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BnusiHne HarpeBa Ha paguoTexHM4YecKue CBOMCTBA
rmoékoro paguonornowarLwero martepmana

H.X. I'onemaromenos, F0.U. Jlykamenko

PaccMmoTpeHo BimsiHHE TEMITEpaTypHOTO HarpeBa Ha paJuoIONIOMAIoIIHe CBOMCTBA 00pasiia THOKOTO PaJrioNONIONIAONIEr0 MaTeprana
(TPIIM). Ocob6oe BHUMaHUE YICICHO CIIOCOOHOCTAM MaTepuaia CHmkarh 3 GekTHBHY0 miomans paccesaus (JI1P) 00pa3ios TeXHUKH
U COXPaHATh PaJIMONONIOIIAIONINE CBOMCTBA IPU BO3/IEHCTBUH BHICOKOM TEMIEpaTyphbl.

CocrasieHa MeTouKa, cortacHo kotopoit I'PIIM monBeprasics painoTeXHUYECKUM HU3MEPEHUSIM JI0 U IOCJIe TEIUIOBOrO BO3JCHCTBHS.
st ee oTpabOTKH MCTIOIB30BANIACH 0€33X0Basi KaMepa U U3MEPECHUS paIlMOTEXHUYECKHUX U OTpakaTelIbHBIX CBOWCTB 00bekToB. Ha 6aze
Kkamepsl uzMepenbl DIIP MeTamuinyeckoro JucTa B OTIEIBHOCTH U METaJIMueckoro jucra, Hakpbitoro I'PIIM, B nuana3one 3HayeHuii
gactoTsl 1...10 I'T'n 1o u mocne TemioBoro HarpeBa. Harpes o0pasiia 0CyIecTBIsUICS B KaMEPE BEICOKHX TEMIIEPATyp C UCTIOIb30BaHHEM
TepMOoIap BBICOKOTO JIaBJICHUS )il KOHTPOJIS TEMIIEpaTypbl Harpena.

JIonONMHUTEIBHO paccynTaHa TeopeThdeckas 3aBUCHMOCTh DIIP mMeTamimyeckoro jmcTa B HCCIENyeMOM AHana3oHe 3HAYEHUH YaCTOTHI.
ITo mosmyueHHBIM 3aBUCUMOCTSIM OLIEHUBAJIaCh BeJrunHa cHukeHust DI1P Merammnyeckoro siucra nocie HakpbiTus ero 'PIIM no u nocne
TEIUIOBOTO Harpesa. [Ipu 00paboTke 3aBUCHMOCTEH BBIABICHO HEOONBIIOE YXYALICHHE pagrononioniaronmx csoicte I'PIIM mocine Te-
IJIOBOTO BO3JEHCTBHsI. JJaHHOE pacXokIeHHE CBSI3aHO C OKUCIICHHEM HEKOTOPBIX MaTrepuasos, Bxoasmux B coctaB [ PIIM. Ha ocHoBe aHa-
JTU3a TIOTYYEHHBIX 3aBUCIMOCTEH YCTaHOBIIEHO, YTO paanornoriomatomue csorictea ['PIIM mocine HarpeBa npeTepIiein HeCcynleCTBEHHbIE
u3MeHeHus1. [ MOKuil panonorIOmAroInii MaTepran o0iafaeT SPKO BRIPAKEHHBIMU PaJIUOTIOTIONIAIOIIMMHI CBOMCTBAMHU B HCCIICTYEMOM
Qara3oHe 3HA4YeHHUH 4acToThl. [lomydeHHbIe pe3ynbTaThl SIBISIOTCS XOPOIIeH OCHOBOM ISl JalbHEUIIEro UCCIeJOBAaHHS BOSMOKHOCTH
npumeneHns ['PIIM B kadecTBe cpeicTBa CHIKCHHUS 3aMETHOCTH B 00J1ACTH CaMOJIETOCTPOCHHUS U PAKETOCTPOCHHS.

