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TENVIO®U3NYECKHUE OCOBEHHOCTH ITPOLECCA
MATHUTHO-JIEKTPHUYECKOI'O HIVIN®OBAHMUSA
TA3OTEPMHUYECKHUX 3AIIMTHBIX IOKPBITUIA

Moxm. mexn. nayk, npogp. CIIHPH/[OHOB H. B., acn. HEPO/[A M. B., unaxc. COKOPOB HU. O.

benopycckuii nayuonanvHulii mexnuueckutl ynugepcumen,
Bapanosuuckuii 2ocyoapcmeennwiil yHugepcumem

Pa3BuTHe TEXHOJOrMH BOCCTAHOBJICHHS IIO-
BEPXHOCTEN JeTajel MalllMH Tra30TepMHUYECKUMU
3aIIUTHBIMU TOKPBITUSMH, OOJIaIalOIUMU BBICO-
KOl TpPOYHOCTBIO, TBEPAOCTHIO M MaJOH BS3KO-
CTBIO, CYIIECTBEHHO MOBBIIIACT POJIb MUTH(OBAHHS
JUTSL ©X 00pabOTKH.

MarunutHo-3nekTpuyeckoe nnmrdosanve (MOII)
npencTaBiusier coboit  crmoco®d KOMOMHHMPOBAH-
HOU DIIEKTpOPHU3NUECKOH 00pabOTKH, MpH KOTO-
POM TPOU3BOAUTCS COBMEIICHWE MHKPOPE3aHHs
a0pa3WBHBIMH 3€pHAMU C JJIEKTPOKOHTAaKTHBIMHU H
3JIEKTPOIPO3MOHHBIMH BO3JCHCTBUSIMH Ha 00pabda-
THIBAEMYIO TIOBEPXHOCTH MPH HAJIOKEHUU HA 30HY
00paboTKu MarHUTHOTO ToJs [ 1].

[Ipu 06paboTke MOBEPXHOCTh MaTepuaia MOA-
BEpPraeTcs 3HAYUTEIBHBIM TEMIEPATypHBIM BO3-
neiictBusaM. OT CTeNeHN HarpeBa MeTaila, Xapak-
Tepa pachpeaeieHus TeIUIOTH U JedopManuii 00-
pabaTeIBaEMOT0 MOBEPXHOCTHOTO CJIOSI 3aBHUCST
CTPYKTypHBIC U (pa30BbIe MpeBpamieHUs], U3UKO-
MEXaHMYECKHE M OKCIUIyaTallHOHHBIC CBOWCTBA
HOBepXHOCTH. Kpome TOro, OT HHTEHCHBHOCTH
NPOTEKAHUS TETUIOBBIX NPOIECCOB B 30HE PE3aHMs
3aBUCSAT MPOU3BOJUTEIILHOCTh NITH(OBAHHUS U Ka-
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YEeCTBO MOBEPXHOCTHOTO ciiosi metaiia. [lpu o6-
paboTKe YIPOYHEHHBIX IOBEPXHOCTEH BO3MOYKHBI
U3MEHEHUE (PU3MKO-MEXaHUYEeCKUX CBOMCTB Mare-
puaia, MoTeps TBEPIAOCTH, OTCIOEHHE TBEPAOIO
HOKPBITHS, TIPHKOTH, 00pa3oBaHue NUTH(OBOYHBIX
TPEIUH U T. [I.

W3 ckazaHHOrO BBILIE CIEAYET, YTO HEOOXOIH-
MO BBIIBUTH M MCCJIE€JOBaTh TEPMUYECKHUE 3OHBI
MDOIII, a Takxe ONpenenuTh BIUSHUE TEXHOJIOTH-
yeckux ¢aktopoB MO Ha TemnmooOpa3oBaHue B
30HE 00pabOTKM.

