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AHHOTALMSA: B CTaThe PACCMATPUBACTCS CO3JAHME AMACTHUYHBIX CAMOKJIECSAIIMXCS PaJHOIOrIOMAar0-
IUX MaTEepPUaJIOB s Muana3ona dactot 4,5 — 6,0 ['T. B mocnennue necarunerus OypHOE pa3BUTHE
MOJIYYMJIA TEXHOJIOTUH, CBA3aHHBIE C U3JIyUEHHEM IEKTPOMAarHUTHOW SHEPIUHU B OKPYKAIOILYIO Cpe-
nmy. B 1996 rony Becemupras opranuzanus 31paBOOXpaHCHHS BIIEPBBIC BBEJIA MOHATHE «DJIEKTpOMar-
HUTHOE 3arpsi3HEHHE OKPY)KAIOLIeW cpenbl». DIEKTPOMarHUTHOE TOJE SIBISETCS OMOJIOTHYECKH aK-
TUBHBIM, OMOTPOITHBIM ()aKTOPOM, B ONPEIETCHHBIX YCIOBUSAX CIIOCOOHBIM BBI3BAThH MATOJIOTMYECKUE
U3MEHEHUS B (DYHKIMOHMPOBAHMU OpraHu3Ma uejoBeka. D(OOEKTHBHBIA CIIOCOO, MO3BOJISIOLIHIL
oOecrieunTh TpeOOBAHUS HIEKTPOMATHUTHON 3KOJIOTUH U OE€30MACHOCTH — 3TO CHIDKEHHE J0 IpUEM-
JIEMOTO YPOBHS 3JIEKTPOMAarHUTHOTO M3JIy4EHHUS 3a CUET NMPUMEHEHHUS 3allUTHBIX MAaTEpHaJIOB. AHa-
JU3UPYS COCTAB CYIIECTBYIONIUX 3AIIMTHBIX MaTE€PHUAIOB, OYEBHUIHO, YTO IKPAHUPYIOLIHE (OTpaskaro-
TME) CBOMCTBA JOMUHHUPYIOT HaJ TOTJIOMIAIONTUME. B yCIOBHSIX COBpEMEHHOM MarHUTHON 0OCTaHOB-
KM TIOTPEOHOCTh UMEHHO B TOTJIOLIAIONINX MaTepuasiaX BEJNHKa, YTO OOBACHSIETCS HEOOXOAMMOCTHIO
UCKJIIOYHUTD BIMSHUAE TIEPEOTPAKEHUI Ha YCIOKHEHHE CTPYKTYPBI SJIEKTPOMArHUTHOTO TOJIs, TPUBO-
JISIIIETO K POCTY CYMMapHOT'O TIOBEPXHOCTHOTO OOJTydeHHUs1 0ObeKTa. B CBS3M ¢ 3TUM Ha OCHOBE ITH-
JICHITPOTUIIEHOBOTO TepMeTrka «Aopucy» BoimyckaemMoro OO0 «3aBoj; TepMETH3UPYIOIIUX MaTepHa-
noBy» T. J[3epxunck Hmkeropoackoii obmactu pazpaboTad paguonoriomaronmid Matepuant. s mo-
TJIOMIEHHUS 3JIEKTPOMAarHUTHOTO M3JTyYeHHUs] B HETO BBOJIUTCS yriaepoaHoe BojokHo UFM-4HD u me-
TajuMueckas okanuHa. [lokazaHo, 4TO BBEIEHHE MX B COCTAB KOMIIO3UTA MPUBOJIUT K MOTJIOLIECHUIO
3NIEKTPOMArHUTHOTO M3ityueHus 75-78%. Matepuan npenHazHaueH Iisl 3aILUTHl IOMELIEHUH U 000-
PYZIOBaHUS OT 3IEKTPOMArHUTHOTO U3Ty4EHHSI.

KutoueBble ciioBa: 3nekTpoMarautTHoe u3nyuenue, CBU-nuana3on, yriepoaHoe BOJOKHO, METaJlTU-
YecKasi OKAJIMHA, paJuONONIONIAIONINI MaTepua, HCCIEA0BAHMS
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Radar absorbing materials based on sealant "Abris"
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Abstract: the article discusses the creation of elastic self-adhesive radio absorbing materials for the
frequency range of 4.5 — 6.0 GHz. In recent decades, technologies related to the emission of electro-
magnetic energy into the environment have been rapidly developed. In 1996, the World Health Organ-
ization first introduced the concept of "Electromagnetic environmental pollution". The electromagnetic
field is a biologically active, biotropic factor that, under certain conditions, can cause pathological
changes in the functioning of the human body. An effective way to meet the requirements of electro-
magnetic ecology and safety is to reduce electromagnetic radiation to an acceptable level through the
use of protective materials. Analyzing the composition of existing protective materials, it is obvious
that the shielding (reflecting) properties dominate over the absorbing ones. Under the conditions of the
modern magnetic environment, the need for absorbing materials is great, which is explained by the
need to exclude the influence of re-reflections on the complication of the structure of the electromag-
netic field, which leads to an increase in the total surface irradiation of the object. In this regard, based
on the ethylene-propylene sealant "Abris" produced by LLC "Plant of sealing materials", Dzerzhinsk,
Nizhny Novgorod region, a radio-absorbing material was developed. To absorb electromagnetic radia-
tion, UFM-4HD carbon fiber and metal scale are introduced into it. It is shown that their introduction
into the composition of the composite leads to the absorption of electromagnetic radiation by 75-78%.
The material is designed to protect premises and equipment from electromagnetic radiation.
Keywords: electromagnetic radiation, microwave range, carbon fiber, metal scale, radio absorbing
material, research
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BBEJEHHUE

3a npomenmue 20 IET OTEYECTBEHHBIMU W 3apyOSKHBIMH OpPTaHM3AlMsIMU pa3pabdOTaHO 3HAYH-
TEJIbHOE KOJMYECTBO HOBBIX IKPAHUPYIOUINX MAaTepHalOB, YYUTHIBAIOIINX COBPEMEHHBIEC TEXHOJOTH-
YeCKHEe BO3MOXKHOCTH NTPOU3BOJCTBA U MOTPEOHOCTH B IPUMECHEHHH.

