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AKTYAJIHU HOBUHU B OBJIACTTA HA IIYMA U BUBPAIIUUTE
OT CIIEKTPHU EOOJ

Bopuc Muxaiijios Y Tarsna I'eopruesa 2

)

Y CIIEKTPU EOO/, yn. ,,Cs. Teongocuit TeproBcku® 30, Codus, 1421, spectri@spectri.net, www.spectri.net (URL)
Y CMIEKTPU EOO[, yn. ,,Cs. Teonocuit TepaoBcku™ 30, Codus, 1421, office@spectri.net, www.spectri.net (URL)

Pestome: B 1031 1OKyMeHT ce pasriiexaa aeitHoctra u Hopoctute oT CIIEKTPH EOO/], ¢ BpemeBu xopu3oHT SAnyapu - Hoemspu
2014 r. IIpeacraBsr ce BbB BUJ HA aKLEHTH HOBUTE HampasieHus B IsutocTHOTO pasButue Ha CIIEKTPU EOO/] — xato aeiiHocT,
na3apHO IPUCHCTBUEC, HOBU INMPOU3BCKIAAHU U I[I/ICTpI/I6yTI/IpaHH NPOAYKTH U PCIICHHA, KAaKTO MU CUCTEMATUYHO MOAABPKAHE Ha
LSJIOCTHATA eKCIepTHA rpMeHa o0e3neueHoCT. Peanu3upanu npoeKTH.

CIIEKTPU EOO/] OCTOSIHHO 1 OpraHW3MpaHO NPOIBIDKABa Jla C€ pa3BUBa KaTO HAlMOHAJIEH LIEHThP Ha KOMIIETEHTHOCT B 00JIacTTa

Ha IIyMa U BUOpaAUHTE.

Kniouosu oymu: - Wym, Bubpanuu, CIIEKTPU EOO/I, WEBNOISE, Briiel & Kjar, PCH Engineering, Instantel.

1. O630p:

IIpe3 2014 r., CIIEKTPU EOO/] mpoxsiiku pa3sBUTHETO CH
1 1Ipo(eCHOHATHOTO CH €KCIEPTHO IPUCHCTBHE Ha Iasapa — B
o0nacTTa Ha IIyMa ¥ BUOpaluuTe.

HpCI[CTaBﬂMe BBB BUJl Ha AKHEHTH HOBUTEC HAIIPaBJICHUA B
wsnoctHoto passutue Ha CIIEKTPU EOO/] — karo neiHocr,
Ma3apHO MPUCHCTBHE, HOBU IPOU3BEKIAHU U AUCTPUOYTUPAHH
MNPOAYKTH U PEUHICHUA, KAKTO U CUCTEMATHYHO NOAABPKAHE Ha
LSJIOCTHATA eKcrepTHa (upMmeHa obe3neueHocT. Peannsupanu
NIPOEKTH.

CIIEKTPM  EOOJ mnOCTOSIHHO W OpraHU3HpaHO
IpoABJDKAaBa Jla ce pa3BHBa KaTO HAIMOHAJICH ILIEHTHD Ha
KOMIIETCHTHOCT B 00JIACTTa Ha IIyMa U BUOpAIMHTE.

1.1. CraptupaHa coOcTBeHa pa3paboTka Ha MOPTAIHO
pelieHre, MapKeTUpaHoO TI0J HauMEHOBaHHETO  “Spectri
WEBNOISE.eu” — xarto “o6maynHa” yciayra, KOMOMWHHpala

COOCTBEHO pelIeHUEe 3a HEMPEKbCHAT HHTEPHET 0a3upaH JOCThI
10 mapaMeTpu 3a MOHUTOPUHI Ha IyM, BHOpAaIMM, KakTo U
BB3MOXKHOCT 32 [ONBJIHUTEIHM MapaMeTpd B OKOJHATa H
IIPOM3BOJCTBEHA Cpeia.

1.2 Peanuzanua Ha
3HAUEHHE:

- Axrtyannsupade Ha [lman 3a neiictBue kbM CTpaTerHuecku
Kaptu 3a lllym 3a rp. Codus;

IIPOCKTHU CBbC CTPATETrU4YECKO

1.3. IMotBbpknenne Ha cepruduuupane Ha OKC
“CIIEKTPU-UBMEPBAHUA” no BAC EN ISO 17020:2012.
1.4. [ToTBBpKIEHUE Ha cepTU(dULIMpPAHE 32 TPOU3BOACTBO,

KOHCYJITAHTCKH YCIYTH, JIOCTaBKa M CEpBH3 Ha H3MEPBATEIHO
o0opyaBane 3a myM 1 Bubpanuu — o ISO 9001:2008.

1.5. Peanu3upan akyCTH4eH HPOEKT 3a CTPOUTENCH 00eKT
CAH CTE®AHO ITJIA3A, rp. Codust.

1.6. Peanusupan  aKyCTHYHO-CTPOMTEIICH
o0e31yMsBaHe Ha MPOMHUIIIEH 00eKT, ¢. Yenomneu.
1.7. JlocTaBka M U3TpaXkiaHe Ha CUCTEMa 332 BUOPAI[MOHEH
MOHUTOPHHT.

1.8. KoncynTanus 3a eBpounTerpanusra Ha Cppous, riasa
27 (OxomHa cpena), moaremMa ImyM B OKOJIHA cpelia.

1.9. VYdacTue B CUMIIO3UYMH U H3JI0KCHUS:

- bynkonrpona 2014;

- Jledpexrockomnus 2014;

- MMO 2014;

MPOeKT  3a

- Akyctuka 2014;
1.10. HoBuun or mnaptaeopa Ha CIIEKTPU EOOJ B
obOnactra Ha mryma u BuOpauuute, Briiel & Kjar - Jlanus.
1.11. HoBuun or mnaptaeopa Ha CIIEKTPU EOOJ B
obmactra Ha BuOpaumonHus monutopusr, PCH Engineering -
Jlanust.
1.12. HoBu noroBopHH OTHOLICHUS C JIUAEpa B 0071acTTa Ha
MIPpOU3BOACTBOTO Ha CECU3BMHUYHU MOHHUTOPUHIOBH MOAYJIU H
cucremu — Instantel - Kanana.
2. loptanno pewenue, “Spectri WEBNOISE.eu” u HayaJio
Ha COOCTBEHO MPOU3BO/ICTBO:

Paspabomrxama e npedocmasena 6 omoenen 0oxknao.

noise web access

HE ONLINE ENVIRO JBSCRIPTION SERVICE - PROVIDED BY SPECTRI

'CHELOPECH WEB NOISE

PLOVDIVWEB NOISE BURGAS WEB NOISE

®@ur. 1 CIIEKTPU nopran WEBNOISE.EU CIIEKTPHU
HOBM npoaykTu: Monutopunros Tepmunain 3a mym;
MounuTopunr na pH.

Pemennero e 0a3upaHo Ha HaW-BHCOK  KJac
H3MepBaTeIHO 00OpyaBaHE 3a U3MEPBaHE HA IIYM — aKyCTHYEH
ananmuzarop tun Briel & Kjaer 2250/2250-L. Tepmunanst ce
M3I0JI3Ba 3a HENPEKbBCHAT MOHHUTOPUHI Ha MIyM, a CbUIO H
OIIIIMOHAJIHO Ha BI/I6paI_IHI/I U JONBJIHUTCIHU IapaMETpu Ha
OKOJHaTa cpefa (Ipu NEHHOCTH IO BpeMe Ha CTPOHTENICTBO,
rpajcKa W/WiIx IPOMHUIIIEHA aKTHBHOCT)

A

®ur. 2 [poaykr va CIIEKTPU EOOJ|



h .

®@ur. 3 [Inatpopma Webnoise.EU 3a MOHUTOPHHT Ha IIyM H €
BB3MOXKHOCT 32 MOHUTOPHHT Ha pH

3. KirouoBu npoextu Ha CIIEKTPHU npe3 2013 r.:

3.1. Axryanmmsupane Ha [lman 3a  pgeiictBue
Crpaternuecku Kaptu 3a lllywm 3a rp. Codus;

Ilpeened u Axkmyanuszayus na Ilpuemus Ilnan 3a [eiicmeue
¢ Pewenue na Cmonuuen Obwuncku Cveem Ne 710 /
20.12.20102.*

KbM

Lenra Ha pa3paborBane Ha ,,[IJIAH 3A HEﬁCTBHE KbM
CTPATETMYECKA KAPTA HA HIYMA B OKOJIHATA
CPEJIA” na 6a3ara Ha Ctparernyeckara mymoBa kapta (CLLK)
€ YyIpaBJeHHE, OTpaHHMYaBaHE ¥ HaMalsiBaHE Ha ILIYMOBOTO
HaTOBapBaHe B OKOJHATa cpela 4pe3 NpuaraHe Ha MEpKH U
aKyCTUYHO IUIAaHUpPaHEe B KPAaTKOCPOYEH, CPEAHOCPOYEH U
IBITOCPOYCeH mepuoa. Te3u mepku TpsOBa ga ce Oa3upaT Ha
cllydawTe, IpPU KOUTO IIPEBUINIABAHETO HAa CTOWHOCTHTE Ha
aZieH IIoKa3aTesl 3a LIyM MOXe JAa IpeIu3BHKa BpeIHO
BB3ICHCTBHE BBPXY 3[PaBETO Ha XOpaTa, KaKToO M 3a 3ala3BaHe
CTOHHOCTUTE Ha IIOKa3aTeJUTE 3a IIyMa B OKOJHATa cpela B
palioHUTE, B KOUTO CTOMHOCTHTE HE ca HaaBuiueHH. KpaiiHaTta
LeJl € Ch3JAaBaHE Ha 3/APABOCIOBHU YCIOBHSA Ha JXHMBOT Ha
HAaceJICHUEeTO M Olla3BaHe Ha OKOJHATa cpela OT IIyM, 4Ype3
pa3paboTBaHETO M MpPUJIAraHeTO Ha MHTETpUpPaH MOAXON U
MEpKH 3a HEroBoTo u30sArBaHe, MpPeNOTBpATsIBaHE MU
HaMaJsBaHe.

Iymbr e emuH oT (HaKkTopuTe C HEOJArONPHUATHO
BB3ICHCTBHE BBPXY HACCICHHETO B TOJIEMHTE TpaJOBe.
IToponeH oT pa3BUTHETO HA MPOMUIIIEHOTO NMPOU3BOJACTBO, HA
II'PTHUYECKHUTE, TOBAPHUTE M BOJHHUTE TPAHCIIOPTHU CPEICTBA U
MacCOBHAT T'PAACKH TPAHCHOPT. JBITOTOMUIIHUTE W3CIICABAHUS
[I0Ka3BaT, 4Ye HUBOTO Ha IIyMa B IOCJIEAHUTE TOAMHH HapacTBa
¢ 1dB roaumHO M HaagMUHaBa TPAaHHUYHUTE CTOHHOCTH 3a
CHOTBETHHTE  HACeNeHM  Tepuropud.  IIpomsHara  Ha
TPAHCHOPTHHUTE CPEICTBa C TaKkuBa C IOJZOOPEHH IIYMOBHU
XapaKTepUCTHKH Ce KOMIICHCHpa C TpailHO HapacTBaHe Ha
Moropu3auusaTa. HesaBucuMo OT BHZa M KadeCTBOTO Ha

KWIMIIHAA M O0IIecTBeHHss (OHI W KOra € IOCTPOCH, ce
3abens3Ba TEHJACHLMATA HA HENpeAlpHeMaHe Ha MEpKd 3a
[IyMO3aIlNTa KaKTO Ha JKUJIHUIIHATE Taka M Ha OOIIECTBEHUTE
Crpafii ChC CIICHUATHO MpeJHa3HaYCHUE — OONHHULM, YUUIUIIA,
JETCKH 3aBEACHHs, HayYHO-MU3CICIOBATEIICKH LIEHTPOBE U Jp.
TaKHBa.

3.2. Peanusupan akyCTHUYEH MPOCKT 3a CTPOUTEICH OOCKT
CAH CTE®AHO TJIA3A, rp. Codus.

| RS

®ur. 4 V3rien n34nuciauTeNIeH MOACI

3.3. Peanusupan  aKyCTHYHO-CTPOMTEIICH
o0e31yMsBaHe Ha POMHUIIIEH 00eKT, ¢. Yenomneu.
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3.4. HocraBka M wm3rpaxaane Ha Cucrema 3a BHOpalMOHCH
MOHHTOPHHT'
Outlet Radial (OR)

Outlet Axial (0A) /
T ) / Talet Radial (R)

Low Pressure -
(LP)
Tnlet Axial (I4)

Outlet Radial (9

®@ur. 6 Toukr Ha MOHUTOPHHT

> Cuctema 3a BUGpaLMOHeH MOHUTOPUHT Ha KOMNpPecopun
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®@ur. 7 Cxema BUOpAIMOHEH MOHUTOPHHT

3.5. Koncynrauus 3a eBpounTerpanusira Ha CbpOus, riasa
27 (OxomHa cpena), moaremMa ImyM B OKOJIHA cpefa:
Transposition of Directive 2002/49/EC

on assessment and management of environmental noise Oct.
2014, Beograd.

Common

Noise Assessment Methods
in ELIFOpe (cNossos-Eu)

® The way forward

® Based on this report, the European Commission will
amend Annex II of Directive 2002/49/EC,

® in connection with the implementation phase of
CNOSSOS-EU (phase B) in 2012-2015. The

® ultimate goal is to have the common noise assessment
methodology operational for the next

® round of strategic noise mapping in the European
Union, in 2017.

4. TlorBbp:kaeHue Ha ceprupuuupane Ha OKC
“CHHEKTPU-USMEPBAHUA” no BJAC EN ISO 17020:2012.
Peceprudukanus no Hoara Bepcus Ha BJIC EN ISO17020.

OBXBAT HA AKPEJIUTAIIUST
KoHTpou Ha mryMm B OKOJTHA W/WiIi OUTOBA Cpeaa;

KonTpous Ha mym B paboTHa cpeaa;
KoHnTpous Ha BUOpaluu npegaBaHu Ha CUCTEMA ,,pbKa-paMo
Ha ,, 1[I0 TSAI0°;
% KoHTpos Ha BUOpanuu Ha MalluHHy;
% KoHTpos Ha BUOpALUH B )KUJIHMIITHA TIOMEIICHUS.
[MorBbpkaeHne Ha KommereHTHOCTTa Ha CIIEKTPU
EOO/I B oGnactra Ha nryma v BUOpauuu.

0
o

0
o

0
o

=

0
0

0

CEPTVDOMKAT
3A AKPEOUTALINA

~CREKTPU™ EOOA

Opran 3a Koy

LCNEKTPU-M3MEPBAHUS"

Euk: 175208219

OBXBAT HA AKPEAMTALMSA

3anosen Ne . 1598/30.11.2012 fienenuma uact oT cepruduKata SABKpenUTaLYS

06110 ... 3..... CTPaHYLM

Banunen fo: . @¥11.2016 T, BCA B flo TERNQKC
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®@ur. 8 Usrnen CepTI/Iq;I/IKaT Ha OKC “CIIEKTPU-
N3MEPBAHUA”
5. VenmemHo ceprudunupane mo ISO 9001:2008

BUREAU VERITAS

Certification

CNEKTPM EOOAQ
yn. Ce. Teopocwh Tuproscin 30
1421 Comn, Buirapma

1SO 9001:2008

o

TLPIORAA M AOCTANAA Ha POWGHMN, GKCHOPTMIN, WIMOPHATONNA
anapaTypa u COBTYEp 3a LyM W BHOPALINMN, NPOUISC-NAPAMOTPN,
MMCTanaumm  HACTPOMKM, ODYWONME W KONCYITMN. HImepBane
AHATINI, AMATHOCTMA, KONTPOM W OUENKA HA CLOTHETETHNETO,
26 Hoe

DL " 2013

s 26 Hoswspw 2013

e 1. 23 wa prmwon: 26 Howssnpm 2013

k4

®@ur. 9 Usrnen ceprudukar Ha
CIIEKTPU EOO/

O6xBar Ha cepruduKanus: Ilpoexmupane,
nPoOU3600CMBO, UHIHCEHEPUHZ, NOOOPBIHCKA, CEPEU3, MBP2OGUS
u O0ocmaeka HA peuwleHus, eKCHepmu3u, U3MepPeamenHa
anapamypa u cogmyep — 3a wiym u eudpayuu, npouec-
napamempu. Hucmanayuu u Hacmpoiiku, oo0yueHue u
Koncyamayuu. Hzmepeane, ananus, ouazHoCmMuKa, KOHmMpon
U OUEHKA HA CHLOMEEMCHIGUEMO.

Heun: ITorebpxaenue Ha komnereHTHOCTTa Ha CIIEKTPU
EOO/I B oGnactra Ha nryma v BUOpaluuTe.

6. Yyactue B CHMIO3MYMHM M,
KOH(pepeHUUM:

1. Bynkontpona 2014;

2. Hedexrockonust 2014;

3. MMO 2014;

4. Akycruka 2014;

Hea: mnonmppkaHe Ha Ia3apHOTO MPUCHCTBHE Ha
CIIEKTPHU EOO/] B o6nacTtTa Ha m1yma 1 BUOpauure.

HU3JI0KEHUSA U
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®@ur. 11 CIIEKTPU yyactue B
Hedexrockomnus 2014

oB0CTI U pasBuTHE

spectrt

®ur. 13 CIIEKTPU yyactue B
AKYCTHKA 2014
7. HOBMHM OT OCHOBHUTE MEXIyHApOAHH NMapTHHOPH Ha
CIIEKTPU EOO/:
7.1. HoBunu ot maptbopa Ha CIIEKTPU EOO/ B
obOnactra Ha mryma u BuOpauuute, Briiel & Kjaer - lanus.

- Cucrema 3a MoJIeBH 3allUC HA CYpOBU M3MEpPBATENHH JaHHH 32
myM u BuOpaumu, Tun Sonoscout. Cucmemama Oe
npedcmasena Ha MMO 2013 2. om cneyuarucm om
npouszeooumens, Briiel & Kjcer — [anus.

®@ur. 14 Briiel & Kjer Sonoscout koHpurypauus

- OOHOBsIBaHE Ha OCHOBHATA raMa MPOU3BOJCTBCHHU IIATPOPMHU
ot Briiel & Kjar — PULSE, 2270, LimA, Predictor, np.;

7.2. HoBuHu ot naptHbOpa oT nmaptHhopa Ha CIIEKTPU
EOO/l B ob6macrra Ha BuOpanuoHHuss monutopunr, PCH
Engineering - Jlanus.
- W31151710 HOBM BUOPAILIMOHHY MOHUTOPUHIOBH MOJYJIH,
BUOpAIMOHHHU TpeoOpa3yBaTesii, H3MepBaTeIHa TEXHOJIOTHS,
MOHHTOPUHTOB codTyep;

HHTeMreHTHH Mamunen KOMYHHKAIMOHHH MOIYJIH
CeH30pH MOHHTOPHHI
PCHI116 PCH1420 PCH EtherBridge
PCHI216 1 xanan ol oot
PCHIIIS = i’ /
PCHI218 *= 2 xanana

4 Kanana HI.

-

o
wl
e
[

.
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i

®@ur. 15 PCH Engineering HOBU NpOTyKTH

7.3. HoBunu ot INSTANTEL - Canada.

Instantel e crieruanu3upaHa B MpOU3BOACTBO Ha MOJYJIH 3a
BUOpalMu W B3pUBHU AckHOCcTH. PupMaTa € vacT oT Stanley
Black & Decker, Inc.

O6opynBsaneto Ha Instantel 3a ,,perynupanu BUOpauuu u
KOHTPOJ Ha CBPBX HaATaHUs CH H3BOIOBA IIpe3 TOMUHUTE
peHOMeTO Ha Hal-HaJeXHATa MOA00HA TeXHUKA (M3I0JI3BaHA B
Hag 110 crpaHM WO cBeTa) — 3a PA3IMYHH TPUIOKCHHS B
MHHHAaTa  JCeHHOCT,  CTPOHMTEJICTBO M  T€OTEXHHYECKU
[POYYBAHUS.

2= Instantel

The World’s Most Trusted Vibration Monitors

INSTANTEL akiieHr - jg0ro

®@ur. 16 Usrnen va ypex Minimate Pro



7.4. HoBo mnaptHeopctBo ¢ ODEON - choeuuanucture B
codryepHnTe pelIeHUS 3a AKyCTUYHO MOZEIHpaHe WU
CHUMYyJIAIMs Ha aKyCTUYHU ITapaMeTpH Ha IIOMELICHUS, 3aIIH
U CTpajaH.

IIpoexter ODEON e Omi MHMIMHpPAH KaTo CHBMECTHO
CBTPYAHUYECTBO Mexay TexHuuecku YHuBepcuteT — Jlanus
(3BeHo o AkycTuka), Briiel & Kjer u npyru Bogeum ¢pupmu B
o0nacTTa Ha aKyCTHYHOTO MojenupaHe. VIHBecTHpaHHTE Ipe3
rogunute ycunus B pasButuero Ha ODEON ro mpebpHa B
HaJCKICH M MPH TOBa JIECEH 3a pabora codTyepeH MpPOAYKT,
KOHTO C€ M3M0J3Ba B MHOTOOPOHHHM NMPOEKTH B CTPOUTEITHATA
aKyCTHKa U aKyCTHKAaTa Ha IIOMEIIEHUS.

Odeon

Room ACousTICS SOFTWARE

Odeon®1385-2004

®ur. 17 Odeon HOBU NPOAYKTH

7.5. Hoso noro na CIIEKTPU EOO/]

spectr!

Cneyuaaucmume no wym u Bubpayuu

JlanHu 3a apTopuTe:

8. U3Boau:

IIpe3 Bropata mnonoBuHa Ha 2014r., pa3BoiiHara,
cTparernyecka W MapkeruHroa mnonutuka Ha CIIEKTPU
EOO/] ueneHacoueHO ce pa3BUBa B CIEAHUTE OCHOBHH
HanpaBJICHUA:

Pa3BuTtHe Ha coOcTBeHa pa3BOifHAa U IPOU3BOJICTBEHA
JEHHOCT;

Peceptudunmpane u  HoBa  cepTH(HUKAIMOHHA
eKCITIepTHa 00€3Me4eHOCT;

AKI_ICHT B JOCTaBKM Ha WHOBATUBHU PCIICHHUA 3a P.
boarapus;

IMocpeniane Ha OUaKBAHETO HA €KCIEPTHATa OOIIHOCT
B P. Bearapus 3a aktusHo npuckcreue Ha CIIEKTPU
EOO/l na maszapa u HempeKbCHaTa MHGOPMHUPAHOCT
OTHOCHO HOBOCTHUTEC B lIyMa U BI/I6paL[PIHTe;

CIIEKTPU EOO/l mnmanupa W 3aHampen IOCTOSHHO H
OpraHM3UPAHO Jla MPOABIKABA ChC CTPEMEXKA CH 1a CE Pa3BUBA
KaTO HallMOHAJeH IIEHThD Ha KOMIIETCHTHOCT B 0O0JacTTa Ha
nrymMa ¥ BUOpanuuTe.

JIMTEPATYPA

(1]

WnTtepuer 6a3upana uadopmanus: Bxk.

www.SPECTRI.net;

(2]

WnTtepuet 6a3upana uadopmanus: Bx.

www.WEBNOISE.eu;

(3]

WnTtepuer 6a3upana uadopmanus: Bxk.

www.BKSV.com;

[4]

HuTepuer Oasupana nHpOpMAaIH: Bx.

http://www.pch-engineering.dk/.

(5]

HuTepuer Oa3upana nHpOpMAaIH: Bx.

http://www.instantel.com/.

(6]

HuTepuer Oasupana nHpOpMAaIH: Bx.

http://www.odeon.dk/.




(1) Bopuc bopucoB Muxaiinos, Sound and vibration qualified expert (2001), umx. (1994), Enekrponuka, TexHuuecku
yuusepcuteT Codus, Briiel & Kjer University (2001). Cenpencenaren bvieapcka Acoyuayus 3a Obwecmeen Konmpon u
Vnpaenenue na llyma, Ynupasuren CIIEKTPU EOO/].

(2) Tarsana MBanoBa I'eoprmeBa, Sound and vibration expert (2010), unx. (2001), MamMHOCTpOCHE U YPEAOCTPOCHE,
Texuunuecku ynuepcuretr Codus, Briiel & Kjaer University (2010), Texaugecku excniept 8 CIIEKTPH EOO/].

ACTUAL NEWS IN THE DOMAIN OF NOISE AND VIBRATION - FROM SPECTRI LTD.
Boris Mihaylov V', Tatiana Georgieva ?

Y SPECTRI Ltd., 30, “St. T. Turnovski” Str., Sofia 1421, spectri@spectri.net, www.spectri.net (URL)
2 SPECTRI Ltd., 30, “St. T. Turnovski” Str., Sofia 1421, office@spectri.net, www.spectri.net (URL)

Abstract: In the recent paper are presented as general overview the SPECTRI Ltd. activity and related news — in Jan. - Nov. 2014.
The new areas of SPECTRI Ltd. development are briefly presented — as activity, market presence, new produced and distributed
products and solutions, and as well related to the systematic maintained company’s expert capacity. Realized projects.

SPECTRI Ltd. continues in an organized and systematic way its development as national center of competence in the field of noise
and vibration.

Key words: - Noise, vibration, SPECTRI Ltd., WEBNOISE, Briiel & Kjar, PCH Engineering, Instantel.
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HOBOCTH B OBJIACTTA HA ITYMA U BUBPALIUUTE.
PA3BBUTHUE HA CUCTEMA PULSE, IIPEJICTABAHE HA KOHIEIIIUATA
PULSE REFLEX - BRUEL & KJAR

Torben Munk ", bopuc Muxaiisios 2
Y307, Skodsborgvei — DK-2850 Naerum, Denmark — Bruel & Kjaer, tmunk@bksv.com
2 CHHEKTPU EOO/I, yi. ,,Teogocuii TeproBcku™ 30, Codus, 1421, spectri@spectri.net, www.spectri.net

Pestome: HAKONKO HEMPEKHCHATO Pa3BUBAIIM CE U3MEPBATEIHH TIATGPOPMHU U TIOCICTHUTE UM OOHOBIICHUS,
a IMEHHO:

(1.1.) HoBu mpunoxuu makeTH 3a aHamusaropu 2250/2270; (1.2) Homa 2270 2-xananHa tmiatdopma; (2)
Hosa mammana Bepcust PULSE 18, kakTo u pecrieKTUBHHU MpItoxHU naketw; (2.1) Pulse Access; (2.2) Pulse
Reflex — menmpexnscHaTO paszputue; (2.3) [IpunokeHne 3a MOJIEBO M BETPEIIHO U3IMUTBAHE IMPU NTPEMUHABAHE;
(2.4) Unentnduxarus Ha monasrkHU u3touHnnd; (3) Axmentn B Pulse Reflex: (3.1) Momanen aHamu3 c
Pulse Reflex; (3.2) UuTtepdetic Ha Pulse Reflex 3a amanm3 Ha kpaiinute enementy; (3.3) Kopemanmonen
ananus ¢ Pulse Reflex.

Kurouosu dymu: - 3ByK, mrym, BuOpammu, Bruel & Kjar. Pulse Reflex

JoxnanbsT ce u3Hacd OT JIEKTOpa BBbB BUJ Ha Mpe3eHTauus “Ha kuBo”. [lo-mony ca M3HECEHH OCHOBHUTE
AKIEHTHH BHU3YaJIH3allHH.

1. HoBunu / news, Bruel & Kjaer:

2014 -1

5 Download Waves Magazine

Let's make some noise

Fifteen kilometres west of Copenhagen lies the suburb of Albertslund,
aka A-town. Its concrete mix of houses, shops and apartment blocks
reveals its "60s origins, but the industrial exterior is deceptive as the
grey buildings intermingle with small canals and lakes — making the
town appear both tough and vulnerable. Nestled within this setting is
Albertslund’s Musikteater, the home of theatre, concerts and films.

> Read the full article

Inside headphones

With a wide variety of headphones to choose from, many users are
locking for guidance to help them select the right headphones for their
application.

> Read the full article

In search of the world's quietest car

Engine, car body, tyres, chassis — every part of a car produces noise of
some sort. German magazine AUTO BILD decided to thoroughly test
and evaluate the resulting impact of the total noise of 14 different cars.
> Read the full article

Fig. 1 Briel & Kjeer news on www.bksv.com - MANY, and yet to come...



mailto:tmunk@bksv.com
mailto:tmunk@bksv.com
mailto:spectri@spectri.net
http://www.spectri.net/
http://www.bksv.com/

2. Hos xapayep / new PULSE — Bep. 18, Bruel & Kjaer:

Fig. 2 Briuel & Kjar PULSE 3161 200kHz moay.

Briiel & Kjaer

PULSE ACCESS

Fig. 3 Briuel & Kjar — PULSE Access

10
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SOUND AND VIBRATION NEWS FROM BRUEL & KJAR. PULSE FURTHER
DEVELOPMENT. PRESENTING PULSE REFLEX CONCEPT - BRUEL & KJ&AR
Torben Munk ", Bopuc Muxaiisios 2

Y307, Skodsborgvei — DK-2850 Naerum, Denmark — Bruel & Kjaer, tmunk@bksv.com
2 CHEKTPU EOO/I, yi. ,,Teogocuii TeproBcku™ 30, Codus, 1421, spectri@spectri.net, www.spectri.net

Abstract: This paper gives information re. latest Bruel & Kjaer development and achievements. A stress is
put on several on-going measurement platforms releases — as (1.1.) New 2250/2270 application packages;
(1.2.) New 2270 2-channel platform; (2) Released new PULSE 18, and subsequent product applications —
(2.1) Field and Indoor “Pass by”; (2.2) Moving Source Identification; (3) New Pulse Reflex release: (3.1.)

Pulse RTeflex Modal Analysis; (3.2.) Pulse Reflex Finite Elements interfaces; (3.3.) Pulse Reflex correlation
analysis.

Key-Words: - Sound, noise, vibration, Bruel & Kjaer, PULSE.
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PA3BBUTUE HA IINTAT®OPMATA WEBNOISE.EU HA CIIEKTPH 3A OBJIAYEH
HEINIPEKBCHAT JOCTBII JO MOHUTOPUHI'OBU JAHHHN HA ITAPAMETPU
HA OKOJIHA, PABOTHA W/NJIX TPOMUIIVIEHA CPEJJA

Bopuc MuxaiiioB !
D CEKTPU EOON, ya. ,,Cs. Teonocuii Teproscku™ 30, Codus, 1421, spectri@spectri.net, www.spectri.net

)

Peszrome: B 1031 [OKyMeHT ce aBa o0iia nHGopMaIys U ce MpociesBaT MeXIUHHHA Pe3yJITaTH Ha cTaptupanus npe3 2012 r.
KaTo uarpaxaane u paspoiiHa neiftHoct ot CIIEKTPU EOO/] nnTerpasneH cucTeMeH NOpTaieH MOAX0A 32 HeNPEeKbCHAT MOHUTOPUHT
U MHTEpHeT AocThIl Ha Brilel & Kj®r MHCTpyMEeHTapuyM 3a MOHMTOPHMHI Ha LIyM B IpajJcKa cpela, KaKTo W 3a o0l LSUIOCTeH
o0Js1adeH MOHUTOPHHT Ha NTapaMeTPH Ha OKOJIHATA M IIPOU3BOJICTBEHA CPeIa.

Knrouoeu oymu: myM, IyMoBO ChCTOSIHHE, H3MEPBaHe HA IIIyM, MOHUTOPHHT Ha mIyM, obnayna yciryra, WEBNOISE, ESMU.

bt

o .

CucremMata 3a HEIPEeKbCHAT MOHUTOPUHT € pealli3upaHa Ha
OCHOBaTa HA HAKOJIKO MOHHMTOPHHIOBH TEPMHMHAIM Ha IIYyM B
OKOJIHATa cpena, ¢ MUKpodoH 3a pabota Ha OTKpHUTO Ha Briiel &
Kjer, xakTo u mocnensam uHTEpdEic KbM CHEHHATU3UPAHUTE
cobctBenn xapayepHu (Spectri data logger) m codtyepHu
pa3pabotku, obemunern B mnoprana  WEBNOISE.eu.
Pe3ynTarbT € eaHa HEMpeKbCHATO aKTyanu3upamia Cce,
nyOJIMYHO TOCTBITHA 0a3a JaHHM, U3TOYHHK 33 MPOPECHOHATHO
yIpaBjieHHe Ha IIymMa. Peaan3upaHu MpoeKTH.

ZY}:!

Internat

=

Consultants

Noise Sentinel
Operations Centre

& D

{
BolBelBe

®@ur.1 Konnenryanna cxema WEBNOISE

XapayepHoTo u copTyepHO 00e3leyaBaHe € OCHUTYPEHO OT
¢upma CIIEKTPU EOO/l u maptHbOpa i Pupma Briiel & Kjeer
- Jlanus. LlsmocTHa NpoeKTHa peann3anusi € OChIIECTBEHA OT
Bozemara B P. beirapus ¢upma B o0OmacTra Ha aKyCTHYHHSA U
BubpannoneH nmxeHepunr, CIIEKTPU EOO/I.

WEBNOISE.EU, monutopusr va pH
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.

®ur.2 TepMUHANU U CbpPBEP 32 MOHUTOPUHT Ha LIyM B
OKOJTHa cpefa

f

==

Application Server

Hos CIIEKTPU mpomykT - TepMHHal 32 MOHUTOPUHI Ha
myM B okomHa cpena tun ESMU (Environmental Source
Monitoring Unif)

Neoise Monitering System

5
edmy @/

Dutdoor Terminal

®ur.3 KoMnoHeHTH H

Hos  CIIEKTPU

HOPOLYKT

aw

. | e

i

a CIIEKTPU WEBNOISE

pasiupeHue

1

na‘asjougem P

-
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®ur.4 lunamuyer nopraned guciuieii ot WEBNOISE.eu


mailto:spectri@spectri.net
http://www.spectri.net/

1. BbBeeHue, 001U MOJI0KEHHS:

ITpes 2012 r., CIIEKTPU EOO/ craprtupa cobcTBeHa
pa3paboTKa Ha MOPTaJHO pEIIeHHe, MAapKeTHPaHO IOA
HaumeHoBanuero “Spectri  WEBNOISE.eu” KaTo BUT
“obmayHa” ycnmyra, KOMOWHMpaimia COOCTBEHO peIIeHHE 3a
HEMIPEeKbCHAT HMHTEpHET Oa3upaH JOCTBII [0 MHapaMeTpu 3a
MOHUTOPHUHI' Ha IIOYM, Bu6paunn, KakKTO M BB3MOXKXHOCT 3a
JOMBJIHUTECIIHU NapaMETpU B OKOJHATa M IMPOU3BOJACTBCHA
cpena.

IIpes mek. 2013 r. CIIEKTPU mnpencraBu, a B kpas Ha
2014r. o6HOBH CBOsTa pa3paboTKa HA MOHUTOPUHIOB TEPMHUHAI
Ha mapamerpu B okomHara cpera — ESMU (Environmental
Source Monitoring Unit), kakTo U mycHa B npojaxda HoOBa
BepcHUs Ha BBTPELIHUS KOHTpoJiep — Spectri Data Logger.

Iopranst http://webnoise.eu npenocTaBs Bb3MOXHOCT 3a
Iy0JIMYeH JOCTBI U BU3yaIn3aLys Ha N3MEPBATEIHUTE JaHHH.

Cucremara 1Ho3BOJISIBA  JIOCTBII IO  HEHNPEKBCHATO
oOHoBsiBaIaTa ce 6a3a JaHHU OT M3MEPBATEIHUTE TEPMUHAIH,
KaTO KOHKPETHO 3a LIyM — BbB BUJ Ha rpaduka(u) / Tabmuua(u)
3a LAeq — dB(A), xakrto u Ttabmuna(u) 3a cTaHAapTH3MPaHH
mymoBu unaekcn (LAmin, LAmax, LAnen LAeuep, LAnom,
L24, dB(A)) 3a: mocnesieH yac, TeKyIll JeH, AHEBHO, CEIMHUYHO,
MECEYHO, APYTO (UCTOPUS).

WHTepechT OT TrojeMHTe TIpajoBe B CTpaHaTa 3a
HEMPeKbCHAT MOHUTOPUHT Ha IIyMa B IPajicka cpelia € CBbp3aH
C TSAXHOTO 33IBJDKCHHE 32 aKTyaHM3als Ha BCEKH 5 TOJUHU Ha
“Crparernueckata Kapra 3a miym” , KakTo M C OIJIed Ha
pecnexktuBHuTte uM IlmanoBe 3a peiictBue”. OOmmHuTE
pa3BUBAT CTPATErMYECKU IIOJXOJ 33 CHCTEMHO HENpPEKbCHATO
OTpa3siBaHe Ha IPOMEHUTE, HACTBIIBALIM B aKyCTHYHATa Cpena
Ha rpaja.

‘noise web access

HenpexkbcHaTHAT MOHMTOPHHI HA LIyMa € EIMHCTBEHMS
JIOCTOBEPEH M3TOYHMK 3a IIPOCNESIBaHE Ha JBITOBPEMCHHOTO
pa3BUTHE Ha aKyCTHYHATa CUTyauus. B Ta3u Bpb3Ka, KaTo 4acT
OT MHTETPUPAHUS MOIXOA IO ABITOCPOYHA PEAYKIHS Ha IIyMa
B OKOJIHATa cpefa, pa3paboTBaHETO Ha CTpaTernyeckara Kapra
3a IIyM, KakTO U Ha IUIAHOBETE 3a ﬂeﬁCTBHC KBbM HEA B TCXHHA
3aBBPLICH BUA MW T1ocCja€aABall METOAMYECH KOHTHHIOUTET cCa
OpenBUACHH JAa OQOpMIT eKCHepTHHAT (yHAaMEeHT 3a
1eJICHACOYCHO U epEKTHBHO IPOTHBOIIYMOBO IUIAHUPAHE.

JlonBJIHUTENHO, TOJIEMUTE OIEpaTOpH U IPOM3BOJCTBCHU
00eKTH, IbpXKaIllK Ha CBOSI MPO(GECHOHAICH UMUK MPOSIBSBAT
AKTUBHOCT M TOTOBHOCT 3a MHBECTHUIMS B €IWH OOIIECTBEHO
IpU3HaT IMOAXO0J Ha HEMaHUIIYJIMpaH AOOCTBII A0 KPUTUYHA
nHpopMaIMs U TaHHU OT HENPEeKbCHAT MOHUTOPHHI HA IIyM,
BHOpAIMN U JIp. TONBIHUTEITHN TapaMeTpH.

3a 3ammMTa Ha XopaTra OT BPEIHOTO JEHCTBHE Ha HIyma ca
MIPUETH TPAHWYHHM CTOWHOCTH 3a OT/AEJHHTE MOKa3aTeld 3a
mryma. 3a rpaHMYHa CTOMHOCT Ha IIyMa ce pHeMa OHOBa HHBO,
KOETO IIPH IPOABIDKUTENHO JICHCTBHE Ha IIyMa He NPeIU3BUKBa
W3MEHEHUs B LN KOMIUIEKC OT (PU3HOJIOTHYECKH OKa3aTelly,
OTpa3siBall¥ peakuysTa Ha HaW-4yBCTBUTEIHHTE KbM HETO
CHCTEMH Ha OpraHu3Ma.

Ilokazarenure 3a IIymM M IpaHUYHUTE CTOHHOCTH B P.
Beirapus  ca  permamentupann ¢ Hapemba Ne6 ot
26 ronu 2006 r. 3a mokaszarenuTe 3a IIYM B OKOJHATa Cpena,
OTYMTAIIN CTENEHTa Ha JUCKOM(OPT Mpe3 pa3InyHUTe YacTH Ha
JICHOHOIIMETO, TPAaHWYHUTE CTOWHOCTH Ha IIOKa3aTelMTe 3a
IIyM B OKOJHATa Cpesia, METOMUTE 32 OIEHKa Ha CTOHHOCTUTE
Ha IIOKa3aTelIuTe 3a LIyM W Ha BpeqHUTE e(eKTH OT mIyma
BBpXY 37paBeTo Ha HacesneHuero, (O0H. JIB. 6p.58 ot 18 IOmu
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2006 r.), m3gageHa oT MUHHCTEPCTBO HA 31paBEOIa3BaHETO U
MuHHCTEPCTBO Ha OKOJIHATA CPEZa M BOJMTE.

IMoka3zarenure 3a mWyM ca GU3UYHU BEIWYMHH, Upe3 KOUTO
ce ompemens IIyMa B OKOJHAaTa cpena, KaTo ce OTYHTAT
TPaHUIUTE W CTEIEeHTa Ha ANCKOMQOPT Ha XopaTa, U3JI0KEHH
Ha IIyM, B 3aBUCHMOCT OT XapakTepa Ha IIyma, BpeMeTO Ha
JICHOHOIINETO, MpeJHAa3HAuYeHWEeT0 Ha MOMENIeHHWsATa 3a
obHuTaBaHe, XapaKkTepa Ha TEPHUTOPHUTE W 30HUTE B M H3BBH
ypOaHU3UPAHATE TEPUTOPHH.

IMokazarenure 3a ImIyM, IpeaMeT Ha Ta3M Hapenba, ca
nHeBHO - Lpen, BeuepHo - Lseuep, HomHO - LHomy u
JeHOHOINHO - L.24 HuBO Ha mryma. JIHeBHUSAT MepUHoO/ BKIIIOUBA
Bpemero or 7 g0 194. (c mpoxbipkurenHoct 12 waca),
BEUCPHMAT IIEPHOA BKIIOYBa Bpemero oT 19 mo 23 4. (c
MPOIBIDKUTETHOCT 4 Yaca) M HOIIHUAT MEPUO] - BpEMETO OT 23
10 7 4. (C MPOABIKUTENHOCT 8 yaca).

I'paHnuHNTE CTOWHOCTM Ha HUBAaTa Ha IIymMa B OKOJIHAaTa
cpena, mocoyenn B llpunoxenne 2 kbM un. 5, Tabm. 2.
] DPAHUYHM CTOMHOCTM Ha HMBaTa Ha IyMa B pa3IMYHUTE
TEPUTOPHH W  YCTPOWCTBEHW 30HM B  ypOAaHU3UPAHHUTE
TEPUTOPHH U U3BBH TX”, ca najgenu B Tabum. 1.

B3aumoBpb3kata Me:xay mym u 3apase. Illymsr B
OKOJIHAaTa Cpejia HapacTBa KAaKTO KaTo MPOIBIDKUTEIHOCT, TaKa
M KaTo reorpa)CKo IMOKPHUTHE.

IymMBT € cBBp3aH C MHOTO YOBEIIKH ACHHOCTH, HO IIyMBT
OT IIbTEH Tpa(UK, W B IIO-MaJKa CTENEH OT >KeJIC30IBTHUS U
BB3AYNHUS TpadUK € TO3HM, KOMTO ¥Ma HAH-TOISIMO
BB3zeiicTBHe. ToBa e peaneH mpoGiieM 0cOOEHO 3a rpajckaTta
cpema: WMalikm B IpeABHI, 4Ye [O-ToJIsIMaTra dacT OT
HaceleHneTo kakTo B EBpoma, Taka m B bbiarapus sxusee B
TOJIEMHTE TpaJiOBe, WINM B HACEIEHH MECTa, Ipe3 M IOKpai
KOHTO NPEMHHABAT OCHOBHU ITBTHH TpaceTa (KaTo MOTOIUTE OT
aBTOMOOMJIEH TpaHK IPOABIDKABAT /1A C€ YBEIUIABaT).

WmocTparnusara npeacrasst MOTCHIMATHATE MEXaHU3MHU 32

NPpEAU3BUKAHUTE oT myMa
BIIMSAHUA BBPXY HYOBCHIKOTO 3ApaBE€, KaKTO U TAXHATa
B3aNMOBPB3KaA.

OkonHa cpepa Bv3npuaTme 0T opraHn3ma 3npageH edext

BuanpuaTie KaTo Wwym

Manarake Ha Wwym
™

Opyrv dhaktopn:

CMymeva Ha CbHA, aKTUB-
HOCT, KOHLeHTpaLma
CMyWeHuA, cTpec

3
BHONOMAYHK PHCKOBM haKTO-

PV (KpBEHA AUHAMVK], XOp-
MOHH)

CrpneqHo-CbAoEH 3abonaea-
HUA, NCUXMUHH pascTpoiieTea

®ur.5 Bw3neiicTBue Ha myma

[ymbT AelicTBa KaTo CTPECOB (aKTOp M aTaKkyBa IOYTH
BCHYKH OPraHH U CHCTEMH Ha YOBELIKUS OPraHu3bM. BHCOKUST
IIyM 3acsra CIyXOBUS OpraH, [IEHTpalHaTa W BEreTaTHBHATA
HepBHA cucTeMa. XopaTa CTaBaT HECIOKOWHH, pa3ipa3HUTEIHH,
HepaboTOCTIOCOOHH, YECTO MUMAT TIIABOOOJIHE U CBETOBBPTEK,
cTpaiat oT Oe3chbHHE. Pe3kuTe BHE3amHM IIyMOBE MOBHUIIIABAT
CeKpelHsITa Ha aJpPCHAINH OT HaAOBOPEYHUTE HKIIE3U, KOCTO
BOJIM JI0 CBUBaHC Ha KPHBOHOCHHTE CHJOBE, HapyllaBaHE Ha
nepupepHOTO KPHBOOOpAIIEHHE U IOBHIIABAaHE HAa KPBHBHOTO
HajsiraHe. BCHYKO TOBa JIONPUHACS 3a Pa3sBUTHETO HA
XHUIEPTOHUS M aTEPOCKIIEpO3a U MOXKE Jia JIOBEAC JIO TEIKKU
ChJIOBH UHIUJIEHTH - HHCYJITH, MHPAPKTH, TPOMOO3H H JIp.

Karo momieH crpecoB ()akTop HmIyMBT Jajed He H3uepIiBa
CBOETO BpENHO BB3ICHCTBHE BBHPXY OpraHM3Ma CaMO ChC
crieruUIHOTO TOpaKeHue Ha ciryxoBara (GyHkiws. Toit Biwse
BBPXYy  HEPBHO-TICHXHYHaTa cdepa, ChpIAEYHO-CHIOBATA
CHCTEMa, CTOMAIIHO-YPEBHHS TPAKT, JKJIE3UTE C BBTPEIIHA
cekperusi, OOMsIHATA Ha BEIIECTBATa, HEPBHO-MYCKYIIHHS
amapat u Jip. B ompezeneH cMHECHI MOXKeE JIOPH Jia Ce TBBP/IH, Ue

Peakuyn Ha BereTatieHaTa
HepBHa crcTema

TeHETHYHO 3anoXeHu W npu-
0BUTH XapaKTepUCTUKN
(BB3NPUATHE, UYBCTBUTENHOCT,
CTHN Ha paspeluasaHe Ha c-
Tyaum, ap.)

+ QuanuHaTa oKonHa cpeaa
. ColyanHa cpena
-+ CTUN Ha XuBOT



http://webnoise.eu/
http://www.burgas.webnoise.eu/strategicheska_karta.php
http://www.burgas.bg/bg/info/index/116

HeCNeun(pUYHOTO BB3JACHCTBME HA IIyMa 3aeMa [O-BayKHO
MACTO B IIYMOBaTa IIATOJOTHSA, OTKOJKOTO CIELU(PUYHOTO
HopaxxeHHe Ha ciyxosata (QyHkuus. [IpoyuBaHusATa MOKa3Bart,
Yye HsAMa OpraH B YOBEIIKOTO TsUIO, KOWTO Ja € IMOIaAeH OT
BPEAHOTO BB37EICTBHE Ha IITyMa.

Bpenata oT HexenaHus LIyM € CHJIHO H3pa3eHa BBPXY
neuara. [Ipy TsX, IIyMBT MOXeE Ja MOBJIHsAE Ha CIOCOOHOCTTA
UM 3a KOHILIEHTpUpaHe, YeTeHe U NucaHe. B kmacoBe, B KOHTO
nMa CWJICH IIyM, YYCHUIUTE IMOKA3BAT 3HAYUTEIHO ITIO-HUCKU
pe3yJTaT OT TaKHBa, B JIPYT KjaCc U CbIIOTO YUHJIUIIE, KbACTO
BpezaTa ot IyMa e u3bernara. Cropex naHuu Ha CBeTOoBHaTa
3qpaBHA OpraHM3alys, Ha HHBO OOLIHOCT, Bpexara OT LIyMma
BOJAM [0 HaMaJsiBaHE Ha paKAAeMOCTTa, HapyllaBaHe Ha
CIOCOOHOCTUTE 3a yueHe, yBelnuaBa Oposi Ha MHUUICHTHUTE U
BOOM JI0 TOBHUILIEHA 3j70ynoTpeba ¢ Hapkotuumu. M He Ha
MOCJIETHO MSCTO, JIOKa3aHO €, Y€ ABJITOBPEMEHHO W3JIaraHe Ha
IIyM ChC CTOMHOCTH mo-Bucoku oT 70 dB(A) moxe no mosene
JIo HeoOpaTnMa 3aryba Ha ciyxa.

Cucremara 3a HENpeKbCHAT JOCTBI JO MOHHTOPHHIOBH
JIaHHHM 32 IIIyM B OKOJIHA CPeJia C€ ChCTOM OT CJICAHUTE OCHOBHH
KOMIIOHEHTH M PEIICHUS:

1. Tepmunaau 6azupanu Ha mymomep tum 2250-L/2250 -
tun 3655-A. Ilpoussoguten — Briiel & Kjer-/lanus.

MoOHHTOPHHTOBHUTE TepMHUHANH 32 IIyM oT Briiel & Kjer, ot
cepusta “3655” ca mpoexkTHpaHM U IpEeJHA3HAYECHU 3a
MOCTOSIHCH, KBa3W-TIOCTOSHEH M MNEPHOJMYEH KOHTPON Ha
nmapaMeTpuTe Ha IOyMa B OKOJNHATa cpefa. |epMHHAIBT
nmo3BoisiBa OBbp3a M JIeCHA HACTpPOWKAa Ha W3MEpBATETHUST
npodusa, KakTo W KOHQWUTypamuss Ha  HEpPHOJMIHUTE

MOHUTOPUHI'OBH IIPOTOKOJIH.

®@ur.6 TepmuHan 3a mym
— BBTPEIIEH U3IIIe]

TepMuHANBT € IOCTaBeH B 3alllUTEH Kydap, Chabpikall B
cebe cM akycTHueH aHammzatop THm 2250/2250-L/2270,
KOMYHHMKALIMOHHM M 3aXpaHBallld aKcecoapu, okabessBaHe U
U3X0J] KbM BBHILICH U3MEPBATEIeH MUKPO(OH.

2. Jeiita gorep, Tum “SPECTRI DATA LOGGER”
(KOMyHHKaUus, U34YHCIeHus, codTyep, M3Xoan) — eauH Op. /
tepmuHai. [IpousBoauren — CIIEKTPU - bearapus.

TMoanpbikka Ha KPUNITHPAHHU IPOTOKOJH 32 OOMEH Ha JaHHU
MEX]y KIMEHTa U ChPBBpA.

Ioanprikka Ha TNPOTOKONM 32 KOMYHHKALUS
TEepPMUHAJIM 32 U3MepBaHe Ha 1yM u Jlorspa.

Cnennanusupana pa3paboTka Ha codTyep 3a cielieHe Ha
nokasarenute Ha LAeq, dB(A) u chxpaHsBaHETO Ha JaHHHTE.
IMocnenBama MateMaTH4ecka 00paboTKa Ha MOJyYEHHUTE JaHHH.

ANropuTBM 3a ClIeIEHE HEeNpeKbCBAaeMOCTTa Ha IIOTOKA Ha
nanHu. [Ipy npexbcBaHe Ha Bpb3KaTa JaHHUTE CE ChXPaHsBAT U
ce M3Mpanat KbM ChbpPBBpa IIPH B3CTAHOBSIBAHE Ha BPb3KaTa.

MEXY
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CucreMa 3a caMOJIMarHOCTUKA U WHIUKAIUSA TIPU POOIeMHu
B paboTara Ha YCTPOWCTBOTO U KOMYHHUKAIIUATA MEXKIY HETO U
TEPMHHAJIA UM MEXJy HEro U ChbpBbpA.

Enviromental Source Mortaning Lint

specin

®@ur.7 CIIEKTPU norep Ha naHHM - H3TIIER

3. Ipe3 pnek. 2013r. CHEKTPHU npeacraBu cBosi
pa3pa00TKa HA MOHHTOPDMHIOB TEPMHHAJ HA NMapaMeTpH B
oxosnara cpeaa — ESMU (Environmental Source Monitoring
Unit), KakTo M ImycHa B Mpojax0a HOBa BEpCUSl HA BHTPELIHUS
KoHTposep — Spectri Data Logger.

Ha ¢wurypure mno-gmoidy ca TOKa3aHW HAKOUM pEasHU
BU3yallM3aluKu OT mociennure paspaborku Ha CIIEKTPU —
ESMU u Spectri Data Logger. A

®ur.8 CIIEKTPHU Tepmunanr ESMU
OCHOBHM KOMIIOHEHTHU Ha TepMUHAJA:
1 — U3mepsatenen mukpogoH, Briel & Kjer, Tam 4952;
2 — Axyctuuen ananmusarop, Briel & Kjer, Tun 2250L/2250;
3 — Jlorep Ha gannu, CIIEKTPU, Tun SPH1;
4 — ABTOHOMHA OaTepusl ¢ MHTEINTEHTHO 3aXpaHBaHE;
5-2/3G GSM mozewm;
6 - GPS npuemHuk;
7 — Cenzop “Bpara”.
4. IloTpe0uTeICKH aJaNTHPAHO pelleHHe 32 BCeKH
HHAUBHAYaAJeH KiaueHT/mpoekt: Bmx. WEBNOISE.EU.
IIpoussoguren — CIIEKTPU - bearapus. Usrpanena cucrema B

cpenara  nHa WEBNOISE.EU - 1o mnorpeburesncka
crequUKaLysi, CbC CJICIHUTE OCHOBHH BH3yaJIH3allMOHHU
BBH3MOXKHOCTH:

OcHOBeH ekpaH, Ha KoiiTo, ¢ momoiira Ha Google maps API
v3.0 ce moka3Ba pa3noj0KEHHETO HAa TOUKUTE HA H3MEPBaHe, Ha
peanna kaprta. Beska Touka HocH MHGOpPMAITUS 32 MOMEHTHOTO
cherosiHue Ha LAeq, u u300pa3siBa HUBOTO MYy 4Ype3 ChOTBETCH
LBAT.
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®ur.9 Haganen ekpan WEBNOISE

Bropuunu ekpaHM, Ha KOHTO ce pasmoiarar rpadukuTe,
mokasBamy croiiHoctute Ha Immyma (LAeq) 3a ompexmeneH
HHTEpBal OT Bpeme. MHTepBanpT ce 3amaBa upe3 OyTOH
(HacoBo, /lneBHo, Ceamuuno, Meceuno). [lorpeburensar nma
BB3MOXKHOCT Ja MapKHpa MO-KpaThK MHTEpBAl BBPXY camaTa
rpaduka, 3a Mo-AeTaHIIHO IPEICTaBsIHE Ha CTOMHOCTHUTE.

JIOMBITHUTENTHO 3a BCEKM IHEBEH MEpHoj ce H300pa3sBar
CKaJapHHTEe IIyMOBH Tokazatenu LAmax, Lnen, Lseuep,

Luomr, L10, L90.

Dl

Salucted sins
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3633 A AZAOLLILTLAS AN 38

[ ES-TORA |=Ea=TeE ES Noze OS5V |

11:49 AN 11:50 AM
Local time

®ur.10 WEBNOISE nannu B peanto Bpeme

5. CTpyKTypa Ha npeiaranoTo penienue

Mponyxret ,,CTIIEKTPU Ilymor Yeb Hdoctsn©” e 06eKT Ha
HaIMOHATHOTO ¥ MEXIYHAapOAHO 3aKOHOIATEJICTBO 32 3alIUTa
Ha HMHTEJEKTyallHaTa COOCTBEHOCT. ABTOPBT M IIPHUTEKATEIAT
Ha aBTOpCKHTe InpaBa Ha npoxykra ,,CIIEKTPU IllymoB Yed
Jocten©” e ¢upmara CIIEKTPU EOO/ benrapus.
[Ton3Banero Ha mpoxykTta ,,CIIEKTPU lymor Yeb JocTen©”
Cce  OCBIIECTBSIBA  IOCPEACTBOM  ITIOJHOBSIEM  TOAMIICH
aboHaMeHTeH JOroBop. AOOHATHT MONTydYaBa HEM3KIIOUUTEIHH
mpaBa 3a momsaHe Ha IIpomyxra ,,CIIEKTPU IllymoB VYeb
Hocten©”. B mepuonma Ha JneiicTBam abOHAMEHTEH JIOTOBOP,
CIIEKTP EOO/] ce anraxupa nAa HOAZBpXKA MHPOIYKTa
»CIIEKTPU IllymoB Ve6 [Joctsn©” (M HEroBOTO IPUCHINO
WHTepHEeT  OasupaHo  pemieHHe) B pabOTOCIOCOOHA
(GYHKIMOHATIHOCT, KaKTO M Ja CbXpaHsiBa, CHHXPOHHM3UpA WU
MO/IbPIKA TOTy4YaBaHUTE OT CHCTEMaTa W3MEpPBATEIHH JTaHHH.
B mepuona Ha neiictBam aboHaMeHTEH AOTOBOP, AOGOHATHT ce
aHTaXHUpa Ja MOJIbpXKa B M3IPABHOCT M KOMYHHKAI[OHHA
(bYHKIHOHATHOCT U3MEPBATEIHUTE CTaHILMH, KOHTO
KOMYHHUKHpAT W IMOAaBaT JaHHU KbM mpoxaykra ,,CIIEKTPU
IlymoB VYe6 Hoctpn©” (M HEroBOTO MPHCHIIO HHTEPHET
0a3upaHo peuIeHue).

6. Me:xaunnu pesyaratu or WEBNOISE.eu:

6.1. I'pax IlnoBaus: I1ocTOSHHO U peryspHO IIpeMecTBaHE
Ha TEPMHMHAIUTE, C LEJ MO-TOYEH M IbJIEH MOHHUTOPUHI Ha
akycTuuHata cpena B IlnoBnuB. Busyanmsanus Ha crapute
PAa3IOJIOKEHUS Ha TEPMUHAITHTE.

11:48 AR

11:47 AN

11:51 AM
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®ur.11 M3rnen TouKd Ha MOHUTOPUHT
6.2. I'pax Byprac: Tabmuna ¢ noapoOHHM JaHHH 3a
HOCIICTHATE 7 JTHH.

®ur.12 Pesynratu 3a nocieanuTe 7 IHU
Hos cmoit ,Jlermme  Byprac®“. [lamnum 3a
Pa3NOJIOKEHUETO Ha TEPMHUHAINTE U JAHHH 32 U3MEPBAHUATA OT
HayanoTo Ha 2013 roguna mo cera. M3o0paxenue ¢ rpaduxa,
cpabpkama 124 um Lmax. Bb3MoXHOCT 3a u3TernsHe Ha
cypoBure penoptu Ha Jletnie byprac BsB popmat PDF.

®ur.13 Pesynratu TepMUHAIN
,,Jlerume byprac*

®ur.14 Pezynrtati — TepMUHAIN
O6muna Byprac

6.3. Ibnau [pemrbec Mertanc Yenoneu EA/l: Busyanmszanus
Ha iumuTHuTe JlHEeBeH, Beuepen, Houen, B 3aBucUMOCT OT yaca.



Cmcraus 31 wommrpwar aa lipu, sapawstpe s sesseara cpess

®ur.15 Tabmuna ¢ 0600menn faHHu 3a nmocnexHute 30 qHU.

HobaBsHe Ha TOYKa 3a wu3MepBaHe Ha pH.
JlemMoHCTpanusi Ha BB3MOXKHOCTH 3a MOHTaXK, OOCITy>KBaHE,
OpraHu3alUsl Ha JAaHHAUTE ¥ BH3yalHW3alus Ha BCSIKAKBU
u3MepBanu BenuuuHU. [IpeHoc Ha nannm mnpe3 LAN, WAN,
GSM, Radio u npyru xananm.

Bundese

®ur.16 Pesynratu u

Aowaunn: Heacn

rye—

I
—

®ur.17 Pe3ynratu u3amepBaHe Ha IIpax
7. Akuenru:
- Touna mHAMKANKs 3a IIYMOBOTO KiacHU(UIMpaHe Ha BCAKa
eHa JIOKalus U He3abaBHA BH3yanu3anus IPH NpeArpueMaHe
Ha MEPKH 3a peAyKIHs Ha LIyMa;
- HarpynBane Ha HeoOXOQMMUTE 3a CTPATETHUECKO IUIAaHUpPaHE
TAHHUA 24 qaca,
12 mecemna;
- OTKpUTa KOMYHHUKAIHUS C OOIIECTBEHOCTTa M ONOCPEACTBEHO
H3rpaxJaHe U TMOIIbpXKaHE Ha JOBEpPHUE U CHIPHUYACTHOCT B
TpaKIaHUTE;
OmpenensHe ¥ XapakTepU3HpaHe

Ha IOCJIOJHCBHHA U

nenoceqMuueH npodHa  HAa aKyCTHYHO 3aMbpCsBaHE B
JIOKAIUATA - 3a
24 4Jaca 1 3a CeIMUIIA.

- ITocTosTHHHO pasumpsiBase, HaArpaxkaane u

YCBBBPIICHCTBAHE HA XapAyepHH U COPTyepHM KOMIOHEHTH,
CIIEKTPU EOO/.

fMaxaume: Ofiumna Gyprac, fupecuen - O0C

tame tasn | tcemss, | dcmam. | Acemes, | dmscew v ASr 23, 3083 | fo | Asr 2, 2E1S
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Noxauve: Ofuuena Gyprac, Auwpesunn - OO

Temai:

Zemnu, | Semaw, | inecan Aar 20,7013 | i | Asr 27, 3013
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®ur.18 AkycTUYHO 3aMBbpCSABaHE B JIOKALUATA — 3a 24 yaca U

3a CeJMMUIIA.
PesynrantHo rCHEpUpaHe Ha HUCTOPUYCCKU
cratuctiaeckn mnpopun 3a LAeq - mpomentro 10/90
pasrpeeneHue.
/_ 10% time
Lpa
Fast time-
weighting
Larsar \
a+b=10% time " Time

100% time

®ur.19 M3non3BaHu U Be4e BHEAPEHU
nanau 3a L10 u L90
Karo nonmbiaHuTeNeH MoKa3aTes 3a IIyMma ce M3I0JI3Ba
Lmakc. 3a TepUTOpHHM IOJUIOKEHH HAa BB3JCHCTBHETO Ha
aBUaNMOHEH yM. To TpencTaBisiBa MAaKCHMAIHOTO HHUBO HaJ
nageHa tepuropus. ['panmunHara crtoiiHocT Ha Lmakc e 85
dB(A).

8. U3BO/I1:

HemnpexkbcHAaTOTO  YCBBBpPUIEHCTBAHE U pa3BUTUE HA
kommoneHTHTe Ha WEBNOISE Boau 10 BCce MO-II€IIEHACOUECHO
aKICHTUpaHe BBPXYy Oe30TKazHaTa padoTa Ha mardopmara u
MOCTOSIHHOTO TapaHTUpaHe Ha JOCTBIIHU U JICCHO pazOupacMu
JIaHHM 32 MOHHMTOPUHI Ha IIyM U JOIM. IapaMeTpu B OKOJIHATa
cpena.

[IpocnensBaiiku pe3yiaTaTuTe OT HATPYIBaHHUTE JAaHHU OT
noxabpxkanus or CIIEKTPU EOO/] mopran WEBNOISE.eu,
HEJIByCMHUCIICHO C€ TOTBBPKIaBa, 4¢ KOMOWHHPAHUAT MOIXO]T
OT HeNpeKbCHAT MOHUTOPUHI Ha IIyM B OKOJIHATa cpeaa Hu
M3BEXKIAHETO My ITOCPEICTBOM O0JIauHa yCIIyTa Ha OOIIECTBEHO
JIOCTBITHO HHMBO JIOIPUHACST 32 Ch3J1aBaHETO M Pa3BUTHETO Ha
HaJeXJIeH M 3HAaUYUM HENpPEeKbCHAaTO aKTyalu3upall ce
WHCTPYMEHTapUYM 3a IeJICHACOUYCHO aJpecHpaHe Ha mpobieMa
C aKyCTHYHOTO 3aMbpCSIBaHE.

3a menmuTe Ha PEryJSAPHOTO OOCieIBaHE Ha aKyCTHYHOTO
ChCTOSIHUE B  OKOJIHATa Cpela, HEIBYCMHCICHO  Haii-
JIOCTOBEPHUSI W HAACKICH METOJ € HU3IOJI3BAaHeTO Ha
MOOXOMAIIA W TPOCKTHpPaHAa B CHOTBETCTBHE C AaKTyalTHHTE
MEXIYHapOJHH  CTaHAAapTH  CHUCTeMa 33  HEMpPEeKbCHAT
MOHUTOPUHT ¥ MpPOCIENsBaHE Ha LIYMOBOTO 3aMbpCsBaHE, B
KOMOHMHAIIUS C OCUTYPEH HEMPEKbCHAT OOIIECTBEH JIOCTBIL.

[ocrura ce scHa pa3mo3HaBaeMOCT Ha XapaKTEPUCTHKATa U
MpUposaTa 3a BCAKAa €IHA JIOKanus. BpeMeBo OTYETIIMBO ce
pa3nn4aBa TUMHYHUS WHAWBUIYaJleH BPEMEBH LIYMOB PO
32 IOAXOISIIY HHTEPBEUUOHHH MEPOTIPUSATHS.

3a WHXEHEPUHTOBH W EKCIEPTHH IIeNH, HEMPEKbCHATO
HATPYNBAaHUTE WHTETPANTHM M CTATHCTUYECKH CTOHHOCTH
(hopmupar enuH HE3aMEHUM H U3KIIOYUTENTHO LEHEH M3TOYHHUK
Ha HaJICXKTHH U BepH(DUIIPAHN TaHHH.



JaHHM 3a IIyMOBa eKCmo3uius (pa3paboTreHa oT paboTHaTa
JIUTEPATYPA rpyna 3a myma kbM EC — WG-AEN, 13.01.2006);
[1] HupextuBa 2002/49/EC na Epponeiickus [lapnament  [3] 3aKoH 3a 3alUTa OT IIyMa B okojHara cpeaa (OOH.
u Ha CsBera ot 25.06.2002 r. oTHOCHO oLeHKa U ynpaeienue  JIB, 6p.74/2005);
Ha exosoruunus urym (END).
[2] PbkoBOACTBO 3a m00pa MpakTHUKa 3a H3TOTBSIHE Ha
CTpaTeFI/I‘[eCKI/I ].UyMOBl/I ](apTI/I u Hpe}lOCTaBﬂHe Ha CB'bpSaHI/ITe
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Jlannu 3a aBTOpUTE:
(1) Bopuc Muxaiinos, Sound and vibration qualified expert (2001), unx.(1994), Enexrponuka, TexHHYECKH YHHBEPCUTET
Codust, Briiel & Kjar University (2001). Cenpencenaren bwreapcka Acoyuayus 3a Obwecmsen Konmpon u Ynpaenenue
na Llyma, Yupasuren CIIEKTPU EOO/].

FURTHER DEVELOPMENT OF SPECTRI CLOUD DATA ACCESS MONITORING PLATFORM - WEBNOISE.EU
(FOR MONITORING OF ENVIRONMENT, OCCUPATIONAL HEALTH, AND INDUSTRIAL PARAMETERS)

Boris Mihaylov
U SPECTRI Ltd., 30, “St. T. Turnovski” Str., Sofia 1421, spectri@spectri.net, www.spectri.net

Abstract: In the recent paper is presented an overall information, and are highlighted intermittent results re. the started in 2012
research and development SPECTRI integrated portal approach for on-line monitoring and internet access to Briiel & Kjeer
environmental noise monitoring equipment, and as well to other environmental and process parameters. The on-line monitoring
system is realized based on several Briiel & Kjer outdoor microphones’ based terminals, and a further interfacing to the own Spectri
hardware (Spectri data logger) and software development products, integrated in portal WEBNOISE.eu. The result is an ongoing
self-actualizing and publically accessible data base, source for professional noise management policy. Realized projects.

The hardware and software tools are sourced both from SPECTRI Ltd., and its partner Briiel & Kjer - Denmark. The total project
realization is realised by the leading Bulgarian company in the field of acoustical and vibration engineering.

Key words: Noise, noise behavior, noise measurements, noise monitoring, cloud solution. WEBNOISE, ESMU.
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MPETJIEL U AHAJIN3 HA IIYMOBOTO BBL3JIEMICTBUE BHPXY
I'PAJI CO®US B CJEACTBUE OT JEHHOCTTA HA JIETHUIIE
CO®US - 3A IEPHO/IA 2010-2014 T.

Muiyo I'eoprues DD, bopuc MuxaiijioB 2

)

b TY-Codus, MD, mtge@tu-sofia.bg , www.tu-sofia.bg (URL)

) CHIEKTPU EOOJI, Codusi, T. Tsproscku 30, spectri@spectri.net, www.spectri.net (URL)

Pesiome: llenra Ha uW3cnenBaHETO € Ja ce U3BBPIIM OOCieABaHE, Hperie] M aHauu3 Ha omryMsBaHero Ha rpax Codus B
clieicTBUe Ha JeifHocTTa Ha Jietnine Codust 3a neprona 2010 — 2012 r. ¢ orsien npennpuemMaHe Ha JSHCTBHS KOMTO Jia 3aJIeTHAT B
aKTyaJM3alysATa Ha IUIaHa 3a JSHCTBHE 3a yNpaBleHHe, IPeJoTBPATSIBaHE U HaMalsiBaHE Ha IlIyMa B OKOJIHAaTa cpela Ha Oa3ara Ha
pa3paboTeHara cTpaTermdyecka ITyMoBa Kapra Ha arjomeparms Codus M JaHHWUTE HAa MOHHUTOpPHHIOBaTa cucreMa Ha JleTtmie

Codusi.

Kniouosu OyMu 1IyM, IIyMOBO 3aMbpPCSABAHE, IITYMOB aHaJIu3, ITYMOB MOHUTOPHUHT .

1. BbBenenne, 001H MOJIOKEHU:

Ilopanu BHCcOKaTa JMHAMMKa Ha pa3BUTHE Ha
arnomepanuss Codwus, HabGemszanure B [ wHa CO oT
20.12.2010 r., Mepku M CpPOKOBE 1O rojsMa CTEIEeH He ca
aKTyaJHU KbM JHEIIHA JaTa ¥ € HeOOXOAUM TEXHUs Iperiien U
OCBBPEMEHSABAaHE IpEeAU OCHhBPEMEHIBAHETO HA pECIEKTHBHATA
CKII ot 2009 1.). Ta3u HEOOXOIUMOCT € C IeJT ONTUMH3AIUS 1
LIeJTHACOYEHO MpHJIaraHe Ha epeKTHBHU MEPKH 3a PeIyKIus Ha
HAJrpaHUYHOTO OLIyMSBaHE B arjJioMepalusiTa B pe3ylTaT Ha
IIyMa OT aBHAI[HOHEH Tpaduk.

JETUHIE CO®USl, AxkryadHd [AaHHH
CTPYKTYPAaTa M CTOHHOCTTA HA TPA(QUKONOTOLUTE:
WnrensuBHocTTa Ha mnoserute no/or Jsetnme Codus 3a
nocyieHuTe 6 TOAMHM — OpOoi camMoJieTolBIDKeHHs Ha Jlerumie
Codus 3a meprona 2008—2013 r., ca KakTo ciensa:

2008 — 48 626; 2009 — 45698; 2010 — 47061; 2011 — 47 153;
2012 —43862; 2013 — 40526;

Pasnpenenenne Ha TMoJieTUTE MO MHCTAa Ha M3JIHTaHE U KalaHe
(ITMK) — MUK 09 / [TUK 27 u BUJ Ha CaMOJETOBIDKEHHUETO —
ARR / DEP:

2011 r.: I[TMK 09: ARR — 8417 6p.; IINK 09: DEP — 11423 6p.;
MUK 27: ARR — 15003 6p.; ITMK 27: DEP — 11920 6p.; ARR
— 164 6p.; DEP — 226 6p.; Bcuuko: 47153 op.

2012 r.: I[TMK 09: DEP — 10687 6p.; IIMK 09: ARR — 7463 6p.;
IMUK 27: DEP - 11126 6p.; [TUK 27: ARR - 14350 6p.; ARR -

112 6p.; DEP - 124 6p. ; Bcnuko: 43862 6p.

2013 r.: [IMK 09: ARR - 7326 6p.; [TMK 09: DEP - 10113 6p.;
MUK 27: ARR - 12844 6p.; [TUK 27: DEP - 10021 6p.; ARR -
90 op.;
DEP - 132 6p.; Bcuuko: 40526 op.;

2014 r. (01.01.2014 — 30.06): ITMK 09: ARR - 3735 6p.; [TUK
09: DEP - 5166 6p.; IIUK 27: ARR - 6467 6p.; [IUK 27: DEP -
5021 6p.; ARR - 53 6p.; DEP - 64 6p.; Bcuuko: 20506 6p.
(Iucmo U3x. Ne 100-15380 / 10.09.2014 r.)

3a

IIpeanpueTn MepkHu 3a HaMaJIsiBaHe HA IIYMOBOTO
HaToBapBaHe B 6ju3oct 10 Jletnme Codus
OCHOBEH NPHOPUTET NPH H3TOTBSHE HA CXEMH 3a
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OTJIINTaHE U JOJHTAHE € OCHTYpSBaHETO Ha OEe30macHOCT Ha
MOJIETHTE, Upe3 Ch3/aBaHe Ha ONTHUMAJICH MPOQHI Ha IOJeTa,
choOpaseH ¢ permeda HAa MECTHOCTTA, CBHIIECTBYBAIIA
NPETATCTBHS, Pa3iWdHA BUIOBE 30HM U Ip. BBB BpB3Ka C
JIEHHOCTUTE 10 TMpoeKkTa — ,PEeKOHCTpyKLUs, pa3BUTHE U
pasmupenne Ha jerume Codus — HOBa MHCTOBA CHCTEMA,
BTEKU 3a pyJUpaHe U CBBbP3aHH C TAX padoru, ot 31.08.2006
T. CXeMHUTE 3a OTIIMTAHE U JONUTAaHE M (HHHATHHUTE HMOAXOIH Ca
ONTHMH3MPAaHH B MAaKCHMajJHAa CTENEH, BKIIOUHTEIHO U C el
HaMaJlsiBaHE Ha IIYMOBOTO BB3/CHCTBHE BBPXY >KHIHIIHUTE
paifonn Ha p. Codusi.

OrpaHn4aBaHe Ha BB3JCHCTBHETO HA IANEHO JETHIIE BBPXY
OKOJTHAaTa Cpeja ce OCBIIECTBsIBA 1O pej ompeneneH B Hapenbda
Ne 14 or 15 oxromBpu 2012 r. 3a jeTHmiata W JIETHIIHOTO
ocurypsiBaHe, H3JajJeHa OT MMHHCTbpAa Ha TpPaHCIOPTa,
HHQOPMAIIMOHHUTE TEXHONOTUH U cbhoOmeHusra (OOH. [IB.
0p.86/2012 r.), cbc cmeUMaTHH CHCTEMH OT TEPMHHAIN 3a
HaONIIOICHNE Ha OIIyMSBAHETO, KOETO € 3aJbJDKCHHE Ha
JIETUIIHUTE BIAcTH, B ciaydas Ha Jletume Codust.

JlaHHM 3a U3MepeHH HMBA Ha IIyMa B ITyHKTOBETE Ha
rp. Codust npe3 2013 r. ca OTHOCUTETHO BUCOKH KJIOHSAT — KbM
70 dB(A).

Pa3nukara B U3MepeHUTe MUHUMATHA M MaKCHMAJIHH
croiiHocTn ¢ okono 3 dBA u HHMBOTO Ha IIymMa ce 3ama3Ba
HEMIPOMEHEHO IPe3 JICHs U BeuepTa.

HsMmepeHH HHBA Ha IIyMa B IYHKToBeTe Ha rpag Codua npes
2013 roguna

diA)

1 3 58 7 0 11 13 15 17 19 21 23 25 217 10 31 33 35 37 30 41 43 45 47 40

®ur. 1 M3MepeHu HUBA Ha IIyMa B
myHkroBere Ha rp. Codust

HN3TouHuK ,,camo/ieTeH” TpaduK:


mailto:mtge@tu-sofia.bg
http://www.tu-sofia.bg/
mailto:spectri@spectri.net
http://www.spectri.net/

Ilpernen Ha KOHCTATAalMUTE OTHOCHO OCHOBEH
H3TOYHHMK ‘‘camojiereH Tpaduk” (3anerHamu B IlnaHa 3a
JleiicTBue 3a ympaBieHHe, IPEAOTBpATABaHE M HaMaJsIBaHE Ha
uryma, 2010 r.).

