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MeaHeHHe BOJIOKHUCTBIX MATEPHAJIOB HA OCHOBE
MOJMAKPUJIOHUTPUJIA
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AnHoTtanus. B Hactosimee Bpemsi pe3Ko Bo3pocia HEOOXOMUMOCTH CO3JaHHs HOBBIX MHOTO(YHKIIMOHAIBHBIX MAaTEpHAIOB,
OTBEYAIOIIUX TPeOOBaHMSIM TEXHOJOTMH M moTpebHocTell obmiecTBa. Kpome Toro, ¢ yBelMYeHHEM KOJIHMYECTBA BCEBO3MOXKHBIX
«TaJKETOB», CHCTEM CBSI3M, HCTOYHUKOB DIICKTPOMATHUTHOTO  «3arpsA3HCHHS»  OKPYKAIOWMEH Cpelbl, BBI3BAHHOTO
(YHKIMOHHPOBAaHHEM COTOBOW CBSI3H, TIEPCOHATBHBIX KOMITBIOTEPOB U JPYTHX HCTOYHHUKOB, aKTyalbHOIl CTAHOBHUTCS 3all[Ta OT
M3JIy4eHHs], JJIEKTPOMAarHUTHBIX BOJIH paauodactoTHoro auamazona ot 30 I'm no 3000 I'T'u. [ns aTux neneit MOKHO MCHOJIb30BATh
Mo (UIIPOBaHHbBIE BOJIOKHA U TKAHU METOI0OM METaJUIM3aliK. B kauecTBe 00BEKTOB HCCIEIOBAHIS BEIOpAH TKAaHHBIN MaTepHal Ha
OCHOBE KTYTHKA MOJHAKPIIIOHUTPIIBLHOTO Ui crenuanbHeix neieid (000 «CHB») ¢ 3aBoICKUMH CBOMCTBaMH: HOMUHAITBHOMN
JMHEIHOM IIOTHOCTBIO AJIEMEHTapHOTO BOJIOKHA, 0,12 Tekc, yaenapHOH pa3pbIBHOH Harpyskoi BosiokHa 450 mH/Teke, ynnnHeHnem
3JIEMEHTapHOTO BOJIOKHA TpH paspbiBe 18%. B pabote xumudyeckoe MeTHEHHE IPOBOIMIMA IBYMS CIIOCOOAMHU: TIEPBBII MPEICTABIISI
€000 KITACCHUYECKYIO CXeMY METAJUTH3aI|H IIACTMACC; BTOPOH CI10co0 MPOBOIMIN IO HOBOI MalOCTagUHHON H MaIOKOMIOHEHTHON
TEXHOJIOTHH, KOTOpasi BKJIIOYaJIa BE OCHOBHBIEC CTa[WH: aKTHBAIWS ITOBEPXHOCTU U XMMHYECKoe MeqHeHue. [IpoBeneHHbI aHamm3
TIOBEPXHOCTH BOJIOKHHCTOTO MaTepHania, METAUIM3UPOBAHHOTO TAbBAHHMYECKUM CIHOCOOOM C MPEIBAPHTENBFHBIM XHMHUYECKHM
MeJJHEHHEM KaK 0 TPaJAuIMOHHOH TEXHOIOTHH, TaK ¥ 110 MaJIOCTAAMHHOM, IOKa3aj, YTO MOKPBITHS B IBYX CIIydasX pPaBHOMEpHEIE 110
BCEil MOBEPXHOCTH BOJOKHUCTOTO MaTepualia U MMEIOT XapaKTePHBIA [[BET MeIH, IPUYEM METaJUTHYecKast MeIb HMEET 3epHHICTYIO
CTPYKTYpY IIpU IUIOTHOH MakoBKe 3&peH Apyr K Apyry. [Ipm 3ToM CHmKaeTcsl yaenpHOe 3JeKTpuueckoe comportusienue [TAH —
BOJIOKHHCTBIX MaTepHajoB. MeTaum3alus TKaHHBIX MaTepraioB Ha ocHOoBe [IAH-BOJIOKHHACTHIX MaTEPHAIOB B MAJTOKOMIOHEHTOM
JNIEKTPOJIUTE [0 MAIOCTATUHHON TEXHOJIOTMH XHUMHYECKOTO MEIHEHHS SBISETCS IePCIIEKTUBHEIM, TaK KaK I0JIydaeMble MMOKPBITUS
OTIMYAIOTCS BBICOKUMH 3JICKTPHYECKHMHI CBOMCTBAMH, MPHU 3TOM CHM)KAETCS SKOJOTHMYECKas HANpPsDKEHHOCTh W3-33 OTCYTCTBHUS
BPEHBIX KOMIOHCHTOB DJICKTPOJIMTA (KHCJIOT PU TPABJICHUH) M TPOMBIBHBIX BOJI.