Kpome 3amaun obecrieueHus 3EKTPOMAarHUTHON 0€30MacHOCTH 4EJI0BEKa, 3HAUUTEIIHOE KOJIHYe-
CTBO Pa3paboOTOK PaAMOIKPAHUPYIOIIUX U PAAMOIOINIOMIAIOIINX MaTepUaloB BeAETCS B MHTEpecax
3a1a4 paZuOMAacKUPOBKU M 00ECHEeUeHHs 3JIEKTPOMarHUTHOW COBMECTUMOCTH. B Hacrosimiee Bpems
M3y4aeTcs BO3MOKHOCTh CO3JaHMs NPUHLIMIMAIBLHO HOBOT'O KJlacca BCEHANPaBJIEHHBIX OECTOKOBBIX
PaAMONOTIIOIAOIINX MaTepHaloB W TMOKPBITHH HAa OCHOBE MPUMEHEHHUS MEXaHHW3Ma JIOKAILHOTO
9HEPTeTUUECKOTO (KBAHTOBOTO) B3aWMOJEUCTBHSI AJIEKTPOMATrHUTHOTO TOJS C THPOMAarHUTHOH cpe-
JI0H, pa3paboTaHa TEXHOJIOTHS OTY4YEHUs] HOPUCTHIX PAAUONOIIOAIIINX HOKPBITHH ¢ PEeppUTOBBI-
MU HamoJHUTEISIMU. 3ydaeTcst OTnH4YHne CBOWCTB PE3UCTHBHBIX PAIHONOTIONIAIONINX MAaTepPHAIoB, B
KOTOPBIX 3a TMOrjiomeHrne DM sHeprur OTBETCTBEHEH MEXaHHM3M HEMpPEPHIBHOW BO BPEMEHH W IPO-
cTpaHCcTBe paboTh! cuitel JIopeHtia, OT CBOMCTB OECTOKOBBIX (CIIMHOBBIX) PaJHOTOTIIOMIAIONINX MaTe-
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puanoB (CRAM), B KOTOpBIX 3a morjouieHne DM SHepruu OTBETCTBEHEH CIIMHOBBIA MEXaHU3M JIUC-
KPETHOTO TOTJIOIEHUS dHepruu [27].

Jns pemenns 3amad SMC 1 TOCTPOSHUST MAJOBECSIINAX PATHOTIOTIIONIAIONTNX 00bEMOB pa3pado-
TaHBI MaTEPUaJbl U3 BCIICHEHHOTO CTEKIIA, CIICIMATU3NPOBAHHBIX TIACTMACC, KOMIIO3UTHBIC METAILIIO-
cojep kaIire BOJIOKHUCTBIE MaTtepuaisl [1, 2, 3,4, 7, 8, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 28, 29, 30].

Hcnonb3ytoTcst pa3paboTku B 00JaCTH HAHOTEXHOJNOTHH. Ha OCHOBE rpaHyNMpPOBaHHBIX TUIEHOK
OBUTH pa3paboOTaHBl TOKPBITHS, TIOTJIONIAIONINE YIEKTPOMArHUTHBIE BOJIHBI B mmupokoM CBY nuarma-
30HE. Pagmomnorioniaronme MOKPBITHS COCTOSAT M3 HECKOJIBKUX CIIOEB C pa3HON KOHIICHTpaIuen ¢ep-
POMarHUTHBIX MeTaUTMYeCKuX HaHo4dacTHUIl. CJIOM MpEeCTaBISIOT OO0 KEBIApOBYIO TKAHb C HAITBI-
JICHHOW CTPYKTYPOH THIPOTeHE3MPOBAHHOTO yriiepoaa ¢ HaHodacTumamMu Co u Ni. TommuHa HambI-
JICHHOH CTPYKTYphI M KOHIEeHTpamuud Co u Ni Jjis KaKI0ro ¢JI0si HOJ0MParoTCs TaKUM 00pa3oMm, 4To-
OBl YBETTMYHTH MOTJIONICHUE B KAKIOM CIIO€ U HCIIOJIB30BaTh PE30HAHCHBIE YCIOBHUS MEXIY CIIOSIMHU
okpeITUs. OHM TIpeTHA3HAYCHBI [T HCIIONIL30BaHus B quana3one 4actoT 8-80 [T u obecneunBator
nornomenue He Menee 10 ab [31, 32].

AHanmu3 0TeUECTBEHHBIX PaIUOMIOTIONIAIONINX MAaTEPUaIOB MTOKA3all, YTO BCE OHHU CIOXHBI B M3T0-
TOBJICHWH, UMEIOT BBICOKYIO Maccy, IIeHy Ha ypPOBHE UMIIOPTHBIX aHAJIOTOB, TPYAHO MOHTHUPYIOTCS Ha
3aIIUIIaeMoi TOBepXHOCTH. B cBsi3n ¢ 3TuM Tpebyercs pa3paboTka HEJOPOTHX PaJAHOTOTIIOMIAOIITIX
MaTepHaJIOB, KOTOPBIE JIETKO MOHTUPYIOTCS M JEMOHTUPYIOTCS. TakuMu MaTepuajaMu SIBIISIOTCS ca-
MOKJISSIIITECS] HEeBBICHIXAIONINE TEPMETHKUA. B cTaThe paccMaTpuBaeTcs CO3MaHUE PaIUOTOTIONIAI0-
IIMX MaTepPUAIIOB HA OCHOBE HE BBICHIXAIOIINX TEPMETHKOB.

METOIbI U MATEPHUAJIBI

B cBsi3u ¢ 3TUM pa3zpaboTaH paAHONOTIOMIAIONINN MaTeprai, Y KOTOPOTo B KAYECTBE CBA3YIOIIETO
HCIOJB30BAIM HEOTBEP)KIAEMbI F€pMETUK Ha OCHOBE 3THJICHIPOIMJIEHOBOTO Kaydyka. DyHKIHO-
HaJIbHBIM HAIIOJHHUTEJIEM B 3TOM MaTepHale SBISUIACH CMECh PYOJEHHOIO YIJIEPOAHOTO BOJIOKHA
UFM-4HD u Metannuieckast OKalIHHa.

CornacHo pe3yjibTaTaM 3J€MEHTHOTO aHajiu3a, METOAOM PACTPOBOM 3JIEKTPOHHOW MUKPOCKOIHHU
MeTaJUINYeCKasl OKaJMHa IPEACTaBIsET cOO0H MaTepHua Ha OCHOBE JKeJIe3a, COACPIKaIlUi MHOKECTBO
npuMecei, PEeAoIOKHUTENBHO, B BUE CyabdaTa Oapus, aTlFOMHHUS W/WIM OKCUIA ATIOMUHHS, KPEM-
HUSI /MM OKCHIa KPEMHHS, aIFOMOCHIIMKATOB, IMHKA W/MJIM OKCH/Ia IWHKA, MapraHiia u/uiii OKCHIA
MapraHIia, THTaHa W/WIA OKCHA TUTaHa, OKCH/IA KaJbIHsl (Tak)Ke BCTpedaeTcst PTOPHIT KATBITUS), OK-
CHUIIBI HATpHsl, Kanus M xene3a. B coctaBe oOpasua Takke MPUCYTCTBYET yriepoJ. DJIEMEHTHBIH Co-
CTaB METAJUIMYECKOW OKaJIMHBI TPUBEACH B Ta0I. 1.

