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DKcrnepruMeHTaIbHO MCCIeI0BaHa aKyCTUIeCKast TMHMS 3aJIep>KKH, COCTOSIIAs U3 IBYX TUIACTMH HUOOAaTa JIv-
st Y—X cpe3a TommmHom 0.2 MM, pacIioJOXeHHBIX APYT Ha apyre. Ha Kparo Kaxaoii IIacTUHBI pacIioloXeH
BCTPEYHO—ILITHIPEBOI MpeodpazoBaresnb. Ha onuH npeobdpaszoBatens nonaercsi BU HanpsikeHue (MMITYJIb-
CHOE WJIU HETMPEPBIBHOE), KOTOPOE BO30YXAAeT Mbe30aKTUBHYIO aKyCTUUECKYIO BOJIHY C TTONIEPEeYHO—TOPU-
30HTAIBHOI TONIsIpU3alyeii, 6eryylo B NepBoil miaacTuHe. DIEKTPUIECKOe MoJie 3TON BOJHbBI, TPOHUKAS
BO BTOPYIO IJIACTUHY, BO30YXXIAaeT B Hell aKyCTUYECKYIO BOJTHY, KOTOpasi Tpeodpa3yeTcs B 3JeKTPUIECKUit
CUTHAaJ C TTIOMOILbIO BTOPOTO BCTPEUYHO—IITHIPEBOTO Mpeobpa3oBatessi. MeHsisl paccTosiHUEe MeXIy Npeood-
pazoBaTeIsiIMU ITyTeM CIBUTA OMHOM MJIACTUHBI OTHOCUTENIBHO IPYTOit, MOKHO MEHSITh (pady BHIXOMHOTO CUT-

HaJila 1 BpEMA 3a1CPXKKU.
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1. BBEAEHUE

OCOOEHHOCTHU TIPOXOXIACHUST aKyCTUUECKUX BOJH
yepe3 TpaHuIy pasena AByX KOHTaKTUPYIOIINX TBEP-
IBIX TEJI SIBJISIIOTCS 00BEKTOM MPUCTAILHOIO BHUMA-
HUS UCcliemoBaTesieil, paboTaommux B 00JacTu aKy-
CTMYECKOro Hepaspymawouiero Kontpoid [1, 2]. Kpo-
M€ TOTO, IPaHMIIa KOHTAKTa ABYX TBEPABIX TEJI caMma I10
cebe SIBIISIETCS] UHTEPECHBIM OOBEKTOM TSI U3YYEeHMUSI
JIMHEITHOTO ¥ HEIMHEWHOTO MPOXOXICHHUS U OTpaxKe-
HUSI 00beMHBIX [3, 4] M1 MOBEPXHOCTHBIX [5] aKyCcTH-
YeCKMX BOJIH. B 3TuX ciy4asix B3auMoOmeCTBUE aKy-
CTUYECKUX BOJIH OCYIIECTBJISIETCST O1arogapsi MeXaHU-
YeCKOMY KOHTAaKTy TBEPIBIX TeJl, KAYeCTBO KOTOPOTro
MOXHO peryJupoBaTh CTAaTUUECKUM AaBJICHUEM.

CylLeCTBYIOT CUTYallMM, KOLa CBSI3b IIbe30aKTHB-
HBIX BOJTH B Pa3HBIX TBEPIBIX 00BEKTaX OCYIIECTBIISI -
eTCsI Yepe3 MX 2JIEKTpUUYecKHe moyis. B aTom miaHe
W3BECTHBI pabOTHI TTO MCCIIEAOBAHMIO TTOBEPXHOCTHBIX
LIeJIeBbIX BOJIH B MOJIyOECKOHEUHBIX Cpeaax, pasie-
JICHHBIX BaKYyMHBIM (BO3IYIIHEIM) 3a30poM [6—S8].
CremneHb CBSI3U B3aMMOEHCTBYIOIIMX BOJIH OIpeaessi-
eTcs K03 (PULMEHTOM dJIEKTPOMEXaHUIECKOM CBSI3HU.

