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HOCTPOEHME TPUBOJIOT MYECKON CUCTEMBI
VJIbTPA3BYKOBOM CBAPKH

TIpennoxxen MoAXox K MOJEIMPOBAHUIO HpOLEcca YIbTPa3ByKOBOI CBapKH Ha 0a3e TpuOOI0rnueckoi
CHUCTEMBI, KOTOpPasi ONpeJelsieTcs Kak HeKasl JIOTHKO-MaTeMaTuieckas CTPyKTypa, JJIEMEHTaMU KOTOPOit
SIBJIAIOTCA TOJICUCTEMBl MAaTEPUAJIOB, U3JTyUCHUS, AMHAMUKY, BHYTPEHHETO TPEHUs], TEPMOAUHAMUKH 1
COOCTBEHHO YJIBTPa3BYKOBOIO HMHCTpyMeHTa. OIHMCaHO IOCTPOEHHE OTAENBbHBIX MOJCHUCTEM U (OpMH-
POBaHKE B KOHEUHOM CUETE CYILECTBEHHO HEMMHENHON MOJIENIH IIPOLIECCa.

KuiroueBble c1oBa: TpHOOJIOrHYECKash CHCTEMaA, BBICOKOYACTOTHOE HArpyXEHHE, YIbTPa3ByKO-
Basi CBapKa, HeJIMHEHHasi MaTeMaTHYeCKast MOZIelb.

1 BBenenue. YibrpasBykosas cBapka (Y3C) mo cBoeil cyTu SBISIETCSI THIIO-
BBIM TIPOLIECCOM BBICOKOCKOPOCTHOTO HArpy’>KEHHsI, IPU KOTOPOM BaXKHYIO POJIb
WTparoT BHYTPEHHEE M BHEIIHEE TPEHHE, a TIPH MOAEIHPOBAHUH TaKUX IPOIIECCOB
HEOOXOIMMO YUYHTHIBaTh HEJIMHEWHBIE mponecchl quddysmun, Temo u Macconepe-
HOCa B 30HE CBAPKH.

st MozenupoBaHus Mponecca yIbTPa3ByKOBOW CBAPKH ILIACTMAace Mpejia-
raeTcs MCIIOb30BaTh WACH M METOBI TPUOOJIOTHH, oIHCaHHbIe B [1, 2].

Tpubonorndeckas cucrema Y3C ompernensercs Kak JOTHKO-MaTeMaTHIecKast
CTPYKTYpa, 3JIEMEHTbI KOTOPOH KIACCU(PHUIUPYIOTCS KaK €e OCHOBHBIE MOJICHCTE-
MBI [3]: mogcucTeMa MaTepHalloB M UX CBOMCTB, MOJCHCTEMA M3IyYEHUS YIbTpa-
3ByKa, JUHAMHUYecKas IMOJCHUCTEMa, MOACUCTEMA BHYTPEHHETO TPEHUs], TE€PMOAU-
HaMH4YecKas ITOJICHCTeEMa M IOJCHCTEMa YJIbTpa3ByKoBoro mHcrpymeHrta (Y3U),
KOTOpbIE BO MHOTOM 0a3MpyIOTCS Ha IMITUPUYECKHUX U ITOJyIMIIMPUYECKHX 0azax
JTAHHBIX.

Cxema tpubonorndeckoi cucrems! Y3C mpezcraBieHa Ha puc. 1, mpu sTom,
ITyHKTHPHAS JIMHUS pa3fernseT o0JlacTh CBAapHBAEMbIX MAaTEpHalOB Ha JIBE Xapak-
TepHbIe 30HBL. [lepBast 30Ha XapakTepu3yeT 001acTh, B KOTOPOI MPOUCXOIUT IMPO-
LecC M3MEHEHHS CTPYKTYPbl MaTE€pPHUaJIOB, OOECICUMBAIOUINN HEMOCPEACTBEHHO
CBapMBAEMOCTb JIETaJICH, a BTOpasi 30HA ONpENENsAeT, COOCTBEHHO, TPAHUIIBI TPH-
6ocucTeMsbl. [ToBepXHOCTh pa3jernia 30H OMpelelsieTcsl Kak MOBEPXHOCTh, Ha KOTO-
poil TemmepaTypa MaTepHajia paBHa €ro TeMIIepaType BBICOKOXJIACTUYHOTO CO-
cTosHus Tg,, KOTOpas HIDKE TeMIIepaTypsl IUIaBieHus T, a Ha TpaHHIE 30HBI
TpUOOCHCTEMBI TEMIIEPATypa MaTepuaa rnoctosiHaa Ty.

