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McenenoraHa KOMIPECCHS yILTPAa3BYKOBBIX HMIIY/IBCOB HPH HX OTPAKCHHH OT CIOHCTON CTPYKTYPhL. Ko-
POTKHH UMIYJIBC H31Y4a/ICs B BOTY 1 HANPABJIAJICA HA CTPYKTYPY, COCTOALLYIO U3 MIOCKHAX TBEPAOTE/IbHbBIX
NIACTHHOK, 34 KOTOPLIMH HAXOQHICA BO3YIIHbIA croi. H3-3a NEPeOTPaKeHHH B CTPYKTYPE CUTHAT CY-
HIECTBEHHO YIIUHsANCA. OTPaKEHHBIH CHIHAN NPHHHMAJICA TEM XKE npeodpaszoBaTeneM i OUH(POBBIRAI- ©
cs. [lanee MpoOU3BOAMIOCE OOPALIEHIE BOAHBI BO BPEMEHH, €€ IIOBTOPHOE U3MYyHCHNE Ha CIIOHCTYH) CTPYK-
TYPY M MIPUEM OTPAKEHHOIO CHIHANA. F13-3a HHBADHAHTHOCTH NPOLECCOB OTHOCUTENBHO H3MEHEHNA 3HAKA
BPEMEHH B CTPYKTYPE NMPOUCXOINTIA KOMIIPECCHA UMITYIbC. OTpaKEHHBIA CHIHAN YKOPA1UBAJICH H npHoo-
petan popMy HCXOAHOTO CHIHAJA, DKCIEPHMEHTANBHO NPOJEMOHCTPHPOBAHA BO3ZMOAKHOCTL 3thpeKTHB-
HOIl KOMIPECCHM CHrHaioB. YucieHHOe MOECNHPOBAHUE MO0KA3A/10, UTO, HCNOJIbIYA Sonee CIOXKHbIE
CTPYKTYPbI, MOXKHO CYLIECTBCHHO YBEJIUYHTE CTENCHE CAKATHA H MONYHATD KOPOTKHE CHIHAJNBI HAMHOTO
GONBIIEH AMILTATYIbI, Y4EM B BOJHE, H3TYHAEMONI Npe0dpa30BaTEIeM. [TpennoxkeH anropuT™M NOCTPOEHHSA

3(hPeKTUBHBIX CUCTEM KOMIPECCHH.
PACS: 43.60.T;

BBEIEHHUE

B TeXxHOMOrHYeCKUX U MEAHUHUHCKAX IPUIOKCHH-
gX yJLTPa3ByKa 4acTo TpeOyeTcs CO3AaTh BOJIHBI
Gonbmon aMnauTyabl. [TOCKOILKY MAKCHMATBHO 10~
CTUKUMOE aKyCTHUECKOE [1aBJIeHHE Ha MOBEPXHOCTH
peanbHbIX aKyCTHYECKUX HCTOMHHKOB OTPaHUYCHO,
ISt TIOAYUIEHHS BHICOKOHHTEHCUBHBIX [1071eH 00bIY-
HO MCMONL3YETCs MPOCTPAHCTBEHHAS] (POKYCHPOBKA.
[Ipu 3TOM 3a CcYeT BOTHYTOH (POPMbI H3MyUaTeNs
MIH MYTEM NPHMEHEHMs aKyCTHUECKHX JIMH3 MO0
3epKall CO3[al0TCs TAKHE YCIOBHA, KOTjia HEPrud
yIBTpa3sByKa cobupaeTcs ¢ 60IBIION MTOMAN B He-
Oonbmyo (hpokanbHyio) obnacts. [1pu 3TOM npouc-
XONUT YCHIEHHE BONHbBI, B TOM CMBICIIE, UTO €€ aM-
IAUTYIA 3aMETHO BO3pacTaeT. KoHeuHo XKe, nonHas
SHEPrUs BOJHBI IPH 3TOM HE H3MEHSACTCH, ITPOUCXO-
MAT JHLIL €€ mepepacnpeesicHie B MpOoCTpaHCcTBe.
D OKYCHPOBKA BOH UCIONB3YETCA C JPEBHUX BPEMEH
W B aKYCTHKE, M B ONTHKE, H €€ 3(PHEeKTHBHOCTD O9e-
sunHa. OMHAKO BO3MOXKHOCTH (IaCCHBHOTO) ycuje-
HUSI BOJHBI He OrPaHUYMBAIOTCS MPOCTPAHCTBEHHOM
cboxycuposkoi. Yucro (opmanbHO, UETbIPEXMEp-
HOE NMPOCTPAHCTBO-BPEMS, B KOTOPOM paccMaTpHBa-
eTCs BOJIHOBOM MPOLECC, AOMYyCKaeT (DOKYCHUPOBKY
HE TOJBLKO MO NPOCTPAHCTBEHHBIM KOMIIOHEHTAM, HO
1 Bo BpeMenu. [1o ananornu ¢ (GOKYCUPOBKON B 1PO-
CTPAHCTBE, KOrja 3HEeprusi BOIHbI cobupaeTces ¢
SONBINON 0OIACTH B MAJYI0, NpU (POKYCHPOBKE BO
BpeMEHH JHEPTUs MOXKeT COOHpaThCs C AJNHHHOTO
BPEMEHHOro MHTEpPBaia B KopoTkui. MHaue rosops,
TpeSyeTcs KaKuM-IHO0 crnocoboM odecneuuTh Bpe-

MEHH VIO KOMIIPECCUIO BOMHOBOTO curHana. PadboTh!
B 3TOM HANPABICHUH HAYalHCh OTHOCHTCIIBHO HE-
napHo. Haubonbliee pa3BUTHE TAKOH MOAXOM MOJY-
uyua B ONTHKE, e YKOPOYCHHE Na3CpPHbIX UMY b-
COB OCTUrAeTCHA MyTEM HMPOMYCKAHHS 1aCTOTHO-MO-
NyJIHPOBAHHLIX CHTHAJIOB 4epe3 Cpeny € UCrepcHe,
B KA4YECTBE KOTOPOH HCHOMBL3YETCA ONTUHYCCKOE BO-
NTOKHO uiH qudpakiuonHas pewerka [1]. B akycTu-
Ke MCCaeqOBaHui B 3TOM HAMPABICHHUH NMOKA HEMHO-
ro. 3aMeTHM, YTO YKOPOUEeHHE CUTHAlla MOXKET ObITh
HCIONBL30BAHO HE TOJLKO AAs €ro YCWICHHs, HO H
U181 TOrO, 9TOObI YIYUILHT pa3pelicHue JHarHoCTH-
JeCKHX CHCTEM.

BO3MOXKHOCTh BPEMEHHOH KOMIPECCHH aKyCTH-
yeCKHX CUTHANOB TECHO CBS3aHa C HOBBIM HANIpaBlIE-
HHEM B AKYCTHKE — BpeMEHHBIM oOpalieHueM BOJH
(BOB) [2, 3. 4]. IIporpecc B 3TOM HallPABACHHH JIO-
CTHTHYT, B OCHOBHOM, Grarofapa paboram M. dunka
C yUEHHKAMH, KOTOPbIE MPEAN0KNIH H IKCTICPUMEH-
TANBHO peann3oBany “o0paniaroniee Bpems 3cpKa-
no” (time-reversal mirror) [2]. B KauecTtBe Taxkoro
3epKajia B HACTOsIIee BpeMs MCHONb3YCTCs MHOTO-
3MeMEHTHAS IBYMEPHAas peLIeTKa NIHPOKONONOCHBIX
npeoOpaszoBareeil, paboTatoiias B IpUEMO-TIEpe/ia-
omeM pexume. [IpeoOpazosaTenn  yHnpaBJsitOTCs
3IEKTPOHHBIM OIOKOM, KOTOPbIH 3aMUChIBACT MO~
HYHO BPEMEHH VIO (hOPMY NPHHUMAEMBIX Npeodpa3o-
BATEISIMU CHTHAJIOB, 00palaeT 3TH CHIHAIbL BO BPE-
MEHH M, IIOCJIE VCHIEHHs, BHOBbL IOJACT HA Te KC
npeobpa3oBaTelu 1 u3nyueHus. Kak BuiHo, Takoe
obpamialolee BpeMsi 3epKano OTPakKacT BOJHY C
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OnpeneneHHOW 3aJIePKKOH, CBAZAHHON ¢ HEODXOIH-
MOCTBEO 3aIIHCH CUTHAJIA B TEYCHUE ONMpeleIeHHOro
HHTEPBAJA BPEMCHHU. DIEKTPOHHBIH OJIOK SBJSACTCS
BA’KHOH KOMIIOHEHTOM CHCTEM OQOpalleHUs BOJH.
Cospgate o0palaromee BpeMsi 3epKalo HA OCHOBE
APYTHX NPHHUMIOB, HAIIPUMED, [IOCPECTBOM HEJH-
HEHHBIX BOIHOBLIX 2(h(heKTOB B MaTepHane 3epKkaa,
MOKa YAaloCh TOJbLKO JIN5 CHUHYCOHJANBLHBLIX BOJIH
[5], xoTs BepyTCa ucenegoBanus u 110 0GpAIEHHIO BO
BPEMEHH W HErapMOHWYEeCKHX BouH [6]. B cayuae cu-
HyconaanbHbIX BONH BOB ToXpecTBenHo obparie-
HUIO BOJIHOBOTO (hponTa (OB D), nogpobuo neecneno-
BAHHOMY B onTHKe [7, 8].