XOpOoII0 U3BECTHO, YTO MHOTHE aKyCTUYECKUE BOJIHBI
B MbE303JICKTPUUYECKHUX TIJIACTUHAX 00J1aal0T Topas3iao
0O0JbIIMM KO3DMULMEHTOM 3JIEKTPOMEXaHUYECKOI
CBSI3U 110 CPABHEHUIO C MIOBEPXHOCTHBIMU U OOBEM-
HBIMM BoJTHaMM [9]. DTo 03HayaeT, 4To aKycThUYecKast
BOJIHA, PACIPOCTPAHSIONIASICS B MbE303JEKTPUIECKOMN
IUTACTUHE, COIIPOBOXIAETCS SJIEKTPUUECKUM I10JIEM B
OKpY:KalollleM MPOCTpaHCTBE (B BaKyymMe WIU BO3dY-
xe). Uem Oouibiie K03 UILIMEHT 3JeKTpoMexaHuve-
CKOM CBSI3U, TeM OOJIbIIIE HAMIPSKEHHOCTD 3JIEKTPU-
YeCKOTro MoJisl B TIpUjerarolieM K riacTuHe BaKyyMme
(BO31yXe) TIpU OHOM M TOM XK€ MOIIIHOCTU BOJIHEI [9].
TeopeTnueckoe U 3KCIIEpUMEHTAIbHOE UCCIEA0Ba-
HU€e BIUSIHUS UAeaIbHO MPOBOASIIETO 9KpaHa BOIU-
31 TTIOBEPXHOCTU TUIACTUHEI C PACIIpOCTPaHSIOLIECs
BOJIHOI1 [9] MO3BOMIIO ONpeAeaUTh [NIyOMHY IPOHUK-
HOBEHUS BJIEKTPUUYECKOTO TOJIsl B MpUiieraroliee mpo-
ctpaHcTBO. OKa3ajioch, 4To Ha yacTtoTe 3.5 MIT misa
aKyCTMYECKOI BOJIHBI C MONEPEYHO—TOPU30HTAJILHOMN
nojspusalnueit, pacnpocTpaHsIIeics: B TJacTUHE
Huobara autus Y—X cpesa TommuuHoi 140 MKM, T1y-
OMHAa MPOHUKHOBEHUSI JIEKTPUIESCKOTO T10JI51 B BAKYYM
(Bo3myx) cocraBiisieT IIpuMepHO 150 MkM. DTOT akT
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00ycaBIMBAET CYyIIECTBOBAHNME 1IEJEBBIX aKyCTUYE-
CKMX MOJl B CTPYKTYype, COCTOsIIIel U3 ABYyX Oe3rpa-
HUYHBIX MTbEe303JIEKTPUUYECKUX TIACTUH, pa3AcieH-
HBIX BO3AYIIHBIM (BaKyyMHbIM) 3a30poM [10]. Ecau
K€ HaJ JMHUEH 3aJepKKKU C IBYMSI BCTPEYHO-IIThI-
peBbiMU TipeobpazoBatensamu (BIIIT) momecTuts ¢
HEKOTOPBIM 3a30POM IMbE303JEKTPUUECKYIO TJIACTUHY
KOHEYHO! IMPUHBI B IIpocTpaHcTBe Mexay BIIIII,
TO Ha YaCTOTHOM XapaKTepUCTUKE MOJHBIX MOTEPH
MOSIBJISIIOTCS] pE30HAHCHBIE MTUKU TTOTEPb, CBSI3aHHbBIE
¢ pe3oHaHcoM lenaeBoil Mmonsl [11]. Takast cTpyKTy-
pa 1o3Bojnia pazpadboraTh 3¢ (HEKTUBHBIE XKUIKOCT-
Hble [12] u 6uonoruveckue [13] narurku. O4eBUAHO,
YTO BJIEKTPUUYECKOE ToJie, CONpoBOXaaloliee Oery-
LIYIO0 aKYCTUYECKYIO BOJHY, MOXET ChITpaTh POJb re-
HepaTopa aKyCTUYeCKOM BOJIHBI B COCEIHEN Mbe30-
3JIEKTPUYECKOM MmiaacTuHe. TakuM oO6pa3oM MOXHO
CKOHCTPYUPOBATh MPOCTYIO JIMHUIO 3aAEPKKHU C TIe-
pEMEHHBIM BpEMEHEM 3a/I€PXKKKW WM MPOCTON U Ha-
IeXHEIN (pa3oBpamarenb. UMeHHO 3TOi IIpobieme
MOCBsIIIEHa HACTOSIIIAsl CTaThsI.