B3aumocBs3p mojcucTeM CTpyKTypHupoBaHHOW Tpubocucrembl Y3C mpuse-
JIeHa Ha (yHKIMOHAIILHOM JrarpaMMe Ha puc. 2.

2 OnucaHue MOACHMCTEM TPUOOJTOTHUECKOH CHCTEMBI.
Hoacucrema matepuanioB. OU3NKO-XUMHUYCSCKIE XapaKTEPUCTHKU CBapH-
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BaeMbIX MaTepUalIOB — INIOTHOCTh, YIPYTOCTb, TEMIIOIPOBOIHOCTD, BI3KOCTh, CKO-
POCTbH 3ByKa M MPOYHE, - SBISIFOTCS OMPENESIIIOINMI TapaMeTpaMu IIPU MOJIEIH-
poBanuu mpouecca Y3C. Ilpu 3ToM B moicucreMe MarepualoB Bce (H3HKO-
XMMHYECKHE XapaKTEPUCTUKU MaTepUallOoB 3allMChIBAIOTCS KakK (YHKIIMU TeMIepa-
TYpbl, a opManu3anus 3THX QYHKIUN OazupyeTcs Ha HKCIEPUMEHTAIIBHBIX JaH-
HBIX. B mpuHIOUMIE 1151 OCHOBHOI Macchl MaTepHaIOB XapaKTEepHBI JHHEHHBIE 3a-
BHCHMOCTH COOTBETCTBYIOIIUX XapaKTEPUCTHUK OT TEMIIEPATYPHI, HO, B TO )€ Bpe-
Ms1, KOHEYHasl MaTeMaTHuecKasi MOJIeJIb Iporecca GOPMHUPYET CYIIECTBEHHYIO He-
JIMHEMHOCTBH BCEW MOJIETH B IIEJIOM.
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Pucynok 1 — Cxema Tpudonormdeckoii cucremsl Y3C

MOACUCTEMA
U3NYHEHUA

TEPMOAMPAMUHECKAR NOACUCTEMA AUHAMUMECKAR
NOACUCTEMA MATEPHANOB MOACUCTEMA

MOACUCTEMA
VIBNYYEHUA

Pucynok 2 — @yHkmonanpHas quarpamma Tpudocuctemsl Y3C

B aT0ii e moacHCTeMe BBIMOIHACTCS MEPBOHAYAIBLHOE MOCTPOCHUE 30HBI
TPUOOCHCTEMBI H POU3BOINTCS €€ KOPPEKTHPOBKA 110 PE3yJIbTaTaM pacdeToB.

IMoacucrema m3nydenust ¥Y3. YIbTpa3ByKOBOE IOJIE, CO3aBAEMOE TEXHOIO-
THYECKUM CBApOYHBIM WHCTPYMEHTOM, CYIIECTBEHHBIM 00pa3oM 3aBHCHT OT (op-
MBI pabodyero HaKOHEYHMKA U3JTydaTelist, THIA ero KoJeOaHui, 4acTOThl ¥ aMILIH-
TY/BI €T0 KoJeOaHuii, a TakKe OT MapaMeTPOB CPEIIbl, B KOTOPOH YIIBTPa3BYKOBOE
TI0JIe PACTIPOCTPAHSIETCSI.

Jlist MojienTupoBaHusl Tpoliecca U3MyUeHUsI B 3TOH moacucreme pabodasi mo-
BCPXHOCTb H3JYy4daTCIA alllpOKCUMUPYETCA H3JIYydaTCIIIMU HYJIIEBOI'O (HyHBCI/I-
pyromas cdepa WM MOHONOJb, PHUC. 3, @) WIN mepBoro (ocIpuumupyromnas chepa
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WM JUTIOING, pUC. 3, O) OpsAaKa.

a o
Pucynok 3 — Tunsl uznyyateneii: @ — MOHOIIONb, O — JUIIOIb

Jlist pacuera naBieHHs, CO34aBAEMOro FAPMOHWYIECKUM H3ITydaTeleM (3aBHU-
CHMOCTh OT BpeMeHH exp(iwf) B OJHOPOJHOM IIOJNyIIPOCTPAHCTBE, UCIIOIB3YETCS
HHTErpaibHOE cooTHOIIeHHe Kupxroda st moTeHIana ckopocrteit [4].

