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SYNTHESIS OF NANOCOMPOSITE FIBERS BASED
ON ROCK PITCH AND NANOIRON BY ELECTROSPINNING

Abstract. The article presents experiments on the production of nanocomposite fibers based on the Shubarkol
coal tar pitch and nano-iron by the method of clectrospinning in a laboratory setup. The elemental composition was
determined and the surface morphology of the test sample was studied. As a result of energy dispersive X-ray
spectroscopy and SEM microscopy, the elemental composition was determined: C-92.14%, O-6.16%, Al-0.30%,
Si-0.26%, P-0.07%, S -0.20%, Cl -0.40%, Fe-0.47% and the diameter of the carbon nanofiber, which ranged from
94.2 nm to 800.0 nm. The results of IR spectroscopy showed an increase in the intensity of the peaks in the region of
2920-2850 cm-1 and the appearance of a signal at 2359 cm-1, which is explained by the breaking of several chemical
bonds in the sample structure and the formation of a composite with nano-iron.
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Introduction. Carbon nanofibers (CNFs), as one of the most important representatives of carbon
materials, have been investigated both in fundamental scientific research and practical applications [1].
CNFs are a class of such materials in which bent graphene layers or nanocones are folded in the form of a
quasi-one-dimensional filament, and the internal structure can be characterized by the angle o between
graphene layers and the fiber axis [2].

Composite materials often consist of a polymer, metal, carbon or carbide matrix reinforced with
fillers of high-strength, high-modulus fibers or whiskers. By varying the composition of the matrix and
filler, their ratio, orientation of the filler, a wide range of materials with the required set of properties is
obtained. The use of composites usually reduces the weight of the structure while maintaining or
improving its mechanical characteristics.

The achievements of recent years in the chemistry of carbon open up very broad prospects for
obtaining a composition based on carbon-containing raw materials. Due to their unique properties,
extremely high chemical resistance, thermal strength, heat resistance and specific strength, carbon
composites have found application as materials for the manufacture of high-temperature technology [3, 4].

By their structure, composites are divided into several main classes: fibrous, dispersion-strengthened,
particle-strengthened, and nanocomposites. A low content of filler in composites leads to the appearance
of qualitatively new mechanical properties of the material. The material properties can also be varied
widely by changing the orientation of the size and concentration of the fibers. In addition, fiber
reinforcement gives the material anisotropic properties, and by adding conductor fibers, it is possible to
impart electrical conductivity to the material along a given axis.

The microstructure of the remaining classes of composite materials is characterized by the fact that
the matrix is filled with particles of a reinforcing substance, and they differ in particle size. In composites
reinforced with particles, their size is more than 1 um, and the content is 20-25% (by volume), while
dispersion-strengthened composites include from 1 to 15% (by volume) of particles with a size of 0.01 to
0.1 um. The sizes of particles included in the composition of nanocomposites - a new class of composite
materials - are even smaller and amount to 10-100 nm [5].
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CNVs have attracted much attention of scientists for their potential thermal, electrical, shiclding and
mechanical properties [6]. Due to their exceptional properties and low cost, they are now increasingly
used in various materials such as composites.

CNF-based composites can be used as promising materials in many fields, such as electrical devices,
electrode materials for batteries and supercapacitors, and also as sensors.

Coal tar (CT), which are formed during the pyrolysis of raw materials, has the following
characteristics: density at 20 ° C - 1070 kg / m®, viscosity at 80 ° C - 2.9-3.3 conventional degrees, coking
capacity - 2.0-3, 5%, flash point - 110-120 ° C, softening temperature - 60-70 ° C, volatile matter yield -
83.0%. It 1s not electrically conductive and insoluble in water, dissolves only in organic solvents (pyridine,
benzene, etc.), and is resistant to acids.

The technology for producing carbon fiber based on coal tar includes several stages: substrate
preparation, fiber synthesis by electrospinning, stabilization in an oxidizing atmosphere, carbonization in
an inert atmosphere, graphitization at elevated temperatures.

Electrospinning is a versatile and efficient method of producing continuous nanofibers from
submicron to nanometer diameters using a high potential electric field. The technology can be easily used
in the laboratory and can be scaled up to an industrial process. Electroconversion of nanofibers from
polymer solutions or melts is of practical interest, since they have many potential applications [7].
Electrospinning is a process that leads to the formation of nanofibers as a result of the action of
electrostatic forces on an electrically charged flow of a solution or melt [8].

