hybrid model that is a modification of the convolutional layer that extends the convolution
operation in width and depth. In traditional convolutional neural networks, convolutional
layers are stacked together, and multiple convolutional layers form a complex nonlinear
simulator. All convolution kernels in the same convolutional layer have the same hyperparameter,
which means that the features that can be extracted by each layer are invariant in dimension. The
Inception module contains convolution operations, but unlike traditional convolutional
neural networks, multiple paths can be set in the module, each path can be a different
operation, the same operation different kernel sizes and strides can be set.

Unsupervised learning is a learning algorithm that is not subject to category constraints. It
does not require prior knowledge to guide, but through continuous self-awareness, self-
consolidation, and self-induction to learn. In the field of machine learning and deep learning, it
is different from supervised learning. The training set for unsupervised learning is not labeled. It
mainly includes clustering, principal component analysis dimensionality reduction, generative
adversarial networks and autoencoder. The autoencoder is a neural network that contains an input
layer, a hidden layer, and an output reconstruction layer. Its main meaning is that the output layer
reconstructs the input information so that the output is as equal as possible to the input, including
the encoding and decoding processes. The sparse autoencoder increases the sparsity constraint on
the activation of the hidden layer neural unit so that most of the hidden layer neural units are
inactive. If the output of the hidden layer neuron is close to 1, it is considered to be activated, and
when the output is close to 0, it is considered to be constrained, increasing the utilization of the
neurons of the autoencoder, making the hidden layer node most of the time Inactive.

The results of processing the gears with different pitting faults indicate that the
supervised learning represented by the inception structure or the unsupervised learning
represented by the autoencoder structure can obtain the classification results of the pitting faults
of the ideal gears. It can be seen from the results that supervised learning requires less data on
training data than unsupervised learning, but requires a large amount of tagged data to
participate in training. In contrast, unsupervised learning does not require a large amount of
tagged data to participate in the training but requires a large amount of training set data to
participate in the training. For the case of more classification, it is more suitable to use
unsupervised learning, because in unsupervised learning, the deep learning algorithm can learn
deep data rules, such as the low to high according to the severity of gear pitting.

In summary, for the classification problem of gear pitting fault detection, in the case of
relatively few data and sufficient labels, it is better to choose the supervised learning
algorithm represented by inception, etc. In the case that the training set has a large amount of
data. The unsupervised learning algorithm represented by autoencoder can be preferentially
selected. The parameters can be adjusted to achieve the purpose of letting the neural network
learn the deep trend, and the visual data can be used to verify whether the classification trend is
consistent with the real situation.

YK 621.9.047.7
BJIUSAHUE SJIEKTPUYECKHUX PEXXUMOB DJIEKTPOJIUTHO-IVIASMEHHON
OBPABOTKH HA KAYECTBO INIOJIMPOBAHUSA TUTAHA U HUOBUSA
Anexcees FO.I', Koponés A.IO., Ilapuyymo A.3., Hucc B.C., Byonuyxuii A.C., Anoeuy B.A.
benopyccruu nayuonanvuviii mexHuuecku ynueepcumem

Abstract. Fundamentally new electrolyte-plasma treatment modes developed by us for the purpose
of polishing and cleaning products from titanium and niobium alloys using simple electrolytes based on
an aqueous solution of ammonium fluoride, providing a significant increase in surface quality with high
reflectivity. The paper presents the results of a study of the influence of the electric modes of the process
of electrolytic-plasma polishing of titanium and niobium on the surface quality.
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TuTtaHoBble U HUOOMEBBIE CIUIABBI IIUPOKO MPUMEHSIOTCS B HACTOAIIEE BpEeMs B camolie-
TOCTPOEHHM, aTOMHOM 3HepreTuke, kocMuuyeckoi TexHuke, CBU TexHuke, yabTpa3ByKOBOM
TEXHMKE, a TaK)Ke MPU MPOU3BOACTBE U3EIUN MEIULUHCKOTO Ha3HaueHus. [ljid 3ekTpoxumu-
YECKUX TEXHOJIOTUH yKa3aHHbIE MaTepUabl SBISAIOTCS TPYIHOOOpaOaThIBAEMBIMH, @ MPOLIECCHI
UX TIOJIMPOBAHMUS TPEOYIOT MPUMEHEHHUS! TOKCUYHBIX JICKTPOJIUTOB.

