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Abstract. The article examines the conditions of selective flotation of galena from
copper—sulfide ores. Selective flotation of galena occurs when elemental sulfur, which is
hydrophobic, forms on its surface, while oxygen-containing compounds on the surface
of copper sulfides exhibit increased wettability.

To identify compositional differences in the surface compounds of galena and copper
sulfides (chalcocite, bornite, chalcopyrite), the effects of two stage-specific reagents
were studied: sodium thiosulfate (Na2S203x5H20) and potassium ferricyanide
K,[Fe(CN),]. The flotation of the valuable minerals is carried out without collectors, based
on the natural floatability of galena. On the chalcocite surface, the action mechanism
of sodium thiosulfate consists in increasing hydrophilic oxygen-containing zones as
a result of the formation of thiosulfate copper complexes. When interacting with the
galena surface, sodium thiosulfate slows the oxidation of elemental sulfur and reduces
sulfur within the surface layer, thereby enhancing its hydrophobization. IR spectroscopy
results revealed the presence of elemental sulfur on the galena surface and of oxygen-
containing compounds on copper minerals; differential thermal analysis determined the
degree of mineral wettability. Mineralogical analysis established that sodium thiosulfate
suppresses (inhibits) the flotation of chalcocite and bornite. To determine the degree of
surface hydration of sulfide minerals, differential thermal analysis in combination with
thermogravimetric analysis was employed. The differential thermal analysis curves
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exhibited endothermic peaks caused by the desorption of physically bound water from
the mineral surface upon heating. The degree of surface hydration was characterized by
the onset temperature of the endothermic effect (t°C), the proportion of adsorbed moisture
relative to the total (n), and the desorption heat QD. A decrease in the onset temperature
of the endothermic effect indicates an increase in surface hydrophobicity, since at lower
temperatures the adsorbed moisture begins to evaporate, and consequently, the hydrogen
bonds are weakened. The obtained results demonstrate that sodium thiosulfate creates
favorable conditions for the selective separation of galena from copper sulfides by
modifying the physicochemical properties of mineral surfaces. The reagent increases the
contrast between the hydrophobicity of galena and the hydrophilicity of copper minerals,
thereby improving flotation selectivity. The study confirms the mepcrnexktuBHOCTE Of
reagent regimes based on sulfur-containing compounds for processing complex copper—
lead sulfide ores and increasing the efficiency of mineral beneficiation technologies.
Keywords: concentrate, sulfide ore, galena, flotation, selective, chalcocite,
chalcopyrite, xanthate, sodium thiosulfate, potassium ferrocyanide, acidic medium
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AHHoTanus. Makanaa MbIc-Cylb(U/] KEHIePIHCH TaJICHUTTIH CEICKTHBTI (proTarus
LIapTTapbl KapacThIpblIaabl. [ aleHUTTIH CENeKTHBTI (QIOTAUACH OHBIH KYPaMbIHAA CY
KYKIANTBIH KapanaibIM KYKipT naiiia OoJFaH araaiaa xKype/i 5KoHe MbIC CyabQUIIHIH
OeTiHze OTTeri Kypambl KOCBUIBICTAPBIH CylaHybl 0ackiM Oonanpl. ['aneHHT KoHe
MBIC CYAbQHUATEPiHIH (XaJIbKO3WH, OOPHUT, XaJIbKOMUPHUT) OCTIHIETi KOCBUIBICTApAbIH
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KypaMblHAa aibIpMallbIBIKTApbIH Oy YIIiH €Ki OacTamkbl peareHTepIiH acepi
3eprreni: Hatpuit THocynbdarel (Na,S,0,%5H,0) sxone kpi3but Kan Ty3bl K, [Fe(CN) ].
[Matiganer kaz0agapabiH (GIOTAIMSICH TAJICHUTTIH TaOUFU (IOTAIMSICHIHA HETI3AeITIeH
KMHAFBIILICBI3 XKY3€re achlpbUlaibl. XalbKO3MH O€TiHAE HAaTpui THOCYIb(AThIHBIH
ocep eTy MeXaHU3Mi THOCYIb(ATThl MbIC KELICHICPIH KaJbIITACTBIPY HOTHXKECIHAE
orreri Oap rtuapoduibai aiMakTapAbl apTThIpy Oonbin  TaObuIagsl.  Harpuit
THOCYIb(ATHI, TAJEHUT OETIHIETI acepiecy Ke3iHae, KapanaibiM KYKIPTTiH TOTBIFYbIH
0oCCHETE Il KOHE OHBIH IIIIHJCTI KYKIPTTI KaJIbIHA KEJTIPiN, OHBIH Ka0aThIHBIH
rupoGoOH3ausIChIH (Cy KYKINANThIHIAM eTin) Kymeireai. UK crekTpockonusiCbIHbIH
HOTIDKENepl TaJeHUT OCTiHIerl KapamaibM KYKIPTTIH JKOHE MBIC MHHEPaIIaphIHbBIH,
muddepeHInanaplK TEPMISUIBIK  TajlAay apKbplibl MUHEpPAIApAblH  bUIFAIAaHy
JOpPEeKECiHIH OOMyBIH aHBIKTaAbl. MUHEpaIIbIK Taijay HAaTpUi THOCYIb(ATHIHBIH
XaJbKO3UH NeH OOpHUTTIH (otanusicein O6acaabl (Texelai). Cynbpuari Munepainap
OCTiHIH THApaTalys JA9PEKECIH aHbIKTay YIIiH JuddepeHInanab-TepMISITBIK Taaaay
TEPMOTPAaBUMETPHSIIBIK TaljlayMeH OipikTipimin KoimaHsuiasl. duddepenimanp-
TEePMISUTBIK TaIIay KACHIKTAPBIHIA KBI3ABIPY Ke3iHae MUHEpaiaap OeTinae GU3nKaIbIK
OaiiIaHbBICKAaH CyIbIH JecOpOLMsUIaHybIHAH TYBIHIAUTBIH SHIOTEPMISUIBIK LIBIHIAAD
Oaiikanapl. MuHepannap OeTiHiH Tuuparamus Jopexeci 3HI03(dexrTiH Oacrairy
Temmeparypacsl t’C, aJrbl MeJIIepAeri aJcopOLysIaHFaH bUIFAI/IBIH YJIECi N, )KOHEe
fecopOuust XKbUTybl Q apKbLIbI CHIIATTaNABL. DHA0O(PEKTTIH OacTany Temneparypacsl
TOMEH/ICTeH CalbIH OCTTIH TUAPOPOOTHIIBIFBI APTAIbI, Ce0e0l TOMEHIPEK TEMITIEpaTypaia
aZcopOIMsUTaHFaH bUTFA] OynaHa OacTaiipl JKOHE COHBIH HOTIDKECIHIE CYTEKTIK
OaifmaHpICTap QICIpeIi.

Tyiiin ce3nep: KoHIEHTpAT, CyNb(OUATI KEH, TAJICHUT, (IOTALHNs, CEIICKTUBTI, XaJlb-
KO3HH, XaJbKOIIUPHT, KCAHTAT, HATPHK THOCYAb(ATHI, Kanui (eppounanuii, KbIIIKbLUT
opra
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AHHOTanus. B crarbe mccinenoBaHbl YCIOBHS CEJICKTUBHOW (DIOTalUMK TaJeHUTa
13 MeaHO-cynbGuAHBIX pyd. IlokazaHo, uTo 3¢ deKTHBHOE pa3AeicHue MHHEPAJIOB
JOCTUraeTcs npu o0pa3oBaHWU Ha MOBEPXHOCTH TaJeHUTa TUAPOGOOHOH 3JI€MEHTHOM
Cephl, TOIZa KaK Ha MOBEPXHOCTH MEIHBIX CYIb(GHIOB MpeodnanaroT ruapoduibHbe
KHcIopoaconepxkamye coeauHeHus. st ¢opmupoBaHus pasnuuMii B cOCTaBe
MMOBEPXHOCTHBIX MTPOIYKTOB OKMCIICHHS raJICHUTA U MEAHBIX MHUHEPAJIOB (XaJIbKO3HHA,
OOpHUTa W XaJIbKONUPUTA) H3YUYCHO BIMSHUE JBYX pPEareHTOB-IEHPECCOPOB -
tHocynbdara Harpus (Na:S:03-5H20) u kpacnoii kpossHOi comu Ks[Fe(CN)s).
Onorauuio mpoBoawaM 0e3 NPUMEHEHHs coOuparensi, UCMONb3ys €CTECTBEHHYIO
¢droTUpyeMOoCTh ralieHUTa. YCTaHOBIICHO, YTO MEXaHU3M ACHCTBHS THOCYNIb(aTa HaTpus
Ha TIOBEPXHOCTb XaJbKO3MHA CBS3aH C YBEJIMYCHHUEM KOJMYECTBA THUAPOQPUIBLHBIX
KHCJIOPOJCOEPKAIIMX ~ YYaCTKOB  BCIIEACTBHE  0O0pa3oBaHUsl  THOCYIb(aTHBIX
KoMIuTeKcoB Meau. [1pu B3aumMoneiicTBUY ¢ TaleHUTOM THOCYIb(AT HATPUS 3aMEAIISET
OKHCJICHHE 3JIEMEHTHOW Cephbl U B Pe3yjbTare BHYTPUMOJICKYISPHBIX OKHUCIUTEIBHO-
BOCCTaHOBUTENIFHBIX MPOLIECCOB CHOCOOCTBYET JOMOJHHUTEIBHOMY OOpa30BaHMIO
ANIEMEHTHOH cepbl, yCHrBatouel TuapodoOHOCTs TOBEPXHOCTH MUHEpaia. MeTogoM
UK-criekTpockonuy MOATBEPKAEHO HalUYUe SJIEMEHTHOW Cepbl Ha IOBEPXHOCTH
rajJjeHuTa M MEOHBIX MHHEpaJoB. MUHEpaJOTHYeCKUH aHalmM3 TOoKasal, dTo
THOCYnb(daT HaTpus A3PPEKTUBHO MOAABISET (IoTaunIo Xalbko3uHa U OopHUTa. J{ns
OLIEHKH CTENEHH THApaTaldi MOBEPXHOCTH CYIb(QHUIHBIX MHHEPAJOB HCIOIb30BAIN
muddepeHInanTbHO-TEPMUYECKUH U TEPMOTPaBUMETPUUYECKHI aHanu3bl. Ha KpUBBIX
HATA 3aduxcupoBanbl sHAoTepMHUYecKhe 3(dekTs, 00ycIoBIEHHBIE aecopOLuei
¢usnueckn cBS3aHHON BoAbl NpH HarpeBaHud. CTemeHb TWApATalUH IMOBEPXHOCTU
XapaKTepU30Bald TeMIlepaTypoil Hayana 3HA0d(p¢eKTa, Ooned aacopOupoBaHHOM
BJark M TEIUIOTOH JecopOLMHU. YCTaHOBJIEHO, YTO CHMKEHHE TEMIIepaTypbl Havaja
9Hn03((eKTa CBHUICTENBCTBYET O TMOBBIMICHUH THIPOPOOHOCTH IMOBEPXHOCTH,
MOCKOJIbKY a/JcopOupoBaHHAsl Biara ynauseTcsl mpu Oosiee HU3KHX TeMIeparypax,
YTO YyKa3plBaeT Ha ocjallieHue BOJOPOIHBIX cBsized. [lomydeHHBIE pe3ybTaThl
MOATBEPKAAIOT BO3MOXKHOCTH HCIIOJB30BAaHMS THOCYIb(aTa HATpusi B KauecTBe
3G QEeKTUBHOIO peareHTa AJsl CEIeKTUBHOTO pas3lelieHusl TalleHHTa M MeTHBIX
Cynb(pUIOB.

KiroueBsble cioBa: cynbduanas pyaa, raJeHuUT, CelIeKTUBHas (proTanus, XalIbKo31H,
OOpHUT, XaJILKOIUPHUT, THOCYAb(AT HaTpus, (peppuumMaHu] Kajaus, THIpPoPOOHOCTD,
THIpaTanus OBEPXHOCTH

Introduction. The object of the article's research is copper-sulfide ore containing
chalcocite, galena, chalcopyrite, and bornite minerals. The purpose of the research is to
reduce the lead (galena) content, as lead pollution of the atmosphere occurs during the
metallurgical processing with the exhaust gases of the copper smelter. In the beneficiation
of copper—sulfide ores from the Zhezkazgan deposit, a significant amount of associated
components is recovered together with the copper concentrate. Among them, lead
is the most important: a high lead content in the copper concentrate complicates its
metallurgical separation, promotes the accumulation of copper in slags, contaminates
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the final product- anode copper and, most importantly, the release of fumes from copper
smelters pollutes the atmosphere (Karmazin et al., 2020).

To achieve this objective, the natural flotation advantages of galena compared to
copper sulfides were utilized.

The selective flotation of minerals without collectors is based on regulating the
composition of their surface compounds. When elemental sulfur forms in the surface
layer of sulfide minerals, the flotation rate reaches its maximum (Akimbekova et al.,
2024).

The higher the electronegativity of the atoms present in the surface layer, the more
strongly the minerals become hydrated. The electronegativity series is known to be F
>0 > N> Cl>Br> S > P. Thus, during selective flotation of galena, free sulfur forms
on the mineral surface, whereas oxygen-containing compounds form on the surface of
copper sulfides.

Differences in surface compounds are determined by the specific interaction of
reagents with active surface sites. The first objective of this study is to create conditions
that ensure the formation of free elemental sulfur on the galena surface (Omarova et al.,
2025; Karilkhan A. 2024). The second objective is to promote the formation of oxygen-
containing compounds on the surface of copper sulfides under the reagent regime. This
task can be accomplished through various approaches:

* oxidation of elemental sulfur to sulfoxide compounds;

» formation of insoluble oxygen-containing compounds (salts or complex
compounds);

» adhesion of mineral residues formed in the pulp onto the surface;

* introduction of selectively acting depressants.

From the perspective of ecologists and economists, the first three methods have been
found preferable, as they allow for reducing reagent consumption, minimizing reagent
nomenclature, improving water recycling, and facilitating the treatment of wastewater.
Furthermore, during selective flotation, depressants exert a temporary dominant effect
on the minerals.

Literary review. The main factors complicating the selective flotation of galena
from the Zhezkazgan deposit are the presence of three copper minerals (chalcocite,
bornite, and chalcopyrite). Considering this, the present article provides results on
the use of two depressants for galena flotation: sodium thiosulfate and potassium
ferricyanide. Depressant reagents are inorganic chemicals that increase the wettability
of mineral surfaces and prevent the attachment of collectors. Many ores contain several
valuable minerals, and to separate them from one another, depressants must be applied.
Depressants are principally inorganic chemicals (salts, alkalis, acids) that interact
effectively in ionic form.

The hydration of mineral surfaces by depressants occurs through several mechanisms.
The primary mechanism is adsorption onto the mineral surface: depressant ions interact
with the surface atoms of minerals and form surface compounds similar to those formed
by collectors. Inorganic ions attract water molecules according to their charge and
remain continuously surrounded by them (ionic hydration). These ions are drawn to the
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mineral surface. As a result, the mineral surface becomes hydrated, and the adsorption of
collector reagents decreases sharply or ceases completely. Secondly, some depressants
remove surface compounds formed through the interaction between collectors and the
mineral surface; thus, the mineral surface becomes free of collectors and more highly
wetted.

The collector film on the mineral surface can be destroyed in two ways—thermal and
chemical. Concentrate evaporation and roasting belong to thermal methods.

Thirdly, several depressant ions (e.g., sodium sulfite) displace collector ions from the
mineral surface through substitution.

Fourthly, depressant ions compete with collectors on the mineral surface. As a result,
some regions become hydrophilic while others remain hydrophobic. If the hydrophilic
regions dominate, the particle does not attach to the bubble.

Fifthly, the mineral surface may be treated with reagents that form hydrophilic,
poorly soluble compounds. For example, when calcite or quartz reacts with liquid glass,
calcium silicate and silicic acid form. Collectors cannot adsorb onto a mineral surface
coated with a poorly soluble silicate film.

Sulfides of heavy metals typically form covalent bonds. The most significant
interactions are strong chemical bonds (ionic and polar covalent), accompanied by
many intermediate types. The degree of ionic bonding in compounds can be estimated
using the electronegativity values of atoms. The calculated ionic bond fractions are:
MnO, —44%, ZnS - 22,1%, PbS —19,7%, FeS — 14,8%.

The greater the proportion of ionic bonding in a mineral, the more strongly it interacts
with water; that is, the degree of hydrophilization of the mineral surface becomes higher.

The main processes occurring on the surface of a solid phase include:

* hydration of ions on the solid surface;

» formation of a hydrating water film;

» formation of the electrical double layer;

» complete hydration and diffusion of ions in the surface layer;

* ion exchange between the solid and the aqueous phase of the pulp;

* adsorption and chemisorption of ions and molecules dissolved in the aqueous
phase;

* heterogeneous chemical reactions between ions and molecules dissolved in the
aqueous phase and the solid;

* adhesion of micelles and micro-particles present in the aqueous phase;

* coagulation or flocculation with other solid particles.

The electrical double layer at the phase boundary arises for two reasons:

» adsorption of certain ions from an electrolyte solution onto the dielectric surface,
forming ion pairs;

* ionization of atoms or molecules on the solid surface with the release or capture
of ions, depending on the ionization potential, accompanied by ion exchange with the
solution.

The formation of the electrical double layer at the metal-solution interface is
determined by the magnitude and sign of the potential difference between the metal
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and the solution. The ratio of the electrode potential (at zero surface charge) to the
normal hydrogen electrode potential is known as the potential of zero charge. It is equal
to the EMF of a galvanic cell formed by the given electrode and the normal hydrogen
electrode.

When a metal is immersed in water or a solution containing ions of this metal, a
double electrical layer is formed and the potential changes abruptly.

In solution, copper dissolves and releases positively charged ions into the medium,
while the metal surface itself becomes negatively charged. Due to electrostatic attraction
by the negatively charged layer, copper cations do not diffuse deeply into the solution;
a dynamic equilibrium is established through the continuous exchange of ions across
the interface.

For efficient flotation selectivity, more than half of the coagulated aggregates must
be dispersed. Mechanical dispersion is primarily used for this purpose, although in some
cases, physicochemical methods are required.

Before the addition of reagents and dispersed air, the flotation pulp constitutes a
complex heterogeneous system whose main components are:

a) solid particles with a multicomponent surface, characterized by a diffuse electrical
double layer, a surface film adsorbing ions, molecules, and colloidal particles, products
of heterogeneous reactions, and chemisorbed ions;

b) a hydrating water film of complex structure, which may be considered a separate
phase;

¢) a complex aqueous medium whose composition is altered by the dissolution of
mineral surfaces and gases;

d) dissolved substances that enter the pulp at different rates;

e) the formation of ionic complexes and molecules.

Materials and methods. To study the effects of flotation depressants, the influence
of potassium ferrocyanide and sodium thiosulfate on chalcocite and galena was
investigated using a flotation apparatus without froth. The sample weight was 500 mg,
and the grinding size was —0.074 mm. Soda was used as the alkalinity regulator of the
pulp. The surface of each mineral was treated for one minute with a 1% solution of the
corresponding depressant reagent, after which flotation was carried out in a Hallimond
tube (Avdohin et al., 2020). The selective flotation of sulfide minerals without collectors
is based on the natural floatability of galena and the regulation of the composition of
surface compounds (Fazylov et al 2021)

Using a spectrophotometric analysis method, the amount of elemental sulfur on
the surfaces of galena and chalcocite was determined after treatment with sodium
thiosulfate. The absorption spectrum of the hexane extract was measured at 330 nm
using a spectrophotometer. The degree of hydration of galena and chalcocite surfaces
was determined by differential thermal analysis (DTA) and thermogravimetric analysis
(TGA). This method aims to measure the onset temperature of the endothermic effect
t. , the desorption heat Qg, and the proportion “n” of adsorbed moisture in the total
moisture content.

Laboratory studies were conducted on copper—sulfide underground ores from the
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Zhezkazgan deposit containing 0.09% lead. A 1 kg sample was ground in a ball mill to
65% passing —0.074 mm. The experiment was performed according to an open-circuit
scheme consisting of primary flotation followed by two cleaning stages. Soda was added
as an alkalinity regulator to the pulp before the depressant was added in the primary
flotation cycle. The optimal consumption of sodium thiosulfate and soda was determined
at pH 9.2, corresponding to the maximum difference in lead and copper recovery, with
a sodium thiosulfate consumption of 200 g/t (Figures 1 and 2). The addition of sodium
thiosulfate in the cleaning flotation stage does not improve selective flotation.
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Figure 1 — Effect of the pH value of the pulp on the production of chalcocite and galena
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Figure 2 — Influence of sodium thiosulfate (Na,S,0,%x5H,0) consumption on the recovery of lead and

copper at pH 9.2

The natural flotation of chalcocite is suppressed by potassium ferricyanide, and at
pH 9.2, there is no need to add acid. At the optimal pulp medium of pH = 9.2, with a
sodium thiosulfate consumption of 200 g/t during the primary flotation, and with the
addition of 5 g/t of ferricyanide during the second cleaning stage, an intermediate lead
product of commercial grade is obtained: with a concentrate yield of 0.1%, the product
contains 52% Pb and 4.3% Cu. Mineralogical analysis of the concentrates showed that

18



Volume 2, Number 467 (2026)

thiosulfate depresses secondary copper minerals (chalcocite, bornite), with bornite
being depressed several times more strongly, while potassium ferricyanide selectively
depresses only chalcocite. Chalcopyrite is not depressed by either of these reagents.
The mechanism of sodium thiosulfate action has been shown to slow the oxidation
of elemental sulfur on the galena surface, leading to the formation of free sulfur via
intramolecular redox reactions. The hydrophilization of chalcocite and bornite may be
associated with the high content of oxygen-containing compounds in the hydrophilic
regions of the copper surface and the formation of thiosulfate complexes.

Potassium ferricyanide exhibits oxidizing and depressing properties in alkaline
media: it oxidizes sulfides and monovalent copper ions and, in the second stage,
forms poorly soluble ferro- and ferricyanide complexes together with copper cations
(Akimbekova et al 2021).

Results. The hypothesized effects of sodium thiosulfate and potassium ferricyanide
on galena and copper minerals are supported by the determination of elemental sulfur
on the mineral surfaces via extractive spectrophotometry and by assessing the degree
of surface hydration through differential thermal analysis. The absorption spectrum of
the hexane extract was measured at a wavelength of 330 nm using a Specord M40
spectrophotometer (Akimbekova et al 2020).

Table 1 — Results of differential thermal analysis and thermogravimetric measurements of sulfide

minerals

Mineral Reagent t,0C n, % Qd, 6ip. 1.

Galena H,O 50 7,02 7,56
Chalcocite H,0 65 9,75 12,06

Galena Na,$,0,-5H,0 32 2,8 3,97
Chalcocite Na,$,0,-5H,0 57 10,25 10,46

Galena K,[Fe(CN),] 29 2,30 3,77
Chalcocite K,[Fe(CN),] 62 4,00 7,14

To determine the degree of hydration on the surface of sulfide minerals, differential
thermal analysis (DTA) was used in combination with thermogravimetric analysis
(TGA). The DTA curves exhibit an endothermic peak at 100-110°C corresponding to
the physical desorption of water from the minerals (Abramov et al 2020; Grjadunov
2014).

Discussion. The degree of hydration of the mineral surface is characterized by the
initial temperature of the endothermic effect t°C, the proportion of adsorbed moisture

(n) relative to the total, and the heat of desorption Q4 (Table 1). Selective flotation
of minerals without collectors is based on regulating the composition of surface
compounds. Under conditions of elemental sulfur formation on the sulfide surface, their
flotation rate reaches a maximum.

Spectrophotometric analysis showed that when galena and chalcocite surfaces were
treated with sodium thiosulfate, the amount of absorbed sulfur on galena increased,
while on chalcocite it decreased twofold, contributing to the hydrophilization of the
chalcocite surface. These results explain the suppression of chalcocite flotation. As the

19



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

endothermic temperature decreases, the hydrophobicity of the surface increases because
water adsorbed at lower temperatures begins to evaporate, weakening hydrogen bonding.
In all cases, the differences in correlation between mineral recovery and the amount of
sulfur on the surface were observed depending on the initial endothermic temperature
and the desorption heat (Figures 4, Table 2).
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Figure 4 — Dependence of the heat of desorption (J4) and the initial temperature of the endothermic
effect (t°C ) on the amount of sulfur on the mineral surface

The curves in Figure 4 are arranged according to a specific pattern: for more
hydrophobic minerals, they are located in the region of higher heat of desorption and
lower endothermic temperatures. Based on these properties, the minerals are ordered
as follows: chalcopyrite (curve 3) > galena (curve 1) > chalcocite (curve 4) > bornite
(curve 2). This sequence corresponds to the flotation order of the sulfides (Sherembaeva
et al 2020). As the temperature decreases, the initial endothermic effect increases in the
hydrophobic surface region; that is, at lower temperatures, the adsorbed moisture begins
to vaporize, and hydrogen bonds are weakened.

Table 2 — Determination of the amount of adsorbed sulfur on the surface of sulfide minerals by
spectrophotometric analysis

Mineral Sulfur content on the mineral surface
Untreated | After treatment with Na,S,0,-5H,0 | After treatment with K,[Fe(CN),]
Galena 2,98 6,02 7,74
Chalcocite 2,4 1,09 1,01
Chalcopyrite 1,02 1,40 3,7
Bornite 4,01 2,60 1,25

When sulfide minerals were re-treated with sodium thiosulfate, the amount of
adsorbed sulfur on galena doubled, while on chalcocite it decreased by 2 times,
respectively, in chalcosine it decreases by 2.2 times. After treatment with potassium
ferricyanide, the amount of adsorbed sulfur increased 2.6 times on galena and 2.9 times
on chalcopyrite, while it decreased 2.4 times on bornite and chalcocite. These results are
associated with the suppression of copper mineral flotation.
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Conclusion. In summary, the results demonstrate that in the presence of sodium
thiosulfate and potassium ferrocyanide, the selective flotation of galena with a collector
is enhanced, while the natural flotation of bornite and chalcocite is suppressed.

The mechanism of sodium thiosulfate action on the surface of chalcocite involves
the formation of thiosulfate—copper complexes, which increase the oxygen-containing
hydrophilic regions. When interacting with the galena surface, sodium thiosulfate slows
down the oxidation of elemental sulfur, leading to the formation of free sulfur through
intramolecular oxidation—reduction reactions. The elemental sulfur formed on the
surfaces of sulfide minerals contributes to increased hydrophobicity.

The correlation between the flotation of galena and copper sulfides is determined by
the amount of sulfur on their surfaces, the heat of desorption of water and molecules,
and the initial temperature of the endothermic effect.
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Abstract. This article presents a comprehensive analysis of the physicochemical
and biochemical parameters of vegetable juices obtained from beets, carrots, and a 1:1
mixture of the two, fermented with a Lactobacillus plantarum strain. The vegetables used
for juice extraction were pre-washed, peeled, mechanically crushed, and pasteurized at
72°C for 15 minutes. To assess changes in the fermentation process over time, pH,
total titratable acidity, density, and the content of dietary fiber, vitamins, and minerals
were determined in juice samples over days 0—7. The results showed that titratable
acidity significantly increased in all samples during fermentation (from 1.6-3.5to 11.8—
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13.6), while pH decreased from 6.6-6.2 to 3.5-3.7. These changes are explained by
the active conversion of carbohydrates into organic acids by lactic acid bacteria. The
most intense changes were observed between 2 and 4 days, with the technologically
optimal fermentation period being 3-5 days. Density values ranged from 1030 to 1046
kg/m?® and remained relatively constant across all samples. Dietary fiber levels ranged
from 0.61 to 0.86 g/100 ml, with the highest value found in beetroot juice. In terms
of mineral content, potassium was the dominant element in all samples (235.2-285.6
mg/100 ml), while beetroot juice was rich in magnesium, phosphorus, and iron. Vitamin
analysis revealed that carrot juice was rich in f-carotene (7.5 mg) and B vitamins, while
beetroot juice contained a large amount of folate (75.3 pg). In conclusion, vegetable
juice obtained from beets and carrots in a 1:1 ratio was proposed as a balanced probiotic
functional drink with high nutritional and biological value.

Keywords: Lactobacillus plantarum strain, vegetable juice, fermentation,
physicochemical and biochemical parameters
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Aunnoramus. byn makanana Lactobacillus plantarum mraMMbIMEH alllbITBIIFAH
KBI3BUIIIAIaH, CO0I3/ICH KoHE eKeyiHiH 1:1 KeJieMJiK KOCIAChlHAH ajIbIHFaH KOKOHIC
IIBIPBIHAAPBIHBIH (PU3UKA-XUMUSUIBIK )KOHE OMOXHUMUSIIBIK KOPCETKIIITEPiHIH KEIICH I
tangaybl kenrtipinreH. LsIpblH ady yIIiH malianaHbUiFaH KOKeOHICTEp ayblH aja
JKYBUIBII, apIIBLIBII, MEXaHUKAJIBIK TYp/E YcakTansl, 72°C Temneparypana 15 MUHYT
nactepienai. depMeHTalsl MPOLECIHIH YaKbITKa TOyeJl e3repicTepiH Oaraay
Makcarbiaa 0—7 ToyIiK apabIFbIHAAFbI IBIPBIH YT UIepiHaeri pH MoHi, Kallbl THTpIIEY
KBIIIKBUIIBIFBI, THIFBI3/IBIK JKOHE TaraMbIK TaJIIBIK, TOPYMEHJCP MEH MUHEPAJIbl
3aTTap MeJIIepl aHBIKTA/Ibl. AJIBIHFaH HOTIOKeNep (epMeHTaIus 0apbIChIHAa OAPIIBIK
YIITiNiepAe TUTpICY KhIIIKBUIIBIFBI alTapiblKTail xorapeuiaranbia (1,6-3,5-ten 11,8-
13,6-ra neiiin), an pH moHi 6,6-6,2-neH 3,5-3,7-re neitiH TOMEHIeTeHiH KopceTTi. by
e3repicTep CYTKBIMIKBUIILI OaKTepUsIIAP/IbIH 9CEPIHEH KOMIPCYJIap/IblH OPraHUKAJIBIK
KBIIIKbLIIapFa OeJICeH/ Il TYplie aHalybIMeH TyCiHaipuieai. EH KapKbIHIBI e3repicTep
2-4 KYH apaybIFbiH1a OalKasIbl, ajl TEXHOJIOTHSUIBIK TYPFBIZaH OHTAMIBI (DepMeHTaIUs
Ke3eHl 3-5 ToyliK eKeHi aHbIKTaubl. ThIFbI3ABIK KepcerkimTepi 1030-1046 wr/m3
apabIFbIHA ©3Tepill, 0apIIbIK YIATIepIe CAbICTBIPMAIIBI TYPIE TYPAKThI OOJIBII KaJIIbL.
TaramabIK TanmbIKTeIH MeJIIIepi 0,6 1 xone 0,86 /100 M1 apalibIFbIH/IA aYBITKBIT TYP/IbI,
€H JKOFapbl MOH KbI3bUIIIIA IIBIPBIHBIH/IA 0051161, MUHEPAJIBIK KypaMbl OOMBIHIIIA KUt
OapibIK yiriiepae 0acbkiM aneMeHT Ooabl (235,2-285,6 mr/100 mut), ajn KbI3bulina
HIBIPBIHEL MarHuiire, ¢ocdopra xoHe TeMmipre Oail Oomabl. opyMEHIIK KypaMblH
Tangay cd0i3 WLIPBIHBIHBIH [-Kapotunre (7,5 mr) xone B ToObI popymenzepine Oaii
€KEHIH, aJ1 KbI3bLJIIIA IBIPBIHBIHBIH KYPaMbIH/Ia (DOJIMH KhIIIKBUIBIHBIH KO MOJIIIEp/Ie
OonareiabiH (75,3 MKT) kepcerTi. KopbIThiHIBUIAN Kee, KbI3bLIa MeH ca0i3miH 1:1
KaThIHACBHIH/IA aJIbIHFAH KOKOHIC IIBIPBIHBI JKOFapbhl TaraMJIbIK JKOHE OHOJIOTHSUIBIK
KYHJIBUIBIFBI 0ap TEHAECTIpiIreH NpOOMOTHKAJIBIK (DYHKIMOHANIBI CYChIH PETiHAEe
YCBIHBUIJIBL.

Tyiiin ce3nep: Lactobacillus plantarum nmramMMbl, KOKOHIC HIBIPBIHBL, (hEPMEHTAIHS,
(bU3UKa-XUMHUSIIBIK, OMOXUMUSUIIBIK KOPCETKIII
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AnHoTtanusi. B cratbe mpeacTaBiieH KOMIUICKCHBIM aHalN3 (PHU3MKO-XHUMHUYECKUX
n OMOXMMHYECKHUX CBOWCTB OBOIIHBIX COKOB M3 CBEKJIBI, MOPKOBH M HX CMECH
B cooTHomenund 1:1, QepmenTupoBanHbix mTamMmoMm Lactobacillus plantarum.
AKTyaJIbHOCTh HCCIIEOBaHHUsI OOyCJOBJIEHA PACTyIIUM HHTEPECOM K pa3padoTKe
(YHKIMOHAIBHBIX TPOOMOTHYECKHX HAMHMTKOB PACTUTEIBHOIO MPOUCXOXKICHUS C
BBICOKOH MUILEBONH M OMOJOTHYECKOH LEHHOCTHIO. J[I MOIydeHHs] COKOB OBOIIHOE
CBIPBE TNPEABAPUTENBHO MPOMBIBAIN, OYHUINAIH, M3MEIBIAd U MacTepU30BaIN NPH
temneparype 72 °C B Teuenue 15 muHyT. B mpouecce depmenrauuu B Teuenue 0—7
CYTOK OIpenessiii 3HadeHus pH, TUTpyeMoW KHCIOTHOCTH, IJIOTHOCTH, a TaKXkKe
cojiepKaHHe MUIIEBBIX BOJIOKOH, BUTAMHUHOB U MUHEPAJIbHBIX BELIECTB. YCTAHOBJIEHO,
9T0 B XOzA€ (PepMEHTAIMH TUTpyeMas KHCIOTHOCTH BCeX OOpa3LoB CYIIECTBEHHO
Bo3pacrana ¢ 1,6-3,5 mo 11,8-13,6, Torna xak 3nauenue pH cumxkanocs ¢ 6,2—6,6 no
3,5-3,7. BoisiBieHHbIC H3MEHEHUS 00yCIIOBICHBI 00pa30BaHUEM OPTaHMUECKUX KUCIIOT
B pe3yJbTare MeTaboIMYeCKOH aKTUBHOCTH MOJIOYHOKHCIBIX Oakrepuil. HamOomee
WHTEHCUBHOE TNpoTeKaHHe (HepMEHTAUUOHHBIX MPOLEeccoB Halmomanocs Ha 2—4-¢
CYTKH, @ ONTHMAJbHAs MPOAODKUTENFHOCTh (epMEHTAlMU cocTaBuia 3—5 CYTOK.
[InoTHOCTH HCchenyeMbIXx 00pa3loB W3MEHsUIach HE3HAYUTEIBHO M HAXOAMJIach B
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npenenax 1030-1046 kr/m®. ComeprkaHre MUILEBBIX BOJIOKOH Bapbuposaio ot 0,61 1o
0,86 1/100 M1, ipU 3TOM MaKCUMaJTbHbIC 3HAUEHUSI OTMEUCHBI B CBEKOJILHOM coke. Cpenu
MUHEPAIbHBIX KOMIIOHEHTOB JOMUHHPYOIIUM 3JIEMEHTOM BO BCEX 00paslax sBISUICS
Kanni (235,2-285,6 mr/100 mi1), TOoraa Kak CBEKOJIBHBIN COK OTIIMYAJICS MOBBIIICHHBIM
cojepxkanueM Maraus, Gocdopa u kene3a. AHaIU3 BUTAMUHHOTO COCTaBa TOKa3all,
YTO MOPKOBHBIH COK XapaKTEePHU3YyeTCsl BHICOKUM colep:kaHueMm [-kaporuna (7,5 mr)
U BUTAaMHUHOB Tpynmnbl B, a CBEKOJIBHBIM COK COACP>KUT MOBBILICHHOE KOJIUYECTBO
¢domueroii kucnotel (75,3 wmkr). IlomyueHHBIE pe3yJbTaThl CBHIETEIBCTBYIOT O
BBICOKOWM THIIEBOW ¥ (YHKIIMOHAIBLHOW IICHHOCTH ()EPMEHTHUPOBAHHBIX OBOIIHBIX
cokoB. Hambomnee cOamaHCHPOBaHHBIM [0 COCTAaBYy NPU3HAH HANMUTOK, MOJTYYCHHBIN
W3 CMECH CBEKOJBHOTO M MOPKOBHOIO COKOB B COOTHOLICHUU 1:1, KOTOpPBIN MOXET
paccMaTpHuBaThCsl B Ka4eCTBE MEPCHEKTHBHOTO MPOOHMOTHYECKOTO (DYHKIIMOHAILHOTO
MPOIYKTA.

KiroueBble caoBa: Lactobacillus plantarum, oBomHOH cox, (epmeHTanus,
(DYHKIIMOHAJIbHBIC HAMUTKH, (PU3UKO-XUMUYECKUE TI0Ka3aTeNd, OMOXUMUYECCKUI
COCTaB, MPOOHOTHKHU

Kipicme. Confbl >Kpuimapbl (YHKOUMOHAIABI TaraMaap MeEH NpOOHMOTHKAIBIK
CYCBIHAAp alaMHBIH (U3HONOTHSUIBIK >KaFJalblH KOJJayFa, ocipece ac KOpBITY
(YHKUMSICBIH OHTaWIaHABIPY TYPFBICBIHAH KapKbIHIABI 3epTTenyne. [IpoOnoTHKaibK
MHUKPOOPraHU3MIepAl HaliJanaHbll KeMiC-KUIEK eH KOKOHIC IIBIPBIHAAPHIH AIlIbITY
JOCTYPIIi CYT ©HIMIepiHe Oalama TeXHOJIOTHs OOJBIN CaHalaabl, OJXapIblH TaFaMIbIK
XKoHE (PYHKIIMOHAIJIBIK KACHETTEPIH KAKCAPTa bl (Zvirdauskiené et al., 2025; Garcia
et al., 2020; Voaides et al., 2022). Kekenic mbsIpsIHAapEI KOMIpCylapra, 1opyMeHaepre,
MUHEpalAapFa koHe OHONOTHSUIBIK OeJICeH i KOChUIbIcTapFa Oail 0oIFaHIBIKTaH, oJap
MPOOMOTUKAIIBIK IITAMAAPIBIH 6Cyl MEH META0OIMKAIBIK OCJICeHAUTITIH Konaay YLIiH
THimMai cyocTpar 6onbin Tadbutanpl. Onap coOHAan-aK JIakTo3achl3, BereTapuaHIbIKTapra
xapamIbl skoHe «clean label» Genricine colikec keneni (Szutowska et al., 2020).

CyTci3  albITBUIFaH  JKeMIC-KUACK HKOHE KOKOHIC UIBIPhIHAApbIHA JIeTeH
KBI3BIFYIIBUTBIK COHFBI OHXKBUIABIKTA TYTHIHYIIBIIAPABIH MaiAaibl Taramaap Typalibl
Xa0apAapibIFbIHBIH ~ apTyblHA, JIaKTO3aFa Te30CYIILTIKTIH JKOHE BereTapuaH[IbIK
YPAICTEp/IiH TapalyblHa )KOHE OChI OHIMJIEPiH (DYHKIIMOHAIBIK KACUSTTEPIH OCICeH/I
3eprreyre OainanbicThl apTThl (Rahman et al., 2023; Malik et al., 2019).

Kpi3putima MeH ¢o6i3 mblpbiabl Lactobacillus plantarum, L. casei, L. delbrueckii
xoHe L. acidophilus cusixmol cyT KbIIIKBLIBI OaKTEPHUAJIAPBIHBIH OCYiHE BIKMAT eTei.
depmenTanus ke3inae oy 6akrepusiiap pH MoHIH TOMeHETE 1, CYT KbIIIKBUIBIH TY3€/1,
AQHTUOKCUAAHTTHIK JKOHE OaKTepusira Kapchl OeJICeHIUTIKTI apTThipansl. [IpodroTukTep
konuenTpauusicel 10°-10' KTB/mn memnmepinae Typakrsl Oonbin Kanansl (Jafar et
al.,2019; Yoon et al.,2005; Machulin et al., 2022; Xu et al., 2020; El-Sayed et al.,2016;
Tamminen et al.,2013 ).

XKemicTep MeH KoKOHICTep KOPEKTIK 3aTTapra Oail OONFaHBIMEH, OJapIbl CaKTay
KOHE OHJIeYy MYMKIHJIIKTepi MIEeKTeyIl, al jkaHa MICKeH eHIMIEepl caTyFa KOMbUIAThIH
KaTaH TalanTap IMKi3aTThIH IIaMaJIaH ThIC bICkIpan OoybIHa oKkenei. by macenenepai
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LICUTy YIIiH O3BIK OHAEY TEXHOJIOTHsUIAPBIH KONJaHy oTe MaHbI3Ibl. [IpoOnoTHKAIBIK
(epMeHTays 9AICTepPiH KONJaHa OTHIPHIM, albITHUIFAH JKEMiC-)KUACK JKOHE KOKOHiC
IIBIPBIHAAPBIH  93IpJiey OHIMHIH TaraMJIbIK JKoHE (YHKIIMOHAIJBIK KACUETTEPiH
JKaKCcapThIll KaHa KOWMai, COHBIMEH KaTap IIMKi3aTThIH BICHIpAN OONybIH a3aiTaipbl,
JIOMIH KakKcapTaibl koHe TYciH Oaiibitansl (Guan et al., 2021; Zuntar et al., 2020).
KexenicTep anam panMoHbIHIA MaHBI3IBI POl aTKapazbl, OipaK oJapAbIH Te3 OY3bLIYhI
oJNap/IblH CaKTay MEp3iMiH y3apTaThlH OHICY 9JIICTEPIiH i37ey/i KaxkeT eresi. KekeHicTi
(bepMeHTaNMsUIay OHIMHIH JIOMIH CaKTalJbl, OHBIH TaraMJIbIK JKOHE OMOIOTHSIIBIK
KYHJIBUIBIFBIH apTTHIPaJbl )KOHE COHBIMEH KaTap KOCHIMINA KYHJBUIBIKKA W€ ©HIMIEp
anmyra MyMKiHOik Oepeni (Enayatian et al., 2025). Ocspuraiimia, depMeHTTENreH
KOKOHIC IIBIPBIHIAPHI CYTCi3 MPOOMOTUKANBIK (DYHKLIMOHAIB CyChIHAAp OHIIpiciHae
MEPCHEKTUBANIBI OaFbIT OOJIBII TaOBLIAIbI.

Kepumma men ca6i3 Kazakcranna eH Kem ecipineTiH KOKeHICTEepIiH KaTapblHa
xaraapl. Kp3puima Ouoiorusuiblk OenceHni 3artapra Oail, >KOFaphl TaFamIIbIK
XKoHe (DYHKUMOHANIBIK KYHABUIBIKKA He. One0H AepeKTep oNapAblH KYpaMbIHIAFbI
OeTanuHAep MEH HHUTpaTTap aHTUOKCHUAAHTTHIK KAaCHETTepre Me EKeHiH, JKYpPeK-KaH
TaMbIpiapbl (QYHKIMACBIH >KAaKCapTyFa >KOHE KaH KBbICBIMBIH TOMEHAETYTe BIKIAN
eTeTiHiH kepcereni. OCbiFaH OalIaHBICTBI KAHT KbI3BUIIIACH (DYHKIIHOHAJIIBI JKOHE
npoUIaKTHKAJIBIK TaFaMABIK oHiM Oounbin caHanaasl (Kapomaros u ap., 2019). Cabi3
weIpbIHbl (Daucus carota L.) — KoFapbl TaFaMJIbIK )KOHE OMOTOTHSUIIBIK KYHIBUIBIFBI Oap
KEHIHEeH TYTBHIHBIIATHIH KOKOHIC IIBIPBIHBI. OJeOueTTepre colKec, OHbIH KYpaMbIHIA
B-xaporun, 6acka kapotuHounrap, E xone K mopymenzaepi, B toOwl mopymennepi,
KaJHuid, MarHui KoHE TeMip CHUSIKTHl MUHEpangap alTapibIKTaldl MeJIepae Ke3aeceTi.
By Ouonorusinblk OenceHAi KOCBUIBICTAp C9013 IIBIPBHIHBIHBIH aHTHOKCHUAAHTTHIK,
KapIONPOTEKTOPIIBIK )KOHE THITOTEH3UBTI 9CEPiH aHBIKTAH b1, OYJ1 OHBI PYHKIIMOHAIIIBI
KOHE MPOPHIIAKTUKAIBIK TaFaMBIK ©HIM Jen caHayra MyMKiHaik 6epeni (Khomich et
al., 2020).

Lactobacillus  plantarum  daxynsratuBTi TreTepodepMeHTaTHBTI OakTepusiap
TOOBIHA >KaTanpl. Bya Typrnep sk3omonucaxapuarep, OaKTepHOLMHAED, Y-aMUHOMAM
KBIIIKBUIBI, (DOJMI KBIIIKBUIBI XOHE PUOO(IIABUH CUSKTHI OUOJOTHSUIBIK OCICEeHI
KOCBUIBICTAP bl CHHTE3/ICyTe KaOlIeTTi >KoHe COHBIKTaH OJIapbl TaFaM bl KOHCEPBiiey
ywiH naiinananyra 6onazasl (Cui et al., 2021). byn 3eprreynin maxkcarsl — Lactobacillus
plantarum WTaMMBIHBIH KaTBICYbIMEH OKYPTi3iireH (epMeHTalus MNpoLeciHiy
KBI3BLIIIA, CO013 )KOHE KbI3bUIIIA-CO013 HETI31HeT] MIBIPBIHAAPIBIH (PU3HKA-XUMUSUTBIK
KOPCETKIIITepiHEe TUTI3€TiH 9CEPiH )KoHE OMOXUMHUSIIBIK KaCHeTTepiH Oaranay.

Onedu moay. JKemic-kekeHic WIBIPBIHAAPBI TaOUFU TYpAE KeMipcynapra,
JOpyMeHJepre, MUHEpangapra, OpPraHWKalbIK KBIIIKbUIJAPFa JKOHE (PUTOXUMUSIIBIK,
3arTapra Oali, Oyn onapabl MPOOMOTHKAIBIK MHKPOOPTaHM3MIECPAIH ©Cyi MeH
MeTa0OIMKaIBIK ONCEHIUNIr  YIIiH KOJaijabsl ecipy opTacblHa alHaJIbIPabL.
Lactobacillus, Bifidobacterium, Lactococcus, Bacillus xone Streptococcus CUSKTBI
MPOOMOTUKANIBIK OaKTepHUsIapAbIH OPTYPIl TYKBIMAAPHI ©CIMIIK IIBIPBIHAAPBIHBIH
(u3nKa-XUMUSUIIBIK JKarFdainapeiHa opTypial OeiliMaeny nopekeciH kepceremi. by
alpIPMAIIBUIBIKTAp JaiblH  (EePMEHTTENIreH ©HIMHIH Heri3ri cumarTaMaiapbiHa,
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COHBIH 1IIiH/IEe aHTHOKCHIAHTTHIK OCJICEHAUTIKKE, CaKTaly TYPaKTBUIBIFbIHA, oM MEH
Xom mic KacuerTepine ocep ereni (Zvirdauskiené et al., 2025). 3amanayu 3eprreynep
(depMeHTTey OCiMIK TEKTEC CYChIHAAPABIH OMOIOTUSIBIK KYH/IBIIBIFBIH alTapIIbIKTal
apTThIpa aJIAThIHBIH, KOPEKTIK 3aTTapAblH CiHYiH jKaKcapTa ajJaThbIHbIH XoHE B TOOBI
JTOpYMEHEPiHiH, (EHONABIK KOCBUIBICTAPABbIH OHE aHTHOKCHIAHTTApAbIH KYpPaMbIH
apTTHIpaThIHBIH KepceTeai. COHbIMEH Karap, ()epMEeHTalMsl OHIMHIH caKTay Mep3iMiH
YKOHE MUKPOOHMOJIOTHSUIBIK KayilCi3Airin y3apTyra kemekreceni (Saud et al., 2024).

OciMaik HeriziHAeri NpPOOMOTHKAJIBIK CYCBIHAApABl OaMBITYy ocipece ayphic
TaMaKTaHyFa »JKOHE IMIeK MHKPOOHMOTACHIHBIH TEHIePIMCI3IIriMeH OaiIaHbICThI
aypyJlapAblH alfblH allyFa KbI3BIFYIIBUIBIKTHIH apTybl KardalblHAA ©3€KTi OOJBII
TaObuIaAbl. YpOaHM3aUMsIMEH >KOHE IUETalbIK ONeTTEepIiH e3repyiMeH AdCTypdi
AIIBITBIUIFAH TaraMAap/bl TYTHIHY TOMEHJIENi, OYJI jKOFapbl TaFaMIbIK KYHIBUIBIKTBL,
KarbIMbl OPTaHOJNENTHKAJBIK KacHeTTepIi KoHEe Kayilci3mikTi OipikTipeTiH kaHa
MPOOMOTUKANIBIK TachIMaJJaylIbUIapAbl i34€ydi KaxeT eTTi. KekeHic MIbIpbIHIapHI
TaOWFH KYpaMbl MEH KOJDKETIMILTIriHe OaiiiaHbICThI Tipi NPOOHMOTHKAIIBIK JaKbUIIApAbI
KETKI3y YILiH THIMI MaTpyLa PETiHAe epeKlIe Ha3ap aynapazbl.

Goderska sxoHe T.0. aBrOprmap NPOOHMOTHKAIBIK MHKPOOPraHU3MAEPIl ecipy
YIIH MaTpunanap periHae co0i3, KbI3bUIMA JKOHE KbI3aHAK IUBIPHIHAAPHI CHSKTHI
KOKOHIC LIBIPBIHAAPBIH Maiiiananynsl YChIHABL. 3eprtrey Oapbicbinma L. plantarum,
L. acidophilus xone L. delbrueckii mtammaapsl oCbl CyOCTpaTTapia eMmip CypyadiH
XKoHE OeHIMIENy/IiH opTYPIIi ACHICIIEPiH KOPCeTTi. L. plantarum 1MTaMMBbl €H YKOFaphl
OMIPILICH/IITIH KOPCEeTTi, OYI OHBIH CYTCi3 MPOOMOTHKAIBIK CYCHIHIAPABI Kacayaa
Kongany MyMKingirin kepcereni (Goderska et al., 2022).

Akin sxone T.6. aBtopmap Lactobacillus casei xoue Lactobacillus paracasei
MITaMMJIApbIH TaianaHa OTBIPbIN, OpPOKKONHMIEH, TYJIIi KbIPBIKKAOAaTTaH, KbI3bUI
KBIPBIKKAOATTaH KoHE aK KbIPBIKKA0ATTaH allbITHUIFaH KOKOHIC IIBIPHIHAAPBIH bl
Astopnap 30 °C temneparypana 24 carar GepMeHTaUMsIaH KeHiH oHE OfaH KeiiH
42 kyH 6oiibl 4 °C TemmepaTypaia cakTaydaH KeHiH NMpOOMOTHKAJIBIK JaKbUIIapAbIH
JKOFapbl OMIpIICHAIrH CaKTaFaHbIH aTtam oTTi. bysl CYTKBIIKBUIABI OakTepusiap
YIIiH KOPEKTIK OpTa >kKoHe (YHKIMOHAJABI CyChIHIAp YLIIH HEri3 peTiHIe KOKeHic
LIBIPBIHAAPBIHBIH 9JieyeTiH pactansl (Akin et al., 2016).

Zvirdauskiené »xone T.6. asropmap Lactiplantibacillus paracasei SP5 xoHe
Pediococcus pentosaceus SP2 npoOHOTHKANBIK ITAMMIAPbIMEH alllBITKAHHAH KEHiHT1
YKEMIC )KOHE KOKOHIC MIBIPBIHAAPBIHBIH XUMHSIIBIK KypaMblHa KeLISH1 Tajay KYpri3i.
Hotmxenep (eHONIBIK KOCBUIBICTAPIBIH, KapOTHHOMATAPABIH JKOHE CYCHIHIApAbIH
AHTHOKCU/IAHTTBHIK ~ OCJCCHIUTITIHIH  aWTapibIKTail  JKOFapbUIAybIH  aHBIKTAIbI.
ABTOpIap TPOOHOTHKTEpPMEH (epMEeHTAlMs eMiplieH OaKTepus KacyllalapblH
caKTayFa KOMEKTECiNl KaHa KoWMaid, COHbIMEH Karap CYCBIHAAPIbIH (YHKIHOHAIIBIK
KYHJIBUTBIFBIH apTTHIPATHIHEIH aTan KepcerTi (Zvirdauskiené et al., 2025).

Yuan koHe T.0. aBTOpIap KOKeHiCTep MeH ©ciMAiK cyOcTparTapbiH
(epMeHTausIIaFbl TPOOMOTUKANIBIK MUKPOOPTaHU3MAEPIiH poJiH KapacTeIpasl. Onap
(depMeHTTey Ke3iHIeri MUKpOOHOJIOTHSUIBIK IMPOLECTEP OPTaHUKAJBIK KBIILIKBIIAAP,
B T0OBI nmopymeHzepi, aHTHOKCHIAHTTBIK KacueTTepi Oap MOMU(EHONAap CHSIKTHI
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Ononorusblk  OesiceHni MeTaOONUTTEpAiH Ty3iTyiHe BIKINAN ETeTiHIH aTam OTTi.
ABTOpnap (epMeHTTeNTreH OHIMAEPIiH camackl MEH TYPaKTBUIBIFBIH KaKcapTy YLIIH
OHTAMIIBI IITAMMIAp MEH TEXHOJOTHSUIBIK JKaFAaliaapIbl TaHJayIbIH MaHbI3bUIBIFbIH
aramn kepcerti (Yuan et al., 2023).

Voaides C OackapraH pyMbIH FaJbIMIAPBIHBIH 3€PTTEyl KOKOHIC IIBIPHIHAAPHIH
(depmeHTanMsIFa KapaMmIbl CYT KbIIIKBULIBI OaKkTepusiapAbl TaHJIAy MEH CHIATTayfa
OarpITTanFaH. AHTHOMOTHUKTEpre TO3IMAUIIK, JOpyMEHIEp MeEH (epMEeHTTepIi
CHHTE3ey KaOineTi j>KoHEe MAakKbll KayilCi3Oiri CHSKTHl mapamerpiep OaralaHIbl.
3epTTey HOTHXKENEepi OCIMIIK IIMKI3aThIHAH KayilcCi3 jKOHE JCHCAyNIbIKKA Maiiiajbl
MPOOMOTHKANIBIK CYCBIHAAD NaibIHIayFa MYMKIHIIK Oap exenin gonenaeni (Voaides et
al., 2022).

Kexkenic xoHe jkeMic IIBIPHIHAAPBIH MNPOOHMOTHKAJIBIK MHUKPOOPTaHU3MIIEPMEH
¢depmenTanyst ~ QYHKUMOHANIABl  CYCBHIHAAPABI  JAMBITYAbIH  MEPCIEKTHBAJIBIK
OarbITBl OONBIN TaObUTAABI. OCIMIIK MIBIPBIHAAPHI MPOOUOTUKAIBIK AaKbULAAPIBIH
OMIPILICH/IITIH CaKTay >KOHE OHIMHIH OWOJOTHSIBIK KYHIBUIBIFBIH apTTBIPY YIIiH
THIMJIII OpTa peTiHAe KbI3MET eTeli. AFbIMIArbl 3epTTeyiep (epMeHTauus: KOPEeKTiK
3aTTaplblH CiHYiH KaKcapTaTbIHBIH, aHTUOKCUAAHTTap MEH JOpYMEHICPAiH KYpaMbIH
apTTHIPATHIHBIH KOHE CYCBHIHAAPBIH JKapaMAbUIBIK MEP3iMiH y3apTaThIHBIH KOPCETEI.
OHTaiinbl mWTaMMIapabl TaHAAy KOHE MPOLECC JKaFIainapblH OaKbUIay TYPaKThl KOHE
(YHKIMOHAIIB! KYH]IBI CyChIHAApAbI OHAIPYAiH HETi3r1 (akTopiapbl 00BN TaObLTaIbL.

3eprTey HbIcaHbl MeH Juicrepi. KpBbumma MeH co0i3 Keprimikri cayna
OpBIHAAPBIHAH CaThIN albIHABL. DepMeHTauus yiliH NpoOMOTHKAIBIK KOCMa PeTiHAe
naiteia Lactobacillus plantarum (Vitamatic, Peceit) aiapIiHabl.

Lactobacillus plantarum HP 59 (Vitamatic, Peceil) — HyTpUIIMOJIOTUS CallaChIHIAFbI
MaMaHzap d3ipiiereH NpoOHOTHUKANIBIK Kocma. OHiM eyponanbik GMP crangapTrapsiHa
coiikec Pecelifie eHipineni xoHe op MapPTHUSICH Ta3aJdbIFbl MEH THUIMIUIIrT OOWBIHIIA
nabopaTopHsUIbIK OaKbUIAydaH OTeli.

Co0i3 OeH KpI3BUIIA KOKOHICTEpi JKYBUIBIN, Ta3apThUIAbL. MeXaHUKAIBIK CBIFY
apKBUIBI IIBIPBIH aJIBIHABL. Opi Kapail Tajjaay »ypri3y YIIiH yII TYpJli WBIPBIH KOJIaa-
HBUIBL: KBI3BUIINA, C9013 KoHE eKeyiHiH Kocmachl 1:1 kesneM KaTbiHachiHa. bapibik
LIBIPBIHAAP JKePriTiKTI MUKpodIopansl xoto yiiH 72°C temneparypana 15 MuUHyT na-
CTEpJICH/I.

Opranonentukanslk kepcerkimrepai o6aranay [OCT 32100-2013. «Koncepsinep.
HIeipein eHiMzepi. KekeHic koHe KeMiC-KOKOHIC LIBIPBIHAAPHI, HEKTapiaphbl >KOHE
KypaMblH/a IIBIPBIHBL 0ap cychiHaap. JKaimbl TEXHUKAIBIK MIapTTapy TalanTapblHa
coliKec Kyprizingi.

depmMeHTanys NPOLECIHIH yaKbITKa TOyeIi e3repicTepin Oaranay Makcarsiga 0—7
TOYIIIK apaJIbIFbIHIAFbI IIBIPBIH YATLIepinaeri pH MoHi, )Kajmbl TUTPICY KbILIKbUIIBIFHI,
TBIFBI3ABIFBI )KOHE IOpyMEHIEP MEH MUHEPAJAbI 3aTTap MOJILIEP] aHbIKTaJJIbI.

KexeHic mbIppIHAapBIHBIH O€JICeH 11 KBIIIKBULABIFE (PH MoHI) IOTEHIMOMETPHSITBIK
o/licTIeH aHBIKTaJIbl. Onmieynep 3epTxaHajiblk pH-MeTp keMeriMeH xyprizingi. Opoip
LIBIPBIH YATICI omey anabiaga 20 £+ 2 °C temnepaTtypara AeHiH KeTKi3nai. DIeKTpos
TiKeNel ynrire GaTeIpbUIBIN, KOPCETKILT TYpaKTaHFaHHaH KediHri pH MoH1 anmbIHAbL.

30



Volume 2, Number 467 (2026)

Kexenic mbIpsiHAapbIHBIH THTPIEY KbIUKbLIABFEI MEMCT P 51434-99 «XKewmic
KOHE KOKOHIC WIBIPBIHAAPHL. THUTpJey KBIIIKBUIABIFBIH aHBIKTAY 9[IiCi» CTaHIapThIHA
ColiKeC CINTIMEH THUTpJEY OIiCi apKbUIbl AHBIKTAJICA, Al THIFBI3ABIK apeoMEeTpAiH
KOMETiIMEH aHBIKTaJI/Ibl.

Taramapik  Tanmbeik  memmepi MEMCT  34844-2022 craHmapThlHAa COHMKeC
(hepMEHTTIK-TPaBUMETPHSIIBIK SAICIICH aHBIKTAJIJIBI.

UIpipbIn yarinepinaeri f-kapoTHH MeJIIEep] CIEKTPOPOTOMETPHSIBIK 9/1iC apKbUIBI
aHBIKTaJICa, aJl B TOOBIHAAFBI IOpyMEHAED JKOHE aCKOPOHMH KHIIIKbLIBI Meepi M-04-
41-2005 anicremeci OoitbraIIa «Kareab-105My» KypbUIFBICHIHA aHBIKTAIIIBL.

[bipeIH yATIAEPIHACTI KAIBIUHT, KAIHii, HATPUNA, MATHUN, KAJIBIUH, TEMIip, MBIPBIIII,
Maprasell, MbIC ’aHe Gochop AeMEHTTEPiHIH MacCaNbIK YIeCi aTOMIbI-aICOPOLSITBIK
CIEKTPOMETPHS d/1iCi apKbUIbl aHBIKTAIIbI.

3eprrey HoTHiKesdepi. COHFBI yakKbITTa alIBITBUIFAH —Taramjaap, ocipece
KOPEKTIK 3aTTapiblH Oail Ke3i OobIl TaObLIATBIH CYTKBIIIKBUIAB OakTepHsiiapMeH
(epMeHTalMsIIaHFaH KOKOHIC IIBIPBIHAAPEI TaHBIMAI 00Jy/a.

[Ipobuorukansik (GepmeHTanusi OapbICbIHAA MUKPOOPTAaHU3MICPAIH METa0oNIMKa-
JIBIK OEJICeHIUNIr OHIMHIH XUMUSUIBIK KYpaMbIHa 9Cep €Till, OHbIH OPraHOJETHKAIIBIK
KacUeTTepiHiH e3repyiHe biKnan ereai. OcbiraH 0ainaHbICThl (PepMEHTALMSI TPOLIECIHIH
OHIMHIH J]oMi, Hici, TYCl KOHe KOHCHCTEHLHUSCHI CHAKTHI OPraHOJIECTHKAIIBIK KOPCEeT-
KiTepiHe ocepin Oaranay 3epTTeydiH MaHbI3AbI Ke3eHAepiHiH O0ipi 00BN TaObUIAIBI.

3epTTey 0apbIChIH1a KOKOHIC LB PBIHIAPBIHBIH OPTaHOIETI THKAIBIK KOPCETKIIITepiHe
CaJIBICTBIPMAJIbI CEHCOPIIBIK Oaranay >Kypri3inai. baranay ceIpTKbI TYpi, TYCi, JoMi, Hici
YKOHE KOHCHCTEHLMSICHI OOMBIHIIA KY3€Tre achIpbULABL. AJBIHFaH HOTHXKeNep 1-cyperte
KOPCETUITeH.

— IIpo0HOTHR KOCBLIFAH KbI3bLIMA MBIPLIHLI
—— IIpoOHOTHK KOCBLIF aH C30i3 MBIPbLIHBI
— IIpo0HOTHK KOCBLIFAH KbI3BLIMA:30i3 111 MBIPLIHBI

Tyci
5 Y

FKaansl 63T Hici

KOoHCHCTEeHIHACHI Jami

Cyper 1 — L. plantarum mraMMBIMEH aIlIbITBUIFaH KOKOHIC MIBIPBIHIAPBIHBIH IPOQHITIIK CEHCOPIBIK
Tayngay HOTHXKeCl

OpraHoJenTuKaIbIK KOPCETKIIITEPIiI CEHCOPNbIK Oaraniay HOTHKeNepi OOWbIHIIA
3epTTEIreH YJTUIep apachlHla €H JKoraphbl Oan Kei3bLima—ca0i3 (1:1) KocmackiHga
anbIKTaIbI (4,40 6ayut). Cobi3 mbIpbiHbL 4,28 0asl ®KUHACA, KBI3bUIIIA MIBIPHIHGL 3,85
0aJu1 KepCeTill, 3epPTTEIJINeH YIITUIep IlIiHAe €H TOMCH OarasiaH]ibl.
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KekeHnic mibipbiHaapblHbiH pH MoHI OJIapJibIH MUKPOOHOJIOTUSIIBIK, TYPAKTHUIBIFBI
MeH (epMeHTalusAFa JKapaMIbUIBIFIH aWKBIHAAWTBIH HETI3rl  (PU3MKA-XUMUSUTBIK
KOpCeTKITepAiH 0ipi.

3eprrey Oapbicbinna L. plantarum MTaMMBIMEH alllBITBUIFAH KOKOHIC IIBIPHIHIA-
PBIHIAFBI TUTPJCY KBIMIKBULIBIFBIHBIH koHe pH MoHiHIH 0—7 TOyiK apaibiFbIHIaFbI
@3repiciHe Taiay Kypri3iii, HoTmwkenepi 1,2-kectenep/e KenTipijarex.

Kecre 1 — L. plantarum mraMMBIMEH alIBITBUIFAH KOKOHIC IIBIPHIHAPBIH/AFEI THTPIICY
KBIIIKBUIABIFEI (0—7 TayITiK)

IbipbiH TYPI 0 1 2 3 4 5 6 7

CaGi3 IIbIPBIHBI 1,6 6,5 7,0 95 | 106 | 11,0 [ 112 |18
Kp13pu1m1a msIpeIHbL 3,5 5,5 6,5 9,0 10,5 10,8 11,0 12,0
CoGi3+KbI3bUIIIA WIBIPIHEI 2,1 5.6 66 | 105 | 100 | 11,5 | 12,5 | 13,6

AJIBIHFaH HOTIDKENep OapiblK YJATUIEpAe TUTPIEY KBIIIKBUIABIFBIHBIH YaKbITKa
TOyesai JKOFapbUIayblH Kepceremi, Oyn Lactobacillus plantarum mMTaMMBIHBIH
OpTaHMKAJBIK KbIIIKBIIAAPAB! OesIceH 1l TYpAe OHaIpy KaOlIeTiH pacTai bl

pH MoHI TeMeHeyi TUTpJey KbIIIKBUIIBIFbIHBIH apTYbIMEH ThIFbI3 OaiJIaHBICTHI
Oonuel. bacrankeiia TUTPIEY KbIIIKBUIABIFEI TOMEH OO0JIbI, Co0i3 MIBIPhIHbIHIA —1,0,
KBI3BUIIIA MIBIPEIHBIHIA — 3,5 KoHE co0i3-KbI3bUIINA MIBIPEIHEIHAA — 2,1. DepMeHTammst
Ke3iHae OyJT MOH OapiblK IIBIPBIH YATUICPiHAC TYPAKTHI TypAe oCTi. EH KapKbIHIIbI
YKOFaphIay 2 - 4 ToylikTe OalKaiabl, pepMeHTAIHS OapbICHIHAA TUTPICY KbIITKBUIIBIFBI
9,0-10,6 xerri. DepMeHTAIMSIHBIH COHFBI Ke3eHiHAe (6 - 7 TOyiliK) THUTpIEY
KBIIIKBUIIBIFBI €H JKOFapbl MOHJEPIe JKETei, OYyJI OpraHUKaJIbIK KbIIIKBUIIAP/IbIH,
€H aJJIbIMCH CYT KBIIIKbUIBIHBIH JKUHAIYBIH Kepceredi. KekeHic IIbIPphIHIAPbIH
Lactobacillus plantarum mTaMMBIMEH alIBITY KE3iHAEC TUTPIICY KHIIKBIIIBIFHl YaKbIT
oTe KeJie aWTapiBIKTai »KOFapbUTalbl, €H TYPaKThl )KOHE €H KOFapbl KBIIIKBUIABIK 4
- 7 TOymiK apaiblFbIHIa OaifKamanabl, Oy CYTKBIIIKBUIIBI OaKTepUsIIaApAbIH >KOFaphl
METa0OJIUKAIIBIK, OSIICEHUTITIH KopCceTe/Ii.

Kecte 2 — L. plantarum mTaMMBIMEH alIBITBIIFAH KOKOHIC MIBIPBIHAApBIHAAFEI pH MoHi (0—7 Toymik)

HIbIpbIH TYPI 0 1 2 3 4 5 6 7
Co013 MIBIPBIHBI 6,6 4,8 4.4 3,8 3,6 3,5 3,5 3,5
Kp13putiia msIpeIHbL 6,3 5,2 4.6 4,0 3,8 3,7 3,6 3,6
Cobi3+KbeI3binmal 62 5,0 4.5 39 3,7 3,7 3,6 3,6
LIBIPBIHBL

ATNBIHFaH HOTIKENEpACH KOKOHIC IBIpBIHAApeIH Lactobacillus  plantarum
IMTaMMBIMEH (QepMeHTarmsuay KesiHfae Oapnblk yirinepne pH MoHIHIH alKbIH
TeMeHJieyi Oaiikannel. bacranker Toymikre (0-Toymik) co0i3, KbI3bUIIIA KOHE CO0i3-
KbI3bLIIIA MIBIPBIHAAPBIHBIH PH MoHAepi coiikeciHie — 6,6, 6,3 xoHe 6,2 6onasl, Oy
KOKOHIC IIBIPBIHIAPbIHA TOH a3/1all KBIIIKBUT HeMece OeiiTapan opTara Colkec KeJeIi.

depMeHTAMSHBIH anFaiikel 2-3 Toymirinae pH Moui kypr Temenmedi, Oy L.
plantarum mTaMMBI apKBUIBI KOMIPCYJIAPABIH CYT KBIIKBIIBIHA OCJCEHAl Typae
affHaTybIMEH OailTaHBICTHI. 3-TITi TOYIIKKE Kapai Oapisik yiurinepaeri pH mowi 3,8-4,0
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apaibIFblHa AeliH ToMeHeni. 4-7 toymikre pH mMoHzepi mamamen 3,5-3,7 nerreiiinge
CaJIBICTBIPMANbl TYPAE TYPaKThl OONBIN Kajabl. byl KbIKBLT opTa QepMeHTauus
MIPOIIECiHIH asKTaNIyFa XKaKbIHIAI Kellie )KaTKaHbIH Kepcereai. Tanmay HoTmwxenepi pH
MOHI, TUTpJEY KBILIKBUIABIFBI KOHE CYTKBIIIKBUIAbI OaKTepUsulap CaHbl apachbIHIAFbl
aliKpIH Kepi Oaiiianpic O0MaThIHBIH KopceTTi. CYTKBIIKBUIAB OaKTepHsiap CaHbIHBIH
apTybl OPraHUKAJIBIK KBILIKBUIIAPABIH )KHHATYBIHA OKEII1, OYJI TUTpPIICY KBIILIKbUIABIFbIH
KOFapbuiaThin, pH MoHIH TOMEHAETTI.

XKannoer anranga, 3-5 TOymiK TEXHOJOTHSUIBIK TYPFBIIAH OHTAWJIBI (pepMEHTALHS
Ke3eHi Oomnbn Tabbuiaabl, ceOebi CYTKBILIKBUIABI OaKTepusiap CaHbl MaKCHMaJlbl
MeJIIIepe cakTaizaasl xoHe pH MoHI MUKPOOHOJIOTHSITBIK TYPAKTBUIBIKTHI KAMTaMaChl3
€TETIH JeHTelre )KeTTI.

UIspeanapasiy prU3HKa-XMMHSIIBIK TYPAKTBUTBIFBIH OaFaay/ia ThIFbI3IbIK MaHbI3/IbI
TEXHOJOTHUSIIBIK KopceTKimTepAin Oipi 6onbin TaObuiaabl. THIFBI3NBIK epireH Kyprak
3aTTapablH (KaHTTap, OpPraHMKaibIK KIIIKBUIIAP, MHUHEPAJIbl 3aTTap), KOJUIOUATHIK
OeJIEeKTePIiH KoHE MUKPOOUOIOTHSUIIBIK ©3repicTepaiH TMHAMUKACHIH KaHaMa TYpAe
cunarTamuabl.

Ocsl 3eprTeyae co0i3 MWBIPBIHBI, KbI3bUIIIA MIBIPBIHBI )KoHE oNapAbiH 1:1 kememuik
KaTbIHACTAFbl KOCHACHIHBIH 7 TOYNiK OOMBIHIAFBI THIFBI3ABIFBIH AHBIKTAyFa Tajjay
KYPri3iini, HOTHKeCl TOMEHET1 2-CypeTTe KeATipiJireH.

1050
1045
1040

1035

1030

THIFBI3ABIK, Kr/M3

1025

1020 L L L L L L L .

Tavaik
—0— C26i3 meIpeiHsl —@— Kpi3p11ma MBIpLIHE —0— C36i3+KBI3bUIMA MBIPLIHBI

Cyper 2 — L. plantarum mTaMMBIMEH aIIBITBUTFAaH KOKOHIC IIBIPBIHAAPBIHBIH THIFBI3ABIFBI (0—7 TOYIIK)

KekeHic IBIPbIHAAPBIHBIH THIFBI3ABIK KOPCETKILITEP1 7 TOYIIiK OOIBI CATBICTHIPMAIIBI
TYPZE TYPaKThl JCHIelie CaKTalbl )KOHE alTapibIKTal KYpT aybITKyJIap OaiKaaMamibl.
Byn zeprrenren ynrinepaiH Gu3NKa-XUMHUSIIBIK TYPAKTHUTBIFBIHBIH )KETKITIKTI Topexe e
eKeHIH KepceTe/Ii.

Co0i3 mIBIPBIHBIHEIH OacTankbl THIFBIABIFE —1 040 kr/M* Gonael. ExiHmn ToymikTe
azgan temerney (1039 kr/m®) GonFaHbIMeH, KeHiHTI KYHIepi KepceTKimn OipTiHaen
xKorapeiiarn, S5-toymikre —1046 kr/mM® eH Koraphl MoHTe kKeTTi. JKeTiHmn Toymnikre
THIFBIBIBIK —1 044 Kr/M* Kypassl.
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KpI3bUIII1a MBIPBIHBIHBIH 0acTanKbl THIFBI3ABIFI —1 033 Kr/M* O0ONIbI. AJFAIIKBI €Ki
toymikre kepceTkin —1030 kr/m3-re nelin TeMeHenl, KediH 3 - 4 ToyIiKTepAe alKblH
ecim, 4-toynikre —1043 kr/m* makcuManbl MoHre keTTi. Kenmeci KyHAEpi THIFBI3IBIK
kaiitagan 1034 -1037 kr/m® apasbIFbIHIA TYPAKTAH]IBL.

Co0613 OeH KbI3pUIMIAHBIH 1:1 KomeMaiK KaThbIHACTarbl KOCIACBHIHAA OacTaIlKbl
THIFBIBIBIK —1033 Kr/M® GONIIbl. AJFAIIKBl TOPT TOYIIKTE THIFBI3IBIK a3/1all TOMEH/ICI
(1033 — 1030 xr/m?), S-Toynikre —1036 Kr/mM> AeiiiH Korapbulaabl. 3epTTey COHBIHAA
kepcetkinr — 1032 kr/m® Kypajsl.

XKanne! anranga, GapiblK WBIPBIH TYpJepiHae 7 TOYMIK iIIiHAE THIFBI3ABIK KATThI
e3repMe/ii )KoHe KOPCETKIIITEPIiH TYPaKThl CaKTalybl OHIMACPAIH (PU3NKA-XUMHUSIBIK
TYPFBIZIAH TYPAKTBUIBIFBIH JIQJCNCH . EH ®oFapbl ©3repic KbI3bUIIIA MIBIPHIHBIH/A
Oaiikaiica, €H TYpaKThl HOTIKE co0i3 OeH KbI3bLIIIA KOCIACBIHIA aHBIKTAIIbL. By
KOCIIAaHBIH KOMITOHEHTTEpPI ©3apa TEHIepUIiN, KYWEHIH JKallbl TYPaKThUIBIFBIH
apTTHIPYbl MYMKIH €KeHIH KOpPCETE/].

JKyMBICTBIH ~ OapbIChIHIA ajblHFAaH KOKOHIC IIBIPBIHIAPBIHBIH OHOIOTHSIIBIK
KYH/IBUTBIFBIH aHBIKTay MaKCaThIH/Ia KYPAMbBIH/IaFbl TAFAMBIK TAIIIBIKTHIH, JTOPYMEH/IIK
YKOHE MUHEPAJIJIBIK 3aTTap IbIH MOJIIIEPIH aHBIKTAy MaKCAThIH/Ia TaJIayJ1ap Ky pri3iii.

TaramIbIK TQJIIIBIK — aJIaM aF3aChIHJIa KOPBITBUIMANTBIH, OipaK ac KOPBITY )KYHEeCiHIH
KaJIBINTHI )KYMBICBIH KAMTAMaChI3 €TETiH OCIMJIIK TEKTI OJIHCaXapUuATep MEH TYbICTAC
KOMITOHEHTTep KemieHi. OHbIH (U3HONOTHSIIBIK POl IMIeK MePUCTATBTHKACHIH
KAKCAPTY, TUKSMHUSUIBIK )KayarThl PETTEY, XOJIECTEPUH JICHIeHiH TOMEHCTY )KOHE IIIeK
MUKPOOHOTACKIHBIH OCJICSH ITITIH KOJ1ay apKbUIbl Ky3ere acajsl (Das et al., 2026, von
Muhlenbrock et al., 2025, Pugh et al., 2025).

L. plantarum mTaMMBIMEH allIBITBUIFAH KOKOHIC IIBIPBIHAAPBIHBIH KYPaMbIHIAFbI
TaFaMJIbIK TAJIIBIKTBIH MOJIIICPIH aHBIKTAy HOTIDKENEpPl TOMEHJEri 3-Cyperre
KEeNTipiIreH.

TaraMabIK TaambIK, /100 M

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

Ca6i3 MBIPBIHBI KbIzpL1ma Ca6i3 + KbI3BLTIIA
ILIPBIAEI (1:1)

Cyper 3 — L. plantarum mTaMMBbIMEH allIBITBUIFAH KOKOHIC IIBIPBIHAAPIBIH KYPAMBIHIAFBI TaFaMJIbIK
TambIK Memepi, /100ma
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3epTTenreH WHIPBIH YIrIEepiHAeri TaFaMIBIK TaIIIBIK MOJIIEpi co0i3 MIBIPBIHBIHIA
— 0,61 r/100 mu1, kp3puTIIA IBIPBIHBIHAA — 0,86 T/100 M1, an 1:1 KaTbIHACKIHAAFBI €013
OeH KpI3buIIa Kocnaceiaa — 0,7 r/100 M. AJIBIHFaH HOTHIKETIEpTe COMKeC, €H JKOFaphl
KOPCETKIII KbI3bUIIIA MBIPbIHbIHAA aHbIKTanAs! (0,86 1/100 mut). Byn KbI3pUIIIaHBIH
KYPBUTBIMABIK KOMipCYIapbIHbIH, acipece TeMHUIIEIUII0N03a MEH MEKTHHIIK 3aTTapAblH
CaJIBICTBIPMAJIBI TYP/IE JKOFapbl OOMYbIMEH TYCIHIIpiTe .

XKannel anranma, OapiblK yATiIEep TaraMJIbIK TaNIIBIKTBIH OpTamia Ke3i OobIm
TaObUIA B! J)KoHE (PYHKIHMOHAIABIK CYChIH PETiH/AE KapacThIpyFa Heri3 0ap.

KekeHic MIBIPBIHAAPBIHBIH MHHEPAIABIK KYpaMbl ONapiblH TaraMIblK >KOHE
(DU3UONOTHSIIBIK KYH/BUIBIFBIH aKBIHAAUTHIH HEri3ri KepceTKiluTepAiH Oipi OobI
TabbuIaAbl. MUHEpaJIbIK 3aTTap — aJlaM aF3achlHa CHHTE3IeIMEHTIH, Oipak 3aT anMacy,
(bepMEeHTTIK peakuusiiap, OCMOCTHIK KBICBIM MEH KBIIIKbUI-CUITITIK Tene-TeHIIKT1
perTey CHSKTHI MaHbBI3Abl OMOXMMUSUIBIK YJIEpicTepre KaTbICaThlH OeopraHUuKaIbIK
anemenTrep (Khomich et al., 2022; Dawei et al., 2025; Ali et al., 2025).

MuHepanablKk KypaM KeKeHIiC TypiHe, ecipy KarmaiblHa (TONBIPAK Kypambl,
arpoTeXHUKaNbIK (akTopiap), ’KMHAy Mep3iMiHE JKOHE OHICY TEXHOJOTHSIChIHA
OaiimanpicTel ©3repin oTbipanbl (Ali et al., 2025). Ileipein enaipy OapbiChIHAA
MUHEPAJIBIK 3aTTaplibH 0ackiM Oeuiri cakTaiajpl, cedeOl onapablH KOMIIiIiri cyaa
EPUTIH JKOHE CANBICTBIPMAJbl TYPAE TYPaKThl KOCBUIBICTAp OOMbIN Tadbuiaabl. OChiFaH
0alIaHBICTBl KOKOHIC IIBIPHIHAAPB MHHEPAJABIK 3aTTaplIbl ar3ara OMOXKETIMII
(dbopmaza KeTKi3eTiH THIM/II OHIM peTiHIe KapacThIPbUIAIbI.

L. plantarum mTaMMBIMEH alIbITBUIFAH KOKOHIC LIBIPHIHAAPBIHBIH MHHEPAIIBIK
KypaMblHa KYPri3ireH 3epTTey HOTHKecCl 3-KecTee KeATipiireH.

Kecre 3 — L. plantarum mraMMbIMEH allBITBUIFAH KOKOHIC IIBIPHIHAPBIHBIH MUHEPAIIIBIK KYPaMbl

Musnepannap KpI3bU1111a IIBIPBIHBI Co0i3 HIBIPBIHBI Ca0i3 +KpI3bUIIIAT HIBIPHIHEI

Kaymii (K), mr 285,6 235,2 265,3
Kanpumii (Ca), Mmr 22,7 32,7 28,7
Marnuit (Mg), mr 27,2 17,8 22,5
Docdop (P), mr 42,5 323 37,3
Harpwuii (Na), mr 45,5 60,9 50,5
Tewmip (Fe), mr 0,9 0,45 0,7

MBpipbim (Zn), Mr 0,32 0,27 0,30
Mapranen (Mn), Mmr 0,52 0,22 0,38
Mpic (Cu), Mr 0,07 0,04 0,05

L. plantarum mTaMMBIMEH allIbITBUIFAaH KOKOHIC IIBIPBIHIAPBIHBIH MUHEPAJIIBIK
KYpPaMbIH CaJbICTBIPMaJIbl TaJZdy OJapiAblH KypaMmbl KOJJIAHBbLIFAH IIHKI3aT TypiHE
JKOHE KOMIIOHEHTTEP/IIH apaKaThbIHAChIHA TAYEJIl CKeHIH KepceTTi. bapibik yiurinepie
KaJIMil Heri3ri Makpo3JIeMEHT OOJIbII aHBIKTAJbl: €H JKOFapbl MOJIIIEeP] KbI3bLIIIA
mbIpbiHaa — 285,6 mr/100 mu1, co0i3 wmbipbiHbiHAa — 235,2 Mr/100 mi, an 1:1 Kocna
HBIPbIHBIHAA — 265,3 Mr/100 Mt 6os1ibI.

Kanpuunit OoWbIHIIA €H JKOFapbl KOPCETKIll ¢d0i3 mbIpbIHbIHIA — 32,7 Mr/100 i,
KbI3bUIIIA IIbIPbIHBbIHAA — 22,7 Mr/100 mi, an xocna mbIpbiHbIHAA — 28,7 Mr/100
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MII Kypaiasl. Marauii MeH ¢ocdop KpI3pUima IIBIPbIHBIHAA OackiM (THiciHmie 27,2
xoHe 42,5 mr/100 mut), cobi3ae TeMeH, all Kocraa opTaiia MOH KepCeTTi, OYJ1 OHBIH
TEHrepiMl KypaMbIH JoIeNICH/I.

Hatpuii memnmiepi ¢o0i3 mbIpblHBIHAA €H KOFapbl — 60,9 Mr/100 M1, KbI3bUIIIaga
temeH — 45,5 mr/100 mui, an Kocnaaa apanbsik Meiepae — 50,5 mr/100 M Gonpl.
MuKpodeMeHTTep iIiHAe TeMip KbI3bUILA IIBIpBIHBIHAA KoFapbl — 0,90 mr/100
M1, ¢a0i3 mbipbiHbIHAA — 0,45 Mr/100 M1 mamaMmeH eki ece ke, an Kocraaa — 0,70
Mmr/100 ma memiepinae cakranabl. COHBIMEH Karap, MBIPBIII, MapraHell )KoHe MbIC Ta
KbBI3bLIIIAIa 0aCkIM OOJIBIT, KOCIIA/[a OJIAP/IbIH YIIECIMII MeIepi OaiKali bl

KekeHic MIBIPBIHIAPBIHBIH IOPYMEHIIIK KYpambl OJApJAbIH OHOJOTHSIIBIK JKOHE
TaraMbIK KYHIbUIBIFBIH CUIIATTaWTBIH HET13T1 KopceTKiTep i Oipi 001bIT Ta0bLIA B
JopyMeHniep — ajiaM ar3achlHIa )KETKUTIKTI MOJIIEp/ie CHHTE3ICIMEHTIH, 3aT alMacy
yJAepicTepiHe, UMMYH/IBIK JKayarKa, »acyllajblK aHApyFa JKOHE aHTHOKCHUIAHTTHIK
KOPFaHBICKA KAThICATBIH TOMEH MOJICKYJaJIbl OWOJIOTHSUIBIK OEJICEH/II KOCBUIBICTAp
(Mitra et al., 2022).

KekeHic 1mbIpeIHIAphI, ocipece jkaHA JJaWbIHIAIFAH OHIMIEp, Cyda epUTIH
JIOpPYMEHICPIH JKOHE Maiijla epUTIH JOPYMEHACPIIH MaHbI3bl K631 OOJIBIN TaObLIAIBI.
L. plantarum 1mTaMMBIMEH allBITBUIFAH KOKOHIC INBIPHIHIAPBIHBIH JOPYMEHIIK
KypaMblHa KYPTi3UIreH Tangay HoTHXKeci 4-KecTee KeNTipiireH.

Kecre 4 — L. plantarum mraMMBIMEH alIBITBUIFaH KOKOHIC MIBIPBIHIAPBIHBIH TOPYMEH/IIK KYpaMbl

Jopymenznep KpI3pu111a MIBIPBIHBL Ca06i3 wblpbiHbl | Co6i3 +KbI3bUIIIA HIBIPHIHBI

C nopyMeHi, Mr 3,5 4,8 42

B-kapoTHH, MT 0,02 7,5 3,8

B, (Tnamun), Mr 0,030 0,040 0,035
B, (pubodnasun), Mmr 0,020 0,030 0,025
B, (Huanun), mr 0,35 0,80 0,55
B, (mupu0KkcHH), MIr 0,060 0,120 0,090
B, (bonuii KpIIKBUIBI), MKT 75,3 20,5 453

L. plantarum mTaMMbIMEH AalIBITBUIFAH KOKOHIC IIBIPHIHAAPBIHBIH IOPYMEHIIK
KYpaMbIH CalbICTHIPMabl TANJay OJapiblH KypaMmbl OacTanKbl ©CIMIIIK IIHKi3aTbIHBIH
OMOXMMUSUIBIK €peKIIeNiKTepine Toyenli ekeHin kepceTTi. C A9pyMEHiHIH eH KOFaphl
Meuiiepi ¢abi3 mbIpbiHbIHIA — 4,8 MT, KbI3bUIIIaAa — 3,5 Mr, an 1:1 apajiac mbIpbiHIa
— 4,2 Mr Kypasjsl.

B-xaporuH OoWbIHIIA ANKBIH aliblpMalIbUIBIK Oaiikanapl. Co0i3 IIBIPHIHBIHAA
OHBIH MOJIIIEP] €H JKOFapbl — 7,5 MT, aJl KbI3bUIIA MILIPhIHBIHIA 6T¢ ToMeH — 0,02 Mr
oonapl. Kocna yaricinge f-kapoTun — 3,8 M MeJIILIEpiHAE CaKTalbI, ()YHKIHOHAIBIK
TYPFBIJIaH KETKITIKTI KOPCETKIIl KOPCETTi.

B 100BI 1opymeniepi OoiibiHIIa ¢a013 MBIPBIHBI 6ackiM Ooipl: B, sxone B, mommepi
tuiciaie 0,040 mr xone 0,030 Mr, ai KpI3bUIIIA HIBIPHIHBIHA OYJI KOPCETKIIITEP TOMEH
0,030 mr xome 0,020 mr. Ykcac ypaic B, sone B, nopymennepinje ne 6aikanipr: ca0i3
wsIpeIHbIHAA KOFaphI (0,80 Mr xone 0,120 Mr, KbI3puIIIa MBIPHIHBEIHAA ToMeH 0,35 Mr
xone 0,060 mr, an apanac weipeiHaa oprama mesuepae 0,55 mr xone 0,090 mr. By
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(ponuit KpIIKBUTEI) OOMBIHIIA €H YKOFapbl MOJILIEP KbI3bLIIIA IIBIPBIHBIHIA — 75,3 MKT,
co0i3 mbIpeIHBIHAA TOMeH — 20,5 MK, an apajnac WbIpeiHaa — 45,3 MKr MeJepinae
OOJLIBL.

XKannel anrannga, L. plantarum WTaMMBIMEH alIBITBUIFAH KBI3bUIILA HIBIPHIHBI
¢donmii KpILKbUIBIHA Oaif, anm co0i3 mblpeiHbl B-kapoTuH, C aopymeHi xoHe B
TOOBI A9pYMEHJEpiHiH Heri3ri ke3i Oombin TaObuagsl. Kei3puiima men cabizmiy 1:1
KaTbIHACTAFbl IIBIPBIHBIHAA Cy/la JXKOHE Maiila epHUTiH AOpYMEHIEpAiH TeHrepimai
KOMOMHAIMSACHIH KAMTaMachl3 €TiM, (QyHKUMOHAIIBIK MPOOHOTHUKABIK CYChIH PETIHAC
YKOFapbl OMOJIOTHSUIBIK KYH/IBIIBIKKA HE.

Tankplaay. Ansiaran HoTHKenep Lactobacillus plantarum mtamMbl KaThICBIHAA
KYpeTiH (epMeHTalMsl MPOLECiHIH KOKOHIC IIBIPBIHAAPBIHBIH (H3HKa-XUMUSIIBIK
KacueTTepiHe alTapibIKTal acep eTeTiHiH KopceTTi. TUTpIey KbIIKbUIABIFBIHBIH apTYhI
MeH pH MoHIHIH TeMeHJeyl MHUKpPOOPraHM3MICPAIH KOMipcyiaapabl OpTaHHKAabIK
KBIILIKBIIIapFa, HETi3iHeH CYT KBILKbUIBIHA alHaNIBIpybIMEH TyciHAipineni. byn
3aHABUIBIK CYTKBIIIKBUIABI allly MPOLECTEPIHE TOH JKOHE AJbIHFaH HOTHIKEICPMEH
TOJBIK COMKEC Kesesi.

depMeHTaUMAHBIH alFallkel 2—4 Toyniringe OalkanFaH KapKbIHIBI e3repicrep
MHUKpOOpranm3Maepain OenceHni ecy QaszachiHa colikec Kenmemi. 4—7 TOyliKTepae
KOPCeTKIIUTEpAIH TYpPaKTaHybl KOPEKTIK CyOCTpaTTapAblH a3alObIMEH >KOHE
MeTa0oIM3MHIH OasynaybsiMeH OaitnanbIcThl. OChIFaH OalIaHBICTBI 3—5 TOYIIK apabIFbl
TEXHOJIOTHSIIBIK TYPFBIIAaH OHTAMIbl Ke3eH peTiHAe Herizmenni, ce0edi Oy yakbITTa
KBILIKBUIABIK KETKUTIKTI MOHTE KETil, MUKPOOHOIOTHSIIBIK TYPAKTBUIBIK KAMTaMachl3
erinenl.

TeIFBI3ABIK KOPCETKIIITEPiHIH aliTapIbIKTal e3repMeyi epMeHTalusl Ke31H e epirex
KYpFaK 3aTTapblH >Kajlbl MOJIIEPiHIH CaJbICTHIPMAabl TYPAKTBUIBIFBIH KOPCETEII.
KpI3pU1a msIpbIHBIHAAFBI ©3TEPICTIH KOFAphl OOMYbl OHBIH XMMUSUIBIK KYPaMbIHBIH
epeKUIETIKTePIMEH JKOHE KOJUIOMITHIK XYHECiHIH KalTa KYpbUIyBIMEH OaiIaHBICTBI
0osybl MYMKIH. AJ apajiac HIBIPBIHAAFBl €H TOMEH ©3repic KOMIOHEHTTEpPAiH e3apa
yiIIeciMIUTIriHIH 9cepiH KepceTe.

TaraMIBIK TaJIIBIKTBIH JKOFApbhl MeJIIIEPl KbI3bUIIIA IIBIPHIHBIHAA AHBIKTATYBI
OHBIH TMEKTUHIIK JKOHE TeMUIICIUTFONIO3IIBIK 3aTTapFa 0aii OONybIMEH TYCIHAIpLIeT.
Byt kepceTkimTep eHIMHIH QYHKIMOHAIABIK KACUETTEPiH apTThIPabI.

MuHepanablK KoHE AOPYMEHAIK Kypam HOTHXKENEpl KOKOHIC TypiHe ToyeAiiKTi
pacTajpl: KbI3bUILIa — MUHEpAJIapFa, acipece TeMip MeH (Qonni KbIIIKbIIbIHA Oail, a
co0i3 — B-xapoTHH MeH B TOOBI JopyMeHIepiHiH HeTi3ri Ke3i. Apajac IIBIPBIHAA OCHI
KOMITOHEHTTEP/IiH YIIeCcyl HOTHXKECIH]Ie TeHIepiM/Ii TaFaMJIbIK OHIM aJIbIHAJIbI.

XKannbl anrania, anblHFAH HOTHKeNEp (PEPMEHTTENTeH KOKOHIC IIBIPHIHAAPBIHBIH
YKOFapbl OMOJOTHSIIBIK KYHABUIBIKKA Ue (DYHKIHOHAABIK OHIM PETiHIE KapacThIPhLIYbI
MYMKIH eKeHiH KepceTeli. Ocipece ¢a0i3 OeH KbI3bUIIIAHBIH KOMOMHAIMSICHl (DU3UKa-
XUMHSUTBIK ~ TYPAKTBUIBIK, KOPEKTIK TEHIepiM IKOHE TEXHOJOTHSUIBIK THIMIILIIK
TYPFBICBIHAH TEPCIIEKTHBAIIBI OAFbIT OOJIBIN TaObLIA b

Kopswitbiaabl. JKyprizinren 3eprrey Hotwkenepi Lactobacillus  plantarum
ITAMMBIMEH KaThICYbIMEH (DEpMEHTTENIeH KbI3bLIIa, co013 oHe onapabiH 1:1
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KaTbIHACTAFbl KOCHACBhIHAH AJbIHFaH KOKOHIC IIBIPBIHAAPBIHBIH >KOFapbl TaFaMIIbIK
XKoHE QYHKIIMOHAABIK KACHETKE N EKEHIH KOPCETTi.

depmenTanus Ke3iHae OapibIK YAriIepae TUTPIIEY KbIIIKbULABIFBIHBIH KOFapbLIay bl
xoHe pH MoHI Temenpme#ni, Oyl CYTKBIIKBUIAB OaKTepHsUIapAbIH METaOOIUKAIBIK,
OCJICeHAUTITIH  KOHE OPraHUKaJbIK  KBILIKBULAAPABIH KMHATYBIH  KOpCETEi.
depMeHTALMSHBIH OHTAMIIBI YaKbITBl 3-5 TOYNIK €N aHBIKTaNIbl, cebedi Oyn Ke3eH
MHUKPOOUONOTHSAJIBIK ~ TYPAaKTBUIBIKTBl KaMTaMachl3 €TTi JKOHE MPOOMOTHKAIBIK,
MHUKPOOPTraHU3MIEPAIH KOFapbl TIpIIUTK KabijeTiH cakTanpl. DOH3HKa-XUMUSIIBIK,
Tangay KOKeHIC LIBIPBIHAAPBIHBIH THIFBI3ABIFEl (PepMEHTALMs KE31HIEe alTapibIKTai
©3TrepMEreHiH KOpCeTTi, Oy )KYHEeHIH TYPaKTbUIBIFbI CAKTaJIFaHBIH KOPCETe .

TaraMIpIK TaJMIBIK MeIepi OOMbIHINA KBI3bLIIIA IIBIPHIHBI 0AChIM OONFaHBIMEH,
OapibIK yiriiep GyHKIHOHAIABIK CYChIH PETiHAE KapacThIpyFa >KETKUTIKTI Meepae
TaJIIBIK KO31 O0JIBIIT Ta0bLIa IbI.

MuHepanablK KypaMmasl Oaranay HOTHXKECIH/Ie KbI3bUIIIA MIBIPBIHBI KAIUH, MarHuH,
dbochop koHe Temipre Oail ekeHi, am co0i3 MIBIPBIHBI KaJbIMA MEH HATPHUUIIH
JKOFapbl MOJIIEpIMEH epeKIIeNeHEeTiHI aHbIKTaldabl. Kocna IIBIpplH Makpo- >KoHE
MHUKPORJIEMEHTTEPiH TEHIepiM/Ii apaKaThIHACKIH KaMTaMachI3 eTTi. JlopyMeHaik Kypam
OoiibIHIIA ca013 IWHIPBIHBI B-KapoTuH, C AopyMeHi kaHe B ToObI JopyMeHaepiHiH Heri3ri
KO3l peTiH/e aHBIKTaICa, KbI3bUIIA MIBIPBIHBI (oMM KbIUKbLUIbHA (B,) Oai Gompl.
Kp3pitma MeH co0i3feH anblHFaH WIBIPBIH Cy/la JKOHE Maija epuTiH JopyMeHIEpIiH
yinecimMIi KOMOMHALUSICBIH KOPCETTi.

Ocbutaiiina, Kpi3bula MeH ca0i3miH 1:1 Kememuik KaTbIHACTarbl KOCMAChIHAH
QJIBIHFaH MPOOMOTHKAIIBIK HIBIPBIH TEHIePiMIi XUMHUSIIBIK KYPaMbl, TYPaKThl (U3MKa-
XUMUSUIBIK KOPCETKIIITEPl >KOHE >KOFapbhl OMOJOTHSUIBIK KYHABUIBIFBI apKachIHIa
(YHKIMOHANABIK TaFraM ©HIMI peTiHAE epeKlle KbI3BIFYIIbUIBIK  TYAbIPAJbL.
AJNBIHFaH HOTWXKeEJEp KOKeHiC WLIpbIHAApbIH Lactobacillus plantarum mramMMmbIMeH
(depmeHTanMsIAy CYTCi3 (YHKIMOHAJABIK CYCBHIHIAD OHIIPICIHIH MepCIeKTHBAIbI
OarbITHl €KEHIH >KOHE MYHAal eHIMIEepAl AYphIC TaMakTaHy pPalUOHBbIHA EHTi3yAiH
FBUIBIMU HETI31ENTEHIH JQJIeNACH .
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Abstract. The petroleum ether extract and dichloromethane extract of Artemisia
scopiforme from Almaty, detailed chemical constituents of this herb has not been
investigated yet, were systematically explored by GC-MS analysis. As a results totally
88 compounds from petroleum ether extract were identified, the major contents are
1,3-Benzenedicarboxylic acid, bis (2-ethylhexyl) ester (1.03%), 3,5-di-tert-Butyl-
4-hydroxyanisole (1.8%), 3-allyl-6-methoxyphenol (3.42%), of which scoparone
(19.63%) and methyl eugenol (38.55%) are the most prominent and abundant
compounds. The dichloromethane extract was characterized by a more complex and
diverse chemical composition and contained 129 compounds, the main constituents are
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9h-thioxanthen-9-one, 2-(1-methylethyl) (1.36%), eugenol (1.48%), n-hexadecanoic
acid (1.29%), p-dimethylaminobenzylidene (4.09%), 3,6-acridinediamine,
2,7-dimethyl- (4.72%). Additionally, the antimicrobial activities of ethanol extract of
Artemisia scopiforme and Rotocan plant extract were screened comparatively. As a
results, the tested sample of Artemisia scopiforme has bactericidal activity and inhibits
the growth of ATCC strains of Escherichia coli (8739) and Pseudomonas aeruginosa
(9027), both gram-negative bacterial at dilution 1:1. It is active against Gram-positive
strains of Staphylococcus aureus ATCC 6538 and Enterococcus hirae ATCC 10541 in
dilution 1:2, and against Candida albicans ATCC 10231 and Candida utilis, it inhibits
growth in dilution 1:3. Rotocan plant extract exhibits antimicrobial activity against
Pseudomonas aeruginosa ATCC 9027 and Candida albicans ATCC 10231 in dilutions
1:1 and 1:4, respectively. It has no antimicrobial activity against Escherichia coli
strains ATCC 8739, Staphylococcus aureus ATCC 6538, Enterococcus hirae ATCC
10541, and Candida utilis.

Keywords: Artemisia scopiforme, antimicrobial activity, chemical constituents,
ethanol extract, GC-MS
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AHHOTamUsl. AJMarel OHIpIHGH IKUHAIFaH Artemisia scopiforme MyHal
3(Upi CHIFBIHJIBICHI MEH JAMXJIOPMETAH ChIFBIHJBICHIHBIH XUMUSIJIBIK KYPaMbIH Tra3-
xpomarorpadus-macc-ciekrpomerpust (I'X-MC) ogmicimen »xyieni Typae Tanaay
KYprizinai, A. scopiforme ©CIMIIKTIH XHMUSUIBIK KypaMbl OCBIFaH JEHiH erkeii-
TEMKEHITT TONBIK 3epTTeNMereH. Talaay HOTHKeciHae MyHal 3(upi ChIFBIHIBICBIHAH
Kanmbel 88 KOCBUIBIC AaHBIKTANJBI, OJApJAbIH IIIiHAE MeJjepi KoOipeKk Herisri
KOochUIbICTapAaH 1,3-0eH30n1ukapOOH KBIIIKBUIBIHBIH OHC (2-dTHITeKCcH) 3¢upi
(1,03%), 3,5-mu-tper-Oytui-4-runpokcuanuson (1,8%), 3-ammuin-6-MeToKCU(pEHOI
(3,42%), xxone wmetmneBrenon (38,55%) men ckomapos (19,63%) en kenm Memmiepae
KE3[IeCeTIH KypamaacTap peTiHAe aHbIKTaNIbl. JUXJIOpoMeTaH CBHIFBIHIIBICHI
KYpIeli KOHE OpTYpJi XHMHUSUIBIK KYpaMbIMEH CHMATTANJbl JXKOHE KypaMbIHIA
129 KOCBUIBIC aHBIKTAJIbI, OHBIH HETri3ri KoMmIoHeHTTepi: 9H-THokcaHTeH-9-0H,
2-(1-metumatun) (1,36%), ossrenon (1,48%), H-rekcagekaH KbIIKbUIBL (1,29%),
n-guMmerunamMuaoOeHsmwmaeH (4,09%), 2,7-auMeruin-3,6-akpuauaauamus  (4,72%)
Oonnbl. CoHbIMeH Karap, Artemisia scopiforme 3TaHoNl xoHe PorokaH eciMjiik
CBIFBIH/IbIAPBIHBIH aHTUMHUKPOOTIK OCJICEHIUIITT CalIBICThIPMAbl TYp/E OarajiaHbl.
3eprTey HOTHXKECIHIC Artemisia scopiforme yirici OaKTEPUIUATIK OEJICEHIUTIKKE
M€ eKeHI aHBIKTAJIbI XKOHE rpamrtepic OakrtepusiapiwbiH Escherichia coli (ATCC
8739) wxone Pseudomonas aeruginosa (ATCC 9027) ATCC mraMMIapbiHBIH
ecyiH 1:1 cylibinTkanaa rexeiini. Staphylococcus aureus ATCC 6538 xone Enterococcus
hirae ATCC 10541 rpaMm — MO3UTHUBTI IITaMMJapblHa Kapchl OenceHaumk 1:2
KarbiHacTa cyibuityna, an Candida albicans ATCC 10231 sxone Candida utilis yuiin
1:3 karpiHacTa CyHbUITKaHAa Oalikasabl. POTOKaH ©CIMIIIK CBIFBIHABICE Pseudomonas
aeruginosa ATCC 9027-re xarbictol 1:1 cyitbuitkanna, an Candida albicans ATCC
10231-re karbicThl 1:4 cyWBUITKaHIa aHTUMUKPOOTIK acep kepcerti. On Escherichia
coli ATCC 8739, Staphylococcus aureus ATCC 6538, Enterococcus hirae ATCC
10541 xone Candida utilis mTaMMaapbiHa KaThICThI aHTUMUKPOOTIK OEJICEHITIKKE
ue eMec.

Tyiiin ce3mep. Artemisia scopiforme, MUKpOOKa Kapchl OCJICCHAUIIK, XUMHUSIIBIK
Kypamjiac 0esikrep, 3TaHoJ ChIFbIHABICEI, GC-MS

43



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

© Baiigya M."2, Kaaracoex H.'?, IlIsi6bipaii E.', My3addaposa H.II1.3,
Kennc K.'2*, 2026.

"HayuHo-vccie10BaTeLCKUil IEHTP JIEKapCTBEHHBIX pacTeHuit, Kazaxckuii

HAI[MOHAJILHBIN YHUBEPCUTET UMEHH alb-Dapadu, Anmarsel, Kazaxcras;
2 Hay4HO-HCCIIeI0BATENbCKUIA HHCTUTYT MPUPOTHBIX MTPOILYKTOB M TEXHOIOTHIA,
Anmarel, Kazaxcran;
STepmesckuit pumuan TamkeHTCKON MeAUIIMHCKOH akagemun, Tepmes, Y30ekucTan
E-mail: janarjenis@kaznu.kz

ONPEJEJEHUE AHTUMUKPOBHOM AKTUBHOCTH U I'X-MC-
AHAJIN3 DKCTPAKTA ARTEMISIA SCOPIFORME

Baiinyn Meaer — Hay4Hblii coTpyaHuk, HayuHo-uccie10BaTeIbCKUM LEHTP JIEKapCTBEHHBIX PACTCHUM,
Kazaxckuii HalMOHANBHBII yHUBEpCHTET HMeHN anb-Dapadu, Anmarsl, Kazaxcraw,

E-mail: baidul.medet@bk.ru, https://orcid.org/0009-0002-8793-9258;

Kaaracoexk Hypmaye — Hayunblil corpynHuk, HayuHo-uccienoBarenbCKuil LIEHTP JIEKApPCTBEHHBIX
pacrennii, Ka3axckuii HannoHanbHEIH yHHBEpCUTET nMeHH anb-Papadu, Anmarsl, Kasaxcraw,

E-mail: nurmaue@bk.ru, https://orcid.org/0009-0007-3631-8271;

IIei6bipaii Eprazer — PhD, npenonaBatens kadeaps! MEIUIMHCKOW M OHOJIOTHYECKOW XHMUH,
Tepmesckwuii ¢prman TalmkeHTCKON MeUIIUHCKOM akaaemun, Tepmes, Y30ekucraH,

E-mail: erhazi88@mail.ru, https://orcid.org/0000-0001-9716-2417;

MysadpapoBa Hazokar — mnpenonaBaresib Kadenpbl MEIWIUHCKOW W OHONOTHYECKOH XUMHH,
Tepmesckwuii ¢prman TamkeHTCKOH MeUIIMHCKOM akagemun, Tepmes, Y30ekucraH,

E-mail: hilolanazokat2010@gmail.com, https://orcid.org/0000-0002-9419-2300;

Kennc Kanap — PhD, npodeccop, nupexrop HaydHo-ncclienoBaTebckoro eHTpa JICKapCTBEHHBIX
pacrennii, Ka3axcknii HannoHanbHEIH YHUBEpCUTET nMeHH anb-Dapadu, Anmarsl, Kasaxcraw,

E-mail: janarjenis@kaznu.kz, https://orcid.org/0000-0002-7148-7253.

AHHOTanusi. MeTooM Ta30BoOii Xpomarorpaduu ¢ Macc-CIeKTPOMETPUUYECKHM
nerektupoBanueM (I'X-MC) mpoBea€H CcUCTEMaTHYECKHH aHal3 XHMHYECKOTO
cocTaBa JKCTPAakTOB Artemisia scopiforme, TNONy4eHHBIX C HCIOJIB30BaHHEM
NeTpoJieitHOTo Ahupa 1 JUXIopMeTana. JJaHHbBIN BUI 1 €r0 SKCTPaKThl paHee H3y4ajich
OTPaHUYEHHO, YTO ONpPEIEINISIeT aKTyaJbHOCTh MCCIEJOBAaHUS MX (PUTOXMMHUYECKOTO
cocTaBa u Onosornueckoi aktuBHocTH. B pesynprare [’ X-MC-ananusa B meTposeitHo-
3(UpPHOM KCTpakTe HAeHTUHUIPOoBaHO 88 coenuHeHnil. K 0CHOBHBIM KOMIIOHEHTaM
oTHeceHbl Ouc(2-3TuarexkcunoBbiii) 3¢up 1,3-6enzonaukapdonoBoii kucnotsl (1,03
%), 3,5-mu-tper-Oytun-4-rugpokcuanuzon (1,8 %), 3-ammmin-6-meTokcU(pEHOT
(3,42 %), metmmrrenon (38,55 %) u cxonapon (19,63 %). HauGonburyro momnto B
COCTaBe JKCTPAKTa COCTABIISNIM METHUJI3BIEHON M CKomapoH. JluXjopmeTaHOBBII
IKCTPAKT XapaKTepU30BaJCsi 0Ooinee CIOKHBIM M Pa3sHOOOPa3HBIM XHMHUYECKHM
coctaBoM: B HEM wuaeHTHQuuUpoBaHo 129 coenunennii. Cpeau ITOMUHHUPYIOLIMX
KOMITOHEHTOB BhIsiBIIeHBI 9H-THOKCaHTeH-9-0H, 2-(1-meTrmatun)- (1,36 %), 3BreHon
(1,48 %), H-rekcanekanoBas kuciora (1,29 %), n-mumerunamunoOen3unuaeH (4,09
%) u 2,7-numerun-3,6-akpuauHauamud (4,72 %). JlomonHUTENBHO MpOBEJCHA
CpaBHUTENbHAsI OLICHKA aHTUMUKPOOHOM aKTHBHOCTH ATAHOJILHOTO OKCTpakTa Artemisia
scopiforme u pacTuTenbHOrO Mpenapara «PoTokan». YCTaHOBIIEHO, UTO HCCIeTyEeMbIN
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9KCTPAKT MPOSBISAET BBIPAKEHHYIO OAaKTEPULUAHYIO aKTUBHOCTb, IMOMABISS POCT
Escherichia coli ATCC 8739 u Pseudomonas aeruginosa ATCC 9027 npu pa3BeneHIH
1:1. B oTHOLICHNH TPaMIIONIOKHUTENbHBIX OakTepuii Staphylococcus aureus ATCC 6538
u Enterococcus hirae ATCC 10541 akTuBHOCTH OTMEUYEHa MPU pa3BeneHuu 1:2, Toraa
kak B orHomennn Candida albicans ATCC 10231 u Candida utilis — npu pa3BeneHun
1:3. Ilpemapar «PoTokan» NposSBUI OTPAaHUYCHHYIO AHTUMHKPOOHYIO aKTHBHOCTb
n okazancsi MeHee 3()(EKTUBHBIM 10 CPAaBHEHHIO C HCCIEIYyEeMBIM OKCTPAKTOM.
[lony4yeHHble pe3yabTaThl CBUAETENBCTBYIOT O MEPCHEKTUBHOCTH AalibHEHIIEero
nzyueHust Artemisia scopiforme Kak HCTOUHHKA OMOJIOTMUECKY aKTUBHBIX COEAMHEHHH
C aHTUMHUKPOOHBIM OTEHIINATIOM.

KuaoueBbie caoBa. Artemisia scopiforme, aHTUMUKpOOHas aKTHBHOCTD,
XUMHAYECKHE KOMITOHEHTBI, 3TAaHONBHBIH SKCTpakT, | X-MC, METHUIIIBI€HO, CKOTIapOH

Introduction. Artemisia genus, also known as “Wormwood” , is a member of the
Asteraceae family. There are more than 500 species in this genus distributing in North
America, Africa, Asia, Australia and Mediterranean area. In 81 species of Artemisia,
19 endemic growing in Kazakhstan (Nurlybekova et al., 2022; Kurmanbayeva, 2018).
Plants of this species have been used as well-known medicinal herb in the traditional
medicines. They have the treatments of influenza, liver diseases, nervous disorders,
wounds, diarrhea, increasing appetite, bronchial asthma, rheumatism, dermatitis,
malaria, tuberculosis, cardiovascular diseases, headaches and toothaches in Kazakh
and other folk medicine (Jenis, 2020; Zibaee et al., 2010; Zant et al., 2014; Yang et
al., 2017; Ha et al., 2014; Elfawal et al., 2012). Plants from the Artemisia family, like
wormwood, have so many benefits, including protecting nerve cells (neuroprotective),
reducing fever (antipyretic), stopping excessive bleeding (antihemorrhagic), relieving
heart pain (antianginal), and preventing cell damage (antioxidant), healing stomach
ulcers (antiulcer), fighting malaria, cancer, varuses, and blood clots (Sailike et al.,
2022; Akzhigitova et al., 2018; Abilova et al., 2019; Vall¢s et al., 2011; Ferreira et al.,
2013). These plants contain natural chemicals, or we can call them active compounds
like essential oils, terpenes, esters, and flavonoids, in addition to phenolic compounds,
lignans, sesquiterpenoids, coumarins, glycosides, caffeoylquinic acids, sterols,
polyacetylenes, and others that give them medical properties (Abad et al., 2012; Koul
etal., 2017).

Artemisia scopiforme is an endemic plant belongs to the genus Artemisia of the
family Asteraceae. This is a rare species in Kazakhstan, which the Chu-Ili Mountains
and Karatau deserts. It grows to a height of 20 to 50 cm in sandy and clay soils.
Its stems are erect, occasionally branched, and characterized by grayish or greenish-
gray bark. The leaves are arranged alternately, pinnately dissected, and composed of
small segments. The flowers are small, yellowish to greenish in color, and grouped in
inflorescences. This plant has not been studied much yet.

For the aim of investigating the chemical constituents of this plant, our
research group previously analyzed the hexane and chloroform extracts of
Artemisia scopiforme by Gas Chromatography and Mass Spectroscopy (GC-
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MS) technique, and discovered various bioactive compounds, they are methyl
eugenol, butyl 4,7,10,13,16,19-docosahexaenoate, = 4H-1,2,4-Triazole-3-thiol,
4-(2-fluorophenyl)-5-(1-methylethyl), hexadecanoic acid, ethyl ester, hexasiloxane,
1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl, p-Dimethylaminobenzylidene p-anisidine
(Bopi et al., 2019).

In the present study, in order to further obtain more information of chemical
constituents and biological investigations of Artemisia scopiforme which grown in
Almaty region of Kazakhstan. The petroleum ether and dichloromethane extracts from
this species were analysed by GC-MS and the antimicrobial activity of ethanol extract
of Artemisia scopiforme were tested.

Materials and methods. Plant material. We collected the leaves, stems, and
other above-ground parts of Artemisia scopiforme plants from the Almaty region in
Kazakhstan, and authenticated by Prof. Janar Jenis from the Medicinal Plants Research
Center at Al-Farabi Kazakh National University. The plants Artemisia scopiforme were
stored at room temperature, crushing the air-dried ground parts.

Extraction and partition of the crude extract. Dried 2 kg stems and leaves (aerial
parts) of A. scopaeformis in the air, ground them into powder, and soaked/extracted
them in 90% ethyl alcohol (1:1 using equal amounts of plant material and alcohol).
This soaking/extracting process was repeated five times, with each round lasting
seven days (one week) at room temperature. The dried ethanol crude extract of A.
scopiforme was suspended in water and successively extracted with petroleum ether,
dichloromethane, ethyl acetate and n-butanol, respectively. Petroleum ether extraction,
dichloromethane extraction, ethyl acetate extraction and n-butanol extraction were
obtained by rotational evaporation.

Study samples. The studied samples were ethanol extract of Artemisia scopiforme
and Rotocan plant extract. The ethanol extract of Artemisia scopiforme is dark brown,
with a specific odor. Rotocan plant extract was used to compare the activity (Figure 1).

b

rtemisia scopaeformis. Rotocan
Figure 1 — Samples under study

Test strains of microorganisms. The following reference strains recommended
for evaluating the antimicrobial activity of various agents were used as test
strains [17-19]:
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1) Escherichia coli ATCC 8739 — a reference strain for the determination of
antimicrobial activity obtained from the American Type Culture Collection (ATCC),
USA;

2) Pseudomonas aeruginosa ATCC 9027 — a reference strain for the determination
of antimicrobial activity obtained from the American Type Culture Collection (ATCC),
USA;

3) Staphylococcus aureus ATCC 6538-P — a standard strain used for antibiotic
testing. Source: Republic Collection of Microorganisms (Astana, PKZ);

4) Enterococcus hirae ATCC 10541 — a reference strain for antimicrobial studies.
Obtained from the American Type Culture Collection (ATCC), USA;

5) Candida albicans ATCC 10231 — a standard fungal strain used to test antifungal
treatments. The test culture was obtained from the American Type Culture Collection
(ATCC), USA;

6) Candida utilis — Test culture for testing fungicidal activity. Clinical isolate strain.

Gas Chromatography-Mass Spectrometry (GC-MS) determination. We analyzed
the Petroleum ether (PE) and Dichloromethane (DCM) parts of the extract of 4.
scopiforme using advanced chemical analysis (GC-MS system 7890A/5975C). The
system was operated with Agilent software that:

- Controls the instrument;

- Records the data;

- Helps analyze the results.

For identification of compounds:

- Measured how long each component took to pass through the system (retention
time);

- Calculated the amount of each component (peak area);

- Compared the chemical fingerprints (mass spectra) against two major reference
databases (Wiley 7th and NIST’02) containing over 550000 chemical profiles.

Nutrient media and reagents. Mueller-Hinton agar (Himedia, India); Mueller-
Hinton broth (Himedia, India); sodium chloride, x.h., (Mikhailovsky plant of chemical
reagents, Russia); ethanol (“Talgar Spirt”, Kazakhstan); purified water.

Results. The antimicrobial activities of the ethanol extract of Artemisia scopaeformis
and the Rotocan plant extract were comparatively evaluated. The results demonstrated
that the Artemisia scopaeformis extract exhibited pronounced bactericidal activity,
inhibiting the growth of the Gram-negative bacteria Escherichia coli ATCC 8739 and
Pseudomonas aeruginosa ATCC 9027 at a dilution of 1:1. The extract was also active
against the Gram-positive strains Staphylococcus aureus ATCC 6538 and Enterococcus
hirae ATCC 10541 at a dilution of 1:2, while growth inhibition of Candida albicans
ATCC 10231 and Candida utilis was observed at a dilution of 1:3. The Rotocan plant
extract demonstrated antimicrobial activity against Pseudomonas aeruginosa ATCC
9027 and Candida albicans ATCC 10231 at dilutions of 1:1 and 1:4, respectively
(Figure 2-3).

The petroleum ether (PE) and dichloromethane (DCM) parts of the extract of A.
scopiforme analysed by Gas Chromatography-Mass Spectrometry (GC-MS). According
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to our expected results, totally 88 compounds from the PE part (Figure 4) and 129
compounds from the DCM part (Figure 5) were identified.

Figure 2 — Results of testing the antimicrobial activity of Artemisia scopiforme
A — Escherichia coli ATCC 8739; B — Pseudomonas aeruginosa ATCC 9027,
C — Staphylococcus aureus ATCC 6538-P; D — Enterococcus hirae ATCC 10541;
E — Candida albicans ATCC 10231; F - Candida utilis.
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Figure 3 — Rotocan antimicrobial activity test results
A — Escherichia coli ATCC 8739; B — Pseudomonas aeruginosa ATCC 9027,
C — Staphylococcus aureus ATCC 6538-P; D — Enterococcus hirae ATCC 10541;
E — Candida albicans ATCC 10231; F - Candida utilis.
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Figure 4 — Chromatogram of Petroleum ether part of the extract of A. scopiforme
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Figure 5 — Chromatogram of Dichloromethane part of the extract of A. scopiforme

Discussion. Determination of antimicrobial activity. Microorganism suspension
preparation: The direct suspension method was employed. Using a sterile bacteriological
loop, 24-hour colonies grown on solid medium were collected and transferred into
a test tube containing 10 ml of sterile sodium chloride solution. The mixture was
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thoroughly homogenized to obtain a uniform turbid suspension. For concentration
standardization, optical density was measured using a densitometer (per SOP-EQ-029),
and cell concentration was adjusted to 0.5 McFarland units (~1.5x10% CFU/ml). After
that working suspension was prepared by 100-fold dilution with saline (~1.5%10° CFU/
ml).

Antimicrobial activity testing, inoculation: 150 pl Mueller-Hinton broth was
dispensed into designated wells of a 96-well plate. The next part is serial dilution:
150 pl test sample was added to the first well, after thorough mixing, 150 pl was
transferred to the second well. This created a two-fold dilution series (each subsequent
well contained half the concentration).

Table 1 — Ratio of extract to Mueller-Hinton solution
Ne 1 2 3 4 5 6 7 8 9 10 11 12
Ratio I:1 |1:2 |1:4 [1:8 |1:16 |1:32 |1:64 |[1:128 |[1:256 |1:512 |[1:1024 |[1:2048

After dilution of the suspension, 20 pl of bacterial suspension was added to each
well. To check the purity and viability of the test strains, control wells were prepared,
where Mueller-Hinton broth and bacterial suspension were added (Table 1).

The plate thus prepared was incubated in MB-INC-01 thermostat at 37+1.0 degrees
and the plate with Candida utilis culture was placed in MB-INC-02 at 22+1.0 degrees
for 18-24 hours. The next day the obtained suspension was seeded on solid agar in Petri
dishes labeled according to twofold dilutions of bacteriological suspensions.

The nutrient medium and cultures were seeded in a separate dish for purity
determination.

We recorded whether bacteria grew or did not grow in each marked section of the
agar plate. The outcomes were recorded based on the presence of visible microbial
colonies in specific areas of the solid growth medium. Data were collected by observing
which squares showed bacterial growth and which remained clear.

Gas Chromatography-Mass Spectrometry (GC-MS) determination. To determine
the chemical compositions of petroleum ether and dichloromethane fractions of 4.
scopiformeby GC-MS, with 1 mL ofeach parts were injected foranalysis. Methyl eugenol
(38.55%), the most abundant constituent identified from PE extract of 4. scopiforme,
has been reported to have anesthetic, antinociceptive, anti-epileptic, hypothermic and
myorelaxant effects. It also used to treat toothache and different disorders (Wang et al.,
2015). Scoparone (19.63%) is a second major constituent analyzed from petroleum
ether extract of A. scopiforme, which exhibits anti-inflammatory, anti-allergic,
antioxidant, immunosuppressive, vasodilation, lipid lowering and anti-tumor activities
(Choi et al., 2009). n-Hexadecanoic acid (1.29%), also found from dichloromethane
extract of A. scopiforme, is a saturated fatty acid. According to the previous studies,
fatty acids has a variety of biological activities such as antibacterial, antimicrobial
and antifungal properties (Vasudevan et al., 2012). Eugenol (1.48%) is a member of
phenols. It is used to treat toothache and pulpitis in dentistry, also used as a flavoring
agent in cosmetics and food products. Eugenol illustrated have anti-inflammatory,
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neuroprotective, antipyretic, anti-oxidant, antifungal and analgesic properties (Yukio
et al., 2003).

Compounds with a percentage content greater than 1% are considered as the main
compounds. Their retention time, molecular formula, molecular weight as well as
percentage content are listed in Table 2 and Table 3 respectively.

Table 2 — Main compounds identified in Petroleum ether extract of 4. scopiforme by GC-MS

Ne | t, Compounds Molecular | MW Structure Content,
(min) Formula %
O
1 [8.12 |3-Allyl-6-methoxyphenol | C, H 0, 164 | = ~ 342
CH
_0 =
2 (944 Methyl eugenol C,H.0, | 178 D/\/ 38.55
e
_0
3 |3201 Scoparone C,H,0, | 206 19.63
e 0
33.14 3,5-di-tert-Butyl-4- C,H,0, 236 HO 1.8
4 hydroxyanisole
0}
I
© O\/(/\/
4451 | 1,3-Benzenedicarboxylic | C,H, O, 390 1.03
5 acid, bis(2-ethylhexyl) O\/(/\/
ester
O

Table 3 — Main compounds identified in Dichloromethane extract of 4. scopiforme by GC-MS

Ne t, Compounds name Molecular | MW Structure Content,
(min) Formula %

_0 =

1| 812 Eugenol C,H,0, | 164 D/\/ 1.48
HO

2 1.62 n-Hexadecanoic acid C,H,0, | 256 |y~ 129
OH

3 37.51 | p-Dimethylaminobenzylidene | C. H N.O | 254 \NO_//N ( > &N 4.09

p-anisidine o /
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S
4 38.58 9H-Thioxanthen-9-one, CH,0S | 254 1.36
2-(1-methylethyl)
o

3,6-Acridinediamine,2,7- Me = Me
5 41.96 dimethyl C15H15N3 237 O N l 4.72
H,N N NH,

Conclusion. In summary, the petroleum (PE) ether extract and dichloromethane
(DCM) extracts of Artemisia scopiforme, collected from Kazakhstan’s Almaty region,
were analyzed using gas chromatography-mass spectrometry (GC-MS). According
to the analysis results, 88 identifiable compounds were found in the petroleum
extract, and 129 distinct constituents were found in the dichloromethane extract of
A. scopiforme. And ethanol extract of Artemisia scopiforme was revealed to have
antimicrobial activity against two standard gram-negative pathogens, Escherichia
coli ATCC 8739 and Pseudomonas aeruginosa ATCC 9027 at dilution 1:1, gram-
positive strains of Staphylococcus aureus ATCC 6538 and Enterococcus hirae ATCC
10541 in dilution 1:2, Candida albicans ATCC 10231 and Candida utilis in dilution
1:3. For comparison, Rotocan plant extract displayed antimicrobial activity against
Pseudomonas aeruginosa ATCC 9027 in dilutions 1:1 and Candida albicans ATCC
10231 1:4, respectively. Based on the research results, it can be provided that chemical
composition of Artemisia scopiforme is a rich source of bioactive complexes with good
prospects and beneficial effects in the future.

References

Abad M.J., Bedoya L.M., Apaza L., Bermejo P. (2012) The Artemisia L. Genus: A Review of
Bioactive Essential Oils. Molecules, vol.17.— P. 2542-2566. https://doi.org/10.3390/molecules17032542
(in English).

Abilova Zh., Yuan J., Janar J., Tang Ch. P., Ye Y. (2019) Monomeric and dimeric sesquiterpene lactones
from Artemisia heptapotamica. Chin. J. Nat. Med., vol.17 (10). — P. 785— 791 (in English).

Akzhigitova Zh.Zh., Baiseitova A.M., Ye Y., Jenis J. (2018) Investigation of chemical constituents of
Artemisia absinthium. Int. j. biol. chem., vol. 11(2). — P. 169 (in English).

Bopi A.K., Kudaibergen A.A., Dyusebaeva M.A., Feng Y., Jenis J. (2019) Chemical composition of
hexane and chloroform extracts from Artemisia scopaeformis. Int. j. biol. chem., vol.12 (2). — P. 122-128
(in English).

Choi Y.H., Yan G.H. (2009) Anti-allergic effects of scoparone on mast cell-mediated allergy model.
Phytomedicine, vol.16. — P. 1089-1094. https://doi.org/10.1016/j.phymed.2009.05.003 (in English).

Elfawal M.A., Towler M.J., Reich N.G., Golenbock D., Weathers P.J., Rich S.M. (2012) Dried whole
plant Artemisia annua as an antimalarial therapy. PLoS ONE., vol. 7(12). — P. 1-7 (in English).

Ferreira M.P., Gendron F., Kindscher K. (2013) Bioactive prairie plants and aging adults: Role in health
and disease. In Bioactive Prairie Plants and Aging Adults. Bioactive Food as Dietary Interventions for the
Aging Population. — P. 263-275. https://doi.org/10.1016/B978-0-12-397155-5.00032-5 (in English).

Ha H., Lee H., Seo C.S. (2014) Artemisia capillaris inhibits atopic dermatitis-like skin lesions in
Dermatophagoides farinae-sensitized Nc/Nga mice. BMC Complement Altern. Med., vol.14, PP. 100.
https://doi.org/10.1186/1472-6882-14-100 (in English).

Jenis J. (2020) Bioactive Natural Products from Medicinal Plants, Almaty: Qazaq University.162p.
ISBN 978-601-04-4903-9 (in English).

53



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Koul B., Taak P., Kumar A., Khatri T., Sanyal I. (2017) The Artemisia Genus: A Review on Traditional
Uses, Phytochemical Constituents, Pharmacological Properties and Germplasm Conservation. J. Glycom.
Lipidom., vol.7. — P..142—149. https://doi.org/10.4172/2153-0637.1000142 (in English).

Kurmanbayeva A., Shynykul Zh., Ye Y., Dyusebaeva M.A., Jenis J. (2018) Chemical Constituents of
Artemisia sublessingiana. Int. j. biol. chem., vol. 11(2). — P. 117-123 (in English).

Nurlybekova A K., Kudaibergen A.A., Kazymbetova A., Amangeldi M., Aisa H., Jenis J., et al. (2022)
Traditional Use, Phytochemical Profiles and Pharmacological Properties of Artemisia Genus from Central
Asia. Molecules, vol. 27 (16). — P. 31-38. https://doi.org/10.3390/molecules27165128 (in English).

Sailike B., Omarova Zh., Jenis J., Adilbayev A., Akbay B., Askarova S., et al. (2022) Neuroprotective and
Anti-Epileptic Potentials of Genus Artemisia L. Frontiers in Pharmacology, vol.13. — P. 1-13. https://doi.
org/10.3389/fphar.2022.1021501 (in English).

Valles J., Garcia S., Hidalgo O., Martin J., Pellicer J., Sanz M., et al. (2011) Biology, Genome Evolution,
Biotechnological Issues and Research Including Applied Perspectives in Artemisia (Asteraceae). Adv. Bot.
Researc., vol.60. — P. 349-419. https://doi.org/10.1016/B978-0-12-385851-1.00015-9 (in English).

Vasudevan A., Kalarickal V. D., Pradeep K. M., Ponnuraj K., Chittalakkottu S., Madathilkovilakathu H.
(2012) Anti-Inflammatory Property of n-Hexadecanoic Acid: Structural Evidence and Kinetic Assessment.
Chem. Biol. Drug. Des., vol.80. — P. 434-439. https://doi.org/10.1111/j.1747-0285.2012.01418.x (in
English).

Wang Z.J, Tabakoff. B, Levinson S.R, Heinbockel T. (2015) Inhibition of Nav1.7 channels by methyl
eugenol as a mechanism underlying its antinociceptive and anesthetic actions. Acta Pharmacologica Sinica.
— P. 1-9. https://doi.org/10.1038/aps.2015.26 (in English).

Yang M., Guo M.Y., Luo Y., Yun M.D., Yan J., Liu T., et al. (2017) Effect of Artemisia annua extract
on treating active rheumatoid arthritis: A randomized controlled trial. Chin. J. Integr. Med., vol. 23. — P.
496-503. https://doi.org/ 10.1007/s11655-016-2650-7 (in English).

Yukio M., Masao Sh., Shigemasa H., Shoji T., Seiichiro F. (2003) Preventive effect of bis-eugenol, a
eugenol ortho dimer, on lipopolysaccharide-stimulated nuclear factor kappa B activation and inflammatory
cytokine expression in macrophages. Biochemical Pharmacology vol.66. — P. 1061-1066. https://doi.
org/10.1016/S0006-2952(03)00419-2 (in English).

Zant D., Gubler D.A. (2014) The presence of eucalyptol in Artemisia australis validates its use in
traditional Hawaiian medicine. Asian Pac. J. Trop. Biomed., vol. 4. — P. 520-522. https://doi.org/10.12980/
APJTB.4.2014C1112 (in English).

Zibaee A., Bandani A.R. (2010) Effects of Artemisia annua L. (Asteracea) on the digestive enzymatic
profiles and the cellular immune reactions of the Sunn pest, Eurygaster integriceps (Heteroptera:
Scutellaridae), against Beauveria bassiana. Bull. Entomol. Res., vol.100. — P. 185-196. https://doi.
org/10.1017/S0007485309990149 (in English).

54



Volume 2, Number 467 (2026)

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY
ISSN 2224-5286

Volume 2.

Number 467 (2026), 55-74

https://doi.org/10.32014/2026.2518-1491.363

IRSTI 31.17.15
UDC 549.753.1: 543.573

© Baikenov Ye.A., Safarov R.Z.", Shomanova Zh.K.", 2026.
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.
E-mail: safarov_rz@enu.kz

TGA-DSC QUANTIFICATION OF CALCITE WITH XRF CROSS-
VALIDATION IN CENTRAL KAZAKHSTAN MANGANESE ORES

Baikenov Yerlan — PhD student, L.N. Gumilyov Eurasian National University, Astana, Kazakhstan,
E-mail: baikenov_yea 1@enu.kz, https://orcid.org/0009-0003-4582-111X;

Safarov Ruslan — candidate of chemical sciences, L.N. Gumilyov Eurasian National University, Astana,
Kazakhstan; Kh. Dosmukhamedov Atyrau University, Atyrau, Kazakhstan,

E-mail: safarov_rz@enu.kz, https://orcid.org/0000-0003-2158-6330;

Shomanova Zhanat — Doctor of technical sciences, Margulan University, Pavlodar, Kazakhstan,
E-mail: zshoman@yandex.ru, https://orcid.org/0000-0002-3290-0113.

Abstract. Thermogravimetric analysis (TGA) is used to estimate calcite content in
ore feedstock through the mass loss in the CaCOs decarbonation window (700—850 °C).
In manganese ores this interval overlaps with the MnO2 — Mn20s — Mn3O4 reduction
chain and silicate dehydroxylation, making unambiguous attribution of the mass loss to
carbonate decomposition impossible. X-ray fluorescence (XRF) provides only the bulk
Ca content without phase assignment. A cross-validation protocol is proposed to test
the carbonate hypothesis. Since CaCOs — CaO + COs- releases 43.97 wt.% CO., the
calcite fraction from TGA equals the mass loss divided by 0.4397; an independent XRF
estimate uses the molar ratio M(CaCOs)/M(Ca) = 2.4973. Agreement within a relative
discrepancy of about 5 % (|8] S 5 %, the propagated 1o limit) indicates that the mass
loss is attributable to decarbonation. The protocol is tested on two contrasting ores from
Central Kazakhstan: carbonate-bearing Bogach (positive control) and silicate-bearing
Zhaksy (negative control). For Bogach the two estimates agree (14.33 wt.% TGA, 13.58
wt.% XRF; 6 = +5.2 %), confirming a carbonate origin of the high-temperature mass
loss. These mutually consistent bulk values nonetheless exceed the phase-resolved
XRD value (8.4 wt.%), so the protocol screens for carbonate-bound Ca rather than
quantifying calcite absolutely. For Zhaksy 6 =+70.5 %, clearly violating the hypothesis;
two independent checks corroborate this: the DSC heat effect (537 J g!) is sixteen times
higher than expected for the XRF-based calcite content, and the dTG-DSC minimum
offset of +77 °C (versus +9 °C for Bogach) indicates different underlying processes.
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The protocol flags samples for which naive TGA-based estimation would overestimate
calcite and directs them to phase-resolved analysis (XRD Rietveld, TG—MS).

Keywords: manganese ore, calcite quantification, thermogravimetric analysis,
differential scanning calorimetry, X-ray fluorescence, Bogach deposit
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Annoramusi. TepmorpaBumerpusiiblk Tangay (TIA) xameiur memmepin CaCOs
nexkapoonnzanus natepainbiHaarsl (700-850 °C) macca sxoranybl apKbUIbl Oarajayra
KoJaHeaael. Mapranen kenzaepinze Oyn uaTepBal MnO: — Mn20s; — MnsOs
TOTBIKCBI3JaHy Ti30€eTiMEH jKoHE CHIIMKATTapAbIH ACTHIPOKCHIIIEHYIMEH KabaTTacaipl,
Oys1 mMacca >KOFalTyblH KapOOHATThl peakuusra Olp MOHII JKaTKbI3yAbl MYMKIH eMec
ereni. Pentrenduyopecuentrik Tangay (PDA) Ca-HbIH Tek Kalllbl MeJIIepiH
¢dazanbik Oaiinmanbicchi3 Oepeni. KapOoHaTThl rumore3aHbl alKacTBIPBIT TEKCEPY
xarramachkl yebiHbUIIBL. CaCOs; — CaO + CO: biabipaysn kedinge 43,97 mac.% CO2
OemninerinaikTen, TI'A OoiibIHIIA KAIBIUT MeJIIIepi Macca xoranybid 0,4397-re Genyre
TeH; POA OoiibrHina Toyencis 6aranay M(CaCOs)/M(Ca) = 2,4973 MoIb1iK KaTbIHACHIH
naiiganananel. [llamamen 5% meringeri (16| S 5 %, ecentenren 1o-1meri) colikecTik
Macca JKOFalybIHbIH JeKapOOHW3alMsAdaH TYBIHIANTBIHBIH KepceTedi. Xarrama
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Oprainbik KazakcTaHHBIH €Ki KapaMa-Kapchl KeHIHAE ChIHAJIbL: KapOoHaTThl borai (oH
OakpuIay ) )koHe criIMKaTThl JKakcel (Tepic 6akpuiay). boram yinin exi Oaranay yineceni
(14,33 mac.% TT'A, 13,58 mac.% PDA; 6 =+5,2 %), Oyi1 skoFapsl TemMIepaTypajbl Macca
YKOFATyBbIHBIH KapOOHATTHI IIBIFY TeriH pacTaiabl. Jlereamen Oy e3apa yiuiecimai
xannsl MoHAep (azanbik cesimran XRD Oaranaybinan (8,4 mac.%) aceim Tyceni,
COH/BIKTAaH XaTTama KaJbLUTTI aOCOJIOTTI aHBIKTAay eMec, KapOOHATThI-0aiIaHbICKaH
Ca y1riH yisaeciMIiTiKTi TeKcepy Kypajbl Oonbin Tadbutazs!. JXKakcesl yurin 6 = +70,5 %,
runoresa Oy3bUTazbl; eKi Toyenci3 kputepuii MmyHbl pactaiiabl: JICK xbity s dexrici
(537 Ix T ") POA GoiibIHINa KAIBIUTKE KYTUITGHHEH OH anThl ece worapsl, ann dTT—/ICK
MUHEMYMIapbIHbIH +77 °C biFbicysl (19 °C boraiika Kapchl) IpoLECTepIiH SpTypii
TaburaTelH Kepcereni. Xarrama Tikeneil TI'A KongaHy KanbLUTTI acklpa OaranalTbIH
YJITUIepli aHBIKTAIl, onapabl (a3anbik ceziMran tangayra (XRD-Putsensn, TI'-MC)
xioepei.
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Annorauusi: Tepmorpasumerpuueckuii aHanu3 (TI'A) npumensieTcst 11si OLEHKH
COZIepKaHMsA KaIbLIUTa Yepe3 Macc-IoTepro B uHTepBasie Aekapoonuzanmuu CaCOs (700
850 °C). B mapraHueBbIX pyaax 3TOT HHTEPBaJ IEPEKPBIBACTCS C BOCCTAHOBUTEIBHBIMU
npespatieHuIMu MnOz — Mn2Os — MnsO4 1 1€TUAPOKCUINPOBAHNEM CHUIIMKATOB, YTO
JieNlaeT OIHO3HAYHOE OTHECEHHE MaCC-II0TepU K KapOOHATHON peaKkiMi HEBO3MOKHBIM.
Penrrenodnyopecuentnsiii ananus (POA) naér mumb BanoBoe conmepxanue Ca 6e3
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¢dazoBoil mpuBszku. [IpeayioxkeH NPOTOKON MEPEKPECTHON MPOBEpKU KapOOHATHON
runote3sl. [lockonbky npu pasnoxenun CaCOs; — CaO + CO: Beinensercsa 43,97
mac.% CO., conepskanue kanbiuTa o TT'A paBHO Macc-miotepe, aenéunoit Ha 0,4397;
He3aBucuMas oleHka o PDA ucnonbsyer momsipaoe otHomeHne M(CaCOs)/M(Ca)
= 2,4973. Cormacue B mpeenax OTHOCUTEIBHOTO pacxXokIaeHust okoiio 5 % (|0] < 5
%, paccunTaHHBIH |G-TIpenen) ykasblBaeT Ha KapOOHaTHOE MPOUCXOKICHHE Macc-
notepu. [IpoTokosn ucbITaH Ha IByX KOHTpacTHBIX pyaax LlenTpansHoro Kaszaxcrana:
kapOoHaTHOW pyne borad (NMOJOKHUTEIBHBIN KOHTPOJIb) M CHIMKATHOHM pyne JKakchl
(oTpunarensHbIil KOHTpOIB). s Borad o6e ouenku cornacyrores (14,33 mac. % TTA,
13,58 mac. % PDA; & = +5,2 %), 4To moATBEpKIACT KApOOHATHOE MPOUCXOXKIICHUE
BBICOKOTEMIIEPATYpHOH Macc-OoTepU. OTHU B3aMHO COINIACOBAHHBIE BAJIOBBIE
3HauUeHHs, TEM HE MeHee, NPEBBIMAIOT (Pa30uyBCTBUTENbHYIO oueHKy XRD (8,4
Mac.%), MO3TOMY MPOTOKOJ CIYKHUT MHCTPYMEHTOM NPOBEPKH COIIACOBAHHOCTH LIS
kapOoHaTtHO-cBsi3aHHOTO Ca, a He abCOoNOTHOTO onpeneneHus kainpuuTa. s XKakcer
o = +70,5 %, runore3a HapylleHa; ABa HE3aBUCUMBIX KPUTEPHS MOATBEPKAAIOT ITO:
terutoBoit dpdext JJCK (537 [k 17') B 1IecTHAAIATE pa3 MPEBHIIIACT OXKKUIAEMBIN IS
cozepxkanus KanbiuTa 1o POA, a cmemenne muaumymon dTT—JICK +77 °C (npotus
+9 °C nmnst borav) yka3plBaeT Ha pa3Hylo mpupoay npoueccos. [IpoTokon BbIsBisET
poOBI, IS KOTOPBIX MpsiMoe npuMeHeHne TIA 3aBbllacT colep)KaHUe KalbIUuTa, U
HampasisieT ux Ha (azouyBcTBUTENbHBIN aHanu3 (XRD-Putsensa, TT-MC).
KuaroueBble cJjioBa: MapraHiieBas pyla; KOJMYECTBEHHAs OLCHKA KaJlbIUTA;
TEPMOTPaBUMETPUICCKUI aHanu3; nudhepeHInanbHas CKAaHUPYIOIIas KaJOPUMETPUS;
peHTreHo(IyopeceHTHBIN aHaan3; MecTopokaenue borau

Introduction. Manganese ores of the Atasu mineralogical province in Central
Kazakhstan supply feedstock for the domestic ferroalloy industry (Gordon et al., 2018;
Matsanga et al., 2025) and are considered as a raw material for trimanganese tetraoxide
(MnsO4) pigment production (Safarov et al., 2021). The province is dominated by
hydrothermal—sedimentary deposits of the Atasu type (Brusnitsyn et al., 2021), which
carry oxide—carbonate parageneses with cryptomelane, hollandite, braunite, hausmannite
and a variable carbonate fraction. The Bogach deposit (Karaganda region) and the
Zhaksy deposit (Akmola region) are end-member representatives of this paragenesis.
Bogach is an oxide—carbonate ore enriched in calcite, whereas Zhaksy is a silicate-
bearing braunite ore with a negligible carbonate component (Safarov et al., 2021, 2025).
Quantification of the Ca-bearing phase in such ores is a prerequisite for predicting
their pyrometallurgical behaviour and for selecting the appropriate beneficiation route
(Matsanga et al., 2025).

