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CATALYTIC CRAKING OF A VACUUM GASOLINE ON HLaY - A
ZEOLITE CATALYST ON A NONACTIVATED ALUMINUM MILLED

Abstract. A comparison of the phase, elemental composition of CaNa-montmorillonite (MM) with the
properties of MM in the Na-form was made, and it was found that the initial CaNaMM and NaMM, as well as the
catalysts based on them, are close to each other in elemental and phase compositions. The textural properties of
montmorillonites are determined and it is shown that the specific surface area, pore volume and number of
micropores of the initial CaNaMM is slightly higher than that of NaMM. The specific surface during aluminum
pillaring grows 2.2 times, while in the case of NaMM, the growth is 1.5 times.

Using the TPD NH3 method it was shown that the catalyst based on CaNaMM exceeds the catalyst based on
NaMM in total acidity, the number of medium and strong acid sites (Table 3). It was shown that a zeolite-containing
catalyst with a matrix of Al-pillared MM in the CaNa-form exhibits high activity in the cracking of vacuum gas oil
(VG) with the production of 60% light gas oil. The high thermal stability of the cracking catalyst on the base of MM
in the CaNa-form and its high mechanical strength have been established.

Keywords: catalytic cracking, zeolite, pillar montmorillonite, light gas oil, gasoline, gas, vacuum gas oil.

Introduction. The oil refining and petrochemical industry plays an important, and in some cases the
most important role in the economy of any country [1-4]. In this regard, worldwide attention is paid to the
deepening of oil refining, expanding the range, improving the quality of commodity fuels, especially
environmental properties [5,6]. The tightening of environmental requirements for car engines around the
world leads to a gradual transition from gasoline to diesel engines. Thus, in Europe, gasoline consumption
decreased by 22%, and diesel fuel consumption increased by 19% [7]. Increased demand leads to the
search for new sources of diesel fuel. One of such sources is potentially catalytic cracking, in which, in
addition to gasoline and light hydrocarbon gases, a distillate fraction is produced - light catalytic cracking
gas oil (LGCC) with a boiling range of 200-350°C. LGCCs are used as a component of diesel fuel when
compounding with a straight-run diesel fraction of up to 30%. The share of LGCC in commercial diesel
fuel is limited to a high content of aromatic hydrocarbons, sulfur, low cetane number and high density [8].
Due to the growing demand for diesel fuel and the constant improvement of technology and catalysts, the
catalytic cracking process can now be considered as a way to produce not only gasoline, but also high-
quality diesel fuel [9]. In modern plants using industrial cracking catalysts by cracking vacuum gas oil, it
ranges from 10-15% with a rather low cetane number (25-30 points) [9-11]; on advanced ball catalysts,
increased yield of light gas oil (37,6-38,2%)was observed [12], and on granulated, for example, a series of
"Adamant" light gasoil yield even higher (42,6-45,4%) [13].

Zeolites used in the composition of catalysts should have high activity and selectivity in the cracking
of petroleum fractions, stability under high-temperature effects in air and water vapor, and the necessary
dimensions of the entrance windows in the structure cavity [14-16]. Zeolites of the X and Y types in the
rare-earth exchange form or in the ultra stable form are most relevant to such requirements, and therefore
they find their primary use in the synthesis of cracking catalysts [17, 18].

For the preparation of the matrix of cracking catalysts, it was proposed to use a new class of materials
based on natural bentonites, modification of which by pillaring allows increasing the specific surface, their
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thermal stability and significantly increasing the volume of micro- and mesopores [19,20]. In chemical
modification of layered aluminosilicates with an expanding lattice, it becomes possible to regulate the
acid-base properties of the surface and fix transition metal compounds on it, which was the basis for using
these materials as catalysts in hydrocarbon conversion reactions: cracking, isomerization, alkylation, etc.
[22, 23].

Based on zeolite Y in a lanthanum-substituted form (HLaY) deposited on an aluminum pillar
montmorillonite in the Na-form (AINaMM), a composite catalyst for cracking heavy vacuum gas oil has
been developed to produce light gas oil with a yield of 55-67% depending on the volume of the catalyst.
An increase in the yield of light gas oil was found (up to 72%) after steam treatment of the catalyst [24].
The composition of the catalyst for the production of light gas oil during the cracking of VG is protected
by the innovative patent of the Republic of Kazakhstan [25]. In connection with the use of zeolite HLaY
on Al-pillar MM in Na-form in the composition of the catalyst for producing light gas oil, it was of
interest to reveal the dependence of the cracking properties of this catalyst on the composition of MM, its
physicochemical properties, as well as on the composition and properties of vacuum gas oil.