TpaaULIMOHHO 3JEKTPOXUMHMUYECKOE IOJIMPOBAHUE TUTAHOBBIX M HUOOHUEBBIX CIUIABOB
OCYLIECTBJIIIOT B KHUCJIOTHBIX JJEKTPOJIMTAX, COCTOSIIMX M3 TOKCUYHON IJIAaBUKOBOM
(20-25 %), cepHoii a30THOHM M XJIOpHOM KHcHOT. HerocTaTkoM TakWX pacTBOPOB SIBISETCSA UX
BBICOKAasl arpeCCUBHOCTh M TOKCUYHOCTH. [Ipenaraercs ucnonb3oBaTh NPUHIUIHAIBHO HOBBIE
pa3paboTaHHble HAMU PEXHUMBbI 3JIEKTPOJUTHO-IIIA3MEHHON 00pabOTKHU C LIENbIO MOJIMPOBAHUS
U3JIeIMHA U3 TUTAHOBBIX U HUOOMEBBIX CIUIABOB C IPUMEHEHUEM AIEKTPOJIUTOB MIPOCTOTO COCTa-
Ba Ha OCHOBE BOJHOIO pacTBopa (hropuaa aMMOHHUs, 0OeCreunBaloIIle CYIIECTBEHHOE MOBbI-
IICHUE KaueCTBa MMOBEPXHOCTH C BBICOKON OTPaXXaTeIbHOMN CIIOCOOHOCTHIO.

VccnenoBanust NpoOBOJAMIM Ha IUIOCKUX oOpaslax TeXHW4Yecku uductoro tutana BT1-0
¢ pasmepamu 30x15x1,5 MM u TexHumdecku yucroro Huoouss BH ¢ pasmepamu 20x30x2 mm.
CpenHee 3HaueHUE IEPOXOBATOCTH MOBEPXHOCTH Ra MCXOAHBIX 00pa3oB U3 TUTaHA U HUOOUS
coctaBmiio 0,365 u 0,706 MKM COOTBETCTBEHHO.

OO6paboTky 00pa3loB BHIMOJIHUIA B BOJHOM pacTtBope (ropuna ammonus (NH4F) koH-
ueHTpauuen 4 %. 3HaueHue pabodero HampsHKEHHsT H3MEHSUIOCh B auana3oHe oT 260
10 300 B ¢ marom 10 B. Ilpu uccnenoBanuu BAUSHUS MIIOTHOCTH TOKA HAa KAYECTBO MOBEPXHO-
CTH €ro peryjJupoBaHUE OCYIIECTBISUIOCH NYTEM H3MEHEHHS TEMIEpaTypbl 3JIEKTPOIUTA
B auamnasone ot 75 g0 95 °C. ®ororpaduu 06pa3oB TUTaHA U HUOOUS A0 U Tocae 00paboTKU
Mpe/ICTaBJICHBI HA pucC. 1.

Pucynok 1 — Baeninuii Buj 00pa3ioB THTaHA U HUOOUS
JI0 ¥ TIOCTIE BJIEKTPOIUTHO-IUIa3MEHHOTO TTOJIMPOBAHUS:
a — TUTaH; 6 — HHOOu M