CucteMmbl, paboTtarowue Ha npunnune BOB, nos-
BOJISIFOT KOMIIEHCHPOBATE HCKAXKEHUA BOTHBI BO Bpe-
MEHH H MPOCTPAHCTBE MPH €€ MPOXOXKIEHHH 4epes
HCONHOPOAHY cpeny Oe3 nmornoueHus. CooTeeT-
CTBYIOLLHE TIPHITOXKEHHS MHOIMOYHCICHHBI: CHOa
BXOMAT 3aa4u NOABOJHOH akycTuku [9, 10], nepas-
Pylwalomero KoHTpoasa [11], yabrpassykoBoil xH-
pypruu [12, 13]. Ognako nac 3pecs Oyner Gonblie
HHTECpecoBaTh apyrou acrnekT BOB — Bo3MoXHOCTE
KOMINPECCUH M yCHIeHus1 curHanos. Maes koMmnpec-
cun myrem BOB nocratouno npocra. [Tycts kopoT-
KHH aKyCTHYCCKHH UMIYJIbC MPOXOAHUT Yepes clOoi
HCOOHOPOAHOU cpefibl. M3-3a MHOrokpaTHOTO pacce-
AHUA OH NPHOOPETAET HE TOMLKO NPOCTPAHCTBEH-
HbIE MCKaXXEHUS, HO H PACTArMBAECTC BO BPEMEHH.
Ecnyi 3aperncTpupoBaTh NMONYYHBINHACS UIMHHBIH
CHTHaJ, OOpaTHTh €ro BO BPEMEHH W H3NYYHThL 00-
pPaTHO B CPETY, TO MOCTIE MPOXOXKACHUS Uepes3 HCXO/I-
HBIH HEOJHOPOAHBIA CION CUTHAN JOMKEH YKOPO-
TUTBLCA U IPHHATH (POpMY HCXOTHOrO uMnynbca. Kak
BHIHO, CXKHUMAIOILIHUM YCTPOUCTBOM 37€Ch SBISETCS
[HACCUBHBIN HEONHOPOOHBIH CIOA. 3aMEeTHM OIHAKO.,
YTO TaKHM CIIOEM CXKHMAETCH He BCAKHH CHTHAN, a
NUb CICHHAnbHBIM 00pa3oM nogobpanusiil. Murte-
PECHas UNMIOCTPALHA 3TOCO NPUHUMIA NIPHBEEHA B
padore [14], rue onucana “ynbrpa3sykosas 6a3zyka’” —
YCTPOUCTBO, MO3BONSIOIIEE CO3MATh WHTEHCHBHDLLI
(poKyCHPOBAHHBII UMNYJIbC B 3aaHHON TOYKE IyTEM
MPONYCKaHUS H3TYYeHUS MHOTO3JIEMEHTHOIO HCTOY-
HIKa BOJIHBI 9€Pe3 TPYOY, OT CTEHOK KOTOPOH Mpo-
HUCXOJHUT MHOTOKPATHOE paCCesaHHE.

Mcnone3oBanne npon3BOaLHOM HEOTHOPOAHOH
Cpefibl NMO3BOMSAET JOOUTHCS YKOPOYEHHS CHTHAJA.
HO TakKas CHCTEMa MOXKET OKa3zaThCs HEONTHUMAJb-
HOH. DeKTuBHAA CHCTEMAa KOMIpeccHn TpeGyer
UCNIONIB30BAHMSA CIICHHATBHO MOJOOPaHHOH HEOIHO-
poaroctH. Hacroamas paGorta mocssiteHa uecneno-
BAHHUIO 3TOTO acnekra cuctem ¢ BOB.

[TNTOCKOCIIOHUCTAA CPEA 115 3AIAY
KOMITPECCHUH UMITYJIBCOB

Mcnonb3oBaHne MHOTO3MEMEHTHBIX [[ATYHKOB
CHITEHO YCIOKHSET U yJlopoxaeT cucremsl ¢ BOB. B
TO XKe BpeMsl MHOTHE 3(heKThI, B TOM YHCcie KOM-
MPECCHST HMITYJIBLCOB, MOI'YT OBITh pealii30BaHbLI HAa

OCHOBE OJIHOTO MpeodpaszoBaTens, eclii 0decneynTh
YCJIOBHC OJIHOMEPHOr0 pacnpoctpadenns BoaH. (Kom-
peccHs OfHHUM npeodpaszoBaTesicM, B HpHHLMIIE,
BO3MOXKHA H B CllyYae HEOJHOMEPHOIO pacipocTpa-
HCHHA, OJHAKO TaKOH MOAXOA TPYAHOPCATU3VEM.)
ORHOMEPHBIEC BOJIHBI BO3HUKAIOT NMPH HCMONB30BH-
HHH TIOCKOro npeodpasoBaTtesid OONbIIHX BOJIHO-
BbIX pa3MepoB. B npoxekTopHol 30He npeodpaszo-
BATENA MOXKHO NpeHeOpedb JUPpaKIHOHHBIME 3(h-
(DEKTaAMH H CUUTATH H3IYUAEMYIO BOJHY TUIOCKOIL.
HTo0b!I BOMHA OcTaBasack MIOCKOH U TIPH pacmpo-
CTPaHEHHH B HEOJTHOPOAHOM Cpejie, 3Ta cpefia JOIK-
Ha ObITh OAHOMEPHOM, T.€, IIJIOCKOCIOHCTOI. B maH-
HOU padoOTe B KA4eCTBE HEOMHOPOTHOH Cpeflbl HC-
MONBL3YETCA CTPYKTVpa, COCTOLALIAS H3 OMHOH WMIH
HECKONBKUX MUIOCKONAPANIENbHbIX TBEPAOTENLHBIX
MIacTHH, pasMEIleHHBIX B Bofe. Takas cucrema xa-
PAKTEPH3YETCH CHIBHOU IUCIEPCHEN, KOTOpPAs NPU-
BOIUT K HCKa)KEHHIO PaclpOCTPaHSIOUINXCA B HEH
curHanoB. bnarogaps manoctu KoadgypuimenTa no-
FIMOIICHUS YIbTPa3ByKa B IJIACTHHAX H BOJE, N10Te-
p¥ SHEPTHH BOJIHBI B MPOLIECCE €€ OTPaXKeHHs HeBe-
JIHKWU.

Hust oGecneuyeHust KOMITPECCHH OTPAXKAIONIIAS He-
OMHOpPOJHAasA cpefla JOAXKHA COCTOATH W3 ILJIACTHH,
KaXnad 3 KOTOPbIX, caMa 1o cede, oTpaxaeT cnado.
JIeCTBUTENBHO, TONLKO MPH 3TOM YCIOBHE B Mpo-
LECCE OTPaKeHUs OT Hadopa NIacTuH U3 KOPOTKOTO
Nafgarollero UMIYAbCa MOJVYATCA MIHHHBIH CUCHAT
MEHBIICH aMIUIHTYAbl M, NOCHe OOpallleHHs] 3HAKA
BPEMEHH, U3 AJIUHHOTO HUMIIY/IbCA — KOPOTKHH HM-
MyAb6C DONBINOH aMIMTHTYAbL. [lnacTuHbI ¢ ManbIM
OTPaXKEHHEM MOXKHO CO3[aBaTh JBYMS CHOCOOaMHM.
[lepBolii cnocol 3akmiOYaeTcss B HCIOAB30OBAHMU
TOHKHX IJIACTHH, T.€. MJIACTHH, TOJIIHHA KOTOPbIX
HAMHOTO MCHBLIE ATHHbI 3BYyKOBOW BONHBI. Koad-
(pHuHEHT OTpaxkeHHs OT TOHKOrO CJI0S PacTeT JH-
HEHHO ¢ €ro TOJIUIHHOH, T.€. MOXET ObITh KAaKHM
YrOgHO ManbIM. BTopeiM cnoco0oM sABasieTcd uc-
MOMb30BAHUE PE30OHAHCHBIX MIACTHH — CIOEB, TOJ-
HHA KOTOPbIX KpaTHA LEeNOMY YHCAY NOJYBOIH B
MaTepuane MmIacTHHbl. Kak M3BeCcTHO, Ha pe3oHaHC-
HOM YaCTOTe TAKHE MIACTHUHbI MOTHOCTBIO TPOIIyC-
KaloT uepes ce0d BOIHY, T.€. KO(p(PuUUeHT OTpa:Ke-
HHs rapMOHHYECKOTO CHTHAJIA OKa3bIBAETCS PABHBIM
HYJ110. OTCTPOHKON OT PE30HAHCA UIIH YBETHYEHHEM
CHEKTPANbHOH MOJOCHI CHTHajla MOKHO NOOHTBLCH
AKENacMoro ypoBHs KOs(ppuuneHTa oTpakeHnus,

B ucnons3oBaHHOM B HacTosiiel paboTe Mera-
replroBOM AHANasoHe YacToT HeOOXOAUMAas TOJILH-
HA TOHKHUX IUIACTHH PABHA COTBIM JIOISM MUIIJIUMET-
pa. a auaMeTp NMACTHH AOMKEH COCTAaBISTL He-
CKONBKO CAHTHMETPOB. DTO JIEJAET HEBO3ZMOXKHBIM
HCIOJbL30BAHHE CTEKOJ, a IPH HCIOIL30BAHHH Me-
TALTHYCCKHX CJloeB ((PONbru) TPYAHO O0EeClHeyUuTh
MIOCKOCTHOCTEL M NapanieNbHOCTL cnoeB. CuTyauus
C P€30HAHCHBIMH TIACTHHAMH ropas3lo GraronpusiT-
HCE! TOJIHHA MOMYBOJHOBBIX MIACTHH COCTABASET
nopsAfaKa MUIIUMeTpa. EQUHCTBEeHHBIM HemocTaT-
AKYCTHYECKHH XKYPHAIJI Ne 2
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KOM PE30HAHCHBIX IIACTHH N0 CPABHEHUIO C TOHKH-
Wi 9BJISETCH TOT akT, 4TO Mamblii KO3 (pUIHeHT
OTpaKeHHs TOCTHIAaeTCsA JMHIlb IPH HCMOTB30BAHUH
y3KOMOMOCHBIX CHTHANOB, T.€. PajIHOMMIYJILCOB. st
KOMIIPECCHH BHAEONMITYIbCOB TAKME IIACTHHBI HE
ronarcs. Mcxoas us3 3Toro, ONUCAHHbIE HHKCE IKCNE-
PHMEHTBI MPOBOJMINCE C PATHOUMITY ILCAMH, OTPa-

KAEMbIMH OT HADOPOB PE30HAHCHBIX TLTACTHH.

