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PaccmoTpeHa 3asaua MoOJeTMPOBAHUS IJIEKTPOXMMHYECKOH 00padoTKH B
KBa3uCTAaMOHApPHOM mpuoamxenun. Pemena 3amaya ¢opmooOpasoBaHus mnpu
00padoTKe JIEKTPOA-MHCTPYMEHTOM B BHJe miaacTuHbl. [Ipu pemenuu 3agaum
3aBHCHMOCTH BBIX0/Ja MO TOKY OT IJIOTHOCTH TOKA MPUHNMAJIACH B BHJE CTyNeH-
yaToid pyHkuuu. s mocrpoeHusi KOHPOPMHBIX 0TOOPaKEeHUH UCIO0JIL30BAIHUCH
npeodpazoBanus Kykosckoro u llIsapua—Kpucrodddes.

Kniouegvie crosa: snekmpoxumuueckas oopabomka; yHKyuu KOMIIEKCHO20 ne-
PeMEHH020; KOHGopMHOEe OmOobpadicenue; KeasuCmayuoHapHoe nPudIudlIceHue.

Beenenue
Jliis MaTeMaTHYeCKOT0 MOAETMPOBAHUS IIPOIIECCa DIIEKTPOXUMHUECKOiT 00padoTku (3XO0) nucmonnb-
3ytorcst 3akoHbl Dapanes u Oma. B COOTBETCTBHU ¢ ATMMHU 3aKOHAMH CKOPOCTh PAacTBOPECHHUS PaBHA

Voem=K7E, E=j / K, k= K£/ £, tae E, | — HampsbKeHHOCTh U TUIOTHOCTh TOKA Ha TPaHMIE aHOAA; K —
BIIEKTPOIPOBOIHOCTE 3IEKTPonTa; /] =/7(]) —BBIXOA IO TOKY; € — 3JEKTPOXMUMHUIECKUI SKBUBAJIEHT; P

— INIOTHOCTH PacTBOPSIEMOT0 MaTepHana.
PaccmatpuBaercss 9XO B MacCHBHPYIOMIEM 3JIEKTPOIUTE ¢ KPYTO MAAAIOIICH 10 HYJS IPH YMEHbB-
NICHWU TUTOTHOCTH TOKa 3aBUCHMOCTBIO /7(]). B [1—-3] paccmarpuBanuch CTalMOHApHBIC U KBa3KCTa-

IMUOHAPHBIC IMTPOLICCCHI, JJIs1 OTOIr0 UCII0JIB30BaJIaCh CTyIICHUYAaTasA 3aBUCUMOCTDb

o 1>
n(i)=170[0/0]. §=i1, 1)
0, I <y

B nannO# paboTe MpOBOAMTCS MCCIEAOBAHUE HECTAIIMOHAPHBIX MPOIIECCOB C MOMOIIBIO KBAa3HCTa-
IMOHApHOW Mojenu. PaccMaTpuBalOTCs MPOLIECCHl C MPENETbHO BBICOKOM JIOKAJIM3alUe, MpU 3TOM
MaKCHMaJlbHOE 3HaueHHe INIOTHOCTU TOKa Ha oOpabaTbiBaeMoil moBepxHocTU E, paBHO KpUTHUECKOMY
E, = ji/K . AHanoruunble 3a1a4u i APYruX KoHGUrypauuit snekrpoa-uHerpymentos (OW) pacemor-
peHsl B [2].

ByneM cuuTath 3JIEKTPUYECKOE MOJIe B MEXKIIEKTPoHOM mpocTpancTBe (MDII) coneHonmaIbHbIM

Y MOTEHIMANbHBIM. Toraa 3aauy onpeeieHus] Hamps>KeHHOCTH TOJIsE MOKHO PENIaTh ¢ OMOIIBIO aHa-
TUTHYECKUX (PYHKINH KOMITJIEKCHOTO MEPEMEHHOTO.

