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BBeaeHue

[TonmumepHbIe MaTepHabl IUPOKO MPUMEHSFOTCS BO MHOTUX OTPACIIsAX MPOMBIIIIEHHOCTH,
MIOCKOJIbKY 00J1a/1al0T PSAAOM MPEUMYLIECTB, KOTOPBIE MO3BOJIAIOT 3aMEHATh TPaJUILMOHHbIE Ma-
TepHalibl MOJIMMEpaMH MPU M3TOTOBJIEHUM JAeTajel, paboTaromMX MpU HEBBICOKMX Harpys3kax.
Bompocsl, kacaromuecs TEXHOJOTUN MPOU3BOJACTBA M AKCIUTyaTallMM M3AETUN U3 MOJIMMEPHBIX
MaTepUasoB, U3yYeHbl SIBHO HelOCTaTO4YHO. CyIiecTBYeT OO0JbIIOE KOJIMYECTBO aClEKTOB JIaH-
HOTO BOIIpOca, TpeOYIOIMX Hay4YHbIX HccienoBanuil. Tak, BeicokouacToTHas (BY) snextporep-
MUSl, IPUMEHHUTENBHO K MOJMMEPHBIM MaTepHajaMm, sIBJISETCS OJHUM M3 MPOrPECCUBHBIX CIOCO-
060B 00pabOTKH JeTasne, MO3BOJISIONUX PEealn30BaTh MPOIECChl CBAPKH MOJMMEPHBIX AeTaleH,
CYHIKH IOJINMEPOB, BOCCTAHOBJIEHUE MX IPOYHOCTHBIX CBOWMCTB B IPOILECCE DKCIUTyaTalUd U
XpaHEeHHUs, «3aJIeUNBAHNE» YCTAJIOCTHBIX TPELIUH M, KaK CJIEJCTBHE, MPOJUIEBATh CPOK CIYKObI
nonuMepHbIx m3aenui [1...4]. OnHako, BCIEACTBHME HAJIMYWSA CIOXKHBIX 3aKOHOB W3MEHEHUS
ANEKTPOPU3NYECKUX IapaMETPOB IOJIMMEPOB OT TEMIIEpPAaTypbl, BPEMEHU HarpeBa U APYTUX
(akToOpoB IpU peaau3aluy TeXHOoJorndeckux mpoueccoB BU-06paboTku Bo3HHKAET Oo0JbIIOE
KOJIMYECTBO Mpo0sieM: HEOOXOAMMOCTh 3aIIUThI OT IPOOO0s, KOHTPOJIS (a30BOr0 COCTOSTHUS Ma-
Tepuaia u TeMIepaTyp HarpeBa, KOHTPOJIS BIAXXHOCTH MaTepHaia u ap. B cBsi3u ¢ aTum Mmate-
MaTHYECKOE MOJICIIMPOBAHUE IMPOLIECCOB IIEKTPOTEPMUN MPEACTABISIET, KaK HAay4YHBIH, Tak U

IIPaKTUYECKUI UHTEPEC.

OcHoBHas 4yacTb. OnucaHue uccaeaoBaHus. [losiydyeHHbIe pe3y/IbTaThl

ABTopaMu [2] BbINOJSIHEHBI PabOTHI MO (OPMUPOBAHUIO MaTeMaTuueckoil mozaenu BY-
HarpeBa TEPMOIUIACTHYECKUX MOJIMMEPOB Ha OCHOBE AM(DQepeHlnanbHbIX ypaBHEHHH HecTa-

