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B pabore wuccrnemyercs BO3MOXKHOCTh TONYYCHHS] MMIIEIAHCHBIX TPAaHUYHBIX
yCIIOBUM  JUIsi  AUQPPAKIIMOHHOM  3amayrl 00  WM3JIYyYEeHUH  NPOTHKEHHOU
MbE30KEPAMUYECKON AHTEHHBI, HAXOMSUIEHCA B CKBaXHMHE. MCmosb3yeTcss METo
SKBUBAJICHTHBIX AJIEKTPOMEXAHUYECKUX CXEM, C TOMOIIBIO KOTOPOTO OMUCHIBACTCS
CBSI3b MEXJIy MapaMeTpamMH aHTEHHBI U MOJIEM YIPYTHUX KOJeOaHMid, CO3/1aBaeMbIM
npu u3nydeHuu. [lokazaHo, 4TO ONTUMAJIbHBIE YCIIOBHS MEPEXO0/Ia aKyCTHUYECKON
SHEPTUM M3 CKBAXUHBI B MAacCHMB B PACCMATPUBAEMOM CIy4yae, CYHIECTBEHHBIM
00pa3oM OTINYAIOTCS OT MOJOOHBIX YCIIOBUM, BOZHUKAIOIIUX TPHU HCIIOJIH30BaHUH
UJIeaIbHBIX TPAHUYHBIX YCIOBHIA.

BBEJIEHUE

[Tpu pa3paboTke CKBaXXKMHHBIX AaKyCTHYECKMX aHTEHH 4YacTO BCTAET BONPOC O IMOMCKE
ONTUMAJIBHBIX COOTHOUICHHM MeEXIy IUaMEeTpOM aHTEHHbl M XapaKTepHBIMU pa3zMepamMu
CKBAKMHBI. 3HAHHME ATHX ONTHUMAJbHBIX COOTHOIICHUH OCOOCHHO BaXKHO IPHU CO3JaHUU
CKBOKMHHBIX MCTOYHHMKOB JJII MHTEHCHU(UKAIMU PA3IMYHOTO pPOAa TE€OTEXHOJIOTHMYECKUX
MPOLIECCOB aKyCTUYECKUM TOJIEM M3 CKBaXXMH. B 3TOM cilyuae MPUHIMNHAIBHBIM SBISETCS
BBEJICHUE aKyCTUYECKOW SHEPTUU B MPOIYKTUBHBIN KOJUIEKTOP C HAUMEHBIIUMHU MOTepsMuU. B
naHHOW pabore Hac OyayT HMHTEpEecOBaTh aKyCTUYECKHE MbE30KEPAMUUYECKHUE HCTOYHUKH,
HaXOJIIHUecs B CKBaKMHE aKCHAIbHO CUMMETPUYHO M U3JTyYalolllue YIpyrue mojis B MacCUB
yepe3 KUAKUM ciaod. JIIs Takux MCTOYHHMKOB YCJIOBHE MaKCHMAJIbHOTO IMPOXOXKICHUS
AKyCTUYECKOM SHEpPruM B MAacCHUB O3HAYaeT, YTO CUCTEMa «aHTEHHa — CJOW >KMJIKOCTH —
CKBa)KMHA» HACTPOEHA B PE30HAHC.

PaccmatpuBaemas npoOiema Oiu3ka K TOM, KOTOpasi MccleAoBajiach B U3BECTHOM IUKJIIE
paboT,  TOCBSIIEHHBIX  PACIIMPEHHMIO  TOJOCHl  TPONYCKAHHUA  LUJIUHAPUYECKUX
MbE30KepaMHUECKUX MpeoOpazoBaTeiell ¢ MOMOIIbIO PA3IUYHBIX MEPEXOTHBIX CIOEB CM.,
Hanpumep, [1,2]. OcHOBHBIE XapaKTEPUCTUKHU IUIMHIPUYECKUX H3JIydaTesled B JTUX
paboTax paccMaTpHUBAIOTCS C MO3ULIMNA TOYHBIX YpaBHEHHI TEOPUHU YNPYrOCTH U 3aKOHOB
nbe303¢(deKTa, 0THAKO, B KAUECTBE aKyCTUUYECKOM HArpy3KH MPEAIonaraeTcs KuaKas cpea.

KonkperHas 3amaya pe30HAHCHOTO TMPOXOXKACHHUS aAKyCTUYECKOM HSHEPruu  OT
MWIMHIPUYECKOTO  CKBOXMHHOTO  HMCTOYHMKAa B  MAacCHB  4epe3 OKUAKUH  Cioi
paccMartpuBanach, Hampumep, B [3—5]. ABTopel pabot [3, 4] MoaenupoBaIM TOIOOHBINA
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VCTOYHHMK C TOMOILIBIO MJICATBHBIX T'PAHUYHBIX YCJIOBHUH, T. €. HA MOBEPXHOCTHU MCTOYHHKA
3aJaBaIMCh pajuaibHble cMeneHus. [Ipu 3Tom OblT cAenaH JOCTAaTOYHO OUYEBUIHBIN BHIBOJ O
TOM, YTO B JAaHHOM CJy4ae YCJIOBHE PE30HAHCHOTO MPOXOXKICHUS OJIU3KO K YCIOBHIO
IIOJIYBOJIHOBOI'O PE30HAHCA KOAKCHAJIBHOIO KUAKOTO CJOS, 3aKIIOYEHHOTO MEXAY IBYMS
aOCOJIIOTHO KECTKUMU IUWIWHIAPUYECKUMHU TpaHunamu. B [5] wMomenupoBancs —yxe
KOHKPETHBIA THUI MCTOYHUKA, & MMEHHO, KOJIBIEBOM MbE30KEpPAMUYECKUI. ABTOpPHI [5]
NPUIUIA K 33aKIIOYEHUIO, YTO TAKOM MCTOYHHK TaKK€ MOXHO MOJEIHMPOBATH WJ€aTbHBIMHU
TPaHUYHBIMU YCJIOBUSIMU M SIBJISIETCSI OH MCTOYHHUKOM JaBlieHUs. TakuM oOpa3oM, YCIOBUS
PE30HAHCHOTO TPOXOXKICHUS B [5] coBmaiM ¢ yCIOBUSIMH YE€TBEPTh BOJHOBOI'O PE30HAHCA
KOAKCHaJIbHOTO JKUAKOTO CIIOSs, 3aKIIOYEHHOTO MEXIy aOCOJIIOTHO MSATKOM M aOCOJIIOTHO
)écTkor rpaHunamu. B pabore [6] nccnenoBaiach 4acTOTHAs 3aBUCUMOCTh COTIPOTHBIICHUS
U3ITYyYeHHS! IIMIMHIPUYECKOTO MhEe30KEPaMHUECKOr0 MCTOYHUKA, pabOTAaIOIIEro B CKBaKHUHE.
K coxanenuto, aBropamu [6] He OblJIa pacCMOTpPEHA Ha JOJDKHOM YPOBHE 3ajla4ya O TOUCKE
ONTUMAJBHBIX COOTHOLICHUM MEXAYy XapakTEPHbIMH NapaMeTpaMH MbE30KEPAMHYECKOTO
U3JIydaTessl U CKBaXUHBI J1JI1 MAaKCHUMAJIbHOM Mepefadyn aKyCTUYECKOW SHEPIUHU U3 CKBAKUHBI
B MaccuB. Kpome Toro, pe3ynbrarbl paboThl [6] TpyaHO NPUMEHUTH IS WCCIICIOBAHHS
TU(HPAKITMOHHOW CTPYKTYPhI YIIPYTUX TOJIEH B MAacCHUBE, KOTOPBIC CO3/IAl0TCS MPOTHKEHHON
MbE30KEPAMUYECKOM aHTEHHOW, HAXOJIAIIEHUCS B CKBaKHUHE.

