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Abstract. Introduction. Organomodified clay materials are of significant interest as functional
systems for agriculture due to their ability to provide the sustained release of biologically active
substances. Natural bentonite, with its high specific surface area and ion-exchange capacity, serves as an
excellent matrix for the immobilization of organic growth stimulants. The purpose of this study is to
develop a low-energy, efficient method for the soft organomodification of bentonite using a specific
oxyphosphonate (Kaz-6) and to evaluate its effectiveness as a prolonged-action growth stimulator for
wheat. The proposed method involves the pre-dispersion of bentonite in water at 40°C, followed by drying
at 50°C. The prepared mineral matrix was then treated with low-concentration aqueous solutions of
dimethyl(4-hydroxy-1-(2-ethoxyethyl)piperidin-4-yl)phosphonate (Kaz-6) in the concentration range of
102-10° wt % at room temperature. The structure of the resulting composite was characterized using IR
spectroscopy. It was found that the developed approach significantly reduces the process temperature and
duration compared to existing analogs, while using substantially lower concentrations of the organic
component. Biological trials showed that the organomodified bentonite exhibits pronounced growth-
promoting activity toward wheat (varieties “Almaken” and “Zhenis™). The most significant stimulatory
effect was observed at concentrations of 10-°-10 wt. %, where the composite outperformed both the
control group and the free (unbound) oxyphosphonate. The results indicate that the immobilization of
Kaz-6 on bentonite ensures prolonged action and increased bioavailability of the active component. The
developed organomineral composite can be recommended as a promising growth-promoting agent for
sustainable agricultural applications.
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KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XYPHAJI KA3AXCTAHA

1. Introduction

Natural clay minerals, particularly bentonite, are widely used in various
fields due to their high specific surface area, pronounced sorption properties, and
high ion exchange capacity. These characteristics stem from the layered
montmorillonite-type structure, which enables the intercalation and fixation of
various organic and inorganic compounds [1].

In recent years, the use of bentonite in agriculture as a functional carrier of
biologically active substances has attracted particular interest. It has been shown
that the application of bentonite to soil improves its physicochemical properties,
increases its water-holding capacity, and enhances the availability of nutrients to
plants [2]. Furthermore, bentonite is capable of adsorbing organic compounds and
ensuring their gradual release, providing a prolonged effect.

One effective approach to improving the functional properties of bentonite is
its organomodification. Modern modification methods include the use of
surfactants, polymers, and organic acids, which significantly alter the surface
characteristics of the material and enhance its sorption activity [1,3]. However,
most known approaches are characterized by high concentrations of modifying
agents, elevated temperatures, and long processing times, which limits their
practical application.

In this regard, a pressing task is the development of gentle and cost-effective
methods for organomodification of bentonite using low concentrations of
functional organic compounds. Of particular interest are oxyphosphonates , which
possess high complexing capacity, hydrophilicity, and potential biological activity
[4]. The introduction of phosphorus-containing groups into organomineral
systems helps to enhance their coordination and adsorption properties [5].

Furthermore, modern research shows that modified bentonite compositions
can improve soil fertility, stabilize organic component, and stimulate crop growth
[2,6]. This area is particularly relevant for Kazakhstan due to the widespread use
of bentonite clays and the need to increase crop yields in arid climates [7].

Previous studies have demonstrated that organomodified clay materials serve
as effective carriers for agrochemicals and controlled-release systems, minimizing
the loss of active substances and improving their utilization efficiency [8-10].

In particular, it has been shown that the intercalation of organic molecules
into the interlayer space of montmorillonite promotes the formation of stable
hybrid structures with controlled desorption kinetics [11].

Modern research also demonstrates that functionalization of the bentonite
surface with phosphorus-containing compounds increases its affinity for
biologically active molecules and improves their retention in the soil system
[12,13]. An important factor is the use of low concentrations of modifying agents,
which helps avoid aggregation and preserve the active surface of the mineral [14].

In addition, the use of nanostructured organo-mineral compositions is
considered as a promising direction in agrochemistry, aimed at creating
environmentally friendly and resource-saving technologies [15-17].
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The aim of this work is to develop a method for obtaining organomodified
bentonite using Kaz-6 under mild conditions, as well as to study its growth-
stimulating activity in relation to wheat.

