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This work research object was fat systems interesterification bio-
technology using the Lipozyme TL IM immobilized enzyme prepara-
tion. The problem of enzyme preparation activation by moistening
with sodium bicarbonate aqueous solution with 7.4 ... 7.7 (3 % wt.)
pH was solved in the work. The obtained results made it possible to
minimize the interesterification process duration with high-quality
product obtaining. The proposed enzyme preparation processing
made it possible to reduce the duration of the biointeresterification
process in a model fat mixture (palm stearin, coconut and soybean
oils in a ratio of 1:1:1, respectively) to 3.5..3.7 hours. The product

with high quality indicators, namely up to 0.26 mg KOH /g acid num-

ber, up to 0.60 mmol % O/kg peroxide number and 1.70 c.u. anisidine
number, was obtained as a result. The obtained data can be explained
by a fact that effective biocatalysis with lipolytic enzymes as the pro-
tein molecules requires the existence of two phases — lipid and water.
This fact was provided by the activation parameters justified in the
study. The obtained results feature was possibility of enzyme prepa-
ration activation, which is not provided under industrial conditions
due to the threat of raw materials and finished products hydrolytic
processes, which leads to the finished product quality deterioration.
The research results made it possible to minimize hydrolytic processes
in fat system during interesterification with simultaneous process
efficiency increase. From a practical point of view, the discovered ac-
tivation mechanism made it possible to adjust the enzyme preparation
processing conditions in fat systems interesterification technology.
The applied aspect of scientific result using was the possibility of
improving the typical technological process of fat interesterification.

Keywords: biotechnological interesterification, immobilized
enzyme preparation, interesterification duration, interesterified fat
quality indicators.
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The object of research is the process of chemical transesterifica-
tion of palm olein with increased oxidation indicators in the presence
of potassium glyceroxide catalyst.

Transesterification is an important method of fat modification.
The use of fats with increased oxidation indicators leads to the deac-
tivation of common catalysts and a decrease in the efficiency of the
process. There is a need to increase the dosage of catalysts, increase
the process temperature, which negatively affects the product quality.

An alternative transesterification catalyst (potassium glycerox-
ide) was used for the transesterification of palm olein with increased
oxidation indicators.

Palm olein (CAS Number 93334-39-5) with standard indicators
was used: melting point 22.4 °C, peroxide value 0.8 %2 O mmol/kg, an-
isidine value 0.3 c. u. Olein was subjected to heating at a temperature of
90 °C in order to increase oxidation indicators, after which it underwent
transesterification. The difference in melting points of the initial and
transesterified palm olein was used as a parameter of process efficiency.

The maximum limit values of the oxidation indicators at which the
process is effective are: peroxide value 12.7 % O mmol/kg, anisidine
value 10.4 c. u. The difference in melting points is 12.1 °C, which
indicates the efficiency of the process. The qualitative indicators
of the obtained transesterified fat indicate compliance with DSTU
4336 (CAS Number 97593-46-9): melting point 34.5 °C, peroxide
value 1.2 % O mmol /kg, anisidine value 1.0 c. u.

The results of the research make it possible to use fat with in-
creased oxidation indicators without pretreatment and predict the
efficiency of transesterification depending on the fat indicators. This
will increase profitability and reduce production waste.

Keywords: chemical modification of fats, catalytic transesteri-
fication, potassium glyceroxide, catalyst of fat transesterification.
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The object of this study is an effective approach to designing
automatic control systems with a model of complex technological
processes, which include interrelated and complementary stages
from the formulation of the task to the implementation of the control
system at the facility. It includes a set of measures, starting with the
analysis of the process in its hardware design with the construction
of an information and logical scheme to the development of all types
of security and commissioning.

The main problem in the implementation of a control system
with a technological process model is the limited ranges of adequacy



of mathematical models. Therefore, when changing the load

on the unit, changing external and internal perturbations, it is
necessary to constantly ensure the necessary level of adequacy
of the models. It is proposed to use a combined model as
a mathematical model of the control object, combining the
advantages of analytical and experimental-statistical models.
This makes it possible to significantly expand the information
base of the resulting model. A simple and effective iterative
algorithm for calculating this model is also proposed. It includes
sequential steps to determine the parameters of the model by
basic dependences (the deterministic part of the model), followed
by clarifying them according to the current data from the object
(experimental statistical part of the model). The effectiveness
of the approach is confirmed by the example of ASC TP of
the ammonia synthesis column. By improving the accuracy of
determining the control parameters and narrowing the range of
their change around the optimal value, the volume of ammonia
release increases by 5-8 %.

The application of the described approach on the example of the
development of an automatic control system for the technological
process of ammonia synthesis confirmed the economic feasibility of
implementing the proposed solutions.