UzBecTHO, 4TO Ha TEMI000pa3oBaHHE B 30HE
MDOBUI BauseT pan peryaupyeMbIX nepeMeHHbIX [1]:

e MEXaHMYECKasl SHEPIUsl MUKPOPE3aHUsl, CABU-
ra U TPeHHUs;

e COMPOTHBIICHHE KOHTAKTHOW 30HBI U MaTepH-
aJia TIOKPBITHS;

e BpeMs BO3/IEICTBHSI TEXHOJIOTMUECKOTO TOKA;

* MOIIIHOCTh MUKPOPA3PsA0B;

e T1yOuHa nutMQoBaHuU;

e CKOpOCTh Ha Tepu(epurl TOKOIIPOBOISIIEIO
aOpa3uBHOTO KPYTa;

e BIIMSHUE BHELIHET0 MAarHUTHOTO IIOJIA Ha
TEXHOJIOTMYECKUH TOK U pacIlIaB.
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[Tpu MBI Ha o6pabaTeiBaeMON MOBEPXHOCTU
MO>KHO BBIJICIIUTH TPH TEPMUUIECKHEC 30HBI (pHC. 1).

Puc. 1. Tepmudeckue 30HBI Ha TOBEPXHOCTU 00pabOTKU
pu MOIII

IlepBas 30Ha — 3TO 30Ha J0 00padoTku. OHa
XapaKTepU3yeTcsl TEeMIIEpaTypoil  OKpy»Karolei
Cpelbl U TEPMUUECKUM BIMSHUEM 30HBI 2.

Bropast 30Ha — 3TO HETMOCPENCTBEHHO 30HA 00-
pabotku. XapaxTepusyeTcs TEPMHUECKUM BIIHS-
HUEM TEXHOJIOTHYECKOTO TOKa, CHJI TPEHHWS, Mar-
HUTHOW MHIYKIWH H T. 1.

TpeThs 30Ha — 3TO 30HA TTOCie oOpaboTkh. Xa-
paKTepu3yeTcsl MPOIECCOM OXJIaKICHHSI, KOHBEK-
TUBHBIM TEMJIOOOMEHOM MEXKAY MOBEPXHOCTHIO
JleTall U OKpY’Karllled CpeloH, a Takxke IOJIU-
MOP(QHBIMH TPEBPALICHUSIMA B TOBEPXHOCTHOM
CJIOe JIeTaIIH.

Hcrounrkom TernoTsl sBnsiercs 30Ha 2 (puc. 1),
MIPEJICTARISIONIAs COOOH OJHOMEPHBIA JIBUXKY-
IIWIACS CO CKOPOCTHIO V UCTOYHHK HHTEHCUBHO-
CTBIO ¢ ¥ AnuHOM L (puc. 2) [2].

Puc. 2. JIByoxymuiicss OAHOMEPHBIN HCTOYHUK TEILUIOTHI

Temmepatypa B Touke M ¢ KOOpAMHATaMU
(x, y) ompenensieTcs B 3TOM cilyyae Mo (opmy-
e [2]
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o(r.y) = DL | W
’ I TV 4wx ’

rIe ¢ — UWHTCHCHBHOCTh HCTOYHHUKA TEIUIOTHI,
Kai/(cM-c); w — KOIPDHUITUEHT TeMIIepaTypoIpo-
BOJIHOCTH MaTepHala 3aroTOBKH, CM/C; A — TO ke
TEITIOTPOBOAHOCTH, Kai/(cMm-c:°C); v — CKOPOCTh
JBIDKEHUSI MCTOYHMKA TEIUIOTH (IPOJOJbHAs IO-
Jada), MM/MUH; X, ¥ — KOOPAUHATHI TOYKH, B KOTO-
poli onpeziensieTcs: TeMieparypa, cM.

