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Abstract. Introduction. Cobalt, nickel, and vanadium are toxic heavy metals that can concentrate
and accumulate in soil, wastewater, groundwater, and even in the human body. One of the effective ways
to address these problems is the use of accessible adsorbents capable of purifying various types of water.
According to the analysis of literature data, the most suitable sorbents are natural and modified forms of
zeolites. The aim of the study was to investigate the sorption properties of nickel(ll), cobalt(ll), and
vanadium(1V) ions using the saturation method from aqueous solutions with zeolites modified by guar
gum. Results and discussion. The sorption efficiency of the modified zeolite in multimetal systems was
investigated, and it was established that the obtained sorbent simultaneously absorbs all cations. It was
shown that, unlike natural zeolite, a high degree of sorption by the modified zeolite is achieved both for a
cation with a fixed concentration and for one with a variable concentration. The degree of uptake of the
sorbed cations is determined by the combination of two cations with constant and equal contents and the
concentration of the variable cation. In all the studied systems, a high degree of cation sorption (from 75.0
to 99.5%, depending on the process conditions) occurs in the region with a low concentration of the
variable cation (0.5-10 mg/L). Conclusion. It was revealed that in multimetal systems competitive
adsorption of cations occurs. Series of sorption efficiency for the cations were obtained, as well as data on
the initiating influence of the variable cation—under conditions of its increased concentration—on the
sorption of other ions present in the system. In the system “Ni** — Co*" — V# — MPC — H.O” with variable
C(Co*") and saturated solutions, the Co?" cation initiates the sorption efficiency of the modified sorbent
toward V** and Ni** cations: RV (66.6%) > RCo (42.4%) > RNi (13.4%). With variable C(Ni**), the Ni**
cation increases the sorption efficiency of V#" and Co?" ions: RV (63.6%) > RCo (1.8%) > RNi (3.8%).
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1. Introduction

At present, under conditions of increasing environmental pollution caused by
industrial waste, including drilling waste, the removal of heavy metal ions (Ni?*,
Co*, and V*) from drilling fluids has become particularly important.
Environmental contamination by heavy metals is recognized as one of the major
problems of ecology and public health.

Recent studies have shown that sorption purification not only provides
competitive removal efficiency compared with traditional chemical methods, but
also minimizes the environmental impact of the treatment process. The use of
advanced sorbents, often chemically modified, has further improved the removal
capacity for heavy metals such as lead, cadmium, and mercury. These advances
highlight the potential of sorption methods as a cornerstone of modern drilling
fluid treatment systems [1].

The choice of a purification method depends on specific operational and
environmental conditions. The integration of sorption processes offers a
promising approach to more sustainable and efficient management of drilling
fluids contaminated with heavy metals.

Each method for the removal of heavy metals has its own unique advantages
and disadvantages, which requires careful selection based on the specific
characteristics of wastewater and operational constraints. Chemical treatment
methods, including precipitation and oxidation, provide a high degree of
purification but often produce hazardous sludge that requires further treatment.

Cobalt, nickel, and vanadium are toxic heavy metals that can concentrate and
accumulate in soil, wastewater, groundwater, and even in the human body.

The sorption removal of heavy metals from drilling fluids is based on the
interaction of physicochemical mechanisms, including adsorption, absorption, ion
exchange, surface complexation, and precipitation. Adsorption, the predominant
mechanism, occurs through electrostatic interactions, van der Waals forces, or
chemical bonding between metal ions and functional groups on the sorbent
surface (e.g., hydroxyl, carboxyl, or amino groups) [2]. Absorption, although less
common in solid sorbents, is important for polymeric materials where metals
diffuse into the sorbent matrix.

lon exchange plays a crucial role for aluminosilicate sorbents such as
zeolites, where metal cations replace exchangeable ions (e.g., Na*, Ca?") within
their porous structures. Surface complexation predominates in oxide-based
sorbents (e.g., iron oxides), where metals form coordination bonds with surface
hydroxy! groups [3]. Studies of adsorption toward metal cations on zeolites with
deposited organic layers have suggested [4,5] that the movement of molecules in
the inner sphere is coordinated by the zeolite’s own pore system.

