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Onpeodenenvt npouHocmu KOMRIEKCHOU HUMU U eOUHUYHBIX (PUIAMEHM 06 COnonumep-
HO020 apamuonozo 6010kua mapku Pycap Cnpouzeoocmea AO HIIII “Tepmomexc” (Poccus, Moc-
KO0GCKas 00nacmy) u u320moe1eHHOZ0 C €20 UCNOTb306AHUEM MUKDONIACMUKA HA OCHO8E INOK-
cuonoii cmonvt mapku K/IA. Yemanoeneno, umo 06padomka nogepxnocmu 6010KHA 6 npovecce
€20 opmuposanua cycnensueii MHOZOCTIOUHBIX Y271€POOHbIX HAHOMPYOOK NPOU3E00CMEa
000 “Hanomexuenmp” (Poccusa, 2. Tambos,) npugooum K ygenuueHuio npoYHOCmu HUmMu,
onpeodensemoni npu3axcumuoul onune 70 mm, na 4.4 %. Yeenuuenue npounocmu mukponnacmuxa
6 mex Jice ycaogusax cocmaguno 8.2 % Ouenusaemoe Ha OCHOGAHUU AHATU3A 3A6UCUMOCHIU NP O4-
HOCIMU eOUHUYHO20 punamenma om 3aHCUMHOU OTUHBL 3HAYEHUE KPUMUYECKOU OJTUHbL 80710KHA
nocie oopadomku Hanompyoxkamu ymenvuiuiocs ¢ 0.59 oo 0.43 mm, a npounocms ygenuuwnacey
Ha 28%, ¢ 4.98 00 6.38 I'lla. Imo npusodum K 603pacmanuro npedea nPOYHOCH U RPU CO8UZe
Mampuysl Ha 2panuye ¢ apamuoHbIM 6010KHOM Ha 67.7%, ¢ 72.8 0o 122 MIla Ilonyuennsie pe-
3YbMANMbl C6UOCH ENLCHBYIOM 0 603MONCHOCHIU 3HAYUUM E/IbHO20 NOGBIULEHUA NP OYHOCI U KOM-
NO3UUUOHHO20 MAMePUanNa npu UCHONb308AHUU APAMUOHOZO 60J10KHA, MOOUPUUUPOBAHHO20
MHO2OCTIOUHBIMU HAHOMPYOKamu. OmmeueHo, Umo KoppexKnmhoe npumenenue coomHoulenul,
CGA3BICAIOWUX NP eOeIbl NP OYHOCIU HPU PACMANCEHUU KOMNAEKCHOI HUMU U U320M 06/1€HHO20
U3 Hee MUKPONACHUKA 603MOMNCHO MOILKO 8 MOM cllyuae, Koz0a 00nycmuma annpoKcumauus
IKCHEPUMEHMATbHBIX OAHHBIX pacnpedenenuem Beiioyana-I'nedenxo. 'unomesa coznacusa yxc-
nepuMeHmanbHbIX OAHHBIX 011 ADAMUOHBIX 80/10KOH, 00PADOMAHHBIX HAHOMPYOKaAMU, ¢ pacnpe-
oenenuem Benoyana-I'nedenxo ovina npogepena memooamu HenapamempuiecKoil CHamucmuki.
Memooom IneKmpoOHHOU MUKPOCKORUU YCHIAHOBIEHO, YO NOBEPXHOCHIb 8010KHA noce oopa-
60mKu HAaHOMPYOKaAMU CMAHOGUM CA D01€e Ul ePOX08ANOlL, UHL0 00IHCHO HPUBOOUM b K Y CUIE HUIO
A02e3UOHHO20 63AUMOOCICINUA C MAMPUUEI.