O6paboTka 00pasmoB MPOBOIUIACE HA JKCIIC-
pumenTtanbHOU yctaHoBke HI'®-100 3a oaun npo-
xoa. MHCTpyMEHTOM SIBISJICS TOKOIPOBOISIINI
aOpasmBHbIii kpyr Mapku [I[1250%x25%x32 —
5C25CT6KAJL

OO0pa3naMu CITy>KWJIH TUIOCKWE W IMIIHHAPUYE-
cKkre 00pasiupl C 3aUIUTHBIM Ia30TePMUUECKUM IO-
KpbeITHEeM U3 mnopomkoBoro cmiasa I[1I'-CP 4 OM
tonmuHou 0,5 mm. 3MepeHue teMrepaTypsl po-
m3Bonuiau nupomerpoM Raynger MX4 B Touke,
yKa3zaHHOU Ha puc. 3. TemnepaTypa okpyxarorei
cpenpl, NP KOTOPOH MNPOBOAMIIOCH H3MEPEHHE,
T=20°C.

(1)

Touka
H3MepeHHs
TeMIIepaTypbl
III'-CP 4 OM

f'*0,5 MM

10

W

I
Puc. 3. Cxema usmepeHus TeMieparypsl

B tabin. 1 npuBe/eHbl 3HAYCHUS TEXHOJIOTHYEC-
ckux (akropoB MO, ipu KOTOPHIX H3MEPSIIACH
TeMIieparypa.

Tabauya 1

3HaveHust Texnoaoruvyeckux gaxropos MIII,
NPU KOTOPBIX HCCJIe0BATACH TeMIlepaTypa

TexHoso- (MarnutHas Hi?f(;ﬁ;z_ [Ipomone- | I'myOuna
TMYECKUI | MHAYKIMSA II; o | B3 HOZa4a | pesatus 1,
TOK [, A B, Tn PHIKpYT: S, MM/MHH MM
v, M/C
2,5 0,05 8,4 396 0,05
5 0,1 13,2 681,6 0,075
10 0,2 21 750 0,1
15 0,3 33,6 936 0,15
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Pesynbrarel M3MepeHUWI TpPHUBENCHBI HUXKE B
Tabi. 2-6.

Tabauya 2
H3MeHeHue TeMIePaTypPbl 0T TEXHOJIOTHYECKOT0 TOKA
Temneparypa T TlocTOSIHHBIE TEXHOJIOTHYECKUE
LA ’ (bakTops!
’ °C, B TOUKE
S, MM/MHH t, MM v, M/C
2,5 74 396 0,075 33,6
5,0 87,5 396 0,075 33,6
10 105 396 0,075 33,6
15 109 396 0,075 33,6

Tabruya 3
3aBHCHMOCTH TEMNEPATYPhI OT U3MEHEHHS
MArHUTHOW WHAYKIHH

T T [TocTosIHHBIE TEXHOJIOTHYECKUE
B.Tn emmeparypa 7, FY—
°C, B TOUKe
I A t, MM v, M/C
0,1 52 5 0,05 33,6
0,2 58 5 0,05 33,6
0,3 37 5 0,05 33,6
0,4 39 5 0,05 33,6
Tabauya 4
3aBHCHMOCTH TeMNEPATYPHI OT H3MEHEHUsI
NPOJ0JILHOI mofxa4Yu
T ITocTOSIHHBIE TEXHOJIOTHYECKUE
S, MM/MUH e:d repatypa (hakxTopbI
T, °C, B TOuKe
I, A t, MM v, M/c
396,0 39,53 15 0,075 33,6
681,6 33,5 15 0,075 33,6
750,0 31,2 15 0,075 33,6
936,0 3,1 15 0,075 33,6

Tabauya 5
3aBHCHMOCTH TEMIIEPATYPbI OT H3MEHEHHUSI CKOPOCTH
Ha nepudepun Kpyra

T T ITocTOsTHHBIE TEXHOJIOIHYECKUE
V. Mle emreparypa 7, dbaxcropst
°C, B TOUKE
I A t, MM S, MM/MHH

8,40 36 10 0,075 750
13,2 93 10 0,075 750
21,0 106 10 0,075 750
33,6 120 10 0,075 750

W3 aHanm3a mojydeHHBIX NAHHBIX BUIHO, YTO
C YBEIIMYCHHUEM TEXHOJIOTHYECKOro Toka / otT 2,5 10
15 A temmieparypa B 30He 00pabOTKM BO3pacTalia
oT 74 mo 109 °C. D10 OOBACHSICTCA OONBIION
MOIIIHOCTBIO 3JIEKTPHUCCKUX Pa3psaoB B 30HE 00-
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pa6OTKI/I U TCPMUYCCKUM BIIUAHUCM 06p3.3yIOHII/IX-
Csd B IPONLECCE pE3aHHA DJICKTPOKOHTAKTHBIX MO-
CTHUKOB.

