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Flat Rectangular Acoustic Transducer
Part 1: Theoretical Analysis
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Abstract

In this work a theoretical analysis of sound field of a flat rectangular electro-acoustic transducer is presented.
Mathematical dependences for generating sound pressure from emitter with flat rectangular geometry for the near
and far zone are discussed

Conclusions with practical applicability have been made for air and water environments.

Keywords: Flat rectangular electro-acoustic transducer, theoretical analysis, near and far zone.

IlnocbKk MpaBOBI'bJICH AKyCTHYEH Npeodpa3yBaret
Yacr 1: TeopeTuveH aHaus

Exarepunocnas C. CHPAKOB u I'eopru C. MAPKOB

1. YBoa

Ta3u craTusi TpeNCTaBs TEOPETUUEH aHaIW3 3a IUIOCHK MPABOBI'BICH aKyCTUYEH
npeoOpasyBaten. OOChIeHU ca MaTEeMaTHYECKUTE 3aBUCUMOCTH 32 30HUTE Ha 3BYKOBOTO TOJIE
OT MpeoOpa3yBared ¢ MI0CKa MPaBObI'bJIHA TEOMETPHUS.

HamnpaBenu ca n3Boau ¢ mpakTUyecKa MpUI0KUMOCT 33 Bb3AYyILIHA U BOJHA Cpefa.

2. lepunupane ToukaTa Ha HalJKOeHHE

3a nepunupane Toukara Ha HaOmoaeHue M(X1,y1,217) B TPUMEPHOTO MPOCTPAHCTBO IIIE
U3I10J13BaMe IeOMeTpUYHATa IIOCTAHOBKA, NpescTaBeHa Ha ¢ur. 1 [1]:

Tekymata koopauHata X1 fepunupame ot A M(x1,0,0) 0 M(x1,y1,0) u 0 M(x1,y1,0) =
M(0,0,z1) M(x1,yl,z1) = d.sin(9): x1=d.sin¢ ).cos{), oT mNPaBOBI'BIHUS TPUBI'BIHUK
AM(x1,y1,0) M(0,y1,0) 0 —y1=d. sin¢ ).sin ¢ ), a ot npaBobrbIHus TpUBIBIHUK A M(x1,y1,21)
M(0,0,z1) 0 — zz=d.cos () (1) (dur. 1).

Toukata Ha HaOmoIeHue M(x1,y1,21) ce AeUHUPA OT TEKYITUTE TEKAPTOBU KOOPIUHATH:
xi,y1uzi (1), mpud>0[1]:

x1=d.sin(9).cos(d),

yi=d. sin(9).sin (¢), (1)
z1=d.cos (9).
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@ur.1. 'eomeTpHYHA NOCTAHOBKA 32 Je(pMHUPaHe HA TOYKaTa Ha Habmoaenue M(x1,y1,z1) n
O03HaYeHHUs

3. lepuHnpane HOPMHPAHATA XaPAKTEPUCTUKA HA MPABObI'bJIEH IJIOCHK
npeodpasyBareJi

PascrosHrero r' mexay Toukara Ha HaOmoneHue [ (1¥1,21) ¥ MPOU3BOJIHA TOYKA OT
noBbpXHOCTTa Ha M3mbuBaTens N(x,YN,2v=0) ce nedunupa OT MPaBOBIBIHUS TPUBIBIHHK
@[ (LY,2z) M(x,y1,21=0) N(w,Yn,2n=0) (I M(x1,y1,21) M(x1,y1,21=0) N(xn,yn,28v=0) = 90°,
¢ur. 2):

r'=yIM (%, ¥1.2) M(%, Y2,z =O))> +[M (%, ;.2 =0) N(Xy, Yu, zy =O)° )

Ot npaBobreiHus TpUbrbIHUK A M(x1,y1,21) M(X1,y1,21=0) 0 ¥ OT NpaBOBIbIHUA
yetTupubI'bIHUK OM(x1,y1,21) 7m 0 M(x,y) ce nedunupa (dur. 2):

M (%, Y., 2) M(x,¥;,2 =0)=2,0=d &odg) (3)
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N(xn, yn, 2v=0)
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z:\’=0

@ur.2. [Ll1ocbK NPaBoObI'bJIeH AKYCTHYEH MPeodpa3yBaTesl B TPUMEPHOTO MPOCTPAHCTBO
B KOOPAMHATHA CHCTEMAa XYZ

L 2.b I
Yy N(xn, YN, Zv=0)
AN % A dS=dx . dy
X p/ o
X y, = d Bin(@) Gin(f)
@© | 0,4, w Y. =yi || y
AN )‘v’\’, [
f : qds:
@/n(q)
T o
x =x; A M(xy,y1, 2450)
X, =d @in(@) @os()
_ v |
¥
X

@ur.3. IlJ1ochbK NPaBObI'bJEH aKyCTHYEH Npeodpa3yBaTtes B IByMEPHOTO IPOCTPAHCTBO
B KOOPAMHATHA CHCTeMa X

Or ¢ur. 2 u ¢ur. 3 ce nepunnpa M (Xl, Y,z = O) N(XN Yo Zy = 0):
[M (%, ¥1,2 =0) N(xy, Yy, 2z, =0))* =[d Gin(g)Gin(f)- y]* +[d Bin(g)&odf)+x*  (4)

Cnen 3amectBane Ha (3) u (4) B (2) ce mony4aBa:
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r'=IM (%, ¥, 2) M(%, 1,2 =01 +[M (%, Y3, 2 =0) Ny, Yy, 2 =O)J2 =

5
r'=4J[d @odg)]® +[d Gin(g) Gin(f)- y] +[d Gin(g) &odf) + x| ®
10 TI0COKA Ha MakcuManHoTo m3abuBane (g = 0°): [3], [4] (4)
M= :\/x2+y2+(d- 2)° ©)

Hopmupanara xapakrepuctuka 3a OyTaleH mpeoOpasyBaten ce AepuHHpa CbC
3aBUCHUMOCTTa Ha XroreHc-Openen [2, cTp. 59], u3BecTHa B aKyCTHKaTa KaTO MHTErpajl Ha
Peneii [3, chapter XIV, § 278, (1)]:

~J X('ijCROI) das

Py s r
G(g.1) = Oonéﬂmwg.ﬁ) (7
n r'
S g=0°

KBIETO: [, € 3BYKOBOTO HAJIATaHE B [IOCOKATA, ONPSAC/ICHA OT BIbia (,
P .- P, 10 akyctuunara oc (g =0°)
qO q 9

K — BBIHOBO 4HKCIIO,
I' — pa3cTOSHUETO MEXK/IY JBETE TOYKH,

I' o ~ PASCTOSHUETO U § = 0° [4 (IV.2.1)], [5-8], u [2].

Texkymure KoopauHaTH X, Y U Z, nAedUHUpPAHU OT (PYHKUMSTA, 1O KOATO CE€ ONHCBa
MOBBPXHOCTTA Ha MPABOBI'bJIEH IUIOCHK Mpeodpa3yBaren B MpocTpaHCcTBOTO [8, cTp. 88], [9,

p.83,(3.518+526)], [1] ca:
X=X, y=y, 2=0; dS=dxdy (8)

3ByKOBOTO HalaraHe BbB (DYHKIHS OT pa3cTOSHHETO Mo akycTuyHata oc (g =0°), npu
MJIOCHK MPABOBIBJICH aKyCTUUYEH TIpeoOpazysaren e (dur. 5):
A Xp KO )
Pe =N r
0

S q:O

dS=

)

B
(r chacb%n \/X +y2+r2

Ha ¢urypure 4 u 5 e npencraBeHo 3ByKOBOTO HaJISITaHE MO aKyCTUYHATA OC MPH IIOCHK
Kpbrbal (paguyc a=0.09 m, ¢wur. 4) u npaBosrbieH (a=0.09 m u b==0.09 m, ¢ur. 5)
npeoOpa3yBaTell BbB QYHKIHS OT pa3CTOSHUETO MKy ToUKaTa Ha HabOmrogenue [ ((1Xyi, 1)
710 TOBBbpXHOCTTA Ha m3mbuBatest N(Xy, W, Zv=0), B morapurmMuder mamad ot 1 cm 10 10 m
npu: f — gectora 60 kHz [10], ¢ — ckopoct Ha 3Byka 1500 m/s (BbB BoaHa cpena), r —
pa3CTOSHUETO MEXAy Toukara Ha HabmropeHue ¢ur.2, M(Xi, yi, Z1) 10 MOBBPXHOCTTA Ha
m3rpuBarens N(xn, yn, znv=0) ot 1 cm g0 10 m (¢wur. 4 u dur. 5).
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4. XapakTepucTHKA Ha MPaBOBI'bJEH IUIOCHK Npeodpa3yBaTel 3a
JaJiedHaTa 30HA HA 3BYKOBOTO I0JIe

Ot MaTeMaTuyeckara 3aBUCUMOCT (5) ce moJiy4ana:

(r'y - d? =- 2@ Gin(g) @od7 ) &- 2@ Gin(g)Bin(F )& +x2 + y? (10)

B naneunara 3oHa r'+d @2 Q@ , Torasa:

(rf - d?=(r+d) Gr- d) @@ G- d)

g =l 20 Bin(g)@odf ) - 2@ Gin(g)Bin(F ) +x% + y? (11)
20l
2 2
B naneunara sona: —— Y Ou ——— Y 0, rorasa:
2@ 20

Dr =r"-d =- sin(g)@odf) - sin(g)Bin(f)& =- sin(g)qeodf )& +sin(F)&] (12

XapaKTepI/ICTI/IKaTa Ha IpPaBOBI'bJICH IINIIOCHK npeo6pa3yBaTeJ1 3a JajJicdyHaTa 30Ha Ha
3BYKOBOTO ITIOJIC C€ MMOJyJaBa:

(qf)——CﬁDnaexr{ i &k Gin(g) QeodF) & + sin(f ) &y Jrdxdy (13)

Mpunaraiiku Gopmyma Ha Oitnep (€% =cod- x)+ j Gin(- x)=cogx)- j Gin(x)) 3a
unTerpana (11) ce nonmyuasa:

R(g.f)= 4@@) C‘ﬁD nacoe{k &in(g) deod ) & + sin(F ) Y ldxdy®
(14)
i m Cﬁ0 ﬁasin{k @in(g) eodf ) & + sin(F ) &y Jldxdy

WuTerpanst, nepuHUpaL] XapaKTepUCTHKATa Ha NMPaBOBIbJIEH IIOCHK ITpeodpaszyBaTen
3a JajeyHara 30Ha Ha 3BYKOBOTO moise, € pemuM ¢ MathCad B m3nomnsBaiiku Symbolic-
simplify. 3a peanHaTta 1 UMaruHepHaTa 4YacTH MOJIy4aBaMe:

ﬁ Cﬁo ﬁlaco:{k &in(g) oo ) &+ sin(F) & Jldxdy-

sin(a Gin(g) @odr)) c.§in(sin(bc"k Gin(g) Gin(7)))
atxGin(g)cod?) b Gin(g)sin(f) ’ (15)

04% & 7, sinfk &in(g) deodf ) &+ sin(r) Y Jlaxdy- 0

3a xapakTepucTHKaTa Ha MPaBOBI'BJIEH IJIOCHK MpeoOpa3yBaTel 3a JajeyHaTa 30Ha Ha
3BYKOBOTO I0JI€ ce mojyyana [ 1, §]

10



_ sin(adk Gin(g) @o4)) .sin(sin(b & Gin(g) Gin(#))) 6
at@in(g)codf) b ¢ Gin(g)sin(7) (16)

R(g.7)

I/I3BOIII/I H 3aKJII0YCHUC

Jebunupanure B JOKIaJa MaTeMaTUYHM 3aBHCHUMOCTH Ca OCHOBa 3a Hay4YyHU
U3CIEIBAaHUsI HAa  aKyCTHUYHH  (BHCOKOTOBOPUTENHM, CIymanku, MuKpodonu [1]),
XUJPOAKYCTUYHU aHTEHHU Ha: JIOKATOPH, €XOJIOTH, JJaroBe U pa3sroBopHH cuctemH [8, 10, 11) u
VITpa3ByKOBM (M3MOJI3BAaHM 3a JIMarHoCTHMKa B MenuuuHara [12, 9-21.3.5] wu
MAIIMHOCTPOEHETO) MPABOBI'BJIHU IJIOCKH MTPe0O0pa3yBaTeiy.
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Abstract

Steel structure of overhead travelling crane with load capacity 125/32 tons is investigated with acoustic emission
method in this work. The result of testing and analysis of structural integrity on steel structure of overhead
travelling crane is presented. Results are obtaining with acoustic emission equipment delivered by project
MIRACLe for Institute of mechanics — Bulgarian academy of sciences.

Keywords: acoustic emission, crane construction testing.

AKYCTI’IKO-CMI’ICI/IOHHO HU3CJICIBAHEC HA METAJIHATA KOHCTPYKIUA
Ha HA3€MCH IIOJIBU’KCH KPaH

ﬁopnaH MUPYEB, Ilasen YYKAYEB, Esrenn I1EIIIEB
YBona.

[ToaBu>XKHUTE KpaHOBE Ca OCHOBHO MOJIEMHO CPEJICTBO, U3IMOI3BAHO 32 MPEHOC Ha TEXKH
ToBapu. M3momn3Bar ce B KOpaboCTpoeHe, eHEPreTHKa, J0OUB U MPOU3BOCTBO HA CYPOBUHU U
JpyTy OTpaciy Ha MPOMMIIUIEHOCTTa. Te ca OTTOBOPHU ChOPBKEHHUS, KOUTO C€ MPOEKTHPAT C
onpezeNeHn KOe(pUIIMEHTH 3a CUTYpHOCT M NPEMHMHAaBAT OOCTOWHM W3NUTBAaHUS IPU
npou3BOCTBO. OT CHIIECTBEHO 3HAUYEHUE € KOHTPOIBT [0 BpeMe Ha eKCIIoaTalus, ¢ el jaa
ce rapanTupa 0e30Tka3Ha paboTa 1 U304rBaHe Ha aBapuu, CBbP3aHU ChC 3ary0u, a MOHSIKOra 1
C YOBEIIKH JKUBOTH.

3a rapanTupaHe Ha Oe3aBapuifHaTa pabOTa Ha MOJBIKHUTE KPAaHOBE CE IPOBEXKAA
IUTaHOB O€3pa3pyILIMTEIeH KOHTPOJ Ha HOCeIIaTa KOHCTPYKIHs. V3BbpIIBaT ce yATpa3ByKOBO
HN3NMTBAHEC Ha 3aBApCHUTC CHCAWHCHHA W Ha OCHOBHHUA MCTAJ, Ipujarat Cc€ NnmOBbPXHOCTHH
KallWIApHU WJIM MarHUTHO-IIPaXOBM METOJM 3a KOHTPOJ Ha TOBBPXHOCTHHS CJIOW Ha
3aBapeHHTe cheAnHeHNss. OCHOBEH METO/I 32 ISUIOCTHATA OIIEHKA Ha ChCTOSIHUETO Ha HOCeIIaTa
CHOCOOHOCT Ha KpaHOBETE € aKyCTUYHaTa eMHUCHs. Pe3ynraTuTe OT BCUUKH M3MUTBaHUA CE
M3M0JI3BAT 32 OIIEHKA Ha OCTAThUCH PECypC Ha KPAHOBUTE CHOPBIKCHUS.

[Tpunaranero Ha aKyCTUKO-€MHCHOHHO M3MMTBAaHE HAa CTOMaHEHaTa KOHCTPYKLUS Ha
KpaH e 3aTpyaHeHo. IIpuumHuTe 32 TOBa ca (pakTOpH KaTro pa3smpoCTpaHEHHE HA 3BYKOBHTE
BBJIHU OT U3TOYHHMKA HA aKYCTHYHA €MUCHS BbB BCUYKH ITOCOKH, BIMSHUETO HA JUHAMUYHOTO
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HATOBapBaHE Ha KpaHa 10 BpeMEe Ha M3MHMTBAHETO, CH3/ABAIO IIIYMOBH CHTHAIH, KpAaWHUTE
rabapuTHH pa3Mepyd Ha MeTallHaTa KOHCTPYKIUsA. B Hacrosimara paboTa € MpOBEACHO
AKYCTHKO-EMHCHOHHO M3MMTBAHE HA KOHCTPYKIIUATA Ha MOJBIIKECH KpaH ¢ TOBAPOITOJAEMHOCT
125/32 ToHa.

1. HpeI[CTaBHHe Ha U3IT0JI3BAHUA METO/.

MetonbT akyctuuna emucus (AE) ce ocHoBaBa Ha OTKpUMBAaHETO U MPeoOpa3yBaHETO Ha
BHCOKOYECTOTHH €JIaCTUYHU BBJIHH, U3JIbUBAHU OT U3TOYHHUKA B €JIEKTPUUECKH CUrHaIU. ToBa
Cce TIOCTUIa 4Ype3 JUPEKTHO CBBP3BaHE HAa MHE30€JEKTPUUHU MpeodpaszyBaTelid BBPXY
NOBBPXHOCTTA HAa U3IIMTBAHATa KOHCTPYKIIMS U HATOBApBaHE Ha KOHCTpyKUusATa. M3xonbT Ha
MUE30€JIEKTPUYHHUTE CEH30PH (110 BpeMe Ha IPUEMaHe) Ce yCUIIBA Upe3 MpeIyCHIBaTel C HUCHK
myM, (uaTpupaH 3a OTCTpaHsSBaHE HAa BBHINHUS IIYM W JONBJIHUTENTHO 00paboTBaH OT
noaxojsnia enektpoHuka. AE Moke Oe3pa3pylIMTeNHO Ja NpeAcKaxe paHeH OTKa3 Ha
KoHCTpyKuuu. OCBEH TOBA IsIaTa CTPYKTypa MOXe J1a Obae HabI0aBaHa OT HAKOJIKO MecTa
U TI0 BpEME Ha eKCILI0aTalusl.

[Topagu cnoxHata CTpyKTypa Ha I[OJAEMHUTE MAalIMHU pPa3IpOCTPaHEHUETO Ha
aKyCTHYHATa BBJIHA CE BIIUSAE OT TEOMETPUATA Ha KOHCTPYKLIUATA U MEXaHUYHHUS IIIyM Ha CaMHS
KpaH KaTo JIBHIKEIIO CE€ YCTPOMCTBO. 3aToBa IMpujaraHero Ha TexHojiorusra AE mpu
MOHHMTOPHHT 32 OTKpHBaHE Ha MOBPEIU M0 BpeMe Ha eKCIuoaTanus e orpanuyeHo [1, 2].

AE ce m3non3Ba mHMpPOKO B HE(YTOXUMHUECKATA, a€POKOCMHUYECKTA, CHEPreTHIeCKa H
JIpYT MHIYCTPUU 332 OTKpPHBAHE HA HEM3MPABHOCTH WJIM TE€YOBE B CHIOBE IOJ HAJSTaHE,
pe3epBoapu U TPHOONPOBOJHM CUCTEMM, KAaKTO M 3a OHJIAlH HaOJIO/ICHUE Ha 3aBapeHUu
KOHCTPYKIMU W pa3BuTthe Ha koposus [3, 4]. Paznukara mexny AE u npyru meronu 3a
0e3pa3pylIUTEeIHO U3NUTBaHE €, ye AE OTKpuBa akTUBHU JAEWHOCTH, pa3BHUBAIllU CE BHTPE B
MaTepuainTe, JOKaTO JPYrd TEXHUKU C€ OMUTBAT Ja M3CJIENBAT BHTPEUIHUTE CTPYKTYpPH Ha
MaTepHaiTe Ype3 M3IMpallaHe U MmojiydyaBaHe Ha HskakBa (opma Ha eHeprus. AE e akTuBeH
METO/ 33 U3IUTBAHE.

AKYCTUYHHUTE EMUCHH c€ Kilacu(uuupar Haii-o010 B iBa OCHOBHM THIIA: HEIPEKbCHATA
u paspymaBaHe. @opmaTa Ha BbIHATa Ha CUTHala OT HempekbcHaT Tun AE e momoOHa Ha
["aycoBusi MpoW3BOJIEH ILIyM, HO aMIUIMTyJaTa Bapupa B 3aBHCHUMOCT OT aKTHBHOCTTa Ha
aKyctuyHata emucusd. [Ipu Metanu u criiaBu Ta3u (Gopma Ha €eMHCHsS CE€ CUMTA 3a CBbp3aHa C
JBUKEHHETO Ha AuciokanuuTe. Emucunure OoT THHa Ha paspylliaBaHe ca KpaTKOTpalHU
UMITYJICH U Ca CBBP3aHM C JUCKPETHO OCBOOOXAaBaHE HA eHeprus Ha Aedopmaiius ¢ BUCOKa
aMIuIMTya. B MertanuTte emucuMTe OT THUIA HA pa3pyllaBaHe c€ T'€HepUpar OT IUIACTUYHA
nedopMarus Wi pa3BUTUE HA MyKHATHHU.

Heusnoctnoctu, peructpupann ¢ AE, ca mykHaTWHM W HEMETaJHU BKJIIOYBAHUS.
CurHanure OT NMyKHAaTUHHUTE ca I'bPBUYHHU, OT HAapacTBaHE HA NMyKHAaTUHATa, U BTOPUYHHU,
BCJIE/ICTBHE Ha TPUEHE HA MOBBPXHOCTUTE B IpaHMIlaTa HA MyKHAaTHHaTa. YecToTeH o0XBar, B
KOWTO ce peructpupar curHanure ot HewsuioctHoctute € 100KHz-500KHz. HlymoBute
CUTHAJIM Ca HEeXeJlaHW M0 BpeME Ha H3MUTBAHETO U TMOHSAKOra MAacKUpaTr IOJIE3HUS
MH(POPMALIMOHEH CUTHAJl OT M3TOYHHUK Ha aKkycTH4Ha eMucus. lllymoBUTE CUrHamM morar ja
BB3HUKHAT OT yJapy, MEXaHUYHO TPUEHE Ha YaCTU OT KOHCTPYKLMSTA, BUOPALIUU OT ChCEIHU
MAalIUHU, €IEKTPUUYECKU CMYILIEHUSI, METPOJIOTUYHH YCIOBHS (BATHP, IBXK/, TPAIYIIKA) U JIp.