In study [6], the adsorption of Cu(ll), Cd(ll), and Pb(ll) from aqueous
solution onto a methyl methacrylate—Na-Y zeolite composite (MMA-Na-Y
zeolite) was analyzed depending on pH, contact time, initial concentration of
metal cations, adsorbent dosage, and temperature.
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The removal of copper, nickel, cobalt, and iron ions from water resources in
the concentration range of 0.5-3.5 mg-eq/dm?® using natural zeolite from the
Yagodninskoye deposit in the Kamchatka region was experimentally studied [7].
The results show that natural zeolite can be used as an effective sorbent for the
extraction of Cu(ll), Ni(IT), Co(ll), and Fe(ll) ions from contaminated water.

The adsorption activity of zeolites from the Kholinskoye deposit toward
copper, zinc, and chromium ions was investigated [8], demonstrating the potential
of such materials for wastewater treatment from these ions.

One of the effective ways to solve these problems is the use of accessible
adsorbents capable of providing the required degree of wastewater purification.
These include adsorption technologies based on synthetic, natural, and modified
zeolites [9, 10]. According to the analysis of literature data, the application of
sorption methods for the treatment of drilling fluids using natural and readily
available sorbents capable of reducing the concentration of heavy metals is the
most suitable approach. Natural zeolite, significant reserves of which are
available in Kazakhstan, largely meets these requirements.

As is known, natural zeolite is characterized by less effective sorption
properties compared with synthetic ion-exchange resins. This disadvantage is
compensated by the good response of natural zeolite to modification processes.
There are various methods for modifying natural aluminosilicates: mechanical,
thermal, and chemical modification, which includes acid and alkaline activation,
modification with inorganic and organic compounds, and combined activation
methods.

Currently, promising modifiers include accessible, inexpensive, natural, and
non-toxic organic compounds that possess functional hydroxyl and amino groups
active in sorption processes, such as guar gum. This modifier is an inexpensive
natural biopolymer with functional hydroxyl and CH: groups that participate in
the sorption processes of cations.

It should be noted that the scientific literature provides insufficient
information on sorption processes for the removal of common pollutants such as
Ni(ll), Co(ll), and V(IV) cations using natural zeolite and its modified
polysaccharide forms, especially for environmental purification processes under
conditions of their simultaneous presence.

The necessity to improve the sorption characteristics of natural zeolite was
experimentally substantiated, since the degree of sorption even in systems
containing one metal cation does not exceed 75%, and in multi-metal systems
Rsorb. of a competing cation is no more than (60-65)%.

The sorption of heavy metals (Ni**, Co*, V*) by a guar gum-modified
zeolite in single- and multi-metal systems is studied for the first time. The
modified zeolite is shown to be an effective sorbent, and sorption efficiency series
for cations in multi-metal systems are obtained.

The aim of this study was to investigate the sorption properties of nickel(ll),
cobalt(ll), and vanadium(lV) ions using the saturation method from aqueous
solutions with zeolites modified by guar gum.
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2. Experimental part

Experiments to determine the sorption characteristics were carried out at
room temperature. The preparation of the modified zeolite was performed as
follows: natural zeolite was mixed with a guar gum solution at a solid-to-liquid
ratio of 1:100 for 10 hours. The precipitate was then separated and dried at 50 °C.
The dried samples of the modified zeolite were placed in conical flasks, and
model solutions with various concentrations were added. Each test was repeated
twice.The margin of error of experimental data is 0.1-1%.

For the preparation of model solutions, the following salts were used: nickel
sulfate NiSO4+7H20, cobalt sulfate CoSO4+7H.0O, and vanadium sulfate
VOSO4+3H:0 dissolved in H.O. To eliminate the influence of impurities, the
sorption of divalent and tetravalent cations of nickel, cobalt, and vanadium was
studied in the model system “Ni**, Co**, V4" — H.O — modified zeolite.”

Sorption of nickel(ll), cobalt(Il), and vanadium(IV) cations was carried out
at a constant zeolite-to-solution ratio (solid-to-liquid, 10:100) and equal
concentrations of the sorbed cations. The concentrations of nickel, cobalt, and
vanadium cations in the solutions were determined using atomic emission
spectroscopy.

3. Results and Discussion

The table presents the main sorption characteristics of the resulting sorbent
compared to the natural zeolite. The results show that all sorption characteristics
of the modified zeolite are higher than those of the PC. For the modified zeolite,
SEC cat is 15 times higher, SECan is 85.6 times higher, TSC is 9.7 times higher,
and TPV is 77 times higher than those of the natural zeolite.