Kiiroue Bble cj10Ba: pe/ies MPOYHOCTH MATPHIBI TPU CABHIE, YIJIEPOAHbIE HAHOTPYOKH, KOMIIO3WUTHBI I
MaTtepua, MOTUDHUKAIHA BOJOKHA
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(Russia, Moscow region) and microplastics based on epoxy resin of the KDA brand made with its
use were determined. It was found that the treatment of the fiber surface during its formation with
a suspension of multilayer carbon nanotubes produced by Nanotechcenter LLC (Russia, Tambov,)
leads to an increase in the strength of the thread, determined ata clamping length of 70 mm, by
4.4%. The increase in the strength of microplastics under the same conditions was 8.2%. Estimated
on the basis of the analysis of the dependence of the strength of a single filament on the clamping
length, the value of the critical fiber length after treatment with nanotubes decreased from 0.59 to
0.43 mm, and the strength increased by 28%, from 4.98 to 6.38 GPa. This leads to an increase in
the tensile strength when the matrix is shifted at the boundary with aramid fiber by 67.7%, from
72.8 to 122 MPa. The results obtained indicate the possibility of a significant increase in the
strength of the composite material when using aramid fiber modified with multilayer nanotubes. It
is noted that the correct application of the relations linking the tensile strength limits of a complex
thread and a microplastic made from it is possible only if an approximation of the experimental
data by the Weibull-Gnedenko distribution is acceptable. The hypothesis of agreement of experi-
mental data for aramid fibers treated with nanotubes with the Weibull Gnedenko distribution was
verified by nonparametric statistics methods. Electron microscopy has shown that the fiber surface
becomes more rough after treatment with nanotubes, which should lead to increased adhesive in-

teraction with the matrix.
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BBEJIEHUE

ApaMuiHOE BOJIOKHO 00J1a/1aeT KOMIUIEKCOM
CBOMCTB, KOTOpbIE MO3BOJIIIOT MCIOJIB30BATh €0 AJIK
M3TOTOBJICHUS KOMIIO3MIMOHHBIX MaTepuaiioB (KM)
JUI UCTIONIb30BaHU B HaMOOJee OTBETCTBEHHBIX y3-
JIOB aBHAIMOHHO-KOCMUYECKONW TEXHUKH, B MalllHO-
CTPOECHUH M JPYI'MX BBICOKOTEXHOJOTMUECKHX OTpac-
msix [ 1-3]. [Tpu uccnenoBanmsix pactsipxennss KM Obiio
00HapyKEHO, YTO JAPOoOJicHHe (HIAMEHTOB BOJIOKHH-
CTOr0 HANOJHUTENS MPOUCXOAUT JO OHPEeIENIEHHOI O
MUHHUMAJIBHOTO pa3mepa. ITOT pazmep ObLIO Mpeiyio-
JKECHO HA3bIBaTh KpUTHUECKON JUmHOM. Kpurmieckas
JUMHA 0o, MPOYHOCTH (PWIaMEHTa G, Mpejesl NpOoYHO-
CTH IIPU CABHIe MATPHUILBI HA TPAHUIE C BOJIOKHOM T U
nrameTp gunamenra dgi CBSI3aHBI MEXY COOOM COOT-
HOLICHUEM

c*d,
T = @)
26,

3HaueHus 3TUX [ApaMETpPOB B HACTOsILEES
BpeMsI MOJKHO OIpEJEIUTh TONBKO SKCIEPUMEH-
TaJbHO. [IpOYHOCTH OpraHNYeCcKrux BOJIOKOH 3aBHCHUT
OT 3a)XMMHOM JUJIMHBI, CJI€JOBATENIBHO, 3HAUYCHHUE G B

ypaBHeHHH (1) TODKHO OBITH OMpeIeIeHO TPH 3a5KUM -
HOW JJTMHE, paBHOU Og. THITMMHOE 3HAYEHHE 3TOTO Ta-
pameTrpa MeHee | MM U ompelefieHHe MPOYHOCTH Ha
TaKOH 3a>KUMHOU JITIMHE MPOOJIeMaTHIHO.

