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AnHoTauus: BaxHednnM rnokasarteneM KauecTBa ralbBaHMYECKOIrO MOKPBLITUA SABJISAETCS pas-
HOMEPHOCTB pacrpe/e/eHus TOIIMHB HAHOCHMOro MeTajljla 1o MOBEPXHOCTH JeTalu. [letanu He-
fosbIIoro pazmepa LejiecoodpasHo oOpadaTeIBaTh COBMECTHO, TaK Kak 0OBIYHO B POMBILIIEHHBIX
YCIIOBHSAX HMCIONB3YIOTCS rajlbBaHUYeCKUe BaHHbI 00JblIoro obbéma. COOTBETCTBEHHO, HEpEHTa-
HenbHO 0OpabaThIBATEL MO OJHOMN AeTaIM 33 OJMH LMKJI paboThl rabBaHUYECKOH BaHHbL B cBA3M ¢
TeM, 4T0 (popma oOpabaTbiBaeMbIX AeTajleil MOXKeT ObITh Pa3sHOH M KOJMYECTBO JeTaled MOKET Ba-
PLUPOBATHCA, TO WIM HMHOE pa3MellleHHe MHOXKeCTBa JeTallell Ha CIEeLUaIbHOM [10JBECOYHOM
YCTPONCTBE MOXKET MPUBOAUTH K Pa3IMYHBIM 3HAYEHHUAM CyMMapHOH HEPAaBHOMEPHOCTH, IPHYEM
NP HEYa4HOM pasMelleHUU MOTYT OBITh CYIIECTBEHHBI OTEPU METalljla NOKPLITUS U MEPEPacxol
snekTpuyueckoi sHepruu. COOTBETCTBEHHO, BO3HHKAET 3ajia4a ONTHUMAlIbHOTO YIpPaBIeHHs TaKOoH
MHOIOKaTOJIHOM cucTeMoil. PaccMoTpeHa cucTeMa ONTHMAIBHOIO YIpaB/IeHUs TIPOLIECCOM HaHece-
HUA ralbBaHHYECKOTO MOKPHITHS C MTPUMEHEHUEM HECKOJIbKUX KaTO/I0B Pa3IMyHON (OPMBI H Beca.
Cucrema ynpaplieHHs peluaeT 3aj1ady MOHUCKa ONTUMAalbHOTO PACHOIOKEHHS HECKOIBKHX KaTo/0B
pasnuuHOi (GOopMbI U Beca B rajibBaHUYECKOH BaHHE JJIA TOJYYEHHs TMOKPLITMH ¢ MHHHMAalIbHOH
HepaBHOMEPHOCTBIO. B pe3yibTare NpUMEHEHUA PACCMOTPEHHOM CHCTEMbI ONTHMAIBLHOIO yIpas-
JeHHs Ha rajJbBaHHYECKOM IPOM3BOJACTBE YBEIWYMBAETCS CKOPOCTh 00pabOTKM jeTaned, YMEHb-
ImaeTcs KoJu4ecTBo Opaka B Ipolecce MpOoU3BOACTBA, YMEHBIIAETCS HArpy3ka Ha oreparopa rajb-
BaHWYECKOM TMHUU. TaKKe CTOUT OTMETUTh CHIKEHHE MOTpebsieHNs 31eKTPOIHEPT UM rajlbBaHU4e-
CKOHM TMHHEH Npu BHEAPEHUH CUCTEMBI ONITUMAJILHOIO YIIPABJIEHHUS MMPOLIECCOM HAHECEHHS rajlbBa-
HHYECKOro MOKPBITHS C TIPUMEHEHHEeM HECKOIbKHX KaToJoB pasiuyHOH dopmbl U Beca. [Ipemno-
kenHast moauduxauus merona 'omopu noBeimaeT 3PPEeKTUBHOCTb paboThl CHCTEMBI YIIPABIEHHUS
¥ CHMIKAeT KOJMYECTBO BpeMeHH, He0OX0AMMOro /s pacyéra ONTUMAIbHOTO PAclOIOKEHUs JeTa-
JieH Ha moJBece.

