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Background. The use of cellulose and nanocellulose instead of synthetic polymers makes it possible to improve the
consumer properties and environmental friendliness of composite materials. Therefore, the development of technologies
for the production of organosolv pulp and nanocellulose from plant raw materials, in particular from hemp fibres, is an
urgent scientific and practical problem.

Objective. The purpose of the paper is to obtain pulp from hemp fibres by the peracetic method and to study the effect
of the concentration of sulfuric acid and the temperature of hydrolysis of organosolv pulp on the quality parameters of
hemp nanocellulose.

Methods. Treatment of hemp fibres was performed in two stages: alkaline extraction and organosolv cooking at a tem-
perature of 97 + 2 °C. Nanocellulose was obtained by hydrolysis with a solution of sulfuric acid of various concentra-
tions. The resulting nanocellulose was examined by scanning electron microscopy (SEM), Fourier transform infrared
spectroscopy (FTIR), and atomic force microscopy (AFM).

Results. Organosolv hemp pulp with a residual lignin content of 0.16% and an ash content of 0.08% was obtained. The
nanocellulose particles obtained from it had a transverse size of 8—36 nanometers and a length of several micrometers.
Nanocellulose films had high mechanical properties: density up to 1.54 g/cm? and tensile strength up to 60 MPa.
Conclusions. Carrying out thermochemical treatment of hemp fibres in two stages makes it possible to obtain pulp with
a minimum residual content of lignin and minerals, which is suitable for the production of nanocellulose. Nanocellulose
has been successfully isolated from organosolv hemp pulp by acid hydrolysis. Subsequent ultrasonic treatment allows

obtaining a stable nanocellulose gel with high mechanical properties.
Keywords: hemp fiber; organosolv pulp; nanocellulose; acid hydrolysis.

Introduction

One of the environmental problems of our
time is the replacement of polymers, produced from
non-renewable natural resources (oil, gas, coal),
with polymers from plant materials. The use of
natural polymers from plant materials is considered
as an alternative to plastics and contributes to the
sustainable development of society, solving envi-
ronmental and economic problems in the produc-
tion of consumer goods [1], [2]. The most common
biopolymer on Earth is cellulose, the main compo-
nent of lignocellulosic biomass. In recent decades,
technologies for processing cellulose into ethers and
esters, microcrystalline cellulose, oxycellulose and
nanocellulose have been actively developed [3], [4].

Nanocellulose is a new class of nanomaterials,
which has unique properties, such as high elastic
modulus, high specific surface area, optical trans-
parency, low thermal expansion, nanoscalability and
being a renewable and biodegradable material, that
enable its use in many fields [5], [6]. Nanocellulose
have great potential application in various fields, such
as medicine, tissue engineering scaffolds, catalysis,
textiles, surface coatings, drug delivery, food pack-
aging and green nanocomposite materials [7], [8].
Various extraction processes have been used for the
production of nanocellulose but acid-hydrolysis is
the most well-known, efficient, and widely used ex-
traction method [9]. Hydrolysis allows you to easily
destroy and remove the disordered and amorphous
areas of cellulose fibres, which leads to the receipt
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of nanoparticles of cellulose. The hydrolysis process
uses mineral acids such as sulfuric, hydrochloric,
nitric, hydrobromic and phosphoric acids, or mix-
tures thereof. However, sulfuric acid is most often
used for the hydrolysis of cellulose due to the short
duration and relatively low temperature of the hy-
drolysis process, as well as the formation of a gel-like
product [10]. It should be noted that many compa-
nies use acid-resistant equipment and complex sys-
tems for the regeneration of spent acid solution to
produce nanocellulose by the process of cellulose
hydrolysis with sulfuric acid to reduce the impact on
the environment. Carrying out the hydrolysis pro-
cess requires determining the values of technological
parameters for each type of feedstock.

To obtain nanocellulose, pulp from wood is
mainly used, the massive felling of which leads to
a deterioration of the ecological situation. The use
of harmful cooking liquors in traditional methods
of delignification of wood pollutes the air space or
water basins [11]. At the same time, scientists are
developing more environmentally friendly methods
of producing cellulose from both wood and non-
wood plant raw materials [12], [13].