The purpose of the work is the synthesis of HLaY zeolite-containing catalysts deposited on Al-
pillared montmorillonite in CaNa- form and revealing the influence of the composition of the initial MM,
its exchange form and physicochemical characteristics on the yield of light gas oil during cracking of
vacuum gas oil of make B with increased sulfur content.

Experimental part

Tagan montmorillonite (Kazakhstan) from the Zapadny open pit, 12 horizons containing the
following alkaline cations were used as raw materials for the preparation of the catalyst: Na*> 35 mg / eq,
Ca*™ >28 mg / eq, Mg™ =24 mg / eq, K* ~ 4.0 mg / eq. The aluminum hydroxocomplex of the supposed
composition [Al1304(OH)24(H20)12]"* abbreviated (Alis™) with a four-coordinated aluminum atom, was
used as a fixing agent in pillaring. The method of obtaining oligomeric (Al1s"*) consists in hydrolysis of an
aqueous AlCl; solution with an aqueous solution of NaOH with a ratio of OH-/ AI** = 2.5 and a final pH =
4.1 under conditions of vigorous stirring. The procedure for the synthesis of aluminum montmorillonite
(AINaHMM) is described in [19-22]. The catalyst was additionally modified with zeolite Y in the
substituted La-form (15%), molded into granules, dried for 24 hours at room temperature, then calcined at
150°C (2 hours) and 500°C (2 hours).

Elemental analysis of the catalyst samples was carried out by the method of energy dispersive - X-ray
fluorescence spectroscopy on the energy dispersive microanalysis system INCA - Energy 450, installed on
a JSM6610LV scanning electron microscope, JOEL, Japan.

The textural characteristics of the catalysts were determined by the isotherms of low-temperature
adsorption and desorption of nitrogen on an Accusorb device (BET method).

XRD samples of catalysts were carried out using a DRON-4 * 0.7 X-ray diffractometer; with CoK,
and CuK, radiation. The diffractometric reflexes of the catalyst samples were compared with ICPDS
powder standards.

The catalytic activity of the samples was determined in a laboratory flow-type installation
corresponding to the standard, with a fixed catalyst bed in an amount of 40 ml. The catalytic activity was
determined in the temperature range 500-550°C. Vacuum gasoil (VG) of make B, type 2 of Pavlodar
Petrochemical Plant (PPCP) was used as a raw material for cracking with the following characteristics: the
density 907.7 kg / m3, kinematic viscosity at 500°C equal to 27.05 mm? / s, sulfur content 1.5 mass.%,
harden point 30°C and coking ability 0.14 wt.%, with the end of boiling 510°C. During the distillation of
catalyzate, the gasoline fractions Tp-205°C and light gas oil 205-350°C were collected. The analysis of
the hydrocarbon composition of gasoline cracking was performed on a chromatograph “Chromos-1000”
with a flame ionization detector and a capillary column 100 m long; temperature is 250°C; the carrier gas
is helium.

Results and its discussion

The physicochemical characteristics of the Tagan montmorillonite in the Na-form, which was used
previously, and in the CaNa-form, as well as HLaY-zeolite catalysts with their use are shown in Table 1-3.
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Table 1 shows the data on the elemental composition of calcium-sodium and sodium forms of the
Tagan montmorillonite and catalysts based on them. The table includes the average of 3 measurements in
weight%.

Table 1 - The elemental composition of composite catalysts based
on Al-pillared montmorillonite in CaNa-and Na-forms

Sample 0 Na Mg Al Si Ca Fe La
CaNaMM 54,6 1,0 2,1 13,4 27,9 0,7 0,3
Al(2.5)CaNaMM 56,4 1,6 16,7 25,0 0,3
Al(2.5)CaNaMM+HLaY 53,8 0,2 1,1 19,8 23,2 0,2 1,7
NaMM 51,6 1.4 2,1 11,3 24,7 0.56 0.39
Al(2.5)NaMM 54,63 - 1,19 11,87 20,83 - 0,25 -
Al(2.5)NaMM+HLaY 53,66 0,48 0,79 10,80 21,53 0,21 2.03