Taoauna 1. DiIleMeHTHBIH COCTaB B METAILIMYECKON OKaJIMHE
Table 1. Elemental composition in metal scale

HaunmenoBanue anemeHTa Ycpennénnoe
cojiepKaHue, Macc. %
C 23.5
O 11.1
Na 0.3
Al 0.6
Si 2.0
S 0.6
Ca 0.3
Ti 0.8
Mn 0.6
Fe 574
Zn 0.4
Ba 2.6

32



CrtpourebHble MaTepuabl U u3geaus/Construction Materials and Products. 2023. 6 (4)

OCHOBHBIMH PaHO(U3NICCKUMHU XaPaKTEPUCTHKAMU PAJIHOTIOTIIOIIAIONINX MATEPHUAIIOB SBIISIOTCS
K03 PHUITUEHTBI OTpaXKCHUS, TPOXOXKICHHUS U TTOTJIONMICHHUS JICKTPOMArHUTHOTO U3My4eHus [25].

Ompenenenne paanodm3umdeckux xapakrepuctuk nposomwm mo 'OCT 50011-92 (I'OCT 30381-
95) [6]. CTpykTypHas cxeMa H3MEepEHUH MpeIcTaBicHa Ha puc. 1.

Juns onpenenenust KodGGUIMEHTa OTPAKCHUS U3 PaTUOTIOTIIONIAIOIIETO MaTepHala N3roTaBlIuBa-
nuck 00pasiel pazmepoM 300x300 MM 1 TommuHOM 1 1 2 MM. M3MepeHust MPOBOIMITUCE CIIEAYIOIAM
o0pa3oM: CHayasla MeTaJuIndecKas MOJIOKKA, a 3aTeM PaHOIOTIONIAONINN MaTeprall Ha MeTaJllu-
YECKOW IMOMJIONKKE YCTAHABIMBAIOTCS BIUIOTHYIO K PacKphIBY MPHEMOIIEpeIatoNiell pynopHOH aHTEH-
HBI.

A
—— )

Puc. 1. CtpykTypHas cxema u3mMepeHuid K03 PUIHeHTa OTpaskeHHs: | — CKaISAPHBIHA
aHanu3arop 1eneit cepun P2M; 2 — pynopnas antenHa; 3 — obpasen PIIM;
4 — meTammudeckas miactuaa; J — [19B (mormorurens SMUN)
Fig. 1. Block diagram of reflection coefficient measurements: 1 — scalar network analyzer
of R2M series; 2 — horn antenna; 3 — RPM sample; 4 — metal plate; 5 — SEW (EMP absorber)

AHTEHHa nepeMeniaeTcs BAOJIb CBOCH OCH U (PUKCUPYIOTCS MEPBbIC MUHUMAIbHBIE H MAaKCUMAaITb-
HBIC MTOKa3aHus npuodopa. [locne 3toro onpenensrorces koahGuiueHTs oTpaxkeHus. s onpeneneHus
ko3 duIMeHTa MOTNIOMEHHsT 3JICKTPOMATHUTHOTO HW3JIYYEHHs] B PaJMOINOTIIONIAIONIEM MaTepuale
MIPOU3BOANTCS CpaBHEHUE KOI(D(PHUIIMEHTOB OTPaKEHUS 3JICKTPOMATHUTHOTO M3IyYSHUsI OT METaJlIH-
YECKOUW TOJIONKKHU ¢ KOIPPUIMEHTOM OTPAKCHUS JIEKTPOMATHUTHOTO U3IYYCHUS OT PaTUOIIOTIIO-
IIAIOIIETO MaTeprajia Ha METAITMIECKON ITOITOKKE [26].

Pa3Huna kodQQUIMEHTOB OTpasKEHHsI AIEKTPOMATHUTHOTO M3ITyUeHHs HeceT MH()OPMAIIHIO O TMO-
TJIONICEHHOW B PaJMONOTIIONIAIONIEM MaTepraie MOIIMHOCTA CUTHaja. YeMm OoJblie pasHUIA MEKIY
KOS(i)(i)I/IIII/IeHTaMI/I OTpaXCHUA, TEM OoJbIIe YPOBE€HB IMOTJIOICHUA JJICKTPOMArHUTHOI'O MU3YUCHUSA B
PaIMOIIOTIIONIAIOIIEM MaTepHale.

PE3YJIBTATBI U OBCYXJIEHUSA

Pe3ynbTaThl MCCIEq0BaHMI TPEACTABICHBI HA pUC. 2 U 3.
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Puc. 2. YactoTHas 3aBHcHUMOCTh KoaduuuenTa noraomenus PIIM (Tonmuna 2 Mmm)
Fig. 2. Frequency dependence of the RPM absorption coefficient (thickness 2 mm)
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Puc. 3. YactoTHas 3aBrucuMOCcTb Koddduuuenta noraomenus PIIM (Tonmumaa 2mm)
Fig. 3. Frequency dependence of the RPM absorption coefficient (thickness 2 mm)

[IpoBeneHHbIE MccIEOBaHMS MOTIOMIAIONINX CBOMCTB PaJMOINOIIOIIAIONIEr0 MaTepruaia mokasa-
JIM, 9TO OHHM 00JIaIal0T XOPOIIMMH TOTJIOMAIONTUMH cBoiicTBaMu (puc. 1 u 2). B nmuama3one gacTor
4,5-5,5 TT1 ko punueHT NOTIoNeH!s] HaX0AUTCsI B ipeaenax 75-78 %. MakcuManbHOe TOTIIolie-
HUE JIEKTPOMArHUTHOTO M3My4yeHus: HaOmronaeTca Ha yactote 5,6 [T u cocraBnser 78%. Ha gacro-
tax 5,8 u 6,0 I'T morjomenue cocTaBlIIeT COOTBETCTBEHHO 58% u 55%. YcraHOBIEHO, YTO Takoe
BBICOKOE IOTJIOIIEHUE HAOI0AaeTCsl IPH CISAYIOIEM COOTHOLICHUH HanoJHuTenen: 5% yrieponHoe
BOJIOKHO U 45% Metanmnndeckas okanuHa. [lo xapakrepy nornomenus (puc. 2 1 3) ero MOXXHO OTHe-
CTH K IMIMPOKOIIOJIOCHOMY PaJHOIOTIIONIAIOIIEMY MaTEpUaITy.

HccnenoBano BIMAHKE TONIIUHBI PAJUOIIOTIIONIAIONIEr0 MaTepraia Ha MOTJIOMIEHHE dIIeKTpoMar-
HUTHOTO M3nmy4yeHus. TonuHa MaTepraia npuHuManack | u 2 Mm. B Xo7ie mpoBeieHHBIX UCClie0Ba-
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HUH yCTaHOBIICHO, YTO TOHKHE MaTepHanbl (TodmmHa 1 MM) 3¢ (eKTUBHO pabOTAIOT HAa YACTOTaX BBI-
me 6,0 I'T'h, a mpu TommuHe MaTepruana 2 MM MakCUMyM ToriomeHus 78% HabmoqaeTca Ha 4acToTe
5,6 I'Tm.

