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IpuBeneHo 000CcHOBaHKE BhIOOpa MaTepuaia JJsi H3TOTOBJICHHUS MOTJIOTUTENS 3JCKTPOMArHUTHOTO
n3nydeHus. JlaHo omnucaHWe KOHCTPYKIIMM MHOTOCIOWHOTO KOMITO3UIIMOHHOTO:  TOTJIOTUTES.
[IpencraBneHs! pe3ynbTaThl UCCIEIOBAHUS XapaKTEPUCTUK OTPAXKEHUS U Mepejadd MHOTOCIONHOTO
KOMIIO3UIIMOHHOTO TOTJIOTUTENS DIIEKTPOMArHUTHOTO HW3JIy4EHHS Ha OCHOBE MOPOINKA JUOKCHIA
TuTaHa B quamna3one gactot 0,7-17 I'T'. JlaHBI peKOMEHAAIIH 10 UCITOIB30BAHUIO MPEAI0KEHHOTO
KOMITO3UIIMOHHOTO MaTepralia B KaUeCTBE IIOTIIOTUTENS AIEKTPOMATHUTHOTO H3ITyICHHUSL.

Knuroueswvie crosa: 3JIEKTPOMArHUTHOEC M3ITYyYCHHE, METAJUIOCOACPIKAINE KOMITO3UTHI, TUOKCHUI THUTAaHa,
peSPICTHBHLIfI CIujiaB, 3(1)(1)CKTI/IBHOCTL 9KPaHUPOBAHUSA, ITOTJIOTUTENE SJICKTPOMAarHUTHOT'O U3JTy4CHHA.

BBenenue

[Ipobnema obecrieueHnst BIEKTPOMArHUTHOH coBMecTuMocTH (OMC)  paanodNeKTPOHHBIX
CpeJICTB BO3HHUKJIA IIOYTH OAHOBPEMEHHO C TMIEPBBIMH PAJHO3JIEKTPOHHBIMU TprOopamu. IlepBrie 3amaun
obecrieueHnsi OMC ObuM CBsI3aHBI C. OCAOJIEHUEM BIMSHUS HENPEIHAMEPEHHBIX 3JIEKTPOMAarHUTHBIX
nomex. [lo Mepe pa3BUTHS W (YHKIMOHAILHOTO YCIOXHEHUS PaJHOAJICKTPOHHOM amnmaparypbl, ¢
TIOSIBJIEHNEM HOBBIX BHJIOB PaJHOCPEACTB, OCBOCHHEM HOBBIX BBICOKOYACTOTHBIX HAIa30HOB 3afayd
cray Oonee CIOXHBIMHM, NOAYAc TPeOYIOIMMU KOMIPOMHUCCHBIX pelleHuid. B Hacrosimee Bpems
npobnema obecnedeHuss OMC . sBisieTcsl HE MEHEe AaKTyaJbHOW, 4YeM oOOecrieueHue ammapaTypHOi
HaJISKHOCTH WM MUHHaTIopu3anui. OHa perraeTcs MmyTeM peau3alii KOMIUIEKCa OpraHW3allMOHHBIX
WM TEXHUYECKUX ~MEpONpUsiTHii (CXEMHOIO M KOHCTPYKTMBHO-TEXHOJIOTMYECKOTO  XapakTepa).
TexHHUYeCKHe MEpONPHUATHS CBA3aHBI C OCJIA0JCHHMEM WM IOJABJICHHEM IOMEX B HCTOYHHKAX HX
BO3HHKHOBEHHUS, 4 TaKKe ¢ Pa3pabOTKON YCTpOHCTB 3amMThl. TEeXHHYECKH 3TO pealm3yerTcs IyTeM
pa3paboTKu ¥ MpUMEHEHUs QUITBTPOB, SKPAHOB, UCTIOIF30BAHUEM PAIMOHATLHOTO MOHTaKa amIaparypsbl,
3azemiieHus [1]. B mpouecce co3nanus 3KkpaHOB HEOOXOAUMO YUHUTBIBATE, YTO 3(H(HEKTUBHOCTD UX pabOTHI
CBsi3aHA C ABJICHUSMH IMOTJIOUICHUS] M OTPAKEHHA 3JIEKTPOMAarHUTHON SHEPTHH, MPU 3TOM YacTh SHEPTUH
3aTyxaeT B Toimie Marepuana. B cmydae obecriedernns OMC paanosNeKTPOHHBIX YCTPOWCTB BayKHO,
4yToObl OOJbLIAS YacTh BHEPrUM JIEKTpOMarHuTHoro wu3inydenus (OMMU) mnornomanace, a He
MepeoTpaXxkaaach Ha COCEHUE YCTPOICTBA WM B OKPYXKArOLIee IPOCTPAHCTBO.

