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& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
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uHdekcmery bapbicbiHOa Clarivate Analytics komnaHusickl XypHanobl o0aH api the Science Citation
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MeH MeKkemeriepee KoHmeHm mepeHOdiai MeH canacklH ycbiHaobl. KP YFA Xabapnapbl. Xumus
XXoHe mexHonoaus cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabIK yWiH
€H 63eKmi xoHe 6ederdi XumMusisibIK fbiribiMOap 6olbiHWa KOHMeHmMkKe adanobifbiMbi30bi 6irndipedi.
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CRACKING OF VACUUM GAS OIL ON HLAY-CONTAINING CATALYSTS WITH
A MULTICOMPONENT MATRIX BASED ON MONTMORILLONITE

Abstract: it is shown that additions of montmorillonite in the Na form contribute to a significant
increase in the crushing strength of granules of cracking catalysts while maintaining their activity in the yield
of gasoline. Comparison of the results of the cracking of vacuum gas oil on catalysts of the same composition,
but with and without a NaMM binder, showed that the introduction of NaMM does not significantly affect the
gasoline yield. Samples of catalysts of the same composition, but with the use of Al-pillared MM in Na- and
CaNa-exchangeable forms and with the addition of NaMM as a binder, showed similar activity in the yield of
gasoline, which is explained by the similarity of the elemental compositions, textural and acidic properties of
the studied catalysts. The maximum yield of gasoline, equal to 44.8% and light gas oil of 14.6%, was obtained
for Al (2.5) CaNaHMM + NaMM with the addition of a binder and crushing strength of 60-70 N / cm?.

Key words: catalytic cracking, montmorillonite, binder, strength, gasoline, zeolite, acidity, vacuum

gas oil.

Introduction. The matrixes of modern
zeolite-containing  cracking  catalysts  are
multicomponent systems that should provide a
number of requirements for the catalysts during
their operation: high activity, optimal porous
structure and specific surface area, thermal stability,
abrasion resistance [1,2]. One of the promising
directions for optimizing the composition of
cracking catalysts is the wuse of layered
aluminosilicates and their modified forms as a
component of the matrix of cracking catalysts [3-5].
In cracking catalysts developed in Russia, Tagan
montmorillonite (natural bentonite) is used as a
matrix component, which has binding properties,
increasing strength and increasing the bulk density
of the catalyst [6,7]. The high heat capacity of
montmorillonite (MM) promotes heat removal from
the zeolite component at the regeneration stage,
which leads to increased thermal stability of the
catalyst [8]. New highly efficient zeolite-containing
VG cracking catalysts with the production of
gasoline were developed using columnar aluminum
montmorillonites, which are characterized by an
increase in the number of mesopores and an increase
in thermal stability [9, 10]. However, the strength of
such catalysts does not always meet the
requirements of their operation in apparatuses with
a moving and fluidized bed in the processes of

cracking of crude oil. Obviously, the strength
characteristics of the catalysts are determined by
their composition and texture properties - porosity,
specific surface area, size of primary particles.
However, in the literature there are very few works
devoted to the study of the relationship of strength
with the physicochemical properties of catalytic
systems [11,12].

The purpose of the work is to develop new
effective additives to increase the mechanical
strength of cracking catalysts based on natural clays
and zeolites for processing vacuum gas oils in the
fuel direction and to identify the relationship of
strength with the characteristics of the developed
cracking catalysts.

Materials and methods. To prepare
cracking catalysts, montmorillonite in CaNa form
was used from the Zapadnyi quarry, 12 horizons,
containing the following alkaline cations: Na*> 35
mg / equiv, Ca **>28 mg / equiv, Mg ** =24 mg /
equiv, K + ~ 4,0 mg/equiv. As a raw material for
cracking, VG from LLP Pavlodar Oil Chemistry
Refinery, trade mark B, tipe 2 was used with a
density of 907.7 kg / m*, with a boiling end of
510°C, kinematic viscosity at 50°C equal to 27.05
mm? / s, sulfur content of 1.5 mass%, pour point
30°C and coking ability of 0.14 wt.%.
Montmorillonite activated with a H>SO4 solution

and pillared Al, as well as the
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synthesis of zeolite Y modified with lanthanum,
were carried out by known methods [13, 14].