Calcite acts simultaneously as a gangue mineral and as a carbonate precursor
during high-temperature processing of Mn ore. Its decarbonation releases CaO that
participates in slag formation and conditions the charge during calcination and sintering
stages (Gordon et al., 2018). At the same time, calcite imposes a substantial energy
penalty on the smelting stage. The decarbonation reaction CaCO; — CaO + CO: is
endothermic with a standard enthalpy of about 178 kJ mol™ (Rodriguez-Navarro et al.,
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2009). Quantification of the calcite mass fraction therefore enters the energy balance
of the smelting stage and the estimate of CO: released during pre-sintering of Mn ore
feedstock (Gordon et al., 2018). For deposits with variable Ca content along the body,
such as Bogach and Zhaksy, this requirement translates into a need for an applicable
analytical protocol that can be deployed on many bulk samples without resorting to
slow phase-resolved methods.

Reliable calcite quantification in this matrix calls for an analytical decision rule that
flags samples in which the decarbonation interpretation of the TGA signal becomes
unreliable. The present work develops such a rule by combining two routinely available
bulk methods — TGA and XRF — and using the discrepancy between the two derived
calcite estimates as a diagnostic of carbonate-bound Ca. The protocol is applied to
two contrasting ores from Central Kazakhstan: the carbonate-bearing Bogach ore as a
positive control and the silicate-bearing Zhaksy ore as a negative control. The objectives
are (i) to derive the consistency criterion from propagated measurement uncertainties
rather than postulating it, (ii) to apply the criterion to a paired comparison and interpret
the resulting discrepancy values in terms of Ca-phase speciation, and (iii) to support the
interpretation by an independent dTG-DSC co-registration test and by a plausibility
check based on the standard enthalpy of CaCOs decarbonation.

Literary review.

Quantification of calcite in a manganese matrix is non-trivial because the
decarbonation window of pure calcite at 10 K min™ under flowing N: lies between 700
and 850 °C (Zhuang et al., 2025), a range consistent with data obtained in flowing air
at 2—-15 K min™" (Rodriguez-Navarro et al., 2009). The decarbonation window overlaps
with two competing thermal processes specific to Mn-rich ores. The reduction chain
MnO: — Mn20; — MnsOs proceeds through 400—-1000 °C with mass losses of up
to several wt.% (Song et al., 2023), and slow oxygen release from Mn(Ill)-bearing
oxide phases extends the upper edge of this interval (Mei et al., 2022). In silicate-
bearing ores an additional dehydroxylation contribution from clay-like phases falls in
the same window, with reported activation energies of 35-60 kcal mol™ for kaolinite-
type structures (Polcowiiuk Iriarte et al., 2025). As a consequence, the integrated mass
loss between 700 and 850 °C cannot be assigned to calcite by inspection of the TG
curve alone, and the carbonate signal must be cross-checked against an independent
measurement.

The magnitude of the competing thermal signals must also be considered if calcite
is to be identified by both mass loss and heat flow. Calorimetric measurements have
established formation enthalpies for the Mn-oxide end-members and constrain the
heat budget of each redox step (Birkner & Navrotsky, 2017), while crystallographic
compilations describe the structural relationships between the phases that coexist during
reduction. Simultaneous TGA/DSC/XRD analysis of mechanically activated MnsOa
has resolved its oxidation behaviour as a stepwise transformation through Mn.Os, with
mass changes of several wt.% in the 400-800 °C interval (Berbenni & Marini, 2003).
Pyrometallurgical surveys of Mn-ore feedstock report cumulative pre-smelting mass
losses that combine calcite decarbonation with Mn-oxide reduction and water release
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(Gordon et al., 2018), confirming that the bulk thermal record of a Mn ore is intrinsically
multi-source. These reference data fix the order of magnitude of the non-carbonate
background against which any TGA-based calcite assignment in such a matrix must be
performed.

Several analytical strategies are available to address this overlap. X-ray diffraction
with Rietveld refinement is the most direct phase-sensitive route (Dos Santos et
al., 2017), but its accuracy degrades when the sample contains a substantial X-ray
amorphous fraction or when carbonate stoichiometry deviates from pure end-members
(Akinbodunse et al., 2024; Gualtieri, 2000). Wet-chemical decarbonation under acid
attack is destructive and slow. Coupled TG-MS resolves CO: evolution and reaches
detection limits below 100 ppm of calcite (Bartels et al., 2024), at the cost of an
instrumental complexity not always available in routine ore-control laboratories. Rock-
Eval analysis offers comparable kinetic resolution and is widely used for sedimentary
carbonates (Baudin et al., 2023). X-ray fluorescence delivers the bulk Ca content quickly
and with low uncertainty (Chubarov et al., 2020; Pashkova et al., 2020), but, by itself,
does not distinguish carbonate-bound from silicate-bound Ca, and remains sensitive to
sample preparation effects in heterogeneous ore powders. None of these methods, taken
alone, combines high throughput with an unambiguous Ca-phase assignment for Mn-
rich ores.

In summary, none of the bulk methods reviewed above provides unambiguous
calcite quantification in Mn-rich ores when used in isolation. The remainder of this
work tests whether the combined use of TGA and XRF can fill this gap by treating the
disagreement between two independent calcite estimates as a diagnostic of carbonate-
bound calcium. The framework relies on standard error-propagation rules (Vyazovkin
etal., 2011).

Materials and methods. Objects of study. Two manganese ores from the Atasu
mineralogical province of Central Kazakhstan were selected as a contrasting pair.
The first sample, taken as the positive control, was an oxide—carbonate ore from the
Bogach deposit (Nurinsky district of the Karaganda region; coordinates 49°44'43.4" N,
68°57'16.5" E). The deposit is of metamorphosed sedimentary type. A previous Rietveld
refinement of the as-received material returned a mineralogical assemblage dominated
by cryptomelane and hollandite (about 70.6 wt.%) together with braunite (10.4 wt.%),
calcite (8.4 wt.%), bixbyite (6.4 wt.%) and quartz (4.3 wt.%) (Safarov et al., 2021). The
second sample, taken as the negative control, was a silicate-bearing braunite ore from
the Zhaksy deposit (Zhaksy district of the Akmola region; coordinates 51°56'26.7" N,
67°21'52.1" E), in which braunite and quartz are the dominant phases and crystalline
calcite is below the XRD detection limit (Safarov et al., 2021, 2025). Together the two
samples span the principal range of Ca-phase configurations encountered in the Atasu
province and offer the maximum methodological contrast at the minimum number of
test specimens.

Sample preparation. Both ores were processed by an identical scheme. Lump
material was crushed in a jaw crusher to a particle size below 5 mm and then milled in
a Pulverisette-7 PL planetary mill (Fritsch, Germany) at 400 rpm for 4 h with hardened-
steel grinding bodies. The milled powder was passed through a 75 um sieve to obtain
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the analytical fraction, after which it was dry-homogenised in a closed container for
30 min on a roller mixer to suppress segregation prior to the TGA, XRF and XRD
measurements.

Thermogravimetric and differential scanning calorimetry analysis. Simultaneous
thermogravimetric and differential scanning calorimetry measurements were carried out
on a Labsys Evolution TG-DTA/DSC instrument (Setaram, France) using corundum
(ALOs) crucibles. Sample masses ranged from 10 to 20 mg. Each sample was heated
from 30 to 1200 °C at a constant rate of 10 K/min under a flow of dry nitrogen of 30
mL/min. A baseline correction was applied by recording an empty-crucible run under
identical conditions and subtracting it from the sample signal. Mass-loss intervals were
defined by the inflection points of the dTG curve, and DSC integrals were obtained by
linear-baseline integration in the Setaram Calisto software.

X-ray fluorescence spectroscopy. The bulk elemental composition was determined
by wavelength-dispersive X-ray fluorescence spectroscopy on an S2 Puma benchtop
spectrometer (Bruker, Germany) equipped with a silver anode operated in the range from
20 to 50 kV under vacuum. Pressed tablets were prepared by the sandwich technique:
5 g of homogenised ore powder were laid over a 9 g layer of boric acid serving as
the backing, and the assembly was compacted at a load of 25 t for 30 s in a steel die.
Quantitative calibration of the major-element channels relied on the factory parameter
set of the instrument, and the reported wt.% values for Mn, Ca, Si, Fe and other elements
were taken directly from the standard output of the Bruker Spectra.Elements software.

X-ray diffraction. The qualitative and quantitative mineralogical composition of
the as-received ores was investigated by X-ray powder diffraction on a D6 Phaser
benchtop diffractometer (Bruker, Germany) using copper Ka radiation (A = 1.5406 A).
The X-ray tube was operated at 40 kV and 15 mA. Diffractograms were recorded in
the 20 range from 15 to 85° with a step size of 0.02° and a counting time of 0.8 s
per step. The sample was rotated at 10 rpm throughout the measurement in order to
suppress preferred-orientation effects. Phase identification and Rietveld refinement of
the recorded patterns were performed in Profex v5.4.0 against structural models drawn
from the Crystallography Open Database (revision 240108). XRD served as an external
method for cross-checking the outcome of the TGA—XRF protocol rather than as the
basis of the quantitative calculation in the present work.

Quantitative calculations. The TGA-based calcite estimate is obtained from the mass
loss in the decarbonation window, equation (1):

wICA — E"rnl:ha:'nzlr'l':l — E"In|:1n3|:'su']':|
©€0%  M(c0o,)/M(CaCO;)  0.4397

(1

where 8Mgecart is the mass loss in the decarbonation stage (wt.%), M(CO,) =
44.009 g/mol, M(CaCO5) = 100.087 g/mol. The ratio 0.4397 is the mass fraction of
CO: in calcite.

The XRF-based estimate follows from the Ca content and the CaCOs/Ca mass ratio,
equation (2):
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M(CaCO;)
M(Ca)

XRF _ . . XRF .

Weaco, = Wea wiRF. 24973, (2)

where wiRF is the Ca mass fraction by XRF and M(Ca) = 40.078 g/mol. The
coefficient 2.4973 = 100.087 / 40.078.

The consistency between the two estimates was assessed through their relative
discrepancy & = (Wpgs — Wygp )/ Wrga % 10096, The acceptance threshold (|3
< 5 %) was derived from standard error propagation of the input uncertainties at the
working composition rather than postulated, and is specific to the present measurement
regime (10 K/min, N2); for other heating rates, atmospheres or Ca levels it is re-evaluated
by the same procedure.

Results.

Bulk elemental composition

Major-element XRF data for the two ores are shown in Figure 1. Bogach contains
Mn 60.77 wt.%, Ca 5.44 wt.%, Si 3.49 wt.% and Fe 0.89 wt.%. Zhaksy contains Mn
44 88 wt.%, Ca 0.76 wt.%, Si 20.85 wt.% and Fe 6.14 wt.%. The seven-fold contrast
in Ca content (5.44 vs. 0.76 wt.%) and the six-fold contrast in Si (3.49 vs. 20.85 wt.%)
define the two samples as a carbonate-bearing and a silicate-bearing end-member. Fe is
enriched in Zhaksy by a factor of seven and indicates a larger Fe-silicate fraction.

701 I Bogach
60.77 [ Zhaksy
60 A
50 1
S 44.88
2 40
c
[
€ 30 1
]
(]
20.85
20 A
10 A
0 m
Mn Ca Si Fe
Figure 1 — Bulk elemental composition of the Bogach and Zhaksy manganese ores by XRF (wt.%;
Mn, Ca, Si, Fe).

Thermal behaviour of the Bogach ore

Figure 2 shows the TG and dTG curves of Bogach recorded at 10 K/min under No.
The total mass loss at 1200 °C is 27.44 wt.%. Mass release is distributed across several
intervals. The largest single step lies in the 693—836 °C window. It produces a sharp
dTG minimum at 714 °C with a rate of —1.21 %/min and accounts for 6.30 wt.% of the
total mass loss. Smaller steps below 693 °C are attributed to adsorbed water release (30—
200 °C), dehydroxylation (200-364 °C), the MnO2 — Mn20s transition (365—495 °C)
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and cryptomelane—hollandite breakdown (557-693 °C). Above 911 °C the TG baseline
drifts downward by an additional 6 wt.%, consistent with the Mn2Os; — MnsOs step and
partial sintering.

100 4 0.5
o5 4 0.0
90 4 -05 ¢
< £
5 X
2 _ L 1.0 5
85 2
kel
80 F-1.5
714 °C
75 4 . F-2.0
— dTG
200 400 600 800 1000 1200

Temperature, °C

Figure 2 — TG and dTG curves of the Bogach ore (10 K/min, N2, Al-Os crucible).
Decarbonation window 693-836 °C is shaded; dTG minimum at 714 °C is marked.

The DSC curve of Bogach (Figure 3) carries two endothermic features separated
by a broad exothermic envelope. The low-temperature peak is centred at 215 °C with
an integrated enthalpy of 96 J/g over the narrow window 38-272 °C. This window
corresponds to desorption of physically adsorbed moisture and the loss of any weakly
bound hydroxyl species from the ore surface. Compared with the Zhaksy counterpart
(146 J/g over a wider 32-381 °C window), the Bogach low-T event is smaller in both
enthalpy and temperature extent, in line with the lower silicate fraction (Si 3.49 wt.%
against 20.85 wt.% in Zhaksy) and the consequently smaller contribution from silicate
dehydroxylation.

Between 300 and 600 °C the DSC signal rises above the baseline into a broad
exothermic envelope. The envelope is the superposition of the oxidative MnO. —
Mn2O; transition in the cryptomelane and hollandite tunnel phases, which proceeds
exothermically under the carrier gas atmosphere used here, with residual dehydroxylation
of OH-bearing phases (Berbenni & Marini, 2003; Song et al., 2023). The exothermic
maximum near 440 °C brackets the dTG stage attributed to the MnO2 — Mn.O:s transition

The high-temperature endothermic event is centred at 721 °C with an integrated
enthalpy of 3536 J/g over 498-1213 °C, with the minimum at 723 °C and —27.9
mW. The temperature, the magnitude of the integrated heat and the temperature co-
registration with the dTG minimum at 714 °C (offset +9 °C) jointly identify this event
as the decarbonation of CaCOs (Rodriguez-Navarro et al., 2009) under the standard
enthalpy of about 178 kJ mol™ of calcite. Minor contributions from continuing Mn-
oxide reduction above 700 °C and from the onset of sintering add a broad tail to the
endotherm extending to 1213 °C, but they do not displace the minimum from the calcite
decarbonation range.
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Figure 3 — DSC curve of the Bogach ore.
Low-temperature shoulder (215 °C, 96 J/g) and high-temperature endotherm (721 °C, 3536 J/g over
569-1213 °C) are labelled.

Thermal behaviour of the Zhaksy ore

The TG and dTG curves of Zhaksy are shown in Figure 4. The total mass loss at
1200 °C is 12.33 wt.%, less than half of the Bogach value. The dTG profile contains
no sharp step comparable to the 714 °C feature of Bogach. Within the 723-922 °C
window the only minimum is broad and shallow at —0.35 %/min at 806 °C, and the
integrated mass loss in this window is 2.83 wt.%. The low-temperature dehydration
stage below 400 °C is pronounced, in agreement with the higher clay and Fe-silicate
content indicated by XRF.
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Figure 4 — TG and dTG curves of the Zhaksy ore (10 K/min, N>).
The high-temperature window 723-922 °C is shaded in blue; the broad dTG minimum at 806 °C is
marked.

The Zhaksy DSC curve (Figure 5) displays two endothermic events. The low-

temperature peak is centred at 139 °C with an integrated enthalpy of 146 J/g over the
window 32-381 °C. This window spans two overlapping mass-loss processes reported
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by the TG curve below 400 °C — desorption of loosely bound moisture in the 30—150
°C range and subsequent dehydroxylation of OH-bearing silicate and Fe-oxyhydroxide
phases between 150 and 381 °C. The integrated enthalpy of 146 J/g is consistent with
the combined heat of evaporation of adsorbed water and the dehydroxylation of clay-
like silicates (Polcowiiuk Iriarte et al., 2025); the high silicate fraction of the Zhaksy
ore (Si 20.85 wt.%, Fe 6.14 wt.%) explains the pronounced low-T event relative to the
Bogach equivalent.

The high-temperature endotherm peaks at 729 °C with 537 J/g integrated over
467-1212 °C. The window covers a superposition of non-carbonate transformations.
In the lower part of the window (467700 °C) the Mn-oxide reduction chain MnO. —
Mn20O; — MnsOs releases lattice oxygen with an accompanying endothermic signal
(Song et al., 2023), while residual dehydroxylation of silicates continues into the same
interval. The deep minimum at 729 °C and the upper part of the window (700—1000
°C) reflect the onset of partial Mn*" — Mn?* reduction in the braunite structure — a
mechanism analogous to the CLOU-type oxygen release documented for other Mn(I1I)-
bearing phases (Mei et al., 2022) and consistent with the thermodynamics of Mn-
oxide reduction established by calorimetric measurements on Mn-oxide end-members
(Birkner & Navrotsky, 2017) — together with the onset of silicate recrystallisation in
the silica-rich matrix. Relative to Bogach, the Zhaksy high-temperature enthalpy is 6.6
times smaller, while the dTG mass-loss ratio between the two ores in the same window
is 2.2; the mismatch between the two ratios is the first indication that the Zhaksy signal
is not dominated by a single decarbonation event. A broad exothermic envelope near
440 °C superimposed on the descending baseline indicates Mn-oxide redox activity
accompanying the transitions above.

10 1
139 °C
146 J/g
51 (water + OH)

exo T

Water + OH: 146 J/g
—25 High-T event: 537 )/g (not calcite)

729 °C
537 J/g
(Mn-Ox + silicate)

Heat flow, mW

|
=
v

200 400 600 800 1000 1200
Temperature, °C

Figure 5 — DSC curve of the Zhaksy ore.
Low-temperature peak (139 °C, 146 J/g) and high-temperature endotherm (729 °C, 537 J/g over
467-1212 °C) are labelled.

Co-registration of dTG and DSC
The co-registration test places the two instrumental channels on a common
temperature axis and measures the offset between their minima inside the putative
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carbonate window. At 10 K/min a single decarbonation event produces a dTG minimum
that leads the DSC minimum by a small kinetic lag.

For Bogach (Figure 6) the dTG minimum lies at 714 °C and the DSC minimum at
723 °C. The offset is +9 °C. This value is within the range expected for a common mass-
release and heat-uptake process.

0.5 - —— TG (Bogach) | 20
—— DSC (Bogach)
0.0 10
N Lo E
5 E
© dTG min -10 9
714 °C *
—~1.51
DSC min L _
723 °C 20
—2.0 1
. . . . . +~ —30
200 400 600 800 1000 1200

Temperature, °C

Figure 6 — Co-registration of dTG (Bogach, red) and DSC (Bogach, blue) on a common temperature
axis.
The dTG minimum (714 °C) and DSC minimum (723 °C) fall within +9 °C of each other.

For Zhaksy (Figure 7) the broad dTG minimum lies at 806 °C and the DSC minimum
at 729 °C. The offset is +77 °C, almost an order of magnitude larger than for Bogach.
The two channels peak in different parts of the 700-900 °C interval.
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Figure 7 — Co-registration of dTG (Zhaksy, red) and DSC (Zhaksy, blue).
The dTG minimum (806 °C) and DSC minimum (729 °C) are separated by +77 °C, far above the
kinetic-lag range expected for a common reaction.
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Quantitative calcite estimates and the TGA-XRF cross-check

Equations (1) and (2) were applied to the decarbonation windows identified above.
The stoichiometric constants used were kpgy = M(CO,)/M(CaCO;) = 0.4397 and
kyge = M(CaCO;)/M(Ca) = 2.4973. Input values and outputs are listed in Table 1.

Table 1 — Calcite content derived from TGA (equation 1) and XRF (equation 2) and the relative
discrepancy & = (W — Wygp)/Wrga ¥ 100 %

Sample | Amgecan, wt% | Wrca, wt% Wea (XRF), wt% | WaRe, wtoe |0 70
Bogach [6.30 14.33 5.44 13.58 +5.2
Zhaksy |2.83 6.44 0.76 1.90 +70.5

Bogach sits at the +5.2 % boundary of the consistency band. Zhaksy exceeds the band

by a factor of fourteen. Figure 8§ maps both samples on the W s vs. Wypp diagnostic
plane. Bogach falls on the upper edge of the + 5% envelope around the 1:1 line. Zhaksy
lies far above the 1:1 line, in the region where W4 overestimates Wygg.

+5 % band (calcite-consistent)
ey =x
161 @ Bogach (6= +5.2%)
[ Zhaksy (6 = +70.5 %)

-
S

/”Bogach

-
N
s

-
o
L

[
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w(CaCO3) ™A, wt.%

0 2 4 6 8 10 12 14 16
w(CaCO3)RF, wt.%

Figure 8 — Diagnostic diagram for the TGA—XRF cross-check.
Dashed line is the 1:1 reference; grey band is the = 5% consistency envelope. Bogach sits at the upper
edge of the envelope; Zhaksy lies far above the 1:1 line.

Discussion.

The TGA-XRF cross-check as a diagnostic test

The decision rule rests on a simple mass balance. If all Ca measured by XRF is
contained in calcite, equation (2) is exact. If the decarbonation window in the TGA is
correctly identified, equation (1) is exact. Under these two assumptions the two estimates
must coincide within the combined measurement uncertainty. Agreement between the
two bulk estimates establishes the internal consistency of the carbonate hypothesis, not
the absolute accuracy of the calcite content; both estimates are bulk-averaged upper
bounds and are reconciled with the phase-resolved value in the XRD comparison below.
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Two random sources dominate the uncertainty budget. The TGA mass-loss reading
in a well-defined decarbonation window has a 1o uncertainty of about 0.3 wt.%,
accumulated from baseline drift, window-edge selection (£5 °C in the inflection-
point procedure used here) and within-sample inhomogeneity after 4 h of planetary
milling (Vyazovkin et al., 2011). The XRF Ca content in a sandwich-pressed pellet has
a lo uncertainty of about 0.1 wt.% absolute at the 5 wt.% level, set by the calibration
residuals and matrix correction of the factory parameter set on the S2 Puma (Chubarov
et al., 2020). The stoichiometric constants kpg, = 0.4397 and kypz = 2.4973 are
exact and contribute no uncertainty.

Propagating these inputs through equations (1) and (2) gives the standard deviations
of the two calcite estimates:

A
o(wres) = 22 _ 0 68 wi.o%, 3)
Krca
O(Wype) = 0(Wea) - Kyne = 0.25 wit. %. @)

The relative discrepancy between the two estimates is defined as

W — W
§=—22 XRF, 1009%, (5)
Wroa

with partial derivatives

dé WyxpE dé 1
=—=—x 100 %, =— » 100 %. (6)
OWrca Wrga

FWxRF Wroa

Under the assumption of independent errors, o(d) follows from the standard
quadrature rule:

a(8) = ||I( %8 G{‘.-'L’TGA}):-F( 95 U(WXRF}). (7)

\ IWrca IWxRF

Atthe Bogachworkingpoint(Wtea = 1433y o, Wxre = 13.38y o) thepartial
derivatives evaluate to 0.0661 and -0.0698 per wt.%, which, substituted into equation

(7). give O(8) =+/(0.0661x 0.68)? + (0.0698 x 0.25)* X 100 % *~ 4.8 %,

The 1o uncertainty band on o is therefore close to 5%. Inputs and propagated outputs
are summarised in Table 2.
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Table 2 — Uncertainty budget for the TGA—XRF cross-check at the Bogach point. Stoichiometric
factors k':'frﬂ = MIICU::IIEIHII_'-C HCDE:I =04397 and kxm:- = HI:CHCD;:IIFHI:CH:I = 24973 are treated as

exact.
Source Symbol 1o value
TGA mass-loss reading (A m) 0.30 wt.%
XRF Ca content o(Wea) 0.10 wt.%
Propagated TGA calcite S(Wrga) 0.68 wt.%
Propagated XRF calcite o{Wygp) 0.25 wt.%
Propagated relative discrepancy at the Bogach point o(0) 4.8 %

The acceptance threshold is therefore the lo band derived from propagated
measurement errors rather than a postulated value. Because the propagated value 6(3)
=4.8 % rounds to 5 %, the band is properly read as an approximate 1c limit (|| < 5 %)
and not as a sharp cut-off, and a measured 6 is judged against it within its propagated
lo uncertainty (+4.8 % at the Bogach point). A sample whose discrepancy does not
significantly exceed this band — that is, whose & remains statistically indistinguishable
from zero at the 1o level — is consistent with a single-phase calcite assignment within
measurement error. A sample whose discrepancy exceeds the band by several standard
deviations requires an alternative explanation of the mass loss in the high-temperature
window. The use of disagreement between two bulk methods as a phase-speciation
diagnostic follows the broader pattern in carbonate analytics, in which TG-MS, Rock-
Eval and XRD have been combined to validate one another for sedimentary materials
(Bartels et al., 2024; Baudin et al., 2023); the present formulation transposes that logic
to a Mn-rich matrix in which all three single-method routes carry phase ambiguity.

Calcite assignment in the Bogach ore

For Bogach the two estimates agree to & = +5.2 %, carrying a propagated lo
uncertainty of +4.8 % (Table 2). The point estimate exceeds the nominal 5 % limit by
only 0.4 percentage points — an order of magnitude smaller than its own uncertainty
— and the discrepancy interval (+5.2 + 4.8 %) overlaps both zero and the threshold.
Bogach therefore lies on the 1o boundary of the consistency band and is statistically
indistinguishable from it; this is the sense in which the sample is classified as consistent,
rather than as falling below an exactly defined 5.000 % line. Three further observations
support the calcite assignment for the 693—-836 °C step. First, the dTG peak at 714 °C
lies within the accepted temperature range for calcite decarbonation at 10 K/min in N
(700-850 °C).

Second, the DSC endotherm peaks at 721 °C, within +9 °C of the dTG minimum. The
kinetic lag between mass release and heat uptake has the expected sign and magnitude
for a single decarbonation event.

Third, the XRF-based estimate (13.58 wt.%) sits below the TGA value (14.33 wt.%).
The sign of the discrepancy is the one expected when a small fraction of the 693-836 °C
mass loss originates from residual Mn-oxide or hydroxyl contributions rather than from
decarbonation. The TGA value is therefore an upper bound and the XRF value a lower
bound on the true calcite content in Bogach.
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Enthalpy budget rules out decarbonation in Zhaksy

The Zhaksy cross-check fails by a wide margin (6 = +70.5%). The independent
enthalpy budget confirms that failure. The standard enthalpy of CaCOs decarbonation
is about 178 kJ mol™ (Rodriguez-Navarro et al., 2009), or 1778 J per gram of calcite.

The XRF-based upper bound on the calcite content in Zhaksy is 1.90 wt.%. Complete
decarbonation of this amount would release 1.90 x 17.78 = 33.8 J per gram of ore. The
DSC integral in the 467-1212 °C window is 537 J/g, sixteen times higher than any
plausible calcite contribution.

The excess enthalpy and the mass loss itself originate from non-carbonate chemistry.
X-ray diffraction of the as-received Zhaksy ore shows braunite (nominal Mn-SiO:,
containing both Mn*" and Mn*") as the dominant manganese phase, with no calcite
and no hausmannite detected. Under N2 above 700 °C two processes contribute to the
723-922 °C window. The lower part of the window (=700-800 °C) is dominated by
dehydroxylation of OH-bearing silicates. The upper part (=800-900 °C) reflects the
onset of partial Mn** — Mn?' reduction in the braunite structure with limited oxygen
release. The full braunite — hausmannite + silicate transformation proceeds above 1000
°C, outside the integration window used here, and has been observed independently
in SQUID magnetometry of heated Zhaksy material. The 2.83 wt.% Am therefore
represents a precursor stage of these non-carbonate reactions, not calcite decarbonation.

Co-registration of the two channels as an independent check

The mass-loss and heat-flow channels of a simultaneous TGA-DSC record the same
event at slightly different times. At 10 K/min the kinetic lag rarely exceeds 10—-15 °C
for a single-step reaction. The +9 °C offset measured for Bogach (Figure 6) lies inside
this range.

The +77 °C offset measured for Zhaksy (Figure 7) cannot be rationalised as a kinetic
lag. The two channels must therefore respond to different underlying reactions. The
dTG minimum at 806 °C tracks the onset of Mn** — Mn?* reduction in braunite with
slow oxygen release. The DSC minimum at 729 °C tracks silicate dehydroxylation,
which releases less mass but more heat per unit mass and therefore dominates the DSC
signal at a lower temperature than the dTG signal.

Co-registration requires no stoichiometric assumption. It adds a second independent
criterion to the TGA—XRF cross-check. It is particularly useful when the XRF Ca value
is low (below 1 wt.%) and equation (2) becomes numerically noisy.

Comparison with XRD Rietveld phase analysis

The TGA-XRF cross-check returned w(CaCO;) ~ 14 wt.% for the Bogach ore,
whereas an independent XRD Rietveld refinement of the same material yields a
calcite phase fraction of 8.4 wt.% (Safarov et al., 2021). The two values differ by 5-6
wt.% absolute, well beyond the combined TGA + XRF uncertainty established in the
uncertainty budget above. The discrepancy is informative about the limitations of each
method and is examined here.

Three contributions plausibly account for the gap. First, the Rietveld refinement
was performed without an internal standard, so the reported phase fractions are
normalised on a 100 % crystalline basis. If the sample contains a non-negligible X-ray
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amorphous component, this normalisation acts in opposite ways for different phases.
With cryptomelane and hollandite as the dominant Mn-oxide carriers in Bogach, both
characterised by large unit cells with intrinsic tunnel disorder and moderate peak
broadening (Birkner & Navrotsky, 2017), part of the diffracted intensity from these
phases distributes into the amorphous halo and escapes the structural model. A formal
correction with corundum as internal standard is the established remedy (Gualtieri,
2000) but was not applied in the original refinement. Akinbodunse et al. (2024) report
absolute errors within +3 wt.% (95 % confidence interval) for internal-XRD-amorphous
quantification and relative errors below 10 % once the amorphous fraction exceeds 10
wt.%, magnitudes commensurate with the gap observed here when the amorphous
contribution is not explicitly refined.

Second, the calcite signal in a multiphase Mn-rich matrix is particularly vulnerable
to peak overlap. The strongest calcite reflection at 20 = 29.4° (d = 3.04 A, hkl 104)
sits close to high-intensity reflections of cryptomelane and braunite at 28.7° and 32.9°,
which broaden under tunnel disorder and Fe substitution, respectively. Fitting the 28—34°
region without a fixed calcite occupancy can therefore redistribute intensity from calcite
to the surrounding Mn phases. Non-stoichiometric carbonates (Mn- or Fe-substituted
calcite) shift the reflections by up to 0.1° 20 and broaden them, further depressing the
apparent calcite fraction unless the substitution is refined explicitly (Dos Santos et al.,
2017).

Third, the TGA and XRF estimates retain their own sources of bias. As noted in the
calcite-assignment analysis above, the TGA window 693836 °C may receive a residual
contribution of 1-2 wt.% from continued breakdown of the cryptomelane/hollandite
framework above 700 °C (Song et al., 2023), which inflates the apparent calcite mass
loss. The XRF estimate assumes that all bulk Ca resides in calcite; even a small Ca-
silicate fraction at the level of 0.5-1 wt.% Ca would shift w(CaCO3)*®¥ down by 1.2~
2.5 wt.%. Taken together, plausible adjustments push the TGA value down by 2—-3 wt.%,
the XRF value down by 1-2 wt.%, and, after correction for the amorphous fraction, the
Rietveld value up by 2—4 wt.%. The three estimates then converge to a common range
of 10—12 wt.% within their respective uncertainties.

The wider methodological implication is that the TGA—XRF cross-check and the
Rietveld refinement carry complementary biases. The bulk methods are insensitive
to crystallinity but vulnerable to overlap with non-carbonate mass losses and to Ca
redistribution into other phases. The Rietveld refinement is phase-resolved but biased
toward crystalline contributions and sensitive to peak-overlap effects in Mn-rich
matrices. The TGA-XRF protocol therefore should be read as a screen for whole-
sample carbonate balance rather than as a substitute for properly standardised Rietveld
refinement when phase-resolved quantification is required.

Assumptions, limitations and scope

Two features of the present validation set its limits. The protocol was tested on a
single measurement of one positive and one negative control, without replicate runs.
The uncertainty budget in Table 2 is obtained analytically, by propagating literature
and instrument-specification input uncertainties through equations (3)—(7), and not from
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experimental repeatability; the propagated value o(5) = 4.8 % is therefore a theoretical
lo estimate that awaits confirmation on replicate measurements and on a larger,
compositionally diverse sample set. In addition, the numerical values used throughout
— the 700-850 °C decarbonation window, the |6] < 5 % acceptance threshold, the
+10-15 °C dTG-DSC kinetic-lag range and the 178 kJ mol™ decarbonation enthalpy —
are tied to the specific measurement regime (10 K min™ under flowing N-) and, for the
threshold, to the working composition of the Bogach point (=14 wt.% CaCOs). They are
not universal constants of the method: a different heating rate, atmosphere or Ca level
shifts both the decarbonation window and the propagated threshold, each of which must
then be re-derived by the procedure of equations (3)—(7).

The protocol assumes that calcite is the only Ca-bearing phase above the XRF
detection limit and that no other carbonate contributes significantly to the 700-850
°C window. Both assumptions must be checked sample-by-sample. In the Mn ores of
Central Kazakhstan the main alternative Ca carriers are dolomite and manganocalcite.
Dolomite would split the decarbonation into two dTG peaks near 750 and 850 °C.
Manganocalcite would shift the onset to 650—-700 °C and would also appear in XRD as
a Mn carbonate. Neither feature is present in the Bogach data.

For ores with mixed carbonate mineralogy the protocol still returns a binary pass/fail
verdict. A failed cross-check does not identify the interfering phase, only that calcite is
not the dominant Ca carrier. In the present study the independent XRD patterns confirm
both branches of the test directly: calcite is identified in Bogach, whereas Zhaksy shows
braunite as the dominant Mn phase with no calcite above the XRD detection limit.
XRD therefore serves here as an independent confirmation of the cross-check outcome
rather than as a missing next step. Full quantitative phase attribution, including Rietveld
refinement of all Mn-bearing phases and complete assignment of the individual dTG
and DSC stages, lies outside the scope of the present methodological paper and is the
subject of a companion study. Within its intended scope the TGA-XRF cross-check
combined with dTG/DSC co-registration provides a rapid pre-screen (about 3 h per
sample including sample preparation) that flags whether a full Rietveld refinement is
required.

Conclusion. The present study examined a dual-method screening protocol that
combines TGA-DSC and XRF measurements for the quantification of calcite in
manganese-rich ores, on a paired sample set drawn from the Atasu province of Central
Kazakhstan — the carbonate-bearing Bogach ore as a positive control and the silicate-
bearing Zhaksy ore as a negative control. The principal results obtained in the course of
the study are as follows.

1. A dual-method protocol for quantitative calcite assessment in carbonate-type
manganese ores has been developed and verified, based on independent calculations of
w(CaCOj; ) from TGA-DSC and XRF.

2. For the Bogach ore the two estimates are w(CaCO;) = 14.33 wt.% (TGA) and
13.58 wt.% (XRF); the relative discrepancy is & = +5.2%, which coincides with the
propagated 1o limit (c(8) = 4.8 %) and is statistically indistinguishable from it.

3. The threshold 8] < 5% is justified by error propagation and proposed as a
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consistency criterion between the two methods and, simultaneously, as an indicator that
no significant non-carbonate Ca-bearing phases are present.

4. The negative control on the Zhaksy ore (& = +70.5%) confirms the specificity
of the protocol and is supported by an independent enthalpy balance: the measured
DSC integral of 537 J/g is sixteen times higher than the maximum calcite contribution
permitted by the XRF Ca value.

5. Co-registration of the dTG and DSC channels adds an independent diagnostic
criterion. The +9 °C offset for Bogach and the +77 °C offset for Zhaksy distinguish a
single decarbonation event from the superposition of Mn-oxide redox chemistry and
silicate transformations.

6. Comparison with phase-resolved XRD Rietveld refinement shows that the bulk
TGA-XREF protocol and the diffraction-based method carry complementary biases. The
protocol is intended as a screen for whole-sample carbonate balance rather than as a
substitute for an internally standardised Rietveld refinement when full phase-resolved
quantification is required.

The work was directed at deriving an applicable analytical decision rule for Ca-phase
speciation in Mn-rich matrices that does not rely on slow phase-resolved measurements.
The results may find application in routine ore-control laboratories at the beneficiation
stage of Mn feedstock processing for ferroalloy production and for MnsO4 pigment
manufacture, in the preliminary triage of unfamiliar Mn-ore samples prior to full
Rietveld refinement, and as an input to energy balance calculations for the smelting
stage where the calcite mass fraction directly governs the projected CaO yield and the
corresponding CO: release.
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Abstract. The expanding use of herbal remedies in traditional and modern therapy
increases the importance of their analysis. The presence of natural or toxic elements
in these herbal remedies and their low mineral requirements make the search for
analytical methods that can accurately determine the concentration of elements in these
products to ensure safety, quality, and efficacy a pressing issue. lonometry, a special
type of potentiometry, was used to determine the potassium and sodium ion content
in aqueous extracts obtained from various parts of the Malva silvestris L. plant (fruits,
leaves, roots). Conducting ionometric measurements using this method is simpler and
faster than traditional analytical chemistry methods. Highly accurate ionometry requires
optimal dilution of the sample medium and calibration of the ionometer with standard
solutions to ensure the ion concentration in the sample is within the calibration limits.
To calibrate ion-selective electrodes, standard solutions were prepared using national
standard samples of ions (K*, Na*). Aqueous extracts were prepared from plant samples,
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and the concentrations of potassium and sodium ions were determined. Experiments
were performed in triplicate, and the mean, standard deviation (), standard error (SE),
and absolute error (A) were calculated. Based on the average percentage of water-
soluble potassium ions in a sample, plant organs can be arranged in the following order:
fruits (0,2400+0,0176%) < roots (1,2300+0,0516%) < leaves (2,6130+0,1676%). For
sodium ions, the order is: leaves (0,0491+0,0009%) < roots (0,5416+0,1483%) =~ fruits
(0,5743+0,0242%). This technique, developed for ionometry, can be used to monitor
the dynamics of changes in potassium and sodium ion content during the production of
biofertilizers and biostimulants from the aforementioned plant materials.
Keywords: ionometry, ion-selective electrodes, potassium ion, sodium ion, Malva

silvestris L.
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AHHOTanus. OCIMIIK TEKTI JOPUTIK MpemaparTapibl ASCTYPIl KOHE  3aMaHayH

Tepanusia KOJJIaHy asChIHBIH KCHEIO1, OJIap/Ibl TaJlay/IbIH MaHbI3/IbUIBIFBIH aPTTHIPY/IA.
By mopinik duTonpenaparrapaa Taburn Hemece YIbl DJIEMEHTTEpiH OONybl JKOHE
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MUHEpAIbl 3aTTapFa KAKETTUIIKTIH a3 JeHredae Oonybl — KayilCi3MmiKTi, camaHbl
JKOHE THIMJIUTIKTI KaMTamachl3 €Ty MaKCaThIHIa OChl OHIMJICpACTI JIEMEHTTEPIIiH
KOHUEHTPALMUSCHIH 1) aHBIKTAHTHIH aHAJIMTHKAJIBIK OICTepAl i3[ey ©3eKTi Maceie
Oonbin TaObUTagBl. Malva silvestris L. eciMairiHiH Typal MyuuenepiHeH (kewmici,
JKaIbIparbl, TAMBIPHI) AJIBIHFAH CYJbl CHIFBIHABUIAD KYPaMbIHIAFbl KAJIUH MEH HAaTpHUH
WOHJAPBIHBIH MOJIIEPiH aHBIKTAy YLIIH MOTEHIMOMETPUSHBIH €peKlIe Typi OOmbIm
caHaJiaThlH MOHOMETPHS KOJAAHBUIABL. By oMiClieH MOHOMETPHSUIBIK eJjIeyaepai
KYPrizy aHAIMTHKAJIBIK XUMUSHBIH JASCTYPIl 9AiCTepiMEH CallbICThIPFaH/Ia OHAH JKoHE
KbutgaMm. oHoMeTpHsiia eneyai KOoFapbl JNIIKTe iCKe achlpy YLIiH, TaJAaHaTbIH
OpTa OHTAMJIBl CYHBUITBUIYBI, CTaHAAPTTHl EPITIHIIIEPMEH HOHOMETP KalauOpieHyi
JKOHE 3epTTENeTiH YATiJeri HOH KOHIEHTPAHACHl KaauOpieyaiH MIEKTi Auana3oHnap
apackiaza 6omysl KaxeT. Monnapneie (K, Na") MeMiIeKkeTTik ATallOH/IbIK YITUIepiHiH
KOMETIMEH CTaHIApTThl epITIHAUIEp aspiaHbll, 93JEKTPOATBHIH KalnOpOBKACHI
KYprizingi. ©OciMAiK YATiIepiHeH CBHIFBIHIABLIIAP AaspiaHblll, OHAAFbl KalUHd MeH
HaTPHii HOHAAPBIHBIH KOHIICHTPALUIIApbl aHBIKTAJIbI. AJBIHFaH TOXKipuOeiep yu pet
KaliTanayaa OpbIHAAJIBIN, OpTallla MOH, CTAaHAAPTTHI aybITKY (G), OpTalla CTaHAapTThI
kate (SE) >xone abcomroTTik Kare (A) cusikThl KepceTkimrep ecentenni. Cyna epuTin
KaJIuil MOHAAPBIHBIH YITiCTi MalbI3IbIK YICCIHIH OpTalia mamMachl OOHBIHIIA O6CIMIIK
MYILIeNepiH MbIHA KaTapra OpHajacTelpyra Oomansl: sxemici (0,2400+0,0176%) <
tambipbl (1,2300+0,0516%) < xamsiparsr (2,6130+0,1676%). byn karap natpuit
WOHJAphl YIIIH MbIHa peTneH opHanacaisl: kanbiparsl (0,0491+0,0009%) < TambIpsl
(0,5416+0,1483%) =~ xemici  (0,5743+0,0242%). Wonomerpus ojici OoNbIHIIA
YKacaJIFaH OCBHI dICTEMEHI aTaJIMBIII OCIMJIIK NIMKi3aThlIHAH OMOTHIHAUTKBIIITAP MEH
OMOCTUMYNATOpIAp JKacaraHla Kajikid, HaTpUil HMOHIAPBIHBIH MOJIIICPiHIH e3repy
JIMHAMHKACHIH OaKbUIaya KOJJIaHyFa MYMKIHJIK Oepe]t.

Tyiiin ce3mep: HOHOMETpHS, MOHCEICKTUBTI AIIEKTPOATAP, KalUl HOHBI, HATPHH
nonbl, Malva silvestris L.
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AHHoTanmus. Pacmmpenue cdepsl TpUMEHEHHs JIEKapCTBEHHBIX pPACcTEHU B
TPaJULUOHHOW M COBPEMEHHOW MEIUIIMHE IIOBBIIIAET 3HAYUMOCTH KOHTPOJIS HX
MHUHEpaJIbHOrO cocTaBa. Hanmuune xak OMOTeHHBIX, TAaK U HOTCHLUHUAIBHO TOKCHYHBIX
9NIEMEHTOB B PACTUTENBHOM CBHIpbE OOYCIIOBIMBAET HEOOXOIUMOCTH pPa3pabOTKH
AQHAJTMTUYECKUX METO/IOB, OOECIEUMBAIOIIMX TOYHOE OIpeAeSieHne KOHLEHTpAaIuh
MakKpoO- U MHKPO3JIEMEHTOB JUIs OLEHKH O€30MacHOCTH, KayecTBa M 3(PPEKTUBHOCTH
¢uTonpenaparoB. B pabore MeTOIOM MOHOMETPHUH OMPEAETICHO COAEp)KaHWEe HOHOB
KaJMs U HaTpUsl B BOAHBIX IKCTPAKTAX PA3JIMUHBIX OPraHoB pacTenust Malva sylvestris
L. (yiuctbeB, xkopHe# u monoB). MoHomeTpuueckne M3MEpEeHUsl ¢ UCIOIb30BaHUEM
HMOHCEJIEKTUBHBIX JJIEKTPOAOB XapaKTEPU3YIOTCS MPOCTOTOM, ONEPaTUBHOCTHIO H
BBICOKOH TOYHOCTBIO 10 CPaBHEHHUIO C TPAJUIMOHHBIMH METOJAMH aHAJTUTHYECKOH
xuMuu. s oOecrieueHHs JIOCTOBEPHOCTH PE3YNILTaTOB IMPOBOAMIM ONTHMAIBHOE
pa3zbaBiieHHE WCCIEAyeMBIX pacTBOPOB M KaJdHOpPOBKY MNpuOOpa CTaHIapTHBIMU
pactBopamu noHoB K' m Na', mpUroToBleHHBIMH Ha OCHOBE TOCYIapCTBEHHBIX
CTaHIApPTHBIX 00pa3uoB. MccienoBaHusi BBIIOJHSUIM B TPeX MOBTOPHOCTAX. Jlist
00pabOTKM  HKCIIEPUMEHTAIBHBIX JaHHBIX PAcCUMTHIBAIM CpeAHEe 3HauYeHHe,
CTaHJIaPTHOE OTKJIOHEHHE (G), CTaHIapTHY ommoOKy cpennero (SE) u abconmoTHyO
MOTPenrHOCTh (A). YCTaHOBIIEHO, UTO MO CO/IEPIKaHUIO BOJIOPACTBOPUMBIX MOHOB KaJTUs
OpraHbl pacTeHHUs pacroyiaralorcs B ciemyromeM mopsake: mioas! (0,2400+0,0176
%) < xopumu (1,2300+0,0516 %) < muctbsa (2,6130+0,1676 %). [Anga noHoB HaTpus
rocienoBaTenbHOCTh nMeeT BUI: TucThs (0,049140,0009 %) < xopuu (0,5416+0,1483
%) =~ mnoasl (0,574340,0242 %). [lomy4eHHBIE pe3yabTaThl CBUAETEIBCTBYIOT O
BO3MOJKHOCTH TIPUMEHEHHS pa3paboTaHHONW METOJUKH JJISI MOHUTOPHUHTA COACPIKAHUS
HMOHOB KajMisi W HaTpusl MpH NepepaboTKe PaCTHTENLHOTO ChIPhSi U TPOU3BOJICTBE
O6roymoOpeHnii 1 OMOCTUMYISTOPOB.

KiroueBble c€j10Ba: MOHOMETPHS, UOHCEJIEKTUBHBIE AJIEKTPOJIbI, KaJIUi, HATPUH,
Malva sylvestris L., pacTUTeNIbHOE ChIpbE, BOAHBIC SKCTPAKTEI

Kipicme. Kaszakcran ¢mnopaceinna Kynkaiielp  TybiceinbiH — (Kysikaiisipiap
TYKbIMIachl) 7 Typi kesnecemi. CoHblH Oipi opmaH Kyikaitbipel (Malva silvestris
L.)). OpMaHKYIKAWbIpbl KBI3BUIKYPEH TYJJepi MEH KallaKIIaibl KallblpaKTapbl
Oap OipxwIIABIK eciMmik. bymr Eypoma, Contycrik Adpuka men OHTycTik-barsic
A3WsZaH MIBIKKAH OCIMIIK Typi. MyXHT aranayiaapbl, COpPTaHAap, [AIFbIHIAD
MEH apblK >Karajapbl CHSKTBI BUIFAJIABI JKepiepae ecedi. OCiMaiK ryiaepi dK3ema,
Tepl MHQEKIUsIapbl, KECUIreH jkapakarrapla, OpOHXHT, acKOPBITY aypyJapblHIa,
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KaObIHyNapAa KoJjJaHbuladbl. ['yiaepiHAeri aHTOLMaHAAp XOJECTEPUHHIH JKaJIIbI
MeJIIIepi MeH MIa3MaHblH TPUIIMLEPUATEPiH TOMEHIETY KaOineTiHe ne. Kyikaibipaba
KeHOip TypJepiHeH alblHFaH ChIFBIHABLIAP STHI CHUPTI 9CEPiHEH ereyKYHbIPBIKTapAbIH
aCKa3aHbIH KYIONCH KOPFalThIHBI Ja aHBbIKTaIFaH. AcCKa3aH jKapacblHa Kapchl
OercenaiTikke ue 00yl ©CIMIIKTE KOII MOJIIIEP/E IBIPBIIITHIH 00TybIHA OaiIaHbICTA.
KeiiOip enzepme OHBIH »Kac >KamlbIpaKTapbl canaT jKacayda, >KalbIpaKTapbl MeH
OpKeHJepi coplla HeMece achblUIFaH KOKOHIC TYPIHIE TYThIHAABL. OCIMIIK KypaMblHAA
Ken Memuepae (IaBOHOMITApAbIH OOJIybl, AHTHOKCHIAHTTBHIK JKOHE KaOBIHYFa
Kapchl OelceHuTKTepaiH OonyblHa cenTiriH Turizeni. OFaH JoNeN peTiHAe OpMaH
KYJIKaWBIPbIHAH AJIbIHFaH ChIFbIHABUTAPABIH TOTBIFY )KOHE TOTHIKCHI3IaHy KyH3enicTepin
TOMEHIETY apKbLJIbl, ’KaHyapJap/Abl HILIEMHUJaH TybIHAaFaH OaybIp, )KYpeK, OyHpeKTeri
Oy3buTynapaH KoprayblH aityra Oonaabl. Keneci 6ip eHoekre (Ye et al., 2019) ecimaik
CBHIFBIH/IBICHI JIMIIOTIONMCAXapUIATEP TYBIHAATKaH KaOBbIHY KYH3elici MeH acTpOrino3n
MOJIIIEePiHIH JICHTeHiH alTapIIbIKTall TOMCHIETKEH.

CoHfBl yakpITTapAa >KypriziireH QUTOXMMUSUIBIK 3epTreynepacH (Batiha et
al., 2022) Malva silvestris L. eciMAiriHiH >KambpIpakTapbl MeH TYJIIAepiHAe Typii
OMONOTHSIIBIK OeNICeH Il 3aTTap, aTal alTKaHaa (paaBoOHOMATAp, TepHeHOUATap, HEeHOoI
TYBIHIBLIAPBI, KyMapHHIEp, CTEpoJap, WIETill 3aTTap, CalOHUHIEP, alKaJIOHATap,
Maii kpikbuIgapsl, C, E nopymennepi 6ap exenpiri ansikranrad. Keneci 6ip eHOekTe
(Samavati et al., 2013) aTanMmpim ©CiMAIKTEPJCH MOJUCAXapUATEPAl IKCTPAKLIUSIIAY
KYMBICTapbl XKYpriziirenin kepyre Oomamsl. Ocbl yaepicti «berrTik >xayam Oepy»
O/iciH KOJ/IaHa OTBIPBIMN, YKCTPAKIHMAIAY YaKbITHI, Y3aKTBIFbI, SKCTPAKLUS CaHbl MEH
CYHBIKTBIKTBIK MOIYJIb CHAKTBI IaManap OOHBIHINIA MOJIEJIIETEH.

Onedu moay. OCIMIIKTIH Typii MyluenepiHae eMIiK KOCBUIbICTapiaH Oelek,
OMIpJIiK MaHBI3[Ibl MAKPO-, MUKPOYJIEMEHTTEp 00aThIHBI OenTisi. MpIcaisl, Kajauid MeH
HaTpHUil MakKpodJIeMEHTTep OOJIbIN caHalIadbI.

Kammii (K) - TtaburarTa KeH TapaifaH, Tipi aF3a YIIIH OMIpJIiK MaHbI3IbI
MakposseMeHTTep i 6ipi. On MuUHEepaIap MeH TONBIPAKTa, TEHi3 CYbIHBIH KYpaMbIHa
opryprmi dopmana kesmeceni. AnaMm ar3achlHAa Kanuii menmepi oprama 1,6-2,0 1/
KT, 'kaHyapiapnaa 1,5-2 r/kr Gonca, ecimaikrepae Oy kepceTkim 3—4 ece KOFapsbl.
AnaM aF3achlHa KaTUHIiH KYHIENIKTI KaKeTTi Meiepi opTa ecenmneH 1,5-2 rpamm
apanbireiHaa 0omansl (Lanham-New et al., 2012). Kanwmii - sxacyma iminaeri Herisri
KaTHOH OONbIN TaOblIaabl, OHBIH >KAaCYIIaJbIK CYHBIKTBIKTAFbl KOHLIEHTPALHSCHI
maMames 5,6 T/11 TeH,.

XKacymaimrinik K* kenreren gepMeHTTEpAiIH KaTaTUTHKAIBIK 9CEPiH PETTECTIpei.
Byn skarpmaiina katmoH (epMeHTTIK aKybI3mapAblH Tepic 3apsasl Oap Oencenai
OeuikTepiMeH OaiyaHbICybl OapbICHIHIIA MAaKPOMOJIEKyda KOH(OPMALUAICHI MEH OHBIH
Oencenainirin esrepreai. CoHbIMEH KaTap skacylua OejiiHy yaepiciHe Je KaTbICabl.
JKacy1ira ceIpThIHIAF bl KATHIAIH a371aFaH 06JIiT1 (aF3a1aF bl KaJIMH 11 H KaJIITbl MOJIIICPIHIH
2%) YAKEeH (HU3HOJIOTHIIBIK dcepre ue, ce0edi KyHke-OyJIIIbIKeT KO3yblH (KyHKe
HUMITYJIbC1 MEH KaHKAJIbIK OYJINIBIKETTEPiHIH JKUBIPBUTYBIH) aHBIKTAUTBIH KPUTHKAIIBIK
¢axrop. Kacymanblk MemMOpaHa NOeHrediHAEri HATPUHIIH MIBIFAPBUTYBIMEH Karap
xypetiH xoHe Na/K ATdazara Toyennai KanuiiniH TackIMalgaHybl MEH OTIMILIIT
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KYHKe, OWINIBIKET KacyllalapblHbIH AYPHIC KbI3MET €TyiHe KaXeT MeMOpaHalapAbIH
MOTEHIUANJAPBIH TYBIHAATY YIUiH KaKeT. byn yIepicTiH apKachlHIA KbIIIKBLIIBIK-
CUITINIK Teme-TeHIK, KaH KbICHIMBI KaIIMbIHAA TYPaabl )KOHE OCMOCTBIK KbICHIMIbI
perreneni (Moreno-Rojas et al., 2016).

Kanuiiain >KeTKinikci3airi, sFHM THIIOKAINEMHUSL, aF3aa TYpJi ayblp Oy3bUIbICTapFa
ceben Oomanpl. byn skarnmail ®Kypek BIPFarbIHBIH Oy3bUTybIHA (apUTMUsI), OYJIIIBIKET
oNci3AiriHe, apTepUsUIBIK KBICHIMHBIH JKOFapblIayblHA JKOHE JKYHKe KYHeCiHiH
KbI3METiHIH Oy3bUTyblHa oKelyi MYMKiH. COHBIMEH Karap, THIOKaJueMHs OyHpek
YKYMBICBIHBIH OY3bUTYbIH, CyHeK TiIHAepiHIH MUHEPAJIIBbIK THIFbI3IBIFBIHBIH TOMEH/ICY1H,
acKaszaH-1lIeK KOJAApbIHIA 3PO3UsIap MEH OHBIK jKapallapAblH Maina OomysIH, 3aT
anMacy yzepicTepiHiH Oy3bUIybIH >KOHE PENpPOAYKTHBTIK JKYHe MaToNOTHsUIapbiH
(MbIcanbl, OeNey ik MeH KYKTUTIKTIH Y31y Kaymi) Tyablpybl BIKTHMAaJ.

Kanuiigin eciMIikTiH ecyiHzmeri MaHbpI3bl Ja 30p. KamuiiaiH MemuepiH apTThIpY
eciMAiKTeri OTTeriHiH OeynceHai QopManapblHbIH TY3iMyiH asadtagsl. Kammii
HUKOTUHAMUJIAJICHUH-TUHYKIeoTHI(ochaT-okcuaa3 OeJICeHIUINH  TexkeHal JKoHe
AEKTPOHIAPABIH JOTOCUHTETHKAIIBIK TACHIMAaJI OSJICeH/IUTITIH CaKTai Ibl. ByJ1 OTTETiHIH
Oencennai QopmanapblH KeMiTyre bIKNaid eremi. Kanwid SKeTKITIKCI3miri KeMipTek
JIMOKCUIIHIH (COZ) (hoTOCHHTETHKAJIBIK OCKITLTYiH, COHBIMEH KaTap aCCUMUISTTAPABIH
TachIMallaHybl MEH KOJIAHBUIYbIH TeMeHneTeli. MemOpaHanap MeH XJIOpOQHILT
Jerpagauusicbl OpblH ananel. Kanmmit MenmmepiHiH peTTenlyl OTTeriHiH OenceHai
(hopMaapbIHBIH JIETOKCHUKAIIUSChIHA KAaThICATBIH (EPMEHTTEPIiH OeJICeHIIIriHe
Toyesndil. ATanMmblll KaTHOH —ajeHo3uHTpudocdarcunras ¢epmentinin (ATO)
OenceHaUIiriH TybIHAaTabl. [lma3manbik MeMOpaHaiblk OainanpickaH H'-ATdaza
Kajquid MemiuepiHe Toyenai. Kanmuii menmiepi »eTKiTKCi3 ©CIMIIKTEp XKapblKKa eTe
ce3imMTall, IeMeK XJIOPOTUKANBIK jKOHE HEKPOTHKAJIBIK Oenrinep Oarikanaabl. COHbIMEH
KaTap KaJluil KYpFaKIIbUIbIK, CYBIK )KOHE KapBIKTHIH KOFapbl KAPKBIHIBLIBIFbI, YKOFaphI
TeMIIepaTypa CHAKTBI TYPJIi CTPECTIK (haKkTopiap acepiepi aciperei.

Harpwmii (Na®) - ar3amarbl TipLIiUTliKKe KKETTiI HETi3r1 MakpodJIeMEHTTepliH Oipi
Ooubin TabbuTaABl. On KaauiiMeH Oipre kacymia iliHAeri )KoHe ChIPTHIHAAFBI HOHIBIK
Tene-TeHIKTI KaMTaMachl3 €Till, TOMeOCTa3dbl cakTayFa Kartbicaabl (Bernal et al.,
2023). XKep KpIpTHICHIHIA HAaTpUil opTa ecenteH 2,6% Mednmepinae Kkeaecei, kooine
OpTYPJi Ty34ap — HaTpUil XJIOPUI, CyAb(aThl KoHE KapOOHATHI TYpPIiHAE TapajFaH.
AnaM ar3acblHOa HaTpuiaiH Memmepi mamameH 100 rpamMMasl Kypaiabl jKoHE O
HETi31HeH >KacyllaapaiblK CYHBIKTBIKTA OpHanacaabl. byl MOH KaHHBIH OCMOCTBIK
KBICBIMBIH TYPaKThl YCTall TYPYJa, KBIIKbUI-CIITUIIK Teme-TeHAIKTI peTTeyae, Kyihke
CepIiHAEpPiH 6TKi3y MEH OYJIIBIKET TATIIBIKTAPBIHBIH KYMBICBIHA KATBICY/Ia MaHbI3IbI
pen atkapazabl. KaH riasMachiHIaFbl HATPUHIIH KaJIBIThl KOHIECHTPALUICH IIaMaMeH
135-146 mmonb/n apanbiFbiHAa OONaAbl, ajl OHBIH AaybITKyJapbl ar3aja >KYpeK-
KaH TaMblp aypylapblHa, ocipece apTepHalAbIK TMIIEPTEH3USHBIH JaMyblHA AJbIIl
KeJeni. A¥3a/la HATPUIJIIH KOFaphl JICHTell )KYPEK JKETKITIKCI3/Iri, HHCYIbT, OYHpeK
KBI3METiHIH OY3bUIBICTaphl MEH CEMIi3/iK KayliH apTThIPaThIHBl COHFBI 3€pPTTEYNEpAe
kepcetinreH. CoHai-ak, HaTPUHIIH KOFAPbl KOHICHTPALUSICHIH aTOMUSUIIBIK JePMaTUT
(9K3eMa) JxoHe 2-TUNTI KaHT AHa0eTiHiH 1aMybIMeH e OaitnanbicTeipansl (Chiang et al.,
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2024). Kepicinme, HaTpuil TamIbUIBIFG] (THIIOHATPUEMHS) aF3aHbIH KYHKe KyHeciHe
Tepic acep ereni. Mplcansl aici3aik, 6ac aifHamy, KOTHUTHBTI OY3bUIBICTAp KOHE aybIp
KaFainapaa KOHBYJAbCHSJIAP TYABIPYBl MYMKIH. OKCIIEPUMEHTTIK 3epTTeyiepae
HaTPHi TaNIIbUIBIFEl SMOLUMOHAIIBIK KYHre, COHBIH ILIIHE Ma3achI3bIK MEH CTpecc
JICHIeiiiHe ocep eTEeTiHI JIOJIeI/ICHTeH.

3eprTeyaepae HATpHUil OCIMJAIKTEp YIIIH OMIpJiK MaHbBI3Ibl AJIEMEHT OoiiMaca
na, «(pyHKIHOHAIAbI KOPEKTIK 3JIEMEHT» PETiHAe CUNaTTalajbl, SFHH OJl OCIMIIKTIH
OMIpJIiK IMKJIIHE TOJBIKTAl KaxXeTTi emec, Oipak Oenrini Oip skaraainapaa ecimMIik ecyi
MEH OHIMIUIIrH XakcapTyra KaOinerTi. Na® HOHAApBIHBIH TOMEH KOHLIECHTPALHSCHI
kayuii (K*) Menmiepi skeTicriereHie eCiMIiKTepAiH OCMOCTBIK KbICBIMBIH TETIE-TCHIIKTE
cakTayrakeMekTeceni. byinmexannsm Na" MoHAapbIHBIH BAKyOIbAEPe KUHAKTATYbIMEH
0aliTaHBICTBI JKOHE CYIBIH JKacyllla ilIiHe eHyiH peTTeyre OH BIKMaj eTedi. Anaiaa
Na* sxorapsl KoHIEeHTpanusachl K™ Tacsimanbina 0acekenecin, (GU3N0NOTHSUIBIK CTPECC
Tynblpybl MYMKiH. Kasipri tanma ecimuikrepaeri OeHOpraHMKajbIK dJIeMEHTTEpIiH
KYypaMbl MEH TapalyblH 3epTTEY YIbUIBIFBl MEH (PapMaKoJOTHSICHIH TYCIHYT€, COHBIMEH
KOCa JKaHa TepareBTHKAJbIK 3aTTap, ONOTBIHANTKBILITAp allyFa bIKIaJbIH TUT13€i.

OJeMeHTTepl TYpJi SKOJOTHSUIBIK, OHIIPICTIK »OHE a3bIKTHIK MaTpHIlajapaa
aHBIKTay/la CHEKTPOMETPIIK oficTep KeHiHeH KonmaHeutyga. OnapiablH apachlHAa
aTOMBIK-(QIYOPECUEHTTIK, >KalIbIHIbI-a0COPOLMSIIBIK, TpaduTTi memri 6ap aToMJBIK-
a0CcOpOLMSUIIBIK CIIEKTPOMETPHS, YAbPAKYITiH-KOPIHETIH MOJIEKYIANIBIK a0COPOIHSIBIK
CHeKTpO(OTOMETPHsI, MHAYKTUBTI OalIaHBICKAH TUIa3Malibl ONTHKAJIBIK 3MHUCCHSIIBIK
CIEKTPOMETPHS  JKOHE WHAYKTHBTI OalylaHBICKaH IJIa3Majbl MacC-CIIeKTPOMETpPHs
0ap (Naozuka et al., 2025). [dopinik ecimuikrepaeri 6eHopraHUKabIK JIEMEHTTEPAl
3epTTEyAe COHFBI OH KBUIIBIKTAFbI JKapUsUIaHbIMAApAa €H KOJIAAHBICKA e MHIYKTUBTI
OalimaHpICKaH TUIa3Malibl Macc-CIIEKTPOMETpHs — ekeHairi Oenrini Oomasl. JKorapsl
ce3IMTaNABIFBl MEH 6T¢ TOMEH KOHLIEHTpaUMsIIapIbl aHBIKTay KaOineTine OaliIaHbICThI
WHAYKTUBTI OaillaHBICKaH IUIa3Malibl Macc-CIIEKTPOMETPHS  13/1iK KOHE YIBTpai3likK
ANIEMEHTTEP/lI aHBIKTAy/1a ©31H KyaTThl aHATUTHKAJIBIK 9JIiC PETiHIE KOPCETTi.

Anaiiza WHAYKTHBTI OaiaHBICKAH IUIa3Majbl MacC-CIIEKTPOMETPHS aHBIKTAy
LIEKTEPi TOMEH KOIIEMEHTTI aHAIMTHKAJIBIK 9/1iC OOJIFaHBIMEH, OJ1 CIIEKTPOCKOMHSITBIK
KOHE CIEKTPOCKONMSJIBIK €Mec Keaeprijiepre yublpaiasl. CHeKTpoCKOMHMSUIBIK
KeZieprijiep KaTapblHAa U300apaliblK KaObICy, KOTl aTOM/bl HOHIAP JKOHE KOC 3apsAThI
noHzaap 6ap. AN CIEKTPOCKOMHUSIIBIK €EMEC dCepIEePIiH TybIHAAYbl MAaTPULIAHBIH BIKIIAT
eTyiMEH CUTHaJIABIH O9CeHIeyiHe HeMece YIIFalobiHa okenei. O o3 Ke3erinze aspo30Ib
TachIMaJIbIHA, HOH/IaHY TUIMIUIINIHE HEMECe HOHIap IIOFBIPBIHBIH OTYiHE 9Ccep eTe/I.

HonomeTpust o11ici TOTEHIMOMETPHUSHBIH epeKiie Typi. MoHOMeTpus aHBIKTaIaThbIH
WOHJAP/bIH KOHIIEHTPALMICHIH MOHCEJIEKTHBTI 3JEKTPOATAp KOMETIMEH aHbIKTayFa
HerizaenreH. MloHceneKTUBTI 31eKTpo Oenrisi 6ip HoHAap TypiHe KaThICThI TaHAaMaJIbI
ce3iMTaNAbIKKa He, OHBIH MOTEHIMAaJIbl COJ HOHJAPAbIH MOJIIEpiHe TOyei.
HonomeTpusi Heri31i HOHCETIEKTUBTI AJIEKTPO/ EH CATBICTHIPY AIEKTPObI apachbIHIAFbI
MOTEHIUANJAp albIPBIMBIH OIIIeyre Heri3aenred. IoHOMeTpusHBIH )KOFaphla aTalfaH
oflicTep/ieH apTHIKIIBUIBIFBI YATIHI TangayFa kioepy YIIiH, Kol IpoLeaypantapabl KaxeT
eTneiai. SIFHu angpiH-aja yIriHi KyJre alHaIAbIpY/Ibl, KbIIIKBUIIBIK bIIBIPATYIbl KAXKET
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erneiai. bactankbl cblHaManap TypJli MaHMITYJSILUSUIApFa TYCIIETeHAIKTeH, TajlayaaH
KeHiH OHbI OacKa Ja 3epTreyiaepre xxioepyre 0onanpl. IOHCENEKTHBTI 3MEeKTPOATapAbIH
xayarn 0epy yakbIThl Oap 6oiranbl 30 CeKyHITHI KYpaiabl, SFHU 6T€ 9KCIIPECCUBTI 9JIiC.
HonoMeTpitik sficiieH 3epTTey KYprizyre KaxeT acranrtap, )KyMcajaaTblH MaTeprasiiap
KYpZeJIi CIIEKTPOMETPIIIK XKYyHenepre Kaparana Kell ece ap3aH Typasbl.

VoHcenekTHBTI 37€KTPOA KOMEriMeH MXYPri3ijeTiH HOHOMETPUSHBIH €H OacThl
apTHIKUIBUIBIKTAPB! peTiHAe 00C MOHAAPIbl TaHJAMMAJbl OJIIIey MYMKIHZIIr OOJBII
TaObUIa/bl. By OfICTIH apTHIKIIBUIBIFBI - XKOFAPBI CE3IMTANJIBIK MEH CEJCKTUBTILIIrI,
SFHU OacKa KaTHOHIAPIBIH OCEpiH a3zalTa OTBHIPBIN, Kalui, HAaTPUH HOHAAPBIHBIH
MeJlepine aon Oara Oepyre MyMKiHIIK Oepemi. MloHOMeTpuUs oJiCi MOHCEIEKTHUBTI
ANEKTPOATAPABIH KOMETIMEH peaJbl yaKbIT PEKUMIHIAE THIPOMOHABI >Kyheneri
OCIMAIKTEpIiH HMOHIApABI CiHIpY YAepiciH OakpuiayFa MYMKiHAIK Oepemi. Kammii
HMOHJApBbIHBIH KOHLEHTPALMSCHIH OJIIIey BEPMHKOMIIOCTTAyAbIH OacTamKpl, asKTany
(5 xp11) xoHE “micim-xketinmy” (1,5 KbUT) Ke3eHAEpiHAE eIeHreH. IoHOMeTpHSIIBbIK
eJILIeYJepACH aNbIHFaH TOKIpHOEe HOTIDKENEepl Cyla epUTIH KaJuHIiH cyOcTparThl
OHJICY YIepici OapbIChIHAA 6CY TUHAMUKACHIHIAFHI BIKNANbH Kepcereni (Kurovsky et
al., 2024).

JKYMBICTBIH ©3€KTijiri OMOMOTHSUIBIK OENCeHIi 3aTTaplblH Ke31 peTiHae A9pisik
OCIMIIKTEpre JereH KbI3bIFYLIBUIBIKTBIH apTybIHA JKOHE ONapAblH (apMaKoJIOTHSIBIK
KYHIBUIBIFBI MEH NaijanaHy Kayilci3miriH Oaraiay YIIiH, MHHEPAJABIK KYpambIH
3epTTey KAKETTUIriHE OalaHBICTBl. ¥ CBIHBUIBIIT OTBIPFAH 3€PTTEYIiH MaKCaThl
MOHOMETpUS 9MIiCiHIH KemeriMeH Malva silvestris L. eCiMAITiHIH TYpJi MyUIIeIepiHSH
(>kemici, JKambIparbl, TAMBIPI) CyFa dKCTpaKLUMsUIaHFaH Keloip cinTinik meramn (Na',
K*) noHnapbIHbIH KOHIIGHTPAIUACHIH aHbIKTAy 00k TaObuta sl (Eliseeva et al., 2020;
Lee etal., 2017).

JKYMBICTBIH FBUIBIMH >KaHAJBIFBl aJFalll PeT HMOHOMETPHS OSMAICIHIH KeMeriMeH
aTaJMbII ©CIMIIKTIH EKeJlereH MYIIeNepiHaeri HaTpuil, KaJIui HOHJApBIHBIH CyAa
epiMTan (QpakOUACHIH aHBIKTAy[AbIH OSAICTEMECIH jkacay >KOHE OCIMAIKTIH opTypii
MYILIeNepiHAeri epiMTall HaTpUH KoHEe Kalui MOHJAPBIHBIH MOJIIEpi Typaibl CaHIIBIK,
MOJIIMETTEp axy OOJbIN TaObLIAdbI.

MarepuaJjgap MeH 3epTTey dicTepi.

A) 3epTTey chIHaMaJIAPbIH JasgpJay

Ocimaik mmkizarel [lereic Kazakcran oOnbickl Karonkaparait aymanbiaga 2025
KBUIIBIH TaMbl3 aWbIHIA TEPUIreH. OCIMIIK NIMKI3aThIHBIH JKEMICiH, JXaIbIParbiH,
TaMBIPBIH JkeKe OeutikTepre OenreH. Kyprak, KapaHFbl Kep/ie TYPaKThl Macca OoFaHIa
KENTiprex.

CybIK DKCTpakIMs JKYPridy YVIIiH, ©CIMIIK MIMKi3aThIHBIH Tapasblga eJILCHIeH
MaccajapblH IKCTPAKTOP-bIIBICKA CANBII, KAXKETTI CyAbIH KeneMi Kyiibansl. bipaere
caraT ManepauusuIaHa bl

O) [MoreHuuoMeTpusi KOMeriMeH CyJibl ChIFbIHABLIAPAAFHI HATPUIA HOHIAPBIH
aHBIKTAY dicTeMeci (kyMmbIc skacay aaroputmi) (P 52.24.415-2007)

1. Angeiven koHteHTparusice 0,1 Momb/i1, kenemi 500 Ma ammuaxk epitingici 25%-
TiK aMMHUaK epiTIHIICIHeH CYHBUITY apKbUTbl IaspiaHa/bl.
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2. Na" HoHAapbIHbIH TpagyHpliey epiTiHIIepiH Aaspiay

Harpuii wonnmapeiabiH — cranaaptthl  epitingicinen (I'CO  7474-98) wmbiHa
KOHIIEHTpauus quana3oHbiHAarel 102-10 Monb/n epiTiHaiiep AaspiaH/bl.

3. Kanpuii XJOpHuAiHIH epiTiHAICIH Jaspuay

500 mi emmerim kondaga 110 rpamMM KanbLui XJTOPUAIH cajbll, eJLIerii oenrire
JeiiiH CyMEH TONTBIPHLIAIBL.

4. E = f(pNa) I'pagyupney Toyenaiuiria amy

CrriibiMIbUTBIFEL 50 MiT KostOara 30 M1 HATpHid XJIOPHUIiHIH MBIHA KOHIIEHTPALHS IAF bl
epitinaiiepi 0,0001; 0,0002; 0,0006; 0,001; 0,001 ™Monb/71 KYWBUIBIN, YCTiHE 4 M
CaCl, epitinici )oHe 1 M1 aMMHaK €piTIHIICI KyHbLIabl. MarHUTTi apanacThIPFBIIIKA
KOHJIBIPBIT, JIEKTPOATAPAbI OaThIpbIN, eimeyni TeMeHnri koHueHTpanusgan (0,0001
MoOJIb/1T) xKoFapbira Kapait (0,01 Monb/n) enmieli 6acTaiibl.

AnblHFaH —HOTWXKesdep OoibiHma noteHuuanapi (E) Hatpuil  woHIDapsl
KOHIEHTPALUSCHIHBIH Kepi Jorapudimine (pNa) Toyenaislik KUCHIFBI TYPFbI3bLIA b

5. Cynbl ceiFbIHABUIApAAFEl Na" HOHIAPBIHBIH KOHIICHTPALUSICHIH aHBIKTAY

Haspnanran cynbl CHIFBIHABUIAPAAFbl HATPU HOHJAPBIH AaHBIKTAy YILiH,
CHIABIMABUTBIFBI 50 MII OomaThlH Ta3a yuml crakanmapra 30 MJ epiTiHOiAEH KyHbI,
apGipeyine 4 mn CaCl, epiringici xane 1 mia NH, epitinici Kocbutazibl. ApanacTbipran
COH, MTOTEHIIUAIBI OJIIICHEI].

b) [MorenumomeTpusi KOMeriMeH CyJbl ChIF bIHABLIAPAAFbI KAJIMIl HOHAAPbIH
aHBIKTAY dicTeMeci (3kymbIc :kacay ajaropurmi) (P 52.24.365-2008)

1. Konuentpaumsicet 0,1 monw/mm® Oydepinik epitiHmicin nmaspray yumiH, 30,3
rpam Tpuc-(OKCUMETWIT)-aMUHOMETaHAbl emerim konbara (250 mm) 70-80 mu cyna
epiteni. Oran 15 MJI KOHUEHTpPJ Ty3 KBIIIKBUIBIH KYsAbl. Ommerim Oenrire AeiiH
CYMEH TONTBIPAbl, apanacThIpaabl. «AK JICHTa» MapKajbl Kara3 (MIBTPACH OTKi31Iesi.
Bydepnix epitinai pH=8,5-9,0 6omybI kepek.

2. K* nonaapbIHbIH Tpagyupiiey epiTiHauIepin aaspiay

Kamuii  wnonpapeinblH — ctaHgapTtel  epitimicinen (I'CO  7473-98) wmbiHa
KOHLEHTPALUSAAF b

102-10° MomIB/11 TpayupIiey epiTiHaiiaepi AaspiaHabl.

3. E =1{(pK) I'panyupney toyenainirin amy

JKorapbinarbl JaiibIHOAIFaH Tpagyupiey epitinaiiepinid 30 Mi epiTiHiCiH cTakaHFa
Ky#bIm, 1,5 M Oydepiik epiTiHai KyHbl1aasl. ApaaacThIpbI, KaIUiaiH HOHCEIEKTUBTI
ANEKTPOABl MEH KOMEKIIi ANeKTpo] OaTbipaabl. JKylieHiH MOTEHIHa bl eJIeHEeT.
Op0ip rpaxyupiey epitiniici yuid 3 napajiens Toxipuoe Kyprizinesni.

Kanuii noHOapelHBIH Tpaayupiey epiTiHAIIepiHIH KOHLEHTPAIMICBIHBIH Kepi
norapudmi (pK) men anexrpon noteHuuansinsiy (E, MB) apacbinna toyenainik rpaguri
TYPFBI3bUIAJIBI.

4. Cynbl ceirbiHAbIIapAarsl K™ HOHIAPBIHBIH KOHIICHTPALUSCHIH aHBIKTAY

3eprrenetin epitinainiyg 30 M KeeMiH cTakaHra Kyibim, 1,5 mi Oydeprik epitinai
KOCBIT, apajiacTelpaibl. EpiTiHIiHIH mnoTeHuMansl emmeneni. Toxipube ymr per
kaiirananasnel (Dedkova et al., 2020).

CTaTuCTHKANBIK €cenTeylepdi FhUIBIMH 3epTTeyleple KEHIHEH KOJIJaHbUIAThIH
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Python Oarpapnamanay TimiHiH Mamanganaeipsuiran  SciPy  (Scientific Python)
KiTanmxaHaChIHBIH KOMET1MEH JKYPIi3isiai.

Harnxenepai sxone onapabl Taakpliay. Cyra eTKeH HaTpUH, Kajduii HOHAAPbIHBIH
KOHIEHTPALUSICHl HOHOMETPHS oficiMeH aHBIKTaNAbl. OpMaH KYJIKaWbIPBIHBIH TYPIi
MYIIeNepiHeH CyFa OTKEH Kalnui, HaTpUi HOHAAPBIHBIH KOHIIEHTPALMSIIAPhI OCBI 9JTiCKe
HeTi37eMin aHbIKTaabl (cypeT 1).

HoHoMeTpusnbIK enmieynep xKyprizynid Oenrini-0ip maprrapsl 6ap.

- TanpaHaTelH Cynbl CBHIFBIHOBUIAD OHTAMIIBI AQpEkKede CYWBIITBUIFAH OOyl
KepeK. bys1 mereHimi3 aHbIKTanaThlH HOH KOHIIEHTPALUSICHI Oip >KaFbIHAH MOHOMEPIiH
ce3IMTaNABIK LIETiHEH JKOFaphl, EKiHIII JKaFblHaH aKTUBTUIIK kod(p¢unmeHti l-geH
TeMeH 00JIMaybl KepeK;

- MoHapIK KyILIi 3epTTENETiH CYJbl CHIFBIHABIIAPMEH Oipel O0NaThlH CTAaHAAPTTHIK
epitiHainep Oomysl KaxkeT (MoHOMepAl KanmuOpiey ymiH). On yonH 3epTTeneTiH
epiTiHaiIepre KaXeTTi HMOHABIK KYIITI KaMTamachl3 €TeTiH apHayisl Oydeprik
epiTiHaiiep, MbIcalbl Kajluii MOHBIH aHBIKTay[a TpUC-(OKCUMETHI)-aMHHOMETaH MEH
KOHUEHTPI TY3 KBILIKBUIBIHAH TYPaThlH KOCMa KOJJaHalIbl. AJl HaTpHil MOHAAPLIH
OJIIICTCHIE KaJIbIIUI XJIOPHIi EPITIHIICI MEH aMMHaK epITiHAICI KOCIIAChl KOJIJaHAIbI;

- 3epTTeNeTiH YITiAeri MOH KOHLEHTPAIMACH KaauOpIeydiH MIEKTI Auarna3oHnap
apacelHia OonaTelHAAl €Til, aHBIKTANATBIH WOHHBIH CTaHAAPTTHl EpiTiHIiIep
KOHIEHTPALUSCHIH TaHAay KepeK.

180 - - - Tawipnbe HaTuwsenspi
M === AnnposcumMaumn {xysiKray)
=
170 ‘\._.\
i
160 b S
~a
[ ~
= 4
wi 150 7 \.,\\
o=
140 + - "--,_‘
-\‘.\
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130 4 \‘\-‘
\_\\.
120 1
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Cypet 1 — CTaHOapTThI epiTIHAUIEPICTI KaJTHii-CEICKTUBTI JICKTPO OTCHIIUAIBIHBIH
(E) pK moHiHE Toyenaimiri

Ocbl  anplHFaH Tpaayupiiey TpapUKTEpiHiH KOMETiMeH opOip CHIFbIHABIHBIH
MOTCHUUAN-AapblHa ~ COWKEC Kalmuid MEH HaTpud  HOHAAPBIHBIH  MOJSPIBIK
KOHUEHTPALUSIIAPbl AHBIKTAJIIBI.

3epTTenin OTHIpFaH OCIMAIK MYLIETEpiHAeri CyFa AKCTPAKUMSIAHATHIH KaJlUi
HMOHJApBIHBIH €H >KOFaphl MeJjmepi skanbiparbiHga (2,6130+0,1676%), oman keiiin
tambipeiHaa (1,2300+0,0516%) anbpikranran. JKemiciHae cyFa SKCTpaKUUsIIaAHATBHIH
Kanuiinig memiepi eH Toemenri mamara (0,2400+0,0176%) ue 6omner (kecte 1).
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Kecre 1 — K* wonnapeiasiy Malva sylvestris L. eciMairidig Typii Myenepineri Mesepi

Tanganarein yiarigeri K" nongapbIHbIH MeJiepi
Yarinep C,,(K") chIFpIHABIIAF DI, oK)
MOJIb/J KYp¥ak yJrigeri, %
Kewmici 0,0021+0,0001° 0,2400+0,0176*
TambIps! 0,021140,0015° 1,2300+0,0516°
JKamsrpak 0,0067+0,0004° 2,6130+0,1676¢

XKemici MeH TaMbIpplHAH CyFa ©TKEH HATPUI HMOHJAPBIHBIH YIieci, COWKEeCiHIIe,
0,5743+0,0242% >xone 0,5416+0,1483%. by mama »xampIpakTapblHIa TOMEH MOHTE
ue (kecre-2).

Kecre 2 — Na' nonnapeiasiy Malva sylvestris L. eciMairiHiH Typii Mymienepinieri Mejmepi

TasnganarelH yirigeri Na* HoHIapbIHBIH MeJIIIepi
Yarinep C,(Na") cpiFpIHABIIAFI, o(Na*)
MOJIb/J1 KYpP¥Fak yJrigeri, %
Kamsrpak 0,000214+0,000003* 0,0491+0,0009°
TaMbIpbI 0,0157+0,0043° 0,5416+0,1483"
Kewmici 0,0083+0,0034° 0,574340,0242°

3eprrenetin eciMaik yarinepingeri kamuid (K) sxone narpuii (Na“) moHIapbIHBIH
CyJla epUTIH (PpaKIUsIapbIHBIH MOJIIIEPIH CAJIBICTHIPMAIIBI TAJIAY OapbICHIH 1A OJaPIbIH
OCIMJIIK MYIICJICPIHIET]T Tapaly 3aHIbUIBIKTAPbl aHBIKTAJ/Ibl. AJIBIHFAH JCPEKTEPIIH
CEHIMJUIIMIH apTThIpy MakcaTblHIA YATIIep apachlHAarbl  aldblpMallbUIBIKTAp
CThIONCHTTIH t-KpUTEpUill KOMETIMEH CTAaTHCTUKAIBIK TYPFbIIAH OaraliaH]ibl
(1,2-xecrenep). Cyna epuTiH Kalui HOHIAPBIHBIH YJTieri MaibI3AbIK YISCiHIH opTalia
1amMachbl OOMBIHINA ©CIMIIIK MYIICIIEPIH KeJIeCi 6Cy KaTapblHa OpHAJIacThIpyFa O0Jabl:
xemici (0,2400+£0,0176%) < rtambipbr (1,2300 £ 0,0516%) < sxamsiparsl (2,6130
+0,1676%). CraTHCTUKAIBIK Tayjay HOTHXKEJIEpl KaJIWH WMOHAAPBIHBIH Cylla EpUTIH
(dpakuusUTapbIHBIH MeJIIepi OOWBIHIIA OapibIK 3epPTTENITeH MYUICTep apachbIHIarbl
alBIPMAIIBUIBIKTAPIBIH KOFAPhI JCHICH/IE MaHbI3/Ibl eKkeHIiriH kepcerti (p < 0,01).
Harpwuii nonaapsl yiria Oyt 3aHIBUIBIK ©3Telle CuaTKa ue 0ossl. Tangay HoTnxKeciHae
OCIMIIK MylIeJepi MblHA PETHEeH OpHaIACTHIPhULALL: sKamnbiparbl (0,0491+0,0009%)
< Ttambipel  (0,5416+0,1483%) ~  xemici (0,5743+0,0242%). CraTHCTHKAIBIK
Oaranay KOpCETKEeH/IeH, TaMBbIPhl MEH JKEMICIHJIeT1 HaTpUil MOHIAPBIHBIH Cy/la epUTiH
(GpakUMsCHIHBIH MOJIIIepl apachlHAAFbl aWbIPMAIIBUIBIK KE3[EHCOK CHIAaTTa >KOHE
CTaTUCTUKANIBIK TYPFbIIaH MaHbIbel emec (p > 0,05). [derenmen, Oy exi mymie jae
HATpUil MOHAAPBIHBIH OYJ1 (PaKUUsICHIH KUHAY KOPCETKIll OOWBIHIIA KalbIpaKkTaH
aiftapiblkTail )koHe ceHiMIl Typae 6acwm Tycrti (p < 0,01).

AJIBIHFaH HOTWXKEJIEpAl OCIMIIK (DU3MOJIIOTUACKI MEH MHHEPaIbl KOPEKTCHY
3aHABUIBIKTAPbl TYPFBICBIHAH KapacThIpy ©CIMJIK MYIIeNIepiHAeri HOHAAPIbIH Tapay
MeXaHHM3MIH TYCIHIIpyre MYMKIHIIK Oepei.

Kammii (K*) nongapsIHbIg cya epuTiH QpakUsIChIHBIH JKalblpaKkTapaa eH dKOFapbl
nenreiine (2,6130+£0,1676%) sxuHamybl OHBIH OacThl (PU3HUOJOTHSUIBIK POJIIMEH
OaiimanpicTel. Kammii — ¢oTtocuHTe3 mpomueciH OenceHmaipymi, (epMeHTTepaiH
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Ko(haKkTOPHI ’KoHE JenTeciKTep i (YCThHLANAPbIH ) )KYMBICHIH (TYPrOpIIbIK KbICBIMIBI )
perTeiiTin Heri3ri sneMeHT. DOTOCHHTE3 KoHE TpaHCIUpAIUs MporecTepi OerceHl
JKYPETIH BEreTaTHBTI MYIIC PETIHJE JKalbIpaK KaJlui MOHAAPBIH TaMbIPAAH KOFaphl
OarpITTaFaH TOK (KCHJIeMa) apKbUIBI OCIICEHIII CENEKTHBTI TachIMalgay eceOiHeH
e3iHe Taptanel. An xemicre kamuiaig eH a3 (0,2400+ 0,0176%) Gomysl Oy ke3eHme
AJIEMEHTTIH HETi3Ti arblHbI jKaHa OcCill KAaTKaH jKac KallblpaKTap MEH epKeHJepre
OaFbITTaIFaHBIH KOPCETEII.

Harpwuii (Na") noHgapeIHBIH Ccyfa epuTiH (Qpakiusichl OOWBIHINA Kepi 3aHIBUIBIK
Oaiikangpl: eH TemeHri wMemmep xambipakta (0,0491+0,0009%), am sxorapbl
memmep Tamblp (0,5416%0,1483%) wmen xewmicte (0,5743+0,0242%) Tipkemnmi.
Ocimaix Gu3NONIOTHACHIHAA Oy KYOBUTBIC ©CIMIKTIH «OaphepiiK (yHKIHSCHIMEH)
TyciHmipineni. Hatpuii sxoFapbl KOHIIEHTpalUsAa XJIOPOIUIACTAPIbIH KYPBUIBIMBIHA
Kepi ocep eTim, (OTOCHMHTE3/I TEKEUTIHIIKTCH, OCIMIIK OOWBIHAAFbl KOPFaHBIC
MeXaHHM3M/Iepl HaTpUil MOHAAPBIHBIH JKalblpakka OTyiH miekreiai. Harpuii Tambip
JKacyIIaJlapbIHBIH ~ BaKyonbJepiHae (cerperamus) JKOHE JKEMIC yIIajapblHaa
JKUHAKTAIBIT, (DOTOCHHTE3NEYII ammaparTel (KambIpaKkTapabl) apThIK Ty3IaHydaH
kopraiiael (Datta et al., 2019; Fraszczak et al., 2016; Paul et al., 2018). Ty3mapasix
MyHJIall TajdramMMalibl OeliHyli OCIMIIKTIH MHUHEpalabl KOPEKTeHYIl TOMeoCTa3
JICHIeiiH/Ie peTTey KaOlIeTiH IoIeae .

KopsiTbinabl. JocTypii xKoHe 3aMaHayd Tepanusia KeHIHEH KOJNJaHbIC Ta0yblHa
0aiflJIaHBICTBI OCIMIIK TEKTI JTOPUIIK 3aTTap/bl TalAayAblH MaHbI3IbUIBIFEI apTyaa. by
OCIMIIKTEPIE KOFaphI MOJIIIEp/Ie (PUTOXUMHUSIIBIK MOJISKyJIaiap, aTal alTKaHa PIIETIIT
3arTap, (EHONIBI KOCBUIBICTAp, alKAJIOWATAp MEH (IaBOHOMATAP, COHBIMEH Karap
KOITETreH OMIpIIiK KQKETTI MaKpO- XKOHE MUKPOIIEMEHTTEP/IiH Jie 0ap eKeH/Iiri Oerii.
OCIMIIK CHIFBIHABUIAPEI TYPJl aypynapra mmmna. Anaina Oyi1 eciMaiK TeKTi ASPUIiK
3aTTapliblH afaM JeHCayJbIFbIHA CO3BUIMANbBI kKaHama acepiepi ae 6ap. Ocbl opaiiga
OelopraHuKabIK AIIEMEHTTEP/I1 aHBIKTAY TEPANIEBTUKAIIBIK dCEPIIel ONTHMHU3AIMsIIay/Ia
30p MoHre wme. Kazipri Tapma eciMIOiK IMHUKi3aTTapblHAH OHOTHIHANTKEIIITAP,
OmocTUMynATOpNap JAasplaFraHga OChl  KOPEKTIK  epiTiHuIepaeri HMOHAapAbIH
MOJIILIEPiHIH e3repy JUHAMHUKACHIH OaKbUlayFa MYMKIHIIK OCpeTiH oiicTepAiH OPHBI
epekie. Ockl opaiia CyJbl epiTiHIepAeri HOHAAPIbIH KOHIICHTPAIIUSChIH aHBIKTay/Ia
— MOHOMETPHSI JIICIHIH MaHBI3bI 30P.

WoHCEeNeKTURTI AJIEKTPOATAP KoJjaHa OThIpbil, Malva silvestris L. eciMuiriHig
TYpJi MYIIeNepiHjeri cyFa ©TKeH KalWi, HAaTpWii HOHAAPBIHBIH KOHIEHTPAIHSICHI
aHbIKTanApl. Kanwii MeH HaTpuil WMOHJApBIHBIH TYPJI MYIIENepaeri CcyFa OTKeH
MeJIIIepIIePiHiH apachIHIaFbl 3aHIBUIBIKTAp, OJAP/IBIH Tipi aF3aarbl (PU3NOIOTUSITBIK
peiMeH TYCIHIIpii.
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Abstract. Wool fat is a valuable fatty substance extracted from sheep's wool during
washing at factories that primarily process industrial wool. Purified wool fat (lanolin) is
widely used in the pharmaceutical and cosmetic industries. Lanolin is a unique natural
product consisting of a complex mixture of fatty acid and alcohol esters, as well as
free fatty acids. Lanolin's structure determines its hydrophobic (water-repellent) and
lipophilic (fat-soluble) properties, making it an excellent moisturizing and protective
agent. However, it is precisely this complexity and heterogeneity of lanolin that makes its
processing a challenging task. Advanced processing of wool fat allows for the extraction
of a wide range of valuable components from this complex natural raw material, with
a wide range of applications. The aim of this study is the advanced processing of
wool fat (lanolin) and the determination of the composition of the isolated synthesis
products. Wool fat was analyzed for its trace element, vitamin, and cholesterol content.
Gas chromatography was used on a GC 2010 Plus (Shimadzu, Japan) to determine
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the composition of fatty acid methyl esters. This composition, obtained from both the
wool fat itself and the sodium salts of its hydrolysis products, was found to be virtually
identical. Wool fat is known to contain 18 fatty acids, seven of which have a saturated
fatty acid radical, while the rest have from one to five unsaturated bonds. The highest
content is observed for eicosapentaenoic acid, accounting for 32.6% of its total isomers,
followed by linolenic acid (14.9%) and seco-lecithin (13.9%). All unsaturated fatty
acids identified in wool fat play a crucial role in the metabolism of humans and animals.
These essential acids serve as the basis for lipid synthesis and are essential for normal
bodily functions. Wool fat is a potential raw material for the production of essential
acids, which can be used as medicinal products and dietary supplements.
Keywords: wool fat, lanolin, fatty acids, cholesterol, hydrolysis, analysis,

chromatography
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Annortauus. XXyH Maiibl - )KYH OHJICY 3aybITTapbIHIA KYYy Ke3iHAe KOW KYHIHEH

aJIBIHATHIH KYHJIBI MaiJibl 3aT OOJIBIN TaObLIa bl Ta3apThUIFaH JKYH Mailbl (JTAHOJIMH)
(hapMalleBTHKA )KOHE KOCMETHKA OHTIIpiCTEepiH/IC KEHIHSH KOJIIaHbLIa kL. JIaHOWH - Maii
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KBILIKBIUIAAPBl MEH CIUPT 3QUPIIEPiHiH, COHAal-aK 00C Mall KbIIIKbUIAAPBIHBIH KYpAEi
KOCIachbIHaH TYpaThIH Oipereil TaOuFu oHiM. JIaHONMMHHIH KYPBUIBIMBI OHBIH THAPO(OOTHI
(cy oTKI3OEHTiH) koHe NUMOQUIbAlI (Maiga epuTiH) KacHeTTepiH aHbIKTalIbl, Oyl
OHBI ©T€ JKaKChl bUIFAJIaHABIPATHIH J)KOHE KOPFalThIH areHT ereni. Jlanomuuai eHuey
OHBIH KYpJeTi KypaMbl MEH TeTepOTCHAUIIrIHEe OaiJIaHBICTBI ©T¢ MaHBI3IbI KYpAeii
Mocene eKeHiH kepcereni JKyH MaiiblH TepeH eHpey Oi3re OChl Kypheli TaOuru
LIMKI3aTTaH KeH ayKbIMIbl KOJNJAHBICTAFbl KYHIbl KOMIIOHEHTTEPAIH KEH ayKbIMbIH
alyra MyMKiHIIK Oepeni. byn 3epTreyniH MakcaTbl - KYH MalbIH (JaHOJHMH) TE€pEeH
OHJICY JKOHE OKLIAyJIaHFaH CHHTE3 OHIMJCPiHIH KYpaMbIH aHbIKTay. JKYH MainapblHaH
MHUKpPORJIEMEHTEP, BUTAMHHJEP JKOHE XOJIECTEpPON aHbIKTanFaH. JKYH MalibIMEH >KoHE
THIPONU3/E TY3UITeH HATpUl Ty3JaplaH alblHFaH Maijbl KbIIIKBUIAAPABIH METUIT
adupepi Kypambl 6ipaeit 60mabl. Maii KbIIIKbUIIAPBIHBIH METHIT S UPIIEPiHiH KYpaMbl
xpomarorpagus anicimen «Gas chromotograph GC 2010 Plus, Shimadzu» (?Kamnon)
npubOpbIHIa aHbIKTaIABL JKYH Mainapsl KypaMmblHAa 18 Maiibl KbIIIKBUT TaOBUIIBI,
OJIapbIH iliHAe 7 KaHBIKKAH Maiibl KbIIIKBUT PaAUKaIbIMEH, KaFanaapeiaaa 1 gex 5
JeiiiH KaHbIKNaraH Oainanpictap 6ap. EH >korapbl Meniiepi aHbIKTaIFaH SHKO3alleHTaeH
KBIILKBLIBI, OJIApAbIH M30MepliepiH Kockanaa 32,6 % Kypaipl, oJaH KelH JHHOJECH
KBIIIKBLIBL 14,9 % >xoHe cenaxoil KeIIKBUIBI 13,9 %. Ochbl aHBIKTaIFaH KaHBIKIIaraH
Mainpl KBIIKBUIIAP aJaM MEH >KaHyapiapAblH MeTaOOIM3MiHIE MaHbBI3Abl Pel
arkapajbl. by MaHBI3IBI KBIIIKBUIAAP JIMIUATED CUHTE31HIH Heri3i OOJbI TaObLIaabl
KOHE KaJbINTHl AeHe (YHKUMsUIaphl YIIiH MaHb3Abl. JKYH Malbl - JOpilik 3arrap
MEH TaFaMJbIK KOcIanap peTiHAe MaiAadaHbUTybl MYMKIH MaHbI3Ibl KbIIIKBUIIAP/IBI
OHJIIpyre apHaIFaH MIMKi3aT.

Tyiiin ce3mep: ’KyH Maiibl, TJaHOJIWH, Malijbl KBILIKBUIAAP, XOIECTEPO, TUAPOIN3,
Tangay, Xxpomarorpadus
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AnHoraums. IllepCTHBI JKHp SBISETCS LEHHBIM JKAPOBBIM  BEIIECTBOM,
M3BJIEKaEMBIM 3 OBEUbEH IEPCTH ITPU €€ MOIKe HaTPEIIPUS THAX IIEPBUYHON 00paboTKH
TeXHUYECKOH mepcTr. OUUIEHHBINA EPCTHBIN KUP, N3BECTHBIN KaK JJAHOIMH, ITUPOKO
npuMeHsieTcsi B (hapMaleBTHUECKOH W KOCMETHYECKOW MPOMBINIICHHOCTH. JIaHOIMH
MPeACTaBIsIeT COOON YHHMKaJIbHBIM MPUPOAHBIA MPOAYKT, B COCTaB KOTOPOTO BXOIUT
CIIOXHAsE cMech 3(DUPOB JKUPHBIX KUCIOT M CIHPTOB, a TAKXKe CBOOOIHBIX KHPHBIX
kucioT. Ero crpykrypa o0yclioBIMBaeT BbIpaXKeHHbIE THIPO(GOOHBIC U JTUTO(DUIbHBIC
CBOMCTBA, Oarozapsi 4eMy JIAHOJIMH HCIIOIb3YeTCsl KaK 3(QEKTUBHBIN YBIaKHSIOIIUHN 1
3alUTHBIN KOMIIOHEHT. BMecTe ¢ TeM CII0KHOCTh M HEOJTHOPOAHOCTh COCTABa JIAHOJINHA
JICJIAIOT ero NIyOOKYH MepepadOoTKy TEXHOJIOTMYECKH CIOKHOHN 3amadeit. [myOokas
nepepaboTKa MEPCTHOTO KHUpa MO3BOJSAET BBIACIATH U3 JAHHOTO MPHUPOTHOTO CHIPhS
LIMPOKUI CIIEKTP EHHBIX KOMIIOHEHTOB, IPUTOIHBIX U151 TAIbHENIIIETO MPAKTUYECKOTO
npuMmeHeHus. Llenbro Hactosimieil paboThl sBJISIETCS MepepadOoTKa MIEPCTHOIO KHUpa
(JTaHONMHA) M OMpEJeNIEHHe COCTaBa BBIZICIEHHBIX NMPOAYKTOB. B Xone mccinenoBaHus
B oOpa3iax IIepCTHOTO XHpa MPOAHATUZUPOBAHO COAEPIKAHWE MHUKPOIIEMEHTOB,
BUTAaMHHOB H XxoJiecTeporna. COoCTaB METHIIOBBIX 3(QHPOB KUPHBIX KHCIOT HM3y4daiH
METOZIOM Ta30Boi xpomarorpaduu Ha npudope GC 2010 Plus (Shimadzu, Smonwus).
YcTaHOBIEHO, YTO COCTAaB METHIIOBBIX d(HPOB )KUPHBIX KUCIIOT, MTOJYYCHHBIX KaK U3
HCXOJIHOTO IIEPCTHOTO KHUPA, TAK M U3 HATPUEBBIX COJEH MPOAYKTOB €ro TUApOJIU3a,
MpaKTUYECKH HUACHTHYEH. B cocTaBe MIEpCTHOrO JKMpa BBIBICHO 18 KHUPHBIX
KHCJIOT, U3 KOTOPBIX CE€Mb OTHOCSTCS K HACBHIIIEHHBIM, a OCTaJIbHBIE COJEp)KaT OT
OJTHOM JIO IMATH HEHACBINICHHBIX CBsi3el. Haubosbilee copepikannue yCTAaHOBJICHO IS
3HKO3aIIeHTACHOBOM KUCIIOTHI, JI0JIs1 KOTOPO# cocTapisieT 32,6 % ot 00I11ero KoJnudecTsa
HM30MEpPOB; Jajee CIeAYIOT JuHOoIeHoBas kuciora (14,9 %) u cexo-nerutud (13,9 %).
BrIsiBIeHHBIC HEHACHIIIICHHBIE )KUPHBIEC KMCIOTHI UTPAIOT BXKHYIO POJIb B METa0O0IM3Me
YeII0BEKa M )KUBOTHBIX, YYaCTBYIOT B CHHTE3€ JIUITUA0B M HEOOXOAUMBI JIJIsl HOPMaJIbHOTO
(YHKIMOHMpPOBaHUS oOpraHu3Ma. [lomydeHHble pe3ylabTaThl CBHICTEIBCTBYIOT O
TOM, YTO IIEPCTHBIM JKUP MOXKET PacCMaTpUBaThCs KaK MEPCHEKTHBHOE CBHIPHE IS
MOJTy4YeHUs] (PU3NOJOTMYECKH 3HAYMMBIX JKHPHBIX KHCIOT, UCIOJIB3YEMBIX B COCTaBe
JIEKApCTBEHHBIX CPEACTB ¥ OMOJIOTHYECKH aKTUBHBIX JJ00ABOK.

KuaroueBble ciioBa: MIEPCTHBIA KU, JAHOIMH, JKUPHBIE KHUCIOTBI, XOJIECTEpOI,
THJIPOJTU3, aHAJIN3, XPOMAaTOTpQHs

bnazooapnocmo: Aemopwvr 61azooapam compyonuxoe TOO HIIO «Aumuzeny,

Komopble oKasajiu CYywecmeeHHyrlo nomoulb 6 npoee@ez—mu xpOMamoepa¢ul¢eCK020
anaiusa.
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Beenenue. B cenbckoM xo3siictBe KazaxcraHa OBLEBOJACTBO HMEET BaXkKHOE
3HauUeHHe, TaK KaKk OHO OOecreYrBaeT MPOM3BOACTBO MsICO, MOJNOKa W mepcTu. B
HaCTOsIIee BpeMs OBLIEBOAYECKOM IPOM3BOJCTBE PETMOHOB CTpPaHbl MPHUOPUTETHBIM
HaIpaBJIeHUEM SIBIIIETCS NMPOU3BOACTBO Msico M Mojoko. lllepcts crana HanmMeHee
peHTa0eIbHBIM MPOIYKTOM, TaK KaK HalpaBlIeHUE IIEPCTH CTOJIKHYJIACH C MaJeHUEM
MHUPOBBIX IIEH U 3aKPBITHEM MHOTHX TepepadaThIBAIOIINX MPEANPHUITAN MEPBUYHOM
00paboTku mepctd. OBeubsi MEPCTh - 3TO YHHUKAJIbHBIM MaTepuaj He TOJBKO IS
CO3JaHUsl OJCKABI M JIOMAIIHETO TEKCTUIISA, ATO SKOJOTMYECKHH 4YHcToe, Oe30macHoe
CBIpbE, KOTOPOE MOXKET HMETh INPUMEHEHHE B HMHHOBAIIMOHHBIE MCIIOJIb30BaHU
TEXHOJIOTHYECKHX, (papMaleBTUUECKUX M KOocMeTHueckux chepax. M3 mepctu mpu
ero o0paboTKe B MPOLECCE MOMKH B MPOMBIBHBIE BOABI MIEPEXOJUT LIEPCTHBIN JKUP, U3
KOTOpPOTO B CBOIO OUEPE/b MOMYUYaIOT MPOAYKT JaHONUH. JIaHONMH - 3TO HaTypanbHOE
BOCKOOOpa3HOE BELIECTBO, MOJIYYEHHOE U3 OBeubel mepcTr. OHO LeHHuTCsl Onaroaaps
CBOMM 3aIUTHBIMU U YBJIQXKHSAIOUIMMHU CBOHCTBAMH, YTO JEJIAET €ro BOCTPEOOBAHHBIM
KOMITOHEHTOM B MHOTOYMCJIEHHBIX CPE/ICTBAX MO YXOJy 3a KOXe, BKJItoUasi JOChOHBI,
Oanp3aMbl ¥ yBIaxHsomuMe kpema. LlepcTsiHOM skup (JaHOMUH) MpeAcTaBiIsieT co0on
CIIOXHYIO CMeCh 3(HUPOB, 00Pa30BaHHBIX PA3THYHBIMH KUPHBIMU KUCIOTAMH U TPEMs
TUIIAMH CIIUPTOB: anu(aTHIeCKUMH, TEPIICHOBBIMU M CTUPOJIOBBIMU. Kaxaplii u3 3TuX
KOMIIOHEHTOB 00J1a/1aeT 3HAYUTEILHON OMOJIOTHYECKON HIEHHOCThI0. Ann(aTHdecKre 1
TEPIICHOBBIE CIUPTHI MOT'Y T BBIIONHSATH PYHKIHIO pacTBOpuTesei. CTUPOIOBbIE CIUPTEHI,
K KOTOPBIM OTHOCHTCS, HAallpUMeEp, XOJIECTEPHH, CIy’KaT UCXOAHBIMH COEAMHEHUSIMU
JUI CUHTE3a CTEpPOUIHBIX JIEKapCTBEHHBIX IPErnaparoB, YacTo MPUMEHSAEMBIX B
KauecTBe aJbTepHATUBBI aHTHOMOTHKaM. COJM >KUPHBIX KHCJIOT, BXOASLIME B COCTaB
CMECH, UCIIONB3YIOTCSl B Ka4eCTBE AMYJbraTropoB B (papMaleBTUKE M BETCPUHAPHH.
BoieneHnble B YMCTOM BHJIE KMPHBIE KUCIOTHI MM MX COJIM MOTYT INPHUMEHSThCS B
KaueCTBE JIEKAPCTBEHHBIX CPE/ICTB MM OMOIOTHUECKU aKTUBHBIX J00OABOK.

[Ipu rnyOokoii mepepabOTKe KOMIOHEHTHI HIEPCTHOTO JKUPa HAXOAAT IIUPOKOE
MIPUMEHEHUE B HApPOIHOM XO3AUCTBE, 0COOYI0 LIEHHOCTh CPEIH HUX 3TO CTEPUHOBBIC
CIHPTHI, SBIIAIONUECS HMCXOIHBIMH COEIUHEHHAMHU JJIs TIONY4EHUS CTEPOMIHBIX
JIEKapCTBEHHBIX MpenaparoB. B Hacrosmiee BpeMsi NOTpeOIeHUE HATypalbHBIX
MPOIYKTOB CTANO IIO0ANbHBIM TPEHIOM, YTO IOKa3blBaeT Ha CTPEMIICHHE JIOAeH
K 310pOBOMYy 00pasy >Ku3HH. McciemoBaHusi MPOBOAMMOE HAaMH B 3TOW 00NacTH
aKTyaJlbHO TaK Kak, B PecryOnuKke MOCTENEHHO yBEIMYUBAETCS MIOTOJIOBLE OBEIl, YTO
MOXET 00ecleunTh OrPOMHYIO ChIpbeByIO 0azy. Pa3paboTka MeTomoB M3BIEUYEHHUS H
1yOoKast mepepaboTKa MEPCTHOTO JKMpa pellaeT CTPaTernyeckue M IKOJOTMYECKHe
3aJ1auu.

JIuteparypuslii 0030p. IllepcTsaHble BOJOKHA COCTOST M3 KE€paTMHA U MOKPBITHI
JIeTIeCTKaMH, MO KOTOPBIMHU M 00pa3yeTcs mepcTsHol xup. KomuuecTBo mepcTsHoro
JKHpa 3aBUCUT OT MOPOJIBI OBEIl, U YeM TOHBIIIE HIEPCTSIHBIE BOJIOKHA, TEM OOJIbILE €To
o0pazyercs. Y TOHKOIIEPCTHBIX OBEIL] KOJIMYECTBO HIEPCTSHOTO KHUPa MOKET JOCTUTATh
25% ot Beca 1IepcTH, TOTra Kak y TpyOoIIepCTHBIX OBEL OHO COCTaBsAeT He Oonee 5%,
kak onucano B (Vasil'eva et al.,2022).

[IpombIBKa rpsI3HON LIEPCTH SABJIAETCA OJHUM U3 TPYAOEMKHUX MPOLIECCOB, KOTOPHII
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TpeOyeT MOJHOW OYMCTKM IIEPCTH OT IIIMHBI, MEeCKa, )KUpa W Pa3lIUYHbIX MPUMECH.
DabpuKy JErKOod MPOMBILUIEHHOCTH NPUAAIOT OOJIBIIOE 3HAUYSHHE YUCTOTE MIEPCTH U
TpeOyIOT, 4TOOBI €ro KUPHOCTH He MpeBbiana 1% Tak kak KauecTBO 00paboTaHHOTO
nznenust 1ovkHo ObiTh BeicokMM (Tkachuk et al., 2013). B ¢abpukax nepBuuHOiM
00pabOTKH MIEPCTH BO BPeMsI MOMKH TPSI3HOM IIEPCTH BECh KHUP CMBIBACTCS YXOIHT
B MPOMBIBHBIE BOABI iepcTd. Ha mpumep asst mpoMbIBKH | TOHHBI mEpCTH TpedyeTcs
710 50 TOHH mpecHOW BOABI, a MPOMBIBHAS BOAA IOCJIE MONKH IIEPCTH CIUBAIOT B
KaHaJIM3alMI0 WIH B OKPYKAIOUIYI0 Cpely, TEM CaMbIM CO3/al0T JKOJIOTMUYECKYIO
npobnemy (Belopuhov et al., 2023). OuucTka CTOYHBIX BOJ| IIEPCTU MOXKET PEIIUTh
npoOieMbl 3arpsi3HEHUs] TPUPOABI M DKOHOMHUTBH PAacXol BOABI B TPOLECCE MOWMKH
LIEPCTH, TaK KaK OYMIICHHYIO BOAY MOKHO OyZIeT BO3BPAIaTh B IIUKJI MOWKH ILIEPCTH.

J1g n3BneUeHus MepCTHOTO XKHUpa U3 MPOMBIBHBIX BOJ HA MPAKTUKE HCIIOIB3YIOTCS
MEXaHHYECKHE Cernaparopsl, I7e CTeNeHb n3BneueHus He npesbimaeT 40 %. Hamu B
paborax (Konuspaev et al., 2019) mpeanoxeHsl MyTH U3BJIEYEHHUS] LIEPCTHOTO KHpa
CO cTeneHblo u3BiedeHusd 98 % ¢ BO3ZMOMXKHOCTBIO HCIOJIB30BAHMS OUMIIEHHOM BOJBI
JUIs. TIOBTOPHOTO HCIIOJIb30BaHUs B Molike mepctu. Apropamu (Konuspaev et al.,
2019). mpencraBieHbl aqbTepPHATUBHBIC W3BJICUCHHUS HIEPCTHOIO W3 MPOMBIBHBIX BOJ
mepety, Tak B (Lopez-Mesas et al., 2007) npeayiaraeTcst S5KCTparupoBaHUE MIEPCTHOTO
KHpa W3 MPOMBIBHBIX BOJ HIEPCTH OpPraHMYeCKMMHU pacTBoputTessiMu, B (Bhavsar
et al., 2023) skcTparupoBaHUe MPOCTBIMU W CIOKHBIMH 3¢dupamu, B (Inostroza et
al., 2024) BeICa)KMBaHMEM IISPCTHOTO KHMpa C IMOMOIIBIO KUCIOT, a B (Sengupta et
al., 2014) skcTparupoBaHHEM CMECHIO PA3MUYHBIX PACTBOPUTENEH Ui MOTy4YEHUs
MaKCHUMaJIbHOTO U3BJICUCHMUSL.

Kup (Bock) miepcTH sIBAsS€TCS HCXOAHBIM MaTepuajoM JJis MPOU3BOJCTBA
JIAHOJIMHA, KOTOPBIH MpeacTaBIsieT cO00H naeaIbHyI0 OCHOBY Al Ma3eld. OCOOEHHOCTD
HCIOJIb30BAHNSA JaHOJIMHA B KAUECTBE OCHOBBI JIs Ma3el 3aKJII04aeTcsl B TOM, YTO MpU
pacTupaHuM BOOM OH MoxeT BnuTath A0 150% BOABI, MPH 3TOM COXpaHss Ma3eBble
cBoiicTBa. @apmalieBTHUeCKasi MPOMBIIIJIEHHOCTh MPU3HAET LIEHHOCTh JIAHOJIMHA KaK
HE3aMEHMMOE HaTypasibHOE ChIPbE B IIMPOKOM CHEKTpEe MPUMEHEHHs, Onaromapsi ero
HCKJTIOUUTENIbHBIM KaueCTBOM, ITPOHUKAIOIINM B KOXKY M 3akuBiIeHHI0. CoBpeMeHHas
WHAYCTPHUS KpacoTbl yAenser Oonblioe BHUMAHHE Ha WHAMBHAYAJIBHBIH YXOI H
KOCMETHYECKHUM CPEACTBAaM, UTO SIBJSETCS OCHOBHBIM HAaIPABICHHEM pPaCIIUPEHUs
pBIHKA JTaHONMHA. VI3BECTHO, YTO PHIHOK JIAaHOJIMHA cOcTaBiseT okoo 0,5 Muimnapaos
nomnapoB CHIA B 2024 rony mo 0,8 mummmapaa momnapoB CIIA, a x 2033 rony,
CpPEIHEroZ0BOM TeMIT pocTa MOXKeT cocTaBuTh 6,0%. (Ermolova et al., 2006)

[IpakTHueckoe NpUMEHEHHE KOMIIOHEHTOB IIEPCTHOTO JKUPA MPEAONpPEeTIUIo
nojy4yeHue nareHToB, Tak B mateHTe (Roden et al., 2004) mpuBomsTcs cBeaeHHS O
MOJTy4YE€HUH CTEPUHOB, B YaCTHOCTH JIAHOCTEPOJIA U XOJIECTEPOJIa U3 ILIEPCTHOTO KUPa,
a B pabore (Ivanov et al., 2005) monmyyeHne CIOKHBIX CTEPHHOB WM B TOJNyYCHHU
xupHbIX kKuciot (Konuspaev et al., 2018)

Astopsl (Konuspaev et al.,, 2018) npuBoAsT cBeAeHUs] O MIETOYHOM THIPOIIHM3E
LIEPCTHOTO XHpa, Tak B paborax aBropoB (Kasenova et al., 2019) mokazano, urto
JUIL TIOJTHOM KOHBEPCHHM MCXOAHOTO IIEPCTHOTO JKHMpa HEOOXOAMMO NPOBOIUTH
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MpoLeCC B CMECH IMPOTOHHOTO M AMpPOTOHHOTO PAaCTBOPUTENEH, MPEMATCTBYIOLINX
00pa30BaHMIO YCTOMYMBBIX OSMYJIbCHH, KOTJa YacTUIBl KHUpa OOBOJAKUBAIOTCS
JBOMHBIM DIIEKTPUYECKUM CII0eM, 00pa3ysl KOJIOWAHBINA pacTBop. B paborax aBropos
(Duzelbaevaetal.,2022) moka3aHo, 4T0 3T 3aKOHOMEPHOCTH I€HCTBYIOT TPH TUAPOIIH3E
HEOYHMIIEHHOT0 IEPCTHOTO XKHpa (TEXHHUECKOTO *)uporora). B padorax (Duzelbaeva et
al., 2022) 0600111eHBI pe3yabTaThl 10 CO3AAHUI0 METO/IOB H3BJICUCHUS IIIEPCTHOTO )KHUPa
13 MPOMBIBHBIX BOJ LIEPCTH, TEXHOJIOTHU MPOU3BOICTBA (hapMaKONEeHHOTro JIaHOJIWHA
W METoAaM ero mIyOOKOH mepepaloTKM MepcTHOro jkupa. OmpereneHuio cocTaBa
U BBIJEJICHUI0 HEKOTOPBIX KOMIIOHEHTOB COCTaBHBIX YacTe MpPOAYKTOB THAPOIHM3a
IIEPCTHOTO KUpa NocesieHbl padoThl (Korner et al., 1992). B pabore (Hassan et al.,
2016) mpoBeneH xpoMarorpauuecKruii aHaIu3 METHIIOBBIX 3(UPOB KUPHBIX KUCIIOT OT
C,5 1m0 C,,, MONYYEHHBIX U3 LIEPCTHOTO XKUPA M CPABHEH C COCTABOM IIEPCTHOTO HKUPA
oBell ABcTpanuu, Ypyrsas u bpasunuu. Asropsl (Inostroza et al., 2022) Beigenunu u
naeHTuguuupoBany 20 HANMEHOBAaHHM )KUPHBIX KHCIIOT U3 LIEPCTHOTO KUPa, KOTOPhIE
cojiepKaT OJ{HY MJIM HECKOJIbKO HETIpeeNIbHbIX cBsizeil. B pabote (Hosam et al., 2018)
MIPUBOASTCS CBEJEHHSI O COCTaBE CTEPHUHOBBIX CIIMPTOB, BBIJEIECHHBIX U3 LIEPCTHOIO
KHUpa U JJAHOJIMHOBBIX KUCIIOTAX.

Lenbto nanHoii paboTHI ABJISIETCS ONPEAeNICHHE COCTaBa MPOAYKTOB, 00Pa3yIOIIIXCS
IpYU LIEIOYHOM THAPOSIU3E IIEPCTHOTO KHUpa, U3yUeHHE UX BO3/IEHCTBUS HA KUBOH
OpraHM3M U BBISIBIIEHUE TOTEHIIUATIBHBIX HAIIPABICHUH TPAKTUYECKOTO UCTIONb30BaHUSI.

JKcnepuMeHTaNbHas YacTh. [Iporiecc ruaponmnsa mepecTHOro JKupa MpoBOJWIN B
pacTBope, conepxatieM 20 % ruapokcuaa HaTpHsl, pACTBOPEHHOTO B cMecH BoAbI U 40
% 3TUIIOBOTO cIUpTa. B X0/e NaHHOM peakunu KUpHbIE KUCIOTHI, 00pa30BaBILIUECs U3
LIEPCTHOTO KUPa, MPe0OPa30BBIBAINCH B BOAOPACTBOPUMBIE HaTpHeBbIe cor. C Lenbio
MOBBILIEHNS CTENIEHU KOHBEPCHM HMCXOJHOTO ChIPbs B PEaKIIMOHHYIO MacCy BBOJMIN
reKcaH WM OeH30JI, MPUUYEM MX KOJMYECTBO HE MpeBbImasno 2% OT oOuield Macchl
BCEX BEILECTB B peakrope. Peakiuio MpoBOAWIN B JIByX THUIAaX PEakTOPOB: MEPBBIN
BapUaHT B CTEKJSIHHOW Tpexropiod Kkoile, cHaOKEHHOHW MellaJkod W 0OpaTHBIM
XOJIOAWJIBHUKOM, Y KOHTPOJIEM TeMIIepaTyphl peakiui; BTOPOil BApHAHT B aBTOKJIABE C
TYpOMHHOM MeIankoii, CHaOKEHHBIH TEPMOCTaTUPOBAHHBIM KOXKYXOM IS OAJCPIKKH
MIOCTOSTHHOM TEMIIEpaTyphl C MOMOIIBIO TEPMOCTATa, YCIOBUS MPOBEAEHUS peakluu
noapoOHo onucansl B (Kasenova et al., 2019). Crenenb npeBpaieHus LepcTHOTO KUpa
OLIEHUBAJIH 110 3HAUYCHHIO dPUPHOTo yrciaa. MOMEHTOM 3aBEpIICHUS PEaKLUN CUUTAIN
MOJTHOE MCYE3HOBEHHE CIIOKHBIX (PUPOB B PEaKMOHHOH cucTeMe. J{Jsi MOHUTOpHHTa
cocraBa 00pa3yIOIUXCs MPOAYKTOB HCIOIb30BAIN P aHATUTHYECKUX METOHOB.

AHanu3 KUPHOKUCIOTHOIO COCTaBa LIEPCTHOIO *HPa BHIMOIHSIN B COOTBETCTBUI
¢ 'OCT 32916-2014, pernamMeHTUPYIOLUIUM ONpPEACICHUE JAaHHOTO COCTaBa METOIOM
ra3oBoii xpomatorpaduu KupoBoi ¢aszbl. CyIIHOCTH METOOMKH 3aKII0YaeTcsl B
MPOBEJICHUN MepedTepuUKalMi ¢ METaHOJIbHBIM PACTBOPOM MeETHJIATa HAaTpHsi C
MOCTENYIOIMM Ta30XpOMaTorpaMuecKuM aHaNu30M 00pa3yIoIIUXCsl METHIIOBBIX
3¢UpOB KUPHBIX KUCIIOT. [Iponienypa momyyeHns METHIOBBIX 3(HPOB OCYLIECTBIIACH
cormacio 'OCT 31665-2012. [lnst 3Toro B HEHTPUPYKHYIO TPOOUPKY EMKOCTBIO 50
i1 BHOcwin 0,1 T HaBeCKM HIEPCTHOTO kHpa, Ho0asmsuin 2 mi rekcada u 0,1 mi 2
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M pactBopa MeTwnata HaTpusi B MeTaHone. lIpoOMpKy repMETHYHO 3aKpbIBajH
MpoOKol M coaep)KUMOe MHTEHCHBHO MEpEeMEIInBalld B TeueHHe AByX MHHYT. [locie
MEepEeMEIINBAHUS PEAKIIMOHHYI0 CMECh OCTABJISUTM AJISl OTCTaMBaHMs Ha MATh MUHYT,
Mociie Yero BEpXHHUH CIOH, comepiKaliuii 1efeBble METHIOBBIE 3(QHPHI, MOJBEPraIn
¢upTpanmu yepe3 OyMaxXHbIH QUIBTP.

Hns  mpoBeneHus aHanu3a ObUT  3aleiiCTBOBaH IOATOTOBJICHHBIH PacTBOP.
HccnenoBanne >KUPHOKUCIOTHOTO COCTaBa ILIEPCTHOTO JKHMpa BBHIMONHSIN METOJ0M
ra3oBoii xpomatorpaduu Ha smoHcKoM obopynoBanun «Gas chromotograph GC 2010
Plus, Shimadzuy». AHanu3 NpOBOAMIIN C UCTIOJIB30BaHNEM KalWILISIpHON Kostonku HP-88
npousBoyicTBa Agilent cepust 112-88A7, BBIMONHEHHON W3 MOJUMETHIICUIOKCAHOBAS,
oM 100 MeTpoB 1 BHyTpeHHUM quameTpoM 0,25 MM nipu TonmuHe rmieHku 0,2 M.
[Iporpamma TepmocTaTHpOBaHUs KOJIOHKH BKItoUasna BeIaepkKy 1pu 100°C B TeueHne
5 MUHYT, Tocieaylomuil HarpeB co ckopoctbio 4°C/mun g0 240°C u ¢duHanbHyIO
M30TEPMHUYECKYIO CTAIHIO MPH 3TOW TeMIeparype JUIMTeNbHOCThI0 8 MUHYT. Obmiee
BpeMsi XpomarorpadupoBanusi cocraBuio 48 munyT. Temneparypa ucnaputens Oblia
ycTaHoBieHa Ha ypoBHe 260°C, a miaMeHHO-MOHM3aLMOHHOIO JaeTekropa - 240°C. B
Ka4eCTBE ra3a-HOCUTENS MPUMEHSUTH a30T uucToTol 0,9995. CkopoCTH MOTOKOB ra3oB
ObUTH ClleayromuMu: a30T - 30 Mu/MuH, Bogopon - 30 mir/mMuH, Bo3nyX - 400 mi/MuH.

JL11s1 KoNM4Ye CTBEHHOTO OTPEACIICHUS COACPIKaHHS XOJIECTEPUHA B YKa3aHHOM 00pasie
WCTIOJIb30BaJIM  Ta30BbIii Xpomarorpad ¢ Macc-CIEeKTPOMETPUYECKHM IETEKTOPOM
GC7890B-MS5977B mnpousBoactBa Agilent CIHIA. OOmiasi mpojomKUTEIIEHOCTb
aHanM3a cocTaBWia 24 MHHYTHL. Xpomarorpaduueckoe pasielieHHe TPOBOIMIN
Ha KamwuisipHoH komonke Agilent 19091S-433UI Ultra-Inert mapku  HP-5ms.
TemneparypHblii pexkuM ObLT 3allpOrpaMMHUPOBAH CIEIYIOIIMM 00pa3oM: HavajibHas
nzorepmuueckas cragus npu 115°C qnutensHOCThIO | MUHYTA, 3aT€M OBICTPBIN HarpeB
10 260°C co ckopocthio 130°C B MUHYTY 0€3 BBIJICPIKKH, U MOCICAYIOIINHN IIaBHBIN
noabeM A0 290°C co ckopocTbto 5°C B MHHYTY, 3aBepLIArOIIMNCSH O-MHUHYTHON
($uHATBHON N30TEPMOH.

[Ipoby BBommmmu B pexume Split ¢ koddpdunuentom apenenust moroka 10:1.
Temneparypa BBoAa mpoObl noajepxuBaiack Ha ypoHe 310°C mpu naBnenun 11,4
psi. 78,600 KIla. CropocTh MOTOKa Taza-HOCUTENsI cocTaBisiia 12 mi B MuHyTy. B
coorBercTBUU ¢ Metoaukoil 'OCT 33490-2015, permameHTHpYIOILIEH BBISIBICHUE
pPacTUTENBHBIX Macel W >KUPOB METOIOM Ta30KHIKOCTHOH Xpomarorpaduu ¢ macc-
CIEKTPOMETPHUYECKUM JCTEKTHPOBAHHEM, OBUIM TOJyYeHBl CBOOOIHBIC CTEPHHBI.
AHanu3 MpoBOAMJICA B PEXHMME MOHUTOpUHTa BbIOpaHHBIX MOHOB (SIM) Ha Macc-
cnekrpomerpe. KOHTpoiaupoBanuch MOHBI CO CIEAYIOUIMMHU 3HadeHusMH m/z: 386
s xonectepuna, 398 mns Opaccukocrepuna, 400 ansi kamnectepuna, 412 s
crurmactepua u 414 nns p-cutoctepuna. B kauecTBe rasa-HOCHTENSI MPUMEHSUIICS
reJifid, pacxol, KOToporo cocTtasisul 1 cm?/muH. TemiiepaTypHble mapameTpsl npuodopa
Obutn ycTtaHoBJeHHl crenyrommM odpazom: TAUX = 2900 °C, TSource = 2300 °C,
Tauad = 1500 °C.

Pe3ynbrarel M uX o0cyxkaenme. B cooTBEeTCTBMM C paHee pa3pabOTaHHOM
metonukoil (Kasenova et al.,, 2019) ans yrmyOneHHOTO M3y4YeHHS! KOMIIOHEHTHOTO
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cocTaBa LIEPCTHOTO JKUPa ObUTH CHHTE3MPOBaHBI MPOAYKTHI TUAponu3a. B aBTokiase
MOABEPIIIUCH 00paboTKe (hapMaKoNeWHBIH JTAHOIUH W TEXHUYECKHUH >KUPOIOT, 4TO
MO3BOJIMJIO B JalbHEWIIEM NPOBECTH HUACHTHU(PHUKALUIO UX XHUMUYECKOW CTPYKTYpBHI.
YpoBeHb KOHBEPCHM HCXOAHBIX BELIECTB B YCIOBHUSX IIEIOYHOTO TMIPOJIN3A JOCTHUT
89%; peakuus npoBoAMSIach ¢ ucnoib3zoBaHueM 20% pactBopa menoun B 40%
STHJIOBOM CIIHPTE.

AHanu3y TUAPOIU30BAHHBIX MPOJYKTOB JAHOJIMHA MU JKUPOIIOTA MpEeAlIecTBOBaIA
OLIEHKAa MCXO/HOTO CBIpbSl Ha COJEpP)KaHUE MAKpO- M MHUKPOIJIEMEHTOB, a TaKxkKe
BUTaMUHOB [lomyueHHbIE JaHHBIE MO 3EMEHTHOMY COCTaBY >KHPOIOTA M JIAHOJIWHA
cucremaru3upoBansl B Tabnmune 1. ComepikaHue Meau, LUHKA, ceneHa U (docdopa
JEMOHCTPUPYET OTHOCHUTEIbHOE MOCTOSHCTBO. CyYIIECTBEHHbIE  PACXOXKIAECHUS
HaOII0AA0TCS 1O IPYyTUM 1eMeHTaM. Hanpumep, KOHLIEHTpalys MapraHia B JAaHOJTUHE
Bo3pactaer 70 170,07 enuHuIL, B TO BpeMsl Kak B )KHPOIOTE ATOT IOKA3aTeNIb COCTABIISAET
b 10,54. Taxke GukCHpyeTcst pocT coaep KaHusl KaJblKs, MarHUS | KeJe3a.

Tabmuma 1 — CopeprkaHne Makpo ¥ MHKPO3JIeMEHTOB B aHoinHe U xupornora FOCT 30178-96

HanmenoBanue Cozepixanue B MI/T
KHPOTIOT JIAHOJIH

Kanprmit 9,1 48,2
Mens 0,25 0,27
Keneso 12,22 63,13
Kammii - -
Mapranen 10,54 170,07
Cenen 0,008 0,009
0071508 0,82 1,95
Maruuii 77,5 2614
Dochop 1,2 2,2

B Ta6J'H/ILIC 2 MNPpUBCACHO COACPIKAHNEC BUTAMHHOB, O6Hapy>KeHHBIX B JIAaHOJIMHE U

xuponore. Coxepxkanue Butamuna J[ (xonexkanbuudepona) B )KUPONOTE COCTABISET
243,34 wr/kr, a B nanonuHe Bcero 0,29. AHanoruyHasi KapTWHA HAOIONACTCS U C
ButamMmuHoM E, conepkanue koroporo B xuponore 1781,0, a B maHonune 3,41 mr/
K. O4eBUAHO TaKOE€ WM3MCHECHHE CONIEP)KAHHME DJIEMEHTOB M BUTAMUHOB CBS3aHO C
repepaboTKO KUPOIOTA B JIAHOJIHH.

Tabmuma 2 — ConeprkaHne BUTAMHHOB B MIEPCTHOM XKHPE B MI/KT

Haumenoanune JKHPOIIOT JIAHOJIUH
Buramun D 243,34 0,29
(xonexanbIHpepo)
Buramun E 1781,0 3,41
(Toxodepour)
Jlanonuu MMpOU3BOAAT M3  TCXHHUYCCKOI'O JKHPOIIOTA, BKIIFOHAIOIIECIo  JIBC

COCTAaBJISIONINE: OCHOBY (IIIEPCTHBINKUP ) UTIOTOBYIO YacTh. [ l0TOBasi 4acTh IpeICTaBISICT
c000¥ MPOTYKT OBEUbEH JKU3HEACATEIEHOCTH, OTITUYAIOIIHICS BEIPAKEHHBIM TSKEITBIM
3armaxoM, HeTPUEMJIEMBIM JIJIs1 TOBAPHOTO POy KTa. ClieI0BaTeIbHO, KITFOUEBBIM 3TAITOM
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noiy4eHus: Oe3 3amaxa Ma3eBOW OCHOBBI CTAHOBHTCSI YCTPaHEHHE CIEHU(PHUYECKOTO
3amaxa mepcTHOro kupa. JlanHast 3a7aua peraeTcs 4yepes OKHCIeHUE TOTOBOH (hpakuuy,
B XOJ€ KOTOPOTO IMaxy4yhe COCAMHEHHsS OKHCISIIOTCS U SNUMHUHHPYIOTCS B (opme
yrinekucioro rasza. [locaenyromiee padpuHUpOBaHHE OCYIIECTBISIETCS ¢ TPUMEHEHUEM
pacTBopa KaJbIIUHAPOBAHHOW COABbI U M30IMPONMIIOBOTO CIHMPTA, 4TO OOecreyrBaeT
MOJTHOE YJAJIEHUE OCTATOYHBIX apOMaTHYeCKHX KOMIIOHEHTOB. lIpennonoxuTensHo,
WMEHHO OITMCAaHHBIE TEXHOJOTMYECKHE MPOLEAYphl BIEKYT 3a COOOW HM3MEHEHHUS B
KOHIEHTPALUU BUTAMHHOB 1 MHUKPOJJIEMEHTOB B KOHEUHOM MPOAYKTE.

[Tonmy4yeHnue cBOOOIHBIX CTEpPUHOB ObLTa peanu3oBaHo B coorBercTBuM ¢ [OCT
33490-2015, pernamenTupyromuMm «OOHapyEHUE PAaCTUTEIbHBIX Macesl M KHPOB
Ha PACTUTENIbHOW OCHOBE METOIOM Ta30KMIKOCTHOM Xpomartorpaguu ¢ Macc-
CHEKTPOMETPUYECKUM JeTeKTupoBaHuem». [lpouecc ruaponnsa OCYLIECTBIISAIN
B ammapare Coxciera npu Temneparype 60°C ¢ mpopoimkutensHOCThI0 60 MuH. B
ko0;10y momemanu 0,1 T mepcTHOrO *)Mpa, 106assu 0,3 T rugpokcuaa Hatpus, 30 M
9THI0BOrO cnuprta. [lo 3aBepuieHNH OMBIJICHUS! PEAKLMOHHYIO CMECh OXJIaXKAaIHu JI0
KOMHATHOH TeMIlepaTypsl 1 pa3dasisiin 30 M1 AUCTHIUTMPOBaHHON Boabl. Conepkumoe
KOJIOBI TOMEIIANIN B ACTUTEIbHYIO BOPOHKY BMECTUMOCTBIO 250 Mi1, 106aBysuiu 15 M
rekcaHa M MPOBOIMIIN SKCTPAKIHIO HE OMBUIIEMBIX BEILIECTB, OCTOPOKHO BCTPSIXUBAS
B TEYEHHE OAHOW MUHYTHI. [ Hammydmiero pasaeneHus CIoeB K cMecH J00aBIIsIn
2—4 mn stanona. [locne paccinoenus a3 BepXHUH reKCaHOBBIH CIOH CIMBAJIH B KOJIOY,
a HIDKHUH CJIOW JBa)KAbl TOABEPraJid MOBTOPHOH 3KCTPAKLUUU C HOBBIMU MOPLHSIMU
15 mn rekcana. 3aTeM Ie€KCaHOBBIE HKCTPAKTHI MPOMBIBATIH B ACTUTENBbHONW BOPOHKE
HECKOJIbKUMH MOPIHAMH 110 20 MJT BOIBI 10 HEUTpalbHOH peakunu. YnucTyro Gpaxuuio
MPOMyCKalu yepe3 OyMakHbIH (QUIBTp ¢ OE3BOAHBIM Cylb(haroM HaTpusi, (Qpaxiuio
MEPEHOCUIIN B KOJIOY JUIS yapuBaHUs W KOHICHTPUPOBAJIM B POTOPHOM HCIapHUTENe
npu temmneparype 40°C no momydeHus pactBopa oobemoM 1,5-2 mur. IlomydeHHBIN
pacTBOp MEPEHOCHIIN B BUOJY U aHAIM3UPOBAIIM C IIOMOIIBIO ra30Boil xpoMarorpaduu
C MacC-CIEKTPOMETPUUECKUM JETEKTHPOBAHUEM.

[lo pesynbraram aHanmu3a BBIBICHO HallMUUE CTEPUHOBBIX CIUPTOB. OCHOBHBIM
KOMIIOHEHTOM JIaHHOW Tpynmbl, cocTaBisomM a0 90% e€ wmaccel, sBisercs
XOJIECTEPHH, KOTOPBIN NPEACTaBIsIET COO0M CIIUPT, CIOCOOHBIN 00pa30BHIBATH CIIOKHBIE
3UpPHI C JKUPHBIMU KUCIOTaMH. XOJECTEPOI SIBISETCS MCXOIHBIM COEAWHEHUEM JUIS
MOJTyYEHUs] CTEPOUIHBIX JIEKAPCTBEHHBIX INpernaparoB. COBpeMEHHOE MPOM3BOACTBO
9THX TpenapaToB Oa3upyeTcss Ha WCIOIb30BAaHUM CIHHMHHOMO3TOBOTO BEIECTBA
KpYTHOT'O pOraToro CKoTa, 4To CO3JaET CyIIeCTBEHHOE OrpaHNYeHNE [Tl HapallluBaHUs
00BEMOB BBIITYCKa, TOCKOJIBKY YKa3aHHOE CBIPhE OTHOCHTCS K KATETOPHH ACTHKATECHBIX
MUILEBBIX MPOAYKTOB. B KauecTBe MepCreKTUBHOW allbTEPHATHBBI ISl PEIIEHHS ATOH
poOIeMBl PacCMaTPUBAETCS IEPCTHBIIN KHP.

Ha pucynke 1 mpuBeneHa XxpomarorpamMma METHIOBBIX 3(UPOB KHPHBIX KHCIIOT,
BBIJICJICHHBIX M3 JKHPONOTa OBEYbEH IIepCTH. Xpomarorpaduueckue npoduin
LIEPCTHOTO KHpa U JaHOJIMHA IEMOHCTPUPYIOT MPAKTHUECKYIO HIEHTUYHOCTh. AHAIN3
nprbopa MO3BOJMI YCTAaHOBHUTH KOJMYECTBEHHOE COJEpKaHHUE METHUIOBBIX 3(PHPOB
YKHPHBIX KUCJIOT B COCTaBe LIEPCTHOTO upa. MccaenoBanue coctaBa JKUPHBIX KUCIOT
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MPOBOAMJIM Ha JBYX 0Opaslax: MepBOM - HEMOCPEACTBEHHO IepcTHOM skupe (Tabm.
3), BTOpPOM - MPOAYKTaX €ro TMApOJIH3a, Ui 4Yero Oblia MPUMEHEeHa paHee ONuCcaHHas
metonuka (Konuspaev et al., 2018). [lomyueHHbIe pe3ybTaTsl SIBISIOTCS HACHTUIHBIMU.
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Pucynok 1 — XpomarorpamMma GyHKIIMOHATBHBIX TPYIIT METHIOBBIX 3()HPOB KHUPHBIX KUCIOT

PesynbpraTel XpoMarorpaMMbl MTOKa3bIBaIOT, YTO COCTaB IIEPCTHOTO KHpPA OUYEHBb
CJIO)KHBIM M B HEM COZIEPIKATCA PAKTUYECKH MHOTUE U3BECTHBIE JKUPHBIE KUCIOTHI 0T C,
10 C,,, B COCTaB, KOTOPBIX BXOIHUT KaK IPEEIbHbIE, TAK U HENPEIEIBHBIE YIIEBOAOPO/IBL.
B Tabnuie 3 npeacTaBieHsl ciaeMyromye Tpynbl METHIOBBIX 3(DUPOB )KUPHBIX KHUCIIOT,
MONTydeHHbBIE U3 IIEPCTHOTO KHUPa, KOTOPBIA OTIINYAIOTCS YITICBOAOPOIHBIM COCTaBOM U
WX CONlep’)KaHUEM B ITPOIIEHTHOM COOTHOIIIECHHH.

Tabmuua 3 — XKupHbIe KHCIOTHI BXOSIIIE B COCTAB MIEPCTHOTO XKHPA.

Ne Ha3BaHusi KHCJIOT Bpemsi BbIX012, MHH %, coep:kaHne
1 Macnsnas (C, ) 9,904 0,7
2 Kanponosas (C, ) 10,059 2,9
3 Kanpunosas (C, ) 11,815 2,2
4 Jlaypunosas (C , ) 16,140 2,3
5 Manemurunosas (C ;) 21,134 1,8
6 Maprapunosas (C,,) 26,379 0,7
7 Omnennosas (C o) 27,778 0,8
8 Jlunonesas (C,g, ) 28,887 2,2
9 Jlunonenosas (C ., ) 28,961 0,6

y-Jlunonenosas (C g, ) 30,375 3,9
a-Jlunonenosas (C, ;) 31,149 3,5 > 14,9
a-Jlunonenosas (C ., ) 31,253 6,3
a-Jlunonenosas (C ., ) 31,445 0,6

10 Oiikosenosas (C,, ) 30,937 5,0
11 berenosas (C,, ) 31,999 1,4
12 Oiikozammenosas (C, ). 32,994 6,5
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13 Opyrosas (C,,, o) 34,616 2,9
14 OiikosanTpuerosas (C,,, | ) 34,956 5,7
15 Apaxunonosast (C,,, | ) 35,809 1,1
16 Hoxozannenosas (C,, ) 36,722 2.4
17 OiixosanenraeHosast (C,; ) 37,731 5,6
OiixosanenraeHosas (C,; ) 37,861 9,8
OiirosanenraeHosast (C,; ) 38,519 3,6
OiikosanenraeHosast (C,; ) 38,743 8,8 > 32,6
OiirosanenraeHosast (C,; ) 38,911 2.4
Oiirosanenraenosas (C,; ) 39,262 1,8
OiikosanenraeHosast (C, ) 39,756 0,6
18 Cenaxonesas (C,, ). 42,396 13,9
Hroro 100,0

Diiko3amenracHoBas kuciota (DI1K, C20H3002) AACHTU(DUIINPOBAHA KaK KITFOYEBON
KOMITOHEHT IIEPCTHOIO JKMpa, JOCTHras KOHIEeHTpamuu 32,6 % COIacHO JaHHBIM
Tabiuuel 3. Xpomarorpaguyeckuii aHaJU3 BBISIBHJ CEMb IHUKOB, COOTBETCTBYIOIINX
cTepeonszomMepam NaHHo# kucnoTsl. [To cBoei xumuueckoit mpupone 11K npencrasiser
cO0O0H NONMHEHACHILICHHYIO JKUPHYIO KHCIIOTY Klacca oMera-3; e€ MoJieKya BKIIo4YaeT
YIJIEBOAOPOIHBIN paanKal C MATHIO ABOHHBIMH CBS3SIMH, YTO ONpenessieT e poib B
cocrase aunuaoB. CTpykTypHas GpopMyna IpeicTaBIeHa Ha PUCYHKE 2.

