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B cratee mpennararorcs mnpaBuiia U IOCJIENOBATEIBHOCTh IPOEKTHUPOBAHUS
OTJIENBHBIX COCTABIAIOMINX (Mbe30IMpeodpa3oBareneit, 0ycTepoB, KOHIICHTPATOPOB
1 pabo4YMX WHCTPYMEHTOB) TPU CO3JAHUH ITbE303JICKTPUUYECKUX KOJIeOAaTEIbHbBIX
CUCTEM — HCTOYHHUKOB YIJIbTPa3ByKOBOTO  BO3JEHCTBUS Ha  pa3jHyHbIC
TEXHOJIOTHYECKue mporecchl. lpeaioskeHHble npaBmia 00eCeUUBaAIOT CO3JaHHE
yIIbTPa3ByKOBBIX KOJIEOATENbHBIX CHUCTEM C HEOOXOJUMBIMU MapaMmeTpamMu
yJIbTPa3ByKOBOIO BO3JEHCTBUSA: IO MOIIHOCTH, WHTEHCUBHOCTH W3JIy4YEHUS,
4acToTe, U3JIy4arollel TOBEPXHOCTH, HAIIPABICHUIO U3IIyYEeHUS U T. II.

KiroueBble  cioBa:  ynbTpa3ByK,  yJIbTPa3BYKOBOE  TEXHOJIOTMUYECKOE
o0opyoBaHue, yIabTpa3ByKoBas KojebaTeabHasi cucTeMa, KOHIIEHTPaTop.

BBEJIEHUE

VibTpa3BykoBele (Y3) TEXHOJOTMM MOJIy4yarOoT Bce OObllee pacHpoCTpaHEHUE B
pa3IMYHBIX OTPACISAX IPOMBIIUIEHHOCTH, MO3BOJSS CO3/1aBaTh HOBBIE U 3(PPEeKTUBHO
MHTEHCU(HUIIMPOBATH U3BECTHBIE TEXHOJIOTHYECKUE Tporecchl [1].

Bce n3BecTHBIE yIBTPa3BYKOBBIE TEXHOJIOTHH PEATU3YIOTCS TPU MOMOIIM YHUBEPCATHHBIX
WIA CHEUUAIN3UPOBAHHBIX YJIBTPA3BYKOBBIX TEXHOJOTHMYECKUX AamlapaToB, B COCTaBe
KOTOPBIX 00s3aTENbHO NPUCYTCTBYIOT YJIbTpa3ByKoBas KosiebaTenbHas cHCTEMa U
yJIBTPa3ByKOBOW I'€HEpaTop A €€ MUTaHusl.

VYipTpa3BykoBas KojiebaTesbHas CHUCTeMa SIBJISETCS OCHOBHBIM Y3JI0M TEXHOJOIMYECKOTO
ammapara, IIOCKOJbKY oOecreduBaeT IpeoOpa3oBaHHE 3JIEKTPUUYECKUX KoJeOaHud B
MEXaHMYECKUE KOJICOaHUsI ONpeAeAEHHOM YacTOThl W WHTCHCHUBHOCTH, YCWJIGHHE HX
aMIUTUTYABl 70 3HAYEHUH, CIOCOOHBIX OOECIEeYUTh pealu3alfio  TEXHOJIOIMYECKHX
IPOIIECCOB, BBEJIEHHE KOJIeOAaHMI B TEXHOJIOTUYECKHE Cpelbl Yyepe3 paboune MHCTPYMEHTHI,
OTJIMYAOIIKECS N0 MJIOUIaaAN U GopMe U3TyUarole MOBEPXHOCTH.

B 3aBucuMocTu 0T 0COOEHHOCTEH peann3yeMoro TEXHOJIOIMYECKOro IMpolecca, 00beMOB
00pabaThIBaEMBIX Cpell BOZHHKAET HEOOXOJIMMOCTh NMPUMEHEHUsT Y3 almapaToB pa3IMdHON
MOIIHOCTH M KOMIUIEKTALUH, T.€. B IPUMEHEHUH OIPECIICHHBIX KOJeOaTeIbHBIX CUCTEM U
JIEKTPOHHBIX TEHEPAaTOPOB pPa3IMYHOM MOLIHOCTH Uil MX nuTaHus. llpu co3nanum u
NPUMEHEHUH 3JIEKTPOHHBIX T€HEPAaTOPOB UX MPUHATO KIACCU(PHUIMPOBATH MO MOTpedaseMon
anekTpudeckoid MomHocTH [2]. Takas kmaccuukanus ompaBlIaHa TeM, YTO, XOTS BcCe
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TeHEepaTOPhl BBIMOIHSIOTCS MO ONW3KUM KOHCTPYKTUBHBIM W TMPUHIUMHAIBLHBIM CXEMaM,
UMEIOT OJIMHAKOBBIC Yy3JIbl 3aJalONIMX TE€HEepPaTopOB, CHUCTEM OOpaTHOW CBS3M, OHU
CYLIECTBEHHO OTJIMYAIOTCS MO  MOUIHOCTHBIM, KOHCTPYKTUBHBIM ¥  rabapUTHBIM
XapaKTepUCTHKAX BBIXOAHBIX KAacKaJoB, HCTOYHHUKOB MHUTAaHUS U CUCTEM YIIPABICHHS
BBIXOJHBIMU Kackaiamu. [loaToMy, ucnosib3yemble Ha NIpakTUKe Y3 amnmapaThl YCIOBHO
JIeTISATCS] Ha HECKOJIBKO KIJIACCOB IO TIOTPEOIIIEMO 3IEKTPUIECKON MOIITHOCTH T€HEPATOPOB —
1o 100 Bt, no 400 BT, 1o 1000 BT, 1o 3000 BT, o 8000 Bt u 6onee 8000 Br.

