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Abstract. Technological methods for obtaining of polymer sulfur composites by redox copolymerization on
the basis of by-product sulfur with electrically conductive copolymers (pyrrole, aniline) have been developed. The
conditions for carrying out the reaction are established, which allow varying the sulfur content of the obtained
materials. The electrochemical activity and efficiency of the use of sulfurous polymeric compositions of aniline and
pyrrole as active electrode materials of lithium-sulfur batteries have been studied. It was established by physical-
chemical methods that the obtained high-sulfur polymers possess electroconductive properties, oxidation-reduction
activity and are promising for the development of active cathode materials of moderm rechargeable lithium current
sources.

The developed technology of sol-gel synthesis of copolymers of aniline and pyrrole based on nanoscale sulfur
by the method of redox copolymerization to produce eclectrically conductive high-sulfur polymers can be
recommended for use in the creation of domestic production of cathode materials for lithium-sulfur batteries

Key words: polymer sulfur composites, polypyrrole, polyaniline, cathode materials, lithium-sulfur batteries.

Introduction. The annual growth in hydrocarbon production in Kazakhstan and the environmental
requirements for the quality of petroleum products resulted in the accumulation of more than 10 million
tons of sulfur at the sulfur storage site as it is a large-scale by-product of oil and gas processing. In this
regard, there is an excess of world production of sulfur - the product of desulfurization of hydrocarbon
raw materials  over consumption. The inevitable consequence of this is the technogenic impact on the
objects of the environment. The actual task is the development of modern utilization ways into new
polymeric sulfur composites, possessing a number of valuable properties , which will increase the world
demand for elemental sulfur.

In recent decades, special development has been given to a new direction in polymer sulfur
technology: the development of electroconductive, electrochemically active polymeric sulfur composites
for their use in modern lithium-sulfur batteries. Prospectivity of lithium-sulfur batteries is due to high
values of their theoretical specific energy (2500 Wh / kg), low cost and environmental safety. In terms of
their energy intensity, they outperform other chemical sources of current 2.5-5 times. Using rechargeable
lithium cells allows to solve a purely economic problem, because their use is much cheaper than the use of
relatively expensive elements of a one-time action. In this regard, particular interest is due to the
peculiarities of the properties of polymeric sulfur [3-10]. Lithium-sulfur batteries were first shown to the
world public by Sion Power in 2004. Even then, such batteries were much more efficient than current
lithium-ion batteries. The main distinguishing features of these drives can be called a less expensive
production, as well as more than double the capacity in comparison with analogues. This type of battery is
called Li/S.

Despite intensive research in this field, up to the present there was practically no information on
synthesis and properties high-sulfur polycondensed heterocyclic systems with oxidation-reduction
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functions (S-S, S-H and C = S), which have redox activity and are promising as active cathode materials
of rechargeable lithium current sources. In connection with this, the synthesis and study of new high-
sulfur materials that combine in the molecule condensed aromatic heterocyclic fragments and redox-active
functions are relevant.

There are various methods for obtaining polymeric sulfur [3-13], including the direct sulphuration of
industrial polymers [4,7], the reverse vulcanization method [14]. Polymer sulfur with improved
electrically conductive and redox activity propertics for use as cathode materials of lithium-sulfur
batteries is formed by using the initial nanostructured colloidal sulfur [15].

Conducting polymers such as polyaniline (PANI), polypyrrole (PPy), are very interesting materials
for using in Li/S batteries. Polymer modification of the carbon surface facilitates a more complete
reaction by providing a chemical gradient that retards diffusion of the polysulfides into the electrolyte.
Reversible capacities up to 1320 mAh/g are attained with no shuttle phenomenon on the first cycle,
indicating the shuttle mechanism is fully suppressed. This polymer modified composite clearly exhibits
better morphological control than the unmodified composite during cycling [16]. Therefore, the
development of new methods for the preparation of the sulfur-polypyrrole and sulfur- polyaniline
composite by the method of redox copolymerization of elemental sulfur with aniline / pyrrole is actual.

Materials and methods. Used reagents: Petroleum-based sulfur was supported by TengizChevrQil
LLP - Sico (sulfur granulated), Tme: 122 °C, as well as the block sulfur of the Shymkent Petroleum
Refinery (PetroKazakhstan Oil Products LLP) Sgpr, Troe 113 °C. Other chemical ingredients, namely,
aniline were purchased from Sigma-Aldrich Chemie GmbH, 99 5(registration number is Beilstein 605631,
density is 1,022 g / ml at 25 °C); pyrrole from Sigma - Aldrich GmbH, 98% (registration number is
Beilstein 1159, density 0.967 g / ml at 25 °C); Iron trilogy six water (FeCl; - 6HO) - chemically pure,
GOST (TU) 4147-74, Sodium sulfurous nine (Na,S-9H,0) - chemically pure for analysis, GOST (TU)
2053-77.