The elemental composition of the catalysts
was determined by X-ray fluorescence spectroscopy
(INCA - Energy 450 at SEM JSM6610LV, JOEL,
Japan). The textural characteristics of the catalysts
were determined from isotherms of low-
temperature adsorption and desorption of nitrogen
on an Accusorb instrument (BET method). The
crush strength of the catalyst granules was
determined by the compression  method
(“Prochnomer of catalysts” PK-21-015). The
acidity of the catalysts was determined by the
thermal desorption of ammonia [15].

The catalytic activity of the samples was
determined on a laboratory flow-through
installation, corresponding to the standard, with a
fixed catalyst layer with a volume of 40 ml in the
temperature range 480-550°C. When the catalyzate
was distilled, a fraction of gasoline Ty b, - 205°C and
light gas oil fraction 205-350°C were taken.
Cracking products were analyzed by GLC with a
flame ionization detector and a capillary column
100 m long; temperature 250°C; carrier gas - helium
(Chromos GC-1000).

Results and discussion. It was shown
earlier that the use of montmorillonite in the Na-
form as a matrix and a binder of zeolite-containing

catalysts leads to an increase in their crushing
strength [16, 17]. Montmorillonite has binding
properties due to its ability to swell in water, and
depending on hydration conditions, it becomes
possible to control the particle size distribution and
the porous structure of the material, which plays a
decisive role in the formation of the strength
properties of catalysts [18,19], and a composition of
montmorillonite,  hydroxide aluminum and
amorphous aluminosilicate forms a wide-porous
matrix with high strength and ductility. [1]. In this
regard, in order to increase the strength of cracking
catalysts, various amounts of the initial MM in the
Na form were introduced into the zeolite-containing
catalysts based on pillared MM as an additive
(Table 1). From table 1 it is seen that the strength of
Al(2,5) NaHMM + HLaY + NaMM catalysts
increases significantly with the introduction of
NaMM. The optimal amount of NaMM additive is
10 mass%. With an increase in the calcination
temperature of this catalyst, an increase in strength
is observed, which reaches a maximum value (223.4
N/ sm?) at 600°C. A further increase in the amount
of introduced NaMM to 15 and 20 wt.% reduces the
strength of the catalysts at all studied calcination
temperatures.

Table 1 - Strength characteristics of Al(2,5) NaHMM + HLaY catalysts with the addition of
NaMM depending on the calcination temperature

Ne | Sample Calcination temperature, °C | Strength, N/sm?
1 Al(2.5)NaHMM+HLaY+10% NaMM | 500 1745
550 188,1
600 2234
650 219,1
2 | Al(2.5)NaHMM+HLaY+15% NaMM | 500 51,3
550 66,6
600 106,3
650 61,5
3 | Al(2.5)NaHMM+HLaY+20% NaMM | 500 46,5
550 67,8
600 71,7
650 83,5
600 70,3
650 77,4

From fig. 1, where the effect of NaMM additives on the strength of Al (2.5) NaHMM + HLaY is clearly
shown, it is seen that the introduction of 10% NaMM increases the strength of the catalyst by 1.9-2.3 times
at Tealc = 550-650°C compared to the strength of the catalyst without NaMM.
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Figure 1 - Effect of calcination temperature on the strength of Al (2.5) NaHMM + HLaY catalysts
with the addition of 10% NaMM

For the cracking tests, catalysts calcined at the
optimum temperature and sufficiently strong were
taken. So, Al (2.5) NaHMM + HLaY + 10% NaMM
catalyst was calcined at 600°C, while the strength of
the catalyst increased to 223.4 N/sm? and VG was
cracked at temperatures of 500 and 550°C with
determination ~ of  material  balance  and
chromatographic analysis of the resulting gasoline
fractions. From the tablel and Figure 2 shows that a

large amount (42.5%) of gaseous hydrocarbons is
formed on this catalyst at 500°C, which decreases
with an increase in cracking temperature to 550°C.
The gasoline yield at 500°C is 42.0%, light gas oil
5.5%. With an increase in cracking temperature, the
yield of gasoline decreases to 39.5%, and light gas
oil increases to 15.8%. Under these conditions, a
decrease in the yield of gaseous hydrocarbons to
28.8% is observed.