OMNWCAHUE UBMEPUTEJIbHON
YCTAHOBKH U METOJAWKU MUSMEPEHUA

Ha puc. 1 npencraBieHa cxemMa JMHUM 3a1€PXKKU,
COCTOSIIIEN U3 ABYX IbE303JIEKTPUYECKUX TIACTUH
HHoOara JIutus Y-cpesa, Jexalmux Apyr Ha Apyre.
TonmmHa KaxXnoi miacTuHbL cocTaBisaeT ~ 200 MKM.
BxonHoii BCTpeYHO-IITHIPEBOM ITpeoOpa3oBaTeb,
pacrnojiokeHHBIM Ha mepBoit miaactuHe (1), Bo30y-
JKIAeT aKyCTUYECKYI0 BOJIHY C MONEPEYHO-TOPU30H-
TaJbHOM MOJISIpU3alMel Ha 4acTOTe, JIeXKalleld B IU-
anasoHe 2.5—3.7 MIt. Ocp X 06eunx ImiacTuH copu-
€HTHpOBaHa BIOJIb HAIIpaBJICHUSI pacIpOCTpaHEHUS
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Wsmepurens
S-mapaMeTpoB

BUIIT  LiNbO; I

2 LiNbO; BIIIIT

Puc. 1. Cxema TuHUM 3aIepXKKU, COCTOSIIIAST U3 ABYX
MbE303JIEKTPUYECKUX IUIACTHH HMOGaTa JIUTUs Y-cpe3sa.

BOJIHBI. DJIEKTPUUECKOE TOJIe aKyCTUYECKON BOJIHBI,
pacnpocTpaHsoleiicsa B IiacTuHe (2), Bo30yxXaaeT
TOYHO TaKyIO e BOJHY BO BTOPOI1 IJIaCTHUHE, KOTOpas
npeobpasyeTcs B 3JICKTPUUSCKUN CUTHAIT ¢ TIOMOIIBIO
BIIIII, pacnojioxxeHHOTO Ha BTOpoOii TutacTuHe. Kax-
abiii BILTT comepxut 8 map paciiernjeHHbIX 3JIEKTPO-
noB ¢ nepuonom 1.38 MM u aneptypoii 8 MmM. Takue
BJIEKTPOIBI OBUIM WUCITOJIB30BAHBI IS YMEHBIICHMS
OTPaXEHUST aKyCTMYECKOI BOJIHBI OT IIpeoOpa3oBaTe-
Jg [14]. OueBUIHO, YTO BpeMsI 3aepXXKU U (Pa3a Bbl-
XOIHOTO CHTHAJIa 3aBUCST OT paCCTOSTHUS MEXIY Tpe-
obpa3zoBaTensiMu. PaccMoTpeHHas TWHUS 3amepsKKU
nonxJiroJanach K uamepureno S mapamerpo ES072C
(Keysight Technology) B pexxriMe uaMepeHus Iapame-
Tpa S}, (cM. puc. 1). Ha puc. 2a u 26 npeacrtaBiaeHbl
YaCTOTHBIE 3aBUCUMOCTH TOJIHBIX TIOTEPH .S, IS CITy-
yasi, Korma ykazaHHoe pacctostHue mexay BIIIT pas-
Ho 8 MM (puc. 2a) u 18 mM (puc. 26). BuaHo, yTo Mu-
HUMAaJIbHBIE ITOTepH Ha yacToTe 3.25 MI11 cocraBisiior
~23.4 nb u 27.8 nb nnsg paccrossHuit mexxay BIIIIIT 8
" 18 MM, COOTBETCTBEHHO. DTH JaHHbBIEC TTO3BOJIUIN
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Puc. 2. YacToTHBIE 3aBUCUMOCTH MOJIHBIX IOTEPD .S, 7151 COEUHEHHBIX JIMHUII 3a1€pXKU, IpU paccTossHUU Mexny BIITI