Pucynok 2 — CrpyxkrypHas hopmyna (tmc-5,8,11,14,17) siiko3aneHTacHOBON KHCIOTHI.

B opranmusme xxuBotHbIX 11K BeICTYnaeT He3aMEHUMBIM 3JIEMEHTOM MEMOPaHHBIX
JUNKAZOB U HEOOXOAMMa JJISi CHHTE3a CIIOKHBIX JIMIUAHBIX CTPYKTYp. OCHOBHBIMH
MPUPOIHBIMH HMCTOYHUKAMH JUIS YEJIOBEKAa JTOH KHUCIOTHl SIBJISIIOTCS JKUPHBIE H
MOTY>KUPHBIE BHJBI PHIO, HapuMep, CKyMOpHsl, TyHeLl, JIOCOCh, a TaKKe HEKOTOpbIE
pacTUTENbHBIE NMPOAYKTHI, BKIIOUasl 3€JEHBIE BOJOPOCIH, CEMEHA 4Yha U KyHXKYTa.
HecmoTpst Ha crioCOOHOCTH KMBOTO OpraHM3Ma K CHHTE3Y JaHHOTO BEIECTBA, €T
€CTECTBEHHAsl BBIPA0OTKA XapaKTepu3yeTcs KpaliHe HU3kuMu oobemamu. [Ipucyrcrue
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B OpraHu3Me HHMKO3aleHTaCHOBOM KHCIIOTBI, BXOJSIIEH B COCTaB 3TOrO BELIECTBA,
OKa3bIBA€T 3HAYMTEIbHBIN NOTOKUTEIBHBIN 3P PEKT, YTO 1 00yCIIaBINBAET €0 LIMPOKOE
MEIUIIHCKOE TIPUMEHEHHE.

Jlunonenosas  kucnora (C_H,,COOH) mnpencraenser coGoi  criemyromiyro
MOJMHEHACHIIECHHYIO )KUPHYIO KUCIIOTY, 00HApYKEHHYIO B COCTaBE LIEPCTHOTO JKHPA.
Anb(a-TuHOIEHOBAs KUCIIOTA - 3TO MOJUHEHACHIIIIEHHOE COSAMHEHNE COCTaBa C 00IeH
popmynoit C,_H,,COOH, cTpyKTypy KOTOPOTO ONPEAETAKT TPH H30JIMPOBAHHBIE
JBOMHBIE CBS3M B LUC-KOH(UTYpalyH, KOTOpbIe MpeAcTaBieHbl Ha pucyHke 3. B
obnacTi OMOXHMMHH CYIIECTBYET CTPOrO€ pasrpaHUuEHHE MEXKAY O- U Y-H30MepaMu
JaHHOW KUCJIOTBI. JTa CTPYKTypHasi Bapuauus He ABJSIETCS TPUBHUAIBHOM, TOCKOIBKY
BJI€YET 3a COOOH CyIIECTBEHHBbIC pa3nuuus B e (PU3UOIOTMYECKOM BIMSIHUM Ha
Ounonoruyeckue opraHu3mbl. [lo3unusi TBOWHBIX CBSI3€ B MOJIEKYJE OMpEAessieT
y4acTHe COOTBETCTBYIOIIMX H30MEPOB B Pa3IMYHBIX META0OIMYECKHUX MYTIX, YTO,
B CBOIO oOdepenb, OOyCIaBIMBaeT WX pa3iIM4YHble HYTPUTHUBHBIE XapaKTEPHCTHUKH.
OyHIaMeHTaNbHOE pa3iuyue MEXIY Y-JIMHOJIEHOBOW KHCIOTOH (Takke Ha3blBaeMOU
raMOJICHOBOW KHCIOTOH) W €€ O-M30MEpPOM 3aKIIouaeTcs B CICHU(PHYECKOM
pacnonoXeHNH ABOMHBIX CBA3EH B YIIIEBOAOPOJHOH LienH: B Y-(hOpMe OHU HAXOAATCS B
no3unusax 6, 9 u 12.

HecmoTpss Ha TO, YTO 3TH COEIWMHEHHUsS SBISAIOTCS HM30MEpaMHu, UX (DYHKIUHU B
KUBBIX OpraHM3Max CYHIECTBEHHO OTIWYaloTCS. Anb(da-THHOIEHOBAs KHCIOTa
OTHOCHUTCSI K TPyIIE OMera-3 KUPHBIX KUCIIOT M CUYUTAETCS dCCEHIMaNbHON. Tak kak
OpTaHU3M YeloBeKa He oOnagaeT HeoOXOAUMbIMU (pepMeHTaMu 1isl e€ POU3BOACTBA,
OHA SIBJISICTCSI KU3HEHHO BaXKHBIM IUTATEJILHBIM BEIECTBOM, KOTOpPOE HEOOXOANMO
MOJTy4aTh TOJBKO U3 PALlOHA.

0

HO" 1 g 12 15 18

Pucynok 3 — CrpykrypHas GpopmMyrna o -THHOIEHOBOH KHCIOTHI (1mc- 9,12, 15).

l'amma-nuuonenoBass kuciora (IJIK) wurpaer kiroueByro posib B MeTaboiu3Me
oMera-06 )KUPHBIX KHCIIOT B OpraHu3Me 4yenoBeka. E€ ocHoBHas QyHKIMs 3akitoyaeTcs B
o0ecrieueHNH OPTaHI3Ma «CTPOUTEILHBIM MaTePHAIOM» JIJIsl CHHTE3a IPOCTATNIaHANHOB
U JICWKOTPUEHOB. DTH OHMOJNOTMYECKH AKTHBHBIC BEUICCTBA BHICTYIAIOT B KaueCTBE
pETYIATOPOB BOCHAJIHMTENBHBIX TMPOLECCOB W OOJEBBIX OLIYUICHWH, HMes Kak
MIPOBOCHAINTENbHBIE, TaK M MPOTHBOBOCHATIUTENbHbIE cBOMicTBa. Brumouenne [JIK B
palMoOH MUTAaHUSI CIOCOOCTBYET YCHJICHHMIO MPOTHBOBOCHAIUTEIHHOTO OTBETA, YTO
Jenaet e€ MepcleKTHBHBIM KOMIIOHEHTOM B TEpaluy XPOHMYECKHX 3a0oneBaHuii. B
MEAMIIMHCKOM COOOIIECTBE CYIIECTBYIOT pa3fM4Hble TOYKH 3PEHUs Ha NMPUMEHEHUe
IJIK. B To Bpems kak B psifie €BpONENHCKHUX CTpaH e€ y)e JaBHO HCIOJIb3YIOT IS
JIEUEHUS] TAaKUX COCTOSHUH, KaK 9K3eMa M LUKJINYecKas MacTalrus, HayyHble JaHHBIE
00 e€ >(pPeKTUBHOCTH OCTAIOTCS NPEAMETOM JAUCKYCCHH H3-3a MPOTHBOPEUUBOCTU
pesynbratoB  uccienoBanuil. OpHako, Oosiee  yOequTeNnbHBIE —JJOKa3aTeIbCTBA
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CBUJCTEIBCTBYIOT O €€ IMOJIb3e MpH AMA0CTHYSCKON HelponaThu. BaXHO OTMETHTS,
yro IJIK He nelicTByeT wu30iMpoBaHHO. BmecTe ¢ JMHONEBOM M apaxXxuaoOHOBOH
KHCJI0TaMu OHa ()OPMHUPYET TaK Ha3bIBACMbIi BUTAaMUH F. DTOT KOMIUIEKC SIBIISIETCS
HE TIPOCTO HYTPHEHTOM, a (pyHIaMEHTAITbHOW OCHOBON METa0OJMYECKHX IPOIIECCOB,
HEOOXOAMMBIX IS TIOAIEPKaHUS JKU3HEACSI TETFHOCTH OpTaHu3Ma.

CenaxosneBast (HEpBOHOBas) KHCIOTa 3aHMMAaeT TPETh€ MECTO IO COICPKAHHIO
B mepcTtHoM xupe 13,9%, (Tabn. 3). 910 coenunenue ¢ obmei dopmynoii C, H, O,
(patmonansuas popma: CH,-(CH,),-CH=CH-(CH,) ,-COOH) nmeet 1BOMHYIO CBS3b
B HoJIokeHUH 1tuc-15. OjieMHOBasi KMCJI0Ta, OTHOCSIIASACS K OMera-9-HeHaChIIEHHBIM
YKUPHBIM KHCJIOTaM, HTPaeT KIIFOYEeBYIO POIb B Iporieccax OnocuaTesa. KoHneHTpaus
oMera-9-HeHaCHIIIICHHBIX KUCJIOT B JKHPE JIOCOCEBBIX WIIM CEMEHAaX TEXHHUYECKUX
KyJIbTYp MUHUMAJIGHBI, HICPCTSIHON JKUpP SIBISETCS BaXKHBIM HCTOYHHKOM. Kpome
BBIIIICHA3BAHHBIX KUCJIOT B COCTABE IIIEPCTHOTO JKMUPA HAWICHBI: SHKO3EHOBAs KUCIIOTA B
xonuuectse 5,0 %; siiko3anuenoBas — 6,5 %; stiko3zarpueHonas — 5,7 % (Ta6m.3). Bcero
B COCTaBE MIEPCTHOTO KUPa 0OHAPYKEHO 18 JKUPHBIX KUCIIOT, U3 KOTOPHIX 9 HE HMEIOT
HEMpeeNbHBIX CBS3eH B YITIEBOAOPOIHOM panukaje. OcTanbHbIe JKUPHBIE HMEIOT OT
OJTHOM JI0 TISAITH HeTpeIeTIbHBIX CBSI3€H B YITICBOAOPOIHOM paJIMKalie M BCE OHU UMEIOT
Ba)XHOE 3HAYCHUE B JKU3HEACSITEIHLHOCTH YelIOBeKa M )KUBOTHBIX. LIlepcTHEIH sxup Tak
K€ KaK ¥ BOCK B OCHOBHOM COCTOUT U3 CJIOKHBIX A(UPOB amupaTuIeCKuX, TePIICHOBBIX
U CTEPUHOBBIX CITUPTOB.

ComacHO AaHHBIM, TOJYYeHHBIM B paHHUX HucciemnoBaHusx (Konuspaev et al.,
2018), 25% ot o0rmiero cocraBa KUPHBIX KHCIOT dTEPUDUIINPOBAHBI XOIECTEPOIOM U
ero romonoramu. [IpoBea€HHbIN XpoMaTorpadudecKiii aHaIN3 TPOYKTOB THAPOIH3a
IIEPCTHOTO JKUPa BBIIBWII MaKCHMaJbHYIO KOHIIEHTPAILMIO 3MKO3aleHTaeHOBON
KHUCIIOTHI, nocturamomyo 32,6 %. CoBpeMeHHOE NPOU3BOACTBO AAHHOW KHCIOTHI
OCHOBAaHO Ha WCIOJIB30BAHUU MHUKPOOPTaHU3MOB, CIIOCOOHBIX K HAlpaBICHHOMY
cunTe3y aunuaoB DIIK. DiKo3ameHTaeHOBYIO KUCIOTY TOIY4YaloT MPEUMYIICCTBEHHO
ITyTEeM CII0KHOTO MUKPOOHOIOTHYECKOTO CHHTE3a, KOTOPBIH 00XOANTCS KpaiHe JOPOro:
HU3Kash KOHIIEHTpaNus B pacTBope (10 550 Mr/i) co3maeT cephe3Hble TPYAHOCTH TPH
Beienennn. Ha atom one cutyanus B Kazaxcrane BRIIISIIUT MapajOKCaIbHO: TOTOBOE
CBIPBE IS MTOJTYYSHUsSI LICHHEHIIINX JIeKapCTBEHHBIX cpeacTB U bAJ[oB ceroHs mpocto
CJIMBAIOT B KaHAJM3AI[MI0 BMECTE C MPOMBIBHBIMH BOJaMH IepcTH. Vcmoyib3oBaHue
HIEPCTHOTO JKUpa Kak uctouHuka wmctod OIIK Morno Okl crartk 3hGdeKkTHBHBIM
perreHueM s papMareBTHIeCKON OTPaCH.

[llepcTHBII KUp TPEACTABISAET COOOH TIOCTYITHOE M SKOHOMHYECKH BHITOTHOE CHIPhE
JUTSL TTPOM3BOJICTBA HEHACKIIIICHHBIX KUPHBIX KUCIIOT.

Ha Teppuropuu pecnyOnvku npeAnpusTHs, 3aHUMAIOIIHECs TIEPBUYHON 00paboTKO#
IIEPCTH, B IMpolecce €€ MOHKU cOpachIBAIOT MPOMBIBHBIC BOJBI HEMOCPEJICTBEHHO B
OKpY’Karolyto cpeiy. JlaHHbIe CTOKHM COJEpKAT KOMIUIEKC MOOIIUX M XMMHUYCCKUX
BEIIECTB, YTO NPHUBOIUT K 3arpsA3HEHUIO0 BOAHBIX OOBEKTOB, TIOYBEHHBIX MOKPOBOB
W, KaK CIeJCTBHE, Bcel akocucTeMbl. [Ipu stom Kaszaxcran obOmamaer 3HAYUTETHHBIM
MTOTEHITUAJIOM JUIsl OpTraHU3allH MPOIECcca U3BJICUCHHS HIEPCTHOTO JKHUPa U3 OBEYbe
mepcTd. Peanmuzanusi 3TOro moTeHIMAaNa TO3BOIMIA OBl CTpaHE CTaTh KIIFOYEBBIM
ITOCTABIIUKOM CBIPhS ISl TOCIIEAYOIIEr0 CUHTE3a HeHACKIIIICHHBIX JKUPHBIX KUCIIOT.
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DliKo3aneHTaeHOBAasI KMCII0Ta, TMHOJICHOBAsI, CEJIaX0JIeBast KUCIOThI B YUCTOM BUEC
MpeACTaBIsIeT cOOOH OYeHb LIEHHOE JIEKAPCTBEHHOE CPEACTBO, W BXOIUT B COCTaB
KOMIUIEKCHBIX OMOJIOTMYECKUX aKTHBHBIX J00ABOK C COIEpKAHUEM OMera 3 >KHPHBIX
KHCJIOT HEOOXOJUMBIE AJ151 IO ACPKAHHS 30POBBSI HITH JICUCHHUS] HEKOTOPBIX IATONIOTHH.

B paborax aBtopoB (Kasenova et al., 2019) ocHoBHO# 3amaueii ObLIO MOTy4YeHUE
CTEPHHOBBIX CIIMPTOB M3 MNPOAYKTOB THAPONHM3a JIAHOIHWHA, TOrIAa Kak COCTaB
HETpeNeNbHBIX )KUPHBIX KUCIIOT B IIEPCTHOM JKUPE SIBIISIETCS HE MEHEe LIEHHBIM. TakuM
00pa3oM HCXOIs M3 BBILICTIPHUBEACHHBIX PE3YJAbTATOB MOXKHO CJeNarTh CIeTyIOIIe
BBIBO/IBI:

1. Ompenenensl cofepkaHUs BUTAMHHOB W MHKPOIJIEMEHTOB B JIAHOJHMHE H
TEXHUYECKOM JKHUPOIIOTE.

2. Cpea CTEpUHOBBIX CIHPTOB, OOPa3yIOIIMX CIOKHBIE SPHUPBl C KUPHBIMH
kucaoramu, 90 % mpUXoaUTCS Ha XOJIECTEPOIL.

3. BriepBble BBISIBIICH COCTAB KMPHBIX KUCIOT B IIEPCTHOM >kupe oBell KazaxcraHa,
HaJIEeHO ¥ KOJIMYECTBEHHO OMpPEAETICHO 18 JKUPHBIX KHCIOT, U3 KOTOPHIX 7 KUCIOT C
MpeAeTIbHBIM YIIIEBOJOPOIHBIM PaIUKaloM, a OCTaJbHbIE UMEIOT OT OJHOH A0 MSATH
HETIpeNleNIbHBIX CBS3EH B YINICBOAOPOIHOM PaHKalle.

4. B miepcTHOM *kupe 00Hapy)keHo 32,6 % U30MepOB FHKO3aIIEHTACHOBOM KUCIIOTHI,
KOTOpast y4acTBYeT B 00pa30BaHUU JTUITHOB.

5. B mepctHOM Xupe 0OHApy»EeHO COIepKaHWe JMHOJIEHOBOW KHCIOTH 14,9 %,
cenaxosneBoi KucaoTsl 13,9 %, koTopbie 04eHb BaXKHBI 11 (yHKIMOHUPOBAHUS KHUBOTO
OpraHu3mMa.
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Abstract. The article presents the results of studies aimed at developing a
technology for obtaining biologically active compounds from the leaves and fruits of
Maclura pomifera. The relevance of the study is based on the need to identify and
quantitatively evaluate biologically active substances in medicinal plant raw materials,
as they determine the plant’s pharmacological properties and its potential applications
in pharmaceutical practice. During the study, key pharmacognostic parameters such as
moisture content, total ash, and extractive matter were determined. It was found that
using an 80% hydroalcoholic solvent provided a higher yield of extractive substances
compared to a 50% solution. Quantitative analysis revealed that the leaves and fruits
contain significant amounts of flavonoids and coumarins, as well as saponins, tannins,
alkaloids, and small amounts of free organic acids. Elemental analysis indicated that
the main macroelements are potassium, calcium, and magnesium, while the levels of
heavy metals comply with regulatory standards. Additionally, an amino acid analysis
was performed. Comparative analysis showed that the fruits of Maclura pomifera have
higher amounts and a greater diversity of amino acids compared to the leaves. These
results confirm that Maclura pomifera is a promising source of biologically active
compounds.
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AnHoTtamusa. Makanana Maclura pomifera eCIMIITIHIH KaIlbIpakTapbl MeEH
KEMICTepPIHEH OWOJIOTHSUIBIK OCJICeHIII KEIICHICP/l ally TEeXHOJIOTHUSCHIH d3ipieyre
OarbITTalFaH 3epPTTEYJCPAIH HOTHKeNepl YChIHBUIFaH. 3epTTEYdiH ©3CKTUIIr ASPUIiK
OCIMJIIK IIUKI3aThIHJIAFbl OMOJIOTHUSIIBIK OCJICCHIII 3aTTap/bl aHBIKTAY OHE CaHJIBIK
Oaranay KaXSTTUIITIMEH Heri3jieie/li, OUTKeHI onap ©CIMIIKTIH (apMaKOIOTHSUTBIK
KAaCHETTepIH JKOHE (apMalleBTUKAIBIK TOHKIpUOENe KONJIaHy MepCleKTUBANIAPBIH
alKbIHAHIB1. 3epTTey OaphIChIHIA BUIFAJIBLIBIK, KAl KYJILTIK )KOHE SKCTPAKTUBTI
3arTap MeJIIepl CUSKTHI HETi3ri (hapMaKOrHOCTHUKAIBIK KOPCETKIIITEP AHBIKTAJIIbL.
Okctparent petinae 80%-AbIK Cy-crupT epiTiHaiciH Koinany 50%-IbIK epiTiHaiMeH
CaJBICTBIPFaH/Ia AKCTPAKTUBTI 3aTTaplbIH JKOFAphl IIBIFBIMBIH KaMTaMachl3 €TETiHI
anbIKTanAbl. CaHNBIK Talljay HOTHXKECIHJIE JKalbIpakTap MEH JKeMICTep KypaMbIHJa
(raBoHOMATAp MEH KyMapUHACPAIH €I0yip MeJepi, COHJai-ak CarnoHUHIED,
Tepl WIETill 3arTap, aJKaJOWATap JKOHE 0O0C OpraHUKANBIK KBIIIKBUIAAPABIH a3
MeJIIep/e Ke3IeCeTiHI aHbIKTaIAbl. JINEeMEHTTIK Talaay AepeKTepi OOHbIHIIA HEeri3ri
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MaKpO3JIEMEHTTEePIre KaJlui, KaJjbIMil )KOHE MarHWW JKaTaJibl, ajl ayblp MeTaJIap/blH
MeJIIIepi HOPMATUBTIK TaJIanTapra cotikec kesieai. COHbIMEH KaTap aMHH KbIIKbLIIapblHA
Jla Tajjay >KYpri3iIin, canblcThIpMalbl TalayJaH MaKIopa KeMicTepiHiH KypaMbIHIa
AMHMHKBIIIKBUIIAPBIHBIH MOJIIEpi MEH alyaH TYPJUIri XaFblHaH >KOFapbl EKeHiH
KaHBIKTaJIIbl. AJBIHFaH HOTIoKenep Maclura pomifera eciMIiriHiH OHUOJOTHSITBIK
OeJCceH 1l KOChUTBICTAP/IBIH MIEPCIIEKTUBANIBI K631 €KeHIH QI ICH I

Tyiiin ce3nep: Maclura pomifera, nopimik CIMAIK IIHMKi3aThl, OMOIOTHSIIBIK
Oencen i KereH ep, hapMakorHOCTUKAIIBIK KOPCETKIIITEP, (prraBoHOHITAD, HIEMEHTTIK
Kypam, uTomnpenaparrap
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AHHoTauusa. B cratee MpEeACTaBJICHBI PE3YJIbTAThI I/ICCJIC,E[OBaHI/Ifl, HampaBJICHHBIX
Ha pa3pa60TKy TCXHOJIOTHUU TOJYUCHHUA OMOJIOTHYECKH AKTHUBHBIX KOMIIJICKCOB U3
JMCTBEB M IIJIOO0B Maclura pomifera. AKTyaJ'IbHOCTI: HUCCIICAJOBaHUA 06yCJ'IOBJ'ICHa
HCO6XO,[[I/IMOCTL}O I/I,I[GHTI/I(I)I/IKEIL[I/II/I U KOJIUYECTBCHHOM OLICHKHU OMOIOrHYECKU
AKTHBHBIX BCIHICCTB JICKAPCTBCHHOI'O PACTUTCIBHOTO ChIPbs, MOCKOJbLKY MMCHHO OHH
OIMpeaACIAOT q)apMaKOJ'IOFI/I‘lCCKI/IC CBOICTBa pacTeHUs U IICPCIICKTUBLI €TI0 MIPUMCHCHUS
B q)apMaHCBTH‘{CCKOﬁ IMPpaKTUKE. B X0AC HucciaeaoBaHud OIPEACIICHbBI OCHOBHBIC
(I)apMaKOFHOCTI/IIlGCKI/IC IIOKa3arcian, BKJIrO4asa BJIa’)XKHOCTD, O6U_Iy10 30JIbHOCTh H
COACPIKAaHUC SKCTPAKTUBHLIX BCIICCTB. yCTaHOBJ'ICHO, 4yTO McHoib3oBanue 80%-HOro
BOJAHO-CIIMPTOBOI'O 3KCTpAreHTa obOecrieunBaeT 0oyee BEICOKUIMA BBIXO/] OKCTPAKTUBHBIX
BCIICCTB I10 CPABHCHUIO C 50%-HbIM pacTBOPOM 3TAHOJIA. PC3yJ'ILTaTBI KOJIMYCCTBCHHOI'O
aHaJIM3a TII0Ka3ajiku, 4YTO JIMCThbA M IUIOABI COACPIKAT 3HAYUTCIILHBIC KOJINYCCTBA
(I)J'I&BOHOI/I)IOB U KYMAapuHOB, a TaKK€ CAallOHWHOB, ,[[y6I/IJ'II:HI>IX BC€IICCTB, aJIKaJJOUI0B
1 HEOOJIBIIOE KOIUYECTBO CBO60,I[HI:IX OpPraHn4YCCKUuX KHUCJOT. CornacHo JaHHbIM
DJICMCHTHOI'O aHa/in3a, OCHOBHBIMU MAKPOSJIEMCHTAMU SABJIAIOTCA KaJ'II/II\/'I, KaJIbIUM
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1 MarHui, Ipyu 3TOM CoOJEepkKaHHUE TAKETBIX METAIJIOB COOTBETCTBYET HOPMATHUBHBIM
TpeOoBaHusIM. JlomomHuTeNbHO OBLT MpOBENEH aHATW3 aMUHOKHCIOTHOTO COCTAaBa.
CpaBHUTENBHBIN aHAIHM3 MOKa3al, 4TO IJIOABI MAaKJIOPhl XapakTepu3yloTcst Oolee
BBICOKHM COJIEpKaHUEM M OONBLIMM Pa3HOOOpa3ueM aMHHOKHUCIIOT MO CPaBHEHHIO C
nmuctbsamu. [lomydeHHbIe pe3yabTaThl MOATBEPKIAIOT, YTo Maclura pomifera sBnsercs
MEPCIEKTUBHBIM HCTOYHUKOM OWOJOTMYECKH aKTHUBHBIX COCAMHEHMH W MOXKET
paccMaTpuBaThCs B Ka4€CTBE LIEHHOTO CHIPBS IS CO3aHus (PUTOMpPEnapaToB.

KiroueBble ciaoBa: Maclura pomifera, nexapcTBEHHOE pPAaCTUTEIBHOE CHIPBE,
OMONOTMYECKH  aKTHUBHBIE  COCAMHEHHS, (apMaKOTHOCTHYECKHE  MOKazaTelH,
(1aBOHOMBI, DIIEMEHTHBIN COCTaB, (PUTONpPENapaThl

Introduction. Currently, about 15-20% of herbal medicinal products are
manufactured at domestic pharmaceutical enterprises, while the majority of medicines
are imported from abroad. This leads to an increase in the cost of pharmaceutical products
and a greater dependence of the pharmaceutical market on synthetic drugs (WHO,
2013). At the same time, synthetic medicines are often characterized by insufficient
biocompatibility and difficulties in elimination from the body, which reduces their
effectiveness from the perspective of public health protection and economic feasibility.
In this regard, the study of medicinal plants traditionally used in folk medicine, as well
as the development of technologies for obtaining biologically active complexes based
on them, are relevant tasks of modern pharmaceutical science and industry (Heinrich
et al., 2018). The development of organic chemistry and the pharmaceutical industry
is closely associated with the study of natural compounds isolated from plant raw
materials. Medicinal plants represent a valuable source of biologically active substances
possessing a wide spectrum of pharmacological activity, including anti-inflammatory,
antioxidant, and antimicrobial effects. In this context, plant raw material of Maclura
pomifera is of particular interest, as it is distinguished by a rich chemical composition
and promising prospects for practical application (Evans, 2009).

Maclura pomifera belongs to plants containing a complex of phenolic compounds,
flavonoids, coumarins, and other biologically active substances that determine its
pharmacological potential. Despite the availability of certain information on the
chemical composition of this plant, issues related to raw material standardization,
quantitative assessment of biologically active compounds, and the development of
rational technology for their extraction remain insufficiently studied. This determines
the relevance of conducting pharmacognostic and phytochemical studies of the leaves
and fruits of Maclura pomifera (Heinrich et al., 2018).

The study of the chemical composition of Maclura pomifera plant raw material,
including the determination of pharmacognostic parameters, quantitative evaluation
of the main groups of biologically active substances, and analysis of the elemental
composition, is a necessary stage for substantiating the possibility of its application
in pharmaceutical practice. The development of technology for obtaining biologically
active complexes based on this plant creates prerequisites for expanding the range of
domestically produced herbal medicines and reducing dependence on synthetic drugs
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(Kang et al., 2006). The data obtained during the study are considered as a basis for the
further use of Maclura pomifera in the development of dosage forms of various types,
including liquid, solid, and semi-solid forms, as well as for the implementation of the
results into pharmaceutical technology and phytopharmaceutics.

Literary review

Maclura pomifera (Raf.) Schneid., commonly known as Osage orange, is a woody
plant species of North American origin belonging to the family Moraceae. The species
is known by various common names, including Adam’s apple, Osage orange, hedge
apple, horse apple, and monkey ball. Its native range includes the present-day states
of Texas, Oklahoma, and Missouri (USA), where the Osage people traditionally used
its durable wood for bow making, while the milky latex was employed as a natural
dye. The scientific name of the genus was given in honor of the American geologist
and president of the Academy of Natural Sciences of Philadelphia, William Maclure
(Gubanov et al., 2003).

Under the climatic conditions of Kazakhstan, M. pomifera has been successfully
introduced and is currently cultivated in the Turkestan region, particularly within the
territory of the Sairam-Ugam State National Natural Park, as well as in the dendrological
park of Shymkent city, demonstrating good adaptation to local environmental conditions
(Abdulina et al., 1999).

The plant is a dioecious deciduous tree reaching 15-20 m in height, characterized
by a short, massive trunk covered with dark brown, deeply furrowed bark. The crown
is dense and spreading, while the branches bear sharp thorns. The leaves are alternate,
ovate, thick, and glossy, measuring 8—13 cm in length. The upper leaf surface is dark
green, whereas the lower surface is lighter in color. During autumn, the foliage turns
bright yellow, enhancing the ornamental value of the plant (Komarov et al., 1936).

Flowering occurs from May to mid-June. The flowers are small and unisexual: male
flowers are arranged in catkin-like inflorescences, whereas female flowers form spherical
capitulate inflorescences. Pollination is predominantly wind-mediated, although insects
may occasionally participate (Sokolov et al., 1954). Although M. pomifera is generally
dioecious, favorable environmental conditions may result in the development of both
male and female flowers on the same tree, thereby increasing the likelihood of fruit
production.

The fruits mature between September and October. They are large, spherical syncarps
reaching up to 15 cm in diameter, with a rough orange-green surface resembling that of an
orange. The interior contains a milky latex and a sticky white pulp characterized by a distinct
fresh cucumber-like aroma. The fruits are not edible and may exhibit toxic properties when
ingested. Furthermore, the latex can cause skin irritation; therefore, harvesting should be
carried out using appropriate protective equipment (Bobrov et al., 1949).

Despite its toxicity, M. pomifera has been widely used in traditional medicine.
Alcoholic tinctures, extracts, and ointments prepared from the fruits, leaves, bark, and
young shoots are traditionally applied for the treatment of inflammatory and degenerative
joint disorders, osteochondrosis, intervertebral hernias, and metabolic disturbances.

The species exhibits remarkable ecological plasticity and resistance to extreme

108



Volume 2, Number 467 (2026)

climatic conditions. It tolerates temperatures as low as —15 °C and as high as +38 °C
and prefers sunny, well-drained habitats. Fruiting generally begins at 5—6 years of age
without the need for growth stimulants. Owing to its dense crown and distinctive fruits,
M. pomifera is widely utilized in landscape architecture as a hedge plant and as an
ornamental focal element in park and garden compositions (Kurkin et al., 2004).

Therefore, Maclura pomifera represents not only an ornamental and utilitarian species
but also a promising pharmacological resource. Its rich phytochemical composition,
adaptability to diverse environmental conditions, and pronounced biological potential
make it an attractive subject for further phytochemical, pharmacological, and biomedical
investigations aimed at the discovery and development of natural bioactive compounds.

Materials and Methods

Plant Material

The study was performed using the leaves and fruits of Maclura pomifera (Raf.)
Schneid. collected during the active vegetation period in the Turkestan region of
Kazakhstan. Botanical identification of the plant material was carried out according to
standard taxonomic descriptions and floristic references. The collected samples were
cleaned from mechanical impurities, washed with distilled water when necessary, and
dried under natural ventilation conditions at room temperature (22—25 °C) until constant
weight was achieved. The dried material was ground using a laboratory mill and passed
through a sieve to obtain a homogeneous powder suitable for analytical procedures. The
prepared samples were stored in airtight containers protected from light and moisture
until further analysis.

Chemicals and Reagents

All chemicals and reagents used in the study were of analytical grade. Ethyl alcohol
solutions (50% and 80%) were employed for extraction procedures. Ninhydrin reagent
was used for the qualitative and quantitative determination of amino acids. Glycine
served as the reference standard for calibration during spectrophotometric amino acid
analysis. Hydrogen peroxide and nitric acid were used during ash analysis and sample
preparation procedures. Solvents for chromatographic analysis included n-propanol,
ethyl acetate, pyridine, acetic acid, and purified water. All reagents complied with the
requirements of the State Pharmacopoeia of the Republic of Kazakhstan and were used
without further purification.

Analytical Methods

The quality assessment of medicinal plant raw material was carried out according to
the requirements of the State Pharmacopoeia of the Republic of Kazakhstan (X1 edition).
Pharmacognostic parameters including moisture content, total ash, and extractive
substances were determined.

The content of biologically active substances (flavonoids, coumarins, saponins,
tannins, alkaloids, and free organic acids) was evaluated using standard pharmacognostic
and spectrophotometric methods.

Qualitative and quantitative determination of amino acids was carried out using
ninhydrin-based colorimetric methods, supported by chromatographic identification
techniques.
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Experimental Procedures

Determination of Moisture Content

Moisture content was determined as the loss in mass after drying to constant weight.
Plant material was ground to approximately 10 mm particle size and thoroughly mixed.
Samples weighing 3—5 g were placed in previously dried weighing bottles and dried
at 100-105 °C until constant weight was achieved. Constant weight was considered
reached when the difference between two consecutive weighings did not exceed 0.01 g
after cooling in a desiccator.

Determination of Total Ash

The total ash content was determined according to the procedures described in the
State Pharmacopoeia of the Republic of Kazakhstan (XI edition). Approximately 2-3 g
of accurately weighed powdered plant material was placed in a previously ignited and
weighed porcelain crucible. The sample was gradually heated over a low flame until
complete carbonization and then transferred to a muffle furnace maintained at 500-550
°C. Incineration was continued until a light gray or white residue indicating complete
combustion of organic matter was obtained.

The crucibles were cooled in a desiccator and weighed. If carbon particles remained,
the residue was moistened with a small volume of hydrogen peroxide or nitric acid
solution and reheated until complete ashing. The process of heating, cooling, and
weighing was repeated until constant weight was achieved.

Determination of Extractive Substances

The content of extractive substances was determined using 50% and 80% aqueous
ethanol solutions as extraction solvents in order to evaluate the extraction efficiency of
biologically active compounds from Maclura pomifera leaves and fruits. Approximately
5.0 g of air-dried and powdered plant material was accurately weighed and transferred
into a conical flask. The sample was extracted with the appropriate solvent at a raw
material-to-solvent ratio of 1:10. Extraction was performed under continuous stirring
at room temperature for 24 h. The resulting extracts were filtered through filter paper to
remove insoluble plant residues.

An accurately measured aliquot of each filtrate was transferred into a pre-weighed
evaporating dish and evaporated to dryness in a water bath. The residue was subsequently
dried in a drying oven at 100—105 °C to constant weight, cooled in a desiccator, and weighed.

Quantitative Determination of Biologically Active Substances

The quantitative content of biologically active compounds was evaluated using
standard pharmacognostic and spectrophotometric methods. The analyzed groups of
compounds included flavonoids, coumarins, tannins, alkaloids, saponins, and free
organic acids.

Flavonoids were quantified spectrophotometrically based on the formation of colored
complexes with specific reagents and expressed as a percentage of dry plant material.

Coumarins were determined using extraction and spectrophotometric measurement
techniques based on their characteristic absorption spectra.

Tannins were quantified using established pharmacopoeial procedures involving
complex formation reactions.
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Alkaloids were isolated through acid-base extraction and subsequently quantified
using gravimetric and spectrophotometric approaches.

Saponins were determined according to their ability to form stable foam and through
quantitative extraction methods.

The content of free organic acids was evaluated by titrimetric procedures and
expressed as a percentage of absolutely dry raw material.

Determination of Elemental Composition

The macro- and microelement composition of Maclura pomiferaleaves and fruits was
investigated to assess their nutritional, pharmacological, and toxicological significance.
The samples were subjected to acid digestion prior to instrumental analysis.

The concentrations of sodium (Na), potassium (K), calcium (Ca), magnesium (Mg),
manganese (Mn), iron (Fe), zinc (Zn), copper (Cu), nickel (Ni), cadmium (Cd), and lead
(Pb) were determined using atomic absorption spectrometry. Calibration curves were
constructed using certified standard solutions. The results were expressed in pg/mL and
compared with established safety standards for medicinal plant materials.

Qualitative Determination of Amino Acids

The presence of amino acids was initially confirmed using the ninhydrin reaction.
One milliliter of the test solution was mixed with an equal volume of freshly prepared
0.2% ninhydrin solution and heated in a water bath for 5-10 min. The appearance of a
violet-red coloration indicated the presence of free amino acids.

Chromatographic Identification of Amino Acids

Thin-layer chromatography (TLC) and paper chromatography were used to identify
individual amino acids. Silufol UV-254 plates were developed using the solvent systems
n-propanol-water (7:3) and ethyl acetate—pyridine—acetic acid—water (30:20:6:11).
Standard amino acids including alanine, glycine, and leucine were used as reference
compounds. Detection was performed using 0.2% aqueous ninhydrin solution followed
by heating.

Quantitative Determination of Amino Acids

The quantitative content of amino acids in the studied extracts was determined by
the colorimetric (biuret) method using ninhydrin reagent. For analysis, a sample of the
dry extract (accurate weight) was dissolved in 20 mL of purified water and kept at room
temperature for 24 hours with periodic stirring. After filtration, the resulting extract
was used for analysis. To 10 mL of the test solution, 10 mL of 0.2% ninhydrin reagent
was added, and the mixture was heated in a water bath at a temperature of (80 £ 5) °C
for 15 minutes. After cooling, the optical density of the solution was measured using
a spectrophotometer at a wavelength of 540 nm. A control solution was prepared by
mixing the ninhydrin reagent with purified water. The quantitative content of amino
acids was determined using a calibration curve constructed with a standard glycine
solution. The obtained results were expressed as milligrams of amino acids per 1 g of
dry extract by formula.

4 C750°25-100- 100
"~ m-10- (100 - W)
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Results

Pharmacognostic Characteristics of Maclura pomifera Raw Material. The
pharmacognostic characteristics of Maclura pomifera leaves and fruits are presented in
Table 1. Evaluation of moisture content, total ash, and extractive values is an essential
stage in assessing the quality, purity, and storage stability of medicinal plant raw
materials.

The moisture content of the investigated samples ranged from 4.97% in fruits to
6.39% in leaves. These values are within the permissible limits established for medicinal
plant materials and indicate satisfactory storage stability. The lower moisture content
observed in the fruits suggests a reduced susceptibility to microbiological spoilage and
biochemical degradation during storage compared with the leaves.

Total ash content, which reflects the overall mineral composition and the possible
presence of inorganic impurities, amounted to 8.70% in leaves and 5.33% in fruits.
The higher ash content in the leaves may be associated with greater accumulation of
mineral elements in photosynthetically active tissues. At the same time, the obtained
values indicate the absence of excessive contamination by foreign inorganic matter and
confirm the acceptable quality of the studied raw material.

The determination of extractive substances demonstrated a significant influence of
solvent concentration on extraction efficiency. Extraction using 80% ethanol provided
substantially higher yields of extractive substances compared with 50% ethanol in both
plant organs. In the leaves, the extractive value increased from 13.86% to 29.33%,
whereas in the fruits it increased from 14.94% to 18.41%.

Among all investigated samples, the highest extraction yield was obtained from the
leaves using 80% ethanol (29.33%). This result suggests that a considerable proportion
of biologically active compounds present in Maclura pomifera leaves exhibits higher
solubility in hydroalcoholic mixtures with increased ethanol concentration. Therefore,
80% ethanol can be considered a more effective extraction solvent for recovering
bioactive constituents from this species.

Overall, the obtained pharmacognostic parameters confirm the good quality of
Maclura pomifera raw material and demonstrate the suitability of hydroalcoholic
extraction, particularly with 80% ethanol, for the efficient isolation of biologically
active compounds from both leaves and fruits.

Table 1 — Pharmacognostic Indicators of Maclura pomifera Raw Material Calculated on an

Absolutely Dry
Name of raw material Moisture Total ash, Extractive Extractive substances,
content, % % substances, % (50%) % (80%)
Leaves of M.pomifera 6,391 8,7 13,86 29,33
Fruits of M. pomifera 4,968 5,33 14,94 18,41

Content of Biologically Active Substances. The quantitative content of biologically
active substances in the leaves and fruits of Maclura pomifera is presented in Table 2 and
illustrated in Figures 1-2. The phytochemical analysis revealed the presence of several
groups of secondary metabolites, including flavonoids, coumarins, saponins, tannins,
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alkaloids, and free organic acids, which are known to contribute to the biological and
pharmacological activities of medicinal plants.

Among the identified compounds, flavonoids represented one of the dominant groups
in both plant organs. Their content reached 3.3% in the leaves and 3.2% in the fruits,
indicating a relatively uniform distribution within the plant. The high concentration of
flavonoids suggests that Maclura pomifera may serve as a valuable source of natural
antioxidant compounds. Flavonoids are widely recognized for their antioxidant, anti-
inflammatory, antimicrobial, and membrane-protective properties, which significantly
enhance the therapeutic potential of medicinal plant materials.

A pronounced difference was observed in the accumulation of coumarins between
the investigated plant organs. The highest coumarin content was detected in the fruits
(3.12%), whereas the leaves contained only 0.28%. Thus, the concentration of coumarins
in the fruits was more than ten times higher than that in the leaves. This finding indicates
that the fruits may represent a particularly rich source of coumarin derivatives, which
are known for their anti-inflammatory, vasoprotective, anticoagulant, and antimicrobial
activities.

Saponins were also present in considerable amounts in both plant organs. The highest
concentration was observed in the fruits (3.35%), while the leaves contained 2.81%.
The elevated saponin content in fruits may contribute to enhanced biological activity, as
these compounds are characterized by expectorant, immunomodulatory, antimicrobial,
and surface-active properties. In addition, saponins can improve the bioavailability of
other biologically active compounds by increasing membrane permeability.

Tannins were detected in both samples, with a higher concentration in the leaves
(0.5773%) compared with the fruits (0.3062%). The predominance of tannins in leaves
may be associated with their protective function against environmental stress factors,
pathogens, and herbivores. Due to their astringent, antioxidant, and antimicrobial
properties, tannins are considered important pharmacologically active constituents of
medicinal plants.

A significant difference was also observed in alkaloid content. The leaves contained
2.59% alkaloids, whereas only trace amounts were detected in the fruits (0.022%). The
relatively high alkaloid concentration in leaves indicates their potential pharmacological
significance, as alkaloids are known to exhibit a broad spectrum of biological activities,
including analgesic, antimicrobial, anti-inflammatory, and neuroactive effects.

Free organic acids were found in comparatively low concentrations in both plant
organs. Their content amounted to 0.093% in leaves and 0.077% in fruits. Despite their
relatively low abundance, organic acids play an important role in plant metabolism and
may contribute to the antioxidant activity and stability of plant extracts.

Overall, the obtained results demonstrate that both leaves and fruits of Maclura
pomifera are rich sources of biologically active compounds. However, the distribution
of individual metabolite groups differs considerably between plant organs. Fruits are
characterized by elevated concentrations of coumarins and saponins, whereas leaves
contain higher levels of alkaloids and tannins. Such differences should be taken into
account when selecting plant material for the development of phytopharmaceutical
preparations and biologically active extracts with specific therapeutic properties.
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Table 2 — Content of Biologically Active Substances in Maclura pomifera Raw Material, %

Biologically active substances Leaves, % Fruits, %

Flavonoids 3,3 32

Free organic acids 0,093 0,077
Coumarins 0,28 3,12

Tannins 0,5773 0,3062

Alkaloids 2,59 0,022
Saponins 2,81 3,35

29.12%

-

_ 3420%

Il Flavonoids

I Free organic acids

Bl Coumarins

0.96% — Il Tannins

2.90% Bl Alkaloids

B Bl Saponins

Figure 1 — Content of Biologically Active Substances in the Leaves of Maclura pomifera, %
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Figure 2 — Content of Biologically Active Substances in the Fruits of Maclura pomifera, %

Elemental Composition. The macro- and microelement composition of Maclura
pomifera is shown in Table 3. Potassium, calcium, and magnesium were identified as
the dominant macroelements. The highest calcium concentration was observed in leaves
(1550.52 pg/mL), whereas potassium predominated in fruits (1417.48 pg/mL). Trace
elements including Mn, Fe, Zn, Cu, and Ni were detected in both organs. Toxic elements

such as Cd and Pb were present only in low concentrations.

Table 3 — Macro- and Microelement Composition of Maclura pomifera Raw Material (ug/mL)

Element Leaves Fruits
Na 52,310 56,690
Ca 1550,520 386,770
K 1222,90 1417,480
Mg 476,265 168,982
Mn 11,415 3,385
Ni 0,6497 0,445
Fe 16,678 12,273
Cd 0,0571 0,0248
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Zn 2,7759
Cu 2,2112
Pb 0,1608

2,3693
2,8564
0,1013

Free Amino Acid Composition. The quantitative composition of free amino acids
is presented in Figures 3 and 4. The total amino acid content was 12.52 mg/g in fruits
and 2.83 mg/g in leaves. In fruits, arginine (4.17 mg/g), glycine (1.61 mg/g), asparagine
(1.61 mg/g), and cysteine (1.36 mg/g) were the predominant amino acids. In leaves,

cysteine was the major amino acid, reaching 0.6776 mg/g.
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Figure 3 — Quantitative Content of Free Amino Acids in the Fruits of Maclura pomifera
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Figure 4 — Quantitative Content of Free Amino Acids in the Leaves of Maclura pomifera

Discussion. The obtained pharmacognostic parameters indicate good quality and
stability of Maclura pomifera raw material. The low moisture content suggests a reduced
risk of microbial contamination during storage, while the ash values confirm the absence
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of significant inorganic impurities. The significantly higher extraction yields obtained
with 80% ethanol demonstrate that hydroalcoholic mixtures with increased ethanol
concentration are more efficient for recovering biologically active compounds.

The phytochemical analysis revealed that both leaves and fruits are rich in flavonoids,
supporting the potential antioxidant and anti-inflammatory properties of this species. A
notable difference was observed in coumarin accumulation, with fruits containing more
than ten times higher concentrations than leaves. Such variation may be associated with
differences in physiological functions and metabolite distribution between vegetative
and reproductive organs.

The elevated saponin content in fruits suggests their potential contribution to
improving the bioavailability of other phytochemicals, whereas the higher tannin
concentration in leaves may explain their potential astringent and antimicrobial effects.
The presence of alkaloids mainly in leaves further supports the biological activity of
leaf extracts.

Elemental analysis demonstrated that potassium, calcium, and magnesium are the
principal mineral constituents of Maclura pomifera. The high calcium concentration
in leaves is consistent with its role in structural stabilization and regulation of cellular
processes in photosynthetically active tissues. Potassium accumulation in fruits may
reflect its involvement in fruit maturation and metabolic regulation. Importantly,
cadmium and lead concentrations remained within acceptable limits, confirming the
safety of the studied raw material for potential pharmaceutical applications.

The amino acid profile revealed substantial differences between leaves and fruits.
Fruits contained more than four times higher total amino acid levels, indicating their
function as metabolically active storage organs. The predominance of arginine is of
particular interest due to its role as a precursor of nitric oxide and its involvement in
vascular regulation, immune response, and tissue repair. In contrast, the relatively high
cysteine content in leaves may contribute to antioxidant defense mechanisms through
glutathione biosynthesis.

Overall, the results demonstrate that both leaves and fruits of Maclura pomifera
represent promising sources of biologically active compounds. Their rich phytochemical
composition, favorable mineral profile, and diverse amino acid content support the
potential use of this species in the development of phytopharmaceutical products and
functional health-promoting formulations.

Conclusion. During the study, the moisture content, total ash, and extractive substance
content were determined in the leaves and fruits of Maclura pomifera. The obtained data
confirm the quality of the plant raw material and its suitability for further processing. It
was established that 80% ethyl alcohol provides a higher yield of extractive substances,
making it the optimal extractant for obtaining biologically active complexes.

Quantitative analysis showed that the main biologically active compounds are
flavonoids and coumarins, which possess antioxidant and anti-inflammatory activity.
Saponins, tannins, alkaloids, and organic acids were also identified. Elemental analysis
confirmed a high content of potassium, calcium, and magnesium, with no exceedance
of permissible levels of toxic elements. In addition, an analysis of the amino acid
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composition was carried out. Comparative analysis has shown that maclura fruits are
characterized by a higher content and variety of amino acids than leaves. Thus, Maclura
pomifera represents a promising medicinal plant raw material for the development of
phytopharmaceuticals with antioxidant and anti-inflammatory effects.
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Abstract. This study examines how cellulose fillers, including ultrasound-treated
cellulose, affect the structure and interaction in thermoplastic starch (TPS). Scanning
electron microscopy (SEM) has shown that pure TPS has a smooth and compact
morphology, while TPS/cellulose composites have a coarser and heterogeneous structure
with visible fibrillar formations and micro- and submicron scale features. The untreated
cellulose forms a coarse layered structure with limited fibrillation, while the ultrasound-
treated samples exhibita more developed fibrous network, indicating improved dispersion
and partial fibrillation of the filler. These observations suggest that cellulose functions
as an effective hardening phase in the TPS matrix. Fourier Transform infrared analysis
(FTIR) confirmed intermolecular interactions between starch and cellulose. Changes in
the O—H stretching region and C—O/C—O—C bands indicate the formation of hydrogen
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bonds and improved interfacial compatibility. The introduction of pretreated ultrasound
cellulose enhances these interactions, resulting in a more integrated composite structure.
The combination of SEM and IR analysis results makes it possible to understand how
processing methods, such as ultrasound treatment, affect filler dispersion, adhesion,
and overall morphology. These structural changes at the micro and submicron levels
contribute to the creation of a more interconnected structure in the composite material.
Overall, the results show that ultrasound treatment significantly enhances the structural
role of cellulose in TPS, improving both morphology and intermolecular interactions.
As a result, the developed starch—cellulose biocomposites demonstrate great potential
for use in biodegradable packaging and other environmentally friendly applications.
Keywords: ultrasound treatment, cellulose, starch, SEM, FTIR
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AuHoTanus. byl jKyMbIC LENUTI0I03a TONTHIPFBIIBIHBIH, COHBIH INIHJIE YIbTpa-
JBIOBICTHIK OHJENTEH LEJUTIOI03aHbIH TePMOIUTACTHKAIIBIK KpaXxMall MaTpULAChIHIAFbI
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(TIIK) mopdororuscel MEH MoOJIEKyJaapalblK e3apa 9peKeTTecyiHe acepi 3epTTeNi.
SEM ranpaysr Herizinge, Taza TIIK canbicTeipManbl Typae Teric OeTke ue eKeHiH Kop-
cerri, An TIIK /uemirono3a KOMIO3UTTEPIHIE NeJUTION03aHbIH KOpiHEeTIH GUOpHILISp-
JIBIK KYPBUIBIMIAPBbI, TATIIBIKTAPIbIH MUKPO KOHE CyOMUKPOH/IBIK MaclITa0Tarbl reTe-
porenai Mopdonorusicsl 0ap eKeHi aHbIKTaNAbl. OHJIeIMEreH ChlHaMaa ©3iHe TOH Tall-
LIBIKCBHI3 KYPBUIBIM CAaKTaJ/bl, aJl OHICITEH YITIepAe UEJUTI0I03a TONTHIPFBIIIBIHBIH
JHCIIEPCUSICH MEH imiHapa GUOPHIIISIIUSCHIHBIH JKaKcapFaHbIH KOPCETETIH Kakcap-
TBUIFaH TAJIIBIKTHI TOP Maii1a 00511kl By MOphoIorusuIbIK e3repicTep HeILTHI03aHbIH
TIIK marpunaceiaia THiMAl opHanacy (haszackl peTinae sapeket eTkeHiH kepcereni. FTIR
Tangaybl Kpaxmas MeH LeJUTI0I03aHbIH e3apa opekerrecyil -OH co3bury aiiMarbIHIaFb]
woHe C—O/C—O-C TOJKBIH KOJIAKTAPBIHAAFbI ©3TepicTeP apKbLIBI PACTAIbI, OYII CYyTEK-
TiK OalaHbICYy/Ibl XKoHE (hazaapanblK YHICCIMALTIKTIH *KaKchl eKeHiH kepcereni. Llen-
mono3a tonTeiprbiibl TIIK MaTpuiiackina eHriziin KaHa KoWMai s, COHBIMEH Karap
YABTPAAbIOBICIICH aJJIBIH ajla ©3repTiie/l, ColaH KeHiH MUKPO JKOHE CYOMUKDPOHJIBIK
MacmTa0Tarbl KYPBUIBIMIBIK e3repictepai MK cmekTpin Tammaymen Oipre OaranaH-
IBI. BYJT TOCLT TONTHIPFRIMITEL OHJIEY PEXKUMIIEPIH CYTEKTIK OalTaHbICTapHIHBIH CHITa-
THIMEH, KOMIIO3UTTiH MOP(OJIOTUSICHIMEH XoHE (hazaapallblK YHISCIMIUTIKIICH TiKereh
OalimaHBICTBIPYFa MYMKIHIIK Oepeni, Oy KpaxMall-1IeJuTio103a OHOKOMIIO3UTTEPIHAeT]
KYpBUTBIMHBIH, Taiga 0omy MexaHu3MZIepi Typalibl TyciHikTepai keHelTeni.Tyracraii
aNFaHja, 3epTTey HOTIIKENepl YABTPaAbIOBICTHIK OHACYAIH HemTono3ansH TIIK ma-
TPHIACHIH/IA OPHAIACYAAFbl KYPBUIBIMIBIK POTIH KYIIEHTETIHIH )KoHE 03apa OailaHbI-
CTBI KOMITO3HIFSUTBIK MOP(OTOTHUSHBIH KaJIBINTAaCYbIHA BIKITAJ €TETiHIH KopceTemi. by
3eprreyiep OoiamakTa OMOJOTHAJIBIK bIABIPANTHIH KalTaMara KoHe 0acKa Ja SKOJIOTH-
SUTBIK Ta3a KarTamajap/a KoJJaHy YIIiH HepCIeKTUBTI OOJIBIN KeNei.
Tyiiin ce3mep: ynbTpaabIObICTHIK OHICY, LeJITron03a, kpaxmanr, SEM, FTIR
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AnHotamusi: B pabGore wmccienoBaHO BIHMSHUE ULEJUIFOJIO3HOTO HAIMOIHUTEIS,
BKJTIOUAsT IEJUTION03Y, TOABEPTHYTYIO YIBTPa3ByKOBOW 00paboTke, HA MOPGHOIOTHIO
U MEXMOJCKYJSIpHBIE B3aWMOJECHCTBHA B MAaTPHIE TEPMOIUIACTHYHOTO Kpaxmala
(TTIK). Pesynpratet COM-ananu3a mokazanu, urto gucteiii TIIK xapakrepusyercs
OTHOCHUTENPHO TJIAJKOH ¥ KOMIIAKTHOW TOBEPXHOCTHIO, TOTNA KaK KOMIIO3HTHI
TIIK—temmono3a o0iagaroT Oojiee IIEepOXOoBaTOW M HEOAHOPOAHOM Mopdomorueit
C BBIPOKCHHBIMH (DUOPUIUIAPHBIMU  CTPYKTYpaMH MHKPO- M CYOMHUKPOHHOI'O
Macmtaba. HeoOpaboTanHas 1euTI0I03a coXpaHsia KPYIMHYIO CIIOUCTYIO CTPYKTYPY C
oTrpaHUYCHHOHN HUOPIIIIH3aIei, TOTIa KaK yasTpa3ByKoBas 00paboTKa cCliocoOCTBOBaIA
(dbopmupoBaHui0 0Ooyiee pPa3BUTON BOJIIOKHUCTOH CETH, YTO CBHUIETEILCTBYET 00
YAYYIIEHUU JUCIIEPCHOCTH HAIMOJIHUTENS W €ro YacTUYHOW (PUOpHIUIH3AINH.
[MomyueHHbIe MOP(]OIOTUYECKIE U3MEHEHUS YKA3bIBAIOT Ha 3PPEKTUBHOE apMUPYFOIIEe
nericteue nemmtono3sl B Matpuie TIIK. MK-cnexkTpockonudeckuii aHaau3 MOTBEPINIT
HaJW4Yue B3aMMOJACHCTBUS MEXKAYy KpaxMajoM H IIeJUTIONI030HM, MPOSBISIOIIErocs
M3MEHEHHEM TIOJNOC TOTIIONMEHUsT B obnacTr BaleHTHBIX Konebannii O—-H u C-O/C—
O-C, 9TO CBHIETENHCTBYET O (POPMUPOBAHWUHU BOJOPOIHBIX CBS3€H W TOBBIIICHUN
Mex(pa3HOW COBMECTUMOCTH KOMIIOHEHTOB. Hay4yHass HOBH3Ha pabOThI 3aKIIFO4aeTCs
B HCIIOJB30BAHHUU IPEJBAPUTEIBHON YIIBTPa3ByKOBOM MOMU(MDUKAIIUU IIEIUTFOJIO3HOTO
HAIIOJIHUTENS C IOCIEAYIOIEH KOMIIEKCHOM OLEHKOW CTPYKTYPHBIX M3MEHEHUH Ha
MHUKPO- 1 CyOMHUKPOHHOM YPOBHSX B coueTannu ¢ anannzom MK-cniexkrpos. Takoii monxon
MTO3BOJIMJI  YCTaHOBHUTHh B3aMMOCBS3b MEXIY pEKHMaMU OO0paOOTKH HAIOIHUTE,
XapaKTepoOM MEXMOJICKYISIPHBIX B3anMOJEHCTBHII W Mopdororueii xommosura. B
LIEJIOM Pe3yJabTaThl HWCCIICAOBAaHUS TIOKa3bIBAIOT, YTO YJBTPa3BYKOBas 00OpaboTKa
YCHJIMBACT CTPYKTYPOOOPA3YIOIIYIO POJIb IEJUTHIO3bI B MATPUIIE TSPMOILIIACTHYHOTO
Kpaxmaja U crocoOCTByeT (hOpMUPOBAHHUIO 00Jiee OJHOPOJHON M B3aUMOCBSI3aHHOMN
CTPYKTYpbl OHOkOoMITO3uTa. [lOJydYeHHBIC MaTepHalibl HPEACTABISIOT HHTEPEC IS
co3/aHus OnopasiaraeMoi yIakoBKH M IPYTUX SKOJIOTHIECKH Oe30MTaCHBIX M3/ICIIHIA.

KiaroueBble cji0Ba: TEpMOIUTACTUYHBIN KpaxMmal, IeJUII0I03a, YABTPa3ByKOBast
oOpabotka, Ouokommo3utel, COM-anamu3, WK-cnekrpockonusi, MexdasHas
COBMECTUMOCTb, OMOpa3JiaracMple MaTepUaIIbl

Introduction. With the continuous growth of the world's population, energy demand
and demand for traditional household materials are also increasing. These materials
are often sourced from non-renewable resources, which entails a significant carbon
footprint throughout the life cycle. This trend poses global environmental risks due
to the release of pollutants during combustion and the accumulation of microplastics
in ecosystems. In addition to pollution, an increase in the concentration of greenhouse

121



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

atmosphere leads to a climate crisis, manifested in an increase in the global average
temperature, a change in precipitation patterns and an increase in extreme weather
events. One of the first approaches to solving the problems was to reduce dependence
on non-renewable raw materials. This led to a breakthrough in the field of biopolymers,
in other words, the use of renewable resources expanded its diversity by dividing it by
the properties of decomposition in biological conditions, the method of production and
origin. Classification by origin divides them into biobased and non-biobased. However,
despite bio-occurrences, polymers such as Bio-PET, PE, PTT, PIT do not decompose in
biological conditions and are capable of accumulating microplastics as well as synthetic
polymers. On the contrary, biopolymers may be petroleum-based in origin but be
capable of biodegradation, or may contain both types of raw materials.

These differences require separate sorting to maintain the efficiency and quality
of recycling. Consequently, modern research focuses not only on developing an
environmentally friendly composition but also on controlling the subsequent life cycle
of biomaterials. For the production of bio-based polymers, raw materials of natural
origin are used, such as edible sugars, starch, chitosan, and lactic acid. However,
their targeted cultivation is expensive, especially for edible raw materials such as
rice, corn, and potatoes. However, waste with a similar composition can reduce costs.
Lignocellulosic biomass from agro-industrial and forest waste and even food waste
(bread, pasta) can be substituted in the form of cheap raw materials (Mujtaba et al.,
2023). In these circumstances, the transition to sustainable agriculture, which focuses
on the rational use of resources, waste reduction, and the protection of ecosystem
services, is particularly important. A distinctive feature of biogenic synthesis is the
ability to select plant raw materials and process parameters to obtain nanomaterials
with specific properties. Agricultural residues vary in lignin, cellulose, hemicellulose,
polyphenols, organic acids, and other compounds, which affects their reducing ability,
sorption properties, and role in stabilizing nanoparticles. Understanding how the size,
morphology, chemical composition, and biocorona of nanoparticles affect their toxicity
and bioavailability remains limited. Taken together, these factors create a scientific
and practical contradiction: on the one hand, using agricultural waste for the "green"
synthesis of nanomaterials has significant potential to solve urgent agroecological
problems; on the other hand, existing knowledge about the properties, behavior, and
safety of such materials remains fragmentary.

This necessitates comprehensive research aimed at analyzing the potential of
agricultural waste as a raw material for nanomaterial production, systematizing existing
approaches to their synthesis and application, and identifying key limitations and
prospects for further development of this area. Therefore, technologies are required
that simultaneously increase agricultural productivity and reduce its resource and
environmental burden. Second, in many agricultural regions of the world, the problem
of recycling plant residues and other types of agrobiomass persists, leading to additional
greenhouse gas emissions and air and soil pollution during their combustion or
uncontrolled decomposition. Transforming these wastes into highly functional materials
not only reduces the negative impact on the environment but also creates new value
chains in rural areas (Barik et al., 2026).
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Starch is a widely known polysaccharide of natural origin, consisting of amylose
and amylopectin. It has hydrophilic properties due to the presence of OH groups and
decomposes completely in the natural environment. In addition, it can be extracted both
from primary resources such as rice, potatoes, corn, and from secondary resources in
the form of plant waste. Despite its significant potential for application, native starch
has disadvantages in mechanical strength and water resistance. As a result, the films
are brittle and prone to swelling upon contact with water due to their hydrophilic
nature, which limits their performance, especially when used as packaging films where
condensation occurs during temperature changes. These shortcomings can be eliminated
through modern modification methods. For example, ultrasonic treatment enables the
creation of thinner, denser structures with reduced vapor permeability.; Crosslinking
with citric acid significantly increases thermal stability at 164°C, transparency and
hydrophobicity of the surface (Pooja et al. 2024). Due to this, starch finds application
in various fields. One of the breakthroughs in modern science is the use of starch in
the form of a coating as an indicator of external signals (pH, temperature, water, and
enzymes) to control the release of fertilizers (Azeem, 2025). Starch-based materials
are considered safe and non-toxic for food contact. It is for this reason that it is used
as food packaging material for fruits, vegetables, snacks, and dry foods. Depending on
the purpose of modification and functionalization, various materials can be obtained.
For example, by filling the starch matrix with antimicrobial agents and essential oils,
active packages can be obtained that can inhibit the growth of fungi and bacteria. To
reduce gas permeability, nanoclay or titanium dioxide fillers are incorporated, and the
resulting mixtures are also mixed with various biopolymers such as chitosan and/or
PVA to obtain stronger films (Onyeaka et al., 2022). In addition, the ability to control
biodegradation and biocompatibility expands starch applications in biomedicine and
pharmacy, including wound-healing dressings, drug-delivery systems, and skeletons for
bone and cartilage regeneration (Sobeih et al., 2025).

Common reed (Phragmites australis) is a promising source of lignocellulosic
biomass for the production of high-strength fibers, packaging materials, and modern
biocomposites. It consists of 35-45% cellulose and 18-25% lignin. In Kazakhstan, reed
reserves are mainly concentrated in the southern part and distributed in deltas and along
floodplains of large rivers, as well as on the shores of lakes located along the Syrdarya,
Shu, Or Ili rivers, and the shores of Lake Balkhash. In the Syrdarya delta alone, its
volume reaches 1.24 million tons on 58,935 hectares. Biomass is promising due to its
high cellulose content, and its utilization is now limited not only to the paper industry
but also to the production of innovative polymers, biofuels, and high-strength fibers.
Despite its high potential, biomass in Kazakhstan is mainly used for animal husbandry
as livestock feed.

Regarding chemical properties, the presence of hydroxyl groups (-OH) in cellulose
allows it to interact with starch molecules, forming hydrogen bonds. High compatibility
inhibits the mobility of starch chains, thereby increasing the rigidity and strength of
the composite. Despite this, composites face several difficulties, including uneven
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dispersion, poor interfacial adhesion, and hydrophilicity, which hinder blending
with hydrophobic polymers (Baibagyssov et al., 2020; Baibagyssov et al., 2025). To
eliminate these disadvantages, modern research suggests various methods of physical
and chemical modification: chemical modification of the cellulose surface is carried
out by: - alkaline treatment to remove lignin/ hemicellulose and improve mechanical
adhesion; - silanization by introducing hydrophobic groups, reducing hydrophilicity and
improving adhesion; - esterification of nanocellulose fibers to increase the interfacial
compatibility of composite films with hydrophobic polymers.

The use of compatibilizers and plasticizers. For example, maleic anhydride as a
compatibilizer improves the dispersion of fibers in a polymer matrix (Garcia-Castellanos
et al., 2025). In the case of plasticizers, increasing their concentration to 40% by weight
of starch also enabled more uniform dispersion of CNCs (cellulose nanocrystals) in the
TPS polymer matrix (Csiszar et al., 2021).

Mechanical processing. According to the results of a study by Kong et al. (2023),
ball milling of NFC (nanofibrillated cellulose) leads to improved adhesion between the
matrix and the filler. In addition, it is worth noting that a more uniform distribution
of cellulose can be achieved with a suspension than with a dry one. In this case, there
are known methods for converting cellulose into a more homogeneous structure.
For example, in the TEMPO-oxidation method, replacing hydroxyl groups on the
cellulose surface with negatively charged carboxyl groups prevents the formation of
agglomerates, ensuring the uniformity of the suspension. Acid hydrolysis (e.g., H3PO4)
also helps to reduce particle size and improve compatibility with the matrix. Moreover,
not only chemical but also physical effects, such as ultrasonic homogenization, make it
possible to effectively disperse cellulose by breaking the hydrogen bonds between the
fibers. Ultrasonic homogenization is a method that uses sound waves to induce acoustic
cavitation in a liquid medium. Important process parameters include the amplitude,
power, and duration of ultrasonic exposure, which directly affect the degree of dispersion,
particle morphology, and the material's final properties. However, excessive ultrasonic
treatment can degrade the structure, reducing the material's overall crystallinity and
thermal stability. Based on this, when working with thermosensitive matrices, to avoid
thermal destruction, it is necessary to maintain a low temperature using an ice bath
(Hafid et al., 2023; Raeisi et al., 2025). This article is aimed at investigating the effect of
reinforcing thermoplastic starch with modified cellulose from common reed.

Materials and methods. Materials: Lignocellulose biomass from common reed
(Phragmites australis) was collected near the Talas River, Zhambyl region. Chemical
reagents sodium hydroxide (NaOH) purity > 98.3% (JSC "Base No. 1 of Chemical
Reagents"), hydrogen peroxide (H,0,) 50% of PJSC "Khimprom", glycerol purity >
99.5%, citric acid > 99.9%, concentrated sulfuric acid (H,SO,) from which the solution
was further prepared, were used for extraction with 1% H,SO,.

Methods.

1. Cellulose extraction was carried out according to the method with minor
modifications by Basaran Kankilic and Metin (2020). The collected biomass was
washed with distilled water and dried in an oven at 65°C for 48 hours. Next, the dried
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biomass was crushed with a blender and sieved through a sieve with a mesh size of
0.45 mm. The process of lignin removal (delignification) includes alkaline treatment
and bleaching. For the first time, a 2-hour alkaline cooking of biomass was carried out
in a 5% NaOH solution at 70°C. To bleach the pulp, a 4% NaOH and 7% H,O, solution
mixture was used at a 1:1 ratio, and the biomass was also boiled for 2 hours at 60°C.
Each step is repeated 3 times and requires constant rinsing with distilled water between
repetitions. Further processing was carried out according to the method of Asem et al.
(2023), with minor modifications. First, 1 hour of mild acid hydrolysis was performed
in 1% H,SO, at 80°C, and the sample was then rinsed with distilled water 10 times. The
resulting pulp was subjected to ultrasonic homogenization for 2 hours. An ice bath was
used to maintain the temperature regime and prevent the loss of fiber properties. After
that, the processed samples were stored in a refrigerator at 4°C. The pulp yield was
calculated gravimetrically using the following formula (Basaran Kankili¢, G., & Metin,
A. U., 2020):

Weight of extracted dried celluloze

Cellulose efficiency (%) = - 100%

Weight of untreated biomass used for extraction

2. Film preparation. Extraction of native starch from corn kernels using ultrasonic
exposure was carried out as described by Liu et al. (2021). To identify differences
between films made of pure TPS and TPS reinforced with cellulose, 2 samples were
prepared. Citric acid was used instead of the co-plasticizer. The films were formed by
casting using an Elcometer 3580 (casting knife). The ratio of starch and plasticizers
for film (Table 1) formation was based on our previous study with minor changes
(Yegissinova et al., 2025).

Table 1 — Ratio of components for biofilm preparation

The ratio of components
TPS biofilm TPS-cellulose biofilm
15 g Corn starch 15 g Corn starch
125 ml Demineralized water 100 ml Demineralized water
15 g Glycerol 15 g Glycerol
15 ml Citric acid 6% 15 ml Citric acid 6%
25 g Suspension of cellulose 0,5%

P. australis biomass Cellulose suspension TPS-cellulose biofilm

Figure 1 — Preparation process of TPS—cellulose biofilm from Phragmites australis biomass.
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Results and discussions.

FTIR analysis

IR spectroscopy was used to study the molecular structure of TPS and evaluate
the effect of an ultrasound-treated cellulose filler on intermolecular interactions in a
composite system. The initial substances of the biocomposite were also studied: starch
and suspension of fibrillated cellulose.
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Figure 2 — FTIR spectra: 1 — thermoplastic starch (TPS); 2 — thermoplastic starch with cellulose
filler (TPS-Cellulose); 3 — native corn starch (Starch); 4 — cellulose (suspension).

The spectrum of native starch is characterized by a wide absorption band in the
range of 3200-3600 cm™, corresponding to O-H stretching fluctuations associated
with hydroxyl groups and extensive intermolecular hydrogen bonds. The absorption
peak near 2920 cm™ is explained by the stretching fluctuations of the C—H aliphatic
groups. Characteristic starch bands are observed in the fingerprint region between 1200
and 900 cm™!, which corresponds to the stretching fluctuations of C—O, C-O-C and
C—C glucopyranose units. The cellulose spectrum showed a similar wide band of O—H
elongation of about 3330-3400 cm!, which reflects the structure of cellulose fibers with
a high degree of hydrogen bonds. The band of about 2890 cm™! corresponds to the C—H
elongation fluctuations, while the absorption bands in the range of 1430-1160 cm™ are
associated with the bending of CH, and the asymmetric C-O-C elongation fluctuations
characteristic of cellulose. Strong peaks in the range of 1050-1030 cm™ are attributed
to the stretching of the C—O polysaccharide chains of cellulose. After plasticization, the
TPS spectrum retained its characteristic polysaccharide bands but showed noticeable
changes in intensity. The O—H absorption band broadened and shifted slightly, indicating
degradation of the native starch crystal structure and the formation of new hydrogen
bonds between starch chains and the plasticizer. In addition, decreased intensities of
several peaks in the fingerprint region indicate partial destruction of the starch structure
during heat treatment. The spectrum of the TPS—Cellulose composite combines the
characteristic absorption bands for both TPS and cellulose without the appearance of new
absorption peaks. This observation indicates that no new covalent bonds were formed
during the preparation of the composite. However, significant changes were observed
in the intensity and shape of the O-H stretching region (3200-3600 cm™) compared
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with TPS without filler, which indicates an increase in intermolecular hydrogen bonds
between the hydroxyl groups of starch and cellulose. A slight shift of the O—H band
towards lower wavenumbers further supports stronger hydrogen-bond interactions in
the composite matrix. In addition, the increased intensity of the absorption bands in
the region of 1000-1150 cm™ confirms the contribution of cellulose to the composite
structure. These bands are associated with C—O—C and C—O-O tension fluctuations and
indicate the successful incorporation of cellulose fibers into the TPS matrix.
SEM analysis

EHT= S00kv  9galA=SE2  Aperture Size=30.00um
— W0= S2mm__ Mogs 2925KX Gunacwm=676e 10 mbir

Figures 3 —TPS-hemp composite (without ultrasound and chemical treatment) (Yegissinova et al.,
2025)

Figures 4 and 5, without filler, show a smoother, more solid, and more homogeneous
surface, with fewer pronounced fiber elements. Images of cellulose-filled TPS samples
show elongated fibrils, bridges, and fibrous inclusions, indicating more pronounced
phase heterogeneity and the presence of a reinforcing cellulose mesh within the starch
matrix. Samples show a denser, sometimes layered surface morphology and indicate
the absence of a reinforcing fibrous phase. The structure remains compact, with relief,
folds, and rare small defects; this confirms the relatively homogeneous matrix.

SEMHV.500kV  WD.6445 mm MRAV\TESCAN ~ SEMHV:S00KY  WD:6445mm MRAVTESCAN  SEMHV:500K/  WD:6.445mm n
Viewfield:2170um  Det SE S0pm g/ Vewiaz170m DetsE g Vewied 1085 DS 2um v
. SEMMAG: 100k SEMMAG: 1000k

a b c
Figure 4 — SEM image of the surface (edge part) of thermoplastic starch without cellulose at
magnification: a -1000; b — 10,000; ¢ — 20,000
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SEM HV: 5.00 kV WD: 6.269 mm Liv oot ial] MIRANTESCAN ~ SEM HV: 5.00 kv WD: 6,369 mm Lo i1 ] MIRAN TESCAN
View field: 434 0pm  Det: SE 100 ~ Viewfield: 434.0pm  Det: SE 100 1
SEM MAG: 500 x Date(m/dly): 03124126 Performance in nanospace SEM MAG: 500 x Date(mfdly): 03/24/26

Performance in nanospacel

Figure 5 — SEM micrograph of the surface morphology of cellulose-free thermoplastic starch (TPS).

In Figure 6, in the TPS-cellulose biocomposite, thin and thicker fibrous elements
appear, sometimes elongated relative to the matrix; this indicates good visibility of the
cellulose phase and partial preservation of its fibrous nature. The surface here is not
smooth: the cellulose protrudes from the starch matrix, stretches in places, and forms
bridges. This indicates that the filler has not completely dissolved but has retained its
fibrous nature and remains involved in reinforcing the material. D, = 3.54 um is a larger
fibrous element, probably a cellulose bundle or a thickened fibril. D, = 0.37 pum, D,
=0.33 um; D, = 0.36 um, D, = 0.32 um are thinner fibrillar areas, indicating partial
fibrillation of the filler after ultrasound treatment.

SEMHV:5000  WD:6270mm ~ MRANTESCAN

SEMHV:500kV  WD:6238mm MRANTESCAN ~ SEMHV:500k/  WD:6.256 mm MRAI TESCAN
Viewfield:21.70pm  Det: SE Spm 7 Viewfleld:21.70ym  Det: SE Spm h Viewfield: 21.70 ym  Det: SE Sum
SEMMAG: 10.00 kx  Date(midy): 0324126 Performance in mnospaceu SEM MAG: 1000k« Date(midy): 03124126 Pedormancs in mnasmcen SEMMAG: 1000k«  D: u

Figure 6 — SEM images of micro- and nanofibrillated cellulose structures in thermoplastic starch-
cellulose composite (edge part)
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In comparison with our previous researches paper result (Figure 3), where the effect
on cellulose was only physical, using ball milling, larger fibers are observed than in
this study, confirming the effective effect of ultrasound treatment on fibrillation. Also,
visually, the chemically treated films, namely those that have undergone delignification
and bleaching, differ significantly in uniformity compared with the previous study.

Conclusion. The results obtained confirm that the introduction of a cellulose filler
significantly alters the structure and interfacial characteristics of thermoplastic starch
(TPS). SEM analysis showed that pure TPS has a relatively smooth and compact
morphology, while cellulose-containing samples have a rougher, heterogeneous, and
fibrillar surface with visible fiber protrusions, bridges, and micro- and submicron-sized
cellulose fragments. The untreated material retained a coarse-layered structure with
limited fibrousness, while the processed samples showed a more developed fibrous
network, indicating improved dispersion and structural modification of the filler.
The morphology of TPS/cellulose composites suggests that ultrasound treatment and
delignification contributed to partial cellulose fibrillation and increased its availability
within the starch matrix. The presence of fibers of different sizes reflects a heterogeneous
but effective reinforcement structure in which both larger bundles and smaller fibrils
contribute to the composite architecture. This morphological change indicates that
cellulose acted as an active reinforcement phase rather than a passive additive. IR analysis
also confirmed the presence of intermolecular interactions between starch and cellulose.
Changes in the O—H stretching region and in the C—O/C—O—C oscillation ranges indicate
the development of hydrogen bonds and improved interfacial compatibility between the
two biopolymer components. Spectral differences between TPS, starch, cellulose, and
TPS-cellulose confirm that the composite is not a simple physical mixture but a system
with a modified chemical environment and enhanced phase interactions. Overall, the
study demonstrates that cellulose filler, especially after ultrasonic treatment, increases
the morphological complexity and interphase organization of TPS. These structural
changes are expected to increase the effectiveness of filler reinforcement and make
the composite more suitable for further development as a biodegradable material for
packaging and related applications.
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Abstract: This scientific article describes the sorption properties of the KU-
2-8:AV-17-8 interpolymer system in a binary solution containing vanadium and
molybdenum. The aim of the work is to investigate the sorption properties of interpolymer
systems based on the widely used industrial ion-exchange resins KU-2-8 (cation
exchanger) and AV-17-8 (anion exchanger) in a complex solution containing vanadium
and molybdenum ions. Inductively coupled plasma optical emission spectrometry (ICP-
OES), Fourier-transform infrared (FTIR) spectroscopy, and thermogravimetric analysis
were employed in the study. The research findings indicate that the highest degree of
molybdenum sorption was recorded at the KU-2-8:AV-17-8 interpolymer system ratios
of 1:5 and 2:4. After 48 hours, the sorption degree at these points reached 48.30% and
45.51%, respectively. The sorption activity in the interpolymer system is significantly
higher compared to individual ion exchangers. For vanadium ions, the 2:4 ratio of the
KU-2-8:AV-17-8 system demonstrated a high sorption degree (~52% at 48 hours). In
cases involving only the cation exchanger (6:0) or only the anion exchanger (0:6), the
sorption degree remained low (within the range of 25-38%). The distribution coefficients
of the system were Kd (Mo) = 1.392-10° and Kd (V) = 1.826°10°. The optical density
values in the IR spectra of the polymer samples changed after the sorption process.
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Since vanadium exists in various ionic forms (VO**, VO,*) depending on the pH of the
solution, sorption occurred simultaneously on both the cation and anion exchangers.
This proves the importance of the simultaneous effect of two different functional groups
(acidic and basic). The study results demonstrated that the use of an interpolymer system
composed of KU-2-8:AV-17-8 industrial resins is an effective and promising method for
the complex extraction of molybdenum and vanadium ions from aqueous solutions.

Keywords: KU-2-8; AV-17-8; interpolymer system; vanadium; molybdenum;
sorption degree
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Annoramusi: byn reuteivu makanama KY-2-8:AB-17-8  uHTepmonmmepiik
JKYWECIHIH BaHAJMH KOHE MOJIMOJICHHEH TYPaThiH OMHAPIIBI EPITIHIIACTI COPOIMSIIBIK
KacHueTi curmarTaiarad. JKYMBICTBIH MakcaThl ©HIIpICTE KEHIHEH KOJTaHbUIATBIH KY-
2-8 (katuoHUT) xoHe AB-17-8 (aHHOHUT) MOH aJIMAaCTBIPFBINI IIAWBIPIAPHl HETi31H e
KYpBUIFaH HHTEPIOIMMEPIIi KYHenepaiH BaHaAui MeH MOJIMOIeH HOHIaphI Oap Kypaeni
epiTiHaigeri copOLMSUIBIK KacHeTiH 3eprrey. 3epTTeyre WHAYKTHBTI OaijaHbICKaH
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IUTa3MaJbIK ONTHUKAIIBIK AMUCCHSIIBIK CIIEKTPOMETpi, Dypbe TypreHAipy HHPPAKbI3BLUT
(FTIR) cmekTpomerpi KoHE TEpMOTPABUMETPHUSUIBIK Talgay OIICTepi KOJIAAHBIIIBL.
3epTTey HOTHXKENepiHEeH MOJIMOICHHIH €H YKOFapbl COPOIIHS IOpeKeci HHTEPIOIUMEpITi
xkyreriH KY-2-8:AB-17-8 1:5 sxone 2:4 KarbiHaCTapbIHAA TipKedi. 48 caraTTad KeHiH
Oyt HykTenepae copouus napexeci 48.30% xone 45.51%-ra xerTi. XKeke noHUTTEPMEH
CaJIBICTBIPFaH/1a HHTEPIIOJIMMEPITi JKYHeae cCopOLHs OeICeHATIr alTapIbIKTal KOFaphl.
Banamuit monnaper yurin KY-2-8-AB-17-8 unTepnionumepii xyieHiH 2:4 KaTbIHACHI
KOFapbl copOIms nopexecid (48 cararra ~52%) xepcerti. Tek FaHa KatHoHHUT (6:0)
HeMmece Tek FaHa aHuoHHUT (0:6) xarmalibrHma copOrus aopexkeci TemeH (25-38%
maMacheiaga). JKytienin tapany xodpounmentrepi Kd(Mo) = 1.392:10° xone Kd(V)
= 1.826°10° 6ommer. Copbrmsiaan keitinri moaumep yiritepinin UK cnekrpiepinae
OIITUKAJIBIK THIFBI3JILIK MOHIEpi ©3repreH. Epitinainid pH MoHiHe OaliIaHBICTHI BAHA U
apTypni nouaelk popmana (VO*, VO,*) ke3neceTiHIiKTeH KaTHOHUT HEH aHHOHUTTE
copOmust Karap >kypreH. by exi Typii QyHKIMOHANIB! TONTHIH (KBIIIKBUIIBIK JKOHE
HETI3iK) Oip Me3Tiae ocep €Tyl MaHBI3Abl €KeHIH MOJeNIehH . 3epTTey HOTHXKeIepi
KVY-2-8:AB-17-8 enmipicTik maibIpiaapAaH KYPbUIFaH WHTEPIIOIMMEPITIK KYHECiH
KOJIJIAaHY CYIIBI epiTiHIUIepAeH MOJHO/ICH JKOHE BaHAIUN MOHIAPBIH KEUIeHII TYpIe
Oeutin amyablH THIMAI 9pi IEPCHEKTUBANbI 9/iCi eKeHIH KOPCETTi.

Tyiiin ce3nep: ramimii, KaTHOHATIMACTBHIPFBILI aiibIpiap, [TAK ruaporeni, neBatut
CNPLF, KVY-2-8, Amberlite IR120, copbuus nopexeci
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AHHOTanusi: B crarbe mpencraBieHbl pe3yibTaThl UCCIEIOBAHHUS COPOLMOHHBIX
CBOWMCTB WHTepnoinMepHon cucremMbl KVY-2-8:AB-17-8§ B OuHapHOM pacTBOpe,
cozepiKallleM MOHbI BaHaauss W MoiuOneHa. llenmbro pa®oThl sBISETCS HM3ydeHHE
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3QPEKTUBHOCTH HWHTEPIOJUMEPHBIX CHCTEM, CO3JaHHBIX Ha OCHOBE LIMPOKO
MPUMEHSIEMBIX B TIPOMBILIICHHOCTH HOHOOOMEHHBIX cMon KY-2-8 (katnonur) u AB-
17-8 (aHMOHHUT), IPH M3BJICUEHUH MOHOB BaHAAWS M MOJMOICHA U3 CIIOKHBIX BOTHBIX
pactBopoB. B paboTe MCHonbp30BaHbI METOABI ONTHKO-SMUCCUOHHOW CIIEKTPOMETPUHI
C MHIYKTUBHO CBsizaHHOH mna3moi, MK-cnekrpockonuu ¢ npeobpazoBanueM Dypbe
(FTIR) u TepMOTpaBUMETPUYECKOTO aHAIM3a. YCTAHOBIEHO, YTO MAaKCHMalbHas
CTENeHb COpOIMU MOJMONEHAa JOCTUTAETCSI MPH COOTHOIICHHSIX KOMIIOHEHTOB
nHTepronumepHoil cucrtemsl KY-2-8:AB-17-8, paBubix 1:5 u 2:4. Yepes 48 uvacoB
crenieHb copOuuu coctaBmia 48,30 % u 45,51 % coorBercTBeHHO. CopOIHOHHAs
AKTUBHOCTb MHTEPIIOJIMMEPHOI CUCTEMBI OKa3aJ1aCh 3HAUUTENILHO BBILIE IO CPAaBHEHHIO
C MHIUBHUIYyaJbHbBIMH HOHUTaMH. Jnsi MOHOB BaHaausi Haubosee 3PPEKTHBHBIM
okazaynock cootHomenne KY-2-8:AB-17-8 = 2:4, npu koTopoM cTerneHb CoOpOLuu yepes
48 vacoB gocrurana okoio 52 %. Ilpu ucnonp3oBaHnH TONbKO KaTHoHMTA (6:0) Mim
Tonbko anuoHuTa (0:6) crenens COpOLMH OCTaBaIaCh CYIIECTBEHHO HHKE U COCTABIISIIA
25-38 %. Koad¢umuentsr pacnpenenceuus cocrapmwiu Kd(Mo) = 1,392x10° u Kd(V)
= 1,826x10°. Ananu3 MK-ciekTpoB nonumMepoB mnociie copOuru moka3al U3MEHEHHE
3HAYEHUH ONTHYECKOW TMJIOTHOCTH, 4YTO CBHUJETENLCTBYET O B3aUMOACHCTBUU
(YHKIMOHAIBHBIX TPYMI COPOCHTOB ¢ M3BJIEKaeMbIMU HMOHaMu. [lockonbKy BaHagmii
B 3aBUCHMOCTH OT pH cpenbl MOXKET CymIecTBOBATh B Pa3IMYHBIX MOHHBIX (opMax
(VO2*, VO+), mpouecc copOIuu MNPOTEKAeT OJHOBPEMEHHO Ha KAaTHOHUTE U
AHUOHUTE. DTO TMOATBEP)KIAAECT BAXKHYIO POJIb COBMECTHOTO JEHCTBHSI KHCIOTHBIX U
OCHOBHBIX ()YHKUMOHANBHBIX rpynm. llomydeHHBlE pe3ynbTaThl CBUAETEIBCTBYIOT
0 TOM, YTO MHTEPHOJIHMMEpHAs CHCTeMa Ha OCHOBE NMPOMBINUIEHHBIX cMonl KVY-2-8 u
AB-17-8 sBnsiercs 3 (eKTUBHBIM M MEPCIIEKTUBHBIM COPOLIMOHHBIM MaTepUaioM JUIs
KOMIUIEKCHOTO U3BJICUCHUS] NOHOB MOJTMOACHA U BaHAHSI U3 BOAHBIX PACTBOPOB.

KuroueBbie ciioBa: KY-2-8, AB-17-8, untepnonuMepHasi CuCTeMa, MOHbI BAaHAIUSA,
HOHBI MOJIMOIeHa, COPOLHS, CTENEHb COPOLINH, KOAQPHULUEHT pacpereeHus

Kipicne. Kazipri Tanga monubaen (Mo), Bananuii (V) a1eMeHTTEpi dHEpreTHKa,
a’pOFaphIIl TEXHUKACHI, MaTepUANTaHy JKOHE XUMUsI OHEPKACIOIHIH TypaKThl 1aMybIH
KaMTaMachl3 €TETiH CTpaTerwsuIblK MaHbI3abl Metangap (de Paz Carmona et al., 2024).
MonnbaeH MyHail eHJiey MPOLECTEePIHeTri KaTaau3aTopiapablH aKblpaMac KypaMmiac
Oeuiri peTiHie TaHbUICA, BaHAJWN SHEPTHUSAHBI CaKTay KYHelepiHAeri epeKile pesiHe
0alIaHBICTBl «IHEPreTUKANBIK MeTangapy» KarapblHa xaraabl (Yarui et al.,, 2023).
Amnaiina, atanraH MeTajnapra AereH skahaHabIK CypaHbICTBIH KapKbIHABI 6Cy1 OJapAbIH
TaOWFM KOPJApBIHBIH a3alOblHA YKOHE TaNIUbUIBIK MOCENECIHIH TyBIHJIAyblHa OKENil
cokThl. OcbIFaH OaiaHbICTBI, pecypc KayilCi3AiriH KaMTamachl3 €Ty MakcaTblHAa
MOJHO/IeH, BaHAAWH CHAKTHI MeTangapAbl OacTanKhl MINKi3aTTaH FaHa €MeC, COHbIMEH
KaTap Kaitajgama pecypcTaplaH aly MeH OedydiH THIMII TEXHOJOTHSJIapbIH jKacay
e3¢ekTi Macenere aiHamnbin oTeip (Henckens et al., 2018; Elshkaki et al., 2017).

Onedu wouay. Banaguii (IV) men momubaenai (VI) cynsl epitinninepaen Oemy
nporeci onapaslH keH pH auanazoHbIHIA OpTYPIl XUMESUIBIK (opManapaa TYpaKThl
OomybIHA OalIaHBICTHI aWTAPIBIKTAl KUBIHABIKTAp TyAbIpaabl. OChl MOCENICHI IICITy
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MakcaTblHIa 3epTTEeyIIiiep TYHIBIPY, OEJCeHIIpiIreH KeMipMeH ajacopOuusiiay,
EpITKIII 3KCTPAKLMUSCH KOHE MOH alMacy CHSIKTBI opTypiii omictrepai yeuHan! (Kim
et al., 2015; Fu et al., 2018; Nguyen et al., 2015; Liu et al., 2020; Yang et al., 2020;
Wang et al., 2019). Mon anmacy omici BaHaauii MEH MOJUOICHHIH dKOJIOTHSIIBIK Ta3a
YKOHE TallamanyFa OHall eKiHI PeTTIK pecypcTapbl KajllblHa KeNTipy SJICTepiHIH
0ipi. byn snemeHTTEp Cyibl OpTaja aHWOH TYpiHAE OOJATBIHABIKTAH, ONapAbl Oeim
ally >KOHE KalIlblHA KENTIpy YIIIH aHHOH aJIMacTHIPFBIII IIadbIpiap KOJAaHBLIA bl
(Ismailova et al., 2025; An et al., 2017; Wang et al., 2024; MacKeown et al., 2021).
JlereHMeH, KOJAAHBICTAFBI WOH alMacy oAICTepiHiH Oipkarap KEMIIUTIKTepi Oap:
TeCcOpOIHs MPOMECIHIH KYPASTLTITi, COPOIUSIBIK CHIMBIMABIIBIKTHIH TOMEH/IITT KOHE
T.0. CoHIBIKTaH, MOHAAPIBI CYpHITITAl 0Oy MYMKIHJITI KOFaphl, IECOPOIMS MEH
pereHepanus THIMALIIT )KaKCapThUIFaH KaHa [albIpIapasl CHHTE3/1eY 3aMaHayH 0oy
TEXHOJIOTUSIAPBIHBIH 0achiM OaFbIThI 00BN TaObUIaAB! (Guo et al., 2021).

CoHFBI )KBULAAPHI CYJIBl OPTAJaH CUPEK JKEp METaIaphl JKoHE Oaralibl MeTalaap bl
CEJIeKTHBTI OeIim aly MakKcaThlHJa ©3apa aKTHUBTEHTeH WMOH aJMAacTBIPFBIITAp MEH
HHTEPIOIUMEPII XKy#enepre 6ipkarap 3eprreyiep xyprizinai (Jumadilov et al., 2024;
Dyussembayeva et al., 2025). ®yHKIHOHAIIRI MOIUMEPIIEPAIH ©3apa aKTUBTECHYI
MOJMMEP Ti30EKTEpiHIH MOHAAHY Jopekeci MeH KOH(POPMAIMACHIH ©3TepPTill, METall
HMOHJAapBIMEH TOHOPJIBI-aKLENTOPIIbI OaiIaHbIC TY3yre KabijaeTTi )kaHa acopOLHSITBIK
OpTaJBIKTApbIH KaJBINTACYbIHA XKaFaal kacalapl. by ynepic momumMepii »KyHeHiH
COPOIMSITBIK CHIBIMIBUTBIFBIH )KOHE TaHJIAMaJIbUIBIFBIH apTThIPYFa MYMKIHIIIK Oepesi
(Jumadilov et al., 2024a; Dyussembayeva et al., 2025; Jumadilov et al., 2024b).
Ocpiran opaif, Oy 3epTTey/iH MaKcaThl — OHJIIpiCTe KeHiHeH KojimaHbuareiH KY-2-
8 (xarnonwur) xoHe AB-17-8 (aHHOHWT) MOH aJMACTBHIPFBINI IIANBIPIAPEl HETI3iHIE
KYpBUTFaH HHTEPIOIMMEPIIl KYHenep i BaHaAui MeH MOIHOICH HOHJaphI Oap Kypreni
epITIHeT] COPOLIUSIIBIK KACUETIH 3ePTTEY.

3eprTey Marepuaagapbl  MeH daicrepi. 3eprreyre KVY-2-8 (Hopoxuwm,
XappkoB, YKpawHa) KYIITI KaTHOH aIMacThIpFeINT skoHe AB-17-8 (A3ot, Uepkacchl,
VKpanHa) KYIITI AQHHOH aJIMACTBIPFBINI MIAWBIpIapbl KOMAaHBUIABL. Mo skoHe V
0ap monenpai epitinai Na:MoOa (Sigma-Aldrich) sxone NasVOa (Sigma-Aldrich)
TY3IapbIH AUCTHJIICHTEH CyJla epiTy apKbUIbl AaibiHAanael. Epitingineri Mo xone V
KOHIICHTPAIUSCHL 5 MI/JL,

Kabovikmap. MoanbaeH >koHe BaHAIMN HOHAAPBIHBIH KOHIICHTPAITUSCHI HHTyKTHUBT1
OailTaHBICKaH TIIa3MaJIbIK ONTHKAIBIK AMUCCUSITBIK criekTpomeTprae (ICP-OES, iCAP
PRO XP, Thermo Fisher Scientific) ampikranmbl. @ypbe TYpraeHAIpY HHPPAKBIZHLT
(FTIR) cnexrpockormsicel (Nicolet 5700, ThermoFisher Scientific, Magucon, AKII)
(YHKIMOHAIABIK TONTapAarbl ©3repicTepli 3epTTey YLIIH MaifanaHblIIbl, YATIIepaAiH
500—4000 cm ! muamazonsHgarsl crekrpiepi ansiaabl. TT/JICK tangaysr TG 209 F3
(NETZSCH, I'epmanusi) KypaJiblHIa KYPTi3iuii.

Copoyus napamempnepi. llomumepnepain copOmmsi gopexeci Keleci TeHACyMeH
ecenTen:

n= % + 100%, (1)
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mynzarel C ) xone C, (Mr/m) epiTiHIOiAETI MeTall MOHIAPBIHBIH 0ACTaIKbl JKOHE
TENe-TeHIK KOHIICHTPAIUSUIAPhI, MT/JL.

MeTaiil MOHAAPBIHBIH EPITIHAIMEH MOHAJIMACTBHIPFBINI MIANBIP apachlHAA Tapary
koo puimenti (K ) MblHa TERICYMEH €CENTeN i

L, G -G ¥V (3)
Kd=—"——,

C, m

MYH/JIaFbl C0 JKOHE Ce (Mr/a) — MeTasu1 HOHJIAPbIHBIH OACTalKbl KOHE TEIe-TEHJIIK
KOHIICHTpanusIapel;, V — epiTiHAIHIH KOJIeMi, MJI; M — TMOJIMMEP/IiH KypFaK Maccachl, T.

Mo xoHe V HOHIAPBIHBIH 06I1iHY KOA(QHUIMEHTI MbIHA TEHJICYMEH SCEeNTeN/Ii:

Kdy, “4)

F=%a,

3epTTey HOTHIKeIePi KoHe oJIapaAbl TAJAKbLIAy. COpOIUsIBIK TOXIprdenep Mo—V
Ounapiel epitingicinae (pH = 5.4, C =5 mr/n, nonumepiepain Maccacel Xm=0.12 r,
298 K) xyprizingi. 1-cyperre KY-2-8:AB-17-8 untepnonumepii xxylecinig MonuoaeH
HMOHJIapblHA KATBICTBI copOIust jopexeci OepinreH. Anramkel 30 MUHYT inriHIE
MOJIMOJICHHIH alTapibIKTal CiHyi OaiikanMassl. MonuOneHHIH copOIusichl 6 carartaH
keiii" 5% nan 48 cararTta 48%-ra meifin OipTiHACT OCiI, COMaH KeHiH KaHBIKKAH KYWTe
xkeTTi. EH Jxorapel copOrust mopekeci mHTepromuMepii xyhenin KY-2-8:AB-17-8
1:5 »xoHe 2:4 xKaTpIHACTApBIHA TipKemai. 48 cararTaH KediH OyJ1 HYKTenepae copOIus
nopesxeci tricinme 48.30% xone 45.51%-ra eckeH. JKeke HOHUTTEPMEH CalIbICTBIPFaHa
(6:0 karpiHachIHAA 4.79% Hemece 0:6 KaTbiHachIHAA 32.53%), UHTEPIIOIUMEPITL KYHee
copOuus OeyiceH TN aiTapibIKTail Korapbl. bys skyieneri monumepsepaiH e3apa
aKTUBTEHY OapbIChIHJA MOHJAHY Jopekeci MeH KOH(POPMAaIHUACHl e3repill, KYHeHIH
COPOLMSIIBIK ChIHBIMABUIBIFBI APTKAHBIH KOPCETE].

oo, KY-2-8:AB-17-8

504

< =60
* 51
A—4:2

a w33
40 24
15
06

304

20

Cypert 1 — Monsipibik KatbiHactapbl aptypii KY-2-8:AB-17-8 unrepronumepiti xyitenepain
MOJIMO/ICH HOHAAPBIHA KAThICTBI COPOIMSA Adpexeci
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KVY-2-8-AB-17-8 wunTepnonuMepni >KYHEHIH BaHaIui HOHIApPBIH COPOLHAIAY
JMHAMHKAChl 2-cypeTTe OepinreH. bapiablk MoK KaTblHACTap YIIiH OpTaK 3aHAbLIBIK
Oalikananel. bacrankel 6-caraTka JeiiH HonuMeprnepaiH copOuus mopexeci OapibIK
MOJIZIIK KaTbIHAC YIIiH TOMEH. OpEKeTTeCy YaKbIThl 24 caraTKa >KeTKeHAe COpOLusl oTe
KapKbIHABIKYpIeH. 48 caraTTa copOLHs XKbUIIaMIbIFbI 0astyiam, KUCBIKTap TY3Y ChI3bIKKa
KakplHAal Oactaiiapl. Bynm KylHeHiH cOpOLMSIIBIK Teme-TeHIIKKE >KaKbIHIaFaHbIH
oinpipeni. EH sxorapsl copOuust nopexeci KY-2-8-AB-17-8 nntepnionumepti xyieHiH
2:4 karpiHachIH/A (48 cararTa ~52%) Oalikanubl. Tek kaHa karnoHUT (6:0) HeMece Tek
kaHa aHuoHUT (0:6) xarmaiibiHIa copOumusi nopexeci ToMeH (25-38% mamachiHaa).
By taza maislpnapra KaparaHaa, HHTEPIOIMMEPIi Kyile onieKaiia THIMII eKeHiH
KepceTei.

Bananuii epitinaine opranbia pH MoHiHe OaitnaHbICT 9pTYpai popMana (KaTHOH B
VO, nemece anuonasl VO,», VO, (OH), T.0.) ke3nece anaanl (Zeng et al., 2010;
Nwe Shwan et al., 2014). bepinren KucbIKTap/iaH KaTHOHUT IIEH aHHOHUTTE COPOIUs
Katap JKypreHi kepiHinm Typ. byn epiTiHiine BaHaaMHAIH TONMAHHOHIBI HEMece
KemreHai hopmanapbelHbIH 0ap €KEHIH JKOHE OJapAblH COpOLMSUIaHYBl YILIiH €Ki Typ:i
(YHKIMOHAI B! TONTHIH (KBIIIKBIIIBIK )KOHE HET13111K) Oip Me3Tijie ocep eTyl MaHbI3Ibl
exeHin npanmenneini. Tapany xospduuumentrepi (Kd) copOUMsIBIK apTHIKIIBIIBIKTHI
caHnplK Oaramay ywiH (3) Tenaeyre coiikec ecentenai. Ecenrteyre coiikec Kd(Mo)
= 1.392:10° sxone Kd(V) = 1.826:10° Gonnel. Cenextuprinik kospduuuenti B, =
1,312x10° 6epai. byn notmxenep KY-2-8:AB-17-8 xyiiecinin V(IV) nonaaps! yurix
opTauia apTHIKUIBUIBIK KOPCETTI.

nm, %
60 KY-2-8:AB-17-8

—=—6:0
—@—5:1
—A—4:2
—w—3:3
—o—2:4
—4— 15
> 0:6

50

404

30

20

10

T T T T T T t7 h
0 10 20 30 40 50

Cypert 2 — MonspinbIK KaTeiHacTapsl opTypii KY-2-8:AB-17-8 naTeprnonumMepii xKyienepaiH BaHAARH
WMOHIAPBIHA KAaTBICTBI COPOIHS Aopexeci

3-cypertre KVY-2-8 kaTHoH anMmacTBIpFBIII INAHBIPBIHBIH MonubOaeH (Mo) >xoHe

BaHaawii (V) WOHIApPBIHBIH CcOpOIMACHHA Jaedinri skoHe kedinri MK-cmexrpriepi
Oepinren. Exi cyperTtene MbIHA AN TYpaKThI )omaakTap 6ap: 3405-3422 cm! — rupokcuin
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tonTapeiHblH (-OH) jkoHe maiiblp KypaMbIHOAFBl Cy MOJICKYTaJapblHBIH CO3BUIMAJIBI
TepOernicTepi; 2929 cm™ —nonumepii kankagarsl anudarrs CH, TonTapbinbig TepOeici,
1600-1647 cm' — Genzon cakunackiHaarbl C=C OaiinaHbICTapbIHBIH TepOeici KoHe
cyaeiH aehopmarusisik Tepoermictepi; 1127-1160 cm! sxone 1006-1038 cm! — Oy
cynboronrapabie (SO,) aCHMMETPUAIIBIK JKOHE CUMMETPUSIBIK TepOemicTepi. Al
copOLusiiaH KeHiHT1 CIEKTP/e ONTUKAIBIK THIFBI3ABIK MOHAEP] ToMeHaAereH. by metasn
HOHJApBIHBIH CcyinbpoTonTapMen OaiinaHbicka TyckeHiH kepcereni. Cymbdortonrap
atimarbraga (1000-1200 cm!) misteaap asnan siebichin 1128 em! sxone 1008 em !, mitmiai
e3repred. by meramn karnonaapsiaby (Mo skoHe V OKCHKaTHOHIAPHI TYPiHIE OOTyBI
MYMKIiH) KYKIPT KBILIKBUIBI TONTApbIMEH HOHABIK OaiaHbIC TY3TeHIH IoJIeNaeii.
MonnbaeH MeH BaHaIui MOHAAPHI IANBIPABIH aKTUBTI OPTAIBIKTAPbIMEH XUMHUSIIBIK
opeKeTTecin, KemeHAi KOChUIBICTap HeMece MOHJIBIK XYNTap TY3CTiHIIKTEH, Herisri
e3repicTep cynbdorontap MeH CakMHaJIbl KYPbUIBIMIAP aiiMarbIHaa OaiKaaibl.

010
0.08

0,06

ENTALBCKaA MAGTHACTE

K¥-2-8-[mocne copBiu e MoawBaeHa 1 BaHANWA] I

0,07 I !

0.06

|
0,05 |
|

CINTHUECKAA MACTHACTE

0.04 | N i

4000 3A00 3600 3400 3200 3000 2800 2600 2400 2200 2000  1BOO VGO0 1400 1200 1000  &00

Bankoe oe umcno (ou-1)

Cypet 3 — KY-2-8 kaTHOH aJIMacTHIPFBIII MaWbIPEIHBIH MonubaeH (Mo) xone Banaguii (V)
MOH/IapBIHBIH COPOIMSCHIHA AeHiHTi skoHe Keitinri UK-criekTpnepi

AB-17-8 HOHAJIMACTBIPFBINIBIHBIH Ta3a KYHiHJET1 koHe copOuusian keiinri MK-
cnekTpiepi 4-cyperre OepinreH. Exi cnekrpiae A€ MIalbIpAbIH HEri3ri KypbUIBIMBIHA
TOH JKOJaKTap cakranraH: 3371-3389 cm!' — maifblp KypaMbIHAAFbI Cy MOJICKYJIaaapbl
MeH ruapokcu TorapbiHbiH (-OH) co3buimans Tepbemnicrepi; 3028 cm' — apomarTsl
cakunanarsl C-H OaitnambicTapbinbiy TepOemici; 2929 cm' — amudarter CH, xone
CH, Ttonrtapembin Tepbenicrepi; 1630-1632 cm' — Genszon cakunaceiHparsl C=C
OaitnanbicTapsl; 1488 cm! sxone 1382 cm'— TopTTik aMMOHMIA TOOBIHA TOH TepOeicTep.

CopOrusiian KeiHTi YITIHIH CIEKTPiH/e OapiblK HETi3r MIBIHAAPABIH ONTHKAIBIK
THIFBI3ABIFEI ©CKeH. Mbicanbl, 1630 cm! tyceiaaarsr misiy 0.043-ten 0.058-re neitin
KOFapbUlaFraH. byn miailelp KypbUIBIMBIHA ayblp MeTaul KeLIeHJEpiHIH eHyiHe
OailyIaHbICTBI KYHEHIH TONspU3alMsUIaHybIHBIH apTKaHbiH Kepceremi. 991-992 cm!
KoHe 924-925 cm! aiimarbiHiarkl e3repictep Momuoaenun (MoO,*), Banagun (VO*)
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TONTApPBIHBIH TepOemicTepine coiikec kenemi. 1416 cm! sxone 1339cm! alimarbiHIaFbl

e3repicTep TOPTTIK aMMOHMH TONTAapbIHBIH MeTajll aHHoHaapbiMeH ([MoO,]* nemece
6- ; ”

[V,,0,,]%) amekTpocTaTuKaibik opeKeTTeCcyre TYCKEHIH pacTai/bl.

0.045 |AB-17-8-4uCTbIA

0,040 |
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Cypet 4 — AB-17-8 aHNOH aIMacTBIPFBIII MAWBIPEIHBIH MonoaeH (Mo) xaHe BaHauii (V) HOHJapBIHBIH
copOumsiceiHa Aeiinri xoHe kerinri MK-cnekrprepi

KVY-2-8:AB-17-8 uHTepnonuMepii >KyHeciHiH TEPMUSUIBIK TYPaKTBUIBIFBIH JKOHE
(hazanbik aybICyJapblH aHBIKTAy MaKCaThIHJAa KATHOHUTTIH Ta3a XOHE COpOIHsIaH
keiinri ynarinepine TI/JACK tampaymaper sxacanapl. Taza KVY-2-8 maiibipel MeH
OHBIH MeTaiyl noHaapbiMeH (Mo, V) KaHBIKKaH YITUIEPiHiH TepMOrpaBUMETPHSIIBIK
KHCBIKTapbIiH (5-CypeT) CalIbICThIpCaK, YII HEri3ri bIIbIpay KE3CHIHEH OTKEHIH
kepemi3. Canmak sxoranty mamamen 50-150°C apanbiFbiHga OacTainsirl, OipTiHIE
TeMeHelal. byn maieipaeiH  ruapodWIIbIl  CYIb()OTONTAphIMEH —OaijlaHBICKAH
THIPATTHI CYIbIH OynaHysiHa calikec keneai. 250-350°C apanbirpinaa AT KUCHIFBIHIA
allKbIH 3K30TEPMUSIIBIK IPQPEKTIMEH KaTap JKYpETiH TeMeHjey Oailikamansl. By
cynboronrapasir (-SO,H) bubIparn, KyKipT OKCUATEPiHiH OOiHy Ke3eHi. Al MeTal
HMOHJIApbIHBIH copOnusiceiHan keitin 100-180°C alimarbiHIa caJIMaK KOFAITYy KUCBIFBI
esrepreH. bynm keseHzeri canMak >koranTty KapKbHABUIBIFEI (JTT misiHb) azmgan
TeMeHAeHal. By MeTain noHAapbIiHbIH Cynb(oTonTapMeH OepiK XMMHUSIIBIK OaiiaHbIC
TY3iM, OJIapABIH TEPMUSIIBIK TYPAKTBUIBIFBIH a3/1aM apTThIpranbiH kepcereni. 400-500°C
YKOFapbl TeMIIeparypajia CTUPOI-TUBHHIIOCH30JI MAaTPULIACBIHBIH KOMIPTEKTI KAHKACHI
bIbIpaiiabl. TepMorpaBUMeTpHsUIBIK Tangaynad KVY-2-8 mialbIpbIHbIH MaTpUIlachlHA
MOJHMO/IEH MEH BaHaIWil MOHJAPBIHBIH €HYl KYHEHIH TepMUSUIBIK CHIATTaMaslapblH
©3TEPTKCHIH JKOHE COHFBI KAJIJBIK MacCaHbIH €19y1p apTKaHbl OaiiKamabl.
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Cyper 5 — TT, ACK xone JTT kuceikrapsr: a - KY-2-8 Taza ; b - mommbaen (VI) sxone Banamii (IV)
HOH/IapBIMEH

AB-17-8 aHNOHHTTIH 0OacTaIKhl )KOHE METaJIJI HOHAPhIMEH KaHBIKKAH YIITLIepiHIH
TEPMOTPaBUMETPUSIIBIK TajljayjapblHa Kesnep Oonicak (6-CypeT), Ta3a aHMOHMTTIH
TEPMUSUTBIK JeCTPYKLUSCHI OipHelie ke3eHHeH Typabl: 40—120 °C MaccaHbIH IaMaMeH
15-18%-ra kemyi Oaiikanmanel. byn mpomecc MOHUT KYPBUIBIMBIHIAFBI OOC CYyABIH
KOHE THAPATTHIK KaOBIKIIAJarbl Cy MOJIEKyJalapblHbIH OeJiHyiMeH (Ieruapararus)
tycinpipireai. AT KUCBIFbIHOAFBl ANFalIKbl aybITKY OCBI TeMIlepaTypa apasiblFblHa
coiikec kenemi. Kemeci 180-280 °C momuMmeprnik KaHKaHBIH —(DyHKIIMOHAIIBIK
TONTAapBIHBIH BIABIPaysl OacTanansl. JJCK KUCBHIFBIHAAFR! SHAOTEPMUSUIBIK 3 dexTinep
XMMUSUIBIK OaiiaHblcTapblH y3inyiH pactaiinsl. 280 °C-taH *orapbl TemIeparypaia
YJITiHIH Maccachl KYPT TOMEHAEII, TOJIMMEPIIiK MaTpULaHbIH JeCTPYKUUACH TepeHaei
Tyceai. Mo xaHe V nonaapbiHa KaHBIKKaH aHHOHUT YJITICiH/Ie TEPMOTPaMMAaHbIH CUIIAThI
aiitapablkTail e3repeni, 0yJ1 COpOEHT KYpbUIBIMBIHAA JKaHA XUMHSUIBIK KeIIeHIEepAiH
TY3UITeHIH KepceTei.

TepmusutbIK bLbIpay coHbiHAA (500 °C-Ka XKyBIK) YATiHIH KaJAbIK Maccachl lIaMaMeH
5-7%-np1 Kypaiabl. byn Kanapk copOuusiaanran Metangapab (Mo xone V) TypakTsl
OKCHATI KOCBUIBICTApPbI OOJIBIN TaObLIa bl
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a b
Cyper 6 — TT, ICK xone ITT" kucwikrapsr: a — 6acranksl AB-17-8 ; b - AB-17-8 momu6nen (VI)
xoHe BaHaau# (IV) noHmapeiveH
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KopbiTbinabl. 3eprrey O KyMbICHIHBIH —HOTIKenepi KVY-2-8 xone AB-17-8
HMOHUTTEPIHEH KypaJFaH MHTEPIIOIUMEPITiK )KYHEeH1H BaHa [ MCH MOJIMOJICH HOHIAPbIH
copOLusIay/a )KEKEJICTeH IaibIpiIapFa KaparaH/ia THIMJILIIT )KOFapbl €KEHIH KOPCETTI.
JKyprizinren Tanmaynap HeTi3iHAe KeJlecinel HeTi3ri TYKbIPhIMIAp sKacallIbl:

1. HWuTepnonuMeprik >KYWEHIH KypaMBIHIAFbl KOMITOHEHTTEP/iH KaIlIbIKTaH
e3apa opeKeTTecyl CopOLMsUIBIK KaOineTTi endyip aprroipaasl. Monubdaen (Mo) yiin
eH >korapbl copOuus nopexeci KY-2-8:AB-17-8 xyitecinig 1:5 xone 2:4 Mommik
KaTbIHACTapbIHIa Oarikaibl (45-48%). Bananuii (V) yiuin nonuMepiepiy 2:4 MOJIIIK
KaTBIHACKI THIMII OONIBI, MYHIA copOmms mopexkeci 52%-ra xeTTi. by HoTmxenep
xeke katTnoHuT (6:0) Hemece annonntieH (0:6) canbicTeipranga (25-38%) sxorapsbl.

2. CopbOumsaman keitinri UK cmekrpriepreri ONTHKANBIK THIFBI3IBIKTHIH ©3Tepyi
METaJT MOHJAPbl MEH MOJIIMMEPIEPAIH (PYHKIIMOHAIIBI TONTaphl apachlHAa XUMUSIIBIK
OalimaHbICTBIH TY3UIreHiH pactaiiabl. JXKylenin Tapany ko3ddunuentrepi (Kd(Mo) =
1.392-10%, Kd(V) = 1.826°10°) metanmapabl epiTiHmifcH OO amyablH THIMIUTITIH
KepceTei.
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Abstract. In this work, the sorption properties of titanium dioxide (TiO2) toward
polymer modifiers of different chemical nature were investigated in order to obtain
hybrid organic—inorganic composite materials with tunable surface characteristics.
Surface modification of TiO2 with macromolecules makes it possible to purposefully
alter the acid—base properties, interfacial interactions, and structural parameters of
the support, thereby expanding its potential practical applications. Chitosan (Chit),
pectin (Pec), and poly-4-vinylpyridine (P4VP), differing in functional composition and
the nature of active groups, were used as polymer modifiers. The composites were
prepared by introducing 1% polymer solutions into an aqueous TiO2 suspension at
room temperature, followed by aging, precipitate separation, washing, and drying.
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The amount of adsorbed polymer was determined by a viscometric method based on
changes in the viscosity of the mother solution before and after sorption. Additional
information on the interaction mechanism was obtained using FTIR spectroscopy. It
was established that the degree of polymer immobilization strongly depends on the
chemical nature of the macromolecule. The highest adsorption was observed for
chitosan (98.6%), indicating nearly quantitative immobilization of the polymer on the
TiO2 surface. The immobilization degree for PAVP was 80.3%, whereas for pectin it
was 30%. FTIR spectroscopic data confirmed the involvement of functional groups
(-NH2, C-N, C=0) in interactions with the acid-base surface centers of TiO2. The
obtained results demonstrate a pronounced dependence of the sorption properties of
titanium oxide on the nature of the polymer and provide a basis for the development of
functional polymer-modified materials.
Keywords: titanium dioxide, polymer, sorption, chitosan, poly-4-vinylpyridine,

pectin
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AHHOTanusi. bys KymbIcTa peTTenieTiH OeTTiK cumarramanapbl Oap THOPHITI
OpraHUKaNIbIK-OeHOpraHUKaIbIK KOMIIO3UIMSIIBIK MaTepuaiiapisl ajdy MaKcaTblHIa
tutan  jguokcuainiH  (TiO2) opTypmi XUMHSUIBIK — TaOUFaTTarbl  MOJHUMEPIIiK
Monu(pUKaTopiiapFa KaTbICThl COPOIMSUIBIK Kacuertepi 3eprrengi. TiO2 Oerin
MaKpOMOJICKyJIaJapMeH MOIU(UKALUSIAY TAChIMAIIAFBIIITHIH  KbIIIKBUI-HET13/11K
KacueTTepid, (¢azamap apachblHIAFbl  OPEKETTECYJEepiH JKOHE  KYPBUIBIMIBIK
napamMeTpiepiH MaKcaTThl TYPJE ©3repTyre MyMKIHIIIK Oepeii, OYJ1 OHBIH MPaKTHKAIBIK,
KOJIJJaHy asichlH KeHenTeni. [TlomuMep perinae GyHKIMOHANIBIK KypaMbl MEH OeJiceH 1l
TONTAPBIHBIH TaOWfaThl OOWBIHINIA epekiiesieHeTiH xuro3aH (Xwurt), nekrtuH (Ilek)
xoHe mnonu-4-suHunnupuand ([14BI1) xommaneuael. Kommnosurtrepai amy yuIiH
nonumepriepaid 1%-apik epitingiiepi 0ename Temreparypackinga TiO2-HiH CyIibl
CYCHEH3MSIChIHA EHTI31LIIN, KeliH Kocma Oenrin yakblT YCTalbll, TyHOa OeiHim
QJIBIHBII, JKYBUIBII )KOHE KENTIPiai. AICOpONMsIIaHFaH OJTMMEP MOJIIIepi copOIusFa
JICHIHT1 KOHE KEHIHI1 aHajblK EePITIHIIHIH TYTKBIPJBIFBIHBIH ©3repyl OOWbIHIIA
BHUCKO3MMETPHUSIJIBIK OJIICTICH aHBIKTANIBl. OPEKeTTeCy CHIIAThl Typajbl KOCBIMIIA
masimertep MK-criekTpockomnus o/1ici apKbuibl asibiH kL. [TonmuMepain OeKiTiny qopexkeci
MaKpOMOJICKYJIaHbIH XUMHSJIBIK TaOWFAaThIHA €0Yip TOyelJli eKeHi aHbIKTajabl. EH
JKOFaphl aJIcOpOIIMsl XUTO3aH YiiiH O0ankai sl (98,6%), Oy nomumepiy TiO2 Gerinje
ic KYy3iHAE TOJNBIK MMMOOWIM3anusuiaHFaHblH kepceremi. [14BIl ymnin Oekitity
nopexeci 80,3%, an nektud yuin 30% kypajisl. MK-CrieKTpoCKONUsIIBIK JEepeKTep
(-NH2, C-N, C=0) dyuknuoHamabK TonTapbiHbiH TiO2 OSTiHIH KBIIIKbLUI-HET13/IiK
OpTaJIBIKTAPBIMEH OPEKETTECYIe KaThbICAThIHBIH PacTajibl. AJIbIHFAH HOTHIKEJICP TUTAH
OKCHJIIHIH COPOIMSUIBIK KACHETTEPIHIH IMMOJMMep TaOuraTbiHA aWKbIH TOYEIUIIrH
KepceTelli KoHe (DYHKIMOHAIIBIK MOJUMEp-MOAUGUKALIMIAHFAH MaTepUasIapiabl
a3ipiieyre Heri3 00Jabl.

Tyiin ce3mep: THUTaH JMOKCHJI, MOJUMEpP, COPOLMS, XHUTO3aH, MOIH-4-
BUHUJITUPUIUH, TIEKTUH
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Annoramus: B pabore nccienoBanbl COpOIMOHHBIE CBOWCTBA TUOKCH]IA TUTaHA
(TiO2) Mo OTHOIIEHHIO K TMOJUMEPHBIM MOAM(HUKATOpAM Ppa3IMYHOH XUMHUYECKON
MPUPOBI C LIENbIO TOTYYSHHSI THOPHUIHBIX OPraHO-HEOPTaHUIECKUX KOMITO3UITHOHHBIX
MaTepHrasioB C peryaupyeMbIMHU TIOBEPXHOCTHBIMH XapakTepucTukamu. [loBepxHOoCcTHAS
momudukanust TiO2 MaKpOMOJEKyJaMHU TIO3BOJSICT IIeJICHANIPABICHHO W3MCHSITH
KHCIIOTHO-OCHOBHBIE CBOWMCTBa, MeX(pa3Hble B3aWMOIEHCTBUS UM CTPYKTYpHBIE
rapaMeTpbl HOCUTEIISL, YTO PACIIUPSIET BOBMOKHOCTH €0 IPAKTUYECKOr0 MPUMEHEHUSI.
B kauecTBe momuMepHBIX MOAM(PHUKATOPOB HUCIIONB30BAHBI XUTO3aH, IEKTHH U MOJTH-4-
BUHWIITUPUMH, Pa3InYaloecs PyHKIHOHAIBHBIM COCTaBOM M PUPOJON aKTUBHBIX
rpynn. KomrnosuTteinonydanumyTémBBeieHns 1 %-HBIX pacTBOPOBIIOJIMMEPOB BBOIHY IO
cycriensuio TiO2 pu KOMHATHOW TeMmIepaType C IMOCIEAYIONUM BBIIEPKUBAHUEM,
OTJeJICHHeM Ocajka, TPOMBIBKOM u cymkoi. KoxmuecTtBo ancopOUpoBaHHOTO
MOJNUMEPA ONPENEISUIM BUCKO3UMETPUUECKUM METOJOM IO H3MEHEHHUIO BS3KOCTH
HCXOAHOTO pacTBOpa A0 M Tocie copOuuu. JOmomHUTENnbHYI0 WHPOPMALHUIO O
XapakTepe B3auMoneucTBus nonydann meronom UK-cnexkrpockomuu. YcTaHOBIEHO,
YTO CTENEHb 3aKPEeIUIeHHUs MOJUMEPOB CYLIECTBEHHO 3aBHCHUT OT MX XHMHYECKON
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npupoabl. MakcumanbHast agcopOLus XapakTepHa IJisi XUTO3aHa U cocTaBisieT 98,6
%, YTO CBHIETEIBCTBYET O MPAKTUYECKH MOJTHOH MMMOOWIM3AaLWHU IMOJUMepa Ha
nosepxHoct TiO2. [ monu-4-BUHUINUPUANHA CTENEHb 3aKpETUICHHUsI COCTaBUIIa
80,3 %, Toraa kak ans nexktuHa - okono 30 %. Pesynsrarsl MK-cnexkTpockonuueckoro
aHanu3a MOATBepawIn ydactue ¢yHkuumoHanbHbIX rpynn (-NHz, C-N u C=0) Bo
B3aUMOJIEMCTBUM C KHCIOTHO-OCHOBHBIMU LIEHTPAMH MOBEPXHOCTH JUOKCH/IA TUTAHA.
[Tony4yeHHble pe3yabTaThl JEMOHCTPUPYIOT BBIPAKEHHYIO 3aBHCUMOCTb COPOLIMOHHBIX
cBorictB TiO: OT mpupoxbl TOJIMMEPHOro MomuHUKaTopa W CO3MAIOT HAayYHYIO
OCHOBY AJIsi Pa3pabOTKH HOBBIX (YHKIMOHAIBHBIX MOIUMEP-MOAM(PHUINPOBAHHBIX
MaTepuasoB.

KuroueBbie cjioBa: IHMOKCHI THTaHa, COPOLMs, MOTUMEpPHBbIE MOAM(DHUKATOPEI,
XHUTO3aH, IEKTHH, MOJIH-4-BUHWITNPUINH, THOpUIHBIe MaTepuaibl, UK-ciekTpockonus

BBenenne. B paMkax COBpEMEHHOM NapajuIMbl «3€JICHOM XUMHUU» U
YCTOMYMBOIO TEXHOJIOTMYECKOTO PAa3BUTHS OAHOM M3 Hamboyiee NPUOPHUTETHBIX
3aJa4 MaTepuaoBeICHUs SBIISETCS CO3JaHHEe MHOTO(QYHKUMOHAJIBHBIX THOPHIHBIX
MaTepHajoB AJsl COpOLMHU, TETEPOreHHOTo Karainu3a W dkojorud. Cpenu MHUpOKOro
CIEKTpa HEOPraHWYECKHX MaTpull 0coboe MecTo 3aHuMaeT auokcua Tutana (Ti02),
YTO 00YCIIOBIICHO €r0 TEPMHUYECKON U XUMUUECKON CTAOMIBHOCTHIO, HETOKCUYHOCTBIO,
pPa3BUTOH YIENbHOW MMOBEPXHOCTHIO W YHUKAJbHBIMH IOJYIPOBOJHUKOBBIMHU
cBoiictBamu (Zhang et al., 2014). Taxxke TUOKCH]| TUTaHA SBISICTCS OJHUM W3
Haubonee BOCTPEOOBAHHBIX OKCHIHBIX MaTepuanoB Onaromapsi am¢oTepHOH
MPUPOAOH MOBEPXHOCTH, 00YCIOBICHHON HATMUYMEM THAPOKCHMIIbHBIX rpynn =Ti—OH,
CHOCOOHBIX K MPOTOHUPOBAHUIO U JCTIPOTOHUPOBAHUIO B BOJHBIX pacTBopax (Zhang
et al., 2009). B 3aBucumoctu ot pH cpensl Ha MOBEpXHOCTH MOTYT (POPMHUPOBATHCS
MOJOXKUTENbHO 3apspkeHHble (ETIOH2+) mnm orpunarensHo 3apspkeHHbIE (=TIO")
LEHTPBI, YTO ONpeeNnseT aAcopOLOHHbIE CBOWCTBA OKCUAA. Touka HYJIEBOTO 3apsiia
(pHpzc) nia TiO2, cornacHo AUTEpaTypHBIM TaHHBIM, HAXOAUTCS B Ananasone pH 5-6
s anarasHod ¢opmbl (Kartal et al., 2016). Boxu3u 3Toro 3HaueHus: MOBEPXHOCTD
SIBIISICTCSI AJIEKTPUUYECKN HEUTpanbHOH, Torna kak npu pH < pHpZC ona npuoOperaet
MOJIOKUTENbHBIN 3apsf, a npu pH > pHpZC - orpunarensHbiil. 3TO 00CTOATENBECTBO
UTpaeT KIOUEBYIO POJIb B IPOLIECcCax B3aMMOJACHCTBHS C HOHOT€HHBIMHU ITOJIMMEPAMH,
COAEpKAlIMMU aMUHHBIE, KAPOOKCHIIbHBIE U T'eTEPOLUKINYCCKUE (YHKIHOHAIbHBIC
IPYIIBL.

WnauBuayanbHBIH AUOKCH] TUTaHA SIBISICTCS dPPEKTUBHBIM (OTOKATAIN3aTOPOM
U ancopOEHTOM, OJHAKO €ro MpaKTHYeCKoe MPUMEHEHHE B pAAE MPOLECCOB
OTpaHMYMBAETCS HEAOCTATOYHOM CEJIEKTUBHOCTHIO MO OTHOLIEHUIO K IIEJIEBBIM
COCIMHEHUSIM U (UKCHUPOBAHHBIM XapaKTEPOM IOBEPXHOCTHBIX (YHKLUMOHAIBHBIX
LEHTPOB. B CBf3M ¢ STUM 3HAYMTEIBHBIM HMHTEpEC MPEICTaBIsET HampaBlieHHAS
Moudukanus moBepxHocTH TiO2 opraHMYecKMMH MOJIEKYTaMHU W IOJIMMEpaMH,
MO3BOJIAIOIIAsT PETYIUPOBATh KUCIOTHO-OCHOBHBIE CBOWCTBA, TOBEPXHOCTHBIN 3aps
u afgcopOuuoHHbIe XapakTepuctuku marepuana (Dahl et al., 2014; Haghighi et al.,
2023).
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MoaupunupoBanue TOBEPXHOCTH OKCHUAOB MaKpPOMOJIEKYJaMH  IO3BOJISIET
CHUHEPTeTHYECKH OObEAMHUTh MEXaHWYECKYI0 W XHMHYECKYI0 CTaOMIBHOCTD
HEOPTaHUYECKOW MaTpHIbl C THOKOCTBIO, TEXHOJOTMYHOCTHIO M (YHKLIHUOHATBHBIM
pasnooOpasuem mnonumepHoit  (dazel  (Kickelbick, 2007). AncopOupoBaHHBIN
MOJMMEPHBIN CIOM cmoco0eH CyIIeCTBEHHO M3MEHSTh MOBEPXHOCTHBIM 3aps,
MEX YacTHYHBbIE B3aMMOJICHCTBHS, COPOLMOHHBIE XapaKTEPUCTHKU W KOJUIOMIHYIO
CTaOMIBHOCTh  JHMCIEPCHBIX  CHCTEM, 4YTO  OTKPBIBA€T BO3MOKHOCTH ISt
LeJICHANPABICHHOTO PEryIHPOBaHMs CBOWCTB THOpHIHBIX MarepuaioB (Gonzalez
Garcia et al., 2019; Schubert J., Chanana M., 2019).

OynmameHTOoM Mex(a3HBIX MpoLeccoB Ha rpaHuue pasaena «TiO2 — BomHbIH
pacTBOp» SIBISICTCSI THIPOKCHIIBHBINA MOKPOB OKcuza. [loBepXHOCTHBIE TUTaHOJIbHBIE
rpynisl (= Ti-OH) o6nagatoT aMQOTepHBIME CBOWCTBAMH U CIIOCOOHBI BOBJICKATHCS
B oOpaTuMbIe MPOLECCH MPOTOHUPOBAHUS U JACTPOTOHHUPOBAHUS B 3aBUCHMOCTH OT
KHCJIOTHOCTH Cpeabl. DIEKTPOMOBEPXHOCTHBIE CBOWCTBA M CMELICHHWE PAaBHOBECHM
mexny uentpamu =Ti1OH2+, = TiOH u =TiO" npenonpeaensioT 3HaK W BETUYHHY
TEPMOJMHAMUYECKOTO MOTEHIMAjla IOBEPXHOCTH, YTO KPUTUYECKH Ba)KHO IIPH
aacopbunn noHoreHHbIx nomuMmepoB (Hiemstra T., Van Riemsdijk W.H., 1996).
Uzmenenne pH pacTBOpa mo3BoJIsieT THOKO YIPABIATh HHTEHCUBHOCTBIO KYJIOHOBCKUX
CHJI TIPH B3aWMOJCHCTBHU C MAaKpOMOJCKYJIaMH, COACP)KAIIMMHU KHCIOTHBIE WIIN
OCHOBHBIE TPYIIIIHI.

Cpenu MHOrooOpasus MOAW(UKATOPOB MMOBEPXHOCTH OKCHAOB METAIJIOB
3HAUUTENIbHBI HHTEpEC MPEICTAaBISIOT NPUPOIHBIE OHMOMOIMMEPHI, COACpIKALINE
peaKIMoHHOCIIOCOOHbIe (PYHKIMOHATIbHBIE TPYIbL. Oc0o00€ MECTO 3aHUMAET XUTO3aH
— JINHEWHBIH oJcaxapua, COAep Kalui EPBUYHbIE AMUHOTPYTIITBI U THAPOKCHUIILHBIE
(parMeHThl, CIOCOOHBIE Y4aCTBOBAaTh B AIEKTPOCTATUYECCKHUX, KOOPAWHALIMOHHBIX U
BOJIOPOAHBIX B3aMMOJICHCTBUSAX C MOBEPXHOCTHBIMU LIEHTPAMH OKCHAOB METAIJIOB
(Rinaudo, 2006). bmaromaps BBICOKOW IJIOTHOCTH aMHHOTPYII XUTO3aH HIMPOKO
UCHONB3yeTcd A MOTUGUKAIMKA HEOPraHWYECKHMX HOCUTENeH W TMONydYeHHS
(yHKLIMOHAIBHBIX COPOSHTOB.

Jpyrum nepcrneKTUBHBIM MPUPOAHBIM HOJIMMEPOM SIBJISIETCS TIEKTHH, COeP KA
KapOOKCHIIbHBIE TPYIIIBI, CIIOCOOHBIE K HOHHOMY OOMEHY, KOMILJIEKCOOOPa30BaHHIO U
KOOPJIMHALMOHHOMY B3aUMOJACHCTBHIO C METANIMYECKHUMU LEHTPAMH TOBEPXHOCTH.
Hanuuyme  Oonmplmioro  KOJIMYECTBA  KUCIOPOACOAEPKAIIMX  (DYHKIHOHAIBHBIX
rpynn o0ecrleYrBaeT BO3MOXXHOCTh (OPMUPOBAHMSI YCTOMYUBBIX MEXK(a3HBIX
B3aMMOJCHCTBUH C OKCHUAHBIMH MaTepHajaMH U PETYIUPOBAHHS HX COPOLHMOHHBIX
cBoiicTB (Sriamornsak, 2003).

[MapannensHo ¢ OwomoiMMepaMu JUIs MOAWG(UKAIMM OKCHUAHBIX MaTepHalioB
AKTUBHO  HCIOJB3YIOTCSI CHHTETHYECKHE  a30TCOAEpIKAllHEe MaKpOMOJIEKYIIBI,
CpeAM KOTOpBIX OCOOBbIM HMHTEepec mpencTasiseT nonu-4-puHuinupunud (I[14BIT).
Hanuumne nupuamHOBOro aroma asoTa NpUAaeT AaHHOMY IOJUMEpPY CBOWCTBa
c1a00ro MOJMMOCHOBAaHUSI M OOECIEYMBAET €ro CIOCOOHOCTh K NMPOTOHUPOBAHHMIO,
KOMIUIEKCOOOpPA30BaHUIO M JOHOPHO-AaKIENTOPHBIM  B3aMMOJCHCTBUSIM €
MMOBEPXHOCTHBIMHM IIGHTpaMH HeOopraHnvyeckux marepuanoB (Mavronasou et al.,
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2022). bnaronaps stum cBoiictBaMm [I4BIl mmpoko mcmone3yercst mpu CO3laHUU
(YHKUMOHATIBHBIX COPOEHTOB, MeMOpaH W THOPHAHBIX OPraHO-HEOPTaHWYECKHX
KOMIO3HUTOB. VCHonp30BaHME MOJMMEPOB, COAEPKAIIMX aMUHOIPYMIBI (XHUTO3aH),
KapOOKCHIIbHBIE TPpyNIbl (MEeKTHH) ¥ nupuauHoBeie ¢pparmentsl (114BI1), mo3Bomnser
MPOBECTH CPABHUTENBHBIM aHANNU3 BIUSHHUA MPUPOABI (PYHKIMOHAIBHBIX TPYNI Ha
MPOLECCHI aJIcOPOLIMU U 3aKpeIUIeHUs] MaKpOMOJIEKyll Ha aM(OTEPHOH MOBEPXHOCTH
JUOKCHU/Ia TUTAHA.

HecmoTpst Ha UWHTEHCHMBHOE pa3BUTHE OTOM 0OONAacTH, B COBPEMEHHOM
muTeparype HaOmomaercs OeGHUIHUT NPSMBIX CpPaBHUTEIBHBIX HCCIEIOBAHUH, B
KOTOPBIX aJCOpPOLMOHHOE MOBEJCHHE MNPUPOAHBIX M CHHTETHYECKHX MOJIMMEPOB
HCCIIEI0BAJIOCH OBl Ha ONHOW M TOH € MaTpHle TUOKCHUAA THTaHa B MICHTHYHBIX
(U3NKO-XMMHUYECKHUX YCJIOBHUSX. BOJBIIMHCTBO MMEIOMMXCS PadOT cPOKYyCHPOBAHO
Ha M3YYCHWH HMHIMBHUIYaJbHBIX OMHAPHBIX CHCTEM, YTO 3aTPYIHSET yCTaHOBICHHE
Oo0IMX 3aKOHOMEPHOCTEH BIMSAHUS MNPHUPOABl (PYHKIMOHAIBHBIX TpYINN Ha
TEPMOJUHAMUYECKHUE MTapaMeTPhl 3aKPEIUICHUS TOJIMMEPHBIX LICTIECH.

Lenbto HacTosIeH pabOTHI SIBISIETCS YCTAHOBIECHHE OOLIMX 3aKOHOMEPHOCTEH H
(U3NKO-XUMHUYECKUX MEXaHHW3MOB aJCOPOLMOHHOTO MOAM(PHULUUPOBAHHUS JHOKCHAA
tutana (TiO2) mnoOAMMEpPHBIMH areHTaMy pa3iuyHOH XUMHYECKOH MPHUPOABI
(XMTO3aHOM, TEKTUHOM U TOJNU-4-BUHWINHPUANHOM), a TakKe KOMIUIEKCHOE
HCCIIeIOBAaHUE CTPYKTYPHO-MOP(OIOrHYECKUX CBOWCTB ¥ TEPMUUECKOM CTAOUITBHOCTH
(dhopMHUpyeMBbIX THOPHIHBIX KOMIIO3HIIMOHHBIX MaTePUANIOB.

JluteparypHblii 0030op. B mocieaHne roasl AMOKCH] THTaHA PaccMaTpPHBAETCS
HE TOJIbKO KakK (POTOKATAIUTUYECKUN MaTepuall, HO U KaK YHUBEPCaJbHBII HOCHTENb
JUI CO3JaHMsI THOPHIHBIX OPraHO-HEOPraHWYECKHX CHCTEeM. Bvicokas yaenbHas
MOBEPXHOCTh, XHMHYECKas CTa0MJIBHOCTh, HETOKCMYHOCTh W  BO3MOXKHOCTD
(dopMHpOBaHUS PA3BUTOM CHCTEMBl TOBEPXHOCTHBIX T'HAPOKCHIIBHBIX TPyl
00yCIIOBIMBAIOT €TO IIUPOKOE MPUMEHEHHE B COPOLMOHHBIX TEXHOJIOTHUSX, KaTaln3e,
MEIMIUHE U CO3JaHMU (YHKUUMOHANBHBIX TOKpbITHH. CornmacHo o03opy (Dahl et
al., 2014), mosepxuocts TiO2 MoXkeT OBITH IeleHANpPaBICHHO MOAM(UIUpPOBaHA
OpPraHMYEeCKMMU MOJIEKYJIIaMH M IOJIMMEpaMH, 4YTO TMO3BOJSET PErylIupoBaTh
rUIPOPUIBHOCTD, KHCIOTHO-OCHOBHBIE CBOHCTBAa U CIOCOOHOCTbH K CEJIEKTUBHOMY
CBSI3BIBAHUIO PA3JIMUHBIX COCTMHEHUH.

Oco0blii uHTEpEC TpeAcTaBIsAeT MOAU(HUKALUS THOKCHAA TUTaHa MPUPOAHBIMH
U CHUHTETHYECKMMHU monumepamu. [lomumepHble 000J0YKHM CIIOCOOHBI H3MEHSTH
MOBEPXHOCTHBIM  3apsil, M[PeJOTBpallaTh arperanyio YacTHI M CO3/aBaTb
JOTIOJTHUTENbHBIE aKTUBHBIE UEeHTphl copOumu. [lo manueim (Haghighi et al.,
2023), 3akperuieHue OpraHMYecKMX MOJIeKysl Ha moBepxHocTH TiO2 mpuBOAHMT K
CYIIECTBEHHOMY HM3MEHEHHIO MeK(a3HbIX B3aMMOJCHCTBUH W pacuIMpsieT 00JacTb
MPUMEHEHHs MaTepuaia B OMOMEINIUHCKUX U YKOJIOTUYECKUX TeXHOIOTHusAX. OqHIM
13 Haubosee HM3YYEHHBIX MPUPOAHBIX IOJMMEPOB SBIAETCS XHUTO3aH. bmaronmaps
HAJIMYHUIO TEPBUYHBIX aMUHOTPYII OH CIOCOOEH 3(QEKTHBHO B3aMMOAEHCTBOBATH
C TOBEPXHOCTBIO OKCHAOB  METaJIOB  MOCPEICTBOM  AJIEKTPOCTATUYECKUX
B3aMMOJCHCTBUH, BOIOPOJAHBIX CBsI3eH M KOOpAMHAIIMOHHBIX MeXaHM3MOB. B 0030pe
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(Vakili et al., 2014) nokazaHOo, 4TO XHTO3aH OOJNaJacT BBICOKOW COpPOIMOHHOI
CHOCOOHOCTBIO 1O OTHOUICHWIO K KpacHTEIsIM, HOHAM TSDKENBIX METaJJIOB U
OpPraHMYECKHM 3arpsi3HUTENSIM, a ero 3(QQEeKTHBHOCTb OIPENCNSETCS CTEIECHBIO
MPOTOHUPOBAHUSI AMHUHOTPYNI W CTPYKTYpOW NONMMEPHOW wLenu. AHaIOTHYHBIC
BbIBOAIBI NipeacTaBienbl (Ahmed and Tkram, 2015), KOTopble OTMEYAIOT, YTO HANIUYHE
aMHHOTPYII 00eCIeYrBaET BEICOKYIO alre3uI0 XUTO3aHa K IOBEPXHOCTH Pa3InYHbIX
OKCHJIOB U

croco0cTBYeT (QOPMUPOBAHUIO YCTOWYHBBIX KOMIIO3HTOB.

[Ipu B3ammoneiictBun xuro3ana ¢ 1102 BaxHYI poOilb HUIpaeT KHCIOTHO-
OCHOBHOE COCTOsSIHUE MOBepXHOCTH okcuaa. CoracHo maHHbIM (Xiao et al., 2020),
MOBEPXHOCTHBIE THUAPOKCUJIBHBIE TPYNNBl SBISIOTCS 3()()EKTUBHBIMH LEHTpaMH
CBSI3bIBAHUSI DJIEKTPOHOAOHOPHBIX COCIMHEHMH, COAEp)KAllMX aroMbl a3oTa u
Kuciopona. B pesynbrare MoryT o0pa3zoBbIBaThCs

YCTOMYUBBIE TOBEPXHOCTHBIE KOMIUIEKCHI, 00€CTIeUHBAIOIINE TPOYHOE 3aKPEIICHUE
MaKpOMOJIEKYJ Ha HOCHUTEIIE.

