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CraThsi TOCBAIEHA PEIICHUIO TMPOOIEMBbl TMOBBIIICHUS A(PPEKTUBHOCTH
YJIBTPA3BYKOBBIX TEXHOJIOTHYECKUX TIPOLIECCOB 3a CYET CO3JaHUs YCJIOBHH,
o0ecrevynBarOIUX YBEIWYCHHE BBOJA SHEPTUU YIbTPa3BYKOBBIX KoJeOaHHWH B
oOpabaThiBacMble  TEXHOJOTHYECKHE Cpeabl. PaccmarpuBaercs OauH U3
BO3MOXKHBIX MyTel pemieHus mnpoOiemMbl — pa3paboTka H NPUMEHEHHE
yIBTPa3ByKOBeIX  KojebarenpHbIX  cucteM (Y3KC), oObequHSIONMX B
MOJTyBOJIHOBOM KOHCTPYKTHBHOW CXEME MbE30JIEKTPUUECKHI TpeodpazoBaTesb U

CTYIIEHYaTO-pauaIbHbII KOHIIEHTPATOp C TpUOOBUIHBIM pabouum
UHCTpyMeHTOM. Jlyig co3gaHusl TpakTHYECKUX KOHCTpykKuui Takux Y3KC
MpEeNIOKEHbl M PEAIN30BAaHbl: METOAMKA WHXXEHEPHOTO pacuyera — JUIs

ONpEACIICHUS] OCHOBHBIX IapaMETPOB M METOJMKA MOJAEIUPOBAaHUS IIpolecca
¢dbopmupoBanus Y3 KoneOaHUH — JIJIsl OTIPENICIICHUST TEXHUIECKUX XapaKTEePUCTHK
V3KC. [lony4eHHbIE pe3yabTaThl MO3BOJIMIN CO3/1aTh IPAKTUYECKUE KOHCTPYKIUU
K0J1e0aTeNbHBIX CUCTEM JJISl PA3JINYHBIX TUIIOB TEXHOJIOTUYECKUX aIllapaToB.

HeoO6xonumocts  moBbleHUST  3()()EKTUBHOCTH  TEXHOJIOIMYECKMX  IPOLIECCOB,
OCYILECTBIIIEMBIX 3a CUET YJIbTPa3BYKOBBIX KOJeOaHHH BBICOKOM MHTEHCHBHOCTH, TpeOyeT
BBOJIa B 00pabaTbIBaeMble Cpe/ibl ONTHUMAIBHON U TOCTATOYHOM Ul pean3aluyl pa3InyHbIX
TEXHOJIOTUYECKUX MTPOLIECCOB SHEPTUH YIIbTPA3BYKOBBIX KOJICOAaHUI.

VICTOYHUKOM  yJbTPa3BYKOBBIX KOJ€OaHMH MpPU OCYLIECTBICHUH YJIbTPa3BYKOBBIX
TEXHOJIOTHH SBIAIOTCA pe3oHaHCHble KoiyebartenbHble cuctembl (Y3KC), cocrosmue u3
OJTHOTO MJIM HECKOJBKHMX 3JIEKTPOMEXaHWYECKHUX HpeoOpa3oBaTeniel, yCUIuTeNnel ynpyrux
MEXaHUUYECKUX KoJieOaHull (KOHLIEHTPATOPOB) U pabounX MHCTPYMEHTOB Pa3iuYHON (HOpPMBI,
IUIOINAAM M3JTydarollel MOBEpPXHOCTU M Ha3HaueHUs. BbIOOp THIIA U KOHCTPYKTUBHOM CXEMbI
K0JIeOATENbHOM CHCTEMBI ONpeAesseTcs pealu3yeMoil TEXHOJIOIHeH, a TaKkXke MmapaMeTpaMu
yJIBTPa3ByKOBOIO  BO3AEHUCTBHsS  (4acTOTa, HWHTEHCUBHOCTb, 30HAa  YJIBTPa3BYKOBOTO
BO3CUCTBUS U T. [1.).

HecmoTpss Ha Hamuuue OOJIBIIOrO KoJMdyecTBa paloT, MOCBSIIEHHBIX BOIpPOCAM
INPOEKTUPOBAHUS U pa3pabOTKU KoJeOaTeNbHBIX CUCTEM, BCE OHM JI0 HACTOSILEro BPEMEHU
BBIMOJIHAIOTCS 1O KJIACCHMYECKOW  JIBYXIIOJYBOJIHOBOW  KOHCTPYKTUBHOH  cXeMe,
o0beIUHSAIOEH MOIYBOJIHOBOM mpeoOpa3oBaTesib W MOJYBOJHOBOW KOHIEHTparop. Ee
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OCHOBHOHM HEIOCTATOK 3aKJIKYaeTCsl B TOM, 4TO JIEKTPOMEXaHHUYECKUIl mpeoOpa3oBaTelb U
KOHIIEHTpAaToOp ¢ pabouyuM HMHCTPYMEHTOM, SBISIFOTCS  PE30HAHCHBIMM  CHUCTEMaMH,
XapaKTepU3yeMbIMH COOCTBEHHBIMM 4YacTOTAMHM MEXAaHWYECKUX pe30oHaHcoB. [Ipu ycroBum
00€eCreueHus] paBeHCTBA 4YacTOT MEXAHWYECKUMX PE30HAHCOB O0ECHEeYMBAETCS MAKCHMAaJIbHAsI
aMIUTUTYJa KoJIeOaH!i pabouero MHCTPYMEHTA U, COOTBETCTBEHHO, MAKCUMAIIBbHBIA BBOJ SHEPTUU
B oOpabatpiBacMble cpezpl. O0ecneunTh HIealTbHOE COTJIACOBAHKE MPAKTHUECKH HEBO3MOYKHO TIO
crenytomerd mpuumHe. [lpu BBome VY3 konebanuii pabodwii HMHCTPYMEHT H  4YacTh
KOHIICHTpATOpa IOTPY’KAIOTCA B PA3IMYHBIC TEXHOJOTMYECKHE Cpelbl. B 3aBucumoctu OT
TUTOINAAM W3TYYalomel MOBEPXHOCTH pabovero MHCTPYMEHTa M CBOMCTB 00padaThIBacMbIX
cpel (IUIOTHOCTM M BSI3KOCTH) H3MEHsSIETCS COOCTBEHHas pE30HAHCHas 4acToTa
KOHIIEHTpaTopa. PaccoriacoBanue yiapTpa3ByKOBOTO MpeoOpazoBaTelss M KOHIICHTPATOpa o
4acTOTe TNPUBOIUT K YMEHBIICHHIO aMIUIUTYIbl KoJjeOaHW pabodero WHCTPyMEHTa H
YMEHBILEHUIO BBOJIUMOM B CpeJibl 3HEpruu. i NCKITIOUEHHS PacCOTIacOBAHUS 110 4YacTOTE B
npouecce paboThl, NpU MPOESKTUPOBAHUM U U3TOTOBICHUM KOJEOATEIbHBIX CUCTEM
o0ecreunBarOT NMpEeABAPUTEIBHOE PACCOTIACOBAHMUE IMPeoOpa3oBarTeisl U KOHLEHTpATOpa Ha
OTIpEICNIEHHYIO BEJINYMHY, ONITUMAIbHYIO JUIsl KOHKPETHOW TEXHOJIOTMUECKOM CPEeIbl.