KiioueBble cj10Ba: XUMHYECKOE MEIHCHHEC, TaJIbBAHUYCCKOC MEAHCHHEC, IOJUAKPUIIOHUTPUIIBHBIC BOJOKHUCTBIC MAaTCpHUAJIbI,
3alIATHBIC SKPAHbI OT 3JICKTPOMAruHuTHOI'O U3JTYUCHUST

Coppering of fibrous materials based on polyacrylonitrile
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Abstract. Currently, the need to create new multifunctional materials that meet the requirements of technology and the needs of society
has sharply increased. In addition, with the increase in the number of various “gadgets”, communication systems, sources of
electromagnetic "pollution™ of the environment caused by the functioning of cellular communications, personal computers and other
sources, protection against radiation and electromagnetic waves of the radio frequency range from 30 Hz to 3000 GHz becomes
relevant. For these purposes, you can use modified fibers and fabrics by metallization. As the objects of study, we chose a woven
material based on a polyacrylonitrile flagellum for special purposes (START LLC) with factory properties: nominal linear density of
elementary fiber, 0.12 tex, specific tensile load of the fiber 450 mN/tex, elongation of the elementary fiber at break 18 % In the work,
chemical copper plating was carried out in two ways: the first was a classical metallization scheme for plastics; the second method was
carried out according to a new low-stage and low-component technology, which included two main stages: surface activation and
chemical copper plating. The analysis of the surface of a fibrous material metallized by a galvanic method with preliminary chemical
copper plating, both by traditional technology and by low-stage, showed that in two cases the coatings are uniform over the entire
surface of the fibrous material and have a characteristic copper color, and metallic copper has a granular structure with a dense Packed
grains to each other. At the same time, the electrical resistivity of PAN-fibrous materials is reduced. Metallization of woven materials
based on PAN-fibrous materials in a low-component electrolyte using a low-stage chemical copper plating technology is promising,
since the resulting coatings are characterized by high electrical properties, while reducing environmental stress due to the absence of
harmful electrolyte components (acids during etching) and washing water.

Keywords: chemical coppering, galvanic coppering, polyacrylonitrile fibrous materials, protective screens from electromagnetic
radiation
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Beenenue

B Hacrosiiee Bpemst pe3ko BO3pocia He00Xo-
JMMOCTb CO3JaHHUsI HOBBIX MHOTO()YHKIIMOHAJIBHBIX
MaTepHaJIoB, OTBEYAIOIINX TPEOOBAHMSIM TEXHOIOT U
u motpebHOcTel obmecta. Kpome Toro, ¢ yBenu-
YEHHUEM KOJIMYECTBA BCEBO3MOXKHBIX «TaPKETOBY,
CHCTEM CBSI3M, UCTOYHHUKOB 3JIEKTPOMArHUTHOT'O
«3arpsA3HEHMSD OKPYXKAIOLIEH Cpelbl, BBI3BAHHOIO
(YHKIIMOHMPOBAHUEM COTOBOM CBSI3H, IEPCOHATIBHBIX
KOMIIBIOTEPOB U JPYTUX UCTOYHHUKOB, aKTYaJIbHOU
CTaHOBHTCS 3aIlIUTa OT U3IY4EHHUS, HIEKTPOMarHuT-
HBIX BOJIH paIMO4acTOTHOrO auamnasoHa ot 30 ' qo
3000 I'T. Jns oTuX mesne MOXKHO MCIOJIb30BaTh
MOIU(HUIMPOBAHHBIE BOJIOKHA M TKAHH METOJOM
MeTamum3aiun [1-3].

