74 BiticbkoBo-TexHIUHMH 301 pHIK 2312020

FIBER FABRIC AS AN ELEMENT OF SIGNAL SYSTEMS
P. Vankevych, V. Dehtyarenko, B. Drobenko, Yu. Nastyshyn

The article presents research materials for developing fiber-optic sensors that can be integrated into items of clothing or
combat equipment of servicemen. The geometric, mechanical and functional characteristics of the sensors can be varied
depending on the purpose of the signal element, which allows their integration into textile materials, which are the basis for the
manufacture of military equipment. Replacement of areas of textile fabric in places where it covers the optical sensor with fabric
elements made of optical fibers has a multifunctional purpose. First, due to its tissue structure, it expands the probing light beam
from a spot (with a spatial dimension of OD) into a 2D scan, thereby improving the spatial sensitivity diagram of the sensor.
Second, it replaces the removed tissue on top of the sensor, thereby restoring the integrity of the tissue. Third, it performs a
protective and masking function for the sensor. In terms of strength, elasticity and durability, such fabric materials are almost
indistinguishable from traditional ones. The paper experimentally demonstrates that the system of quasi-parallel fibers, which
can be part of the fabric elements of clothing or equipment of a serviceman, plays the role of a diffraction grating for a laser
beam. The shape of the diffraction band strongly depends on the angle of incidence of the light beam relative to the normal to the
grating. The shape of the diffraction band is linear if the incident ray is in a plane perpendicular to the plane of the system of
quasi-parallel optical fibers and at the same time perpendicular to the direction of the fibers. If the incident ray is outside this
plane, then in the general case, the shape of the diffraction band is described by a second-order curve. The effect of curvature of
the diffraction band when the laser beam falls obliquely on the lattice is a consequence of the so-called conical diffraction of
light, in which the diffracted rays propagate along the surface of the cone. In particular, if the incident ray is in a plane
perpendicular to the plane of the fiber system (grating) and parallel to the direction of the fibers, then depending on the angle
between the incident ray and perpendicular to the grating plane, the diffraction band is a hyperbola at angles of incidence
smaller than 45°, parabola, when the angle of incidence is 45° or ellipse at angles of incidence larger than 45°. The case of small
angles of incidence when the diffraction band is a hyperbola is demonstrated in the work. The property of changing the type of
the second-order curve (hyperbola / parabola / ellipse) of the diffraction band and its orientation (curved to the right / left or up /
down) when changing the angle of incidence of the light beam on the grating can be used to determine the position of the light
source (laser sniper sight) with respect to the fiber optic grating integrated into the item of clothing or equipment of the
serviceman.

Key words: textile, fiber optical sensors, sensitive polymer materials, light wave, sound ray, light galo, diffractional
maximum, diffraction equations, direction cosine, of cone conical cut, the curves of second rang.
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HarionansHa akagemist CyXOnmyTHUX BiiChbK, JIbBIB

MOKJIMBOCTI 3MIHU JTATPAMMU 3BOPOTHOTI'O PO3CIIOBAHHS OB’€EKTA,
IHOBEPXHS AKOI'O YTBOPEHA IIVIOCKUMMU I'PAHAMMU, HIJTIAXOM
HAHECEHHSA ®A303MIHIOIOYO0I'O IOKPUTTSA

IIposedena oyinka MONCIUBOCHI 3HUNCEHHSA PAOIONOKAYITIHOT NOMIMHOCII 00 '€KMiB, NOBEPXHSL AKUX YMEOPEHA
NOEOHAHHAM NIOCKUX 2paHell 3d PAXYHOK HAHeCeHHs ha303minioiouo2o nokpumms. Busnaueni nepeeacu suxopuc-
MAanHsA Pa303MiHIOIOU020 NOKPUMMS Y NOPIGHANHI 3 padionoeaunaiouum. Ompumani diazpamu 360pOMHO20 PO3Ciio-
BAHHSA NPAMOKYMHOI 2paHi 6e3 NoKpumms ma 3 HaHeCeHuM NOKPUMMAM. 3 OMPUMAHUX pe3YTbMamie 8UOHO, WO 3a
PAXyHOK 8UKOPUCMAHHS (DA303MIHIOI0U020 NOKPUMMS MOICHA 00CAMU OANCAHUX 3MIH XAPAKMEPUCIUKY diaepamu
360pPOMHO20 PO3CIIOBAHHS 00 €KMA, NOBEPXHSL AKO20 YIMBOPEHA NAOCKUMU SPAHAMU.