Pamuonornomniaronire MaTepuaibl HAUTA MIUPOKOE MPUMEHEHHE B KAYECTBE 3aIIUTHBIX OKPBITHH.
CymecTByromye MoJIMMEpHbIe TOKPHITHS 3aKPETIISIOTCS] Ha TOBEPXHOCTH C TIOMOIIBI0 CHITMKOHOBOTO
KJiesi. DTO BO-NIEPBBIX TPYAOEMKHHN Tporiecc. TBepaeHne Kiesl MPOUCXOJUT B TEYCHUH 12 4acoB MpH
MOBBIIIICHHON TemmepaTtype. Bo-BTOpBIX HENpOKIed MPUBOAUT K TOMY, YTO BCE TMOKPHITHE HE OCY-
IIECTBISET 3aIMUTHBIC (QYHKIMHU. B CBsI3U ¢ 3TUM pa3pabOTaHHBIN paJHONOTIIOMAIONINI MaTepHal
CO3/1aH CaMOKJICSIIUMCS, JIaCTUYHBIM, CIIOCOOHBIM HAHOCHTCS Ha MOBEPXHOCThH CJIOYKHOU (hOPMBL
Ba)xHbIM CBOWICTBOM TaKoOTro IMOKPBITHA ABJIACTCA aAr€3MOHHAsA IIPOYHOCTh (HpO‘IHOCTB CBA3H C METalJI-
JOM TpYW OTCINAaWBaHWU W aare3uss K OeToHy W JpyruM MatepuanaMm). OCHOBHbBIE (DHU3HKO-
MEXaHHUYECKHE CBOWCTBA PAMOMNOTIIONIAIONIET0 MaTepraia IpUBeICHbI B Ta0. 2.

Kax BumHO U3 Ta0I1. 2 paguoIorIONIAOINN MaTepral HMEET BRICOKYIO are€3HOHHYIO IIPOYHOCTE C
MeTaisioM U OetoHOM. [lprm HEOOXOIMMOCTH €ro MOXKHO CHSTh C MOBEPXHOCTH 3allUIIaeMOi KOH-
CTPYKIIUU 0€3 MOBPEKICHUS TTOKPHITHS.

[Ipu HaHeceHMH PaIUOMOTIIONMIAOIIETO MOKPHITHS Ha MOBEPXHOCTH CIIOKHOW (OPMBI B HUX HE
JIOJKHO 00pa30BBIBATHCS TPEIIUH, T.K. 3TO MPUBEAET K MOTEPE 3alUTHBINA CBOHCTB. B cBs3u ¢ 3TUM
PaIMOTIOTIIOIIAONITNI MaTepral HCITBITHIBAIOT Ha THOKOCTh. VIcIbITaHNs HAa THOKOCTh TTOKAa3aJId, YTO B
HEM He o0pa3yercs TpeuiuH (Tadn. 2).

[lepen HaneceHHeM pPaJUONOTIIONIAIONIETO TIOKPBITHS Ha pabouyl0 MOBEPXHOCTH 3aUHUINAIOT OT
pPKaBUMHBL. Marepual IUIaHUPYETCs BBITYCKAThCS B BHUJIE JINCTOB W PYJIOHOB. JIMCTHI W PYJOHBI C
ABYX CTOPOH IOKPBITHI aHTHAATC3MOHHBIM MaTCpHUaJIOM. ,Z[J'ISI HAaHCCCHUS MOKPLITHUA Ha 3allIUIIACMYIO
IMOBEPXHOCTH C HETO C O[IHOﬁ CTOPOHBLI CHUMACTCA aHTI/IaILFC?;I/IOHHBIﬁ Marcpual. 3arem Haao IMpuxarb
ero K paboueil MOBEpXHOCTH U MpHUKATaTh posnrkoM. [lociie 3Toro cHIMaeTcsl aHTHaATe3NOHHBIN Ma-
TepHal ¢ APYroi cTOpoHBI. TakuMm 00pa3oM 3amuTa OT MEKTPOMATHUTHOTO M3ITyYeHHUS TOTOBA K JKC-
TUTyaTaIyH.

Tadauua 2. PU3NKO-MEXaHUYECKUE CBOWCTBA PAJAHOIOTIOIAONIEr0 MaTepraia
Table 2. Physical and mechanical properties of the radio absorbing material

Ne HanmenoBanue nmokasaTenst ITokaszaTenb
ILII.
1 [L1I0THOCTD, T/CM’ 2,0
2 [IpodHOCTH CBSI3M C METAJUIOM IpH oTciauBanuu, H/M 518
3 XapakTep pa3zpylieHus aJre3MOHHBIN
4 Anresus k 6erony, Mlla 0,14
5 [Ipenen mpoyHOCTH MPU MaKCUMAJILHOHM Harpy3ke, Mlla 0,066
6 OTHOCHUTENBHOE YJUIMHEHHE NPU pa3priBe, %o 95
7 I'ubkocts, mpu (2045)°C, paguyc 3akpyrieHus OTCcyTCTBHE TpEIIMH
Opyca 15 mm 1 Pa3pbIBOB
BbIBO/IbI

st 3aIMTEl OT BO3JEHCTBHA 3JEKTPOMArHUTHOIO M3IyYeHHUs HAa OCHOBE ATHJICHIPONHMIECHOBOIO
repMeTHKa «pa3paboTaH paAuOoNOTIIOMAIINN MaTepral. B kauecTBe HAMoOIHUTENS B HEM HCIIONB30-
BaHO YIJIEPOJHOE BOJIOKHO M MeTa/lInuecKasl okajauHa. Ilornomnienne 31eKTpoMarHuTHOIO U3Ty4EHUs
B HeM Ha yactotax 4,5-5,6 I'T cocraBnster 75-78%. Tommmua Matepuana 2 MM. MaTtepuan 31acThy-
HBIA, CAMOKJICSILIHICS.

35



CrtpourebHble MaTepuabl U u3geaus/Construction Materials and Products. 2023. 6 (4)

BaaronapaocTn

PaGora BeimoHeHa pu (MHAHCOBOH MoAepKKe MHUHHCTEPCTBAa HAYKHA M BBICIIEr0 00pa3oBaHUs
Poccuiickoit @eneparnnu 1o TemMe «OpraHu3aIis UMIIOPTO3aMENIAIOIIEro MPOU3BOACTBA CaMOKIIES-
IIUXCS PAIUOIIOTIIONIAOIINX MaTEPUATIOB C MOBBINIEHHBIMY 3aIIUTHRIMEA CBOHCTBaMm» B paMkax ['oc-
yaapcTBeHHOro koHTpakta Ne(75-11-2022-008 ot 6 anpens 2022 1., uaecHTH(PHUKATOP TOCYIapCTBEH-
Horo kouTpakTa 000000S407522QMX0002.

[7]

[8]

[11]

[12]

[13]

CIIMCOK JIMTEPATYPbI

AHanm3 IepcneKTUBHBIX paguonoriomarmux Marepuanos / Bectauk BI'TY. 2012 Ne 6. C.
70 —76.

I'yneoun B.H., Muxeer B.A., Komnakor H.C., Anexcanapos H0.K., Ilomusxkun B.B.
Marepuansl JUIs 3alIMTBl CpeAbl OOWTAHMS YENOBEKa OT BIUSHUS HJICKTPOMArHUTHBIX
n3nyuenwuii // Texuonorun OMC. 2013, Ne 2 (45). C. 18 — 25.