Onepupaiure Bb3AyXOIUIABATEHU CPEICTBA HA

Jlernme Codus, mopaxkaaT LIyM Haj HOpPMaTa B KBapTalUTe
»Xp. bores”, ,,Cyxara peka”, ,,HoBa maxama” um nap. Hosara
nucta Ha Jietnie Codus ¢ 0OTAaIeYaBaHETO CU OT KUIIHIIHHUTE
palloHM 10 HEro M NPOMSHATA Ha BB3AYXOIUIABATEIHHUTE
CpelcTBa C TakMBa C II0-HUCKO HHMBO Ha IIyMa, BOJM JIO
HaMaJsBaHe Ha myma ¢ 10 40% chpsMO ChCTOSHHUETO eIy
PEKOHCTPYKIHMATA U pa3upsBaHeTo My. HeoOXonuM e KoHTpoI
Ha YNPaBJICHHETO Ha MOJIETUTE CbOOpa3eH OCBEH ¢
METCOPOJIOTUYHUTE  YCJIOBHS M C  OLIyMSABaHETO Ha
npuiexamumre Tepuropun Ha yernme Codust Ha 0a3a naHHHUTE
OoT coOCTBeHaTa MOHHTOPHHIOBA CHCTEMa, PAa3IOJIOKEHa II0
TpaceTo Ha M3JIMTaHe/KalaHe.
Hanuie e u3BecTHO HamalieHHe Ha TPa(UKOIOTOLHUTE OT U JI0
Jlernme Codus (2008 — 48 626; 2009 — 45698; 2010 — 47061,
2011 — 47 153; 2012 — 43862; 2013 — 40526). HezaBrcumo ot
noHwxkeHus ciaen  2009r. Tpapuk  (caMOJETOIBMIKEHHMS),
KOHTYpUTE Ha ollyMsBaHe Ha rpaza (3a L24 dBA) ca ce
3ana3wind U JOHSKbBJE YBEIMYWIN (Pa3LIMPUIIN) B MOCOKA KbM
rpana.

Bpoii camonetoxsukenns Ha Jlerume Codust
2008 - 2013
50000 48626
45000
5 40000
£ 35000
§ 30000
£ 25000
S
£ 20000
g
= 15000 -
S
& 10000 4
5000
0 4

2008 2009 2010 2011 2012 2013

TOIHHA

®@ur. 2 bpoii caMoIeTOBIKCHHS Ha
Jletumie Codust

®@ur. 3 lllymosu kouTypH, L24 dB(A)
— JITHO pasnucanue, 2010 T.
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®@ur. 4 lllymoBu xouTypH, L24 dB(A)
— JIATHO pasnucanue, 2013 r.

@ur. 5 lllymoBu xouTypH, L24 dB(A)
— 3UMHO pasnucanue, 2010 r.

®@ur. 6 lllymosu koutypu, L24 dB(A) — 3umHO pa3nucanue,
2013r.

Onepupamure ocHoBHO Ha usernme Codus camorneTn, c
TEXHHTE CrenuHKALIH Cca:

- Airbus A318, Length 34.09m, Height 12.56m, Wind Spain
34.09m, 115-125 passengers, Max Take off 59.000 — 68.000 kg;
- Airbus A319, Length 33.84m, Height 11.80m, Wind Spain
33.91m, 116-142 passengers, Max Take off 64.000 — 75.000 kg;
- Airbus A320, Length 37.57m, Height 11.76m, Wind Spain
34.09m, 116-142 passengers, Max Take off 73.500 — 77.000 kg;
- Airbus A321, Length 44.51m, Height 11.76m, Wind Spain
34.09m, 185 passengers, Max Take off 83.000 — 85.000 kg;



- Airbus A310, Length 46.66m, Height 15.80m, Wind Spain
43.89m, 200-230 passengers, Max Take off 142.000 — 150.000
kg;

- Airbus A330-200, Overall length 58.82m, Height17.39m,
Wing span 60.30m, 246 (2-class) — 380. Airbus A330-300:
Overall length 63.69m, Height16.83m, Wing span60.30m,
300 (2-class)-400 passengers. Boeing 737-100, Length 28.67m,
Height 11.29m, Wind Spain 28.35m, 115-130 passengers, Max
Take off 49.940 kg;

- Boeing 733 (737-300), Length 33.40m, Height 12.56m, Wind
Spain 28.88 m, 128-141 passengers;

- Boeing 734 (737-400), Weight 56246 kg, 146 passengers;

- Boeing 735 (737-500), Landing Weight 49895 kg, 108
passengers;
- Boeing 737 (737-700), Landing Weight 58604 kg, 128
passengers;
- Boeing 738 (737-800) Landing Weight 65317 kg, 160
passengers,
- Boeing 739 (737-900), Landing Weight 66361 kg, 177
passengers;
- Boeing 752 (757-200), Landing Weight 89800 kg, 186
passengers;
- Boeing 753 (757-300), Landing Weight 101610 kg, 243
passengers;
- MD82, Wing span 32.87m, length 45.06m, height 9.02m, 142
passengers;

- IL76, Wing span 50.50m, length 46.59m, height 14.76m, Max
takeoff 170,000kg;

- Falkon 2000 (F2TH), Length 20.23m, Height 7.06m, MTOW
16240 kg, 12 passengers;

- E170/ERJ, 170-100, MTOW 34450 kg, 80 passengers;

- E190/ERJ, 190-100, MTOW 50300 kg, 98 passengers;

- AN30 Turboprops, Wing span 29.20m, length 23.53m, height
8.32m, max takeoff 21,800kg, 50 passengers;

- ATR45 (ATR-42-500), Wing span 24.57m (80ft 8in), length
22.67m (74ft 5in), height 7.59m, max takeoff 18,600kg, 48
passengers;

- ATR72 (ATR-72-500), Wing span 27.05m, length 27.17m,
height 7.65m, max takeoff 22,000kg, 74 passengers;

- F100 (Fokker 100), MTOW 5800 kg, 109 passengers;

- F2TH (DASSAULT Falcon 2000), Wing span 19.3m, Length
20.2m, Height 7.1m, Powerplant 2 x GE CFE738-1-1B
(26.7kN) turbofans, General Electric CFE738, MTOW 18597
kg;

- L410 Turbolet, MTOW 5800 kg, 17 passengers;

- DHSD / DHC-8, MTOW 2809 kg, 78 passengers.

- BE40 (BEECH 400 Beechjet), Wing span 13.3 m, Length
14.8m, Height 4.2m, Powerplant 2 x 12.9 kN P&W JT15D-5
turbofans, Pratt & Whitney Canada JT15D;

- C560 (CESSNA 560 Citation 5 Ultra), Wing span 13.8m,
Length 14.9m, Height 4.2m, Powerplant Citation 5: 2 x 12.89
kKN P&W JT15D-5A turbofans, Ultra: 2 x 13.6 kKN P&W JT15D-
5D turbofans. Encore: 2 x 14,9 kN P&W PW 535A turbofans,
Pratt & Whitney Canada JT15D, Pratt & Whitney Canada
PW500;

- LJ35 LearJet 35, MTOW 8301 kg;

- C17 BOEING C-17 Globemaster 3, Wing span 51.8m, Length
53m, Height 16.8m, Powerplant 4 x 185 kN P&W
PW2040 (USAF: F117-PW-100) turbofans, Pratt & Whitney
PW2000, Pratt & Whitney Canada PW100, MTOW 265350 kg.

1 Westl Lmax Lmax Lmax Lmax
A319 88.7 | A319 | 87.7| A321 88.1 | B739 89.4
A319 88.5| A320 | 89.9| A321 87.7 | B739 87.8
A319 88.5| A320 | 89.4|B737 87.9 | B753 91
A319 88.4 | A320 89 | B738 90.6 | B753 89.8
A319 88| A320 | 88.5|B738 88.5 | E190 88.9
A319 88| A320 | 88.3 |B739 90.3 | AT72 91
GALX 87.9
Tabn.1 Makc. HuBa Ha nryM TepmuHan 1 Westl

dB (A) West 1

®@ur. 7 Aircraft - Top 25 LMax Report — Jan 2014
3 West3 Lmax Lmax Lmax Lmax
A319 82.2 | B733 | 83.2 | B738 | 84.1 | B739 84.0
A321 84.4 | B737 | 84.0 | B738 | 83.4 | B739 82.6
A321 83.4 | B737 | 83.2 | B738 | 83.1 | B739 82.5
AN30 83.4 |B737 | 82.8 | B738 | 824 | CI30 | 91.2
AN30 83.4 | B737 | 82.6 | B738 | 82.0 | E190 84.3
AN30 83.2 | B737 | 82.3 | B738 | 82.0 | E190 82.2
F100 82.0

Tab6n.2 Makc. HUBa Ha myM TepmuHan 3 West3

dB (A) West 3

®@ur. 8 Aircraft - Top 25 LMax Report — Jan 2014
4 West4 Lmax Lmax Lmax Lmax
A320 85.8 | AN30 | 86.1 | B738 | 84.4 | E170 83.7
A320 85.0 | AN30 | 85.5 [ B738 | 83.7 | E190 84.8
A320 84.2 | B733 85.0 | B752 | 84.9 | E190 84.8
A320 84.1 | B735 84.2 | B752 | 84.3 | E190 84.7
A320 83.7 | B737 | 84.4 | C130 | 93.0 | E190 83.9
AN30 86.8 | B738 87.2 | C17 91.9 | E190 83.7
1410 86.4
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Tabn.3 Makc. HuBa Ha 1yM TepmuHai 4 West4




4 Westd Lmax Lmax Lmax Lmax
A319 83.2 | A320 | 75.3 |B734 | 86.0 | E190| 82.6
A319 76.1 | A320 | 74.8 |B735 | 79.6 | E190| 82.2
A320 84.1 | A320 | 74.4 |B738 | 78.3 | F100 | 78.7
A320 82.8 | A321 | 82.7 |B752 | 87.6 | F100 | 76.4
A320 78.5 | A321 | 76.6 | C560 | 76.5
A320 75.4 | AT72| 85.3 | E190 | 83.1
de (A} West 4
®@ur. 9 Aircraft - Top 25 LMax Report — Jan 2014
1 Westl Lmax Lmax Lmax Lmax
A319 88.0 | A320 | 87.9 | A320 | 86.6 | B733 87.5
A319 86.5 | A320 | 87.4 | A321 | 89.6 | B733 86.2
A320 88.8 | A320 | 87.3 | A321 | 88.7 | B734 | 91.6
A320 88.5 | A320 | 87.2 | A321 | 86.6 | B752 | 94.8
A320 88.5 | A320 | 87.1 | A333 | 90.8 | C17 99.2
A320 88.3 | A320 | 87.1 | AT45 | 88.8 | E190 88.6
E190 88.3

dB (A)
105

o5

oo

a5
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75

West 1

Ta6n.4 Makc. nuBa Ha mym tepmuHai 1 Westl

733 6733 B734 6752 E1S0E180 €17 AT4S

®@ur. 10 Aircraft - Top 25 LMax Report — Feb 2014

3 West3 Lmax Lmax Lmax Lmax
A320 82.5 | AT72 | 829 |B734 | 81.6 |C17 86.3
A321 83.4 |B733 | 84.6 |B735 | 82.0 |C17 92.9
A321 83.0 |B733 | 82.2 |B738 | 83.9 |E190 | 84.3
A321 82.8 |B733 | 82.1 |B738 | 82.3 |E190 | 82.2
A333 81.8 |B733 | 81.8 | B752 | 82.0 |E190 | 82.1
AN30 82.8 |B734 | 81.9 |B752 | 81.9 |E190 | 81.9

JlaHHu 32 aBTOpHTE:
M- @ Mumuo Tomopo Ieoprmes, morr. (2001), n-p (1996), mmx. (1986), MammHOCTpOEHE H ypPEIOCTpOeHe, Texuuuecki
yuusepcumem Cogus, M®, xarenpa OTCK. Unen Ha YC Ha bwreapcka Acoyuayusa 3a Obwecmeen Konmpon u Ynpasnenue Ha
Llyma, excuept koM CIIEKTPU EOO/].
@ Bopuc Boprcos Muxaiinos, Sound and vibration qualified expert (2001), nex.(1994), Enektponnka, TeXHHYECKH YHHBEPCHTET
Coous, Briiel & Kjar University (2001). Cenpencenaten bvreapcka Acoyuayus 3a Obwecmeen Kouwmpon u Ynpasnenue na Lllyma,

VYupasuten CIIEKTPU EOO/.

Ta6n.5 Makc. HuBa Ha 1ryM TepMuHai 3 West3
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Ta6n.6 Makc. HUBa Ha myM TepmuHan 4 West4
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MaxkcuManHUTe HUBA Ha IIIYM YCTAHOBEHH OT MOHUTOPHHTOBATa
cucreMa 3a orAenHuTe TepMmuHamum West 1, 3 U 4 e Kakto
creaBa:

Westl 87.1-94.8 dBA, West3 81.7-92.9 dBA; West4 84.1-
91.9dBA; West4 76.1-87.6 dBA.
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A319 A319 A320 AS20 A320 A320 ASZ0 A3ZQ A320 A320 AS21 A3Z1 B734 B735 6738 6752 E1S0 E190 E190 F100 F100 AT7Z CS60

@ur. 12 Aircraft - Top 25 LMax Report — Feb 2014

®@ur. 13 Paznonoxenue Ha repmunanute Ha Jletuiue Codus
4. UzBoam:

Kato u3Boz, npe3 2014 r. ce HaO01aBa MOHIKABaHEe
Ha edekTa oOT camoneTHUs TpadUK BBPXY OOIMIOTO H
WHAUBHAYAITHOTO HAATPAHUYHO OLITYMSIBAHE, KAKTO U € HAIMYHO
HNOHIKEHO  3aMbpCsABaHE HAa  aKyCTHYHaTa  cpela  Ha
arnomepauust Codus. To3um pesynrar e BCleICTBHE U Ha
NPOMSHATA HA THIIA CaMOJIETH onepupaiiy Ha jetnie Codus.

JUTEPATYPA
[1] Monuropunrosa cucteMa Ha aBuauuoHeH mym B&K Type
3597-C n 3637-A (na neruuie Codus).
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REVIEW AND ANALYSIS OF NOISE POLLUTION OF SOFIA CITY AS A RESULT OF THE ACTIVITIES OF SOFIA
AIRPORT - For the period 2010-2014

Milcho Georgiev ", Boris Mihaylov?
D' TU-Sofia, 8, “KI1. Ohridski” blv., Sofia 1700, mtge@tu-sofia.bg , www.tu-sofia.bg (URL)
P SPECTRI Ltd., 30, “St. T. Turnovski” Str., Sofia 1421, spectri@spectri.net, www.spectri.net (URL)

Abstract: The aim of the study is to undertake inspection, review and analysis of noise pollution
of Sofia city — affected from Sofia airport activity, in the period 2010 - 2012, with emphasis of noise reduction actions. The
information is dedicated to Sofia Municipality official strategic noise action plans update (containing data for prevention of
environmental noise, and based on Sofia strategic noise map).

Key words: noise, noise pollution, noise analysis, noise monitoring.
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KOHOUT'YPALIUA, PEAJIMZALIUA U TIPAKTUYECKH U3BOAU OT
N3I'PAXKIAHE HA CUCTEMMU 3A ITOCTOAHEH BUBPALIMOHEH
MOHUTOPHUHI HA UHAYCTPUAJIHU MAIIIMHU U CBOPBXEHUSA

Muuryo I'eoprues A bopuc Muxaiijios 2

)

D) TY-Codus, M®, mtge@tu-sofia.bg , www.tu-sofia.bg (URL)

2 CIIEKTPU EOOJ, Codus, T. TepHOBCcKH 30, spectri@spectri.net, www.spectri.net (URL)

Pesiome: B T03M DOKYMEHT ce mIpencTaBsi KOH(GUTypamus Ha H3rpajicHa CHCTeMa 3a IOCTOSIHEH BHOPAI[MOHCH MOHHTOPHHI Ha
HHJ[yCTPHAIHH CUCTEMH U CHOPBKEHHS, KaKTO M IPAKTHYEeCKa CHCTEMHA peanu3anys Ha 0a3ara Ha HOBaTa IMPOAYKTOBAa rama 3a
BubpoxonTpos PCH1420 B chrpyanmdectso ¢ naprasopa Ha CIIEKPU EOO/] 3a BuGpanmonen monuropuar PCH Engineering A/S.
Hedunupa ce koHuemnmara no koudurypamms Ha PCH1420 6a3upana cucrema, u300p ¥ MECTONOJIOKECHHE HA H3MEPBATEIHA TOUYKH
1 KOHOUTYpaIllMOHHH ITapaMeTpu. PaboTHA OIleHKa Ha TOYHOCTTA HAa N3MEpBaHE €IHOBPEMEHHO B KOHTPOJIHUTE TOUKH C€ M3BBHPIIBA

cbe cucremata PULSE Reflex 3560-B na Briiel & Kjer.

Kniouosu oymu: - Bubpanuw, mym, U3MepBaHe Ha BHOPALUH U IITyM, MOHHTOPHHT, BHOPOKOHTPOIL.

1. BeBegenne

MOHHTOPUHIBT Ha (QYHKIMOHMPAHETO Ha HHAYCTPUAIHU
MallMHH U CBHOPBXKEHHS € OT CBIIECTBEHO 3HAYCHHE 3a
paboTocrioco0HOCTTa M ABITOTPAHHOCTTa MM KaKTO IO
OTHOIIICHNE HAa OCHOBHHUTE TEXHUUYECKH IIOKA3aTeN! Taka M IO
OTHOIIICHNE Ha BUOPAIIMOHHOTO UM CHCTOSIHHE.

Kongurypupanero Ha 3amajieHa cucreMa 3a BUOPOKOHTPOI
ce Oa3mpa Ha THIIA MallWHAa, W HM3WCKBAHWATA 32 HUBA Ha
BHOpanunTe — HOMUHAIHY, TPAaHUYHM W HHUBA Ha NIPEBUIICHHE
3a IpenprueMaHe Ha IeHCTBHS 3a M3KIIOUBaHE.

Kon¢urypupanara cucremMa 3a HOCTOSHEH BHOpanMOHEH
MOHHUTOPHHT HA MAIMHU MOJJIOKEHH Ha BHOpAlUH B pe3ynrar
Ha TAXHaTa padoTa (OyTalHM, POTAMOHHU U BUHTOBH IIOMIIH H
KOMIIPECOpPH) WM B Pe3yJNTaT HA BB3ACHCTBHE HAa OKOJHATA
cpena ce 6asmpa Ha Moxmyna PCH1240 u xato ommms MoIyn
PCH EtherBridge®, type CHB1120 3a cBbp3BaHE Ha HIKOJIKO
moxyna tur PCH1240 mo RS-485.

MOHHTOPHHTOBHAT MOIYJT 3a KOHTPOJI Ha BHOpamuuTe Ha
mamman PCH1420, BxmouyBa 4 w3MepBaTeNHH KaHada (ChC
CHUTHAJIM3aIMs Ha TpeIHus MaHen) B yectoTHHA oOxBar 0.7 Hz
o 115 kHz, 4 m3xomsimu curnana 4-20 mA/10V u 2 peneitan
curHana (4 KOH(UTYpPAIlMOHHM allapMH) 3a IMpeIlpHeMaHe Ha
neiictBue. 3amuc Ha CypoB curHan u mocnensam] FFT anamms.
OtroBaps Ha (HYHKIMOHAIHUTE M3MCKBaHHS 3a 0€30MAaCHOCT B
crotBeTcTBHE C¢ ISO 13849-1 u 3ammra Ha oOekra cropen
API670 HOpMH - Bpeme Ha peakius He moseye oT 100 ms.

PCH Engineering A/S npenocras HabOp OT HPOMHUIIIEHH
aKceJIepOMETpH 0OXBaIIaNH MIUPOK CHEKTHP Ha BUOPOKOHTPOI
C pa3nMYHA YyBCTBUTETHOCT U PAOOTHU TEMIIEPATYPH.

MonynbeT € OKOMIIIEKTOBaH Che codryep 3a Bpb3ka ¢ PC -
PCH Vibration Studio, upe3 USB/RS-485 port — HacTpoiika Ha
MapaMeTpuTe Ha HM3MEPBAaHMUTE BEIMYMHH, BHM3yalIM3alus H
reHepupane Ha anapmu (4 Op.) 3a ChCTOSIHHETO Ha Ipoleca Ha
U3MepBaHe U KOHTPOJ Ha BUOPAIIMOHHOTO ChCTOSIHHUE.

2. M3noxenne

Peanuzanms Ha xoHburypamms Ha 8 (2x4) kaHaiHa

cHCcTeMas3a TIIOCTOSHEH BHOpallMOHEH  MOHHUTOPHHT  Ha
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®ur.1 Monurtopunros Monyn Ha BuOpauuu PCH1240 n
HIMPOK CIIEKTBP OT aKCEIEPOMETPU
tun CTC ot PCH Engineering A/S

WHIYCTPHAIHH MaIlMHA W CHOPBXKEHHS, Ha 0azaTa Ha 2 Op.
MoHHuTOpuHrOBH Moxmymun Tun PCHI1420 3a koHTponm Ha
BHUOpanMuTe Ha MAaIlIMHW. Bu3yanmsanus Ha KOHTPOJIHpPAHUTE
napamerpu: B PCH Vibration Studio na xommiorsp mo USB/RS-
485 port; - Bp3MOXKHA BH3yaIM3allysl Ha HUBAaTa Ha BUOPAIHHTE
KbM CBIIECTBYBAlla KOHTPONHMpAIla CHCTEMa Ha JpPYTH
rmapaMeTpH Ha MaiuHarta 4pe3 8 (2 X 4) aHaoroBu CUrHaiu 4-
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20mA/10V u 2 peneiinn curHaga 3a amapMmu (WM OILMS -
konBeptupaHe Ha mporokona upe3 PCH EtherBridge®, type
CHB1120 3a cBbp3Bane Ha Hikonko moayna tun PCH1240 mo
RS-485 wnu no Ethernet — mpeanaratr ce KOMyHHKAlMOHHUTE
nporokonn Modbus TCP u OPC UA 3a HMI ycrpoiicTsa).
V3mepBaHe Ha  BHODALMOHHOTO  CBCTOSIHHE €  4pe3
akcenepometpu tun CTC/M/AC102-1A. Cebp3Baiure Kabeau
Ha aKCeIepOMETPUTE C€ IPUCHEAUHABAT 4pe3 KYIUIyHI C
pe300BO CheJMHEHHE KbM aKCEIEePOMETPHTE.

3axpaHBaHETO Ha MOHHTOpHHIroBuTe Monyiaun PCH1420
(20p.) e Ha 24V, 10W. B koMIuieKTa € BKJIIOYEH 3axpaHBalll
moxyn TDK Lambda 24VDC/220-240V. MOHUTOPHHTOBUTE
monynmu PCH1040 — 2 Op. u 3axpasBamusar moxyin TDK
Lambda  24V/220V, ce  MoHTUpaT B  CTaHZApTHO

enexTpoTexuuuecko tabnmo CRN 250x200x150 (IP65) c¢ 11
kabenHu Bxoaa PG9.

®ur.3 PCH1420

Peanusupane Ha 6a3oBa KoHuUrypanus.

OOeKT Ha MpPUIOKEHHE Ha MOHHUTOPUHIOBAaTa CHUCTEMa €
BUHTOB V-00pa3eH KOMIIpECOp Ha BB3AyX C MapaMeTpH:
pabotHo Hamsrane 8 bar, ne6ur 15.65 m3/min, HOMHHAaNTHA
MOIIIHOCT Ha 3a/IBIDKBaIIMs erxekTpoasuratena 90kW.

Axcenepomerpure tun CTC/M/AC102-1A ce MoHTHpaT
4pe3 pe300BO CheJUHEHHE KbM 3aJIE€NIeHN MOHT)XHHM IUIAHKH Ha
HpeIHUs W 3aJHHUA Kalaly, 10 2 B XOPU30HTAJIHO U 2 BBB
BEPTUKAIHO HAIIPaBJICHUE Ha JIarepuTe.

BWHTOB KOMMNPECOP
PASMNONOXEHWE HA

®ur.2 Cxema Ha pa3NoJIOKEHHE HA TOYKUTE HAa M3MEpPBaHE
Ha HuBaTa Ha BuOpaumumre: -B1R n -B3R, -B2A u -B4A — B
paguaHO M aKCHAJIHO HAIIPABJICHUS Ha IIOMIIaTa.

Heobxogumure tumoBe kabemnm 3a CBBbp3BaHE ca: —
3axpanBane — ['bBKaB expanmpan kaben LiYCY 3x0.75 mm2,
BBHIIEH auaMeTsp 6.3 MM -1 Op.; — AHAJIOroBH W peleiHH
curHamn —I'pBkaB ekpanumpan kaben LiYCY 6x0.34 mm2,
BBHIIIEH JHaMeTsp 7.2 MM - 2 Op.;

Hacrpoiiku Ha cucTeMaTa 3a KOHTPOIL:

AKcenepoMeTpH ¢ TUITHYHA

gyBcTBUTENHOCT 100mV/g;

W3zmepsarenen o0xBaT — 10 15mm/s;

Yectoren obxsar — ot 1 Hz no 1000Hz;

Anapmu -> BHUMAHUE 6mm/s, OITACHOCT: 8mm/s;

®ur.3.2 PCH Vibration Studio — oCHOBEH ekpaH, EKpaH Ha BU3YaTH3aIs
Ha BuUOpanuute BbB BpemeTo u ekpad Ha OF-Line FFT anammus.



=1+ <= Monitar
G Self Test
4a Outputs
= o Transducer 1: T1_2

1L, iBand 1 : Osnovno_T1_2

=W, Band 2 : *** Disabled ===
1L, EMV 1 : =** Disabled ===
UL, EMV 2 : ==* Disabled ===
UL, Crest : === Disabled ***
UL, Kurtosis : *** Disabled **=
=h-oh Transducer 2: T2_2
III.', Band 1 : Osnovno_T2_2
= III.', Band 2 : === Disabled ===
L, ENV 1: === Disabled ===
L, ENV 2 : === Disabled ===
I.II, Crest : *=* Disabled ===
t.l].', Kurtosis : *** Disabled ***
= ooty Transducer 3: T3_2
III.', Band 1: Osnovno_T3_2
= III.', Band 2 : *** Disabled ===
1L, ENV 1: === Disabled ===
1L, EMV 2 ¢ === Disabled ===
I.l].', Crest | === Disabled ===
t.l].', Kurtasis : *=* Disabled ===
=h-ooh Transducer 4: T4
III.', Band 1: Osnovno_T4_2
= III.', Band 2 : === Disabled ===
1L, EMV 1 ¢ === Disabled ===
1L, EMV 2 ¢ === Disabled ===
II Crest 1 === Disabled ===
II Kurtasis : *=* Disabled ===
—& Process 11 == Disabled ==

Enabled: Mame: Osnovno_T1_2

Transducer: Transducer 1: T1_2: Sensitivity: 100.00 [mV/g]

Measurement Setup [ID: 52]
unit: [mm/s -

Full Scale [mm/s]: 15.00

4|

Filters
Filter Range
1.0 [Hz] to 1000.0 [Hz] -

i) Recommend max range 0.7 to 1000.0 Hz

[ Filter Info ]

Detector:

Type: [RMS -|

Awg Time [s]: 3.0

||

Alert Alarm Setup

Enabled:

Alert Limit Type:
Alert Limit [mmfs]:
Alert Delay [s]:
Alert Latched:

Alert Relay:

Danger Alarm Setup

Enabled:

Danger Limit Type

Danger Limit [mm/s]:
Danger Delay [s]:
Danger Latched:

Danger Relay:

®ur.3.1 PCH Vibration Studio - ekpaH Ha HacTpoiika Ha H3MEPBATEIHUTE KaHAIH

Ha HuBa Ha BuOpanuure: T1-2, T1-2, T2-2, T3-2, T4-2

=<2 Monitor Parameter Walue
g5 Self Test = §& Output 1
@Ecnutputs Enabled:

= oy Transducer 1: T1_2
ﬁl’, Band 1 : Osnovno_T1_2
=t ﬁl’, Band 2 : === Disabled ===
i EMv 1 : === Disabled ===
UL, EMv 2 ¢ *=*= Disabled ===
UL Crest: === Disabled ===
1L, Kurtosis : === Disabled ===
=1y Transducer 2: T2_2
ﬁl’, Band 1 : Osnovno_T2_2
= ﬁl’, Band 2 : === Disabled ===
1L EMv 1 : === Disabled ===
UL, EMv 2 : *** Disabled ===
UL Crest: === Disabled ===
1L, Kurtosis : === Disabled ===
= oy Transducer 3: T3_2
III.', Band 1 : Osnovno_T3_2
=t ﬁl’, Band 2 : *** Disabled ===
i EMv 1 : === Disabled ===
UL, EMv 2 ¢ *=*= Disabled ===
UL Crest: === Disabled ===
1L, Kurtosis : === Disabled ===
=1 oty Transducer 4: T4
III.', Band 1 : Osnovno_T4_2
= ﬁl’, Band 2 : *** Disabled ===
1L EMv 1 : === Disabled ===
UL, EMv 2 : *** Disabled ===
UL Crest: === Disabled ===
1L, Kurtosis : === Disabled ===
—# Process 1: =*=Disabled ===

Type: 4-20mA

Source: Band 1 : Osnovno_T1_2 (Transducer 1: T1_2)

B e Qutput 2
Enabled:
Type: 4-20mA

Source: Band 1 : Osnovno_T2_2 (Transducer 2: T2_2)

= o Output 3
Enabled:
Type: 4-20mA

Source: Band 1 : Osnovno_T3_2 {Transducer 3: T3_2)

= §& Output 4
Enabled:
Type: 4-20mA

Source: Band 1 : Osnowvno_T4_2 {Transducer 4: T4)

®ur.3.3 PCH Vibration Studio - ekpan Ha HacTpoiika Ha aHAIOTOBUTE U3XOU

Ha HUBa Ha BuOpanuure: T1-2, T1-2, T2-2, T3-2, T4-2
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CMNEKTPW EOOQ _K _(G _K?
PCH1420 - TDEL FCH1420 -
= +24 VDU 2
+24VDC — - +24VDC —
S
/J{ ;JA Ffi_%re E*E,la{f o + - Failure ;elg;
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< GND E——
_h\'l .’”_EMD_“\ o GEB P _G‘\E—‘\ . -
(5 [ G C1y (g) { L5 ﬁ‘l LT )
'\j__i/ \_T_j I\—T—l_/ \.__E?_J ® ‘\.__SI__/ Q_LJ , \‘-_'I'_:/ \:IE:}_J
LAlarm inhibit — 1SelfTest Q IAlarm inhibit  1SelfTest
OUTPUT N oUTPUT
@ @ @ @ N ® @ @ @ -
= J 220V I = IS
T = T
. o N - Py Pt P Pt b
i3j '\_l_"‘?»' GT;/' \Tﬁj 'k_T/J by 'k__l_l::'»" Llfﬂ
e le Ze Ze T le 7o is
INPUT NP
NN CT,) 20V A 8Y ) (AR
© ® QD e || [P P G
3= 3z 4o hep 3w || 32 b4e e
INPUT INPUT
-B1| FBZ| |-B4] |-B3 -B1] [FBZ| |-B4| |-B3

mA

=200
S

A

IEPE and Velocity transducers

Terminal #

Function

1 +24 VDC. main power
2 Ground (GND), main power
3 Failure relay 1/2

4 Failure relay 2/2

5 !Alarm inhibit

6 Ground (GND)

7 Ground (GND)

8 ISelf-Test

9 Output 4

10 Output 3

11 Output 2

12 Output 1

13 Input 1 (+)
14 Input 1 (-)

15 Input 2 (-)

16 Input 2 (+)
17 Input 3 (+)
18 Input 3 (-)

19 Input 4 (-)
20 Input 4 (+)
21 Process input
22 Ground (GND)
23 Tacho power
24 Tacho input

@ur. 4 Cbp3BaHe HAa MOZyJa 32 MOHUTOPUHT Ha Bubpanuu PCH 1420 - knemu

AKCENEPOMETBP M/ACI0Z-1A (4 Bp.)
BUMHTOB KOMMPECOF 1

AKCESEPOMET BPF MAACIDZ-T1A (4 Bp.

BMHTOE KOMMFECOF Z
M3MEPBAHE - EWBFOYCKOFEHWE # BMEFOTNPEMECT B AHE

www.spectri.net

®@ur.5 Cxema Ha cBBp3BaHe Ha 2-Ta BHOpousmeputennu Moayna PCH1240.

27



GAP

Danger High
EEEE (L)
. . ——
Alert High 500 1000 1500 2000 2500
Alert Low S

Danger Low cae i volt: IEEENERN V1] | Calbrate

®ur.6 PCH Vibration Studio - Bu3yanu3aius Ha HUBaTa Ha BUOPALMKUTE HA KaHAI

n3BOaU 6. Jlutepatypa
Kondurypupanara cucremMa 3a HOCTOSHeH BHOpammoHeH [1]  www.bksv.com

MOHUTOPHUHI Ha WHIYCTPHAIHM MalIMHA W ChOpBxkeHus Ha  [2] www.pch-engineering.dk

0azara Ha Oa3zaTa Ha mpoaykToBa rama 3a BuOpokonTtpon [3] BJC ISO 108161-6/2002

PCH1420 wa PCH Engineering A/S e komnaktHa W wmMma  [4] Hapenba Ne 9/2010

BB3MOKHOCT 3a pa3IIMPEHHE, OCUTYpsBa BH3yalu3alMs Ha

HHMBaTa Ha BHOpauuure Ha JokaiHo PC mii 4pe3 aHalIoOroBHTE

H3XOH

4-20 mA/10V, a mpe3 peneifHus M3X0J J1a MOJaBa CUTHAJI 3a

alrapMa C OrieJ Ha [peJupdeMaHe Ha JedcTBus  3a

[PUHYAUTEIHO CIIUPaHe Ha KOHTPOJIMPaHaTa MalliHa.

Jlannu 3a aBTopure:
(1) (2) Mumuo Tonopos I'eoprues, gou. (2001) a-p (1996) nmx. (1986), MammHocTpoeHe U ypenocTpoene, Texnuyecku
yrugepcumem Coghusi, M®, xatenpa OTCK. Unen na YC Ha Bwaeapcka Acoyuayus 3a Obwecmeen Konmpon u ¥Ynpaenenue
Ha lyma, excuept koM CIIEKTPU EOO/].
(2) bopuc bopucor Muxaiinos, Sound and vibration qualified expert (2001), nmxk.(1994), Enexrponuka, TexHuuecku
yuuBepcutet Codus, Briiel & Kjaer University (2001). Cenpeacenaren bwieapcka Acoyuayus 3a Obwecmsen Konmpon u
Ynpaenenue na llyma, Ynpasuren CIIEKTPU EOQO/].

CONFIGURATION, IMPLEMENTATION AND PRACTICAL CONCLUSIONS
IN BUILDING A SYSTEM FOR CONTINUOUS VIBRATION MONITORING
OF INDUSTRIAL MACHINERY AND FACILITIES

Milcho Georgiev 2, Boris Mihaylov?
D" TU-Sofia, 8, “KI. Ohridski” blv., Sofia 1700, mtge@tu-sofia.bg , www.tu-sofia.bg (URL)
» SPECTRI Ltd., 30, “St. T. Turnovski” Str., Sofia 1421, spectri@spectri.net, www.spectri.net (URL)

Abstract: Summary: This paper presents the configuration of a system for continuous vibration monitoring of industrial systems and
facilities, and practical system implementation based on the new product range Vibration control PCH1420 in cooperation with
partner for Spectri Ltd - Vibration monitoring PCH Engineering A/S. Concept is defined in configuration PCH1420 based system,
selection and location of measuring points and configuration parameters. Working evaluate the accuracy of measurement in both the
control points is performed with the system PULSE Reflex 3560-B of Briiel & Kjeer.

Key-Words: Vibration, Noise, Vibration and Noise measurement, Monitoring, Vibration Control
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OBYYEHME B OBJIACTTA HA ITYMA U BUBPALIUUTE. OIIUT U
IPAKTHUKA B BRUEL & KJAR YHUBEPCUTET — JAHUSA U CIIEKTPHA EOO/I

Bopuc Muxaiisios !

)

) CTIEKTPU EOON, yn. ,,Teomocuit TepHOBcKU 30, Codust, 1421, spectri@spectri.net, www.spectri.net

Pesiome: B T03u oKyMeHT ce 1aBa 00ma nH(OpMaIMs OTHOCHO pelloBHATA HPOrpaMa 1o o0y4eHne Ha CHEeLUaICTH B 00/1acTTa
Ha mryma u BuOpanuute — B Briiel & Kjer Yuusepcuter — Janus u CIIEKTPU EOO/I.

Kniouoeu oymu: urym, BUOpaiuu, o0y4eHue.

1. O630p:

Briel & Kjer YuuBepcurer ce ¢popmupa npes3 mocieHuTe
TOJMHH KaTo MEXIYHapOAeH LEHTbpD Ha KOMIICTEHTHOCT B
obracTTa Ha IIyMa ¥ BUOpanuuTe. YHUBEPCUTETHT pasioara ¢
BOJCLIM €KCIepTH B obiactra — oT ¢upma Briel & Kjer u
Texnnueckn VYHuBepcuter — KomeHxareH. YHHMBEPCHTETHT
NpoBEXKaAa €XEroaHu AUCTAHIMOHHU U KBaJ’lI/I(I)I/IKaL[I/IOHHI/I
KypcoBe B 001aCTTa Ha aKyCTHKAaTa ¥ BUOpaLHHUTe.

2. IIpe3s 2014 r., nmporpamara Ha Briel & Kjar
YHuBepcHTET BKJIOYBA:

2.1. JluctaHIMOHHO ¥ KBaIM(UKALHOHHO OOyYeHHE B
Vuusepcutera Ha Briel & Kj@r, ¢ ocHOBHM TemMaTtuuHH

HarpaBJICHUA:

a. AKyCTHKA:

- Crannapry;

- V3mepBaHus — TeOpHUs U MIPAKTHKH;

- AxkycTruyHa xonorpadust U (dopmupane
Ha JIbYa;

- 3BYKOB HHTCH3HUTET;
- IIporpamupane ¢ PULSE Visual Basic;

0. BuOpanuu:

- BubpaunoHHM n3MepBaHus;

- BubponuarnocTuka;

- MoparneH u onepaniioHeH aHaJIN3;

- Yosemrky BUOpanuy;

- BuOpanoHHy U3NHUTAaHKUS U KOHTPOJ ¢ BUOPAIMOHHU CUCTEMHU
(Tena);

OcHOBM Ha BHOpalMOHHM M3IHTaHUS TIPH  CIIydalHH
BHOpanuy;

- OcHOBY Ha BUOPAIMOHHM M3MUTAHMS IIPH YAAPHH BHOpaLnmy;

- OcHOBM Ha BHOPAIMOHHW W3IWTaHWS IIPH CHHYCOUJAIHU
BHOpanuy;

B. YHIpaBJleHHe Ha IIYM U BUOpanuu

- MoHunTOpHHT Ha IIyM B OKoJIHa / GuTOBa / paboTHa cpena
- OcHOBHH IIaT(GOPMU 32 H3MEPBAHE U AHAJIN3;

- MOHHTOpHHT 1 yIpaBJeHHe Ha IIIyM B OKOJIHATA CPeJia;

- [Ipexcka3Bane Ha IIyM B OKOJIHATa CPEAa;

- llTym B pabotHa cpena;

- CTponTenHa aKyCTHKa;
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- ApXUTEKTypHa aKyCTHKa;

r. I3MepBaHusl U aHAJIM3 HA CHTHAJIN

- 3aMepBaHe Ha mIyM ¥ BUOpALUU — TCOPHS U IPAKTUKU
- Pazpemapane Ha IIyMOBH U BUOPAIIHOHHH MPOOIEMH;
- AKkcelepoMeTpu 1 MUKPO(OHH;

- CTpyKTypeH aHaJm3;

- Enexrpoakycruka;

- OnpezensiHe M3TOYHHIIN Ha Iy M;

- 3ByKOBa MOIIHOCT;

- KauectBo Ha 3ByKa;

- N3nuTBaHe Ha MaTepHany;

- Cucrema PULSE;

- Slmpotro PULSE Reflex;

- [Imarpopmu 2250/2270;

- OCHOBHHM TIPHJIOXKSHUS U CTAHAAPTH;

s

a. Yeayru:

- Kamnbpupane;

- Excnieptusuy;

- MogaenupaHne u npeicka3BaHe;
Duration Date

Type Title Country

L)
L)
L]

s By 05 Aug 2014 Australia

1 Day 05 Aug 2014 Australia

20ays 19-20 Aug 2014 Australia

Australia

¥ Day 02 Sep 2014

& maue,
®@ur. 1 Hsxou ot 2014 o6yuntennu kypcose Ha Briel & Kjeer
YHUBEpCUTET, U3TOUHUK WWW.bksv.com

3. Yeounapu Ha Briel & Kjeer YHuBepcurer:

OnucaHuTe MO-rope TeMaTHYHU HAIPABJICHUS Ca YaCTHYHO
OOCTBIIHM ~ Karo  yeOuHapu  (mOBedeTo  Oe3IUIaTHH).
[lpuchbcTBamuTe Ha yeOMHapuTe HE MoNaraT H3IHT W He
nosy4aBaT ceptudukar 3a mpeMHHaTo OOyueHue B Briel &
Kjeer.


mailto:spectri@spectri.net
http://www.spectri.net/
http://www.bksv.com/

ate Language Tnstructor Price 6. U3Boau:
7% 3 3014 17:00 Gnglisn Angrea Frey Fraa

25 3 2914 23700 IMoaabpxaiiku possiTa CH Ha CBETOBEH JIMJEP B 0071acTTa Ha

04 Aug 2014 16:00 English Doua Lovelacs Free - .

— 4 g 014 et — o mwyma u BuOpauuure, Briel & Kjer u CIIEKTPU EOOJ
aKTUBHO M CHMCTEMaTHYHO DPa3BMBaT COOCTBEHa Nporpama 3a

obyuenue u ceprudukanus (4pe3 aKTUBHO CHTPYAHHYECTBO C

Dirsler Tracking 15 Aug 2014 16:00 English
15 Aug 2014 23:00

Singte and Dual Plane Dvnamic Balancng 18 Aug 3014 16:00 Englisn
18 Aug 1014 23:00

Angie Anstysis Domain 22 Aug 2014 16:00 English Briel & KJa:r YHUBEPCUTET, KAKTO U Texnuueckure
22 Aug 3014 23:00

Eneioas Anahis 13 dug 014 10000 englsn VYuusepcutetn B Komenxaren u Co¢wusi). OCHOBHH aKIICHTH

Eitncy and Sy G Aratrls ol DARENER e OuBAaT NOCTaBSHU BBPXY:

08 Sep 2014 17:00 Engiisn
08 Sep 2014 23:00

e  AKTyaJHU IOCTIKEHUS, TEOpUs U CTaHIapTH B 00JacTTa
R i - T ) Ha IIyMa 1 BUOpanuuTe;

®ur. 2 Hsaxou or 2014 yebunapu na Briel & Kjer IpakTHueckn omuT W pabota C  oGOpyaBaHe W

YHuBepeuTeT, H3104HMK Www.bksv.com HHCTPYMEHTapUYM OT Hali-BUCOK CBETOBEH KJIac;

e PasrnexxiaHe Ha onuTa M J0OpHTE HPAKTHKH 32
U3MEpBaHMs, JUATHOCTHKA M aHAIN3 Ha NMPO(ECHOHAIHO
HMBO M Ka4ecTBO 6e3 KOMIIPOMHC;

e  CnozensHe Ha COOCTBEHH W CBETOBHU IOCTIDKCHUS, HOY
Xay U HOBOBBBJICHUSL.

4. Ceprudpukanus B Briiel & Kjar Yuusepcurer:

TIpes 2013 r. B VHuBepcutrera Ha Briel & Kjer 6sxa
CepTUQUIMpPAaH B OCHOBHHM HANpaBJICHUS B aKyCTHKaTa W
pubOpanuute, Haj 300 CENUATUCTH OT LST CBAT.

5. CeTpyannyectBo Ha Briiel & Kjzr YHusepcurer cbe
CIIEKTPH EOOJ:

Karo crprarernuecku naptasop 3a bankanute, CIIEKTPU
EOOJl mnpemiara JOIMBJIHUTENHO pa3lIMpPEeHUE U JIOKaJHa
HAaCOYCHOCT Ha rJjobanHara mporpama 3a oOydeHHE W
ceprudukamus Ha Briel & Kjer. CIIEKTPU EOO]]

Briiel & Kjer u CIIEKTPU EOO/I manupat u 3aHanpexn
MOCTOSIHHO M OPraHH3MPaHO Ja MPOIBIDKABAT ChC CTPEMEkKa CH
la Ce pa3BUBAT KATO CBETOBCH M HAIMOHAJICH IICHTHP Ha
KOMIIETCHTHOCT B 00JIACTTa Ha IIlyMa U BUOpAIUUTE.

JIUTEPATYPA
OpraHm3upa IO 3asBKa OOYYHTENIHH U KBaIH(HUKAHMOHHH [1] Wnreprer Gasupana nadopmars: B
KypcoBe B Bbenrapus m Bankanckus permon. OOydeHnero ¢ B P P P T
_ . www.SPECTRI.net.
TACHO CBHTPYAHHUYECTBO C PBKOBOACTBOTO Ha Briiel & Kjer 2] Vireprer Gasupana mdopvanus: B
YHUBepCHUTET. p . p P T
www.BKSV.com.;
[3] Wudopmanus 3a mpoBexJaHu KypcoBe U yeOUHapH OT

Briel & Kjer Yuusepcurer.

®ur. 3 Wsrnen ot xype Ha o6yuenue Ha CIIEKTPU n Briel &
Kjeer

Jlannu 3a aBTopuTe:
(1) Bbopuc boprcos Muxaiinos, Sound and vibration qualified expert (2001), mrx.(1994), Enexrponnka, TexHH4ecKH
yausepcuret Codus, Briiel & Kjar University (2001). Cernpencenaren buicapcka Acoyuayus 3a Obwecmeen Konmpon u
VYnpasnenue na llyma, Ynpasuren CIIEKTPH EOO/].

NOISE AND VIBRATION EDUCATION. EXPERIENCE AND GOOD PRACTICE - BY BRUEL & KJAR UNIVERSITY
— DENMARK, AND SPECTRI LTD. - BULGARIA

Boris Mihaylov "
Y SPECTRI Ltd., 30, “St. T. Turnovski” Str., Sofia 1421,
spectri(@spectri.net, www.spectri.net

Abstract: In the recent document, one could find general information re. regular educational programme in noise and vibration field
— maintained by Briiel & Kjer University — Denmark, and SPECTRI Ltd. — Bulgaria.

Key words: noise, vibrations, education
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OB30P U CPABHEHUE HA CUCTEMMUTE 3A KAJIUBPUPAHE U
HNPUITIOKUMOCTTA HA MEXJAYHAPOJHUTE CTAHJAAPTHU
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Pe3stome: B TO3U JOKYMEHT ce MPEICTABAT U aHAJTH3UPAT CHCTEMUTE 32 MBPBHYHO M BTOPHYHO Kanubpupane 6asupanu Ha Type 3630
Ha Briiel & Kjar n npuioxxiuMoctTa Ha MEKAYHAPOIHUTE CTAaHIAPTH 33 KaIHOpUpaHE HA ITyMOMEPH, OKTaBHHU (GuiTpu, MHKpOGOHH
U akycTuuHH ananuzaropu cbriaacHo IEC 60651, IEC60804, IEC 61094, IEC 61672.

Kmiouosu oymu: Kanubpupane, cucreMu 3a KaInOprpaHe Ha IIyMOMEPH, MUKPO(OHH.

1. BbBenenne

Enuannure 3a m3MepBaHe ca cpel IBPBUTE HHCTPYMEHTH
U3MHCIICHH OT XOpaTa M ca CTaHaId BCE MO-HEOOXOIUMHU.
HeoOxomumMocTTa 3a cCpaBHUMH, TOUYHH U NIPELU3HU H3MEPBAHHS
JIOBeJle IO CTaHAapTH3aIMs M BCIEICTBHE HA TOBA HapacTBalla
HyXJIa 3a kammOpupade. KammOpupanero e ¢yHIaMeHTarHa
CTBIIKA B IIpoleca HA u3MepBaHe. To rapaHTHpa, de
WHCTPYMEHTBT, U3IION3BaH 3a M3MUTBAaHE II0Ka3Ba TOYHO
HEOOXOIMMUST MapaMeThp 3a H3MEpBaHe U Ue ypeabT OTroBaps
Ha HeroBata cnenu¢ukanus. Cragmapra ISO  10012-1
neduHmpa kato kamubpupane "Oneparyy, KOUTO yCTaHOBSBAT,
CBIVIACHO  ONpPEJETCHH  YCJIOBHS, OTHOLICHHATA  MEXIY
CTOMHOCTHTE, OTYETEHH OT JaJcH H3MEepBaTelIeH HHCTPYMEHT
WY U3MepBaTellHa CHCTEMa, WM CTOHHOCTHTE, IPEICTaBeHH OT
MaTepHaTHa MsIpKa, WX peepeHTeH MaTepHall, 1 CbOTBETHUTE
ONpENeNeHH  KONMYECTBEHW CTOMHOCTH  pEalM3HpaHH ¢
M030BaBaHe Ha CTaHAApT'. BB3MOXKHOCT 3a mpocieasBaHe Ha
HN3MepBaTeIHATa BEPHTa.

IIpocnensBaHeTo € OCHOBEH MPHHIMI BBB BCEKH BUJ
kanmuOpupane. [IpocreanmocTTa Ha M3MepBaHE ONMHCBA KaK Ce
MOCTHUTa pe3yiTaTra Ha KanuOpupaHe - 0OMKHOBEHO ce Oa3mpa Ha
cepTUdUKAT 3a KaTuOpupaHe - MOXe Ja Oble MPOCIEACH Ype3
BepuraTta OT KaJuOpHpaHHs Ha M3MEPBATETHOTO CPEJICTBO IO
cTaHgapTa 3a xanuOpupane. KanmOpupaHero € B OCHOBaTa Ha
CpaBHEHHE MEXy U3MEPBAHHA - €IHO C H3BECTHA HECUT'YPHOCT
ce TpaBU C €JHO YCTPOMCTBO U IPYro U3MepBaHe ce HApaBeHO
Mo TMoJ00E€H HAaYMH C BTOPO YCTPOMCTBO, MsIpKa HIH
YCTPONCTBO, KOETO C€ M3NUTBA. YCTPOMCTBOTO C H3BECTHA
HECHTYPHOCT "Uctunckara croitHOCT" ce Hapuya
craHgapTHa. V3MepBaHeTo MOXxe /1a ObJe NpociIeJeH0 00paTHO
KbM MEXAYyHApOJHUTE CTaHIApTH 4pe3 HENpeKbCHATa BEPHUTa
OT W3MEpBaHMs C HU3BECTHM HECUTYPHOCTH. Pe3ynrarsT oT
TaKkaBa METPOJIOTHYHA NPOBEPKA € PEIICHHE 3a ChOTBETCTBHE,
MOCIIEIBAHO OT BPBIIAHE KbM M3MOJI3BAaHE WM Ha HECHa3BaHe,
MOCNIEIBAHO OT KOPEKLHs, PEMOHT WIM OpakyBaHe Ha
YCTpPOMCTBO.

2. N3noxenne

AKpeauTupaHo KanuOpupaHe Ha H3MEpBaHETO € Heo0XOoaAuM
MHCTPYMEHT, KOTaTo c€ W3MCKBAa O(UUIMAIHO NpPH3HABAHE Ha
TpeTa CTpaHa 3a KanuOpupaHe. AKpEAUTHPAHOTO KaliuOpHupaHe
€ MPOCIIEUMO 10 HALMOHATHUTE MHCTHTYTH 110 METPOJIOTHS.
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Kanuopaunonna cucrema Ha mmymomepu (SLM) Type 3630-
A (BropuuHo xanubpupane)

Kanubpanuonnata cuctema, (Sound level meters
calibration) CbOTBETCTBa Ha BCHYKH CHOTBETHH MEXTyHAapOJHU
CTaHIApTH ¥ TPENOPBKH M € eIHAaKBO J00pe MHpHUroaeHa 3a
H3M0JI3BaHEe B HANMOHAIHHM JIa0OpaToOpHM 3a KaauOpHpaHe H
neHTpoBe 3a KammOpupane. Type 3630-A, ce ocHoBaBa Ha
npeHocumuss PULSE™  myntuananuszaTop, KOHTO, MOXKE Ja
aHanu3upa HuBOTO Ha curHama, FFT, 1/n-octave ¢minrpu n
IUIOCTHUSI 00XBaT Ha mapamerpure Ha u3MepBane. PULSE™
CBIIIO TeHEepHUpa TECTOBU CUTHAIN, HEOOXOJUMHU 32 M3ITBJIHECHHE
Ha  M3HCKBaHUATA HAa  MEXIYHapOAHUTE  CTaHIapTH.
Kammbpupannonara cuctema Ha mrymoMmepu Type 3630
miatgopma e mpoexTHpaHa nga kammoOpupa Briiel & Kjer
HWHCTPYMEHTH, KaKTO ¥ M3MEPHUTEIN Ha HUBAa HA 3ByKa Ha JIPYTH
npousBoaurteny, B crorBercTBue ¢ IEC 60651, IEC 60804, IEC
61672 u crorBetHOoTO ANSI crannapru. Cucremara ce J0CTaBs
¢ ocHoBHuS codryep Type 7762 3a u3MepBaHe Ha HUBA Ha 3BYK
1 ommusa 3a TecrBaHe Type 7763, u3NbIHABAIA pa3IU4yHU
TECTOBE pPBYHO, IIOJyaBTOMAaTHYHO WMIA B aBTOMAaTHYEH
pexxumu. TecroBeTe ca NpOBENEHH KAKTO aKyCTHYHO Taka M
CJIEKTPHYECKU. IIpocnensBane u KOHTPOI HaJ
KannOpaIMOHHUTE HWHTEPBAIM 10  CTaHIApT U Ha
WHCTPYMEHTHTE, H3ION3BAaHH OT CHUCTEMaTa Ce YJEeCHSBa OT
copTyepa Ha KATHOPAIMOHHNS MEHUKBD, KOMTO BKIIIOYBA Oa3a
JTaHHY Ha KIMeHTH U WHCTpyMeHTH. M3MepBaTenHara Bepura e
rapanTupaHa OT UHTerpupaH nuppos BoarMeTsp DMM Agilent
34970 u Briiel & Kjar Type 4226 MynTHuecToTeH Kanudoparop.
Tum 3630-A e wact oT KanmuOpupanuoHHaTa IuaTGopma
Type 3630. OcHoBaBa ce Ha CHJIHO M3pa3eH MOAYJIEH Xapayep /
copryep konumenums ¢ PULSE myntmananmusaropa, mpeaiara
MHOXKECTBO ~ pa3MYHM  TPHIOKEHUS 33  KaauOpHpaHe.
MonynHOCT Ha IIaTdopmara AaBa MAaKCHMallHa I'bBKAaBOCT Ha
n3MepBaHe, MHOTO(QYHKIIMOHAIHA CHCTEMa MOJKE Jla ce pa3mens
Ha OTJENHH CHCTEMH IO HAaTOBAPEHOCT WIIM OpPTaHW3AIlMOHHH
W3UCKBAHMSI.

Cucremara BKIIOYBA M TEPCOHATH3UPAHU MPHIOKSHUS
Kato xuapodonu, Ga3oBo KanuOpupaHe WIH KalHOpHUpaHe Ha
MHUKPO(OHH 32 BUCOKO HaJIsITaHe.

Kanuopauuonna niaargopma Type 3630 ¢ kaaubpauuoHeH
copryep Type 7792 Ha jno3uMeTpH Ha IIyM (BTOPUYHO
KajauOpupase).
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®ur.1 Kamubpupanmona cucrema Type 3630.

Noise Dose Meter xanubpauuonen copryep Type 7792 3a
mwiatpopma Type 3630 3a kamuOpupane e aBTOMATHYEH
WHCTPYMEHT, NpeAHa3HAauYeH 32 W3BBPIIBAHE Ha INEPHOAUIHH
TECTOBE Ha JO3UMETPH Ha IIyM B choTBeTcTBHE ¢ IEC 61252 1
ANSI S1.25. CodryepbT aBTOMAaTU4HO CTapTHpa pazHOOOpa3HU
MIPEBAPUTENIHO ONpPEAENeHH TECTOBE B CBHOTBETCTBHE C
n30panu mpenpaTtkd. CucTemMaTta BKIIOYBa 0a3a JaHHH Ha
TekymuTe BupoBe Briel & Kjer nosumerpm Ha mywm,
BKIFOUMTEITHO M3MEpPBaHE Ha 3ByKOBOTO HHMBO M €KCIIO3MIMATA
Ha myM. HoBu BumoBe JO3MMETpH ce BIMCBAT C AMANa3oH Ha
napamMeTpure, HeoOX0AUMH 3a TAXHaTa AeuHULHA. OCUTYPEHU
ca J00aBKHTE 3a HECHTYpHOCT 3a  yJECHSABaHE Ha
aKpeauTanuATa 3a HyxauTe Ha jmaboparopusra (ISO 17025) u
ce TeHEepHpaT JOKIAAU 3a KaauOpHpaHe aBTOMATUYHO, 32 Ja Ce
HaMaJli PUCKa OT YOBEIIKH I'PELIKH.

Kanuopaunonna nmiaargopma Type 3630 c kamubOpanuoHen
copryep Type 7794 Ha kanmmuOpaTopu (BTOPHIHO KamuOpupane).

IMnarpopma  Type 3630 cbc codTyep 3a kamubpupaHe
Type 7794 e uHCTpyMEHT 3a U3BBPIIBAaHE HA aBTOMAaTU3HPAHU
MIEpHOJIMYHN TECTOBE Ha KainuOparopu B choTBercTBHE ¢ IEC
60942. CodryepsT U3BBpLIBA KaMuOpupaHe Ha M30paH MeXIy
enna yectora 250 Hz u 1000 Hz, kakTo ¥ MHOTOCTEIIECHHOTO
aKyCTHYHO Hajsrane B obOxBata Ha 94 dB 1o 124 dB.
Codryeppr € 0Oa3upan Ha MeETOJ Ha CpaBHEHHE KaTo ce
m3nomsBa Briiel & Kjar Pistonphone 4228 xaro cranmapreH
M3TOYHMK Ha CpaBHEHHE HAa HUBO Ha 3BYKOBO HaJATaHe.
Cucremata BKITIOYBa 0a3za JaHHA Ha TEKYIIUTE BRUEL &
KJZAR tumoBe ¢GunaTpy, BKIIOYATENTHO HHBO Ha IIyMa M
crioco0eH Ha aHanu3 Ha yectorara. HoBu BumoBe GpuiaTpu mMorar
na ObIaT BBBEICHM M CBBP3AaHUTE C TSAX C Ha MapaMeTpH Ha
obxBaTa, HEOOXOAUMH 3a TAXHOTO neduHmpane. [Iponenypure
3a kamuOpupane 3a Briiel & Kjer akyctnunm kammOparopu
Bunose 4220, 4228, 4230 u 4231 ca mnpenBapUTEIHO
neduHEpany B codTyepa, KOWTO CBINO MO3BOJSBAa HOOABSIHETO
Ha HOBH BHAOBE MHCTPYMEHTH H NPOLEAYPH 3a KaTHOpHpaHe.
Ocurypern ca J00aBKUTE 32 HECHUTYPHOCT 3a YJECHSBaHE Ha
aKpequTanuiaTa HyxauTe Ha jadoparopusara (ISO 17025) u ce
TeHepupaT MOKIAagM 3a KalnOpHpaHe aBTOMATHYHO Ja ce
HaMaJI PACKA OT YOBEIIKH TPEIIKH.
CUCTEMA Type 9699 3A
KAJIMBPUPAHE HA MUKPO®OHHU
(ITepBu4HO KaMHOpUpaHE)

Tasu Briiel & Kjer cucrema 3a kamuOpupane (Microphone
Reciprocity Calibration System) e mnpeaHasHaueHa 3a
HAMOHAJIHATE WHCTUTYTH TI0 METPOJIOTHA U JPYyTH
naboparopun ¢ BUCOKO HHBO. Cucremara e mpenHa3HadeHa 3a
PYTHHHM M3MEPBaHHs, KOUTO MOTaT 1a ObJaT Ch3JaJeHH, 3a Ja
ce oTroBapsg Ha H3HCKBaHUATa Ha morpedurens. Cucremara
MoXe na pabotu B "HopmanHa" nabopartopHa cpema, 0Oe3

PEIUITPOYHO

creru(MIHA TIPEATIa3Hd MEPKH 10 OTHOIIEHHWE HA (JOHOB IIyM
u BuOpauun. ToBa € Bb3MOXHO, Thil KATO MEPKHTE 32 CHCTEMHH
CEJIEKTHBHO HAa 4YeCcTOTaTa Ha paboTa M H3ION3Ba Kamepa 3a
HU3MepBaHE Ha 33/aJICHUTE MHUKPO(GOHUTE, KOETO IOTHUCKA
(honoB mIy™m oT obukHOBeHO 30 dB.

BbIpeku TOBa, ChLIO Taka € MHOIO I'bBKaBa CHUCTEMa, KOSTO
MOXE Ja Ce H3I0JN3Ba 3a KaJuOpupaHe M H3CICIBaHUS.
JlabopaTtopuute 3a MBPBUYHO  KanUOpHpaHe, LIEHTPOBE 3a
yCIyrd 3a KaIMOpHpaHe W IO-TOJIEMH OpraHM3alUH ChbC
COOCTBEHUTE MM CPEACTBA 3a KalUOpUpaHe UMAaT BH3MOXKHOCT
a HampaBsAT ObpP3 M TOYEH TpaHCPep Ha W3MEPBAHUSA ChC
CBBP3aHH MUKPO(OHH.

MHOTOKpPaTHO-4YECTOTHO ~ KaIMOPUpaHe €  OCBIIECTBHUM
BapuaHT, Thl Kato Bpemero e orpanuuyeHo. Kamepara ce
moaroTes 3a xepmeruzanus (+ -0.15 bap), u q1aBa BB3MOXKHOCT
ma ce KamuOpupaT MHUKPO(GOHH IIpH [aJCHO HaJsIraHe B
OKOJIHaTa Cpefia, KOeTO ce CIyYBa BbB BCEKH JPYT HALMOHAJICH
HHCTUTYT HO METPOJIOTHs B cBera. Tasu (yHKIHMS HamalsiBa
HECHI'YypHOCTTa npu MEXIYHapOIHO CPaBHHUTEIHO
KanuOpupaHe, KOeTo dYecTo ce opranmsmpa oTr BIPM wu
PErHOHAIHO KaTHOpHpaHe MEXKLy OpraHU3aIHH.

MeToa Ha penUNpPoOYHO KaauGpupaHe

MeTtoasT Ha peUIIPOYHOCT Ha KanuOpupane onucad B IEC
1094-2, ce u3non3Ba 3a ONpeneNsHe HAa YYBCTBHUTEIHOCTTa Ha
HAJIATaHETO Ha MUKPO(dOHa.

MeTonbT M3MCKBA TPH PELUIIPOYHH MHUKpPO(GOHU. Bbrpeku ue
TOBa € He HyKHa 700pa MpaKTUKa 3a KaauOpupaHe, 0OMKHOBEHO
BKJIIOYBA €AMH TNPEABAPUTETHO KanuOpupaH MHUKPOGOH B
MHUKpO(hOHHATA BepHTa.

MukpooHUTE ce M3MOI3BAT M0 ABOMKU KATO M3TOYHUK Ha 3BYK
U KaTo NpPUEMHHUK. B KanuOpupanuoHHaTa yCTaHOBKAa Te ca
CBBP3aHH 3a€JJHO Upe3 Bb3AyXbT BbTPE B MAJIKa KyXUHA.

Tpute TpanchepHn uMnenaHcH (MPUEMHHUK HAa H3XOJHOTO
HaIpeKEHHe, pa3/ieNIeHo NpeiaBaHe BXOAEH TOK) Ce 3MepBaT U
ce M3IO0N3BAT 3a M3YMCIABAaHE HAa YYBCTBUTEIHOCT Ha TPHTE
MHUKpO(OHH, KOMTO ce KaauOpupar. Bw3mpousBopuMoctra Ha
nsMepBanuATa € no-goope or 0,01 dB u 95% nuanaszonu HUBO
Ha jgosepue ot 0,3 dB no okono 0,40 dB B 3aBUCHMOCT OT THIA
MHKPOGOH U YecToTaTa.

Kamubpupanero oOMKHOBEHO ce M3MbIHABA B Auana3oH 20Hz
1o 25 kHz, Ho To# Moxe na ObAe yIBIDKESH /0 MO-HUCKH WIIH
H0-BHCOKH YECTOTH.
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®ur.2a Cuctema 3a PEIUIPOYHO KATUOpHpaHe Ha MUKPO(HOHU

Cucremata 3a peuunpoyno kamuOpupane Type 9699 ce
OCHOBaBa Ha amapaTrypaTra 3a PEHUIPOYHO KamuOpupane Type
5998, 3aemHO ¢ HAOOP OT CTAaHIAPTHH XapILyEePHU KOMIOHEHTH:
<> Amaparypa 3a peuunpoyHo kamuOpupane Type 5998; <>
PULSE Analyzer Type 3560;
<> Konrpomuparo PC.

B cucremarta ca Bxmouenu ase PC mporpamm, emHa 3a
KOHTPOJI UW3MEpBaHMA, a Jpyrara 3a U3YHCICHHATA 32
gyBcTBUTENHOCT cbrimacHo IEC 1094-2.  Amapartypara 3a
peunnpouyHo kKanmuOpupane Tum 5998 ce excrutoatupa JecHO ¢



BHCOKO TOYHOCT M BHCOKa CTAQOWJIHOCT, MHCTPYMEHT
NpeJHA3HAYCH 3a NPELM3HO KauuOpupaHe Ha KOHJCH3aTOPHU
MHKPO(OHH 110 METOJa Ha PELIMIPOYHOCTTA.

o

» Receiver Microphone

— _’ Coupler Type 5998
Closed Air Reciprocity
Volume Calibration

c— L Apparatus

» Transmitter Microphone

} o UCL

CA ? Crer
Generator

®ur.206 Cxema 3a perUIIpovHO Kanubpupane
Ha MUKPOGHOHH

AmnapatypaTa omnpefens €lIeKTPHYECKH MPEXBBPISHETO HA
umrnenanc, kakro ¢ omucano B IEC 1094-2, u mMoxke ma ce
kanmubpupar Mukpodorn kouto orroBapar IEC 1094-1,
11a00PATOPHU CTaHJIAPTHU MHKPO(OHH.

Nsnon3sanero Ha Type 5998, 3a enuuHuuHO KanuOpupaHe Ha
MHUKpodoH 1" MOXke ha ce MOMy4YH TOYHOCT MPUOIHM3UTENHO +
0,05 dB.

3a JONBIHUTENHO YBEJIMYCHHE Ha TOYHOCTTA, ITOBTOPHO
KanuOpupaHe Moxe Ja Oblle HampaBeHO IPU  Pa3IUyYHO
cBbp3BaHe. ToBa MO3BOJsABa oOmpeneisHe Ha oOmus obeM
3ae/lHO C APYIW mapaMeTpu Ha MUKPO(OH 4pe3 equH HOBTapsIL
ce Tpolec, JaBaliKd CXOJHH pe3yNTaTd M  IO3BOJSIBA
BB3npousBoaumMocT ot + 0,02 dB 3a penunpouno kamubpupaHe
Ha LSIP (Tunm 4160) u LS2aP (Tunm 4180) mukpodonu.
Anammzatroppt Ha PULSE ocurypsBa cnocoOHocTTa Ha
cUCcTeMaTa 3a MOBTOPSEMOCT Ha Pe3yJITATUTE OT U3MEpBaHHATA
Ha PELMIPOYHOCT, OCBEH TOBAa TS pa3KpHBa KanuOpupaHe 3a
HUCKo4YecToTHa peuunpounoct (2Hz no 20Hz) u 3a
KanuOpupane (Ga3oB OTKIMK OT PEHUIPOYHOCT. ToYHOCTTA Ha
KanuOpupaHe Ha PELUIPOYHOCT Ha MUKPO(OH 3aBUCH OTYACTH
OT caMaTa CHCTeMa M OTYaCTM HA YMEHHUSTA M ONHUTa Ha
MepcoHalia, KOHTo pabotu che cucremara. Briiel & Kjer.
Kasm0paunonna cucrema Ha wmukpodponn Type 9721
(Bropuuno xanubpupane)

Cucrema Type 9721 e ¢ o00mo npenHa3HAYCHUE
(Microphone Calibration System) 3a kamubGpupane Ha
MHUKpOGOHH, 0€3 WM C NpeayCHIBaTeIH B CHOTBETCTBHE C
IEC61094-4, -1 u npyru crangaptu. Ts ce ocHoBaBa Ha Briiel &
Kjeer wmynrnanammupama cuctema Type 3560 (PULSE),
KaKbBTO € cirydasT u 3a apyru Briiel & Kjer xamubpupanu
CHCTeMH 3a 3ByK WM BuOpanuu. ITo To3M HaYMH € BB3MOXHO 12
ce m3nomBa camo enHa cucrema tun PULSE 3a kanmuOpupane
Ha MUKpo(oHH, 3ByKoBH KanuOparopu (Type 7794), mymomepu
(Type 3630), akcenepomerpu (Type 3629) u omms 3a
KanuOpupane MHUKpO(OHH, KaTO H3MepBaHE Ha JUHAMHYHA
mHelHocT (94 dB — 174 dB) u xanuOpupane Ha CpaBHEHHE Ha
¢dazoBa peakmms. Ta3m BTOpHYHA CHUCTEMa 3a KaluOpupaHe
MOXe Jla KaJuOpHpa MHOTO Pa3IMIHU THIIOBE MHUKPO(GOHH, HO
ce HyKae OT IOHE eUH pedepeHTeH CTaHAapTeH MHKPOQOH,
KOWTO € KamubpupaH dpe3 Jpyra cUCTEeMa, OOMKHOBEHO
IIBPBUYHA CHUCTEMa 3a KanuOpupane. I[IbpBUYHO KanmuOpupaHe
Ha MHKpodoH Moxe na ce m3Bspmu ¢ B & K Type 9699, or
cpoTBeTeH HammownaneHn mHCTUTYT 1o Merpoiorus, MacTHTyTH
U OT ApyTH J1ab0paToOpuu OT 1O BUCOKO HUBO. CHCTEeMaTa MOXe
a KanuOpupa W3MepBaTeHH W J1abOopaTOpHU CTaHJapTHH
MHKPOGOHH OT 4YECTO W3IION3BAHUTE MOJECTH W MAapKH,
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BKJIIIOUMTENTHO Te3W, Kowmto otroBapsat Ha IEC 61094-4
crangaptu (PaGorenu cranmaptu) u 61094-1 (Jlaboparopuu
cTaHIapTH). MuKpodoHH ¢ HECTaHIAPTHHU Pa3MEepPH MOTaT CHIO

Ja Obpmar kamuOpupaHu, HO T€ MOraT Ja H3HCKBAT
JOIBIHUTCITHM  HECTAaHAApPTHH  MEXaHWYHH  aKCEeCOapu.
UyBCTBUTENHOCTTA HAa MHKpPoQoHa ce Kaaubpupa dpe3

CpaBHEHME C TO3M Ha 0a3uceH MHUKPO(OH, KOWTO MPUHAUICKU
KbM cHcTeMara. J[BaTa MHKPO(OHHM Cca H3JIO0KEHH Ha CBIIOTO
3BYKOBO HaJISITaHE B aKTHBHUS KYIUIYHI IPH CpPaBHEHHE, KOHTO
ChAbpIKa M3TOYHUK Ha 3BYK. Karo 11710, OTBOpeHaTa Bepura Ha
YyBCTBUTEIHOCT C€ M3MepBa C MoMomTa Ha 100aBeHO
HanpekeHne  (TexHuka (omucana B [EC61094-1), HO
YyBCTBHUTEIHOCTTA Ha MUKPO()OHA U CBBP3aHMs IIPEILyCHUIBATE
MOraT ChIIO ce u3Mepnar. Hecrorara NpH M3MEpBAHE MOXE Ja
Obae 3amanena Ha 250 Hz (252.2 Hz) nnm 1000 Hz. M3mepenata
YyBCTBUTEIHOCT € BAJIMJHA IIPU YCJIOBHATA Ha OKOJIHATa Cpeja,
KOHTO CBILECTBYBa [0 BpeME Ha M3MEPBAHETO, yCJIOBUsATA Ha
nu3MepBaHe Ae(GUHUpAT KOPEKLHs 3a BIMSHHE Ha OKOJIHATA
cpena HaJAraHe, TeMIepatypa M BIAXHOCT BBPXY
Pedepentaus wMukpodoH, Karo cucTeMaTa MIe HW3YHUCIU
YyBCTBUTEIHOCTTa NpHU crpaBka 3a ycimosus (101,325 xPa u
23° C), ako xoe(UIMEHTH 3a HaJsraHe W TeMIepaTypa ca Ha
pa3snosioxeHne 3a BUAa Ha MHKpo(doH ce kamuOpupa. Taxua
nmanHu e ycnosue 3a b & K mukpodonu, HO He Moke a Obae Ha
Pa3IoNIOKEHUE 32 BCHUKH APYTH MapKH MUKPO(DOHH.

— — Microphone Calibration Module Type 5001

T
WB3492 T
Input2

PULSE Type
3560-C

. Input

Qutput 2

7 Junction Box

Preamplifier Adaptor
with Guard (4" - 14"}

Insert Voltage
Preamplifier

i -
Type 2673 ¥ “ Microphane under Test

Coupler
Qutput

Input 1 | ‘ Cnupég:ﬁi”apmr
Active
Comparison
Coupler
WA-0817

—

Type 4192
Working Reference
Microphone

Type 4180
Reference Standard
Microphone

Type 2673 2" Inscrt Voltage Preamplifier

®ur.3 Tunose MUKPODOHH — CTPYKTYpHA CXeMa Ha
KaauOpupaHe
YecToTHaTa XapaKTEPUCTHKA CE ONpPEAENs Upe3 H3MO0I3BaHE
Ha enektpocraTuyeH akryatop (IEC61094-6). Toa e mmpoko
U3MOJI3BAH HWHCTPYMEHT, KOHTO B OpOABIDKEHUE Ha MHOI'0
IIMPOKa YECTOTeH 00XBaT MOXE [a CHMYJIHpPa IOCTOSHHO

3BYKOBO HaisraHe Ha guadparmata Ha  MHKpodoHa.
AKTyaTOpHOTO H3Me€pBaHE € OTHOCHUTETHO M3MEpBaHe.
Pezynratute ce HOpManM3UpaT HOpU  HU3MEPBAaHETO Ha

YyBCTBHUTEJIHOCT MPH 33ajicHa YecToTa (pedepeHTHa YecToTa),
250 Hz (251,2 Hz) wmu 1000 Hz. B 3aBucumoct oT BHaa H
M3II0JI3BAHETO HA MUKpOdoHa, B CBOOOIHO moJie WK AU(Y3HO
none, Morar na 0paar nobaBeHu kopekuuu 3a Briel & Kjer
MHKPO(OHH 32 MOCTUTAHE Ha TUIIA J1a/IeHa YeCTOTHA PEaAKIIHS.
3a xanubpupaHe Ha MUKPO(OHU Ha APYTH MPOU3BOJMTEIH ca
HEOOXOUMH CBHOTBETHHTE KOG()UIMEHTH Ha KOPEKIHH 3a
MHKPOQOHHTE.

Cucrema 3a CpPaBHUTEJHO KaJuOpupaHe Ha MHUKPOGOHH
Tumn 9721 c¢be npuioxken copryep WT9651 u cbeqnHuTe I HA
npucnoco6senuss  WA1544/WA1545  (Phase  Response
Comparison Calibration)

Cucremara e mpejiHa3Ha4eHa 3a (a3a — rojeMHHa Ha peakius
Ha CPaBHHUTEJHO KalnOpUpaHe Ha KOMIUIEKTa OT IOJOBUH HHY U
YeTBBPT HHY MHKPO(OHM, H3MOJI3BAaHU 3a H3MEpBaHUS Ha
3ByKOBa MHTEH3MBHOCT. Mydu, ajantepu U Ipyr xapiyep Ha
cucTeMara u3nonsBanu 3a Brilel & Kjer mukpodonn, HO Moxe



CBIIO Ja C€ H3MON3Ba M C APYTM MHKPO(OHM, KOUTO HMAT
nogoOHU pasMepu M eIeKTpuuecku TepmuHanu. llpu
MHUKPOQOHM C pa3iM4HM pa3sMepu MOXE Ja H3UCKaT
JOMBJIHUTEIHU MPHUCIOCOOTIEHHS 32 MOHTaXa UM M 3a
OINTHMaJTHa MIPOU3BOJUTEIHOCT Ha cucTeMara. Tasu cucrema 3a
KanuOpupane Ha WHTEH3WBHOCT €, 1MoJ00Ha Ha npyru Briiel &
Kjer 3BykoBM M BHOPalMOHHM KalMOPAaTOPHU CHCTEMH,
Oasupann Ha MyntuaHamusupama cucrema PULSE. PULSE
npaBu O0Ia OCHOBa Ha Ta3WM M JPYI'M CHCTEMH, JOKaToO
crierbuyHUTe cOoPTyep U YacTUTe, HEOOXOIMMH 32 OpeIeNIcH
BUJl KaJquOpHupaHe ChCTAaBISABAIlM MOAYJH. M3MepBanusita ca
koutponupanu ot "PULSE Project” u or crneumanna Visual
Basic nporpama WT9651. Pesynrature npu xaauOpupaHeTo ce
HU34YHuCJiaBarT, CbXpaHsABaT, MNPE3CHTUpPAT W OTHe4YaTrBar B
Microsoft Office. 3BYKOBHAT HMHTEH3UTET, OOHKHOBEHO C€
H3MepBa ¢ KOMIUIEKT MUKPO(OHM YyBCTBHUTEIHH Ha HaJsIraHe.
KoMrulekTsT ce cbhcToM OT aABa MHKpohoHH C  (ha3oBH
XapaKTepHCTHKN KOUTO ca 110 ChIECTBO eaHakBH. HeoOxoauma
€ eJHaKBOCT B MUKPO(OHHUTE, THhi KaTO JOPU MAJIKU Pa3iIHKU Ha
peakiys Ha (azata MOXKE Ja JIOBEJIE O 3HAYNUTEIHU IPELIKH
npy  u3MepeHata WHTeH3uBHOCT. CucTemara eIUMUHHpA
BIMSIHHETO Ha coOcTBeHata cu (asa M 1Oa ce Hoiydar
OTKJIOHGHHUSI 4pe3 METOJ, KOHTO BKJIIOYBA JBE HM3MEpPBAHUS,
KBIETO JBaTa MHKpPO(OHa ca pa3MEHEHH MEXIy TEXHUTE
no3uiuy. Pasnnkara B peaknusaTa Ha ¢asa ce uamepsa ¢ PULSE
aHANIN3aTOPBT KaTo M3MepBaHEe Ha 2-KaHaja, JHOKAaTo W JBata
MHUKpPO(GOHH Ca M3JI0KEHU Ha CBHIIOTO 3BYKOBO HaJsAraHe 4pes3
Pa3KIOHHTEN, KOMTO € CIeIMAITHO IPOSKTHPaH 3a LeNTa, WK, B
OIIpE/ICJICHN CIIyYay, Ype3 U3IOJI3BaHe Ha JIBa €JIeKTPOCTaTHIHN
akTyaropa. Koraro ce cBbp3Bar 3a kanubpupane, ruadparmure
Ha JBaTa MHKpPO(OHA M TEXHUTE OTBOPH Ca W3JIOKEHH Ha
3ByKOBO HaysiraHe. CBHEAMHEHHAT METOJ] Ha KanuOpupaHe e
"HOopManHO" osHaueHue. Toll oTroBaps Ha Haii-uecTo
CpCIIaHUTE CUTYyalliM Ha ymnoTpeda, MHKpOo(OHA, KBICTO ce
H3M0JI3BaT MUKPO(OHUTE ¢ phYHA COHAA HAa HHTEH3UBHOCT.
Koraro enexTpocTaTM4HHUTE aKTyaTOpH ce H3II0I3BaT 3a
Kanuopupane, camo auadparmMure Ha MEHKpOQOHA ca U3JI0KEHH
Ha (CHMYJIHMpaHO / eJIeKTpOCTaTHYHO) HasraHe. ETo 3aimo, 3ByK
HE TIPEeMUHAaBA Tpe3 BEHTWIAIIMOHHUTE OTBOPH KBbM BBHTPEIIHHS
MHUKpO(OH ¥ B 33/{HaTa 9acT Ha MeMOpaHUTe, U, CI€T0BATEIHO,
YEeCTOTHATA peakiys Ha MUKPO(OHHUTE ce pa3iandaBa OT TasH,
MIOJTyYeHA ChC CHEMHHUTEN. METONbT Ha CBBP3BaHE C aKTyaTop
€ Toye3Ho B cnenuduuHM ciydanm: — Moxke Ja ce W3II0N3Ba,
KOTaTo OTBOpHUTE Ha MHKpOo(OHa OTClIabBaT 3ByKa, KOMTO
IpeMHMHaBa IIpe3 Hero, A0 3ajHaTa 4YacT Ha auadparmara
(mpuMepH: NIpH BHCOKH YeCTOTH U ChC CICHU(GHUIHU BUIOBE
mukpogonn); — Korato orBopure Ha MukpodoHuTEe HeE ca
H3JIOKEHH Ha 3BYK MpH HOpMajHa yIoTpeda; Koraro
KanuOpupaHe ce U3BBpIIBA HAJ TOpHaTa TIpaHUNA Ha
CHEANHUTEIISL.
PULSE Type Microphone Calibration Module Type 5001
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_ Type 2670
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®ur.4 Cxema Ha kanubpupane - Phase Response Comparison
Calibration
CpaBHuTeJIHO Kanudpupane ¢ myda.