Keywords: control system, control with model, information-
logical algorithm,
optimization.

scheme, combined mathematical model,
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Corrosion in API 5L steel under 1M HCl is a common issue; hence,
creating a more effective and naturally-based inhibitor is critical. In
this research, Syzygium Cumini leaf extract (SCLE) was used as a new
green corrosion inhibitor under acidic conditions. The inhibition prop-
erties of the novel cumini extract were thoroughly characterized using
potentiodynamic polarization (PDP), electrochemical impedance
spectroscopy (EIS), Fourier-transform infrared spectroscopy (FTIR),
and atomic force microscope (AFM). The results show that the cumini
inhibitor has excellent corrosion inhibition with 93 % inhibition effi-
ciency. The adsorption behavior of the inhibitor follows the Langmuir
Adsorption Isotherm due to the nearness of R? to unity. The potentio-
dynamic and electrochemical measurements demonstrate the mixed
type of corrosion inhibitor. Thermodynamic calculation of AG,g; is —
18.41 k] mol™! showing the physical adsorption process between the
inhibitor and metals. Further inspection of AH,4 at =58.93 k] mol!
considers releasing energy during adsorption. The FTIR results agree
with the increased growth of passive layers due to the adsorption of
polyphenol and flavonoids on metals. Remarkably, the adsorption
peak at 3266.59 cm! corresponds to the adsorption of ~OH. The peak
at 1612.56 and 1698.4 cm™! is attributed to C=C and C=0 functional
groups. The above functional groups serve as adsorption centers to
reduce the corrosion effect. The surface treatment of AFM indicated
a good relationship with the functional group characterization and
confirmed the significant corrosion rate reduction. This work can
be used as a benchmark to develop a natural plant as a corrosion
inhibitor.

Keywords: green corrosion inhibitor, Syzygium cumini leaf extract,
physisorption, polyphenol and flavonoids based inhibitor molecules.
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The object of this study was the concrete structures of a chemi-
cal enterprise for the production of titanium dioxide. In this case,
the ore is decomposed with sulfate acid according to the sulfate
production technology. In an aggressive environment, chemical cor-
rosion of concrete occurs, prolonged over time.

Using X-ray diffraction and X-ray fluorescence analysis meth-
ods, the mineral composition of two prototypes of concrete was de-
termined. Tt was found that the sample obtained from the workshop
for processing ore with sulfate acid showed an increased content of
sulfur oxide (SO2) on the surface, by 33 %, with a reduced content of
carbonates (CaCOs) on the surface, by 52.9 %, at a depth of 2 cm —
by 53.65, compared to another (control) sample. At the same time,
iron oxide (Fey03) was found on the surface in a sample of concrete
from the ore storage room (control), the content of which decreased
by 10.4 % at a depth of 2 cm, and by 12.4 % at a depth of 4 cm.

The results of electron microscopy show sulfur crystals on the
surface of a concrete sample. It was also found that the microstruc-
ture of concrete was changed under the influence of sulfate corrosion,
depending on the intensity of the exposure to a depth of 2 to 4 cm. By
the method of thermoprogrammed mass spectrometry, it was estab-
lished that when a sample of concrete exposed to sulfate acid is heat-
ed to a temperature of 400 °C, sulfur dioxide SOj is released mainly
from the surface. From the surface of the control sample, which
contains a significant amount of CaCOs, which is easily destroyed
by sulfate acid, there is probably a smaller amount of the product
of thermal destruction of calcium carbonate carbon dioxide (CO5).

The results of the experiment can be used to study the mechanism
of development of sulfate corrosion of concrete prolonged over time.

Keywords: sulfate technology, X-ray diffraction, thermopro-
grammed mass spectrometry, X-ray fluorescence analysis, electron
microscopy.
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The search for effective modifiers of the structure of densely

baked cordierite ceramics to reduce the firing temperature is a



relevant task but typically requires a large amount of experimental

research. The object of this study is the reaction of the formation of
the cordierite phase with the participation of glass components of the
eutectic compositions of the MgO—Al,03—SiO; system under low-
temperature firing conditions. In this case, thermodynamic analysis
was used as a tool to assess the probability of chemical reactions.
Thermodynamic analysis can significantly reduce the volume of the
experimental sample.

This paper reports the results of theoretical and experimental
studies into the features of the course of chemical reactions with the
participation of glass components of eutectic compositions of the
MgO-Al,03-SiO, system. It was revealed that once the stoichio-
metric ratio is maintained, the resulting product of the interaction
between the components of eutectic glasses of the MgO—Al,03—SiO,
system with charging components is cordierite. Changes in the
mineralogical composition of cordierite compositions depending
on the firing temperature have been determined. The formation of
the cordierite phase is preceded by the process of transformation of
meta kaolinite AlyO3-2Si04, which is a product of kaolin dehydra-
tion, into mullite 3Al,03-2Si0,. Subsequently, the formation of
cordierite (in addition to crystallizing directly from eutectic glasses)
occurs with the participation of the mullite phase. The formation of
the cordierite phase occurs in several stages and is completed at a
temperature of 1300 °C. The established features of the reactions of
cordierite formation make it possible to determine the most optimal
compositions for glasses of the MgO—Al,03-SiO, system to obtain
low-temperature cordierite ceramics with a high degree of sintering.
At the same time, it is also possible to control the phase composition
of ceramics and its properties.

Keywords: cordierite ceramics, eutectic glass, MgO—Al,03—SiO,
system, thermodynamic analysis, X-ray phase analysis.
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The paper presents the results of the influence on shrinkage
deformations of the adopted composition during the drying and fir-
ing of ceramic bricks made using rice husk and ash of the combined
heat and power plant of the city of Kyzylorda of the Republic of
Kazakhstan.