[IpenBapuTenbHOE paccorylacOBaHHME HE pelaeT MpoOieMbl, IOCKOJIBKY B  XO€
peanu3al  TEXHOJOTMYECKMX  IPOLECCOB  IMPOUCXOJUT  M3MEHEHHE  CBOWCTB
oOpabaTbIiBaeMbIX cpel (M3MEHEHHE BEIWYMHBI aKyCTHYECKOW Harpys3Kd, TEMIIEpaTyphbl,
BA3KOCTH, COCTaBa), 4YTO BBI3bIBAET TaKU€ M3MEHEHMsS] PE30HAHCHBIX XapaKTEPUCTUK
K0JIe0aTEJIbHBIX CHCTEM, KOTOPbIE HEBO3MOXKHO IPETLyCMOTPETh HA 3Tare MPOEKTUPOBAHUS.
DTO CYIIECTBEHHO OTpaHMYMBACT OOJIACTH TPUMEHEHHUS YIBTPAa3BYKOBBIX TEXHOJIOTUH W
CHIDKAET UX 3(PPEKTUBHOCTD.

[TpoGiema ycyryOmsiercss HEOOXOIUMOCThIO OOECIEYCHUS ONTHUMAIBHBIX —yCIOBUH
COIJIACOBAaHUSl  BOJHOBBIX  COINPOTUBJICHUM  TEXHOJOTMYECKUX Cpel C  TBEPAbIMHU
bE30KEpaMUUECKUMU MaTepuajgamMu IpeoOpasoBareneil. DTO JOCTUraeTcsi NPUMEHEHUEM
KOHIIEHTpaTopoB. [lJIs ONTHMAaiIbHOTO COTJIACOBAHUS KOX(PPUIMEHT YCHICHHS [OJKECH
coctaBiATh 12—17 [1]. Cronps BeICOKHE KOA(DGUIMEHTHI YCUIICHUS MOYKHO TOJIYYHTH TOJBKO
CTYNEHUYaThIMH KOHIEHTpaTopamu. OIHAKO TmpH Takux KOd(PPHUIMEHTaX yCHUIICHHUS
YBEJIMYUBAETCS 3aBUCUMOCTh COOCTBEHHON PE30HAHCHOW YacTOTHI OT Harpy3KHu, 4To TpeOyer
MaJIoro MO JAWaMETPy BBIXOJHOTO CEYEHMsI MPHU 3HAYUTENIbHON JUIMHE (COOTBETCTBYIOLIECH
YETBEPTU JJIMHBI BOJHBI YJBTPA3BYKOBBIX KOJeOaHHWN B Marepuaje KOHLEHTpaTropa). JTO
NPUBOJUT K TIOTEPE AMHAMHYECKOW yCTONYMBOCTU M TIOSIBICHUIO M3THOHBIX KojeOanwmid. 1o
3TOH MpPUYKHE, HA TPAKTHKE HE UCTIONB3YIOTCS KOHIICHTPATOPHI ¢ KOAPPHUIIMEHTOM yCHUIICHHUS
Oonee 3-5.

[IpoBeneHHbI aHaAMM3 BO3MOXKHBIX KOHCTPYKTHUBHBIX CXeM IHpeoOpa3oBaTelneH,
KOHIIEHTPAaTOPOB U pabOYuX HHCTPYMEHTOB IO3BOJMJI YCTaHOBUTb, 4YTO OoJbllIas 4acTh
NPUHLUINNAIBHBIX OrPAaHUYEHUN, MPUCYIIHUX JBYXIIOJYBOJIHOBOM KOHCTPYKTHBHOH cxeme
KOJICOATEIBHON CHCTEMBI, MOXKET OBITh YCTpaHEHa NMPHUMEHEHHEM KOJeOaTeIbHBIX CHUCTEM,
OOBEAMHSIOMNX B  IOJYBOJHOBOW  KOHCTPYKTHBHOM  CXEME€  IbE303JIEKTPUUYECKUIN

npeoOpazoBareib, KOHIICHTPATOP C BBICOKUM KOI((UIIMEHTOM YCHJICHHS W JIOO0OU 110
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pasmepam paboumii WHCTpYMEHT. Jlyii MHTEHCHU(HKAIMK TEXHOJOTHYECKUX MPOIECCOB,
NPOTEKAMIINX B )KUIKUX M JKUAIKOTUCIIEPCHBIX Cpelax, MpeIoKeHa KOHCTPYKTHBHAS CXeMa
(puc. 1) TOJIYBOTHOBOW YJBTPa3BYKOBOM KojeOaTenbHOW cuctembl [2]. OHa mMmo3BoOJISET
COBMEIIATh JJICKTPOMEXaHUYECKUN MpeoOpa3zoBareib, TpaHchopMaTop ynpyrux KojaeOaHUi
(KOHIIEHTpAaTOp) W PabOYMii MHCTPYMEHT C H3JIy4alolleld MOBEPXHOCTHIO, OIMPEIeICHHON
(GbOpMBI U TIIIOMIATH.

