.org/10.31643/2021/6445.06

Mineraldik  Shikisattardy Keshendi

Paidalanu. 2021. Ne 1 46-52.

(316), pp.

— 49 ——


https://doi.org/10.31643/2021/6445.06

Complex Use of Mineral Resources. Ne4(315), 2021 ISSN-L 2616-6445, ISSN 2224-5243
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TYWIHAEME

Kapa aHe TycTi meTangapaplH KanaplKTapblH KalTa eHAey Kes-KenreH enfiH SKOHOMMKAchl YLUiH
navgansl yaepic 6onbin Tabbinagpl. Byn }KymbicTa Kapa MeTangapabiH, WhlbbIK CbIHBIKTAPbIH paguanapl-
MKbUIXKbIMabl XYKapPTy OPHAKTapblHAQ NPOKaTTay apKbiAbl yAbTpa TYMipLWIKTi rpagueHT Kypblabimbl 6ap
WbIBbbIKTAp TypiHAE TayapAbl ©HIM anblHaTbiH KalTa eHAEeYAiH KaHa TEeXHOMOTUACbI YCbIHbIAFAH.
yprisinreH 3epTTeynep kepcetkeHaen, 18M2C mapkanbl 60naTTaH »acanfaH apmaTtypaHbiH, 6eniktepi
TYpiHAeri WbIbbIKTapAbl Paauanabl-*Kbl/KbIMazbl KYKApPTy OpHafblHAA Aedopmaumanay, rpagmeHTTi
YyNbTpa ycakK TYWipWiKTi KypblibiMabl anyfa MyMmKiHAiK 6epepi, 6yn e3 KeseriHoe 60naTTbiH, OCbI
MapKacbIHblH, MEXaHWKabIK cMnaTTamanapbiHbiH, ecyiHe aKenesi. CoHbimeH, 18M2C mapKanbl 60naTTbl
pagmangbl KblaXKbIManbl opHafbiHAa gedopmaumanaraHaa 6onatTbi, 6epikTik weri 620 MMMa Kypagpl
(6acTtankbl MmaHi 365 Mra).
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AHHOTALUMUA

PeLUKAMHI 0TX0A0B, KaK YepPHbIX, TaK U LIBETHbIX METaN/I0B ABMAETCA NONE3HbIM NPOLECCOM ANA
3KOHOMUKM nto6oi cTpaHbl. B AaHHOW paboTe npeasioxeHa HOBas TEXHONOMMA PELUKAWHIa
MPYTKOBOrO /IOM@ YEpHbIX METa//IoB NMyTeM ero MPOKaTKM Ha CTaHax PaAnasbHO-CABUIOBOM
MPoOKaTKM € MOJlyYeHMEM TOBApPHOTO MPOAYKTa B BUAE MPYTKOB C Y/bTPamMesKO3epHUCTOM
rpagueHTHOW CTPYKTypoii. [lpoBefeHHble WCCNEAO0BaHWA MOKasanu, Yto aepopmupoBaHue
NPYTKOBOrO /IOMa B BMAE KYCKOB apmaTypbl M3 cTanu mapku 18M2C Ha cTaHe pagmanbHo-
CABMIOBOI MPOKaTKM MO3BOJ/IAET CYLLECTBEHHO AMCMEPrMpoBaTh €ro CTPYKTYpY C MoslydeHuem
rPaAVEHTHOW YNbTPAMEIKO3EPHUCTON CTPYKTYpbl, @ 3TO B CBOIO O4epedb NPUBOAWUT K POCTY
MEXaHMYECKUX  XapaKTePUCTMK  AaHHOM  Mapku  cTanu. Tak  npefden  MPOYHOCTM
npoaedopMMPOBaHHOI Ha CTaHe PaAnanbHO-CABUIOBOM NPOKATKM cTanu mapku 18M2C coctasun
620 MMa (npu ncxoaHom 3Ha4YeHun 365 Mra).
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The effectiveness of the use of physical impact on the reservoir to reduce
the viscosity and increase oil recovery
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ABSTRACT

This article provides a technical and economic assessment of the effectiveness of the application of
physical impact on a productive formation in one of the fields in Western Kazakhstan. The world
experience of using the technology of physical stimulation in the fields shows high technological
efficiency. Also, in order to optimize oil production, as a result of physical impact, changes in oil viscosity,

Received: 26 January 2021 an increase in oil production and a decrease in water cut were calculated. All the Cretaceous horizons
Peer reviewed: 15 February 2021 have good reservoir properties, however, the high viscosity of oil and poor consolidation of the rocks
Accepted: 04 March 2021 composing the horizons do not allow for the full recovery of the product. Determination of phase

permeabilities in the oil-water system was carried out in laboratory conditions with joint stationary
filtration. According to the calculations performed in order to optimize oil production, as a result of
physical impact, the oil viscosity changed to a value of 430 cP from 700 cP, the value decreased almost 2
times. There is also an increase in oil production and a decrease in water cut.

Keywords: Physical impact, viscosity, oil recovery factor, technical and economic efficiency, technology
of physical impact, geological and technical measures.
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3¢dPeKTUBHOCTb NpUMeHeHUA PU3NYECKOro Bo3AeiCcTBMA Ha NPOAYKTUBHbIN NAaCT
ANA CHUXKEHUA BAZKOCTU U yBennueHUAa HedpTeoThaum NnNactos
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AHHOTALMUA

B ,D,aHHOVI CTaTbe npoBeAeHa TeXHUKO-aKOHOMUYeCKaa OueHKa ad)d)eKTMBHOCTVI npumeHeHuna
¢M3M‘4€CKOI’O BOS,D,GIZCTBMH Ha I'IpO,CI,yKTMBHbIﬁ nnact 8 O4HOM U3 MEeCTOPOXAeHUU 3anagHoro
KasaxcraHa. MMpOBOﬁ onbIT  UCNO0/Ib30BaHUA  TexXHONOrnn ¢M3W-IECKOFO BO3,Cl,el71CTBMH Ha
MECTOPOXKAEHNUAX MOKa3blBae€T BbICOKYHD TEXHONOIMYeCKyr Sd)d)eKTVIBHOCTb. Takxe B Uenax
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onTMMM3aLum f06blum HedTH, B pesynbTaTe GU3NYECKOro BO3AENCTBMA BblNN paccuuTaHbl UISMEHEHUA
BA3KOCTU HedTK, yBeandeHne fobblum HedTH U CHUXKeHne 06BOAHEHHOCTU. Bce menoBble rOpU30oHTbI
061a4at0T XOPOLWNMK KONNEKTOPCKMMM CBOWCTBAMM, OJHAKO, BbICOKAA BA3KOCTb HedpTu u cnabas
CLLEMEHTUPOBAHHOCTb MOPOA, CNAraloWmxX rOPU3OHTbI, He MO3BONAIOT B MOJHOW Mepe W3B/AEKaTb
npoaykT. OnpegeneHne ¢asoBbiX NPOHWUL@EMOCTEN B cucTeme «HedpTb-BOAa» NPOBOAMNOCH B
NabopaTopPHbIX YCNOBUAX NPU COBMECTHOM CTaLMOHapHOM duabTpaumu. Mo BbINOAHEHHbIM pacyeTam
B Lenax ontMumusaummn nobblum HedTH, B pesynbTaTe GU3MYECKOro BO3AEMCTBMA BA3KOCTb HedTU
n3meHunacob Ao 3HadeHma 430 cl3 ot 700 cl13, npakTU4eckn B 2 pas3a CHU3UNOCb 3HAYeHUne. Takxe
HabntogaeTca ysennyeHune fobblum HedpTn U CHUNKeHne 06BOAHEHHOCTH.

Kniouessbie cnosa: dpusnyeckoe BO3AENCTBUE, BASKOCTb, KOIPOULMEHT U3BNEYEHUA HEDTU, TEXHUKO-
3KOHOMMYecKasn 3GPEeKTUBHOCTb, TEXHONOTMA GUINYECKOTO BO3AENCTBUA, FE0NI0T0-TEXHUYECKOE
meponpuatune.
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BeepgeHue

B cTaTbe paccmoTpeHa rmapoAnHamuyeckas

moaenb Ha
MecTopoXaeHunAa B

OCHOBEe

IOro-BOCTOYHOWM

OT/NIO}KEHMAM  HUXKHEro Mesia, HpcKMe - K
TEPPUreHHbIM OT/IOKEHUAM cpeaHelt topsbl [4, 5].

B MenoBbix OT/NIOXKEHMAX YCTAaHOBNEHO 3
HeTAHbIX TOPU30HTA, 3a/1eratoLmx Ha rnybuHe 190-
300m (puc. 2).

Bce menoBble ropnsoHTbl 061a4at0T XOPOLIMMM
KONNIEKTOPCKMMM CBOMCTBAMM, OAHAKO, BbICOKasA

cyulecTeyrowero
4actu

MprKacnuicKoi BNaamHbl, OTHOCALLLErocs K rpynne

MECTOPOKAEHUIN, paspabaTtbiBaembix
HaLMOHanbHOW  KomnaHwel. MogenmposaHue
pa3paboTKn HeDTAHBIX MECTOPOKAEHWUIA NO3BONAET
YTOUYHUTD reosiormyeckoe CTpoeHune "

bGUNBTPALNOHHO-eMKOCTHbIE CBOMCTBA HedTAHOro
nsacTa npv BOCNPOU3BEAEHMM UCTOPUN Pa3paboTKK
(history matching). FnaBHoOM Lesbto
rMAPOAUHAMMYECKOTO MOAEIMPOBAHUA ABAAETCA
060CHOBaHME reoOro-TEXHUYECKUX MEepPOonpUATUN
B CpedHe- UM [JO/JFOCPOYHOM  MepCriekTMBax
pa3paboTkM, a Takke ONTUMM3ALMA  CUCTEM
pa3paboTKM BbIPabOTAHHbIX MECTOPOXKAEHUN C
UCMO/Ib30BAaHWEM  COBPEMEHHbIX  TEXHOOrUi
ONTUMM3ALMN 3aBOAHEHUA U TPETUYHbBIX METOLOB
nosblweHus HeoTeoTaaum [1-11].

JKcnepumeHTaNIbHaA YacTb

B paspese  MeCTOPOXAEHWUA  BblAB/EHDI
NPOAYKTUBHbIE TOPU3OHTbI ME/IOBbIX OT/0MEHMM
(puc. 1) 1 OPCKNX OTNOXKEHWNIN. MenoBble roOPU30HTbI
NPUypoYeHbl K  HEOKOMCKUM  TepPUreHHbIM

BA3KOCTb HedTM M cnabasa cueMeHTUMPOBAHHOCTb
nopos, CcnaratolmMx FOPU3OHTbI, HE MO3BOAAIOT B
MOJIHOM Mepe M3B/eKaTb NPOAYKT [2].

N Nasapiniinse
N bR

Haaconenoil COK

““Canenoii COK

PucyHoOK 1 - CelicMnyeckuit npodpuab MecTopoRaeHns
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fopmsoHT KO-l ¢ yyeTOmM HOBbIX AAHHbLIX MO
BHOBb MPOOYPEHHbIM CKBaXMHaM pasfaeneH [Ba
nnacta HO-II-A v HO-I-B. B npeaenax ropmsoHTa HO-IlI
NPOCNEKMBAIOTCA TaKXKe 2 NAacTa, K BepxHemy

PucyHok 2 - OTparkatowmin FOpu3oHT No NoAoLBe
MEeNOoBbIX OT/IOXKEHUMN

nnacty HO-IlI-A npuypoyeHa HedTAHAA 3anexb,
HUKHWUI tO-lI-b — BOAOHOCHBIN.

OCObBEHHOCTbIO AaHHOMO MEeCTOpPOXAeHuA
asnAaetca ¢awouganbHas cuctema. B Tabamue 1
npueeaeHbl CBOMCTBA HEPTM BCEX FOPU3OHTOB.

Knacc HedTM no cogeprKaHuio cepbl HePTH
BCEX MPOAYKTUBHbIX TOPU3OHTOB OTHOCATCA K 1
KNaccy C KOHueHTpauumen 0,10-0,43% macc u
ABNAOTCA ManocepHucToimm [13, 14].

Mo noKasatento nNAOTHOCTM HedTU Bcex
NPOAYKTUBHbIX TFOPU3OHTOB OTHOCATCA KaK K
TAMKENbIM, TaK U K BUTYMUHO3HBIM HedTam. CpegHee
3Ha4yeHWe No ropmM3OHTaM M3MEHAETCA B npeaenax
876-917 «kr/m3 (tmunbl 2, 3). Mo coaep:kaHuto
napadumHa HedTM BCeX MPOAYKTUBHbLIX FOPU3OHTOB
ABNAIOTCA MasonapaduHUcTble M napaduHUCTble
(lO-1lI-A).  CpepHee 3HayeHue napaduHa no
ropusoHTam Konebnerca B npegenax 0,49-2,08%
macc. o copgepxaHuUO cmon HedTn Bcex
NPOAYKTUBHbIX rOpM30OHTOB oTHOCATCA K
ManocMmonuncTbim. CpeaHee 3HaYeHUe cogeprkaHue
CMOJ1 MO ropMn3oHTam B npeaenax 6,4-14,3% macc.

Mo 3HayeHMAM BA3KOCTU Bbiwe 200 mllaec

HedTb  OTHOCUTCA K  BbICOKOBA3KMM  WUAK
ceepxBaskum HedTam [18, 19] (Tabauua 1).
MocTpoeHa 3aBUCMMOCTb BA3KOCTM  MJ1AaCTOBOWA

HedTM OT NNOTHOCTM NNAcToBOM HedTH (puc. 3).

Ha pucyHke 4 nokasaHo M3MEHEeHWe MAOTHOCTH
HedTU € rnybuHOM, T.e. C YMEeHbLIEHNEM TNYyOUHbI
HedTb TAaxKeneeT. TaKXKe 3TO MNOATBEPXKAAETCA M

Apyrumu napameTtpamu:
BA3KoCTblo [17].

rasocogepaHue,

1000 4 @IS

02545
800 - ¥ = SE-09¢0.0272x 2

600 -

400 -+ *

BskocTh niacroBoi
nedru,mlla*c

200 -

¢ men  @wopa

760 780 800 820 840 860 880 900 920 940
~IL1oTHOCTB MIaCTOBOH HepTHKI/M®

PUCYHOK 3- 3aBMCMMOCTb BA3KOCTM NIaCTOBOW HedTH
OT NIOTHOCTW NNACTOBOM HedTH

OnpegeneHne $asoBbiX NPOHULLAEMOCTEN B

cucteme «HedTb-BOAAN npPoOBOAMIOCH B
nabopaTopHbIX  YCNOBMAX  MPU  COBMECTHOM
cTaumoHapHon  ounbTpauumn  [4, 3]. Hedtb

MCMoJIb30Basiacb CO C/eAYHOWMMU MapaMeTpamMu:
ONA MeNI0BbIX OTIOXEHNI BAZKOCTbIO Ly =48 mllaec
1 naoTHocTblo Pu = 0,91 r/cm3 npu Tnn = 25°C; ana
IOPCKMX OTNOXEHWUI BA3KOCTbIO L= 30 mllaec u

NAOTHOCTbIO Py = 0,878 r/cm3 npwm Tna = 30°C.

Tabnuua 1 - Ceoictea GAONAANbHON CUCTEMBI
MeCTOPOXKAEHUSA

[MapameTpsl M-I-A M-I-b M-I-B
[InoTHOCTH B
MMOBEPXHOCTHBIX 917 917 917
3
YCIOBUSIX, KI/M
Kunematnueckas
Ba3kocTh Tipu  20°C, | 807,5 691,5
2
MM /C
aBJICHHE HACHIIICHUS
A HeRA, | _ 0,2 0,6
MlIla
3
Tazocoxepxanue, M /T | - 1,29 3,6
OOBbeMHBIH
Ko3QuIUeHT, 0N | - 1,006 1,014
el
-100 . .
150 @ - @k <
= x> 2 (9 X
g 200 - ot T 8 A
'é-zso _________________ X ..
= -300
£ -350 (- L
% -400 .
500 A Ak 4
31—
860 870 880 890 900 910 920 930 940
ILT10THOCTB HE()TH B NOBE€PXHOCTHBIX YCIOBHAX,KI/M3
*M-T-A ¢M-1-B M-I-B XM-II *M-III ®O-I +IO-II-B IO-MM-A C1O-IV 410-V AIO-VI

PucyHoK 1 - U3ameHeHMe NAOTHOCTU HedTU C rnybUHOM
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PesynbTatbl onpeaenenma Ol moaenn 1 aaHbl
B Tabanue 2 M pUCYHKE 5, M3 KOTOPbIX MOXKHO
cAenaTb BbIBOA, YTO KONNEKTOpPA M MEsIOBbIX U
FOPCKUX OTNOMKEHUI TMAPOPUNBHBI.

Mo menoBbIM OTNOXEHMAM uccnegoBaHa 1
mogaenb no obpasuam ropmsoHTa M-Il — ocTaTouHas
BOAOHACbILWEHHOCTb cocTaBndAeT 23,1%, octaTouHas
HedTeHacblweHHOCTb - 36,7% u  KoaddpuumeHT
BbITECHEHMA NPU 3TOM cocTasndaeT 52,3%.

Tabnauua 2 - PesynbTtatbl onpeaeneHns ODMN B cucteme
"HedTb-BOAA" Ha moaenm Ne 1

Aons ®azoeana
HacbluyeHHoCcm
Ne ¢nrouda 8 o, donu ed npoHuUyaemocms,
pexc | nomoke, % ’ ’ MKM2*103
uma | Hegp | 800 | Hepm Hedpmb 6000
mob a b
1 0 100 | 0 1 0 3021,38
2 100 | 0 0,769 | 0,231 281845 | 0
3 75 25 0,694 0,306 | 2209,7 14,092
4 50 50 0,645 | 0,355 | 1739,01 | 31
5 25 75 0,592 0,408 | 1319,1 70,46
6 10 90 0,526 | 0,474 | 808,91 129,65
7 5 95 0,477 | 0,523 | 532,7 183,2
8 0 100 | 0,367 | 0,633 0 763,81
0 A\ | |
08 \R =0 He T |
EEur
380 X
E q:: 0,5
2o
o E 0:2 Y ]
0,1 ro) a |
0 o—p-0==0 h N
0 0.1 0,2 0,3 0,4 0,5 0,6 0,7 0.8 0,9 1
BOTOHACBIEHHOCTD, 1.e/1.

PUCyHOK 5 - OTHOCUTeNbHble $ha3oBble
NpoHnLaemoctn «HedTb-Boga» (men)

PaHMYHOE 3HaYeHUe NOPUCTOCTM 1A MENOBbIX

n IOPCKUX OT/IOXEHUN onpegeneHo no
nepecevyeHutro JIMHUN rPaHNYHOro 3Ha4yeHuA
NPOHNUAEMOCTHUN C TpeHaAOM 3aBUNCUMOCTU

Ko3apdMuMeHTa NPOHNLAEMOCTM OT KoapdpuUMeHTa
NOPUCTOCTM, COOTBETCTBEHHO paBHbIM 20,6% K
18,2% (puc. 6).

OKcn/lyaTaumMa MeCTOPOXAEHUA Ha yyacTke
OCYLLECTBNAETCA MeXaHW3MPOBaHHbIM cnocobom
npu nomowm YLWIH u Y3BH B cuay BbiCOKOM
BA3KOCTM, NeckonpossieHusa. NMpuHATa ognHaKoBan
NJIOTHOCTb CETKU CKBaXnH 200x200m 1 ognHakoBas
cucTema 3aBodHeHMAa — 9 ToyeyHaa cucrtema
NJ0WaAHOro 3aBoAHeHWA. [laBneHue HarHeTaHuA
NPUHATO paBHbiM 8 MMMa [4].
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PUCYHOK 6 - 3aBMCMMOCTb KOapduumeHTa
NPOHML,AEMOCTM U MOPUCTOCTU (Men)

Ons obbekToB | 1 Il peannsosBaHa naowagHas
0eBATUTOYEYHasA obpalleHHas cmctema
pa3paboTku, ana Apyrux o6BLEKTOB - o4yarosas
cucTema.

Terywmit KUH no 1 obbekTy coctasnset 0,01 a.
el., TOrAa Kak YTBEP)KAEHHbIA MNpoeKTHbin KUH
coctasnaetr 0,359 a. ea. MenoBblie OTAOXKEHUE
XapaKTepusylTcAa HaMMeHbLIMMKM Temnamu oTbopa.
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PUCYHOK 7 - JuHaMWKa gaBieHW B xoae
aKcnayaTaumm obbekTa |
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PUCYHOK 8 - [IMHaMMKaA OCHOBHbIX TEXHO/IOMMYECKUX
nokasartenen pa3paboTkm obbekTa |

Mo obbektam |, Il u Il cHUXKeHUA nnacToBoro
JaBneHuss He Habnogaetca. DHepreTuyeckoe
COCTOAHME XapaKTepusyeTca Kak cTabunbHoe.

Mo o6beKkTaM CHUMKEHME TEKYLLEero naactoBoro
hasneHun oT Ha4yanbHOro 0 MHaKoBO
He3HauuTenbHoe, coctasnsaet 0,3-0,8 MTa.

B 2020 roay o6BoAHEHHOCTb A06biBaeMOM
npoaykumm coctasnset 66%. CpegHuit 4ebut HedpTu
coctasiAeTr npumepHo 3,4 T/cyT, TOrga Kak
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MaKCMManbHbIM  aebut coctasnan 3,6 T/cyT no
obbeKTy I.

Pe3ynbTtatbl M 06CyXKaeHMe

B uenax ontumusaumm Ao6bluM HedTHM bbin

PaccMOTpPEHbI cnegyrowme ycnosusa npu
nposeaeHun  GpU3MYECKOro  BO3LEWCTBUA  Ha
npu3aboitHyl0  30HY NAacTa:  MHTEHCUMBHOCTb

cercMMYecKnx BoaH B nsiacte — 6onee 10-5 Bt/m2,
yactota — meHee 10 lu,. [18].

Tabnmya 4 — [lpyHUMaemble
napameTpbl Npu pacyeTe

nepBoHa4a/ibHble

h 98 |m
Mnaowads MN3C 1

CKBAM(UHbI 785 | m2
0O6vem nopoegozo

npocmpaHcmea 269,3 | m3
lMepsoHayansHas

853KOCMb Heghmu 700,0 | cll3
MaomHocme Hepmu 8 900 | m/m?
1acmosbix ycao8usax

Jlebum Hegpmu 41 | m/cym
06800HeHHOCM®b 67 | %

OCHOBHble MapameTpbl, KOTOpble NOABEPFAUCH
M3MEHEHUI0O — 3TO OTHOCUTENbHble (asoBble
MPOHULLAEMOCTU NO HEDTU U BOAE, BA3KOCTb HEPTH
33 CYET CHUWXKEHMA MeXbas3HOro  HaTANKEHWUA
ononpos [12].

Tabnuua 5 — OCHOBHble U3MEHEHHblE NapameTpbl

Ne So Sw Krw

1 1

2 0 1

3 0,769 0,231 0

4 0,694 0,306 0,015

5 0,645 0,355 0,035

6 0,592 0,408 0,06

7 0,526 0,474 0,092

8 0,477 0,523 0,136

9 0,367 0,633 0,312

Ha pucyHke 9 npepactasneHo rpaduyecku

nimeHeHume ¢a3OBbIX OTHOCUTE/IbHbIX
NPOHUNLUAEMOCTHN.

BaskocTb HedTN M3MmeHMNacb Ao 3HadveHua 430
cl3, TO ecTb MpPaKTUYecKM B 2 pasa CHU3UAOCH
3Ha4veHwue [6-9].

Kr
=)
o)

0,2

0,4

—0m=Krw_u3

Sw

M

06

—8=—Kro_usm

0,8

Jebum Jon. Jobobiua | dobbiya
06s.,
Mec. | Hepmu, | dobbiya, | Hegpmu, HUO., %

m/cym m/cym m mMm
1 6,14 2,04 165,89 267,1 61
2 6,63 2,53 179,00 282,8 58,0
3 6,30 2,20 170,05 268,0 57,6
4 535 1,25 144,54 227,3 57,3
5 4,97 0,87 134,28 210,4 56,7
6 512 1,02 138,31 217,2 57,0
7 4,66 0,56 1n25,72 197,3 56,9
8 4,10 0,00 110,63 169,2 53,0
9 3,65 -0,45 98,46 148,0 50,3

PucyHok 9 - U3ameHeHHble PO

MocuntaHHan gobbl4a HedTU NpeacTaBieHa Ha
pucyHke 10 u B Tabnuue 6 Huke. Habnwopaetca
He3HauuTeslbHOe yBe/nYeHWe p[o6blun  HedTH,
06BOAHEHHOCTb NPAKTUYECKN 6E3 U3MEHEHWA.

Tabnuua 6 — MNocuntaHHasa Aobblya

1 2 3 4 5 6 7 8 9
months

—— [106bI4a HE(TH, M3 =mtimm OBBO/IHEHHOCTD, %

PucyHok 10 - iameHeHHble PO

MpoBeaa npocTbie 3KOHOMMYECKME pacyeTsl,
6blna  nonyyeHa 3¢d¢PEeKTUBHOCTbL NpoOBeAeHUA
reoJIoro-TeXHMYeCKOro MeponpuATMA U3 pacyeTta Ha
OfHY CKBa*KMHYy. HeobxoguMmo y4uuTbIBaTb, 4TO
3atpatbl no 'TM npeacTaBaeHbl TOIbKO CTOMMOCTbIO
nposeAeHMA O4HOrO MeponpuUATKA.

Mpeanonaraetcs, yto 'TM BygeT npoBoAMTLCA B
TeyeHue 12 yacos, T.e. NPU pacyeTax y4yMTbiBaeTcA
TaK!Ke NPOCTOM CKBAXKMHbI HA KanWUTa/NbHbIN PEMOHT
CKBaXXMH. TaKKe paccmatpuaeTca mobunmsauma
obopyaoBaHuAa KPC u TapudHble CcTaBKM Camoit
6puragbl KPC.
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Tabnuua 7 — dpdekTMBHOCTL NpoBegeHua MM

Ko
Mapamempsi [TM Cmoum. £o. | .
usm. | npo
8.
Cmoum.npos. 1ITM 1 11500000 | me | 2
bpuzadoli
Mobun.obopyo.pacx 520000 me 4
00HbIX MaMepuasos
Bpueada KPC 5000 donn
Mobun. KPC don
obopydosaHus 5000
lpocmoi 1 -410000
CKBAMCUHbI mea 2
Peanus. 1 moHHa 50000 me/
Hegpmu mH
Mpubeine npu 56305343
04 me
peanus.npooyx. ’
35395
Yucmas npubbsine 343 me.
BbiBOAbI

Moagoasa UTorM aHannsa NpPMMeHeHUa MeToL0B
dM3nYecKoro BO3AEUCTBUA HA 3aNneXb, MOMKHO
OTMETUTb  C/edylouee:  AaHHble  GU3NYECKUe
MeToAbl ABAAIOTCA NEPCNEKTUBHLIMW, KOTOpPble
NPMBOAAT K pPaspyweHUto CTPYKTYp HedTAHbIX
accoLMATOB M TEM CAMbIM CHUMKAIOT BA3KOCTb HedTH;
AaHHble METOAbl MMEIOT BbICOKMI TEXHONOTNYECKUI
noTeHuMan, MO3BONAIOT YBEANYMTb KOHEYHbIN
K03pOOUUMEHT M3BNAEYEHMA HEDTH, @ TaKKe CHU3UTb
BA3KOCTb U o0b6bembl 6biBaemoli BoAabl npu

pa3paboTke MEeCTOPONKAEHUIM, HaxoAALMXCA Ha
nosgHen cragumn pa3paboTKK; MaKcMmasibHan
3pPEeKTUBHOCTb NPU peanmnsaunm AaHHbIX MeToA0B
JOCTUKMMA Ha  HernyboKMX  MHOronaacToBbIX
MecTopoxaeHusx (rnybuHa saneraHma go 2000 m);

Mo BbINO/SIHEHHbIM  pacyeTam B  Uensx
onTummMsaumm Oobblunm  HedTH, B pesysbraTe
dusmyeckoro  BO3AENCTBMA  BA3KOCTb  HedTn

n3meHunacb Ao 3HadeHua 430 cll3 ot 700 cll3,
NPaKTUYECKM B 2 pa3a CHM3NNOCb 3HaYeHMe. TakkKe

HabnlogaeTca yBennuyeHuve A06blMM  HEPTU U
CHW}KeHWe 06BOAHEHHOCTH.