2. Experimental part

Materials

Natural bentonite from the Tagan deposit (Kazakhstan) was used in the
study. Before use, the bentonite was pre-treated (dispersed and dried).
Dimethyl(4-hydroxy-1-(2-ethoxyethyl)piperidin-4-yl)phosphonate (Kaz-6) was
prepared previously by a known method and used as a modifying agent [18].
Distilled water was used to prepare the solutions. All reagents were used without
further purification.

Preparation of organomodified bentonite

Bentonite was pre-treated as follows: the original bentonite was dispersed in
distilled water at 40°C until a homogeneous suspension was obtained. The
resulting suspension was dried at 50°C for 3 hours, after which the dried material
was ground to a powder.

Organomaodification was carried out by treating prepared bentonite with Kaz-
6 aqueous solutions with various concentrations (10%-10° wt. %). For this, 1 g of
bentonite was mixed with 50 mL of the modifier solution and kept at room
temperature for 40 minutes with occasional stirring.

After completion of the process, the mixture was filtered and the resulting
solid product was dried at 50°C for 2 hours. As a result, organomodified bentonite
was obtained in powder form.

IR spectroscopy

The IR spectra were recorded in the 4000400 cm™ range using a Nicolet
5700 IR spectrometer, using thin-films.

Spectral analysis was performed to confirm the immobilization of the organic
component on the bentonite surface. Particular attention was paid to the bands
corresponding to the stretching vibrations of the P=0 (=1230-1250 cm™), P-O-C
(=1000-1050 cm™) groups, as well as O—H and N-H bonds.

Biological testing

The growth-promoting activity of organomodified bentonite was studied on
the seeds of the “Almaken” and “Zhenis” wheat varieties. The experiments were
conducted under laboratory conditions at Al-Farabi Kazakh National University at
an average temperature of 22 + 2 °C and a relative humidity of 50 = 5%.

The seeds were treated with suspensions of organomodified bentonite
containing Kaz-6 at concentrations of 102-10° wt. %. Distilled water and
solutions of free phosphonate at appropriate concentrations were used as controls.

The growth-stimulating effect was assessed based on shoot length on days 2
and 14. A series of parallel experiments (n = 3-5) were conducted for each
treatment, and the results were expressed as mean values.
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3. Results and Discussion

A comparative analysis of the developed method is presented in Table 1.
Compared to the method described in [19], the proposed approach is
characterized by a simpler process flow. Direct immobilization of organic
oxyphosphonate on a mineral matrix eliminates the need for suspension
preparation, multiple washings, and centrifugation. This results in reduced
synthesis time and reduced reagent consumption while maintaining the
effectiveness of the modification.

Table 1 — Comparison of conditions for obtaining organomodified bentonite (developed method and
prototype)

Concentrati Temperature, °C Time, h
on of Soaki Drying Aging | Drying | Soaking Drying Aging Drying
Organic ng (pre- (pre-
Component, treatment) treatment)
wt.%
Dimethyl (4-hydroxy-1-(2-ethoxyethyl)piperidin-4-yl) phosphonate
102 40 50 Room 50 12 3 2/13 (40 | 2
temp. min)
10° 40 50 Room 50 12 3 2/13 (40 | 2
temp. min)
10* 40 50 Room 50 12 3 2/13 (40 | 2
temp. min)
10° 40 50 Room 50 12 3 2/13 (40 | 2
temp. min)
10 40 50 Room 50 12 3 2/13 (40 | 2
temp. min)
Aminoacetic acid (prototype)
5.0-5.5 - 110 Room 70 24 6 24 4
temp.

Specifically, the processing temperature was reduced from 110 to 50°C, and
the holding time was reduced from 24 hours to 40 minutes. Furthermore, the total
duration of the preparation and modification stages was more than halved.

A significant advantage of the developed approach is the use of significantly
lower concentrations of the organic component (102-10° wt. %), whereas the
prototype uses concentrations of approximately 5 wt. %. Reducing the modifier
concentration not only reduces the cost of the process but also promotes a more
uniform distribution of organic matter on the bentonite surface.

The IR spectra of organomodified bentonite demonstrate the appearance
and/or strengthening of bands characteristic of the oxyphosphonate fragment
(Table 2). In particular, bands of the P=0 group stretching vibrations are observed
in the region of ~1200 cm™ and the characteristic P-O-C bands appear as
prominent peaks at 1150-1030 cm™. Simultaneously, changes are recorded in the
region of broad O—H bands (=3200-3600 cm™), indicating the interaction of the
organic component with the hydroxyl groups of the clay mineral surface.