COOTBETCTBEHHO, ~ OTPAHMYEHHUS MO  HM3JIYy4YaeMOM  aKyCTMYECKOW  MOIIHOCTH
HAKJIaIbIBAIOTCS HA HCMOJIb3yeMble B COCTaBE allllapaToB YJIbTPa3ByKOBbIE KojeOaTelbHbIE
CUCTEMBI, U B MpejAenax Ipymi KojeOaTeabHbIX CUCTEM OJMHAKOBOW MOIIHOCTH pa3Mephbl U
KOHCTPYKTUBHBIE CXEMbI KOJIEOATEIbHBIX CUCTEM MPAKTUYECKU HE U3MEHSIIOTCSI.

OpHako, KpoMEe MOIIHOCTH W3TY4YEeHHs, MPH CO3JaHHUHM M IPUMEHEHHUHU KoJeOaTeIbHBIX
CHUCTEM YCTAHABIHMBACTCS 3HAYUTEIBHOE YHUCIO OoJiee BaXKHBIX OTPAHUYHTEIBHBIX
napaMeTpoB — IO YacTOTE, MHTEHCUBHOCTH, BBOJUMON OOBEMHOI aKyCTUYECKON 3HEpruu,
MOBEPXHOCTU U HaNpaBJICHUU U3ITyUYEHHs. DTH OIPaHUYEHMSI ONpPENEISIOT KOHCTPYKTUBHYIO
CXeMy, pa3Mep M KOJMYECTBO TIhE3032JIEMEHTOB B IpeoOpa3oBarene, KOJIUYECTBO
MOJTyBOJTHOBBIX 3B€HBEB, Ta0apUTHBIE pa3Mepbl, GopMy U pa3Mepbl HHCTPYMEHTOB.

[ToaToMy Bce HCHOIB3yeMble Ha MPAKTHKE YIBTPa3BYKOBBIE KOJIEOATENbHBIE CHCTEMBI
COCTOSIT M3 OMpenen€HHOro Habopa KOHCTPYKTUBHBIX 3JIEMEHTOB, KOJIHYECTBO, Gopma u
TreOMETPUYECKUE Pa3Mepbl KOTOPBIX ONPEACNSIOTCS TPEOOBAaHUSIMU PEIIaeMON TEXHUYECKOM
3aJaud — HEOOXOAMMOCThIO 3()(EKTUBHON peanu3alii ONpPEACICHHBIX TEXHOJIOTHYECKUX
npoiieccoB. Heobxoaumocts obecrieuenust Tpedyemoro Y3 BO3IEUCTBUS MPU pean3ariin
npouecca ¢ 3aJaHHOM HPOU3BOJUTENBHOCTBIO OIpPEAEsSeT MOILIHOCTh IpeoOpasoBaress,
KOJIMYECTBO, (OpMYy M pa3Mepbl KOHCTPYKTHBHBIX 3JIEMEHTOB KOJIOATENbHOM CHCTEMBbI
(KOHIIEHTPATOPOB, OYCTEPOB, pabOUNX MHCTPYMEHTOB), KaK MOKa3aHo Ha puc. 1.

1. TEXHOJIOI'MA

[Tockonbky peanu3alMs TEXHOJOTMYECKHUX IPOLECCOB TpeOyeT  OINpeleleHHOro
HHEPTreTUYECKOr0 BO3JEHCTBHS, ONPEACIAIONIMM IapaMeTpOM KOJIeOAaTeNbHON CHCTEMBI
SIBIISICTCSI UHTEHCUBHOCTD M3Ty4YeHHUs (KaBUTALIMOHHOE BO3JCHCTBHE HA YKUJIKHE CPEIbl) WU
aMIUTUTy1a KoJjiebaHui paboyero WHCTpyMeHTa (pa3MmepHas o0paboTka WM CBapka
TEPMOIUIACTUYHBIX MarepuanoB). [Ipu 3ToM  HEoOX0onMMO OOECHEeUuTh OIpeAeICHHbIE
YCIIOBUSL BO3JEHCTBUS (IIpoTOoUYHAsh 00paboTka wiu 00paboTka OmpeneiaEHHOro 0o0bEéMa,
BEJIMYMHA 00BEMHOM SHEPIUH, PABHOMEPHOCTh BO3JACUCTBUS U T. I1.).