[IpoexTrpoBanue u pa3paboTka 3kpaHoB DMU cBsizaHbl ¢ aHATUTHYECKUMHU pPacdeTaMHu,
9KCIEPUMEHTAIBHBIMH HCCIIEI0BaHUSIMH, MOJAEIUPOBAHMEM CBOWCTB C NPHUMEHEHUEM HPHUKIAIHBIX
NakeToB mporpamMMm. lIpy 3TOM caMBIMHU CIOXKHBIMHU SIBJISIIOTCSL BONIPOCHI OOECHEUEHHsST BO3MOXKHO
MEHbBINEr0 KOA(pUIMEHTa OTPaKEHHWS B 3a/JIaHHOM JIMANa30He 4YacTOT B COYETAHUHM C BBICOKAM
ociabnennem DMU, nipu obecriedeHMH MUHUMAITbHBIX MAacCOrabapUTHBIX XapaKTepucTHKax [2].

OpHMM W3 BapMaHTOB CHW)XEHHs YpOoBHA OMMU sBisieTcs HMCNONB30BAHHE IOTJIOTUTENEH
AJMIEKTPOMArHUTHOTO HM3ITyYeHHs, KOTOPble NMpEeIHA3HAYEHBI JUIS CIEAYIOIIUX Ienel: u30upaTenbHoe
MOJIaBJICHUE HEXXeNaTeNbHBIX BUAOB KOJIEOaHU, MOJHOE MOTJIONIEHNE CUTHANA, CHI)KEHHE YPOBHA
oTpakeHHOro curHaga. Co3laHue XOpOIIO MOIJIOMAIOIIMX JJIEKTPOMAarHUTHOE H3Iy4eHHE
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MIMPOKOIMATIa30HHBIX CTPYKTYpP MMeeT OOJIbIIOE MPAKTUYEeCKOe 3HaueHHe. BOT TONBKO HEKOTOpHIE
IpUMephl UCIONb30BaHMsA noriaotutenet OMU: mpenynpexneHre HECaHKIHMOHHMPOBAHHOIO CheMa
MHQOpPMAILMK 10 3JIEKTPOMArHUTHOMY KaHaly, OOecle4eHHE >JICKTPOMAIHMTHOH COBMECTHMOCTH
PanuodAIEKTPOHHBIX YCTPOHCTB, MAaCKHPOBKAa BOCHHOW TEXHHKH OT OOHApy>KEHHS C MOMOIIBIO
PanuoIOKaTOPOB, 3allMTa IIPOXKMBAIOIIEIO HACENCHHS M PpabOTaloLIero IepcoHaja OT BPEIHOTO
BO3ICHCTBUSA IEKTPOMAarHUTHBIX BOJH PAa3JIMYHOIO YacTOTHOIO JAMamna3oHa (JrabopaTtopuu,
MEIUIMHCKUE LICHTPBI, KOMITBIOTepHbIE KiTyObl) [3-5].

Cpenu Oonbmioro pazHoodOpasust nornorureneii IMU Hanbosee MepCcrneKTUBHB 00hEMHbIE.
OHM SBISIIOTCA ONHUM M3 HanOonee BaKHBIX (YHKIMOHAJIBHBIX 3JIEMEHTOB 3JEKTPOHHBIX H
MU3MEPUTENbHBIX NMPHOOPOB. M3BECTHBI M IIMPOKO NPHUMEHSIOTCS B KAa4eCTBE IIOIJIOTUTEIECH TakKue
MaTepHajbl, KaKk HayrJepOXKeHHasi MOpUCTas KepaMHKa, KapOHI KpeMHHs, COCTaBbl «AJbcudepy,
«Anbbep» u apyrue [6]. PazpaboTke MOJOOHBIX H3AETMH YYEHBbIC B IMOCICIHHUC TOIBI YACISIOT
JoctatouHo MHoro BHMMaHud. llormorurenn CBU-sHeprum npoaorKarT COBEPIIEHCTBOBATHCS IIO
COCTaBy, CBOHCTBaM, KOHCTPYKIIHH, TEXHOJIOTUYECKUM MPOLIECCaM H3TOTOBJICHUS, ATl O0eCHeueH s
MOBTOPSIEMOCTH M CTaOMIIBHOCTH SKCILTyaTallMOHHBIX CBOHCTB.