Encykor E.II., Pozanos K.H. u ap. Bausiaue dopmbl, xumudeckoro u (a3oBoro cocrapa
yactul Ha ocHoBe Fe Ha CBY-xapakTepuCTUKN KOMIIO3UTOB C TUAJIEKTPUUECKOW MaTpuue //
Kypnan rexanueckoit puzuku. 2009. T. 79, Boim. 4. C. 125 — 130.

Konecor B.B., Iletposa H.I'., ®uonos JI.C. Paamomnoriomaroniue MaTepuaibl HA OCHOBE
HaIOJIHEHHBIX MOJTMMEPOB // 16-1 MexyHapoaHas KpbIMcKast KoHpepeHuus «CBY-texnuka
U TEIEKOMMYHHUKAMOHHbBIE TeXHonorum». Ceactomnouns, 2006. C. 594 — 595.

Uepkacor B.J., IOpkun HO.B., Uepkacor /I.B. Camoxmesmiuiicss paaronOrIONIaronTnit
matepuan // [larent PO na m3o6perenue Ne 2798073. 2023.

I'OCT 30381-95 / T'OCT P 50011-92 CoBMecTUMOCTh TEXHUYECKUX CPEJICTB
anekTpoMarHuTHas. [1ormoTuTenn 3MeKTPOMAarHUTHBIX BOJH JJISi SKPaHUPOBAHHBIX Kamep.
OO011Ke TEXHUYECKHUE YCIOBHS

CepebpsannukoB C.B., Uepkacos A.Il., Homro A.B., Epemuosa JI.JI., Pymsnues IL.A. //
IupoKonoaOCHBIE  KOMIIO3ULIMOHHBIE — PAJAMOINOIJIOIIAIOIINE IIOKPHITUS Ha  OCHOBE
VIBTPaAUCIIEPCHBIX TeKcapeppUTOBBIX HanodHuTeNel // DnexkrpudectBo. 2015. Ne 6. C. 55
—60.

Kypasnes B.A., baounHoBna A.H. KoMIO3WIIMOHHBIA paguoMaTepruan Ha OCHOBE
KapOOHMIIBHOTO KeJie3a Uil MIJUIMMETPOBOTO JHana3oHa JJIUH BOJH // VI3BecTHsl BBICIINX
yueOHbIx 3aBeneHnid. Puzuka. 2010. Ne 8. C. 96 — 97.

JlykesHoBa C.H., Kapmukoa H.U., I'puropreB FO.I'., Becemosckuit U.A. Mzyuenue
peakiuii Mo3ra 4eloBeKa Ha JJIEKTPO-MAarHWUTHBIE TMOJS HETEIUIOBOW HHTEHCHBHOCTH.
I'uruena u canurapust. 2017. Ne 96 (9). C. 848 — 854. DOL: http://dx.doi.org/10.18821/0016-
9900-2017-96-9-848-854

[Hunkosa T.B., IlIubxosa /[.3., Ebumosa H.B., Ilonesux H.JI. Ouenka Onomorndeckux
3pPEKTOB 3IEKTPOMArHUTHOTO TIONS PAJHOYACTOTHOTO AWana3oHa HU3KOHM JHMana3oHa
HU3KOW MHTEHCHBHOCTH HA CHUCTEMY KPOBH OJKCIEPUMEHTAIBHBIX >KUBOTHBHIX // BecTHUK
IOVYpI'Y. 2011. Ne 7. C. 10— 15.

I'oponmenxuit b.H., Kansgga T.B., Ilerpo C.B. OmbIT pa3paboTku crenualIn3upOBaHHON
MEIMKO-TEXHUUECKOW  nmabopaTopuu AN HWCCIENOBAaHMH  BIMSHUS ~ MOIIHOTO
AJIEKTPOMAarHUTHOTO W3JIydeHHs Ha Ouomormveckne oObekThl // MenuuuwHa Tpyna u
MIpOMBITIUTeHHAS dKojorus. 2015. Ne 2. C. 44 — 47.

XadgatypoB A.A., ®uonoB A.C., Komeco B.B., IloramoB E.D., Wmpma E.M.
OyHKIMOHATBHBIE 371aCTOMEPHBIE KOMIIO3MIMOHHBIE MaTepHalibl Ha OCHOBE OyTalueH-
CTHPOJIbHOTO Kayuyka u maraetuta // POHCHUT. 2019. T. 11. Ne 2. C. 189 — 199.

Kprokos A.B., Epemeer A.C. HoBrle pamromnoriomaroniie ruOKre MaTepraibl Ha OCHOBE
YIJIEPOJHON MAaTpullbl C Pa3IMYHBIMM CHUHTETHMYECKMMHU HAIOJHUTENIIMH U OLEHKa HX
noromfaromux ceoiicTB B CBY nmuanazone / POHCHUT. 2020. Ne 12 (3). C. 335 —340. DOL
10.17725/rensit.2020.12.335

36



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

CrtpourebHble MaTepuabl U u3geaus/Construction Materials and Products. 2023. 6 (4)

Caenko H.C., 3marmuHoB A.M. ®eppoMarHuTHBIE HAHOKOMIIO3UTHI Ha OCHOBE
MHOTOCJIOMHBIX YTJICPOJHBIX HAHOTPYOOK, MOJYyYCHHBIC KATAJUTUYECKHM ITHPOIIH30JI0M
MeTana // Xumus u xumudeckast texgonorus. 2015, T. 58, Bemm. 5. C. 10— 13.

Konecos B.B., ®uonos A.C., I'opmienes B.H. MoaenupoBanue paauonorionaroumx cpea
Ha OCHOBE KOMIIO3MIMOHHBIX MAaTEpHaoB M3 MOJIMBUHWIXJIOPHUIHBIX IUIACTU30JEH //
Pannosnexktponuka, Hanocucremsl, Madbopmanmonnsie Texnomorun. 2010. Ne 1-2. T. 2. C.
138 — 161.

Yuchang Qing, Wancheng Zhou, Fa Luo, Dongmei Zhu, Optimization of electromagnetic
matching of carbonyl iron/BaTiO3 composites for microwave absorption // Journal of
Magnetism and Magnetic Materials. 2011. Vol. 323. Issue 5. P. 600 — 606. ISSN 0304-8853,
https://doi.org/10.1016/j.jmmm.2010.10.021.
(https://www.sciencedirect.com/science/article/pii/S0304885310007481)

Nina Joseph, Mailadil Thomas Sebastian, Electromagnetic interference shielding nature of
PVDF-carbonyl iron composites // Materials Letters. 2013. Vol. 90. P. 64 — 67. ISSN 0167-
577X, https://doi.org/10.1016/j.matlet.2012.09.014.
(https://www.sciencedirect.com/science/article/pii/S0167577X12012943)