Table - Sorption Characteristics of Modified and Natural Zeolites

TPV, glcm?® TSC, g/lem® SECca, mg-eq/g SEC.n, mg-eq/g
Modified zeolite

1.814 | 35.44 | 14.896 | 42.658
Natural zeolite

0.0235 | 3.67 | 0.997 | 0.4985

The sorption properties of natural zeolite modified with guar gum were
studied in the system “Ni>* — Co*" — V* — modified zeolite — H.O” under
conditions similar to those for sorption of these cations by natural zeolite, where
the concentrations of two cations were equal and constant, and the concentration
of the third component varied from 0.5 to 500 mg/L.

The sorption curves in all studied systems exhibit a wavelike pattern (Figures
1-3), in contrast to those observed for natural zeolite [12]. Furthermore, the
highest degree of sorption by the modified zeolite was observed for all sorbed
cations in low-concentration solutions, from 0.5 to 1.0 mg/L for the cation with
variable concentration.
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Figure 1 — Influence of vanadium (V) cation concentration on the extraction efficiency of cations by
the modified zeolite in the system “Ni** — Co?* — V*" — modified zeolite — H.0”

Regardless of the sorption conditions, as the concentration of the variable
cation increases, the sorption degree (R.«:b) of all sorbed cations decreases.
Moreover, unlike natural zeolite, its modified form exhibits high sorption capacity
for cations with both constant and variable concentrations, simultaneously
absorbing both cations.

In the first scenario, where C(Ni, Co) = 0.5 mg/L (constant) and C(V) is the
variable factor, the modified zeolite shows preferential sorption toward Co?
(Rsorb = 90.0%) and V** (Rso:b = 85.16%), while the sorption degree of Ni** is
44.8% (Figure 1).

The appearance of a weak maximum on the Co(ll) sorption curve at C(V) =
50 mg/L (RCo = 25%), as well as more pronounced maxima at C(V) = 30 and 100
mg/L on the Ni** sorption curve (RNi = 31.7% and 21.0%), is associated with
partial desorption processes. From 200 mg/L onward, the dependence of R for
Co?*" and V* on the concentration of V4" becomes approximately linear, and Ry.:b
fluctuates slightly (3.0-7.2%).

The sorption degrees of the cations can be ranked as: RCo > RV > RNi.

In the second scenario, where CNi = CV and the concentration of Co?* is
variable (Figure 2), the shape of the sorption curves is somewhat simplified
compared to the system described above (Figure 1).
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Figure 2 — Influence of cobalt (1) cation concentration on the extraction efficiency of cations by the
modified zeolite in the system “Ni** — Co** — V* — modified zeolite — H.0”

In the sorption curves, no maxima are observed for nickel(ll) and
vanadium(lV) cations, while the cobalt(ll) sorption curve exhibits a single
pronounced maximum at Cc, = 100 mg/L. The modified zeolite demonstrates
preferential sorption toward Ni?* at constant nickel concentration (Rni = 86.24%)
and for variable Co?" concentration (RCo = 88.6%) in the cobalt(Il) concentration
range of 0.5-1.0 mg/L, while RV ranges from 37.8 to 39.8%.

Starting from Cco = 30 mg/L, the sorption degree of vanadium(lV) cations
increases, reaching 66.6% at Cc, = 500 mg/L, which is 26.8-28.8% higher than in
the low-concentration range of Co?". For the Co?' sorption curve (variable),
starting from 100 mg/L, R also increases with increasing Cco, reaching 42.4%
at 500 mg/L. Meanwhile, the sorption curve of Ni?* decreases, and Rni drops to
13.4% at 500 mg/L cobalt(ll). In this case, cobalt cations initiate the sorption
process of vanadium cations, while a decrease in vanadium concentration, in turn,
stimulates the sorption of cobalt cations.

The amount of sorbed Co?*" at its concentrations of 400 and 500 mg/L is 105
and 212 mg/L, respectively, whereas for natural zeolite under the same conditions
it is 99 and 95 mg/L (Figure 1). In this system, at low cobalt concentrations, the
sorption ranking is Rco > Rni > Ry, whereas in saturated solutions it changes to
RV > RCo > RNi.

