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HacToswas paboTta nocesLLeHa MCCNeA0BaHMIO NpoLecca (hopMMPOBaHMS METAINYECKUX MOKPLITUI METOLOM
3/1eKTPOB3PbLIBHOI 0 HanblIeHUS C UCMO/b30BaHVWEM MPOBOAHNKOB, U3rOTOBJIEHHbIX MYTEM KOMMAKTUPOBaHWSA MOPOLLI-
KOBbIX MaTepuasioB. B kauecTBe HanblNfeMoro Marepuana NpyMeHANCs MefHbIli NOPOLLOK. HarblineHne ocyLlecTs-
NANOCb Ha MOLNOXKKM U3 ObICTPOPEXYLLEA MHCTPYMEHTANBbHOM CTann mMapkn P6MS ¢ MCMOb30BaHWEM 3/1eKTPO-
B3pbIBHO ycTaHOBKM IBY 60/10 M, ocHaLLEHHOW KoakcHabHbIMK 371IeKTpogaMu. MonyyeHHbIe NOKPLITUA NMEn
CPEAHIOK0 TONLMHY MopsAKa 50 MKM, OT/IMYaIMCh BbICOKOW afre3neil K NoAN0XKe, HU3KOW MOPUCTOCTbIO. JKCnepu-
MEHT&/IbHO YCTaHOB/IEHO, YTO MPW B3PbIBE KOMMNAKTMPOBAHHOrO MPOBOAHMKA (hOPMUPYETCH BbICOKOCKOPOCTHOM
YZapHbIA MOTOK, CNOCOGCTBYHOLMI MHTEHCU(MKALMM NPOLIECCa OCXKAEHNS YaCTUL, Ha NOANOXKY. MeTof nokasan
BbICOKYHO 3(h(PEKTUBHOCTL NPY NOAYYEHUM OLHOPOAHBIX U NPOYHbBIX METAIINYECKMX MOKPbITUA NPY MUHUMaIBHOM
MOLrOTOBKE NCXOAHOr0 Matepuaia. B To e BpemMs He06X04MMbI AasbHELLNE UcCnefoBaHWs 4ns 6onee rnybokoro
MOHUMaHNS (U3NYECKMX MEXAHU3MOB, /IEXALLMX B OCHOBE NpoLecca, ¥ (akTopoB, BAMSAIOLLMX HA MOPGOIOTUI0 Y
CBOWCTBA NOKPbITHIA.

Kntouesble cnosa: 3NIEKTPOB3PbLIBHOE Harlbl/IEHNE; KOMHaKTMpOBaHHbIVI MOPOLLOK; CprKTyp006pa3OBaHVIe.

THE INVESTIGATION OF THE PROCESS OF FORMATION COATINGS
BY ELECTRICAL EXPLOSION SPRAYING OF CONDUCTORS
OBTAINED BY POWDER MATERIALS COMPACTION
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The present work is devoted to the study of the process of metal coating formation by the method of electrical
explosion spraying using conductors produced by compacting powder materials. Copper powder (chemical
composition mass % u min 99.5, As up to 0.003, Pb up to 0.05, O up to 0.2, Sb up to 0.005) with different dispersion
was used as the sprayed material. Spraying was carried out on substrates made of high-speed tool steel grade R6M5
(GOST 19265-73) using an electrical explosive spraying machine, EVU 60/10 M, equipped with coaxial electrodes.
The obtained coating had an average thickness of approximately 50 pm and was characterized by high adhesion to the
substrate, low porosity. It was experimentally established that during the explosion of the compacted conductor, a
high-speed shock flow is formed, contributing to the intensification of the process of particle deposition on the
substrate. The method has shown high efficiency in obtaining homogeneous and durable metal coatings with minimal
preparation of the source material. At the same time, further research is needed to better understand the physical
mechanisms underlying the process and the factors influencing the morphology and properties of the coatings.

Keywords: electrical explosion spraying; compacted powder; structure formation.