Research methodology. Samples of composite CNFs were obtained at the “Institute of Coal
Chemistry and Technology™ LLP (Nur-Sultan) by electrospinning in laboratory conditions. Coal tar from
the coal of the “Shubarkol” deposit and iron nanopowders obtained by the electroexplosive method, which
have a size from 70 nm to 150 nm, were used as a raw material.

To prepare raw materials and obtain carbon nanocomposite fibers, the following devices were used:
an ultrasonic bath, a laboratory electrospinning unit, a scanning e¢lectron microscope (SEM) with an
attachment for energy dispersive analysis from EDAX, transmission e¢lectron microscopy (TEM)
JEM1400 PLUS, and NicoletiS 10 FT-IR spectrometer.

In the study, the clectrospinning method was used to obtain nanocomposite fibers in laboratory
conditions, since this method, unlike the usual mechanical pulling of fibers from solution, does not impose
high requirements on the chemistry of the process, does not require high temperatures for fiber
solidification, which means that it allows creating fibers of long and complex molecules. Despite the
complexity of the physical processes of electrospinning, this method is distinguished by its instrumental
simplicity, high energy efficiency of production, wide versatility for the formed materials, and flexibility
in controlling the process parameters. All this makes the electrospinning process attractive for the
industrial production of nanofibers [9].

The method of obtaining carbon nanocomposite fibers from coal tar by the electrospinning method
includes the following stages: preparation of raw materials, formation, stabilization (oxidation - to remove
low molecular weight products of destruction and the formation of crosslinked and cyclic structures) and
carbonization (to remove hydrogen and heteroatoms in the form of volatile compounds, where final
formation of carbon fibers). To obtain carbon nanocomposite fibers (d = 94.2-800 nm), coal tar and iron
nanopowder are used, and polymethyl methacrylate is used as a binder, 1,2-dichloroethane is used as a
solvent, the mixture of starting products is subjected to dispersion in an ultrasonic bath at a temperature of
35 °C, frequency - 35 kHz, holding time 30 min, the prepared solution is placed in an electrospinning
installation with a syringe, the set voltage is 20-25 kV, the distance between the syringe receiver is
20-30 cm, the fibers obtained after spinning are oxidized at a temperature of 300 ° C in the flow air, the
holding time is 1 hour, after oxidation, the carbonization process is carried out in an inert argon
atmosphere at a temperature of 800 ° C, the heating rate is 5 © C / min, the holding time is 60 minutes
[9-10].

Results and its discussion. The elemental composition of the original nanocomposite fiber, oxidized
and carbonized forms, are presented in table 1.
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(nylon, polyester, acrylic, polypropylene, etc.). The prospect of these studies lies in the possibility of
large-scale production of carbon fibers from coal tar, which will lead to the appearance of domestically
produced materials and composites based on them on the Kazakhstan market.
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JJIEKTPONUHHHUHI 9AICIMEH TACKOMIP
IMAUBIPBI MEH HAHOHTEMIP HEI'I3IHJAE
HAHOKOMIIO3UTTI TAJIIIBIKTBI CHHTE3JIEY