Nina Joseph, Chameswary Janardhanan, Mailadil Thomas Sebastian, Electromagnetic
interference shielding properties of butyl rubber-single walled carbon nanotube composites //
Composites Science and Technology. 2014. Vol. 101. P. 139 — 144. ISSN 0266-3538,
https://doi.org/10.1016/j.compscitech.2014.07.002
(https://www.sciencedirect.com/science/article/pii/S0266353814002322)

Lidong Liu, Yuping Duan, Shunhua Liu, Liyang Chen, Jingbo Guo, Microwave absorption
properties of one thin sheet employing carbonyl-iron powder and chlorinated polyethylene //
Journal of Magnetism and Magnetic Materials. 2010. Vol. 322. Issue 13. P. 1736 — 1740.
ISSN 0304-8853, https://doi.org/10.1016/j.jmmm.2009.12.017.
(https://www.sciencedirect.com/science/article/pii/S0304885309011627

Xiangyu Zheng, Haiwei Zhang, Zhihao Liu, Rijia Jiang, Xing Zhou, Functional composite
electromagnetic shielding materials for aerospace, electronics and wearable fields //
Materials Today Communications. 2022. Vol. 33. P. 104498. ISSN 2352-4928,
https://doi.org/10.1016/j.mtcomm.2022.104498
(https://www.sciencedirect.com/science/article/pii/S2352492822013393

Retailleau C., Alaa Eddine J., Ndagijimana F., Haddad F., Bayard B., Sauviac B., Alcouffe
P., Fumagalli M., Bounor-Legaré V., Serghei A. Universal behavior for electromagnetic
interference shielding effectiveness 2022. of polymer based composite materials //
Composites Science and Technology. Vol. 221. P. 109351. ISSN 0266-3538,
https://doi.org/10.1016/j.compscitech.2022.109351.
(https://www.sciencedirect.com/science/article/pii/S0266353822000938

Mauro A. Soto-Oviedo, Olacir A. Aragjo, Roselena Faez, Mirabel C. Rezende, Marco-A. De
Paoli, Antistatic coating and electromagnetic shielding properties of a hybrid material based
on polyaniline/organoclay nanocomposite and EPDM rubber // Synthetic Metals. 2006. Vol.
156. Issues 18-20. P. 1249 - 1255. ISSN 0379-6779,
https://doi.org/10.1016/j.synthmet.2006.09.003.
(https://www.sciencedirect.com/science/article/pii/S037967790600213X)

Jean-Michel Thomassin, Christine Jérome, Thomas Pardoen, Christian Bailly, Isabelle
Huynen, Christophe Detrembleur, Polymer/carbon based composites as electromagnetic
interference (EMI) shielding materials / Materials Science and Engineering: R: Reports,
2013.  Vol. 74, Issue 7. P. 211 — 232, ISSN  0927-796X,
https://doi.org/10.1016/j.mser.2013.06.001.
(https://www.sciencedirect.com/science/article/pii/S0927796X1300048X)

37



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[2]

[3]

CrtpourebHble MaTepuabl U u3geaus/Construction Materials and Products. 2023. 6 (4)

Yingjie Chang, Ruixing Hao, Yaqi Yang, Guizhe Zhao, Yaqing Liu, Hongji Duan,
Progressive conductivity modular assembled fiber reinforced polymer composites for
absorption dominated ultraefficient electromagnetic interference shielding // Composites Part
B: Engineering. 2023. Vol. 260. P. 110766. ISSN 1359-8368,
https://doi.org/10.1016/j.compositesb.2023.110766.
(https://www.sciencedirect.com/science/article/pii/S135983682300269X)

CoBpeMeHHBIE TPOOIEMbI PaAN03JIEKTPOHUKH: cO. Hayd. Tp. [DNEeKTpOHHBIN pecypc] / Hayd.
pen. B.H. Bounapenko; otB. 3a Beit. A.A. JleBunikwmii. DnektpoH. AaH. (31 M6). KpacHosipck:
Cub. denep. yu-t1, 2016.

Ilenckoit A.C. Boxapel B BOJHOBOJAaX TMpPH HATWYAM TOHKHX IUIGHOK TMOJISPHBIX
JIURJICKTPUKOBA: JIHUC. ... KaHI. ¢usuko-maremaT. Hayk / Mecto 3ammter: Bonrorpanckuii
roCyapCTBEHHBIN TeXHUYeCcKuil yHuBepcuTeT. Bonrorpaz, 2016. 111 c.

Muxaitnosckuit JI.K. Pagnomnoriomaromue 6€CTOKOBBIE Cpeibl, MaTepuaabl U MOKPBHITHS
(37eKTpOMarHUTHBIE  CBOMICTBA W MNpaKTUYeCKWe NpuMeHeHus)) //  3apyOexHas
pPaaModIEKTPOHUKA. Y criexH coBpeM. paanodnekTpoHuku. 2000. Ne 9. C. 21 — 30.

Borym B.A. Komrmo3uTHble MeTaIcOAepiKaliie BOJOKHHUCTHIE MaTepHaibl ISl THOKUX
9KPaHOB 3JIEKTPOMArHUTHOTO W3Ty4eHUs: aBToped. Juc. ... KaHI. TeXH. HayK / bemnopyc. roc.
YH-T "HGOPMATHKHU U PagnodaeKTpoHnku. Munck, 2000.19 c.

KpuBatkun A.M., Cakynenko [O.T. ChenmanbHbple IUIacTMAacchl I SKPaHUPOBAHUS
JIIEKTPOMAarHUTHBIX wW3NydeHuidl // ITlonuMmepHble ¥ KOMMO3UIIMOHHBIE MaTEPUAIIBL:
TEXHOJIOTHH, 000pyIOBaHME, NPUMEHEHHUE: Te3. NOKJ. Hayd.-MPakT. KOH(}. 7 MexayHap.
crieranu3up. BbicTaBku "MHayctpus mmactMacc2006", Mocksa, 14 mapra 2006 1. M.:
Maxkcuma, 2006. C. 28 — 30.

Kazanuesa H.E., PeiBkuna H.I'., Umytun W.A. IlepcrieKTHBHBIE MaTepuanbl st
MOTJIOTUTENCH  3JEKTPOMAarHUTHBIX  BOJH  CBEPXBBICOKOYACTOTHOIO  AMamna3oHa  //
Pannorexnuka u anextponuka. 2003. T. 48. Ne 2. C. 196 — 209.

Jlyues JIL.B., Huxomatiuyk I.A., Iletpor B.B., Sxones C.B. MHororeneskie
pazuoIoIomaoIIie MaTepuajibl Ha OCHOBE MAarHUTHBIX HAHOCTPYKTYp: IIOJydEHHE,
cBoiicTBa u npumeHeHue // Hanorexuuka, 2008. Ne 2 (14). C. 36 —43.

Hukonaituyk I'., MBanoB B., fkoener C. Paamomornomaromue matepuaibl HA OCHOBE
HAHOCTPYKTYp // DNeKTpoHWKa: Hayka, TexHomorus, OmsHec. 2010. Ne 1. C. 92 — 95.
bubnuorp.: 6 Ha3B.

REFERENCES

Analysis of promising radio-absorbing materials. Bulletin of VSTU. 2012 6. P. 70 — 76.
(rus.)