The optimal values of the husk additives content and ash from
thermal power plants in the studied compositions were determined.
Ash dumps from thermal power plants (TPP) create environmental
tension and pose a great threat to both the environment and human
health. It was found that the hydro-removal ash from the thermal
power plant mainly consists of oxides of silica (45.45...46.37 %) and
alumina (16.62...17.70 %), there are oxides of calcium (1.66...2.20 %),
magnesium (0.86...1.12 %), iron (2.98..3.41 %) and alkali met-
als (0.80..1.04 %).

The composition of ceramic bricks based on loess-like loam, rice
husks, and ash from thermal power plants was studied. The charge
composition of the raw components of the “clay, TPP ash, and rice
husk” brick: clay is 71...75 %, TPP ash is 18...22 %, and rice husk is
2..6 % of the total mass of the components of the raw mixture of
ceramic bricks. The compressive strength of fired ceramic bricks was
11..12 MPa.

According to the results of experimental studies, it was found that
the increased concentration of rice husks in natural mixtures is charac-
terized by a stable increase in ceramic mass drying cracks. The increase
in time until the appearance of drying cracks is 100 up to 160 sec.

The resulting ceramic brick in accordance with the devel-
oped composition has a low weight, good thermal properties and
meets the standard requirements for ceramic bricks according to
GOST 530-2012.

Keywords: ceramic brick, rice husk, ash, shrinkage deforma-
tions, technology, thermal conductivity.
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IMMOBIJII30BAHOTI'O ®EPMEHTHOTO ITPEITIAPATY (c. 6-13)

A. II. Bexincbka, O. M. bumsniok, O. B. Illep6axk, H. ¥0. Macauitina, JI. C. Muponenko, O. O. Bapankina, C. I. Camoiinenko,
B. M. Boposkosa, H. 0. Ki6enko, B. K. Tumuenko

O6’ekToM Jl0CTiIZKEHHs B PoOOTI € GioTexHosorist nepeerepudikailii JKHPOBUX CHCTEM 3a JOMOMOTOI0 iMMO00OiIi30BaHOr0 (hepMenT-
Horo npenapaty Lipozyme TL IM. B po6Gori Bupinieno 3agauy aktusailii GepMEHTHOTO Mpenapary 3a JA0MOMOI0I0 3BOJOKEHHS BOAHIUM
posunHOM TiapokapboHary Hatpioo 3 pH 7,4..7,7 (3 % wmac.). OTpuMani pe3yJbraTu A03BOJISIOTH MiHIMI3yBaTH TPUBAJTICTh IIPOTECY
nepeerepudikaiiii 3 0JHOYACHUM OTPUMAHHSIM BHCOKOSIKICHOTO MPOJAYKTY. 3anpornoHoBana 006poOka (hepMEeHTHOTO Mpenapary J03BOJIsIE
3HU3UTH TPUBAJICTD mpoitecy Gionepeerepudikaiii B MOAeabHIN KUPOBili cyminri (ITaabMOBUI cTeaprH, KOKOCOBA Ta COEBa OJIii y CIiB-
Biguomenti 1: 1 : 1 Bignosiguo) no 3,5...3,7 roi. B pesysibrari oepskaHo IPOAYKT 3 BUCOKUME SIKICHUMY [TOKAa3HUKAMU — KUCJIOTHUM (710
0,26 mr KOH /), nepokcupnum (0 0,60 mmoss ¥ O /kr) ta anisuannosum (1,70 y.0.) yncaamu. OTpuMaHi AaHi MOSICHIOIOTHCS THUM, 110
1Uist eheKTUBHOTO GiokaTaisy JinoiTHYHUM (DepMeHTaM K GIJTKOBUM MOJICKYJIaM, € HeoOXiTHUM icHyBaHHs JABOX (a3 — JIIiHOT 1 BOAHOT,
11e 3a06e3Mmeay€eThest OGIPYHTOBAHUMHI B IOCTIKEHH] apaMeTpaMu akTuBaitii. OcoOMMBICTIO OTPUMAHNX PE3YJIBTATIB € MOKJIMBICTD aKTH-
Bailii (hepPMEHTHOTO TPenapary, IKy B IPOMUCIOBUX YMOBaX He TepeadadeHo Yepes3 3arpo3y TiAPOTITHYHUX TIPOIECIB CHPOBIHU 1 TOTOBOI
[IPOJYKIIiI, 1[0 IPU3BOAUTD JI0 IOTIPUIEHHS AKOCTI TOTOBOTO IPOAYKTY. Pedyibratu 10CIiskeHDb J03BOJISAIOTh MiHIMI3yBaTU TiAPOTITHYHI
MPOIeCH B JKUPOBIil crcTeMi i yac nepeerepudikaiiii 3 0lHOYACHUM MiJABUIIEHHSIM e(eKTHBHOCTI MpoIiecy. 3 MPAKTUYHOI TOUYKH 30py
BUSIBJICHUI MeXaHi3M aKTHBAIl1 I03BOJISIE KOPETYBaHHsT YMOB 00poOKH (hepMEHTHOTO MperapaTy B TEXHOJIOTIT mepeeTepudikallii sKupoBux
cucreM. [IpukiragHuM acreKToM BUKOPUCTAHHS HAYKOBOTO PE3YJIbTaTy € MOXKJINBICTD Y/IOCKOHAJIIEHHS TUIIOBOTO TEXHOJIOTIYHOTO TIPOIecy
nepeerepudikariii skupis.