Annoramusi. Makanaga «[llybapkem» Tackemip IIAfbIpel JKOHE HAHOTEMIP HETI3IHAC HAHOKOMIIO3HUT
TAJMIIBIKTAPbIH JICKTPOCIHHHUHT OMICIMEH 3EPTXAHANBIK KOHABIPFBIAA any OOWBIHINA TKIpHOEIEp >KYpri3iifi.
3epTTeNeTiH VITIHIH 3IEMCHTTIK KYpaMbl AHBIKTAIBIL, OCT MOP(OJOTHACHI 3ePTTEIAl. JHEPIUs AUCHCPCHSIBIK
PCHTTCHIIK CHCKTPOCKOMHS oHEC COM-MHKPOCKOTHS HOTIDKCCIHAC AIEMCHTTIK Kypambr C-92,14 %, 0-6,16 %,
Al-0,30 %, Si-0,26 %, P-0,07 %, S-0,20 %, CI-0.40 %, Fe-0.47 % »&oHe KeMipTeTi HAHOTAIBIFBIHBIH THAMCTPL
94,2 um-nen 800,0 mm-re ampiktamgsl. MK — cmektpockomus HoTWKenepi 2920-2850 ¢! OOJBICTAFBI IUBIH
KAPKBIHBIHBIH YKOFAPLLIANTHIHBIH JKkoHEe 2359 oM™ Ke3iHAe CHrHAIIbIH Maina OOJATHIHBIH AMKBIHAALBL, Oy Yiri
KYPBUIBIMBIHIAFB! OIpHEINC XHMISUIBIK OalIaHBICTAPABIH Y31Iyi jKOHE HAHOTEMIPMEH KOMIIO3UTTIH maiga 0oxysl
HeTi3iHAe TyciHaipineai. KeMipTekTi HAHOTAMIBIKTHI ajly YIIiH KOJDKETIMAI MaTepHaigap MaiJalaHbluIIbl, MHKI3AT
mUpoIm3i Ke3iHae maiiaa OomareH «lllydapkem» KeH OPHBIHAAFHI KOMIPACH TACKOMIpP INAHBIPBI, HAHOKOMITO3HUT Ay
ymie KHT temip HAaHOYHTAKTaphIMEH MOJU(PHKAIMAIAHABL, OAMIAHBICTBIPFBIN PETIHAC MOIMMETIIIMETAKPHIIAT,
epiTkim petiaae 1,2-AuxXI0p3TaH MakJaNIaHbUIAbL, NIMKI3ATTHL JAHBIHIAY Keleci Ke3eHACPACH Typaasl: 1) Tac kemip
MIAKBIPHI MEH HAHOTEMIP YIBTPAIBIOBICTHIK BaHHAMA 1,2-muxnopatanmen 35 °C remmeparypana epiTiireH, sKaiiri —
35 x['11, ycray yakwrrst 30 muH, 2) COHIai-ax momuMeTHIMETaakpuaar 35 °C Temmeparypaza yasTpamabIObICThIK
BaHHAA 1,2 — AUXJTOPITAHMCH CPiTireH (CamMakThIK yieci 3%), skuiniri-35 k['L, ycray yaksirst 30 muH; 3) 1 sxoHe
2 caThIIapbIHAA ANBIHFAH JAMBIH epiTiHaizep 1:1 KaTblHACBHIHAA apanacThIPHUIANBI, AJTBIHFAH OHIM OIpTEKTI Macca
00y YIIiH aJABIHFEI CATHIFA YKCAC MAPAMCTPIICPIMCH VIIBTPAIBIOBICTHIK BAHHAAA APaIacTHIPBUIALL, 4) TalibIHIATFAH
epITIHIHI mIpHIi 6ap 3ICKTPOCIHHHIHT KOHIBIPFRICEIHA OPHAIACTHIPAAbL, Auamerpi 0,6 MM HHE TypiHAeri Quibep
mavanaseIaasl, ofaH 20-25 KB MMITyJIBCTI SKOFApBl BOJBTTHI KEPHEY OPHANACTHIPAIBI, IITIPUIIICH KAOBULIAFHIII
apachIHAArbl KAIBIKTHIK 20-30 cM; 5) mipyaeH KeHin Tamubikrap ayaga 300 °C-ta ToTsFaasl, yCTay yakeITH 1 carar,