(@) — 8 MM u (6) — 18 MMm.
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Puc. 3. YacToTHBIC 3aBUCUMOCTH (1)3.3])1 BBIXOOIHOTO CUMI'Haia ® coeqMHEHHBIX TUHUMA 3aICPKKHU IMPpU paCCTOAHUN MCXKIY

BIIIT (a) — 8 MM m (6) — 18 MM.

OLIEHWTDb BEJIMYMHY YIOETbHOTO 3aTyXaHUs, KOTOpast
okazajiach paBHoit 4.4 nb/cm. Ha puc. 3a u 36 nipen-
CTaBJIECHBl YACTOTHBIE 3aBUCUMOCTH (ha3bl BHIXOAHOTO
curHaja, korma paccrossuue mexnay BIIIT nnsg coe-
JUHEHHBIX JIMHUH 3aJePXKKU COOTBETCTBEHHO PaBHO
8 MM (puc. 3a) u 18 mm (puc. 36). BunHo, uto ¢aza
MPaKTUIECKU JUHEHHO 3aBUCUT OT YaCTOTHI B yKa3aH-
HOM JIMaria3oHe, YTO YKa3blBaeT Ha OTCYTCTBUE TMapas-
WUTHBIX TlepeoTpaxkeHnii. HakIoH 4acTOTHBIX 3aBUCH-
MoOCTe (a3bl BEIXOMHOTO CUTHAJIA TTO3BOJIAI OILICHUTD
BpeMSI 3aIepKKH T 110 U3BECTHOM popmyite [15]:

_1do
2n df

3nech @ — (paza BEIXOMHOTO CUTHAA, f — 4acToTa
BosHEL. OLIEHKY ITOKAa3aJIi, YTO BpeMeHa 3a0eP>KKM IS
paccrossHuit d = 8 MM u d = 18 MM oKazaauch paBHbI-
mu 3.37 MKc 1 5.62 MKC, COOTBETCTBEHHO. B pesynrrate,
(hazoBast ckopocTb BOJIHBI OKa3ajiach paBHoOI 4444 m/c.
CpaBHeHUe ¢ Teopueii OyJeT ITPOBEISHO HITXKE.

Takum 06pa3oM, paCCMOTPEHHYIO CTPYKTYPY MOXKHO
paccMaTpMBaTh Kak MpocTeiiiuii hazoBpalaTesb B 11-
amna3oHe 4acToT BOaM3M yacToThl 3.25 MI1. Ha puc. 4
MpeAcTaBlIeHa 3aBUCUMOCTD (Da3bl BLIXOMHOTO CUTHAIA
OT PacCCTOSIHUSI MEXIy mpeoOpa3zoBaTeassMu. BumHo,
4TO M3MeHeHue (da3nl Ha 360 rpagycoB MOXHO obecrie-
YUTh CABUIOM ILJIACTMH Ha IUIMHY BOJHEL (~ 1.38 MMm).
g co3maHus TaKoro Xe caBura ¢asbl ¢ ITOMOIIBIO
BJIEKTPOMArHUTHOTO Kabelst Ha yactoTe ~ 3.25 MIn
noTpedoBagach OB U3MEHEHME €TI0 JUIMHBI Ha ~ 92 M.

