DNEKTPOHHbIN XYpHan «TexHn4yeckas akyCcTmka»
http://webcenter.ru/~eeaa/ejta/

2005, 17

KYCTUKA

B. H. XMenes™, A. H. CnusuH, P. B. Bapcykos, C. H. LibiraHok,
A. B. WWanyHos, W. N. CasuH, C. B. JleBuH

buiickuii Texnonoeuueckuti uncmumym ['OY BIIO AnmI'TY, nabopamopus akycmuueckux
npoyeccog u annapamos, 2. butick, 659305, Tpogumosa 27, www.u-sonic.ru

NccnepoBaHue npouecca yanpa3BYKOBOVI CBaApKu Mnpwu
repMeTnsaunnm nmMueEBbIX NMPOAYKTOB B NAKETbI N3
NOJIUMEPHON MJIEHKMU

IHonyuena 21.05.2005, onyoauxosana 10.06.2005

B crarbe mnpencTtaBieHbl pe3ysbTaThl MCCIEAOBAHUMN, HaIlPaBICHHBIX Ha
peuieHue npoOieMbl (HOPMHUPOBAHMS HAIEKHOTO TEPMETU3HPYIOUIETo IBa MpHU
YIAaKOBKE MBULIIIAX M JKMJIKUX IPOAYKTOB B MAKEThl W3 TEPMOIUIACTUYHBIX
mieHoK. HeoO0XoauMoCTh NMpakTHUeCKOW pealu3aiid MeTOAa YJIbTPa3BYKOBOM
CBapKu AJIs CO3JaHMsI TEpPMETU3UPYIOLIETO MBa JUIMHON 360 MM 1 mupuHOM 12 MM
notpeboBana  pa3pabOTKH  CIENUATU3MPOBAHHOTO  OOOpYAOBaHUS  JUIS
KOMIUICKTAllMM YTAaKOBOYHBIX MaminH. Pa3paboTka 3JIEKTpOHHOIO TeHepaTopa ¢
0JIOKOM  ympaBleHHS  TpoleccoM Y3  CBapKd,  CHCIHAIM3UPOBAHHOU
MIE303JIEKTPUUECKOI KoIe0aTeTbHON CHCTEMBbl M MTACCUBHON MPM)KUMHOW TUTAHKU
MO3BOJIMJIIM  peajn30BaTh Mpoiuecc (HopMHpPOBaHHUS JABOWHOTO IOMNEPEYHOTO
TFEpPMETU3HPYIOIIEr0 IIBAa MPOTSKEHHOCTBIO 10 360 MM 3a BpeMms, MeHee
1 cekyHBbI.

BBE/JIEHUE

B mnocnennue roasl B THILEBOW MPOMBIIUICHHOCTH BCe OoJbliee paclpoCTpaHEHHE
NOJTY4aloT pa3iInyHble COCOOBI U YCTPOWCTBA YIAKOBKU CBHITYYHX U )KUIKUX MPOIYKTOB. MX
IPOM3BOJICTBO OCYLIECTBIISIETCS Pa3IMYHBIMU OTEUECTBEHHBIMHU U 3apyOeKHBIMU (hrpMaMu:
Bectpom (Poccus), AO «Curnam» (Poccust), Braibanti (Mramus), Bullez (Ilseitmapus), ECL
(CIIA), Ishida (AAmonwmst), Tetra —Pac (IlIBeuus), Wagetechnic (I'epmanus).

YnakoBka B TOJMMEpPHBIE TEPMOIUIACTUYHbIE (TEPMOCBApHBAECMbIC) IUIGHKH C
BEPTUKAJIBHOM IMojavyell MpoayKTa MOMydnsia HauOoJbIlee paclpoCTpaHEHHE Ui CBHITYYHX
NUILIEBBIX TPOJYKTOB: KpPYIBI, OPEXOB, MYKH, MOJIOKA, caxapa, KOH(ET, YWUIICOB U T. .
AHaJOTUYHBIC YMAaKOBOYHBIE MAIIUHBI HUCTOJB3YIOTCS ISl YIMAKOBKU JKUJKUX THINEBBIX
IPOJYKTOB: MOJIOKA W MOJIOYHBIX HPOJYKTOB, COYCOB M KETYYIOB U T. . ['epmeruszanus
TUTACTUKOBBIX MAaKETOB MPH STOM 3aKII04aeTcs B (POPMHUpPOBAHUH MOMEPEYHOTO ydacTKa s
BBIMIOJIHEHHSI 1B, C)KaTUM IMaKeTa Ha 3TOM Y4YacTKe 10 CONMPHUKOCHOBEHHUS BHYTPEHHUX
MOBEPXHOCTEH CTEHOK TMakeTra Jpyr C JAPYyroM, OCYIIECTBIEHHUH HHEPreTHYECKOTO
BO3JICICTBUS HA MaTepuaj MakeTa JUIS TOBBIIICHUS TEMIIepaTypbl, AOCTATOYHOW IS
dbopMupoBaHus TepMHUUECcKOTo 1mBa [1].