Knrwowuosei cnoea: padionokayiiina noMimuicmo, niocKa eneKmponposiona epamb, (azosminiornye noKpummsi,
no2nuHaye NOKpumms, 0iazpama 360pOmHo20 PO3CI08AHH, PaAdiOIOKAYIIHA CIMAHYIS.

IMocTaHoBKa MPOGJEeMH Ta AHAJI3 OCTAHHIX  TeOMETpHYHOI popMH 00’€KTa y TAKOMY BHIIIALL, IO

AoCTiKeHb | My0Tikaniii KOHLEHTpYe BIIOMTY €HEpTii0 y BY3BKOMY ,ZFIaHEBOHUl

KYTiB 3 BpaxyBaHHSIM CTATHCTHYHHX 3aKOHOMIpPHOCTEH

AmnaJi3 nomepenHix JOCIIDKEHb MOKa3ye, IO Ha  opieHTamii 00’€KTa BiIHOCHO pPaioNOKAIlMHOI CTaHIIT

JaHui uyac HaiOinpm nmomupeHuM Ta edexruBHuM  (PJIC) Ta HaHeceHHS Ha 00’€KT Pi3HOTO POAY MOTIIHHA-
CIIOCOOOM 3MEHIIEHHS PaJiioNOMITHOCTI € (OPMYBaHHA  rouMx MaTepiaiis i pap0.
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[MpuHIMn poOOTH TaKWX METOJIB IOJATAE Y TOMY,
10 MaJ[alo4a eIeKTPOMArHiTHA €HEprisl IIepeTBOPIOETHCS
Ha iHINI BHUAW C€HEprii B caMOMy Matepiajl, SIKMH Mae
ckmaany QismaHy 1 XimMiuHy cTpykTypy. llpm mpomy
CroCTepiraroThCsl Taki SBUINA, SK HMOTIMHAHHSA, PO3CiiO-
BaHHsI Ta JU(PPAKLIs eISKTPOMATHITHUX XBIJIB [3, 6-9].

Sx Bigomo, miarpaMa 3BOPOTHOTO PO3CIIOBaHHS
(A3P) 00’exTa 3aJeXKUTH BiJ PO3MOALTY AMIDTITYIH i
a3y pO3CITHOrO HUM CHTHAILY Yy HAmpsMKY IIpHH-
ManbHOI aHTeHn PJIC, skuil y cBOIO uepry, 3ajexuThb
BiJI Ti€1 YaCTHHM BUIIPOMIHEHOI €IEKTPOMarHiTHOI eHeprii,
sKa TIOTpaIuise Ha 00 €KT, Horo reoMeTpuyHoi (Gopmu
Ta €JIEKTPOIMHAMIYHUX XapaKTEPUCTHK Marepiany mo-
BepxHi [1-5].

BiarmosigHo, 3MiHa po3moALTYy aMIUTITYx i (a3 po3ci-
IOBaHUX €JIEMEHTIB 00’ €KTa MPUBOJUTH J10 3MIHHU Xapak-
TEPUCTHKU JiarpaMa 3BOpOTHOro po3ciroBaHHs (/I3P)
0e3 3MiHM reOMETPUYHOI (OPMHU caMOro 00’ €KTa.