In this work, one of the representatives of non-
wood plant raw materials, hemp fibres, widespread
in Ukraine and are characterized by a high con-
tent of cellulose and hemicellulose, was used as a
starting material. For the extraction of pulp from
plant materials, an environmentally friendly orga-
nosolv delignification method using acetic acid and
hydrogen peroxide was used. Acetic acid is used as
a delignification reagent due to its relatively low
cost. The use of hydrogen peroxide in pulp cooking
contributes to the delignification of raw materials
and an increase in its brightness. At the same time,
the peroxy compounds of the cooking solution have
little effect on destruction of cellulose [14].

Problem statement

Studies on the extraction of pulp suitable for
the production of nanocellulose from hemp fibres
using peracetic acid solutions have not been carried
out. The literature also lacks data on the production
of nanocellulose from hemp fibres by the process
of hydrolysis of organosolv pulp with sulfuric acid.
Therefore, the purpose of this work was to isolate
pulp from hemp fibres by the peracetic method and
to study the effect of the concentration of sulfuric
acid and the temperature of hydrolysis of organosolv
pulp on the qualitative parameters of hemp nano-
cellulose.

Methods for obtaining pulp and nanocellulose

We used the hemp fibres from the Khmel-
nitsky region of Ukraine after the harvest in 2020.
Before research, the raw material was crushed to
2—5 mm and stored in a desiccator to maintain a
constant moisture content and chemical composi-
tion. The chemical composition of hemp fibres was
determined according to TAPPI standards [15]. The
analyses for the chemical characterization were done
in triplicate and the mean and standard deviation
were calculated. All chemicals — sodium hydroxide,
glacial acetic acid, hydrogen peroxide and sulphate
acid were chemical grade.

The pulp was obtained from hemp fibres in
two stages. At the first stage, an alkali solution was
used as a preliminary treatment of plant raw mate-
rials to remove the main part of hemicelluloses and
minerals and partially remove lignin. For this, the
hemp fibres were extracted with a NaOH solution
with concentration of 0.5 % and a consumption of
5 % from mass of absolute dry material (a.d.m.) at
a temperature of 97+2 °C from 60 min to 180 min.
At the second stage, to remove residual lignin and
extractives, organosolv cooking was carried out using
a solution of glacial acetic acid with concentration
of 70 % and 35 % hydrogen peroide in a volume ra-
tio of 7:3 at a temperature of 97+2 °C from 60 min
to 180 min. These values of technological parame-
ters were previously determined as optimal for the
extraction of various representatives of non-wood
plant raw materials [16]. At the end of cooking,
we washed the obtained pulp with distilled water,
dried in air and determined its quality indicators.
The process of hydrolysis of organosolv hemp pulp
was performed with solutions of sulfuric acid with
concentrations of 30, 40 and 50 % at a temperature
from 30 °C to 60 °C for 30 to 60 minutes. After
completion of the hydrolysis process, the obtained
nanocellulose was washed with distilled water using
a laboratory centrifuge to neutral pH. The nano-
cellulose suspension was sonicated at 22 kHz for
one hour to disperse the particles. The nanocel-
lulose suspension was poured into Petri dishes to
make films, which were investigated by physical
and physico-mechanical methods.

Scanning electron microscopy (SEM) studies
were carried out on PEM—1061 (SELMI, Ukraine)
microscope to observe the morphology of hemp
pulps and nanocellulose films. The samples were
sputter-coated with a layer of gold using the sput-
tering technique. Fourier transform infrared spec-
troscopy (FTIR) spectra of the hemp fibres, pulps
and nanocellulose films were recorded on Tensor
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37 Fourier-transform infrared spectrometer with a
2 cm™! resolution in the 400—4000 cm™! frequency
range. Atomic force microscopy (AFM) was used to
determine the topographic characteristics of hemp
nanocellulose samples. Measurements were accom-
plished with Si cantilever, operating in a tapping
mode on the device Solver Pro M (NT-MDT).
The scanning speed and area were 0.6 line/s and
2x2 um?, respectively.

Results and discussion

The chemical composition of hemp fibres in
comparison with the chemical composition of the
most common representatives of wood are given in
Table 1.

Table 1. Chemical composition of hemp fibres, % from
mass of a.d.m.