2. O0xBaT ¥ 1eJ HA U3NUTBAHETO (001a MHpOpMALIUS)
OcHOBHaTa 1€ Ha M3MUTBAHETO HA METAaJIHaTa KOHCTPYKIMsa Ha kKpaHa ¢ AE e na ce

OTKPpUC HU3TOYHUKBT Ha AKYyCTUYHA EMHCHA, TCHCPUPAH B OCHOBHHA MCETAJl HA CTOMAHCHATA
KOHCTPYKIHA U a C€ aHAJIM3UPAT aKYCTHKO-CMHUCUOHHUTC CUTHAJIN.
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M3nutBanero ¢ AE ce wu3BbpiiBa Npu JUHAMUYHO HATOBApPBAHE, KOETO BKIIKOYBA
HATOBapBaHETO, 33JbPKAHETO HAa ToBapa M pa3ToBapBaHero. Jlatumuure 3a AE ca
Pa3MoJI0KEeHU 110 TOBBPXHOCTTA Ha CTOMaHEHATa KOHCTPYKIIHS, KOSITO CE M3IUTBA. Y PEIbT 3a
AE ce m3non3Ba 3a cwOupaHe, oOpaOoTBaHe, BU3yalIHM3UpaHE, 3allMCBaHE M aHAIU3 Ha
curHamte. OT CHTHAJIUTE CE TOJIY4YaBaT XapaKTEPUCTUKUTE W MECTOIOJOKEHHETO Ha
HN3TOYHHUKA HAa aKYCTUYHA CMUCHS.

3. AKYCTI/I‘lHa CHUCTEMA 3a U3IIMTBaAHE

AxycTHuHaTa cucTeMara 3a M3IHUTBaHe € Ipe/icTaBeHa Ha (ur. 1, a cxemara Ha CBbp3BaHe
Ha Qur.2.

1283
uss AE Nod®

L
pHYSICAL J
metric 1 453")' ?:gcr’!uw’gAT 10N
para |

minitPewe’

: )M\s‘r RAS  par

@ur. 1. CHUMKA Ha eJleMeHTHTEe HA AKYCTHKO-eMHCHOHHATA cHCTeMa.

Baben 33 CHHEDOHUIALAA HE BemaT

NV~ V&~ r

i AE @ AE A AE i AE
] Cexzop ] CeHaop I Cewzop ] Cenzop

TR

@ur. 2. Cxema Ha cCBbP3BaHe Ha eJIeMEHTUTE 0T AKYCTHKO-eMHCHOHHATA CHCTeMa 32 padoTa KaKTo
yeTupu kaHajHa AE cucrema.

Ts ce cberom OT:
- 4 emqHOKaHAIIHU aKycTHKO-eMucuoHHH iatku (Bb3nu) USB AE NODE 1283;
- 4 censopa 3a peructpupane Ha akyctuuna emucusi PKWDI ¢ o6xBar Ha decroTaTta
100+1000 KHz ¢ Brpanen npeaycuiaBaTes U KOHEKTOp THII SMA;
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4 6pos xabenu 3a cBbp3BaHe Ha cen3opute ¢ AE Bp3mure RG-58 ¢ gpmxuna 50 m;

3 kabena W080-0800 3a cBbp3Bane Ha AE BB3IHTE 32 CHHXPOHH3UPAHE Ha BPEMETO
3a peKUMUTE HAa MECTOIOJIOKEHUE;

CTallMOHAPEH KOMITIOTHP C €KpaH;

MpOrpaMeH MPOJYKT 3a 00paboTka Ha chOpanuTe AaHHU OT m3nuTBaHeTo MISTRAS
AE win USB;

KOHTaKTHa CpeJia, acTa Ha cuiMKoHoBa ocHoBa Wacker silicone Hochvacuumfett;
MAariuTHu 3a 3aKpCriBaHC Ha CCH30PHUTC KbM IMOBBPXHOCTTA HA USITUTBAHUSAT O6€KT;
rpadut Ha MonmuB ¢ auamersp 0.5 mm, TBepAOCcT 2H, u3non3BaH 3a HacTpoiika Ha
yyBcTBUTENHOCTTA HA AE cucrema.

4. llpeaBapuresHa nHGopManus 32 U3NUTBAHETO

[Ipenu u3nurBaneTo e chOpaHa cieaHara MHGopMaIus:

1€ Ha U3IIUTBAHETO;
0IpOOHOCTH 3a U3NMUTBAHUSI KPaH;

(U3HYECKO MECTOTIONIOKEHUE Ha 00JIaCTTa, KBETO IIE C€ U3BHPIIU U3IUTBAHETO;
W3HCKBAHUS 3a IMOITOTOBKA HA TIOBBPXHOCTTA;

YYBCTBUTEIHOCT Ha U3ITUTBAHETO;

M3II0JI3BaH METOJI 33 IPOBEPKA HA YyBCTBUTEIIHOCTTA,;

KPUTEPHUH 3a IPUEMaHE, aKo Ca YTOYHCHU;

JPYTU U3UCKBaHMS BbB BPBb3Ka C pa3pabOTEHUST MPOTOKOJ OT U3IUTBAHETO;
MOJPOOHOCTH 3a KBaTH(UKALKATA HA TICPCOHAIA.

W3nurBanero € mnposeneHo mnpe3 oxrtomBpu 2021 r. B umex ,,Mertanypru4Ho
IPOM3BOJICTBO™ B 3aBOJ ,,Aypyouc — bearapus™ AJl, rp. [lupmon. O6eKT Ha U3MUTBAHE ca TPH
KpaHa ¢ ToBaponoJeMHocT 125/32, chOTBETHO Ha rojsiMatra U mMajakara Koinuuku. CHUMKa Ha
€IMH OT KpaHOBeTe B Imexa ¢ naaeHa ¢wur.3. KpaHoBere ce MpHUIBMXKBAT IO PEJICOB IBT,
MOHTHpaH Ha BucounHa 40 metpa B 1iexa. Kpanosere ca o3HaueHu ¢ Homepa ot 1 g0 3. Kpan 1
ce HaMHpa B U3TOYHATa 4YacT Ha 11eXa, KpaH 3 B 3amajHaTa, a KpaH 2 1o cpefara Mexay KpaH |

u 3.

@ur. 3. CHUMKA HAa U3NHUTBAH KPaH B 1eXa.
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5. MonTHpaHe Ha npeo0pa3oBaTe/iuTe U HACTPOHKa Ha ypeaa 3a AE

[Ipenu u3nUTBaHETO Ce U3BBPILIU 0OCIeABaHe Ha paboTHATA TUIOIIA KA, 32 J]a CE OTKPUST
BCUYKH BIIMsCIIM (PAKTOPH, KATO TPUEHE HA KOHCTPYKIHH, €JICKTPOMArHUTHU CMYIICHUS,
BuOparuu. CMyIIeHHeTo OT Te3u (akTopu TpsOBa na Obae W30erHaro 1Mo BpeMe Ha
U3IUTBAHETO.

JatuunuTe 0s1Xxa MOHTHpPAHU Ha TJlaBHATa HOCElIa Tpe/ia U rojisiMara KpaHoBa KOJIUYKA.
[loBbpXHMHATa Ha KOHTAKT ChC CEH30pUTE Oelle MOYMCTeHa, IMpeMaxHa ce ciosg 00d U
KOPO3HOHHU OTJIaraHusl. 3a KOHTAKT Ha CEH30PUTE KbM OBBPXHOCTTA C€ U3I0JI3Ba KOHTAKTHA
cpela Ha CHIIMKOHOBAa OCHOBA M MAarHUTHU JBPKAaIlld YCTPOMCTBA 3a IUTBTHO MpHIICHISTHE Ha
CEH30pa KbM MOBBPXHOCTTA C IIEJI 110 100bP KOHTAKT U MpUeMaHe Ha aKyCTUKO-EMUCHOHHUTE
curnany. CHIMKa Ha MOHTHpaH JaTYUK BbpPXY rpena 1 Ha kpaHa e najaeH Ha ¢ur.4.

@ur. 4. MoHTHPAH JaTYHK 32 u3nuTBaHe ¢ AE Ha Hocella ri1aBHA rpeJa Ha KpaHa.

3a ompeJensHe YyBCTBUTEIHOCTTA HA BCEKU KaHAN M 3a KaJIMOpUpaHe Ha CUCTEMaTa 3a
JOKaJIM3UpaHe Ha M3TOYHMLIM Ha AE ce M3mnon3Baxa CUMYJIUPAaHU CHTHAJIM OT YyIEHE Ha
rpadura Ha monuB 2H (¢ quamersp 0,5 MM) BbpXy MOBBPXHOCTTA Ha Ipeia 1 U Kolnykara Ha
pascrosHus 0,1 m 1 m or ocesarens. I'padutute OT MOJMBU Ce CUYNBAT MOJA BI'BI OT
npuban3uTenHo 30° KbM MOBBPXHOCTTA, U3IMOJI3BaliKu rpaduT ¢ ABHKMHA OKOJIO 2,5 MM.
Perucrpupaxa ce curnanu ¢ ammuuryaa ot 80 dB o 85 dB.

Cpennara nuKoBa aMIUIMTY/Ia Ha BCEKH JAATUUK CIIE]] IPOBEPKATa 3a YyBCTBUTEIHOCT C
yyneHe Ha rpadut e B paMkuTe Ha ¥4 dB oT cpeaHarta cTOMHOCT 32 BCUUKU JATUHIIH.

CpaBHuxa ce pe3yaTaTuTe Ha CUTHAJIUTE, TIOJyYeHH OT UylleHe Ha rpaduT Ha pa3CTOsTHUE
0.1m 1 Im. Cnen n3uucnsiBaHe Ha pa3IvKaTa B aMIIUTYAaTa 3a ONPEAEICHOTO Pa3CTOSHUE Ce
otuete 3atuxBaHe 20 dB/m. C oTyeTeHOTO 3aTUXBaHE U MMOJIy4aBaHUTE aMIUTUTYIU Ha CUTHaIa
oT 0.1m ¥ mocTaBeHUSAT Mpar Mo BpeMe Ha U3MUTBAHETO CE ONpeaesu o01acTTa 3a U3MUTBaHE
2m B AMaMeThp OKOJIO IOCTaBEHUS JaTUUK.

@DOHOBUAT IIyM Ha U3MUTBaHaTa cpena ce nposepu 10 MUHYTH PEAU U3NUTBAHETO YPE3
HaMaJlsiBaHe Ha nmparoBoTo HanpexeHnue (threshold). Ycranosu ce Bucok ¢onos mym ot 44 dB
(HEBB3MOKHOCT J1a ce CIpe paboTaTa Ha ChCEIHUS KpaH 3a MPOU3BOACTBO Ha Men). [IparsT Ha
M3MHUTBAHE 332 BCEKH KaHal Oeme noctaBeH Ha 6 dB Hang ¢ponoBus mym ot 50 dB.
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6. IIpoBe:knaHe HA U3NTUTBAHETO

6.1. Obem u nocnedosamennocm 3a paboma npu npogexcoane na AE konmpon na
MEmanioKOHCMPYKUUAmMA Ha MOCIMO08 KPaH

Busyainen ornen mo mMscTo Ha KOHCTPYKLUATA, aHAINW3 HA BBHIIHOTO ChCTOSTHHE U
HaIpPEerHaToTo ChbCTOSTHUE Ha €JIEMEHTUTE HAa METAJIOKOHCTPYKLUATA.

[lonroroBka Ha TEXECTHTE 3a IOBJIMIAHETO KM C L€l HaTOBapBaHE Ha
METAJIOKOHCTPYKLUSATA C TOBAp.

N360p Ha esnleMeHTHUTE ¢ Hall-HEOJIArONpPUATHO ChCTOSHUE, CIIOPEJ Pe3yJITaTUTE OT
BBHILHUS OIJIE].

Mourax Ha natunuute 3a AE Ha onpenenenute Mecta. Konnukara ce pasnosara Ha
CBIIOTO MSCTO WJIM CTpaHa Ha KpaHa.

[IspBOTO HaTOBapBaHE C€ OCBHLIECTBSIBA MOCPEACTBOM IOBJIUIAHE HA TEKECTUTE Ha
10-20 cm oT moja ¢ ToBap, paBeH Ha TOBAPONOJEMHOCTTA Ha KpaHa.

3axbppikaHeTo Ha TOBapa B TOBa nosioxeHue € 3a 10-15 munyty, ¢ perucrpanus Ha AE
3ar0y4Ballo 5 MUH. PeAy MOBIUTIAaHE HA TOBapa U NPOIBJDKABAIIO J0 CIyCKaHe Ha
TOBapa.

CryckaHe Ha TeXeCTHTe, 100aBsHe KbM Hero Ha 50% OT mbpBOHAYaIHUS TOBAP.
IloBTOpHO HaTOBapBaHe, ¢ mopaura"e Ha BucounHa 10-20 cMm or mojma ¢ TOBap.
3anbpkane 3a 10-15 munyTH, ¢ peructpauusa Ha AE 5 MuH. nIpenu noBauraHe Ha
TOBapa ¢ NPOABLKUTEIHOCT 10 CIIyCKAaHETO Ha TOBapa.

CryckaHe Ha TEeXECTUTE.

6.2. Ilpoyedypa no namoeapeane

[Iponienypara 1o HaroBapBane ce u3BbspIH B cboTBeTCTBHE € [SO 4310. Beeku ot Tpute kpaHa
Ce€ HaToBapBa C TeKeCTH — BeAHBX 80 ToHa, a ciex ToBa ¢ 120 ToHa. TexxecTTa 3a U3MUTBAHE
ce IMOATrOTBS OT KJIMEHTA.

®@ur. S. [loBAMrHaTH TexKeCcTH OT KpPaH 2 npu u3nurTsan ¢ AE.
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M3nutBamusaT ToBap ce nopaura B cpenarta Ha rpegara Ha 100 go 200 mm Hazg 3emsTa U ce
3agbpka oT 10 g0 15 MuHYTH, JOKaTO ce 3alucBaT PErucTpUpPaHH aKyCTHMKO-€MHCHOHHH
curnamu ¢ AE cucremara, KakTo € moka3aHo Ha CHUMKarta Ha Qur.5.

6.3. Illlym no épeme na usnumeanemo

OO0bpHa ce BHUMaHKME Ha BHHITHO MEXAHUYHO TPUEHE U yJapu Ha CTOMAaHEHU JeTailiu
€IMH B IpYT, BUOpAIIMH U €JIEKTPOMArHUTHU CMYIIEHUS OT pa0OTEIH JBUTaTEIN Ha ChCETHUTE
KpaHOBE, KOMTO MOTaT J1a HOBJIUSASAT HA PE3YJITaTUTE OT U3NUTBaHETO. M3nMTBaHETO ce poBeae
B 1oAOpaH mepuoj OT BpeMe, Korato Te3u (pakTopu Osixa ¢ HUCKU CTOMHOCTH M OKa3Bax
MUHHMAJIHO BIMSHUE BBPXY HHPOPMALUOHHUAT curHall. ChINO Taka ce OrpaHUYU BIMSHUETO
Ha BpEIHHUTE LIYMOBE 4Ype3 MocTaBsHe Ha mparoBo HUBO oT 50 dB. Mereoponoruunure
YCITIOBHA 10 BpEeME Ha M3MUTBAHETO Osxa OJIarOnpUsTHH U HSAMAILE YCIOBHUS 32 BIMSHUE HA
BATBHP, b/ U TpaayllKa BbPXY pe3yJTaTa.

6.4. Cvoupane u oopabomeane Ha OaHHU

CpbupaHero Ha JaHHM ce IpoBeAe C MporpamHus NmpoaykT kbM AE cucremara.
Cwbupanero Ha JaHHM 3amo4yHa 10 MUHYTH Tpeau Ja ce BAWTHAT TEXKECTHTE OT KpaHa 3a
omnpenensHe Ha GoHOBUS IIyM U 10 MUHYTH ciell ToBa. XapaKTepUCTUKUTE, [TOJydaBaHU 110
BpeMe Ha u3nutBaHero ¢ AE, ca kakTo B TaOnn4eH, Taka U B TpaQuyueH BH/I.

[To Bpeme Ha M3NUTBAHETO OsIXa 3aMMMCBAHM CIECTHUTE XaPAKTCPUCTUKHU:

- DSET — nopenen Homep Ha npuerta uaaukanus/cursain (hits) 3a crbutue ot HIKOM OT
KaHaJNTE,

- CHAN — HoMmep Ha KaHalla, IPUeN CUTHaJa;

- HHMMSS — yac:MUHYTH:CEKyH/AM Ha IPUETHUS CUTHAJ, 110 TaliMepa Ha KOMITIOThPA;

- MSEC - BpemMe Ha NpUCTHTaHE Ha CUTHala OT MSCTOTO Ha BB3HHUKBAHE [0
npeoOpazoBarers;

- A — MakcuMaHa aMIUTUTYJa Ha IpHeMaHus curHana B dB;

- ALIN — makcumallHa aMIUIMTYy/la HA IPUEMAHUs CUTHAI B UV;

- R —Bpewme 3a HapacTBaHe Ha curHaina (raising time)ot npecudane Ha npara (threshold)
710 HETOBHAT MaKCHMYM B [S;

- D — gpmxuHa Ha curHana (duration) Han mpara (threshold) B ps;

- CNTS - Opoii mepuoau Ha curHazia (counts), u3nu3amu Haj npara (threshold);

- E — eHeprus Ha npuemMaHus CUTHAI;

- THR — mocraBen mpar (threshold) 3a orps3Bane Ha QoHOBHA HIyM. AKyCTHYHATa
eMHCHs 3aITUCBa BCUYKU CUTHAJIM, KOUTO ca HaJj Ipara;

- R —rising time (Bpeme 3a HapacTBaHe Ha CUTHAJIA).

Hsikou ot nH(opMalnoOHHUTE XapaKTEPUCTUKH ca MPeICTaBeHu Ha QUr.6.
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Volts

Counts

Amplitude

Duration

@ur. 6. IIpencraBsiHe Ha HHPOPMALMOHHUTE XAPAKTEPHCTUKHU BbB BH/J Ha npueMaH AE curnai.

7. Pe3yJTatu oT M3IMTBAHETO

Ha ¢ur. 7 ca npencraBenu pe3ynraru, 3anucanu ¢ AE v mpexBbpiicHN B TAOJIMYCH BH]T B
nporpama excel 3a kpan 1.

Id DSET C HAN HHMMSS MSEC A ALIN R D CNTS E RMS THR

[hhmmss]  [msps]  [dB] [uV]  [us] [us] [eu] [uv] [dB] %
La La bel 1 20 43 Resum e 80 4
DT 29 Centem Bpn 2020T., Host Tim e: 20 43 :
La La bel 2 20 43 Suspe nd 70
La La bel 3. 20 :44 Resum e
DT 29 Centem Bpm 2020r., Host Tim e: 20 :44 60
Ht 27 1 20:44:08 9856538 49 282 85580,8 99999 2604 9,64E+03 0 40 o
Ht 28 2 2014408 9856538 49 282 85580,8 99999 2685 1,03E+04 0 40 o 50
Ht 30 1 20:4409 90,4576 49 282 02 99399 2635 9,65E+03 0 40 T
Ht 31 2 204409 904576 49 282 02 99999 2685 1,03E+04 0 40 < 40
Ht 33 1 20:44.09 1953152 49 282 0,2 99999 2635 9,59E+03 0 40
Ht 34 2 20:44:109 1953152 49 282 02 99999 2703 1,02E+04 0 40 30
Ht 36 1 20:44:09 300,1728 49 282 0,2 99999 2618 9,44E+03 0 40
Ht 37 2 20:44:09 300,1728 49 282 0,2 99999 2654 1,01E+04 0 40 20
Ht 39 1 20:44.09 4050304 49 282 0,2 99399 2647 9,65E+03 0 40 10
Ht 40 2 20:44:09 405,0304 49 282 02 99399 2723 1,03E+04 0 40
Ht 42 1 20:4409 509888 49 282 02 99999 2684 9,70E+03 0 40 0 : : : :
Ht 43 2 20:4409 509,838 49 282 40716,8 99999 2690 1,04E+04 0 40 20-44-10 20:47-02 2049°55 20-52-48 205541 20'58-34
Ht 45 1 20:44:.09 614,7456 49 282 02 99999 2626 9,58E+03 0 40
Ht 46 2 20:44:09 6147456 49 282 02 99999 2701 1,02E+04 0 40 time (HH:MM:SS)
Ht 48 1 20:44:09 7196032 49 282 0,2 99999 2621 9,70E+03 0 40
Ht 49 2 20:44:09 7196032 49 282 02 99399 2715 1,03E+04 0 40TA
Hit A1 1 20-AA-N0_224 ARNR AQ 229 nn2 Q0000 72822 0 ANE+N2 n AN TA
NMner2 | Nncr3 [©] [

@ur.7. Peyaratu ot usnutBane ¢ AE Ha kpaH 1 npu HatoBapBane ¢ 120 ToHa.

10f
& [ ] 1ot !
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]
1
L1 1
5 & 1
2 £ 1o
£ . =
- . 102 @
1 {
h 0
ll o
ol
0 L0 i
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201 Time [s] 2 Time [s]
a) 0)

®@ur. 8. Pesynraru, 3anucanu ¢ AE, ot u3anuTBane Ha kpaH 1, npeacraBenu rpaguyHo 3a
aMILTUTYJATa HA aKYCTHKO-eMHCHOHHUTE CHTHAJIH OT BpeMeTo (a) M 6posi Ha aKYCTHKO-
e€MHCHOHHHUTE CUTHAJIU OT BpemeTo (0).
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Pesynratute B rpaduueH BHUI 32 aMIUIMTYJaTa OT BPEMETO 3a U3MUTBAHE U 3a Opos Ha
aKyCTMKOEMHCHOHHUTE CUTHAIIM OT BPEMETO 3a U3IUTBAHE ca JIaJileHH ChOTBETHO, HA (hur.8a u
Ha ¢ur. 80. ChIuuTe XapakTepUCTHKH HAa CHTHAJIMTE ca 3allMCaHM 3a H3MUTBAHETO Ha
ocrtaHaiute ABa KpaHa. CbC 3€J€H W YepBEH LBAT Ca O3HAYEHU CHOTBETHO 3alHCUTE OT
ocesaresis, ocTaBeH Ha kKaHan 1 u xanan 2. Kanan 1 npuema undopmanusra ot rpeaa 1, a
KaHajl 2 — OT rpejlia 2 Ha KpaHa.