Bnarogaps npoBegeHuto NPOCTbIX
3KOHOMMYECKMX  pacyeToB, Oblna  nonydyeHa

3pPeKTUBHOCTb NPOBEAEHMA FE0I0rO-TEXHUUYECKOTO
MEpPONPUATUA U3 pacyeTa Ha OAHY CKBaXKMUHY.

Ha cerogHawHWit AeHb MO  YBE/NMYEHUIO
HedTeoTAauM naactoB GUIMYECKUMKU METOAAMMU
onybnvkoBaHo 6o/bloe KosnyecTBO paboT, B
KOTOPbIX  pasbAcHAeTcA  ¢u3MYecKas CTOPOHa
JaHHOro BOMpoca M npegnaraloTca  pasnyHble
TEXHUKO-TEXHON0rMYeckne pelueHns no
WCMNO/Ib30BaHMIO AA@HHOMO BO3AENCTBUA HA 3aN1€eXb.

Banaune  pusMyeckMmM  mMeTogamuM  Ha
peonorMyeckme cBoMcTBa HedTU, a TaKKe Ha eé
nosegeHve nocne ob6paboTkM  UccnegoBaHO
HeAOoCTaTOuYHO.

[JaHHoe HanpasneHve Ana  yBeAUYeHUA
HedTeoTHauM ABNAETCA NEpPCneKkTUBHbIM U TpebyeT
[aNbHENLLEro UCMbITaHUA.

KoHONUKT nHTepecos

OT umeHM Bcex dBTOpPOB KOpPpPECNOHAEHT
dBTOpP 3aABNAET, YTO KOH¢I'IVIKTa MHTEepecoB HeT.
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ABSTRACT

There are results of the melts of semimetals and semiconductors of various structural groups research in
the article. On the example of simplified regular Bethe lattice one can model destruction and
aggregation of structures in clusters and on it’s basis to substantiate the metal melts properties in the
form of nanolayers. The variety of compressibility polytherms forms in electronic melts requires typing,
since their analysis makes it possible to explain the mechanism of the aggregation and dissolution
processes of extended objects in melts. The article contains formulas that allow explaining the
mechanism of the dissolution of cluster structures and their influence on the physicochemical nature of
the molten state. There is considered the process of cluster fragmentation. Larger fragments of clusters
are formed in the process of crushing, and this fact leads to the compressibility that decreases more
rapidly, only after passing through the extremum it begins to increase due to the thermal loosening. The
study of the function's compressibility for an extremum in the compressibility's temperature
dependence also indicates the changing process of the clusters decomposition mechanisms in melts
with an increase in temperature and vice versa to aggregation with a decrease in the melt temperature
to the melting temperature.
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Introduction

The article is devoted to an important problem
in the development of the theory of the liquid
state, which allows to create new technological
processes of metal production and improve existing
processes. In a cluster solution, the forces of
interaction between monomers and clusters are
assumed to be pure van der Waals forces.
Simultaneously obtained the ratios required for the
calculation of the wave function and the radial
distribution function of the electron, the knowledge
of which allows to calculate the free energy.

Model formulas of interatomic potentials can
be used to calculate the physical properties of
liquid metals: energy, pressure, equation of state,
surface tension, viscosity and other parameters.

The presence of clusters not only near the
crystallization temperature, but also at very high
temperatures, in alloys of semi-metals and

semiconductors is due to the presence of two types
of chemical bonds - covalent and metallic [1-12].
The type of covalent bond that exists and
predominates in a crystal, it cannot disappear
immediately after melting or further heating when
it is in a liquid state. These bonds are embedded in
the nature of the atoms that make up semi-metals
and semiconductors, in the outer electron shell of
atoms, and cannot be lost in any aggregate state of
matter. The problem is only in the degree of their
clarity. If these bonds are accompanied by bonds
that differ greatly in energy, then they are
significantly defined, for example, molecular
liquids. If these bonds are not immersed in the
matrix of other types of bonds that do not differ
much in energy from them, then their individuality
is close in energy, but differs in the nature of
bonds, for example, metal bonds are leveled on a
leveling background. Thus, the cluster model of a
two-structure melt (model of a mixture of cluster
and atomic components), which is different in
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nature, but close in strength (energy), characterizes
the possibility of equilibrium of two types of
chemical bonds (covalent and metallic), ie
thermodynamic aspect and two mechanisms of
thermal decomposition of clusters (kinetic aspect),
semi-metals and semiconductors in alloys allow to
qualitatively correctly explain the main types of
experimental and theoretical polytherms of
compressibility.

The diversity of types of compressible
polytherms in electronic alloys requires typification,
otherwise their analysis allows to explain the
mechanism of dissolution and aggregation of
elongated objects in alloys.

Experimental research
From the point of view of the basic principles of

thermodynamics we consider the modulus of
isothermal elasticity [1, 6, 7]:
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Consider the following:
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where y is the coefficient of proportionality.
Let the pair potential be interpolated with the
following function:
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Differentiating this function by R and putting it
in formula (1), we obtain the following ratio for the
modulus of elasticity k:

(3)
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where a is some constant.

So for compression 8s we can write:
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Equation (4) allows to explain the mechanism
of the dissolution process of cluster structures and
their effect on the physical and chemical nature of
the molten state. Computer modeling of the order
8 in T-dependence according to the formula (4)
leads to the types of adiabatic compression
polyters, shown in Figure 1 (where E ~ T is taken
into account).

Metal
| Mertann
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Figure 1 - Compressive polytherms
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On the other hand, the matrix-cluster fluid is
mentally divided into a separate matrix, ie a
homogeneous atomic metallic fluid and a cluster, ie
a liquid consisting only of clusters, as shown in
Figure 1.

Such a division is possible only mentally,
because the clusters can only be in the medium of
the matrix fluid, and any attempt to separate them
precisely can lead to the cessation of clusters. But
mentally divide and pour into separate containers:
for the first matrix liquid; for the second cluster
fluid. Suppose that the compressibility of the matrix

fluid in the first vessel is equal to '81, the
compressibility of the cluster liquid in the second

vessel is equal to 2 . Further, assume that all
clusters in the second disk are the same size and

each has N atom. If N = 1, then we cannot
distinguish between the contents of the second and

first vessels, and '82='Bl. This is the first
extreme case.

Thus, it is possible to type Bs polytherms
according to the type of structural changes in the
melt.

In the absence of structural changes during the
heating of the condensed body, the interatomic
distances increase with temperature. Therefore,
the value of 85 increases with temperature, hence,
the compressive polymer for liquid metals
increases with temperature from thermal
loosening. Such polymers are classified as polymers
by type of metal.

Typification of compression polytherms of
semi-metals and semiconductors in alloys requires
the identification of the underlying sign. Such a sign
may be the nature of the structural changes of
clusters - the mechanism of their thermal
decomposition. Suppose that only the clusters
dissolve during heating in the "solution". Then,
according to the analysis of equation (4), the
compression polymer is characterized by a
minimum temperature 8s a curve that decreases
uniformly with temperature.

This is especially true of tellurium alloys.
Therefore, compressive polytherms are called
tellurium-type polytherms. During the process of
crushing clusters, the compressibility decreases
sharply and begins to increase after extremum,
which is characteristic of selenium. Such
polytherms can be called selenium-type
polytherms. The presence of extremums in the
temperature dependence of compressibility also

indicates a change in the mechanisms of melting
processes [4, 5, 6].

Research results and discussion

Clusters can exist as individual particles only up
to a certain size. As the dimensions increase, their

individuality begins to "wash out". If N s very
large, in order, then it makes no sense to talk about

clusters A it is better to say that the whole
container is filled with one "supercluster"”, ie there
will be crystallization. And in this case, the contents
of the dishes will not be separated again. In fact,
the clusters are poured into a homogeneous mass

not when N ~10%, but when the values of N

are much smaller. In fact, as clusters increase in
size, each atom in them will be surrounded by a
larger number of neighboring atoms, and the
packing of atoms will become more dense. As a
result, the hardness of covalent bonds begins to
decrease and will often break with the release of
electrons. It can be assumed that there is a finite
number of atoms N, when the clusters cease to
exist and merge into a homogeneous atomic

matrix. This is the second extreme case. So, if N -

N7 then the liquids in the first and second

vessels are in equilibrium, and again B2/ .

ﬂ:ﬁl ¢1+ﬁ1¢2 (5)

parts P and P2 of vapor-moving and liquid-
moving particles were studied by Professor V. P.
Malyshev's theory of disordered states [1, 2, 4]:

Ty
1= Pvm =&xp T

Tm Tb
2= rim=o9( - |-en[ -2

(7)

Y

Here YM- is the proportion of vapor-moving

e Plam . o
particles, '™ is the proportion of liquid-moving
particles. Given (6) and (7), the formula for
compressibility can be written as follows:

— g4 ——



KomnnekcHoe Ncnonb3osaHne MuHepanbHoro Ceipbd. Nel (316), 2021

ISSN-L 2616-6445, ISSN 2224-5243

R I S
(8)

The temperature dependence '81 is shown in
Figure 1. A general description of the order of this
function is given in Figure 1. As the temperature of
the metal melts, the interatomic distances increase
with temperature, ie heat is released. This leads to
an increase in adiabatic compressibility with
temperature 6. The melt is very compressible.
Formula (8) can show changes in the nature of
structural changes in clusters in alloys and explain
the mechanism of their thermal decomposition or
aggregation. Assume that the clusters dissolve as
the temperature in the cluster solution rises. In this
case, according to the analysis of equation (8), the
adiabatic compression polymer is characterized by
a minimum temperature 8 and a decreasing curve
in temperature. This process is typical of molten
tellurium.

Now let's look at the process of cluster
fragmentation. When crushed, large clusters of
clusters are formed, which leads to a very rapid
decrease in compressibility and begins to increase
due to the release of heat only after the extremum.
The melt is microhomogenized, the same order of

compression polymers is observed for molten
selenium. The study of the extremum in the
temperature dependence of the function (8) shows
the mechanisms of decomposition of clusters in the
melt with increasing temperature and, conversely,
the transition to aggregation when the melting
temperature decreases to Tyal,

Conclusion

Thus, concluding that the forces of interaction
between monomers and clusters in a cluster
solution are pure van der Waals, it can been seen
that the energy of their interaction is much less
than the energy of formation of clusters
themselves. This is because the main part of the
deviation from the ideal order of solutions in the
cluster solution is explained by the interaction that
leads to the formation of clusters. The study of
extremum in the temperature dependence of
compressibility shows the mechanisms of
decomposition of clusters in melts when the
temperature rises and, conversely, the transition to
aggregation when the temperature melts.
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TYWNIHAEME

Knacrepiik KypbUIBIMIApIbIH €py MEXaHH3Mi KoHE

oJapIblH OAJIKBITBUIFAH KYWHAlH  Qusmka-

XUMHUAJIBIK TabUFaThIHA acep eTyiH KOJIIaHy apKbUIbl METAJUI GaJ'IKBITl'[a.]'Iap)IHH KYPBUIBIMBIH JKQHE

Makana kengi: 30 kaHmap 2021
PeueH3eHTTeH oTTi: 25 aknaH 2021
Kabbinganabl: 05 Haypeiz 2021

TEOMETPHSIIBIK MapaMeTpiiepiH 3epjeriey HerisiHue
HEri3ri MakcaTsl 0okl TabbLTafgbl. Makanama opTypil KYPHUIBIMABIK TONTAap/bIH >KapThUIai MeTall
OaNKpITIANAPBl MEH JKapThUlall OTKI3TIIITEpiH 3epTTey HOTMKeNepl KenTipinreH. bere TOPBIHBIH
MBICaJIBIHA KJIacTepiepaeri KyphUIBIMAAPABIH Oy3bUTYbl MOJEIBACHTEH
HaHOKa0aTTapbl TYpiHAEri

oNap/blH TaOMFATBIH HAKThUIAY 3EPTTEYJIEpIiH

JKOHE OHBIH HeEri3iHae

MeTalul OajKbITHANApbIHBIH KAacHeTTepl HeTi3fenreH. ATOMIapablH

OpHaJlaCybsl 9p TYpJ'Il aTOMJApAbIH ©3apa JCepJIECy INMOTCHIHUAJIBI apKbUIbl CHUIIATTAJIa[bl, JKOHE 1C

TOpAArbl aToMAapabIH

a3 CaHbl faHa KapacTbIpbUIaJbl. Eepinreﬂ TYKbIpbIMJIAMaHbL

Hajifaianbll, KBa3UTOP SHEPrUsCHIHBIH OpTAllla MOHI ecenTeNreH. DJIeKTPOHABIK OajKbITIatapaarbl
CBHIFBUIFBIIITHIK MOJNUTEPMANapbl TYPJEPiHIH alyaH TYPJIri THUNTEHIIpYyAi Tajam ereldi, oTmece
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onapipl Tanjay OalKbITIajdapAarbl CO3BUIFAH OOBEKTIIEPIAIH epy XKOHE arperamus MpolecTepiHiH
MEXaHH3MIiH TYCIHAIpyre MyMKiHAIK Oepeni. Makanaia kiacTepiik KypbUIBIMAApIbl €piTy HPOLECiHIH
MEXaHU3MIH JKOHE OJIap/blH OaJKBITBUIFAH KYHIIH (DH3HMKa-XUMUSUIBIK CHUIIaThIHA OCEPIH TYCIHIIpyre
MYMKiHZAIK Oeperin dopmynanap kentipiareH. Kimacteprmepai ycakray mpomeci KapacThIPBLIAIbL
¥Ycakray KesiHze KiacTepiepAiH aca ipi >KapKbIHIIAKTaphl Ty3ileni ge, Oy CHIFBUIFBIITHIKTHIH aca
JKBUIZAM ~ TOMCHJCYiHE OKeNeAli JKOHE OKCTPEMyMHAaH OTKCHHEH COH FaHa  JKbUIyMEH
0oCaTbUIATBIHABIKTAH ~yiFas OacTainpl. CHIFBUIFBIITHIKTBIH — TEMIIEPATypalbIK — TOYyeIIUIriHae
9KCTPEMyMFa 3€pTTey TEMIlepaTypa JKOFapbUIaFaHAa OaJKBITIANAPIAFbl KIACTEPJIEpAiH bIAbIpAY
MeXaHU3M/JIEPIiHIH JKOHE KepiciHlle 6anKy TeMrepaTypachkiHa JeiiiH TOMEH/IETCH/IE arperaiusra aybicy
npoueci kepceresi. JKYMBICTBIH INPaKTHKAJIbIK MAaHBI3IBUIBIFBI TYCTi JKOHE Kapa MeTaLlyprusja
KOJIIAHBUIATBIH TEXHOJIOTHSUIAP/BI 93ipiey YIIIH FBUIBIMU HETI3ACNIeH AaNIFbIIapTTapibl Kypy,
TEePMOJMHAMHKAIIBIK MOJENIBAI  JKacayFa JKOHE  OaNKbITBUFAH KYWHIH XUMHSIBIK AKTHUBTUIIMH
OospKaypl JaMBITYFa KOMEKTeCy OO0JIbII TaOblIabl.

TyiiiH ce30ep: »yNTHIK MOTCHUUATAAP, ATOMIAPBIH YJIECTIPIM (YHKIHMACHI, )KapThUIAH OTKI3TIILTIK,
(DYHKLMOHAI THIFBI3/BIFBI, ATOM/IAP, MOJICKYJIANIBIK AUHAMUKA, KJIACTEPIIK KYPBUIBIM.
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Pa3bACHEHNEe MeXaHU3Ma PACcTBOPEHUA KNACTEPHbIX CTPYKTYP U BAUAHUE UX Ha
GU3MKO-XMMUUECKYIO NPUPOAY PACN/IaB/IEHHOTO COCTOAHUA

LWauxosa . C.

KapaaaHduHckuli mexHuyeckuli yHusepcumem, 2.KapaeaHda, KazaxcmaH

InekmpoHHaa noyma asmopa: shaikxova_2011@mail.ru
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MpuHAaTa B Neyatb: 05 mapma 2021

AHHOTALUMUA

OCHOBHOI LENb0 UCCNea0BaHUM ABNAETCA YTOYHEHME MPUPOAbl HAa OCHOBE M3YYeHMUA CTPYKTYpbl W
reOMETPUYECKUX MapamMeTPoB META/IZIMYECKMX PACMIaBOB C UCMO/Ab30BAaHMEM MEXaHW3Ma M/iaBieHus
KNacTePHbIX CTPYKTYP M UX BAMAHUA Ha GU3NKO-XMMMUYECKYIO NPUPOAY Pacn/iaBaeHHOro COCTOAHMUA. B
cTaTbe MPUBOAATCA pPe3ynbTaTbl WCCAEAOBaHUM PAcnaaBoB MOAYMETANN0B U NOAYNPOBOAHMKOB
Pa3IMUYHbIX CTPYKTYPHbIX rpynn. Ha npumepe ynpoLiLeHHOW perynspHoit peleTku bete MOMKHO
MOAENMPOBaTb PaspyLIeHMe 1 arperaumio CTPYKTYp B KaacTepax U Ha ee ocHoBe 060CHOBATb CBOWCTBA
pacn/iaBoB MeTa/i/ioB B BMAE HAHOC/I0eB. PacnosioskeHne aTOMOB OMMWCLIBAETCA 4Yepes MoTeHLuuan
B3aMMOZEWNCTBMA Pa3/INYHbIX aTOMOB, MPUYEM PAcCCMaTPUBAETCA AWIUb Masioe YWUCI0 aTOMOB B
peweTke. Mcnonb3ya AaHHYIO KOHLUEMUMIO BblYUMCASEM CpPeAHee 3HauyeHMe SHepruu KeasuTopa.
PasHoo6pasme Gopm NOAUTEPM CHUMAEMOCTU B 3/IEKTPOHHBIX pacnnasax Tpebyer TMNM3aumm, Tak Kak
WX aHanM3 No3BO/AET Pa3bACHUTb MEXaHW3M MPOLLECCOB arperauum M pacTBOPEHWUA MPOTAMKEHHbIX
06beKToB B pacniaBax. B ctaTbe npuseseHbl GOPMybl, KOTOPbIE MO3BO/AKOT PA3bACHUTL MEXaHU3M
npoLecca PacTBOPEeHUS KNACTEPHbIX CTPYKTYP W BAWAHME MX HA OU3MKO-XMMMYECKYID Npupoay
pacnnasieHHOro coctoaHuA. PaccmaTpusaetca npouecc apobaeHusa Knactepos. Mpu apobnaeHumn
obpasytotca 6onee KpynHble OCKONKM KNacTepoB W 3TO MPUBOAMUT K TOMY, YTO CKMMaAeMOCTb nagaert
60nee BbICTPO M TONBKO MOCAE MPOXOXKAEHMA 3KCTPEMYMA HauMHaEeT BO3pacTaTb M3 - 33 TEMN/IoBble
paspbixneHus. UccnepoBaHne GYHKLUM CHUMAEMOCTM HA SKCTPEMYM B TEMMEPATYPHOW 3aBUCMMOCTM
CMMAEMOCTM YKa3blBAET TaKKe Ha NPOLLECC CMEHbl MEXaHM3MOB PacnaZa KAacTepos B pacnaaBax npu
BO3pacTaHUM TemnepaTypbl M HaobOPOT K arperauuu Npu MOHWMKEHWM TemnepaTypbl MAaBAeHUsA.
MpaKTMyeckas 3HaYMMOCTb PaboTbl 3aK/1OYAETCA B CO34aHUM HayYHO 060CHOBAHHbIX NPEAMNOCLINOK ANs
pa3paboTKM  TEXHONOTMM B  LBETHOW W  YEpHOW MEeTannyprum, comenctsum  paspabotke
TEPMOAMHAMMUYECKON  MOLENW W Pas3BUTUIO  NPOTHO3MPOBAHWA  XMMWMYECKOW  aKTUBHOCTM
pacnnaBieHHOro COCTOAHMS.

Knioyesble cn0ea: napHble MOTEHUManbl, paguvanbHble pacnpeaeneHns aToOMOB, MNONYNPOBOAHMK,
GYHKUMOHAN N/IOTHOCTM, CTPYKTYPHbIN GaKTOp, aToMbl, MOJIEKYAApHana AMHAMKKa, KaactepHas

CTPYKTYpa.
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ABSTRACT

The article reviews the literature on the state of the problem of protecting the soil cover of the earth.
Today, during the period of strong pollution of the lithosphere by technogenic wastes of various nature,
leading to soil degradation and erosion, in measures to improve the physical, chemical, hydrological,
agronomic and other properties of soils, preference should be given to the least harmless natural raw
materials. These include humic acids (HA) and their derivatives, which are good adsorbents, stabilizers
and fixers of dispersed systems. The study of the composition of humic acids with various water-soluble
polymers and surfactants is another not fully understood area of interdisciplinary nature. Literary search
for the works of Kazakh scientists shows the underdevelopment of both the extraction of humic acids
and the formation of HA interpolymer complexes (IPC) with polymers and surfactants, as well as their
use as fixers, structure formers of soils subject to wind and water erosion. Having large reserves of coal
in the republic, a source of humic acids, it is not forgivable not to develop an integrated approach to
research on the extraction of HAs, the formation of IPC on their basis and the use of new structure-
forming agents to improve the degraded soils of the republic's structures.

Keywords: soil, structure formation, dispersed system, soil erosion, humic acid, interpolymer complex.
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AHHOTALMUA

B cTatbe nposeaeH 0630p MTEpaTypbl MO COCTOAHUIO NPOBAEMbI OXpaHbl NOYBEHHOTO NOKPOBA 3emMan. Ha
CEroAHAWHUNA AeHb, B NEPUOA, CUIbHOTO 3arpA3HEHNA NMToCepbl TEXHOFEHHBIMU OTXOAAMU Pa3NINYHOW
npvpoapl, NpUBOAALLME K Aerpajauny U 3p03un MOYB, B MEPONPUATUAX MO YAYULIEHUIO PUBUYECKUX,
XUMMUYECKUX, TUAPONOTUYECKMX, arPOHOMMUYECKUX M Ap. CBOWCTB MOYB NpeanoyTeHne Heobxoanmo
oTAaBaTb HaumeHee 6e3BpeAHOMY NPUPOAHOMY Cbipblo. K TaKOBbIM MOXKHO OTHECTU FYMUHOBbIE KUCNOTbI
(TK) 1 ux npousBoaHble, ABASAOLWMECA XOPOWNMKN agcopbeHTamu, cTabunamnsaTopamm U 3aKpenuTensamm
AMCNepcHbIX cuctem. MsyyeHne KOMNO3MLMKM FYMUHOBBIX KUCAOT € PasvYHbIMU BOAOPACTBOPMMbIMM
noAvMepamm U NOBEPXHOCTHO-aKTUBHbIMM BELLECTBAMM — 3TO €LLle OAHa He A0 KOHLA M3y4eHHaa 0baacTb
MEXANCLUMMNINHAPHOIO XapaKTepa. J/InTepaTypHbI NMOUCK TPYAO0B Ka3axCTaHCKMX Y4YeHbIX MOKasbiBaeT o
HEpas3BMTOCTU HanMpaB/JeHWIn KaK W3BJeYEHUA TYMUHOBbIX KWUCNOT, Tak u ¢opmuposanna [K
MHTepnoAumepHbix Komnaekcos (MMK) ¢ nonumepamu u MAB, a TakkKe NPUMEHEHUA UX B KayecTse
3aKpenuTenieil, CTPyKTypoobpasosaTeneil Moys, MOABEPIKEHHbIX BETPOBON W BOAHOW 3po3uun. Umes
6onbluve 3anacbl yraa B pecnybanke, UCTOYHMKA F'YMUHOBbBIX KMC/OT, HE NPOCTUTENbHO HEe pa3BMBaTb
KOMMIEKCHbIN NoAXo4 K uccnesosaHuam no ussnedenuio K, ¢opmuposanHua UMK Ha mx ocHose
NPUMEHEHUA HOBbIX CTPYKTypoobpasoBaTeneil AnA YAydWeEHUA AerpagupoBaHHbIX MNOYB  CTPYKTYp
pecny6anku.

Knroyesble cn06a: No4uBa, CTPYKTYpOOOPasOBaHMe, AWCMEPCHAs CUCTEMA, 3PO3MA MOYB, TYMUHOBAS
KMC0Ta, MHTEPNOANMEPHbII KOMMEKC.

BekmypaaHoea Haiina
EceHKkenbOuesHa

UHpopmayus 06 aemope:

KaGHOUOamM  XUMUYeCKUX HAyK, acCoyuuposaHHbili npogeccop, Oupekmop LleHmpa Hayku u
rnocsesy308cko2o0 0bpaszosaHus MexOyHapooHoli obpaszosamenvHoli Kopropayuu. 2 Aamamel,
KaszaxcmanH. https://orcid.org/0000-0003-3062-3340. Email: bektur_n@mail.ru
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Ha cerogHAwHWA aeHb npobnema oxpaHbl
OKpy)Kalowen cpegbl, B  4YacTHOCTM, 3awMTa
NOYBEHHOIO MOKPOBa 3eM/iM, OCTaeTcs BCe eule
aKTyanbHOW. B 3TOM OTHOWEHWMW 3pO3MA MO4YB
AsnAetcA Hambonee cepbesHbIM MNPeABECTHUKOM
ferpajaumm noys, KoTopas umeeT raobanbHble
nocneacteus. K uncny ocobo onacHblx nocieacTenii
MOYHO OTHECTM CHUXKEHWNE NPOAYKTUBHOCTM NOYBbI,
OnyCTbIHMBAHWE 3eMeslb, 3arpPA3HEHNE BOAOEMOB U
WX 3aufieHue, 3aTonJIeHWe, 3arpA3HeHWe BO34yxa
MblNblo, @  TaKXe  KOMOCCaNbHbIN  yuiepb
uHopacTpyktype [1-7]. W3BecTHO TaKXke, u4To
€XXerogHo MW/IZIMOHbI FeKTapOoB MaxOTHbIX 3eMenb
TepATCcA BCAeACTBUE Aerpagaumm noys.

MHUUMATOpOM  3p0O3MM  NOYB, MOMMMO
KAMMATUYECKMX  ABNEHUMM KM ocobeHHocCTel
PacnonoXKeHUa TEPPUTOPUIA, 3a4acTylo SABAAIOTCA
HU3Kaa  KynbTypa 3emnegenns w  cnabble
CENbCKOX03AUCTBEHHbIE 3HaHUA
TOBapONpPOM3BOAUTENEN. Taxenan

CE/NIbCKOXO3ANCTBEHHAA TEXHUKA TaKKe MOXKeT
"ynnoTHATL" Mo4By, YTO 3acTaB/AAeT BOAY CTeKaTb
NPSMO C NOBEPXHOCTU MNOC/Ae A0XA4A, 3abupaa ¢
coboit LeHHble YacTULLbl MOYBbI, BMECTO TOro YTOObI
NPOHMKaTb B MOYBY.