[Ipu pazpaboTke 3¢ HeKTHBHOTO MHUPOKOMOIOCHOTO oTIoTUTeNT DM HE0OXOAMMO PEIINTh
3aJjauyd 1O BBIOOPY Marepuana, 0O0OCHOBAaHMIO KOHCTPYKLIWH. MaTepuaiibl, MPUMEHSIONIMECS s
W3rOTOBJICHUST mornotuteneir OMMU, HOWKHBI KpomMe BBICOKOH S(PQPEKTHBHOCTH TMOTJIOMICHUS B
paboueM aMana3oHE 4YacTOT, MMETh OOJIBIIYI0 TEIUIONPOBOIHOCThH (A7l OTBOZAA IOTJIOLIEHHOM
SHEPruM), BBICOKYI0 MEXaHMUYECKYIO MPOYHOCTh, CTOMKOCTh K OKMCIICHHIO IIPH HarpeBe Ha BO3MAYXE,
obecrieyrBaTh MUHUMAIIFHOE BIMSHHE HA DKpaHHUPYEMBbIH 00BEKT, MUHUMAIbHBIE MaccorabapuTHEIC
XapaKTEePUCTUKHU, BBICOKYIO TEXHOJIOTHYHOCTh KOHCTPYKLIMH, IOBBIMIEHHBIE padoune TeMIepaTypsl U
1.1 [7] Wcnomp3oBaHWe OmHOTO BHIAa MaTepWaja HE BCET/Aa IMO3BOJAET MOOWTHCA KOMILIEKCA
HeO6XO[II/IMI>IX OKCILTyaTalluOHHBIX CBOMCTB. HOI‘)TOMy HJame HCHOJb3YIOT KOMIIO3MIHWOHHBIC
Marcpualibl, TaK KaK HE3HAYUTCIbHOC HU3MCHCHHEC B HUX COCTaBC H KOJHWYCCTBC HCXOAHBIX
KOMIIOHCHTOB IPUBOIUT K CYLIECTBEHHBIM H3MEHEHUSIM OSKCIUIYaTAllMOHHBIX XapaKTEPUCTHK
nornotutensi. Hanbonee mepcrnekTHBHB KOMITO3HIIMOHHBIE KEPAMHUKO-METAIITMYECKHIE MOTIOMIAIOIINE
MaTepuajbl — KepMEThl. X OTIMYarOT BBICOKHE 3HAYCHMS MapaMeTpOB: MEXaHHUYEeCKas MPOYHOCTH,
YPOBEHb YAENbHOM MOTJIOMaeMOl MOITHOCTH Ha €JMHUIYY Macchl, pabodas Temneparypa. OCHOBHBIM
ycnoBrueM 3¢ ¢eKTuBHOro mnorjoueHus: kepmeramu CBY-sHeprum siBisieTcss M30JIMPOBAHHOCTH U
PaBHOMEPHOCTh PACTIONIOKEHHUS METANIMYECKHX 4YacTHIl B oObeMe Marepuania, pa3Mep KOTOPBIX
OJIM30K K BEIMYMHE CKHH-CIIOS Ha JaHHOM wyactote [2]. Pa3paboTka mMpoKoAHana3oHHOTO
norsotutenst OMMU  1peGyeT yuyeTa pasIUuUHBIX MEXaHHU3MOB €ro paboThl M, COOTBETCTBEHHO,
COUCTaHUA B KOHCTPYKIIMU MaTE€pPHAJIOB C pa3In4aroInuMUCsH BHGKTpO(i)I/I?,I/I'-IeCKI/IMI/I CBOICTBaMHU.

HeI[OCTaTOK OOJIBIIIMHCTBA IMPUMCHAIOIIHNUXCA MATCPUAJIOB 3aKIIOYacTCA B TOM, YTO OHH
coJepKaT KOMIIOHEHTHI, = CIIOCOOHBIE TOIJIOIIATh TOJBKO JJIEKTPUYECKYI0 WM MAarHUTHYIO
COCTaBIISIIOIINE DJIEKTPOMAarHUTHOTO wm3nydeHusi. Kpome Toro, crpykTypa Mmarepuana He
nperoaraeT NposiBJIeHUs KBaHTOBBIX 3(dekroB. B pesynbrate 3TO NPUBOAMT K CHIDKEHHIO
MOTJIOLIAIOIIUX CBOMCTB MaTepuaina. [1o3ToMy akTyanbHOM 3afadeil cHHTE3a KOMIIO3MTA SIBJISETCS
MOBBIICHUE PAAMONOTIOIIAIONINX CBOMCTB MaTeprasa KaK 10 3JEKTPUUECKOH, TaK M 110 MarHUTHOM
COCTaBJ’IHIOHIeI\/’I QJICKTPOMArdiMuTHOT'O U3JIyYCHHA.

B mpakThke SKpaHUPOBAHMSI IPUMEHSIOT KOMIIO3ULIMOHHBIE MAaTEPHAJIbl, KOTOPBIE MOLYT
COJepKaTh HAIOJIHUTENN Pa3IUYHBIX (OPM: MEIKOIUCIIEPCHBIE MOPOLIKH, NPOBOAALINE BOJIOKHA,
CE€TOYHBIC, TKAaHbIC HIIH Q)OHBFI/IPOBaHHBIe MaTepHralibl. BBI60p TEX WM HUHBIX JJICKTPOIIPOBOAAIIUX
HATIOJTHUTENIEH 3aBUCHUT OT pemraeMoil 3amaun. [Ipm mpaBuiIbHOM BBIOOpE MPOBOIAIINX A00ABOK H
MOJXOMAIIEr0 METOAA CMEIIEHUS] KOMIIOHEHTOB MOKHO JOOMTBHCS BHICOKOW CTETIEHU DKPaHUPOBAHUSI.
Ucnonb3oBaHue 100aBOK B BHIE BOJOKOH W YEUIyeK OOECIEUYMBACT JIyYIIHWH KOHTAKT MEXIY
JacTuaaMu Ipu HEOOIBIIIOM HAIOJIHECHHUH, YTO IMPHUBOAUT K YBCIMYCHUIO IMPOBOJUMOCTU IIPpH 60nee
HHM3KO# CTOMMOCTH U NP MEHbIIEH TIIOTHOCTH noraoTurens [8].