*e-mail: vnh@bti.secna.ru
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1. TIOCTAHOBKA 3ATAYNA

Jns popMupoBaHUs TEPMUYECKOTO IIBa B YIAKOBOYHBIX MAIlMHAX OOBIYHO MPUMEHSIOT
BBICOKOCKOPOCTHYIO ~ MMIIYJbCHYIO  CBapKy. TexXHOJOrusi TEIUIOBOM TIepMeTH3aluu
IUIACTUKOBBIX IIAKETOB € IPUMEHEHUEM HUMIYyJbCHOM CBapKM HMMEET HECKOJIbKO
CYILIECTBEHHBIX HEJIOCTATKOB:

1. He oOecmeynBaeT TepMETH3AIMM  IUIACTHKOBBIX  IIAKETOB IPH  YIAaKOBKE
MEJIKOAUCIICPCHBIX TBUIALINX MPOAYKTOB (MEper, MOJOTHIH Kode, MyKa, THIC WU T.I.) U
KHUJIKUX BS3KHX MPOAYKTOB (MaiOHE3bl, KpPeMbI, COYyChl M KeT4ymbl U T.I.). [lpuumHa
3aKJIF0YAeTCsl B MOMNAJAaHUM yIaKOBBIBAEMOI'O NPOAYKTa Ha IOBEPXHOCTH CTCHOK IIJICHKU B
30He (hopMUpOBaHMS TEIJIOBOro mBa. Ha 3THX ydacTkax TeruioBoi 1moB He (opMupyercs, u
IIPOUCXOAUT TEPMHUECKOE PA3JIOKEHHE MPOAYKTA, YTO NPHUBOJUT K CHMKEHUIO KAayecTBa
INPOAYKTA, NOTEPSIM NPU TPAHCIOPTHUPOBKE U MOTEPSIM TOBAPHOTO BUAA W3-3a 3arpsA3HEHUS
MIOBEPXHOCTEHN YIIaKOBKH;

2. He Mo3BoJisAeT GOPMHUPOBATH TEPMUUECKUH IIOB MO KUJIKOMY HPOIYKTY IIPU yIIaKOBKE
MOJIOKA, COKOB W aHAJOTMYHBIX IMPOAYKTOB [UIsl MUCKIIOYEHMs IIONAJaHUS B IAKeT
HECTEPUIIBHOIO BO3yXa;

3. He MO3BOJIIET KOHTPOJUPOBaTh Hpolecc (OPMHUPOBAHUS TEPMUYECKOIO IIBa JJIs
OIpeZICNICHUsI MOMEHTA TepexoJa MaTepUaioB HAa TPaHUIIE COCAUHEHUS B BA3KOIUIACTUYHOE
COCTOSIHUE M ONTHMHU3HMPOBATh BpeMs I'€pMETH3ALUHU NPU OTKIOHEHUSAX I€OMETPUYECKHX U
TEXHOJIOTMYECKUX IapaMeTpPOB OT HOPMBI, a TaKKe IPU CMEHE MaTepuala YINaKOBOYHOMN
IUIEHKH WJIU €€ TOJILUHBI.

B cBs13u ¢ 3TUM BO3HMKIIA HEOOXOAMMOCTb B IMOUCKE MPOCTOro U 3PPEeKTUBHOTO crlocoda
CBapKH, IMO3BOJISAIONIET0 00ECHEeUNTh I'€pPMETU3ALMIO [UIACTUKOBBIX MAaKETOB IPU YIAaKOBKE
BCEX BHUJOB IPOAYKTOB, B TOM YHCJIE CBHIIYyYUX W XKHUAKMX, @ I €ro IpPaKTHYECKOH
peanu3anuy pa3padboTarh ClelHaIu3upoBaHHOE 000y I0BaHHUE.