CpaBHUTEIHO KaTHOpUpaHe chC Myda ¢ Hall-4eCTHIT HAuYUH

Ha M3MbJIHEHHE Ha KanuOpupane ¢asata Ha MHUKPO(DOHA.
Myodure WA1544/W4545 ca mpepHa3HaueHu 3a KanuOpHupaHe
Ha KOMIIJICKTA TI0JIOBUH HHYOBH n YE€TBBPT-UHYOBU
mukpoponu. Te mpocro 3arBapsAT TAJIOTO Ha  JiBaTa
KanuOpupaHn MHKPO(GOHHM B TsAXHAaTa KyxXuHa. ToBa BOJM [0
J0CTa IroJIEMU CBBP3aHU KYXHUHHU U, KAaTO LAJI0, 10 HHUCKaA ropHa
YeCTOTHA I'paHHUIAa Ha CBbP3BaHe. BhIpeku TOBa, KOHKPETHUTE
npoektn Ha Brilel & Kjer mydu naBar ennakBo Haisirane
pasmpesiesieHo B KyXHHATa HaJl IIMPOK YECTOTEH JUAIa30H U I'h
npasu npuwioxkumu ot 20 Hz no 12,5 kHz u 20 Hz 1o 20 kHz ¢
IIOJIOBMH HWHY U YCTBBPT-MHYOBU Ml/IKqu)OHPl CBOTBECTHO.
Briiel & Kj@r nmonoBuH HHYOBH MUKPO(GOHH Ha MHTEH3HBHOCT
paboTAT C YETBBPT MHYOBH NpexycuiBaTesi. [IoJOBHH HMHY
Mydara ca npeAHa3HAuYeHH 3a Te3W MHKpPO(QOHH. 3a cMeTKa 3a
KamuOpupane Ha JpYrHM MHUKPO(QOHH, CBIIO MOJOBHH HHY
CHEIMHUTEIHHU aJlaNTepH ce AOCTAaBAT ¢ Myda. UeTBbpT MHYOBA
My(a 3a YeTBBPT UHYOBH MUKPO(OHU U NPEyCHIBATENH.
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®ur.5 Kanmnbdpupane - Phase Response Comparison Calibration

CpaBHHTEIHO KAJUOPHPaHe ¢ AKTyaTop

Kamubpupanero Ha MHUKPOQOHH, H3MION3BANKHU
CNICKTPOCTATUYECH  aKTyaTrop C€ M3MOJ3Ba  IIMPOKO B
71ab0paTOPHU METONM 3a ONpE/CISIHE HA YECTOTHAaTa PEeaKIus,
XapaKTEePUCTHKI Ha U3MEPBATEITHHUTE MHKPO(OHH.

3a/IBIDKBAaHETO Ha aKTyaTopa HPOM3BEK/A EJNEKTPOCTATHYCH
CHJIa, KOATO CHUMYJHMpa Ha 3BYKOBOTO HajsAraHe, IeicTBaIlo
BBpPXY Iuadparmara Ha MUKpodoHa. B cpaBHEHHE ChC 3ByKOBO
0azupaHUTE METOJM, METOABT Ha 3a/BIKBAHE HMa TOJSIMO
HPEIMMCTBO - TOH OCHIYpsiBa IPOCTH CPEACTBA 3a I€HEpHpaHe
Ha Jo0pe nehUHUPAaHO KAIMOPALMOHHO HAJSATaHe B IIHUPOK
94eCTOTeH 00XBaT 0€3 M3MONI3BaHE HA CHELUATHU ChOPBKEHHS
Ha aKyCTHYHA J1ab0paTopHsL.

BbIpexku TOBa, METOABT HA 3a/IBHXKKA C aKTyaTOp HE MOXe
Ja ce H3MO0J3Ba 3a ONpeleisHe Ha YyBCTBUTEIHOCTTA Ha
MHKpOQOHa, KaTo aOCOJIOTHA TOYHOCT HE € JO0CTaThYHO
Bucoka. CremoBarenHo, KanuOpupaHe upe3 3aJBMKKA Upe3
aKTyaTop Ha 4YECTOTHA pEaKIMs B IOBEYETO CIyyaw, € B
ChUeTaHHe ¢ a0CONIIOTHO KaluOpHpaHe Ha YyBCTBUTEIHOCTTA,
Ha eTaJloHHa 4YecToTa. ToBa MOXe Ja ObJe H3BBPIICHO C
HOMOILITa Ha NMUCTOH(OH, 3BYKOB KaJIMOpAaTOp Ha HHUBO WM
JPYTH CPeJCTBa.

3. 13BOIN
Ha 6aszata na kanmuOpauuonHara miatdopma Type 3630 c
no0aBsHe KbM Hes Ha IOCOYCHHUTE 10 rope Xapayep u copryep
3a KanuOpupaHe Ha MUKPO(OHHU MOXE J1a ce KOMIUICKTYBa eHa
KOMIUIEKCHA CHCTeMa 3a BTOPHUYHO KalHOpUpaHe ChIIACHO

MOCOYCHHUTE CTAHIAPTH, KOATO Ja HaMepu KOMIUIEKCHO
HPHIIOKEHHE B KATHOPAIHOHHUTE J1a00paTOPHH.
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Abstract: This paper presents and analyzes systems for primary and secondary calibration based on a Type 3630 Briiel & Kjar and

applicability of international standards for calibration of sound level meters, octave filters, microphones and acoustic analyzers
according to IEC 60651, IEC60804, IEC 61094, IEC 61672.
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Abstract: In this work numerically determining of the natural frequencies and modes of the structures of prototype acoustic absorber
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1. Bveeonue

B penuna mscnenpaHus € yCTaHOBEHO, Y€ IIYMBT OT KOHTAaKTa
KOJIeNI0-pesica, ce IMPEeIU3BUKBA OT CTPYKTYPHUTE TPENITEHHS Ha
KOJIEJIOTO, pejicaTa, CBbP3BAIINTE €IEMEHTH Ha JKEJIC3HUSAT ITBT,
KakTO M OT TpamaBoCTIa Ha KOHTAKTHATAa IUIOI[ MEXITy
konenoro u peincata [3, 4]. OCHOBHO BIHUSHUE BBPXY
TeHePUPAHETO HA IIYyM IPU ABH)KEHHETO HA HKII ChCTaB MMAT:
rpanaBocTTa, BUIBT Ha CIMpayHaTa CUCTEMa, ChbCTOSHUETO Ha
KOJIOOCUTE M peJcuTe (UUKJINYHOCTTa MpU HOAIPHKKATA),
KOHTAaKTHAaTa IUIOI, Oposi Ha KOJIOOCUTE, CKOPOCTTa Ha
KETEe30MBTHOTO TPAHCIOPTHO CPEICTBO, H3MEHEHHETO Ha

MEXaHUYHHUTE XApPaKTEPHUCTHKA HA KOMIIOHEHTH OT JKEIC3HHSI
meT M Ap. [1,2,3,6,7,8,9].

JO0k

Que. 1 Ipunoscenue na memooa

Pe3zynarar oOT OBNTOTOAWINHM U3CIEABAHUS M HPHIOOUT
WHXKEHEPEH OIUT Ca JOBEJM OO0 NaKeT OT pelIeHHs 3a
HaMaJlsIBaHE Pa3NpPOCTPAHEHHETO Ha W3IBYBAHUS IIYM IIPH
JBIDKEHHE Ha PEJICOBUTE TPAHCIOPTHH cpencTsa. M3BecTHH ca
MHOTO BHOBE NMATEHTHO 3aIIUTEHH METOAHU 3a CHM)KAaBaHE Ha
M3JIBYBAHHA OT KOHTAKTa MEXIy KOJEJIOTO M pencara IIyM IpH
JBIDKEHHETO Ha XKII TPaHCHOPTHH cpeictBa. HoB meron 3a
abcopOupaHe Ha aKyCTUYHHAT IIYM OT KOHTaKTa KOJEIIo-perca
IIPU JKEJIC30IBTHUS TpaHcropT (dur. 1-a) e mIpemIoxkeH OT
aBTopuTe 3a mppBu IbT mIpe3 2011 r. [6]. KoncTpykTuBHOTO
penieHue yiassi 1 abcopOupa 3ByKoBaTa eHeprust (aKyCTHIHHAT
IyM) B OJIM30CT /10 U3TOYHHKA, KAaTO 3a IIEJITa TO CE MOHTHUPA B
61M30CT, YCIOpeqHO Ha pencuTe. Pa3monokeHHeTo € MoKa3aHo
cprimacHo ¢ur.1-0 B Kkene3ombTHH rapu Ha ¢ur.l-B mpu
JKEJIe30ITbTHH TYHENH, Ha (UT.]1-T B METPOCTAHIIUH.

3a moao0psBaHe HA KOHCTPYKLUATA Ha abcopOepa W HETrOBUTE
(GYHKIMOHATHH CBOWCTBA  ca  HampaBeHH  peaula
EKCIICPUMEHTAJIHY ¥ YHCIICHU U3CIICABAHUSL.

IlesaTa Ha Ta3u pa3paboTKa e 1a Ce YCTAHOBH BIHSHUETO HA
HSIKOM KOHCTPYKTHBHM ocoOeHocTH Ha abcopbepa BBPXY
CcOOCTBEHHUTE MYy YECTOTH U (POPMHU.

2.Excnepumenmanno uscneogane

2.1 Memoouka na excnepumenma ¢ moHauen

wym

W3cnenBaHeTo C TOHaJeH IIyM € aKyCTHYEH MeEToh 3a
€KCIICPUMEHTAJIHO OIIpeJieIsHe Ha COOCTBEHHUTE 4YECTOTH Ha
abcopbepa. ExcrepuMeHTalHOTO H3C/IEABAHE € B YECTOTHHS
nuana3oH Haa 45 Hz, 3amoro mpu HO-HUCKUTE YeCTOTH
amapaTypaTa He M03BOJIsIBa TeHepupaHe Ha Mo-Bucoku ot 60 dB
CTOWHOCTH Ha HUBOTO Ha 3BYKOBOTO HAJISITAHE.

MukpooHBT € Pas3NoJoKEH B HEMOCPEICTBEHa ONU30CT 10
abcopbepa, ¢ 1en mo-7oOpoTO BB3MpHEMaHe Ha IMpeMHHAIaTa



3ByKOBa eHeprusi. [Ipeid H3MEepBaHETO € U3BBPILCH COPTyepeH
noabop Ha ¢uiarpupamy onepanuy. CIEKTpaaHUS aHAIH3 €

HalpaBeH MpPU CIEAHUTEC IApaMeTPH:  EKCHOHEHILHAHO
Benukn  monmydeHm  gaHHM  ca 0OpaOOTeHHM — CHIVIACHO
HOpMaTHMBHaTa ypenba 3a TapupaHe U H3MepBaTellHa

mnpoueaypa, KakTo U 3a OLCHABAHE Ha I'PCIIKaTa Ipu U3MEPBAHEC.

ITocraHoBKaTa 3a NPOBEX/aHE Ha EKCIICPUMEHTA € ITOKa3aHa Ha
¢wur. 2 [5]. Ts ce CbCTON OT TPU OCHOBHH CHCTEMH:

1) MW3roynnk Ha  gudy3HO  3BYKOBO  MONE -
peBepbanonHa kamepa (50x55x100 cm), renepatop

ycpenHsBane npu 1/3 okTaBeH (GUITHP; EKCHOHEHIHATHO
BPEMEBO YCpeIHsIBaHE C Y4 CeKyla ChC CBOOOIHO TPUTEpHPAHE;
nonHa rpanuna 63 Hz, ropna yectorHa rpanuna 8 000 Hz.
MaJCHO0 HUBOTO HA 3BYKONOIIBIIAHE IPH H3CIEIBAHE Ha
aKycTHaHEAT abcopOep ¢ ToHaneH myM. [To abcrmcauTe ocu ca
YECTOTHTE B XEpIH, a II0 OpPAWHATHUTE OCH € HHBOTO Ha
3BYKOBOTO Hasirane B Jenubenn. HuBoTO Ha H3MeEpeHOTO
3BYKOBO HaJisiraHe 0e3 abcopOep mpu BCHYKHM YECTOTH MOKAa3HU
B Tabiuna 1 e 74 dB.

Taon.1 Pezynmamu om excnepumenma

Ha CHIHAI C oOmpejesicHa QopMa ¥ aMIUIUTY/A, bes C
youMBaTenl Ha MOmHOCT M m3Tounmk Ha seyk | Mo | OKTaBM | QOH | 50,600 abeopbep AbcopOs
(BHCOKOTOBOPHTEN/TOHKOJIOHA); MO1
2)  AGcopbep/3ariaymaBamo  yCTpOHCTBO —  TJIajKa [Hz] [dB] | MOI, [dB] [dB]’ [dB]
%I/)I-TIHHHPH"IH?I Tpsba ot momuBuHMI xnopun (PVC- 1 03 37 7% 341 101
3) MWsmepBarenna  amaparypa M CHEUHAIM3HPAH 2 30 354 74 59.4 14.6
codryep. 3 100 | 363 74 48.5 25.5
M3MEepBaTenHa cucTema O ORIl ° 4 125 33.1 74 55.7 18.3
3pyKoB abcopbep g
eLLLY 5 160 32,6 74 54.6 19.4
i 3BYHOB reseparc 6 200 34.2 74 56.3 17'7
e 7 250 33.4 74 50.6 234
—— 8 315 | 355 74 69.8 4.2
9 400 37.2 74 53.4 20.6
10 500 34.6 74 53.6 20.4
11 630 36.5 74 67.2 6.8
12 800 38.1 74 68.3 5.7
13 1000 39.6 74 64.4 9.6
14| 1250 | 39.2 74 71.7 2.3
15 | 1600 | 393 74 70.3 3.7
16 2000 40.1 74 56.2 17.8
17 | 2500 | 415 74 63.5 10.5
18 3150 422 74 55 19
19 | 4000 43 74 60.9 13.1
Quz.3 CHumku Ha ONUMHAMA NOCMAHOBKA 20 5000 44 74 55.2 18.8
2.2 EKcnepumenmannu pe3yimamu om 21 | 6300 45 74 54.2 19.8
U3CNe08AHEMO C MOHANCH YM 22 | 8000 | 455 74 53.9 20.1
PesysnraTuTe OT M3MEPBAHETO HA HUBOTO HA NIyMa, MPEMHUHAI
mpe3 akycTu4Hus abcopOep, ca mokazanu B Tadn. 1. Ha ¢ur. 4 ¢
= == HNBO Ha U3TOYHMKA
100 —!— HnBO Ha 3BYKOBO HanAraHe ¢ abcopbep
A T Hweowa doHoBMa wym |
@ I 1 1 1 =X Husowaabcopblma . . . . .
(0 - T O
2 L f . - -+ -0-:P0-i'+1:-0
g | : | N o
2 60 1+ 3 a0 . N NN g
] 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1
= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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OxTaBHu yectoTH, Hz

@uz. 4 Huso na usmepeHomo 38yK080 Haifeane cvC u bes abcopbep npu usciedsane ¢ MOHAIEH USMOYHUK HA

wym




3. Yucneno uzcneogane

3.1 Mooen na akycmuuen adcopoep

PaznmunnTe Monenu Ha akyCTHYHHUS abcopOep ca HauepTaHH B
cpera Ha SolidWorks®, a umcmennte W3cmemBaHms ca
nampasenn B cpefa na CosmosWorks™ i Ansys Workbench®.
Ilpy 4YuCICHHUTE W3JICABAHUS Ca W3YKMCICHH COOCTBEHUTE
4ecTOTH U (popMu Ha pasriexJaHUTe MOJIEITH Ha KOHCTPYKIHUU
Ha aKyCTUYHHU abcopOepH.

3.1.1 Mooen na npomomuna Ha aKycmuueH
abcopbep om excnepumeHmaanomo u3neosane

Moperna Ha IPOTOTHIIA Ha aKyCTHYHUs abcopOep e IoKa3aH Ha
¢ur. 5 u 6. Toit ce u3non3Ba 3a BepudUKaLKSI HA PE3YITATUTE
oT ymcieHoTo u3cneaBane. Ha dur. 5 e nmokasana ¢opmara u
pa3MmepuTe Ha akyCTUYHHUS abcopOep, a Ha (ur. 6 TpaHUIHUTE
YCIOBHS, HpPH KOUTO € peanu3upaHo usciensaneTro. llpu
YHUCIICHOTO M3CJIeIBaHE HE Cc€ OTYNTAa BIUIHHETO Ha
noyimyperanoBata msHa CS61, ¢ KosSTO ca 3aTBOPEHH JBETE
CTpaHU Ha OTBOPUTE Ha EKCIEPUMEHTAIHUS 00paseL.

@ue.5 3D Mooden na npomomuna na akycmuuen abcopoep om
eKCnepUMeHmanHomo uziedsame

OCHOBHHTE XapaKTEPHCTHUKATE HAa MaTephaiga, OT KOWTO €
HarpaBeH abcopoepa ca:

=  Mogayn Ha IOHr - E, =2.04¢9 Pa;
=  Mogayn Ha [loacon - u,=0,38;
*  IInsTHOCT Ha MaTepHana — p,=1300 kg/m’;

OCHOBHUTE XapaKTEPUCTHKUTE HAa Marepuaia, OT KOWTO ca
HanpaBeHu (ukcupaiute abcopbepa JIeHTH ca:

=  Moayna Ha FOnr - E; = 8.6e8 Pa;
=  Mogayn Ha Ioacon - n,=0,38;

*  [IrerHOCT Ha MaTepuana — p;=1000 kg/m’.

Due.6 I panuynu ycnosus na mooena Ha npoOmMomuna om
excnepumMeHmanHomo usneosamne

1 — orpaHnuaBaHe Ha NPEMECTBAHETO 110 TPUTE OCH Ha JiBa pbrOa
B JoyiHaTa yacT Ha abcopbepa. MsCTOTO Ha KOHTakT C
peBepOaLoOHHATa KaMepa.

2 — OorpaHn4aBaH€ Ha IMPEMECTBAHCTO IO TPUTC OCH Ha [IBC
IOBBPXHUHU HA JJOJHUTE Kpauila Ha (I)PIKCPIpaHII/ITe JICHTH,

3 — orpaHuYaBaHe Ha MpPEMECTBaHETO MO oc X MO JBE
MOBBPXHMHM B TOpHaTa 4YacT Ha abcopbepa. MscroTo Ha
KOHTAKT C peBepOalMOHHAaTa KaMepa;

4 — cuna Ha oOTsarane Ha ¢pukcupanmre JeHTt (F = 300 N);
5 — uKcupanuTe JICHTH;
6 — akycTuueH acopoep;

7 — KOOpJIMHATHA CUCTEMA.

3.1.2 Mooenu na npomomuna 3a uziedéaHe Hda
KOHCmpyKmuenume ocobenocmu Ha aKycmu4en
aobcopoep

Mogena Ha [pPOTOTHIA 33  W3CICABAHC HA  HSKOM
KOHCTPYKTHBHH OCOOCHOCTH Ha aKkyCTHYHHs abcopbep e
nokazan Ha ¢wur. 7. Ha cemara ¢urypa ca mnokasaHu H

TpaHUYHHUTE YCIOBUS (1M03.7), MpH KOHTO € pealn3upaHo
U3CJIC/IBaHETO.

Duez.7 3D Moden u epanuynu ycao6us 3a YUCIEHO U3Cied8ane
Ha akycmuyeH abcopbep 3a usnedeane Ha HAKOU Om
KOHCMPYKMUgHUme my 0cobenocmu

1 — akycrmuen abcopbep c necer Opost 0a30BM 3BeHa C
nperpaja;

2 — 6a30BO 3BCHO Ha aKyCTHUCH abcopOep ¢ mperpana;

3 — 6a30B0 3BeHO Ha aKycTuueH abcopbep Oe3 mperpana;

4 — uIoIaIKU KBAETO Ce 3aKpemnBa aKyCTH4eHHs abcopOep KbM
MIOBBPXHOCTTA,;

5 — ckula C OCHOBHHMTE pa3Mepu Ha 0a30BOTO 3BEHO Ha
akyctuueHus abcopbep c/0e3 mperpaza;

6 — MeXXMHHA TIperpaja ¢ HeHTpaJeH 0TBOp ¢ pa3Mep — D, mm
7 — oOrpaHMYaBaHe Ha INPEMECTBAHETO IO TPUTE OCH Ha
mwiomaaku 4. MsCTOTO Ha CBBp3BaHe Ha abcopbepa KbM
MIOBBPXHOCTTA;

8 — MeXAMHHY [IPerpaan Ha akycTHIeHHs: abcopoep.

Ilpm w3nenBaHe Ha KOHCTPYKTHBHUTE OCOOEHOCTH Ha
aKycTH4eH abcopOep ce M3/1e/[BaT 1B KOHCTPYKIUH:

= Mogen 6e3 mperpajau ¢ aeceT 6a30BU 3BEHA;
= Mogemn ,,c mperpaau ¢ aecet 6a30BU 3BCHA.

[IperpagnTe Ha Mozena ca ¢ HEHTPAIEH OTBOP MIH 0e3 OTBOD.
W3znexBat ce neBer BapuaHTa Ha pajauyca Ha oTBopa (Tabm. 3 u
4).

OCHOBHHTE XapaKTepPHUCTUKUTE Ha MaTepuaiga, C KOHTO ce
peanusupar dHCICHUTE W3JIEABAaHUS ca aHAJIOTMYHM Ha
MaTepUaJHUTE XapaKTepPUCTUKH Ha IPOTOTUIIA HA aKyCTHYHEH
abcopbep mpencrasex B 1.3.1.1.




3.2 Pezyimamu om 4ucienomo u3cieosane 6 54.82 71.92 | 93.06 100.95 | 105.87
3.2.1 Yucnenu pezyrimamu om u3ciedsanemo Ha 7 57.33 74.46 | 97.36 104.21 | 107.08
npomomuna Ha aKycmuuen abdcopoep 3a 8 57.74 7522 | 97.89 105.32 | 109.50
eKCnepuMeHmaino u3cieoeane 9 60.27 75.77 98.41 106.90 | 114.21
PeSyHTaTI/ITC OT YHCJIEHOTO H3CJIE€ABAHE Ha MPOTOTUIIA Ha 10 63.50 79.87 98.47 110.04 117.71
aKyCTHYeHHs a0copOep 3a EeKCIIEPUMEHTAIHO HW3CIIECABAHE Ca
NpecTaBeHHu B Tabuua 2. 11 67.25 80.55 101.73 114.82 | 120.77
B komona 2 or Tabm. 2 ca IPEACTABEHH pE3yJITaTHTE OT 12 71.84 87.37 102.36 115.88 [ 123.41
YHCJIEHOTO M3CJeJBaHE Ha MPOTOTUIA HA aKycTH4eH abcopOep 13 31.63 9132 102.75 12418 | 13045
3a EKCIICPUMEHTAIHO U3CIICABAHE, a B KOJIOHA 3 PE3yJITATHTE OT
eKcTiepruMeHTaTHOTO u3cneaBane [10]. B mociennaTta xonoHa e 14 86.37 94.93 103.89 126.63 134.82
npecTaBHa rpemuikara MEXKIY YUCJIICHHOTO nu 15 91.48 08.14 107.21 128.95 137.96
eKCIIePUMEHTAJIHOTO M3cieaBane. Ha mocneqnuTte 1Ba pena oT
tabiiata € TIOCOYeHa €IHa U Chlla CKCIIePUMEHTAIHA 16 101.94 | 111.70 | 119.00 13111 | 14151
YeCTOTOTa, Thil KATO HE MOXE J]a Ce Kake €JHO3HAYHO Ha KOs 17 11084 | 12657 | 137.93 143.55 | 146.09
OT U3YHCIICHUTE COOCTBEHH ()OpMa ChOTBETCTBA.
18 115.17 | 131.26 | 148.38 145.90 | 148.80
Taga.2 Pesymamu om excnepuienma 1o || 125.10 | 13633 | 15031 | 151.60 | 152.37
! 2 3 4 20 || 13590 | 139.71 [ 156.11 | 152.83 | 153.73
Ne Freq, Hz Freq, Hz Error, %
| 11.46 Taon.4 Pezynmamu om excneumenma
2 13.158 _ _ No Ha JnameTsp Ha OTBOpa B MEKIUHHUTE MPErpaju -
6 D,
3 32.298 ) ] . o
, ST : : s 150 | 100 | 50 5
f,Hz
64.837
> 56 136 ) 10191 | 10094 | 10148 | 103.76
6 74.858 88 17.5
2 105.44 104.26 104.78 107.34
7 97.309 88 9.5
3 107.23 106.04 106.27 109.68
4 108.00 108.88 109.47 112.77
3.2.2 Yucnenu pezyimamu om u3cied8aHemo Ha 5 109.67 113.92 11457 117.94
npomomuna 3a u3iedéane Ha KOHCMPYKMuUeHume p T010 1837 11935 310
ocobenocmu Ha aKkycmuuen adcopoep
7 114.58 119.10 123.46 127.23
YucneHUTe W3CIEIBaHUS ca HAIpPAaBeHW B cpelda Ha Ansys
Workbench®. Ilpu dncieHnTe W3NEABAHMS Ca W3YUCICHH 8 115.26 119.70 124.88 127.64
COOCTBEHHTE YECTOTH U (OPMH Ha pasrie:KAaHUTE MOICIH Ha 9 12034 12330 12622 12927
KOHCTPYKIMH Ha akycTH4HH abcopOepu. B Tabmuuum 3 u 4 ca
[PEJCTABCHH IIbPBUTE [BAJCCET COOCTBEHH 4YECTOTH HA 10 121.99 123.98 127.78 132.39
W3CJICABAHUTE BapHAaHTH Ha aKyCTHYHH abcopbepu ¢ u 6e3 11 125.80 128.40 131.44 134.96
nperpaga. BeB Bropara komana Ha TaGnm. 3 ca npeacTaBeHH
pesyntatute Ha abcopbep 6es mperpaza (D=385 mm — 12 12942 129.39 131.88 138.67
BBTPELICH TUaMeThp Ha 0TBOpa Ha abcopOepa). B kosnonu ot 3° 13 135.07 134.09 135.49 141.15
™ o 6™ or Tabn. 3 u konouu or 2P mo 5™ B Tabn. 4 ca
MPEACTaBHU MOJIy4YECHUTE OT  YMCJIICHUTE H3CICABAHUS 14 136.69 135.72 138.14 142.08
CcOOCTBEHUTE YECTOTH Ha aKyCTWYHH abcopOepu ¢ LEeHTpalcH 15 141.47 137.96 140.06 149.74
OTBOD B IIperpajara ¢ pasindeH auamersp — D. 7 12439 143.67 12507 5042
Ha ¢wur. 8 + 17 ca npencraBeHH HAKOIKO coOCTBeHH (hopMH Ha
MOJIEITUTE Ha aKycTH4YeH abcopOep ¢ u Oe3 mperpaza. 17 146.82 145.11 146.34 154.35
Taon.3 Pesynmamu om excnepumenma 18 130.24 146.57 14731 157.02
19 151.99 147.22 147.79 159.01
Nena || /Iuamerhp Ha OTBOpA B MEKAMHHHUTE Iperpaju - D,
C06CTBE mm 20 152.36 147.67 148.47 160.63
Hara
MecToTa 385 | 345 | 305 | 250 | 200 Taon.5 Pezynmamu om excnepumenma
f,Hz
. 2701 2081 16 6849 9040 No Ha JluamMeThp Ha OTBOPA B MEXKIMHHUTE MTPETPay -
co0cTBE D, mm
) 22.29 30.76 46.36 70.74 92.37 quCaTT(;a 385(1) | 345(2) | 305(3) | 250(4) | 200(5)
3 26.48 34.94 50.44 75.50 97.42 Af. %
4 37.51 48.48 62.06 84.81 101.83 1 7879 | 71.27 57.00 33.99 12.88
5 47.71 63.49 80.15 100.60 | 105.29 ) 7923 | 71.34 56.81 34.10 13.95




3 75.86 | 68.14 54.02 31.16 | 11.18
4 66.74 | 57.01 44.96 24.79 1 9.70
5 59.55 [ 46.17 32.04 14.70 | 10.73
6 5547 | 41.58 24.41 18.00 14.00
7 5494 (4147 23.48 18.09 15.84
8 5476 | 41.07 23.30 17.48 14.21
9 5338 [ 41.39 23.87 17.30 | 11.65
10 52.03 | 39.67 25.62 16.89 | 11.09
11 50.17 | 40.32 24.62 14.92 | 10.51
12 4820 | 36.99 26.18 16.43 11.01
13 42.17 | 35.30 27.21 12.02 | 7.58
14 39.21 | 33.18 26.88 10.87 | 5.11
15 3891 [ 34.46 28.41 13.88 | 7.87
16 3223 [ 25.74 20.89 12.83 | 5.92
17 28.19 | 18.00 10.64 6.99 535
18 26.65 16.41 5.50 7.08 5.23
19 21.33 14.26 5.47 4.66 4.18
20 15.40 13.02 2.82 4.86 430

Tabn.6 Pesynmamu om excnepumenma

(1) A, RTINS

5,

KBIACTO Af; j € U3MCHCHUETO Ha COOCTBEHHTE YECTOTH, IIPU

M3MCHCHHE Ha JUaMeThpa Ha LICHTPAIHHs OTBOp (" My

CTOMHOCT) Ha IperpaguTe U IOPeAHUs] HOMEPH Ha COOCTBEHATa
yecrora (i u cTOMHOCT);

i — mopeaHus HOMep Ha cOOCTBEHaTa 4ecToToTa, oT 1 10 20;

j — TopemHHMS HOMEp Ha JAMaMeTbpa Ha OTBOPUTE Ha
LHEeHTpaJIHUTE nperpaay, ot 1 mo 7(8);

f5 ; — coOcTeeHa wecToTa Ha abcopbepa C OTBOpH B

IperpaguTe ¢ JUaMeTsp S5 MM;

fjl. — ™ cobOcTBeHa dectoTa Ha abcopbepa ¢ OTBOPH B

MPErpajiuTe ¢ IHAMETHP CHOTBETCTBAIL HA j ' MYy CTOMHOCT.

@uz.8 Ilvpsa coocmeena popma Ha axycmuuer abcopbep 6e3
MedHCOUHHU npecpacu

@uz.9 Tpema cobcmeena ghopma na akycmuyen abcopboep de3
MedAHCOUHHU npecpacu

Ne Ha Jnamersp Ha OTBOpA B MEKIMHHUTE MPETrpaiu -
cobcTBe D, mm
qe‘f;‘m 150(6) 100(7) 50(8) 5(9)
Af, %
1 1.79 2.72 2.19 0
2 1.77 2.87 239 0
3 2.24 332 3.11 0
4 422 3.45 2.92 0
5 7.02 3.41 2.85 0
6 10.57 3.85 3.05 0
7 9.95 6.39 2.96 0
] 9.69 6.21 2.16 0
9 6.91 4.62 2.36 0
10 7.85 6.35 3.48 0
1 6.79 4.86 2.61 0
12 6.67 6.69 4.90 0
13 431 5.00 4.01 0
14 3.79 4.47 2.77 0
15 5.52 7.87 6.46 0
16 4.00 4.49 3.56 0
17 4.88 5.98 5.19 0
18 432 6.65 6.18 0
19 441 7.42 7.06 0
20 5.15 8.07 7.57 0

B Tabn.5 m 6 ca mpenacraBeHH pe3yNTaTHTE 3a MPOLEHTHOTO
HM3MEHEHHE Ha COOCTBCHUTE YECTOTH Ha aKyCTHYHHUs abcopOep
IIPY pa3iMyeHa CTOMHOCT Ha pa3Mepa Ha IEHTPAIHUS OTBOP B
MEXIMHHHUTE nperpaau. M3MeHeHHeTo Ha COOCTBEHHUTE YeCTOTH

ce M3YHCIsiBa o popMyaTa:

@Duz. 10 Yemsvpma cobcmeena popma Ha aKycmuuen abcopoep
6e3 MedcOuHHU npeepaou

1900

@uz. 11 Tpunadecema cobcmeena hopma Ha aKycmuien
abcopbep be3 mencOuHHU npespaou




Due. 12 Jlsadecema cobcmeena popma Ha aKycmuyen
abcopbep be3 mencourHu npespau

Duz.13 ITvpsa cobcmsena popma Ha axycmuyen abcopbep ¢
MedHcOunHU npecpaou be3 omeopu

Due. 14 Bmopa cob6cmesena gpopma Ha akycmuuen abcopoep ¢
MedxHcOunHU npeepaou 6e3 omaopu

Duez. 15 Tpema cobcmeena popma na akycmuuen abcopoep ¢
MedHCcOunHU npeepadu be3 omeopu

@Duz. 16 Yemsvpma cobcmeena gpopma Ha axycmuuer abcopbep
¢ Medcountu npeepaou 6e3 omeopu

LI .
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@Due. 17 Jlsadecema cobcmeena popma Ha aKycmuyen
abcopbep ¢ mexcounnu npeepadu 6e3 omeopu

3.3 Ananus na pezyamamume

3.3.1 Ananu3 na pesynmamume om u3cieo8aHemo
Ha npomomuna Ha axKycmuuen abdcopoep 3a
EeKCHepUMEHMATIHO U3C1ed8ane

PesynTaTuTe OT YMCICHOTO M CKCIEPUMEHTATHOTO H3JIEeABaHE
MOKa3BaT J00pO  CHBIAACHHE MEXY EKCIPUMEHTaIHOTO
u3NenBaHe W Mozena Ha abcopOepa. I['pemkata Mexmy
eKCIIepIMEHTa U YHCIIEHEOTO H3CieABaHe BapHpa B IPaHULNTE
ot 9,5 o 17,5 %.

3.3.2 Ananu3 na pesynmamume om u3cied8anemo
Ha npomomuna 3a u3iedeéaHe HA GIUAHUEMO HA
MeHCOUHHAmMA npezpaca Ha aKycmuueHn adcopoep
8BbPXY cOOCmEeHUme My uecmomu

OT pe3yaTaTuTe MpeACTaBHU B TaOI. 5 U 6 ce BWXAA, 4e IpU
abcopbep 6e3 mexxaunHu nperpaaud (D=385 mm) uma Haif —
TOISIMO HM3MEHEHHE/HaMalsBaHE Ha COOCTBEHHTE YECTOTH
cpsiMo 0a30BHsI MPOTOTHII C TUTBTHH Mperpaau 6e3 oreop (D=5
mm). IIpr TO3M BapmaHT MMa W HaW-TOIIMO HaMalsIBaHE Ha
W3MEHEHNETO HA CTOMHOCTTAa Ha COOCTBEHUTE YECTOTU MPH
HapacTBaHE Ha MOPEIHUSAT UM HOMED.

TonsiMo M3MeHene/HaMalsiBaHe Ha COOCTBEHHUTE YECTOTH HMa
TIPY M3II0JI3BaHE Ha MPerpagy ¢ pa3Mep Ha IEHTPATHUIT OTBOP
D>250 mm, mox Ta3sum CTOMHOCT PA3KO HaMmalsBa TOBA
n3MeHeHue, karo npu D<200 mm 3a moBe4YeTo OT CIydauTe €
moxg 6% (tabm. 5 m 6). ToBa moka3Ba, 4Ye aKyCTHYHHTE
abcopOepH ¢ TUTBTHH TpETpag U Te3u U3paboTeHH C Mperpaau
C HEHTpaJleH OTBOp C AMaMeThp Ha orBopa mo 200 mm (250
mm) uMar MIPUOIN3UTEITHO €THaKBH YECTOTHU
XapaKTePHCTHKH.

Ot cobcTBeruTe (hopMu Ha 1BaTa 6a30BM KOHCTPYKTHBHU BHIA
Ha aKycTHueH abcopbep (cbc M 6e3 MEXIWHHHU INperpaam) ce
BIDK[a, Y€ TIpH KOHCTPYKIHMATa 0€3 mperpagd HMame
nedopmarus Ha abcopbepa 1o 1s1aTa My IbbkuHa (Gur.8+12),
a TIPU TO3M ChC IPErpaan camo JIOKaIHH Jedopmaiun (rojeMu
negopMand caMO B OINPEIENICHH 30HH/Y4acThIHM), KaTo ce
Bmkna ot ¢ur. 13+17.

4. U3600u

B®3 ocHoBa Ha HallpaBCHUTE U3CJICABaHUSA W aHajlu3a Ha
TOJIYYCHHUTC PE3YJITATU MOKEM Jla HAIIpaBUM CJICAHUTEC U3BOIU:

»  TlocTaBAHETO Ha MEXKIMHHU TPErpagd B aKyCTUUHHS
abcopOep BOIM 10 MOBHUINIABAHE HA COOCTBCHUTE MY
YECTOTH;

=  BiusgHHETO Ha MEXIMHHHM IPErpajy IOCTABSHH B
aKycTH4HHsl abcopOep € Halk — royIiMO HPH ITbPBUTE
OCeMHaJIeCT (BaHajieceT) COOCTBEHU YECTOTH;

=  Pa3Mepa Ha LEHTPaIHHUSA OTBOP B NPETPaJMTE OKa3Ba
BIIMSIHHE BBPXY COOCTBEHHTE YECTOTH Ha aKyCTUYHUS
abcopoep;

= IlpomsHaTa Ha AMaMeTbpa HA LICHTPAJHHA OTBOpP B
rpanunute D = 0 + 200 mm He BOAM O CHILECTBEHO
HW3MEHEeHNE Ha CTOHHOCTHTE Ha COOCTBEHUTE YECTOTH
Ha aKkycTH4YHUs abcopbep (mpemuMHO Mexay 2 u 6
%).
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Abstract: B HacTOSIINS JOKYMEHT c€ pasriiexaaT MEpKHUTE 3a KOHTPOI M OTPAaHNYBAHE HA IITyMa B OKOJIHATA CPEna,
KaKTO M JeWHOCTUTE 10 MOHUTOPHHT. OTIENIEHO € ClIeNnaaHO BHUMAHKE Ha eTaluTe Ha HICHTH(HUIMpaHe HeOOX0IUMOCTTa

OT OpeAnpueMaHe Ha KOPEKTHBHU MEPKH, YPE3 IMPUIIAraHCTO Ha e(i)eKTI/IBHI/I WHXXCHEPHU PCLICHUS 3a 0683HIyMHBaHe Ha

BEHTWJIALIMOHHUTE IaxTH ,, 310K 1 ,,CeBep®.

umk. bopuc Muxaiinos Cnenuanuct akycruka - Cnextpu EOOJ], T'eopru Cemepmxues, Cnenuanuct
exosiorudeH MOHUTOPUHT - JIbHau Ipemsc Mertanc Yenoneu EAJ], a-p urx. Munmdo I'eoprues, Cnenuanuct
akycTuka, - Cnextpu EOO/I, unx. Croiiko Ilees, ['naBen unxenep ,, IHXEHEpUHT U MOAAPHKKA — MOJA3EMEH " -

Juunu [Ipenrsc Metanc Yenoneu EAJL.

1.Ye600

HApHIM  Ilpemsc Metanc Yemomeu™ EAJ|
OCBIIIECTBsIBA JTOOMB ¥ TIpepabOTKa Ha 3JaTHO-MEIHO-
MUPUTHU PYAU OT Haxonuuie ,,Yenomney”’, HaMHUpaIlO Ce B
3anaaHus kpaii Ha c¢. Uenoneu, Coduiicka obnact, Ha 75
KM u3TouHO OoT Tpan Codus u Ha okoso 350 KM 3amagHo
or YepHo Mope. Ha ceBep rpaHumuum c¢ ropucrure
ckioHOBe Ha CTapa IUIaHWHA, Ha U3TOK — C MOJICTICHHE Ha
nepokaBHata upMa “CTpOUTENICTBO U BB3CTaHOBSBaHE”
Y KWITUIIHYA CTPajH, a Ha FOT M 3amajl — ChC 3eMeJIeNcKa
3eMsl.

[IbpBUYHHTE  WM3TOYHHMIM HA  OIyM  OT
MPOU3BOJICTBEHATA JeHHOoCT Ha ,,JIpHau [Ipemrsc Merasc
Yenoney” EAJ] ca: BEHTHIALMOHHH ypeAOH KbM IIaXTH
»A3ToK” u ,,CeBep”, maxrtu ,,Kanuranwa” u ,.3aman”,
HaKIOHeHH  m3pabotkm  ,Hamexma” wu  ,Bspa”,
MOJyaBTOrCHHA MEJHHUI[A, II€X IaCTOBO 3albJIHEHUE,
TYMEHO-TPAHCIIOPTHH JIEHTH, TEKKOTOBAPHU MAIIHMHU H
MexaHu3anus. OCHOBHM M3TOYHHMLM Ha IIyM, KOHTO
BIHSIAT BBPXY KA4YeCTBOTO HA aKyCTHYHATa cpela B
paiioHa, ca: BEHTWIALMOHHU ypenOu KbM IIaxTH ,,I3T0K”
u ,,CeBep”, oborarutenna (abpuka, TEKKOTOBAPHH HU
CTpOUTENIHH MallMHU. B HemocpeacTBeHa OMM30CT 1O
MpoU3BOJCTBEHAaTa Miomanka Ha ,JdeHau Ilpemrsc
Meranc Yenoneu” EAJ] uma 11Ba MHTEH3UBHM BBHHUIHHU
M3TOYHHMKA Ha IIyM — HAaTOBapeHa IbTHO-TPAHCIOPTHA
aprepus (rnasen nonbankancku neT — Codus-byprac) u
JKEeJIe30IIbTHA JIMHUS,

IIpeMUuHaBalia npes3
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MIPON3BOJICTBEHATA IUTOIAMIKA. IMopanu TOBA,
BB3JCHCTBHETO BHPXYy oOmms mrymMoB (oH B paiioHa e
KyMyJIaTUBHO.
2.Mepku 3a KOHmMpOn u HAMANAGAHE HA WIYMA 6
oKonnama cpeoa
INopaau cpaBHUTETHO OIN3KOTO PA3MONIOKEHHE

Ha MPOMHUIIUICHATA TUIONIAKA U OTACIHA HEHHU OOCKTH
no ceno Yenomed Moke Ja ce O4YaKBa H3BECTHO
BB3JEHCTBHE, IPUYUHABALIO AUCKOM(OPT Ha >KUTEIHUTE.
Ob6oratutennara (adbpuka Ha ,,JIpHau [Ipenrsc Metasc
Yenoneu” EAJ] ce mHamupa Ha 400 M OT Hail-Onmu3kaTa
KWIMIIHA Crpaja B paifoHa, JOKAaTO BEHTHJIALMOHHH
maxtu ,,3rok” u ,,CeBep® ce Hamupar cboTBeTHO Ha 80
M 1 1 133 M oT Hal-OiM3Kara XWIMIIHA Crpaga B C.
UYenoneu.
2.1. 3a KOHKpONX Ha IIymMa B OKOJHAaTa cpema ce
OCBIIECTBSBAT CJICTHUTE MEPONIPUSTHS:

2.1.1. V3BbpuIBaHe Ha NMepUOAMYEH MOHUTOPUHT Ha

IIyM B OKOJIHATa Cpefia ChbC COOCTBEHA amapaTypa H

C BBHIIHU aKpPEeAUTHPaHH JIAOOPATOPUH B KOHTYP H

B Pa3JINYHM TOUKH Ha BB3JEHCTBUE;

2.1.2.13BppuIBaHe Ha IOCTOSIHHU H3MEpBaHUS Ha

IIyM B JIBE TOYKU ChC COOCTBEHA amaparypa;

2.1.3. CrbOnronaBaHe Ha HOPMHTE 3a HHMBa Ha IIyM

cprtacHo Hapen6a Ne6/26.06.2006 t., npuiioxeHne

Ne 2, tabnuma Ne 2;

2.1.4. Jluanor ¢ MECTHHMTE JKUTEIM MO BBIPOCHUTE,

CBBP3aHH C IIyMa.



2.2. Ha 6a3a u3BBbpIICHNS MOHHTOPUHI W aHaIW3a OT

MOTyYeHUTE pEe3yNaTHUTe C€ IUIAHUPAT U U3IIBIHABAT

MEpPKH 3a HaMalsiBaHE Ha IIyMa B OKOJHaTa Cpeja,

HMaly 3a el OrpaHHdYaBaHe BPEIHOTO BB3JEHCTBHE

BBPXY MECTHHUTE JKUTEIM U BKIIOYBAT CIECTHUTE

MEPOIPHSTHSI.

2.2.1. Peanm3upaHe Ha MPOEKT 3a 00e3UIyMsIBaHE Ha
BeHTWJIaTopa Ha mmaxrta “M3Tok” — u3NBIHEH B
yetnpu erama B rmepuoma 2007-2014 r. ¢ obmo
HaMmaJsiBaHe Ha myMa ¢ okosio 20 dBA;

2.2.2. Peanm3upaHe Ha TpOeKTa 3a 00E3IIyMsBaHE
Ha BEHTWIAaTOpa Ha maxTa ,,CeBep” - H3IIBIHEH B
nBa ertama B mnepuona 2011-2014 roauna ¢ 00110
HaMaysiBaHe Ha Imyma c¢ okomo 22 dBA B
HemocpeAcTBeHa Oim3ocT g0  audysbopa Ha
BEHTHJIATOPA;

2.2.3. PeanusupaHe Ha MpoeKTa 3a 00e3MIyMsiBaHE
Ha 1ex ,llacTroBo 3ambiaHeHHE - H3MOBIHEH B
nepuona 2011-2012 roguaa ¢ 00110 HamMamsIBaHEe Ha
myma ot 5 1o 10 dBA u3BBH crpagaTta Ha 1exa;
2.2.4. CucreMHa NOAJPBKKA HAa CTALUOHAPHOTO U
MOOHMITHO 000pyIBaHE;

2.2.5. CnazBaHe Ha YTBBPACHUTE TPAHCIIOPTHU
CXEMH B HaCEJICHHUTE MeCTa;

3. Monumopunz na wiyma 6 0KoaIHama cpeoa
SAbaa  Ilpemrbe Metanc  Yenoneu™  EAJL

OCBIIECTBSIBA MOHUTOPHHT HA IITyM B OKOJHATa CPEZa ChC

coOCTBeHa amapaTtypa ¥ C H3MEpBaHUSA OT CTpaHa Ha

BBHIIHY aKpeAUTHpaHH tabopartopuu. M3mepBanusTa ce

U3BBPIIBAT ChIJIACHO M3KMCKBaHusTa Ha Hapenba Ne 6 ot

26.06.2006 r. 3a mokasaTelIMTe 3a IIYM B OKOJHATa

cpeja, OTYMTAINM CTETEHTAa Ha JUCKOMGOPT Tpe3

pa3NMYHAUTE YacTH Ha JCHOHOIIWETO, TI'PaHWYHUTE

CTOMHOCTH Ha IMOKa3aTeNINTe 3a IIyM B OKOJIHATa CPeja,

METOJUTE 32 OLIEHKA HAa CTOMHOCTHUTE Ha MOKA3aTeNUTe 32

IIyM U Ha BpeIHHUTE e(eKTH OT IIyMa BBPXY 3ApaBETO Ha

HaceneHnero. CBITacHO YTBBpJACHATa Iporpama 3a

MOHUTOPUHT Ha IIyM B OKOJIHATa Cpea MepUOJUYHO Ce

n3MepBa eKBHBAICHTHO HUBO Ha myMm (Laeq) B Tpm

OCHOBHH TOYKH:

- T.1 — ceno Yenoneu, ynuna ,,Myprana‘ — nocieaHa
HacejieHa KbIlja B OJU30CT 0 Iaxra ,,M3Tok";

- T. 2 - ceno Yenoney, ynuna ,,MuHpopcka‘;

- T. 3 - ceno Yenoney, ynuna ,,Bnagumup 3anmoB*;
HempekbcHaTo ce M3MepBa €KBUBAJIEHTHO HUBO Ha

mryM (Laeq) B 1Be ToUkH:

- T. 4 - CesepoustoueH Kpalli Ha ceBepHa
MpOU3BOACTBEHA IUomaaka Ha ,,JIeuau Ilpeursc
Meranc Yenomneu EAJ;

- T. 1 - ceno Yenoney, ymuna ,,Myprana“, 180 m ot
BCHTUJIAIIMOHHA IIaxTa ,,JI3ToK";

[Tomy4eHute pe3yaTaTure ce ChIIOCTAaBIT C HOPMUTE 3a

HUBa Ha IIyM cbriacHo [Ipmnoxenne 2, Tabnuma 2 Ha

Hapen6a Ne 6;

Omnncanute T1O-TOpe MOHHUTOPHHTOBH TOYKH
nomajgaT B UYETHPH THNA TPAaHWYHH CTOHHOCTH Ha
[IOKa3aTeNIuTe 3a LIyM 3a TEPUTOPUU M YCTpOIlCTBEHU
30HH B YypOaHM3WpAaHUTE TEPUTOPUH M U3BBH THIX.
ChIIacHO Te3M TPAaHWYHH CTOMHOCTH TPHU OT TOYKHTE
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UMaT pa3IMYHU JIMMUTH 33 TPUTE€ BPEMEBH 30HU B
JICHOHOIIMETO — JHeBHA, BEYCPHA M HOIIHA C BPEMEBH
uHTepBan oT 07 1o 19 4., ot 19 — 23 u. u 23 — 07 u.
CHOTBETHO (Tabumma 1).

tabnuma 1

I'pannynu croiiHoCTH

TepuTopun u ycTpoiicTBeHH no Hapenda. 6/2006

30HH B ypOaHU3MpaHHMTe (dBA)
TEPHUTOPHH H U3BBH TAX Jen B:qe Hom

JKununiHu 30HH ¥ TEPUTOPUH:
T.1 - mepuou4eH MOHUTOPHHT 55 50 45
T.1"- HeNpPeKbCHAT MOHUTOPUHT

Tepuropun, IOJIOKEHH  Ha
BB3/CHCTBUETO  Ha  PEJICOB
JKEJIe30ITbTEH u TpaMBaeH 65 60 55

TPaHCIIOPT:
T.2 - HepUOAUYEH MOHUTOPHHT

Teputopun, TOMJIOXKEHH  Ha
BB3ICHCTBUETO HA WHTEH3UBEH
ABTOMOOHJIEH TpadHK:

T.3 - HepuoANIECH MOHHTOPHHT

60 55 50

ITpon3BoaCTBEHO-CKIIAIOBH
TEPUTOPHHU U 30HU: 70 70 70

T.4 - HETIPEKBCHAT MOHUTOPHHT

CoOCTBCHHUST TEPHOTUYHEH MOHHUTOPHHT ce
M3BBPIIBA C IPEHOCHM PBUCH LIyMOMEP-aHaIH3aTOP WIH
C TeXHMKa Ha BBHINHA aKpeIUTHpaHa J1abopaTopus II0
3asBka Ha ., JIpHmu Ilpemrsc Metanc Yenomeu“ EA/L.
Pesynrature ce mpenctaBIT Ha KOMIETCHTHHS OpraH
CBIIIACHO M3MCKBAHMATA Ha HPHI0KUMOTO
3aKOHOJJATEIICTBO.

CoOCTBEHUST HENMpPEKbCHAT MOHHTOPHHT C€
M3BBPIIBA IOCPEJICTBOM HMHTETPHpaHa CHCTEMa 3a
HETIPpeKbCHAT MOHHTOPHHT Ha ITapaMeTpH Ha OKOJIHAaTa
cpena, KosTo Oe mycHara B AeiicTsue mpe3 2013 r.

CucremaTta 3a U3MepBaHe Ha IIyM Ce ChbCTOH OT
JIBa IIPEHOCHMH TePMUHANIA 32 BHHITHA U3MEPBAHMUS, THUII
3655 A, pasnojoKeHH Ha CHOTBETHHTE TOUYKH, KOUTO
HU3MEpBAT B HENPEKbCHAT PEXUM M M3IPANIaT AaHHUTE B
cbpBbp. VIHTEpHET BpB3KaTa ce OCBIIECTBSIBA IIPE3
MOOWIIeH orepaTop. TepMUHAINTE ca OCHTYPEHHU CpPely
HEOIAronpusATHE aTMOC(EPHH YCIOBHSA C IOAXOJISIIH
3aIIUTHY Ky(apH, IponagaHe Ha eNeKTPO3axpaHBaHETO -
¢ UPS unu Ha uHTEpHET Bpb3KaTa — C BBTpELICH JAcHTa
Jgorep, KOMTO ChXpaHsABAa 3alMCH M TH MpenaBa HpH
BBCTAaHOBSIBAHC Ha BpPb3KaTa. l'[onyqunTe JaHHU Morar
Ja ce HaOmomaBaT B peagHO BpeMe, KakTO M Ja ce
U3BJIMYAT CIIPaBKU IOCPEACTBOM yeO OasupaH moprai
www.chelopech.webnoise.eu, oT Bcska TOYKa € JOCTBIT
JI0 MHTEPHET, KaTo 3a IIeITa € HeOOXOANMO J]a Ce BbBEAaT
MOTPEOUTEIICKO UME U ITapoa.

4. Obezwymneane Ha
wH3mox*,

PeammupanusaT npoekrt 3a ,,00e3mymsaBaHe Ha

Beumuﬂauuo}ma uwaxma

BEHTHJIALMOHHA maxta M3ToK”, cBBp3aH ¢ monoOpsBaHe
Ha 3BYKOIIOIIBIIIAHETO, YPe3 U3IOI3BAHE Ha IOIXOISIIH
MaTepuaqd U KOHCTPYKLHHM, BKIIOUHTENHO H HOBO
M3IbIHEHHE Ha U3TPAJICHUTE ChIIECTBYBAIM CPEACTBA 32
IIyMOM30JAIMsA, IOBEAE [0 OCe3aeMO HaMaJeHHWe Ha
oymMa IpH  MACTOTO Ha Bb3aeiictBue. Toit  Oemre

U3BBPUICH Ha HAKOJKO erama — cien 2007 craprupaxa



MEpoONpUATHA 3a BB3CTAHOSABAHC HAa BBHTPCUIHUA CKpaH

(MuHEepamHa BaTa) 1O  BBTPCIIHUTE CTEHH HAa
IIyMO3ariyIIaBailoTo rnoMenienue, a B nepuoga 2008 —
2012 r. ce u3rpaay U JONBJIHUTENIHA LIyMOIpErpagHa
KOHCTPYKIIHS Ha BRHITHUTE YacTH Ha BeHTHIaTopa. beme
BbBEJCHA M CHUCTEMa 3a IUIaHOBAa IOAHSHA Ha

aMOpPTH3UPAHUTEe BBTPEIIHH eKpaHd. IIpoBemeHHTE
M3MEpPBaHHs MMOKa3axa, ue ¢ H30POCHHE MO-rope MEPKHU Ce
MOCTUTHA 3HAYHTENICH, HO HeIoCTaTbueH e(eKT wu
HEO0OXOAMMOCTTa oT

HaMaJIsiBaHe Ha IryMa ¢ okouo 3 o 5 dBA.

IIOoKasaxa JOIIBJIHUTEIHO

B mocnennus eram Oeme wu3rpajgeHa HOBa

LIyMO3aIllUTHa  KOHCTPYKLUs OT  CHEeLUaIU3UpaHU
IIyMOTIOTITBIIAIII naHeIx 3a €IHOCTPaHHO
nrymMou3oiupaHe. Bceku enuH maHenm mpencTaBisBa

IUTocKa KyTHsl / Kacera u3paboTeHa OT NpoQuINpaH
arymMuHH c gebemmHa 1,5 — 2 MM, €THOCTpPaHHO
nepdopupana ¢ aedenrna 125 MM u mupoyrna 500 MM B
KOATO € IIOCTaBeH eKpaH OT BaTa ¢ jaebernHa 50 MM,
3aIUTEH OTKBbM Iepdopaluure cpelly Biara M mpax c
MoAXoxmsma ThKaH (CThKIEHO Oyno). Ilanmenmnte ce
MPOU3BEXAAT C JBIDKUHA JI0 TIET METPa, KaTo AbKUHATA
Cce oIpesielisi B 3aBUCHMOCT OT IPUJIOKEHHETO.
r/—Lr ]
Mepdropupana e
raMapuHa

NamapuHa

MWHepanHa
EaTa

TBKaH NpoTUE
BRara M npax

<

j W
¢urypa 1: Hanpeuen nipoun Ha
LIyMOIOIIBIIALIMS TaHET
Ilpenn MoOHTaxa Ha  IIYMOMNOINTBLIAIINTE

maHenu Oemle 3aBbpIICHA BBHINHATA H30JIAIMS Ha
crpajara, B KOSTO Ce HAMMpA €JIEKTPO3aJBHKBAHETO Ha
BeHTWJIaTOpa. ToBa  foBege 110  JOIBJIHHUTEIHO
HaMaJsgBaHe Ha LIyMa.
5. Ovezuymsasane na éenmunayuonna waxma “Cegep”

BsB  Bpp3ka ¢  MojepHM3amMATAa  Ha
HPOM3BOJCTBOTO M MH(PPACTPYKTypaTa M MOCTHIaHE Ha
JNOOMB OT 2 MWIMOHA TOHA pyAa TOMUIIHO C€ HAIOXKH
MOIMsIHAa Ha chinecTByBamms BeHTwinatop BOM-21 ¢
npousBoauTenHocT 154 m3/s u nenpecus 950 Pa ¢ HOB
Bertmwiarop AFSB 2800/1500 ¢ mpon3BoauTenHocT 265
m3 /s 3200. dudyssopsr Oeme oObpHAT B obOpaTHa
MOCOKa, TMOpaad OTPAaHHYEHOTO IPOCTPAHCTBO Ha
IUIOIaKaTa Ha OHA Ha MO-TOJIEMUTE pa3MepH Ha HOBHS
BeHTHaTop. [locokara Ha BB3yIIHATA CTPYs, U3IU3aMIa
OT BCHTWJALMOHHATa IlaxTa CJeA MOoAMsSHATa Ha
BEHTHJIATOPA, € I0T-I0ro3amai.

B Ta3u mocoka ce Hammpar cenata Yemoned u
Kapnueso.

beme ycraHoBeHo, ue paborata Ha

45

CHOPBKEHHETO Ch3JaBa M3BECTHEH JTUCKOMQOPT Y
JKUTEJIUTE HA JBETE HACEJIICHH MECTa B MAJKHTE 4acoBe
Ha JICHOHOLIMEeTO — Beyep M Howl. OT eaHa cTpaHa TOBa
HO OT Jpyra
CTpaHa MECTOIOJIOKEHHETO Ha IUIOIIA/IKaTa ChIO OKa3Ba
BBPXY
BenTunannonHa maxra ,,CeBep* ce Hamupa Ha 890 M

CC MAbJDKM Ha II0-MOLIHUA BEHTUJIATODP,

BIIMSIHHE pasnpoCTpaHEHHETO  HA  IIyMa.
HaJMOpCKa BMCOYHA, O0OTpajicHa € C [0-BUCOKH BHPXOBE
OTKBM CEBEpHATa CTPaHa, HO HE W OTKbM HACEJIECHHTE
Mmecta.  ChbliecTByBamara JOJYMHA  JOMBJIHUTEIHO
JOTPUHACS 33 Pa3MPOCTPAaHEHHETO HAa 3BYyKa B IOCOKA
KbM HACEJICHUTE MECTA.

Cnen 0sxa

U3BBPIUIBAHU HAKOJIKO M3MCpBaHHSA B HACCIICHUTE MECTa

HOAMSHATa Ha BEHTWIATOpa
Uenoneu wu KapnmeBo. Pesynrature He mokaszaxa
OTKJIOHEHHMs OT HOPMMTE 32 HMBAa Ha IIyM CBIJIACHO
IMpunoxenne 2 ma Hapenba Ne 6. Bwmpekn ToBa, B
oOIIecCTBEHH HHTepec Oelle WMHHULIUHPAaH MPOEKT 3a
“O6e3mrymsiBane Ha maxta Cesep”.

B mepBus etan 6s5xa M3BBPIICHN M3MEPBAHUS
or “Cnekrpu“ EOO/I, xonto 0sXxa NpeACTaBEHW MNOX
¢dopmara Ha

JOKJIam, BKIIIOYBAIl  pe3yarata OT

U3MEpPBaHUs, 3BYKOBHU KapTy, CUMyJ1aliuu u
MIpe/UTOKEeHUsT 3a OBJeImM MepKH 3a HaMalsBaHe Ha
myma. Emna oT  npeanokenure  Mepku  Oerie
WHCTAJMPAaHETO HA CIEHHaleH IIyMO3ariTylIHTel, KaTo
pproBoaCcTBOTO HA L, JIpHAM Ilpemrbc Metanc Yenomeu*
ce CIIpS Ha Hesl KaTo Hai-noaxondnia 1 e()eKTHBHA.
Bropust eranm Ha mpoekTa Oemie OCBIIECTBEH B
nepuona 2012-2014 roxuHa U BKIIIOYBAIlIe U3TOTBSHE Ha
IIPOEKT, U3paboTKa, JOCTaBKAa U MOHTaX Ha CHELMATHHSI
mymo3arnymuren. Toil € mpoekTupaH Taka, 4e J1a € B
IIBJIHO  CHOTBETCTBHE C IIapaMeTpUTEe Ha  HOBUS
peHTmiarop. [Ipomssenen ¢ or HOWDEN Australia u

nMa CJIICAHUTE XapaKTCPUCTUKU:

i Tum — pa3npbCKBaIl,
ii. [Ipoekten nedut (m3/s): 265
ii. [Tnomr Ha cBOGOIHO pemuHaBane (m2): 17.76
iv. Ckopoct Ha cBOOOAHO mpeMuHaBaHe (m/s)
14.92
v. OO0mia mupuHa Ha ra3oxoAa Ha 3arTyLIHTEINs
(mm): 6000
vi. O61a BUCOYMHA HA Ta30X0/1a HA 3aryHIATENs
(mm): 6000
vii. OO0mia ABDKMHA HA Ta30X0Jla HAa 3ariTylIUTelNs

(mm): 3300 (1 Ba crenen), 3300 (2 pa crenen),
6603 (061110)

CBCTOH ce OT CIEAHUTE YaCTH:

a. KommneHncarop - cBbp3Ba M3X0/a Ha BEHTWJIATOpA C
BXoja Ha 3ariymmrens. [103BoJsiBa TEPMHUYHHTE
pasimMpeHuss Ha KOHCTPYKUMSATA M KOMIIEHCHpA
HEHOTBETCTBHUSITA B PA3MEPUTE HA Ta30XO0/IHUTE;

b. TIlpexomen razoxonq — TpaHchopMHupa KPBIJIOTO
CCUCHHE Ha W3X0/a HAa BEHTHJIATOPA B KBAJPAaTHO —
HAa KOpIyca Ha 3arjiymmrens. B Ta3su dact uma u
JIFOK 32 JIOCTBII 32 MPOQHITAKTHKA HA CHOPHIKEHHETO;

c. Kopmyc — o0BuBa ¥ Kpemum pasJeluTenTe,
NPOEKTHPAH € Jia u3AbpXku Macata M. ChCTOU ce OT
JIBE YaCTH 33 YJIIECHEHHE TP MOHTAXKA;

d. Pazmemurenm — menta WM e 1a

MaKCUMaJIHO 3aTUXBAHEC Ha MIymMa B

OCHUTYPSIT
KaHaa.



W3zpaborenn na oT mpaxoBoOosaKcaHa JlaMapUHA H

M30JIAIIMOHEH ~ MaTepuan  (MHUHEpajHa  Bara).
Pa3niesieHn ca BEpTUKAIHO Ha TPU HUBA,

e. [Ilpenmasuren Ha W3X0Ja — IPEJACTABIISIBA METAIHA
Mpeka, YHeTO IpeAHa3HAueHUEe € 1a IpesloTBPaTH
JIOCTBITa HA XOPA U JKUBOTHH B 3arJIyIINTEIS;

Jluncara Ha JBIKEIIN CE YAaCTH, KOMIOHEHTH H

KOHTPOJIH TIPaBU IIyMO3arIyIINTeNs BHCOKOE()EKTHBEH 1

HaMajsiBa HeOOXOIMMOCTTA OT MOAPBKKA.

6. Pesynmamu u ouckycus

V3mepBanusTa Ha IIIoNaAKaTa Ha

CHOPBKEHHETO CE M3BHPIIMXA B OCEM TOYKH, MPEAU H

cllesl MHCTAIUpaHe Ha IIyMO3ariTymiuTens. Pesynrature

ca nokazanu B TabOmura 2

No na Ipenn Cnen
LIyMO3arJIylyTeN | IIyMO3ariayIuTes | 3aTuXBaHe

Totxa Laeq (dB) Laeq (dB)

1 97.1 74.6 225

2 100.8 78.6 222

3 85.2 65.5 19.7

4 101.3 78.6 22.7

5 86.8 72.6 14.2

6 75.6 69.0 6.6

7 86.8 83.9 2.9

8 93.8 84.4 9.4

H3mepBanuATa 1OKa3BaT HaMalsgBaHE Ha

HHMBOTO Ha IIyM cpenano ¢ 21,5 dB B HemocpencTBena
omu3ocT 1o audy3popa B MOCOKA Or-forofanai (TOUKH 2,
3uéd).

Touxure 2, 3 1 4 ca KpUTUYHU JOKOJIKOTO C€
HaMHpaT oOT  JBaTa
HenocpencTBeHno 3an Hes (1. 3). B touku 2 m 4 ca
OTYETEHHU HaN-BUCOKUTE CTOMHOCTH MpEeAH UHCTAUpaHe

Kpas Ha IIperpajgara, H

Ha 3ariaymuTelid, CbII0 TaKa TOBa Ca TOYKUTE, KOUTO Ca
10 TIOCOKa Ha HACEJICHUTE MECTa W OKas3BaT Hai-CHITHO
BIIMSTHUE BBPXY TAX. KaTo u3kimounm T. 1, KOATO BJIUSC B
SHAYUTCIHO IIO-MaJIKa CTCHEH, IPHU OCTAHAJIUTE TOYKH,
6(I)EKT'I>T OT 3aryIylInTEI HE € TOJIKOBa OCE€3a€M, Iopaan
CIICKTPO3aABUKBAHETO Ha

H3JIBUCHUA rym oT

BeHTHNaropa. B oOmms ciydail Te3W TOYKM HMAaT
MIPeHeOPEXKUMO BIHSHHE BbPXY HACEICHUTE MECTa.

Cxema Ha u3mepBanusita — T. 1-8:

eTT

bsixa W3BBPIICHN W3MEPBAHHS M B HACEICHUTE
Mecta Ha c. Yenoneu u c. Kapnueso, kato pesyarature
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OT TAIX ca npeacraBeHu B Tabimma 3.

Perucrpupan mym npeay mymo3arJiymmres
(1HeBHO M3MepBaHe

31.10./16. | 01.03.13 r. | 26.07.13 1. | Hopma
Msicto Ha
BB3JICHCTBHE 02.12r.
(dBA) (dBA) (dBA) (dBA)
yi1. Bnagumup
3aumoB, C. 47.8 44.0 49.8 60
Yenoney
yin.MuHbpoOpCKa, 48.4 443 51.7 65
c. Yenoneu
45.93 - - 55
c. Kapnueso
PerncrpupaH mrym cjie IryMo3arjiyluTes
(1HeBHO M3MepBaHe)
Msicro Ha 22.10.14 . Hopma
BB3/IelicTBHE (dBA) (dBA)
yi1. Binagumup
3anMoB, 42.2 60
c. Yenoneu
yi.MuHBOpCKa, 44.5 65
c. Yenoneu
c. Kapnueso 357 55

7.3akniouenue

Bwnpekn mocturHaTHTe pe3yiTaTH, KOHTPOIBT
U OTPaHUYBAHETO Ha IIyMa B OKOJIHAaTa Cpela € eAuH
HeTpeKkbcHaT mpomec. Ilpencroar ome u3MepBaHHS,
KOMTO MoOraT Jia JOBeJaT [0 HeoOXOAMMOCTTa OT
JOUBJIHUTENIHM MEpKH, KakTo 3a NojoOpsiBaHe Ha
MOHHTOPHHIa, KaTO MpoIec, Taka U 3a OpraHNYBaHE Ha
myma. B3ema ce moJi BHUMaHHE MHEHHETO Ha XKUTEIUTE
JOpH B CiydauTe KOraTro cjeJ IpoBeXJaHe Ha
W3MEpBaHHUA C€ YCTAaHOBM, Y€ HSIMa IPEBUINCHUE B
HOPMHUTE WM IIYMBT C€ IBIKHA Ha ()OHOBO HATOBapBaHE.
TaxkeB € ciydasT ¢ BEHTHJIATOpHAa ypemda Ha IIaxTa
,/3TOK® — TpyaHO ce uaeHTU(UIMpPa H3TOYHUKHT Ha
oIyM — JJajii € BEHTHJIATOPBT, peKara WIN BSITBPBT OT
JOJTYMHATA MPE3 HOMITA.
8. H3nonzeana numepamypa
8.1. HAPEJABA Ne 6 ot 26.06.2006 r. 3a mokasarejiuTe 3a
myM B OKOJHAaTa cpeAa, OTYMTAIIM CTEeNeHTa Ha
JTUCKOM(OPT Tpe3 pasIMIHATE YacTH Ha JACHOHOIIHETO,
TPaHUYHHUTE CTOMHOCTH Ha IIOKa3aTelUTe 3a IIyM B
OKOJTHATa CpeJia, METOJMTE 3a OLIEHKa Ha CTOMHOCTHTE Ha
MOKa3aTeNuTe 3a IIyM W Ha BPeJHHTE e(EeKTH OT IIymMa
BBPXY 3APaBETO Ha HACEICHUETO
8.2. Hoxmay — OGesurymssane Ha Illaxta Cesep B
Yenoneuy Maiitnuar EAJl, ETAII 1, ot 23.01.2012 r.;
8.3. FUNDAMENTAL OF ACOUSTICS - Professor
Colin H Hansen, Department of Mechanical Engineering,
University of Adelaide
9. Mznos3BaHa anaparypa
- Ilpenocum prpuen lllymomep “Bruel&Kjaer” momen
2250L — 3a mepHOIUYHUTE U3MEPBAHUS;
- Ilpenocumu TepmuHamu THI 3655 A, BKIIOYBAILIHA
mymomep 2250L, mMukpodoH 3a BBHIIHM H3MEpBaHUS,
[Heiita norep, UPS, armocdepHO 3amuteH kydap u

GPRS mogem;




Dundee Precious Metals Chelopech EAD is a company engaged in the mining and processing of copper-gold ores
from the Chelopech Deposit.

There are several primary sources of noise from the operations of Dundee Precious Metals Chelopech EAD, as the
most important ones impacting the acoustic environment in the area are: the ventilation systems of Iztok and Sever shafts, the
process plant, the heavy plant and construction machines.

The implemented Noise Attenuation Project of Iztok Shaft, related to noise absorption improvement by using
suitable materials and structures, including upgrade of the existing noise insulation devices, was performed in several stages
during the period 2007 - 2014. During the first stages a number of activities were performed that considerably reduced the
sound power level at the point of impact. A permanent difference is identified between the background noise and the fan's
work load, considering that the background noise level exceed the norms under Regulation 6/26.06.2006 on the
Environmental Noise Indicators. In 2014 additional activities were performed for permanent noise attenuation coming from
the Iztok Shaft fan by installing special noise attenuation panels at the exhaust line of the shaft. The exterior of the building
where the fan engine is located, was renovated. All these activities led to noise attenuation of almost 20 dBA.

The implemented Noise Attenuation Project for the other noise source - the Sever Shaft fan, which was completed
in two stages during the period 2011 - 2014, led to noise attenuation of about 22 dBA, close to the fan diffuser.
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1. BnLBeaenue

HapapsiBaHeTO € IIMPOKO MpPUIIOKHMMA TEXHOJOTHS 3a
BB3CTAHOBABAaHE Ha pPabOTOCIMOCOOHOCTTa Ha  TEXKKO
HAaTOBapeHM MAIIMHHH eleMeHTH. KadecTBOTO Ha roTOBOTO
H3IeNne 3aBHCH KaKTO OT TEXHOJOTHMYHM (DakTopH (B T.d.
CJIEKTPOAUTE M PEXHMa), Taka M OT CyOeKTHBHHS (HaKTop
(kBaymuukanusTa U OOIIOTO NMCHXO-QU3MYECKO CHCTOSHHE
Ha [IepCOHAIIA).

B pamkwuTe Ha poexT 1o ,,PazpaboTBaHe Ha TEXHOIOTHUS
3a eJIEKTPOJIbIOBO HaBapsBAHE HA M3HOCOYCTOMYMBH CIIOEBE
C M3MOJ3BaHE HAa HaHOMAaTepHalu~ ca Ch3JAJCHH ONUTHU
obpasuu ot cromana S 235JR ¢ pa3MepH, CHOTBETCTBAIIN Ha
cragapta 3a HasapsBane [SO/DIS 15614-7, (umeHHO
250x400 mm) u nebGemmHa 20 mm uype3 HaBapsBaHE C
CIIEKTPOAN  C  HAaHOMOAU(HKATOPH  —  COOCTBEHO
MIPOU3BOICTRBO. IpoBenenn ca Npe/IBapUTEITHH
EKCIIEPUMEHTAIHH HW3CIeBAHUS C IbpBa CEpHsl HaBapeHU
poOu MPH HEU3BECTHO CHCTOSHUE HA HaBapeHUs cioi (6e3
obpaboTka Ha cios) W chen nutidoBaHe BU3yaslHO ca
YCTaHOBEHH 3HAYUTENIHH HEISUIOCTHOCTH B ciost. [Iprumnara
32 TEe3W HEISUIOCTHOCTH € OTA3JeHa Ha TeXHOJIIOTHIHU
OTKJIIOHEHHSI TPH IIPOM3BOJACTBO HA EJIEKTPOAUTE H MPHU
HaBapsBaHe Ha cioeBere. Ciex BHMMAaTeIHA INPOBEpKa Ha
eTaNuTe 3a HaBapsBaHE eKCIICPUMEHTATHUTE N3CIIe[BAHUS ca
MOBTOPEHH C OIJIeJ 3a MPAKTHYECKO INPHIOKEHHE Ha
yNTpa3ByKOBHsI ~METOA 32 OIEHKa HalIMYHeTO Ha
HELSJIOCTHOCTH B n3genusi. OOMKHOBEHO B

peasHn
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MpaKTUKaTa Ce M3MON3BaT CTAHAAPTU3HPAHH TEXHOJIOTHHU 3a
olpe/eNsHe Ha pa3ceiBaHeTO/OTPaKEHUETO HA CHEPrusATa Ha
BBJIHATa OT HEISUIOCTHOCTTHTE. 3a Toxo0psBaHE Ha
OTKpPHMBAaEMOCTTa HAa HEIPIOCTHOCTH, HW3MEpBAaHHUATA Ce
MPOBEXIAT PN HUBA Ha Aedexrockomna + 6 dB B cpaBHeHne
C aMIUIMTyJaTa Ha KOHTpoJleH oTpaxaren. Hamune ca u
OTKJIOHCHHSI OT T€3H IPEHNOPBKU, NPU KOUTO C€ U3CIIeABaT
OTpa3eHH CUTHAJM NpH HMBa Ha amrumtyzaara 10 u 20 dB B
3aBUCHUMOCT OT ThPCEHUTE HeIsIIOCTHOCTH [1].