PaccMoTpeHHYIO CTPYKTYpY MOXHO TaKXe pac-
CMaTpUBaTh KaK JIMHUIO 3aIePXKHN C TTepeMEHHBIM
BpeMeHeM 3amepxXKu. Ha puc. 5 mpencraBieHa cxe-
Ma YCTAaHOBKM 1S U3MEPEHUS TPYMNIIOBOrO BpeMEHU

3a7epkKK1. BRICOKOUACTOTHBINM pamMONMITYJIbC Ha Ya-
crote 3.25 MI11 ¢ Beixona reHeparopa R&S SMBI100A
(Rohde &Schwarz) nmpoxoaun ucciaeayemMyro JUHUIO
3aepXKU 1 TTOCTyNal Ha Bxon ocimuniorpada C1-96.
CUHXpOHM3AINS TeHepaTopa M Pa3BepTKU OCIIMIIIO-
rpada ocyuiecTBisIaCh UMIYJIbCHBIM FeHEPaTOPOM
I'5-54. Ha puc. 6 npeacTaBieHbl OCUMIIJIOTPAMMBI
30HIMPYIONIETO CHTHaja (puc. 6a) U 3aIepXaHHOTO
curHazia ¢ paccrostHueM Mexny BIIT 2 mum (puc. 66),
7 MM (puc. 6B), 12 MM (puc. 61) u 17 mm (puc. 61).
[Tpu 5TOM 3HAYEHUS BpeMEHH 3a0epPXKN PaBHSINCH
1.1, 2.2, 3.3 u 4.4 MKC, COOTBETCTBEHHO (1LieHa AeIeHUs
pa3BepTKU oclusuiorpada cocrtapisijia 2 MKC/cM). DT
3HAYCHUS MO3BOJWIN HAiTH TPYIIIOBYIO CKOPOCTh
BOJIHBI, KOTOpasi oKa3ajiach paBHOIi 4545 m/c. Cpas-
HEHHUe ¢ Teopueit Takke OymeT chaenaHo Hinke. [1pu
3TOM TOJTHBIE TIOTEPHU [UIST YKa3aHHBIX 3a7epKeK OKa-
3a7MCh paBHbIMU 24, 24, 26 u 28 nb.
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Puc. 4. 3aBucumocts (passl @ BEIXOAHOrO cUTHaMa OT
paccrosinus Mmexxay BIIITT.
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Puc. 5. CxeMa yCTaHOBKU JUIS U3MEPEHMS TPYIIIIOBOTO BPEMEHM 3aICPKKU.

(@) ©)

(B) (r)

Puc. 6. Ocumiiorpammel (a) — 30HAMPYIOIIETO CUTHAJIA
() U 3a7iep>KaHHOTO CUTHaJIa ¢ paccTosiHueM Mexny BIITT
(6) — 2 MM, (B) — 7 MM, (T) — 12 MM 1 (1) — 17 MM,
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TEOPETUYECKA OLIEHKA
DA30BOU U TPYIITIOBOU
CKOPOCTH LIEJIEBOU BOJIHLI