JpyruMnepcneKTHBHBIM OHOTIOTHMEPOM IBJISIETCS TIEKTHH, TPECTABIISIOIIN I cOO0i
MPUPOAHBIA NOIMCAXaPH, COACPKAIIUN 3HAUNTENFHOE KOJINYECTBO KapOOKCHIIBHBIX
rpyni. braronaps Hanu4yuio QyHKIHOHAIBHBIX TPYII IEKTHH CIIOCOOEH y4yacTBOBAaTh
B Ipoleccax KOMIUIEKcooOpa3zoBaHusi u moHHoro oOmena. [lo manusim (Tortorella
et al., 2021), xapOOKCUIbHBIE TpYNNbl MEKTUHA AKTUBHO B3aWMOACHCTBYIOT C
MMOBEPXHOCTHIO HEOPTaHUYECKUX MaTepHasIOB, OJHAKO 3(P()EKTUBHOCTH 3aKpETUICHHS
BO MHOTOM 3aBHCHUT OT cTeneHH srepudukamuu u pH cpenbl. Boicokas rumparanus
MaKpOMOJIEKYJ MEKTHHa MOYET OrpaHM4YMBaTh 3PQPEKTHBHOCTH €ro aacopOuuu Ha
OKCHJHBIX TOBEPXHOCTSIX BCJICACTBHE CTEPUUYECKUX (PAKTOPOB M KOHKYPEHIMH C
MOJIEKYJIaMHU PaCTBOPUTEIIS.

Cpenu CHHTETUYECKUX TIOJIMMEPOB 3HAYUTEIBHBIH HHTEPEC MPEACTABISET MOTH-4-
BUHWINUPUIUH. Hann4ue nupuImHOBOT0 aTOMa a30Ta MPUIAET TOJIMMEPY BBIPAYKCHHBIE
OCHOBHBIE CBOICTBa M CIIOCOOHOCTH K MPOTOHMPOBAaHUIO B KHCIIOH cpene. CormacHo
naHHbIM (Mavronasou et al., 2022), o0pa3oBaHNe KATHOHOB TUPUIUHUS CYIICCTBEHHO
BIMSIET Ha MPOLECCHl MEXKMOJIEKYIIPHOTO B3aWMOACHCTBUS M COpPOLIMOHHBIC
XapakTepUCTUKU Marepuaia. bnarogapsi 3ToMy NONH-4-BUHHINUPUAWH HIHPOKO
WCHONB3yeTCs MPHU CO3JaHUH COPOCHTOB, MEMOpPaH M (PYHKIHOHAIBHBIX MOKPBITHH.
OcoOeHHOCTH B3aMMOJACHCTBHS a30TCOACPIKALIMX IOJUMEPOB C MOBEPXHOCTBHIO
OKCHJIOB METaJUIOB MOAPOOHO paccMoTpeHbl B pabote (Carvalho et al., 2024), rne
MOKa3aHo, YTO JOHOPHBIE CBOMCTBAa aTOMOB a30Ta CHOCOOCTBYIOT OOpa30BaHMIO
KOOPJIMHALMOHHBIX CBSI3€M C MOBEPXHOCTHBIMH LEHTPAaMH METaJNIOOKCHJIOB.
[TonoOHbIe MeXaHU3MBI MOTYT PEajJM30BBIBATHCS W MPH B3aWMOJCHCTBUU MOIH-4-
BUHWIIIMPUMHA C TIOBEPXHOCTHIO TMOKCHA TUTAHA.

Craenyer OTMETUTh, YTO 3P(PEKTUBHOCTD 3aKpEIUICHUs MOJIMMEPOB OMpPEACIIeTCS
HE TOJNBKO MPUPOJOH (PYHKIHOHAIBHBIX TPYIII, HO U CTPYKTYPHBIMH O0COOCHHOCTSIMH
MOBEPXHOCTH camoro okcuga. B pabore (Zhou et al. 2013) mokazaHo, 4TO pazmep
4acTul], CTENeHb arperanud W Mopdoiorus HaHoKpucTawwioB TiO2 oka3bIBaroT
CYLIECTBEHHOE BIMSHHE Ha JOCTYIHOCTb AaKTHBHBIX LEHTPOB M COPOLHMOHHYIO
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eMKOCTh Marepuana. [Ipu yMmeHbIIEHMHM pPa3MEpOB YacTHIl BO3pPacTacT YyHelbHas
MOBEPXHOCTh M YBEIMYHBACTCS KOJHMUECTBO MOBEPXHOCTHBIX THMIPOKCHIIBHBIX TPYIII,
YTO CIIOCOOCTBYET YCHIICHUIO B3aUMOACUCTBHSI C IOJTMMEPHBIMH MOJU(PHUKATOPAMHU.

C TOYKM 3peHHUs] COBPEMEHHOW TEOPHH MOBEPXHOCTHOTO KOMILJIEKCOOOPa30BaHUS
B3aMMOJICHCTBHE MAKPOMOJIEKYJI C TIOBEPXHOCTHIO AMOKCH]IA TATAHA PACCMaTPUBACTCS
KaK pe3ylbTaT COYETaHHsS »JIIEKTPOCTATUYECKHX CHJI, BOJOPOJHOTO CBS3BIBAHHS
n o0pa3oBaHUsl BHYTPEHHUX KOOPIMHALMOHHBIX KoMmIulekcoB. CormacHo pabote
(Vlasova u Markitan, 2019), Bkia1 kKax10ro U3 MepeynucICHHbIX MEXaHU3MOB 3aBUCUT
OT IpUPOIBI PYHKIMOHATIBHBIX TPYIII COPOUPYEMOTO BEIIECTBA M KUCIOTHO-OCHOBHBIX
XapaKTePUCTUK MOBEPXHOCTH OKcua. [1oaToMy n3ydeHue 3akOHOMEPHOCTEH cOpOIIH
MOJIMMEPOB Pa3IMYHON XUMUYECKON MPUPOABI IPEACTABISAET 3HAYUTEIIbHBII HHTEpEC
Kak ¢ (pyHJAaMEHTaIbHOU, TaK U C IPUKIAJHON TOUKU 3PECHUSI.

Marepuanbl u Metonbl. PeaktuBbl u marepuansl: TiO2 (tutan(IV) oxcwun,
qactusl ~25 HM), nonu-4-sununnupuand (I14BI1, MW = 60000, Sigma-Aldrich,
CIIIA), xuto3an (XuT, cTeneHp neanerwiupoBanus >75%, MW = 250 000, Sigma-
Aldrich, CIIIA), nextun (Ilextun u3 516710k, crenens stepudukanuun 50-75%, Sigma
Aldrich, CHIA). CrpykrypHble (OpMyNbl MOJIMMEPOB MPUBEACHBI B CIEAYIOLICH
tabmuue (Tabnuna 1).

Tabmuma 1 — CTpykTypHBIE (HOPMYITEI HOIUMEPOB

IMonumepbl Dopmy.ia
XuTo3aH ML OH
o]
o o/%/o
HO o O NH,
n
[Monu-4-sununmuppuaus (114BIT) CH-CHg
N n
[exTnn H OH
H
—o0—XHoH H
H
COOH

Ilpucomosnenue pabouux pacmeopos. B Bonnyto cycriensuro TiO2 (1 /10 mi1 Bojibr)
[IpH KOMHATHOM Temrieparype 100aBisiiin 1 %-Hbli pacTBOp MOIUMEPA C O CIETYIOLTIM
nepeMemrBanieM 2 4. OOpa30BaBIIMKCS OCAIOK OTACUIN LEHTPU(YTHPOBAHUEM,
MPOMBIBAIM BOJOHW M CyIIWJIM Ha Bo3ayxe. KomudecTBO BBOIMMOIO pacTBOpa
pacCUUTBHIBAIM [IJIsl TOMYyYECHHS KOMIIO3WTa C coiepkanueMm 10 mac.% monumepa.
PacTBOpBI MOMTMMEPOB TOTOBHIIM CileaylomuM obpazom: Xuro3ad (1 T) pactBopsin
B100 M 1%-n0M pactBope HNO3 npu 60°C; nextun (1 1) - B 100 M1 Boge npu 60°C;
[14BII (1 r) - B 100 M1 5TaHOJIEe MpU KOMHATHON TeMIIepaType Mpu nepeMeInBainm 4 4.
ConepxaHre 3aKperuiEHHOTO NOJIMMEepa ONPEACISUIN BUCKO3UMETPHYECKUM METOJIOM
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C HCIIOJB30BaHUEM TIpadyupoBouHOro rpaduka. HMK-cmekTpsl perumctpupoBaiu B
nuanaszone 4000—400 cm! (Socrates et al., 2001).

Pesynbrarel u oocyxnenue. Komnosutsl (Xut-TiO2, [T4BIT-TiO2 u Ilek-TiO2)
ObUIM MOJYYEeHbI MeToAOM aacopOuuu. CTeneHb aacopOLMM MEKTHHA, XMTO3aHA U
MOJM-4-BUHUIINUPUINHA OTIPEIEISITN BECKO3UMETPHUECKUM METOJIOM C MPUMEHEHUEM
rpagyupoBouHoro rpaduka Ha BuckozumeTrpe BIDK-2 B kpuocrarmueckol syeiike
KPMOBUCT-01 npu Temneparype 2040, 1. Bpir mocTpoeHb! KanuOpOBOYHbIE KPUBBIE
nonumepoB. [lo pa3Huile KoIMYecTBa MOJMMEpPa B MaTOYHOM PacTBOpE IO M IOCIE
3aKpeIuIeHUs OINpenesuIn UX Maccy B Kommnosute (tabnuna 2). st cucreMbl XuT-
TiO2 mMaTouHBIN PacTBOP MOCJIE CHHTE3a, B OTIIMYUE OT APYTUX CUCTEM OBLIT MyTHBIM.
[Mocne nosenenus pH mo 7,5 pactopom 0,25 M NaOH o0OpazoBbiBasicss HaOyXInui
0CaJloK, a HaJ0CcaJ04YHasl XKUIKOCTh CTAHOBUIIACH MTPO3padHoil. Buckozumerpuueckoe
HW3MEpeHUe HaJ0CaJ0uyHOro pacTBopa Kommo3uTta Xut-TiO2 mokaszano OTCYTCTBHE
MOJIMMEpa, YTO CBUAETENBCTBYET O MPAKTUYECKH IOJHOM 3aKPEIUICHWH XHUTO3aHa
(98,6 %) (trabmuna 2). B cucremax I14BII-TiO2 u Ilex-TiO2 Taxxe HaOMONAIOCH
oOpa3zoBanue HaOyxmux ocaakoB. Ctenens 3akperuienus: cocrasuna 80,3 % u 30 %,
COOTBETCTBEHHO.

Tabnuia 2 — Pe3ynbraThl OLCHKH COJep KaHMs TTOJIMMEPOB B KoMnosuTax nonumep/TiO2

BBonumoe m (moauMep) B | m (monumep) B | m (monumep) Crenenp | Coneprkanue

KOJIMYECTBO | HICXOHOM pacTBope mocie | agcopOUpOBaHHOTO | ancopOuy | momumepa B

nonumepa, % | pactBope, MI' | COpOLIUH, MI' Ha u, % KOMIIO3UTE, %0
HOCHUTEJIE, M

Mex/ TiO2

10 [111 [77,7 [333 [30,0 [3,00

Xut/ TiO2

10 [111 [1,6 [109,4 [98,6 19,86

[4BIl/ TiO2

10 [111 [21,9 [89,1 [80,3 [8,03

[TomydeHHbIe pe3ynbTaThl CBUACTENHCTBYIOT O CYIIIECTBEHHOM BIIMSTHUY XUMHYECKOH
MIPUPOJIEI PYHKIIMOHATBHBIX TPYIIT Ha () (hEKTHBHO CTH UMMOOHITHU3AIINH MAKPOMOJIEKYIT
Ha moBepxHocTH TiO2. BhIcOkas CTemNeHb 3aKperyieHHs XUTO3aHa COTIACYeTCs
C JHTEpaTypHBIMH JaHHBIMH O CHJIBHOM B3aUMOJCHCTBUH TPOTOHHUPOBAHHBIX
AMUHOTPYII C TIOBEPXHOCTHBIMH THIPOKCHIBHBIMU IIEHTPAMH OKCHIOB METAIJIOB
(Vakili et al., 2014; Ahmed et al., 2015). [IpakTrueckn KOTUYECTBEHHAS aICOPOITHS
XUTO3aHa yKa3bIBa€T HA BO3MOXKHOCTH (DOPMHUPOBAHUS TUIOTHOTO TIOJMMEPHOTO CIOS
Ha ioBepxHOCcTH dacTull TiO2. /st monu-4-BUHUINMPUANHA HAOIIONAETCS HECKOIBKO
MEHbIIIas CTENEeHb 3aKPETIICHHUS, 4YTO MOXKET OBITh CBSI3aHO C 00JIee KECTKON CTPYKTY PO
MaKpOMOJICKYIIIPHOW TENM W MEHBIIeH AOCTYMHOCTHIO (DYHKIIMOHAIBHBIX TPYIII
JUTSE B3aMMOJCHCTBHSI C TIOBEPXHOCTHIO. B cilydae meKkTHHA 3HAYUTENbHOE BIMSHUE
OKa3bIBAIOT THApATAIHs KapOOKCHIBHBIX TPYII M MPOCTPAHCTBEHHBIC OTPaHHYEHUS,
cHWKamue 3pPeKTUBHOCTL aacopOiuu. llomydeHHple 3aKOHOMEPHOCTH XOPOIIIO
COTJIACYIOTCS C COBPEMEHHBIMH MPEICTABICHUSIMH O COPOITIH HOHOTEHHBIX ITOJIMMEPOB
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Ha OKCHIHBIX IMOBEPXHOCTSX M MOATBEPKAAIOT OMPEACISIONIYI0 POJb KHUCIOTHO-
OCHOBHBIX B3aUMOJCHCTBUN.

[1o yMeHBIIEHHUIO CTENIEHH aCOPOLMH MTOTMMEPBI PACIIONATAIOTCS B PSILY:
Xwut > [14BI1 > [lek (pucyHoxk 1). Beicokas ancopOuust xutozana o0ycioBieHa
MPOTOHUPOBAHUEM aMUHOTPYIII M UX B3aUMOJICHCTBUEM C KHCIOTHBIMH LIEHTPAMHU
nosepxHoctu TiO2 (Vakili et al., 2014, Ahmed et al., 2015). J{nsa [14BII xapaktepHO
o0Opa3oBaHMe KaTHOHA MUPUAMHUS TPU B3aUMOACHCTBUH C OKCUAHOM MOBEPXHOCTHIO
(Carvalho et al., 2024, Mavronasou et al., 2022). bonee HU3Kast CTENEHb 3aKPETUICHUS
MEKTHHA MOXET OBbITh CBSI3aHA C KOHKYPEHIHEH THapaTanui KapOOKCUIIBHBIX TPYII U
crepuueckumu axropamu (Tortorella et al., 2021).

100 4

80~

80

40+

204

CreneHb agcopbuuu Ha TiO,, %

0 T - T T T
xur M4en MNek
Pucynox 1 — Pe3synbrarsl onieHkH copOunoHHbIX cBoicTB TiO2 Kk monmmmepam

[pucyrcreue Xut, [14BI1 m Ilex Ha MOBEpXHOCTH IHOKCHAA THTaHA OBLIO
noATBepkaeHO ¢ momonisio MK-crexrpockonuu (pucynok 2). B cnexrpe [14BI1/TiO2
HaOmonaercsi cmenienue momoc C—N ¢ 1686 1o 1637 cM™!, 4T0 CBHIETENBCTBYET O
(dopmupoBanuu karuoHa nupuaunus (Carvalho et al., 2024, Mavronasou et al., 2022).
B cucreme Xut/TiO2 ormeuenst usmerenus mojoc C=0 (1635 cm') u N-H (1559
cM'), 9TO MOATBEPIKIACT YIaCTHE aMHHOTPYIII BO B3aUMOJICHCTBHH C TIOBEPXHOCTHIO
okcupa (Vakilietal., 2014, Ahmed et al., 2015). {ns [1ex/TiO2 puxcupyercs cmenieHne
nosockl C=0 ¢ 1747 no 1749 cm™!, uT0 yKa3bIBaeT Ha B3aUMOJICHCTBHE KapOOKCHITBHBIX
rpyn ¢ noBepxHocTHeIME HeHTpamu TiO2 (Tortorella et al., 2021). MaTepnperauus
CHEKTPOB COOTBETCTBYET COBPEMEHHBIM TIPEACTABIECHUSAM O B3aUMOJCHCTBUU
opraHudeckux (YHKIMOHAIBHBIX IPYMI ¢ OKCHIHBIMU ToBepxHOcTsiMH (Vlasova et
al., 2019).

Jomnonuurenbubiii ananu3 UK-criekrpoB mo3BosieT 0ojiee IeTaibHO pacCMOTPETh
XapaxkTep B3aMMOJCHCTBUS (PYHKIIMOHAIBHBIX TPYI MOJMMEPOB C MOBEPXHOCTHIO
JUOKCU/Ia TUTaHa U OICHUTh OCOOCHHOCTH (OPMHUpOBaHUSI MeEK(a3HOTo cIosi B
HcclielyeMbIX Komro3uTtax. Kak n3BectHo, HHPpaKpacHas CIEKTPOCKOMHS SBISETCS
OHMM W3 HamOosee HHOOPMATUBHBIX METOAOB HCCIIEOBAHUS IOBEPXHOCTHBIX
B3aMMOJICHCTBUH B THOPU/IHBIX OPraHO-HEOPTaHUYECKHUX CUCTeMaxX. MeTol 03BOJIsIeT
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UACHTUGUIHMPOBATh (YHKIMOHANBHBIE TPYNIbI, YYacTBYIOIIME B COPOLMH, a TaKKe
¢uKcHupoBaTh M3MEHEHHsI HUX KoJeOaTeIbHBIX XapaKTePHCTUK, BO3HUKAIOLIHME
BCJIEACTBHE 00pa30BaHus BOJOPOAHBIX CBSI3€H, 3JIEKTPOCTATHUECKUX B3aUMOACHCTBHUM
1 TIOBEPXHOCTHBIX KOMIUIEKCOB. VI3MEHEHME MONOXKEHUs IOJIOC TMOINOIIeHHs, HUX
WHTCHCUBHOCTH U INUPHUHBI CBUJCTEIBCTBYET O MOJU(PHUKALUU DIEKTPOHHOTO
OKPY)KEHHUSI COOTBETCTBYIOIIMX XMMHMUYECKMX TIpyHNI TOciae B3aUMOACHCTBUS C
MTOBEPXHOCTHIO OKCH/A.

s MCXOAHOro JMOKCHJAa TUTaHa XapaKTEpPHO HAJU4YME IIUPOKOW IOJIO0CHI
nortomenus B oonactu 3200-3600 cm™!, 00ycI0BICHHOH BaJCHTHBIMU KOJIEOAHUSIMU
TUJIPOKCHIIBHBIX TPYIIN TOBEPXHOCTH M ancopOupoBaHHOM Bozbl (Vasconcelos et
al., 2024, Primet et al.,, 1971). Hannuue noepxnoctHbix rpymnn Ti-OH wurpaer
KIIIOUEBYIO pOJIb B Mpoleccax aAcopOIMKU OpraHMYeCKUX COEIWHEHHH, MOCKOIBKY
HWMEHHO OHH BBICTYNAIOT OCHOBHBIMH PEAKIIMOHHBIMH LIEHTPAMH, 00€CIIeYMBAIOIIIMH
B3aMMojeiicTBUe C (yHKIMOHAJBHBIMH TpylHIaMu TonuMepoB. Kpome Toro, B
HU3KOYaCTOTHON 00J1aCTH CIIEKTPa HAOIIOAAI0TCSI MHTEHCHBHBIE MOJO0CHI TIOTIOICHUS,
cooTBeTcTBYIOIHKE KonebanusaMm cBsizeil Ti-O-Ti, XxapakTepHBbIM AJIsl KPUCTATNYECKON
CTPYKTYPBI OKCHJIa TUTaHA.

B cnexTpe ucxoqHOro XuTo3aHa HAOMIOAAI0TCS XapaKTEPHBIE MOJIOCH MOTJIOMECHHS
B o0Omactu 3430-3450 cm!, oTHOCSIIHECS K BAJIEHTHBIM KOJICOAHUAM THIPOKCHILHBIX
n amunorpynn (Baxter et al., 1992) Ilonocs B o6nactu 1655-1630 cm™' oTHOCHUTCA
k konebanmam amug | (v(C=0)) ocrarounbix N-aleTHIBHBIX TPYI XHTO3aHA
(Kumirska et al., 2010), Torma kak curHan okoyso 1560 cM™' COOTBETCTBYeT ammu
I u nepopmanmonnsiM konebanusiMm N-H-rpynm. [locnme 3akperuieHust xuro3aHa
Ha moBepxHocTH TiO2 HaOmOAaloTCs M3MEHEHHsI MOJOKEHUs W HMHTEHCHBHOCTH
yKa3aHHBIX MoJ0c. B yacTHOCTH, cMellleHHe M0JI0C, OTHOCALIMXCS K aMUHOTPYIIaM,
CBUJIETEJILCTBYET O BOBJIEUEHMHM AaTOMOB a30Ta B IPOILIECCHl B3aHMMOAEHCTBUS C
MMOBEPXHOCTHBIMU LIEHTpaMHM OKcHja. V3MeHeHume HMHTEeHCHMBHOCTH mojocskl N-H
yKa3bIBaeT Ha 00pa30BaHUE BOAOPOAHBIX CBSI3€H MEKAY aMHUHOTPYIIIAMH XUTO3aHa U
THIPOKCHIIBHBIMU IpyNIaMu noBepxHocta Ti02.

JIONIOTHHUTENBHO CEeqyeT OTMETUTb, YTO aMUHOTPYIIBl XMTO3aHa CIOCOOHBI HE
TOJILKO y4aCTBOBATh B BOJOPOTHOM CBS3bIBAHUH, HO M BBICTYIIATh 3JIEKTPOHOIOHOPHBIMU
ueHTpamu. B pesynbsraTe BO3MOKHO 00pa3oBaHue KOOPIUHALIMOHHBIX B3aUMOACHCTBHUH
MEX 1y HEeToAeIeHHON 3JIEKTPOHHOM Mapoi aroMa a30Ta ¥ MOBEPXHOCTHBIMU aTOMaMHU
TUTaHa, 00JaJalOUIMMU aKIENTOPHBIMU CBOMCTBaMU. [1010OHBIH MEXaHM3M XOPOIIO
coryacyercs C MpaKTUYECKH KOJMYECTBEHHOH aacopOiueil XuTo3ana, yCTaHOBICHHON
BHCKO3UMETPUUECKUM METOAOM. BepoATHO, HMEHHO coueTaHHe HECKOJIbKHX
MEXaHHU3MOB 3aKpEIUIEHHs — 3JIEKTPOCTATHYECKOTO0 B3aMMOAEHCTBHSA, BOAOPOIHOIO
CBS3bIBaHUS M KOOpOMHAUMM — oOecriednBaeT HauOojJee BBICOKYIO CTEIECHb
HMMOOHIIN3aUH JAHHOTO MOJIMMEpa.

Jns nonu-4-BUHWINMPHUIMHA XapaKTePHBI T0JI0ChI TOTIONIEHHUS, COOTBETCTBYIOINE
kojeOaHusiIM THpuaAnHOBOro konbua u cBsizeil C-N. Ilocne B3ammopneicTBusi ¢
MOBEPXHOCTHIO AMOKCHIA TUTaHa HaOmomaeTcsi cMemieHue noiocel C-N B oOmactb
MEHBIIUX BOJHOBBIX uucen. [lomoOHOe H3MEHEHHEe MOMKET CBHIETEIbCTBOBATDH
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0 TepepaclpeieiCHUN DIIEKTPOHHOH IUIOTHOCTH B NUPHUIMHOBOM (parmeHrte
BCJIEJICTBUE B3aUMOJEHUCTBUS aTOMA a30Ta C IOBEPXHOCTHBIMHM LIEHTPAMH OKCUJA.
CornacHo TUTEpaTypPHBIM JaHHBIM, TOJOOHBIE CIICKTPaIbHbIC U3MEHEHUS XapaKTepHbI
Ui 00pa3oBaHUs TPOTOHHPOBAHHBIX (opM mNUpUAMHA JTHOO TMOBEPXHOCTHBIX
KOOPAUHALMOHHBIX KOMILIEKCOB.

Hannune mnupuaunoBoro artoma aszota mnpupaet I[I4BII cBoiictBa crnaboro
MOJIMOCHOBAaHMS. B BOIHOI cpene 4acTb aTOMOB a30Ta MOXET IMPOTOHUPOBATHCS
c o0pa3oBaHMEM KaTHOHOB NHUPUAMHUS, KOTOPBIE CIIOCOOHBI B3aMMOJAEHCTBOBATH
C OTpHLATENBHO 3apsDKEHHBIMH yyacTkamu mnoBepxHoctd TiO2. OgHOBpeMeHHO
HENPOTOHUPOBAHHBbIE MUPUIAUHOBBIE TIPYIIBI MOIYT Y4YacTBOBaTb B JIOHOPHO-
AKLENTOPHBIX B3aUMOAECUCTBUSAX C KHUCIOTHBIMM LEHTPaMU IIOBEPXHOCTH OKCHUAA.
Takum oOpazom, agcopOuus MONU-4-BUHWINMUPHUINHA MOXET pPEalu30BbIBATHCS
[I0 CMEIIAHHOMY MEXaHMU3MYy, BKIIOYAIOLIEMY KaK »JIIEKTPOCTATUYECKHUE, TaK U
KOOpAUHALMOHHBIE B3aUMOACHCTBUS.

B cmekrpe mnexkTMHa OCHOBHBIMM JMATHOCTHYECKUMHU [I0JOCAMU  SIBIISIFOTCSA
MOJIOCHl KapOOHWJIBHBIX TPYII CIOKHOA(PUPHBIX M KapOOKCHUIBHBIX (DparMeHToB.
[locne momuduraumu nosepxHoctn TiO2 HaOmOmaeTCs: M3MEHEHUE TOJOKEHHS
nosockl C=0, 4TO CBUAETENBCTBYET 00 Y4aCTHH KapOOKCHIIBHBIX TPYII B MPOLIECCax
B3aUMOJECHUCTBUS C IOBEPXHOCTHIO OKCUA.

U3BecTHO, 4TO KapOOKCHIIBHBIE TPYMIBI CIOCOOHBI 0OPa30BHIBATH BONOPOIHBIE
CBA3U C MOBEPXHOCTHBIMU T'HAPOKCUIBHBIMU TPYIIaMH, a TAaKXKE Y4aCTBOBaTb B
peaKusX TOBEPXHOCTHOTO KOMILIEKCOOOPa30BaHHUSL.

OpHaKo MO CPAaBHEHMIO C XUTO3aHOM M NMOJIN-4-BUHUINUPUINHOM CHEKTpasIbHbIE
W3MEHEHHUsl JJIsl MEKTHHA BBIPAKEHBI MEHee 3HAauuTeNnbHO. [laHHBIH (akT XOopoio
coryacyercsi ¢ pe3ynbTaraMi KOJIMYeCTBEHHOTO onpeaeeHus agcopouun. Beposrho,
3HAUUTENbHAsl TUAparauusi KapOOKCHJIBHBIX TPYIN HOPUBOJUT K OOpa3oBaHUIO
YCTOMYMBON COJBBATHOH OOOJOYKH BOKPYT MaKpOMOJIEKYNl MEKTHHA, KOTOpas
HPENATCTBYET UX HEIOCPEICTBEHHOMY KOHTAKTy C IIOBEPXHOCTBIO OKCHJAA TUTaHa.
Kpome TOro, pasBeTBIEHHOE CTPOEHHE MMOJUCAXAPUAHON LEMU MOXKET CO3/1aBaTh
JIOTIOJTHUTENbHBIE CTEPUYECKHE 3aTPyAHEHUS IPH aICOPOLIHH.

ConocTaBiieHHEe CHEKTPOB BCEX HCCIIEAOBAHHBIX KOMIIO3UTOB ITOKa3bIBAET, YTO
HauboJsee CyleCTBEHHbIE U3MEHEHHSI HAOMIONAI0TCS IS a30TCOEPIKAIIUX TOJTMMEPOB
— XWTO3aHa U MONU-4-BHHWINUPHIUHA. DTO CBHIETEIBCTBYET O 0OoJiee BBICOKOM
CHOCOOHOCTH AMUHHBIX U TUPUIMHOBBIX IPYIII K B3aUMOJAEHCTBHIO C TOBEPXHOCTHBIMU
LEHTpaMH AMOKCHJA TUTaHA TI0 CPABHEHUIO C KapOOKCHUIIBHBIMH TPYNIIaMU TEKTHHA.
ITonyuyeHHbIE JaHHBIE XOPOILIO COMIACYIOTCS C Pe3yJIbTaTaMU BUCKO3UMETPUUYECKOTO
aHau3a, COIIACHO KOTOPBIM CTENEHb aJcopOLUH YMEHbIIAeTCs B psiy XHUTO3aH >
[14BII > I1exTuH.

Takum oOpaszoM, pnanHble WK-crnekTpockonmuu MOATBEPXKIAIOT — YCIHEIIHOE
(opMHupoBaHUE THOPUAHBIX MOJIUMEP-OKCHIHBIX KOMIIO3UTOB U CBUAETEIBCTBYIOT O
HENOCPEICTBEHHOM Y4acTUH (DYHKIMOHAJBHBIX TPYII MakpOMOJIEKYJ B MpoLEeccax
3akperuieHus Ha noBepxHoctu TiO2. HaOmiomaemble W3MEHEHHS CIEKTPaJIbHBIX
XapaKTePUCTUK YKa3bIBalOT Ha 00pa3oBaHue MeK(a3HBIX B3aUMOJCHCTBUI Pa3TuIHOM
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OpupoOabl, BKIOYAsA BOAOPOAHOC CBA3BIBAHUC, JJICKTPOCTATUUYCCKOC IMPUTAKCHUC U
MOBEPXHOCTHOC KOMHJ’ICKCOO6pa3OBaHI/Ie. PCByJ'ILTaTBI HK—CHCKTpOCKOHI/I‘{eCKOI‘O
HUCCIICAOBAHUA HaxXOoAATCd B XOpoLIEM COITIaCUM C JAaHHBIMHU 110 COp6LII/II/I n
MNOATBCPIKAAOT OMPECACIIAIOUIYIO POJIb XHUMHYECKOMN MMpUpPOALI MMOJIUMEPA B IIpoHeccax
q)OpMI/IpOBaHI/IH KOMITO3UTHBIX MaT€praJiOB HAa OCHOBC JUOKCHU A TUTAHA.
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[lony4yenHble pa3nuyusi B CTENEHH aJCcOpPOLMU TONUMEPOB MOTYT OBITH
JOTIOJTHUTENBHO OOBSCHEHBI C MO3UIMH KHCIOTHO-OCHOBHBIX CBOMCTB MOBEPXHOCTH
TiO2 u coctostaus HyHKIMOHATBHBIX IPYTII MAaKPOMOJIEKYJI B pacTBope. Kak n3BectHo,
MOBEPXHOCTh JMOKCHIA THUTAaHA XapakTepusyercs: HanmuyueM paBHoBecuil (Kartal et
al., 2016):

=TiOH + H* 2 =TiOH2+

=TiOH 2 =TiO" + H"

[Tpu 3nauenusx pH, 6au3kux k Touke HyaeBoro 3apsaa (pHpZC = 5-6), moBepXHOCTb
COAEPKUT KaK MOJIOKUTEIBHO, TaK X OTPULATENBHO 3aPsKEHHBIE IIGHTPBI, 4TO CO3aeT
yCIOBHSA U151 a1COPOIIMK aMPOTEPHBIX M HIOHOTEHHBIX COeTMHEHNH. B paccmMaTprBaeMbIx
yCIIOBHAX CHHTe3a(BOIHAs cpelia, On3Kasi K HeHTpanbHoii) moBepxHOCTh TiO2 yacTHUHO
3apspkeHa OTPULATENbHO, YTO CIIOCOOCTBYET AIEKTPOCTATHIECKOMY B3aMMOJICHCTBHIO
C MPOTOHMUPOBAHHBIMH aMHUHOTPYIINIAMH XHTO3aHa. BbICOKas cTeneHb 3aKperieHus
xurto3aHa (98,6%) MoxeT ObITh 00ycIOBICHa TeM, YyTo npu pH<6 ero aMuHOTrpyMITBI
HaXOISATCA MPEUMYILECTBEHHO B TPOTOHHpOoBaHHOU hopme (-NH3+), uTo obecreunBaet
CHJIBHOE 3JIEKTPOCTATHUECKOE MPHUTSHKCHNUE K OTPHLATEIBHO 3apsHKEHHBIM LIEHTPaM
nosepxHoctd TiO2. JlOMONHUTENHPHO BO3MOXKHA KOOpIMHALIMS Yepe3 JIOHOPHBIC
aroMbl azora. Jns monu-4-BUHWINMPHIMHA aAcOpOLHMs TakkKe ONpenessercs
MIPOTOHUPOBAHUEM MTUPUIMHOBOIO aTOMa a30Ta ¢ 00pa30BaHMEM KaTHOHA TTUPUANHUS,
OZIHAKO MEHbLIAs MIOTHOCTh (DYHKIMOHAJIBHBIX TPYHI M Ooliee KeCcTKasi CTPYyKTypa
Leny OrpaHUYMBAIOT CTETNEeHb B3amMOAeicTBUsA. Hu3kas cTemeHb 3aKperieHHs
nektrHa (30 %) MOKeT OBITH OOBSICHEHA TEM, YTO €ro KapOOKCHIIbHBIE TPYMIIbI IPH
HeliTpanbHOM pH HaxonsATCsl MpenMyILeCTBEHHO B HOHM3KUpoBaHHOH (opme (—COO"),
YTO MPHUBOAUT K AIEKTPOCTATUYECKOMY OTTAIKUBAHHUIO OT OTPHLIATEIBHO 3apsKCHHOM
nosepxHoctu TiO2. Kpome Toro, 3HauuTenbHas THAPATAlNs TONUCAXapUIHON IEeTH 1
cTepuueckre GpakTopbl JOTOIHUTENFHO CHIXKAIOT 3 hekTuBHOCTD agcopOuun. Takum
oOpa3om, HaOmonaeMeblil psaj agcopoumu: Xuroszan > [14BI1 > Tlektun oOycioBieH
COYETAaHUEM JJIEKTPOCTATUYECKUX B3aMMOJCHCTBUH, KHCIOTHO-OCHOBHBIX CBOMCTB
(YHKUMOHATIBHBIX TPYII U CTPYKTYPHBIX 0COOEHHOCTEH MaKpOMOJIEKYII.

Crnenyer OTMETHTb, 4YTO BBISIBICHHBIE Pa3IUudsi B CTENEHH 3aKpeIUICHHS
MOJIMMEPOB MOTYT OKa3bIBaThb HEMOCPEICTBEHHOE BIMSHUE Ha (DU3MKO-XMMHUYECKHE
cBOMCcTBa (hOPMHUPYEMBIX KOMITO3UTOB. BBICOKasi cTeneHh MMMOOHIN3AH XUTO3aHa
oOecnieyrBaeT 00pa3zoBaHUe Pa3BUTOTO IOBEPXHOCTHOIO €05 € OOJIBIINM KOJTMYECTBOM
aMHHOTPYIII, CIIOCOOHBIX Y4acTBOBATh B COPOLIMM MOHOB METAJUIOB U OPraHUYECKHX
coequHeHU. B ciydae mnonu-4-BUHWINUPUAMHA HAIWYUE NHPUIMHOBBIX TPYII
MOXET CIIOCOOCTBOBaTh (POPMUPOBAHMIO JOTIONHUTENBHBIX KOOPAMHALIMOHHBIX
LEHTPOB M MOBBIIIATH KOMILUIEKCOOOpa3yIouyto criocoOHoCTh Marepuaia. Hecmorps
Ha Oojiee HM3KYIO CTENEeHb aJACOpOLMH MEKTHUHA, HAaJUuue KapOOKCHIBHBIX TPYIHII
CO3[aeT BO3MOXKHOCTH JUIsl AalbHEHIeH XUMHYECKOH MoIu(pUKalMu MOBEPXHOCTU
u  GOpMHPOBAaHUS KOMIIO3UTOB C PETYAMPYEMBIMH KHCIOTHO-OCHOBHBIMH H
COpOLIMOHHBIMU ~ XapaKTepucTUKamMHu. TakuM oOpa3oMm, BbIOOp TMOIHMEPHOTO
MOAU(UKATOpa TO3BONSET LEJICHANPABICHHO PEryIupoBarh (YHKIUOHAIbHBIC
CBOICTBa TMOPHUIIHBIX MaTepHalOB Ha OCHOBE JUOKCHIA TUTAHA.
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3akiouenue. Takum o00pa3om, TIONydeHHBIE MOaHHBIE CBUACTEIBCTBYIOT O
MEepPCIEeKTUBHOCTH HCIOJIb30BaHUS JUOKCHJIA THTaHAa B KauyeCTBE YHHBEpCAIbHON
MaTpulbl Uil MMMOOWIIM3AalUUU TOJIMMEPOB pa3IMYHONM MNpPUPOAbI. BhIsBICHHBIE
3aKOHOMEPHOCTH B3aMMOJEHCTBHS MOTYT CIIY>KUTh OCHOBOM Uil Pa3pabOTKH HOBBIX
COPOLIMOHHBIX M KaTAIUTHYECKUX MATePHaJiOB C PEryIUPyeMbIMH MOBEPXHOCTHBIMU
cBoiicTBamH. [IpakTHyeckass 3HaYMMOCTb PabOTHI 3aKJIIOYAETCS B BO3MOKHOCTHU
LeJICHANPaBIEHHOTO BHIOOpa IMOJMMEPHOTO MOIU(pHUKATOpa B 3aBUCUMOCTH OT
mpeiaraeMoil 001acTH MPUMEHEHUS] KOMIIO3UTa, BKJIIOYAs OYUCTKY BOJHBIX Cpel,
co3naHue (YHKHOHAIBHBIX IMOKPBITUH M TOJyYyeHHEe MaTepHajoB MeEAUIUHCKOTO
Ha3HAYECHMS.

B pabore uccienoBanbl COpOLMOHHBIE CBOHCTBA JHOKCHIA THTAHA 110 OTHOILICHHIO
K TIONMMEPHBIM MOAW(HUKATOpaM pPa3InYHON XMMHUYECKOW MNPHUPOIABl — XHUTO3aHY,
MEKTUHY U MOJIU-4-BUHWIIMPUINHY. YCTaHOBICHO, YTO 3(h(pEeKTUBHOCTD 3aKpeTICHHS
nonuMepoB Ha mnoBepxHocTH TiO2 ompexaensieTcs COBOKYIHOCTBIO (akTOpOB,
BKIIIOYAIONIMX TPUPONY (QYHKIHMOHAJIBHBIX TPYIIN, CTENEHb WX HOHH3AalUUd B
pacTBope, 0COOEHHOCTH CTPOCHUSI MAaKPOMOJIECKY/ISIPHON e U KHCIOTHO-OCHOBHBIE
CBOMCTBAa MOBEPXHOCTH OKCHJIA. YCTAHOBJIEHHBIE 3aKOHOMEPHOCTH COIVIACYIOTCS C
JUTEPaTypHBIMU MPEICTABICHUSIMUA O MEXaHU3Max aJCcOPOLIUH.

MeToaoM BUCKO3MMETPUHU TOKa3aHO, YTO MAKCHMAJIbHOW CTETNEHBIO aicopOLuH
xapaxTepusyetcs xutosaH (98,6 %), Torna kak 1uis Mojau-4-BUHWINKPUIUHA U TIEKTHHA
JaHHbIN nokaszarens coctasiseT 80,3 % u 30 % coorBeTcTBeHHO. llomyueHHBIN psx
ajcopouuu XuTo3aH

> JI4BII > IlekTuH CBHJETENBCTBYET O CYLIECTBEHHOW pOJM a30TCOAEpKAIINUX
(YHKLIMOHAIBHBIX TPYII B MpoLeccax B3aMMOACHCTBHS C MOBEPXHOCTHIO JHOKCHAA
tutaHa. Pesynpratel MK-cnexkTpockonmuueckux HMCCIEAOBAHUN  MOATBEPHKJIAIOT
ydacTHe aMHUHOTPYII XUTO3aHa, TUPUAHHOBBIX (DPArMeHTOB MOIU-4-BUHWINUPHINHA
1 KapOOKCHIIBHBIX TPYII MEKTHHA B (POPMHUPOBAHUH MEK(a3HBIX B3aUMOJEHCTBUH €
MOBEPXHOCTHBIMHU LeHTpamu Ti02.

[Tokazano, yto BbICOKast (PPEKTUBHOCTh 3aKPEIUICHUS XHUTO3aHa OOyCIIOBIEHA
COYETaHHEM JJIEKTPOCTATMUECKOTO MPUTSHKEHUS MPOTOHMPOBAHHBIX aMUHOTPYII
K TOBEPXHOCTH OKCHAA W BO3MOXHOCTBIO OOpa3oBaHUSl JIOMOJHUTEIBHBIX
KOOPJIMHAIMOHHBIX B3auMojeicTBuil. /[[ns nonu-4-BMHUINUPHUINHA BaXKHYIO pOJIb
WrpaeT NPOTOHUPOBAHME aTOMa a30Ta MUPUAMHOBOTO KOJIbLIA, TOT/IA KaK JJIs MEeKTHHA
3HAYUTENILHOE BJIMSHUE OKa3bIBAIOT MPOLECCHl MHIpaTallMi KapOOKCHIIBHBIX IPYIIl U
CTEepHUYECKHE OTPaHUYEHUSI.

[lonydyeHHble  pe3ynbTaTbl — pacUIMPSAIOT  NPEACTaBIEHHS O  MEXaHHU3Max
B3aUMOJEMCTBHSI TOJIMMEPOB pPa3IMYHOM NPUPOABI C IMOBEPXHOCTHIO JHOKCHIA
TUTaHa ¥ MOTYT OBITH MCIOJB30BaHbI MPH pa3pab0oTKe HOBBIX THOPHIHBIX OpPraHoO-
HEOPTaHUYECKHX MaTepuajoB Uil COPOIMOHHBIX, KAaTAINTHYECKHUX, MEMOpaHHBIX
n OHOMEAMUMHCKMX TIPUMEHEHHH. YCTaHOBICHHbIE 3aKOHOMEPHOCTH MOTYT
CIIy’)KUTb OCHOBOW JJISl pallMOHAIBHOIO BBHIOOPA TOJMMEPHBIX MOTU(PHUKATOPOB NpHU
CO3JaHUH (PYHKIUOHAIBHBIX KOMIIO3MTOB C PEryIHPYEMBIMH MOBEPXHOCTHBIMU
XapaKTepUCTUKAMH.
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Abstract. The article examines the rational utilization of fish scales, a collagen-rich
secondary raw material that poses an environmental problem in the fish processing
industry, by converting them into a high-value, eco-friendly product. The aim of the
research is to scientifically substantiate a technology for producing natural organic glue
suitable for industrial use from fish scale waste through simple and environmentally
safe methods of thermal denaturation and hydrolysis. The experimental work included
purification of the raw material, collagen denaturation by boiling, filtration, and drying.
The physicochemical properties of the obtained glue were analyzed. The pH value
was determined, peptide bonds were confirmed by the Biuret reaction, and collagen
functional groups were identified using reactions with ferric (III) chloride and silver
nitrate. As a result, both liquid glue and dry glue with extended shelf life were obtained.
The dry glue demonstrated thermoplastic properties, fully restoring its adhesive
capacity after heating or moistening. Furthermore, the adhesive properties of the
obtained organic glue were tested on paper and fabric materials. Experimental results
showed that the adhesion strength of a mixture of natural fish scale glue with synthetic
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PVA (polyvinyl acetate) glue in a 2:1 ratio significantly increased, reaching the level
of industrial analogs. In conclusion, the proposed technology allows for reducing the
environmental load, replacing synthetic glues with a biodegradable natural alternative,
and practically implementing the principles of the "green economy." This work proves
that fish scales are not merely waste but an economically viable raw material.

Keywords: fish scales, collagen, organic glue, glutin, thermal denaturation,
adhesion, green economy, waste-free technology, PVA
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AnHoTamusi. Makanaza OanblK OHJICY OHEPKAICIOIHIH ©3€KTI 3KOJIOTHSIIBIK
MaceJeNepiniy 0ipi — KoJiIareHre 0ai eKiHII PETTIK MIMKi3aT O0JIBIN TA0BLTATHIH OAJTBIK
KaOBIPIIAFbIH THIM/II K9JIETE JKapaTy »KOHE OHBI JKOFapbl KYHJIBUIBIKKA HE KOJIOTHSITBIK,
Taza eHIMre alHaIABIPY KOIAAPBl KApacCTHIPbUIFaH. 3epTTey JKYMBICHIHBIH HETri3Ti
MakcaThl — KaJJbIK PETIHJE TacTajlaThlH OalblK KaOBIPIIAFbIHAH KapamaibiM opi
SKOJIOTHSIIBIK KAyilCi3 TEPMUSUIBIK JICHATYpalHsl KoHE THIPOJIN3 dJICTEepiH KoiJaHa
OTBIPBIT, OHJIIpICTE KOJAaHYFa KapamIbl TAOUFH OPTaHUKANBIK JKeJiM (IJIFOTHH) aty
TEXHOJIOTHSACHIH FBUIBIMH TYPFBI/Ia HEeTi31ey Ooubin Tabbuiaabl. Toxipubemik Oomimae
LIMKI3aTThI Ta3apTy, KalHATY apKbLIbl KOJUTATeH/I1 ACHATYpalusiIay, Cy3y )KoHE KeNnTipy
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Ke3eHIEePiHKaMTHTBIHKETIMally IPOLeCiKy3ereachlpbliibl. AJILIHFaH OHIMHIH CaaJIbIK
KypaMbl MEH KacHeTTepi apHaibl PU3UKaIBIK-XUMHUSIIBIK 9/1iICTEPMEH 3epTTeli. ATar
aiitkana, sxeniMHiH pH kepcerkimi (7,5-9,0 apanbifel), OMypeT peakuusChl apKbLIbI
NENTUATIK OalmaHbICTApIbIH 00Nybl, coHpai-ak temip (III) xmopuai xoHe KyMmic
HUTPATBIMEH PEeaKUUsIap apKblIbl KOJJIareHHiH ()YHKLIHOHAJIBIK TONTAPhl pacTalabl.
3epTTey HOTHIXKECIHIE CYHBIK KOHE Y3aK Mep3iMre cakTayfra OONaThblH KYpFak >KeliM
yJriniepi anbiaael. Kyprak ®KemiMHIH epeKIelniri — OHbIH TEPMOIUIACTHKAIBIK KaCHETI,
SIFHU KBI3ABIPY HEMEcCe BUIFAIaHIBIPY Ke3iHAe KaOBICKAKTHIK KaOiJeTiH TOJBIK
KanmnbiHa KenTipyi. COHbIMEH KaTap, ajblHFaH OPraHMKAaJbIK >KETIMHIH aare3usIblK
(>xabpbICy) KacueTTepi Kara3 jKOHE Mara MaTepHalJapblHAa ChIHALIBL ToxipuoOe
HOTHXKeJepi OalbIK KaOBbIPIIaFbIHAH aJIbIHFAH TAOWFU JKEIIMHIH CHHTETUKANbIK [1BA
(monuBUHMIALIETAT) JKeTiMiMeH 2:1 KaThIHACBIHIAFbI KOCIACHIHBIH kKa0bICY OCpIKTITi
aliTapnbIKTail KOFapbUIall, OHEPKACINITIK aHAJIOTTap JACHIeHiHe KETKEHIH KOpCETTi.
KopbITbIHIBIIAN Kele, YCBIHBUIBII OTBIPFaH TEXHOJOTHs KOpLIaraH opTara TYCETIH
KYKTEMEHI a3aliTyFa, CHHTETHKAJBIK XKeJIiMAepai ONOJOTHSIIBIK BIIBIPAUTHIH TaOUFH
OanmamMaMeH aJMacThIpyFa JKOHE <GKachUul SKOHOMMKa» KarHIaTTapblH HAaKThl iCKe
acbIlpyFa MYMKIHIIK Oepexi. By skymbIc 6anblk KaObIpIIAFBIHBIH JKall FaHa KaJIbIK
eMec, DKOHOMUKAJIBIK THUIMI IIUKI3aT €KeHIH TS Il.
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AnHoTamus: B cratbe paccMOTpeHbl BO3MOXXHOCTH 3((EKTUBHON YTHUIM3AIUU
pBIOHOW demnyu, SIBISIOUICHCS BTOPUYHBIM CBIPhEM  pbIOOTIEpepadaThIBarOIICH
MPOMBINJICHHOCTH W 0Oraroil  KoJJIareHOM.  AKTyallbHOCTh — HCCIIEIOBaHUS
o0ycoBiieHa HEOOXOIUMOCThIO MEePEPa0OTKH OMOIOTHYECKUX OTXOJOB U TOTYUYCHHS
AKOJIOTUYECKHU 0E30IMMaCHBIX MaTePUAJIOB C BRICOKOH J00aBIIEHHOW CTOMMOCTHIO. [lenn
paboThI 3aKIII0YaeTCs B HAyYHOM OOOCHOBAHHMH TEXHOJIOTUU MONTYYCHHS TPUPOTHOTO
OpraHHYEeCcKOro Kies (IJIIOTHHA) M3 PHIOHOW YEelIyd C HUCIOIb30BAHHEM IIPOCTHIX
U 3KOJIOTUYECKH OE30IaCHBIX METOJOB TEPMHUYECKOW JICHATypallMu W Tujapoiusa. B
JKCIEPUMEHTAJIbHONW YacCTH MCCJIEAOBAHUs OCYLIECTBIEH MPOLECC MOJNYyUYEHHUs KIles,
BKJIFOUAIOUIUI CTAIMU NPEABAPUTEIBHON OUYMCTKHU ChIPbS, TEPMUUYECKOMN A€HATYpaLluU
KoJUTareHa, GUIbTparuu u Cymku. OU3NKo-XUMUYECKUMU METOIAMH U3yUEHBI COCTaB
U CBOMCTBA IMOJyYEHHOT'O ITPOIYKTa. YCTaHOBJIEHbI 3HaueHus pH kiies B quanasone 7,5—
9,0, MOATBEPIKICHO HAIMYKE IMENTUIHBIX CBS3€H C MOMOIIbIO OMYPETOBOM peakiuy,
a TaKXke HIACHTHPUIMPOBAHBI (YHKIIMOHAIBHBIE TPYIIILI KOJJIAreHa IOCPEJICTBOM
peaxuuii ¢ xnopuaom sxenesa (I11) u aurparom cepedpa. B pesynbsrare uccieqoBaHus
OJTyYEHBI 00Pa3IIbI JKUKOTO M CyXOr0 KJesl, IPUTOHBIC IS JUTUTSIILHOTO XPAHCHUSI.
YCTaHOBIGHO, 4YTO CyXOW Kiel o001anaeT TEepMOIUIACTUYCCKUMHU CBOWCTBAMU
U CHOCOOCH BOCCTaHABIIMBATh KICSIIYI) CIIOCOOHOCTh MPU YBIQKHEHUU WU
HarpeBaHWU. AJI'e3UOHHBIC CBOMCTBA MOJYYEHHOTO MPOIYKTa OBLIU HCCIEIOBAHbBI
Ha OyMa)XHBIX M TEKCTWJIBHBIX MaTepuaiax. [lokazaHo, 4TO CMeCh HATypaIbHOTO
KJiess U3 PBIOHOW dueliyu C monuBuHHMIANETaTHbIM kiieeM ([IBA) B cooTHoleHun
2:1 obecrieyuBaeT TOBBIINICHUE IPOYHOCTH CKIEUBAaHUS W IMO3BOJISCT JOCTHYh
XapaKTEpHUCTUK, CONOCTABUMBIX C IPOMBINUIEHHBIMUA aHajoramu. [lomydeHHble
pe3yabTaThl CBHJETEIBCTBYIOT O BO3MOXXHOCTH HCIIOJB30BAaHUS PHIOHON dellyd B
Ka4eCTBE I[EHHOTO CHIPhsI JJIsl MPOU3BOJICTBA OMOpa3IaracMbIX KJICEBBIX MaTepPHAIIOB.
[Ipennaraemasi TEXHOJOTHSI CHOCOOCTBYET CHIDKCHHIO KOJIOTMUECKOM HATPy3KH W
COOTBETCTBYET MPUHITUIIAM «3€JIEHON YKOHOMHKUY» U OE30TXOIHOTO ITPOU3BOJICTRA.

KuaroueBbie ciaoBa: pplOHAsl 4Yellys, KOJUIATCH, OPTaHWYECKUW KIIeH, TIIFOTHH,
TepMHUUYECKas JCHATypanus, ajre3us, OuopasjaracMble MaTepuaibl, 3elIEHas
DKOHOMUKA, 0€30TXOAHbIC TEXHOJOTUH, TOTUBUHUIAIECTAT

Kipicme. Ka3ipri 3aMaHFbl SKOJIOTHSUIBIK KYH TOPTIOIHIEC OHIIPICTIK KaJABIKTaP/Ibl
THiMII Oackapy, KaiTa eHJIEy >KOHE «KAChLl SKOHOMHKA» KaruaaTTapblHAa KeIly
Maceeci 0acTel Hazap/a. banbik eHaey eHepKkociOi OyJ1 TYpFbIia epeKIle OpbIH anaibl,
ce0e0i IMKI3aTThIH aWTapibIKTail 0eiiri (kainmbl caJMarblHbIH I1amMaMeH 30%-bI)
TaraMFa jKapaMcChl3 KaJJbIKTapFa alfHaIa el Bysl KanabIKTapIblH KypaMbIHIa OabIK
KaObIpmarbiHbiy yieci 2,0-9,7%-ne1 Kypaiiasl (MBanoBa u SkybOosa, 2013). banbik
KaOBIpIIaFbl — KYPaMbIHJIA XKOFaphl TalbI3/Ibl KOJIJIATEH aKybI3bl Oap Oaraibl IIUKi3aT,
ajaiila KenTereH KOCIOPBIHAApP OHBI OHJEYCI3 TacTaiijpl. MyHIal opeKeTTep TeK
KOpIlIaraH OpTaFa XXYKTeMe TYCIpil KaHa KoMail, CaHMTapJIbIK HOpMaiapabl Oy3y
KayIliH TyIbIPaJibl.

ATtaJiraH SKOJOTHSUIBIK JKOHE SKOHOMUKAJIBIK MOCEJICH] MISHIYiH THIMII OBl —
KaOBIpIIaKTaFbl KOJUIATCH/II THIPOJIH3 )KOHE TEPMUSIIBIK JICHATYPaLlUs 91CTePi apKbLIbI
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TaOMFU OPraHUKAJBIK KeJimMre (INI0THH) ailHaIIBIpY 00JIbIN TaOblIaaAbl. banbik xemimi
(MXTHOKOJI HEMece IJIIOTHH) TapuxTa exesieH, sFHu 0.3.4. 2000 xpuinapaan 6acrar,
Erunerren Tabbutran apredakriiepie KoigaHbUIFaHbl Oenrini. On mactypiai Typue
araml eHZICyAe, MY3BbIKaJbIK aclanTap )acayna, COHJIai-aKk KOPKEM TYBIHABLIAPIbI
pecTaBpanysiiaya KoJJaHbUIFaH, OUTKEeHI 0J CyHeK IeH Tepi xeTiMaepiHe KaparaHia
QNIeKaiiia Kayincis skoHe KauThiM el 00stbin cananansl (The Book and Paper Group of
the American Institute for Conservation, n.d.).

Amnaiina, Kas3ipri HapblKTa KOFapbl camajbl OalblK JKeliMAepiHiH KeOiHece mieT
eNJepACH UMIIOPTTAIYbl OHBIH KYHBIH apTTHIPBII, OTaHABIK OHAIPICTEe KOIIAHBUTYBIH
mekreiiai. COHABIKTaH, OTaHBIK IIUKi3aT 0a3aChlH KOJJaHa OTBIPHIN, KaJlAbIKTapJaH
JKOFapbl canaiibl, O9cekere KaOilneTTi keldiM eHIIpy TeXHOJOTHSCHIH 93ipiey ©3€KTi
FBUIBIMH JKOHE OHAIPICTIK MiHAET Oouibin TaOblIaAbl. 3epTTey JKYMBICHIHBIH HEri3ri
MaKcaThl — OaJIbIK KaObIpLIaFbIHAH KapanaiibiM TePMHUSUIBIK IEHATypalHs 9/1iCi apKbLIBI
TaOWUFH OpPTaHUKAJIBIK JKENM o3ipiiey, COHJIal-aK aJbIHFaH OHIMHIH (QU3UKaJIbIK-
XUMUSIIBIK JKOHE a[re3usIbIK KaCHEeTTePiH jKaH-KakThl 3epTTey. Ocbuiaiiiia, 3epTrey
OaJIbIK 6HJCY KAJJABIKTAphIH THIMJI TaijanaHy apKbUIBl ©HAIPICTIK IIBIFBIHIAPIBI
a3aiTyra >KoHE HapBIKThI OMOJIOTHSUIBIK BIABIPANTHIH, Kayilci3 KeTiMMEH KaMTaMachl3
eTyre aTapibIKTall yiaec Kocabl.

Marepuangap MeH Jaicrep. 3epTTEeyAiH HEri3ri MmmuKi3aTel peTiHae Axrede
aiiMarblHAaFel OalIbIK OHJEY OpBIHAApPBIHAH J>KUHANFAH TYIIBI Cy OallbIKTapbIHBIH
apajac KaObIpIIakTapsl KoianaHbu1nbel. KaObipiiak — 6ajblk 1eHeCiH KOpFayibl TAOUFH
KYPBUIBIM OOJIBIT TAaOBLIAIbI, OJ KATThI, OipaKk MKEMJIi KACUCTTEPIMEH SPeKIEICHEI.
OHBIH KYPBUIBIMBIHA OPTraHUKAJIBIK jKOHE OeHOpPraHUKaIbIK KOMIIOHEHTTEp YiliecimMi
Oap. KaObIpmiakThlH CBHIPTKBI KaOaThl KaTThl, MHHEpaJJlaHFaH OeTki KabarTaH
Typca, imki Kabarel Heri3iHeH | THITeri KojulareH TajllbIKTapblHAaH KypanraH. by
KOJUTareH TaJIIBIKTaphl TEIMKOU TIPi3/Ai OpHAIAChIl, KaOBIPIIAKKa UKEMIUTIK KOHE
MeXxaHUKaIbIK Oepiktik 0epeni (Ruyi Ji, 2026), (1-cyper).

Collagen Layer :Ullllganr] HA Ty 3(
tructure ikt

8! o &)
Cyper 1 — JKonaxTsl 1aBpak OabIFBIHBIH KaOBIPIIAFhL:
a-0anbIK KaObIpIIarsl; b-0ip KaOBIPIIAKTHIH KOJIJICHEH KUMACKI, CYHEK jKOHE KOJUIareH
KabaTTapbIMEH; C-KOJIAreH TaJIIBIKTAPBIHBIH KOJIICHEH-Ka0aTTaIFaH KYPbUIBIMBI;d-KoJlTareH
bubpuinepi; e-cyliek )oHe KOJUTareH KabaTTapblHbIH CXeMAIIBIK OcifHenepi; f-KolareH TabIKTapbl
Bynwuran ynricinge opHanackas; g-6ip ¢budpunain kypamaactapsl HAP (runpokcuanarur)
HaHOOeJIIeKTepiMEeH
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XUMUSIBIK KYpaMbIHa KeJIETiH 00JIcaK, 0achlM OpraHUKaIbIK KOMIIOHEHT KOJUTAreH
00JbINT TAOBLIAJBI, COHJAN-aK, OHBIH TEPMESUIBIK THIPOJIH3i apKbLIbl aJbIHATHIH
JKEJIATUH JKOHE MOJINCAXapUTIK KYPBUIBIM — XUTHH Ke3zeceli. bellopraHukaibik
KOMITOHEHTTEP/IH Heri3i — KaObIpIIaKKa KaTThUIBIK OCpeTiH TUIAPOKCHAIIATUT
(Caio(PO4)s(OH)2) (Rawat, Zhu, Rahman, & Barthelat, 2020).

Komnaren — »aHyapiap OpraHu3MiHJIET1 €H KeH TapayiraH (UOPUILISPIIbI HOPYBI3, O
YII 0-Ti30€KTEH TYpaThlH OHFa OypajfaH YIITIK cnupanb Typinzne oonazasl ([Torexuna,
2016). ®usukanblK TYpFbIOaH KojulareH cypga epimeiini. 40-45 °C-taH sxorapsl
TeMIleparypaja KbI3[bIPy OCEPIHEH OHBIH YINTIK CHUPalb KYPBUIBIMBI OY3BUIBIII,
JeHATypaLusl KoHE THAPOJIM3 apKbUIbI JKENaTHH (IIIOTHH) Ty3lleai — Oy Taburu
JKEJIIMHIH HeT131.

BaabIk Ka0bIpmIaFbIHAH KeJIM ary

Toxipube wmakcaThl — OanblK KaOBIpIIAFBIHAAFBl KOJUIATCH[II  IaiiJlaaHbIIl,
KapanaiibM TePMUSUIBIK JICHATYpalMs OMici apKbUIbl CYWBIK JXOHE KYpFaK KyHueri
TaOUFH JKEJIIM/I aTy.

Kenimai ay mportieci 6anbik KaObIpIIaFbiH OacTankbl eHeyaeH Oactanabl. [lukizar
peTiHe anblHFaH KaObIpIIaKTapiaH ajIbIMEeH HIBIPHIII, Mal jkoHEe O0acka Oere 3aTTap
AJIBIHBII, Ta3a CYMEH OIpHEIIe PEeT MYKHSIT XKYbULIBI (2-Cyper).

Cyper 2 — Bacranksl ’oHe Ta3apThIIFaH O0abIK KaObIPIIaKTaphl

TaszapThiIFan KaObIpLIAKTap SMalibJAaHFaH bIAbICKA CAJIbIHBIIN, YCTIHE a3faraH Cy
KYWBUTBIN, Vi skarmadibiana 50 muHyTTaH 1 cararka faeilin Oasy xaiHaThUIABI (3-
cypetr). bym Ke3eH KoJuTareHai OKCTpakKIFsiayFa OaFbITTAFAaH TEPMHUSIIBIK
JIeHATYpAIHs POIIeci OOIBIN TaObIIa bl

Cypet 3 — banbIK KaObIpIIarbIH XKeJiM aly 0apbIChIHIa KaifHaTy mpoueci
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Kaiinary yakpIThIHIA KaObIpIIaKTapAblH OipTiHACN IIWBIPIIBIKTAHBIN, KOJeMi
Kimipeiin, mimiHin e3repTyi (4-CypeT) — KoJUIareHHIH YIUTIK CUpPajib KYPbUTBIMBIHBIH
OY3bUTBII, HOPYBI3IBIK KEHICTIKTIK ()OPMACHIHBIH ©3TE€PreHiH KopceTe .

Cyper 4 — Kaiinary GapbichiHIa OaabIK KaObIPIIAFbIHBIH MIMIIHIHIH ©3repyi ®oHe KOJTareHHiH
JIeHATypaLust mpoueci

Kaifnaty askTanfaH COH aJbIHFaH BICTBIK €pPITiHJI Mapiisl apKbUTbl (PHIBTpalUsIaH
OTKIi31Ti, 06K BIAbICKA KYWBUTIBL. CalIKbIHAAY Ke31He CYUBIKTHIK O1pTIH/IETI TYTKBIP,
MeJIIipiiey TeJib TIpi3Ai Maccara aifHanap! (5-cyper) — OyI1 ajblHFaH OalIbIK JKeTiMi
(TiroTHH).

- » e
Cypet 5 — Cy3yaeH KeifiH anbIlHFaH OallbIK KETIMiHIH CaIKBIHIAY JKOHE Tellb TY3Y Ke3eHi

Kyprak kylizeri semiM/Ii amy YIIiH aJlbIHFaH epiTiH/l )KyKa KaOaTIeH bIbIc OeTiHe
KYWBUTBIT, O6JIMe TeMIlepaTypachlH/la TaOWFHM JKOJIMEH KeMNTipiiai, HOTHXKeCiHIe
KaTThI, MOIIJIIP YKOHE a3/1all ChIHFBIII KAOBIPIIAK TYPIHJET KYPFAK JKETIM aJIbIH]IbL.

Hotmkesiep MeH TaJjkblLiay. Kenripisiren skeqiMHiH cumarramachl: 3epTTEy
OapbIChIHAA MaiibIHIaNFaH OajbIK JKENiMi aliblH ajla CYWBIK KYHiHAE bIAbIC OeTiHe
JKYKaan KyHbUIBI, OeliMe TemIepaTrypacblHaa S5—6 carar Ooifpl amblK ayajna
kenripingi. HoTwkeciHme jkemiMHIH O€Ti TONBIKTAl Kypram, KaTThl IUTACTHHKA
TYpiHIET1 YATi anbiHIbI (6-CyperT).
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Cyper 6 — Kenripinren 6aibIK KeTiMiHIH yaTicl

Kenripisnren 6ansiK xeiiMi Tyccis, niceis skoHe keHia Oomnbin keneai. O KoaMeH
YCTaraHJla J)KYyKa TUIACTUK TOPIi3/i Ce3UIe/l KOHE CHIHFBINITHIFEI KOFaphl. JKemiMHiH
HET'13T1 epeKIIeIiri — OFaH CoJl bUIFAJl TUTEH JKaF1aii1a 01peH ®aObICKAKThIK KACUETIHIH
KaiiTanaiina 6omysl. By kacuer skeiM KypaMbIHIaF bl KOJJIareHHiH TEPMOIUIACTHKAIBIK,
TaOMFaTBIMEH TYCIHIIpiJieAi: TUAPOIM3ACHTEH KoJulareH (KeJaTuH) KYPBUIBIMBL CyIbl
CiHipin, OacTamKbI XKeJIIM/IIK KACHETTEPIH Te3 KaJIbIHA KEJITIPE/Ii.

Kyprax *emnim cy MOHIIAChIHJa HEMECE BICTHIK CyJa KbI3ABIPbUIFaH Ke3/1¢ 0acTanKel
CYMBIK KyHiHe KaiTa opajajbl )XOHE ©3iHiH XaObICKAK KAaCHUETIiH TOJIBIK KaJIlblHA
kenTipeni. OpraHuKabIK OalbIK KeJTIMiHIH CYWBIK TYpi IIaMaMeH YII KYH FaHa THIM/1
xaOBICKaK KYI/Ie caKTalsica, OHbI KeNTipy apKbUIbI Y3aK MEP31M/i — JKbUIAAI CaKTayFa
0oJIaTBIH TYPAKThl MaTepHall ally MYMKIHJIT1 Oap. bys Kacuer OanbIK KelIiMiH cakTay
MeH TackIMajjayla YJIKEH apThIKWIBUIBIK Oepeni jKoHe OHBbI TYPJi ©HMAIPICTIK >KoHE
TYPMBICTBIK caiajapAa THIM/II naiananyFa sK0j1 allabl.

Kenimuin GpuU3MKAIBIK KaCHETTEPiH 3epTTey

AnbiHFaH OaibIK KeNiMiHIH (DU3HKAIBIK KaCUETTEPIH TEKCEPYy MaKCcaThl — OHBIH
TeMIleparypara, epiTKIIITepre Ce3iMTAJNIBIFBIH 3€PTTEl, ePITillTIriH, ICIHTIIITIriH
KOHE KYPBUIBIMIBIK ©3T€PiCTEPiH CANBICTHIPY OOJIBI.

Banbik KaOblpiiarblHaH allbIHFaH CYHBIK JKeNiM KapTbulail TYTKBIP, WIiCCi3, CYp
TYCTI KBUITBIP CYHBIKTHIK TYpiHae Oonabl (7-cyper; a). Xyprizinren Oaxpiiaymap
OolibIHIIA, )KeTiM ToMeH Temneparypasaa (—1...—2 °C) KOJUIOHITHL, XkeJle Tapi3aec Kyire
aybicazbl (7-CyperT; o), SIFHU reJibeHy Ipoleci )Kypeai. Al )KOFapbl TeMmIeparypajaa
OHBIH TYTKBIPJIBIFBl a3aiblll, KaObICKAKTBHIK KacHeTi apTaabl. bys xomnmaren Herizmi
OHIMJIepre TOH CHUIAT, MYHJa TeMIlepaTypa JAEHIedi akybI3[blH MOJIEKYJIaapajbIK
OaliyaHbIcTapbIHa TiKeJNel acep eTei.

Cypert 7 — BanbIK >xeniMiHIH (U3UKAIBIK KYHiHIH o3repyi
a — CYHBIK epiTiH/i; @ — Tesb Topi3l Macca
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Kenripinren (karTel) >keniM yaricinin epirimTiri auctungenred cy (H20), 96%
atui crupti (C2HsOH) sxone 1 M Ty3 kpimkbuisl (HCI) opranapeinma 3epTreni.

1. Cyna (H:0) 3eprTey: benme TemmeparypachiHa KeIiM KUBIHABLIAPHI Cyaa
epimeni, Oipak Oipringen icinai (8-cypert; a). Kpl3aslpbuiran kesze xemnim OipTiHaen
epim, TYTKbIp epiTiHai Ty3eai (8-cypet; 9). by KyObUIBIC CYyObIH KOFaphl MOJSPIIbI
epiTKIiI OONyBIMEH YOHE XKBUIy OCEpiHEH KOJUIAr€HHIH CHHPasbJi KYPBIIBIMBIHBIH
Oy3bUTybIMEH TyCiHIIpineni. JKplly THUAPOTEHIIK OaimaHBICTapAbl OJCIpETiml, Ccy
MOJICKYJIaJapblHBIH ~HOPYBI3 Ti30€KTEpiMEH JpeKeTTecyiHe MYMKIHIIK Oepexni,
HOTHIKECIHJIC KEeJiM epH/I.

Cyper 8 — Kenripinren 0aibIK >KeTiMiHIH Cy/Ja )KoHe KbI3JbIpFaHHaH KeiiHT1 Kyii
a — cy/ia iCiHTeH eJiM KUBIHABUIAPHI; @ — KbI3JbIpFaHHAH KeiiHT1 epireH »aHe TYTKBIp Kyhaeri
JKEITIM.

2. ODranoaga (C:HsOH) 3eprrey: DOTWI CHOUPTIHIH OpTackiHAa OeimMe
TeMIIepaTypachiHia Ja, KbI3JIbIpFaHaa Ja keiliMm epimeni. KepiciHime, KbI3JbIpFaH
Ke3J1¢ JKeJIIM IJIaCTHHKAIAPhI IUBIPIIBIKTAHBII KUBIPBUIBIT Kbl (9-cypet). Cebeoi,
STWJI CHUPTI CYyAarblail MOJSIPIBI €MEC JKOHE OJ1 JKeJNIM KYpaMbIHJAaFbl KOJIJIAreH
MOJICKYJIaJapbIH CYChI3IaHABIPAIbI, SFHU CY MOJICKYyJaJapbiH OaliaHbICTaH 00CATHIII,
KOJUTAar€HHIH JKUBIPBLTYbIHA YKOHE MIIIIHIHIH ©3repyiHe oKelNeI.

Cypet 9 — DraHonaa KeI3AbIPFaHHAH KeHiHT1 0aJIbIK KeTiMiHIH KYPBUIBIMABIK ©3repici

3. Ty3 kpimkbuibiHAa (HCI) 3epTTey: Ty3 KbIIKBUIBIHBIH | M epitiHIiciHae
OenMe TemmeparypacbiHia xeiM yuirici Te3 icinai (10-cyper; a). AJ KpI3ObIpFaHaa
yari sezne epin kerti (10-cypet; 9). Kplkpu1 opTaga KojiareH MoJeKyJalapblHbIH
MENTUATIK JKOHE MOJIeKyaaapaiblK OainaneicTapbl Oy3bUIbII, KYPBUIBIMBI QJNICipeiai,
OyJ1 *KeTIMHIH Te3 epyiHe acep eTefi.
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Cyper 10 — Ty3 KbIIIKBUIBIHAA OANBIK XKENIMIHIH ICiHY1 )KoHE KbI3JbIpFaHHAH KeiliHT1 epyi
a — TY3 KBIIIKBUIBIH/IA 1CIHI'€H OaJIbIK JKETIMIHIH KUBIHIbLIAPHI;
9 — KbI3/IbIpFAHHAH KEHIiH epireH ®eaim

JKanmel 3epTTey HOTHKEIEPI OaJIBIK XKETIMIHIH TUAPOPUIIBIII TAOUFATHIH PACTANIBI.
Kenim nomsipiet epitkimrepae (cy, HCl) Temmeparypa ocepineH epu/Ii, a HOSPIbIFbI
TOMEH epITKIITe (ITAHON) CYChI3aHalbl JKOHE KYPBUIBIMBI ©3repesi. byn mepexrep
JKEJIIMHIH HET'131 KOJUTAreH €KSHIITH YKOHE OHBIH KOJIJIaHY asiChIH aHBIKTayFa MYMKIHJIIK
oepei.

KeiMHIiH XUMHAJIBIK KACHETTEPiH 3epTTEy

JKenim ynricinig pH kepcertkimn 7,5 6onabl. By anblHFaH IIOTHH €PITIHAICIHIH
OeliTaparnka )KaKblH, 9JICI3 CUITLIIK OpTaFa )KaTaThIHbIH KepceTe . Kanbiuii ruapokcusi
(Ca(OH)2) xocbutran yarine pH kepcetkiri 9-ra neitin ecri.

Byn Ca(OH): — Ca*" + 20H™ peakumscbl apKbUIbl €pITIHIIACTI THIPOKCHI-
noHgapeiHbiH (OH™) KOHLEHTpANMsICHIHBIH apTyblHAaH OPTAHBIH CIUITUIIK CHUIATHI
KYUICHTUITCHIH JIOJICACH/II.

Konnarennin camajablKk peakuusijiapbl [JIOTUHHIH HOPYBI3ABl TaOHFATHIH
JKOHE OHBIH KypambIHAarbl (YHKIHOHAIJBIK TONTAPAbI JANEAey YIIiH MeTall
KaTHOHJIAPbIMEH CaralibIK PeaKIusuIap Kypriziii.

1. Temip (III) xuopuaimen (FeCls) peaxkums: Xenimre FeCls epitinaicin
TaMbI3FaH/1a KOHBIP TYCTI KOChUIbIC TY311i (1 1-cyper). Byt KOMIUIEKCTI KOCBUIBIC TY311y
peaKIUIChl KOJUIAreH KYpPaMbIHJIAFbl THPO3MHHIH (eHOAbIK TOObIHBIH (Ar—OH)
Fe*" noHbIMEH opekeTTecim, TYCTi KOOPIAWHAIMSIBIK KOMIUIEKC TY3TeHIH KOpCeTeIi.
Peaknust renneyi: 6 Ar—OH + FeCls — [Fe(Ar—O)s]* + 3H" + 3CI™

Cyper 11 — Bansik sxeniminig temip (I1I) xmopuaimen opekerrecyi
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2. Mbic cyabparsinbiH (CuSQO4) cinTinik opragarbl JpekerrTecyi
(buyper peakuusicel):XKenimre NaOH epiTinaici KOCbUIFaHHAaH —KeHiH
CuSOs  epiTiHIICIMEH OpEKETTECKEH CYMBIKTHIK KaHBIK KOK TYCKE
aitHanelm, ipkingexk macca Tys3inai (12-cyper). byn buyper peakuuschiHbIH
OH HOTWXKecl Ooibln  TaObUIAALI JKOHE INIIOTHUHHIH  ITOJUIIENITUITIK
Ti30EKTepACH TYPATHIHABIFbIH, SFHH TMENTUATIK OainmaneicrapabiH (—CO—
NH) Gap exenin monenaeii

Peakmus tenaeynepi: CuSOs + 2NaOH — Cu(OH):| + Na.SOs 2R—
CONH—R' + Cu(OH):> — [Cu(R—CONH—R")2] + 2H-0

Cypert 12 — BanbIK keniMiHiH MBIC CyTb(aTbIMEH jK0HE CIITIIIK OpTaMeH opeKeTTecyi
a — CuSOs epitingici; 0 — CuSO4 MeH 6ambIK KeTiMiHiH apanackas epitinaici; 6 — NaOH
KOCBUIFAaHHAH KeHiH TY3UITeH ipKijueK (TYTKbIp) Macca

3. Kymic nutparbimen (AgNOs) apekerTecyi (TOTBIKCHI3AAHABIPFBIII KACUET):
YKemimre AgNOs epiTiHzgici KOChUIFaHJa OacTamkblia e3repic OalikaaMaraHBIMCH,
0ipa3 yakbIT ©TKEeH COH poOupka TyOiHae Kapa TyHOa (Agl) Ty3ingi. byt — ToTeIFy-
TOTBIKCBI3ZIaHy peakiusickl. O TIIOTHH KYpaMbIHIIa THAPOJIN3 HOTHXKECIHAE maiiia
0OJIFaH TOTHIKCHI3AAHABIPFHIII TONTAPABIH Oap eKeHIH KOpCeTe .

JKyprizinreH XUMHUSIIBIK 3epTTeyiaep OamblK JKeTIMIiHIH oJci3 CINTilik oprara
»ataTelHbIH jk0He Ca(OH)2 KochuTFaH1a OHBIH KaOBICKAKTHIK KACHETiHIH ©3TepeTiHiH
kepcerti. Fe**, Cu** xoHe Ag" MOHIOApbIMEH >XYPTi3UITeH camaiblK peaxkuusiap
KoJuTareHaeri peHoNABIK TONTAP/IbIH, TSN THATIK OaliIaHbICTaP IbIH )KOHE PEIYKIHSITBIK,
KacHeTKe M€ TONTapiblH Oap ekeHiH manenaeni. Ocburaiina, >KETIMHIH XUMHSIIBIK
KACUETTEP1 OHBIH HOPYBI3bl TAOUFATBIH TOJIBIK PACTAaIbL.

KeniMmuin aare3usijibIK KacueTTepid 3epTrey:

Kenmimaepain aare3usyiblK (3KaOBICKAKTBHIK) KACHETTEPiH CalBICTBIPMAIBI TYpIe
OaraJiay YIIIH YII TYPJIi JKeJlliM YATici 3epTTei:

1. 6anbIK xeniMi (TaOUFH OpraHUKaIBIK KOMIIOHEHT),

2.nonmuBunmnanerar (I1BA) xenimi (CHHTETHKAIIBIK ITOJIUMED ),

3. 0anbIK >xeniMi MeH [IBA sxesniMiHiH 2:1 MaccalblK KaTbIHACTaFbl KOCHACHI.

3eprTey OapbIChIHAA YITIIEPAiH OpPTYpJi MaTepuaijgapMeH OallaHpIC Ty3y
KaOineTi, XBIPTBUTyFa Kapchl TYPYybl >KOHE aAre3usulblK OepikTiri Oakpliay omici
apKbUIbI OaFajaH/Ibl.
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3epTTey HOTHIKeNEPi

BanabIk kejiMi: TaOUFH KOJIJIaTeH HETI31HAET] )KeJIiM CHHTETUKAIBIK KETIMICPMEH
CaJIBICTBIPFAH/IA A/ITE3USIIBIK OEPIKTITI TOMEeHIey OONFaHbIMEH, KaFra3, KapTOH CHUSKTHI
KYMCAK KOHE KEyeKT1 MaTepuaiap/ia )KeTKUTIKTi IeHreii/ie 5kaObICy KACHETiH KOPCEeTTi.
Byn opranukanbIk skexiMHIH TaOun OaiaHbIc TY3y MEXaHU3MIMEH TYCIHIIpiiesi.

IBA :xenimi: cuHTeTHKAIBIK TIoauMep peTinae [IBA xorapbl aire3usiibiK KaCUET
TaHbITThl. OJI KaTThl, TETIC XKOHE KEYEKTI eMec OeTTep/ie /¢ MBIKThI OailjlaHBbIC Ty3e
annel. [IBA MonexymamapblHBIH TONHMEPITIK Ti30eKTepi marepuan OeTiMeH THiMAl
OPEKETTECIIT, JKOFAphI OEPIKTIK OEpETiHIH KOPCETTI.

Baawik skeqimi men IIBA kocmacwr (2:1): xKocma yunrici €Ki KOMIIOHEHTTIH OH
KacueTTepin Oipikripai. XKenmiMHIH nimiMzimiri, OepikTiri »oHe OalIaHBIC camackl
aptThl. Kara3 xoHe MaTa CHSIKTBI MaTepraliiapia OeKiTiITeH YITiIep/IiH aXbIpaTbUTy bl
KHbIH OOJIBIN, JKBIPTHIIFAH KarasfapiblH OCpIKTIrl JKOFaphl JCHICHIE CaKTallFaHbl
Oaiikanmael. byn Taburm kelmiMHIH KypbUlbIMbIHA [IBA €HTi3y OHBIH aare3wsuIbIK
KaCHETTEePiH JKaKCapTaTBIHBIH JJICTACH .

Banbik skemimMiHIH €H MaHBI3[bl TYTHIHYIIBUIBIK KACHETTEPl - OHBIH >KaOBICKAK
KacHeTTepi, SIFHU JKaHACATBIH OPTYPJl 3aTTapJbIH OSTTepi apachlHAAFbl MOJICKYITAIBIK
e3apa opekeTTecy. AAre3us AOpEKeci opTypJli MaTepHaaap apachblHAarbl OaliaHbIic
JIOPEKECIH JKOHE OHIM OeTTepiH/e KOpPFaHbIII, COHMAIK JKoHE Oacka Ja MoJuMepJi
YKaOBIHIAPABIH Taiiaa O0TYBIH aHBIKTAWIBI. babIK Tepici sKeMiMiHIH aare3ust OepiKTiTi
1174,0-ner 1960,0 H/m-re meitin, am Oanblk KaOBIpmiarbl skenmiMidiki 1960,0 H/m
kypaiinel (MBanoBa u SIkyOoBa, 2013).

XKyprizinren 3epTrey HOTHXKeNepi OabIK JKEIIMIHIH KyMCaK Marepuajaap YLIiH
KETKUTIKTI ajare3us: Oeperinin, anaiga [IBA »xeniMiHiH xa0bicy OSpiKTIri anjekaiiaa
JKOFapbl eKeHiH KepcerTi. banbik xkeniMi men [IBA kocmachl (2:1) CHHTETHKAJBIK
JKEJTIMIe YKaKbIH aJre3wsuIbIK KaCHEeT KOpCeTimn, OaiaHbic OepiKTITiH apTThIpAsl. by
TaOUFH JKeTIM/II OHJIPICTIK MakcarTa KoJJIaHyFa OeHiMIeyaiH THIMII TOCiai OOJBII
TaOBLIAdbL.

Tankpuiay. OJKypriziareH OKCHEPHUMEHTTIK 3epTTEy HOTWXKeciHae OajbIK
KaOBIPIIAFbIHIAFbl KOJUIAT€H TUApOiH3 (KalHaTy) apKbUIbl jKelaTHHre (TIIOTHHIE)
aflHaJIbBIN, SKOJIOTUSJIBIK Ta3a OPraHMKAJIBIK XKeJIM PeTiHAe ajblHIbl. bys mporecc
O0anplK OHJACY KAJIIBIKTAphIH THIMII TMaijgalaHyFa HETI3IeNTeH, KaJIbIKChI3
TEXHOJIOTHSTHBIH HAKTHI VATiCi OOJIBIT TaObLIaabl. AJTBIHFAH OHIMHIH CHIIaTTaMaIapbiHa
colikec, CYMBIK KYHJIET1 JKeliM KapThUlall TYTKBIP, MICCIi3 JKOHE Telb Topi3ai OobIn
keneni. Kyprak ky#ae — o1 Tyccis, jKEHiJ, CBIHFBIII TUTACTUHKA TypiHze. JKemiMHIK
HETri3rl MPaKTUKAIBIK KYH/BUIBIFBI — OHBIH KaiiTa OeJICceHmipiny KaOlIeTiHe: bUIFall
HEMECE KbI3JIbIPY 9CEepPIHEH OHBIH Ka0bICKAKTHIK KaCHUETI TOJIBIK KaJIbIiHa Keyei. by
KacHeT KEeJNIMHIH CaKTaly Mep3iMiH y3apTajbl: CYWBIK TYpi TeK 3 KYHTe JeWiH THIMII
0oJca, KypFak Typi JKblT OOHBI y3aK Mep3iMIli caKTayFa MYMKIH/IIK Oeperti.

Ou3nKanblK KacHeTTepAl 3epTTey OapbhIChIHIA KEJNIMHIH THAPO(HIBII CUIATHI
pacTaijibl: O Cy/la KbI3IBIPFaH/a €pHi, all noJsApibiFel ToMeH stanonaa (C,H,OH)
LIMBIPUIBIKTAHBIN, KYpPBUIBIMBL e3repeni. TemeH Temmeparypaga (—1...-2 °C)
JKelle KyHiHe ©Tyl jKoHE KOFaphl TEMIleparypaja KaObICKAKTBHIFBIHBIH apTyhl OHBIH
KOJUTOMATHIK TAOUFATBIH KOPCETE/I].
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XUMUSITBIK Tajjiayjaap SKeJTIMHIH HOpYBI3Abl TaOWUFaTBIH TONBIK monengeni: pH
neHreii 7,5 (omci3 cinTimik) oHBIH OeiTapanm MarepuaizapMeH YiHIeCiMAUIIriH
kepcereni. Jlereumen, Ca(OH), xockamna pH 9,0-Fa neHiH BIFBICHIIN, >KETIMHIH
#KaOBICKAKTBIFBl TOMEHJICTCHI, KYIITI CUITLJIIK OPTaHBIH MOJUMEP TOPbIHA Kepi acep
ETEeTIHIH KepceTTi. BuypeT peakiusChIHbIH OH HOTHIKECI TIIFOTHHHIH MOJUIEHTHATIK
Ti30eKTep/eH (MeNTUATIK GaianbICTapiat) TYPaThiHALIFbIH pacTabl. FeCl, — KoHbIp
komruieke, CuSO, + NaOH — kex ipkinuek sxone AgNO, — kapa TyHOa Ty3inyi xKelim
KYpaMbIHJarbl (EHONIBIK TONTAPIBIH >KOHE TOTBIKCHI3JAHIBIPFHII KACHETKE He
TONTAPBIH 0ap SKEHIH IOJICIICII.

AMre3usUIbIK KacueTTepiH Oaranay HOTHKECIHIE Ta3a IIIOTUHHIH Karasfa aObIcy
Oepikriri oprama jaeHreiiae Oonubl. Anaiiga, oHbl KOMMepIUsUTBIK [IBA sxenimiveH
KocnacbiHaa (2:1) xonpanranaa, kaOblcy Kyl adTapibIKTail apTTbl. Byn HoTmxe
OaJIbIK TJIFOTHHIHIH TaOWFM KOCHa PETiHIC HEeMECe CHHTETHUKAIBIK IKEeIIMICPIiH
KOCaJIKbl KOMIIOHEHT] PeTiHJe KOJAaHy dJIeyeTiH KopceTe i, 0y OHbIH 9KOHOMHKAJIBIK,
TUIMALTITIH apTTHIPAIBL.

OpblHganFaH TOKipUOCHI KOPBITHIHABUIAM Kelle, aJblHFaH JKeJIiM KOJUIareHHIH
JCHATYpaLUusChl apKbUIBl TY3UIT€H JKeJdaTUH OOoNbIll  TaObUIaAbl JKOHE OHBIH
¢usukanpik, xuMusIblK Kacuerrtepi [OCT 11293-2017 "XKenartun. Texuuueckue
ycIoBHA" CTaHIAPTBIHBIH HETi3r1 TajmantapbiHa (epiTkimre epirimrik, pH, aaresus)
colikec Keneni. 3epTTey camaiblK CUIATTa KYPri3iIreHAIKTeH LIBIFBIM €CenTeIMece
Jie, OHIMHIH Y3aK CaKTalybl, KaiiTa Oencennipinyi skone [IBA-MeH yiineciMainiri oHbl
OHJIpICTIK MaclITa0TayFa *KoHE KYHIENIKTI KoJaHyFa xapamabl eTeqi. by Hotmke
0anblK KaOBIpIIAFbl KaJAbIKTapblHA «EKiHIIN eMip» Oepy MYMKiHAIriH Taxipuode
KY3IHIC TOIEIICI.

KopsiTeinasl. OpbiHOanfan 3epTTey KalIblK CaHANIaThiH OaliblK KaObIpIIaFrbIHAH
OpPraHUKaNbIK KeJTiM ally >KOHE OHBIH KYHACNIKTI keiimuepre Oajgama peTiHIeri
oJIeyeTiH JaJeN ey MaKCcaThIH TOJBIFBIMEH KY3€re achIpibl. | HIIoTe3a TOJIBIK PacTaIbl:
0anblK KaObIpIIaFrblHAH KapanalblM TEPMUSIIBIK JIeHATypauus 9JiCTepiMEeH ajibIHFaH
[JIFOTHH KYHJAETIKTI KOJAAHBICTAFBI KeTIMAEPACH KeM TYCIEH i, OHbIH OMOJIOTHSIIBIK,
BIIBIPAUTHIHBI KOHE OajblK KaOBIPIIAFbl CHUSKTHI KalJbIKKa «EKIiHIII eMip» Oepyre
OoJIaTBIHBI TOXKIPUOE KY31HIE KOPCETiIL.

3epTTeyaiH NpaKkTHKAJIBIK KYHABUIBIFE 30p: OajblK OHJEY 3aybITTapbIHAAFbl JKOHE
cay/a OpbIHJapbIHAAFbl KYHICTIKT] TaCTaJIBIHATBIH KaOBIPIIAK eHA1 KalAbIK eMeC, TETiH
IIUKI3aT K31 OOJIBIN caHaia/abl. AJBIHFAH JKETIMHIH HETI3Ti apThIKIIBUIBIFBI — OHBIH
cakray Mep3iMi MeH OenceHaipy Kacueri. Kyprak ky#ueri >keniMal KbUIAaI caKTayFa
OoJazipl, ajg OHBI KbI3JBIPY HEMECE bUIFAIMEH KAMTaMachl3 €Ty apKbUIbI )KaObICKAKTHIK
KAaCHETIH TOJNBIKTAll KalmblHa KeNTipyre Oomajbl. AAre3usyiblK ChIHAKTap TNIOTHHHIH
Kara3, Mara >KOHe >KYMCaK MaTepHajiapra opTama OepiKTiK KepCETKeHIMEH, OHBI
[1BA >xenimimMen kKocrackiaza (2:1 apakarbiHachlHa) KOJIJAaHFaH/a, Kara3 OeTTepliH
@KbIpaMalThIHIAH MBIKTBI OalJIaHBIC TY3€TiHI aHBIKTAIBI.

Hotwxkenep KangplKTBl —TONBIK KaidTa ©OHIEY apKbulbl  OajblK  eHACY
KOCIMOPBIHAAPBIHBIH SKOIOTUSIIBIK KYKTEMECIH a3aiTyFa )KoHE CHHTETHKAIIBIK JKETiM
LIBIFBIHBIH TOMEHJIETII, KYHBI ap3aH TaOUFH 0ajlamMa yChIHyFa OarbITTallFaH JKaHa AaMy
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OarpITTapblH amagsl. OpraHukajiblk Taza DIIOTUH Hemece [IBA + mmotun rubpuari
XKeNiMi KYpBUIBIC, KanTama, KOJOHEp OHE YW IIapyallblIbIFbl CHUSKTHl KONTETeH
cananapjaa KoJlJaHyFa JalbIH.

Bonamrakka apHajafaH HEri3ri YChIHBICTAp PETiHAC 3ayBITTBHIK ACHIeWe MUIOTTHIK
OHJIpic — OaJIBIK OHJICY KOCITOPBIHAAPBIHA TIIIOTHH ally KeJICiH ChIHaY )KOHE OHIMHIH
IIBIFBIMBIH CaHBIK OJIIICy KaXEeTTUIriH atan etyre Oonazapl. Conpaii-ak, [IBA +
IJIIOTHH KOCTAChIH KYpBUIBIC HEMece KamnTaMa cajajdapblHAa ChIHAKTaH OTKi3iM,
ruOpuaTi KemiMai AaMbITy (OMOBIABIpAYy KAacHETiH cakTay YIIiH IIIOTHH YJECiH
apTTHIPY) YCHIHBUIABI.

KopbITbiHapai kene, 6anblk KaObIpIIaFsl kKail FaHa KaJIbIK eMec, OJ1 — KYHJIBI
LIMKi3aT. AJIBIHFaH DIIOTUH KaJAbIKTaH eHIMIe AeHiHT1 KOl allblll, CHHTETHKAJBIK,
KETIMAEPIiH SKOJOTHSIIBIK KYKTEMECIH a3aiiTa OTBIPHII, OaJIbIK OHeY OHEPKICIOiHIH
TYPaKTHI 1aMybIHa HAKTHI yJIeC KOcalbl. By TeXHOIOrHsI KaJABIKTHI KY3 Maiibl3 KalTa
eHJeyre MYMKIHIIK Oepil, UUKIIIK SKOHOMHKA MEH acbUl XMMHUSI NPUHIMIITEPiH
HAKTBI )KY3€re achbIpajbl.
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Abstract. The development of new dosage forms is one of the most important
tasks in pharmaceutical technology, especially in the creation of iodine-containing
antiseptics. lodophors exhibit high antimicrobial activity; however, their application
is limited by the chemical instability of molecular iodine and its ability to participate
in redox-reactions within pharmaceutical systems. Therefore, studying the influence
of dosage form components on the properties of iodophors and evaluating their
stability are important stages of pharmaceutical development. The aim of this study
was to investigate the chemical compatibility of an iodine-containing compound with
excipients used in the development of liquid and solid dosage forms and to determine
the stability of the complex in aqueous media under temperature exposure. The study
was carried out using UV-Vis spectroscopy by evaluating the influence of excipients on
changes in the absorption spectra of the iodophor. The stability of the iodine complex
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under temperature influence was investigated through changes in iodine concentration
and, since the iodophor represents a dextrin complex, through changes in the content
of reducing sugars. It was shown that mannitol, sorbitol, beta-cyclodextrin, sodium
hydroxide, and Plasdone S-630 accelerate the reduction of molecular iodine within the
iodine-containing complex. Gamma-cyclodextrin, glycerol, and citric acid demonstrated
the highest chemical compatibility in aqueous media. The stability of the complex
under temperature influence was confirmed: over 6 months, the content of molecular
iodine decreased by 14%, while the total iodine content remained unchanged. The study
demonstrates the stability of the complex under accelerated storage conditions and
expands the possibilities for the use of iodophors in the development of effective and safe
antiseptic drugs. The obtained results represent an important step toward the creation of
new pharmaceutical formulations with improved stability and reduced toxicity.
Keywords: lodophor, iodine, excipients, compatibility, stability, temperature
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Annoranus. XXana nopinik Typriepai a3ipiey ¢apManeBTHKAIBIK TEXHOIOTHSHBIH
MaHBI3/bl KOHE ©3eKTI MiHIEeTTepiHiH Oipi OoibIm TaObLIambl, acipece KypaMbIHIa
Hon Oap aHTHCeNTHKTEpAl kacay kesinae. Momodoprnap skorapbl aHTUMHKPOOTBIK
OeJceHalTiKKe We, anaiiia onapAblH KOJIIAHBUTYBl MOJEKYJIAIbIK HOATHIH XUMMSIIBIK
TYPaKCHI3AbIFBIMEH JKOHE [OpUNIK JKyielnep KypaMblHAA TOTBHIFY-TOTBIKCBI3AaHY
peakuusuiapeiHa TyCcy KaOineriMeH miektenesi. OcblFaH OalIaHBICTBI JOPITIK TYp
KOMIIOHEHTTEPiHIHNO0A0(POPKACUETTEPiHE CEPIH3EPTTEY KIHE OJaPABIH TYPAKTBIIBIFbIH
Oaranay (papMalleBTHKAJIBIK 931pJIeMEeHIH MaHbI3AbI Ke3eHaepi 0ombin Tadbansl. Ochl
3epTTEYAiH MaKcaThl — KypaMbIHAa HoJ 0ap KOCBUIBICTBIH CYMBIK OHE KAaTThI AOPLIIK
TYpJIepi 93ipieyJe KOJJaHbUIAThIH KOCHIMIIIA 3aTTAPMEH XUMUSUIBIK YHICCIMIUTITIH
3epITey JKOHE KEUICHHIH Cy OpTachlHAa TeMIeparypa ocepiHe TYpPaKThUIbIFbIH
anbIKTay. 3epTrey UV-Vis crieKTpockonus 9AiciMeH KYpri3iiim, KOChIMINA 3aTTapIbIH
HO0(GOP/IBIH KYTUTY CIEKTpIIepiHiH e3repyiHe ocepi Garananisl. Mox KeureHiHiH
TEMIIepaTypa ocepiHe TYPAaKTBUIBIFBI HOJ KOHLIEHTPALHMICHIHBIH ©3repyi OOibIHIIA,
coHpai-aKk nomoop NEKCTPUHMEH KelleH OOJNFaHIbIKTaH, TOTBIKCHI3AaHAbIPFBIII
KaHTTapAblH MOJIIEepiHiH e3repyi OoiibiHIIA 3eprrengi. MaHHUTON, COPOHUTOI,
Oema-1MKIIOEKCTPUH, HATpuil ruapokcuai skoHe Plasdone S-630 iom kypamuabl
KEIICH/IETT MOJIEKYNaJblK HOATHIH TOTBHIKCHI3NAHYBIH KeaenneTeTiHi kepcerinai. Cy
OpTachIHAA €H JKOFapbl XUMMSUIIBIK YHICCIMIUIIK eamma-IMKIOAEKCTPUH, TIHLEPUH
JKOHE JIMMOH KbIIIKBUIBIHA TOH eKeHi aHbIKTanapl. COHBIMEH KaTap, KeIICHHIH
TEeMIIepaTypa ocepiHe TYPaKTBUIBIFBl AQJENACHAl: 6 ail iIIiHAe MOJEKYyIajblK HOx
momiuepi 14 %-ra TeMeHIereHiMeH, HOATBIH >KalIbl MOIIepi e3repMeiai. 3epTrey
KEIENICTUITeH CcaKTay >KardaiaapblHAa KEUICHHIH TYPaKTBUIBIFBIH KOPCETIN, THiMAi
opi Kayirci3 aHTUCENTUKANBIK MTperapaTTapasl kacay Ke3inae nonogopiapas KoJanaHy
MYMKIHIIKTEpiH KeHeWTedi. AJIBIHFaH HOTIDKENEep TYPaKTBUIBIFBI JKaKCapThUIFaH
YKOHE YBITTBUIBIFBI TOMEHJIETUITEH KaHa AOPUIIK MpernapaTTapibl jKacay >KOJIbIHIAFbI
MaHBI3/1bI KaJaM OOJbIN TaOblIa bl

Tyiin ce3nep: Momodop, Hom, KockiMIna 3arTtap, YHICCIMAUIIK, TYPaKTHUIBIK,
TeMIeparypa

178



Volume 2, Number 467 (2026)

© KaoapaucoBa A.JK.'*, Bepranaesa A.E.!, Baiioypkyroa M.A.2,
Caasakac A.M.?, Bexkemesa K.B.3, 2026.
'Hay4HO-HCCIIe10BaTeNIbCKUiT HHCTUTYT HOBBIX XUMUUYECKUX TEXHOJIOTHUI 1
MaTepuaioB, Kazaxckuii HalIMOHABHBINA YHUBEPCUTET UMeHH AJhb-Dapadu,
Anmatel, Kazaxcrash;
2AO «Hay4HbIi IeHTp NPOTHBOMH(EKIIMOHHBIX TpenaparoBy, AnMarel, Kasaxcras;
3AO «Hanuonaneueii xonauar «QazBioPharmy, Acrana, Kasaxcram.
E-mail: zhaksais@gmail.com

MOJIEKYJIAPHBIA HOJ 3 AHTUCENTUYECKHX NOAOPOPOB:
HNCCIIEJOBAHUE COBMECTUMOCTHU C PAPMALEBTUYECKUMH
BCIIOMOTATEJIBHBIMU BEIIECTBAMU METOJOM Y®-
CIHIEKTPOCKOIINHA

Ka0apaucoBa Ajicyny — kaHIuaT XUMUUECKUX HayK, Hay4HbIH coTpyaHuk HayuHo-uccieoBaTenbckoro
MHCTUTYTa HOBBIX XUMHUYECKUX TeXHONOruil u marepuanos Kazaxckoro HallMOHaJIbHOIO yHHBEPCUTETA
nmenu anb-Dapadu, Anmvarel, Kazaxcras,

E-mail: zhaksais@gmail.com, https://orcid.org/0000-0002-6562-9796;

Bepranaesa Anus — Ka3zaxckuii HalmoHaJIbHBIN yHUBEpCUTET HMeHH anb-Dapabdu, Anvarsl, Kasaxcran,
E-mail: aberganayeva@bk.ru, https://orcid.org/0000-0002-1417-2992;

BaiidoypkyroBa Map:xkan — AO «Hayunblii 1ieHTp NpOTHBOMH(EKIIMOHHBIX IIPEIapaToBy», AJIMarThl,
Kazaxcran,

E-mail: B_Marzhan81@mail.ru, https://orcid.org/0000-0002-4765-674X;

CanBaxkac Aiirepim — AO «HayuHblii eHTp NpoTHBONH(EKIIMOHHBIX IIpenaparoBy, AinMarsl, Kazaxcraw,
E-mail: a_sadvakas@mail.ru, https://orcid.org/0000-0002-5559-7567,

Bekemesa Kypanaii — PhD, AO «HanuonaneHslit xomauar «QazBioPharmy, Acrana, Kazaxcras,
E-mail: k.bekesheva@qbp-holding kz, https://orcid.org/0000-0001-8133-6654.

Annoranus. Pa3paboTka HOBBIX JIEKapCTBEHHBIX (OPM SIBISETCS OTHOH W3
BOXHEHINX 3amad  (hapMarieBTHUECKOH TEXHOJIOTHH, OCOOCHHO TIPH CO3TaHHUH
Homcomep)Kalux aHTHCENTHYCCKUX MpemnaparoB. Momodopsl 001agaroT BBICOKOM
AHTUMHUKPOOHOU aKTHUBHOCTbHIO, OTHAKO WX MPHUMEHEHUE OTPAaHUYNBACTCS XUMUIECKOM
HECTAOWILHOCTBIO MOJICKYJSIPHOTO HoJa H  €ro CrIocOoOHOCTBEO BCTyNaTh B
OKHUCJIUTENbHO-BOCCTAHOBUTENBHBIE PEAKIMU B COCTaBE JICKAPCTBEHHBIX CHCTEM.
B cBsi3u ¢ 9TUM m3yueHUE BIUSHUS BCIIOMOTATEIHHBIX KOMIIOHEHTOB Ha CBOWMCTBA U
CTaOMIBHOCTH MO0 OPHBIX KOMITIICKCOB SIBIISICTCS BAKHBIM ATArIoM (hapMarieBTHIE CKOM
paspabotku. Llenbio ccnenoBanus SBISIIOCH N3yYEHHE XUMHUECKOW COBMECTUMOCTH
HonconepKallero KOMIUIEKCa CO BCIOMOIAaTeIbHBIMHU BEIIECTBAMH, MPUMEHSIEMbIMU
TIPY CO3/IaHUH KUJKUX U TBEP/IBIX JICKAPCTBEHHBIX (DOPM, a TAKKE OIIEHKA YCTOWYHBOCTH
KOMILJIEKCA B BOJHOM cpeie MpU pa3InuHbIX TEMIIEPAaTypHBIX yciaoBusx. McciaenoBanue
npoBoauin  MeTonoM Y®-pummmoit cnekrpockornuu  (UV-Vis) nyrém  aHanmusza
M3MCHCHHUM CIEKTPOB TOTIOMICHHUSI Hoaodopa B TPUCYTCTBUH BCIIOMOTATEIBHBIX
BEILLECTB. YCTOMYMBOCTh KOMIUIEKCA K TEMIIEPATYPHOMY BO3ICHCTBUIO OLIEHUBAIH I10
W3MEHEHHUIO KOHIIEHTPALUU MOJEKYISIPHOrO HOda U CONEPKAHUIO PEAyLUPYIOLIUX
caxapoB, MOCKOJBbKY HCCIEIyeMbI HoA0(op MPENCTaBiIsieT cO00H KOMITIEKC Homa C
JIEKCTPUHOM. YCTaHOBJICHO, YTO MaHHHUTOJI, COPOUTON, B-IIUKIONEKCTPUH, THAPOKCH]T
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Hatpus u Plasdone S-630 ycKopsIFOT mporiecchl BOCCTaHOBIICHUS MOJICKYJIIPHOTO Hojia B
cocrtape koMIuiekca. Hanbosee BRICOKOM XMMHUYECKOY COBMECTUMOCTBIO B BOJTHOM CpeIe
XapaKTepU30BAIUCH Y-IUKIOACKCTPUH, INTUIEPUH U TUMOHHAsI KucioTta. [lokazano, 4to
MIPU YCKOPEHHOM XPAHEHUM B TEUCHHUE LICCTU MECSIIEB COACPIKAHUE MOJICKYISIPHOTO
roma ymeHblraercs Ha 14 %, Torma Kak oOliee cojepaHue Homa ocTaércs
Heu3MeHHbIM. [loy4YeHHbIe Pe3yNbTaThl CBHJIETEILCTBYIOT O BBICOKOW CTAOMIBLHOCTH
HCCIICyEMOTO KOMIUIEKCA M PACHIMPSIOT BO3MOXKHOCTH MPUMEHEHUS no10(opoB mpu
co3nanuu 3(p(HEeKTUBHBIX M OS30MACHBIX aHTHCENTHYECKUX TpenaparoB. Pe3ynbrarhl
paboThl MOTYT OBITH MCHOJIB30BAHKI MPU Pa3pa0dOTKE HOBBIX JICKAPCTBEHHBIX (OPM C
YAYYIIEHHOW CTAOUIBHOCTHIO U CHIYKCHHON TOKCHYHOCTBIO.

KuaroueBsbie ciioBa: nomodop, MOJICKYISIPHBIN HOJ, BCIIOMOTATElIbHBIC BEIICCTBA,
XUMHUYECKask COBMECTUMOCTb, CTa0MIbHOCTh, Y®D-CIEKTPOCKOIHUS, aHTUCEITUYECKUE
Mpenaparsl, y-IUKIOJCKCTPUH

Introduction. The development of new dosage forms remains one of the
most important and rapidly evolving areas in pharmaceutical technology. Modern
pharmaceutical research is focused not only on discovering biologically active
compounds but also on improving their stability, safety, bioavailability, and therapeutic
efficacy through rational formulation design. Particular attention is currently directed
toward dosage forms capable of providing rapid onset of therapeutic action, accurate
dosing, prolonged stability during storage, and ease of administration. In this context,
the selection of suitable active substances and compatible pharmaceutical excipients
plays a critical role in the successful development of effective and stable medicinal
products (Nangare et al., 2021).

Among various biologically active substances, iodine-containing compounds attract
considerable attention due to their pronounced antimicrobial properties. Molecular
iodine exhibits broad-spectrum bactericidal, fungicidal, virucidal, and sporicidal activity
and remains effective against a wide range of pathogenic microorganisms (Makhayeva
et al., 2023). Unlike many conventional antimicrobial agents, iodine demonstrates
a low tendency to induce microbial resistance because of its multiple mechanisms
of action involving oxidation and disruption of cellular structures. For this reason,
iodine-containing preparations are widely used in medicine, surgery, wound treatment,
dermatology, and disinfection.

Despite their high antimicrobial efficacy, pharmaceutical applications of iodine-
containing compounds remain limited by several significant disadvantages. Molecular
iodine is chemically unstable in aqueous media and readily undergoes redox-
transformations leading to the formation of iodides, triiodides, and other iodine-
containing species. Such transformations may reduce antimicrobial activity and
negatively affect the stability and shelf life of pharmaceutical formulations. In addition,
aqueous iodine solutions may cause local irritation of tissues, possess an unpleasant
odor, and exhibit volatility and staining properties. Furthermore, prolonged storage may
result in gradual discoloration and formation of degradation products, complicating
pharmaceutical formulation development.
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lodophores have been developed as stabilized polymeric complexes capable of
binding and gradually releasing molecular iodine. lodophores improve the stability and
safety profile of iodine-containing systems while preserving high antimicrobial activity.
These complexes are able to maintain pronounced biocidal activity even in the presence
of proteins, blood, pus, and other biological materials that often reduce the efficacy
of conventional antiseptics (Wulandari et al., 2023). Recent studies have additionally
confirmed the effectiveness of iodophoric systems against antibiotic-resistant
microorganisms, including multidrug-resistant bacterial strains (Edis et al., 2024).
Consequently, iodophoresare considered promising candidates for the development of
modern antimicrobial pharmaceutical formulations.

The use of elemental iodine in the form of complex compounds provides several
important pharmaceutical advantages compared with conventional aqueous iodine
solutions. Complexation may reduce volatility, improve storage stability, decrease
irritation, and allow more controlled release of active iodine species (Moulay, 2019). In
addition, incorporation of iodine into polymeric or supramolecular systems may improve
physicochemical stability and facilitate the development of novel liquid, semi-solid, and
solid dosage forms (Kulkarni et al., 2024; Dattilo et al., 2023; Makhayeva et al., 2022).
The stability of such systems strongly depends on the nature of the complexing agent
and the interactions occurring between iodine-containing species and pharmaceutical
excipients.

Our previous investigations described a novel iodophor complex consisting of
an aqueous dextrin-based system containing molecular iodine together with lithium,
potassium, and magnesium halides (Korotetskiy et al., 2020). Dextrin was selected as the
complexing polymer due to its biocompatibility, water solubility, and ability to stabilize
iodine-containing species through intermolecular interactions. The developed complex
demonstrated high antimicrobial activity against various pathogenic microorganisms
and was additionally shown to enhance the antibiotic sensitivity of several bacterial
strains, including methicillin-resistant Staphylococcus aureus (MRSA) (Korotetskiy
et al., 2021). These findings indicate the potential pharmaceutical applicability of the
developed iodophor system.

An important stage in the development of any pharmaceutical formulation is
the evaluation of compatibility between the active pharmaceutical ingredient and
excipients. Interactions between active compounds and excipients may influence the
stability, therapeutic efficacy, dissolution behavior, appearance, and shelf life of the final
dosage form. In iodine-containing systems, such interactions are especially important
because many excipients may participate in oxidation—reduction reactions or alter
the equilibrium between different iodine species. Therefore, compatibility studies are
necessary for selecting excipients capable of preserving the stability and biological
activity of iodophoric complexes during storage.

In our previous work, compatibility of the iodophor substance with excipients intended
for direct compression was investigated using differential scanning calorimetry (DSC)
(Kabdraisova et al., 2020). However, thermal analysis alone does not fully characterize
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possible transformations occurring in aqueous systems or provide detailed information
regarding changes in iodine-containing species during storage. Spectrophotometric
methods, particularly UV—Vis spectroscopy, represent highly informative approaches
for investigating iodophors because characteristic absorption bands of iodine species
allow monitoring of chemical transformations and redox processes in solution.

Therefore, the aim of the present study was to investigate the compatibility of the newly
developed iodophor complex with pharmaceutical excipients used in the development
of solid and liquid dosage forms using UV—Vis spectroscopy. Particular attention was
devoted to evaluating the influence of excipients on the stability of iodine-containing
species during storage and under accelerated temperature conditions. The obtained
results may contribute to the rational selection of excipients and provide additional
insight into the development of stable iodine-based pharmaceutical formulations.

Materials and methods. The following equipment was used for the research:
analytical balance Pioneer PA 214 C (Ohaus, USA), automatic burette Titronic universal,
automatic titrator Basic Titrino 794 (Metrohm AG, Switzerland), Lambda spectrometer
35 (Perkin Elmer, USA), climatic chamber model KBWF 720 (Binder, Germany).

Electronic Spectroscopy. The UV spectra of the investigated systems were studied
in the UV and visible regions of the spectrum using a UV-Vis Lambda 35 absorption
spectrophotometer (PerkinElmer). The registration of the absorption spectrum in the
UV and visible regions was carried out in the wavelength range from 190 to 780 nm
(SCAN mode) using quartz cuvettes with a path length of 10 mm at a temperature of
(20 £ 1) °C with distilled water as the reference solution and using a cuvette with a path
length of 1.0 cm at room temperature.

Accelerated Stability Testing. The stability of the iodine-containing complex was
evaluated under accelerated conditions in accordance with international and national
regulatory requirements (ICH Q1A(R2) and order of the Minister of Health of the
Republic of Kazakhstan No. KP/ICM-165/2020). The complex solutions were dispensed
into 50 mL dark glass bottles and stored in a climate chamber maintained at 40 °C +
2 °C and 75% = 5% relative humidity for up to 6 months. At predetermined intervals,
samples were analyzed in triplicate to assess iodine content, iodides and the presence
of reducing sugars.

Results. Investigation of drug—excipient compatibility represents one of the key
stages in pharmaceutical development, since interactions occurring between active
pharmaceutical ingredients and excipients may significantly affect the physicochemical
stability, therapeutic efficacy, safety, and shelf life of the final dosage form. This
aspect is especially important for iodine-containing pharmaceutical systems because
the biological activity of iodine directly depends on its oxidation state and chemical
stability in solution. lodine-containing compounds are known to undergo gradual redox-
transformations during storage, resulting in redistribution between molecular iodine,
triiodide ions, iodide ions, and intermediate iodine-containing species. Therefore,
understanding the influence of pharmaceutical excipients on these processes is essential
for rational formulation development.

UV-Vis spectroscopy was employed as the principal analytical method for monitoring
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the stability of the iodophor system and evaluating interactions between the iodophor and
excipients. The method proved highly informative due to the characteristic absorption
bands of iodine species in the UV and visible regions of the spectrum. During storage of
the pure iodophor solution, gradual decreases in absorption intensity at approximately
290, 350, and 570 nm were observed together with an increase in optical density at
226 nm. These spectral changes were accompanied by progressive discoloration of the
solution and are consistent with gradual transformation and redistribution of iodine-
containing species within the system (Figure 1).
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Figure 1 — UV-Vis spectra of lodophor after 6 months of storage

The observed changes developed progressively throughout the storage period,
indicating slow but continuous redox processes occurring in aqueous media.

Polyols demonstrated a considerable influence on iodophor stability. In the presence of
mannitol and sorbitol, significant reductions in the intensity of absorption bands at Amax
~290, 350, and 570 nm were observed during storage. The spectral behavior suggests
accelerated transformation of iodine species compared with the pure iodophor solution.
However, the rate of transformation differed substantially between the two polyols. In the
presence of mannitol, spectral changes developed rapidly and the characteristic absorption
bands almost completely disappeared after approximately 2 months of storage. In contrast,
in the presence of sorbitol, similar transformations occurred much more gradually and
continued throughout the 6-month observation period (Figure 2 a,b).
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Figure 2 — UV-Vis spectra of Iodophor in the presence of excipients before and after storage

These findings indicate that the stereochemical structure of the polyol substantially
influences its interaction with iodine-containing species and the overall stability of the system.

Cyclodextrins demonstrated different effects depending on their structural
characteristics. In the presence of beta-cyclodextrin, increases in absorption intensity
at Amax ~290 and 350 nm together with a decrease at 570 nm were observed in the
initial spectra, suggesting formation of inclusion complexes and redistribution of iodine
species within the cyclodextrin cavity (Figure 2c). Nevertheless, prolonged storage
resulted in gradual decreases in the intensity of these absorption bands, indicating that
the initially formed complexes did not completely prevent subsequent transformation
of iodine-containing species during storage. In contrast, gamma-cyclodextrin produced
less pronounced spectral changes and significantly slowed the discoloration process of
the iodophor solution (Figure 2d). Even after prolonged storage, the spectra remained
comparatively stable relative to the pure iodophor solution and beta-cyclodextrin-
containing systems. These results suggest that gamma-cyclodextrin provides more
efficient stabilization of iodine-containing species in aqueous solution.

The influence of pH-modifying agents and stabilizing excipients was also
investigated. Addition of sodium hydroxide caused immediate discoloration of the
iodophor solution accompanied by disappearance of the characteristic absorption bands
of the iodine complex (Figure 3a).
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Figure 3 — UV-Vis spectra of lodophor in the presence of Plasdone S-630 and pH stabilizers (sodium

dihydrogen phosphate dihydrate, sodium chloride, sodium hydroxide, and sodium citrate dehydrate
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Similar behavior was observed in the presence of Plasdone S-630. The absence of
the characteristic absorption maxima indicates substantial destruction of the original
iodine-containing system and confirms incompatibility of these excipients with the
iodophor complex under the investigated conditions.

In contrast, sodium chloride, sodium dihydrogen phosphate dihydrate, and sodium
citrate dihydrate demonstrated comparatively milder effects on iodophor stability.
During storage, gradual decreases in absorption intensity at Amax ~290 and 350 nm
together with slight increases in optical density at 226 nm were observed (Figure 3b).
These spectral changes indicate slow transformation of iodine species rather than
rapid degradation of the system. Among the investigated excipients, sodium chloride
demonstrated the highest stabilizing effect, with the slowest spectral changes observed
during storage. Sodium citrate, on the other hand, accelerated the transformation
process more noticeably, although the system retained partial stability throughout the
observation period.

Citric acid demonstrated high compatibility with the iodophor complex. Spectral
changes observed during storage were nearly identical to those observed in the pure
iodophor solution, indicating minimal influence of citric acid on the stability of iodine-
containing species (Figure 4b). Similarly, glycerol exhibited good compatibility with
the iodophor system. During 6 months of storage, only slight differences between the
spectra of the binary solution and the pure iodophor solution were detected (Figure 4a),
indicating that glycerol does not substantially accelerate degradation or redistribution
of iodine species.
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Figure 4 — UV-Vis spectra of lodophor in the presence of glycerol and citric acid

The thermal stability of the iodophor complex was further evaluated under accelerated
and stress storage conditions. During storage at 40 °C and 75% relative humidity for 6
months, the concentration of molecular iodine gradually decreased by approximately
14%, whereas the concentration of iodides increased by approximately 12% (Figure 5).
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Figure 5 — Content in the amount of iodine (molecular iodine, iodides, total iodine), reducing sugars
in the lodophor during 6 months of storage at 40 °C

Importantly, the total iodine content remained essentially unchanged throughout the
storage period. This finding suggests that the observed changes are primarily associated
with interconversion of iodine species rather than irreversible iodine loss from the
system.

The concentration of reducing sugars increased from 1.21% to 1.42% after storage
at 40 °C for 6 months, corresponding to an increase of approximately 17%. However,
these values remained within the specification limits established for the initial material,
indicating the absence of significant degradation of the dextrin-containing system.

Under stress conditions at 60 °C, changes occurred considerably faster. Molecular
iodine content decreased by approximately 15% after only 5 days of storage, accompanied
by an increase in iodide concentration. Nevertheless, total iodine content remained
stable. These findings indicate that elevated temperatures accelerate redistribution
between iodine species but do not result in substantial loss of iodine from the iodophor
system.

Overall, the obtained results demonstrate that the investigated iodophor complex
exhibits satisfactory stability under accelerated storage conditions and that the nature of
the excipient strongly influences the rate and extent of redox-transformations occurring
within the iodine-containing system.

Discussion. The obtained results demonstrate that the stability of the iodophor system
is strongly influenced by the physicochemical properties of the excipients as well as
their ability to participate in redox reactions, hydrogen bonding, and supramolecular
interactions with iodine-containing species. Since molecular iodine exists in equilibrium
with iodide and triiodide ions in aqueous systems, even relatively weak interactions
with excipients may shift the equilibrium and affect the stability of the pharmaceutical
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formulation. UV—Vis spectroscopy proved to be a highly sensitive and informative
technique for monitoring these changes because the characteristic absorption bands
of iodine species allow direct observation of redistribution processes occurring during
storage.

One of the most important findings of the study was the different stabilizing behavior
of beta- and gamma-cyclodextrins. Cyclodextrins are known to form inclusion complexes
with hydrophobic molecules through incorporation into their internal cavities, thereby
altering the physicochemical properties and stability of active substances (Omar et al.,
2020). In the present study, beta-cyclodextrin initially promoted formation of inclusion
complexes with iodine-containing species, as indicated by changes in absorption
intensity in the UV region. However, prolonged storage demonstrated that the formed
complexes did not completely suppress gradual reduction processes. In contrast,
gamma-cyclodextrin provided greater stabilization of the iodophor system during
storage, slowing discoloration and reducing spectral changes. These differences are
likely associated with the larger cavity size and greater conformational flexibility of
gamma-cyclodextrin, which may allow more effective encapsulation and stabilization
of iodine-containing species. The obtained results are consistent with previous reports
indicating that the structural properties of cyclodextrins strongly influence the stability
of inclusion complexes and the protection of active molecules against degradation.

Polyols such as mannitol and sorbitol significantly accelerated transformation
processes within the iodophor system. Both compounds contain multiple hydroxyl
groups capable of participating in slow redox-transformations and hydrogen-bonding
interactions in aqueous media. Nevertheless, mannitol produced substantially faster
destabilization than sorbitol. Since both compounds possess identical molecular formulas
but differ in stereochemical configuration, the observed differences likely originate from
differences in molecular arrangement, solvation behavior, and accessibility of hydroxyl
groups for interaction with iodine-containing species. These findings demonstrate that
not only the chemical composition but also stereochemical properties of excipients may
influence iodophor stability.

Among the investigated excipients, sodium hydroxide demonstrated the strongest
destabilizing effect. Under alkaline conditions, rapid disappearance of the characteristic
absorption bands was observed, indicating destruction of the iodine-containing
complex. This effect can be explained by increased susceptibility of iodine species to
disproportionation and redox-transformations in alkaline media. Similar incompatibility
was observed for Plasdone S-630, suggesting that certain polymeric excipients may
interact unfavorably with iodine-containing systems. The mechanism of this interaction
may involve complexation, adsorption phenomena, or changes in the local chemical
environment surrounding iodine species.

In contrast, citric acid, glycerol, sodium chloride, and sodium phosphate exhibited
comparatively good compatibility with the iodophor complex. Particularly notable was
the stabilizing effect of sodium chloride, which demonstrated the slowest spectral changes
during storage. This stabilizing effect may be associated with the absence of significant
redox activity and minimal disturbance of iodine equilibrium in solution. Sodium citrate
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maintained partial compatibility but promoted somewhat faster redistribution of iodine
species compared with sodium chloride.

Thermal stability studies demonstrated that elevated temperature accelerates
redistribution between molecular iodine and iodide species, leading to gradual decreases
in molecular iodine concentration and increases in iodide concentration. However, total
iodine content remained essentially unchanged throughout storage, indicating that the
observed transformations represent reversible interconversion processes rather than
irreversible iodine degradation or volatilization. This finding is particularly important
for pharmaceutical development because it demonstrates that the iodophor system
retains its total iodine content even under accelerated storage conditions.

According to accelerated stability testing principles and Arrhenius-based
estimations, storage at 40 °C for several months may correspond to prolonged storage
at room temperature. Therefore, the obtained results indicate satisfactory long-term
stability of the investigated iodophor complex under recommended storage conditions.
The preservation of total iodine content together with relatively slow spectral changes
suggests that the investigated system may be suitable for development of stable
pharmaceutical formulations.

Importantly, the compatibility behavior observed in aqueous systems does not
necessarily predict behavior in solid-state formulations. In solid dosage forms, molecular
mobility, diffusion processes, and redox-interactions are substantially reduced, which
may improve compatibility between iodine-containing compounds and excipients that
appear incompatible in solution. Therefore, further studies using infrared spectroscopy,
differential scanning calorimetry, and solid-state analytical methods will be necessary
to comprehensively evaluate the suitability of these excipients for formulation
development.

Conclusion. The compatibility of the iodophor complex with selected pharmaceutical
excipients was evaluated using UV-Vis spectroscopy as a sensitive analytical method
for monitoring changes in iodine-containing species during storage. The obtained results
demonstrated that the nature of the excipient significantly influences the stability of the
iodophor system and the rate of redox-transformations occurring in aqueous media.

Among the investigated excipients, gamma-cyclodextrin, glycerol, and citric acid
exhibited the highest chemical compatibility with the iodophor complex and provided
the greatest stability during storage. These excipients caused minimal spectral changes
and effectively preserved the characteristic absorption bands of the iodine-containing
system. In contrast, sodium hydroxide and Plasdone S-630 demonstrated clear
incompatibility with the iodophor, resulting in rapid destruction of the active iodine-
containing complex.

Accelerated stability studies showed that prolonged exposure of the iodophor to
40 °C resulted in an approximately 14% decrease in molecular iodine content, while
the total iodine concentration remained essentially unchanged. These findings indicate
that the observed changes are primarily associated with redistribution between iodine
species rather than irreversible iodine loss from the system, confirming satisfactory
stability of the complex under accelerated storage conditions.
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Based on Arrhenius-based estimations and accelerated stability testing principles,
storage at 40 °C for 3 months approximately corresponds to 6-9 months of storage at
25 °C, whereas 6 months at 40 °C is equivalent to more than 1-1.5 years of storage at
room temperature. Therefore, the investigated iodophor system demonstrates promising
stability characteristics for potential pharmaceutical applications.

The obtained data are of practical importance for the development of iodine-based
pharmaceutical formulations, particularly liquid dosage forms requiring long-term
chemical stability of iodine species. Furthermore, the results provide additional insight
into the influence of excipient structure and physicochemical properties on the stability
of iodophoric systems.

However, since the present study focused primarily on compatibility in aqueous
media, further investigations are required to evaluate the behavior of the iodophor in
solid-state formulations. Future studies will therefore include additional analytical
techniques, including infrared spectroscopy (IR) and differential scanning calorimetry
(DSC), to investigate interactions between the iodophor and excipients in the solid
phase. Particular attention will be paid to excipients that demonstrated incompatibility in
solution but may still be suitable for solid dosage forms prepared by direct compression,
where molecular mobility and redox-interactions are considerably reduced.
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Abstract: The article investigated the effect of hydrothermal and microwave chemical
activation conditions on the porous structure of carbon materials based on waste coffee
cake (SCQG) - a multi-tonnage waste from the coffee processing industry. The use of
this raw material is due to its rich lignocellulosic composition, high content of organic
carbon and wide availability, which makes it a promising precursor for the synthesis
of porous sorption materials within the framework of the closed cycle concept. At the
first stage, the optimal mode of reagent-free activation was determined by hydrothermal
carbonation in a high-pressure microreactor, taking into account the treatment
temperature (180-220 °C) and the holding time (2-6 hours). The highest specific surface
area was demonstrated by a NTK220/6 sample (5,9 m?/g) taken for subsequent chemical
modification. At the second stage, a comparative study of the modifying ability of KOH
and HsPOas was carried out under microwave activation conditions in the temperature
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range of 80-160 °C. It was found that microwave activation with KOH is ineffective
due to the dominance of low-temperature resin formation processes (maximum specific
surface area 7,05 m?/g). In contrast, microwave activation with HsPO1 demonstrated a
multiple advantage: at a temperature of 120 °C, a specific surface area of 24,78 m ?/g
was achieved. This effect is due to the optimal balance between acid hydrolysis of raw
materials and fixation of the carbon frame by phosphate bridges. The surface morphology
and elemental composition of the samples were characterized by SEM-EDS, FTIR and
BET methods. As a result, it was found that the combination of microwave heating
and directional acid modification allows multiple intensification of the development of
porosity, making this method the most promising technological solution for producing
effective sorption materials from coffee processing waste.

Keywords: coffee waste, hydrothermal treatment, microwave activation with KOH,
microwave activation with HsPOa, porous carbon materials
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AHHoTamus. Makaiaia kope eHJIey OHEPKICIOiHIH KOIITOHHAX bl KAJIBIFBI OOJIBIIT
TaObuIaThiH eHJeNreH Kode yHaTarsl (SCG) HeriziHieri KoMIpTeKTI MarepuanIapabH
KEYeKTI KYPBUIBIMBIHBIH KaJIbINITACYbIHA THUAPOTEPMHUSIIBIK JKOHE MHKPOTOJIKBIHIBI
XMMUSUTBIK aKTUBTCHJIPY JKaFJdaliapblHBIH ocepi 3epTTesii. ATajfaH I[IHKI3aTThl
naijagaHy OHBIH Oail JIMTHOLEIUIIONO3aJIbIK KYPAMBIMEH, J>KOFapbl OPraHUKAJIbIK
KOMIPTEK MOJIIIEPIMEH OHE KCH KOJDKETIMILIINIMEH Heri3uesne/i, OyJl OHbl TYHBIK
LUK TYKBIPhIMJAMAchl asChIHAA KEYEKTI COPOIUSUIBIK MaTepualijap CHUHTE3iHE
apHaJIFaH TMEPCHEeKTHUBANBI TMPEKYpcop PEeTiHAE KapacThipyFa MYMKIHAIK Oepei.
Bipinmi  ke3eHze JKOFaphl  KBICHIMIBI  MHKPOPEAKTOPAArbl  THAPOTEPMHUSUIBIK
KapOoHu3anus oficiMeH exjey temreparypachl (180-220 °C) MeH ycray yakbITHIH
(2—6 car) eckepe OTBIPBII, PEAreHTCi3 AKTUBTECHIIPYAIH OHTANIIBI PEKUMI aHBIKTAJIJIBL.
En xorapel MeHmikTi Oet aynanein HTK220/6 ynrici kepcetti (5,9 M?/1), on KeiHTi
XUMHSUTBIK MoauduKanus yiriH tTanganael. Exinmn kesennae 80—-160 °C Ttemmeparypa
apaJIbIFbIHAFbl MUKPOTOJIKBIH/BI akTUBTeHAIpY skarmaiibiHga KOH men HsPOs-tig
MoauduKkanusiay sl Kadineri canbicTeipmalsl Typae 3eprrenai. KOH karbichbiHgars!
MHUKPOTOJIKBIH/IBI aKTUBTCHIPY TOMEH TEMIIEpaTypalibl HIAWbIPIaHy MPOLECTePIHIH
0achIMJIbIFbIHA OalJIaHBICTBI THIMCI3 €KEeHI aHBIKTaIbl (MAaKCUMAaJIAbl MEHIIIKTI OeT
aynasbl 7,05 m*/r). Kepiciame, HsPOs KaThIChIHIaFbI MUKPOTOJIKBIHBI aKTUBTCHIIPY
aliKpIH 0achIMIBIK TaHBITTBL: 120°C TeMrieparypaia MEHIKTI OeT aynaHbl 24,78 M*/r-
ra xerTTi. bys1 ocep IMMKI3aTThIH KhIIIKBUIIBIK THIPOn3i MeH (GocdarTel Kemipiuenep
apKbUIbl KOMIPTEKTI KaHKAHbBIH OCKITUIyl apachlHJarbl OHTAMJIbI Tere-TeHIIKIICH
Tycinaipineai. Yurinepain 6eTki Mophonoruscel MeH 3neMeHTTiK Kypambl SEM-EDS,
FTIR xone BET omicrepimen cunarrajiibl. KOpBITBIHIBICHIHIA MHKPOTOJIKBIHIBI
KBI3JIBIPY/IbI OaFbITTAJIFAH KbIMIKBUIIBIK MOIU(PUKAIMSIMEH YHIECTIPY KEYeKTUIIKTIH
JAMybIH OipHEIlle ece KapKbIHJIaTaThiHbl aHBIKTAJJIbI, OYJI 9HIiCTI KOo(e OHJIey
KaJIJIBIKTapblHAH THIMJI COPOIMSUIBIK Marepuajap aldyldblH €H IEPCICeKTHBAIbI
TEXHOJIOTHSUIBIK IIENIiMi peTiHAe KapacThIpyFa MyMKIHIIIK Oepe/i.

Tyiiin ce3mep: kode KamublKTapbl, TUAPOTepMHUSUIBIK oaic, KOH-nen
MUKPOTOJKbIHbI akTuBarusi, H3POas-lileH MUKPOTOJKBIHIBI aKTHUBAIMsI, KEYEKTI
KOMIPTEKTI Marepuasaap
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AHHOTauMs: B craTbe HCCIENOBAHO BIUSHUE YCIOBUW THIPOTEPMAIBHON U
MHUKPOBOJIHOBOM XMMHYECKOW aKTHBAIlMM Ha (OPMHUPOBAHUE MOPHCTOH CTPYKTYPHI
YIJEPOJHBIX MAaTepuasioB, TONYYEHHBIX W3 OTPa0OTaHHOTO KOQPEHHOro >KMbIXa
(spent coffee grounds, SCG), mpeacTaBisomEero co0oi MHOTOTOHHAKHBIM OTXO
ko(enepepadaTpiBarolieil MPOMBINUIEHHOCTH.  Vcronb30BaHWE JIaHHOTO  CBHIPHS
00YCIIOBIICHO €T'0 BBICOKHM COJIEPYKAHUEM OPTaHWIeCKOTO YIIIePO/1a, TUTHOLEIITFOI03HOM
MPUPOJOW M JOCTYIHOCTBIO, YTO JENaeT €ro MEePCIEeKTUBHBIM TPEKypCOpOM ISt
CHHTE3a COPOIIMOHHBIX MaTepHaloB B paMKaX NMPUHIUIIOB IUPKYISIPHOH SKOHOMHKH.
Ha mepBom sTame MeTOOOM THAPOTEPMAlIbHON KapOOHM3alMK B MHKPOPEaKTOpe
BBICOKOTO JIABJICHUSI OTIPE/IeNICHbI ONTHMAIbHBIE TapaMeTphl Oe3pearecHTHON aKTHBAIH
B 3aBUCHMOCTH OT TeMreparypbl 00padoTku (180-220 °C) u BpeMeHH BbIIEPKKH (2—6
4). MakcuMaibHYIO YACTbHYIO ILIONIAlh TOBEPXHOCTH MPOAEMOHCTPUPOBAI 00pasell
HTK220/6, nist KOTOpOTo JaHHBIN MOKa3aresb cOoCcTaBmi 5,9 M*/T. DtoT obpaszern ObuI
BbIOpaH JUIsl OCTCIYIOIIEH XUMUYeCKor Moaudukauu. Ha BTopom 3tare nmpoBeieHo
CpaBHHUTENBHOE HCccieaoBaHne dPPEKTUBHOCTH aKTUBAIMK ¢ Mcnonb3oBanneM KOH
u H;POs B ycrmoBusx MHKpPOBOJTHOBOTO HarpeBa mpu Temmeparypax 80-160 °C.
YcraHoBieHO, YTO 00paboTKa THUAPOKCHIOM Kaius Manod(pdeKkTHBHA BCIEICTBHE
npeolIiaaHus MPOIeCCOB HU3KOTEMIIEPaTypHOTO0 CMOJIOOOpa30BaHMs;, MaKCUMAaITbHAS
yAelbHas IUIOIaJb IOBEPXHOCTH cocraBwiaa 7,05 wm%r. Hamnporus, akTuBaius
oprodochopHOI KUCITOTON 00ecTieunia 3HaYUTETbHOE PA3BUTHE TOPUCTON CTPYKTYPHI:
npu Temneparype 120 °C yaenbHas IUIomaas MOBEpXHOCTH nocturia 24,78 M.
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[ony4enuslit 3¢hexT 00ycIOBIEH COUETAaHNEM KHCIOTHOTO FHIPOIN3a OPraHUYeCKOM
MaTpHIbl U CTaOMJIM3aLMU YIIIEPOTHOTO Kapkaca 3a c4éT oOpasoBaHHs (ocgaTHBIX
MOCTUKOB. MOp(0J10THsI TOBEPXHOCTH M JIEMEHTHBIN COCTaB 00pa3LOB UCCIIETOBAHBI
merogamu SEM-EDS, FTIR u BET. Ilony4eHHble pe3ynbTaTbl CBUAETENBCTBYIOT O
BBICOKOH () (heKTUBHOCTH COUETaHUSI MUKPOBOJIHOBOTO HATPEBA M KUCIIOTHON aKTHBALIH
JUIS1 TIOJTyYeHHSI HOPHUCTHIX YITIEPOAHBIX MaTepHAaiOB U3 OTXOAOB MEPepadOTKH Kode.

KiioueBble ciaoBa: Ko(QeHHBIM KMbBIX, THIpOTepMaibHas KapOOHHM3aLus,
MHUKPOBOJIHOBAs aKTUBALMs, THAPOKCUA Kanusi, oprodochopHas KHCIOTa, MOPUCTHIE
YIIEPOHbIE MaTepUabl, COPOSHTEI

Beenenune. Kode saBmsercs omHuM u3  Hauboiee  pacHpOCTpaHEHHBIX
CEIIbCKOXO3HCTBEHHBIX TOBapOB BO MHOTHMX YacTAX MHpa W B HACTOsIIEEe BpeMs
SIBIISIETCS. OMHUM M3 HauOosee MIMPOKO MOTPeOsieMbIX HAMHUTKOB. Ero BBIpalIMBaioT
noutu B Oomee ueM 70 crpanax, naBas okoino 16 MwmapaoB (QyHTOB kodeHHBIX
3epeH B rox (Vilaysit et al., 2021). Kodeiinas ryma, mmpoko n3BecTHas Kak KopeiHble
otxozabl (SCQG), sBIIETCS OCHOBHBIM OCTaTKOM, 00Opa3yIOMIMUMCS MOCIie MpeanpusSITHI
no mnepepabotrke kode, B OCHOBHOM OOpa3yIOUIMMCSl MPH IKCTPAKIUU HANMHUTKA U3
ko(eitHoro mopoika ropsiaeit Bogoil. Takue 0TX0/IbI, COITaCHO OHOMY HUCCIIEIOBAHUIO,
MOTYT JJake COCTaBIATh 10 6 MuunoHoB ToHH B rof (Kovalcik et al., 2018).

Junamuka MupoBoro skcropra kode B ¢eBpane 2026 roma xapakTepH30Baslach
YMEpPEHHON OTPHIIATEIbHOW KOPPEKIHei: 00beM MOCTaBOK cHu3wics no 11,46 muH
MEILKOB 10 CpaBHEHHUIO ¢ 12,15 MJIH MEIIKOB B aHAJIOTHYHOM HEPHOE MPEABLIYILETO
roga. Tem He MeHee, COBOKYIHBIN TOKa3aTelb 3a MEepBbIE MSITh MecseB KopeiHHoro
cezona 2025/26 (okTs0pb—¢eBpanb) IEMOHCTPHPYET YCTOWYMBYIO BOCXOSIIYIO
TeHaeHmo. O0munii 00beM SKCIOPTa B AAHHOM ITeproje yBeanduics Ha4,5%, cOCTaBHB
57,77 miH MeIKOB MPOTUB 55,3 MiIH MemkoB B nukiie 2024/25. [Ipu ananu3se rogoBoit
perpocriextuBbl (MapT 2025 - deBpans 2026) BbIsiBI€HA CYLIECTBEHHAS AWBEPreHLUS
B 00bEMax MMOCTaBOK OCHOBHBIX cOPTOB. DkcnopT kode Buna Coffea arabica (apabuka)
cokpatmics Ha 3,2% (c 83,63 muH 10 86,42 MITH MEIIKOB B TOJIOBOM UCUUCIICHUU ), B TO
Bpems kak cermeHT Coffea canephora (poOycTa) MpoAEMOHCTPUPOBAI 3HAUYUTEIbHbIN
poct, mocturuyB 59,15 MiIH MemkoB OpoTuB 51,9 MIH MENIKOB TOIOM paHee
(International Coffee Organization (ICO),2026). KonudyecTBeHHbIE COOTHOILICHUS
YKa3aHHBIX IOKa3aTesJell M BEKTOPHbIE HW3MEHEHHUS B CTPYKTYpPE MHPOBOTO DPBIHKA
MOAPOOHO BU3YaJIM3UPOBAHBI HA COOTBETCTBYIOIIEH nuarpamme (puc. 1).

W Apabuka W PoGycTa

90 mnH
85 mnn

80 MnH
75 MnH
70 mnH
65 mnx
60 MnH
55 mnn
50 mnn
40 MnH

2024/25 2025126

Pucynok 1 — Dxenopr 3a 12 mecsues (MapT 2025 - gpeBpans 2026), MITH MEIIKOB
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Jluteparypusiii 0630p. B 2025/2026 roxy MupoBoii peiHOK Kode noTpedun 11,46
MWJIJTHOHA MEIIKOB, 00pa3yst Oosibline OO0beMbl OTXOJOB, BKIJIIOYas OTPabOTaHHYIO
kodeitnyto rymry (SCG), u3 1oMoB, npeaAnpusITHii u kopeeH. ExeromaHo Bo BceM Mupe
npou3sBoauTcs 6onee 6 MuTMOoHOB TOHH SCG Kak B MPOMBIIIIEHHOCTH PACTBOPHUMOTO
Ko(e, Tak U B peryJsipHOM MOTpeOIeHNH Kode, 4TO COOTBETCTBYET MPUMEPHO 58,7% ot
obmiero mupoBoro norpedineHus kodpe. Ograko SCG yacTo BRIOPACHIBAIOT HA CBAJIKH
nmn cxuratot (Freitas et al., 2023). Takas npaxkThka yTHIU3alMU BIEYeT 3a cOOOM
BBICOKHE DKOJIOTHYECKHE PUCKH, 0COOEHHO JUIsl BOJHBIX dKOCHCTeM. Takum oOpaszom,
MOXHO HCIIOJBb30BaTh YCTOHYMBBIE cTparerud ynpasieHuss SCG ansi cMsArdeHws
X BO3ACUCTBHSA Ha OKPYXAIOLIYI0 cpeldy. MHOrooOemaromuM TOIX0A0M SBISETCS
TEPMOXUMHUYECKOE ITpeoOpa3oBaHue B OMOYToIb, KOTOPBIM MOXKET YIIPABISTh OTXOIAMH
SCG, onHOBpEeMEHHO MPOU3BOAS OOraThll YINIEPOJOM MaTepHal € IOTCHLIHAIOM
MIPUMEHEHUEM B CHCTEMaX OYHMCTKH BOABI. VccremoBaHUsl yCHIUIN 3TOT MOTEHIHAT,
MPOIEMOHCTPUPOBAB MPUMEHEHHUE yriepoaa, noiaydeHHoro u3 SCG, npu ynaneHUH
TSDKEJIBIX METAJUIOB M YCOBEPILICHCTBOBAaHHOM ouMcTKe cToyHbIX Bof (Ly et al., 2023).
[Mockonbky SCG copepkut OOJBIIOE KOJIUYSCTBO OPTaHUYSCKUX COCTUHEHUMN, TaKIX
KaK KHPHbIC KHUCIIOTBI, [EJUTI0103a, TeMULEIUTION03a U APYTHe YIJIEBOIbI, €T0 MOKHO
HCTIOJIb30BATh B TEXHOJIOTUSX MPEe0Opa3oBaHus OMOMacChl B PHEPTHUIO ISl IPOU3BOACTBA
MIPOIYKTOB ¢ 0OaBIeHHON cTOMMOCTBIO (Campos-Vega et al., 2015). kodeitHbie oTX01bI
LIMPOKO HMCHONB3YIOTCS B KadeCTBE MPEAIIECTBEHHUKA MPH TOATOTOBKE YIJIEPOIHBIX
MartepuasioB Juisi ouuctku Bouel (Oliveira et al., 2009). Muorue wuccienoBarenu
COCPEJOTOYMIIM BHUMaHUE Ha MOBBIMIEHUH HeHHOCTH SCG A Takux NpUMEHEHUH,
KakK MPOM3BOACTBO OMOIM3eIs, aJCOPOSHTHI, U HAITOJHUTENEH TSI KOMIO3ULIMOHHBIX
MaTepuanoB. YIIEpPOIHbIE MaTepHajbl, MOJIYYCHHbIE W3 OMOJOTHYECKUX OTXOMOB,
HCTIOJIB3YIOTCSl B KAY€CTBE aJCOPOCHTOB AJIsl OYUCTKH BOJbI, IOCKOJIBKY OHU 00JIaJatoT
MpenMyLIecTBaMH HU3KOH CTOMMOCTH, 0OmiHs U sKkostoruaHoctu (Sukhbaatar Ly et al.,
2021). HempaBuibnas yrunusanust SCG MOXKET UMETh 3HAYUTEIbHBIE TIOCISICTBUS IS
OKpyxaroiiei cpesibl. OCHOBHBIM SKOJIOTHYECKUM YIIEpPOOM, MPUUUHIEMBIM KOPEeHHON
rylIeH, sSBIseTCs 3arps3HeHne BO3ayXa, BoIbl U 3eMenb (Stylianou et al., 2018). Ilpu
BO3/ICHCTBUM OKpYXKarollel cpebl KoeiiHas ryma BbIIeIseT a30T U YIJICKUCIIBIN ra3.
A30T pearupyer ¢ KHUCJIOPOJOM € 00pa3oBaHHMEM CMOTa M 030HA, KOTOpbIe HAHOCST
yimepd OKpyKalomied cpene, B TO BpeMs Kak YINIEKUCIBIA Ta3, MapHUKOBBIA ras,
crocoOcTByeT n3MeHeHuto knumara. SCG Taxke MOTYT BBI3bIBAaTh 3arpsi3HEHUE BOIbI
3a CUET BBEACHHUS XUMHKATOB, MOBBILICHHUS YPOBHSA KUCIOTHOCTH M CTHMYJIMPOBAHHS
BPEIHOT0 LIBETEHMSI BOJOPOCIEH U OaKTepHuil, OTpULIATEIBHO B Ha BOTHYIO KHU3Hb
u 310poBbe yenoBeka. SCG MOTYT NpHUBIEKaTh BPEAUTENEH Ha Cyllle ¥ HapylaTh POCT
pacTeHuii U3-3a MX OpraHuueCcKuX 1 Heoprannueckux coeannennii (Kamil et al., 2019).