B 3101 noacuctemMe yabTpa3ByKOBOM CBapOYHBIN HHCTPYMEHT MOJEIHUPYETCS
Ha0OPOM 3IIEMEHTAPHBIX H3JTydaTesed, PacloIOKEHHBIX Ha ero paboueM Tople U
paboraronux cuH(a3HO — JMO0 MOHOIOJSIMH, JHOO TUITONSIMH. VIHTEHCHBHOCTD
U3Iy4YEeHUsl 3aBUCUT OT aMIUIUTY]bl CMEIIEHUH B LIEHTPE 3JIEMEHTapHOrO U3Iyda-
TeJIs 0 HOPMAJIHM K TOBEPXHOCTHU H3JTydaTes.

IIpu MozmenupoBaHUM H3JIydaTeNs SIEMEHTAPHBIMH JUIOISMH OCh JUIOMSL
OPUEHTUPYETCA [0 HOPMAIH K IOBEPXHOCTH H3ITydaTens, a MOACYET aKyCTHYECKO-
TO AABICHHS MPOU3BOJUTCA B INIOCKOCTH CUMMETPHH U3TY9arOLIEH CUCTEMBL.

Junamuyeckas noacucrema. CBapuBaeMbIe C HCIIOIB30BAaHUEM YIBTPa3BY-
Ka JeTald U3 IUIACTMACC, TTOJIMMEPOB, HEKOTOPHIX KOMITO3UIIMOHHBIX MaTEpHAIOB
¥ TIPOYET0, H3TOTABIMBAIOTCS U3 MAaTEPHAJIOB, KOTOPEIE 00Ia1al0T BA3KOYIIPYTHMHU
U BA3KOIINIACTUYCCKUMU CBOFICTBEIMI/I nu HpO?[BJ'ISHOT pﬂ}l Cl'IeL[I/I(bI/I‘IeCKI/IX OCO6CH-
HOCTEH, KOTOphle HEOOXOAMMO YYUTHIBATh MPU MOJACIUPOBAHMHU IMpolecca Y3
cBapku. Cpequ Takux OCOOCHHOCTEH - THCTepe3uc aedopMariiy Tpu UKIIHYC-
CKOM Harpy>kKeHUHU W pa3rpy3ke, pellakcallvs HaIpsHKeHHs MPU MOCTOSHHOW Jie-
(hopMarmu, moI3y4ecTs MPH MOCTOSIHHOM HATIPSKCHUH | T.IL [5].

MopenmupoBaaue AeGOpMUPOBAHUS CBAPHBAEMBIX MaTepHaia MOXKHO obec-
MIEYUTh COYETAaHWEM IPOCTEHIINX CTPYKTYPHBIX 3JIEMEHTOB, CPEION KOTOPHIX HaW-
Ooee gacTo [6] HCIIOMB3YIOTCS YIIPYTO-BA3Kask MOJes MakcBea, BA3KOYIpyTast
mozaenb KenbBuHa-®Doiirra M Bs3KOIUIACTHYECKass MOJENb buHrama, KoTopele ¢
BBICOKOH CTETEHBIO0 TOYHOCTH OTBEYAIOT OCOOEHHOCTSIM PEaJbHBIX TET U VI paz-
JUYHBIX BPEMEHHBIX 3aBUCHMOCTEH HANPSOKCHUS IMO3BOJSIOT OIMPENEUTh COOT-
BETCTBYIOIINE BPEMEHHBIC 3aBUCUMOCTH 11 1ehopMaliuid, T.e. OTKIUK MaTepHaa
Ha BHEIIIHEE BO3/ICHCTBHE.

JlonomHUTENEHBIE OCOOEHHOCTH BO BCE MPUMEHSIEMbIE MOJEITH BHOCHUT Y4eT
TEMIIEPATYPHOT'O MOJsI, KOTOPBIN BIMAET HA BCE MapaMeTphl UCTOIb3YyEMbIX MOJIE-
Jiel B COOTBETCTBUH C JaHHBIMU TOJICUCTEMBI MaTEPUATIOB.