Brina Takke mpoBeAeHa TeopeTuueckasi olleHKa
(¢a30BOIi 1 IPYIIIOBOM CKOPOCTH IIEICBOM MOIBI C
MOTIepeYHO-TOPU3OHTAILHON TToNsipu3anueit. /Ise
IJIaCTUHEI HMoOaTa nuThus Y-cpesa TommuHon 0.2
MM pacrnoJjiarajJuch Ipyr Hall APYroM ¢ HEKOTOPbIM
3a3opoM k. Kpucrtamnorpaduueckue ocu X ObLIU
nmapajuleJIbHBl IpyT ApYyry. B kauecTBe MCXOIMHBIX
YpaBHEHUI MCMOIb30BAJINCh YPABHEHHUE TBUXKECHUS,
ypaBHeHue Jlamiaca U MaTepraabHble YPAaBHEHMS IS
MEXaHUYECKOTO HATIPSIXKEHUS U 3JIEKTPUUECKON NH-
IYKIWU B IIbe303JIeKTpudecKoil cpeae [9]. Mcnonab3o-
BaJIMCh TAKXKe JIEKTPUUECKUE TPAHUYHBIE YCIOBUS:
HETIPEPBIBHOCTD 3JIEKTPUUECKOTO TTOTeHIINAIA K HOP-
MaJIbHOI KOMITOHEHTBI 3JIEKTPUISCKON MHIAYKIINHY Ha
rpaHMIIaX pasaelia KpHCTaUI—BakKyyM. B KadectBe
MEXaHUYEeCKOTO TPaHWYHOTO YCIOBHS MCITOJIb30Ba-
JIOCh pPaBEHCTBO HYJIIO BCEX KOMIIOHEHT MeXaHUYe-
CKOI'0 HampsiXKeHUsl Ha IpaHULIaX KPUCTAJLI—BaKyyM.
PeiieHueMm siBjisiiach MjaocKasi HEOMHOPOAHAS BOJIHA,
pacrnpocTpaHslascs B HanpaBieHun ocu X. Pac-
cMaTpuBaJiach IByMepHas 3ajaua, T.. B HallpaBJe-
HUU OCU Z BCE BEJIMUMHBI CUYUTATIUCH TOCTOSTHHBIMU.
br1j10 ycTaHOBIEHO, UTO AJIST BRIOpAaHHOM KpuCTall-
JiorpapuIecKoil cuTyalluu IMbe30aKTUBHOM SIBISETCS
BOJIHA C TIOTIEPEYHO—TOPU30HTATBHON MOJISIpU3aliy-
eif HyJieBoro mopsiaka. B pesynbrate ObUIM HaliIeHBI
3aBUCHUMOCTH (Pa30BOM U TPYIIIIOBOM CKOPOCTEIl OT
BEJIMUMHEI 3a30pa, KOTOPBIE MPeICTaBIeHBI Ha puc. 7.
BunHo, 4To ¢ yBenIMUeHUEM IIUPUHBI 3a30pa OT | 10
1000 MxM (pazoBast CKOPOCTh MOHOTOHHO YMEHBIIIA-
ercs oT 4424 m/c no 4409 m/c. I1pu aToM rpyrnnoBas
CKOPOCTb yMeHblIlaeTcs oT 4448 m/c no 4440 m/c u
3aTeM Bo3pacTaet 10 4445 m/c.
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Puc. 7. 3aBucumocTtu ¢pa3oBoit U rpynmnoBoii CKOpo-
CTel OT BEIMYMHBI 3a30pa MEXKIY Mbe303IEKTPUIECKH -
MM TIJIACTHHAMMU.

3AVILLEB u mp.