Haunbonee moctynHeiM 1 yI0OHBIM CIIOCOOOM
MOJYYEHHUS! METAJUNIM3UPOBAHHBIX BOJIOKOH SIBJISI-
eTCs XUMHYeCKas METAUIH3aLus, KOTOpasi 00BIYHO
OCYILIECTBIISIETCS. TTyTEM BOCCTAHOBJICHHSI METAJLIOB
U3 PacTBOPOB MX COJICH HEMOCPEACTBEHHO Ha II0-
BEPXHOCTH BOJIOKHA. [[aHHBIM METOX BKJIIOYAET
MOCJIeI0BaTENbHBIE ONEepalli, COMPOBOXKIAIONIH-
€csl MMPOMBIBKOM KakK ropsA4eil, Tak W XOJOAHOMH,
pUYEeM TOCHIe KaKIO0H CTaiuy, YTO 3HAYUTEIILHO
MOBBIIIACT IKOJIOTHYECKYIO HAMIPSKEHHOCTD 3TOTO
npousBoacTBa [4-5].

Hesanb padoTbl — U3ydYeHUE HKOJIOTUYECKU
Oe3omacHoro criocoba MemHeHus TKaHHBIX [IAH-
BOJIOKHHUCTBIX ~MAaTEpUAJIOB AJSI IPUIOAHUA UM
CHENHABHBIX CBOWCTB, B YaCTHOCTH, ITOBBIIICHUS
AMIEKTPHYECKON MPOBOAMMOCTH U 3aILUTBI OT AJIEKTPO-
MAarHUTHBIX M3ITy4YeHHH PaJJOYacTOTHOTO AUAaIia3oHa.

Marepuajusl 1 METOABI

B kadecTBe 00BEKTOB HCCIICIOBAHUS BBIOpaH
TKaHHBIN MaT€puajl Ha OCHOBC XI'YTUKaA IIOJIMAK-
PUIOHUTPUIILHOTO JJIA CIICIUaJIbHBIX uenef/'l
(OO0 «CHB»), TY 2272-001-82666421-2009
¢ u3M. 1, ¢ 3aBojickuMU cBoiicTBamu [6-8]:

® HOMUHAJIbHasA JIMHEWHas IIJIOTHOCTH
aneMeHTapHoro BoyiokHa 0,12 Tekc;

post@uestnik-vsuet.ru

e HOMHUHAJbHAs JIMHEWHAs IUIOTHOCTb
)kryta 360 Tekc;

e yIenbHas pa3pblBHAs Harpy3ka BOJOKHA
450 mH/Tekc;

® Y/UIMHEHHE 3JIEMEHTapHOI0 BOJIOKHA ITPH
paspsise 18 + 3%.

[TpoBOaMIN XMMHUYECKOE MEITHEHHE JIBYMs
crioco6amu. [lepBrIii mpeacTaBiIsuT COOON KITacCH-
YECKYI0 CXeMy METaJIM3aluy IuacTMacc. TexHo-
JorHyecKas JIMHUS TaKoro MEAHEHUs BKIIodYana
crenyromue cragud: | — oOezxupuBanue; 2 —
TpaBIlIeHUE; 3 — CCHCUOMITU3AINIO; 4 — aKTHBAIIHIO;
5— akcenepanmio; 6 — XHMHYECKOE MEIHEHHE.
Meramnuzamuio [TAH-BomokHuCcTOrO MaTtepuana
BTOPbIM CIIOCOOOM IPOBOMMIN IO HOBOW MajocTa-
JMMHON M MaJIOKOMITIOHEHTHOW TEXHOJIOTHH, KOTOpast
BKJIIOYAET TOJHKO JIBE OCHOBHBIC CTAJMW: aKTHBa-
IO MTOBEPXHOCTH IIEIOYHBIM PacTBOPOM, OIIpe-
JeNEHHON KOHLEHTPALUHU; XUMHUUECKOE MEIHEHHE
B DJICKTPOJIUTE, COCTOSIIEM M3 2 KOMIIOHEHTOB,
OJIMH U3 KOTOPBIX MeIHbIH Kynopoc. [TonyyenHsie
0o0pa3upl TKaHM MOCIE XUMHUYECKOIO MEIHEHHS
METaJUIM3UPOBAIHU FaIbBAHUYECKUM CIIOCOOOM.