Kakro ce Bmwxkia ot ¢ur. 8a aMrMTyiuTe HapacTBa MPU HATOBapBaHE U pa3TOBAPBAHE
Ha TeXecTTa ¢ KpaHa. [lo BpeMe Ha M3NHUTBAHETO, JOKATO KPaHBT € HAaTOBapeH, uMa eaquH AE
curnan ¢ amruatyaa 54dB. Ha ¢ur. 86 ce Buxa ye 3aBucumocTTa Ha Opost Ha AE curHamu ot
BPEMETO € XOPHU3OHTaJHA 3a Mepuo/ia Ha 3aJbpKaHe Ha TeXKEeCTTa ¢ KpaHa. AMIUTUTYyIaTa U
Opost Ha AE curHanuTe ca He3HAYUTEIHU U €A B IOIYCTUMUTE TPAHUIIH.

OuensiBaT ce cbOpaHHUTE pe3yiTaTd OT JIBETE 3aAbpiKaHMs HA TEXKECTTa MO BpeMe Ha
u3nuTBaHero, cwvriacHo llpunoxenue B na ISO 19835 [6]. Cnen usnurBaneto ¢ AE,
CEpPUO3HUTE UJIM MHOTO cepuo3HuTe M3ToyHuiu Ha AE TpsOBa na ObAaT MOTBBPACHU upe3
npyru meroau 3a NDT, kato UT, MT nnu PT.

8. AHa/1M3 Ha MoJIy4YeHHTe pPe3yJITaTh

B pe3yaTaT oT M3NMTBAaHETO HA TPUTE KpaHa C€ YCTAHOBH CIIETHOTO:
- Kpan 1

Bbpoii Ha chOuTHsATa 32 27 min — 1

Maxkcumanna amrutyga — 55 dB

HuBo Ha akTUBHOCT — cJ1ab0

HuBO HAa MHTEH3UBHOCT — CPEJTHO

Kommnekcuo auBo — I

CreneH HA CepUO3HOCT — ¢J1ada (He ca He0OXOAUMM MOCJIeABALIM JeHCTBUA)
- Kpan 2

bpoii Ha chOuTHsATa 32 34 min — 6

Maxkcumanna amrutyga — 72 dB

HuBo Ha akTHBHOCT — ¢J1a00

Hu1BO Ha MHTEH3UBHOCT — CPETHO KbM CHITHO

Kommnexcuo auBo — I xpM 11

CreneH Ha cepHO3HA — MO/ BBIPOC (He ¢a He0OXOAMMHU MOCJIeIBALIM /1efiCTBUA)
- Kpan 3

Bpoit Ha ceOutusTa 3a 40 min — 2

Maxkcumanna ammuryaa — 57,7 dB

HuBo Ha akTHBHOCT — ¢J1a00

HuBO Ha MHTEH3UBHOCT — CPEHO

Kommnekcro auBo — I

CreneH Ha cepuo3Ha — cJj1ada (He ca He0OXOAUMH MOCJIeIBAIIH AeHCTBHSA)

3akJIro4eHue

3a pa3iuka OT TPaJUIMOHHUTE METOAM 3a Oe3pa3pyIIMTENeH KOHTPOJI, OTKPUBAIIH
HEILSUIOCTHOCTH € N10-T0JIEMU pa3MepH OT ITOJIOBUH MUIIUMETHP U Harope, AE MeToabT OTKpuBa
HEISUIOCTHOCTUTE B TEXHHS paHEH €Tall Ha 3apa)</JaHe Ha HUBO KpUCTalleH cTpoex. O0eMbT
cbOupana nHGopManys 1aBa CTAHOBUILE 32 HAJMYUE U Pa3BUTHE HA HEISUIOCTHOCT B MPOIIEC
Ha HaTOBapBaHe W/WJIM pa3TOBAapBaHE, BCIEJACTBUE HA BHHIITHU Bb3/1€HCTBUS.
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B pesynrar oT npoBenEeHOTO H3NUTBAaHE CE YCTAHOBHMXA TEKYLIUTE CHCTOSIHUE HA
KpaHoBete. He ca ycTaHOBeHM HanuuMe Ha HELSJIOCTHOCTHU. 3a Hall-€KCII0aTUPAHUS KpaH 2 ce
ycTaHoBHXa 6 Oposi CbOUTHS 110 BpeMe Ha U3MUTBAHETO ¢ MaKCUMalIHa aMIuiuTyna 72 dB, koeto
cbriacHo ISO 19835 choTBeTcTBa HA CTENEH HA CEPUO3HOCT — MO BbIpoc. BeaeacTeue Ha
TOBA C€ Mpernopbya Ha COOCTBEHMKA J]a C€ CIEAU €XKErofHO ChCTOSHUETO Ha KpaH 2 ¢ AE u
TpaZMLIHOHHUTE METOIU 32 O€3pa3pyIINTEIEH KOHTPOI.
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Abstract

A method of gradient structure production has been proposed and acoustic composites have been developed that
combine high characteristics of sound absorption and sound insulation simultaneously. The prototype of the
acoustic shield panel (tile for noise barrier) has been prepared, characterized by normal sound absorption
coefficient of 0.5...1.0 and the absolute value of sound transmission loss 50...70 dB in the frequency range from
50 to 6400 Hz. The relatively low weight in combination with high mechanical strength, availability and low cost
of the natural component (buckwheat husk) makes the developed composite material promising for use in noise
protection barriers alongside highways and railways.

Keywords: buckwheat husk, gradient acoustic composites, noise, sound absorption, transmission loss

1. Introduction

The problem of reducing acoustic impact on the environment or indoor is currently one
of the main problems of safe human life and the trouble-free functioning of complex technical
objects. Increased noise levels lead to rapid tiredness and a decrease in the productivity of
intellectual labor and the speed of reactions, which can cause the man-made emergencies.
Prolonged exposure to noise, along with noise at night, are extremely undesirable factors that
accompany human life, as they cause serious harm to health, including the hearing aid, nervous
and cardiovascular systems. Residents of large cities receive a significant noise load during the
day, which is recognized as a problem throughout the world. According to well-known
literature data, approximately 60% of the urban population is exposed to noise levels that
exceed the permissible limits [1, 2]. Solving the problems of reducing the level of unwanted
sound pressure remains a topical area of research in various fields, including materials science.

Noise protection barriers are one of the effective means of noise reduction, which have
become very widespread in urban planning practice. The advantages of modern baffle include
the simplicity of their construction and operation, relatively low weight with sufficiently high
noise protection characteristics. In addition to the main noise protection function, these
structures can perform a number of functions, for example, noise barriers installed along the
roads act as a fence protecting people and animals from entering the roadway, which helps
prevent emergency situations, protect the roadside area from the spread of harmful road dust

[3].
Noise protection barriers have different designs and can be made of a variety of materials.
In practice, baffle made of concrete (44.5%), brick (25%), wood (10%), soil, metal (6%),
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combined materials are known [4]. The acoustic efficiency of these structures is largely
determined by the materials used in them. For the most effective solution of noise reduction
problems, acoustic materials with high sound-absorbing and sound-proofing properties are
used. Usually, the necessary acoustic characteristics of a noise barrier are achieved by creating
a multilayer structure, including sound-absorbing, sound-insulating layers with specified
properties, thickness and arranged in a certain order.

Sometimes, as part of such layered acoustic structures, vibration-absorbing and vibration-
insulating materials are also used [5,6]. The greatest efficiency of these multilayer structures is
achieved by optimal selection of the properties and thicknesses of materials by mathematical
and computer modeling, taking into account data on the real spectral characteristics of noise
measured on protected object or noise source.

The materials with gradient changes of structure have recently been considered in the
polymer industry as a advanced composites. The formation of a gradient in composite materials
makes it possible to obtain a smooth change in various, including acoustic, properties within a
single material in a given direction [7-9]. As gradient systems are complex objects for
production the study of these structures and, especially study of their acoustic properties are
seldom, which explains the small number of publications in this area.

The aim of this paper is to create acoustic gradient composites based on polymeric binders
and natural fillers that combine both high sound absorption and sound insulation characteristics
for use in the construction of noise barriers for roads and railways.

2. Research Materials and Methods

An epoxy resin of the ED-20 type in its original unmodified state, as well as its modified
version, was used as a binder for composites. Calcium stearate and graphite with a mass fraction
of not more than 7% were used as polymer binder modifiers. Dry buckwheat husk with a density
less than 150 kg/m?® was used as natural filler. Our previous studies [10-12] provide a more
detailed explanation of this choice of polymeric and natural components. The polymer
components of the composite were mixed with buckwheat husks in various proportions. The
proposed technology ensures the production of a gradient composite, the bulk density of which,
depending on the thickness, varies in the range 170...700 kg/m>. The prepared mixture was
loaded into molds with size 500x500x40 mm and kept for curing at room temperature for 24
hours. The resulting composite structure based on buckwheat husk and modified epoxy resin is
shown in Fig. 1.

Fig. 1 Gradient structure of the composite based on buckwheat husk and modified epoxy resin,
providing combined acoustic properties of sound absorption and sound insulation.
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Measurements of sound absorption coefficient were performed using the two microphone
method and methodology described in the international standard ISO 13472-2-2010 (fig. 2).
Absolute values of sound transmission loss were measured for cylindrical samples with a
diameter of 100 and 29 mm by four microphone method using the 4206 T impedance tubes in
accordance with ASTM E2611-17.

Briiel&Kjaer data acquisition system based on the PULSE 3560B analyzer and a 4961
unipolar measuring microphone (Bruel&Kjaer) was used to determine the spectral
characteristics of noise at the source of its occurrence.

Fig. 2 Measurement of the normal sound absorption coefficient on the sample of the soundproof panel
according to the ISO 13472-2-2010.

3. Results and discussion

Taking into account the promising data in [10-12] on the acoustic characteristics of
composites based on buckwheat husks and modified epoxy resin, the research was carried out
to experimentally optimize these materials in order to solve the actual practical problem of
reducing noise propagating from a railway marshalling yard and dispatch station located in the
center of Gomel (Belarus). Residents of nearby territories, especially many-storeyed buildings
located in the immediate vicinity of the station, are exposed to non-stationary brake noise
around the clock, the level of which significantly exceeds the maximum permissible standards.
The source of this noise is the brake systems (wagon retarders), which reduce the speed of the
wagons on the marshalling yard during the disbandment and formation of railway trains. To
determine the spectral characteristics of sound pressure noise measurements at a distance of 3
meters to the brake systems of wagon retarders.

Based on the results of the studies carried out in this work, a method was proposed for
obtaining a gradient structure of the composite (Fig. 1), which simultaneously combines high
characteristics of sound absorption and sound insulation. The acoustic characteristics of the
composite were optimized taking into account the real spectrum of noise that occurs during the
braking of wagon on the territory of the marshalling yard and dispatch park-C of Gomel station.
A prototype panel with dimensions of 500x500x40 mm was made from a composite with
combined acoustic characteristics for installation in a visible noise barrier (Fig. 2). The
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measurements showed that the developed gradient material is characterized by a normal sound
absorption coefficient of 0.5 — 1.0 and an absolute sound insulation value of more than 50 dB
in the frequency range of 50 ... 6400 Hz.

According to preliminary estimates, the use of such composites in the construction of
noise barriers alongside the roads and railways can reduce noise levels to values close to the
maximum permissible levels (fig.3). As an advantage, these composites can be attributed a
relatively low density, environmental friendliness and availability of the natural component
(buckwheat husk) with simultaneously high sound absorption and sound insulation, which
potentially reduces the total weight of the structure and the corresponding costs for the
manufacture of metal frames of noise barriers. Finally, it should be noted that additional
reducing the noise level generated by the brake systems of wagon retarders to a comfortable
level is possible by methods used in the fight against friction induced noise and vibration, i.e.
directly in the source of its occurrence — the friction pair “wheel flange — brake skid” [1].
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Fig. 3 Noise spectra on the territory of the sorting rail yard and the frequency dependence of sound
absorption of a composite based on modified epoxy resin and buckwheat husk:
1 — noise spectrum recorded during braking of railway carriage;
2 — maximum permissible noise levels in accordance with the requirements of sanitary standards;
3 — characteristic of sound absorption of the developed composite;
4 — predicted noise reduction as a result of the use of a noise barrier with panels made of the developed
acoustic composite.

Conclusions

The structure of the composite was optimized and a prototype of the noise barrier panel
was produced taking into account the real spectral characteristics of the noise generated during
the operation of the brake systems of wagon retarders of railway marshalling yards. The sound
absorption coefficient is 0.5...1.0 and sound transmission loss (sound insulation) is more than
50 dB in the frequency range from 50 to 6400 Hz. The most important advantage of the
developed composite with a gradient structure is simultaneously high sound absorption and
insulation.

The prospects for the use of the developed composite are also due to the relatively low
density, environmental friendliness of the natural component (buckwheat husks), which
potentially reduces the cost of manufacturing noise-reducing barriers, and also partially solves
the problem of agricultural waste disposal.
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Abstract

Based on the method of imaginary sources and imaginary scatterers is the solution to the diffraction problem of
sound pulse signals at ideal (soft) prolate spheroid, put in the plane waveguide with the anisotropic elastic bottom.
In the work is proved that with such a formulation of problems eliminated possibility of using the method of normal
waves because pulses are bundies of energy and can therefore only be distributed to the group velocity which is
inherent in just the method of imaginary sources. Calculations made in the article shoved that imaginary sources
with small numbers experiencing the effect of total internal reflection, as the result of the reflection coefficient V
by the hard elastic bottom is complex and the real part of V is close to 1,0 which corresponds V absolutely hard
bottom. Found sequences of reflected pulses for the anisotropic elastic bottom and the absolutely hard bottom floor
confirmed this approach.

Keywords: scatterer, prolate spheroid,, imaginary source, diffraction, anisotropic elastic bottom, boundary
conditions.

1. Introduction

In this article, the resonances of prolate and oblate spheroidal bodies (in their entirety and
in the form of shells), which are impacted by three-dimensional and axisymmetric angles of
irradiation, will be investigated. Debye’s potentials have been used to calculate the three-
dimensional pattern of irradiation in order to solve the diffraction problem. Various publications
are devoted to the resonances of elastic spheroidal bodies [1, 2 — 9]. Debye first proposed

expanding the vector potential A and the scalar potentials U and V in his publication [10],
which is devoted to studying the behavior of light waves near the local point or line. Later, this
approach was used to solve the diffraction problems in the electromagnetic wave diffraction of
a sphere, a circular disk, and a paraboloid revolution [11 — 16], as well as for the diffraction by
spheroidal bodies in longitudinal and transverse waves [1, 17].

2. Characteristics of isotropic spheroidal scatterers

When Debye’s potentials are applied to problems based on the theory of dynamic

elasticity, it occurs as follows: the displacement vector U of an elastic isotropic medium obeys
the Lame equation:

(/ + dgraddivu - earlcuriu = -7u (1)

where: / and /77 are Lame constants, 7 is the density of the isotropic medium, and W is the
circular frequency of harmonic vibrations. According to the Helmholtz theorem, the
displacement vector U is expressed through scalar F and vector Y potentials as follows:
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u= grad Feurl (2)

Substituting E. (2) in E. (1), we obtain two Helmholtz equations, which include one scalar
equation for F and one vector equation for Y :

DF W FO: 3)

DY ¥ YO: (4)

Here h=w/ g is the wavenumber of the longitudinal elastic wave; ¢, is the velocity of
this wave; k, = w/ c, is the wavenumber of the transverse elastic wave; and c, is the velocity

of the transverse wave. In the three-dimensional case, the variables involved in scalar equation
(3) can be separated into 11 coordinate systems. As for equation (4), in the three-dimensional
problem, it yields three independent equations for each of components of the vector function

Y in the Cartesian coordinate system alone. To overcome this difficulty, one can use Debye’s

potentials U and V , which obeys the Helmholtz scalar equation as follows:
DV #’V & DU U 6 (5)

The vector potential Y (according to Debye) is expanded in potentials V and U as
follows:

Y =curlcurl(RU) +k,curl( RV), (6)

where R is the radius vector of a point of the elastic body or the elastic medium.

Let us demonstrate the efficiency of using Debye’s potentials to solve the three-
dimensional diffraction problems in the acoustical diffraction of an elastic spheroidal shell. The

advantage of the representation (6) becomes evident, if we take into account that potentials V
and U obey the Helmholtz scalar equation. It is convenient to represent components of Y in
the spherical coordinate system by expressing them through U, V , and R and then, using
vector analysis formulas, to change to spheroidal components. The expressions for spherical
components of the vector function Y ( Yr, Y,, Y) in terms of Debye’s potentials take the

following form [1]:

Yo =/ RACBR A2 KR TWR( 1B Jalh | iRl " B 1) ()
(Wx/ B B yu( *+r@d)( B ) w¥ g

Yo Ak & AN e )(e/ BCCBE W (o )0F TuB(1B po) u (8)
(we/ B # )@°B/L yueu/ B/ W B u( B R )
B/ m( *W Rpuik(sin YH VI

Y, A 1 A%sin g /pR(KB/ po X/ BOAB 1) b )
[/ ML )+ A g )

B=hx* 41 #)"U; 1- £ LT + x ¢ (10)
Spheroidal components of the function Y (Y,, Y, Y) are expressed as follows [1]:

Y, = Xh/hx(k x Y2 £hY h)( P b, S A ) (11)
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Y, = Yh/h)h(x = % gy h) Pxa % 1 g (12)

hX:h)(Xz _ /"7)1/2( 2X]:)1/2; h’7 :(XZ _ /”7)1/2(1 _201/2. (13)

Let us consider a scatterer in the form of an isotropic elastic spheroidal shell (Fig. 1). All
potentials, including the plane wave potential F, the scattered wave potential F, the scalar

shell potential F,, Debye’s potentials U and V , and the potential F, of the gas filling the
shell can be expanded in spheroidal functions:

Fo 28 876Sm(G, HS(G (G oo m (14)
FL =28 8By, Su(G/) (G Heosm, (15)
F, =2é0n§[0m,ﬂi)n(0“)() 0, R2(C, A Sa( G )sos m; (16)
F, :Zéoé‘Em'”R&)”(g’X)_sm( G, hcosm (17)
U= Z%nam[anRf}])n (Cox) 4G, R2(C, X $n( G )&in m; (18)
v =2§On§[Hm,nF<?n<Cpx) H, R2(C, ¥ Sun( G )bos m, (19)

Snn(Co./1)represents the angular spheroidal function; RY.(G,x), RZ(C,x), and
R® (Cl,X) represents the radial spheroidal functions of the first, second, and third kinds
C =hh; C =kh; C, =kh, K is the wavenumber of the sound wave in the liquid; C, = k h,
k; is the wavenumber of the sound wave in the gas filling the shell; h, represents the half-focal
distance; B_ _,C

m,n? m n? mn’

Eon FonGmn Hmpand 1 are unknown expansion coefficients.

m,n?

Expansion coefficients are determined from the physical boundary conditions present at
two surfaces of the shell (x, and Xx; see Fig. 1) [1]:

- The continuity of the normal displacement component at both of the boundaries x;
and x;;

- The normal stress on the outside boundary of the elastic shell is equal to the sound
pressure in the liquid (x;) and the normal stress on the inner boundary of the shell is

equal to the sound pressure in the gas (x,);
- The absence of tangential stresses at both of the shell boundaries, x; and x;.
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Fig. 1. The elastic spheroidal shell in a harmonic plane wave field

The corresponding expressions for boundary conditions take the following form [1]:

)W 0 F DFOFC pF (W)K /T hy) W/ Xh -, (20)
M)MEL A (B ok FY AT e, 1, 0 B p 21)
IR+ F sht, ElRh)Ch) b, ) (4, )] (22)
-l R = A, R2 i h) T h ) pCh) (+ul )l (23)
O0=(h, /b)) x)(u /h), (R0 W B) -y & (24)
O=(h /h)( K x)u /h), (RL0)GT WW B) - &, (25)

whereh, = hx* DY@ -A)Y% 7 o 1s the bulk compression coefficient of the liquid and /,is
the bulk compression coefficient of the gas filling the shell,

ue=(h) (A xp ()0 BCh ) (Y i hp )
u, =(h) (R F A ()17 Mh) (Y dehp i (26)
u =(h)"(uHA /() C 7 Khy,) (Y Yohp )

The substitution of series (14)—(19) in boundary conditions (20)—(25) yields an infinite
system of equations to determine the desired coefficients. Due to the orthogonality of the
trigonometric functions, cosny and sinny , the infinite system of equations breaks into

infinite subsystems with fixed numbers, M. Each of the subsystems is solved using the
truncation method. The number of retained terms of expansions (14)—(19) is increased with a
greater wave size for the given potential.

The solution to the axisymmetric problem of sound waves diffraction from elastic
spheroidal bodies has been presented in [2, 3], and [1, 8, 9].
The characteristics of the prolate gas-filled shell were calculated for two angles of irradiation:
g, =0° and g,=90C. In a different scale, Figure 2 presents the modules of the angular

characteristics of the |D(q)| scattering of a steel prolate gas-filled spheroidal shell (curve 1), a
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soft prolate spheroid (curve 2), and a hard spheroid (curve 3) impacted by the sound wave at an
angle of g, =0°, where C, =1,0.

120 [D(0)] 60

180°

907, |D(6)|
120 60

120 60
90°
Fig. 3. Modules of the angular Fig. 4. Modules of the angular
characteristics of spheroidal scatterers. characteristics of spheroidal scatterers.

Figures 3 and 4 present the same angular distributions, but (Ci is the wave size) C, =3,1
(for the elastic shell), &, = 3,0 (for the ideal spheroid), and C, =10, O (for the ideal spheroid).

The notations of the curves for all three figures are identical. An analysis of the results shows
that for an angle of g, =0° and a wave dimension of C =1,0 (see Fig. 2), the angular

characteristic of the elastic shell is similar to the characteristic of the hard spheroid. When
C, =3,1 and the irradiation angle of the impact is equal to g, =0°, the situation becomes

indeterminate. The angular characteristic of the shell has a dipole character at the hard spheroid
(see Fig. 3). In parallel with the increase of the wave dimension C,, the character of the sound

scattering from the shell remains complicated (see Fig. 4). In the lit region, the characteristic is
|D(q)| in the hard spheroid but, in the shaded region, it is nearer to the shade lobe of the soft

spheroid than the shadow lobe of a hard spheroid. From known angular characteristics of
D(q, ), the relative backscattering of the cross-sections (s,) from the elastic spheroidal

bodies can be calculated [1].
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Fig. 5. The relative backscattering of prolate spheroid cross-sections.