J l (2 s

Puc. 1. KoHcTpyKkTHBHas cXeMa MOJIyBOJHOBOM Mbe3odekTpuueckon ¥Y3KC

[TpennioskenHast u pazpaboranHas Y3KC comepxur kopiyc 1, B KOTOpOM IMOCPEICTBOM
KPETEXHbBIX 3JIEMEHTOB Yepe3 OMopy 2, BHITOIHSIONIYIO (DYHKIMIO aKyCTHUECKOW pa3BsA3KH, B
y3Jl€ CMEIIEHUI 3aKperseHa YyIbTpa3ByKoBas KojiebaTenbHas CHUCTEMA, COCTOAIIAs W3
OTpa’karolleld MeTAJUINYECKON HAKIIAAKH 3, MbE303JIEKTPUUYECKHUX AIIEMEHTOB 4, K 3JIEKTPOAaM
KOTOPbIX Yepe3 COEAMHUTENbHBIH Kabelb MOJaeTcsl SJEKTpUYEcKoe BO30yxkaaromiee
HanpsDKeHUe, U3Iydamollel KoHueHTpupytomed Hakmaaku S. K Hell mpucoenunsiercs
pabouuii UHCTPYMEHT 6, KOTOPBIN OOBIYHO BBIMOJIHIETCS CMEHHBIM.

VibTpa3BykoBas — KojeOaTenbHass ~ cUCTeMa  NPEACTaBIseT  COOOW  CTymeHYaro-
SKCHOHEHIMAJIbHYI0 KOHCTPYKIMIO, COCTOSIIIYI0 U3 TpEeX OCHOBHBIX YYaCTKOB: JABYX

IWIMHAPUYECKUX (MIMHOM [/, W [,) M OJHOrOo SKCHOHEHIMAJIbHOTO (IMHOW /).

[Tbe30371eKTpUUECKUE 3JIEMEHTHl PACIONIOKEHBl MEXKIY AKCIOHEHIMAIbHBIM YYacTKOM U
TOPLIOM OTpakarolled Hakinaaku. BbIOOp Takoll KOHCTPYKTUBHOW cXeMbl OOYCIIOBJIEH
HEOOXOIMMOCTBIO0 HOJY4YeHHs OOJbIIOro Kod(p@UIMEHTa YCHJIEHHUS (KaKk Yy CTYNEHYaToro
KOHIIEHTpaTopa) W MPUEMJIEMOIr0 COIJIaCOBaHUS C oOpabaThiBaeMol cpenoit (OnM3Koro K
napameTpaM  SKCIOHEHIMAJIbHOIO KOHLeHTpaTopa). Ilpm sToM mro0ble  U3MEHEHHUs
apaMeTpoB MHCTPYMEHTOB U 00pabaThIBaeMbIX cpell BEAYT K MPEICKa3yeMbIM W3MEHEHHUSIM
PE30HAHCHOM YacTOThl KOjeOaTeIbHONH CHCTEMbl U JIETKO KOMIIEHCHPYIOTCS H3MEHEHHEM
paboueil yacTOTHI JEKTPOHHOTO TeHepaTopa.

Ha ocHOBe mOIYBOJIHOBOM KOHCTPYKTMBHOM CXE€MBI BO3MOXKHO pa3pabarhiBaTh MU
CO3/1aBaTh IPAKTMYECKHE KOHCTPYKLIMHU YJIbTPAa3BYKOBBIX KOJEOATENbHBIX CHUCTEM IS
KOMIUIEKTAllUd Pa3sHOOOpa3HbIX ammapaToB. lcmonb3yemble Ha NpakTHKE KoJieOaTeslbHbIe
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CUCTEMBl paA3IUYAIOTCS MbE30KEPAaMHUUYECKUMU DJJIEMEHTaMH (BHYTPEHHHH U BHEIIHUN
IUaMeTp, TOJIIMHA, THUM Mbe3oMaTepuana), pPa3IUdYHbIMU CEYCHHSIMH LUJIMHIPHUYECKOTO
y4acTKa KOHIEHTpPaTopa, pa3nYHbIMU pabouyMMU HHCTpyMEHTaMu. B 00001IeHHOM BuIE
Kosie0aTeNbHas CHUCTEMa C OCHOBHBIMHU, MOJUICKALIMMH OIpPENeICHHI0, T€OMETPUUECKUMU
pa3Mepamu Mokas3aHa Ha puc. 2.

Nl Y

{pass [z [3

Puc. 2. [TonyBonnoBast Y3KC ¢ OCHOBHBIMU KOHCTPYKTUBHBIMHU pa3zMepamMu:

[3 — nMHA TUIMHIPUYECKOTO yYacTKa JuaMeTpoM D, (MaTepual my); [y — IupuHa y3ia
KpEIUIEHHs KOJIeOaTeIbHOM CUCTEMBI B Kopryce; D), — AuaMeTp MosACKa KPEIUIeHHUs;
[, — mMpUHA NOSACKA KPEIUICHHUS; [yqe — IVTMHA OTPAXKAIONIEH MTaCCUBHOM HAKJIAAKU (MaTepHal
m1) nuameTpoM Dy; [, — TONIIMHA MTaKeTa MbE303IEKTPUUECKUX 2JIEMEHTOB (MaTepuall n1,);
[, — nMHA SKCTIOHEHIUAIBHOTO y4acTKa; P — cMeHHBIN pabounii HHCTPYMEHT

[IpoekTupoBaHue YJIbTPa3BYKOBBIX KOJIEOATENbHBIX CHCTEM JIOJDKHO OCYIIECTBISITHCS B
HECKOJIbKO ATAroB.

