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Abstract. Mixture of two catalysts in one reactor for
ethylene/a-olefin copolymerization in the solution process
can result in the combination of microstructures related to
both catalysts in the polymer framework. Thus, novel
polymer configuration is synthesized, which is
characterized by containing sequences of monomers
produced with each catalyst in the same polymer chain.
Adding a reversible transfer agent (CSA) to the binary
system enables the production of new block copolymers
with enhanced properties. Late transition metal catalysts,
such as a-diimine nickel catalyst when activated with
methylaluminoxane (MAO) show high activity towards
olefin polymerization and produces highly branched
homopolymers. On the other hand, C, symmetry
metallocene catalysts produce linear polyethylenes. This
paper describes the synthesis of ethylene homopolymer
with amorphous and crystalline blocks using a binary
mixture containing a nickel catalyst with a-diimine ligand,
which produces ¢ highly branched polyethylene (soft PE)
and a metallocene (rac-ethylene bis(Hs-indenyl)ZrCl,)
that converts ethylene into polyethylene with high
activities and melting temperatures (hard PE). The
influence of polymerization temperature and CSA
concentration were investigated. The polymeric materials
were characterized by density, thermal properties, X-ray
diffractometry and dynamic-mechanical properties.

Keywords: ethylene polymerization, single-site catalyst,
catalysts mixture, chain shuttling.

1. Introduction

Polyolefins are in general commodity type
polymers with a wide range of applications [1-4]. It
occupies a prominent position in the world market
compared to other polymers due to its specific

characteristics as. non-toxicity, chemical inertness, good
physical and mechanical properties, low production cost
and easy availability of raw materias [5, 6]. It can be
found commercially with an incredible variety of
properties and applications ranging from ultra-hard
(harder and less dense than stedl), to high-performance
materials such as thermoplastic elastomers [ 7].

The term elastomer is applied to macromolecular
materials that have low modulus and a wide range of
elasticity at room temperature [8]. The mechanica
properties of elastomers are improved by crosslinking,
leading to covalent bonds between the polymer chains.
The main commercial elastomers such as vulcanized
rubber materials are thermosets, which lead to processing
and recycling problems [9]. However, block copolymers,
which have rigid and dastomeric domains, also provide
elastomeric properties. An example of such polymer is
poly(styrene-b-butadiene-b-styrene), SBS. In this material
the hard domains (polystyrene) act as physical cross links,
while the segments of butadiene sequences form the
elastomer phase, providing high chain mobility [7]. The
crosdinking via vulcanization process is irreversible.
However, in materials such as SBS, the intermolecular
bonds that form the hard domains can be reversibly
broken by heat. Therefore, these copolymers can be
melted and solidified again, showing properties of
thermoplastic e€lastomer. The commercially important
elastomers have a block structure with ¢ high melting
temperature or high glass transition temperature, which
aretherigid blocks, combined with flexible segments. The
former blocks comprise the hard domains that serve as a
reinforcement and as cross-links, which are connected
with the flexible blocks.

Anocther example of this advance is the
development in the area of catalysts produced by Dow
Chem. with the first patent in 2006 [10-14]. This new
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technology allows the production of new multiblock
copolymers, using two catalysts with different capacities
for the incorporation of comonomers, and adding a chain
transfer agent that has the function to promote the
exchange between the growing chains linked to each
catalyst in a continuous reactor [15, 16].
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The transfer agent (chain shuttling agent, CSA)
refersto a compound or mixture of compounds that allows
the transfer of chain fragments from different catalysts
during polymerization (Scheme 1). The most suitable
compound is diethyl zinc, which has been used as CSA
[17-20].

P Et
KeX P KeX
Ly M/ + ZnE), — — |La M< Et>Zn—Et — ZnEYP + LnM/
= =

Kex <Kp chain transfer; Ke>>>K, chain growth [17-20]
Scheme 1

The synthesized multiblock copolymer consists of
blocks of crystalline ethylene/a-olefin (low commoner
content and high of T,,) alternating with amorphous blocks
(high comonomer content and low Ty) [21, 22].