Method of redox copolymerization of sulfur with aniline or pyrrole. Colloidal cross-linked
copolymers were synthesized by redox copolymerization of sulfur with monomer (aniline or pyrrole). The
sulfur was introduced into the reaction mixture in a colloidal form. Colloidal activated sulfur was
prepared by in sifu from sodium polysulphides Na,S; (x = 4.0-4.5). Sodium polysulphide was
synthesized from sodium sulfide Na,S-9H,0 (8.3 g, 34.7 mmol), preheated to 80-90 °C, to which 42 g
(130 mmol) of powdered sulfur Stco or Sspr (for 30-40 minutes) was added in portions. The reaction
mixture was stirred at 80-90 °C for 40 minutes, then diluted with 6.7 ml of hot water (80-90 °C), left over
night at room temperature and then filtered from unreacted sulfur. The resulting sodium polysulfide Na,S,
was used subsequently for the synthesis of new high-sulfur copolymers based on aniline/or pyrrole and
sulfur. The synthesis was carried out in the presence of the oxidation system H,0, / FeCl; / HCI, which is
7 ml of a 33% solution of H,0,, 0.2 g of FeCl;-6H,0 and 50 ml of 2 N HCI solution. In the second stage,
a mixture of a water-alcohol solution of sodium polysulphide and monomer was prepared. This mixture
was added with vigorous stirring to a H,O, / FeCl; / HCI oxidation system containing 1-5 wt % gelatin,
and stirring was continued for 3 hours. As a result, the high sulfur copolymers on the base of aniline or
pyrrole were obtained in the form of powders of dark brown color.

Results and discussion. Polyaniline is among the most studied conductive polymers, mainly due to
the combination of high conductivity, various different oxidations and protonation states each one
exhibiting different color and electronic properties, light weight, easy preparation and low cost. Its ability
to form ultra-small nanostructures, including nanowires, nanoneedles and nanofibers has been proven
particularly useful in the application of the polymer in sensors applications since their extremely high
specific area enables the fast detection of small molecules that can cause immediate changes in the
oxidation states and as it is expected to the conductivity values and the optical absorption spectrum, the
latter can exhibit from one to three absorbance bands depending on the polymer form [8-11].

Colloidal activated sulfur was prepared by in situ from sodium polysulphides in the first stage.
Synthesis of new sulfur and aniline copolymers was carried out in the presence of oxidation systems:
H,0, /FeCly/HCI, and K,Cr,O; (H,0,)/HCL. In the second stage, the above oxidation system was
prepared. The effect of surfactant and gelatin on the reaction process and the yield of the desired product
were investigated. Gelatin (or surfactant, 0.25 g in 5 ml H,O) was placed in the flask and stirred
vigorously for 15 minutes, a solution of HCl (or H,SO,) was added to the emulsion and stirring was
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continued for 0.4-2 hours. Next, FeCl;-6H,0O and the emulsion was stirred for 15 minutes before the
formation of the oxidation system H,0, / FeCl; / HCI as a white foam. The product was filtered off,
washed with water to pH ~ 6 and a negative reaction to chlorine ions, dried in vacuo at 40 °C to
constant weight (Table 1).

Table 1 - Conditions for the synthesis and yield of polymers based on aniline and elemental sulfur

Copolymer Reaction conditions Yield,
cipher Composition of the reaction mixture Temperature, °C Time, h %
SPAN-1 polysulphide, aniline, HCI, FeCl;-6H,0, H,O,, 25-42_ 40 612

surfactants (self-heating)
SPAN-2 polysulphide, aniline, HCI, FeCl;-6H,0, H,O,, 25-45_ 2.5 54.6
gelatin (self-heating)

As a result of redox copolymerization of aniline with sulfur, sulfur-aniline polymers are synthesized
in the form of powders from light brown to black. The composition of the obtained copolymers was
determined by the methods of elemental analysis (Table 2).