3KCHepI/IMeHTaJIbHaH qacTb

Lenp uccnemoBanusi — ompesielieHHe COCTaBa KOMIIO3UIIMOHHOTO MaTepuaia M pa3padoTka
KOHCTPYKITUM TIOTJIOTHTENST DJICKTPOMArHUTHOW 72Hepruum B amamazone CBY. s wusydenws
SKPAHHUPYIOIIUX XaPAKTEPUCTHK KOMITO3UIIMOHHOTO Marepuana ObUIM M3TOTOBIEHBI 0O0pasIibl,
cozepkaIiue B cocraBe mopoutok Ti02, pe3UCTUBHEIN CIIIaB, KEPMET.
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Pesuctusnsiii crmag PC 3710 (ETO021.034TVY) umeer cneayromniwmii coctas: 37,9 % Cr, 9,4 %
Ni, 52,7% Si, yaenpHoe comportuBieHne nocturaet Bemuuunabl 3000 Om/[ 1. Kepmer K-50C
(ETO 021.033 TVY) conmepxurt go 25,2 % Cr, yaensHoe conpotusieare oT 3 no 10 Om/[ 1. Tlopoiok
JIMOKCHJIa TUTaHa MOJU(HUKAIMK PYTHI OBbLT MPHUTOTOBJICH MO MeTtomauke [9]. Bce KOMIOHEHTHI
MCCIIeTyeMOr0 MaTeprasa ObLUTH PABHOMEPHO PacIIPENIEICHEI B CBSI3YIOIIEM.

OOpasipl 3roTaBIMBAIA METOJOM TI€YaTH Ha TOyaBTOMaTHYECKOM YCTPOMCTBO TpacdapeTHOH
nevatu SP002 B (IlIseiiapus). [Ipu BeiOOpe MeTona hopMUPOBAHUS UCXOJVIM U3 aHAIN3a U3BECTHBIX
Croco0OB: HAHECEHHE Yepe3 CUTO, MPH TIOMOIIU CKpeOKa, TIPOKaTKa yepe3 Bajiblpbl [7]. BeiOpaHHbIil MeTON
TpadapeTHOH TMedaTH O0ecredrBaeT BBICOKYI0O pPaBHOMEPHOCTh HAHECEHWS IACTBI W TOYHOCTH
MOZIEP>KaHMS TOJIIIUHBI CIIOSI, TIPH 3TOM JIOCTATOYHO TIPOCT B PEaIH3aIlUH.

Bce ciou nornorutens GopMHPOBATUCH U3 TACT, IPUTOTOBICHHBIX HA OCHOBE OJIMHAKOBOIO
CBSZYIONIETO — TIIEJUTFOJIO3BI, HYTO OOECIIeYMBAaeT BBICOKYIO aJI€3WI0 CIIOEB MEXIy CO00H H
YBEJIMYMBAECT MEXaHHUECKYIO IPOYHOCTD KOHCTPYKITUH MOTIOTHTENS. [Ipr 3TOM KOMITO3HUIIHS XOPOIIIO
(hopMyeTcs, MMEET BBICOKYIO IUIACTUYHOCTh. Marepuan BBIOPAHHOW CBSI3KH, 3THIIEIUIIOJIO3,
o0ecreunBaeT MUHUMAJIBHBIA BEC, CTAOWIBHOCTh PA00YUX XapPaKTEPUCTHK SKPaHA TP IMOBBIIICHHBIX
pabounx TemmepaTypax, 3allUIlaeT MEeTALINYECKE HATTOIHUTEIN OT KOppo3uH. I mpuroTOBIEHUS
MACThI UCTIOJIB30BAJIU PACTBOPUTEIL THIIA TOIYOJ (BO3MOXKHO UCIIOIB30BaHUE CKUTINIAPA).

Jlyis ipoBe/ieHUsT MCCIIeIOBaHMi ObUIM M3TOTOBJICHBI 00pa3libl, UMEIOIIUE Pa3HbId COCTaB U
KOJIN4eCTBO ciioeB (Tabnuua). @opmuposanue 06pa3LoB IPOBOAMIM [TOCIEI0BATEILHBIM HAHECCHUEM
HY)KHOTO KOJMYECTBa CJIOeB. bbUIM wWcciaemoBaHbl 0OpasIlbl, MMEHINHWE TPAAUCHT OCHOBHBIX

KOMIIOHCHTOB I10 TOJIIIHUHE.
Cocras ucciieryeMbIx 00pasunoB

Homep CocraB 1-ro cnos, CocraB 2-10 CIos,
o0pasiia | COOTHOLIEHHE KOMIIOHEHTOB | COOTHOIICHHES KOMIIOHEHTOB
1 PC-3710 + TiO (2,65:1) —
2 PC-3710 + TiO2 (2,65:1) PC-3710 + TiO2 (2,65:1)
3 PC-3710 + TiOz2 (5,3:1) —
4 PC-3710 + TiO; (5,3:1) PC-3710 + TiO2 (5,3:1)

N3mepeHne >3KpaHUPYIOIIMX XapaKTEPUCTUK B auanazoHe §8...12 ITn BeIMOAHAIM Ha
NMaHOpaMHOM H3MepuTelnie ocnabnenus u koadduimenta crosueri Bonusl (KCBH) A2P-67 ¢ 'KY-61.
OKpaHMPYIOIIME XapaKTEPUCTUKU OLICHUBAIMCH uepe3 KOA(PQHUUMEHTHl Nepelaud U OTPaKEHHS
U3MEPUTENBHOTO TpakTa ¢ oOpasmoM. KosddunmeHT nepenadn TOKa3bIBaeT OO MOIIHOCTH
3JICKTPOMArHUTHON SHEPruM, MOMeAmeH uepe3 oOpasel, KOIPOUIMEHT OTPAKEHUS — JOJIO
MouHocTh OMMU, oTpakeHHyI0 OT 0Opasiua.