3agava opMooOpazoBaHus MPH 06pPadOTKe IVIACTHHYATHIM 3JIEKTPOA-HHCTPYMEHTOM

PaccmoTpum 3a1ady 00paboTku yriaoBoii nosepxuoctr DU B Buze miactiabl A CB’ ¢ uzonuposaH-
HOW BEpXHEH MOBEPXHOCTHIO, KOTOpas ABMKETCSI TOPU3OHTAIBHO BIIPABO C MOCTOSHHON CKOPOCTHIO Vet
DopMBI MEKIIIEKTPOIHOTO TIpocTpancTBa (MIII) 1o u B porecce 00pabOTKH TTOKa3aHbI Ha puc. 1.

Ha mmockocTH KOMIUIEKCHOTO TMOTeHITHana obpazom MOII sBisercs momymosioca mmpuHOor U
(puc. 2,a).

Ipu ucnons30BaHUM 3aBUCUMOCTH BbIX0a 10 ToKy (1) u ycnoBust E; = E; Ha oGpabarsiBacMoit
MIOBEPXHOCTH 00pa3yIOTCs BE 30HBI, B OJHOH U3 KOTOPBIX IPOUCXOAUT PacTBOPEHUE, B IPYroil — oT-
cyrctByer. B mepsoit 3ome FMNG wMonyns HampsakeHHocTu paBeH E;. Ha mnockoctu

E= dw/ dZ=| ¢ €% sroit 30HE COOTBETCTBYET JIyra OKPY:KHOCTH paauyca E; ¢ meHTpom B Hauane
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koopauHat. Yuactkam AF (6= 0) u GB (€ = —772), rme oTcyTCTByeT pacTBOpEHHE, Ha IIockoctd E
COOTBETCTBYIOT OTPE3KH, COOTBETCTBEHHO, AekicTBuTenbHOM AF 1 Munmoii GB oceid.

! @ ! @
B C _V=L S B B C _VeL =
A 0 X y 0| Ay X
M
! !
a) 6)

Puc. 1. ®opmbl MAI Ha huanyeckor NMOCKOCTU: a) nepea Hayanom npouecca; 6) B npouecce o6paboTku.
FMNG — 30Ha KpMTU4YEeCKOro 3Ha4eHus HanpsikeHHocTu E;; AF, GB — HepacTBOpsieMble rpaHuLbl

Ha nosepxnoctt O AC yron 8=-712,na B'C 6= 1t [loaToMy Ha tutockoctu rogorpada E ume-
€M, COOTBETCTBCHHO, BEPTHKAJIBHBINA U TOPU30HTAIBHBIN JTyur. O0IacTh Ha IIOCKOCTH rojorpada pas-
MelIaeTcs Ha IBYJIMCTHOM MOBEPXHOCTH. J{JIsl HArMIAHOCTH MOYKHO M300pa3UTh KXKIBIH JIMCT OTACTHHO
(puc 2, 6, 8).
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Puc. 2. O6pa3bl MAIM Ha nNocKocTsaX: a) KOMMNIIEKCHOro noTteHumana; 6), 8) rogorpada;
6) nepBbIA NUCT; 8) — BTOPOW NUCT

[TpumenuB npeoOpazoBanne JKyKOBCKOTO

1

. E .
w=iln—=0+ir, r=In

€]

1

)

NOJyYUM (UTYPY, TPAHUIIA KOTOPOH COCPKUT TOJIBKO YaCTH MPSIMBIX, T.€. MHOTOYTOJBHUK C yriaamu A,
B, C, F, G, M, N, pasusimu O; O; 0,772; 712; 271 277cootBeTcTBeHHO (pHc. 3, a, 6).
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Puc. 3. O6pa3bl MAI Ha NNocKOCTAX NnapaMeTpM4eckoro nepeMeHHoro:
a) NepBbIv IUCT NNIOCKOCTU &) 6) BTOPOM JNIUCT NIIOCKOCTU &) 8) NNOCKOCTb ¢
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Jiis monydenust QyHKIMH, KOHGOPMHO 0TOOpaskaromieil BepXHio moaymiockocts { (puc. 3, 6) Ha
3TOT MHOTOYTOJIbHUK, UCIIOIb3YEM npeo6pa3OBaHHe IBapria—Kpucropdemns