JKCITEPUMEHTAIILHAS YCTAHOBKA

[TpuHuANMHAIbHAS CXeMa YCTAHOBKH IPUBCICHA
ga puc. 1. [TpueM u H3IyUIEeHHE AKYCTHHECKHX HM-
MyJLCOB [IPOM3BOJMIUCH OHUM U TEM K€ KPYL/IbIM
[WIOCKHM MpeobpazoBaTeneM auameTpa 25 MM (Pana-
metrics V194). IIpeobpazosaTens HMen 4aCTOTHYIO
nonocy or 3 go 6 MI'u. DnexTprueckoe HanpsKeHUE
nogaBaJoch Ha npeodpa3zoBareslb OT LIHPOKOMONOC-
HOCO FeHepaTopa, CnocobHOr0 CHHTE3HPOBATEL CHIHA-
Abl MPOM3BONLHON (POPMBI C HCHOJB3OBAHHEM 10
65536 TOUEK B Ipefienax HCHONb3yEMOro BPEMEHHOrO
narepeana (Agilent 33250A). AKyCTHYECKHH CHTHAT,
OTPaKEHHbIH OT HEOAHOPOJIHOTO CNOAA, MPUHUMANCA
npeoGpasoBaTesieM M Tofgasalics Ha nupoBoA OC-
munnorpad (Tektronix TDS 520A). OundgpoBanHbIH
curdan nocrynan gainee no wuHe GPIB Ha xoMImbio-
Tep W NoBEprancs HeoOxopuMon 00paboTKe, B HaCT-
HOCTH, OOPALIEHUIO BO BpeMeHU. KOMIIBIOTED yNpaB-
NS TAKXKE TeHepaTOpOM CHrHAIOB.

B 3KcnepHMeHTAaX HCMONb30BaIUCh TAKXKE OTHO-
CHTENBHO HIHPOKOMOJOCHBIE CUTHANDL, MOITOMY HE-
O0OXOIUMO OBIIO YYUTHIBATH YACTOTHYH) XapaKTe-
PHCTHKY mpeobpa3zosaTtens. 1mst 3TOro u3Mepsinach
yACTOTHAA 3aBHCHMOCTL AMIOMHTYALI TapMOHH'IC-
CKOIl BOJHBI, OTPaXKeHHOH OT TOJICTOH ATFOMHHHEC-
BOW MIACTHHBL. [L71s1 H3MEpeHHs YKa3aHHOH XapaKTe-
PHUCTHKY HA Mpeoldpa30BaTeNhb NONABAICH UMIYILC C
NPAMOYTOJIBHON oruOaoilei HA 3aJaHHOM YacTOTE.
[TuTeNbHOCTh CUTHAJIA BblOHpanach TAaKOH, YTOOBI
AMILTATYJAa CHCHAja ycrepana yCTaHABIUBATHCH W,
KpoMe TOro, 4roObl HU3JTYYECHHUC 3aKaHUHBAIOCH K
MOMEHTY TPHXOfa OTpaKeHHoro curnana. Mameps-
JTHCh aMIITATYABLI MAJAIOMIEro W OTPaXXeHHOTO HM-
NVIBCOB Ha yUacTKaXx C yCTAHOBUBLIEHCA (MOCTOSH-
HOIl) orubatoteit. [TonmyyenHas yacToTHas XapakTe-
pUCTHKA (M3NydeHHEe/MpHeM) HCNONb30BaIach Ipu
pacdeTax u [pH CPpaBHEHHUH HCXOIHOTO M IBAXK/Ibl OT-
paXkeHHOTro CUrHAA0B. Kpome 9acTOTHO-3aBHCHMOTO
BAHUAHUA Ha aMIITIHTYIY CHIHAJI4, BHEKTPH‘IECKHH
ENb M aKyCTHYECKHil TMpeodpa3oBaTeNb BHOCHIH
TaKkKe 1ACTOTHO-3aBUCHMbIN (ha30Bbid cABHL. Oj(Ha-
KO JONOJMHUTEIBHBI Hader (a3sl (P B 3KCINCPUMEH-
TaX MPOUCXOAU ABAKMbL NPH H3JIyYeHHH/TpUEMe
HCXOIHOrO CHrHaja ¥ Mpu W3NVYeHWH/TpHEME HH-
BEPTHPOBAHHOIO BO BPEMEHH OTPAXKCHHOrO CHIHa-
na. IToatomy hazosbiin Haber @, NONYHEHHbIH HCXO/-
HbIM CHIHAJIOM, [IOCJIe MHBEPTHPOBaHUsi CHTHAJA BO
BPEMEHH CTAHOBHJICSA PABHBIM —( H TTOTHOCTBI) KOM-
neHcuposan BTopoi (asoseiii Haber. Takum odpa-
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Puc. 1. Cxema 3KCIepUMEHTAIBHOR YCTAHOBKH.

30M, 3ABHCHMOCTD (pa3bl OT HACTOTHI HHKAK HE BIIHA-
1A HA ABaXKAbl OTPAXKEHHbIH CHIHAM.

TIiisi B3rOTOBJEHHST OTpaXalolel CTPYKTYPbI HC-
[IOTL30BAJIMCE IIACTHHKY H3 HCKYCCTBEHHOIO cangiu-
pa. B KOTOPOM CKOPOCTb NMPOJOJbHbIX BOJH H ILTOT-
HOCTB COCTABJISIIOT, cooTBeTeTBEHHO, ¢ = 11080 M/c
p = 3850 kr/m’. OTMETHM, YTO BICOKasH CKOPOCTh U
AKYCTHYECKHUI UMNIEAAHC canipHpa NPUBOJISAT K CYXKeE-
HHEO TOTO QHANna3oHa 4acToT, B KOTOPOM OTPaxKEeHue
OT TMJACTHH MAano, T.e. BbIHYXKAAlOT paldoTaTe €O
CPABHUTENBHO Y3KOMOJOCHBIMH CUTHATIAMH. OpHako
P4 UCMIONIL30BAHNN B 3KCIIEPUMEHTAX DOJee MOX0-
MSALIETO B 3TOM OTHOLLUEHHH aNKOMUHES (¢ = 6320 M/c,
p = 2700 kr/M>) OKa3am0Ch, YTO OTPAXKAIOLIAs CTPYK-
Typa He 00Jafana CBOHCTBOM HHBAPHAHTHOCTH K 00-
parleHuio BpeMeHu. [IpHuMHOI 3TOr0 MOrIH ObITh
MOTEpPH W3-3a PaccesiHusl yIbTPa3ByKa Ha 3epHACTOH
CTPYKTYPE ATIOMHHHS HIH HELOCTATOIHO BbICOKAS
[UIOCKOCTHOCTE H OJTHOPOAHOCTE INTACTHH O TONIIH-
ne. CandupoBbie ITAacTUHbI He 00Nnafan NoTepsIMi
1 ObIJIH C BBICOKOH TOUHOCTHHY MIOCKOMAPalicib-
HbIMp. TONIIHHA M7ACTHH COCTaBIsIA OKOIO | MM,
Nns oGecrnedyeHnd TMOMHOTO OTPAXKEHHUs MOCICIHSI
[acTUHA HATPy:KaJach HAa BO3AYLIHLIHA cnof (puc. 1).
[TapanneabHOCTb NAACTHH H PadOveH MOBEPXHOCTH
nmpeoOpazoBaTens JOCTUranach U3MEHEHHEM HX B3a-
UMHOH OPHEHTAIUH ¢ HCMONL30BAHHEM CHEIHAND-
HbIX PErYJUPOBOUHBIX BUHTOB. PerynupoBKa HauH-
Hamack C gadbHe#l OT npeodpasoBaTelis INaCcTHHBL,
[IPH 3TOM B Ka4YeCTBE KPUTEPHS [1apaLICALHOCTH HC-
MONBL30BAJICA MAKCHMYM AMILUIMTY[bl OTPa’XEeHHOTO
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curHana. B skcnepuMeHTe HCNonb30Baauch VILTPA-
3BYKOBBIC CHIHA/bI ¢ UEHTPAJLHOH YACTOTOH 0KOJIO
5.5 MI'il, cOOTBETCTBYIOMIEH YCIOBHIO MOJYBOMHO-
BOTO PE30HAHCA B UCTIONB3YEMBIX MJIaCTHHAX.

KOMITPECCUSI UMITYJILCOB
C UCIIONIb30BAHUEM
OTHOCNOWMHOTO OTPAXKATEIS

MHBApHAHTHOCTE UCCIEAYEMBIX B IKCIIEPHMEHTE
IPONECCOB MO OTHOMIEHHUIO K Ollepauyi 00palleHns
BpEMeHH Obllla CHavana UCChaeoBana ¢ HCNOMbL30Ba-
HHEM OTpaKaTens, COCTOALETO U3 OJHOH MIACTHHBI.
B Takofl mocTaHOBKE B 3KCMEPUMEHTE MOXKHO OBLIO
JOCTUTHYTh MAJIOro YPOBHSA MMOTEPb, 4 B TEOPUH HC-
MOJIL30BAaTh NPOCThIE (DOPMYJIbL.

