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TEOPETUYECKOE OBOCHOBAHMUME ITIOCTPOEHUSA
OJHOHAIIPABJIEHHOI'O 3JIEKTPOMAI'HUTHO-
AKYCTHYECKOT' O TIPEOBPA3OBATEJIA JUIAA BO3BY XKIEHUA
N TTPUEMA BOJIH PEJIEA

IlpuBeneHo TeopeTHUecKoe OOOCHOBAaHHE IOCTPOCHHS — AIEKTPOMArHUTHO-aKYyCTHUECKOTO
npeobpasoBarenst (OMAII) Ha ocHOBe mpeoOpa3oBarteliell THIA «3Ur3ar», KOTOPBIA MO3BOJISET
MPUHUMATH YJIBTPa3BYKOBbIC BOJHBI Pajies B onHOM HampaBieHud. CpaBHEHHE auarpamMMm
HANpaBJICHHOCTH MpeoOpa3oBaTesisi THIA  «3Wr3ar», BO30YKIAeMOro  PaBHOMEPHO,
npeoOpa3oBaTens BO30YKIAaEMOrO0 CO CMEHICHHEM II0 BPEMEHH II0Ka3al HPEeHMYIIECTBO
onHOHamnpasieHHoro OMAIL.

=

The theoretical substantiation of construction of the Electro Magnetic Acoustic Transducer
(EMAT) on the basis of transducers of type "zigzag" which allows accepting ultrasonic waves
Relay in one direction. Comparison of diagram’s of an orientation of the transducer of type the
"zigzag" energize in regular intervals, and the transducer energize with displacement has shown
advantage unidirectional EMAT.

Berymnenne. OnHUM M3 NHEPCNEKTUBHBIX HANpaBIEHUH YIBTPa3BYKOBOI'O
KOHTpOJIS sIBJIsIeTCS Je(EKTOCKONHsS C MOMOIIBI0 BOJH Peres (MTOBEpXHOCTHBIX
BonH) [1]. Yame Bcero mns mpuema W BO3OYKICHUS BOJNH Pernes mpuMEHSIOT
DOMAII [2], T.K. OHH HE TPEOYIOT UCIIOIH30BaHHUS KOHTAKTHOMN KHUIKOCTH, KOTOPAS
CYLIECTBEHHO CHUKAET YYBCTBUTEIBHOCTh, & UHOIAA U HE MO3BOJSAET MPOBOJUTH
koHTpoib [3]. Pamee paspaborannpie OMA  mnpeoOpa3oBaTeNid  UMEIOT
CyIIeCTBEHHbIN HegocTaToK. OHM MMEIOT JBYHANpaBIEHHYIO JUarpaMMmy
aKyCTHYECKOro TIOJIs, KaK IpPH IMpHEMe, TaK U INPH BO30YKICHUH HMITYIIECOB
YOpYruxX BOJH. OTO TNPUBOAUT K TOABIEHHIO KOTEPEHTHBIX IOMEX H K
BO3MOXKHOCTH ~ OIIMOOYHOM  OIEHKM  KadecTBa  w3Aenud.  VckimounTs
JByHamnpasieHHOCTs DOMAII BO3MOXHO 3a CYET HOBBIX MOAXOJOB K MOCTPOCHUIO
OMAII 1 HOBOW TEXHOJIOTMH MUTAHUS €r0 BHICOKOUACTOTHOM KaTymku. [Tostomy
3a/lada 10 TEOPETUYECKOMY OOOCHOBAHWIO OJHOHAampaBieHHOro OMAIL s
BO3OYXIEHHST W TpUeMa IIOBEPXHOCTHBIX BOJ SIBISIETCS aKTYaJlbHOH |
CBOEBPEMEHHOI.