_ Extraction in
Raw.l Cle“u Lignin RFW* | Ash
materia ose H,0 | NaOH
Hemp | 73.9 8.8 4.2 20.2 1.9 1.6
fibres
Pine 47.0 27.5 6.7 19.4 3.4 0.2
[17]
Birch 41.0 21.0 2.2 11.2 1.8 0.5
[17]

*RFW — resins, fats, waxes

As can be seen from Table 1, hemp fibres con-
tain more than 70 % of the most valuable part of
plant raw materials - cellulose, which is significantly
higher than the cellulose content in wood. The lig-
nin content in hemp fibres is 2.4-3 times less than in
wood. The content of substances extracted by water
in hemp fibres is in the range between deciduous
and coniferous species. The content of substances
extracted with 1 % alkaline solution in hemp fibres
is close to the value of this indicator for softwood
and almost 2 times higher than the value of this
indicator for hardwood. The content of substances
extracted with an alcohol-benzene mixture - resins,
fats, waxes (RFW), in hemp fibres is close to the
value of this indicator for hardwood and less than
in softwood. In this case, hemp fibres contain more
minerals (ash) than coniferous and deciduous wood.
Such values of the main components of hemp fibres
a priori indicate the need for lower consumption of
chemicals in obtaining pulp from them compared
to obtaining pulp from wood, which must be taken
into account in the processes of delignification of
plant raw materials and regeneration of spent cook-
ing solution [17].

The dependence of the quality indicators of
hemp pulps on the duration of alkaline extraction
and organosolv cooking of the pulp after alkaline
treatment is presented in Table 2.

Table 2. Dependence of quality indicators of hemp pulps

on the duration of alkaline extraction and organosolv
cooking, % from mass of a.d.m.

Duration of | Yield, | Residual lignin Ash
treatment, min % content, % content, %

60 82.6* 8.3 0.24

76.6** 0.36 0.10

120 76.6 7.9 0.18

67.4 0.31 0.09

180 75.4 6.6 0.13

64.5 0.16 0.08

*- after alkaline extraction
**_ after organosolv cooking

Table 2 shows that increasing the duration of
contact of hemp fibres with alkaline solution at ele-
vated temperature leads to a decrease in the numer-
ical values of the yield and residual content of lig-
nin and ash in hemp pulp. For cooking organosolv
hemp pulp used pulp treated with NaOH solution at
a consumption of 5 % from a.d.m. for 180 minutes.
As can be seen from Table 2, increasing the duration
of organosolv cooking naturally reduces the yield of
pulp and the residual content of lignin and minerals.
The process of delignification of plant raw materials
occurs due to the cleavage of a- and B- ether bonds
of lignin under the action of electrophilic particles
of hydroxonium H,0*, formed by peroxyacids in an
acidic environment. The hydroxonium cation pro-
motes the reactivity of lignin, the cleavage of ether
bonds, the reduction of the molecular weight of
lignin and its conversion into a cooking solution.
The resulting organosolv hemp pulp has an insignif-
icant residual content of lignin and ash and can be
used for further chemical processing, in particular,
to obtain nanocellulose.

The process of extraction of non-cellulosic com-
ponents from plant raw materials is confirmed by
SEM data (Fig. 1). As can be seen from the above
data, alkaline treatment leads to remove the main part
of hemicelluloses and minerals and partially remove
lignin (Fig. 1b). Carrying out further peracetic cook-
ing of pulp leads to remove residual lignin, extractives,
and shortening of the sizes of fibres (Fig. 1c). Fur-
ther treatment of organosolv pulp with sulfuric acid
solutions leads to the rupture of 1—4 glycosidic bonds
between the pyranose units of the cellulose macro-
molecules, to the dissolution of the amorphous part of
cellulose, reducing the degree of polymerization and
fibre size to nanoparticles (Fig. 1d).



86

KPI Science News

2021/3

WD=16.3mm 20.00kV x10

WD=16.5mm

20.00K
d

WD=16.0mm x100

Fig. 1. SEM images of hemp fibres (a); pulp after alkali treatment (b); pulp after peracetic cooking (¢) and hemp nanocellulose (d)

The change of chemical composition of hemp
fibres in the process of its thermochemical treat-
ment was confirmed by infrared spectroscopy. Fig. 2
shows the Fourier IR spectra of hemp fibres, pulps
after alkaline treatment and cooking. All spectra are
characterized by a wide bandwidth in the region of
3000—3800 cm™!, which corresponds to stretching
vibrations of hydroxyl groups included in intramo-
lecular and intermolecular hydrogen bonds. The
bands in the area of 3000—2800 cm™' correspond
to the asymmetric and symmetric stretching vibra-
tions of the -CH,, —CH and hydroxyl groups [18].
Their number naturally decreases in the course of
thermochemical processing of raw material, as evi-
denced by a decrease in intensity peaks in this area.
In the Fourier IR spectra of hemp pulps after stages
I and II (spectra 1 and 2 in Fig. 2), in comparison
with the spectrum of the initial plant raw material,
a decrease in the intensity of bands in the region of

1500—1800 cm™', which characterize the bands of
stretching vibrations of double bonds.