PacemoTpum cHavana npouece OTpaskKenust oT of-
HOU MIACTHHBI TeopeTudeckd. [1ycTe BOMHA nanaeT
H3 Cpejibl ¢ AKYCTUYECKHAM UMITEAHCOM Z, HA I11ACTH-
HY TOJILIHAHBI /i ¢ UMIIEAAHCOM Z, 32 KOTOPOH HaXoO-
JAUTCA TPETbs Cpefla ¢ UMIIEAHCOM 7., B Hamem
Cny4dae poJib NMEPBOH Cpebl BbINOMHAET BOMA, B Ka-
MECTBC BTOPOW BBICTYNAET caldup, a TpeThei cpe-
aon spasietcs Bosayx. Koasdypunment orpaxenus
FAPMOHHYECKOH BOJIHbI OT ILTACTHHbI BbIpaXKaeTcs
cnenyrouel popmynoi [15]:

s (1)

= (RU + thadexp(zi{i}h))f(l i RHRI{J:HJE‘KP(E'{%}I)J’

O

rac RE} = (E o *-D)Hz + ED) H Ra.’nmi == (Efnud i E]Hz!nﬂd + E} B
KO(pPHIIHEHTBI OTpaxKeHHs OT TPaHHLl COOTBET-
CTBYIOUIHX NMOAYNPOCTPaHCTB. s rpaHans! “Boga—
canpup” koaphuuHeHT oTpakeHusi GIU30K K eu-
Huue (R, = 0.932), mostoMy ISl LIMPOKOMOMOCHBIX
KOPOTKHX CHIHAJIOB NPaKTHYECKU BECH CHTHA OTpa-
KACTCd OT JAHHON rpaHubl. ONHAKO MPH HCIIOIB30-
BAHMHM JJOCTATOYHO MJIMHHBIX PagHOMMIYIbLCOB aM-
IUIHTYa OTPAaK€HHOH BOJIHBI MOXeT OBITh YMEHb-
I€HA 32 CHET MHTep(pepeHUHN MEPEOTPaKEHHBIX B
niuacTuHe curuanoB. O6o3HauuM yepes p,, (1) u p, Af)
¢dopMy naparonieit u oTpaxkeHHoH BOIH. PaccMOT-
PuM, IUIsE OMPENeaeHHOCTH, HMITYIIBC C FrayCCOBCKOH
OrudaroLen:

PicD) = Ayexp( =5 ) sin(2nfy), 2)
>

BribepeM LeHTpaNbHYH) 4YacTOTY CHTCHANA TAKOIL,
YTOOBI Ha HEH MIIACTUHKA Obllla OJMYBOJMHOBOM: f, =
= ¢/(2h). BBeneMm o003HauYeHHE

Q =J{11_PT'J (%}

HMEIOIIEE CMbICT KOJHYECTBA NMEePUOAOB, VKIAIbIBa-
FOLHXCA Ha MOJNIOBUHE JNIHTENBHOCTH UMITYIIBCa. Pac-
CMOTPHM NMPAKTHYCCKH BaXKHBIH Cly4yai, Korja Iia-
CTHHKA aKYCTHYCCKHW Harpy:KeHa Ha OoJiee MSATKYIO
Cpeny (HanpuMmep, BO3AVX WK BOOV): 2,4 <= 2. B aToM

cnydae Ry, = =1, # BO3MOXKHO NOJVUUTH npudn-
KEHHOC aHATTMTUYECKOE penieHue s (POpPMbI OTPa-
JKEHHOH BOJNHBI;

II;

.prt*_.l"("r) B Ar'm' I{ﬂf : o

(1-R,)Q.J/n
2R,

exp[(QIn(~RyR,,.4)) /4] %
(4)

Xl + :::-:rf[£ + Q[n{_RﬂREumz‘}J

T 2

X CKP[Q In (_RHRIHHJ}%J ﬁin {Zn,‘[ﬁf},

rae erf(z) = -2—_[ e * d( - unrerpan omu6ok. Ana-
Jrdo

U3 BbIpaXkeHust (4) MokasbIBaeT, 4TO Orubaronas

P ()| IMeeT Bunt hyHKUMM ¢ gBYMS “ropGamu’ (Mak-

CAMYMaMH), pa3fleleHHLIMH HHTEPBAaJIOM TOpsaKa

2T, M ITHHHBIM “XBOCTOM . 3aTYVXaIoUIUM [TPONOPIH-

t )
OHAJIBHO cxp[an{—R”RHM}%]. Hns uenei ontu-

MAJIBHOH KOMITPECCHH HEOOXOAHMO, YTOObLI aAMILTH-
Tyl “TOPOOB™ ObLIK OIMHAKOBLI. B ciyuae Bo3mym-
HOH Harpysku (R, ., —-1) dopmyna (4) paer
CAeaywilee ycloBHE Ha TpedyeMoOe KOMHYECTBO
UHKITOB B HCXOHOM I'ayCCOBCKOM MMIIyibce: O = 3.9.
s Gonee ToYHOro nogdopa mapaMeTpoB CHrHATA
OBUT UCMONb30BAH YMCIEHHBIH PAcyeT HA OCHOBE
CHCKTPATBHOIO MOAXOoAa (CM. HHIKE), H MONYYEHO
YTOUYHEeHHOe 3HauYcHue Q = 4.4,

B skcnepumente npeoGpasosarens u3nyuan rayc-
COBCKHH HMIIyJIbC BHJIa (2) co cleyrolMMi napa-
MeTpaMu: f, = 5.5 MI'u, 7= 0.8 mkc (Q =4.4). Paccro-
SHUC 110 OTpaxaTeJss COCTaBasano 14 oM, npu sTom
OTPaXKEHHbIH CHTHAJ MPHUXOJHJI Ha Tpeodpa3oBa-
TElIb TOC/IE 3aBEPUIEHHS Tpouecca U3nydenust, Pe-
3yJMBLTAThI MOKa3aHbl HA puc. 2. Ha puc. 2a uzobpa-
KEH NPOMMITL HCXOTHOTO TayCCOBCKOTO MMITYJIBCA, a
Ha puc. 20 — NpO(UIL OTPAKEHHOTO HMIIYIbCA.
dopma OTpakeHHON BONHBI HAXOAHTCH B XOPOLIEM
COOTBETCTBHH C MNPEACKA3AHUAMHA NPUOTHAKEHHON
(popmynbl (4). Kak Oyger nokazaHo Hmke. 6onee
TOYHbIH PacUeT AaeT NPaKTHYECKH UACANTBHOE COOT-
BCTCTBHC C 3KCNEPUMEHTOM, AMINUTYlAa OTPaxkeH-
HOrO CHrHa/la yMeHbluaeTcs npuMepHo B 1.6 paza no
CPABHCHHUIO C aMILTHTYOH HCXOJHOrO HUMIYJIbCa, a
TTATEJIbHOCTh YBEIHYHBAETCA NMOUTH B 3 pasa.

[IpuHATBIT OTpaKeHHbIH CHrHAT OUU(MPOBBIBAI-
¢, 0Opalanca BO BPEMEHH, H €0 aMILIUTY/AA VBe-
JAHYHBATACH JIO AMIUTHTY[bI HMCXOJHOTO CHrHANA
(puc. 2B). [Tocae 3TOro nonyvYeHHbIH CHCHAT BHOBD
H3JTyYalcs U, [oCjIe TOBTOPHOTO OTPaXKEHHs OT Mia-
AKYCTUYECKHWUH KYPHAI Ne 2
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CTHHDBL, NPHHAMAJICS NpeodpasosareneM. Pesyabrar,
¢ YUETOM IBYKPATHOrO YMHOXKEHUS Ha aMITHTYHO-
JACTOTHYIO XAPAKTEPHCTHKY CHCTEMbI, PUBLCTICH Ha
pirc. 2r. Kak BUAHO, CHTHAN YKOPOTHIICH, H €ro thop-
Ma 0KA3a7iachk HAEHTHYHOH (popME UCXOIHOTO rayc-
cOBCKOro uMnyinbca. TakuM oOpazom, yaajaoch Jo-
OUTHCA KAK KOMIIPECCHH € MOJIHBIM BOCCTAHOBJICHIN-
eM (pOpPMBL CHUTHANA, TaK U YBCJHYCHHS MUKOBOTO
nasneHusi B curHane B 1.6 pasza. CnefosaTenbHO,
BOJIHOBBIE MPOIIECCh] B HCMOIB3YEMOU CHCTEME neH-
CTBUTENLHO ObITM HHBAPHAHTHBI OTHOCHTEIBLHO H3-
MeHEeHHUs 3HaKa BpeMeHH.