OcHoBHas 4acTb. B n3BectHoOl nurepatype [4] mpuBeqeH OCHOBHOW MOJXO.
pacuera OMALII g npuema BonH Panes. OnHako B 9TOM UCTOUHUKE pacueT DMA
JIATYMKOB TIPUBEAEH JUISA MPOCTHIX KOHCTpyKImid OMAII (oqHOBUTKOBas pamMka,
IUTOCKasi MHOTOBHTKOBas Karymka, OMAII Ttuma «3ursar»). Ha mpakruke sxe
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TIPUMEHsIeTCsT KOMOMHAIMSI W3 IIepeYrCIIeHHBIX BbIIEe TpeoOpasoBaTened. K
npuMepy B [5] mpuBomumtca OMAIIL, KOHCTpYKIMsS KOTOpOTO NpUBEICHA Ha
pucyHke 1.

W ;

Pucynok 1 — OSMAII g1t Bo30y»KIeHHS 1 IIpHeMa OBEPXHOCTHBIX BOJH C
JIBYHAIIPaBJICHHBIM aKyCTHYECKUM I10JIEM

Kak BumHo (cM. puc. 1) DMAII cocTouT w3 psijia KAaTYIICK BKIIOYCHHBIX
nocneaoBarenabHo. dpyrumu cinoBamu B3aT DOMAII Tuna «3urzar», B KOTOpOM
BMECTO TMPOCTBIX paMOK (TIeTedb) BKIIOYEHHI MHOTOBHTKOBBIE KATYIIKH.
OpHako, B U3BECTHON Hay4yHOU M TEXHUYECKOH nuTeparype [2-5].0TCYyTCTBYIOT
TEOpETUYCCKHUE pPa3pabOTKH, KOTOphie omuchiBamu Obl DJ[C HaBOmMUMYIO B
TakoM NpeoOpasoBarelie py npruemMe BosiH Paes.

Paccmorpum DJIC, HaBOAMMYIO B MPOBOJHUKE B BHJIE HUTH KOHEYHOW JJIMHBI
[4]. PacnonokeHne HHUTH HaJl TOBEPXHOCThIO MeETalla U OCHOBHBIE
0003HaUeHHs1 TOKa3aHbl Ha pUcyHKe 2. (B nmaHHOM ciywae paccMaTpuBaercs
OJIC HaBomuMas B caMoil HUTH U He paccmaTpuBaercs J/IC B MpoBOIHUKAX,
CITyXKAaIMX JUIsl €€ TIOIKIIOUSHHUS K YCHIIUTEIO).
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Pucynok 2 — Pacuernas mozmens npuemaoro DMAII ¢ MpoBOJHUKOM B BUIE HUTH
KOHEYHOW JJIMHBI

Kak ommcano B [4], O/1C HaBoanMast B HUTH OyZeT UMEThb BH:

Coely
E, =E(h)cosg-e™ [ """ dl =

ki
o) 2sin(—2sin @)ct
tk[ﬁ?sm (pj . ( 2 go) gg[)

=E(h)-
’ k (1)

rae E(h) — KOMIUJICKCHAA aMIUIUTyda Y — KOMIIOHCHTBI BEKTOPA HAIIPAKCHHOCTHU

AJIEKTPUUYECKOTO OIS B Bozayxe [S]; k _ sonzosoe umcro.

Hanee paccmorpum JOJIC, HaBOIMMYIO B IUIOCKOM KaTymike ¢ N YHCIOM
BUTKOB. J[JI1 3TOrO0 HUTH KOHEYHOW JUIMHBI paclriojliaraeM, Kak IOKa3aHo Ha
pucynke 3, u HaxomuMm OJIC, BO3OyXZaeMyl0 B KaxIOW HHUTH KaTYIIKH.
Pesynbprupyromas 9J1C Haxonutcs kak cymma Beex DJIC kaxxaon HUTH [6].
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Pucynok 3 — Mojenb mI0CKOH KaTyIIKH TSl pacueTa HaBOAUMOH 37IC TIPU TPHEeMe BOITH
Penes

El(p, N)=E(h)-| N-(cos(¢) - A(9)-cos(p) + A($) - B($, N) - cos($) — B(¢, N) - cos(¢)) —