UucneHHoe 3HAY€HHE KPUTHMIECKOW JIJTMHBI
MOXET OBITH OMpeJIeIeHO TI0 ypaBHEHWIO (2), pexo-
MEHIOBAaHHOMY JIJIsl OPTaHOIUIACTHKOB [4]:

2,

rae L — 3axkuMmHas JUMHa, G, — MPOYHOCTH KOMIUICKC-
HOM HUTH, U3MEPEHHOM Ha 3a>XKMMHOU AjuHe L, O, —

MPOYHOCTh MUKPOIUIACTHKA, [ — mapameTp (GopMbl
pacnpenenenus BeiiOymna 151 MPOYHOCTH KOMIDIEKC-
HOM HWTH, ONpeNeNI€HHOM Ha 3akuMHOM jymee L. B
pabore [5] OBLIO TPOBEICHO WCCIICIOBAHKE B3aMMO-
JeicTBUS apaMUIHBIX BoJoKOoH Pycap-C, Pycap-HT,
Pycap BM-600 u Apmoc ¢ 3MOKCHIHOW CMOJIOM.
OmnpezeneHye CABUIOBBIX XapaKTEPUCTHK MAaTpHIIbI
Ha TPaHUIE apaMMIHOTO BOJIOKHA BO3MOXKHO JIHOO C
WCTIONIb30BaHMEM YHHKAJIBHBIX METOIMK MHUKPOMeEXa-
Huku [3, 7], mubo coueranuem ypaBHenuid (1) u (2) ¢
IKCTICPUMEHTAJIbHBIM ONPEJICIICHHEM YacTH BXOJS-
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IIMX B HUX HEM3BECTHBIX, KAK 3TO OBLIO C/IENIaHO B pa-
6ore [8]. COBOKYNMHOCTH TPOYHOCTHBIX W3MEPEHHUI
IS € IMHUYHBIX (PUIaMeHTOB, MUKPOIUIACTHKA U KOM-
TJICKCHOW HUTH B coueTaHuu ¢ ypaBHeHwsIMU (1) u (2)
MO3BOJISIET B KOHEYHOM HTOIE OMNPENICIHTh HCKOMOE
3HAYCHUE BEJIMYHHBI POYHOCTH TIPU CABUI€ MATPHIIBI
Ha TpaHWIle C BOJNIOKHOM. B pabote [9] mpennaraercs
crenyroomas KiacCUpHKaIys CriocoOOB TMOBBIMICHHUS
3TOTO MoKa3aTessi: 1) XuMudeckast MOTH(pUKALMS TIO-
BepxHOCTH, 2) pmsnaeckas Monudukarys, 3) HaHece-
HUE TIOKPBHITHH, 4) HAHECEHHE HAa TOBEPXHOCTH pa3-
JIMYHBIX HAHOYACTHII, HANPUMED, YIJIEPOJHBIX HAHO-
TPpyOOK WIM HAaHOPa3MEpPHBIX TOPOIIKOB OKCHIOB
IMHKA, KpeMHUs Wik TuraHa. [Ipumepom peammsaimu
NIepBOro crocoda SBISETCS aKTUBM3AIMS TOBEPXHO-
CTH apaMHITHOTO BOJIoOkHa Twaron o0paboTkoi Kucio-
tamu [10]. B 0630pe [11] paccMoTpeHsI cTIOCOOBI
HAHECEHUS HA MOBEPXHOCTH BOJIOKHA Pa3iIMYHBIX YT-
JEpOAHBIX HAHOYACTHIL, TpadeHOB, OJHOCIONHBIX
(YHT) 1 MHOTOCNIOMHBIX YTJIEPOAHBIX HAHOTPYOOK
(MYHT). B pa6ore [12] npuBoasTCsSt pe3yiabTaThl MO-
BBILICHNS MPOYHOCTH KOMIUIEKCHBIX HATEH U €IMHHY -
HBIX (PUITAMEHTOB apMUITHOTO BOJIOKHA Pycap mpu 00-
paboTKe TOBEPXHOCTH HUTEH BOTHOW CyCIICH3HEH
MYVYHT. [loka3zaHo, 9TO MpU TaKOM CTIOCOOE HaHece-
HUSI HAHOYACTHI] HA MOBEPXHOCTH BOJIOKHA YBEJIMYU-
BaeTCs CTaOMWILHOCTH MPOYHOCTHBIX CBOMCTB BOJIOKHA
[13]. OOHapyxeHO TaKXe, YTO HEKOTOPbIE XapaKTepH-
crrueckue muann MK u Paman ciekTpoB apaMuaHOTo
BOJNIOKHa Pycap nmpu Hanecennu okuciieHHpix MYHT
CMEIIAI0TCS, YTO CBUACTENbCTBYET O (PMBUKO-XUMHYIE-
CKOM B3aMMOJICHCTBHM TOBEPXHOCTH BOJIOKHA H
MVYHT [14].