Heobxomumo Takxke OTMETHTH paboTy [7], T/e cuTyalus, CBS3aHHAs C HU3IIyYCHHUEM
MIbE30KEPAMUYECKOT0 HUIUHAPA B TBEPAOE MOIYIPOCTPAHCTBO U3 CKBAXUHBI MOJCIHPYETCS
C TIOMOIIIBIO METOJIa KOHEUHBIX 3JeMeHTOB. K cokaneHuro, aBTopaM padoTsl [7] HE ymanoch
MOJIYYUTh YJOBJIETBOPUTEIBHBIX PE3YyJIbTAaTOB JJIs BCEM MCCIECAYEMONM MMH IOJOCHI YaCTOT
W3JIy4EHHUs] [WIMHAPA. 3HAYUTEIbHBIE PACXOXKICHUS MEXKIYy TEOPETHUYECKUMHU U
9KCIIEPUMEHTAIbHBIMU JaHHBIMU HAOIOAINCh JJI YacTOT, KOTOpble OJMM3KM K 4YacToTaM
00BEMHBIX PE30HAHCOB B CUCTEME «IIMJIMHIPUYECKUI HCTOUYHUK — )KUJIKOCTh — CKBaKHUHA.

OnpIT  W3rOTOBJAEHUS M DKCIUTyaTallUM  CKBOXUHHBIX  MbE30KEPAMHUUYECKHX
HEKOMIICHCUPOBAaHHBIX aHTEHH [8] MOKA3bIBA€T, YTO YaCTOThl PE30HAHCHOIO IPOXO0XKICHUS
AKyCTHYECKOI SHEPIMH B MAcCCUB, IPHU UCIOJIb30BAHWU TaKUX MCTOYHUKOB, CYIIECTBEHHBIM
00pa3oM OTIMYAIOTCA OT TEOPETUUYECKUX, MOJIYYCHHBIX C MOMOUIBIO0 UCATBbHBIX IPAHUYHBIX
ycnoBuil. CBSI3aHO 3TO € TEM, YTO IPHU pacuy€re PEeKUMOB M3IYHEHHUs IbE30KEpaMUYECKON
AQHTCHHBl B CKBOXHWHE HEOOXOAMMO YYECTh XapakTep COOCTBEHHOTO HMIIEaHCA TaKOH
AQHTEHHBI. JTO BO3MOKHO, HalpUMEp, €CIU HACaAJIbHbIE TPAHUYHBIE YCIIOBUS MPU pacuérax
3aMEHUTh Ha UMIIEJIAHCHBIE.

B nanno#i pabore mbe3okepaMuyecKash aHTEHHA, M3Iydaromias W3 CKBaXKUHBI B MAacCUB
yepe3 JKUIKUM KOJIBLIEBOM CIIOM, MOZCIHPYETCS C IOMOLIBI0 HU3BECTHOTO METOJa
SKBUBAJIECHTHBIX 3JIEKTPOMEXaHUYECKUX CXEM. DTOT METOJ JAET BO3MOXKHOCThH MOIYYHUTh
npuOMMKEHHBIE, HO JOCTAaTOYHO 3()PEeKTUBHBIC, WMIICAAHCHBIE TPAaHUYHBIC YCIIOBUS, U B
nanpHemeM copMyaupoBaTh JU(PPAKIMOHHYIO 3a1ady 00 W3Iy4eHHH U3 CKBAKHUHBI
YIPYTUX BOJIH B MAaCCHB C ITOMOIIBIO MPOTHKEHHON MbE30KEpaMUUECKOi aHTeHHBI. B paboTe
MOJIY4€Hbl TAK)K€ COOTHOIICHUS MEXKIY XapaKTepHBIMHU IapaMeTpamH IMbe30KEepaMUUeCKOM
AQHTEHHbl M CKBAXXHMHBI ONTHUMAJbHBIE [JII MAKCHUMAJIbHOIO TMPOXOXKIEHUS aKyCTHYECKOM

DHEPIrUH B MACCHUB Y€pe3 KUJKUH CIION.