Figure 5 presents the mathematical term for the relative backscattering of cross-sections
s, of prolate spheroids with a semi axes correlation of 1:10 (x, =1,005), which are impacted

by the sound wave at an axially symmetric angle of irradiation (g, =0°). The behavior of the
solid elastic spheroid is very similar to that of the ideal hard scatterer. This is seen through a
comparison of the angular characteristics D(g, j)in steel and ideal spheroids. This is a
coincidence and can be observed everywhere, with the exception of the resonance point,
C =7,4. This resonance is called a Rayleigh surface wave [1]. At a wave dimension of C=
7,4, the surface contour of the continuous steel prolate spheroid is 2,5/, where / is the length
of a Rayleigh-type wave. The velocity of the wave c, is equal to 2889 m/s; however, on the

planar boundary of the steel-vacuum, the velocity of the Rayleigh wave is equal to 2980 m/ S
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Fig. 6. The relative backscattering in the cross-sections of oblate spheroids.
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Figure 6 presents the relative backscattering in the cross-sections s, of oblate spheroids
with a semi-axes correlation of 1:10 (x, =0,1005) when, through an axially symmetric angle
of irradiation g, =Q°, the notations coincide with Figure 5. This will occur until the resonance
of the zeroth antisymmetric-flexural wave (C © 5,3) s, of the steel oblate spheroid is closer to
the s, of the soft spheroid. Whereas for C >5,3, it approaches the s, of the hard spheroid,

although the angular characteristic
D(q) obtained for the elastic spheroid at g, =0° is for any wave size C close to the

angular characteristic D(g) of the hard spheroid.

24

10

]
4]

Fig. 7. The relative backscattering in cross-sections of the prolate spheroidal scatterers.

Figure 7 presents sections s, of prolate spheroidal scatterers. The steel prolate spheroid
irradiated by the sound wave at an angle of g, =90° has the resonance of the surface wave with

the same meaning C= 7,4 (see curve 2, Fig. 5) [1]. The same section of the scattering s, of

the steel continuous spheroid (curve 3), which is irradiated by the sound wave at an angle of
g, =90, is visibly closer to the s, of the hard spheroid (curve 4) in comparison with the s,

of the soft spheroid (curve 5). This similarity in the scattering properties of continuous elastic
and hard spheroids was also shown in the angular characteristic D(qg, j). The frequency

dependence of the relative section s, in the prolate spheroidal shell (curve 1) irradiated by the
sound wave at an angle of g, =0° shows the presence of considerable resonance by C =6,75
[1,2,8,09].

Figure 8 shows the modular uses of angular characteristics |D(q)| in prolate spheroidal

scatterers. Curve 1 is the steel, gas-filled shell with a wave dimension C =6,75 that
corresponds to its resonance. Curve 2 is a soft spheroid, while curve 3 is a hard spheroid. For

all ideal spheroids, the wave size C is equal to 10,0. From the comparison of the three curves,
we can see that the shaded lobe of shell’s angular characteristic is shown as the “soft
background”, but the lobe of the backscattering is shown as the “hard background”.
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Fig. 8. Modules with the angular characteristics of prolate spheroidal bodies.

Table 1.
S, at an angle of g, = 90"
Wavesize 8 ["Spheroidal gas-filled shell Hard spheroid Soft spheroid

X, =1005075 x, = 1,005 X, =1005 X, =1005
0,5 0,3012-10 0,2452-10° 4,506
1,0 0,4748-107 0,3908-107 4,760
1,5 0,2365-10! 0,1965-10! 5,194
2,0 0,7354-10"! 0,6147-10"! 5,748
2,5 0,1751 0,1479 6,300
3,0 0,3470 0,3006 6,754
3,5 0,6068 0,5418 7,094
4,0 0,9736 0,8911 7,358
4.5 1,447 1,362 7,592
5,0 2,014 1,960 7,815
5,5 2,599 2,680 8,029

The relative backscattering of the cross-section s, of a spheroidal shell irradiated by a
sound wave at an angle of g, =90° was calculated for a wave size ranging from C= 0,5 to
C =5,5. The meanings of the s in a shell is very similar to the s, in a hard spheroid; it is

worthwhile to compare these sections in tabular form. As can be seen from Table 1, the angle
of the shell’s irradiation with wave sizes ranging from C=0,5 to C =5,5 indicates a “hard

background” to the scattering. This is what we can see from a comparison of the angular
characteristics of the scattering D(qg, )).

3. Characteristics of anisotropic spheroidal scatterers

Let us turn to an anisotropic (transversal-isotropic) spheroidal scatterer. A transversely-
isotropic medium 1is characterized by five elastic moduli: A, A,, As, A, A,,. Hooce’s

generalized law for such a body is written in the form [18, 19]:
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é

s, =A,e tA e +A&39x;%
sszis(eh"'E})"'Assex; %
L= AL, %J
Ly i= PGy 1
1 !
_E(A.u' AJ.Z)gh/’ ;,/
where: 5,,5,,5;,t, 4t ;l,; —are the components of the stress tensor, €,,6,,€ ,G, yG, G, —

are components of deformation, which, in turn, are equal in spheroidal coordinates:

thh fu,;e, =(h,)™ ﬂE+(hth) ﬂ%ﬂ - (28)

e :(h/) U/ +(hh) ﬂﬁﬂu +(h/7h/)_1ﬂ&ﬂuh;
104 W

K 1 H
g = (h)'h, 1— (hn)+(hh) h, ﬂph(h)
— -1 MY -1 MU
9.,=(h,) hj'ﬂa(h—/)““(f}) hXﬂU/(hX)’

— -1 oY -1 SRV
9,;=(h,) h,"ﬂm(ﬁ)ﬂh/) hh‘ﬂg(h—:),

There are two orientations of such an anisotropic spheroidal scatterer for which the
characteristics of an isotropic spheroidal body, in this case, the elastic moduli in the plane of
1sotropy of transversely isotropic scatterer will coincide with the elastic moduli of isotropic

body.

angle of incidence g, = 90", viewing angle g is also 90, and the planes of isotropy
of the anisotropic spheroidal scatterer are perpendicular to the axis of rotation Z (see
Figure 1), thus curve 3 of Figure 7, depicting the relative backscattering in the cross-
sections S, will be common for a prolate steel spheroid and the corresponding
transversely isotropic spheroid;
at an angle g, = 0%(axisymmetrical problem), the planes of isotropy of an anisotropic
body correspond to the condition/ =constand contain the axis of rotation Z. Curves
with number 2 in Figures 5 and 6, characterizing the dispersion S, of steel spheroids,
will coincide with the corresponding anisotropic scatterers. Curve 1 refers to a steel
gas-filled shell and at the selec- ted irradiation angle g, =0"will have an anisotropic
analogue with the same characteristic. An analogous coincidence Awill be observed
for the modulus of the angular scattering characteristic | D(g)| (curve 1 of Fig. 8,
=0".Axes 1 and 2 lie in the plane of isotropy, and axis 3 perpendicular to this plane
(for both orientation).

In the process of writing the article, the following works were also used [20 — 26].
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Abstract

In this paper we investigate the performance of some known background subtraction methods using temporal
averaging. The goal is to use these methods for motion detection in traffic videos filmed under difficult observation
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N3cienBane Ha eTeKLIUs HA JBHKEHHE ¢ BPEMEBO OCPeAHSIBaHe
IIPH 3aTPYIHEHH YCJI0BHUSI HA HAO/II0IeHHe

bopuc HUKOJIOB, Hukonait KOCTOB

1. BLBenenue

CBBpEeMEHHUTE CHCTEMH C HMHTEIUTCHTHO BHUICOHAOIIOJICHUE W3IOJI3BAT METOJH 3a
aHaJIU3 Ha TOJIBIKHUTE U300paKeHUsI M OTKPUBAHE HA MOJBIKHU 00ekTH. [ToBeueTo moxBaTu
3a OCTCKOHUA Ha ABWXCHHUEC ITOKA3BAT 3a40BOJJIUTCIHHU peBYJ'ITaTI/I HpI/I I[O6pI/I YCJ'IOBI/U[ Ha
HaOII0/IeHUE: BUCOKA U TIOCTOSTHHA OCBETEHOCT, 100pa BUANMOCT u ap. [IpenusBukartencTso
obadye ocTaBaT CHUTYallMWTE IMPU 3aTPyJHEHU YCIOBUS HA HAOJIOJCHUE, KBJETO TPEIIHO
MO3UTHUBHUTE JIETEKIIMU Ca CHJIHO 3aBUIICHH, a YyBCTBUTEIHOCTTa KbM PEATHO MOJIBHKHUTE
00€EKTH € HaMaJjeHa.

2. U3ciaeaBanu MeToIH

B HacTosmoro u3cnenBane ca u3bpaHu YETHPU METOA, U3MOI3BAIIN OOIIUS TPUHITUTT
Ha (DOHOBO W3BaXKIaHE, HO M3IOJI3BAIIM PA3IMYHU PEKYPCUBHU (PHIITPH 3a MOJCIUPAHE HA
donoBus mojen. [IepBusT meron e npeaioxer ot Heikkila u Silven [2] u u3non3Ba moctossHHA
CKOPOCT 3a OIpecHsIBaHe Ha (oHa:

By =@y €1 9By (1)

KBIETO: lixy) € CTOMHOCTTa Ha SPKOCTHMSI CHUTHAJ HAa BCEKHM IMUKCENT B TeKyll Kaabp t ¢
koopauHaTh ( ~ ,,a ERoeduIueHT onpeaesnsil CKopocTTa Ha OOHOBsIBaHE Ha (DOHOBUSI MOJIEII.
CroitHocTuTe Ha a Bapupat ot 0,01 o 0,1.
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CTOHHOCTTa HA BCEKH MUKCEI OT TEKYIIUAT Kaabp ltxy) c€ u3Bakaa oT (OHOBHUAT MOJIEI
Btixy)-
B

(xy) Pi(xy (2)

[TonyuaBa ce pasimka Dyxy), 4MsITO abOCOMIOTHA CTOMHOCT CE€ CpaBHSBA C Mpar Ha
4yBCTBUTEIHOCT, 32 J]a C€ B3EME PCLICHHUE 1A ChOTBETHHST TUKCE CE € OTKIJIOHIII IIPEKAICHO
MHOT0 OT oOHMuaifHaTa CH CTOMHOCT M NMPUHAIUICKHU Ha TOABHXKEH 00ekT. B pesynrar ce
dbopmupa uzobpaxenne Myxy) bopmupano ot aBe HuBa Ha sipkoctTa, 0 U 1. Te chOTBETHO
IpE/ICTABIISABAT MUKCEIM HA HEMOBM)KHU M Ha MOABMKHU 00ekTH. ToBa N300pa)keHHE YecTo
ce Hapuya n300pakeHHe Ha mpeaHusaT miaH. Kinacupukanusara ce W3BBPIIBA MO ClIEAHATA
3aBUCHMOCT:

_féO, Dt(x,y) ¢cT

|U|t |
(X' ) I I ) I
" T M) >

©)

KBACTO U € npar Ha 4YyBCTBUTCIIHOCT, CJIIMMUHHPAIL] BIUAHUCTO HA IIyMa B I/I306pa)KeHI/ICTO.

HenocraThbk Ha TO3M METO/ € OaBHATa aJanTalysi KbM PE3KU MIPOMEHH B OCBETEHOCTTA
Ha ClleHaTa Ha HAOJIOJICHHME M CPABHUTEIHO CIa00TO HEYTpalM3MpaHe Ha CMYIaBalld
JIB)KEHUS BBB (DOHA.

CrneaBamuar u3cieaBaH METO/ € MPEAJIOKEH OT aBTOPUTE HA HACTOSIIATa MyOIMKaIHs,
Huxoinos u Koctos [1]. Paznukara ¢ pasriieanus mo-rope MeTo € MoJIeIbT 3a TeHEpUpPaHe Ha
¢dona:

By = LDy iy {1 -0 (@ 4)

kbaeTo: C e mapaMeTsp, ONpeseNsll Mopsabka Ha o, B € KoeHIUeHT Ha ajantanus. B
3aBUCHMOCT  OT  YCJIOBUsATa HAa  HaOIOJCHHE Ci (0.1 - ZI) , bi (0.03 - O.E).

Dnt(x,y) € HopMupaHaTa abCOJIIOTHA CTOMHOCT Ha pa3jMKara:
-B
Y

_ [Ny
Nt(xy) — N

t(xy) ‘ (5)

D

kbs1eTo N e OposiT Ha HUBaTa HA KBaHTYBaHE HAa BUJCO CUTHAJIA.

Tpertusar uzcnensan meron e npeanoxkeH ot Koller u Weber [5]. B Texnus Bapuant Ha
aJIrOpUTHhMa CKOPOCTTa Ha ONMPECHsBaHe Ha ()OHA 3aBUCH OT TOBA JAJIM ChOTBETHUST IMUKCEIN €
KiIacupUIMpaH KaTo TpeleH IJaH. ABTOpUTE MpeiaraT o Ja MpueMa JBe AUCKPETHU
croitHocTH — 0.01 m 0.1. [IpaBunoTo, Mo KoeTo ce onpecHsBa (GOHOBUAT MOJIEI, € CICTHOTO:

Bt+1(x,y) = Bt(x,y) (al(l Mt(x;)) qM(x))) q (6)

MaKap " C IBC CTCIICHU Ha aJalITUBHOCT TO3U METOJ € OIrpaHUYCH OT MAKCHMaAJIHA U
MHHHUMAaJIHa CKOPOCT Ha OIIPECCHABAHEC Ha CbOHOBI/ISI MOICII.

YeTBbpTUAT U3CIEABaH MeTO € npeasiokeH ot Ha u Lee [3], npu koifTo onpecHsIBaHETO

Ha (oHa By, cTaBa caMO aKO HE € PErHCTPUPAHO [BWIKCHUE IPH TEKYIIHMS MUKCEIL.
[IpaBuI0TO, MO KOETO CE OMPECHSIBA (POHOBUAT MOJIEI € CIICHOTO:
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(7)

B _fé(l 'a)Bt-l(x,y) d,y My O
t(x,y)_l[

B i) My yxy =

KbAETO: lt(xy) € CTOMHOCTTA Ha SIPKOCTHHS CHUTHAJ] HA BCEKH IHMKCEJI B TEKyI Kaabp t ¢
koopauHaT ( ~ ,MZiky)e CTOHHOCTTA Ha MPEIHUAT TUIAH HA H300PaKEHUETO B TIPEIXOAHUS
kaabp t-1 ¢ koopaunatu ( ~ , 2) .

3. ExcnepuMeHTAJHM U3CJIeABAHUS
3.1. H3cneoseanu cyenapuu nHa 3ampyoHeHU Ycia06UA HA HAOII00eHUe

Thit kKaTO HaAK-POOIEMHH 3a METOAMTE 33 aHAIW3 Ha BHUJEO Ca CIIEHUTE, 3aCHETH MPHU
c1abo OCBETJICHHE, B HACTOsIIaTa MyOIMKaIUs ca U3CIeIBaHN TPU Cclydyasl Ha BUJEO 3alKC OT
CUCTEMH 3a BHJICO HaOmroAcHWE Ha Tpadwuk, 3acHeTH mnpe3 HomTa (Dwur.l). OpurnHanHara
pa3zeNuTeNHa CIOCOOHOCT € BHCOKAa, HO 3a CaMOTO H3CIIEJIBAaHE € HaMmajeHa ¢ Lel
Obp30jeiicTBHE HA aHATIN3A.

311 tshndzj ¢ so Odzj ¥

[TbpBUSAT 3amKc OKa3Ba aBTOMOOWJIM B JBM)KEHUE MPH CUJICH CHETOBAJICK. 3alMChT €
MPOIBIDKUTEITHOCT 7CeK., pa3aenuTeliHa crnocooHoct 640 Ha 360 mukcena u KaapoBa 4ecToTa
25 kan/cek.

3121 sidzOo tsH dzj dad |

BTOpI/ISIT 3aIIuC IIOKa3Ba aBTOMO6I/IJ'I B JIBUXXCHUC HpI/I HAaBOJHCH II'bT W HAJINYUEC HaA
OTOJISICHLIM OT YJAMYHO OCBETIEHHE. 3amUChT € MPOIBLDKUTENHOCT 10cek., paszaenurenHa
criocoOHocT 640 Ha 360 nMuKcena v KaJapoBa YecToTa 25 Kaj/cex.

313 shslse dzv i yd

Tpetusar 3ammc moka3Ba Ipyma aBTOMOOWIM B JABIMJKEHHE MpH AbXKA. Hamuyaum ca
OTOJISICHIIA OT CBETJIMHM M MBJIHUHU. 3alUCHT € MPOIBIDKUTEIHOCT 7CEK., pa3JeiuTeIHa
cnocobnocT 640 Ha 360 MuKkcena u KaJpoBa YecToTa 25 Kaj/cex.

a) Houi-cHeroBanex 0) Hom-naBogHeHne B) Homr-ot6sachiin

@ur.1. Kaapu ot u3ciieiBaHNTe BHI€EO0 3alMCH.
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2.2. I100x00 na uzcneosanemo

3a oTUMTaHE Ha YUCIICHA OLIEHKA 32 Ka4eCTBOTO Ha JIETEKTUPAaHE Ha MOJIBUKHU OOCKTH €
uznon3Bad napamerspbT F [4]. Toll mnoka3Ba Bpb3kara MEXAYy NPELU3HOCTTa U
YYBCTBUTEIHOCTTA U € MSPKa 3a TOYHOCTTA M Ka4eCTBOTO Ha OLIEHSBAHUS METOJ 32 JACTEKIIUS
Ha JBW)KEHHME B IOJBWKHHU H300paxkeHus. Jpyr u3Noi3BaH NapaMmeTsp € ollepaTUBHATa
xapakrepuctuka Ha npueMHuka ROC (Receiver Operating Characteristic), KosATo
IpeJICTaBIsiBa KpHBa, ONKCBAllla Bpb3KaTa MEXAY HOPMHpaHa CTOMHOCT Ha BSIPHO
no3utuBHUTE — TPR W HOpMupaHarta CTOMHOCT Ha TIpemrHO MO3UTHUBHUTE mnukcenan FPR.
CamuTe u3cienBanus ca MpoBeJeHN B cpeata Ha Matlab, kato nzobpakeHusTa 3a mabioH Ha
MCTUHHOCT Ha MPEAHUST IIJIaH ca 00pabOTeHH PHUHO.

3.3. Pesyimamu

Ha ®wur.2 ca mokazanu BU3yaJlHUTE PE3YJTATH 33 €IMH M ChIIIM MOMEHT OT BPEMETO IIPH
YEeTHPHUTE U3CIICABAHN METO/Ia 32 TPUTE CLieHapus Ha HaOmoaeHne. Hali-oueBuaHusT mpodiem
€ TOJIeMHUAT OpOil Ha TPEIIHO TO3UTUBHUTE IMHUKCEIH, MPUYUHEHH OT BHCOKHUS KOHTPACT Ha
OTOJISICBLIUTE U MIPOMEHUTE B YJIMYHOTO OCBeTIeHHE. To3u mpobieM ce U3MepBa YUCIEHO C
napameTbpa False Positive Rate (FPR), koiiTo Moxke 1a Ob1e nmpocieneH Ha ¢ur.3.

h e ™ e ¥ 7o e
SR w ) o Heikkila, Silven | ~ . _ o 7o 5 | . Kaoller, Weber Ha, Lee

e e

®ur.2. BuzyaaHo npejacTaBsiHe Ha pe3yJTaTHTe HA YeTHPHTe U3cJeBaHN MeTo/a IPH TPUTE ClleHAPUS
Ha HaOaoaenne. Ot rope Hagouy: Hom cHerosajex, Hour naBoanenue, Homr oTéasicbuu.

Ha ®wur.3 ca moka3aHu onepaTUBHUTE XapaKTEPUCTUKU ca TPUTE U3CIIEIBAHU CLIEHAPUS
Ha HaOJIr0IeHNe, ChOTBETHO CPABHEHO 3a YETHPHUTE M3CIIeIBaHU MeTo/a. PasmonoxkeHnero Ha
XapaKTepUCTHKaTa B TOPHUS JISB BI'bJ MOKA3Ba MO-TOIsIMa TOYHOCT HA JETEKIUATa Ha 00EKTH.
[Tpu ciiydanTe Ha HaOMIOACHHE MPU CHETOBAJIEXK U OTOJSACHIM, Hail-T0OPH pe3yaTaT oKa3Bat
metoaute Ha Heikkila u Silven [2] u Hukomnos u KoctoB [1]. [Ipu ciiyuas ¢ HaBoiHEeHaTa yauIa
MaJjko mo-moope ce mpencrassat metoaute Ha Koller u Weber [5] u Ha u Lee [3].

O06o0menuTe pe3yaTaTH ca noka3anu B Tabmuma 1, KpAETO U3CIIENBAaHUTE METOIH Ca
CpaBHEHH 110 OTHOULICHHWE Ha KOMIUIEKCHHUS MapaMeThp 3a KauecTBO Ha JIETEKTHPAHETO Ha
obektu F. OT pe3yararute ce BIK]a, Y€ HE MOKeE J1a ce u30epe yHUBEpCaIeH METO, IPU KOUTO
Jla ©Ma BHCOKHM pE3yATaTH MpU BCSIKO M3MEpBaHE. 3a Ja HAlpaBUM KOMIUIEKCHA OLIEHKA €
HaIpaBeHO OCpPEIHSIBaHE HA PE3YJNTATUTE, OT KOETO € BHIHO, Y€ JBa OT METOJIUTE MMaT
HUIIIO’KHA TPETHUHA TIPE]] OCTAHAJIHTE.
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®ur.3. ROC xapakTepuCTHKHU Ha TPUTE U3CJIeIBAHH CLICHAPHUS Ha Ha0JI0JeHue.
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Tadauua 1. O0001eHH pe3yaTaTH 32 MAKCUMAJIHATA NPOU3BOAUTETHOCT HA U3CJIeIBAHUTE

MeTOoaH
F mapamersp Meron
Heikkila, Silven Huxkoios, Koller, Weber

Bugeo 2] Koctos [1] Ha, Lee [3] [5]
Hour cueroaiex 0.465 0.4737 0.3772 0.4418
Hou HaBogHEeHME 0.4567 0.4775 0.5595 0.5419
Horx orOmsacem 0.3569 0.3517 0.3569 0.2938

CpenHo 0.4262 0.4343 0.4312 0.4258

3a onTuManHaTa paboTa Ha METOJMTE 3a JCTCKIMS Ha JBMIKEHUE, U3IT0I3Bal (JOHOBO
OCpeIHsIBaHE BHB BPEMETO, € BAXHO Ja ObJIAT MOAOpPaHH MOIXOISIIA PAaOOTHU MapaMeTpH:
mpar Ha YyBCTBUTENIHOCT, KoehuUMEeHT Ha ajgantauus u ap. B Tabmuna 2 ca mokazaHu
MPENOPHYUTEIIHUTE CTOWHOCTH 32  UYETUPUTE  HW3CIEIBAHM  METOJld, YCTAaHOBEHH
€KCIIEPUMEHTAITHO.