LMOHAPHOU TEIUIONPOBOJHOCTH C BHYTPEHHMM HCTOYHUKOM TeIUIA. TpaauliMOHHO, IIPU peallu-
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3auuu npoueccos BU-HarpeBa A CBapKu MOJIMMEPOB HUCIOJIB3YIOT TEXHOJIOTMUECKHE CXEMBI C
OJJHUM 3JIEKTPOU30JIITOPOM M3 KapTOHA, HE oOpalasi BHUMAHUE HA €0 TEPMOM3OJIUPYIOIIUE
cBoyicTBa. Ilpu cBapke HECHMMETPHUUYHBIX 10 TOJILMHE JETAJe MHTEPECHO IIPOBECTH aHAIINU3
Harpesa Jyisl cilydas TEXHOJOTHYECKOM CHCTEMBI, MPEACTABISAIOMEH COO0M MATUCIONHYIO IUIa-
CTHHY C ABYMs H30JIATOPAMH M OLICHUTH UX BKJIAJ YK€ HE C TOUYKH 3PEHUS 3AIUUTHI OT SBICHUS

AIEKTPUIECKOTO TTPOOOs, a pACCMOTPETh TeIUTOM30Iupyromuid a3 dexr (puc. 1).

h; h; hs | hy hs
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Puc. 1. Texnonoruyeckas cuctema BU-HarpeBa Tepmoriacta ¢ AByMs U30JUPOBAHHBIMHU AJIEKTPOIaMU

koHzaeHcaropa Cpl,

rae: hi, hs — TosmMHa BRICOKOMOTEHIIMATBHOTO 1 ¥ 3a3eMyIeHHOTO 2 351eKTpo10B; hy, hy — To-
LIMHBI M3O0JIALIMOHHBIX BKJAIBIIEH; Xj — KOOPJIMHATHI T'PAHULl CIOEB; Xs — KOOpAMHATA TOYKU
MaKCHMAaJIbHOTO pa3orpesa Tepmoruiacta 3; U, — HanpsikeHre Ha pabodeM KOHIEHCaTope.
Pacnpenenenue temmneparypsl B MHOTOCJIOMHOW TIJIACTUHE OMMUCHIBAETCS CHCTEMOM YypaB-
HEHUI HeCTallMOHAPHOM TEIUIONPOBOJAHOCTH, MPUYEM JIJISl TEPMOIUIACTA - C YYETOM BHYTPEHHHUX

WMCTOYHHUKOB Teruta. [y ciydast naTUCIOMHON TIJIaCTHHBI JaHHAs chucTeMa uMeeT Bun [5,6]:
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ot cp3(T3 Jos  ox? cp3(T3 s
oT, A, o°T,
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HavansHsle ycnosus:

T

=T, 0<x<Xx

, ()

rae 7, Ty — COOTBETCTBEHHO JIOKaJIbHAs M HaYaJIbHAsl TEMIIEpATypa; X — TeKylas TOJIHHA

Cl1051; Aj, Cpj, Pj — COOTBETCTBEHHO KOA(P(UIMEHT TEIUIONPOBOAHOCTH, YI€/IbHAsL TEIIOEMKOCTh U
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IUIOTHOCTh MaTepuaa cjos; T — BpeMsi Harpesa; ] — Homep ciosi: 1 — metai, 2, 4 — U30JsTOPHI,
3 — oOpabaThIBaeMBIii MOTMMEP, 5 — METaILI.

HavaneHyro Temmeparypy KaXkJIOTo closi HeoOXOIuMO MPUHHMATh PABHOW TeMIlepaTrype
HOpPMAJIbHBIX YCIIOBUH MPU 00pabOTKEe SAMHUYHOW WM TIEPBOW 3aTOTOBKU M3 IMAPTUHU U PaBHOUN
JIOKQJIbHOM TeMIlepaType COOTBETCTBYIOILETO CJIOS Mpeablaylieii o0paboTKH MpU HarpeBe Mo-
CIIEIYIOLLUX.