K Tomy e BbICTPbI POCT HACENEHUA 3€MHOTO
Wwapa nNpUMBOAMT K YyBeAWYEeHUO MmacwTabos
0bpaboTkn 3eman. 3ITO OKasbiBaeT bHonbliee
[aBNeHWE Ha 3emMal0 M NpUMBOAMT K noTepe
CTPYKTYPUPOBAHHOCTM MOYBbI, CHUXKAET cuenieHne
ee yacTuu, crnocobcTByA JIerKOMY paspyLUeHUto.
BepxHuit cnon NnouyBbl, KOTOpbIM 6orat
OpraHUYyeckMm BELLLEeCTBOM, BbICOKMM
niogopoanem, NepemeLlaeTca B 4pyroe Mecro, rae
OH HaKanauMBaeTcA C TeYEeHWeM BPEeMEHU, UK
nepeHocutca '3a npeaenbl y4yacTka', 3anosiHAs
ApeHaxKHble KaHanbl. Tonbko B CLUA o06uan
niaowaab 3emesb, NOABEPrNXCA AaHTPOMNOreHHOM
aerpajaumMm noys, OLEHWBAETCA MPUMEPHO B 2
MUAAnapaa rektapos [8]. He nyywe obcTonTt geno u
y Hac, B KasaxctaHe. CornacHo [9] npobnema
perpajaumMm  noysbl  MPUHANA  KPUTUYECKUe
macwTabbl nocne passana CCCP wn aukeupauum
KONX030B. [pobneHne WX Ha MeNKMe YacTHble
X03ANCTBa NPUBENO K TOMY, YTO CE/10 OKa3asoch bes
co3gaBaBLIenca AecaTUneTuaMM UHPPaACTPYKTYPbI,
KBaNMOUUMPOBAHHbIX  KaapoB, CPeacTB  Ha
pa3BuTMe. 3a roAbl HE3aBMCMMOCTM MOCEBHbIEe
njaowaamn, 3aHATble Mog CebCKOXO3ANCTBEHHbIe
KynbTypbl 1 B 1990 roay coctasnaswme 35,2 MAH ra,
COKpaTUANCh NoYTH Ha 40% (ocobeHHO — bosiee yem
Ha 70% — nocTpaganv naouwaan no KOPMOBbIMU
Ky/nbTypamu). MoTepana nnogopoane aecatas YacTb
NO/IMBHbIX 3€Me/b CTPaHbl, NOYTU 18 M/IH ra naHu

noaBepratoTcs BETPOBOM W BOAHOW  3pO3uM,
perpagmpoBano ao 60% nactouw,. Tonbko oOT
pa3paboTkn Heap nocTtpagano 181,3 Tbic. rekTapos.
No pgaHHbIM poknaga lNporpammbl passutna OOH
«CTpartermyeckume mepbl no 6opbbe o
onycTbiHMBaHMeM B Pecnybanke KasaxctaH go 2025
roga», oblne exxeroaHole IKOHOMMYECKME NOTEPU
n3-3a Aerpajaunm semenb B CTpaHe OLLEHUBAOTCA B
93 mnppa TeHre.

Mpoueccbl 3p03nKM NOYB BO MHOTMX pPalioHax
KasaxctaHa npUYMHAIOT CYyL,EecTBEHHbIM yuwepb
Hapo4HOMY XO3AMCTBY M 3KONorMm B Lenom. Ha
okono 75 %

CErOOHAWHNIA  AeHb, TepputTopmm

PUCKY
Hux 1/3
npuxoamntca Ha ANMaTUHCKY0 obnactb. Hapaay c

CTpPaHbl noasep*eHbl noBbllWEeHHOMY

3Ko/I0rnMyeckom ,D,ECTa6MJ'IVI3aLI,VIM, n3

HepauunoHabHbIM UCNOJIb3OBaHUEM 3eMEe/IbHbIX

pecypcoB npobnemy ycyrybnser

BHYTPUKOHTMHEHTA/IbHOE  MOJIOXKEHNE  CTPaHbl,

co3paaBas cyxoi KAMmar, CKYAHOCTb n
HepaBHOMEpPHOCTb pacnpeaeneHus BOAHbIX
pecypcoB, LWMPOKOE pPacnpoCTpaHEeHME MecKos,
COJ/IOHLLEBATbIX M 32COJIEHHbIX 3€MEb.

B nomckax pelleHuns npobnembl
NpeAnpuHUMAlOTCA  Pas/indHble  MeponpuUAaATUNA
pecnybanKaHCcKoro, perMoHanbHoOro "
MeXAyHapoaHoro macluTabos. K npumepy,

MpaBuTenbCTBEHHAA nporpamma no 6opbbe ¢
onycTolHMBaHnem B PK Ha 2005-2015 rogpl,
nporpamma «*acbin gamy» Ha 2010-2014 roabl;
NpoBoAATCA pas/iMyHble GOpyMbl, KOHbepeHLmH,
NOCBALLEHHbIE BOMpOCam COXpaHeHus
6uopasHoobpasna,  gerpagauum  3emenb MU
M3MEHEHMA K/IMMaTa; MPUBJIEKAOTCA [OOHOPCKME
¢du1HaHcoBblE cpeacTsa MeXAYHAPOLHbIX
opraHvsaumm (M3 BbICTYNJEHMA BULE MWMHUCTPA
9KO/I0TMUKN, reosiorMm n npupogHbix pecypcos PK
E.HbicaHbaeBa: 3a 15 net peanunsosaHbl 6onee 30
NPOEKTOB Ha cymmy 52 maH. gonnapos). Ho,
HECMOTPA Ha 3TO, C Ka¥XgblM roAoM naowanb
AerpaanpoBaHHbIX 3eMe/b PacTeT, HaJ0ArO BbIXOAA
M3 Xxo3falcTBeHHOro obopota. Ha 3tom d¢oHe
MMeIoLLLMECA NONOXKUTENbHbIE Pe3ybTaTbl — NPOCTO
Kanna B Mope, NOCKOJ/IbKY BO3BpalLEHME 3eMENDb B
npexHee COCTOAHME TpebyeT COBCEM  WHbIX
pacxonos " KOMMNIEKCHOTO peleHuns
CYLLECTBYIOWMX YKe aecatunetuamu npobaem. O
nepenome B 6opbbe C npoueccom gerpagaumun
3emMe/ib HW Ha HAaUMOHANbHOM, HU Ha PETMOHAIbHOM
YPOBHAX FOBOPUTL MOKa He npuxoautca [9].

M3 BbiWwecKa3aHHOro caeayeT, YTO 3p0O3mA NOYB
ABNAETCA BaXHOM COUMANbHO —3KOHOMWYECKOW
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npobnemon M cywecTBeHHbIM (GaKTOPOM OLEHKM
COCTOSIHMA U PYHKLMOHMPOBAHNA IKOCUCTEM.

HeobxoaMMOCTb OXpaHbl MOYBbI BbI3BaHO TEM,
YTO Mo4YBa ABAAETCA CaMbiM GYHAAMEHTANIbHbIM U
OCHOBHbIM MPUPOAHBIM PECYPCOM A/1A BbIXKMBAHUA
BCEro XunBoro. BogHas u BeTpoBasn 3po3us - 3To ABa
OCHOBHbIX daKkTopa pgerpagaumm nous. CTOK
CMbIBAEeT YacTWUbl NOYBbI C HAKNOHHbIX WU FObIX
3eme/Nib, B TO BPEMA KaK BETEP CAYBAET PbIX/ble U
OTOpPBaHHble YacTULbl MOYBbI C MNOCKMX MU
He3aWMLLIEHHbIX 3emenb. [la, no4ysBa ABAsETCA
CaMOBOCCTaHAB/MBAOWENCA CUCTEMON, OAHAKO,
ONA  BOCCTAHOB/NEHMA  MOBPENKAEHHOMO oA
To/NWMHOM 2,5cm noTtpebyetcs 6onee 300 net [10-
11].

XopoLo N3BECTHO, YTO OCHOBHbIMM cniocobamum
npeaynpexaeHna u npegoTepaLLeHMa 3po3mm NoYs
ABNAOTCA CEBOOOOPOTHI M KOPMOBbIE Ky/bTypbl [12-
15].

Bo MHOTUX TEXHOMOTUAX 3aWMTHOrO
3eM/iefleNna  BaXKHYH pPOJib WUrpatoT KopMOBble
KyAbTypbl. Tem 6o0nee, 4To OHWM MoOryT ObiTb
ONTUMaNbHbIM BapuaHTOM gnsa BefHbIX MOYB MU
KPYTbIX CKIOHOB, HENPUIOAHbIX A1 APYTUX KYAbTYP.
KopmoBble Ky/nbTypbl BKAKOYAOT B CeBOOOOPOT C
LUEeNbto MOBbIWEHUA COAEPKAHUA OPraHUYEcKoro
BelwlecTtea B NOYBE WM MPOTUMBOAENCTBUA
pacnpocTpaHeHuio 6onesHelt. KopmoBble KynbTypbl
3aLUMLLAIOT NOYBY OT 3PO3UN: BOJIOKHUCTbIE KOPHU
coeprkmBatoT ee. Kak MHOronetHMe KopmoBble
KYNbTYpbl, TAaK U KOPMOBblE Ky/bTypbl B KayecTse
cupepaToB  oborawatoT  NoYBYy  OPraHUYECKUM
BELLECTBOM M YAYYLLAIOT KayecTBO W CTPYKTYypYy
noyBbl. B CTpaHax CHI 3a4acTyto B
NPOTUBO3PO3MOHHBIA  CEBOOOOPOT  BK/IOYAIOT
KOpMOBble, 3epHOBble, Mac/iu4yHble U 6060BbIe.
Hanpumep, mHoronetHue TpasBbl WAW tOLEpPHa
YepeayroTca € NponawHbIMK KynbTypamu. B KaHage
B CTEPHIO KOPMOBbIX CEIOT AYMEHb, OBEC U FOPOX
nocie  gecuKauuMuM  KOPMOBbIX, OOblMHO  —
rainocatom. B CLUA npaKTUKylOT noJsiocHoe
YyepeLoBaHWE MOCEBOB Monepek cknoHa [12]. Ho
TakMe Mepbl NPUMEHUMbl Ha oOnpeaeneHHbIX
yyacTKax 1 Tnax noys. [na 60pbbbl C 3po3meit noyus
HEOOX0AMM KOMMJIEKC Mep: 3eMJ/IeYCTPOUTENIbHbIX,
arpoTexHUYEecKux, IeCOMENIMOPATUBHbIX n
r'MOPOTEXHUYECKUX. HO, HYXHO CKasaTb, uTO
r'MOPOTEXHUYECKME MEPONPUATUS OCTAHABIMBAIOT
pa3BUTUE 3PO3UM HA ONpeseIeHHOM y4acTKe cpasy
»Ke Nnoc/ie UX yCTPOICTBa, arpoTEXHUYECKNE — Yepes
HECKOJIbKO NIeT, a SIeCOMeNINopPaTUBHbIE — 4epes
10—20 net nocne ux sHegpeHus [13]. Moatomy ans
peleHMa STOW 3aJauvn  Hapagy C  YyCcUaeHuem
MeNMopaTnBHbIX paboT, HeobxoAMMO paclumMpeHue

meponpusatTuii no 6opbbe c BOAHOM W BETPOBOM
3po3Men  MNOYBbI,  BK/AKYAA  WUCMNOJIb30BaHWe
XMMMUYECKNX PEAreHTOB.

CTOUT OTMEeTUTb, YTO XMMWYECKME MeToabl

6opbbbl € 3po3Melrt ABAAKOTCA  KaK  Knacc
HeTPaAMUMOHHbIX Mep Mo oxpaHe nous. McTopus
MOKasblBaeT, YTO MPUMEHEHME CUHTETUYECKUX
No/MMepoB B Me/aMopauMuM  MNOYB  Hayaau

NPUMEHATb C cepeguHbl XX ctonetma. MisHavyanbHoO
BOA0pPaCcTBOPUMbBIE BbICOKOMONEKYIAPHbIE
COeANHEHMA NPUMEHANN B KayecTBe (JIOKYNAHTOB
ONA ocaxaeHua n ¢unbTpauunm wnama pocpopmtos

B TexHosorMnm 06paboTKM ypaHOBbLIX pya U
NMPOYHOCTHbIX AobaBok ana bymarn, a B
AanbHeWlem CTaau LWWPOKO UCMOJb30BaTb B

CENIbCKOM XO3ANCTBE WM MeguUMHE B KayecTse
GNOKYNAHTOB, 3aryctuTesie, B  CTPOUTESIbHOM
WHAOYCTPMM B KayecTBe aAresvBoB, CMasoK,
CTPYKTypoobpasosaTesieh M B APYrUX OTpaACasX
NPOMbILLEHHOCTH [16-18]. UccnepoBaHus
MOKa3bIBatOT, YTO Hanbobliee PacnpoCcTpPaHEHME B
KauyecTBe CTPyKTypoobpasoBatesna MOYB Hawen
nosnakpunamuma, ABAAKOWMNACA NEepPCreKkTUBHOMN
[06aBKOW AN1A COXPaHEHUS MOYBEHHOM CTPYKTYpbI
[19-23]. Monnakpunamug Bce euWe oOcTaeTcA
npuB/ieKkaTenbHbIM A1A 60pbbbl c 3po3uneit [24]. Ero
MOXHO UCNONb30BaTb NPU OPOLLEHUN NO Bopo3aam,
pesynbTaT - CHUMKEHME 3PO3NUM U CTOK C
OZIHOBPEMEHHbIM YNy4yllEHMEM KayecTBa MOYBbl U
BoAbl. B  Heopowaemom  3emnedenvMuM U
OOXAeBaHUM NOAMAKpUamua, ucnonb3yerca And
YMEHbLUEHNSA MOBEPXHOCTHOrO  YM/IOTHEHUS U
06pa3oBaHUA KOPKK. 3a4acTyto ero UCNoNb3yIoT ANs
CTabunnm3aumnmn KpyTbiX CKNOHOB NPU CTPOUTENLCTBE,
BbleMKax Ha  aBTOMarucTpansx W  Apyrux
HApYLUEHHbIX NOYBaX.

Monnakpunamma oyeHb peHTabeneH B
cucTemax opolueHus no 6oposgam, rae ero MOXHO
BHOCUTb C HEBONbWMMKU pPacxogamMum C NOAMBHOM
Bogon. Kak KoHamumoHep nouysbl MA - ewe oguH
WHCTPYMEHT, KOTOPbIA MOMHO WMCMNO/b30BaTb A/1A
ynpaB/ieHMA NoYBEHHbIMM pecypcamm. K npumepy, B
KapakannakuctaHe [25] wuccnepnoBaHbl CBOWMCTBA
HOBbIX NMOJININEKTPO/IUTOB Ha OCHOBE aKpuaammuaa
M MaNenmHOBOW KUCNOTbl Ha 3acoJieHHble MOoYBbI
pernoHa. ABTopamu YyCTaHOBJIEHO, YTO NpMpPoOAa U

KO/IMYECTBEHHbIN cocTtaB aKTUBHbIX
dYHKUMOHANbHbIX rpynn, onpeaenaoWwmx
KoNnongHble " XMMMYeckune cBOWCTBa
NONN3/MEKTPONIUTOB, CYLECTBEHHO 3aBUCAT OT
YCNOBUA  CMHTE3a COMOAMMEPOB W  CTEMeHU
rmaponusa. BbiasneHbl obuwme u cneunduyeckne
3aKOHOMEPHOCTM  CTPYKTYpUpYtoWero Aencreus
MOJIYYEHHOTO  MOJIM3/IEKTPOSIUTA  HA  CTPYKTYpY
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MeHee  3aCO/IeHHbIX  MOYBEHHbIX  AMUCMIEPCUNA.
JKcnepuMeHTaNbHble  [laHHble  MOKasanu, uTo
MeXK Ay BA3KOCTbIO PacTBOPOB MOIMINEKTPOSNTOB U
WX CTPYKTypoOobOpasytoulero AencTsMa Ha nNousy
HabntogaeTca cumbuoTmyeckana 3aBUCUMMOCTb [25].
3TN UcCCNefOBaHUA elle pa3 NOATBEPKAAOT, YTO
NPUMeEHeHWe MOAMAKpPUAAMUOA WMEEeT  CBOI
06nacTb NPUNOXKEHMA KaK CTPYKTypoobpasoBaTtens,
KaK, Hanpumep, N0A0rne CKAOHbI M HEKOTOpPbIE TUMbI
noys. OAHAKO Ha NO4YBAxX C MJOXON TEKCTypoOMH,
LLEeNMOYHbIX NOYBax AelcTBME NoJnaKkpuaammaa
HeaddEeKTUBHO, YTO rOBOPUT O BOCTPEBOBAHHOCTU

noucka HOBbIX 6e3onacHbIX
CTPYKTYypoobpa3oBaTesiei noys.
OCTpyKTypupoBaHue noysbl

BbICOKOMONEKRYNAPHbBIMM BOZOPACTBOPUMBIMM
BeLLecTBaMM (MCKYCCTBEHHOE OCTPYKTYPUPOBaHUE)
ABNAETCA OOAHUM UX IPPEKTUBHbIX MNPUEMOB
yAydweHua arpodusnMyecknx CBOWCTB nouysbl. B
KayecTBe UCKYCCTBEHHbIX CTPYKTYpoobpasoBaTenei
MOYB YacTO MCMNONb3YOT BOAHble  PACTBOPbI
O/IMFOMepOB, nosMmepos U NoSIMMEPHbIX
KOMNAeKcoB. TakoW MpuMem 3almTbl U yay4yleHus
OUBNKO-XMMUNYECKMX CBOWMCTB MOYBbI MO3BOASET
CYLLLECTBEHHO MOBbICUTb KOJIMYECTBO BOAOMNPOYHbIX

arperatoB, a TakKXe cnocobctByeT 6onee
NPOAYKTUBHOMY MCMNO/Ib30BaHUIO
Ce/IbCKOX03SAUCTBEHHbIMM  Ky/IbTypaMy  3anacoB

noyseHHoM Biarn. MOMMMO 3TOro, UCKYCCTBEHHOE
OCTPYKTYpUpOBaHune nossosAer YCTPaHUTb
CTPYKTYPHbI  AedpUUUT, YBEANUYUTb YCBOAEMOCTb
NoABUNKHbIX GOPM a30Ta U X MObMAN3aLMIO. TaKUM
06pasom, BHECEHME MOAMMEPOB B MOYBY NPUBOAUT
K CYLLECTBEHHbIM U3MEHEHMAM PU3UYECKNX CBOICTB
NOYB: B 3aBUCMMOCTU OT KOHLLEHTPAL MM BHOCMMOTO

CTPYKTYypoobpa3oBaTens MeHAETCa coaeprKaHue
rbIBUCTbIX  GpPaKLMiA, arpOHOMMYECKU LEHHbIX
arperaros, KoadodumumeHTa CTPYKTYPHOCTH,

KO/ZIMYECTBO BOAOMPOYHbLIX arperatos, NOPUCTOCTD,
BOAOMNPOHMLAEMOCTb U T.4. 346Cb OYEHb BaXKHO He
OLWNOBUTLCA C BbIBOPOM CTPYKTYPUPYIOLLEro areHTa,
BeAb aencreme NOIMMEPHbIX
CTPYKTYpoOobpa3oBaTeneli CoOXpaHaeTca B TeyeHuu
psaa net [26-28].

M3BECTHbI MHOTOYMC/IEHHbIE PaboTbl MO
NPUMEHEHUIO He TO/IbKO NMPOMbILLIEHHO
BbIMYCKAaeMbIX MOJIMMEPHbIX BELLECTB B KauyecTse
CTPyKTYypoobpaszoBatens, Ho, n HOBbIX
CUHTE3UPYEMBIX WHTEPMOJMMEPHbBIX KOMMO3ULMMK,
coaepiKalimMx B CBOEN MaKpOMOAEKYNAPHOW uenu
KapboHWbHbIE, amMUAaHble, TMAPOKCUIbHbIE U Ap.
nonspHele rpynmnel [29-33]. UHTepnoammepHbie

KOMMNAEKCbI - NPOAYKTbI peakynmn

B3aMMOLENCTBUA XMMUYECKU
KOMMN/IeMeHTapHbIX MakpomoneKkyn. bnarogaps
TaKMM CBOMCTBAM KaK HepacTBOPMMOCTb B

60NbWMHCTBE  OObIYHbIX  OPraHUYEeCKUX U
HEeOpPraHMYecKmx pacTBOpuUTENAX,
nNacTMPULNPyeMoCTb BOAOM 7
3NEKTPONNTAMN, aHTMKOAryAUuMOHHbIEe
ceorictea UMK Hawau [0CTaTOYHO LIMpPOKoe
npUMeHeHune B Pa3NNYHbIX oTpacnax
HapogHoro X03ANCTBa B KayecTse
BbICOKO3PPEKTUBHbBIX bNOKYNAHTOB,

cTabunusatopoB gucnepcuin n 1.N0. B paborte
[29] n3yueHo cTpyKTypoobpasylollee gelictene
WMHTENOJIMMEPHOrO KoMMekca buononnmepos

-KAaTUOHHOTO  MOJIMINEKTPONIUTA  XWUTO3aH U
aHUMOHHOrO NONN3NEKTPONUTA HaTpPUit-
KapbOKCMMETUALENNION03bI. O6paboTka

I'OpO,CI,CKOVI no4Bbl 4aHHbIM UHTEPNOJIMMEPHbIM

KOMMNJ1IEKCOM npmneoanna K arperauunm
NOYBEHHDbIX YacTtuny, n noBblWEHUIO
BOAONPOHNUAEMOCTU no4ysbl. ABTOpr

YCTaHOBWIN, YTO B COOTHOLLEHUN KOMMNOHEHTOB
UMK [CTS]:[Na-CMC] = 30: 70 nosbiwaeTcs
MeXaHMYyeCcKaa NPOYHOCTb CTPYKTYPUPOBAHHbIX
obpasyos nouysbl 7 yAy4qwmnnacb
BOAOMPOHMLAEMOCTb MNOYBbl. ITU  daKTbl
OEMOHCTPUPYIOT arperaumio NoYBEHHbIX YacTuL,
n popmmpoBaHME KPYNHOMOPUCTOM CTPYKTYPbI
NOYBbl, NOBbLIWALLYIO YCTOMYMBOCTb NOYBbI K
BOAHOM M BETPOBOWM 3PO3UKN U MO3BONAIOLLYHO
C034aTb XOPOLWMWI 3anac BoAbl B KOPHEBOM
30He.

MpumeHeHne WNHTEPNOJIMMEPHOIO
Komnaekca KapbokcumeTtunuennonosbl (KMLU) u
MmouyeBUHO-popmanbaernaHon cmonbl (MPC) B
Ce/IbCKOM M BOAHOM XO3AMCTBE MMOKA3aNo Kak
TEXHO/IOTUYECKYIO, TaK M SKOHOMMYECKYIO NOJIb3Y UX
MCMO/NIb30BaHNA O/1A  peleHus Leforo psajaa
arpodusMyeckmx 3agay M BOMPOCOB MeAnopauuu
[34-36]. Mo pe3ynbTaTam UccieLOBaHUN aBTOPaMM
YCTaHOBNEHO, YTO MPU NOAMBAX X/IONYATHUKA Yepes
NPOTUBOGUNBLTPALLUOHHbIN 9KpaH ZE] UMK,
CO3/aHHbIN Ha NOBEPXHOCTU MOYBbI, rNyOUHHaA

bunbTpauma  BoAbl  HUXKE  PaACYeTHOro  Cos,
ymMmeHbLiaeTca Ha 35—40 % OT NONMBHbIX HOPM.
PoccMMCKMMKM  y4eHbIMM  [OKa3aHO, 4dTO

HaHeceHue komnoHeHToB UMK cywecTseHHO BAKAET
Ha ero popmmpoBaHuMe M nocsaeaytollee 3aWmTHOe
NPOTUBO3PO3MOHHOE aelicTBue [37]. BapuaHT 1. —
pabounii  pactBOp  MOXeT ObiTb  Noay4eH
CMelweHneM,  MNOANKATMOHA, MOAMAHMOHA WU
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HM3KOMONEKYNAPHOTO 3NEeKTPonTA C
KOHUEeHTpauuen nonnmepos 2-4%.
NHTEepnoAMMEpPHbI  KOMMJIEKC  HAaHOCUTCA  Ha

NoOBEpPXHOCTb B Koauuectse 1-1,5 na/m?> wn
HU3KOMOEKYNIAPHOIO 3/IEKTPOINTA YAaNnAeTca u3
CMCTEMbI NoA, AencTBUeM aTmochepHbIX 0caaKoB. B
pesynbTate Ha NOBEPXHOCTU obpasyeTca
BOAOHEPacTBOPMMbIN NOYBEHHO-MOIMMEPHbIN
3aWMTHbBIN CTPYKTYPUPOBAHHbIN COM TOAWMHON 3-
5 mm. [lpu 3TOM, cogepaHMe noAMmepa B
NOBEPXHOCTHOM KOPOYHOM cnioe coctasaset 1,2-3,0
macc %. BapuaHT 2, 3aKawouyalowminca B nocneno
BaTe/IbHOM HAHECeHWM [ABYX BOAHbIX PacTBOPOB
NPOTUBOMNOJIOXKHO 3aPAMKEHHbIX MOJNINEKTPOINTOB
(B akBUMOSIbHOM coOTHOWeHMK). UMK obpasyeTcs B
MOMEHT HaHeCeHMAa BTOPOro pacTBopa Ha
NOBEPXHOCTbb, NPEeABAPUTENBHO  MPOMUTAHHYIO
nepsbiM pactBopom. [pu Takom cnocobe He
yAaeTcA pPaBHOMEPHO HaHecTM oba MoJMMepHbIX

KOMMOHEHTa W, COOTBETCTBEHHO, pPEeryJnpoBaTb
cocTaB UMK. dopmmpoBaHme
MHTEPNO/IN3NIEKTPOSIUTHOTO KOMIMJIeKca

NPOMUCXOAUT HENOCPEACTBEHHO B MOBEPXHOCTHOM
cnoe nousbl. Pe3ynbTaT — yCTOMUMBBIA 3aLUUTHBIN-
NO/IMMEPHbIN KOPOUYHbIN BO34yXO-
B/IArOMPOHULLAEMbIN  CAOM  TOAWMHOMW 1-5mMm ¢
copepkaHmem noanmepa 0,5-2,5 macc %.