Tabumuna 2. OnTUMaJHU CTOIHOCTH HA MapaMeTPUTe 3a HACTPOHKA HA M3CJIeIBAHUTE METOAH

Heikkila, Silven Hwukonos, Koctos [1] Ha, Lee [3] Koller, Weber
(2] [5]
o T b C T o T T
Hor cHeroBanex 0.04 24.00 0.06 0.30 24.00 0.06 20.00 27.00
Hour HaBoiHeHUE 0.06 28.00 0.01 0.30 36.00 0.04 37.00 32.00
Hormur or6ssichim 0.04 29.00 0.03 0.30 33.00 0.04 30.00 33.00

4. 3akaoyeHue

B nacrosimus noxnaz 6s1xa pasriieiaHd HAKOM celn(pUyHM yCIOBUS Ha MPHIIOKEHUE Ha
JETEeKIHs Ha JIBUKEHUE upe3 (POHOBO M3BaXKIAHE.

Kareropuuen u3Boj 3a ToBa KO OT W3CJIEIBAHUTE MOJIENIN € Hali-yCTOMYUB HE MOXKE Jla
ce Jaje, 3ali0TO MPOU3BOJUTEITHOCTTa UM Bapypa 3HAYUTEIHO MPH Pa3THYHUTE KPUTHIHH
creHapuu. ToBa, KOETO H3CIIEBAHETO KOHKPETH3Mpa M 3aTBbp)KJIaBa, ca IPOMEHJIMBHUTE
napamMeTp Ha HaCTPOﬁKa Ha BCEKH €IHUH OT H3CIICABAHUTE MOICIIHN. BT)HpeKI/I Pa3IndIHUTEC
CIIeHapuM Ha HaOJIOJIeHWE M YETHPUTE MeTOoJa IOKa3BaT MaKCHUMajHH cToiHocTH Ha F
napaMerbpa Mpu MHOTO ONM3KK cBOM paboTHU mapamerpu. ToBa e 006o0mieHo B Tabiuia c
NPENOPBHUUTENTHH NTapaMeTpy 3a BCEKH U3CIIEIBaH MOJIEI.
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Hacoxure 3a 6baema paboTa ca 3a1b1009aBaHETO Ha U3CJICIBAHUATA C JOITBIHUTEITHU
TECTOBHU BUACO 3allMCH U HOI[O6pHBaHe aJII‘OpI/ITBMa Ha aBTOpCKI/ISI METO/ 3a ACTCKIIUA Ha
JIBUKCHHE C JIallTUBHO (DOHOBO OIPECHsBaHe, pa3pabOTeH OT aBTOPHUTE Ha JIOKJIA/Ia.
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Flat Fresnel Antennas with Elliptical Zones
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Abstract

Fresnel antenna focusing systems consist of discrete components that coincide with the Fresnel zones on the
surfaces where they are located. They can be compatible with existing surfaces and therefore be conformal, which
is one of the significant advantages of antennas of this type. In planes inclined to the transmitter-receiver line, the
Fresnel zones are elliptical. When using surfaces of limited size remoted from the transmitter-receiver line, only
parts of the Fresnel zones are located on them. For more efficient use of surfaces in this case the article explores
variants of Fresnel antenna designs in which the irradiator is directed to a suitable point on the surface and not in
the direction of the maximum of the antenna radiation pattern.

Keywords: zone plate lenses and antennas, Fresnel antennas, elliptical Fresnel zones

Ilnocku ppeHeI0BH AaHTEHM € eJTMNITHUYIHU 30HH

Jio6omup KAMBYPOB, Antum MOPJJAHOB
1. YBoa

dokycupaluTe CUICTeMH Ha (PPEHETOBUTE aHTEHHU C€ ChCTOST OT AUCKPETHU ChCTABSIIH,
CHBITAJIAIH ChC 30HUTE HAa DpeHen BbpXy NOBBPXHOCTUTE, KBAETO Te ce pasnoinarar [1]. Tesn
dokycupamy cucteMu MoraT Ja ObJaT ChbBMECTEHH ChC CHIIECTBYBAIIM MOBBPXHOCTH M
cJe10BaTeNHO (PpeHeNoBUTE aHTEHH Jia ObAaT KOHPOPMHU [2], KOETO € €THO OT CHIIIECTBEHUTE
UM IpeauMcTBa. B moBeueTo ciaydyau npu NpakTHYEeCKOTO M3I0JI3BaHEe Ha ()PEHETOBU aHTEHU
(oKycHpaImuTe UM CHCTEMH C€ pa3IojiaraT BbpXY IJIOCKOCTH, KOUTO HE Ca MEePIeHINKYISIPHU
Ha JIMHMATA NpeJaBaTel-MPUEMHHUK, KOraTo Te C€ IoJydyaBaT aKCHaJHO CHMETPUYHH,
TpaHUIUTE HA (prHCJ'IOBI/ITe 30HHU NPEACTABIIABAT OKPBIKHOCTH 1 MAKCUMYMBT Ha JUArpaMuUTC
Ha HACOYEHOCT Ha aHTEHUTE € NEepIeHIUKYIsIpeH Ha amperypara uM. [Ipu muiockocty,
HAKJIOHEHU CIIPSAMO JIMHUATA IpeaBaTeN-MPUEeMHHK, (PPEHETOBUTE 30HU Ca €TUNTHYHU [3].
[Ipy wu3mON3BaHETO HAa TMOBBPXHOCTH C OTrPAaHMYEHHM pa3Mepu (HampuMmep Mpo30pln),
OTAAJICUCHU OT JIMHUATA MPCAABATCI-IIPUCMHHUK, BHPXY TAX CE€ pasnojarat camMo 4acTh OT
¢bpenenoBuTe 30HU. 3a M0-e()eKTUBHO M3MOJI3BaHE HA TAaKMBA MOBBPXHOCTHU B TO3MU CIy4ail B
CTaTusiaTa CC€ PpasrjicKIAaT BApHAHTH Ha KOHCTPYKIMKU Ha q)peHeJ'IOBI/I AHTCHU, IPHU KOUTO
o0TbYBATENAT € HAaCOYeH KbM IOAXOJINAa TOYKAa Ha TOBBPXHOCTTa Ha pasloyiaraHe Ha
doxycupaiara cucreMa, a He B mocokara Ha Mmakcumyma Ha JIH Ha anTenure. Pasrnexna ce
BB3MOKHOCTTa 3a (popmupane Ha JIH c m30paHa mpou3BoiHA MOCOKAa HAa MakCHMyMa IpU
MIPOM3BOJHO B3aMMHO pAa3MOJOXKEHHWE Ha OOIbuUBaTeNsl U IUIOCKOCTTa Ha paslojaraHe Ha
¢dokycupaiara cuctema.
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2. Kondurypauus u opasMepsiBaHe

Wpesra 3a ch31aBaHETO HA aHTEHU OT (DPEHEIIOB THII € TSACHO CBbp3aHa C IPUHIUIA HA
Xroiirenc-Openen u 30oHuUTe Ha OpeHen. 3oHHMpaHATa IJIACTHMHKA (OKycHpa MOAOOHO Ha
cbOupaTelHa Jiela, Ho He IPEHAcoYBa eJIeKTPOMarHUTHOTO I0JI€, @ OTCTPaHsABA T€3U YaCTH OT
BBJIHOBHS ()POHT, KOUTO MMAT JAECTPYKTHBEH XapaKTep B TOukaTa Ha mpuemane. ChIIIacHO
METO/MKATa 3a opa3MepsiBaHEe Ha (PEHENOBU aHTEHU ¢ (POKYCHpAIlld CUCTEMHU, Pa3OI0KEHH
Ha HAKJIOHEHM MOBBPXHOCTU CIPSAMO JHMHMSTA NpeAaBaTes-IPUEMHHUK, NpeuiokeHa B [3],
rpaHuLiaTa Ha M- TaTta 30Ha Ha @peHen ce onpeaess OT TOUKUTE, IIPU KOUTO pa3CTOSIHUETO OT
TOYKaTa Ha MpeJlaBaHe 10 TOUYKara Ha npuemane ((hokyca Ha aHTEHATa) € ¢ M IIBTH MOJIOBUH
IBIDKAHA Ha BbiHata Ml /2 MO-royisMo OT JUPEKTHOTO Pa3CTOSHUE MEXKIY IpeaaBarelisl u

MIPUEMHUKA.

OmnpenensiHe HA 30HUTE OT BBHJIHOBUS (PPOHT BHPXY Ja/ieHa MOBBPXHOCT, TaKa ue TS Ja
npuTexaBa (HOKycHpalIy CBOWCTBA, CJEll 3aCEHYBAHETO Ha YacT OT TAX, OM MOIJIO Ja ce
U3BBPIIHN U B [10-00I1KSA ClTydaid, KOTaTo MOCOKUTE Ha MakcuMyMa Ha JIH Ha obnbuBarens u Ha
aHTeHaTa He cbBmajaT. Heka pa3cTosHHETO OT 00JbUBATENS O TOYKaTa OT (OKycupalara
noBbpxHocT (T. O Ha ¢ur. 1) B mocoka Ha MaKCHUMATHOTO My H37Ib4YBaHe € (HOKYCHOTO
pascrosnue FC mHa antemara. ToraBa mombanuTenHoto (asoBo ormectane or 180 ce
ornpezesns HE CIpSAMO JAUPEKTHOTO Pa3CTOSIHUE MpeAaBaTel-IPUEMHUK, a CIPSIMO CyMara OT
(boKycHOTO pa3cTosiHue U pasctostuueTo oT T. O 10 mpeaaBaTers.
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®@ur. 1. Kondurypauus Ha 30HUpaHa aHTeHa: a) NOCOKATAa HA MAKCHMAJIHO U3JIbYBaHe Ha

06IbuBaTeIs M AHTeHATA ca B paBHuHaTa Y Z; 6) 06.1buBATENAT € H3BHH paBuuHata Y Z

Ha ¢wur. 1 ca mokazanm aBa BapmaHTa Ha pa3NOJIOKEHHE Ha OOIBYBATENS CIIPSIMO
(oxycupaiara cucrema Ha anteHaTa. HaganoTo Ha koopauHaTHaTa cuctema ¢ u3opano B . O
KaTo (hoKycupaiiara HoBbpXHOCT € B paBHMHaTa XY. OOnpuBarensir € B T. F Ha pa3crosHue
Fp 1o ¢okycupaiara moBbpXHOCT KaTo T. P e npoekuusTa Ha Gpokyca BbpXY IOBbPXHOCTTA.

C bm n rm ca 0003HaUYCHU pa3CTosHUATA OT IpaHUIaTa Ha IM-Tara 30HA JO HA4YaJIOTO Ha

KOOpJMHATHATa cucteMa u J1o ¢pokyca. Ha ¢ur. 1,a o0apuBaTensaT u mocokara Ha MaKCUMAaITHO
U3TbYBaHe Ha aHTeHaTa (bI'bJ &) ca B paBHUHATa YZ. brea ¢ € brbabT MEXIy HOpMajaTa
KbM TOBBPXHOCTTA U MOCOKAaTa Ha MaKCUMAaJIHOTO M3TbyBaHe Ha oOmpuBarens. Ha ¢wur. 1,6
o0JrbuBaTEISIT € M3HECEH OT paBHMHATa YZ KaTo mpoekimsata Ha orceukata FO Bvpxy
¢okycupaiara moBspXHOCT cKitoyBa ¢ octa Y brea d. B oOmms ciaydail mocokara Ha
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MaKCHUMAaJTHO M3 ThUBaHE HA aHTEHAaTa MOXKE J1a ObJie B paBHUHA, CKJIFOYBAIIA C paBHUHATA YZ
wI'bJI b . Da3zoBara pasivka Ha TpaHUIlaTa HA M- TaTa 30HA CE ONPEACIIs OT Pa3jIuKaTa B ITbTS

Im MCXKAY HCHTpaJIHUA JIbY U JIbY A0 TOUKA OT Ta3u I'paHUIIa.

CprinacHO MNpHETOTO YCIOBME 3a ONpEIENsHE TIpaHUIMTE Ha 30HUTE BBPXY
¢okycuparara NOBbPXHOCT € HEOOXOIUMO U3IIBIHEHUETO Ha CIETHOTO ChOTHOIIEHHE:

r.=Fc+l_+m /2. (D

C’BI_HO TaKa pa3CTOAHHUETO OT oOnbpUBaTens J0 I'paHdlaTa Ha M-TaTa 30Ha fm MOXKEC J1a

Ce OmpeJIeNy OT TCOMETPUYHH ChOOPaXKEHUS, B 3aBUCUMOCT OT KOHKPETHOTO Pa3IoOKEeHUE Ha
obOipyBaresst crnpsAMo (QoKycHupaliiaTa CHCTeMa, OT MPaBOBIBJIHUS TpUbI'bIHUK FPN.
['onemunara Ha |, 3aBucH oT mocokara Ha MakcuMyMa Ha /IH Ha aHTeHara.

3a xoH(uUrypanusATa Ha aHTEHHATa CHCTEMa, MpeJcTaBeHa Ha ¢ur. 1,a, TpaHULIUTE HA
30HUTE BBPXY (OKycupalara MOBBPXHOCT C€ IOJYy4aBaT OT PELICHUETO Ha CIEJHOTO
yYpaBHEHUE:

(Fp)* + [(Fp tang)’ +hb? + 2Fp(h_tangcos J (Fc+hb, sinacog +m /2)* =0, (2)
a 3a Ta3u, npeicTaBena Ha ur. 1,6, OT ypaBHEHHETO:
(Fp)® +|(Fptang)? +b2 +2Fp &, tangcosj - d)|- (Fc+b, sinacog +m /2) =0. 3)
B 0o0mmst citydaii rpaHULIMTE HAa 30HUTE CE OTIPENENIAT OT CIICAHUS U3pas3:

(Fp)? +|(Fptang)? + b2 + 2Fp t, tangcod] - d)|- (Fc+b, sinacodj +b)+ml /2 =0. “4)

3. Unc/ieHH eKCIePpUMEHTAJHHU Pe3yJTaTH

BapuanTuTe Ha u3cnenBaHUTE 30HUPAHU AaHTEHM ca IPEJCTaBeHH B Ta0. 1.

Tabauua 1. M3ciiefBaHH AHTEHHU KOHCTPYKIIUH

BI'bJI g° de a° b°
BapUaHT

1 0 0 0 0
2 15 0 15 0
3 0 0 30 0
4 0 0 30 20
5 15 0 30 0
6 15 10 30 0

Bapuant | npencraBisiBa kiacuyeckara Ijiocka (peHenoBa aHT€HA C MPbCTEHOBUIHU
30HU. BapuaHT 2 chOoTBETCTBA Ha (PpEHETOBA aHTEHA C €IMIITUYHU 30HH U ChBMAIAIIH IOCOKU
Ha MaKCHUMAaJIHO M3JIbYBaHe Ha oOibuBaTenst W aHTeHara. [lpu Bapuant 3 oOmBUBATENAT U
MIOCOKaTa Ha MaKCUMAaJTHOTO M3JI'bUBaHE ca B paBHUHaTa YZ KaTto oONBYBATENAT € HACOYEH
NepIeHIuKYIIpHO Ha poKycupamara cucreMa. [Ipu BapuanT 4 001pUBaTENST CHIIO € HACOUEH
NepIeHINKYIISIPHO Ha (poKycHpalaTa cuctemMa, Ho MakcuMyMbT Ha JIH Ha aHTeHaTa He JeXKHU
B paBHHHaTa YZ. Bapuant 5 choTBeTcTBa Ha (ur. 1,a. [Ipn BapraHT 6 1 00IpUBATEINAT HE JISKU
B paBHUHaTa YZ.

W3cnenBannte aHTeHHM ca KOHUTYpUpaHH C TMoMomTa Ha codryepa 3a
enekrpoanHammyno mozenupane FEKO. Pabornara yecrora ¢ 10GHzZ. TIpu Bcruku BapraHTi

45



BbB (OKyca UM € DPa3MoJIOKEH MHpaMuialieH pymnop ¢ oceBocumerpuyHa [IH, cw3maBain
oOpYBaHe B Kpas Ha amperypaTa B CpaBHEHHME C IIEHThpa NMpU KiacuyeckaTta (hpeHeoBa
antena — 10dB, a pasctosinueTo ot pokyca a0 anperypara um Fp =500mm. Bposr Ha 30HUTE
Ha (poKycHpammTe CUCTEMH € 7.

Ha ¢ur. 2 ca noka3zanu KOHCTpYKIMHUTE U IpocTpaHcTBeHuTe JIH B nuHeen mamab Ha
BapuaHTHU 4 1 6, TpU KOUTO ChIIAaCHO u3pas3u (3) u (4) rJIaBHUTE OCH Ha SJIUIICUTE Ca 3aBbPTCHU
Ha pI'b b u d copsimo octa X .

a) 0)

®@ur. 2. Koncrpykuuu u npocrpancreenu JIH Ha 30HUpaHn aHTeHH:
a) Bapuanrt 4; 6) Bapuanr 6

Hopmupanute JIH B nuHeeH mamiab 3a BCUYKU BapHaHTH ca MpeICTaBeHW Ha dur. 3.
Ceuenuero B koeTo ca nokazanu JJH cbabpika octa Z (¢ur. 1) u roneMuTe ocu Ha €TUTICUTE.
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®@ur. 3. Hopmupanu [IH Ha pa3rie:kgaHuTe KOHCTPYKIHHU

Tbit kKaTo 0OTBUBATENAT € ONTUMHU3UPAH 32 BApUAHT 1, KilacudeckaTa Iiocka ppeHeaoBa
aHTeHa, TOW He 00MbYBa eeKTHBHO (PoKycHpaniaTa cuctemMa. To3u epekT € 0COOEHO CHUITHO
M3pa3eH MpH HACOYBAHETO Ha 0OIBbUBATENS NMEPIICHINKYISIPHO HA paBHUHATA HA pa3mojaraHe
Ha 30HUTE U Npu Manbk Opoi 30Hu. Ha ¢ur. 4,a e nmokazana ¢okycupamiara cucrema Ha
BapHaHT 3 KaTo € ouepTaHa obOjacTTa Ha pasloyiaraHe Ha 30HHUTE 3a BapuaHtT 1. Ha ¢ur. 4,0
OposAT Ha 30HUTE € yBeJMYEH 70 18 u Ta3u obnacT € mo-100pe 3ambiHeHa.
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a)

@ur. 4. Poxycupany cucTeMH: a) cbe 7 30HU; 0) ¢ 18 30HHU

ITpoctpanctBena JIH Ha 30HMpaHa aHTE€Ha, CHOTBETCTBAILlA HA BapuaHT 3, ¢ 18 30HU €
nokasaHa Ha ¢ur. 5,a. Ha ¢wur. 5,0 yactra oT 30HHTE N3BBH OuepTaHaTa 00JIacT € OTCTpaHeHa.

a)

@ur. 5. /IH Ha 30HupaHa anTeHa ¢ 18: a) ey 30Hu; 0) YacTH OT 30HH

3akJIroYeHue

30HMpaHETO Ha TUIOCKH MOBBPXHOCTH ITO3BOJISIBA M3MOJI3BAHETO UM KaTO (POKYCHpAIIn
CHCTEMH, HE3aBUCHMMO OT B3aHUMHOTO pAa3MOJIOKEHHE Ha OOJbyBaTelas] U MOBBPXHOCTTA.
[Tocokata Ha MaKCMMaJIHO HW3ITbYBAHE HA aHTEHAaTa C€ OMNpeneis OT MapaMeTpuTe |
Pa3MoJI0KEHUETO Ha eTUNTUYHH 30HU BbpPXY MOBbPXHOCTTA. Morar sia ce U3Mmoi3BaT U caMo
YacTH OT T€3W 30HHU MPH MOBBPXHOCTHU C OTPAaHUYEHH pa3MepH, HO TOBA BOJIU J0 NIOBHIIIABaHE
HUBaTa Ha CTpaHWMYHUTe JucTH U HamaisBane Ha KH/I. Ilpu cb3naBaneTo Ha KOHPOPMHHU
AQHTEHU W M3MOJI3BAHETO Ha CHINECTBYBAIIHM TOBBPXHOCTH 3a pasrojiaraHe Ha (oKycupamara
cucreMa, ocjiaegHaTa MOXe Ja ChIbp)Ka KaKTO LN eIUIITHYHU 30HH, TaKa U 4acTu OT THX.
Ha 6a3ara Ha npenoxeHaTa METOIMKa OMXa MOTJIH JIa Ce peallu3upar He caMo MPOXOIHH, HO
U OTpa)kaTeJIHU 30HUPAHU aHTEHU C MJIOCKU PedIEKTOPH.

Jlutreparypa
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Stepped Frequency Sonar Echolocation Simulation

Nikolai KOLEV

Nikola Vaptsarov Naval Academy, Varna, Bulgaria, e-mail: nz.kolev@nvna.eu

Abstract

In this Matlab live script simulation a sonar target stepped frequency imaging approach is applied in one dimension
for point targets with motion. Target response depends on phase delays which vary with frequency, time delay or
range change. Target complex signal in time domain is derived with IFFT of frequency spectrum. Targets are
easily detected from time domain signal power without noise and target ranges can be measured. In the simulation
user can interactively change carrier radar frequency and bandwidth, target distances, signal strength and radial
speed for three targets and observe immediately changes in reflected signals and sonar distance measurements.

Keywords: sonar, echolocation, stepped constant waveform linear frequency modulation.

Cumysianmsi Ha Mpoueca Ha eXoJI0KAIUs ¢bC cThiagsooopasedH JIYM curnaJ

Hukomat KOJIEB

1. BbBenenue

HapacTBa M3MON3BAaHETO HAa €XOJOKAIMOHHU CHCTEMHU C HENPEKbCHATU CHUTHAIM C
HaMaJIeHa MOIIHOCT Ha MpeAaBaTeIuTe U pa3lIUpeH CIeKThp. B chIloTO BpeMe Te3u cucteMu
M3MCKBAT CPABHUTEIIHO CII0KHA ONTUMaIHa 00pabOTKa Ha HECTALMOHAPHU CUTHAJIH, OTPa3eHH
OT IMO/IBM>KHU O0€KTH, IPUEMaHU 10 €HO U ChLIO BPEME C U3IIbYCHUTE CUTHAIIH.