Jist mociipKeHHST MOXKIIMBOCTEH 3MIHM XapakTe-
pucruk JI3P 00’€kTa, TIOBEpXHS SKOTO YTBOPEHA ILIOC-
KUMH TPaHsIMH, Y JaHii poOOTI BUKOHaHA OIiHKa edek-
TiB BUKOPUCTAHHS (ha303MiHIOIOYOr0 IOKPHTTS, IO
HAHECEHO 3a CHELiaIbHIMH (YHKIIOHATBHIMH 3aJIexk-
HOCTSIMH.

OTKe, OCHOBHOIO METOI0 POOOTH € OTPUMAHHS
J13P mtockoi enexTpoIipoBiIHOT MOBEPXHI 3 HAHECCHUM
Ha Hel (Pa303MIHIOIUYOrO TOKPHUTTS Ta JIOCIIIKCHHS
xapaxrepy ii 3MiHM y TOpiBHSHHI 3 11 aHanorom, ajue 6e3
HAHECEHH.

Bukaax ocHOBHOro Martepiaiay

JI3P miockoi eneKkTponpoBifHOI MOBEpPXHI SIBISIE
coboro ¢yskiio Buny [Sin(xX)/X| Ta mae Bemuke 3Ha-
yeHHsi EIIP npu Hampsimi ompomiHioBaHHS (croctepe-
JKEHHS), SIKMi OMM3BKUN HOpMAIT /IO IUIOMIMHY [TOBEPXHI
[10]. V Bcix iHmmx Hampsimax 1i EITP BimHOCHO mMoO-
BibHO criajae (puc. 1).

Puc. 1. 13P nnockoi npssMoKyTHOI rpaHi

KopucHoro edekry, 3 Toukn 30py 3MiHH Xapak-
TepucThku ToBediHku JI3P Takoro o00’ekra, MOXXHA
JOCATTH, 30UTBIIMBINY IMBUAKICTE cnamaHas 3P mpu
BIIXWJICHHI KyTa CIIOCTCPEXKCHHS BiJ HOpMai, SKUH
MOJKHA OTPUMATH HAaHECEHHSIM ITOTJIMHA0YOTO MaTepiary
i3 3MIHOIO HOTO MOTJIMHAIOUMX BIIACTUBOCTEH Y Bi/IITOBIJI-
HOCTI 3 CreliajbHO migibpaHoto 3anexHicTio. Haiinpoc-
TilIe peaizyBaTH 1€ NPONOPLIHHOI 3MIHOIO TOBIIMHH
OJHOPIZHOTrO TIOTJIMHAIOYOTro MaTepiaiy, abo BHKOpHC-
TaHHSA 0araTOMAPOBOTO IOTTHHAKOYOTO TOKPHUTTS, MPUH-
LM i1 SIKOTO TIOKa3aHo Ha puc. 2.

=
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T
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Puc. 2. TIppHuMN il NOrIMHAYOr0 NOKPUTTS

Eﬂ' Hﬂ

T m/

3 puc. 2 BUIHO, IO TSI JOCSTHEHHSI 3HAYHUX 3MIiH
xapaxrepuctuku [[3P HeoOXifmHO CyTTEBO 301IbIIyBATH
TOBUIMHY MIApy MOTJIMHAIOYOr0 Martepiairy, [0 B CBOIO
4epry mpu3Bee N0 30UTBIICHHS MacorabapuTHHX Xapak-
TepUCTHK 00’ekTa. PiBHOMiIpHE HaHECEHHS MOTJIMHA-
I090T0 MaTepialy NPU3BOJUTH A0 3HWKCHHS 3HAUYCHHS
e(eKTUBHOI IOBEPXHi PO3CIIOBAaHHS Y BChOMY Jliana3oHi
KYTiB ONPOMIHIOBaHHS Ha BEIUYWHY, IO 3QJIC)KHUTH BiJ
TOBIIMHY MTOKPHUTTA.

OCHOBHOIO i7Ie€r0 JaHOi POOOTH € BUKOPHUCTAHHS
(ha303MIHIOIOUOTO ITOKPUTTS 3 METOIO JOCII IPKEHHS MOJK-
mmBocTi 3MiHU [I3P Ta BU3HAYEHHS mepeBar Ta HElOJIKIB
LILOT'O MTOKPHTTS Y MOPIBHSHHI 3 MOTJIMHAIOUYUMH.