Lless maHHOM PaOOTHI — OIICHUTH BIMSHUAC MO-
JupUKalM ~ MHOTOCJIOMHBIMM ~ HAaHOTpYOKaMHM  Ha
NPOYHOCTH MPU CABHIE HA TPAHMUIE MaTpPHLA/BOJIOKHO,
NPUHLMIKATIGHO BAKHOTO MapamMeTpa, XapaKTepu3yto-
niero ¢pmudeckue croricta KM.

METOJUKA SKCIIEPUMEHTA

B Hacrosmeil paboTe WCTIONB30BAIM  KOM-
mwiekcHyto HuTh Pycap C mpomsBomcta AO HIII
“Tepmorekc”. ns m3ydeHuss MopQoIoruiecKux oco-
OeHHOCTEll TOBEPXHOCTH WCXOJHOTO W 00paboTaH-
Horo MYHT apaMmiHOro BoJIOKHa OBLT MCTIONL30BaH
METOJl CKAHUPYIOUIEH 3IEKTPOHHOW MUKPOCKOIIHH
(mukpockon monemn MIRA3 ¢upmsr Tescan, Uexws,
C aBTOAMUCCHUOHHBIM KaToaoM LlloTTkn).

JUI1 MBroTOBIEHM MUMKpOIUIACTUKA IIpHUMeE-
HAIM KOMIIO3MIMIO HAa OCHOBE 3IOKCUIHOH CMOJbI
KA. Onpenenenre NMpoOYHOCTH KOMIUIEKCHOM HUTH
Y MHKpPOIUIACTHKA IPOBOIWIM IPHU ONHOW W TOM K€
3akMMHOM jymHe 70 MM Ha pPa3pbIBHOM MallMHE
Favigraph. Bsuti npoBeieHbl M3MEpEHHS MPOYHOCTH
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(rwtaMeHToB Jst 3aKMMHBIX JuiH 10, 20 1 30 mm. J{s
KaKIIOM 3aKMMHOM JymHBI TpoBoAwm 1o 30 mapal-
JIEJbHBIX W3MEPEHUIA

PE3VJIbTATHI 1 UX OBCYXIAEHUE

Kak ormMedeHo Bblie, npeiesl MPOYHOCTH TIPH
CABHUI'€ MaTPHIIGI HA TPAHHUIC C BOJIOKHOM 3aBHCHT OT
MPOYHOCTH (PHIIAMEHTa, €T0 JUaMEeTpa 1 KPUT M9 e CKOU
JuHbl (cooTHomenue 1). [t onpeneneHus: npodHo-
cTu QwiaMeHTa o, KoTopas BXoauT B ypaBHeHue (1)
WCTIONB30BAJIM  AKCTPATIONSIMIO  3aBUCUMOCTH JIOTa-
pudmMa npoyHOCTH (prtaMeHTa OT Jiorapupma 3axKuM-
HOW JJIVHBI.