2. ®OPMHPOBAHUS CBAPHOI'O IIIBA METOJOM YJIbTPA3BYKOBOI CBAPKU

[TpoBenenublii  aHamM3  (YHKIMOHATBHBIX  BO3MOXKHOCTEH  pPasMYHBIX  CIIOCOOOB
repMeTU3allii, NMPUMEHUTEIBHO K YMAaKOBKE B IOJMMEPHbBIE TEPMOILJIACTUYHBIE IUIEHKH C
BEPTUKAIBHON MoOAauell MpOayKTa, MO3BOJMI MNPEIJIOKUTh B KAaUECTBE HHEPreTHUECKOIO
BO3/ICICTBUS, CIIOCOOHOTO PEIIMTh IMOCTABIEHHYIO 3ajauy, yJIbTPa3ByKOBOE BO3JEHCTBUE,
T. €. METOJl YJIbTPa3ByKOBOW HU3KOTEMIIEPATYPHOM CBapKH [2].

['epmeTnzanuio mnakera @pU peald3allid  yJIbTPa3ByKOBOM CBapKH MPEASIOKEHO
OCYUIECTBIISATh JIByMsl IOBEPXHOCTSAMHU: MNPUKUMHOW IUIAHKOM M pabodyuM OKOHYAHUEM
KOJICOATETBHOM CHCTEMBI, COBEPIIAIOIINM KoJjiebaHusi ¢ yactotor 22 k[’ n aMIimmTy 101 OT
20 1o 50 MKM, B 3aBUCHUMOCTH OT TOJIIIMHBI MaTepuaia nakera. B mporecce yapTpa3ByKOBOTO
BO3/JCHCTBUSI HMMEETCS BO3MOXHOCTb  PErMCTpUpPOBaTH IapameTp  yJIbTPa3ByKOBOT'O
BO3/JICHCTBUS, XapaKTEpU3YIOLIUI CTENEHb [epexoja MaTrepuaja B BA3KOIUIACTUYHOE
COCTOSIHME. OTO TMO3BOJSET aBTOMAaTHUECKH YCTAHABIUBAaThb BpEMs, HEOOXOAMMOE U
noctatouHoe st ¢opmupoBaHus repmetuuHoro mBa [3]. IlpennmoskeHHass TEXHOIOTHUS
(opMUpPOBaHUS TEPMETU3UPYIOLIETO IIBa MOSCHAETCS PUCYHKOM 1.
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B BepxHell 4YacTM yNakOBOYHOW MAaIIMHBI YCTAHOBJIEHA 3arpy3o4yHas BOpOHKa 1 ¢
YCTPOMCTBOM JIJIsi PETyJIMPOBaHMs KOJIMUYECTBA MOCTYMAIOLIEr0 MPOIyKTa. Y TaKOBBIBAEMbIN
MPOAYKT 2 MO JEHCTBUEM CHUJIbI TSXKECTH U HAIpaBIISIIONIECH BOPOHKH | pacnpenensercs B
CIIENUATBFHYI0 [WJIMHIPUYECKYI0 €MKOCTh 3, (QopMUpYIONIYI0 pyKaB 4 W3 TOJUMEPHOMN
wieHku. opMupoBaHue pyKaBa OCYLIECTBIISETCS C TOMOUIBIO JIEHTONPOTSHKHOIO MEXaHU3Ma
5 ¥ MpOAOJBHOTO TEPMOCBAPOYHOro ycTporctBa 6. [lepen mocTymnieHneM 103bl MPOAYKTA,
cpabaThIBAIOT MPHUBO/IBI MEXAHU3MOB MOMEPEUHOIN CBAPKU 7, BKIIOYAIOIINE YJIbTPa3ByKOBYIO
KOJIeOaTeNIbHYI0 CHUCTEMY 8 ¥ TMTAIONMK €€ SJEKTPOHHBIM TeHepatop 9. MexaHusm
NIOTIEPEYHON CBapKU obecrieunBaeT cxarue makera 10 Ha ydactke gopmupoBanus mBa 11
JIByMsl TIOBEPXHOCTSIMU: MPWKHUMHOM miaHkod 12 wu  pabouuM okoHuaHuem 13
yJIbTPa3ByKOBOM  KoieOaTeNbHOM CcHUCTEMBl 8 70 CONPUKOCHOBEHUS BHYTPEHHHX
MOBEPXHOCTEH CTEHOK MakKeTa JIpyr ¢ APYyroM. DHEPreTUYECKOE BO3JIEHCTBUE HA MaTepuai
MaKeTa OCYIIECTBISETCS YIbTPa3BYKOBBIMH KoJeOaHUsIMH ¢ aMIDIHTy10i oT 20 1o 50 MkM, B
3aBHCUMOCTH OT TOJIIUHBI IUIEHKH (OPMHPYEMOTo IakeTa J0 ITiepeBoja Marepuaia B
BA3KOIUIACTUYHOE COCTOSIHUE.
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Puc. 1. Cxema ¢popmMupoBaHus OMEPEUHOTO T€PMETHIUPYIOIIETO 1IBA
YABTPA3BYKOBOM CBAPKOU