Kmouosi ciioBa: 6iotexHosoriuna nepeerepudikarnis, iMmoobiaizoBanuii epMeHTHUIA Npenapar, TPUBATICTh Tepeetepudikaitii, mokasHu-
KU SIKOCTI TlepeeTepr(hikoBaHOTO KIPY.
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PO3POBKA MOJIEJII HEPEETEPUMIKYBAHHSA /11 BE3NEYHOI TEXHOJIOTTE XIMIYHOT MOUMIK AT
OKHCJIEHUX SKUPIB (c. 14-19)

M. M. Kopuak, O. M. Bparin, O. I. Ilerposa, H. II. IlleBuyk, JI. O. Crpixa, C. B. Crankesuy, f. O. Cpimosa, H. JI. Xumenxko,
0. M. Dinenko, O. A. ITeryxoBa

OG’€KTOM JOCIIDKEHHS € POIeC XIMIYHOro TiepeeTepuiKyBaHHs 0JIeTHY TaJbMOBOTO 3 THABUIEHUMU MOKa3HUKaMU OKUCICHHST Y TTPHU-
CYTHOCTI KaTaJi3aTopy KaJiill riinepary.

[TepeerepudikyBanHs € BaKJIMBUM MeTO10M Mo/udikartii skupis. Bukopncranus KupiB 3 MiZIBUIIEHIMN TTOKA3HIKAMU OKNUCJICHHS TIPU-
3BOJIUTD JI0 JIE3AKTUBAILIT TONMPEHUX KaTaTi3aTOPiB Ta 3HMKeHHs eheKTBHOCTI mportecy. € norpeba y 36iIbIIeHH] 103yBaHHST KaTali3aTopis,
ITi/IBUIIIEHH] TeMIIepaTypu IIPOIIECy, 1[0 HEraTUBHO BIUIMBAE Ha SIKICTb IIPOJLYKTY.

3acToCOBAHO AJBTEPHATUBHMIT KaTaizaTop nepeetepudikyBants (Kastiii rainepar) 1 nepeetepudikyBaHHs 0JeiHy MaJIbMOBOTO 3 T/~
BUIIEHNMU [TOKa3HUKAMHU OKUCJICHHSI.

Buxopucrano osein mansmosuii (CAS Number 93334-39-5) i3 crangapTHUMK MOKa3HUKaMK: Temiiepatypa tasients 22,4 °C, mepok-
cuzne yncyo 0,8 Y2 O mmoms/Kr, anizuannose yucio 0,3 y. o. Oxein migmaBanu narpisanmio 3a Temnepatypu 90 °C 3 MeTOIO T IBUTIIEHHS TT0-
Ka3HMKIB OKHMCJIEHHS, IiCJI 4OTO IijiiaBasu repeetepudikyBaHHIO. SIK nmapameTp eeKTUBHOCTI IPOIleCY BUKOPUCTAHO Pi3HUIIO TeMIepaTyp
IIJTaBJIEHHST TI0YaTKOBOTO Ta 1epeeTeprdiKoBaHOTO OJIETHY MaJIbMOBOTO.

MaxkcumasbHi TpaHWYHI 3HAYeHHST MOKA3HUKIB OKUCJIEHHS, 32 KX Hporec € edeKTHBHNM: nepokcuaHe unciao 12,7 2 O MMosb/Kr,
amizuauaose yncyo 10,4 y. o. Pizunig temmeparyp miasienns ctanoBuTh 12,1 °C, mo cBigunTh npo edekTuBHicTh mporiecy. SKicii mokaznm-
KK OTPUMAHOIO TepeeTepuikoBaHoro xupy csiayars npo ianosignicts JJCTY 4336 (CAS Number 97593-46-9): Temmneparypa riaBjieHs
34,5 °C, nepoxcuzne uucio 1,2 5 O mmosb/kr, anisugunose yucio 1,0 y. o.

PegyasraTit IOCTKEHD AI0Th MOKIUBICT BUKOPUCTOBYBATH JKUP 3 TT/BUIICHIMI MOKAa3HUKAMK OKUCJIEHHST 6e3 TorepeiHbol 00poOKu
Ta MPOrHO3yBaTH e(heKTUBHICTD MiepeeTeprdiKyBaHHs B 3aJI€5KHOCTI BiJl TTOKa3HUKIB Kupy. Ile migBumuTh penTabesbHicTh Ta 3HUBUTH KiIbKICTh
BiZXO/IB BUPOOHUIITBA.

KmouoBi cioBa: ximiuna Mosndikaitis sknpis, katanitnune nepeerepudikyBaHHs, Kaliil riainepar, kataiaizatop nepeerepudikyBaH-
HS JKUPIiB.
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IMPUHIUIIN TA ETAIIM CTBOPEHHA CUCTEM ABTOMATNYHOI'O KEPYBAHHSA 3 MOJEJIJIIO CKJIA/THUMHI
TEXHOJIOTTYHHUMMH ITPOITECAMM (c. 20-29)