PesyabTaThl u 00cyKICHHE

IIpoBenennslil ananu3 nosepxHoctu [TAH-
BOJIOKHHCTOI'O MaTepuaia, MeTaNIU3UPOBAHHOTO
raJbBAaHUYECKUM CIIOCOOOM C TIPeABAPUTEIBHBIM
XMMUYECKUM MEJIHEHHEM KaK M0 TPaJUIIHOHHON
texHosorun [9-10], Tak W M0 MaaOCTaAUIHOWNM,
TMOKa3aJl, YTO MOKPBITHS B2 CIIy4asix paBHOMEPHEIC
MO BCEHl TMOBEPXHOCTH BOJIOKHMCTOTO Marepuaia
Y MIMEIOT XapaKTePHBIN LBET MeTH (PHUCYHOK 1).

IIpn OonbieM yBEIMYEHHU TrallbBaHUYE-
CKOT'O IMOKPBITHA BUIHO, YTO MCTAJUINYECKAd MEb
MMEET 3epHHUCTYI0 CTPYKTYpPY NpH IUIOTHOM ma-
KOBKe 3¢peH apyr K apyry. [Ipu stom cHmxkaercs
yAeNbHOE dJeKTpuueckoe comporuBieHus [TAH-

BOJIOKHUCTBIX MaTCpHaJIOB.

Pucynok 1. Muxpoctpykrypa mokpsitus Ha IIAH-BOJIOKHHCTBIX MaTepHaizax MOcie 3JIEKTPOXUMHYECKOTO MEIHEHUS
(yBenmuuenne x200), TOMYYESHHOTO MO TPAAMUIMOHHON (8) W MamokoMnoHeHToH (D) cxeMe XHMHYECKOTO MEIHCHHUS,

yBennuenue x500 (C)

Figure 1. The microstructure of the coating on the PAN-fibrous materials after the electrochemical copper plating
(magnification X200) obtained by conventional (2) and few component’s (b) the scheme of chemical copper plating,

magnification X500 (c)
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HccnenoBanre 3aBUCHMOCTH COTIPOTHBIICHHS
MEIHOTO TOKPBITUSI OT BPEMEHH TaJIbBaHHYECKOM
METAILTU3AIUH B 3JIEKTPOIMTE METHEHHS TIPU CHJIe
toka 0,02 A n manpspkennu 2,0 B mokasano, 9To
COIPOTUBJICHUE CHIKACTCS B O0OMX CIIydasx W
nocturaet Ha 60 MHHYTE COPOTHUBIICHUSI, OJIM3KOTO
COMPOTHBIICHUIO MEHOTO AIIEKTPo/Ia (PUCYHOK 2).

Merannu3upoBaHHasi TKaHb O MaJIOCTa -
HOW TEXHOJIOTMM MOXXET TPUMCHSTHCS B KaueCTBE
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3aIUTHOTO KpaHa OT U3Ty4eHHs IEKTPOMarHUTHBIX
BOJIH paauodyacToTHOTO auamazona ot 30 I'm go
3000 I'T'a. Mi3yuenne ameKTpOMarHUTHBIX CBOWCTB
UCCIIEAYEeMbIX 00pa3lioB MPOBOANIH MPH TOMOIIN
M3MepHTeNs tekTprdeckoro most MOI1-05 (B ka-
YeCTBE HCTOYHHUKA U3TYUSHHS dIICKTPOMATHUTHBIX
BOJIH pajuovacToTHOro auamasoHa ot 30 I'm mo
3000 I'T'r BeIOpasu renepatop) (pUCyHOK 3).