B nmaHiit poOoTi po3rismgaeThCcs CHOpOIeHA MO
PO3CIIOBaHHS TUIOCKAMH TOBEPXHSIMH, Ha SKi HAaHECEHHWH
OJTHOpiIHMH (hazo3miHoI0unit MaTepiai. ndpakiis ormcy-
€TbCSI METOJIOM (PI3UYHOT ONTHKHM, a BIUIMB MaTepiaity —
METOJIOM T€OMETPUYHOI ONTHKHU. AHAITI3YETHCS OJHOTIO3H-
mitiai I3P (KyT ONPOMIHIOBAHHS Ta CIIOCTEPEKEHHSI
CITiBIIaaac).

Po3risiHeMo  fieKinbKa NPHKIAAIB 3aCTOCYBaHHS
OITIICAaHOTO METO/Y.

Ha puc. 3 HaBeneHi pe3ynbTaTd KOMI IOTEPHOTO
mozemroBanHs J[3P mmockoi mpsAMOKYTHOI TpaHi 3
HaHECEHUM HA HBHOTO (Pa303MIiHIOIOYMM MOKPUTTSAM 32
3aKOHOM «THITY KJIMH»
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®(m, &) =may + &by +ag (1)

Puc. 3. A3P miiockoi NpsiMOKYTHOI IpaHi, 10 0OTPUMaHa
3 BUKOPUCTAHHAM (ha303MiHIOI0UOT0 MOKPHUTTH 32
3aKOHOM «THIY KJIUH»

Sx Oyno ouixyBaHo, /3P crae HecumerpuyHOIO,
3MIIIyIOYMCh Ha AESKWH KyT BiJIHOCHO HOpMaJli JI0
rromyHA. ToOTO TAKUM YMHOM MO>KHA 3MIHIOBATH T10JIO-
xeHHs MakcumyMmy J13P B moTpiOHOMY HampsMKy.

Ha puc. 4 naBeneni pe3ynbTaTd KOMIT IOTEPHOI'O
mozemoBanHs JI3P rutockoi mpsMokyTHOT rpaHi 3 HaHe-
CeHNM Ha Hel (a303MiHIOIOYNM TTOKPUTTSIM 33 32aKOHOM

O, &) =(a -’ +(a-8)°% (2

Puc. 4. 3P nnockoi npssMOKYTHOI rpaHi, 10 OTPUMAaHAa
3 BUKOPUCTAHHAM (ha303MiHI0I0YOT0 MOKPHUTTH 32
3aKOHOM 2

3 puc. 4 BuaHO, 10 B IIbOMY BHUIIAJKY XapakTep
smian JI3P Gimem cxmagamit. KpiM 3MimeHHS Makcu-
MYyMY PO3CIIOBaHHS CIOCTEpiraeTbcss Moauikaris Beiel
Jiarpam¥ Ta MOMITHE 11 3TJ1aKyBaHHS.

BpaxoByroun, 110 MO’KHa BUKOPHUCTOBYBATH BENH-
Ky KUIBKICTh JIOBIJIbHMX 3aKOHIB HaHeceHHs (azo3mi-
HIOIOYMX ITOKPHUTTIB 3aIpOIIOHOBAHUI METOH J03BOJISIE

momudikyBatu J[3P B Oymb-skoMy Hamepen BiJOMOMY
HAaIpPsIMKY.