ObecnedynTs HEOOXOOUMOE SHEPreTHMYECKOE BO3AEUCTBHUS B ONPEAEICHHBIX YCIOBUSAX
(0O6beM, BS3KOCTb, TUCIEPCHBIM cocTaB 00pabaThiBaeMOro MaTepHuala, CKOPOCTh HMPOTOKa,
HalpaBJIeHUE M PABHOMEPHOCTh M3JIyUYEHHUS M T.I.) MOKHO TOJBKO IPAaBUILHO BBIOpaB
IIE303JIEKTPUUECKUN  MpeoOpa3oBareib, KOHLEHTPATOp, pabOYuii  WMHCTPYMEHT U
palMoHaIbHO IPUMEHHUB CO3aHHYIO KOJIe0aTeIbHYIO CUCTEMY.

BosmoxHOCTh (hopMupoBaHMs KoJeOaHUH 3alaHHOM YacTOThl M MOUIHOCTH OINpeAeseT
BBIOOP TIBE303IEKTPHUECKOTO MpeodpazoBares. [IoaToMy BEIOOp U POEKTHPOBAHUE JIFOOOTO
UCTOYHUKA YJIBTPA3BYKOBOIO BO3AEHCTBHSI — YJIbTPa3BYKOBOH KOJIEOATENBHOM CHCTEMBI
HAYMHAETCS C CO3JIaHUsA HEOOXOIUMOTO M JOCTATOYHOTO ISl OOEeCIedeHUs: TPeOyeMbIX
apaMeTPOB MbE303JIEKTPUUECKOT0 Mpeodpa3zoBaTes.

B. H. Xmenes, C. B. JleeuH, C. C. Xmenes, C. H. LbiraHok
Co3paHune Nbe3o31eKTPUYECKMX UCTOYHMKOB YNIbTPa3ByKOBOIO BO34ENCTBUS
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BHBOP [IPFOBPASOBATE/I
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[lpeodpazobomerns Ha kepamuke & 2k [lpeodpazobomens Ha Kepamuwe & 38 [peodpasobamens Ha keparmuke 8 50 Mupzonakemmsi npecapasnbames
(o 700 Bm/ (do 400 Bm/ 400-1000 Bm Ha keparwe B 50 (donee 1000 B/
| Koryermpamap #2458 my | | Koryermpaman 836815 m1 | | Kownyenmpamap #40x220 mm | | Koryenmpamap #50x830 mm |

| BYCTEPHOF 38EHD (npumensemes npu Hecoxodumocmu) |

PABOI MHCTPIMEHT

PABOIN PABOYY PABOYWH MHOTOTIO B0/ HOBOR PAEOWI IHCTPYMEHT MHOTOTIOAB0/HOBOR PAECYAI MHCTPYMERT
HHC Zgﬁgﬁf IHCTPMEHT IHOTPMEHT S0 B 30 7 om0 T
- 430 835

Puc. 1. Cxema BbIOOpa yabTpa3ByKOBOM KOJICOATEITHHOU CUCTEMBI

2. BbIbOP IILE3OITPEOGPA3OBATEJIA

[Tre3030eKTpUUecKUil  TTpeoOpa3oBaTeNb COCTABISET OCHOBY JIIOOOW yIbTPa3BYKOBOM
KOJIeOaTeIbHON  CUCTEMBI, TIOCKOJIBKY HWMEHHO OH oOecreynBaeT mpeoOpa3oBaHue
AIIEKTPUYECKON SHEPTUHU B MEXaHUYECKHE KOJICOAHUs YIbTPa3ByKOBOM YaCTOTHI.

KOHCTPYKTUBHO TBE303JIEKTPUYECKUN Mpeodpa3oBaTeb COCTOMT U3 YCTaHOBIICHHBIX
MIOCJIEIOBATEIbHO, MEXaHUUECKH M aKyCTHYECKU CBSI3aHHBIX MEXIYy COOON MeTauTMyecKon
YaCTOTHOIIOHMKAOIIEN OTPAXKAIOIIEH HAKIAAKH, JBYX IIbE30JICKTPUUYECKUN 3IIEMEHTOB,
YaCTOTHOTIOHIDKAIOMIEH paboyeil HakiIaakd, K H3JIydalouled MOBEPXHOCTH KOTOPOM
NPUCOEUHSIETCS KOHLIEHTPATOP WK OycTep.