B aAucceptaumoHHol pabote [38] Takxke
noapobHo OonucaHbl cnocobbl HaHeceHus
KOMMOHEHTOB MHTEPNOAMMEPHbIX KOMMJIEKCOB NPU
CTPYKTYPUPOBAHNUM  3PO3MOHHOOMNACHOM  MOYBbI
A3rMpcKOro noOAUroHa. YCTaHOBAEHO, 4TO npwu
06pbI3rnBaHMM NpeaBapuUTe/IbHO NOArOTOB/IEHHOO
UMK Ha noBepxHOCTb moaenu obpasua MouyBbl,
pa3fenieHHbIM HaHeCEHMEM KOMMOHEHTOB, a TaKKe
nocsefoBaTe/IbHbIM HAaHeceHMem ¢ 6opoHOBaHMEM

CyLecTBeHHOW pasHULbI B 3aKpensieHuu
MOBEPXHOCTHOrO  cnos  obpasua Mo4YBbl  He
Habnopanoch. MHTEHCMBHOCTb aedbnaunn,

paccyMTaHHas no CMOZEeNNpoBaHHOM Ha
aspogmMHammuyeckon Tpybe BETPOBOM 3PO3UM CO
cKopocTbio BeTpa 21m/c coctasun 0,4-023 % ana

UMK  metunuentonnosa-nonmatuneHmmmy, 0,03-
0,59% ana yHUbNOK (Yo)-
NOANANUMETUNANANTNNAMMOHNMN xnopug,

(MAMIAAX), 1,06-1,76% pgna YO-M3U, NaKML-
M3M 1,69-2,6%, NaKML-NAMIAAX 0,86-1,1%. Ho,
no CpaBHeHUIO C HaHeceHnem oTAaeIbHbIMU

KOMMOHEHTaMM 3aKpennsaoLee aencreune
WMHTEPNONMMEPHbIX KOMMN/IEKCOB OKasanocb
BbIUFPbILWHbIM 3a cyer bopmmnpoBaHUA

HOBOO6pPa30BaHMIN NPU 3aKPENIeHNN NOYBOrPyHTa.
B ocHOBe TaKOro mnpouecca NeXUT XMMUYECKas
aacopbumsa KOMIJ/IeKca Ha MOBEPXHOCTH

3/1IeMEHTAPHbIX MUHEPaAJIbHbIX YacTuL, B pe3ybTaTe
yero Ha HUX BO3HMKaeT TOHYalLlanA, HO AOCTAaTO4YHO
NpoYHas NoanmepHas naeHKa, obpasylowancs Ha
cyet MOHOOBMEHHOro npotecca mexay
NOrNoWALWMM KOMMNIEKCOM MOYBbI U rpynnamu
MNMK, cnocobHbIX K peakumMm MoHHOro obmeHa. Ho,
TEM He MeHee, HeNb3A WCKAYaTb JencTeBue
rmapoduabHOro  accoumaTa, CyTb  KOTOpPOro
CBOAMTCA K 9N1EKTPOCTaTUYECKMM B3aUMOAENCTBUAM
KaK C MOBEPXHOCTbHO MOYBbI, TAK U NPOHUKHOBEHMEM

BO  BHYTPb  MNOAMAUCNEPCHOW  CUCTEMbI U
CBA3bIBAHNEM NOYBEHHbIX Konnonaos
rmapodobHbIMK B3aMMOAENCTBUSMM "
BOZOPOAHbIMU CBA3AMM. PesynbTatbl
nccnenoBaHUn NoATBEPKAEHbI naTeHToM

Pecnybaunkun KasaxcraH [39].

Ha cerogHAWHNI feHb B OCTPYKTYPMPOBAHUK
3p0ANPOBaHHbIX NOYB UHTEPEC YYEHbIX NPUBAEKAET
npumeHeHne rymumHoBbIX KucaoT (TK) wmn  ux
npoussodHbix [40-42]. Kak M3BECTHO, T'YMWUHOBbIE
KMUCNOTbl — C/I0XKHAA CMEeCb BbICOKOMONEKYNAPHbIX
NPUPOAHbIX OpraHNYecKmx COeaMHEHUN,
06pasyloWmMXca  NpU  PasNONKEHUU  OTMEPLLMX
pacTeHMn W KX nocheaywowen rymumduKkaumm
(6Moxmmunyeckoro npespaLeHuns NpPoAYKTOB
Pa3/IoKEeHUA OpraHMYECcKMX OCTAaTKOB B FymMycC Mpu
y4acTMM MUKPOOPraHM3MOB, BOAblI U KMCAOPOAa)
[BMKMNeanal. B oTanuMe OT CUHTE3A B XKMBOM
opraHusame, obpasoBaHMe T[YMUHOBbLIX BeLLECTB
He HanNpaB/AAETCA FreHEeTUYECKMM KOLOM, a MAeT no
NPUHUMMNY ecTecTBEHHOro oTbopa — ocTatoTcA
CaMble YCTONYMBbIE K BMOPA3NOKEHUIO CTPYKTYPbI.
B pesynbTtaTe nosyyaetcs CTOXacTUYecKas,
BEPOATHOCTHAA CMeCb MOJIEKY/, B KOTOPOI HU O4HO
N3 COeAMHEHNIN He TOXKAECTBEHHO gpyromy. Takum
obpasom, rymuMHOBblE BeL,ecTBa — 3TO OYEHb
CNOXHAA  CMeCb  MPUPOSHbIX  COEAUHEHUM,
He CyLLEeCcTBYIOLLAA B XMBbIX opraHnsmax [43].

CBbille ABYXCOTNETHEE U3yYeHME F'YMUHOBbIX
KUCNOT  MNOKasano, u4To  ¢yHOAAMEHTaNbHbIMU
CBOMCTBaMM rYMMUHOBbIX BELLLECTB ABAOTCA
HEeCTEXMOMETPUYHOCTb COCTaBa, HeperyaspHoCcTb
CTPOEHMA, reTEPOreHHOCTb CTPYKTYPHbIX 3/1€MEHTOB
" NONMANCNEPCHOCTb. 310 rosoput o
HEMPUMEHMMOCTU  MOHATUA  MOJIEKY/IbI K HUM.
O4HUM CNOBOM, 3TO MOJIEKYNIAPHAA KOMMO3ULMS,
KaXKablii MapameTp KOTOPOro OT/M4YaeTca oT
apyroro. CooTBETCTBEHHO, K T'YMMWHOBbIM
BelLecTBam HEBO3MOXKHO NPUMEHUTb
TPAAMUMOHHBIM  CNocob YMCNEHHOTO OMMCcaHuA
CTPOEHMUA OpraHMUYecKux coeaANHEHNIA —
onpeaennTb KOJIMYECTBO aTOMOB B MOJIEKY/IE, YNC/IO
W TUMbI CBA3EWN MEXAY HUMW.
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Ho, HecmoTpA Ha Kakywuiica Xaoc B
CTPOEHUMU I'YMUHOBBIX KMCNOT, YCTAHOBJ/IEHO, YTO BCE
rYMMHOBbIE BELLECTBA COCTOAT M3 aTOMOB Yri1epoaa
(52-62%) yrnepopaa, kncnopoaa (31-39%), sogoposaa
(2,8-5,8%) u azorta (1,7-5,1%) (puc.1).

Puc.1. CoctaB rymMHOBBIX KMcnoT [44]

Kak BMAHO, AManasoH Bapuauuit aTOMHbIX
OTHOLWUEHMI He CTOMb LWMPOK. W, OH 3aBUCUT OT
NPOUCXOXAEHUA  TYMUHOBBIX  KMCAOT.  TaKkxkKe
HEeMasioBaXXHOM ocobeHocTtbto K, HesaBMCMMO OT
WUCTOYHMKA MPOUCXOKAEHUA ABNAETCA Haauuue
eaMHOoro npuHUMna CTpoOeHus, KoTopas
3aK/Il0YaeTcA B TOM, YTO OCHOBHbIM KapKacCHbIM
3BEHOM fB/AETCA apPOMATUYECKUI YrnepoaHbIit
CKener, 3aMeLLEeHHbIM bYHKLMOHANbHBIMM
rpynnamu. B KayectBe 3amectutenen moryt 6biTb
rMAPOKCUBbHBIE, KAPBHOKCUBbHBIE, aNKUAbHBIE U Ap.
rpynnbl. Mepudepunyeckyto e COCTaBAAOLLYHO
dbopmuUpyloT nonuMnenTugHble U noancaxapugHble
¢dparmeHTbl. HanmMume TaKoro LWMPOKOro CheKkTpa
Pas/IMYHbIX TPYMNn B COCTaBe TYMWHOBbIX KWUCAOT
OTHOCUT MX K OYEHb CAOXHLIM MPUPOLAHBLIM
OpraHMYeCKUM  COEAMHEHMUAM, MPEBOCXOAALLNX
Aaxe HedTb, Yrosb U IMTHUHbLI. IMeHHO Bcheacteme
TAKOro C/IOXHOFO COCTaBa U CTPYKTYPbl OHW MOTyT
BCTYNaTb B MOHHble, [AOHOPHO-aKLENTOPHble W
rmapodobHble B3aMmopencTsma. B npupoae oHu

CNOCO6HbI CBA3bIBATb pa3sinyHbie KNacCcCbl
9KOTOKCUKAHTOB, o6pa3yﬂ KOMMNAEKCbl C MeTalJlaMu
n coeanHeHuA C Pa3INYHbIMU K/acCamu
OpraHn4yecKkux Beu,ecTB. Takum o6pa30M,
r'YMnNUHOBbIE KNCNOTbl BbIMOJTHAKOT d)yHKLI,MIO

NocpesHUKOB, CMATYAOLWMX AENCTBME 3arPA3HEHU
Ha YXMBble OPraHU3Mbl.

B cuny ocobeHHocTel CTPYKTYpBbI,
pa3Hoobpasmnsa PUINYECKMX U XMMUYECKUX CBOMCTB
rYMWHOBbIE KMCNOTbI HALLW LUMPOKOE NPUMEHEHWE
B PasiMyHbIX  chepax  KM3HeLeATeNbHOCTM
yenosekKa. Ewe B XX B. 'yMMHOBbIE BeL,eCcTBa HaLAN
NPUMEHEHNE KaK MOAUPUKATOPbLI OTPULLATENbHbIX
3NEKTPOAOB  CBMHLOBbLIX  aKKYMy/nATOpPOB B
3NEKTPOXMMMUYECKOM  NpOMbIWaeHHOCTM  [45].

fymaTbl HaTpus MPUMEHAIOTCA B KayecTse
CTabMnM3aToOpPOB MMHEpPaSIbHbIX CYCMNeH3uit npu
NpPon3BOACTBCTBE CTPOUTE/IbHBIX MATEPUANOB, NpPU
OypeHun CKBa*KMH Ha HedTb U ras. B yacTHocTH, B
HepTEXMMUM, TYMaTHbIE peareHTbl NpeaHa3HayYeHbl
ana  obwero ynydweHua 6OypoBbiX pPACTBOPOB,

NoBbILEHMA  AWUCMEPCHOCTM W arpeccMBHOM
YCTOMYMBOCTM,  CHUMKeHMa  BogooTaaun. [lo
npuHLmMny AencTBus OHM ABNAIOTCA
crabunnsatopamm CyCneHs3ui, HO TaKKe
BbIMNONHAOT nentusupytowme ¢yHKUMiA. Chayxkat
perynatopamm BA3KOCTU n CTaTUYecKoro
HanpssKeHna  cABUra  TIMHUCTBIX  PaCTBOPOB,

3arycTeBWMx oT BbIbypeHHOW nopoapl. K nx uncay
MOHO OTHECTW BbITAXXKM M3 OypoBOro yraa wu
Topda, a TakKe NPoAYKTbl UX moguduKkaumnu.

B meauuuHe rymuHoOBble KUCNOTbl M UX
NPon3BOAHbIE UCMOJIb3YHOTCA KaK aHTUCENTUYEeCcKme
Bewectsa [46]. B arponpombIWIEHHOCTU OHMU
ABNATCA 3OPEKTUBHbIMU CTUMYIATOPAMMU POCTa
PacTeHUN N }KNBOTHbIX [47-48].

BbicoKkaa copbuMOHHAA eMKOCTb YMWUHOBBIX
KMUCNOT NO OTHOLUEHMIO K MOHAM 3arpAsHAOWMX U
PYZAHbIX 3/1EMEHTOB, @ TaK¥e M30TOMHbIX HOCUTeNEeN
LOJITOXKUBYLLINX PagMOHYKANA0B nossonsnet
Mcnonb3oBaTb WX B  KavecTBe 3PPEKTUBHbIX
agcopbentoB [49-52]. B pabote [52] nokasaHbl
pesynbTaTbl WUCAELOBAHWIN, B KOTOpPbIX Ha 1 r
rYMMUHOBBIX KMCNOT copbupyet 30 mr uesms, 18 mr
CcTpoHuma, 18 mr megu, 60-150 mr cemnHua, 80 mr
xpoma, 300 mr pTyTH, 300—600 mr 3010Ta, 85—100 mr
nannagua. MeTannbl, yAepXUBaeMble T[YMYCOM,
BMEcCTe C HMM BOBJIEKAlOTCA B  MNpouecchl
OanbHenwen 6HGuoxmmuyeckon TpaHchopmaumm,
CNocobHble npuBecTm K 06pa3oBaHuio
060ralleHHbIX MeTasaMU  YIAepPOACOAEPIKALLMX
noposa. 3TO0  CNocobCTBOBANO  aKTMBMU3ALMK
nccnenoBaHMin  npoueccoB 06pa3oBaHMA  TaKMX
nopoa.

Ha ocHoBe rymunHcogep:Kallero cbipbAa
pa3paboTaHbl W nNpegioXKeHbl HOBble BUAbI
OpraHOMMHEPANbHbIX ypobpeHui
NPOIOHIMPOBAHHOTO  AEWUCTBUA,  MEIMOPAHTOB,
KoTopble  obecneunBaloT  BbICOKMA  YpPOBEHb
YPOXKaMHOCTH, yay4watoTt KauecTBO
CeNIbCKOXO3AMCTBEHHOM NpoAyKUUK "
3KO/I0rMYecKkoi 6e3onacHoCTy.

Kak BugHo, TK © rymuHoBble peareHTbl
NOIy4Yn/IM JOCTAaTOYHO LUMPOKOE MPUMEHEHMUE, YTO
0byCcnoBNEHO He  TO/IbKO  AeleBU3HON U
[OCTYMHOCTbIO, HO U MHOFOYHKLIMOHANbHOCTBIO UX

AencTBus.
MouBa, 6orataa rymMMHOBbIMM BelLECTBAMM
XapaKTepusyetcs 3HaYMTEeNbHO NYULLIMMK
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arPOXMMMUYECKMMM CBOMCTBAMM MO CPABHEHUIO
obeagHeHHOM MNOo4YBbl C MCTOLEHHOW TYMWHOBbLIM
cnoem. [yYMMHOBbLIA CNOW  OTBETCTBEHEH 3a
yAepKaHMe NUTaTeNbHbIX BELLEeCTB U UX AO0CTaBKy K
KOpHAM pacTeHuit. Ob6egHeHHaa TYMWHOBbLIMM
BellecTsaMM  3emnad,  No  cytn, HecnnogHa,
MOCKOJIbKY MONE3Hble MWKPOINEMEHTbI B HEW He
334Eep’KMBAIOTCA, a BbIMbIBAIOTCA AOXAAMU U
noA3eMHbIMM BOAaMMU. Mpn STOM HYXKHO OTMETUTD,
yTO B Bonpocax buopemegmaumm —
BOCCTAQHOB/MIEHMA  W3HAYa/IbHbIX  3KOJIOTMYECKUX
rnokasaTtefnen noysbl U BOAbI MPU NUKBUAALMM
3arpAsHeHMn — 6e3  TYMWHOBbIX  BeLLeCTB
NPaKTUYECKN HEBO3MOXKHO. X OCHOBHble dyHKLUK
— copbuma HyXKHbIX A/ pPacTeHUM BeLLecTs,
BO306OHOBNEHUE MHOTUX  QYHKUNI nou4Bbl,
YBEJIMYEHME BCXOXKECTU CEMAH U YypOrKalHoCTK [53-
55].

YCTaHOBNEHO, YTO OCHOBHbIMM UCTOYHMKAMM
T'YMUHOBbBIX  KUCAOT  ABAsAOTCA  Topd,  yraum,
HEeKoTopble MOoYB M AUrHOCY/NbdoHAT (NOBOUHbIN
NPOAYKT nepepaboTku APEBECUHDI).
MeXayHapoaHbIM  ODOLWECTBOM MO U3YYEHUIO
rymuHoBbix Bewects (IHSS) pekomeHaoBaHO
Bolgenate K B atmocdepe as3ota  pgnA
npesoTBpaLLEeHNA OKUCAUTENbHON TpaHCchopmauum
MONEKYNAPHBIM KUCNOPOAOM B npouecce
3KcTpakuuun. B pabote [56] npoBeaeHo cpaBHeHWe
OU3MKO-XMMMYECKMX  CBOMCTB npenapatos [K,
BblaeneHHbix 13 noys 0.1 M NaOH c npoaysKoit
asotom 1 6e3 ero mcnonb3oBaHua. Usydyanm MK um3
ropusoHToB Al ABYX KOHTPACTHbIX MO YCAOBUAM
rymycoobpasoBaHuss TUMNOB  MNOYB:  AEPHOBO-
noA30UCTOM n yepHo3ema, ABNAOLLMXCS
30Ha/IbHbIMM MOYBAMM OXKHOW TalrM wn cTenmu.
MonyyeHHble pe3ynbTaTbl CBUAETENbCTBAAM O
npoueccax OKUCAEHUS KOMMOHEHTOB LLEIOYHOM
BbITAXKM M3 [AEPHOBO-MOA30/IMCTOM MOYBbI NPU
3KcTpakuum B npucytcteun 0, TymmnduKauma B
YepHo3emax CONpPOBOXKAANOCh rnyboKom
OKUC/NINUTENbHOM  TpaHchopmaumelt  coeanHEeHWM
OpraHUYeCcKMxX OCTATKOB, MPU KOTOPOM LUENOYHbIE
YC/IOBUA M NPUCYTCTBME MONEKYNAPHOIO KNCA0POAa
He BbI3blBaN fasbHenLwWwero okucnexnma k.

AHanus cnocoboB W3BAEYEHUSA TYMMUHOBBIX
KUCNOT M3 TOopdoB MNOKasan, UTO CyLLeCTBYIOT
pas/sinyHble Ccnocobbl MoJiydyeHUs OUONOrMYECKM
aKTMBHbIX BewectB M3 Topda, yrna u [pyroro
NPUPOAHOTO OpraHu4ecKoro BellecTBa:
bu13nYecKkne, XMMMYECKMEe, MUKpobMosormyeckue,
6MOXMMMYECKME,  KOTOpble  GasupyloTca  Ha
pa3IM4HOM  BO3LENCTBMM  HaA  OpraHu4Yeckoe
BELLeCTBO, ero rymMHOBbIN Komniekc. Hambonee
LIMPOKOE  MCMO/Mb30BaHWe  ANA  U3BJeYeHuA

brnonormnyeckm aKTUBHbIX BELecTB Hawno
npMMeHeHWe BOAHbIX PacTBOPOB wWenovel [57-58].

NHTepec npepctasnAetr wmssnedyeHue [K u3
yrnei, nockonbKy KasaxcTaH BXOAUT B AECATKY
CTPaH, Ha TEPPUTOPUN KOTOPbIX HAXOZATCA CamMble
6onblIKe 3aneXKN yraa B Mupe. XopoLwo U3BECTHO,

yTo AocCTaTodyHO 6osbluMe 3anacbkl yraei B
pecnybnnke  umetoTca B KaparaHAMHCKOMW,
MaBnogapckon, KocTtaHalickon, BocTouHo-

KasaxcraHcKkon, n AKTIOBMHCKOM obnacTax. 3anachbl
yrna B KasaxcTaHe Ha CerogHAWHWA  AeHb
oLeHMBatoTCA NpubAM3UTENbHO B 33 MuAnMapaa
TOHH, YTO COCTaBAAeT OKONO 4% OT KoAu4ecTsa
MUpPOBbIX pe3epBoB. [pu 3tom 62% 3anexei
NPUXOANTCA Ha BypbIii yrosb, a 38% - Ha KAMEHHbIN.
HecmoTpsa Ha HepaBHOMEPHOE pPacno/oXKeHue
MECTOPOXKAEHMI, OGanaHcoBble 3amacbl NOpoOAbl
nossonAlT  obecneyunTn, Kak BHYTPEHHME
noTpebHoCTM B 3SHEPreTMYecKOM yrie, Tak MU
3KCNOPTUPOBATL AO0BOJILHO 6oJsibluMe 0b6bembl
TON/AMBa 3a pybek. YrosibHas NPOMbILAEHHOCTb
cTpaHbl Ha 78% obecneymMBaeT BblpabOTKY
aNeKTpoaHeprmn u Ha 100% KOKCOXMMUYECKOoe
npoussoacTeo [59].

NccnepoBaHna nuTepaTypHbIX WUCTOYHMKOB
MOKa3blBAET O CYLLECTBOBAHUM CNOCOBOB NONYyYEeHUS
F'YMWHOBBIX KWUCNOT 0b6paboTKoM TBEPAOro Yyras
BOZHbIM PACTBOPOM FMAPOKCUAA HATPUA, Kaaua U
aMMOHMA; OKUC/NEHME YrAA CMeCbld  BOAHbIX
pacTBOPOB MUHEPASIbLHOM M OPraHNYECKOM KMCAOT, a
TaKkKe 3NEKTPOXUMUYECKUMMU cnocobamm
BblaeneHus [60-63]. B pabote [63] nokasaH cnocob
NoOBbIWEHMA BbIXOAA F'YMATOB M3 KAMEHHOTIO YA 40
40%. CyTb meToga 3akatoyanca B pasbaBneHun
M3Me/IbYeHHOrO YA PacTBOPOM €4KOro HaTpa nog,
BO34ENCTBMEM TeMMepaTypbl C NpenBapuUTesibHOM
06paboTKON BOAAHbIM MApPOM B  peakTope.
CoTtpygHukamm Camly [64] pasboTaHbl MeToAbl
BblaeneHna K M rymatoB Kanua u Hatpuma w3
06pasuoB byporo yraa TpagMuMoHHbIM cnocobom
BOAHO-LLE/I0MHOM 3KCTpaumnen ¢ nocaeayrowmm mx

oca)kaeHnem B Kucnon  cpepe. Peakuum
nssnedyeHma [K cBogAaTca K cregylowmm
YPaBHEHUAM:

BY + NaOH -TK—COONa+ r'MK-COONa+

+®K—-COONa,
2IK—COONa + 2IMK—COONa + 2K—COONa +
3H2504—>2IK—COOH +
2IMK-COOH + 2dK—COOH + 3NazS0a.

roe BY — 6ypble yrnu, cofeprkallee rymmMHOBbIe
BewecTBa, K — ocTaToK rymmnHoBoM Knucaotbl, PK —
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¢ynbBokucnotel, MK —  rumatomenaHosom
KMUCNOTbI.

ABTOpamn MoandULMPOBAHbI METOAMKNU MO
BblAENEHUID TYMUHOBbBIX KUCNOT M3 OypbIX yraen,
3KCMEepPMMEHTaNIbHO NoA06paHbl  KOHUEHTpaumMy,
TemnepaTypa, BpemA MNPOBEAEHUA  peaKkuuu.
OnpepgeneHo, 4Yto Hanbonee MNoAHOe BblaeneHue
rYMWUHOBBIX KUCNOT NPOUCXOAMUT NPU IKCTPaKLMn 4%
pPacTBOPOM LLLEeN0YM, boNee BbICOKAs KOHLLEHTPALMA
LeNoYn He CKasblBaeTcA Ha 6onee nonHOM
W3BJIEYEHUM TYMWUHOBBIX KWUCAOT, ONTUMAJ/IbHOE
Bpemsa peakumn —4 yaca, HarpeBaHue 6osee 4 yacos
TaKXKe He CKasbiBaeTcA Ha 6Oosnee nosHOM
W3BJIEYEHUW T'YMUHOBbIX KUCJIOT.

A B pabote [65] ycTaHOBNEeHO, 4TO cnocob
BblAENEHUA  TYMMHOBbLIX KUCAOT W3  OAOHOTO
WCTOYHMKA BAMAET Ha KOIMYeCcTBO GYHKLIMOHANbHbIX
rpynn, 4TO CKasblBaeTcA Ha  COPOUMOHHBIX
CBOMCTBaX. Moka3aHa noTeHuManbHan
nepcrnekTUBHOCTb NPOBEAEHUA MEXaHOXMMMNYECKOM
0bpaboTkn B6yporo yraa, HanpaBAeHHasa Ha
OKUC/ieHMe U yBenuyeHne  GEHO/bHbIX U
KapbOoKCMAbHbLIX rpynn. Takxe onpegeneHo, 4Yto B
pesynbTaTte MEXaHOXMMUYECKOrO OKUC/IeHUA
OpraHuYyecKoro BeLLecTsa 6yporo yras
yMeHbLIaeTca Aonsa anandatuyeckmx ¢pparmeHTos,
YyBE/IMYMBAETCA COoAeprKaHue KapbOoKCUAbHbIX U
$EHONbHBIX TPYNN B CTPYKTYPE F'YMUHOBBIX KUCAOT.
YBennumBaeTca  3KCTPArMpyemoctb  FYMWUHOBbBIX
Kucnot (c 24 go 70 % ana BCcex ryMUHOBBIX KUCOT, €
2 po 15 % pna BOAOPACTBOPUMbBIX TYMUHOBBIX
KucnoT). MexaHoxumuueckas  obpaboTka B
BblIOPaHHbIX YCNIOBUAX HE MPUBOAMUT K Pa3pyLUEHWUIO
MaKPOMOJIEKY/T TYMWHOBBIX KWUC/IOT, YBEAMYMBAA
pPacTBOPUMOCTb Bosiee KPYMHbIX MOJIEKY.

NccnepoBaHWA — KUTAMCKUX  yYeHbIX MO
nssnevyeHnto MK n3 BbIBETPEeHHOro yrnAa XyaHAuH
LLLeNIoYTbIMM pacTBOPUMbIMU KMCNoTamMu,
KUCNOPOAOM M KaTa/IM4ECKUMMU METOSAMM OMMUCAHO
B pabote [66]. Pe3synbTathl UcCCAeAOBaHWUM
NMOKasanu, 4YTo KaTa/MTUYECKUI MeTofh ABAAEeTCS
ONTUMaANbHbIM 417 U3BEYEHUS TYMUHOBBIX KUC/OT.
B npovecce ONTUMaNbHOM 3KCTPaKuuK

ucnonb3osanm  Kataamsatop NHPI  un  cbipbe
obpabatbiBann B pactsope NaOH 0,5 monb//1 B8
COOTHOLWEHNN TBEpPAOE BeLLecTBO-XKnakoctb 1:8 B
TeyeHune 30 MUH Ha KunAwen BoasHon baHe.

OTO, KOHEYHO e, He BeCb nepeyvyeHb
nccnefoBaHUii B gaHHOM Bonpoce. Ho, yapy4vaet
TOT aKT, YTo B AAHHOM ChMCKe pPaboTbl HalmMXx
Ka3axCTAHCKMX YYeHbIX HUYTOXKHO Man [67].
YunTbiBad OrpomHble 3anacbl yrns pecnybnvku -
WMCTOYHMKA  TYMMHOBbLIX  KMCNOT,  ABAAIOLLMXCA
NydwnmmM - agcopbeHtamu, ctabuamsatopammn  wm
3aKpenuTensimm AUCMNEPCHbIX CUCTEM, XOTENoCh bbl
paclWMpeHns uccnegoBaHUM B AaHHOM obnacTtu.
MockonbKy nssnekan MK ns yrnei n ncnonbsysa ux B
COCTaBe KOMMO3NUMU  MNONMMEPHbBIX WU UHBIX
KOMMN/IIEKCOB, MOMHO 6blno 6bl pewutb pAg
3KO/IOMMYECKM aKTyasibHbIX Npobnem. Mpeanocbinku
NCCNefoBaHNIM yYeHbIX U pe3ybTaTbl COBCTBEHHbIX

uccnefoBaHWiA  MO3BOAAIOT  Npeanosaratb, 4TO
paspaboTka CTPYKTypoobpasosaTenei -
MHTEPNOSIMMEPHbIX KOMMNEKCOB N'YMUHOBbIX KUC/IOT
c a30TcoAepsKalmm noaMmepamm n
MOBEPXHOCTHO-aKTUBHbIMM BeLLecTBamm
KaTUOHHOTO W aHWOHHOIO TUMa PeluT pag

MPaKTUYECKN BaXKHbIX 33a4ay B CTPYKTYPMPOBAHUU
9pOAMpPOBaHHbIX NOYB. B yacTHOCTM, KOMMIEKCHbIE
nuccnenoBaHms COBpPEMEHHbIMM dusnko-
XMMUYECKMMWN METOAAMW KOJINOUAHO-XMMUYECKUX,
CTPYKTYPHO-PEOSIOTMYECKUX  CBOMCTB, U3y4YeHue
MexaHu3ma nonyyveHua u Blammogerictena UMK c
NMo4YyBoN, OLLEeHKa BO34ENCTBMA KOMMJIEKCOB Ha
KU3HEeAeATeNIbHOCTb PACTEHWUM, NPOM3PACTAOLLMX
Ha  3pPOAMPOBAHHOW  Tepputopuii  obnacty,
nposefeHMe NoAEBbIX UCMbITAHWUI C ONpeaeieHUEM
OCTaTOYHbIX KOAMYECTB NeCcTUUMAOB  AOJXKHbI
cnocobcTBOBaTHL co34aHuIo0 9KONOrnyecKu
6e30nacHbIX CTpYyKTypoobpasoBaTenei -
3aKpenutenen, Kotopble yay4ywaT arpopumsmyeckue
CBOWCTBA MOYBbI M NOBbLICAT YCTONYMBOCTb FPYHTOB U
6apxaHHbIX MecKkoB MNPOTUB BOLHOMW M BETPOBOM
apo3uu.