[lockonbKky  OOHOCHOMHBIE =~ SKpaHbBl HE  BCerga  OTBEYAIOT  BCEMY  KOMILIEKCY
9KCIUTyaTallMOHHBIX TpeOOBaHUM, ObLT H3TOTOBIEH MHOTOCIOWHBIH KOMOWHHPOBAaHHBIA JKpaH,
COCTOALIMKA W3 MAarHUTHBIX W HEMAarHUTHBIX CJIOEB. 3ajada, IIOCTaBIE€HHas NpU pa3paboTke
MHOT'OCJIOHHOT'0. KOMITO3ULIMOHHOTO noryiotutenst OMMU, 3akmoyanach B MOBBIIEHUH MEXaHHUYECKOH
MPOYHOCTH KOHCTPYKIHWH, YBCJIMUCHUHM aJIe3Ud CIIOCB MEXIY C000#, CHxeHHH Kod(h UIIMEHTA
orpaxkernss IMU 6e3 MpuMeHEeHNs CIIOKHOM TEXHOJIOTHH U3TOTOBJICHUS.

VYkazaHHas 3aj7aya pelanach MyTeM pa3paboTKM KOHCTPYKLUWHM MOTJIOTUTENS U MO0I00pOM
COCTaBa KOMIIO3UIMOHHOTO Martepuana. [lormorurens DMU mpencraBnsier coboil MHOTOCIOWHYIO
KOHCTPYKIIHIO, COAEP/KAIIYIO COTIACYIONINH, TIOTJIONIAIONINIA U OTpakaromuii ciiou (puc. 1).
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Puc. 1. KoHCTpYKIMS TTIOTIIOTHTENS SJIEKTPOMATrHUTHOTO M3JTyYEHHS:
1 — cornacyromuii o, 2 — NOTJIOIIAIONIHH CIIOH, 3 — OTpaXKaroLIMi CII0k
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Tpebyemas TonmuHA TOTJOTUTENS KaXKIOTO KOHCTPYKTHUBHOTO CJIOSI AOCTHTajiach ITyTEM
MHOT'OKPAaTHOI'O HAHECEHHUSI TaCThl COOTBETCTBYIOIETO COCTaBA.

B kauecTBe mepBOro, COrIacyromero, Ciosi UCIOIb30BAIN LEIUII0JIO3Y C PaclpeesIeHHbIM B
Hell (yHKUMOHANBbHBIM HamojHuTeneM. Cnod 1 nomwkeH o0nagaTh YACIBHBIM DJIEKTPUUECKUM
COIIPOTHUBIICHUEM, OJIN3KUM K CpPEe PAacHpOCTPAaHEHHUs, U, CIEAOBATEIbHO, HU3KUM KO3 GHULINEHTOM
otpaxkennss OMU. Cormacyromuii Clioil BBHITIOTHEH U3 LEJUTIONO03BI C pachpeeNieHHONH B Hell OopHOU
KHACIOTOH. BTopo#, mormomaromuii ciaoi, mpeacTaBiseT coOoil cMech MOPOIIKOB KepMmeTa |
JUOKCHJIa TUTaHA, PABHOMEPHO PACHpPENCIICHHYIO B IIEJUIIOJIO3HOM CBS3YIOIEM. DTOT CIOH HMMeEeT
0osee BBICOKYIO 3JICKTPOIIPOBOJHOCTbD, BHICOKYIO AMIIEKTPUIECKYIO IPOHULIAEMOCTh U 3((heKTuBHEE
nonasisier OMU. [liia noBeimennst kodddunmenta ocnabnernst OMU B KOHCTPYKIINH UCTIOIB3YETCS
TPEeTUH, OTpaKaroIlWi, CIOH, KOTOPBIH MpeACTaBIseT COOOH LETIoN03y C pPaBHOMEPHO
pacrpefeneHHbIMY B HEH Yelryikamu, 1100 ONMUIIKaMHU MIPOBOJSIIEr0 HAIOJHUTENS (OMUIIKH KeJe3a,
ATIOMHHUSA).