3a KOHTPOJ Ha yYacThIU C TOJIEMH pa3MepH C yCIex ce
U3M0NI3BaT  MOBBPXHOCTHUTE BBIHM. KaTo  OCHOBHH
nH(GOpPMAaTHBHY MapaMeTpH Ce M3MONI3BaT KOe)UIUEHTHT HA
3aTHXBAaHE HA BBIHATA, a B IIOCICIHUTE TOIUHU U CIe[
YEeCTOTEH aHaJU3 Ha IOJIy4eHUs: CUrHai [2].

Llen Ha HacTosmaTa padoTa € 1a HalpaBy yJITPa3ByKoBa
CpPaBHHUTENHA OLEHKa Ha BBTPEIIHM HEISUIOCTHOCTU B
HaBapeHH  HAHOMOAM(HIMPAHM  CJIOEBE C  OrJe[
pa3paboTBaHEe Ha TEXHOJOTMHU 3a KOHTPOJ Ha Bb3CTAHOBEHU
MAlIMHHN €JIEMEHTH.

2. IlocTaHOBKA Ha U3CJIEIBAHETO
B HACTOSIIATa pabora ca MpeJICTAaBeHU
CKCIEPUMEHTATHA  PE3yJITaTd 0T  0e3pa3pyIIUTeITHO
W3CIIe/IBaHe Ha PHUYHO EJIEKTPOABIOBO HABAPEHU CIIOEBE Ype3
€JIEKTPOIN c HaHOMOH(UKATOPH B oOMa3kara.
Kracudukanuss Ha M3MON3BaHUTE ENEKTPOAU € IMOKa3zaHa B

Tabu. 1.
"ﬁ‘ 172 ;4

i |
f l




0

11

@ur. 1. oron3obpaskeHus Ha HIKOU U3CJICABAHH IPOOH, a) OT IbPBO M3CIICBaHE, 0) — 3a H3CIeIBaHE Ype3 MOBbPXHOCTHA BhJIHA

Tab6n. 1. Knacudukauus Ha N3M0I3BaHUTE SICKTPOIH.

ITpo6a Ne Hanomonuguxarop Kommaectso, %
1 Basor enekrpos (M3A-E300) -
2 TiN A
3 Al, O4 A
4 SiC A
5 TiCN+C (mokpur ¢ A

BBITIEPON)
6 TiN+Cr (moxput ¢ Xpom) A
7 TiN A2
8 TiCN A2
9 Al 04 A2
10 SiC A2
11 TiN+Cr (moxput ¢ Xpom) A2

KBIETO: A — 130paHo 6a30BO KOJIHYECTBO
HaHomouuKaTop, %.

Ha ¢ur. 1 ca noka3anu nutndoBaHu y4acThLH OT JBETE
MapTUIU Tpodu ¢ nebenrHa Ha HABApPEHUS CIOW B PaMKHTE
Ha 2.3 mm 3a IpeABapUTEIHO U3CIeBaHe (a) U 3a IPOBEpKa
Ha yTOYHEHAaTa TEXHOJOTHS 3a TIPOM3BOACTBO Ha
eJNIeKTpoauTe U 3a HaBapsiBaHe. [IpoOute ot dur. 1 a) ca ¢
nuamersp 20 mm, a te3u oT ¢ur. 1 6) — ¢ OPHEHTUPOBBYHU
pa3mepu 40x60 mm. 3a Bropara cepus, npoda 10 okosno 0.4 -
0.55 mm cpeaHa rojeMuHa Ha HEIUIOCTUTE, IIpoda 6 — 0.52
mm HepaBHOMEPHO pa3lpe/IeieHue B U3CIEABAHOTO JIMLE OT
mpobute B T.4. mpoba 11, 3a mpoba 7 pmamerppa Ha
HersuocTHocTuTe ¢ 1.07 — 1.4 mm, 3a npobure 7 u 2 ca
pasIpeneneHy IMo-paBHOMEPHO, T€ Ca C IO-TOJSIMU Pa3MepH.
HaGmonaBaHOTO ~ HEpPaBHOMEPHO  paslpeieieHHe  Ha
HEISUIOCTHTE C€ CBBP3Ba C H3BSCTHH OTKJIOHEHUS B
HnapaMeTpuTe Ha PEXKMMA Ha HaBapsABaHE M KOJIMYECTBOTO
HaBapeH MeTal. PaBHOMEPHOTO  pasmpejeleHHe  Ha
HEIPUIOCTHOCTHTE Cce  OOSCHSBA Mpead BCHYKO  ChC
CTPYKTYPHH NIPOMEHH U W3MEHEHHE Ha o0eMa Ha HaBapeHHUs
CJIOH B Ipolieca Ha U3CTUBAHE.

lMpeo6pasysamen
A -—
——— 3
Haeapen Ly —
cnoll N[N X =] — |
i T. % K\E
" T )
b KomnioThp o
Mpo6a <3 7! 8
po6a
e § i
Hucppoe dechbexmockon a) = 6)

Owr. 2. CxeMa Ha eKCIIEPUMEHTAITHO M3CIIeIBaHEe Ha HAaBapEHHUS CIIOH.

Ha ¢wur. 2 a) e mokazaHa cxema 3a IPOBEXJaHE Ha
EKCIIEpUMEHTHUTE NPH M3CIIEABAHE Upe3 HAUILKHH BBIHHA. 3a
CKCIIEPUMEHTAIIHUTE W3CJIEIBAaHWsS € M3IO0JI3BaH JBOCH
npeobpazyBaren MSEB S5c pabotHa yectora 5 MHz 3a
Bb30Y)KaHE W PErucTpUpaHe Ha HaJUIbXXHM BBJIHH. 3a
BCHYKH ekcrepuMeHtdH ¢ u3mon3Ban USB  mudpon
nedexrockon Ha ¢upmara LECOEUR ELECTRONIQUE
SARL, paborem CcBBMECTHO C MOAXOIAIl codTyep U C
IIOMOINTa HAa KOMIIIOTBP. B Teopusara Ha ynTpa3ByKOBHS
METOJ TBPCEHHTE CIWHHYHM HEIPUIOCTHOCTH ca ¢
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MIPETIOPhUNTENHA TOJIEMUHA HE I0-Manka OT JbJIMHATA Ha
BBJIHATA. 3a W3IIOJ3BaHATa YECTOTa HA HAIIBXKHATA BBJIHA
Ta3yW Ipenopbka oOmpeneins MHHUMalHa ToOJEeMHHA Ha
€IMHUYHU HEIIJIOCTHOCTHU € 1.192 mm, CTOMHOCT mo-rojisiMa
OT BHU3YaJHO OIpPEJIEICHUTE IOBBPXHOCTHH Je(eKTH B
HaBapeHMs ciod. Hamune ca u TpyJHOCTH OT TEXHOJIOTHYEH
XapakTep 3a n3paboTBaHEe Ha KOHTPOJIHH OTpakaTeld 3a
Mpenyu3Ha HAacTpoiika Ha cKamaTa Ha JedeKkTockoma. 3a
NIPOBEXIAaHE Ha HACTOSIIETO M3CIIEABAaHE HacTpoiikara Ha
nedekTocKona € HanpaBeHO C MOMOINTAa Ha HEIsUIOCTH B



cromaHata S 235JR, nonydenu B mporeca Ha M3TErsHE Ha
nebenocTeHHara JjamapuHa. HampaBeHo e mnpoyuyBaHe Ha
roJIeMUHaTa Ha HEIPUIOCTUTE, MONYYSHU IPU H3TErIsIHE Ha
CTOMaHaTa M € YCTaHOBEH ToJIsIM JIHala30H Ha OTKIOHEHHE
(mampumep, ot 0.024 mo 0.140 mm) B 3aBHCUMOCT OT
TEeXHOJIOTHATA, XHMHUYECKUSI CBCTaB, TOJEMHHATa HA
IUTaCTHYHATA Aedopmarys u 1p. B erama Ha npeasapuTenHa
MOATOTOBKA  HAa  EKCIePUMEHTHTe ca  W3CIEIBaHU
OTpakKEHMATa OT HEIUIOCTH KaKTO B CTOMAaHaTa, Taka U B
HaBapeHus cioi. Cien o0oOliaBaHe Ha pe3yaTaTHTE €
yCTaHOBEHa HACTpOiika Ha eKpaHa Ha JAe(eKTOCKOma, MpH
KOSTO € HaluIe pA3Ka TpaHHLA MEXIy aMIUTUTYJUTEe Ha
OTpa3eHNTe CHUTHAIM OT BBTPEUIHUTE HEIPUIOCTH U IIyM, a
UMEHHO: yBenuueHne ¢ 25 dB Ha ycuiiBaHeTO B CpaBHEHHE C
HHBOTO Ha OTpa3eHHWs JIbHeH curHan. Ompexnenenn ca
MECTOIOJIOXKEHHATa X Ha OTpaKaTelNTe dpe3 H3MepBaHe Ha

!
BpeMeHaTa X Ha pa3sNpoCTpaHEHHE Ha HATBEXKHATA BBJIHA
B npo0ata o 3aBUCUMOCTTA!

x'b
X =
b!

!
kbaero be e nebenmmna Ha npobara, b' -

s (D

BpeMe 3a
pasnpocTpaHeHMe Ha JIbHHMA CHrHau, C] - CKOPOCT Ha

HaJUIb)KHaTa BbJIHA B CTOMaHara. B cnyqaﬁ, 4€ HEUAJIOCTUTE

a)

Amnnurtvaa. dB

ce HaMupat 030 Pa3CTOSHUE €AUH 10 IPYT, TO € BH3MOXKHO
Te Ja He ObJaT aMIUIMTYJHO pasTpaHUueHH  upe3
neeKTocKona, a Taka ChIIO M Ja NpPeIu3BUKAT OTPa3eH
CHT'HAJI C yBeJIMYEHa aMILUIUTY/Ia.

HerstmocTHOCTUTE ca M3CIEIBAaHU B YETHPU TOYKH OT
mpobute, mokasanu Ha ¢ur. 3 a). Kato wnamkatop 3a
KOPEKTHOCTTa Ha M3MEPBAHETO € M3IIOJ3BaHA aMILIUTYAATa
Ha OTpa3eHaTa OT 'paHHUNaTa Npeodpa3yBarTel-1poda CUrHAIL.

OmnpeneneHn ca KoehUIMEHT Ha 3aTHXBaHe (X U
CIEKThPa Ha PETUCTPUPAHUS CUTHAT 3a 00pasuute oT ¢ur. 1

0) u usmenenue AL, Ha 6a3zoBoTO pascrosHue L, mexmy

npeobpasyBarenute (¢ur. 2. 6) ot 15 mm. KoepunneHTsT Ha
3aTHXBaHe (¥ € W3YMCIICH CJIe[ M3MEpBaHE Ha pa3luKara B
aMIUINTy/IaTa Ha BBJIHATA NIPU W3MECTBAaHE Ha Pa3CTOSHHETO

MEXIy Ipeobpa3yBaTenTe ¢ ALX 10 3aBUCUMOCTTA:
—a.AL

A=Aye X, Q)

KBICTO AO u A Ca aMIUIMTYIX Ha CUT'HaJIa Mpeau U CICI

U3MeCTBaHEe Ha TipeoOpasyBaresnure Ha pascrosHue AL, .

YecTo MBTH B HAYYHHUTE HU3CICABAHUS KOCPHUIUCHTHT (X ce
JlaBa 3a eIMHUIA IbJDKUHA HA BbIHATa [3].

6dB

fa Yectora, MHz 6)

@ur. 3. Cxema 3a MPOBEXK/JaHE HA EKCIICPUMEHTUTE IPH M3CJICIBAHE Ype3 HaUTHKHHU BBJIHM (2) M OTYNTAHE Ha IIMPOYMHATA Ha
CIEKTHpPa Ha CHUTHaJa OT HOBBPXHOCTHATA BBHIHA (0).

CHexkThpbT Ha CHUTHaJa OT NOBBPXHOCTHATA BBIHA €
ompesieNeH dYpe3 BrpajgeHa (QyHKIOUS B codTyepa KbM
mudposus nedexrockon Ha pupmara LECOEUR. Otunrana
€ LeHTpalHaTa IeHTpalHaTa (Pe30HaHCHATa) 4YecToTa Ha

CHUTHana fo U I[IMpPOYMHATa Ha CHEKThbpa Ha CHUTHAlIa

Af3dB u Af6dB Ha HuBa 3 M 6 dB oT MakcumanHaTa
croitnocT (¢ur. 3 6). Te ca U3MepeHn npu HadaiIHO 6Aa30BO

pascrostane (AL, = Omm ) u npu usmectBane ¢ 15 mm

(4L, =15mm ). 3a mnomoOpsiBaHe Ha TOYHOCTTA IpH

HU3MEPBAHETO PETHUCTPUPAHUST CUTHAI OT MOBBPXHOCTHATA
BBJIHA € U30/IMPaH OT IIyMOBE Ha €KpaHa Ha Ae(EeKTOCKOMA.
3. Pe3yJaTaTu oT H3C/IeBAHETO

J OT CTeHUTe Ha 06[)&3&!.!,&

=]

HeusAnocT Ha i
rpaHuuaTa cnoi |||
= CTOMaHa

s ®m W o® A W & A& B E

e

B

OT HeUanocT B
cTOMaHaTa I |

Ha ¢ur. 4 ca mnoka3aHum THIOWYHU peE3yJNTaTH OT
n3CleBaHE Ha BBTPENIHUTE HEISUIOCTH B  IPOOHUTe.
VcraHoBeHM ca  pasiMuYHM 10 TONEMMHA  OTpPa3eHU

aMIUIUTYU, @ IMEHHO OT: CTeHUTE Ha MPOOHTE, HEISUIOCTH B
HaBapeHMsl CJIOH, HaBapsBaHaTa CTOMaHa M OT TpaHMIATa
MeXAy TsIX. B dacT oT u3cienBaHMsATa NUIICBA OTpa3eH
CHTHAJI OT T'PaHUNATa MEXIy HaBapeHWs CIOH M OCHOBHUS
Marepuai. ToBa ce 0OsCHABA C OTCHCTBHE Ha PsA3Ka IPAHHULA
MEXIy TAX U C OTCHCTBHEC HAa 3HAUUTEICH IO pasMep
HersutocT. JleGenmmuara Ha HaBapeHUs CJIOH € OIeHEeHa
cpeaHo B paMkuTe Ha 2.1 — 2.8 mm 1o pa3cTOSIHUETO MEXKAY
NUKOBETE NpPH IIOCTOSHHA HAcTpolka Ha Mamaba Ha
nedexrockorna.

OT HeuanocT B

RN

b!

HaBapeHWs cnoi ' I
[

Hamuue ca orpaxarenn B HaBapeHMs CJIOM W Ha
TpaHHWIIATa CIIOH-HaBapeHa CTOMaHa C Pa3MepH OT MOpSIbKa
Ha HeIpuiocTHocTUTe B cromaHa S 235JR. 3abens3Bar ce u
aAMIUTUTYIU ChC 3HAUUTENIHO MO-MaJIka ToJIeMHHa (B PaMKHTE
no 5 — 8 dB). IlpuuuHnHaTa 3a TAXHOTO BB3HHMKBAHE Ce
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T ELTE TN Ty |

| : .
®ur. 4. TunmuuHN pe3ynTaTy OT U3CIeABaHE Ha 00pa3LUTe C HOPMaJeH NpeodpasyBaTed.

CBBP3Ba MPEIN BCUUKO C aKyCTHYECKH IIyM U T€ HE ca B3ETH
OpenBUJ TpH OTYMTaHe Ha pesynrature. HampaBena e
IIPOBEpKa Ha TaKa IOJYy4YCHATa HACTPOMKAa 4pe3 U3CIICABAHE
Ha HEIUIOCTH B IUIOCHK 00paser] OT KayeCTBEHa CTOMaHa U
HE Ca YCTaHOBEHHU BBTPEIIHH OTPAKATEIH, 4 CAMO IITyM.
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@ur. 5. EkcriepuMeHTaIH PEe3yJITATH OT U3CIICBAHE Ha HABAPECHH 00pa3iiv ¢ HAJUTHKHU BBIIHH, &) — OT nipoba 3; 6) ot mpodu 4, 7 u

Ha ¢wur. 5 a) ca mokazaHu pe3ynTaTtu OT M3CIeIBaHE Ha
HEISUIOCTH B Pa3NWYHU TOYKH OT mpoda 3, a Ha ¢ur. 5 6) — Ha
pesyarati or mpoou 4, 7 u 8. Hammme ca HemsmocTH ¢
pa3nuyHa TOJIEMHMHAa B 30HHATE OT HpoOWTEe, B T.4. M 32
pa3IMYHM TOYKM Ha M3CIeABaHE Ha egHa mpoda.
OtpaxkaTeanuTe OT IpaHMIaTa CIIOH-OCHOBEH MaTepHal ca Io-
TOJIEMHM WIM Ca PaBHU MO TOJIEMHWHA Ha T€3UW B OCHOBHHMS
Mmetan. ToBa € MHANKATOp, Y€ 32 HACTOSIIETO CPABHHTEIIHO

8.

M3CIeJBaHE HA  TOJNEMHMHAaTa HAa  HEISUIOCTHOCTHTE
pe3ynTaTuTe MMaT OOEKTHBEH Xxapakrep. Pesynrarture 3a
M3MEpEeHHUTE TBIOOYMHU Ha HEUSUIOCTHTE X, MM U OTpa3eHa
ammmtyza A, dB BbB BCHUKH NIPOOH ca ITOKa3aHU B TaOlI. 2.
MakcumManHu pa3Mepu B HaBapeHUs CJIOH ca perucTpupaHu B
npobute 2 ¥ 8, a B rpaHHIaTa CIOW-OCHOBCH METal — B
npobu 3,4, u 7.

Tabmn. 2. 3mepenn 1pa004mHa X, mm 1 OTpa3eHa aMIUINTYAa A, dB OT HeIAJIOCTHTE B IPOOUTE, H3MEPEHH Ype3 HaIIBKHA

BBJIHA.
Ilpoba Ne x/A, mm/dB IIpooa Ne x/A, mm/dB
2.3/14;2.8/11; 5.52/11
1 2.23/15; 2.65/19; 4/20 7 2.7/52; 6.7/37; 8.4/20; 11.4/20
3/15;3.8/10
3/12; 5.4/15
1.3/10; 2.9/32; 4.2/32; 8.3/14
2 3 1.5/12;2.7/28; 4.1/20; 5.4/30
2.9/20; 4.1/19; 8.3/15 3.2/25

3.14/28; 10.3/12

2.4/20; 3.2/60; 4.1/27; 5.4/20

3 2.6/12;3.3/15 9
2.6/22; 3.6/23; 5.4/20; 7.8/31
HE € PETUCTPUPAH OTPAXKATEIT
4 2.7/20; 4.6/20; 6.3/20 10 4.1/24;4.9/16
4/30; 7/35; 9/20 2.6/20; 3.7/20; 6.9/18; 7.8/19
2.6/10; 3.2; 5/10
1.6/10; 15.3/16
5 HC € peI‘I/ICTpI/IpaH OTpa)KaTeJI
2.6/11;3.6/12
11 7.3/42
2.8/14; 3.5/10; 16.1/10
¢ 3.3/10; 16/20

2.5/20; 6.9/25 8.8/10

5.5/20; 6.9/20; 8.9/10; 11.3/10
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Our. 6. Pesynraru 3a koeduruenta Ha (Y 3aTUXBAHETO 32 €AWHMIA IbDKMHA HA IIOBPXHOCTHATA BBIIHA, U3MEPEH IIPH H3MCHEHHE

Ha 6a30BOTO pascrosuue AL, ¢ 15 mm.

ExcniepuMeHTanHu pe3yiTaTd 3a KOe(MIMEHTa Ha
3aTuXBaHe (Y Ha TOBBPXHOCTHATA BBJHA, ONPEIEICH 3a
¢IMHHLA IbJDKUHA Ha BBJIHATA, HOJIYYeH [PH HU3CJICABaHE Ha
pasnnuHu podu Ha ¢wur. 6 a). [lo-ronemu cToliHOCTH 32 O
(B pamkute Ha 0.82 — 1) ca momy4enu 3a mpodute 2, 7 u 10,
3a KOHTO 3a0ele)kMMO € OTYETCHO IO-TOJsIM Opoi Ha
MOBBPXHOCTHH HEISUIOCTHOCTH Ha eIMHMIA IUlom. 3a
npobure 6 n 11, KOUTO ca C HEPaBHOMEPHO PA3IOIOKECHU

MaabK OpOil HEIIOCTH Ca MOJYYeHH CTOWHOCTH 3a (X B
pamkure Ha 0.25.

IIpobGara 6 e wn3cienBaHa B YCHOPEAHH CEUYEHHUS,
pasnonoxeHn Ha guctaHmus ot 10 mm. Pesynrarure 3a
KOe(UIMEHTa Ha 3aTUXBaHe (X 3a Pa3iIMYHHUTE CEYEHHUS ca
moka3aHu Ha ¢ur. 6 0). YCTaHOBEHO €, 4e H3CICIBaHUS
rmapaMeTsp B paMKHTE Ha MpobaTa ce MPOMEHS MEXIy
croitnoctute 0.14 1 0.24. YcranoBeHusAT (akT ce oOsCHsIBa
4ype3 pa3IMyHa WHTEH3UBHOCT HA HEIPUIOCTUTE B IpobaTa u
JUCTIepCHsl Ha BbJIHATA OT TSIX.

] [ = "
A npoba 2 = - npo6a 2 .
ul - N
! »: »:
w au;i
| 6)
o o] o Iy Mpo6a 7 ol
| . | |1 .
e — — | J VA ‘f AT
2] 4 = -
L) % | B) M 10 ] nm »n ] F)

@ur. 7. TunuyHy pe3yaTaTu OT U3CJIEBAHE HA CIIEKThPa Ha Per

pascrostane AL, = Omm (anuB)unpu AL, =15mm (6ur).

WCTPUPAHUTE CUTHAIH 32 ipodu 2 (au 6) u 7 (B u T) Ipu 6a30BO

Tabm. 3. Pesynraru 3a fo s Af3dB u Af6dB , MHz.

o0 N Hauanno 6a3oso pascrosinue (AL, = Omm ) 3a 6asoBo pascrosuue AL, = 15mm
IIpoGa Ne
P fO,MHz Af3dB,MHZ Af6dB,MHZ fO,MHz Af3dB,MHz Af6dB,MHz
2 3.63 0.54 0.83 3.67 0.75 1.15
7 3.73 0.96 1.44 3.5 0.69 1.01
3.66 0.97 1.4 3.72 0.96 1.41
3.75 1.03 1.5 3.75 0.97 1.39

Ha ¢ur. 7. ca mnoka3aHn NIMOUYHH pe3yjiTaTd oOT
H3CNIe[IBaHE Ha CIEKTbpa Ha PErMCTPUpPAHUTE CUTHAIU, a B

TabJ1. 3 — YKCIIEHH CTOMHOCTH 3a fo , Af?adB u Af6dB ,

onpezeneHn Opy  HAa4amHO  06a3’0BO  Pa3CTOSHHE
(4L, =0mm) u Tpu  HETOBOTO  M3MEHEHHE C
AL, =15mm . Hamuunero Ha  HEUSJIOCTHOCTH B
NOBBPXHOCTHUS ~ CJIOM € TMpuYMHA 3a TPOMsHA Ha
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LIEHTpaJIHaTa 4eCcToTa fo Ha CICKThpa Ha MOBBPXHOCTHATA
BhiHA. Taka Hanpumep, 3a mpoba 11 fo = 3.75 MHz u 3a

nBeTe 0a3MCHU Pa3CTOSIHUS, JOKATO 3a APYTUTE IPOOH - ﬁ)

€ pasiM4yHa NpH TAX, T4 Bapupa oT 3.5 no 3.73 MHz.
EnHoBpeMeHHO ¢ TOBa C€ IPOMEHsS HENOCIEeJOBATEIHO
LIMPOYHMHATA Ha CUTHAJA 3a M3CNeBaHNuTe HUBa -3 1 -6 dB.

Ilpu yBenuyaBane Ha 6a30BOTO pascTosHue L, c 15 mm 3a



po6a 2 mapamerspa A f HapacTBa ¢ 0kois0 50%, a To3u 3a

npoba 7 3HAUUTENHO HaMaisBa. ToBa ce OOsCHsABA C
HacJarBaHeTO Ha JBE BBJIHHM, 3a KOMTO B TOYyKara Ha
perucTpupaHe uMar pasauuve Ha Qaszata. MomeHT oT
HacJarBaHeTo (CyMHpaHEeTO) Ha JIBE BBJIHU Ce BIK/Ia Ha (ur.
7 T), KBAETO SICHO JIMYM, Y€ CMEKTbPHT HA CHUTHAla ce
(dopmupa OT ABE aMIUIMTYIH C YECTOTHA pa3iHka OoKoyo 1.5
MHz. Te3u pe3ynraT JaBaT OCHOBaHME /1a CE€ MPEAIOIONKH,
4e B pe3yiTar Ha HEISUIOCTHTE B HAaBapeHHs CIIOH
3HAYUTENIHA YacT OT CHEPIusATa Ha IIOBEPXHOCTHATA BHJIHA CE
TpaHchopMupa B IpyT BUJ BBJIHA.

4. OCHOBHH M3BOJIM OT H3C/1eIBAHETO

B paborara € HampaBeHO CpPaBHHUTEIHO HM3CJIEABaHE Ha

HEIPUIOCTY B PBYHO  €JIEKTPOJBrOBO  HABapeHU
HAaHOMOAMGUIMPAHU  CJIOeBE  BBPXYy TNPOOHHM  Tena
(m3paborern ot cromana S 235JR ¢ pasmepu,

CHOTBETCTBAIIM HA cTaHmapra 3a HaBapsBaHe ISO/DIS
15614-7). IlpenBapuTenHo BU3yaJHO €  YCTAHOBEHA
HEPaBHOMEPHOCT B Pa3IpeJIe]IeHUETO Ha HELSUIOCTUTE B 4acT
oT npobure, Hampumep ¢ HaHomoxuduiupan ¢ TiN cioi.
To3u ¢akr ce oTnaBa Ha BIUsIHHE Ha CyOeKTHBHHs (akTop
IIpU HaBapsiBaHe. B 3HaumTenHa yacT oT mpobuTe ca HaHLE
PaBHOMEPHO paslpeleNieHd HelsulocTH. BeposTHO 32
HEISUIOCTUTE Ca CTPYKTYpHH TIPOMEHH, BOJACIIH IO
3HAYUTENIHA MIPOMSHA Ha 00eMa Ha MaTepHala IIpH NCTUBAHE
ClIe/l HaBapsiBaHe.

Ha 6a3ara Ha moy4eHHTE eKCIICPIMEHTATHA Pe3yiITaTh
MOJKE J1a C€ HAIPABST CJIEAHUTE OCHOBHU U3BOJIH:

- Upe3 yaTPa3ByKOBHAT METOA C€ PETHCTPHPAT
YCHELIHO HEIPUIOCTHOCTH B HaBapeH ciiod (B T.4.
HaHOMOAMGHLMPAHU CJIOEBE) M Ha TpaHMI@Ta CIOH —
CTOMaHa C TOJIEMHHA, ChIIOCTABUMH C HEISJIOCTHOCTUTE B
OCHOBHHUs MeTan cromana S 235JR.

- He e ycraHoBeHa sicHa rpaHuma (CIoH) MeXIy
HaBapeHHs1 W OCHOBHHA Marepuan. To3u ¢akr ce o0sCHsABa
4ype3 OJNM3KM aKyCTHYECKHM CBOWCTBA HAa HAaBapeHHs C
OCHOBHMSI MaTepHajl, IUIABHO CMECBaHE MEXAy TsX,
OTCBCTBHE Ha PS3KO U3pa3eHa aKyCTHYECKa IPaHHIA.

- Hanune e 3aBucumoct Mexnay Opos Ha nedextute B
HaBapeHHs CIOH M 3aTUXBAHETO HA NOBBbPXHOCTHATA BBIIHA,
KOC(UIMEHThT HAa 3aTUXBaHE MOXE Jia Ce M3I0I3Ba 3a
OLICHKA Ha HELSUIOCTHOCTH B T.4Y. B IOJIIOBbPXHOCTHHS CIIOMH.
Hanuue ca ¢axTi, KOMTO aBaT OCHOBAHHE Jia Ce CMSATA, 4e
OCHOBHA YacT OT CGHEprusTa Ha IIOBBPXHOCTHATa BBJIHA CE
TpaHc(hopMupa B IpyT B BBIHA.
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1. BbBenenue
EnexTpochIpOTUBUTENHOTO 3aBapsiBaHE€ € IIUPOKO
MIPUIOXKUMA TEXHOJIOTHUS 32 HEpa3Iiio0seMo ChelUHSIBaHE Ha

JUCTOBM ¥ TNPBTOBM  MaTepuald  C  HErojsiMma
nebenvHa/muaMeTsp  ca  Ch3AaBaHE ~ HAa  METaJHHU
KOHCTPYKIMU.  EJNEKTpOCHIPOTHBHUTEIHOTO  3aBapsiBaHe
(EC3) e maii-uecTo  M3NON3BaHMS  IpOLEC  IPH

NIPOU3BOJCTBOTO HA MPEXKH OT CTOMAaHEHH TEJIOBE U
apmarypHa cromana. [lociienmHuTe HamMupaT HPUIOKEHHE B
OWTa, KOMYHAIHHTE YCIYrd, CEJICKOTO  CTOIAHCTBO,
CTPOMTEJICTBOTO M MHOrO  JpPyrd  OTpacim  Ha
HNPOMHUIILIEHOCTTa. KpbhCTOCAaHOTO 3aBapsiBaHEe Ha TEIOBE U
apMaTypHa cTOMaHa e BHUJ penedHo
CIeKTPOCHIPOTUBUTENHO 3aBapsBane [l1]. Slkocra Ha
MeTaJlHaTa KOHCTPYKIMS JO TOJIIMa CTeIeH 3aBUCH OT
Ka4eCcTBOTO Ha 3aBapeHOTO ChEAWHEHHE M 3a TOBa B
NpaKTHKaTa Ce BBBEXKIAT TEXHOJOTUM 3a Oe3pa3pyLIuTeTHa
OLICHKa Ha TroToBOoTO wH3zenue. Haif-uecto ce wu3monsea
YIATPa3BYKOBMS METOJ 3a OLECHKA Ha TOJIeMHUHATa Ha
3aBapeHUs] y4yacTbK, HAJIMIE Ca JAHHM W 3a KOHTPOJ Ha
METaJHH KOHCTPYKLMHM B aBTOMOOMJIHATA MPOMHILICHOCT
gpe3 exorpadus [2, 3]. Tesu meromm ca TPHIOKHMH 32
KOHTPOJI Ha JIMCTOBH MaTepHaiy, MOpaad HeoOXOAUMOCT OT
CIa3BaHe Ha M3HMCKBAHUS 33 peallM3MpaHe Ha TEXHOJIOTHHTE U
[0 TPHHIMI ca TPYOHO MPWIOKHMH 33 HPBTOBU
KOHCTPYKIIMHU ChC CIIOKHA (opMa Ha BBHHIIHATA MTOBBPXHIHA
(KaKBaTO € KOHCTPYKLMATa Ha apMHpaHaTa apMaTypHa
Mpexa 3a jkee300€TOH U 0TYaCTH Ha OrpajiHa Mpexa).

BubpoakycTuueckuss METOI € E€AMH OT IIbPBHUTE
NpHJIaraHd  METOOM 3a Oe3pa3pyLIMTENeH KOHTPONI M ce
OTIMYaBa C NPOCTOTa U e(pEKTUBHOCT NpPU KOHTPONA Ha
ManuHHN exeMeHTH. OCHOBaBa ce Ha TsCHATa BPh3Ka MEXIY
CJIACTUYHHTE CBOMCTBa Ha €IHA TpeNnTslla CHCTeMa |
coOcTBeHaTa 4YeCTOTa Ha TpPENTeHHWH (pe3oHaHca) Ha
cucremMara. MeTombT C yCIeX Ce H3MO0JI3Ba 32 YCKOPEHO
M3IUTBAHE Ha OTFOBOPHHM KOHCTPYKLIHM OT TPAHCIOPTHOTO
MaIlIMHOCTPOCHE, KaTo CIMpPAyHH AUCKOBE, 3bOHM KOJiena,
QTyMHHUEBH OTIHMBKU [0 naHHU oT Blum-Novotest GmbH,
RTE Akustik + Priiftechnik GmbH, 4, 5]. Upe3 Hero ce
KOHTPOJIMPAT OTKJIOHEHUS B KOHCTPYKTHBHHUTE (hopmu,
HaJM4YMe Ha BBTPELIHHM M IOBBPXHOCTHU HEISUIOCTHOCTH,
JlaBa ce KOMIUICKCHA OLICHKa Ha CBOWCTBAaTa Ha MaTepHala.
HampaBeHoTO mpoyuBaHe HE YCTAaHOBHM IPOBEXIAHETO Ha
HAay4YHU M3CJICJBAaHUS Ha KOHCTPYKIMH, CB3IaJIeHH upe3
SNIEKTPOCHIIPOTUBUTEIIHO ~ 3aBapsBaHE upe3  aKyCTHKO-
PE30HAHCHHS METOI.

OCHOBHO M3MCKBaHE OT apMHpaHaTa apMaTypHa Mpexa
3a GETOH € J]a MpUTeXkaBaT JOCTaThuHa MEXaHWYHA SIKOCT Ha
TeNTa W Ha CheAWHEHHATa 3a oOpa3yBaHe Ha MpexaTa.
CromaHata Ha apMHpOBKaTa ce M3paboTBa IO CTaHAAPTHTE
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ASTM u DIN-488 nox mapkure, cvorBetHo, AISII010 u
BSt500M, a tenra e cTyneHO U3TeryieHa ¢ quaMeTsp oT 4 (3)
1o 10 mm 1 opebpena ype3 racTuyHa aedopmanus (cpeuar
ce u ap. Bapuantd). [lo mamam Ha «CTOMaHa WHIYCTPUY,
CTOMaHaTa € C BHCOKAa SKOCT M HMa mepraur-pepuTHa
CTPYKTypa B CBpIEBHHATa W MapTEH3UTHAa CTPYKTypa Ha
HOBBPXHOCTTA. TenTa € cheJMHEeHa B MPEKOBa KOHCTPYKIIUS
4pe3 TOYKOBO 3aBapsiBaHE B 3aBOJICKH YCIIOBHS, 8 KAYECTBOTO
ce rapaHTupa OT 3aBOAA-IIPOM3BOJUTEI Upe3 paspyLIUTEITHU
u3cnenBaHus B J1abopaTopHH ycioBus. CBCTOSIHHMETO Ha
TOTOBOTO W3JENUE CIIEJ 3aBapsBaHE 3aBUCH OT peJauLa
(akTopy, KaTo PEKUM Ha 3aBapsBaHE M ChCTOSHUETO (B T.4.
YHCTOTa) HA 3aBapSABAHUTE INOBBPXHHUHM U Ca BB3MOXKHU
BUONMH W  He3albenexuMu  OeekTd.  YaadyHo e
pa3paboOTBaHETO Ha TEXHOJIOTMH 3a Obp3a OIEHKa Ha
Ka4eCTBOTO Ha apMaTypHHTE MpEXH 3a IPOU3BOACTBO Ha
Keae300eTOH, B T.4. OT MOTPEOUTENsl NMpeAd 3ajlMBaHE Ha
Mpexara ¢ OETOH.

Llen na Hacrosmara pabota e ma 00OCHOBE
MIPUIIOKEHHETO HAa BUOPOAKyCTUUECKHUSI METOJ[ 32 OLIEHKA Ha
CBCTOSIHHETO HAa  €IEeKTPOCHIPOTHBUTENHO  3aBApEHUTE
KPBCTOBH CHEMHEHHUS OT ChCTaBa Ha apMHUPAHU apMaTypHU
KOHCTPYKIIHH 32 JKeJIe300€TOH.

2. [TocTaHOBKA HA U3CJIEABAHETO

Ha ¢ur. 1 a) ¢ mokasaHa cxeMa W JUHAMHYHOTO
MOBEJICHWE Ha CHCTEMa C €lHa CTeNeH Ha cBoboxa Ha.
YpaBHEHUETO 3a ABWKEHUE HA TAIOTO € [4]:

mix(t) + cx(t) + kx(t) = £ (1)
(1

KBAETO M € MacaTa, C - KOS(UIMEHTHT Ha 3aTHXBAHE H K -
kopaBrHata. CBITacHO TOBa YPaBHEHH CyMaTa OT BCHYKH

mx(t)
cuid (MHEPLHMOHHHUTE -
cx(t)

M Ha CHIMTE 3a HPOIB/DKABAHE HA JBIXKCHHUETO),
JeHCTBalld BBPXY Macata m € paBHA Ha BBHIIHO
npuiioxeHara cuna f{¢) (¢ur. 1 a). luHaMHYHOTO MOBe/IeHNE
Ha CHCTeMarTa ce ONpPeaeys OT GYHKIHUATA:

, Ha BBTPCUIHOTO TPUCHE -

1
—-mo* +icw+k

H(w)=

@
KBbJIETO (€ KpbroBara 4e€CTOTA. OT Ta3u 3aBHCHUMOCT npu
c=0 ciaeaBa M 4YECTO HM3IIOJI3BaHATa 3aBHCHMOCT B



MAalIMHOCTPOCHETO 3a ONpeACIIHE Ha KPUTHYHA BIIOBa

@, =.k/m
CKOPOCT Ha IIPBB Ball 1! .

,HI/IHaMI/I‘{HOTO TIOBCACHHUE HA CUCTEMA C IPUIIOKEHU

CHITH fl ( l‘) (¢wur. 1 6). e cIOXKHO U Cce OIpeeys BbB BHIA:

N :
Rn Rn
H(@)= ), +—
—~o-A, o-4,
(3)
TyK inI/I lﬂ Ca KOMIUICKCHU KOPE€HH IIpU MOAU n , KaTo

n=l+N,R

N ca Mmarpui, KOUTO ce IeUHHUPAT Upes3:

R, = ]ir/rll H(o)(@o-4,)
@) '

fit)

1

Owr. 1. Cxema 3a npe/ICTaBsIHE Ha CHCTEMHU C e/1Ha (a) U ¢
moseye ot eaHa (0) cTerneHu Ha CBOOOA.

| SRR 2

Owr. 2. M300paxeHre Ha U3CIICABAHI

TeopeTuyHOTO H3CIe[BaHe Ha COOCTBEHHTE YECTOTH Ha
TpenTeHe Ha O0pasuuTe € U3BBPIICHO IIPU  CJIEAHHUTE
[PE/NOCTaBKHU:

- 00pa3uure, B T.4. U B 00JACTTa HA 3aBapsBaHETO,
ca U3pabOTEeHH OT EHOPOJICH MaTepHal;

Kakto ce Bmxma ot (3-4) romemuHata Ha TOYKaTa OT
KOHTAaKTHaTa 00JAaCT Ha 3aBapeHOTO CHEAMHEHHE € B MpsKa
Bpb3Ka ¢ KOHCTPYKIHATA HAa apMUpaHara Mpexa. OT rienHa
TOYKAa Ha I0JyYaBaHETO Ha MO-AICHM IpU3HALM 32
jgemudpupane Ha TEKyLIO ChCTOSHUE B IIPAaKTHKaTa € 3a
HpenoYnTaHe OIIPOCTSIBaHE Ha KOHCTPYKIHUSTA,
PECNEeKTHBHO, HaMmajsBaHe Ha (HakTopuTe, OKa3BallH
BIMSIHHE BBPXY PE30HAHCHUTE 4YECTOTH. Ta3W Hpernopbka
00ocHOBaBa KpbCTOBUAHATA (DOpMaA, 4acT OT apMmaTrypHaTa
Mpexxa, Ja Obae u3bpaHa Karo OCHOBEH oOpasen 3a
U3CIIe/IBaHE.

B HacrosmeTo u3cienBaHe BIMSHUETO HA KOHTAKTHOTO
METHO Ce OLEHSABAa TEOPETHYHO 4Ype3 KOMIIOThpPHA
cHUMyJlalis Ha COOCTBEHH YECTOTH B Y4acThK OT Mpexa U
Yype3 EKCIEePUMEHTANHO H3CJIEABaHE Ha pealHn oOpasIiy.
O6pa3uure ca KOHCTPYMPaHH OT LHJIMHIPHYHH Tejia C
¢opma, monoOHa Ha ChINECTByBamlM oOpasnu, Karto ca
OPOMEHSHH TOJIEMHHATA HA 3aBapeHOTO IETHO, BHIa Ha
MaTepHana, IpellKd B 3acTomopsBaHero. Ha d¢ur. 2 a) ca
MOKa3aHW  eKCHEPUMEHTAJIHH  0o0pa3LU-CBUIETEIH  OT
M3CJIe/IBaHE HA PEXMMa Ha 3aBapsiBaHe BbPXy SKOCTTa Ha
3aBapeHOTO CHEAWHEHHUE, NPH KOETO € ThPCEHA ONTHMAalHA
(MakcHMalHa) SKOCT Ha 3aBapeHuTe ydacThi. OOpasuure
ca n3paboTeHN OT apMHUpaHa CTOMaHa ChC JHaMEThp Ha Tena
4 mm u ca u3bpaHH C pa3iMYHA rOJEMHHa Ha TOYKara B
KOHTaKTHaTa o0JIacT Ha 3aBapeHHUTE CHEIMHCHHs, OIICHEHA
Bu3yanHo. Ha ¢wur. 2 6) e moka3ana onuTHaTa ypenda 3a
eKCIIEpUMEHTAHO n3ciienBane. M3cnensanure obpasuu 1 ca
3aCTONOPSIBAaHM KBM (PyHJAMEHT C IOMOILITA Ha CTSATH U
CIeNUATN3UPAHA BUOPOU3O0IUPAILIN MOATOKKH OT ABPBECHU
gactuii. B oOpasuure ca BB3OyKHaHHM BHUOpanuu dYpe3
MarHuTeH mpeoOpasyBaren 3, 3aXpaHBaH OT TEHEPATOp C
[UIABHO HM3MEHEHHE Ha 4YecToTaTa W C [OMOLITa Ha
cTabuiM3apaH eJIeKTPUYECKH YyCHIBaTeNl. Perucrpupa ce
3ByKOBOTO HAJSraHe, IMPUYMHEHO OT BHOpaluure Ha
MOBBPXHUHHTE Ha U3CJCABaHHUs o0Opasel upe3 u3MepBaTelicH
MHKpOGOH ¢ nuHeiiHa ckana B anana3zoHa 30 Hz — 18 kHz u
uype3 USB unrepeiic ce 3anucsa B KOMIIOTEP 5. 3anmucaHus
cHurHaj ce aHanusupa no dypue, a pe30HAHCHUTE YECTOTH Ce
OIIpEeNENAT M0 MaKCUMyMHUTe Ha amiuutyzaara. [TomydeHure
JaHHH Ce M3I0JN3BaT 3a CpaBHUTENHA OICHKAa Ha

TCOPETUIHUTE PE3YJITATH.

Te 00pa3iu (a) 1 Ha onuTHATa ypenoda (0).

- (M3MKO-MEXaHWYHHUTE CBOMCTBA Ha MaTepuaia ca
OMpeJeNICHH 0 JIMTePaTypHH NaHHU (OT Oa3aTa JaHHH Ha
¢dupma SolidWorks);

- obpasuute ca u3paboTeHH aOCOMIOTHO TOYHO, HE
ca B3eTH B NPEIBUJ I'€OMETPUYHM TPEIIKH BCICACTBUE OT



poMsiHa Ha (popMaTa IpU OTPE3HH OIIEpaLliH, HEe € OTYCTCHA
nedopmanusaTa OT apMUPAHETO N0 MOBBPXHOCTTA Ha TeNaTa;

- 3aCTONOPSABAHETO Ha oOpa3uute € abCOoNIOTHO
TBBPJO, HE ca B3ETU IpEIBHA BB3MOXKHU JedopMmaiuu B
3aKpENBAHETO, B T.4. M BbB (hyHJaMEHTa.

Mojenupaneto Ha HM3CIeABaHUTE 00pasuu €
u3BBpIIEHO B cpepata 3D monenuepa Ha makera SolidEdge,
KaTo 3a ONPOCTSBAHE HA MOJEJa TeJTa € MPEICTTaBeHa KaTo
mmHApHaHO Tsu10 (dur. 2 a). Moxenupanu ca gBa Buzma
obpasuu: 1) - 3a mpeABapUTENHO OLEHKA Ha roJeMHHATa Ha
TOYKaTa Ha 3aBapsBaHe 4pe3 BUOPOAKYCTHUYECKHUSI METO U 2)
—  MojeNMpaHe  Ha  ChIUECTBYBAamM  oOpasuu |
eKCIIEPUMEHTAJIHO  HOTBBPXKJICHHE  Ha  IOJIy4EHUTE
TEOpETHYHH pe3ynTaTd. loneMuHaTa Ha TOYKara B
KOHTaKTHaTa 00JacT Ha KPBCTOBHMTE 3aBapCHH ChEIMHEHMS
ce neuHMpa Ypes:

- reoMeTpu4HO (OpMHpaHE Ha KOHTaKTHH
HNOBBPXHMHH KAaTO OKPBXKHOCTH IIPH MPOBEXKIAHE Ha
HpeBapUTEIHUTE U3CIICABAHUS U

- 3aJaBaHe Ha COJNMDKABaHE MEXIY BUPTYaIHO
3aBapEHUTE y4acTblH, NOJOOHO Ha 3aBapsIBaHETO HAa PEAIHO
ChEIMHEHHE; B TO3HM Ciy4ail TOJIEMHHATa Ha KOHTAKTHOTO
HETHO € ChC ciloXHa (opMa M ce OmIpenens B cpelaTa Ha
CAD (¢wur. 3 0).

Pa3smepute Ha OOpasUMTe Ca YHOpaBIsABAHH C
[OMOLIITA Ha MapaMeTPUYHO 3a/[aBaHe B MEHIOTO Variable Ha
SolidEdge (¢ur. 3 B) ¢ KOeTO ¢ MOCTHIHATa T'bBKABOCT U
e(eKTUBHOCT Ha M3Clie/iBaHeTo. Mojenure ca pa3lno3HaTy B
3D cpena Ha codryepuus naker SolidWoks, 3amamen e

a)

MaTepuaJ C HeroBUTe (PM3MKOMEXAaHWYHH IapaMeTpH W ca
NPWIOKEHH HJCATU3NPAaHN ONOPHH peakuuH (3aIbBaHe) B
LeJIEBH 30HU.

N300paskeHHss Ha U3MOJI3BAHUTE MOJENH ca
nokasaun Ha ¢ur. 4. IlpexBaputenHuTe H3CIEABaHUA ca
MIPOBENICHH Ha CUMETPHYCHKPBCTOBUACH obOpasen (¢ur. 4 a),
3ampHAT Mo eauwHUA npodmir. OO6pazembT € C¢  pasmep

a=77 mm, MOIyn Ha JuHeiHa pedopmauus E =
2,1.1 0l ! Pa, momyn Ha wbraosa nepopmamus G =
7.9. 1010 Pa, xoepumment na Iloacon V =0.28 wu

mneTHOCT P = 7800 kg/ m3. Wzcnenpann ca obpasuu ¢

pa3nuvHa TONEMHHA HAa [HaMeThpa Ha TOYKOBATa 3aBapKa,
Te ca mokazaHu B Tabn. 1. B To3m cmywaii coGcTBeHUTE
YECTOTH Ha TPENTsIlaTa cHUCTeMa Ile 3aBHCH OT JbIDKMHATA
Ha JIpyroTo TsUIO U rojeMUHAaTa Ha TOUKOBATa 3aBapKa.

Ta6u. 1. Pasmepu Ha u3cienBaHnuTe 00pasiy 3a HaIpaBa Ha
HpEIBAPUTEIHY U3CIICIBAHUS.

Oo6paszer Ne JuameTsp d Ha TOuKOBaTa
3aBapka, mm
1 3.36
2 2
3 1
4 0.5

e
V. PhysicalProp... 7850.000 ... Limit
V. PhysicalProp... 0.990 Limit (0. T Acura
D. X2 73.00 mm r
; D. %3 75.00 mm r J
- D.F 100 mm @ r
D. X1 125.00 mm r i
3{1{*6 D. Diameter 4.00 mm | @ r J_J
—— 1] | L2 P
0) A —F—=— B)

@ur. 3. XapakTepHHU €TalH 3a Ch3JaBaHe Ha MOJICIIUTE; a) — Ch3JlaBaHe Ha MOJIEl, 0) — OlIEHKa Ha KOHTAaKTHOTO TIE€THO, B) —
aBTOMAaTHU3UPAHO MOCTPOSIBAHE HA MOJIEII.

1 a)

X4 X2

|
|
|
| x
|
|
|
|

0)

®ur. 4. CxeMH 32 TEOPETUYHO U3CIIEBAHE Ha OMUTHUTE 00pa3Iy; a) 3a MPOBEXKIaHEe Ha MPEABAPUTEIIHH U3CIIeABaHMs, 0) 3a
MOJICIMPaHE Ha ChILECTBYBAIIN 00pa3Iy.

Ha ¢ur. 4 6) e mokazaHa cxemMa Ha OIUTHHU
obpa3ny, wu3paboTeHM 10 pa3Mep Ha ChHIIECTBYBAIIU
KPBCTOBUAHH 00pa3Iy, YacT OT U3CJIe[BaHE HA OITUMU3ALINS
Ha pexXMMa Ha 3aBapsBaHe. Pasmepure Ha oOpasuure u

cunata Ha paspymasane F pa3. B 3aBAPEHUS YUACTBK ca
mokaszanu B Tabn. 2. Te ca uzpabotenu ot ctomana BSt500S

. 11
¢ mapameTpu: Moy Ha uHeiina nedopmamus E = 2.10

Pa, mMonyn Ha wrnoBa aedopmamus G = 8.1010 Pa,
koeduuent Ha Iloacon V =0.29 u nuerHOCT P = 7870
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3
kg/ M~ . TonemuHaTa Ha HANPEYHOTO CEYeHHE Ha oOIacTTa

Ha 3aBapsBane ¢ S = 13.32, 10.15, 5.69 u 1.32 mm2 e
MONTy4eHO d4pe3 cOmmkaBaHe MEXIy IEHTPHTE Ha
WIMHAPHYHUTE Tena. Te ca MONydeHW IIpH cONMkaBaHe
Mexay ocure, cborBeTHo, 1.5, 1, 0.5 u 0.1 mm. B mbepBoO
npuONmKeHne € TnpeHeOperHato ImIacTHQUIUpPAHETO Ha
OUIMHApUYHUTE  cedeHns. CoOCTBEHHMTE 4YeCTOTH ca
ompeieNieH! MPU 3aI’bBaHe Ha 00pas3lMTe B T. A, aHAJIOTHYHO
Ha TIpoBeAeHNUTE ekcrepuMeHTH. KaTo ce mMa mpeaBus, ue
3a cromaHa BSt500 cmeq TNOBBPXHOCTHA —IUTACTHYHA
nedopmaryss  TpaHWmATa Ha  SKOCT HPH  HOPMAJHO



HaroBapBaHe € B pamkute Ha Opg = 700 MPa, cvorBeTHO,

opu cpsasgane Tg= 490 MPa, 1o 10 eneMeHTapHH

3aBUCHMOCTH 3a MUHHMMAaJIHOTO M MaKCHMAaJHOTO JHIE S Ha
KOHTaKTHOTO IMETHO HAa W3IUTBaHWTE O0pa3ly Ce IoJlydyaBa
Smax =
HaJMIE € U3MEeHeHne (HaMalsiBaHe) Ha KOHTAKHATa S ILIOI]
okoiro 12 %.

13 mm2 " Smin: 16 mm2. CriegoBaTeIIHO

3. Pe3yaTraTu OT H3C/1eIBaHETO.
Ha ¢ur. 5 ca mokasanu 3a yecroTure f Ha IBpBHUTE 6

MOAM 3a IpeIBApUTENIHA IIPOBEPKA IIPUIIOKEHUETO Ha
BHOPOAKyCTHYECKUsI METOA 3a OICHKa Ha TOYKOBHUTE
3aBapkd. 3a mo-100pa OIeHKa Ha BIUSHHUETO Ha rojeMUHAaTa
Ha KOHTAKTHOTO IETHO € OIpEe/ielieHa HM3MEHEHHETO Ha

v
MakCHUMaJHaTa 3aBapeHa Iuonm] S TpH d :3,36mm,

Afi = f;1=3 Aomm f; Tyx fl e coOcTBeHaTa 4ecToTa
obpasuute ¢ Ne 2, 3, 4. Ha ¢ur. 6 a) u 6) ca mokasaHu

yecrorara Ha MOIa l IIpu HaMaJIsIBAHEC Ha

pe3yiTatu 3a 4ecToTara f Ha MNBPBUTE MIECT MOAU U

Afi Ha

[PEIBAPUTEIHOTO  M3CICABaHE [PH  HaMaiusBaHe Ha
IUaMeTbpa Ha TOYKaTa Ha KOHTAaKT Ha 3aBapeHOTO
cbeauHenue ot 2 1o 0.5 mm. Pesynratute ca mojgydeHu npu
3ampBaHe Ha eauHMs npodui Ha obpasena. Ilpu onenka Ha

YECTOTHOTO HU3MCHCHUC MOIUTE 1 oT

napameTrbpa Af; KaTO OCHOBHHM Ca NPHUETU YECTOTUTEC Ha

obOpazena 1 (c nuamersp Ha Toukata 2 mm). Pesynrature
MoKa3Bar, ye AeopMaluuTe MO IABOHKK Ha ONHM3KHTE II0
4ecToTa MOJM C€ TIpynupar M ca B JBE B3aUMHO
HepIeHIUKYJISIpHE paBHUHU. HamansBanero Ha amameTspa
Ha TOYKAaTa Ha 3aBapKa IPeJI3BHKBA CHIIECTBEHO H3MCHEHHE
Ha COOCTBCHHTE YECTOTH Ha KPBCTOBUAHHUS oOpasen. Tosa

¥

b

¥

a)

3
3
¥
¥

4

Tabu. 2. Pazmepu Ha u3cieaBaHuTe 00pa3Lu.

O6pasen Ne X1 | Xy | X3 Fpag_ N
7 111 75 77 7800
35 110 75 73 7800
41 103 72 78 6800

H3MEHEHHE € MIPOIOPLHOHAIHO Ha OTKJIOHEHHETO Ha pa3Mepa
Ha Toukara. Taka Hampumep, U3MEHEHHETO Ha JuaMerbpa d
ot 3,36 10 2 mm npenu3BUKBa U3MeHEHHE okoso 25 Hz 3a
mppBa U BTopa Moza 1 okono 90 — 100 Hz — 3a nera u mecra
Mofa. 3a CTOMHOCT Ha AuamMeTbpa | mm ToBa W3MEHEHHE €,
cpoTBeTHO, 45 Hz u 160 Hz. Ilomyuenure pesynratu
JOKa3BaT, 4Ye€ € HaIMIe Mpska 3aBHCHMOCT MEXIy
COOCTBEHHTE YECTOTH M TOJIEMHHATa W ToJeMHHAaTa Ha
3aBapeHUs] Y4acTbK IIPH CHEAMHSBAHE Ha KPBCTOBHIHU
obOpasny  upe3  eNeKTPOCHIPOTHBUTENIHO  3aBapsBaHe.
ITosmyyenata pasnuka B COOCTBEHUTE  4YECTOTH  OT
MIPeBApUTEIHOTO M3CNIEIBAHE € 3HAUUTENHA U € yAauHO Ja
Cce M3MO0N3Ba TPH OLCHKA HAa CBCTOSIHUETO B PEaTHU
KOHCTPYKIIHH.

Ha ¢ur. 7 ca mokazanu nedopMamnust Ha ITbPBUTE
IIecT MOAWM Ha o0Opasmure OT Tabi. 2. AHAJIOTMYHO Ha
NPEIUIIHOTO H3Clie/BaHe, JaedopManuuTe IO JBOWKM Ha
OJIM3KHUTE 110 YECTOTa MOJH CE IPYNHUPAT U €a B ABE B3aUMHO
NEPNEHIUKYIAPHE PAaBHUHU, a TEXHUTE YECTOTH ca ONU3KU
o croWHocT. YecToTMTe HA MOAMTE Ca CpPaBHEHU C
eKCIIEPUMEHTAIHH [AaHHM, IONydYeHH 4pe3 H3CIeIBaHEe Ha
peanHuTe O0Opa3nmM W TPH HICHTHYHH IIPH MOJEITHUTE
W3YNCIICHUS  YCIIOBHS. Tunuaem  pesynratm  OT
eKCIIEpUMEHTATHUTE pe3yiNTaTH ca MoKa3aHd Ha ¢ur. 8.
TouHOCTTa 32 ompeaensHe Ha PE30HAHCHUTE YECTOTH € B

pamkute Ha T+ 2+ 4 Hz

¥

W

r)

?

n) e)

@ur. 5. Jlebopmarust pu moau 1 (a), 2 (6), 3 (), 4 (r), 5 (1) u 6 (¢) .
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@uwr. 6. Pe3yJ’ITaTI/I OT NPEABAPUTECIIHOTO U3CJICABAHE HA Bb3MOXHOCTTA 3a OLI€HKA Ha roJieMuHaTa Ha 3aBap€HOTO IIETHO 4YPE3

BHOPOAKYCTHUYECKHUS METOI; &) — PE3YNITATH 32 YECTOTATA f Ha ITbPBUTE LIECT MOAH, O) - YECTOTHO U3MEHEHUE Afi Ha mozute 71 .

T
Rl

@ur. 7. dedpopmarus npu moau 1 (a), 2 (6), 3 (B), 4 (1), 5 (1) u 6 (€) Ha MOJIETH HA ONIUTHH 0OPA3IIH.

- 1 ;
i I 085
i
| 055
[ ;
045 I
0.
i v
et 0.
. J' li B
[N ul ira
b (11003 i i LA ™ i e R PP [ o o Iy o leﬁﬂ‘ SMaczass H i, P
i LR EEEFEIIEEEEEEELEY T T EEEEEEEEETE
Frogueacy ] = a) Frequency [ta] Tw" )

Our. 8. TunuyHM pe3ynTaTy IpH u3cieaBaHe Ha oopaser Ne 41 3a moau mbpBa (a) u nera (6).

PCSyJ’ITaTI/I 3a YCCTOTHUTC _fl 3a IIBPBUTE TICT MOJIH,

ompeneneHn 3a obpaszen 7 ca mokazanu Ha ¢wur. 9 a). Tyk 1,
2. u 3 ca 03HAYCHH MOJUTE 32 KOHTAKTHA IUIOII, ChOTBETHO,

S=13.32,5.69mu1.32 mm2 , ¢ B —3a koHTaKkTHa 1UIOI S =

10.15 mm2 (xosATO € mpueTra Kato obOpazen ¢ 0a3oBa
JOCTAaTBYHO TOJIsIMa IUIom) M ¢ E — excrepuMeHTaHHU
pesynratu. Ilpy omeHka Ha EKCHEPUMEHTAJIHUTE JAHHU ca
(GuNTpUpaHU YECTOTH, OLICHEHH KaTO XapMOHMIIM Ha Beue
YCTaHOBEHM DPE30HAHCHM TpenrteHus. Hamune e rpymupane
Ha YECTOTUTE 3a MOAW 1, 2 W 5 W 3HAUWTENHA pa3iuKa B
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yectotute 3a momute 3 W 4. YUecroTHara paznmka Afi

MeXIOy MoamTe 3a obpasuure or | mo 3 wm
CKCIICPUMEHTAJHUTAJIHUTE PE3yJITaTH OT €JHa CTpaHa W 3a
oOpasenia ¢ 6a3oBa MmOl ce BHXKAA MO-ICHO Ha ¢ur. 9 0);

Afi = f; — f S210.15mm? * Ilo croiHOCTTA HA dYeCTOTHATa

pasjinka AfE MOXK€ 1a C€ Oopeac/iv, Y€ KOHTaKTHaTa IJIOLL

Ha oOpasema 7 ce Hamupa Mexay 5.69 u 1.32 mm™ , kato
€ HaJlMIe pa3iuKa ¢ JICHCTBUTEIHAaTa CTOMHOCT OKOJO 7Ba
IIBTH.
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®ur. 9. PesynTaTn OT MU3CJIEABAHC HA UBMCHCHUETO Ha MOJUTE B PE3YJITAT HA PE30OHAHCHUTE YECTOTHU 3a 06pa36u 7; a) - YCCTOTH Ha

moaute ot 1 1o 5, 5 6) — YC€CTOTHO U3SMCHCHUC Af; Ha MOJIUTE 71 CIPSIMO TE€3U Ha 06pa3eua C npuera 6a3oBa IIJIOII HA KOHTAKTa.
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-150

a) -150
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0)

®ur. 10. Pe3ynratu 3a 4eCTOTHO U3MEHEHHE Af; Ha MomuTe 7 3a o0passu 35 (a) u 41 (6).

Ha ¢uwur. 10 ca moxa3zanu pesynratu 3a Af; Ha MOJUTE

7 3a obpassu 35 u 41. [logo6HO M3cnenBaneTo 3a oOpaser
7, ToleMHHAaTa Ha KOHTAKTHOTO IIETHO B oOlacTra Ha
€JIeKTPOCHIIPOTUBUTEIHATA 3aBapKa € B paMkute 5.69 u 1.32

mmz Beopekn, 4e e Haiuie CpaBHUTENHO H00po
TpyHHpaHe Ha €KCIePUMEHTAIHH M TEOPETHYHU PEe3yJITaTH,
TO C MPOBEAEHOTO M3CIEBAHE TPYIHO MOXE J]a Ce HAaIpaBH
pasnuka B sikocTTa 3a oopasen 41. [IpuunHUTE Cce OTNaBaT Ha
0COOCHOCTH B  3aIbBaHETO Ha  peajHUTe  00OpasiH,
OTKJIOHEHHSI MEXIy €IacTHYHU CBOMCTBAa Ha MaTepHaia, B
T.4. ¥ HAJIMYUE HA aHU30TPOINHUS HA MaTepuasia B pe3yaTaT Ha
IactTuuIupane Ha 3aroTOBKATa MPH HM3TETJITHE HA TENTa,
TepMu4Ha OO0paboTKa, a Taka CBIIO H TEOMETPUYHU
OTKJIOHEHHS IIPY Ch3/1aBaHE Ha TEOPETUIHHUTE MOJICIIH.

4. OCHOBHH M3BOJIM OT H3CJIeIBAHETO

Ha ©Oasara Ha HampaBeHHTE CHUMYJIAIMOHHU U
EKCIIEPUMEHTAIHH ~ Pe3ylaTaTH MOXKE Jia Ce HalpaBsT
CJIEIHUTE OCHOBHU M3BOJIH:

- Hammme mnpsxa 3aBHCHMOCT MeEXHy COOCTBEHHUTE
YECTOTH U TOJIEMUHATA U TOJIEMUHATA Ha 3aBapeHUS YIaCTBK
OpH  ChEIAWHSABAHE Ha KPBCTOBHIAHM 00Opasmu  4pe3
€JICKTPOCHIIPOTHBUTEIIHO 3aBapsIBaHE.

- Ilomyuenara pa3nuka B COOCTBEHHTE YECTOTH €
3HAQUMTENIHA W € YJa4yHO Ja ce M3INOJI3Ba IIPH OLCHKa Ha
CBCTOSIHUETO B PeaHM KOHCTpyKuuu. IIpu mpoBeknane Ha
eKCIepUMEHTAJIHU U3CIEABAaHUs € HeoOX0oaAuMo na ce uzbepe
HauMH Ha 3aKpenBaHE HA OMHMTHHUTE o0Opaslu C Orjies
MOTyYaBaHETO HA MaKCHMalHa YyBCTBHTENHOCT IIPH
n3CIeBaHe Ha TOJIEMHHATa Ha 001acTTa Ha 3aBapKa.

- 3a mojoOpsBaHe Ha TOYHOCTTa HA HM3CIEABAHETO €
HEOOXOJMMO OTYHTAaHE HAa OCOOCHOCTH B 3aI’bBAHETO HA
peanHuTe 00pa3iy, OTKIOHEHHUSI MEXy eIaCTHYHH CBOWCTBA
Ha Marepuaja, B T.4. M HaJW4YMe Ha aHW30TPONHUS Ha
Marepuaia B pe3ylrTaT Ha IUlacTH(HULHUPaHe Ha 3aroTOBKaTa
IIpU U3TETJISTHE Ha TeNnTa, TepMUYHA 00paboTKa, a Taka ChIIO0
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- 3a monoOpsBaHe Ha TOYHOCTTA HA HM3CIEABAHETO €
HEOoOXOIMMO OTYHTaHE Ha OCOOEHOCTH B 3aIlbBAHETO HA
peanHuTe 00pa3iy, OTKIIOHEHUS] MEXy eIaCTHYHH CBONCTBA
Ha Marepuaja, B T.4. W HaJIMYHE HA AHU30TPOIMS Ha
MaTtepuaia B pe3yiTaT Ha IUlacTH(HUIMpaHe HA 3aroTOBKaTa
MIpH U3TETJISIHE HA TENTa, TepMUYHA 00paboTKa, a Taka ChII0

W TEOMETPUYHHM  OTKIOHGHWs IpU  Ch3JaBaHe Ha
TEOPETUYHHUTE MOJIEIH.
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Abstract: The generation of acoustic images is an important task in area of acoustic monitoring. A wide range of applications is as-
sociated to the task of detection and processing of non-stationary random acoustic signal. In order to reduce the computational cost
in processing of the received signals it is proposed to use a simple, technically feasible rule to their detection/estimation which takes
into account the threshold level. This rule was obtained according to the maximum likelihood method. The paper reveals how to ob-
tain detection rule for estimation of non-stationary random Wiener signal in case of non-stationary interferences.
Keywords: Non-stationary random Wiener signal, detection rule, maximum likelihood method, detector/estimator.

Introduction

In the last years a new technology in acoustic signal pro-
cessing and visualization was introduced [1]. This technology
uses simultaneously acoustic sensors with image sensor. The
idea is to present spatial localization of sound sources. The re-
sulting acoustic image visualizes parameters of sources of re-
ceived signals in angular coordinates azimuth-elevation. The re-
sulting high-quality acoustic image depends on careful choice of
suitable detection rule, especially in the case of non-stationary
signals. The signals detection/estimation block diagram is
formed based on corresponding detection rule. Such a diagram
should be as simple as possible and technically feasible and
plays an essential role in acoustic signal processing algorithms
[2-8]. The block diagram for non-stationary signal detector
which operates with respect to the corresponding threshold level
has not been found [3-8]. The work is aimed to design of detec-
tion rule for monostatic non-stationary signals reception as well
as to design of corresponding block diagram.

Problem statement and solution

Let us consider emission of an object as a realization of nar-
rowband random non-stationary signal with zero mean val-
ue [2, 9]. Next, let us assume that the signal spectrum is not lim-
ited in the antenna system as well as in the receiver, moreover
the instantaneous values of the signal are Wiener distributed.

Let us define x(l ) as a non-stationary Wiener signal. We

will take into account unwanted interferences n(t) which are

non-stationary Wiener noise. The received signal y(t) can be
expressed as follows [5]:

(1) = ax(e)+n(t),

(M
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where x(t), n(t) - are independent realizations of signal and

interference which are non-stationary Wiener processes with ze-
ro mean values; A is random Boolean value which equals to 0

in case of absence of signal x(t) and equals to 1 in case of
presence of this signal; time ¢ is limited by the observation
time T, namely 0<?¢<T . The samples of both signal x(t)
and interference n(t) are obtained during observation time.

The increments y(t + r)— y(t) of Wiener process y(t) are

independent and their values are normally distributed [9]. The
first two central moments of these increments [2, 3] are:

m[y(e+7)-5(0)]=0,

nlloles o)) P - a2l

where o‘% , [V¥s] is the variation of velocity of increments of
Wiener signal and symbol m denotes statistical averaging of
realizations.

The assumption on digital signal processing enables one to
present the received signal (1) as Kotelnikov series with con-
stant interval of temporal sampling Af = 1/ (23), where B is
the bandwidth of antenna system and receiver, thus:

()

%’ _ sin[(t —i At)B]

) =2
i=1"" zli-ia)B
where y; = y(i At), N=T/At=2BT.
Let us associate the process y(t) with  vector

Y= (yl,yz,...,yN) of coefficients y; of series (3). The N -

dimensional probability density of vector Y is defined as [2]:
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where Ay is an increment of input signal for temporal sam-
i

ples i; o, - obeys expression (2).

The likelihood ratio is determined by using the classical ap-
proach to procedure of detection [4, 5]. In order to determine
the ratio let us find probability density function for vector ¥ in

case when signal x(t) is present, 4 =1 . Since the elements of
vector Y :(yl, Vseensy N) are independent and Wiener dis-

tributed, the NV -dimensional probability density function of the
vector Y in case when A4 =1 is expressed as:

N 1
py1A=1)=T] x
i=l1 ion +o L/Zﬂ' At
(5) ,
Ayl.2
X exp| —

where o 3 is variation of velocity of increments of signal x(t ) .

The quotient from division of (5) and (4) gives us the likeli-
hood ratio:

N
L(y)= 11—«
i=1 (Gn+0's)
(6)
Ayl.2 GSZ
X exp 2 Af
n N n

The natural logarithm of the latest expression is more ap-
propriate for the technical implementation. Let denote the
square root of the ratio of variations of velocities of increments
of signal and interfering background by ¢, namely

q=0yg /an . Thus we obtain:

2 2
N Ay N
%) L= g’ T 1-% in(i+q).
i=1 20, At )\ 1+¢q i=1

For the case of large ratio when ¢ >> 1, the likelihood ratio
from (7) is estimated through summation of squares of all in-

2 . . .
crements Ay;  of the received signals, normalized on the square

of increments of interfering background 20-,% At . The second
addend of the latest expression essentially acts as the detection
threshold. This addend grows with grow up of ¢ . It significant-
ly reduces for ¢ close to one. The decision on the presence of
the signal is adopted if the first term (7) is greater than its se-
cond term. Otherwise, a decision about the absence of a signal
is adopted.

For the case of small ratio ¢ << 1, the algorithm is modified

1
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we -y — Ll s e :
A2
-1 |
Main channel IN ><
(0 +0,%) At
1+q2
anAt
X
Yn l?

Auxiliary channel

Fig. 1 — Block diagram for non-stationary random Wiener signal detector/estimator of angular coordinate
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to weighted summation with respect to weights qz. The detec-

tion threshold for the latest case becomes close to zero.

The procedure of signal detection often involves estimation
of direction of arrival of the signal. Typically the signal direc-
tion of arrival does not coincide to the direction of arrival of in-
terferences. Thus an auxiliary channel with antenna can be used
in order to extract the interfering background. The auxiliary
channel has a zero gain in direction of main lobe of the main
channel antenna pattern. The means of sidelobe levels in anten-
na patterns of the both channels are the same. In this case the
block diagram of the detector/estimator (7) of direction of arri-
val of non-stationary Wiener signal takes the form shown in
Fig. 1. The auxiliary channel is similar to the main channel. The
clock generator signal provides synchronization of the blocks of
this scheme.

Let consider processing of y(t) according to the block dia-
gram (Fig. 1). The input signal of the main channel is y . The
output of the analog-to-digital converter (block “ADC” in
Fig. 1) gives the coefficients y; of series (3). The output of the

subtraction block of the main channel gives the values Ay;.

Then follows the multiplier of this channel which gives Ayl-2 .

The latest is the numerator of the first factor of the first term of
expression (7). Similarly, the output of auxiliary channel is

equal to o-,% At . In the point 41 of this block diagram we re-

(652 +6|12) At

!

Auxiliary

channel 6,° At

Fig. 2 —A simplified block diagram for non-stationary ran-
dom Wiener signal detector/estimator of angular coordinate
in case of spatial difference between valuable signal and un-

wanted interference

ceive the denominator of the first factor of (7) (the duplicate
output of auxiliary channel). The denominator of the first term
of this expression we obtain in the point 42. The numerator of
this term we get in the point 43. The first term is obtained in the
point A4. The second addend of the latest expression which can
act as the detection threshold is obtained in the point 45. In the
output of the subtractor we obtain the logarithm of likelihood
ratio (7).

The block diagram in Fig.1 can be used for hard-
ware/software implementation. Decision on the presence of
non-stationary Wiener signal is taken after comparison with the
threshold. Decision on the presence of the signal in particular
angular coordinate is taken using the maximum of the output
signals.

It is complicated to ensure the closeness of the means of
sidelobe levels of main channel and antenna pattern of auxiliary
channel in practical conditions. Let us simplify the block dia-
gram. The new block diagram enables only subtraction (com-
parison) of output signals of main and auxiliary chan-
nels (Fig. 2).
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Signal processing must ensure best use of differences be-
tween valuable signal and interferences. In some practical con-
ditions, the auxiliary channel frequency range may not coincide
such of main channel. The latest enables to estimate the level of
unwanted non-stationary Wiener noise on the output of the sys-
tem. Adaptive reception techniques [5] can use such difference

between valuable signal and interferences (0% ) in order to

suppress the latest [5]. Temporal and combined differences be-
tween valuable signal and interferences can be used as well as
frequency range differences.

Conclusions

In the paper the problem of estimation of non-stationary
random Wiener signal in case of non-stationary interferences is
considered. A detection rule is proposed for monostatic case.
The detection threshold for this rule is defined as well as weight
in the summation. Technically feasible block diagrams are pro-
posed for implementation of this detection rule.
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Abstract: The acoustic camera provides fusion of optical camera image and acoustic map. It is aimed to locate and characterize
sound sources in wide frequency range. The acoustic maps quality is limited by the system performance. The paper describes basic
performance of such complex system manufactured by Briel & Kjar (Sound and Vibration Measurement A/S). The system consists of
non uniform microphone array, input modules and software. The non uniform slice wheel array type WA-1558-W-021 is used. The
input modules 3053-B-120 and 3050-B-060 performance is given. Experimental results have been obtained with Pulse LabShop
software. Beamforming and other calculations were done by the especially designed software. The paper shows experimental results
on phase stability of the system as well a description of its grating lobes. These results define the limitations of equipment for estima-

tion of acoustic signal location and identification.
Keywords: acoustic camera, beamforming, grating lobes.

Introduction

The first acoustic camera system was described in the early
80-th when Billingsley proposed an acoustic telescope [1]. Two
years latter a full scale system has been developed for real-time
sound source location on full-size jet engines [2] by Billingsley
and Kinns. This first system consisted of an array of micro-
phones connected to a small digital computer, via a sequence of
preamplifiers, analog filters and analog to digital converters and
multiplexer. The computer processed in real time microphone
signals and visualized on a color display source distributions
with respect to acoustic source position and frequency. The sys-
tem was designed as mobile and easily transported.

Since that time the architecture of acoustic camera system
remains approximately the same. The enhancements mostly
consider quality of sensors (microphones), ADC frequency, an-
tenna design and processing software.

The next chapter consists of some preliminary information
about algorithms for sensor data processing in acoustic camera
systems. Then follows description of tested equipment pur-
chased from Briiel & Kjaer. The received results are provided in
the next chapter and lastly some conclusions are summarized.

How to See the Sounds

Acoustic camera system uses two different type of sensors -
camera and microphones. As a measurement unit acoustic cam-
era system has to fuse image, received by the camera with the
data by microphones in a complex image. This image consists
of camera image as a background and contour lines describing
sound field as a foreground. To joint these very different data a
complicated processing has to be applied over raw signal data
received by microphone array. An information for source loca-
tion and source spectral characteristics has to be determined.

Two different techniques are applied to measure sound field
parameters.

The first one - Near-field Acoustical Holography (NAH),
proposed by E. G. Williams and J. D. Maynard in 1980 [3], fol-
lows the principle of optical holography, invented by Dennis
Gabor in 1948. The 2D recording of sound waves (phase and
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amplitude), called hologram, is used to reconstruct the 3D
sound field. NAH may be used for generation of calibrated im-
ages of sound intensity, sound pressure and particle velocity.
The main requirements to the NAH acoustic array are to be
placed close to the observed source and to be larger than the
target of interest. At high frequencies and for the case of large
objects the number of measurement points becomes enormous.
This can create a number of problems regarding the design of
such multi-channel system or regarding validity of assumption
concerning stationarity of prolong measurement process when a
scanning of the object by smaller antenna is used.

The second technique is realized through beamforming
(BF). BF is a spatial filtering of signals from/to sensor array in
order to carry out directional signal reception/transmission. BF
is closely related with development of phased array transmis-
sion in 1905 by Karl Ferdinand Braun, who described in his
Nobel lecture a 3 element antenna with directed emission [4].
The wider practical use in radar system BF received during
World War II.

In acoustic BF is used to locate sound sources on medium to
long measurement distances. The angular resolution depends
mainly from antenna size and wave frequency. At low frequen-
cy the antenna size has to be bigger to assure good angular reso-
lution. The sound map is estimated focusing the antenna onto
the pixels in a plane, parallel to the antenna plane on a given
distance. For each point a weighted sum of individual micro-
phone delayed signals is received (so called Delay and Sum
Beamforming). The time delay for each microphone depend on
the 3D positions of the estimated point and the microphone un-
der consideration and it is calculated in correspondence with the
distance from estimated point to the microphone. The quality of
BF depends on resolution and maximum sidelobe levels. The
resolution is determined by the smallest angular separation of
two point sources allowing to be seen as two points. The maxi-
mum sidelobe levels will be described by antenna direction pat-
tern. The direction pattern characterizes with one or more main
beam/beams (or lobe/lobes) with maximum signal aplification
and many others side beams with lower signal amplification.
The side beams produce false peaks/sources. The maximum
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sidelobe levels, measured relatively to the main lobe define the
probability of appearing of ghost sources.