[Ipy mocraHOBKE 3agaud Ha BHIOOP M TNPOEKTUPOBAHHE IHE30IEKTPHUECKOTO
npeoOpa3oBateniss  3JCKTPUUECKUX KOJIeOaHWH B MEpBYIO oOdYepenb OCYLIECTBISECTCS
ompesieNieHue TpeeNIbHON MOoTpeOIsieMol MOITHOCTU MpeoOpa3oBarTessi, HEOOXOAUMOU s
oOecrieyeHuss TpeOyeMbIX MapaMEeTpOB  YJIbTPa3BYKOBOTO  BoO3AEHCTBHA. [lOCKOJBKY,
UCIIOJIb3yEMBIE Ha IPAKTUKE YJIBTPa3ByKOBBIE aINaparbl YCIOBHO JENATCS HAa HECKOJBKO
KJIACCOB TI0 MOIIIHOCTHBIM XapaKTEPUCTHKAM 3JIEKTPOHHBIX T'€HEPATOpOB, TO PALMOHAIBHON
SBISICTCS  QHAJOTMYHAs KiIacCHU(UKalus TbE303JIEKTPUUYECKUX —IpeoOpazoBaTeneil (u

KOJIeOATEIIbHBIX CHCTEM B IICJIOM).

B. H. Xmenes, C. B. JleeuH, C. C. Xmenes, C. H. LbiraHok
Co3paHune Nbe3o31eKTPUYECKMX UCTOYHMKOB YNIbTPa3ByKOBOIO BO34ENCTBUS
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Bce nbe3oanexkTpuueckue mpeodpazoBaTesid 0OOBIYHO MPOEKTUPYIOTCS U U3TOTABIMBAIOTCS
Ha OCHOBE CTaHJAPTHBIX KOJBIEBBIX MMbE303JEMEHTOB, MAKCUMAJIbHBIN JUAMETpP KOTOPHIX HE
npeBocxoauT 50 MM. MUHHUMANIBHBIH pa3Mep IMbE303JEMEHTOB MOXKET ObITh MeHee 20 M,
OJIHAKO Ha MPAKTHKE HCMOJIb3YIOTCS MbE303JIEKTPUUECKHE 3JIEMEHThl KOJIbLEBOU (hopMbl C
BHEIIHUM JuamMeTpoMm Oosiee 20-24 MM M BHYTpeHHUM amameTpoM Oojee 10-12 mwm.
Hanuuue BHYTpeHHEro auameTpa YKa3aHHOTO pa3Mepa HeoOXOoauMo g pPe3bOOBOTo
COCTMHECHMS DJIEMEHTOB (HAKJIAJ0K M MHE303JIEMEHTOB) MpeolOpasoBarenisi. B cBs3M ¢ 3THM,
BBIOOp TUIOpa3Mepa Mbe303JEKTPUUECKUX 3JIEMEHTOB MPeo0pa3oBaTessi OCYIIECTBISETCS U3
yCIIOBUSL OOECHEUEHUs] OIpPEJEICHHbIX JHEPreTUYECKUX IapaMeTpoOB YJIbTPa3ByKOBOTO
BO3/JCICTBUS, a HEOOXOAMMBIN MpeoOpa3oBaTelb MPOEKTUPYETCS M0 ONpeaenEHHON
KOHCTPYKTHUBHOM cxeme (puc. 2).

TBEIOFEKTPHIECRIE [PEOBPASOBATE/M

| Jda akycmuyeckas ock | | Herkoneko akycmuseckux oceu |
Lbux3nerenmese Lbyxnerienme SembipeXIAEHEHTILE
Seimbipex3/1eMEHITIHbIE

be3 ycunerus H C yrunerers

T
1
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Puc. 2. Beibop nbpe30251eKTpraecKoro npeoodpa3zoBaTes

Kak moka3aHo Ha puc. 2, OCHOBHBIM MapaMeTpOM IPH BbIOOpE KOHCTPYKTHBHOM CXEMBI
IIbE303JIEKTPHUUECKUX NpeoOpa3oBaTeniell, ABIsIETCS pa3Mep U KOJIUYECTBO MBE303JEMEHTOB,
HEOOXOIMMBIX M  JIOCTaTOYHBIX JUIg  obOecriedeHus TpedyeMoro  yJIbTpa3ByKOBOTO
BO3JCICTBHS.

Ha oxHoil akycTHueckoil OcH MOXHO Pa3MECTHTh He Ooiiee YeTBIPEX IMOCIIeA0BATEIBLHO
YCTAQHOBJICHHBIX IIbE30JIEMEHTOB, IIOCKOJIBKY JaJbHEWINEE YBEJIMYECHHE MOILIHOCTU
npeoOpa3oBaTelis MyTeM IOCIEI0BATEIBHOTO Pa3MELICHHs MbE303JIEMEHTOB HEeI((HEKTUBHO
U3-3a YXYJALIEHUs YCIIOBUH OXJIAXACHHUS IbE303JIEMEHTOB BHYTpPU Iakera. B ¢Bs3u ¢ 3TUM
BO3HHMKAET HEOOXOAUMOCTh CyMMHUPOBAHUSI MOIUTHOCTH OT/IEIBbHBIX MAKETOB MTbE303JIEMEHTOB,
PacIoIOKEHHBIX HA PAa3IMUHBIX aKyCTHUECKUX OCAX MbE30IpeoOpa3oBaTels.