['paHnnuHble yCIOBHS HAa BHEIIHUX TI'PAaHULAX 3JIEKTPOJOB COOTBETCTBYIOT YCJIOBHSIM
TPETHEro poja:

oT o7

- Ala—xl = alAT ﬂ E = aSATS, (3)

x=x1 X=x5

rne &y, &y — xorpuuments! Temoodmena, AT,, AT, — pasHunes! Temmeparyp mosepx-

HOCTHU TECJiIa U Opr)KaIOIIICI\/JI CpCabl. HpI/IHI/IMaFI BO BHUMAHHEC OTHOCUTCIIbHO HU3KHUEC TCMIICPATY-
PbI IUIABJICHUA HUCCICAYCMBIX TEPMOINIACTOB M BBICOKYHO NWMHAMHKY pPas3orpeBa TEIUI000OMEH C
OKp}’)KaIOHleﬁ CpCI[Oﬁ IIpu O6pa6OTKC MNEPBbIX U CAMHHUYHLIX 3darOTOBOK MOY>KHO CUHHTATbh IIPC-
He6pe)KI/IMO MaJIbIM:

oT,

o= =0. 4
ax |x70 ax x=5 ( )

Ha rpanunax cioeB Temmneparypbl U TEIJIOBbIE TIOTOKU PaBHbI (TPAaHUYHBIC YCIOBUS YET-
BEpPTOTO POJIa):
Ti=Tin npu X = X (I = ]...4).
()

oT; oT,

Mi— =, — L mpux=x; (i=1, ..., 4).
Ox

JlaHHas MozeNnb peanu3oBaHa B BHUje nporpammuHoro komiuiekca Aleo HFH [7, 8]. Un-

Tepdelic koMIIeKca mpecTaBieH Ha puc. 2.
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Puc. 2. Untepdeiic mporpammuoro kommuiekca Aleo HFH
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HccenenoBarennbckue BO3MOKHOCTA KOMIUIEKCA ITO3BOJIAIOT U3YYUTh B3aUMOBIIUSHUE I'€O-
METPUYECKUX U 3JIEKTPOPHU3MUECKUX TTapaMeTPOB TEXHOJOrHUeCcKol cucteMbl BU-Harpesa tep-
MOILIACTOB.

OOmast kKapTUHA pacHpeeNICHUsT TEMIIEPATYPHOTO TOJISl TI0 TOJIIMHE 00pabaThIBaeMOro
IIOJINMEPA, OIpeesieMasl HAIMYUEM BHYTPEHHETO MCTOYHUKA TEIUIA, IToJy4aeMasi IIpA IOMOIIU
IIPOrpaMMHOI0 KOMIUIEKCa IpejcTaBieHa Ha puc. 3. Ha rpaduke MOXXHO BBIAEIUTH TPU 30HBIL:
30Hy PaBHOMEPHOTo HarpeBa Ls, 1 KpaeBble 30HBI TEPMUYECKOTO BIIMSHUSA KOHTAKTHUPYEMBIX C
MOJIMaMUIOM IIOBEPXHOCTEH. 30HBI TEPMUUECKOTO BIMSHUS XapaKTepu3yroTcs riryounamu Ly, Lo
U TeMIIEpaTypaM KOHTAaKTHBIX IoBepxHocTer T1, To. XapakTepucTuku yka3aHHBIX 30H Olpeze-
JISFOTCS. TEOMETPUEH MHOTOCIOWHOM TIIACTHUHBI, 3JIEKTPOPU3UISCKIMU TMapaMeTpaMu COCTaB-

JIAIOIUX €€ MaTCpruajIoB U Tpe6y10T JOITIOJIHHUTCIIbHOI'O UCCIICIOBAaHUA.
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Puc. 3. Pacipesienenue temrepatypsl Harpesa 1o tommuie momumepa (ITA-6; hy=10 ymm,; Bpems narpesa t=20

cex; BEpXHUI N30JsITOp — KapToH, hy=0, 1 mm; HIKHUIA U30JITOP — KapTOH, hy=3 Mm,; P=const)