Kniouesvie cnosa: paanonoxaiys, paJraonorionalomni Mmatepuai, 3pdeKTnBHas UIOLIab PACCESHNUS, CHU)KCHUE 3aMETHOCTH.
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The Effect of Heating Temperature on the Radio-Technical
Properties of Flexible Radar-Absorbing Material

N.Kh. Gyul’'magomedov, Yu.l. Lukashenko

The effect of heating temperature on the radar-absorbing properties of a flexible radar-absorbing material (FRAM) sample is considered. Special
attention is paid to the ability of this material to reduce the radar cross-section (RCS) of various equipment models and to retain the radar-absorbing
properties when exposed to high temperatures.

A procedure of subjecting FRAM to radio-technical measurements before and after its exposure to heating was drawn up. An anechoic chamber
intended for measuring the radio-technical and reflective properties of objects was used for elaborating the procedure. The anechoic chamber was
used to measure the RCS of a metal sheet alone and of the same sheet covered with FRAM in a frequency band of 1--10 GHz, before and after
heating it. The sample was heated in a high-temperature chamber with the use of high-pressure thermocouples to monitor the heating temperature.
In addition, the theoretical dependence of the metal sheet RCS in the studied frequency band was calculated. The obtained dependencies were used
to estimate the extent to which the RCS of a metal sheet covered by FRAM decreased before and after the heating. The results from processing the
dependences revealed a slight decrease in the radar absorbing properties of the FRAM after its exposure to heating. This difference is attributed
to oxidation of certain materials that make up the FRAM. An analysis of the obtained dependencies has shown that the radar absorbing properties
of the FRAM undergone only minor changes after heating. The FRAM has been found to possess pronounced radar absorbing properties in the
studied frequency band. The obtained results can serve as a good basis for further investigation of the possibility of using the FRAM as a means
for reducing the visibility of flying objects in the field of aircraft and rocket engineering.

Key words: radio detecting and ranging, radar absorbing material, radar cross-section, visibility reduction.

For citation: Gyul’magomedov N.Kh., Lukashenko Yu.l. The Effect of Heating Temperature on the Radio-Technical Properties of Flexible
Radar-Absorbing Material. MPEI Vestnik. 2017; 4: 142—145. (in Russian). DOI: 10.24160/1993-6982-2017-4-142-145.

BectHuk MOW. Ne 4. 2017



PAOVNOTEXHUNKA U CBA3b 143

CHIKeHUE pauoI0KalMOHHON 3aMETHOCTH JIETATENb-
HBIX anmnaparoB ¥ 00pa3loB Ha3eMHOH BOCHHON TEXHHKH
JOCTHTAETCsl 3a CYET NPUMEHEHHs CHENUAIbHBIX CIIa-
XKHUBAIOIUX (OPM U TOKPBITHS PaANONONIOMAIOIIIMA
Mmarepuanamu (PIIM) JokampHBIX ydacTKOB HamOosee
CIJIBHOTO BTOPUYHOTO HU3Iy4€HUS, CBSI3aHHBIX C IeoMe-
TPOONTUYECKUM OTPaKEHHEM U PACCESHHEM Ha H3JI0OMax
noBepxHoCTH [1].