Vibration bands in the 1740 cm™' region indi-
cate the presence of a carbonyl group characteristic of
hemicelluloses. As can be seen from Fig. 2, alkaline
treatment significantly removes hemicelluloses from
the cellulose composition, but subsequent organosolv
cooking increases the amount of carbonyl groups due
to oxidation by hydrogen peroxide. A decrease in the
intensity of vibrations in region of 1700 cm', which
is characteristics of aromatic compounds — residual
lignin, indicates a removal of lignin from plant mate-
rial and pulp during their thermochemical treatments
(spectra 3 in Fig. 2). In the region 1200—1450 cm™
absorption bands are located due to bending vibra-
tions of the angles and bonds of the CH,OH group at
C6 of cellulose. The band in the region of 1430 cm™!
are due to the deformation vibrations of the CH,
groups, the bands at 1360 and 1340 cm™' are due
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to deformation vibrations of hydroxyl groups. The
band at 1160 cm™ is due to the asymmetric vibra-
tions of the C—O bonds, while the band at 1060 cm™!
corresponds to the vibrations of the C—O—C bridge
of the glucopyranose ring of cellulose [19]. The in-
crease of the intensity of the bands in the region of
1250, 1500 i 1700 cm™ demonstrates the efficien-
cy of removal of lignin and noncellulose compo-
nents from the plant feedstock in the investigated
sequence of thermochemical treatments.

Transmmision
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Fig. 2. FTIR Spectra of hemp fibres (1), pulp after alkali treatment
(2) and organosolv hemp pulp (3)

As a result of the process of hydrolysis of or-
ganosolv hemp pulp with sulfuric acid solutions,
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a transparent nanocellulose suspension was obtained,
which remained stable for several months (Fig. 3).

Fig. 3. Photographs of vials with hemp nanocellulose suspensions:
a without ultrasonic treatment; b after ultrasonic treat-
ment and ¢ after 3 months of storage

Nanosize of hemp nanocellulose particles con-
firmed by AFM method in the tapping mode (Fig. 4).

As can be seen from the data in Fig. 4, the
cross section of the cellulose nanoparticles ranges
from 8 to 36 nm. The following values of the sizes of
nanoparticles of hemp nanocellulose are within the
sizes of nanocellulose particles obtained by hydroly-
sis of organosolv pulps from other representatives of
non wood plant raw materials, for example: 16—20
nm for wheat straw, 10—28 nm for kenaf, 10—18 nm
for miscanthus, 20—60 nm for flax fibres [16].
As shown in Fig. 4 a, nanocellulose particles aggre-
gated and interlaced.
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Fig. 4. AFM image of a nanocellulose film in height (a); lateral size of nanoparticles (b)



88

KPI Science News

2021/3

Dependences of physical and mechanical pa-
rameters of hemp nanocellulose films on the main
technological parameters of the hydrolysis process
are shown in Fig. 5 and 6.
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Fig. 5. Dependences of density (a) and tensile strength (b) of
nanocellulose films on the temperature of the process at
an acid concentration of 50%
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Fig. 6. Dependences of the density (@) and tensile strength () of
nanocellulose films on the concentration of H,SO, at a
temperature of 60 °C

As can be seen from Fig. 5 and 6 data, increas-
ing the acid concentration and temperature increas-
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Conclusions
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by alkaline extraction and organosolv cooking for
180 minutes allows obtaining pulp with a mini-
mum residual content of lignin (0.16%) and minerals
(0.08%), suitable for the production of nanocellulose.
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structure of hemp pulp was confirmed by the SEM
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measurements.
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4. Obtaining result promotes the effective utili-
zation of lignocellulosic fibres as a renewable source
of nanocellulose for the production of bionanoma-
terials for diversified applications.
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B.A. bap6aw, O.B. AweHko, O.C. AxumeHko, PM. 3axapko