The present paper describes the synthesis of
ethylene  homopolymer consisting of blocks with
amorphous and crystalline chain segments derived from a
binary catalyst mixture comprising a nickel catalyst with
a-diimine ligand able to converting ethylene in a highly
branched polyethylene (flexible PE) and a metallocene
catayst, the rac-ethylene bis(H4-indenyl) ZrCl,, which
produces polyethylene with a high linearity and melting
temperatures (hard PE). Besides the evaluation of the
influence of polymerization temperature (333, 353 and
373 K), the concentration of Et,Zn as a chain transfer
agent was also varied.

2. Experimental

2.1. Materials

All reagents were manipulated under inert
atmosphere of nitrogen using the Schlenk technique.
Ethylene and nitrogen were purified by sequential passage
through columns containing 4A molecular sieves and a
copper catalyst to remove oxygen, carbon dioxide, and
moisture. Toluene was refluxed over metallic sodium/
benzophenone and was distilled under nitrogen
atmosphere prior to use. Methylaluminoxane (MAO)
(10 wt % solution in toluene, obtained from Chemtura,
Germany), diethyl zinc was obtained from Akzo Nobel,
Brazil, and used asreceived. The commercial catalyst rac-
ethylene bis(H4-indenyl)ZrCl, obtained by Witco TA 028
was used without further purification.

The ligand N-(2,6 diisopropylphenyl) imino]
acenaphthene and the catalyst (iProPh)obis(imino)
acenafteno-NiBr, were prepared according to published
procedures in the literature [23]. All other chemicals were
commercia materials and were used asreceived.

2.2. Synthesis of Ligand and Complex

2.2.1. [N-(2,6-Diisopropylphenyl)imino]
acenaphthene

2,6-Diisopropylaniline (4.2 ml, 22 mmol) was
added to a solution of acenaphthenegquinone (2 g,
11 mmol) in 25 ml of ethanol. After the addition of afew
drops of glacial acetic acid, the solution was refluxed
during 4 h. It was then cooled to room temperature and the
solid filtered to give a yellow product that was washed
with cold ethanol and air dried. Yied 4.7 g (85.5 %). IR
(cm™): 1673 e 1653 (ve-n) e NMR {H} (6 ppm): 0.98 (d,
12H); 1,24 (d, 12H); 3.03 (m, 4H); 6.64 (d, 2H); 7.36 (dd,
2H): 7.88 (d, 2H). *C-NMR (6 ppm) (CDCl3'H gated
decoupled): 161.1 (C=N), 148.0 (Ar-Ci), 1412, 1355
(Ar-Cp), 131.6, 130.0, 129.2, 128.3, 124.6, 123.9, 1235
(Ar-Cp), 29.1(N=C-Me), 23.2 (CHMey), 23.1(CHMe,)

2.2.2. [N-(2,6-Diisopropylphenyl)imino]
acenaphthene-NiBr;

NiBry(DME) (0.3g, 096 mmol) and N-(2,6
diisopropylphenyl)imino]acenaphthene (0.5g, 1 mmoal)
were added in 15 ml of CH,Cl,, producing a red brown
solution and a yellow solid. The mixture was stirred at
room temperature for 16 h, producing a brown solution.
Then the solvent was evaporated yielding brown oil. After
addition of 15 ml of cyclohexane a brown precipitate was
obtained, filtrated and dried in vacuo. Yield: 0.6 g (83 %).
IV (Csl, cm): 1649, 1620 (c-n), 279,258 (ni-gr) Andl.
Calc. for C36H40N2C|2Ni: C, 68.6; H, 635 N, 4.45.
Found: C, 69.8; H, 7.8; N, 4.26

2.3. Polymerization

Ethylene polymerization was carried out in a
jacketed Biichi glass reactor of 1000 ml capacity,
equipped with mechanical girring and thermostatic bath
for temperature control. Reactions were carried out under
the following conditions: 100 ml of distilled toluene,
ethylene [C;H,4] = 0.135 M, catdyst (metal) concentration
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[Me] = 240 M; cocatalyst methylaluminoxane (MAO)
(Al/Me = 200), 1 h. Three temperatures (333, 353 and
373 K) and different concentrations of CSA (chain-
shuttling agent) ([Et.Zn]/[C,H,4]) were evaluated.

The catalyst activity (catalyst efficiency) was
calculated in tons of polymer produced per mol of
transition metal, mol of ethylene, hour (t/molMexmol E>h),
where: molMe = number of moles of a catalyst (Me = Zr
or Ni) in the reaction; molE = number of moles of
ethylene in the reaction. The reaction time was 30 min.
The concentration of ethylene dissolved in the reaction
medium was calculated using the state equation,
considering the values of critical temperature, critical
pressure and compressibility factor (w). The number of
moles of ethylene in 100 ml of toluene is 0.135 M at 200,
260 and 300 kPa for 333, 353 and 373 K, respectively
[24].