B. H. Xmenes, A. H. CnusuH, P. B. Bapcykos, C. H. LbiraHok, A. B. WanyHos, U. N CasuH, C. B. JleBuH
WccnenoBaHume npouecca yNbTpa3BYKOBOW CBapKW Mpu repMeTM3aumn NULLEBbIX MPOAYKTOB B NakeTbl U3
NOSIMMEPHOW MJIEHKMU



DNEeKTPOHHbIN XypHan «TexHuyeckas akyctmka» 2005, 17 4 (9)

VY bpTpa3ByKOBY10 KOJeOaTeIbHYIO0 CUCTEMY IIEpEeMENIatoT M0 HAMPAaBICHUIO K MPHKUMHOMN
mwianke 10 QopmupoBanuun 1mBa. I[lpum 3TOM dopMHpyeTCs HUXKHUK TOTMEPEUHBIN
(TOpH30HTAIBHBINA) TEPMUYCCKUNA IIOB, T.€. TEPMETUIUPYETCS IIIACTUKOBBIA TAaKeT C
yHaKoBaHHBIM MpOIyKTOM. HoX OTAenseT mopuuio YMNakOBaHHOTO MpOAyKTa (MakeT ¢
MPOTyKTOM) M IIKJI TIOBTOpsieTcs [4].

OCHOBHOHM TEXHUYECKOHW MpOOJIEeMON MPAKTUUECKOW pean3allii yIbTPa3ByKOBON CBapKU
JUIS TEPMETH3allid BCEX THIIOB YMAKOBOYHBIX MAKeTOB (mUpuHOW a0 350 MM) siBisieTCs
HEOOXOJAMMOCTh CO3JIaHUs KOJIeOATeIbHOH CHCTEMBI C pabOYMM OKOHYAHHEM JIJTUHOMN
350...360 MM ¥ IUPUHOM, TOCTATOYHOM 1JI1 OAHOBPEMEHHOIO (POPMHUPOBAHUS ABYX IIBOB (B
rePMETU3UPYEMOM B (POPMUPYEMOM IMaKeTaxX) 3a BpeMsi MeHee | CeKyHIbI.

[Ipu cozmanuu ynpTpa3ByKoBOro 000pYI0BaHUSI, OCHOBHBIE YCUJIUS ObUTM HANPABJICHBI HA
pa3paboTKy  CHEUUaIbHOM  yJIBTPA3BYKOBOM  KOJEOATENbHOW  CHCTEMBI, CIIOCOOHOM
obOecrieunTh (POPMUPOBAHWE CBApHOrO ImBa MHOW 360 MM ® mupwHOH 12 MM IS
OJIHOBPEMEHHOT0 (POPMHUPOBAHUS ABYX IIIBOB.