Table 2 - Material balance of VG cracking on Al (2,5) NaHMM + HLaY + 10% NaMM catalyst
at various cracking temperatures

VG raw materials The yield of products, wt.%
Cracking temperature 500°C 550°C
Gas 42,5 28,8
Gasoline (b.b.-205°C) 42,0 39,5
Light gas oil (205-350°C) 55 15,8
Heavy gas oil (> 350°C) 5,8 8,6
Coke 2,9 4,5
Losses 1,3 2,8
Product Amount 100 100

Comparison of the results of VG cracking on
catalysts of the same composition, but with and
without NaMM binder, showed that the introduction
of NaMM does not significantly affect the gasoline
yield. A slight increase in the yield of gasoline by
1.5% to 43.5% on Al(2,5)NaHMM + HLaY, which
we found earlier [5], may be due to differences in
the composition of the cracked VG. In the

|

composition of cracked gasoline obtained on Al
(2,5) NaHMM + HLaY + 10% NaMM, the amount
of aromatic hydrocarbons increases with an increase
in the temperature of calcination of the catalyst
(Table 3). At Teac = 550°C, the introduction of 10%
NaMM leads to an increase in the content of isomers
in gasoline and reducing the amount of olefins.
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Table 3 - The group composition of gasoline cracking VG on Al (2,5)NaHMM + HLaY + NaMM
at different temperatures of calcination of the catalyst.

Calcination Hydrocarbon composition

temperature, 0C
Paraffin Isoparaffins,% Olefins,% Aromatics,% | Octane
naphthenic mass mass. mass. number(o.n.,
HC,% mass motor method)

500 14,0 20,39 38,07 11,25 59,0

550 14,41 30,36 24,38 14,75 57,5

600 10,28 21,67 45,59 13,65 64,0

The influence of the exchange form of MM on the
activity of the cracking catalyst while maintaining
its composition and method of preparation was
studied using MM as a CaNa form (a new batch of
MM from horizon 12). From table 4 it is seen that
the gasoline yield on this catalyst ranges from 44.8-

43.6% at cracking temperatures of 480 and 500°C,
which almost completely coincides with the
gasoline yields on catalysts of the same
composition, but based on NaHMM when cracking
two different lots of VG, varying in composition
(table 2).

Table 4 - Material balance of VG cracking on Al (2,5) CaNaHMM + HLaY + NaMM
catalyst at various temperatures

VG raw materials The yield of products, mass.%

Cracking temperature 480°C 500°C
Gas 28,3 28,9
Gasoline (s.h.-205°C) 448 43,6
Light gas oil (205-350°C) 14,6 13,5
Heavy gas oil (> 350°C) 7.3 8,4
Coke 2,9 3,3
Losses 2,1 2,3
Product Amount 100 100

Based on the results obtained, it can be concluded
that two samples of catalysts of the same
composition, but using Al-pillared MM in two
different exchange forms, showed similar activity in
gasoline yield. In connection with the foregoing, it
was of interest to compare the elemental
composition, textural and acid properties of the
studied catalysts using activated and pillared
Tagansky MM in various exchange forms in the

composition of the finished catalyst. From the data
in Table 5, it can be seen that, thanks to the stages
of activation and pillaration, Na is completely
removed from the initial MM regardless of the
exchange form. With the introduction of HLaY, the
elemental composition of two MM-based catalysts
in different exchange forms is practically the same
(Table 5).

Table 5 - Elemental composition of zeolite-containing (HLaY) composite catalysts based
on Al -pollarized NaHMM and) CaNaHMM (wt.%)

Sample C ] Na Mg Al Si Ca Fe La
Al(2.5) NaHMM 11,23 54,63 - 1,19 11,87 20,83 - 025 |-
Al(2.5) NaHMM+HLaY 10,51 53,66 0,48 | 0,79 10,80 21,53 - 0,21 | 2.03
Al(2.5) NaHMM+HLaY 10,41 52,40 0,37 | 091 11,28 22,69 - 0,20 | 175
Al(2.5) CaNaHMM 11,02 51,68 - 1,32 11,52 23,59 0,31 |056 |-
Al(2.5) CaNaHMM+ | 11,49 51,20 0,24 | 0,84 13,42 20,56 0,22 |030 |1,73
HLaY

Al(2.5) CaNaHMM+ | 11,10 50,59 0,34 | 0,86 15,29 19,68 025 |021 |1,68
HLaY+10% NaMM
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A comparison of the textural properties of NaMM
and CaNaMM catalysts shows that the pillaration
and introduction of zeolite provide an increase in
specific surface area and total pore volume (Table
6). It has been observed that Al (2.5) CaNaHMM +
HLaY has a higher specific surface and pore volume
than Al (2.5) NaHMM + HlaY-catalyst. In the
NaHMM-based catalyst, the amount of mesopores
is approximately 2 times more than of micropores.