2.4. Characterization

Polymers were characterized by density
measurements using the pycnometer method; differential
scanning calorimetry (DSC) was used to determine the
thermal properties and degree of crystallinity; X-ray
diffraction analyses were performed to obtain the
materials crystallinity; dynamic mechanical andysis
(DMA) was also empl oyed to evaluate the storage (E') and
loss (E") moduli of the polymers produced, as well as the
damping factor (tan delta) and glass transition temperature
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and catalyst complex, 'H- and *C-NMR spectra were
measured in a Varian Inova-300 MHz, IR-spectra were
obtained in Nicolet equipment, model MagnaIR 760.
Elemental analysis was performed on Perkin-Elmer 2400
Series || CHN/O Analyzer.

3. Results and Discussion

3.1. Catalytic Activity

The results of ethylene polymerizations are listed
in Tables 1 and 2. Scheme 2 illustrates the molecular
structures of the catalysts involved.

Fig. 1 shows the relationship between temperature
and catalytic efficiency. It is observed that the activities of
Catl and Cat2 at 333 K were equal, while the efficiency
of the catalyst mixture was dightly lower. At the
temperature of 353 K, the efficiency of Catl was lower
compared to Cat2, which activity increased by a factor of
about 6 times, however there was a significant decrease in
the activity of the catalyst mixture. Moreover, at 373 K
the efficiency of the Catl was even lower compared with
other temperatures, while Cat2 maintained high activity
and the binary mixture remained practically unchanged
compared to the result to 353 K. It can be concluded that
Catl decreases its activity with increasing temperature,
while Cat2 is more thermally stable and has a higher

(Tg). For the characterization of the synthesized ligand ~ activity at elevated temperatures.

/ \ I

\ p G

o

b 4
Cat2
Scheme 2
Table1
Characteristics of polymerization and catalyst efficiency
Catalytic activity*
Entry _— [EtZNn]/[CoHy)
@ (b) (c) | PECTiption Catalyst (10 Temperatre, K
333(@) | 353(b) | 373(0)

1 soft PE Catl 43 33 11
2 hard PE Cat2 0 43 210 214
3 blend Cat1+Cat2 29 23 22
4 [1] CSA 2 56 37 28
5 [2] CSA 4 40 35 22
6 [3]CSA | Catl+ Cat2+ Et,Zn 6 142 118 68
7 [4] CSA 8 168 132 102
8 [5] CSA 10 107 59 53

*t/molMexmol Exh
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Table2
Polyethylene physical properties
Polymer Density, | T, T, TwTe | AHR | AHS | XS | Xl | X oo
T K code g/em K K ° gt gt % % %
la 0.8702 - - - - - - - -
2a 0.9351 404 394 10 220 162 59 55 53
3a 0.8856 403 390 13 51 30 23 10 27
333 4a 0.9162 - - - - - - - -
5a 0.8716 400 378 22 9 6 13 2 15
6a 0.8677 400 384 16 7 4 - 15 -
7a 0.9013 404 387 17 147 114 36 39 53
8a 0.8641 403 385 18 10 6 - 2 -
1b 0.85H4 - - - - - - - -
2b 0.9334 406 39 10 224 155 57 52 49
3b 0.9085 405 301 14 179 149 41 50 45
353 4b 0.85H4 402 353 50 10 05 - 0.02 -
5b 0.8893 403 385 18 34 24 26 8 26
6b 0.9229 405 389 16 172 155 51 57 63
7b 0.9169 405 390 15 188 168 47 55 67
8b 0.8893 403 384 19 44 20 27 7 22
lc 0.8710 - - - - - - - -
2¢c 0.9364 403 393 10 225 218 60 74 85
3c 0.9150 404 392 12 156 141 45 50 49
373 4c 0.8573 401 386 15 26 29 18 10 19
5¢ 0.9238 405 390 15 145 143 51 49 50
6c 0.8918 404 388 16 o1 87 28 30 37
7c 0.9320 403 387 16 188 177 57 60 75
8c 0.9013 401 381 20 20 4 - 15 -

Notes: irst heating; "second heating; “crystallinity from density; “crystallinity from heat of meting; “crystallinity from WAXD

However, interestingly the catalytic mixture has not
the expected behavior, but ther activity was sSimilar to that
of Catl. Therefore, the performance of the catalyst mixture
was different from that of the isolated systems, showing
that there was interference between catalytic systems in the
polymerization of ethylenein the presence of MAOQ.