3. VJIbTPA3BYKOBASA KOJIEBATEJIbBHAS CUCTEMA

[IpoBeneHHBIE  TEOPETHMUECKHE  HMCCIECJOBAHMS IO  MOJCIMPOBAHUIO  IPOLIECCOB
dopmupoBanus Y3 KojaeOaHUN U SKCIEPUMEHTAIbHbBIE UCCIIEI0OBAaHUS Pa3IMUHbIX BApUAHTOB
NPaKTUYECKON peann3alnnu KojeOaTeIbHBIX CHCTEM TO3BOIMIIM MPEIIOKHUTh U pa3paboTarh
MBE303JIEKTPUYECKYI0  YJIbTPa3BYKOBYIO KOJIE€OAaTElIbHYIO CHUCTEMY, BBIIOJHEHHYIO I10
KJIACCUYECKOM  JIByXIIOJIyBOJIHOBOM  KOHCTPYKTUBHOM  cXeMme, OObeauHsSIoulel  aBa
MOJTYBOJIHOBBIX IbE30JIEKTPUYECKUX MPeoOpazoBaTeisi U PE30HAHCHBIM TOJIYBOJIHOBOM
KOHILIGHTPATOp MEXaHWYECKHX KoJieOaHUM, UMEIIUN padouee OKOHYAHUE CIEHUATbHON
dopmbl  (puc. 2). IIbe3odnexkTpuyeckue MpeoOpa3oBaTENd  BBIMOJHEHBI IO  CXEMeE
npeoOpazoBarens JlaH)keBeHa M COCTOST U3 MOCIEA0BATENbHO PA3MEUICHHBIX U aKyCTUYECKU
CBSI3aHHBIX MEXIy COOOW pPE30HAHCHOW OTpaXKarollel HaKIaIKH, IThe303JICKTPHUSCKUX
MEMEHTOB u  pabodeil m3mywaromed Hakiaaakd. OTIUYUTENBHOM  OCOOEHHOCTHIO
pa3paboTaHHBIX MpeoOpa3oBaTeNeil ABISETCS CMEIICHUE MbE303JCKTPUIESCKUX AIIEMEHTOB B
CTOPOHY OTpa)Karolllell HAKJIaJKU OTHOCUTEIbHO 30Hbl MAaKCHUMAJIbHBIX MEXaHMYECKUX
HaOpsDKEHUH M MHUHMMyMa MEXaHMYEeCKMX KojieOaHui. OTO TO3BOJMIO MOBBICUTH
IEKTPOAKYCTUICCKUN KOIPPUIIMCHT MPeoOpa3oBaHUsS W BBHIMOJIHUTH Yy3€71 KPEIUICHUS
npeoOpa3oBarensi Ha pabouyed HaKJIagKe B 30HE MHUHHMyMa MEXaHHYECKHX KOJeOaHWUM.
Pa3memienne y3na KpersieHusl mpeoOpas3oBareisi B 30HE MHUHUMAJbHBIX YJIBTPa3ByKOBBIX
KoJIeOaHni 00ecneumio MUHUMAaJbHOE JeMII(pUPOBaHUE YIBTPAa3BYKOBOW KoOJeOaTeIbHON
CHUCTEMBl M MAaKCHMAaJbHYIO aMIUIUTYJy KoOJeOaHWH H3IIydaronield MOBEPXHOCTH padbodeit
Hakiaaku. Hannuume y3ma KperuieHus: MO3BOJIWIIO MPENIOKUTh CHEUAIBHYI0 KOHCTPYKIMIO
3alIUTHBIX KOPITyCOB, M OOECIIEYNTh YCTAHOBKY KOJICOATEIIbHOW CUCTEMBI B PA3JINYHBIC THITBI

YIaKOBOYHBIX MallliH (puc. 2).
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Puc. 2. YnprpasBykoBas kojebaTeIbHas CUCTEMA I 00SCTICUCHHsI CBAPHOTO II1Ba
JuHOM 360 MM

KoHneHTpaTtop  yabTpa3BYKOBBIX KOjJeOaHWM uMeeT (HOPMHUPYIOIMIYI0  KOJIeOaHUS
MIOBEPXHOCTh COCIUHEHHUS C IBE303JICKTPUICCKIMHU TMPEOOpa30BATEISIMH M H3ITyYaIONIYIO
MMOBEPXHOCTH TPSMOYTOJIBHOW (POPMBI, OJMHAKOBOTO TPOIOJBHOTO pasMmepa (UIHHBI), a
OTHOIIICHHUE WX TIOMEPEYHBIX Pa3MepOB OIpeaesieT Ko3(pPUIMeHT yCHuIIeH!s] KOHIIEHTPATOPa.
st obecrieueHUss MaKCUMAIBHOTO KOA((UIMEHTa YCUICHUS W YMEHBIICHUS TpPeAeTbHBIX
MEXaHUYECKUX HaNpsOKEHWH KOHIGHTPATOp BBHIMOJHEH IO CXEME IOJYBOJHOBOTO
CTYTIEHYATO-PaIUATILHOTO KOHIIEHTpaTopa [5].

FCOMCTpI/IqCCKI/IC PasMEpbl  KOHLCHTpPATOpa BLI6paHBI n3 yCJIOBHA obecrieueHUs
MaKCUMAJIBbHOI'O KOB(I)(I)I/II_[I/ICHTa YCUJICHUS, TaKUM O6p3,30M, 4TO IOJIMHBI YYaCTKOB
KOHIOCHTPATOpa € PAa3JIMYHbBIMH TONCPCUYHBIMH pasMCpaMi U JIMHA PAAUATIBHOIO0 IICPEXoada
MCKAY HUMH COOTBCTCTBYIOT IIECTOM YaCTH IJMHBI BOJIHBI YJIbTPA3BYKOBBIX KoJicOaHuil B
MaTCpHraJIC KOHLICHTPATOPA, MPUYICM Pa3sMEPhI INIABHOI'O ICPEXoa BBI6paHLI n3 yCJioBUA

AL +(D, - D,)’

R=12.13
4(D1 - Dz)

b

rae L, — nnmHa tuiaBHOTO nepexonaa, D, u D, — monepedHsie pa3Mepsl (popMupyromen u
M3JIy4arolIeil TOBEPXHOCTEN KOHIIEHTpATOpa.