Ha puc. 2 mpezacraBieHbl SKCIIEPUMEHTAIBHBIE 3aBUCUMOCTH, XapaKTEPU3YIOIIUE THUHA-
MHUKY H3MEHEHMsI LIEpOXOBATOCTU IMOBEPXHOCTH Ra mpu o0paboTke oOpa3loB M3 THUTaHA
¥ HHOOWS. W3 MoTydeHHBIX 3aBUCHMOCTEH CIIEYET, YTO C YBEIWICHUEM Pad0Uyero HaIpsHKEHUs
B uccaeayemom auamnasone (ot 260 1o 300 B) obecrnieunBaeTcsi CHUKEHHE TOCTUTA€MBIX 3HAUe-
HUI TapaMeTpa MepoXoBaTOCTH MOBEPXHOCTH Ra. IIpu 3TOM B pe3ynbTare 00paboTKH HUOOUS
IpY 3HaYeHUHU HanpsbkeHus 260 B BMecTo moiaupoBaHus MPOUCXOIUT pacTpaBIMBaHUE TIOBEPX-
HOCTH C YBEJIIMYCHUEM IIEPOXOBATOCTH, a 3HAUCHHE MTapaMeTpa IMEePOXOBATOCTH Ra NHTEHCUBHO
YBEJIMYUBAETCS C MOBBIIICHUEM MPOAOIKUTEIHLHOCTH 00paboTKH (pHcC. 20).
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Pucynok 2 — BnusHre npoaonKUTeTsHOCTH 00paboTKY Ha IEPOX0BATOCTh IIOBEPXHOCTH
00pa3LoB MIPH PA3INYHBIX 3HAYCHUS HAPSKCHUS:
a — TUTaH; 6 — HUOOUH

Ha puc. 3 mpezacraBiieHbl 3aBUCHIMOCTH M3MEHEHHSI IEPOXOBATOCTH MTOBEPXHOCTH 00pas3-
OB TUTaHa W HHOOWS OT IUIOTHOCTH TOKa. B mcciemyeMoM jamana3oHe 3HAUYCHUH IJIOTHOCTH
Toka (mns tutana — 0,18-0,45 A/em?, as Huo6us — 0,19-0,48 A/cm?) sKCHEepUMEHTAILHO YCTa-
HOBJICHHBIC 3HAUCHUS BEJIMYMHBI U3MECHEHUS IIEPOXOBATOCTH IMOBEPXHOCTH ARa UMEIOT CyIIe-
CTBEHHBIN pa30poc Kak Ui 00paslloB M3 TUTAHA, TaK W JUisi 00pa3ioB u3 HUOOWs. [Ipu 3TOM
HAOJIIOTaeTCS TEHACHIMS K HE3HAYUTEIHPHOMY POCTY BEIMYMHBI U3MEHEHUS IIEPOXOBATOCTH
MOBEPXHOCTHU C YBEIMYEHUEM TUIOTHOCTH TOKa. 3HaUeHUs ARa JiJisi HIOOUS CYIIECTBEHHO BBIIIIE
AHAJIOTUYHBIX 3HAUCHUM [IJI TUTAHA.
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PI/ICYHOK 3 — BiausgHue INIOTHOCTH TOKA Ha U3MEHEHHE MEpOXOBATOCTU MMOBEPXHOCTU TUTAHA U HHOOUS

VK 544.654.2
BJIMSITHUE KOAKCHUAJIBHON CUCTEMBI U3JIEJIUS
N IMMPOTUBOJ2JIEKTPOJA HA PABHOMEPHOCTb HAHECEHUA
T'AJBBAHUYECKHNX MMOKPHITUHN C UCHTOJB30OBAHUEM UMITYJIbCHBIX
AJEKTPHYECKHUX PEXKUMOB
Anekcees FO.I'., Hucc B.C., Koponés A.1O., [lapuiymo A.3., Cenuenxo .M.
benopycckuii hayuonanvHolil mexHuueckuil yHusepcumem

Abstract. The work investigated the effect of the coaxial system of the workpiece and the
counter-electrode on the uniformity of electroplating deposition using pulsed electrical modes. It has
been established that with a pulse current a significant reduction in the influence of the sample location
on the coating thickness in the coaxial system of electrodes is provided. In addition, the use of pulse
current can significantly increase the current density of the coating and obtain an increase in the coating
thickness without the formation of dendrites.

KauecTBO M cBOMCTBa rajJlbBAHHYECKHUX HOKprTI/Iﬁ OMPEACIIIIOTCA PaABHOMCPHOCTBIO pac-
npeaciiCHrud MeTaljia 1o TOJIIHUHE CJIOA Ha IMOBEPXHOCTU IMTOKPBIBACMBIX n3nenuil. @akTudeckas
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