The strong retention of Kaz-6 in the bentonite matrix is likely due to the
formation of hydrogen and coordination interactions between the phosphonate
groups of the modifier and the active sites of the clay mineral. Although specific
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studies of desorption kinetics, binding strength, and the effect of pH on the release
of the active component were not conducted in this study, the results of 14-day
biological tests indicate the prolonged action of the composite and the effective
retention of the modifier in the mineral matrix. A detailed study of the release
kinetics and pH-dependent behavior of the system is of significant practical
interest and will be the subject of further research.

The results of biological tests are presented in Figure 1. The obtained data
indicate a pronounced growth-stimulating activity of organomodified bentonite.

Compared to the control (H.0), a significant increase in shoot length was
observed on both the 2" and 14™ days. The most pronounced effect was achieved
at concentrations of 10°-10° wt. %, where seedling length exceeded control
values by an average of 20-40%.

It is important to note that organomodified bentonite exhibits higher activity
compared to free oxyphosphonate in similar concentrations. This confirms the
effectiveness of immobilization of the active substance on the mineral matrix
(Figure 2).

Table 2 — IR spectra data of bentonite, oxyphosphonate and obtained composite

Functional group Bentonite, cm™ Oxyphosphonate, cm™* Composite, cm™?

v O-H 3628, 3438 3269 3631, 3442, 3347

v C—Haikyi 2922, 2853 2957, 2931, 2878, 2822, 2773 | 2977, 2756

v P=0 - 1225 ~1200 (overlaps with
Si-0)

v P-O-C/P-O - 1150-1030 1150-1030 (overlaps
with Si-0)

v Si-0 ~1008 — ~1009

v AI-OH 916 — 916

5 CH> u CHs - 1500-1300 (intense) 1500-1300 (weak)

3 Si-O-Al 754, 694 — 768, 700

3 P-0, Si-0, AI-0 541, 469 565, 492, 429 519, 489, 424

“Almaken” wheat variety “Zhenis” wheat variety

I Bentonite + Ka: Il Bentonite + Kaz-6
184 [ JKaz-6 18 4 [ IKaz6

Shoot length (14" day), em
o
1

Shoot length (14" day), em

10 10°° 10t 10 10°° H:0 1072 10°* 10 107° 107" Hy0
Concentration, wt.% Concentration, wt.%

Figure 1 — The effect of organomodified bentonite on the growth of wheat seedlings
of the “Almaken” and “Zhenis” varieties.
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An important aspect of using the developed organomineral complexes is
assessing their environmental safety and phytotoxicity. During a 14-day
observation period, no signs of growth inhibition, chlorosis, or necrotic changes
were detected in seedlings of the “Almaken” and “Zhenis” wheat varieties at
concentrations ranging from 102 to 10° wt.%. Active development of the root
system and aboveground parts of the plants indicates the absence of phytotoxic
effects and confirms the high biocompatibility of the Kaz-6-bentonite composite
at the concentrations studied.

Visual observation of the experimental samples on the 11" day (Figure 3)
correlates with the quantitative morphometric data. Wheat seedlings of the
“Almaken” and “Zhenis” varieties treated with the bentonite-Kaz-6 composite at a
concentration of 10® wt. % show visibly more robust development of the
vegetative mass compared to both the distilled water control (H.O) and the free
oxyphosphonate.
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M @ >
® - Almaken (Bentonite + Kaz-6)
10 4 v ®  Almaken (Kaz-6)
A Zhenis (Bentonite + Kaz-6)
¥ Zhenis (Kaz-6)
v ¢ Almaken (H,0)

Zhenis (H,0)

Shoot length (14™ day), cm
e

— — T —
10? 10°° 101 10°° 10°°

Concentration, wt.%

Figure 2 — Dependence of sprout length on modifier concentration
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Figure 3 — Visual observation of the experimental shoots on the 11" day
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The results obtained allow us to propose a probable mechanism for the
formation of organomodified bentonite and its biological activity. Immobilization
of oxyphosphonate on the bentonite surface is apparently achieved through:

. coordination interaction between the phosphoryl group (P=0) and
surface hydroxyl (Si—OH) of bentonite;

. hydrogen bonds involving O—H and N-H groups;

. possible ion adsorption in the interlayer spaces of montmorillonite.

This interaction leads to the formation of a stable organomineral system in
which the oxyphosphonate is fixed on the surface and in the interlayer space of
bentonite.