Crnioco0 ompeneneHyst 3HAYCHUS T, M3JIOKCH-
HBIl B cTaThe [8] U MCTIONIB3YEeMBIl B HACTOSILEH pa-
60Te npe/nonaraet, 4To Ui pacipeeIeHus MPOYHO-
CTH KOMIUICKCHBIX HHUTEH, €IMHWYHBIX (IIaMEHTOB
BO3MO)KHO HICTIONB30BATH JIBYXIIAPaMETPHIECKOE pac-
npenencHue Beiibymna:

[ s Y]
Flo)=1-exp || —| |

[ A/ ]

rje m — napamerp macimrada, f§ — napameTp

(3).

¢dopmbl. B paborax [15-17] nokazano, 4TO 3TO BO3-
MOYKHO, KakK I UCXOIHOTO BOJIOKHA, TaK W JJIsl BO-
nokHa, obpaboranHoro cycrniemsuet MYHT B mmpo-
KOM JMaNia30He KOHUEHTpaLHil.

[Ipu 06paboTKE IKCTIEPUM EHTANTBbHBIX aHHBIX
MONYYEHO CJIeIYIOIee arIpOKCUMAIMOHHOE COOTHO-
[IeHWE TIPOYHOCTH €IMHWYHBIX (PUIAMEHTOB HCXOJI-
Horo BosiokHa [['Tla] oT 3a’kuMHOM JJIMHBI [MM | B J10-
rapupMUIECKUX KOOPUHATAX:

In ()= -0.0399 *In(L)+1.6275 4

Jl enMHMYHBIX (IIaMEHTOB BOJIOKHA, 00pa-
0OOTaHHOTO CyCTICH3Me HAHOTPYOOK 3aBUCHUMOCTB JIO-
raprgMa MPOYHOCTH OT JiorapuhmMa 3a’KUMHOH JJTUHBI
UMeeT BHIL:

In(c)=—-0.0638 *1In (L )+ 1.8002 (5)

[Tpu nofcTaHoBKE B ypaBHeHHe (2) Tomydaem
CJICIYFOIIVE 3HAUCHHS KPUTHY ECKUX JUTHH Oy = 0.588 MM
(s BomokHa 0e3 00paboTkm) 1 Og = 0.425 MM (s
BoJNIoKHa ¢ 00paborkoit YHT). Cpennuii auametp du-
JaMeHTa JJ1sl BoJIoKHa paBeH 16,03 MuxpoH (ainst Bo-
nokHa 6e3 00paborku) u 16,48 MUKPOH (111 BOJIOKHA
¢ obpaborkoit YHT). IlomcTaHOBKOW MOTYyYSHHBIX
3Ha4YeHUH B ypaBHeHUe (1) monydwin 3HaYeHHe Mpod-
HOCTH MaTpUILI IPH CIIBUTE HA TPAHHUIE C BOJIOKHOM
It uicxogHoro BosiokHa Pycap C 72.8 MlIla u nis Bo-
nokHa obpaboranHoro YHT Taynur - 122.1 MI]a.
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Ha nomydeHHbIX MUKpodoTorpadusix (PrcyHOK)
BUITHO, YTO MCXOJHbIC BOJIOKHA MMEIOT TJIAJKYyIO TO-
BEPXHOCTb, a TMOBEPXHOCTh BOJIOKHA, 00pabOTaHHOrO
YHT, B orimmuue ot ucxomHoro BosiokHa Pycap C,
nprodpesia MepoXoBaTYIO CTPYKTYPY, YTO TIO3BOJISET
HAJIESATHCS HA YIIYYIICHHE aIMe€3UOHHBIX CBOWCTB.

PucyHok. M op dostornueckuii 007IHK TIOBEP XHOCTH (PrTaMeHTa
apamvuHoro BosokHa Pycap C 6e3 oopadotku M YHT (Bep xaue
CHUMKH) 1 obpabotannbie YHT (HIKHHE CHUMKH).
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BbIBO/IbI

1. TTokazaHo, 4TO pa3paboTaHHasl paHEEe METO-
JIVKa OICHKY TIpeJielia MPOYHOCTH MPU CABHIE HA Tpa-
HUIIE MAaTpUIbl C BOJIOKHOM NpUMEHMMa M IPU HC-
TMOJIb30BAaHMM  APAMMIHOTO BOJIOKHA, MOAHM(UIMPO-
BAHHOTO MHOT'OCJIOMHBIMH YTJIEPOIHBIMU HAHOTPYO-
KaMH.