Pe3oHaHCHBIE pa3Mephl KOHIIGHTPATOpA KOJEOATEeTbHOW CHCTEMBI BBIOPAHBI U3 YCIIOBUS
ONITUMAJILHOTO COTJIACOBAHUS C MBE303JICKTPUICCKUMH TTPEOOPa30BATEISIMH 110 YacTOTE TPH
00eCTIeYeHNN CTaTHYECKOTO JaBIICHHS Ha padouyee OKOHYAHWE B MPOIECCE OCYIIECTBICHUS
CBapKHu.
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PabGouee oxoHYaHHWE KOHIIEHTpaTOpa (MHCTPYMEHT) MMEET JBE IUIOCKHE IMOBEPXHOCTHU
pasmepoMm 360x5 MM aJiE  OIHOBPEMEHHOTO (OPMUPOBAHHUS JBYX IIBOB M Ta3 MJiA
MEPEeMEIIEHUS] HOXa, OTMIEJISIIOIIET0 TMaKeT MOCIe YITAKOBKH MPOITYyKTOB.

Hns  obGecrnieyeHns: HEOOXOAMMOW  BEMWYMHBI W PACHpENCNICHUS  aMIUTUTYIbI
YIBTPa3BYKOBBIX KOJICOAHWN BJOJL H3JyYarolell TOBEPXHOCTH KOHIIGHTpaTopa ObLIO
MPEIOKEHO M PEeaJTu30BaHO HECKOJBKO HOBBIX TEXHHMYECKUX PEIICHUH, COBMECTHAs
peanuzanmsi KOTOPBIX oOecrmeumyia HEOOXOAUMOE U JIOCTAaTOYHOE  YJIBTPa3BYKOBOE
BO3JICUCTBUE:

— HW3Iyyamollas HakjIaaka MpeoOpa3oBaresnss UM KOHLEHTPATOp BBINOJHEHBI W3
IIOMUHUS, a pa3Mepbl U3yyarollell OBEPXHOCTH MbE30UIEKTPUUECKUX Mpeodpa3oBareneit
U TIONEepedHbIl pasMep (GopMmupyromei kojaeOaHUs MOBEPXHOCTH KOHLIEHTPATOpa HMMEIOT
pasmep, COOTBETCTBYIOIIMH IIECTOW 4YacTH JUIMHBI BOJIHBI YJIBTPa3BYKOBBIX KoJeOaHUIl B
QIIOMUHUH.

— 78 UCKIIOYEHMS  NapasuTHbIX  JAedopmanuii  M3iydaromed  MOBEPXHOCTH,
O0OyCTIOBJICHHBIX YIPYTUMH CBoWicTBaMH Matepuana (kodddummentom Ilyaccona) B
KOHIICHTPATOpE BBIMIOJIHEHBI CKBO3HBIE Ma3bl. MccaenoBanus BIMSHUS Pa3IMYHBIX 110 Gopme
M pa3MepaM TMa30B IIO3BOJIMJIM yCTAaHOBHUTH, YTO MAaKCHUMAJbHBIA J(PQEKT yCTpaHECHHUS
NapasuTHBIX  KoyeOaHWi, OOYCIIOBIEHHBIX  JeQOpMamusMU  BCETO  KOHIIEHTPATOpA,
JIOCTUTAETCS MPH BBIITOJIHEHUU CKBO3HBIX MIA30B IIUPUHON 5—6 MM uepe3 pacCTOSHUS, PaBHbIE

IIECTOI YacTH JIIMHBI BOJIHBI YJIbTPA3BYKOBBIX KOJ€OaHUH B MaTepuaie KOHLEHTPaTopa.

— Juid BO30yxJeHMs KoyiebaHui QopMupyrolledl MOBEPXHOCTH MCIOJIb30BaHbI [1BA
IIbE303JIEKTPUUECKUX TpeoOpa3oBarens. B pesynbrate nccnenoBaHuil ObLIO yCTaHOBIIEHO
ONTUMAJILHOE PACIIOJIOKEHHE MbE30IEKTPUUECKUX MTpeoOpa3oBareneit — Ha GopMupyromen
MOBEPXHOCTH KOHLIEHTPATOPA YJIbTPa3BYKOBOW KOJIEOATEIbHOM CUCTEMBI, KaK MPeJCTaBICHO
Ha puc. 2.