Unlike the free compound, immobilized oxyphosphonate is released
gradually, providing a prolonged effect. This explains the higher effectiveness of
organomodified bentonite at low concentrations (10°-10° wt. %).

Additionally, bentonite acts as a carrier, improving the distribution of the
active ingredient and promoting its retention in the plant root zone. The
combination of the mineral's sorption properties and the biological activity of the
oxyphosphonate results in a synergistic effect.

4. Conclusion

In this study, we developed an effective method for the mild
organomodification of bentonite using Kaz-6 as a modifying agent. It was
demonstrated that the proposed approach allows the process to be carried out
under mild conditions (40-50 °C) with a significant reduction in processing time
compared to known methods.

It was established that the use of low concentrations of oxyphosphonate (10
210 wt. %) ensures effective immobilization of the organic component on the
bentonite surface. IR spectroscopy data confirm the formation of an
organomineral system due to the interaction of phosphorus-containing functional
groups with the active sites of the clay mineral.

Biological testing results showed that the resulting organomodified bentonite
exhibits pronounced growth-promoting activity against the “Almaken” and
“Zhenis” wheat varieties. The greatest effect is observed at low modifier
concentrations (10°-10° wt. %), indicating a prolonged action and increased
efficiency of the active substance.

It was found that immobilization of oxyphosphonate on bentonite provides
higher biological activity compared to the free compound, which is associated
with its gradual release and more uniform distribution in the system.

Thus, the proposed organomodified bentonite is a promising functional
material combining the properties of a mineral carrier and a biologically active
component. The practical significance of this work lies in the possibility of
creating effective, prolonged-release growth-promoting preparations with reduced
active ingredient consumption and a simplified production technology. The
developed approach can be used to create new agrochemical compositions
adapted to the conditions of arid regions, including Kazakhstan.
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BEHTOHUTTI OKCU®OCPOHATIEH ) K¥MCAK OPTAHOMOJJUO®UKALIUAJIAY )KOHE
OHBbI ¥3AK YAKBIT 9CEP ETETIH OCY BIHTAJTAH/JBIPFbILIBI PETIHAE KOJJAHY

B.E Kanap,'?, T.E.JKapxwinéex ***, B.5.Trocionoea %, J.M.-K . Hopaumosa ?,
C.M.Taxcuébaesa >, B.K.IO*

L 8.5. Bexmypos amvindaser Xumus evinvimoapul uncmumymut AK, Anmamet, Kazaxcmarn
20n-Dapabu ameinoazer Kaszax ynmmulx ynueepcumemi, Anmamol, Kasaxcman

Tyiiingeme. Kipicne. OpraHomoanbuKanusiaHFaH Ca3apl MaTepHajigap OHONOTHSUIBIK —OenceH I
3arTap/blH OaKpUIaHATHIH OOJNiHYIH KaMTamachl3 eTy KaOineTiHe OaillaHbICTBI aybUl IIApyallbUIbIFbIHA
apHaJFaH (GYHKIHOHAIIBI XKYHenep peTiHie YIKeH KbI3bIFYIIBUIBIK Ty IbIpaisl. JKorapsl MEHIIKTI OETTiK
ayJIaHbl MEH HMOH anMacy KaOiteri 06ap TaOuru OCHTOHHUT OPraHHKAIBIK ©CY BIHTAJIAH/BIPFBILIBIH
HMMOOWIN3aLMsIIAy YIIIH Tamalla MaTpuia OoJbill TaObulambl. BYn JHCYMbICMbIY MAKCAMbl — EPEeKIIe
okcudochonarter (Kaz-6) xongaHa OThIPbIN, OCHTOHUTTI KYMCAK OPraHOMOJN(DHUKALMSIAYABIH SHEPTUs
THIMAI OMICIH >Kacay »KOHE OHbIH OMAAHMIbIH ecy BIHTAJAHABIPFBILIBI PEeTiHAEri THIMIUIriH Oaranay.
¥evinvinean a0ic 6enronutti 40 °C Temneparypaja cyna aljblH ala JUCIIeprupieyai, coqan keiin 50 °C
TeMneparypana Kentipyai kamTuasl. [laiibiHaanrad MUHepaiIbl MaTpuna Oesme Temmeparypacbinaa 10
2.10° wmac. % KOHIEHTpalHUs ayKbIMBIHAA JUMETHI(4-THApOKCH-1-(2-3TOKCHITII)IUNIepHaHH-4-
nn)pocponarteiy (Kaz-6) cynsl epitiHauiepiMeH eHuenil. AJBIHFaH KOMIIO3UTTIH KypbuibiMbl MK-
CHEKTPOCKOIHS 9JIiCIMEH CHMATTAJIbl. O3IPJICHIeH TACLI OPraHUKAaIbIK KOMIIOHEHTTIH aWTapIbIKTai
TOMEH KOHICHTPAIMSACHIH KOJJIaHAa OTBIPBIN, OENTriIl aHAJOrTapMEH CAlBICTBIPFaH/Ia MPOLECTIH
TeMIepaTypachl MEH Y3aKTBIFBIH aNTapiblKTali TOMEHIETYre MYMKIHIIK OepeTiHi aHBIKTaJIBL
Buonorusibik chiHaKTap opraHoMoAnUKalUsUIaHFaH OCHTOHUTTIH Ounaiira («AsMakeH» xoHe «JKeHic»
COpTTaphl) KaTBICTHI aiiKbIH OCY/Ii BIHTAJIAHBIPYLIBI OCJICEHALTIKTI KopceTeTiHiH aanenaeni. EH jxorapsl
trimpainik 10°-10% mac. % koHIEHTpanMsaCHHAa GaifkanIbl, MyHa KOMIIO3MT GaKbLIay TOOBIHAH KOHE
epkin okcudochonarTan acein Tycti. HoTmkenep Kas-6-Hpl OeHTOHHTKE MMMOOHIM3auMsIay OenceHi
KOMIIOHEHTTIH Y3aK dcep eTYiH JKOHE J>XOFapbl OHMOXETIMIUIIriH KaMTaMachl3 ETETiHIH KepCeTesi.
O3ipJieHreH OpraHOMHHEPAJIIbl KOMIIO3UT aybUl HIAPYyaIIbUIBIFBIH TYPAKTHI AaMbITY YILIiH HEePCIEKTHBAIBI
Cy CTUMYJISITOPBI PETiH/IEC YCHIHBUTYBI MYMKiH.