Mns HE3aBUCUMOH IPOBEPKH pE3yAbTATOR aKyC-
THUECKUX H3MepeHui (hopMbl CHIHATOB ObLT NPOBC-
N€H ONOJHUTEbHbBIN IKCHEPUMEHT € UCIONR30Ba-
HUEM ONTHYECKOH BH3YaNH3aUHUH UCCICAYEMBIX HM-
MyJILCOB LLTHPEH-METOAOM (meTonom Tennepa) [16].
15 VMEHBIICHNST ONTHYECKUX abeppalii (pOpMH-
pOBaHHE MapayeIbHOTO MyYKa CBETA U €T0 thokycu-
POBKA OCYLIECTB/ISINCH C MOMOUIbIO [IMPOKOANEP-
TYPHBIX NApadONMYECKUX 3epKal. B KauecTBe HC-
TOUYHMKA CBETAa HCIONL30BANCA AMONHLIN Ja3ep,
KOTOPBIl CO3MlaBal KOPOTKAE CBETOBLIC BCMbILIKH
nnuTeabHoCcThio 10—100 HC CHHXPOHHO € yIBTPa3By-
KOBBIM CHFHATOM. B TeueHne Takoi KOPOTKOH IO
CBETKM aKyCTHUECKAas BOJIHA CIBHTANAChL HA pAcCTOA-
HHE, MHOTO MEHbLIEE TUHBI BOMHLI, ITO3TOMY LITH-
peH-u300paKeHne MOKa3bIBano “3aMOPOKEHHYIO
KQPTHHY YAbTPa3BykKoporo noins. COOTBETCTBYO-
liee u300pakeHue HaOdMOAANOCh ¢ NOMOLIBLEO und-
popoi BuieoKaMepbl. Ha pHc. 3 noKasaHb! IBE TAKHX
kapTuHku. Ha puc. 3a MOKa3aHo TEHEBOE U300pake-
HUE JUIHHHOrO ABYTOpOOro HMMITyJbCa, pacnpocTpa-
HSIOLIErOCs CBEPXY BHU3 B HAINIPABISHNH OTpaxkare-
ng (cuuzy). OT4eTATUBO BHOHBI HE TONBKO 00JIacCTh,
3aHATasA VALTPA3BYKOBBIM CHTHAIOM, HO H OTACJIb-
Hbie BOJNHOBblIE (hppoHTHL. Kak u Opeanonaraiochb,
(hPOHTBLI HMEIOT BHJ NPSMBIX YHaCTKOB, T.€. B IpEfie-
nax TPaHMI] MyuKa BOJHA ABIAETCA [LIIOCKON. Paccuu-
TAHHOE paclipefe/leHne aKyCTHUeCKOro NaBleHus B
NpoCTpaHCTEE MOKa3aHo crnpasa. Ha HioKHEM pUcyH-
Ke MoKazal TOT Ke caMbIi CUIHaJl, HO YXKe nocjie OT-
paKeHHs OT HArpPy>KeHHOH Ha BO3JyX candHpoBOH
nnacTuHk, Ternepb OH yKe pacnpocTpaHAcTCA CHH-
3y BBEpX. [ 1aBHBIM PE3YNALTATOM ABISACTCA TO, HTO
OTPaKEHHBIH HMIYNbC JeHCTBHTEIBHO YKOPOTUJICA,
KAaK U npejicka3biBaeT pacueT ((popMa BOJHBI Cripa-
Ba). TakuMm 00pa3oM, MOATBCPXKAAETCA thakT KOM-
MPECCUH CHTHAJNOB NMPH OTPaXKeHHH OT OIHOCJTOHHOH
CTPYKTYPHL.

TEOPETUYECKAA MOJEJD OTPAXEHWA
OT MHOTIOCITOUMHOM CTPYKTYPbI

[TpuBenenHblil Bbilile aHANIH3 OTPAXKEHHUA OT -
HOIl MAACTHHBI MOKa3all, 9TO JaXe B 3TOM MPOCTOM
cryyae juid Haxokaenusi (popMbl OTPAXKEHHOH BOJI-
HBI TpeOyeTCsl NPOBOUTL CYMMHPOBaHHE DECKOHEY-
HBIX DANIOB, a NpEACTaBleHHE C HCIONb30BAHHCM

2 AKYCTUMECKHWH XKYPHAIT Tom 53 N2 2007

Nagnenue, OTH. 1.
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Puc. 2. PesvianTaThl 3KCOEPHMEHTa ¢ OAHOCTORHON
CTPYKTYPOIi: (i) HEXOMHBIH IMIYILE: (0) MMIYILE, NOJTY-
YEHHLIA B PE3YILTATC OTPaKCHEA HMITY.TRCA {a); (B} UM-
MyJibe, MOJYIEHHBIA W3 HMITYIbCa (D) B NOCIE €T oOpa-
MEeHHd BO BPEeMeHM U YCHIIEHHS 10 VPOBHA HCXOAHOTO
crruana; (r) CKOMNPeCCHPOBANHLIH HMAVIILE, MOJY4CH-
HhIil B PE3YJILTATE OTPAKCHHA HMIYIIBCA (B).
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Puc. 3. Tenesbie n300pakenns IMNyJiLea B IKCnepuMen-
T¢ 10 KOMIPECCHH € HCNOAL3OBAHHCM  OJIHOCIONHOM
CTPYKTYpPbI: (a) A0 orpaxenns, (6) nocie oTpaxeHus.
CTpesiki noKasbiBaloT HanpasicHHe pacnpocTpaHeHus
HMIYJbCa; oTpaxartenb HaxoanTes cuusy. Ha sBeraskax
ClpaBa Juis CpaBHCHHA NPHBEEHA TEOPETHYECKH pac-
cuuTannas (popMa COOTBETCTBYIOIIMX HMIYJILCOB.

AHATTUTHYECKHX (PYHKIMA BO3MOXHO JIHIIL NPpHOIN-
AKEHHO. B TO Xe BpeMsi cnekTpaibHOE OMHCAHHE
OKasbiBaeTCA 0oJiee MPOCTBIM, NOCKONBKY B Cllyyae
FAPMOHHYECKHX BOJIH (DOpMa BOJIHbI TIPH €€ pacnpo-
CTPAHEHHH B CJIOUCTOH CTPYKTYpPE HE MEHSIeTCs, W
MO3TOMY NPOLECC OTPAKEHUA MOXKHO XapaKTepH30-
BaTh KO3(ppuumeHTOM OTpakeHuss R(®) a1 KOM-
JIEKCHOH aMmuTyabl. B ciyuae opHol nnactHHbl
BbIpakKeHue Juist Koa(ppuupmenta orpakenns naercs
(hopmynoii (1). B ciiyuae Gonbinero Konndecrsa clio-
CB PEUHICHHE MOXKET ObITh NOCTPOEHO ¢ HCNOJb30BA-
HHEM MeTO/Ia nepexoanbIix matpuil [17]. O6mas cxe-
Ma pacueTa (POpMbI OTPAKEHHOIO CHIHAJA CTPOUTCS
CTaHapTHLIM O0pa3oM: CHavala pacCUHTBLIBACTCS
CNIEKTP NajIaloIero CUrHana, 3aTeM NPOBOJNTCH pac-
HET CNEKTPa OTPAKEHHOrO CHrHAJIa ¢ HCNOJAb30Ba-
HHEM U3BECTHOTO R(®) 1, HAKOHEIL, nocsie 00paTHOro
npeoOpaszoBanust Pypre nonyvaercs opma orpa-
ACHHOH BOJIHBI.

Caeayst METOJly NEPexXOHbIX MAaTpPHIl, PaccMOT-
pPUM  TIpOLECC  PACTIPOCTPAHEHHS TAPMOHHYECKOH
BOJHBLI B MHOrocnonnon cpeue. Ilyers n — Homep

¥ P
caos, a P, m P, — KOMIUIEKCHBIE aMIUITHTY/Ibl BOJH,

PaCnpoCTpaHAIOIIMXCA BNPaBO M BJIEBO, COOTBET-
CTBCHHO (puc. 4). 3HaYeHUss aMIVTHTY)L 3a/1al0TCH HAa

[MOHOMAPEB u jsip.

I1aCTHHA

MJIACTHHA

BO3YX

MJACTHHA

Puc. 4. Bup orpaxkaiomein MHOroconnoi CTPYKTYPHI |
ODO3HAYCHNA, MCTIONB3OBAHHBIE TIPH YHCICHHOM MOJIE-

JAHPOBAHWN.

npason rpanuue cnod. [Ing amnauryy B JIBYX COCEJ1-
HHX CJIOSX 3AMHLIEM MATPHYHYIO CBSA3b:

P

p-

“~p g - |

) =

-I‘.H

n-1\

' exp(—ik, h,) =

-

P+

= Mﬂ—l.u '

-

p-

L]

Mn—l.n =

(3]

Exp{_ikﬂhﬂ) :" ; :" = Elp{ ‘;kﬂhﬂj

.
-

Lexp(ik,h,)

] +

rne My_1,n — MaTpHila nepexoja, 3aBucAllas OT
AKYCTHYECKHX HMIICIAHCOB Z,, CKOPOCTEH 3BYKa ¢, H
TONMH h, cnoes, k, = ®/c, — BOTHOBOE YHCIO, () —
IHKJIHYECKas 4acToTa. 3anucaB COOTHOIIEHHS BHJ1A
(3) Anst BCEX CNOEB, NoNyYaeMm, 4To najgaromas u oT-

paxkeHHasi BonHa B Bojie ( Py 1 P, ) n najaiomas 1 oT-

+ -
pakeHHast BOJIHA 3a BCeMH muacTuHamu (Py u Py)
CBA3aHbI MATPHYHBIM COOTHOILEHHEM:

Py
Py

oy n'i":

My My

+
P_Il.l'

. (6)
Py

rie noanas Matpia nepexoga M = [|m,|| naxomires
NOCACAOBATEILHBIM NEPEMHOKEHHEM MATPHIL [IEPEXO-
na seex cnoes: M = Moy M >.. My o n \My_ 1 n.
3ameTuMm, uto N = 2N, — yeTHoe uncno, rje N, — 00-

wee konnuectso naactun. Iyers R, = Py/Pl =
= (Zioad = I Zpoaq + 2y) — KOIPPUUMENT OTPaKEHNS
OT NOCAEHEN FPaHuUbl pa3jena, 2,,,, — aKycTH4e-
CKHH MMIIC/IAHC CPejibl, HAXOSALIEHCS CrpaBa OT 10-

caenHero cnos. M3 coornomenuns (6) BbIpaxaeTcs
HCKOMBIH KO3(D(PHUMEHT OTPaXKeHHs OT CIOHCTOM