2. IlonmyueHHsie pe3yabTaThl CBUIETEIBCTBYOT
0 BO3MOYKHOCTH CYIIECTBEHHOTO YBEJIMYCHUS TPOTHO-
CTH NPU CIBUI€ NPH HCIMOIb30BAHUM MOIU(PUIMPO-
BaHHBIX apaMUIHBIX BOJIOKOH. I[lpu momudpukanmn
MHOTOCJIOMHBIMU HAaHOTpyOKaMu Mapku TayHur pac-
CUMTaHHOE 3HAUCHHE NMPOYHOCTH TPU CIBUTE HA Tpa-
HULIE MaTpuia/BojokHo i KM Ha OCHOBE CMOIBI
KJIA coctaBmser 122 Mlla,a nis HemonuimpoBa H-
HOro BoJIokHa Mapku Pycap C mpu TeX ke yClIOBHSX -
73 MIla.

Paboma evinoanena 6 pamkax npospammol
PyHOAMEHMATLHBIX HAYYHBIX Ucciedosanull P.

Aemopwl 3aaensiom 06 omcymcmeuu KoH-
Gauxma unmepecos, mpeoyoue2o packpolmisl 8 OaH-
HOU cmambe.

The authors declare the absence a conflict of
interest warranting disclosure in this article.

REFERENCES

1. Zhelezina G.F., Gulyaev I.N., Solovyova N.A. Aviation Ma-
terials and Technologies. 2017. N S. P. 368-378.

2. Tikhonov I. V., Tokarev A. V., Shorin S. V., Shchetinin V. M,
Chernykh T.E.,BovaV. G. Fibre Chemistry.2013.V.45.N 1.
P.1-8.

3. Pitkethly M.J., Favre J.P., Gaur U., Jakubowski J., Mudrich
S.F., Caldwell D.L., Drzal L.T., Nardin M., Wagner H.D.,
Landro L. Di, Hampe A., Armistead J.P., Desaeger M.,
Verpoest I. Composites Science and Technology . 1993. V. 48.
N 1-4. P. 205-214. DOI: https://doi.org/10.1016/0266-
3538(93)90138-7.

4. Bazhenov S.L., Berlin AA., Zelensky E.S., Kuperman A.M.
M echanics of composite materials and structures. 1995. V. 1.
N 2.P.1-12.

5. Chalykh AE., Aliyev A.D., Gerasimov V.K., Budylin N.Yu.,
Antipov 1.V., Pakhomov K.V. Structure and dynamics of mo-
lecular systems.2018. P. 373-383.

6. Palola S., Vuorinen J., Noordermeer JW.M., Sarlin E.
Coatings. 2020. V. 10 N 6. P. 556. DOI: 10.3390/coat-
ings10060556.

7. PalolaS., JavanshourF., AzariS.K., KoutsosV., Sarlin E. Pol
ymers. 2021. V. 13 N 18. P. 3114. DOI: 10.3390/polym13
183114.

8. Shebanov M. S., Bova V. G., Shiyanova L. B., Kalinina I. G.
Fibre Chemistry. 2022. V. 54 N 4. P. 240-242. DOI:
10.1007/s10692-023-10385-y.

9. ZhangB., Jia L., Tian M., Ning N., Zhang L., Wang W. Eu-
ropean Polymer Journal. 2021. V. 147. P. 110352. DOI:
10.1016/j.eurpolym;j.2021.110352.