Tyiiin  ce3mep:  OeHTOHUT, opraHoMoauduKanus, okcudochoHaT, UMMOOUITH3ALMS,  OCY
BIHTAJIAHIBIPFBILIBI, OMIal, OipTiHACT OOCaTYy.

Kanap Baan Epoonxpizn Maeucmpanm, Huoicenep

Kapxvinoex Tonzanait Epkinkpi3ot Texnuxa sicone mexHono2us Masucmpi, Kiui bLivimu
Kbl3MemKep

Trocronosa baxeim Baiimypamoena Xumusi eblIbIMOAPBIHBIH KAHOUOAMDbL,
KaAyblMOacmulpulizan npogheccop

Hopaumosa /Jana Mvikmoi-Kepeeena Xumusi eblIbIMOAPLIHBIH KAHOUOAMDbL, A&A OKbIMYULbL

Tasicuoaesa Cazoam Medepoexosna Xumusi ebl1bIMOapbIHbIY O0KMOPYL, NPogeccop

10 Banenmuna Koncmanmunogna Xumus 2o11biMOapbibly O0OKMOpbl, npogheccop
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MAT'KASI OPTAHOMOJU®UKALIMA BEHTOHUTA OKCU®OCPOHATOM H EI'O
INPUMEHEHHUE KAK TIPOJIOHTHPOBAHHOI'O POCTCTUMYJIATOPA

B.E Kanap,*?, T.E.Kapxuinéex >, B.5.Tiocionoea ?, JI.M.-K.Hépaumosa ?,
C.M.Tasxcubaesa ’, BK.JO1!

Y40 Uncmumym xumuueckux nayk um. A.5. Bexmyposa, Anmamei, Kazaxcman
2Kasaxckuii nayuonanbhoiil ynusepcumem um. ano-®apabdu, Anmamel, Kasaxcman