AKYCTHYECKHMH KYPHAII
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crpyKTyphl: R = Po/Py = (my + Ryuampn)limy, +
+ Ry M y2). B HacTHOCTH, B pacCMAaTPHBACMOM HaMH
cnyuae BO3AYIIHOH HArpysku i,y = 0 noayuyum
R,uq = —1. OTKYA R = (my - msy)/(my, — my,). Hpn
JOCTHPOBKE CHCTEMbI B IKCIEPHMEHTE HCNOJIb30Ba-
10Ch TaKK€e HAarpyXxeHHue nocjeHero cios Ha BOJY
JUTH HA TOJNCTbIN METAIHYECKHil cnon. B aTom cny-
yae pacueThbl MPOBOJAMINCE € HCMOIB30BAHHEM COOT-
BETCTBYIOIIETO aKYCTHYECKOTO UMITEIAHCA Ty

[Tpn ynCIEHHOH peann3alui ONMCAHHOrO BbIIIE
ANrOPUTMA HCCIIElyeMble CHTHAJIbI 3a/IaBAINCh Ha
KOHEUYHOM BPEMEHHOM HHTEpBaje, JUIHHA KOTOPOro
T Oblna JOCTATOYHO BeNAWKa., 4TOObI NMEPEXOJHbIC
NPOLECChl YCNENn 3aBepUINThCA, T.€. HA TPaHMIAX
pHTepBana curaan obun 6an30K K Hymo. Ha ykasan-
HOM WHTEpBAJE HENPEPLIBHbIA CUTHAN 3aMCHSAJICH
MCKPETHBIM CHIHAJIOM C 1HAroM JIHCKPETH3AIHH At
MHOIO MEHBIIHM [EPHOJIa CAMOH BbLICOKOH M3 HC-

nosab3yeMbix yactor. [Ipn nepexojiax OT BpEMEHHBIX

CHFHAJIOB K CHEKTpaM H 00paTHO HCHNONAb30BaJOCh
opicTpoe npeodpasosanne Pypbe. Tunuunbie 3Ha-
qeunst T n At cocraasiiu cootBeTcTBeHHO 500 MKC H
[0 HC, KOMMYECTBO HCCAEYEMbIX MIACTHH IOCTHTAN0
N. = 15. Anroput™ H COOTBETCTBYIOLIAs POrPaM-

Ma, HanHcaHHas Ha s3bike Delphi, no3sonsiin Ha nep-
COHAJILHOM KoMmnbioTepe Pentium 4 paccHuTath
OJIMH aKT oTpaxenus 3a 1-2c.

ONTUMUBALIUA [TPOLLECCA
KOMITPECCHUH

3ajaua  YBEJAWYEHHS AMIUTHTY/Ibl OTPaXKE€HHOM
BOJIHBI 34 CUET €€ KOMIIPECCHH MOXKET ObITh MOCTAB-
neHa CaeayiomuM 00pa3oM: NycTh aKyCTHYECKHH HC-
TOYHHK MOCBUIAET B Cpefy cHruan p,, (1), MHKOBOC
JHAYECHHE JIABJICHHS B KOTOPOM HE MPEBOCXOAUT HE-
KOTOPON BEJHYHHBLI A, . a JAUTENBHOCTH CHIHANA
T,,. MOXKeT ObIThb KaKoil yrofio 6oabioit. Tpedyercs
CO3/1aTh TAKON CJIOHCTO-HEOJJHOPOAHBLIN CIIOH, MPH
OTPAXKEHHH OT KOTOPOro MHKOBOE JABJICHHE COOT-
BETCTBYIOIIETrO CHrHaga p,, (1) yBeJaunuuTcs 10 3aj1aH-
HOMH BeJMYHHbI A, @ JVIHTENBHOCTD YMEHBIIHTCH 10
Besinunnbl T, [IpuHIHIHANBLHOE pelIeHHe 3aatin
HAXOJINTCS MPOCTO, €CJIH HCCTEyeMast CHCTEMA HHBA-
PHAHTHA 1O OTHOLIEHUIO K Onepauun H3MEHCHHS
3HAKA BPEMEHH: HCKOMBII CAOHCTO-HEOAHOPOAHbIN
CION JTOJIKEH ObITh TAKHM, YTOOBI IMPH MOCLUIKE HA
HEro KOPOTKOro curHana p, (1) ¢ NHKOBbIM JIaBJICHH-
eM A,,, H JUINTENLHOCTBIO T, OTPAXKEHHBLIH CHIHAJ
Pin 1) MMEN MHKOBOE JIABJIICHHE, HE MPEBOCXOAsIICE
A,,.. Hem menbiie OyeT aMmanTya OTPaXkeHHOro
cHrHana, Tem doJsiee BbICOKHM OyjieT Koahpuumuenr
yeunennst K = A, /A, npH nocbuike 0OpamieHHoro
BO BpeMeHH cHrhana. J/IamTeabHoCTh curHana T,
[P 3TOM, KaK BHIHO, POJIH HE HIPACT: MNIAaBHOE, 1TO-
Obl B npepenax 3TOH JUIMTENILHOCTH CHPHAN MOr
ObITh 3aperucTpupoBan. OHAKO HA MPAKTHKE H3J10-

AKYCTHYECKHUH KYPHAI Ne 2
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JKEHHOE BbIILE MPOCTOE peuieHue npu OoNbUINX T;,
nepectaeT ObITh CIPABE/UINBbLIM, MOCKOJbKY 3HAYH-
TeIbHbLIM OKa3bIBAETCHA H PACCTOSAHHE €T, POXOJIH-
MO€ BOJIHOH B MHOTOCJIOHHOH CTPYKTYpE B Npouecce
ee OTpaXkeHns (¢ — CKOpOCTb BOJIHbI). C yBEJIHICHHEM
MPOHAEHHOTO PacnpoOCTPAHCHHS HEN30eKHO BO3HH-
KAlOT MOTEPH IHEPrHH BOJHbI, H CHCTEMA NEpecTacT
ObITh HHBAPHAHTHOH K W3MCHCHHIO 3HAKa BPEMCHH.
CnepoBaTenbHO, JIONOJHNTENbHBIM TPEOOBAHHEM 5B~
ASeTCs JIOCTIDKEHHE MCKOMOro koagguiuenTa ycn-
nennst K npu Kak MOXKHO MEHBILIEM 3HAYUCHUH JUTH-
TEJLHOCTH T, .

PE3YIbLTATBI MOJIETIMPOBAHWA

OnucanHas BbIlE YHCACHHAs Mojenb Oblia uc-
MOJIL30BaHa JUIst pacueTa CIOMCTbIX CTPYKTYP, M03-
poasiioux aoctnyub 3¢ dekTnBHoi Komnpeccun. B
KAYeCTBE CHrHAJIA, KOTOPBIN TpeOOBaJIOCh NOJYYHTh
B pe3y/ibTaTe KOMIIPECCHH, PACCMATPHBAJICA PaiHo-
HMIYJILC € TayCCOBCKOI ornbatoiei sujia (2). Jlan-
TENBLHOCTH UMITYJILCA XapaKTEePH30Balach KOJIHIECT-
BOM MEPHOJIOB OCHOBHOI 4acTOThI (J, YKIA/bIBAIO-
HUXCH B (pejiefiaX XapakKTePHOH JIUTEIbHOCTH
uMnyabea T — oM. opmyay (3). Ecan senuuanny O
cuMTaTh 3aJlaHHOM, TO 3ajlaua MoHcKa HeOOXOAUMOH
JUISE KOMIIPECCHH CJIOMCTON CTPYKTYPbl CBOJHTCS K
HAXOKIEHHIO MAKCHMAJIBLHO BO3MOXHOro Koa(gu-
IHEHTA YCUICHHS 110 aMIUTHTY/IE # TOrO KOJHYECTBA
JACTHH, KOTOpOoE TpedyeTcs Uist JOCTHAKEHHS ITOrO
yeunenns. [TapameTpamu OTpaxaioueH CTpyKTypbl,
KOTOpbIE NMOAOHPANHChL MPH €€ KOHCTPYHPOBAHHH,
SIBJISUTUCH PACCTOSHUS MEAKJY TUIACTHHAMU H MX TOJI-
muHa. Marepuan nIacTuH CYMTAICA 3a/IaHHbIM, Tak
KAK MUIABHOE W3MEHEHHE COOTBETCTBYIOIIHMX napa-
METPOB TPYHO OCYHIECTBUTH HA NPAKTHKE.

3aMEeTHM, YTO CTPYKTYpa OTPaKEHHOrO CHrHaja
TAKOBA, YTO HAUANO CHrHala popmupyeTces OnnxKan-
WHMH K peo0pa3oBaTeslio CIOSAMH  OTpaKalolen
CTPYKTYpPbI, D0Nee ylaneHHbIC CJIOH IAI0T BKJIAJL NO3-
ke. OCHOBBIBAsICH HA 3TOM, HaMH ObL1 BLIOpaAH ciiey-
JOLLHIT ANIFOPHTM MOCTPOEHHst CTPYKTYPbI. Tloguepk-
HEM, YTO OMHCAHHBIC HHJXKE [IArH BbLITMOTHAKOTCH B
paMKax YHCICHHON MOJICIIH.

Cuauana paccCMaTpHBAETCH OTPAKEHHE rayccos-
CKOro CHrHajla aMIuiuTyflbl A, € XKeJlaeMbIM KOJIH-
YeCTBOM IUKJIOB ( OT NOJYBOJHOBON IUIACTHHBI, Ha-
rpyKEHHOI (crnpasa) Ha BOAy. OTpaXkeHHbIH CHIHAT
NPH 3TOM HMEET MEHBIIYIO aMIuTyay Ay u 00Jb-
Y10 UITHTENBbHOCTE. Ero (hopma nMeeT BUJL ABYTOp-
6oro” curHazna u NPUOJMKEHHO ONUChIBaeTCs (hop-
mynoit (4) npu Ry, = (29— 229+ 2) = —R,. Ha 3TOM
Jrane JAeaaeTcs BbIBOJ O MAKCHMAJNILHO BO3MOKHOM
K0a(hhHIHENTE YCHIEHNS CO3/1aBACMON CTPYKTYPbI:
oH paBeH Ay/A,. Hen3BecTHbIM OCTACTCS HeOOXO/H-
MOE KOJHMYECTBO MJIACTHH H X MapaMeTphbl.