Ha nepBoM stane, ucxo/s U3 TpedOBaHUN peann3aluy ONpPeeIEHHOTO TEXHOIOTUYECKOTO
mpoliecca, OnpeAeITIOTCs He00X0IuMbIe TTapaMeTpbl Y3 BO3/ICHCTBHS: PE30HAHCHAS YacTOTa,
aMIUIMTy/1a KOJIeOaHWM H3IIydarollell MOBEPXHOCTH HMHCTPYMEHTA, KOJUYECTBO BBOJUMOI
aKyCTUYECKOW  DHEpruv, HEoOXOAMMOW W JOCTAaTOYHOW Uil  OCYIIECTBIICHHS
TEeXHOJOruueckoro mpouecca. [lo »TuM mapamerpaMm paccUMTBIBaeTCsi HeoOXoaumas
MHTEHCUBHOCTh M3Ty4YeHHs] / Ha MOBEpXHOCTU pabouero mHCTpyMmeHTa. s 3pdexkTuBHOTO
BO3JICUCTBUS HA PA3IMYHBIE TEXHOJIOTHYECKHUE CPEIbl B PEXKHME «Pa3BUTOI» KaBUTAIMH
3HAYCHHE HHTCHCUBHOCTH JIOJDKHO OBITH B mpenenax 10-15 Br/cm®.

Hanee, mmsa oOecnieyeHUs 3aJlaHHOW MHTEHCUBHOCTH  M3JYyYCHHUS, OIPEACISIeTCS
koo urment ycunenns M, KoneOaTenbHON CHCTEMBI, MPU YCIOBHH, YTO MaKCHMAaJbHAs
BEIIMYMHA CMEIICHUS TOBEPXHOCTH IbE30KEPAMUYECKUX DJIEMEHTOB B TPEIBAPUTEIHHO

HaIpPSKEHHOM COCTOSIHMH, OTpaHWYCHHAs MPOYHOCTHIO Marepuaia, HE MOXKET IMPEBBIIIAThH
5—7 MKM.
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Ha BTOpoM »3Tame, ¢ ydeTroM XapaKTepUCTHUK 00pabaThIBaeMON Cpellbl BBIOMPAIOTCS
MaTepuaibl KOHIIEHTpaTopa M pabodero wuHCTpyMeHTa. [[ns crmaboarpeccuBHBIX Cpen
npumenstoress  cruiaBbl 40X13, 30XI'CA u momobuple uMm crtamu. s oOGpaboTku
arpecCUBHBIX CpeJ HCHOJIb3YIOTCS HepkaBeronme crtanu tuna 12X18HI10T, a Taxxke
TUTAHOBbIE cCIUIaBbl. OTpakarouiasi YacTOTHOMOHWXKAIOIIAS HAKJIAJKa BBIMIOJIHSACTCS U3
YIJIEPOJIUCTHIX CTajiel OOBIYHOTO KaYeCTBA TUTIA CTaNb 45.

Jnst koneOaTeNnbHBIX CUCTEM MPUMEHSIOTCS MbEe30KepaMHUUeCcKHe MaTepHUalbl C BBICOKUMU
3HaYeHUSIMH JTOOPOTHOCTH, BBICOKOHN TemriepaTypoir Kropu, MOBBIIIEHHBIMH 3HAYEHUSIMU
IbE30MO/TyJICH, HU3KUM 3HAYCHHEM TaHTeHCa YTila JUAJICKTPUYECKUX TOTEPh MPH BBICOKHX
HanpspkeHusix. Hanbonee mpUromHeIMU IS TIOCTPOCHUST KOJIEOATEIBHBIX CHCTEM SIBISIOTCS
nee3omatepuansl Thna [IKP-8M, IITC-23 u APC-841.

Ha tperbem nTame ompenemnsitoTcst pa3Mepbl KoOJIeOATeNIbHOW CHCTEMBbl — JTHAMETPBI
NUWIMHIPUYECKUX Y4YacTKOB. 3HaueHHMe [, 3aBUCUT OT MOINHOCTH BBOAUMON B
oOpabaTbiBaeMyto cpeay M JexuT B mpenenax 10-20 mm. 3Hauenume D, ompenemnsieTcs:
y4eToM Kod(puIMeHTa yCHJICHUS, PACCUYMTAHHOTO M0 METOJMKE, MPEI0KEHHONH B paboTe
[3]. Ilo nonyuyeHHOMY 3Ha4eHUIO D, BBIOMPAIOTCS MbE30UIEKTPHUUECKUE DJIEMEHTBI (TOJIIUHA

[, v Tun matepuana m, ). Jlanee onpenensercss OTHOMEHUE MAMETPOB N .

Ha uerBeproM »3Tame ompeneistoTcss UIMHBI HUIUHAPUYECKHMX M SKCIIOHEHIIHMAIBLHOTO
yuactkoB Y3KC, o cnenyromum popmynam [2]:

L =klc,/o-2l,(c,/c, +1)],

[.=c,/wIn(N),

L,=kye,lw,
rae ¢,, ¢, — CKOPOCTH DPACHPOCTPAaHEHMs YJIbTPA3BYKOBBIX KOJIEOAaHMH B MaTepuayax
HAaKNanoK, (M/c); ¢, —— CKOPOCTb pAacmpOCTPAHEHHS YIbTPA3BYKOBBIX KojeOaHud B
Matepuane MbE30’JICKTPUUECKOro dneMenta, (M/c); /2w — paboyas wdactoTa
YJIbTPa3BYKOBOW KosebarenbHON cucteMbl, (I'm); [, — TONMMHA NBE302JIEKTPHYCCKOTO

aJeMeHTa, (M).
Jns ompeneneHus mapaMeTpoOB IUIABHOTO SKCIOHEHIIMAIBHOTO Tepexona (M3MEHEHHs

auaMerpa D) UCIIONIB3YIOTCS CIEAYIOIasl 3aBUCUMOCTb

L
D =De “ |,
rae z usMensercs B npeaenax ot 0 go /..
Ha marom »tame omnpenensroTcs TreoMeTpudeckue pasmepnl yzna kpermenus Y3KC B
Kopryce. Pasmep /, 3aBUCHT OT BEIMYMHBI OCEBOW HArPY3KU HA U3JYHYAIOIIYIO MIOBEPXHOCTD
pabouero mHcTpyMeHTa. OH TpuHUMaeTcst paBHbIM [, /2. T1o 3amaHHBIM TapameTpam mosica