Ioncucrema Tpenus. Ilporeccs TpeHns Kak BHEUIHEro (B Oombliei crere-
HU NIPUMEHHTENHHO K YJIBTPa3BYKOBOW CBAapKe METAIJIOB), TaK M BHYTPEHHETO (B
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OouipIneil cTeeHN MPUMEHUTEIBHO K YJIBTPa3BYKOBON CBAapKe IJIACTMACC) B 3Ha-
YUTEIHHOH cTemeHn obecnednBaioT 3(h(heKTUBHBIE YCIOBUS CBAPHBAEMOCTH JIE€Ta-
JIeil B yCIOBHAX TEIJIO M MAacCOIepeHOca B OTPAaHUYEHHON 30HE, KOTOPHIE 3aBUCAT
KakK OT O6’BCMHOFO pacnpeacicHusd BHYTPEHHUX HCTOYHHUKOB 3HCPTHUU, TaK U OT
mEepoxXoBaTOCTU, BOJHUCTOCTH, MI/IKpOOTKJ'IOHCHI/Iﬁ u @HSHKO-MCX&HI/I‘ICCKHX
CBOMCTB (MHUKPOTBEPJOCTh M OCTaTOYHBIE HAIPSDKEHWS) NMOBEPXHOCTEH aeTaliei,
KOTOpPBIE CBAPHBAIOTCA.

I'ncrepesncHble mMoTepu B 30HE CBAPKH NMpH Je()OPMHUPOBAHWU MaTepHajia B
CJIC/ICTBHE BO3ICHCTBHUS YJIBTPa3BYKOBOTO IOJISI MPUBOIST K €r0 HarpeBy A0 TeM-
repaTyp, COOTBETCTBYIOMINX BS3KO-TEKY4eMY COCTOSHHIO (aMOP(QHEIE TOIUMEpPHI)
WIN K TUIaBJICHUIO KPHCTA/UIOB (YACTHYHO KpHCTAaLIHM4Yeckue moiumMepsl). [Ipn
TEMIIEpaTypax BBICOKOATACTHYHOTO COCTOSIHUSI MPOHCXOAWT AU(GY3Hs OTIEINb-
HBIX CETMCHTOB MAaKPOMOJICKYJI CBapHMBAEMBIX IIOJIMMEPOB, a B PSAE CIy4acB —
NIepeMENINBaHNE BSI3KO-TEKyUYEro MOIMMEPHOTO MaTepuana.

O0beMHasl TUIOTHOCTh MOTEPh HEPTUH Ha BHYTPEHHEEe TPEHHE B CBapuBac-
MBIX MaTepurajiax OonpeaAcIsi€TCa B COOTBETCTBUMN C MPEACTABICHUEM I_IaBI/I}ICHKOBa
[7], a uHTeHCUBHOCTH AedopMaliuii B KaXIOM 3JIEMEHTaApHOM O0BbEeMe CBapHBac-
MOTO MaTepHajla PacCUMTBHIBACTCS 1O JIAHHBIM IMHAMUYECKOW ITOJICHCTEMEI U, B
KOHEYHOM, CHeTe SBIsieTCsl (DyHKIMEH NaBlIeHWs] 3BYKOBOTO IIOJIS, CO3/1aBaeMOT0
Ha0OpOM 3JIEMEHTapHBIX H3IydaTelnei, KoTopble Moaeaupytotr Y3U.

TepMoauHamMuyeckas nmoacucrema. [lotepu >Hepruu Ha BHYTpEHHEE Tpe-
HUE MPH BO3ACHCTBUH YJIBTPA3ByKOBOIO MOJISI MPUBOAT K JIOKAIBHOMY Pa3orpeBy
MaTepuala, YTo B CBOIO OuYepellb BBI3BIBACT M3MEHECHUE (PU3MKO-XUMHUYECKUX Xa-
PaKTEpPUCTHK CBAPHBAEMBIX MATEPHAJIOB.

YcraHoBUBILIEECS pacTIpe/ielieHUe M0l TeMIeparyp Mo 00beMy 30HBI CBAPKU
MOJKET OBITh MOJIYUEHO U3 PEIICHUS YPaBHEHUS CTAI[HOHAPHON TEIIOPOBOIHOCTH
[8], mpu 3TOM 3aBUCHUMOCTh KO3 (HUIMEHTa TEIIOMPOBOIHOCTH OT TEMIIEPaTyPhl
OMpeeNsIeTCs] TaHHBIMH [TOJICHCTEMbI MATCPHAJIOB.