0 40 50

Bpewms, Mun

Time, min
MAaJIOKOMIIOHEHTHAas CXeMa

| the lowcomponent scheme

TIOKPBITHS OT BPEMEHH TalbBaHMYECKOW METaJUIM3alNU
u HanpspbkeHuu 2,0 B, momydeHHOro mo TpaaWLUUMOHHOM H

Figure 2. The dependence of the resistance of the copper coating on the time of galvanic metallization in the copper
plating electrolyte at a current of 0.02 A and a voltage of 2.0 V, obtained by the traditional and low-component scheme

of chemical copper plating

E, B/m

1050

900
750 ———

600

450

300

150

0 I
10 20

——0e3 3kpaHa | without screen

~¥C 3KPaHOM H3 OLIHHKOBAaHHOH cTaxH | with galvanized steel screen

~“—¢ 3KPaHOM H3 MeTALTH3HPOBAHHOH TKaHH Ha ocHose ITAH
| with PAN-based metallic fabric screen

PucyHok 3. 3aBiUcHMOCTb HaNPsHKEHHOCTH AutekTpudeckoro nouis (E) ot paccrosiaus (1)
Figure 3. The dependence of the electric field (E) on the distance (I)
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3aBUCHMOCTh HAIPSDKEHHOCTH AJIEKTPHIECKOTO
TIOJIST OT PACCTOSTHUSI TTOKAa3aia, YTO HAMpsDKEHHOCTh
MEKTPUYECKOr0 OIS € MPUMEHEHHEM  3alllUTHOIO
SKpaHa U3 OLIMHKOBAaHHOM CTaJIM CHIbKaeTcs B 1,5 pasa,
TOT/Ia KaK M3 METAJUTM3NPOBAHHOW TAKHHA HA OCHOBE
[TAH-BONOKHHCTBIX MaTepHaioB — B 3 pasa.

3akiaouenue

MeTaIIJ'II/BaIII/Iﬂ TKAaHHBIX MAaTCcpHUaioB Ha

post@uestnik-vsuet.ru

MEePCIIEKTUBHOMN, TaK KaK MOJTydyaeMble MOKPBITHS
OTJINYAIOTCS BBICOKMMH DICKTPHYSCKUMU CBOM-
CTBAMH, OPH 3TOM CHHYKACTCS JKOJIOTUYECKas
HAMpPSHKCHHOCTh M3-32 OTCYTCTBHS BPEIHBIX KOM-
ITOHEHTOB DIIEKTPONIUTA (KHUCIIOT IIPH TPABIICHIH)
Y MPOMBIBHBIX BOJ. AKTyajibHas 00JacThb MpUMe-
HEHHUSI TAKUX METAUTU3HPOBAHHBIX BOJIOKHHUCTHIX
MaTepUaoB — 3alIUTHBIA JKpaH OT U3JTy4CHHUS
AIICKTPOMArHUTHBIX BOJH PaJHOYaCTOTHOTO Ha-

ocHoBe [TAH-BOJOKHUCTBIX MaTepHUaOB B MaJo-
KOMITOHEHTOM 3JIEKTPOJIUTE 10 MaJOCTaAuNHON
TEXHOJIOTUH XHUMHYECKOTO MEIHEHUS SBISIETCS

na3zoHa ot 30 I'u o 3000 I'T', koTopskIi CHUXKAET
HAINpPsHKEHHOCTB 3JIEKTPUIECKOTo MMoJIs B 3 pasa.

Jlureparypa

1 Ichikawa K., Basaki N., Yamashita Y. Plasma-Induced Bubble Microjet Metallization of Elastomer // Micromachines
(Basel). 2019. V. 10. Ne 6. P. 389. doi: 10.3390/mi10060389.

2 Kamran U., Heo Y.-J., Lee J.W. Functionalized Carbon Materials for Electronic Devices: A Review // Micromachines
(Basel). 2019. V. 10. Ne 4. P. 234. doi: 10.3390/mi10040234.

3 Changchun L., Xuelian L., Tianze X. Preparation of Conductive Polyester Fibers Using Continuous Two-Step Plating
Silver // Materials (Basel). 2018. V. 11. Ne 10. P.2033. doi: 10.3390/ma11102033.