O. A. KacbaHoB
06 ocobeHHOCTSIX paboTbl HEKOMNEHCMPOBAHHOM NMbe30KepaMmMYeCKon aHTEHHbI B CKBaXXUHe
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I[TOCTAHOBKA 3AJJAYU

Paccmorpum  cnenyrongyro  moaenb. Ilycth B
Oe3rpaHMYHONM M30TPOITHON OJHOPOJHON yNPYyroi
cpene HaXOIUTCS OeckoHeUyHast KpyroBast

HUIMHIPUYECKAs IOJOCTh PAIUycoM 7,, KOTOpasd

3aIll0JIHEHA HIOCALHOU COKUMAaeMOM JKHUIKOCTEIO.

TBépmas cpena XapakTepU3yeTcs IUIOTHOCTBIO P,

IIPOJOJIBHOM CKOPOCTBIO 3BYKa C,, IIONEPEUYHOU

CKOPOCTBIO 3BYKa C,, YIPYTUMH MOIYIsIMH A U U,

Prc.1 IS KOTOPBIX BBITOJIHSIOTCS U3BECTHBIC

COOTHOmIEHUS: [ = p.c,’, A+24=p,c,”; KUIKOCTH
XapaKTePU3yeTcsi CBOCH IUIOTHOCTBIO P, W CKOPOCTBIO 3Byka ¢,. B momocru
OCECHMMETPUYHO HAaXOAWTCA NPOTSHKEHHAS IbE30KEpAaMUYECKass AaHTCHHA C BHEIIHUM
paanycoM 7; U BHYTPEHHUM PaJUyCOM 7;, T€OMETPUS KOAKCUAIbHOW CHCTEMBI «@HTCHHA —
KUAKUN CIOW — MaccuB» NpencTaBieHa Ha puc. 1. Ilpe3okepammka, U3 KOTOPOHW COCTOUT
AQHTCHHA, XAPAKTEPU3YETCS IUIOTHOCTBIO 0., CKOPOCTBIO PACIPOCTPAHEHUS MPOAOIBHBIX
BOJIH B CTEPXKHE C| , TIHE302IIEKTPHYECKUM MOJYJIEM d;, M MOIyJieM THOKOCTH s, . Cuutaem,

YTO MbE30KEPAMUYECKasi aHTEHHA COBEPIIACT OCECHMMETPHUUYHBIE KOJIEOaHUs, TOISPU3ALUIO
NbE30KepaMHUKU  TpEANoiaraeM paadaibHOW. AHTEHHa BO30YyXJaeTcsi IepPeMEHHBIM

iot

ekTpuueckuM HanpsbkeHueM U =U e f(z), rae f(z) — HOpMUPOBAaHHOE pacIpeesieHIe

AIIEKTPUUYECKOT0 HAMPSKEHUs BAOJIb 00pa3ylomiel NpoTsHKEHHON IIMITMHAPHUYECKON aHTCHHBI.

O I'PAHMYHLIX YCJIOBUAX

Jns pacuéra ABWKEHHMS MbE30KEPaMUUYECKUX IpeoOpa3oBareieldl 4acTo HCHOJIb3YeTCs
METOJI IKBHUBAJIEHTHBIX 3JIEKTPOMEXaHUUECKUX cXeM (cM., Hanpumep, [9, 10]), xoropsrit
NO3BOJISIET BBIPA3UTh B SIBHOM BHJE CKOPOCTh JBM)KEHHUS T'PAaHUIBI MpeoOpazoBaTeis U
KOPPEKTHO 3amHcaTh IOCJIE ATOr0 TPaHWYHbIE YCIOBUSA AUQpakuuoHHOW 3amaun. OOmas

CTPYKTypa HOJOOHBIX 3KBHUBAJIEHTHBIX CXEM M3BECTHA M M300pakeHa Ha puc. 2, rae Z, —
UMIIEIAHC BJIEKTPUUECKON CTOPOHBI IpeoOpaszoBarens, Z, — MEXaHMYECKUH UMIIEJaHC
npeoOpaszoBatens, Z, — UMIEAAHC HArpy3ku, N — KO3(PPULIUEHT 3IeKTpOMEXaHUUECKON

TpaHcopMalMKA, C TOMOIIBI0  KOTOPOTO

MOXKHO TEpPECUNTHIBATh HA DJIEKTPHUECKYIO 1N zZ,
CTOPOHY MMIIEJAaHC MEXAaHHYECKOH CTOPOHBI —
npeobpaszosarens: Zo =(1/N°*)Z,+Z,) w [ Z, z,
BBIPA3UTh BHYTPEHHUN HMIEJAaHC I

npeoOpa3oBaTenss  CIEOyIOIUM  00pa3oM:

(I/Zf1)=(1/Ze,)+(1/Z;’)_ Puc.2

O. A. KacbaHoB
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JI71s1 HEKOTOPBIX CIydaeB KoJieOaHUH pagraibHO MOJISPU30BAHHOTO OECKOHEUHO JUTHHHOTO
HWJIMHAPA U3BECTHBI TOYHBIE YKBUBAJICHTHBIE 3JIEKTpOMEXaHWYeCcKue cxeMbl [11], koTopbie
BECbMa CIJIOKHBI M HEYIOOHBI ISl MCIOJIB30BAHUS HA MPAKTHKE, HO HA MX OCHOBE MOYKHO
MOJIYYUTh JOCTATOYHO TMPOCThIC MPUOTMKEHHBIE SKBUBAJICHTHBIC CXEMBI, HAPUMEp, MPH
YCJIOBUM MAQJIOW BOJIHOBOM TOJIIMHBI CTE€HKWM UuiauHApa [9-11], 4TO BBINOJHSAETCA
MPaKTUYECKH BCET/IA.

Jord ino E zZ7 Zy
o1 [ 1 [ } I
a) o R;'I Elr Z;T
D 1
Rm;
Im Z, 2 Zy
o : : : } :
6) U z,
[w! 1
'r:wl
Puc 3.