The BF technique characterizes with a good quality images
for objects on middle and far distance. In spite of NAH its
quality enhances for higher frequencies, but diminishes for low-
er ones, when the NAH works well. The BF allows implementa-
tion of irregular antenna arrays, that generally outperform regu-
lar arrays reducing aliasing problem.

Acoustic Camera Equipment

The Briiel & Kjaer acoustic camera features comply with
specification in [5-6]. A non-uniform slice wheel microphone
array type WA-1558-W-021 is used. Its diameter is ~0.33 cm.
The number of microphones is 18.

The microphones have built-in CCLD preamplifier with
transducer electronic datasheet (TEDS - IEEE 1451.4 V.1.0).
Their dimensions are: 34 mm long, 7 mm diameter. Their sensi-
tivity is 11.2 mV/Pa. The operating temperature range is from
10°C to +55°C. The microphone dynamic range is from 28 dB
to 140 dB.

The 6-channel input module delivers Dyn-X technology
which expands its dynamic range. The exact dynamic range
value depends on the signal quantization and bandwidth. The
12-channel input module has no Dyn-X technology. Both input
modules support TEDS transducers; they deliver REq-X tech-
nology which flattens the result by “mirroring” the frequency
responses. These input modules are mounted in 5 slot Main-
frame LAN-XI type 3660-C-000 with battery module type
2831.

Amplitude calibration can be provided in order to make pre-
cise power estimation. The pistonphone calibrator type 4228
satisfies IEC 942 (1988) Class 1L or Class OL (with external ba-
rometer) and ANSI S1.40-1984. Adaptor DP-0775 is suitable to
perform sequential calibration of all these microphones. It can
be performed a fast calibration of 6-microphones using adaptor
WA-0728-W-003. The calibration frequency is 251.2 Hz. The
calibrator is battery operated. The calibrator delivers high fre-
quency and level stability. It can be used in the field over a wide
range of temperature, humidity and pressure while still main-
taining high accuracy.

The spatial separation of equipment blocks is limited by
their data transfer cables. The acoustic camera consists of 3
main blocks: a microphone array with optic camera, input mod-
ules in a frame and a laptop with software. Microphone array
data is transferred to input modules with the cable harness
WL1297-W-004 2013W21 which length is ~4.5 m. The ac-
quired data is transferred to the laptop with LAN cable
A01450-D-020 2013W13 which length is =2 m. The optic
camera data is transferred to the laptop with USB cable which
length is ~6.3 m. Optic camera resolution is 640 points x
480 points. The main features of the laptop type 7201-E-GB2
(Dell Latitude E6430) are listed below: E6430 CPU, 6 GB
RAM, 1 TB HDD, Wi-Fi, Ethernet 1 Gb, DVD-RW.

The both microphone array and optic camera are mounted
on tripod Manfrotto 058B and 3D tripod head Manfrotto 229.
The load capacity of both tripod and head is 12 kg (safety pay-
load).

The acoustic camera is supplied with full documentation
(instruction manual, specifications) to hardware and software
modules. Measurement data can be collected with Pulse
LabShop (Customized Solution Version 17.1.2). Acoustic maps
can be formed with Array Acoustics Post-processing (Version
17.1.2.308). Other existing software and drivers are not listed in
this work.

The frequency characteristics given by the acoustic camera
manufacturer Briiel & Kjer (Sound and Vibration Measurement
A/S) are given in the table 1.

The quantization rate is 65536 Hz. The acoustic camera up-
per frequency is 25.6 kHz. The sampling ratio is 2.56.
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Table 1 — Frequency characteristics for modules of the acoustic

camera.
Module
Name Type ir;;l:e;?; Features
Microphones 4958 0.01-20 -
Input Modules 1. Sampling rate:
3053 65.5 k samples/s
-B- 0-25.6
120 2. Number of in-
put channels: 12
1. Sampling rate:
3050 131 k samples/s
-B- 0-512
060 2. Number of in-
put channels: 6

Synchronization of samples of input modules is provided by
using IEEE 1588 Precision Time Protocol.

Some Results from Indoor Tests

The generation of acoustic maps requires accumulation of
incoming signals with respect to their delays caused by propa-
gation paths to different transducers. The delay and sum algo-
rithm (Delay and Sum, DAS BF) uses to be performed in time
domain. The exact implementation can be performed using ana-
log phase shifters and electronic analog integrator. Thus the in-
tegrator output defines signal amplitude in a several angular di-
rection. Multiple input systems enable simultaneous (in parallel
regime) estimation of such amplitudes by virtue of increasing
complexity of apparatus. The analog electronic circuits’ temper-
ature drift and other factors limit apparatus performance. The
digital systems alleviate most of these drawbacks. Digital mul-
tiple input system enable software implementation of shifts and
integration of output signals received from analog-to-digital The
converter. The latest decreases apparatus complexity thus im-
proves the system parameters. The especially designed software
is applied to estimate antenna performance in indoor conditions.

Experimental investigation of microphone array pattern in
presence of multipath propagation of acoustic waves is provid-
ed. The experiment includes point-like source of the noise-
waveform signal. The narrowband signal central frequencies are
from 0.5 kHz to 20 kHz. The signal bandwidth equals to 10 %
of central frequency. The input signal power is chosen larger
enough in comparison with acoustic camera intrinsic noise
power. The integration time was not less than 250 ms. Distance
from signal emitter to microphone array (about 0.7 m) is com-
parable to the array dimensions. Indoor conditions include mul-
tiple sound reflectors like room floor, ceiling, walls, office fur-
niture and equipment. Experimental investigations were provid-
ed with beam scanning discrete 1 deg. along both azimuth and
elevation directions. Experiments with scanning discrete en-
hanced to 0.1 deg. delivered no qualitative results. The numbers
from experimental results were rounded. It is worth to be men-
tioned that some of Side Lobe level values in tables below were
obtained from Grating Lobes.

Side Lobes of antenna pattern are unwanted as well as its
Grating Lobes (if exist). Known position of Grating Lobes ena-
bles to limit the field of view (opening angles). Applying the re-
duction of field of view avoids visualization of unwanted peaks
at angular positions which correspond to Grating Lobes. Mean-
while the Side Lobes describe level of reception of unwanted
signals. The Side Lobes will produce ghosts on acoustic map
even in limited field of view. In our experiments the field of
view was widened to angular coordinates + 90 deg. in both azi-
muth and elevation directions.

The developed software enabled to obtain realizations of an-
tenna pattern. It uses a matrix-form implementation of the men-
tioned DAS BF and Improved BF algorithms [7]. The obtained
results of DAS BF algorithm are given in the table 2. These re-



sults are time dependent: they had variation during measure-
ment time affected by several phase deviation of equipment
channels.

The Side Lobes level shows the attenuation of received un-
wanted interference at a angular direction. The obtained Side
Lobe level is not worse than -3 dB (table 2).

The developed software enables to implement Improved BF
algorithm as well. It is mentioned that intrinsic (thermal) noises
of different receiving channels within transducers are independ-
ent. The Improved BF algorithm is based on exclusion of main
part of autocorrelation noise concentrated in region of zero mu-
tual delay. This algorithm implementation is in frequency do-
main. The received signals spectra are used to generate a cross-
spectral matrix. The specified above noise is concentrated in re-
gion of main diagonal of such matrix. It is proposed to replace
the diagonal elements by zeros which enables to improve the

Table 2 — The antenna pattern obtained using DAS
Beamforming algorithm.

Center Beamwidth, deg. Side Lobe
Frequency, kHz | Azimuth | Azimuth | Level, dB.

0.5 140 3

1 62 59 8

3 18 20 8

6 9 10 5

10 7 8 5

18 3 3 8

noise level of the generated map via suppression of Side Lobe
level of antenna pattern up to 0.6 dB [7]. The carried out numer-
ical simulations confirmed this statement and the experimental-
ly obtained antenna pattern parameters are given in table 3.
Moreover the experimental investigation showed a Main Lobe
improvement in case of multipath wave propagation.

Table 3 — The antenna pattern obtained using Improved BF

algorithm.

Center Beamwidth, deg. Side Lobe
Frequency, kHz | Azimuth | Elevation | Level, dB

0.5 128 152 3

1 57 58 11

3 17 19 10

6 8 9 7

10 6 5 6

18 3 3 7

Grating Lobes of antenna patterns of the non-uniform mi-
crophone array were estimated as well. For center frequency
7 kHz, its azimuth position is 40 deg. and its elevation position
is 60 deg. For frequencies 8 kHz, 9 kHz, 11kHz, 13 kHz,
17 kHz, 18 kHz, 19 kHz, their azimuth positions are 36 deg.,
31 deg., 24 deg., 20 deg., 18 deg., 17 deg., 16 deg. For the listed
frequencies, their elevation positions are 50 deg., 43 deg.,
34 deg., 29 deg., 28 deg., 20 deg., 19 deg. These position values
may slightly varied. It can be seen from table 4 that temporal
variation is 1 deg for frequency 13 kHz.

Table 4 — Estimated positions of Grating Lobes.

Center DAS Improved
Frequency, | Beamforming, deg. Beamforming, deg.
kHz Azimuth | Elevation | Azimuth | Elevation
10 27 38 27 26
13 21 28 20 28
15 19 24 20 25
19 14 12 18 19

In the next experiment the positions of Side Lobe peaks,
closest to the Main Lobe, and with level higher than -10 dB are
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estimated (table 5). Some of these peaks are results of multipath
propagation of acoustic waves in indoor conditions.

Table 5 — Positions of Side Lobes peaks which are
higher -10 dB.

Center DAS Improved
Frequency, | Beamforming, deg. Beamforming, deg.
kHz Azimuth | Elevation | Azimuth | Elevation
1 >85 >85 >85 >85
3 >85 >85 >85 >85
6 28 46 9 10
8 20 44 6 10
10 18 35 27 26
12 20 17 17 35
14 16 16 16 16
16 11 22 15 55
18 13 24 14 67
20 12 13 11 26

Let us consider the generated acoustic map sample dis-
played on Fig. 1. The post-processing raw data was recorded
with the acoustic camera. The Improved BF was applied to two
point-like emission sources, placed at distance 0.75 m to the mi-
crophone array. Cross-range distance between these sources was
established on 0.085 m. Center frequency of these noise wave-
form sources was chosen 10 kHz. The bandwidth was 10 % of
center frequency. Beam steering discrete was 1 deg. Field of
view equals to above one (£90 deg.). Color bar shows corre-
spondence of normalized values (dB) to color scheme. Acoustic
map pixels which level is lower than -15 dB are not displayed.
Red dots in the center of the map (elevation 1 deg.; azimuth
about 0deg.) correspond to the angular positions of these
sources. The normalized acoustic map has peaks on the level
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Fig. 1 — Sample of generated acoustic map of two point-like
sources of narrowband noise waveform with center frequency
10 kHz: a) acoustic map; b) and c) are elevation and azimuth
slices of the acoustic map, correspondingly.
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-6 dB (Side Lobe level described in table 3). These peaks in az-
imuth of 20 deg. and elevation 40 deg. are connected with Grat-
ing Lobes (Table 4). Side Lobes exceed -10 dB level in angular
range narrower than shown in Table 5.

The obtained experimental results approve the correctness
of system technical description. Some small differences may be
observed due to indoor test scenario. The experiments show the
importance of monitoring of angular directions where high level
of the unwanted signals appears. In order to minimize the num-
ber of ghost images the field of view of the system has to be re-
duced to angular coordinates given in table 4. By the reduction
some of the interferences will not be displayed on acoustic maps
as unwanted peaks but nevertheless will affect these maps via
Side Lobes of their own responses.
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Conclusions

Beamforming is a valuable method for noise source estima-
tion and localization. In this paper a short overview of acoustic
camera systems is given. The technical performance of pur-
chased acoustic camera equipment is estimated. The specialized
software for generation of Acoustic Maps is developed. This
software implements two beamforming methods: Delay and
Sum Beamforming and Improved Beamforming in frequency
domain. This software was tested in indoor conditions. The
acoustic camera equipment was able to provide consistent re-
sults in presence of multipath propagation of acoustic waves.
The concordance of the equipment to its specification was
checked as well. Specific angular directions have to be account-
ed via monitoring during experimental investigations.
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Abstract: Failure of helicopter transmission components can have catastrophic results and, therefore, it is vital to detect
incipient failure very early. Early failure detection can lead to the scheduling of repairs with minimum disruption to the
normal operations of the aircraft, bringing a saving in both cost and utility value, as well as improving the safety of the
aircraft. Vibration analysis is one method which is playing an increasingly important role in early failure detection in

helicopter transmissions.

Key words: aircraft, helicopter transmission, vibration analysis, diagnostic systems

1. Yeoo

KbMm BB3myxommaBatenaute cpencrsa (BC), Texnure
CHCTEMH U arperatd ce IMpesBSBaT BUCOKM H3MCKBAHMS 32
HaJISKIHOCT M OCHTypsiBaHE 0e30MacHOCT Ha mojerure. Tosa
ce OTHAacs OCOOCHO KBM OJKM3HEHO BAKHHUTE €JIEMEHTH,
ocurypsiBaiii HopmaiHoTo (yHkimonupane Ha BC, 3a kouTo
NP BB3HUKBAHE Ha HEW3NPABHOCTH MOraT Ja HacCTBIAT
karactpodanuu nocnenctsus. Hanesxxaaocrra 3a maoro BC ce
ompenenas OT HAASKAHOCTTa HA POTOPHUTE JAWHAMHUYHU
CHCTEMHU. 3a CaMOJICTUTE TOBAa Ca EJIEMEHTHTE OT CHJIOBaTa
rpyna - JBUTaTeNH, PUBO/M, arperaty, peayKTOpU U BUTIATA
Ha caMoJeTH C TypOOBUTIOBM jBurarenu u Jap. Kem
BEPTOJICTUTE, OCBEH TE3U, CE OTHACAT W arperaTure OT
HOCeIIaTa CUCTeMa — IJIaBHHUAT PEIyKTOpP, HOCEUIOTO BHUTIO U
TpaHcMucusITa. PoTOpHHTE arperatu ca ys3BUMH OT IJIeTHA
TOYKA Ha OCUTrypsiBaHe OE30IacHOCTTA HA IOJIETUTE, ThH KaTo
TE Cce OTHACAT KbM HEPE3CpPBUPAHUTE W HE IPUTEKABAT
nyGnupamu cuctemu [4].

2. lIpeonocmagxu u

paspewiasane Ha npoorema

OnutreT OT ekcmioatamusta Ha BC u gpyru
MEXaHM3MH M MallMHH II0Ka3Ba, dYe IbpBaTa II0sBA Ha
NeeKTHTe W TSAXHOTO pa3BHTHE IO ONpeJelieHa BeIMIMHA HE
BOJAT 1O He3abaBHM KaracTpodannu mnocienctsus. ITopaan
TOBa € HEOOXOIMMO 1a ce pa3pabdoTAT U NPEMIoKAT METOIH U
CpelCTBa 3a OTKPMBaHE Ha AE(QEKTHTE Olle B HAYAIHUSI UM
craauid. BaxHo € 1a ce OTKpUAT HEU3NPABHOCTUTE B MOMEHT,
MaKCHUMaTHO ONM3BK 1O 3apaXJaHeTo UM, 3a Jda ce
IpeAnpreMaT MEpKH 3a MPEIOTBPATSIBaHE HA BH3MOXKHOCTTA OT
aBapuy, 4Ype3 U3BBPIIBAHE HAa PEMOHT WIM CMSHA HA
HEW3IpPaBHUTE BB3IH. EIMH OT OCHOBHHTE NpOOIEMH IIpU
HEHaBPEMEHHO OTKpHBaHE Ha HEM3IIPAaBHOCTHTE Ha arperaTure
€, 4e NP I0sIBaTa Ha Te3W HEHM3IPABHOCTH, NPAKTHYECKU BHB
BCEKHM €JMH OT TE3M BB3IM IOUYTH HEU30EKHO MOXKE Ja ce
CTUTHE JI0 CEPUO3HH aBHAIMOHHM WHLUJICHTH (aBapuu U
karactpodwu) [1, 4, 7].

JIMarHOCTUYHHUTE CHUCTEMH CE H3IION3BaT 3a OLEHKA
Ha CBCTOSIHUETO, OTKPUBAHE U JIOKAJIM3MpaHe HA JNEe()EKTHUTE

Ha4YuHU 3a

BB3JIM U arperaTy WK OLICHKA BEPOSITHOCTTA OT BH3HUKBAHE Ha
HEHM3IIPAaBHOCTH IPEIH IIPOBEXKAHE HA CHOTBETHUTE pabOTH IO
TEXHUYECKOTO 00CIIy>KBaHe, KOETO rapaHTHpa HaJekKIHOCTTA U
OezomacHocTtTa. Ilpm  KOHTpoNa Ha  CBCTOSHHETO  Ce
nozapazbupa, ue ce H3BBPIIBA IMPOTPECUBHA JErpajanus Ha
cucTeMara MM HEWHHTE KOMIIOHEHTH, 3a TOBAa € HE0OXOAUMO
Ja ce TMpoBeXJa TeKyIla OIEHKAa Ha CBCTOSHHETO HM. B
eKCIUIOAaTallisiTa BCE IIOBEYE CE M3MON3BAT CHCTEMH 3a
JUAarHOCTHKA, OCOOCHO 3a KPUTHYHUTE BB3IM M arperard,
CPOKBT Ha paboTa Ha KOUTO IIOBEYE 3aBUCHU OT OCTATHUHUS
pecypc, OTKOJIKOTO OT BPEMETO Ha eKCIUIOAaTalusITa, KaKBUTO Ca
HPUBOJUTE - PEIYKTOPH, TPAHCMUCHH U JIIP.

3. Peuwienue na npoyuenus npoonem

KOHTponbT Ha arperaTuTe OT POTOpHaTa Ipyna Ha
CaMOJICTUTE M BEPTOJETHTE B HACTOSIIMSA MOMEHT ce
OCBILECTBSBA ChC CIACAHUTE METOIH:

- OIITHKO BU3yaJIeH METO;

- U3MepBaHe TeMIlepaTypara Ha MacjoTo;

- U3MepBaHe HAISaHeTO Ha MacJoTo;

- UH/IMKAIMS 32 HaJIM4YUe Ha CTPYKKH B MacCIIOTO;

- QaHAJIM3 Ha BUOPALHOHHUTE CHUTHAIIH.

OmurbT € TMoKa3al, 4ue Hal-yHUBEpCAleH |
HEPCIEKTUBEH METOJI 32 JUarHOCTHKA Ha POTOPHHUTE TPYIH Ha
BC e BubOpannonHara auarsoctika. Oco0eHO BaKHO 3HAYCHHUE
UMa BHEAPSBAHETO Ha METOAWTE W  CpeacTBara 3a
BHUOPOAMArHOCTHKA Ha TJIABHUTE DEIYKTOPH Ha BEpTOJETa,
peayKTOopuTe Ha TypOOBHUTIOBHUTE JBUTATENI HA CAMOJIETHTE U
TEXHUTE TPAHCMHCHH.

B msaxon HayuHUN myOnukanuu [3, 5] ca mpemnoxkeHH,
B pa3pabOTeHUTE CHCTEMH 3a ChbOMpaHe Ha JaHHHU, KOHTPOJ U
JIMarHOCTHKA Ha TEXHHMYECKOTO CHCTOSHUE HA arperaTture OT
NPUBOJMTE HAa BHUTIATA HA BEPTOJETAa Ja CE M3IO0N3BaT
[THE30€JCKTPHYCCKU JATUYULH, KOUTO Ja CC MOHTHPAT BBPXY
OT/CIHUTE C€JEMEHTH OT KOHCTPYKUMSTa M Ja IO0JaBar
CUrHanuTe B OOpHOBM elleKTpoHeH Ousiok. Jlaruumure ca
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omnpezenaeH Opoi, MO3BOJIABAIL Ja CE U3BBPIIM 3aIbJI0OOYCHA
JMarHOCTHKA HAa TEXHHYECKOTO CHCTOSHHME Ha [ETallINTe U
Bb3IUTE. EJEKTPOHHMAT ONOK € CBBP3aH C AATYHLUTE Ha
BUOparu H € pa3pabOTeH ¢ BB3MOXKHOCT 3a IH(ppoBa
obpaboTka  Ha  BHOpOCHTHANWTe,  peaqu3upaHe  Ha
yIpaBlIeHHETO M ChOMpaHe Ha HHQoOpManusATa, OIEHKA Ha
napaMeTpUTe Ha CUTHAIUTE OT OTICIHHUTE JaTYMIH, MbPBUYHA
00paboTka M OIEHKA Ha MOJIYYeHUTE CUTHAIH OT OTJCIHH, HIN
TsixHaTa KoMOnHanus. M3BepmiBa ce u chOupaHe n cChXpaHeHHe
Ha moiy4yeHata uHGMOpMAanMsA Ha

BBHHIIHA HOCHUTCIIH,

MO3BOJISIBAIIM ~ TAXHAaTa 00paboTKa B  YCIOBHATA Ha
€KCIUTOATaIHs.

JluarHocTuyHata cuUcTeMa M3MepBa M ChOUpa
JAHHWTE, KOHTPOJIMpPAa W  JHATHOCTHPA  TEXHHYECKOTO

CbCTOSHHE Ha arperaTute Ha MpPUBOJA Ha BHUTJIATA HA
BEpTOJIETa TI0 CBHIIECTBYBAIUTE BHOpanmMM B JeTaiinTe,
BB3JIUTE W arperatute npu padoTemr BepToieT (BUOPOKOHTPOIT
u BUOponmuarHoctuka). PaspaGoTBaHero Ha cucTeMa 3a
MOHUTOPHHI' Ha BHOpAallMHTE B KOHCTPYKIHMATA Ha BEPTOJIETA

o
{_/ LA ,gg'!!.l
—
s L0
e |
2S5 P svui et
1 “f——

MMa 3a IeJ] IOCTUTaHe Ha BUCOKA e(eKTHBHOCT NpH ChOUpaHe
Ha JaHHUTE 32 KOHTPOJ W JHMArHOCTHKA, KOETO Jla OCHTYpHU
Oe30TKa3zHa paboTa M eKCIUIoaTalsd C MHUHUMAIHU PasXolu.
TexXHUYECKUAT pe3yiTaT OT Ch3/aBaHETO Ha TaKaBa CHCTEMa €
HeliHaTa e()eKTUBHOCT, KOSTO CE OIpPEENs OT Obp3Hs MOHTAX
U JICMOHTAX HA JATYUIMTE 32 BUOpALUU BHPXY CIEMEHTHTE OT
KOHCTPYKIMSATa Ha BEPTONEeTa, a CHII0 M HaMalsiBaHE HA
pas3xoauTe 3a 00CITy>KBaHE HA BEPTONETA.

Ilenech00pa3HO € MOHTHPAHETO Ha JaTYMIMTE 32
BUOpaIMU BBPXY KOpIyca Ha arperaTuTe Jia Ce W3BBPIIBA ChC
3aKpernBalld eNEeMEHTH, KOUTO 3HAYMUTEIHO Ja YJIECHSBAT
Obp3aTa UM CMsHA WM AeMOoHTax. [loOpe € OT TeXHOIOrnmIHa
rJeJHa TOYKa, Te3W 3aKPElBaHWs Ja Ce W3BBPLIBAT B MECTa,
KaTo - OTBOPH, JIETJIa U MTOJJIOKKH 3a I0oJIaraHe Ha JaTduIuTe.

KonkpeTtHo 3a BepronetuTe OT MOAM(UKAIMHATE HA
Mu-8, cucrema TpsibBa Jia
BKIIIOYBA MHOXKECTBO [JAaTYHIN Ha BHOpamuuTe, KOHTO ca

KOHTPOJHO-AUAarnoCTu4YHaTa

MoKa3aHu Ha ¢ur. 1.

13 14 15 16

D R IRt M e | P e el e e

23

Que. 1. Cxema c pasnonosicenume damyuyu 3a suopayuu Ha sepmonem Mu-8MTB.

Ot ¢ur. 1 ce Bmwxkaa, ge Ha Beprorera Mu-8MTB ca
MOHTHPAHH CJISTHUTE JaTIUIN 32 chOupaHe Ha HH(pOopManusTa
3a BB3HHMKBAaIUTE BUOpAIMM B KOHCTPYKLMATA HAa BEPTOJIETA:
€IHOKOMIIOHEHTHH [aT4MIM MOHTUPAHU BBPXY KOH30IH B
TEXHOJIOTMYHM OTBOPH Ha (h1aHena Ha 10sca 3a 3aKpenBaHe Ha
neBust (matumk Nel) m pmecHust (matumkNe2) nBurarten; Ha
MpeHrs Kamak Ha riaBHUS peaykTop (Ne3 u No5 — omisiBo u
Ne4 Ne6 - oTasicHO); Ha KapJaHHHS BaJ Ha BeHTWiIaTopa (Ne7);
Ha KOH30JIUTE 3a 3aKpelBaHe Ha IiaaBHUA pemykrop (Ne 8 m
Ne9); Ha mecT Mecta BbpXy onamrHara TpaHcMucus (Ne 11-16);
Ha MeXIUHHHA pexykrop (Nel7); BBpXy Kamaka Ha pexyKropa
Ha omamHOTO BUTIO (Nel8). Moxe na ObmaT u3Opanu u
JOMBIHUTETHN TOYKH 32 MOHTAX Ha JAATUMIH. .

Ha ¢ur. 2 cermacmo [2] e mnpeacraBeHO
pa3monaraHeTo Ha TOYKUTE 3a M3MEpBaHE HA BHOpAIHTE Ha
riaBHua pexykrop BP-14, koiito e MoHTuUpaH Ha penuna
Moau(uKauy Ha BepToieT Mu-8.

Ha ¢wur. 3 ca npexcraBeHn BapuaHTH Ha KOH30JIH 3a
3aKpernBaHe Ha €JHOKOMIIOHEHTHHUTE AAaTUUIM 32 U3MEPBaHE Ha
BUOpallMUTE Ha arperatuTe OT INpPUBOJA HAa BHUTJIOTO Ha
BEpTOJNETA.

Ban npuecq

NpuBoaHa OB

Que. 2 Cxema Ha pasnoI0NHCEHUEMO HA MOYKUME 30 USMEPBAHE
Ha gubpayuume Ha 2nagex pedyKmop

- 68 -



Que. 3 Kousonu 3a 3akpensane na oamuuyume 3a subpayuu
V3BbpIICHATE HPOYYBAHHS M OLCHKA HA 30HHUTE 3a
TEXHOJIOTHIHO MOHTHpAHE Ha €THOKOMITOHEHTHHUTE
[ME30€JIeKTPHICCKU JaTYMIM 3a HM3MEepBaHe Ha BHOpanuTe
MOKa3BaT, Y€ Hal-Ienecho0pa3Ho € 3aKperBaHeTo [a ce
OCBIIECTBY BBPXY KOH30JIaTa Ha MpPEAHHS Kamak Ha TIABHHUS

penykrop Ha Beproiera Mu-8 (¢ur. 4).

DQue. 5 [amuuyu 3a eubpayuu na npeonus Kanax Ha 21aeeH
peoykmop

4. 3aknouenue

Pa3paboTBaHeTo Ha CHUCTEMH 3a JUAarHOCTHpAHE Ha
HEU3NPABHOCTUTE Ha BEPTOJICTHATE TPAHCMHCHU OlIe B
HayaJIHUSl UM CTaauil Ha BB3HUKBAHE € aKTyaJleH B MOMEHTa
mpobieM. 3a pemraBaHe Ha Te3d NPOOJIIEMH aBHAIIMOHHATA
Hayka OT JIECeTWJIETHs € Haco4ywia CBOMTE YCWIHI B
pa3paboTBaHETO Ha JUATHOCTHYHU CHCTEMH, ITO3BOJISIBALIM Ja
Ce WU3BBpIIBA PAHHO OTKPMBAaHE Ha HEU3NPAaBHOCTUTE BBHB
BBIIUTE U arperature. llpm TOBa ce BmKHa, Ye e
Lenecho0pa3Ho Ja ce OHeHH (PaKTHYECKOTO (JIETaTeITHO)
TEXHUYECKO CBCTOSHHE, a He OIleHKa Ha TeXHHYECKOTO
CBCTOSIHUE, MIPECMETHATO 0 CHOPAHUTE CTATUCTHYECKH JaHHU
Ha arperaTute OT NPUBOAWTE HAa BUTJIATA HA BEPTOJETA CliE[
H3IBIHEHNTE ToNieTy. Hannanero Ha TUarHOCTUYHH CHCTEMH €
HEeoOXOoMMa MpPEIOCTaBKa 3a PEATM3MPaHe Ha TEXHUYECKO
obcnyxBane Ha BC "mo cbeTosHuE".
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Abstract. Corrosion damage and the destruction of a main gas pipeline can lead not only to a stop adjacent line but also to a
significant reduction in the volume of gas transportation. Stress - corrosion cracking (SCC) and local corrosion of the gas pipeline
invokes damages of metal of the pipeline during exploitation, it is often occurs is unpredictable and in the most dangerous cases
results in emergencies.

Therefore, primary goal corrosion monitoring of operating gas pipelines have reduced to the early detection of potentially dangerous
sections in the field conditions from the point of view of the development of corrosion processes. The basic methods of monitoring,
that have passed approbation at the facilities of the gas transportation system of Ukraine and the results of the study of the causes of
the destruction of the main gas pipelines are presented in the article.

Keywords: nondestructive corrosion monitoring, gas pipeline, local corrosion, stress - corrosion cracking.

1. INTRODUCTION the protective coating [3,9]. The most common corrosion
damage MG have a local character. Stress corrosion cracking
(SCC) occupies a special place. The problem of its prevention,
diagnosis and determination emerged in the early 60s and today
remains actual [2-6,10-13]. Local corrosion processes lead to a
gas leak, depressurization untracked the occurrence of the
emergencies [14,15]. Further exacerbates the corrosive problem
of transported gas rising damp. Total specific frequency of
pipeline ruptures within the same region can reach 0.19 to 0.8
breaks/(km-yr) [16].

Classification of defects is carried out according to the
degree of danger [2,9,17]. When supercritical defect operation
MG unacceptable. Critical — operation have allowed only when
creating certain conditions. Subcritical — acceptable during
periodic monitoring of external and internal inspection methods.
Minor — operation is in the working mode defect is recorded for
the comparative analysis of subsequent surveys. The danger
degree when internal diagnostics determined by the total
ballroom data evaluation ranking of defects on the bearing
capacity (dangerous, potentially dangerous, non-dangerous) and
2. CORROSION DAMAGES AND THEIR depending on the field conditions [9,17]. Also for corrosion
CLASSIFICATION defects into account: the loading pipe internal pressure and the

surface defects geometry, the stress-strain state in the damage

The destruction of MG caused by production technology area, limit states, prediction of the defect evolution, the
(quality of steel and pipe welding) and operating (during estimated time before the formation of a maximum allowable
transportation and installation of pipes, corrosion damage, etc.) ~ defect and the possible consequences of breaking the pipe wall
defects. In field conditions MG exposed the aggressive action of ~ in the defect area — residual resource. The defect is considered
the transported medium. In a gas containing hydrocarbons, critical if the residual resource less than a year. Subcritical —
oxygen, carbon dioxide, nitrogen, hydrogen sulfide, formation when it exceeds the year, but less than 5 years, and there is a
water with a total salinity of 50 g/l or more, and the chlorine danger of unstable dissemination after the wall breaking. Minor
content, calcium and magnesium carbonates, bicarbonates, = — if more than 5 years, and defects after the wall breaking is
sulfates, sodium, potassium [2,6]. Influenced by cyclic effect of ~ remain in a stable state [17].
temperature of the pumped gas loading MG in 24 hours is
chz‘m'ged about 6 times that for 20 years is 43800 cycles [3,7,8]. 2.1 Corrosion of the inner pipe wall of the
Origin and development of corrosion processes may be due to ineline
the presence of defects in the first and second groups, and Pipe
exacerbated by the concentration of stresses and deformations in
the area of the defect, the aging and wear of both the pipe and

Main gas pipelines (MG) is a strategic line structures with
high demands on reliability and safety, providing transportation
and transit of gas, the full functioning of the whole agricultural
and military complex. Term of operation of the entire system of
gas pipelines postSoviet area over 15-35 years. Pipeline
"Dashava-Kiev" (Ukraine) - a half-century. According to
"Naftogaz of Ukraine" on share corrosion accounts for 70% of
the total amount of failures and failure. The growth of technical
failures and accidents due to the development of corrosion
processes necessitated the improvement, development, and
implementation of modern achievements in the field of non-
destructive testing (NDT) and track monitoring corrosion
condition of objects [1-4]. The main goal - the timely detection
of potentially dangerous areas, defects and damage; diagnosis of
corrosion processes in the early stages of development;
determination a residual resource in corrosive wear [2-5].
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Local corrosion damages of the pipeline caused the
accident pipeline @720 mm [14]. They also led to a
depressurization tube @114.30 mm the category X60 in the area
from the field to the collection point [15].

Damage had ulcerative character (Fig. 1) with irregular
ellipse shaped geometry of the corrosion foci formation (depth
2 ... 6.5 mm) are capable of enlarging conglomerations. Given
the period, operating conditions, the electrochemical mechanism
of corrosion process, presumably the average corrosion rate was
0.2 mm/yr. This indicates the high corrosiveness of the medium.
Increased the hydration degree to 30% increases the corrosion
rate from 0.001 mm/yr to 0.15 mm/yr, and contributed to the
local corrosion foci formation in the ulcers form [14].

In another case, the through fistula formation from pitting
was due to thinning of the pipe wall. In its lower part found
numerous ulcers, including through. Their character and
geometry indicating a predominant flow of pitting corrosion
(Fig. 2).

Fig. 1. Internal corrosion damages fragment pipeline pipes
(steel grade 19T")

Fig. 2. Internal corrosion damages fragment pipeline pipes
category X60

Aeration of the water falling from the hole in the pipeline
and mineralization affects the rate of corrosion. Increase of salt
concentration from 3% to 10% increased the rate of dissolution
from 0.13 A/sm> to 148 A/sm’. Aeration groundwater
extraction and 3% NaCl increased the corrosion rate
accordingly from 0.001 mm/yr and 0.24 mm/yr (deaeration) to
1.44 mm/yr and 2.66 mm/yr. This was due to the occurrence of
total corrosion by the mechanism with oxygen depolarization.
To a solution of 10% NaCl + 0,1% HCI corrosion rate was
12.97 mm/yr (aeration) and 15.1 mm/yr (deaeration). Corrosion
process was characterized by a mixed mechanism with
hydrogen - oxygen depolarization [15].

Metallographic examination revealed that corrosion damage
ferrite-bainite metal structure characterized by selective
longitudinal direction of development (along the rows of bainite
or ferrite grain boundary). This provoked the development of
local corrosion processes with pitting, ulcers, bundles, fragile
internal structural cracks (Fig. 3).
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Fig. 3. Metal microstructure steel pipe wall thickness
at 200" (a) and 500" (b) magnification (after etching)

Erosion due to mechanical entrainment flow of the gas
transported corrosion products solid abrasive particles from the
well (sand, gravel) pointed out: lack of deposits formation of
corrosion products on the internal wall of the damaged
fragments (weak adhesiveness); the residual thickness of the
pipe wall at the fault location (1.5 ... 3.5 mm [14]); straight
length and direction of the corrosion damage (parallel to the gas
flow direction) with the reduce the thickness of the pipe wall
[15]. Control of the external surface of the pipeline sections did
not reveal breach the coating protective properties and the
presence of corrosion products or moisture under the coating
[14,15].

The data on the influence of the medium parameters on the
corrosion processes rate are consistent with the general ideas
presented by the author in [6].

2.2 The trace electrochemical NDT when
determining areas that are prone to SCC

The wurgency of solving the problem of timely
identification of pipe sections MG that are prone to SCC,
caused by increasing the number of accidents. On the territory
of the CIS countries from the 70 until the end of the 90s. the
number of the gas pipelines failures due to SCC exceeded the
200 cases [3]. From 2003 to 2007, on the gas pipeline
"Urengoy-Pomar-Uzhgorod" "Ukrtransgaz" there were three
serious accidents (controlled rolling pipes of strength class X70,
?¥1420 mm, wall thickness 15.7 mm) with a gas explosion. At
the emergency section appeared funnel depth up to 10 m and
long up to 50 m. Causes of accidents - formation of external
cracks: the origin of the mechanism identified by the SCC; trans
crystalline character of destruction, length 0.6 ... 3.0 m, depth
6.0 ... 12.0 mm; parallel to the longitudinal factory weld seam at
a distance of 20 ... 50 mm from it [3,18]. On the crack faces,
corrosion products were practically absent. Brittle fracture zone
characterized by elevated hardness (Fig. 4, 5).

Conventionally, factors, that Contribute to the development
of the SCC process, may be divided into three main groups: the
negative condition of the protective coating, the stress-strain
state, highly corrosive soil. Only at presence of three groups of
factors, the process SCC is possible [3].

When studying the method of electrochemical noise, have
found that SCC processes accompanied potential fluctuations
with an amplitude of up to 30 mV and occur in a frequency
range of 10 ... 100 Hz [4]. The most likely SCC step process of
a pipe steel flowing sequentially on the mixed mechanism -
hydrogen embrittlement combined with the local anodic
dissolution [3]. The accuracy of determining the prone to SCC
areas and the possibility of further exploitation MG determines
the main factors. Firstly, the ability of the inspection method
and evaluation system to take into account all flowing process
in pipelines under actual conditions.



Secondly, the reliability of the initial calculation data
underlying [5]. At the core SCC processes is an electrochemical
mechanism. This causes the efficiency of the electrochemical
monitoring methods for investigation. Determination of residual
life of the pipeline in terms of corrosive wear should be based
on an assessment of the corrosion rate process [3,5]. Therefore,
one of the perspective directions is the development and
improvement of an electrochemical NDT for studies,
assessment and prediction of SCC.

The System Corrosion Monitoring of Pipelines (SCMP)
developed in PWI. EO Paton NAS used in the technical
operation of the existing and construction of new pipelines (Fig.
6). SCMP allows determining the intensity of the flow of
corrosion processes in the initial stages, when damage does not
reach the critical size. It is meant for NDT, fault location of the
protective coating on the electrochemical parameters. The basis
of monitoring - the procedure regulated JCTY 4219:2003
[3,5,19,20].

When monitoring a control the corrosion, polarization,
protective, transverse and longitudinal gradients potential
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Fig. 6. The System Corrosion Monitoring of Pipelines

pipeline. During the measurements are fixed positive anomalies
measuring potential - the potential difference of less than 0.85 V



in absolute value at the reference electrode. Intervals of such
areas are detailed with consequent reduction step measurements
to determine the point of with the maximum positive potential.
This point - the epicenter of the protective coating fault
location. Criterion damage the protective coating when
measuring protective and polarization potential - potential
deviation by more than 100 mV. In the measurement of the
longitudinal and transverse potential - the potential difference
between the two reference electrodes, which exceeds 10 mV
[3,5].

Evaluation of corrosiveness of the soil (corrosion rate of
a metal pipe at different levels of its arrangement) carried out by
polarization resistance method (1) in protective coating
damaging places:

. _ 2B A M
T
where B — constant for the pipe steel,

; S — electrode sensor

area, o ; Al — corrosion current increment, A; AE — potential
difference, 0.01 V.

The residual metal corrosion rate in coating defects under of
cathodic protection (2) is performed according to the formula
proposed by Dr.Sci.Tech. Yu. Gerasimenko et al.[21]:

@

where — residual metal corrosion rate in coating defects,

mm/yr; Lp— soil corrosion rate,

B
=R

=
up.-

mm/yr; the

polarization and

corrosion potentials, V; bz — anodic Tafel slope, V.

MG ranking areas on the propensity to SCC carried
scoring estimation of each parameter (0 to 2.5) in three steps:
analysis of technical documentation, the trace monitoring for
determine the electrochemical characteristics, laboratory tests
(if necessary). Propensity determined by the ratio of the total
score for this section to the maximum possible (the sum of the
maximum score for all parameters): areas with scoring ratio of
more than 71% - "Very high", 71 ... 36% - "Increase", less than
36% - "Low" [3].

SCMT and technique of forecasting SCC tested on objects
"Ukrtransgaz" NAK "Naftogaz of Ukraine" in the most stress-
corrosion-dangerous areas MG "Urengoy-Pomar-Uzhgorod",
"Progress", "Union". Marked by the convergence of SCMT data
with the results of diagnostic ultrasound shell company
"Diascan" AK "Transneft". According to the results found 21
sites with protective coating damage and allocated among them
11 of the most corrosion-dangerous. One year after testing on a
section with "Very high" propensity accident occurred with a
gas explosion. Hearth destruction - stress corrosion crack at a
distance of 25 mm from the factory seam length 470 mm and a
depth of 6.8 mm (Fig. 4 a, 5 ab).

3. THE ACOUSTIC TRACE NDT CONTROL

For the control of characteristics responsible for the
operational reliability of the MG, in field conditions the greatest
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introduction received the following NDT [2-6,9-13,18-23]:
Internal Diagnostics (ITD) of ultrasound and magnetic shells
flaw detection; Acoustic (pulsed ultrasonic, Lamb waves,
acoustic emission, etc.); Electrochemical.

The ITD application is associated with a number of
limitations: the financial expensiveness; the need to stop, taking
the pipeline out operation; very low sensitivity to the SCC
cracks identify; the disparity of the technological settings to the
defect detection, quality of construction and properties of the
our pipeline matter (sensitivity to technological defects,
inhomogeneous structures, irregularly rolled metal, weld
quality). This leads to obtaining the volumetric dataset with
areas that are mistakenly identified by the presence of corrosion
defects [3,24].

The advantages acoustic MNCs due to the following factors
[6,22-26]:

» informative features of the defect - change the
parameters of the elastic pulses propagating in the material,
which ensures the accuracy, reproducibility, increases
application area of the possibilities to determine the physical
and mechanical characteristics of the material;

» maximum efficiency of the method (152 points) on
detection of defects (radiation - 124, eddy-current - 106
magnetic - 58, capillary - 85, heat - 52 optical - 112 radiowave -
55) ferromagnetic, non-ferromagnetic materials and dielectrics;

» identification of various defects (depth, intergranular
corrosion, with a small opening characteristic of a deformable
metal, internal cracks, cavities, nonmetallic inclusions,
scratches, gas pores, sink marks with equivalent minimum area
from 3 mm2 and other);

» control of geometrical parameters with unilateral
admission to the product;

» high technology process, improving performance
monitoring and simple, reliable, relatively inexpensive hardware
implementation.

In the physical basis of the acoustic emission method (AE)
analysis of destruction of materials in three areas. Temporary -
determines the maximum amplitude, energy and duration.
Frequency - defined amplitude and phase spectra of AE signal
(based on the discrete Fourier transform). Cepstral - AE source
signal released from the reflected signals. The most important
parameters of the method - AE activity (pulse repetition
frequency) and total accumulation of pulses. Assessment of the
quality of materials based on the correlation between the
acoustic parameters and test characteristics of materials. The
intensity of the acoustic radiation is proportional to the
movement rate of noisy object in the sixth degree (Doppler
Effect). The intensity of the sound perceived by the receiver AE
from developing defects grows together with the intensity of the
pulses and noise. The degree of overstatement fixed by the
registrar result proportional to the defect growth rate or an
intensity of the AE. The number of pulses per unit of time
indicates the rate of development of damage [23].

A perspective direction of the development of the acoustic
NDT MG monitoring is the remote telecommunications
ultrasonic nondestructive testing technique and diagnostics
corrosion condition. It allows assessing the pipeline during
operation in continuous and pulsed modes: control of physical
and mechanical properties and corrosion resistance of the tube
(coating), identify a corrosion areas on integral loss and
decrease the speed extending of elastic impulse - a running
elastic wave.

The effectiveness of corrosion control depends on the
frequency, shape and nature of the excited ultrasound signals. A
considerable reduction in the speed of ultrasonic longitudinal
and flexural oscillations with the degree of metal corrosion in
the pipeline established. This opens the perspective of
application of low-frequency piezoelectric transducers with
degenerate oscillation modes. Also allows to carry out the
optimization of electrical impulse excitation spectrum for elastic



pulses small duration (eg, 10 us at the frequency converter 105
Hz), equal to one, two, three, etc. periods of the piezoelectric
element oscillations. Thus, it is possible to control the duration
of the elastic signals in radiation flaw regime, significantly
reducing the value of the dead zone under the pulse-echo
defectoscopy at low ultrasonic frequencies.

The concept total essence - the definition in the pipeline
parameters of propagation of elastic low-frequency ultrasound
(20 ... 200 kHz) Lamb wave type Sy, S, S; ... - symmetric and
ag, aj, 8, - antisymmetric oscillation modes. Their speed of
propagation directly related to the pipeline wall thickness and
its corrosion state.

Possibility of application of low-frequency ultrasonic flaw
detection method of long objects directed waves (resonant
frequency of 36 kHz and 16.3 kHz) allows in operation quickly
identify critical areas with corrosive wear of the pipe diameter
330 ... 630 mm [26]. The process of passing the low-frequency
acoustic waves is sensitive to changes of pipe walls thickness,
nature of deposits on its surface, corrosion and other
discontinuities. The thus obtained echo signal contains
information about defects and distance to them (3):

3)

where L — distance from the weld and defect; t — time of
the reflected echo signal passage on the oscillogram; —
ultrasound velocity for torsional wave excitation.

Interpretation of the pipelines monitoring results with a high
degree of corrosion damages in this case is relatively simple - a
signal on the area strong destruction almost completely
attenuated.

On today, the tools required for the efficient simulation of
ultrasonic array data from real corrosion crack shapes have been
developed. The finite element method (FE) concerning its
ability and efficiency to correctly simulate the ultrasonic
scattering from branched crack shapes was selected. The FE
method was incorporated into efficient hybrid model, which
simulates the ultrasonic response from cracks. The hybrid
model results showed good agreement to experimental results of
branched crack shapes. A repeatable way of extracting real
crack geometry from X-ray CT images in a form that can be
inputted into the hybrid model was established. The ultrasonic
array response from a real crack shapes was successfully
simulated. The methodology simulation of ultrasonic array data
outlined by the authors is not only applicable to SCC problems
but to any straight or branched cracking issues. The
methodology is applicable to industrial scenarios where a
reliable and bespoke ultrasonic array is required for the cracking
issue [27].

In the practice of studies of corrosion cracks and pipe
corrosion knife widely used ultrasonic flaw detectors and angle
sensors. Controlled parameter - reducing the penetration of the
ultrasonic waves beam. Classification of the degree of
development of the corrosion process is evaluated by amplitude
of the transmitted signal (I class - IV class) [6].

In the case of hydrogen sulfide corrosion, applying
ultrasonic thickness gauge is limited to the assessment of the
distance from the control surface to damage and conditional
defect size at a certain decrease of the device signal. In the case
of intergranular corrosion (IGC) on the opposite side of the
tested material, detection of corrosion is difficult. The acoustic
effect is associated with the gradual change (decrease) of the
ultrasonic wave velocity in the damaged area due to the
presence of heterogeneity of grain boundaries of the base metal.
Well-defined signal reflection from the surface dose not formed.
Does not change and the material thickness. For the registration
of changes in propagation velocity, which leads to increase the
indicating thickness matter necessary to use ultrasonic thickness
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with high accuracy representation and the A-scan images.
Information quality parameter identifying IGC may serve and
the amplitude of the reflected signal grounds.

In the case of total corrosion the reflection from corroding
uneven surface accompanied by significant dissipation waves,
which leads to a weakening of the information signal data.
Because of the different depth of corrosion on the material
surface (within the ultrasound beam) reflected signal is strongly
deformed. Reflected signals from various sections are moved
along a different path to the receiver. Typically, the maximum
signal does not correspond to the smallest thickness of the
object in the control area.

To measure the remaining thickness is preferable to use a
highly sensitive equipment for low threshold activation of the
starting device for measuring the time interval. If you select the
wrong thickness gauge universal reporting time interval is
carried out not in the first, and one of the following periods of
the reflected signal. This leads to substantial uncertainty. When
wrong combination of indistinct precision thickness gauges and
sensors, and a certain degree of corrosion can obtain the
thickness is greater from the initial thickness non-corrosive
material. It is recommended to evaluate the device sensitivity to
a slightly noticeable surface damage. For example, in the case
of the sample with different depth frasered grooves. Getting
sample thickness greater than on the original, the criteria of an
inadequate suitability of an instrument for measuring the total
corrosion. Eliminating these disadvantages possibly via replace
the converter or an operating frequency. Preferred and
additional verification on the sensitivity of the comparative
sample with cylindrical side holes.

In the study of the formation of point pitting ulcers apply
normal, binary sensors and with focusing operating at high
frequencies. Them use for obtain high definition in the beam
direction of the ultrasonic wave. This allows to determine the
precise localization of defects and to evaluate the geometry
parameters.

4. CONCLUSION

According to the results of published data, investigate the
causes of accidents and technical failures, the main types of
corrosion damage MG for today are: Stress Corrosion Cracking;
Local Corrosion damage to the inner wall; Metal erosion and
corrosion at the waterline.

Development of corrosion processes in field conditions
caused the operating conditions of pipelines and aggressive
corrosive environmental on defects. To date, among NDT
method none are provides 100% accuracy and completeness of
the MG corrosion state picture. Basic specifications, continuous
improvement and modernization, the positive results of testing
in field conditions allow us be concluded about effectiveness on
the main gas transmission objects of the complex acoustic and
electrochemical NDT methods. It opens the big prospects and
potential improving the process of corrosion monitoring and
ensuring safe operation of the MG.
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Abstract: Numerical simulation was done to study an application of the long-range ultrasonic technique for an accurate characteriza-
tion of damage founded in the long distance pipeline. Finite element modeling of long-range ultrasonic guided wave propagation was
carried out for a sample pipe without defect and two sample pipes with two different kinds of defect, a notch and a notch with a hole.
Numerical experiments were performed for the torsional wave mode T(0,1) using ANSYS finite element software. The results in-
clude the investigation of the influence of the length and the depth of the notch on the von Mises stresses distribution.
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1. INTRODUCTION

The inspection process of pipeline is necessary in the oil-
chemical industry where the pipelines used to transport oil and
chemical products are subjected to corrosion. Inner surface and
even outer surface corrosion is especially difficult to detect
when the pipelines are located underground. Ultrasonic meth-
ods of inspection are considered to be effective non-destructive
testing methods. Conventional non-destructive testing method
consists of a series of point to point tests from the outside sur-
face of the pipe. The major disadvantage of this technique is
that it can be expensive and time-consuming when a coating
covers the pipe, because an access to the outside surface re-
quires removal of the coating to perform the test, and further
re-installation of the coating when the testing is complete. Be-
sides, this method becomes difficult and inefficient for hun-
dreds or thousands meters of pipes.

In the recent years, the use of guided waves for a long-
range inspection of pipes has attracted considerable attention.
Ultrasonic guided wave method largely reduces inspection time
and costs compared to the ordinary point-by-point testing in
large pipelines. This technique enables to scan the pipelines for
a long distance from a single position and facilitates the defect
detection. Equipments with guided waves are installed at one
location of a pipe and reflection echoes indicate the presence of
corrosion or other defects [1].

Ultrasonic guided waves are defined by the geometry of the
object in which they propagate. Due to decreased attenuation
loss, these waves transmit along the whole circumferential
section of the pipe while propagating in the axial direction.
These waves travel across the straight stretches of pipe to sev-
eral meters from a single point using a pulse-echo transducer
bracelet wrapped around a pipe.

The use of guided-waves and their interaction with geomet-
rical discontinuities located in structures have been investigat-
ed in several works. Three possible modes of guided waves
that can propagate along the pipe are the longitudinal, torsional
and flexural modes. The modes for the detection of defects in
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pipes are axisymmetric ones. A number of studies examined
efficiency of the defect detection using longitudinal and tor-
sional modes [2-5]. The benefits of using longitudinal mode
L(0,2) include its sensitivity to defects, its speed and non-
dispersivity from cut-off frequency. The torsional waves T(0,1)
also have attractive advantages in defect detection as they have
constant speed and propagate through the pipes filled with
liquid without much leakage [6].

The present study considers an experimental pipe with and
without defects. The description of the experimental pipe is
given in Section 2. Two sample pipes with different types of
defect are considered, and both are subjected to the propagation
of the torsional mode T(0,1) of the guided wave. Section 3 is
devoted to the mathematical and finite element models of the
problem. The desired guided wave is simulated by a special
excitation function applied to one end of the pipe. Section 4
describes the computational results. For the torsional guided
wave the main results of interest are the von Mises stresses.
Additional analysis is carried out to study an influence of the
defect on the von Mises stresses for various values of the depth
and length of the defect. Section 5 presents a conclusion on the
results of the study.

2. PROBLEM STATEMENT AND INITIAL
DATA

The experimental pipe was constructed in Paton Electric
Welding Institute. It is made of steel and has the length of 48
m. The pipe consists of 8 number butt welding pipes. The di-
ameter of the pipe is D =114 mm and the thickness of its walls
is a=6 mm. Several types of defects have been made on the
pipe for experimental purposes. Two types of defects are con-
sidered for numerical simulation. The first type of defect is a
notch with a length of s=180 mm, depth of d=2 mm and
width of w=2mm (Fig. 1). The second type of defect is a
notch with a round hole, where the length of the notch is
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s =200 mm, depth of the notch is d =2 mm and width of the
notch is W =2 mm. The radius of the round hole is r, =5 mm

(Fig. 2). The first type of the defect will be further referred to
as defect I, and the second type of the defect will be referred to
as defect I1.

Torsional mode T(0,1) of the guided wave propagates with
the speed of €=3200 m/sec. The working frequencies of the
ultrasonic wave in the pipeline are 16.3 KHz and 36 KHz. The
guided wave reflects from the defect and from the end of the
pipe. Numerical simulation of the ultrasonic guided wave
propagation in the pipe with a defect should give information
on the amplitude and the transit time of the impulse reflected
from the defect and from the end of the pipe.

Fig. 1 Sample pipe, defect I: notch

Fig. 2 Sample pipe, defect II: notch with a hole

3. MATHEMATICAL MODELING AND FI-
NITE ELEMENT SIMULATION

For numerical simulation of ultrasonic guided wave propa-
gation through the pipe it is enough to consider a part of the
pipe in the vicinity of the defect. Solid and finite element mod-
eling was done with the help of ANSYS finite element soft-
ware.

Three-dimensional solid models were constructed for a
pipe without defect, a pipe with defect I, and a pipe with defect
II. The solid model of the part of the pipe under consideration
is represented by a hollow cylinder of the length | and the

distance |y from the defect to end of the pipe where the

waves are excited (further referred to as left end). The monitor-
ing plane will then be placed halfway from the left end to the
defect location (see Fig. 3).

An auxiliary volume was built at the left end of the pipe for
the purpose of boundary condition setting, and auxiliary vol-
umes around the defects were built for the meshing purposes.

Solid models were meshed with 3-D 8-node brick ele-
ments. For finite elements models of the pipe, the number of
elements along the wall thickness direction is 6, and the aspect
ratio of the elements in the longitudinal direction is 5 to 1,
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which will ensure good accuracy. Finite element meshes of
defect I and defect II are shown in Fig. 4.
Right end: :
reflection

Monitoring
plane
Left end: @
excitation

J

Fig. 3 Solid model of the pipe

Fig. 4 Finite element meshes of defect I (left) and defect I1
(right)

In order to simulate the emission of the desired guided
wave into the pipe, a special excitation function was applied at
the left end of the pipe. The form of this excitation function
was taken from [7]:

0 5-(1—cosﬂ) .
Fi)=<" n /sin(2Aft), 0<t <z
0,t>7
where n is the number of pulse cycles, f is the central fre-
quency, 7 =n/f is the signal impulse time. According to [7],
with such a signal, the energy of the force function can be ef-
fectively concentrated within a finite interval in both time do-
main and frequency domain. As torsional guided waves T(0,1)
are spread via shearing motion parallel to the circumferential
direction, the orientation of the load is around the circumfer-
ence of the left end of the pipe. For simulation in ANSYS, a
pressure function P(t)=F,-F(t)/S was applied to the outer

surface the first row of elements at the left end of the pipe,
where S is the area of the outer surface with applied load, F,
is the value of the force. Special surface finite elements were
used to apply tangential pressure around the circumferential
area. The right end of the pipe is set to be rigidly fixed.

4. RESULTS OF COMPUTATION

Full transient analysis was performed to simulate ultrasonic
guide wave propagation through the pipe with and without
defect. The time period for the computations is t,,q =3-1/c,

where | is the length of the pipe, ¢ is the wave speed. During

this time period the guided waves would travel till the right end

of the pipe, reflect from it, then go back and reflect from the
left end of the pipe.

The computations were performed for the central frequency

f =36000 Hz, number of pulse cycles n=5, force value

F,=100 N, and wave speed ¢ =3200 m/sec. The calculated
signal impulse time was 7 =138 s, and the time period for the



computations was t,q =937 ps. The time step during the signal
impulse time period was set to be 2 ps. The material (steel) was
modelled as a linear isotropic material with Elastic modulus
E =205 GPa, Poisson's ratio v =0.28 and density
p =7800 kg/m’.

Y Y
rNede 1
Neode

/&Nxde 3
e

No L4
L-Node 6

>y

Fig. 5 Location of nodes at the monitoring plane

The length of the pipe was set to be | =1 m and the defect
is located at |y =0.5 m from the left end of the pipe. The mon-

itoring plane was considered to be located at the distance of
0.25 m from the left end halfway to the defect location. The
monitoring plane is characterized by six nodes (Fig. 5). Nodes
1, 2 and 3 are situated in the upper part of the pipe where the
defect is located, and nodes 4, 5 and 6 are situated in the lower
part of the pipe. The results for these nodes can be extracted
and compared for the pipe without defect and the pipe with
defect I and defect II. The results for the nodes in this location
give opportunity to verify the excitation signal and to investi-
gate its reflection from the defect.

The distribution of the von Misses stresses can be qualita-
tive characteristic of the computation results as the torsional
guided wave is excited by the load pressure function.

It is clear that in general the graphs of the von Mises
stresses versus time will have similar shape for all nodes at the
monitoring plane with slight difference for upper and lower

nodes.
a x10==-3}

.E .8 1
.7 B

SEGV_1

1 .z .5

Fig. 6.1 Von Mises stresses for the pipe without defect in
node 1 versus time for the period of 937 ps

Fig. 6.2 Von Mises stresses for the pipe with defect I in
node 1 versus time for the period of 937 ps
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o x10%2-3}

Fig. 6.3 Von Mises stresses for the pipe with defect II in
node 1 versus time for the period of 937 pus

Fig. 6.1-6.3 shows the graphs of the von Mises stresses for
the pipe without defect in Node 1 for the period of 937 us. It
can be seen that the incident wave was reflected first from the
left end of the pipe and then from the right end of the pipe. The
presence of defects causes the incident wave to reflect from it
that can be seen from Fig. 6.2—6.3. The comparison of Fig. 6.2
and Fig. 6.3 shows that the wave reflected from defect I (notch
with a hole) has larger amplitudes of the von Mises stresses.

Fig. 7 compares the graphs of the von Mises stresses in
nodes 1 and 6 for the period of 381 us for the pipe with de-
fect II. For both nodes the incident wave and the wave reflected
from the damage are clearly seen. The graph of the von Mises
stresses in Node 6 shows smaller amplitude of the reflected
wave for the lower part of the pipe, where the defect is not
present.

x10%232)

EQV & 2000

Fig. 7 Von Mises stresses in nodes 1 and 6 versus time for
the period of 381 ps for the pipe with defect 11
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Fig. 8 Von Mises stresses in nodel versus time for the pe-
riod of 381 ps for the pipe with various depths of defect I
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Fig. 9 Von Mises stresses in node6 versus time for the pe-
riod of 381 ps for the pipe with various depths of defect I

The influence of the depth and length of the defect on the
magnitude of the von Mises stresses has been analyzed for the
pipe with defect I (notch).

The depth d of defect I has been varied from 2 mm to 6
mm (equal to the thickness of the pipe) with the step of 1 mm.
The length of the defect was set to be equal to s =180 mm for
all cases. The comparison of the different cases of the defect
depth for the nodes 1 and 6 can be seen in Fig. 8 and Fig. 9.
Note that the amplitude of the reflected wave increases with the
increase of the defect depth. This amplitude is considerably
larger for the node 1 (see Fig. 8), where it equals to the ampli-
tude of the incident wave for the case of d =6 mm.

For the wave reflected from defect I we can estimate the
maximal value of the von Mises stress for various values of the
defect depth and length. The reflected wave considered here
corresponds to the time period from 228 to 381 ps.
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Fig. 10 Maximal von Mises stresses in nodes 1 and 6 versus
depth of defect I for the reflected wave
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Fig. 11 Maximal von Mises stresses in nodes 1 and 6 versus
length of defect I for the reflected wave

Fig. 10 shows the dependence of the maximal von Mises
stress on the depth of the defect for nodes 1 and 6. From
Fig. 10 it can be seen that for node 1 the von Mises stresses
increase faster than for node 6.
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Fig. 11 shows the dependence of the maximal von Mises
stress on the length of the defect for nodes 1 and 6 for the re-
flected wave. The length S of defect II has been varied from
180 mm to 358 mm (equal to the length of circumference of the
pipe) with the step of 40 mm. The depth d =2 mm of defect II
remained constant for all cases. The graph for node 6 in Fig. 11
shows that an increase of the defect length leads to the increas-
es of the von Mises stresses. The von Mises stresses in node 1
do not change considerably. Their values slightly increase at
first when the length of the defect changes from 180 to 260 mm
and then slightly decrease with the further increase of the de-
fect length. For the case of the full notch all over the perimeter
of the pipe (S =358 mm) the values of the von Mises stress are
almost equal for nodes 1 and 6.

5. CONCLUSION

Numerical simulation of ultrasonic torsional guided waves
propagation was performed for a sample pipe without defect
and two sample pipes with two different kinds of defect. Finite
element software ANSYS was used to build solid and finite
element models of the pipe, simulate the applied pressure func-
tion for generating the desired T(0,1) guided waves and to
perform transient analysis. The results of the simulation allow
obtaining information on the amplitude and the transit time of
the impulse reflected from the defect and from the end of the
pipe. The influence of the defect on the von Mises stresses in
different nodes was analyzed for various values of the depth
and length of the defect.
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MOMOIITAa Ha METOJUTE HA aCHMTOTHYHATA TEOPHsI Ha EKCTPEMAITHUTE CTATUCTHKH.

K/IIO490BH  JYMH: IIETPOJIHH PE3EPBOAPH, YJITPA3BYKOBA JEBEJIOMETPHA,

CTATHCTHKA

BnBeaenue

VYiTpa3zBykoBara nebenoMeTpus Ha

BEePTUKAJIHM IMIUHApUYHN pe3epBoapu (BLIP) B
HEeTpoNHaTa HUHIYCTPHA € 4ecTO CpelljaHa IpH
yITPa3BYKOBOTO H3nuTBaHe — Pwur.1.

VYaTpa3BykoBa
neberoMeTpust

30000 m® 5000 m’

Qur. 1.
1. YuarpasBykosa ne0GesioMeTpust

Kopnycure  na  merpomnute  BIIP
OOMKHOBEHHO c€ HW3pabOTBAT OT/EIHM MaHTEIH,
KaTo JOJIHUTE ca OT BBIJIEPOJHA CTOMaHa MapKa
10I'2CA®, c noBumIeHO ChABPXKaHME Ha Mn u
TOPHHUTE MaHTEeNH OT cToMana mapka BCt3cm [1].
3a cromana wMapka 10[2CA® ckopocrra Ha
pa3npocTpaHeHHe Ha HAMITBXHUTE YITPa3BYKOBH

BoiHM - P, e (5310 - 5650) m/s, a 3a cromaHa
mapka BCt3cnd V), ~ (5820 - 5880) m/s [2]. Tosa

Hajlara M3ME€pBaHEC Ha CKOPOCTTa VL B Marepuajia

OT KOWTO ¢ W3paboTeH KOopIlyca Ha pe3epBoapa,
cwritacHo ASTM 494:2010 [4],Trouka X2.18.3.3. u

rmocneiBamia KamuOpoBka Ha jgebemoMepa IO
H3BECTHA CKOPOCT.
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JleGenunara Ha kopryca Ha BIIP - O ce
ompenens or O =V,.(¢/2), BAC EN 14127.

Usmepenata nebenvHa € CBBpP3aHA C SKOCTHO
ycinosue [1]

D
1 —lip=v(H -
(D O-HOH>p(2.5j7p 7( x)

2. CraTtucTHYeCKM aHAJIN3

2.1. CtaTuCTHYECKH aHAJM3 HA JAHHHU
OT yJITPa3BYKOBHTE U3MEPBaHUSs

Pesynrara oT MPOBEXKIAHE Ha
yiTpa3BykoBata JeOenoMeTpusi ca  ciaydaiiHu
penuurHA. ToBa  Hajlara  M3IOJ3BAHETO  Ha
IMOAXOJAI CTATUCTHYECKU aHajiu3 Ha JaHHWATE. B
pasriexaaHus ciIy4ail ToBa ca MEIMAHHUTE OLCHKH
/CTaTUCTUYECKH  YCTOHYMBU OLIEHKH/. Axo
HM3BajKaTa €

2 Xi<Xp <Xp)

To cpeaHa croiWHocT - med X W CTaHAapTHO
oTkioHeHue - med S [5].

(3) med X:X(z) 5

(4)  med S=1.48 med | X,- med X | ; k=1,2,3

B  Teopusra Ha  MaremaTuuyeckara
craTucThka [5] ce moka3Ba, 4e ako ce IO3HaBa
(dyHKIMATa HA pa3npelesieHHe Ha CI1.B. X, TO 3a Hes
ce 3Hae BCHYKO HEOOXOAMMO 3a omucaHuero . B
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pasriexgaHns CIydail eMnupuYHaTo (YHKIUS Ha
pasmnpezneneHne Ha CII.B. X, IpH 00eM Ha W3BaJIKaTa
n=3e
0 npu—o<x< X,
1/3 npu.X ;) <x< X,

(% Fx= 5 3npuX <x
npu. 2 <X=s 3)
1 npu.X; <x <400
2.2. AcCHMTOTHYHA Teopust Ha

€KCTPEeMAJIHM CTATHCTUKH

W3non3Banero Ha pe3ynraru oT
ACIMTOTHYHA TEOPHS Ha EKCTPEMAIHU CTaTUCTHUKH
[6] mo3BonmABa ma ce HampaBAT W3BOOM 3a
MHUHHMaJHAaTa M MaKCHUMaJHHa CTOMHOCTH Ha
TeHepaHaTa U3BajKa

(6) X(])S ..... < X(n) , Ipy N —> O

0 JJAHHU OT MaJIKa M3BajKa, Harpumep (2).
BLBG)K,I[& ce Wn=min ( X 1> X @) > X 3)

Beposithocrra3a Wne Pr { Wn>x )=[ 1 — F(x) ]

Marematudeckoro oqakBane E(Wn) 3a Wn e

)n.

. 3
(1) E(Wn)= Lox dPr{Wn<x)= Y Bx g ;
k=1

11
KBbAETO Ca BbBEJICHU ,B ==
28
- ACHMTOTHYHA OIIEHKA 33 MUH. O
BLBG)K,I[& ce Zn= max ( X 1> X Q@) > X (3)) .
BepostHoctraza Zne Pr{Zn<x)=[F(x)]"
Marematudeckoto odakBane E(Zn) 3a Zn e

. 3
®) E(Zn)=J. XdPH{ZI=x= D VX ;
- s

), 3, =E(Wn)

11
KbaeTo ca BbBenenn ¥ =| —;—;1 |, O, =E(Zn) -
82
aCHMTOTHYHA OLICHKA 32 Max. O
3. Pe3yuarar oT u3MepPBaHETO
CeriacHo HaIpaBeHHTE B T.2.
IpecMATaTHs pe3yiTaTa OT M3MEPBAHETO Ha

neOenMHaTa Ha CTEHaTa Ha pe3epBoapa ce
IpenCTaBst KaTo
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(9) §min < 5 < §max
4. SlkocTHO yciaoBHe

B pasrnexnpgaHust ciy4aii SIKOCTHOTO
ycnoBue 3a BIIP e

(10) Ouop>p ;p=y(H—x)

2 '§min

5. 3akaouenue

Ilokazana e HEOOXOIUMOCTTA oT
KaJIuOpoBKa Ha JebesioMepa Mo M3BECTHAa CKOPOCT
Ha pasnpocTpaHeHue Ha HAUTH)KHUTE
YITPa3BYKOBU BBJIHH, U3MEPEHA 10 METOJI OMUCaH
B ASTM 494:2010 [4]. Touka X2.18.3.3.

Pasrinenan e BBIpoca 3a TPENCTBSHE HS
pe3yaTTa OT yITpa3ByKoBaTa JcOCIOMETpUs Ha
pesepBoapu ¢ TOMOINTa HAa METOJUTE Ha
aCUMTOTHYHATa  TEOpUsl HAa  EKCTpEeMajHUTE
craTUcTUKU [6]. [looyyeHu ca, B SIBE€H BUI, OLIEHKH
min ( X ) ,X (2),X (3)) (7) u max ( X (1),X (2),X (3))
(7) u (8) croTBETHO.

Janenu ca mpencraBsiHE Ha pe3yiTara OT
H3MepBaHETO Ha JcOennHaTa Ha CTeHaTa Ha
kopmyca Ha BIIP (9) u saxoctTHO yamosue 3a BIIP

(10).
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Abstract: This paper proposes the design of a three-element linear periodic acoustic array using the method of “compressed
cosines”. Approximation of an ideal array factor— Kronecker-6 with third degree optimal polynomial is performed. Some Luneburg
lenses are used to realize a phase function. The designed array has remarkable properties: broadband, narrow beam without side
lobes and constant selectivity of the array factor. Examples of beam-steering are proposed. A Matlab simulation is demonstrated.

Keywords: approximation, array factor, linear equidistant acoustic array, Luneburg lens, optimal polynomial.

1. BbBE/IEHHUHE

Axycruunute pemietku (AP) ca mpocrpaHcTBeHH (UITPH
3a [pUEeMaHe Ha 3BYKOBU CHUTHAIM OT  OIPENENICHO
HanpasiieHue. B Teopusita ce npuema, ue AP e cbcTaBeHa ot n
Ha Opoif, pa3MOJOKEHH PABHOMEPHO M IPABOJIUHEHHO,
aKycTuuHH ceH3opHu. CrocoOHOCTTa Ha pemeTka fa GuiaTpupa
KEJTaHUTEe CUTHAIM ce Ae(HUHHpA OT HeWHaTa MPOCTPAaHCTBEHA
cenekTuBHOCT. OCHOBHAa 3ajadya IIPH KOHCTPYHPAaHETO €
cb31aBaHe Ha AP ¢ Bb3MOXXHO IO-MalTbK OpOi CEH30pH C TSICHA
MPOCTPAaHCTBEHA quarpama Ha HacoueHocT (JIH) u Hucku HuBa
Ha CTpaHWYHHTE H3TbuBaHui. [locoueHuTe mapameTpu ca B
NPOTUBOpPEYHUE C HEHHATa UYeCTOTHA IIHMPOKOJIEHTOBOCT. IIpm
pellaBaHeTo Ha TaKbB BUJI 33/1a4H CE ThPCH KOMIIPOMHC.

Ha ®wur.l e mokaszaHa cxema Ha JUHEHHA €KBHIHCTaHTHA
akyctuuHa penietka (JIEAP). OcHoBHE mapameTpu ca:

- TEOMETPUYHOTO Pa3IoJI0’KEHUE Ha CEH30PUTE;

- Pa3CTOSHHETO d MEXIYy CCH30pUTE, HOPMHUPAHO CIPSIMO
HOMHHAaJIHaTa Ib/DKMHA Ha BhiaHaTta A Ha JIEAP;

- aMIUTUTYIUTE Ha BH30YKIAIUTE TOKOBE /,;;

- (hasuTe Ha BB30OYKIAIIMTE TOKOBE @

- AuarpaMara Ha U3JIb4BaH€ Ha OTAC/IHUSA CEH30P.

deosd,/ . r
\\
~
N
Ay

®@ur. 1. JInneiiHa eKBUANCTaHTHA aKyCTHYHA PEIIETKA.

breast, KOHTO CKIIOYBA PPOHTHT HA IIpHEMaHATa 3BYKOBa
BBJIHA C OCTa Ha AaKyCTHYHATa pEIIeTKa, € O3HadeH ¢ .
IIpousBenennero dcosd orpazsaBa (Ha30BOTO 3aKbCHCHHE Ha
3ByKOBaTa BbJIHAa MEXKJLy JBa CeH30pa. B Teopusra e npuero, ue
CCH30pHTE Ca M30TPOIHH, T.€. T€ HAMAT HPOCTPAHCTBEHA
CEeJIEKTUBHOCT. B TO3M ciyyall quarpamara Ha HacOYEHOCT Ha

JIEAP cwBnama c T.Hap. ,,MHOXKHTENI Ha pelieTrkara’ A(H) ,

KOWTO € (yHKLUS Ha IPOCTPAHCTBEHUS BI'bIL.

OCHOBHHM NapaMeTpH, ONpeNeIAlld IPOCTPAHCTBEHATA
CEJIEKTUBHOCT Ha [uarpaMara Ha HacOYEeHOCT, ca HUBOTO Ha
CTpaHW4YHHTEe M3mMbuBaHuA B dB u Breapr Ha HUBO -3dB

AQ} - Haii-uecto  JIEAP ce KOHCTpyHpar OpU CTOWHOCT

d= /I/ 2 . PemerkaTa MMa IIMPOKOJIEHTOBOCT He 1oBeye oT 10-

15%. W3BBH Te3W TpaHWIM CEIEKTUBHOCTTA HA peIlIeTKara
CUJIHO HaMaJlsfBa, WM C€ IOJIydyaBaT CTPAHUYHU W3IIbUBAHUSA,
ChU3MepHUMH ¢ OCHOBHUS JHCcT HA JIH. VBennuaBaneTo Ha Opos
Ha CEH30pHTE MOJ00psBa CEIEKTHMBHOCTTA, HO CE IMOBHIIABAT
FEOMETPUYHUTE  pa3MepH, CIOXKHOCTTa M  LieHaTa Ha
TEXHUYeCKOoTo cpeactBo. OtT ToBa cnmemBa, 4Ye IpHU
KOHCTpyHpaHE Ha aKyCTHYHa peIleTka TpsibBa a ce ThPCH
KOMIIPOMHC ~ MEXIy HEWHHsS TE€OMeTpHdYeH pasMep H
CEJIEKTUBHUTE I CBOMCTBA.

EQHO KOMIPDOMHCHO —peIICHHE € H3MOJ3BAHETO Ha
aKyCTHYHA PEIICTKA, KOSTO ¢ KOMOMHALMS OT HIKOJKO, KOUTO
ca IMIOMECTCHHU €/lHa B JIpyra C Pa3IiyHd HOMHHAIIHU JIBJDKHHH
Ha BbaHaTa (Nested Array) [1]. Ha d¢urypa 2 ca moxazanu
TPUMEPHU H300paKeHHs Ha Juarpamara Ha HAacO4YeHOCT, B
HOPMHUPAH U JIOTAPUTMHUYEH BHJ, MOJIyYE€HH ChC CHMYJIALUs Ha
Matlab. AP ce cbcTom oT 9 ceH3opa, ¢ pa3CTOSHUE MEXKAY TAX
2.54 cm. UYecroramsar guamazon ¢ ot 350Hz mo 7000Hz,
paszneneH Ha 4etupu mopobxsara. Ot durypara ce BIKIa, 4e
JMarpaMa Ha HACOYCHOCT € IIMPOKOJEHTOBA, HO C HHUCKA
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CCJICKTUBHOCT.

@ur. 2. Tpumepna muarpama Ha HacodeHocT Ha Nested Array B
HOPMHUpaH U JlorapuTMuyeH Buz B [dB]

ChIIecTByBaT METO/H 3a MOJ00psIBaHE HAa CENCKTUBHOCTTA
Ha JIEAP. TeopeTnuHaTa UM OCHOBATa pelllaBaHe Ha 33jJadya Ha
MaTeMaTHYeCKO TPHONMKEHHE (anmpoKCHMalusd) Ha HeaHa
¢yHkusa ¢ nonuHOM. CTereHTa Ha TONWHOMA ompenens Opos
Ha ceHzopure. llo-M3BeCTHM ca METOAWTE C IIOJMHOMH Ha
Ueoumes, IllenmkyHoB, ¢ mnpo3opeunn ¢ynkipm: Dypue,
Xawmunr, ¢pon XaH, Xaycaopd, Kaiizep u 1. H. [2-6]. B pe3synrar
Ha ampoKCHUMalMsATa ce IojydaBaT »#n Ha Opod 4uncna
(xoepuuueHTH Ha NOJIMHOMA) b;, C KOHTO C€ YMHOXaBa
CUTHAIBT OT CBHOTBETHHUS CceH30p. ONTHMAalHU CEJIEKTUBHU
cBoiictBa umat JIEAP ¢ nmonuaomu Ha YeOures [7] u TsaxHaTa
Momudukanus mpemnoxkena ot Pubner [8]. o momeHTta B
JUTEpaTypara He € U3BECTEH METOJ 3a IOJyyaBaHE Ha CBPBX
mupokosieHToBa JIEAP ¢ BHCOKa CENEeKTUBHOCT M MOCTOSIHHA
JMarpama Ha HaCO4eHOCT.

B nacrosmara cratus € npeiokeH HOB alpOKCUMAIIMOHEH
METOJl, KOMUTO JaBa Bb3MOKHOCT 3a KOHcTpyupane Ha JIEAP ¢
TOPENIOCOYCHNUTE MapaMETPH.