Poc. xum. ac. (OK. Poc. xum. 006-6a um. [ U. Menoeneega). 2024. T. LXVIIL. Ne. 1


https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-A__V_-Tokarev
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-S__V_-Shorin
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-V__M_-Shchetinin
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-T__E_-Chernykh
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-T__E_-Chernykh
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-V__G_-Bova
https://doi.org/10.1016/0266-3538(93)90138-7
https://doi.org/10.1016/0266-3538(93)90138-7
https://mkmk.ras.ru/authors/%d0%b1%d0%b0%d0%b6%d0%b5%d0%bd%d0%be%d0%b2-%d1%81-%d0%bb/
https://mkmk.ras.ru/authors/%d0%b1%d0%b5%d1%80%d0%bb%d0%b8%d0%bd-%d0%b0-%d0%b0/
https://mkmk.ras.ru/authors/%d0%b7%d0%b5%d0%bb%d0%b5%d0%bd%d1%81%d0%ba%d0%b8%d0%b9-%d1%8d-%d1%81/
https://mkmk.ras.ru/authors/%d0%ba%d1%83%d0%bf%d0%b5%d1%80%d0%bc%d0%b0%d0%bd-%d0%b0-%d0%bc/
https://mkmk.ras.ru/authors/%d0%ba%d1%83%d0%bf%d0%b5%d1%80%d0%bc%d0%b0%d0%bd-%d0%b0-%d0%bc/
https://mkmk.ras.ru/authors/%d0%b1%d0%b0%d0%b6%d0%b5%d0%bd%d0%be%d0%b2-%d1%81-%d0%bb/
https://mkmk.ras.ru/authors/%d0%b1%d0%b5%d1%80%d0%bb%d0%b8%d0%bd-%d0%b0-%d0%b0/
https://mkmk.ras.ru/authors/%d0%b7%d0%b5%d0%bb%d0%b5%d0%bd%d1%81%d0%ba%d0%b8%d0%b9-%d1%8d-%d1%81/
https://mkmk.ras.ru/authors/%d0%ba%d1%83%d0%bf%d0%b5%d1%80%d0%bc%d0%b0%d0%bd-%d0%b0-%d0%bc/
https://doi.org/10.3390/coatings10060556
https://doi.org/10.3390/coatings10060556
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1007/s10692-023-10385-y
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1016/j.eurpolymj.2021.110352
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-A__V_-Tokarev
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-S__V_-Shorin
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-V__M_-Shchetinin
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-T__E_-Chernykh
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-T__E_-Chernykh
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-V__G_-Bova
https://doi.org/10.1016/0266-3538(93)90138-7
https://doi.org/10.1016/0266-3538(93)90138-7
https://doi.org/10.3390/coatings10060556
https://doi.org/10.3390/coatings10060556
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1007/s10692-023-10385-y
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1016/j.eurpolymj.2021.110352

M.S. Shebanov et al.

10.

11.

12.

13.

14.

15.

16.

17.

Rodriguez-Uicab 0., Avilés F., Gonzalez-Chi P.l., Can-
ché-Escamilla  G., Duarte-Aranda S., Yazdani-Pedram
M., Toro P., Gamboa F., Mazo M.A., Nistal A., Rubio J.
Applied Surface Science. 2016. V. 385. P. 379-390. DOI:
10.1016/j.apsusc.2016.05.037.

Islam M. H., Afroj S., Uddin M. A., Andreeva D. V., Novoselov
K. S., Karim N. Advanced Functional Materials. 2022. V. 32.
N 40.P. 2205723. DOI: 10.1002/adfm.202205723.

Shebanov S.M., Novikov I.K., GumargalievaK.Z., Pavlikov AV.
M echanics of Composite Materials. 2017. V. 53. P. 267-270.
DOI: 10.1007/s11029-017-9659-7.

Shebanov S.M. Mechanics of Composite Materials. 2021. V. 57.
N 2. P.269-272. DOI: 10.1007/s11029-021-09951-4.
Shebanov S.M., lvanov V.B., Pavlikov A.V., Shebanov M.
S., Bova V.G., Kalinina I.G., Novikov I.K., Shiyanova L.B.
Fibre Chemistry. 2021. V. 53. N 4. P. 283-286. DOI:
10.1007/s10692-022-10285-7.