Y1oObl CMATYUTH BO3ACUCTBHE KO(EHHOTO KMbIXa Ha OKPYXKAIOLIYI0 CPEAy, €ro
ClIelyeT KOMIIOCTUPOBATH, TOBTOPHO UCTIONB30BaTh MM NepepadarsiBarh. [IpaBuibHas
YTUIM3ALHUS MOKET CBECTH K MUHUMYMY 3Kojorudeckuii Bpea. SCG MOTYT CIIy>KUTb
MPEAECTBEHHUKOM Il TPOM3BOJACTBA OHOyDNIsl Onarojaps CBOEH MMOPHCTOCTH,
IUTOILA/AY TOBEPXHOCTH M OOraTOMy OPraHH4eCKOMY COCTaBY, UTO JieNIaeT UX OTAHYHBIMH
KaHAWJaTaMH JJIs CHHTe3a aACOpOCHTOB Ul yAaJCHUS 3arps3HAIOLIMX BELICCTB
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u3 Boawl (Vedran Milankovi¢ et al., 2024). Mx wu300miue U JOCTYMHOCTh JENAIOT
SCG ycTOMYMBBIM M SKOHOMHYECKH S((GEKTHBHBIM MNpPEALICCTBEHHHKOM CHHTE3a
a/1copOEHTOB, CIOCOOCTBYS IPUHIMIIAM YKOHOMHKH 3aMKHYTOTO LIUKJIa ¥ MOBBILICHHUIO
LEHHOCTH OTXOJOB 3 CYET CHIIKCHUS 3arpsi3HUTENICH OKpYsKalolIed cpelsl U OpeMeHH
yrriu3anuu otxoa0B (Ahmed et al.,2024).

CymiecTByeT ABa METO/a aKTUBALMH, KOTOPbIE IIUPOKO U3BECTHHI KaK (pu3nyeckas
aKTHBALMsl U XUMHUUYEcKas aktuBauus. s ¢usmueckodl akTHBAlMK CHIPbE CHayana
KapOOHM3UPYIOT C TIOMOIIBIO TMapa W/WIM YIJIEKUCIOro Taza mpu Oojiee BBICOKUX
Temneparypax. Tem He MeHee, Takhe MeTOAbl (PU3UUECKOH aKTHUBALUHU MO3BOJISIOT
MOJTYYHUTh AKTUBUPOBAHHBIA YTOJib C HHU3KOH YAETbHOH MOBEPXHOCTHIO M MEHBIINM
00bEMOM TIOp IO CPaBHEHHUIO C METOJaMU XHMMHYECKOW akTuBauuu (Januszewicz
et al., 2020). Jast XUMHYECKOM aKTUBALMU CHIPbE MPOMUTHIBAIOT AKTUBUPYIOLUIMMU
areHTaMu ¢ nocjenyroueld kapooHu3auuei mpyu TeMmeparypax B auamnazone ot 600—
900 °C B armocdepe azora (Vilaysit et al., 2021). [ns Takux mpoueccoB Haubosee
4acTo aJanTUpyeMble XUMHYecKue BemiecTBa BkiouaioT KOH, ZnClz, NaOH,
K2CO3’ u H,PO,. B pamkax Takux npoueccoB Ha CTaJUU MPONUTKH aKTUBUPYIOIIHE
areHTbl TPAHCIOPTHPYIOTCSI B CTEHKH SYEEK MOMIOKKH, 00pasys 3((eKTHBHbIC
MOTMIEPEYHBIC CBSA3M MEXKIY HMMH, OOcClieunBas TeM caMbiM OOpa3oBaHHE OOJBILETO
KOJIM4ecTBa nop npu ux BeicBoboxkaenuu (Orkiin et al., 2012). Xumuueckas akTHBALUA
OMOJIOTMYECKUX OTXOIOB MOBBIMIAET MX afcOpOLMOHHBIE CBOMCTBA, Aenas ux Oojee
3G PEKTUBHBIMU 715l BOCCTAHOBIICHHS OKPYXAIOLIEH Cpelbl M XPaHCHHS SHEPTUU.
OTOT Tpouecc BKIOYaeT o0pabOTKy OMOOTXOAOB XMMHUYECKHMH areHTaMu A0 WIN
BO BpeMs BBICOKOTEMIIEPAaTypHOU KapOOHW3aluH, pa3paboTKy BHYTPEHHHUX CTPYKTYD
nop u BBeAeHHE (YHKUMOHAIBHBIX TPYIN €O CHEHU(PUISCKIMU XUMHUYECKUMH
cBoricteamu (Hupian et al., 2024). IlpenmMymiecTBoM T'HIPOTEPMAIBLHOIO METOAA
SIBIISIETCS.  BO3MOJKHOCTH MPEABAPUTENLHON aKTHUBALMU KOQEHHOro KMmbIxa 0e3
MPUMEHEHUS] XMMHUYECKUX PEareHTOB MPU OTHOCHUTEILHO YMEPEHHBIX TeMIlepaTypax
(80—-160 °C). danHplii OAXO[] CIIOCOOCTBYET YaCTUYHOW KapOOHHU3AIMU M Pa3BUTHIO
MOPHUCTON CTPYKTYpBl MaTrepuaa npy CHIKEHHBIX SHEPreTHUECKUX 3arparax. B cBoio
o4epeb, METOJ MUKPOBOJIHOBOH aKTHBALlMM OTHOCHUTCS K «3€JIEHBIM» TEXHOJOTHSIM
00paboOTKH YIJIEPOAHBIX MAaTepuanoB, IOCKOJBbKY obecnednBaeT 3PQEKTUBHYIO
AKTHBAIMIO TOBEPXHOCTH 3a CYET 00BEMHOTO U OBICTPOTo HarpeBa 06e3 HeOOXOAMMOCTH
WCTIOJIb30BAHUSI BBICOKHX TEMIIEPATyp, XapaKTEPHBIX IS TPAIUIMOHHOTO MUPOJIHU3a.
Kpome Toro, MukpoBonHOBass 00paboTKa MO3BOJSET COKPATHTh MPOJOIKUTEIBHOCTD
mporecca W MUHUMH3HMPOBaTh 0Opa3oBaHHME OTXOMSIIUX Ta30B M BTOPHYHBIX
3arpsi3HUTENICH B X0/ TIPOU3BOICTBA.

JKCNePUMEHTAILHAS YaCcTh

HcnonezyeMbie MaTepHaibl.

Otpaboranubiii kodelinbii xMbIX (SCGs) Obu1 momyuyen u3 kade Satbayev
University B Buae TBEPAOro ocTaTKa IMocie mpolrecca dkcTpakuuu kode. [lepen
nanpHeleld oOpadoTKoil 00pasilbl ObLIM BBICYIIEHBI W HCIOJNB30BaHBI B KaueCTBE
yIIEpOACOEpKALIETO  IpeKypcopa AIsl  TONYyYeHHs MOPHUCTBIX  YIIEPOIHBIX
MarepuanoB. VcxomHoe crIpbE mpeacTaBisiio coboit 3épua Brazil Mogiana (Coffea
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arabica), oOpaOoTaHHbIE B CTaHAAPTU3UPOBAHHBIX YCIOBHSIX ACIPECCO-IKCTPAKIIHU:
temrieparypa Boasl 90-94 °C u naBneHue 3kcTpakiuu okoio 9 Gap (0,9 Mlla) B
COOTBETCTBHUHU C MPOTOKOJIOM MPOU3BOTUTENS ISl KOMMEPUYECKOH ICIPEeCcCcO-MalInHbI
Nuova Simonelli. I'mapokcun xanus ananutuaeckoit unctotel (KOH, uncrora >97%,
CAS: 1310-58-3) 6bu1 puoOpeTén y komnanuu Sigma-Aldrich, pochopnas kucnora
(HsPOs, >85%, AR, CAS 7664-38-2, Meryer, Kuraii), koTopas npumeHsuiack 0e3
JOTIOJTHUTENILHONH OUYMCTKH. J{eMOHM3UpOBaHHAsi BOJA C YICJIBHBIM 3JIEKTPUUYCCKUM
conpotuBieHueM 10 18,2 MOM-cM Oblia mosyyeHa ¢ UCIoIb30BaHUEM JIAO0PaTOPHON
cuctembl Bogoourctku (Basic-Q15-11, LabSoul, Kurait).

[Iponenypsl TUAPOTEPMATBLHOIO METOAA MPOBOAMINCH B MPOrpaMMHUPYEMOM
Mukpopeaktoproiicucreme (PR 250, LabSoul Technology, Kurait) mpu koHTponupyembix
TEMIEPaTypHbIX M arMOC(epHBIX YCIOBHAX. AKTHBAlMsl C HCIOJNb30BaHUEM
MHUKPOBOJIHOBOTO H3IYYEHHUS! OCYLIECTBIsIaCh B MHOTOMOJOBOM MHKPOBOJIHOBOM
peaxrope (YMW-HPS80, LabSoul Technology, Kurait), paboratomem Ha yactote 2,45
['Tu ¢ perynupyeMoii BBIXOZHOH MOIITHOCTBIO, YTO 00€CIEUNBAIO OBICTPBIA 0OBEMHBIH
HarpeB U MHTCHCU(UKALNIO KWHETUKN aKTUBAIIHU.

CuHTe3 rUIpoyIIis U3 OTpaboTaHHON KOPEHHON TyIIH.

OtpaboranHblil KOQEHHBIH KMBIX CyIIWIW B cymmibHOM mmkady mpu 110 °C
B TeueHue 24 yacoB. 3areM 50 I BBICYIIEHHOTO Marepuaia cMemmuBaiu co 150 mia
JEeHMOHM3UPOBAHHOM BOJBI U 3aTPy’Kajli B MUKPOPEaKTOp BbICOKOro aasieHus (PR-250,
LabSoul, Kuraii). ['maporepmanbhyo kapooHuzanuto nposonunu mpu 180-220 °C co
BpEMEHEM BBIJIEPKKH 2-6 yacoB (puc. 2).

CYIIIIH TPH
110°C 24 1.

OcTarku Kodre
(Coffea arabica ) T =180-220 °C

t=2-64.

CYIIIIINII TIPI. .
110 °C
<::|I MIPOMBIBAIII C
100 mu DI
= BO10IT

Pucynok 2 — T'maporepmaibHas 00paboTka Ko(heiHOTO KMbIXa
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[Tonmy4yeHHBIE B MUKPOPEAKTOPE aKTHBUPOBAHHBIE 00Pa3Lbl TIATEIEHO POMBIBAJIH
100 M1 1eMOHU3UPOBAHHOHN BOJIBI, 3aTeM (DUIIBTPOBAIIH C MTOMOILBIO BOPOHKH BroxHepa
u cymwin npu 110 °C B naboparopHoii cymmisHol neun (DHG-9145A, LabSoul,
Kuraii). [Tomyyennsie 00pa3sibl HAEHTH(UIMPOBAIN COMAcHO Taom. 1.

Ta6n1/111a 1— SKCHepI/IMeHTaHLHLIe YCJI0BUA U PE3YJIbTAThl CUHTE3a YITICPOAHOI'O MaTcepuralia Ha
OCHOBE KO(i)efIHOI‘O JKMbIXa B MUKPOBOJIHOBOM PCAKTOPE

Obpasenr | Bpewms, | Temneparypa, | Panmon (macca JHasnenne, MPa | Beixon, (%) | Macca, r

Ne (4a.) (°0) coiporo kode B DI)

1 |HTKI180/2 |2 180 (50:150) 1.17 73.2 36.60
2 |HTKI180/6 |6 180 (50:150) 1.16 70.56 35.28
3 |HTK200/2 |2 200 (50:150) 2.19 69.7 34.85
4 |HTK200/6 | 6 200 (50:150) 2.43 68.34 34.17
5 |HTK220/2 |2 220 (50:150) 2.23 61.6 30.80
6 |HTK220/6 |6 220 (50:150) 3.06 62.92 31.46

W3  monydeHHBIX ~ 00pa3loB  HAWOOJBINYIO  VACIBHYK)  IMTOBEPXHOCTh
nponemoHcTpuposai obpaszeq HTK 220/6, rne HTK oGosnauaer Hydrothermal
Kazakhstan, 220 - temneparypa ruaporepMmaibHoii o0pabotku (°C), a 6 - Bpems
BBIJIEPXKKH Tipoliecca (4). [loyueHHbIe pe3ybTaThl CBHJIETEIBCTBYIOT O CYIIECTBEHHOM
BITHUSTHAY TEMIIEPATYPBI K TPOJOHKUTEIIEHOCTH 00paboTKN Ha pOPMUPOBAHUE TTOPUCTOM
CTPYKTYPBI YIJIEPOJHOTO MaTepraa.

Bropeim sTanmom ObLTO MpOBeZieHWE MUKPOBOIHOBOW akTHBanuu obpazma HTK
220/6 ¢ wucnonb3oBanueM 2 M BoxmHoro pactBopa rugpokcuaa kamus (KOH) wu
¢dochopuoii kuciorel (HsPOs, >85%). CooTHoleHne macchl oOpasna K 00bEéMy
pacTBopa akTuBaropa coctapisuio 1:10. OOpabOTKy NMPOBOAUIM B MUKPOBOJIHOBOM
peakrope YMW-HP80, ocHaméHHOM ABYXMarHeTpOHHOW CHCTEMON MHKPOBOJTHOBOTO
n3mydeHus yactotoit 2450 MI', npu temneparype 80-160 °C u gapnennn 5-20 psi
(0,035-0,138 MlIla). AxtuBammro ¢ KOH ocymiecTBinsiiim B TeueHne 2 9, TOrJa Kak
00pabotky H3POa npoBonmiu ¢ Beiiepkkoit 20 MUH JIJIsl KQXKIOH SKCIIEPUMEHTAIBHOM
toukH. [Tocie 00paboTKH 0Opa3Ibl THIATENTFHO TPOMBIBAIN AEUMOHU3UPOBAHHON BOAOH
710 TOCTHKEHUsI HerTpanbHoro 3Hadenus: pH (pH 7), 3arem uibTpoBaiy, Cymiim npu
110 °C B mabopaTopHO CYIUIHFHON TIEUH 0 MTOCTOSHHON MacChl M TTOTy9aid TOTOBBIH
aKTUBUPOBaHHBIN 00paser (puc. 3). BeIxon akTHBUPOBaHHOTO MPOAYKTA OTHOCHUTEIEHO
MacChI HCXOTHOTO 00pasia coctapisit 41-48% B 3aBUCMMOCTH OT yCIIOBHI aKTHBAIIHH.
OKCIIEPUMEHTBI BBITIONHSIIN IS UCCIICIOBAHUS BIMSIHUS XUMHUYECKOW aKTHBAllMU Ha
COCTaB, CTPYKTYPY U TEKCTYpHBIE XapaKTePUCTUKN MaTepHaa.
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PI/ICyHOK 3 — Cxema MI/IKpOBOHHOBOﬁ XUMHYECKON aKTUBAIIUN CHUHTE3UPOBAHHOT'O Marepuaia

Ha nanHOM sTamne nmpoBOAMIIOCH CPAaBHEHUE YIEIBHOM MOBEPXHOCTH YIIEPOIHBIX
MaTepHuaJioB, oyueHHbIX ¢ ucronb3oBanreM KOH n HsPO4 B kauecTBe akTHBHPYIOLIMX
areHToB, C LEJNbI0 BBIABICHUS HambOonee H(PPEKTUBHOrO peareHTa, OKa3bIBAIOIIETO
BIIMSIHUE HA CTPYKTYPHBIE XapaKTepUCTUKH CHHTE3UPOBAaHHBIX MaTepuanon. Cienyer
OTMETHTb, YTO MPOLIECC AKTUBALMU OCYLIECTBIsICS B auana3oHe temneparyp 80—160
°C, COOTBETCTBYIOIIEM YCIIOBUSIM MSATKOM aKTHUBALlMH, YTO IO3BOJIUIO COXPAHUTDH
YIIEPOIHYIO MAaTPHUILY H OJHOBPEMEHHO 00€CIeYUTh Pa3BUTHE MOPUCTON CTPYKTYPBI.

Jiist xapakTepu3anuy 00pa3oB IPUMEHSIIMCH CIETYIOIIIE METOIbI:

CxaHupyrolias 31eKTpOHHast MUKPOCKOIIHS M SHEPTOIUCIIEPCHOHHAS CTIEKTPOCKOIIHS
(SEM -EDS).

Metonom ckaHupylomiei 31ekTpoHHoi Mukpockonuu (SEM) uzydena mopdonorus
MMOBEPXHOCTH 00Pa3LOB, a ¢ MOMOIIBIO YHEPIrOANCIIEPCHOHHOTO MuKpoanaiusa (EDS)
OnpesieleH MX KaueCTBEHHBIH M KOJMYECTBEHHBIM SJIEMEHTHBIH cocTaB. AHaIN3
n3o0paxenuil B pexxumax BropuuHbix (SE) u o6parHo-paccesnubix (BSE) anekrpoHoB
MIO3BOJIMJI OLCHUTH MUKpOpenbed 1 Gpa3oByI0 OMHOPOIHOCTh MaTepraa, a IoOCTPOSHHE
KapT pacnpeseieHus 3JIeMeHTOB (mapping) MOATBEPAMIIO JIOKATH3ALUI0 KOMIIOHEHTOB
B CTPYKType obOpasia.

Omnpenenenne yaeapHOW MOBEPXHOCTH U TMAapaMETPOB TOPUCTOH CTPYKTYpBI
MaTeprasoB METOAOM HU3KOTeMIIepaTypHO# aacopOuun-aecopounu azora (BET).

VYhenpHasi TUIOIIAAb TTOBEPXHOCTH U MAapaMeTpbl OPUCTON CTPYKTYphl 00pa3LoB
OIIPEEISUIMCh METOJOM HHU3KOTEeMIIEpaTypHOU ajcopOnmu-necopouun azora npu 77
K. Pacuer yaenpHOM ruiomanm moBepXHOCTH Sy MPOBOIMJICA 110 METOMY bpyHayspa—
Ommera—Temnepa (BOT) B yimHeliHOM J1Mana3oHe OTHOCHTEIBHBIX JaBIICHUI P/P0 =
0.05-0.30. Pacnipenienienue mop 1o pazmepam 1 X CyMMapHbIi 00beM PacCUMTHIBAIICD
0 1ecOpOLMOHHON BETBU M30TEPM C HCIOJIb30BaHueM Mozenu bappera—/[xoiinepa—
Xanenapl (BJH). [lna ynmaneHust aacopOMpOBaHHBIX MapoB BOABI M Ta30B IEpe
HU3MEpeHUsIMU 00pa3lbl MOABEPraMCh MPEABAPUTEILHON Jera3ald B BaKyyMe IMpH
temneparype 250 °C B TedeHue 8 4acos.
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Xapakrepuzanusi QyHKUMOHAIBHBIX TPYI U CTPYKTYpsl MetoaoMm FTIR-cnekrpo-
CKOITHH.

Wnentnduranuio QpyHKIMOHATIBHBIX TPYNI U MOJEKYJSPHOTO COCTaBa 00pasLoB
MIPOBOAMIIM METOIOM HH(PaKpacHOH criekTpockonuu ¢ mpeodpazosanreM Oypoe (FTIR)
Ha criektpometpe Bruker ALPHA II Platinum (Bruker Optics GmbH, I'epmanust). Metox
OCHOBaH Ha HM30MpPATENHLHOM MOTIOUICHUH MH(PaKpacHOTO M3IMy4YEeHUsS MOJEKyJIaMu
BEIIECTBA HA YacTOTaX, COOTBETCTBYIOUIMX COOCTBEHHBIM KOJEOAHHSIM XHMHUYECKUX
cBszeil. Peructpanuio cnexkTpoB ocyuecTsisuin B nuanazone 400-4000 cm ™! B pexxume
HapyIIEHHOTO MOJIHOTO BHYTPEHHET0 OTPAKEHUS C UCIIOJIb30BaHUEM YHUBEPCAIHHOTO
monynsi Platinum-ATR ¢ anmasueiM  kpuctamioM. CTaOMIBHOCTb H3MEPEHHH
o0ecrieunBanach IMEPMaHEHTHO HacTpoeHHbIM HHTepdepomerpom RockSolid u
nerexktopom DTGS c¢ perynmupyemoii Temnepatypoii. [Ipobomoaroroska o0pa3uoB He
MPOBOAMIIACK; ISl PETHCTPALUK CIEKTpa oOpasel MPUBOAWIN B HEMOCPEACTBEHHBIN
KOHTaKkT ¢ uaMeputenbHbIM uHTepdericom HIIBO. HuTepmperanuio moiay4eHHBIX
CIIEKTPOB OCYLIECTBIISIIM MYTEM CPABHEHHUS XapaKTEPUCTUUECKUX MOJIOC MOMIOMIEHHS
C IUTEPATYPHBIMU JAHHBIMH U CTAHAAPTHBIMH CIIEKTPAIbHBIMU 0a3aMH JaHHBIX.

Pesyabratel u 00cyKaeHue.

Pesynbrare! ckanupytolei anekTpoHHoi Mukpockonuu (SEM) u sHeprogucnepcu-
onHas cnekrpockonus (EDS).

HUccnenoBanne Mopdonornyeckux 0cOOEHHOCTEH OBEPXHOCTH COPOSHTOB METOIOM
CKaHHPYIOIIEH IEKTPOHHOM MHUKPOCKONHH MO3BOJIMIIO BU3YyaJU3UPOBATh CTPYKTYPHBIE
W3MEHEHUS], IPOUCXOAAIIME B MpoLecce XUMUUecko Moaudukanun. Ha mukpogoro-
rpadusix HCXOIHOTO KO(EHHOTO XMbIxa (puc. 4) HAOIOIACTCSI OTHOCUTENILHO TUIOTHAS U
HEOITHOPOAHAS CTPYKTYpa, XapakTepHast JJIsl JIMTHOLEIUTIONO3HBIX Onomarepuanos. [lo-
BEPXHOCTh CHIPbsl PEACTaB/IEHa KPYITHBIMU YEIIyHUaTbIMH HACIOEHUSIMHA C MUHMMAJIb-
HBIM KOJINYECTBOM BHUJMMBIX IOpP, YTO CBUAETENBCTBYET O HU3KOW yIENbHOW IUIOLIAnN
MOBEPXHOCTH U OrPaHMYEHHOM JOCTYIIE K BHYTPEHHUM COPOLIMOHHBIM IIEHTPaM.

Pucynox 4 — SEM cHUMOK CBEIpbe KO()eHHOTO KMBIXa

CornacHO AaHHBIM YHEPTOAMCIIEPCHOHHON peHTreHoBCcKo# cniekrpockonuu (EDS),
MpeACTaBICHHBIM Ha puc.4, uccienyemble KoQeiHble OCTaTKH MPEACTABISIIOT cOOO0M
reTepOaTOMHBIN YIIIEpOIHBIN MaTeprall C BBICOKUM COAEpKaHHEM (YHKIHOHAIBHBIX
rpymnmn. OCHOBY CTpYKTypbl (opmupyeT yriaepon (tadm. 2), cocraBimstommid 39.1 at.
% (32.5 mac. %), B couCTaHUH CO 3HAYUTEIIBHBIM KOJIUYECTBOM KHCIopoza - 52.7 art.
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% (58.5 mac. %), 4To XapakTepHO Uil HEJONMUPOIM30BAaHHON OMOMACCHI C Pa3BUTHIM
KHCIIopoaconepKamuM KapkacoM. OcoOblli MHTEpeC MPENCTaBIseT Haludue a3oTa
B konmyectBe 7.5 atr. % (7.2 mac. %), 4To KiIaccupUUUpPYET AaHHBIA oOpaselr Kak
MEepCHEeKTUBHBIN a3oTcoaepskamuii (1 Tabnuna) yraepoaHslid mpekypcop. MunepanbHas
cocrapisitonias npeacrasieHa xkanueM (0.7 at. %), KOTOPbIi MOXET BBICTYIATh B POJIN
€CTECTBEHHOTO KaTajii3aropa Mpy JajbHEHIIel akTUBAllUY MaTepHaa.

Ta6JII/IIIa 2 — DeMEeHTHBIA COCTaB IIOBEPXHOCTU UCXOAHOI'O KO(i)eﬁHOI‘O JKMbIXa IIOJIY4Y€HHOI'O

METOIOM
JeMeHT AtoMHBIii TponieHT (At.%) Maccosblii mpoueHT (Wt.%)
Kucnopon (O) 52.7% 58.5%
VYraepon (C) 39.1% 32.5%
Aszot (N) 7.5% 7.2%
Kanwuii (K) 0.7% 1.8%

O6paborka HTK 220/6 THAPOKCHMAOM Kaaus MPHBOTUT K pPaIUKAIBHOMN
TpaHCc(OpPMAIIMA €Tr0 TEKCTYPHBIX XapakTtepucTuk. Kak cmemayer m3 SEM -cHUMKOB
obpasma nmocie Mmonudukaruu KOH (puc. 5), menodnast akTHBaIysi BEI3BIBAET TITYOOKYIO
JNECTPYKITUIO TUIOTHBIX CJIOEB HWCXOOHOTO ChIphsi. HaOmiomaercss ¢opmmpoBaHne
Pa3BHUTOH MaKpOIOPUCTON CTPYKTYpHI C BBIPRKEHHBIMH KaBEPHAMHU W Pa3IOMaMH.
[Iporecc «TpaBieHHs» YIIEPOIHOTO KapKaca MIENI0YbI0 CIIOCOOCTBYET (hparMeHTannn
MaTepHaia U CO3IaHUI0 T'y0uaToil MOP(OIOTHH.

Pucynok 5 — SEM CHUMKH yIJISpOITHOTO MaTepraja Ha OCHOBE KOPEHOTro jKMbIXa MOciie
mukpoBonHoBoii aktuBaiu KOH, A) HTK 220/6-80, b) HTK 220/6-100, B) HTK 220/6-120, I') HTK
220/6-140, 1) HTK 220/6-160.

202



Volume 2, Number 467 (2026)

Ucnonbzosanue H,PO, B kauecTBe MOAM(HUUHMPYIOIIETO areHTa TakKe IPHBOIUT
K CYIICCTBEHHOMY Pa3BHTHIO MOPHUCTOCTH, OJHAKO XapaKTep W3MEHEHUH OTINYaeTCs
OT 1eno4HoN 00paboTku. Ha chumkax obpasua, aktusuposannoro H,PO, (puc. 6),
OTYETJIMBO BUJHA MsTKas aKTHBAIMs IOBEPXHOCTH C 0Opa30BaHMEM MHOXECTBA
MEJIKUX, PABHOMEPHO pacrpeeneHHbIX mop. Jeruaparupyroriee aeiicTBHE KHUCIOTHI
crocoOcTByeT (POPMHUPOBAHHIO )KECTKOTO YIIICPOIHOTO CKEJICTa, IPOHM3AHHOTO CEThIO
KaHaJoB. Takas «COTOBas» CTPYKTypa yKa3blBaeT Ha 3HAYMTEIILHOE YyBEJIMYCHHE
MHKPO- ¥ ME30IIOPHCTOCTH, YTO SIBISCTCS ONPEICISIONM (PaKTOPOM JUTS TIOBBIIICHHUS
€MKOCTH COPOCHTA MO OTHOLICHUIO K IIeJIeBBIM KOMIOHEHTAM.

] Bews ki | aon B0 B

Pucynok 6 — SEM CHUMKH yIIIEpOHOTO MaTepHalia Ha OCHOBE KO(EHOTo KMbIXa MOCIe
MuKpoBoHOBoH aktuBanmy HsPOa, A) HTK 220/6-80 1, B) HTK 220/6-100_2, B) HTK 220/6-120_3,T")
HTK 220/6-140_4, 1) HTK 220/6-160_5.

CpaBHHTENBHBIM aHANN3 TPEACTABICHHBIX MHKpO(hoTOrpaduii MoATBEpKAacT
3¢ dexTHBHOCTH 000MX METOJ0B XMMHUYESCKOW aKTUBALUMK. B TO BpeMs Kak UCXOIHOE
ChIpbe 00JIagaeT OapbepHON CTPYKTYPOU, MsrKasi akTUBAIMsl ¢ ucrnoib3oBanuem KOH
1 H,PO, mo3sonseT copMupoBaTh BbICOKOIIOPHCTYIO MAaTPHILy C PA3BUTBIM PENbedhoMm.
[lony4eHHble JaHHBIE CBUIECTENBCTBYIOT O 1IEJIECO00Pa3HOCTH XUMHYECKOM 00paboTKH
JUISl HANpaBJICHHOTO M3MEHEHHs TEKCTYypbl MOBEPXHOCTH KO(EHHBIX OTXOMOB U
(bopMUpOBaHHUS PA3BUTON MMOPUCTOI CTPYKTYPHI.

Pesynbrartel  ynenbHOW MOBEPXHOCTH H MAapaMETPOB TOPUCTOM  CTPYKTYPbI
MaTeprasoB METOAOM HU3KOTEMIIepaTypHO# aacopOuun-aecopounu azora (BET).
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[Tocne mpoBeeHUs TIEPBOro 3Tara 3KCIEPUMEHTa B MUKPOPEAKTOPE MOTyUeHHbBIE
oOpasipl  Obutn  TOABeprHyThl BET-aHanmusy ¢ 1enb0  omnpeseleHus YIelnbHOM
IJIONIA/IM TIOBEPXHOCTH U BbIOOpa HanboJiee ONTUMAIILHOTO 00pa3ia Juisl aTbHEeUIIIX
HCCIIEOBAHU.

Pesynbrarhl mokazanu 4€TKYrH 3aBHCUMOCTH IUIONIAJIU MMOBEPXHOCTU OT YCIIOBUI
TUIPOTEPMATBHON 00pa0OTKU: C YBEIUYCHUEM TEMIIEPATypPhbl U MPOAOIKUTESILHOCTH
BO3/ICHCTBUS yIeIbHAS TUIONIA b ITOBEPXHOCTHU TIOCIEIOBATENBHO Bo3pacTaia - ot 0,80
M*r y obpazna HTK180/2 no 5,9 m*r y obpasua HTK220/6 (puc. 7). HauGomnbiee
3Ha4YeHUE ObLIO0 3auKcHpoBaHo y oopasia Ne6 - HTK220/6 (220 °C, 6 1), uTo yka3biBaeT
Ha HanOoJiee Pa3BUTYIO MMOPUCTYIO CTPYKTYPY CPEIH BCEX UCCIICOBAHHBIX 00Pa3IloB.

BnuaHne TemnepaTypbl r’MapoTeEPManbHORn 06paboTku
W BPEMEHW BbIOEPKKN Ha Y AENbHYHO NOBEPXHOCTb

HTK2 2076
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e
3
=
Fay
@
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180 2(‘)() ZéO
TemnepaTypa ruapoTepMansHoit obpaboTku, °C

Pucynok 7 — BumsiHue TemneparypHOU rHIpOTepMaIIbHOM 00pabOTKN M BPEMEHH BBIICP)KKU Ha
YAEIbHYIO IOBEPXHOCTb YIVICPOAHBIX MaTepUaIOB

HaocHoBanun nmomy4yeHHbIx faHHbIx 00pazent HTK220/6 6but mpr3HaH onTHMa bHBIM
JUTS TIPOBE/ICHNS TTOCTIeIYIOIINX TAlOB AKCIIEPUMEHTA, TIOCKOJIBKY pa3BUTAas yaellbHas
TUTOIA/Ib MIOBEPXHOCTH obecrieunBaeT Oosee 3pQeKTHBHBII KOHTAKT C aKTUBUPYIOLIAM
areHTOB MTPU MUKPOBOJIHOBOW aKTHBAIIHH.

ITocne BwIOOpa ontumanbHOro ooOpasima HTK220/6, oOpasiel ocTtaTtkoB Kode
[0CJIe MUKPOBOJHOBOTO peakTopa ObUIM TOABEPTHYTHl XUMHMYECKOW AaKTHBAIlUU C
HCIOIb30BaHUEM JIByX akTtuBHpyrommux areHToB — KOH u HsPOs, ¢ mocienyromum
ONpenesieHNeM yAeIbHOM miomaau noBepxHoctu meroaom BET.

Tabmuna 3 — Pesyneratel BET 00pasioB octaTku kode mocie MUKPOBOJIHOBOTO PEakTopa

Ne Ob6paszen Temneparypa, (°C) [Inomanp moBepXxHOCTH [Tnomane mMOBepXHOCTH
o6pasia ¢ KOH, m%/g obpasua ¢ HsPOs, m*/g
1 HTK#6_80 80 3,9 15,64
2 | HTK#6 100 100 3,2 9,75
3 | HTK#6_120 120 7,05 24,78
4 | HTK#6 140 140 - 9,63
5 | HTK#6_160 160 - 9,67
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CornacHO TONyYeHHBIM JaHHBIM (Tabn. 3), ciyuyae wucmonszoBanust KOH B
KayecTBE aKTHBMPYIOLIETO areHTa IMpH MHUKPOBOJIHOBOM akTHBAllUM HE HaOIOmaeTcs
3HAYUTEIHHOE HW3MEHEHHE Y/CIbHOM MOBEPXHOCTH YIVIEPOAHBIX MaTepHaIoOB Ha
OCHOBE KO(DEHHOTO >KMBIXa, MaKCHMallbHOE W3 KOTOPHIX cocTaBmsier 7,05 M2/T
Takoe moOBefieHWE YIIEPOAHON MAaTPHUIIBl CBHICTEIBCTBYET O TOM, YTO B JIaHHBIX
ycnoBusix KOH He mposiBisieT akTUBHPYIOLIMX CBOMCTB, a JIMIIb KaTajlu3HpyeT
MPOIECChl HU3KOTEMIIEPAaTypHOTO CMOJ000Pa30BaHUSI M OIUIABICHUS TMOP ILEIOYBIO.
CpaBHUTENBHBIN aHAIN3 ABYX MOAW(MHUKATOPOB OAHO3ZHAYHO IMMOKA3all, YTO aKTHUBAIHS
HsPO4 aBnsieTcss Hanbonee onTUMAIbHOM, IEMOHCTPUPYS KPaTHOE MPEUMYIIECTBO BO
BCEM JIMara3oHe Temmneparyp. Vcrnoab30BaHne 3TOTO areHTa MO3BOJIMIIO CYIIECTBEHHO
YBEIMYUTh YIENbHYIO TUIOMIATh TOBEPXHOCTH Marepuaja: €clidi y WCXOIHOTO
0e3pearentHoro odopaszua HTK220/6 stor mokasarens cocrasisn Bcero 5,9 M%/r , To
nocie MUKpoBOJIHOBOH momudukaunu Hs;POs mpu 120 °C ynenbHasi MOBEpXHOCTD
cocraBwia 24,78 M?/T. DTO yKa3bIBaeT Ha JIOCTHKEHUE ONTUMAIILHOTO OaiaHca MEXTy
WHAYIUPOBAaHHBIM KHCJIOTOW THAPOJIM30M CBHIPhS M (DHUKCAIlMell TMOPHCTOro Kapkaca
(hocharapmu mocTukamu. JaneHeimmuit HarpeB 10 140—160 °C mpuBOIUT K IMaICHUTO
Y cTa0WiIM3anuy 3HaueHUi Ha ypoBHE ~9,6 M*/T BCIEACTBHE XMMHUYECKON aKTHBAIIUU
(docdopHBIX 3PUPOB M YCAAKH MOpP MOX AeHCTBUEM MHKpPOBONH. Takum o0Opaszom,
MHUKPOBOJIHOBOE MomuduuupoBanue Gocopuoit kucnoroidr mpu 120 °C sBusiercs
HanOosee dPPEKTUBHBIM M ONTUMAIBHBIM PEKUMOM Ui (OPMHUPOBAHHS Pa3BUTOM
MTOPUCTOHN CTPYKTYpPhI MaTepHaa.

FTIR -ciekTpockonmudeckuii aHam3 KOPEHHOTO )KMBIXa, TIOABEPTHYTOTO IIETOTHON
Y KUCJIIOTHON XUMHUYECKOH aKTHBAIUH.

Juis upentudukammy QyHKIMOHATBHBIX TPYIII Ha TOBEPXHOCTH CUHTE3UPOBAHHBIX
YIJIEPOAHBIX MaTepHaoB M OLICHKU BIUSHHS TPUPOIbl AKTUBUPYIOLIETO areHra H
TeMIeparypsl ruaporepmaibHoil kapoonusanuu (HTK) Obut Beimonsen anann3 UK-
CIIEKTPOB IMOJTYYCHHBIX 00pasnoB. O0a psja MarepuaioB JAEMOHCTPUPYIOT CXOXKHH
Ha0op 0a30BBIX XaPaKTEPUCTHUCCKUX ITOJIOC, YTO YKA3bIBACT HA OOIIYIO yIIICPOTHYIO
OCHOBY, (hopMupyIOIIytocs B TpOIEcce THAPOTepMANbHOTO oOyrmmBaHusA. OmHAKO
npoduad MOJIOC M UX TEMIepaTypHas AMHAMHKA IPETEpPIeBAalOT CYIICCTBCHHBIC
M3MEHEHHs B 3aBUCHUMOCTH OT THIIA UCIIOJIb3YEMOI0 aKTUBATOPA.

HTK 7 %0

1K _7_120

e ZN

1K _7_140

S oy S ———— ||
20 4 T— \ | 3
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/ o
1K 7_160 /\_\’ N
of T W Bl B
T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™')
Pucynok 8 — FTIR -cniexrpsl o6pa3uos cepun HTK 7, akruBuposannsix KOH npu temneparypax
80-160°C
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B cnekrpax obenx cepuil HaOMrogaeTcsi mojoca MoromeHus B odnactu ~2850—
3000 cm™, coorBeTcTByloIas konebanusim C—H cBsaszeit anndarndeckux gpparmMeHToB
(puc.8,9). HTEeHCHBHOCTH TAaHHOM MOJOCHI 3aKOHOMEPHO CHUXKAETCS C MOBBIILICHHEM
temrieparypsl aktuanuu oT 80 10 160°C, yTo CBUAETEILCTBYET O IPOrPECCUPYIONICH
apoMaru3aluu yriepoaHoil marpunsl. B oOpasuax cepun HTK 7 (puc. 8) nerpagauus
C—H-nonoc mpoucxogut 6onee paBHOMEpHO, Toraa kak B cepund MV HsPOu (puc. 9) ux
MHTEHCUBHOCTh OCTAETCS OTHOCHUTENBHO BBICOKOW NPH MOBBIIIEHHBIX TEMIIEpATypax,
YTO MOXKET YKa3blBaThb Ha cTaOwinsupyromee aeicTBue (ocOpHOH KHCIOTHI Ha
anuparnyeckue CTPYKTYPBbI.

P-0/

CH Cc=0 CH OH  P-0-C
MV H,PO, 160 s » B . ]
o —
T W
MV H,PO, 140
80 = I = i =

IV

60 {MVHPO, 120 7
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o WY
MV H,PO, 80
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T T T T T T T
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Wavenumber (cm™)

Transmittance (%)

Pucynok 9 — FTIR -cnextpsr 06pa3nos cepuut MV H;POu, akTuBupoBanHbIX hochopHOI KHCI0TOM
npu Temneparypax 8§0—-160°C

[Tomocwt B arramazone ~1700—-1800 cm ', oTBeyaromyie BaJIEHTHBIM KOJICOAHHUSM Kap-
O6oHMIbHBIX rpynn C=0, NpUCYTCTBYIOT B CHEKTpax 00EnX CEpHil, OHAKO HX XapaKTep
cymiecTBeHHO paznuuaetcs. B cepum HTK 7 (puc.8) HHTEHCUBHOCTD KapOOHHMIIBHBIX
MOJIOC CHMDKAETCS pU TemrepaTypax Boliie 120°C, 9yTo oTpaxkaeT AeCTPYKLMEO KUCIIO-
poAcoaepKaIMX IPYII B yCIOBUSX HIea0uHoN akTuBauu. B cepun MV HsPO4 (puc.9),
HaIlpOTHUB, JAHHBIC MOJOCHI COXPAHSIOT BbIPaKEHHBIN XapakTep BIUIOTh A0 140°C, uto
CBsI3aHO ¢ 0Opa3oBaHKMEM 3(QUPHBIX U HocdaTHBIX CBA3EH NP B3aUMOACHCTBUM YIS C
KHUCJIOTHBIM areHTOM.

[upoxkas monoca B obmacta ~950—1200 cm ', oTHecEHHas K qehOpMaAITHOHHBIM KO-
nebannsm O—H rpymr, 3HaunTeIHO OoNiee MHTEHCHBHA B 00pasmax cepun HTK 7 mpu
HU3KHX TeMreparypax aktuBaiui (80—100°C) u 3aMeTHO yOBIBaeT Mo Mepe e€ MOBBI-
mieHus (puc.8). 1o coracyercs ¢ KIIacCHUeCKUM MEXaHU3MOM ILEIOYHON aKTUBALNH,
npu koropoM KOH mHuUUMUpyeT packphiTHE MOP € HOCIEAYIOIIEH AeCTpyKUUEH Iu-
JPOKCUJIbHBIX TPYTIIL.

B criextpax cepun MV HsPOa (puc. 9) B o6mactu 500-800 cm ! HabirogaroTest Ho-
JIOCBHI, KOTOPBIE MOTYT OBITh OTHECEHBI K KosieOaHusaM cBs3eit P-O u P-O—-C. 1x moss-
JICHHE MOXET CBHJIETEIBCTBOBATH O BO3MOKHOM B3auMoAeHCTBHU (HOCHOPHOM KHCIIO-
ThI C yIIIEpPOAHOHN Marpuueil n GpopmupoBanun HochopcoaepKaux MOBEPXHOCTHBIX
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¢parmenToB. B cepun HTK 7 manHbIe MOTOCH OTCYTCTBYIOT, YTO YKa3bIBa€T Ha Pa3iiu-
Yre XUMUYECKOH MPUPOABI TOBEPXHOCTH.

Takum oOpazom, MK-cnekTpockonuieckue AaHHBIE MOKA3bIBAIOT, YTO ILEIOYHAS
aktuBaiysi KOH npeumyIiecTBeHHO MPUBOAUT K Pa3BUTHIO YIIEPOAHOW MAaTPHIBI C
YMEHBILIEHHEM KOJUYECTBA TOBEPXHOCTHBIX KHCIOPOICOAEPKAIIUX TPYIIL, TOTa KakK
obpaborka HsPO4 criocobcTBYeT coxpaHeHHIO KHCIOPOACOAEpKAUX (HParMeHToB U
MOXET MPUBOAUTH K (POpMHUPOBaHHIO (hocopcoaep Kaliux MOBEPXHOCTHBIX CTPYKTYP.

3axuiouenne. B Xozie MpoBeAEHHOTO MCCIIEIOBAHUS YCIICLIIHO pealn30BaH JIBYXd-
TaIHbIM MOAXO/ K THIPOTEPMATbHON M XMMUYECKOH MOTU(pHUKaINU KOPEeHHOTo KMbIXa
(oTX0OB MEpepabdOTKU KO(Qe), MO3BOIMBLIMK YCTAaHOBUTH (DYHAAMEHTAJIBHYIO B3aH-
MOCBSI3b MEXK/Ty YCIOBHSIMU 00paOOTKH 1 () (HEKTUBHOCTHIO (POPMHUPOBAHUSI IIOPUCTOTO
KapKaca yrJepoJHbIX MaTepruaioB. DKCIEPUMEHTAIBHO JOKA3aHO, YTO €CIU TPaJAULH-
OHHOE 0e3peareHTHOE THAPOTEPMAaTIbHOE BO3ACHCTBHE TPEOyeT KECTKUX PEKUMOB ISt
JOCTIKEHHUS MUHUMAaIIbHO pa3BUTOH moBepXHOCTH (onTuManbHbi oOpazer; HTK220/6
nokasan 5,9 M*T), To mocienyromas HHTeHCu(UIMPOBAHHAS MUKPOBOJIHOBAS AKTHUBA-
LU KAUECTBEHHO MEHSIET TeKCTYpHbIe CBOMCTBAa. CpaBHHUTENILHBINA aHAJIN3 MPUMEHSsIe-
MBIX aKTHBHPYIOIIMX areHTOB MPU MUKPOBOJIHOBOW aKTHUBALIMHU BBISIBHI HEd((EeKTHB-
HocTh ucnonb3oBanusi KOH B mccnenoBaHHOM HU3KOTEMIIEpaTypHOM HHTepBaie 80-
160 °C u3-3a JOMHUHHAPOBAHMUS MPOLIECCOB CMOI000Pa30BaHMs, I1ie MAKCUMaJIbHOE 3Ha-
YeHHUe yAeIbHOH moBepXHocTH cocTaBuio 7,05 M*T. B cBoOIo o4epens, MUKPOBOIHOBAS
axtuBaiys ¢ HsPO4 mpogeMoHCTpHpOBaIIO BBIPAKEHHBIN CHHEPreTUYeCKH 3P PEKT co-
YeTaHHs BO3/IEHCTBUS KUCIIBIX CpeJl © MUKPOBOJIHOBOTO 10, e Temnepatypa 120 °C
OKa3ajach ONTUMAJILHOW ISl JOCTHXKEHHS MAaKCHUMaJbHOM YAeTbHOH MOBEPXHOCTH -
24,78 m?*/r. IlomyueHHbIE Pe3yAbTaThl UMEIOT BBICOKYIO MPAKTUYECKYIO 3HAYUMOCTh H
OTKPBIBAIOT HOBBIE TEXHOJIOIMYECKHE BOSMOXHOCTH JJIS JAIbHEHUIIIET0 NCTIONb30BaHNUS
pa3paboTaHHBIX MaTEepUAIOB B Ka4eCTBE MEPCHEKTUBHBIX U A(PPEKTUBHBIX COPOSHTOB
JUISL OYMCTKU CTOYHBIX U MPUPOIHBIX BOJ OT PACTBOPEHHBIX OPraHUYECKHUX BEILECTB H
JPYTHX 3arpsi3HUTENEH.
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Abstract. This paper presents the results of studies on the behavior of impurity
elements during the chemical sulfuric acid leaching of oxidized copper ores. The
relevance of this research lies in the need for effective purification of leachate solutions
from impurities, as high iron concentrations impair copper electrolysis performance and
increase the consumption of process reagents. The objective of this study is to investigate
the behavior of impurity elements during the chemical leaching of copper ore and their
selective separation from the leach solutions. The research was conducted using modern
analytical equipment. As part of the study, comparative investigations were carried out
on the selective precipitation of impurity elements and the method of extractive removal
of'iron ions. According to the results of chemical analysis, the composition of the copper
sample is characterized by the following values: SiO2 — 56 %, Al:Os — 5.2 %, Fe.Os —
7.35 %, CaO — 4.9 %, and MgO — 5.2 %. Mineralogical analysis showed that the main
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phases are silicates and hematite. The crystalline structure is characterized by a uniform
distribution of crystals measuring 100-150 um. The studies revealed the behavior of
impurities in an acidic environment during the leaching of copper ore. High efficiency
in the removal of impurities (iron) was observed when phosphate solutions were used
as a precipitant in a 1:1 ratio; in this case, the overall efficiency of removing iron ions
from copper solutions reached over 93.53m%. The iron phosphate precipitates obtained
during the purification process may subsequently be of interest as an additional valuable
product. The results obtained confirm the possibility of controlling the composition of
productive solutions through targeted chemical treatment and highlight the potential
for obtaining valuable by-products during the purification of solutions from impurities.
Keywords: Leaching, extraction, raffinate, selective extraction, iron precipitation
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AnHoTanust. bByn KymbIcTa TOTBIKKAH MBIC KEHAEPIH XHMHUSUIBIK KYKIpT
KBIILIKBUIBIMEH MIaliManiay Ke3iHJeri Kocla 3J1eMEHTTEpPiHiH MiHe3-KYJIKBIH 3epTTey
HOTHIKEJIepl KeNTipiireH. 3epTTeyaiH ©3eKTUIr eHIMIi epiTiHAlIepAl KochanapaaH
THIMII Ta3apTy KaKeTTiNiriHAe, eUTKEeHI TeMIpIiH >KOFapbl KOHIEHTPALMSICHI MBIC
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ANEKTPONM3iHIH KOPCETKIIITEPiH Halapiaaraibl )KoHE TEXHOIOTUSUIBIK peareHTTepAiH
WIBIFBIHBIH  apTThIpafbl. Bysl JKYMBICTBIH Makcarbl MbIC IIUKI3aTBIH XUMHSUIBIK
mraiimanay Ke3iHIeri KOocma SJIEMEHTTEPiHIH MiHe3-KYJIKbIH 3epTTey KOHE OJaplbl
OHIMJII epiTiHAINIep/IeH CeJICKTUBTI OKIIayaay OOJbIN TaOblIa bl 3epTTeyep 3aMaHayn
AQHAJMTUKAJBIK KaOIBIKThl KOJaHa OTBIPBIN KYprizinai. Kymbic OapbicbiHOa Kocma
ANIEMEHTTEPIH CeNeKTHBTI TYHIBIPY KOHE TeMip HMOHIAPBIH 3KCTPaKLUsUay ofici
OOMBIHIIA CaJIBICTBIPMAIIBl 3EPTTEYIEp KYPriziaai. XUMHUSIIBIK Tangady HOTHXKeIepi
OolibIHIIIA MBIC CBIHAMACBIHBIH Kypambl OakplIay MoHIAepiMeH cunarTtanansl; SiO2 - 56
%, A1203 - 5,2 %, Fe203 - 7,35%, CaO - 4,9% xxone MgO-5,2%. MuHepanorusuibik
Tajnay Herisri Qaszamap CUIMKarTap MEH TeMaTHT eKeHiH kepcerTi. Kpucrammbik
KypbutbiM  100-150 MKM KpucTanaapablH OIipKenki TapaiybIMEH CHUMAaTTasaibl.
XKyprizinren 3epTreynep HOTHXKECIHIE MbBIC KEHiH InaiimManay MpOLECiHAe KBIIIKBLI
opTajarbl KOCHajapAblH MiHE3-KYIKBIHBIH epeKuenikTepi aHblkTannel. ®Docdar
epitinainepin 1:1 KaTbIHACKIHIA TYHABIPFBILI PETiHAC NaligalaHFaH Ke3/1e Kocmanapsl
(Temipi) KOIOMBIH KOFaphl THIMIUTIT TIPKEJIi; MBIC €piTiHAIICPiH TeMip HOHAapbIHAH
Ta3apTy[ablH COHFBI THiMAUTri 93,53% - nman acramra xerrti. Tazapry mporecinie
anpiHFaH Temip (QocdarbiHBIH IIETriHAIEepl KOChIMINA KYHIBI ©HIM peTiHAe
KBI3BIFYIIBUTBIK TYABIPYBl MYMKiH. HoTmkenep MakcaTThl XHUMUSUIBIK OHICY apKbUIBI
OHIMJI epiTIHALIEePIiH KypaMblH OacKapy MYMKIHAITH pacTaibl )KoHE epiTiHALIepIi
KocrnajnapAaH Ta3apTy MNpOILeciHAe inecne KYHAbl OHIMAEPHi aly NepCIeKTUBACHIH
KepceTei.

Tyiiin ce3nep: maiimanay, sKcTpakuus, paQuHat, CEIEKTUBTI HKCTPAKIHA, TEMIp
TYHIBIPY
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AHHoTamus. B Hacrosimiedi paboTe NpeicTaBiCHBI PE3yJbTaThl HCCIICIOBAHUS
MTOBEJICHUS [IPUMECHBIX 3JIEMEHTOB IIPH CEPHOKHUCIOTHOM BhIIIIEIAYMBAHUN OKUCIICHHOTO
MEJIHOTO CBIPbsl. AKTyaJbHOCTh HCCIICAOBaHHs OOyCJOBIEHA HEOOXOAMMOCTBIO
3¢ EeKTHBHON OYMCTKUTIPOLY KTUBHBIX PACTBOPOB OTIIPUMECEH, [TOCKOJIbKY ITOBBIIIICHHOE
COZIep’KaHHMEe JKelie3a OTPHIATEIbHO BIMSET Ha TOKA3aTelH dJIEKTPOIUTHYECKOTO
MOJIyYEHHUS] MEJIM U NMPHUBOAMUT K YBEIHUUYCHHUIO PAcXo/ia TEXHOJOTHYECKUX PEarcHTOB.
Lenpto paOOTHI SBJSUIOCH M3YUYCHHE TOBEACHUS MPUMECHBIX AJIEMEHTOB B IPOIECCE
XUMHUYECKOTO BBIIICIAYMBAHUS MEIHOTO ChIpbs U pa3padOTKa IOAXOIO0B K HX
CEJICKTUBHOMY BBIJICJICHHUIO U3 ITPOJYKTUBHBIX pacTBOPOB. Mcciie10BaHuUS IIPOBOAUIUCH
C UCIIOJIb30BAHUEM COBPEMEHHBIX (PU3UKO-XUMUYCCKUX M aHAJTMTUYCCKUX METOMO0B. B
paMKax pabOTHl BBIOJHEHO CPaBHHUTEILHOE HCCIIEJOBAHUE METOJOB CEIEKTUBHOTO
OCaXK/ICHUS TIPUMECel M DKCTPAKIIMOHHOTO YJlaJIeHHsI HOHOB skene3a. [1o pesynsraTam
XUMHUYECKOTO aHaJIM3a YCTAHOBJICHO, YTO MCciemyeMas mpoda copepxut 56,0 % SiOa,
5,2 % AlLOs, 7,35 % Fe20s, 4,9 % CaO u 5,2 % MgO. MuHepaioruueckuii aHaims3
[oKa3aJji, YTO OCHOBHBIMU (ha3aMU SIBJISIIOTCSI CHJIMKAThI U reMaTuT. Kpucrammyeckas
CTPYKTypa XapaKTepU3yeTCs] paBHOMEPHBIM pacmlpeeiecHneM 3epeH pazmepoM 100—
150 mxm. B pesynbrate mpoBEeOEHHBIX HCCIIEOBAHUN YCTAHOBJIEHBI OCOOCHHOCTH
[TOBEJICHUS IIPUMECHBIX 3JICMEHTOB B KUCIIOH CpeJie TP BhIIIEIaAYBAHUU METHOU PY/IBL.
HaubGosnee Bbicokast 3()()eKTUBHOCTD yIaJICHUs XKeJie3a JJOCTUTHYTa IIPU UCTIOIb30BaHUU
(docdaTHbIX PacTBOPOB B KaueCTBE OCAJIUTEIISA IMPH COOTHOIICHMH peareHTOB 1:1.
CrerneHb OYUCTKH TIPOJAYKTHBHBIX PACTBOPOB OT MOHOB Kene3a cocraBuiia 6ojee 93,53
%. OoOpasyromuecs ocanku (ocdara kenesa MOryT HPEJACTABIATh MPAKTHUYCCKHUI
HMHTEpPEC B KAueCTBE JIOMOJIHUTEIBHOTO LIEHHOTO NpoaykTa. [lonydyeHHbIe pe3ysibTaThl
MOJITBEPIKIAI0T BO3MOXKHOCTbD YIPABJICHUSI COCTABOM IPOIYKTUBHBIX PACTBOPOB IYTEM
LIEJICHANIPABICHHONH XUMHUYECKOW 00pabOTKU M CBUICTENBCTBYIOT O TIEPCICKTUBHOCTH
KOMITJICKCHOTO MCIIOJIb30BAHUS ITPOTYKTOB OYUCTKH.

KiroueBble cjioBa: BBINICIIAYMBAHUE, MEIHOE ChIPhE, MPUMECHBIC SJIEMEHTHI,
JKeJIe30, CeJICKTUBHOE OCAXK/ICHHE, IKCTPAKIIUS, IPOJAYKTUBHBIC PACTBOPHI, paduHAT
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BBenenune. CoBpeMeHHOW MpoOIEMONM XapaKTEpHOW IJIi MHOTHX OTpaciel
IBETHOM METaJUIypruu SBISIETCS HEOOXOMUMOCTh BOBICUCHUS B IPOH3BOJICTBO
320aJIaHCOBOTO TPYIHOOOOTAaTUMOTO ChIPhs. CIIOKHOCTHIO THAPOMETAIITYPTUU HUKEIIS
W MEJIU SBISIFOTCS TaK)Ke YCIOBHSI UX CEJICKTUBHOTO PAa3JeliCHHs, XapaKTePHCTHKA
COCTaBa MCXOJHOTO CHIPhsi, CBOWCTBA MEIb W HHKEIb COJACP)KAIIUX MHHEPAJOB, a
TaKxke crienupuKa BIUSHHUS MPUMECHBIX SJIEMEHTOB Ha Tpoliecc BhiiernaunBanus. C
YYETOM pa3inyuii XMMHUYECKUX CBOMCTB HUKEISl M MEJH, BOSHUKACT HEOOXOIUMOCTh
W3YUYCHHUS BIIMSHUS MPUMECEH pa3iIMYHbIX AJIEMEHTOB Ha MPOIECCHI BBINICITaYNBAHHUS
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JaHHBIX MeTasuoB. Tak, HampuMep, NPUCYTCTBUE XJIOPHU NOHOB B BHIIIEIaYHBAIOILEM
pacTBope ONarompusTHO CKa3bIBA€TCsI HA M3BJICUEHUH HUKENS, HO HENPUEMIIEMO s
TUIPOMETAIITYPTUYECKOTO MPOM3BOJCTBA MEH NPHU HCIOJIB30BaHUU B AalbHEHIIEM
YKHUJIKOCTHO-3KCTPAKIIMOHHOW TEXHOJIOTHH.

ComracHO COBPEMEHHBIM HCCIIEJOBAHUSAM, IIOBBIIIEHHE KOHLEHTPALMM HOHOB
xjopa B cynbdaTHoM snekTponute 10 0,5 T/71 CyImecTBEHHO BO3pacTaeT CKOPOCTb
pPacTBOpPEHMS METANTNYECKOTO HUKEJS, a ero U3BJIeUeHne MoBbIaeTcs B 2-2,5 paza. B
TOXe BpeMsi, IPUCYTCTBHE HOHOB XJj10pa, 6onee 0,1 r/m, kpaiiHe HEraTUBHO OTpPa)XaeTcst
Ha SKCTPAKTHBHOM TEXHOJIIOTHUH U3BJICUCHUS MEJIH, YTO JeTaeT HelIPUEMIIEMbIM CIIOCO0
XJIOPHOT'O OKMCJIEHUS JJ1s1 KOJUIEKTUBHBIX MEIHO-HUKEJIEBBIX METO/IOB BhIIIETaYNBAHHS.
(Avfukova et all, 2022; Brozova et all., 2025; Caetano et all., 2024; Chepushtanova et
all., 2024). Ipyroii mpo6:1eMoii, 0COOEHHO XapaKTepHOH AJIsl THAPOMETAILTY PTUH ME/IH,
SIBIISIETCSl PAKTOP HAKOIUIEHHS B TEXHOJIOTHYECKHUX PACTBOPaxX M30BITOYHOTO KOINYECTBA
COCAMHEHHH JKeJie3a, a TAKKE IPYTUX CHUYKAIOLIUX TPOU3BOACTBEHHYIO 9 (EKTUBHOCTD
npuMmeceil. B mpouecce mepepaOOTKM METHOTO CBHIPbsI MPOLYKTUBHBIH PacTBOP
HaXOJUTHCsI B TOCTOSIHHOM PELMPKYJISLMH, YTO TPUBOAUT K MOCTENIEHHOMY HAKOIJICHUIO
B HEM NIOOOYHBIX AIIEMEHTOB, B YACTHOCTH COCIMHEHUH KeJe3a, Kb, CHITUKaTHBIX
coequHeHHH W Apyrux. Ha HauanpHBIX dTamax 3amycka TI'MJIPOMETaJLTypruiecKoro
MIPOM3BOJICTBA, COEAMHEHUI TPEXBaJEHTHOTO JKElie3a B YMEPEHHBIX KOHIIEHTpaIMsIX
BBICTYIAalOT B KayecTBE KaTaJM3Hpyrouero oxucautens. OJHaKo, MpPEeBHIINIEHNE
KOHIEHTPALlMU MOHOB TPEXBaJICHTHOTO Jkene3a, 6onee 10 1/, HEraTMBHO CKa3bIBaeTCA
Ha MpOoLEcce IKCTPAKINHU, T.K. CHI)KAET CEJEKTHBHOCTh OPTaHUYECKOI0 IKCTpareHTa
[0 M€, YTO MPUBOAMT K YXYALIEHHIO KauecTBa 3JIEKTPOJINTA U MOITydaeMoill mpu
JIEKTPOJIN3€E KaTOJHOW MEH, a TAKXKe MOBBIIIEHUIO PACX0/a AIEKTPOIHEPruU. TaKxke,
KpaliHe HEeKeJaTelIbHO NPUCYTCTBUE B IMPOAYKTUBHOM pacTBOpPE HMOHOB jKeje3a B
CTEIICHU OKHCIICHHS 2", CIOCOOHBIX Ja)Ke MPU HEOOBIINX KOHIICHTPALUSIX MIEPEXOUTh
MIPU SKCTPAKLUU B dIEKTPONUT. Jpyrue moOo4YHbIEe MPUMECH, OCOOCHHO COCAMHEHHS
CWJIMKATOB, TaK)Ke KpaliHe HEraTMBHO CKa3bIBAIOTCS HA MIPOU3BOICTBEHHOM IIPOLIECCE,
MpUBOJS K 00pa30BaHMIO MeK(a3HON B3BECH Ha CTAAMSIX SKCTPAKIIMU M PEIKCTPAKIIIH
W CYLIECTBEHHO COKpamllas CpPOK JKCIUTyaTalldd OpTraHUYecKod (a3bl W CHUCTEMBI
¢ubTpoB. B cBA3M ¢ uem, 171 THAPOMETAUTYPrHYeCKIX MPOU3BOACTB KATOAHOM MEIH,
MOUCK METO/IOB KOJIOTHUECKU Oe30MacHOM YyTHIIN3AMH WM epepadoTKH MOI00HBIX
PacTBOPOB SIBISIETCS aKTyaJIbHON 3a7a4ueil.

Jluteparypublii 0030p. Ha cerogHsmHuil 1eHb HMMEIOTCS HCCIEIOBaHMUA,
pacKpbIBaIOIINE T€ WIM WHBIE METOABl BBIIEIECHUS M OCaxJeHHus xene3a. OnHako
MpaKkTHKa MPUMEHEHUs JAHHBIX METOIOB K T'MJIPOMETAILTYPrU4eCcKOMY MPOU3BOJICTBY
MeAM M HUKeNsl He wu3ydeHa. K OCHOBHBIM HaIlpaBlIEHHUSAM TIOMCKAa METO/0B
CIOCOOCTBYIOIIMX OCAXKICHUIO M KOATYJISILIMN HOHOB JKeJie3a MOJKHO OTHECTH: MeToabl
MIPUMEHEHUS] PeareHTOB, 00Pa3yIOIINX C )KEIEe30M ITPOCTHIE M KOMIUIEKCHBIE THIpaTHbIE/
THIPOKCHHBIE HepacTBopuMble coeannenus (Kenzhaliyev et all., 2025; Koizhanova et
all., 2023). [Tony4eHne HEPaCTBOPUMBIX THAPOKCHUIOB JKelle3a MOTpeOyeT yBeInYeHNUs
nokazarens pH cpenpsl. Bo MHOTMX M31aHUAX U CIIPaBOYHUKAX yKazaHo, uyTo npu pH <
4,5 sxene30 MperMyIIECTBEHHO HAXOMUTCs B BOJHOM cpere B Buae HoHOB Fe', Fe*' u
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Fe(OH)?** ; noBeimienne pH npusoauT k okucnerwuto xenesa (1) B sxeneso (II1), kotopoe
BBIMAZaeT B OCaJ0K; B BOCCTAHOBUTEIILHON cpelie B MPUCYTCTBUM KapOOHATOB U MPH
pH > 8,4 Bo3MoXxHO BhIeneHHE KapOoHara skene3a u ap. (Koizhanova et all., 2024;
Latyuk et all., 2024; Li et all., 2023; Liu et all., 2022; Ma et all., 2024).

MeTozpl SKCTPaKTUBHOTO yIaJIeHUs Kejle3a, aHaJIOTHYHBI IPOLeccaM SKCTPaKIH
MeIU 1 HUKeJIA. J1J1s ceIeKTUBHOTO M3BJICUCHUS JKelle3a MPEAToaraeTcs HCIoIb30BaHIe
OpPTaHMYECKUX COENMHEHUH, HE PAacTBOPUMBIX B BOAHBIX (hazax, MOJAAIOLIUXCS
nocienyouei perenepanun (peskcTpakuus). B kauecTBe moAXoIMIINUX OpraHuueCcKuX
¢a3 B JaHHOM ciydae MOXKHO pPaccMaTpuBaTh HEKOTOPHIE THUIBI apOMaTHYECKUX
YIIEBOIOPOAOB, AU aTHIe CKUE CIUPTHL, 3PUPBIN Ip. METO b, BKITIOUAIOIUE IOy YUCHHE
MaJIOpaCTBOPUMBIX U HEPACTBOPUMBIX coeii xkene3a (Niu et all., 2021; Voropanova et
all., 2016; Wan et all., 2021; Yu et all., 2024). OCHOBHO¥ IPUHITUT OYUCTKU PACTBOPOB
B JJaHHOM METO/IE, KaK W B MEPBOM NpPHMEpE, OCHOBBIBACTCS Ha IEPEBOJC JKele3a B
ocaJiok. B otmune ot 06pa3oBaHus HEPACTBOPUMBIX T'HIPOKCHIIOB JKelle3a, OTydYeHHe
HEKOTOPBIX HEPACTBOPUMBIX COJICH jKene3a, He TpeOyeT H3MEHEHHU S KUCIIOTHOCTH CPEAbI.
Bo03MOXHOCTb NPUMEHEHHUSI OTPaHUYUBAETCSI TOJBKO pauHATOM IOCIE IKCTPAKILINH,
T.K. OOJIBIIMHCTBO KUCIIOTHBIX OCTaTKOB (AHMOHOB) 00pa3yloT HEPACTBOPUMBIE COJH C
MeJIbIO M HUKEJIEeM. DTO CBA3aHO C TEM, YTO HEKOTOPBIE COJTM MeIu 00J1a1al0T MEHBIINM
MIPOM3BEICHUEM PACTBOPUMOCTH, YTO MPHUBEIET K UX MEPBOOYEPEAHOMY BBIIAICHHUIO
B OCaQJIOK, B Cllyyae NPUMEHEHHsS K MeIbCOoIeprKalleMy HPOAYKTHBHOMY PacTBODY.
[losTOMy MCIONB30BaHHE AAHHOTO METO/A MpeayCMaTpUBaeTCs Ha 00e3MEKEHHOM
pajuHaTe W TpeAnonaraeT MOCIeAyIoliee yAaleHHE OCaAKa, COASPIKAIIero COJIU
xese3a. MeTozpl, CBI3aHHbIE C TTOyYeHHEM KOMIUIEKCHBIX COeAMHEHHH jkene3a (Zhou
et all.,, 2024). Tlony4yeHne KOMIUIEKCHBIX COCOMHEHHH KeJe3a, KaKk W Mpenbl Iyl
METOJl, OCHOBBIBACTCSl Ha OOpa30BaHUM HEPACTBOPHMBIX WM MaJOPaCTBOPUMBIX
coenrHeHHH. BO3MOXHOCTH 00pa3oBaHMs KeIe30M TeX WM MHBIX HEPacTBOPHUMBIX
KOMIUIEKCHBIX COEAMHEHHH 3aBUCHT OT MHOXXECTBEHHBIX (DaKTOpPOB, TaKUX Kak
KOHCTaHTa YCTOWYMBOCTH, TOKa3zareidb pH cpenbl, HaCHILEHHOCTh pacTBOpa,
npuMecH u ap. Tak, HampuMep, NOITyYeHHe AOCTaTOYHO YCTOMYHBOTO KOMIUIEKCHOTO
COCAMHEHMS BBINAAAIONIETO B ocagok, rekcanumaHogeppara (II) xenmeza (III)
Fe [Fe(CN),],, HeBO3MOKHO B KuCHO# cpene. Kpome TOro, KOMIOHEHT, y4acTByOMIUN
B 00pa30BaHUU C KEJIE30M YCTOMYMBOTO HEPACTBOPUMOTO KOMILIEKCHOTO COSTUHEHUS,
HE JIOJDKEH 00pa3oBHIBATH YCTOMUMBBIX COCTMHEHUH C MENBIO MPU HCIOIb30BAHUH
MPOIYKTUBHOTO pacTBopa; KomMOMHMpOBaHHBIE METONBI yAajeHuUs kenesa. JlaHHas
METOJUKa MpeanonaraeT KOMOMHALMIO HECKOJbKUX METOJOB M3 OIMHMCAHHBIX paHee.
[Iponiecc ynmameHus xene3a OO CHX IOp SBISETCS MaJOW3yYEHHBIM, HECMOTpPS Ha
JOCTaTOYHO OOJNBIIOE KOJIMYECTBO paboT, MOCBALIEHHBIX eMy. B OonbIIMHCTBE
CllyyaeB JOCTHKEHUE Pe3yJbTaTa BO3MOYKHO TOJIBKO KOMITIEKCHBIM MOAXO0I0M: IIOMUMO
CHIDKCHHUSI KOHLIEHTpAIMM JKelle3a M3MEHSIOTCS W Jpyrue IOoKaszaTeld KayecTBa
pactBopa: xk€cTtkocTh, pH, MuHepanuzauus, okucisemMocts (OBII); MexaHu3Mbl 3THX
W3MEHEHUH pPa3IuuHbl Ul OTHACNBHBIX TIOKa3aTeled M HYKAAIOTCS B OTACIBHBIX
uccrnenoBaHusXx. B OONBIIMHCTBE ClydyaeB, CYLIECTBYIOIIME METOIbI BBIJCIICHUS,
OCKICHHA Kelie3a U JIPYrHX IpuUMeceil B OCHOBHOM pacCUMTaHbl Ha HeOOJbLINe
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KOHIIEHTPALMU BOJIOEMOB M CTOUHBIX BoJI. KpoMe Toro, HEKOTOpbIE COCTaBbl pACTBOPOB
METO/Bl OYUCTKM MOTYT OBITh HENpPUEMJIEMBIMH 10 XHUMHYECKHUM IapaMeTpam
JUISL  KUAKOCTHO-IKCTPAKIIMOHHOW TEXHOJIOTMH TPOU3BOACTBA MEAM W HHKENS.
AKTyaJbHOCTh JaHHOW paboThI 3aKiroyaeTbes anpodanusi Hanbonee 3¢dexruBHOTO
1 TOAXOSAIIET0 METOAA CHM)KEHHs KOHLIEHTpAIUH XKejle3a U MPOoUYrX MpuMecel u3
pPacTBOPOB T'MIPOMETAIUTY PTUUECKOTO TPOU3BOJICTBA.

Marepuajabl U OcHOBHBIe MeToAbl. J[msa uccienoBanuii (PU3MKO-XHMHUYECKUX
METOJIOB MCIOJB30BAINCH CIENYIOIIMe MpPHOOPBl W YCTPOWMCTBA: ONTHYECKOM
amuccuoHHol crnekrpomerp Optima 2000 DV (CIHIA). PenrtrenodasoBblii ananu3
BRUKER D8 ADVANCE. PentreHo¢mypocUeHTHBI aHajiu3 OCYLIECTBISUICS Ha
cnekrpomerpe Venus 200 (Humepnanasl). MuHepaqorndeckuii aHaau3 BBITOIHSIICS
C UCIONB30BaHUEM MosipuzamoHHoro mukpockona OLYMPUS BX-51. [Ipo6a pyast
MpeAcTaBiIeHa MeIHO-CYIbQUIHON pynoi. OTOOp M MOATOTOBKY MpOO sl MOJIHOTO
XMMHMUYECKOTO aHajlIM3a MCXOAHOTO Marepuaja MPOBOAMIN C YyYETOM XapaKTEepHUCTUKU
9TOr0 Marepuana B COOTBETCTBUM C TpPEOOBaHMUSAMH HOPMATHBHO-TEXHUYECKUX
JOKyMEHTOB, & TEXHOJIOTMYECKUE UCCIIEIOBAHUS — B COOTBETCTBHUHU C OOIMICTIPUHATHIMH
METOANKAMHU

Jnist BBITIOJTHEHUSI aHAIN30B M3 IPOOIEHON PyAbl KPYMHOCTHIO -2,5 MM OTOOpaHBI
po0Bl U UCTEPTHI 10 KpynmHocTtu 98% kmacca -0,071 mm. Pesynbrarsl onpeneneHus
XMMUYECKOTO COCTaBa pyabl, ()a30BOTO COCTaBa HA COSIMHEHUS MEIH.

Janee u3y4eH ¢a30Bblii COCTaB ¢ MOMOIIBIO PEHTTEHO()Aa30BOr0 METOAa aHaJIH3a.
Amnanu3z npoBoauica Ha gudpakromerpe DS Advance (BRUKER), usnyuenne Cu —
K . lanee u3yuen KaueCTBEHHBIA U MOMYKOJINYECTBEHHBIH PEHTIeHO(A30BbIN aHANN3,
1 3JIEMEHTHBIH COCTaB C MOMOLIBIO PEHTIeHO()A30BOr0 U PEHTTEHO(PIYOPECIEHTHOTO
MeTonoB ananu3a. llopomkoBblii pentreHoBckuil audpaxromerp DS ADVANCE
«Bruker Elemental GmbH» (I'epmanusi) u3mepsieT 3aBHCUMOCTb HHTEHCHBHOCTHU
PEHTTEHOBCKHX JIy4del, pacCesHHbIX MOPOIIKOOOpa3sHbIMH 00pa3laMu, IJIEHKaMHU,
CTEKJIaMH, OPHMEHTHUPOBAaHHBIMH MOHOKpUCTalIaMu U T. 7. KauecTBeHHBIH U
MOJTYKONMYECTBEHHBI PEHTTeHO(a30Bbll aHaNIM3; ONpEAeJICHUE MapaMeTpoB H
CHUHTOHHMU KPHUCTAJUIMYECKOM pEIIeTKH; OINpeNeleHne pa3MepoB KpUCTAILIIOB. [l
pentreHodazoBoro aHann3a OOBIYHO UCTIONIB3YIOTCSl PEHTTCHOBCKHE TPYOKH ¢ METHBIM
(Cu) wmu xobansroBeiM (Co) aHomoMm. BriOop aHOma 3aBUCHT OT XapaKTEPHCTHK
HCCIIelyeMOoro MaTepraia u TpebyeMoro pasperieHus.

Jnist M3y4eHus MUHEPaJOrn4ecKoro cocTaBa MpoObl pyabl ObLIH OTOOPaHBl KyCKH
KEepHA C PYOHOH MuHepanu3anueld. MuHepanoruueckue HcciefaoBaHus UIH(OB H
aHnuM(oB MPoBOIMWINCH Ha MHUKpockore Leica P2500. Ha n3zyuenue BeriecTBEHHOTO
cocraBa MOCTYNWIM HUCXOOHbIE 00pas3mpl. M3 HUX HM3rOTOBIEHBI MOJHPOBaHHBIC
aHIUIM(BI, KOTOPBIE U3yYaIuCh o MuKpockornoM mapku OLYMPUS BXS51.

TecTbl MO BBIIENAUNBAHUIO TPOBEJEHBI C MCIOJB30BAaHUEM AaruTallMOHHOTO H
OyTBUIOYHOTO aruraropa co CKOpocTbio BpamieHus 40 oboporoB B MuHYTY. Macca
HaBecok npo0 pyasl 100-200 r. CootHomenue T: 2K = 1:3.

B nannoii pabote puBeaeHBI Pe3yIbTaThl THIPOMETALTYPrUUECKUX UCCIIeIOBaHUM
MEIHO - HHKEIEeBOW pyabl Ha wucxomHoil kpynHoctu (-0,074 mm). Bwimonnenue
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9KCIIEPUMEHTOB aruTallMOHHOMY BBIIIEIaYNBAHUIO HA KK 101 TPo0Oe ¢ KOHIEHTpaLueH
CepHOii KUCIOTHI 15 u 25 r/nm? B BhIenaynBatomemM pactsope 1,5 u 2,5 % u 3HaueHnn
pH mynenel B Xone BhILIETaYMBaHUs TOAICPKUBACTCS HA ypOBHE 3HaueHuid 1.2-1.3,
MOJJICPKUBAEMOT'0 B ITPOIIECCE BBILIETaYNBAHMS:

Bpems npoBenenust xkaxxaoro tecra — 8 yacos (0TOop 4 4, 6 4, 8 4 11 MPOBEPKH
KHCIIOTBI) TO cieaytomeil meroauke:llocie 3arpy3ku B aruTaTopbl pyabl M MOJAYH
pacTBopa BbIIIENAaYMBaHUsl OTOMpAeTcsl mpoda MyNbIbl A 3amepa ucxonHoro pH. B
cilyyae mpeBbIlIeHus] pH mynbIbl BbIIe HEOOXOAUMOTO 3HAYCHUS B MYJIBITY MMOJACTCS
KOHLEHTPUPOBaHHAsl cepHas Kucyiora 1o pocTmwkenus pH < 1,5+1,8 Heobxogumoro
3HaueHus pH, pacxonm KHMCIOTHI Ipu 3ToM (Qukcupyercs. B kaxmgoi mpode pacTBopa
ompezensiercs 3Hadenue pH, coneprkanue menu oodmero. pH npogyKTHBHOTO pacTBOpa
MOJJICPKUBACTCSI HA YPOBHE HEOOXOAUMOTO 3HAYCHHUS MyTEeM NOOABICHHS B IMYNbITY
CEpHOM KHUCIIOTHI.

Hdnst  ocaxneHwe jkene3a U3 NPOAYKTUBHBIX PAacTBOPOB OCYILIECTBIISUIN
KOMOMHUpPOBAaHHBIE  XHMUYECKHE COEAWHEHHWH CIEeNyIOUUX TUIOB JCUCTBHS:
amMMoHui (propucTslii (Gpropun ammonus) NH,F — kommiekcoobpasyromee, aMMOHUI
¢ropucteii kucnpiii (6u-propun ammonust) NH,F, u cynedonan R-CeHaNaOsS- —
KomIuieKcoobpasyromiee/ocaxatouee, ipudytundochar (C,H,0),PO -skcTpakTuBHOE;
ruapodpocdar narpus Na HPO, u tpunonudocdar narpus Na PO, - ocaxnaroee.
[Iponiecc Benu NpHM WHTEHCHMBHOM IIE€PEMEIIMBAHUU TPH KOMHATHOM TeMIeparype
20-25 °C u paznuusbix 3HadeHusx pH: 1,5-2,0. PearenT-ocagurtenb A03UpoBajiu B
PeaxTop ¢ 3aJaHHBIM 00BEMOM MPOLYKTUBHBINA pacTBOP MOPLUUSAMHE 1O 1—2 T B TeUeHUe
OJIHOTO Yaca JI0 JOCTHXeHHs Tpedyemoro pH, mocine yero mynbny BeIAEPKUBAINA OAMH
Yac Mpy NepeMeIIMBaHuy JUI YKPYITHEHHUs YacTUI] Ocaka. 3aTeM OCaJOK OTIEISIH
OT MaTOYHOTO pacTBopa (uibTpanuell Ha (QUIBTPOBAILHONW OymMare | MpPOMBIBAJIH,
MoCJie Yero MpOBOIMIIN CYIIKY ocazka npu temneparype 100 °C. MaTouHble pacTBOPHI
OCaK/ICHUS aHATM3UPOBaJIM Ha coxepxanue xene3a metonoM ICP-AES na atomuo-
sMHCCHOHHOM crniekTpoMeTpe Optima 2000 DV (Perkin Elmer, CILIA).

Jns mpoBefeHusi HMcciaeqoBaHUK 1O 3(PQPEKTUBHOMY BBIIIEIAYUBAHUIO METHO-
HUKEJICBOTO MHHEPAJbHOTO CHIPbSl M HM3YYEHHs] BIUSHHSA [OOOYHBIX MpUMeceH
ObUI Mpou3BeneH OTOOp MpoO YYacTKOB OJHOTO M3 MeCTOpokIeHHs Kaszaxcrana.
[lepBoHauanbHBIA 3Tal WCCIENOBAHUHM BKIOYaI B ce0s MpPOBEICHHUE XMUMUYECKHX,
¢u3nUecKuX M MHUHEPAJOTHUECKUX aHAIU30B 00pa3loB pyAd YYacTKOB JaHHBIX
MECTOPOXKACHUH. YYacTKH TPEICTABICHHBIX MECTOPOXKICHHH XapaKTepH3YIOTCS
pPa3NUYHBIMUA YPOBHSIMH COICP)KaHMM MEIW M HHUKENs, a TakkKe OCOOCHHOCTAMHU
MHUHEpaoruueckoro crpoenust. [1o pesynbraraMm XUMHUECKOTO aHAIN3a COCTaB MEAHOM
npo0bl XapakTepu3yeTcs ceasummMu snauenusmu; Sio, - 56 %, AL O, - 5,2 %, Fe,O, -
7,35 %, CaO - 4,9 % u MgO - 5,2 %. TlogpoOHBIii 37IeMEHTHBIN COCTaB JAaHHON MEIHOM
PyIBl OBUT ONpEAEieH PEHTIeHO(IyOPEeCHEHTHBIM aHaIU30M, PEe3ylbTaThl KOTOPOTO
npeacTaBieHbl B Tadmuue 1.
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Tabnuna 1 — oneMeHTHBIIT COCTaB MEIHOMN PYABL.

DneMeHT Coneprxanue DneMeHT Coneprxanue
o 52,292 Ti 0,659
Na 0,55 \4 0,011
Mg 5,512 Mn 0,110
Al 5,140 Fe 7,818
Si 18,419 Co 0,018
P 0,063 Ni 0,089
S 0,045 Cu 0,608
Cl 0,035 Zn 0,006
K 0,330 Sr 0,026
Ca 5,411 Pb 0,011

Jaiee GBI BBITTOTHEH PEHTIeHO(Aa30BbI

1l aHAJTU3 HA UCXOIHOM py/ie C MPUMEHEHUEM

METOAAa paBHBIX HABECOK M MCKYCCTBCHHBIX CMeceH. OHpelIeIISUII/ICI) KOJIMYCCTBCHHBIC

COOTHOUICHUSI KPUCTAJUIMYECKUX (as.

Pesynbrartel peHTreHO(a30BOro aHaiuza

WICXOJHOM pyABI TIPEACTaBIICHBI B Ta0IUIIE 2.

Tabnuua 2 — Penrrenoda

30BbIH aHAJIN3 NCXOJHOU Py/IbI

Haumenoanue Dopmyna %
Kanbuur (Maramit conepaxkamuii) | (Mg, .Ca ) CO, 27,2
Knunoxmop (5kene3ucTsIii) (Mg,Fe,Al)(Si,Al),0, (OH), 12,8
Tanbk Mg Si, 0, (OH), 11,6
Bepmukynut Mg, ((Al1,S1),0,))(OH), 4H20 9,2
MOHTMOPHIIIOHUT (Na, Ca),,(Al,Mg),Si,0, (OH), nH,0 8,9
Kgapig SiO2 8,4
Kopauepur Mg Al SiO 8,0
Juzapaut Mg,Si,0,(OH), 7,7
AHTHUTOPUT Mg,Si,0,(OH), 6,2

Ilo pe3yabTratam peHTreHO(a30BOrO

aHaJin3a YCTAHOBJICHO, YTO OCHOBHBLIMU

(hazaMu, COCTABJIAIOIIUMHU SBISIOTCS KanbiuT— 27,2 %, wauHOXop — 12,8 %.
MuHepanoruueckuM aHaJIM30M OBLIM HM3y4YeHbl OCHOBHBIE TMOPOA000pa3yroIme

MHHCpAJIbl, a TaKXC BKIHOYCHUSA
BCIHICCTBCHHOI'O COCTaBa IOCTYyIaJIn ,[[p06

CyAbQUIHBIX (ParMeHTOB.

Ha wusyuenue
JICHHBbIC PYJHBIE MATEPHAIIbl, U3 KOTOPBIX

Obutn mM3rotaBnuBanoch aHuUMGbl (Opukersr). HabmromeHnwe pyaHoro marepuana

MMPOU3BOAUIIOCH MO MUKPOCKOIIOM MAapKH

Olympus BX 51.
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PucyHnok 1 — MHKpOCHUMOK HCXOIHOM METHO-HUKEIICBOH Py/IbI

Paznenenue ey v HUKeEIIs, Ha CTa/IMY KyYHOTO BBIIIEIaYMBaHUS, HA TIPAKTUKE Oy/IeT
MpeaycMaTpUBaTh Ba pa3AelibHbIX THAPOMETAIyprudeckux uukia. HecMorps Ha To,
4T0 002 MeTallIa U3BJIEKAIOTCS B KUCIIBIX PacTBOpaX, crienn(ruka XMMUIeCKIUX CBOHCTB
MEIH TO3BOJISIET MPOW3BOAUTH €€ HW3BJICUEHHE IMpH 00Jee HU3KUX KOHIICHTPAIIHSIX
CEpPHOU KUCIIOTBI, YeM HUKEJIb.

IIpomiecc  aruTalMOHOrO  BBIMIEJIAUMBAHUS ~ MEAM  MNPOBOAWICS  METOJOM
MepEeMEIIMBaHUS IPU COOTHOLEHNH TBepaoro K xkuakomy (T:K) 1:3, Bec kaxmoit
AKCIEPUMEHTAIBHON TpoObl coctaBimsut 200 T, a KOHIEHTPAllUU CEPHOH KHCIOTHI
BappupoBanuch ot 1,5 no 2,5 %. Pe3ynpTarbl aruTallmOHOrO BBIIIETAYUBAHUS MEIU
MIPEJICTaBIICHBI B TA0HIIE 3.

Tabnuma 3 — Pe3ynbrarel aruTalnoOHOTO BHIIICIAYUBAHUS ME/IH.

Haumenosanue | HSO, % | C r/m |V 1 o, 7o | Bpems,u| pH Temneparypa °C
1 onbIT 1,5 0,8 0,5 333 8 1-2 25
2 ombIT 2,5 1,3 0,4 52,5 8 1-2 25

B pesynbrare aruTanuMoHOrO BBIIETAYMBAHHUS MEJHOH PyIObl YCTaHOBICHO, YTO
MaKCHMaJIbHOC WH3BIIcUeHHE Meau 52,54 % pocTuraercs ¢ HCIOIb30BaHHEM 2,5
% cepHoli KHCIOTHL. [lomyuyaemblil MPOAYKTHBHBIM pacTBOp aHAJIU3HPOBAJICS Ha
coZiep’)KaHue MeIU M HaJM4Yhe HEKOTOPBHIX MOTEPh COBMECTHO H3BJIEKAEMOI'O HHMKEJ.
AHanu3pl TPOAYKTHBHBIX PacTBOPOB, Ha cOJEpKaHHWE MOOOYHBIX MpUMECEH mocie
CTaJUi MEJHOTO ¥ HUKEJIEBOTO BBIIICIAYMBAHNS [TOKA3aJIM B OCHOBHOM HAJMYHE HOHOB
xenesa+3 u +2. DuKCHpOoBaIHCh HE3HAUYNTENIbHBIC KOHIIEHTPAIIMU XPOMa 1 XJIOP HOHOB,
YTO HE OKAXXET 3aMETHOTO BJIMSHUS Ha MPOLECCH M3BICUCHUS MEIU U HUKEIs. Takum
00pa3oM, K OCHOBHBIM HOOOYHBIM HPUMECSIM BBIIIENAYMBAHUS JaHHBIX 00pa3loB
MEIHO-KWJIEBBIX PYIl MOXXHO OTHECTH jkeie30 +3 W +2, KOHIIEHTPAIMH KOTOPOTO st
PacTBOPOB KaXKJI0T0 BapHaHTa MIPEACTaBICHBI B Ta0IuLe 4.
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Ta6n1/1ua 4— COZ[ep)KaHI/Ie IIPUMECH KEJI€3a B paCTBOpPAX MOCJIC BblIICITIaYUBaHU MEAU

Craaus BeinienaynBanus - Cu
HaumenoBanue H, SO, % Fe* r/n Fe* r/n Fe  r/n Voo, E, Fe %
1 oneiT 1,5 5,30 1,10 6,40 0,500 22,28
2 OIBIT 2,5 5,45 1,22 6,67 0,485 22,53

Janee ObUIM BBITOTHEHBI UCCIICIOBAHUC MO M3YYCHHUIO BIMSHUS MOOOYHBIX MpHMEced Ha
MPOLIECCHI BhIIIETAYMBAHUS U CEJIEKTUBHOIO U3BJICUCHUS U3 MPOTYKTUBHBIX PACTBOPOB MEAH U
Hukels. [I[poBeICHHBIMU paHee aHAIN3aMU MPOAYKTHBHBIX PACTBOPOB, TIOKA3aBIIIMMU B KA4ECTBE
OCHOBHOM TOOOYHOW MPUMECH JKEJIe30, MPYTruX MpUMECeH CIIOCOOHBIX OKa3aTh BIUSHUC HA
MPOLIECCHI BhIIIETAYUBAHUS U CEJIEKTUBHOTO M3BJICUCHMS U3 MPOAYKTUBHBIX PACTBOPOB MEIH
" HUKest. Hanmuume MOHOB kene3a, B paCTBOPAaX HUKEIICBOTO BBINICITAYABAHUS BBICTYIIACT KaK
(haKTOp CHIKAOIIMIA U3BJICUCHHUE METAJUIA, IO ONPEICICHHBIA YPOBCHD KOHIICHTPAIIHH XKele3a
[IPU METHOM BBILIENAYMBAHUU. B KauecTBe TOMOMHUTEIBHBIX PEAreHTOB B PsijIe DIKCIIEPUMEHTOB
MPeyCMaTPUBAJIOCh MPUMCHCHHE IIECIOYH, CEPHOW KHCIOTHI, a TaKKe pa30aBIICHHE BOJIOWM.
Pe3ynbTarbl SKCHEPUMEHTOB MO YIAJICHHIO NpPUMEcCEeH jkKele3a M HX Pe3yJIbTaTUBHOCTH
MIPEICTAaBICHO B TA0IHIIE 5.

Tabuuia 5 — Pe3ynbrarsl 9KCIIEPHIMEHTOB 110 YAaIeHHUIo npumeceit xenesa (Fe*', Fe *)

KomOunarws, Keneso B
Onucanue MexaHn3ma D¢ dexTuBHOCT
KOJINYECTB. OYHIIEHHOM o
ynanenus Fe, tuna pH y ynanenusi, %
S COOTHOIIICHUE pactBope, /71
P peareHToB Fe’* |Fe* |Fe  |Fe* |Fe* €.
DKCTPaKTHUBHBIH (C,H,0),PO(1:2)/
KommnexcooGpasosanne/ | NH,F-3,5%" 1,1-2.4
OCaXKICHUE NaOH-2,5% 49 0,3 |52 |48,55 |73,20 |[51,81
DKCTPaKTHUBHBIH (CH,0),PO(1:2) |1,1-24 |48 0,3 (5,2 149,07 |75,26 [52,54
Kommekcoobpazosanue/ | R-CsHaNaO:sS- 12
OCaXICHUE 5,0 % ’ 3,8 04 (42 59,78 [69,76 |61,10
Ocaxaenue Na,HPO,-7,0% |14 5,6 04 (6,0 (40,46 |71,82 |44,62
PazbaBnenne pag&iBHeHHOH
(1:1) Ocaxenue Bonoi L:1; L5
) A NaP.O, -10,0% 0,3 0,3 |0,7 196,32 [75,26 |93,53

B pe3synbrare mpoBeeHHBIX SKCIIEPUMEHTOB Hanbombinas d3ppekTuBHOCTh 93,5 %
yAaJeHus IpUMece xele3a Oblia OTMEUEHa ITPH UCTIOIB30BaHIH METOJIOB OCaXICHHS
Ha OCHOBE 00paboTKM pacTBopamu (GocharoB Mpu COOTHOIIECHUs X 1:1, TOraa Kak nmpu
OCaXJICHUH YHCTBIM (ocharom Oe3 BOTHOTO pa3daBieHUs yhansieTcs TONbko 44,62
%. B BapmanTax, Npeamnoiararomux o0pa3oBaHUE MaJIOPACTBOPUMBIX KOMIUIEKCOB
yaaneHue skenesza He npesbimano 61,1 %. IlomyueHHble Ocanku, aHAIU3UPOBATIUCH
Ha OOIIUI 2IeMEHTHBIA U (a30BbId COCTaBBI, PE3YJBTAThl KOTOPBIX MPEICTABICHBI B
Tabnunax 6-7.
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Tabuuia 6 — Pesynbrarsl (IyopecieHTHOTO aHaIi3a OCAAKOB YIAICHHS Kelle3a U3 TPOYKTHBHBIX

PacTBOpOB.

DIeMeHT Conepxanue DneMeHT Conepxanue
O 41,463 Ni 0,011
Na 7,145 Mn 0,152
Mg 0,628 Fe 27,640
Al 1,335 Co 0,052
Si 0,162 Cu 1,925
P 14,725 Zn 0,042
S 4,012 As 0,299
Cl 0,06 Sr 0,005
Ca 0,332 Zr 0,012

Ta6n1/1ua 7- Pe3yJ'H)TaTI)I peHTFeHO(i)ZBOBOl"O aHalin3a 0CaAKOB YaJICHUA KeEJ1€3a U3 IMMPOAYKTUBHBIX

pacTBOpOB.

Ha3zBanue KoMIIoHEHTa Dopmyna %
IMomadocdar xenesa Fe,(P.0,) 57,3%
Harpus nonudocdar rugpar NaP.O -6HO 27,8%
MarremMut Fe O, 14,9%

[lo pesynbraram (U3MUECKUX AaHAIM30B OBUI TMOATBEPXKICH COCTaB OCAIKOB,
cBOMCTBEeHHBIH mupodocdary kenesa. [lomywaemblii mupodocdar xenmeza MoxKeT
paccMarpuBarbCad B Kad€CTBE JOIIOJHUTCIIBHOIO IEHHOIO IIPOAYKTA, TaK KaK OH
HaxXOMUT IIUPOKOE TPUMEHEHHE B KadeCTBE WHCEKTHIH/A, TepOHIH/a, MUIIEBON
nobaBku (crabunmsatopa E450), a Tarxke nmpuMeHsSeTCS B NPOU3BOACTBE CTEKIA,
OyMaru, KepaMU4eCKHUX U3JCIHIA U CTPOUTEIBHBIX MaTepPHAaJIOB.

Oo6cy:xxaenue. B o0pasiie MeqHO-HUKEIEBOW PyAbl TPEICTABICHBI TEHTIAH/IHT,
MMUPPOTHH, MUPUT U MarHeTuT. [luppoTnH oOMamaeT KenToBaTO-KPEMOBBIM IIBETOM.
On o0pa3yeT OTHOCHTEJILHO KPYITHBIC 3€pHa HENPaBUIbHONW (DOPMBI C M3BHIUCTHIMU
rpaHHULIaMH U TECHO B3aUMHO ITPOPACTAET C NeHTIaHAnTOM. Ero pazmep 3epeH jocturaet
mo 216,8 mxm (pucynokx 1 A,b,B). IleHTmanauT mmeeTr po30BaTO-KPEMOBBI IBET.
[Ipencrasien B Bume anrenpanbHoi (hopMbl 3epeH. OH UMEET XapakTep YIITMHEHHBIX
BBIJICTICHHI, TIPUYPOUYCHHBIX K TpEIIMHAM B MHUPPOTHHE, BJABasCh BO BHYTPECHHHUE
ydacTKu nuppotrHa. Pasmep 3epen nocturaet a0 13,2 mxm (pucyHok 1 A, b). ITupur
MMEET JKENITHIN [BET U BBICOKYIO OTPaXaTeNIbHYIO CIIOCOOHOCTh. BeTpeuaercs: B Buje
(hopme geTpipexyronpHUKa. Pasmep 3epen gocturaer ao 18,1 mxm (pucynok 1 I).
MarseTuT-cepblif, U30TPONHBIM MuHepas, 0e3 BHYTPEHHUX pe(IeKCOB, MarHUTEH.
[Ipencrarien B BUiE YIIMHEHHOU (opmbl 3epeH. OTMeuaeTcsi B BHJIE CBOOOIHBIX
3epeH ¢ pasmepoMm 164,3 mxm (pucynok 1 ). Mennple U HUKENEBBIE YACTHUIIBI HE
MMEIOT YeTKO BBIPAKEHHBIX MUHEPAIbHBIX 00pa30BaHUH 1 IPECTABICHBI PAa3THYHBIMU
BKpaIUICHUsIMU B 0011IeH opogooOpasyroiiei Macce (pucyHok 1 E).

HpOBCILCHHI)Ie HUCCIICaJ0BaHUA 1o BbIIIICJIaYNBAHHUIO MEIHO-HUKEIICBOI'O
MHUHEPAILHOTO ChIPhS TOKA3aJTd BO3MOKHOCTD 3)QEKTUBHOTO Pa3/IeIbHOTO U3BIICUCHHS
MeIu W HUKensd. Tak, ¢ y4eTOM CYLIECTBEHHBIX PA3NIMYUMN XUMUYECKUA CBOWCTB U
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MOTEHIIMAJIOB MEIU U HHUKEJS, BO3MOKHOCTh UX Pa3ebHOTO M3BJIEYEHUS] BO3ZHHKAET
ellle Ha JTare BbIIIEeTaYuBaHMsL.

MaxkcumansHoe u3BiaedeHue meau 52,5 %, mpu mepBoil CTaauu BBILIETAUUBAHUS
W3 METHO-HHUKENEBOW pyaAbl, OBUIO Takke JJOCTUTHYTO IIPH BBILICIaYMBAHUH
CepHOIl kucmoToi ¢ KoHueHTpanuei 2,5 %. [lomyTHble moTepn HUKENs Ha MEAHOM
BbIIeNayMBaHul npu ero koHueHTpamuu 0,005 r/n cocraBmwim 0,63 %. AHanu3zsl
MPOIYKTUBHBIX PACTBOPOB, Ha COAEPKAaHME MOOOYHBIX MPHUMECEH IMOcie CTaaui
MEIHOTO M HMKEJIEBOTO BBILIENAUNBAHUS I0Ka3ajdl B OCHOBHOM HaJMYMe€ HOHOB
xenesa  u 2. OUKCHPOBATICH HE3HAYUTEIIbHBIC KOHLIEHTPAIMH XPOMa U XJIOP HOHOB,
YTO HE OKa)XET 3aMETHOTO BIIMSHUS Ha MPOLECCHl U3BJIEUEHNS MEIU U HUKens. Takum
0o0pazoM, Mporecc BBIIIETAYNBAHUS MEIHO-HUKEJIEBOTO CHIPhbsl MOAOOHOTO COCTaBa
MOYKHO pa3JesIuTh Ha JiBe cTaauu. llepBoouepenHoe BhINIENaYNBaHUE MEAM BENETCS
MIpY KOHLEHTPALUU CEpHON KHUCIOTHl Ha ypoBHe 2,0-2,5 %, C mosydyeHHEeM MEIHBIX
MIPOAYKTUBHBIX PACTBOPOB.

W3 nanHpIX TabauLbl 4 BUIHO, YTO OCHOBHAS YacTh MPUMECEH B BHJIE HOHOB Keje3a
+2 u +3, u3BNeKaeTcs elle Ha CTaJul MEIHOTO BhIIIeTadyBaHus. Tak, MaKCUMasbHbIe
KOHILIEHTPALUHU OOILIETo kKeJe3a Ha ypoBHE 6,4 — 6,9 1/11, JOCTUraluch NPH KUCIOTHOM
BBILLENIAYMBaHUN 2,5 % Ha Bcex oOpasuax pyasl. OqHako, ajabHe1Iee BhIeIaqiBaHIe
HUKEJsI, MPOJEMOHCTPUPOBAJIO MPUMEPHO OJMHAKOBBIE KOHIEHTpALMM XKejeza A
Ka)XJ0r0 BapHaHTa MapaMeTpoB 3KcrnepumeHTa. C ydyeToM JOaHHBIX KOHLIEHTpaLui
MIpUMecei jkere3a B PacTBOpax, a TaK’kKe €ro HCXOAHOTO COAEPKaHU YCTaHOBIIEHO, YTO
OCHOBHO€ U3BJIEUEHHE JK€JI€3a U3 MEIHO - HUKEJIEBOW pyAbl MPOUCXOAUT HA CTATUH
BBIIIEIIAYUBaHUS MeH - 22 %.

OuuncTka pacTBOPOB METHOTO BBIIIETAYMBAHKUS OT HM30BITOYHOTO KOJMYECTBA
KeJeza MOXKET BKIIOYAaTh TaKue METONbl Kak pasz0aBieHue paduHaTa BOJOH,
MOJy4YeHHe BBIMApKOW coyiell cynbgara sxeneza. PaccMOTpeHBI METOIBI yaalleHHS
JKeJle3a Ha OCHOBE MOJIyYEHUS €ro MaJopacTBOPUMBIX M HEPACTBOPUMBIX COEMHEHNUH,
CBOMCTB KOMIIJIEKCOOOpA30BaHMsl, SKCTPAKUUOHHBIX CBOHCTB M KOMOMHHPOBaHHBIC
MeTozbl. VMcrbITaHusT METOIOB CENEKTHBHOTO OCAXKACHHS NMPUMECH IPOU3BOIMIOCH
MEepOHaYalbHO HA pacTBope paduHaTa IMOCIe HM3BJICUEHHS MEIU C MaKCHUMalbHOM
KOHIeHTpanuei xenesa; Fe?' - 1,455 r/n, Fe** - 9,523 r/n. B kavyecTBe OCHOBHBIX
peareHToB ObLTH 3a7elCTBOBAaHBI KOMOWHAIIMN XUMUYECKUX COCAMHEHHUN CICTYIOLINX
TUTIOB JIEHCTBUS:

1) ammonnii propucteiii (Gropun ammonus) NH,F — kommnekcoobpasyronee;

2) ammonu#i Qropucteiii kucnbiii (6u-gpropun ammonus) NH.F, u cymbpanon
R-CsHaNaOsS- — komIuiekcoo0pasyroriee/ocax/arliee;

3) tpubyrundocdar (C,H,0),PO - skcTpakTuBHOE;

4) runpopocdpar warpus Na HPO, u tpunomudocdar wnarpus NaP.O = -
OCa)KJarollee.

B pesynsrare, Hanbosee Boicokasi 3(p(HEeKTUBHOCTD yAalleHHs: H30BITOYHOTO JKele3a
ObL1a BRISIBIICHA IPU UCTIONB30BaHUH METO/Ia OCAKACHUS C TIOMOIIBIO Tpumoiudocdara
HaTpus. Jlo3MpOBKa JAaHHOTO peareHTa OCYIIECTBISETCS B 3aBUCHUMOCTH OT
HEOOXOJMMOTO YPOBHSI OYMUCTKH PAacTBOPOB MEIHOTO BBIIIENAUYMBAHUS OT COJIeH
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xene3a. O0paboTKa TaHHBIM PeareHTOM PaCTBOPOB yYacTKa MEAHOTO BBIIETaYNBAHHS
OCYILIECTBIISIETCS TIOCTE CTaluK SKCTPaKMK Ha paduHare.

BsiBonabl. B nanHo# pabote paccMOTpeHBI MCCieIOBaHUE MOBEACHUS TPUMECHBIX
9NIEMEHTOB TPU XHUMHYECKOM BBIIIECIaYMBAaHUM METHOTO ChIpbi. [lo pesymsraTam
HCCIIeIOBAaHUE MOKHO KOHTaKTHPOBAaTh Clenyoliee mepepadoTka OKHCIEHHBIX
3a0alaHCOBBIX MEAHO-HUKENEBBIX Py MPEACTaBIseT cOOM ABa dTara BhIIeIa4nBaHHS
C BKJIIOYEHUSIMH B TIPOM3BOJICTBEHHBIE IIUKJIIBI OTIEPALIUH 110 OCAKACHUIO H30BITOYHOTO
xene3a. TexHonorus pazaenabHbIX CTaAUN BBILIETaYnBaHNs MOKET OBITh MPUMEHNMA KaK
aruTallMOHHOMY, TaK M KyYHOMY METOJaM BhIIIEIa4nBaHuA (IT0CIie BEIPAOOTKU MEIU U3
OTBaJIa — BBIILEJIAYMBAHNE HHUKENS), & TAKKE BBITIOJIHEHA HHTEHCU(HUKALUS TPOLIECCOB
W3BJICYCHUSI MEOU M yAaJeHMs Keje3a Ha CTaJul MEIHOTO MPOM3BOACTBA. MToroBas
3G PEKTUBHOCTH OUUCTKH MEIHBIX PACTBOPOB OT NMPHUMeECEH kKeJe3a MOKET JOCTUTaTh
oonee 93 %. Ilomyuaemble B Ipoliecce OYMCTKU OCAIKH MUPOCYIb(ara xene3a MOryT
MPEACTABIATh MHTEPEC B KAYECTBE JOMOIHUTENFHOTO LIEHHOTO MPOIYKTA.
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Abstract. Biologically active compounds that have great pharmacological potential
are largely obtained through medicinal plants. Verbascum thapsus L. has received
scientific attention among them because of its varied phytochemical structure and
extensive biological activity. The current research was conducted to examine the
phytochemical composition of V. thapsus roots collected in the Almaty region of
Kazakhstan. Spectrophotometric, permanganatometric, and colorimetric determination
ofbiologically active classes of compounds were performed to quantitative determination.
The atomic emission spectroscopy, gas chromatography and high-performance liquid
chromatography techniques was also applied. Phytochemical analysis revealed that
the content of moisture was 6.26%, total ash was 5.31% and extractive substances
was 38.83%, which were in confirmation of the quality of the plant material. The
quantitative analysis demonstrated the existence of significant content of the secondary
metabolites (polysaccharides — 6.35%, tannins — 4.52%, flavonoids — 2.35%, saponins
—2.19%, alkaloids — 1.39%). The mineral analysis showed high level of such essential
macroelements as potassium (1189.98 ug/mL), calcium (796.69 ng/mL) and magnesium
(220.12 pg/mL) and trace elements, including the following: iron (15.4503 pg/mL),
zinc (2.9316 pg/mL), and manganese (2.2882 pg/mL). Fatty acid analysis revealed the
existence of saturated (42.288%), monounsaturated (22.190%), and polyunsaturated
(34.397%) fatty acids with palmitic, oleic, and linoleic acids being the dominant ones.
The HPLC result showed that the vitamin C content was 33.483 mg/100 g, and the
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vitamin E was 0.665 mg/100 g. The obtained results indicate that V. thapsus growing in
the Almaty region contains biologically active compounds, essential mineral elements,
fatty acids, and antioxidant vitamins. These findings expand the existing knowledge
on the phytochemical composition of this species in Kazakhstan. However, further
biological and pharmacological studies are required to confirm its practical application
in pharmaceutical and nutraceutical products.
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AHHoTamus. DapMakoJOTHSIIBIK JIeyeTi KOFaphl OHOJOTHMSUIBIK — OEICEH/II
KOCBUIBICTAPABIH HETI3r K631 PpeTiHme IOpUTiK OCIMIIKTEp KapacTHIPBIIaIb.
Omnapnpiy iminae Verbascum thapsus L. ecimairi ©3iHIH (QUTOXUMHSITBIK KYpaMbIMEH
JKOHE KEH ayKbIMJIbl OWOJOTHSUIBIK OEJCeHIITITIMEH FBUIBIMH  KBI3BIFYIIBLIBIK
Tyabipaael. by 3eprrey KazakcranHbiH AjMartbel OONBICBIHAA ©ceTiH V. thapsus
OCIMAIriHIH (UTOXMMHUSUIBIK KYpaMblH 3epTTeyre OarbITTanfaH. bBHOJOTHSIIBIK
OeJiceHi KOCBhUIBICTAP KJIACTapbhlH CAHJBIK AHBIKTAY YIIIH CIEKTPO(OTOMETPHSIIBIK,
MepPMaHTaHATOMETPHUSIIBIK JKOHE KOJOPUMETPHUSIIBIK 9IiCTep KOMAaHbUIAB. COHBIMEH
Karap aTOMIBIK-OMHUCCHSIIBIK CIIEKTPOCKOHS, Ta3/lbl XpoMarorpadus jKoHE KOFaphl
THIMII CYMBIKTBIKTBIK XpomaTtorpadus omicrepi maiganaHbuiabl. OUTOXUMUSIIBIK
Tajay HOTHXKeNepi OOMbIHINA bUTFal Memepi 6.26%, xanmsl Kya Memnmiepi 5.31%, an
9KCTPAKTHUBTI 3arTap/biH yiieci 38.83% ekeHi aHbIKTasIbl, OYJI 6CIMJIIK HIMKI3aThIHBIH
camacelH pactaiiipl. CaHIBIK Talfay HOTMDKECIHAE CKIiHIM PeTTIK MeTabOoMHTTepHiH
afiTappIKTal MeJIIIepi aHBIKTaJIbL: TTorcaxapuarep—6.35%, myounbizarrap—4.52%,
(maBononaTap — 2.35%, camonmumep — 2.19%, ankamounrap — 1.39%. Munepanasik
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KYpaMm/Ibl 3epTTey MaHBI3bl MAKPOIIEMEHTTEPAIH )KOFaphl MOJILEPIH KOPCETTI: KAl
(1189.98 mxr/mi), kanbiuii (796.69 Mxr/mi) sxone marauit (220.12 mkr/min). CoHbIMEH
KaTap MUKPOAJIEMEHTTEP € aHbIKTaJAbI, oJapablH imiHzae temip (15.4503 mkr/mi),
MBIpBII (2.9316 MKr/mi) skoHe MapraHen (2.2882 Mkr/mi). Mail KbIIIKbIIAAPbIHBIH
Tangaybl HOTWKECiHIe KaHbIKKaH (42.288%), monokaHbiknmaraH (22.190%) >xone
nonukanblknarat (34.397%) maii KplIIKBUIIAPBIHBIH Oap €KeHi aHBIKTAIIbI, OJapAbIH
1IIiHAE TaJIbMHUTHH, OJICHH YKOHE JIMHOJ KhIKbUIAaphl 0ackiM O0onabl. XKTCX tannayst
ooiibiHma C gopymeniniy Memnmepi 33.483 mr/100 1, an E nopymeninin memmepi 0.665
Mr/100 T exeHi aHBIKTaJJIbl. AJIBIHFaH HOTIOKENep AJIMaThl OHipiHae ecetiH V. thapsus
OCIMJIITIHIH OHMOJIOTUSIIBIK OCJCEH/I KOCBUIbICTApFa, MaHBI3Ibl MHUHEpaygapra, mai
KBIILIKbIIAapbIHA JKOHE aHTHOKCHIAHTTHIK IopyMeHzaepre Oail exeHiH kepceremdi. by
HOTHXKEJIep aTaJiFaH TYPAIH (GUTOXUMUSIIBIK KYpaMbl Typajibl OYPBIHFBI MOIIMETTEpAl
TOJNBIKTBIPBIN, OHBI ()apMalEBTHKAIBIK KOHE HYTPULEBTHUKAIBIK MakKcarTtapia
KOJIZIaHyFa MePCIeKTHBAIIBI ©CIMAIK IIUKi3aThl pETiH/e KapacTbIpyFa MyMKIHIIK Oepei.
ArtanraH 3epTTey HoTHXKenepi V. thapsus HeriziHAe eciMIIK TeKTi ASPIIIK mpenaparrap
YKOHE TaOUFU aHTHOKCHIAHTTBIK OHIMIEP 931pJieyie KOIJaHbUTybl MYMKIH.

Tyiiin ce3nep: Puroxumusi, OHONOTUSIIBIK OENICEH I 3aTTap, MUHEPAIIBIK Kypam,
TopyMeHJep, Mail Kpiksliaapsl, I'X, XKTCX
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AHHoTanus: Bronornyecky ak THBHBIE COSAMHEHUS C BBICOKMM (DapMaKOIOTHIeCKUM
MOTCHIINAJIOM B 3HAYUTEIbHOM CTEIICHH MOTYYaloT U3 JEKapCTBEHHBIX pacTeHuid. Cpeau
Hux Verbascum thapsus L. nmpuBliekaeT BHUMaHUE UCCIIEIOBATENCH Oaronapst ooraromy
(PUTOXMMUYECKOMY COCTABY U IIIMPOKOMY CIIEKTPY OMOIOTHUYECKON akTUBHOCTH. L{enbro
HACTOSIIIETO HCCIIECIOBAHNS SIBIISTIOCH U3yUueHHE (PUTOXUMUYECKOTO cocTaBa Verbascum
thapsus L., npouspactaromiero B AnmaruHckod obOnactu PecmyOmuku Kazaxcrah.
JlJis KOJMYECTBEHHOTO OIPE/IEICHUs] OCHOBHBIX KJIACCOB OWMOJIOTMYECKH aKTUBHBIX
COCIMHCHHUN KCIIOJIb30BAIH CHEKTPOPOTOMETPUUYCCKUHN, MMEPMaHTAHATOMETPUICCKUI
U KOJIOPUMETPUUECKUN METObI. JJOMOTHUTENBHO MPUMEHSIIU aTOMHO-3MUCCUOHHYIO
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CIEKTPOCKOITUIO, Ta30BYI0 XpoMaTorpaduio u BhICOKOI(D(EKTUBHYIO >KHUAKOCTHYIO
xpoMmarorpaduio. YCTaHOBIEHO, YTO COAEP)KAaHHE BIAru B HCCIEIYEMOM CBIPbE
cocrasisieT 6,26 %, 0011ast 30IbHOCTH - 5,31 %, a cofiepaHue SKCTPAKTUBHBIX BEIIECTB
- 38,83 %, 4TO CBUAETEIBCTBYET O BHICOKOM Kade€CTBE PACTUTEIBHOIO Marepuana.
KonnyecTBeHHBIN aHamM3 BBIBWI HalW4ue monucaxapunos (6,35 %), myOMIBHBIX
BemiecTB (4,52 %), pnaBonoumos (2,35 %), canonuHos (2,19 %) u ankanounos (1,39
%). AHanu3 MUHEpPaJbHOIO COCTaBa IOKa3ajl BbICOKoe cozepxkaHue kamus (1189,98
MKT/MIT), Kaabiust (796,69 mxr/mi) u maraust (220,12 mxr/min). Cpeau MEKPO3JIEMEHTOB
BBISIBJICHBI kene30 (15,4503 mkr/mn), nuuHK (2,9316 mkr/min) u maprasen (2,2882 mkr/
mi). HccnenoBaHue >KUPHOKHCIOTHOTO COCTaBa IOKA3ajlo0 HAJIM4YHE HACBIIICHHBIX
(42,288 %), mononeHacwimeHHbIX (22,190 %) u nmonunenaceimeHusix (34,397 %)
YKHPHBIX KHCJIOT, CPEIH KOTOPBIX IIPE00IaiatoT MajJbMUTHHOBASL, OJICHHOBAS U IMHOJIEBAs
kucnotel. Ilo pesynmsraram BDOXKX copepxanune Butammna C cocraBuino 33,483
mr/100 r, a Butamuna E - 0,665 mr/100 r. [ToxydeHHble pe3ynbTaThl HOATBEPKAAIOT,
yro Verbascum thapsus L., mpouspacraiominii B AITMaTHHCKOW 00J7acTH, SBISETCS
MEPCIEKTUBHBIM HCTOYHUKOM OHMOJIOTHYECKH AaKTUBHBIX COCAMHEHHH, MHUHEpANOB,
KUPHBIX KUCJIOT U aHTUOKCHIAHTHBIX BUTAMHHOB. [lonyueHHbIe JaHHBIE PACLIUPSIOT
CYIIECTBYIOIIME TPEACTaBICHUS O (PUTOXMMHUYECKOM COCTaBe MOaHHOTO BUAA U
MOATBEPKAAIOT MEPCHEKTUBHOCTh €r0 HMCIIOJIB30BAHUS B KadeCTBE PACTUTEIBHOTO
CBIpbs A7 (papMalieBTUUECKON M HYTPULEBTHYECKON MPOMBIIIJICHHOCTH. Pe3ynbrarsl
HCCIIEIOBAaHUSI MOTYT OBITh HCIOJNB30BaHbl NpU  pa3padOTKe PacTUTENBHBIX
JIEKapCTBEHHBIX MPENaparoB U HATYPaJbHBIX aHTHOKCHAAHTHBIX POAYKTOB Ha OCHOBE
Verbascum thapsus L.

KiroueBsie ciioBa: Verbascum thapsus L., putoxumuueckuii cocras, Onoinorniecku
AKTHBHBIE COEIUHEHUS, SKCTPAKTUBHBIC BEILECTBA, MUHEPAIbHBI COCTaB, >KUPHBIC
KHCJIOTBI, BUTaMUHBI, ra3oBasi Xpomartorpadus, BBHICOKOI(P(EKTUBHAS KHUIKOCTHAS
xpomarorpadust

Introduction. The flora and plant resources of the Kazakhstan are rich in the variety
of medicinal plants which can find the usage in medicine. The capacity of medicinal
plants to produce a broad range of secondary metabolite under natural conditions
has seen medicinal plants being identified as one of the promising sources of new
therapeutic agents (Bhat et al., 2022; Gani et al., 2024). These natural products are
in several bioactive classes, including phenolic compounds, flavonoids, terpenoids,
alkaloids, glycosides and saponins, and many of them are highly biologically active.
Considerable pharmacological research studies have proved the existence of a wide
spectrum of bioactivities of plant-derived compounds with anti-inflammatory,
antioxidant, antibacterial, anticancer and antifungal effects (Li et al., 2022; Mir et al.,
2022; Wang et al., 2024). Medicinal plant materials have traditionally played a critical
role in discovering and developing new drugs, as either direct source of therapeutic
compounds or as structural models of the synthetic modification.

Verbascum thapsus L. (V. thapsus) is one of such medicinal species, which is of high
scientific interest due to its rich phytochemical profile and long tradition of being used
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in traditional medicine. It belongs to the Scrophulariaceae family which has over 400
species that are found in Asia, North America and Europe (Dong et al., 2022). V. thapsus
L. may be defined as a perennial herb with a short life cycle which was able to adapt to
a variety of ecological habitats. The phytochemical studies have been able to identify a
set of bioactive compounds within this medicinal plant that assists in explaining why it
has a wide variety of pharmacological effects that include wound-healing, antioxidant,
antibacterial, antifungal, anti-inflammatory, diuretic and detoxifying effects (Keaveney
et al., 2020). V. thapsus represents a promising source of phytochemicals and therefore
deserves further investigation for potential pharmaceutical applications.

Literature review. Verbascum thapsus L. is a plant also referred to as mullein. The
herb is known as a medicine plant since time immemorial and has a significant medicinal
potential in the prevention of some health disorder. The studies on phytochemicals have
shown that mullein contains several biologically active compounds such as triterpenes,
tetraglycosides, saponins, terpenes, flavonoids, carotenoids, tannins, carbohydrates,
phenolic acids, sugars, proteins, and essential minerals. This fact of a wide range of such
phytochemicals adds to the pharmacological potential of the plant. Therefore, mullein
has been widely used in traditional and folk medicine by the local communities in most
parts of the world to treat and prevent numerous diseases (Jan et al., 2022).

The extraordinary biological activity of V. thapsus is mostly linked to the existence of
vast array of phytochemical constituents. The research into phytochemicals has proved
that V. thapsus L. contains a high concentration of some groups of secondary metabolites,
such as flavonoids, lignans, triterpenoid saponins, iridoid glycosides, steroids, and
polysaccharides (Amin et al., 2020). Moreover, the plant also holds a major collection
of phenylethanoid glycosides, such as verbascoside, isoverbascoside, leucosceptoside
A, martynoside, alyssonoside, and leucosceptoside B. These compounds have been
regarded as total key from the chemotaxonomic standpoint in V. thapsus L. since it made
its chemical characterization and classification (Frezza et al., 2019).

One of the earlier studies outlined chemical composition of aerial parts of two
species of Verbascum, that is, V. thapsus and V. marschallianum that was gathered in
Altai region of Kazakhstan (Nykmukanova et al., 2017). The quantitative content of
certain bioactive classes of alkaloids, saponins, organic acids, tannins, flavonoids and
coumarins, as well as the content of macro and microelements, amino and fatty acids of
the two species were the targets of the authors.

Unlike the study that was published before, this study will seek to do a systematic
phytochemical characterization of V. thapsus. In this paper, a particular focus is
made on a determination of the phytochemical profile of V. thapsus specimens in the
Almaty region of Kazakhstan. Besides the biochemical characterization of bioactive
components, the amounts of the noteworthy antioxidant vitamins like vitamin C and
E, were also revealed. With this, the purpose of the current research is to enlarge the
current knowledge on the phytochemical composition of V. thapsus with the new data
on the plant material grown in another geographical area and the quantitative analysis
of the main vitamins that could have biological implications.

Materials and methods.
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Materials.

Root samples of Verbascum thapsus L. were collected in the Almaty region of
Kazakhstan during the vegetation period. The collected plant material was cleaned, air-
dried under shade conditions, ground to a fine powder, and stored in airtight containers
until analysis. All reagents used in the study were of analytical grade.

Statistical analysis.

All analyses were performed in triplicate (n = 3), and the results are presented as
mean =+ standard deviation (SD). Statistical calculations were performed using Microsoft
Excel 2021.

Methods.

The general procedures for the analysis of medicinal plant raw materials were carried
out according to the State Pharmacopoeia of the Republic of Kazakhstan. Atomic
emission spectroscopy was used as the total content of macro- and microelements.
The amounts of flavonoids, coumarins, saponins, and alkaloids were determined into
spectrophotometric analysis. The tannins and organic acid levels were determined
through the permanganatometric method, and coumarins were also determined using
a colorimetric procedure. The fatty acid samples were identified and measured through
the gas chromatography (GC) (Muzychkina et al., 2008). Vitamin C and E content were
also determined quantitatively using the high-pressure liquid chromatography (HPLC).

Identification of mineral composition.

About 3 grams of finely ground medicinal plant substance was put into a pre-weighed
porcelain crucible and uniformly spread evenly at the bottom. The fire was slowly fried
to enable the material to burn or evaporate at the minimum possible temperature. The
rest of the carbon particles were also burnt at low temperature, when the majority of the
carbon was burnt, the temperature rose. Calcination was done at dull red heat (around
500°C) until a constant mass was reached, without melting the ash or sintering with
the walls of the crucible. The ash was dried in a desiccator after which it was heated
again at a temperature of approximately 600°C until it had a uniform gray appearance.
With heating, 5 mL of HNO, (1:1) was used to dissolve the residue. The solution was
dried into moist salts and then was dissolved in 10-15 mL of 1 N HNO,, moved into a
25 mL volumetric flask, and diluted to the mark. An identical solution, of the same acid
and concentration, in blank solution was prepared under the same conditions. Atomic
absorption spectroscopy IPS-28 (LLC «Mors», Russia) was applied to the prepared
samples.

Fatty acid analysis.

A fine and dry powdered plant material was then subsequently placed in a mixture
of chloroform and methanol (2:1) and allowed to run for 5 minutes. The extracts
obtained were filtered using a paper filter after which the solvent was evaporated to
dryness. After this, 10 mL of methanol and 2-3 drops of acetyl chloride was added to
the extracts obtained and the process of methylation done at 60-70°C in a special system
and lasted 30 minutes. Methanol was eliminated with the help of a rotary evaporator
after the reaction, and the samples were dissolved with hexane (5 mL). The fatty acid
composition was analyzed using a Carlo Erba-420 gas chromatograph (Italy) equipped
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with a flame ionization detector (FID). Fatty acid methyl esters were separated on a
capillary column using nitrogen as carrier gas. Injector and detector temperatures were
maintained at 250°C and 280°C, respectively. Identification of fatty acids was performed
by comparison with standard fatty acid methyl ester mixtures.

Quantitative determination of vitamin content.

Vitamin C and vitamin E were determined using high-performance liquid
chromatography (HPLC). Prior to analysis, samples were filtered through a 0.45 um
membrane filter. Chromatographic separation was performed on a C18 reversed-phase
column (250 x 4.6 mm, 5 um). The mobile phase consisted of methanol and water.
The flow rate was maintained at 1.0 mL/min, the column temperature was 25°C, and
detection was carried out using a UV detector at 254 nm. Identification of vitamins was
performed by comparing the retention times of sample peaks with those of authentic
vitamin C and vitamin E standards. Quantification was based on calibration curves
prepared from standard solutions.

Results. Based on the described methodology, the authenticity and the content of
classes of biologically active compounds of V. thapsus were identified and presented in
tables 1 and 2.

Table 1 — The authenticity of V. thapsus plant material

uthenticity parameters
Moisture Ash content Extractive substances
Plant material
P
Content (%) in 6.26 +0.07 5.31+0.05 38.83 + 0.41
V. thapsus

Data are presented as mean + SD (n = 3).

Quantitative analysis demonstrated the presence of several groups of biologically
active compounds in the roots of V. thapsus L. The obtained results are presented in
Table 2.

Table 2 — The biological active constituents of V. thapsus L.

Biological active classes Quantitative determination (%)
Tannins 4.52 +0.06
Organic acids 0.39 +0.01
Saponins 2.19 £0.04
Flavonoids 2.35+0.05
Coumarins 0.42 +0.01
Alkaloids 1.39+0.03
Polysaccharides 6.35+0.09

Data are presented as mean = SD (n = 3).

The received results proved that polysaccharides were the most common class
(Figure 1) which amounted to 6.35% of the dry plant material. The predominance of
polysaccharides suggests that V. thapsus roots contain compounds of potential biological
significance, as polysaccharides are frequently associated with immunomodulatory
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and protective properties. Tannins were also found in large quantities of 4.52%. The
flavonoids content was established at 2.35% that also may be a large concentration of
the biologically active compounds.

The content of saponins was determined as 2.19% which showed a moderate
level of saponins in V. thapsus roots. The alkaloid concentration was 1.39% which
proved the appearance of nitrogen-containing secondary metabolites. In addition, the
coumarins and organic acids were also found in lower concentrations of 0.42 and 0.39%
respectively. Although these classes are relatively low, they are very crucial in the
biological activity of plants. Coumarins are known to possess anticoagulant, antioxidant,
anti-inflammatory, and antimicrobial properties, whereas organic acids contribute to
metabolic regulation and may enhance the antioxidant potential of extracts. Therefore,
even minor concentrations of these bioactive groups can influence the overall biological
activity and therapeutic potential of the investigated plant material.
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Figure 1 — The content of biologically active constituents of V. thapsus L.

Error bars represent SD (n = 3).

The mineral composition of the root was detected to quantify the concentrations
of essential macro and microelements. The results are shown in Table 3. As a major
component of plant metabolism, minerals have the potential to play a major role in
the pharmacological and nutritional quality of medicinal plant raw materials hence the
checking out (Wang et al., 2023).

Table 3 — Mineral composition of Verbascum thapsus L. roots

Content of microelements (pg/mL)
Cadmium (Cd) 0.0207 + 0.0004
Lead (Pb) 0.0735+0.0015
Copper (Cu) 0.0997 = 0.0020
Nickel (Ni) 0.1504 + 0.0030
Manganese (Mn) 2.2882 +0.04
Zinc (Zn) 2.9316 +0.05
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Iron (Fe) | 15.4503 £ 0.21
Content of macroelements (pug/mL)
Sodium (Na) 21.090 £ 0.32
Magnesium (Mg) 220.12 +3.15
Calcium (Ca) 796.69 £ 11.24
Potassium (K) 1189.98 + 16.42

Data are presented as mean = SD (n = 3).

The largest micro-element that was found is iron (Fe), with a maximum concentration
of 15.4503 pg/mL (Figure 2A). The second one was zinc (Zn) and manganese (Mn)
with 2.9316 and 2.2882 pg/mL respectively. Nickel (Ni) (0.1504 pg/mL) and copper
(Cu) (0.0997 pg/mL) were moderate. The amount of lead (Pb) and cadmium (Cd)
was relatively low, 0.0735 ug/mL and 0.0207 ug/mL, respectively. Lastly, the high
concentration among macro-elements was potassium (K) (1189.98 pg/mL) as shown
in Figure 2B, then calcium (Ca) (796.69 pg/mL), magnesium (Mg) (220.12 pg/mL),
then sodium (Na) (21.090 pg/mL). Each element plays own role in plant nutritional and
pharmacological importance. The macroelements may support physiological processes,
including electrolyte balance, bone metabolism, enzymatic activity, oxygen transport,
and antioxidant defense mechanisms. The identified microelements contribute to
immune regulation, antioxidant enzyme activity, and metabolic functions. Furthermore,
the concentrations of lead and cadmium were found to be low, suggesting a low level of
heavy-metal contamination in the investigated plant material.

A B
T —
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/

Manganese

Potassium .
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= Cadmium (Cd) = Lead (Pb) Copper (Cu) . . . .
= Nickel (Ni) = Manganese (Mn) = Zinc (Zn) Sodium (Na) Magnesium (Mg)
= Iron (Fe) = Calcium (Ca) Potassium (K)

Figure 2 — The content of (A) micro- and (B) macroelements of V. thapsus L.

Error bars represent SD (n = 3).

The fatty acid content of the roots of Verbascum thapsus was analyzed to determine
the distribution of saturated and unsaturated fatty acids and to further get their possible
biological implications (Table 4). Analytical findings demonstrated a variety of fatty
acids, both in terms of chain lengths and levels of unsaturation.
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Table 4 — The fatty acids content of V. thapsus L.

Fatty Acid (Notation) Fatty Acid Name Group Content (%)
Ca Palmitic acid saturated 21.127+0.32
Cln Stearic acid saturated 6.093 +0.09
C oo Oleic acid monounsaturated 12.031 £0.18
(S Linoleic acid polyunsaturated 15313 +£0.23
Clon Linolenic acid polyunsaturated 0.978 £0.02
C,q Arachidic acid saturated 14.035+0.21
Cootiins Eicosenoic acid monounsaturated 10.159 £ 0.15
C e Eicosatrienoic acid polyunsaturated 18.106 £ 0.27
C,, Docosadienoic acid polyunsaturated 1.125+0.02
C,., Tricosanoic acid saturated 0.651 £0.01
C,., Lignoceric acid saturated 0.382+0.01

Data are presented as mean + SD (n = 3).

Palmitic acid became the major saturated fatty acid and its proportion in the total
fatty acid pool was 21.127% as can be seen in Figure 3. Other saturated fatty acids were
arachidic acid (14.035%), and stearic acid (6.093%). Ligoceric acid and tricosanoic acid
were also identified as minor long-chain saturates. The saturated fatty acids were found
to make up 42.288 % of the total composition of fatty acids. Oleic acid and eicisenoic
acid were the main monounsaturated fatty acids, and their concentrations were 12.031%
and 10.159%, respectively. The total percentage of monounsaturated material was
22.190%, which is a moderate percentage of the investigated plant material.

There were also large quantities of polyunsaturated fatty acids. Eicosatrienoic acid
and the linoleic acid were the main compounds. Reduced levels of linolenic acid and
docosadienoic acid were detected. Polyunsaturated fatty acids are associated with
anti-inflammatory mechanisms, cell signalling and membrane activities. Their total
percentage composition was 34.397% of the total fatty acids.

Lignoceric acid 7
Tricosanoic acid J

Docosadienoic acid )

FEicosatrienoic acid ’

Eicosenoic acid ’
Arachidic acid )
Linolenic acid

Linoleic acid )
Oleic acid )
Stearic acid )
Palmitic acid )
0 5 10 15 20 25

Figure 3 — The fatty acids content of V. thapsus L.
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Error bars represent SD (n = 3).

High-Performance Liquid Chromatography (HPLC) was adopted to establish the
concentrations of vitamins in the sample under analysis. The outcome revealed that
vitamin C content was 33.483 mg/100 g and vitamin E concentration was 0.665 mg/100
g. These discoveries show that the plant material under study contains antioxidant
vitamins that can be attributed to its possible pharmaceutical applications. The level of
vitamin C is relatively high, suggesting the plant has potential as a natural source of water-
soluble antioxidants. The role of ascorbic acid in reducing the level of ROS, preventing
the damage of cellular components and supporting the physiological functions such
as collagen synthesis and immune function are of paramount importance (Boo, 2022).
Therefore, the detected level of vitamin C suggests a significant antioxidant potential
of the sample studied. Vitamin E had lower concentration as compared to vitamin C but
has a pharmacologic significance. Vitamin E is an antioxidant which is lipid soluble
and protects the biological membrane from lipid peroxidation and contributes to the
stabilization of cell structure (Abdelqader et al., 2023). Tocopherols can be synergistic
with vitamin C and may have an even more protective effect when they are present in
plants at relatively low levels.

Discussion. The authenticity parameters confirmed the good quality of the
investigated plant material. The moisture content (6.26%) was within acceptable limits
for medicinal plant raw materials, indicating adequate drying and suitability for storage
and further phytochemical analysis. The ash content (5.31%) reflected the presence of
inorganic constituents, whereas the relatively high extractive value (38.83%) suggested
a considerable amount of soluble phytochemicals in the plant material.

Quantitative phytochemical analysis revealed that polysaccharides (6.35%) and
tannins (4.52%) were the predominant groups of biologically active compounds in V.
thapsus roots. The high content of polysaccharides may contribute to the biological
significance of the species, as these compounds are frequently associated with
immunomodulatory and protective effects (Mizuno and Minato, 2024). Tannins and
flavonoids were also detected in appreciable amounts (4.52% and 2.35%, respectively),
indicating that the investigated plant material contains measurable amounts of phenolic
constituents. Compared with previous studies on Verbascum species from Kazakhstan
(Nykmukanova et al., 2017), the present results demonstrate a generally comparable
phytochemical profile. Nevertheless, variations in the concentrations of individual
compounds may reflect differences in geographical and environmental conditions.
Furthermore, this study provides a more comprehensive characterization of V. thapsus
roots by combining the quantitative determination of major groups of secondary
metabolites, mineral elements, fatty acids, and antioxidant vitamins C and E, thereby
expanding the currently available data on this species in Kazakhstan.

Mineral analysis demonstrated that potassium, calcium, and magnesium were the
predominant macroelements, whereas iron was the major microelement. The relatively
high concentrations of these essential elements may contribute to the nutritional value
of the plant material. At the same time, the concentrations of lead and cadmium were
low, suggesting minimal heavy-metal contamination of the investigated samples. The
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detected concentrations of lead and cadmium were within the limits recommended by
the WHO guidelines for medicinal plant materials, indicating the absence of significant
heavy-metal contamination. These findings indicate favorable environmental conditions
in the collection area and support the suitability of the plant material for further
phytochemical investigation (World Health Organization, 2011).

Fatty acid profiling revealed a balanced composition of saturated (42.288%),
monounsaturated (22.190%), and polyunsaturated fatty acids (34.397%). Palmitic acid,
linoleic acid, and eicosatrienoic acid were identified as the dominant constituents. The
presence of substantial amounts of unsaturated fatty acids may enhance the biological
relevance of the plant material because these compounds are known to participate in
membrane structure and various physiological processes (Henschel et al., 2024).

The determination of vitamins C (33.483 mg/100 g) and E (0.665 mg/100 g)
represents an additional contribution of the present study. These antioxidant vitamins
may contribute to the overall biological activity of the plant material. However, it
should be emphasized that the current investigation was limited to phytochemical
characterization and did not include biological assays. Therefore, the obtained results
indicate the presence of potentially bioactive constituents but do not directly confirm
pharmacological efficacy. Further biological and pharmacological studies are required
to evaluate the therapeutic significance of the identified compounds.

Conclusion. The currentresearch offered detailed phytochemical and physicochemical
description of Verbascum thapsus that grows in Almaty region, Kazakhstan. The
received results proved the idea that the investigated plant material is of good quality
as indicated by the acceptable values of moisture, total ash, and extractive substances.
Quantitative analysis indicated the presence of diverse groups of biologically active
compounds, including polysaccharides, tannins, flavonoids, saponins and alkaloids with
potential biological significance.

The mineral composition of V. thapsus revealed that the plant is a significant source
of such macroelements as potassium, calcium, and magnesium, and such microelements
as iron, zinc, and manganese. Moreover, fatty acid profiling indicated that saturated fatty
acids, monounsaturated and polyunsaturated fatty acids were present with palmitic, oleic
and linoleic acids being dominant. Existence of antioxidant vitamins especially vitamin
C and vitamin E further points out the nutritional and therapeutic potential of this species.

On the whole, the data show that Verbascum thapsus growing in Almaty area is a
source of biologically active substances and important nutrients. The results expand the
current understanding of the phytochemical composition of this species and highlight
its potential as a promising source of plant raw material for future pharmaceutical,
nutraceutical, and functional food applications. Future research can concentrate on
the isolation of individual bioactive compounds and analyzing their pharmacological
activities in more detail. The novelty of the present study lies in the comprehensive
phytochemical characterization of V. thapsus collected in the Almaty region, including
quantitative determination of antioxidant vitamins C and E together with mineral and
fatty acid profiling. Nevertheless, further biological and pharmacological investigations
are necessary to confirm the biological activity and therapeutic relevance of the identified
compounds.
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Abstract. This article presents the results of the phosphorylation of phenylethylamine
and 3,4-dimethoxyphenylethylamine under Todd-Atterton reaction conditions using
dialkyl phosphites. It was found that the selected conditions ensure the efficient formation
of'the corresponding amido phosphates with satisfactory yields. The compounds obtained
are of interest as promising N-phosphorylated derivatives possessing potential biological
activity due to the presence of a P-N bond and the high reactivity of compounds of this
class. The structures of the obtained compounds were established using IR and 'H, *C,
and *'P NMR spectroscopy. The IR spectra exhibited absorption bands characteristic of
amidophosphate derivatives. In particular, the bands observed at 1230-1235 cm™ were
assigned to the stretching vibrations of the P=O group, whereas the intense absorptions
at 1022-1028 cm™! corresponded to P-O-C stretching vibrations. The presence of NH
groups was confirmed by bands appearing in the 3216-3240 cm™! region. These spectral
features are consistent with the proposed structures of the synthesized amidophosphates.
The experimental results obtained expand our understanding of the reactivity of aromatic
amines in phosphorylation reactions with dialkyl phosphites and provide additional
insights into the spectral characteristics of amido phosphates. It has been shown that
the Todd-Atterton reaction is a promising method for the synthesis of functionalized
N-phosphorylated compounds of the aromatic series. Compounds of this class continue
to attract the attention of researchers due to their wide range of chemical transformations
and potential for practical application in various fields of science and technology. The
development of the chemistry of N-phosphorylated compounds, based on the use of
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modern physicochemical research methods and theoretical approaches, contributes to
a deeper understanding of the structure, properties, and reactivity of organophosphorus
compounds.