From the analysis of the data in Table 1, it follows that pillaring of Al leads to the complete
replacement of sodium and calcium from both types of MM and a decrease in the relative amounts of
magnesium and silicon. The aluminum content after pillaring increased, which confirms the formation of
aluminum-oxide columns. With the introduction of HLaY, the amount of La in the CaNaMM-based
catalyst is 1.7% and 0.2% of Na appears, while the amount of La and Na in Al (2.5) NaMM + HLaY is
significantly higher (2.03 and 0.48% ). It should be noted a higher content of Fe in the initial NaMM
(0.39%) compared to CaNaMM (0.3%). In the process of pillaring and introducing zeolite, a decrease in
the amount of Fe is observed, more significant in the case of a catalyst based on NaMM. In the prepared
catalysts based on two different MM, the amount of Fe is approximately the same.

According to the X-ray phase analysis (XRD) in the initial samples of CaNaMM next phases were
identified with reflexes: MM-11.0; 4.46; 3.23; 2.50; 1.67; 1.50; 1.28; quartz-4.27; 3.34; 2.45; 2.23; 2.12;
1.98; 1.81; 1.54; HLaY-14,6; kaolinite-7.2.

It can be seen from Figure 1 that when pillary CaNaMM, the first basal reflex increases from d; =
14.8A to 17.9A. The introduction of zeolite leads to a slight decrease in the first basal reflex to d; = 16.3A
and the appearance of reflex 14.6. A comparison with the Al (2.5) NaMM + HLaY - catalyst shows that in
this case the separation of the MM layers in the finished catalyst is much less than —11.0 A, and the reflex
14.6 also appears when HLaY is introduced [23].

The textural properties of the initial MM in CaNa- and Na-forms and the catalysts based on them are
presented in Table 2. The specific surface area of CaNaMM grows when pillaring Al from 86.4 cm®/g to
190.5 cm®/g, and with the introduction of HLaY there is a further increase in the specific surface to 308.6
cm®/g. The total pore volume also increases with pillaring, which is accompanied by an increase in the
number of micropores and a decrease in the number of mesopores. It is of interest to compare the textural
properties of the original form of CaNaMM with the properties of montmorillonite in the Na-form, which
we used earlier to prepare the catalyst. From table 2 it can be seen that the specific surface area, pore
volume and number of micropores in the initial CaNaMM are slightly higher than in NaMM. The specific
surface during aluminum pillaring grows 2.2 times, while in the case of NaMM, the growth is 1.5 times.
For both carriers, an increase in the number of micropores is observed in pillaring: in the case of
CaNaMM, by 1.5 times, and for NaMM, by 2.9 times. The introduction of zeolite leads to a further
increase in the number of micropores, while in the case of NaMM, modifying with HLaY zeolite reduces
the number of micropores in the catalyst. A comparison of the cracking catalysts based on MM in the
CaNa- and Na-forms shows that Al(2.5)CaNaMM+HLaY has a much more developed surface and a
greater number of micropores than the catalyst based on NaMM.
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Figure 1 - Diffractograms of the original CaNaMM, pillared Al (2.5) CaNaMM
and modified with zeolite Al (2.5) CaNaMM + HLaY
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Table 2 - Comparative textural characteristics of the original calcium-sodium and sodium forms
of the Tagan montmorillonite and catalysts based on them
Sample S, m?/g Total pore R, A Relative amount,%
volume, sm?
/g -
Micropores, Mesopores,
(0-20A) (20-80A)
CaNaMM 86,4 0,083 10,0-73,0 30,0 70,0
Al(2.5)CaNaMM 190,5 0,182 10,0-75,0 44,1 55,9
Al(2.5)CaNaMM+HLaY 308,6 0,167 11,0-72,0 57,4 42,6
NaMM 80,9 0,081 11,5-75,0 26,7 73,3
Al(2.5)NaMM 123,4 0,176 10,0-90,0 78,5 21,5
Al(2.5)NaMM+HLaY 124,2 0,107 10,0-65,0 50,0 50,0