BpaxoBytouwn Te, 110 B /1iania3oHi KyTiB OIPOMiHIO-
BanHs Bixm 0 mo 30° JI3P murockoi rpaHi, sKi oTpuMaHi
Pi3HEMH METOJaMH PO3paxyHKy po3ciroBaHHs ((i3umdyHa
OIITHKA, TeOMETPUYHA Teopist mudpakuii, ¢izuuna Teopis
mudpakiii), IPakTHYHO HE BIAPI3HAIOTBCS MK COOOIO,
MOXXHA 3pOOMTH BHCHOBOK, IO BUKOPHCTaHHS (hazo-
3MIHIOIOUOTO TIOKPHUTTSI NPHUBOIHUTH 10 3MIiH XapakTe-
puctuk JI3P miockoi npsimokyTHOI rpani. Kpim Toro e
Jla€ MOSJIMBICTH BH3HAUMTH PsiJ IlepeBar 3anpoIoHO-
BaHOTO METOy y TIOPIBHSHHI 3 iCHYIOUNMHU:

MIOTJIMHAIOYI MaTepiajli 3MEHIIYIOTh €HEeprilo po3-
CISTHOTO €eJIeKTpOMarHiTHOro 1ois, (aso3MiHioOUEe
TIOKPUTTS — 3MIHIOE HaNpPsIMOK MOIIMPEHHS 11i€i eHeprii;

uig 3MiHM Xapakrepuctuku JI3P He morpidHO
HAHOCUTH BEJIMKY KUTBKICTh MOTIMHAIOYOr0 MaTepiaiy,
TOOTO BIZICYTHS 3aJISKHICTh 3MIHM XapaKTEPUCTHKH Bij
TOBIIMHU HAaHECEHOT'0 MaTepiaiy.

BucnoBku

1. B poboti oOrpyHTOBaHa MOXIIMBICTH 3MiHH
JI3P 00’exTiB, MOBEpXHS SKUX YTBOPEHA IOE€THAHHIM
IUTOCKUX EJICKTPOIIPOBIIHUX T'paHel, 3a paxXyHOK HaHe-
CEeHHS Ha HUX (Pa303MiHIOIOUOTO TIOKPHUTTSL.

2. TlpoBeneHi MOCHTIKEHHS MOKAa3yIOTh, MO MpU
HaHECEHHI Ha IUIOCKY €JICKTPONPOBITHY MOBEPXHIO
(ha303MIHIOIOYOTO TIOKPUTTS MOXIIUBO JOCATTH CYT-
T€BOI 3MiHM XapakTepucTuku J[3P.

3. BwusnaueHi nepeBarn 3alporioHOBaHOTO METOY
Y TOPIBHSHHI 3 BUKOPHCTaHHSAM MOTJIMHAIOYMX MOKPHTTIB.
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Bo3Mo:KHOCTH M3MeHeHHUsl JHArpaMMbl 00PAaTHOI0 paccesiHUs 00beKTa, IOBEPXHOCTh KOTOPOro 00pa3oBaHa MJIOCKUMHU
rpaHsiIMH, yTeM HaHeceHHus! pa30cABUTaIOLIEro NOKPHITHS

KO.M. Kocosros, A.A. 3BoaKo0, B.B. Atamaniok, O.M. [Ipoban

Onpeodeneno, umo Haubosee 3PHeKmusHbill CHOCOO USMEHEHUs OUazpamMmvl 0OPAMHO20 pacCesHust Ol YMEHbUUEeHUs
Paouo 3amMemHocmu 00beKmog AGIAEMCcs QOPMUPOBAHUE 2eOMEMPUUECKOU (opMbL 00BEKMA 8 MAKOM 8Ude, Ymo KOHYEepHMpU-
PYem OMmpadiceHHyr0 SHepeUuro 8 Y3KoM OUANA30He Y208 ¢ Y4emom CImamucmu4eckux 3aKOHOMePHOCmell opuenmayuu 00vexma
omuocumenvro PJIC, u naneceHue Ha 06beKm pasHoco pood NOIOWAIOWUX MAMEPUATIO8 U KPACOK.

Onucannvlii npoyecc yMenbuleHUus: paduoIOKAYUOHHOU 3aMEMHOCU 00bEKNO8 NymeM UCHONb308AHUSA NOTLOUJAIOUUX
Mamepuanos u 06OCHOBAHHO, MO Y8eauteHUe MOIUUHbL CII0S NOTOWARWE20 MAMEPUATA NPUBOOUN K VEETUUEHUI) MACCO-
2a6apUMHBIX XapaKmepucmux 00bekma, mo He 8ce20d 803MOICHO.