[TpubnmkE€HHas SKBUBaJIEHTHAs cxema y/o0Has JJis HalllUX MCCIIe0BaHUM MpeCcTaBlieHa
Ha puc.3. Ha pwuc. 3a m300pakeHa SKBUBAJICHTHAs CXeMa MPOTSHKEHHON, HO KOHEYHBIX
pa3MepoB, MbE30KepaMUUECKON aHTEHHBI, KOTOPasi COTJIaCOBaHA C MUTAIOIIUM T'€HEPaTOPOM;

BBEJICHBI CIIeAyIomMe OOO03HAYCHHUS: Zg =iwL, tne L — BHEHHSAA HWHIYKTUBHOCTb,

KOMIIEHCHDYIOIasl ~ CTaTU4ecKylo EMKkocTh anTennsl C!, Z/ =1/(ia)CaT ), R —
COTPOTHBIIEHUE AIEKTPUUECKHUX MOTEPh aHTEHHbI, KOTOPOE MOXKHO BBIPA3UTh U€pe3 TAHTECHC
JMDNEKTPUYECKUX TIoTeph g8 : R/ zl/(wa tg5); Z],Z],Z;,Z] — wuHTerpanbHbie
DKBUBAJICHTHBIEC UMIIEAHCBI, R , — MHTErPaabHOE CONPOTUBICHUE MEXAHUYECKUX IOTEPD B
anteHHe. Ha mnpaktuke, damie Bcero, yHaércs BBEICHUEM BHEIIHEW HWHIYKTUBHOCTH
COIJIaCOBaTh AHTEHHY C T'€HEPAaTOPOM, MPUYEM, €CIH Yy aHTCHHBI HEBBICOKas TOOPOTHOCTD,
COTJJacOBaHME MOXKHO TMPOBECTH B JIOCTATOYHO IMIUPOKOM mojoce wyactor [8]. [ns
JNAIBHEWIIEr0 aHajau3a MPEANOoJOKUM, UYTO JOCTUTHYTa HJAcajdbHAs KOMIIEHCALUs

CTaTHYECKON EMKOCTH aHTEHHbI, KPOME TOTO, MpeHeOpekéM BeTMuMHOR R/, Tak Kak 0OBIYHO
tgd IS TIhE30KEPAMHYECKUX MAaTEPHAIOB Majl. DTH JOMYIIEHHUS MPUBOIAT K SKBUBAJICHTHOM
cxeme M300paxEHHON Ha pwuc. 30. 3mech BCce BEIMYMHBI WUMIICAHCOB, HAXOMISIIMXCS Ha

MEXaHHYeCKOil CTOPOHE, HOPMHPOBAHBI HA €IMHHILY MIMHBI aHTeHHB: Z, =in’ /(wC,),

Z, =i2rnwor,p., Z, =216 /(ioorale1 ), n=2nd, /sl,, r, — TOTOHHOE CONMPOTUBJICHHUE

ml

O. A. KacbaHoB
06 ocobeHHOCTSIX paboTbl HEKOMNEHCMPOBAHHOM NMbe30KepaMmMYeCKon aHTEHHbI B CKBaXXUHe



DNEKTPOHHbIN XypHan «TexHuyeckasa akyctuka» 2003, 3 5(12)

MEXaHUYECKUX IOTEpPb, UMIEAAHC Z, YUUTHIBAET MpsMoil mbe3odddexr, C, — MOroHHas
€MKOoCTh, 7,1 O — COOTBETCTBEHHO CpEOHHH pagMyc ¥ TOJIIMHA CTCHKU
IIbE30KEPAMUYECKOTO HUJIUHAPA. Hcnons3ys onpeneIeHue kor¢dunrenHTa

ANIEKTPOMEXaHNUECKO TpaHchopmaruu # (cM., Harnpumep, [10]), moaydum, 4TO BEIUYUHY
K0J1e0aTEeNbHON CKOPOCTH MOBEPXHOCTH LIWIMHAPA MOXKHO BBIPA3UTh CIEAYIOIIUM 00pa3oM:

_ nU {
Z+Z, (1

tne £, =Z,+Z,+Z,+r,

ml >

HalpaBJICHUE BEKTOpPA CKOPOCTH COBMAAAeT C HAaIpaBICHHEM

HOPMAJIH K TOBEPXHOCTH LWJIMHJPA, MOJOXKHUTEIBHOE HampaBlieHHE HOPMAJId COBMAJAET C
OCblO 7" Ha puc. 1.

Ilepen panmpHEHIIMM  aHATM30M HEOOXOAMMO CHeNaTh  CJEIyIoIIee 3aMevaHue.
DOKBUBaJICHTHAs cxeMmMa H300pak€HHas Ha puc. 30 MpurogHa I ONUCAHUS HE TOJBKO
MPOTSKEHHOTO TOHKOCTEHHOTO IMhE30KEPaMUYECKOT0 IMIIMHIpPA, paboTaromero B paioHe
MEPBOrO  PaJUATBHOTO PE30HAHCA, HO M AaHTEHHBI, COCTOSIIEH W3 TOHKOCTEHHBIX
LMJIMHAPHYECKUX KOJIC, NMPH YCIOBHAX: h<<2r ,6 6 <<2r,, Ah<<2r,, rne h — BbIcOTa
KONbIla, Al — pacCTOsIHUE MEXKIY KOJbIIAMU U TIPH YCIIOBUH, YTO B3aUMOJICHCTBUE MEKITY
KoJibiiamu Masio [9, 10].