Jlanee nmuacTHHA HArPYAKaeTCs HA BO3YX, M aHAa-
NU3HPYETCs MOMYUMBIIHICSA NPA 9TOM CHrHAN. Ecau
B 9TOM CHTHAJIE HE BO3HHUKAIOT “BbIOPOCHI € AMILIH-

2%
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Puc. 5. (a) 3asucumocts KO3(PPHUHEHTA MAKCHMATBbHO-
'O YCHICHHA OT INIHTENBHOCTH YCHIHBAEMOTO HMITYIILCA
(KOMHYeCTBa NepHoos N);

(D) 3aBHCHMOCTBL HEOGXOHMOro KOJWYeCTBa JIACTHH
NS JOCTHAEHNA YKa3aHHOTO YCHICHHUS.

TYHo# Oonbiue A, TO KOHCTPYMPOBAHHE OTpaxKaK)-
IeH CTPYKTYPbl Ha 3TOM 3aKAHUHBAETCH, TaK KAaK
NOOABICHUE HOBBIX TUIACTHH HE [ACT VIAVYILEHUS
yCHTUTEIBHBIX CBOHCTB [PU OTPAKEHAN HHBEPTHPO-
BAHHOTO BO BpeMeHH curHana. Ecnu ke cunbHble
BbIOPOCHI UMEFOTCH, TO IeaeTcs BbIBOJ O HEOOXO[H-
MOCTH JJ00aBJICHUS BTOPOH MNIACTHHBI ISt HX MOIAR-
nenus. Bropas nnacruHa BuiGupaertcs PaBHOH TIO
TOJIUIMHE NEPBOH [JACTHHE W PACHONATAETCH KakK
MOXKHO OMMIKE K Hell, HO HAa PACCTOSIHHU, HE MEHhb-
IEM JUTHTETBHOCTH HCXOOHOIO HMIVJILCA: TONBKO B
2TOM CIIYHAaC OTPaXKCHHE OT BTOPOH MJIACTHHBI Ta-
PAHTHPOBAHHO HC M3MCHHUT AMIUTHTYAY A, NEepBOTO
BbiOpoca. Ilpu BEENEeHMH BTOPOH MIACTHHBI OTpa-
KEHHBIH CHIHAT JOMOJHHATENBLHO HCKAZUTCH, HO, TIO-
CKOIBKY 9aCTOTHAS MOJIOCA €€ NMPONYyCKAHHS COBIIA-
Ja€T C MOMOCOH NEpPBOH NIACTHHBI, BO3HHKAOIIHE
BBIOPOCET OYAYT UMETH AMILTHTYY A> MEHbLIE A, (ec-
TN 3TO HE Tak, TO MIACTHHA HAXOAUTCH CIHIIKOM
ONIU3KO K MepBOi [aacTuHe, T.e. TpedyeTcst yBenu-
THTH COOTBETCTBYIOLIMH 3a30p). 3areM NpH Heus-
MCHHOM TIOJIO’KEHHH ITACTHHBLI €€ TOJLIMHA He-

CKOJIBKO H3MCHACTCS, HAPUMED, YMEHBLIACTCS. TeM
CaMbIM IITACTHHA BLIBOJUTCS U3 MOMYBOIHOBOrO pe-
30HAHCA U, KaK CIeACTBHE, KO3 DUIHEHT oTpaske-
HHA OT HEC YBECIMUYHMBACTCHA. M3MeHeHne Tonumupl
[MPOOJIKAETCA 10 TeX MOp, MOKa aMIUTUTYAA Bbi-
Opoca A, He BeIpacTeT 10 AMILTUTYIBI IEPBOIrO Bbl-
Opoca A,. ITocne sToro Bropas niacruna HArpPyxKa-
CTCA Ha BO3NyX. Eciu B coorBeTCTBYIO1IEM npocpune
BOJIHBL BCIICT 33 MTHKOM A, HE NOSBIAIOTCH BbIOPOCHI
OoaLLIIeH AMILUTHTY[IbI, TO KOHCTPYHUPOBAHHE CHCTE-
Mbl 3aKaH9HBaeTCA. B npotusHoM cnyuae npouesy-
Pa NpoOAOJIZKAETCA aHATTOMHYHBIM 00pa3zoM: 100aBs-
€TCA TPEThS MNACTHHA U T.JI.

OTMETHM, YTO W3NOXEHHBIN BbILIE ANTOPUTM
[TO3BONACT PeryJIsipHbIM 00pa3oM nogodpars napa-
METPbI OTPAXKAKILIEH CTPYKTYPbI, CIOCOBHON 06ec-
NEIHTEL 3aJAHHOE YCHIICHNE AMIUTHTY/IbI OTpaskeH-
HOU BOJIHBI C MCIIONB30BAHUEM MAJIOTO KOJHYECTRA
nIacTui. B npuHuune, npu uyte Gonee KOMNAKTHOM
PACIIOJIOKCHHN MNNACTUH MOXKHO JOOHTBLCH TOTO Ke
YCHIEHHA € HCTIONTB30BAHHEM HECKOIBKO MEHbUIETO
Komu4decrsa maactul. OHAaKO NMpPH 3TOM CBOMCTBA
CTPYKTYPbI CTAHOBATCS OYEHb YYBCTBHTENLHBIMH K
PACCTOAHUIO MEXAY ITACTHHAMH, NpHYEM HeGOMb-
IO€ H3MCHEHHE pacCTOAHMSE MM CKOPOCTH 3BYKa
MOXKCT NOJTABUTH YCUIHUTENbHBIE CBOUCTRA. YEro cTo-
HT H30€erath Ha NpakTHKE.

Ha puc. 5a nokasana 3aBucumocTs Koahunen-
Ta yCHJIeHUs, PaCCYUTAHHOTO N0 ONMUCAHHOMY BbILLIE
aJITOPUTMY, B 3aBHCHUMOCTH OT KOJHUYECTBA MEpHO-
OB () B CUTHAale, KOTOPbIl [ITaHUPYyeTCcd NOMVYNTE B
pPE3YNbLTATE KOMNpecCcHd. Kak BUIHO, yeM nmnHHHee
[IONY4aeMBIH CHTHAJ, TeM OOMBIIEro YCHIEHAS AM-
MIUTYABL MOKHO n100uThesa. Kak yxke orMedanocs.
5Ta OCOOEHHOCTE CBA3aHA C PE30HAHCHBIM XapakKre-
POM OTpaKeHHs OT IOJYBOJHOBBLIX IJIACTHH: 4YeM
AJTMHHEE CHUTHAJM, TEM YK€ €ro 4acTOTHAS NOJOCa W
TeM Oonee cnabbIM ABISIETCA OTPAKEHHE OT OTENb-
HOU MNJTACTHHBI, T.€. TeM OGoJee NIUHHBIM MOKET
ObITE KOMOPECCHPYEMbIEH CHTHAL.

Pucynok 56 npepcraBnsier pesyabraTtsi pacueTa
KOJHYICCTBA NNTACTHH, TPeOYEMOTO AT HOCTHXKEHUS
YCHIICHUS AMIUTUTY[bL, ITOKA3aHHOTO HA pHC. Sa.
Kpusast He sBasiercss nnaBHOi: 5T0 oOBsCHSETCS
TEM, YTO KOJHYCCTBO MIACTHH MOXKET ObITh JHUIbL
UCJBIM IHCIOM. BpIOpocsl B okpecrHoct Q = 5 g
0 = 25 o0vcinoBnenbl HCKOTOPOH HEOTHO3HAUYHO-
CTBIO B BbIOOPE KONMYECTBA MIACTHH, OIHAKO COOT-
BCTCTBYIOLIEE OTKIOHCHHE HE IPEBRINIACT €UHNIIDI.

KOMIIPECCHUSA UMITYILCOB
C NCITOJIbBOBAHUEM OTPAXATEIY
M3 TPEX ITINACTHUH

B sKcnepuMeHTax ¢ ofgHON naacTHHOI yIanoch
AOCTHYb YCHIICHHS 1O aMnnuTyae B 1.6 pasza. Cornac-
HO pacueTaMm. NPUBEIEHHBIM Ha PHC. 5, C pOCTOM KO-
AUYCCTBA MIACTHH MOXKHO JOOHTLCS OOIBIIETO
ycunenus. B gacTHOCTH, [IpH HCMmONb30BAHAH Tpex
AKYCTUYECKHWHU KYPHAII Ne2 2007
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IACTHH aMILIHTYa CUMHAJNa MOKET ObITh yBeIu1e-
ia Gofee, ueM B 2 pasa.