Usmepenne 5SKpaHUPYIOMIMX XapaKTEPUCTHUK MPOBOJAWIOCH HA aBTOMAaTH3MPOBAHHOM
n3MepuTene Moayis kodgduunentos nepenaun u orpaxenus SNA 0.01-18, BoaHOBOIHOTO TpakTa C
pYHIOpHEIMH aHTeHHamu 6I1-23M, B packpblBe pynopa aHTEHHBI, B JHAa30HE YacTOT
2...17 I'Tu (puc. 2). Ocnabienne, BHOCUMOE HCCIICIYeMbIM 00pa3iioM, OMpPEIe/IAETCS OTHOIICHHEM
HaANPsHKEHHOCTEH BOJIH, MaJAIoNIeii W Mpolieaneii yepe3 oOpasell, BbIAeIIeMbIX Onokamu A u B.
Koadpdumment orpaxenus R xapakrepusyeT moiro mamaromeid sHeprurn OMU, oTpakeHHYH OT
oOpasna. HanpspkeHHOCTH OISt BOITH M3MEPSIOTCs OiokamMu A u B, 3aTeM 0JI0K 00paboTKH CUTHAJIOB
NPOU3BOAMUT BbIYKCIEHUE oOTHOIEHUH. Kosddunment orpaxenus OMU um3mepsiics B pexuMax

COTJIACOBAHHON HArpy3KH U TpaKTa, HArPYKCHHOIO HA -~ METAUTUYECKYI0  OTPAXKAFONILYIO
mwractuny (K3).

E E
A=20log| [— |,nb; R=20log| |—= |,ab 1
g E,.. it g E. a @

rae Eomp, Enan — HANPsSHKEHHOCTH TMOJSA, BBIAEIEHHOIO JETEKTOPOM OTPaKEHHOH M MaJaroledl BOJIH
A/R; Eypom — HATIPSHKEHHOCTH TOJIST BOJIHBI, TIPOILIE/IIIei yepe3 oOpasell, BblIeIeHHas 0J10KoM B.
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Puc. 2. Cxema ycTaHOBKH B pexXHMe U3MepeHus ocnadbnerns MU

PeSy.]'ll)TaTbl H 06cy91c21elme

Pesynbrarel u3mepenus koadduipenra nepenaun oodpasior Ne 1 u Ne 3, oriauuaromuxcs
KOJINUECTBOM (DYHKIIMOHAJBHBIX HAIOJHUTENEH, MpeACcTaBlIeHbl Ha pHC. 3. YBeIWYeHHE MacCOBOMH
JTOJI PE3UCTUBHOTO CIUIaBa B cocTaBe komrosnuta (5,3:1 mmst obpasma Ne 3 u 2,65:1 mis o6pasma Ne 1)
oOecrieunBaeT yMeHbleHHEe KO3(D(DHUIIMEHTa Tepeaayd 3a CyYeT YBEIMUYCHHUS DJICKTPONPOBOISIINX
CBOWCTB KomImo3uta. HaHecenue BTOporo ciost toro xe cocraBa (oOpazen Ne 2) mpuBOIMT K
YBEJTMUEHHUIO TOJIIMHBI O0pa3na W, Kak CJIEACTBHE, K YMEHBIICHUIO KO3(pQHUIUEHTa Iepenayu.
[Mpuyem, B oOpasne Ne 4, nmeromeM OoJblliee OTHOCHUTENFHOE COJIEPKAHWE PE3UCTUBHOTO CIUIaBa
PC 3710, koadduumenTt nepenaun yMEHbLIHICS Ha OOJIBIIYIO BETUYHHY.
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Puc. 3. YacroTHast 3aBECHMOCTE KO3 HUIMEHTA MTepeadu dJICKTPOMAarHUTHOH SHEpTHH 00pa3IoB

H3mepenne ko3 QUIEHTa OTPAKCHUS MPOBOAWINA C O0EHX CTOPOH 00pa3ioB (pwuc. 4).
Pasmemnas oopaserr Ne 1 pa6oueit (1.2) u odpatnoii (1.1) CTOPOHOM K U3Iy4aTesro, YCTAHOBWIU, UTO
pabouast cropoHa oOecreuMBaeT MeEHbIee 3HaueHWE KOID(PUIMEHTa OTPAKEHHUS, YTO MOXKHO
O0O0BSICHUTH COCTOSTHHEM MOBEPXHOCTH 0Opa3na. OO6paTHasl MOBEPXHOCTH IOCIIE OTACIICHHUS OT OCHOBEI
(PMEKTPOTEXHUUECKU  KapTOH), HCIOJIb3yeMOH Ipu  (QOPMUPOBAHHMH, HMEET HEKOTOPYIO
nrepoxoBaroctb. OOpaszeny Ne 2, WMeErOMmU TpaAHEHT KOHIEHTPAIMHA KOMIIOHCHTOB MO TOJIIUHE
(mociie HaHECEHHsI BTOPOTO CJIOS C COOTHOLIEHHEM KOMIIOHEHTOB 2,65:1), umeer OompLmii pa3dopoc B
3HaueHMsIX KodhdunmenTa orpakenus. CpaBHeHne Kod(h(UIIUEHTAa OTPaXEHHsI ¢ pabodeil CTOPOHBI
Jutst o0pa3noB Ne 1 u Ne 2 (1.2 u 2.2, cOOTBETCTBEHHO) MOKa3aJio: MEHBIIEE 3HAYCHUE TIOIYUEHO JUIS
obpasma Noe 2, TIOCKONBKY cCojep)KaHHE PE3NCTUBHOTO CIJIaBa B HEM MEHbINE, a JUOKCHIA TUTaHA
Oosplie, 4TO W MOHMKACT JOJNI0 OTPAXKEHHOH 3HEPIHU 3a CueT 0ojiee BBICOKOW AMAIIEKTPUYECKOH
MPOHHULIAEMOCTH CIIOA.
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Puc. 4. YacToTHast 3aBUCUMOCTH KO3 GHUIMEHTa OTPaskeHHs 3JIEKTPOMarHUTHOM SHEpruy 00pa3I[oB HA OCHOBE
JMOKCHJIa TUTaHA ¥ PE3UCTUBHOIO CILIaBa, IIPH YCTAHOBICHHON 3a 00pa3liaMy COTIaCOBaHHOI Harpyske