KPCIUICHUS OIMPECACIIACTCA €0 SKBUBAJICHTHAA JJIMHA:
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Ha sToM »xe sTame ompejensercs pa3Mep 3aJHEeH oTpakaromied HakiIaiakud [ u3

pass
Marcpuraia nm, .
£} _ El
lpass - ll - (l4 - ly + ly)’

E)
l _ lpass CZ

pass Cl

Ha mectoMm 3Tarme onpeaAcIACTCAd 3HAYCHUC AJIMHBI BBIXOJHOTO HUJIMHAPUYICCKOTO YHaCTKa

KOHLIEHTPATOpa YJIbTPa3BYKOBOM KOJIEOATEIbHOM CUCTEMBI [; C Y4ETOM TI€OMETPHUYECKHUX

pa3MepoB M THIA pabOYEero HHCTPYMEHTA:
4r
L=h-——s,
7K 5 D,

rae V' — obbeM pabodero MHCTpyMmeHTa; K, — K03(Dp(UUIUEHT M3rHOHBIX KoJeOaHUil,

OTIpeIeNIIeMbI TEOMETPHUECKUMHE pazMepamMu 1 (opMoii pabodero MHCTPYMEHTA.

B pesynbraTe 1OCIEIOBATENBHOIO BBINOJIHEHUS BCEX JTallOB OINPENENAIOTCS BCE
HEOOXOAMMBIC IS M3TOTOBJICHUS MPAKTUUYECKOW KOHCTPYKIHMHU pa3Mepbl KoyieOaTeabHOM
CHCTEMBI.

BMmecte ¢ Tem, npemyiokeHHas M pa3paOOTaHHAas METOJIMKAa MHKEHEPHOIO pacdera He
MMO3BOJCT TMOJYUYUTHb PE3YJbTAaTbhl, YYUTHIBAIONIMC HW3MCHCHUSA BHYTPCHHUX JIHAMCTPOB
MNBC30KCPAMHUYCCKUX JBJICMCHTOB, pPa3jiMdusd B MOMCHTAX MPCABAPUTCIIBHOTO CiKaTUA
IIbE303JICMECHTOB, HGO6XOILI/IMOCTB BBIIIOJIHCHHUA PA3JIMYHBIX TCEXHOJOI'MYCCKUX JIBICOK,
KpPENEeKHbIX y3J10B, Ha pa3inuuHbiXx yuyacTkax Y3KC, pasnuuus B pe3bOOBBIX COEAMHEHMUSIX,
ycnoBusix kpemienus Y3KC B kopryce Wiu TEXHOJIOTHYECKOW JMHUHM. OnpeneneHue 3TUxX
[apaMeTpoB B MPOLECCE U3TOTOBIEHUS U OTPAOOTKU MPAKTHUECKUX KOHCTPYKLMH CIOXKHO U
noporo. IloaTroMy  CKOHCTpyMpOBaHHas KojeOaTellbHash CHUCTEMA  IIPEJBAPUTEIILHO
UCCIIEYeTCd METOJO0M MAaTeMaTHYeCKOro MOJEINPOBAHMs, OOECIEYMBAIOLIUM IIPOBEPKY
MOJyYEHHBIX PAaCUETHBIX Pe3yJsbTaToB. JlJig 3THX 1eneld MpelyIoKEeHO HCIOJb30BaTh METO
KOHCYHBIX JJIEMCHTOB, HOBBOJ’ISIIOHII/II;'I MOJIYUYUTb HJOCTOBCPHBLIC PE3YJbTAaThbl C BBICOKOM
CTENEHbIO MPUOMMKEHHUS K peaJbHbIM KOHCTPYKIMSM 3a KOPOTKMHM IPOMEXYTOK
Bpemenu [4]. KoneOarenbHON cUCTEMBI € Y4YE€TOM pe3yJbTaTOB MHXKEHEPHOI'O pacuera
CO3/a€TCs IMOCPEACTBOM CHUCTEMBbl AaBTOMAaTU3UPOBAHHOIO IPOEKTHUpOBaHUS B Buae 3D
MOJIETIN C YYETOM THUIIOB UCIOJIb3yEMBIX MaTepuasoB. Janee mpou3BOIUTCS pacueT METOI0M
KOHCYHLIX JJICMCHTOB C YUYCTOM BJIMAHUA BCCX q)aKTOPOB. OHpeIleJISIIOTCSI OCHOBHBIC
napametpsl Y3KC: coOcTBeHHas! pe30HaHCHAs 9acToTa, KOA(PUIMEHT YCHUIICHUS, 3HAUCHHE U
pacnpeeicHie BHYTPEHHHX MEXaHWYCCKUX HANpPSOKEHUH, pachpeselieHne KoJieOaHmid
U3Iy4aole IMOBEepXHOCTH pabouero uHcTpymMeHta. (€ ydyeToM  pe3yslbTaToB B
INEPBOHAYAJIBHYIO MOZACIb IIpHU HGO6XOI{I/IMOCTI/I BHOCATCA COOTBCTCTBYIOIIHUEC M3MCHCHUSA U
IOIIPABKHU.
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[IpennoxxeHHass MeTOJIMKa IO3BOJMIIA TMPOBECTH PACYeT PA3IUYHBIX YJIbTPA3BYKOBBIX
KOJIe0aTEJIbHBIX CUCTEM MPU Pa3IMYHBIX JHAMETPaxX BBIXOJHOIO y4acTKa KOHLIEHTPATOpa MpU
3aMEHE YYacTKa SKCIOHEHIMAIbHOTO Iepexoia paauaibHbIM. Paauyc BapbupoBaics B