BeenéM mnoTeHIMAn CMEIIEHHs B IKUIAKOCTH (), Hpu 3ToM P, =—p, (@°¢p/ot*),
Vf = (8/ 8t)V(p , Te Pf u Vf — COOTBETCTBEHHO JABJIEHUE U CKOPOCTh B KUJKOM Cpelie Ha
TPaHUIlE THhE30KEPAMUYECKOTO IWJIWHIpA, 3aBUCUMOCTh OT BPEMEHH OMPEISsAeTCs
muoxuTenem €. Ecmm [IbE30KEPAaMUYECKUN M3JIyyaTelb HarpyxeH HOpU r» =7, Ha
yIEIbHBIM MMOeNaHc Z,, a HOpU 7 =r; TOBEPXHOCTb SBIIETCA CBOOOJHOM (BIMSHUEM

BO3/yXa, KOTOpBIA HAXOAWUTCS BHYTPU AaHTEHHBI IpeHeOperaem), IMOIydyaeM CIEIyIOIIHNe
MOJICJIbHBIC TPaHUYHBIE YCIOBHS (CM., Harpumep [11]):

=0, 0

r=ry m

o ., =—ioZu,, (2)

rje u, — paguajibHOE CMEIIEHHE IPaHUIIbI IIPeoOpa3oBaTEIs.
Jlanee Bocmonb3yeMcCs  YCIOBUEM  HEPA3phIBHOCTM  HOPMAJIBbHOM  COCTaBIIAIOIIEH
KOJIeOATEIbHOM CKOPOCTH Ha MOBEPXHOCTH LWIMHApAa W NoidyduM BMmecto (1) ciemyromiee

COOTHOILICHUE, BBITTOJHAOMICECS HA TPAHULIC 7!

n p ;09 _ Uof(z)n

\%
¢ iz, iz,

3)

Bripaxenue (3) sBisercss TeM HEOOXOAUMBIM I'PAaHUYHBIM YCIOBHUEM, C MOMOIIBI0O KOTOPOTO
MOKHO COPMYIMPOBATh UHTEPECYIOIIYIO0 Hac TU(PaAKIMOHHYIO 3a7]a4y O paclHpOCTpaHEHUU

O. A. KacbaHoB
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VOPYTUX BOJH B MAacCHMBE IMpPU BO3OYXKICHHM WX TMPOTHKEHHOM IMHhE30KepaMUUYECKON
aHTCHHOM, HaXOASAIICHCSI B CKBaXKHUHE.

YCJIOBUA PESOHAHCHOI'O ITPOXOXIAEHW A

YpaBHeHHs IBIKEHHUS 4Ye€pe3 MOTCHIMANI CMELICHHUS B XKMIKOCTU (0, IPOJOIBHBIA (), U

MOTIEPEYHbIN ¥ MOTEHIHAIbI CMEIIEHUI B MaCCHBE 3alUIIYTCS B BUJIE!

(2
27?+%aa—f+27(5+k;g0 0;
0’ 10 9’
oty e Y=o
rae k,, k;, k, — COOTBETCTBEHHO MOJYIIM BOJIHOBBIX BEKTOPOB B BOJE, IPOAOJbHBIA B

MaccHBe, MONepedHblii B MaccuBe. Hanpsbkenus ©,,, O, ¥ CMELIEHUs #, W U, B MacCHUBE

CBsA3aHbI C IOTCHIHUAJIaAMU IMOCPCACTBOM PABCHCTB!

Ao, 2’9, o’y
o, =—mQ +2 -2 ;
"o vt or’ “azar
2 2
O-rz_ 2%_28_1/2/ _pswzw;
0zor 0z (5)
y =00 oV,
"oor 0z
_99, oy ¥

u
0z or r

Ha rpanuue 7, BBIIONHAETCS TI'paHU4YHOE ycinoBUE (3), MPEANONOKHM TaKkKe, YTO Ha
IPaHUIIE 7, BBINOJHSIOTCS KIACCUYECKHUE I'PAaHUYHBIE YCIOBHUS, XapaKTEpHbIE Ul KOHTaKTa

KHUAKOCTHU C TBépI[I:IM TCJIOM, T. €. YCJIIOBUS HCPA3PLIBHOCTU HOPMAJIBHBIX COCTABJIAIOMIUX

CMEILICHUI U HANPSHKEHUW U PaBEHCTBA HYJIIO KaCaTeJIbHBIX HAIPSKEHUM:

_J

o =-P
o or

n f

I
(=)

o

r rn 2 e r O-rz

. =0. (6)

[Ipouenypa pemenust qudpakiMOHHON 3a1a4u, cHOPMYTUPOBAHHOW B BhIpaKEHUAX (3)—
(6), crammaptaa (cm., Hampumep, [12]). B manpHelimmem Hac Oyaer MHTEpecoBaTh IOJE
00bEMHBIX Aedopmanuii S, B maccuse. [losme cnBuroBelx aedopmanuii B MaccuBe Ipu
BO30YKICHUU VYIPYIHX BOJH TNPOTSDKEHHOH aHTEHHOW Majo, TPEAINoaraercsi, YTo
XapaKTepHbI MaclTab u3MeHeHHs (GyHKIMH f(z) MHOTO GONbINE JUIMHEI HOIEPEUHOI
BOJIHBI B MacCHUBE.

Omnyckast IpOMeXXyTOUHBIE BBIKJIAJKH, IPEICTABUM BBIPAXKEHUE JUI S, B BUJE:
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A -g) HPT=E)
Sy —ZA£ = Hfz)(co\/@)q’(ﬁ)e “dg,

rae CI)(§) — uHTerpansHoe dypwe npeodpazoBanue oT f (z),

E=A1T]a4\/1—§2 —Z—a\/l \/bz (2 (Co a’— }sz
Cy —

H(z)(co a
JE T s I sy gy
Al 2)’1(60 bz_gz)}/Ba

(7
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e ﬁ) a’/2-¢"f
-]’
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B=NleJo? —& - e 27,
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I-J{(O b p* —& ) Z WJ(( . b =& )
_ c X 2 g2 | pfcfb c 4 2 g2
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2
anU,n P c
=——— N=—,a=—,b=—,c,=kyr,,c=kr,c =kz,

2

the fZ ” P, c, ¢,
X :kf(”z _’ﬂ)a Co _%:klrl'

Ananusupysi BblpakeHue (7) M JIeHCTBYys aHaJOrMYHO [4], MOXHO TOJIYYHUTh
npuOIMHKEHHBIE YCTIOBHSI PE30HAHCHOTO TPOXOXKACHUS aKyCTUYECKOTO TOJISL, CO3/1aBaeMOTO
CKB&XMHHOM MbE30KEPAMUUYECKON aHTEHHOW, B MAacCHUB. YCIIOBUS 3TH HAKJIAJbIBAIOTCA Ha
BOJIHOBYIO TOJIIIMHY CJIOA >KUAKOCTH ) , HAXOMSIIErocs MEXKIy CKBaXXWHHOW aHTEHHOW W
BHYTPEHHEW CTEHKOH CKBa)XXMHBI, JJs TPOCTOTHI CKBOKWHA CUUTACTCS HEOOCaKEHOU.
CdopmynupoBaTh 3TH YCIOBHS MOKHO C IIOMOIIBIO CIIEAYIOIIETO BHIPAKEHUSI:

R

(8)

psC,
_Jl(cob{Nl(cob_l)_ i; . No(cob_l):|-

m

Pe3oHaHCHOE TPOXOXKIECHHE aKYyCTUUECKON SHEPTrMU OT MbE30KEPAMHYECKOW MPOTSHKEHHOU
CKBOXMHHOW aHTEHHBI 4Yepe3 JKUAKUU CII0OM B MAacCHB JOJDKHO HAOJIOAAThCS TIPU TeEX

3HAYEHUSIX ) , IPU KOTOPHIX MOAYIIb |X (}(] u3 (8) mpUHUMAaeT MUHUMAJIbHbBIE 3HAYCHHUS.

3amaaumMcsi KOHKPETHBIM THUIIOM MPOTSHKEHHOM Mbe30KePaMUUYECKON aHTEHHBI, HAllpUMep,
u3 [8] u uccnemyeM yciuoBus pe30HAHCHOTO MTPOXOKICHUS aKyCTUYECKOM SHEPTUM OT JaHHOU

O. A. KacbaHoB
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AQHTEHHbl B MacCHB B 3aBHUCHUMOCTH OT JUaMeTpa CKBaXMHbl. AHTEHHAa COCTOUT W3
MbE30KEPAMUYECKUX LUJIUHAPOB C BHEIIHUM JHAMETPOM 74 MM, BHYTPEHHHM 66 MM U
BBICOTOM 30 MM, CII€JTaHHBIX W3 MbE30KEPAMUKU CO CIEAYIOUIMMH XapaKTePUCTHUKAMM:

cF=3500 m/c; dy, =1,95-107"° K/H; sf =113-10" M*/H; p, =7,2-10° kr/m’, noroxHas
émkocTh y auTeHHbl C, = 0,45 Mx®/M. Mcxozst U3 SKBUBAJIEHTHOM CXEMBbI, N300pakEHHOMN Ha

puc. 30, MOIy4uM BBIpAKCHHE TSI YISTHHOTO MEXaHHYECKOTO UMIIEIaHCa aHTCHHBI:

Zm _ rml . dl
- +i , )]
PeCr  PsCyr  PsCy
) EV ;2
e d, :pcclE 21f6 0 ”Pc(cl ) d;,

R e S CYry el

OcHoBHOM TpoOeMOil B pacu€rax SIBISETCS KOPPEKTHOE OMpPEACNICHUE BEITUYUHBI

(rml / pc f) cM., HarpumMmep, [9]. 3HaunTenbHBIe TPOOIEMbI BOZHUKAIOT, €CITH MPEATIOaracTcs

HUCIIOJB30BaHUC AHTCHHBI IIOA 3HAYUTCIIbHBIM CTATHYCCKHMM AaBJIICHUCM (,Z[GCSITKI/I MHa)

Benuumnna 7, CylEeCTBEHHO 3aBUCHT OT BHEIIHETO AABJICHHUS M U3MEpEHHUe €€, ecld 3TO
HEO00X0UMO, HYKHO MPOBOJAUTH MOJ pabouyuM AaBJIEHUEM, MPH 3TOM CJIEAYET Y4ecCTb, YTO
BENIMUMHBI d,, W s, TaKKe UMEIOT 3aBUCHMMOCTh OT BHEINHETO JaBjcHUs. B Hamem ciydae

NpOTsOKEHHAS (JTMHOM OKOJIO 5 METpPOB) aHTEHHA WCIOJIb30Balach MPH HM30BITOYHOM
nasnenun He 6osee 0,5 MIla B cpene, mo cBoMM xapakTepucTukam Onm3koit k Boje [8]. [Ipu
MPOBEJICHUH JajlbHEHIINX OLEHOK JI1 paccMaTpUBaeMoro ciydas Oyaem MpeHeOperaTh
BJIMSTHUEM BHEIIHET0 M30BITOYHOTO MABJICHHMSI M €ro M3MEHEHUSMU BJOJb MNPOTSHKEHHOMN

aHTeHHbI. B mpuHnune, BenuuuHy (rml /pc f) MOYKHO I'py0O OLICHUTh U3 MU3MEPEHUI B BOJE
JJIEKTPOAKyCTUYECKOr0 K.IL.A. 1], HpH paboTe HAa PE30HAHCHOM 4YaCTOTE AHTCHHBI:
(rml / pfcf)z (l/nea —1) [10]. TIpm 5ToM HEOOGXOAMMO IIPEIIONOXKHUTH, UTO IIOSBJICHHE

CKBAKMHBI HC U3MCHACT CYHICCTBCHHO MHTCTPAJIbHBIC MCXAHUYCCKNUEC MOTCPU B KOHCTPYKIIUHA
AHTCHHBbI, a KacacTCsa JIUIIb aKTUBHOU H peaKTHBHOﬁ COCTAaBJIAOIINX COMPOTHUBIICHUSA
N3JITYUCHUS. Pe3onancuas yacTtora aHTEHHBI B CKBAKMHC, KOTOpas ABJIACTCA OI[HOfl u3
HOPMAJIbHBIX YaCTOT CHUCTEMbI M3 JBYX CBA3aHHBIX KOJIeOATEIbHBIX CHUCTEM, HHIKC, UYCM
coOCTBeHHas PE30HAHCHAA 4YaCTOTa AHTCHHBI B BOXC. CJIC,Z[OB&TCJIBHO, AJIL KOPPCKTHOT'O

ONpeCaACICHNUA BCINMYUHBL (rml/pfcf) H€06XO,Z[I/IMO 3HAThb YaCTOTHYKO 3aBHUCHMOCTH 3TOM