KoHpnmkT wuHTepecos. KoppecnoHAeHT aBTop
3anBNIAET, YTO KOHGMKTA MHTEPECOB HET.
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TYWIHAEME

Makanaga TonblpaK XaMblNfbiCbiH KOpFay macenenepi 6oibiHIWa aaebueTTepre wony xacangbl. byriHri
KyHi, TOMbIPaKTbIH Aerpagaunacbl meH 3pPO03UACbIHA anblin KeneTiH op Typl‘li cunaTTafbl TeXHOFeH,D,iK
KanablKTapMmeH uTocdepaHblH, KaTTbl 1aCTaHybl Ke3eHiHAE, TONbIPaKTapAblH GU3UKabIK, XUMUANBIK,
rMApPoONOrnANblIK, arPOHOMUA/IbIK XKaHe 6acKa KacwerrepiH XaKCapTy wapanapbiHaa Tabufn 3uAHbI a3
LWMKi3aTKa apTbIKLWbINbIK 6epiny kepek. Onapfa ryMuH KplwKblagapbl (FK) aHe onapapiH TybiHAbIAAPbI
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FanbIMAApAbIH eHbeKTepiHe KacanfaH WOy - TYMUH KbILWKbIAAAPbIHbIH anbiHybl, TK-H nonnmepnepmeH
oHe 6eTTiK aKTUBTI 3aTTapMeH MHTepnoanmepAi komnaekcrepai (UMK) Ty3yi, CoHbIMeH KaTap onapapl
YKeN MeH Cy 3pO3MACbIHA YLUbIPAWTbIH TOMbIpaKTapAblH, BEKITKiLi, KypblibiM Ty3yLWici peTiHae KonaaHy
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TabbinaTbiH pecnybavKaga KemipAiH yAKeH KopbiHa ve 6ona oTbipbin, TK-pbiH any, onapablH, HerisiHae
UMK any aHe enimisgeri aerpagaunanaHfaH TOMblpaKTapabl KAKCapTy YWiH KOAAAHbINATBIH XKaHa
KypblnbiMAapabl any 60oMbIHIWA KELWeHA 3epTTeynepai )Kyprisiimece, oHbl Kewwipyre 6oamangpi.
TyitiHai ce3pep: Tonbipak, KYPbINbIMHBIH, Ty3inyi, AUCNepCTi Kyiie, TOMNbIPaK 3PO3MACHI, FyMUH
KbILKbINbl, UHTEPNOAUMEP KELUEHi.

Aemop mypanel aknapam:
BekmypraHosa Halina EceHKenOi Kbi3bl  XUMUSA FblaAbIMOAPbIHbIH KAHOUOamMbl, KaybiMOACMbIPbIAFaH MPOGEeccop, FoiibiM HIHE HOFAPbI OKY
opbIHaH KeliiHei binim 6epy opmansiFbiHblH dupekmopsi. https://orcid.org/0000-0003-3062-3340

Jlutepartypa

[1] SneKkTpoHHbIi yuebHMK no Buonoruu. https://bioslogos.ru/59-ekologiya-pochvy. 18.01.2021.

[2] O’Geen, A. T., and Schwankl, L. J. (2005) Understanding soil erosion in irrigated agriculture. Oakland: University of
California Division of Agriculture and Natural Resources, Publication 8196.

[3] Soil erosion in South Africa — its nature and distribution. https://www.grainsa.co.za/soil-erosion-in-south-africa---its-
nature-and-distribution. html 20.01.2021.

[4] Garcia-Orenes,F., Cerda, A., Mataix-Solera, J., Guerrero, C., Bodi, M.B, Arcenegui, V., Zornoza, R., Sempere, J.G.( 2009).
Effects of agricultural management on surface soil properties and soil-water losses in eastern Spain. Soil and Tillage
Research, Volume 106, Issue 1, 117-123.

[5] Tiziano Gomiero. (2016) Soil Degradation, Land Scarcity and Food Security: Reviewing a Complex Challenge. Sustainability
8,281

[6] Breshers, D.D, Whicker J., Johansen, M. et al. (2003) Wind and water erosion and transport in semi-arid shrubland and
forest ecosystems: quantifying dominance of horizontal wind-driven transport. Earth Surface processes and Landforms,
28:1189-1209.

[7] Cost of Soil Erosion. http://www.fao.org/soils-portal/soil-degradation-restoration/cost-of-soil-erosion/en/ 20.01.2021.

[8] Mpobnembl coBpemMeHHOM HayKu n obpasosaHusa. https://files.scienceforum.ru/pdf/2012/1046.pdf 20.01.2021.

[9] CmupHos, C. ferpagauna 3emensd B KasaxctaHe: akTop NpMpoaHbIi 1 yenosedecknin. Pumm Espasuu 07.11.2019, 00.01

[10] dpo3ua noys M NpuuUMHbLI ee BO3HWUKHOBEHMA. https://fb.ru/article/40558/eroziya-pochv-i-prichinyi-ee-vozniknoveniya.
20.01.2021.

[11] Anb Mangu Ann Abbac Xawum. BoccTtaHOoBNEHWE NMOYB MOC/e NPOMbIWAEHHbIX pa3paboToK. Mosodol y4yeHsili. 2015,
3(83), 358-360.

[12] NepeBog b. ManuHoBcbKoro. Kak 0cTaHOBUTb 3po3uto. lponosuyis. 07.08.2019

[13] Tpery6os N.C., 3sepxaHoBckuit H.B. Bopbba c apo3ueii nous B HeuepHosembe. /1., 1981, 160.

[14] Boratbipesa E.H., Cepas T.M., buptokosa O.M. BavaHne ceBoobopoToB 1 cucTem yaobpeHUsa Ha NoKasaTe /I 'yMyCHOro
COCTOAHUA AEePHOBO-MOA30/IUCTBIX CYT/IMHUCTBIX NOYB PA3HOM CTENEHM 3POAMPOBAHHOCTU. [ToygosedeHUe U a2poxumus
2017. 1(58), 85-94.

[15] César Tiago Forte, Amauri Nelson Beutler, Leandro Galon, Giovane Matias Burg. Soil Physical Properties and Grain Yield
Influenced by Cover Crops and Crop Rotation. American Journal of Plant Sciences. 2018, 09(04), 584-598.

[16] E.A. BekTypos, J1.A. BumeHaunHa, I.K. MambIiTOeKkoB. KomnaeKcbl BOAOPACTBOPUMMbIX NMOJMMEPOB U ruaporesiein. Aimarol.:
HUL, «Ibinbimy», 2002, 220.

[17] NonnmepHble maTepunanbl B cTpomTenscree. https://perekos.net/sections/view/59 22.01.2021

[18] L. C. Hollaway. Polymer composites in construction: A brief history. Engineering and Computational Mechanics. 2009.
162(3), 107-118.

[19] KypeHkoB B.®. BogopactBopumble NoAnMMepbl akpuaammuaa. Copocosckuli obpazosamensHelil #ypHan. 1997, 5, 48-53.



mailto:bektur_n@mail.ru
https://orcid.org/0000-0003-3062-3340
https://bioslogos.ru/59-ekologiya-pochvy
https://www.grainsa.co.za/soil-erosion-in-south-africa---its-nature-and-distribution
https://www.grainsa.co.za/soil-erosion-in-south-africa---its-nature-and-distribution
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/journal/01671987
https://www.sciencedirect.com/science/journal/01671987
https://www.sciencedirect.com/science/journal/01671987/106/1
http://www.fao.org/soils-portal/soil-degradation-restoration/cost-of-soil-erosion/en/
https://files.scienceforum.ru/pdf/2012/1046.pdf
https://fb.ru/article/40558/eroziya-pochv-i-prichinyi-ee-vozniknoveniya
https://www.researchgate.net/profile/Cesar_Forte?_sg%5B0%5D=j41N6NptUrjl9P8IR-GQzPx8EUPxfLIoqikjBGXQ2wS4ziRNtqyUGP9Ic1pBhZCI5C5G2P4.EBZDC_HfwNYeIwK5jpRiwn_htp1SobQ3Gb-8umKH_c_Rjzm72tDQpYJz-sw3MomL8C_JCh6fUXsu0lOBqdZHbA&_sg%5B1%5D=yFzvKpizbk1uazUpPvV0oOGWaaH_BIjONyGIYYFhqCdvEEpz7l4zKkTQGcQrxJrEbbnATNU.4Y2FFwPO3YTJHvfW8Y5lcCWRPBEe-awUa1LLU_oOzEmlEP7as_pDIENgQquhBAUGZKOjIt-GzUFxry3mxp_E7g
https://www.researchgate.net/scientific-contributions/Amauri-Nelson-Beutler-81593953?_sg%5B0%5D=j41N6NptUrjl9P8IR-GQzPx8EUPxfLIoqikjBGXQ2wS4ziRNtqyUGP9Ic1pBhZCI5C5G2P4.EBZDC_HfwNYeIwK5jpRiwn_htp1SobQ3Gb-8umKH_c_Rjzm72tDQpYJz-sw3MomL8C_JCh6fUXsu0lOBqdZHbA&_sg%5B1%5D=yFzvKpizbk1uazUpPvV0oOGWaaH_BIjONyGIYYFhqCdvEEpz7l4zKkTQGcQrxJrEbbnATNU.4Y2FFwPO3YTJHvfW8Y5lcCWRPBEe-awUa1LLU_oOzEmlEP7as_pDIENgQquhBAUGZKOjIt-GzUFxry3mxp_E7g
https://www.researchgate.net/profile/Leandro_Galon2?_sg%5B0%5D=j41N6NptUrjl9P8IR-GQzPx8EUPxfLIoqikjBGXQ2wS4ziRNtqyUGP9Ic1pBhZCI5C5G2P4.EBZDC_HfwNYeIwK5jpRiwn_htp1SobQ3Gb-8umKH_c_Rjzm72tDQpYJz-sw3MomL8C_JCh6fUXsu0lOBqdZHbA&_sg%5B1%5D=yFzvKpizbk1uazUpPvV0oOGWaaH_BIjONyGIYYFhqCdvEEpz7l4zKkTQGcQrxJrEbbnATNU.4Y2FFwPO3YTJHvfW8Y5lcCWRPBEe-awUa1LLU_oOzEmlEP7as_pDIENgQquhBAUGZKOjIt-GzUFxry3mxp_E7g
https://www.researchgate.net/scientific-contributions/Giovane-Matias-Burg-2058016128?_sg%5B0%5D=j41N6NptUrjl9P8IR-GQzPx8EUPxfLIoqikjBGXQ2wS4ziRNtqyUGP9Ic1pBhZCI5C5G2P4.EBZDC_HfwNYeIwK5jpRiwn_htp1SobQ3Gb-8umKH_c_Rjzm72tDQpYJz-sw3MomL8C_JCh6fUXsu0lOBqdZHbA&_sg%5B1%5D=yFzvKpizbk1uazUpPvV0oOGWaaH_BIjONyGIYYFhqCdvEEpz7l4zKkTQGcQrxJrEbbnATNU.4Y2FFwPO3YTJHvfW8Y5lcCWRPBEe-awUa1LLU_oOzEmlEP7as_pDIENgQquhBAUGZKOjIt-GzUFxry3mxp_E7g
https://perekos.net/sections/view/59.html
https://www.researchgate.net/scientific-contributions/LC-Hollaway-2135490416?_sg%5B0%5D=ZnzOlrn1WlILt-Rldd4FoEqVumtwuARvzYmVLhwZPTKioePIlUQEXoVGwGuY5DRxqgFxdaU.uHCnGGAeLtFdQLObis6xrw248zWDvkGcY1A3udz1o-PLdzZOuji1NZ7uqdD6X5lm7N1R_CMntIiQdqGzFQFeuQ&_sg%5B1%5D=2MUvctlm4qY5m-qFGkMAdXgnsvvW4fdXffdxRrugNbFbilU1Orogiw5eDr5k_kz855ZVdJk.q9pQAvfSP-_istF4z2avXx50_Z0rnYqoPWsD-apg9H58SrvcJUjwnxQymyryuBEKr0lAvlILRxD0f2e18zGqBg

Complex Use of Mineral Resources. Ne1 (316), 2021 ISSN-L 2616-6445, ISSN 2224-5243

[20] Flanagan, D.C. and K. Chaudhari. 1999. Erosion control with polyacrylamide on steep slopes. Technical papers, annu. meet.
ASAE, Toronto, Ontario, Canada. 18-22 July 1999. ASAE, St. Joseph, MI.

[21] Seybold, C.A. 1994. Polyacrylamide review: soil conditioning and environmental fate. Comm. Soil Sci. Plant Analysis 25,
2171-2185.

[22] Shainberg, I., D.N. Warrington and P. Rengasamy. 1990. Water quality and PAM interactions in reducing surface sealing.
Soil Sci. 149, 301-307.

[23] Zhang, X.C. and W.P. Miller. Polyacrylamide effect on infiltration and erosion in furrows. Soil Sci. Soc. Am. J. 1996, 60:866-
872.

[24] Mamedov A. I., Wagner L. E., Huang CNorton., L. D., Levy G. J. Polyacrylamide Effects on Aggregate and Structure Stability
of Soils with Different Clay Mineralogy. Soil & Water Management & Conservation. 2010, 74, 5.

[25] Sharipova A., Akbarov H., and Andriyko L. A Method of obtaining the soil amendment. International Journal of Recent
Scientific Research. 2020, 11, 05 (B), 38633-38640.

[26] OxkaHnewncos P.[. WccnepgoBaHue Mo NPUMEHEHWUIO NOJIMMEPHbIX coeauHeHuii B 6opbbe ¢ aposueit nous. Anma-ATa:
Hayka, 1988. 90 c.

[27] 3axaposa E.U. BansaHne BoLOPaCTBOPUMbBIX NOJIMMEPOB Ha arpoduanyeckme 1 NoYBO3aLLUTHbIE CBOMCTBA CBET/I0-CEPbIX
3poAnpoBaHHbIX Noys MpegKamba Pecnybanku Tatapctad, 1999r., 194 c.

[28] Xabupos W.K., CaiidynnuH P.P. BansHue BbICOKOMONEKYNAPHBIX BOAOPACTBOPUMBIX MOAMMEPOB Ha arpodusnyeckue
CBOMCTBA NOYB M MPOAYKTUBHOCTb CE/IbCKOXO3AMCTBEHHbIX KYAbTYP NPU UX MPUMEHEHUU. ArpoXnmUs

[29] K. C. KacbimoBa, /1. K. OpaskaHoBa, A. H. KnueeHko, b. X. Mycabaega, [l. K. AcepkaHoB. MNonyyeHne 1 cBOWCTBa
MHTEPNOIMMEPHbIX KOMMNJIEKCOB, CNOCOBHbIX K CTPYKTYpoobpa3oBaHuto nous. HKypHan npuknagHon xumuun. 2019. T. 92.
Bbin.2, c.177-186.

[30] FaHmes X.WU. MpumeHeHne noanmepHoOro CTpyKTypoobpasosatens AIMAH gns ynydweHua arpodusmMyeckux CBOMCTB
nouysbl Npu opoweHun. LHTK, 58-88.

[31] Mussabayeva B.Kh., Kassymova Zh.S. Aldabergenova M.A Interpolymer complex of biopolymers as a soil structure-forming
agent. BecmHux KapazaHOuHcko2o yHusepcumema. DOI: 10.31489/2020Ch1/22-29

[32] Mycabekos K.B. Taxkmbaesa C.M., bektypraHosa H.E., Kepumkynosa M., TaHbibaeBa A.K. CTpykTypoobpasoBaHue
NOBEPXHOCTHOTO CNOA BbICOXWEro AHa ApaibCKOTO MOPA MHTEPNOSIMMEPHBIMU KOMIMJ/IEKCaMM rymaTta HaTtpws.
1.UccnepoBaHne ocobeHHOCTEN B3aMMOLENCTBUA rymaTa HaTpUA C KaTUOHHbIMU NOMINEKTpONUTamMKU. M3secmus HTO
«Kaxak». 2012, 2(36), 8-13.

[33] MycabekoB K.b. Taxkmbaesa C.M., bektypraHoBa H.E., KepumkynoBa M.}, TaHbibaeBa A.K. CTpyKkTypoobpasoBaHue
NOBEPXHOCTHOTO CNOA BbICOXWEro AHa ApanbCKOTO MOPA MHTEPNOSIMMEPHBIMU KOMMIEKCaMWU TFymaTa HaTpus.
2.UccnepoBaHne NPOTUBO3PO3UOHHOM CTOMKOCTU. M3secmus HTO «Kaxak», 2012, (36), 14-17.

[34] AxmepnskoHos, [. . 9ddeKTnBHOE UCNONb30BAHME UHTEPNOIMMEPHbIX KOMMIEKCOB NPU MUHepanunsaumm nods. Mos1odol
yyeHsbil. 2016, 27 (131), 207-208.

[35] AxmeparkoHos [. I'. MonnBHOM pexkmMm xaon4aTHMKa Npy NosvBe Bodocbeperatowmnmm npuemamu KypHan Agroilm. 2010,
3(15), 13-14.

[36] Myxamepos I. U., Kapumos 3., AxmegkoHoB [l. I., Xapuzos M. M., AxmegkaHos I'. A. PeKomeHZauUm No NpUMeHeHUto
MMK 1 co3gaHunio npoTMBoPpuAbTPALLMOHHOTO 3KPaHa C Lie/1Ibio SKOHOMUKM OPOCUTENbHOM BoAbl. TawwKeHT., 2008, 17 c.

[37] Muxeiikun C.B., CmupHoB A.HO., AnekceeB A.H., MpoHuHa /1.B., 3e3uH A.B., AHydpuesa C.N. UHTepnonnmepHble
KOMMNJIEKCbl ANA 3aKpenjeHna MNoBepXHOCTM M NpeaoTBpalleHMs MblienepeHoca BeTpoBOM W BOAHOW 3p03uM
XBOCTOXPaHW/INLL, 30/100TBaI0B U APYrUX AMUCNEPCHbIX cuctem. MockoscKuli 2oc. yHusepcumem. 2004,.278-282.

[38] BektypraHoBa H.E. CTpyKTypuvpOBaHWe 3PO3MOHHO OMACHbIX MOYB BOAOPACTBOPUMbLIMU MOANINEKTPONUTAMM U KX
WMHTEPNONIMMEPHbIMM KOoMNaekcamu 26.10.2006 anccep. Ha COMCKaHUeE y4eHOol cTeneHu: K.x.H. 104 c.

[39] Nat. 15020 PK. KOMNO3ULMOHHbIN CTPYKTypoobpasosatenb noys. Onybn. 15.08.2002; Bron. Ne 11.

[40] Loffredo E., Antonio P., Nicola S. More Germination and Early Growth of Slickspot Peppergrass (Lepidium papilliferum) as
Affected by Desert Soil Humic Acids. Soil Science. 2010, 175(4), 186-193.

[41] Goldberg S. Chemical Modeling of Boron Adsorption by Humic Materials Using the Constant Capacitance Model. Soil
Science. 2014, 179(12), 561-567.

[42] Davies G., Ghabbour E.A. Humic Acids: Marvelous Products of Soil Chemistry. Journal of Chemical Education. 2001. 78(12).

[43] NepmuHoBa U.B. l'ymnHOBbIE BelecTBa — BbI30B XMMUKam XXI BeKa. Xumusa v xusHo. 2008, 1.

[44] MexaHOXMMMUYeCKaa MoAMOUKALMA CTPYKTYpPbl TYMWMHOBBLIX KUCNOT AN NOMYYEHWA KOMMNIEKCHbIX COpbHeHToB.
https://www.avitapro.com/upload/images/gumin/sostav_guminovoyi_kisloty.jpg.html 22.01.2021

[45] PakoBckuit B.E. Obwan xumnyeckas TexHosorua Topda. FocysapcTBeHHOe sHepreTuyeckoe nsgatenoscrso. 1949, 366¢.

[46] CaBueHko W. A., KopHeeBa WM. H., Jlykwa E.A. MNaceyHnk K. K. Buonornyeckas akKTUBHOCTb F'YMUHOBbIX BELLECTB:
nepcnexkTMBbl U Npobaembl UX NpUMeHeHMA B meguunHe (0630p). HypHan No 1 (23) anpenb,2019, c. 54-60.

[47] Canellas, Luciano P.; Spaccini, Riccardo; Piccolo, Alessandro; More. Relationships Between Chemical Characteristics and
Root Growth Promotion of Humic Acids Isolated From Brazilian Oxisols. Soil Science. 2009, 174(11), 611-620.

[48] Canellas, Luciano P.; Zandonadi, Daniel B.; Busato, Jader G.; More. Bioactivity and chemical characteristics of humic acids
from tropical soils sequence. Soil Science. 2008, 173(9), 624-637.

[49] Dolfing, J.; Chardon, W. J.; Japenga, J. Association between colloidal iron, aluminum, phosphorus, and humic acids. Soil
Science. 1999, 164(3), 171-179.

[50] Zhang, Yi-Ran; Xue, Tong; Wang, Ren-Qing; More. FTIR Spectroscopic Structural Characterization of Forest Topsoil Humic
Substances and Their Adsorption and Desorption for Mercury. Soil Science. 2013, 178(8), 436-441.

[51] Saeki, Kazutoshi. Adsorption of Fe2+ and Mn2+ on silica, gibbsite, and humic acids. Soil Science. 2004, 169(12), 832-840.

[52] XonuH 10.B. l'ymycosble KUCNOTbI KaK rnaBHble npupogHble KomnaeKkcoobpasyouime BellecTsa
http://chemo.univer.kharkov.ua/department/for%20students/humic%20acids.pdf 22.01.2021



https://journals.lww.com/soilsci/Abstract/2010/04000/Germination_and_Early_Growth_of_Slickspot.5.aspx
https://journals.lww.com/soilsci/Abstract/2010/04000/Germination_and_Early_Growth_of_Slickspot.5.aspx
https://journals.lww.com/soilsci/Abstract/2014/12000/Chemical_Modeling_of_Boron_Adsorption_by_Humic.4.aspx
https://www.researchgate.net/profile/Geoffrey_Davies3?_sg%5B0%5D=xONCxX0G6TGs3uNGjBfsrK_bHjt2k247_9N7fg5Cfjt2BdeLiS-PJ63NGNNoFD0qUFoHJh4.UAAfw7d_t0nODdFVFT1nMVnFZ8xG-WNGQs8bViHeelOCT97rrU3HcmIq5PLd9-yVhdoTc5Y2AqzHbOQrVT1AwA&_sg%5B1%5D=F-Rv7MZea_AHls3vkSVRdjd5AlOa_JpvJNrEEsx4aKdsi_M43QsJds-hcoLYlRXsR-U-UN8.7u2wkWDOGbYAwrKQBeKIknqhAR03wYhW1MwAwEJHUEUCq6eYsF_T_zwsQgFJE_a4CUBqnWGaFipjcp5wZXTZog
https://www.researchgate.net/profile/Elham_Ghabbour?_sg%5B0%5D=xONCxX0G6TGs3uNGjBfsrK_bHjt2k247_9N7fg5Cfjt2BdeLiS-PJ63NGNNoFD0qUFoHJh4.UAAfw7d_t0nODdFVFT1nMVnFZ8xG-WNGQs8bViHeelOCT97rrU3HcmIq5PLd9-yVhdoTc5Y2AqzHbOQrVT1AwA&_sg%5B1%5D=F-Rv7MZea_AHls3vkSVRdjd5AlOa_JpvJNrEEsx4aKdsi_M43QsJds-hcoLYlRXsR-U-UN8.7u2wkWDOGbYAwrKQBeKIknqhAR03wYhW1MwAwEJHUEUCq6eYsF_T_zwsQgFJE_a4CUBqnWGaFipjcp5wZXTZog
https://www.avitapro.com/upload/images/gumin/sostav_guminovoyi_kisloty.jpg
https://www.avitapro.com/upload/images/gumin/sostav_guminovoyi_kisloty.jpg
https://journals.lww.com/soilsci/Abstract/2009/11000/Relationships_Between_Chemical_Characteristics_and.4.aspx
https://journals.lww.com/soilsci/Abstract/2009/11000/Relationships_Between_Chemical_Characteristics_and.4.aspx
https://journals.lww.com/soilsci/Abstract/2008/09000/BIOACTIVITY_AND_CHEMICAL_CHARACTERISTICS_OF_HUMIC.4.aspx
https://journals.lww.com/soilsci/Abstract/2008/09000/BIOACTIVITY_AND_CHEMICAL_CHARACTERISTICS_OF_HUMIC.4.aspx
https://journals.lww.com/soilsci/Abstract/1999/03000/ASSOCIATION_BETWEEN_COLLOIDAL_IRON,_ALUMINUM,.3.aspx
https://journals.lww.com/soilsci/Abstract/2013/08000/FTIR_Spectroscopic_Structural_Characterization_of.6.aspx
https://journals.lww.com/soilsci/Abstract/2013/08000/FTIR_Spectroscopic_Structural_Characterization_of.6.aspx
https://journals.lww.com/soilsci/Abstract/2004/12000/ADSORPTION_OF_FE2__AND_MN2__ON_SILICA,_GIBBSITE,.2.aspx
http://chemo.univer.kharkov.ua/department/for%20students/humic%20acids.pdf

Kommnercroe Mcnonssosanne Munepansaoro Ceipsa. Nel (316), 2021 ISSN-L 2616-6445, ISSN 2224-5243

[53] Milori, Débora M. B. P., Martin-Neto, Ladislau, Bayer, Cimélio. Humification degree of soil humic acids determined by
fluorescence spectroscopy. Soil Science. 2002, 167(11), 739-749.

[54] NesuHckuiA b.B. Bcé o rymaTtax. MpkyTck: Kopd-Moaurpad. 2000, 75.

[55] Wang, Kaijun; Xing, Baoshan. Roton correlation times and segmental mobility of humic acids in two solvents. Soil Science.
2004, 169(3),168-175.

[56] 3aBap3uHa, A.T., KpaBueHKo, E.l. , KoHcTaHTMHOB, A.N., MepmuHoea, U.B. , Yykos, C.H., lemuH, B.B. CpaBHeHMe CBOINCTB
npenapaToB rYMUHOBbLIX KMCOT, BblAENEHHbIX M3 NOYB LLE0YHOM IKCTPaKLUMEN B NPUCYTCTBMM M OTCYTCTBMM KMCNOPOAaA.
loysosedeHue. 2019, 8, 910-922.

[57] 3bikoBa M.B., Benoycos M.B., TypbeB A.M., AxmeaskaHoB P.P., lOcybos M.C. CTaHgapTusaumsa FYMUHOBBIX KMC/IOT
HU3WHHOTO APEBECHO-TPABAHOrO BMAa Topda. Xumuko-papmayesmuyeckuli ypHan. 2013, 47, 12, 53-56.

[58] 2 429 214 RU. Sposob polycheniya guminovykh kislot is torfa (A method of producing humic acids and humic substances
from peat) /Dudkin D.V., Tolstyak A.S., Fakhretdinova G.F. Opubl. 2011.09.20 (in Russ.).