Takum 00pa3oM, HalIU4YMe OJHOM MM HECKOJBKHX aKyCTUYECKHX OCeH, M0 KOTOpPhIM
OCYILECTBIIIETCSI MPeoOpa3oBaHUE dSJCKTPUUECKUX KOIeOaHMH M UX CYMMHUpPOBaHHE
oTpeieNsieT MOUTHOCTHBIE XapaKTEPUCTHKH YIbTPa3BYKOBBIX KOJIEOATEIBHBIX CUCTEM U BCETO
YIIBTPa3ByKOBOTO 000PY/IOBAHHUS B IIETIOM.

B. H. Xmenes, C. B. JleeuH, C. C. Xmenes, C. H. LbiraHok
Co3paHune Nbe3o31eKTPUYECKMX UCTOYHMKOB YNIbTPa3ByKOBOIO BO34ENCTBUS
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KoncTpykTuBHas cxema ynbTpa3ByKOBOIl KoJeOaTeNbHOM CHUCTEMBI JUIsl 00OpYIOBaHUS
MEepBOl W BTOPOH MOITHOCTHBIX TPYII MOXXET COBMENIaTh B ce0€ IMbE303JICKTPUUSCKHUI
npeoOpa3zoBarenb W KOHIEHTpartop [3], GYHKOHIO KOTOPOTO BBIMOJHSAET pabodast
YaCTOTHOTIOHIKAIOIIAsl HAaKJIaJ(Ka, BBIIIOJIHEHHAs B BUJE TeJla BpAlllEHUS C U3MEHSIOIIUMCS
nuameTpoM. Takoit mpeoOpa3zoBaTelib MOKET ObITh BBINOJHEH B BUJE €IMHON KOHCTPYKIIHMH,
OKaHYMBAIOIIUNCA CMEHHBIM WJIM HECMEHHBIM padOYUM HHCTPYMEHTOM C H3Tydarouei
MOBEPXHOCTHIO omnpenenéHHon Gopmbl U riomanu. Kak mpasuiio, mbe3onpeoOpa3oBaTess,
BXOJSIIMM B COCTaB OMHCAHHOW KOJIEOATENbHOM CHUCTEMBI, COJEPXKUT JIBa KOJBIEBBIX
IIb€303JIEMEHTA C BHEIIHUM JAUaMeTpoM 24—38 MM U BHYTPEHHUM AuaMeTpoM 12—16 mm.

[Tbe30mpeoOpazoBarenb TPeThEl  MOLIHOCTHOM TIpYMNIbl  BBIOJHSAETCS Ha 0Oase
IbE302JIEMEHTOB TuamMeTpoM Oonee 40 MM M TIpUMeEHseTCS B cocTaBe 00OpyIOBaHUS
motHocTh0 0T 400 10 1000 Br.

B »ToM cnywae mbee3ompeoOpazoBaTenh BBIOIHIETCS IO KOHCTPYKTHBHOH CXeMe,
coJieprKalleil 1Ba WK YEThIpe Mbe303JeMeHTa AuaMeTpoM 50 MM, paciojI0KEHHBIX Ha OJIHOM
akycTuueckoi ocu. KoamuecTBo Nbe303J€MEHTOB B Ibe30MpeoOpa3zoBaTesie BbHIOMpPAETCS
YETHBIM M 3aBHCHUT OT MOIIHOCTH, CO3/1aBaeMoi KosiebaTenbHOil cuctemsbl. [IpumeHeHue B
be301peodpa3oBarese YeThIPEX KOJIBLEBBIX MBE303JIEMEHTOB ¢ BHEUTHHM auameTrpoM 50 u
BHYyTpeHHUM nuameTpoMm 20 MM obOecrieunBaeT 3¢ (EeKTHBHYIO padoTy TpeoOpazoBaTeis B
COCTaBe YJIbTPA3BYKOBBIX arlapaToB MOIIHOCTEIO 10 1000 BA.

[Ipumenenue B mnpeoOpazoBaTene Oosiee YETHIPEX MbE303TEMEHTOB HEpallMOHAIBHO,
MOCKOJIBKY  9((EeKTUBHBIA MPHUPOCT MOIIHOCTH 3a CUYET JBYX JOMOJHHUTEIBHBIX
nbe3037eMeHTOB He TpeBbimaer 20%. IlombITku ganpbHEHIIET0 YBETWYEHHUS MOITHOCTH
OPUBOJAT K TOMY, UTO JaKe€ MPU HATUYUM MPUHYIUTEIHHOTO BO3AYILIHOIO OXJIaKICHHS
NBE303JIEMEHThl BHYTPH IAKeTa IEPErpeBalOTCs, YTO MPUBOAUT K HX JACHOJISpU3ALMU U
BBIXOJIy U3 CTPOsI TpeoOpa3oBaTes.