(¢ +u)(¢+v)dd
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Ecnu touku mepern6a M u N OoTCyTCTBYIOT, TO mapameTpsl I U V — KOMIUIEKCHO COMPSUKCHHBIE,
(t.e. =4 +ivy, v =gy —ivy). Torna ypasaenus (9), (10),mpumyT Bux

JB’ (0- ,3)((1"’#1) +V1) 3 (1)

2 (1-p)((8+m) +v2) 2
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J5(0-9)((B+m) +vf) 4
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2 (p-1)((6+m) +VE) VB 2
Tewm cambiM ¢ yaetoMm (5)—(7),0Kk0HUaTETHHO
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(0=A)e-Y) [ (5-9(7-5)+(6- AT ]

ITpu 06xo0a¢e Toukk ¢ =0 IO MOIYOKPYKHOCTH MAJIOr0 pajnyca IMPOTHB YaCOBOM CTPENKH IeiCT-

BUTEnbHas 9acth W mmoydaer mpupaiieHue, pasHoe —U, gorapudm — npupalineHne MHUMOM JacT iTL
Ortcrona

1 .
AReW =-U=C, i77.
J(e-B)(s-1)
Torna
C,=i(5-A)(5-1).
Tem caMbIM, OKOHYATEIIEHO
w(Z)= ilj—TIn (1-A)(¢-9) . (17)
V(6-9(c-8)+\[o-A¢-9 ]
[IpousBoanas
aw _; Y (0-A)o-1) (18)
de 7m(¢=o)y(¢-B)(¢-Y)
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dz=i-2 [(6-p)(o- )( 3/2)( 2) S ST (19)
e, (-0 (€A (Jz+1)
Wnrerpupyst (19) uncnenso ot { = 1, nomyyum GpyHkuuio Z (Z ) .
[Mapamerpsl 3arny0iaenus kpoMku DU L u Sonpenenstorcs cleayonpM o0pa3om
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L=-ReZ(w), S=Im Z(0), (20)

E
Oe3pa3zmepHOE BpeMst T = LUl .

Ha puc. 4 npuBenens! hopMbl 00pabaThiBaeMOil TTOBEPXHOCTH B HEIMOJBIKHONH OTHOCHUTEIIBHO Ma-
Tepuana 3aroTOBKH U MOABIKHON (CBsI3aHHOU ¢ KpoMKoit D) cucTemMax KOOPAUHAT, COOTBETCTBYOIIUE

S= SUE =0mnr1=-2,-15-1,-05,0;05 1, 1,5, 2;...; 5.

Ha puc.4,a npu 7 — o0 BHIHO YCTaHOBIICHHE TPEICIbHO-CTAIMOHAPHOW KOH(pHTyparuu ¢
‘E‘ = E, . BOim3u HepacTBopsemoii 30ub1 AF mpu Bozpactanuu T GpopMupyercsi HeKoTopasi npeesbHas
dopma (puc. 4,6, kpuBas ). D1a hopMa COOTBETCTBYET PEUICHUIO 33/1aui 00 UCTCUYCHUHU U3-TIOJT IIUTA

[4]. Y3BecTHO, uTO dTa KpHBas SBIACTCS TIaIKOM, HO €¢ KPHBM3HA B TOUYKE IEPEX0/a K MPSIMOM paBHA
OECKOHEUYHOCTH.