M. I. Jlopisi, O. B. Ileximes, II. Fi. €xicees, O. B. Mopkysn, O. M. I'ypiu, A. O. A6pamosa, C. B. Boiiuenko

OG6’exTOM A0CIIPKeHHS € eDeKTUBHIN XA 10 PO3POOKH CHCTEeM aBTOMATUYHOTO KEPYBAHHSI 3 MOJIEJIIO CKJIAIHUMU TeXHOJOTIYHUMHI
TIpoIIecamM, SKi BKJIIOYAIOTh B3AEMOIIOB 13aHi Ta B3A€EMOJIOTIOBHIOIOUI €TaIN Bi/ TOCTAHOBKY 3aB/IaHHs /[0 BIIPOBA/PKEHHS CUCTEMU KePyBaHH:
Ha 00’ekT. Bill BKJIIOYAE KOMILIEKC 3aX0/[iB, HOUMHAIOUN 3 aHAJIi3y MpoIiecy B Horo anmapaTypHoMy odopMmiieHii 3 moby10BoIo iHdopMaliino-
JIOTIYHOT CXeMU /10 PO3POOKH BCIX BUJIIB 3a0€3MeUeHb | BBEJICHHS B €KCILIYATAILO.

OcHOBHOTO TIPOOJIEMOIO TIPU peasnizallil cHCTeMy KepPyBaHHST 3 MOJIEJITIO TEXHOJOTIYHUM MTPOIECOM € 0OMEKeHI AianazoHu aJleKBaTHOCTI
MareMaTUYHUX Mojesieir. Tomy Tpu 3MiHI HaBaHTasKEHHs Ha arperar, 3MiHi 30BHINIHIX Ta BHYTPIIIHIX 30ypeHb HEOOXIHO TOCTIHHO 3a6e3-
revyBaTi HeOOXiJIHWH PiBEeHb aeKBATHOCTI MOJENell. 3ampOIOHOBAHO 3aCTOCYBATU B SIKOCTI MaTeMAaTH4HOI MOjesi 06'€KTa KepyBaHHS
KOMOIHOBaHY MOJIEJIb, 110 00'€IHYE MEePeBark aHATI THIHUX Ta eKCIIEPUMEHTAIbHO-CTATUCTUYHUX Mozieieit. [le 1a€ MOKINBICTh 3HAYHO PO3-
mupuTH indopMariiiny 6asy pe3yasryiodoi Mozesi. Takosk 3allpoOOHOBAHO MPOCTHH 1 eheKTHBHMIT iTepaIiitHIiT AITOPUTM [T PO3PAXyHKY
miei Mozesti. BiH BRiIoYae mocrioBHi KPOKHM 3 BUBHAYEHHST AapaMeTPiB Moziesii 1o GazoBUM 3aJIesKHOCTSIM (jleTepMiHOBaHa YacTHHA MO )
3 HACTYITHUM YTOYHEHHSIM X 3a OTOYHUMU JaHUMK 3 00’€KTa (€KCIEPUMEHTAIBHO-CTATHCTUYHA YacTHHA Mojiesi). EdeKTrBHICTD miaxomy
nigreepzkeno Ha npukaani ACK TII kosonn cnHTedy amiaky. 3a paXyHOK Ii/IBUIIECHHS TOYHOCTI BU3HAUCHHS IapaMETPiB KepyBaHHs Ta
3BYJKEHHS AIaIIa30Hy iX 3MiHM HABKOJIO ONTUMAJIbHOTO 3HAYCHHS Ha 5—8 % 301/1b11yeThest 00’€M BUITYCKY amiaky.

3acTocyBaHHsI OMICAHOTO MiXOIY Ha TPUKJIAL PO3POOKN ABTOMATHYHOI CHCTEMI KEPYBAHHSI TEXHOJIOTTYHUM TIPOI[ECOM CUHTE3Y aMiaKy
MATBEPANIIO eKOHOMIYHY JIOIIJIBHICTD Peasi3aliii 3ampornoHOBaHNX PillleHb.

Kio4oBi cioBa: cucreMa KepyBaHHsl, KEDYBaHHsI 3 MOJEJLIIO, iHDOPMAIIiiiHO-JIOTiYHA cXeMa, KOMOIHOBaHA MaTeMaTHYHA MOJIEb, aJIT0-

PHUTM, ONTUMI3aILiA.
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BILIUB EKCTPAKTY JIUCTA JIZKAMBOJIAHY B IKOCTI «3EJIEHOTO» IHTIBITOPA KOPO3Ii HA BYIJIEIIEBY
CTAJIb API 5L B {M HCI (c. 30-41)

Rini Riastuti, Giannisa Mashanafie, Vika Rizkia, Ahmad Maksum, Siska Prifiharni, Agus Kaban, Gadang Priyotomo, Johny Soedarsono