[len Ha nM3cmeaBaHETO € CUMYJAlKs Ha €XOJIOKAMOHHA CUCTEMA C PA3IIUPEH CIEKTHD,
MPUIOKHUMA MPU XUAPOJIOKATMOHHU U PAIUOJIOKAIIMOHHN CUCTEMH, U3MOI3BALIH 32 COHIUPAL]
CUTHAJI — JIMHEWHO Y€CTOTHO MOLYJIUPAH.

Bb3MOXHO € BBBEXJIAaHETO Ha OOIIOTO HAaMMEHOBAHHE €XOJOKAllMOHHU Ha Te3U
Pa3sHOPOIHHU IO CBOsATA (PU3NYECKA BBIHOBA CHIIHOCT CUCTEMH U B CBHIIOTO BpeMe OJIM3KHU MO
OTHOLIEHHE Ha METOJUTE Ha MOCTposiBaHe, (opMmHupaHe M 0OpabOTKa Ha ENEeKTPUUYECKHS
curHai. MlHTepec mpeacTaBisBa MpeCTaBsiHE Ha allTOPUTHM 3a 00paboTKa Ha CUTHAJA BbB BU
Ha Matlab mlx ¢opmar, mpeacTaBsi HHTEPAKTUBHA BBH3MOKHOCTH, OCOOCHO TOAXO/ISIIN 32
[eJIuTe Ha 00YyYEHHEeTO, KaKTOo U 3a M3ClieiBaHe Ha e(heKTUBHOCTTA OT 00paboTKara.

2. EkcriepuMeHTaIHA MOCTAHOBKA M MO/IeJ1 HA CUTHAJIa B YeCTOTHATA
odJiact

CucremMuTe CbC CTHIAIOBUIHO HM3MEHEHHE HA 4YECTOTAaTa €a W3BECTHU W IIMPOKO
U3II0JI3BaHU 3a MOCTPOsiBaHE Ha M300paKeHHsI M M3MEPBAaHE HAa OTPAa3eHU CUTHAJH B IHMPOKA
YeCcTOTHAa B paJMOTeXHUKaTa M xuapoakycTtukara [l]. ExcnepumeHTamHaTa mocTaHOBKA
BKJIFOYBA TpU TOYKOBU wenu Ty, T,, T3 ¢ pasauyHa CUila Ha ILEJITa, KOUTO CE HaMHUpaT Ha
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pasctosinus: Ry, Ry, Ry . llenute ce ABWKaT ¢ enHa M Chlla pagdaliHa CKOpocT Vg .
ExonokannonHara cucreMa u3nbuBa HenpekbcHaT curHain (CW) cbc  cThOaloOBUAHO
M3MEHEHHE Ha YecToTaTa ChC 3a/1aJIeH OpOii CTHIIKH B ONpeiesieHa YeCTOTHA JICHTa — AUCKPETEH
nuHenHo yectoTHO MoayhupaHn curnai (LFMCW). Otpazenute BbJIHU c€ IpUeMaT OT COHapa.
Pasrnexna ce uaeaneH ciydail Ha cuctema 0e3 IyM U 6e3 3aBUCUMOCT Ha HUBOTO Ha CUTHaja
OT Pa3CTOSIHUETO.

e

—
‘ S R
o= Vi g =Yy
- — I Il 2 I3
> T
RI
= R2

@ur. 1. EKCHepﬂMeHTaJIHa MOCTAHOBKA ¢ TPH HEJH MPEAMET HA €XO0JI0KALUA

HpI/IeTI/IHT CHUT'HAJl B JdaJIeUHATa 30Ha € CYIICPIIO3UIUA OT OTPA3CHUTE IJIOCKU BBJIHU OT
TPUTEC TOYKOBH LECJIN CbC CHOTBECTHHUTC (1)8,31/1, 3aBUCCIIN OT Pa3CTOSAHHUCTO MCXKIAY COHapa H
uenrta. B CTalMOHapCH cnyt{aﬁ TOBA € UYCCTOTHATA XapaKTCPHUCTUKA (KOMHJ’ICKCHI/IH CHGKT’LP) Ha
cueHara ¢ TpUTE UCIIn:

S(fH)= ale_jpl + age_jpz + a3£_j'3 (1)

S(f)= ale_ﬂ‘ﬂl + 024?_1?#‘2 + %e_]wls (2)

KBICTO
fz[fl’fbﬁb""f;] (3)

€ 4ecToTHHsA cruchK B JIUM curuan. B MMPUIIOKCHUCTO 6pO$IT Ha CTBIIKUTE € MMPOMCHJIIUB U
IOAJIC)KH Ha I/I360p OT ITOJI3BATCJIA. BpeMe3aK"I)CHGHI/I$ITa Ha CUTHAJIa OT TPUTEC LUCIH &, L, 15 :

f = 2R1 _2R2 b= 253 @)
CHOTBETCTBa Ha (pa3uTe Ha CHTHAIIUTE!
2= 2x 2z
= L ==—1,; = = = ==t
o1 =2x1 T, @2 =2af1, thz @3 =2af13 T, (5)

B uzpasute pazmepHocTTa Ha (azuTe @y, @y, @3 CHOTBETCTBA Ha OpOS HA CTHIIKUTE B

YECTOTHHS JIUCT.
AMIUTUTYTHUTE YJICHOBE, &, @y @3 CHOTBETCTBA Ha cwiarta Ha 1enta (TS). Cuara Ha

LIEJITa HA TOYKOBUTE LIE€IH € YECTOTHO He3aBUCHMA. KOMIIJIEKCHUAT NPUET CUTHAJ €€ U3MEHS
camo IpH npomsiHaTa Ha ¢azara 3a BCAKA YECTOTA OT YECTOTHHS CIHCHK.
3a MOJIBMKHY LIENM M3Pa3bT 3a CHEKTHPa ChAbpxka wieH U oTunramn BpeMe3akbCHEHHETO.

S(f)= ale_ﬂ‘f(trf) + aze_ﬁ-f(trf) + age_ﬁ#(‘s_f) (6)
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B cumynamusara BpeME3aKbCHEHUETO € IMOCTOSHHO 7 —1s. lIpM NOABMXKHU ULEIU

JIBUKEIIH CE€ C paJiaiHa CKOpocT Vg 1e nMa paznuyHa JlormiepoBa yecToTa 3a BCSKa 4eCTOTa
OT YECTOTHUS JIUCT f,,.

fm= 2Va = 1% (7)
4 c
fu =lA+ o1 B+ oo 5+ Fozs oo s fot Sfou ] (8)

BpeMe3akbCHEHUETO OT 1s ce 106aBs ¢ eKCHOHEHIMATHO yMHOXeHue Ha 8 (f) :

S'l (f m)= [ale—ﬂ-'fmfl + aze—ﬂ‘fm‘g + ase—jz'fm‘g] e—.ﬂ‘lfm (9)

Crnen mpeoOpa3yBaHe Ha CHUTHaJla OT YE€CTOTHATa BBHB BpeMeBaTa 00JlacT ¢ 0OpaTHO
npeoOpazyBane Ha Dypue e Bb3MOXKHO J1a ce Ha0JIF01aBa U3MEHEHOTO Pa3CTOSHUE BCIICIICTBHEC
Ha JBW)KCHHETO Ha menute 3a 1 s. Ako Vg =0, pa3cTosHueTo a0 mnenure cien 1 s octaa
HEMPOMEHEHO (CTaI[OHAPEH CITydJaid).

CurHarbT BbB BpeMeBara 00J1acT ce 1moijiyyaBa ¢ 00patHo npeodpasyBanue Ha Dypue Ha
CUTHAJIa B Y€CTOTHATa 00JIaCT.

§ (= IFFT [$ ()] (10)

3. Pe3yjTaTv 0T MHTEPAKTHBHATA CUMYJIAIUSA HA €X0JIOKALMS HA 1eJH ChbC
crbnajsoodpased JIYM curnag

B cumynanusra notpeOUTeNnaT MOXKe HHTEPAKTUBHO Ja U3MEHs IapaMeTpuTe: HadajlHa
4ecTOTa Ha COHApa, YECTOTEH JIUCT, PA3CTOSIHUE N0 LIEJIUTE, CUJIa Ha OTPAa3eHUs CUTHAI Ha
LIEJIUTE, CKOPOCT 3a JBWKEHUE Ha LenuTe. M3MeHeHneTo Ha mapaMeTpuTe € JOIyCTUMO B
onpezaeneHu rpanuuu. llpencraBeHu ca pe3yaTaTh OT €JHAa KOHKpETHa HMHTEPAKTHBHA
CUMyJalus CbC 3aJaJicHM CTOWHOCTM Ha IapaMeTpUTe, NPEICTaBEHUW B ONMUCAHMUATA Ha
¢urypure.

Targets complex spectrum

0.5 ‘\

Complex spectrum

-0.5 [

10 20 30 40 50 60 70 80 90 100 110
Frequency,Hz*10

®@ur. 2. KomniekceH cieKTbp cbrjacHo (2) B yectoTHa jJeHTa 1280 Hz c¢be 128 cTbnku Ha YeCTOTHUA
JIMCT ¥ HavayHa yectoTa 5000 Hz
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05 Complex target reflected signal in time domain
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@ur. 3. Cursaja BbB BpeMeBaTa 00J1acT MoJIy4eH ¢ o00paTHO npeodpazyBaHue Ha Dypue cbriaacho (10)

Measured targets distances in m are: 49.2 59.2 72.7
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@ur. 4. I/I3Mepeﬂu Pa3CTOAHUA 10 TPUTE HEJIH, CbOTBETCTBALIM HA 3aJaICHUTE HAYAJIHU PA3CTOAHUSA
ype3 HaMHMpaHe HA MAKCUMYMHUTE Ha IMCKPETHATA (l)yHKIlI/Iﬂ mo pa3crossHue

035 Moving targets distances in m: 44.5 54.5 67.4

01r 4

005 1

@ur. S. U3MepeHH pa3cTOSHUSA 10 TPHUTe LeJIU cje] ABUAKeHHe 1 s ¢ paauaaHa ckopocT 5 m/s
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4 U3Boau

B ToBa npusoxeHue e CHHTE3UPaHO COHAPHO €HOMEPHO N300pakeHNe Ha TPH TOUYKOBU
e ¢ ABM)KEHUE IpPU 3allafieHu rapameTpu. MojenupaH € CneKThpbT Ha Tpute nenu. C
oOpartHo npeoOpazyBanue Ha Dyprie CUTHATBT € IPEICTABeH BbB BpeMeBaTa 00sact. OTKpuBaT
Cce LIeJIUTE U Ce U3MEPBa PA3CTOSHUETO J0 TAX.

B ckpunta Ha MATLAB (mlx) non3BaTtensT MoXe Jja IPOMEHsI HHTEPaKTUBHO HOCEIaTa
YEeCTOTa, YECTOTHATA JICHTAa U OpPOAT HAa TOUKUTE B YECTOTHHSI JIUCT, PA3CTOSHUETO JI0 LEJIUTE,
cHJlaTa Ha IeNTa M paJualiHaTa CKOpPOCT Ha TpU IeNd M Ja HalironaBa NMpOMsSHATa Ha
OTpa3eHUTE CUTHAIM, Pe3YyITaTUTE OT 00paboTKaTa U U3MEPEHUTE PA3CTOSHUS JI0 LIEIUTE.

Pesynrature OoT cuMynamusTa Moratr Aa HamepsAT MPHIOXKEHHE B OOYYEHHETO, INpH
peanHu exkcriepuMeHTH B XA OaceitH Ha BBMY u Ha Mope ¢ M3moii3BaHe Ha MiaTHaTa
XUIPOAKYCTUYHA U3MEPBATEIIHA araparypa, Ipu KOATO € HaJIMYHA Bb3MOKHOCT 32 YIIPaBJICHUE
Ha TeHepalusTa Ha YATPa3BYK ChC 3a7a/IeH YeCTOTEH JIUCT C OMPE/IeNICHN TapaMeTpH.

Jlureparypa
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Providing Training in Hydroacoustics through Virtual Instruments
for Measurement in the Hydroacoustic Laboratory

Iliyan ILIEV

Naval Academy “N. Vaptsarov”, Varna, Bulgaria,

e-mail: i.iliev@nvna.eu,

Abstract

Limited resources and factors of other natures pose major challenges to the ability of engineering, technology, and
science faculty to provide adequate laboratory experiences for students. A lab with remote access tools, via a local
or global network, is a device that allows remote control of lab equipment, addressing these difficulties and
allowing for more efficient management of lab measurements. At the present time, Internet accessible remote
laboratories are a powerful e-learning tool for engineers and researchers providing opportunities for rapid access ,
exchange and archiving of data from different fields. Networking of individual laboratories allows the
development of multidisciplinary training programs. This paper presents the experience of the teaching staff of the
Nikola Vaptsarov Naval Academy (NVNA) in conducting practical classes in the hydroacoustic laboratory using
web-based information technology.

Keywords: Virtual labs, LabView, remote access, distance learning, e-learning

OcurypsiBane Ha 00y4eHHETO MO XUAPOAKYCTHKA Ype3 BUPTYAJIHH
HHCTPYMEHTH 32 U3MePBaHe B XUJIPOAKYCTHYHA J1adopaTopus

Nnuaa NJINEB

1. YBoga.

OOyudeHueTo no XuAPOAKyCTHKA € CBbP3aHO € MPOBEXKIAHETO Ha MPAKTUUYECKU 3aHATUS
10 U3MEpPBAHE HA apaMeTPUTE Ha XUJIPOAKYCTUUHU aHTEHH U Ipeodpa3yBarenu. TpyaHoCcTTa
IIPYU OCBILECTBABAHETO HA TE3U U3MEPBAHUS € B OCUTYPSIBAHE Ha JIOCTAThYHO BPEME HA BCEKU
o0yuyaeM 70 U3MEpBATEIHUS CTEH]I, KOWTO, KAKTO IIPU U3MEPBAHE Ha IUarpaMa Ha HaCOYEHOCT
Ha XUIpPOAaKyCTHYHA aHTEHA, € €AWHCTBEH. B TakmBa cilydan, ako JOCTBIBT 10 CTEHAA Ha
o0yyaeMHUTE € TIOCJIEJOBAaTEJIEH TOBa BOAM JI0 HEPALMOHAIHO M3IIOJI3BAHE HA BPEMETO,
OTJIEJICHO 3a MPAKTHUYECKOTO 3aHATHE U HHCKAa €()EeKTUBHOCT Ha YCBOSIBAHE HA TEOPETUUHUS
MaTepuai. Bp3aMoxkHM penieHust Ha mpobiieMa ca yBeludyaBaHe Ha Oposi Ha CTEHI0BETE 10 Opost
Ha oOyuyaemMHTe, KOETO 3a TMPHUMEPHO pa3rIeKIaHOTO H3MEpBaHE MPAKTHYECKH €
HEepeaJIn3yeMo, WIM OCUTYpPsSBAHE Ha MapalielieH JOCTBI 0 MU3MEPEHHUTE JJaHHH OT CTEHHA.
[Ty6nukanusTa npeacTaBs Kak upe3 yed OasupaHUTEe KOMIIOTBPHU TEXHOJOTHHU € HaMEepeHO
pelLlIeHNE 33 peaM3upaHe Ha METOJ 3a NapajelHO U3MEpBaHE Ha MapaMeTpuTe Ha OOEKT (B
o0musa ciaydail) oT Trpyma cTyAeHTH. KOHKpeTHO ca pasriiefaHd Bb3MOXKHOCTHTE Ha
BUPTYaJIHUTE HHCTpYMEHTHU Ha cpefata LabVIEW 3a pasnpocTpaneHue Ha JaHHU U OTJaIeueH
JIOCTBI IO U3MEPBAHHUS B XMAPOAKyCTHYHATa Tabopatopus Ha BBMY ,H. I. Bammapos®.
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W3non3BaneTo Ha yeO Oa3upaHHWTE KOMITIOTHPHH TEXHOJOTHH 32 W3MEpBaHE OCUTYpSBAT
CJICHUTE TIPEAUMCTBA MPEJT JIOKAITHO MPHIIOKEHHE:

- ©IIHOBPEMEHEH JIOCTBII /IO JAHHUTE B PEATHO BPEME Ha ITOBEYE OT €/IMH TOTPEOUTEN

- BB3MOXHOCT 3a Ipe/laBaHe Ha TaHHHUTE JI0 OT/AaJICUCHH TOUKH;

- BB3MOXHOCT 32 00paboTKa 1 n300pa3siBaHe HA JAHHUTE HA OTJAJICYCH KOMITIOTBD;

- BB3MOXKHOCT 3 3aIiC Ha MOJYYCHUTE TaHHHU Ha OT/aJICUeH KOMITIOTHP;

- BB3MOXHOCT 3@ yIpaBJICHUE Ha U3MEPBAHETO OT OT/AAJICUeH KOMITIOTHP.
OcHoBHHTE MPOOJIEMH, KOUTO BB3HUKBAT MpH paboTa B MpEXOBa Cpela, ca CBbP3aHU C
HAJIC)KTHOCTTA Ha BPBH3KaTa, CKOPOCTTa M TOYHOCTTA HA MpeJIaBaHe HA JAHHUTE 10 KpailHHS
notpeduten [1]. B 3akimioueHue ca Moka3zaHW peE3yNTaTH OT IMapajelIHO H3MEpBaHE Ha
XapaKTEPUCTHKATa HAa HACOYCHOCT MIPH U3ThYBAHE HA IJIOCKA JIUCKOBA XUIPOAKYCTUYHA.

2. Moaen Ha oTaajiedena jadoparopus Ha ocHosara Ha LabView™,

[To cBosita mpupoda aBTOMATH3MPAHHWTE CHUCTEMH IIO3BOJISIBAT M3IIOJI3BAHETO Ha

OTJaJIeueH JOCThII 3a U3y4yaBaHe. B chl10TO BpeMe 00ydeHHe, KOeTO BKIII0YBA B IPOTpaMUTe
CH Y TIPOBEX/IaHE HA OTJAICYCHU EKCTIEPUMEHTH, MT0-100pe MOATOTBS CTYICHTHTE 32 YCIICIIHA
npodecroHaliHa peanu3anys B ycJaoBUATa Ha Objeniara paboTHa cpesia. Upe3 BbBEXKIaHETO Ha
CTaHJapTH 32 OHJIAMH JJabopaTopHa cecus opranm3anusita Accreditation Board for Engineering
and Technology mpe3 2002 r. B Carnevale, omoOpsiBa KaTo HMHCTPYMEHT 3a OOy4ueHHUE
M3MOJ3BAaHETO HA BUPTYAIHH JJabopaTopud. [2]
PaznuuaBaT ce 1Ba OCHOBHU THIIa — BUPTYyaJIHU J1abopaTtopuu, 0a3upaHd Ha CUMYJIaToOpu U
TaKkuBa, 0a3MpaHM HA PeaHO XapAyepHO 0OOpyABaHE, AOCTHIIBT 10 KOETO CE€ OCHIIECTBSBA
ype3 NPUIOKEHUs, OTHaJeHd B Mpexara. [3] OCHOBHO MNpPEeIUMCTBO Ha BTOpUS THII
nabopaTtopuu € IMO-BUCOKAaTa TOYHOCT Ha JaHHUTE U BB3MOXKHOCTTA 3a pabdoTa C peayHa
TEXHUKA.

[IpencraBenata BHpTyasHa JabopaTopus € OT BTOpUS THI M € peallm3upaHa dYpes
Xap/yepa Ha XHIPOaKycTHUHaTa naGoparopus 5B BBMY [ H. . Barmapos®, BupTyanaute
uHCcTpyMenTH Ha LabView™ 3a MpexoBo KIIMEHT-ChbpBBD NPHIIOKEHHE M HHCTPYMEHTHT 32
MpexoBo mybaukysane “Web Publishing Tool” na LabView ™. Upes mpeskoBuTe BUpTYaiHu
WHCTPYMEHTH € PEaTM3HpPaHO KIMEHT CHhPBBP NPHIOKEHHE OT BHIA €IWH ChPBBP — MHOTO
KJIMEHTH, 4pe3 KOETO JAaHHHUTE OT ChpPBBbpa C€ NPEeAaBaT KbM KIMEHTCKUTE KOMITIOTPH.
CbCcTaBbT Ha CUCTEMA, peaM3upallia BUPTyalHa JlabopaTopHs 3a U3MEpBaHe Ha AuarpaMma Ha
HACOYEHOCT Ha XMIPOAKyCTUYHA aHTEHa, € TI0Ka3aH Ha ¢urypa 1.

E KJ'H/IeHT\l E
1
Curnanen Izl Crpsp E E
relzegizop S > ALTIT [ \ —» Pyrep —»E E
v : Knuent N :
0 LR N
1
: 1

@ur. 1. CbeTaB Ha cHCTeMa, peaTu3Upania BUPTyaTHa JabopaTopusi 3a H3MepBaHe HA AUarpamMa Ha
HACOYEHOCT HA XH/IPOAKYCTHYHA aHTeHA.
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Cuctemata € M3rpajJicHa OT XHUIAPOaKyCcTH4YeH OaceiiH — 1, CUTHalieH TeHepaTop C
yCUJIBaT€l Ha MOILIHOCT — 2, H3JIbYBallla JUCKOBA IIME30€JIEKTpUYHA aHTeHa — 3,
MUE30€JIeKTpUYeH XuapopoH — 4, mpeaBapuTereH ycwiBatenl — 5, aHamoro-uudpos
npeobdpasysaren — 6, PXI xon3ona Ha NI, Ha KOATO ca MHCTaNMpaHU CUTHATHUAT FE€HEPATOP,
Allll-to, ynpaBineHueTO Ha ABUTATENIMTE U MEPCOHAJIEH KOMIIOTHP, HA KOHTO C€ CTapTHUpa
ChPBBPBHT U BUPTYAIIHUTE UHCTPYMEHTHU — 7, pyTep — 8 U KIIMEHTCKU KOMIIOTpH — 9.