2 2
417 +(D, -D,)

npenenax or Ry 1o 2,5Ry, rne R, = XD D))
1~

Heo6xonumocTe Takoil 3aMeHbl 00YCJOBJIE€HAa HE TOJBKO TEXHOJIOIMYECKOW MPOCTOTOM
U3rOTOBJICHUS IUIABHOTO PaJiaIbHOTO MEPEeXoia, HO U YJIy4lIeHHEM OCHOBHBIX apaMeTpOB
V3KC. [IlomydeHHblE pe3ynbTaTbl MCCIEAOBAHUN IIPEACTaBICHBI Ha pUC.3 B BHIE
3aBUCUMOCTEHl  KOA(pPHUIMEHTa YCHUJIEHHS, COOCTBEHHOM pE30HAHCHOW YacTOThl H
MaKCUMAaJIbHBIX MEXaHUYECKUX HAIPsDKEHUM OT pajauyca.

a) 000 PeTU B) Omax
21800 - 380
21600 41
21400 330 e
21200 // /_./'—""'_
21000 250 . e
20800 — ././
20600 o A |- | - (B S E— L -—_ﬂ_______,_"--——-—"“_'-"_"
20400 e 230 .
20200 ) e
20000 - ) —

1 126 156 175 2 225 25

0)
Puc. 3. i3mMenenue coOCTBEHHOM
pe3oHaHCHOH yacToThl f (a), koaddunmenrta
ycunnenust M, (0) 1 MakCUMasbHBIX
MEXAHUYECKUX HAMPSKEHUN Gmax (B)

+D2=10%D2=12+D2=15+D2=18

1 125 15 175 2 225 25

AHanu3 pe3ynbTaTOB MOACIUPOBAHUS MO3BOJIMI YCTAHOBHUTH, YTO ONTUMAJIBHBIA PainycC
IUIaBHOTO Ilepexoja JMAOJDKeH cooTBercTBoBath 1,25 —-13R,. HaGmogaemoe mnpu 3TOoM
YMEHBIIIEHNE Y4acTOThl (pu pacueTHOM 3HadeHuu 21 k') oOycrnaBamBaeTCsi MOTPEIIHOCTHIO
MojenupoBaHus (He MeHee 2-5%) M KOMIEHCHpPYETCS IyT€M BBEACHHUS IOMPABOYHBIX
K03()(pULIMEHTOB Ha YETBEPTOM 3Talle HHKEHEPHOT'O pacueTa IpY BbIUUCIEHUM JUIuH [, 1,,1] .

HeoOxomumocts BBoga Y3 konebanuii B oOpabaThiBaeMble Cpelbl Yepe3 pa3iHyHbIe 10
wiomanad u ¢GopMe H3IydYalolue MOBEPXHOCTU TPeOyeT MPOEKTUPOBAHUS PA3IUYHBIX
pabourxX UHCTPYMEHTOB JJIsl CO3aHHBIX MOJIyBOJIHOBBIX KOJIEOATENbHBIX CUCTEM.
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Pabounii MHCTpYMEHT MO OTHOIIECHUIO K KOJIEOATETHbHON CHCTEME pacCMaTpUBAETCS Kak
JOTIOJIHUTEJIbHASL ~Macca, [PUCOECIMHEHHAass K BBIXOJHOMY TOPIYy M IOHMKAKOIIAs
PE30HAHCHYIO 4YacTOTy Bceil cucrembl. lcmonb3ys pasnuuHble 10 Macce pabouune
MHCTPYMEHTBI, MOKHO PaCUIMPUTh (YHKIMOHAIbHbIE BO3MOXKHOCTU pa3pabaTbiBaeMoro Y3
o0opyaoBaHUsA, T.€.  HMHTEHCHU(ULUUPOBATH  pa3iMyYHbIE  MPOLECCHI:  AKCTPaKLUs,
JUCIIEprUpOBaHUe, dMYJIbIMPOBAHUE MOCPEICTBOM OJHOW YJIbTPa3BYKOBOM KoseOaTelbHON
CUCTEMBI.

Jns  npoekTHpoBaHMS pa3HBIX MO Macce pabouux HMHCTPYMEHTOB  IOJyueHa
AHAJTUTHYECKYI0 3aBUCHUMOCTh MEXIYy pabodell 4acTOTOH yIIbTPa3BYKOBOW KoJeOaTelbHOU
CUCTEMBI U IIOIA/bI0 padouell MOBEPXHOCTH UCIOIb3yEMOI0 HHCTpyMeEHTa [S]:

~b+-/b* —4ac

2a ’

e  a=LC*(AS-4U,), b=AS(C’R*-2LC)+4LCU}, c=A4S-U}, A=I/k;

C — eMKOCTh TIb€303JIEMEHTOB; L — WHAYKTUBHOCTh Jpoccelisi; R — aKTHUBHOE
COMPOTHBIICHUE KOppeKTUpymomero ¢wibrpa, Bkmodatromero Y3KC; § — mromans
M3JIYYaKoIe MOBEPXHOCTH UHCTPYMEHTA; U; — HanpsKEHUE NMUTAHUS; [ — UHTEHCUBHOCTh

V3 konebanuii; k — MOCTOSIHHAS BEMYMHA, OIIpEesieMasl mapaMeTpaMy Mbe303JIEMEHTOB
KOJIeOaTeIIbHOM CUCTEMHI [5].

Kak u3BeCTHO, ONTHUMAJIBHBIM N0 (OPME MHCTPYMEHTOM JUIsI BO3JCHCTBHS HA JKUAKHE H
KHUJIKOJANUCTIEPCHBIE Cpenbl SABIIeTCS pabounii MHCTpYMEHT TpuboBuaHON Gopmbl. [losTomy
JUIS. BRICOKOMHTEHCHBHOTO YJIBTPa3BYKOBOTO BO3ACHUCTBUS HA JKUAKHE M YKUIKOIAMCIICPCHBIC
Cpelbl PEeIJIoKEeH U pa3padoTaH pabounii N3Mydaromuii HHCTPYMEHT rPpUOOBUIAHON (HOPMEL.
OH npexncrasiger co00il yceUeHHbI KOHYC, CXeMaTHYHO ITOKa3aHHbIN Ha puc. 4.