Bbutn n3MepeHs! SKpaHUupPYIOIIUE XapaKTePUCTUKH MHOTOCTIOWHOTO TOTJIOTHTEINS. Pe3yabpTaThl
IpeACTaBieHbl Ha puc. 5-8.

Eoa ik ent nepegadd, AE

0.7 11T 1 Umctors, MMy 2 30110Ty

Puc. 5. 3aBucumocTs ko3hpunmenTa mepenaurt IMU MHOTOCTOMHOTO TIOTITOTUTENS B Muanaszone ot 0,7 mo 3 I'T'y
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Puc. 6. 3aBucumocTs k03¢ HUIIEHTa OTPaskeHUS] MHOTOCIOHHOTO MOTIIOTUTENS B quarazoHe ot 0,7 mo 3 I'T'n
17.ITy;
.18 o

24 -~ 1647 11Ty
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J
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Puc. 7. 3aBucumocTs k03 drmmenTa nepenadrn MY MHOTOCIOWHOTO MOTIOTHTENS B qranazone ot 2 1o 17 [T
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Puc. 8. 3aBucumocTh K03 (HUIIHEHTA OTPAKESHUSI MHOTOCIOWHOTO TOTJIOTUTENS B quana3one ot 2 g0 17 [Ty

BeiOnpast konM4yecTBO W BHJ IOPOIIKOBBIX HAMOJNHUTENCH, HCXOOWIM U3 CIEAYIOIINX
coobpaxxenuid. [ns spdekrrBHoro nornomenuss OMU B auanazone CBY HeoOxomumo obecriequnTsb
BBICOKHME  3HAYEHHUS -~ DJIEKTPONPOBOJHOCTH, JHUINEKTPUYECKONH  MPOHHUIIAEMOCTH, MAarHUTHOM
npoHulaeMocTd Marepuana. Ilockonbky Marpuia MaTepuana HOIVIOTHTENS (LIEJUII0I03a) SIBIISIETCS
HETIPOBOAAIIEH, HEOOXOIUMYIO BETUYMHY MOXKHO JIOCTHYb, BBOASA J00aBKH MPOBOMASIINX MaTEpPHAJIOB,
NpUYeM pPe3yJbTUPYIOIIAst MPOBOJAMMOCTE OyaeT GyHKIMEH co/iep kaHust 3Tol 100aBku. [IpoBouMoCTh
Marepuana He Oy/eT JMHEWHO YBEJIMYUBATHCS MPU IMOBBIIICHUH COJAEP)KaHUsl N00aBKH, a JIOCTHTHET
HE0OXO0IMMOH BETMUMHBI, KaK TOJIBKO BO3HUKHYT YCJIOBHS JJIs1 0Opa30BaHUs MPOBOISIINX MOCTHKOB B
Mmarpule Marepuaia. [lanbpHeiliee yBeNMUEHHE KOJIMYECTBA MPOBOASAIICH I00aBKM HE W3MEHUT
CYILIECTBEHHO  3JIEKTPONPOBOJAHOCT,  Marepuaia-marpuilpl [10]. B pesymprate  mpoBemeHus
HKCIIEPUMEHTOB J00aBIISUIM MOPOIIKA TUOKCHIA TUTaHa Pa3HBIX Pa3MEpOB, KPUCTALIOrPadUuecKHX
Moanukauuii (pyTui, aHaras). IIpu 3ToM yCTaHOBWIIM, YTO MPH MCHONB30BAHUH J00aBOK, COCTOSIIMX
W3 KPYMHBIX YacTHI], MMEIONIMX MIUPOKOE paclpeJielieHHe 10 pa3MepaM, HEeOOXOAWMBIA YPOBEHb
ociabnenns OMU nocturaiics npu 6osiee HU3KOM COJIEPKAHUH TIPOBO/ISIIEH JTOOABKH.