BEJIMYMHBI, KOTOPasi MOXET OBbITh OMNpejesieHa MPH HCCICIOBAHWUHU, HAIPHUMEP, YaCTOTHOMN
3aBUCHUMOCTH JIaBJIEHUS, CO3/1aBA€MOT0 MPOTHKEHHON MbE30KEPAMUUECKON aHTEHHOW B BOJIE.
Jlerko BUAETh, UTO NaBiieHHWe P, M3MepseMoe B BOJIC HAa HEKOTOPOM pAcCTOSHUKM R OT
AHTEHHBI, MO’KHO 3aIlicaTh B BHJE:

P:pwcwnU rl/R

, 9
Z +Z ©)
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rae Z, — DKBUBAJICHTHOE CONPOTHMBIICHUE H3IIy4EHHUS NPOTSHKEHHOM LMIMHIPUYECKON
anTennsl B Bone; Z, =(o+iB)p,c, (cm., manpumep, [9]), o u B — GespasMepHEIe

K03(p(PUIMEHTH! MpPU  COCTABISAIOIIUX CONPOTUBIEHHS M3IydeHus, p, 6 U cC, —

w
COOTBETCTBEHHO IUIOTHOCTh M CKOPOCTh 3BYKa JJs BoJbl. OKOHUYATENbHO, BhIpakeHHE (9)
npuoOpeTaeT ciaeaylouii BUI:

P nU.r, /R N
(ru/lpye,)+a)+ild +B) (10)

Ha puc. 4 nokasana Bemmuusa (7, / p..C, ) ISl aHTEHHEI U3 [8], H3MepEeHHAs TaKHM 06Pa3oM.

i

m(jmjpwcw) @7

L]

0.6

49
E
4
k]
0BG
|
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1 FRED P
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0.2

Puc. 4. Puc. 5.

[Tonb3ysick 3KCHIEPUMEHTAIbHBIMU JAAHHBIMU U BbIpaxkeHUsIMH (7), (8) MOKHO MOJIY4UTh
ONTUMAJIbHBIE YCIOBUS IMPOXO0XKICHHUS aKyCTUYECKOM SHEpPruy B MacCUB OT pacCMaTpHUBaeMOn
CKB2)XMHHOM aHTEHHBI, paboTaroniel Ha pa3HbIX YaCTOTaxX, B 3aBUCUMOCTH OT TapameTpa ¥ .

Ha puc. 5 npescTasieHo noie o0bEMHBIX Aedopmanuii S, Ha paccTosHMM | METp OT ocH

CKBa)XXMHBI, TIOJy4eHHOE ¢ momonibio Beipaxenus (10) ans uccnenyemoro cinydas. Kpusas 1
COOTBETCTBYET 4YacTOTe M3nydeHust aHteHHbl f = 15,7 klw; 2 — f= 152kl 3 — f =
14 7xlw; 4 — f= 14kl 5 — f= 133kl 6 — f= 12,8 kl'u. Jus pacu€ra B3sSITHI
napamerpsl u3 [8]: =05, a=2]11, b=127, U,=3008, B KauecTBe >KUAKOCTH,
Haxojdulelcs B CKBaXHHE, IpeAanoyaraercs Boja. Pe3oHaHCHas YacToTa aHTEHHBI,

u3mepenHas B Boxe f,. =147 k['u. Ilpu pabore aHTEHHBI B CKBAXHHE MaKCHMaJbHAs

aMIuIMTyia OO0BEMHBIX JedopManuil B OKOJIOCKBAXMHHOM IIPOCTPAaHCTBE CO3MAETCsl Ha
b _

res

yacToTe 14 xT'u, npu 3nauenun y) =09, x> —yx' =m. Ilpu otxome or f. manaer

aMIUIMTyda Srl/ U HU3MCHACTCA IMapaMcCTp %ies . COOTBGTCTByIOH_II/Iﬁ OINNTUMAJIbHOMY
MPOXOXKJICHUIO aKyCTHYECKOM HHEpruu B maccuB. Ha puc. 6 mnpencraBieHO CpaBHEHUE
3HaueHuil y . , momyueHHBIX U3 BeIpaxkeHuit (7) (3aBucuMocTsb 1) u (8) (3aBUCHMOCTS 2), TIpH

paboTe aHTEHHBI B pailOHE CBOEH PE30HAHCHOW YacTOTHI. XOPOIIO BHUAHO, YTO OTIHYHE

O. A. KacbaHoB
06 ocobeHHOCTSIX paboTbl HEKOMNEHCMPOBAHHOM NMbe30KepaMmMYeCKon aHTEHHbI B CKBaXXUHe



DNEKTPOHHbIN XypHan «TexHuyeckasa akyctuka» 2003, 3 10(12)

o 1 o
3HAYEHHUH Y, , IOIYYEHHBIX U3 Pa3HBIX BbIpakeHuH, MeHee 10%, 4TO BIOIHE MpHEMIIEMO

JUISL TIPAKTHKH.

Taxum o6pazom, popmyoii (8) MOKHO MMOJIB30BATHCS IS OLIEHOK ONTHUMAIBHBIX YCIOBHM
U3YYEHUS] PA3IMYHBIX TNPOTSHKEHHBIX AHTEHH, HAXOAAIIUXCA B paMKaxX ASKBHUBAJICHTHOU
CXeMBbl, 1300paxEHHOI Ha puc. 30.

1.2

1
Kres 1
Alres

10

1.0 20 30 %.0

0e

fkiiz)
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Puc. 6. Puc. 7.

Ha puc.7 Ha mpuMepe paccMaTpHBAacMOM aHTEHHBI MPEJCTaBIeHA SBOMIOLMS ). B

0.0

0.6

3aBUCUMOCTH OT YacTOThI BO30YXJE€HHsS MPOTSHKEHHONW aHTEHHBI. 3aBUCUMOCTH IOJydEHA C
nomomuibo BeipaxeHus (8). IIpu yMeHbIIEHUU BOJHOBOTO pa3Mepa k7; MPOUCXOIUT HEPEXO]
K M3BECTHOM 3a/1aue 00 M3JIyICHHH TOYEYHOTO HCTOYHUKA B CKBaKWHE [ 13], T11€ BBITIOIHSICTCS
yenosne J,(x'.)— 0 (;(ies —3,82) om. puc. 7.