[Tbe30mpeoOpazoBaTenb CIEIYIOMIEH MOLIHOCTHOM TpyNIbl MPUMEHSETCS B COCTaBe
yJIbTPa3ByKOBOro o00opynoBaHus MoiHocTbio Oosee 1000 Bt. Takume mnpeoOpasoBarenu
UMEIOT HECKOJIBKO aKyCTHYECKMX OCEM W COCTOSAT M3 TPEX, UYeThIpEX, ceMH uiu Oosee
IIbE30I1aKETOB, PACIIONIOKEHHBIX PABHOMEPHO I10 MOBEPXHOCTH MpeodpazoBares. Kaxmprii u3
MAKETOB COAEPKUT JIBa WIM YETHIPE NMbE303JIEMEHTA C BHEIIHUM AuaMeTpoM 50 MM.

Takast KOHCTPYKIHS Ibe30IpeoO0pa3oBaTelisi IO3BOJIIET CYMMHPOBATh MOIIHOCTH
yJIbTPa3ByKOBBIX KoJieOaHUM, reHepupyeMble HAOOPOM U3 HECKOJIBKUX MAKETOB, COAEPIKAIINX
CTaHJApTHBIE THE303IeMEHTHI. KOJIMUECTBO MbE303JIEMEHTOB B ITAKETE TaKXKe TOJDKHO OBITH
YETHBIM M HE MPEBBIIIATh YETBIPEX MBbE303JIEMEHTOB B MAaKETe, JUIS MPEIOTBPALLEHUS HX
neperpesa.

JlapHeHIIe AeUCTBHS pa3padO0TINKa yIBTPAa3BYKOBOUW KOJIEOATEIILHON CUCTEMBI CBSI3aHbBI
C pelIeHHEM BOMpOca KpEIUIeHHs KoieOaTelbHONM CHCTEMbI B COCTABE TEXHOJIOIMUYECKOTO
o0opynoBanus. J{J1s 3TOro UCHOIb3yeTCs MPOMEKYTOUHOE 3BEHO, Ha3bIBAEMOE OyCTEPOM.

B. H. Xmenes, C. B. JleeuH, C. C. Xmenes, C. H. LbiraHok
Co3paHune Nbe3o31eKTPUYECKMX UCTOYHMKOB YNIbTPa3ByKOBOIO BO34ENCTBUS
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3. BbIBOP ITPOMEXYTOYHOI'O 3BEHA

C yderoM pa3Mepa U KOJHYECTBA IbE303JIEMEHTOB, COCTaBISIONIUX MPEeoOpazoBaTENb
HEOOXOMMON MOIIIHOCTH, OCYIIECTBISETCS BHIOOp OycTepHOro (COTIAcyIOIIEro) 3BeHa IO
cxeme, MoKa3aHHOM Ha puc. 3.

bycmeproe (coznacymes) bero

be3 yrunerus C yeunerver

L L
Ll
o 600 Bm '

Om 600 Bm do 8000 Bm

Puc. 3. Cxema BbIOOpa OyCTEpHOro 3Be€Ha

[TpomexyTOoUHBIC 3BEHBS HEOOXOAMUMBI JIJIsl OOECIICUCHHS ONTHUMAIBHOTO COTJIaCOBAHHS
y3JI0B, COEIMHSAEMBIX IMPOMEKYTOYHBIM 3BEHOM, OOCCIICYCHUS MaKCHUMAaJIbHOW Tepeaadu
MOIIIHOCTH KOJIeOaHUM OT MX MCTOYHMKA K Harpyske, kperuienus Y3KC B TeXHOIOTHYECKOM
00OpYJIOBaHWH, JIOTIOJHUTEIILHOTO  YCWJICHUS  KOJICOAHWH, a TaKKe  BBIIIOJHCHUS
BCIIOMOTATEIbHBIX (DYHKIIHIA, TAKUX KaK (hOPMUPOBAHHE y3Jia TEIUIOBOW OTCEUKH, TEIUIOBOTO
OTHCNICHUsI  Tbe30lpeoOpa3oBareneld  OT  30H  IOBBIIICHHOW  TEMIIEpaTyphl,  OT
TEXHOJIOTUYECKUX CPE]l TOBBIICHHON XUMHUYECKOW arpeCCUBHOCTH | T. II.

B oOmem cinyuae Oycrep TpeAcTaBiIsieT COOOW  TOJYBOJIHOBYK) —PE30HAHCHYIO
METAJUIMYECKYI0 KOHCTPYKIIMIO [WJIMHIPUYICCKONH (OPMBI, PACCUUTAHHYIO Ha pPabOvyro
4acToTy mnpeoOpa3oBarens. BeimonHeHne Oycrepa ¢ pa3iMYHBIMH BXOIHBIM U BBIXOJIHBIM
JMaMeTpaMud W pa3iuyHOW (opMoil mepexola MeXIy ydacTKaMH pa3HOro Juamerpa
MO3BOJSIET ~ M3MEHATh  aMIUIMTYAy  MEXaHMUYECKUX  KoieOaHwid,  (OPMHUPYEMBIX
npeoOpa3oBareneM. HawmOonbiiee pacnpocTpaHeHUE TONYYHJIM  OyCTEpHBIE  3BCHBS,
o0ecTieunBaroOIIe YCHUIICHHE aMIUTUTYIbl YJIBTPa3BYKOBBIX KoJjieOaHWil. OJHAKO yCHIICHHE
OyCTepHBIX 3BCHbEB Ha MPAKTHKE HE TPEBbIacT 2—4 eANHUII.