6) TtoreryaaH keiim 800 °C-ta kapOoHm3amums yaepicl >Kypedi, KeHiH OelMe TeMImepaTrypachlHA COMKeEC
cankerHaaTerIaael. KHT kapOOHM3ANHACH HOTIKCCIHAC TaFbl Oip eHiMAi amyra Oomamel — kemiprekti cdepa (KC),
OyI1 3epTTEyIIiiep apachlHAA YJIKEH KbI3BFYIIBIIBIK TYABIPABL, MBICAIBI, Ta3abl O6IyAC KOHE MOJICKYIIAIBIK CJICK,
(OTOHABI THIMBIM CANBIHFAH AaWMAKTAaFrbl KPHCTANZAP, KATAIHM3aTOp CyOCTpaTTaphl IKOHE JIMTHH-HOHIBIK
AKKYMYJITOPIApFa apHAIFaH iekTpon Marepuammapsl. KC sxorapsl OSTKi ayJaHBI MCH YKOFAPBI KYPBLIBIMIIBIK
TYPAKTHUIBIFbIHA OANNAHBICTHI TIPEK CyOCTpaT peTiHAe KbI3MeT erenl. KemipmMeH, MyHaMEH HEMECE TYBIHIBI
OHIMJICPMEH CANBICTBHIPFAHAA TYPAKTHI, AP3aH JHEPTHUS CAKTAy IMMKizaThHaH anblHFAH KC KbI3bFYIIBLIBIK TY IBIP/IBL.
KHT xap6onmanustanran Gopmacer MK-Oypee criekrpoMrepinae emxkannaii curaan 6epmeiini. Kommosurri KHT
Ay IBIH OMICI OHEPKACINTIK OHAIPICTIH MEPCIICKTHBTI diCi OONBIT CaHANAIBI YKOHE KYPBIIBIMIBIK MaTCpHAIAAPFa
YCHIHBUFAH OCPIKTIK CHIATTAMATAPBIHA KO JKSTKI3Yi AHBIKTAHTHIH CaJBICTBIPMANBI TYPAC KOFAPHI (DPAKIHSAIBI
GiprekTiniri 6ap eHIM axyasl KAMTAMAChI3 €TETIH 3JCKTPCIMHHUHT SMICIHE HETI3ACITEH. 3EPTTEYIIH SKOIOTHSIbIK
acepl KeMIPTEKTI TANIIBIKTAP MESH COHBIH HETI3IHAE KOMIIO3HT Ay YIIH KaifTalrama MHKi3arTsl (TaCKeMip MAaHbIPbI
JKOHE KeMip eHIIpYIiH 0acka Ja KaJabIKTaphl) OHACYTE HETI3ACITCH 3KOJOTHUIBIK Ta3a TEXHOJOTHSIHBI KypyJaH
Typansl. Byn TeXHONOTHAHBI Kypy SKOHOMHKAIBIK PSHTAOCIBAI OHIM ana OTHIPHIN, KAJIBIKTBHIH OCHI TYPIH KOACTe
’KapaTy IbIH SKOJOTHSUIBIK ACTICKTICIH IIEIIyTe MYMKIHAIK Oeperi. ¥ ChIHBUFAH 97ic Oiperci, eWTKeHi 0i3 KeMipreri
TAIIBIKTAPEIH Ay YIOH MAHAATAHATHIH IMHKI3aT KONTCICH 0acKa MPCKypCopiapaaH (HCHJIOH, MOJHAICTSP, aKpHIL,
TIOJMIIPOTIANICH SKOHE T.0.) TANMIBIKTAp any TEXHOJOTHACBIMEH CANBICTBHIPFAHNA KAHAPTHUIATBIH PECypc OOJbIN
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canananpl. OcChbl 3epTTEYJEpPAIH TNEPCHEKTHBTLIIIT TACKeOMIp IIAWBIPBIHAH KOMIPTEKTI TAIMIBIKTAPABI ayKbIMIbI
OHIPY MYMKIHZIr Oombin ecenreneni, Oyn Kazakcran Hapeirbiaaa KHT Herizinae oTaHABIK 6HAIPIC MAaTEpHAIIAPHI
MEH KOMITO3HTTEPIHIH Maii1a 00Ty bIHA BIKIA €TEI.