EKCTPAKLIAA OPFTAHOCObBEHTHOI LIEMKONO3U TA OQEPXAHHSA HAHOLIENKONO3M 3 BOTOKOH KOHOMESb

MpobnemaTuka. 3acTocyBaHHSA 3aMiCTb CUHTETUYHMX MOMIMEPIB LIEMNoNo3n Ta HaHOLEMoMNo3n Aae MOXIMBICTb MOKPALLMTY Cro-
XKMBYI BMAcTMBOCTI Ta €KOMOTiYHICTb KOMMO3UTHUX MaTepianiB. Tomy po3pobka TEXHOMOTIN OTPUMAHHS 3 POCITMHHOI CUPOBUHM, 30Kpema
BOJIOKOH KOHOMEMb, OPraHOCOSIbBEHTHOI LIEMNIONO3M Ta HAHOLIEMIONO3M € aKTyarnbHOK HayKOBO-MPaKTUYHO Npobnemoto.

Meta gocnigxeHHs. OTpumaTy Lentonosy 3 BOSIOKOH KOHOMEMb NEPOLTOBMM METOAOM Ta BUBYMTY BNIMB KOHLEHTPaLii cynbdar-
HOI KUCNOTY Ta TemnepaTypw riaponidy OpraHoCONbBEHTHOT LIEMION03M Ha MOKa3HWKM AKOCTI KOHOMMSHOT HAHOLIEMIOMNOo3u.

MeToauka peanisauii. O6pobKy BONMOKOH KOHOMeNb BMKOHYBanu B ABi CTafii: NyXHa eKCTpakuis W OpraHoOCONbBEHTHE BapiHHS
3a Temnepatypu 97 + 2 °C. HaHoLentono3y oTpyMyBani LLMSXOM FiAponidy OpraHoCOSIbBEHTHOI LIENONOo3n PO3YMHOM CyrnbMaTtHOi KUCO-
TW Pi3HOI KOHUEeHTpaUii. OTpumaHy HaHoLeNono3y AOCHiMKyBany MeToAaMmu CKaHyto4oi enekTpoHHoi Mikpockonii (CEM), indppadepBoHoi
cnektpockonii 3 Pyp’e neperBopeHHsm (FTIR), atomHoto cunosoto mikpockonieto (AFM).

Pesynbratu gocnigxkeHHsA. OTpMMaHO OpraHoCONbBEHTHY KOHOMMSAHY LIEMono3sy i3 3anuwKoBnM BMICTOM irHiHy 0,16 % i 3onbHi-
ctto 0,08 %. OpepaHi 3 Hei YaCTVHKN HaHOLIEMION03W Manu nonepevHnin po3mip 8—23 HaHOMETPIB | AOBXUHY [0 AEKiNIbKOX MIKpOMETPIB.
HaHouenntonosHi NniBkM Manu BUCOKI MeXaHiYHi MOKasHMKKW: WinbHicTb Ao 1,54 r/cm® i MiLHicTb Ha po3pus o 60 MMa.

BucHoBku. [poBeaeHHs TepMoximMiYHOI 0O6pO6KM BOMOKOH KOHOMENb Yy ABa eTanu fae MOXIMBICTb OTpUMaTK LIentonosy 3 MiHi-
MarbHUM 3anULLKOBMM BMICTOM NirHiHY Ta MiHepanis, Ska npuaatHa Ans BUpobHuULTBa HaHouentonosun. Hanouentonosa 6yna ycniwHo
BUAiNeHa 3 OpraHOCOSIbBEHTHOT KOHOMMSIHOT LIEM0N031 3a JOMOMOrok NPOLLECY KUCIOTHOTO rigponidy. MNoganblia ynsTpa3sykoBa obpobka
@€ MOXIUBICTb OTPUMATK CTabiNbHWUIN HAHOLIEMIONO3HUIA reflb 3 BUCOKMMU MEXaHiYH1MMN BNacTUBOCTSIMMU.