KaroueBble c10Ba: rajbBaHWYecKOe MOKPBLITHE, KPUTEPUH, HEPABHOMEPHOCTh, METOJ, JETallb,
KaTo/l, aHOJ.
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Abstract: The most important indicator of the quality of the galvanic coating is the uniformity of
the distribution of the thickness of the applied metal over the surface of the part. It is advisable to
process small parts together, because usually in industrial conditions, large-volume galvanic baths
are used. Accordingly, it is unprofitable to process one part at a time in the electroplating bath. Due
to the fact that the shape of the processed parts can be different and the number of parts can vary,
this or that placement of many parts on a special suspension device can lead to different values of
the total unevenness, and if the placement is unsuccessful, there can be significant losses of the
coating metal and excessive consumption of electrical energy. Accordingly, the problem arises of
optimal control of such a multi-cathode system. The system of optimal control of the electroplating
process using several cathodes of different shapes and weights is considered. The control system
solves the problem of finding the optimal location of several cathodes of different shapes and
weights in a galvanic bath to obtain coatings with minimal unevenness. As a result of the applica-
tion of the considered optimal control system in galvanic production, the processing speed of parts
increases, the number of rejects in the production process decreases, and the load on the operator of
the galvanic line decreases. It is also worth noting a decrease in electricity consumption by a gal-
vanic line when introducing a system for optimal control of the process of applying a galvanic coat-
ing using several cathodes of various shapes and weights. The proposed modification of the Gomori
method increases the efficiency of the control system and reduces the amount of time required to
calculate the optimal arrangement of parts on the suspension.

Keywords: electroplating, criterion, unevenness, method, part, cathode, anode.

For citation: Bannikov A.A., Litovka Yu.V. Optimal placement of cathodes in the automated
control system of the galvanic bath // Conduct of higher educational institutions of the Chernozem
region. 2021. Vol. 17, Ne 3 (65). P. 3-9. DOI: 10.53015/18159958 2021 3 3.

BBEJIEHHE

Hanecenue ranbBaHM4eCKMX MOKPBITHA —
0/MH M3 Haubolsee pacnpocTpaHeHHBIX CIOCO-
O0B mpuaaHus MOKpLIBaEMOH TTOBEPXHOCTH JIe-
Talell crienuanbHbix cBoMcTB [1-3]. KauectBo
ralbBAHUYECKOr0  TOKPHITUS  CYLLECTBEHHO
BIIMSIET HA Ka4eCTBO FOTOBBIX WU3/ENHWI, UX JI0MI-
TOBEYHOCTh M 3KCILIyaTaALMOHHbIE XapaKTepu-
crukd. BakHeHlnMM mokazaresnem KadecTBa
MOKPBITHS SIBJISETCS PABHOMEPHOCTH pacrpe/e-
JIEHUS TOJILUUHBI HAHOCHMOIO MeTalia Mo mMo-
BEPXHOCTH JETaJH.

TEOPHS BOIIPOCA

Jetann nebonpluol miom@aad HeoOXomau-
MO 0OpabaThIBaTh COBMECTHO, TaK KaK HepeH-
TabenpHO 0b6pabaTeiBaTh MO OAHOM JAeTany 3a
OJIMH LMKJ paboThl rajbBaHWYECKOH BaHHBI.
CoBmecTHas obpaboTka aeraneid MpUBOAUT K
5KOHOMHM BPEMEHH M 3aTpauyrBaeMbIX pecyp-
COB.

B cBa3u ¢ teM, uto ¢opma obpabarbiae-
MBIX JeTajieil MoKeT OBbITh pa3Has v Kojiuye-

CTBO JeTajeil MOXeT BapbHpOBaThCs, pazMe-
lIeHHe JeTajeil Ha MoJBecKe MOJXKeT MPHBO-
JUTH K pa3IM4yHBIM 3HAYeHHSIM CYMMapHOM
HepaBHOMEPHOCTH, MPHYEM TMpH HeyJadyHOM
pa3sMellleHMH TOTepU MeTalla MOKPLITUS U
nepepacxoj 3J1eKTPUYECKOH 3HEPruu MOryT
OBITH CcyleCTBEHHBI [4].

CyMmMapHas HepaBHOMEPHOCTb m JeTaleid
MOKeT ObITh OueHeHa (OpPMYJIOH, aHATOTHY-
HO# npuBeneHHOH B [5-7]:

w 0. (x,y,2)—0™"
2= Z.;=I j : 5;“"“ r dS} >

5

rae R — KpuTepHii HEpPaBHOMEPHOCTH;
j(x,y,z) — TOINILMHA MOKPBITHA B TOYKE j-TO
Karoja ¢ KOOpIMHAaTaMu (X,y,z);, &, — MH-

HUMaJIbHas TOJIILIMHA MOKPBITHA HA j-M KaTo-
Je; S; — ruiolaib MOBEPXHOCTH j-I0 KaTona;
m — KOJIMYECTBO JleTalleil — KaToJoB.
[logsecka — cnenuanbHas KOHCTPYKLHA,
norpyxaeémas B TaJIbBaAaHHYECKYHO BaHHy 51
NpeJHa3HauyeHHas A/1d pa3MelleHWs Ha Hel
HECKOJIbKMX oOpabaTbhiBaeMbIX jerajeil ¢
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