a 6)

a) O

Puc. 4. I'puboBuaHbI pabOYNii HHCTPYMEHT JUIsl BO3JICHCTBUS HA KHUJIKUE U
KHUJIKOJAUCIIEPCHBIE CPEbl: @ — KOHCTPYKLUS, O — BHEIIHUHN B

Juamerp wusmyvaromei MOBEPXHOCTH M (opma oOpaTHOro KOHyca BBIOMpaeTCs Wu3
HEOOXOIMMOCTH 00ecreueHus] PaBHOMEPHOTO MOPIIHEBOrO JBIKEHHS Ha H3JIydaroien
HOBEPXHOCTH. {11 ompeneneHns ONTUMAaIbHOTO yIjla PacKpbITHS KOHYca « , IPH KOTOPOM
oOecrieunBaeTCsi MaKCHUMaJIbHBIH BBOJ yJBTPa3sBYKOBOM OSHEPrWU MpH HaWOOJbIIEM

B. H. Xmenes, C. H. Ubiranok, P. B. bapcykos, A. H. Jlebeaes
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anektpoakyctuaeckom KIIJ[ ymbTpa3BykoBO# KoieOaTeIbHON CUCTEMbI, ObLT MPOBEICH PsT
JKCIIEPUMEHTOB, PE3YJIbTaThl KOTOPBIX MPEACTABIEHBI HA PUC. 5.

B kauectBe OOBEKTOB HCCIIENOBaHUS  BBICTYHAJlW  pa3MYHbIE  I1OJTYBOJHOBBIE
KoJieOaTeNbHbIE CHCTeMbl C TPUOOBUAHBIMH pPabOYMMHU HHCTpyMeHTamu. Pabouwne
WHCTPYMEHTBI OTJIMYAIUCH AUAMETPAMHU Ay, U PA3TUYHBIMU YTJIAMH PACKPBITUS X .

[TomydyeHHble pe3ynbTaThl MO3BOJWIA YCTAHOBUTH ONTHMAJIbHOE 3HAYEHUE YINIa o JUIS
pa3IMYHBIX AUAMETPOB BBIXOJHOTO TOPIIa KOHIIEHTPATOPa, & UMEHHO:

— g quaMerpa 12 MM onTUMaibHBIN yrod cocTaBisieT 75° npu a,, 20 mMM;

— s iraMeTpa 15 MM onTUMaibHBIN yroi coctasisieT 73° npu a, 25 mm;

— g quaMerpa 18 MM onTuManbHBIN yrod coctasisieT 71° npu a,, 30 MM;

— s nramerpa 20 MM ONTUMAaJIbHBIN yroil coctasisieT 69° npu a,, 35 Mmm.

HMHTEeHCUBHOCTD yJIBTPa3ByKOBOTO BO3/AeHcTBUs Oblia paBHa oT 5 10 30 Br/cm?. Kpurepuit

ONTUMAJILHOCTH — 3TO BbINIOJHEHUE ycioBus: max(P, - K1), rae P, — MouHOCTh Y3

KOJIeOaHUH, BBOJAMMBIX B 00padaThIBa€MbIe CPEIBI.

a 500
) 450 Peaniiih N
e
400 '/ ~
-
350 ——
x.“““‘"..
& 300 +— e o =TT
e o T
o 250 =
[T
200 — e
,—"l--’ 7
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| F_’__._'_'_‘__\_.—“_h | -H-H-""\--,
|+ B -
100 T— = e
.
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Puc. 5. 3aBUCHMOCTh aKyCTHYECKOM MOITHOCTH, BBOJUMOW B 00pabaTeiBaeMyto cpefy (a), u
anektpoakyctuaeckoro KII/I (6) oT yria packpbiTusi oOpaTHOTO KOHyca o

- 20 MM = 25 vy - 30 MM -+ 35 MM
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Bricokoe 3Hauenue anekrtpoakycruueckoro KIIJ[ (me wmenee 80%) oObsicHseTcs
nepeMeIeHIEeM ITapora3oBoro o0Jiaka OT M3ITydaroield MOBEPXHOCTH pabouero MHCTpyMEHTa
BIIIyOb 00pa0aThIBAEMOTO TEXHOJIOTHYECKOT0 00beMa. DTO O0YCIIOBICHO pacCIpeeICHHEM
KOJIeOaHMI M3 Tydarolel moBepxHoctu (puc. 6).

a) 45
40
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30

A, MKM
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R, mm
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Puc. 6. Pacnipenenenue koneOaHU U3TydaronIel MOBEPXHOCTH TPUOOBHIHOTO pabovero
WHCTPYMEHTA: & — MHAYCTPUAILHOE Maclio, O — BOJIONIPOBOJIHAS BOJIA, B — BO3IyX

—— 35 M —— 30 MM —m— 25 M —e— 20 M
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B cnyuasx a) u 0) NpoOBOAMINCH H3MEPEHUS IbE303JIEKTPUUECKUM H3MEPUTEIbHBIM
npeoOpazoBareieM ¢ TOUYEYHBbIM KOHTAaKTOM IPU HMUTAHUU IOJIYBOJHOBOM YJIbTPa3BYKOBOI
KoJieOaTeIbHOM CHCTEeMBbI HampspkeHueM 15 B oT HM3KOBONBTHOTO TeHeparopa. B cimydae B)
U3MEPEHUs] OCYIIECTBISUIUCH IMOCPEACTBOM CTPOOOCKOMUYECKOr0 METo/la MpH MUTaHUHU
KojebaTenbHOM cucTeMbl HampspkeHuem 1,2—1,4 kB HemocpencTBeHHO OT TeHeparopa
AJIEKTPUIYCCKUX KOJIeOaHM, BXOISIIETO B COCTaB Y3 TEXHOJIOTHYECKOTo 000pyaoBaHus [6].