A similar pattern is observed in the case of a catalyst
based on CaNaHMM. Due to the large amount of
pillared MM and the addition of NaMM to the
composition of the proposed catalysts, the amount
of mesopores in them is almost 2 times higher than
micropores, which facilitates the activation and
cracking of large hydrocarbon molecules compared
to microporous zeolites [18-20].

Table 6 - Comparative texture and adsorption characteristics of the catalysts

Ssp.s Total pore | R, A The relative amount,%

Sample m2/g volume, sm? /
g Micropores Mesopores
0-20 A 20-80 A

Al(2,5NaHMM 316,9 0,193 10,0-72,0 35,5 64,5
Al(2,5)NaHMM+HLaY 231,7 0,144 11,0-73,0 35,1 64,9
Al(2,5)NaHMM 190,6 0,132 11,0-70,0 31,0 69,0
(after experience)
Al(2,5)CaNaHMM 198,9 0,2072 11,2-72,5 36,8 63,2
Al(2,5)CaNaHMM+HLaY 2471 0,2014 12,0-71,5 42,4 57,6
Al(2,5)CaNaHMM+HLaY+1 | 249,7 0,2102 11,0-70,5 39,9 60,1
0% NaMM

A comparison of the acidic properties of
optimal catalysts based on montmorillonites of
various horizons is given in Table 7, from which it
can be seen that the total content of acid centers
(a.c.), and also in particular the relative and absolute

amount of strong a.c. of the NaHMM-based catalyst
is 1.7 times superior to the catalyst supported on
activated MM in CaNa form.

Table 7 - Acidic properties of optimal cracking catalysts

Sample Content Acid centers
a.c. Weak Medium Strong Total acidity
<200°C 200-300°C >300°C
Al(2,5)CaNaHMM+HLaY % 43,52 36,48 20 100
Mkmol 161,64 135,50 74,28 371,43
NH3/F
Al(2,5)NaHMM+HLaY % 36,3 30,1 33,6 100
Mkmol 139,6 1154 129,2 384,5
NH3/F

Conclusion. From the results obtained, it is
seen that the introduction of NaMM as a binder into
the zeolite-containing cracking catalyst
significantly increases the crush strength of the
granules while maintaining the activity of the
catalyst in terms of the yield of gasoline during VG
cracking. It was shown that zeolite-containing
catalysts based on MM pillared with aluminum in
the Na and CaNa forms are characterized by a close
elemental composition, texture and acid properties,
which leads to their close activity in VG cracking
with the formation of gasoline. The maximum yield

of gasoline equal to 44.8% and light gas oil 14.6%
was obtained on Al (2,5) CaNaHMM + NaMM with
the addition of a binder and crushing strengthmore
than 60-70 N/ sm?.
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MOHTMOPUJUVIOHUT HEI'IBIHAE MYJIbTUKOMIIOHEHTTI MATPULIACBI BAP HLaY-
KYPAMJIbI KATAJIU3ATOPJAPIAFBI BAKYYM/IbI TA3OMJIAIH KPEKUHIICI