B pesynbraTte BBIOOpa MeCT pa3MmelieHus mpeoOpa3zoBaresieil U ma3oB ObLIO 00ecredeHo
pacmpeneneHne aMIUTATYIbl  KOJeOaHWl 10 TOBEPXHOCTH pabouero HHCTPYMEHTA,
WTIOCTpUpYEMOE puc. 3.

[IpencraBneHHoe pacrpesielleHue aMIUIUTYIbl KosleOaHui ObLIO YCTAHOBJIEHO B CBSI3U C
HE0O0XO0IMMOCThIO (POPMUPOBAHUS HAJEIKHOI'O FEpPMETU3UPYIOLIETO IIBA Ha YETBIPEX CIIOSX
IUIEHKHU, PAaCHOJIO0XKEHHBIX MO KpasM HakeTa U JBYX CJIOSX MO OCTaJbHOM yacTu makera. Ilo
9TOM NpPUYMHE KpaeBble 30HBI pabouero OKOHYAHHUS KojieOaTeIbHOH CHUCTEMBI COBEpPLIAIOT
KoJIeOaHus ¢ aMIUIMTYIOM, MpeBBIIAOLIEH aMIUIUTYAy KojeOaHui  M3iydaroiien
HOBEPXHOCTH MpeoOpazoBaTes.

JUis 37EeKTpUYECKOro NHUTAaHUS MbE303JEKTPUUECKON YIbTPa3ByKOBOH KoyieOaTenbHOM
cUcTeMbl ObIIT pa3paboTaH d3JEKTPOHHBIM OJOK, BKJIIOYAIOMIMN, KpOMe  TreHepaTropa
NEKTPUUYECKUX KOJICOAHUH YIbTPa3ByKOBOT'O 1MAaNa30Ha, OJIOK KOHTPOJIS U aBTOMaTHYECKOTO
yhnpaBieHus: mporeccoM cBapku. Jlins oOecrieueHHst pabOThl AJIEKTPOHHOIO I'eHepaTropa B
COCTaBe YMAKOBOYHBIX MAILIMH MPEIyCMOTPEHO YIMPABIEHUE TE€HEPaTOPOM IOCPEICTBOM
uHTepdeiica RS-232 ¢ nepcoHalbHOrO KOMIBIOTEPA.
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ONEKTPOHHBIM TeHepaTop BBIIOJHEH [0 CXEME MOCTOBOTO HWHBEpPTOpa, a Uit
aBTOMATHU3allMM Tpollecca CBAPKU CHAOXKEH pPEryJsiTopoM aMIUIMTYAbl  KosjeOaHui
W3ITyYaroiel TMOBEPXHOCTH KoOJIeOATEIhHOM CHUCTEMBI W CHCTEMOM aBTOMAaTHYECKOTO
MOJIIEpKaHUs 4aCTOTHI TeHepaTopa pe30HAaHCHOW YacTOTe Koyie0aTeIbHOM CUCTEMBI MPU BCEX
BO3MOXXHBIX ~HM3MEHEHHUSX TEMIEepaTypHBIX IMapaMeTpOB YJIbTPa3BYKOBOH KosieOaTelbHOM
CUCTEMBl M CBOICTB, CBapMBAaeMbIX IOJIMMEPHBIX MAaTE€pHAIOB B Ipollecce MOIyYeHUs
CBapHOToO IIBa.

45 /

Puc. 3. Pacnpenenenne aMIuTy Il KoJieOaHUI 110 MOBEPXHOCTH PabOYero HHCTPYMEHTA

@OyHKIMOHAIBHBIE BO3MOXKHOCTH CO3JAHHOTO 3JIEKTPOHHOrO 0OJioka 00ecrednBaroT
aBTOMATHUYECKYI0 YCTaHOBKY BPEMEHHU YJIbTPa3ByKOBOM CBapKM M BPEMEHHM YJepXKaHUs
CBapuBaeMbIX MaTEepHaJOB, HM3MEHEHHE YPOBHA BBIXOAHOM MomHOocTH A0 3500 Bt n
aMILTUTY bl KoJieOaHuil pabouero okoHUaHUs KojeOaTeabHON cucTeMbl 10 50 MKM.