The influence of CSA concentration in the
polymerization using mixture of Catl and Cat2 at 333,
353 and 373 K was investigated. Fig. 2 shows the
relationship of the used CSA concentrations and the
efficiencies obtained in the catalytic polymerization of
ethylene. Initially it was observed that the activities of the
cataysts in the three reaction temperatures responded
similarly to the presence of chain transfer agent (CSA). At
333 K andin al concentrations of CSA the binary catalyst
efficiency showed a higher value than that at increased
temperatures. In fact, for the catalyst mixture, the increase
in polymerization temperature led to the decreased
activity. On the other hand, it was observed that there was
a dgnificant increese in yied with increasing
concentration of CSA in the reaction medium. The major
activities can be observed in the molar ratios of
[Et,ZNn]/[CH4] 640° and 840° Above this

concentration of ZnEt, there was a decrease in activity at
the three eval uated polymerization temperatures.

The study of the activity in binary systems in the
presence of non-metal alkyl compound has not been fully
understood. Tynys et al. [25] and Chien et al. [26]
observed the increased activity in a mixture of cataystsin
the presence of trimethylaluminum (TMA) and
triisobuthylaluminum (TIBA), respectively. While Bastos
et al. [27] reported a decrease in catalytic activity in
binary systems also using TIBA. The increased activity
could mean that reversible chain transfer is occurring. A
catalyst could act continuously consuming the product of
chain termination on the other catalyst, leading to the
increased activity. This mechanism explains the results
observed in the binary catalyst system of the present
study. On the other hand, the reason for the decrease in
catalytic efficiency with the excess ZnEt, was proposed
by Bruaseth and Rytter [28].

According to those authors, the product of polymer
chain termination by chain transfer with the metal alkyl
compound can remain coordinated with the active
catalyst, resulting in decreased activity at high CSA
concentrations.
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Cat1
Cat2
Cat1 + Cat2

200

=1

150

100

50 4

Efficiency (tPE/molMe.molE.h)

330 340 350 360 370
Temperature (K)

Fig. 1. Relationship between catalytic
efficiency and temperature

3.2. Crystalline Structure

The WAXD prafilesfor the polymers synthesized
at 333, 353 and 373 K are shown in Fig. 3 (a, b and c,
respectively). This shows the XRD patterns of the
polymers synthesized with the two catalysts acting
isolated with and without the transfer agent ZnEt,. For
most samples, the peaks at 20 of 21.5° and 23.9° were
designated as (110) and (200) to equivalent structures of
the crystallographic planes of the orthorhombic unit cell
of polyethylene.
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. 333 K
100l EZA3s3K
R 373 K

Efficiency (tPE/molMe.molE.h)
3

T f
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[Et,Zn]

f
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0.010

Fig. 2. Relationship between catalytic efficiency and
[Et2ZNn]/[CoH,]