Table 2 - Element composition and melting temperature of polymers based on aniline and elemental sulfur

i Elemental analysis
Sample cipher T, °C
C H N S Cl
SPAN-1 9.7 0.4 1.3 80.4 - 190-240
SPAN-2 8.5 0.4 14 89.2 0.8 165-260

Depending on the reaction conditions, the nature of the oxidation system, the addition of gelatin or
surfactant to the reaction mixture, sulfur-aniline polymers with a high sulfur content were obtained: from
80.4 t0 89.4 %.

The main synthesis conditions and properties of the copolymers obtained are shown in Table 3.

Table 3 - Composition of the obtained copolymers

Cocpicr))lﬁgler Composition of the reaction mixture Yl(;jd’ SulfurOcA)ontent, Toet» °C c,S/cm
3 polysulphide, aniline, HCI, FeCl;-6H,O, 190-240 0
SPAN-1 Tl socinchts 81.0 80.4 (partially) %910
. polysulphide, aniline, HCI, FeCl;-6H,0, 165-260 107
SPAN-2 40, 2 oltin 73.4 80.2 (oastilly) 1210
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Figure 1 - IR spectra of a high-sulfur polymer based on Tengiz sulfur and aniline
Synthesized copolymers are characterized by a high sulfur content (80-89 %). In the IR spectra of copolymers there are
characteristic absorption bands (cm™): 1625, 1503 (v, C = C of the polyaniline chain); 1314 (v, C = C-H); 1301 (v, O=S=0);
1246 (v, C =S, v, C-N); 1160 (v, O = S = 0); 1025 (v, O = 8S); 824 (v, C = C-H), 635, 510 (v, C-S), 467 (v, S-S).
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The composition of the obtained copolymers was determined by elemental analysis. IR spectra were
recorded for all the samples, specific electrical conductivity (o) was determined, and oxidative thermal
destruction was studied by thermogravimetric analysis.

Copolymers have a high resistance to thermal oxidative degradation (up to 210-230 °C) and
electrical conductivity of the order of 10°-10"° S / cm. Figure 1 shows the IR spectrum of a synthesized
high-sulfur polymer based on Tengiz sulfur and aniline.

The redox copolymerization of elemental sulfur with pyrrole. In contrast with polyaniline that is a
slightly hydrophilic polymer and can be solubilized in water upon high dilution, polypyrrole is a
completely insoluble polymer in any solvent either organic or water. With respect to the above, the
interfacial polymerization seems an excellent candidate for the synthesis of a thin film in the boundary of
the two phases. This thin film can be easily extracted and purified. The poor solubility of polypyrrole in
any solvent has been assigned to an extensive cross-linking 20 between the polymer chains. Oligomers
however, tend to be easily dispersible. The polymerization of pyrrole involves oxidation of the monomer
with metal cations.

For the synthesis of high-sulfur pyrrole-based polymers, the method of co-oxidation of pyrrole and
polysulfone, previously generated in sifu from an aqueous solution of sodium polysulphide in the presence
of an oxidizing system and a colloidal stabilizer (gelatin), was used. The stabilizer was used as a pre-
prepared aqueous solution. The oxidation system H,O, / FeCl; / HCl includes 7ml of a 33 % solution
of H,0,, 0.2 g of FeCl;- 6H,0 and 50 ml of a 2 N solution of HCI.

The resulting filtrate was used subsequently to prepare colloidal sulfur-pyrrole copolymers. In the
same way, colloidal activated sulfur was obtained from the associated sulfur of Shymkent refinery Sgpg.
As a result of the variation in the nature of the initial sulfur (Stso or Scpr), sulfur-pyrrole copolymers are
obtained in the form of powders of a dark brown color with a different sulfur content  (Tables 4, 5).

Table 4 - Synthetic conditions and polymers yield based on pyrrole and the desulphurization product
of TSP (SPPy TSO) and (SPPy SPR)

Copolymer Composition of the reaction mixture Reaction temperature, Reaction time, h Yield,
cipher °C %
polysulfide, pyrrole, HCI, FeCl;-6H,O, 25-47
SPPy 150 H,0,, (self-heating) 4.0 80.3
gelatin
polysulfide, pyrrole, HCI, FeCl;-6H,0, 25-53
SPPy spr H,0,, (self-heating) 4.5 792
gelatin

Table 5- Elemental composition and melting point of polymers based on pyrrole and sulfur

) Elemental analysis
Sample cipher Tipat, °C
C H N Cl S
SPPY r1so 6.2 0.6 1.1 0.58 72.0 170-255
SPPy <pr 10.6 1.5 1.8 0.38 80.0 167-210

Thus, as a result of redox synthesis of high-sulfur polypyrrole, sol-gel copolymerization of pyrrole
with associated Srtso or Sspr sulfur, with other equal process conditions, depending on its origin, the sulfur
content of sulfur - polipyrrole is higher than in case of succumbing associated Tengiz sulfur.