Pa3zpaOoranHble KoneOaTelbHas CHUCTEMAa W 3JEKTPOHHBIM TE€HEpaTop MO3BOJIMIH
peaan30BaTh TEXHOJOTHMUECKUI MPOLECC TepMETU3aIMH YIIAKOBOYHBIX MAKETOB 3a BPEMs OT
0,5 1o 1,0 cekyHIIbI B 3aBUCUMOCTH OT TOJILIMHBI U MaTepuala UCIOIb3yEeMOU /sl yIaKOBKU
IUICHKU.

B pesynbpTare sKCepUMEHTAIbHBIX UCCIENOBAHUI MO BHIOOPY ONTHUMAJIBHBIX YCJIOBUM U
PEKMMOB TepMEeTH3alluK ObLIa perieHa npodjieMa Co3/1aHus OIMHAKOBBIX YCIOBUHN MpIHKUMa
BJOJb BCEH M3Iyyarolmeld IMOBEPXHOCTH Koyie0aTeabHOM CHUCTEMbI 3a CUET CO3JaHus
CHeLMaNbHOM, ypyroi NpM>KUMHOM TUTaHKH, OpMa KOTOPOH MoKa3zaHa Ha puc. 4.
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Jnst yBenuyeHusl MOTJIOIEHUS SHEPTUHU YIbTPAa3BYKOBBIX KOJieOaHUI B TEPMOILUIACTUYHON
IUIGHKE [aKeTa KCIOIb30BAHO TMOIJIOMIAONIee IMOKPHITUE HAa TOBEPXHOCTH MPHKUMHOMN
IUTAHKH, BBIMOJHEHHOE M3 HECKOJBKUX CJIO0EB TKAHOTO BBHICOKOTEMIIEPATypPHOTO Marepuala,
MOKPBITOrO cJIoeM (PToporuiacTa, UCKIIOYAIOUIEro MPUIUIIAHUE CBApMBAEMOro Marepuala K
MOJITTOXKKE.

Puc. 4. Ynpyras nprwxuMHas IuIaHKa

3AKJIIOYEHUE

B pesynbraTe MOBEIEHHBIX HCCIIEIOBAaHUM U Pa3pabOTOK CO3AAHO CIELUATU3UPOBAHHOE
YJIBTPa3ByKOBOE OOOpYyJOBaHWE JUIsi KOMIUICKTAllMM YIAKOBOYHBIX MAIIUH, CIOCOOHOE
00eCTeunTh MpPU TePMETU3AIUH KUJKUX M CBHITyYUX NBULIIUX MPOIYKTOB (hOPMHUPOBAHHE
JIBOMHOTO TOIMEPEYHOr0 T€PMETHU3UPYIOIIETO IIBA MPOTHKEHHOCTHhIO 10 360 MM 3a Bpems
MeHee | CeKyH/bI.

[Tpu coznanuu 060py10BaHUs PELIEHBI CIEAYIOIINE TEXHUYECKUE 3a0auu:

— pas3paboTaHa yJibTpa3ByKoOBas KojebaTeabHas CUCTEMa, COCTOSIAS U3 MOJYBOJTHOBBIX
IbE303JIEKTPUUECKOro  MpeolOpa3oBaresis M CTYNEHYaTO-paJualbHOIO  KOHLIEHTPAToOpa,
o0ecreymnBaroIas 10CTaTOYHYIO s (GOPMUPOBAHMS T'€PMETUUPYIOLIETO 1IBAa aMIIUTYAy U
€e pacmpezesieHUe BAOJb BCEH HM3Iydaronledl MOBEPXHOCTU JIMHOM 360 MM M MIMPUHOMN
12 Mm;

— paszpaboTaH  y3en  KpeIUIEHHsS  yIbTPa3BYKOBOW  KOJEOATEIbHOW  CHCTEMBI,
o0ecTeynBaOIINi MUHUMAIFHOE JeMI(UPOBaHNE, UCKIIOYAIONINNA Nepeaady KojebaHuil u

BO3MOXHOCTb HHTCTPUPOBAHUA B PA3JIMYHBIC YIIAKOBOYHBIC MAIlIMHBI,
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—  pa3paboTaHbl TEXHHYECKHE PEIICHHUS, TO3BOJUBIINE CO3/IaTh y3€J CBAPKU HAa OCHOBE
CIIENUAIbHON TPWKUMHOW IUIAHKHA, CO3JaTh HCCIIENOBATEeNbCKUM CcTeHa (puc.S5) u
OTIPEJICTTUTh TEXHOJOTUYECKHUE MMapaMETPhl U PEKUMBI CBAPKH.

Puc. 5. UccrnenoBatenbckuil CTeH yIbTPa3BYKOBOM CBApKH
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