BeegeHune TOK BbICOKOI NJIOTHOCTW, FrEHEPUPYEMBIA UM-

ANbTepHaTUBOW CYLECTBYHOLWMUM MeTo- MYyNbCHbIM Pa3psAoOM HaKOMUTENbHOTO KOH-
[JaM HaHeceHUs MeTa//IMYeCKUX MOKPbITUI AeHcaTopa, AN Harpeea MyTemM OMWYECKOro
MOXET CTaTb 3/IEKTPOB3PbIBHOE HaMblNeHNe. Harpesa, 3aCTaB/ISieT HamnblNSeMbIA MaTepuan
B paccmatpuBaemoM METOAE WCMOb3yeTcs (nopowok, npoBONOKY WAN (QoSbry) nna-

16-aMe>kyHapofiHas KoHdepeHLus «B3anmogeiicTBMe U3NyUeHNii ¢ TBepAbIM Tenom», 22-25 ceHTa6psa 2025 r., MuHck, Benapycb
16th International Conference “Interaction ofRadiation with Solids", September 22-25, 2025, Minsk, Belarus

524


mailto:filyakov.1999@mail.ru
mailto:I.I.Chumachkov@yandex.ru
mailto:v.pochetuha@mail.ru
mailto:filyakov.1999@mail.ru
mailto:I.I.Chumachkov@yandex.ru
mailto:v.pochetuha@mail.ru

Cekums 5. MeTofbl, 060pyA0BaHMe, NNa3MeHHbIe UPaAnaLMoHHbIe TeXHONorum

Section 5. Methods, Equipment, Plasma andRadiation Technologies

BUTbCS, UCNApPATLCS, PacIMPATHCA U, HAKO-
Hel, B3pbIBaTbCA. [10NyYeHHble NPOAYKTbI
BbICOKOTEMMEPAaTYPHOIO0 U BbICOKOCKOPOCT-
HOrO 31eKTPUYECKOr0 B3pbiBa Pacbls0TCA
Ha NMOBEPXHOCTb MOANOXKKM C 06pa3oBaHMEM
MOKPbITUSA .

OfAHaKo MeTO/ 371eKTPOB3PLIBHOTO Harbl-
NEHNS UMEEeT s OrpaHUYeHNiA. B yacTHoCTH,
MeTaNIM4ecKunii NPOBOAHUK LOMKEH ObITb U3-
rOTOBNEH W3 TOHKWUX (ONbLIN UAN MPOBOJIOK.
YBennyeHne TONWMUHbBI NPOBOAHMKA MPUBO-
AT K HEAOCTaTOYHOMY HarpeBy, HECUHXPOH-
HOMY B3pbIBY M 06pa30oBaH0 Npu B3pbIBE 60-
nee KPYMHbIX TBEPAbIX YacTWL, Pa3HOro pas-
Mepa, YTO HEMOCPeACTBEHHO NMPUBOAUT K He-
CTabUNbHOMY KayecTBY W CTPYKTYpe MOKpbI-
M.

ANbTepHaTUBOM MCMNONb30BaHUIO Tpagn-
UMOHHbIX MPOBOAHUKOB, BbIMUIEHHbIX U3
MPOBOMIOK M (hONbF, SABNAETCA NPUMEHEHUE
MeTaNIMYecKUX NPOBOAHMKOB, MOMYUYEHHbIX

MeTOAOM KOMMNAKTUPOBAHMS MOPOLLIKOBbLIX
MaTepuanos.
Llenbto  HacToswer paboTbl ABAsSeTCA

onpefeneHne NPOLECCOB, NPOTEKAOLWNX NPW
MCNO/Mb30BaHNUN  3N1EKTPOB3PbIBAEMbIX MPO-
BOJHWMKOB, MOMYyYEHHbIX METOAOM KOMMaKTW-
POBaHUS MOPOLWKOBbLIX MaTepuanoB, Ha 3/eK-
TPOB3PbIBHbIX YCTAHOBKAX C KOAKCMa/lbHbIMY
3N1EeKTPOAAMMN.