[Ipu cymike MHTEPECHO paccMaTpuBaTh mporecchl BU-HarpeBa ¢ CHMMETPUYHO PaCIoio-
YKEHHBIMHU H30JIATOPAaMHU OJMHAKOBOW TOJIIMHBI, YTO COOTBETCTBYET 3(h(PEKTUBHO OpraHU30BaAH-
HOMY IIPOLIECCY CYIIKUA C OTHOCUTEIbHO PAaBHOMEPHBIM IIPOrPEBOM NosuMepa. s moBwilieHus
KauecTBa CBApPHOTO coequHeHUs: U 3PPEKTUBHOCTH Ipoliecca MpU CBapKe HEOOXOIUMO, B MPO-
THUBOBEC CYIIKE, OPraHM30BaTh MAKCUMAJIbHBII HArpeB B JIOKAJIbHOW 30HE CBAPKH C MUHHUMAJlb-
HBIM pa3orpeBoM mepudepuiiHbIX 30H. [Ipu 3TOM cMeleHrne TOUYKU JOCTIKEHUS TeMIepaTyphl
naBieHus (Xs) BUAUTCS Hanboliee BayKHBIM.

MakcumManbHOTO CMEMICHUS MOKHO JIOCTHYb, IMTOCTABUB CO CTOPOHBI OJIHOTO 3JIEKTPOJaA
M30JIATOP, TOMMMHON hy BbIe 3PexkTuBHON [7] M UCKITIOYUB U30JIATOP CO CTOPOHBI BTOPOTO
anekTpoaa. Ha puc. 4 mpencraBieHbl pa3IndHble KOMOWHAIIMN PACTIONIOKEHUS U30JIATOPOB TMPH

CBapKe MOJIMMEPOB CYMMAapHOU TOJIIUHON 4 MM.
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W3MeHsist TOMIKMHY KapTOHA JUIS MPEACTAaBICHHOTO BapuaHTa 00pabOTKH, BO3MOXKHO, J0C-
THUYb CMEIIEHUS TOYKM MAKCHUMAaJbHOI'O HarpeBa OT LEHTPAIBHOTO ee pacrmojoxenus 1,15 mm
(Xs1), uto cootBercTBYeT 3(pdekTuBHOI cBapke aeraneil TommuHoN 3,15 m 0,85mMm (puc. 4,
rpad. 1). Takum 00pa3oM, U3MEHEHHE TOIIIUHBI KaPTOHHBIX TEPMOM3OISTOPOB IMO3BOJSET B
MIMPOKUX Mpeeiax pemarh 3a1aqy COBMEIICHNS 30HbI pacilaBa ¢ KOHTAKTUPYIOIMMHU MOBEPX-

HOCTSAMM CBapUBAaCMbIX ,I[CTaJ'ICfI N3 TCPMOIIIIACTOB.
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Puc. 4. Bmstaue HECUMMCETPUYIHBIX U30JATOPOB HAa KOOPANHATY TOYKH MAKCUMAJIbHOTO HarpeBa XS monwn-

amuna (ITA 66, h3=4mm, p3=2.107B1/M3)
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Puc. 5. BnusiHue yenbHON MOLUTHOCTH BO3AEHCTBHS HA KOOPAMHATY TOUKU MAKCUMAJILHOTO Harpesa Xg MOJIU-

amuna (I14 66, h,=0mm, hy=4mmMm, hs=4mm)

Hekotopoe He3HaumTenbHOE BIMSHUE HA CMEIICHHE KOOPAWHAT TOYKH MAaKCHMAJIBHOIO
HarpeBa Xs OKa3bIBa€T U3MEHEHHE YJEIbHOW MOIIHOCTH BO3JAeWcTBUA. Bo3MoxkHOE cMeleHne
. . . 7

IUTSL CBApKH JIeTajeld CyMMapHO# TOJNIIMHEI 4 MM B TUara3oHe yIelbHbIX MomHocTel ot 1,5x10