CrnenyeT OTMETHTD, uTo npu T < 0 00pa3sl Touek rmepernda —4/ ¥ —V COBMAIAIOT U MPH JaIbHEHIIIEM
YMEHBIICHUH T CTAHOBSTCS KOMIUIEKCHO COIPSDKEHHBIMU (0003HAUMM HX [ = f4 +iVy, V = 14 —iv; (11),
(12)). IIpu s3TOM BHYTpH 007aCTH Ha IIOCKOCTH E nosBIsieTcst TouKa BeTBeHHs M, sBistomasics 06-
pasoM Touku ¢ =—f+iv. JIMHUS «CKICHKI» Ha MIOCKOCTH E HauuHaercs ¢ HEKOTOPOH TOYKH Ha
rpaHuile 00JacTH, MPOXOAUT Yepe3 TOUYKY BETBJIICHUS, Pa3BOPauYMBACTCS M YXOJUT Ha OECKOHEYHOCTH

(puc. 5). Kak BunHO u3 puc. 4,6, npu 7 — —oo0 [yInHa 00paOb0TaHHOW YaCTH MOBEPXHOCTH YMEHBIIACTCS
U CTPEMHTCS K HYJIIO.
0,5 [

7 fas
ft:jr ( [ [ [2[ ) !

JF T TTTTTTT

Puc. 4. Popmbl o6pabaTbiBaeMon noBepxHocTn ans s = 0:
a) B CUCTeMe KoopAauHaT, cBfAi3aHHoOM ¢ kpomkon AU C(0,0);
6) B HeNnoABWXXHON cUCTEME KOOpAMHAT

E, ® -E,  (®)
C " /

C

///
//
M/\
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0 E, E,

Puc. 5. O6pa3 M3l Ha nnockocTu rogorpaca:
a) nepBbIA NUCT, 6) BTOPOM NUCT
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BrIBOALI

TakuMm 00pa3oM, B KBa3HCTAIHOHAPHOM MPUOJIMKCHUN pPelieHa II0CKas 3aga4a o0paboTKu ropu-
30HTAJBHBIM TUTACTHHYATHIM JICKTPOA-WHCTPYMEHTOM C M30JMPOBAHHON BEpXHEH MOBEPXHOCTHIO 3aro-
TOBKH, MMEBIIIEH 10 00paboTKu yrinoByio Gopmy. Kak moka3pIBarOT YHCIIEHHBIE MCCieqoBanus [5], B
TaKWX 3a/auax KBa3uCTAI[HOHAPHOE MPUOIKEHHE BechbMa TOUHO (10 3—4 3Havanux 1mudp) npuosmKa-
€T HECTAITMOHAPHOE PEIICHHE.
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LIMITING-QUASISTATIONARY MODEL OF ELECTROCHEMICAL S HAPING

N.M. Sherykhalina, A.A. Zaripov, S.S. Porechny
Ufa State Aviation Technical University, Ufa, Russian Federation
E-mail: porechny@mail.ru

The paper is focused on modeling of electrochenmmeathining in quasistationary approximation.
The modeling is based on the use of Faraday’s dmd'©laws. The dependence of current efficiency
on the current density in the form of a step fuctis used when solving this problem. The model en-
ables us to study the configuration of a machirren, obtained in case of extreme high localizatfon
a solution process. For this function there is ssjimlity in case of a non-steady process to didee-
tions of the machining area into zones with différeonditions (presence and lack of solution). Wes t
solution in case of such machining happens at atanhvalue of intensity module, there is a poBgibi
to simulate the change of machining time by embegidf an electrochemical machining electrode into
the edge of a workpiece. The evidence from practiumvs that the accuracy of approximation of the
non-steady process by quasistationary has threenanel significant digits. Meanwhile, the computing
time decreases by 100 and more times.

The problem of shaping while machining by the maictg electrode in the shape of a plate with the
isolated top surface is solved. The methods otctitaplex variable theory have been used to solve the
problems on the assumption about constancy ofrelgtit conduction. The Joukowski and Schwarz-
Christoffel transformations are applied to condtremnformal mapping. The accurate solution on the
problem in quadratures is obtained.
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The study on non-steady processes using a quasistat model makes it possible to get informa-
tion about a shape of the machining area at thenbieg), continuation and the end of the machining
process. In particular, it's found out that near ection of the machining start there is a sahuliice
outflow from the board, well-known in hydrodynamidisallows examining properties of a shape that is
formed at the edge of the machining area.

Keywords: electrochemical machining; complex fumtdi conformal mapping; quasistationary
approximation.
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