In the IR spectra of high-sulfur pyrrole-based polymers (Fig. 2 a, b), there are characteristic
absorption bands (cm™): 1714, 1718 (v, C-0); 1557, 1457, 1414, (v, C=C a polypyrrole fragment); 1328,
1235 1225, 791 (6, C=C-H); 1236, 1047, 1025 (12), 1225, 1138, 1051, 1032 (13) (v, O=S), 791, 771,
800(3, C=C-H); 628, 632(v, C-S); 467, 464 (v, S-S).

— 3 ——
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Figure 2 - IR spectra of high-sulfur polymer based on:

When studying the electrical conductivity of the obtained high-sulfur aniline-based polymers and also
on the basis of pyrrole, they have a specific electric conductivity of the order of 107 - 107 S/cm,
corresponding to high-resistance organic semiconductors (Table 6).

Table 6 - Specific electric conductivity (o) and thermogravimetric analysis of high-sulfur polymers based on aniline SPAN (No 1,
Ne 2) and pyrrole SPPy (No 3, No 4)

Neo - Content The temperature of the onset of o,

wn ple cp S, % thermooxidative degradation,°C S/em
1 SPAN-1 80.4 ~210 2.1-10°
2 SPAN-2 89.2 ~210 12107
3 SPPy -1 72.0 ~220 31.107
4 SPPy -2 80.0 ~210 43107

According to the results of thermogravimetric analysis, the polymers obtained are highly resistant to
thermal-oxidative degradation (up to 210 -220 °C).

Microstructure of synthesized polymers based on elemental sulfur and aniline. For the purpose of
conducting comparative studies of the microstructure of synthesized high-sulfur polymers based on
aniline, and also on the basis of pyrrole, X-ray dispersive spectral microanalysis was used. Typical
micrographs of synthesized sulfonated copolymers SPAN (Ne 1) and SPPy (Ne 2) are presented in figure 3.
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a) SPAN -1 (587 nm — 1.10 um); b) SPAN -2 (755 nm —2.36 um);  ¢) SPPy (474 nm — 1.47 pum), d) SPPy (644 nm — 1.54 um)
Figure 3 — Micrographs of synthesized sulfonated copolymers

The obtained results indicate that the synthesized copolymers have a developed microstructure, with
sufficiently small microparticles of narrow polydispersity. The SPAN-1 copolymer has the smallest
35
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particle sizes in the range of 587 nm to 1.10 pm, in the case of SPPy-1 in the range 474 nm - 1.54 pm. A
somewhat larger particle (up to 755 nm - 2.36 um) is formed in the synthesis of an aniline-sulfur
copolymer SPAN-2, also slightly larger than the particle in the case of SPPy - 2 (up to 644 nm - 1.54 um)
using the H,O, / FeCl; / HCI oxidation system and adding gelatin to the reaction mixture.

The oxidation-reduction propertics and the electrochemical activity of the synthesized products, as
well as the possibility of their use as active cathode material in lithium batteries, were investigated by
cyclic voltammetry and charge-discharge processes of cathodes.

Electrochemical properties of synthesized cathode samples Ne 1 SPAN-1 and Ne 2 SPPy-2 (Table 6)
were studied in lithium batteries. Galvanostatic measurements were carried out on a multichannel tester
(BT-2000, Arbin Instruments) in the range of potentials from 0.1 to 2 V. The values of current intensity
and specific capacitance were calculated taking into account the weight content of sulfur in the SPAN-1
electrode composite (80.4 %) and SPPy - 2 (80 %) (Figure 4).
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Figure 4 - Charging-discharge curves (a, ¢) and cycling curves (b, d)
at a current density of 0.2 C of an aniline-based SPAN-1 (a, b) based aniline based polymer based on SPPy-2 (b, d)

The results of the electrochemical cycling of the SPAN-1 sample deposited on the aluminum current
collector showed a low capacitance, but when deposited on carbon paper (TGP-H-030), showed a high
capacitance (Fig. 4 a, b), the test samples of button batteries were high the initial discharge capacity is
2500 mAh™ at a current density of 0.2 C, it can be seen that the battery gradually loses its original
discharge capacitance to 50 % within 15 cycles. However, the charging capacity is more stable for 15
cycles (the battery continues to cycle).