Keywords: Todd—Atherton reaction, amidophosphates, phenylethylamine,
3,4-dimethoxyphenethylamine, dialkyl phosphites
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AnHoramusa. byn kymeicta  Togn—ATTepTOH — peakiusAChl  JKaFJalbIHIA
¢eHwmdTHIIAMUH  MeH  3,4-TMMETOKCU(EHITUIAMHUHHIE  TuankuidochuTTepmeH
opekeTTecyisepTTenai. PeakunsHbIH TaHIaFaH IapTTaphbl colikec aMmuaopocharTapabiy
TUIMJI TY31TyiHE JKOHE OJapIIblH KOFaphl NIBIFBIMMEH aJIbIHYybIHA MYMKIHAIK OepeTiHi
anbikTanapl. KypambiHga P—N  OaiimaHbiChl 0ap CHHTE3/EIATEH KOCBUIBICTAP OCHI
KJIACKA JKaTaThIH 3aTTap/bIH YKOFAphl PEAKIHMSIIBIK KaOIIeTIMEH epeKIIeNeHe Il KOHE
OHMOJIOTHUSIIBIK OCJICEHILIITT MEH MPAKTHKAIIBIK MaHbI3bIHA OAMIaHBICTHI TIEPCIIEKTUBTI
N-thochoprnanras TybIHIBLIAP PETIH/IE KbI3BIFYIIBUIBIK TYABIPA/Ibl. AJIBIHFAH HOTHXKEIIED
apoMarTel aMHHAEPAiIH (ocdopiaHy epeKIIeNiKTepiH TEePEeHIPeK TYCIHyre >KoHe
*aHa (ochopopraHuKaIbIK KOCBUIBICTAPAbI CHHTE3/CY CalachlHAAFbl 3epTTeyiepai
KeHelTyre MyMKiHIiK Oepeni. CuHTE3IeNTeH KOCBUIBICTApAbIH Kypbuibickl MK-
crniektpockomusi, cornaii-ak 'H, *C xone *'P SIMP crieKTpoCKONHUACH CUSKTHI 3aMaHay !
(pU3UKa-XUMUSIIBIK Tajay oMiCTEpiHiH KeMmeriMeH anbikTaiabl. WK-cnexrpiepai
tannay amunodocdartel KYpBUIBIMIAPABIH TY31UIyiH JONEeNACUTIH CHIIaTTaMalIbIK
KYTBULY >KOJNAKTapblHbIH Oap eKeHiH KepceTTi. Atam aiTkanma, 1230-1235 cm!
alimarbIHIaFbl Jkonaktap P=O OallaHBICBIHBIH BAJICHTTIK TepOeIicTepiHe COMKec
keneni. 1022-1028 cm™! apanbiFbiHAaFbl KapKeIHAbl curHangap P-O-C ¢parmenTinig
TepOemicTepiHe JKaTKpI3BULALL, an 3216-3240 cm' nuana3oHbIHAa OaifKanaThiH
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xonaktap NH-TonTapelHBIH BaJleHTTIK TepOenicTepiMeH OaillaHBICTBI. AJBIHFaH
CHEKTPIIK JEePeKTEePAiH JKUBIHTBIFBl CHHTE3JENTeH KOCBUIBICTAPIBIH KYPBUIBIMBIH
TOJBIK pacTalibl. AJIBIHFAH HOTHXKeNIep AUaNKuIPocHUTTEpIiH KaTbICybIMEH KYPEeTiH
(dbocdopnany peakuusIapbIHIAFEl apOMAaTThl AMHUHJIEPIH pPEaKIHIIbIK KaOuIeTi
TypaJjibl MOTIMETTEP/i TOJBIKTBHIPBIN, CHUHTE3IENTeH aMua0pochaTTapablH CHEKTPIIiK
cUmaTTaMasIapblH HaKThIJIayFa MYMKiHAIK Oepai. 3eprrey Oapbichinaa Toaa—ATTepToH
peakuuAchIHBIH - (yHKUMOHaNAanFaH N-docdopranran apoMarThl KOCBUIBICTapAbI
QIyIbIH THUIMII TOCUIAEepiHiH Oipi ekeHairi kepcerupai. MyHmald KOCBUIBICTapAbIH
XUMHSUIBIK ~ TYpJICHYyJepre OeWIMJUIrT JKOHE OJIap[blH OWOJIOTHSUIBIK OCICeH/I
3artap, (QyHKIIMOHAIJBIK Marepuaigap MeH 0acka Ja KoJnaHOalmbl OarbITTap YILIiH
MEPCHEKTUBTI KYPBUIBIMABIK MIaTGopMaiap peTiHae KapacThIpbLIybl OyJl cajiara JereH
FBUIBIMU KBI3BIFYLIBUIBIKTEI apTThIpyaa. N-pochopianraH KOCBUIBICTAD XUMHSICHIHBIH
ofaH 9pl AaMybl 3aMaHayd (U3MKa-XHUMUSUIBIK 3€pPTTEY OAicTepi MEH TEOPHSIIBIK
TOCUIAEPAl KOJNAHY apKbUIbl OJapAbIH KYPBUIBIMABIK €pPEKIIENiKTepiH, KaCHETTEePiH
KOHE PeaKUMsUTBIK KaOlIeTiH TepeHIpeK TYCIHYTe KOJ alllabl.

Tyiiin ce3nep: Toma-Arepron peakuusi, amunodocdarrap, (HEeHHUIITUIAMUH,
3.,4-numeTokcudeHdITHIaMUH, AaIKuIpochuTTep
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AHHoTanusa. B 1aHHOW cTarhe MpeNCTaBICHBI PE3YJbTaThl (POCPOPHIUPOBAHUS
¢denwmdTIIIAMUHA B 3,4-TUMETOKCH(EHWIATUIIAMUHA B YCIOBUSAX peakuuu Tomna-
AtTeproHa ¢ wHcmonb3oBaHMeM JuankmidochuToB. bputo  00OHapyxeHO, 4YTO
BBIOpaHHbBIE yciIoBUs oOecrieunBaroT 3(PpQeKTuBHOE 00pa30BaHUE COOTBETCTBYIOIIMX
amuiodocharoB ¢ YIOBICTBOPUTEIBHBIMUA BbIxOnamMu. [lomyueHHbIE cOenUHEHUS
MIPEJICTABIISIIOT UHTEPEC KaK MepcrekTBHbIE N-pocopriinpoBaHHbIe TPOU3BOIHbIC,
o0JaaroNire MOTEHIUAILHOM OMOJIOTHYECKOM aKTHBHOCTBIO Otarogapst Haianuuio P-N-
CBSI3U M BBICOKOW PEaKIMOHHOM CIIOCOOHOCTH COCIUHEHHMIA 3TOTO Kiacca. CTPYKTyphI
MOJIyYEHHBIX COCIMHEHUI OBLIM YCTaHOBJCHBI ¢ momolnbio MK-crnekrpockonuu u
SAMP-cnekrpockonuu 1H, 13C u 31P. B UK-cnekrpax Oblmr 0OHapyKeHBI MMOIOCHI
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MOTJIONICHUS, XapaKTepHbIe Ui TPOM3BOAHBIX amupodocdara. B dacTHOCTH,
noJyiockl, HaOmonaembie npu 1230-1235 cm 1, ObUIM OTHECEHBI K PACTATHBAIOIINM
konebanusM rpymibl P=0, Torna kak nHTeHCHBHBIE norionieHus npu 1022-1028 cm 1
COOTBETCTBOBaIU pacTaruBaromm kosebanusm P-O-C. [IpucyrcrBrue NH Tpymm Obu1o
MOJITBEPIK/ICHO MOSIBIIEHUEM IT0JIOC B oOmactu 3216-3240 cm-1. DT cnekTpaibHbIe
OCOOCHHOCTH COTJIACYIOTCS C TIPEAINOJIaraéMbIMH CTPYKTYpaMH CHUHTE3UPOBAaHHBIX
amunodpocdaroB. [lomydeHHBIE HSKCIEPUMEHTAIBHBIC PE3YJAbTAaThl  PACIHIUPSIIOT
HaIlle TTOHMMAaHUE PEaKIMOHHOM CIIOCOOHOCTU apOMAaTHYEeCKHMX aMHHOB B PEAKIIHSIX
(dbochopunupoBanus quankuapochUTaMu U AT JONOTHUTEIBHOE MPEICTaBICHUE
0 CIEKTPaJIbHBIX Xapakrepuctukax amuaopocdaron. [lokazano, yro peakuus Tomna-
ATTEpTOHA SBJISETCS MEPCIEKTHBHBIM METOJOM CUHTE3a (DYHKIIMOHAIU3HPOBAHHBIX
N-thochopunupoBaHHbIX COCAMHEHUH apoMaruyeckoro psiga. COeAMHEHUs 3TOro
KJlacca TPOJIO/DKAIOT MPUBJICKATh BHUMAHHUE HCCIEIoBaTeNel Onarojaps HIHPOKOMY
CHEKTPYy UX XUMHUYCCKUX MPEBPANICHUA ¥ MOTEHIMATY MPAaKTUYSCKOTO MPUMEHEHUS
B pPa3InYHBIX 001aCTAX HAyKU U TeXHUKH. PazBurne xumuu N-hochopuinpoBaHHBIX
COCIMHCHHY, OCHOBAaHHOE Ha HCIOJb30BAHUU COBPEMEHHBIX (DU3UKO-XUMHUYECKUX
METOZIOB MCCJICIOBAHUS M TEOPETHUYECKUX MOJXOA0B, CIIOCOOCTBYET Ooee rryOoKoMy
MMOHMMAaHUIO CTPYKTYPbI, CBOMCTB U PEAKIIMOHHOU c1I0COOHOCTH POchOpOopraHuIecKIx
COEMHEHU.

KuaroueBsie cioBa: peaknus Togna—ATrteprona, amuaodocdarsl, GeHUIITUIIAMYH,
3.,4-numeTokcudendTriaMut, nuankuiadocursl, Gochopunuposanue, Gocpopopra-
HUYECKHUE COCAUHECHUS

Beenenune. Amunodocdarsl OTHOCATCS K YUCIY BaXHBIX (ochopopraHuuecKux
COCAMHEHHH, MPEACTABISAIONINX WHTEpec Oiaronaps pa3zHOOOpa3sHI0O UX XUMHYECKHX
cBOHMCTB M mpaktnueckux npuMeHenuil (Thimotée et al., 2026; Rachedi et al., 2019).
OnHolf M3 XapaKTEPHBIX CTPYKTYPHBIX OCOOCHHOCTEH STHX COCIMHEHUH SBISETCS
Hannuue cBsizu azoT—docdop (N-P), koTopast okazpiBaeT CyIIeCTBEHHOE BIUSIHNUE HA UX
PEaKIMOHHYIO CIIOCOOHOCTD U CIIOCOOHOCTH K KOMITJIEKcooOpa3oBaHuo. CoeTuHeHus,
cozpepamue gparMeHT N-P, IIUPOKO HCMONB3YIOTCS B HCCICAOBAHUAX, CBSI3aHHBIX C
MEIMIMHCKON XuMuel, GpapmaneBTukoil u marepuanoenenreM (Dehmcehi et al., 2024;
B. J. Dzhiembaev et al., 2023; Petkowski et al., 2019). Coenunenus ¢ N-P cBsizbro
BXOJISIT B COCTaB psijia OMOJOrMYECKH aKTUBHBIX BELECTB, BKIIIOYAsi IPOTUBOBUPYCHBIE
mpenaparbl, a TaKKe HaxOIT MPUMEHEHHE MpH pa3paboTke (YHKIHMOHAIBHBIX
MarepuanoB. B mocneaHue romel OHU HCHOJB3YIOTCS TMPH CO3JaHUU KaTOTHBIX
MaTepuanoB JJs JIMTHA-MOHHBIX aKKyMYJISITOPOB, OTHE3AIIUTHBIX IOJMMEPHBIX
cucTeM U MoIupHUIUpoBaHHBIX GopM u€pHoro hocdopa, cmocoOCTBYS YAyUILICHUIO UX
skcrutyaraiuoHHbix xapakrepuctuk (De Clercq, 2016; Evtushenko et al., 2025; Falk et
al., 2023; Guo et al., 2021; Li et al., 2026).

Jlutepatypusblii 0630p. MHTepec K coeMHEHUSIM JaHHOTO Kjacca CBSI3aH TaKKe
C UX OMONOTHYECKUMH CBOWCTBAMH U BO3MOXKHOCTBIO HCIIOJIb30BAHUSI B KauecTBE
WHTUOUTOPOB  (PEPMEHTOB, JIMIAHJOB ISl KOOPAMHALMOHHBIX COCAMHEHHH H
MIPOMEXYTOUHBIX MPOAYKTOB OpPTaHMYECKOro cuHTe3a. [Ipom3BomHbIe, comeprKaiiue
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cBsi3b N-P, paccmarpuBaroTCsl Kak IEPCIEKTUBHBIE OOBEKTHI JUIsl TOJYYSHUS
HOBBIX OWOJIOTUYECKH AaKTHBHBIX BEUISCTB, a TaKKe JJIs HM3YYCHHS MEXaHHU3MOB
onoxumuueckux mpoueccos (Castelot-Deliencourt et al., 2001; Djouad et al., 2022; Kim
et al., 2015; Lakoud et al., 2012; Oliveira et al., 2014; Saib et al., 2014, 2014; Turgis et
al., 2016; Yoshino et al., 1990). [Tomumo OHOJIOTHYECKOH aKTUBHOCTH, aMU10(G0ChaTh
MPEACTABIAIOT HMHTEPEC KaK MPOMEKYTOYHBIE MPOAYKTHl OPraHHMYECKOr0 CHHTE3a.
Hanmuune nonspuoii cBa3su P-N U BO3MOXKHOCTh €€ JalbHEHIIMX XUMHUUYECKHX
NpEBpalllCHU  MO3BOJISIOT HMCIHOJB30BaTh COCAWHEHHUS JaHHOTO Kiacca  JUist
MOJTyYEHUS PA3IMYHBIX (PYHKIIMOHAIU3UPOBAHHBIX MPOU3BOMHBIX (hochopa. B cra3m
C 3TUM MPOJIOIKAETCS MOUCK HOBBIX IOAXOJ0OB K CHHTE3y aMua0(pochaToB, BKIKOYAs
pa3paboTKy CeIEKTUBHBIX METOJI0B (hOC(HOPUITMPOBAHNSI AMHHOB M COBEPIIICHCTBOBAHHE
YCJIOBUH MTPOBEAEHUS PEAKLUH.

Hus cunteza N-dochopuianpoBaHHBIX COCIUHEHUH TPUMEHSIOTCS pa3indHbIe
METO/Ibl, OCHOBAHHBIC Ha PeaKIUsIX HyKIeo(UIBHOTO 3aMmelleHus y atoma (ocdopa.
HauGosnee u3BeCTHBIMU Cpeii HUX SIBISIOTCS peakimu Tonna-Arteprona u Kabaunuka-
Odunpca. Peakuus Tonna-ATreproHa npeaycMaTpuBaeT B3aUMOAECHCTBUE COEMHEHNH,
cojepxkamux cBsi3b P-N, ¢ aMMHAMU B MIPUCYTCTBUU TaJIOTCHUPYIONIUX PEarceHTOB U
MO3BOJISIET MOJy4YaTh aMuI0pocdarsl B CPaBHUTEIBLHO MSTKUX ycinoBusx. [Ipoctora
MPOBEACHUS PEaKIMU U JOCTYIMHOCTh HCXOJHBIX BEIIECTB CIOCOOCTBOBAM €&
HIIMPOKOMY HCITOJIb30BAHHIO B CHHTE3e (hOC(hHOPOPraHMYECKUX COSAMHEHUH Pa3IMYHOTO
CTPOCHHUS.

Peakuus  Kabaynumka-Owiijca  mpenacraBiseT  cO00H — TPEXKOMIIOHCHTHYHO
KOHJICHCAIIMI0 aMHHAa, KApOOHWIBHOTO COSAMHEHUS U quankuidochuTa, B pe3ysbrare
KOTOpoil  oOpa3yrworcs a-amuHOodochoHarel. brnarogaps yHUBEpCAILHOCTH U
CHHTETUYECKUM BO3MOXKHOCTSIM ATOT METOM OCTAa&TCs OJHUM M3 OCHOBHBIX ITOJXOA0B
K TMOJYYCHHUIO COEOUHEHUN naHHOTOo Kiacca. lcmonmp3oBanue peakiuit Tomnma-
Arteprona u Kabaunuka-®uiica mo3BoisieT pacmpsTh psg N-hochopruinpoBaHHBIX
IIPOW3BO/IHBIX W W3y4YaTh BIIMSHUE CTPOCHHS HAa MX (PU3UKO-XMMHYCCKUE CBOWMCTBA U
peakuuonnyto crnocobnocth (Cherkasov and Galkin, 1998; Doszhanova et al., 2021;
Fields, 1952; Ghigo et al., 2026; Le Corre et al., 2014; Zabirov et al., 1991).

Cpenu MeTofI0B mosty4eHus: aMu0(ocdhaToB MIMPOKO UCIIONb3yeTcs peakius Tos-
JIa-ATTepToHa, OCHOBaHHAs HAa B3aUMOACHCTBUY COCAMHEHUM, COACPKAIINX CBSI3b P-N,
C aMHMHAaMU B MPHUCYTCTBHH TETpaxJiopMeTaHa. Peakiusi mpoTeKaeT B CPaBHUTEIILHO
MSATKUX YCIIOBHUSIX U MO3BOJIAET NOny4ath N-hochopuirpoBaHHbIC TPOU3BOIHBIE C XO-
pomuMu BeixoiaMu. BriepBeie qaHHOE MpeBpalieHne Obl1o onucaHo B 1945 rony npu
HCCJICJIOBAaHUU MTPOIECCOB, COMPOBOMKIAIOININX OYUCTKY audeH3mwidochura B cucreme
TETPaxJIOPMETaH-BOJIHBIM aMMHUaK. B nanbHeleM peakius Mojay4yuia IrupoKoe pac-
MIPOCTPAHECHUE B CHHTE3e aMUI0PoCc(aroB U IPYrux MPOU3BOIHBIX (ocopopraHuye-
CKUX COCJMHCHUH Onaroaps mpocToTe SKCIEPUMEHTAIBHOTO O(DOPMIICHHS U IOCTYII-
HOCTH HUCXOJHBIX peareHTOB (Atherton et al., 1945; Atherton and Todd, 1947; B. Zh.
Dzhiembaeyv et al., 2023; Kuandykova et al., 2024; Le Corre et al., 2014).

HecmoTpsi Ha 3HAUMTENBHOE KOIMYECTBO MPEAJIOKEHHBIX MOAXOAOB K CHHTE3Y
amuiodocaroB, MHOTHE M3 HUX MPEAyCMATPUBAIOT HCIIOJIB30BAHUE MOBBIIICHHBIX
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TEeMIeparyp, CHelHalbHbIX KaTajJu3aTOpOB WIIM PEaKIHOHHOCIIOCOOHBIX PEearcHTOB.
[TosTOMY moMCK HOBBIX cHOco00B mosyueHHuss N-(ochOopuIMpoOBaHHBIX COCIUHEHUH
B Oonee MITKHX YCIOBUSIX OCTa€rcs OAHOW M3 aKTyalbHBIX 3a7a4 XUMHH
(hochopopraHUYECKUX COCTUHCHHIA.

ApoMaTHYeCcKHEe aMHHBl M WX TMPOU3BOAHBIC SBISIOTCS YHOOHBIMH OObEKTaMH
JUIL U3Y4YeHUs peakuuil (pochopuIupoBaHus, MOCKOIBKY JIIEKTPOHHBIE S(PQEKTHI
3aMEeCTHTENed B apOMaTWYecKOM KOJIbLE OKa3bIBAIOT 3aMETHOE BIHMSHHAE Ha
PEaKIMOHHYI0 CHOCOOHOCTH aMHUHOTPYHNNBI. B  4YacTHOCTH, 3IEKTPOHOJOHOPHBIE
3aMECTHTENH, TaKHe KaK METOKCHUTPYIIBI, CHOCOOHBI H3MEHATH paclpelesieHHe
ANIEKTPOHHOW TUIOTHOCTH B MOJIEKYJIC M BIMATH HAa NPOTEKAaHHE PEaKLHUi ¢ ydacTHEM
aroMa azoTa. B 3TOH CBsI3M MpEACTaBISET MHTEPEC CPABHHUTEIBHOE HCCICIOBAHHE
¢dochopunupoBanus peHHUIITUIAMUHA U 3,4-TUMETOKCH(EHITUIIAMIHA B YCIOBHIX
peaxuu Tonna-ArtepToHa.

Crenyer OTMETHTB, YTO JaHHBIE O B3aUMOACHCTBHU (YHKIMOHATU3UPOBAHHBIX
¢deHdTUIAMUHOB ¢ JUanKwiQocUTaMd HEMHOTOUHCICHHBI, a CBEICHUS O
CTPOCHMH M CIEKTPaJbHBIX XapaKTepHCTHKaxX oOpasyromuxcs amugopocdaros
npeacTaBieHbl (hparMeHTapHO. JTO 00YCIOBIMBAET HEOOXOOUMOCTH JalbHEHIIEero
W3y4YeHHs] 3aKOHOMEPHOCTEeW oOpasoBaHus cBsi3M P-N u ocoOeHHOCTEW cTpoeHHs
coOTBeTCTBYIOIMX N-(h0oCcHOpUINPOBAHHBIX TPOU3BOTHBIX.

Hnst upentudukanuu aMmunopochaToB M MOATBEPKICHHS WX CTPYKTYPbI IIUPOKO
npumensitorcst Metoapl K- u SIMP-cnekrpockonuu ('H, “C u *'P), mo3Bonstomnrue
noiay4arb MHQOpMALHUIO O XapakTepe XHMHYECKUX CBA3€H W CTPOCHHUH MOJEKYI.
Hakonnienne TakuxX JaHHBIX CIIOCOOCTBYET PpACIIMPEHHIO TPEICTABICHUH O
B3aMMOCBSI3M MEXKIy CTPOEHHEM W CBOWCTBAMH COCAMHEHHM, COAEPKAIUX CBS3b
P-N.B nocnennue rompl ocoboe BHUMaHHE yAENseTCs pa3paboTKe SKOIOTHYECKH
Oe3omacHbIX W 9HEProdM(EeKTHBHBIX METONOB CHHTe3a (PochopopraHMYECKUX
COCAMHEHHH, COOTBETCTBYIOIINX NPUHIMIIAM «3eIEHOH XUMHUN». B 3TOM OTHOIIECHUN
peaxnusa Tonna-ATTepToHa NpencTaBiseT 3HAYUTENBHBIA HHTEpeC Oiaronapss MATKAM
YCIIOBUSIM ITPOBENICHHS, BHICOKOH CEIEKTUBHOCTH U BO3MOKHOCTH CHHTE3a IIUPOKOTO
Kpyra QyHKIHOHAJIM3UPOBAHHBIX aMU10(ochaToB.

Henpto HacTosimield paboOTHI siBAsieTcs CUHTE3 HOBBIX N-(ochoprinpoBaHHBIX
MIPOM3BOAHBIX APOMAaTHYECKIX aMUHOB MeTOIoM Tofna-ATTepToHa U HCCIIE0BAHNE UX
CTPOCHHUS C UCIIOJIb30BAaHNEM COBPEMEHHBIX (PH3UKO-XMMHUYECKUX METOJIOB aHalu3a. B
X0JIe ucclie0BaHMsI ObUTH 1TOJ00paHbl ycinoBus GpochopunupoBanus GeHUIdITHIaAMUHA
W ero METOKCH3aMEIIEHHOIo aHajora auankuiapochuTamu, a TakKe H3YUCHBI
CTEKTpaJbHbIE XapaKTEPUCTHKH MOMydeHHbIX amuaogocdartoB. Pabora mpomomxkaer
WCCIIEIOBAHUS, MOCBAMIEHHBIE CHHTE3y W H3YYCHHUIO (PYHKIHOHATU3UPOBAHHBIX
¢docdopopraHnveckux COEIMHEHUH, M JOMOJHSET CBEICHHS O BO3MOXKHOCTSIX
npuMeHeHus: peakuuu Tomnma-ArreproHa ans noiydeHus: N-dochopumupoBaHHBIX
MIPOM3BOAHBIX aPOMATHUECKOTO Psiia.

Marepuajbl U OCHOBHBIe MeTOABI. B paboTe wHCMONB30BaNU TPUITHIAMUH,
TeTpaxjopMmeTan, numMetmwidochur u qusTUndochur KBanupukauuu He Huxe 99.9%
(Sigma-Aldrich). Bce pearenTs npuMeHsiin 6€3 JOMOIHUTETBHON OUUCTKH.
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Cnextpel SIMP 'H u *'P peructpupoBanmu Ha cnekrpomerpax Bruker AVANCE
11-400 (400.1 MI'n ams 'H) u Bruker Avance-600 (600.1 MTI'y st 'H) 8 JIMCO-de.
XUMHUYECKUE CIABUTH OINPENEISIA OTHOCHUTENBHO CHUTHAJIOB OCTAaTOYHBIX NPOTOHOB
pactBoputens. UK-crextper 3anmuceiBanu Ha Dypre-cnekrpomerpe Bruker ALPHA B
nuanazone 400-4000 cm'. Temnepatypbl ru1aBieHus n3Mepsin Ha mpuoope «Boetiusy.
DneMeHTHBIN aHa 3 BBIMOMH:IM Ha aHanu3atope Sundy SDCHN636.

Kontpons mporekanust peakuuii ¥ YHUCTOTHI MPOTYKTOB OCYIIECTBISUIM METOAOM
TOHKOCJIOHHOHM XpomaTtorpaduu Ha IJIaCTUHKAaX C OKCHAOM aJIOMHUHUS B Pa3IHYHBIX
cuUcTeMax pacTBopurenei. s BH3yanmzanmu XpomaTrorpaMM HCIOJIB30BAIM Mapbl
rona. IlomyuenHsle coequHeHns oxapakrepu3oBanbl Metogamu TCX, UK- n SAMP-
CIEKTPOCKOIINH, a UX COCTaB MOATBEPKIAEH JaHHBIMU 2JIEMEHTHOTO aHaIn3a.

O0mas MeToAUKA MOJIy4YeHHs coeuHeHuii 3-4 a-0:

B tpéxropmyro komOy, CHaOKEHHYHO MEXaHWYECKOW MEIIaJKoW, OOpaTHbhIM
XOJIOAWIIBHUKOM M KameNbHOW BOPOHKOW, momemnianud 10 mmons denmmTmiamuna (1),
15 mMone TpuaTHnamuHa 1 10 M Terpaxinopmerana. Ilpy komMHaTHOHM Temmeparype K
MOJIly4eHHOMY PacTBOPY IPH MepeMelIiBaHUH B TeueHue 15-20 MHH M0 KaruisiM J00aBIsUTH
10 Mmonb cootBercTBytomero auankmwidocdura 2 a-6. [locne 3aBepuienus 100aBICHUS
PEAKILIMOHHYIO CMECh NEPEMEIINBAIN TP KOMHATHOM Temneparype emé 1-2 4.

OOpazoBaBHiics: 0CaI0K THAPOXJIOPUIA TPHATHIAMHUHA OTACISUTH (DUIBTPOBAHHUEM, a
(UIBTpaT KOHUEHTPUPOBAIH MPU OHMKEHHOM JAaBiieHHH. OCTaToK OYMIIAIN BaKyyMHON
MIEPETOHKOM, TOCIIE YEro LeNIeBbIe MPOAYKThl NEPEKPUCTAIIN30BBIBAIN U3 METPOIEHHOTO
adupa (1. kur. 70-100 °C).

Xom peakuuy KOHTPOJMPOBAJIM METOAOM TOHKOCIOWHOW Xpomarorpauu B cHUCTEME
oenzon-oTanon (10:1). CuHTE3MpOBaHHBIE COSAMHEHUSI XOPOILIO PACTBOPUMBI B XJI0POQOpME,
arieToHe 1 sranose. CTpoeHne Noay4eHHBIX aMuI0(0c(aToB yCTaHABINBAIN HA OCHOBAHUN
nauHbix K-, 'H, BC u *'P IMP-cniekrpockormu (Cxema 1).

Jdumernsn  N-2-¢penmwmtun)amugodocpar (3a). CoeauHeHHE TMOIYUYEHO C
BeIxofioM 90% B BHaE Mmacna xé€nroro usera. R, = 0.58. MK cnekrp, v, cem': 3220
(NH), 1235 (P=0), 1025 (P-O-C). SIMP 'H (400 MTI'u, Xnopodopm-d) 6 7.02 (Ar-H,
¢, 1H), 6.93 (Ar-H, n, J = 11.4 'y, 4H), 3.34 (OCH,, ar, J = 17.4, 10.4 'y, 6H), 2.87
(CH,, 1, 2H), 2.54 (NH, c, 1H). AMP “C (101 MI'u, Xnopodopm-d) 6 138.80, 128.77,
128.64, 128.38, 128.25, 126.28, 126.16, 52.63, 52.51, 52.44, 42.60, 42.46, 37.79, 37.67.
Boruucieno, %: C 52.40; H 6.98 C, H, NO,P. Haiineno, %: C 52.25; H 7.08.

Jduatun N-2-penmmtun)amuaodocdar (36). CoenuHeHne TOTYUEHO C BHIXOIOM
81% B BUae macna xénroro usera. R, = 0.50. K cnekrp, v, cem!: 3216 (NH), 1230
(P=0), 1028 (P-O-C). SIMP 'H (400 MTu, Xiopodopm-d) & 7.24 (Ar-H, c, 1H), 7.19
(Ar-H, n, J = 8.0 ', 4H), 4.00 - 3.87 (OCH,CH,, m, 4H), 3.11 (CH,, ¢, 2H), 3.01 (CH,,
¢, 2H),2.78 (NH, ¢, J = 7.2 'y, 1H), 1.25 (OCH,CH,, T, J = 9.8 I', 6H). AMP "*C (101
MI'n, Xnopodopm-d) & 139.17, 128.97, 128.85, 128.57, 128.45, 126.44, 126.30, 62.04,
61.93,61.19, 42.93, 42.78, 38.05, 16.36, 16.29, 16.16, 16.09. Beruucneno, %: C 56.03;
H 7.78 C ,H, NO,P. Haiineno, %: C 55.90; H 7.58.

B Tpéxropityro kom0y, OCHAIEHHYIO MEIIAIKOH, 00paTHBIM XOIOAMIBHIKOM U KarleJIbHOU
BOpOHKOM, momeraii 10 Mmons 3,4-niuMetokcudenstunamuta (4), 1 0 MMOJIb TpHATUIIAMUHA
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n 10 mn TerpaxiopMerana. K momydeHHOMY pacTBOpY IMpH KOMHATHOH TemIeparype
U TIOCTOSIHHOM TepeMEeIIMBaHuK B TedeHune 15-20 mMuH mo karusiM gobasismi 10 Mmonb
COOTBETCTBYIOLIEro quankuidocdura 2 a-0. [Tocne 3aBepienns 100aBIeHUS PEaKMOHHYIO
CMeCh MepeMEILMBAIH IIPY KOMHATHOHN Temrieparype etié 1-2 4. OOpa3oBaBILIHiics 0CaIOK
THIAPOXJIOPHIA TPUITHIAMIHA OTACISUTH (PUIIBTPOBAHKEM, a (PHIIBTPAT KOHIICHTPUPOBAIN
NpY TOHKEHHOM JIaBjieHnH. [loydeHHBI OCTaToOK OYMINANM BAKYYMHOW IMEPErOHKOM,
TOCJIE YeTro MPOAYKTHI IEPEKPUCTAILIN30BBIBAIIH U3 aLleTOHA. KOHTpOIb poTeKaHus peakium
OCYILIECTBIISUIA METOIOM TOHKOCIIOMHOM XpoMarorpaduu B cucteme 6enszomn-aranon (10:1).
[Nomy4eHHble coeMHEHMST XOPOILIO PACTBOPUMBI B XJIOpohopMme, alleToHe U 3TaHone. Mx
CTpOEHHE YCTAHOBJICHO Ha ocHoBaHuK MaHHBIX VK-, 'H, *C u *'P SIMP- criekrpockornum.
[lony4yeHHble COEOUHEHUS MPEACTABISLIM COOOH WHAMBUAyallbHBIE BEIIECTBA,
CTpOEHHUE KOTOPBIX moATBepkaAeHO AanHbiMU K-, 'H, 1*C u *'P SIMP-cniekTpocKomuH,
a TaKOKe pe3yJabTaTaMu JIEMEHTHOTo aHainu3a. [IpoBenéHHbIe SKCIIEpUMEHTBI TOKa3aIH,
YTO BBHIOpAHHBIC YCIOBHUS peakuuy 00eCHeYnBalOT CEeIeKTUBHOE (HOCHOPHINPOBAHHE
aMHHOB C 00pa30BaHUEM COOTBETCTBYIOIINX aMUA0(POCc]aTOB B MATKUX yCIOBUSX H C
YIAOBJICTBOPUTEIBHBIME BbIxoamu (Cxema 2).

Jdumernsn N-[2-(3,4-numerokcudenmwi)dtui|amuaodocdar (4a). Coeaunenue
nojy4eHo B Buje Oenoro mopomka ¢ BbixogoMm 47%, T 11-12°C. R = 0.47. UK
crextp (KBr), v, em': 3240 (NH), 1232 (P=0), 1022 (P-O-C). IMP 'H (400 MIL,
Xnopodopm-d) § 6.58 — 6.52 (Ar-H, m, 3H), 3.67 (OCH,, n, J = 10.0 T'u, 6H), 3.47
(POCH,, 1, J = 11.1 T'y, 6H), 2.98 — 2.91 (CH,, m, 2H), 2.79 (NH, ¢, 1H), 2.56 (CH,, T,
J=7.0 T, 2H). SAMP BC (101 MTI'u, Xmopohopm-d) & 148.88 (m, J=2.9 T'm), 147.56
(n, J=3.3Tm), 131.30, 120.81, 112.01, 111.30, 55.80 (n, J = 6.3 '), 52.85 (1, J = 5.3
I'm), 52.08, 42.72, 37.47 (n, J = 5.7 T'n). Beraucneno, %: C 49.82; H 6.92 C H, NOP.
Haiineno, %: C 49.69; H 6.77.

Jduatun  N-[2-(3,4-numerokcudennia)dtuilamunopochar (46). Coeaunenue
HoJTy4eHo B Buje Oenoro mopomka ¢ BeixogoMm 51%, Tt 93-95°C. R, = 0.44. UK
cnexktp (KBr), v, em!: 3224 (NH), 1231 (P=0), 1022 (P-O-C). 'H NMR (400 MT'1,
Xnopodopm-d) 6 6.95 — 6.43 (Ar-H, m, 3H), 4.23 — 3.91 (OCH,CH,, m, 4H), 3.86
(OCH,, nn, J = 6.3, 4.6 I'n, 6H), 3.15 (Ar-CH,, J=9.9, 6.9 I'u, 2H), 2.74 (CH,, T, J =
6.9 I'y, 2H), 1.30 - 1.28 (OCH,CH,, M, 6H), 1.27 (NH, 1,J= 0.8 I'r;, 1H). IMP "C (151
MTI'n, Xnpodopm-d) 6 148.37 (n, J=197.5T'm), 131.30, 120.77 (n, J=24.3T'w), 113.77
—105.98, 62.30 (an, J=9.2, 5.4 '), 58.09 — 52.26, 42.80, 37.53 (o, J = 5.8 T'nm), 16.25
(1, J=6.4T). AMP3'P (162 MI't, Xnopodopm-d) 6 9.02. Beraucneno, %: C 52.99; H
7.57 C ,H, NO.P. Haiineno, %: C 52.87; H 7.42.

Pesyabrarpl. B pabote ncciemoBano QochopunupoBanue (QpeHWIdTHIAMAHA H
3,4-mumeTokcudeHITIaMUHA auankwipochuraMn B yCIOBHAX peakuuu Tomna-
Arteprona.llokazaHo, 4To BEIOpaHHBIE yCIOBHUSTIO3BOISIOT IOTY4aTh COOTBETCTBYOIIHE
amugodocdarsl ¢ XopomrMHu Beixonamu. CTpoeHHE CHHTE3UPOBAHHBIX COCAMHEHHIN
yCTaHOBJICHO Ha ocHoBaHuU AaHHbIX K- u SIMP-cniekrpockonuu (‘H, 1*C, *'P).

[lonmy4yeHHble pe3yabTaTbl CBHICTEIBCTBYIOT O BO3MOXXHOCTH HCIIOJIb30BAHHS
peaxuuu Tonma-ArreproHa s cuHTe3a N-(hochOpUIMPOBAHHBIX MPOU3BOIHBIX
apoMarnyeckux aMuHOB. llpoBenéHHOe wuccrenoBaHUEe OMOJHAET CBEACHUS O
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PEaKIMOHHON CIIOCOOHOCTH (DEHITUIIAMUHOB B peakuusx (ochopuiupoBanus u
pacimpsieT psi U3BECTHBIX aMU10(ochaToB apoOMaTHYECKOTO Psia.

CTpoeHne CHHTE3UPOBaHHBIX coeqrHeHHi (3a-0, 4a-0) MOATBEPIKICHO KOMILIEKCOM
(U3UKO-XUMHUYECKHX METOJ0B aHanmu3a, Brmodatonmx HMK-, 'H, BC u 3'P SIMP-
CIIEKTPOCKOITHUIO, a TAK)KE JaHHBIE DJIEMEHTHOTO aHaIN3a.

(0]
NH NH_ (|
g (I)I TEA, CCl, I:kp (OR)Z
+ H-P (OR),
-CHCl;, -EtsN * HC1
2 a-0

3a-6

R = Me (a), Et (6)

Cxema 1 — Cunres auankun N-(2-dpenmmtun)amugodpocdar (3a-6)

NH_ ||
o NH, o ~P(OR),
H,C 1 TEA, CCl, H,C
+ H-P(OR), ——— >
~CHCI,, -E,N * HCI
HyC 226 H,C—¢
(6)
4 4 a-0

R = Me (a), Et (6)

Cxema 2 - Cunre3 auankui N-[2-(3,4-mumeroxcudernn)atiilamunodocdar (4a-6)

B UK- cnekrpax coemunenuit (3 a-0, 4 a-0) uaeHTUGUIUPOBAHBI TOJIOCHI
moryorenus B oomactu 1230-1235 cm! xapakrepusie st P=0O rpymmsl, B HHTEpBaje
1022-1028 cm’' HabOMrOMAI0TCS MHTEHCUBHBIE N0J0CHl noniomenuss P-O—-C cBsasu, a
mpu 3216-3240 ¢! TIpOSABIISAIOTCS TTOTOCHI TOTIOIIEHHUS, XapaKTEPHBIE IS BAJIEHTHBIX
ronebanuit NH rpymm (Pucynok 1-2).

" 36 1028
—3a

1230

3216

0,8 4

1025
0,6

1235

Transmitance (%)

04
0 2 N 3220

0,0 H

T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Pucynok 1 — UK- criektp nuankun N-(2-penmmatn)amunodocdaros (3a-6)
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18{——46 i
ET—— 4a 1231

4

0,8 1

1232

Transmitance (%)

0,6 1

0,4 1
0 2 N 3240 \«Ah
0,0 1

T T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)
Pucynok 2 — K- criektp auankmn N-[2-(3,4-mumerokcudenun )3t Jamugodocdar (4a-6)

B cnekrpax SAMP 'H coemunenuii (3 a-0) curHanbl MpoTOHA aMUIHOM TPYIIIBI
MIPOSIBIISIFOTCSE B BUJIE TyOnera B o6iactu 2.54-2.79 M.J1. ¢ KOHCTAHTOH CITUH-CIIMHOBOTO
pacmemenus J = 7-7.2 I'u. Curaasisl IpOTOHOB AUATKOKCH(OCPOPHUIBHBIX TPYIIIT A
(3 a-0) mposBIsIFOTCS B BHE AyIuieta B obmactu 3.34 m.u. (n, 6H), 4.00-3.87 m.a. (M,
4H), 1.25 m.x. (T, 6H); nist (4 a-6) — myneTumwieT B oonactu 3.47 m.a. (1, 6H), 4.23-3.91
M.a. (M, 4H), 1.30-1.28 m.a. (M, 6H). Curnansl mpoTOHOB apOMaTHYecKoro pparMeHTa
s coequHenui (3 a-0) pe30HUPYIOT B BUJE MYJIBTUILIECTOB B obnactu 7.02-6.93 m.1.
(M, SH), 7.24-7.19 m.n. (M, SH), a ans coenunennti (4 a-0) B uHTepBaiax 6.58-6.52 (M,
3H), 6.95-6.43 (m, 3H).

,,,,,

o §0—04

N

A A N EEN EEEEEEEEEE]

Pucyrok 3 — Cnekrpsl SIMP 'H, 3C aumernn N-(2-¢penumsrun)amunodpocdara (3a)
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Pucynok 5 — Crekrpsl IMP 'H, B3C guatin N-[2-(3,4-numerokcudenwn)atun|amuaodocdar (40)

B crmekrpax SIMP C coenunenunit 3a-6 u 4a-0 uaeHTH(GHUIUPOBAHBI CHTHAJIBI
BCEX aTOMOB YIIEpona, NMPEAyCMOTPEHHBIX HMX CTpoeHHeM. [lomoykeHwus CHTHaIOB
apOMaTHYEeCKNX W  aIIKOKCHJIBHBIX  (DparMEHTOB  COOTBETCTBYIOT  CTPYKTypam
CUHTE3UPOBaHHBIX amuodocdaros (Pucynok 3-5).
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Pucynok 6 — Crekrpsl IMP *'P nuatun N-[2-(3,4-mumerokcudenun)ati|amugodocedar (46)

B cnekrpe SAMP 3P coemunenust 46 HaOMIOMAaeTCs] OMUH CHUHIVICTHBIA CHTHAI,
XapaKTePHBIA s quankuinokcuamunodocharos. Hamuune eMHCTBEHHOTO CHTHAIA
¢docdopa cBuaerenscTByeT 00 00pazoBaHuK OAHOTO (pochopconepKamero NpoayKTa.
3HaueHHe XUMHUYECKOTO CABUTA HAXOAUTCS B OONACTH, TUIIMYHON [IJIS COEIMHEHHI
JAHHOTO KJacca, 4To coriacyercs ¢ oOpa3oBanuem cBsizu P-N. JlonmomHutenbHbIE
CUTHAJIBI B CIIEKTPE OTCYTCTBYIOT (PuCyHOK 6).

Cosokynuocts aanubix UK-, 'H, *C u 3'P SIMP-ciekTpOCKOIMH TOATBEPKIACT
CTpOeHHE TONy4YeHHbIX amuzaodocdaroB. s coenWHEHWH, CUHTE3UPOBAaHHBIX Ha
OCHOBE 3,4-auMeToKcU(DeHITHIIAMUHA, HATMYME METOKCUTPYIII OKa3bIBaeT BIUSHUE HA
AJIEKTPOHHOE pacHpeielicHHe B apOMaTHUECKOW CHUCTEME, YTO MOXET OTpa)kaThCs Ha
PEaKIMOHHOM CITIOCOOHOCTH aMUHOTPYIIIIHI B Ipoliecce GocPopHuIMpoBaHUsl.

[TomyueHHbBIE pe3yNIbTaThl COMACYOTCS ¢ MEXaHU3MOM peakiuu Tojia-ATTepToHa,
MPEOoIaraliM 00pa30BaHUe MPOMEKYTOYHBIX XJIOP(HOCHOPHBIX MPOU3BOIHBIX
MpYU  B3aUMOACUCTBUU JIHATKUI(POCPUTOB € TETPAXJIOPMETAHOM B MPHUCYTCTBUH
TPUATHIIAMHHA W WX TIOCIENYyIollee B3auMOJACHCTBUE C amMuHOM. OTCyTCTBHE
MOCTOPOHHUX CHTHAIOB B crektpax *'P SIMP yka3piBaeT Ha TPEHUMYIIECTBEHHOE
o0pa3oBaHue IEJIEBBIX MPOAYKTOB B BHIOPAHHBIX YCIOBUSX peakuuu. lloiaydeHHbIC
JIAaHHBIC JIOMOJHSIOT CBEJICHUS O CIEKTPaIbHBIX XapaKTePUCTHKAX amuaodocharonB
apOMaTUYECKOTO Psijia.

3akawuenne. B rocieqHue rogpl BO3MOXKHOCTH peakiuu Tojia-ATTepToHa ObLIH
CYIICCTBEHHO PACIIUPEHBI 32 CUET BOBJICUCHUS B TIPOIIECC Pa3IUYHBIX KJIIACCOB aMHHOB,
BKJIFOYAsl TETEPOLMKINYECKHE COCIUHEHUS, aMWUHOKHCIOTHI W WX MPOU3BOJIHBIC.
PasBurne wmeToma CBSI3aHO TaKXKEe C TPUMEHCHHEM KaTaIMTUYECKHX CHCTEM,
MHUKPOBOJTHOBOW aKTHUBAIIMU W TMOJIXO/0OB, HAMPABICHHBIX HA CHIDKCHHUE KOIHUYECTBA
MOOOYHBIX MPOAYKTOB U ONTHUMH3AIIMIO YCIOBUI CHHTE3a. DTO MO3BOJSIET BAPHHPOBAThH
KpYr HCIIOJIb3yeMBIX CyOCTparoB M TONy4arh HOBbIE N-(pocoprinpoBaHHbIE
COCIMHCHHUS PA3IMYHOTO CTPOCHUSI.
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HWccnenoBanus B 001aCTH XMMHU COSAMHEHUH, CoZiepKanuX CBsi3b P-N, npogomkaroT
OXBaTBIBATh IUPOKUN KPYT 3a]1a4, CBSI3AHHBIX C UX CHHTE30M, CTPOSHUEM U CBOMCTBAMH.
Cy1iecTBEHHBIN BKJIAJ B U3YYCHUE TAKUX COCIUHEHUU BHOCSAT COBPEMEHHBIEC METOJIbI
CTPYKTypHOro aHanwuza, Bkiatouas SIMP- u UK-cnekrpockonuio, a Takke KBAaHTOBO-
XUMHUYECKHUE PACUEThl, IMO3BOJISIONIUEC PACCMATPUBATh OCOOCHHOCTH BJICKTPOHHOIO
CTPOEHUS U PEAKIIMOHHOW CIIOCOOHOCTH POCPOPOPraHUIECKIX POU3BOTHBIX.

OnHUM U3 BaXKHBIX aCIEKTOB OCTA&TCs M3YUYCHHUE BIMSIHHS CTPOCHUS MOJEKYIbI
Ha e€ cBolicTBa. M3MeHeHue MpUPOIbl 3aMECTUTENICH MPHU aroMmax azora u docdopa
MOXKET OTPaKaThCs HA YCTOMUMBOCTHU CBSI3U P-N, CHEKTpanbHBIX XapaKTEPUCTUKAX
U PCAKIMOHHOW CIIOCOOHOCTH COCNMHEHHWH. BBeneHue 31IeKTPOHOAOHOPHBIX HIIN
AJIEKTPOHOAKIEIITOPHBIX TPYMI B apOMAaTUYECKU (ParMEeHT IO3BOJIIET W3MEHSTh
JNEKTPOHHOE pAaclpelesieHne B MOJIEKYJe U TOJXy4aTb HOBBIC MPOU3BOIHBIC C
pa3IUMYHBIMUA (PU3UKO-XUMHUYECKUMU XapPaKTEPUCTUKAMU.

B cBs13u ¢ 3THM UCCIIeTOBaHNE PEAKIIMOHHON CIIOCOOHOCTH apOMaTHYECKIX aMUHOB
B YCIOBUSIX peakuuu Tonga-ATTepToHa MPeICTaBIseT 3HAYUTEIbHBIN HHTEPEC KakK C
MPAKTUYECKOM, TaK U C TCOPETUUCCKOM TOUKH 3PCHUS.

Takum o0Opaszom, Ha ocHoBe (heHmIAITIWIIaMuHA (1) 1 3,4-aUMeTOKCH(EHITHIIAMIHA
(4), mumerundochura (2a) u gmTHAGOchuTa (20) OBUIM  CHHTE3UPOBAHBI
amuiodocdarsl ¢ UCMOIB30BAaHUEM peakiuu Tonaa-ArepToHa ObUTH CHHTE3HPOBAHBI
HOBBIE amupodocdarel apomarndeckoro psga. CocTtaB M CTPOCHUE IONTYYCHHBIX
COeIMHEHHH MOTBEPIKICHBI JAHHBIMH DJIEMEHTHOTO aHajm3a, a Takke K-, IMP 'H, BC
u 3'P cnekrpockonuu. [TogydeHHbIe pe3yabTaThl CBUACTENBCTRYIOT 00 3(h(HheKTHBHOCTH
NPUMEHEHHOTO MOAXOJAa M BO3MOXKHOCTH €r0 HCIOJBb30BAHUS MJISl HAMPABICHHOTO
CUHTE3a HOBBIX (PYHKIMOHAIBHO 3aMEHIEHHBIX aMHUI0(Poc(HaroB ¢ MOTCHIIUAIBEHO
LEHHBIMU  (PU3UKO-XUMUYECKUMH ¥ OHOJIOTUYECKUMHU CBOMCTBaMHU. Pesynbrarsl
MHTEPIIPETALNN CIEKTPAILHBIX JAHHBIX HUCCIEAYEMbIX COCIUHCHUNW MOTYT OBITh
WCIIOJIb30BAHBI JIJISl YCTAHOBIICHUS CTPYKTYPHBIX 0COOCHHOCTEH aMuIopocdaroB 1 ux
ITPOM3BOJIHBIX, a TAKKE JIJIS JAITBHEHIIIETO H3YYeHHs 3aKOHOMEPHOCTEH (POpMUPOBaHUS
cBsi3u P-N B peakiusx pochopuinrpoBanus apoMaTHIeCKUX aMHHOB,

[Tony4yennsle AaHHBIC NOMOJHSIOT CBEACHUSI O CIEKTPAJIbHBIX XapaKTEPUCTHKAX
amuiodocharoB U MOTYT OBITh HCIIOJIB30BaHBI MPU WIACHTU(UKAIUK COCIUHEHUI
nmanHoro kinacca Mmerogamu K- u SAIMP- cnexktpockonuu. Pe3ynasrarsl npoBenEHHOTO
HCCIENOBAHUS TaKXe IOKA3bIBAIOT BO3MOXKHOCTh NPUMEHEHHs peakuuud Tomna-
AtTteprona s cuHTe3a HoBbIX N-hochopunpoBaHHBIX MPOU3BOAHBIX APOMATHYECKOTO
psana. Ilomydennsie amumodocdarsl MOTYT CIIy’)KUTh OCHOBOH Ui JTATbHEUIIMX
WCCIENOBAHUN, HAMPABICHHBIX HA HM3yYEHUE BIUSHUSA CTPOCHHUS MOJICKYNbl Ha €&
(PMBUKO-XMMHUYECKUE CBOWCTBA M PEAKIMOHHYIO CIIOCOOHOCTb.
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Abstract. The development of environmentally friendly, sustainable, and highly
efficient catalytic technologies for the production of high-octane motor fuels remains
an important challenge in the modern petrochemical industry. The design of advanced
catalysts capable of deep conversion of heavy petroleum fractions and efficient
transformation of normal alkanes is of particular scientific and industrial interest.
The aim of this work was to synthesize multifunctional nanocatalysts based on
mesoporous aluminosilicate zeolites modified with cerium oxide and to investigate
their structural, physicochemical, and catalytic properties. The catalysts were prepared
by the wet impregnation method using an aluminum hydroxide matrix as a support.
The synthesized materials were characterized by BET surface area analysis, ammonia
temperature-programmed desorption, X-ray diffraction, Fourier-transform infrared
spectroscopy, and SEM-EDS analysis. The results demonstrated that cerium oxide
formed highly dispersed nanoparticles with sizes of 3—5 nm uniformly distributed
throughout the zeolite framework. Such distribution improved the accessibility of
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active sites and enhanced catalytic performance. Catalytic tests were carried out during
the conversion of n-tetradecane and n-pentadecane at temperatures ranging from 300 to
500 °C. Increasing the reaction temperature enhanced the conversion of n-tetradecane
from 40.9% to 91.7% and n-pentadecane from 45.6% to 94.9%. The cerium-modified
Y-type zeolite exhibited the highest specific surface area of 242.6 m*/g and the most
developed porous structure among the studied samples. The catalysts demonstrated high
selectivity toward the formation of branched iso-alkanes, light olefins, and high-octane
gasoline fractions while suppressing coke formation. The obtained results confirm the
potential of the developed nanocatalysts for deep petroleum refining processes and the
production of environmentally friendly motor fuels that meet modern environmental
standards.

Keywords: hydrocarbons, petroleum refining, zeolite catalyst, cerium oxide,
catalytic selectivity, cracking, characterization methods
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AHHOTaUusl. MyHali-XUMUsI OHEPKICIOIHE KOFapbl OKTAH/bl MOTOP OTBIHJAPHIH

OHJIpyre apHaJfaH O3KOJOTHSUIBIK KayilcCi3, TYpaKTbl >KOHE KOFapbl THIMII
KaTINTUKAJIBIK TEXHOJOTHUSIApAbI 93ipiiey MaHbI3[Abl FBUIBIMH JKOHE OHIIPICTIK
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MiHAeTTepAiH Oipi Oonbim TaObutaAbl. KamelnTel ankaHgapAbl THIMAI TYpJIEHAIpyTe
KOHE ayblp MyHail GpakIMsIIapblH TEPEH OHACYre KabijeTTi )aHa KaTaau3aTopiaapibl
xKacay epekmie e3eKTUTiKke ue. Ocbl KYMBICTBIH MAakKcaTbl LEpUH OKCHIIMEH
MOOU(UKALMSTAHFAH ME30KEYeKTi  aTIOMOCWJIMKATTBI — LEOJUTTEp  HeTi3iHzeri
Kon(pyHKIMOHAIIbI HAHOKATAIN3aTOPIAp bl CHHTE3/IEY JKOHE OJapIblH KYPBUIBIMIBIK,
(U3NKA-XUMISITBIK KOHE KaTaJIMTUKAIBIK KAaCHETTEpiH 3epTTey OOJNBIN TaObLIaibl.
Karanuzaropnap amoMUHUN THIPOKCHII MATPULIACKI HETI31HIE CIHIIPY 9/iCi apKbLIbI
JnalbiHaanael. AJbIHFaH MatepuangapabiH Kacuertepi BET omiciMeH, aMMHAaKTHIH
TeMIeparypaiblK OarJapiaManaHfaH JecOopOLUMsICHl, PEHTreHAiK (a3aiblK Tajaay,
nHOPakpI3p1 criekTpockonus xoHe SEM-EDS onictepi apkbuibl 3eprrengi. 3epTrey
HOTIDKENEpl Lepuil OKCHIIHIH HEONHT KYPBUIBIMBIHAA >KOFaphl AMCIEPCTI Kyiae
opHajacklm, eameMaepi 3—5 HM O0NaThiH HAHOOOJIIIEKTEep TY3ETiHIH KepcerTi. by
OJIapJbIH OCJICEHJII OPTAJBIKTAPBIHBIH KOJDKETIMIUIITIH apTTBIPHII, KaTaJIUTUKAIBIK
KacHUeTTePiHIH )KaKcapyblHa bIKIAT eTTi. KaTanuTukaablk ChIHAKTap N-TeTpaiekaH MeH
n-neHTanekanapl enaey kesinae 300-500°C Temmeparypa apajiblFbIHIA KYPTi3iigi.
Temneparypa )xoFapbliaraH cailblH n-TeTpajekaHHbIH KoHBepcuschl 40,9%-1an 91,7%-
Fa JIeliH, all n-TIeHTaJCeKaHHBIH KOHBepcusichl 45,6%-man 94,9%-ra neliH apTThI
Hepuitmen mMomudukanusianFad Y THUOTI LEOJUTTIH MEHIIKTI OeT aymanbel 242,6
M%/T Kypar, eH >KOFapbl KepceTkimke ue 0oinpl. Katanuzaropnap u3oaikaHIapblH,
KEHIN oneUHACPIAIH KOHE >KOFapbl OKTaHIbl OEH3WH (ppakUusIapbIHBIH TY311yiHE
JKOFaphbl CEIEKTUBTUIIK KOPCETIM, KOKCTIH TY31JIyiH TOMEHACTT. AJBIHFaH HOTHXKeIEep
O3ipJIeHreH HaHOKaTalIW3aTOpiIapAblH MyHal bl TepeH oHAeY THIMAUITIH apTThIpyFa
YKOHE DKOJIOTHAJIBIK TaJlanTapFa cail MOTOP OTBIHAAPBIH OHIIPYre MYMKIHIIK OepeTiHiH
KOPCETTI.

Tyiiin ce3nep: koMipcyTekTep, MyHall OHIEY, IEOIUT KaTalu3aTopbl, HEPU OKCHI,
KaTaJIMTUKAJIBIK CEJICKTUBTLIIK, KDEKUHT, 3epTTey dicTepi

Kapowcvinanowipy: oyn sicymvic Kazaxeman Pecnybnukacer foinvim sicane scogapul
OiniM MuHUCMPRICTHIK FblibiM KOMUmMemi MAapanvlHaH HbICAHAIbL KAPACLLIAHObIDY
bazoapnamacel asCbIHOA  KAPHCOUILIK KOAOAY apPKbLIbl  OpPbIHOANObl  (dcoba Ne
BR24992995 — «Mynaii-eaz0vl 6HOey dicoHe OPEaHUKAIbIK CUHME3 Npoyecmepine
APHANRAH OMNENl JCIHE CUpeKdIcep Memandap He2izinoe2i JHcaya KOMROZUMMIK
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AnHoTanusi. Pa3paboTka  JKoimorudeckw — O€30MacHBIX, YCTOWYHBBIX |
BBICOKOO()()EKTUBHBIX KATAIUTHUYECKUX TEXHOJOTUH IMONYyYEHHS BBICOKOOKTAHOBBIX
MOTOPHBIX TOIIJIMB SBISIETCS OJHOM W3 aKTyalbHBIX 3a7ad COBPEMEHHOMN
He(TEXUMHUECKOH MPOMBIIIICHHOCTH. OcoOblii MHTEpEC MPEeNCTaBIseT CO3JaHHE
HOBBIX KATaJIM3aTOPOB, OOCCHEYMBAIONMX IIIyOOKYI0 TIepepaboOTKy TSHKEIBIX
HeTsIHBIX (pakuuid ¥ 3h(eKTHBHOE TpeBpalieHne HOPMalbHBIX aikaHOB. Llenbio
paboThl SBISIETCS CHHTE3 MHOTO(QYHKIMOHAIBHBIX HaHOKATAIM3aTOPOB HAa OCHOBE
ME30TIOPHUCTHIX AIIOMOCHIIUKATHBIX [[EOJUTOB, MOIU(PUIIMPOBAHHBIX OKCHUIOM IIepus,
a TaKKe UCCIEeNOBAHUE MX CTPYKTYPHBIX, (DU3MKO-XMMHUYECKMX U KaTaJUTHYCCKHX
cBoiicTB. Karann3aropsl mogy4eHbl METOJIOM MPOTHUTKH C UCIIOIB30BAaHUEM MaTpPHULIBI
TUApOKcH 1A aTfoMUHMSL. CBOWCTBA CHHTE3WPOBAHHBIX MAaT€pHAIOB N3y4Y€HbI METOJIaMHU
HU3KoTeMIeparypHoi ancopbuuu azora (BET), TemmeparypHO-TiporpaMMupyeMoit
JecopOIMy amMMHuaka, peHtreHogaszoBoro ananusa, HMK-cnekrpockornuu u SEM-
EDS. YcranosneHo, uto okcuj 1iepusi (GOpMHUPYET BHICOKOIUCTIEPCHBIE HAHOYACTUIIBI
pasmepoM 3—5 HM, PaBHOMEPHO pacIpeaeNEHHBIE B CTPYKType IeoiuTa. Takoe
pacmpesnesnenne CHoCOOCTBYeT YBEIMUYEHHIO JOCTYHMHOCTH aKTHUBHBIX IEHTPOB
U YIyYIIEHUIO KaTaJMTHYECKUX XapakTepucTuk. Karanutnyeckne MCIBITAaHUSA
MPOBOJVMIINCH TpU TepepaboTKe H-TETpajiekaHa W H-TIEHTaJeKaHa B HHTEpBaie
temmepatyp 300-500 °C. IloBblmeHue TeMIiepaTyphl MPUBOIUIO K YBEITHUYCHHUIO
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CTeneHu koHBepcuu H-TeTpaaekana ¢ 40,9 no 91,7 %, a H-nenTanekana - ¢ 45,6 mo
94,9 %. HaubGonee pa3BUTOH MOPUCTOH CTPYKTYpOW M MaKCHMAJbHOH yOenbHON
MOBEPXHOCTHIO 242,6 M?/T XapaKTepu30BaJCsl LEOIUT Tuna Y, MOAU(DULIUPOBAHHBIH
okcuznoMm uepus. Mccnemyemble KaTaau3aTopbl MPOJEMOHCTPHUPOBAIN  BBICOKYIO
CEJIEKTUBHOCTh K 00Pa30BaHMIO M30AJIKAHOB, JIETKUX 0JIe()MHOB M BBICOKOOKTAHOBBIX
OCH3MHOBBIX (pakuMid NP OJHOBPEMEHHOM CHIKEHHH KOKCOOOpPa30BaHHMS.
[lony4yenHble pe3yabTaThl MOATBEPXKAAIOT IEPCIEKTUBHOCTh  pa3pabOTaHHBIX
HAHOKaTaJIM3aTOPOB JJISl TIPOLIECCOB TITyOOKOH mepepaboTku He()TH U MPOU3BOICTBA
9KOJIOTUYECKH 0€30MaCHBIX MOTOPHBIX TOIJIMB.

KuroueBble ciioBa: yrieBogopoasl, HedrenepepadoTKa, EOTUTHBIH KaTaiu3arop,
OKCHJI LIEpHs, KaTAIUTUYECKas CEIEKTUBHOCTb, KDEKUHT, H-aJIKaHbI, BRICOKOOKTaHOBBII
OeH3MH

Kipicne. Ka3ipri 3amurbl xahaHIbIK >KoHE OTaHABIK MYHail eHAEy MEH MyHai-
XMMHsSI ©HEPKACiOiHIH ajablHaa TYPFaH €H 0acThl CTPATETHSUIBIK 9pi TEXHOJIOTHSIIBIK,
MIHJETTepAIH Oipi - OHIIPICTIH SKOHOMHUKAIBIK THUIMIUITIH MaKCHUMAJbl JCHIeHre
apTTBIPYMEH KaTap, KopLlaraH OpPTaHbl KOPFay, SKOJOTHSUIBIK KayilCi3miKTi cakray
KOHE OPHBIKTBI JaMy[blH KaTaH XaJlbIKapajblK CTaHAAPTTapblH OYJDKBITHAN
KaMTamachl3 ery Oojbin TaObutagsl. JKublpma OipiHIN FachblpAaa KaTaJUTHKAJBIK
KPEKMHI JKOHE KaTaJIWTHKAJIBIK H30MEpJiey MPOLECTepi >KOFapbl OKTaHIBl MOTOP
OTBIHJAPBIH, ABUALMAJIBIK >KaHapMail KOMIIOHEHTTEpiH JKoHE OaFambl TOMEHTI
MOJIEKYJIajbl XMMHUSUIBIK —IIMKi3aTTapasl  (KeHUT oneuHAep MEH apoMarThl
KOMIpCYTeKTep/i) OHIIPYIiH HETi3ri ipreii TEXHOJOTHSUIBIK IuiaTgopMacsl peTiHae
tanbpansl (Kolesnikov, 2020; Batova and Lipin, 2021). Ocbliran KapamacTas, Ka3ipri
TaHAa MyHail eHJEy 3aybITTapblHAa KOJJAHBUIBII JKYPreH MASCTYpIi OHAIpPICTIK
KaTaJn3aTopiap ayblp MyHail pakUuusuIapbl MEH Y3bIH Ti30€KTi KaJbINThI aJIKaHAap bl
eHIey OapeichiHOa OipKaTap MaHBI3Abl TEXHOJIOTHSUIBIK JKOHE KHUHETHUKAJBIK
mekTeynepre tan oonyma. OnapibiH 0acThl KEMIIUIIKTEpiHE KaTaau3aTop OCTiHIH Te3
KOKCIIEH 0achbUTybl, TEPMUSUIIBIK TYPAKCHI3ABIFEI KOHE KOpIIaFaH OpTaFra TeXHOTCHIIIK
KYKTEMEH1 apTThIpaThlH, COHAAW-aK KOMIpTeri KaJgbIKTapbl MEH YJbl Ta3dapiAblH
amajiaH ThIC 0OJIiHYiHE OKEJICTIH TOMEH CEeJICKTUBTLIIT KaTa Ibl.

Ocpbl opaiina, atMocdepara TacTalaTblH 3USHABI MAPHUKTIK Ta3gapAblH, KYKIpTTi
KOHE a30TThl KOCBUIBICTApAbIH MOJIIEpiH OapblHINA a3aiiTyFa, COHBIMEH Karap
KaTJINTHKAJIBIK TNPOLECTiH OarbITBIH TEK MaKcaTThl OHIMJIep Ty3llyiHe Kapai
peTTeyre MyYMKIiHJIIK OepeTiH, >KOFapbl OCJCEHAUIITIMEH JKOHE TaHAaMajlblIbIFIMCH
epeKIIeNeHeTiH KaHa OybIH HaHOKATaIN3aTOPIaphIH JKacay - Ka3ipri XMMHUs FBUIBIMBI
MEH KaTajH3 TEOPHSICHIHBIH €H ©3¢KTi, 0achiM OarbITTapbIHBIH OipiHEe alHaJBII
OThIp. MyHIall MHHOBAUMSJIBIK HAHOKYPBUIBIMIBI JKYHenepli eHIipicKe eHri3y
MYHall MIMKI3aTbIH TEPEeH OHJEY KOPCETKIIITEpiH aWTapiblKTail jKakcapThll KaHa
KOHMaii, alblHATBIH OCH3MH MEH JAM3eJb OTBIHIAPBIHBIH CalalblK CHIaTTaMaiapbiH
XallBIKApaJIbIK AKOJIOTHSUIBIK CTaHAApTTap JeHreifline nediH KeTepyre, OTHIHHBIH
YKaHy THIMIUIITIH apTThIpyFa jKoHEe KO3FaITKBIITApJaH O6JiHETiH yIbl KalIbIKTap bl
azalTyra TiKeJeH Ko amasbl.
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9nedou moury. Ochl TYpFBIIaH alFaH/1a, Ka3ipri KaTalu THKAIBIK )KYHenepain OenceH i
KaTThl HEri3i HeMece TachIMaJJIaylllbl MaTPUIAChl POIIIHJIE KEHIHEH KOJJIaHbUIATHIH
ME30TIOPIIbI ATFOMOCUIIMKATTHI [IEOIUTTED, aTarl alTKaHAa, HePAPXUSIIBIK KYPBUTBIMIbI
LEOJIUTTEP MEH OJAPJAbIH OPTYPJi MoIupUKAIMIaHFaH TYpJiepi e3lepiHiH Oiperei
(pU3HKA-XUMUSIIBIK KacHETTepiHe OalaHBICThI QJIEMJIIK FBUIBIMH OpTaja epeKIe
KBI3BIFYIIBUTBIK TynbIpyna (Garcia and Lopez, 2022; Hernandez and Martinez, 2022).
Byn marepmangap KpUCTAJIBIK ATFOMOCHIMKATTAD KIIACBIHA JKaTallbl KOHE KaTaH
PETTEIreH MUKPOKEYEKTI, ME30KEYCKTI JKOHE MaKPOKEYeKTI KaHaJAapiblH JaMbIFaH
KEHICTIKTIK MepapXHUsUIBIK JKyHeciHe ue OONybIMEeH cHrarTanaabl. MyHmaid Kypuremi
TEOMETPHSUIBIK COYJIET KaTalu3aTOpAblH MEHIIIKT] OSTTIK ay/laHbIH JKY3/I€TeH KBaJpaTr
MeTpre Jeiin yiraiTyra Mymkiaik oepeni (Hernandez and Martinez, 2022). OcbIHbIH
HOTIDKECIH/IE PeaKIusiFa TYCETiH ipl emeMli ayblp KOMIpCyTeK MOJIEKyIalapbIHbIH
KaTaJau3aTOP/IbIH IIIKI MMOPJIapbIHa OpHANIacKaH OCJICEH/II OpTaJbIKTapFa KeAepricis,
KepUiAaM  aud@y3usiiaHybl KamMTamachl3 eTiiedi. by KyObUIbIC MaTepHalibiH
IIIKI KEHICTIriHAer1 Macca alMacy OHE JKbUIy anMmacy HpOIEeCTEpiH KeAeJeTim,
KaTaJn3aTopAblH KbI3MET eTy Mep3iMiH y3apranbl. Ocbl opaiiia, aliblK MOpPJIbI
KYpbUIbIMFa W€ OYJ LEOJNUTTep JMAeKaH, TETPaJeKaH >KOHE TIEHTAaJEKaH CHSKTHI
Y3bIH Ti30eKTi mapaduHIli KOMIpCyTEeKTepJiH KaTaluTHUKAJBIK TYPJIEHYi, OJapiblH
MOJIEKYJIAJbIK KAaHKACBIHBIH JECTPYKIHICH (KPEKHHI) >KOHE H30MEpIieHyi YIIiH
JKOFapbl THIMJII TaHIaMaJjlbl HAHOKATAJIN3aTOPJIBIK HET13 PETIHIe KOJIaHbUTYFa TOJBIK
FBUIBIMA HET13 00J1abl.

[eonuTTik MaTpuLaJapblH KaTAIUTHKAIBIK OCJCEHIUIri MeH MINIHIIK
(CTEpeOXUMHUSIITBIK) CEJIEKTUBTUIIIT TEK OJapJAblH TI'€OMETPHSUIBIK KEyeKTepiHiH
eJIIIeMIepiMEeH FaHa eMeC, COHBIMEH KaTap KaTThl aJIFOMOCHIIMKATTHI KbIIIKbIIIAP IBIH
TaOUFaThIHA TOH OCTTIK KBIIIKBIIIBIK-HET13/11K KACHETTEPIMEH JI€ TiKeJIeH aHbIKTaIa bl
By karanusaropnapiblH KPUCTANJBIK KAaHKACBIHBIH OCTIH/AE JKOHE OHBIH IIIKI
KaHangapeiHga bpencren sxoHe JIploMC THUNTI KBIIKBUIABIK OPTajbIKTAPIBIH ©TE
KYpJelli KoHe SPTYpJIl IHEPreTHKAIBIK JKUBIHTHIFBI KanbinTacansl (Singh and Patel,
2023; Karimov and Sadykov, 2023). Anaiiia, KaTaIu TUKAJIBIK MPOIIECTIH KHHETHKAJIBIK
3aHJIBUIBIKTAPbIHA COWKeC, OYIT OCJICEH Il OpTaIbIKTapbIH OapIIbIFbl Oip/ei peakiusra
KaTbica OepMelIi; oap bl TeK OenTii Oip a3 FaHa 0eIIiri HaKThl KPEKUHT, H30MEpIICHY
HEMECe aJIKUJIJICHY peaKIMsuIapbiH KO3/bIpyFa KaoiierTi kenei. Ochirad OalIaHbICThI,
LEOJUT KaTaJu3aToOpJIAPBIHBIH KBIIKBUIABIK KACHETTEPiH, OJIapAblH OeliceHi
OPTaJIBIKTAPBIHBIH TaOUFATHIH, KYIIiH, IIOFBIPIAHYBIH )KOHE Tapasly TONOTpadusChiH
3aMaHayH (PU3HKa-XUMUSUIBIK 9JIICTEPMEH TEPEH 3ePTTey MPOLECTIH 1IIKi MEXaHU3MIH
HAKThIJIAy YIIiH FRUIBIMU TYPFBIIAH aca MaHBI3Ibl MiHJIET OOJIBIT TAOBLIA b

Byriari Tapma skofapbl KPEMHHUII ICONMTTEPAIH KaTaJUTUKAIBIK OCEPiHIH
THUIMJIUTITIH apTTHIPYABIH €H MEePCICKTUBANBI JKOHE HOTIDKEIl TOCUIACpiHIH Oipi -
OJIap/bIH KPHUCTAJJIBIK KAHKACHIHBIH KYPBUIBIMBIH OPTYpJl OTIENI HeMmece CHpEK
Kep MeTalJapbIMeH JKOHE OJapJAblH OKCHIATIK (a3amapblMeH MakKcarThl TYpAe
Monupukanusiay (Typiaeuaipy) oonbin tadsuiazgsl (Liu and Zhang, 2021; Wang and
Kim, 2023). TypneHzmipiareH IEOJUTTIK KyHelep KaTalu3aTOPIbIH TEPMUSIIBIK,
XUMUSUIBIK JKOHE THIPOTEPMAajibJbl TO3IMIUIILIH adTapibikTail apTThipanbl (Wang
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and Kim, 2023; Zhao et al.,, 2024). CoHbIMEH KaTap, METa/l MOHIAPHI IEOIUT
OeTiHJIeT] KhIIIKBUIBIK OPTAIBIKTAP/IBIH KYIIiH KaiTa 06il, peaKlusHbIH aKTHBTCHY
SHEPIUsACHIH TOMEHJAETEI, MPOLECC KbUIAAMIBIFBIH TE3JeTel KoHe €H OacThICHI -
Ka)KeTci3 KaHaMa peakUUsUIapAblH (MBICANIbl, TepeH NeCTPYKLMs, ra3 Ty3idy Hemece
KapKbIHJBI KOKC TY311y) )KYpyiH OapsiHiia mekreiini (Liu and Zhang, 2021; Zhou and
Wang, 2022).

MyHaili eHzmey eHepKOciOiHAe KypaMblHOAa MeTaibl 0ap, MoauQUKauusIaHFaH
OndyHKIMOHANABI KOHE KOMIIO3UTTIK LEONUT KaTalu3aTopiapblH KOJJAAHY aybIp
napaduHAl IMKi3aTTapIpl aHAFYpJIBIM TOMEHIPEK TeMIepaTypaiblK peXUMIEpAC
TUIM1 OHACYTE )KIHE 3ay BITTHIK OH 1 P1CTIH KAl YHEPT sl LIBIF bIHIAPbIH Al TAPIIBIKTAN
TOMEHJIETYyTe XKaraail skacaiinpl. HanoMmeTpiik ememeri eTneni HeMece CUpeK Kep
MeTaJIJapbIHBIH KOJUIOMATHI HEMECe KIIACTEpIIiK OOJIIEKTEepPiH ICOJUTTIH KEeyeKTi
KYpPBUIBIMBIHA €HT13y HOTHIKECiHJE, MAacCHUBTI MeTalAaplblH KaCUETTEPiHEH MYyJJeM
epeKIIeNeHeTiH Oipereil KBaHTTHIK-OJIIEMAIK KOHE AIIEKTPOH/BIK CUIaTTaMalapFa ne
Oerncenni daszanap Kanpimracaasl. MyHaai HaHOOOMIIEKTEP/IiH KOFaphbl KYPhUTBIMIBIK
TYPaKTBUIBIFBI MEH KOFAPbI IUCIIEPCTIIIIN KaTanu3aTop OeTiH e )KaHa KOOPINHALIMSUTBIK-
KaHBbIKIaFaH OailllaHBICTapAbIH Maiiaa OOoMybIHA JKOHE COHBIH eceOiHeH IerHapicHy-
THIPJICHY XOHE KBIMIKBUIABIK KPEKUHI peakUUsUIapbIHbIH Oip Me3rinme yinecimai
XKypyiHe (OMpyHKIMOHANIB KaTaau3) MyMKiHAIK Oepeni. CoHabIKTaH, Oyn OarbITTa
YCBIHBUIBII OTBIPFaH 3ePTTEYIEep KOMIPCYTEK IINKI3aThl HETi31HAE )KOFapbl KOCBUIFaH
KyHBI 0ap MyHail-XxMMHUsl OHIMAEPIH alyAblH KOFapbl THIMII 9pi SKOJOTHSJIBIK Ta3a
WHHOBALMSUIBIK TEXHOJOTHSIIBIK HET131€piH KaJbITACThIPYFa TiKeJIel OarbITTalIFaH.

Ka3zakcranHbIH Ka3ipri 3amMaHfbl JaMy Ke3eHiHAE IKOHE WHAYCTpHAIIIbI-
WHHOBAIMSUIBIK  OKOHOMHUKAHBl KaJBINITACTBIPY JKaFJaiblHIa HAHOKATAIH3 JKOHE
HaHOMaTepuaiap XHUMHUSCHl CalaChIHAAFbl 1prefii JKoHe KOJNAaHOallbl 3epTreynep
WITTBIK MYHai-Ta3 JKoHe MYHal-XWMHS KCIIeHIH TEeXHOJOTHSUIBIK TYPFBIAAH TepeH
KAHAPTYABIH MEMJICKETTIK CTPaTEeTHsUIBIK OaChIMIBIKTAPHIMEH TBHIFBI3 OailIaHBICTHI.
EniMizaig kemipcyTek pecypcTapblHbIH ayKbIMABI TAOMFH KOPBIH, aiiMaKTBIK T€0CasICH
KargalblH >KOHE JIOTHCTUKAIBIK OJeyeTiH THIMII opi YTHIMIBI MaiijanaHy YUIiH
LIMKI3aTTHIK OAFbITTaH JKOFaphl TEXHOJOTHSIIBIK, JalbIH OHIMIEP OHIIpYyre Koy —
YaKbIT TaJla0bl )KOHE CTPATErHsUTBIK MaHBI3IbI KaiaM 00Jbi Tadbutazsl. Ochl TYpFhIIaH
aNfaH/ia, OTaHJABIK JKETEKIIl FBUIBIMH OPTAJBIKTap MEH YHHUBEPCUTETTEpIE >KaHa
HaHOMaTepHaIlapabl CUHTE3/CY, OJIApIbIH KEYeKTI apXUTEKTYPachlH MOJICKYJIaJBIK,
neHreiine Oackapy, (QyHKIMOHAIABIK MOAM(UKALMIAY TOCUIAEPIH EHTi3y JKoHE
OJIapAbIH  KaTalUTHKAIBIK KACHETTEpPiH 3aMaHayd (QHU3UKa-XUMHSJIBIK —OficTep
KelleHiMeH Oarasay OOMBIHIIA JKYHeNi 1e ayKbIMABI )KYMbICTap KapKbIH/bI )KYPIi3iiin
KeJemi.

Xana OyblH IICONIMTTIK HaHOKAaTaJIM3aTOPJIAPBIH jKacay MYHaill eHJey, Ta3XUMHs
KOHE CHHTETHKAlbIK OajamMalibl OTBIH OHAIPICIHIeri KaTaJuTHKaJIblK KPEKHUHT,
rugpoorasaiay, pu(OPMHHI >KOHE H30MEPICHY CHSAKTBI €H MaHBI3Ibl OHIIPICTIK
MpOLECTePAiH TUIMAUIITIH MYJIEM JKaHa camajblK JCHIeHre KeTepyre MYMKiHIIK
Oepeni. lLleomuTTepniH alpbIKImIa apTHIKIMIBUIBIFEI — OJApPABIH  MOJEKYJIAJIbIK
JICHTel/Ie TaHAaMallbl ocep eTy KaOijneTiHae, OyJ MakcarThl ©HIMJACP/iH IIBIFEIMbIH
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OapblHIIAa apTTHIPBIN, >KaHaMa peakUusuIapiAbpl IneKTeini. byn marepmanmapisix
KOFapbl TEPMUSUIBIK YKOHE XUMUSUIBIK TO3IMIUTIrT olapbl OHEPKICINTIK arpeccuBTi
Karaaiaapaa, *Korapbsl KbICBIM MEH TeMIeparypalia y3ak Mep3iMal maijanaHyra
TOJBIK JKaFaau xacamuabl.

COHFBI JXBUIAAPBI MUKPO- KOHE ME30KEYEKT1 KYphUIBIMAAPAbI ©3apa YHJIeCTipeTiH
KOMITO3HTTIK JKYHenepi aiy, COHAal-aK OeJICeH i OPTalbIKTapIblH TAOUFaThIH CUPEK
Kep MeTalJapbiMeH OalbITy KaTalu3 calachlHAarbl €H MEepCIEeKTUBTI OaFrbIT PEeTiHAC
KanbinTacTel. KopbiTa aliTkanaa, 0yi1 OarbITTaFbl FEUIBIMH 13[I€HICTEp MEH TKIpHOeITiK
3epTTeysiep TaOUFU pecypcTapAbl YThIMABI MalganaHyfa, eHAIPICTIK IIBIFBIHAAP/IBI
OapblHIIAa OHTAWIaHIBIPYFa JKOHE KOpIIaFaH OpTaFa TYCETiH TEXHOTEH/IK )KyKTeMeH1
azaiita oreipbil, Kazakcran PecnyOnuKacbIHBIH HSKOHOMHUKANBIK TOYEICI3IIriH,
TEXHOJOTHSIIBIK KayiCi3IriH )KOHE XalIbIKapalbIK HApPBIKTaFbl 0aceKkere KaOIeTTIIIr i H
apTTBIPYFa TiKeJIeW )KoHe CTPaTerHsUIbIK TYPFhIAaH bIKMal eTeli. OchiFan OaiIaHbICThI
LEOIUTTI HAHOKATAIU3aTOpIap KaTbIChIHAA ACKaH, TeTpaJeKaH KoHEe MeHTaJeKaHHbIH
KaTAINTUKAIBIK aiiHally 3aHJIbUIBIKTapbl MEH epeKLIENiKTepiH aHBIKTay >KaHa
KaTaJIn3aTOPIIBIK JKYHenepi 93ipiey MeH MyHal-XUMUS TEXHOIOTUSIAPBIH 3aMaHayH
OaFrpITTa JKaHFBIPTY TYPFBICBIHAH KOFAPhl FEUTBIMU-TIXKIPUOETIK MOHTE He.

JKCNepUMeHTTIK 00J1iM. 3epTTey KYMBICBIHA KaTalu3aTop peTiHIe ME30TOPIIbl
amomocunukartel HZSM sxone HY tunti neonurrep naiiganansiinsl. Katanuzatop
yarinepi amomuauid ruapokcuai Al(OH)s Herizinae moxupuKanusiaymbsl 3JI€MeHT-
TEpAiH TY3JapbIHBIH CYyJbl €pITIHAUIEpIMEH CIHIAIpY oAici apKbUIbl AalbIHAAIABL.
AJBIHFaH KaTaIu3aTopIapIblH KaTanuTUKaNBIK OenceHainiri Cia—Cis KoMipcyTeKTepiH
eHJey npolecine seprreni. Toxipubenep HHEPTTI opTaaa (aproH arMochepachiHaa)
aFbIHJIBI PEAKTOP KOHIBIPFBICHIHA KYprizinai. IIpouecc mapamerpiepi peTinae Tem-
nepatypa 300-500°C apansirsl, KbicbiM 0,1 MIla sxoHe MUKi3aTThI Oepy KbLIIAMIBIFbI
1,5 car™' mamanapsl TaHIaN aJbIHABL. OHIMAECPAIH KypaMbl MEH KOMIPCYTEKTEepAiH Ta-
panyslH Tannay «XpoMoT3k-Kpucramm»y Mapkaibl razasl XxpomatorpadTa OpbIHIAN-
Ibl. benmy KomoHKackl peTiHae Y3bIHIBIFB 3,5M OonarbiH, ¢ropnanrad Al-Os agcop-
OeHTIMEH TONTHIpbUTFaH «Supelco» GupMachIHBIH KaIHIUIAPIIBI CHIMBI KOJAAHBIIIBL.
AtanraH KoJIOHKa napaduuai, nzonapaguHi, apoMarThl )KoHE HAPTEH 1 KOMipCyTeK-
TepAl THIMJI axXblpaTyFa MYMKiHIIK Oepeni. Tannay OapbIChiHAA KaJbIHIbI-HOHH3a-
LUSUTBIK JETEKTOp MailAadaHbUIbII, TaChIMaJlaylibl Ta3 PEeTiHAe aproH KOJAaHbUIAbL.
XpomarorpadusulblK eJIeynepie TeMIeparypalblK Oarmapiama razasl (asza yoiiH
60-130°C, an cyiibik ¢asza ymin 130-288°C apanbirbiaga xyprizingi. KypbuirbiHbl
KaJnuOpiey MakcaThlHAA Ta3a ATAJOHBI 3aTTap OOWBIHIIA a0COMIOTTI KanopIey aaic
KongaHbuiasl. CTaHIapTThl YATIIEp MUKPOIINPHIl KeMeriMeH Oipnedl xenemue eH-
Ti31iM, calbICTRIPMAalIbl TAJIAAY KYPri3iiai.

HoTmakenepai Tankeliay. Moan@puuupiaeHreH NeoJJMTKYpaMIbl KaTaJanu3aTop-
JIAPBIHBIH (PU3UKA-XUMHSJIBIK KACHETTEPiH 3epTTey

3epTTeneTiH KaTalu3aTOpABbIH OCNICEHAITITiH, KYpbUIBIMBI MEH KacHETTEpiH
cCUNaTTay YLIH OpTYpii (u3MKa-XUMHUSIIBIK oficTep KoaaaHbUiabl. CHHTE3IeNTreH
KaTaJn3aTopiapAblH MEHIUiKTI OeTiHiH aygaHbl MeH keyekriniri BOT omicimen
OJIIIEHI].
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Kecrte 1 — CunTe3nenreH karaau3aropiapblH OCTiHIH jKOHE KEYEKTI KYPBUIBIMBIHBIH CHITATTAMACHI

Karanm3sarop Kypamst S (M/T)
Yorri 1 (ZSM-5+ALO.) 209.3
Yorri 2 (Ce,0, + ZSM-5 + ALO)) 191.4
Yori (Ce,0, + Ce,0, + HY +ALO) 242.6

I-kectene OepilreH AepeKTepre COWKeC, 3epTTENTeH KaTaliu3arop YIATUIEepiHiH
apaceIiHia nepuitMen moaudukanysuianrad HY 1meonuti eH Korapbl MEHIIIKTI OeT
ayJaHblHA W€ OOIBIN, OHBIH MOHI 242.,6 M*T KypalThIHBI aHBIKTanabl. An ZSM-5
LCOIUTIH LIEPUH HOHAapbIMEH MOTU(BUKAINATIAY HOTHKECIH 1€ MaTepHaIIbIH MEHIIIIKTI
Oer aymaubiHBIH 191,4 M*/T neilin enoyip TeMeHneiTiHI Oalikanasl. KaTanuTukambik
yaepicrep OapbIChIHIA OSIICEH/Ii OPTANBIKTAP/IBIH OPTYPII THIITEPiHIH KbI3METI KoOiHe
Oip-OipiHeH ToyesCi3 KapacThIPhUIA bl XKOHE OJIAPBIH SPEKETTECYI MOJIeKyIajapra
OipJeckeH BIKMABI TONBIK €CKepimMeiTi. Anaiia KaTalTuTHKAIBIK XKyiene OipHeme
(YHKUMOHAIIBIK OPTaJbIKTApAbIH KaTap OOJybl OJapAblH e3apa JpeKeTTecy
MYMKIHJITIH ~ apTTBIPBIN, KaTadU3aTOPIbIH  MOMH(PYHKIHOHANIB  KACHUETTEPiH
KaJIBIIITACTBIPYbI BIKTUMAJ JIeN MalibIMaayFa Ooaibl.

ToxipuOenik 3epTTeynep/e oIIey HOTHKEIEPiHiH HAKTBUIBIFBIH apTThIPy Makca-
TBIHJA TEPMHUSIIIBIK dCEPIIEPi €CKEpPY, COHa-aK KeyeKTi KYphlIIbIMAAFbl AMHAMHUKAJIBIK
e3repicTepli MOJENb/Iey TOCUIAepl KOJIAHBUIABL. ATaifaH OAICTeMEIiK TocuIaepi
HETi3re aja OTBIPHII, JKYPTi3UITeH 3epTTey JKYMBICHI OJIIey KaTeliKTepiH OaphIHIIa
azaliTyFa jKOHE aJIbIHFaH HOTIIKEIEePAiH CEHIMIUTITIH KAMTaMachl3 eTyre OarbITTalIbl.

KaranuzatopnapablH KbIIIKBIIABIK-HET13/11K CUIIaTTaMalapblH aHBIKTAY VIIIH aM-
MHUaKThl TEMIIEpaTypaiblK OaFaapiamMallaHFaH JecOpOIHs d/ici KOMIaHbUIIbI (2-Ke-
cte). Karanmuzaropmap GeTiHzmeri aMMuak ajcopOLUsCHl eKi Typae xypemi. KpIKpi-
JBIK OPTAJbIKTApAbIH KypaMblHa IIEOJIUT KybICTAPBIHBIH ILIHE A€, OJapAbIH CHIPTKBI
JKaFbIH/Ia J]a OSKITUITeH opPTYPIIi TOTBIFY JOPEKECIiHIETI MeTalaap Kipyi MyMKiH.

Kecte 2 — Ynril-3 xaranm3atopiaapbIHBIH aMMUAKTBIH TEMIIEpaTypalblK OaraapiamMaiaHFaH
necopbumsicel HoTHKenepi (umol g™)

Hecopouusnanran ammuak mosuiepi, NH necopouus/r
Yori KkaTagu3arop (umol g')
Temen Oprama Korapsl Bapabirnt
100-300 °C | 300-450 °C 450+ °C
Yori 1 (ZSM-5+A1,0,) 557.7 333.5 157.9 1049.1
Yori 2 (Ce,0, + ZSM-5+A10,) 587.7 269.0 157.9 1014.6
Yori 3 (Ce,0,+ HY +ALO)) 3015.7 2048.0 729.7 5793.4

ZSM-5 + Al:Os (Yari 1) xxone Ce20s + ZSM-5 + AlLOs (Yuri 2) karanuzarop-
JIAPBIHBIH OETTEepiH/e AeCOopOIHsIaHFaH aMMHaK MeJepi 0ip-OipiHe »KaKbIH OOJIIBI.
Temen temneparypa nuamazonbiana (Taecopouus = 100-300 °C) KpIIIKBUIIBIK Op-
TanbIKTap 0ackiM OOJBIN, OJAp/BIH KaTalu3aTOPAarbl KOHIICHTPAIUSICHI COMKECIHIIe
557,5 MKMOIB/T skoHe 587,7 MKMONB/T Kypasabl. Opralia Temreparypa Juana3oHblHAa
(Tnecop6rus = 300—450 °C) ammuak memnmepi Yuri 1-mge 333,5 mxmons/t, Yari 2-1e
269,0 mxmounb/T aeHreitinae 6onapl. XKorapsl Temneparypana (Trecopbius > 450 °C)
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KBIIIKBUIIABIK OPTAJIBIKTAP/IBIH €H TOMEHT1 MeIepi exi kaTanu3aropaa aa 157,9 mk-
MOJIB/T Oomnbl. HoTmxkecinae, aMMUaKThIH JKaJIbl JeCOpOIMsUIaHFaH MeJepi YJiri
1-ne 1049,1 mxmons/t, Yuri 2-ne 1014,6 MkMoib/T neHreiinae tipkenai. EH xorapbl
ammuak pecopoumscel Ce20s + HY + ALOs (Yari 3) xaranuzaropsiHga OaiKasiibl.
Temen Temmneparypana (Taecopouus = 100—300 °C) ammuakTteie Memtepi 3015,7 M-
MOJIB/T, aJl OpTallia TeMIeparypajia (Tﬂempﬁwf 300-450°C) 2048,0 MKMOJIB/T KypaJibl.
Korapsl Temneparypana (Tﬂecop&m > 450°C) KbIIIKBUIIBIK OPTaIbIKTAPABIH €H TOMEHT1
Meodiepi 729,7 MKMOJB/T 60nabl. YIIT1 3 KaTanu3aTOpbIHBIH OCTiHEH alblHFaH aMMU-
AKTBIH JKaJmbl Kenemi 5793,4 MKMONB/T Aem ecenTenai. 3epTTey HOTHKeNIepi Il TYp-
JIi KaTallu3aTop YJTUIePiHiH KhIIIKBUIIBIK CUTIATTaAMANIAPbIH CalbICThIpaasl. ZSM-5 +
AlLO; (Yari 1) xoene Ce20s + ZSM-5 + AlOs (Yari 2) karanu3aTopiapbl TOMEH KoHE
opTala TeMIeparypajiapia aMMUAKThI JecopOLusIay KeleMi YKcac eKeHiH KopceTe,
OYJ1 oyap/ibiH OCTIHE CaTBICTBIPMAIIBI TYP/E OIPKEIKI KbIITKBUIIBIK OPTATBIKTAPIBIH
opHaJlacKaHbIH Oinaipeni. JlecopOuusianran aMMHUaKTBIH eH jkorapbl Meumiepi Ce20;3
+ HY + AlOs (Yari 3) katanuzaTopbiHaa TipkenreH, Oyn Mogudukanusianran HY
LIEOJIUTIHIH YKOFapbl KBIIIKbULIBIK OCICCHAUTITIH KOHE TOTU(PYHKIIMOHANIBIFBIH KOP-
cereni. TeMrieparypaHbIH )KOFapbUIaybl KbIITKBUIIBIK OPTAIBIKTAPIBIH JAECOPOIHSITBIK
OeJICEeHIUIITIHIH TOMEHJICYIHE OKEJIl, aMMHAK JeCOPOIMSICHIHBIH JTUHAMUKAIBIK ©3-
repicin kepcetei. by karaau3aTop KYpbUTBIMBI MEH MOAM(PUKAIUSCHIHBIH KBIITKBLI-
JIBIK KACUETTEPIre TiKeJIeH ocep CTEeTiHIH oI ICH]II.

CuHTe3nenreH  IEONUTKYpaMAbl  HAHOOJIIEMJAI  KaTalau3artop  YJrijepi
TPAHCMUCCHSUIBIK YKOHE CKaHEPJCYII 3JEKTPOHJbl MHUKPOCKOIMHS 9JIICTEPl apKbLIbI
seprrenai.SEM  omicTepiH  (RMIEKTPOHIBIK MHKPOCKOIHS JKOHE  DIIEKTPOHIIBIK
mupakus) KOJNJIaHy HOTHKECiHIe OeliceHIi (a3aiablk MeETalJapiblH Tapalybl,
JUCTIEPCTINITi, OeJIIeKTepiH ejdmeMepi, COHAai-aKk KaTanu3arop OeTiHIH
OeJiceHl OpTaNbIKTAPBIHBIH (ha3allbIKk KYpambl, KYPBUIBIMBI MEH KYWi aHBIKTAJIbI.
MopunpukanusiiaHFaH IEOTUTKYPBbUIBIMABL kyheHiH SEM keckinzmepi OacTamksl
LIEOJIUT YATICIMEH CallbICThIPFaH/Ia alKbIH ailbIpMAaIIbLILIK KepceTeai. by esrepictep
kypoutbivra nepuid (Ce) xone docdop (P) OemmexrepiHiH eHrizinyl HOTHXKECIHAE
aHa OeJICeHi OpTajbIKTapAbIH TY311yiMEH TYCIHIIpiJeni.

J 25.0kV 14.6mm x1.00k SE(V) K1 25.0kV 14.5mm x5.00k SE(U)
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Cyper 1 — ZSM-5 + AL O, (yari-1) karanmusropbineiy SEM keckinepi

Moaudukanusianral eoTUTKYPBUTBIMIBL KyieHiH SEM keckinmepi OacTamkbl
IIEONTUTIICH CaNBICTHIPFaH/ia alTapibIKTall e3relie ekeHi Oalikamansl. by esrepicrep
KypbuibiMra wnepuii (Ce) OemmexkTepiHiH eHyl HOTHXKeciHze jkaHa OesceHal
OPTaNBIKTAPABIH TY3UIyiMEeH TYCiHAipiieai. DIEKTPOHIBIK MUKPOCKOIHS HOTHXKeepi
OoiibiaIIa MO uKanusianbaran ZSM-5 + Al.Os katanuzaTopbiabiH (1 cypeT) OeTinme
emmemi mamameH d =~ 2,0-4,0 HM OoNaThIH KOFApBI JUCIEPCTI KYPBUIBIMIAPIBIH
0achIM eKeHi aHBIKTaJIFaH. 1-cyperTe mepuitMeH Moau(UKanusIaHFaH HaHOOIIEeM/I1
KaTaJn3aTop OCTiHIH MUKPOIU(PAKUUSIIBIK chi30achl kenTipiareH. Cpi30a nepekrepi
OoiibiHIIa Karanu3atop KypbuibiMbiHAa d = 3,0-5,0 HM apanbireiHgarel Ce20s
HaHoeJIIeM/Ii OemekTepiHiy OipKeNKi TapajaFaH KHHAKTAPbI TY3UITeHI KopCceTineTi.

GO
1.00um

K2 25.0kV 14.4mm x20.0k SE(V) 2.00um K2 25.0kV 14.4mm x30.0k SE(U)

Cyper 2 — Ce,0, + ZSM-5 + Al,O, (ynri-2) Karanu3TopeiHbiE SEM Keckinaepi
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25.0kVald. 4mm x10.0k SE(U) i ] K2 25.0kV 14.4mm x10.0k SE(U)

(B
1.00um

K2 25.0kV 14.4mm x20.0k SE(U) K2 25.0kV 14.4mm x30.0k SE(U)

Cyper 3 — Ce,0, + MCM-41+ Al,O, (yari-3) karanu3TopbiHbiH SEM Keckinaepi

ATOMJIBIK aJICOPOIUSUIBIK CIeKTpockomus Tangaybl Unicam Atomic Adsorption
SOLAAR M6 criekrpoMeTpi KoMeriMeH alleTHIICH/aya )KaIbIHbIH/IA, TOJKbIH Y3bIH/IbIFbI
232,0 HM kaFaaibIHAa KYPri3uial. Yariiep aHaJuTHKaIBIK Tapasblaa JA9J1 OJIIICH/I.
OpOip yarire 3 i1 65% a30T KbIMIKbLIBI KOCBUIBII, 25 °C Temneparypaga BANDELIN
YABTPAAbIOBICTHIK BaHHACBIHAA 25 MHUHYT OOWBI OacTanmkbl MHHEPAIAAHIBIPY
nporiecineH oTki3imai. OnaH keiiH op yirire koceiMimma 1 Mia 65% a30T KBIIKBUIBI
eHrizinin, onap Milestone UltraWave xaObIK THIITI MUKPOTOJIKBIH]IBI )KYHECIH/IE TOJBIK
MUHepaNIaHAbIpeUIIbl. MuHepanganran epitinginep 100 mu enmmemai xombanapra
aybICTBIPBUIBIN, KOJeMi HOHCBI3IaHIBIPbIIFAH CyMEH Oeirire AeHiH >KeTKI3LII.
Baxpimay (0oc) epiTinai /1e 197 0chl porienypa OOWBIHINA JaibIH I

Kecre 3 — Yuri 1-ynri 3 xaranu3aTtopiaapbIHBIH aTOMABIK aICOPOLIUSIIBIK CIIEKTPOCKOIHS

HOTIDKEIEepi
. JJIeMEeHTTIiK KOMITO3H IS
Yari .
Al (%) Si (%) Ce (mg L)
K1 4.38 19.00 -
K2 3.43 15.11 52.43
K3 2.50 13.33 93.11

Moauduuupienren neoauti 0ap karajausatropiaapaa ayblp napaduHii
KeMipcyTekTepai eHaey. MoaudukauusianraH LeonuTi Oap KaTaiusaTopiapaa
ayelp mapaduHII KOMIpCyTeKTepli ©HJey MYHall ©OHJIey ©HEepKoCiOiHIeri ©3eKTi
OarpITTapAbIH Oipi Oombin caHanaznel. MyHall eHJIEy CaJachbIHBIH ajiblHAA TYpFaH
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HeT13Ti MiHAETTepIiH Oipi— KOFaphl caraibl MOTOP OTHIHAAPBIH )KOHE MYHAH-X UMHSITBIK,
CHHTE3re Ka)KeTTi MIMKI3aTThl ally MaKcaTblHAa MYHaHIbl TepeH eHaey OOobII
TabbuTaabl. Byl MiHAET ocipece ayblp KOMIpCYTEKTi LIMKI3aTThl OHJLY KEe3iHAE, COHBIH
1IIiHJe KaTaIWTHUKAIBIK KPEKUHT MPOIECIH/IE epeKIlie MaHbI3Fa He. ATanFaH MpoLecTe
0acka eHIMJEpMEH KaTap OHEPKACINTIK OPraHuKaJIbIK )KOHE MYHAH-XUMUSUIBIK CHHTE3
YIIiH MaHbI3Ab!I OOMBIN TaOBLIATHIH oeuHAlI KemipcyTekTep Ty3ineni.Kaszipri rannga
KOMIpCyTeKTep/i KOHBEpCHsIay PeaKkuusIapblHAa )KOFapbl KPDEMHHUII EOMUTTEPAIH
KaTINTUKAJIBIK THIMAUIITIH apTTBIPy MaKcaTbIHAA OJapAbl SpTYpii MeTalJapMeH
MoauQuKanusiay OarbITBIHIAFBI 3€pTTEyNepre epekiie KoHin Oeminymne. MyHnai
KaTaJn3aTopiap KbIIKBUIIBIK OPTaJIbIKTApP KUBIHTHIFBIHBIH OONTYybIMEH CHIIAaTTaladbl,
anaiiia HaKTBl peakuHs TYPIHE COJl OpTalbIKTapAblH TeK Oenrini Oip Oesiri rana
KaThICATBIHBI aHBbIKTadFaH. OcblFaH OalaHBICTBI LEOJIHUT KaTalu3aTopiapbIHbIH
KBILIKBUIIBIK KAaCHETTEPiH 3epTTey OelCeHIl OpTalbIKTapAbIH TaOWUFaThIH FBUIBIMH
TYPFBIIaH HaKThUIAyJa MaHBI3IBI peil aTkapaisl.MonupukanusianFaH LEOIUTTEPAl
KOJIJaHy KaTajau3aToOpAbIH Te3IMIINITIH  apTTBIPyFa, peakius >KbUIIaMABIFbIH
KOFapbUIaTyFa JKOHE CEJeKTHBTUIIKTI KYMIEHTyre MYMKIHIIK OepeTiHi KepceTiireH.
CoHBIH HOTIDKECIHAE MyHAal KaTajau3aropyiap MyHall ©HepKociOiHAe KeHiHeH
KoJIJaHbIC Tabanbl, cebedi onap ayblp mapaduHIEpAl THIMII OHACYTe KOHE dHEPIrHs
LIBIFBIHIAPBIH a3aliTyFa bIKHan erefi. L{eomuTTik xylenep YIIIH KaTaaUTHKAJIBIK
OesceHainik kebiHece MEHIIIKTI OeT aynaHblHA, KEyeK KoJeMiHe, COHJaii-aK MUKpPO-,
Me30- JKOHE MaKpOKEyeKTep[iH e3apa KaTblHachlHa Toyenai Oomansl. Lleomut
KaHKAachblHa MeTajlapAbl €Hri3y OeTTiK penbeTiH KypAeleHyiHe ajbll Kelemi,
COHBIH HOTIDKECiHIE KaHa Aapa OeliCeHAl OpTalbIKTap MEH ONapIblH KiacTepiepi
ty3ineni.Karanusatopnapael  JAaMbITyla OJIapAbl  JaiiblHAAy OMICIHIH  MaHBI3BI
JKOFapbl €KeHi aram eTijeni, eWTkeHi OeiceHAl (azaHbIH KalbIITacybl HEri3iHeH
CUHTe31ey TociniHe OainmanbicThl. JlalipiHaay onici OenceHai QazaHbH AHCIEPCUs
JIOpeKeciH, TachMajjaylibl OeTiHAe Tapally CHOATBbIH J>KOHE KaTaju3aTop
KYPBUIBIMBIH aHBIKTalbl. MoanduKkanusuianFal HEOIUTTEPAl KOJIAaHy HOTHKECIHIE
KeJleci Heri3ri apThIKIIBUIBIKTapFa KOJ JKETKi31JIeTiHI KOPCeTUIreH: KaTaau3aTOPIIbIK
OCNCEHIIMIKTIH  JKOFaphl ~ OOJYbI,  CEJEKTHUBTLTIKTIH  JKakcapybl, OHIIPICTIK
LIBIFBIHIAP/IBIH a3at0bl )KOHE alIbIHATBHIH OHIM CalachbIHBIH apTYHI.

E-JI€KaH
E-TeTpalcKaH
{-IEHTAIEKAH

!

EATATHTHEAIBIK KPCKHHTD |

- . . .

‘ KOHEBEpCHs a3 TopeRt ‘ _ | cyiibIK eHiMpep
OHIMIEP

Cypet 4 — AybIp ankaHIap/bl KaTAIUTHKAIBIK KDEKUHITICH OHJICY HOTW)KECIHJIE TY3UISTIH eHIMaep
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Kypambiaga nieonuti 6ap MoauduKanusIaHFal KaTanu3aTopiaapAarbl K-IeKaHHbIH
TYpJIEHY MpoOLECcTepi 3epTXaHAIBIK Karfaiaa aH-)KaKTbl 3epTTeNreH. K-IexaHHbIH
ZSM-5 + AlOs xaranmsaropeingarsl Typienyi 300-450 °C Temmeparypa
apajbIFbIHIA KYPTi3iireH (5-cyper). 5 —cypeTTe KeNTipiireH HOTHKenep OOHbIHIIA
300 °C temmeparypaia KaTalu3aTOPAbIH alTapiblKTail OelCceHAlNTiK KepceTnenTiHi
anbikTanFad. [Iponecc temneparypacsl 300-gen 450 °C-xa neifiH apTKaH caiblH
H-JICKaHHBIH KOHBepcusi nopexeci 2,7%-man 67,4%-ra naeiiiH eceTiHi Oalkanmaipl.
450 °C sxarmaliplHIa K-IE€KaHHBIH TYPJIEHYl HOTHXKeciHAe ra3 ¢asacblHaa Keneci
eHiMzep Ty3lieriHi kepcerinreH: metaH — 0,5%, XCz — 5,7%, XCs — 16,6%, ZCa
keMipcyrekrepi — 17,1%. An cyiibik dazaga Cs—Co ankannap — 27,5% xoHe apoMaTThl
kemipcyTektep — 0,5% Menmiepinae aHbIKTaldraH. Temmeparypa >KorapbliaraH CailbliH
Ty3ineTin oneduHaep i xanmbl Menmepi 1,0%-m1an 16,6%-Fa neliin eceTiHi, COHIal-
aK M30-aJIkaHAapIBIH yieci 371k MenmepaeH 14,4%-ra neiiin apTaTbiHbl OaiiKanFaH.
Byn HoTwkenep TemmeparypaHbIH ©Cyi KaTalM3IiK KPEKHHT TIeH H30MepJieHy
peaKusIIapbIHBIH KAPKBIHABIIBIFBIH KYIICHTETIHIH KOPCETe .
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Cyper 5 — k-exanapl ZSM-5 + Al O, KaTanu3aTopbl KaTbICBIHA TYPJIEHAIPY TIPOLECiHE
TeMreparypasbiH acepi (p=0,1 MIla, V=1,5 car™')

60 —=— % (C4-C,) ls
—e— % (Olefins)
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T, °C

Cyper 6 — k-Jlexanner ZSM-5 + Al O, kaTanu3aTopbl KaThICBIH/Ia TYPJIEHIPY MPOIECiHE
TeMreparypasbiH acepi (p=0,1 MIla, V=1,5 car™')
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A % KOHBEPCUA
® % ONEDUH
W %Ci-Cs

KOHBEPCUA

300 400 450

T, %C
Cypet 7 — k-Jlexanner ZSM-5 + Al O, kaTanu3aTopsl KaThICBIH/IA TYPJIEHIPY MPONECiHE
Temmeparypansiy acepi (p=0,1 MIla, V=1,5 car™)

Ce20; + ZSM-5 + AlOs; katanm3aTopbl KaThIChIHIA TETPaACKaHHbBIH TYPJICHY
MIPOLIECiH 3ePTTeY HOTHKEJIEepi KOMIPCYTEKTEP/IiH KOHBEPCHS JOpexeci MeH TY31IeTiH
OHIMJICP/IiH KypaMbl HETi3iHEH peaKius TeMIIepaTypachiHa TOYeJIi eKeHiH KopCeTe/Ii.
3eprrey aepekrepi OoiibiHIa Temmeparypa 300-500 °C apanbiFblHAa apTKaH CailblH
TeTpa/ieKaHHBIH KOHBepCHUsChl 40,7%-nan 79,4%-Fa neliin eceTiHi aHbIKTanrad. Ochl
xarnainapna Cs—Cio M30aJKaHAAPBIHBIH MBFEIMBL 0,3%-nmaH 29,4%-ra neitiH, an
Cs—Cio oneduHaepini mbiFbIMbI 5,1%-man 19,2%-ra neitin apTaTblHBl OaiiKairaH.
CoHbIMEH Karap KaTaJn3aTop KaThICBIHIA TY31JIETIH apoOMaTThl KeMipCyTeKTEpHiH
memepi 1,4-2,7% apanbirbiHa AeliH xeTeTiHi kepcerinren (8-cypert). 8-cyperre
KenTipiiren maniMertepre coaiikec, 300 °C temneparypana TysiieriH skeHin Ci—Ca
aJIKaHJapbIHBIH Meiepi 7,6% xypaitnel. Temneparypa 400 °C-ka neifin keTepiiaresie
Oy kepcetkim 9,7%-ra aeitin eceni, an 500 °C-Ta ic )y3iH/e e3repicci3 caKkTanaThIHbI
aHBIKTAJIFaH. 3epPTTEJIreH OapIIbIK TEMIIEPATyPaJIbIK PEKUMAEPIC MyHANH AbIH OCH3UHIIK
(pakuMACHIHBIH HeTi3ri Kypamaac 6esiri 6osbin Ta0bu1ateiH Ca—Cio KOMIpCyTEKTEPiHIH
TY3i1yi OackiM OarbITTa XKYpeTiHi Oaiikanaael. beH3uH (pakuschHBIH MBIFBIMBI 300
°C-rta 40,0% 0omca, 400 °C-ta 68,6%-ra neitin oecexi, an 500 °C-ta 63,4%-ra aeiiin
azJan TOMEeHICUTIHI KopceTureH (8-cyper).
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Cyper 8 — Terpanekannbin Ce,0, + ZSM-5 + Al O,-karanusaropsina enaenyi (p=0,1 Mlla,
V=1,5 car)
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Ce:0; + ZSM-5 + ALOs; katanu3aTopbl KaTbIChIHAA MEHTAJEKAHHBIH KPEKHUHT
XKoHe TpaHcopmManus mpouectepi 3eprreireH. Hotmxenep Ooidibiama 300-500
°C TeMmepaTypa apalblfblHAA TEHTaJACKaHHBIH ailHally Iopexeci TeTpaacKaHMeH
canbICTBIpFaHAa JKOFapsl OomaTbiHbl koHe 32,4-84,0% merinae e3reperiHi
anbikTanFad. Temmeparypa 300-gen 500 °C-xa naeiiin apTkan ke3ne skeHin Co—Ca
oneduHAepiHiH Kanmbl menmepi 16,5%-nan 20,7%-ra paeiiH eceTiHi OaiikairaH.
ConbimeH karap Cs—Cio onedunaepinin mbsiFrbiMbl 2,7%-aan (300 °C) 17,7%-ra (500
°C) pmeliin ynraifbln, mamMaMmeH 6,5 ecere apTaTelHbl KepceTinren. Ochl xaraaiiaapaa
H30MEpIICHY JKOHE apoMaTTaHy MPOLECTepPiHiH KapKbIHABUIBIFBI Ja KyIIeHeTiHi
AHBIKTAJIFAH: W30aJKaHIApAbIH Yieci 6,0%-man 24,3%-fa JeiiH, ajx apoMarThbl
KOochUTBICTapAbIH Meumepi 1,3%-nan 5,2%-ra neliin eceni. beHsuH (pakuuscbiHbIH
wbirbiMbl 300 °C-ta 16,7% 0Ooica, 450 °C-ta 59,4%-ra neiiin apranei, an 500 °C-
Ta 59,1%-ra neifin con TeMEeHIeHTIHI KepceTinreH. bys HoTHKenep TemreparypaHbly
ecyl ayblp KOMIpCYTEKTEpAiH TepeH KPEKWHIT MEeH KalTa KypblUly peakuusIapbiH
KYLICHTETiHIH CUITaTTalIbl.
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Cyper 9 — Ilentanexannbin Ce,O, + ZSM-5 + Al O,-karanusatopbeinaa exnzenyi (p=0,1 MIla,
V=1,5 car-1)

Ce203 + HY + Al:Os karamu3aTopbl KaThIChIH/IA TETPaJICKaH MCH MIEHTaICKaHHbBIH
TYpJICHY npoiiectepi 3eprrenred. HoTrkenep OOMbIHIIA KOMIPCYTEKTEPIH KOHBEPCHUS
JIopekeci MEH TY3UIETiH OHIMAEPAiH KypaMbl HETi3iHEH peakiusi TeMIleparypachiHa
Toyenal ekeHi aHbikrasraH. Temneparypa 300-500 °C apajibiFblHIa apTKaHIa
TeTpajekaHHblH KoHBepcuschl 40,9-91,7%, anm mneHTageKaHHBIH KOHBEPCHUSICHI
45,6-94,9% apanbirbiHa Jieiin ocemi. TeMreparypa >KOFapbljiaraH CailblH apOMaTThI
KOMIPCYTEKTEP IiH MeJIIIepi e YIFasabl: TeTpaaekan yinn 12,8—18,9%, nenranekan
yuin  2,6-10,0%. CoHbIMeH KaTap HW30aJKaHAap YJIECIHIH enoyip apTaTbIHbI
OaiikasraH, acipece MeHTajeKaH TypiaeHreH kes3ie (6,0-31,9%). 300 °C-ra Terpagckan
kpekuHri ke3inge Cs—Cio u30aykangap KOChIHAbICH 8,4% Oonca, 500 °C-ta 13,1%-
ra neitin xeremi. 450 °C-ta neHTajzekaH koHBepcusichl 74,0% OonraHma OCH3UHIIK
(dpakuusIapAblH €H KOFapbl MIBIFBIMBI — 75,7% anbiaFad. OKTaH TY3yIIi HErisri
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koMIoHeHTTep Oombin TadbuiaThiH Cs—Cio onedunaepiHiH mbiFbIMbl Cia koHE Cis
aJKaHapBIHBIH KPEKUHT1 Ke3iHe Tricinie 3,6—17,6% sxone 12,0—13,3% apanbirbiHaa
©CEeTiHI KOpCeTUIreH.
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Cyper 10 — Terpanexanubiy Ce,0, + HY + Al O, xaranusaTopbinia eHaeyi
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Cyper 11 — Ilenranexannsiy Ce,0, + HY + AL O, -kaTanu3satopbinia enjenyi
(p=0,1 MIla, V=1,5 car-1)

HZSM-5 xone HY meomutrepi MyHail eHAEY calachlHAA KaTalu3aTop PETiHIE
KEeHIHEeH KOJIJaHblIaThiH Marepuangap Oounbin cananmaabl (Kim and Park, 2023;
Tretyakov and Talyshinsky, 2022). HZSM-5 — MHKpPOKEYeKTi IICOJHUT, OHBIH
KPUCTIIBIK KYPBUIBIMBI ZSM-5 THNTI TOpBIMEH CHUNaTTanaabl. byn marepuan
MYHa#i/Ibl KpPEeKUHTTEY, N30Mepiey CHSAKTHl peaknusiapia XOFapbl KaTaJTUTHKAIBIK
oencenaimik kepcereni. Ce:0s + ZSM-5 + ALl:Os karanuzaropsr karbicbiaaa 300-500
°C apaunbIFpiHa TeTpagexad kpeknari ke3inge Ca—Cio M30aNKaHIapAbIH MoIepi 6,3—
29,4% apanbIrbHaa 00JIATHIHBI AHBIKTAJIFAH.
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HY neonutrepi ne agcopOeHT jkoHE KaTanu3aTop peTiHAe, COHAal-aK MOHaIMacy
npouecrepinae THIMIAI KojgaHbutaabl. Ojap SKOJOTHMSUIBIK TYPFBIAAH Kayirci3
XKOHE SKOHOMHUKAJBIK >KafblHaH THIMAI Marepuangap kKarapbiHa skarafgbl. Cia—Cis
KaJIBINITHl aJIKaHAapAbl TypieHaipy Oapwickinaa HY wneonurti Oap karaimszaropiap
JKOFapbl OeJICeHIUTIK KepceTeTiHi Oaiikanran. Ce0s + HY + ALOs xaranuzaropsiaia
temneparypa 300-500 °C-ka aeifin apTkaH/a MeHTaaeKaH KOHBepcHacH 45,6-94,9%
neiin eceni. Exi TUOTI LEONHMT KaTajau3aTopiiapblHAa KOMIPCYTEKTEpIi KPEKHHITEY
Ke3iHJe OipHeIIe peakius 0ip Me3TUIAe KaTap )KYPedi: KpeKUHT, AETHIPIICY, H30MEPIILY,
JNETUAPOLUKIICHY KOHE aJKWIAeHy. bacTankpl alkaHAapablH KPEKUHIT MEH
JeruApIIeHyl KOMIpTeK aToMAaphl KbICKapFaH koHe olepUHACPAIH aacopOursIaHFad
Ky#utepi Oap apanbIK OelceHIIpiiareH KeueHIepAiH TY311yl apKblIbl )Ky3ere acabl.

XKyprizuiren 3epTrey >KYMbICTapbl HOTHIKECiHAE KAJBINTHI ajKaHAapAbl (IeKaH,
TeTpaZeKaH, eHTaeKaH) eHaeyre apHanran Kypambinaa HZSM sxone HY neonurrepi
Oap HaHOeseMIl Kol(yHKIMOHAJIb KaTaln3aropiap JaiblHIadFaHbl KOPCETUII.
CuHTe3eNreH  KaTaau3aropiapiAblH  OeJICeHAl  OPTANBIKTApbIHBIH — TAaOWFaTHhl,
KYHi, KYpPBUIBIMBI JKOHE KBIIIKBUIABIK KacHeTTepl 3amMaHayd (U3MKa-XUMHUSUIBIK
o/licTep KEUICHIMEH aHBIKTaJbl. ATan aWTKaH/Aa, aMMHAKTBIH TeMIepaTypajblK
Oarmapnamananrad pecopbumscel  (NHs-TPD), BOT rannmaysl, ckanepneymi
ANeKTpoHAbl Mukpockorusi (SEM), aroMablk aacopOUMSIBIK CHEKTPOCKOIHS
(AAS) xoHe peHtreHmik audpakmsuiblik tainay (XRD) omictepi KoJmaHBLIIBL.
MopnpukanusianFaH — LEOJIMTKYpamMabl  Kel(yHKIMOHAJAbl  KaTajau3aropiaapaa
napaduH KeMipcyTeKTepiH OHJey XOFapbl THIMAlIIK kepceTkeH (Omarova et al.,
2025; Zhang and Liu, 2024). Typueny nporiieci 0apbIChiHIa JCTHAPIICY, H30MEpIICY,
apoMaTTaHy XOHE AJIKWJACY DPEaKUMsIapbIHBIH KaTap >KYPETiHI aHbIKTanFaH. by
KaTaJn3aTopiapAblH  KON(QYHKIUOHAIIb KACHETIH J>KOHE pPEaKUHAJIbIK OPTAaHbIH
Oencenaunirin - ganenpenai. KemipcyTekrepai cyTekci3 opraga IeoiuTi  Oap
HaHO®OJIIEM ] KeI(pyHKIHMOHAIIB KaTalu3aTopiap KaTbIChIHIA OHJEY HOTHXKECIHAE
OKTaH CaHBbl JKOFapbl, JKOJOTHSUIBIK TYPFBIIAH CaJBICTBIpMaNIbl Ta3a OCH3MHIIK
(hpakmusTap aBIHFAHBI KOPCETUINL. By 931pIeHreH KaTanu3aTopIapAsiH MYHAH-X UMHEST
JKOHE OTBIH OHIpICi canachlHIa KOJTaHyFa IEPCTICKTUBAIBI CKEHIH alKBIHIANTbI.
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Abstract. This study investigated a catalyst synthesized by the Pechini method
for the steam reforming of bioethanol to produce hydrogen. The catalyst was
characterized by low-temperature nitrogen adsorption (BET), HAADF-STEM, and
EDX spectroscopy, which allowed to determine its textural properties, morphology, and
elemental composition. The specific surface area of the sample was 60 m?/g, indicating
a developed porous structure and high accessibility of active sites. Catalytic testing
showed that increasing the process temperature in the range of 400-800 °C significantly
increased hydrogen yield. The maximum hydrogen yield reached 53.7% at 800 °C and a
steam/ethanol molar ratio (S/E = 4), which is associated with the intensification of steam
reforming reactions, the decomposition of intermediate oxygen-containing compounds,
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and the conversion of carbon monoxide via the water-gas reaction. It was found that
high-temperature treatment of the catalyst had a positive effect on its activity: after
thermal treatment and subsequent cooling to 400°C, ethanol conversion increased from
64.92% to 71.25%, and hydrogen yield increased from 1.11% to 13.54% compared to
the initial state at 400°C. These results indicate increased catalyst activity and stability
after high-temperature activation, which may be due to changes in the surface condition
and increased accessibility of active sites.Thus, the catalyst synthesized by the Pechini
method demonstrates high efficiency in the steam reforming of bioethanol and represents
a promising material for producing hydrogen from renewable raw materials.
Keywords: catalyst, steam reforming, bioethanol, Pechini method, hydrogen
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TeMeH Temneparypaibsl a3or ancopoumscel (BET), HAADF-STEM xone EDX
CIEKTPOCKOIMUACHIMEH CHIIATTaNAbl, Oyn Oi3re OHBIH TEKCTYpajblK KacHETTEpiH,
MOP(OIOTUSCHIH JKOHE AIEMEHTTIK KYpPaMbIH aHBIKTayFa MYMKIHIIK Oepai. YJriHiH
MeHIIIKTi OeTiHiH aynaHbl 60 M*T Kypansl, OyJl JaMbIFaH KEYeKTi KYpbUIBIMABI JKOHE
OenceH i ydackenepre oFapbl KOJDKETIMIUTIKTI kepcereni. Karamusmik celHAKTap
nporectiH Temneparypacbi 400-800 °C nuana3oHbIHAA apTTHIPY CyTeri OHIMIUIIrH
aiiTapiablkTail apTThIpaThiHbIH KepceTTi. CyTeriHiH mMakcumanasl eHiMmaimiri 800 °C
Temmneparypazna 53,7%-ra xeTTi )koHe Oy/3TaHod MoJsIpibIK KaTbiHackl (S/E =4), Oy Oy
PUPOPMUHT peakIMsIapbIHBIH KYIICIOIMEH, apaliblK OTTEr1 Kypam/1ac KOChUIBICTAPIbIH
BIIBIPAYBIMEH KOHE KOMIPTETi TOTBIFBIHBIH Cy-Ta3 peakUUsiChl apKbUIbl TYpJICHYiIMEeH
OaiinmanpicTl. Karanuzatopapl skorapsl TeMIleparypaja eHICY OHBIH OelCeHIiTIriHe
OH oCep eTETIHI aHBIKTAIJbl: TEPMHUSIIBIK OHJCYyIeH xoHe kedinHeHn 400°C neitin
CaAJIKBIHJIATY/IaH KeHiH ATaHOJIIbIH KOHBEpCUsChl 64,92%-nan 71,25%-ra neiiin ocTi, ai
cyteriHid weirbIMb 400°C TemnepaTypaaarsl OacTankpl KyiiMeH canbicTeipranaa 1,11%-
nan 13,54%-ra neiiin ecti. bysl HoTHXKenep KOFapsl Temmeparypaia OenceHAipyaeH
KeHiH KaTalu3aTopAbIH OEJCEHIUIIrT MEH TYPaKTBUIBIFBIHBIH apTKaHbIH KepceTemi,
Oys1 OeTki Kar[aiJIbIH e3repyiHe KOoHe OCJICeH/I ydacKeJepre KON JKETIMIUTIKTIH
apTybiHa OaiimaHblcTel O0mybl MyMKiH. Ocbutaiiia, [leunnn omiciMeH cHHTE3IeNreH
KaTanu3arop OMo3TaHONABl OyMeH pU(OPMHHITEYIIH >KOFapbl THIMIALTITH KepceTeni
YKOHE JKaHAPTBUIATHIH IIUKi3aTTaH CyTeri aly YLIIH MepPCIeKTUBAIbl MaTepHral OONbII
TaOBLUIABL.
Tyiiin ce3nep: xaranuzatop, Oy pudopmunri, buostanon, [leunnu axici, cyreri
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AnHoTaumsi: B pabore ucciemoBaH KaTaau3aTop, CHHTE3MPOBAHHBIA METOIOM
[Neunnw, auist mporecca nNapoBoro pudopMrUHTa GHOATAHOIA C TTONYYSHUEM BOIOPO/IA.
Karanmuzarop oxapakrepu3oBaH METONAMH HHU3KOTEMIIEPATYpPHOU aJcopOruu a3ora
(BET), HAADF-STEM wu EDX, 49TOo mMO3BOJWIO OMNPENCIUTh €r0 TEKCTYpPHBIC
XapaKTEPUCTUKH, MOPQOJOrHI0 W DJIEMEHTHBIM COCTaB. Y/elIbHAas IOBEPXHOCTh
oOpasma cocraBmwiia 60 M?*/T, YTO CBHJICTEILCTBYET O Pa3BUTON MOPUCTOH CTPYKTYpe
M BBICOKOM JOCTYITHOCTHU aKTUBHBIX LICHTPOB. Karanutnueckue ucuuITaHus ImoKasaliv,
YTO TOBBIMIEHUE TeMIeparypsl mporecca B auanazone 400-800 °C mpuBOguT K
CYIIECTBEHHOMY YBEJIIMYEHMIO BBIXOJa BOJOpoAa. MaKcUMaJbHBINA BBIXOJ BOJOpPOAA
noctur 53,7 % npu temneparype 800 °C u MOJIBHOM COOTHOIIEHUH map/3tanon S/E
=4, 4TO CBS3aHO C MHTCHCU(HKALMEH peakuuii mapoBoro pudopMHHTa, pa3IoKeHHS
MIPOMEXYTOUHBIX KHCJIOPOJCOACPKAIIUX COCAMHEHUH W KOHBEPCHHM MOHOOKCHA
yriaepoJa MO PeaklIWd BOISHOTO ra3a. YCTaHOBJICHO, YTO BBICOKOTEMIIepaTypHas
00paboTKa Karajau3aTopa IOJIOKUTEIFHO BIHUSET Ha €ro akTUBHOCTh. llocie
TEPMHUUECKOTO BO3ACUCTBHUS M mocienyiomiero oxiaxaenus mo 400 °C xoHBepcus
ATaHoNa yBenuumiaack ¢ 64,92 mo 71,25 %, a Bexon Bomopoxa - ¢ 1,11 mo 13,54 %
[0 CpaBHEHHUIO ¢ ucxoaHbIM cocTosiHueM mpu 400 °C. IlomydeHHble pe3yiabTaThI
CBHUJICTENILCTBYIOT O MOBBIIIEHHNH aKTHBHOCTH M CTa0MIBHOCTH Karaju3aropa Iocie
BBICOKOTeMHepaTypHOﬁ aKTHBAallWUH, YTO MOXKECT OBITH CBSI3aHO C U3MEHEHHEM COCTOSHUS
MOBCPXHOCTHU M YBCIMYCHUCM JNOCTYIIHOCTU AKTUBHBIX HEHTPOB. Taxkum 06pa30M,
KaTaju3arop, CUHTE3UPOBAHHBIA MeToAOoM IleunHM, NPOAEMOHCTPUPOBAI BBICOKYIO
3¢ (EKTUBHOCTD B IPOIIECCE TAPOBOT0 pUGOPMHUHTa OMO3TAHOJIA U IIPECTABIISIET COO0H
MEPCIEKTUBHBIA MaTepHall I OITY4YEHHs BOJOPO/IA 13 BO30OHOBISIEMOTO CHIPHSI.

KiroueBble c10Ba: kaTanu3arop, HapoBoit puopMuHT, OrnosTanoi, merox [leunHu,
Bonopon, BET, HAADF-STEM, EDX

Beenenue. B cBsi3u ¢ OBICTpBIM pPOCTOM OOIIECTBA M MHUPOBOW 3KOHOMHKH
OYKUJIAETCs, YTO NIEPBUYHBIC HCTOUHUKU YHEPTHH, TAKHE KaK YT0JIb, He(Th U IPUPOIHBIH
ra3, OCTaHyTCs JOMUHUPYIOLIUM UCTOYHUKOM 3Hepruu (82 %) B TeueHue CleayIonmx
15-20 net (B.P. Stat. Rev., 2022). 3aBUCUMOCTH OT UCKOIIAEMOTO TOTINBA MIPUBOIUT K
yBemuuenuto CO, B arMoc(epe 1 MCTOLIEHHIO PECYPCOB, YTO CO3IAET IKOHOMUYECKUE
pucku. st nexapOoHM3aMKM HEOOXOAMMbI BO30OHOBIIIEMbIC HMCTOYHUKH SHEPIHH,
TaKkhe Kak BeTep M COJIHEUHas SHEepPrusi, a BOIOPOJ BbIIEISIETCA KaK MEepCHeKTHBHBIN
BapHaHT M3-32 CBOEM YUCTOTHI M YHUBEpCATbHOCTU. ONHAKO TPaJUIIMOHHBIE METObI
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€ro MpOW3BOJCTBA, OCHOBAaHHBIC HAa MPHUPOIHOM rase, He SBISIOTCS YCTOMYMBBIMH,
YTO JeNlaeT 3TaHOoJI M3 OuoMacchl moaxonsiiel ansrepHaruBoii (Sanchez et al, 2021).
Takum 00pa3om, TaHOJI MOXKET OBITh OTy4eH MOCPEICTBOM OHOIPOIIECCOB, TAKUX KaK
(bepMmeHTanyst caxapoB, OIYYEHHBIX U3 OCTATKOB LEIUTIONO3bI MIIH JTUTHOLEIUTIONO3HON
OMoMacchl, Ha3bIBAEMbIX STaHOJIIOM BTOPOTO MOKOJCHHUS. AHaIOTHYHBIM 00pa3oMm,
9TaHOJ MOYKET OBITh ITOJTyYEeH U3 OCTaTKOB OMOMACChI, TOABEPTHY THIX TEPMOXUMHYECKOM
00paboTKe WM TOCPEeACTBOM (epMeHTauuu Oe3BOAHBIX CaxapoB, OOpa3yIOLIMXCS
B nporecce nuponusa (Vivek et al, 2022). IlpousBoacTBo Bomopona u3 OHOMACChI
MPUBJIEKAeT BHUMAaHHME KaK TEPCIEKTUBHBI BO300HOBISIEMBbI HCTOYHHUK SHEPTUH,
pemaromuii mio0anbHbIe MPOOIEMBl, CBS3aHHBIE C YCTOHYMBOW SHepreTukoi. B
MOCIeTHIE NECATHIIETUSI €ro IIoOalbHbIe HMCCIEAOBAHMS OBUIM COCPEAOTOYEHBI Ha
MapOBOM KOHBEPCUH KHCIOPOJCOAEPKAIINX COSNMHEHUI U yrieBogoponoB (Zhang et
al, 2021). buosTtanon sBnsieTCs BO30OHOBISIEMBIM CHIPHEM ISl POU3BOJCTBA BOIOPOAA
13-32 er0 BEICOKOH KOHLIEHTPAIMK BOAOPO/A, JOCTYITHOCTH, HETOKCHYHOCTH, XpaHEHUS,
MPOCTOTHI OOpalIeHus: U 0e30MacHOCTH. Ero jerko mpou3BOANUTH W3 BO30OHOBISIEMOM
Oromaccsl.

Jluteparypusiii 0030p. B mocneqnue aecsTHICTHS MHPOBOE TNPOU3BOICTBO
OunosTaHoNa 3HaUMTENbHO YyBennumiock (Renewables, 2025). Buostanonm Mmoxer
HCTIOJIb30BATBCSI B KayecTBE CHIPbs Ul MapOBOH KOHBEPCHU ATAaHOJA C LENbIO
MoJy4YeHus: BojopoAa. Peakums mapoBoil KOHBepcHM OHO3TaHONIA TpEACTaBlICHA B
CTEXHOMETPUYECKOM BHJIE CICTYIOLUIMM 00pa3oM:

C,H,OH+3H,0—2C0,+6H,, (1)

[TapoBbiii pudopMUHT OMOSTaHONA COMPOBOXKAACTCS HEKOTOPHIMH IMOOOYHBIMH
peakiMsaMH, BKIIOUAs pas3loKeHWE JSTaHoNa, JeTrHAparaluio, ACTHIPUPOBAaHUE,
THIPOTCHONIN3 U allbJOJBHYIO KOHIeHCaluIo. [Ipyriue Bo3MOKHBIE peaKK BKIIOYAIOT
MapOBYIO KOHBEPCHIO alleTajbIerna, aleTOHa K METaHa, a TAKKe Pa3JIoKEeHUEe MeTaHa,
MeTaHupoBaHue. Kpome Toro, MOryT npucyTCTBOBATh peaklysi KOHBEPCHU BOISIHOTO
rasa ¥ peakuuu, NpuBosIue K 00pa3oBaHHIO yrepoaHbix oTiaoxkenuid (Gaudillere et
al, 2017)

CO+H,0—CO,+H, 2)
2C0—CO,+C (3)
CO+H,—C+H,0 4)
CH,—C+2H, 5)

K 4nciny oObIYHO MCTIONB3yeMBIX AKTHBHBIX METAJJIOB B KaTajlM3aTopax MapOBOrO
pudopmunra Ouostanosna otHocsaTcs Onmaropoxnsie Metamisl (Pt, Pd, Rh u Ir) u
niepexonubie Metamuibl (Cu, Co u Ni), a takke oumeramisl (Sharma et al, 2016; Jia
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et al, 2019). OObIYHO OHU HAHOCATCS Ha MOMJIOKKH U3 OKCHIOB METAJIOB, TAKUX KaK
AlO,, Si0O,, CeO,, ZrO, u La O, (Amir et al, 2025; Grzybek et al, 2024). B kauectse
cyOcTpara WM aKTMBHOIO KOMIIOHEHTA TaKKe M3ydanuch muHenabHeie (AB,O,) n
neposckutHbie (ABO,) okcubl, Takue kak NiAl,04, LaAlO, u BaZr  Ce .Y, Yb O,
(Li et al, 2019). YuuThiBass CTOMMOCTh, B Kaue€CTBE AKTUBHBIX JJIEMEHTOB OOBIYHO
MPEANoYTeHUE OTAACTCsl HeOnaropoaHbM Metasiam, TakuM kak Ni, Co u Fe; ogHako
OHM TIOABEPKEHBI JI€aKTUBAIMM, BBI3BAHHON CIIEKAaHHEM M OCaXJIEHHEM YIIEposa,
ocobeHHO Te, koTopbie coiepxkar Ni (Isarapakdeetham et al, 2020). Mcnonb3oBanue
MEPOBCKUTOB B Ka4€CTBE MOJIOKKH MO3BOJISAET B HEKOTOPOU CTENEeHU M30€KaTh 3TUX
mpodieM, a aKTHBHbIE METAITIMYECKUE YACTHLIBI, BBIIEJIIEMbIE in sitlu U3 IEPOBCKUTOB C
neguuuToM A-caiiTa BBOCCTaHOBUTENILHON aTMOC(epe, AEMOHCTPUPYIOT TOBBILICHHYIO
YCTOWYHMBOCTb K CIIEKaHUIO U ocaxaeHuio yrepona (Ruan et al, 2025). B nacrosimem
HCCIIEIOBAHUM KaTaIn3aTop ObUI CHHTE3UPOBaH MeTooM [leunHu 1 oxapakTepu3oBaH
C MCIOJIb30BaHUEM KOMIUTEKCA (PU3UKO-XMMHUYECKUX METOJOB aHaIU3a.

Marepuajisl 1 OCHOBHbIe MeTOAbl. B paboTe B KayecTBE CHIPbsS NPUMEHSIIH
0MO03TaHOI, MOMYYEHHBIH IyTeM MepepadOTKH OTXOJOB MIIEHUIBI Ha 3aBoue «Bio
Operations» (Taiipinmia, Kazaxcran). [IpousBoanmast npoaykius cepTUGHUIMpPOBaHA
[0 MEXKAYHapOIHBIM CTaHAApTaM M IO COOTBETCTBHUM C JaHHBIMH IacropTa
KavyecTBa COepIKaHUE ITUIIOBOTO CIHUpTa B 00pasie coctarisuio 99,98 06. %. [lepen
MPOBEJICHUEM SKCIEPUMEHTOB OMO3TAaHOJ CMELIMBAJIHM C JIEMOHHM30POBAaHHOM BOJOH,
BapbUPys COOTHOIIEHUE KOMIIOHEHTOB 10 00beMHOMy konmuuectsy C,H.OH:H,O (1:1,
3:1, 1:3, 1:4).

KaranuzaTopsl Oblmi cuHTe3MpoBaHbl MeTonoM Ileunmnu. B kauecTBe peareHTOB
JUIL  CHHTE3a Karaju3aTopoB HCIONb30BANIKCH HHUTpaThl MeTawioB: Mg(NO,),,
Ni(NO,),, Pr(NO,),, Cr(NO,),, Fe(NO,),, Mn(NO,), , La(NO,),, Co(NO,),. Becn
MpoLEecC MPOBOAWICS NPU HENPEPHIBHOM MEpeMelMBaHUU. JIMMOHHYIO KHCIIOTY
pacTBopsun B aTHIeHnnKose npu 60—-80 °C, oxnakaanu 10 KOMHaTHOM TeMIepaTypsl
1 100aBIsUIM HE0OXOAUMOE KOJTMYECTBO KPUCTAIIIMUECKUX HUTPATOB MeTaiuioB. [locie
MOJTHOTO PACTBOPEHHSI COJICH MO KaruisiM 100aBIIsUIM STHIICHIMAMUH JUIs JalbHEeHIIeH
MOJIMMEPHU3ALINN OpraHnyeckoi cMecH. [loce mosHoro roMoreHu3upoBaHus B TeUEHNE
2 4acoB MOJIy4E€HHYIO0 cMech HarpeBaiu Ha mmre 70 200 °C u MeneHHO BhIMapuBalIn
JUIS TIOMY4YEeHMsI T'yCTOrO TOJHMMepa € TMOCIEeRyIOIIMM pa3IoKEeHHEM Ha TBEPAYIO
YTOJIBHYIO MacCy, KOTOPYIO U3MENBYall B CTYTIKE U MTPOKaJuBaIn Ha Bo3ayxe mpu 700
°C B TedeHHEe 2 yacoB. MOJSIpHOE COOTHOIIEHHE PEareéHTOB COCTABJISUIO: JIMMOHHAs
KHCJIOTA: dTHJICHIJINKOMIL: STUICHANAMIH: XMeTamasl = 3,75:11,25:3,75:1.

VYhenpHyI0 MIIOMAAb MOBEPXHOCTH 00pa3loB ompenesuii MeTonoM bpyHHayspa—
Ommera—Temnepa (BOT) myrem peructpanuu (QU3HYECKOH ancopOLMy a3oTa Npu
TEMIIepaType >KUJIKOrO a30Ta C MCIOJIb30BAaHMEM aBTOMATH3MPOBAHHOTO OOBEMHOTO
agcopormonHoro Omoka ASAP-2400 (Micromeritics Instrument. Corp., Hopxkpoce,
Jxopmxkust, CILIA). Ilepen ananuzom oOpasiel aerazuposanu npu 150 °C B TeueHue
4 gacos npu aasienuu 1 x 107 Topp (~0,1 [1a). [Tomyyennsie n30TepMbl ancopOIuu
HCIOIB30BAJIN JIJIS pacyeTa y/eNbHOH MiIoaad NOBEPXHOCTH.

Uzo0paxenus 00pa3LoB, MOIy4SHHBIE C TOMOILBIO CKAHUPYIOLIEH TPOCBEUUBAIOLLECH
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UIEKTPOHHOM  MHUKPOCKONMHM C  BBICOKOYIJIOBBIM  KOJIBLIEBBIM — TEMHOIOJIBHBIM
nerektopom (HAADF-STEM) u mpocBeuuBaromeid 3JI€KTPOHHOH MHKPOCKOIHH
Bbicokoro paspeuienusi (HRTEM), Obumi momydeHbl ¢ MOMOILBIO MPOCBEUUBAIOIIETO
anekTponHoro wmukpockorna JEM-2200FS (JEOL Ltd.,, Smonwms, yckopsromiee
nanpssxenue 200 kB, paspemenue pemerku 1 A), ocnamennoro koppekropom Cs u
cnekrpomerpom EDX (JEOL Ltd., Tokuo, SIinonus ). MUHHMaIbHBINA AUAMETP MATHA IS
MOIIArOBOTO JIMHEMHOTO WJIM KapTHUpyrouero semMeHnTHoro EDX-ananu3a cocrasisin
~1 1M ¢ marom okoino 1,5 aM. MaenTudukanus nomydeHHbIX (a3 1 KOIN4eCTBEHHbIE
pacyeThl MPOBOAMIKCH C UCTIONB30BaHUeM 0a3bl nanHbix ICDD.

WccnenoBanne KaTaquTHUECKOW aKTUBHOCTH CHHTE3MPOBAaHHBIX KaTajau3aTopoB
MeTonoM [leunHn mpoBogMIOCH B KaraJUTHUeCKOW MmpoToyHoi ycraHoBke (ITKVY-1).
Karanuzarop ObL1 3arpykeH B KBapLeBbIl peakTop auamerpom 20 MM u anuHoi 410
cM. OnpenieneHne KaTaTuTHYECKOH akTUBHOCTH IIPOBOAMIIOCH B AMAINIa30HE TEMIIEPATYP
400-800 °C ¢ marom 100 °C. OOumii pacxoj Ta30BOi CMeCH MOIIACPKHUBAJIICS Ha
ypoBHe 100 mMuI/MUH, TP 3TOM TOAaYa CHIPbS OCYILECTBISUIACh co ckopocThio 0,1
mi/muH. [lpu kaxkngod wuccienyemMoil Temmeparype oOpasubl BBLACPKUBAINCH B
[IOTOKE pPEarupyrolmux KOMIIOHEHTOB B TeueHHe 10 MHH, MOCIE Yero BBIIOIHSIICS
OHJIaliH-Ta30XpoMaTorpapuuecKuil aHaiu3 NpPOAYKTOB peakuuu. llocie moBbimeHus
TEeMIepaTypbl PEakLUHMOHHOM Cpeapl aHaJIWTHYecKas Mpolenypa MOBTOPsUIach
aHaJIOTHYHBIM 00pa30M. AHAIIN3 )KUAKHUX [TPOLYKTOB PEAKIIMHU OCYILIECTBISIICS METOIOM
ra3oBoii xpomarorpa¢pun Ha npudope Agilent Technologies 6890N, ocHameHHOM
MJIaMEHHO-HOHU3AIIMOHHBIM JIETEKTOPOM, C MCIIOJIb30BaHUEM METOIUKH OIpeIesIeHUs
KHCJIOPOJCOEPKAIMX COSNMHEHNH (OKCUTEHATOB).

Kongepcus sranona X(EtOH), % u Bbixon Bonopona Y(H,), % Obliu paccuMTaHsl
o opmynam:

F 05 Ll -
XCSHEUH — CzHe OH g9 C:He OH guypg + 100% (6)

Fe u.0H 5z

Fy,

Y(H,) = = 100% Q)

FC'.‘.HE OH goa

Pesyabrarpl.  Karamuzarop, cuHTe3upoBaHHBIH — MerogoMm  [leuwnu, Obud
OXapaKTEepHU30BaH METOOM HHU3KoTeMIepaTypHoi ancopouum aszora (BOT) s
olnpeneieHns yAeIbHON TUIOIMIAa N MOBEPXHOCTH, a TAK)Ke METOIaMHU CKaHMpYyIolei
MIPOCBEUYMBAIONIEH UIEKTPOHHOM MHKPOCKONHH C BBICOKOYIVIOBBIM  KOJBIIEBBIM
TeMHONONIbHBIM ~ eTtektropoM  (HAADF-STEM) wu  3HeproamcrepcHOHHOTO
pentrenoBckoro mukpoananusa (EDX) ans uccnenoBanus MOpQOIOTHH, CTPYKTYPBI U
3JIEMEHTHOI'0 COCTaBa 00pas3LoB.

HAADF-STEM-un3o6paxenue (Pucynok 1) cBuaerenbcTByeT 0 (hopMUpoOBaHUH
pPa3BUTONW arperMpoBaHHOM CTPYKTYpBI, COCTOAIIEH M3 HAHOYACTHIl HENpPaBUILHON
¢dopMBI C pasMepaMH TOpPsIKA HECKONBKUX JECSTKOB HAHOMETPOB. JJIEMEHTHOE
KapTUPOBAaHUE TIOKa3bIBaeT OTHOCUTEIBHO paBHOMEpHOE pacmpeneneHue Mg, Al,
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La u Pr mo oObeMy KaTanmuzaropa, 4TO yKa3blBaeT Ha YyCIEHIHOE (HOpMHPOBAHHE
MHOTOKOMITOHEHTHOH okcuanHoi marpunsl. [lepexomnsie metamnsl Fe, Ni, Co u Mn
TaKXe MPHUCYTCTBYIOT B 00paslie, OHAKO MX pachpefelieHHe MeHee ogHopoaHo. Ha
kaprax Ni u Co HaOmomaroTcs JOKaJlbHbIE 00JacTH MOBBIIIEHHOH MHTEHCUBHOCTH,
CBHUJICTENILCTBYIOLIME O YAaCTUYHOM arioMepanud WM 00pa3oBaHUM OTAEIBHBIX
MeTtamudeckux (okcuaHelx) dactull. Cnexktp EDX moarBepikgaeT Halnuue Bcex
LIEJIEBBIX AIEMEHTOB B COCTABE KaTaJln3aTopa.