[59] Oobblya yrns B KasaxcraHe. http://uglex.com/articles/232-zapasy-uglya-v-kazakhstane.html 26.01.2021

[60] YyxapeBa H.B. WccnepoBaHve KUHETUKU TEPMUYECKUM aAKTUBUPOBAHHbLIX W3MEHEHWW COCTaBa WM CBOMCTB TOPOAHbIX
rYMUHOBbIX KUCAOT. [JUCC. HAa COMUCK. yu. CT. A4.X.H. Tomck, 2003, 126 c.

[61] MoTanosa W.A., BuwHsakos B.B., MypbirnH M.M., Cumakosa C.A., Bopobbes [.B., Ywakosa B.H. BbiaeneHne rymmHoBbIX
KMCNOT U3 BypbIX yrien n ux NnpuMeHeHne Ana pekynbTuBaumu HedTesarpasHeHHbIX 3emens. M3secmus CamapcKkozo
Hay4Hoz20 yeHmpa PAH. CneumanbHbin BbinycK « Xl KOHrpecc IKonorus u 3a40poBbe Yenoseka». 2008, 215-218.

[62] Noskova L.P. Humic Substances of Brown Coal from the Sergeyevo Coalfield. Chem. for Sustain. Develop. 2019, 17, 61-65.

[63] XapblbuH T.A. TexHonorua nosyyeHua T'YMWHOBbIX BellecTs OKUC/IEHHbIX yrnew.
C60pHUK maTepuanos VI MexayHapoAHOW HayYHO-MPAKTUYECKOM KoHpepeHuun. 2017, c. 10-12.

[64] Nypbirnd M.MN., MoTtanoBa W.A., Bopobbes [.B. yMWHOBbIE KUCNOTbI: UX BblAENEHWE, CTPYKTYpa U NMPUMEHeHue B
6uonornu, Xumumn n meaguupnHe. AkKmyasnsHelie npobaemel buonozuu, xumuu u meduyuHsl. 2014, 180-196.

[65] CkpunknHa T.C. MexaHOoxMmMUYecKaa MoAMOUKaUMA CTPYKTYPbl TYMUHOBBIX KUCNOT ANA MOJYYEHUA KOMMIEKCHbIX
copbeHTOoB. HayyHbI aoKnag 06 ocHOBHbIX pe3ynbTaTax HKP (ancceptaumm). HoBocmbupck. 2018, 24c.

[66] Y. Guo, C. Ma, F. Hui, L. Wang. Humic acid extraction from weathered coal and its properties characterization. Chinese
Journal of Environmental Engineering. 2017, 11(5), 3153-3160.

[67] Kanpbekos K.K., ybaHos K.A., EwoBa .T., Kaupbekos A.}K. CUHTE3 I'YMUHOBbLIX KUCAOT U UX CONEN U3 BypbIX yraen.
MeToanueckoe yKasaHus K nabopatopHoi pabote. AnmaTtsl: Kasak yHuBepcuTeri. 2000, 20 c.

Reference

[1] Elektronnyy uchebnik po biologii [Electronic textbook on biology]. https://bioslogos.ru/59-ekologiya-pochvy. 18.01.2021.
(in Russ.)

[2] O’Geen, A. T., and Schwankl, L. J. (2005) Understanding soil erosion in irrigated agriculture. Oakland: University of
California Division of Agriculture and Natural Resources, Publication 8196. (in Eng.)

[3] Soil erosion in South Africa — its nature and distribution. https://www.grainsa.co.za/soil-erosion-in-south-africa---its-
nature-and-distribution. 20.01.2021.(in Eng.)

[4] Garcia-Orenes,F., Cerda, A., Mataix-Solera, J., Guerrero, C., Bodi, M.B, Arcenegui, V., Zornoza, R., Sempere, J.G.( 2009).
Effects of agricultural management on surface soil properties and soil-water losses in eastern Spain. Soil and Tillage
Research, Volume 106, Issue 1, 117-123. (in Eng.)

[5] Tiziano Gomiero. (2016) Soil Degradation, Land Scarcity and Food Security: Review. a Complex Challenge. Sustain. 8, 281.
(in Eng.)

[6] Breshers, D.D, Whicker J., Johansen, M. et al. (2003) Wind and water erosion and transport in semi-arid shrubland and
forest ecosystems: quantifying dominance of horizontal wind-driven transport. Earth Surface processes and Landforms,
28: 1189-1209. (in Eng.)

[7] Cost of Soil Erosion. http://www.fao.org/soils-portal/soil-degradation-restoration/cost-of-soil-erosion/en/ 20.01.2021.

[8] Problemy sovremmennoi nauki | obrazovaniya [Problems of modern science and education].
https://files.scienceforum.ru/pdf/2012/1046.pdf. html 20.01.2021. (in Russ.)

[9] Smirnov S. Degradatsiya zemel- v Kazakhstane: factor prirodnyi | chelovecheskii [Land degradation in Kazakhstan: a natural
and human factor]. Ritmy Evrazii = Rhythms of Eurasia. 2019, 00.01. (in Russ.)

[10] Erosiya pochv | prichiny ee vozniknoveniya [Soil erosion and its causes]. https://fb.ru/article/40558/eroziya-pochv-i-
prichinyi-ee-vozniknoveniya. (in Russ.)

[11] Al Madi Ali Abbas Hashim. Vosstanovlenie pochv posle promyshlennyyx razrabotok [Restoration of soils after industrial
developments]. Molodoi uchenyi =A young scientist. 2015, 3(83), 358-360. (in Russ.)

[12] Translated by B. Malinovsky. Kak ostanovit: erosiy [How to stop erosion]. Propositiya = Propositiya.07.08.2019. (in Russ.)

[13] Tregubov P. S., Zverkhanovsky N. V. Bor-ba s erosiei poch v Nechernozem-e [Fight against soil erosion in the Non-
Chernozem region]. Kolos=Ear. 1981, 160. (in Russ.)

[14] Bogatyreva E. N., Seraya T. M., Biryukova O. M. [Vliyanie sevooborotov | system udobreniya na pokazateli gumusnogo
sostoyaniya dernovo-podzolistyyx suglinistyx poch raznoi stepeni erodirovannosti [Influence of crop rotations and fertilizer
systems on the indicators of the humus state of sod-podzolic loamy soils of different degrees of eroding]. Pochvovedenie
I agroximiya = Soil science and agrochemistry. 2017. 1(58), 85-94. (in Russ.)

[15] César Tiago Forte, Amauri Nelson Beutler, Leandro Galon, Giovane Matias Burg. Soil Physical Properties and Grain Yield
Influenced by Cover Crops and Crop Rotation. American Journal of Plant Sciences. 2018, 09(04), 584-598. (in Eng.) ?



https://journals.lww.com/soilsci/Abstract/2002/11000/HUMIFICATION_DEGREE_OF_SOIL_HUMIC_ACIDS_DETERMINED.4.aspx
https://journals.lww.com/soilsci/Abstract/2002/11000/HUMIFICATION_DEGREE_OF_SOIL_HUMIC_ACIDS_DETERMINED.4.aspx
https://journals.lww.com/soilsci/Abstract/2004/03000/PROTON_CORRELATION_TIMES_AND_SEGMENTAL_MOBILITY_OF.2.aspx
https://elib.pstu.ru/vufind/EDS/Search?lookfor=Заварзина%2C+А%2EГ%2E&type=AU
https://elib.pstu.ru/vufind/EDS/Search?lookfor=Кравченко%2C+Е%2EГ%2E&type=AU
https://elib.pstu.ru/vufind/EDS/Search?lookfor=Константинов%2C+А%2EИ%2E&type=AU
https://elib.pstu.ru/vufind/EDS/Search?lookfor=Перминова%2C+И%2EВ%2E&type=AU
https://elib.pstu.ru/vufind/EDS/Search?lookfor=Чуков%2C+С%2EН%2E&type=AU
https://elib.pstu.ru/vufind/EDS/Search?lookfor=Демин%2C+В%2EВ%2E&type=AU
https://www.elibrary.ru/item.asp?id=22280838&selid=28134861
https://www.researchgate.net/scientific-contributions/Y-Guo-2129927111?_sg%5B0%5D=OcMMoWN5yUjdNyBPvYUiWXBn_lw87M0aCA3Mr1M8t78ePzgEKo-I8yRhBCUXgJ7YElUhWM8.LfQxZp4X9uJnK6l1_ESqAw0klNRilEo2x6Imrxas1qehq7giD-6M6zYloT85OCLRHX0CLJ1OJHxzXVOqfPZylA&_sg%5B1%5D=YK6oYjEboeLmOBC3kUnmHh05wc7sCoPtIoSzMgGY8h_KpgAW2E7feIOsFkdY-EXfU9S8jZo.F9d0aCic87hGlXTv1nHpyTGdCptgqf5WGfZey4DA8-pYgLZ5Nb8uPm-SUVZL9CbemzlMFb4Z8k1qpcsJUFif3A
https://www.researchgate.net/scientific-contributions/C-Ma-2131438267?_sg%5B0%5D=OcMMoWN5yUjdNyBPvYUiWXBn_lw87M0aCA3Mr1M8t78ePzgEKo-I8yRhBCUXgJ7YElUhWM8.LfQxZp4X9uJnK6l1_ESqAw0klNRilEo2x6Imrxas1qehq7giD-6M6zYloT85OCLRHX0CLJ1OJHxzXVOqfPZylA&_sg%5B1%5D=YK6oYjEboeLmOBC3kUnmHh05wc7sCoPtIoSzMgGY8h_KpgAW2E7feIOsFkdY-EXfU9S8jZo.F9d0aCic87hGlXTv1nHpyTGdCptgqf5WGfZey4DA8-pYgLZ5Nb8uPm-SUVZL9CbemzlMFb4Z8k1qpcsJUFif3A
https://www.researchgate.net/scientific-contributions/F-Hui-2131435407?_sg%5B0%5D=OcMMoWN5yUjdNyBPvYUiWXBn_lw87M0aCA3Mr1M8t78ePzgEKo-I8yRhBCUXgJ7YElUhWM8.LfQxZp4X9uJnK6l1_ESqAw0klNRilEo2x6Imrxas1qehq7giD-6M6zYloT85OCLRHX0CLJ1OJHxzXVOqfPZylA&_sg%5B1%5D=YK6oYjEboeLmOBC3kUnmHh05wc7sCoPtIoSzMgGY8h_KpgAW2E7feIOsFkdY-EXfU9S8jZo.F9d0aCic87hGlXTv1nHpyTGdCptgqf5WGfZey4DA8-pYgLZ5Nb8uPm-SUVZL9CbemzlMFb4Z8k1qpcsJUFif3A
https://www.researchgate.net/scientific-contributions/L-Wang-2131421848?_sg%5B0%5D=OcMMoWN5yUjdNyBPvYUiWXBn_lw87M0aCA3Mr1M8t78ePzgEKo-I8yRhBCUXgJ7YElUhWM8.LfQxZp4X9uJnK6l1_ESqAw0klNRilEo2x6Imrxas1qehq7giD-6M6zYloT85OCLRHX0CLJ1OJHxzXVOqfPZylA&_sg%5B1%5D=YK6oYjEboeLmOBC3kUnmHh05wc7sCoPtIoSzMgGY8h_KpgAW2E7feIOsFkdY-EXfU9S8jZo.F9d0aCic87hGlXTv1nHpyTGdCptgqf5WGfZey4DA8-pYgLZ5Nb8uPm-SUVZL9CbemzlMFb4Z8k1qpcsJUFif3A
https://bioslogos.ru/59-ekologiya-pochvy
https://www.grainsa.co.za/soil-erosion-in-south-africa---its-nature-and-distribution
https://www.grainsa.co.za/soil-erosion-in-south-africa---its-nature-and-distribution
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/article/pii/S0167198709001317#!
https://www.sciencedirect.com/science/journal/01671987
https://www.sciencedirect.com/science/journal/01671987
https://www.sciencedirect.com/science/journal/01671987/106/1
http://www.fao.org/soils-portal/soil-degradation-restoration/cost-of-soil-erosion/en/
https://files.scienceforum.ru/pdf/2012/1046.pdf
https://www.researchgate.net/profile/Cesar_Forte?_sg%5B0%5D=j41N6NptUrjl9P8IR-GQzPx8EUPxfLIoqikjBGXQ2wS4ziRNtqyUGP9Ic1pBhZCI5C5G2P4.EBZDC_HfwNYeIwK5jpRiwn_htp1SobQ3Gb-8umKH_c_Rjzm72tDQpYJz-sw3MomL8C_JCh6fUXsu0lOBqdZHbA&_sg%5B1%5D=yFzvKpizbk1uazUpPvV0oOGWaaH_BIjONyGIYYFhqCdvEEpz7l4zKkTQGcQrxJrEbbnATNU.4Y2FFwPO3YTJHvfW8Y5lcCWRPBEe-awUa1LLU_oOzEmlEP7as_pDIENgQquhBAUGZKOjIt-GzUFxry3mxp_E7g
https://www.researchgate.net/scientific-contributions/Amauri-Nelson-Beutler-81593953?_sg%5B0%5D=j41N6NptUrjl9P8IR-GQzPx8EUPxfLIoqikjBGXQ2wS4ziRNtqyUGP9Ic1pBhZCI5C5G2P4.EBZDC_HfwNYeIwK5jpRiwn_htp1SobQ3Gb-8umKH_c_Rjzm72tDQpYJz-sw3MomL8C_JCh6fUXsu0lOBqdZHbA&_sg%5B1%5D=yFzvKpizbk1uazUpPvV0oOGWaaH_BIjONyGIYYFhqCdvEEpz7l4zKkTQGcQrxJrEbbnATNU.4Y2FFwPO3YTJHvfW8Y5lcCWRPBEe-awUa1LLU_oOzEmlEP7as_pDIENgQquhBAUGZKOjIt-GzUFxry3mxp_E7g
https://www.researchgate.net/profile/Leandro_Galon2?_sg%5B0%5D=j41N6NptUrjl9P8IR-GQzPx8EUPxfLIoqikjBGXQ2wS4ziRNtqyUGP9Ic1pBhZCI5C5G2P4.EBZDC_HfwNYeIwK5jpRiwn_htp1SobQ3Gb-8umKH_c_Rjzm72tDQpYJz-sw3MomL8C_JCh6fUXsu0lOBqdZHbA&_sg%5B1%5D=yFzvKpizbk1uazUpPvV0oOGWaaH_BIjONyGIYYFhqCdvEEpz7l4zKkTQGcQrxJrEbbnATNU.4Y2FFwPO3YTJHvfW8Y5lcCWRPBEe-awUa1LLU_oOzEmlEP7as_pDIENgQquhBAUGZKOjIt-GzUFxry3mxp_E7g
https://www.researchgate.net/scientific-contributions/Giovane-Matias-Burg-2058016128?_sg%5B0%5D=j41N6NptUrjl9P8IR-GQzPx8EUPxfLIoqikjBGXQ2wS4ziRNtqyUGP9Ic1pBhZCI5C5G2P4.EBZDC_HfwNYeIwK5jpRiwn_htp1SobQ3Gb-8umKH_c_Rjzm72tDQpYJz-sw3MomL8C_JCh6fUXsu0lOBqdZHbA&_sg%5B1%5D=yFzvKpizbk1uazUpPvV0oOGWaaH_BIjONyGIYYFhqCdvEEpz7l4zKkTQGcQrxJrEbbnATNU.4Y2FFwPO3YTJHvfW8Y5lcCWRPBEe-awUa1LLU_oOzEmlEP7as_pDIENgQquhBAUGZKOjIt-GzUFxry3mxp_E7g

Complex Use of Mineral Resources. Ne1 (316), 2021 ISSN-L 2616-6445, ISSN 2224-5243

[16] Bekturov E.A., Bimendina L. A., Mamytbekov G. K.. Komplexy vodorastvorimyyx polimerov | gidrogelei [Complexes of
water-soluble polymers and hydrogels]. Gylym = Science. 2002, 220. (in Russ.)

[17] Polimernye materialy v stroitelstve [Polymer materials in constuctions]. https://perekos.net/sections/view/59.html
22.01.2021. (in Russ.)

[18] L. C. Hollaway. Polymer composites in construction: A brief history. Engineering and Computational Mechanics. 2009.
162(3), 107-118. (in Eng.)

[19] Kurenkov V. F. Vodorastvorimye polimery akriamida [Water-soluble polymers of acrylamide)]. Sorosovskii obrazovatelnyi
zhurnal= Soros Educational Journal.1997, 5, 48-53. (in Russ.)

[20] Flanagan, D.C. and K. Chaudhari. 1999. Erosion control with polyacrylamide on steep slopes. Technical papers, annu. meet.
ASAE, Toronto, Ontario, Canada. 18-22 July 1999. ASAE, St. Joseph, M. (in Eng.)

[21] Seybold, C.A. 1994. Polyacrylamide review: soil conditioning and environmental fate. Comm. Soil Sci. Plant Analysis 25,
2171-2185. (in Eng.)

[22] Shainberg, I., D.N. Warrington and P. Rengasamy. 1990. Water quality and PAM interactions in reducing surface sealing.
Soil Sci. 149, 301-307. (in Eng.)

[23] Zhang, X.C. and W.P. Miller. Polyacrylamide effect on infiltration and erosion in furrows. Soil Sci. Soc. Am. J. 1996, 60:866-
872. (in Eng.)

[24] Mamedov A. I., Wagner L. E., Huang CNorton., L. D., Levy G. J.. Polyacrylamide Effects on Aggregate and Structure Stability
of Soils with Different Clay Mineralogy. Soil & Water Management & Conservation. 2010, 74, 5. (in Eng.)

[25] Sharipova A., Akbarov H., and Andriyko L. A Method of obtaining the soil amendment. International Journal of Recent
Scientific Research. 2020, 11, 05 (B), 38633-38640. (in Eng.)

[26] Dzhanpeisov R. D. Issledovanie po primeneniy polimernyyx soedinenii v bor-be s erosiei pochv [Research on the use of
polymer compounds in the fight against soil erosion]. Nauka=Science. 1988. 90. (in Russ.)

[27] Zakharova E. I. Vliyanie vodorastvorimyyx polimerov na agrophizicheskie | pochvozashitnye svoistva svetlo-seryyx
erodirovannyx pochv Predkamrya Respubliki Tatarstan [Influence of water-soluble polymers on the agrophysical and soil-
protective properties of light-gray eroded soils of the Kama region of the Republic of Tatarstan]. Dissertasiya =Dissertation.
1999., 194. (in Russ.)

[28] Khabirov I. K., Sayfullin R. R. Vliyanie vysokommolekulyarnyx vodorastvorimyyx polimerov na agrophizicheskie svoistva
pochv | productivnost’ sel'skoxozyaistvennyx kultur pri ix primenenii [Influence of high-molecular water-soluble polymers
on the agrophysical properties of soils and the productivity of agricultural crops in their application]. Agroximiya
=Agrochemistry. 2014, 8-11. (in Russ.)

[29] Kasymova Zh. S., Orazzhanova L. K., Klimenko A. N., Musabaeva B. Kh., and Sarzhanov D. K. Poluchenie | svoistva
interpolimernyx komplexsov, sposobnyx k strukturirovaniy [Preparation and properties of interpolymer complexes
capable of soil structure formation]. Zhurnal prikladnoi ximii =Jour. of Applied Chem. 2019. T. 92. V2, 177-186. (in Russ.)

[30] Ganiev H. I. Primenenie polimernogo structuroobrazovatelya DEMAN dlya uluchsheniya agrophizicheskix svoistv pochvy
pri oroshenii [Application of the polymer structure-forming agent DEMON for improving the agrophysical properties of
the soil during irrigation]. TsNT/ =CSTR, 58-88. (in Russ.)

[31] Mussabayeva B.Kh., Kassymova Zh.S., Aldabergenova M.A Interpolymer complex of biopolymers as a soil structure-
forming agent. BecmHuk KapazaHduHckozo yHusepcumema. DOI: 10.31489/2020Ch1/22-29. (in Eng.)

[32] Musabekov K. B, Tazhibaeva S. M.,Bekturganova N.Ye., Kerimkulova M. Zh, Tanybaeva A. K. Structoobrazovanie
poverxnostnyx sloev erodirovannoi pochvy Aral'skogo moray interpolimernymi komplexsami gumata natriya. 1
Issledovanie vzaimodeistviya gumata natriya s kationnymi polielectrolitami [Structure formation of the surface layer of the
dried bottom of the Aral Sea by interpolymer complexes of sodium humate. 1. Investigation of the interaction of sodium
humate with cationic polyelectrolytes]. Izvestiya NTO "Kahak" = Izvestiya NTO “Kahak” 2012, 2(36), 8-13. (in Russ.)

[33] Musabekov K. B, Tazhibaeva S. M.,Bekturganova N.Ye., Kerimkulova M. Zh, Tanybaeva A. K. Structoobrazovanie
poverxnostnyx sloev erodirovannoi pochvy Aralskogo moray interpolimernymi komplexsami gumata natriya.
2.Issledovanie protivoerosionnoi stoikosti. [Structure formation of the surface layer of the dried bottom of the Aral Sea
by interpolymer complexes of sodium humate. lzvestiya NTO “Kahak”= Izvestiya NTO "Kahak". 2012, (36), 14-17. (in Russ.)

[34] Akhmedzhonov D. G. Effectivnoe ispolzovanie interpolimernyx komplexov pri mineralizatsii pochv [Effective use of
interpolymer complexes in soil mineralization]. Molodoi uchenyi = A young scientist. 2016, 27 (131), 207-208. (in Russ.)

[35] Akhmedzhonov D. G. [Polivnoi rezhim pri polive vodosberegayshimi priemami [Irrigation regime of cotton when watering
with water-saving techniques]. Jurnal Aqroilm =Agroilm Journal. 2010, 3(15), 13-14. (in Russ.)

[36] Mukhamedov G. I., Karimov Z., Akhmedzhanov D. G., Hafizov M. M., Akhmedzhanov G. A. Recomendatsii po primeneniy
IPK | sozdaniy protivofiltratsionnogo ekrana s tsel'y economii orositel'noi vody [Recommendations for the use of IPC and
the creation of an anti-filtration screen to save irrigation water]. Tashkent = Tashkent. 2008, 17. (in Russ.)

[37] Mikheikin S. V., Smirnov A. Yu., Alekseev A. N., Pronina L. V., Zezin A. B., Anufrieva S. I. Interpolimernye komplexy dlya
zakrepleniya povexnosti | predotvrasheniya pyleperenosa vetrovoi | vodnoi erosii xvostoxranilish, zolootvalov | drugix
dispersnyx sistem [Interpolymer complexes for fixing the surface and preventing dust transfer of wind and water erosion
of tailings, ash dumps and other dispersed systems]. Moskovskii gos. Universitet = Moscow State University. 2004,.278-
282. (in Russ.)

[38] Bekturganova N. Ye. Struktuuroobrazovanie erozionnoopasnyx pochv vodorastvorimymi polielectrolitami | ix
interpolimernymi komplexsami [Structuring of erosion-hazardous soils with water-soluble polyelectrolytes and their
interpolymer complexes].Dissertatsiya = Dissertation. 104. (in Russ.)

[39] Pat. 15020 RK. Kompozitsionnyi strukturoobrazovatel pochv [Composite soil structurizer]. 2002; Byul. No. 11. (in Russ.)

[40] Loffredo E., Antonio P., Nicola S. More Germination and Early Growth of Slickspot Peppergrass (Lepidium papilliferum) as
Affected by Desert Soil Humic Acids. Soil Science. 2010, 175(4), 186-193. (in Eng.)



https://perekos.net/sections/view/59.html
https://www.researchgate.net/scientific-contributions/LC-Hollaway-2135490416?_sg%5B0%5D=ZnzOlrn1WlILt-Rldd4FoEqVumtwuARvzYmVLhwZPTKioePIlUQEXoVGwGuY5DRxqgFxdaU.uHCnGGAeLtFdQLObis6xrw248zWDvkGcY1A3udz1o-PLdzZOuji1NZ7uqdD6X5lm7N1R_CMntIiQdqGzFQFeuQ&_sg%5B1%5D=2MUvctlm4qY5m-qFGkMAdXgnsvvW4fdXffdxRrugNbFbilU1Orogiw5eDr5k_kz855ZVdJk.q9pQAvfSP-_istF4z2avXx50_Z0rnYqoPWsD-apg9H58SrvcJUjwnxQymyryuBEKr0lAvlILRxD0f2e18zGqBg
https://journals.lww.com/soilsci/Abstract/2010/04000/Germination_and_Early_Growth_of_Slickspot.5.aspx
https://journals.lww.com/soilsci/Abstract/2010/04000/Germination_and_Early_Growth_of_Slickspot.5.aspx

Kommnercroe Mcnonssosanne Munepansaoro Ceipsa. Nel (316), 2021 ISSN-L 2616-6445, ISSN 2224-5243

[41] Goldberg S. Chemical Modeling of Boron Adsorption by Humic Materials Using the Constant Capacitance Model. Soil
Science. 2014, 179(12), 561-567. (in Eng.)

[42] Davies G., Ghabbour E.A. Humic Acids: Marvelous Products of Soil Chemistry. Journal of Chemical Education. 2001. 78(12).

[43] Perminova I. V. Guminovye veshestva — vyzov ximikam XXI veka [Humic substances-a challenge to chemists of the XXI
century]. Ximiya | zhizn = Chemistry and life.2008, 1. (in Russ.)

[44] Mexaanoxomicheskaya modifikatsiya structury gumonovyx kislot dlyaa polucheniya komplexnyx sorbentov
[Mechanochemical modification of the structure of humic acids for the production of complex sorbents].
https://www.avitapro.com/upload/images/gumin/sostav_guminovoyi_kisloty.jpg.html 22.01.2021

[45] Rakovsky V. E. Obshaya ximicheskaya technologiya torfa [General chemical technology of peat]. Gosudarstvennoe
energeticheskoe izdatelstvo = State Energy Publishing House.1949, 366. (in Russ.)

[46] Savchenko I. A., Korneeva I. N., Luksha E. A. Pasechnik K. K. Biologicheskaya aktivnost: guminovyx veshestv: perspektivy |
problem ix primeneniya v meditsine (obzor) [Biological activity of humic substances: prospects and problems of their
application in medicine (review)]. Medial-Zhurnal =Medial-Journal. 2019, 1(23). 54-60. (in Russ.)

[47] Canellas, Luciano P.; Spaccini, Riccardo; Piccolo, Alessandro; More. Relationships Between Chemical Characteristics and
Root Growth Promotion of Humic Acids Isolated From Brazilian Oxisols. Soil Science. 2009, 174(11), 611-620. (in Eng.)

[48] Canellas, Luciano P.; Zandonadi, Daniel B.; Busato, Jader G.; More. Bioactivity and chemical characteristics of humic acids
from tropical soils sequence. Soil Science. 2008, 173(9), 624-637. (in Eng.)

[49] Dolfing, J.; Chardon, W. J.; Japenga, J. Association between colloidal iron, aluminum, phosphorus, and humic acids. Soil
Science. 1999, 164(3), 171-179. (in Eng.)

[50] Zhang, Yi-Ran; Xue, Tong; Wang, Ren-Qing; More. FTIR Spectroscopic Structural Characterization of Forest Topsoil Humic
Substances and Their Adsorption and Desorption for Mercury. Soil Science. 2013, 178(8), 436-441. (in Eng.)

[51] Saeki, Kazutoshi. Adsorption of Fe2+ and Mn2+ on silica, gibbsite, and humic acids. Soil Sc. 2004, 169(12), 832. (in Eng.)