151 TOTO YTOOBI COMOCTaBUTh 3KCIIEPUMEHTAIb-
Hble TaHHbIE C TEOPETUUYECKUMU BbIBOAAMMU, OBLIU
MpojAeaaHbl cleaylole paccyxkaeHus. B akcrnepu-
MEHTe TOJIIMHA KaXI0i M3 IUIacTUH HHobaTa Jiu-
TUsl Y-cpe3a Oblla yMEHbIlIEHA OT CTaHAAPTHOTO
3HadeHud 0.5 MM g0 0.2 MM IIyTeM MeXaHUYeCKO
UG OBKU MOBEPXHOCTU, CBOOOAHO OT BCTpEY-
HO-IITHIPEBBIX TIpeoOpa3oBaTeeil ¢ TOMOIIbIO Ha-
0opa MopoIIKOB KOpYyHAA. 3aKJIOYUTEIbHON Mpo-
Heaypoi Obu1a MaM@oBKa KOPYHAOM C pa3MepoM
3epHa 10/7 MmxM. Kak m3BectHO [16], B 3TOM cirydae
MpU NOIUPOBKE HUOOATA JIMTUSI HA CTEKJISIHHOM TO-
JIMpOBaJbHUKE MaKCUMaJlbHasl IIepOXOBATOCTh IO-
BepxHOCTU paBHa mpuMepHO 0.9 MkM. [TosToMy mist
CpaBHEHMUSI C TEOpHUEii OBLIO CAeTaHO MPEATOI0XKEeHUE
0 TOM, YTO B 3KCIIEPUMEHTE IINPUHA 3a30Pa MEXIY
COIpPUKACAIOIIMMUCS MIacTMHAMU paBHa 1 Mkm. Ta-
KUM 00pa3oMm, Mpu IKUpPUHE 3a30pa 1 MKM U3 TEOpUU
clienyer, 4To ha3zoBasi CKOPOCTh paBHa 4424 M/c, 4TO
XOPOIIIO COOTBETCTBYET DKCIIEPUMEHTAIbHOMY 3Ha-
yeHUI0 4444 Mm/c (pacxoxnenue 0.5%). Teopetnue-
CKO€ 3HaueHHUEe IrpynIoBoit ckopocTtu 4447 M/c Tak-
K€ COOTBETCTBYET 3KCIIEPUMEHTAJIbHOMY 3HAUYEHUIO
4545 m/c (¢ pacxoxaennem 2.2%).

SAKJITIOYEHUE

DKCIepUMEHTAILHO UCCIIeTOoBaHa aKyCTUIeCKas
JINHUS 3aJePXKKHU, COCTOSIIAsI U3 ABYX IJACTUH HUO-
O6ata nutusg Y—X cpesa ToamuHoi 0.2 MM, JexXanimx
JIpyr Ha apyre. Ha kparo KaXIoi miacTUHBI pacioio-
>KE€H BCTPEUYHO—IITHIPEeBOI Mpeobpa3zoBaresib, Conep-
Kaluii 8 map paciierieHHBIX 3JIEKTPOIOB € Tepuo-
nom 1.38 MM u antepTtypoit 8 MM. Ha ogun rpeo6pa3zo-
Batesib nonaetcsa BY HanpstkeHue (MMIOyJIbCHOE MU
HEIMpEPHIBHOE), KOTOPOE BO30YXIAaeT Mbe30aKTUBHYIO
AKyCTUYECKYIO BOJHY C MONEPEYHO—TOPU30HTAIBHOM
noJyisipu3alueii, 6eryiyto B epBoii rmiacTuHe. Diek-
TPUYECKOE TO0JIe 3TOI BOJIHBI, IPOHUKASI BO BTOPYIO
MJIACTUHY, BO30yXaaeT B Hell TaKylo Xe aKycTude-
CKYIO BOJIHY, KOTOpasi TpeoOpasyeTcsl B 3JIeKTpUue-
CKM CUTHAN ¢ TIOMOIIbIO BTOPOTO BCTPEUHO—IIThI-
peBoro npeodpazoBareiis. MeHsIsT pacCTOSTHUE MEXIY
NnpeoOpa3oBaTesIMU MyTeM CIBUTA OMHOMN MIACTUHBI
OTHOCMUTEJIBHO OPYTroil, MOXHO MEHATH BpeMs 3a-
JIepXKU U (pa3y BEIXOAHOro curHana. Pabouast yacro-
Ta 1eXUuT B nuamnaszoHe 2.5—3.7 MIu. [loka3aHo, uTo
U3MEHEHUEe PACCTOSIHUS MeXAY MpeoOpa3oBaTe/IsiMU
oT 2 1o 17 MM MeHsIeT BpeMs 3aJepKKU B Ipeaeaax
1.1—4.4 mxc. I1pu aToM caBur miaactud Ha 1.38 MM
MeHsIeT a3y BRIXOZHOTO curHaja Ha 360°. beur nmpo-
BEI€H TCOPETUYECKUI aHAIU3 1IeJIEBO BOJHBI B Ta-
Koit cTpykType. OKa3aioch, 4TO MIpH IIUPUHE 3a30pa
AKYCTUYECKUU XYPHAI Ne 4
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1 MxM ¢a3zoBast CKOpoCThb paBHa 4424 M/c, 4TO XOpO-
1110 COOTBETCTBYET SKCMEPUMEHTAILHOMY 3HAUEHUIO
4444 m/c (pacxoxnenue 0.5%). TeopeTudeckoe 3Ha-
YyeHue rpynnoBoii ckopoctu 4447 M/c TakxKe COOT-
BETCTBYET 9KCIIEpUMEHTaJbHOMY 3HaUeHUIO 4545 M/cC
(pacxoxmenue coctapisieT 2.2%). [Ipu cpaBHEHUHN C
Teopueit ObLIO cAeIaHO MPEANoJOXEeHHUEe O TOM, YTO
B 9KCIIEPUMEHTE IIMPHHA 3a30pa MEXIy COMpUKa-
CalolIMMUCS TUIaCTUHAMU paBHA | MKM, MOCKOJIbKY
npu nuiM¢oBKe HUOOaTa JUTHUS ITIOPOLIKOM KOPYHaa
¢ pazMepom 3epHa 10/7 MKM MakcUMaJibHasl IIIEPOXO-
BATOCTb MOBEPXHOCTH paBHa mpuMepHo 0.9 Mkm [16].
Kpome Toro, TeopeTrmuecKuii aHaJIM3 TTOKa3aa paBeH-
CTBO HYJIIO HOPMAaJIbHBIX KOMITOHEHT MEXaHUYECKOI0
CMEIIeHUS pacIIpPOCTPAHSIONINXCSI BOJH Ha KaxXIOu
CTOPOHE MbE303JIEKTPUUECKUX TIACTUH. DTO MOJ-
TBEPXKAAeT TOT (aKT, YTO BOJHBI B PA3TUYHBIX TIJ1a-
CTHHAX CBSA3aHBI TOJIBKO OJIaromapst HATMIUIO DIIeK-
TPUYECKOTO TOJIS.