In the third scenario, according to the data shown in Figure 3, in the system
“Ni** — Co*" — V# — modified zeolite — H.O” with Cco = Cv = const and variable
Chi, the curves are further simplified compared to the previous scenario (Figure
2). As Cy; increases from 0.5 to 30 mg/L, the sorption degree of Co*" and V**
sharply decreases; with further increase in Cyi, its sorption gradually decreases,
while Co?" sorption slightly increases and then decreases again at 300 mg/L Ni**.
The V** sorption curve, in contrast, rises with increasing Chi.
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Figure 3 — Influence of nickel (1) cation concentration on the extraction efficiency of cations by the
modified zeolite in the system “Ni** — Co** — V* — modified zeolite — H.0”

In the low Ni** concentration range, the modified zeolite demonstrates
preferential sorption for Ni** (Reb = 95.2%) and Co** (RCo = 84.5%), while RV
under these conditions does not exceed 42.2-43.8%. Starting from 10-30 mg/L
Ni**, the sorption degree of vanadium(IV) increases from 44.8% to 63.6%,
whereas RCo and RNi sharply decrease and continue to decline with further
increases in CNi.

Thus, the modified zeolite acts as an effective sorbent for Ni** and Co?
cations (RNi > RCo > RV) in solutions with low nickel(ll) concentrations, while
in nickel-saturated solutions it is more effective for V** cations, where RV > RCo
> RNi.

4. Conclusion

The sorption efficiency of a modified guar gum zeolite on multiple metal
components was studied. It was found that the resulting sorbent consistently
controls all cations (Ni**, Co?*’, V*"). The degree of cation distribution is
determined by the combination of two cations with constant and equal
concentrations and the concentration of a variable cation.

In all experimental studies, high cation sorption (75.0-99.5%) was observed,
depending on low concentrations of the variable cation (0.5-10 mg/L).

Competitive adsorption of cations was revealed, cation sorption efficiency
series were obtained, and data were provided on the onset of the variable cation's
existence under conditions of its high concentration on the sorption of other ions
present in the system. With variable C(Ni**), the Ni** cation increases the
efficiency of sorption of V# and Co*" ions: RV (63.6%) > RCo (1.8%) > RNi
(3.8%). The results of the studies using the modified sorbent showed the
possibility of using the modified zeolite to purify wastewater from metallurgical
production from heavy metal ions, including nickel, cobalt and vanadium.
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MOJIUPUKAIUAJIAHFAH IIEOJIUT APKBLJIBI YIII KOMIIOHEHTTI KYWEE
N, Co%, V¥ KATUOHJIAPBIHBbIH COPBLUSICBIH 3EPTTEY

P.O. Kauiwwinbaega, I'.1l. Cynmanébaesa, P.M. Uepuaxosa', O.7K. Kycinbexos
O.b. Bekmypos amuvlnoazbl Xumust bLILIMOApblL uncmumymet, Aimamol, Kazaxcman