[Tpunnun neiictBus nornorutens cienytoummid. [lagaromas snekrpomarautHas BonHa (OMB)
YACTUYHO OTPAXKaeTCs OT IIOBEPXHOCTH COIVIACYIOLIErOo CjI0sl 1 M 4YacTMYHO PpacceuBaercs €ro.
CHmXeHHe [0NM OTPAXEHHON SHEPTHH O0ECIIEYMBACTCA COTJIACOBAHWEM BOJIHOBBIX COTPOTHUBIEHHI
MOTJIOTUTENS U cpelipl pacnpocTpanenus OMB. Ilornomenne sneprun OMB nponcxonut B cioe 2 3a
CYET €ro BBICOKOH IUAJIEKTPUUECKOW MPOHUIAEMOCTH, YTO OOYCIIOBJIEHO paclpe/ieieHHbIM B CIO€
HEJUTFONIO3bl HATIOIHUTEIEM (JMOKCHIl TUTaHA), W MOTEePh Ha MPOBOJUMOCTb, YTO OOECTeYrBaeTCsI
HHU3KUM YJEIbHBIM COIPOTHUBICHUEM CIIOS, COJEPKAIIEro MOPOIIOK PE3UCTHBHOIO CIUIaBa (KepMeTa).
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OTpaxkaronuii cJI0¥ BO3BpAIIaeT MPOIICAIIee Yepe3 JBa CIOsl TMOTJIOTHTENS U3IyYeHHUE B 00paTHOM
HanpapneHun. [Ipu 3TOM OTpakeHHast OT MOCIEAHETO CIIOS SHEPTHS TOTIOTHUTEIHHO MOTIIOMAETCS B
MOTJIONIAIONIEM W COTJACYIOMIeM cIosiX. VICTonmb30BaHME B OTpaKalolmleM CIIoe J100aBOK B BHUJE
YeIIyeK WU OMIIOK MPOBOJAIIECTO MaTepualia 00CCIICUMBACT JIYUIIUH KOHTAKT MEKIY YaCcTUIAMU
Mpu HEOOJBIIOM HAIMOJHEHHWH, YTO MPUBOIUT K YBEIHMYEHHUIO MPOBOJUMOCTH TPH Oojiee HHU3KOM
CTOMMOCTH Y TIPY MEHBIIEH MIIOTHOCTH TOTJIOTHTEJSL.

MeTtoarka H3MEpEHHsT XapaKTEPUCTHK TMOTJIOTHTENS M HCIONb3yeMoe o00opynoBaHUE
MO3BOJISIOT AHAJIM3UPOBATH PE3YNbTATHI N0 ABYM nogauanazonam 0,73 I'Tu u 2+17 I'Tn. U3 ananuza
YaCTOTHBIX 3aBHUCHMOCTEH KOX(POHUIIMEHTOB Tepeaadyd M OTPAKEHHA TMOTJIIOTHTENS B IEPBOM
MOIINATa30He CIeAyeT, 9YTO MakcuManbHOe ociabienne DMMU nabmrogaercs uHa wactore 1,37 I'Tn u
cocrasisieT — 49 nb. Ilpu sTrom K03 HUIHEHT oTpaskeHHs HaxoguTces B mpenenax —3 ab. Bo BTopom
MOIIMANa30He Pa3pabdOTaHHBIN MOIIOTUTEIL oOeceunBacT Koddduuuent orpakenus —16,99 b Ha
yacrore 6,1176 ITu, MuHuManbHOe 3HadeHue KodhduimenTa mepemadd, paBHoe —42,81 ab,
Jocturaercs Ha yactote 2,1765 I'Tw.

C yBemuueHueM 4YacToThl OMUM  ypoBeHb OTPaXKEHHOW 3HEPTrUU Y = MHOTOCIOWHOTO
MOTJIOTUTENS CHIXKAETCS. JTO OOYCIOBIEHO TEM, YTO C POCTOM YAaCTOTHI TEOMETPUUECKUE Pa3MEPHI
IMOITIOTUTEIIA IO TOJINHUHE CTAHOBATCA COU3MCPUMBIMU U KPATHBIMHA JJIMHC BOJIHBI U3JTYUYCHU.

BriBOabI

1. MHOrOCNOMHBIM SKpaH Ha OCHOBE KOMIIO3UIMM [OUOKCHAAa TUTaHA M KepMeTa
(pe3ucTuBHOTO cIUIaBa) sBIsAeTCS A(P(HEKTUBHBIM MTPeoOpazoBaTeNieM dIEKTPOMArHUTHOTO M3ITyUYSHHS
B IIMPOKOM YaCTOTHOM JTMara3oHe.

2. PazpabotanHslii morioturerss MU 00mamaeT KOMITIEKCOM HEOOXOMMBIX TEXHUIECKHX CBOMCTB:
MEXaHHYECKOH IPOYHOCTBIO, TEXHOJIOTUYHOCTBIO, CTAOMIIBHOCTBIO JIEKTPHYECKUX XapaKTEPUCTHK.

FORMING METHOD AND CHARACTERISTICS OF COMPOSITE ABSORBER
OF UHF RANGE ELECTROMAGNETIC RADIATION ON THE BASIS OF
TITANIUM DIOXIDE

M.O. MOLODECHKIN, V.A. BOGUSH

Abstract

The reasoning of the material choosing for electromagnetic radiation absorber manufacture is
made. The description of the multilayer composite absorber construction is show. The study results of
reflection and transmission characteristics in the frequency range 0.7-17 GHz of multilayer composite
electromagnetic radiation absorber based on powdered titanium dioxide is shown. Recommendations for
the use of the designed composite material as an absorber of electromagnetic radiation are proposed.
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