Tpexcnoiinast CTPYKTypa co3aaBajach U3 TAKHMX
ke canpUpOBBIX IUIACTHH, KaK U B 3KCNEPHUMEHTE C
onHol acTHHON. TONUIMHBL MACTHH COCTABJISIIH
098 099 u 1.00 mm. [InacTuHbl OTIMYANUCH IO
TONIIAHE, UTO MO3BONSAIO UM OTPaXKaTh pa3iuyHbIC
yaCcTH CHEKTpa Najaloliero curhana. PaccrosHus
MEIKJIY TUTACTHHAME COCTABJSLIU 6.8 MM H 7.5 MM, T.€.
oGWas  TOMUWMHA MHOTOCIOHHOH OTpaxKarouen
CTPYKTYPBI cocTapnsna menee 2 cM. TeopeTnyeck
OBITO PACCUMTAHO, YTO, HCHONL3YSA CTPYKTYpPY H3
TAKUX [UIACTHH, MOKHO IIONYUYHTE YCHICHHUC CHIHA-
na B 2.7 pa3a no aMnuutyje. Pe3yabTaThl 3KCOEpu-
MEHTa NPHUBEACHBI Ha puC. 0. BUAHO, ITO nOCAE OT-
pakeHHS KOPOTKOTO HMIylbca OT TPEXCAONHOM
CTPYKTYPBI IIPOMCXOJUIIO ero yAITHHEHUE B 10 pa3
(no ypoBHio ¢7'). YMeHblIEHHE aMIUTHTYIbI B pe-
3yNbTATE OTPAKEHHs ObIO YyTh DONbLLIE, YEM pac-
yeTHOE — B 2.8 pa3a, YTO MMOKa3bIBAET, UTO CHCTEMA
sefieT ce0d He TaK UACAJBLHO, KAaK B 9KCHCPHMEHTE C
O/IHOI TJIACTHHOH, M B HEH CYLIECTBYIOT MNOTEpH
sneprud. [Tocne oOpaineHus MONYUCHHOrO CHrHana
BO BPEMEHM M YBEJIMYEHUS €0 10 YPOBHS HCXOTHOTO
curHaja ObITH NPOU3BENEHB] €0 KOMIIPECCHS ¥ YCH-
nenue. B pesynbrare ObJIO NONYHYECHO YCUICHUE CUT-
pana B 2.3 paza M Xopollee BOCCTAHOBIEHHE €ro
thopmbl. BHIHO, YTO B KOMIPECCUPOBAHHOM CHUIHA-
ne, NOMHMO OCHOBHOIO HMITYJIkca OONbUION aMILIU-
TY/Ibl. TPUCYTCTBYIOT OOOYHbIC HMMITY/IbChI Manou
amiIuTyasl. OHU CBA3aHBI C TEM, YTO NOTEPH B CH-
CTEME HE MO3BOMSIOT B TOUHOCTH BOCCTAHOBHTH HC-
xonHyro (popmy carHana. Kak Mbl npefanosaraeMm,
MOTEpH, B OCHOBHOM, CBsI3aHbl ¢ HEKOTOPOH HeIa-
PANELHOCTBIO BCEX MNACTHH, KOTOPast IPUBOJHUT K
3HAUNTEIBHOMY HMCKAXKEeHHIO PErUCTPHPYEMOR aM-
IMTY]IbI MHOTOKPATHO INEPEOTPAKEHHBIX HMITYTb-
coB. [IONOAHUTENBHYH [MOrPEHIHOCTL BHOCHT M [IH-
(pakuusi, KOTopas He Oblna y4uTCHA IPU pacyeTe.

OBCYXJIEHUE PE3YIILTATOB

DKCNEepUMEHTATLHBIE PE3Y/IbTaThl CPABHIBATUCH C
pe3vABTATAMM YHCAEHHOTO MONEIUpOBaHusA (puc. 7).
CpaBHeHne pOBOANIOCH sl OTPAYKEHHbBIX CHIHATIOB
OT OHOCTONHOH (puc. 7a) U TpexcIonHon (puc. 70)
CTPYKTYPbI. 3TO CpaBHCHHUE MOKA3bIBACT, ITO IKC-
NepHMEHTANBHbIC PE3YALTATBI [ OJHOCIOHHOH
CTPYKTYpPbI NMOYTH HACATLHO COTTACYHOTCH C PE3YJlb-
TATaMi pacyeTa, MOJYUYEHHbIMH C MOMOUILIO MPOC-
Tefilnel MOIeaH CIOUCTON cpeibl. [1s TpeXCcnonHOH
CTPYVKTYPDBI COrnacoBaHue IKCICpPHMCHTA H TCOPHH
HE CTONL XOPOLIEE: BHAHO CYLIECTBCHHOE YMEHbIIE-
HUE AMTUTHTYAbI H3MEPEHHOT0 CHIHAMA O CPABHEHHIO
C TEOPETHUCCKH PACCUMTAHHBIM. (OCOOCHHO 3TO 3a-
METHO B 00nacTi curbana nanee 30-40 mke, Dra 00-
TACTh COOTBETCTBYET MHOTOKPATHO MEPEOTPaAKEH-
HbIM HMMIOVIbLCAM, KOTOPLIC HAnDOJIEE UYBCTBHTC b~
Hbl K HE[IE:I[JEL‘]HEJ”:HUCTH rpaHudll] H MNoABCPACHLI

AKYCTUYECKHMH XKYPHAIT  ToMm 53 N2 2007
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Puc. 6. PezynwraTel sKCMEpHMEHTA ¢ TPCXCIOAHON
cTpyKTYpoil. M300paxeHbl T¢ JKe THIILI CHTHANIOB, TO |
Ha puc. 2: (a) MCXOIHBIA HMIYALC: () OTPAKEHHBIR MM-
MyJILC; (B) 0DpallieHHbIA BO BPEMEHH OTPAXCHHBIN HM-
MYILC; (M) CKOMIDECCHPOBAHHEBIN HMITYIIRC.
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Puc. 7. CpasueHHe 3KCNePHMEHTANLHO H3MEPCHHBIX H
TCOPETHYECKH PACCUHTAHHLIX OTPAXXKCHHBIX HMITYITLCOB
I OTHOCIONHON (a) ¥ TPeXcIofHO (6) cTpyKTYD.

napakuHOoHHbIM 2(pextam. Ha nepsblii B3rasm,
CCNIM OTpaXKaTeJib HAXOOUTCA B POXEKTOPHOH 30HE
npeodpasoBaTes, TO AU paKLHs HE TOIKHA 3aMET-
HO BIHATE Ha pe3ynbTaThli. OgHAKO HA caMOM Telne
appexkTHBHOE paccTOsIHUE, MPOXONUMOE BOJIHOIL, SIB-
JSICTCA HECKONMBKO DONbIUIMM, YEM YIBOSHHOE PACcCTO-
SAHUE 10 OTPaKaIOLIEeH CTPYKTYPbI, NOCKOILKY CHTHAN
B IPOLIeCCe MHOTOKPATHBIX MEpPEeoTpakKeHnui BHYTPH
CTPYKTYPBI NPOXOAUT JONOIHHTENBHBIH MYTh. BO3HK-
KAKOLIHN H3-3a 3TOr0 JONOJHHUTENbHBII achdexT nu-
(PpaKMOHHOM PACXOANMOCTH, HAPSIAY C BIUSIHHEM He-
napaajie/lbHOCTH IUIACTHH, SBAAETCA TAKXKE [PHYH-
HOU TOTO, YTO KCIEPUMEHTABHBIE PE3YILTATHI JIs
CTPYKTYPbI H3 TpeX NIACTHH OKA3a/lHCh HECKOJbKO
OTITHYAIOMUMHUCS OT NpeacKa3aHuil OTHOMEPHOM TE0-
pPeTUYECKOH MOAETH.

SAKITIOYEHUE

[TIposepenHoe HeeneoBanne NOKA3aN0, UTO JaKe
MPH UCTTOJIb30OBAHUH NPOCTEHIIHX OJHOMEPHBIX MHO-
FOCTOUHBIX CTPYKTYP MOXKHO [JOOHTLCS 3aMeTHOro

YCUJICHUS aMIITUTY/1bl BOJHBI 34 CYET COOTBETCTBY-
FOIETO  YKOpO4YeHNsA cHrHaila. [Insg BO3MOKHOCTH
KOMIIPECCHU BPEMCHHON Npo(gmiabL CHrHAIA JOJKEH
OBITE ClieunanbHO NOJOOPAH MOl KOHKPETHYIO MHO-
FOCTOUHYIO CTPYKTYPY. DKCHEPHMEHTANILHBIE KOM-
[MPECCOPELI, COCTOAIIHE U3 OJHOH U TPEX TBEPMOTE/b-
HbIX TNAACTHH, MNO3BOJIMAM JIOCTHYL YBeIHYEHHH
AMILTATY/IBT COOTBETCTBEHHO B 1.6 M 2.3 pasa. [pep-
JOXKEH aNTOPHTM MOCTPOEHUS 3(PPEKTHBHBIX CHCTEM
KoMipeccuu. Oco0eHHOCTBI) TAKHX CHCTEM SIBIISIETCS
HE TOJBKO HANHYME HEONHOPOAHBIX CIOER, HO U CIIe-
UMATBHBIN BHIl NIPOCTPAHCTBEHHOrO paciipeneleHus
OTPAZKATEJbHBIX CBOHCTB 3THX CIOER.

Pabora Beinonnena npu nogaepxke rpantos Pd-
G (05-02-16987), NSBRI (SMS00402) u NIH
(DK43881). ABropnl npusnarenbibsl B.A. Poxkogy
3a [OMOUlb B U3FOTOBIECHHH 3MEMEHTOB 3KCIIEDH-
MEHTAIbHOH VCTAHOBKH,
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Compression and Amplification of an Ultrasonic Pulse Reflected
from a One-Dimensional Layered Structure
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Abstract—Compression of ultrasonic pulses reflected from layered structures is studied. A short pulse 1S emit-
led into water towards a structure consisting of solid plates backed with an air layer. Due to multiple reflections’
in the structure, the signal is clongated. The reflected signal is received by the same transducer and digitized.
After that. the wave is reversed in time and emitted towards the layered structure tor the second time; then. the
reflected signal is received. Due to the invariance of the processes under the time reversal, the pulse is com-
pressed by the structure: the reflected signal becomes shorter and acquires the waveform of the initial pulse.
The possibility of an efficient compression of signals is demonstrated experimentally. Numerical simulations
<how that the use of more complex structures can considerably increase the compression ratio and produce short
signals of a much higher amplitude than that emitted by the transducer. An efficient compression algorithm is

proposed.
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