Comparison of acidic properties of cracking catalysts based on MM in various exchange forms
showed that the catalyst based on CaNaMM exceeds the catalyst based on NaMM (Table 3) in total
acidity, the number of medium and strong acid sites. The distribution of acid sites in strength is almost
completely preserved on the catalyst after testing in the cracking reaction. According to the relative
amount of acid sites of different strength, the catalysts using MM of different composition are close to

each other.
Table 3 - Acidity of zeolite-containing Al (2.5) CaNaMM + HLaY-catalyst before
and after the experiment according to TPD ammonia
Sample Content a.c. Acid Centers
Weak<200°C Medium 200- Strong Total acidity
300°C >300°C

Al(2,5)CaNaMM+ % 29,67 35,58 34,75 100
HLaY (before)

pmol NHalg 87,36 104,76 102,31 294,43
Al(2,5)CaNaMM+ HLaY % 26,31 36,14 37,55 100
(after) umol NHa/g 77,72 106,76 110,92 2954
Al(2,5)NaMM+ % 45,0 30,0 25,0 100
HLaY umol NHa/g 1125 75,0 62,5 250,0

The data on the VG cracking on Al (2.5) CaNaMM + HLaY - catalyst is shown in Figure 2.
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Figure 2 — Data of the VG cracking on Al (2.5) CaNaMM + HLaY -catalyst
by varying the space velocity at the T = 500°C
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From the results of the material balance of the cracking of VG, it can be seen that on
Al(2.5)CaNaMM+HLaY-catalyst, with the space velocity of 0.5hour " the maximum yield of light gas oil
equal to 60.0% was obtained at a cracking temperature of 500°C. With an increase of the space velocity,
the yield of light gas oil decreases, the amount of produced gas and gasoline increases. The tested catalyst
is characterized by the formation of a large amount of light gas oil in the process of cracking VG.

An increase of the cracking temperature from 500°C to 550°C leads to a slight decrease in the yield of
light gas oil from 60.0% at 500°C to 58.8% at 550° C. Comparative data on the activity of
Al(2.5)CaNaMM+HLaY catalysts in the cracking of VG at a temperature of 500-550°C are presented in
table 3.

Table 4 — Material balance of VG cracking
on Al (2.5) CaNaMM + HLaY- catalyst at various temperatures

Products The yield of products, wt.%
Temperature 500°C 550°C
Gas 7,4 8,4
Gasoline (b.h.-205°C) 29,2 29,6
Light gas oil (205 - 350°C) 60,0 58,8
Heavy gas oil (>350°C) 1,9 1,8
Coke+Losses 15 1,4
Amount of products 100 100

Thus, for Al (2.5) CaNaMM + HLaY catalyst, optimal conditions were selected for producing light
gas oil by cracking VG with a yield of at least 60%: the cracking temperature is 500°C, the feed space
velocity is 0.5 hour?. Cetan number of gas oil is 63, sulfur content 1.91 wt.%. The crush strength of this
catalyst granule is 166.3 N / sm?. The strength of NaMM based catalyst granules is higher and amounts to
216-230 N / sm? [24].

To determine the thermal stability of Al (2.5) CaNaMM + HLaY catalyst, it was subjected to
thermovapor treatment at the temperature 750°C during 6 hours with 100% vapor.. Table 4 presents
comparative data on the effect of thermovapor treatment of the synthesized catalyst on the activity in the
cracking of the VG at the temperature 500°C.

Table 5 - Material balance of VG cracking on Al (2.5) CaNaHMM + HLaY at 500°C before
and after thermovapor treatment (tv/t) at the feed space velocity 0.5 hour -

The yield of products, wt.% Before (tv/t) After(tv/t)
Gas 7,4 7,3
Gasoline (b.h.-205°C) 29,2 27,7
Light gas oil (205 - 350°C) 60,0 60,9
Heavy gas oil (>350°C) 1,9 2,5
Coke+Losses 14 1,6
Amount of products 100 100

As follows from the data of table 5, the yield of light gas oil after termovapor treatment increases to
60.9%, the yield of gasoline, on the contrary, decreases by 1.5%, and the yield of heavy gas oil increases
by 0.6% compared to the results before tv/t. Comparison with the results obtained earlier on the catalyst
using NaMM [23,24] showed that before tv/t the catalyst based on CaNaMM shows higher activity and
the yield of light gas oil and gasoline-60.0 and 29.2% (see table .4) probably due to higher specific surface
area and acidity (see Tables 2 and 3). The yield of light gas oil and gasoline on Al(2.5)NaMM + HLaY at
500° C is 55.0 and 17%, respectively (Table 6). However, after tv/t, the yield of light gas oil increases to
72%, and the yield of gasoline decreases to 7.9 %. According to the results on Al (2.5) CaNaMM + HLaY,
the yield of light gas oil after tv /t increases only by 1-2%, while the yield of gasoline remains at a fairly
high level (27.7%).
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Table 6 - Cracking VG PPCP on Al (2.5) NaMM + HLaY before and after tv/t (reactor 50 ml) [23,24]