4 HUTC 36-2017. UudopMaIiMoOHHBIH TEXHUYECKUI cripaBouHUK. OOpaboTKa MOBEPXHOCTEH METAJUIOB U TIACTMACC C
HCIIONTF30BAaHUEM DJIEKTPOUTHIECKIX WIIH XUMHYecKuX mporeccos. M.: bropo HIT. 2017. 238 c.

5 Changchun L., Xuelian L., Tianze X. Preparation of Conductive Polyester Fibers Using Continuous Two-Step Plating
Silver // Materials (Basel). 2018. V. 11. Ne 10. P.2033. doi: 10.3390/mal11102033.

6 Borisova N.V., Zakirova S.M., Krivosheina N.N. Analysis of structure and properties of chemically metallized
polyacrylonitrile fibrous materials // Fibre Chemistry. 2019. V. 50. Ne 5. P. 428-432.

7 Morugova O.A., Borisova N.V., Ustinova T.P. Structural Features and Properties of Oxy-Pan Waste of Different
Oxidation States and its Possible Use in Composite Technology // Fibre Chemistry . 2016. V. 48. Ne 1. P. 34-38.

8 Karp E.M., Eaton T.R., i Nogué V.S., Vorotnikov V. et al. Renewable acrylonitrile production // Science. 2017. V.
358. Ne 6368. P. 1307-1310. doi: 10.1126/science.aan1059.

9 Xue Y., Liu J., Liang J. Correlative study of critical reactions in polyacrylonitrile based carbon fiber precurssors
during thermal-oxidative stabilization // Polimer Degrdation and Stability.2013.V. 98.Ne 1. P.219-229.

10 HexkpacoBa A.A., MasmoroBa JL.M., bopucoa H.B., VYcrmmoa T.II. Anamu3 CBOWCTB MEIHEHHBIX
TNOJIMAKPUIIOHUTPUIIBHBIX TIPEKYPCOPOB // HepCHeKTI/IBHLIC IMMOJIMMEPHBIEC KOMIIO3UIIMOHHBIC MaTCpUalibl. AJ'ILTCpHaTI/IBHI)Ie
texHonoruu. Ilepepadotka. [Tpumenenue. Dxonorus: gokinansl MexayHaponHoi koHdepennun «Komnosur-2019». Caparos:
T'AY JITO «COUPO», 2019. C. 91-96.

11 KpuBomenna H.H., Masmrotosa JI.M., 3akupoBa C.M., bopucosa H.B. HccrienoBanne BO3MOXHOCTH METAIUTH3AIHHI
PA3HOOKHUCJIICHHBIX BOJIOKHUCTBIX OTXOHAOB IIPOU3BOACTBA okcu-ITAH // AKTyaHBHLIC HpO6JIeMI>I TCOPUHU U TPAKTHKH
JIEKTPOXUMHUUECKHX IpoleccoB: cOopHuK Marepuanos III MexayHapoaHOH HaydHOH KOH(EPEHIMH MOJIOABIX y4eHbIX. ToMm 2.
Caparos: 'AY 1O «COUPO», 2017. C. 46-50.

References

1 Ichikawa K., Basaki N., Yamashita Y. Plasma-Induced Bubble Microjet Metallization of Elastomer. Micromachines
(Basel). 2019. vol. 10. no. 6. pp. 389. doi: 10.3390/mi10060389.

2 Kamran U., Heo Y.-J.,, Lee J.W. Functionalized Carbon Materials for Electronic Devices: A Review. Micromachines
(Basel). 2019. vol. 10. no. 4. pp. 234. doi: 10.3390/mi10040234.

3 Changchun L., Xuelian L., Tianze X. Preparation of Conductive Polyester Fibers Using Continuous Two-Step Plating
Silver. Materials (Basel). 2018. vol. 11. no. 10. pp. 2033. doi: 10.3390/ma11102033.

4 ITS 36-2017. Information technical reference. Surface treatment of metals and plastics using electrolytic or chemical
processes. Moscow, Byuro NDT, 2017. 238 p. (in Russian).

5 Borisova N.V., Zakirova S.M., Krivosheina N.N. Analysis of structure and properties of chemically metallized
polyacrylonitrile fibrous materials. Fibre Chemistry. 2019. vol. 50. no. 5. pp. 428-432.