100 nm

[ spectrs from Ares #1 Elemen Atomic
e Spectrum t %
Mg 36.96
g 862
é Mn 6.57
£ Fe  6.83
= Co 4.74
Ni  5.62
la 21.84
Pr 8.83

0 2 4 6 8 10
Energy (keV)

Pucynox 1 — HAADF-STEM wu3o6paxenne ¢ EDX anami3oM CHHTE3MPOBAaHHOTO KaTalnu3aTopa
MeToaoM [Teunuu
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KonuuectBennbiii EDX-ananu3 moka3zaj, 4YTO OCHOBHBIMH KOMIIOHECHTAaMU
KaTanuzaropa sBisitoTest Mg (36,96 at. %) u La (21,84 ar. %), Torna kak comep:kaHue
Pr cocrasuser 8,83 ar. %, Cr — 8,62 ar. %, Fe — 6,83 ar. %, Mn — 6,57 at. %, N1 — 5,62
ar. % u Co — 4,74 ar. %. [lomy4yeHHbIe pe3ynbTaThl CBUAETEIBCTBYIOT O (POPMHUPOBAHUN
MHOTOKOMITOHEHTHOM KaTaJIUTUYECKOM CUCTEMBI C MPEUMYIIECTBEHHO OTHOPOIHBIM
pacrpenencHueM PeAKO3eMENbHBIX 3JIEMEHTOB U MArHUN-aTIOMUHATHONW MaTPUIbI, B
kotopoii akTuBHbIe kKoMIoHeHTHI (Ni, Co, Fe u Mn) nucnieprupoBaHbl B BUIEC MEJIKHX
YaCTHI] C OTICIbHBIMH JIOKAJIbHBIMH 00JaCTSIMH OOOTaICHUS.

Ha pucysnke 2 npencraBieHa u3orepma ajacopOIuu-ecopOiuu a30Ta KaTaiamu3aropa
cuHte3upoBaHHoro merogoMm Ileunnu. CornacHo wiaccudukamuu [UPAC, uzorepma
oTtHOCUTCS K IV THIly M XapaKTepu3yeTcsl HAJIMYUEM METIU THMcTepe3uca B 00JIacTH
oTHOCcUTENnbHBIX AapieHuit P/PO = 0,5-1,0, uto yka3piBaeT Ha mpeoOIaaHue
ME30MOPUCTO CTPYKTYypbl. llocTeneHHoe yBenuueHHe oObeMa afcopOMPOBAHHOIO
a30Ta MpHM HU3KUX 3Ha4YeHusAX P/P CBUAETENHCTBYET O HalMYMU MHKDONOp U
MOHOMOJICKYJIIPHO-MHOTOCIOWHOM aJICOPOIMH, TOT/Ia KaK PE3KHil POCT ajacopOouuu
IPH BBICOKUX OTHOCHUTEIILHBIX JABJICHUSAX OOYCIOBJICH KaNWUISPHOW KOHJCHCAIUeH
B Me3omopax. Hamuuue BbIpa)kKeHHON TMETIM TUCTEPE3Uca CBHUACTEILCTBYET O
HEOIHOPOAHOCTU MOPUCTOM CTPYKTYPhl M HAIMUYMU MEXKYACTHUHBIX TOp, YTO
CIOCOOCTBYET YIYUIICHHIO MacCONEPEeHOCa PEarcHTOB M TPOIYKTOB pEaklUu B
KaTaJIUTUYECKUX TPOIECCax.
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Pucynok 2 — N, u3oTepma aicopOIMu/aecOpOIMU CHHTE3UPOBAHHOTO KaTaIn3aToOpa METOIOM
Tleunan

CornacHo gaHHBIM TaOmuupsl 1, cHHTE3MpOBaHHBIN MeTonoM lleunHn karanuzaTop
XapakTepu3yeTcs pa3BUTON MOPUCTON CTPYKTYpOH M JTOCTATOYHO BBICOKOM yAETbHON
MOBEPXHOCThIO. B cTpykType Marepuana mpeoOiagaloT MHKPOIIOPBI, TMPH 3TOM
pa3Mep IMop COOTBETCTBYET ME3OMNOPHCTOMY Juamna3oHy. [lomydeHHBIE TEKCTypHBIE
XapaKTePUCTHKH CBUACTENBCTBYIOT O (DOPMHUPOBAHMU PA3BUTOH IOBEPXHOCTH H
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0J1aronpUsATHON MOPUCTON CTPYKTYPBI, 00ecrieunBaronmx 3(hHEeKTHBHBIN MacCOIEPEHOC
peareHToB M JOCTYI K aKTUBHBIM LEHTpaM KaTajiu3aropa, YTO SIBISETCS BayKHBIM
(axTOpoM A IPOSIBIICHHS €T0 KaTaJTUTUYECKOW aKTHUBHOCTH.

Tabmuma 1 — TekcrpyasibHbIe TapaMeTphl CHHTE3UPOBAHHOTO KaTan3aTtopa MeTooM Ileannn

O6beM [uametp
Ob6paszen [Inomans O0beM Op | MEKPOIIOp nop
noBepxHocTH (M) | (emr) (em’r?) (uM)
KaTanmzaTop, CHHTE3MPOBaHHBII 60 0.17 0.14 6-10
metozaoM [leunnu

Ha pucynke 3 npezacraBieHo pacnpeneieHne mop 1mo pasMepam i Karajin3aropa,
CHUHTE3UPOBAHHOTO MeTonoM lleunHn, paccyuTaHHOE TIO JAHHBIM aJCOpPOLUH-
necopbunn asora. KpuBas xapakrepusyercs HaJIMYHEM BBIPRXKEHHOTO MaKCHMyMa B
obnmactu 6—8 HM, YTO CBHUAETEILCTBYET O MPEOOTaJaHUH ME30IMOPUCTOH CTPYKTYPHI.
MaxkcumyM pacrpesneneHus s BETBH aJicopOumu HaOIoAaeTcs Mpu JuaMeTpe mop
OKOJIO 7 HM, TOT/A KaK JJIsl BETBH JACCOPOIIMN MAaKCUMyM CMEIIEH B 00JIaCTh OOJIBITHX
pasMepoB Top u coctarisieT okoio 8—10 HM. Hamnuue rucrepesnca MEXIy BETBIMHU
aJicopOLMu W JlecopOIUK yKa3blBaeT HAa HEOTHOPOIHOCTH MOPUCTOH CTPYKTYPHI H
HaJMYue MEXYaCTHYHBIX Me3omnop. llomydeHHsie pe3yasTaThl CBHIIETENHCTBYIOT O
(hopMHPOBaHHHU Pa3BUTON ME30TIOPUCTON CTPYKTYPHI, CIIOCOOCTBYIONIEH Y HEKTUBHOM
muddy3un peareHTOB M MPOJYKTOB PEAKIMU, YTO SIBISCTCS BAXKHBIM (DAKTOPOM JUIS
KaTaJIUTUYECKUX MPOIECCOB.
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Pucynok 3 — Kpusas pacnpeneneHus Iop o pazmepam AJIs KaTalu3aropa, CHHTE3HPOBaHHOIO
MetonoM Ileunnu, paccunrannas no merony NLDFT

Oocy:xnenue

JUig  OIeHKM KaTaJUTHUYeCKOW aKTMBHOCTM CHHTE3MPOBAHHOTO KaTalau3aropa
ObUIM TPOBEICHBI MCCIEAOBAHUS Mpollecca MapoBOro puQOpMUHra OHOITaHONA B
temneparypaom nuanazone or 400 mo 800 °C. Ilpouecc mapoBoro puQopMuHra
OnosTaHOoNa HaOMIOOAIOCh 00pa30BaHUe KaK ra3000pa3HbIX MPOAYKTOB, BKIFOYABIINX
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BOJIOPOJl, MOHOOKCHJI YIJIEPO/A, AUOKCUJ YIJIEPOAa U METaH, TaK U MPOMEKYTOUHBIX
KUAKUX TponykToB. Cpenu TOCIeIHUX HauOoJee XapaKTepHBIMU  SBISUIUCH
areTalbIeru, alleTOH H HENPOpPearupoBaBIINN 3TaHOII.

Amnanu3 cocrasa XuUIKol (asbl mokazan, uyto npu temneparype 400 °C koHaeHcar
conepxain 83,1 mac.% Bozbi 1 16,9 mac.% opranudeckoii hasbl. B cocraBe opranndeckoit
(ha3bl ObUTM OOHAPYKEHBI alleTANBICTU, alleTOH M HENpPOpPEarupOBaBIIUN 3TAHON B
xoauuectBax 0,0033, 0,164 u 20,71 06.%, coorBeTcTBEHHO. Hannuune 3HAYUTEIHLHOIO
KOJIMYECTBA OCTAaTOYHOTO 3TaHOJA CBHUACTEIbCTBYET O HEJOCTATOYHON CTEIeHU
€ro MpeBpalleHus MpH JaHHOW Temmeparype. OIHOBPEMEHHO MPOTEKACT PEaKIlus
JIETUPUPOBAHUS 3TAHOJIA, IPUBOASIIAS K 00pa30BaHUIO alleTalbICTHIa!

C,H,OH—CH,CHO-+H, @®)

Hanmnumne amerona B cocTaBe IIPOLYKTOB pEakUUM CBUAETEILCTBOBAJIO O
MIPOTEKAaHMM BTOPHYHBIX IPEBPALICHUH MPOMEXYTOUHBIX KHCIOPOACOAEPIKAIINX
coequHeHn. TakuM 00pa3om, ObII0 ycTaHoBIeHO, uto mipu 400 °C Hapsay ¢ mapoBBIM
PUPOPMUHIOM 3HAYUTENIBHBIA BKJIad B HPOLECC KOHBEPCHM OMOATaHOJA BHOCHIIN
peakuMy EeruAPUPOBAHUS U YAaCTUUHOIO PA3JIOKEHHUS! ITAHOJA, YTO OOYCIOBINBAIIO
00pa3zoBaHue MPOMEKYTOUHBIX KHCIOPOACOAEPKAILUX HPOIYKTOB.

[Ipn moBbimenun Temmeparypel 10 500 °C  Habmromanoch 3HAYATEIHHOE
YMEHBIIECHUE cozep)aHusl opranndeckoit dasel 1o 0,6 mac.%, Torna Kak coaepKaHue
BOZIbI YBEIMUUBAIOCH A0 99,4 Mac.%. AueranbAaeruj 1 OCTaTOUHbIN ATAHO B KUAKUX
MIPOIYKTaXx HE OOHApYXMBAJIMCh, OJHAKO B KOHJIEHCATe HPUCYTCTBOBAJ AaleTOH B
koHueHtpauuu 0,698 00.%. BeposTHO, mpu DaHHOW Temmeparype MPOHCXOIHUIIO
JanpHeWlIee IpeBpalleHrde aleTalblIernaa, COIPOBOXKIAIOIIEeCs] 00pa3oBaHUEM
alleTOHA, TOTJa KaK CTENICHb KOHBEPCHH 3TaHOJIa CyILIECTBEHHO Bo3pacTaeT. Kpome Toro,
B IaHHOM TeMIIEPaTypHOM HHTepBaJie HaOl0aaI0ch 00pa3oBaHKUE 3THIICHA BCIICICTBHE
peakuuMu Aeruaparanru 3TaHoia. OOpa3oBaHHME ATHUJICHA SIBJISETCS HEXKEIAaTebHBIM
IIPOLIECCOM, TIOCKOJIBKY MOKET IPUBOIUTH K (POPMUPOBAHHUIO YITIEPOANUCTHIX OTIOKECHHUH
Ha MOBEpXHOCTU Karanuzaropa. Ilpu temneparype 600 °C koHAeHCAT NPAKTUYECKHU
MOJTHOCTBIO cocTosn u3 BoAwl (100 mac.%), a comepkaHue OpraHuMuecKoil (a3bl
CTPEMMJIOCH K HYNIO. B *KMIKMX NpOAyKTax aneTaiabIeryui U HempopearupoBaBLINN
9TaHON He OOHApYKMBAJINCh, TOTJA KaK KOHIEHTPALMs auneToHa CHMXKajach [0
0,011 006.%. CymecTBeHHOE yMEHBIIEHHE COACP)KaHUs OPraHMYECKHX COCAMHEHMH
YKa3bIBaeT HAa MHTEHCU(UKALNIO IPOLIECCOB MapoBoro pudopmunra u dosuee rrydokoe
[IPEeBpalieHNe NPOMEXKYTOYHBIX IPOLYKTOB B Tra3o00pasHble KOMIIOHEHTHL. [lpu
JanbHeimeM noseiieHun temneparypsl A0 700 m 800 °C xuakue opraHuYecKue
MIPOIYKTHl IOJHOCTHIO OTCYTCTBOBaJH. KOHAEHCAT COCTOSUI HCKIIOYMTENIBHO U3
BOJBI, @ AlleTajIbJICTUA, alleTOH M 3TaHOJ HE PEerUCTPUPOBATUCH. OTCYTCTBHE KHUIKUX
OPTaHMYECKUX COCIMHEHHUH YKa3bIBalIO HA MPAKTUYECKH MTOJHY0 KOHBEPCHIO 3TaHONIA
1 IPOMEXXYTOUHBIX KHCIOPOACOICPKAIMX COEANHEHNH B Ta3000pa3Hble MPOAYyKTHl. B
HCCIIelyeMOM TeMIIepaTypHOM JHaIia30He MPOLECCh TAPOBOTr0 PU(GOPMHUHTa TPOTEKAIH
C BBICOKOH MHTEHCHUBHOCTBIO, YTO COIPOBOXKIAIOCH YBEIMUCHUEM BBIXO/Ia BOAOPOAA.
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OMHOBpPEMEHHO OBLIO OTMEUEHO IOBBINICHUE COJACPIKAHUS MOHOOKCHIA YIIEpOJa,
JMOKCHUJIa YIJIepoJa U METaHa, YTO OBUIO CBSI3aHO C MPOTEKAHUEM pPEeaKIUi pa3pbhiBa
cBsizu C—C, KOHBEPCUU BOJSHOTO ra3a U BTOPUYHBIX PEAKIM METAaHUPOBAHHMSL.

Ha pucynke 4 mpejacraBieHa KOHBEPCHUS JTaHONA IOCIE  MPOBEICHUS
BBICOKOTEMIIEPAaTYPHOI 00pa0OTKM W TIOCICAYIOIICTO OXJIAXKJICHUS peakTopa Jo
400 °C. YcTaHOBIEHO, YTO COIEp)KaHHME BOABI B KOHAEHCATe yBEIU4WIOoCh A0 90,6
Mac.%, TorJa Kak JIoJis opraHndeckoil das3sl ymeHbImnaach 10 9,4 mac.%. B cocrase
OpraHn4ecKol (ha3bl ObUTH OOHAPYKEHBI AlleTANBIACTH L, alleTOH U OCTATOYHBIH 3TaHOJ
B koHneHrpamusax 0,013, 0,098 u 11,49 006.%, coorBerctBenHo. [lo cpaBHEeHMIO C
nepBoHayanbHbIM cocTosiHreM pu 400 °C copepikaHre HelTpopearupoBaBIIero 3TaHoa
camsmwiock ¢ 20,71 no 11,49 06.%, 4TO CBUAETEIBCTBYET O TMOBBIIICHUN KOHBEPCUHU
ATaHONA W aKTUBHOCTH KaTallu3aTopa MOCJE BBICOKOTEMIIEPATYPHOTO BO3JCHCTBUSI.
BeposiTHO, 3TO CBSI3aHO ¢ YBEIIMYCHUEM KOJUYECTBA JOCTYITHBIX aKTUBHBIX LIEHTPOB U
YaCTUYHBIM YIAJICHUEM YIJICPOIUCTHIX OTIOKEHUHN C MOBEPXHOCTHU KaTaau3aropa.
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Pucynok 4 — TemmeparypHbie 3aBUCHMOCTH KOHBEPCHUHU ITAHOJIA HA KATAIU3aTOPEe CHHTE3MPOBAHHBIM
meronoM Ileunnn, S/E=4

Takum 00pazoM, MOITyUIEHHBIE PE3yIBTAThI TOKA3aId, YTO OBBIIICHNAE TEMIIEPATYPhI
OKa3bIBAJIO CYIICCTBEHHOE BIHUSHHE HA COCTaB JKUJKUX TPOJYKTOB IapOBOTO
pudopmunra 6nostaHosna. B obmacti HU3KUX TeMIepaTyp GUKCHPOBAIOCH 00pa30BaHKE
MIPOMEYTOUHBIX KHCIOPOJCONEPKAIINX COCTUHEHUN U COXPAHsIIOCh 3HAYMTEIBHOE
KOJJMYECTBO HEIPOpPEarupoBaBiiero dTaHona. [IpW TMOBBIICHHN TeMIEpaTyphl [0
700-800 °C >xuakue opraHHYECKHe MPOAYKTHI B COCTaBE PEAKIMOHHOW CMECH He
06Hapy)KI/IBaHI/ICI), YTO YKa3bIBaJIO Ha BBICOKYIO CTCIICHb KOHBCPCHUU MCXOAHOI'O ChIPbs
1 3¢ hexTUBHOE MPOTEKaHUE Tpollecca MapoBoro pudopMruHTa ONOITAHOIIA.

Ha pucynke 5 mnpejcraBiieHa 3aBUCHMOCTh BBIXO/Ia BOJIOPOJIa OT TEMIIEpaTyphl B
nporecce MapoBoro pupopMHUHTa OHMOITAHONA. YCTAHOBICHO, YTO C TOBBIIICHUEM
TeMIepaTypbl BBIXO BOOpoaa nocreneHHo Bo3pacraet. [Ipu 400 °C Bbixox Bomopona
coctasisut 1,11 %, mpu 500 °C yBemuuusancs go 10,57 %, a mpu 600 °C mocturan
20,41 %. Hampreimee mnoBsimieHue Temmeparypel 1o 700 °C cmocoOGCTBOBAIO
VBEIMYCHHUIO BbIXona Bomopoma mo 42,61 %, Torma kKak MakCHMaJIbHOE 3HAYCHUE
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53,73 % Obo pocturayto npu 800 °C. IlomyueHHbIE pe3yabTaThl CBUACTENBCTBYIOT
O TOM, 4YTO BBICOKHE TeMIeparypbl CIHOCOOCTBYIOT HMHTEHCHU(MKAIMU peaKiui
napoBoro pudopmunra u 6onee r1yOoKoi koHBepcuH STaHona. [locnme mpoBeneHus
BBICOKOTEMIIEpaTypHOI 00pabOTKH U MOCIEAYIOLIEro OXJIaxaeHus peakropa a0 400 °C
BBIXOZ Bojopona coctaBuil 13,54 %, 4T0 3HAYMTENHFHO MPEBBIIACT MEPBOHAYAIBHOE
srauenue npu 400 °C (1,11 %). D10 MOKET OBITH CBSA3aHO C MOBBIIICHUEM aKTHBHOCTH
KaTanu3aropa u Oonee d(pGEKTUBHBIM NPOTEKAaHUEM peakHii NapoBoro pudopMHUHTa
MOCJIE BEICOKOTEMIIEPaTypHOTO BO3IEHCTBUSI.

60
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S 8 5
1 1 1
\l

!
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Temnepatypa,°C
Pucynok 5 — TemneparypHnble 3aBUCUMOCTH BbixoZia H2 Ha karaau3aTope CUHTE3MPOBAHHBIM METOI0OM
ITeunnu, S/E=4.

3akmiouenne. B naHHO# pabore ObUia MCClieOBaHA aKTHMBHOCTH KaTalln3aTropa,
MIPUTOTOBJIEHHOTO MeTosioM [leunHu, B mporiecce mpeBpaiieHus 0Mo3TaHoIa B BOAOPOI.
Meronom [leurHM OBUIH TTONYyYEHBI BBICOKOJHMCIIEPCHBIC OKCHIHBIC MaTepHallbl C
OZHOPOJHBIM paclpelieIeHHEM AKTUBHBIX KOMIIOHEHTOB M Pa3BUTOI IOBEPXHOCTHIO,
YTO CHOCOOCTBOBAJIO IMOBBIICHUIO KAaTATUTHUYECKOM AKTMBHOCTH M YCTOMYMBOCTH K
3aKOKCOBBIBaHMIO. bbUIO M3yueHO BiIMsiHHME Temmeparypbl B auanasone 400-800 °C
Ha BBIXOJ BOJOPONA, & TAKXKE BIHMSHUE LUKIMYECKOTO M3MEHEHUS TEMIIEpPaTypbl OT
400 mo 800 °C ¢ mocnemyromuM oxnaxaeaueMm g0 400 °C Ha KOHBEPCHUIO ATaHOJA.
B xome skcnepuMeEHTANbHBIX HCCIEIOBAaHUH OBIJIO YCTAaHOBJIEHO, YTO TOBBIIICHHE
TEMIIEPATYPbl CONPOBOXKIAIOCH YBEIMYEHHEM CTEIECHU MPEBpAILEHHUs HTaHoJa
n BbIxoza Bogopona. llomyueHHble pe3ynbTaThl CBUAETEILCTBOBAJIM O TOM, 4TO
BCJIEAICTBUE HHIOTEPMHUYECKOTO XapakTepa peakUuil HapoBOro pUPOpPMUHTa HUX
MPOTEKaHNE WHTCHCU(PHUIUPOBAIOCH MPH MOBBILICHUN TemIiepaTypbl. [Ipu mapoBom
pudopMuHre OMoOdTaHONA OBUIO OOHAPYKEHO, YTO MAKCHMAJIbHBIH BBIXOJ BOJOPOIA
coctasun 53,7 % nipu Temneparype 800 °C u MombHOM cooTHOIICHHH Tap/3Tanon (S/E)
= 4. Tlomy4yeHHbIEe pE3yJIbTaThl CBUIETEIBCTBYIOT O TOM, YTO BBICOKAasl TEMIIeparypa
crocoOcCTByeT 0ojiee MOJHOMY MPOTEKAHHIO PEAKLUH Pa3oKeHHs MPOMEKYTOUHBIX
COCAMHEHUH W KOHBEPCHH MOHOOKCHJA YIIEpona MO peakiuy BOASHOIO rasa, 4To
MPUBOJUT K YBEIMUCHHIO COICPIKAHUS BOIOPOAA B MPOAYKTax peakuuu. Kpome Toro,
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OBUIO YCTAaHOBJIIEHO, YTO TIOCJIE MPOBEICHHS BBICOKOTEMIEpaTypHOH 00paboTKu u
MOCJIEAYIOLIETO OXJIKIEHHUs peakioHHoN cuctemsl 70 400 °C koHBepcHs 3TaHoONA
yBenmauiack ¢ 64,92 % mo 71,25 %. BeposiTHO, 3TO CBSI3aHO C U3MEHEHHEM COCTOSTHHSI
MOBEPXHOCTH KATallM3aTopa, IIOBBIMICHUEM JOCTYITHOCTH AaKTHUBHBIX IIEHTPOB U
yAaJeHHeM YacTH YIJIEPOAUCTHIX OTIOKEHUH, 00pa3yIoNIMXCs B MPOLECCE PEaKInu.
Takum 00pa3om, TeMnepaTypHOe BO3ACHCTBHE OKa3bIBACT CYLICCTBEHHOE BIUSHHUE HE
TOJIBKO Ha BBIXOJ BOJOPOJIA, HO M HA KaTaJUTUYECKUE CBOICTBA MaTepHaa.

HOHy‘-IeHHLIC PE3yibTaTbl MOATBEPKAAOT TEPCHECKTUBHOCTL HKCIIOJIb30BaHUA
KaTaJlM3aTopoB, CHHTE3MPOBAaHHBIX MeToioM [leywHHM, JUIsi mpolecca NapoBOTO
pudopmuara OmosTaHoNa. BEICOKas AaKTUBHOCTH KaTanm3aropa M BO3MOXKHOCTB
MONyYeHUS] 3HAYUTENBHOTO KOJMYECTBAa BOJAOPOJA JIENIAIOT JaHHBIA  Hporecc
MEPCIEKTUBHBIM JJIsl IPUMEHEHUS B BOJOPOIHON SHEPTETHKE, TOINTUBHBIX JIEMEHTAX U
TEXHOJIOTHUSX XpaHEeHUs SHEprun. JlanbHeie necie1oBanus MOTYT OBITh HalpaBJIeHbI
Ha MOBBIIICHUC CCIICKTUBHOCTHU IO BOAOPOAY, CHUKCHUC 06pa3OBaHI/I$1 YIIIEPOAUCTBIX
OTJIOXKEHUH 1 YBEIWYCHUE JTOITOBPEMEHHOM CTaOMIIBHOCTH KaTalin3aTopa.
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Abstract. The development of wet-process phosphoric acid production is limited
by the quality of phosphate raw materials, since the impurities present can significantly
affect the size and form of calcium sulfate crystals and, consequently, the filtration
properties of phosphogypsum, which also affects the decomposition efficiency and the
residual phosphorus content in phosphogypsum. In this regard, the goal of this study is
comparative analysis of the composition of phosphate raw materials and its effect on
the efficiency of wet-process phosphoric acid production. This work investigates the
influence of phosphorite flour composition from the Kistas deposit of the Karatau basin
and technological extraction modes on the efficiency of sulfuric acid decomposition
and filtration properties of phosphogypsum. Chemical and mineralogical composition
identification and morphology of the samples were studied using X-ray fluorescence
(XRF) and X-ray diffraction (XRD), scanning electron microscopy (SEM) and FTIR
spectroscopy. Sulfuric acid decomposition of raw materials, filtration and washing
of phosphogypsum were carried out according to the standard procedure. It was
established that quartzite content increase above 15% decreases decomposition degree
and leads to formation of insoluble aggregates and deterioration of phosphoric acid
suspension filtration properties under hemihydrate conditions due to fine-dispersed

286



Volume 2, Number 467 (2026)

crystals formation. It was found that maximum filtration productivity for wet unwashed
sediment of 348.38 kg/(m?-h) was achieved in the dihydrate mode due to the formation
of large gypsum crystals. In contrast, in the hemi-hydrate high-temperature mode,
this value decreased to 290 kg/(m?-h) due to formation of fine-dispersed anhydrite,
which clogs the filter pores. Based on the results of the study, an optimal dihydrate
mode of phosphates decomposition at temperatures of 65-80° C was substantiated,
which promotes to significant improvement in filtration properties of phosphogypsum,
reduction in phosphorus losses with insoluble impurities and increase in productivity of
the entire production of wet-process phosphoric acid.

Keywords: phosphorite, decomposition, filtration productivity, wet-process
phosphoric acid, phosphogypsum, decomposition coefficient, insoluble residue
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AHHOTAaIUsI. DKCTPaKUMIIBIK (Qochop KBILIKBUIBIH OHIIPYAiH Iamybl Qocdar
LIMKI3aThIHBIH CcamachbIMeH IIeKTenesi, ce0e0i KypaMbIHAAFbl KOCHalap KaJbIUH
cynbdarel KpUCTATAAPBIHBIH MOJIIepi MEH IilIiHIHE OHE COHBIH CajiapblHaH
¢docdoruncrin cys3riieHy KacHeTTepiHe alTapiblKTail ocep eTyi MyMkiH. bynm e3
Ke3eriHje MIMKI3aTTBhIH BIABIPAY TUIMALIITIHE XoHE Qocdorumncreri QochopabH
KaJbIK KypaMbiHa ocep ereai. OcblFaH OailaHbICThI, 3epTTEYAIH MaKcarsl - gocdar
LIMKI3aTBIHBIH ~KYPaMbIH CaJIBICTBIPMANbl Tangay J»oHE OHBIH OSKCTPAKIHSUIBIK
(dbochop KbBIMIKBUIBI OHMIPICIHIH THIMIUIITIHE OCEPiH 3epTTey OONBIN TaObLIAIbI.
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Byn xymeicra Kaparay Oaccelininnmeri Kucrac xeH OpHBIHBIH (oc(OpUT YHBIHBIH
KypaMbl MEH O3KCTPaKLHUSHBIH TEXHOJOTUSUIBIK PEKUMAEPIHIH KYKIPT KBIIIKBIIIBI
BIIBIpAY TUIMILTITiHE KoHE (POCOTrHUICTIH CYy3rijieHy KacHeTTepiHe acepi 3epTTeni.
YoarinepAiH XUMHUSUIBIK JKOHE MHHEPAJOTHAJBIK Kypambl MEH MOP(OJIOTHSCH
PEHTreH-(QIyOpPECEHTTI KOHE PEHTTeH (a3alblK Taljay SicTepiMeH, >IEKTPOHIBI
MuKpockonusiMeH skoHe WK-cmekrpockonusicbiMeH 3eprrenni. LlIukizarTslH KyKipT
KBILIKBUIABI BIABIPAYbl KoHE (OCQOTHUIICTI CY3Tiliey >KOHE JKyy CTaHIApTTHl dfic
OoiibHIma xyprizinai. lukizaTTarsl KBapuuT MemmepiHiH 15%-maH apTybl bIabIpay
JOpEeKECiH TOMEHICTETIHI JXKOHE epIMEHTIH arperarTapAblH Ty3llyiHe, COHAai-aK
KapTbUIail TUAPATTHIK PEXXUM KaFAaiblHAa yCaK AMCHEPCTI KPUCTAIAAPIBIH TY311yi
ecebineH (hocdop KBILIKBUIABI CyCIEH3USCBIHBIH CY3TUIeHY KaOiJeTiHiH HallapiaybiHa
OKeNeTiHI aHBIKTaNIbl. JUruapaT pexuMmiHzae ipi THIC KpUCTaJAapbIHBIH Ty3iTyiHe
0ailJIaHBICTHI BIIFAJJIBI )KybUIMaFaH TYHOA OOMBIHIIIA CY3Y/IiH MAKCUMAJIIbI OHIMIUTITHE
348,38 kr/(M*-caF) KOJ KETKI3UIl, all )KapThUIAUTUAPATTHI )KOFAPhI TEMIIEPaTyPaIbIK
pekuMIe OYI1 KOPCETKILI CY3Ti TECIKTEePiH OiTen TacTaUThIH YCaK JUCTIEPCTi aHTUAPHUTTIH
Ty3inyiHe OaitmaneicTbl 290 Kr/(m*-car) HeWiH TOMEHICHTIHI aHBIKTAIABL. 3epTTey
HoTHXKemepi Herizinge 65-80°C Temmneparypa apanbiFbl  (ocdarTapabl bIABIPATYAbIH
OHTAMIIBI AUTHAPATTHI PEXKUMI HETI3AeNIi. ATaiaraH peKuM (HOCQOTHIICTIH CY3TileHy
KacHeTTEePiH eoyip KaKcapTyFa, epiMelTiH KocnanapMeH 0ipre hocopabiH KOFamybIH
azaiiTyra ®oHE SKCTPaKIMUIBIK (ocdop KBIIKBUIBI OHIIPICIHIH JKalbl OHIMAUIITIH
apTTHIpyFa bIKIaJ eTe/i.

Tyiiin ce3gep: Qocdoput, biIbIpay, Cy3y OHIMALNIr, 3KCTPaKUUSIIBIK (ocdop
KBILKBLTBL, pocorurc, siabipay kodhUIUEHT], epIMEHTIH KaJlIbIK
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AHHoTanus. Pa3Butre nmpou3BOACTBAa 3KCTPAKIMOHHOW (OCHOPHON KUCIOTHI BO
MHOTOM OMPEEIISETCs Ka4ecTBOM (HOC(hATHOTO CBIPhs, MOCKOJIBKY COJEpIKaIIuecs B
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HEM TPUMECH OKa3blBAIOT CYIIECTBEHHOE BIHMSHUE Ha pazMep U (HOpMy KpPHCTAILIOB
cynbdara KaibLus, a cleloBaTelbHO, U Ha (DUIBTpyIOLIHe cBoiicTBa (ocdorurmca.
370, B CBOIO O4Yepellb, OTPAXKAETCS HA CTETIEHH pasziokeHHus GochaToB U OCTATOUHOM
cogepxkanuu ¢pocdopa B ¢ocdorunce. B CBI3M ¢ ITHM IENBI0 UCCIEAOBAHUSI
SIBJISUICSL CPABHHUTENBHBIA aHamu3 cocTaBa (GochaTHOrO ChHIPbS M €ro BIUSHHSA Ha
3 PEKTUBHOCTh TMPOU3BOACTBA IKCTPAKIMOHHOH (ocdopHoii KucnoTel. B pabdote
HCCIIeIOBaHO BIMSHHE cocTaBa (ochopuTHOH MyKH MectopokaeHus Kucrac
Kaparayckoro 0acceiiHa 1 TEXHOJOTMYECKUX PEKUMOB IKCTPaKIMH Ha () (PEKTUBHOCTD
CEPHOKHCIIOTHOTO pa3iokeHus U GpuibTpyromye cBoicTBa Gpocdorunca. XuMuueckui
1 MUHEpaJIOTHUECKUI cocTaB 00pa3lLoB, a TAKkKe UX MOP(OIOrHuecKue 0COOEHHOCTH
H3yYalli METOJaMU PEHTTeHO(IIyOPECIICHTHOTO aHaIn3a, PEHTTeHO(pa30BoOro aHaIu3a,
anekTpoHHoi Mukpockonun u MK-cnexrpockonuu. CepHOKHCIOTHOE pasioKeHHE
CBIpbs, (WIBTPOBAaHHE W NPOMBIBKY (ocdorunca NpOBOAWIN IO CTaHAAPTHOU
METOJUKE. YCTaHOBJICHO, YTO YBEJIMUYEHHE COJCp)KaHUs KBapla B Chlppe Oonee 15
% TpHUBOOUT K CHIKCHHIO CTENECHU PA3JIOKECHUS W 0Opa30BaHHIO HEPacTBOPHUMBIX
arperaroB, yXyAlWalOmuX QUIABTpyeMocTb (HOcOpHO-KUCIOTHOH CyCIIEH3UH B
YCIOBUSIX TONYTHIPATHOTO PEXUMa BCIEACTBHE (HOPMHUPOBAHMS MEJIKOIUCICPCHBIX
kpuctamioB. IlokazaHo, YTO B JUTHAPATHOM PEXKUME IOCTHraeTcs MaKcuMalbHas
MIPOU3BOAUTENHLHOCT (PMIIBTPOBAHUS IO BIA)KHOMY HEOTMBITOMY Ocaiky - 348,38 kr/
(M?-9), yTO 00YCIIOBIIEHO 00pa30BaHUEM KPYITHBIX KPHCTAIJIOB rUIica. B moixyruaparnom
BBICOKOTEMIIEpaTypHOM DPEKUME JaHHBIM IOKa3aTenb CHWKaeTcs A0 290 kr/(m?-4)
BCIIEACTBUE 00pa30BaHMsl MEJIKOAUCIIEPCHOTO AaHTHAPUTA, 3aKYIOPHBAIOLIETO IMOPHI
¢unprpa. Ha oOcHOBaHMM MOJYYEHHBIX pPE3yJIbTaTOB OOOCHOBAaH ONTHMATbHBIN
JUTHIPATHBIN pexXuM pasznioxkeHus: GocdarHoro celpbg npu Temmneparype 65-80 °C,
o0ecreunBaroIni  yinydlieHue (QUIBTPYIOIUX CBOWCTB (ocdorurca, CHUKEHHE
noteps pocdopa c HepPaCTBOPUMBIMHI PUMECSIMU U TIOBBIIIIEHUE TIPOU3BOAUTEIHLHOCTH
mporiecca MoyueHHs SKCTPAKIIMOHHOM (POCPOPHOM KUCITOTHI

KiroueBsle cioBa: Gocdopur, paznokeHne, IpOU3BOIUTEIBHOCTD (DUIBTPOBAHUS,
sKCcTpakiuoHHas QocdopHas kucnora, ¢ocdorunc, xodhduIMEHT pasznoxKeHus,
HEPaCTBOPUMBIH OCTaTOK

Beenenune. @®ochop - HEBO30OHOBISEMBIH IKM3HEHHO BAXKHBIA DIEMEHT H
9KOHOMHYECKH LEHHbIH MHUHEPAJIbHBIH Pecypc, IUPOKO UCIOIB3YyEMbI B Pa3IHYHBIX
o0nacTsX, TaKuX KaK CeJlbCKOE XO3SMCTBO, XHMMHYECKash MPOMBILIUICHHOCTD,
¢dapmaneBTrka M Jerkas npombinuieHHOCTh (Dong et al., 2024). VYcroitumpoe
oOecrieueHre MUPOBOW SKOHOMHUKH (ocdopcoaepiKaliuM ChIpbEM HAPSIMYIO CBA3aHO
C JOCTYHNHOCTBIO MPUPOIHBIX (hocdaroB, KOTOpBIE CITy’KaT OCHOBHBIM HMCTOYHHKOM
noiyueHus pochopHoit Kuca0TH U HocHOpHBIX yIOOpEHUH.

docparnas nopona (OP) - aTo npupoaHas pyaa 0cagouyHOr0 I MarMaTHYeCKOTo
MIPOMCXOXKACHHsI, 00Jagaromas BBICOKOM KOHIEHTpauuei ¢ocdaTHbBIX MHUHEpaNoB.
3TO0 mpUpoAHOE MUHEpaTbHOE MecTOpokAeHHe hocdopa U KalbLus, OTHOCALIEeCs K
BuAaM cemeiicTBa anmatutoB (Mar et al., 2012). s mpoMBIIIIEHHOTO MPOW3BOACTBA
¢dochopconepkammx ynoOpeHudl npuMeHstorcs  GocdaTHbie  pyAbl, KOTOpBIE
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KJIaCCUGUIUPYIOT 10 cofiepkanuto B Hux P,O, Ha cienyromue nopossl: 04eHb 6orarbie
(> 35% P,0,); 6orareie (28-35 % P,0O,); psanosbie (18-28 % P,0O,); 6enubie (10-18 %
P,0,); ouenn Gennbie (5-10 % P,0,); docharconepxammue (0,5-5 % P,O).

@®ochopurer  Kaparay  xapakTepu3yloTcs  OCaZOYHBIM  HPOUCXOXKICHHEM,
3HAYUTEITHLHBIMH 3a11aCAMH H CIIO)KHBIM MUHEPATEHBIM COCTaBOM, YTO 00y CIIOBIMBACT UX
MIPOMBIIUICHHYIO LIEHHOCTh U IIMPOKOE MCIIOJIb30BAHUE B IPOM3BOACTBE MUHEPAIBHBIX
yAoOpeHn# 1 SKCTpakIHOHHOM (ocdopHoii kuciotsl (IDK).

dochopHas KUCIOTa CIYKUT OCHOBOW ISl TIPOM3BOJICTBA KOHLIEHTPHUPOBAHHBIX
(dochopHbix ymnoOpeHuit. B Hacrosiiee BpeMsi HauOoOJIee SKOHOMHUYECKU BBITOAHBIM
METOZIOM €€ TIPOM3BOJICTBA SABIISETCS CEPHOKHUCIIOTHOE pa3ioxkeHue (poc(aTHOro ChIphsL.
[Ipu mpumenennn k Qocdopury Kaparay 3tuM MeTtomom mnomydaroT (ochopHyro
KHCIJIOTY C OTHOCUTENILHO HU3KUM cofepkaHueM P2Os 1 BBICOKMM YPOBHEM IIPUMeECEH.
KonnuecTBo 1 cocTaB 3TUX MpUMeCei 3aBUCST Kak OT KadyecTBa HCXOAHOTo (ocdara, Tak
Y OT KOHKPETHOTO UCIIOIb3yeMOoro MeToia 3kcTpakiuu (Abilkasova et al., 2025). OxHoi
n3 ocobeHHocrei mporecca noiayuenus DK spnsercss oOpazoBanue ocdorurca B
BUJIE KPHCTAJUIMYECKOTO OCaaKa, OT CTPYKTYPHl M AWCIEPCHOCTH KOTOPOTO 3aBHUCHT
3¢ dexTHBHOCT GMIBTPALIH TEXHOIOTHUESCKON CYCIICH3HU.

C yderoM BBIILICU3JIOKEHHOTO LIEIbI0 JAHHOTO HCCIENOBAaHUS OBUIO CpaBHEHHE
cocraBa (hocGaTHOTO CHIPbSI U3 PA3HBIX MAPTHH M €ro BIMSHUS Ha 3()(PEKTHUBHOCTDH
npousBozictBa DDK. OreHka kauecTBa GocdaroB OCHOBBIBANIACH HA UX XUMUUYECKOM U
MHUHEPAIOTHYECKOM COCTAaBE.

JlutepatypHbliii 0630p. B mocieaawe roasr HabIr0maeTes yCTOMIUBEIN POCT MEPOBOM
no0erau docdaraeix pyn (Tadbmuma 1) (Geological Survey, 2025), oOycrmoBneHHBIH
YBEJIMUCHUEM YHMCICHHOCTH HACEJICHUS W PACLIMPEHHEM CEJIbCKOXO35HCTBEHHOTO
npousBoacTBa. Pacnpenenenue pecypcoB GpochopuToB B MUpeE KpailHe HEpaBHOMEPHO,
MUPOBBIE 3arackl GocaTHbIX Py HoAcUUTaHbI B 36 cTpaHax 1 3a 2025 roy o1eHUBaIOTCS
MIPUMEPHO B 74 MIIpII T, MUPOBBIE pecypchl npeBbimaioT 300 miipa T.

Tabmuua 1 — MupoBsie 3anacs! pocdaTHbIX pya u 00bEMBI pon3BoacTBa hocdarHbIx pya B 2024 .,
MJIH T.

Crpanbl Jlobb1ua pocarubix pya B 2024 r., MJIH T. Pe3epBbl
Amxup 2,000 2,200,000
ABcTpanus 2,500 1,100,000
bpazunus 5,300 1,600,000
Kurait 110,000 3,700,000
Eruner 5,000 2,800,000
DuHATHIUS 900 1,000,000
WUnnus 1,600 31,000
W3pawnnb 2,300 60,000
Wopnanus 12,000 1,000,000
Kazaxcran 1,700 260,000
Mekcuka 360 30,000
Mopokko 30,000 50,000,000
[epy 5,000 210,000
Poccust 14,000 2,400,000
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CaynoBckasi Apadus 9,500 1,000,000
Ceneran 2,500 50,000
0xHO0-Adprkanckas Pecriyominka 2,200 1,500,000
Cupus 2,000 250,000
Toro 1,500 30,000
Tynuc 3,300 2,500,000
Typrwst 800 71,000
V3b6ekucran 900 100,000
Coeaunénnsle HlTarsr AMepuku 20,000 1,000,000
BretHam 2,600 30,000
Jlpyrue cTpaHbl 770 800,000
MupoBoii uTor (OKpyr;i1€HHO) 240,000 74,000,000
IMpumeuanue: CocrapieHa apropamu Ha ocaoBe ucrounuka (U.S. Geological Survey, 2025)

KpynneiimmuM  nipoxynentom  GocopHBIX  KOHIIEHTparoB octaercs Kwurai,
obecnieunBuidi B 2024 tomy 40% wmwupoBoro mpousBoxacTBa. [Ipu 3TomM KadecTBO
€ro ChIpbEBON 0a3bl CPAaBHUTEIBHO HEBBICOKOE: pas3padarbiBatoTcs QocdaTHble
pyaBl MHKpPO3epHUCTOTO THIA [ yiuxoy-Xy0dsii-XyHaHBCKOTO (HOCHOPUTOHOCHOTO
Oacceiina co cpennuM conepxanueM PO, okono 17%. AOGCOMIOTHBIM JIMIEPOM IO
3amacaM BBICOKOKaueCTBEHHBIX (ocdaroB siisercs Mapokko. Bee paspabaTbiBacMble
MECTOPOXKACHHS PacloyiaraloTcsi B mpeaenax MapoKkaHCKOro (HhochOopUTOHOCHOTO
Oaccelina, 3epHUACTBIE (HOCHOPUTHI KOTOPOTO XapaKTepHU3yIOTCs BBICOKUM (10 35%)
conepxkanuem PO, n nerkoit oborarumoctsbro. Kpymnnbie pecypesl Gocdarnbix pys
Taxoke HaxoasTes B Erunte, Poccun u Tynuce (Geological Survey, 2025).

B Kazaxcrane ocHoBHas 4yacTh 3amacoB (ocdaTHBIX Py COCpPElOTOYEHA B
Kaparayckom pochoprutoHOCHOM Oacceitie, KOTOPBIH SBISETCS OMHUM U3 KPYITHEHIITHX
B Mupe. B 1oro-3amannoit uactu XKamMObUICKOH 001acTH PaCONOKEH TEPPUTOPHATHHO-
unayctpuaibheii kommieke THUK "Kaparay-)KamObut" mromaznpio 56,6 Thic. M
XapaKTEePU3YIOIHUICS MOJHBIM TEXHOJIOTMYECKUM LHKIOM OT JOOBIYM M NepepaboTKH
(hochopuTHOM PyIBI 10 MPOU3BOACTBA MUHEPATHHBIX YIOOpeHUit U skenToro docdopa.
B nacrosiiiee Bpemst 31ech npou3BoauTcst 10 50% sxenroro gocdopa B cTpaHe U OKOJIO
1,3 MutH TOHH MUHEpanbHBIX ynoopenuii (Turgumbaeva et al., 2014). bacceiin Kaparay
SIBIIIETCSl  KpymHeWIie ¢ocdarHo-chipeBoii 0a3o0ii cpenu crpan  ConpykecTBa
HE3aBUCUMBIX TOCYIapcTB, L€ 3aperucTpupoBaHo Oojee 45 MECTOPOXKACHUM
¢dochoputoB. Docchipre Kaparay 0THOCHTCS K TpyYIIE IIACTOBBIX MUKPO3EPHUCTBIX
(docdopuToB 1 mpeAcTaBiseT cOO0H TIIOTHBIE, KPENKHUE IIMTYAThIE TOPObl OT TEMHO-
CEeporo /10 YepHOTo LIBETA.

[IpomsBoncTBO hochopHBIX yamoOpeHuit TpeOyeT MPOMEKYTOTHOTO dTara - IPOU3-
BoACTBa (POChHOPHON KHCIOTHI, KOTOpasi SBISIETCS ONHUM M3 BaKHEHIINX TPOMEXY-
TOYHBIX TPOAYKTOB HEOPraHMYECKOM XMMHUYECKOW MpoMmblnuieHHocTH. PocdopHas
KHCJIOTa MIPOU3BOAUTCS U3 PochaTHOM Mopoabl MO0 TEPMUUECKUM, JTMO0 KMCIOTHBIM
cnocobom. Kaxnplii MeToq MMeeT CBOM IPEUMYILECTBa, OJHAKO IJIS IPOU3BOICTBA
OonbIMx 00beMOB (OchHOPHON KHCIOTHI YIOOPHUTEILHOTO KauecTBa KUCIOTHBIN MpPO-
LECC MCIONB3YETCs Yalle U3-3a MPOCTOTHI IKCIUTyaTalliy 1 MEHBIUX YHEProzarpar mno
cpaBHeHHIo ¢ TepmuueckuM criocodom (Khalil et al., 2025). Bo Bcém mupe oxomno 90 %
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no0b1BaeMoro hocgarHoro crlpbs nepepadarsiBaeTcs Aj1st moyueHus GpochopHoit kuc-
JIOTBl KUCJIOTHBIM (9KCTPAaKIHMOHHBIM) CIIOCOOOM, OCHOBaHHBIM Ha Pa3sIoKEeHUH (oc-
(opHUTOB MUHEPATBHBIMU KUCIIOTAMH, IPEUMYILIECTBEHHO CEpHOM KUCIOTOU. Peakuus
MIPOTEKAET B COOTBETCTBUU CO CIEAYIOLUIMM YPaBHEHUEM PEeaKLUH:

Ca,(PO,),F+5H,S0 +5nH,0—5CaSO,-nH,0+3H,PO, +HF (1),

7€ N- YUCIIO MOJIeH KPUCTAIIIM3alMOHHON BOABI B OIYTUAPATE WIIH JUTHIPATe
cynbdara KaabIHs.

[Tpu B3anmMoneiicTBUH cepHOI KUCTOTHI ¢ hochopruToM 00paszyeTcsi MaIOOIBHKHAS,
rycTasl CycIleH3Msl, pa3lesiuTh KOTOPYIO Ha >KUAKYI0 M TBEpAyro (as3bl He yaaercs,
M03TOMY pasziokerne Gpochopura npoBoaUTCS C 100aBICHUEM pacTBOpa pa3daBiIeHus,
MPEACTABISIOIETO cOO0H MUPKYITHPYIOMNI pacTBOp GPochHOpHOH KHUCIOTHI.

[Ipu pasnoxennn QocharHoro ceippsi ¢ nomydeHueM DDPK B 3aBucumMocTH OT
TEeMIIepaTypbl Mpolecca M OT KOHLEHTpPAMHd pacTBopa pa30aBiIeHUS B KauecTBE
MOOOYHOr0 MpoAyKTa obOpasyercs (OCQOrurc, OCHOBHBIM KOMIIOHEHTOM KOTOPOTO
apngerca  guruapar  CaSO,-2H,O0 wumm  nomyruapar CaSO,-0,5H,0 cynbara
kajbuus. [lo aTuM mpusHakoMm mpouecc npousBoactsa DDK knaccudumupyercs kak
JUTUAPATHBIN WK TOMYTUAPaTHBIN criocod nomydenus DDPK.

B 3aBUCHMOCTH OT XUMHUYECKOTO ¥ MHHEPAJIOTHYECKOTO COCTABa CHIPhSI MOITYy4aeTCs
DOK rouuentpauuii B unrepsane 17-28 % % P,O, (Ryszko et al., 2023). DOK
HCTIOJIb3YeTCsl TIaBHBIM 00pa3oM AJisi MPOU3BOACTBA MUHEPANbHBIX (DOCHOPHBIX H
CIIOXKHBIX ynoOpenuit n kopmoBbx Gocgaros (U.S. Geological Survey, 2025).

B mpouecce momyuenns DPK Ha Kakaylo TOHHY MpPOHM3BEICHHOH (hocdopHOi
KHCIIOTBI oOpasyercs okoio 5 ToHH ¢ocdorunca. B Hacrosiiee BpeMsi MHPOBBIC
o0beMbl oOpasytorerocs ¢pocdorurca pactyT Ha 200 MUIUTMOHOB TOHH B T'OJl, 8 00IIMIH
k03 dunmeHT ero wucronb3oBaHus coctaBiseT Bcero 10-15% (Guan et al., 2022;
Bouargane et al., 2023). ®ocdorurc cogepxur 6osiee 10% HepacTBOPUMOT0 OCTaTKa B
BUJIC KBApIIMTA, a TAK)KE COSIMHEHUH allOMUHHS, JKene3a, (Topa, TSHKEeIbIX METaIoB
u apyrux npumeceii (Seraya et al., 2023). Hannune npumeceil MOKeT BIHSTh Ha POCT
KpHucTaoB Gocdorurca, a popma U pazMep KpUCTAIUIOB CYlb(haTa KaabIHs SIBISIOTCS
KITIOUEBBIMH (PaKTOpaMH, HENOCPEACTBEHHO BIMAIOUIMMHU Ha (PUIIBTPYIOLINE CBOWCTBA
n ocratouHoe conepkanue Qochopa B docdorumnce. [lo maHHBIM psga aBTOPOB
OCHOBHBIMH (D)aKTOpaMH, BIHSIOIIMMH Ha CTPYKTYpY, HOPHUCTOCTh M (DUIBTPYIOLIHE
cBoiictBa pocorurca, sBiusrorcst cogepxkanue P20s, MgO, R20s (Fe20s + Al2O3), SiO-,
KapOOHATOB M OpraHnYecKux BemecTs B pochopurHoii pyne (Zhu et al., 2023; Dong et
al., 2024).

K nHacrosiemy BpeMeHH MHOTHE yuYeHblE HCCIEJOBANM BIHMSHUE NpUMecel B
¢docdorunce Ha 3apoxkIeHHE M POCT KPUCTAIUIOB cynb(dara KanbLus. Pesymbrarsl
MOKAa3bIBAIOT, YTO MpHUCYTCTBHE HOHOB Na 'u KB cictemMe MOKeT U3MEHUTh MOP(OIIOTHIO
KPUCTAJJIOB Cyhabdara KajblMs C TOJOCYaTOW Ha WIroNbYaTyl0 ¥ yMEHBIIUTH
cooTHouIeHue ctopoH (Zhang et al., 2019). Monst Mg?" npOHUKAIOT B KPHCTAIITHYECKYIO
CTPYKTYPY M CHIJKAIOT CKOPOCTh POCTa KPUCTAIUIOB CYAb(ara KaablHs, YTO TPUBOAUT

292



Volume 2, Number 467 (2026)

K YBEJIMUEHUIO COOTHOLIEHHUS] CTOPOH KPUCTAJIOB Cyib(daTa KaablHs U POCTY TOHKUX
UronpuaThIX KpuctawioB (Mao et al., 2014; Yang et al., 2009). Houst AI** u Fe*" moryt
WHTUOMPOBAaTh POCT KPUCTAJIIOB Cynb(hara KalbLUs U U3MEHSTh UX pa3Mep, IpUIIUas
K Kparo KpucTajuia B mpouecce ero pocra (Ben Ahmed et al., 2014). ®unsrpyromniue
MOpBl MOTYT Jake 3a0HMBaThcs B Mpouecce (QUIBTPOBaHUS U3-3a MEIKOAUCIIEPCHOTO
¢docdorurnca, 4TO yBEeIUUMBAECT HArPY3Ky Ha (PUIBTP M TPUBOAUT K €ro 3aKyIMOpKE.
[losTOoMy KpaiiHe BaKHO PErylupoBaTh (GOpMy H pasMmep KpucTtamuioB ¢ocdorumnca
JUISL yITydlieHus! QUIBTPYIOIUX CBOKCTB (hocdorunca u MHTCHCUPHUKALUHU TpoLecca
paznenenust hochopHo-kucinoTHoM cycrnenzuu (Abdelouahhab et al., 2022). C stoit
LEJNBI0 B JIAHHOM paboTe MpoBelIeH CPaBHUTEIbHBIM aHamu3 cocTtaBa ¢ocdaTHOro
CBIPbS U €ro BIHsHUS Ha 2P eKTUBHOCTH nmpou3BozacTea DDK.

Marepuaasl ¥ MeToObl HcCJeA0BaHMil. B KadecTBe HCXOIHOTO CBIPHA
HCTIOJIB30BaI TpU NpoObl GochopuTHOil Mykn MectopoxkaeHusi Kucrac Gacceiina
Kaparay, npenocrasnennsie xommnanueir T® TOO «Kazdochar» «MunepanbHble
ynoopenus» (Kazaxcran): pasubix naptuid u3 nexos DOK 1, DDK 2 u niexa KOpMOBBIX
obecdropennsix pochartoB (KOD).

Takoxe uccnenoBanbl ABa oOpasua (ocdorurica, 00pa3yromerocs Ipu pasaoKeHUH
¢dbochoputa: docdorunc ¢ ¢uasrpa oraeneHus IDK 2 (cBexwuit) u docdoruric,
otoOpaHHbIi U3 orBana Nel ¢ mokazaremsamu cornacHo Ceprugukary COOTBETCTBHUS
npeanpustus (Tadmuua 2).

OOw1as ctanIapTHAs HEOMPEAETICHHOCTD (TIOTPELTHOCTD ) U3MEPEHHI U CTaHAAPTHOE
OTKJIOHEHHE aHajmu3a cocTtaBa npold ¢ochoputoB U (HocoruncoB M BETUUUHBI
MPOU3BOAUTENFHOCTH (WIBTPOBAHMSI PACCUUTAHBI HAa OCHOBE 3 MapajlieNbHBIX
n3MepeHui 0Opas3loB ¢ yu4eTOM B3BEIMBAHUS 0OPAa3loOB, KAJIMOPOBKH M M3MEPEHHUSL.
Jns u3MepeHust cocTaBa yKasaHHBIX MpoO oOmias cTaHzapTHas HEONpPEeNICHHOCTD
coctaBuna 0,0067. OTHOCHUTENBbHOE CTaHAAPTHOE OTKJIOHEHHE OT YCPEIHEHHOTO
3Ha4YeHUs ¢ ypoBHeM aoctoBepHocTH P = 0,95 cocrasuio 0,0001.

Paznuume B cocraBe ABYX MpoO MO COAECPIKaHUIO TUTHApara Cyiab(ara KalbIHs
U THIPOCKONUYECKOW Biark B (ochorurce cBA3aHO ¢ CaMONPOM3BOJBHOW CYIIKOH
TBEPJOr0 OTXO/a, HAXOISIIEroCsl IJIUTEIbHOE BpeMs B OTKPBITOM oTBaie (pocdorurmc
c orBasa Nel 1-2 neTHe#l HaBHOCTH), TOrAa Kak BIaKHBIH (ocdoruric, oToOpaHHbIN
14.01.2026 rona Ha JieHTE BaKyyM-(QHUIbTpa, UMEET BIakHOCTh 20,9%.

Tabmuma 2 — Ou3uKo-XUMHYECKHe MToKa3arean 00pa3nos gocdorurnca Tapasckoro pummana TOO
«Kazpochary «MunepansHele y1oOpeHHsD

Jlara otOopa | Haumenosanue |MaccoBas nomst | MaccoBas Maccosas nosnst VYnenbHas
po6 MpoObI, MECTO | OCHOBHOTO JIOJISl TUTPO- | BOJOPACTBOPUMBIX | aKTHBHOCTD
otbopa BEIECTBA CKOTINYECKON | PTOPUCTBIX COEM- | PaANOHYKINI0B
(CaSO,-2H,0), | Bnaru, % HEHUil B mepepacue- | B Gpocdorurce,
% Te Ha drop, % Bk/kr
14.01.2026 1. | Docdorurc ¢ 92,9 20,9 0,09 80
¢unsTpa DOK
-2
14.01.2026 1. | Docdorumnc ¢ 82,6 7,7 0,05 2,0
orBana Nel
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JKCNepUMEHTANbHASL YaCTh. DKCIIEPUMEHTAIbHbIE MCCICIOBAHHS MPOBOIMIN B
COOTBETCTBHUHU CO CTaHAAPTHOW METOIMKOHM MOTYUYEHHUS IKCTPAaKUMOHHON (ochopHoi
KHCJIOTBI, OCHOBAaHHOH Ha CEPHOKMCIOTHOM pa3loKeHHH (ochaTHOrO CHIPbs, ¢
YUETOM PacXoIHbIX KO3()(UIHEHTOB IO CHIPBIO, IPU AUTHAPATHOM PEKUME MpoLecca
npu temmneparype 70°C (Moldabekov et al., 2006). lnst obecnieyenns: NOABHKHOCTH
9KCTPAKIMOHHOM MyNblbl U (OPMUPOBAHUS XOPOLIO (QHUIBTPYIOIIMX KPHCTAIIIOB
OI' cooTHOWIEHNE XKUAKOW M TBepaoi (a3 mogaepkusanu B uHTepBaie XK:T=3:1 c
HCTIOJIb30BAHUEM pacTBOpa pa30aBieHUs. DKCTPAKLUHUIO OCYLIECTBISUIM B TEUeHHE 3
4acoB AJ1s1 3aBepieHus pocta kpuctamioB @I [lonydeHHyro CycnieH3nIo pa3aeisiig Ha
DOK u ocanok @I Ha BakyyM-pUIBTpOBaIBbHON ycTaHoBKe mof Bakyymom 0,06 MITa.
TBepaplil MOOOYHBINH NPOAYKT OTMBIBAJIN OT KUCJIOTHI TOPSTYEH BOIOM.

[lo pesyabraraM HCCIEAOBaHUS ONpEACISIM  KOIPPHUUUEHT  PaziIOKeHHS
¢dochopura (Kpm) u kodpuumrent ormbieku pocdorunca (K ) (Pozin, 1983),
MPOU3BOAUTENBLHOCTE GUIBTPOBAHHSA (POCHOPHO-KHCIOTHOMN CyCIIEH3UH 110 BIKHOMY
HEOTMBITOMY, OTMBITOMY U cyxoMy ocaaky (Moldabekov et al., 2006). Unentudukanmto
XMMUYECKOTO M MHMHEpPAJOrM4ecKOro cOcTaBa O00pasloB OCYIIECTBISUIM METOIAMH
pentrenodasosoro ananuza (XRD) u penrrenodmyopecuentnoro ananmusza (XRF) c
npumenennem nudpakromerpa XRF Bruker S8 Tiger, XRF PANalytical Axios max,
XRD Bruker D8 Endeavor (I'epmanus) u S8 Tiger u PANalytical Axios (I'epmanns).
nHdppakpacHoii cnexrpockonuu (MK) c nomompto MK-Oypee ciekrpomeTpa Shimadzu
IR-Prestige (lmoHust) 1 pacTpoBo# deKTpoHHOH MUKpockonuu (POM) na JEOL JSM-
6490LV (Snonus).

Pe3yabrarpl. B pamkax nccienoBanus NpoBeAEH KOMIUIEKCHBIM aHAIN3 TPEX Mpoo
¢docdopuToB 1 1BYX 00pa3noB Gocdorunca. PerrrenodazoBsiM aHATN30M yCTaHOBIEH
MUHepasoruueckuii cocras nmpob ¢pocdoputa, orodpannoro ¢ nexos DDPK 1 u IPK 2.
Ha pucynke 1 naeHTndUINPOBaHO coepKaHUE B MX COCTaBE (PTOparaTuTa, KBapluTa,
JOJIOMUTA U KaJIbLUTA.

Sample 1 (Coupled TwoTheta/Theta)
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Sample 4 (Coupled TwoTheta/Theta)
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1 G0 9010144 025 Quarz
2n000 b

21000

RN

_Counts

LB 8 5B BREERAE

L J L4 LAl mwjl ,AMAA)\.‘A MM_@MLM

2Theta (Coupled TwoThetalTheta) WL=1.54060

b
Pucynok 1 — Pentrenorpamma npo6 ¢ocdopura, orodpanuoro ¢ uexos a) IOK 1 u 6) DDOK 2

JlanHaple  MUHEpaNBl TaKke WACHTHQUIUpoBaHB WK-crekTpocKomuaecKkuM
AHAJIM30M: WHTEHCHBHBIE MOMOCH momromenus 880, 1030 u mymaer 560-600 cm!
00ycCIToBIeHbI KoleOaHmssMu (hocdar-noHOB, CIEKTphl mormomienus 1420-1450 cm™!
— noHoB Kanbuus. Ilpucyrcrue SiO, xapaxrepusyercss momocamu 800-780 cm
(Pucynok 2).

3000 3600 3300 3000 2700 2400 2100 1950 1800 1650 1500 1350 1200 1050 900 750 600
TR Presise 21 (ATR Miack) liem

Pucynok 2- UK-®ypse criekrporpamma pochopura
[TonmyueHHbIe pe3yabTaThl KOPPEIUPYIOT C JaHHBIMHU PEHTICH-(IyOpeCIEHTHOIO

ananu3a (Tabnuua 3), 1eMOHCTPUPYIOIMMHU PAKTHYSCKH WACHTHYHBIN XUMUYeCKUN
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cocraB mpod ¢ DPK 1 u DDK 2. Ognako B obpasue 3 (dpochopure ¢ KOD)
HaOmrozaercs nosbimennoe, 20% conepxanue SiO,, GOPMUPYIONIETO 3HAYUTENBHYIO
JIOJTI0 HEPACTBOPUMOTIO OCTaTKa (H.O.), TOT/Ia KaK COlEepyKaHue H.0. B TIEPBOM H BTOPOM
obpasuax Haxomurcs B npenenax 11%. 3a cuer sroro comepxkanue 24,4% P,O, B
JaHHOM 00paslie 3HAUUTEIbHO HIKE 3TOr0 KOMIIOHEHTa B MEPBBIX JABYX Ipolax (Ha
3%), Taroke, kak 1 CaO — 40 npotus 46%. [TonyyeHHbIE pe3yNIbTaThl CBUAETEIBCTBYIOT,
4TO MO coziepxkanuio Gpocdopuoro anruapuna B odpasuax 24,40 - 27,52% P,0O, nannoe
CBIPbE OTHOCHUTCS K PAAOBBIM (HOCaTHBIM pyam.

Tabnuma 3 — Pentren-¢uryopeceHTHBII aHaan3 coctaa (pochopuToB

ITpo6a ConepxaHie KOMIIOHEHTOB, % INoxkasarenu
tdochopura nporecca
cuexa |p 5 CaO |H.0. MgO |Fe,0, [ALO, [SO, [Na,0 |K,O |mmm |K K

3 pasin oT™M

DOK 1 27,41 [45,55 |11,63 |2,43 |1,13 |1,60 |1,03 [0,68 |0,61 |7,66 |94,60 |99,42
DK 2 27,52 146,22 |11,51 |2,25 |1,07 |1,47 0,92 (0,68 |0,58 |7,58 [94,63 |99,42
KOD 24,40 (40,29 (20,93 |2,11 0,94 |1,55 0,99 (0,75 0,62 |7,05 [92,75 99,36

[Toxkazarens «Ilorepu npu npokanuBaHum» (1) Bcex o0pasnos B npenenax 7-8%
XapaKTepH3yeT COJCp’KaHNE B CHIPbE JIETKO pa3jaracMbIX IPH MpPOKaiKe KapOOHATOB
KaJIBIM M MarHus, KOTOPbIE MPU KHUCIOTHOM Pa3JIOKEHHU BBI3BIBAIOT IOBBIIICHHOE
MeHO000pa30BaHUE C BBIACICHHEM IHOKcHaa yriepona. OCHOBHBIMH TOKa3aTelsIMU
MIPOIIECCaCePHOKUCIOTHOTO PA3IOKeHUS POCPOPUTHON MYKH SIBIAIOTCAKOI D PUTTHEHTHI
pa3noKeHus: ChIphsi U OTMBIBKH (ocdorunca. Kax crexyer u3 Tabmumsr 3, mist Bcex
pod docdopura KoCTUrHYTa MakcuManbHas, 6onee 99%, ormbiBKa ocdorumnca ot
(hochopHOI KUCITOTHI. YCTaHOBJIEHO, YTO KOA(PQPUIMEHT pa3nokeHus docdopura c
IIOBBIILICHHBIM COAEP’KaHUEM H.0. Ha 2% HIKe 3TOro nokasarems i GochopuTos ¢
nexoB OOK 1 u 2.

B xozme skcneprMeHTaNBHBIX HCCIICNOBAaHUN TIPH pasiokeHuu (ocdopura ¢ mexa
KO® nadmomanocs 00pa3zoBaHre HEPACTBOPUMOTO OCTATKa B BHJIE TNTOTHBIX OTI0KEHUN
(«xamenkoB») B peaktope pazioxenus mexa DDK-1(Pucynok 3), uto moaTrBepkmaeT
BIIMSTHAE MUHEPAIBHOTO cocTaBa (pocgaTHOro ChIPbsS Ha TEXHOIOTHYECKHE ITOKA3aTeln
poliecca MOIyYeHUs IKCTPAKIIMOHHON (PocPOpHOIT KUCITOTHI.

a b
Pucynox 3 — I1po0Obl oTIIONKEHHH a U b, 00pa30BaBIIKECS B PEAKTOPE PA3JIOKEHNUSI

296



Volume 2, Number 467 (2026)

[To pesynbraram peHTreHO(pa30BOro aHaIr3a 00pa3oB OTIOKEHUH a U b B peakTrope
ycraHoBieHo (PucyHok 4), 9to 006a o6pasia UMEIOT B CpeTHEM OJMHAKOBBIM COCTaB H
cojiepKaTr MPEeUMYIIECTBEHHO TUIIC ¥ aHTHJIPUT, B MEHBILINX JOJSAX — MOTyTHUApAT.

Sample 1 (Coupled TwoTheta/Theta)

2Theta Coupled TwoTheta/Theta) WL=1 54060

a

TCOD 7070887 CaH40BS Gypsum

1 COD 5000040 CaO4S Anhydrite
1,00 | COD 9000830 AICaF2Fe14KNa4048P12 Arrojadite-(KFe)

Counts

2Theta (Coupled TwoTheta/Theta) WL=1.54060

b

Pucynok 4 — PentreHorpamma rnpo6 oTiIoxeHHH a 1 b B peakTope pasioKeHHs

[IpucyTcTBHE aHTHAPUTA CBS3aHO, OYEBHIHO, C BHICOKOTEMIIEPATypPHBIM PEKHUMOM
(95-100°C), uto mpUBOIUT K (POPMUPOBAHUIO MEITKUX KPUCTAJIOB OCAJIKA aHTUJPUTA.
Eme oquH KOMIIOHEHT B COCTaBE dTHX «KaMeHIKOB» - MuHepan appomkaaut (KFe),
KOTOPBIH IpeICTaBIsIeT COO0M KOMITJIEKCHOE COeTUHEHUE B (hopMe TPYIHOPACTBOPHUMOTO
¢dochara Fe, K, Na, Mg u Al (PucyHnok 4, 3enensie nonocsl). Takke POA obOpasua
¢docdoputa ¢ KOD nokaszan npucyTCTBHE TOTO K appOIXKaIUTa, KOTOPBIH 00HApYyKeH
B KaMelIKax, HO HeMHOTo Apyroi cTpykrypsl (KNa), B 3Tom coctaBe MeHbIne hocdopa
U JKernesa.

Takoii cocta noareepxaaeT UK-cnekTpockonnyeckuil aHaius3, HACHTUOUIUPYO-
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it appomkanut (KFe) B cocrase KNa,(CaNa,) Fe** ,Al(PO,), (PO,OH) (OH), (Pucy-
HOK 5), ipu 3ToM 0coboe 3HaueHue orBoauTcst pocharam amomunus. Ha UK-cnekrpe
9TO COCAMHEHHE XapaKTePU3yeTCss HHTCHCUBHBIMH mostocamu 877, 1029 u 1083 cm 'B
obmactu 700-1000cm !. B UK-criektpe pocdara amroMuHNs HAOTIOIAIOTCS YETKHE TTO-
JIOCHI, CBsI3aHHBIE C KoseOaHusIMu GochaTHON U amoMO-KHCI0poa-pochopHOH Tpymnn
(Al-O-P). O6pa3zoBanme Takoro NOOOYHOTO MPOIYKTa MPUBOAUT K moTepsMm Gocopa u
CHIDKCHUIO (QHIIBTPYEMOCTH CyJb(ara KaJlbIHs.

Kpome Toro, 3a cuet BBICOKOTO cojiepikaHus npumeceit noHoB Al*'u Fe*" nsmenser
MOP(OIOTHIO KPHUCTAJIOB Cyiab(ara Kalblus ¢ 00pazoBaHUEM (HTOPKOMIUIEKCHBIX
HOHOB, KOTOpBIE COPOMPYIOTCS Ha Kpal TpaHeld KpHUCTAIUIOB M OOYyCJIOBIMBAIOT
(dopMHpOBaHHE MONYTHUAPATHBIX KPHUCTAJUIOB, JIETKO CPACTAIOMIMXCS B arioMeparsl
(Pozin, 1983).

110
%I
105

75

70

3% 36 33( 3 270 24( 2100 19: 1 16! 15( 13. 12( 1 90 7! 60
IR Prestige 21 (ATR Miracke) l/em

Pucynok 5 — UK-®ypbe criekrporpamma o06pasiia OTIOKEHHH B PEaKTOPe Pa3sIoKeHHUs

MuxkpodoTorpaduu npod OTIOKEHHA, IPUBEICHHBIC HAa PHCyHKE 6, XapaKTepU3yOT
(hopMuUpOBaHKE TUIOTHBIX arperaroB (PUCYHOK 6a), CIEKIINXCS B MOHOJIUTHYIO Maccy,
KOTOpBIE HEBO3MOXKHO Pa3leliuTh Ha (WIBTpPE, a TaKKe B BUJIC OTIOKECHUH MEIKHX

KOMKOB Ha ITOBEPXHOCTH NMPU3MATHYECKUX TUITACTHHYATHIX KPUCTAJUIOB TUIIca (PUCYHOK
6b).

20kV  X2,000, 810um, 3 10 55 30Pa 20KV 5 . X1,000 1055 30Pa

a b
Pucynok 6 — Mukpodororpadpun KpuctauioB Gocorurca ¢ OTI0KESHHIMH
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O6pasupl ¢pocdorurnca AEMOHCTPUPYIOT CTAOWIBHBIM MUHEpPANbHBIH COCTaB, B
KOTOPOM TIpeo0aafaoT THUIC, KBAPLUT W AHTUAPHUT. PeHTreHo(a3oBbIM aHAIH30M
ycraHoBieHo (PucyHOK 7, KpacHbIE MOJIOCKI), UTO CBEKUI Qocdorurc, 0ToOpaHHbIH ¢
nexa DPK 2, copep:KUT NpenMyIeCTBEHHO THIIC, a TAKXKE KBAPLUT U MEJIKOJUCTIEPCHBIN
AQHTUJAPHT (PO30BBIE MOJIOCHI), TOTAA KaK B OTIIekaBIIeMcs Gpochorurce, oToOOpaHHOM ¢
otBajia Nel, OTCYTCTBYET aHTHJIPHT.

Sample 3 (Coupled TwoTheta/Theta)
1 0D TS SRS G

| Gon aorssss 038 Ty

] 00 o7 ceots Ay

L - A)\Ix,i AJA I '.LJL Jﬁu_)u A\LN T\ "

2Theta (Goupled TwoTheta/Theta) WL=1.54060

a
Sample 4 (Coupled TwoTheta/Theta)

: ; | J [y L ILMA. mJl MmLLJ\M«_M /Jm\hmm‘_,‘m

2Theta (Coupled TwoTheta/Theta) WL=1 54060

b
Pucynox 7 — Pentrenorpamma mnpo6 ¢ocdorurca ¢ nexa OPK 2 (a) u ¢ orana 1 (b)
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[Tony4enusle nanHble MOATBEpKAatOTCS pesyasraraMu UK-Dypre ciekTpockoniu
(Pucynox 8). Ha MK-cnekrpe HaOmomaroTcss XxapakTE€pHBIE IMOJIOCHI MOTJIOLICHUS B
obmactu 1090-1100 cm™!, KOTOpBIE UACHTUPHUIMPYIOT IIPUCYTCTBUE CYIb(AT-HOHOB, a B
obmactu 3400-3500 cM™! COOTBETCTBYIOT KPUCTAILTM3ALMOHHON BOJIE, IPUCYTCTBYFOLICH
B (ocdorurce.

.
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Pucynok 8 — UK-®ypse cnekrporpamma obpasua docdorumca

CornacHO  JaHHBIM, TIONIyYECHHBIM  PEHTIreH-(IyOpEeCHEHTHBIM  aHaJIHM30M,
cojepxkanue Qocdopa B aHamuupyembix oOpazimax PI' HaxomauTcs B HHTEpBaje
1,0-1,5% P,O, (Tabnuua 4). Cnenyer OTMETHTB, YTO COAEPKAHHUE BCEX MPUMECHBIX
KOMITOHEHTOB B (hocorurce, oToOpaHHOM B oTBase, Takux kak MgO, Fe:0s, Al2Os,
Na-O u KO, 3HaunTenpHO BbIIE JaHHBIX MToKa3zaTeneit st @I, orodopanHoro ¢ punbTpa
B 1iexe DPK 2.

Tabnuna 4 — PentreH-¢uryopecieHTHBII aHain3 cocrasa pocdorurmca

IIpoba CozeprxaHue KOMIOHEHTOB, %
bocdornnea |p o Ca0  [no. MgO |Fe,0, |ALO, [SO, [Na,0 [K,0
(Si0,)
CuexadPK2 [1,085  [30,53 [597 0,037 [0,17 032 [41,51 0,12 [o0,18
C orsana | 1,32 26,55 [15,57 0,09 [037 [0,74 [33.64 [090 [0,35

YcTaHOBNIGHHBI XUMUYECKUH cocTaB oOpasinoB (ochopura u docdorumnca
MTOJITBEPIKAACTCS SIEMEHTHBIM aHAIM30M, OTIPE/ICIICHHBIM Ha PACTPOBOM JICKTPOHHOM
Mukpockone (Tabnuna 5).
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Tabnuna 5 — DnemeHTHbIH cocTaB npod dochoputa u hochorumnca

Conepxannue, % Xumnuaeckuit coctas ochopura u pochorumnca
DneMeHT B nepecuere Ha docdoputHas MyKa C iexa Docporumc
OKCHbI DOK 1 DOK 2 |KOD Crexuit OTieKaBIIHA
¢ ODK 2 c oTBaja |
Na Na,O 0,38 0,46 0,35 0 0,16
Mg MgO 2,1 1,85 1,83 0 0,00
Al Al O, 1,87 1,72 2,04 0,51 0,76
Si SiO, 9,54 8,91 16,93 |[5,53 12,73
P PO, 24,35 23,64 22,01 0,64 1,26
S SO, 1,35 1,3 0,88 41,25 35,6
K K,0 0,61 0,57 0,63 0,16 0,28
Ca CaO 39,94 37,17 33,32 [30,38 26,45
Fe Fe,O 1,51 1,17 1,27 0,3 0,54

Pe3ynbrarsl MpOBEICHHOTO MCCISIOBAHUS Pa3IoKkeHus (ochHaTHOTO ChIPhS Pa3HO-
ro cocraBa M MOCJEAYIOMEro (QuibTpoBaHMs obOpasyromeics (pochopHOKHCIOTHOM
CYCIICH3HMHU MOKA3bIBAIOT, YTO cOoCcTaB (oc(HaTHOTO ChIPhsI M PEIKUM IKCTPAKLIUH CYIIIe-
CTBEHHO BIHSIIOT Ha KOY()UIIMEHT Pa3IoKeHHUS U TPOU3BOIUTEIBHOCTD (PUIIBTPOBAHUS
(Tabnuua 6).

Tabmuia 6 — Brusinue cocraBa (pochopuToB Ha IPOU3BOIUTEILHOCTE (rutbTpoBaHus Gocdorurnca
U BBIXOZ (HIIBTparTa

Ne | @ocdopur ¢ nexa Conepxanne | Conmepxanue B | [IponsBoguTensHOCTE PUIBTPOBAHUS, KT/
B ¢ocopute | kuciore (M?-9).
P05 o6, 70 PO g5, 70 T0 BIIQYKHOMY | [IO BIQXXHOMY | ITO CyXOMY
HEOTMBITOMY | OTMBITOMY ocaaKy
0CazKy 0CaIKy
1 [DDK 1, 27,41 28,96 348,38 239,09 95,33
JIATUJIPATHBIN PEXKUM
2 |DDK 2, 27,52 27,95 290,22 203,51 80,22
IOy THIPaTHEINA
PpEeKIM
2 |KOD 24,40 17,04 219,36 137,79 56,49

[Ipu nepepabotke GochoputHoil MykH, oroOpanHOH B Lexe DPK B auruaparHom
peKuMe, I0CTUTHY Thl MAKCHMaJIbHBIE TOKa3aTe Il (PUIBTPOBAHMUS : IPOU3BOAUTEIHLHOCTD
(UIBTPOBAHMS IO BIAYKHOMY HEOTMBITOMY OCaJIKy cocTasisieT 348,38 kr/(m?-4), Torna
kak 11 pocdopura, orodpannoro B nexe KOD, ¢ nuskum conepxanuem PO, (24,4%)
1 TIOBBIIICHHBIM COZICP’KaHUEM HEPACTBOPUMOIO OCTATKa AaHHBIN [T0Ka3aTellb HAMHOTO
HIKe U He focturaeT 220 Kr/(M?-9), 4To CBA3aHO ¢ 00pa30BaHUEM TPYAHOPACTBOPUMBIX
MOHOJIUTHBIX KOMKOB HEKPHCTAJTMUECKON CTPYKTYPbI, YXYIIAIOMHX (UIBTPYEMOCTD
¢dochorunca. OOpa3oBaHHE TaKOro MOOOYHOTO NPOAYKTa HPUBOAMT K IOTEPSIM
(docdopa u cHIKEHHIO QUIBTPYyeMOCTH cyib(ara KajblHs. AHaJIOIHYHAs 3aBUCMOCTD
HaOMI0AaeTCsl U ISl MPOM3BOAUTENBHOCTH (PUIIBTPOBAHUS 110 BIAKHOMY OTMBITOMY H
CyXOMy OCaJKy.

301



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

CpaBHEHHE TEXHOJIOTHUECKUX PEXHMOB IIOKa3alo, 4TO MHPOBEICHUE Ipolecca
B JUTHAPATHOM peXuMe obecneynBaeT o00pa3oBaHHE KPYMHBIX KPHCTAJIOB
THIICA, KOTOpBIE Jierue (UIBTPYIOTCS M OTMBIBAIOTCS, TOTAA KaK B ITONYTHJIPATHOM
BBICOKOTEMIIeparypHOM pekuMe (95-100°C) maHHBIN MMOKaszareiah CHIkaeTcs mo 290
kr/(M?-9) 3a cder 00pa3oBaHWs MENKOIMCIIEPCHOTO aHTHAPHUTA, KOTOPHIA 3a0mBaeT
nopsl GuibTpa. PexuM paznoxkenus GochOpUTHON MyKH H €€ COCTaB TAKXKE BIUSIOT
Ha MPOU3BOIUTEIBHOCTD (DUIBTPOBAHUS M HA KOHIIEHTPALMIO MOTy4aeMOW KHCIOTHI.
DOK, monmyuenHas pasnoxeHueM (ocdopura ¢ nexa KOD, mMeer KOHLEHTpAIHIO
17,04%, uato B 1,7 pa3za ke, ueM DK, momydeHHas B YUCTOM JUTUIPATHOM PEKIME.

Ob6cy:xnenue. [lomydeHHbIe pe3ylbTaThl IMOKA3BIBAIOT, UTO HCCIEMyeMBbIe MPOOBI
(hochopuToB OTHOCATCS K PAAOBEIM PochaTHBIM pyaaM, KOTOpbIe coiepkaT Gpropara-
THUT, KBapLUUT, AOJIOMHUT U KanbIUT. ConocrasneHue pesynsratoB POA, MK-crnekrpo-
cxonnu 1 POJI-anann3a NoATBEpKIAET JOCTOBEPHOCTh YCTAHOBICHHOTO MHHEPATIbHO-
r0 U XMMHYECKOro cocrasa npo0. OxHako nopeleHHoe copepxkanue SiO, B oOpasue
¢dochopura ¢ KOD ykazpiBaeT Ha 3HAYUTEIHHYIO JOJII0 HEPACTBOPUMOI'O OCTaTKa, U
ATO MOKET HETATHUBHO BJIMATH Ha (MIBTPYIOIMHE CBOWCTBA (POCHOPHOKUCIOTHOH Cy-
CIICH3HU.

OCHOBHBIMH ~ IOKa3aTeNsIMM  Ipolecca  CEPHOKHUCIOTHOIO  Pa3IOKEHHS
¢dochopuTHON MyKH SIBASIOTCS KO3(PQUIMEHT pas3lokKeHUs: Chipbs U KOdPPULIUEHT
orMbiBKH (ocdorunca. [Iyis Bcex mnpobd ¢docdoputa JOCTUTHYTa MaKCUMAJIbHASI,
oomee  99%, ormeiBKa (Qocdorunca ot dochopHoit kucnoThl. CHUKEHHE
ko3 duIeHTa pa3noxkeHus GochopruTa ¢ MOBBIIICHHBIM COMECPKAHUEM H.O. CBSI3aHO
C IIPUCYTCTBHEM KPEMHE3EMHUCTHIX IpuMecei. [IoBbleHHOE copepkaHre KpeMHe3EMa
U QIIOMOCHJIMKATHBIX MHHEPAJIOB MOXET CHOCOOCTBOBAaTH OOPA30BAHUIO IUIOTHBIX
HEPacCTBOPUMBIX arperaroB B MPOLECCE CEPHOKHUCIOTHOrO pasiokeHHs ¢ochaTHoro
CBIPBS, T.e. TIPUBOAUT K TEPHOIUYECKOMY (DOPMHPOBAHHIO HEPACTBOPUMBIX KOMKOB
IIPU BBICOKOTEMIIEPATYPHOM MPOIIECCe B MONYTHAPATHOM PEKHUME CEPHOKHCIOTHOTO
pasnokenus hocharaoro ceipbs B riexe IDK.

OO0pa3oBaHue IJIOTHBIX HEPACTBOPUMBIX OTIOKEHHUH NpH pasiokeHun (Gocdopura
¢ nexa KO® noareepxuaet cymecTBeHHOE BIMSIHUE MUHEPAIBHOrO coctaBa docdar-
HOTO CBHIPbsI HA TEXHOJIOTHUECKUE MOKa3aTeN MPoLecca MOTyYeHUs] SKCTPAKIIMOHHOM
docdoproii kucaoTsl. [lomydeHHbIe pe3ynbTaThl 00pa3oB OTIOKEHHN CBUACTEIBCTBY-
10T 0 (POPMHUPOBAHUU CIOKHOW MHUHEPAIHLHON CHCTEMBI, KOTOPBIC COJIEPIKAT TIPEHMY-
LIECTBEHHO I'MIIC M aHTHIPUT U TPYIHOPACTBOPUMBIE (ochaTHbIE COENNHEHNST MUHE-
pana appomxkanura (KFe).

[IpucytcTBHE aHrHapUTa CBSA3aHO, OYEBHIHO, C BHICOKOTEMIICPATypPHBIM PEKHUMOM
(95-100°C), uto mpuBOAXT K HOPMHUPOBAHHIO MEIKHX KPUCTAIIOB OCalKa aHTUAPHUTA.
Hannune appomxanuta (KFe) B cocrabe KNa,(CaNa,)Fe*' ,Al(PO,), (PO,OH)(OH),
u amomo-kuciopon-pochoproit rpymm (Al-O-P) npuBoaur k morepsim docdopa
U CHIDKCHHMIO (QUIBTPyeMOCTH cyib(dara xanpius. Kpome Toro, 3a cuer BBICOKOTO
comepxkanug mpumeceil moHoB Al*'m Fe** m3mensercs mopdomorns KpucTamion
cynbdara Kaabus ¢ 00pa3oBaHUEM (TOPKOMIIEKCHBIX HOHOB, KOTOPbIE COPOUPYIOTCS
Ha Kparo TpaHeld KpUCTaUIOB U OOYCIOBIMBAIOT (POPMHUpPOBAHUE MONYTHUAPATHBIX
KpPHUCTAJJIOB, JIETKO cpacTaromuxcs B armoMepatsl (Pozin, 1983).

302



Volume 2, Number 467 (2026)

O6pasubl hocdoruiica JIeMOHCTPUPYIOT CTAOMIBHBI MUHEPaIbHBII COCTaB, B KO-
TOPOM MPeoONaAaloT THUIIC, KBAPUUT M aHTHIAPUT. Pe3ynpraTsl yKa3blBaroT Ha pas3iiu-
Yyre B MHHEPAJbHOM COCTaBE CBEXKEr0 M OTIIeKaBLIerocs: (Pocqorurica, 4To CBA3aHO €
yCIOBUSIMH MX XpaHeHusi. OTCyTCTBUE aHTHIpPUTA B oTiIexaBueMcs Gocgorurmce Bbl-
3BaHO THAparanueil Gocdorurca npu ATUTEIHHOM XPaHEHUH Ha OTKPBITOM BO3IYyXE.
UK-®Dypbe crnekTpocKonmuueckrue AaHHbIe MOATBEPKAAIOT THAPATHPOBAHHOE COCTOS-
Hue Qocdorumnca. [ToBbieHHOE CopEpKaHNE TPUMECHBIX OKCHIOB B OTBaJIbHOM (hoc-
¢orurce cBI3aHO C ATUTEIBHBIM MIPOLECCOM XPaHEHHUS MPOAYKTA B OTBAJIC HA OTKPbI-
TOM BO3IyXe, MPUBOSIIMM K CYIIKE W UcnapeHuto Biaru uz I u, cnenosaTenbHo,
K YBEJIMYCHHUIO COACPIKAHHS OCTAIBHBIX KOMIIOHEHTOB. /{711 OCHOBHOTO KOMITOHEHTa
THIICA, MPEACTABISIONIETO TUTHApaT cyibdaTta Kanpluus, Hao0opot, conepxkanne CaO
u SO, B ocdorurce ¢ oTBana 3HAYMTENBHO HUKE ITHX MOKA3ATEIEN U BIAXKHOTO
MPOIYKTa, MOCKOJIBKY TPH UINTEILHOM BBUICSKUBAHUN HAUMHACTCS Pa3JIOKECHUE KPH-
cTajuloryjpara ¢ 00e3BOKMBaHUEM COJH, H, CIe0BaTeNIbHO, COAEpKaHie Oe3BOIHON
COJIM CHMYKAETCSl.

B npousBonctee DDK cramust GuibTpoBaHUs SBISETCS JTUMUTHPYIOLIEH, OT Hee
3aBUCUT 0OIIas MPOM3BOAUTENBHOCTh (YHKIMOHMPOBaHHS CUCTeMBbl. llomyueHHbIE
pe3yNbTaThl CBHIETENBCTBYIOT O TOM, YTO Kak cocTaB (oc(haTHOTO CHIpbs, Tak U
PEKUM pa3NOKeHHsl OKa3bIBAIOT 3aMETHOE BIMSHUE HA (QHUIBTPYIOIIME CBOMCTBA
¢docdorurnca u creneHb pa3NoKEHUs CHIPbS M, KaK clencTBHe, Ha 3((EKTUBHOCTD
BCEr0 TEXHOJIOTUYECKOI0 MpoLecca.

3akuiouenne. DKCIIEpUMEHTAIbHOE UCCIIEJOBAHIE BIUSIHUS cocTaBa (pochopuToB
U TEXHOJIOTHYECKOTO peXHMa HJKCTPaKUMU Ha S(PQPEKTHBHOCTH CEPHOKHCIOTHOTO
Pas3NoKEeHNUs CHIPhsI IOKA3aj0, YTO YBEIUYCHUE COACPKaHHS B HEM KBapLUTA IPUBOAUT
K CHIKCHUIO KO(Q(QUIMEHTa pPa3IoKEeHUsT W MEepUOANYECKOMY (OPMHUPOBAHHIO
HEpacCTBOPUMBIX CIEKIIUXCS arperaroB B Buae MuHepaia appomxamura (KFe).
VYcTaHOBIEHO, YTO BBICOKOTEMIIEPATYPHBIH IONYTHAPATHBIA PEXHUM  BbBI3BIBACT
00pa3oBaHME MEJIKHUX KPUCTAIOB aHTHIPHUTA HAPALY C KPYHHOIUCIIEPCHBIM THUIICOM,
KOTOpbIe 3a0WBaIOT MOphl (PUIIBTPA U CHIKAIOT MPOM3BOAUTENHLHOCTh (DUIBTPOBAHUS
¢docdopHo-KUCIOTHOW CcycneH3ud. Ha ocCHOBaHMM pPe3yJbTaToOB HCCIEAOBAHUS
MPEASIOKEH ONTUMAJIbHBIM TUTUApaTHBIN pexuM nonydenus: JPK npu temmepaTtypax
65-80°C ¢ conepxaHueM B ChIpbe KBapuura He Ooniee 15%, cmocoOcTByromuit
CYIIECTBEHHOMY YIYUILICHHUIO (DPUIBTPYIOLINX CBOKUCTB (hoCOrumca, CHUKEHHIO TOTEPhb
¢docdopa c HepacTBOPUMBIMU PUMECSIMU U TIOBBIICHUIO IPOU3BOJUTEIBHOCTH BCETO
MIPOM3BOACTBA IKCTPAKIHMOHHOH (HOCHOPHOI KUCIOTHI.
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Abstract. The scientific article presents the results of a study on the sorption and
kinetic properties of Lewatit(H")-AV-17-8(OH") and Lewatit(Na*)-AV-17-8(CI")
interpolymer systems for the extraction of gold and iron ions from cyanide solutions.
The relevance of the study lies in the development of effective sorption systems
capable of selectively extracting gold ions from cyanide solutions containing iron
complexes. In the course of the study, interpolymer systems were prepared at different
molar ratios, and sorption and desorption processes at various component ratios were
investigated. The ionic composition of the solutions was determined by atomic emission
spectroscopy (ThermoScientific iCAP PRO XP), while the interaction mechanism
between the sorbent and metallcyanide complexes was studied using Fourier-transform
infrared spectroscopy (FTIR). Sorption kinetics were analyzed using the pseudo-
second-order model. The results showed that the Lewatit(H")-AV-17-8(OH") system
exhibited higher distribution and selectivity coefficients for [Au(CN)2]" jons compared
to the Lewatit(Na")—AV-17-8(CI") system, especially at molar ratios of 4:2 and 1:5 (
> 2.9). Sorption kinetics were well described by the pseudo-second-order model (R?
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= 0.9896-0.9999). In the Lewatit(H")—-AV-17-8(OH") system, k> values ranged from
0.016 to 0.520 g'mg'-h™*, while in the Lewatit(Na*)-AV-17-8(Cl") system they ranged
from 0.055 to 0.658 g'mg'-h'. FTIR analysis showed that quaternary ammonium
groups participate in the binding of metallcyanide complexes. Desorption experiments
demonstrated that both systems were capable of regenerating [Au(CN)2]" jons with
a high degree of efficiency (94.45-99.82%). The obtained results indicate that the
Lewatit(H")-AV-17-8(OH") interpolymer system is capable of selectively sorbing gold
ions in cyanide media containing iron complexes and confirm the scientific validity of
further investigation of this system.

Keywords: interpolymer systems, selective sorption, sorption kinetics, cyanide
solutions, pseudo-second-order model
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AnHoTamusi. FeuUlbIMU Makanajna IUaHW CPITIHAUICPIHEH aldThlH MEH TeMip
noHaapeiH Oemin any makcarbinaa Lewatit(H")—AV-17-8(OH") xone Lewatit(Na')—
AV-17-8(Cl") wuHTeprmoOIMMEpIiK >KYHeJIepiHiH COpOIUIIBIK >KOHE KHHETHKAJBIK
KacHeTTepiH 3epTTey OOMBIHIIA HOTHKEINep KENTIpiiAreH. 3epTTey )KYMChIHBIH ©3€KTiJIT1
KypaMbIHJa TeMip KemeHjaepi Oap NUaHUATI epITIHAUICPACH alThlH HOHJAPBIH
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CEJIEKTUBTI TypAe Oeminm aimyra KaOuIeTTi THIMAI COPOLMSUIBIK HHTEPIOIUMEPII
KyHenepni  o3ipney Oonbin  TaObuiagbl.  JKyprisiireH  3eprrey  KYMBICBIHIA
MHTEPHOIMMEPIIK JKylenep opTypii MOJbAIK KaTblHAcTapAa daibIHAAIIBl KOHE
KOMIIOHEHTTEPiH 9pPTYPJi MOJIBIIK KaTbIHACTAPBIHIAFBI COPOLMS KOHE AeCcOpOIHs
MpoTIecTepi KapacTHIPBUIALL. EpITIHALIEpAiH HOHIBIK KYPaMbl aTOMIBIK-DMHUCCHSIITBIK
cnekrpockonusi (ThermoScientific iCAP PRO XP) omicimen, am copOeHT meH
MeTaJJIONUaHN]] KeIleHAepl apachlHAarbl e3apa opekerrecy mexanmsmi UK-Oypobe
cnekrpockonusichl (FTIR) apkpuibl 3eprresai. CopOrusi KHHETHKACH! TICEBI0-CKIHIII
petTi Monmenb HeriziHme Tanmmannbl. Hotmxkenep Lewatit(H")—-AV-17-8(OH") xyiieci
Lewatit(Na*)-AV-17-8(CI") xyiiecimen canbicTeipranna [Au(CN),]~ HOHIapbI
OOMBIHIIIA JKOFApbl Tapaly JKOHE CENeKTHBTUNK KOA(QUIMEHTTEPIH KOPCETETiHiH
aHBIKTAbI, ocipece 4:2 xoHe 1:5 MONBJiK KaTblHACTapbIHIA alKbIH Oaitkanmel (f >
2,9). CopOrus kuHeTHKACH TiceBa0-eKinmi petti (IIEP) Monensmen cunarranust (R? =
0,9896-0,9999). Lewatit(H")—-AV-17-8(OH") xyitecinne k. monaepi 0,016-gan 0,520
r-mr '-car', am Lewatit(Na")-AV-17-8(CIl") xyiecinge 0,055-ten 0,658 r-mr'-car!
apanbirbiHaa 0omnel. MK-crekTpiaik Tannay TOPTTIK aMMOHHUI TONTAapBIHBIH METaj-
JIOIIMAHU] KeIIeHAepiH OailaHBICThIPyFa KaThICATBIHBIH KopceTTi. JlecopOuns HOTH-
JKelepi eki JKyHeHiH e [Au{CN}:]' MOHAAPbIH KOFaphl JA9pEkKeAe pereHepauusaan
anatelHbIH KepceTTi (94,45 — 99,82%). Anwiaran notmxkenep Lewatit(H")—AV-17-
8(OH") maTepmOINMEpITiK XKYHECIHIH TeMip KemeHaepi 0ap MuaHuATI opTaaa aaThiH
WMOH/IapBIH CEJIEKTUBTI TYpJle copOnusayFa KaOiIeTTi eKeHIH KopCeTe i )KoHe aTalFaH
KYHEH1 o1aH 9pi 3epTTEYAiH FHUIBIMU HET13A1NIrH pacTaibl.

Tyiiin ce3mep: WHTEPIOTUMEPIIIK XKYHeNep, CEIEKTUBTI COPOIHS, COpOIHs KUHE-
TUKAChI, IHAHUJ ePITIHALIEpi, IICeBI0-SKIHIII PETTI MO/IEeTh
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AHHOTanusl. B cTaree npeacTaBieHbl pe3yabTaThl HCCIEIOBAHNS COPOLIMOHHBIX U
KHHETUYECKHUX CBOWCTB MHTEpIoMnMepHbIX cucteM Lewatit(H)—-AV-17-8(OH ) u Le-
watit(Na")—-AV-17-8(Cl"), nmpeqHa3zHadeHHBIX I U3BJICUCHUS MOHOB 30JI0TA U JKEJe-
3a U3 IMUAHUIHBIX PACTBOPOB. AKTYalIbHOCTh pabOTHI 00yCIOBICHA HEOOXOIUMOCTHIO
co3nanus 3(PpPEeKTUBHBIX COPOIIMOHHBIX CHCTEM, CITOCOOHBIX CEJIEKTUBHO W3BIIEKATh
30JI0TO W3 IIMAHHUJHBIX PACTBOPOB, COIEPIKAIIUX HKEIE30COJCPIKAIINE KOMILICKCHI.
B xozxe uccnenoBaHusi MHTEPIOIMMEPHBIE CUCTEMBI (POPMHUPOBAIH NPU Pa3IHYHBIX
MOJIBHBIX COOTHOIIEHUSX KOMIIOHEHTOB, MOCJE Yero M3ydajd MpOIEecChl copOLuu U
necop6muu. MIOHHBI cOCTaB pacTBOPOB OTPEAEIISIIN METOIOM aTOMHO-3MHCCHOHHON
CTIEKTPOCKOIINY C WHAYKTHBHO CBSI3aHHOW TiazMoit Ha mpubope Thermo Scientific
iCAP PRO XP. Mexauu3m B3anMOIEHCTBUS COPOSHTOB C METaJUIOIUAHUTHBIMH KOM-
miekcamu uccienoBaim meronom HK-cnekrpockonuu ¢ mpeobpazoBanuem Dypne
(FTIR). Kunetuky copOuuu aHaJIW3UPOBAIN C UCIOIB30BAHMEM MOJAEIH MCEBIOBTO-
poro nopsiaka. YcTaHoBiIeHo, uTo cuctema Lewatit(H")—AV-17-8(OH") xapakrepusy-
eTcsi 6oJee BEICOKMMH KOA((UITUEHTAMH PACIIpEIeTICHHS M CEIEKTUBHOCTH 110 OTHO-
mennto K noHaMm [Au(CN):]” mo cpaBHeHuto ¢ cucremoit Lewatit(Na™)—-AV-17-8(CI"),
0COOEHHO TIPY MOJBHBIX cooTHomeHus X 4:2 u 1:5 (f > 2,9). Kunernueckne naHHbIe
XOPOIIIO OTHCHIBAIOTCS MOJIENBIO TICeBIOBTOpOro nopsiaka (R? = 0,9896—-0,9999). Jlns
cuctembl Lewatit(H")—AV-17-8(OH") 3nauenus k. m3amensumch B npenenax 0,016—
0,520 r-Mr ''u', Torna kak jus cuctembl Lewatit(Na")—-AV-17-8(Cl") - 0,055-0,658
r-mr u . UK-cexTpanbHbIil aHAIN3 TOKa3al y4yacTHe YeTBEPTHYHBIX aMMOHHUEBBIX
TPYMI B CBA3BIBAHUU METAILIONMHMAHUIHBIX KOMIUIEKCOB. DKCIIEPUMEHTHI O J1ecopO-
LMY TOATBEPIWIN, YTO 00€ CHCTEMBI CIIOCOOHBI perenepupoBaTth HOHBI [Au(CN)2]" ¢
BBICOKOH 3 PeKTUBHOCTBIO - 94,45-99,82 %. [lonydeHHble pe3yibTaThl CBUICTEIb-
CTBYIOT O MEPCIEKTUBHOCTU MHTEponuMepHoii cuctembl Lewatit(H")-AV-17-8(OH")
JUTSL CEJIEKTUBHOTO M3BJICUEHHUS 30J10Ta U3 IIUAHUIHBIX PACTBOPOB, COAEPKAIIUX KOM-
TIJIEKCHI KeJe3a.

KuioueBble cjioBa: HHTEPIIOIUMEPHBIE CUCTEMBI, CEJIEKTUBHAS COPOIINs, ITHaAHHI-
HBIE PacTBOPHI, 30JI0TO, JKEJIE€30, METAIIIONMAHUTHBIE KOMIIEKCHI, KHHETHKA COPOIINH,
MOJIEJb TICEBIOBTOPOTO MOPSIIKA

Kipicne. AnTbiH 3JEeKTPOHMKA, €CENTEYIlll TEXHUKA, JICHCAYJIBIK CaKTay JKOHE ad-
POFaphII OHEPKACIOl CHSKTHI )KOFAPhl TEXHOIOTHSUIBIK cajlajapia KeHIHEH KOJIIaHbl-
nanael. bysr MeTanaelH epeKie MaHbI3IbUTBIFEI OHBIH JKOFAPhI AJIEKTPOTKIBTIMITITIMEH,
MJIACTHKAIIBUTBIFBIMEH, KOPPO3HsIFa TOIIMILTITIMEH )KoHE KaTaTUTHKAIIBIK OeJICeH/TiTi-
rimeH anbikTanael (Cai et al., 2025). BalbITBUIMAUTBIH YCaK aIThIH KEHIEPiH OHJEY/IE
TUIPOMETAJUTYPrUsUIBIK TEXHOJIOTHSJIAD KeHIHEH KOJJaHbUIanbl. ['mapomeramtypru-
SUTBIK, OHJCY/IIH HEri31 PEeTiH/IE alThIH/IbI CUITLIIK )KOHE CUITUTIK-KEep METallJapbIHbIH
LIMaHU epiTIHAIepiHAe TOTHIKTBIPFRIIITApP KaThICHIHAA epITy MPOIeci KapacThIpblLia-
nel. [{maamari maitmanay mporeci OTTEeTiHIH KaThICYBIMEH CUITIII OpTajga aJTHIHHBIH
[MaHU HOHIAPbIMEH KellleH TY3YyiHe Heri3aene/i, OyJ1 TOMEH Ie KeATIpiTreH peaKkius
apkpuTel cunartanazasl (Birich et al., 2019; Neag et al., 2021).

44u + 8CN-+ Oz + 2H:0 — 4[Au(CN)z] + 40H" (1)
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Hunanupney mpoueciHeH KeliH epiTiHIire oTKeH aiThIHIbI ©HepKocinTe OernceH-
JipiareH kemipze agcopouusiiay apkbuisl Oeuin anaasl (Barzcak et al.,2015). Axcop6-
LUSAaH Ke1H KaHBIKKaH OeJICeHAIpIIreH KoMip aiaThIH/IbI JecOopOLusiIay caTbIChbIHA XKi-
Oepineni. Anaiiga, OenceHAIpIAreH KoMip, )KOFapbl COPOLHMSIIBIK CHIHBIMABUIBIFBI MEH
KBUIIAM KHHETUKANBIK CHIIaTTaMalapblHa KapamacTaH, OipKarap KeMIIiTiKTepre ue,
COHBIH ILIiHJIE KO KOMIIOHEHTTI IIMaHW epiTIHAIIepIHACT] IEKTeyi CeNeKTUBTLII,
MeXaHHUKaJBbIK Jerpafanunsra OeHiMIUTIK )KoHE SHEPTUSHBI Tajal eTeTiH pereHepamu-
SIHBIH K@XETTLIIr1, OYJ1 )KOFapbl CENEKTUBTIIIr MEH Naianany TYpaKThUIBIFEI Oap Oa-
nama copOeHTTepi a3ipneyaiH e3ekrinirin kepcereni (Tapfuma et al., 2026).

KenTeren kenaepae anTblH TEMipKypaMIbl MUHEpaIJapMeH, aTal aiTKaHa MUpuT,
MUPPOTHH JKOHE apCEHOMUPUTIICH THIFBI3 accolmanusiaa kesneceai (Bas et al., 2018).
CoHIBIKTaH KypaMblHAa TEMip HOHIAPHI Oap KONKOMIOHEHTTI xyHhenepaeH Au(l)-mi
CEJIEKTHUBTI TYpJe OeJim any Kypzaeni Macene Oombin Tadbutansl, eitkeHi Fe(ll) nonna-
PBIHBIH O0JIYBI COPOIIMS THIMIUTITIH TOMEHIETII, KOMIIOHSHTTEP I 06yl KUbIHaTa-
JIbl J)KOHE MPOIIECTIH TEXHOJOTHUIBIK KOPCETKIIITEPiH HamapiaaTtybl MyMkia (Mondal
et al., 2026).

Onedu mouty. loHamMacThIPFBILI MARbIpIap alThIHABI 06l ary yaepicinae Koi-
JaHBUIATBIH MaTepuaiapiabiH Oipi Oosbin TaObmansl, cededi omap KOFaphl aaMacy
CBHIABIMIBUTBIFBIMEH, XUMISUTBIK TYPAKTBUIBIFBIMEH KOHE arpecCcHBTI OpTaja pereHe-
pauMsiIaHy MYMKIHIITIMEH epekuieneHesi. KaTnoHanMacThIpFBIII KoHEe aHHOHAIMA-
CTBIPFBIII MaTpULIaIapAbl KOJaHy apKbUIbI JKacallbIHATBIH MHTEPIIOIUMEPIIiK XKylie-
Jiep copOLMSUIBIK KaCHETTEepiH ©3repTy MYMKIHIriMeH epekiiencHeni. COHFbI 3epTTe-
yJepre coiikec, MyHJail *Kylesepae KallbIKTaH 03apa 9peKeTTecy acepi, MoJuMep Ti3-
OeKTepiHiH e3apa aKTHBTEHYI jkoHE (DYHKIIMOHAJIBIK TOMTAPABIH KOJDKSTIMAUTITTHIH
e3repyi OaiikasiraH, OyJ1 OnapIblH alThlH HOHAAPBIMEH OPEKETTECY €peKILIeNiKTepiHe
ocep ereni (Biswas et al., 2026; Marin et al., 2024; Jumadilov et al., 2025).

ANTBIHIBI TEMIPIEH CEJICKTUBTI TypAe Oeim amy Moceneci KypAeial MUHEepalIbK
KOHE TEXHOTCHJIK IIMKI3aTThl OHJEY Ke3iHAe epeKile MaHbI3Fa He, OUTKeHI TeMip
aNTBIHMEH KaTap JKYpPEeTiH Heri3i KOMIOHEHTTepAiH Oipi Oonbin Tabbutansl. Monan-
MAaCTBIPFBIII MaTepuaapAbl KOJIAaHy alThIHAbI 06N alnyIblH CENeKTUBTUIINH apT-
THIpYFa MYMKIHIIIK OepeTiHi KOpCeTiIreH, anaiia npouecTiy THIMALIIT copOeHT Ta-
OuraTblIHa, XKYHe KOMIIOHEHTTEPiHIH apaKaThlHACBIHA YKOHE JIecOpOLUs JKaFJainapbiHa
e/Ioyip ToyeI/Ii.

3eprreyne Fe(Il) monnmapeinbiH KatbicbiHna Au(l) MOHAApBIH CENEKTHBTI 06N
any yurin Lewatit(H")—AV-17-8(OH") xone Lewatit(Na")—AV-17-8(Cl") Herizinpe-
Il MHTEPHONIUMEPIIK KyHenepai KojdaaHy MYMKIHZIT 3epTTelal ’oHe €Ki KYHeHIH
TUIMALTIT] CaNbICTRIPBULIBL. JKyMbICTa Kylie KOMIIOHEHTTEPIHIH MOJIBJIK apaKaThIHa-
CBIHBIH COPOLMSUTBIK ChIMBIMBLIBIKKA, CEIEKTHUBTIIIKKE, KHHETHKAFa JKOHE aJThIHHBIH
necopOuus THIMALTITIHE ocepiHe Hazap aynapbuiabl. MyHJai TOCll ackul MeTanaap-
JIbIH CEJIEKTUBTI COPOLMSICHI MEXaHU3MJepl Typalbl TYCIHIKTI KeHEHTyre MyMKiHIIK
Oepeni JkoHE aNTHIHKYpaMIbl THAPOMETAITYPIUSUIBIK €pITIHAIIepAl OHICYIIH KaHa
TEXHOJIOTHSIAPbIH d3ipJieyie KOJIAaHbLTYbl MYMKIH.

Marepuajap MeH 3epTTey daicTepi.
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WnTepnonumepnik xyienepai any yuin Lewatit(H?) sxone AV-17-8(OH), con-
naii-ak Lewatit(Na®) »xone AV-17-8(Cl") moHamMacThIpFBIIITAphl TaHAAIABL. Ho-
HUTTEp alJbIH aja OepilreH MojibAiK KarbiHacTtapaa (6:0, 5:1, 4:2, 3:3, 2:4, 1:5
xoHe 0:6) malibIHIANbIN, KAl MOJIIIepi TYPaKThl cakTayiabl. OHUTTEp apachiH-
Jarbl apaKalIbIKTHIK €PITIHAI OpTachlHAa KAUIBIKTAH 9PEKETTECY MPOLECiHiH XKYpPYyiH
kamTamacel3 erTi. Copbuus npoueci Kypambinaa 30 mr/n [Au{CN);]- xone 30 mr/n
[Fe(CN)g]* Oap Mozenbi epiTinaiiepae xyprizinai. CeiHamMasiap Kejeci yakbIT apa-
JeIKTapbinaa aneiHae: 0,5; 1; 2,5; 24; 48 carar. Epitiaai kenemi 200 miut kypazabl. 48
caraTTaH KeWiH MOHUTTEp JAecopOLusl Mpoueci YUIH epiTiHAileH OOJiHIN aibIHJbL.
EpiTinagizeri anTelH MEH TeMIpAiH KaJJbIK KOHICHTPALUSIAPbl TOJKBIH Y3bIHIBIFBI
167.021-852.145 HM apajbIFbIH/A )KYMbBIC KaCAWTHIH JKOHE eJiey Kareuniri 1%-maH
acnaiThlH WHIYKTUBTI OailJIaHBICKAH IJIa3MaJjibl OIITHKAJIBIK YMUCCHSIIBIK CIIEKTPOME-
tpus (ICP-OES) anicimen ICAP PRO XP cniekrpomerpinge (Thermo Fisher Scientific,
Yunchopna, ¥npioputanus) aHbIKTaN bl [lonuMepiiepiiH KYPbUIBIMJIBIK CHUIIATTaMa-
JIApPBIH 3epTTey YIIIH (YHKIMOHAIJBIK TONTap/bl aHblKTayra apHainran UK-Dypee
cnekrpockonusicel (FTIR) koimaHbUIIbL.

OKCIIEPUMEHTTIK JICPEKTEP/Ii OHJIEY.

WuTepnonumMepiik sxyienepain copOUUsIbIK KACUETTEPiH aHBIKTAy YIIIH METalll
HMOHJAPBIHBIH COPOUsIIaHy Iopexkeci, Tapany KO3(QHULIHUEHTI KOHE CeNEKTHBTIIIK KOd-
¢dunmenTTepi ecentenii. MeranaapabiH copouusiany gapexeci (7, %) keneci TeHaey
OOMBIHIIIA AHBIKTAJIAbI:

= LG » 100 (1)
I:I:l

myHzarbl: C — epiTIH/I/Ier] MEeTaJUl MOHBIHBIH 0acTanKbl KOHIIEHTPAIHSICHI, MI/T;
C, — MeTau1 HOHIapbIHBIH ePITIHIIET] KaJIIBIK KOHIICHTPAIUSICHI, MI/IL.

VoHHBIH epiTiHAIMEH HOHAIMACTBIPFBILI MANBIP apackiHaa Tapary Ko3(duuuenTi
(K,) remenzeri popmyna OOMbIHIIA €CENTENLL:

_ fep—cg) % v 3)

Co ™m

K,

MYHIAFbI: Cof METaJlJT HOHBIHBIH 0acTanKbl KOHIICHTPAIHMSICHI, MT/JI; Cc — MeTaJll
HOHIAPBIHBIH ePITIHAIIET] KAJIIBIK KOHIIGHTPAIIUACH, MT/JI. V — epiTiHai KejeMi, J;
m — copOEHT Maccackl, T.

HHTepriomuMepiik KYWEHIH aidThIH HOHIAphIHA CEJCKTUBTUIITN CEIEKTUBTLIIK
KOX(UIINEHTI apKBIITBI AaHBIKTAJIJIBL:

_ E;lAu)
= Kg(Fe) @)

mynarbl: K (Au) xone K (Fe) —colikecinmie anTblH MEH TEMIP HOHIAPBIHBIH Tapary
ko3 durmentrepi. Erep B > 1 Ooinca xxylieHiH anTbiHFa AereH 0aChIM CeEeKTUBTLIITH
kepcereni, ain f < 1 MoHI TeMip MOHIApPBIHBIH AJITHIHMEH CaJBICTBIPFAaH/Ia aPTHIK
COpOIMsIIaHyBIH OUTIipeTi.
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CopOuus KHHETUKACBIH CUIIATTay YIIiH nceBao-0ipinmi petti (I1IBP) sxoHe ncesno-
exinmii perti (IIEP) kuHeTHKANBIK MOCIBICD MalaaIaHbLUIIbL.
[IceBmo-GipinHmIi peTTi MoJeni YUIiH Keneci popmyna naiananbUibL:

q. = q.(1 — exp(—k,t)) (5)

MyHJaFbl: §— yakpIT Me3eTiHAEri COPOLMSAIBIK CHIMBIMIBUIBIK, MI/T; §_— Temne-
TEHIIK COPOIUSIIBIK CHIHBIMIIBUIBIK, MT/T; ki — IceBmo-OipiHIII PEeTTi MOJENbIIiH
KBUTIAMJIBIK, KOHCTAHTACHI, TXMT™ ' Xcar!; § — copOInst yaKbITHI.

[IceBmo-ekinmi peTTi Mol YIIiH Keneci GopMysa mai1a aHbUIIbL:

g, = ksq;'r
T 14k.gat

(6)

MYH/IaFbl: §,— YaKbIT ME3eTiHIeri COPOIMAIBIK CHIMBIMABLIBIK, MI/T; 9.— Teme-
TEHIIK COPONMSIIBIK CHIHBIMIIBUIBIK, MT/T; k2 — IICEeBIO-€KiHIII PETTi MOJENbIIiH
KBUTIaMJIBIK KOHCTAHTAChI, TXMI™' Xcaf!; § — copOIUs yaKbIThI.

MeTtannapbiH /1eCOpOIUsCHI.

Hecopbmus mporieci 2%-IbIK KYKIPT KBIIIKBUTBI JKoHE 9%-IBIK THOMOYEBWHA

e C .. - 4-
KOCHAChIHAH TYpPAaTbIH €PITIHAIMEH JKYPri31Ial. [ﬁu(CN:l'?] JKOHE EE(CN)E]
HOHIAPBIHEIH JIECOPOIUsIIaHy Topexeci Kemeci popMmymara CoOKec eCenTelN/Ii:

— Mdesorp
R= ® 100 (7)

Mgorp

MYHIarsl: m, — copOIIrs MpoIIeCiHeH KeHIHT1 COPONMsUTaHFaH METaJI HOHIAPBIHBIH
MAaccachl, M3 my - — epiTiHiTe necopOnusIIaHFaH HOHIAPIBIH MacCaChl, MT.

3epTTey HOTHIKeJIepi sKIHe TATKbLIay.

Lewatit(H')-AV-17-8(OH) owcone Lewatit(Na*)—-AV-17-8(Cl) unmepnonrumepnix
Jicyiienepi  neeizindeci copoyus nomuocenepi. Lewatit(H")—AV-17-8(OH") xone
Lewatit(Na*")—-AV-17-8(Cl") maTepIOIMMEpITiK )KYHeTepiHiH COpOIHSITBEIK KACHETTEPIH
caJbICTRIpy HoTHXenepi exi xyiene ae [Au(CN):] xone [Fe(CN)s]* monmapeIHBIH
CcoOpOIUsTIaHy JopeKeci YaKbITTBIH apTybIMEH KOFapBbUIAUTHIHBIH KopceTTi CopOrmmst
HOTIDKEJICPIH CaJBICTRIPY OaphIChiHIA €Ki kyheme me AV-17-8 yieciHiH VIIFarobl

- 4" . g . .
[Au(CN):_] MeH EE(CN)E] Oemin amy MopekeciHIH OCyiMEeH Karap XYypeTiHi
anbeIKTanasl. XKeke Lewatit(H") copOenTiniH 6:0 MOJB K KATEIHACBIHIAFBI COPOIHSITBIK
OCIICCHIUTITIHIH TOMEH OOJIYBI OHBIH KYIITI KBITIIKBUIIBI KaTHOHAIMACTBIPFRIT H-
dopmacel Gomybiven Tycinaipineni, an seprrenerin [Au(CN), T men EE(CN)E I
AQHUOHJBIK CHIIATKa W€ OONFaHABIKTaH KAaTHOHUTIIEH OpPEKeTTECyl IIEKTeNTeH
(Dizge et al., 2009). Ausnramksl caraTTapia COpOIMS KapKbIHABI Kypim, 24-48
caraT apalbIFBIHIA TeMe-TeHIIK KyHiHe »akwslHmanasl. Lewatit(H")-AV-17-8(OH")
xky#ecinme AV-17-8 ynecinin aprybiMeH [Au(CN):2]” HOHIAPBIHBIH COPOITUSIAHY
Jopexeci emayip Korapeuian, 4:2 apaxkarbiHackiHAa 48 carartaH kedin 97,29%-ra
xeTTi. CoHbIMEH KaTap, 2:4, 1:5 xone 0:6 apakaTbIHACTApBIH/IA /12 AITHIHHBIH JKOFAPHI
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nopexxene copOuusutanybsl Oaiikanapl. [Fe(CN)s|* moHIapbl ga KOFapbl JopexKere
copOLusUTaHFaHBIMEH, Tapaly )KOHE CEJIIEKTUBTUIIK K03 (QUITMEHTTEPiHIH HOTHXKENEepi
Oy xyieniH [Au(CN):]” moHAapbIiHAa KATHICTHI apTHIKIIBIIBIKKA Fe eKeHIH KOpPCEeTTi.
Lewatit(Na*)-AV-17-8(Cl") xyliecinge [Au(CN):]” nOHOApBIHBIH cOpOLUsIIaHY
JIopeKeci yakbIT ©Te JKOFapbl MOHJIEpre KETKEHIMEH, KOINTEreH apakarTblHacTapia
[Fe(CN)s]* nonmapbIHBIH KaTtap copOunsiaHybsl Oalkanasl. HoTmkecinae Oy xyiie
YILIiH aaThlH MEH TeMip KeIeHAEDiHiH OeMiHy THIMALIITT TOMEHIpeK OOJIbI.

[Au(CN) ] ocone [Fe(CN) uf‘ UOHOAPBINLIY  MApAny  JICoHe  CeleKMmuemiiix
Koeqbqbuuuen_mmepi. Lewatit(H")-AV-17-8(OH") xone Lewatit(Na")-AV-17-8(CI")
WHTEPHOIMMEPIIK >Kylenepi YIUiH CEIeKTUBTUIK KOA(G(GUIMEHTTEpiHIH MoHIepi
I-cyperre xkepcerinreH. Tapany Kod(QQHUIMEHTTEPIH CaANBICTBIPY HOTHIXKENEpi
Lewatit(H")—-AV-17-8(OH") unTepmonumepiik xyiecinme [4":'&11([__/"1"]-)2 I” nonnapeinen
copOuusiceI0ackIMKYpeTiHi Oaiikanabl. Byrkylie yiiH ceneKTUBTITIKKOAPUIMEHTIHIH
[ eH »orapbl MoHIEpl 4:2 xoHe 1:5 apakaTblHACTapbIHAa OalKasabl, OYJI aaThIHHBIH
IUAHUATI KeMICHJIEPIHIH TeMipiH (QeppolnaHuATI KeMIeHIepIMEeH CalbICTBIPFaH/Ia
TUIMAIpEK copOuMsIaHaThIHBIH KepceTeni. An 3:3 sxoHe 2:4 apakarblHacTapbiHaa [
ko3 dunmentiniy 1-nen Temen Oonysl [Fe(CIN) ﬁ]“_ WOHJIAPBIHBIH CaJIBICTBIPMAIBI
Typae OackiM copOnmsimaHaTeHBIH Oinmmipeni. Lewatit(Na')-AV-17-8(ClY) xyiteci
YIIiH CENIeKTUBTUIIK K03()UIMEHTIHIH B MOHAEpi *Kallbl anFaHna ToMeH Oonabl. B
eH KOoFapbl MoHJepi 5:1 skoHe 4:2 apakarblHacTapbIHIA TIDKCJIIII An 1:5 xone 0:6
apakarbiHactapeiaa = 0,394 xone 0,581 xypar, [FE(CN) ] WMOH/IapBIHBIH 0aChIM
copOnmsuianaTeiHbiH  KepceTTi. Lewatit(H")—AV-17-8(OH") »xyliecinae OalikairaH
JKOFapBI Kd(Au) MOH/IEPI KBIIIKBUIABI KOHE HEri3l MOHUTTEP/IH KalIbIKTaH e3apa
aceprecyi HoTmkeciHIe QYHKITMOHAIIBIK TONTAP/IBIH HOHIAHY TOPEKECiHIH apTybIMEH
woHe OH -dopmaceinmarel AV-17-8 cOpOCHTIHJIE aHUOHJIBIK alThIH KEIICHACPiHIH
ajMacy MPOIECIHIH XEHIIIeyIMeH OaiIaHbICThl 00JIYbI MYMKIH.

- I Lewatit(H*):AV-17-8(OH")
« 3,5 [ Lewatit(Na*):AV-17-8(CI")

3,0 1

H

N - N
o (&)} o
1 1 1

CenektuBTinik koadpcuume
o
[6)]
1

o
o
|

5:1 4:2 3:3 2:4 1:5 0:6 Monb:MoOnb
Cyper 1 — Lewatit(H")~AV-17-8(OH") xane Lewatit(Na")—-AV-17-8(Cl") narepniomumMepitik
xyhenepinin [Au{CH)-]" MOHBIHA CENEKTUBTINIK KOI(PHUIHUEHTTEPI.
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Lewatit(H)-AV-17-8(OH)  oicone  Lewatit(Na)-AV-17-8(Cl)  unmepnonumepiix
Jlcyllenepi  ywin KuHemukanavlk 3epmmeyiep Hamudiceci. IlceBmo-OipiHmm peTTi
KHHETHUKAJIBIK MOJCIBIIH HOTHKEIIePi alpOKCUMAIUSIIBIK [TapaMeTpiIepiHiH MoHAEPi
©Te TOMCH OOJIFaH IBIKTaH MaKaJiaja kepceTinmei. COHIBIKTaH COPOIIHS KHHETUKACHIH
OJIaH 9pi TAIKbUIAY TICEBIO-CKIHII PETTI KHHETUKAJIBIK MOJET apKbUIbl CHUIIATTAJI b
1-kecTene KOpCEeTIreH MOHepre ColKec, €Ki JKyiie YIIIiH Jie Tere-TeHIiK COPOIHSITBIK
CBIBIMIBUIBIKTBIH €CETITENTEH MOHIEP] ¢ " TOKIPUOETIK MOHIEPMEH (™ JKAKCHI
ColKeCKeJeTiHI aHBIKTaJI /b, OYJIICEBI0-CKIHIII PETTI MOAEIIbIIH COPOIMSI KHHE TUKACHIH
cuUmnarTayra J>KOFapbl KOJJaHBUIBIMIBUIBIFBIH Kepceremi. Lewatit(H)-AV-17-8(OH)
Ky#eci yurin q " monzepi 26,81-nen 21,11 mr/r-ra neiiin e3repeni, an colikec q "
MoHepi 28,33-Ten 21,14 Mr/r-Fa neitia Kypaiisl, ai jerepMuHanus koddduiuenrrepi
0,9896-0,9999 apanbireiana opranacansl. Lewatit(Na")—-AV-17-8(Cl") xyieci ymrin
JIe COPOIUSUITBIK CHIMBIMIBUTBIKTHIH TOXKIPUOECIIIK )KOHE €CENTEIITCH MOHICPIHIH KaKbIH
colikectiri Gakikanmansr: q " 17,30-29,41 mr/r Kypaiapl, an . - 17,70-29,41 mr/r,
R? monzepi 0,9997-0,9999 apaibirbibga. AJbBIHFAH JEPEKTEp TCEBIO-CKIHINI PETTI
MOJICJIB/IIH €Ki 3€PTTEIreH MHTEPIIOJIMMEPITIK KYHeeTi COPOIHS KNHETUKACKIH JKaKChI
cunarTaiTeiHbIH Kopcereni. Lewatit(H)-AV-17-8(OH) sxylieci ymrin k, sbligamabIK
KoHCTaHTachl 5:1 kaTeiHackiHaH 0:6 KarerHackiHa oTKeHAe 0,016-man 0,520 r/(Mr-car)-
ra jgeiin apramgel, Oyn AV-17-8§(OH) yneciHiy yiirarobIMeH cOpOIHS TPOIECIHIH
KeliaaMmaayeiH Ouraipeni. ¥kcac ypaic Lewatit(Na)-AV-17-8(Cl) xyiieci yuriH e
OaifKamabl, MYHIA k2 mouzepi 0,055-ten 0,658 r/(Mr-car)-ra Aeitid aprapl. AJIBIHFaH
HOTHIKENIEp cOpOIMs MpOLeciHiH cOpOSHTTIH OeJCeHIi OpTalbIKTapbhlHAA KYPETiHi
JKOHE COpOIMSIAHATBIH MOHJAp MEH WHTEPIIONUMEpIIK XYHEHIH (YHKIMOHAIIBIK
TOIITAPBI aPACHIHIAAFBI XeMOCOPOIUSIIBIK 9PEKETTECYMEH OailIaHBICTHI 00TyBl MYMKIH
exenin kepcereni (Parlar et al., 2026).

Kecte 1 — Lewatit(H)-AV-17-8(OH) xone Lewatit(Na*)—AV-17-8(Cl") uatepnonumepik xyienepi
YILIH [CEBIO EKiHIII PeTTi KWHETUKAIBIK MOJEIb [TapaMeTpiiepi

Kunetukansik Tapaverp Monp ik KaTbIHac
MOJIEJb 5:1 | 4:2 | 3:3 | 2:4 | 1:5 0:6
Lewatit(H")-AV-17-8(OH")
q,"”*, Mr/r 26,81 33,47 29,61 26,12 23,31 21,11
q.%", Mr/r 28,33 33,67 30,03 26,32 23,47 21,14
k, rxmr'xcar! | 0,016 0,079 0,056 0,114 0,168 0,520
IceBmo exinmi R? 0,9896 | 0,9997 0,9995 0,9997 0,9999 | 0,9999
PETTi MOIEITh Lewatit(Na")-AV-17-8(Cl")
q,"%, MI/r 17,30 24,77 29,41 23,86 23,27 21,09
Q%" Mr/r 17,70 24,88 29,41 24,10 23,36 21,14
k,, rxmr'xcar! | 0,055 0,142 0,096 0,075 0,366 0,658
R? 0,9997 | 0,9999 0,9997 0,9999 0,9999 | 0,9999

Lewatit(H')-AV-17-8(OH") oicone Lewatit(Na')-AV-17-8(Cl) unmepnonumepiix
acytienepi ywin MK-cnexmpockonus nomucenepi. 2, 3 — cyperrepae [Au{CNJ]
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[Fe(CN):]* monnmapsin copbumsarannan keitinri AV-17-8(OH") xone AV-17-8(C1°)
annonutrepinin UK-cnekrpnepi kenripinre. CrnexTpiepai Tangay moIucTHPOIINBH-
HUJIOEH30JI MAaTPUTIACKIHBIH HETi3T1 KYPBUIBIMIBIK JJIEMEHTTEPI MEH TOPTTIK aMMOHUN
(byHKITMOHAJIBIK TONITAPBIHBIH COPOIIHS MPOIIECIHEH KeHiH CaKTaJlaThIHBIH KOPCETTI.
3400 cM ' MaHaWBIHAAFBI KeH JKOJIAK COPOSHT KYPaMBIHAAFBI CY MOIEKYJIaTapbIHBIH
O-H BanenTTik TepOemicrepine colikec kenemi. CopOnusgaH KeiiH OYJ YKOIAKTHIH
KapKbIHABUTBIFBI MEH MINIHIHIH ©3repyi THIPATTHIK KaObIKIIa1aFbl CYTEKTIK OaislaHbI-
cTap KYPBUIBIMBIHBIH KaiiTa YHBIMIACYybIMEH OalIaHBICTBI O0TYBI MyMKiH. 2920-2850
cM ! aiimarpinaarsl C—H BaneHTTik TepOemicTepiHiH KoJIaKTaphl ic )Ky3iHae e3repiccis
KaJiajpl, OyJ1 MoMMep KaHKACBhIHBIH Oy3bUIMaraHbIH Kepcereni. 1650—-1500 cm ! nu-
ana3oHblHAa apomarTsl C=C OaiiaHbICTapbIHBIH XoHE TOPTTiK amMmMoHui —N*(CHs)s
TONTAPBIHBIH TepOeicTepiHe colikec KeneTiH konakTtap Oalikamaapl. byn aiimaxra
TIpKEJNTeH e3repicTep COpOIHs mporieci 0aphIChIHa METAJUIOIUAHU/ITI KEIISH IEP TiH

COpPOCHTIICH ©3apa dPEKETTECYiH KOPCETEIl. [Au(CN):_ I JKOHE EE(CN)E I HOHIAPHI-
HBIH COPOIMSUIaHYbIHBIH HET13r1 criekTpimik oenrici 2150-2100 cm-1 alimarbiHga opHa-
sackaH C=N 0OailylaHbICBIHBIH BaJICHTTIK TepOeiCTepiHe CoKeC JKOJaKTapIblH Maiiia
0osysl 0otk TadbuIaABL. 1300—1000 cMm-1 afimarbiaaa C—N xone C—O OaliaHbicTa-
PBIHBIH BaJIEHTTIK TepOeTicTepiHe COUKEC KEeJIeTiH KOJTaKTapAbIH KAPKBIHIBUIBIFEI MEH
OpHaJacysIHJa e3repictep Oaiikanaasl. by KyObUTbIC TOPTTIK aMMOHHMI TONITAPBIHBIH
MOHJIBIK QJIMAacy MPOIECiHe KAaThICYbIMEH JKOHE METaJUIOIMaHUATI KeIeHIEPiH cop-
OEHT KYpBUIBIMBIH/IA OEKITITyIMEH TyciHaipineni. ¥Kcac e3repictep oe0ueTTe aHuo-
HHATTEP apKbUIBI METAJUIONMAHUITI KEIICHACP i copOnmsuiay Ke3iHe e CUMaTTaaral
(Lin et al., 2025). UK-cniekrpiiep/eri e3repicrep MeTaIUIONUAHUATI KEIIeHepaiH AV-
17-8 aHMOHUTIHIH QYHKIIMOHAIIBIK TONITAPBIMEH ©3apa OpEKETTECYiH JKOHE OJap/IbIH
COpPOCHT KYPhUIBIMBIH 1A OCKITIITSHIH KOpPCETEIl.
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Cyper 2 — AV-17-8(OH") anmonurinin [Au({CN)2]" xone [FE(CM)g]* nonmapwin copbumsiiay
nporiecine jaeifinri (a) xaHe copOius npouecineH keitinri (6) UK-criexrpiepi.
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Cyper 3 — AV-17-8(Cl") annonurinin [Au(CN).]KoHe [Fe(CN),]* nonmapbin copbuusnay
npolriecine AeiinTi (a) skoHe copOmms npouecineH kerinri (6) MK-crexrpnepi.

Lewatit(H)-AV-17-8(OH)  oicone  Lewatit(Na)-AV-17-8(Cl)  unmepnonumepiix
Jrcytienepi ywin decopoyus botviHwa 3epmmey Homuoicenepi. Lewatit(H)—-AV-17-
8(OH") xyieci yuin [AU{CN}E]_I/IOHIIapBIHBIH necopOuust opexeci 72 cararTaH
keriin 5:1 apakarbiHackiHma 99,82%-ra, 4:2 apakarbiHackiHga 97,42%-ra, 1:5
apakarbiHachiHga 99,01%-ra xone 0:6 apakarbiHacbiHaa 99,59%-fa sxeTTi. AJIbIHFaAH
HOTIDKEJIEp aTaJiFaH HHTEPITOMMEPITIK myﬁezxe[ﬁu(c”}:]_ JIECOPOIHMACHT  OapIIBIK
JepIiK apakaTblHACTapHa KOFapbl TUIMAUTIKIIEH XYPEmi. [Fe(CN)¢]* HMOHJIaphl YIIiH
€H TeMeHri Kepcerkim 5:1 apakaTbiHacbiHna Oaiikanein, 58,03% - ObI Kypansbl.
Lewatit(Na*)-AV-17-8(Cl") syitecinne [AWCN)2]"  nonnapsimsin  necopGuus
Jopexeci 72 cararraH keitiH 5:1 apakarbiHachkiHaa 95,25%, 4:2 apakaThlHACBIHJA
94,45%, 2:4 apaxateiHaceiHma 96,85%, 1:5 apaxarteiHaceiHga 96,92% xone 0:6
apakarbiHaceiHAa 94,80% Oommbl. [FE{CN}ap WOH/IAphl YIIIH €H TOMEHTI MOoH
5:1 apakareiHackiHna Tipkerin, 50,64%-1b1 Kypanbl, an 4:2 apakarblHaChIHIA OYII
kepcerkiur 70,58%-ra xerri. Kanran apakarsinacrapaa [Fe(CN)g]* necopOuuscet
55,65-84,69% apanbIiFpiHIa ©3Tep/i.
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Cyper 5 — Lewatit(Na")—-AV-17-8(Cl") nnrepnomumepuik xyiteci ymin Au(l)(a), Fe(II)(6) necopouns

HOTIDKETepi

XKanmer anranga, exi uHTepHonUMepIik xyiie ne [Au(CN),]” moHIapBIH KOFaphI
Jopexene aecoponusiiayra KaOiaeTTi ekeHiH KopceTTi, necopOrus TuiMainiri 94,45-
99,82 apaneirsinga 6omsl. An [Fe(CN) ]1* nonmaps! ymin necopbuus ropexecingeri
alBIPMAIIBUIBIKTAD TEMIip KEUICHJEpiHIH COPOCHTIEH OPEKEeTTECY CHIAThIHBIH
KYHe KypamblHa TOYeNJi €KCHIH >KOHE 3ePTTEITeH MHTEPIIONUMEPIIIK KyHeneperi
(hazaapaJiblk ©3apa dceprecy epeKIIeiKTepiH KOpCeTe/Ii.

Kopwitbinabl. Jyprizinren seprrey 6apoichinaa [Au{CN),]~ xone [Fe(CN)]*
WOHIaphl Oap Mojenbi uanu epitinainepingeri Lewatit(H")—AV-17-8(OH") xone
Lewatit(Na*)—AV-17-8(CIl") naTepnonuMepiik xyhenepinin cOpOLMsUIBIK KacHeTTepi
CaJIBICTBIPMAJIBI TYPJIE 3€PTTEIIN OaraaHbl. AJIBIHFAH HOTHIKEJISP HETi31H 1e MbIHA Al
TYKBIPBIMAAP JKACAIIBL:

1.KaTrnoHaIMaCTBIPFBINT JKOHE aHWOHAIMACTBIPFBINT KOMIIOHEHTTEP/IH MOJbJIIK
apaKaTbIHaChl [Au(CN ), ]~ koHe [Fe(CN)g]* nonuapbiHbin copOuMsIany 1opeskecine
TiKeJeH ocep eTeTiHi aHBIKTaJIIbI.

2.Lewatit(H")~AV-17-8(OH") xyiieci [Au{CN),]” MOHIapbIHA KATBICTBI KOFaphl
TUIMIUTIK KepceTTi. Ocipece 4:2 xoHe 1:5 MONbJIK apakaThblHACTAPBIHIA Tapaity
JKOHE CENICKTHBTIIIK KOA(QQHUIMEHTTEPIHIH >KoFapbl MoHuepi (B > 2,9) Oaiikamabl.
Lewatit(Na*)—AV-17-8(Cl") »xyiecinae anTBIHHBIH COPOIMIIaHYBl TipKeJITeHIMEH,
CEJIEKTHBTUIIT] CAJIBICTBIPMAJIbl TOMEH OOJIIBI.
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3.Kelibip MonbIiK  apakaTbIHAcTapna [FE{CN}E_]“' HWOHJIapbIHBIH ~ Karap
copOLusIIanybl anThIHFA AETEH CEJIeKTUBTUIIKTIH TOMEHIEYiHe allblll KeNIi, Oy sKyiie
KYpaMbIH OHTAMJIaHABIPY KaKETTiTITiH aiKbIHAAWBI.

4.CopOuusi KMHETUKAChl TMCEBIO-€KIHIII PETTI MOIENbMEH >KaKChl CHIATTaJJIbI
(R*=0,9896-0,9999), Oyi1 MOEnbAIH TOHKIPUOEITIK MOHACPMEH KOFApPhl COHKECTITH
KOPCETTI.

5.UK-Dypbe  CHEKTPOCKOMMSUIBIK  Tajlfay  HOTIKENepi  MeTaJuIOIHMaHU
KEIICHIECPAiIH COpOCHT KYpbUIBIMBIHIA OeKiTineTiHiH kepcerTi. CopOumsnaH Keiin
C=N OaiinaHpiCblHa TOH JKOJAKTapAbIH Naina OOJMybl KOHE TOPTTIK aMMOHMHI
TONTapbIlHa COMKEC >KOJMAKTapAblH ©3repyi MOH ajaMacy MPOLECiHiH jKy3ere acKaHbIH
KepceTe/Ii.

6.JlecopOrust HOTHIKENEpi €Ki WHTepHOJIMMEPIiK JKYHEHIH Je [Au(CN).]
HMOHJIapPBIH JKOFApbl pEreHepalus JIopekeciMeH Oeiin IbiFapyra KaOiJeTTi eKeHiH
pacrtansbl. [FE{CN]E_]‘} Ilecop6u1/15maHy ,uspencecmu{ J)Kyle KypaMbIHa Teyenmmrl
TEMIp KeNIeHJICPiHiH IMOoJIMMep MaTpUIaChIMEH OalIaHbIcy OCpIKTITiHIH OPTYPIUIITiH
KepceTeti.
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Abstract. The aim of this study was to evaluate the short-term physicochemical,
rheological, and microbiological stability of model hydrogel bases composed of
different combinations of hydrophilic polymers during storage under refrigerated
conditions (2-8 °C). The objects of the study were eight hydrogel systems developed
using hydroxypropyl methylcellulose (HPMC), sodium alginate, Carbopol 980,
sodium carboxymethylcellulose, and polyvinylpyrrolidone. Glycerol and EDTA were
additionally incorporated into the formulations, while purified water was used as the
solvent. The obtained hydrogels were stored in sealed containers for 2 months at 2-8
°C. During storage, organoleptic characteristics, pH values, rheological properties,
and microbiological purity were evaluated. Rheological studies were performed using
a Brookfield rotational viscometer at different spindle rotation speeds. The obtained
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results demonstrated that all investigated hydrogel systems retained homogeneity,
stable consistency, and satisfactory physicochemical characteristics throughout
the entire storage period. After 2 months of storage, no signs of phase separation,
discoloration, or microbial contamination were observed. The pH values remained
stable and within the physiologically acceptable range for topical application.
The investigated hydrogels exhibited pseudoplastic flow behavior and thixotropic
properties characterized by partial structural recovery after removal of mechanical
stress. Combined polymer systems demonstrated greater structural stability compared
to single-polymer hydrogels, indicating synergistic interactions between hydrophilic
polymers within the matrix. Microbiological studies confirmed that all formulations
complied with pharmacopoeial requirements for microbiological purity of non-sterile
topical dosage forms. Overall, the obtained results confirm the potential applicability
of the developed hydrogel matrices as carriers for the future incorporation of probiotic
Lactobacillus spp. strains and postbiotic components in topical pharmaceutical systems.