Yield,% wt.
Cracking products before vapor treatment after vapor treatment
500°C 550°C 500°C 550°C
Gas 2.0 19.3 3.0 5.0
Gasoline 17.0 20.5 7.9 255
Coke 7.8 2.3 9.8 10.0
Light gas oil (205 - 350°C) 55.0 453 72.0 52.1
Heavy gas oil (>350°C) 15.0 10.0 55 5.4
Losses 2.2 2.2 2.0 2.0
Conversion 82.8 87.4 92.7 92.6
Amount of products 72.0 75.8 79.9 77.6

Thus, the obtained results showed that the developed highly active and stable catalyst for the cracking
of vacuum gas oil with obtaining 60.0% of light gas oil retains its activity when using MM with various
exchange cations and exhibits high thermal stability during cracking VG with sulfur content up to 1.5
mass .%. The catalyst can be recommended for practical use.

Conclusion

A comparison of the phase, elemental composition of CaNa-montmorillonite with the properties of
montmorillonite in the Na form was made and it was found that the initial CaNaMM and NaMM, as well
as the catalysts based on them, are close to each other in elemental and phase compositions. The textural
properties of montmorillonites are determined and it is shown that the specific surface area, pore volume
and number of micropores of the initial CaNaMM is slightly higher than that of NaMM. The specific
surface during aluminum pillaring grows 2.2 times, while in the case of NaMM, the growth is 1.5 times.

Using the method of TPD NH3, it was shown that the catalyst based on CaNaMM exceeds the
catalyst based on NaMM in total acidity, the number of medium and strong acid sites (Table 3). It was
shown that a zeolite-containing catalyst with a matrix of Al- pillared MM in the CaNa-form exhibits high
activity in the cracking of VG with obtaining 60% light gas oil. The high thermal stability of the cracking
catalyst on the base CaNaMM and its high mechanical strength have been established.
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OO0X: 541. 183.03;665.64.097.3
A.K.AxypnexoBa, H.A.3akapuna, ©.Jaueaxanyuasl, 1.A. ’Kymaaynnaes
J1.B. CoxonbCcKkuii aTbIHAAFb] )KaHapMaii, KaTaln3 )KoHe MEKTPOXUMHUS HHCTUTYTHI AK, Anmartsl K., Ka3akcTan

BEJCEHIIPLIMEA AJIIOMUHAMMEH MUJIJIAPHPJIEHIEH MOHTMOPUJIJIOHUTTEIT HLaY — LIEOJIATTI
KATAJIM3ATOPBIHJIAFbI BAKYYM/IBIK I'A30MJIbIIH KATAJIUTUKAJIBIK KPEKUHI'T

Annotamusi. CaNa-MOHTMOPHWUTOHUTTIH (ha3aiblK, 3JeMEHTTIK KypaMbl Na- (popMaibl MOHTMOPHIDIOHHT KaCHETTEpIMEH
CANBICTHIPBULAEI koHe Oactankel CaNaMM sxoHe NaMM, coHBIMEH KaTap cojiap HETi3iHIeri Karanu3aTopiap 3JIEMEHTTIK JKoHe
¢a3anplk Kypambl OOifbIHIIA ©3apa yKcac OONaThIHBI AaHBIKTAAAbl. MOHTMOPWIUIOHHUTTEPAIH  TEKCTYpalblK KacHeTTepi
anpIKTanbi, Oactankel CaNaMM MeHIikTi 0eTi, KeyekTep Kejemi, MUKpokeyekTep caHbl NaMM kaparanna OipHelre apThIK
eKeHi kepceTiai. MeHmrikTi 6eTi amoMUHAIIMEH nuiuiapupieresae 2,2 ece eceni, am NaMM Oyuiaii sxkarmaiiaa 1,5 ece apTaisl.