The specimen of the SPPy-2 sample was also electrochemically tested, showed a smaller charge
capacity within 430-320 mAh™ and a maximum discharge capacitance of 520 mAh™'. Figure 4 ¢, d shows
charge-discharge curves and cycling at a current density of 0.2 C.

On cyclic voltammograms one anode peak is observed at 2.5 V and two cathode at 2.4 and 1.9 B,
which indicates the multistage nature of the reduction process in polymers. The electrochemical behavior
of a polymer with polysulfide blocks is determined by two fundamentally different parts of it.

The first is polysulfide blocks, which give peaks of oxidation and reduction, in position close to the
peaks of sulfur, and are not very dependent on the structure of the polymer. The second part is fragments
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remaining on the cathode (organic or heteroorganic thiolates), which modify the cathode matrix in a
certain way, accelerating or slowing down the intermediate stages of the redox process. It is possible to
learn how to control this process in order to achieve its maximum reversibility and speed, by searching for
the optimal structure and combination of the two specified parts of the electroactive sulfur-organic
polymer.

Thus, technological methods for the synthesis of high-sulfur polymers have been developed, based on
the redox copolymerization of elemental sulfur with aniline and pyrrole. Conditions for carrying out the
reaction have been found, which make it possible to vary the sulfur content of the obtained materials. It
has been established that synthesized high-sulfur polymers have thermal stability, semiconductor
properties, developed surface morphology and are promising for the development of active cathode
materials of modern rechargeable lithium current sources.

Conclusion. Technological methods for obtaining polymeric sulfur composites and an original sol-
gel technology for the synthesis of nanoscale polymer sulfur and its composites with electrically
conductive polymers (polypyrrole, polyaniline) have been developed. Conditions for carrying out the
reaction have been found, allowing to vary the sulfur content in the obtained materials. The
electrochemical activity and efficiency of the use of aniline and pyrrole-based gray polymer compositions
as active electrode materials of lithium-sulfur batteries have been studied. It has been established by
physico-chemical methods that the obtained high-sulfur polymers possess semiconductor properties,
redox activity and are promising for the development of active cathode materials of modern rechargeable

lithium current sources.
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J.B. Coxonckuii at. OTBIH, KATAIH3 KOHE IICKTPOXAMHUI HHCTHTYTHL, AnmaTtsl, Kasakcras,
*A E. ®asopckuii ar. UpKyTCK XHMHS HHCTHTYTHL. Peceit FBITBIM aKaTeMHUACHIHBIH
Cibip 6emmmnreci, UpkyTck, Peceit

MYHAWIBI KYKIPTCI3BAEHAIPYAE AJIBIHFAH LTECHEJI KYKIPT HETBIHAE KYKIPT-
MNOJUMEPJII KOMIIO3UTTEPJAIH CHHTE3IHIH O3THAIK TEXHOJOTI'UACHI

AnHoTtammst. TTommmepr KYKIPT KOMIOBHTTEPIH JICKTPIIK OTKITII COMOIMMEpICPMEH (IMMPPOJ, AHWIMH)
imecneni KYKIPT HETi3IHAE TOTBHIFY-TOTBHIKCBI3IAHY COIOJIMMEPIICY APKBUIBI TEXHOJOTHSUIBIK OICTEpP KACAJBIHIBL.
AJbIHFaH MaTepHAIIAPAAFbl KYKIPTTIH MOJIIEPIH 63TepTyre MYMKIHAIK OCpPETIH PEaKIUSHBI MKYPri3y MMapTTapbl
ocmrimeHal. JIMTHH-KYKIPT aKKyMyJIATOPJIAPBIHBIH OCICCHAI 3ICKTPOATHIK MATCPHATINAPHI PCTIHAC AHWIHH MCH
MUPPOJLABIH KYKIPTTI MOIMMEPITI KOMIO3HIHSIIAPBIHBIH ICKTPOXUMILUIBIK OCJICSHAITITI MEH THIMILUTIITI 3ePTTENI].
OM3HKO-XHUMILUIBIK 91ICTEp OOHBIHINA ANBIHFAH >KOFAPBI KYKIPT HMOJIMMEPIICPIHIH 3IEKTP OTKI3III KaCHETTCPIMEH,
TOTBIFY-TOTBIKCHI3JAHY OCJICCHIIMTIMEH >KOHE Ka3ipri 3aMaHFbl KaWTa 3apArTalaThlH JIMTHHIL TOK Ke3ACpPiHIH
OeIceH i KaToATH MATEPHAIIAPBIH 31PJIey YIIIH MEPCIICKTUBAIBI OOIIBIT TAOBIIATHIHBI AHBIKTAIIIBL.