[52] Kholin Yu. V. Gumusovye kisloty kak glavnye prirodnye komplexsoobrazuyshie veshestva [Humic acids as the main natural
complexing substances]. http://chemo.univer.kharkov.ua/department/for%20students/humic%20acids.pdf. 22.01.2021

[53] Milori, Débora M. B. P., Martin-Neto, Ladislau, Bayer, Cimélio. Humification degree of soil humic acids determined by
fluorescence spectroscopy. Soil Science. 2002, 167(11), 739-749. (in Eng.)

[54] Levinsky B. V. vse o gumatax [All about humates]. Korf-Poligraf=Korf-Polygraph.2000, 75. (in Russ.)

[55] Wang, Kaijun; Xing, Baoshan. Roton correlation times and segmental mobility of humic acids in two solvents. Soil Science.
2004, 169(3),168-175. (in Eng.)

[56] Zavarzina, A. G., Kravchenko, E. G., Konstantinov, A. I., Perminova, |. V., Chukov, S. N., Demin, V. V. [Sravnenie svoistv
preparatov guminovyx kislot, vydelennyx iz pochv shelochnoi ekstraktsiei v prisutstvii | otsutstvii kisloroda [Comparison of
properties of humic acid preparations isolated from soils by alkaline extraction in the presence and absence of oxygen].
Pochvovedenie = Soil science. 2019, 8, 910-922. (in Russ.)

[57] Zykova M. V., Belousov M. V., Guryev A.M., Akhmedzhanov R. R., Yusubov M. S. Standartizatsiya guminovyx kislot nizinngo
drevesno-travyanogo vida torfa [Standardization of humic acids of lowland wood-grass peat species]. Ximiko-
farmatsefticheskii zhurnal = Chemical and Pharmaceutical journal.2013, (47), 53-56. (in Russ.)

[58] 2 429 214 RU. Sposob polycheniya guminovykh kislot is torfa (A method of producing humic acids and humic substances
from peat) /Dudkin D.V., Tolstyak A.S., Fakhretdinova G.F. Opubl. 2011.09.20 (in Russ.).

[59] Dobycha uglya v Kazakhstane [Coal mining in Kazakhstan].http://uglex.com/articles/232-zapasy-uglya-v-
kazakhstane.html 26.01.2021

[60] Chukhareva N. V. Issledovanie kinetiki termicheski aktivirovannyx izmenenii sostava | svoistva torphyanyx guminovyx kislot
[Investigation of the kinetics of thermally activated changes in the composition and properties of peat humic acids].
Dissertatsiya= Dissertation. 2003, 126. (in Russ.)

[61] Potapova l. A., Vishnyakov V. V., Purygin P. P., Simakova S. A., Vorobyev D. V., Ushakova V. N. Vydelenie guminovyyx kislot
iz buryx uglei | ix primenenie dlya rekul-tivatsii neftezagryaznennyyx zemel- [Isolation of humic acids from brown coals and
their application for recultivation of oil-polluted lands]. Izvestiya Samarskogo nauchnogo tsentra RAN, Spetsial nyi vypusk
“XIl congress Ekologiya | zdorov-e cheloveka” = Proceedings of the Samara Scientific Center of the Russian Academy of
Sciences. Special issue "XlIl Congress of Ecology and Human Health". 2008, 215-218. (in Russ.)

[62] Noskova L.P. Humic Substances of Brown Coal from the Sergeyevo Coalfield. Chem. for Sustain. Develop. 2019, 17, 61-65.

[63] Kharybin T. A. Tecknologiya polucheniya guminovyx veshestv okislennyx uglei [Technology of obtaining humic substances
of oxidized coals]. Sbornik materialov VI Mezhdunarodnoi nauchno-practicheskoi konferentsii = Collection of materials of
the VI International Scientific and Practical Conference.2017, 10-12. (in Russ.)

[64] Purygin P.P., Potapova I.A., Vorobiev D.V. Guminovyye kisloty: ikh vydeleniye, struktura i primeneniye v biologii, ximii i
meditsine [Humic acids: their isolation, structure and application in biology, chemistry and medicine]. Aktual'nyye
problemy biologii, khimii i meditsiny = Actual problems of biology, chemistry and medicine. 2014, 180-196. (in Eng.)

[65] Skripkina T. S. Mekhanoximicheskaya modificatsiya structury guminovyx kislot dlya polucheniya complexnyx sorbentov
[Mechanochemical modification of the structure of humic acids for the production of complex sorbents]. Nauchyi doklad
ob osnovnyx rezultatax NKR = Scientific report on the main results of the SCR.2018, 24. (in Russ.)

[66] Y. Guo, C. Ma, F. Hui, L. Wang. Humic acid extraction from weathered coal and its properties characterization. Chinese
Journal of Environmental Engineering. 2017, 11(5), 3153-3160. (in Eng.)

[67] Kairbekov Zh.K., Zhubanov K. A., Eshova Zh. T., Kairbekov A. Zh. Syntez guminovyx kislot i ix solei iz buryx uglei.
Metodicheskoe ukazanie k labolatornoi rabote [Synthesis of humic acids and their salts from brown coals. Guidelines for
laboratory work]. Kazakh Universiteti = Kazakh University. 2000, 20. (in Russ.).



https://journals.lww.com/soilsci/Abstract/2014/12000/Chemical_Modeling_of_Boron_Adsorption_by_Humic.4.aspx
https://www.researchgate.net/profile/Geoffrey_Davies3?_sg%5B0%5D=xONCxX0G6TGs3uNGjBfsrK_bHjt2k247_9N7fg5Cfjt2BdeLiS-PJ63NGNNoFD0qUFoHJh4.UAAfw7d_t0nODdFVFT1nMVnFZ8xG-WNGQs8bViHeelOCT97rrU3HcmIq5PLd9-yVhdoTc5Y2AqzHbOQrVT1AwA&_sg%5B1%5D=F-Rv7MZea_AHls3vkSVRdjd5AlOa_JpvJNrEEsx4aKdsi_M43QsJds-hcoLYlRXsR-U-UN8.7u2wkWDOGbYAwrKQBeKIknqhAR03wYhW1MwAwEJHUEUCq6eYsF_T_zwsQgFJE_a4CUBqnWGaFipjcp5wZXTZog
https://www.researchgate.net/profile/Elham_Ghabbour?_sg%5B0%5D=xONCxX0G6TGs3uNGjBfsrK_bHjt2k247_9N7fg5Cfjt2BdeLiS-PJ63NGNNoFD0qUFoHJh4.UAAfw7d_t0nODdFVFT1nMVnFZ8xG-WNGQs8bViHeelOCT97rrU3HcmIq5PLd9-yVhdoTc5Y2AqzHbOQrVT1AwA&_sg%5B1%5D=F-Rv7MZea_AHls3vkSVRdjd5AlOa_JpvJNrEEsx4aKdsi_M43QsJds-hcoLYlRXsR-U-UN8.7u2wkWDOGbYAwrKQBeKIknqhAR03wYhW1MwAwEJHUEUCq6eYsF_T_zwsQgFJE_a4CUBqnWGaFipjcp5wZXTZog
https://www.avitapro.com/upload/images/gumin/sostav_guminovoyi_kisloty.jpg
https://www.avitapro.com/upload/images/gumin/sostav_guminovoyi_kisloty.jpg
https://journals.lww.com/soilsci/Abstract/2009/11000/Relationships_Between_Chemical_Characteristics_and.4.aspx
https://journals.lww.com/soilsci/Abstract/2009/11000/Relationships_Between_Chemical_Characteristics_and.4.aspx
https://journals.lww.com/soilsci/Abstract/2008/09000/BIOACTIVITY_AND_CHEMICAL_CHARACTERISTICS_OF_HUMIC.4.aspx
https://journals.lww.com/soilsci/Abstract/2008/09000/BIOACTIVITY_AND_CHEMICAL_CHARACTERISTICS_OF_HUMIC.4.aspx
https://journals.lww.com/soilsci/Abstract/1999/03000/ASSOCIATION_BETWEEN_COLLOIDAL_IRON,_ALUMINUM,.3.aspx
https://journals.lww.com/soilsci/Abstract/2013/08000/FTIR_Spectroscopic_Structural_Characterization_of.6.aspx
https://journals.lww.com/soilsci/Abstract/2013/08000/FTIR_Spectroscopic_Structural_Characterization_of.6.aspx
https://journals.lww.com/soilsci/Abstract/2004/12000/ADSORPTION_OF_FE2__AND_MN2__ON_SILICA,_GIBBSITE,.2.aspx
http://chemo.univer.kharkov.ua/department/for%20students/humic%20acids.pdf
https://journals.lww.com/soilsci/Abstract/2002/11000/HUMIFICATION_DEGREE_OF_SOIL_HUMIC_ACIDS_DETERMINED.4.aspx
https://journals.lww.com/soilsci/Abstract/2002/11000/HUMIFICATION_DEGREE_OF_SOIL_HUMIC_ACIDS_DETERMINED.4.aspx
https://journals.lww.com/soilsci/Abstract/2004/03000/PROTON_CORRELATION_TIMES_AND_SEGMENTAL_MOBILITY_OF.2.aspx
https://www.researchgate.net/scientific-contributions/Y-Guo-2129927111?_sg%5B0%5D=OcMMoWN5yUjdNyBPvYUiWXBn_lw87M0aCA3Mr1M8t78ePzgEKo-I8yRhBCUXgJ7YElUhWM8.LfQxZp4X9uJnK6l1_ESqAw0klNRilEo2x6Imrxas1qehq7giD-6M6zYloT85OCLRHX0CLJ1OJHxzXVOqfPZylA&_sg%5B1%5D=YK6oYjEboeLmOBC3kUnmHh05wc7sCoPtIoSzMgGY8h_KpgAW2E7feIOsFkdY-EXfU9S8jZo.F9d0aCic87hGlXTv1nHpyTGdCptgqf5WGfZey4DA8-pYgLZ5Nb8uPm-SUVZL9CbemzlMFb4Z8k1qpcsJUFif3A
https://www.researchgate.net/scientific-contributions/C-Ma-2131438267?_sg%5B0%5D=OcMMoWN5yUjdNyBPvYUiWXBn_lw87M0aCA3Mr1M8t78ePzgEKo-I8yRhBCUXgJ7YElUhWM8.LfQxZp4X9uJnK6l1_ESqAw0klNRilEo2x6Imrxas1qehq7giD-6M6zYloT85OCLRHX0CLJ1OJHxzXVOqfPZylA&_sg%5B1%5D=YK6oYjEboeLmOBC3kUnmHh05wc7sCoPtIoSzMgGY8h_KpgAW2E7feIOsFkdY-EXfU9S8jZo.F9d0aCic87hGlXTv1nHpyTGdCptgqf5WGfZey4DA8-pYgLZ5Nb8uPm-SUVZL9CbemzlMFb4Z8k1qpcsJUFif3A
https://www.researchgate.net/scientific-contributions/F-Hui-2131435407?_sg%5B0%5D=OcMMoWN5yUjdNyBPvYUiWXBn_lw87M0aCA3Mr1M8t78ePzgEKo-I8yRhBCUXgJ7YElUhWM8.LfQxZp4X9uJnK6l1_ESqAw0klNRilEo2x6Imrxas1qehq7giD-6M6zYloT85OCLRHX0CLJ1OJHxzXVOqfPZylA&_sg%5B1%5D=YK6oYjEboeLmOBC3kUnmHh05wc7sCoPtIoSzMgGY8h_KpgAW2E7feIOsFkdY-EXfU9S8jZo.F9d0aCic87hGlXTv1nHpyTGdCptgqf5WGfZey4DA8-pYgLZ5Nb8uPm-SUVZL9CbemzlMFb4Z8k1qpcsJUFif3A
https://www.researchgate.net/scientific-contributions/L-Wang-2131421848?_sg%5B0%5D=OcMMoWN5yUjdNyBPvYUiWXBn_lw87M0aCA3Mr1M8t78ePzgEKo-I8yRhBCUXgJ7YElUhWM8.LfQxZp4X9uJnK6l1_ESqAw0klNRilEo2x6Imrxas1qehq7giD-6M6zYloT85OCLRHX0CLJ1OJHxzXVOqfPZylA&_sg%5B1%5D=YK6oYjEboeLmOBC3kUnmHh05wc7sCoPtIoSzMgGY8h_KpgAW2E7feIOsFkdY-EXfU9S8jZo.F9d0aCic87hGlXTv1nHpyTGdCptgqf5WGfZey4DA8-pYgLZ5Nb8uPm-SUVZL9CbemzlMFb4Z8k1qpcsJUFif3A

Complex Use of Mineral Resources. Nol (316), 2021

ISSN-L 2616-6445, ISSN 2224-5243

M= Crossref
UDC 541.1+669.4'669.6
DOI: 10.31643/2021/6445.10

@creative
commons

IRSTI 53.37.35

Thermodynamics of formation and evaporation of lead-tin alloys

Trebukhov S.A., ! Volodin V.N., 2Ulanova O.V., ! Nitsenko A.V., *"Burabaeva N.M.

1Satbayev University, Institute of Metallurgy and Ore Beneficiation, Almaty, Kazakhstan

2”"DHZ” AG, Swiss Confederation”, Zurich, Switzerland

* Corresponding author email: nuri_eng@mail.ru, n.burabaeva@satbayev.university

Received: 31 January 2021
Peer-reviewed: 16 February 2021
Accepted: 10 March 2021

ABSTRACT

Only a few works have been devoted to thermodynamic studies of the lead-tin system by methods
including the volatile components evaporation process. When the binary system is separated into metals
by distillation, the volatile component is removed from the alloy and the low-volatile component
accumulates in the bottom products, that is, there are alloy composition changes over the entire
concentration range. It is necessary to know the boundaries position of the melt and vapor coexistence
fields on the state diagram, especially for solutions beneficiated with non-volatile metal to assess the
quality of the vapor phase by the content of the low-volatile component. In this regard, the study has been
completed with the purpose to clarify the values of the thermodynamic functions of the formation and
evaporation of lead-tin melts required to calculate the boundaries of the liquid and vapor coexistence
fields on the state diagram that enables us to judge the amount of a low-volatile component in the vapor
phase under equilibrium conditions. The thermodynamic activity of lead was calculated, as well as the
numerical integration of the Gibbs-Duhem equation using the substitution proposed by Darken is the
thermodynamic activity and pressure of saturated tin vapor Based on the values of the saturated lead
vapor pressure, determined by the boiling point method (isothermal version) for alloys predominantly of
the lead edge of the phase diagram. The thermodynamic constants thus obtained will add to the base of
physicochemical data and will be used to calculate the boundaries of the vapor-liquid equilibrium fields on
the phase diagram, allowing to determine the possibility and completeness of the distillation separation of
metals.

Keywords: Lead, tin, alloy, vapor pressure, thermodynamics, formation, mixing, evaporation, partial and
integral quantities, entropy, enthalpy.
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Introduction

The development of

The authors [4-11] have determined the
thermodynamic functions of formation by various
methods, [12-14] - the structure of melts and the

technology for tin refining from lead impurities with
subsequent industrial development [1-3] led to the
emergence of a significant number of studies in the
field of physical chemistry of lead-tin melts. Most of
them are devoted to the study of thermodynamics
and physical properties of the condensed phase.

a vacuum-thermal
associated  effects of homogeneity and
stratification.
Only a few papers are devoted to

thermodynamic studies of the lead-tin system by
methods including the process of evaporation of
volatiles. The authors of the [4] paper conducted a
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study of the thermodynamic properties of the lead-
tin system in the entire range of alloy compositions
at 730-790 °C based on the lead vapor pressure
determined by the modified Knudsen method with
the continuous weighing of the effusion cell. At the
same time, the values of the lead activity were
determined, and based on their thermodynamic
functions of the components and solution, a
conclusion about the molecular inhomogeneity in
liquid alloys was made.

A physicochemical study of the evaporation
process of the equimolar lead-tin alloy at
1,100 °C was performed in the [15] paper. The
authors studied the dependence of the
composition of the condensate on the evaporation
time and found that the composition of the vapor
above the solution and, therefore, the composition
of the condensate is determined by the
composition of the surface layer of the melt, which,
in turn, depends on the atoms movement speed of
the highly volatile component in the liquid alloy.

The thermodynamic study based on the values
of the lead vapor pressure determined at 873-1,073
K by the method of evaporation from an open
surface, was published in [16] paper. A positive
deviation of the system from the law of ideal
solutions was found, decreasing to the insignificant
one with the temperature rising.

The values of the excess functions of the lead-tin
system at 1,050 K, based on which it is possible to
calculate the value of the saturated vapor pressure
of the melt components under the assumption that
the indicated constants are independent of
temperature, are given in [17, 18].

Based on the results of all studies, as well as the
refined values of the saturated vapor pressure of
elemental tin and lead [19], it can be concluded
that there are no technological difficulties in the
distillation separation of alloys into separate
metals.

However, during the development of technology
to separate the multicomponent alloys, for
example, metal concentrates from waste
processing plants, during the distillation excreting
of volatile metals (zinc, cadmium, lead) and the
concentration of low volatile metals (copper,
aluminum tin) in the bottoms, a noticeable amount
of tin was found in the lead condensate.

When the binary system is separated into
metals by distillation, the volatile component is
removed from the alloy and the low-volatile
accumulates in the bottom residue, that is, the
availability of alloy composition changes over the
entire concentration range. In order to assess the

quality of the vapor phase by the content of the
low-volatile component, it is necessary to know the
position of the boundaries of the fields of
coexistence of the melt and vapor on the phase
diagram, especially for solutions enriched by non-
volatile metal.

In [20] paper, based on the results of the study
[16] at 873-1,073 K (600-800 °C), a calculation was
performed and the phase diagram of the lead-tin
system with fields of vapor-liquid equilibrium at
atmospheric pressure, 100 and 10 Pa, does not
correspond, however, to the cause of the increased
tin content in the condensate.

The processes of distillation separation of alloys
and refining of metals of the specified system occur
at temperatures of 1,000-1,350 °C (1,273-1,623 K)
and extrapolation of the vapor pressure values to
the indicated temperatures could lead to
inaccuracies in the calculations.

In this regard, a study aimed at clarifying the
values of the thermodynamic functions of the
formation and evaporation of lead-tin melts, which
are necessary to calculate the boundaries of the
fields of coexistence of liquid and vapor on the
phase diagram, which is indicative of the amount of
a low-volatile component in the vapor phase under
equilibrium conditions.

Study object, research methods, and
calculation methods

As an object of research, we used lead-tin alloys
of predominantly lead edge of the phase diagram
with contents of 93.93, 88.42, 83.08, 70.59, 50.65,
and 30.87 at. % (96.43, 93.02, 89.55, 80.73, 64.18
and 43.80 wt. %) Pb, and the rest is tin.

The alloys were prepared by fusing metals in
evacuated quartz ampoules with heating at
100 °C above the liquidus temperature, holding at
this temperature for 2 hours and stirring with
shaking, followed by quenching in water. Alloys
were prepared using lead, 99.999 wt. % and tin,
99.99 wt. % of the principal element.

The partial thermodynamic mixing functions was
the basis to find the activity value, defined as the
ratio of the partial pressure of the component over
the solution to the value of the saturated vapor

3 =P /p;

pressure over the elemental metal:

& s thermodynamic activity; Piis the
[o]

partial pressure of steam; i is component; Pi is the
saturated vapor pressure of the same component
over the elemental metal.

where:
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The boiling point method (isothermal version)
described in detail earlier [21] was used to
determine the value of the saturated vapor
pressure, the method is based on the significant
increase in the evaporation rate when the external
pressure and the saturated vapor pressure of the
test substance are equal with a decrease in
pressure above the melt at a given temperature.

Since the vapor pressure of elemental lead at
temperatures of 1,200 — 1,300 °C (1,473 -
1,573 K) according to [19] is (3.5 - 6.5) 10* times

higher than the tin vapor pressure, it was
considered that the total vapor pressure
determined by the boiling point method

corresponds to the saturated lead vapor pressure.
Argon was used as a volume filler gas in the boiling
point method.
The partial free energy of alloy formation was
AG™ =RTIna
calculated as i i

partial entropy of mixing -

(eAGM™ 1aT) =-AS™

I mix A > mix . fmix
partialenthalpy—AHi =AG™ +T-AS, .

Aé'mix AS_.miX A|__|'mix )

From now on: P i i - partial free
energy, partial entropy, and partial enthalpy of
mixing is component, respectively. From now on, T
is the temperature, K.

Integral mixing functions are calculated as the
sum of the fractions of partial values.

Tin activity was found from the expression

Asn = Vsn 'XS”, tin activity coefficient (7/5“) by
numerical integration of the Gibbs-Duhem equation
using the auxiliary function proposed by Darken
[22]:

In __|n7pb'pr'X3n+ o INypy d
Vsn = 2 -0 2 Pb
XSn Yeo= (1_ XPb) and

then the partial functions of tin mixing during alloy
formation.

The partial free energy of evaporation is
determined based on the values of the partial
pressure of the saturated vapor of the melt
components as:

~evap _ D
AG?® =—RT In pi[afm], and entropy and

enthalpy are similar to those in the formation of an
alloy.
The temperature dependences of the activity

(app) and the partial pressure of lead vapor ( pr)
for each of the compositions were described by

Arrhenius type equations. Then by approximating
the dependence of the coefficients in the equations
on the concentration of lead (xps) in the alloy, we
obtained the temperature-concentration
dependence of the activity (as») and the partial

pressure of tin vapor ( Psn ).

The error in determining the thermodynamic
constants is taken to be equal to the error in
determining the values of the saturated lead vapor
pressure, as the sum of the errors of independent
measurements, %: temperature - 1; weighing - 0.1;
pressure 0.5; approximation of experimental data -
6.18, equal to 7.78.

Results and its discussion

The coefficients of the equations of the
dependence of the saturated lead vapor pressure
on temperature for each of the alloy compositions
are given in Table 1, for each of the alloy
compositions are given in Table 1, where the vapor
pressure of the lead itself was determined by us
earlier [23].

Table 1 - Coefficients of the equation of the dependence
of the partial lead vapor pressure on temperature

Lead content in the _ A
In pp,[/1a]l=—+B
alloy: T
atom. % | mass. % A B

100 100 -22165 22.521
93.93 96.43 -22216 22.490
88.42 93.02 -22291 22.475
83.08 89.55 —22388 22.469
70.59 80.73 —22705 22.493
50.65 64.18 —23458 22.606
30.87 43.80 -24476 22.725

The partial pressure of saturated lead vapor for
the entire concentration range of the Pb - Sn
system is represented by the expression:

In P, [77a] = (—708x3, —2368x2, + 743x,, —
—26525)-T * +0,197 x3, +1,884x2, —
— 4,737 Xpp, + 25177 + In X,

tin corresponds to the dependence:

In P, [I7a] = (708x%, —5554x2, +8408x, —
—39759 +576In x,,)-T " —-0,197x3 +
+2,77x5 — 4,572, + 26,085 + 0,622 In X,

—— g4 ——
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Figure 1 - Isoactivities of lead (1, 2) and tin (3, 4)
at temperature, K

The isoactivities of lead and tin at the boundary
temperatures of processing polymetallic raw
materials [1,000 — 1,300 °C (1,273 — 1,573 K)] are
shown in Figure 1. The system, in contrast to the
research data [16], is characterized by a slight
negative deviation from the law of ideal solutions,
which indicates some interaction between
dissimilar metals in liquid form. The dependence of
the activity coefficients of lead and tin depends
little on temperature, and at 1,573 K (1,300 °C) the
system is close to ideal.

The concentration dependences of the partial
and integral entropies and enthalpies of mixing of
lead-tin solutions are shown in Figures 2 and 3.

The integral entropy of mixing in the lead-tin
system differs significantly from that for an ideal
system, both in magnitude and in sign. This
indicates a negative value of the excess function.
The enthalpy of mixing is negative in the entire
range of melt concentrations, therefore, the
solutions are formatted exothermic, with the
release of heat.

The integral entropy of alloy formation is
approximated by the expression:

ASH, =—32,135x4, + 69,8073, —

— 47,627 X2, +9,955 J/(mol-K),

enthalpy —
AHI* =9,464x3, +25,607x2, —35,071, kJ/mol

The values of the thermodynamic functions of
evaporation of lead-tin system alloys are
summarized in Table 2.

Mixing entropy, J/(mol*K

0 0,2 0.4 086 0,8 1
Ph, moale fraction

1 —integral; 2 — lead; 3 —tin;
4 —for an ideal system

Figure 2 — Integral (1, 4) and partial (2, 3) entropies
of mixing in the lead-tin system.

'I -
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©
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Pb, mole fraction

Figure 3 — Integral (1) and partial (2,3)
enthalpies of mixing in the lead-tin system

The partial entropies of lead and tin evaporation
constant within the experimental error in the entire
range of alloy concentrations. The partial enthalpy
of metals evaporation is expected to increase as
the concentration of each of the constituents in the
system decreases. Integral functions are described
by concentration equations:

ASEE = -7,215x}, +10,499x2, —16,549%,, +104,43
J/ (mol K) and
AH Y, = ~38,599x3, —77,535%,, +300,95 | 5/ )

The values of saturated vapor pressure and
thermodynamic constants obtained in this way are
used to construct a complete phase diagram,
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Table 2 — Partial and integral entropies and enthalpies of formation and evaporation of lead-tin alloys

’

"7 evap
AH Pb
kJ/mol

’

Al'_| evap
Sn
kJ/mol

evap
AH Pb-Sn /
kJ/mol

184.29+14.34

184.29+14.34

185.13+14.40

335.06+26.07

200.12+15.57

186.69+14.52

326.09+25.37

214.57+16.69

188.93+14.70

319.36+24.85

228.06+17.74

191.80+14.92

314.00+24.43

240.68+18.72

195.28+15.19

309.74+24.10

252.51+19.64

199.33+15.51

306.42+23.84

263.58+20.51

203.92+15.86

303.95+23.65

273.94+21.31

209.00+16.26

302.25+23.52

283.60+22.06

214.56+16.69

301.27+23.44

292.60+22.76

Alloy G evap C evap evap

composition, ASPb , ASSn , ASPb—Sn'

mol. share. J/(mol K) J/(mol K) J/(mol K)
Pb Sn
1.0 0 91.42+7.11 - 91.42+7.11
0.9 0.1 91.06+7.08 | 105.57+8.21 92.51+7.20
0.8 0.2 91.00+7.08 | 106.03+8.25 94.00+7.31
0.7 0.3 91.20+7.10 | 105.45+8.20 95.48+7.42
0.6 0.4 91.61+7.13 | 104.69+8.14 96.84+7.53
0.5 0.5 92.16+7.17 | 104.01+8.09 98.09+7.63
0.4 0.6 92.74+7.22 | 103.54+8.06 99.22+7.72
0.3 0.7 93.13+7.25 | 103.32+8.04 | 100.26%7.80
0.2 0.8 92.88+7.23 | 103.39+8.04 | 101.29+7.88
0.1 0.9 90.58+7.05 | 103.75+8.07 | 102.43+7.97
0 1.0 - 104.43+8.12 | 104.43+8.12

300.95+23.44

300.95+23.44

including the fields of coexistence of melt and
vapor at atmospheric pressure and in a vacuum.

The partial entropies of evaporation of lead and
tin are constant within the experimental error in
the entire range of alloy concentrations.

The partial enthalpy of vaporization of metals is
expected to increase as the concentration of each
of the components in the system decreases.

Integral  functions are  described by
concentration equations:

ASE® = —7,215x, +10,499x%, —16,549X,, +
+104,43 1/ (mol K) and

AHS®.  =-38,509%3, —77,535x,, +300,95 kJ/mol.

Conclusions. As a result of the study conducted
by the boiling point method at processing
temperatures of metal concentrates from garbage
processing, the values of the saturated vapor
pressure of lead and its thermodynamic activity
were determined, based on which the partial and
integral entropies and enthalpies of formation of

evaporation of liquid lead-tin alloys were calculated
using known methods.