Tokaszana 803MOACHOCb U NPOBEOEHA OYEHKA CHUICEHUS PAOUOLOKAYUOHHOU 3aMEMHOCMU 00bEKMO8, NOBEPXHOCb
KOMOPbIX 00pA308aHA COYEMAHUEM MIOCKUX 2PaHell 3a cuem Hamecenus: gazocosucaoujeco noxkpvimus. Ilonyuennvie oua-
2pammbl 0OPAMHO20 PACCESHUSL NPAMOY2OIbHOU SPAaHU 6e3 NOKPLIMUS U ¢ HAHECEHHbIM NOKDbIMUEM.

IIposedennvili ananus u onpeoesieHbl NPEeUMywecmsd UCOIb308aHUS (a30C08ULAIOWe20 NOKPLIMUSL N0 CPABHEHUIO C
paouonoznowarouuM. M3 noryueHHbIX pe3yibmamos 6UOHO, YO 3d CHem UCHOIb308AHUS (PA30COBULAIOWE20 NOKPBIMUSL MONCHO
00CMUYb USMEHEHUl XAPAKMepUcmuku OUaspammbl 0OPaAmMHO20 paccesnus 00beKmad, No8epXHOCMb KOMOpo2o 00pa308aHd
NAOCKUMU 2PAHAMU.

Tlokaszana 603MOACHOCHb UCTIONL308AHUA DOTLULO2O KOTUHYECTBA NPOU3BONbHBIX 3AKOHO8 HAHECEHUsS (ha30CO8ULAIOUIUX
HOKPbIMULL RO360UN MOOUDUYUPOBATb OUASPAMMBL 0OPAMHO20 PACCEsHUA 8 TH0OOM 3apanee U36ecmHom HanpasieHuu. Onpe-
OejieHbl NEPCeKMUBbl UCNOIb308AHUS NPEATIONCEHHO20 MEMOOd.

Knrwuesnie cnosa: paaumokauuonuaﬂ 3amenHoCcms, NjioCKd: 3ﬂei<mp0npoeodﬂmaﬂ cpaHb, gi)wocc)euzmomee noKpbvimue,
nociouwjaroujee nokpovlmue, auazpajvma 06pamH020 paccesinus, padumokauuonnaﬂ CMAHYUAL.
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POSSIBILITIES OF CHANGING THE DIAGRAM OF REVERSE DISSIPATION OF AN OBJECT WHICH THE
SURFACE IS FORMED BY FLAT FACES BY APPLYING A PHASE CHANGE

Y. Kosovtsov, A. Zvonko, V. Atamanyuk, O. Droban

It is determined that the most effective way to change the backscatter diagram to reduce the radio visibility of objects is
to form the geometric shape of the object in such a way that concentrates the reflected energy in a narrow range of angles, taking
into account statistical patterns of orientation of the object of various absorbing materials and paints.

The process of reducing the radar visibility of objects by using absorbing materials is described and it is substantiated
that increasing the thickness of the absorbing material layer leads to an increase in the mass and size characteristics of the
object, which is not always possible.

The possibility and assessment of the reduction of radar visibility of objects, the surface of which is formed by a
combination of flat faces due to the application of a phase-changing coating, is shown. The obtained backscattering diagrams of
a rectangular face without coating and with coating.

The analysis is carried out and the advantages of using a phase-changing coating in comparison with a radio-
absorbing one are determined.

The results show that by using a phase-shifting coating, it is possible to achieve changes in the characteristics of the
backscattering diagram of an object whose surface is formed by flat faces.

The possibility of using a large number of arbitrary laws of application of phase-changing coatings is shown, which
will allow modifying the backscattering diagrams in any previously known direction. The prospects of using the proposed method
are determined.

Keywords: radar visibility, flat conductive face, phase-shifting coating, absorbing coating, backscattering diagram, radar
station.
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