Keywords: hydrogel stability; rheology; thixotropy; microbiological purity;
Lactobacillus spp.; postbiotics; topical delivery systems
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AnHoramusi. OCbl 3epTTEYIIH MaKcarbl OpPTYpii TUAPOGUIBIL TOIUMEPIEP
KOMOUWHAIMSUTAPbIHAH TYPAThIH MOJEIbAl THIPOTENbJl HETi3AepAiH TOHA3BITKBIII
xkarnadbiaga (2-8 °C) cakray Ke3iHICTT KbICKa Mep3iMJIi  (U3HKa-XUMUSIIBIK,
PEONOTHSIIBIK JKOHE MHUKPOOHMOJIOTHSUIBIK TYPAKTBUIBIFBIH Oaraniay OoJnbl. 3epTrey
00BbeKTIIep] peTiHe ruapokcunponmiMeruineuioio3a (HPMC), Harpuii ainbruHarsl,
Carbopol 980, Harpuii kKapOOKCHMETUIIIICIIIIOIO3aChl HKOHE MOJUBUHUIITHUPPOIIHIOH
HETI31H/Ie 93IPJICHIeH Ceri3 T'MJIPOrelib XKyheci KoamaaHbuiael. KypambiHa KOChIMIIA
mmnepuH MeH DJITA eHrizinin, epiTKill peTiHjae Ta3apThUIFaH Cy HailanaHbUIIbL.
ATBIHFaH THJIPOTENbJEp TepMETUKANbIK JKaObUIFaH KoHTeiHepnepae 2-8 °C
Temreparypaga 2 ai Ooibl cakTtanibl. Cakray OapbICBIHIA OpPraHOJENTHKAIBIK,
cunarramanap, pH MoHIepi, peoJOTHsIIBIK KacHeTTep >KOHE MHUKPOOHOIOTHUSIBIK
TasalblFbl Oarasianbl. Peonmorusiibik 3eprreyiep Brookfield afinanmansl BUCKo3UMeETpi
KOMeTIMeH MIMUHACIBAIH SPTYPIl alfHaY KbULAAMIBIKTapbIH/a KYPT131I/1. AJIbIHFaH
HOTHXKeJep OapJiblK 3epTTEreH THAPOreNib IKYHEIEepiHIH cakTay Ke3eHI OObl
OIPTEKTLIITH, TYPAKThl KOHCUCTEHITUSCHIH XKOHE KaHaFaTTaHAPIIBIK (PU3UKA-XUMUSIIBIK
cunarTaMajapblH CaKTaraHblH KOPCETTI. 2 alJIbIK CaKTay KE3CHIHEH KeiiH (ha3albiK
Ka0aTTaHy, TYCTiH 63repyl HeMece MUKPOOTHIK KOHTaMUHAIIHS Oeirijiepi OalkaiMapbl.
pH MoHzmepi TypakThl OOINBIN, XEPTUTIKTI KONJaHyFa (U3UOJIOTHSIIBIK TYPFbIIAH
KOJIAHJIBI JIMana3oHjia CaKTajbl. 3epPTTENTeH TUAPOTreNbAep MEXaHUKAIBIK dCepcH
KeWiH KYPBUIBIMHBIH illIiHApa KaJIblHA KeJIYIMEH CHUIATTAJIaThIH MICEBOIIIACTHKAIIBIK
ary OHE THUKCOTPOMMUUIBIK KacueTtep KepceTTi. KomOWHanMsIaHFaH MOJIHMEpIIiK
XKyHenep Oip MOJMMMEpPIi THAPOTENbACPMEH CallbICTBIPFAaH/Ia JKOFAPhl KYPBUIBIMIIBIK,
TYPaKTBUIBIK KOPCETTi, Oy THAPOQUIBII MOJUMEpIep apachlHAarbl CHHEPTHSIIBIK,
opekeTTecynl nmanenaedai. MUKpOOHONOTHSIIBIK 3epTTeyiep OapiiblK d3ipJeHTeH
KOMITO3UILIMSIIAP/IbIH KEPrUNKTI KOJJIaHyFa apHaJiFaH CTEePHIbJI eMeC JI9PLIiK
TYpJIEPIiH MHUKPOOMOJOTHSUIBIK Ta3alblFbl OOWBIHIIA (hapMaKoIesuTbIK TajanTapra
colikec KeleTiHIH pactaipl. JKanmbel anraHaa, alblHFAaH HOTHXKEIep d3ipJcHICH
THIPOTEIb MaTpulalapblHble  Lactobacillus  spp. TpOOMOTHKANBIK I[ITaMMJIAphI
MEH MOCTOMOTHKAJILIK KOMIIOHEHTTEPI KEWiHHEH EHTri3yre apHalifaH TOIHMKAJBIK
(hapMalleBTHKAJIBIK JKYHeJep YIIH MePCIeKTUBTI TachIMaJIay bl €KSHIIMH KOPCETTI.

Tyitin  ce3mep: rTHAporeNnb  TYPAKTBUIBIFBI;  PEOJIOTHS;  THKCOTPOIIHUSE
MUKPOOUOJIOTUSIIBIK  Ta3alblK;, Lactobacillus spp.;, TOCTOMOTUKTEDP; TOIMKAJIBIK
KETKI3y JKyHenepi
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AHHoTaunus. L{enbi0 HaCTOAIIETo UCCIIEIOBAHNS SBISIACH OLIEHKA KPATKOCPOYHOM
(UBUKO-XMMHUYECKOW, PEOJIOTHYECKOH M MHUKPOOHOIOTUYECKON CTAOMIBHOCTH MO-
JeNTbHBIX TUAPOTENIEBBIX OCHOB, COCTOSIIINX M3 PA3JIMYHBIX KOMOMHAINH THAPO(UIH-
HBIX [TOJUMEPOB, TIPU XPaHEHHUH B YCIOBUSIX XOJIOAMWIBHOTO pexuma (2—8 °C). O0b-
€KTaMU HCCIIEIOBAHMS CITYKUJIM BOCEMb THIPOTENIEBBIX CHCTEM, pa3pa0OTaHHBIX Ha
O0CHOBe ruapokcurnponuameTwieuitono3sl (HPMC), anerunara natpus, Carbopol®
980, HaTpuii-kKapOOKCUMETHIIIEIITIONO3bI U TOJIUBUHIIIUPPOIUIOHa. B cocTaB kom-
TIO3HINI JOTOTHUTENHHO BBOAMIN Tmnepud U DJITA, a B KauecTBe pacTBOPUTEIS
WCIIONIb30BAJIM OYHUINEHHYI0 Boay. [omydeHHbIe THIPOTreny XpaHUIN B TePMETUYHO 3a-
KPBITBIX KOHTEHHEpax npu Temieparype 2—8 °C B TeueHue AByX MecsieB. B mporecce
XpaHEHUs OLEHUBAJIM OPTaHOJIETITUYECKNE XapaKTepUCTHKH, 3HaYeHus pH, peonoru-
YEeCKUE CBOWMCTBA U MHUKPOOHOJIOTMYECKYIO YHUCTOTY. Peojormueckue MccieaoBaHus
MIPOBOJIVITU C UCTIOIB30BaHMEM POTAIIMOHHOTO BUCKo3uMeTpa Brookfield npu pazmny-
HBIX CKOPOCTSAX BpAIEHUS MIMUHAENA. Pe3ynsraTsl oKa3anu, 4To BCe HCCIenyeMble
THJIPOTEJICBBIE CHCTEMBI COXPaHSIN OIHOPOAHOCTH, CTAOMIIBHYIO KOHCHCTEHIMIO H
YAOBJIETBOPUTEIbHBIC (PH3UKO-XUMHUYECKUE XAPAKTCPUCTUKHU Ha MPOTSHKEHHH BCETO
neprona xpanenus. [locie qByX MecsieB XpaHeHHsT He HAOMI0Aan0Ch MPU3HAKOB (a-
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30BOTO PacCIOCHUs, M3MEHEHHsI IIBeTa U MUKPOOHON KOHTamMHMHaluu. 3HaueHus: pH
0CTaBaJHCh CTAOMILHBIMU U HAXOJMIUCH B (PU3HOIIOTHYECKH IPUEMIIEMOM JHala30He
JUIsL MECTHOTO IpuMeHeHus. Mccneayemple ruaporeny nposBisiiM MCEeBIOIIIacTHYE-
CKHI XapakTep TEYEHHs] U TUKCOTPOITHBIE CBOMCTBA, XapaKTepU3YIOLIHECs YAaCTUYHBIM
BOCCTAHOBIJIEHHEM CTPYKTYPBI TIOCTIE CHATHS MEXaHUYECKOTO Bo3aeHcTBHsI. KomMOnHM-
pOBaHHBIC MOJIMMEPHBIE CHCTEMBI AEMOHCTPUPOBAIHN OoJiee BBICOKYIO CTPYKTYPHYIO
CTaOMJIBHOCTD N0 CPAaBHEHHIO C OJHOMOJMMEPHBIMH THAPOTENISIMHU, YTO CBHUIETEIb-
CTBYeT O CHHEPreTHYECKOM B3aMMOJCHCTBHU THAPOPHUIBHBIX TMOJUMEPOB BHYTPHU
MaTpuibl. MUKpOOHONOTHYECKHE HCCIEJOBaHUS MOATBEPAUIN COOTBETCTBHE BCEX
pa3paboTaHHBIX KOMIO3UIUHN (hapMakoNeHHbIM TpeOOBaHUSAM MO MHUKPOOHOJIOTHYE-
CKOHM YHCTOTE HECTEPHUIIbHBIX JIEKAPCTBEHHBIX (POPM JJIsl MECTHOTO npuMeHeHwust. [1o-
Jy4eHHBIE Pe3yJIbTaThl HOATBEPKAAIOT IEPCIEKTUBHOCTD Pa3padOTaHHbIX THApOTeIie-
BBIX MaTpPHUL B KaYeCTBE HOCUTENEH Ul MOCIEAYIOMEro BBEACHUS MPOOHOTHYECKUX
mraMMoB Lactobacillus spp. 1 TOCTOMOTHYECKUX KOMIIOHEHTOB B COCTAB TOITMYECKUX
(hapMareBTHYECKIX CHCTEM.

KnioueBble ciioBa: ruaporesin, CTabUIbHOCTb, PEOJIOTHS, TUKCOTPOIHS, MUKPOOHO-
noruyeckas uncrora, Lactobacillus spp., mOCTOMOTHKH, TOTMYECKHE CUCTEMBI JOCTaBKH

Introduction. Following the development and initial characterization of hydrogel
systems for topical applications, the next critical step in formulation development is
the evaluation of their physicochemical and microbiological stability under storage
conditions. Stability assessment is a key requirement in pharmaceutical technology,
as it directly determines the suitability of dosage forms for further biological incor-
poration and potential clinical application. Hydrogel systems are thermodynamically
unstable semi-solid formulations, and their structural integrity may change over time
due to polymer relaxation, water redistribution, hydrolysis, or environmental factors
such as temperature and storage conditions. These processes may affect key quality at-
tributes, including pH, viscosity, homogeneity, and microbiological purity, ultimately
influencing the performance of the final dosage form (Ahmed, 2015; Buwalda et al.,
2014; Vigata et al., 2020).

From a regulatory and pharmaceutical perspective, stability studies are essential
for non-sterile topical formulations, particularly those intended for wound and
mucosal application. Such systems must maintain acceptable microbiological quality
and physicochemical parameters throughout their shelf-life to ensure safety and
reproducibility (Tavakoli and Klar, 2020; Li and Mooney, 2016).

In multi-polymer hydrogel systems, stability behavior is further influenced by
interactions between different polymeric components. Synergistic or antagonistic
interactions may lead to changes innetwork density, viscosity, and water-binding capacity
during storage. Therefore, combined polymer systems require detailed evaluation
under real storage conditions to confirm structural integrity over time (Stojkov et al.,
2021; La Gatta et al., 2022). In addition, pH stability plays a crucial role in maintaining
compatibility with biological tissues and ensuring the stability of incorporated bioactive
compounds. Even minor pH variations may indicate physicochemical changes within

323



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

the polymer matrix or interactions between formulation components (Ahmed, 2015; Li
and Mooney, 2016).

Another important parameter is rheological stability, which reflects the ability
of hydrogel systems to maintain their flow behavior and structural properties over
time. Preservation of pseudoplastic and thixotropic behavior is essential for ensuring
appropriate application characteristics and residence time on the skin surface (Jones et
al., 1997; Stojkov et al., 2021). Despite extensive research on hydrogel formulation and
characterization, there remains a lack of systematic studies addressing the combined
evaluation of physicochemical, rheological, and microbiological stability of multi-
polymer hydrogel systems intended for subsequent incorporation of probiotic and
postbiotic components.

Therefore, the aim of the present study was to evaluate the short-term stability of
previously developed hydrogel matrices under refrigerated storage conditions (2-8 °C),
focusing on changes in pH, viscosity, and microbiological purity over a 2-month period.

Literature Review

In recent years, hydrogel-based systems have attracted considerable attention
in pharmaceutical technology and biomedicine due to their ability to form three-
dimensional hydrophilic networks capable of retaining large amounts of water while
maintaining structural integrity (Mombekov et al., 2024). Such systems provide a
moist environment, support gas exchange, absorb wound exudate, and improve patient
comfort, making them promising carriers for topical drug delivery and wound-healing
applications (Tavakoli and Klar, 2020; Cai et al., 2025).

Hydrogels may be prepared using natural, synthetic, or combined polymers. Natural
polymers, including sodium alginate and cellulose derivatives, are characterized
by high biocompatibility and biodegradability, whereas synthetic polymers provide
improved mechanical strength and formulation reproducibility (Raus et al., 2021;
Lee et al., 2023). Among the most commonly used hydrophilic polymers in topical
pharmaceutical formulations are hydroxypropyl methylcellulose (HPMC), sodium
carboxymethylcellulose (Na-CMC), Carbopol, and polyvinylpyrrolidone (PVP)
(Amanzholkyzy et al., 2025; Abasalizadeh et al., 2020).

HPMC-based hydrogels are widely used because of their non-toxicity, viscosity-
forming properties, and ability to stabilize pharmaceutical systems (Amanzholkyzy etal.,
2025). Na-CMC demonstrates good swelling capacity and bioadhesive characteristics,
which are important for prolonged retention on damaged tissues (Peppas and Sahlin,
1996). Carbopol-based hydrogels possess high viscosity and favorable rheological
properties even at low concentrations, although their structural stability may depend
on pH and neutralization conditions (Ciolacu et al., 2020). PVP is frequently used as
a stabilizing polymer due to its hydrophilicity and compatibility with other polymeric
systems (Swarbrick, 2020).

Recent studies indicate that combined polymer systems often exhibit superior
physicochemical and rheological characteristics compared to single-polymer hydrogels
because of synergistic interactions between polymer chains (Li and Mooney, 2016).
Such interactions may improve viscosity, structural stability, water retention capacity,
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and thixotropic behavior, which are important technological parameters for semi-solid
pharmaceutical formulations.

An important characteristic of topical hydrogel systems is their rheological behavior,
where most pharmaceutical hydrogels demonstrate non-Newtonian pseudoplastic
flow, in which viscosity decreases with increasing shear stress (Lee et al., 2023). This
property facilitates spreading during application while maintaining structural stability
at rest. In addition, many hydrogel systems exhibit thixotropic behavior associated
with gradual structural recovery after mechanical deformation.

Another critical aspect in the development of hydrogel formulations is
physicochemical and microbiological stability during storage. Instability of hydrogel
matrices may lead to phase separation, viscosity changes, polymer degradation, and
microbial contamination, negatively affecting product safety and efficacy.

Particular interest has recently been directed toward probiotic and postbiotic topical
systems containing Lactobacillus spp. strains or bacterial lysates, which demonstrate
antimicrobial, anti-inflammatory, and regenerative properties and may contribute to
restoration of the normal skin microbiota (Ostrdzka-Cieslik and Wilczynski, 2025).

Despite numerous studies dedicated to wound-healing hydrogels, limited attention
has been paid to the short-term stability of multi-polymer hydrogel systems intended
for future probiotic and postbiotic incorporation under refrigerated pharmaceutical
storage conditions.

Materials and Methods.

Eight hydrogel formulations were developed using a combination of hydrophilic
polymers, including hydroxypropyl methylcellulose (HPMC), sodium alginate,
Carbopol 980, sodium carboxymethylcellulose (Na-CMC), and polyvinylpyrrolidone
(PVP), selected due to their well-established gel-forming ability, biocompatibility, and
suitability for topical pharmaceutical applications. Glycerol was used as a humectant
and plasticizing agent to improve moisture retention and flexibility of the hydrogel
matrices, while ethylenediaminetetraacetic acid (EDTA) was included as a chelating
and stabilizing agent to reduce the potential influence of trace metal ions on formulation
stability. Purified water was used as the dispersion medium for all hydrogel systems.

The hydrogels were prepared under laboratory conditions using a sequential
hydration method. Each polymer was gradually dispersed in purified water under
continuous stirring to ensure complete hydration and uniform swelling of polymer
chains. After full hydration, the components were combined according to the designed
formulations and mixed until homogeneous, uniform gel systems were obtained
without visible aggregates, phase separation, or inhomogeneity.

The obtained hydrogel samples were transferred into airtight sealed containers to
prevent contamination and moisture loss, and stored under refrigerated conditions at
2-8 °C, corresponding to standard pharmaceutical storage conditions for non-sterile
temperature-sensitive dosage forms. The total storage period was 2 months.

Stability evaluation was performed at three time points: baseline (0 month), after
1 month, and after 2 months of storage. At each time point, organoleptic properties
(appearance, color, homogeneity, and odor), pH values, rheological behavior, and
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microbiological purity were assessed. Rheological measurements were carried out
using a Brookfield rotational viscometer at a constant spindle speed of 20 rpm to
evaluate viscosity changes and structural stability over time.

Microbiological purity was assessed in accordance with the requirements of the
State Pharmacopoeia of the Republic of Kazakhstan, Vol. 1, Section 5.1.4 (hereinafter
referred to as the SP RK), for non-sterile dosage forms for topical use. The analysis
included determination of the total number of aerobic microorganisms, yeasts, and
molds, and an assessment of the absence of certain pathogens, including Staphylococcus
aureus, Pseudomonas aeruginosa, and members of the Enterobacteriaceae family,
using standard microbiological methods recommended by pharmacopoeial guidelines.

Results. pH stability of hydrogel systems. The initial pH values of the hydrogel
formulations ranged from 4.94 to 5.45 depending on polymer composition. As
presented in Table 1, all formulations demonstrated high pH stability during 2 months
of storage under refrigerated conditions (2-8 °C), with negligible variations over time.

Table 1 — pH values of hydrogel formulations during storage at 2-8 °C.

Polymer system pH
Baseline 1 month 2 months

H1 Sodium alginate 5,01 5,02 5,01
H2 Sodium alginate + HPMC 5,34 5,33 5,34
H3 Na-CMC 5,18 5,16 5,18
H4 Na-CMC + PVP 5,45 5,46 5,46
H5 HPMC 5,12 5,12 5,11
H6 HPMC + PVP 5,28 5,29 5,28
H7 Carbopol 98 4,94 4,93 493
H8 Carbopol 980 + HPMC 5,08 5,08 5,07

The stability trend of pH values is additionally illustrated in Figure 1, confirming the
absence of significant pH shifts during storage. Combined polymer systems (H2, H4, H6,
and H8) showed slightly higher pH stability compared to single-polymer formulations,
suggesting a stabilizing effect of polymer interactions within the hydrogel matrix.
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Figure 1— pH stability profile of hydrogel formulations over 2 months of storage
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Rheological behavior and viscosity stability. All hydrogel systems exhibited
non-Newtonian pseudoplastic behavior at all investigated time points. Viscosity
measurements at 20 rpm showed minimal changes over the storage period.

As summarized in Table 2, viscosity values remained stable after 1 and 2 months
of storage, with variations not exceeding 1-2% for most formulations. The temporal
viscosity profile is illustrated in Figure 2, demonstrating the preservation of rheological
properties throughout the study period.

Table 2 — Viscosity of hydrogel formulations measured at 20 rpm during storage at 2-8 °C.

Time (months) HI | H2 | H3 | H4 | H5 | H6 | H7 | HS
Viscosity (mPa-s ) results obtained at spindle speed of 20 rpm
Baseline 1010 945 1350 1180 1440 1260 715 705
1 month 1005 943 1355 1176 1437 1258 712 708
2 month 1010 944 1351 1181 1439 1261 715 705
[——Sodium alginate
1400 4 :iodghrﬂncalgmate + HPMC!
g —N::CMC +PVP
1300 - VR
] e Carbopol 980
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Figure 2 — Rheological behavior of multi-polymer hydrogel formulations during storage at 2—8 °C

Multi-polymer systems (H2, H4, H6) demonstrated higher viscosity and improved
structural stability compared to single-polymer formulations (H3, H5, H7), indicating
synergistic interactions between polymer components.

Microbiological purity. All hydrogel formulations met the pharmacopoeial
requirements for non-sterile topical dosage forms throughout the entire shelf life.

The total aerobic microbial count remained below 10> CFU/g at baseline, after
1 month, and after 2 months, as shown in Table 3. No growth of Staphylococcus
aureus, Pseudomonas aeruginosa, or Enterobacteriaceae was detected in any of the
formulations.
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Table 3 — Microbiological Purity of Hydrogel Formulations during Refrigerated Storage (2-8°C).

Hydrogel | Total aerobic microbial S. aureus P. aeruginosa Enterobacteriaceae
system count (CFU/g)

H1 <10? Not detected Not detected Not detected

H2 <102 Not detected Not detected Not detected

H3 <10? Not detected Not detected Not detected

H4 <10? Not detected Not detected Not detected

H5 <102 Not detected Not detected Not detected

H6 <102 Not detected Not detected Not detected

H7 <102 Not detected Not detected Not detected

H8 <102 Not detected Not detected Not detected

According to Table 3, the obtained results of microbiological purity tests confirm the
microbiological safety and suitability of the developed hydrogel matrices for further
pharmaceutical development.

Discussion. The present study demonstrated that the developed multi-polymer
hydrogel systems maintained satisfactory physicochemical, rheological, and
microbiological stability during refrigerated storage (2-8 °C) over a 2-month period.
Preservation of these characteristics is essential for the development of topical hydrogel-
based delivery systems intended for biologically active compounds. The stability of pH
values throughout storage suggests the absence of significant hydrolytic degradation
or unfavorable chemical interactions between formulation components. The minimal
pH fluctuations observed in all formulations indicate a relatively balanced internal
physicochemical environment within the hydrogel matrices.

Rheological evaluation confirmed the preservation of pseudoplastic flow behavior
and structural integrity during storage. Only minor viscosity changes were observed
over time, indicating stability of the internal polymer network and absence of
pronounced polymer degradation or structural rearrangement. In particular, combined
polymer systems demonstrated improved stability compared to single-polymer
hydrogels, which may be associated with synergistic interactions between hydrophilic
polymers contributing to stronger network organization and enhanced resistance to
structural destabilization. The microbiological results demonstrated compliance of all
formulations with pharmacopoeial requirements for non-sterile topical dosage forms.
The absence of pathogenic microorganisms and low total microbial count indicate
satisfactory microbiological quality and appropriate storage conditions throughout the
study period.

The obtained findings are important for the future development of hydrogel-based
probiotic and postbiotic delivery systems, since maintenance of physicochemical
stability and microbiological safety represents a critical prerequisite for successful
incorporation of biologically active components, including Lactobacillus spp. strains
and bacterial lysates. Overall, the investigated hydrogel systems may be considered
technologically stable and suitable for further pharmaceutical and biopharmaceutical
studies.

Conclusion. The present study demonstrated that the developed multi-polymer
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hydrogel systems possess satisfactory short-term physicochemical, rheological, and
microbiological stability during storage under refrigerated conditions (2-8 °C). All
investigated formulations maintained homogeneity, acceptable appearance, stable pH
values, and consistent viscosity throughout the 2-month study period without visible
signs of phase separation or microbial contamination. The obtained rheological results
confirmed the preservation of pseudoplastic flow behavior and structural integrity of
the hydrogel matrices during storage. Combined polymer systems exhibited greater
structural stability compared to single-polymer formulations, indicating beneficial
synergistic interactions between hydrophilic polymers within the hydrogel network.

Microbiological studies demonstrated full compliance of all formulations with
pharmacopoeial requirements for non-sterile topical dosage forms, confirming the
microbiological safety of the developed systems under the selected storage conditions.
Overall, the obtained findings indicate that the developed hydrogel matrices represent
promising carriers for future incorporation of probiotic Lactobacillus spp. strains and
postbiotic components intended for topical pharmaceutical applications. Further studies
will focus on evaluating biological activity, probiotic viability, and antimicrobial
efficacy of biologically active hydrogel systems.
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Abstract. The study is aimed at addressing two global challenges of our time:
reducing environmental burden caused by the accumulation of synthetic polymer
waste and improving the microbiological safety of food products. In this regard, the
development of biodegradable packaging materials with antimicrobial properties
represents a relevant scientific and technological direction. To develop a scientifically
grounded approach to the synthesis of silver nanoparticles and to create, on their
basis, an antimicrobial coating for biodegradable packaging materials that ensures a
combination of environmental safety and bactericidal activity. Silver nanoparticles
were synthesized using a “green” chemical reduction method, in which silver nitrate
was reduced by glucose in the presence of polyvinyl alcohol acting as a stabilizer
to prevent particle aggregation. A comprehensive study was carried out to evaluate
the influence of reactant concentrations and synthesis conditions on the formation
kinetics, morphology, size distribution, and optical properties of the nanoparticles.
The optical characteristics of the hydrosols were analyzed by spectrophotometry in
the 300700 nm range based on the position and intensity of the surface plasmon
resonance band. The morphology and particle size were examined using scanning
electron microscopy and atomic force microscopy, while the elemental composition
was confirmed by energy-dispersive analysis. The biodegradable polylactic acid food
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film was modified by spraying a colloidal solution of silver nanoparticles onto its
surface. It was established that the size of the synthesized silver nanoparticles ranged
from 1 to 80 nm and could be controlled by adjusting the concentrations of silver nitrate
and the reducing agent. An increase in silver nitrate concentration led to a growth in
the average particle size and enhanced aggregation processes. It was demonstrated
that, when applied by spraying, the nanoparticles were uniformly distributed and
stably fixed within the porous structure of the polylactic acid film without altering
its physicochemical and morphological characteristics. The resulting nanocomposite
material combines biodegradability with pronounced bactericidal properties. The
proposed technology is characterized by simplicity of implementation, reproducibility,
and cost-effectiveness. The developed material is promising for industrial application
in the production of next-generation active biodegradable packaging for the food
industry, ensuring extended shelf life and improved microbiological safety of products
while simultaneously reducing environmental impact.

Keywords: silver nanoparticles, biodegradable packaging materials, polyvinyl
alcohol, glucose (reducing agent)
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AHHOTanusi. 3epTTey Kaszipri 3aMaHHBIH €Ki >KahaHABIK MOCeNeciH LIelyre
OaFpITTaJIFAH: CHHTETUKANBIK TOJMMEDP KaJABIKTAPbIHBIH XKUHATYbIHAH TYBIHAAWTHIH
IKOJNOTUSIIBIK JKYKTEMEH1 a3aiTy JKoHE TaraM OHIMJACPIHIH MHKpPOOHOIOTHSIIBIK,
Kayincizairin  aprteipy. OcblFaH OalJaHbICTBl aHTUMHKPOOTBHIK KacuerTepi Oap
OMOBIIBIPAUTHIH KalTaMa MaTepualJapblH 93ipiiey ©3€KTi FHUIBIMH-TEXHOIOTHSIBIK
OarplT Oonbiml  TaObutagpl. Kymic HaHOOONIIEKTEpiH CHUHTE3ACYNIH FBUIBIMU
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HET13[IeNITeH TOCIIIH 93ipiiey JKOHE OJlapAbIH HETi31HIe SKONOTHSIIBIK Kayilci3nik meH
OaKTepHIUATIK OCICEHAUTIKTI YHIECTIpETIH OMOBIIBIPANTHIH KallTaMa MaTepraiaapbl
YIIIH aHTHUMUKPOOTHIK kaObiH jkacay. Kywmic HanoOemmekrepi Kymic HHUTpaThIH
TTFOKO3aMEH «KAChLUD» XUMHUSIIBIK TOTBIKCHI3IAHABIPY OIICI apKbUIBI, OOJIIEKTEePIiH
arperanysiCblH OOJIIBIPMANTBIH TYPAKTaHIBIPFIII KbI3METIH aTKApaThlH IOJIMBUHUI
CIOMPTIHIH KAaTBICYbIMEH ajblHABL. bacTamkel peareHTTepAiH KOHLIEHTPALUSCHI
MEH CHHTE3 IKardaljapblHbIH  HAHOOOJIIIEKTepAiH TYy3Uly KHHETHKAChIHA,
MOp(DONOTHsIChIHA, OJIIEMIIK TapaldyblHa KOHE ONTHUKAIBIK KacHETTEepiHE acepi
KeIIeH 1 TypAe 3epTreni. [ unpo3onpaepain onTukanslk cunarramanrapsl 300—700 am
JMaIa30HbIH/IA OCTTIK IUIA3MOH/IBIK PE30HAHC JKOJIAFbIHBIH OPHBI MEH KAPKbIHIbUIBIFbI
OOMBIHIIIA CTIEKTPO(OTOMETPHS SJIiCiMEH aHBIKTANBI. bemekTep iH MophoIOTUsICH
MEH 6JIleMAepi CKaHepeylll 3IEKTPOHIBIK >KOHE aTOMIBIK-KYIITIK MHKPOCKOIHS
ojicTepiMeH 3epTTeNAl, aj dJIEeMEHTTIK KypaMmbl SHEProAWCHEPCHSUIBIK Tajaay
apKbpUIbl pacTajjbl. [lOMMIAKTUATI TaFramJbIK YIJUPAI MOAH(UKAIUSIIAY KyMiC
HaHOOOIIIEKTEPIHIH KOJUIOMATHIK EPITIHAICIH OYpKy OiCiMEH JKy3ere achIpbUIIbI.
CuHTe31eNTeH KyMic HaHOOe ek TepiHiH oamemaepi 1-80 HM apabIFbIHIA ©3TePETiHI
YKOHE OJIapAbIH MeJILIEePi KyMiC HUTPAThl MEH TOTBIKChHI31aH AbIPFbIII KOHLIEHTPALIMSICHIHA
OaliaHbICTBl PETTENETIHI aHBbIKTa bl KymMic HUTpaThl KOHLUEHTPALHUSCHIHBIH apTybl
OeNIIeKTepAiH oOpTalla eJIIEeMiHIH YJIFaloblHa JKOHE arperamus YIepicTepiHiH
KYIICIOiHE aJIbIN KeeTiHi KopceTinai. Bypky omiciMeH eHri3iireH HaHOOOIIIEeKTePAIH
MOJMJIAKTHITI YIJIIPAIH KEYeKTI KYPBUIBIMBIHAA OipKeIKi Tapaibll, OHBbIH (HU3UKa-
XUMUSITBIK JKOHE MOPQOJIOTHUIIBIK CHITaTTaMallapblH 0y30aii TypakThl OeKiTiIeTiHi
JonengeHi. AJBIHFAaH HAHOKOMIIO3MTTIK Marepuan OHOBIIBIPAFBIIITHIK KaCHET
IeH aiKbIH OaKTEePHIUITIK OENCEHAUTKTI yinectipeai. YCHIHBUIFAH TEXHOJOTHUS
KY3ere acblpydblH KapamalbIMIbUIBIFBIMEH, KalTa eHAIpily MyMKiHAIriMeH
JKOHE HKOHOMHMKAJIBIK THIMJIUIITIMEH epeKIIeICHel. O3IpJICHIeH MarepHayl Taram
OHEPKOCIOIHAEe OHIMHIH CcakKTay MeEp3iMiH VIIFalUTyFa XoHE MHUKPOOHOIOTHSIIBIK
KayiTCi3MiriH apTTRIpyFa MYMKIHIIK O€peTiH, SKOJOTHSUIBIK JKYKTEMEHI TOMEHACTCTIH
aHa OybIH OeJceH/i OMOBIIBIPAHTBIH KanTaMaHbl OHEPKICINTIK JIEHTeH e eHTizyTre
MEPCIEKTUBAIBI OOJIBIN TaObUIAIBI.
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AnHoTanusa. lccrienoBanre HampaBieHO Ha pelleHHe JBYX aKTyaJbHBIX 3ajad:
CHIDKEHHE DKOJIOTUYECKOW Harpy3KH, 0OyCIOBICHHOW HAKOIUIGHHEM CHHTETHYECKHX
MOJTMMEPHBIX OTXOJI0OB, U TIOBBIIICHHE MUKPOONOIOTHUECKON 0€301IaCHOCTH MUILEBOH
npoxyKiuu. B aTol cBsi3u pa3zpaboTka OHopasiaraeMbIX YIaKOBOYHBIX MaTepHAaJOB C
AHTHUMUKPOOHBIMH CBOMCTBAMHU SIBIISIETCS aKTyaJIbHBIM HayYHO-TEXHOJIOTHUYECKHM Ha-
npaenenneM. Llenbio paboThl sBIsieTCs pa3paboTKa HaydHO 0OOCHOBAHHOTO MOIX0/a
K CHHTE3y HaHOYaCTHUI] cepedpa U CO3JaHHI0 Ha UX OCHOBE aHTUMHKPOOHOTO MOKPHI-
THUS U1l OMOpa3fiaraeMblX yIIaKOBOYHBIX MaTepHalioB, 00ECIIEYMBAIONICTO COUYCTAHHE
AKOJIOTHYECKOW 0e30MacHOCTH U OaKTEPHUIIMAHONW aKTMBHOCTH. HaHowacTHuIel cepe-
Opa MmosryueHbl METOZIOM «3EJIEHOT0» XMMHYECKOTO BOCCTAHOBIICHHS HUTpaTa cepedpa
[JTFOKO301 B TIPUCYTCTBUH MOJMBHHUIOBOTO CIIMPTA, BBITOIHSIIOMET0 (QYHKIIMIO CTa-
OunmM3aropa 1 MpeJoTBPALIAIOIIETo arperaiuio yactuil. [IpoBeneHo KOMIUIEKCHOE UC-
CJIETOBaHME BIUSHUS KOHIEHTPALUN UCXOJHBIX PEAareHTOB U YCIOBUN CHHTE3a Ha KU-
HETHKY 00pa3oBaHusi, MOP(HOJIOTHIO, pa3MepHOE pacIpeelieHHe U ONTUYESCKUE CBOM-
cTBa HaHoyacTHIl. ONTHYECKHE XapaKTePUCTUKN THIPO30JIeH U3ydeHBl METOJIOM CIIeK-
TpodoromeTpun B auanazone 300—700 HM 1O MOIOCE TOBEPXHOCTHOTO TIA3MOHHOTO
pe3onanca. Moponorust ¥ pa3Mepbl YacTHUI UCCIIeIOBaHbl METOJaMU CKaHUPYIOIIEH
3IIEKTPOHHON M aTOMHO-CHJIOBOM MUKPOCKOIIMH, & NIEMEHTHBIA COCTaB MTOATBEPKIAEH
SHEPrOAMCIIEPCUOHHBIM aHAIU30M. MOAM(UKAINIO TOJMIAKTHIHON MUIIEBOH IIIIEHKH
MIPOBOJIVIT METOJIOM pacIblICHHsI KOJUIOWIHOTO pacTBOpa HaHOYACTHI] cepedpa. YcTa-
HOBJICHO, YTO pa3Mephbl CHHTE3UPOBAHHBIX HAHOUACTHUII BAPBUPYIOTCA B rpeaenax 1-80
HM U peryaupyloTcs KOHIIEHTpAIUsIMU HUTpara cepedpa u BoccTaHoBHUTENSA. [1oBBI-
[IeHNe KOHIEHTPAlUU HUTpaTa cepedpa NpUBOIUT K YBEJIMUSHHUIO CPETHETO pa3Mepa
YaCTHULl U YCHJIEHUIO IIpoueccoB arperanuu. [TokaszaHo, 4TO IpU HAHECEHUU METOJIOM
pacmbUIeHHS] HAHOYACTHIIBI PABHOMEPHO PACIIPEEIISIOTCS U YCTOMUUBO PUKCUPYIOTCSI
B TIOPHCTON CTPYKTYpeE MOJMIAKTUAHOHN IIEHKH, He Hapyas e€ (PU3NKO-XUMUYECKHE
u MOpQOJOrHYeCKUe XapaKTepUCTUKHU. [loyueHHBI HAHOKOMITO3UTHBIN MaTepua
coderaeT OMOpa3naraeMoCTh C BBIPAKEHHBIMH OaKTepHIIMIHBIME cBOiicTBamMu. Paspa-
0OTaHHasi TEXHOJIOTHUS OTIMYAETCS MPOCTOTON peanu3aliy, BOCIPOU3BOJUMOCTBIO H
9KOHOMHUYECKON dPPEeKTHBHOCTHIO. [TomydeHHbIN Marepuai MepcreKTUBeH Ui po-
MBIIIUIEHHOTO BHEAPEHHS TIPU CO3/IaHUM aKTUBHON OMOpa3iiaraeMoi yrakoBKH HOBOTO
TTOKOJICHUS TSI MUIIEBON TPOMBIIIJICHHOCTH, 00SCIIEUNBAIONIECH YBEIMUCHUE CPOKa
XpaHEHHS U TMOBBILICHUE MUKPOOUOJIOTHUECKON 0€30IacHOCTH NPOYKIIMU TIPH OTHO-
BPEMEHHOM CHIKEHUH 3KOJIOTUYECKONW HArpy3KH.

KuaoueBbie cjioBa: HaHOYAcTHIBI cepebpa, Ouopasiaraemble YHNAaKOBOYHBIE
Marepuaibl, MOJWIAKTUIHAS IUIEHKA, ITOJMBUHUIIOBBIM CIUPT, IIIOKO3a, 3€JIEHBIN
CUHTE3, aHTUMHUKPOOHOE MOKPHITHE
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Introduction. Mankind's need for polymer products has been growing at an
incredible rate over the past centuries. This is primarily due to their high mechanical
strength, durability, heat resistance, chemical stability, light weight, and cost-
effectiveness in various industrial and consumer applications. Polymers have become
indispensable in construction, medicine, electronics, transportation, and especially in
the food packaging sector. The versatility of polymeric materials allows manufacturers
to design packaging systems with tailored barrier, mechanical, and optical properties
suitable for specific food products.

However, despite their technological advantages, the environmental impact of
polymers, particularly packaging materials, remains a serious global concern. Polymer
packaging typically has a very short service life and goes out of circulation almost
immediately after the goods have fallen into the hands of the buyer. As a result,
massive quantities of plastic waste accumulate annually. Neither landfill disposal nor
incineration nor evenrecycling fully resolves the environmental burden. While recycling
technologies are being improved, they remain energy-intensive and economically
limited in many regions. Consequently, long-term persistence of synthetic polymers in
the environment leads to soil and water contamination, formation of microplastics, and
disruption of ecological systems.

Although until recently the durability of synthetic polymers was considered
their main advantage, according to modern concepts it is associated with significant
environmental problems and, in the long term, poses a serious threat to ecosystems and
human health. The accumulation of plastic waste in marine and terrestrial environments
has become one of the most pressing ecological challenges of the 21st century (Geyer
et al., 2017; Andrady, 2011).

In this context, the development of sustainable packaging materials that combine
environmental safety and functional performance has become an urgent scientific and
technological task. One of the promising approaches is the creation of biodegradable
polymer materials with enhanced functional properties, including antimicrobial
activity.

Thus, the aim of this work is to impart antibacterial properties to biodegradable
packaging materials by impregnation with a silver nanoparticle solution. This study
focuses on the green synthesis of silver nanoparticles using polyvinyl alcohol as a
stabilizing matrix and investigates their physicochemical characteristics, morphological
features, and antibacterial effectiveness. The development of such materials contributes
to solving two critical challenges simultaneously: reducing environmental pollution
caused by synthetic polymers and enhancing microbiological safety of food packaging
systems.

Literary review. Conventional polymer packaging may contribute to microbial
contamination. Pathogenic microorganisms can actively develop in polymer-
based packaging under favorable storage conditions, especially in high-moisture
environments (Marsh et al., 2007). Microbial growth not only reduces shelf life but
also poses potential risks to consumer health.

Various technologies have been introduced to improve food safety, including
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thermal treatment, irradiation, modified atmosphere packaging, and advanced
sterilization methods. Although effective, these methods are often energy-intensive,
require expensive equipment, and may negatively affect the organoleptic properties of
food products. Therefore, the development of innovative packaging solutions remains
a priority (Vanderroost et al., 2014; Siracusa, 2012; Tausarova, 2017).

In this regard, active packaging technologies have attracted significant attention.
Nanotechnology plays an important role in this field, offering new approaches such as
antimicrobial and smart packaging systems, improved barrier properties, and enhanced
food preservation capabilities. The incorporation of nanoscale materials into polymer
matrices enables modification of mechanical strength, gas permeability, UV resistance,
and antimicrobial properties without significantly altering bulk characteristics.

Among nanomaterials, metal nanoparticles are of particular interest due to their
strong antimicrobial activity. Silver nanoparticles, in particular, have been extensively
studied and demonstrate broad-spectrum effectiveness against Gram-positive and
Gram-negative bacteria, fungi, and some viruses (Duncan, 2011; Ruparelia et al.,
2008; Ahmed et al., 2016). Their antimicrobial mechanism involves disruption of cell
membranes, generation of reactive oxygen species, and interaction with microbial
DNA and proteins.

In response to environmental concerns, significant research efforts have been
directed toward the development of biodegradable polymers with antibacterial
properties. Biopolymers derived from renewable resources such as cellulose, starch,
wood, and polylactide are considered promising alternatives to conventional plastics.
However, most biodegradable polymers lack inherent antimicrobial activity, limiting
their application in food packaging. To address this limitation, nanoparticles of metals
such as silver, copper, and zinc are incorporated into polymer matrices to impart
antibacterial functionality (Niaounakis, 2013; Cushen et al., 2014).

Polyvinyl alcohol (PVA) is widely used in biomedical, pharmaceutical, and
packaging applications due to its biocompatibility, film-forming ability, water solubility,
and chemical stability. Unlike most polymers obtained through direct polymerization,
PVA is produced by hydrolysis of polyvinyl acetate, which distinguishes it from other
polymeric materials (Gudikandula et al., 2016; Khodashenas et al., 2019).

In recent years, increasing attention has been given to environmentally friendly
(“green”) synthesis methods of nanoparticles. These approaches employ mild reaction
conditions and non-toxic reducing and stabilizing agents, making them suitable for
food-related applications. For instance, glucose can be used as a reducing agent, while
polyvinyl alcohol serves as a stabilizer to form stable silver nanoparticle colloids under
controlled conditions.

Materials and methods. The objects of the study are: biodegradable packaging
material, chemical compounds - silver nitrate, glucose, polyvinyl alcohol.

Silver nitrate was used as the main reagent. Silver nitrate is used in medicine
for cauterizing and sterilizing wounds. The therapeutic effect of silver nitrate is to
inhibit the vital activity of microorganisms; in small concentrations it acts as an anti-
inflammatory and astringent, and concentrated solutions, like AgNO, crystals, cauterize
living tissues.
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Glucose served as the reducing agent and polyvinyl alcohol (PVA) as the stabilizer.
Chemical reduction is a multifactorial process. It depends on the oxidant-reductant
pair, their concentrations and conditions of the process realization.

Glucose is a colorless crystalline substance of sweet taste, soluble in water, soluble
in Schweitzer's reagent (ammonia solution of copper hydroxide Cu(NH,),(OH),), in
concentrated zinc chloride solution and concentrated sulfuric acid solution.

Polyvinyl alcohol (PVA) is an artificial solid white (less often light yellow or
creamy) polymer in the form of powder, flakes or grits. The crystalline component
of the substance can be up to 68%. The chemical formula of polyvinyl alcohol is as
follows: [- CH, - CH(OH)-] n, where n is the degree of polymerization. The value of
n can reach 5000, that is, a molecule of polyvinyl alcohol can have in its composition
up to 5000 identical links.

Pure polyvinyl alcohol is odorless, tasteless and non-toxic. Its only solvent is water.
Polyvinyl alcohol is not soluble in any organic solvent. It is particularly resistant to any
oils, gasoline, kerosene and other hydrocarbons, as well as diluted alkalis and acids.

Silver nanoparticles were synthesized by reducing aqueous silver nitrate solution.
In this synthesis technique, the same volume of reducing agent solution (0.001 M - 0.05
M) was added to silver nitrate solution of a certain concentration (0.0001 M - 0.0005
M) and the solutions were stabilized with 25% polyvinyl alcohol. Distilled water and
reagents of qualification “CP” (chemically pure) were used for the synthesis.

Optical absorption spectra of Ag hydrosols were recorded at room temperature in
the region of 300-700 nm on an Analytik Jena spectrophotometer in a quartz cuvette,
the length of the optical layer was 1 cm. Concentration, size, aggregative state of
nanoparticles in solutions were determined by the position and intensity of surface
plasmon resonance bands. Sedimentation stability of sols was also evaluated visually
(Matusiak J., et.al. 2017).

The microscopic study was carried out using JSM-6510LA electron scanning
microscopy. The biopackages were examined using scanning electron microscopy
(SEM). The content of carbon, oxygen and silver nanoparticles was determined in the
studied samples using energy dispersive analysis.

Results. When glucose (C(AgNOs) = 0.001 M; C(CsH1206) = 0.05 M was used
as a reducing agent, relatively stable colloidal solutions with a characteristic yellow
coloration were formed. The optical spectra show a pronounced absorption maximum
in the range of A = 410-420 nm. The presence of this band indicates the formation
of silver nanoparticles. The plasmonic band is relatively narrow and symmetrical,
indicating a fairly uniform particle size distribution and a limited degree of aggregation
in the studied system.

When studying the influence of the initial AgNO; solution concentration in the
range of 0.001-0.005 M (at a constant glucose concentration of C(CsH1206) = 0.05
M), it was found that the intensity of the absorption maximum at 420 nm increases
proportionally with increasing silver nitrate concentration (Figure 1).
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Figure 1 — Effect of initial silver nitrate concentration on optical absorption spectra of silver sols
formed: 1 - 0.004M; 2 - 0.002M; 3 - 0.001M; 4 - 0.05M

At the same time, a noticeable change in the color of the solution from light yellow
to dark yellow and further to brown was observed (Figure 2).

In addition to the increase in peak intensity at 420 nm, an increase in optical density
at wavelengths above 500 nm was recorded with increasing silver salt concentration. In
some cases, a “shoulder” appeared in the spectra within the 500-550 nm range.

Abroadening of the absorption band and its shift to longer wavelengths (batochromic
shift) was also noted at elevated silver concentrations.

Figure 2 — Coloring of the obtained solutions

Under the influence of the reducing agent concentration — glucose — a noticeable
increase in the intensity of the absorption band maximum (Figure 3) was observed as
the glucose concentration increased within the range of 0.001-0.005 M (the typical
silver ion concentration in the experiments was 0.0001 M).

In addition to the increase in absorption intensity, a slight shift (approximately 20
nm) of the plasmon absorption maximum toward the short-wavelength region was
observed with increasing glucose concentration. A narrowing of the plasmon resonance
band was also noted at higher reducing agent concentrations.
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Figure 3 — Effect of glucose concentration on the optical absorption spectra of the formed silver sols:
1-0.001M; 2 - 0.005M; 3 - 0.004M; 4 - 0.003M

Under our determined optimal synthesis conditions (C(AgNO,) = 0.0001M;
C(CH,,0,) = 0.05M; a few drops of 25% polyvinyl alcohol), silver nanoparticle
solutions were prepared and examined by atomic force microscopy (Figure 4).

The developed nanocomposite composition was applied to the surface of bio-
packaging using a spraying method.

The processed bio-packaging samples were then examined using scanning electron
microscopy (SEM) and subjected to microbiological analysis.

Figure 4 — Silver nanoparticle solutions with concentration: 0.0001M; 0.0002M; 0.003M; 0.005 M.
As follows from the electron microscopic study of the samples shown in Figure 5,

the samples contain a fairly large number of silver nanoparticles with sizes ranging
from 1-30nm.
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c d
Figure 5 — Photographs of nanoparticles obtained by SEM with different concentrations: a - 0.0001M;
b - 0.0002M; ¢ - 0.0003M; d - 0.0005M

Energy dispersive analysis (EDA) of the studied samples revealed the presence
of carbon, oxygen, and silver nanoparticles in their composition (in elemental and
atomic percentages) (Figure 6). The spectra revealed characteristic silver peaks in
the corresponding energy range, confirming its presence in the samples. The relative
intensity of the Ag peaks increased with increasing initial silver concentration.

The consistent detection of silver in the analyzed regions indicates its distribution
and fixation within the structure of the biodegradable packaging material.
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Figure 6 — Results of energy dispersive analysis of the studied samples (with silver concentration
a-0.0001M; b - 0.0002M; ¢ - 0.0003M; d - 0.0005M)

The SEM result of the investigated sample (Fig.7) treated with a solution with
silver concentration of 0.0001M contains silver nanoparticles with sizes ranging from
1-35nm; 1-50nm (concentration of 0.0002M); 1-70nm (concentration of 0.003M);
1-80nm (concentration of 0.0005M).

Thus, with an increase in the concentration of silver, an expansion of the size range
of nanoparticles is observed.
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Figure 7 — Photograph of nanoparticles on the surface of the biopackage obtained by SEM (with
silver concentration a - 0.0001M; b - 0.0002M; ¢ - 0.0003M; d - 0.0005M)

Transmission electron microscopy data revealed that the resulting nanoparticles are
predominantly spherical. The majority of particles are characterized by diameters of
1-10 nm, with some particles up to 80 nm in size being recorded. The spherical shape
of the nanoparticles is indicated by the yellow coloration of the solution. The particles
formed are stable, do not precipitate and do not change color for several weeks. When
reconstituted with glucose, the solutions changed coloration from light gray to black,
indicating larger silver particles (particle association). Energy dispersive analysis
showed that the studied samples show an increase in the size of silver nanoparticles
with increasing concentration from 0.0001M to 0.0005M.

Discussion. The appearance of a yellow color is characteristic of silver nanoparticle
hydrosols and is associated with surface plasmon resonance (SPR). The absorption
maximum in the 410-420 nm range confirms the formation of predominantly spherical
silver nanoparticles, which is consistent with literature data for nanosized particles
dispersed in an aqueous medium and stabilized by a polymer matrix.

The relative narrowness and symmetry of the plasmon resonance peak indicate a
fairly uniform particle size distribution and a limited degree of aggregation under the
selected synthesis conditions. The stability of the colloidal system can be explained
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by the combined effect of the reduction kinetics of glucose and the steric stabilization
provided by polyvinyl alcohol, which prevents rapid particle growth and agglomeration.

An increase in the peak intensity at 420 nm indicates an increase in the concentration
of formed nanoparticles in the colloidal system. As the amount of precursor ions
increases, the number of nucleation centers rises, resulting in a greater overall
nanoparticle yield.

Such a color transition is typically associated with an increase in nanoparticle
concentration and possible changes in their size distribution. The darker coloration
may indicate the formation of larger particles or the occurrence of partial aggregation
processes at higher precursor concentrations.

The increase in optical density in the region A > 500 nm and the appearance of a
spectral "shoulder" in the 500-550 nm range may be due to interparticle plasmonic
interactions that arise as the interparticle distance decreases. These features are also
characteristic of systems with partial aggregation or the formation of nonspherical
(spheroidal or anisotropic) particles.

Broadening of the absorption band and its shift toward longer wavelengths (red shift)
at higher silver concentrations may also indicate an increase in the average particle
size. According to Mie theory, the position and width of the plasmon resonance band
are sensitive to particle size, shape, and the dielectric properties of the surrounding
medium. Therefore, the observed spectral changes reflect modifications in the balance
between nucleation and growth processes during synthesis. At higher precursor
concentrations, the reduction rate may locally increase, promoting particle growth and
increasing the probability of collision and aggregation.

The increase in peak intensity indicates a higher yield of silver nanoparticles formed
in the colloidal system under enhanced reducing conditions. Since the concentration of
silver ions remained constant, the observed spectral changes can be directly attributed
to modifications in the reduction kinetics caused by varying glucose content.

The shift of the absorption maximum to the short-wavelength region indicates a
decrease in the average particle size. The shift toward shorter wavelengths is consistent
with theoretical and experimental data showing that smaller silver nanoparticles
exhibit plasmon resonance maxima at lower wavelengths due to quantum size effects
and changes in the oscillation behavior of conduction electrons.

The narrowing of the plasmonic band confirms the formation of a narrower particle
size distribution. The increased rate of recovery at high glucose concentrations
promotes the rapid formation of a large number of nuclei and suppresses secondary
growth and aggregation processes due to the rapid consumption of silver ions.

Polyvinyl alcohol provides additional stabilization of the system, creating steric
repulsion between particles and preventing their coalescence.

Thus, increasing the reducing agent concentration shifts the balance of processes
toward intense nucleation with limited particle growth. At low glucose concentrations,
reduction proceeds more slowly, facilitating the formation of larger particles, whereas
at high concentrations, supersaturation is quickly reached, mass nucleation is initiated,
and smaller nanoparticles are formed.
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The selection of optimal synthesis conditions made it possible to obtain a stable
dispersed system of silver nanoparticles suitable for practical use as a functional
coating. The spraying method was chosen because it is technologically simple and
ensures uniform distribution of nanoparticles across the surface of the material. The
use of bio-packaging as a base is driven by its environmental safety, hygiene, and
ability to rapidly biodegrade, which is important for sustainable waste management.

The use of a set of analytical methods (AFM, SEM and microbiological studies)
made it possible to evaluate both the morphological characteristics of the coating
and its potential antimicrobial properties, which confirms the feasibility of using the
developed system for the creation of functional packaging materials.

The detection of carbon and oxygen is mainly associated with the polymer matrix
of the biodegradable film, as well as with the presence of polyvinyl alcohol used as
a stabilizer during nanoparticle synthesis. The presence of characteristic silver peaks
confirms the successful incorporation and fixation of silver nanoparticles within the
material structure.

The relative intensity of silver peaks in the spectra increased with increasing
initial silver concentration, indicating a higher content of metallic nanoparticles in
the analyzed areas. The characteristic Ag peaks observed in the corresponding energy
range provide direct evidence of the formation of metallic silver rather than ionic forms.
This confirms the effectiveness of the reduction process under the selected synthesis
conditions.

It should be noted that the obtained results are predominantly qualitative rather
than strictly quantitative. During scanning electron microscopy combined with energy
dispersive analysis, the samples were exposed to a focused electron beam, which may
cause local heating or partial damage to polymer materials. In some cases, prolonged
irradiation may lead to partial degradation or “burning” of organic components,
affecting the measured elemental ratios. In addition, energy dispersive spectroscopy
does not allow detection of hydrogen due to its low atomic number; therefore, the
complete elemental composition of the polymer matrix cannot be fully determined.

Despite these limitations, energy dispersive analysis reliably confirms the presence
and distribution of silver nanoparticles in the studied samples. The consistent detection
of silver depending on the initial precursor concentration indicates successful deposition
and fixation of nanoparticles on the surface of the biodegradable packaging material.

The expansion of the particle size range with increasing silver concentration indicates
a shift in the balance of nucleation and growth processes toward more intense particle
growth. Higher precursor content promotes the formation of larger nanoparticles and
increases the likelihood of their coalescence.

The spherical shape of the particles is consistent with optical spectroscopy data,
particularly the characteristic yellow color of the solution due to surface plasmon
resonance, typical of spherical silver nanoparticles.

The stability of the colloidal solutions for several weeks indicates effective
stabilization of the particles, likely due to the presence of the polymer matrix and
stabilizing agent.
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The change in the color of the solutions upon interaction with glucose, from light
gray to black, may indicate the formation of larger particles or their association, which
is associated with enhanced aggregation processes.

Thus, the combined results of SEM, TEM, and EDX confirm the dependence of
silver nanoparticle size on the initial precursor concentration and reflect the kinetics of
their formation in the studied system.

Conclusion. Thus, as a result of this study, an effective and reproducible method for
the synthesis of silver nanoparticles by chemical reduction using glucose as a reducing
agent and polyvinyl alcohol as a stabilizer has been developed. The proposed approach
ensures the formation of stable colloidal systems under mild reaction conditions. The
key parameters governing silver nanoparticle synthesis — primarily the concentrations
of silver nitrate and glucose — were identified and optimized, allowing controlled
regulation of nanoparticle size and optical properties.

Silver nanoparticles obtained via reduction of silver nitrate solution with glucose
were successfully synthesized. The size of the nanoparticles was found to range from
1 to 80 nm and was directly dependent on the concentration of the reagents used
during synthesis. Comprehensive characterization of the synthesized nanoparticles
was performed using scanning electron microscopy (SEM), atomic force microscopy
(AFM), and energy dispersive analysis (EDA), confirming their morphology, size
distribution, and elemental composition.

A novel method for imparting antibacterial properties to biodegradable packaging
materials, specifically polylactide-based food film, has been developed. The
silver nanoparticles deposited onto the polylactide film were uniformly and stably
immobilized within the porous surface structure of the material. Microscopic analysis
demonstrated that the incorporation of nanoparticles does not disrupt or degrade the
structural integrity of the polylactide matrix at the microlevel.

The developed nanocomposite system combines environmental compatibility with
antimicrobial functionality, addressing both ecological and food safety challenges. The
proposed approach can be recommended for practical application in the production of
biodegradable packaging materials with antimicrobial properties, particularly in the
food industry. Its environmental safety, technological simplicity, cost-effectiveness,
and scalability make it a promising solution for sustainable packaging technologies.
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Abstract. Our country brown coal reserves are enormous and account for a
significant share of the fuel balance in energy sector. Brown coal deposits can be found
in northern, central and southeastern parts of the country. It belongs to the high-ash
class of coal and has a low calorific value. This research presents the compositional and
microstructural characteristics of brown coal deposits in the Republic of Kazakhstan.
Brown coal is typically characterized by a significant content of organic matter, high
moisture and a significant content of volatile components. All these properties of lignite
are due to its physicochemical properties. Insufficient knowledge of the compositional
and microstructural characteristics of brown coal deposits limits their rational use.
Therefore, a comprehensive study of the properties of lignite is an urgent task. The
study and further use of brown coal in the chemical industry as sorbents and humate-
containing fertilizers can contribute to the solution of environmental and resourse-
saving problems. The purpose of this study was to study the physical and chemical
properties of brown coal to determine its further use in the chemical industry as a
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sorbent and fertilizer. The practical significance of the obtained results for brown coal
deposits could contribute to improving the economic efficiency of deposit exploitation
and expanding the potential for further lignite use in the chemical industry. This
paper presents the results of a structural, physicochemical, and analytical analysis
of brown coal samples using X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), and scanning electron microscopy with energy-dispersive X-ray
analysis (SEM-EDX). X-ray diffraction analysis of the selected samples revealed an
amorphous structure of the brown coal, as well as a fine crystalline structure with
inclusions of the minerals illite, kaolinite, and quartz. The absorption spectra of the
studied lignite clearly show the content of oxygen-containing functional groups. These
include carboxyl, hydroxyl, and carbonyl functional groups. This indicates a high
degree of oxidation of the sample under study and the presence of humic substances
in it. A micrograph obtained using SEM-EDX reveals a heterogeneous surface with
depressions and microcracks, and also indicates the predominance of carbon and
oxygen with insignificant contents of Na, Mg, Al, K, and Fe. A comprehensive study
of the organomineral structure of brown coal samples and the resulting analytical data
highlight its potential as a raw material for sorption materials and humate fertilizers.
Keywords: brown coal, lignite, surface morphology, mineral composition
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AnHoTanus. Pecry0OnrkaHblH OTBIH SHEPreTHKACHIH/Ia KOHBIP KoMip Oipas Oeirid
ajiaJibl, KOHbIP KOMIPJIIH €H YJIKCH KE€H OPbIHIapbl MEMJICKETTIH COJITYCTIK, OPTAJIBIK
JKOHE OHTYCTIK-IIBIFbIC Oodirinae kezaeceni. KOHbIp KoMip KOMIpAiH KOFaphl KYJi
KJIAChIHA JKaTa][bl XKOHE BUIFaJIbUIBIFBI )KOFAaphl OOJIFAHIBIKTaH MEHIIIKTI )KaHy JKbLITYbI
TeMeH OoJbI Keseai. byl 3eprreyine TUrHUTTIH (U3NKO-XUMUSIIBIK KACHETTEpi MEH
OHBIH KYPaM/IbIK )KOHE MUKPOKYPBUTBIMIBIK CUTIATTaMaIaphl YCHIHBUIFaH. 3epTTeIeTiH
KOMIPJiH (QHU3UKO-XUMHSIIBIK KACHETTepi OHBIH KYpPaMbIHIAFbl OPraHUKAaJBIK,
3aTTapAbIH, JKOFaphl bUIFAJIBUIBIK ITEH YIKBIIITHIK 3aTTap/AblH O0ap eKeHiH KopceTei.
PecnyOnukana ke3aeceTin KOHBIP KOMip KeH OPbIHIaPbIHBIH MUKPOKYPBUIBIMIBIK JKOHE
KYpaMJIbIK CHIIaTTaMallapbiH )KETKITIKCI3 01Ty )KOHE JKETKUTIKTI 3epTTeIMEreH/Iir Oyt
KYH/IBI peCypCThI YTHIM/IbI Maiiaanany/as! mekrelai. COHABIKTaH KOHBIP KOMIpIIi *KaH
KAKTBI 9pi KEeIIeH Ii 3epTTey ©3eKTi Mocesie OombI TadblIaabl. byl ap3an kemip TYpiH
XUMHSI OHEPKOCIOIHIE COPOIMSIIBIK MaTepuagap HeMece ThIHAUTKBIIITAP PETiHJIEe
naiaisany SKOJIOTHSUIBIK, DKOHOMHKAJIBIK JKaFbIHAH THIMJII )KOHE peCypCTapabl YHEM I
naiiiajgany MoceJeliepiH MeTeTiH eni. bys 3epTrey >KYMBICHIHBIH Makcarhl KOHBIP
KOMIpJiH (U3NKO-XUMUSIIBIK CUIIaTTaMalapblH KEUICH[I 3epTTey JKOHE OHBI KeHiH
XUMHSI OHEPKICIOIH/IEe COPOCHTTEP HEMECE THIHAWTKBIIITAP PETIHAC INaiaiaHyIbIH
OPBIHABUIBIFBIH aHKbIHAAY OOJNbIN TaObUTagel. KemipaiH Oyl Typi YUIiH aiblHFaH
HOTHKEJIEP/IiH MPAKTUKAJIBIK MaHbI3IbUIBIFBI XUMUSI OHEPKOCIOIH IE JINTHUTTI OJIaH 9pi
naiiiajgany olieyeTiH apTThIpajbl )KOHE KOpIIaraH OpTaHbl TEXHOTEHII KaJAbIoTapJaH
KOpFay MocelleliepiH mmemeai. Makanaga TaHJaidFaH ChlHAMalapra pPEHTTeHIIIK
mudpakuust (XRD), dypwe Typaennipyini uadpaxsizbul crnekrpockonuschl (FTIR)
JKOHE DHEPTHUSHBI JUCIEPCUSUIBIK PEHTEHAIK Talaaybl Oap CKaHepIeylli dIIEKTPOHIbI
mukpockonusi (SEM-EDX) kemeriMeH ajblHFaH HOTHIKENEp KEeNTIPUITeH IKOoHe
QIbIHFAH HOTWXKEJIEPHiH aHAIUTHKAIBIK Tanaaybl kenTipiareH. XRD pentrenmik
TuQpakiusl 3epTTeyre ajiblHFaH KOHBIP KOMIpAiK aMop(Thl KypbUIbIMFa W€ EKEHiH,
OJlaH KOCa WJUINT, KAOJIWHUT JKOHE KBAPITHIH KPUCTAJABI KOCHIHIBLIAPHI 0ap eKeH
kopceTTi. THpaKbI3bUT CIEKTPIIEpi 3ePTTENETIH KOMIPIIiH KYpaMbIH/a KOII MOJIIIEpAe
TUAPOKCHII, KapOOHWJ, THIPOKCHUI (DYHKIUOHAIABIK TOPTApAbIH Oap eKeHiH
kopcerTi. DyHKIMOHAIABI TONTAPABIH KOm OOMybl TOTHIFYABIH JKOFapbl JIOPEKECiH
JKOHE KypamblHJa TYMUHI 3arTapiblH 0ap eKeHJIriH adlkbiHmaiael. CkaHepieyi
anekTpouabl Mukpockonus (SEM-EDX) kemeriMeH MHUKPOCYpET albIHBIN OJaH
KOMIp/iH OeTiHJerl JKapbIKTAaKTap MEH arperaiusulanfaH JaMmeJUsuiapel  0ap
KEYeKTi yoHe rereporeni 0erti anbikTaasl, EDX notmxkenepi Na, Mg, Al, K, Fe a3
MOJIIIEPIiH, ajl OTTETl MEH KOMIPTETiHiH 0achiM €KEHJITIH aHbIKTan Oep/i. YKaH skaKkThl
OIpIKTIpUITeH aHATUTHKAIBIK JIEPEKTEp JUTHUTTIH OPraHOMUHEPANIbl KYPHUTBIMBIH
TYCiIHyre MYMKIHZIK Oeplli doHe Jie XUMHUsI OHEPKICiOiHIe COPOLUSIIBIK MaTepuaiiap
HeMece TyMaTThl TRIHAUTKBIIITAD YIIiH THIM/I MaTepuan 00IaTbIHbIH KOPCETTI.

Tyiiin ce3aep: IUTHUT, KOHBIP KOMIp, MUHEPAJIIBI KypaM, OETTiH MOP(OIOTHSCHI
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AHHOTanusi. DBypblii yroiap 3aHMMAaeT 3HAYUTENBHYIO JIOJO B TOIUIMBHO-
sHepreTuueckoM Oanance PecryOnukm Kazaxcran m xapakTepu3yeTcsi KpyHTHBIMH
3aracaMi, COCPEAOTOYEHHBIMU B CEBEPHBIX, LEHTPAIBHBIX M IOT0-BOCTOYHBIX
pernoHax cTpaHbl. HecMOTps Ha IIMPOKYIO paclpOCTPaHEHHOCTb, Oypble YU
OTJINYAIOTCS ITOBBILIEHHON 30JbHOCTBIO U CPABHUTEIBHO HU3KOHM TEIUIOTOM CrOpaHusl,
YTO OrPaHUYMBAET UX TPAJULUOHHOE HHEPreTUUYECKOE MCIOJIb30BaHME. B cBs3M C
9THM OCOOBIN HHTEPEC MPEACTABISIET U3yYeHHE UX (PUBNKO-XUMUYECKUX CBOHCTB IS
paciMpeHus HanpaBIeHUH MPOMBIIIICHHOTO TPUMEHeHHs. B paboTe mpencTaBieHbl
PE3YyNBTaThl HCCIIEAOBAHMSI COCTABHBIX U MUKPOCTPYKTYPHBIX 0COOEHHOCTEH 00pa31oB
Oyporo ymis (nuramra) Kaszaxcrana. AKTyanbHOCTh HCCIENOBaHHUS 0O0yCIIOBJICHA
HEJOCTATOYHOM M3YUYEHHOCTBIO CTPYKTYPHBIX XAPAaKTEPUCTHK JIMTHUTA C TOYKH
3pEeHHs eT0 JallbHEHINEeTo UCTIONb30BAHUS TIPH MTOTyUYeHHH COPOIMOHHBIX MaTepHajoB
W TyMaTHBIX ynoOpenuit. llenbio paboThl SBISIOCH KOMIUIEKCHOE HCCIEHOBAHHE
(UBNKO-XMUMHUYECKUX CBOHCTB OypOro yIiist Uit OIICHKH MEPCIIEKTHB ero MPUMEHEHHS
B XMMUYECKON NPOMBIIUIEHHOCTH U PEIICHUM 3KOJIOIMYECKMX 3a/1a4, CBSI3aHHBIX C
nepepaboTKON TEXHOTEHHBIX OTXOA0B. M ccienoBaHust TPOBOAMIMCH C UCTIOIB30BAHUEM
METOIOB peHTreHodaszoporo anamuza (XRD), wH(pakpacHOW CIEKTPOCKONUU C
npeobpazoBanueM Dypoe (FTIR), a Tak:ke CKaHUPYIOLIEH JIEKTPOHHON MUKPOCKOITUN
C DHEPTOJUCIIEPCHOHHBIM peHTreHoBcKuM aHanuizoMm (SEM-EDX). Pesynerarsr XRD
MOKAa3aJiv, YTO UCCIICAYEMBIi JTUTHUT XapaKTepHU3yeTcsl IPEUMYIIeCTBEHHO aMOp(hHOM
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CTPYKTYpO# ¢ HEOONBIIUMH KPHCTANIMYECKUMHU BKJIIOYEHUSIMH WIIUTA, KAOJTUHHUTA
n kBapua. Ilo panHeiM FTIR ycTaHOBIEHO HalMuMe 3HAYUTENBHOIO KOJIMYECTBA
KHCIOPOACOAECPKAMMX (PYHKIHOHAIBHBIX TPYMI - KAPOOKCHIBHBIX, THAPOKCHIBHBIX
U KapOOHMJIBHBIX, YTO COOTBETCTBYET NPHUPOJE JUTHUTA W CBUACTEIBCTBYET O
NPUCYTCTBUU TYMUHOBBIX BemlecTB. WccnenoBanus meronom SEM-EDX BwisBuin
HEOJHOPOJHYIO IIEPOXOBATYH) IIOBEPXHOCTh C Pa3BUTOM CUCTEMON MHUKPOTPELIUH.
OJeMEeHTHBIHN cOCTaB XapaKTepU3yeTCsl BBICOKUM COJEPKaHUEM YITIEpOa U KUCIOpOo/a,
a taxoke npucyrcreueM Na, Mg, Al, K u Fe B HeOonpmmx xonnuecrsax. [lomydennsie
pe3ynbTaThl MO3BOJSIOT 0Oojiee TOJHO OXapaKTepH30BaTh OPraHOMUHEPAIbHYIO
CTPYKTYpy Oyporo yrisi ¥ MOATBEPKIAIOT MEPCIEKTUBHOCTh €0 HCIIOJIIb30BaHUS B
KaueCTBE ChIPbsS AJIS TIOJyUYEHUs COPOIIMOHHBIX MaTepHUajoB U I'yMaTHbIX yIOOpeHUH.

KuroueBbie cioBa: Oypelii yroib, JHTHHT, peHTreHoga3oBblii aHamu3, FTIR-
cnekrpockonusg, SEM-EDX, muHepanbHbI cocTaB, MOpP(}OJOTHs MOBEPXHOCTH,
T'YMHUHOBBIE BEIIECTBA, COPOLIMOHHbBIE MaTePHAIIbI

Introduction. In terms of energy resources Kazakhstan is one of the richest countries
in the world. There are located more than 400 coal deposits. The most significant and
rich deposits identified in Northern and central Kazakhstan, including the Karaganda,
Ekibastuz, Maikube, Torgai, Shubarkol and Karazhyra coal bassins. Coal reserves of
country are estimated at about 170 billion tons, of which approximately 36 billion tons
extracted through open-pit mining. The share of oxidized brown coal is relatively small
in these deposits, among the famous deposits are Maykubinsky near Pavlodar region,
Karazhira in Semey region and Lengersky in Turkestan region, the content of humic
substances in these deposits ranges from 15 to 40%. In ZKO, the Mamyt field is also
known for its humic acid content of 27-44% and coal reserves of 1486 million tons. A
significant content of humic acids in lignite makes them attractive for the production
of humates and sorption materials (Pehlivan et al., 2006). The southern region of the
country contains several brown coal deposits, including the Lengerskoye deposit in the
Tolebi district, the Boraldai, Shakpak, and Kelte-Mashat deposits, which are of interest
to the chemical industry. The abundance of coal resources in our country indicates
potential for large-scale use in the production of fertilizers and sorbents (Franklin et
al., 1988). Oxidized brown coals, which are the main raw material, are divided into
three groups depending on the purpose of extraction and their humic acid content (Shi
et al., 2025):

1. More than 45% humic acids, for the production of solid-phase humates.

2. Humic acid content greater than 20%, for the production of liquid fertilizers.

3. Coals containing 10-20% humic acids.

Coal has a high-molecular structure and consists of complex compounds formed
by aromatic, hydroaromatic, and heterocyclic structures with various aliphatic and
functional groups (Jones et al., 1995). The main element in coal is carbon, which occurs
in hybridized form. Therefore, the organic component of coal consists of C, H, O, S,
and N atoms, linked by condensed aromatic rings and aliphatic bonds. Oxygen atoms
act as bridging groups in coal, connecting the organic and inorganic fractions. The

351



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

nuclei of the condensed aromatic rings in lignite are linked by aliphatic side chains,
which in turn form spatial polymer layers. Hydrogen bonds facilitate the creation of
spatial structures and molecular association. Images taken using Google Earth show
accumulations of coal waste dumps in the Lenger region.

These waste dumps have encroached upon the city’s boundaries, adversely affecting
the environmental conditions and the quality of life of local residents, as shown in the
figure below.

Slag heap 7
Figure 1 — Slag heaps of brown coals
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Literary review.

Domestic scientists were engaged in the study of brown coal deposits and the
solution of environmental problems and rational use of lignite, they revealed a number
of specific features of this type of coal. Scientists from Karaganda, Almaty and Taraz
were engaged in the study of the physical and chemical composition and further use
of humic acids from lignite from the Kumuskudud and Kuznetsk deposits. They
synthesized humic acids from lignite and conducted a comparative analysis using the
latest analytical instruments. The study revealed significant differences in the chemical
composition, functional groups and thermal stability due to differences in the geological
conditions of the formation of each deposit. In particular, variations in the content of
carboxyl and hydroxyl groups were found, which affect the sorption and complex-
forming properties of humic acids (Allen et al., 1997). Scientists from KazNU named
al-Farabi studied lignite from the Kiyak deposit and revealed the peculiarities of the
chemical composition of lignite extracts with the help of IR-Fourier spectroscopy.
Thanks to the obtained results, they presented that coal can serve as a raw material for
the production of complex organic fertilizers, as well as the basis for the development
of effective processes for the production of valuable chemical products (Kairbekov et
al., 2025).

The study of physico-chemical and biological characteristics of lignite wastes
of the Southern region revealed the problems of ecological character and biological
transformation of carbon-containing components of lignite wastes (Alikhan et al.,
2025).

Materials and methods.

Brown coal samples that were used in our study were selected from different
deposits, these deposits are located in the central and southern regions of the country.
The selected samples were first dried at room temperature, then crushed in a mortar
to a fraction of 0.2 pm and sieved to a fraction smaller than 100 pm. Such analysis is
necessary to ensure homogeneity before analyzing the sample. Lignite samples were
stored in sealed glass containers to prevent moisture and oxidation of the obtained
samples.

The selected brown coal samples were analyzed by X-ray diffraction analysis using
a diffractometer based on source radiation (A = 1.5406 A), and the diffractometer works
at a voltage of 40 kV and a current of 30 mA, the scanning range of this device was
20 = 10-80°, with a step of 0.02° and a scanning speed of 2°/min. As a result of
the conducted analysis, a diffractogram was obtained and further they were used to
determine amorphous phases, in the diffractogram special attention was paid to the
presence of reflections of quartz, kaolinite and illite.

Fourier Transform Infrared (FTIR) spectroscopy was employed to investigate the
functional groups and chemical structure of the organic and inorganic components.
The spectra were recorded using a Nicolet iS10 spectrometer in the range of 4000—
400 cm™ with a resolution of 4 cm™!. Samples for FTIR analysis were prepared by
homogenizing 1 mg of fine powder with 200 mg KBr of spectroscopic purity and
pressing the resulting mixture into a transparent tablet form. The obtained spectra
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of the studied samples were corrected according to the baseline and normalized for
further comparative analysis. Assignment of peaks was carried out based on literature
data characteristic of humic substances and materials obtained from brown coal (Zhao
et al., 2020). The main emphasis was placed on vibrational modes O — H, C — H, C=0
and Si—O.

In this study, to study the microstructure and elemental composition of the surface
of coal, analysis was carried out using scanning electron microscopy (SEM) in
combination with energy dispersive analysis. The surface morphology of brown coal
was observed using a field emission SEM JEOL JSM-7600F at a voltage of 15 kV.
Samples of low-grade coal under investigation were fixed on aluminum holders and
covered with a thin layer of gold before obtaining images to reduce charging effects.
The spectra obtained after energy dispersive analysis were recorded using Oxford
Instruments. This allowed to obtain the results of the semi-quantitative composition
of elements (C, O, N, Na, Mg, Al, Si, K, Fe). The combination of SEM-EDX analyzes
showed a more detailed and complete picture of the distribution of organic and mineral
phases in the studied samples.

In general, in this study, the sample preparation process and the analysis scheme
were developed in order to preserve the natural structure of coal and at the same
time ensure accurate identification of functional groups and inorganic mineral
components. The integration of the selected methods, XRD, FTIR, and SEM-EDX,
allowed to comprehensively consider the characterization of structural, chemical
and morphological features of brown coal, which contributed to the subsequent
interpretation of their physico-chemical and functional properties.

Simulated XRD Pattern of Brown Coal Sample with Labeled Peaks
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Figure 2 — XRD Pattern of Brown Coal Sample

Results.

The obtained X-ray diffraction pattern of the lignite sample shows the amorphous
and weakly crystalline structure of the substance with several broad, low-intensity
reflections superimposed on a slightly raised background. The results show that the
diffraction maximum is clearly expressed at 20 = 26.7°, this reflection corresponds to
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quartz (Si0O:), as it is the main mineral impurity in lignite and sub-bituminous coals.
This peak is relatively intense and sharp, which indicates the presence of small but
well-ordered quartz crystallites that were dispersed in the organic component.

In the lower range of the 20 spectrum (15-25°), several weak and broad peaks
are clearly visible, which indicates a disordered carbonaceous matrix and interlayer
structure of kaolinite and illite. The highly scattered character shows the turbostratic
arrangement of aromatic plates and the limited orderliness of stacking, which is
characteristic of low-grade coals rich in humic substances. The broadness of these
reflections suggests an abundance of amorphous organic matter and the predominance
of functionalized aromatic and aliphatic components rather than extended crystalline
domains (Pyshyev et al., 2025).

As can be seen from the spectrum, the peaks in the mid-range of 30° - 40° are weak
and poorly visible, indicating a small amount of mineral impurities such as feldspars
or aluminosilicates. These remain in brown coal after oxidation and weathering of
lignite seams. The broad background signal in the diffraction pattern also indicates the
amorphous structure of the sample. This reflects the high content of humic acids and
oxygen-containing functional groups found in the chemical composition.

The diffraction pattern fully confirms that the brown coal under study has a
heterogeneous structure, containing both organic amorphous material and a small
amount of crystalline inclusions of silicate materials. The dominant reflection peaks
of quartz and the broad diffuse peaks of humic substances demonstrate a mixed
composition. This is typical of oxidized lignite deposits, where mineral impurities
coexist with partially aromatic organic components that formed under moderate
diagenetic conditions (Ravich et al., 2025).

Simulated FTIR Spectrum of Brown Coal Sample
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Figure 3 — FTIR Spectrum of Brown Coal Sample

The FTIR spectrum of the studied lignite sample reveals a complex organic-mineral
composition, dominated by oxygen-containing functional groups (carboxyl, carbonyl,
etc.), typical of lignite and humic substances. A broad and intense vibrational band
centered in the 3400-3300 cm-1 range corresponds to absorption vibrations of hydroxyl
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groups where hydrogen bonds are present. This indicates the presence of phenolic,
alcohol, and carboxyl functional groups and adsorbed structural water. Absorption
bands in the 2920-2850 cm-1 range indicate C-H stretching vibrations in aliphatic CH2
and CH3 groups, reflecting the contribution of long-chain hydrocarbons and methylene
bridges linking aromatic units in the coal macromolecule (Melnykov et al., 2026). Th-e
pronounced absorption bands in the region of 1710 cm-1 correspond to the stretching
vibrations of C=0 carbonyl and carboxyl groups, which confirms the oxidative change
in the coal structure and the accumulation of derivatives of humic acids and fulvic
acids.

The strong band at approximately 1610 cm™' signifies the aromatic C=C skeletal
vibrations, combined with deformation modes of associated O—H groups in conjugated
structures, which together reveal the presence of condensed aromatic clusters
interspersed with oxygenated moieties. The absorption region of 1420-1380 cm-1
indicates bending vibrations of aliphatic C—H bonds, confirming the existence of
aliphatic side chains linked to the aromatic core. A strong absorption band near 1200
cm-1 indicates bending vibrations of C—O and O—H bonds of alcohols, phenols, and
carboxylic acids. These peaks highlight the abundance of oxygen-containing organic
compounds derived from lignocellulosic precursors (Yufang et al., 2025).

Several peaks located below the 1000 cm-1 absorption region correspond to
inorganic components. Peaks near 900 and 780 cm-1 exhibit bending vibrations of
aromatic C—H bonds and Si—O—Al bonds from kaolinite or illite impurities. Absorption
bands in the 700-500 cm-1 range are characteristic of lattice vibrations of silicate and
aluminosilicate minerals. The band near 460 cm-1 indicates Si—O-Si vibrations in
quartz and feldspar phases. Based on the above, the combined spectral pattern fully
reflects the mixed organomineral structure of the studied lignite sample, which consists
of humic substances enriched in hydroxyl, carboxyl, and carbonyl functional groups,
which are closely associated with clay and silicate minerals. The resulting structure is
consistent with the partial oxidation of lignite, its sorption properties, and its potential
use as a precursor for the creation of sorbents and humic fertilizers.

Counts

N Mg Fe

Energy (keV)

Figure 4 — SEM-EDX analysis of brown coal sample
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The scanning electron microscopy (SEM) analysis yielded a micrograph
demonstrating a highly heterogeneous, rough surface with cracked blocky particles
and an uneven surface. This surface is characteristic of humic-rich brown coals.
The micrograph of the sample under study shows microaggregates with numerous
microcracks and depressions, which formed naturally during the ventilation and drying
of the coal. These depressions and microcracks indicate a brittle organic matrix of
the lignite with embedded mineral inclusions. The micrograph shows the absence
of developed crystalline facets, confirming that the studied brown coal is highly
amorphous at the microscale. Scanning electron microscopy (SEM) results generally
reveal a surface morphology with a porous structure and a significant internal surface
area. This is consistent with the nature of humic-rich brown coals (Zhang et al., 2024).

The resulting spectrum indicates that the material is composed primarily of a
carbonaceous matrix; the weak C peak confirms the coal origin of the sample and
the predominance of organic matter. The distinct N peak confirms the presence of
nitrogen-containing functional groups and humic macromolecules derived from the
biomass (Kiigiikbayrak et al., 2001). Inorganic elements Na, Mg, Al, K, and Fe are
also visible in the resulting spectrum at lower intensities. Here, sodium and potassium
may be associated with ion-exchange cations, which in turn are associated with the
carboxylate and phenalate groups of humic substances.

In the spectrum, peaks of aluminum and magnesium indicate the presence of
finely dispersed clay minerals that are characteristic of aluminosilicate phases. The
iron signal is typically characteristic of iron oxides, hydroxides, or finely dispersed
pyrite residues, which are commonly found as cohesive minerals in lignite seams. They
facilitate the redox activity of coal.

Discussion

The combined results of scanning electron microscopy and energy-dispersive X-ray
diffraction analysis indicate that the brown coal under study is a composite material
consisting of a continuous organic matrix rich in humic substances with embedded
mineral particles and exchangeable inorganic cations. All of this determines the
sorption properties of lignite, its surface chemistry, and its subsequent use in sorption
materials and as humate-containing fertilizers.

Conclusion. Water treatment is currently a pressing issue in the southern region,
as it is insufficient to meet all agricultural and other needs. Industrial facilities and
treatment systems require efficient methods and developments for environmentally
friendly reuse. Organic and inorganic metallic impurities, such as lead, cadmium,
copper, nickel, dyes, and microplastics, remain in water even after treatment.
Therefore, the development of multifunctional sorbents from affordable raw materials
offers significant potential for addressing this issue. In this study, the physicochemical
properties of brown coal are characterized and demonstrated using the obtained results.
A comprehensive and integrated analytical approach provided a complete picture of
the organomineral matrix of the studied lignite, highlighting its potential as a basis for
sorption materials and fertilizers.

Conflict of interest. The authors declare no conflict of interest regarding the
publication of this article.
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Abstract. The relevance of this study is driven by the investigation of trans-fatty
acids and fatty acid composition in fat-containing products, which is important for
public health, food safety, and compliance with international standards. The fatty acid
profile is a key indicator of nutritional and technological properties of oils and fats.
The aim of this study was to evaluate fatty acid composition in liquid vegetable oils,
spreads, margarines, and butter purchased in Almaty from 2023 to 2025. A total of
48 samples were analyzed using gas chromatography. Saturated, monounsaturated,
polyunsaturated, and trans-fatty acids, as well as palmitic acid (C16:0), were
determined. Results were compared with TR CU 024/2011 and international standards.
Vegetable oils showed dominance of polyunsaturated fatty acids ranging 54-71%, with
rapeseed oil highest. In some samples, trans isomers reached 3.9-4.1%, likely due
to deodorization heat treatment. Spreads and margarines showed strong technological
differences; some products contained 30-39% trans fatty acids indicating partially
hydrogenated oils. Interesterified products showed lower trans fat levels of 0.5-3.8%,
but saturated fats increased up to 50-63%. Butter mostly preserved natural lipid profiles,
though some deviations suggested vegetable oil addition. The practical significance lies
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in demonstrating the need for comprehensive monitoring of fat products including both
trans fats and full fatty acid composition for accurate quality assessment and safety
evaluation. Overall the findings highlight the importance of continuous monitoring
of fat based food products in retail markets to ensure compliance with regulatory
limits and to support healthier dietary choices for consumers while improving
industrial processing practices and reducing trans fat exposure risks and strengthening
evidence based food quality control systems in accordance with international safety
requirements as well as improving public health outcomes through better regulation of
lipid composition in processed foods surveillance.
Keywords: vegetable oils, trans-isomer, margarine, spread, saturated fatty acids
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AnHoTanus. JXXYMBICTBIH ©3€KTUIIr — Mail eHIMAEpIHIETI TpaHC-Mal KbIIIKBLI-
Japbl MEH Mall KbIIIKBUIIBIK KYPaMbIH 3epTTey Kazipri TaHJa XajblK JEHCayJbIFbIH
KOpFay, OHIM KayilCi3AiriH KaMTaMachl3 €Ty KOHE XaJbIKapalblK cana CTaHAapTTaphl-
HBIH TaJlaNTapblHA COMKECTIT1H OaKpliay TYPFBICHIHAH epeKile MaHbI3Fa ue. COHbIMEH
Kartap, Mail KbILIKBUIABIK KYpaM ©HIMHIH TaFaMJbIK KOHE TEXHOJIOTHSUIBIK CUIIaTTaMa-
JapblH afiKpIHAAWTBIH HETi3ri KepceTkimrepaiy Oipi. byn 3epTreynin Heri3ri makca-
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Th1 2023-2025 >kpiapsl AnMaThl KaJlachlHBIH OPTYPJIi cayaa KeilepiHeH albIHFaH
CYWBIK OCIMJIK Maiyiapbl, cripenrep, MaprapuHaep KOHE capbl Mall yiriiepiHmieri
Mail KBIITKBUIIAPBIHBIH KYPAMBIH KEIICHI1 Oarajayra OarbpITTanasl. 48 Mail oHIM Y-
Tijepi ra3xpoMarorpadusuIbIK 9MICTICH 3ePTTENIN, OHIMACPIIH MAWKBIIIKBIT KYpaMbIH
aHBIKTAy OOWBIHIIA Tajjayiap >KYpTi3ilil, KaHBIKKaH, MOHOKaHBIKIAFaH, TOJHKA-
HBIKIIAFaH KOHE TPaHC-Mal KhIIIKbULIAPBIHBIH, COHJIAl-aK MaIbMUTHH KhIITKBUTBIHBIH
(C16:0) memmepi anbikTangsl. Ansinran aepekrep Kenen omareiabin TP 024/2011
TEXHUKAJIBIK PeIJIAMEHTIHIH TaJlalTapbIMEH XKoHE Mall OHIM/JICPIHIH calachiH Oarasay-
JIBIH XaJIBIKapaJIbIK HOPMATHUBTIK TOCUIIEPIMEH CANBICTHIPBUIABL. 3€pTTEy HOTHXKENEpl
CYHBIK ©CIMIIK MaiIapbIHIa MTOJIMKAHBIKITaFaH Malil KBIIIKBUIIAPBIHBIH 0aChIM €KeHIH
KepceTTi, onmapaslH Memmepi 54-71% apanbirbinaa 6osael. COHBIMEH Karap, paric
MaibIH/Ia ONapIblH MeJIIepi eH jkoFapbl MoHre - 51,9%-ra xerti. KeitOip ynrinepae
TpaHc-u3zoMepiep Memmepinid 3,9-4,1%-fa neiin xorapbliaraHbl OaliKanabl, Oy 1e-
30/10palus Ke3iHAeri TepMUSUIBIK OHJIeyMeH OaiianbicThl. CpeATep MEH MaprapuH-
JIEpJIC aKbIH TEXHOJIOTHSIIBIK ailbIpMAIIbLUIBIKTAP aHBIKTAJJIbI: )KEKEJICTeH OHIMIEPIe
TpaHCc-Mal KbIIKbUTAAPBIHBIH Memmiepi 30-39% OGomaTeiH aHBIKTANABI, Oy immiHapa
THIPJICHTeH Maiap/slH KOJIaHbUIFaHbIH Kepcereni. [lepesrepudukanusapiy Oara-
MaJibl TEXHOJIOTHSCHI KOJJIAHBUIFAH YITLIepae TpaHc-Mainapabiy Memmepi 0,5-3,8%
apalbIFbIHIA OOJIIBI, ajlaliia KeWoip karaaiiiap/ia KaHbIKKaH Mail KBIIIKbLUIIAPbIHBIH
yieci 50-63%-ra netiin apTThl. Capbl Mail YATUICPIHIH KOIIIUIr TAOUFH JIMMUITIK
npoduiIbAl CaKTaabl, JETCHMEH JKEKEIeTeH aybhITKyJaap OCIMIIK MaWIapbIHBIH KO-
CBUTYBI MYMKIH €KEHIH KOPCETTIi. 3ePTTEYIiH MPaKTUKAIBIK MAaHBI3ABIIBIFEI - AJIGIHFAH
HOTH)KENIep Mail OHIMJEpiHIH calacklH Oarajay Ke3iHJe TpaHC-Maiyap JeHrediMeH
Karap MalKbIIIKBUIIBIK KYPaMIbl J1a KeIIeH 11 OaKbUIay/IbIH KQKETTUTITH KOpCceTeI.

Tyiiin ce3aep: eciMaix Maiinapsl, TpaHC H30MEP, MaprapuH, CIpel, KaHbIKKaH Mai
KBIIKBLTBI
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AHHOTAUUsl. AKTYalbHOCTh HCCJIENOBaHUS OOyCIIOBIEHa HEOOXOAMMOCTBIO
OILIGHKH COJEPKaHUS TPAHC-)KUPHBIX KMCIOT M U3yYEHHUs KHPHOKHCIOTHOTO COCTaBa
MUIIEBBIX MAacel M XUPOBBIX MPOIYKTOB, MOCKONbKY JAaHHBIE MOKA3aTeId HMEIOT
Ba)XHOE 3HAYCHME Ui oOecreueHuss 0€30MacHOCTH MUILEBONW MPOAYKIUH H OXPaHBI
310pOBbsl HacelleHUs. JKHPHOKHUCIOTHBII COCTaB SBJSIETCS OJHUM M3 KIIFOYEBBIX
KpUTEpHUEB MUILIEBOM IEHHOCTH M TEXHOJIOIMYECKHX CBOMCTB Macen U >kupoB. Llens
HCCIIEeIOBaHMsl 3aKiroyajach B KOMIUIEKCHOM OIIEHKE >KMPHOKHCIOTHOIO COCTaBa
00pa3LoB XKUAKUX PACTUTEIBHBIX Macell, CIIPeJOB, MaprapuHOB U CIMBOYHOTO Maca,
MpHOOPETEHHBIX B TOPTOBBIX ceTsX ropoaa Anmatsl B 2023-2025 rr. Beero metonom
ra3oBoit xpomarorpaguu Obl10 HccieaoBaHo 48 o0pa3uoB. Onpenensiiu conepKaHue
HACBIILEHHBIX, MOHOHEHACHIIIEHHBIX, TOJUHEHACHIIIIEHHBIX U TPAHC-)KUPHBIX KUCJIOT,
a Taxxke manbMUTHHOBON KucaoThl (C16:0). [lomy4yenHsie pe3yiabsTaTbl COMOCTABISIIN
c TpeboBanusimMu TP TC 024/2011 n mexxayHapoIHBIMH HOPMaTHBaMHU. YCTaHOBICHO,
YTO B PAaCTHTENBHBIX Macjiax Mpeo0afaloT TMONMHEHACHILCHHbBIE JKUPHBIE KHUCIOTHI,
coJiepikaHue KOTOpbIX cocTaBisieT 54—71 %, mpu 3TOM MakCHUMallbHblE 3HaYeHHs
XapakTepHBI AJIs1 paricoBOro Maciia. B otaenbHbIX 00pa3iax coaep:kaHie TPaHCH30MEPOB
nocturano 3,9—4,1 %, 4To, BEpOSITHO, CBI3aHO C TEXHOJIOTHYSCKUMHU OCOOCHHOCTIMU
npoluecca fie3oopanuu. B cipenax u MapraprHax BbISBIEHBI CYILIECTBEHHBIE PA3IMUUs
B COCTaBe )KUPOBOH (ha3bl: colepKaHUEe TPAHC-KUPHBIX KHCIOT cocTaBisiio 30-39 %,
YTO CBHIETEILCTBYET 00 MCIOIb30BAHNU YACTHYHO THAPOTCHU3UPOBAHHBIX KUPOB. B
00pa3uax, M3roTOBJICHHBIX HA OCHOBE NepedTepHUPHULINPOBAHHBIX )KUPOB, COIEPKaHHE
TpaHCU30MepoB HaxoauiIock Bpeaenax 0,5-3,8 %, oHaKo 0 HACKIILEHHBIX KUPHBIX
KHCI0T Bo3pactana 10 50-63 %. CniuBodyHOE MAcCIIo B IIEJIOM COXPAHSIIO XapaKTepHbIN
MPUPOAHBIA JTUIUAHBIA TPOQHIL, OTHAKO OTIACNIbHBIC OTKIOHEHHS MOIVIM yKa3bIBaTb
Ha IPHUCYTCTBHE PACTHUTENBHBIX XHUpOB. [lomydeHHbIE pe3yabTaThl MOATBEPHKIAIOT
HEOOXOIMMOCTh PETYJISPHOTO MOHHUTOPHHIA >KUPHOKHCIOTHOTO COCTaBa KHPOBBIX
MPOLYKTOB M COBEPLICHCTBOBAHUSI TEXHOJIOTUH MEpepabOTKH Macel, HalpaBIeHHBIX
Ha CHI)KEHHE COACP)KaHHsI TPAaHC-)KUPHBIX KHUCJIOT W MOBBIIIEHHE OE30HacHOCTH
MUIIEBONH MPOAYKIIHH.

KurodeBble ci1oBa: pacTUTENbHbIE Macila, TPaHC-KUPHBIE KHUCIIOTBI, MaprapuH,
CTpes, HACBHIICHHbIE XHUPHBbIE KHCIOTBI, ra3oBas Xxpomarorpadus, Oe30macHOCTb
MUIIEBON MPOAYKLINN

Kipicne. Anam paeHcaynblFbl MEH OMIp CYPY Y3aKTHIFBIHBIH KaJbIITACYBIHIA
TaMakTaHy CcHmaTbl JkeTekmn QakropmapasiH  Oipi.  TaraMIblk — panMOHHBIH
TEHTepiMIUIrT MEH OMONOTHSUIBIK KYHIBUIBIFBI AJTMMEHTApNbIK aypylapiblH AaMy
KayIliH aiKbpIHAaWAbl. AJ OyJ yAepicTe MaimapAblH MeJiepi MEH CamaliblK KypaMbl
epeKIie MaHpI3Fa ue. Maiinap ar3a YIIiH Heri3ri 9Heprus Ke31 00JlyMeH Karap, JkacyIa
MeMOpaHalapblHbIH KYPBUIBIMIBIK KOMIIOHEHTi, TOPMOHIAp MeH OWOJOTHSUIBIK
OeJiceHIl KOCBUIBICTApIBbIH MPEKypcopbl pETiHAE KbI3MET arKapajabl, COHJai-ak
Malijla epuTiH BUTAMUHACPAIH CIHIpUTYiH KamMTamachl3 ereii. Aaija TaMakTaHy
palMOHBIHAAFBI Mal KbIIIKBUTAAPBIHBIH KYPBUIBIMBI a1aM aF3achIHBIH (DU3HOTOTUSIIBIK
(dyHKUMSUTapBIHBIH Oy3bITYbIHA OKellyl MyMKiH (Zhang et al., 2025).
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COHFBI XKBUIIAPbI )KYKIAJIBI €MEC CO3BUIMAJIBI aypyIapIblH Tapalybl TYPaKThl TYpAE
ecim kejei, Oy ojap/biH gaMy (akTopiaapblH KEHMICH/II 3ePTTEYIIH MaHbI3bUIBIFBIH
aprreipaasl (Oteng et al., 2020). AmaMHBIH KYHICTIKTI TaFaMIBIK PAITOHHBIH CaMachl
MEH KYPaMBIHIAFbl TENe-TeHIIKTIH OY3bUTYBl, CO3BUIMAIIBI aypylapiblH JaMybIHAA
IICMIYIII POJI aTKapa bl )KHE OJIapFa epeKIIe Ha3ap aynapy KaxeT. Pamoniarsr Makpo-
XKOHE MHUKPOHYTPHEHTTEPIH TEHIepiMCI3Airi 3aT ajaMacyablH Oy3bUlyblHA, KeMipcy
YKOHE JIMITUJ AIMaCYbIHBIH JUCQYHKIHMSICHIHA OKEIill, KaHT AUa0eTi, )KypeK-KaHTaMbIp
KYHECIHIH aypynapbl xoHe 0acKa aTMMEHTapI bl OaliIaHbICThI TATONIOTUSIAP/AbIH AaMy
KaymiH aptteipaasl (Ruta et el., 2023).

Oned6u mouay. JIYHHeXY3UNK JCHCAyNIBIK CakTay YHBIMBIHBIH Capaniibliapbl
MEH MaMaHIapbl XaJBIKTBIH KYHJIENIKTI PAallMOHBIHA KCHIHEH TYTHIHBUIATHIH TaraM
KOMIIOHEHT1 peTiHAe MaijapAblH pelliHe, COHJAi-aK oJap/AblH calayaTThl TAMaKTaHy
KYpBUIBIMBIHIAFbl OpHBIHA alpbIKIIa Hazap aygapbein kenedi. byn perre ajgam
JICHCAyNIbIFbIHA Mal KBIIIKBIIAPBIHBIH TpaHC-U30MEpIIepiHiH Kepi ocepi epekiie
aran etineni (Umayangani et el., 2026). Byrinri kyHi Taram eHiMzepiHIeri TpaHc-
M30MEpIIEPIiH JKOFaphl Meumepi kahaHAbIK JeHrelae KbI3y TaJKbUIAHBIT OTBHIPFaH
©3€KTi MaceneepAiH OipiHe alfHAIIbl. OUTKEHI ayKBIMIIBI ATIHIEMHUOIOTHUSIIBIK KOHE
KIMHUKAJIBIK 3€pTTeyJepAe TpaHC-MalapAbl TYTBIHY JKYPEK-KaHTaMbIp JKyHeci
aypynapblHbIH, KaTepiiicikrepaiH, [l TunTi kKanT nuabeTiHiH, CeMi3AiKTiH, OBYISLUSIBIK
OeleyTIKTIH, COHAl-aK KYHKe, JHIOKPUH/IIK, IMMYH/JIBIK JKOHE ac KOPBITY XKykenepi
aypynapblHbIH JIaMyBIMCH THIFBI3 OalilaHbICThI ekeHl nanenaenai (Wang et el., 2026).

TpaHc-MalmapabIH HETI3T1 Ke3depiHe KapThUIal THAPJICHTCH OCIMAIK ManiIapbiH
naianany apKbUTbl OHIIPIJIeTiH oHIMAep jkaTasl. OnapAblH KaTapblHA MaprapuHaep,
crpearep, KOHIUTEPIIIK OHIMAEpP, opTYpIi micipmenep, dhactdyn, connai-ax OipHere
PET KBI3ABIPbUIFaH Maii/ia JalbIHIaNaTbIH KYBIPBUIFAH TaramMJap MEH JKeHIJT TaraMaap
Kipeni. JKapTeunail Tuapriey mponeci MainmapAblH caKTay TYpPaKTBUIBIFBIH JKOHE
TEXHOJIOTHSIIBIK KACHETTEPiH KaKCApTKAaHBIMEH, OCHI Tpolecc OapbIChIHIA TaOWUFH
IMc-Mall  KBIIIKBUIZAPB TPaHC-M30MEpIepre aiHalbI, ONAPABIH OHOJOTHSIIBIK
TYpFBIIaH 3USHABI opMmanapsr Ty3ineni (Zheng et al., 2026).

Tpanc-maiinapablH ajaM ar3acblHa THTI3ETIH Tepic acepiepi KOHIHACT! FhUIBIMU
JoTenaep JKUHaKTalFaHHaH KeiiH, KON TereH AaMbIFaH esep OyJ1 MocesleHi 3aHHaMaJIbIK,
JeHrelae memyre Kipicti. Ocipece Eypomanbik Onak KOMMEPHHUSIIBIK OHIMACPACTI
TpaHC-Mall KBIIIKBUIIAPBIHBIH (TEK JKaHyap MalblHJIa TaOUFH TYpHe OONaThiH TpaHC-
MalmapApl KOCTaFaH/a) MOJIIIepiH Kbl MaiabiH 2%-JaH acmayblH IIEeKTeHTIH
cranmaptrTapas! Kadbeurnaasl (WHO, 2015). AKIL-TeH A3BIK-TYIIIK )KOHE TI9Pi-TopMeK
OackapMachl TpaHC-Maiap/bl «Kajlbl Kayilci3 el TAaHbUIMAHThIH» 3aTTap KaTapblHa
eHTri3im, TaraM eHIpiCiH/e 1iHapa THAPOreHU3alUIIaHFaH Maiaapabl naiaananysl
e9yip HIeKTelTiH TananTtap OeKiTTi. by memiM Tpanc-mMalnapabl TYTHIHYIBI a3alTy
apKBUIBI XAJIBIKTBIH JKYPEK-KAaHTAMBIp aypyliapblHa IMAIJBIFY JACHIeHiH TOMEHICTYTe
oarpiTTanasl (FDA, 2005). JIyHHEeXY3UTIK JSHCAYJIBIK CaKTay YHABIMBI TPaHC Mai
KBIIIKbUIJAPBIH TYTBIHYABl TOYNIKTIK SHEPrsl KYHIBUIBIFBIHBIH 1%-bIHaH acklpmay
KOHIH/E YCBIHBICTAp >KapHsUIaAbl, OHEPKICINTIK >KOJIMEH ajbIHATBIH TPAaHC Mai
KBIILIKBUIBIH TaFaM PallMOHBIHAH TOJBIKTAH allblll TACTay Ka)KETTIrIH aTal eTKeH >KaHa
epexenep Kadoburganael (WHO, 2023).
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AKII-TbIH caHUTApIBIK XKOHE TaraM KayilCi3aAiri cajachlHIAFbl YCHIHBIMAApbIHA
cylieHe OTBIpHIN, OacKa /a KenTereH MeMIICKETTep ©3/ePiHiH YITTHIK 3aHHaMalapbiH
o3ipneni. byn engepae Taram eHIMIEpiHAErl TpaHC-MaimapAblH PpYKcaT eTUIreH
€H JKOFaphl MeJiliepi OeNrijeHil, eHJIpyLIiiepre ©HIM KypaMbIH alIbIK KOpCeTy
mingerrengi (Nagpal et al., 2021). Mynpaaii mapanap TYTHIHYMIBUIAPABIH CaHAIIBI
TaH/ay jkacayblHa MYMKIiH/IIK Oepil KaHa KOMMaH, a3bIK-TYJIK OHEPKICiOiH HEFYpIIbIM
KayiIici3 ’KOHE JEHCayJbIKKa MaiIanbl TeXHOJOTHsUIapFa KeUIyre bIHTaJIaHAbIPAbL.
2018 xpurnan 6actan Kexen omarbiablH TeXxHUKAIBIK pernamentke (TP TC 024/2011
«Maii-roHMall eHIMIEpiHiH Kayilnci3miri TypajbD» KyKaTbl) e3repicTep eHri3ifim,
OapIibIK Mali-TOHMal ©HIMAEPIHAET1 TpaHC Mail KbIIIKBUIIAPBIHBIH €H KOFaphl pyKcar
eTUIreH JAeHrell OHIM/IeT] Kalbl Mal MeepiHiH 2%-bIHaH acraybl THIC JIETeH TaJlal
3aHbl Typae Oekitinai (Demin et al., 2020).

[leren MemiekeTTepiHAE TpaHC-Mall KBIIKBUIOAPBIH TYTBIHYABIH — XaJbIK
JICHCAyINBIFbIHA 9CePl KEHIHEeH 3ePTTENIll Kelei, aj efimMizae Oy OaFrbITTarbl FHUIBIMH
3eprreynep canbl mekteymi. 2018 >KbUIbl TEeXHHUKAJIBIK PErIAMEHT TajlalTapbIHbIH
KaTaHJIaTbUTYbl HOTIDKECIHJC KAJIBINITACKAH »KaHa JKarfaiibl Oarajay KasKeTTUIIri
TyblHOAnm OTbIp. OchiFaH OailaHBICTBI TaFaM OHEPKAciOi MEH MeMJIEKEeTTiK
3epTXaHajap MaljgapAblH KypaMblHa KaTaH OakbuIay JKYpridyi Kaxet, OyJl KaHBIKKaH
Mail KpBILKBUIZAphl MEH TPaHC Mail KbILIKbUIAAPBIH TYTHIHYMEH OalIaHbICTHI
aypyJlapIblH JKOFaphl Tapalxy JKUUIMH TOMEHAETYre OH ocep eTeli Jenm KyTiIemi.
Kazakcranna eHAipineTiH Maiinap MEH Maiibl eHIMAEpIEri TpaHC-U30MEpIepAiH
KypaMbl Typalibl AEpeKTep Kas3ipri Tanga KODKeTiMAl eMec. JlereHMeH, asramikel
3epTTeysiep KOMMEpPUUSUIBIK alHalbIMIarbl KEHOIp OTaHABIK Mail eHiMIepAe TpaHC
Mal KbIIIKBUIIAPBIHBIH MOJIIIIEpi eTe ®oraphl ekeHiH kepceTkeH (Toshtay et al., 2025).

Ocblran OaiaHBICTBI €NiMI3JeTi a3bIK-TYJIIK HapbIFbIHAA caTblUIbIMAarsl (2023-
2025 sxpuiAap) MaprapuHiuep, CHpenTTep, capbl Maliap >KoHE CYWBIK ©CIMIIK
MaiapbIHIAFbl TPAHC Mail KBIIIKBUIIAPBIHBIH JKaJIMbl MOJIIIEPiH, aHBIKTAYbl MaKCaT
eTTi. Tpanc Mail KbIIIKBUIAAPBl MOCENECiH TUIMAIPEK PEeTTeyre Heri3 KaJbIITacThIpy
MaKCaTbIH/Ia KOCBIMILIA MIHJET pEeTiHIe, KYpaMbIHa >KapThljaid THIPICHIeH Maiinap
0ap eKeHJIr KepceTiIMEereH OHIM YITUIEepiHAe e TpaHC Mal KbIILIKbUIAAPBIHBIH
MeJIIepi cTaHAapTKa cail kenmy-keiameyi 3eprrenai. COHBIMEH Kartap, ACHCAyJIbIKKa
naiiajaplpak TaraM OHIMICpPIH OHJAIpyre KaThbICThl YCHIHBIMIApAbl HAKThLIAy YLIIH
3epTTENreH MalIapblH TOTBIFYFa TYPaKThUIBIFBI Aa OarajaHbl. 3epTTey HOTHXKelIepi
TaraM eHIMJIEpiHiH KayilCi3IiriH apTThIPyFa )KoOHE TPaHC-Mal KbILIKbIIAAPBIH PETTEYTe
OaFpITTaJIFAH HOPMATUBTIK MICHIIMJEpAl FBUIBIMU TYPFBIIAH HETi3Zeyre MYMKIHIIK
oepei.

3epTTey HbICAHAAPBI MeH JaicTepi. 3epTTey HBICAHAAPBI pETIHIE OCIMIIK
Mainapbl, Maprapusaiep, Cpearep *oHe capbl MalAbIH KEPriliKTi )KOHE MIeTeNIiK
OHJIpiciHeH anbIHFaH 48 YT TaHaan anslHAbL. Yarinepai ipikrey 2023-2025 sxpuigapst
apajbIFbIHIA AJIMAThl KalachlHBIH TYPJI cayda HYKTEJIEpiHIe >Kypri3iimi. OKiamikTi
KaMTaMachl3 €Ty MakcaTblHa SpTYpJi Oara caHAaTTapbIHIAFbI KOHE OHAIpYLIIEpaeH
LIBIKKAH OHIMIEp TaHJaJIIbl.

Maii KBIIKBUT KYPaMBbIH aHBIKTAY 9[IiCi:
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Maii ynrinepin gaiisiaaay 6apeicbiana 0,1 r Mai aneinem, 1,8 M1 rekcaHMeH mankay
apkbuibl epitinai. Kocnara metanongarst 10% narpuit MeTokcuai epitingicinin 0,5 mi
KeseMi Kochuiipl. Kocma roMoreHn3anysianFaHHaH Keifid (azanap OeniHim, Ty3UIrexH
KOFapFbl MOJIIp KabaT opi Kapail Tangay YIIiH anslHAbl. bapibik aneikraymap ISO
12966-2 xone ISO 12966-4 crannmaprrapbia coiikec xyprizinai (ISO 12966-2,
2017; ISO 12966-4, 2015). Maii KeiukeUaapsiablH, MeTiil 3¢upnepin (FAME)
aHBIKTAay Ta3 XpomarorpausuibIKk—KanbH-noHM3auusuiblK  aerektop (GC-FID)
o/liciMeH Ky3ere achlpbulabl. MneHnTudukanus JepuBaTTanFal Mai KbIIIKbUTAAPbIHBIH
ycray yakbITTapbiH Supelco ¢upmaceiabiy ctannapttsl FAME kocnacsimen (C4—
C24) canbicThipy apKpUibl xyprizingi. bapneik yarinep Chromos GH-1000 razgst
xpomarorpadsiaaa, CP-Sil 88 kanuuIsipiibl KOJOHKACKIH KOJAaHa OTBIPBIN TajllaHabl.
TaceiMannayiisl ra3 peTiHAe Teluid MNaiJalaHbUIBI, HHXXEKTOP MEH JETeKTOp
temrieparypaiapsl tuicinie 250 °C sxone 260 °C neHrelinae ycTaubl.

3eprrey HoTHIKesIepi. by 3eprreyne 2023-2025 xpuigapbl apanblFbIHIa ATMaThI
KaJlaCBhIHBIH cay/a JKeJiJIepiHeH ajblHFaH eCIMIIIK Maijaapbl, MaprapuHaep, Cpearep
JKOHE capbl Mad VATUIEPIHIH Mal KBIIKBUIABIK KypaMbl TaldaHabl. YJIATUIEPIIiH
kypambiHaarel Kaubikkad (KMK), monokanbikiaran (MKMK) skoHe novKaHbIKIaFaH
(ITKMK) Ma#i KbIIKbUTAAPBIHBIH koHE TpaHc-u3oMepiti (TMK) Malt KbITIKbLIIapBIHBIH
MarbI3/IBIK KOPCETKImTepPi, coHai-ak naabMUTHH (C16:0) KBIIKBUIBIHBIH MOJIIIepi
razxpomarorpadusuIbIK Tanaay 9AiCiMeH aHbIKTaJIbL.

Kecre 1 — KP opTyp:i eHipiiepiHeri cayia jKeliciHeH ajJblHFAH CYHBIK OCIMJIIK MaiIapbIHBIH Mait
KBIIIKBUT KYPAMBI

. . o C16:0
CyHbIK Maif YATIIEpT  5KbUI KMK MKMK IIKMK  TMK (trans) -
Kynoarbic maiibr Nel 2023 11,269 26,102 62,627 0,230 9,982
Kyn6arpic maiter N2 2023 12,903 25,997 61,099 0,332 7,882
Kyno6arsic maiisr N3 2023 14,130 31,251 54,619 0,460 8,781
KynoOarbic maiier N4 2024 6,015 23,194 70,791 1,712 3,634

Kyrepi maiipr No5 2024 8,816 32,518 58,667 0,000 6,865
Makra maiisl Ne6 2024 24,258 25,321 50,423 1,751 16,867
Kyno6arbic maiier No7 2024 13,447 31,837 54,717 3,953 8,605
Kyn6arbic maiter N8 2024 14,861 29,307 55,830 0,339 9,399
KynoOarbic maiier N9 2024 13,241 30,491 56,269 1,173 7,464
Kynb6arbic maiter Ne10 2024 14,593 29,070 56,335 2,627 8,599
Pookuk maiisl Nell 2024 12,667 32,957 54,375 0,571 5,718
Paric maiibr Ne12 2024 9,643 51,916 37,913 0,543 6,847
Kynb6arbic maiter Nel13 2025 16,120 25,379 58,502 0,772 8,256
Kyno6arbic maiist Nol14 2025 13,880 28,759 57,361 1,507 6,940

Cos maiibr Nel5 2025 15,090 22,804 62,106 4,0632 9,620
Kynb6arbic maiter Ne16 2025 13,472 28,740 56,768 0,963 7,503

I-xkecrene 2023-2025 >xpurgapbl 3epTrenreH 16 CYHBIK ©CIMIIK MaWBIHBIH
Kypamabik Tannaysl, onapasiH KMK, MKMK xone I[IKMK kepcetkimrepi, conmaii-
ak maabMUTHH (C16:0) KBIIIKBUIBIHBIH MOJIIepi opTYpil NEHTele aHBIKTaIIbI.
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Kynbarpic Malimapsl KaHBIKKaH Mail KbIIIKBUIIAPHI OOWBIHIIA CaJBICTBIPMANbI TYPAC
toMeH neHreiine Oombin, [IKMK KypamblHaa >korapbl MOHT€ M€ €KEHi aHBIKTaJIbI,
MOHOKAHBIKIIaFaH Mai KbIIIKbUIAApEl OapiblK KyHOarbic MaimapeiHga 25-31%
apajibIFbIHIa Tipkence, parnc Maiibl MKMK kypambinaa eH sxorapsl - 51,916% moHiH
kepcerti. [IKMK memnmepi kynOarpic Mainapsl yiin 54-71% apajibiFbliHaa e3repi,
oMera-6 KpIIIKbIIAapPBIHBIH OachIMIBLUIBIFBIH OlIipce, parnc MailblHAA CaJIbICTHIPMAIIbI
typae temeHn -37,913% Oonnmbl. Xanmbel TanmanraH MadnapablH OackiM OediriHue
TpaHC-M30MEPJIEPHAiH a3 eKeHi aHBIKTalnAbl. TpaHc Mall KbIIIKbUIIAPBIHBIH MeJIepi
cosl MaiibIHIa eH KoFaphl - 4,063% , anm N7 sxone Nel(Q kyHOarpic MaiiapelHIa TpaHC
nzomepiaep mediepi coiikecinme 3,953% xone 2,627 % xepcerri. llanmbmutun
KBIIKBUIBIHBIH MeJILIEepi YATLIep apachlHAa OpTYpJi OOk, MakTa MalblHOA €H
YKOFapbl MOHI'€ U CKEeHI aHBIKTAJJIBI.

Kecte 2 — KP opTypi eHipiiepiHeri cayna KeNiJepiHeH allbIHFaH CIPEATEPAIH Mai KBIIIKBLT
Kypamsl (%)

Cripen J‘fgr‘”epl’ LT KMK MKMK  TIKMK  TMK (trans) Hagﬁfyﬁm
1 2023 61,263 28,871 9,550 0,000 44,975
2 2023 44,146 30,038 26,480 0,000 39,751
3 2024 23,248 69,694 7,120 39,764 11,662
4 2024 15,075 79,031 5815 34,808 7,151
5 2024 61,324 28,089 9,502 0,000 41,666
6 2024 32,487 62,836 4,304 35,190 12,015
7 2024 55,256 34,451 10,037 0,000 43,540
8 2024 22,969 69,677 7,246 37,375 9,013
9 2025 44,799 34,481 20,719 1,194 24,763
10 2025 24,282 56,749 18,97 15,323 6,675
1 2025 23,619 64,543 11,837 22,268 6,530

2-xecrene 2023-2025 xwIigapsl cayaa JKETUICPIHEH ajbIHFAH CTpe YATUIepiHiH
Mail KbIIIKBUIJIBIK, KYPaMbl KOPCETUITeH. AJIBIHFaH JIEpEKTep CIpenTepAiH KypaMbIHa
KMK, MKMK, IIKMK xone tpanc - TMK vymeci OoibiHIIA adTapibIKTai
afpIpMambUIBIKTapMeH cumartananbl. Nel, No5 sxore Ne7 CHAKTHI Ke#bOip yarirepae
KMK sxorapsr memntiepi 55-61% apanbirbiana OaifKanib.

MKMK wemmepi kefibip crpem ViATUIepiHIOE >XOFaphl MEHTeHIe aHBIKTAJIBI.
Meicanbr, Ne3, Ned, Ne6 sxone Ne® ynrinepinge MKMK yneci 62-79% apanbirsiaaa
oonaer. [IKMK memmepi cipenrepae >Kaimbl alfaHIa TOMEHIPEK KOPCETKIMTEPMEH
CHUITATTAIIBL.

TMK OoiipiHIa crpen VATUICpPiHIH apachlHIa eleyii  adbIpMaIIbUTBIKTap
aHbIKTanIel. KelOip ynrinepae TpaHc-mall KbINIKBUIIAPHI aHBIKTAIMaraH HeMece
eTe ToMeH neHreiae 6omca, No3, Nod, Ne6 sxone Ne§ ynrinepinge TMK memmepi 34-
39% apanerrerana 6omaer. 2025 sxputrsr Nel0 sxone Nell yorinepinme TpaHc-maiinap
cotikeciume 15,323% xone 22,268% meHreiinmae TipKemmi.

3-kecTeze cayma KeJiJepiHeH aJblHFaH MaprapuH YJITIIEPiHIH Mai KBIIKBUIIBIK
KYpaMEbI JKoHE TPHAC H30MEpIIep MOJIIIepi KOPCeTITeH.
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Kecre 3 - KP aprypii eHipiepinzeri cayza sKelijiepiHeH ajJblHFaH MaprapuHAEpAiH Mail KbIIIKbLT
Kypamsl (%)

thfrii;}i)?;g KBLT KMK  MKMK  IIKMK  TMK (trans) Hajiﬁﬁm
1 2023 15,778 71,675 12,545 30,741 6,740
2 2023 15928 71,167 12,072 31,142 6,456
3 2024 29,735 28,653 41,612 0,928 22,341
4 2024 47384 28,556 24,06 0,727 19,685
5 2024 36,643 41,002 22,356 0,573 25,721
6 2024 20,860 67,100 12,041 11,893 9,426
7 2024 32214 26287 41,499 0,501 26,705
8 2024 35471 38290 23,150 1,385 27,205
9 2025 62,787 28,737 8,477 3,090 19,202
10 2025 30,914 42733 26351 3,830 16,375

3eprrenren maprapun yirinepinge KMK memmepi 15,8%-nan 62,8%-ra neitin
keH nuanaszonnga esrepeni. Ne9 ynrine KMK-HbIH eH Jorapbl JCHIEHi TipKeIi.
Jon ocel yAriHIH KypaMbIHIaFbl NAJIBMUTHH KbIIIKbUIBIHBIH (C16:0) memmepi ae
CaJIBICTBIPMAJIBI TYPJIE YKOFAPhI OOJIJIBI.

MKMK w™emmepi keiOip yiriiepae eTe »Korapbl JeHrehjae Oadkanmibl. Aran
aritkanga, Nel, Ne2 sxone Ne6 ynrinepinge MKMK yneci 67-72% apanbirbiaga
anbikTas el [IKMK yieci ne afitapibikraiil e3repir OThIp.

Ne3 xome No7 vyarinepinge [TKMK wmemnmepinin 40%-maH Korapsl JeHreii
OalKaIbl.

TMK-Ha KaTbICTBI HOTHXKENEpiHe Hazap aymapcak, 2023 xpuirbl yarinepae (Nel
xoHe Ne2) TpaHc-Mal KbIIIKbUIAAPBIHBIH x)oFapbl AcHreii (= 30-31%) aHbIKTAJbIII,
OYJ1 THIIpJICY TEXHOIOTHSICBIHBIH KOJIaHBUTFAHBIH KepceTei. A 2024-2025 xbpuigaphbl
aNbIHFaH YATUIepAiH OackiM Oemirinae TtpaHc-maitmap 0,5-3,8% apanbirbiaaa
AHBIKTAJIJIBI.

Kecte 4 — KP opTyp:i eHipliepiHeri caya sKeNlijepiHeH albIHFaH capbl Maiap IbIH Mail KbIIIKbLT
Kypamsl (%)

Yi:&‘:p“i"a]‘f@ BT KMK MKMK [IKMK  TMK (trans) Hailhfﬁgm
1 2024 62,750 30,794 6,456 4,855 15,809
2 2024 58,517 32,342 9,141 4,256 17,088
3 2024 63,484 26,573 9,941 2,615 15,604
4 2024 65,288 28,801 5,908 4,592 14,630
5 2024 56,363 28,736 14,901 1,545 18,956
6 2024 70,937 25,038 4,025 2,468 16,019
7 2024 34,795 36,810 28,397 3,655 13,130
8 2024 64,992 28,387 6,621 5,253 14,322
9 2024 62,156 29,266 8,579 2,964 14,711
10 2025 57,420 34,023 8,557 3,601 17,901
11 2025 36,578 38,547 24,874 2,722 18,588
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4-kecresie KeNTIpUIreH JepekTepre Tangay xacay seprrenren 2024-2025 xpuaap
apajbIFbIHIAFBl capbl Mal ynrinepini Oaceim Oeniringe KMK memmepi 56-71%
apaneirbiaa Tipkenai. An MKMK 25-34% sxone [IKMK nerizinen 4-10% neHredinae
0onnbel. ConbiMen karap TMK kepcerkiminig MoHi 1,5-5,3% apalbIiFbiHma e3rep/ii.
Ne7 xone Nell - ynrinepinge KaHbIKKaH Mall KbIIIKBUIIAPBIHBIH JCHIEH1 ColiKeciHIIe
34% »xoHe 36%-ra NeliH KypT TOMEHJEI, NOJUKAHBIKIIAFaH Mal KBIIIKbLIIAPbIHBIH
aiitapneikTaii xorapbuiaysl (24-28%) Oaiikanapl. MyHaail KepceTKilTep OlapbiH
Mail KBIIIKBUIIBIK MPOMWIiHIH TaOufu capbl Mali KypaMblHaH epeKILeIeHEeTIHIH
KepCeTe/Ii.

Tankpuiay. ANbIHFaH HOTH)KENEP 3€pPTTENTCH Mail OHIMIEPiHiH Mal KbIIIKBUIIBIK
KYpaMBblI OJIap/IbIH NIMKI3aTTHIK HETi31HE KOHE OHIIpicTe KONAaHbUIFaH TEXHOIOTHSIIBIK,
Tocinaepre Tikenel OaillaHBICTBI €KEHIH KopceTeli. Op oCiM/IIK Maibl e3re Mailiapaan
Mail KpIIIKBUIIAPBIHBIH Tapally yieci OOWBIHIIA epeKIleneHel, Oyl olapablH IIbIFY
Ke3iHe Tikenel OaiinaHbICThl. Tanmayra ajablHFaH OH aJIThl ©CIMJIIK MalIapbIHBIH KOl
Oeuiri HeriziHeH KyHOarbic Mailnapbl Oonabl. Atam alTKaHJa, KYHOarbic Maliapbl
KaHBIKKAH Mai KbIIIKbUIAAPbl OOMBIHIIA CaJBICTHIPMANbl TYpAE TOMEH JACHrenze
oonpin, [IKMK kypambiHaa >xorapel MOHT€ M€ €KEeHI aHbIKTaibl. JKammbl cyiHbIK
eciMaik mainapeinga [TIKMK menmepinin xorapsl, an KMK-HbIH TemeH Oomysbl
OJIapAbIH TAaOMFU OCIMJIIK TEKT JIMIHUATIK KypaMbIMeH TYCIHIIpiseni.

OperTe CYHWbIK OCIMIIK MaljapblHAAaFbl TPaHC-U30MEPIEPAIH MOJIIepi TOMEH
oonaznsl. [Jlerenimen ket ynrinepne TMK-HbIH >korapsl Memmepi Ae Tipkenai. by
ne3o70pauust mpoueciMen OaitnaHblcThl. Jle3omopanus Ke3iHae Maiiap >KarbIMChI3
Wic meH AoMi OepeTiH, yImna KOChUIBICTapAbl KO0 MaKCaThIH/IA BAKYyM JKafAalbIHIa
xorapsl Temrneparypana (snerre 180-260 °C) xoHe cy OybIH KiOepy apKblUIbl OHACIE .
Ocbl KaTaH >KBUIYIBIK JKarnainapaa, acipece JUHOM KOHE JIMHOJIEH KbIIIKbUIAAPHI
CHSIKTHl MOJMMKAHBIKIIAFaH Mal KbBILUKBUIAAPBIHBIH — LUC-KYPBUIBIMABL  TYpJepi
TeOMETPHSUIBIK U30MEPIICHYTE YIIbIpaybl MyMKiH. JKOFapbl TeMIepaTypaHbIH 9CepiHeH
kemiprek-koMipTek (C=C) Kkoc OailllaHBICBIHBIH aiHalachlHAa aiHa’dy Oosaabl.
Temneparypa KeTepiireH kesfe n-O0algaHbIC oJCIpern, MOJEKYJIaHBIH JKapTbUlal
aifHalmyblHa MYMKIHAIK Oepeni, HOTIKECiHAe Koc OainaHbic TEPMOAMHAMUKAIBIK
TYPFBIIaH TYPaKTHIpAaK TpaHc-KOHQUTypanusaa Kalta Tysineni. Hotmxecinne,
aNbIHFaH JaibIH OHIMJIE TpaHC U30MepIepAiH Ko Memmepi Ty3ineai (Mavlanov et al.,
2025).

Keiibip cnpex yarinepinae TpaHc-Mail KbILIKBUIZAPBIHBIH O©TE KOFAphl JCHIreii
(30-39%) imiHapa TUAPOTreHU3ANNS TEXHOIOTHSCHIHBIH KOJIAHBUIFAHBIH JIQJICIICH/TI.
Byn xepceTkiml eHIMHIH XaJlbIKapaiblK TaFaMJIbIK KayilCi3[IiK TajlanTapblHa ColKec
KeIMeUTiHIH kepceTeni. COHBIMEH KaTap, TpaHC-Mallapbl HOJTe TEH HeMece oTe
TOMEH YIrineplaiH Oodybl Kazipri 3aMaHfbl aJbTEPHATUBTI TEXHOIOTHUSIAPABIH
(mepesrepudukanusi, Qpaxuusay) KONJAHBULY MYMKIHIITH —Kepcerenmi. byn
TEXHOJIOTHsJIAp TpaHC-U30MEpJIepAiH Ty3lIyiH azaliTyFa MYMKIHAIK Oepeni. Amaiga
MYHJai Tocinmep KehOip jkarmainapia KaHbIKKaH Mail KbIIIKBUIIAPBIHBIH, dcipece
MaJbMUTHH KBIIIKBUIBIHBIH YJIECIH apTTBIpybl MyMKiH. COHIIBIKTaH Mall @HIMAEPiHIH
camachlH Oarajay TeK TpaHC-MaislapIblH MOJIIEPIMEH MEeKTeIMey1 THIC, JKalIlbl Mal
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KBIIKBUIIBIK TPOQHIIb KeIEH II TYPe KapacThIPbUTYBI KaKeT.

Crpen wmaiinapeiabiH, ke ynrinepi KMK-ubiH xkorapel yiecimeH (55-61%)
CHUIaTTaJ b, OyJI oJ1apIbIH KYpaMbIH/a TabMa Malibl MEH KaTThl Mail )paKkuusIapbIHbIH
0achlM €KeHIH YXoHE MajJbMHUTHUH KbIIIKbUIBIHBIH (C16:0) sxorapsl yieciMeH Tikenen
OaliaHbICTHl €KeHIH KepceTeni. 3epTrenreH Maprapun yiarinepinae KMK memmepi
keH auanazonaa esrepemi. Ne9 ynrine KMK-HbIH eH >KOFapbl JCHICil aHBIKTAJIbII,
Oy majnpbMa Maiibl HeMece KarThl Mail (paKIMAIapbIHBIH OachiM KOJAaHBUIFaHBIH
KepceTeni, al MajibMUTUH KbIUIKBUIBIHBIH (C16:0) canmblcThIpManbl TYpAE >KOFaphbl
yJieci Oy TYKBIPBIMIBI pacTaiibpl. KaHbIKKaH MaliapablH JKOFapbl OOJTybl OHIMHIH
KYPBUIBIMIBIK ~ TYPaKTBUIBIFBIH ~apTTHIPFAaHBIMEH, TaraMJAbIK JKOHE JCHCAYJBIK
TYPFBICBIHAH KOJAalChI3 (hakTop peTiHie OaramaHabl.

[TanbMa MaibIH KOCy TpaHC-M30MEpIEpAiH MOJIIEpiH TeMeHaeTyre Oenriii Oip
Jopekene MYMKIHAIK OepeTiHi MaomiM. Anaiina Oyn eHiMHIH KypambiHaarsl KMK
MOJIIICPIHIH aWTapibIKTall apTyblHa ajbll Kenedl. byn e3 Keseringe JHMMUATIK
KYpaMHBIH TEHI'€PIMCI3/iriHe SKeil, )KypeK-KaHTaMbIp aypyJapbl KayliH apTThIPYBI
MyMKiH. TpaHc-u3omepepi a3aiiTyra OarbITTaJIFaH TEXHOJIOTUSUIBIK Iapaiap KeIeH i
Oarayaygpl Tanam eTeli, eWTKeHI Oip KOPCEeTKIITIH »Kakcapybl eKiHIII MaHBI3Ibl
TaraMJbIK TapaMeTp/iH HalapiaybIMeH Kartap Kypyl bIKTUMman. COHABIKTaH Mai
OHIMJIEpiHIH camachlH OarayayJa TeK TpaHC-U30MepIepAiH MOJIIIEPiH FaHa eMec, Mal
KBIIKBUIIAPBIHBIH JKaIIbl TPOQHIBAIK KypaMblH eckepy KaxeT. [lambma MalbIHBIH
KypambIHa mamMaMeH 73% najibMHUTHH KbIIKBUIBL, 6,0% CTeapuH KhIIIKBUIBI 00JIaIbl,
an KMK »xanmer memmepi 81,0%-fa neiiin xereni. Ockirnaii sxorapsl KMK neHreitine
OaliaHbICTHI MajJbMa Maiibl MaprapyiH, capbl Maii aIMacTBIPFBIITAPHI )KOHE CIPEATED
OHJIpiciHAe KeHiHeH KoiaaHbuiaabl. On eHIMIEpAIH KYpPBUIBIMIBIK TYPAaKTHUIBIFBIH
apTTBIPBIIN, CaKTay MEp3iMiH y3apTajbl, COHIaN-aK JOMIIIK KOHE TYC KOpPCETKIIITEPiH
xakcaptanbl (McNamara et al., 2010).

JerenimeH, najbMa MalbIHBIH TaFaMABIK TYPFbIIAH TUIMALIT OChI TEXHOJIOTHSITBIK
apTBHIKIIBUIBIKTapMeH —IekTeneai. KaHbIKKaH Mal  KbIIIKbUIAAPBIHBIH, COHBIH
IiHe TaJbMUTHH XKOHE CTEapHH KBIIIKbUIIAPBIHBIH, KaHIAFbl JKaJIbl XOJIeCTEPUH
JICHTeiiH apTThIpyFa KaOlleTTi eKeHIIrl KenTereH 3eprreyiepae Kepceriired. by
03 KE3eTiHAE aTepOCKJICPO3IbIH IaMyblHa, KaH TaMbIpiapbl TPOMOO3bIHA, KYPEK-
KaHTaMbIp JKyHeci aypyiapblHbIH TybIHIAybIHA BIKIAT €Tyl MyMKiH. COHBIMEH Katap,
KaHBIKKAH Mailapipl IIamMajaH ThIC TYTBIHY CEMI3MiK, 2-TUOTI KaHT IuabeTi >KoHe
MeTaboMuKaIbIK OY3bUIBICTAp KayMiHiH )KOFapbliaybIMeH OalnanbicThipblia sl (Fattore
etal.,2013). [TanbMUTHH KBIIIKBUIBI MEH TaJIbMa MalbIHBIH a/1aM JeHCayJIbIFbIHA oCepi
TOHIpETiH/e FBUIBIMU OPTaJa y3aK yakbITTaH Oepi MmikipTajacTtap >Kypri3iaim kememi.
Conrsl 3eprreynepuin Oipinae (Pascual et al., 2021) OHKOIOTHSUIBIK aypyiapiblH ecy
ce0enTepiHiH BIKTUMAJI MEXaHU3MACPiHIH Oipi peTiHAe MaJIbMUTHH KBIIIKbLIBIHBIH
peni KapacTblpplUiFaH. KelOip SKCIEpUMEHTTIK AEpeKTepre coukec, MaJbMHTHH
KBIILIKBUIBI iCIK JKacyIlajapblHBIH METa0OJIM3MIHE 9cep €Til, OJapAblH MHBAa3HSUIBIK
KOHE MeTacTasbIK OeJICeHINIriH apTThipybl MyMKiH (Express, 2021).

TMK-Ha KaThICTBl HOTHXKEJIEpP MaprapuHAep apacblHIa alKbIH TEXHOJIOTHSIIBIK
allBIpMaIIBUTBIKTApAbl  KepceTeni. Macenen, 2023 KbUIFBl YITLIEpIE TpaHC-Mal
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KBIIKBUIJAPBIHBIH KOFaphl JIeHreii aHBIKTabll, OyJl TUApIEY TEXHOJIOTHSCHIHBIH
KOJIJaHBUIFaHbIH KepceTeai. MyHaai )oFapbl IeHIeH, HeTr131HeH, OHIipicTe CEeIEKTUBTI
eMeC HHUKellb KaTajlu3aTopiiapblH KOJAaHa OTBIPBIN KYPTi3iJIeTiH ASCTYPIi THApIEY
npoleciHiy naiaananpurysiMer OainansicTsl (Toshtay K., 2024). Atanran TexHOJIOTHS
TpaHC-U30MEPIEP/IH TY3UIyiHE OKENETIHMIKTCH, OHbIH KCHIHEH KOJIIaHBLIYBI XaJbIK
JeHCAyNbIFbIHA BIKTUMaN Kayinm TeHzipedi. An 2024-2025 Kbuinapbl alibIHFaH
yarinepain GaceiM Oenirinae Tpanc-maiinap 0,5-3,8% apansiFbiHaa Oomblm, Kasipri
3aMaHFbl 0ajJaMalbl TEXHOJIOTHsIapAbIH (mepestepudukanys, Gppakuusiiay) Oiprinen
SHTi311iN JKaTKaHbIH KepceTeni. JlerenMen, keiOip yarinepae TpaHc-MaiiapabiH ol
Jie aHBIKTAJYbl TOJBIKTAH TpaHC-MaiChl3 OHAIPIC TEXHOJIOTHICHIHA KOIIY KaXKETTIrlH
KepCeTe/Ii.

2018 sxkpulnbIH OachbiHAa KeneHIIK omak Texpermamentsl 024/2011 kyumriHe
SHreHHEeH KeiiH, KazakcTaH HapbIFbIHIA TpaHC-u3oMepnepliH meumuepi 2,0%-man
TOMEH KaTThl JKOHE apThbUlail KaTThl Mall eHIMJAepl eHIIpUITreHi aHbIK OaiKaiambl.
By xarnail Mail eHIipyIi KOMIIAHUSIApFa JKETKI3UIreH Mail Heri3iH aTunar (Hemece
METHJIaT) HATPHH KaTalW3aTOPbIH KOJJaHa OTBIPBIN MepedTepuuKanus 9aiciMeH
anfaH eHIM1 nainananyMeH OainanbicThl 001bI (1-cypeT). MyHIai TeXHOTOTUSIBIK
TOC1JI OHIMIET] TPaHC-U30MEPIIEPIiH MOJLIEPiH TOMEHIETYTe MYMKIH/IIK Oepil, OHbIH
camachlH XaJIbIKapaniblK CTaHAapTTapra colikecTeHuaipyre biknan erti. CoHbIMeH
Karap, eHIMJEri KaTTbl TPUIIULEPUATEPAIH MOLIepiH TYpaKTaHAbIPy YIIIH OHIIpic
MpoleciHe magbMa Maibl Kochlaaael. MyHIal Tocil TpaHC-M30MEpIepaiH AeHIeHiH
TOMEHAETYre MYMKIHAIK Oepil, ©HIMHIH camachblH XaJlblKapaiblK CTaHIapTTapra
coliKec KenTipeni.

CH,-OCOR, CH,-OCOR,

CH-OCOR, + NaOC,H; —— CH-OCOR, + R;COOC,H;
CH,-OCOR; CH,-O-Na
Tpuanunriunepun Harpumit sTokcupi HaTpwuii gurnmnepaTst Mail KBILIKBUIBIHBIH METHIT 3upi

Cypet 1— Maitnapas! nepestepupuKanmsiay XUMHUSIIBIK PEaKIHsIChl

Ocwr perre 2023-2025 xbIIAapsl TiNTI TepedTepuduKanmst 9IiciH NaiiganaHaTeIH
KeWOip eHIIpyIIUIepIiH OHIMIEpiHIe [ cama KOPCEeTKIITEepiHiH Hamapiaybl
Oaiikannbl. HakteIpak aiiTkanma, TpaHc-uzoMmepnepai Memmepi 3,0-3,8%-ra neitin
xorapeutarad (3-xectemeri Ne 9 skome 10). bBynm xarmalt eHIIpICTIK TPOIECTIH
TYPaKTBUIBIFBI, LIMKI3aT camachl HEMECE TEXHOJOTHSIBIK TOPTINTIH CaKTaIybl
MaceJeNepiH KOChIMIIA 3ePTTEY/II KaKET eTe/Ii.

Capsl Maif YATINIEpiHIH KOMIITITiHIE TaOUFA CYT MaiiblHA TOH JTUMHUATIK TIPODUITH
cakranraH. Amaiima No7 xone Nell ynrinepinae KMK menmepiniy Temenneyi xoHe
[KMK memmepinia aiiTapiaplKTail apTybl TaOUFH capbl Mail KYpaMbIHAH ayBITKYIbI
kepceTeni. MyHal e3repicTep 0HIM KypaMbIH/Ia ©CIM/TIK MaiIapbIHBIH 00Tyl MYMKIH
eKeHIH KOPCETETiH jkaHaMa Oelri peTiHIe KapacThIPhUTyhl MyMKiH. COHJIBIKTaH capbl
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MaibIH TYNHYCKANbIFBIH Oarajiay Ke3iHAe TeK jKajlbl Mail MeepiH emec, Mai
KBIIKBUIIBIK KYPaMBIH /12 aHBIKTAY KaXKET.

XKannel anFanma, ajdblHFAH HOTHIKEJEp Mail ©HIMJIEPiHIH camachlH Oarajay YLIiH
KEIICH 1 TOCUI KaKeT eKeHiH Kepcereai. TpaHc-u30MepiepaiH MeJIepiH TOMEHACTY
MaHb3/1bI OonranbiMeH, Oy kepcetkimti KMK, MKMK, I[TKMK jxone nmajibMutuH
KBIIKBUIBIHBIH JKaJIbl yleciMeH Oipre KapacTolpy KaxeT. OChl TYpFbIJaH aifaHfa,
Mall KBIIIKBULIBIK KypaMJbl KYHell MOHUTOPHHIT Mail 6HIMAEpIHIH TaraMIIbIK
KayiICi3/iriH, TEXHONOTUSJIBIK CalachlH jKOHE HOPMATHBTIK TajanTapra COUKECTIriH
OaraJiayblH MaHBI3Ibl Kypajbl OOJBIN TaObLIab.

Kopsiteinasl. 2023-2025 xpiipap apalblFbIHAA OKYPri3iireH 3epTrey Mai
OHIMJICPIH/IETI TpaHC-Mal XKoHE KAaHBIKKAH Mad KBIIIKBUIIIAPhI MOCEJECIHIH TOJBIK
LICIIIMEreHiH KepceTTi. 3epTTenren yarinepain mamamen 50 %-b1 rana EADO TP
024/2011 sxone JJICY¥ ychHBIMAApbIHIA OENTIJICHITeH TajanTapFa COMKec KeJi.
Maprapunnaepae TpaHc-Mail KbIIIKbULIAPBIHBIH TOMEHIEY YpIHici OalKaaraHbIMEH,
OCIMJIIK Maiijlapel MEH CIIPEATEP/iH KEKeIereH YATUIEpiHe olapAblH apTybl TipKeIIi
By sxarnaiiiel TeMEHIETY YIUiH KypaMblHa NAJIbMANbBIK CTEApUH KOCY apKbLIBI XKY3ere
achIpbUIATHIH OajaMaibl TEXHOJIOTHSATIApAbl KONAaHybIHa OalIaHbICThI, aTaliFaH TOCi
TpaHC-U30MEpJIEPAIH MOJIIEepiH TOMEHIETYre MYMKIHIIK OepreHiMeH, eHimaeri
KAaHBIKKAH Mai KBIIIKbUIJAPBIHBIH YJECiH IIamMaMeH €Ki ecere AEWiH apTThIpaibl.
KanblkkaH Mall KbIIIKBUIIAPBIHBIH [IAMaJaH ThIC KOOEHi JIMMUATIK MPOPUIbIIH
TEHTepiMiH OY3bIN, JKYPEK-KaHTAMBIp aypylapbl MEH METa0ONHKaJbIK OY3bUIBICTAp
KayIliH apTThIpybl MyMKiH. OCBI TYPFBIIAH alfaHld, KaHBIKKAH Mail KbIIIKBUTHBIH
KOFapbl JICHIeii TpaHC-U30MEpIEpACH KEM €MeC KOJalChl3 ocep €Tyl BIKTHUMAJ,
COHJIBIKTAH TEXHOJIOTHSUIBIK IISHIiMIepai Oaranay KeIIeHJI TOCIIl Tanam eTefi.
ATNBIHFaH HOTHIKEJIEp Mail eHIMJIEpiHIH camackl MEH KAayillCi3/iriH KaMTamachl3 €Ty
YIIiH KYHeni jkoHe y3aK Mep3iMAi MOHUTOPUHT JKYPIi3y[diH KaXETTiriH Heri3aenmi.
3epTTey HOTWXKeNepi TpaHc-Mail  KBILIKBUIAAPBIH TOMEHIETY  OarbIThIHIAFbI
TEXHOJIOTHSUIBIK ©3TepicTepiH opJaiblM OHIMHIH KaJIbl TaraMIbIK KYHIBUIBIFBIH
XKaxcapTta OepMmeiiTiHiH kepceTTi. bipkatap xargaiinapaa TpaHc-U30MepIepi a3auTy
KaHBIKKAH Mai KbIIIKbUIIAPBIHBIH YIAECCIHIH apTybIMEH KaTap *KYpil, Mai-KbIIIKBUIIBIK,
TeHrepiMHiH Oy3bLTybIHA OKelreH. by Mail eHiMIepiH OHTalIaHABIPY Ke3iHAe TeK
TpaHc-Mail KBIIKBUIJAPBIH €MeC, Mail KbIIIKBULABIK KYPaMHBIH JKaJIbl KYPBUIBIMBIH
KelIeH i Oaranay KaKeTTiriH aikpiHaaiabl. COHBIMEH KaTap ajblHFaH IepeKTep KaTaH
HOPMATHUBTIK Oakpulaybl Oap eJJepMEH CalbICTBIPFaHa OTAHJABIK HApBIKTa peTTey
JICHTeHiHIH KETKUIIKCI3 EKeHIH KOpPCETeIi.
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