6 Morugova O.A., Borisova N.V., Ustinova T.P. Structural Features and Properties of Oxy-Pan Waste of Different
Oxidation States and its Possible Use in Composite Technology. Fibre Chemistry. 2016. vol. 48. no. 1. pp. 34-38.

7 Karp E.M., Eaton T.R., i Nogué V.S., Vorotnikov V. et al. Renewable acrylonitrile production. Science. 2017. vol.
358. no. 6368. pp. 1307-1310. doi: 10.1126/science.aan1059.

8 Xue Y., Liu J., Liang J. Correlative study of critical reactions in polyacrylonitrile based carbon fiber precurssors
during thermal-oxidative stabilization. Polimer Degrdation and Stability.2013.vol. 98. no. 1. pp. 219-229.

9 Nekrasova A.A., mavlyutova L.M., Borisova N.V., Ustinova T.P. Analysis of properties of copper polyacrylonitrile
precursors. Promising polymer composite materials. Alternative technology. Processing. Application. Ecology: reports Of the
international conference “Composite-2019”. Saratov, SAl CPE “SRIDE”, 2019. pp. 91-96. (in Russian).

10 Krivosheina N.N., mavlyutova L.M., Zakirova S.M., Borisova N.V. Investigation of the possibility of metallization
of different oxidized fibrous waste of oxy-PAN production. Actual problems of theory and practice of electrochemical
processes: proceedings of the 11 International scientific conference of young scientists. Vol. 2. Saratov, SAI CPE “SRIDE”,
2017. pp. 46-50. (in Russian).

190



Bopucoea H.B. u dp. Becmuux BTYHIIL, 2019, I1T. 81, Me. 3, C. 187-191

Caenenusi 006 aBTopax
Haranss B. BopucoBa k.T.H., 10LeHT, Kadeapa TEXHOIOTUH U
000pyIOBaHMS XHMHYECKHX, HE(PTEra3oBbIX M MHUILEBBIX
MIPOU3BOJCTB, OHIENBCCKUA  TEXHOJIOTMYECKHH  HHCTHTYT,
1. Ceobozpl, 17, r. Durensc, 413100, Poccus, bnvktn75@mail.ru

Jlyuza M. MapaioToBa aciupanT, kaheapa TEXHOJIOTUH U
000pPYIOBaHMS XUMHYECKHX, HE()TEra3oBBbIX W IHUIIEBBIX IPOM3-
BOJICTB, DHTCJILCCKHI TEXHOJIOTUYECKUHA HHCTUTYT, U1 CBOOOIBL,
17, r. Durensc, 413100, Poccus, 10izal994@bk.ru

Bxanan aBTopoB
Hataubsa B. BopucoBa koHCyIbTalMs B X0J€ UCCIIEIOBAHUS
Jlyuza M. MagsioToBa Hamucanga pyKONUCh, KOPPEKTUPOBAIa
eé 10 IoJa4Yy B PEAAKIUI0 U HECET OTBETCTBEHHOCTD 3a IIJIaruar

Kondauxr unrepecon
ABTOpBHI 3aBILTIOT 00 OTCYTCTBUH KOH(JIMKTa HHTEPECOB.

post@vestnik-vsuet.ru

Information about authors
Natalia V. BorisovaCand. Sci. (Engin.), associate
professor, technology and equipment of chemical, oil and gas and
food industries department, Engels Technological Institute,
Svobody sq., 17, Engels, 413100, Russia, bnvktn75@mail.ru

Louise M. Mavlyutova graduate student, technology and
equipment of chemical, oil and gas and food industries
department, Engels Technological Institute, Svobody sq., 17,
Engels, 413100, Russia, loizal994@bk.ru

Contribution
Natalia V. Borisova consultation during the study
Louise M. Mavlyutova wrote the manuscript, correct it before
filing in editing and is responsible for plagiarism
Conflict of interest
The authors declare no conflict of interest.

IMocrynuaa 25/07/2019

IMocae penakuuun 01/08/2019

Ipunsita B neyars 14/08/2019

Received 25/07/2019

Accepted in revised 01/08/2019

Accepted 14/08/2019

191