AnHotamusa: Na QopmackiHIaFBI MOHTMOPWIDIOHHT KOCIA pETiHAE KpPEeKHHT KaTallu3aTop
TYHIPIIIKTEPiHIH CBHIHY OEpIKTIriH endyip apTThIpyFa BIKMAN €TEeTiHi, COHBIMEH Karap OJapAblH OeH3HWH
IIBIFBIMIBUTBIFBIHIAFBI OCJICEHIUTITIH apTTHIPATHIHBIFEI KopceTiireH. MM-HIH anMacThIPBIIATHIH TYPiHIH
KPEKHUHT KaTaIn3aTOPBIHBIH OCIICEHIUTITIHEe OHBIH KYPaMbIH JKOHE TalbIHAAY 9MIiCiH CaKTal OTHIPHIN acep eTyi
CaNa typinge MM-HbI MBIcaFa ana oTeIpbin 3eprrenai (12 ropusontran MM jxaHa maptusacel). NaMM
KOCIIaCBIHBIH OHTainbl Memmepi 10 macca % kypaiinsl. Al(2,5)NaHMM+HLaY+NaMM-katanu3zaTopbiHaa
6en3un mbIFbHb 480 xone 500°C kpekuHT Temnepatypachinia 44,8-43,6% apaibiFsinaa 6omazsl, 6y 6ipaeit
KYpaMIaFbl KaTaJIn3aTopiIapaarsl OCH3MH IIBIFEIMBIMEH TOJBIFBIMEH colikec kenei, Oipak NaHMM Herizinme
KPEKHHTKE KYpaMBbl )KaFblHaH op TYpii eki Typiti BI' mapTuscel KongaHbIIFaH.

Ocbl KaTanu3aTopAbIH KbI3IBIPY TEMIEPaTypachiHbIH KOFapbUIaybIMEeH OCpIKTLIITIHIH KOFapbUIaybl
Gaiikanaapl, on MakcuManasl MoHre (223,4 H/em?) 600°C skereni. BI' kKpeKkuHTiHIH HoTHKeIepiH Gipaeit
KypaMmJIarbl KaTajau3aTopiapisl caiublcThipranga NaMM  GaiimaHbICTRIPFRINCHS3 koHe NaMM  eHrizy
KaTaJIn3aToOpJIapAbIH OEpIKTIriH apTTHIPATHIHABIFBIH JKOHE OCH3WHHIH IIBIFBIMIBIIBIFBIHA alTapIIBIKTal acep
etneiTiHiH kKopceTTi. NaMM kockanaa Al (2.5) NaHMM + HLaY -karamuzaropabiy 6epiktiiri NaMM ok
KaTalTu3aTOpMeH canbicThipranaa Trpok. = 550-650°C kymin 1,9-2,3 ece apTThIpapL.

Na sxone CaNa anmacy ¢popmanapsiHaa )koHe OainanbIcTHIpFbI peTinae NaMM kocnanapst 6ap Al-
mwuiandpieareH MM KonjgaHa OTBIPBIT  CONT  KYpaMJarbl —KaTanu3aTtopiap ChIHAIAL  YJIrliepnae
KaTHOHIAPIBIH KypaMblHa KapaMacTaH, OCH3MHHIH IIBIFBIMIBUIBIFRIHAA YKCcac OelIceHauUTiK kepeeTimmi. Exi
anmmacy ¢opmaceiaaa Na sxkone CaNa MOHTMOPHJUIOHUTTEPre HETI3AereH LEOJNUTTI KaTajlu3aTopiaplIblH
AJIEMEHTTIK KYpambl, TEKCTypaJIbIK J9HE KBIIIKBUIIBIK Kacuerrepi, BI' kpekuHriciHae OEH3UMH aibIHY
OeNCeHNITITiHIH KaKbIHIBIKTAPhl KOPCETINTEH.

MM anmacy ¢opmacbkiHa KapamacTaH JalblH KaTalau3aTopjaH aKTHBTEY J>KoHE MHILIANHPIIEY
caThulapblHA OailylaHBICTBI Na TOJNBIFBIMEH JKOUBLIATHIHABIFEI aHbIKTaael. Al (2.5) NaHMM + HLaY
Karanu3aTopbiHa Kaparania Al(2,5)CaNaHMM + HLaY -HiH MeHIikTi O€TiHIH ayJaHbl MEH KE€YEKTiH KeJeMi
JKOFapbl €KeH/IIT1 aTal eTiIreH.

Tyiiin ce3aep: KaTaTUTUKAIBIK KPEKUHT, MOHTMOPHUIOHUT, OalijIaHbICTBIPFBILI, OCPIKTUIIK, KaHap
Maii, IEONUT, KBIIIKBUIABIK, BayyM/Ibl Ta30MIIb.
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KPEKHHI' BAKYYMHOI'O FA§OI71JI$[ HA HLaY-COAEPXKALIUX KATAJIM3ATOPAX
C MHOI'OKOMITOHEHTHOHN MATPUIIEU HA OCHOBE MOHTMOPHUJIVIOHUTA