Tyiiin ce3aep: TacKeMip MAHBIPBI, HAHOTEMIP, HAHOKOMIIOZUT TAIIIBIKTAPBI, 3JCKTPONMHHAHT, KAaJbIITACTHIPY,
TOTBIFY, KADOOHHM3ALIL.
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CHHTE3 HAHOKOMITIO3UTHBIX BOJIOKOH HA OCHOBE KAMEHHO YT OJIbHOI CMOJIbI
W HAHOXEJE3A METOAOM 3JEKTPOCIIMHHUHT A

Annortamust. B crarbe mpoBeneHBI SKCIEPUMEHTHI IO TOJIYUCHIO HAHOKOMIIO3HMTHBIX BOJOKOH HA OCHOBC
KaMECHHOYTOJbHOU cMOuTbI «I1lyOapkomby» M HAHOKEIE3a METOIOM NIEKTPOCIIMHHUHTA B JA00OPATOPHOH YCTAHOBKE.
OmnpenencH 3MEMEHTHBIA COCTaB M W3y4YeHA MOP(OJIOTHSI MOBEPXHOCTH HCCiIeayeMoro obpasma. B pesymprare
SHCPTOANCICPCHOHHOH PEHTTEHOBCKOH CIICKTPOCKOMHH 1 COM-MUKPOCKOITHH OBLI OTPCICIICH 3ICMCHTHBIA COCTAB;
C-92,14 %, 0-6,16 %, Al-0,30 %, Si-0,26 %, P-0,07 %, S-0,20 %, C1-0.40 %, Fe-0.47 % n quamerp yriepomHoro
HAHOBOJIOKHA, KOTOPBIA cocTaBua OT 94,2 HM 10 800,0 HM. Pesymprarel MK-ciekTpoCKkonuy MOKa3aiH yBEIHICHHE
HHTECHCUBHOCTH MUKOB B 00mactu 2920-2850 cm! u moseicHue CurHaia npu 2359 M, 4TO 0OBACHACTCS Pa3phIBOM
HECKOJIBKHX XHUMHYCCKUX CBSI3CH B CTPYKTYpe o0Opa3ma W oOpa3oBaHWEM KOMIIO3WTA C HAHOXKene3o0u. Jlma
MOy YCHHS YTICPOHBIX HAHOBOJIOKOH HCTIONB30BAHBI JOCTY ITHBIC MATEPHANIBI KAK KAMCHHOYTOIBHASA CMOJIA U3 YT
MecTopoxacHuH «1Llybaproms», KOTOpbIe 00pa3yIOTCS MPH MUPOJIN3E CHIPhS, IS MOJIyHUCHUSI HaHOKoMIo3uTa, YHB
MOIH(DHIMPOBAH HAHOTIOPOIIKAMH >KEJIC3a, B KAYECTBE CBA3YIOMIETO OBLT MCIOIb30BAH — MOJIMMETHIMETAKPHIIAT, B
KA4eCTBE PacTBOpHUTE 1,2-IMXI0P3TaH, MOATOTOBKA ChIPbI COCTOUT U3 CICAYIOMUX CTaIuU: 1) KAMEHHOYTOJIbHY O
CMOJIy H HAHOIKEIE30 PACTBOPHIIH B 1,2-THXIOP3ITAHE B YJILTPA3BYKOBOM BaHHe mpH Temmeparype 35 °C, wacrora —
35 k', Bpems BbiacpkkH 30 MHH, 2) MOMMMETHIMETAAKPUIAT TAKXKE PACTBOPWIH B 1,2-auxjopsTaHe (Maccosast
Jonst 3 %) B VIBTPa3ByKOBOW BamHe mpu Temmeparype 35 °C, uacrora — 35 k['L[, BpeMs BhUIepsKkd 30 MuH;
3) TOTOBBIC PACTBOPBI, MOIYUYCHHBIC HA CTAAMAX 1 M 2, CMEINIUBAKOT B COOTHOIICHUAX 1:1, MONyUYCHHBIH MPOAYKT
MEPEMEIINBATH B YIBTPA3BYKOBOH BAHHE NPH AHAJOTMYHBIX MAPAMETPAX HPEABIAYIMUX CTAAHHM A IOJyYCHUS
OJHOPOJHON MACCHI, 4) MPUTOTOBJICHHBIH PACTBOP MOMEMIAOT B YCTAHOBKY 3JICKTPOCHUHHMHIA CO IIMPHIOM, LI
HCTIOJIb3YET (PUIBEP B BHAC WIIbI AHaMeTpoM 0,6 MM, K KOTOPOMY NPHKIIAJBIBAIOT HMITYJILCHOEC BBICOKOBOJIBTHOC
HanpspreHue 20-25 kB, paccTosHuA MEKTy MPUEMHHKOM mmpuua 20-30 cM; 5) BOIOKHA MOCHIE NPAACHHA OKUCIIIOT