2. AIIPOKCUMALIHOHEH METOJ HA
KOMIIPECHPAHH KOCHHYCH - TEOPETHYHHU
OCHOBAHHA

TeopeTnuHHTE OCHOBH Ha METOAA Ca M3JI0KEHH ITOJPOOHO B
[9]. B craTnsTa me ObAaT MpeCTaBeHN Pe3yNTaTHTE, IOy IeHH
Y anpoKcHManus Ha neira GyHkius Ha KpoHekep

1, =0
5(0) = 0e[-x/2,7/2] , (1)
0, =0

KOATO HOpEACTaBJIdBa HJCaJlHa AuarpaMa Ha HACOYCHOCT. C
METO4a CC€ MoJiydaBa OITHUMaJICH TPUTIOHOMETPUYCH IOJIMHOM
OT TpETa CTCIICH

P@-Thewlk-De@)]. @

¢ KOe(UIHEHTH:
b=b=05;b=5b=0. 3)

cos (.)

Monymupama (yakius - ['aycoBa mHTerpamHa (yHKOHS Ha

ApryMeHTpT Ha ¢byHKIMSATA CBIBpPXKA

rpemkara, erf () , ¢ S-o0pasHa rpaduka

0(0) = merf (Bkd sin 0) )

Monynupamara GpyHKIHS KOMIPeCcHpa KOCHHYyca B cpejara
Ha nedunuiuonnus untepsai. Iapamerspbt £ >0 npomens
rpagyieHTa Ha S-KpUBaTa Ha MoAyjiMpamara QyHKIUS |
CTEIeHTa Ha KOMIIpecus Ha KocuHyca. To3u edexr (e u3BecteH,
KaTo METOJ ,,all[POKCUMAIHS C KOMIIPECHPAHU KOCHHYCH .

Owr. 3. Anpokcumanus Ha ueaina quarpama Ha
HaCOYEHOCT C ITOJIMHOM OT 3-Ta CTEIeH 3a JBE CTOMHOCTH Ha
napamerspa f (a). Jluarpama Ha HacoueHoct B dB (b)

Ha ¢urypa 3a e nokazaHa ampoKCHMalys C ONTHMAJCH
HOJMHOM OT 3-Ta creneH. OT Hesl ce BIDK/A, Y€ MapaMeTbpsbT [
HPOMEHS IIMPOYHHATa Ha rpadukaTa M Ta3d Ha ChOTBETHATA
quarpama Ha HacodeHoct B [dB] - ¢urypa 3b. IlapamerspsT ce
OIpEAeIs OT 3aBUCUMOCTTA

1
erf farccos(l —\/5)

T

B = ®)

kd sin (AQM )

-1
kppero erf () e oOpaTHa MHTerpajHa raycosa (yHKIUS Ha

rpeuikara.

Ot HeHyneBUTe KOS(UIMEHTH Ha IOJIMHOMA CE ONpPEHes
HOPMHUPAHUAT MHOXHTET Ha aKyCTHYHATa pelleTKa, KOSTO €
KOMIUIEKCHA (YHKIMS Ha a3UMyTAIHUS Brbil 6

4(0) =1+2exp(j20(0)) +exp(jdo(0)). 6)

3. PEAJIN3ANHA HA CBPbX IIIHPOKOJIEHTOBA
AKYCTHYHA PEILIETKA C TPH CEH30PA H
IIOCTOAHHA THAI'PAMA HA HACOYEHOCT

3ajauata ce CBbCTOM B pPEAIM3UPAHETO C TEXHUYECKH
cpelcTBa Ha TPUTE CHOMpPAaeMH HAa MHOXKMTENIS HAa pelIeTKara
(6). TokoBeTe B TpUTE CEH30pa C€ pEATU3UpPAT JIECHO:
HEOOXOAMMO € CHTHAIBT BbB BTOPHS Ja C€ YCHIM ABa IBTH.
Excrionenture otpassiBaT Qasure Ha TokoBeTe. 3a ma Obne
peanm3upana ¢a3oBata (QYHKIHS € HEOOXOAUMO TEXHUYECKO
CpPeICTBO, KOETO Ja OHpesens MOCOKATa, OT KOSATO NPUCTHraT
3BYKOBHUTE BBJIHHM B a3UMyTaJlHaTa paBHUHA.

EnHO BB3MOXKHO peLIeHHE € aKyCTH4YHaTa Jiella Ha
JIroneGepr [10], mokasana Ha ¢urypa 4a.

Owr. 4. Jlema na Jlronebepr (a). JJonra nomycdepa Ha semnra Ha
JIroneGepr cbC 3aKbCHUTETHN JTHHHUA (b)

Ta e cbcTaBeHa OT paslmoONOXKEHU €JHa B Jpyra
KOHIIGHTPUYHHU c(epH OT MATEePUalH, C Pa3INueH KOSHHIHEHT
Ha [pedyylBaHe Ha 3BYKOBUTE BBJIHU. 1€OPETHYHO
KOe(HLUEHThT Ha TpedylBaHE HE 3aBUCH OT 4YecToTaTa Ha
3BykoBaTa BbiHA. Jlemara Qokycupa ycrnopemHure JIbYH OT
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0 0
BCHYKH HampaBleHUs Ha azuMmyTanHus prea 0 €90 ,90 | B

TOYKH, KOHUTO 00OpasyBaT IIOJYOKPBKHOCT B JHAMETPAIHO-
MPOTHBOIIOJIOKHKUA W Kpail. 3a peanmsupaHe Ha Qa3oBaTa
(GyHKIHS € HeoOXOMUMO B TE3M TOYKM Ja C€ pas3IoioXaT
MHKpO(OHH, CHTHaJIWTe OT TAX Ja [pEeMHHAT [pe3
3aKbCHUTENIHH JIMHMH, CJIel KOETO Jia Ce CyMHpaT, KaKTo €
MoKa3zaHo Ha durypa 4b.

BpemenaTa Ha 3aKbCHEHHUE CE€ ONPELIAT OT MOy JIMpalaTa
¢yukuus (5). Ha urypa Sa Te ca mokaszanu B rpadudeH B 3a

BCAKA OT TPUTE JIENIH, KBJETO 7 = /1/ (20) ; V € CKOPOCTTa Ha

pa3npocTpaHeHNe Ha 3ByKOBA BBIIHA BbB BB3/YX.

Our. 5. OyHKIMN Ha BpeMe3aKbCHEHUATA 32 3-ceH3opHa JIEAP
(a). Cxema na JIEAP (0)

PemerkaTta ce peanusupa ¢ Tpu semu Ha JlioeGepr cbe
3aKBCHUTEITHH JINHUY 110 cXeMata Ha ¢urypa 5b.

Ot ¢urypa 3b ce Bwkza, e MpoMsiHaTa Ha IIUPOYMHATA HA
JMarpamMaTa Ha HACOYEHOCT 3aBUCH OT mapamerspa [ >0,

pecll. OT BpeMEe3aKbCHEHHATa HA 3aKbCHUTCIHHUTE JIHHUM.
Juarpamara HsIMa CTpaHWYHM W3ITbYBAHMA. AKyCTHYHATa
pemieTka UMa eIHO 3a0eIeKUTETHO KauecTBO. 3a IIMPOYHHATA
Ha JiMarpamara Ha HacodeHocT oT (5) ciensa

1
erf” | —arccos (1 - \/5)
T 2z

s k=—.(7)
A

A@ = arcsin
’ Pkd

OT paBEeHCTBOTO ce BHXK[A, NPOMSHATA Ha HOMUHAJIHATA
IBIDKHHA Ha BBJIHATA A, WM Ha MEXIYCCH30PHOTO Pa3CTOSHHE
d wMoxe J5a ObIe KOMICHCHPAaHO C Mapamerspa f.
CrienoBatesHO MpH (UKCHPAHO MEXKIYCEH30PHO Pa3CTOSHHE,
aKyCTHYHATa pelIeTka MoXke Ja paboTH ¢ MOCTOSIHHA Juarpama
Ha HACOYCHOCT Ha MPOW3BOJIHA HOMHHAJIHA YECTOTA, WIH
IbJDKMHA Ha BbiHATa. [Ipu nudposa o0paboTka Ha CHrHANHTE,
aKyCTHYHATA pelieTka MOXe na paboTH B pPealHO BpeMe C
e/[HaKBa JAuarpamMa Ha HacOYEHOCT B MHOTO Ha Opoil 4ecTOTHH
JMaNa3oHd, ThH Karo BPEeME3aKbCHEHHATA C€ peaM3Upar
nporpamMHo. TeopeTHYHO GPOAT UM € HeOTpaHHYEH.

OmucaHoOTO CBOWCTBO € JOKa3aHO C  KOMIIOTHPHA
cumynanus Ha Matlab 3a 3-enemeHTHa aKycTHYHA peIIeTKa C

MEXIyCeH30pHO pascTosiHHe 17.1 cm. (/1/ 2 3a 1KHz) un

=10". 3a

gyecrotd 300; 1000 u 3500Hz ca ce3mamenu mo 91 daiina Ha
CHHYCOHJIH, ¢ YecToTa Ha nuckpermzauus 192kHz, nedasupann
TakKa, 4e Jla MMUTHUpAT NpHEMaHe Ha CUTHAJIM B TPUTE TOYKH HA
ceHzopure OT 91 TPOCTpPAaHCTBEHH  HANpaBICHUS Ha
asuMyTamHus e, B uaTepsana ot -90° 1o +90°. Ha ¢urypa 6
ca TOKa3aHH DPE3YNTaTHTE OT CHUMYJALMATA. 3a Pa3INYHUTE
YeCTOTH JuarpaMara Ha HacOYeHOCT He NPOMEHs MINpOoYHHaTa
CH.

IIMpOYMHA HA AuarpamMara Ha HacodeHocT A6

-3dB

@ur. 6. PesyaraTi 0T KOMIIOTBPHA CUMYJIallus HA 3-eJIeMEHTHA
JIEAP ¢ meTon Ha KOMITpECUPaHU KOCUHYCH

4. CKAHUPAHE 110 ABUMYT

B peauma mnpakTHUECKM NPHIOKEHUS HAa AaKyCTHIHUTE
pELICTKH C€ Hajara CKaHUpaHE Ha CEKTOp B a3uMyTalHaTa
paBHuHa. Hail-ynauso e wu3mon3BaHe Ha  GIIEKTPOHHO
CKaHUpaHe, IMOCPEACTBOM NMPOMsHA Ha (a3zaTa Ha NpUEMaHHTE
curtany. ToBa Boay O MPOMsHA Ha MOIy/upamara (GyHKIHs

®)

(0(6’)=—ﬁ/2erf(ﬁkdsin(0+w)). ®)

TexHHYeCKH CKaHMPAaHETO C€ OCBIIECTBABA C TOYHO
OIPEIEICHN BPEME3aKbCHEHHS, KOUTO C€ MPHOABAT KbM TE3H
ot ®ur. 5(a). Ha ®ur. 7 e nokazaHa cuMmyJanus Ipu MIPOMIHA
Ha M0COKaTa Ha OCHOBHMS JIUCT Ha JiMarpaMara Ha HacO4eHOCT

w=-30"a) =u

BpeMme3axbscHeHns (b) 3a Besika oT TpuTe Jremu Ha JItoHeOepr.

npu asuMyTaJICH BI'bJT CBbOTBCTHUTC

x10*

---t

®@ur. 7. [IlpomsHa Ha TOcoKaTa Ha OCHOBHUS JIUCT HA
Juarpamara Ha HacOYeHOCT (a) U ChOTBETHHUTE
BpeMe3akbcHeHus (b)

Ha ®wur. 8 e mokazaHa cHMyJalks Ha EJIEKTPOHHO
ckarmupane npes 10 rpaxyca B cextopa -90° 1o +90°.

@ur. 8. EnexTpoHHO cCKaHUpaHe [0 a3uMyT
5. 3AK/IYEHUE

C Meroga Ha KOMIIPECHPaHM KOCHHYCH € IIOJIy4eH
ONTHUMAJICH MOJMHOM OT TpeTa CcTreneH. IlpemnoxeHo e
TEXHHYECKO PEIIeHHE 32 KOHCTPYHpPAHEe Ha CKaHMpaIla IMHeHHa
CKBHMAMCTAHTHA aKyCTHYHA peIIeTKa ¢ TPH Jiely Ha JlroHebepr.
Tony4eHaTa aKyCTHYHA pEIIETKA € CBPBXIIMPOKOJICHTOBA, C
MOCTOSIHHA ~ JMarpamMa Ha HAcOYeHOCT, 0e3 CTpaHHIHU
n3IbYBaHMs. PelneTkara MMa BB3MOXKHOCT 3a EJIEKTPOHHO
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CKaHHpaHE U HiAMA aHaJior € HOZ[O6HI/I TEXHUYECKU CPEACTBA.

(1]

(2]

(3]

(4]

(3]

JHUTEPATYPA

P. Apostolov, A. Stefanov. Wideband microphone array.
EICS 2013, 16-17 may, NTSC, pp.201-207.

Taylor T. T, “Design of Line-Source Antennas for Narrow
Beamwidth and Low Side Lobes,” IRE Trans. Antennas
Propagat. AP-3, 16 (1955)..

Villneuve A. T. “Taylor Patterns for Discrete Arrays”,
IEEE Trans. Antennas Propagat.-32, 1089 (1984).

Schelkunoff, A. S. “A Mathematical Theory of Linear
Arrays”. Bell Syst. Tech. J., 22, 80 (1943).

Harry L. Van Trees. Optimum Array Processing. John
Wiley & Sons, 2002.

-85 -

Sendov, B. Hausdorff Approximations. Kluwer Academic
Publishers, London, 1990.

Dolph C.L. “Current Distribution for Broadside Arrays
which optimizes the Relationship between Beamwidth
and Side-Lobe Level”. Proc. IRE and Waves and
Electrons, June 1946.

Riblet, H.J. “Discussion on a Current Distribution for
Broadside Arrays which optimizes the Relationship
between Beamwidth and Side-Lobe Level”. Proc. IRE,
May 1947, pp. 489-492.

P. Apostolov. Approximations with compressed cosines
and their applications. Prof. Marin Drinov Academic
Publishing House, Sofia, 2012.

Kanevski, LN.  Fokusirovaniye  zvukovykh i
ultrozvukovykh voln. Moscow: Nauka, 1970.



ISSN 1312-4897

AKYGTI/IKA B?I())ljall.lo.2014r

Hauuonanna xongepenuus “Axycruka 2014” ng“_dgg 112014 r

T'ognua XVI 3 bpoii 16 JexemBpu 2014 1.

APLICATION OF HILBERT-HUANG TRANSFORMATION FOR
DETERMINATION OF PSYCHOLOGICAL STRESS SPEECH

IMPHJIO)KEHUE HA TPAHC®OPMAILUA HA XUJIBEPT-XYAHI' 3A OIIPEJEJISAHE
HA IICUXOJIOTUYEH CTPEC B YOBEILIIKATA PEY

Peter Stoyanov Apostolov, Georgi Petrov Georgiev, Ralica Atanasova Topalska
High school “College of Telecommunications and Post”, Student City,

Street "Academician Stefan Mladenov" Ne 1 Sofia, Bulgaria, phone: 02 86 22 893, e-mail: p_apostolov@abv.bg

IHerbp CTosinoB Anoctos10B, I'eopru Ilerpos I'eoprues, Painua Aranacosa Tonajsicka

Bucmie yunnuine ,,Konex no tenekomyHnukanuu u nomy’”, CTyJeHTCKH rpaf, yiI. ,,Akan. Credan Miagenos” Ne 1, Codus,
Bwarapust, Ten. 02 86 22 893, e-mail: p_apostolov@abv.bg

Keywords: polygraph, psychological stress, Hilbert Huang transformations

Peztome — B cmamuama e pazenedan npoonemvm 3a u3nonzeéane Ha KOMRIOMBPEH MeNOO 3a onpedensine HaA NCUXO0I02UYEH
cmpec 6 zoeopna ungopmayusn. Hanpagen e npezied na cwvujecmeysawjume aHAIUZAMOPU HA CMpecd, U3NON36AHU &
npakmukama na npagopazoasamennume opeanu. Ilpeonosycena e npocpama na Matlab 3a komniomvpna o6pabomka na 38yKoea
ungpopmayua. Ha ocnosama na yughposeo unmezpupane ca npeonoxcenu emMnupuyHu KoauuecmeeHu Kpumepuu 3a O4eHKa Ha
cmpeca. B oonvanenue e npunodcen memoo 3a ananu3 Ha 36yKo6u cuznanu ¢ mpancopmayus na Xunoepm-Xyane. Ilokazanu
ca npumepu 3a AHAIU3 HA UHQOPMAYUOHHU CUZHANU, HANPAGEHU YCNOPEOHO ¢ noauzpagcko uszcnedeane ¢ Hncmumyma no
ncuxonozusn na MBP.

Abstract — In this paper the problem of using computer-based method for the determination of psychological stress in
speech information is discussed. A review of existing stress analyzers used in the practice of law enforcement agencies is made. A
Matlab program for computer processing of speech information is proposed. On the basis of the numerical integration empirical
quantitative criteria for evaluating the stress are proposed. In addition the method is applicable for the analysis of sound signals
by a Hilbert-Huang transformation. There are examples of the analysis of data signals carried along with polygraph examination
at the Institute of Psychology of the Ministry of Interior.

1. BBBE ’ZI 'EHUE. HOJIUHTPADCKH JIUXATCJIHUTE JIBHXKCHUS, B KPbBHOTO HaJISIraHE U IyJica, KOraTo

METO,ZI 3A BEPHQ)”K'AHH}I HA H3CJICIBAHOTO JIMLE HU3pHUYa JIbXXa Ha 3aJaJCHUTE BBIIPOCU OT
KOHKpeTHHUsI (opmar TecT n30paH 3a CHOTBETHHs Kasyc. Te3u
HCTHHATA

(GU3HOIOTHYHN TIPOLIECH HE MOraT Ch3HATEIHO Jja ObaaT

Monmurpadckute  W3CHEABAHHS  yCTaHOBABAT  janu  KOHTPONMPAHM OT M3CIEABAHOTO JIMLE, Thi KATO PETy/MPAaHETO
M3CTCIBAHOTO JTHIC Ka3Ba WMCTHHATA WM Tbxke. B Ce OCBIIECTBABA OT aBTOHOMHATA HEPBA CHCTEMA.
MIPaBOOXPAHUTEIHTE U MPaBOPa3IaBaTEIHUTE HHCTUTYLIUH Ta3U Honurpadexure u3cieABaHUs UMAT BUCOKA BAIUIHOCT U
nuepeHImanis € OT 0COOEHO BaXKHO 3HayeHue. Muesra 3a HajIeKAHOCT. BBB Bph3ka C TOBAa TBBPACHHE, MOXKE 1a Ce
CB3JABaHe HA HAYYCH [ONXOL INpPH  noiurpadckute noco4n 1 odbemHo uscnensane Ha H. Enciu ot 1990 r., xpaero
3cileBaHus ce nosBsBa mpe3 20-Te u 30 — Te roaunu Ha XX CC PA3IVICKIA BAIMAHOCTTA HA NOIMIPA(CKHA TECT PH PeallHu
BEK. ciydan. EHCITM M3MON3Ba JaHHU OT MPOBEICHH MOIMTPadCKU

TIpes 1948 r. Kius BakcTbp cb3aasa u ornassisa 3seoro  M3CieaBanms B pasmudun crpanu- CAILLL, Kawama, Snomus,
na TPV 3a pasnuTy, KOETO M3IO0JI3Ba JETEKIMATA HA JIHKATa, Wspaen u Iomua. Ha 6asata na pasraesanu 2042 ciyuast, 3a
KaTo OCHOBEH MeTOJ Ha pabora. Toil € ocHOBaTeN Ha MOAX0Ja KOHWTO MMa pCaTHi JaHHH 34 NIOTBBP/CHA BUHA MJIM HCBUHHOCT,
Ha 1U(POBO OIEHABAHE WM KBAHTHTATUBHHS TIOAXOA B BamiHoCTTa € 98% [1].

noaurpad)CKuTe  M3CHeABaHMSA. IIOCPEACTBOM — MPHKPENCHH Bruska 10 Hayunata KOHUeMIWs Ha nourpada ¢ Tasu Ha
JAaT4UlU KbM TSJIOTO Ha M3CJIEABAHOTO JIMIIE CE OTYUTAT, a B ONMUCAaHOTO B HACTOAINATA CTATHUA TEXHUICCKH CPEACTBO,
NMOCHE/ICTBME W OLEHABAT HACTBIIIATE (H3MONOTMUHWTe  HAPCUCHO 3BYKOB AHANM3ATOP HA CTPEC, C KOCTO CE M3BBPIIBAT

NPOMEHH B KOKHO-TaJIBAHUYHOTO CBHIPOTUBJIEHHE, HO)Z[O6HI/I AHAJIMTUYHU JCHUCTBUA, HO 110 0E3KOHTAKTEH HaYMH. B
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OCHOBaTa Ha JCHCTBHE Ha ypeAa € 3BYKOBHAT aHaIM3 Ha
YyoBeIIKaTta ped. B murepatypara € TMpHETO, Y€ KOraro
U3CICIBAHUAT OOCKT TOBOPH HEUCTHHA, NMa OCHOBAHHE Jia Ce
cudTa, 4Ye JMIETO € B mcuxosormdeH crpec. CiepoBaTeiHo
OTYHMTAHETO HA CTpeca B TOBOpa € COMH BHJ OC3KOHTaKTEH
,,JCTEKTOP Ha JTbxkKarta’.

2. TEOPETHYHH OCHOBAHHA

VYcenopenno ¢ monmrpadckuTe H3CIEABAHUS, B MHOTO
cTpaHH ce paboTH 3a Ch3JaBaHE Ha OE3KOHTAKTHU MPHOOPH 3a
YCTaHOBSBaHE Ha JOCTOBEPHOCTTa IIPU pascleBaHUS Ha
MIPECTHITHY AESHUS OT IPaBOOXPAaHUTEIHNTE OpraHu. Exna gact
OT TSIX Ca CBBP3aHU C M3CIIEABAHMS HA YOBEIIKHS T'OBOp H MO-
TOYHO Ha NICHXOJIOTUYHHMS CTPEC B IJiaca.

Hayunusat ¢ynmameHT ce 0a3upa Ha OTKPHMBAHETO Ha
rJ1IacOBUSI MUKpO-TpeMop npe3 50-te rogunu Ha 20 Bek. Ilpes
1971 r. Onod¢ Jlunonm, wuscnemoBaten B JIOHZOHCKUS
YHHUBEPCHTET, IyOIINKyBa pe3yTaTUTe Ha N3CIECIBAHETO, KOETO
e 3amouHan mpe3 1957 r. B cnmcanme Scientific American. B
crarmata Ha Jlunmomm [2] ce geduHHMpa IIOHSATHETO
,JICHXOJIOTHUEeH TpeMop”. ABTOPBT H3IION3BAa H3CIEIBAHUATA
Ha sBieHueTo oT Maptun Xomuzmedr u J[xo Pendwuiim,
MIPOBE/ICHH JeceTHIeTHe peay ToBa B Harponannara GosHuIa
B JlonnoH. Te oTkpuiy, ye KOHTPAKIUATA HAa BOJIIEBU MYCKYT €
CBIIPOBOJICHA ¢ TpeMop mox (opmara Ha ocumnaiuu. Cropen
Jlumony, BCHYKH MYyCKYJH B TSUIOTO, BKJIIOYHTENHO TTTACOBUTE
CTpYHH, BHOpUpAT B Anamna3oHa ot § 1o 12 Hz. ABTopsT cuuTa,
4e TPEMOPBT ¢ QYHKIUS HA CHTHAJINTE KbM U OT JBUTaTEIHHUTE
HEBPOHM U 4e € aHAJIOTMYeH Ha CaMOHACTpOiBaiia ce cepBo
cUCTeMa CBC 3aTBOPEH IMKBJI. MyCKyJIuTe ce CBUBaT |
OTIYCKAT, Karo 10 TO3M HA4YMH HOAIBPXKAT IOCTOSHHO
HarnpexeHne, Mof00HO Ha MYCKyJeH ToHyc. B MoMeHTH Ha
CTpeC TAJIOTO HAa WHAMBHUIA CE MOATOTBA 3a OoTOpaHa (OuTKa)
Wi  Obp30  OTCcThIUICHWEe (OSATCTBO), Karo yBenH4aBa
TOTOBHOCTTA HA MYCKYJIUTE 3a AeiicTBue. TexHute BHOpanuu ce
yBelIMuaBaT oOT HOpMaiHusg JuanazoH 8§ a0 9 Hz no
crpecupamust 11 no 12 Hz. Te3u tpenteHus ce BKIIOYBAT B
YOBEIIKAaTa ped, KaTo MOAYJIMpAT roBopa. Te3n Moaynanuu He
Morar Jia ObJIaT JOJIOBEHU OT YOBEIIKOTO YXO, HO CHIIECTBYBAT
€JIeKTPOHHU TIPUOOpPH, KOUTO TH YCTAaHOBSIBAT C BHCOKA
TOYHOCT.

Crarusta Ha O. JIumona TpeTnpa MEJUIIMHCKH aCHEeKTH U
HUKBAE HE CTaBa IyMa 3a WH3IOJI3BAaHE HA IICHXOJIOTHIHHS
TpeMop 3a BepuduKkanus Ha UCTUHATA. Te3u Hay4dHU pe3yiTaTu
KapaT MHOTO YYeHH M HMI)KEHEepPH Jla KOHCTPYHpaT peauia
TEXHMYECKH CpPE/ICTBa 3a Ch3JlaBaHE Ha 3BYKOB ,,JJIETEKTOpP Ha
npxata”’. M3o00peteH e Meron 3a  JeTEKTHpaHe Ha
MICUXOJIOTUYHMS CTPEC C OLIEHKA Ha TICUXOJOTHYHUTE IPOMEHH
B YOBELIKHUA TIjlac, KoiWTo € 3ammreH ¢ Ilarent - US Pat. Ne
3971034 na umero Ha ben. I'macoBuTe Mozmenu Ha cTpec IBPBO
ca MpPEeACTaBeHN KAaTO METOA 3a M3MEPBAaHE Ha MCHXOJIOTHIHHS
CTpec, KaTro ce 3aloyHe OT «YCTpOMCTBO 3a OIEHKa Ha
ncuxonornanus crpec» (PSE — Psychological Stress Evaluator),
npoektupano ot ®opa, ben u MakKucrsa npes 1971 r. Ypenst
PSE 3amucBa B rpaduueH BuJ guarpama BBPXY JICHTa OT
XapTHs, MOJAOOHO Ha elleKTpoKapauorpama. YCTpOHCTBOTO €
MarHeTo(oH C MPOMEHIINBA CKOPOCT Ha BB3IPOU3BEKJIAHE Ha
3Byka. Cren 3amuc, CKOpOCTTa Ha JIeHTaTa ce 3a0aBs 8 mbTH U
CHTHAIBT C€ NPOITyCKa Mpe3 GUITPH C PA3INIHO 3aTUXBAHE H
ce aHanm3mupa. Besika peakiys B 3aMCaHus TOBOP MPOM3BEXIA
BePTHKAIHK JBIKEHHS Ha MHCENa, KOMTO CE aHAIU3HPAT H
OIIpeseNIAT CyOeKTHBHO KaTO CTPECOBH WM HE- CTPECOBH
Momenu (mabnoHu). 3a KPUTEPUH CIYXaT AbDKHHATA U
¢dopmara Ha mabmona. OOHIO Ka3aHO, OIEHSIBAHHTE TJIACOBU
1abJIOHN ca BBB BCSAKakBU (OPMH M pasMmepH. Te BKIIOYBAT
pa3IMKM 3a MBXKE M KEHH, PETHOHAIHH U MEXIyHapOIHU

87

JIMHTBUCTHYHU pa3iuku ¥ 1p. He3aBucumo oT TOBa, Mojenure
Ha YOBEIIKM IJIaC WUMaT MHOrO OOLIM XapaKTEepUCTHKH |
MoA00HN OTJIMYUTENIHH YePTH, CBBP3aHH ChC CTPECa, a IMEHHO,
4ye TeHAEHLMATa NpU cTpec € jaa ce Qopmupa mablIoH C
NpUOTM3UTENHO TPaBOBIBIHA (Gopma. B TakeB ciywail ce
TOBOpH 3a T. Hap. TeHIeHHus «OnokupanHe». Ha dwur.la e
MOoKa3aH IMalJIOH TIpH TPOW3HACSHETO Ha Aaymarta “fix” mpwm
qunca  Ha  ncuxosormdeH  crpec.  IllabmomsT  mMa
npuOIu3uTenHO TpUbrbiaHa ¢opma. Ha dur.16 e mokasan
ChIIMAT INAOJIOH TpU HaJM4YMe Ha IICHXOJIOTHMYEH CTpec.
®dopmara Harmogo00sBa MPaBOBI'BIHUK.

B nmocnemHuTe romMHM < ca  CB3JaiE€HH  peauLa
KOMITIOTBPU3UPAH CpeAcTBA. B TAX ce M3MoN3BaT pasiudHU
croco0m, 3aMMCTBaHM OT TeopusATa Ha mudposara odOpaboTka
Ha curHaimre. OneHKkaTa Ha cTpeca ce omIpeness OT HUBOTO Ha
MOIIHOCTTAa Ha CHTHAINTE B KOHKPETHATa YECTOTHA JICHTA.
CrnenyaneH  WMHTEpeC  MNpPEACTaBIsABAa  CB3AAACHUAT B
HaumoHagHUsT HMHCTHTYT 1O YyJIOCTOBEpsSBaHE Ha MCTHHATa
NITV ~ (National Institute for  Truth  Verification)
KOMIIOThpHU3NpaH aHaimuzatop Ha crpec CVSA (Computer
Voice Stress Analyzer).
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@ur.1 [labionu Ha gymara “fix” npu oTcheTBHE () U
Hasmuue (0) Ha ICUXOJIOTHYEH CTPec

PrroBomguTen Ha mpoekta e Yapm3s XweMmOBI, a-p. CVSA
MpPE/ICTABIIsBA TPEHOCHM KOMIIOTBP C MHUKPO(GOH H BrpajeH
copTyep 3a BHU3yallHa M KOJIMYECTBEHAa OIEHKAa Ha CTpeca.
MeronsT e 3amured ¢ nateHt Ne US 2005/0131692 Al non
nmero ,,Method for Quantifying Psychological Stress Levels
Using Voice Pattern Samples”[3]. Ha ocHoBata My e ch3maneH
FACT anroputsM 3a onenka. [Ipereniuurte Ha ch3gaTenuTe Ha
aNTOpUTBMA ca, 4e Toil ocurypsiBa 98% TouHoCT. IIpHHINIBT
Ha gefictBue Ha CVSA e ChUIMAT KaKTO HA aHAJOTOBHS Yper,
HO Ce M3II0JI3Ba AUCKPETU3aNusl Ha CHUrHana. ToBa m0o3BOJIsABA 1a
ce (hopMupa KOJIMYIECTBEHA OIEHKa Ha HUBOTO Ha cTpec. Ts ce
u3passiBa B oOmpeneisHe Ha (¢opmara Ha Mojena, Karo
KOJIMYECTBEHHUTE OLIEHKH ce 0a3upaT Ha alpoKCUMHUpaHa popma
Ha I1a0JI0oHUTE.

PesynTaTuTe Ha IIACOBHUTE aHAIM3ATOPH HA CTpeca He ce
HpHeMaT eJHO3HAYHO OT Hay4Harta oOmHocT. IIpeTeHiuuTe Ha
WHcTuTyTa 32 BepudMKamMs Ha HCTHHATA CE OCIOpPBAT OT
MHOTO aBTOpPH M Wu3ciiemoBarenu. B [4] aBTOPBT H3BBpIIBA
H3CIIe/[BAaHUS, KaTo HMHTHpPAa IICHXOJOTHYEH CTpec B
nmabopaTopHH ycioBHs. Toi MoXynmpa 3BYKOB CHTHAN IIO
nomobue Ha TJIaCHUTE CTPYHH U YCTAaHOBSBA, Y€ ITOCOYCHHUTE B
naTeHTa NIabJOHM Ce MOJy4yaBaT IIPU YECTOTHA MOJyJIalus,
KOETO € B IPOTHUBOPEUUE CHC ChABPKAHMETO HA MareHTa. B
pe3ynTaTr ce NMpaBu 3aKIIOYEHHETO, Y€ YPEAbT € HEHA/ISHK/ICH.
Jo monoOHu 3aKiIroueHHs JOCTHTAaT W Apyr:u aBTropu. B [5] ca
pasriefaHd OpaBHM AaCleKTH Ha TO3M BHJ H3CJCABaHUS.
ABTOpHTE HE Ca CIECTHJIM KPUTHKA KBM BCHYKH METOAW,
MIPUEeMaiKy T 3a MapiIaTaHCTBO.



3. H3CIEJABAHHSI C METOA 34
EMITHPHYHO PA3JIATAHE HA CHTHAJINTE
(EMD)

OT HanpaBeHOTO M3JIOKEHHE B IPEIXOJHATA TOUKA, MOXKE
Jia ce HampaBsT CICIHUTE U3BOIH:

e 10 MOMEHTa HsMa TEXHHYECKO CpPEICTBO, KOETO C

BHCOKAa JIOCTOBEPHOCT Ja YCTaHOBsIBA CTpeca B
yoBewkus riac. He e M3BeCTHO MacoBO H3MONI3BaHE
Ha TaKHBa TEeXHUIECKH cpencTBa oT
MIPAaBOOXPAHUTEITHUTE OPTaHH;
BBIIPEKU IIPOTUBOPEUNBUTE PE3YNTATH, IPOABIDKABAT
ycHmsTa 3a Ch3/aBaHE HAa TAaKHUBA CPEJICTBA C HOBH
METOJW, CBBP3aHH C KOMIIOTBPHH QITOPUTMH U
nudpopara 00pabOTKa Ha CUTHAIUTE.

OU3NONOTHYHUAT MHUKPOTPEMOpP, KaKTO M YOBEHIKHAT
rjac, € HeJIMHEeeH, HecTaluoHapeH mpouec. Yecrorata u
aMIDIMTy/laTa Ha MHUKPOTpEMOpa Bapupa 3HAYMTEIHO BbB
Bpemero. ETo 3amo pasrimegaHuTe METOIM 3a aHANM3 Ha
IJIACOBHUSL CTpeC, KOWUTO H3MON3BaT ILudpoBa o0paboTka Ha
curHaIUTEe Kato Obp3oTo mpeoOpazysane Ha Dypme (FFT),
HSIMaT 100pa BpeMeBa pe3oronust. ToBa 3HAYNTETHO HAMAIIsBa
e(eKTUBHOCTTa Ha OTYUTAaHeTo Ha cTpeca. EMD e HOB
MaTeMaTHIeCKH METOJ, KOMTO € aJirOpUTBM 3a pa3jaraHe Ha
HEJIMHEeWHH, HeCTAl[OHAPHHU CUTHAIM B JIMHEHHa KOMOWHAIHS
OT XapMOHMYHM cuTHamM. ToBa To3BoNsIBa Ja ObaaT
CBOEBPEMEHHO 3albens3aHM KojebaHWATA B UECTOTaTa H
ammuTyaata [6].

EMD pabotu upe3 wupeHTHQUIHpaHE Ha BPEMEBH
CHTHAIHH  IIOPEJMIH, KOHWTO pa3KpHBaT  (PU3NIECKHUTE
XapaKTepHUCTHKH Ha curHaita. CuHTHaIBT ce pasnara Ha
MHOKECTBO CTAal[HOHAPHH CHTHAIIM, KOUTO HPEJICTABIISABAT TE3H
¢$u3nyHN XapakTeprcTHKU. Te ca n3BectHH Karto Intrinsic Mode
Functions (IMFs) — npucbiun ¢pyskuun Ha Mozena. OyHKIunTe
OTroBapAT Ha CIIEIHUTE KPUTEPUH:

e  OposT Ha eKCTPEMyMHUTE M HYJIUTE B JajJeH MHTEPBAI

Tpsi0Ba na ObJAT WIM PaBHU, WM Jia C€ pa3nyaBar ¢
eIMHUIIA;
BBB BCSIKA TOYKA Ha (PyHKLUSTA, CpeAHATa CTOHHOCT
Ha oOBHUBKaTa, Je(hUHUpPAHA OT JIOKATHUS MAaKCHUMyM
n oOBHUBKaTa JeuHHpaHa OT JOKAIHUS MUHHMYM, €
paBHa Ha HyJa.

EMD e wutepatuBen mnpouec, uuidto pesynrat € IMFs.
WtepanuuTe ce mpekparsBaT NpH AOCTHTaHE HAa HAYaHO
3amaneHa To4HOCT. Kpurepusar Moxe na ObJe CTaHZApPTHO
OTKJIIOHEHHE MEXTy [Ba ChbCeqHM pesynrara. IIpomecsT ce
n3passiBa B CICAHOTO:

e  TOpHAaTa ¥ J0JHA OOBMBKH HA CHTHAJTA CE€ MOJIEIHUpPAT
C IpWISKANMsI My MakCHMyM W MHHUMYM, KaTo ce
U3I0J13Ba KyOWYHa CIulaifH-QyHKIms;

M3BJIMYA CE€ CpeHaTa CTOMHOCT OT CHTHaia, 3a Jia ce
HOJTyYH HOB CUTHAI;

omnpezaenst ce nanu HousT curHan e IMF, karo ce
W3II0JI3BaT OMHCAHUTE MT0-TOPE KPUTEPUH;

ako HoBusAT cumrHan ¢ IMF, Toii ce wm3Baxkga OT
HayaJgHUS 3a wWrepanusra curHar. C morydeHara
pa3nmKa, Tpoleaypara 3amo4yBa OT Hayalo [0
nonyuaBane IMF.

Ha ®wur.2 e mokazaHo NpUIIOKEHHWE HA aJITOPUTHMA IPHU
pasnarase Ha cioxxeH curaan Ha IMFs [6].

C momyuyenute npuchkiin ¢pyakuun IMFs ot anropursma
EMD, ce usBwppmBa tpanchopmanus Ha Hilbert. CurHampr
X (t) ce npeoOpa3yBa B aHAIUTHYCH BUJ

Z(t)=X(t)+jY(t), )

KBJACTO

88

t L}

() gy @)
— t '

B IOJISIPHUA KOOpAWHATHU (1)2133’[3. Ha aHAJIUTUYHUST CUTHAJI

ce onpeznens ot
Z(t):a(t)exp(jﬂ(t)) 3)
CurHansT ce aHaIM3Upa OT MOMEHTHU YECTOTHU, KOUTO CE
MOJTydJaBaT OT IPOM3BO/HATA Ha (a3oBaTa (QyHKIHS
do (t
o)
dt
Ommucanure nevicteust ¢ IMFs ce Hapuua TpaHcdopmarus Ha
Xunbept-Xyanr (Hilbert-Huang transformation — HHT).

4. EKCHEPUMEHTA/THH U3CITEJIBAHUA

3a menuTe Ha MPOy4YBaHETO B MHCTUTYTa MO TICHXOJIOTHS
Ha MBP 6s1xa npoBenenn 21 cTaHAapTHU NONMUTPaCKu TECTa C
16 numa-no6posoiiy. [To Bpeme Ha TecToBeTe OsXa HAIIPABCHU
ayaMo 3amucu ¢ mpodecHoHanHa amaparypa. Y4acTHHKBT
3alUCBa Ha MalbK JHCT XapTHd 4Yucio oT 1 1mo 7, Koero
nonurpadUCThT HE 3HAE, U TO TIOCTaBs Ha CTOJA MO JCCHUS CH
Kpak (csma BBpXy Jmctdero). [lommrpaducTsT HHCTaMMpa
JMATYALUTE U OOSICHSBA NMPEIHA3HAYCHHUETO UM H CHIICCTBOTO
Ha Tecta. TecThT 3amoyBa KaTo ce ChOOIMABA HMETO H
Bb3pacTTa Ha ydacTHHKa. [Ipe3 ompeneneHH HHTEpBalId OT
BpeMe, MoaurpaducThbT 3aaBa BBIPOC KbM y4YacTHHKA Koe €
YHCIOTO, KaTO MOCJIEAHUAT OTroBapsi BUHAru ¢ ,,He . Ilo To3u
HA4uH TOW Ka3Ba HEHCTHHA B €IUHUSA OT OTTOBOPHUTE U TOBA CE
OoTYHTa Ha monurpada.

Y (t)=Lp|
T

—o

X
t

“4)

Empirical Mode Decomposition
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®ur.2. Pa3narane Ha cioxkeH curaan Ha IMFs

CH)

OtroBopure ,HE” Cce aHAIM3UPAaT C KOMIIIOTHPHA
nporpama Ha Matlab. Omnpenenst ce mabJIOHBT Ha Jymara ¥ C
1 (pOBO MHTETPUPAHE Ce ONpPEAEIs IUIOLITAa My. Y CIIOPEIHO C
TOBA, CUTHATBT MpPEMUHABA MPE3 HHUCKOYECTOTEH (GUITBP C
rpannyHa yectota 14Hz. OuaTepbT € CHHTE3UpaH ¢ METOX Ha
KOMIIpECHpaHU KOCHHYCH [7] W uMa mapameTpu ONU3KH 0
uaeaiseH QUITHP.

CrnenBa mpuiaraHe Ha aJrOpUTBM 32 OIpEAENsTHE Ha
npucsmure Gynkiun — IMFs, u ce m3uncisBa wecrorara Ha
¢yHKUMATa OT Hal-BUCOK pen. [lmomra Ha mabnona ce
CpaBHsBa C KpUTEPUUTE OT NAaTEHTHUs JoKyMeHT Ha NITV.

V3xoqHuTe NaHHU ChIBPKAT MH(POPMALHS 32 CTEIIEHTa Ha
NICUXOJIOTUYHHS CTPEC, CIOpe] TATeHTHUs HOKYMEHT, |
yectorata Ha IMF ot Haii-Bucok pen. Ha ¢wur.3 ca nokasanu



mabJIOHBT MPH JIMICAa Ha OJIOKMpaHe W MPHUCHIIATA (QYHKIHS
IMF c gyectota 10.3862Hz.

1
1000 1500 2000 2500

samples

3000 3500
®ur.3. [lla6non u IMF Ha nymata “He”
Ha ¢wur.4 e mokasana rpaduka Ha MOMEHTHHUTEC YECTOTH
cien Xundept-XyaHr TpaHcpOopMaIaTa Ha chIaTa JymMa

Frequency (Hz)

Time (sec)

®ur.4. MOMEHTHH YeCTOTH Ha Jymara ,,He” MOJYUYEeHH C
Xunbept-XyaHr Tpanchopmaris
Ha ¢ur.5 ca noka3anu B rpaduueH Bua 0OOOLICHH TaHHU
3a yectoture Ha IMFs, koraTto wu3ciieIBaHWUTE JIWIA Ka3BaT
WCTHHA W HEWUCTHHa (C TpeKkbcHaTa nuHWA). [laHHUTE 32
HEHCTHHA Ca MHTEPIOIUPAHH, ThI KaTo ca 6 IBTH MO-MaJIKO Ha
Opoi.

14
1 1 1 T T

Words

®wur.5. Yectotn Ha npuckmmte pynknnn IMFs Ha
W3CIeBAHNUTE JOOPOBOIIIN
I'paduknure WMaT TPUOTUBUTEIHO C€IHAKBEB XapakTep.
Cpenure croitnHocTu Ha yectotute Ha IMFs 3a HeucTuHa ca

- L F 152784
Frw = —=——— =7275428Hz, N =21. (5
- N 21
Cpenute croiftHocTy Ha yectotute Ha IMFs 3a ncruna ca
- " F  765.688
Fre = Z— =——=0.07688Hz, N =126 . (6)
i N 126

C oryen Ha IBIHOTA Ha HW3CIEIBAHUATA, C IPOTPAMHUTE
median(.) u std(.) mza Matlab ca u3UMCIEHH CTaTHCTHYECKU
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JIaHHU: MEJIMaHHa CTOMHOCT: Fim_Faise=9.1394Hz;
Fm true=8.2203Hz; cTannapTHO oTKIOHEHHE: Fgq rae=4.405Hz;
Fstd_Truee=4~ 5216Hz.

Busyanuusr ornen Ha ¢opmure Ha 1mAaGIOHHTE U
pe3yaTaTuTe MO KPUTEPHUTE OT NATEHTHUS NOOKYMEHT, He
MOTBBpPXKIAaBa 3asBCHUTE TMpeTeHUuHn Ha HMHcturyra 1m0
BepuduKanys Ha UCTHHATA. B Ta3w olleHKa BakHA PO UTpac
HOPMHpPAHETO Ha ImabJoHA, TMO-TOYHO ONpEJCISHE Ha
NPOIBIDKUTEITHOCTTA HAa €XOTO B cTasta (peBepOepalusra).
HeoOxomuMo e Tmpenu3HO HW3MEpBaHE C TECT-CUTHAI C
oIpeaeneHa MpoABbJKUTEIHOCT, KAKBOTO 111 0bJie HaIPaBEHO B
CJICABALIN U3CIICABAHUSL.

Ot HayyHaTa nmyOnukanus Ha Onod Jlumonn, ce pa3bupa,
Ye TpH HaIWYHE Ha TICHXOJOTHYEH CTpeC, YecToTara Ha
TpeMopa ce yBenmyaBa. OT H3UYHCICHUATA C€ BHXKIA, 4e
cpenHata W MenuanHa IMFs decrotw, mpu wu3roBapsHe Ha
HEUCTHHA, UMAT I0-BHUCOKU CTOMHOCTH ¢ Manko Haj 1Hz. Ot
JIpyra cTpaHa, aKo 4eCToTaTa Ha ICUXOJIOTUYHUS TPEMOp € HaJ
14Hz, ToraBa Tps6Ba na Hsama IMFs, T.e. uectoraTta aa e Hyna.
Toga ce nabmonasa B 3 ot 21 Ha ciyuante False (14.29%) u B
27 ot 126 npu True (21.43%), K0oeTo He MOTBBPXKAABA Ta3U
XHUIIOTE3a.

5. H3BOJIH
B 3axiioueHne Moxke Aa ce Kake, 4e C HPEJIOKeHHs
copryep He Moxke JOa ce BepupHOUpa TOCTOBEPHO

MICUXOJIOTHYEH cTpec. BepositHute (hakTopH, KOUTO BOIST MO
TO3H HETAaTHBEH PE3YJITAT, Ca CIICAHUTE:

e TecroBere ¢ M3CICABAHWTE JIMIA Ca NPOBEACHU MPU
oOcTosiTencTBa, KOHTO HE MPOBOKUPAT ICHXO-
(usnonornyHa peakiys Ha cTpec. AKO TaKbB TECT ce
NpoBeIe C JHIE OT KPHUMUHAIHHUSA KOHTHHICHT,
3aIIalieHo OT e(heKTHBHA MPHUCHIA, PE3YJITATUTE IIC
ca pa3IuyHU.

Bpost Ha uzcnensanute nauua - 16, a Ha TecToBeTe —
21 e TBBbp/E MabK 33 CTATUCTHUCCKH 3aKITFOUCHHS.

Wscnensanusita B Tasu obiact TpsiOBa Ja MPOABIKAT B
ThbpcEHE Ha [ONBJIHUTEIHM KpPUTEpUH 3a Bepudukanus
CHBMECTHO C MEIMIIU M IICUXOJIO3H.
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2-D five elements acoustic array synthesis using method of compressed cosines
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Abstract: This paper proposes design of an acoustic array using method of “compressed cosines”. Approximation of an ideal
band pass function — Kronecker-o with third degree optimal polynomial is performed. To realize a phase functions a Luneburg
lenses are used. The designed array has remarkable properties: broadband and constant array factor. A Matlab simulation with
sound waves is demonstrated. With the proposed method design of a five element, two-dimensional array antenna is performed.

1. Introduction

The acoustic arrays are spatial filters. They are used for
direct receiving of sound signals to definite direction. They
consist of N equal uniform set elements (sensors). Basic
parameters of acoustic array are:

-- general array shape;

-- element spacing d normalized against wave length A ;

-- clement excitation amplitude 7 ;

-- clement excitation phase ¢ ;

-- pattern of array element.

The gain diagram of acoustic array is defined by the pattern
multiplication theorem:

Array pattern = Array element pattern x Array Factor.
The array factor depends of general array shape, element
excitation amplitude and element excitation phase. For linear
equidistant acoustic array (LEAA) it looks like the function.
The synthesis procedure reduces to determining of the array
factor. The main disadvantage of the acoustic arrays is that they
are very narrowbanded. The frequency bandwidth is no more

than 10-15% outside the nominal wave length A .

-0

ftHz)

Fig.1. Array factor of nested acoustic array

In the design must be a trade-off between the geometric size
and the selectivity of the array. Such a solution is “nested array”
[1]. Figure 1 shows array factor of nine — elements nested
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acoustic array with interelement distance 2.54cm. This array is
widebanded: 350 — 7000Hz, but the selectivity is low and
inconsistent. So far in the literature has not been known a design
method for a broadband, narrowbeam LEAA with constant
array factor. Subject of research of this paper are LEAA with
aforementioned properties.

2. Approximation with compressed cosines

There are methods for improving the selectivity of the
LEAA. They are created for linear equidistant array antennas
design. Their basis is a polynomial approximation of an ideal
function. The most popular methods are Taylor’s [2],
Villeneuve’s [3], Schelkunoff’s [4], Orchard’s [5], Dolph—
Chebyshev’s [6], Hausdorff’s [7] etc. The method of Dolph—
Chebyshev and its modification by Riblet [8] have the best
properties.

In the paper a new polynomial approximation method is
used. The theoretical basis of the method is detailed in [9]. It
will be discussed a polynomial approximation of an ideal band
pass function — Kronecker-o

5(9):{(1)’ Z:Z, 6’6[—7[/2,7[/2],

where @ is the azimuth angle. With the method an optimal 3™
degree polynomial is obtained

4
P.(0) =2 b, cos[(k-1)¢(0)/2],
with coefficients: .
b =b=05;b=5b=0.

The argument of the cosine contains a modulating function

erf () - Gaussian integral error function with S-shaped graph
9(0) = merf (Bkd sin6) .
The modulating function compresses the cosine in the middle

of the definition domain, £ > 0 is a parameter, which changes
the compression density. This effect gives the name of the

(M

2

3)

“)
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method: "Approximation with compressed cosines”. Figure 2
shows an approximation of the Kronecker-5 with 3™ degree
optimal polynomial for two values of the parameter £.
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Fig.2. Approximations of Kronecker-3 with third degree polynomials

Figure 3 shows the corresponding array factors in [dB].

Fig.3. Array factors in [dB]: continues # = 0.5 ; dashed S =1

It is seen that the array factor is without side lobes and the
parameter S changes the width of the mainlobe.
The parameter f is determined from

erf’ (1 arccos (1-/2 ))

T

H

kd sin (Aﬁim )
where A@_  is the mainlobe width at level 1/ 2 =0.707,

-1 . . . . .
erf () is the inverse integral Gaussian error function.

From the non-zero coefficients of the polynomial the
normalized array factor of the acoustic array is determined

4(0) =1+2exp(jp(0)) +exp(j20(0)).

3. Design of a three element broadband acoustic
array with a constant array factor

The task is to realize the three terms of the array factor (6)
with technical means. The exciting currents can be easily
realized — it is necessary to amplify the signal from the second
sensor by 2.

The exponents of the second and the third terms express the
phase change of the signals. To be implemented the phase
function, it is necessary a technical mean to determine the
direction of arrival to the sound waves in the azimuth plain. One
possible solution is the acoustic Luneburg lens [10, 11]. The
Luneburg lens is a sphere with a variable refraction coefficient.
Theoretically the refraction coefficient does not depend on the

frequency, or the wavelength A . The lens has the property to
focus the parallel rays from all the directions of the azimuth
angle @ in points, placed on one semicircle in the azimuth
plain as it is shown on figure 4.

Fig.4. Luneburg lens

In these points microphones are installed. This allows the
phase function go(@) to be realized with delay lines as it is

shown in figure 5.

ouT

Fig. 5. Lower hemisphere of an acoustic Luneburg lens with delay lines

The delay time is determined by the modulating function (4).
In figure 6 they are shown in graphic form for each of the three

(S}enses, where 7 = /1/ (2v), v is the propagation velocity of

the sound in the medium.

4 Timax

Fig. 6. Time delays functions

Figure 7 shows the structure of a three-element LEAA with
the same Luneburg lenses with delay lines. The signal from the
second lens is amplified by 2. At the output all the signals are
added.



e

Fig. 7. Scheme of LEAA with 3 Luneburg lenses

The mainlobe width A&~ and the time delays 7, depend

on the parameter £ >0 which can be arbitrarily large. This
means that with three lenses, an arbitrary specification can be
realized with respect to the width of the mainlobe. The array
factor has no sidelobes. The proposed method possesses one
noticeable property. From (5) for the mainlobe width follows

erf’ (larccos(l—\/z)) 2

Z s hk=—1.
Phkd A

A@ = arcsin
—3dB

The numerator of the function arcsin () is a constant. From

the denominator it is seen that the change of the nominal
wavelength A, or the interelement distance d can be
compensated with the parameter S (resp. time delays).
Therefore, at a fixed interelement distance the acoustic array
can operate with a constant array factor on an arbitrary nominal
frequency or wavelength. In digital signal processing, the
acoustic array can operate in real time with constant beam in
many frequency bands, as the different time delays are
programmable.

The described property is proved by a computer simulation
of Matlab for 3 element array with interelement distance 17.1cm

=10". For frequencies 300, 1000

and 3500Hz, 91 X 3 sinusoids were created with a sampling rate
of 192kHz. The sinusoids are phased so as, to simulate
reception of a signals at the three points of the sensors, from 91

and mainlobe width A8

B

spatial directions of the azimuth angle 6’6[—7[/ 2,7[/ 2].

Figure 8 shows the results of the simulation. For the different
frequencies the beam-width is constant. For 3500Hz the
discretization noise is at level -30dB.

e
i
g
-
4
o=
180

Fig. 8. Matlab simulation

4. Two-dimensional LEAA with 5 sensors

It is known that LEAA is selective in the azimuth angle &
only. To obtain 2-D selectivity a combination has to be realized
of two orthogonally placed LEAAs with three Luneburg lenses
each, as it is shown in figure 9. The antenna-sensors for the
delay lines of the central common antenna A2 are placed on the
two mutually perpendicular focal semicircles. The signal from

A2 is amplified by 2. At the output, all the signals are added.
Figure 10 shows theoretical array factor of two-dimensional

LEAA.

|
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Al : A3
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d |
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Fig. 10. Array factor of two dimensional LEAA.

5. Conclusions

With the method of compressed cosines an optimal 3™ degree
polynomial is obtained. A technical solution to design LEAA
with 3 acoustic Luneburg lenses is proposed. As a result a
broadband without sidelobes LEAA, with constant array factor
is designed.
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EKCIIEPUMEHTHUPAHE C BE3PASPYIIUTEJIHU METOIHN

T. TMapranun, 1. Msanosa

YBona

CBOEBPEMEHHOTO YCTAHOBSIBAHE HA KPUTUYHO
YMOPHO CHCTOSIHHE HA MATEPHAIUTE € BAKHO MOHE MO TPH
CHINECTBCHH TNpHYMHU. [IbpBara € rpwkarta 3a XKHBOTa U
3][paBETO HAa TMOTPEOUTENUTE HA PA3IMIHU U3JICIHS, MAIIUHH,
TPaHCIOPTHH CPEICTBA, MPOU3BOJICTBEHU CHOPBKCHHUS U TIP.
Jlpyra emHa ¢ HUKOHOMUYECKA — XHBOTHT Ha KOHCTPYKIIHMUTE
MOXeE J1a c€ MPOABIIKABA ,,I0 CHCTOSHUE J0 M3UEepIBAHE Ha
pecypca. Tpera, HO He Ha MMOCIIEAHO MSICTO € MO3HABAHETO Ha
CBOMCTBaTa Ha MAaTEPHATA, OT KOSTO € HM3rPajeH CBeTa —
¢yHOaMeHTaTHOTO Hay4Ho mo3Hanme [1,3,5,6,8,10,12].
EcTecTBeHO yCTaHOBSBAHETO M OLICHSABAHETO HA CHCTOSHHETO

Ha yMmopa in situ TpsOBa Ja ce WU3BpBIIBA Upe3
0e3pa3pyIIUTETHA METOIH.
OCHOBHH I0JI02KEHHA

HanexnHara  pabota  Ha  cpeacTBara  3a

6e3pazpymureneH koHTpoa (BK) ce moctura karo pesynrar
OT CpaBHHUTEITHUTE H3CIEIBAaHUS Ha BB3MOXKHOCTUTE U
JIOCTOMHCTBAaTa HA pa3IMYHATE MO CBOsTa (pU3MIHA OCHOBA
METOJIH, KaTo IIeJTa € He caMO KOHCTaTHpaHe Ha HACTBHIIMIN
H3MEHEHUs], HO ¥ YBEepEHOTO YCTAaHOBsIBaHE HA CTENEHTa Ha
yBpexIaHe. 3a IeJMTe Ha mporpaMara HM 3a M3CJie/IBaHe Ha
yMOpa Ha MeTanuTe che cpencrBarta 3a bK ca HeoOxomumu
CepUH CIIELHAIHO TOATOTBEHNM OOpaslM ChC HAJIMYHA B TAX
o0J1acT ¢ HaTPyNMaHU yBPEXJaHUS OT IUKINIHO HATOBAapBaHE
(pur 1). 3a momywaBaHe Ha NAaHHM 3a €IUH MaTepHal ca
HeoOxomuMu noHe 8 — 10 Toukw 3a KpuBara Ha ymopara u
moHe 3 - 5 oOpasena 3a To4ka Wi okojo 25 g0 50 6post [13].
IoaroroBkara Ha TakbB OPOM EIIPYBETKH CaMo 3a eJ[Ha CepHs
MO KJIAaCHYEeCKUs] MEXaHW4YeH WIM XHUIPaBIM4YeH METO] Ha
yMopsiBaHe OU OTHEIIO TBBP/IE MHOTO BpeMe.

il

Owr 1 a,6,8 O6pasiy 3a yMopsiBaHe
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YMoparta Ha MaTepHaNUTe CTaBa IPH IUKINIHH
HaTOBapBaHWs C ToilsM Opoil mukiam Hampumep 10EQ9 -
10E10 mptu  (ompH W HATHCK). PeammupaHero Ha
BHCOKOYECTOTHO NUKJINYHO HAaTOBApBaHE JaBa BBH3MOXKHOCT
Ja Ce CBbKpaTu 3HAYUTEIHO HEOOXOJMMOTO BpeMe, KaTo
YMOPSIBAHETO Ha €MH obpas3el] Ja ce CIy4d B 0003pHM CPOK
3a YacoBe MM JHM. TakaBa MHOTOLMKIOBA yMOpa ce
OCBIIECTBsABA ¢ MalIuHu, padoremy Ha yecrotd 20 -30 kHz,
HpeIokeHu npe3 50-Te TOAUHN Ha MUHAIHA BeK. EquHIIHN
eK3eMIULIpA TaKbB THII ca BbBeneHH mpe3 80-tTe, a mpe3
nocnenuute 15-20 roguam GBp30 ce yBenmuasar [12]. Ha
naszapa ce npearar Ha resu or 80000 € o 300000 €, xoeto
TH TIPaBH HEJOCTHIIHN 33 HAIINS MPOEKT.

YerpoiicTBO 32 MHOTOIMKJIOBO HATOBAPBaHe

3a MOAroTOBKa Ha 00pasiy ciel LUKINIHU
HATOBApBaHUS B MPOEKTa Oele MpeIBUACHO Ch3aBaHETO HA
OIMUTHA YCTAaHOBKA B paMKHTE Ha OTIYCHATHUTE CpencTBa ((ur
2). Ilpn mpoexTHpaHEeTO W € W3IION3BaH OIMTA, CHOACNIEH B
Hay4HaTa nureparypa [2,4,7,12].

bemie wu3bpana uectora 28 kHz, 3a KkosATO
JOCTBITHUTE TEHEpaTOpH M YITPA3BYKOBH HpeoOpasyBaTeinn
ocurypsBat momHoct 100 — 120 W. 3a nga ce mpexBbpau
€HEeprusiTa OT YITPa3ByKOBUsS TpaHCAIOCEP KbM oOpasena
0sixa  TPOCKTHpaHM W  u3paboTeHH  HEOOXOAWMHTE
cpriacyBamu Oycrep M MeXaHW4YeH TpaHchopMmarop Ha
aMIUINTyaTa Ha TpenTeHe (koHUeHTparop) (¢ur.3,4). Ha
¢wur. 5 e mokazaHa MeXaHWYHATA CHCTEMa Ha YCTPOWCTBOTO 3a
BHCOKOYECTOTHO LIKJIMYHO HATOBApBaHE B CIIIO0CH BHJI.
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®ur. 2 Cxema Ha ONTUTHATA yCTAaHOBKA

®ur. 3 bycrep

F

-

1- TtpaHcarocep

2-  ©Oycrep

3-  KOHIIEHTpATop

4-  oOpaser

5-  ceH3op 3a aMILIUTyAa

6- ceHsop

7- WHAMKATOp 3a aMIUIUTyJaTa
8- Oposu

9- HMHAMKATOP 32 MOIIHOCTTA
10- ToxoB Tpanchopmarop

11- ynrpa3ByKkoB reHEpaToOp
12- ynpaBieHHE Ha MOIIHOCTTA
13- ynpasieHHe Ha pexuMa
14- 3axpaHBaHe

15- enexTpuuecka Mpexa

®ur.4 Konnenrparop

[

®ur. 5 Tpancmiocep, Oyctep, KoHLEeHTpaTop u oopaserr  Pwur. 6 [Tanen ¢ maTkuTe Ha Oposiya U MHIMKATOPA HA MOIIHOCTTA

B paspaboreHara OIUTHA YCTaHOBKa HMa
peryiatop Ha MOIIHOCTTa M YIpaBJICHHE Ha PEXHMa, C
KOETO Ja ce M30erHe eBeHTyal HO HarpsBaHe. B MomiauTe
ycTpoiicTBa 3a yJNTpa3ByKOBa yMmopa c€ H3MO0JI3Ba
MEepUOANYHO TPEKbCBAaHE Ha TPENTEHUATA, 3a Ja MOXKe
oOpaselia J1a ce OXJiaJd B ChOTHOIICHHE PabOTa/OYMBKa
00uKHOBEHO OT 1:2 1m0 2:1 ¥ MPOIBIKUTETHOCT Ha €IUH
TaKkbB LUKBJI OT MOpsAbKAa Ha cekyHau. M3momnssa ce u
MIPUHYTUTEITHO OXJIakaaHe upe3 obayxsane [3,4,5,12]. 3a
CJIeJiecHe U yNpaBisiBaHE Ha PaOOTHHS PEKUM € HalpaBeH
CBII0O WHAWKATOP Ha MOIIHOCTTa. HampaBeH e u
€JIIEKTPOHEH Oposd, KOHTO OTYMTA OCHIIECTBEHUTE IIMKIIH
Ha HaTOBapBaHE.
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OO6pa3nure, mnperHa3sHAaYeHH 3a yMOpsSBaHE ca
U3psI3aHM OT JIMCT CTOMaHa 4pe3 BOAHO ps3aHe, 3a Jia ce
n30erHaT eBEHTYaIHH OTAThYHM HAIPEKEHUS HArpsBAHETO
IIpH J1a3epHO ps3siHe. PopMara UM € IPOSKTUpaHa Taka, de
YMOpHHTE U3MEHEHHUS J1a ca B IIEHTpalHaTa 4acT, KOsSTO OT
CBOSI CTpaHa Ja € C JOCTaTbhyHa ILIOL] 3a W3IOJI3BaHE Ha
ocesaren 1 ceHcopu 3a BK . 3a nmpobute ca moArorseHn
obpasuu ¢ Tpu pazanuny mupuau d 10, 14 u 20 mm (¢wur.
1), a npokuHAaTa € choOpa3eHa ¢ pe3oHaHCHaTa paboTHa
yecrorora [9,11] Makap BrociaeaCTBUE /a € HATOXKUTEITHO
JIOIIBIIHUTEIIHO CKBCSIBaHE 3a JOHACTPOHKa HAa cOOCTBEHATA
gecToTa Ha oOpasena 10 paboTHaTa.



Ha ¢wurypure 6,7.,8, 9 wu 10 ca noka3aHu

®dur. 7 MexaHuuyHa yacT, ypaBJIeHUE HA PeKUMa

®ur. 9 Y3 reHepaTop U peKUM-KOHTPOI
TecTBaHe Ha pa3padoTEHOTO YCTPOHCTBO

C pa3paboTeHOTO YCTPOMCTBO OsiXxa MPOBEACHHU
NpeBapUTeNIHM M3MUTBaHUs. [Ipemnaranute Ha mna3apa
MallMHA ¥MMaT paslnojaracMa MOLIHOCT OKOJO JBa
KWJIOBAaTa, HO OOMKHOBEHO pa0OTAT NpHU JOCTa MHO-JIEK
pexum, mpumepro 200- 300 W. Llenta e ma He ce
IpeToBapBa TEPMUYHO oOpasela OT MOr'bJIHATATA CHEPIHs
B pesylTaT Ha BBIPEIIHOTO TpHeHe. PaspaboreHara
MammHa paboTH C MOYTH ITBJIHATA CH MOIIHOCT M TOBa
ch31aBa u3BecTHU npobiemu. [Ipu HenoOpo ceriacyBaHe e
BB3MOXKHO MpeToBapBaHe Ha reHeparopa. Ciex mbpBOTO
MpoOHO IyCKaHE ce HaJO0XU cMsiHa Ha eneMmeHTH. Ciex
OrpaHMYaBaHE Ha  MOLIHOCTTa IIPH  IIOCJIE/BAINTE
U3MUTBAHUA JOIBJIHUTEIIHO ChIVIaCyBaHe Oellie HalpaBeHO
4ype3 HaMalsBaHE Ha JbIDKMHATa Ha oOpasewna. IlpenBun
CPaBHMTEIHO MaJIKaTa MOIIHOCT MOXE Ja C€ OKaxke
W3JIUIITHO YIPaBIIBAaHETO Ha peXHUMa paboTa/ToYMBKa 3a
obOpaboTBaHe Ha moarorBeHuTe obpasuu. [lonoxurenHOTO
e, 4e BpeMeTo 3a 00paboTBaHE IPH HENPEKBCHAT PEKHUM
Ime ce CbKpaTh. B TakbB HENPEeKbCHAT PEXUM C
OrpaHM4eHa MOIIHOCT YCTaHOBKaTa pabOTH HSKOJKO Yaca,
clie]1 KOeTo TpsibBa OTHOBO J1a ce HACTPOMBa.

IMopagu KpaTkKusi CPOK 3a H3IIBJIHEHHE Ha
MpOeKTa HE Ca IPOBEICHU MBIHOICHHA H3IUTAHUS U
MOAroTOoBKa Ha cepust oOpasum 3a BK, HO paGorara
[POBIIKABA.
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Ppa3In4Hu U3IJI€AU Ha HallpaB€HATa yCTaHOBKaA.

¢wur. 10 ITanen 6postd, HHAUKATOP

H3Boau

HanpaBena e MammMHa 3a pealu3upaHe Ha
BHUCOKOYECTOTHAa YJITpa3BykoBa yMmopa Ha 0Opasuu.
IIpoBeneHn ca W3NMTAaHUS, KOMTO T[IOKas3axa, dYe €
HEoOXOIMMO J1a ce J00aBU CHCTEMa 3a JIOHACTpOIBaHE Ha
pe30HaHCHATa YecToTa Ha yMopsBaHus obOpaser. B mpoben
obpaszery cirex MpOBEXAaHE Ha NUKINYHO HAaTOBapBaHE
oxosro 2xE08 mmkbna cee cpexctBa Ha BK (ynarpasBykos
MeToq) Osixa OTYeTeHM HACTBIWIM W3MEHEHHS Ha
CBOICTBaTa Ha MaTepyaa B CpelHaTa 4acT Ha oOpasena.

3a mOAroTBSHE HA Ccepud OT obpasuu e
HEOOXOOMMO CBHIIO Taka Ja ce H00aBU yINpaBieHUE Ha
pabota o Gpoii UKIN ChOOpPa3eHN C MOITHOCTTA.
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3BYKOIIOI'JITBIMAHE HA KAYUYYKOBU U3AEJINA "
3BYKOM3O0JIAIIUA C TAX

N.NBanosa, UMex-BAH, CY”Ca.K1.Oxpuackn”®3®
B. Murtpos, ¢.3edpa AJl, Codusn

Pe3rome B Hacrosmara pa0oTa ce MpencTaBeHH PE3yNTaTH OT CEKCIIEPUMEHTAIHO ONpeleiisHe Ha KOCe(UIHMEHTH Ha
3BYKOIIOTJTBIIAaHE Ha KaydyKOBH MaTepHald, NpomsBedeHH OT ¢. 3ebpa, W3MOI3BaHM 3a 3ByKOHM3oJalmA. l3cienBanu ca
AKyCTUYHHUTE XapaKTCPUCTUKU HA O0pas3lM OT KaydyK, KAKTO W Ha TPUCIOWHH MAHEIH, M3TPaJCHU OT PEUUKINPAaHH KaydyKOBH
otnaabuu. [lomyuenu ca pe3ynraTu 3a 3ByKOIOITbILIAHE 110 METO/a Ha CTOsIIaTa BhIHA B yecToTHUs nHTepBaji ot 100 go 2000 Hz.
Koepuumenture Ha 3ByKOHM30JIALMsI Ha Tperpagd OT KaydyKOBH HPOAYKTH ca ONpEACNICHHM 0 MeTox Ha "nBere kKamepu" B

yectoTHus uaTepBai ot 100 o 4000 Hz.

Marepunaan
OOGexT Ha u3cieaBaHe ca aKyCTUYHHTE CBOHCTBA Ha
KaydyKOBM H3JIETMs, B TOBa YHCJIO IUIACTHHU M IUIOYH,
MPOIYKTH OT MPOU3BOJACTBOTO Ha pupma 3edpa, Codus [1]:
0 Ilnoua tun SBR (mrstHOCT 1800 g/m’ );
I[nactian 3SB (mrstHOCT 1800 g/m® );
I'yma i EVA (mmrstHocT 900 g/m’ );
JleBynkanmsupana ryma(murstaoct 1150 g/m® );;
ITnoya ot eipu Kay4yKOBH MIICHKH (CpeleH
pasmep d=7mm) ¢ aaxe3us narekc - MO- manka
mrsTHOCT (TBTHOCT 920 g/m’);
0 Ilnouya oT eapyu Kay4yKOBU MIICHKH C aJIXC3UB
JaTeKc ¥ yIUIbTHEHA CTPyKTypa- M1(IureTHOCT
1080 g/m’);
0 IInoda OT CHTHHU Kay4yKOBH MIICHKH (Cpe/ieH
pa3mep d=3mm), agxe3uB naTekc- M2 (IUTBTHOCT
1000 g/m®);
0 TIlanen, caHIBMUYOB THII C BHHILIHHU CIIOCBE
mwiactuHU SBR 1 BBpTpemnieH cnoi -miueHku M1;
0 Ilamemn, cangsuyos tun SBR-mimenkun M2- SBR.
Onpenesisine Ha KOe(MIIUEHT HA 3BYKONOIIbIAHE
3a ompenmensHe Ha 3BYKOIOTIBINAHETO C€ W3IOJI3Ba
akycTHdeH  uHTepodepomerpmueH  meron  [2,4,7,8].
Anapatypata, ¢ KOSITO Ce peajlu3upa H3MEpBaHETO
Mpe/ICTaBIsIBa MHTep(epoMeTpryHa IMINHIPUYHA TpBOa C
aKyCTHM4YHO TBBPIM CTEHH B CIMHUS Kpaill, Ha KOATO €
MIOCTaBEeH CPaBHUTENCH 00pasel] WiK M3MUTBaH o0paser, a B
IpyTUs Kpall —BICOKOTOBOPHTEN, KOHTO Ch3/aBa B TphOara
IUIoCKa 3ByKoBa BwiHA [2,7,8]. B wuHTEpdepomerspa ce
IIpeMecTBa MHKPO(OH, KOHTO M3MepBa 3BYKOBOTO HaJlsTaHe
B o0jacTWTe Ha MHHHMAQJIHO M MaKCHMaJHO HaJlsIraHe Ha
o0pa3yBaHHUTE B TpHOATa CTOSIIN BBIHH.

O 00O

YcnoBus 1 anapaTypa 3a NpoBesk/iaHe HA H3MUTBAHETO

W3mepBanusita ca HamnpaBeHu B HHCTUTYT 1O
mexannka-BAH-Codust mpe3 naroro. 3a Hagmopckara
pucounHa 550 m, cpemuu aHeBHM Temmneparypu 25°C wm
THIIUYHO 33 CE30HAa aTMOC(EpPHO HAIATaHEe CKOPOCTTa HA
3ByKa e 331m/s. [Ipu Taka npueture yciuoBus 3a aTMoc(hepHO
HaJIsraHe, BIQXKHOCT Ha BB3/yXa, TEMIIepaTypa U CKOPOCT Ha
3ByKa, M3CJIC/IBAHUSATA CE MPOBEXKAAT B YECTOTHUS JUAIa30H
100-2000 Hz.

Cxema Ha amaparypara € mpeicTaBeHa Ha ¢wur. 1.
Wnrepdepennnonnara Tppba € Tpbba OT INIEKCHIIAC C
BpTpemieH auamMersp D = 90 mm u ¢ awmpxuaa 2000 mm.
Karo orpaxaren ce WH3MOI3Ba MECHHIOB JHCK, KOHTO €
IUTBTHO TPUJIETICH B Kpas Ha TphOaTa.

BucokorosopurensaT 3 u3nb4UBa 3ByKOBH BBIHH, KOUTO
ce BB3OYKZAT MpU BKIOYBaHE Ha TreHeparopa 1.
MukpodoHBT 4 ¢ U3MEPUTEITHOTO ycTpoiicTBO 9(10) u3mepna
3BYKOBOTO HamnsraHe. KammOpupaHeTo Ha yCTpOWCTBOTO ce
IocTura ¢ wu3nomsBaHe Ha mucropoH. Obmacture c
MaKCHMaJHa ¥ MHHHMMAaJHA CTOMHOCT HAa 3BYKOBO HaJsTaHe
ce OIpeJeNAT 10 U3MepBaTenHa ckana 11, pasmonoxeHa Ha
TpBOaTa.

®ur.l brnok cxema Ha amaparypa 3a U3MEpBaHE Ha
KOe(HMLUEHT Ha 3BYKOIOTJIBIIAHE 10 METOJAa Ha CTOSIIUTE
BeIHM: - 3ByKoB TreHeparop, 2-YcuiuBaren, — 3-
Bucoxorosopuren, 4-UsmeputeneH  MUKPOQOH,S-
MecunroBa 1pbuOa, 6-IlpemycunBaren Ha Mmukpodona, 7-
Ountpu, 8§ —Ocumnockomn, 9- M3mepuren Ha 3BYKOBO
Hansrane, 10- Bontmersp, 11- Ckama 3a oTuuTane Ha
pascrosiHueTo, 12- CpaBHUTeENeH oOpasen oT MecwHT, 13-
Oo6pa3sen 3a n3cnenBaHe

Ipenu 3amouyBaHe Ha H3MUTBAHETO CE PETHCTPHPAT
mapaMeTpuTe Ha cpexara — TeMIlepaTypa, BIaXHOCT Ha
Bb3yxa u armocepHOTO Hamsrame. Ilpecmsrar ce
PE30HAHCHUTE 4YECTOTH W IBDKMHUTE Ha BBIHHTE (A).



ExcriepuMeHTaIHO ce OIpeseNsiT pe30HaHCHUTE YECTOTH Ha
cHCTeMaTa U ce CpPaBHsBAT C IPECMETHATHUTE.

W3mepBa ce 3BYKOBOTO HaJsiTAHE HA CTOSIIUTE BBIHU
Opy HaJIMYde Ha MECHHI INPU BCSKA PE30HAHCHA YeCTOTa.
W3mepBar ce pa3CTOSHMATa, HA KOMTO C€ HAaMHpPAaT
makcumymute (A/2) u MuHEMyMuTe(A/4) Ha croAIIHTE
BBJIHU.

IIpoGen oOpaser; OT W3CIEIBAaHUTE MaTepUalld Ce
HOCTaBsl IIPeJi CPAaBHUTEIHUS 00pasel] OT MECHHT. 3ajaBa ce
YecToTa Ha TeHeparopa 3a IIOJlydaBaHEe Ha IOPEIHUS
pe3oHnaHc. M3mepBa ce 3BykoBoTO Hansrade. [Iposexnat ce 3

CroitHocTHTE Ce 3amMcBaT U ce 00paboTBAT CTATHCTHYECKU
[9]. UzuncnsiBaT ce KOCHUIIMECHTUTE HA CTOSIIUTE BBIHHU N
(1), 3Bykomormsmiane O (2) u 3BykooTpaxkenue B (3) upes
3aBUCUMOCTHTE [2, 4]:

Koedunuent Ha cTosimaTa BbJHA N

€)) n = (Pmax/ P min)

KoeduuueHnt Ha 3ByKonor.rbmane o

4n 4n
2

n+n2+1  (n+1)?
Koeduuuenr Ha 3ByKooTpa:kenue 3
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U3MEpBaHMA, Karo ce [BIDKM MHKpPOQOHa B HIKOJIKO n-1
MaKCHMyMa U MHHUMYyMa Ha CTOSILIUTE BhIHH. V3MepBar ce 3) | ,B| =
pa3CTogHuATa a0 MAaKCUMYyMHUTE n MHUHUMYMHUTE. n+1
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®ur.2. U3meHenne Ha Koe()UIMEHTHTE HA 3BYKONOIJIBIAHE O M 3BYKOOTPa:kKeHHe [3 0T 4ecTOTATA HA M3CJIeBaHe
a-tun 3SB, b-tun”Eva”, c-neBy;1kanusupana ryma, d-mieaku M0,e- miaenku M1, f-muenxkun M2

Ha ¢wur. 2 ca noka3ana 3aBUCHMOCTH Ha KOe(pUIIMEHTH Ha
3BYKOINOIIBIIAHE M 3BYKOOTPaXKCHUE OT YECTOTa, MOJy4YEeHU
MpU U3CIEJBAHE HAa KaydyKoBHTe Marepuanu. CpenHara
CTOMHOCT Ha 3BYKONOINIBIIAHETO B UYECTOTHUS AMANA30H OT
100-500 Hz 3a wmarepuammute THn 3SB, EVA,
neBynkanmsupana ryma e 0.28 + 10%, a B guamasoHa OT
gectotn 500-2000 Hz e 0.25+ 8% (¢wur.2 a,b,c). Ycpennenure
CTOMHOCTH Ha KOS(UIMEHTUTE Ha 3ByKooTpaxkeHue ca 0.85.
O6pasnure, ChCTaBEHH OT penuKIupanu mMarepuann MO, M1,
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M2 uMaT KOe(HUIMEHTH Ha moribinade cborBeTHO 0.58, 0.49,
042 B memus pauanazoH Ha wu3cnensaHe (dur.2 d,e,f).
W3cneapanute 00pa3iy uMar eHa U chiua gedenuHa.