Pe3ynbTaThl u3MepeHuii, MPOBEIEHHBIX AJI Pa3IMUHbIX 00pabaThIBAEMBIX CPEJl HA PA3HBIX
KOJIeOATEeNIbHBIX CHUCTEMax, TOKa3bIBAIOT, YTO AaMIUIMTyJa KoJiebaHWH K mepudepun
rpuOOBUIHOTO pabOUEro HHCTPYMEHTA OTHOCUTENBHO €ro LIEHTpa yBeIUYUBaeTcs B 2—3 pasa.
Takoe pacripesneneHre CBUAECTEIbCTBYET O HAPYLIEHUH HOPIIHEBOIO JIBUKEHUS M3ITydarolei
MOBEPXHOCTH, OJHAKO Ipu Y3 BO3JIEHCTBUM B KaBUTALMOHHOM pEXUME HUIpPaeT
MOJIOKUTENBHYIO POJIb.

«MaxartenpHble» BHKEHUS NEepUPEpUiiHOi yacTu paboyero MHCTPYMEHTA MPENSTCTBYIOT
(GOpPMHPOBAHUIO MAPOTAa30BOr0 OOJaKa Ha H3IIydYalomeld MOBEPXHOCTH W CIOCOOCTBYIOT
pacmpocTpaHEeHHIO KaBHTAIIMOHHOTO OOJiaka BriyOb 00pabaThiBa€MOr0 TEXHOJOTHYECKOTO
o0bemMa. OTO TMO3BOJISIET YBEJIWYMUTb BBOJ YJBTPA3BYKOBOW DSHEPIMU B CpEAbl U,
COOTBETCTBEHHO, YBEINIUBATH dPPEKTUBHOCTH BO3ICHCTBUSI.

TakuMm 00pa3oM, co3aHHasi METOJIMKAa MHKEHEPHOI'O pacyeTa U pa3paboTaHHas METOAMKA
MOJICIIUPOBAHMSI TIO3BOJIMIIM CO3/1aTh MPAKTUYECKUE KOHCTPYKIMH KOJEOATEIBHBIX CHUCTEM
JUISL pa3IMYHbIX TEXHOJOTMYECKUX amlapaToB. B pesynbpTaTe MCCIENOBAHUNW U U3MEPEHUN
ObUIO TIOATBEPXKICHO 3HAYHMTENBHOE TMOBBIIICHHE A(PPEKTUBHOCTH  YIBTPa3BYKOBBIX
TEXHOJIOTUYECKUX aNIapaToB 3a CUET MPUMEHEHHS CO3JAaHHBIX KOJEOATENbHBIX CHUCTEM H
MHCTPYMEHTOB. Tak MakcuMmaibHbl 2nekrpoakyctudyeckud KIIJI npu Bo3aelicTtBuum Ha
BOAHYIO cpeny Obln yBenumdeH ¢ 50-65% no 82—-85%, a mpu BO3ACHCTBUU HAa MAacCiSHBIC
cpensl ¢ 30-35% no 70-74%.

PeanusoBaHHble METOAMKM UM PE3yJIbTaThl MCCIEAOBAaHUN  IO3BOJIMIM  CO3JaTh
NPaKTUYECKHE KOHCTPYKLUHU YJIbTPa3BYKOBBIX KOJIEOATEIBHBIX CHCTEM sl Y3 anmapaToB U
NOBBICHTHh  3(QQEKTHUBHOCTb  yJIBTPAa3BYKOBOI'O  BO3JCHCTBHS ~ MpH  peaH3aluu
TEXHOJIOTMYECKUX IPOLECCOB B XKUAKUX U KUJIKO JUCIIEPCHBIX CPEAAX.

Takum 00pa3om, B pe3yJibTaTe UCCIEIOBaHUM:

1. PazpaboraHna HOBasi KOHCTPYKTHBHasi CXE€Ma IIOJYBOJHOBOM  yJIbTPa3BYKOBOI
KOJICOATEIbHOM CHUCTeMBI, CIOcOOHass oOecneuuTh Kod(puueHtT ycuwienus 12-17 u
amruaTyay kose6anuii 10 100200 MxMm.

2. [lpennoxkeHa W NPAaKTUUECKU anpoOMpOBaHAa METOJMKA HH)KEHEPHOIO pacuera,
MO3BOJIMBILAS YBEJIWYUTH TOYHOCTH OMpEICNICHHUsI MapaMeTpOB KOJIEOATEIbHBIX CHCTEM,
YYeCTh BIIMSHHE pabodero WHCTPYMEHTA, IMbE303JEMEHTOB, MaTepualla KOHIIEHTpaTopa H
OoTpakaTeabHOW Hakimaaku Ha Xxapaktepuctuku Y3KC, onpenenuTs napaMmerpbl BCex
COCTaBHBIX YacCTEH YJIbTPa3BYKOBOM KOJIEOATEIIHHOM CUCTEMBI.

3. Jlng uccienoBaHMsl TEXHUYECKUX XapaKTEPUCTUK O€3 H3TrOTOBJIEHMSI NMPAKTUYECKUX
KOHCTPYKLUHUH pa3paboTaHa METOAMKAa MaTeMaTUYeCKOro MOJEIMPOBAaHHUS, IO3BOJUBLIAS
paccuutaTth ocHOBHBIE MapameTpsl ¥Y3KC ¢ TounocTsio 2—5%.
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4. PazpaboTtanpl W UCCIEAOBaHBl paboyue WHCTPYMEHTHI TPUOOBUIHOW  (POPMBEI,
oOecrieuyMBIlIME yBEJIMUEHUE BBOJUMOW B oOpabaThiBaeMble Cpe/bl aKyCTHUYECKON SHEpruu
(makcumanbHbIi snekTpoakyctuueckuit KIIJ[ yBenuuen no 82—-85%).

5. CoznaH psia NpaKTUYECKUX KOHCTPYKLUMN 711 pa3iIMuHbIX TEXHOJOTHYECKUX amlapaToB
(puc. 7), NOATBEpAUBIINUX MPABUIBHOCTh METOJAMKH HHKEHEPHOTO pacdera M COOTBETCTBUE
pe3yJIbTaTOB MOJEIUPOBAHUS M3MEPEHHBIM napameTpam Y 3KC.

Puc. 7. YnbrpazBykoBbie K0JIeOaTEIbHBIE CUCTEMBI PA3TUYHOTO TEXHOJIOTHYECKOTO
Ha3HAYCHUS
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