NHcTpyMeHTHT 3a yeb myOJIMKyBaHe ce M3MoJI3Ba 3a ch3gaBane Ha HTML moxkymeHT ¢
BIpaJIcH B HEro uHTepdeiiceH maHen Ha BUPTyaTHUTE WHCTPYMEHTH 3a YIpaBlieHHE Ha
MU3MEPBAHETO, TaKa Y€ €IMH KIMEHTCKM KOMIIOTHD J1a MOXKE Ja MPEryiexaa U KOHTPOoIupa
otnanedeHo te3n uHCTpyMeHTH. HTML HOKyMEHTBT ¢ MPHIIOKEHHUETO Ce CTapTupa B yed
Opay3bpa Ha KIMEHTCKUSAT KOMITIOTHP, HO 3a Ja ce HabmogaBa MHTEpGEHCHUST MaHen e
HE00X0IMMO BUPTYaTHUTE HHCTPYMEHTH Ja ObJaT CTapTUPAHU Ha ChPBBpa. Upe3 ChpBBPHT ce
KOHTpPOJIMpa AOCTBIIBT HA KJIMEHTCKUTE KOMIIOTPU O BUPTYAIIHUTE UMHCTPYMEHTH U KOU OT
BUPTYaJIHUTE UHCTPYMEHTH Jia ObaaT otaaaeHu B MpexaTta. HTML nokyMeHT ¢ BrpajieH B HETO
uHTepdeiiceH maHes Ha BUPTyaATHUTE HHCTPYMEHTH 32 yIpaBJeHHE € TToka3aH Ha gurypa 2.
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@ur. 2. UnTepdeliiceH naHea Ha BUPTYaTHUTEe HHCTPYMEHTH 32 yIpaBJeHHe.
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@ur. 3. KnueHTcka nporpamMa 3a 00padoTka u Ha0JI0JeHUe HA TaHHUTe.
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Upe3 myOnukyBaHUS OT ChpPBBHPA JOKYMEHT AMCTAHIIMOHHO MOXE Jia Ce€ YIpaBisBaT
JIBUTATEIUTE 3a YIPABIICHUE HA IOCOKATA HA U3JTbYBAHE U PA3CTOSIHUETO MEX]y M3JIbYBaIIaATa,
U IpHEeMHAaTa aHTeHa, MMapaMeTpuTe Ha M3TbUBAaHUS CUTHAN (THI, aMIUTUTYyJa, 4YecTOTa),
CTapTHpPAHETO Ha TeHEepaTopa, KakTo M Ja ce HabmogaBaT Oposi HA MPUEMHUTE KaHAIH 3a
naHHu. HTML nokyMeHTBT 3a ymnpaBlIeHHME Ha U3MEPBAHETO CE€ CTapTHpa Ha €IUH OT
KJIIMEHTCKUTE KOMITIOTpU. Ha KIIMEHTCKUTE KOMITIOTPHU CE€ CTapTHUpa MpPEKoBa Mporpama 3a
o0paboTka u HaOII0IeHHE HA U3MEPEHHUTE JaHHH, [TI0Ka3aHa Ha ¢urypa 3.

B nonero “Gama Receiver” ce 3agaBa yyBCTBUTENHOCTTa Ha npuemHus kanan (-200
dB/V/nPa), na uaukaropa B nanena “Frequency” ce Ha0It0/1aBa CIEKThPa Ha TPeJaBaHUS OT
CBHPBBPBT CUTHAJ, a B IOJIeTaTa Ha maHesna “Signal” ce u3mepBaT aMIMTyAara “magnitude” B
(dB/V) Ha otnenHuTe CHEKTpalHU JIMHUUA W CHOTBETCTBAIIOTO Ha TOBAa 3BYKOBO HaJsTaHe
BBpXY xuapodona “L” B (dB/V/nPa). B nscHara ctpana Ha ABeTe 1oJieTa UMa 1mosera ¢ 0yToHu
3a U300p Ha YyecToTaTa Ha CIIEKTpaHaTa JIMHUSA, KOSATO ce n3MepBa. Ha gurypa 3 B KOHKpeTHuUs
clly4ail ce u3MepBaT 3BYKOBOTO HaisdraHe 3a uecrora 246 (Hz) m ammiurynara Ha
criekTpanHaTta JuHUs Ha dectora 250 (Hz), xouro ca B obOmacrra Ha myma. [lokazaHusT
KJIMEHTCKA COPTyep MMa BB3MOXKHOCT Jia TPEJICTaBH CHTHAJIa BbB BpEeMEHHaTa o0iacT B
na”ena “Time”, na W3BBPIIM (QUATPALUS U Ja TEHepupa TeCTOB CUrHail, na”enu “Test” u
“Filter”. 3a HopManHa paboTa Ha KIMEHTCKUAT CcOPTyep Ha KIMCHTCKUTEC KOMITIOTPH €
HeoOXxoMMo Ja ce uHcTamupa “Run Time” moaysa na LabView™, ycranosu npotokonst 3a
Bpb3ka TCP/IP, nmpaBwiHo na ce 3amanat IP angpecure, 1 HOMepa Ha TIOPTA 32 KOMYHHKAITHUS.
[IbHUTE BB3MOXKHOCTH Ha Xxapayepa U codTyepa Ha XMJpoaKyCTHYHaTa JlabopaTopus ca
NoKa3aHu Ha (pyHKIMOHAIHATA cXeMa Ha ¢urypa 4.
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CBpBEBP Internet, Intranet

4. OyHKIHOHAIHA cXeMa Ha XWIPOAKYCTHYHATA J1a00paTopHsi ¢ Bb3MOKHOCT 32 OT/aJIeYeH A0CThI.

3. ExciepuMeHTAJIHM Pe3yJITATH.
EKCHepI/IMeHTaJ'IHI/ITe PE3YyITaTu OT U3MCPBAHC HA JUAr'paMa Ha HACOUCHOCT HAa JUCKOBaA

aHTeHa C JuaMeTbp 7 (Cm) MpeacTaBeHW B JOKJaZa ca OT JIabopaTOpHO YIPaKHEHHE
MPOBEJEHO C KypcaHTU. M3MepBaHETO € M3BBLPIICHO 4Ype3 MOCIeI0BATEIHO 3aBbpTaHE Ha
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anteHata ot 90° oT jsBaTa cCTpaHa Ha OCTa Ha Juarpamara Ha HacoueHocT 10 90° or mscHaTa
CTpaHa Ha JluarpaMara Ha HaCOYEHOCT CbhC CThIKa 5°. [Ipu BCsSIKO 3aBBbpTaHE CE U3IIBYBA KPATHK
HeINpeKbCcHAT cuHycouaaneH curHain ¢ yecrora 30 (kHz). 3a HamansBaHe Ha BIMSHUETO Ha
IyMOBU (aKTOpHU BBPXY M3MEPBAHETO HA BCAKA CTHIIKA CE MPABAT MO 5 W3MEpBAaHHUSA IIpe3
KpaThbK MHTEPBAT U IMOJTYYCHUTE M3XOJHU HAMPEKEHUS OT MPUETHUS CUTHAJ C€ OCPEIHSBAT.
I/I3MepBaHeTO Ha U3XOAHOTO HaHpe)KCHI/Ie € I/I3B’BpIJ_ICHO JUCTAaHIIMOHHO, HE3aBUCHUMO Ha IICT
KJIIMEHTCKH KOMITIOThPA, KaTO BPEMETO 3a M3BBPIIBaHE € JBa yueOHU vaca. Ha ¢urypa 5 ca
MOKa3aHU TEOpPETHYHATa JguarpaMa Ha HACOYEHOCT B CHMH IBAT W M3MEpEHATa Juarpama Ha
HAaCOYCHOCT C YePBEH LBSAT. TeopeTnyHaTa 1uarpama € u34ucieHa upes popmymnara: [4]

O —i €0— !
“O_ 1T @ '= 1
o —7 Q& I
u = U
KbaeTo, 11(Z) e dyrkuus Ha Becen ot mbpBH pex oT aprymenta @ —i Q&

L\
AT
iy | | I
Ny I | /]
[ /
o AV ANAYA
/ A
. 4 N

-100 -80 -60 -40 -20 0 20 40 60 80 100
Angle (deg)

Gain

®@ur. S. U3MepeHa U TeOPeTHYHA JUATPAMH HA HACOYEHOCT HA IMCKOBA AHTEHA ¢ JHaMeThp 7 (cm).

4. 3akiaodyenue.

B o0nactra Ha WHXEHEPHUTE HAYKU JTaOOPATOPHUTE EKCIEPUMEHTH, MPOBEXKIAHU Ha
0azaTa Ha YTBBPJECHU TEXHUYCCKH IPOrpaMH, ca KJIIOYOB €JIEMEHT B pa3OupaHeTo Ha
TEOPETUYHHS MaTepual. Te B ChIIOTO BpeMe TPsiOBa J1a ce MPOBEKIAT MO TPYITH ¢ MaTbK Opoi
oOyJaeMu TIOpaJii TPOCTPAHCTBEHW W BpPEMEBM OrpaHWueHus. biaromapeHue Ha OBP30TO
pa3BUTHE HAa KOMMIIOTHPHUTE MpEXH, VIHTEpHET TEXHOJIOTUUTE W YBETUYABAHETO Ha
MpoIlecopHaTa MOIMHOCT HA TEPCOHATHUTE KOMITIOTPH U3IOJI3BAHETO HA BHPTYaTHU
naboparopur B OOYYEHHETO 3a MPEOAOJSIBAHE Ha TE3WM OrPaHUYEHHUS € pPEeaTHOCT.
N3non3BaneTo Ha Hal-HOBUTE XapAyepHU M COMTYEPHH TEXHOJIOTHH 3a M3TPaXKIaHEe HAa TE3U
naboparopuu Mo3BoJIsIBa Ha 00ydaeMuTe B Ipolieca Ha paboTa Jia ce 3aro3HaBar ¢ TIX U Ja TH
YCBOSIT JI0 ToJIsiMa cTerieH. OCcBeH B 00y4eHHETO IUCTAHIIMOHHOTO U3MEPBaHEe Ha TTApaMETPHTE
Ha cpelaTa M TEXHHYECKOTO O0OpyABaHE ce H3MO0JI3Ba KaTO CPEACTBO 32 HHTEITUTCHTEH
KOHTPOJI B peAuIia MPOU3BOJICTBEHH cepu. [5]
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Abstract

In this work a experimental results in the Black Sea area with specialized equipment (Research Laboratory of
Hydroacoustics, Technical University — Varna) are present. Experimental results have been realized at the port of
Varna and in the Black Sea in front of Shabla.

Experimental results for establishing the depth of the water and the relief of the seabed in the Black Sea in front
of Shabla with an echo sounder E-2 thousand are also presented.

Keywords: experimental results, sonar antenna, hydroacoustics, transducer
1. Introduction

Besides from the parameters of the sonar antenna, the shape of the pulse reflected from
the seabed depends on the nature of the primer and the depth at the measurement site. The
analysis of the (last) dependence can be information needed to determine the parameters of the
emitted pulse. In this regard, studies have been carried out in the Black Sea area, using the
following fixed frequencies: 32, 50, 67 and 100 kHz [1+7].

2. Block diagram of the measuring equipment

The method used in the study consists of the following: hydroacoustic antenna emits
hydroacoustic pulses with a fixed duration and frequency of filling and receives the echo signals
reflected from the bottom.

The duration of the powerful probing pulse is stepwise selected in the range from 10.10-
6 [s] to 50.10-3 [s].

The recurrence period is provided autonomously or synchronously by an external start.
The power amplifier is realized with a transistor push-pull output stage, operating in pulse
mode.

The load impedance selected optimally and the capacitive component of the impedance
of the sonar antenna is compensated.

The electronic transmit-receive switch is realized according to the classical scheme [1 +
7] with the help of the quenching resistor and the limiting diodes, see fig. 1.

The slow fluctuations of the received periodic signal are successfully observed on the display
with memory.

These results will lead to a new rethinking of the probabilistic characteristics for correct
signal detection and the probability of false alarms for the boundary depths for which the signal-
to-noise ratio has deteriorated.
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Fig. 1 Specialized equipment (Research Laboratory of Hydroacoustics, Technical University — Varna)
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Fig. 2 The block diagram of the measuring equipment

3. Experimental Results

The experimental results were obtained with the realization of the block diagram
presented in Fig. 2 [1+7].

The duration of the reflected signal is measured at the level of 0.5 of the maximum value
of the amplitude, averaging the value for 2 + 4 minutes.
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Fig. 4 Experimental results (establishing the depth of the water and the relief of the seabed in the Black
Sea with an echo sounder E-2 thousands)
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The Hewlett Packard 3580A Spectrum analyser [8] proved to be especially suitable for
studying the reflected signal at great depths. It starts the probing pulse synchronously with the
beginning of its development. The bandpass filters with Af = 100 and 300 Hz at the operating
frequencies 32 and 50 kHz for the different pulse durations were used for the measurement.

The growth rate is measured at the level of 0.1 to 0.9 of the maximum value of the
amplitude, again taking an average value for the interval 2 + 4 minutes.

The recorded experimental results are presented graphically on fig. 3.

Theoretical calculations for the law of attenuation depending on the depth and frequency
are also given for comparison [1+7].

The performed experimental studies serve as a basis for the design of navigation echo
sounders and the following conclusions can be made:

- The maximum depth strongly depends on and is determined by the choice of the
operating frequency, as the term optimal frequency is supplemented with the
maximum possible depth at a given probability of correct detection, fig. 3.

- There is an optimal duration of the probing pulse in accordance with the theoretical
model for the transient characteristic of the channel, and it is mandatory to increase its
value twice due to the transient characteristic of the channel and the receiver.

- The law of attenuation of the echo signal is 20y H +2G (H (fig. 3), where: H is

the depth represented in [m]; b — attenuation coefficient [1+7, 9].
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Abstract: An overview of the sonar developed in Bulgaria during the last sixty years, designed to provide
underwater surveillance in the coastal waters. The main tactical and technical characteristics of: sonar used by
divers, sonar with electronic scanning and side scan sonar are presented. In the course of field tests of equipment,
these sonars ensure the detection of divers at distances up to 400m.
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Bbbarapcku xuaposaoxkaropu

Npan K. UBAHOB

1. YBoa

XUApPOJIOKATOPBT € ABTOHOMHA CHCTEMA, CIELMaIM3MpaHa 3a MOJBOJHO HAOIIOACHUE.
OneHkara 3a CbCTOSIHUETO Ha TOABOJHOTO IPOCTPAHCTBO C€ H3BbpIIBa Ha Oazata Ha
nojiyuaBaHaTta Ipd (PyHKIMOHMpPAHETO My XWUJIPOAaKyCTMUHa HHQOpManusTa clies
n3o0pa3siBaHeTo i Ha uHauKaTopa. CreaBa mpersien Ha paspaboreHute B bbarapus mpes
MIOCJIETHATE WIECTAECET TOJMHM XHUAPOJIOKATOpH, IPEIHA3HAYEHU 34 OCHUIypsBaHE Ha
MOJIBOJTHOTO HAOJIOICHNE B KpallOpe)kHaTa akBaTOPUSI.

2. XuapoJiokartop ,,Mopena-68*

[TopTaTUBHUAT MOABOJEH XHUApPOIOKAaTOp ,,MopeHa-68“ e mbpBUAT OBIArapcku
xuaponokatop. [IpennasHaueH 3a OTKpUBaHE U ONPEEIISTHE Ha MECTOIOJIOKEHUETO Ha 00EKTH,
Pa3IMOJI0KEHH O/ BOJHATA TIOBBPXHOCT U HAa JHHOTO, a TaKa ChHINO 3a CHEMaHe mpodria Ha
JTBHOTO Ha BOJHU Oaceiinu ¢ npyidounHa 10 160 m. Pa3zpaboren e B mepuona 1965-68 roauna
10 MHULIMATUBAa U ¢ ydyactuero Ha MBan J[xakoB IlocoueHnTe NEMHOCTH C€ M3IBJIHSIBAT C
MOMOIITa Ha XUAPOJIOKATOpa OT JIEKH ¥ CPEAHH BOJ0JIA3U. XUIAPOIOKATOPHT MOXKE 1a paboTh
¥ OT MOBBPXHOCTTA HaJ BojaTa. B To3u ciydaii, upe3 crenuaiHo IpUCcCIoCcOOIeHHE — IaHTa,
TOM ce MOHTHpa Ha O0p/ia Ha TUTaBaTEIHHU CPEACTBA C BUCOYMHA HA OOp/aa He moBede oT 1.5 m
U paboTH B PEKUM ,,U3HECEHA aHTEeHa".

[TomryuaBaHaTa XuApoaKycTUyHa WH(OPMAIIUS Ce TIPEICTaBs Ha €KpaHa Ha €JIEKTPOHHO
TBpUeBa TphOa ¢ nuamerbp 77 mm. XuapoaKyCTHYHATA aHTEHA € peain3upaHa Ha 6a3aTta Ha
MME30KepaMUYEH JIUCK ¢ TuaMeThp 80 mm.
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OCHOBHM XapaKTEPUCTUKU:

-  MHAUKAIMA Ha OTPa)KE€HHUE OT ABHOTO: 10 160 m;

- Mamabu Ha ckanata 3a pascrosaue: 10, 40 u 160 m;

- pab6otna yectora: 150 kHz;

- pabotHa aBadourHa: 10 60 m;

- rabaputu: nuametrbp 160 mm u gppkuHA 450 mm;

- TEerJo BbB Bb3ayxa: 7 kg;

- Teryo BBB Bojara: 1 kg.

Nzpabotenu ca HaKoIKO AeceTkr oOpasiu 3a Cupus u Eruner. [Ipu excruioaranusta um
obaue ca mokasaly Jiola XepPMETHYHOCT. ToBa mpeaonpeness U mosBaTa Ha CJIeIBaIIus HaIl
XUJIPOJIOKATOP.

3. PbrueH xuapoJiokaTop 3a BoaoJiasu ,, Mopena-M*

XUaponoKaTopbT € TMpelHa3HaueH 3a OCUTypsiBaHe IMOABOJHATa JEHHOCT Ha
JICKOBOJI0JIA3H 32 OTKPUBAHE HA MOJBOIHU OOCKTH ¥ MPENATCTBUS. Pa3paboTeH e OT KOJIeKTHB
ot UHctuTyTa no orbpana B nepuoaa 1970-74r.

®@ur.1. IlopTaTuBeH XUAPOJIOKATOP 32 BOA0JIA3H ,,Mopena-M*

[Tpu excrutoaranusita Ha OonmMTHUTE oOpasuu (¢ur.l.) ce ycraHOBH, 4e e(EKTUBHO
OTKpHBa BOJOJA3U C OTKPUT LIMKBJ Ha JUIIaHe Ha pa3cTosHus 10 150 m u xeiioBa cTeHa Ha
pascrostHue 10 540m.

XUIpOIOKaTOPBhT OCUTYpsiBa HAOJIO/IEHNE HA BOJHOTO IIPOCTPAHCTBO B ceKTOp OT 20° B
XOPH30HTAJIHATA TUIOCKOCT U 12° BBB BEpTUKAJIHATA, YPE3 M3MOI3BAHETO HA MJIOCKAa aHTEHHA
pemerka, chctaBeHa oOT 24 enementa Tun [IKEII24x16x8.I1punaranero Ha (da3oBo-
aMIUTUTYAHUS MeToJ] 3a o0Opa0oTBaHEe Ha XUAPOAKYCTHMYHATa HH(POpMAIMS OCHTypsiBa
orpeziesisiHe Ha HAlPaBJICHUETO KbM OTKPUTHS OOEKT C TOUHOCT +3°.

Wndopmanusra 3a o6exTuTe ce n300pa3saBa Ha IU(YPOBO-CBETIMHEH NaHEeN, ChCTOSII Ce
OT TPpH pa3psiicH IU(PPOB MHIUKATOP U cUCTeMa OT JieBeT cBetoauoaa (¢wur.l). [To To3n Haunn
MOXe Ja ce u300pa3siBa mHpopMalMs 3a YETHpPHUTE Hal-OMM3KO 10 Bojojda3a oOekra. 3a
I'BPBUTE JIBa OT UU(POBUS UHAMKATOP CE MOJydyaBa MHPOpPMAIIHS 32 Pa3CTOSHUETO 10 TAX (B
ITOpUTHMa Ha paboTa € 3aJI0’keHa Bb3MOXKHOCT 32 M3MEpPBaHE Ha PAa3CTOSIHUETO U JI0 BTOpaTa
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nen) [1]. 3a Te3u obekTH ce maBa mH(MOpPMAIUS U 3a HANpaBICHUETO KbM TaX. Korato ca B
IpaHUIIMTE HAa +£3° B HANPaABICHHUETO, CHBIAJAIIO C OCTAa HA XOPH3OHTAJIHATA JAMArpaMa Ha
aHTEeHaTa, CBETH IICHTPAIHUS TUOJl OT TPOMKaTa AMOIU 3a I'bpBa WM BTOpA LI€T B CEKTOpa.
Koraro obekture ca W3BBH TE€3U IPaHUIU CBETH CHOTBETHO JICBUSIT WU JIECHUST JUOM. 3a
MHAMKAIMS Ha MOBeYe OT JBa OOEKTa B CEKTOpa Ha HaOJIOJeHHE ce H3IO0J3BaT OlIe JBa
CBETOAMO/IA.
XuIpoJIOKAaTOPhT UMa OIIIE JIBa pexuMa Ha padora [2]:
- TpoCIyliBaHe 3a paboTa Ha aKTUBHH XHUAPOAKYCTUYHH CpPEJCTBA B JIUANa3oHa
15+60 kHz;
LHKiacuukanus‘ 3a onpeaessiHe MPUHAIS)KHOCTTA Ha 00EKTa ,,CBOM WIIH UYKIT .

OCHOBHM XapaKTEPUCTUKU:

- JlanedynHa Ha OTKpUBaHE Ha 00CEKT Chc cuia Ha nenta Muayc 6 db (Re = 0.5 m) npu
HOpPMAaJIHU XUJIPOJIOTUYHU ycioBus: 10 150 m;

- Ilmocko npensitcTBUE (KerioBa creHa): 10 600 m;

- Pab6otna apnbdounna: 1o 30 m;

- Paborna yecrora: 105 kHz;

- HuBo Ha u3npuBanute umnyncu: 190dB/1pPa/lm;

- 3axpanBane: DC 24V;

- Tabapurtu: muamersp 170 mm u abmxuHa 250 mm;

- Terno BB Bp3yXa: 6 kg;

- Terno BB Boaa: okoino 1 kg.