Gulbin V.N., Mikheev V.A., Kolpakov N.S., Aleksandrov Yu.K., Polivkin V.V. Materials
for protecting the human habitat from the influence of electromagnetic radiation. Technolo-
gies of EMS. 2013. 2 (45). P. 18 — 25. (rus.)

Elsukov E.P., Rozanov K.N. et al. The influence of the shape, chemical and phase composi-
tion of Fe-based particles on the microwave characteristics of composites with a dielectric
matrix. Journal of Technical Physics. 2009. 79 (4). P. 125 — 130. (rus.)

Kolesov V.V., Petrova N.G., Fionov L.S. Radio-absorbing materials based on filled poly-
mers. 16™ International Crimean Conference “Microwave equipment and telecommunication
technologies”. Sevastopol, 2006. P. 594 — 595. (rus.)

Cherkasov V.D., Yurkin Yu.V., Cherkasov D.V. Self-adhesive radio-absorbing material. RF
Patent for invention 2798073. 2023. (rus.)

GOST 30381-95. GOST R 50011-92 Electromagnetic compatibility of technical means.
Electromagnetic wave absorbers for shielded cameras. General technical conditions (rus.)
Serebryannikov S.V., Cherkasov A.P., Dolgov A.V., Eremtsova L.L., Rumyantsev P.A.
Broadband composite radio-absorbing coatings based on ultrafine hexaferrite fillers. Elec-
tricity. 2015. 6. P. 55 — 60. (rus.)

38



(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[19]

CrtpourebHble MaTepuabl U u3geaus/Construction Materials and Products. 2023. 6 (4)

Zhuravlev V.A., Babinovich A.N. Composite radio material based on carbonyl iron for the
millimeter wavelength range. Proceedings of higher educational institutions. Physics. 2010.
8. P.96—97. (rus.)

Lukyanova S.N., Karpikova N.I., Grigoriev Yu.G., Veselovsky L A. Study of human brain
reactions to electro-magnetic fields of non-thermal intensity. Hygiene and sanitation. 2017.
96 (9). P. 848 — 854. DOI: http://dx.doi.org/10.18821/0016-9900-2017-96-9-848-854 (rus.)
Shilkova T.V., Shibkova D.Z., Efimova N.V., Polevik N.D. Evaluation of biological effects
of the electromagnetic field of the low-frequency range of the low-intensity range on the
blood system of experimental animals. Bulletin of SUSU. 2011. 7. P. 10 — 15. (rus.)
Gorodetsky B.N., Kalyada T.V., Petrov S.V. Experience in the development of a specialized
medical and technical laboratory for the study of the effect of powerful electromagnetic radi-
ation on biological objects. Occupational medicine and industrial ecology. 2015. 2. P. 44 —
47. (rus.)

Khachaturov A.A., Fionov A.S., Kolesov V.V., Potapov E.E., Ilyin E.M. Functional elasto-
meric composite materials based on styrene-butadiene rubber and magnetite. RENSIT. 2019.
11 (2). P. 189 — 199. (rus.)

Kryukov A.V., Eremeev A.S. New radio-absorbing flexible materials based on a carbon ma-
trix with various synthetic fillers and evaluation of their absorbing properties in the micro-
wave range. RENSIT. 2020. 12 (3). P. 335 — 340. DOI: 10.17725/rensit.2020.12.335(rus.)
Saenko N.S., Ziatdinov A.M. Ferromagnetic nanocomposites based on multilayer carbon
nanotubes obtained by catalytic pyrolysis of methane. Chemistry and chemical technology.
2015. 58 (5). P. 10— 13. (rus.)

Kolesov V.V., Fionov A.S., Gorshenev V.N. Modeling of radio-absorbing media based on
composite materials from polyvinyl chloride plastisols. Radioelectronics, Nanosystems, In-
formation technologies. 2010. 1-2 (2). P. 138 — 161. (rus.)

Yuchang Qing, Wancheng Zhou, Fa Luo, Dongmei Zhu, Optimization of electromagnetic
matching of carbonyl iron/BaTiO3 composites for microwave absorption. Journal of Mag-
netism and Magnetic Materials. 2011. 323 (5). P. 600 — 606. ISSN 0304-8853,
https://doi.org/10.1016/jjmmm.2010.10.021.
(https://www.sciencedirect.com/science/article/pii/S0304885310007481)

Nina Joseph, Mailadil Thomas Sebastian, Electromagnetic interference shielding nature of
PVDF-carbonyl iron composites. Materials Letters. 2013. 90. P. 64 — 67. ISSN 0167-577X,
https://doi.org/10.1016/j.matlet.2012.09.014.
(https://www.sciencedirect.com/science/article/pii/S0167577X12012943)

Nina Joseph, Chameswary Janardhanan, Mailadil Thomas Sebastian, Electromagnetic inter-
ference shielding properties of butyl rubber-single walled carbon nanotube composites.
Composites Science and Technology. 2014. 101. P. 139 — 144. ISSN 0266-3538,
https://doi.org/10.1016/j.compscitech.2014.07.002
(https://www.sciencedirect.com/science/article/pii/S0266353814002322)

Lidong Liu, Yuping Duan, Shunhua Liu, Liyang Chen, Jingbo Guo, Microwave absorption
properties of one thin sheet employing carbonyl-iron powder and chlorinated polyethylene.
Journal of Magnetism and Magnetic Materials. 2010. 322 (13). P. 1736 — 1740. ISSN 0304-
8853, https://doi.org/10.1016/jjmmm.2009.12.017.
(https://www.sciencedirect.com/science/article/pii/S0304885309011627

Xiangyu Zheng, Haiwei Zhang, Zhihao Liu, Rijia Jiang, Xing Zhou, Functional composite
electromagnetic shielding materials for aerospace, electronics and wearable fields. Materials
Today Communications. 2022. 33. P. 104498. ISSN 2352-4928,
https://doi.org/10.1016/j.mtcomm.2022.104498
(https://www.sciencedirect.com/science/article/pii/S2352492822013393

39



[21]

[22]

[24]

[25]

[26]

[27]

[28]

CrtpourebHble MaTepuabl U u3geaus/Construction Materials and Products. 2023. 6 (4)

Retailleau C., Alaa Eddine J., Ndagijimana F., Haddad F., Bayard B., Sauviac B., Alcouffe
P., Fumagalli M., Bounor-Legaré V., Serghei A. Universal behavior for electromagnetic in-
terference shielding effectiveness 2022. of polymer based composite materials. Composites
Science and Technology. 221. P. 109351. ISSN 0266-3538,
https://doi.org/10.1016/j.compscitech.2022.109351.
(https://www.sciencedirect.com/science/article/pii/S0266353822000938

Mauro A. Soto-Oviedo, Olacir A. Aratgjo, Roselena Faez, Mirabel C. Rezende, Marco-A. De
Paoli, Antistatic coating and electromagnetic shielding properties of a hybrid material based
on polyaniline/organoclay nanocomposite and EPDM rubber. Synthetic Metals. 2006. 156
(18-20). P. 1249 — 1255. ISSN 0379-6779, https://doi.org/10.1016/j.synthmet.2006.09.003.
(https://www.sciencedirect.com/science/article/pii/S037967790600213X)