[IpumeHeHne pagroNOIOMAOIINX MAaTEPHAIOB U T0-
KPBITHH — MOUIHBIA pe3epB MOHIDKEHUS PaHOJIOKAIH-
OHHOHM 3ameTHOCTH. PaboTa pajnoIONIOmaroNMX MaTe-
pHAJIOB CBOIUTCS K TOMY, YTO OHHU IPEOOPa3yroT SJHEPTHIO
3JIEKTPOMArHUTHOTO TOJIS B APYTHe BUABI SHEPTUH (B OC-
HOBHOM B TEIUIOBY0). IIpu B3auMoaeHCTBIM 3IeKTpoMar-
HUTHOTO TIOJISI ¢ MaT€pUaioM HaOIrogaeTcs MONIOLICHUE,
paccesiane u uHTepheperuus BonH. Ilormomenue ocna-
OyIseT ToJIe MaaaloIIei BOJIHBI 32 CYET Mepexo/a JIEKTPo-
MarHUTHOM SHEPIUU B TEIUIOBYIO BCIEACTBHUE IUDIEKTPU-
YeCKHX M MarHUTHBIX noteps [1]. PaccesHue npoucxoaur
B pe3yibTare MpeoOpa3oBaHUs PACIPOCTPAHSIONIETOCS B
Marepuane MOTOKa 3MEKTPOMATHUTHOM PHEPTHU OIpese-
JICHHOTO HANpaBJICHHS B MOTOKH DA3IMYHBIX HaIpaBlie-
HuH. IHTepdepeHus paanoBoiIH XapakTepH3yeT OTpaka-
TEJBHYIO CIIOCOOHOCTh PaJIMONONIONIAIONIEr0 MaTeprana
B HallpaBJICHUH HauOOJIBIIETO BTOPUYHOTO M3IYHYEHHS OT
€ro MOBEPXHOCTH.

CoBpeMeHHbIE MaTepHaibl 00JIagaf0T XOPOUIMMHU pa-
JVOTIOTVIOMIAIOIINMH  CBOMCTBAMH TIPH  OIIPEAEIEHHBIX
YCIIOBUSIX BHEIIHETO BO3ACHCTBHUS (Harpumep, TemIepa-
Typsl). BEIX0On 3a paMKu JaHHBIX YCJIOBHM 4peBaT yXya-
eHueM cBoicTB. Hampumep, B COBPEMEHHBIX paJHoIo-
IJIOMIAIONINX MaTepuaax HCIONB3YIOT (peppoMarHeTHKH,
KOTOPBIE HE TOIBKO YITy4IIal0T PaHONONIONIAIOINE CBOH-
CTBa MaTepHaJOB, HO M PACIIMPSIOT AWANA30H 3HAYCHUN
yactoThl [2]. OpmHako, (eppoMarHETHKH HMMEIOT O4YCHb
OTpaHUYEHHBIE paMKU 10 TeMmeparype. s kaxaoro u3
HUX CYLIECTBYET TEMIIEPATypa, BBILIE KOTOPOU €ro CBOM-
CTBa MCUE3aI0T U BEIIECTBO CTAHOBUTCS NMapaMarHETHKOM.
CoxpaHeHHEe paJUONONIONIAIONINX CBOMCTB B IIHPOKOM
JMana3oHe 3HAYCHWH YacTOTHl M TEMIEpPaTypbl — CIIOXK-
Hasl TEXHUYECKas 3ajaya.

s ee pemennst ObUT pa3paboTaH M UCTIBITAH THOKUN
PaaAMONONIOMIAIOIIMI MaTepua, W3TOTOBIEHHBI Ha Oc-
HOBE KPEeMHE3EMHBIX BOJIOKOH, COCTOSIITIX U3 aMOP(OHBIX
BOJIOKOH OKcraa KpeMHHA. OH OBUI CIEeHAaNbHO CO3JMaH
JUISl TIPUMEHEHUsI TIPY BBICOKUX Temmeparypax. st obe-
CTIEYeHHs PpaJMOMONIONIAIONINX CBOWCTB B Marepual
UIJIONPOOWBHBIM METOJIOM OBUIM BBEJCHBI YIIEPOIOCO-
JiepaKalle BeniecTsa. MaTtepuan yCTONYHUB K OKUCIICHHIO,
a TaK)Xe BO3JCHCTBHIO OOJBIIMHCTBA KOPPO3UOHHBIX pac-
TBOPOB M XHMHUECKUX BEILIECCTB.