Ha ¢ur. 3 a,6 ca cpaBHeHu pe3yiratd OT 00pas3Ly OT
miaeHkd (M1 u M2) u nanenute SBR-M1-SBR u SBR-M2-
SBR. 3ByKomoribpIIaHeTO Ha MAHEIUTE C€ yBeIW4YaBa B
yectotHuA auamazoH ot 100 mo 1000 Hz oxono 3 metu u
nocrura a0 croiHoctu 0.6, a npu yecrotu or 1000-2000 Hz
"amasiBa 10 0.2.



C u3rpakaHeTo Ha IAHEeNU OT Pa3IMYHUTE MaTepHAIN
MOXE JIa Ce TOJyYd MaTepual, ¢ HCOOXOIMMHUS KOCHUIIHCHT
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®ur.3. KoepunueHTn Ha 3ByKONOLJIBbINAHE OT 4eCTOTA HA H3CJIeBaHE
a)iioya mieHku M1 u nanea SBR-M1-SBR; 6)miioua miaenkun M2 u nanen SBR-M2-SBR

Onpegensine Ha KoeQHIHEHT Ha 3BYKOM30JAlUs Ha
TyMeHH II0YH M Nperpaau

OOeKT Ha U3MHUTBAHE ca IUIOYH, MPOU3BeICHH OT ¢.3e0pa
¢ pazmepu 500x500x 30mm. BuabT Ha 1uiounTe, MaTepuaInTe
U pe3yJTaTH 3a IUITHOCTTA ca jajeHu B Tabmuua 1.

Tabmmna 1
Marepuan Ha | IlnpTHOCT ®durypa
M3MUTBaHUS 00pasen
1 I'ymenn  mmactunm | 1800 g/m3
3SB
2 | JpeHaxHa mioya 1500 g/m’
3 | AdTUBHOpaOHHA 1500 g/m’
mioya SBR
4 IInoya ot muenku ot | 1080 g/m3
ryMa C  aJXe3WB
JIaTeKC
5 | ITanen 3SB- mnenku-
3SB

®ur.4 biok cxema Ha amaparypara: 1- 3ByKoB reHeparop,
2-Ycunsaren, 3-Bucoxorosopuresn, 4-UzmepuTtenex
MUKpoQoH,5- M3meputenen MUkpodoH, 6-MuxpodoHHH
ycunBareny, 7-¢puntpu 8 —Ocumnockon, 9- M3mepuren Ha
3ByKkoBO Hamsarane, 10- Bomrmersp, 11- OO6pasern 3a
uscnensane, 12-  Kamepa, 13- 3Bykomoribluiamu
IUIOCKOCTH
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Metoa Ha H3MepBaHe

3a ompemensHe Ha M30JIAMOHHATa CHOCOOHOCT Ha
nperpaja ce W3Ioji3Ba KOeQUIMEHT Ha 3ByKomzoyamus R,
KOWTO INpEACTaBiIsABa OTHOIICHHWE Ha 3BYKOBOTO Hajsirane P
Ha Tajalara 3ByKoBa BbJIHA KbM 3BYKOBOTO HajisArane P, Ha
BBJIHATA, NpEeMHUHANA Ipe3 mperpazata [2,5,6]. M3momnsBa ce
METOJ Ha JBETe KaMepH, MEXAy KOHTO C€ IOCTaBs
W3MUTBaHUTE 00pa3nu (¢ur.4).

B emmara kamepa ce mocTaBs HW3TOYHHMK Ha 3BYK
(BHCOKOTOBOPHTEN), KOWTO CH3[]aBa XOMOTEHHO 3BYKOBO II0JIE
u pedepeHteH MukpodoH, a B Jpyrara ce pasmoiara
MHKpPO(OH, KOHTO NpHeMa NpeMHHAIHs Ipe3 Iperpajara
(u3muTBaHus obpasen) 3Byk. OOeMBT Ha KaMepuTe ce U30upa
B 3aBHCHMOCT OT M3CJIEIBAHUTE MaTepHUalll U MHTEpBala Ha
M3MONI3BaHUTE decToTu. Kamepure wumar nebenn CTeHH,
M30JIMPAaHN U OOJIUIIOBAHH CHC 3BYKOIOTIBINAIIN MaTEpHAIH.
BucoxoroBopurenatr 3 wu3npyBa B Kamepara 12 TUTIOCKH
3BYKOBU BBJIHH, KOHTO c€ BB30yXKIaT IpU BKIIOYBAHE HA
rereparop 1. MUKpodoOHBT 4 ¢ U3MEPUTETHOTO YCTPOUCTBO 9
(10) u3mepBa 3BykoBOTO HaisfraHe L, Ha najamara 3BykoBa
BbIIHA. MUKPOQOHBT 5 © YCTPOUCTBOTO 9 uU3MepBa
HalsiraHeTo L, Ha 3BykoBaTa BbJIHA, MpEeMHMHAIa Ipe3
obOpasena 3a uscieapaHe. FI3aMepBaHeTo MOXKe J1a c€ peanusnpa
camo ¢ IIyMOU3MepHTen 9.

IIpu peanusupaHeTo Ha TO3M METOA CbH3IaBaHOTO

3BYKOBO I10JI€ € €JHOPOJHO U U30TPOIHO, KaTo NpeJlaBaHeTO
Ha 3BYK II0 CTPaHHYHM MBTUIA U3BBH WU3CIECIBAHU
3BYKOIOITBIIAII TTaHET € HaMaJeHO 0 MUHUMYM. PexumbT
Ha pabora e cramuoHapeH. M3MmepBaHMATa Ha 3BYKOBOTO
Hamsirane L (dB) B aBeTe kaMmepu ce mpoBeXAaT MIPU YECTOTH B
OKTaBHHU MBHLM IpHu dectoTH 63, 125, 250, 500, 1000, 2000,
4000 Hz. KoepuueHTsT Ha 3BYKOU3OJNAIMS CE OIpPEAeIIs 10
3aBUCUMOCTTA [3,6,7]:
4) R=L1-L2+101g(S/A) xpneto L1 u L2 ca n3mepenure
HUBa Ha 3BYKOBOTO HajsfraHe B 1 M 2 KaMepu Ha ejHa
4ecTOTHA JIEHTa , S — IJION[ Ha pa3fenuTeNHaTa Iperpajga
MeXIy  KaMmepuTe, A-  eKBUBAJEHTHaTa IUION]  Ha
3BYKOHOTTBIAHETO.
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®@ur. 5. U3MeHeHHe HA KoeHUMEHTAa HAa 3BYKOH30/1allUsl OT YecToTara

Ha ¢wur.5 ca noka3anm koeUINUEHTH Ha 3ByKOM30JIAINS
IIpY M3MeHeHHe Ha yecrorara. HaOmonaBa ce HapacTBaHe Ha
croiiHocTute npu uecrotu or 1000 mo 4000Hz u npu
marepuanu 1,2 ycpenHeHurte croiHocTH ca okomo 50 dB.
CpenHa CTOMHOCT Ha 3BYKOM3OJALMATa B LEIHsS 4YECTOTEH
muana3oH ¢ 10dB, xakTto 3a mioua Ne3 (aHTMBHOpaunMOHHA),
Taka W 32 Iutoyara oT KayuykoBu MileHKH Ne4. [Tanemst NoS,
HU3rpajieH OT TPH CJIOS BBHIIHM TyYMEHH IUIACTHHH U
BBTpELICH-TUI0YA oT MIICHKH IIPOSIBSIBA nobpa
3BYKOM30JIAIIMOHHA CIOCOOHOCT B YECTOTHHWS JAWANa3oH M0
1000 Hz.

3aki0ueHue

B paboTaTa ca npeicTaBeHH pe3yJTaTH OT H3C/Ie/[BaHe Ha
aKyCTHYHHTE CBOWCTBA (3BYKONOIVIBLIAHE M 3BYKOM30JALHS)
Ha Kay4IyKOBHU M3JIeNUs, Tpon3BeaeHu oT ¢.3ebpa.

V3cienBaHu ca MaTepHalld, pa3pabOTeHH Ha OCHOBA Ha
PELHKINPaHH KayqyKOBH OTIAIbLH, KOUTO Clie]] KOMOHHAIMS
C KaydyKOBHU IITACTHHH IIOKa3BaT JOOPO 3BYKOIOITBINAHE H
Ouxa MOINIM Ja C€ H3MO0I3BaT KAaTo 3BYKOM3OJALMOHHH
nperpaiy.
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INVESTIGATION OF FREQUENCY CHARACTERISTIC OF CYLINDRICAL
HYDRO-ACOUSTIC ANTENNA

Kolev S. dipl.eng.

Transmission antennas are basic element of the hydro-acoustic systems. In many cases they can be used as receiving ones, as
well. The main characteristics of the hydro-acoustic transmitting systems are: coefficient of transformation of the electrical
into acoustic power; frequency characteristic; transmission angle in horizontal and vertical plane.

For communication systems a circular diagram of transmission in horizontal plane is required. The most appropriate for this
purpose is using of cylindrical piezo-ceramics antennas operating in their resonance frequency.

The choice of material and thickness of moisture resistant coating play important role for manufacturing of such antennas.
This paper presents results from selection and testing of amplitude-frequency characteristics of cylindrical piezo-ceramics
antenna, encapsulated with a layer of polyuretane coating and estimation of their application in system for control of

underwater objects.

Key words: communications, hydro-acoustic antenna, directionality, amplitude, transmission, frequency characteristics,

coating.

1. Yeoo

Jlo TO3W MOMEHT Haii-e()eKTHBHUAT H3BeCTeH
METOJ| 32 NOABOJHO YNpaBJeHHe W KOMYHHKAIHI e
M3M0JI3BAHETO HA XHAPOAKYCTHYeH KaHal. 3a meiara ce
ynorpedsiBaT  XHAPOAKYCTHYHHM  MpeoOpa3yBaTesun
(mpenaBaTe/ i U MPUEMHMIH).

Mpn U3JIbYBaHe WHTEH3WBHOCTTa  HA
aKyCTHYHATAa BbJHA, PAa3NPOCTPAHABAIIA ce BbB
BOJIHA CpeJia, MOCTeNeHHO HaMAJIsIBa C 0TAAJe4aBaHeTo
OT IIyHKTa Ha u31b4yBaHe. ToBa oTciiadBaHe ce IbJKH
Ha JBe pa3NMYHH NPHYMHHU: eIHAaTa € CBbpP3aHa C
pa3mIMpsiBaHeTO Ha  BBLJIHOBHSI  (GPOHT  WpH
oTAajeYaBaHe OT M3TOYHHKA, BTOpPAaTa € pe3yiaraTr oOT
MNOrTHIIAHETO HA AKYCTHYHATA CHEPIUs OT cpeAaTa M
OT pa3ceiiBaHeTO # OT HaMupamMTe ce B cpeaara
HeeIHOPOJAHOCTH.

3arybure OT pa3sMIUPEHHETO Ha BbJIHOBHSA
¢poHT 3aBHCAT OT BeJMYHMHATA HA DPA3CTOSHHETO
MEXIy Aa/leHAaTa TOYKA OT TPAeKTOPUSATA HA 3BYKOBHUS
JIbY M H3TOYHHMKA HA 3BYKA W He 3aBHUCAT OT YECTOTATa
H KOSITO ce M3BbpPIIBA M3JIbYBaHeTO. 3aryoure oOT
3aTHXBAHETO He 3aBHCAT TOJKOBA OT PAa3CTOSIHHETO OT
HM3TOYHMKA HAa 3BYKa, KOJKOTO OT 4ecToTaTa.
YecToTHATA 3aBHCHMOCT € JOMHHHUpAIIHUAT (hakTop,
KOWTO ompedeasi IIMPHHATA Ha JIeHTaTa Ha
akycTuuHHs Bb3geiicTBHeTO Ha mMocoveHHTe JBa BHAA
3aryom mpH pa3snpocTPaHeHHeTO HAa AaKyCTHYHATa
eHeprus, 3aeHO che ChOTHOILICHUETO
CUTHAJI/IITYM, omnpeaeJs JMUCTAHIUSTA, B

npeaejiuTe Ha KOATO MOXKe da 0b/le OChIIEeCTBEHA
HaJCXIHa aKyeTH4YHa CBPb3Ka.

2. Teopusa

Ha ¢wur. 1 e nanena rpadmkara Ha 3aryoure
MPH Pa3snpoOCTPAHEHHETO HA 3BYKOBHUTE BLJIHH KATO
pynkuus
OT YeCTOTaTa 3a TPH PA3THYHH PA3CTOSHUS.
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Kakto e BumHO ot rpadukara Ha ¢ur. 1 3a AUCTAHLIUH 10
1 km u wecroru mox 60 u- 70 kHz ocHOBHO BiMsHHE
OKa3Bar 3aryOuTe OT PasIUPECHUETO Ha BHIHOBUS (QPOHT,
KOETO € CBBP3aHO C HM3JIbYBaHATA aKyCTUYHA MOIIHOCT.
[Ipu ompenensHe Ha YyBCTBUTEIHOCTTA HAa HM3CIIC/IBAHUTE
AHTEHHM Ce MpHeMa, 9e 0TCIIA0BaHETO HA MHTCH3UBHOCTTA €
00PaTHOMPOMOPIMOHATHO HA KBaJpaTa Ha Pa3CTOSTHUETO
¥ 4Ye TOTJBIAHETO 3aBHCH EIWHCTBEHO OT decTtoTarall],
[2].

Nam ako c¢ I] o3HaYMM HMHTEH3MBHOCTTA HA
XHAPOAKYCTHYHATA BbJIHA B  ONOPHA  TOYKA,
pasmonoxeHa
Ha Pa3CcTosHKE | M OT MHC/JIeHHMsI aKyCTHYeH [CHTHD Ha
M3TOYHHMKA U ¢ 1, 03HAYMM MHTEH3MBHOCTTA B HJIKAKBa
oTaajeyeHa TOYKa, TO 3arybara npu
pasnpocrpanenne(3P) mexuny WU3TOYHUKA U
oTAaNedyeHaTa Touka MOXe Jia Ce OIUIIE C U3pasa:

) 3P~101gl,/I,

5»-[(‘:}-6

7T

<5

Ilpn cdepuyen 3aKoH Ha Ppa3sNpPOCTPAHEHHEe U
paauychbT Ha cepara ly ce npueme 3a paBen Ha 1 To
3ary6ara NmpH pa3smpocTpaHeHHe HAa pPa3CcTOsIHHE T, ce

ompeneJist
KaTo:
@) 3P=101g I,/I,=10 1gri=20 Igr,

OOexT Ha wu3cielBaHe B HacTosmara pabora
nue3okepamuyed nwinHasp IIKEI] 20 ¢ pe3onaHcHa
gecrora okoio S58kHz, xumppomsomupan c¢ TpaiiHO
MOJNOPETAHOBO TIOKPUTHE.

3.0numna nocmanoska u
anapamypa

Biok -cxemara Ha cucTeMara 3a U3CJIeJBaHE €
MoKa3aHa Ha ¢ur.2

XU/TPOAKYCTHYEH 7 [T/“ & 10 —E:>
KAHAJT

®ur.2 biiok -cxema Ha CHCTEMATa 3a U3CIIeIBaHe

- Cucremara ce CbCTOH OT:

- Bucokouecroren renepatop(l) -I'eHepatopbT oOCHTrypsiBa

U3JIBYBAHETO HA YeCTOTH B YeCTOTHHS Auana3oH ot 404-70 kHz.

[IpurexaBa He3aBHCHMO(aKyMyJIaTOPHO, OaTepUitHO) 3aXpaHBaHe

- YecTroToMmep(2) -I3MepBa H3IbYEHATA 4eCTOTA

- Huckouecroren rereparop (3) -OcurypsiBa moayaupaHero(!

00%) Ha wM3TbYBAHETO KaTO YHpaBJABa eJeKTPOHHUS

NPEeBKJIIOYBATE]

- EnexTpoHen npeBkiawuBartes (4) -3aeJHO0 ¢ HHUCKOYECTOTHUS

NMpeBKJIIOYBaTE] (hopMHUpa Mopeaniia oT IOBTaPSIIH ce ¢ HUCKA

YeCTOTA BUCOKOYECTOTHH CHT'HAIIN

- YcuaBaren kpaiino crbnajio (5) -OcurypsiBa HeoOxoammarta

SNIEKTPUYECKa U3XO0/HA MOIIHOCT 32 M3ThYBAIATa XHAPOAKYCTHYHA

aHTeHa

- HM3npuyBama xuapoakycTuyHa aHteHa (6) -IIpeoOpasysa

eNeKTpHYecKaTa M3XOJHA MOIIHOCT Ha YCHIIBaTeNls B MEXaHHYHA

TaKaBa, KOSTO Ce MpeaBa Mo XUAPOAKYCTUYHHS KaHaJI Ha IPHEMHATa

aHTeHa. l3mpyBamiaTa aHTEHa € CIEUAIHO pa3paboTeHa U

u3paboTeHa Ha Oazata Ha nmue3okepamuyeH umHALP [TKEL] 20.
N3paboTeHara aHTeHa € C KpbroBa Auarpama Ha H3TbUBaHE

B XOPH30HTAJHATA IJIOCKOCT.
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@ur.4 U3 apuBama XupoaKycTHYHA AaHTEHA

- Mpuemama xuapoakycruyda antena (7) -Ilpuema
XUIPOAaKYCTUYHUTE CHIHAIM U TH IIpeoOpa3yBa B €JIeKTPHUECKH.

3a mpueMHa XuApoaKyCTHYHA aHTEHA Ce M3II0JI3Ba HEHACOUEH
xuznpodoH Ha bpro enn Keep i Pecon(3].

- IIpenycuasaren (8) -Hopmupan npeaycuiasaren 2636(2607)
Ha ¢pupmata Bpro enn Keep[4] .

- @uarsp (9) -Tepu-okraBed puarsp Tun 1614 ¢
NPOMEHJIMBHU YecToTH Ha pupmaTa Bpro enn Keep[4] .

- HerexTtop (10) -CniennanHo pa3padoreH u n3padoTen
JeTeKTOp ¢ BpeMeKOHCTAHTA PAaBHA HA TPH IbTH NepPHOJA HA
HOcelaTa 4ecToTa.

- TIpenocuM 3anucBai eJieKTpoHeH ocuuiaockon (11) -
CuryskH 3a 3alIHc H 3alI0MHsIHE HA NI0JyYeHHTe, yCHIIeHH U
JAeTeKTHPAHM XHIPOAKYCTHYHH CHTHAJIH. OCIMI0CKONbT
BH3yaJH3HPA eliCTBUTEJHATE H JeTeKTHPABHTe CHTHAJIH.

ITocouenarta cxema jeiicTBa IO cJIeTHUST HAYHH:

M3abuBaT ce XHAPOAKYCTHYHH MMITYJICH, KOUTO ce pHeMaT 1
npeodpa3yBaT OT NPHEMHATa aHTeHA ce YCHJIBAT OT YCHJIBaTelIs] H
BH3YAJU3UPAT H M3MEPBAT ¢ MOMOIITA HA ocuuiockona. Ha expana na
OCHUJIOCKOIA OCBEH MOJIe3HHSIT CHTHAJ MO3Ke J1a ce BIZK/Ia H OTPa3eHHAT.

H3mepBaHeTo e NIPOBeeHO B PaiioHA HA CTEHATA HA A30BHP
IloneBo, KaKTO € MOKa3aHO HA ¢ur. 5

Ha mocTa ca pa3noJiosenu H3MepBaTeJHUTe H H3JIbYBAIIHTE

dur 3
AbJIG0YMHA Tra U ce HAMUPA Ha OTeTOSTHHE 6 M e/(Ha OT Apyra.
H3apuBaHaTa MOLHOCT Ce ompe/esi o popmyJia

(3) P=(/R).s.K,

KbJETO:

P e Hansranero B Pa;

R - pa3cTosiHHeTO MeKAY ABeTEe AHTEHH B III;

S - YyBCTBUTEJHOCT HA IPUEMHUSI XUAPO(DOH -
53 pV/Pa(no karaJor);

K - xoedunmeHT Ha yCH/IBaHe HA YCHJIBATeIs.

4. Pezyimamu

Ilpn ompenensine Ha XapaKTepPHCTHKA Ha
H3JBYBATEIs, € el MAKCHMAJIHA e()eKTHBHOCT, ce H30HPAT 4eCcTOTH HA
M3BBbPILIBAaHE HA U3MEPBAHETO B IMANA30HAa HA pe3oHaHcHaTa (58kHz), a
HMMEHHO: 44 1o 65kHz npe3 3kHz.

YyecToTHATA

Pe3yaTaTuTe 0T H3NHTBAHE HA BHCOKOYECTOTHHS M3.IbUBATE]
ca JajJeHH B Tadauna 1, a 3aBHCHMOCTTA HA H3TbYBAHATA MOIIHOCT OT
yecTOTaTa HA rpadguka gurypa 6.

npuéopu, nNpesaBaTeTHATA H IPUEMHATA AHTEHHU €A MOTONEHU Ha Ta6auua 1

UlfmV1 PIfPal/lm U2[mVI1 P2[Pal/lm U3mV] P3[Pa]/lm PmfPa]/lm
4 720 864 700 840 710 852 852
3 910 1092 880 1056 900 1080 1076
g 1060 1272 1050 1260 1040 1248 1260
lg 1280 1536 1290 1548 1270 1524 1536
g 1530 1836 1520 1824 1510 1812 1824
g 1100 1320 1100 1320 1080 1296 1312
g 830 996 810 972 820 984 984
é 640 768 640 768 630 756 764
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Hanarane Pa

Bucoxn uecrotn

Yecrora kHz

Qur b

5. AHanu3 B H3BOIH

W3nutanuTe U3MBYBATEIN Ca ChC CTAOMIHA aMILIHTY/IHO-
YeCTOTHU XapaKTEePUCTHKH, KaTto Bapii)3aT m0 2 kHz B 3aBHcHMOCT
OT aHTCHHUTC MM CcHCTeMH Ti H3MOJI3BaHUTE IMHUE30KEPAMUIHHI
LWIMHIPY.

AMIUINTYIHO-4eCTOTHUTE XApaKTEPUCTUKH Ha Te3H
aHTEHHM Ca MOAXOJISIIY 33 PEeaH3alis Ha CUTHAIHY, YIIPABIISBAIIN 1
KOMYHHKAIMOHHH MOABOIHK CUCTeMH B quara3ona 50 u- 60kHz

Ha 6a3aTta Ha momydyeHHTe OT M3MEPBAHHATA PE3YyITaTU €
ompenened 3 dB  gmamazoH Ha  aMIUIMTYJHO-Y€CTOTHATa
xapakrepuctuka Ha cucremata YCUJIBATEJI-AHTEHA, xoiito e
mMuHEMYM 48 110 61 kHz.

le/l NPOBCKIAAHETO HAa BCHUYKM M3NUTBAHUA HE CC
3a0ens3Ba WM3KPHBSBAaHE Ha W3XOAHWS CHTHAI OT M3JIbYBaIlaTa
aHTEHA 33 TECTBAaHUTE YECTOTH.

Enexrpryeckara KOHCyMalus Ha KpaWHOTO YCHIIBATEITHO
CTBIIAO MPAKTUYECKH OCTaBa IIOCTOSHHA B IIENWS JHWAIa30H Ha
cHcTeMara 3a yNpaBJIeHHe HA M3IUTBaHe. ToBa MO3BOJISIBA YECTOTHHS
JIMana30H Ha CHCTeMara 3a yIpaBJIeHHe Ha ITOJBOIHH 00eKTH na 0b1e
n30paH JOCTaThYHO IMMPOK TpH -3dBpasnmka B aMIDIHTyIuTe.

ITocneHOTO 3HAYUTENHO OIPOCTSBA CXEMHOTO peLIeHHe Ha
U3JIbYBATENS KaTo LSUIO.
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Abstract: This document presents a comparison between PVDF and PZT transducers for wideband pulse-echo medical ultrasound

imaging. With both transducers real experiments are carried out. Comparisons between echo signals and spectral components are

given. The conclusion notices for wide frequency band of PVDF transducers are derived.

Keywords: PVDF transducer, PZT transducer, Tissue Harmonic Imaging

1. Introduction

During the last 10 years a greatly development of
piezoelectric polymer transducers becomes noticeable. This
was provoked by together application with classical
ultrasound methods and new methods — for example: native
tissue harmonic imaging and contras enhancement. New
methods need wideband technical equipment, both when
emitting and receiving reflected signals. This is connected
with methods requirements — emission of relative low
ultrasound frequency and receiving harmonic frequencies
many times exceeding emitted frequency.

The of  piezoelectric

important ~ parameter

ultrasound transducer is the mechanical quality factor Qm.

We can simply calculate the mechanical quality factor by

means of formula:

f

M Q=+

s

where f is the working frequency which corresponds to the

resonance frequency fr and Af is the bandwidth of the

spectrum.
There is another way to calculate the mechanical

quality factor by means of formula:
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2L
R

where L and R are the inductance and resistance of the

@ Q, =

electrical branch in the equivalent circuit of piezoelectric
transducer.
The resonance

frequency of piezoelectric

ultrasound transducer is given by:

C
3 f, h
where c is the speed of sound in piezoelectric material and t
is the thickness of material.

Our investigation presents that PVDF transducers
could be more suitable for realization of above mention
methods in comparison with PZT transducers.

The object of this paper is to carry out a
and estimation of

comparison analysis of behavior

possibilities of PVDF and PZT transducers.

2. Investigation

For experiments hardware and software system of
Optel company are used. Investigation is realized based on
comparison of two similar medical ultrasound transducers
(PVDF and PZT with fundamental frequency near 1 MHz)
with similar dynamic and frequency characteristics on pulse

echo mode. The transducers are made by Optel, Poland.



Experiments are made in bath with water. For On the first plot reflected echo signals are given. On the

reflector metal folio 1 mm is used. The real signals from second plot spectral components are shown.

PVDF (Figure 1) and PZT (Figure 2) transducers are shown.

FF Time measurement system... ver 4.1

M v PBP Optel Sp. z o.0. ver 4.1/2004 HE  w
e P M P A :
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Mede 7| PE
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i Vmex 024 61 | 2513 vmex2 | 007 | 2 | 5429 ot 2918

[V Grid [V Pattern e | e | us] ¥ Time of Flight [us]

100000 | 2513

WV Gate 1 W Gate 2
Start 20.89 4959
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High -0.16 | -0.03
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1000 : V

1]

Thickness [rrim)

[V Grid Bandpass filter | 0.00 18_23. [Hz] windowéd v I_m
B - [ o~ . e s 1. = I 7 I = N = A fo

Figure 1. Signals of PVDF transducer
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e o

AP ArArAPAPA)

40.0 450
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High -0.16 | -0.08

1000000 -
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1000 ) 1 1 ] | 1
i} 20 25 30 35 Thickness [mm]
¥ Grid Bendpassfiter 0.00  17.87 [MHz) LTI - 17.76
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Figure 2. Signals of PZT transducer
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3. Discussion It can be seen that echo signal of PZT transducer

Comparisons between echo signals of both has higher resonance vs. PVDF transducer (this is caused by

transducers are made. They are show on Figure 3 (Figure 3 A different mode of function on first — resonance mode, and

wide band mode of second one).

— echo signals of PVDF; Figure 3 B - echo signals of PZT).

A o=

e e =0

Figure 3. Results of PVDF transducer (A) and PZT transducer (B) in time domain

The middle levels of echo signals of PVDF Comparisons with spectral components of echo
transducer are significant low then the echo signals of PZT signals are made too. They are show on Figure 4 (Figure 4 A
transducer. — spectrogram of PVDF; Figure 4. B - spectrogram of PZT).

A =
B 10000-

1000 s
j ! 't 5 1k A £

Figure 4. Results of PVDF transducer (A) and PZT transducer (B) in frequency domain

4, Conclusion

On spectrogram of PZT it can be seen a few high In conclusion we notice the following;

frequency components (up to 2) presented, whereas in - Independently from the low level echo signals of

spectrogram of PVDF more high frequency components (up PVDF by reason of wideband frequency mode,

to 3) are shown. significantly exceeds PZT by frequency response;

The differences in amplitude of spectral - Based on implementation of experimental analysis

components of both diagrams is not evident because they are and results obtained we consider that PVDF

normalized by maximal amplitude of each of spectrograms transducers are more suitable of PZT transducers

(volume of PVDF echo signals is 20 dB more then volume of

PZT echo signals).

for application in cases of native tissue harmonic
imaging and contras enhancement.
Wide frequency band of PVDF transducers in pulse

echo mode ensures sufficiently high frequency components,
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which allows realizing of higher resolution (transversal) and
clear imaging.
This paper and experiments are made in Department of

Electronics of Technical University in Varna.
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Abstract: The current paper presents some aspects of computer modeling and data processing for PVDF based ultrasound

transducers using MATLAB. Specific accent is put on applications regarding medical ultrasound. A dedicated simulation/experiment

approach is suggested where a workflow and algorithm of the modeling and simulation process are discussed. The presented

algorithm unifies modeling of the different analog specific parts of an ultrasound system — pulser/receiver, AFE, transducer - within a

single modeling/simulation environment - MATLAB. Furthermore the current work tries to include the experimental setup and

results in the same environment so a unified data processing, comparison and verification can be achieved. As an example: within the

paper two dedicated models, for the pulser and for the transducer, and their connection through output results are given; a structure

for the experimental setup is presented.

Keywords: PVDF transducer, pulser/receiver, analog-front end, computer modeling and simulation, MATLAB

1. Introduction

Medical ultrasound or medical sonography is a
technique that allows for non-destructive, non-invasive
diagnostics of the soft-tissues of the human body — muscles,
tendons and many organs. Ultrasound waves are generally

produced and received by piezoelectric elements where

1. 2.

usually the same element is used for both transmitting — in
reverse piezoelectric effect and receiving — in direct
piezoelectric effect [1].

The most common piezoelectric element used to
date is piezoceramics (PZT). Ultrasound based on PZT is

quite mature technology where various research works exist

3.

Figure 1. Block diagram of medical diagnostic ultrasound device
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that elaborate on: modeling, hardware/software solutions,
imaging techniques etc. New materials for piezoelectric are
however brought to attention due to having advantages
compared to PZT. Such a new material is the polyvinylidene
fluoride (PVDF). PVDF is a polymer type piezoelectric that
compared to PZT has: smaller thickness — PVDFs can be
produced as thick as several micrometers — thus higher
frequency bandwidth can be achieved; as polymers PVDFs
are plastic and therefore can handle higher mechanical stress;
are relatively easy to process that allows to produce compact
multi-element arrays; the acoustic impedance of PVDF
transducers is closer to that of soft tissue, which makes it
very suitable for medical diagnostics [2]. This makes PVDF
a suitable choice for the future development of ultrasound
where high frequencies are sought, as for example in
ultrasound microscopy. As new elements however the
maturity of the PVDF technology is yet to be reached. This
leaves research possibilities for PVDF based ultrasound
systems open. In this aspect the current paper tries to suggest
an approach - a tool for modeling, simulation and
experimental analysis of an ultrasound system based on
PVDFEF. The frames in which the approach is suggested is the
complete ultrasound system presented at figure 1, where: (1)
is the system back-end — FPGA or Microcontroller based; (2)
is the beamformer; (3) is the pulser; (4) is the PVDF
transducer; (5) is the receiver; (6) is the analog front end
(AFE). Within this complete system the interest presented in
the current paper falls on the analog parts of the system,

namely the pulser, the transducer and the AFE.

2. Suggested simulation workflow/algorithm

The structure of the suggested
simulation/experiment approach is presented at figure 2. The
approach can be divided into two general functional blocks,
namely: the software environment, where the preferred
choice for the current development is MATLAB Simulink;
the hardware platform — presented in more details in section
four of the current paper.

As described in the previous section, interest for the
current work is the analog part of the ultrasound system, thus
as a first step in the suggested approach is the development of
dedicated models and processing of the results from their
simulation. The models are developed in the following order
(figure 2): (1) a model for the pulser is developed, where the
tests are made based on the capacitance of the chosen PVDF
piezoelectric; (2) results from the simulation of the pulser are
fed to the model of the transducer and the studied
environment as an input signal; (3) in this way a connection
is created between the model of the pulser and the model of
the transducer and the studied environment; (4) results from
the model of the transducer and the environment in terms of
received echo signal are fed to the model of the AFE; (5)
final results from the simulation of the AFE are obtained.
Results from the three models are analyzed and on their
basis: (1) a hardware selection of the pulser/receiver specific
to the PVDF material chosen is made; (2) adjustment of the
AFE is made in terms of gain control, filtering and analog
digital processing; (3) transducer design specific in terms of

materials thickness, backing properties, geometry can be
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Figure 2. Strucutre of the suggested simulation/experiment approach
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made.  Afterwards results obtained from the hardware
experiments can be digitally introduced back to the software
environment where comparison with the simulation results
can be made. Based on the comparison model and hardware
verification and optimization could be achieved.

For the suggested workflow/algorithm several notes

have to be made: (1) although simulation of the pulser, the

transducer and the AFE can be made within one model they
are kept as separate in order to have different simulation
procedures, step times, solvers, error magins, ect. — this
allows for more flexible and accuracy/time specific
simulation; (2) the pulser and the transducer and environment
model are simulated based on electrical circuitry using nodal

analysis, while the AFE is simulated based on its direct

source2

Voltage ‘ 52

' P'r
A : S
- E | |
. i [@:c RE ¢ o= E : F j u£2|301 é
o + >
. : %}_u.
- S5
0’?::;“' _l__ 2 :
Figure 4. Sample model of a transducer circuit
Vout{V] Viran
60 0.5 ld
0— ol
60 |
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Time(s »
(sl x10e Timels] x10e*
Figure 5. Transducer voltage at the output of the pulser Figure 6. Echo signal recieved through the transducer model
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S
Figure 7. Suggested experimental setup

mathematical representations.

The advantages of the suggested algorithm can be
described as: (1) models specific to the given PVDF
transducer can be developed; accuracy and speed for the
models can be chosen based on specific requirements; fast
validation and optimization can be made within the same
software environment in which the models are developed.

3. Sample models and model interaction

Some sample models from the development of the
workflow/approach are presented at figure 3 and figure 4,
while results from those models are presented at figures 5 and
6. The presented models and results include:

- figure 3 is shows the model of the pulser while figure 5
depicts the results at output voltage on the PVDF transducer.
A standard totempole pulser based on MOSFETS is used;

- figure 4 is a model of the transducer, the object under test
and the environment in which the object is placed. The
suggestion is based on TLM and more specifically Leach
model. For this the results from figure 5 are fed as in input,
where as a results the echo in figure 6 is obtained.

This example and model interaction are developed
based on electric circuit representations using nodal analysis.
Both model allow in detail adjustment of all parameters and
analysis of the reaction between the pulser and transducer.
Those two specific models for example were used to test
dalay/response time of several pulsers in order to determine
optimal performance for a high frequency PVDF based

transducer.
4. Experimental setup and interaction
between simulation and experiment

In addition to the sample models an example for the

experimental setup is presented — this is done at figure 7. The

113

current experimental setup used by the authors includes: (1) a
X/Y system for precise programmable transducer positioning
compared to the object under test within the experimented
environment — most of the carried experiments related to the
suggested workflow/approach are done as a submerged under
water test; (2) a single element PVDF transducer; (3)
pulser/receiver module; (4) FPGA based beamformer; (5)
AFE; (6) Data capture; (7) A PC hosting the simulation
environment and controlling and extracting data from blocks
(1), (3), (4), (5) and (6) through serial connection. The XY
positioning system is a retrofitted XY plotter. The transducer
is specially design and made by the team. Blocks (3), (4), (5)
and (6) are development boards by the company Texas

Instruments [3,4,5].

Conclusion
The  current paper presented a  dedicated
workflow/approach ~ for  modeling, simulating and

experimenting of PVDF based ultrasound systems. The
approach has several distinct steps of modeling of the
different parts and flowing results from one simulation to
another and then finally used to design and adjust the
hardware/software of the real system.

Sample models and results as well as an experimental
platform are presented to demonstrate the suggested

approach.
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KOHTPOJI HA 3ABAPEHU CBEJAUMHEHUSA YPE3 YJITPA3ZBYKOBUSA
METO/J HA ®A30BATA PELHIETKA

CONTROL WELDED JOINTS BY ULTRASONIC PHASED ARRAY METHOD

II. Yykaues, *H. Mupues

p.chukachev@multitest.bg, nntdd@imbm.bas.bg

Myatutect OO/, rp. Bapua, 9009, bharapus
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Pesiome: Yimpazeykosama mexnono2us (hazoea peuiemrka upes npuideane Ha eHKOOePpHU CUCMEMU 30 TUHEUHO
cKanupane ce 00KA3a Kamo MHO20 NOOX00AWA MEXHUKA 34 KORMPOJL Ha 3a6apenu cvedunenus. I'vexasocmma na
Memooa pazosa peutemka, KAKmMo u ROOOOPeHUs: copmyep NO360AA6am cxeMume HAa KOHMpoOl da O6woam
CbOOpaszeHu ¢ 6ceku NpoQul HA 3A6APeHO CbeOUHeHUe, KAKmMo U ¢ eposimHuume Hecvbevpuiencmea. Oceen
XapakmepHume nPeouMcmed Ha YImpasgyKogus Memoo Ha (a3o8ama peuemxd, (8UCOKa Npou3eo0umennocm,
MOYHOC, HAMALEHU PA3XO0U, eKOIOSUYHA MEeXHON02UsL). B cmamusma ca npedcmagenus Mooenu Ha KOHMpPOT Ha
YenHU 3a8apPeHU CbCOUHCHUS.

Knrouosu oymu: @azoea peutemra, TUHENHO CKAHUPAHE, CEKMOPHO CKAHUPAHE, CKAHUPAWA CUCEMd, 308aAPEHO
CbeOuHeHue, KOHMPOIL.

Summary: Ultrasonic phased array technology by applying the encoder systems for linear scanning proved to be a
very suitable technique for control of welded joints. The flexibility of the method phased array and improvements
software allow control schemes to be tailored to each profil of the welded joint, as wells as probable
imperfections. Besides the typical advantages of ultrasonic phased array method- high performance, accuracy,
reduced costs, environmental technology, the article presents a models of control butt welded joints- plate and
tube.

1.YBO/J

Hasnmzanero Ha yATpa3ByKOBaTa
TexHOJIOTHsl (pa3oBa pemIeTka B HWHIYCTPUAIHUSL
CEKTOp OKa3a MOIIEH TJIAChK BBPXY BEPOSTHOCTTA
3a OTKpHBaHE Ha HeChBBpLICHCTBA. Hampennamure
KOMITFOTBPHHU TEXHOJIOTUHU npu cbOupane,
0o0paboTka M mpeacTaBsiHe Ha HH(oOpMauuATa OT
KOHTpoJIa ce Oa3upaT Ha pabora Ha IBETHO
KOJIUpPaHU MYJTHUIUICKCHUPAIIN CHUCTEMH paboTeIn
Ha TIPHHIOUIA HAa KOHTPOJIUPAHOTO KOMITIOTHPHO
3aKbCHCHHE Ha HWIIMyJca IIPU HU3ITBYBAHETO U
MPUEMAaHETO My, TI03BOJISIBAIIO YIIPABJICHHE Ha
yJITpa3BykoBus cHorl. [1,2]

ViTpa3BykoBaTa TEXHOJOTHS C (ha3oBO
noApefeHN  ImpeoOpasyBaTead UMa  CICOHHUTE
OCHOBHU XapaKTePUCTUKU:

- KoMOuHHpaHe paboTaTta Ha roIIM Opoit
WACHTUYHU CIUHUYHU IpeoOpa3yBaTelI,

- KOHTPOJ Ha IBpI00YMHATA Ha (POKyCHpaHe,
- KOHTPOJ Ha BI'bJI Ha IPO3BYJIaBaHE
- KOHTPOJ Ha ()OKYCHOTO IIETHO,
-IporpaMHpaHe Ha BHUPTyajHaTa ameprypa Ha
ocesarers,
-npenctabsuae Ha UT uHpoOpMaIusita B 0011
W3IJIesl, HapedeH pa3BUBKYU OT THll S. [3-5]

B mpaxtukara ce usnonsBaT ciuegHuTe 3
OCHOBHHM METOAa 3a KOHTPON Mo MeTona (a3oBa
pemreTka.
- Enextponno ckanupane (nmHeiHo, E- ckanupane)
(dur. 1).
- CKaHHMpaHETO Ce OCBHIIECTBSABA HPH (UKCHpPAH
BI'BI M O JB/DKMHATA Ha oce3atens ¢ (asosa
peleTka OT Ipyna akTUBHM €JIE€MEHTH, HapeyeHa
neiicTBaia aneprypa Ha ocesarens [4] (¢ur. 1).
-CexTOopHO CKaHupaHe (BIJIOBO, S-CKaHHpaHe):
YITPa3ByKOBHUST CHON MMa OIpeneNeH o0XBaT OT


mailto:p.chukachev@multitest.bg

BIJIM, M3IOJI3BAWKH €IHH M ChHIIM eleMeHTH. ((ur.
2)
- Iunammuno ¢okycupane B apidounna (DDF).

- MWsnomsBar ce pasauyHM OBIOOYMHHM  HA
(hoxycupane.
IIpu MEXaHUYHOTO CKaHUpaHe

nHpoOpMaInuATa OT KOHTpOJIa C€ MpEeICTaBsi B
paznuIHu n300pakeHus [3]

-A scan- MeTona (pazoBa peleTKa M3M0JI3Ba MHOTO
Pa3BHUBKH THIT A B ITAKET;

-B scan- morien Ha 3aBapeHOTO ChCAWHEHHUE
OTCTpaHHU;

-D scan- moriex Ha 3aBapeHOTO CHCAWHCHUE
OTKpas;

-C scan- morie; Ha 3aBapeHOTO CBHCIAWHCHUE
oTrope.

HFIIZ BNP JHISSSNTYS

Our. 1. JluHelHO (eNEeKTPOHHO) CKaHUpaHE (IBe
AKTHBHU TPYIIH).

- Jdunamuano Qoxycupane B awindounHa (DDF)—

M3M0JI3BAT  C€  pa3ii4yH¥  JBIOOYMHH  HA
(dokycupane.
Tlpu MEXaHHYHOTO CKaHHpaHe

uHpOpMaNMATa OT KOHTPOJAa C€ NpEICTaBs B
pasnuaHu n3o0paxenus: [3]

-A scan- merona (azoBa penieTka M3I0JI3Ba MHOTO
Pa3BUBKHU THI A B ITaKeT;

-B scan- mornmeq Ha 3aBapeHOTO ChEIWHEHUE
OTCTpaHH;

-D scan- mornex Ha 3aBapeHOTO ChCAMHEHHUE
OTKpas;

-C scan- morjeq Ha 3aBapeHOTO CBEIUHEHUE
oTrope.

2. HEJI HA PABOTATA

B Hacrosimata pabora ca NpeICTaBEHH
pasiMYHM MPUIOKEHHS Ha METoJa Ha ,,pazoBara
perieTka” mpH KOHTPOJI Ha 3aBApPEHU ChEIUHCHHUS,
KaKTO U TEXHHKHUTE Ha OLICHKA M MHTEPIIpeTals Ha
pesynratute  OT  KoHTpona. Ilpumoxen e
MeXaHN3UpPaH KOHTAKTEH YJITPa3BYKOB METOX B €XO
HMITYJICEH PEXKUM.

Merozukara ce Mpuiara mpH yiITPa3BYKOB
KOHTPOJI Ha 3aBapeHH cbheauHeHHs. OcobGeHo
BHHMaHHE € OT/CJICHO Ha CICAHUTE (haKTOPH:

*  MOHHTOPHHI Ha pabOTHHTE MOKa3aTelnd Ha
YITPa3ByKOBHS 1e(EKTOCKOI

e KoHbHTypUpaHe Ha MapaMeTpHUTe Ha IUCIUIES
1 Ha TOJIy9aBaHEeTO Ha JaHHH
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e kamuOpupane Ha
qyBCTBUTEITHOCT
e ONHCaHWE HA KPUTEPHUTE 38 PErUCTPALHS
e wuacHTH(UKAIMA U CXeMa Ha KOMIIOHCHTHUTE,
KOHTO IIIE CE€ U3ITUTBAT
*  U3KMCKBAHO ChCTOSIHUE Ha MOBBPXHOCTTA
*  JIaHHU 32 M3MOJ3BAHUTE TEXHUYECKH CPEACTBA
U TIOKPUTHTE 00eMHU
JlaHHWTE 32 CKaHWpaHe c€ HAMHUpAT B
CHOTBETHUTE clienupuKanuu Ha obekTa. CkaHHpaHe
3a HanmpeyHH JAe(EKTH CUCTEMH CE Pealu3UpaT KaTo
Ce M3MOJI3BAT PhYUHH, HAITBIIHO aBTOMATU3UPAHHU K
MexaHH3upaHu cuctemu. Hacrosimara mpoueaypa e
NPUIOKKAMA 32 YJITPa3ByKOB KOHTPOJ Ha 3aBapeHH
KOMIIOHEHTH 3a HOBHM UM 3aBapeHH CHEIUHCHUS B
eKCIIJI0aTalysl.

BpeMeBa pa3BUBKA U

3. PE3YJITATHU OT KOHTPOJIA

3.1 Ynrpa3BykoB KOHTPOJI Ha 3aBapEHO CheIUHEHUE
Ha TpBOUa.

3.1.1. lanHH 32 3aBapeHOTO ChEAWHEHHE: TUAMETHD
273 mm, nebenuHa Ha crenata 14.5 mm, nzpaboren
or cromaHa. CKOpOCTTa Ha HAINPEYHHUTE BBIHH B
cTtomanata e 3240 m/s.

#9715 [BNp SGSN-ZVS

e @ur. 2. CekropHO (a3UMYTHO) CKaHHpaHE [BE
aKTHUBHU T'PYIIH.

3.1.2. U3nomn3Bano o6opyaBane

- Varpa3BykoB e(eKTOCKOI, paboTel Mo MeToaa
Ha (aszoBa pemerka Omniscan MX2 c¢ momyn
OMNI 32:128 PR ¢ ocezaremm: ARRAY, 5-L-64
(5MHz, 64 enemenra), IIPU3MHU 32 OCE3aTellu:
SA2-N55S-IHC, ckaHupamia cucrtemMa ¢ €HKOJEp,
[IOMIIa 33 JOCTaBKa Ha KOHTAKTHA TEYHOCT-BOJA.
3.1.3. OnutHa nmoctanoBka (¢wur. 3)




@ur. 3. Cxanupaia cucrema o Meroza ¢asona
peuierka, pa3paboTeHo BbB Gprupma MynturecTt
oon

3.1.4. Cxema Ha KOHTPOJ

Cxemata Ha KOHTpOJ ¢ 2 oce3aTtenu 5-L-64,
Pas3IoIOKEHH CPEIIYHONOXKHO € IIpefcTaBeHa Ha
¢wr. 4.

Enementure Ha BCeKM oce3aTen  ca
KOHQUTYpUPAaHH B PEXUM JIMHEIHO CKaHWpaHe.
Bcekn enuH ocesaren e KOHQHIMpUpaH Taka, ye
€JIEMEHTUTE My Ca PasMpeeleHH B 2 TPYIIH:

- Ocesaren 1 (mo3umms 90°):
v' Tpyna 1: enementn-16, [TbpBu enemenr -
25, Ilocnenen enement-64, caor- 50°
v I'pyna 2: enementu-16, [TspBu enemenr -1,
Ilocnenen enement-64, cuomn- 60°
- Ocesaren 2 (mo3urwms 270°):
v'  Tpyna l: enementu-16, [TbpBu enemenr -
25, Tlocnenen enemenT-64, cHor- 50°
v' Tpyna 2: enementu-16, [TbpBu enemenr -1,
Tlocnenen enement-64, caorm- 60°

damBARD - 1o TR Ty —

BT 100000 T e
®ur.4 Cxema Ha KOHTpoOJIa

3.2 Varpa3BykoB KOHTpoad Mo Mmertoma (asosa
peLIeTKa Ha 3aBapEHO CheMHEHUE -IUTaHKa.
3.2.1./laHHN 3a 3aBapEHOTO ChEeANHEHUE:
- Jwemxuna: 900 mm,
- JleOenuHa Ha cTeHara: 15 mm
- Marepnan: cromana, CKopocT Ha HalpedHH
BBJIHU B cToMaHa: 3240 m/s.
3.2.2.M3non3Bano obopyaBaHe
- Ynrpa3BykoB aedekrockon paboTel Mo MeToaa
Ha ¢aszoBa pemerka Omniscan MX2 ¢ wmomyn
OMNI 32:128 PR.
- Oceszarenu: ARRAY, 5-L-64 (SMHz, 64
CIIEMEHTA). - Ilpusmu 3a ocesarenu: SA2-
NS55S-IHC
- Ckanmparia cuctemMa ¢ eHKoJep
- Tlomma 3a nocTaBka Ha KOHTaKTHAa TEYHOCT -
BOJZA.
3.2.3. OnuTHa mocTaHoBKa (dur. 5)
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Owr. 5. Ckanupamia cucremMa no Meroaa $hazona
pelIeTKa Ha YeJIHO 3aBapEHO ChEIMHEHHE - TUIAHKA,
npoussenena B Mynturect OO/]

3.2.4 Cxema Ha KOoHTpOI (ur.6)
Pa3paborena e cxemMa Ha KOHTPOJ C 2
ocesatenst 5-L-64, pa3mosioKeHH CpELIyIOJIOKHO.
EnemeHTHTEe Ha BCEKM Oce3aTell ca KOHQUTYpUpaHH
B PEKUM CEKTOPHO CKaHHpaHe:
- Ocesaren 1 (mozumms 90°):
I'pyna 1: enementu-30, ITbpBu enemMeHT -
20, ITocnenen enement-49, cHor- 45-75°
- Ocesarten 2(mo3uitust 270°):
I'pyna 1: enementu-30, ITbpBu enemMeHT -
20, ITocnenen enemenT-49, caon- 45-75°
CThlKa Ha BroJa:l°

bl
i
i
|
I'I

SHsmApEE - 1 ek Y m—

A

®ur.6 Cxema Ha KOHTpOJIA

4. CPABHUTEJIHU OBPA3IIU

BakeH eneMeHT OT cucTeMure 3a (a3oBa
pelieTka ca cpaBHUTEIHUTE oOpasiu. OCHOBHO ce
M3M0NI3BAaT KAaKTO 3a HACTPOMKA HA OCHOBHH
napaMeTpu (CKOPOCT, 3aKbCHEHHE B IIPHU3Mara,
gyBcTBUTenHOCT, DAC, TCG, pasgenurenHa
CIoco0OHOCT), Taka M 3a MPOBEPKa ABITOCPOYHATA
CTa0WIIHOCT Ha IIOKa3aHWsiTa BBB BPEMETO Ha
YITPa3ByKOBUSI 1€(EKTOCKOIL.
- Cpasuurenen oopaser cbrimacHo ASTM E 2491
(¢ur. 7) mo3BossiBa OLlEHKA Ha BIIIOBATa U JHHEHHA
paszmenuTenHa  CHOCOOHOCT, CTAaOWIHOCTTa Ha
MOKA3aHWTa BBB BPEMETO, BB3MOXKHOCTUTE 3a
(hoxycupane u HacouBaHe Ha cHoma (¢wur. 7). [7-8]



®ur. 7 CpaBrurener obpaser, ceriaacao ASTM
E 2491

- IIW xamubpoBbunusi Omok Ne 1 ¢ur. 8 ce
M3II0J13BA 33 HACTPOHKA HA 3aKbCHEHHE B MPH3MATa,
CKOpOCTTa Ha YNTPa3ByKOBaTa BBJIHA B CTOMaHaTa,
poBepKa Ha Br'BIIA, HacTpoiika Ha
YyBCTBUTEIIHOCTTA.

Our. 8 [IW Kamubposbuen 6ok Ne 1.
- ASME Section V kanuOpoBbueH OJIOK ¢ KaHAITU
ce M3M0JI3Ba 32 HACTPOMBAHE HA YyBCTBHTEIHOCTTA
no merox TCG.

S.EKCHEPUMEHTAJIHU PE3YJITATH OT
KOHTPOJIA
5.1.Pe3ynTatu OT KOHTPOJI Ha TPHOA

HpeHCTaBeHI/I Ca TIOJYUYCHHUTE 3aBUCHUMOCTH OT
KOHTpOJIa Ha 3aBapC€HU CBbEIUHCHUSA B Tp’b6I/ITe

®ur. 9. Buzyanuzanus Ha KOHTpoJIa Ha 3aBapeHU
CHCIMHCHHS CIIC]I CHONpaHe Ha JTaHHUTE.

5.1.1. Upe3 u3mon3BaHe Ha cCOPTyep 3a aHANHM3 Ha

JAHHUTC ce perucrpupar CJICOAHUTC
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HECHBBPIICHCTBA: - HopH (¢ur. 10), - HecraBsiBaHe
(¢ur. 11), - nenposap (¢ur. 12).

®wr. 10. [opwu.

@ur. 11. HecninaBsiBane.

@wr. 12. Hemposap.
Bunsr Ha pedextHTe € TOTBBPAEH upe3
pasualiOHEH METO/.
5.2. Pe3ynraTu OT KOHTpOJa Ha IUIaHKA
Ha ¢wur. 13 e npencraBeH e ISUIOCTEH 3SR
Ha KOHTPOJIA Ha IUIAHKA.

@ur. 13. Busyanuzauus Ha KOHTpOJIA Ciej
chOMpaHe Ha JaHHUTE.



5.2.2. Upe3 n3non3Bane Ha copTyep 3a aHAIU3 Ha

JAaHHUTE ce perucrpupar CJIICAHUTEC

HEChBBPIICHCTBA: - opH (dur. 14), -HecruiaBsiBsHE
(¢ur. 15), -nenrposap (ur. 16).

®ur.16. Henposap

6.3AK/IFOYEHUE

I'naBHUTE MPEAUMCTBA Ha TEXHOJIOTHSTA C
(ba3oBo moapencHH mpeobpasyBaTeNnd MOrar j1a ce
0000MIAT TaKa KaKTO € MOKa3aHO I10-/10Ty:

- Mucneknuure ¢ (aszoBo  HoAapencHU
npeoOpasyBaTeli  IPH  JIMHEHHO  CKaHUpaHe
CPaBHEHO C KOHBCHIHMOHAIHOTO CKaHHMpaHe

CKBCSIBA BPEMETO Ha KOHTponma /okono 50%/ u
pas3xoauTe 3a oreparop.
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- Cucremara ¢ (a3oBO NOApexkIaHe MOXKE [a
KOHTPOJIMPAa MHOTO Ppa3JIMYHM KOMIIOHEHTH C
pa3sIMYHM METOAM Ha KOHTPOJ, H3MOI3BalKU
(aiisoBe 3a elIEeKTPOHHA HACTPOMKA.

- Cucremute oT ¢dazoBo MOJIpECHU
mpeoOpa3yBarend Morar jaa ObOaT MpOrpamMHpaHu
na KOHTpPOJHPAT TEOMETPHYHO CIIOXKHU
KOMIIOHEHTH ¢ OTHOcHTeNnHa Jiekota. @a3oBo
HOJpeNICHUTe IpeoOpa3yBaTean MoOrar ChIIO Ja
ObJaT NpOrpaMHpaHd B CICLHUAIHH PEKHMHU,
HalpuMep TaHIEM, U3MUTBAHE 0] Pa3IHYHU BIIIH
Y 30HOBA JUCKPUMHHALIHSL.

- OrpoMHUST pa3Mep Ha CHCTEMHUTE Ha MOAPEXKIaHe
Ha TpeoOpasyBaTeNUTe TWM IPaBH MOAXOMAIIN 3a
OIIPEeJICHN IPWIOXKEHHs, Halpumep TypOuHH,
KBJICTO IPOCTPAHCTBOTO € OTPAHIUEHO.

- Upe3 HEroisiMOTO NpEMECTBaHE Ha oce3areis Ha
eIHa cCUCTEeMa 3a KOHTPOJI € II0-HaJexK/HA.
ITogmsiHaTa HAa MEXaHHYHMTE YacTH C €IEKTPOHHH
HaMallsiBa M3HOCBAHETO M CUYNBAHETO, KaKTO H
yBEeIMYaBa  CHIOIECTBEHO  HAASKAHOCTTA  Ha
cucTeMara.

- VYBenmwyaBa ce OTKPHBAaEMOCTTAa Ha Pa3iIHIHO
opuentupanu nedextH. DOKyCHpaHHAT CHOI
yBeIHYaBa OTHOIICHUETO CUTHAJI-IIIYM.
MHOXECTBOTO pa3BUBKM THII A, TpyNUpaHd B
crienuduyHa BriIoBa paspeluaBalia CIIOCOOHOCT,
JONpHHAcA 3a MOBHIIABaHE HA BEPOATHOCTTA 3a
OTKpUBAHE Ha HELSIOCTHOCTH.

- HapesxxprocT mpm oTkpHBaHE M opa3MepsiBaHE Ha
HECHBBPIICHCTBATA: Upe3 IIBETHO KOJAWpaHEe Ha A-
pa3BHMBKaTta IoANOMara uAeHTH(uUIMpaHe Ha
HECHBBPIICHCTBATa, Opa3MepsBaHETO UM, IpU
OLICHKa HAa JONMYCTUMOCTTa MM Ha 0a3zara Ha
aMIUTUTYIHaTa UM XapaKTHPUCTHUKA.

- JlaHHHTE OT KOHTpola Morat paa ObaaT
ChXpaHsIBaHU BbB (ailioBu GopmaT Ha XapIauCK,
HNPUHTHPAHHE KaTO IPOTOKOJ U MPEICTaBsIHU KaTo 2-
D wm300paxeHwe 3a HyXIUTE Ha OIEparopa,
KJIMEHTA U OJUTUpAInaTa opranusanus. [12]
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Abstract: Aiming at the integration of automated height estimation in speech-based mobile applications, we compare the perform-
ance of four low-complexity implementations in terms of calculation time and mean squared error (MSE). These implementations are
based on General Regression Neural Network (GRNN), feed-forward Multi-layer Perceptron Neural Network (MLP NN)-based re-
gression, and Support Vector Regression (SVR) with Radial Basis Function (RBF) kernel and with polynomial kernel. The experi-
mental evaluation was carried out in a common experimental setup based on the TIMIT database. We report that the MLP-based
implementation provides the best trade-off between computational demands and height estimation accuracy.

Key words: automated height estimation from speech, General Regression Neural Network, Support Vector Regression, multi-layer

perceptron-based regression

1. INTRODUCTION

Many applications, such as area access authorization, anti-
terror surveillance, forensic applications etc, require reliable
and unobtrusive way to assess human biometric features. In
these applications, among the most widely used biometric pro-
cesses are fingerprint recognition, finger and hand geometry
recognition, vascular and vein pattern recognition, face recog-
nition, iris and retina recognition, DNA analysis, and recogni-
tion of various voice-related biometric characteristics, such as
the speaker voiceprint. Other biometric traits, referred to as soft
biometric characteristics, such as the skin color, eye color,
body build, weight, and height, accent etc, with weaker dis-
criminative capacity does not allow the development of self-
dependent biometric solutions, however they were reported
useful as additional features for improving the robustness and
accuracy of other biometric processes [1].

Automated height estimation from speech is a supervised
learning task that aims at predicting the height of unknown
speakers. It exploits the well-studied correlation between the
vocal tract length and the height of the person [2]. The stand-
point that human height can be estimated from speech is sup-
ported by previous related research, which reported that under
certain conditions, the soft biometric parameters, such height,
body size etc can be estimated automatically from speech, even
for unknown speakers [3-11].

The automated height estimation from speech requires the
creation of regression-based height-estimation models, which
are able to generalize the person-specific voice traits, repre-
sented by a set of labeled fixed-size speech feature vectors.
These feature vectors need to be indicative for the vocal tract
length of humans. In that case, given a spoken utterance, we
can compute these speech features and estimate the height of
unknown speakers based on the pre-built regression models.
Aiming to select speech feature subsets with good predictive
power, significant research efforts were focused on evaluation
of the relevance of various speech features and their correlation
with human height [7-10].
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In the present work we built on [8]. In particular, relying on a
well-studied subset of speech features, referred to as Top-50
that was selected among 6552 speech parameters [8], here we
focus on the evaluation of four automated height estimation
implementations with respect to their appropriateness for inte-
gration in mobile applications. These implementations, based
on Generalized Regression Neural Network (GRNN) [12],
feed-forward Multi-layer Perceptron Neural Network (MLP
NN)-based regression [13], and Support Vector Regression
(SVR) with Radial Basis Function (RBF) kernel and with poly-
nomial kernel [14, 15], were evaluated in terms of computa-
tional complexity and height estimation accuracy. We followed
experimental setup based on the standard split of the TIMIT
database [16], which allows for a direct comparison of our
experimental results with the results reported in previous re-
lated work.

In Section 2 we present the overall concept of the auto-
mated height estimation approach used in the current study. In
Section 3 we present the experimental setup and in Section 4,
the empirical evaluation results obtained for the four regression
methods of interest. Finally, Section 5 concludes our work.

2. AUTOMATED HEIGHT ESTIMATION
The overall block diagram of the height estimation system
is illustrated in Figure 1. The upper part of the figure summa-
rizes the off-line training of the height estimation models. Dur-
ing the system operation, these models are used to predict the
height of unknown speakers following the signal processing
steps shown in the lower part of the figure. Specifically, the
training of the models involves:
* a training dataset with known (ground truth) height labels
for all speech utterances,
* a speech parameterization stage that computes a large set of
speech parameters,
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Figure 1. Overall block diagram of the processing steps in the automated height estimated from speech

» feature ranking and feature selection stages that evaluate
the relevance of these speech parameters and select subsets
that form the feature vector, and

* a regression model training stage that utilizes the feature
vector devised at the output of the feature selection stage
and the corresponding ground truth labels, in order to build
appropriate height estimation models.

The outcome of the training stage is the list of indexes of
the selected speech features and the trained height-estimation
models. In the operational phase, these are utilized in the esti-
mation of the height of a speaker from a given speech utter-
ance. Specifically, as shown in Figure 1, initially, the unlabeled
input utterance is parameterized, and then a subset of the com-
puted speech features is picked out in accordance with the list
of indexes selected during training. The feature vector obtained
to this end is fed to the regression models, created during train-
ing, which provides a direct estimation of the speakers’ height.
Previous studies on human height estimation from speech had
shown that various speech parameters are correlated (either
moderately or weakly) with the speaker’s height. Since, there is
no single speech feature that would permit an accurate estima-
tion of the human height, the automatic height estimation
methods often rely on a set of speech descriptors, which hope-
fully are complementary to each other, and when combined
contribute to the increasing of the overall estimation accuracy.

In the present work we adhere to the speech feature subset,
referred to as Top-50, which was studied in previous work [8].
Specifically, in [8] it was shown that the subset Top-50 (Table
1) provides a good trade-off between computational demands
and accuracy. Larger feature subsets (e.g. Top-200, Top-1000)
were shown to offer certain improvement in terms of height
estimation accuracy at the cost of significant increase of com-
putational and memory demands. Most of the speech features
in the Top-50 subset are derived after applying statistical func-
tions on the Mel-Frequency Cepstral Coefficients (MFCC), the
fundamental frequency of speech (F0), or the voicing probabil-
ity of speech. In Table 1, the numbers in square brackets speci-
fy the index of the corresponding MFCC coefficient.

3. EXPERIMENTAL SETUP
3.1 The TIMIT datasets

In order to guarantee a direct comparison with results re-
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ported in previous related work [5, 7, 8], we followed a stan-
dard experimental protocol based on the TIMIT database.
TIMIT is an American-English database containing micro-
phone-quality prompted speech [16]. The 640 speakers of
TIMIT cover seven major dialectal regions of the United States
of America but also include a number of speakers moving
across the states.

Each recording in the database is a speech utterance sam-
pled at 16 kHz with resolution of 16 bits per sample. We fol-
lowed the standard division to Train and Test subsets, as de-
fined in the TIMIT documentation.

In brief, the Train subset consists of recordings from 462
speakers, including 326 males and 136 females, and the Test
subset consists of the recordings of 168 speakers, including 112
males and 56 females. In both the male and female subsets,
each speaker is represented by 10 utterances.

The self-reported height of each speaker is provided in the
database documentation in inches. In the present study we con-
verted all units to meters in accordance with the International
System of Units (SI). Thus, in the entire database the speaker
heights range between 1.448 and 2.032 meters, with mean and
standard deviation values equal to 1.755 and 0.095 meters,
respectively.

Following the experimental setup described in previous re-
lated studies [5, 7, 8, 17], we excluded the speaker MCTWO
from the Test subset, since his height of 2.032 meters is out of
the range of heights represented in the Train subset,
hyn € [1.448, 1.981].

In all experiments, we followed a common experimental
protocol. In the case of general model for both genders — males
and females — the Train subset consisting of 4620 utterances
was used for training the regression models. The accuracy of
each automated height estimation method was measured on the
Test subset, consisting of 1670 speech utterances.

In the case of the gender-specific experiments, we built
separate models for the male and female speakers. There were
3260 training utterances for training the male models and 1120
test utterances. In the case of female speakers there were 1360
training and 560 test utterances.

There was no overlap between the speakers in the Train
and Test datasets, and therefore the experimental setup corre-
sponds to the scenario of automated height estimation for un-
known speakers.



Table 1. Ranking results for the Top-50 audio features (defined in [8])

rank W(A) Speech feature rank W(A) Speech feature

1 0.00673 mfcc[9] perc95 26 0.00519 voiceProb_iqrl-3

2 0.00671 FO linregerrA 27 0.00518 mfcc[9] quartile3

3 0.00654 FO_perc95 28 0.00518 FO de zcr

4 0.00632 mfcc[9] perc98 29 0.00513 FOenv_de zcr

5 0.00620 voiceProb_stddev 30 0.00503 voiceProb_linregerrA
6 0.00595 mfcc[9] amean 31 0.00495 mfcc[9] skewness

7 0.00587 voiceProb perc95 32 0.00493 mfcc[9] peakMean
8 0.00584 FO_stddev 33 0.00487 FO de perc98

9 0.00582 voiceProb_variance 34 0.00484 voiceProb quartile3
10 0.00562 mfcc[10] amean 35 0.00480 FO_zcr

11 0.00561 mfcc[8] perc98 36 0.00468 FO linregerrQ

12 0.00559 mfcc[11] amean 37 0.00461 FO_perc98

13 0.00558 mfcc[10]_quartilel 38 0.00460 mfcc[10] peakMean
14 0.00549 FO de de zcr 39 0.00456 mfcc[12] range

15 0.00548 FOenv_de de zcr 40 0.00455 mfcc[9] quartilel

16 0.00547 FO quartile3 41 0.00454 mfcc[8] amean

17 0.00547 FO_iqrl-3 42 0.00453 FO_variance

18 0.00539 mfcc[8] perc9s 43 0.00440 mfcc[11] quartilel
19 0.00538 mfcc[10] perc98 44 0.00435 mfcc[11] perc95

20 0.00535 wvoiceProb_linregerrQ | 45 0.00429 mfcc[12] minameandist
21 0.00535 FO0_de perc95 46 0.00427 mfcc[l1] quartile2
22 0.00528 wvoiceProb_perc98 47 0.00421 mfcc[10]_quartile2
23 0.00527 mfcc[10] perc95 48 0.00413 mfcc[10] quartile3
24 0.00525 FO _de de perc95 49 0.00411 mfcc[3] amean

25 0.00519 mfcc[7] skewness 50 0.00411 pcm LOGenergy range

3.2 The speech features

For each of the Train and Test utterances we computed a
single speech feature vector X = {X;}, following the procedure
described in [8]. These are the Top-50 speech features shown
in Table 1. Afterwards, the speech feature vectors were subject
to statistical standardization:

(M

which sets the values of all parameters in the uniform dynamic
range [0, 1]. Here z4 and o are the mean and the standard
deviation values of each type of speech features, computed
over the entire Train dataset. The same values of £4 and o;
were afterwards used in the standardization of the speech fea-
ture vectors computed from the Test utterances. Next, the stan-
dardized speech feature vectors X ={X;} were used as the
Train and Test datasets for training the models and in the per-
formance evaluation experiments.

3.3 Implementations

In the following, we briefly outline the settings of the four
regression models evaluated in our study.

The Generalized Regression Neural Network (GRNN) [12]
was trained with the Train dataset. After some experiments on
the Train dataset, the GRNN spread factor was adjusted to
value 1. In particular, initially we did search of the spread fac-
tor values in the range [10e-25, 10e+25] with step by the pow-
ers of 10. Afterwards a fine search with step 0.1 was carried
out in the vicinity of 1, which was found the best value after
the initial search. The spread value of 1 is also in agreement
with the fact that we standardized the dynamic range of values
for the speech feature vectors.

A feed-forward Multi-layer Perceptron Neural Network
(MLP NN)-based regression [13] with architecture 50-35-1
was trained with the Train dataset. This architecture was se-
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lected after some experimentation with different architectures.
Eventually, we selected implementation with 35 neurons with
sigmoidal activation function in the hidden layer, and one neu-
ron with linear activation function in the output layer. The
MLP NN was trained with the method gradient descent with
momentum and adaptive learning. The learning rate Ir was set
to 0.01 and the momentum M to 0.9. The training continued
until six validation checks. Here, we made use of the MAT-
LAB implementations of the GRNN and MLP NN-based re-
gression.

We evaluated two Support Vector Regression (SVR) [14]
models with radial basis kernel and with polynomial kernel.
The training was carried out with grid search of the parameters
y and C in the range [10e-40, 10e+20] with step by the power
of 10, followed by a finer grid search in the vicinity of the
minimum. Both SVR implementations were based on the
LIBSVM toolkit [15].

In all experiments, the self-reported height values from the
TIMIT database, converted to meters, were considered as the
ground truth against which we compared the estimated height
values. The height estimation accuracy was measured in terms
of mean absolute error (MAE).

4. EXPERIMENTAL RESULTS

We evaluated the height estimation performance for the
general case, where a single height estimation model, common
for both genders, is used, and for the case of gender-specific
regression models, trained only with speech either from male
or female speakers.

The experimental results obtained for the regression mod-
els described in Section 3.3 are shown in Table 2 and Table 3.
In particular, Table 2 reports the height estimation precision in
terms of MAE. As seen in the table, the lowest MAE of 5.36
cm is observed for the SVR model with RBF kernel, for both
the female and all speakers. The second best accuracy is ob-
served for the MLP NN-based regression with MAE for all



speakers equal to 5.54. However, in the case of gender-specific
height estimation, the MLP NN-based regression outperforms
the SVR model and shows lower MAE than the SVR with
RBF. The accuracy of the regression model SVR with polyno-
mial kernel is slightly worse than the MAE of the MLP NN-
based regression, except for the female speakers where both
methods show equivalent results. Finally, the GRNN obtained
the highest MAE in both the gender-specific and the all speak-
ers experiments.

In Table 3, we report the overall processing time spent for
the height estimation in the different implementations. The
processing time is reported in seconds, computed for the entire
Test dataset on a laptop computer Acer using single core of the
i5 CPU operating on 2.4 GHz and OS Microsoft Windows 7.
As Table 3 presents the lowest computational time of 0.06
seconds is obtained for the MLP NN-based regression model
and all other models need much longer times.

Based on the experimental results presented in Table 2 and
Table 3, we conclude that gender-specific implementation of
the height estimation from speech with MLP NN-based regres-
sion is the most appropriate for realization in mobile applica-
tions, as it provides the lowest MAE and requires computa-
tional times which are multiple times lower that these of the
other regression methods. Only in the case of all speakers we
observe MAE approximately 3% lower for the model SVR
with RBF however this is achieved at the cost of significantly
higher complexity.

Table 2. Height estimation accuracy in terms of MAE.

Regression Male Female All
Method MAE [cm] MAE [cm] MAE [cm]
GRNN 5.78 6.39 6.04
FF MLP NN 545 5.28 5.54
SVR - RBF 5.69 5.36 5.36
SVR - Poly 5.53 5.27 5.59

Table 3. The processing time for the entire Test dataset.

Regression Male Female All
Method Time [s] Time [s] Time [s]
GRNN 0.65 0.18 0.91
FF MLP NN 0.04 0.04 0.06
SVR - RBF 0.14 0.28 0.33
SVR - Poly 0.11 0.23 0.36

In comparison with results reported in earlier research [8],
the MLP NN-based regression provides a reasonable trade-off
between computational complexity and height estimation accu-
racy, and therefore it is the most suitable implementation for
including height estimation from speech in mobile-phone ap-
plications.
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Abstract: The phase method for determining the
angular position of an object is used in systems for accurate
and automatic tracking and direction finding. Its main
advantage over the maximum method for direction finding is
the higher accuracy in the angle estimation that could be
achieved.
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1. Introduction.

The phase method for measuring direction requires
that there are two reception channels with the same
characteristics and a unit for measuring the phase. It allows
you to determine the direction to objects from their secondary
or their primary acoustic field. This allows the process to be
used both in active and in passive sonar systems. The
structural scheme of the method is shown on figure 1.

In order to work correctly the method needs the sonar
wave front at the point, where the antenna is located to be
regarded flat. In this case, the difference x in the path
between the rays at the receiving hydrophones depends on the
angular position 6 of the source towards perpendicular to the
base with length d:

0 = w e

This path difference is the reason for the occurrence
of phase difference ¢ between the output signals of
hydrophones:

2 o - 2*.1.5 gl (%

In the structural diagram shown in Fig. 1 the angular position
of the source is estimated by the slope of the line illuminating
the indicator.

For the generation of the indicator line, from the
output signals of both Ul and U2 hydrophones after
amplification and filtering two new sum and difference
signals are formed:

3) Uy= Upele? o b olet=)

“4)

= fut
P = g L - Fp?
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Fig. 1. Structural diagram of the phase method for direction

finding.

After transformation of both the
expressions are received:

signals following

(5) U= 2Weeos(ElRe [ﬁj‘?“'f—‘
(6) U= ZU,s MIZ-QFEE [E-":-"’" -4

Expressions (5) and (6) indicate that the two signals are
shifted in phase of 90 degrees, which is the reason for the
occurrence of an ellipse of an electronic display with an
electrostatic deflection system. In order to form an inclined
straight line it is necessary to eliminate the phase difference
for which in the sum of the signal before feeding it to the
vertical deflection circuit a phase delay of 90° is introduced.
In analog systems this operation is performed using the RC
circuit, which is not applicable to digital systems.
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After leveling the phase relationship between the vertical U,
and horizontally - Uy voltage their ratio will equal to:
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But at the same time El"-= tarna , where o is the angle of
o

the line. After approximating with (7) is obtained that:
®) & = T Saln. (]

The expression (8) indicates that in order to accurately
measure the angular deviation of the source is required that

ﬁﬂ% When:%,
) R’="_E51:‘.li_‘ﬁ‘j|

There are two approaches to apply the method in a
digital sonar system. In the first approach, the phase
difference of the sum and the difference signals is digitized
after leveling. Digital signals are then fed to the XY graphical
indicator. This approach can be realized in analog systems
with digital indication.

The report is considered the second approach, in
which the receiving channel of the system is digital and two
hydrophone signals are subject to analog-to-digital
conversion [1] . In such a system the received digital signals
from the two hydrophones are:

10) By = B U EPa0m - by

) U= B e T lam — g

N — repetition period; n=1,2,...,N
The proposed structural diagram of a digital system
with a phase method direction finding is shown in Figure 2.

X
1
y v
ADC ADC
A 4 A
C- +
Shift

Fig. 2. Structural diagram of the phase method for direction
finding in a digital system.

At time n = k signals from the output of the two hydrophones
are equal to:

(3) Uiki = E;._i"ﬂj_%ri';j

After summation and subtraction of these signals the
following expressions are obtained:

(14) U= 2Unros(E)Re [si'i%*-&]
(15)  U_gii= 2Upsin(S)Rele/To-EH]

Change the phase of the analog signal with 27 corresponds to
the change of the digital signal with a period - N points.
Change of phase with the /2 will comply with:

(16) m= % points.

Such number of points needs to be extracted from the
sequence of the discrete digital sum signal to align its phase
difference with that of the difference signal.

The algorithm for program processing and display of digital
signals from hydrophones is shown in Figure 3.

BEGIN

A

INPUT
Us(n), Uy(n)

v

U.(n)=Uy(n) + Uz(n)
U.(n)=U4(n) - Ua(n)

v

U+(n)=U+(n' N/4)

v

Uy(n) = U.(n)
U,(n) = U(n)

A

/ END /

Fig. 3. Algorithm for digital phase bearing estimation.

2. Results from the numerical implementation of
the phase method for determining the angular position.

For qualitative evaluation of the algorithm for
processing of digital signal by phase method simulation
model in an environment of "LabVIEW" of NI Instruments
[2] is developed. The model includes two sinusoidal
generators with the ability to change the amplitude, frequency
and phase of the generated signals that simulate receiving
hydrophone channels. After summation and subtraction of the
input signals, the newly formed signals are phase aligned by
Shift operation and applied to the XY graph indicator. The



model is able to simulate treatment in condition of Gaussian
noise.

To carry out the simulation experiment the following
parameters are given. Input signals with amplitude and
frequency 0,1 V 10 Hz, and the effective value of the noise
Urms = 1 mV. The frequency of the ADC sampling is
selected 1000 Hz. Subject to processing are 200 samples of
the report signal 10 times per second. For these parameters
and period of the signal N = 100, the offset that has to be
entered in the signal of the sum is 25. Figure 4 shows the
signals of the sum and the difference when there is initial
phase difference 10° without equalizing the phase difference
between the channels.
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Fig. 4. Diagrams of the sum signal — 1 and diff signal - 2.