While the Catl produces amorphous polymer in
all reaction temperatures, as shown in the XRD patterns
1a, 1b and 1c, where the amorphous PE halos appear, Cat
2 produces crystalline PE (patterns 2a, 2b and 2¢). Since
the binary catalyst without CSA produces less crystalline
PE, indicated by the broadening of the crystalline peak, it
is possible that this polymer consists of a mixture of
polyethylenes synthesized by both catalytic systems. The
mixture of crystalline and amorphous PE decreased the
overall crystallinity of the PE obtained.
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Fig. 3. Diffractograms of polyethylenes synthesized at: 333 K (a), 353 K (b) and 373 K (c)
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On the other hand, the displacement of the
reflection peaks corresponding to the crystallinity of the
PE mixture obtained with CSA (diffractograms 6b, 6c, 7b
and 7c in Fig. 3) may be explained by the increased
amount of soft segments in the polymer chain. Thus, the
unit cell undergoes an orthorhombic distortion due to the
presence of branches in the polymer chain — orthorhombic
reflections (110) and (200) remain, but the intensity
decreases — while the extension of the halo is due to the
reduction of rigid segments, as shown in Fig. 3. However,
the distortion was much lower in polyethylene synthesized
aa 373 K (Fig 3c). The diffraction peaks of the
orthorhombic unit cell were dilated for all PE samples
produced with catalytic mixture in the presence of CSA.
This fact became even more pronounced with the
presence of high amount of CSA, which may indicate the
presence of soft and hard blocks in the polymer chain. It
can be observed that at 333 K the profiles of the PE
obtained with the binary catalyst resemble the profile of
the polymer synthesized with Catl, which produces the
amorphous polymer, indicating the high activity of this
system at this temperature. Already at 373 K the polymers
have the profile of sample 2 synthesized with Cat2 which
produces crystalline polyethylene, this was due to the fact
that Catl has the decreased activity at high temperature.
The XRD patterns of the polymers obtained at 353 K in
the presence of CSA suggests the presence of soft and
hard domains in the same polymer chain. The profiles
have the most outstanding changes in samples 6 and 7 at
[Zn]/[CH4 = 640° and 840°. We can estimate the
degree of crystallinity of the samples through the areas of
crystalline peaks and amorphous halo, using Eq. (1) [29].

%X, =1 (1)
AtA
where: A.— area on the crystalline peak; A, — area on the

amorphous halo.

The results presented in Table 2 for the degree of
crystallinity of the polyethylene obtained showed a good
correlation with the other determinations of crystallinity.

Morphological studies have shown that long
sequences of ethylene in rigid olefin block copolymers
can crystallize in the form of lamellar crystals with few
defects and high melting temperatures, featuring the hard
segments.

The crystalline phase acts as the reinforcement to
train physical nodes, connecting with the eastomeric
chains (soft segments) [30]. The trend line gives us the
coefficient of determination/corrdation (R), an indicator
ranging from O to 1 and reveals the closeness of the
estimated values of the trend line in correspondence with
the veracity of the data. The reliability of the linear trend
is given when the value of Ris equal or closeto 1. Fig. 4
illustrates the relationship between X values calculated by
DSC and WAXD with the value of R= 0.9647.

In general the values of X. obtained by DSC are
lower, which can be explained by different factors.
Oneisthat the X-ray scattering is sensitiveto organized
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structures
structures.

at the nanometer scale, not only crysta

80 4

704

XRD Crystallinity (wt %)
g 3 3
L ) '

w
=1
N

204

T T T T T
0 10 20 30 40 50 60

DSC Crystallinity (wt %)

Fig. 4. Relationship between crystallinity (X.) measured by
XRD and DSC

Another factor isthat lamellar crystals of different
thicknesses have different melting enthalpies, as a result
of different entropies of fusion. Therefore, samples with
relatively small crysals have underestimated their
crystalline fractions by DSC [31].

3.3. Thermal Behavior

The thermograms of first heating, cooling and
subsequent heating for polymers synthesized at 333, 353
and 373 K are shown in Figs. 5-7, respectively. All
polymers synthesized presented high melting (T, and
crystallization (T) temperatures, with exception of the
samples synthesized with Catl, which produces
amorphous PE. The results of the mdting temperatures
(Tny), crystallization (T.) and melting enthalpies (AH,) for
the first and second heating are shown in Table 2. The
values of T,, showed dlight variation in the PE synthesized
with the addition of transfer agent, which can be observed
in the DSC thermograms by the peak shift to lower
temperatures, justifying the reduction of rigid sequences.
The main effect caused by the composition of flexible and
rigid segments in the chain was shown by the decrease of
the trangition enthalpies (AH,,). According to Wang et al.
[21], the increased values of the melting enthalpies (AH)
observed from the first heating, means an increase in the
amount of crystallizable blocks.

The polymers synthesized with Catl, samples 1, 2
and 3 have the following values of T, 404, 406 and
403 K, respectively. The samples obtained by the binary
catalytic without CSA revealed the values of T,,; 403, 405
and 404 K, showing that there was no influence on the Ty,
of polymers.