OCHOBHBIMH LIEJSIMH TIPOBENCHUS PATHOTEXHUYECKUX H
TETUIOBBIX MCTIBITAHUH SIBIUTHCH OLIEHKH criocoOHocTH [ PIIM:

o cumwxkarb JIIP 00pa3ioB TeXHUKHY;

® BEHIIEP)KUBATh BBICOKHE TEMIIEpaTyphl Oe3 yXyalile-
HUS PaZMONOIIOAIOIINX CBOMCTB.

B 3apgaum ncnbITaHUHA BXOIWIIH:

e m3Meperne d(h(HeKTUBHOHN TUIOMAAN PACCESTHUS 00-
pasua I'PTIM no Harpesa;

e narpes ['PIIM;

o 3amep DIIP o6pasma ['PTIM mocne Harpega.

J1nst TpoBeieHN s NCTIBITaHN T OBLT BBIOPAH OIBITHBIN 00-
pazer pazmepom 400x400x10 mm. Ero HarpeBanu cornacHo
rpaduKy TemIiepaTypHOTO HarpeBa, MpeICTaBICHHOMY Ha
puc. 1 1 COOTBETCTBYIOLIEMY OTHOMY M3 BOSMOXKHBIX PEXKH-
MOB HarpeBa IOBEPXHOCTH 00pa3IllOB JIETATENBEHON TEXHH-
KU TIPH TIOJIETE Ha JI03BYKOBBIX CKOPOCTSIX. MaKcuManbHas
Temreparypa Harpesa cocrasmia 500 °C (mmpu 600 c).

Cxema nposenenus usmepenus JIIP oOpasma mokasa-
Ha Ha puc. 2. B xagecTBe 3TamoHHOrO 00pa3ma s cpas-
HeHus 1o DIIP Obln BRIOpaH ATAJOHHBIA METATHISCKUAN
quct 300%300 cm. M3MepeHust IpOBOIWIIM B JIBa 3TaIla:

® 3amepsuti DI1P MeTannaecKkoro JTucTa;

o y3mepsin OIIP nakpeitoro I'PIIM metannugeckoro
JHCTA.

Nzmepenust DIIP npoBoauian Ha U3MEPUTENTHLHOM CTEH-
Je s U3MEPeHUs] PaJMOTEXHUYECKUX XapaKTePHCTHK
(PTX) anTeHH U OTpakaTeIbHBIX XapaKTEPUCTUK OOBEKTOB
B quana3oHe 4actoT 1...10 [T Ha 6a3e 06e39X0BOil KaMephI
(B9K) (cMm. puc. 2) B 1Ba 3Tamna: 10 HarpeBa u 1ocie Hero.

Pe3ynbrarel NpoBeIeHHBIX U3MEPEHUH H300paXKeHbI Ha
puc. 3. [lns cpaBHEHUs Takoke OblIa IIOCTPOEHa ¥ TEOPETH-
yeckas 3aBucuMocth D[P meramnmmueckoro nucra [3] ot
94acTOTHI COIIacHo (opmyie

6 =4S ?/\2,

rae S — IUIoMIAaab IJIACTHHBI, A — JIMHA BOJIHEIL.

OKCIIepUMEHTATFHO TIOTyYeHHAs 3aBUCUMOCTE DIIP me-
TAJDTAYIECKOTO JIFICTA OT YAaCTOTHI COBIAACT C TEOPETHUECKOI
3aBrcuMocThi0. Ho Ha gactorax 2 u 8,5 I'T'1 ecTh He3HAYM-
TENTBHBIC BEIOPOCHI, CBSI3aHHBIE C 0COOCHHOCTBIO M3MEPEHUS
OIP Ha nmaHHOM W3MepHTEeNIbHOM oOopymoBaHmH. OcobeH-
HOCTP 3aKJIIOYaeTCcs B HEOOXOOMMOCTH NEPEKOMMYTAIIUH
M3MEPUTENLHOTO 000PYAOBAHMS IO OTIPECICHHBIE Jramna-
30HBI 3HAYEHUH 4acTOThl. Bo BpeMs IpoBeeHNST U3MEPEHUH
OBUIM UCTIONIL30BaHbI CIICAYIOIIUE UAa30HbI 3HAYECHHIA Yac-
TOTHI M3Mepenuid: 1...2; 2...4;4..8 u 8...18 I'T.