Tyiiingeme. Kipicne. KobanbT, HUKeIb XOHE BaHAAWIT - YJIbI ayblp METAJAAp, OJIap TOIMBIPAKTA, aFbIH/IbI
cyJiap/a, »ep acThl CyJapblHIa JKOHE TINTI ajaM ar3achlHa IIOFBIPJIAHBII, JKHHAIYBl MYMKiH. By
Mocenenepai mwenrygiH 0ip THIMII KOJBI - SPTYPIi Cy TYpJepiH Ta3apTyra KaOLIeTTi OHall KOJDKETiMJi
aacopOeHTTepni maiinanany. ©One0u MIONyFa COMKeC, €H KOJaiabl COpOeHTTep - TaOuFu IKOHE
MOAUGMDUKALMAIAHFAH  ICONUTTEp. Kymbicmbly — Mmakcamvl Tyap — IIaWBIPBIMEH  TYPJICHIIpLIreH
LEOJIUTTEPMEH CYyJIbl epiTiHaiiepaeH Kaubeiry oficimeH nukenb (II), xobamsr (II) sxone Banammii (IV)
HOHJIAPBIHBIH COPOLMSUIBIK KAaCHETTEpiH 3epTrey. Homuowcenep men nixipmanac. MomudukanusiiaHran
LEOJIUTTIH KOIMETaIbl JKyHelepiHaeri copOLMsIbIK THIMALTIT 3epTTEIIl JKOHE aJlbIHFaH copOeHT Oip
Me3riyiie OapiblK KaTHOHIAP/bl aACOPOLMSIIAUTBIHBI aHBIKTAN/Ibl. TaOUFH LEONUTTEH albIPMAIIbUIBIFDI,
MOTU(pHUKAMSIAHFAH [EONUTTIH JKOFApPhl [OPEeXKeaeri COpOIMsIChIHA TYPAKThI JKOHE AaWHBIMAIBI
KOHIICHTPALMsUIBl KaTHOHJAAp YIIIH KOJDKETIMALUIIN KepceTuireH. AJcopOuusuiaHFaH KaTHOHIAP/bIH
copOuusi 1opexeci aliHbIMalIbl KaTHOHHBIH TYPAKThl JKOHE TEH MOJILIePTIi KOHLEHTpAUUsChl 0ap exi
KaTHOHHBIH TIPKECIMIMEH aHBIKTANIA/Ibl. 3ePTTEITeH OapJIbIK XKyHenepae KaTuOoH COPOIMCHIHBIH JKOFaphl
JIopeskeci, Tpolece KaraaiiapbiHa OainanbicTel 75.0-1eH 99.5%-Fa neiliH, TOMEH ailHpIMalibl KaTHOH
KoHIeHTpanuschl aiimarbiaaa (0.5-10 mr/m) opeiH anagsl. Kopoimwsinowl. KenMeraael sxyienepae
KaTHOHAAP/BIH Oocekere KaOUIETTI aacOpOIMsCHl AHBIKTAIIBI JKOHE KATHOHIAP YIIIH COPOIMSUIBIK
TUIMILTIK KaTapiapbl, COHIal-aK JKOFapbl KOHICHTpAIMsAarbl aifHbIMalbl KaTHOHIAp )KyieciHae Oacka
HOHJAp/IbIH COPOLMACHIHA 6acTaMalIBUILIK dCepi Typasbl AepekTep anbiHabl. AlinbiMansl C(Co?t) xoHe
KaHEIKKaH epitinginepi 6ap Ni' — Co? — V¥-MTII-H-0 xyitecinge Co®" KaTHOHBI MOIM(UKAIUANAHFAH
copbeHTTiH THiMAimrin V4 sxone Ni*' karmoHaapblHa Kapail 0achIMABUIBIK kepceTeni: Rv (66.6%)>Rco
(42.4%)>RNi (13.4%). Ni*' xatnonsnb C(Ni?) aitupiManbicbiven V4 sxkone Co?” HOHIAapBIHBIH COPOLHS
trimaiiri apragei: RV (63.6%) > RCo (1.8%) > RNi (3.8%).

Tyiiin ce3mep: TaOUFN HEONNT, KAHBIKTBIPY 9J1iCi, COPOIHMs, KOOAIBT, HUKEIb )KOHE BaHAINN KaTHOHIAPbI

Cynmanoaesa I'uma Illamunxuize Texnuxa evlbimMoapvl KaHOUOambl
Kaiivinoaesa Paywan Onivexkpizol Texnuxa evlibimMoapvl KaHOUOamsl
Yepnuaroea Pauca Muxaiinoena Texnuxa evinbimoapsl 0OKMopbl
Kycinoexoe Omipsax Kymacwinynv Texnuxa evinbimoapsl 0OKMopbl

M3YYEHHUE COPBLIUA KATHOHOB Ni%, Co?, V¥ B TPEXKOMIIOHEHTHOM CUCTEME
MOAUP®UIIMPOBAHHBIM HEOJIMTOM

P.A.Kanvinoaesa, I' I11. Cynmanéaesa, P.M. Yepnaxoea, Y.7K. /[rcycunoexos
AO Unucmumym xumuueckux nayxk um.A.b.Bekmyposa, Anmamul, Kazaxcman