AHHOTAaUUsA: T[O0Ka3aHO, 4YTO J00aBKM MOHTMOpWUIOHHTa B Na-popme crmocoOCTBYIOT
3HAYUTEIILHOMY YBEJIMYEHUIO MPOYHOCTH TpaHyJl KaTaJu3aTOpOB KPEKHMHIa Ha pa3faBiIMBaHUE IpU
COXpaHEHUH WX aKTUBHOCTH B OTHOIIIEHWH BbIX0/a OeH3nHa. Brimsiaue oOMenHo# popmbel MM Ha akTHBHOCTH
KaTaJn3aTopa KPEeKUHTa MPH COXPaHEHUH €ro cOCTaBa M criocoda MPUTrOTOBICHHS U3y4eHO Ha nmpuMepe MM
B ¢opme CaNa (HoBas maptuss MM u3 ropuzonTa 12). OnTrManbHOe KOJIHMUYECTBO aobaBisiemMoro NaMM
cocraBmster 10 mac.%. Ha Al (2,5) NaHMM+HLaY+NaMM - karamuzatope BBIXOJ O€H3WHA Ha 3TOM
KaTanamzatope KoieOnercss B npenenax 44,8-43,6% mnpu Temmeparypax kpekmnra 480 u 500°C, uto
MPaKTUYECKU MOJTHOCTBIO COBMAJaeT ¢ BbIXoJaMH OCH3MHA Ha KaTalM3aTOpax TaKoro e cocraBa, HO Ha
ocHoBe NaHMM mpu kpekuHre IByX pazanuHbix naptuit BI', pasnuuaroniuxcs nmo cocraBy.

C moBBIIIEHHEM TeMIIepaTypbl NPOKAJIKH 3TOr0 KaTanu3aropa HaOJIIomaeTrcs pocT MPOYHOCTH,
KOTOpas JOCTUTraeT MaKCUManbHOTo 3Hauenus (223,4 H/cm?) pu 600°C. CpaBHeHHe pe3yabTaToB KPEeKHHIa
BaKyyMHOT'O Ta30iJil Ha KaTalnu3aTropax OJUHAKOBOI'O COCTaBa, HO co cBssyromuM NaMM u 0e3 Hero
rokasai, uTo BBefeHHe NaMM He OKa3bIBacT CYIIECTBEHHOTO BJIMSHHS Ha BbIXOJ OcH3WHA. JloOaBieHUE
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NaMM yBenuunBaeT npouHocTh Katanmuzaropa Al (2,5) NaHMM + HLaY B 1,9-2,3 pa3za npu Trpok. = 550-
650°C 1o cpaBHEHHIO C MPOYHOCTHIO KaTanu3aTopa 6e3 NaMM.

O0pa31pl KaTalIu3aTOpPOB OJJMHAKOBOTO COCTaBa, HO C UCTONb30BaHHEeM Al-muuiapupoBanHoro MM
B Na- u CaNa - oOMeHHBIX opMax u ¢ JoO6aBkaMu NaMM B KadecTBe CBS3YIOLIETO MPOSBUIN OIU3KYIO
aKTUBHOCTh IO BBIXOAY OCH3HMHA, YTO OOBSICHAETCS ONM30CTHIO 3JIEMEHTHBIX COCTaBOB, TEKCTYPHBIX U
KHCJIOTHBIX CBOMCTB HM3YYEHHBIX KaTalIH3aTOPOB.

ConocraBieHHe TEKCTYPHBIX CBOMCTB KaTanu3atopoB Ha ocHoBe NaMM n CaNaMM noka3biBaer,
YTO MWIJIAPUPOBAHUE U BBEICHHE LICOJIUTA 00ECICUNBAIOT POCT yIAEIbHON MOBEPXHOCTH U 00LIero oobema
op. 3amedero, uro Al (2,5)CaNaHMM+ HLaY ummeer Ooiiee BRICOKYIO YACTHHYIO TTOBEPXHOCTh M 00BEM
mop, ueM Al(2,5)NaHMM+HLaY - karanuzarop.

KaroueBblie cji0Ba: KaTaTUTUYECKUN KPEKHHT, MOHTMOPWIJIOHHT, CBA3YIOIIEE, TPOYHOCTb, OCH3HH,
1I€0JIUT, KUCIIOTHOCTD, BAKYYMHBIM ra30iiib.
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