Tabauya 6
3aBHCHMOCTB TEMIIEPATYPHI OT U3MEHEHHUsI
[JIyOUHBI pe3aHus

ITocTosiHHBIE TEXHOJIOTHYECKUE
Temnepatypa 7,
t, MM (axTopst
°C, B TOUKE

I A v, M/C S, MM/MHH
0,050 91 10 33,6 750
0,075 128 10 33,6 750
0,10 98 10 33,6 750
0,125 102 10 33,6 750

TemnepaTypHbIi BCIUIECK HPOUCXOAWI 3a J10-
CTaTOYHO KOPOTKHUH MPOMEXKYTOK BpEMEHH, Jajee
TeMmIeparypa HaulHalla MEAJICHHO aJaTh B CBS3U
C yZIaJIeHHEeM 4acTH MPUITYCKa.

Hanmnuue pe3knx W3MEHEHHH B 3HAYEHHSIX
TeMIeparypsl OOBACHIETCS OMEHHEM TOKOIPOBO-
nsmiero abpa3WBHOTO Kpyra, a TakKe HecTaOWIhb-
HOCTBIO JJIEKTPUYECKUX Pa3psiOB, CBA3aHHBIX C
W3MEHEHUEM CONPOTHUBIICHUS LEMH TEXHOJIOTHYe-
CKOT'0 TOKA.

AHanmu3 JaHHBIX SKCIEPUMEHTa MOKa3bIBaEeT,
4YTO OCTBHIBaHME 00padaThIBAEMOW TOBEPXHOCTH
00pa3LoB MPOUCXOIUT UHTCHCUBHEE C HaJIOXKCHU-
eM Ha 30Hy 00pabotku MO MarHUTHOTO MOJS.
OTO OOBSICHSIETCS T€M, YTO IMPOUCXOJIUT YCKOpe-
HUE BBIOpOCa NMPOAYKTOB 3PO3UH W paciuiaBa W3
30HBI NITU(OBAHKS 32 CUET NEHCTBHUS AIIEKTpOMar-
HUTHOM CHUIIBI.

C yBenuieHueM MpoI0SIbHON MoJa4d S, MM/MUH,
BpeMsl JIEHCTBUS DIEKTPOPU3NUECKUX M KUHEMa-
TUYECKUX PEKHMOB Ha MOBEPXHOCTb YMEHBILAET-
csi. CrnenoBaTenbHO, KOJUYECTBO TEIUIOTHI, IeEpe-
JlaBaeMoe IOBEPXHOCTH, TaKkke yMeHbluaercs. Ilo-
BBHIILICHHE TEMIEPAaTyphl MOKPHITHA MPOUCXOIUT
CKa4Ko0Opa3HO 32 KOPOTKUI MPOMEXKYTOK BpeMe-
Hu. [Ipu yBenuueHMM umcia NMPOXOAOB TeMIlepa-
Typa pacTeT JO ONpEAEIeHHOro 3HAUeHUsI, a 3aTeM
HauWHAET MaJaTh, TAK KaK MPOHCXOIMUT yIaJeHHUE
CJI0S1 MaTepuasa MOKPHITHUS.

[Ipy moBBIIEHUH OKPYXHOIM CKOPOCTH Ha Tie-
puQeprr TOKOMPOBOJSIIETO KPyra MOIIHOCTH B
30HE 00pabOTKH YMEHBIAETCS, HO TeMIeparypa
pacTeT 3a CUeT MEXaHWYEeCKOH DHEpruH MUKpOpe-
3aHusl, CABHUTa U TPEHHSI.