Koposia crani API 5L mix miero 1M HCI € nommpenono mpo6eMoio; oTke, BaK/IMBE 3HAUYEHHS Mac CTBOPEHHS Oiabll eeKTUBHOTO
iHriGiTopa MPUPOIHOTO MOXOKEHHs. B TaHOMY Z0CTIKEHH] B SIKOCTI HOBOTO «3€JIEHOTO» iHribiTopa KOpo3ii B KHCJIMX YMOBaX BUKOPHUCTO-
BYBaBCS €KCTPAKT JIMCTS JKaMOosana. [Hri6y0ui BIACTHBOCTI €KCTPAKTY IxKaMOOoIaHy Gyiii peTebHO OXapaKTepPU30BaHi 3a JI0IIOMOTOIO 0=
teHuioanHamivnoi nossipusanii (PDP), enextpoximiunoi imneancHoi criekrpockorii (EIS), indpauepBonoi criekTpocKortii 3 nepeTBOpeHHsIM
®yp’e (FTIR) ta atomuo-cuoBoro mikpockona (AFM). Pesynbratn mokasyioTh, mo iHriGiTop Ha OCHOBI ykambomany 3a0esreuye qyaoBe
inriGyBans koposii 3 edexrusicTio 93 %. AncopOiiitai BracTuBOCTI iHribGiTopa BiAMOBIaI0Th i30TepMi agcopbirii JIenrMiopa 3aBasiku 6113b-
xocti R? o opummmi. Ilorenmiognnamiuni Ta eeKTpoXiMiuni BIMipIoBaHHs IeMOHCTPYIOTh 3Milanuii TiT inribitopa koposii. Tepmosuma-
Miunuii pospaxynok AGads cranosutb — 18,41 x/lsx/Moiib ™!, mo BizoOpaskae npowec ¢isuunoi agcopbuii mix inribiropom i metanamu. Ipu
nozanbimomy susdenni AHads mpu —58,93 /I /Momb™! BpaxoByeThest BUBiMbHEHHS eHeprii i uac agcopbiii. Pesynsratn FTIR ysromky-
10ThCsI 31 301JIBIIEHHSIM POCTY TTACUBHKX IAPiB Yepes aacopOitito mosideHosis ta (haaBoHoIAIB Ha MeTasax. [IpuMiTHO, 1m0 MK azcopOiii mpu
3266,59 cm! Bignosinae azcopbuii —OH. TTik npu 1612,56 ta 1698,4 em! BiHOCHTBCS 11O dyukmionanpiux rpyn C=C i C=0. Bumeskasani
(pyHKIIOHAIBHI TPYIIN CITyKaTh aACOPOIIHHUME [IEHTPaMK Il 3HUKEHH BIUIMBY Koposii. [TosepxueBa o6podka ACM nokasana rapHuit
B3aE€MO3B’SI30K 3 XapaKTepUCTUKaMy (DYyHKITIOHATBHUX TPYII 1 MiATBEpANIA 3HAUHE 3HUKEHHsT MIBUAKOCTI KOoposii. /lana po6oTa Moxke OyTh
BUKOPHCTaHa B SIKOCTI OPIEHTHPA /st PO3POOKU MTPUPOHOI POCIMHE SIK 1HTIGITOpa KOPO3il.

KiiouoBi cioBa: «3esenuii» iHriGiTop Koposii, ekcTpakT JucTs akambosiany, disuuna abcopOitisi, MoJeKyIu iHribiTopa Ha OCHOBI MO-
sichenosiB Ta hraBoOHOIIB.
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BU3HAYEHHA 3MIH MIHEPAJIbBHOTO CRJIAAY BETOHY, OBYMOBJIEHUX XIMIYHOIO KOPO3I€IO B
CYJIb®ATHOMY CEPEJIOBUIIII (c. 42-50)

O. I. lllkpomana, B. /1. Isuenxo, B. /I. Yisaunos, O. I. Illgeup, B. B. Mockanenko, O. B. Kouenko, O. M. Ba6enko, I0. B. Xapuenko,
A. B. IlixtipsoBa, O. B. IOpuenko

O6’exroM poctipkeHHs Oy GeTOHHI KOHCTPYKILT XIMIYHOTO IiIIPHEMCTBA 3 BUPOOHUIITBA ABOOKKCY THTaHY. [Ip1 1IboMy Py/Ly 3a CyJib-
(aTHOIO TeXHOIOTIEI BUPOOGHUIITBA PO3KIATAIOTD CYIH(HATHOIO KICIOTO. B yMOBaX arpecHBHOTO CepelOBHINA BIUHUKAE XiMidHA KOPO3is
6eTOHY, IPOJIOHTOBAHA 3 YACOM.

3a ZI0TIOMOro10 METO/IiB PEHTIeHiBChKOT G paKIlii Ta peHTreHOMIyOPeCIIeHTHOTO aHAIi3Y BU3HAYEHUIT MiHEPATbHUIT CKIIA]] IBOX TOCTi/I-
HUX 3pa3KiB GeToHy. BecTaHOBIIEHO, 1110 Y 3pa3Ky OTPUMAHOTO 3 IeXy /ist 00poOKU pyan cyab(aTHOI0 KUCJIOTOIO, 3011bIIeHHIT BMICT OKCH/LY
cipku (SO,) na nosepxui Ha 33 %, npu 1boMy 3menmIyeTbest BMicT kapoonatis (CaCOs3) na mosepxui Ha 52,9 %, na raubuni 2 cm — na 53,6 5,



MOPIBHSHO /10 iHIIOTO (KOHTPOJILHOTO0) 3pasKy. [Ipu 1boMy y 3pasky O€TOHY 3 IpUMIllieHHs st 30epirantst pyau (KOHTPOJIb) BUSIBJISIIA OKCUJL
sammiza (FeyO3) Ha nosepxHi, BMicT sikoro 3mennryBasces Ha 10,4 % Ha robuni 2 v Ta Ha 12,4 % Ha rbuHi 4 cm.