Shebanov S.M., Novikov I.K., Kalinina I.G., Shebanov M. S.
Fibre Chemistry. 2021. V. 53. N 4. P. 277-282. DOI:
10.1007/s10692-022-10284-8.

Shebanov M.S., Bova V.G., Shiyanova L.B., Kalinina I. G.
Fibre Chemistry. 2022. V. 54. N 1. P. 21-24. DOL:
10.1007/s10692-022-10333-2.

Shebanov M.S., lvanov V.B., Kalinina I.G., Bova V.G., Shi-
yanova L.B. Russian Journal of General Chemistry. 2022. V. 92.
N 3. P.526-529. DOI: 10.1134/S1070363222030227.

Ros. Khim. Zh. 2024. V. 68. N 1

10.

11.

12.

13.

14.

15.

16.

17.

Rodriguez-Uicab O., Avilés F., Gonzalez-Chi P.l., Can-
ché-Escamilla G., Duarte-Aranda S., Yazdani-Pedram
M., Toro P., Gamboa F., Mazo M.A., Nistal A., Rubio J.
Applied Surface Science. 2016. V. 385. P. 379-390. DOI:
10.1016/j.apsusc.2016.05.037.

Islam M. H., Afroj S., Uddin M. A., Andreeva D. V., Novo-
selov K. S., Karim N. Advanced Functional M aterials. 2022.
V. 32. N 40. P. 2205723. DOI: 10.1002/adfm.202205723.
Shebanov S.M., Novikov [.K.,, Gumargalieva K.Z.,
Pavlikov A.V. Mechanics of Composite Materials. 2017.
V. 53. P. 267-270. DOI: 10.1007/s11029-017-9659-7.
Shebanov S.M. Mechanics of Composite Materials. 2021. V. 57.
N 2. P.269-272. DOI: 10.1007/s11029-021-09951-4.
Shebanov S.M., Ivanov V.B., Pavlikov A.V., Shebanov M.
S., Bova V.G., Kalinina 1.G., Novikov I.K., Shiyanova L.B.
Fibre Chemistry. 2021. V. 53. N 4. P. 283-286. DOI:
10.1007/s10692-022-10285-7.

Shebanov S.M., Novikov I.K., Kalinina I.G., Shebanov M. S.
Fibre Chemistry. 2021. V. 53. N 4. P. 277-282. DOI:
10.1007/s10692-022-10284-8.

Shebanov M.S., Bova V.G., Shiyanova L.B., Kalinina I. G.
Fibre Chemistry. 2022. V. 54. N 1. P. 21-24. DOI:
10.1007/5s10692-022-10333-2.

Shebanov M.S., Ivanov V.B., Kalinina |.G., Bova V.G.,
Shiyanova L.B. Russian Journal of General Chemistry. 2022.
V. 92. N 3. P.526-529. DOI:10.1134/S1070363222030227

Hocmynuna 6 pedaxyuro 05.06.2023
Ipunsma k onybaurxosanuio 13.12.2023

Received 05.06.2023
Accepted 13.12.2023

57


https://doi.org/10.1016/j.apsusc.2016.05.037
https://doi.org/10.1002/adfm.202205723
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1007/s11029-017-9659-
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1007/s11029-021-09951-4
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1007/s10692-022-10285-7
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1007/s10692-022-10284-8
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1134/S1070363222030227
https://doi.org/10.1016/j.apsusc.2016.05.037
https://doi.org/10.1002/adfm.202205723
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1007/s11029-017-9659-
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1007/s11029-021-09951-4
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1007/s10692-022-10285-7
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1007/s10692-022-10284-8
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://link.springer.com/article/10.1007/s10692-013-9471-7#auth-I__V_-Tikhonov
https://doi.org/10.1134/S1070363222030227