C yBennueHwneM ri1yOWHBI NUTH(OBAHUS Pean-
3yIOTCS OOJBIINE MOITHOCTH B MEXKAIJIEKTPOIHOM

BectHuk BHTY, Ne 3, 2008
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npoctpaHcTBe. [lnomane KOHTaKTa 3epeH TOKO-
MIPOBOIATIETO a0pa3MBHOTO Kpyra ¢ oOpabaTkiBa-
€MOi TIOBEPXHOCThIO yBenmuuBaeTcs. KonndecTBo
KOHTAKTHBIX MOCTHKOB YBEIMUYUBAECTCS, TEMIIEpa-
Typa IpH 3TOM BO3pacTaer.
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YCTONMUYUBOCTH POTOPA
AKCHUAJIBHO-ITIOPIIHEBOM THJIPOMAIIINHBI

Acn. MAKOBCKHH M. A., ookm. mexn. nayx, npop. IIEBYEHKO B. C.,
KaHno. mexn. nayk, ooy. KOPOJIBKEBHY A. B.

Obvedunennvil uncmumym mawunocmpoenuss HAH Benapycu

MOITHOCT THAPOMAIIMHBI OMPEISIACTCS TI0
U3BECTHOM (hopmyIie

N:pV0n9

rae p — pabouee nasnenue; V, — paboumnii o0bemM
THIIPOMAIIHNHBL, 77 — YaCTOTa BpAIlCHHs Baia THI-
POMAIIIHHBI.

[loBblIeHNE AaBICHUSI OrPAaHUYMBACTCS TaKH-
MU (QaKTopamMH, KaKk JOJITOBEYHOCTb, HaJICKHOCTB,
KII/, nmpoyHOCTh, AMHAMHUYECKAsA HArpy>KeHHOCTh
u 1p. YBenuueHue pabouero odbema BIEYET POCT
rabapuToB, Beca, CTOUMOCTH.

VYBenuyeHne 4YacTOTHl BPAICHHS HPUBOAWUT K
TaKUM HETaTUBHBIM SBJICHUSIM, KaK:

e HEYCTOHYMUBOCTE POTOPA, T. €. TIOJIHAS TIOTEePs
TrepMETHYHOCTH THAPOMAIINHBI U3-3a OTpBIBA OJI0-
Ka [UJINHIPOB OT PacIpeeTUTeNs;
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e YBEJIHMYEHUE CKOPOCTH [BIXKEHHS paboueit
JKUIKOCTH B OKHAX pPACMpeAeNIUTeNs] U3-3a MOBBI-
LICHUS PACX0/a U OKPYKHOM CKOPOCTH pOTOPA;

o camkenue KIIJ uz-3a Gojlee MHTEHCUBHOTO
nepeMenuBanus pabodell JKUIKOCTH B KOpITyce
TUAPOMAIIHHBIL.

Pacxomx pabodeii >KMAKOCTH B CHCTEME OTIpeie-
nsgercsa HacocoM. OKpyXHasi CKOPOCTb poTopa B
30HE pPACIPENCIUTEIS MOXET OBITh CHIDKCHA 3a
CYeT YMEHBIIIEHHs ero paauyca. B ciydae mpume-
HEHUA IUIOCKUX pacOpefenuTeNeil Takoe YMEHb-
HICHUE MPUBOJUT K TOMY, UYTO PE3YJIbTHUPYIOUIUI
BEKTOP CHJI MIPIKUMA U OTXKHMa POTOpa HAXOIUT-
Cs Ha 3HAYUTEIBHOM PACCTOSHHUM OT OCH Bpale-
HUS pOTOpa U 3a30p B Mape «poTop — pacmpene-
JUTENbHBIA JWCK» CTAaHOBUTCS KIWHOBBIM, YTO
CYILIECTBEHHO YMEHBINIAE€T AOJTOBEUHOCTh Iaphl
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