Pesysisratii BUKOPHCTAHHST €JIEKTPOHHOI MIKPOCKOIIT TTOKa3yloTh KPUCTAIM CIPKM Ha TOBEPXHi 3pasdka Gerony. Takoxk BCTaHOBJIEHO,
10 MIKPOCTPYKTYpa GeTOHY 3MiHeHa TTiji BIVIMBOM CyJIb(haTHOT KOPOo3ii 3a1eKHOCTI Bijl IHTEHCUBHOCTI YpaKeHHs Ha TJIMOUHY BiJ 2 110 4 cM.
MeTo0M TepMOITPOrpaMoOBaHOi MACCIIEKTPOMETPIii BCTAHOBJIEHO, 10 PU HATPiBaHHI 3pasKy GeTOHY, MIaHOTO /il CyIb(haTHOI KUCIOTH 10
temriepatypu 400 °C 3 oBepXHi BUIJISETHCS HepeBakHO jiokenj cipkn SOy, 3 1oBepXHi KOHTPOJIBHOTO 3pa3Ka, SIKUI MiCTUTb 3HAUHY KiJTb-
kicte CaCOs, SIKHiT TeTKO PYHHYETBCS €y Ib(MATHOIO KINCIOTOIO, BIPOTIZAHO MEHIIA KiTbKICTh TPOAYKTY TEPMOIECTPYKILI KapOOHATY KATBIIIIO
niokeumy Byraeirio (CO»).

PesysbraTu IPOBENEHOTO EKCIIEPHMEHTY MOJKHA 3aCTOCOBYBATH [/l BUBYEHHS MEXaHI3MY PO3BUTKY CyJbhaTHOI Koposii GeToHy mpo-
JIOHTOBAHY 3 4acOM.

KmoyoBi cioBa: cyiabdarna TeXHOJIOTIS, peHTTeHiBebKa AU(PaKILis, TepMOTIPOTpaMoOBaHa Mac-CIIEKTPOMETPIis, PeHTreHO(hIyopecIieHT-
HUI aHaJTi3, eIeKTPOHHA MiKPOCKOTTis.
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BU3HAYEHHS 3AKOHOMIPHOCTE YTBOPEHHS KOPIIEPUTOBOI MA3U IIPU CUHTE3I H[IJIBHOCITEYEHOT
HU3bKOTEMIIEPATYPHOI KEPAMIKH HA OCHOBI CTEKOJI CUCTEMU MgO-Al,03-Si0; (c. 51-59)

0. B. 3aiiuyk, O. A. Ameunina, 10. P. Kanimenko, 10. C. T'opaees

[Tomyk edextuBHUX MOANDIKATOPIB CTPYKTYPH IMITBHOCIIEYEHOI KOPAIEPUTOBOI KepaMiku [Tl 3HIDKEHHST TeMIepaTypu BHUIAIY €
aKTyaJbHUM, aJie, sIK PABUIIO, MOTPEOYE BETUKOTO 00’€My eKCIIePHMEHTaNbHIX H0CTiKeHb. O6’€KTOM MOCIIKEHD € Peakilil yTBOPEHHS
KOPIiepUTOBOi (hasu 3a yYacTi0 KOMIIOHEHTIB CTEKOJ eBTeKTHYHUX cKaaiB cucteMu MgO—AlyO3—SiOy B yMOBaX HU3BKOTEMIIEPATYPHOTO
sumauy. [Ipu 1ipoMy SIK IHCTPYMEHT IS OIIHKHI FIMOBIPHOCTI Iepebiry XiMiuHNX peakitiii BUKOPHCTOBYBAJII TEPMOANHAMIYHII aHai3. Tepmo-
JMMHAMIYHUN aHaJIi3 03BOJISIE CYTTEBO CKOPOTUTH 00’€M eKCIIeprMEeHTaTIbHOT BUGIPKH.

B poboTi HaBeeHi pe3ysbraTi TEOPETUYHUX 1 eKCepUMEHTATbHUX J0CTIKEHb 0cOOMMBOCTEN Mepebiry XiMiuHuX peakiliii 3a ydacTio
KOMIIOHEHTIB CTE€KOJI €BTEKTUUHUX CKJIA/[iB CUCTEMU MgO—Alzog—SiOz‘ Busasieno, 1110 y BUlajiKy J0TpUMaHHs CTEXiOMETPUYHOIO CIiBBiJ-
HOIIEHHSI KiHIIEBUM TIPOLYKTOM B3a€MOJIii KOMIIOHEHTIB eBTeKTHIHUX cTeKoJ cucteMu MgO—AlyO3—SiOy 3 miinmMxToBOYHIMEI KOMITOHEH-
TaMu € KopaiepuT. BusHaveni 3MiHN MiHEPATOTIYHOTO CKJIaty KOPAIEPUTOBUX KOMITO3UINN B 3aeXKHOCTI Bij Temmepatypu Bumnany. Dopmy-
BaHHIO KOPAIEPUTOBOI (hasdu mepeiye nporiec nepersoperis Merakaoainity AlyO3-2Si0s, sakuii € mpoayKTOM Aerigparaitii Kaosiny, B MyJiT
3Al,03-2Si0,. B nofasisiioMmy yTBOPEeHHs KOPAIEPUTY (KPiM TOTO, IO KPUCTATIZYEThCsI HE3IMOCEPEHBO 3 EBTEKTUYHUX CTEKOJI) BiIOYBAaETHCS
3a yuacTio MyJiToBoi (hazu. DopmyBanHs KOpAiepuTOBOi hasu BinOyBAEThCS B EKITbKA ETAIIB i TOBHICTIO 3aBEPILYEThCS PH TEMIEPATYpi
1300 °C. Beranosiieni ocob6auBoCTi 11epebiry peaxitiil yTBOPEHHsT KOPAIEPUTY A03BOJISIOTH BUSHAYUTH HANHOIIBIT ONTUMAIbHI CKIIA/IN CTEKOJ
cucremu MgO—Aly03-SiOy st oTprMaHHs HU3bKOTEMIIEPATYPHOI KOPAIEPUTOBOI KepaMiKy 3 BUCOKUM CTyNeHeM cIikaHus. [Ipu mpomy
TAKO’K MOKJIMBO YIPABJIATH (Da30BUM CKJIA/IOM KepaMiku Ta ii BJaCTHUBOCTSMHU.