On the other hand, the presence of CSA at different
concentrations revealed that the synthesized polyethylene at
333 K resulted in Ty, 3 degrees lower as compared to the
polymers synthesized 353 and 373 K. With increasing
content of the flexible blocks, the melting peak of the rigid
blocks dightly shifts, asshownin Figs. 5-7.
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Small changes in T, paralld to the decrease in Ty,
results in subcooling (T,—Tc), which in this case were
about 15 to 20 degrees for al polymers synthesized,
except for the sample 4b, that showed an unexpected
behavior with a difference of 50 degrees, reveadling a
higher concentration of flexible blocks. With this obtained
data it can be observed that the polymer block has two
contributions of both structures, from the amorphous
phase (flexible block) and hard crystalline block.

4. Conclusions

The characterization of solid-state sructure and
properties of block polymers of ethylene synthesized in this
work showed that they rdlate to the concept of thermoplastic
eastomer in which crystallizable blocks serve as physica
cross-links connecting amorphous blocks. In the dynamic
mechanical properties the CSA promoted decrease in the
hard segments in the chains of the copolymers obtained by
catalytic mixtures, however, high concentrations of CSA was
the increase of the material modulus.

In addition, we observed that the efficiency of the
Catl decreased at high temperature polymerization and
this produced amorphous PE. The addition of Et,Zn
increased efficiency for the binary mixture from the ratio
[Znl/[Ef] = 6407 and 840 M, as had been previously
reported [33], this mixture showed the formation of the PE
block — the hard and soft one. Increasing the temperature
of polymerization, as well as [Zn] produced PE with
higher T, and X; which reveals the low thermal resistance
of Cat1 which produces the soft segment.
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HOJIMEPU3AIIA ETHJIEHY 3 KATAJITUYHOIO
CyMIIIIIIO B MIPUCYTHOCTI JIAHIIIOT'OBOI'O
INATJI-ATEHTY

Anomauin. Ilokazano Modiciugicnms NOEOHAHHSA MIKPOCIPYK-
myp Kamanizamopie 8 KapKaci nomimepy 6HACTIOOK 3MIULYBAHHS 080X
Kamanizamopie 8 peakmopi, 0e 6i00y8acnbCsi KONOTIMEPU3AYIsL emu-
nerlo-onegpinie. Cunmesoeano HOBL NONMEPHE KOHGI2ypayil, sIKL Xapax-
MEPU3YIOMbCsE NOCTIOOBHICHII0 MOHOMEDIB, OMPUMAHUX 3 KOJICHUM 13
Kamanizamopie 8 00HOMY NOTIMEPHOMY TaHYI031. JlooasarnHs peaceHma
360pomHboeo nepexody (P3I1) 0o GinapHoi cucmemu 0ae MONCIUBICIb
00epaicamu HOBI ONIOK-KONONiMepU 3 NOKPAUEHUMU BIACIMUBOCTISIMU.
Kamanizamopu Ha ocHosi nepexionux memanis, maki sK 0-OiMiH-
HIKeleeull  Kamanizamop, —aKmugiz08aHull  MemuiamoMOOKCaHOM,
BUARTSIOMb BUCOKY AKMUBHICIG NO GIOHOWIEHHIO 00 NOTIMepU3ayii
oneghiHie I 0aromb MOJICTUGBICTL OMPUMYBANIU GUCOKOPO3SATLYHCEHT
eomononimepu. Cycumempuyri MemaiioyeHosi Kamanizamopu 6UKko-
pucmogyroms Onsl 8upoOHUYMea JiniliHo2o noniemuneny. Ilpusedero
MEemOoOUKy cuHmesy 2OMONOTIMepY emunery 3 amMop@HuMu i Kpucma-
JYHUMU  OTOKaMU 3 BUKOPUCMAHHAM OIHAPHOT Ccymiui HIKe1e8o2o
Kamanizamopa 3 0-OlMiH 2aHOOM Ot 00EPICAHHS BUCOKOPO32ATY-
oicenoeo noniemunerny (M'swuil ITE) i memamoyeny (pay-emuien-
bic(Hg-inoen) ZrCly), sixuii nepemeopioe emwien 6 noniemuien 3
BUCOKOIO aKmusHIchIio I memnepamyporo niasnenus (orcopemiuii TE).
Jlocniooicero ennus memnepanmypu nonivepusayii i konyenmpayii P3I1.
Busnauero xapaxmepucmuku 00epoicanux nonimepis.

Knrwuosi cnoea. nonimepuszayis emuneHy, Kamanizamop,
CYyMIW Kamanizamopie, 1aHylo208Ull Wami-a2eHm.