XuapoaokaropsT ,,MopeHa-M* Oe mpueT Ha BbOPHKEHUE BbB (DIIOTOBETE HA CTPAHUTE
ot Bapmasckus norosop npe3 1980 r.

4. PoueH xuaposokarop 3a Bogosaasu UWSS-5

[Tpenna3HaueH 3a eeKTUBHO ThPCEHE M OTKPHBAHE HA OOEKTH OT BOJOJA3H B paiioHH,
KBJIETO HE MOTaT Jla Ce U3MOJ3BaT KOpaOHM XxuaposokaTopu. Toil € MoJiepHU3UpaHa Bepcus Ha
»MopeHa-M* Ha 6a3aTa Ha MO-HOBU I'PaIUBHU €JIEMEHTH.

@ur.2. PoyeH xuaposiokatop 3a sopoaazu UWSS-5
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Pa3cTosHueTo 10 OTKpUTUTE 0OEKTU Ce MpeAcTaBs B HU(PPOB BUJ HA TEYHO KPUCTAJIECH
eKkpaH. B ciydante, Korato OOEKTHT € Ha MoBeye OT 3° BIIIBO WJIM BSICHO OT OCTa Ha
JyarpaMaTa Ha HaCOUYEHOCT Ha XMPOJIOKATOPa, Ha €KpaHa ce MOsIBSIBAT MUTAIN CUMBOJIH ,,<"*
BISIBO W ,.> BISICHO OT IuUQpuTe 3a naneynHara. B cmywamrte, xorato B obcera Ha
XHUJIPOJIOKAaTOpa UMa IoBeYe OT €1MH 00EKT, Ha eKpaHa Mo LU(puUTe 3a JajJeunHaTa 10 IbpBUsL
00eKT ce mosiBsiBa THpE — ,,-* (ur.2).

XUApOJIOKATOPHT MMA Bb3MOXKHOCT 3@ U3MEPBaHE Ha PA3CTOSIHUETO U 10 BTOPHS OOCKT
[1,3]. UWSS-5 Mo%e aa ce u3mo3Ba upe3 CIeruaiHo MPUCTIOCOOICHUE OT JIOJAKHU U KaTepHu.

OCHOBHM XapaKTEPUCTUKHU:

- JlameunHa Ha OTKpUBaHE Ha OOEKTH ChC CHJIA Ha IenTta MUHYyC 6db mpu HOpMamHU
XUJpOoJIOruYHU yciioBus: 10 100 m;

- Pab6otna gpnbdouunna: no 50 m;

- Pab6otna yecrora: 150 kHz;

- LudpoBo npeacraBsHe HAa Pa3CTOSTHUETO A0 O0CKTA: TpH HUPPH;

- 3axpanBane/xkorcymarms: 12V/100 mA;

- Terno BB Be3yXxa: 3 kg;

- Terno BB Boga: 1 kg.

5. XuapoJsiokaTop 3a CTpaHUYHO HAOJIK0IeHH e

[IpennazHaueH 3a oOrjexgaHe Ha JIbHOTO Ha BOJHU OaceliHW, 3a OTKpPHBaHE H
KBaTM(DUKAIKS HA TIOJIBOJIHA OOCKTH (MHHHU, NMOThHATA TEXHUKA, HEMO3HATH OOCKTH U Jp.).
XUIpoNIOKaTOpbT 32 CTPAHUYHO HAONIOJEHHE MOXKE Ja C€ M3MOJ3Ba ChIIO 32 KOHTPOJI Ha
CBCTOSIHHETO Ha TPBOOTpoBOaH, HE(PTEHH TUTaTHOPMH, KaHAIIM U 3a TEOJIOTMYHH U3CIICABAHMUS.
To3u xumgposokatop € pa3paboTeH OT ChbBMECTEH KoJIeKTUB oT MHctuTyra mo orOpaHa u
KomOuHara 3a paguotexHuuecka amnaparypa ot Benuko TwpHOBO B mepuoaa 1978-1985r.

XUaponoKaTopbT U3IMOJ3BAa METOAA Ha CTPAHUYHO ,,0CBETSABAaHE HA MOPCKOTO JBHHO C
aKyCTUYHU CUTHAJIM TIOCPEACTBOM JBE€ (TI0 €7JHa 33 BCEKH OOp/T) BETPUI000pa3HU AUarpaMu Ha
HACOYEHOCT — TECHH B XOpU30HTaIHATa paBHUHA (1°+2") ¥ IIUPOKYU BHB BepTUKATHATA paBHUHA
(20° mm 30°), ymsITO OC € HAKJIOHEeHa KbM JIbHOTO Ha 10° wmm 20°.

JIuHeHOTO peMecTBaHe Ha aKyCTUYHUTE aHTEHHU, MOHTHUPaHU Ha OYKCHPYEMOTO TSUIO
¢wur.3, 1aBa Bb3MOXKHOCT 3a IMOJy4yaBaHe Ha IByMEPHO U300pakeHUE Ha HAOIII01aBaHusI OOEKT.

XUapOIOKaTOPBT CE ChCTOU OT:

- TIOABOJHO OYKCHPYEMO TSUIO C JIBE JTMHEWHU XUAPOAKYCTHYHH aHTEHHU M €JICKTPOHEH

0JI0K;

- 00paoBU eNEeKTPOHEH OJIOK 32 KOHTPOJ U YIpaBlieHUe padoTaTa Ha XUAPOIOKATOPa;

- 050K 32 00paboTKa ¥ MpeACTaBIHE Ha XUAPOAKyCTUYHATa HH(POpMAIIHS 32 MOPCKOTO

IBHO OT BBPXY EJNEKTPOXMMHUYHA XapTHs B JECeT Ipajalliyl Ha YepHO Osui0 upes
CTIEIMAM3UPAHO JIBYKAaHAITHO 3aITUCBAIIO YCTPOUCTRBO.

XUapoaKyCTHUHUTE aHTEHU TPECTABISIBAT JTUHEHHA MHOTOEIEMEHTHA perieTka oT 51
nue3okepamuynn  enementa Tun  [IKEI124x16x8. KOHCTpYKTMBHO €JIE€MEHTUTE ca
pa3MoioKeH! B TpH pefa mo 17 Bepxy 00111a HOCela TUIaHKa U 3aJI€TH C eIeKTPOU30IallHOHEH
marepual. [locnemHusAT OCUTypsiBa XepMETUIHOCTTA Ha aHTEHUTE MpH padoTa.
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®ur.3. Bykcupyemo T1/10 Ha XHIPOJOKATOPA 32 CTPAHMYHO HAO/II0/IeHHE

EdextuBHOCTTA Ha XUApOJIOKAaTOpa Oelie MOTBBbPJCHA MU IMOKa3BaHeTo My B [ JIP-
Pomok u B Ky6a. Ot I'/IP 6s1xa 3asBenu 40 6poiiku. CrouTHsta ot Kpas Ha 90 ™ roguHu Ha
MUHAQJIHSI BEK OCYEeTHXa Ta3 MOPHUKA.

Ha enun ot omuTHuTe 00Opa3nu Ha XUAPOJIOKATOpa 3a CTPAHUYHO HAOIIOJIEHUE B
WMHCTUTYT TI0 METall03HAHUE, CUCTEMH M TEXHOJIOTUU C IICHTHP 0 XUAPO U aepOoIMHAMHKA
»AKan. A. baneBcku® IByKaHAJIHOTO 3alKCBAIlO YCTPOUCTBO O€ 3aMeHEHO ¢ MU(POB OJIOK 3a
00paboTBaHe Ha XHJIPOAKYCTHYHATA HHPOpPMAIU OT HaOmoaaBanuTe obektr. Ciex ToBa T
ce Bu3yaninzupa Ha 1iBeteH LCD expan upe3 U3Moa3BaHeTO Ha OCEM IIBETOBU I'paJlaliuu ( MEXY
JIBa CbCEHU IBsATA paznukara € 6dB ). ,M3tuyamiara™ ot ekpana uHdpopMaius ce 3amucaa.
OcurypeHa € BB3MOXKHOCT, Clie[l TIPUKJIFOYBAHE Ha OOCIEABAHETO IO JaJeHa TPACKTOPHS,
nosiyueHaTa uHGopmMarlus aa ce n300pa3u MOBTOPHO B PEXKHM ,,JIyNa‘, KOETO MMO3BOJISIBA J1a Ce
UACHTU(PULIMPA OTKPUTHS OOEKT U J1a Ce MOBTOPHU U3CIEIBAHETO, aKO € HE0OXoauMo[4].

OCHOBHM XapaKTEPUCTUKU Ha XUIAPOJIOKATOPA 332 CTPAHUIHO HAOIIOICHUE:
- paboten nuanazos: 50, 100, 150, 300 u 600 m;

- pabotna yectora: 105 + 10 kHz;

- HUBO Ha W3MbuUBaHUTE UMNyscu: 225dB/1puPa/Im;

- ckopocT Ha Oykcupane: 0.5 + 2.5 m/s;

- IBI004YMHA Ha HOTAIISIHE HA ITOABOAHOTO Ts10: 10 300 m.

MonepHU3UpaHuAT XUAPOJIOKATOP B MHCTUTYTA CE€ M3II0JI3BA 3a ONTUMHU3HMpAHE Ha
KaMy(1a’)KkHOTO IOKPUTHE Ha pa3pabOTBaHUTE U3/EIHS.

[Tpu o6cnenBane K8 50 gr45 20120808, u3BBpPIICHO ¢ XUAPOJIOKATOP 32 CTPAHUYHO
HaOJo1eHue Ha Auanas3oH 50 MeTpa o HarpaBiieHue 45° ¢bCc CKOPOCT MO-MaJIKa OT €JUH METHP
3a CeKyHJa Ha ekpaHa, HaOmogaBame ¢ur.S. benesute or 00eKTUTE OTTOpe HAJOMy ca:

- Hal-0Trope Ha rpaHMIlaTa MEXJY CHHbOTO M CBETJIO CHUHBOTO JIBE IBIU C KBITO

3€JICHH TOYKH OT MEeTaJTHU OoTraabIy (mpudiusutenHo 1300x500x300mm ¢ neGenmHa
2mm) ot pascrostHue 20 m;

- OT MaHeJd CaHJBHY OT CTHKJIOMAT ¢ BrpajieHu kBaapatu 80x80x6 mm AEBUHHUCUI U
ryma c gebGenmnHa Smm, Ha pasctosHue 28 m 0T OyKCHPYyeMOTO TsUIO Ha
xuzaposokaTopa. 3aja Gesera ce HabJI0/1aBa CSIHKA € ABDKMHA OKOJIO 2 m;

- ot u3nenue 75 Ha pasctosHue — 30m. 3an Oenera ce HaOm01aBa CSIHKA C ABIDKHHA
0KOJIO 4 m;

- OT MaHea caHABUMY OT OoanuM M rymMa c jebenrHa Smm Ha pa3CTOSHUE OT
OykcHpyeMOoTO TsuI0 Ha Xujpojokaropa 32 m. 3aj Oenera ce HaOiroJaBa CSIHKa C
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IbKMHA OKoJIo 6 m. ['oysimaTa csiHKa € 3apaau MO-TOJIEMHSl BI'bJ, MOJA KOWTO €
IIOCTaBCH ITaHCIIBT,
- OT IIaHeJI OT CTHKJIOMAT € BrpajeHu kBaapaTu 80x80x6mm JeBUHUCHII HA pa3CTOSTHUE
28 m. 3ax naHena ce Ha0JI0/1aBa MOJYCAHKA, KOETO € pe3yirTar oT ,,Ipo3pavyHoCTTa
Ha MaTepuaa.
Ot ananu3a Ha Oene3uTe OT TOpHATa eXorpama MoraT jJa Cce HampaBsAT W3BOAM 3a
OTpa3sIBAIIUTE XapPAKTEPUCTUKUA HA MATEPHAIIUTE, OT KOUTO Ca HANPABEHU HAOIIOAABAHHUTE C
XUPOJOKATOpA OOCKTH.

®ur.4. ExorpamMa ot ekpaHa Ha XHAPOJOKATOPA 32 CTPAHMYHO HA0/II01eHUe IPH AHana3oH 50 m

6. XuapoJiokaTopu 3a CeKTOPHO HA0JII01eHue

XUIpoIOKaTOPHT 32 CEKTOPHO HAOJIO/ICHNE € aBTOHOMHA CHCTEMa, CIIeIHaIN3upana 3a
HaOII0/IeHUE Ha MOIXOUTe KbM MPUCTAHUIIA WK IpYTH OperoBu o6ekTu. ChCTOU ce OT ABE
OCHOBHH YaCTH — IIOJIBOJIHA U HA/IBOJIHA , KOMUTO CE€ CBBP3BAT MOMEXKY cH ¢ kabein. [logBogHaTa
yacT MoXke Ja Obae MOHTHpaHa Ha pazcrosHue 10 1000m ot HajgBOAHATA.

[lopBognata wact (¢ur.5) BKIOYBA XUAPOAKYCTUYHATA AHTEHHAa CHCTEMa Ha
XUIPOJIOKATOpA U €NEeKTPOHHUTE OJIOKOBE, OCUTYPSBAIM H3THYBAHETO M MPEIBAPUTEIHOTO
YCUJIBAHE HAa €XO CUTHAJINUTE.

Hansonnata yacT Ha xuaposnokaropa (Gpur.6) ocurypsiBa moaxofsina BU3yanu3anus Ha
nH(]opMaIuaTa MoJydeHa OT CEKTOpa 3a HAOJIOICHHE U 3alIMCBAaHe HA JJAHHUTE TI0 TPEIICHKA
Ha omeparopa. HaOmioleHHETo ce OChIIeCTBSIBa Ype3 ENEKTPOHHO CKAaHHMpaHE Ha CeleM
JUarpaMl Ha HAaCOYEHOCT Ha aHTEHaTa Ha XWJAPOJIOKaTopa CTaTHYHO OPHUEHTHUPAHU B
HAOII0TaBaHUs CEKTOP..

Moxe na ce u3noa3Ba epeKTUBHO 3a MPOCIeIsIBaHE W HACOYBAHE HA CBOMTE BOJOJA3H
MIpU U3BBPIUIBAHE HA JEHHOCTH MOJ BOAA.
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®@ur.S. IloaBoaHa YaCT HA CEKTOPHUSA

XHIPOJIOKATOP XHAPOJOKATOP

OCHOBHHU XapakTEPUCTUKUA HA CEKTOPEH Xuaposiokatop Son 70:

Pa6orau nuanaszonu: 80, 160, 240 u 480 m;

JIpn10ounHa Ha OTAISHE Ha MOABOJAHOTO TsIO: 10 30 m;
Pab6orna uecrora: 105 ° 10 kHz;

HacoueHoCT BbB BepTHKaIHATA IUIOCKOCT HA HUBO -3 db: 6
HacodeHoct B XOpH30HTaIHATA TUIOCKOCT Ha HUBO -3 db: 7 x 10 ;
[IpoasipkuTenHOCT Ha U3abuBaHus uMmmyic: 250 ps wim 500ps.

XunponokaropbT SON_70 ocurypsiBa HaJaekKIHOTO OTKPHBaHE
NPEIBIKBAIM C€ WHIUBUAYATHO WM Ype3 H3MOJ3BaHE HA TOJBOJHU JBIDKATEIH Ha
pascrosaus g0 400m.

7. OCHOBHM XapaKTEePUCTUKN HA MOJAEPHU3UPAHUS CEKTOPEH
xuapoJsiokarop SON_100

®ur.6. HagpoaHa 4acT HA CEKTOPHUS

Ha BOJOJA3U

Xunpgponokaropure Son 70 n Son 100 ce pa3nnyaBaT OCHOBHO IO KOHCTPYKLMUTE Ha
XUIIPOAKYCTUYHUTE CHU aHTeHH H codryepa 3a wu300pa3sBaHe Ha XUAPOAKYCTHYHATA
uHpOopMaIus.

OcCHOBeH rpaJiBeH MOTyJT Ha XUAPOAKYCTHYHATA aHTEHA Ha XUAPOJIOKATOpA € MOy OT
16 cTbyiba Bceku chabpxal 6 nuesoenemenTa (¢ur.7). Tozu moayn no3BossiBa popMupaneTo
Ha 3 jgumarpaMd B IUIOCKOCTTa TIEPIEHAMKYIsApHa Ha cThiaOoBere. KoHcTpykmusara e
pa3paboTeHa Taka, 4e M03BOJIsIBa ChBMECTHATa padoTa Ha JBa U MOBeYe MOJyJa €AUH 10 JIPYT.

XunpoakyctudHata anTeHa Ha xuaposjokatop SON 100 ce chcTom OT TpU MOIyIa,
KOWUTO OCHUTYpSIBAT CEKTOp Ha HaOmroaeHue 100°.
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®ur.7. HexepmeTH3npan Mo1yJ1 ®ur.8. XepMeTH3npaH MOy

OCHOBHHU XapakTEPUCTUKU HA CEKTOpEH xuaposokarop Son_100:

- Pa6otuu guamaszonu: 100, 200, 300, 400 u 800 m;

- JI»n0OourHa Ha MOTAISHE HA MOABOJIHOTO TUIO: 710 50 m;

- PabGotna yectora: 105 ° 10 kHz;

- HacoueHoCT BbB BepTHKaIHATA [UIOCKOCT HA HUBO -3 db: 4

- HacoyenocT B XOpHM30HTaIHAaTa IIOCKOCT Ha HUBO -3 db: 11X 9 ;
- IlpoabmxuTtenHoct Ha u3npuBanusg umnyic: 500 us wim 1 ms.

XugponokaroppT SON 100 ocurypsBa HaAeKIHOTO OTKPUBAaHE Ha BOAOJIA3U

OPUJIBWKBALIM CE€ HWHAMBUAYAJHO WM Ype3 M3IO0J3BaHE HA IOJBOJHU CpEICTBa 3a
IIPUJIBUKBAHE Ha pa3cTosHus 10 600m.

240 |

120

®ur.9. Exorpama ot expaHa Ha XHPOJIOKATOP 32 CEKTOPHO HA0JII0eHHe.
CrpenkaTa NOKa3Ba TPAeKTOPUSITA HA NPeABMKBaHe HA JiekoBoaoaa3 oT 80 m 1o 180 m ; amanason
240 m.
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8. Xuaposiokarop 3a KpbroBo Ha0K0IeHNHE ¢ €JIEKTPOHHO CKAHHPaHe

XUAPOIOKATOPHT 332 KPHroBO HAOIOAEHUE € Pa3pabOTeH 0 UesTa Ha pa3riIeaHnuTe M0-
rope XUIAPOJIOKATOPU 3a CEKTOPHO HAOJIIOJICHHE BBPXY €IHA M ChIa eJIeMEHTHA 0a3za U ce
ChCTOHM OT JIBE€ OCHOBHH YacTH — IMOJBOJHA U HAIBOJHA, KOUTO CE CBHP3BAT MOMEKIY CH C
Kka0elr.

®ur.10. XuapoaKycTHYHA aHTeHA — @ur.11.XuapoaKkycTHYHA AaHTEHA —
BH/] IOBBPXHOCT BH] OTroOpe

Branpuerata KOHCTpYKIHMS HAa aHTeHaTa e nmoka3zaHa Ha ¢wur.11 u ¢ur.12. C nokazanara
aHTEHA € BB3MOXKHO pealu3UpaHeTo Ha HabirojeHue Ha ceKTop oT 60° B XOpU3OHTaJIHATA
IUIOCKOCT 4pe3 eJIEKTPOHHO (pOpMHUpaHE HA NET JuarpaMy Ha HACOUEHOCT C IIMPHHA Ha HUBO
muHyc 3db B xopu3oHTalHaTa IUIOCKOCT 12°, a BbB BepTHKanHata 6°.0OcurypsBaHeTo Ha
KPBroBO HAOJIIOJEHHE B XOPU30HTAJIHATA IJIOCKOCT CTaBa upe3 pa3paboTeHaTa aHTEHHA
cucTeMa, ChCToAIIA Ce OT ECT UJICHTUYHH aHTeHH (Gurypu 12 u 13) pa3nonoxkeHu maxmMaTHO
B /1Ba ci0si. OCBEeH TOBa 00pa3yBaliTe UM Ca HAKJIOHEHH KbM OCTa Ha IWIMHABPA C IIeT JIa ce
HaMaJi BpEJIHOTO BJIMSHUE HA IbHHATA peBepOeparusl.

@ur.12. AHTeHHA CHCTeMa Ha 32 KPbIroBO ®ur.13. O6ur Bu Ha
Ha0/II01eHne MOABOAHATA YaCT HA
XHIPOJIOKATOpA
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Ha ¢ur.14 e mokazana exorpamara OT M3MHMTBAaHUATA HA XHIPOJIOKATOPA 32 KPBrOBO
HaOJIOZICHUE, MPOBEJICHO B PaiOH ChC CpeaHa ABJIOOYMHA OT okoJio 15m. MuHdopmanmsaTa
Ha0JroaBaHa B TPETH, YETBBPTH U METH CEKTOPH € MOKa3aHa M B PEXKUM ,,Jyna““ B JsCHATa
yacT Ha Qurypara. OT4eTIMBO ca MHIULMPAHU TPACKTOPUUTE HA [JBI)KEHUE Ha JBaMa
BOZ0Ma3u Ha pa3cTosiHusl oT 40m 1o 260m. CurHanute, perucTpupaHy B IOCIEAHATA €/1Ha
TpeTa OT eKpaHa, ca OTpaXKeHUs OT Opera Ha KaHaJsa, B KOWTO ca IPOBEJACHN U3IMUTAHUATA.

LEAVA SOROIA

®ur.14. Exorpama ot eKpaHa Ha XMJIPOJOKATOPa 32 KPbroBo Had/01eHue.

[Tonydenure npu U3MUTBAHUATA HA Pa3TIICAAHUTE XUIPOIOKATOPH PE3yATATH, & UMEHHO
— BB3MOXKHOCTTA 3a IMPOCJCAsIBaHEe Ha IMPHUIBIKBAHETO HA BOJOJIA3M C OTKPHUT IMKBJ HA
TUIIaHe Ha pa3cTosiHUS A0 260m, Mokas3BaT, 4e Te MOXKE Jla Ce M3MOJ3BaT Karo e(eKTHUBHO
CPEJICTBO 32 HAOJIFO/ICHHE B CUCTEMHTE 32 3al[UTa Ha IPUCTAHUIIA, OTIACITHA KOpabu 1 KOpaOHU
CTOSHKH OT BOJIOJIa3H.
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