) -C) {M,l}.%@)ﬂ,@).w, N){M,l}w),

1-C(¢) - D(p) 1-C(¢)" - D(@)
RS T (¢! () W 2 C) W e @t o Y]
B(#)-C($)-D(9) { o Do) 1} 18(#)+C(@)- D) { o D@ 1} 1g(@)+

+A$)-C@)" - C@)" -D(@)" 1g(9)~ A@)- B(§,N)-C(§)™" - D(@)" -12(¢)
2
rac
A(¢) — e*i'k'loﬂsin(qﬁ)
B(¢ N) — e—i‘k‘(.v+r)'cos(¢)
C(¢) — e*iﬂk'é"COS@)
D(¢) — e*iﬂkﬂé‘ﬂsin(¢)
6 — paCcCTOAHUEC MECKY BUTKAMU; S — INHMPHUHA KAaTYIIKH; I — IIUPUHA HAMOTKH.

HUcnone3ys Beipaxkenue (2) HecnoxHo Havitu D/]C HaBoaumyro B M KaTyIikax

COCIMHEHHBIX MOCIIEA0BATENIBLHO HA PACCTOSHUH S JPYT OT JpyTa.
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1— [e—i-k-(HrJrS)-cos(qﬁ) ]M+1

E(¢7N7At7S7M):E1(¢7N) -1

1— [e—i-k-(HrJrS)-cos(q}) ]

A3)

JlnarpamMa HarpaBJIeHHOCTH TaKoro npeodpasoBatens (CM. puc. 1) HaXoauTcs

kak orHomenue JJIC HaBomuMmol B mpeoOpa3oBareie B IMPOH3BOIHLHOM

Hanpasiieann k DJIC HaBOAMMOW B «IJIaBHOM» HampaBiIeHUH (JPYTUMHU
cnoBamu mpu (¢=0).

v E@.N.M)
EWO,N,M) &)

Ha pucynke 4 npuBeneHa jauarpamma — HampaBieHHoctd — OMAII
peo0pa3oBaTelIs THITA «3UT3ar» C YETHIPHMS MEeTIIIMU U 10 BUTKaMu B KaXKI0H
neTe.
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Pucynok 4 — [lnarpamma HarnpasieHHocTH OMAII THIA «3UT3ary» Mpyu TPaguImOHHOM
MOZIX0/1E

13714107, |

Kak BunHo u3 pucynka 4 auarpamma HampabiieHHOCTH Takoro DOMAII umeet
JIBA «OCHOBHBIX» JiemecTka. YTO Ha TMPaKTUKE MOXKET MPUBOJIUTh K
nepeOpaKkoBKe U3JIEIHH.

PaccMoTpuM BO3MOKHOCTBH YIIYUIEHUSI JUarpaMMbl HAnpaBJIE€HHOCTH TaKOTO
Tuma OMAIL
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JInst 3TOrO mocTaBuM 3a/1ady NOJdy4eHUs AUarpaMMbl HAIIPABIEHHOCTHU C OJHUM
«TJIABHBIMY JICTICCTKOM, JTHOO YMEHBIIICHUEM OJTHOT'O U3 «OCHOBHBIX)» JICTICCTKOB JIO
YPOBHSI HE TIPEBBIIAIOIIEMY YPOBEHb OOKOBBIX JICTICCTKOB.