Figure 5 shows the image of graphical indicator.
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Fig.5. Image on the XY graphical indicator in the presence of
a 90° phase difference between the channels.

Figure 6 shows the result of the operation of the model in the
presence of the phase difference 10°, and equaling of the
phase difference between the channels.

o0 D]

XY Graph
0,34

]
o ]
$

01 0,0 01
Time
Fig. 6. Form a line on the XY graphical indicator in the
presence of 0 ° phase difference between channels.
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The method is applied to the signal processing of own noise
of boat recorded by two independent hydrophones with base
between them 7 m. The recording was made with hardware
including two hydrophone and dual channel Bruel & Kier
preamplifier, and NI PXI digitizer console. Signals are
sampled at 50 kHz. Before processing the two signals are
limited in frequency band from 199 Hz to 250 through a
bandpass filter.

Figure 7 shows the spectrum of the received signal.
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Fig. 7. Spectrum of noise a motor cutter.

The spectrum of Fig. 7 corresponds to an image of graphical
display shown in Figure 8.
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Fig. 8. The instantaneous shape of the line XY graphical
indicator corresponding to the spectrum of Fig. 7.

Conclusion:

Processing of simulated and real data by the proposed
algorithm shows that it can be used in digital systems to
determine the angular position of the detected objects.
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Abstract: The article studies the results of tests of electrical discharges in water. Electrical energy is accumulated in high voltage
capacitors and the resulting discharge acoustic signal is recorded. The maximum values of the recorded acoustic signal depending on

parameters of the circuit are compared.
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1. INTRODUCTION

Electrical discharge in water is a process studied for many years
having many applications in practice[l,2]. The discharge in
liquids is accompanied by various physical and chemical
processes and is the subject of research in the European
framework for cooperation in science and technology[3]. Some
of the effects associated with the discharge are under the
influence of the generated acoustic waves in the liquid. The
process consists of sequential transformation of the energy in the
electric circuit, in energy of the discharge channel and into
energy of acoustic waves in the liquid. Electrical discharge in
water is a complex process dependent on many factors. This
process, every time different, is therefore difficult to record and
studied. The process runs like blasts generated by explosives.
Unlike the energy
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Figure 1 Scheme of the exprimental setup

produced in explosives, the energy generated in the electrical
discharge can be managed more easily, both in amplitude and in
time. To compensate for the differences in the operation of the
process a repetition frequency of few hertz to thousands of hertz
is used in EDM machines. Additionally, the task is complicated
by the need to use large currents and voltages for processing of
larger volumes. The realization of electrical discharges in water
is related to the use of a switch element to interrupt the current
through the circuit in time of energy charging and of
instantaneous release when the switch is closed. For this purpose
it is necessary to switch high currents and voltages, and as such
device can be used a trigatron, a thyratron or a semiconductor
switch element. Parasitic inductances the circuit, the water
temperature and the area of the electrodes have a strong
influence on the transients and ongoing currents but we have not
studied the impact of these parameters in the article. The
experiments were conducted in the sonar pool at "Vaptsarov"
Naval Academy at water temperature of 24°C.

2. EXPERIMENTAL SETUP

The object of the study is to understand the processes of
conversion of electrical energy, stored in the high voltage
capacitor battery, in acoustic waves.

The experimental setup is shown on figure 1 and comprises high
voltage transformer, rectifier, resistor limiting current in the
transformer and diodes, four condensers K41-la 1 puF 16kV,
manageable arrester (trigatron), discharge circuit, coaxial cable
to connect the elements (PK-75-9-11A) and the high-voltage
source for control of the arrester (trigatron).

To monitoring current and voltage UNI-T oscilloscope UTD
2025C, voltage probe Tektronix 6015, current probe
YuanxingCTC 1535-15 are used. The pressure of the acoustic
wave is recorded on the oscilloscope with Bruel&Kjaer
hydrophone and amplifier.

Electrical discharge in water is formed between central
conductor of the coaxial cable RK75-9-11A and a tip placed on
the shielding. By moving the tip the length of the discharge
changes. The pressure of the acoustic wave, depending on, the
capacity, voltage and distance between the electrodes is
investigated. For this purpose wave forms of current and
pressure at 2 meter of discharge as shown in figure2 are
recorded.
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Figure 2 Waveform of the pressure change
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Figure 3.Amplitude and shape of the first pressure pulse.

After increasing the scale of time both fronts pulse creation and
the closing of the discharge channel can be clearly observed
(figure 3).

3. RESULTS AND DISCUSSION

Due to the complex nature of the process and the many variables the
experimental results do not always give full coverage of theoretical
conclusions. The maximum pressure can be determined using the
information specified in[4].
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Where:U, -charging voltage of the capacitor r - distance from
the axis of the channel to the point of measurement; I~ the
distance between the electrodes; L - inductance of the discharge
circuit.
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Figure 4Experimentally recorded relationship between pressure
and voltage (capacity C=1pF)

In [5] is a formula with more parameters used to determine the
same pressure.

e= i'"‘l. ZnLyly
Where: Ug- voltage of the capacitor at the time of the breakthrough. K,-

utilization of battery power; py-density of water; p=1.26 - adiabatic
constant; I,- the distance between the electrodes;
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Figure 5. Experimentally recorded
pressure and voltage (capacity C=2uF)

relationship between

U [kV] 3 pF
14
12 -e ® 9mm
10 ® Gmm
»»»»»»»»» Linear (9 mm)
8
®- ® 00 eeeeeee Linear (6 rmam)
(5]
2
o]
(o] 1 2 3 4 p [kPa]

Figure 6. Experimentally recorded
pressure and voltage (capacity C=3uF)

relationship between

The main difference of the information from the two sources is
the dependence of the length of the channel. The dependence in
the first source is shown in direct proportion, but in the second it
is inverse proportion. Another difference is that in the first
formula is used the voltage at the time of formation of the
plasma channel in the water, but in the second the voltage to
which the capacitor is charged. In the longer lengths of the
discharge channel the various voltages are significantly
different, while small values of capacitance of the capacitor
battery could be discharged without forming a plasma channel.
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Figure 7. Experimentally recorded
pressure and voltage (capacity C=4uF)

relationship  between
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It is noted that with increasing the voltage the pressure
increases, but with increasing the capacity, the pressure does not
depend so strongly on the voltage and at 4 pF even negative
trend is observed.

C [uF]
4.5
N ko] o
® 9mm
35
® 6mMm
= e oo @ ..am
2.5 e e Linear (9mm)
2 @ e Linear (6 mm)
15
1 . - -
0.5
0]
0 1 2 3 4 p[kPa]

Figure 8. Dependence on the pressure of the capacity

Upon analysis of the data obtained at different values of the
capacity and the distance it can be seen that the maximum
pressure that is reached is not dependent on the capacity, i.e., at
lower voltages an increase in capacity results in an increase of
the acoustic signal, but at voltages above 10 kV saturation is
obtained. This is explained by, the rapid reduction of the voltage
at low capacity during the before-arc stage. Thus, the voltage at
the time of the arc is much lower than the initial voltage to
which the capacitor was charged. When changing the distance
between the electrodes conflicting trends can be seen. At 1
pFand 4 pF increasing the distance reduced the pressure, and at
2 and 3 pF the pressure increased. For small values of capacity
and long distance between the electrodes a real break through
liquid and ionization of the gas in the channel does not occur.

4. CONCLUSIONS

After a summary of the results of the tests and comparing them to the
dependencies published in scientific literature wecanmade the following
conclusions:
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Figure 9. Dependence on the pressure of the gap lenght

4.1, Creation of acoustic waves by electrical discharge of capacitors in
water is a process that can be easily implemented, but with low
efficiency.

4.2 Increasing the energy by increasing the capacity of the capacitor
increases the acoustic signal at low voltages. At high voltages we
observed a saturation, which can be explained by the small size of the
signal source and the nonlinear processes in it.

4.3An effective way to increase the signal is to increase the voltage. For
each case of the used capacitors and connectors can be experimentally
determined capacity at which the signal is maximum. In our
experimental setup this maximum is between 2 and 3 pF.

4.4Reducing the distance between the electrodes has a positive impact
leading to raising the level of the acoustic signal, especially for small
values of capacity.
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Abstract

In this paper the possibilities of conducting acoustic measurements in the electromagnetic anechoic chamber at Technical
University - Varna are discussed. Definition for an electroacoustic anechoic chamber is given. The anechoic chamber, object of this
study, is presented. The direct signal and the reflected signals between microphone and loudspeaker which are placed in different
positions at the anechoic chamber are theoretically reviewed. The used signal and its envelope are theoretically presented.
Comparison is made between the theory and the results obtained from the actual measurements. Conclusions for possibilities of
conducting acoustic measurements in the anechoic chamber at Technical University — Varna are made.

Keywords: Anechoic chamber, Impulse response, Image source method, Room acoustic, Measurements.

INTRODUCTION

The electromagnetic anechoic chamber at Technical
University — Varna was designed and built by specialists in the
field of electrodynamics, antennas and microwaves, working in
the Department of “Radio Engineering” (after 2012
Department of  “Communications Equipment and
Technologies”). Undoubtedly, the presence of an anechoic
chamber contributes to the scientific progress of both the
lecturers as well as the students at Technical University. One
can find proof of the latter in numerous publications [1, 2, 3, 4]
and scientific patents [5, 6, 7] based on measurements and
experiments conducted in the electromagnetic anechoic
chamber. That is where students attend laboratory exercises in
Antennas and Microwave devices, Radiolocation, etc.

The question whether the electromagnetic anechoic chamber
is also an electroacoustic anechoic chamber arises. Furthermore,
it would be of interest to establish under what circumstances
one can carry out acoustic measurements in the chamber.

1. THEORETICAL BACKGROUND

An electroacoustic anechoic chamber is a room isolated
from outside noises and vibrations where free field conditions
are simulated [8]. Free field exists only when there are no
reflecting surfaces and the sound energy spreads unlimitedly in
all directions. Proper acoustic measurements are carried out in
free field where the level of the direct signal is higher than the
level of reverberation by 6+10 dB. Practically there is no
absolute free field, which leads to the necessity of either
designing acoustic anechoic chambers or conducting acoustic
experiments in wide open spaces. The second option is not
always convenient from a logistic point of view. Thus, the
electroacoustic  anechoic chamber provides appropriate
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conditions for all kinds of studies in the field of audiotechnique,
acoustics, architectural acoustics etc.

The most common purpose of an electroacoustic anechoic
chamber is to isolate noises and vibrations from the outside
sources, this way minimizing the sound distortions during
acoustic measurements.

The anechoic chamber at Technical University — Varna is
not situated on separate fundament. There aren’t any air-layers
between the chamber’s walls and the adjacent rooms nor is the
floor isolated by elastic elements. From an acoustic point of
view all of these shortcomings render the measurements in the
low audio frequencies (up to few hundred Hz) pointless.
However, they will not affect the measurements at higher
frequencies.

The dimensions of the anechoic chamber at Technical
University — Varna are as follows: width — 3.3 m, length — 5.6
m and height — 3.1 m. The walls, floor and ceiling of the
chamber are made of high density concrete (22002500 kg/m3).
They are also covered with three types of radio absorbing
material — SA-150, SA-30 [9] and TORA9 [10]. The chamber,
being electromagnetic, is coated with copper foil which
prevents outer electromagnetic disturbances on the inside
experimental setup.

The electroacoustic assessment of the electrodynamic
anechoic chamber is based on the light-beam theory. The sound
wave is regarded as similar to light-beam (Fig. 1).

At best, the pyramid-shaped cover of the walls, floor and
ceiling will absorb the traveling sound wave in the chamber.
More often than not diffusion will be observed — the falling
wave will fragment into multiple reflected waves of small
amplitude. In acoustic measurements the worst case scenario is
for a high degree of reflection to occur, thus overlapping the
direct signal. When the sound wave reaches an obstacle (wall,
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floor or ceiling), a multitude of reflections will be observed.
The determination of the sound field will become an extremely
complicated task which will be impossible to describe through
common mathematics. In this paper the image source method,
represented on Fig. 2 is used to describe the process [11, 12].

Reflection

EECEECECR

Absorption

Diffusion

Fig. 1. Sound reflection, absorption and diffusion

The solid line rectangle shows the real chamber, while the
dashed line rectangles show the mirror images of the chamber.
Blue line between the loudspeaker (blue circle) and the
microphone (the star) illustrates the direct signal. The red line
represents the reflected signal (echo signal).
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Fig. 2. Image source method

In the point where the microphone is situated, the reflected
signals are perceived as direct signals emitted from the mirror
images of the loudspeakers (red circles). The red dashed line
represents the distance that the sound wave travels before it
reaches the reflecting surface [14].
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Fig. 3. Image source method (1-D)

To avoid overlapping between the direct and the reflected
signals it is necessary to determine the exact moment of
reception for each of them. The moment of detection depends
on the distance traveled by the signal. In order to calculated
distances between the microphone and all of the virtual sources
(Fig. 3) one can use expression [15]:
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where: x,, is the distance between receiver and the image

source;

xg, - the distance between the real source and the
wall;

X - the distance between the microphone and the
wall;

I, - linear size of room (length),

while the integer i shows the image source’s location in
relation to the microphone — whether it is on the negative x-axis
(i=-1) or on the positive x-axis (i=1). When i=0 the
image source is actually the real source.

Subsequently, for the distances between microphone and all
of the virtual sources along the y and z axes one can use:

Q) -1/
2

ymsz(*])jyserl:jJr :|ly7ymic’

©)

k
* 1-(-1
Zps = (=1) Zsp +l:k +%i|lz ~Zmic

Thus, through (1), (2) and (3), one can calculate the distance
d, traveled by a given signal from the loudspeaker to the
microphone in 3-D [16]:

“4)

2 2 2
d= Vs T Vs + Zms

The following function gives each signal’s time delay:

5 L, ako u(t):O’
( ) a(u) = {0, ako u(t)#0
where:

(6) upy=1-2.
C

In expression (6) the relation between the distance d and the
sound speed ¢ represents the time delay of each reflected signal.

The total magnitude of each signal will depend on both the
covered distance and the reflective/absorbing qualities of the
wall’s coating material:
@) A=b-r,
where: 7 is the reflection coefficient’s average value for the
given coating material;

1
b=—
,
inversely proportional to the distance [17].
All of the reflected signals can be calculated using:

1 1 1
h(t) = Z Z Za(u(z‘)) A.

i=—1j=—lk=—1

- represents the decrease of the amplitude

®)

A sine wave signal [19] is used for actual measurement in
enclosed space (room) [18]:
®

x(t) =sin(wyt) ,

where: @ is angular frequency of the signal;



t - time.

The experimental setup used for measurements in [18, 20] is

shown on Fig. 4.
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Fig. 4. Experimental setup [18, 20]

The signal has rectangular envelope in the continuous time
domain [21, 22]:

|t|£r

b
0, elsewhere

(10) W, (r)={1’

where: 7 pulse width.
In the discrete time domain is [21, 22]:

(11) w,[n]=1 for —%<n<%,

where: n is number of the sample;
N - total number of the samples.

The spectrum of the signal envelope given with (10) is [22,
23]:

(12) Wr (w)=%-

where: @ is the angular frequency.
The spectrum of the signal envelope given in (11) is [23] :

sin[Nw}
(13) Welo] = exp(%]—z .

|5

After applying the properties of the Fourier transformation -
time shifting [24]:

(14) Fix(t—ty)} = X(f)-e /> /10,

and frequency shifting [24]:

(15) Fho-e™ = x(r - £,),

the spectrum of the time and frequency shifted envelope shown
in (10) becomes:

2t sin((w + )z') N
(0+ap)r

N 27 sin((a) - )z’) '

(w—a’o)f

(16) Wp (w)z exp(— Joyt
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Therefore the spectrum of the time and frequency shifted
window function shown in (11) becomes:

. ﬂwﬂoo
x{w;%] H ﬂ+

sinB (0+ oy )}

(17) Welw]=exp(~ jeyr

ol e

sin Ho-an)|

Time and frequency shifted standard measurement signal
and its envelope are shown in Fig. 5.

Amplitude, V

x10"

Fig. 5. Standard measurement signal and its envelope

The spectrum of the time and frequency shifted rectangular
window (signal envelope) is shown in Fig. 6.

Magnitude, dB

4
Frequency, kHz

Fig. 6. Spectrum of rectangular window

2. EXPERIMENTAL SETUP AND RESULTS

To examine the potential of the anechoic chamber for
conducting electroacoustic measurements NI DAQ USB-6211,
Robotron Prizisions sound-meter with microphone MK221,
Dynaudio 17W75 loudspeaker and original Matlab® based
software are used. The experimental setup is shown in Fig. 7.
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Fig. 7. Experimental setup

In order to provide experimental confirmation of the
theoretical background the authors of this paper review two
different cases.

In the first case (Fig. 8) the microphone and the loudspeaker
are at a distance d ..., =1 m from each other. The direct signal

is expected to arrive at:

dy,
(18) Ldirect = t;ect >

where: ¢=331.4+0.6°C is the sound speed;

°C - temperature in the anechoic chamber (Celsius).
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Fig. 8. Direct and reflected sound waves in the anechoic
chamber at Technical University — Varna (first case)

During the experiment the temperature and the level of the
intrinsic noise in the anechoic chamber were measured with
professional environment meter MS6300 as follows:
temperature —28°C , level of the intrinsic noise — 26.8 dB.

Therefore the direct signal arrives at:

1

——  =0.00287 s.
3314+0.6-28

(19) Ldirect =

For instance, the distance traveled by the signal reflected
from the ceiling can be calculated using Pythagorean theorem

(Fig. 9):
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Fig. 9. Signal reflected from the ceiling

(20) degityer =2-V1.67 +0.5% =272 m

and thus the signal arrives at:

2.72

@1 eeilref = 337270628

=0.00781 s.

Similarly, one can calculate the time of arrival for all of the
other reflected signals.

The theoretically calculated delay times of all reflected
signals are shown in Fig. 10, while Fig. 11 shows the distance
traveled by each of every one of them.

Simulation of impulse echo in a rectangular room
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Fig. 10. Time delay of the reflected signals (first case)

Simulation of impulse echo in a rectangular room
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Fig. 11. Distance traveled by the reflected signals
(first case)

In the second case (Fig. 12), the microphone and the
loudspeaker are at distance d g, =2.06 m from each other

and the direct signal arrives at:

2.06

2 P B
@2) direct =331 44 0.6-28

=0,00591 s.
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Fig. 12. Direct and reflected sound waves in the anechoic
chamber at Technical University — Varna (second case)

The theoretically calculated time delays of all reflected
signals are shown in Fig. 13, while Fig. 14 shows the distance
traveled by each of them.

Simulation of impulse echo in a rectangular room
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Fig. 13. Time delay of the reflected signals (second case)

Simulation of impulse echo in a rectangular room
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Fig. 14. Distance traveled by the reflected signals
(second case)

Unlike the sine signal with rectangular envelope used in
[18, 20], the measurements for the current paper were
conducted by means of 4 kHz sine wave signal with raised
cosine envelop (Hanning window) and 1 ms duration.
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In the continuous time domain the latter is given by [22,

0.5[1 + COS(ED, |t| <7
T >

O’

23]

wy, (¢)

(23)

elsewhere

while in the discrete time domain it is given by [22, 23]:

mljj '

24

2
=0.5| 1+ cos|
wy[n] [ (N

The spectrum of the Hanning window (23) is [22, 23]:
WH (a)) _ s1n(wz') "

e

The spectrum of the Hanning window (24) is [22, 23]:

23) sin(cwr - 7) N sin(an' +7)

T — T T+ 7T

Wyleo]=0.5D(w) +
+ 0.25|:D[(0 - 2—”) + D(a) + z—ﬁﬂ '
N N

After applying the properties of the Fourier transformation
(14) and (15), the spectrum of the time and frequency shifted
envelope (23) becomes:

(26)

sin((w + )T) 4
(0+ap)r
N sin((a)— o )T) +

(0-ay)r
sin[[a) + oy + Z}rj
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The spectrum of the time and frequency shifted window
function (24) becomes:

+
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+D(a)+a)0 +2—7[J
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N
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Time and frequency shifted signal and its envelope used for
measurement in current paper are shown in Fig. 15.
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Fig. 15. The signal and its envelope used for
measurement in this paper

The spectrum of the time and frequency shifted raised
cosine window (signal envelope) is shown in Fig. 16.
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Fig. 16. Spectrum of the Hanning window

The use of such window contributes to the lower slew rate
of the measurement signal, while maintaining its frequency. The
latter protects the measuring system’s mechanical parts -
loudspeaker and microphone — from the onset of their inertia,
both in the beginning and at the end of the measuring signal.
The duration of the signal is determined by g, <?g., and
depends on both — the configuration of the experimental design
and the room’s dimensions. The energy of the window function
used is 75% of the energy of a conventional rectangular window
[23], the duration of the package is twice as long (at 6 dB — the
same). Furthermore, to achieve equality in terms of energy, the
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amplitude of the package needs to be increased by a factor of
1,155. In the Hanning’s window main lobe is concentrated
99.95% of the signal energy, while in the main lobe of
rectangular window the percentage is 90.28% [23].

Results from practical measurements when the microphone
and loudspeaker are in the positions presented in the first case
are shown in Fig. 17.
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Fig. 17. Measurements - first case

Results from practical measurements when the microphone
and loudspeaker are in the positions presented in the second
case are shown in Fig. 18.
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Fig. 18. Measurement - second case

3. CONCLUSION

From the results presented in Fig. 17 and Fig. 18 one can
conclude that at 1 m distance there are almost no reflected
signals, while at a distance of 2.06 m only primary reflections
appear. The difference in amplitudes between the direct and the
highest of the reflected signals at distance 2.06 m is 13.6 dB.
The difference in amplitudes between the direct and the highest
of the reflected signals at distance of 1 m is 26.4 dB.

There is a correspondence between the theory (shown in
Figs. 10, 11, 13 and 14) and the results obtained from practical
measurements (Fig. 17 and Fig. 18).

It can be assumed that the electromagnetic anechoic
chamber at Technical University - Varna is suitable for
electroacoustic measurements under the following conditions:

- measurements in the higher frequencies of the audible
range (above 500 Hz);

- duration of the test signal < 0.01 s — limited by the
anechoic chamber physical dimensions;

- the ratio between the volumes of the measured object and
the anechoic chamber — 1: 200 [8].

To get a better idea of the quality of electroacoustic
measurements in an anechoic chamber in Figs. 19 + 23 results



are compared when the measurement is not on-axis,
respectively in an anechoic chamber and in a common room.
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Fig. 19. On measuring the direct and reflected signal
(not on-axis)

The first measurement’s (Fig. 20 and Fig. 21) conditions
are:
- microphone and loudspeaker are at 1 m distance from
each other;
- measurement is not on-axis.
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Fig. 20. Measurement in common room
(1 m distance, not on-axis)
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Fig. 21. Measurement in anechoic chamber
(1 m distance, not on-axis)

In Fig. 22 and Fig. 23 results are shown when:

- microphone and loudspeaker are at 1.65 m distance
from each other;

- measurement is not on-axis.
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Fig. 22. Measurement in common room
(1.65 m distance, not on-axis)
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Abstract

In the current paper a concept of a calibrator for low frequency amplifiers are presented. This concept is inspired by a similar
device, developed by Steave Meade Designs and D'Amore Engineering, respectively the Distortion Detector — 1. The DD-1 is
founded entirely on an analog circuit, and it is designed to calibrate car audio equipment. The concept device, developed in this
report aims to upgrade its predecessor and offer higher accuracy and a larger array of functions using the wide range of tools,
provided by the program environment Matlab® and particularly by the Signal Processing Toolbox.

Keywords: amplifier, calibrator, distortion, Matlab®, measurement.

YBOJ

B Hactosmms joknan e pasmiefaHa  KOHIEHUHUS 32
KanuOpaTop Ha HUCKOYECTOTHH ycuiiBaTenu. Ta3u KoHuenmus e
BIBXHOBEHA OT CXOJIHO YCTPOWCTBO, pa3paboTeHO OT Steave
Meade Designs u D'Amore Engineering, cbOTBETHO YypenbT
Distortion Detector — 1 [1]. DD-1 e u31sU10 aHAJIOTOBO CXEMHO
peuieHue, NpeqHAa3HAYeHO 3a HACTPOika Ha aBTOMOOMIIHO
aymno  obopyaBane.  Konmemmuonammst — kxamubpatop,
pa3paboTeH B TO3M  JOKJIAn, Ledd Ja  Haarpagu
IPEIIECTBEHUKA CH U J]a MPEIJI0KHN HO-ToJIsIMa TOYHOCT U TO-
rosisiM Habop OT QYHKIHH.

B pesiome, ycTpoHCTBOTO € NpepHa3HAaYeHO 3a U3MEpBaHe
KoeUIMCHTa HA HEJNMHEWHH W3KpuBsBauus (fotal harmonic
distortion, THD) B ayIM0 YCUIIBATEJIH, C U3MOJI3BAHE HA CUTHAI
¢ eranonHa yectota 1 kHz u HUBO, ch0Opa3eHO C MOAXOISAIOTO
3a KOHKpeTHHs ycunBaren [2]. JIOmBIHMTENHO yCIOBHE
MMOCTABEHO IPH MPOESKTUPAHETO € YCTPOMCTBOTO J]a OPTATUBHO
u aBTOHOMHO. O0paboTkaTa Ha pe3yNTaTUTEe OT U3MEPBAHETO,
H3YMCISIBAHETO W BU3yalM3alMsATa HA  XaPMOHUYHUTE
H3KPUBSIBAHUA IIe OBbJIe OCHIIECTBEHA C ITIOMOINTA HA aBTOPCKH
IporpaMeH mpoayKT, padorews B cpenarta Ha Matlab®, xaro ca
M3II0JI3BaHN BB3MOXKHOCTHTE, NPEIOCTaBeHH OT Instrument
Control Toolbox [3] u Signal Processing Toolbox [4].

1. CBIIIHOCT HA KOHIIEIIITUATA 1
METO/ HA KATUEPAITUA

Ha ¢wur. 1 e noka3ana Giok-cxemara Ha kamuOparopa. B
ocHoBata My ctou USB aymmo wuHTepdeiic, pa3paboTeH OT
¢upmara Texas Instruments — PCM2902C. UnrepdeiiceT ce
3axpanBa oT USB mopra Ha KOMIIOTBp (CTalMOHAPEH MM
NIPEHOCUM) M IIIe Urpae pojsiTa Ha OINPOCTEHO YCTPOMCTBO 3a
c6op Ha nanuu (DAQ) ¢ aHanoroB Bxoa/m3xoJ. KoM HEroBusr
n3xoJ 1e ObJe MOCTAaBeH IperyCHiBaTel, ¢ JIBe (uKCHpaHH
HMBA Ha KOoe()ULIMEeHTa Ha YCHUIIBAHE.
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TecToBHAT CHHYCOMIACH CHUTHANI IIe Ce TeHepupa B
nporpamHaTa cpefa Ha Matlab® [5] kaTo HMBOTO M uecTOTATA
e 0pAaT npeunsHo 3aaaneHu codryepHo. CurnansT e Obae
MOZIaJICH KbM M3CIIEBAHOTO YCTPOMCTBO (yCHIBaTels), KOETO
e Obae KanuOpupaHo. YCHOpPEIHO Ha TOBApbhT, CBBP3aH KbM
ycHUsIBaTelsl ce CBbp3Ba aTCHIOATOP ¢ NPEABAPHTEIHO 3a/1a/ICHH
HuMBa Ha 3atuxBaHe B geuubenu (dB). Hamuuwmero Ha
aTEHI0aToOpa € MPOJUKTYBAHO OT HHUCKOTO BXOJHO HAIpPEKCHUE
Ha BXOJla Ha aynuo uHrepdelica. Cieq aTeH0aTopa ce HaMupa
OydepHO cThIANo, ¢ QYHKIUS HA aMIUTUTYJCH OTPAaHUYHUTEN U
rajBaHu4eH pasaenutel. BydepbT menm na 3amuTH BXoja Ha
DAQ-ycTpoiicTBOTO OT TNpeHampexeHne W pAa Quitpupa
MIOCTOSHHOTOKOBAaTa ChCTaBHA Ha CUTHANA. AKO MaKCHMAaIHOTO
HHMBO Ha CHIHajla ObJie NMPEBHIICHO, TOW NPEMHHABA B PEXKUM
Ha orpaHu4aBaHe (clipping). 3aXxpaHBaHETO Ha BCUUKU aKTHBHU
SJIEMEHTH OT CXeMaTa IIe ObJie OCHIIECTBEHO OT ITOBHUIIABAIL
DC/DC mpeobpa3yBaren, KOHTO Iie MOBHIIM 3aXpaHBAIIOTO
Hallpe)KeHWe 10 HHBO, IIOAXO/SIIO 3a 3axpaHBaHe Ha
yCTpOICTBOTO.

KammbpatopsT mMa [Ba OCHOBHM peXuMa Ha pabora:
KanuOpupaHe C TECTOB CUTHAJ, MOAAJEH OT KaauOparopa H
KamuOpupane C TECTOB CHIHAN, BB3IPOU3BEXKAAH  OT
H3CIEIBAHOTO YCTPOMCTBO. [IBpBUST pexkuM ¢ naaeH Ha ¢wur. 1.
TecToBHAT CHIHANI TEHEPHPAH U U3BEJEH OT aHATIOTOBUS H3XOJ
Ha DAQ-ycTpoiicTBOTO, mpeMHHaBa INpe3 MpeayCHaBaTels U
OMBa yCHWJICH O HHBO, ChOOpa3eHO ¢ IOMYCTHMOTO HHUBO Ha
BXO0JIa HA U3CIEBAHOTO yCTpoicTBO. Ciiex TOBa, yCIOPEAHO Ha
TOBapbT Ha W3CIIEABAHMS YCHJIBATEe] C€ CBBp3a BepHrara
aTeHroarop, Oy¢ep, anaioros Bxox Ha DAQ-ycTpoiicTBOTO.

IMponecsr Ha kamubOpupane ce AepuUHHpPAa B CIECTHUTE
CTBIIKH. YTIPAaBIEHHETO Ha KOe()UIMEHTa HA YCHIBaHE Ha
H3CIIEIBAHOTO YCTPOICTBO, OMBa IIOCTABEHO Ha MAaKCHMYM.
HuBoTo Ha TecToBUS CHTHAJI OMBa IPOMEHEHO COPTYEPHO N0
nerektupane Ha 0,5 % XapMOHMYHU M3KpUBSBaHHA B
M3XOASALIMA CHUTHAJ, YMECTHO HOBO 32 BHCOKOKAa4eCTBEHU
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ycuiBatesd Ha MouHocT [6]. [Ipu nocturane Ha Ta3u CTOMHOCT
ce orOensi3Ba HUBOTO HA BXOJSINUS CHTCHAI, HPH KOETO
U3CICJBAHOTO YCTPOMCTBO pabOTH U3BBH pEXKHM Ha
orpaHuYaBaHe.

Bropusr pexxum Ha paboTa e nokasan Ha ¢ur 2. [Ipu To3u
PEKUM, TECTOBUAT CUTHAJ € BB3IPOU3BEXKIaH OT U3CIEeIBAHOTO
ycrpoiictBo. Ilpumepu 3a TakuBa ycrpoiictBa ca: aBTo CD-
wiespy, MP3 Bb3mpousBexxnganm ycrpoiictBa u mp. B To3m
ciydail Bppxy USB mameT mim onTHYEH HOCHTEN Ce 3alicBaT
aynuo ¢aiinose ¢ etanoHHH napametpu [7]. Kammbparopst ce
CBBp3Ba KbM TOBapa II0 CHIIMS HA4YWH, KAKTO IPU ITBPBUS
pPEeXHMM U ClIe[ TOBa ce Ipolexupa KbM KaauOpupaHe. Kem
reHepaTopbT Ha TECTOBOTO YCTPOHCTBO ce 3apexia (ainbr,
CBIBPIKAIL TECTOBHS CUTHAI. YTIPABICHUETO HA KOS(HUIIUEHTHT
Ha ycuJIBaHe OMBa IMOCTAaBEHO HA MHUHUMYM U IIPY 3aMl04BaHe Ha
KanuOpupaHeTo TOW OMBa MOBHIIEH CBbC CHOTBETHATa My
crenka. [Ipn mocturane Ha 0,5 % XapMOHWYHH W3KPUBSIBAHUS
ce oTOeIns3Ba JOCTUTHATOTO HHUBO.

Pre-Amp
USB DAQ High/Low Device
Ti PCM2902C Level Under Test

Que. 1. Fnokosa cxema Ha NOCMAaHo8Kama u Nbpseu
pedAcUM HA Kanuopayus

USB DAQ Device
iPowmzonzc K Butfer K {Atenuatork (7 Under Test

Que. 2. . Brokosa cxema Ha 8MOPUsL pexcum Ha
Kanuopayus.

2. CXEMHH PELNIEHUA

B Tasm cexmmsa me ObAaT pasrieqaHN BCHYKHM 3BEHA Ha
KOHIETIIIHOHATHOTO ~ YCTPOWCTBO,  KakTO M  TEXHHTE
XapaKTePUCTHKU U (pyHKIIH.

A) TI PCM2902

PCM2902 [8] e USB aymuo unTrepdeiic, pazpaboTeH oT
Texas Instruments, oTroBapsiiy HanbaHO Ha crangapra USB 2.0.
UtepdeiichT He M3KMCKBA JTOMIBIHUTENEH COPTyep 3a oreparnus,
T.K. paboTu Ha mpuHImna SpAct™, paspadoten ot TI, cxomen ¢
texHonorusita Plug And Play. VerpoiicTBoto pasmnonara ¢ aBa
aHAJIOTOBU M3XO0Ja U €IMH aHAJIOTOB BXOJI, KAKTO U yIIPaBIICHUE
Ha KoepumeHTa Ha ycwiaBane W QyHKims Mute. OcHOBHHUTE
rapaMeTpH Ha cXxeMmara ca:

= W3xonen mpeobpasysaren (DAC):

- yecrora Ha auckperuszanus: 32000 + 48000 Hz;

- 16 bit DAC — = 90 dB gqunamuyeH auarnasoH;

- oTHOmIeHUe curHan-myM (SNR): = 96 dB;

- xapmonmnyHu u3kpussBanus (THD+N): = 0,005 %;
- Tun Ha u3xona — AC;

= Bxoxen npeobpasysarern (ADC):

- gyecrora Ha auckpermzanus: 8000 + 48000 Hz;

- 16 bit ADC — =~ 90 dB qunamMu4eH auarasoH;

- otHomeHue curaan-myMm (SNR): = 89 dB;

- xapmonmyHy u3kpussBanust (THD+N): = 0,01 %;
- Tun Ha Bxoaa — AC;

- IOMyCTUMO HHUBO Ha Bxona: £ 0.5 V.

B cucremara, yctpoiicTBoTo e urpae possita Ha DAQ-
YCTPOHCTBO, KOETO 1€ TeHepupa TECTOBM CHUTHAl C
MPeABApUTENIHO 33/aICHA TapaMeTpu M e  H3BBPIIBA
H3MEpBaHE HAa CHTHAIATE, TIOIyYeHH OT H3CIEABAaHOTO
ycrpotictBo. [IpuMepHa nmpuHIUITHA cXeMa € JajeHa Ha ¢ur. 3.
[MpymunnaTa, mopagM KOSATO C€ W3MOJI3BA OTHENEH ayJHo
uHTepdeiic, a He Beue HATMYHUAT B CHOTBETHUSI KOMITIOTBD € J1a
ce u30erHaT apXUTEKTypHUTE pPa3IMKd B  pa3INYHHTE

NIPOM3BOJMTENM Ha 3BYKOBH KapTh Karo: Realtek, Asus,
Creaitive u 1p. AKo ce M3MON3Ba BrpaJeHUST MHTepdeiic, To
TOraBa KalnMOpaTopsT OM HMald HyXHa OT HHIMBHAyaIHA
HACTPOIiKa, CIIPSMO BCSKA Pa3IMYHa 3ByKOBa KapTa.

b Ot put
Vo
==
[|§:i
Que. 3. Cxema na DAQ ycmpoiicmgomo
B) IlpexycuiaBaren
Cxemara me OblIe pealusupasa C  KIACHYECKH

HeuHBepTupan] ycwisaten (pur. 4) ¢ IpOMEHINB KOSHHUIIUESHT
Ha ycuiBaHe, cbriacHo uspas (1). KoeduipeHTsT Ha ycuiaBaHe
me ObAe NMPOMEHSH Ype3 MAaHUIyJalus Ha pE3HCTOpUTE B
oOpatHata My BpB3Ka. IIpUMEpHM WHTErpalHH CXEMH,
MOAXOAAIIA 33 TOBAa TPHIOKEHHE Ca BHCOKOKAYECTBEHHTE
onepanuonHu ycuwisatenn LM4562 [9] u NES532 [10],
paspaborenu ot Texas Instruments. Ilenra Ha Ta3u cxema e 1a
JOBEJle M3XOMINMS CUTHAJI Ha KauuOparopa IO CTOWHOCT,
cbo0OpaseHa ¢ BX0ja Ha U3CJIEABAaHOTO YCTPOHCTBRO.

Vin

" Vout

&

Que. 4. Cxema Ha neunsepmupay ycuneamer

=U, 1+&

out in
1

() U,

B) Bydep u atenioarop

BydepbT 1 areHroaTOpbT AEHCTBAT KAaTO 3alllMTa HAa BXOJA
Ha nHTepdeca, KaKTO M KaTo 3aTUXBATEl] HA BXOMSIIUSA CHIHAIL.
Bydeppr (¢ur. 5) umenm na mnpeamasum Bxoga Ha DAQ-
YCTPOHCTBOTO OT HANpeXeHHWe C TPEeKOMEepHa CTOHHOCT, Ja
OCHUTYpH TalBaHHUYHO Da3JieIeHHe Ha CHTHaja, KaKTo M Ja
(GuaTpHpa MOCTOSTHHOTOKOBATA CCTABHA, KATO OCUTYPH TOJISIMO
BXOIHO CBHIpPOTHBICHHE Ha KamubOparopa. Cxemara e ce
peanmmsupa Ha Oa3zaTa Ha ycwmiBares, nokasaH B [11], ¢
IpulokeHue oTHoBO Ha LM4562 unu NE5532.

=
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1

o

@

D

[
=

Que. 5. Cxema Ha b6yghepa

140



ATEHI0OaTOPBT € MOCTAaBEeH C LeJI 1a OrPAaHNYH aMIUIUTYaTa
Ha BXOJMINMS CHTHAN, JO CTOHHOCT, W3BBH HHBOTO Ha
orpaHuyaBaHe. [IpuMepHa cxema Ha (UKCHpaH OEJIUTEN €
HpeacTaBeHa BbB (GUr. 6, a M3YHUCICHHATA CE OCBIIECTBSBAT,
CBIIIACHO m3pa3 (2).

GND
@ue. 5. Cxema Ha Guxcupan amenioamop

)

@ U, =U,| -
R +R,

AteHroaTopsT (¢Qur. 6) me ce peanusupa C MPOMEHIHBU
CTOWHOCTH Ha 3atuxBaHe B jaenubenu (dB), cwobpasenu c
H3XO[UIMS CHTHAI OT M3CIEABAHOTO  yCTPOWCTBO, a
KoMyTauusaTa mie ObJe OCHLICCTBEHA IMOCPEACTBOM TalleTeH
MPEBKIIIOYBATEL.

|

| R
|

—

SW1

Vout

)
{—D
e

(o]

Que. 5. Cxema Ha ameHOaAmMop ¢ NPOMEHIUBU HUBA HA
3amuxeame

I') DC/DC npeo6pa3yBare

C men mocTHraHe Ha AaBTOHOMHOCT H IIOPTAaTHBHOCT,
3aXpaHBAHETO Ha aKTUBHHUTE KOMIIOHEHTH B CHCTEMara e 0b/e
peanmmsupano upe3 mnosumasamy DC/DC  mpeoGpasysaren,
3axpaHBaH oT Garepus. [Ipumep 3a mono6eH npeodpasysaTen e
LT1173 [12] (¢wur. 7), paspadoren ot Linear Technology.
MakcuMaTHOTO 3aXpaHBalllo0 HAIPEKEHUE Ha MpeodpasyBaTels
e 12 V, a u3xomamoTo My HanpexxeHue — 24 V, ¢ MHOTO HHCKa
coOCcTBeHa KOHCyMaIlMsi, KOETO TO TpaBU MOAXOAAIl 3a
aIyIMKaIWMY, BKJIIOYBAIIY 3axpaHBaHe oT Oatepuu. OCHOBHHTE
My TapaMeTpH ca:
- MAKCUMaJIHO BXOJHO HalpeKeHue B step-up pexum: 12.6 V;
- MakCHMaJIHa MOIIIHOCT Ha pa3ceiiBane: 500 mW;
-MaKCHMaJIeH U3Xo4samy Tok: 1.5 A;
- yecToTa Ha npeBkitouBane: 24 kHz;
- coOcTBeHa koHcyManus: 110 pA;
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Vout

R1

1

Tlim B
Vin Set
SW1  Ac
SW2 GND

U [ )

LT1173

GND

Que. 7. Cxema na DC/DC npeobpazysamerns.

3. IPOI'PAMHO OCHI'YPABAHE

Chbe cpencrBarta IpefOCTaBEHH OT IpOrpaMHaTa cpeja Ha
Matlab®, ¢ Bb3MOXKHO OOMsHATA (4eTEHE W 3amKMC) Ha
uH(pOpMAIMS OT KOH J1a € CepUEH MOPT Ha JajieHa KOMITIOThPHA
KOHHTYypamus, B ToBa 4YHCIO KomyHHkamus u ¢ USB
noproBere. ToBa JaBa  BB3MOXKHOCT 332  CO(TYEpHO
HaJArpakJaHe Ha KaluOpaTopa, KOSTO MOBHIIABA I'bBKABOCTTA
IIPY U3MOJI3BAHETO MY.

B cpemara Ha Matlab® ce remepmpa u m3mpama
HEOOXOIVMHUSI TECTOB CHUTHAJ, C IIPEIBAPUTEIIHO 3aJaJCHH
napamerpu. Ciiel IpoYuTaHe Ha MOCTHIMINTE JaHHHU Ha BXOJa
Ha KanuOpaTopa, JaHHUTE IIOCTBIIBAT 3a I10-HATaThLIHA
obpaborka. [lociegnara  BKIOYBA  HM3MEPBAaHETO  HA
KOC(HUIMEHTa Ha XapMOHHYHY M3KPHBSIBAaHUS C M3IIOJ3BaHE Ha
¢byukuusata thd or Signal Processing Toolbox, koeto me ce
H3BBPIIBA AUHAMHYHO B PEAJHO BPEME.

4. 3AKNIOYEHHUE

B mpencraBeHus OKNAJ Ce pasriIexAa apXUTEKTypara H
u3MepBaTesHaTa METOJAMKAa Ha ayauo Kamubpartop. IIpencrou
¢m3udecka peanmu3anys HAa TPOTOTHI, KaKTO M JIETAHIHO
H3CIIe/[BaHE Ha HETOBUTE 3BEHA M OCBINECTBSIBAaHE Ha KpaifHO
u3nenue. Kpalinata nen Ha KOHLENIMATA € Ja Ce pealu3upa
HOPTaTUBHO AaBTOHOMHO YCTPOWCTBO, KOETO Ja W3BBPIIBA
HPELM3HM W3MEPBaHHUs Ha ayAMO CUTHAIM M KauuOpalus Ha
ayJIMO CHCTEMH C IOMOIITa Ha aBTOPCKU HPOTPaMeH NpPOIYKT,
paborem; B cpemata ma Matlab®, karo ca wsmomsBanm
BB3MOXKHOCTHTE, IpefocTaBeH: oT Instrument Control Toolbox
u Signal Processing Toolbox.
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Abstract

Sustainable operation of the sonar system depends on the signal used and the method of processing. The study of different signals
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YBOI

KOMITIOTBPHUAT MOZIEN Ha aKTUBEH COHAp € Ipe/Ha3HaueH
3a HarjeJlHO TNpPEACTaBsSHE Ha M3XOAHHS YECTOTHO-BPEMCHEH
CHT'HAJl Ha NPUEMHHMS KaHall B 3aBUCHMOCT OT BH/ia Ha CHTHAaja
n otHomeHuero curHan/mym (S/N) Ha Bxona. PemraBanero Ha
TasW 3aJada M3UCKBA CHHTE3MPAHETO Ha  AITOPUTHM
cuMyJipail paboTaTa Ha COHapa B PEXUM Ha M3IbUBAHE Ha
COHJIUpAIl] CUTHAN ¥ IPHEMaHe Ha eXO-CHTHaJIA.

BbIpexn MHOroo0Opa3neTo Ha BUIOBETE COHApH, KOMTO Ce
W3M0JI3BAaT 32 IOABOAHO HAONIONEHHE —  EAHONBYEBH,
MHOTOJIBYEBH, ChC CTPAHUYCH 0030p M CHHTE3HpaHa aneprypa,
BCHYKH T€ M3IION3BAT CTaHAAPTHH COHIMPAIIH CHUTaHAIH U
M3BBPIIBAT NPOCTPAHCTBEHO—BPEMEHHA 00pabOTKa Ha MPUETHS
€XO0-CHTHAJL.

W360pbT Ha curHaj 3aBHCH OT 3aJauMTe, KOMTO pellaBa
COHapa M YCIOBMATA, B KouTO pabGoTu. MMmyiiceH ToHaleH
curHan (CW) ce u3non3sa 3a OTKpUBaHE B YCIIOBUS HA MOPCKH
IIyM, JOKaTo B YCJIOBUS Ha CWIHA peBepOepausio-
LIYMO3AIIUTEH € YeCTOTHO-MoxyupanusaT curaan (FM). [lpata
CHTHaJa  [O3BOJABAT Ja CE€  M3MepBar  pasjinuHd
XapaKTepHCTUKH Ha IOJBOIHUTE OOEKTH — MECTOIOJIOXKEHHE,
Kypc, CKOPOCT.

TodHOCTTa Ha TE3M XapaKTEPUCTUKH 3aBHCH OT OCTPOTATA U
CTPaHUYHHTE JINCTH HA M3XOAHHS CHTHAJI HA NMPUEMHHUS KaHaJ,
KOWTO € IpPONOPLMOHAIEH Ha  YECTOTHO-BPEMEHHATa
KOpenanroHHa GyHKIMS Ha chrilacyBanus GuiaTsp, Gurypa 1.

Que. 1. Obw 8ud Ha HOpMUPAHAMA YECTOMHO-
BPEMEHHAKOPENAYUOHHA PYHKYUSA HA U3X00A HA Cb2NACYBAH
Gurmop.

Bunma Ha KopenmanMoHHATa 4YeCTOTHO-BPEMEHHa (yHKIHS
3aBUCH OT TOBA KaKbB COHAMPAIL CUTHAJ € M3II0JI3BaH U HUBOTO
U XapakTepa Ha IIyMa. TEeHOJICHTOBUTE CUTHAJIM MMaT BHUCOKA

paspelnaBaiia CrOCOOHOCT MO CKOPOCT, HO 3a pPa3jiuKa OT
CHTHAJIMTE C INMpOKa 0a3a NpUTEXaBaT HHUCKA paspellaBalia
CIMOCOOHOCT 10 Pa3CTOsHUE. B yclIoBHATA HA LIyM H3XOIHHUST
CHIHAll HA ONTHMAJHHUAT QUITHP CHJIHO CE M3KPUBSBA, KOETO
IpeBpbIia 3a/a4aTa 3a OTKpUBaHE B cTaTHCTHYecKa. [1]

H3cieBaneTo Ha yCTOMYMBOCTTA HA U3XOHUAT CUTHAN Ha
ONTHMaJHUS (UITHP MO3BOJISABA Jla C€ ONPEAENTAT TPaHULNTE
MY Ha NPHIOKHMOCT B YCJIOBHSTA Ha IIYM.

1. AJITCOPHTBM HA PABOTA HA COHAPHHA
MOJEJT

WmnyncHuTe  COHapW  W3IBYBAT  CHTHAT  C
OIIpeZieliCHa TPOABIDKUTETHOCT B IIPOCTPAHCTBEHATA
JuarpaMa Ha aHTEHaTa M IPHEMaT €XO-CUTHAIIUTE
3aKbCHENIN BBB  BPEMETO, IPONOPLHOHATHO  Ha

Pa3CTOSIHHETO UM OT aHTeHaTa, ¢purypa 2. [2]

lMpueMaHe

Que.2. Conapnu ouazpamu Ha U3IbLYEAHE U NPUEMAHE.

[lpyemMHMAT KaHal Ha  COHAapa  M3BBPIIBALI
onTrMaiHa 00paboTKa Ha MPHETHS €XO CHTHAII MOXE Ja
ce MpeACTaBH CbC cileAHaTa (YHKIHOHANIHA CcXeMa,

¢urypa 3.
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Due. 3. PDyHKYUoHATHA cXeMa HA KAHANA 34 8DEMEHHO-
yecmommna 06padboOmKa Ha NPUEMUs CUSHAI.

CypoBHUTe aKyCTUYHM JIaHHU TIOCTBIBalld  OT
AQHTEHHOTO YCTPOWCTBO ce MoJylaraT Ha Ipe/lBapUTEIHA
o0OpaboTka, BKJIIOYBamla (QuiTpanus, YyCWIBaHE U
aHajoro 1udpoBo npeoOpaszyBaHe C 1] OCUTYpsiBaHE Ha
HEOOXOANMHUSI AMHAMUYEH THAIIa30H.

CormacyBaHusAT QUIATBp € TIPOIEcop, KOHTO
MaKCHMHU3Mpa OTHONICHHETO CHTHAI/IIYyM Ha H3XOJa.
OcHOBHAaTa onepanys, KOSTO H3ITBJIHABA QHITHPA, aKO Ce
00paboTBaT IUWCKpETHH  CHTHAJM BBB BpPEMEHHATa
00J1acT eIMCKpeTHATa KOHBOJIOIHS: [3]

y(n) =jz';x(k)h(n—k)

KBJIE€TO, h(n) e JAUCKpeTHaTa MMITYJICHA XapaKTepPHUCTHKA
Ha ¢unrbpa.

MakcuMaTHOTO OTHOIICHHWE CHIHAI/IIYyM Ha M3X01a
Ha CBIIIaCyBaHUsS QUITHP €:

() -2

N N,

KkbJieTo, E — eHeprusita Ha curHana;N, — CIIEeKTpalHaTa
IUTBTHOCT HA MOIITHOCTTA Ha LIyMa.

HomnepoBata ¢unrpanus ce u3BbpIIBA 32 Ja ce
OIIpEeJIeNI CKOPOCTTA Ha JIBIKEIUTE CE& OOCKTH.

W3XomHUAT CUTHAlT Ha CHIVIACYBaHMAT (GuiuThp cien
cTatucTuuecka 00paboTKa ce N3MoiI3Ba 3a TeHepHpaHe Ha
OTMETKH, KOUTO ce€ H300pa3sBaT Ha WHAWKATOPHO
yCTpoiicTBO TTO3BOJISABAIIIO OTIPEIETISTHETO Ha
KOOPJIMHATHUTE UM.

OmnmcaHaTa TOCIIENOBAaTEIIHOCT Ha paboTa Ha coHapa
MO3BOJISIBA Jla C€ CBCTAaBU cleqHara OJOKOBa CXeMa Ha
AITOPUTBM 33 KOMIIIOTBPHA CHMYJALUs IIOKa3aH Ha

¢urypa 4.
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Que. 4. bnokosa cxema Ha KomniomvpHUsa Mooer.

CurHamHMAT TeHeparop cuMyjiupa paborara Ha
npenaBatreas. Toil u3paboTBa paano HUMIYJICH ChC
3ajaJilecHa 4ecToTa MW MOJyNamus C 4YecToTa Ha
MOBTOPEHUE €HA CeKyHIa. Te3u CUTHAIM Ce M3MOJI3BAT
KaTo ONMOpPHM B OJIOKa Ha KOPENALMOHHUS IPHEMHHUK.
Exo-curnannusT reHeparop M OJOKa 3a 3aKbCHEHHE
¢dopmupar orpazeHus curHai. BiusiHueTo Ha cpenata ce
CUMyNMpa dpe3 IIyMOB TeHepatop U OJOK 3a
peBepOepanmsa. CUTHAHATA CMEC TIPECTaBIABAIIa CyMa
OT BCHYKH T'€HEPHPAHN CHTHAIN CE I10JlaBa KaTO BXOJICH
CHUTHAJ Ha YETHPHM KaHAJIHHUA NpHEMHUK. B kaHama Ha
JMHEHHUS IPUEMHUK CUTHATBT Ce IO/1ara eIMHCTBEH Ha
¢unTpanmsa. B KopenanMoHHMS MPUEMHUK CUTHAIBT
OCBEH Ha (uiTpauus ce mojajara ¥ Ha KOpeJaluoHHA
oOpabotka. l3BexxiaHero Ha wuHpOpManuara Ha
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pa3IMYHM WHOUKATOPH TIO3BOJISIBA BH3YallHO Ja Cce
CpPaBHAT pe3yiATaTUTe OT paboTaTa Ha JBaTa KaHajla B
YCIIOBHSI Ha CMyIIeHHS. YecTOTHHS aHaIM3aTop Ha
b6aszata Ha FFT mnpeoOpa3yBa curHaja B dYecTOTHATa
o0jacT, MO3BOJSABAMKH Ja Ce ONpelneNu CIEKThpa H
HM3MECTBAHETO My IPONOPIMOHATIHO Ha CKOPOCTTA.
3BYKOBUST KaHall TO3BOJISIBA MPOCIYIIBAaHE Ha BCHUYKH
CUTHAJIU B Ipolleca Ha CUMYJIAIUsITA.

1.1. IIPOI'PAMHA PEA/THU3AIIUA HA
AJITOPUTBMA.

3a peanuzanMs Ha TOPEOIMCAHHUS aITOPUTBM €
U3MOJ3BaHa  mporpamMHara cpexa Ha — LabView.
OCHOBHHUTE MaHEIM 3a YNpPaBICHHE ca IIOKA3aHH Ha
¢buypuTe 1o 1oy.

Transmiting Signal Transmiting Segnal
Impulse Length Impulse Length
_:}uco 2w
Sine | Chirp | Sine | Chirp |
Impulse Frequency (Hz) Chirp amplitude
5B000.00_ o1
Transmite Amplitude fl n
o : E
240.100000 000 | oo

Que. 5. Ilanenu 3a ynpaenenue na CUSHATHUSA 2eHepaAmop.

OCHOBHHI napamMeTpu Ha CUT'HAJIHUSA I'€HEpPAaTOp, KOUTO
Morar ga €€ U3MCHAT Ca aMIUIMTyJaTa, AbJDKMHATa Ha

umiryJica, qyecroTa, JAeBUALUSA Ha gyecrorara 158
MOJIYIIAIHATA.
Target Echo Moise Parameters Reverberation
Eho ONLY MNoise ONLY Reverb ON/OFF
Delay [s] Noise (Vrms) Amplitude
5 Fl .
o7 (00003 00150
!I{”_ gIT;“Lm Duration
e v GaussianNoise gw
Target Strength
Ho4
a) 0) ¢)

@ue. 6. [lanenu 3a ynpaeienue Ha exo-cucHAIa- a), wyma
— 0) u pesepbepayusma- c).

YmupaBneHneTo Ha Te3W OOEKTH TO3BOJIsSIBA Ja ce
W3MEHS CHJIaTa U BpeMeTO Ha peBepOepamnus, cuia Ha eX0
CHUTHAaJIa, 3aKbCHEHUE Ha €X0-CHTHajla, CKOPOCT Ha IIeNITa,
BHJa, ¥ MOIIIHOCTTA Ha IIIyMa.

Receiver
Sound Channel Volume
Bandpass Filter  Type Filtaring le rate (S/s) 100-
rl < P :
JLONC] #|Correlation | 44100 80+
60-
delta (Hz) x50 Demodulation ,-“;'"“"‘"’fd"““* e
5 . B =
g [EE «E — .
- i’ -
2- /i -8 416 0=
19 ~9
04 “10 Qut Corr
a) 0)



Que. 7. [lanenu 3a ynpaeienue Ha JeHmosusi puimvp - a)
u ayouo kanana — 6).

[Manenute Ha ¢ur. 7 mno3BomsBaT  BKIIOYBaHE/
W3KIIIOYBAaHE Ha JICHTOBHS (QWITHp, 3aJaBaHe Ha
yecToTHaTa JieHTa Ha JID, BKIIOYBaHE/M3KIIOUBAHE Ha
JIeMOJyNlanusTa, H300p Ha OolepanusTa 3a KopeanpaHe u
YIIpaBJICHUE Ha 3BYKOBHUS KaHAI.

[Mporpamara wu3Bexna rpaduyHa U TEKCTOBA
nHpopManus 3a paboTaTa Ha OTHOCIHUTE KaHAIH.
I'padmanaTa mHGOpPMAIHS BKIIOYBA BpEeMEHHA AHarpama
Ha CUTHajia ¥ CIIeKThp Ha CHrHaia, gurypa 8.

Waveform [A~]
004
002
a) 0.00-
002+
004
0092971 05 109204
L vt |~ |
01
o 005
=
0) 2 o
E-OHE-
01-% 1
02 00 02 04 06 08 1D 12
Time ()
Power Spectrume (RMS) ml
-23.7931-
. 0
b
3
c) H
o
-83.7931 - .
0

10000 15000 20000 25000
Friquency
Que.8. I'papuka na u3x0OHUA CucHA HA a) - TUHEUHUS
NpUeMHUK, 0) - KOpelayUOHHUs RPUEMHUK U C) -
4ecmomHus AHAIU3AMO.

B mpomeca Ha pabora mporpamara H34MCIIABA
ornomennero SINAD (SignaltoNoiseandDistortion) Ha
BXO/la M Ha W3XOJa HAa KOPEJAlUOHHMS MPUEMHHUK W
YecToTaTa Ha €XO-CHI'Hala, KOUTO C€ U3BEXIAaT B
TEKCTOBH UHJUKATOPH.

OtHomenneTo SINADce n3uucisaBa mo Gpopmyiara:

5000

(3) SHIAD = 10iogS

KbeTo, E — edexkTuBHATA SHEPrUs HA BXOJHMS CHTHAJ,
N — edexTuBHaTa eHeprus Ha CHUTHAIa HaMaJleHa C
eHeprusTa Ha (yHIaMEeHTaJIHATa YeCTOTa.

2. PE3YJITATH H JTUCKYCHAL.

2.1.U3cnedsane ma ycmouiuueocmma Ha paboma Ha

KOpenayuonus npuemHux

C MoacCiia € H3CICIBaHa pa60TaTa Ha KOpelalluOHHUA
NPUEMHUK C TOHAJICH CHUI'Hall B YCJIOBHUA Ha rayCOB 1myMm.
Pasriienany ca JBa Ciydas: IIOJIC3CH CHTHQJI B YCJIOBHSI Ha
CWJIEH IIYM U IIOJIE3C€H CUT'HAJI B IPUCHCTBUE HA cinab 1IyM.

Ha rpaduku 9 u 10 ca mokaszanu pesynrature ot paborara Ha
MOZ€Jia B yCIIOBUATA Ha IITYM.
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SMAD OUT

SHADIN
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6)

Que. 9. I'pagura na SINAD na éxoda na koperamopa -
a) u SINAD na usxooa Ha koperamopa — 6) 6
NPUCHCIMBUE HA CUTEH LWUYM.

-0.23 >
-0.092971

0.5

Otpasen
CHUTHAI

6)

Amplitude

1

02 o4 w05 03

Time (5)

10 12

Que. 10. I'pagura nacuenarana uzxooa Ha TUHEUHUS
NPUEMHUK - a) U CUSHANAHA U3X00a Ha Koperamopa — 6) 6
VCIOBUA HA CUNEH ULYM.

Ot anamm3a Ha rpadukara Ha SINAD Ha wm3xoma Ha
kopenaropa, ¢ur.9 6), ce BmKHa, 4Ye IIYMBT IpPEAU3BHKBA
GuyKkTyaluy Ha HW3XOAHMS CHTHAN, HO KaTo ISUI0 TOH ce
Kojiebae OKOJIO eIHO CpenHO HMBO, B ciydas 3 dB. Ilpu ToBa
HUBO Ha IIIyMa IIOJIC3HUST CUTHAJ HE Ce OTKPHMBA OT JIMHCHHUS
kanan, ¢ur. 10 a), HO ce HaOmomaBa YCTOWYMBO Ha
KOpeIaunoHHUs HHAUKATOD, dur. 10 6).

Ha rpaduxu 11 u 12 ca moka3aHu pe3yiraTute OT paboTara
Ha MOJIeJIa B YCIIOBHSATA Ha a0 IIyM.

[0 T [P0 T

SINAD OUT
3.5%:

Amplitude

=

g

Time

6)

Que. 11. I'paguka na SINAD na exooa na koperamopa -
a) u SINAD na uzxooa na xoperamopa — 6) 6
npucvscmeue Ha ciab wym.



Waveform

001

0.00-
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-0.01-
-0.092671
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6)

Amplitude

-0.05+ |
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10 12

Que. 12. I'paghuxa Ha cuenana Ha u3X00a HA TUHETIHUSL
NPUEMHUK - @) U CUSHANA HA U3X00a HA Koperamopa — 0)
8 YC08US HA CNIAO WYM.

B ycnoBus Ha cnab miyM MONE3HHST CUTHAN yCTOHYHMBO ce
HaOmofaBa W HA WMHAMKATOpPa Ha JIMHEHHUS KaHad, Karo
HapacTBaHeTo Ha HHBOTO Ha SINAD Ha BXoma HE H3MEHS
cpeanoto HuBO Ha SINAD Ha wu3Xoga Ha Kopenaropa, HO
3HAYUTEIIHO HaMaJlsiBa CIIydalfHUTE OTKJIIOHEHUSI OT TOBA HUBO.
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3. 3AKNIOYEHHUE

[IpencraBeHUAT KOMITIOTBPEH MOJEN  HarJIeIHO
[IOKa3Ba HM3MEHEHHWsATa B paboTaTa Ha KOpEIallOHHHSA
NPUEMHHK B 3aBUCHMOCT OT BBHIIHUTE YCJIOBHUS U BHIA
Ha W3NON3BaHWA curHai. Pa3paboreH Ha 0a3zarta Ha
MaTeMaTU4YC€CKUA anapar OT TCOpHATa Ha OlTHUMaliHaTa
¢dunTpanus Toi MO3BONABA Jla C€ OLEHSIBA IOBEJCHHETO
Ha KopeJsiaTopa Ipu paboTa B IPaHUYHU PEKUMU.
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This paper describes an application of synthetic aperture method for imaging and location of objects with acoustic field.
Experimental results for detection of a real object with this method in a test tank are presented.
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INTRODUCTION

When it is necessary to detect the presence of objects in a
certain part of an area most commonly wave fields are used
which can interact with such objects. But the information
presented by this interaction should be done in a form
convenient for perception. For this purpose a synthesis of
understandable image is made. This image must match the
impact of the object on the physical wave and contain the
information from this interaction. Also, it must be a function of
the spatial coordinates to determine the location of the
interaction between the wave field and the object, which is
present. In this way, the image must give the necessary
information on the presence or absence of certain objects and
their location in a given part of space.

1. AN ACOUSTICAL SYSTEM FOR
SYNTHETIC IMAGING OF AN UNDERWATER
OBJECT

The synthesis of the image of an object can be carried
out using various algorithms, regardless of the physical
nature of a particular wave field. The choice of such a
field depends on the environment in which it will
propagate, and the change, it will then undergo
interacting with the objects in this environment. In the
aquatic environment the acoustic field is mainly used
because of very good propagation over long distances
and the interaction with other objects can be found easily.

The aim of this study is to build a technical system to
create acoustic field in a sonar test tank, to acquire
measurement data and develop image synthesis signal
processing algorithms.

1.1. ASYSTEM FOR ACOUSTICAL FIELD
DATA ACQUISITION IN A TEST TANK
One of the tasks that must be solved in the beginning

is to develop a system of hardware and software for
creation of an acoustic field in the test tank to measure
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the parameters of this field and data acquisition from
these measurements. This system should be completely
independent on what image synthesis algorithms are
applied to these data.

System for acoustic measurements developed for this
task includes the following elements:
acoustical signals generator NI PXI-5402 (ASG);
power amplifier BK 2713 (Amp);
acoustical transmitter BK 8100 (Tx);
acoustical receiver BK 8100 (Rx);
preamplifier BK 2692 (Pre);
signal digitizer NI PXI-5922 (SD);
embedded controller kit NI PXI-8104 (ECK);
motion control NI PXI-7330, NI UMI -7774,
P70360-SDN (MC);
stepper motor N33HRLGLEK-M2-00 (M);
control and data acquisition software.

Block diagram of this system is presented in Fig. 1. It
is composed of elements that are separate modules
working together.

|

ASG || Amp _T,X.

A
ECK |s| MC @
V4

SD l Pre <_O

Rx
LA
Fig. 1. Block diagram of the acoustical measurements
system.

A system for acoustic measurements is developed
using the universal transmission and reception console



PXI of National Instruments (NI). It is composed of rack
and power supply NI PXI-1000B, embedded controller
kit NI PXI-8104, digital signal generator NI PXI-5402,
dual channel signal digitizer (receiver) NI PXI-5922,
portable monitor accessory NI PMA-1115 and motion
controller NI PXI-7330. The system additionally includes
universal motion interface NI UMI - 7774, control unit
for stepper motor P70360-SDN and stepper motor
N33HRLGLEK-M2-00. Power amplifier BK 2713, two
channel preamplifier BK 2692 and two hydrophone BK
8100 of Briiel & Kjer (BK) are added for transmission
and receiving of acoustical signals.

The complete acoustic measurement system set is
controlled by a main program created in LabVIEW,
which uses separate subroutines for the management of
each module.

Acoustical transmitter and receiver are located on the
mobile platform at a same point of xy plane, parallel of
the water surface, but at different depths. Their
coordinates are respectively (X, y, zr) and (X, y, zr). They
are omnidirectional. In a working state pulse signals with
a carrier frequency of 50 kHz, 0,1 ms duration and
repetition period of 25 ms are fed to the transmitting
hydrophone.

These electric signals are converted into acoustic and
propagate in the water environment in all directions. The
signal from the acoustic source comes first to the
receiving hydrophone before all reflections from the
water surface and the walls of the measuring pool. After
the direct pulse for some time there are no acoustic
signals present, while the first reflected signal from one
of the boundaries arrives. Then come multiple reflections.
This means that only within this time interval between
the direct signal and the first reflection a reflected signal
from an object located in the measuring test tank can be
seen.

To synthesize a sonar image of an underwater object
it must be located in the measuring pool at a certain point
(X0, Yo, Zo), so that the received reflected signals during
the measurement are not masked by other reflections
from the boundaries.

The layout of the site and the movement of the
receiver and the transmitter into the sonar test tank are
presented in Fig. 2.

r————————- - q
1

| O ] |

I N | I
)

: . I Object :

| Transmitter and (o, Yor 20) |

| receiver locations ! |

L

| T, |

| CTRIELY ' (x2, y2,21) |

I (X1 Y1, Zp)! ' (X2, y2, Zr) I

L ] ———— e —_ — — — i
! .

Fig. 2.Layout of the positions of the object, transmitter
and receiver at the test tank and trajectory of their
movement.

Platform with mounted transmitter and receiver
hydrophones is driven straight and at a constant speed
Vm by a stepper motor, controlled programmatically.
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When the platform moves along a predetermined
trajectory, a series of short rectangular pulse modulated
with ultrasonic frequency are fed to the radiating
hydrophone, and the digitizer converts analog signals
from the receiving hydrophone in digital form. Digitizer
has an internal memory which accumulates received and
converted into numbers signals. He receives a
synchronization signal from the power amplifier during
the transmissions of each pulse and accumulates a certain
number of digital samples. After that the accumulated
measurement data in the board memory is written to an
external disk file.

The number of transmitted acoustic pulses is set in the
main control program. The number of recorded samples
after each pulse is also set. Data from this file is used to
create a two-dimensional signal matrix with number of
rows corresponding to the number of transmitted pulses
and the number of columns - the number of samples after
each pulse.

Underwater object reflected signal

100

200

300

Pulse number

400

o

N

500

&

600

15“30 260 21"':0 360 31"':0 460
Sample number
3.Presentation of the echosignal from a single object

into 2-d matrix form.

50 100

Fig.

Data from this matrix is used for the synthesis of the
image. Every matrix is saved as a separate file. In Fig. 3
the matrix signal reflected from a single submerged
object is presented.

1.2. ALGORITHMS FOR PROCESSING OF
THE RECEIVED ACOUSTIC SIGNALS
AND SYNTHESIS OF AN IMAGE OF THE
UNDERWATER OBJECT

There are many ways to synthesize an image by
signal processing of acquisition data from several
consecutive periods of the monitoring space. In early
publications were considered methods of Doppler
filtration, antenna approach, matched filtration [1]. First
the antenna approach will be discussed, a method of
synthesizing an image which is easy to implement

s1(t)

Sam(?)



Fig. 4.4 block diagram of equidistant linear array with
inphase summation of the signals

Directional antennas are used for reception of weak
signals from distant objects in radars and sonars. The
action of these antennas is described by the same
mathematical expressions, independently of the physical
nature of acoustic and electromagnetic waves.

One of the most used directional antennas is the
equidistant linear antenna array with inphase summation
of the signals. A diagram of such an antenna which has N
elements is represented in Fig. 4.

The following expression describes the function of
such antenna system:

(M S ()= 25,0

where s,(?) is the received signal from an arbitrary
antenna element, s,,,(?) is the total signal from the joint
contribution of all elements.

If this approach is applied to the data from the 2D
signal matrix, using only N rows, synthesized signal
corresponding to the row N /2 can be build.

n+N/2
2

Sn (K) = ZS,-(K),
i=n-N/2

where: N is the number of pulses of the synthetic
aperture, n is the current number of the row. A new 2D
matrix of the synthetic image is created with N rows less.

In the measurement the sampling frequency of the
analog signal, the start point, end point and speed of
motion of the hydrophones, the number of emitted pulses
and also the period of their repetition are preset. This
allows placement of linear spatial coordinates in the two
axes of constructed image. A synthetic image of a single
underwater object with coordinates: x = 0,630 m; y =
2,948 m; z = 1,390 m constructed by the method of the
antenna approach is presented on Fig. 5.

Synthetic image of an underwater object
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Fig.5. Synthetic image of a single underwater object.

There are other ways to synthesize an image in
processing systems, but by their nature they are
implementation of the optimum receiver theory [2]. The
synthetic image is described by the expression:
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+T/2

[ &a+mh@a

-T/2

where Ji(n)=Ji(x/V) is the signal corresponding to the

>

3) J, (77)=‘Jf(77)‘ =

image, J ;(17) is the signal at the output of the linear part
of the processing system, 7 is the period of the synthetic
imaging, A(t) is the reference function, 5 and y are time

and spatial displacement ( axis X) between signal &(r)

and reference function fz(t) , representing coordinates of

the image. The reference function represents the reflected
from a point target phase referenced signal:
} + @

where H(?) is a real weight function, dependent from the
used approach for synthesis, and @(f) — the phase of the
reference function.

Through a formal exchange of variables t1 = -t ratio
(3) can be converted to an expression of convolution

type:

(4) h(t)= H@®)yexplj0()] , ®(1) =, [; _2@
C

+T/2 . +T/2 .
) Jim=| [ &-t)gw)dn|=| [ & -1 ht)d,
~T/2 -T/2

where g(t) = }}(—t) is the pulse response function of the
synthetic aperture system. In side scan mode the
reference function will be even and g(¢) = /z(t) .

From the theory of the signals is known that the
convolution in the time domain is equivalent to the
multiplication operation in the frequency domain.
Therefore, the received signal s (t) in the time domain is
Fourier transformed and its frequencies spectrum S (®) is
determined.

(6)

S(w)=Fls(t)}= [ s(t)exp(—jot)dt,
where F{} is the Fourier transformation operator.
The reference signal is subject to the same processing.

(7) H(w) = F{h()}= [ h(t) exp(—jer)dt

In order to construct the image J(?) the two spectrums
S(w) and H(w) are multiplied (8) and Fourier inverse
transform is applied (9):
®) J(w)=S(w)H(w),

)

J(0) = F ' {J(w)} i [J(@)exp(jorydo,

For the practical realization of this method is
important to create a reference function fz(t), which

corresponds to the point target reflected signal. The
signal that is generated by the generator and transmitted
as an acoustic field in space can be expressed in the form:

(10) u(t)=D Ut —kT,)exp{jo, (t —kT.) + jp, },

k=1
where U(t-kT,) is the envelope of the transmitted pulse,
@ — its phase, T, repetition interval, and K is the number
of the transmitted pulses during the observation time and
equals to the number of rows in the signal matrix. The



envelope of the transmitted pulse is rectangular function
given with the expression:

(1D
where U is the transmitted pulse signals amplitude, 7, is
the pulse width.

An important feature of the reference function is its
change in angle and distance because it contains the
phase information of the signal (4). Therefore, the
weighing function H (t) must repeat the envelope of the
transmitted signal and has the form:

where H(t-kT,) is the pulse reference function, 7y is the
repetition period of the function, and H, is the amplitude.

The impulse reference function is a window in the
time domain within which the image synthesis is
accomplished according to (5). In order to synthesize
images in the entire range of distances for which this
system is designed, this window must be generated
repeatedly with phase change as a function of the
different distance of a particular step.

}+¢w

2r(t ~kT,)
c
where @(t-kT,) is the phase of the reference function,
with initial phase ¢ .

The common expression of the reference function will
be the sum of all particular functions synthesized for any
distances within the working range of the system.

(14) h (1 —kT,)=H (¢ —kT,)exp{j® (1 — kT,)},

(15) h(0) =S~ KT.).

where K is the step number which covers the whole
working distance range.

After substitution of (15) into (5), and performing a
mathematical transformation to yield:

K +T/2 .
(16) S =2 [ &m-0h kT,
k=1_1/2
In a similar manner is obtained the image J(?), by
multiplying the spectra of the signal and the reference

function:
(17) J(t) = ZF" (S()H, (w)},

where: H,(w)=F {h_y (t— kT, ?)} is Fourier transform of

the reference function, derived every one distance.

A synthesized image of a single submerged object
coordinates: x = 0,630 m; y = 2,948 m; z = 1,390 m by
the method of matched filter receiver with reverse
Fourier transform of the sum of the multiplied spectra of
the signal and the reference function by applying
expression (17) is represented on fig. 6.

t—kT,

U(t—kTr)zUOrect{

V4

t—kT,

(12)  H@)=H (t—kT.)= Horec{

P

(13) ©()=D (t—kT,)= a){t

2. RESULTS AND DISCUSSION

Fig. 3 represents a signal matrix obtained as a result
of the performed measurement. The signal reflected from
a single submerged object received during the measuring
platform motion with mounted transmitter and the
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receiving hydrophone motion is seen. In this figure a
shortcoming in the mechanical attachment of the
hydrophones is clearly observed.

They are attached to a rope with weight and during
the start of motion have some momentum, while
maintaining its position unchanged during the
transmission of the first few pulses. This attachment is
necessary because the use of hard mechanical connection
between the hydrophones and platform and the generated
pulses are transmitted to it and it vibrated long after their
termination. These vibrations of the platform going to the
receiving hydrophone are masking signals reflected from
the object. In uniform motion hydrophones waver slightly
around its equilibrium position, but it had no effect on the
received synthesized image. Only difference was
observed between the position of the object and the
maximum values of the synthesized image along the
coordinate axis of movement. This problem can be solved
by using an additional system to measure the exact
location of hydrophones [3].

Synthetic image of an underwater object
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Fig. 6. A synthetic image of a single underwater object

Fig. 5 and Fig. 6 shows two synthesized images of a
single underwater object that has the shape of a cylinder
with a diameter Dy, = 76 mm. They are implemented by
a signal matrix in the same length of the synthetic
aperture Ly, = 76,3 mm containing 50 rows of this matrix
but using different algorithms. The object itself is
relatively large for simulating point target because D,; =
5A. This makes it impossible to assess the cross range
resolution of each method. Furthermore, the object is
located to close to hydrophones of acoustic measuring
system and comparison of the advantages of each method
could not be made.

CONCLUSION

The following conclusions can be drawn from the
analysis of the results:
1. Although for the accumulation of the acoustic field
data omnidirectional transmitter and receiver were used,
the synthesized image of the underwater object
corresponds to such as would result from the use of
directional acoustic system.



2. Synthesized by the antenna approach method image is
generated much more quickly, because less mathematical
operations are used.

3 Synthesized reference signal which is used to create an
image by the method of matched filter has a high degree
of compliance with the real signal reflected from the
object.

4. Shaking of the hydrophones around their equilibrium
position, which is characteristic of acoustic systems that
work in real conditions has no significant impact on the
received synthesized image.

5. The use of a scrolling time window in creating the
reference function (15) allows the synthesized image by
the method of the matched filter to be focused within the
entire range of all working distances of the system.

In this study results from experiments are presented
conducted in the acoustic test tank of N. Vaptsarov
Naval Academy. For their implementation opportunities
were used to create acoustic field and measure it's
variation in the volume of the test tank..

Non-directional sound pressure transmitter and
receiver (hydrophones) were mounted on a mobile
platform, which can be controlled programmatically.
Joint work of the acoustic measurement system and
mechanical motion system on preset trajectory provides
great opportunities for providing a wide range of
experiments under conditions close to reality.
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Synthesized  two-dimensional image  contains
information about the location of an underwater object,
nevertheless for the data acquisition omnidirectional
hydrophones working in transmission and reception
modes are used. From the measured sound pressure level
the target strength of this object can be estimated.

This acoustical measurement system is fully
operational and could be the basis for the creation of
sonar for underwater surveillance. This system can be
developed to create a three-dimensional model of the
observed space.
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