Knto4yoBi crnoBa: BOMOKHO KOHOMENb; OPraHOCONbBEHTHA LieNtonosa, HaHoLenonosa, KUCMoTHWIA Figponis
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B.A. Bap6aLu, O.B. AweHko, O.C. AxkumeHko, PM. 3axapko
OKCTPAKLIMA OPFAHOCOINBBEHTHOW LIENNIONO3bI ¥ MONYYEHWE HAHOLIENKONO3b! M3 BONOKOH KOHOMENb

Mpobnematuka. MNpuMeHeHNe BMECTO CUHTETUYECKUX MOIMMEPOB LIENSIHM03bl U HAHOLENIOMO3bl AAET BO3MOXHOCTb YIyyLIUTh
noTpebuTenbckue CBOMNCTBA U 3KOMOMMYHOCTb KOMMO3UTHBIX MaTepuanoB. [1oaTomy pa3paboTka TEXHONOrUi Nony4eHust U3 pactTuTenb-
HOTO CbIpbsi, B YaCTHOCTW U3 BOSIOKOH KOHOMN, OPraHOCONbBEHTHOM LIENMHONO03bl M HAHOLLENONO3bl SIBMSIETCS aKTyarnbHOW Hay4YHO-Npak-
TU4eckol npobrnemoi.

Llenb uccnepgoBaHusA. Nony4ntb LENnono3y M3 BOMOKOH KOHOMMM NEPYKCYCHbIM METOAOM U U3yYUTb BIUSIHUE KOHLEHTpauum
CEPHOW KACNOTbI U TEMMNEPaTypbl MAPONM3a OpPraHOCONbBEHTHON LIENMIONO03bl Ha Nnoka3aTeny KayecTBa KOHOMMSIHOW HaHOLENIomNo3bl.

MeTtoauka peanusauun. O6paboTky BONIOKOH KOHOMM NPOM3BOAMIN B ABE CTaAMM: LLIeNoYHas SKCTPaKLUMS U OpraHOCONbBEHTHas!
Bapka npu Temnepatype 97 + 2 °C. HaHouenmnonosy nony4anu nytem ruaponvsa pacTBOPOM CEPHON pasnmnyHo KoHLeHTpauuu. Mony-
YEHHYK HaHOLEnmniono3y MccrefoBany MeTofamy CKaHUpYHLEN 3neKTPoHHOW Mukpockonuu (COM), uHdpakpacHon cnekTpockonum
¢ ®ypbe-npespalleHvem (FTIR), atomHo cunoson mukpockonuen (AFM).

Pesynbratbl MccnegoBaHus. [lonyyeHa opraHOCONbBEHTHAs KOHOMMSHAs LENniono3a C OCTaTOYHbIM COAEpXaHUEM FUrHU-
Ha 0,16 % u 3onbHOCTbiO 0,08 %. ObpasoBaBLUMECs B MpoOLECCe MMAponu3a YacTulbl HAHOLENIONO3bl UMENU MOMEPEYHbIA pasmep
8—23 HaHOMETPOB W AJIMHY [0 HECKOIbKUX MUKPOMETPOB. HaHoLEenntonosHbie nNneHkn obnagani BbICOKMMU MEXaHUYECKUMU CBOMCTBAMM:
nnoTHocTbo A0 1,54 r/cm® 1 NpoYHOCTbLIO Ha pa3spbi Ao 60 MlMa.

BbiBogbl. [poBeaeHne Tepmoxmmmnyeckon o6paboTku BONOKOH KOHOMIM B [iBa 3Tarna ro3BonsieT nonyyuTb LEenmnionosy ¢ MUHU-
MarsbHbIM OCTATOMHbIM COAEPXaHMEM NUTHMHA U MUHEPanoB, KOTopasi NpurogHa Ans Npou3BoACTBa HaHoLeNnno3sl. HaHouenntonosa
Gblina ycneLuHo BbiAeneHa 13 opraHoCONbBEHTHOM KOHOMISIHOM LIENMNoNo3bl MOCpPeaCcTBOM MpoLecca KUCNOTHOro ruaponusa. Mocnenyto-
Lias yneTpasBykoBasi 06paboTka No3BonsieT Nony4nTb CTabunbHbIA HAHOLENITHOMNO3HbIV refb C BbICOKMMU MEXaHUYECKMMU CBONCTBaMM.

KntoyeBble croBa: BOMOKHO KOHOMMMW; OPraHOCONbBEHTHAs LIENoNo3a; HaHOLEMMNoNo3a; KUCMOTHbIA MAaponus.
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