JIMTHH-KYKIPT aKKyMyJIITOPIApH! VINiH KaTOATH MATCPHATIIAPAbI OHIIPETIH OTAHABIK OHIIPICTI KYpY Ke3iHIe
JNEKTP OTKI3ETIH KOFaphl KYKIPT HMOJIHMEPJICPIH IIBIFAPYFA APHAJFAH TOTBHIFY-TOTHIKCHI3JAHY COITOJIMMEPH3ALI
APKBLIBl HAHOMOIIICPITI KYKIPT HETi3iHAC AHWIHH MCH IHPOJ COMOJHUMCPJICPIH 307b-TCIb CHHTC3IHIH TAMBIFAH
TEXHOJIOTHSICHIH YChIHYFa OO IBL.

Tyiiin cesaep: mommMepti KYKIPT KOMIIOZUTTEP], MOJMIPHPOJ, MOTHAHKMINH, KAaTOATHl MaTCpHAIIAp, THTHI-
KYKIpT Oarapesiapsl.
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OPUI'MHAJIBHASA TEXHOJOTHUA CHHTE3A CEPOIIOJIMMEPHBIX KOMIIO3UTOB
HA OCHOBE IIOIIYTHOU CEPBI OBECCEPUBAHUA HE®THU

AHHOTaHI/Iﬂ. PaSpa60TaHI>I TEXHOJOTHUCCKUEC MCTOABI MOJYYCHUA IMOJTHUMCPHBIX CCPHBIX KOMIIO3HTOB ITyTCM
OKHCIIUTCIIBHO-BOCCTAHOBHTCILHON COMOMMMCPH3AMHE HA OCHOBE MOIYTHOH CEPHl C 3JICKTPOIPOBOTIIIHMHU
comoauMepaMu (HPPOIT, AHIINH). Y CTAHOBJICHBI YCIOBHS HPOBCACHHS PCAKITHH, KOTOPHIC MO3BOJITIOT BAPBHPOBATh
COJZICpP/KAaHME CEPhl B MOJYUYCHHBIX Marephanax. M3yueHa »neKTpOXMMHYECKAs aKTUBHOCTh M 3()(EKTHBHOCTH
HUCTOJB30BAHMA CCPHUCTBIX IMOJIUMCPHBIX KOMHOSI/IHI/IfI AHUJIMHA W MHAPPOJIA B KAUCCTBC AKTHBHBIX JJICKTPOAHBIX
MATCPHAJIOB JHUTHH-CCPHBIX OaTtapedl. DM3HKO-XHMHYCCKAMH MCTOJAMH YCTAHOBJICHO, YTO TOJIYICHHBIC
BBICOKOCCPHUCTBIC IMOJIUMCPBI 06J13£[3IOT QJICKTPOIPOBO IAITUMHA CBOfICTBaMI/I, OKHCIIUTCIIFHO-BOCCTAHOBUTC IbHOM
AKTUBHOCTBK) U NCPCICKTUBHBI AJIA p33p36OTKI/I AKTUBHBIX KATOAHBIX MATCPHATIOB COBPEMCHHBIX NCPE3aPIKACMBIX
HCTOYHHKOB TOKA JIMTHA.

Pa3paboTaHHas TEXHOIOTHA 30Ib-TeIb CHHTC3a COMOIMMCPOB AHIIMHA M IMIPPOJIA HA OCHOBEC HAHOPA3MCPHON
Cepbl MCTOJOM OKHCIHMTCIBHO-BOCCTAHOBHTCIBHOM COMOMMMEPU3ANMHE IS TONYYCHUS 3ICKTPOMPOBOIAIIAX
BBICOKOCCPHHCTBIX MOJTMMEPOB MOKET OBITH PEKOMCHIOBAHA IS MCIOJB30BAHHUS IPH CO3IAHHH OTCUCCTBCHHOTO
MPOU3BOJACTBA KATOJHBIX MATCPHANIOB M TUTHI-CEPHBIX AKKYMY JIATOPOB.

KoueBnie ciioBa: TOIUMEPHBIC CCPHBIC KOMITO3HTBI, MOJTHUIIAPPOJI, NOJTHAHWIIWMH, KATOAHBIC MATCPHATIBI,
TMTHHA-CEPHBIC OaTapeH.