[TockonbKy ynbTpa3ByKoBasi KoieOaTeabHast CUCTeMa ISl 000PYI0BaHUs IEPBOH M BTOPOM
MOITHOCTHBIX TPYII MOXET COBMENIATh B ceOe Mbe303JIEKTPUIYCCKH TpeoOpa3oBaTelb U
KOHIIGHTpaTop, BBIOOp OycTepHOro 3BeHAa HamOoJjiee akKTyaleH I o0OpyJoBaHUS,
OTHOCSIIETOCS K TPEThEH U 4YeTBEPTON MOITHOCTHBIM TPYIIIaM.

B. H. Xmenes, C. B. JleeuH, C. C. Xmenes, C. H. LbiraHok
Co3paHune Nbe3o31eKTPUYECKMX UCTOYHMKOB YNIbTPa3ByKOBOIO BO34ENCTBUS
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4. BBIbOP KOHLHEHTPATOPA N PABOYEI'O MHCTPYMEHTA

VYIbpTpa3BYyKOBOW pabounii MHCTPYMEHT SBISIETCS BaXKHBIM DJIEMEHTOM, IMOCKOJIBKY OH
oOecrieurBaeT BO3JEHCTBUE HA TEXHOJOrMYeckue cpenbl. Pabounii MHCTpyMeHT, coBeplias
KoJIeOaHUsl 3aJlaHHOIO BHUJA, O00ECHEYMBAeT BBIBOJ YJBTPA3BYKOBBIX KojeOaHMH B
oOpabaTheIBaeMyI0 Cpely depe3 KOJICOTIONTYocs pabouyro (M3 Iydarollyio) MOBEPXHOCTh WITH
OCYILECTBIIIET MEXaHUYECKOE BO3/ICHCTBHE Yepe3 KOHTAKT KOJIEOIIOIIEHCs ¢ yIbTPa3ByKOBOH
Y4acTOTOM MOBEPXHOCTHU C U3/I€THEM HIIM OOBEKTOM.

B 3aBucumocTH OT GOpMBI 1 pa3MepoB pabounx HHCTPYMEHTOB, XapaKTepa UX BIUSHUS Ha
KOJIEOATENbHYI0 CHCTEMY, BCE MHCTPYMEHTHI YJIBTPa3BYKOBBIX allapaToB MOXKHO YCJIOBHO
pa3ennuTh Ha TaCCUBHBIE U AKTUBHBIE (PE30HAHCHBIE).

[TosTOMY, 3aKITFOYMTEIBHBIM 3TAallOM MPOSKTHPOBAHUS YIBTPA3BYKOBBIX KOJIeOATEIHHBIX
CHCTEM SBJSIeTCS BBIOOp pabodero WHCTpymeHTa. (Cxema, MOSCHAIOMAS BO3MOXXHOCTH
BbIOOpaA pa3IMUYHbIX Pa0OYUX HHCTPYMEHTOB, IPE/ICTaBIEHA Ha PUC. 4.

Jns yapTpa3ByKOBOTO 00OPY/IOBaHMS TEPBOM, BTOPOM M TPEThEH MOIIHOCTHBIX TPYTI
HauOoJIbIlIee PACIPOCTPAHEHUE TOTYUYMIIM MMaCCUBHBIE pabouyne MHCTPYMEHTH! TPHOOBHIHON
(bopMBbl, pazIMyaroIuecs 1Mo JuaMeTpy U IJIOLIa Iy U3JTydarolield HOBEPXHOCTH.

Jns obopynoBanus MomHOcTbi0 10 100 BT mpumensitorcss paboyrie HHCTPYMEHTHI
muamerpoM 1020 MM, 1o 400 Br mnpumenstorcss pabouue HMHCTPYMEHTHI JAHAMETPOM
20-25 mm. s ob6opymoBanusi MomHOCThIO OT 400 mo 1000 Bt mpumensitorcst paboune
UHCTPYMEHTHl auamerpoM 25-35 M. [Jlns anmapatoB MomHocth oT 400 nmo 1000 Bt
MPUMEHSIOTCS paboyne HHCTPYMEHTHI TuaMeTpoM 25—45 MM u 6osiee. B HEKOTOPBIX Cirydasx
BO3MOXHO NPHUMEHEHHE aKTHUBHBIX JABYXIIOJyBOJIHOBBIX MHCTPYMEHTOB WJIM MHCTPYMEHTOB,
UMEIOIUX PA3BUTYIO U3TYyYaIOLIY0 HOBEPXHOCTh IIEPEMEHHOTO CEUEHUSI.