NHs TIT[] amicimer CaNaMM Heri3iHAeri KaTaiu3aTop »ajlbl KBIIIKBUIABIK, OPTa JKOHE KYIITI KBIIIKBUIABI OPTAIBIKTAD
canbl OoitpiHIIa NaMM Heri3iHaeri kataau3aTopJaH ackll TyceTiHi kepceringi (3-kecre). Al mumnapupienren CaNa-popmaibik
MOHTMOPHJUIOHUT MaTPHUIIATBI IEOUTKYpaMabl Katanuzatop BT kpekuHriHge 60% >KEHIT Ta30iiab Ty3il KOFaphbl OeJICeHIITIK
taHbITagsel. CaNa-¢popmaasl MM Heri3iHIeri KPeKHHT KaTaaH3aTOPBIHBIH )KOFaphl TEPMHSUIBIK TYPAKTHUIBIFEI MEH OHBIH JKOFaphI
MEXaHHUKAJIBIK OCpPIKTITi aHBIKTAIIBL.

TyiiiH ce3aep: KaTaTUTUKAIBIK KPEKUHT, ICOJUT, MUUIAPUPICHICH MOHTMOPWIIOHHT, JKEHIT Ta30iilb, kaHapMail, ras,
BaKYyM/IbIK Ta30MJIb
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YK 541. 183.03;665.64.097.3
A.K.AkypnekoBa, H.A.3akapuna, O.Janenxany.sl, JI.A. XKymanyLiaes

AO HHucTuTyT TOmIMBa, Katanusa 1 aekrpoxumuu uM.Jl. B.Cokonbckoro,
r. Anmvartsl, Kazaxcran

KATAJIMTUYECKHA KPEKAHI BAKYYMHOI'O I'A30OMIS1 HA HLaY — IIEOJIMTHOM KATAJIM3ATOPE HA
HEAKTUBUPOBAHHOM IMUJIJIAPUPOBAHHOM AJIIOMUWHHUEM MOHTMOPUJIJIOHUTE

Annoramms. [IpoBeneHo comocrasieHue (pa3oBoro, 3aeMeHTHOro cocraBa CaNa-MOHTMOPHWIDIOHHTa €O CBOMCTBaMH
MoHTMOpwLIoHNTa B Na- ¢popme u HalineHo, uto ucxomnusle CaNaMM n NaMM, a taxoke katanm3aTtopsl Ha HX OCHOBE OJM3KH
Mexly co00if 1o ayeMeHTHOMY | (ha3oBoMy coctaBaM. OmpeeneHbl TeKCTYpHbIE CBOHCTBA MOHTMOPHIZIOHHTOB M ITOKA3aHO,4TO
YTO yZAenbHas IOBEPXHOCTH, 00BEM IOP M KOJIMYECTBO MHKpomnop y mcxomHoro CaNaMM Heckoibko Beime, deM y NaMM.
Y aenbHas MOBEPXHOCTH MPU NUUIAPUPOBAHUH ATIOMUHHEM PacTeT B 2,2 pasa, B T BpeMs Kak B ciaydae NaMM poct cocTaBisier
1,5 paza.

Merogom TIIJ NHs nmoka3aHo, 9TO MO CyMMapHOHW KHUCIOTHOCTH, KOJHYECTBY CPEIHHX W CHIBHBIX KHCIOTHBIX LEHTPOB
Katanu3arop Ha ocHoBe CaNaMM mpeBocxomut kataiamzarop Ha ocHoBe NaMM (1a61.3). [Toka3aHo, 4TO [EONUTCOACPIKALIHHA
KaTamM3atop ¢ marpuieil u3 nuuiapupoBansoro Al Mort™mopmuionuta B CaNa-dopMe MposBIsieT BBICOKYHO aKTHBHOCTH B
kpekutre BI' ¢ momydennem 60% serkoro ra3oiis. YcTaHOBIIEHA BBICOKAsl TEPMHYECKasi CTaOMIBHOCTD KaTallM3aTopa KPEeKHHTa
Ha ocHoBe MM B CaNa-dopme 1 ero BICOKas MEXaHUIECKasi MPOYHOCTb.

KnioueBbie ci10Ba: KaTaMTHUECKUI KPEKUHT, IIEOJHT, MALIAPUPOBAHHEIH MOHTMOPHJUIOHHT, JIETKUH Ta30ib, OCH3HH,
ra3, BaKyyMHbII ra30ilib.
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