Pe3tome. Bgedenue. KobanbT, HUKENb U BaHAAWA — TOKCHYHBIC TSDKEJIbIE METAJUIBI, KOTOPHIE MOTYT
KOHIICHTPHPOBATHCS U HAKAIIMBAThCS B TIOYBE, CTOYHBIX BOJAX, TPYHTOBBIX BOJAX U JaXXe B OpraHU3Me
yenoBeka. OAHUM M3 3(QQPEKTUBHBIX CIIOCOOOB PEUICHHUs STHX MPOOJEeM SBISETCS HCIIOJIb30BaHUE
JOCTYIHBIX aJICOPOEHTOB, CIOCOOHBIX OOECHEYHTh OYHCTKY pa3iIM4YHBIX Box. CorylacHO aHaum3y
JIUTEPATYPHBIX  JAHHBIX  Hamboyiee  TMOAXOMAIIMMH  COpOEHTaMH  SIBISIOTCS — NPUPOIHBIE |
MOJIU(HUIMPOBAaHHBIE (OPMBI LEONUTOB. [Jenvro pabomsl SBISIIOCH W3ydeHHWE COPOLMOHHBIX CBOMCTB
nonos Hukens(1l), kobanbra(ll) u Banaxus (IV) METOIOM HACHINICHHUS U3 BOJHBIX PACTBOPOB IIEOIHTAMH,
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MOTU(PHUIUPOBAHHBIMU TyapoBOW Kamenbto. Pezyavmamsl u obcyscoenue. Vccnenopana copOLUOHHAS
3¢ dexTBHOCT, MOIU(UIMPOBAHHOTO I1I€OJIUTa B MHOTOMETAJIbHBIX CHUCTEMaxX M YCTAHOBIEHO, 4YTO
MIOJIy4CHHBI COPOCHT OJHOBPEMEHHO IIOIVIOMIAeT BCE KAaTHOHBL [lokasaHO, YTO B OTIMYHE OT
MIPUPOIHOTO IIEOJINTA, BBICOKAsH CTEHECHb COPOLMU MOAN(DUIIMPOBAHHBIM IEOJIUTOM JOCTUTAThCS KaK JUlst
KaTHOHA ¢ (DMKCHPOBAHHOM, TaK U C MEpPeMEeHHON KoHIeHTpauue. CTeneHp MOrJIOUIeHHsI COPOHPYEMBIX
KaTHOHOB OIpeJesseTcss KOMOMHAIMEeH ABYX KAaTHOHOB C TOCTOSIHHBIM H PaBHBIM COJCPXKAaHHEM U
KOHIICHTpaIMeil epEeMEHHOTr0 KaTHOHa. Bo BceX HCCIeoyeMbIX CHCTEMaxX BBICOKAs CTENEHb COpOLHH
katuoHOB oT 75.0 mo 99.5 %B 3aBHCMMOCTH OT YCIOBHH IIpolecca TNPHUXOAWTCS HA
HU3KOKOHIIEHTPHPOBAHHYIO 10 NEepeMEHHOMY KaTuoHy o6iacth (0.5-10 mr/m). 3axarouenue. BpisBieHo,
YTO B MHOTOMETAJbHBIX CHUCTEMax IMPOTEKAeT KOHKYPEHTHasl aJCopOLHsi KATHOHOB W IIOIYYCHBI PSiIbI
cOpOLMOHHON 3((PEKTUBHOCTH KATHOHOB, a TAKXKE JaHHbIC 00 MHUIMUPYIOMIEM BIUSHUHM HEPEMEHHOIO
KaTHOHA B YCJIOBUSIX €TI0 TOBBIIICHHON KOHIEHTPALMK Ha COPOLIMIO APYTUX NPUCYTCTBYIOLINX B CUCTEME
nonos. B cucreme «Ni?' — Co?" — V¥~ MITL-H.0» ¢ nepemennoii C(Co?") U HACHIIEHHBIX PACTBOPAX
kartron Co? ununuupyercs 3¢pdekTuBHOCT, MOAU(UIMPOBaHHOro copOenTa K katuoHam V4 u Ni?: Ry
(66.6 %)>Rco (42.4 %)>Rni (13.4 %). Tlpu nepemennoit C(Ni*) katnon Ni? nossimaercst 53peKTHBHOCTS
cop6uuu nonos V4 u Co* Ry (63.6 %) > Rco (1.8 %)> Rni (3.8 %).

KiroueBbie ciioBa: MOZ[H(bHHHpOBaHHBIﬁ COJUT, MCTOA HACBIIICHUSA, COpGLH/Iﬂ, KaTHOHBI KOOaJibTa 5
HHUKCJIA U BaHA UL

Kainvinoaesa Paywan Anubexosna Kanouoam mexnuueckux Hayx
Cynmanéaesa I'uma Illamunvesna Kanouoam mexnuyveckux nayx
Yepnuaroea Pauca Muxaiinoena Jlokmop mexnuueckux Hayk, npogheccop

Jocycunbexos Ymupsak Kymacunoeuu Axademux Hayuonanonoti axademuu nayk Pecnyonuxu
Kazaxcman, npogeccop, 0okmop mexruueckux HayK
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