Jns obopynoBanust MoiHocThio cBbiie 1000 BT, kpome pabouyMx MHCTPYMEHTOB
rpubOBUAHON  (OpMBI, TPUMEHSIOTCS  aKTHBHBIE  MHOTOIIOJIyBOJHOBBIE — pabouue
UHCTPYMEHTBI, YTO TII03BOJIAET OOECIEUUTH JIOTIOJHUTENIFHOE YBEIHMUYEHHE aMIUIUTY/IbI
KOJICOAHUH TPH HCIIOIB30BAHUN O0JIee pa3BUTOM MOBEPXHOCTH H3ITyUCHHUS.

Jl1sl KOMIUIEKTalK ylIbTPa3ByKOBBIX anmnapatoB MouiHocTeio 10 8000 BT ucnons3yrorcs
paboune UHCTPYMEHTHI C Pa3BUTOM MOBEPXHOCTBIO N3IYUYEHHUS, COAEPIKAIINE B CBOEM COCTAaBE
IIOCJIEIOBATEIBHO M COOCHO YCTaHOBJIEHHBIE BOJIHOBOZB! IMJIMHIPUYECKOH (OpPMBI
nepeMeHHoro auamerpa (ot 70 MM), 4TO MO3BOJISET MPOU3BECTH B KABUTAIL[MIOHHOM pPEXHME
00paboTKy OoJbIIero 00bemMa KUAKOU Cpebl.

5. TIPUMEP BBIBOPA DJIEMEHTOB U ITIOCTPOEHUS V3 KOJIEBATEJILHOM
CUCTEMbI

[Tpumep BbIOOpPA COCTABISIONUX U TOCTPOCHUS YIIBTPAa3BYKOBOM Koj1e0aTeIbHOM CUCTEMBI
momtHocThio 10 1000 Br mytém mostamHOro BbIOOpa OTAEIBHBIX KOHCTPYKTHBHBIX
AJIEMEHTOB IPEJICTABIIEH Ha pPUC. 5.

BbI0Op OTHENBHBIX COCTABISIOMIMX M KOHCTPYKTUBHOM CXEMBbl IO3BOJSET CO31aTh
yIBTPa3BYKOBYIO ~ KOJIEOATENbHYI0  CHCTEMy C  HEOOXOAMMBIMH  IapaMeTpamu
YJIBTPa3ByKOBOIO BO3JEHCTBHUA: IO MOIIHOCTH, HWHTEHCHUBHOCTH M3JIyY€HHs, YacToTe,
IIOBEPXHOCTHU U HAIPABJICHUIO U3TY4YEHUS U T. II.

Ha puc. 6 npencraBiensl pa3paboTaHHbIE B COOTBETCTBHM C H3JIOKEHHBIM IOIXOJIOM
TUIHMYHBIE YIbTPa3BYKOBbIE KOleOaTeIbHbIE CUCTEMbI PAa3IMYHON MOIIHOCTH U Ha3HAYECHUSI.

B. H. Xmenes, C. B. JleeuH, C. C. Xmenes, C. H. LbiraHok
Co3paHune Nbe3o31eKTPUYECKMX UCTOYHMKOB YNIbTPa3ByKOBOIO BO34ENCTBUS
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Puc. 4. Cxema BbIOOpa pabo4yero HHCTpYMEHTa

3AKJIIOYEHUE

[IpennoxxkeHHbIH TMOAXOM oOOecreyrBaeT palMOHATIbHBIA BBHIOOP H  MOCTPOEHHE
yIBTPa3BYKOBBIX KOJEOATENbHBIX CHCTEM IMPH CO3JaHUM W MPUMEHEHUU COBPEMEHHOTO
yJIBTPa3ByKOBOTO TEXHOJIOTHYECKOTO 000PY/I0BaHMS, COKPATUB BpeMsl Ha MPOECKTHUPOBAHUE U
MaTepuaIbHbIE 3aTPaThl HA U3TOTOBIICHUE.
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Puc. 5. Beibopa ynbTpa3BykoBoOi KojaebaTeabHONH CUCTEMBI ITyTEM MO3TAITHOTO BHIOOpA
OT/ENbHBIX KOHCTPYKTUBHBIX 3JIEMEHTOB

B. H. Xmenes, C. B. JleeuH, C. C. Xmenes, C. H. LbiraHok
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Puc. 6. Yiprpa3ByKkoBbIe KoJIeOaTEIbHBIE CHCTEMBI PA3TMYHON MOITHOCTH M Ha3HAYCHUS

B. H. Xmenes, C. B. JleeuH, C. C. Xmenes, C. H. LbiraHok
Co3paHune Nbe3o31eKTPUYECKMX UCTOYHMKOB YNIbTPa3ByKOBOIO BO34ENCTBUS
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