Jlns pemieHuss NAHHOW 3aJauyd BO3BMEM 3a OCHOBY MPHUHIIMIT IOCTPOECHHS
(aszupoBaHHbIX aHTEeHHBIX pemeTok (PAP). [lns storo 6ynem nomarats, urto D/1C
HABOIUTCA B KaXJIOW KaTyIKe MpeoOpa3oBartelsi ¢ HEKOTOPBIM cMemieHueM At.
Torna cymmapras 3/IC HaBoauMmasi B M KaTyIkax HaXOIAIIMXCs HA paccTosHun d
JIPYT OT JApyra OyJeT OMUCHIBACTCS CICTYIONINM BBIPAXKCHUEM

E(¢’ N’ At’ da M) = E1(¢a N) * ei-2-7r-f X

1— [ei.z.;r-f-At . g ik (srvd)cos(§) ]M”
X

_ [ei-Z-n-f-At R ) ]M
1— [ei-Z-zr-f-At oA ed)os(p) ]

)

IoacraBuB (5) B (4) moiaydyuM JAumarpaMMy HalpaBJIC€HHOCTH TaKOI'o
npeoOpa3oBarenss. Ha pucynkax 5-7 mpuBeACHBI JUArpaMMbl HAMpPaBICHHOCTHU
npeoOpa3oBaTess IPUHUMAIOIIETO BOIHBI PaJiest ¢ HEKOTOPBIM CMEIEHUEM.
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Pucynok 5 — Jluarpamma HamnpasieHHoctr OMAII npu npreme aKyCTHIECKOTro oS C
BpPEMEHHBIM CMeIleHneM paBHbIM 0,65 MKC
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- Kak BuaHo W3 mpuBeleHHBIX TpadukoB (CcM. puc. 5-7) mpu Impueme co
095

CZ[BPI)KKOﬁ o BpEMCHU CUTHAJIa OAWH M3 «TJIABHBIX)» JICTICCTKOB YMCHBLUIACTCA, a

0.9
oss BTOpPOi1 cTaHOBHUTCS TOHBLIE. B cBOE BpeMsi O0KoBEIE sieriecTku 1o yriam 90 u 270

08

IrpaayCoB TAaKKE€ CHHIKAIOTCSA, YTO MOXKET MOJOXKHUTCILHO CKa3aThbCsd Ha YCTKOCTHU

075
O6Hapy>KeHI/IH MCECTOIIOJIOXKCHUA /:[e(fpeKTa.

07

065 AHanu3 BEITOJTHEHHBIX TCOPETUUCCKUX HUCCIICIOBAHUN TO3BOJISIET CJIEaTh
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CJICAYIOINE BIBObI:
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ox{om0s107°2.4) s Teopernyecku okazaHa BO3MOXKHOCTh YMEHBIICHUS (2 B HEKOTOPBIX CITydasx

0 U CHH3UTH 10 HyJ'IH) OAHOI'0 M3 JBYX <«OCHOBHBIX» JICTICCTKOB JUAarpaMMmbIl
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HaIpaBJCHHOCTU 3JICKTPOMAIrHUTHO-aKYCTHYCCKOI'O npeo6pa3OBaTeJm JJId IpueMa

025

035 ’
m’ BonH Penes. J[ns 3Toro He0OXOAMMO MPUHUMATH TTOBEPXHOCTHBIC BOJIHBI KAXKIbIM
I [ pabouum ygactkoM DMAII co cIBMKKOI BO BpEMEHH.
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s 00HapYKEHHBIX MIOBEPXHOCTHBIX JIE(HEKTOB C OOJBINEH TOYHOCTBIO.
Pucynok 6 — Jlnarpamma Hanpasinennoctd OMAIT npyu npreme akyCTHIECKOro moJis ¢
BPEMEHHBIM CMeleHneM paBHbIM 0,6 MKC

«TJaBHBIN» JICTIECTOK JTUArpaMMbl HampaBiieHHOocTH OMA mpeoOpa3oBartens

Hcnons3oBanue HOBOT'O noaxoJia K IMmpueMy aKyCTHUYCCKUX BOJIH ITO3BOJIACT
HUCKIIIOYUTL BJIMAHUC Ha PE3YJbTAaTbhl KOHTPOJA KOICPCHTHBIX aAKYCTUYCCKUX
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Pucynok 7 — luarpamma HamnpasieHHoctd OMAII npu nprueme aKyCTHIECKOT0 OIS C
BpPEMEHHBIM CMEIIeHHEM paBHBIM 0,7 MKC
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