KiiouoBi ciroBa: kop/ieputoBa Kepamika, eBrektidHe ckiio, cucreMa MgO—AlyO3—SiOy, repmomaaMiuHtii a3, peHTreHo(hasoB1il aHaTI3.
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®I3UKO-MEXAHIYHI BJIACTUBOCTI KEPAMIYHOI I[EIJIN 3 BUKOPUCTAHHSIM PHCOBOTIO JIVIIITNHHS I
30JI1 TEIIOEJEKTPOCTAHIIIIA (c. 60-68)

Saken Uderbayev, Aizhan Dilmanova, Nargul Saktaganova, Aigul Budikova, Yerik Bessimbayev

VY po6oTi npeacTaBieHi pe3y IbraTi BILIMBY Ha yCAAKOBI gedopMaltil MpUIiHATOro CKJIaLy IPU CYUTiHHI Ta BUTIAMIOBAHHI KepaMiuHOI 11e-
TJIM, BUTOTOBJICHOI 3 BUKOpUCTAHHAM prucoBoro aynmuins i 3oau TEIL y micti Kusnnopaa Pecriy6uiku Kazaxcran.

BusHaueHo onTHMasbHi 3HAYEHHS BMICTY T00ABOK JYIIIUHHS Ta 30JIH TEIIOBIX €JEKTPOCTAHIIT Y TOCTIKYBaHIX KOMITO3HUIIISX. 30-
soBinBasu Temnosux esekrpoctaniiiii (TEC) cTBOPIOIOTH eKOJIOriUHY HAIPY/KEHICTh 1 CTAHOBJIATH BEJIUKY 3arpo3y SIK JIJisI HABKOJIUIITHBOTO
CepeloBHUIIA, Tak i Jist 3/10poB’st Jiotu. Beranosieno, o 30w rizposuzaserts TEC 31e61/b110r0 CKIAIAI0THCST 3 OKCUIIB KPEMHE3EMY
(45,45...46,37 %) ta rmunosemy (16,62..17,70 %), npucyTni okeuan Kampitiio (1,66...2,20 %), marniio (0,86...1,12 %), 3amiza (2,98...3,41 %) i
aysxnux metanis (0,80...1,04 %).

Busueno ckiaji kepamiuHOI I[eryin Ha OCHOBI JIECOBUIHUX CYTJIMHKIB, PUCOBOTO JIYIIIIMHHSA Ta 30JI1 TEIUIOBUX eJieKTpocTaHiiil. Ckuras
HIMXTH CHPOBUHHUX KOMITIOHEHTIB IIETJIN <«IJIMHA, 30J1a Ta PUCOBE JIHMITUHHS»: TinHa ctanoButh 71..75 %, 3oma TEC — 18..22 %, pucose
JIYIITTHHAS — 2...6 % Bifl 3araTbHOI Macl KOMIIOHEHTIB CHPOBHHHOI CyMiIi KepaMidHoi meruii. MinHicTs Ha cTHCK 00maeHoi KepamMiaHol 1erm
ckiana 11..12 Mlla.

3a pesyJbTaTaMy eKCIePUMEHTATIbHUX JI0CJIi/IKeHb BCTAHOBJIEHO, 110 ITiIBUIIIEHHS KOHIIEHTPAIlil PICOBOTO JIYHIIUHHSA B HATYPaJIbHUX
cyMilllax XapakTepu3y€eThest CTablIbHIM 301IbIIEHHSAM TPILIMH PY BUCHXAHH] KepaMiuHOi Macu. 30iIbIIEHHS Yacy /10 TOSIBU TPIll[H BHA-
ciitok Bucnxauus cranoBuTs Bi 100 o 160 c.

OTrprMana KepaMivHa Ierya BiJMOBIAHO 0 PO3POOJIEHOTO CKJIaly Ma€ HeBEJIUKY Bary, rapHi TEMIOTeXHiuHi BJIaCTHBOCTI 1 BimoBigae
HOPMAaTUBHUM BUMOraMm J10 kepamiuHoi mersiv 3a TOCT 530-2012.

KmoyoBi cioBa: kepaMiuHa 1erJia, pucoBe JIyIIIIMHHS, 30713, YCaJKoBi fedopmaltii, TEXHOJIOTIS, TEIJIOIPOBIHICTS.