Pabora BbrimoiaHeHa Ipu (PUHAHCOBOM IIOI-
nepxke Poccuiickoro Hayunoro ®@onHma (rpaHT
Ne 24-29-00289).
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INFLUENCE OF METAL STRUCTURE AND PLASTIC DEFORMATION
ON NONLINEAR ACOUSTIC PARAMETER

A. V. Vanyagin®, A. V. Ilyakhinskii**, V. M. Rodyushkin®**

Practical task of samples control from various metals using principles of nonlinear acoustics is solved.
A surface acoustic wave (surfactant) was used for control, the propagation process of which, due to nonlinear
effects, is accompanied by generation of a doubled frequency. An experimental device is used to monitor
the structural state of the sample metal by recording a change in a nonlinear acoustic parameter. To excite
surfactants, a wedge converter with a resonance frequency of 1 MHz was used. The past wave was recorded
by a wedge transducer with a resonance frequency of 2 MHz. It has been shown that NAP for tested materials
in the initial state has different significance not only for materials belonging to different classes, but also
for materials belonging to the same structural class with different chemical composition (12X17G9AN4
and 12X18HI10T). Plastic deformation by 2% does not lead to a change in NAP for alloy AMg6 and steels
12X17G9AN4, 20X13N4G9 and 10XSND. The change as a result of plastic deformation by 2% NAP for
stainless steels 12X18N10T and 08X17N4M3 is due to a change in their phase composition associated with
martensitic transformation. The presented data on the change in NAP from early stages of elastoplastic
deformation to pre-destruction for AMg6 and 10XSND demonstrate the possibility of its use as a prognostic
criterion for the limit state of the material.

Keywords: elastic wave, nonlinearity, metal, deformation, control
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