The values of saturated vapor pressure and
thermodynamic constants produced in this way are
used to construct a complete phase diagram,
including the fields of coexistence of melt and
vapor at atmospheric pressure and in a vacuum.

Similar works [24-28], performed at the
Institute earlier, showed the practical significance
and technological relevance.

Conflicts of interest

On behalf of all authors, the corresponding
author states that there is no conflict of interest.

Acknowledgment
This work was supported by the Ministry of

Education and Science of the Republic of
Kazakhstan (grant AR 08855494-0T-20).

Cite this article as: Trebukhov S. A., Volodin V. N., Ulanova O. V., Nitsenko A. V., Burabaeva N. M. Thermodynamics of
formation and evaporation of lead-tin alloys. Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a. = Complex Use of Mineral

Resources =  Mineraldik  Shikisattardy
https://doi.org/10.31643/2021/6445.10

Keshendi

2021. Ne 1 82-90.

Paidalanu. (316),  pp.

KopfacbiH-Kanabl KOpbITNanapbiHbIH Ty3iNyi MeH 6ynaHybIHbIH,
TepMoAMHaMUKaCDI

Tpebyxos C.A., *BonoguH B.H., 2YnaHosa 0.B., * Huuenko A.B., 1" Bypabaesa H.M.

1Satbayev University, «Memasnnypaus #aHe KeH balieimy uHcmumymel» AK, Aamamel, KazaxcmaHx
22 «DHZ» AG, Uropux, LUeeliyapus

* ABmopOdbiH 31eKMpPOoHObIK nowmacsi: nuri_eng@mail.ru, n.burabaeva@satbayev.university



https://doi.org/10.31643/2021/6445.10
mailto:nuri_eng@mail.ru
mailto:n.burabaeva@satbayev.university

KomnnekcHoe VMicnonb3oBaHne MuHepanbHoro Coipbs. Ne1 (316), 2021 ISSN-L 2616-6445, ISSN 2224-5243

Makana kendi: 31 kahmap 2021
PeueHzeHmmeH emmi: 16 aknaH 2021
KabbindaHoel: 10 Haypei3 2021

TYWNIHAEME

KypambIHaFBl YIIATHIH KYpayHIbUIAPBIHEIH —(KOMIIOHEHTTEpPiHIH) OylaaHy IpOIECiHeH TYpaThIH
omicTepMeH KOpFachIH-Kaaiibl XKYIeciH TepMOJMHAMUKAIIBIK 3epTTeyiaepre GipHelue KyMbICTap FaHa
apHanran. Koc oKkyfieHI muCTWUIALMS OficiMeH Meranmapra OeireHie, YMIAThIH KOMIIOHEHT
KOPBITIIA/IaH LIBIFApPbUIA/IBI )KOHE a3 YIIATBIH KOMIOHEHT TOMEHTT KaJIbIKTa KUHAIA/BI, SIFHU KOPBITIIA
KypaMmbl OVKil KOHIEHTpauus ayKbIMbIHOAa e3repedi. By asachlHBIH camachblH a3  YIIKBILI
KOMIIOHEHTTIH Meuuepi OofibiHIIa Oaranay YIniH OajKbIMAaHBIH JKOHE OYIBIH KaTap IKYPETiH
opicTepiHiH Ky [OuarpaMMachlHIaFrbl LICKapajiblk OpHBIH, ocipece YIIMaWThIH MeTajlJapMeH
OaiibITBUIMAFaH epITIHIep YIUiH OpHANACYBIH, Oty KaxkeT. OchiFaH OaillaHBICTBI KOPFAChIH-Kasailbl
GaJIKbIMaJIapBIHBIH Taiina 00mybl MeH OylaHYbIHBIH TEPMOAMHAMHUKAIBIK (QYHKUMSIAPHIHBIH MOH/EPIH
HAKThUIAYy MaKCaThIHIA 3ePTTeY XKYPIri3iii, oJap Kyil AuarpaMMachlHIaFbl CYHBIKTHIK IeH OyabIH Oipre
GonaThIH KaFdaiiiarel epiCTepiHiH IIeKapalapblH ecenTey YLIH KaXeT Tele-TeHAIK KaraaibiHaa Oy
(asachiHIAFBl a3 VIOKBIII KOMIIOHEHTTIH MOJIIEPiH aHbIKTayFa MyMKiHmik Oepemi. Kyit
MarpaMMAachIHbIH HETi3iHEH KOPFAChIH OpHAJaCKaH  JKAaFbIHIAFbl KOPBITHANAp YLIIH KailHay
TeMIepaTypacsl OAiCiMEH (M30TEPMHSUIBIK HYCKAa) aHBIKTAFAaH KOPFACHIHHBIH KaHBIKKAH Oy
KBICBIMBIHBIH MOHJEPIHE CYI€HE OTBIPBIN, KOPFACBIHHBIH TEPMOAMHAMHKAIBIK OCICEHAUTIr ecenTenai
oHe JlapkeH YChIHFAaH ainMacThIpyIbl KoigaHaTelH ['HOGC-/[oXeM TeHaeyiH CaHIBIK HHTErpaniay
apKbUIbl KaJlailbIHBIH TEPMOJANHAMHKAJIBIK OCJICEHIUIINT MEH KaHBIKKaH Oy KbBICBIMBI €CENTeNIi.
Ocsburaiiiia ~ anplHFAaH —TEPMOJMHAMHKAIBIK TYPAaKThUIAp  (DH3HKAIBIK-XUMUSUIBIK  MAJIIMETTepIi
TOJNBIKTBIPAAbl JKOHE (hasamblK [uarpamMma OOMBIHIIA Oy-CYHBIKTBIK Tere-TeHIIK ©OpiCTepiHiH
IIeKapalapblH ecenTey YIIiH MaifaNaHbUIaThiH 00Iabl, Oy MeTangapAbl AUCTHIUIALHSUIBIK OOTyTiH
MYMKIiHIIKTEpi MEH TONBIKTHIFBIH aHBIKTAyFa MYMKIHIIK Oepe/i.

TyliiHOi ce3dep: KopFacblH, Kanaibl, KOpbITNa, By KbiCbiMbl, TEPMOAMHAMMKA, Naiiga 6oy, apanacy,
6ynaHy, napumanbai *KaHe MHTerpanabl Wamanapbl, SHTPOMMUSA, SIHTANbMNUA.
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AHHOTAUMUA

TepmMoAMHAMUYECKMM UCCNEL0BAHUAM CUCTEMbI CBUHEL, — OJIOBO METOAAMM, BK/KOYAIOLLMMM NPOLLEcC
MCNapeHUn NeTy4YnX COCTaBAAIOWMX, NOCBALLEHO NMLIb HECKObKO paboT. Mpu pasgeneHun agoiHon
CUCTEMbI Ha MeTaiNbl AUCTUANALMEN NPOUCXOAMUT yAaNeHWe /IeTyyero KOMMOHeHTa M3 cniasa u
HaKonieHne mano fieTydero B Ky6oBOM OCTaTKe, TO eCTb MMEeT MecTo M3MeHEeHMe CocTaBsa Criasa Bo
BCEM WHTEpPBase KOHLEHTpAUMi. [NA OLEHKM KayecTBa NapoBoit $asbl MO COAEPNKAHWIO Mano
NETYYero KOMMOHEHTa HEOBXOAMMO 3HAHWE NONOMKEHWA TPAHUL, NOJIEW COCYLLECTBOBAHUA pacniasa u
napa Ha gMarpamme COCTOAHMA, 0CO6EeHHO A/1A PacTBOPOB, 06OraleHHbIX He IeTyYum meTtannom. B
3TO CBA3M, BbINOAHEHO UCCNEA0BaHME, UMEIOLLEe Le/Iblo YTOYHEHME BENNUYUH TEPMOAMHAMMUYECKUX
bYHKLMIA 06pa3oBaHNA M MCNAPEHUA CBMHL0BO-0/I0BAHHbIX PacnaaBoB, HEOBXOAMMbIX ANA pacyeTa
rPaHUL, NONEN COCYLLECTBOBAHMA KUAKOCTU U Napa Ha AMArpamme COCTOSHWA, NO3BONAIOLLMX CYAUTb
0 KO/IMYECTBE Maso NIETY4ero KOMMOHeHTa B MapoBoit pase B paBHOBECHbLIX YCI0BUAX. Ha OCHOBaHMK
BE/MYMH [aBNAEHWA HaCbIWEHHOro napa CBMHLA, OMNPeaeNeHHOro MeTOAOM TOYeK KumeHus
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(M30TEPMUMYECKMIA  BapMaHT) AON18 CNJIaBOB NPEUMMYLLECTBEHHO CBMHLLOBOrO Kpas Amarpammbl
COCTOAHMA, pacCcyMTaHa TEPMOAMHAMMYECKas aKTMBHOCTb CBMHLA, a TaKXKe YUCNEHHbIM
MHTErpupoBaHuem ypasHeHus [M66ca-[llorema C MCNO/Mb30BaHWMEM MOACTAHOBKM, NPEANOMEHHOM
[apKeHoMm, - TepMOAMHAMMYECKAA aKTUBHOCTb M AaBNEHWE HACbILWEHHOro Napa 0/108a. MonyyeHHble,
TakMM 06pa3om, TEPMOAMHAMMUYECKME KOHCTAHTbl MOMOAHAT 6a3y GU3MKO-XMMUYECKUX AAHHbIX M
6yayT MCNONb30BaHblI ANA pacyeTa rpaHuL, nosnei NapoXKMAKOCTHOTO PAaBHOBECUA Ha Auarpamme
COCTOAHMA, MO3BONAOWMX ONPEAEIMTb BO3SMOMXKHOCTb M MOIHOTY AWUCTUANALMOHHOIO pasaeneHus
MeTasnos.

Knwoueevle cnoea: CBuHel, 0/10BO, CMAae, [AaBfeHWe napa, TepMoAMHAMMKa, 0b6pasoBaHue,
CMeLLeHNe, UCNapeHne, MapUManbHble U UHTErpanbHble BENNYMHBI, SHTPOMNUA, SHTANbNUA.
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ABSTRACT

The article analyzes the results of heat resistance of cold-harmful mixtures with the addition of
clay. The article presents the results of an experimental laboratory study of the properties of
samples from CTS, obtained by various methods. The scientific novelty of the technology lies in the
fact that the technology of casting in cold-rolled steel ensures high quality of the casting surface,
the absence of gas defects and blockages in the casting. The selection of the composition and
technological parameters for the manufacture of the mold, contributing to the production of high-
quality defect-free castings, will significantly reduce their cost, which will have a positive effect on
the economy of our country. The study of the change in density over time depending on the
applied load was studied in a series of experiments. The density of the mixture was determined
every thirty seconds during the entire time of the formation of the dispersed medium. These
experiments showed that at the beginning of the formation of the shell, its density increases
significantly. In works on the thermal stability of polymers, the general laws of thermal
decomposition and carbonization of cyclic, spatially crosslinked hot curing polymers were
investigated and it was shown that the kinetics of destruction, the composition of gaseous
products, the amount of coke formed and its properties depend on the properties of the initial
polymers - the degree of crosslinking of molecular chains, chemical structure, the presence of
impurities of catalysts and other curing conditions, as well as the heating conditions - speed and
temperature. The article summarizes some of the results of the study, which is most appropriate
for thin-walled steel castings to use the following mixture composition: filler - quartz sand; binder -
clay of the Kazakhstani deposit, epoxy resin, hardener.
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Introduction

An important problem of modern foundry
technologies is the mechanization and automation
of the manufacture of casting cores and molds, the
complexity of the manufacture of which is very
significant. The development of technological

processes based on the use of cold-hardening
mixtures (CTS) plays a significant role.

In works on the thermal stability of polymers,
the general laws of thermal decomposition and
carbonization of cyclic, spatially crosslinked hot
curing polymers were investigated and it was
shown that the kinetics of destruction, the
composition of gaseous products, the amount of
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coke formed and its properties depend on the
properties of the initial polymers - the degree of
crosslinking of molecular chains, chemical
structure, the presence of impurities of catalysts
and other curing conditions, as well as the heating
conditions - speed and temperature.

Experimental Procedure

The composition of the cold-hardening mixture
in the studies was as follows: filler - sand, binder,
catalyst and hardener, characterized in that the
composition of the mixture is used as follows: sand
grade 1K0316-75%, clay (Beloe Glinische minefield)
- 35%, epoxy resin EP- SM-PRO 1.8-2%, hardener
consumption 921 OP 0.8-1%.

Picture 1 — CHM structure: c - 100 g cvar. sand + 15g
epoxy with a mole with a hardener + 10% white clay

Defects in castings, depending on cores and
molds, form defects in castings. The process of
interaction of mixtures with metal. The most
important characteristic of this interaction is the
heat transfer between the casting and the mold.
Temperature fields in the casting - mold system at
different moments or periods of time determine
the conditions for the occurrence of almost all
processes at the metal - mold interface and in the
volume of the mold [1-5].

Analyzing heat transfer from the stated
positions, three parameters can be considered as
determining:

1. to - the duration of direct contact of the
liquid metal with the mixture. During this period,
almost all types of surface defects are formed
(burn-in, notches, snakes, etc.), therefore, the
properties of cold-hardening mixtures during the
period 10 are of particular interest. Knowledge of t0
is also necessary to assess the probability of certain
physical and chemical processes occurring at the
interface.

2. Temperature field in a rod or mold at a
given time:

t=f(T,x) (1)

where ty - mixture temperature at a
distance x from the interface, °C; t - time.

Temperature fields can be used to study
the effect of mixtures on the solidification of
castings, to investigate and analyze temperature
transformations in mixtures under conditions close
to real ones, the nature of gas release during
heating, the formation of the properties of spent
mixtures as an object of reuse or regeneration, etc.

3. Heating rate of the mixture at a given
point of the rod or mold ux, °C/MuH. This
parameter, determined from the previous one, is
necessary for the development of methods for
studying the properties of mixtures at high
temperatures, for the maximum approximation of
the experimental conditions to the conditions of
real interaction.

The mass of castings varies from tens of
kilograms to several tens of tons with a wall
thickness of 20-30 mm to 500-600 mm, therefore,
the issues of interaction of mixtures with metal
should be considered with such a degree of
generalization, which, at least in the first
approximation, corresponded to the actual variety
of cast parts. ... With this formulation of the
problem, the most reliable is a combination of
theoretical and experimental methods.
Fundamental work in the field of the theory of heat
conduction and heat transfer in a casting mold
makes it possible to solve the problem in the
following way.

The duration of contact of a liquid metal
with a mixture for a wide range of wall thicknesses
under certain assumptions can be determined
analytically for the plate-semi-infinite form system,
if there is data on the thermophysical properties of
the metal and mixtures [3-4]

Results and Discussion

The theory and, in particular, the principle
of heat flux stability provides methods of transition
from plates to bodies of more complex shapes and
a corresponding approximation to practical
conditions. You can also analytically analyze the
temperature fields in the bars for slabs with a given
thickness interval.

If now  experimental temperature
measurements are carried out on real castings with
a wide range of geometric parameters, then it
seems possible, firstly, to check the results of
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theoretical calculations, secondly, to clarify the
calculation methods, and thirdly, to determine the
limits of their application, taking into account the
assumptions made.

The thermal stability of molding mixtures
with resins in the manufacture of large castings is
one of the most difficult and poorly studied
problems in the technology of casting molds.
However, there is a certain analogy between the
thermal stability of mixtures and the thermal
resistance of polymers, which is devoted to a
special section of polymer chemistry.

In polymer chemistry, thermal stability is
the limiting temperature at which a chemical
change occurs in the polymer, which affects its
properties. More accurate, apparently, is the
determination of thermal stability as the limiting
temperature at  which the thermal or
thermochemical degradation of the polymer begins
[5].

For a molding mixture with resins, the
definitions of thermal stability adopted in polymer
chemistry should be significantly expanded [5].
Traditional polymers, as a rule, are operated for a
long time at low (up to 300 ° C) temperatures, and
under the conditions of their operation, significant
chemical changes in the material are not allowed. It
is this circumstance that is reflected in the
definition of thermal stability. On the other hand, a
molding mixture is operated for a short time at very
high temperatures and its thermal stability as a
physical concept should reflect these conditions.

A similar problem is being addressed in the
field of polymer chemistry. So, for example, when
assessing the thermal stability of high-molecular
compounds, it is necessary to take into account not
only the maximum temperature at which certain
properties of the material do not significantly
deteriorate, but also the holding time at this
temperature, as well as the kinetics of polymer
heating.

In principle, synthetic resins [6] used in
foundry for cores and large casting molds have
similar properties. All of them in the cured state are
thermosetting polymers, infusible and insoluble. As
already indicated, this property is necessary
because it provides the overall stability of the
mixture against metal pressure. The thermosetting
properties of casting resins are due to their three-
dimensional, spatially cross-linked structure. From
a chemical point of view, high thermal stability is
explained by the presence in the structure of resins
of six-membered (PFS) [7-9] or five-membered

(furan resins) cycles with a high concentration of
carbon atoms in each structural unit of the
polymer.

The studies carried out confirm the
presence of a direct relationship between the
structure and thermal resistance of resins. The least
heat-resistant resins do not contain aromatic cycles
in their link; an increase in thermal resistance is
associated with an increase in the concentration of
atoms in the structure. On the other hand, a
comparison of coke numbers allows one to make a
preliminary forecast about the possibility of using
certain classes of polymers as foundry binders.

The important role of coke in form
resistance to the action of liquid metal is
determined by the fact that, unlike the initial
polymer, it can exist for some time at temperatures
up to 3000 ° C. Thus, there is a fundamental
correspondence between the heating conditions of
the molding sand and the properties of the binder.

In works on the thermal stability of
polymers, the general laws of thermal
decomposition and carbonization of cyclic, spatially
crosslinked hot curing polymers were investigated
and it was shown that the kinetics of destruction,
the composition of gaseous products, the amount
of coke formed and its properties depend on the
properties of the initial polymers - the degree of
crosslinking of molecular chains, chemical
structure, the presence of catalyst impurities and
other curing conditions, as well as the heating
conditions - speed and temperature [10].

The study of the change in density over
time depending on the applied load was studied in
a series of experiments. The density of the mixture
was determined every thirty seconds during the
entire time of the formation of the dispersed
medium. These experiments showed that at the
beginning of the formation of the shell, its density
increases significantly. This is due to the removal of
interstitial air from the volume of the mixture and a
more compact packing of sand grains and particles
of unmelted resin under the action of the applied
static pressure. A further increase in density occurs
insignificantly and is associated with the melting
and hardening of the resin, which fills the
remaining pores between the grains of sand.
Prolonged thermal exposure to EPS will lead to
resin burnout and, as a result, to decompaction. A
similar distribution of density over time is observed
for any degree of compaction used in the
experiments.
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A series of experiments was carried out to
determine the effect of the filling height of the
mixture into the filling frame (flask) on the strength
properties of the shell (Table 1).

Table 1 - Mixture into the filling frame on the strength
properties of the shell

No. of Density, | Applied | Initial density
experiments | kg /m? load,
MPa
1 1420 0
2 1560 0,1 Initial density
3 1690 0,2 1400 kg / cm?
4 1740 0,3
5 1790 0,4
6 1420 0
7 1630 0,1 Initial density
8 1780 0,2 1500 kg / cm?
9 1790 0,3
10 1805 0,4
11 1310 0
12 1530 0,1 Initial density
13 1705 0,2 1300 kg / cm?
14 1880 0,3
15 1900 0,4

Experiments have shown that, within the
filling frame, the filling height does not have a
significant effect on the properties of the shell mold
due to the small height of the PSS column (Table 2).

Except for the backfill height, which is close to the
shell thickness. The filling height with the mixture
was determined from the highest point of the
model plate. The pressure at which the shell was
formed was 0.30 MPa.

Table 2 - Experimental data

Backfill height of the | Tensile strength of the
PSS in the flask, mm shell, MPa

20 4,3;4,2;4,1

40 4,9;4,8; 4,3

60 5,3;4,6;4,4

80 5,4;4,9; 4,5

100 5,4;4,9; 4,6

Conclusions

To sum up, the content of the binder in the CTS
is the main indicator of the composition, which
determines the level of strength characteristics of
rods and molds, the quality of castings, the sanitary
and hygienic characteristics of the process and its
technical and economic efficiency.
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TYWIHAEME

Makanaga cybiKTail KataTblH Kocnanapfa (CKK) 6anwblik KOCy apKblibl bICTbIKKA TO3iMAiniriH 3eptrey
HaTWXKenepi TangaHagbl. Makanaga oapTypai aaictepmeH anbiHFaH CKK  yarinepiHib, KacuetTepiH
TOXipNbenik 3epTxaHanblK 3epTTeyaiH HaTuKenepi KentipinreH. TeXHONOTUAHbBIH, FblIbIMM KAHA/bIFbl -
CyblKTall KaTaTblH KOCManap apKplibl anblHaTblH KyilmanapablH, 6eTTiK canacbiHbiH, Kofapbl 60ybIH,

KyliManapga ras Kenipwiktepi 60/mayblH KamTamacbl3 eTeTiHAiriHge. Mofapbl cananbl akaycbi3 Kyt
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eHAjipiciHe ynec KocaTbliH Kanbin AaiblHAAyFa apHaiFaH KOMNO3ULMA MEH TEXHOIOTUABIK NapameTpaepi
TaHAay onapAblH, KYHbIH eAdyip TomeHaeTyre MyMKiHAIK 6epeai, 6yn 6i3aiH, enimisaiH 9IKOHOMUKACbIHA OH,
acep etefi. TbIfbI3AbIKTbIH YaKblT 6OMbIHIWA KOAAAHbINATBIH KywKe 6alinaHbicTbl e3repyi bipkatap
Toxipubenepae 3eptrenreH. KocnaHblH, Tbifbi34blFbl AMCNEPCTi OpTaHblH, naiga 60nybiHbIH, 6apabik
Ke3eHiHAe ap OTbI3 CeKyHJA CaliblH aHblKTanabl. byn Taxipubenep KabbiKTbiH, Naga 60nybiHbIH, 6acbiHAQ
OHbIH, TbIfbI3AbIFbl €43Yip apTa TyCeTiHAiriH KepceTTi. MonMmepnepaiH, TepMUANbIK TYPAKTbIIbIFbI Typasbl
KYMbICTapAa UMKNAIK, KeHiCTiKTe e3apa 6alinaHbiCKaH NOAMMEpPAEpAiH, TEPMUAAbIK blablpay XKaHe
KapboHM3aumMaAnayablH, ¥Kannbl 3aHAbINbIKTapbl 3€PTTENIN, XOWbINY KUHETMKACDI, a3 Tapisaec eHiMaepaiH
KYPambl, Ty3i1TeH KOKCTbIH, Me/LLEPi KaHE OHbIH, KacueTTepiHiH, 6acTankbl NoAMepaepaiH, KacueTTepiHe -
MoneKkynanblk Ti3bekTepaiH ©3apa 6ainaHbicy aaperkeciHe, XUMMANBIK KypbllbiIMbIHA, KaTanusatop
KOCManapbiHbiH 60ybIHa KaHe bacKka Aa KaTalo »KafaannapbiHa, COHbIMEH KATap Kbi3Ablpy XKafaannapbiHa
- KbINJAMAbIK NeH TemnepaTypafa 6ainaHbICTbIAbIFbI KepceTingi.. byn Taxipmubenep KabbiKTbiH Naiga
60nybIHbIH, 6acbiHAA OHbIH, TbifbI3AbIFbl €43Yip apTa TYCETIHAIrH KepceTTi. Makanaaa 3epTreyAiH, Kenbip
HaTUMXKeNepi XuHaKTanbin, byn »KyKa Kabbipfanbl 60naT KyliManap ywiH Keneci KoCnaHbliH: TONTbIPFbIW -
KBapL, Kymbl; 6ainaHbICTbIpyWbl - Ka3aKCTaHAbIK KeH OPHbIHbIH, 6aswbIKTapbl, 3MNOKCUMATI LWalbIp,
KaTalTKbIW KypaMblH KONAaHY eTe Konaiibl 6onaTbiHbl KepceTingi.
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AHHOTAUMA

B cTaTbe aHanM3UpYIOTCA pesy/bTaTbl TEPMOCTOMKOCTM XONOAHOTBEPAEOWMX cmecen ¢ pobaskoi
TNWHBI. B cTaTbe NpuBeaeHbl pe3ynbTaTbl SKCMEPUMEHTAbHBIX 1ab0PaTOPHbIX UCCAEeL0BAHWI CBOMCTB
06pa3suo8 13 XTC, NOAyYEHHbIX Pa3AUYHbIMK CNocobamu. HayyHas HOBM3Ha TEXHOIOMMK 3aK/I04aeTcA B
TOM, YTO TexHosorua AunTba B XTC no3sosifeT o6ecneynTb BbICOKOE KayecTBO MOBEPXHOCTU AUTbA,
OTCYTCTBME ra3oBbIx AedEKTOB U 3aCOPOB B OT/MBKe. M0A6OP COCTaBa M TEXHONOMMUYECKMX NAapPameTpoB
M3rotosnieHnsa GOpMbl, CNOCOBCTBYIOWEN MONYYEHUIO KAYECTBEHHbIX 6e30edPeKTHbIX OT/IMBOK,
3HAUYUTENbHO CHU3UT UX Ce6ECTOMMOCTb, YTO MOJIOKUTE/IbHO CKAMKETCA Ha SKOHOMMKE Hallei CTpaHbl.
MccneposaHme M3MeHEHUA NAOTHOCTU BO BPEMEHMW B 3aBUCMMOCTM OT NPUIOMNKEHHON HarpysKku usydanm
B CEpWMM ISKCNEpPUMEHTOB. Kaable TpuALaTb CeKyH4, B TeyeHue BCero BpemeHn ¢GpOopmMMpoBaHMA
AVCNepCcHOW cpeapl onpeaensnacb NAOTHOCTb CMECU. ITW 3KCMEepUMMEHTbI MOKas3anu, 4to BHauvane
bopmmnpoBaHna 060104KM €€ NJOTHOCTb 3HAYUTENbHO MOBbIWAETCA. B paboTax No TepmoCTOMKOCTH
NoMMEpPoB UCCNeAoBaHbl 0bWMEe 3aKOHOMEPHOCTM TEePMMUYECKOro pacrnaga M KapboHusaumm
UMKANYECKUX, NPOCTPAHCTBEHHO CLUMUTBIX MOJIMMEPOB rOPAYEro OTBEPNKAEHNUA M NMOKa3aHO, YTO KUHETUKA
[ECTPYKLMKM, COCTaB ra3zoobpasHbiX MPOAYKTOB, KOMYECTBO O6pasytolierocs KoKca M ero CBOMCTBa
3aBMCAT OT CBOMCTB MCXOAHbIX MOJIMMEPOB - CTEMEHWU CLUMBKM MOJIEKYNAPHBLIX LENei, XMMUYECKoro
CTPOEHMA, HAINUMA MPUMECEN KaTaiM3aTOPOB W APYIUX YCNOBUIA OTBEPKAEHWA, @ TaK—~Ke OT YC/0BUN
HarpeBa - CKOpPOCTM M TemnepaTypbl. CTaTbs NOABOAWT HEKOTOPble MTOMM M3yyeHus, 4YTo Hambonee
LenecoobpasHo A1A TOHKOCTEHHbIX OTAMBOK M3 CTaAM MCNO/b30BaTb CAEAYIOLWMIA COCTaB CMecu:
HaMo/MIHUTENIb — KBAPL,EBbI NECOK; CBA3YIOWEE — IIMHA Ka3aXCTaHCKOTO MECTOPOMKAEHUA, IMOKCUAHANA
CMONa, OTBEPAUTENb.

Knrouessbie cnoea: cmecb, dopma, CBOMCTBA, HArpeBs, MeTasll, TEPMOCTOMKOCTb.
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