1o 2,5X107BT/M3 MOKa3aHo Ha puc. 5.
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B oTHomieHuu ocraBIIUXCS BHE PACCMOTPEHUS MapaMeTPOB U30JSTOPOB, BO3MOXKHO OKa-
3BIBAIOIUX BIIMSIHHE HA CMEIICHUE 30HBl MAKCHMAJILHOTO HarpeBa, TaKUX Kak KOX(PQUITUEHT Te-
IUIOIIPOBOIHOCTH A, Y/€NbHAs TEMIOEMKOCTb, Cp2 U IJIOTHOCTb P2 MOKHO CKa3aTh CIIEIYIOIEE:
B IIMPOKOM JIHMAINa30He MU3MEHSETCS TOJIbKO TUIOTHOCTh. PazHoOOpa3ue pa3IuvHBIX KapTOHOB,
JOCTaTOYHO BENUKO, OT KapToHa demogaHHoro I'OCT 22351-77 (cy,,=485 kr/m3) no xaproHa
ANEKTPOU3OIALIMOHHOTO AJisi TpaHC(HOPMATOPOB U anmaparoB ¢ MacisiHbIM 3anonHeHueM ['OCT
4194-88 (cp2=1300 kr/m3). PacueTsl ¢ MCHONB30BAaHUEM MPEIIOKEHHOTO IPOrPaMMHOIO KOM-
IJIEKCa MOKAa3bIBAIOT, YTO BIMSHHUE INIOTHOCTH U30JIATOpA MPHU MPOUYHUX MOCTOSHHBIX MapaMeTpax

OKa3bIBa€T HE3HAUUTEIIBHOE BIUSHHUE HA JUHAMUKY pa30orpeBa NoJIMMepa.

IIpakTHYecKass 3HaYMMOCTb. 3aK/JII0YeHHu e

Ha ocHOBe BbIIIIECKa3aHHOTO MOXKHO CJIeJIaTh BBIBOJI O HEOOXOJIUMOCTH IOCTPOCHUS TEX-
HOJIOTHYECKOTO TIpOoIlecca AEKTPOTEPMUYECKON CBAapKH MOJMMEPOB C YYETOM BO3MOXKHOCTH
CMEIICHHS 30HbI MAaKCMMAaJILHOT'O HarpeBa (paciuiaBa) IMoJiMMepa 3a CYeT U3MEHEHHUsS TOJIIUHBI
TepMon30isiTopoB. Co37aHHOE TPOrpaMMHOE 00eCIeueHHE JaeT BO3MOXKHOCTh IT0-HOBOMY I10O-
I[OI>’ITH K UCCIICOOBAHNIO PCIKUMOB Bq'HanCBa, PCIICHHUIO MPAKTHYCCKUX 3aa4d IMOBBINICHWA Ka-

4YCCTBAa CBAPHLBIX COCIUHCHHH JIeTajicH 13 TCPMOILIACTOB.
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The polymeric materials are widely applied in many industries because they have a number
of advantages, which allow their use instead of traditional materials. Nevertheless, the issues of
manufacturing products from polymeric materials and their applications are insufficiently stud-
ied. The same can be said about high-frequency (HF) electrothermics of polymers. Therefore,
mathematical simulation of electrothermic processes is of interest both in terms of science and in
terms of applications.

Traditionally, the technological scheme with one insulator made of cardboard is used to
implement the HF heating processes for welding of polymers without analyzing their insulating
properties. For welding of polymer parts with various thickness it is interesting to consider the
scheme with two heat insulators in the form of five-layer plate, including electrodes, insulators,
and processed material. As a result of the conducted research activities the article presents a
mathematical model in the form of a system of differential equations of unsteady heat conductiv-
ity taking into account internal sources of heat with appropriate boundary conditions, and soft-
ware to implement it.

The software that implements a mathematical model enables to study the mutual influence
between the geometrical and electro-physical parameters of technological system of HF heating
of the thermoplastics. From the calculations presented in numerical and graphic form the follow-
ing areas of heating polymer are identified: uniform heating, regional zones of thermal influence
of insulators.

The article presents the research results of influence of heat insulators with different thick-
ness on the distribution of thermoplastics temperature field. It is determined that the zone of
maximum value of heating polymer can be displaced by modifying the parameters of insulating
layers, thereby improving the welding quality of polymeric items.

According to research results, we can conclude that there is a demand for creating a tech-
nological process for electro-thermic welding of polymers with a possibility to displace a zone of
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maximum heating (melting) polymer owing to changing heat insulation thickness. The devel-
oped software allows a new approach to the study of HF-heating modes, the solution of practical
tasks to improve the welded joints quality of parts made from thermoplastics.
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