3 Pemrenne Tpudosornyeckoii cucrembl. OnpeesieHHas BbIIIE TPUOOIOTH-
gecKas CHCTeMa IIpolecca yIbTPpa3ByKOBOM CBAapKM ILIAacTMAacc ¢ yueToM dopma-
JIM30BAaHHBIX MOJICUCTEM, BXOISIIMX B Hee, MPEACTaBIsieT coOOW CyIIeCTBEHHO
HEJIMHEHHYIO CTPYKTYPY, A PEIICHNsI KOTOPOH MPUMEHSIETCSl CHeNaTn3HpPOBaH-
HBIH UTEPAIMOHHBIN TpoIiecc, B KOTOPOM B KauecTBE KPHUTEPHSI CXOAUMOCTH HC-
MOJIB3YETCsl WM MHTETPalIbHOE NPHUpPALIEHUE TEIJIOBOH 3HEPTHH MO 00beMy TpH-
60CHCTEMBI, MIM U3MEHEHHE TPAHHUIIBI TPUOOCHCTEMBI, HIIH KaKHe-TO APYTHUE MTOKa-
3aTernu.

4 BpiBoabl. [IpennoxeHHBI CHCTEMHBIN NOAXOM U CHHTE3 JJIEMEHTOB TpPH-
00JIOrMYECKON CHCTEMBI YJIBTPa3BYKOBOW CBapKH ILJIaCTMAcC IMO3BOJISIET CO3/aTh
3¢ (GEeKTUBHYIO MOJIENb, KOTOPask aIeKBaTHO OIMHCHIBACT MPOIIECChI, TPOUCXOIAIIINE
B 30HE CBAapKd, U O0ECIICUMBACT MIMPOKHE BO3MOXXHOCTH IPH MOJACITHPOBAHUH
TpoIecca CBapKU PasHOOOPA3HBIX Y3JI0B U JICTAJICH.

PesynbraThl pacdera TPUOOIOTHYECKON CHUCTEMBI YIBTPa3BYKOBOH CBapKU
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OyZyT HMCIOIB30BaThCS Ul MPOSKTHPOBAHUS YJIBTPa3ByKOBOI'O MHCTPYMEHTa. B
JaTbHEHIINX UCCIEIOBAHMUAX IUIAHUPYETCs BKIIOYUTH moacucteMy Y3 B cTpyk-
Typy TpHOOJIOTHUECKOW cHUCTeMbl Y3 CBapKH, a TaKkkKe MPOaHAJIM3HUPOBATH BO3-
MOKHOCTH ONTHMH3ALUN CTPYKTYPbl TPHOOCHCTEMBI B IEJIOM U €€ OTIENIbHBIX
HOJICUCTEM.
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3anponoHoBaHO MiAXiJ 10 MOJEIIOBAHHS MPOIECY YIbTPa3BYKOBOTO 3BaproBaHHs Ha 0a3i TpiGomoriu-
HOI CHCTEMH, SIKa BU3HAYAEThCSA SIK TI€BHA JIOTIKO-MaTeMaTHYHA CTPYKTypa, eIeMEHTaMH SKOi € MifCHC-
TEeMH MaTepiaiB, BUIPOMIHIOBaHHS, JHHAMIKH, BHYTPIIIHBOTO TEPTs, TEPMOAUHAMIKH 1 BIAaCHE yJIbT-
pa3ByKOBOTro iHCTpyMeHTy. OnucaHo moOya0By OKPEMHX IiJCUCTeM i (pOpMyBaHHs B KIHIIEBOMY paxy-
HKY CYTT€BO HeNiHIHHOI MoJiemi npomecy.

KumiouoBi ciioBa: TprbooriuHa cucrtema, BUCOKOYACTOTHE HABAHTAXKEHHS, YIBTPAa3BYKOBE 3Ba-
pIOBaHHS, HEMiHii{Ha MaTeMaTHYHa MOJIEIb.

An approach to modeling of ultrasonic welding process based on tribo-logical system, which is defined
as a kind of logical-mathematical structure whose elements are subsystems materials, radiation, dynam-
ics, internal friction, thermodynamics and proper ultrasonic tool. Describes the construction of the indi-
vidual subsystems and ultimately the formation of an essentially nonlinear process model.

Keywords: tribological system, the high loading, ultrasonic welding, nonlinear mathematical
model.
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