Pe3tome. Bseoenue. OpraHoMoAn(pHUIMPOBAHHBIC TIIMHUCTBIC MaTEPHANIbl PEICTABISIOT 3HAUYHTEIIBHBIN
HHTepeCc Kak (YHKIHMOHANBHBIE CHCTEMBbI IS CENbCKOrO XO3sicTBa Oilarojapsi MX CIOCOOHOCTH K
KOHTPOJIMPYEMOMY  BBICBOOOXKICHHIO OHOJOrHYECKH aKTHBHBIX BeIeCTB. IIpUpOAHBIA OCHTOHMT,
obyaaromuii BEICOKOH YAENBHOW MOBEPXHOCTHIO M HMOHOOOMEHHOH €MKOCTBIO, SIBISIETCS OTJIMYHOU
Marpuuei Juii IMMOOHIM3AlMM OPTaHUYECKUX CTUMYJIATOPOB pocta. [leavio TaHHOH paboThl sBISETCS
pa3paboTka 3HeprodpHEeKTHBHOrO METO/a MATKOH OpraHoMOJU(MHKALMH OCHTOHUTA C UCIOJIb30BaHUEM
cnenudunueckoro okcudochonara (Kasz-6) u ouetnka ero 3ppekTHBHOCTH B KaUeCTBE CTUMYJIATOPA POCTa
MILIEHUIBI TPOJOHIMPOBAHHOTO AeiicTBUs. [Ipednodicennvlii Memoo BKIIOYACT IPEABAPUTEIILHOE
nucnieprupoBanue 6enronuta B Boje mnpu 40°C ¢ mocnenytromeit cymkoir npu 50°C. IToaroroBiaeHHyO
MHUHEPAIbHYI0 ~ Marpuily  o0pabarelBald  BONHBIMH  pacTBopamu  jauMeTi(4-rumpokcu-1-(2-
STOKCHITWI)UNepuauH-4-wi)pocponara (Kasz-6) B amanasone konuentpauuit 102-10° mac. % npu
KOMHATHOM Temmeparype. CTpyKTypa MOJIydEeHHOIO KOMIIO3UTa oOxapakrepuzoBana merogom WK-
CHEKTPOCKOIIMK. YCTaHOBJIEHO, 4YTO pa3pa0OTaHHBI IMOJAXOA TIO3BOJSET CYLIECTBEHHO CHU3UTh
TEeMIEpaTypy H MPOJODKHTEIBHOCTh IpPOLEcca [0 CPAaBHEHHIO C W3BECTHBIMH AHAIOTaMH [pU
HCIIOJb30BaHUU 3HAYMTEIBHO MEHBIIMX KOHIEHTPAlMil OpPraHHYecKoro KOMIIOHeHTa. buonormyeckue
UCTBITAHKUS ~ TMOKa3aJlM, YTO OPraHOMOAM(UIMPOBAHHBI OCHTOHHT MPOSBISAECT  BBIPAKEHHYIO
POCTCTUMYJIMPYIOIIYI0 aKTUBHOCTh MO OTHOIICHHIO K MIIeHUne (copta «Aumaken» u <« OKeHHC»).
Haun6onee 3mHaummblii >pdekt Habmomancs npu KoHuentpaumusx 10°-10% mac. %, rae kommosur
MPEB30ILIE OKa3aTeIn KOHTPOJIS U CBOOOAHOrO okcudochoHara. Pe3ynbTaThl yKa3bIBalOT Ha TO, 4TO
nmmoOum3anust Ka3-6 Ha OeHTOHUTE OOecreyuBaeT MPOJOHTMPOBAHHOE JACHCTBUE U IIOBBILICHHYIO
OMOIOCTYITHOCTh aKTHBHOTO KOMIIOHEHTa. Pa3paboTaHHbIi OpraHOMHUHEPAIbHBIH KOMIIO3UT MOXKET OBbITh
PEKOMEHJIOBaH KaK IIePCIEKTUBHBIH CTHUMYJIATOp poOCTa ISl YCTOMYMBOIO Pa3BUTHS CENbCKOIO
XO3SIHCTBA.

KiroueBbie cioBa: GeHTOHUT, opraHomoxudukanus, okcudochoHaT, UMMOOWIN3ALMS, CTUMYJIATOP
pocTa, MIICHUIA, IPOJIOHTHPOBAHHOE BEICBOOOKICHHE.

Kanap Basan Epoonkei3n Maeucmpanm, undicenep

Kapkwvinoex Tonzanaii Epkinkpizot Mazucmp mexuuku u mexHono2uu, MAAOWUL HAYYHBIU
CcOmpYOHUK

Trwocionosa baxeim Hopaumosa Karnouoam xumuueckux nayx, accoyuupoganmwiii npogheccop

Jana Moikmui-Kepeesna Karnouoam xumuueckux nayk, cmapuwiuti npenodasameis

Baumypamogna

Taxcubaesa Cacoam Medepoexosna  Jlokmop Xxumuueckux HayK, npogeccop

10 Banenmuna Koncmanmunosna Joxmop xumuueckux nayx, npogeccop
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