mpu 300 °C Ha BO3AyXe, BPEMS BBIACPKKH 1 4., 6) MOCIC OKHUCICHHA TMPOBOIATCA MPOLCCC KAPOOHHM3ALWH MPH
800 °C, 3aTeM OXJIA’KAAIOT A0 KOMHATHOHM TeMreparypsl. B pesymbrate kapooHm3anun YHB MOXHO TOIyuuT erme
OJUH TPOIYKT — yriaepoxusie cepsr (Y C), KOTOPbIC MPHUBICKIN 3HAYUTEIbHBIN HHTEPEC CPEAN UCCICAOBATEICH H3-
32 UX NOTCHUMATBHOTO MPHMCHECHHA, HANMPHMEDP, B Ta30BOM DPA3ACICHHM U B KA4YeCTBE MOJCKYJLIPHBIX CHT,
KPHCTAJUIOB C (DOTOHHOI 3aNPEICHHON 30HOM, MOJIOMCEK KATAIH3aTOPOB M MATEPHANIOB 3JEKTPOJOB I JTHTHI-
HOHHBIX aKKyMyJITOpoB. YC CIIyKaT ONMOPHBIMH TOJJIOKKAME ONAarozaps WX BBHICOKOH IUIOIMAAHM MOBEPXHOCTH H
BBICOKOH CTPYKTYPHOH CTaOWIBHOCTH, NOMHMO IPYTHX CBOHCTB. [lo cCpaBHEHHMIO € yTiieM, HE(THIO WM
TPOM3BOAHBIME HpoaykTaMu, Y C MOIyYeHHbIC W3 YCTOWYHBOTO, HEJOPOTOTO CHIPBS AL XPAHCHHS 3HEPTHH, CTAIH
ocobenHO mHTepecHbIME. KapOoHm3osanuas (opma YHB we maer Hukakoro curxana Ha MK-®ypee ciekrpomrepe.
[peamaraemerii ciocod moxyyeHHs KOMIO3HTHBIX YHB moCTpoeH Ha OCHOBE METOA 3CKTPOCITMHHUHTA, KOTOPBIH
SIBILIETCSI HAMOOJICE IEPCIIEKTUBHBIM CIIOCOOOM MPOMBIIUICHHOTO MPOW3BOJACTBA W OOCCICUMBACT TIOJIYUCHHC
MPOJYKTA C OTHOCHTEIBFHO BBICOKOM OJHOPOIHOCTBIO (DPAKIMH, UTO ONPEAC/IET JOCTIKCHHE IPOYHOCTHBIX
XAPAKTECPUCTHK, TPEABIBIIEMBIX K KOHCTPYKIHOHHBIM MaTepHalaM. OKOJOTHYECKHH 3((EeKT HCcCaea0BaHUS
3aKIFOYACTCSI B CO3AHMH 3KOJOTHUYCCKH YHCTOH TEXHOJOTHH OCHOBAHHOH HA TMEpPepabOTKE BTOPHYHOTO CBIPHS
(KaMEHHOYTOJIbHASL CMOJIA W JP. OTXOABI YIJICAOOBINMH) I ITOJIYUCHHUS YTICPOIHBIX BOJOKOH M KOMIIO3HTOB HA MX
ocHoBe. Co3gaHWe AAHHOW TEXHOJOTHH TO3BOJHT PEIINTh 3KOJOTHYCCKHH ACHEKT YTHIHM3ALMH JAHHOTO THIA
OTXOJO0B C MOJYYCHHEM 3KOHOMHYCCKH PEHTA0CIBHOTO MPOAYKTA. IIpeanoKeHHbIH CIOCO0 YHHUKAICH TEM, HTO
CBIPbE, KOTOPOE HCIOJIB3YETCS HAMH A TOJYYCHUS YTJICPOIHBIX BOJIOKOH, SBILIETCS BO30OHOBILIEMBIM PECYPCOM,
MO0 CPAaBHCHHIO C TEXHOJIOTHEH MOIYYCHHSA BOJOKOH M3 MHOMKECTBA APYTHX NMPEKYPCOPOB (HEIIOH, MOJHUACTED,
aKpuj, TOJMIOPONUJCH H Ap.). IlepCHeKTHBHOCTh JAHHBIX MCCIACIOBAHUN 3aKIIIOYACTCS B BO3MOXKHOCTH
MacImTabHOTO MPOM3BOJICTBA YIJIEPOIHBIX BOJOKOH M3 KAMCHHOYTOJIBHOM CMOJBI, UTO TPHUBEACT K IOSBICHHIO HA
peiHKe KazaxcTana MaTepHAIOB H KOMIIO3UTOB HA HX OCHOBE OTCUECTBEHHOTO IPOU3BOACTBA.

KimoueBbie c/IoBa: KAMCHHOYTOJBHAS CMOJA, HAHOXKEJIC30, HAHOKOMITO3HTHBIC BOJOKHA, 3JCKTPOCTIMHHHUHT,
(hOpMHUPOBAHAC, OKUCIICHHUE, KAPOOHH3AIH L.
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