Jean-Michel Thomassin, Christine Jérome, Thomas Pardoen, Christian Bailly, Isabelle
Huynen, Christophe Detrembleur, Polymer/carbon based composites as electromagnetic in-
terference (EMI) shielding materials. Materials Science and Engineering: R: Reports, 2013.
74 (7). P. 211 — 232. ISSN 0927-796X, https://doi.org/10.1016/j.mser.2013.06.001.
(https://www.sciencedirect.com/science/article/pii/S0927796X1300048X)

Yingjie Chang, Ruixing Hao, Yaqi Yang, Guizhe Zhao, Yaqing Liu, Hongji Duan, Progres-
sive conductivity modular assembled fiber reinforced polymer composites for absorption
dominated ultraefficient electromagnetic interference shielding. Composites Part B: Engi-
neering. 2023. 260. P. 110766. ISSN 1359-8368,
https://doi.org/10.1016/j.compositesb.2023.110766.
(https://www.sciencedirect.com/science/article/pii/S135983682300269X)

Modern problems of radio electronics: collection of scientific works. [Electronic resource].
scientific ed. V.N. Bondarenko; rel. for issue A.A. Levitsky. Electron. dan. (31 MB). Kras-
noyarsk: Sib. feder. university, 2016. (rus.)

Penskoy A.S. Waves in waveguides in the presence of thin films of polar dielectrics: dis. ...
cand. physico-mathematical Sciences. Place of defence: Volgograd State Technical Universi-
ty. Volgograd, 2016. 111 p. (rus.)

Mikhailovsky L.K. Radio-absorbing shockless media, materials and coatings (electromagnet-
ic properties and practical applications). Foreign radio electronics. Success of modern radio
electronics. 2000. Ne 9. S. 21 — 30. (rus.)

Bogush V.A. Composite metal-containing fibrous materials for flexible electromagnetic ra-
diation screens: abstract of the dissertation of the Candidate of Engineering Sciences. Bela-
rusian State University of Informatics and Radioelectronics. Minsk, 2000.19 p. (rus.)
Krivatkin A.M., Sakunenko Yu.T. Special plastics for shielding electromagnetic radiation.
Polymer and composite materials: technologies, equipment, application: thes. reports of sci-
entific-practical conf. 7 international specialization exhibitions "Plastics Industry'2006",
Moscow, March 14, 2006, Moscow: Maxima, 2006. P. 28 — 30. (rus.)

Kazantseva N.E., Ryvkina N.G., Chmutin .A. Promising materials for electromagnetic wave
absorbers of the ultrahigh frequency range. Radio Engineering and Electronics. 2003. 48. No
2. P. 196 —209. (rus.)

Lutsev L.V., Nikolaichuk G.A., Petrov V.V., Yakovlev S.V. Multipurpose radio-absorbing
materials based on magnetic nanostructures: preparation, properties and application. Nano-
tech, 2008. Ne 2 (14). P. 36 — 43. (rus.)

Nikolaychuk G., Ivanov V., Yakovlev S. Radio-absorbing materials based on nanostructures.
Electronics: science, technology, business. 2010. Ne 1. P. 92 — 95. Bibliogr.: 6 titles. (rus.)

40



CrtpourebHble MaTepuabl U u3geaus/Construction Materials and Products. 2023. 6 (4)

NHOOPMALUA Ob ABTOPE/ INFORMATION ABOUT THE AUTHOR

YepkacoB B.J., e-mail: vd-cherkasov@yandex.ru, ten. +7-
927-276-40-35, ORCID ID: 0000-0002-0662-6595,
SCOPUS:
https://www.scopus.com/authid/detail.uri?authorld=5438649
8100, HamumoHanpHbBIM uccaeqOBaTENbCKUH MOpPIOBCKUMA
rocynapcTBeHHbI yHuBepcuteT uM. H.II. Orapesa, kadenpa
«IIpuknagHas MEXaHHUKa», JOKTOP TEXHUYECKHX HAyK, IPO-
(eccop, 3aBenymoiunii kKageapoi

Mlep6ax FO.I1., e-mail: ypscherbak@gmail.com, Tex.
+7-987-553-12-60, SCOPUS:
https://www.scopus.com/authid/detail.uri?authorld=5722007
4264, CapoBckuii (pu3uKO-TeXHUYECKHH MHCTUTYT Hammo-
HQJIBHBIM  MCCIENOBATENbCKUN  SOAEPHBIH  YHUBEPCUTET
MHU®U, cOBETHUK PYKOBOAMTENS, KaHAUIAT TEXHUYECKHX
HayK, JOLEHT

Yepkaco 1.B., e-mail: vd-cherkasov@yandex.ru, ten. +7-
929-747-02-82,

HanumonanbHbiil  uccnenoBatensckuii MopaoBckuil  rocy-
nmapcrBeHHbll yHuBepcuteT uMm. H.IL. Orapesa, kadenpa
«[IpuknagHas MeXaHHKa», KaHIUIAT TEXHHYECKUX HayK,
JOLIEHT

IMoctynuna B pegaxiuro 2 anpenst 2023 r.
[Mpunsra B nopadoranHom Buze 14 urons 2023 r.
OpnoOpena aust my6nmkanuu 3 aBrycra 2023 r.

41

Cherkasov V.D., e-mail: vd-cherkasov@yandex.ru, tel.

+7-927-276-40-35, ORCID ID: 0000-0002-0662-6595,
SCOPUS:
https://www.scopus.com/authid/detail.uri?authorld=5438649
8100, National Research Ogarev Mordovia State University,
Department of Applied Mechanics, Doctor of Engineering
Sciences (Advanced Doctor), Professor, Head of the De-
partment

Shcherbak Yu.P., e-mail: ypscherbak@gmail.com, tel.
+7-987-553-12-60, SCOPUS:
https://www.scopus.com/authid/detail.uri?authorld=5722007
4264, Sarov Institute of Physics and Technology National
Research Nuclear University MEPhI, Advisor to the Head,
Candidate of Engineering Sciences (Ph.D.), Associate Pro-
fessor

Cherkasov D.V., e-mail: vd-cherkasov@yandex.ru, tel. +7-
929-747-02-82, National Research Ogarev Mordovia State
University, Department of Applied Mechanics, Candidate of
Engineering Sciences (Ph.D.), Associate Professor

Received: April 2, 2023.
Revised: June 14, 2023.
Accepted: August 3, 2023


https://www.scopus.com/authid/detail.uri?authorId=57220074264
https://www.scopus.com/authid/detail.uri?authorId=57220074264
https://www.scopus.com/authid/detail.uri?authorId=57220074264
https://www.scopus.com/authid/detail.uri?authorId=57220074264
mailto:vd-cherkasov@yandex.ru

	© Строительные материалы и изделия, 2023