Ha yacrorax nmwxke 2 I'T'y BumHO, uro 3HaueHue OIIP
camoii Metayueckoii mactunbl u ¢ ['PIIM npubnmxen-
HO COBIAJAIOT. DTO CBSI3aHO C TEM, UTO JUIMHA BOJHBI Ha
JIAaHHBIX YacTOTax COM3MEpHMa C pazMepaMu MeTajinye-
CKOT'0 JIUCTA U OOJIbINAs YacTh MaIAONICH SICKTPOMArHUT-
HO¥ BOJHBI OrubaeT JucT [4].

W3 ananm3a mOTyYEHHBIX PE3yIBTATOB MOXKHO CIEATh
BEIBOJIBI:

e uccnenyeMbiii obpazernr ['PIIM oGnmamaer sipko BEI-
Pa’kKEHHBIMH PATHOMNOITIONIAIONINMH CBOHCTBaMHU. biaro-
Japsi WCTIOJNB30BaHHUIO PaJIHOIIOTIIONIAIOIIETO MaTepHaia
yaanoch cHu3uTE D[P MeTammmueckoro micra Oonee uem
Ha 10 1b B cpennem;

e MakcuManbHOe 3HadeHne DIIP B uccnemyemom mua-
Ma30HE 3HAUYEHHUH YacTOTHI OT METAILTHYECKOTO JINCTA, Ha-
kpeitoro I'PIIM, cocrasnser 6,5 nb na gactote 2,6 ['T;

® paguorexHuueckue xapakrepuctuku ['PIIM mocne
HarpeBa MpeTepIieiy HeCYIIeCTBCHHBIE W3MEeHeHHs. Mak-
CHUMaJbHOE OTKIOHEHUE MEXIY Pe3ylbTaTaMi U3MEpeHHH
oOpasmia 1o U mocie HarpeBa coctaBmwio 9 nb Ha gactoTe
4,51T.
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Puc. 1. I'paduk TemmeparypHoro Harpesa obpasia

Puc. 2. Cxema usmepenus DI1P o6pa3ios:

1 — 3epkaino pediexropa; 2 — MOMIONIAIOIINE TUPAMHIbL, 3 — METAJUTHUYECKUI 9KpaH KaMephl; 4 — UCCIIeyeMblit 00BeKT; 5 — paauo-
IIpo3payvHast CTOHKa; 6 — MOBOPOTHOE YCTPOICTBO
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Puc. 3. 3aBucumocts DIIP 00pa3ioB OT 4aCTOTHI:

1, 2 — MeTaun4ecKuil JIMCT (TeopeTudeckas U 3KCIepUMeHTalbHas 3aBUCUMOCTH); 3, 4 — I'PIIM + meTtannuueckuii IucT (10 U mocie

Harpena)

IlomyueHHbIE pe3yNbTaThl BJISIOTCS XOPOLIeH 0OCHOBOM
JUIA JalbHEUINEro UCCIEN0BAHNS BO3MOXKHOCTU IPUMEHE-
nus ['PIIM, paGoraroliero B MMPOKOM JUana3oHe 3Haue-
HUI1 4aCTOTBI U TEMIIEPATYPhI B KA4€CTBE CPEICTBA CHUKE-
HUS 3aMETHOCTH B 00JIACTH CaMOJIETO- M PAKETOCTPOSHHUSL.

JlanpHeIUM pa3BUTUEM HAIPABIECHUS UCCIIENOBAHUS
siBJIsieTcst ucnbiTanue oopasnos ['PIIM paznuyHoii reome-
TPUUECKON KOHPUTYpAINU U3 Pa3HbIX HAIIPaBICHUN 00Ty~
YEeHHUS IIPU Pa3HBIX MOIAPU3ALUAX.
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