OKBMBAJICHTHAsl CXeMa Ha puc. 30 ABIsAETCA CIPABEUIMBOM JUIsl pabOThI LIHIIMHAPHUYECKOTO
npeoOpa3oBateliss BOIM3M HU3KOYACTOTHOTO PaHaIbHOIO KOHTYPHOIO pe3oHaHca. Tem He
MeHee, BhIpakeHHe (8) ONMHMCHIBAET 3aKOHOMEPHOE CTPEMIEHHE )| K HYJIIO TIpH yBEIUYEHUH
OTHOCHUTEJIbHBIX BOJHOBBIX Pa3MEpPOB CTEHKH H3IYYalOLIero LWIMHApa (CM. puc. 7), T.e.
KaueCTBEHHO OMMCHIBAETCSI MPEACIbHBIN Nepexo K 3a7aue, paCCMOTPEHHOH B [3, 4].

K coxanenunto, Ha NMpakTHUKE yalle BCETO N€OMETPUUECKUE XapaKTEPUCTUKHU CKBAaXUHBI U
AaKyCTUYECKMX AaHTEHH 3aJaHbl 3apaHee M He SBIAIOTCA onTUMaibHbIMU. CiydaiiHble
COOTBETCTBUS, Kak, HalpuMep, B ciaydae [8], rae pemanuch 3ahauyd, CBSI3aHHBIE C
aKyCTHYECKOW WHTEHCU(UKAMEH TI'eOTEeXHOJOTHYECKUX TIPOLECCOB, SBISAIOTCS JHUILIb
uckmoueHusIMH. [IpoTskéHHAs Mbe3oKepaMuueckas aHTeHHa B [8] paOorana B CKBaXHHE C

3¢ (EeKTUBHBIM BHYTPEHHUM JuaMeTpoM d, =210 MM., KOTOpPBI J0OCTaTOYHO OIM3KO
COOTBETCTBOBANl MapaMeTpy ... ONTHMANbHOM ke IS JaHHOM aHTEHHBI, ¢ TOYKM 3PEHHUs
NPOXOXKICHUS aKyCTMYECKOW SHEpruM B MAacCuB, SIBISIETCS CKBAXKMHA C BHYTPEHHUM
muametpoM  d, =100 MM., KOTOpBI COOTBETCTBYET MHapameTpy ... MojenupoBanue

peaapbHOM CHTYyaIluH, ONMCaHHOU B paboTe [8], ¢ moMomibio BeipakeHuit (3)—(6) maér BecbMa
OJIM3KOE COOTBETCTBHE C AKCIIEPUMEHTAIBHBIME JTaHHBIMU [8], 0COOCHHO MPH pacu€Te 4acToT
NPOIYCKaHMsI CHUCTEMBI «IPOTSHKEHHAS The30KepaMHyecKass aHTCHHAa — JKHIKAN CIIOW —
MacCHUB.
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3AKJIIOYEHUE

B Hacrosmieit paboTre paccMOTPEHO H3IYYCHHE MPOTHKEHHON HEKOMIICHCUPOBAHHOM
MbE30KEPAMUYECKON aHTEHHBI, HAXO/ISIICHCS B HEOOCAKEHOW CKBaKMHE, KOTOPAsl 3arojHEHa
KUJKOCTBIO. AHANOTHYHBIM 00pa3oM MOXKHO paccMOTpeTh 3adadyy 00 H3Iy4eHUuu
KOMIIEHCUPOBAaHHOM AaHTEHHBbI. DKBUBAJEHTHYIO 3JEKTPOMEXAHUYECKYIO CXEMY JUIsl 3alUCU
ITPaHUYHBIX YCIOBUHM IUGPAKIMOHHON 3aJadydl B 3TOM CJIy4ae MOXHO TMOJIYYHUTH CIEIys
pe3ynbTaTam paboTs [11].

B ckBaXMHHON aKyCTHKE 4YacTO HCHOJB3YIOTCS MAarHUTOCTPUKIIMOHHBIE MOIYJIH IS
M3JIyYEHHUs] aKyCTUYECKOrO MOJs U3 CKBaKHHBI [14]. B mpuHIiune, Ha UX OCHOBE MOXKHO
CO3/aTh MPOTSKEHHYIO CKBOXUHHYIO AaHTEHHY. OKBUBAJICHTHBIE JJIEKTPOMEXaHUYECKUE
CXEMbl MATHUTOCTPUKIIMOHHBIX U3JTydaTeIe U3BECTHHI [9] M UX TakKe MOXKHO MCIOJb30BaTh
JUIsL OTIpeZieNIeHUs] pealbHbIX I'PAaHUYHBIX YCIOBHI MpH pelleHuu IudpaKIUOHHBIX 3aJad.
MeTto monydeHHs] TPaHMYHBIX YCIOBUN Ha HM3JIy4arollell MOBEpXHOCTH OyAeT aHaIOTHyeH
MPEACTaBICHHOMY B JaHHOW pabote. He mpexacraBmser Tpyna oOoOmieHne NpuBEAEHHOTO
BBIILIE PEILICHUS 3a]]a4M Ha CIy4ail U3JIydeHUs! aKyCTUYECKON SHEPTUU U3 CKBAKUHBI B MACCHUB
yepe3 00CaJHYI0 KOJIOHHY W 3aKpervisioniee e€ MeMEHTHOE KOJBI0, JOMOJHHUTENIbHBIE K (3)
TpaHUYHbIE YCIOBHS JJIs1 TAKOW MHOTOCITOMHON KOAKCHUAJIBHOM CUCTEMbI BHIMUCAHBI B [ 15].

PaGora Bemomnena mnpu noxgepkke PDODU, mpoekt 03-02-16805 wu rpanTa
Muno6pazoBanus E02-8.0-58.
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