PesynbTaTbl U UX 06CYXAeHUE

B KayecTBe MOA/MOXKW, Ha KOTOPYHO 3/1EK-
TPOB3PbIBHbIM MeTOAOM HaHOCUIOCh MOKPbI-
TVe, UCMonb3oBanca obpasel, M3 GbicTpope-
XYLWeNn WHCTpyMeHTanbHOW cTann P6Mb5
(FOCT 19265-73), anameTp KOTOpPOro co-
ctasnsan 20 mMm.

Mepen HaHeceHMeM MNOKPbLITUSA MOANOXKA
6blna obpaboTaHa Mpu MOMOLLM HaXAAYHOW
6ymaroii ¢ nepexofom OT 60siee KpPYmnHOro
3epHa K 6onee menkomy. ocne 3aBepLueHUs
MeXaHW4Yeckoin 06paboTKM NOBEPXHOCTb TLLa-
TENbHO OTYMLLaNach NPy NOMOLLY YIbTPa3By-
KOBOW BaHHbl.

HanblneHne 3neKTpOB3pPbIBHBIM METO0M
MOKPbITUIA OCYLLECTBNANOCL HA 3KCMEPUMEH-
TanbHOW 3N1eKTPOB3PbLIBHON yCTaHOBKe OBY

60/10 M. KOHCTPYKTMBHO OHa COCTOUT U3 3a-
PALHOr0 YCTPOMNCTBA, E€MKOCTHOrO Hakomnu-
TeNs IHeprum v NNasMeHHOro yckopuTens.

MnasmeHHbI YCKOpUTENb, CXEMATUYeCcKoe
n300paxeHne KOTOPOro npeACTaB/EHO Ha
puc. 1, BbINONHEH B BUAE ABYX KOaKCManbHO
PacnonoXeHHbIX LUANHAPUYECKUX 3NEKTPO-
[OB C 3aMblKaloWen nepemblYKOi, KoTopas
NNIOTHO Np¥KaTta Ko/bLOM-KaHasioM nepnex-
OVUKYNAPHO UX OCAM.

Puc. L Cxematnyeckoe npegcrasieHne niasmeHHoro
yckoputens BY 60/10 M. 1 - BHYTPEHHWIA UWAWH-
OPVYECKWIA 3NeKTPOA, 2 - MPOBOAHMUK ANSA 3/1EKTPO-
B3pblBa, 3 - U3014TOp, 4 - paspagHas Kamepa (corno),
5 - pepkatenb 06pasua, 6 - HapyXHbli KONbLEBOW
3NeKTpog, 7 - obpasel, 8 - BaKyyMHas TEXHONOrmye-
CKas kamepa; 9 - cucTeMa BakyyMHOI OTKauKu

MepeMblYKO ABNAETCA 3NEKTPOB3PbIBaE-
Mbli1 MPOBOAHWK, COCTOSALMIA N3 CPECCOBAH-
HOro MeAHOro nopotwka Mmapku NMMC-1 (xu-
MMYECKMWIA cocTaB macc. % u MuH. 99.5, As 10
0.003, Pb go 0.05, O go 0.2, Sb go 0.005) c
pasMmepom yactuy 100 mkm. KomnakTupoBa-
HMe MOPOLLUKOBOro MaTepuana Mpou3BOAN-
NOCb Ha rmapasnMyecKoM npecce, pasBuBalo-
WuM ycunme Ha Wwtoke 50 TOH.

BHeWwHWA BUL NONYYEHHOT0 MPOBOAHMKA
nokasaH Ha puc. 2. Ero cpegHas TowmnHa co-
ctasuna 140 mkm. Macca - 1.19 .

Puc. 2. V306pakeHne 3/1eKTPO3pbIBaEMOr0 MPOBOA-
HVKa, MO/yYEeHHOro W3 MpPeccoBaHWA MeAHOro mo-
poLLKa
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CTPYKTYpy MONYYEHHOro MOKPbLITUSA WN3Y-
yanu C NOMOLLbI0 CKaHUPYHOLWEro 3/EKTPOH-
HOro Mukpockona Tescan Mira 3.

Ha puc. 3 nokasaH MakpoOCHMMOK o6pasua
rnocfie HamnblfIeHUA MOKPLITUA, MOJIYYEHHOTO
npwv 3/1EKTPUYECKOM B3pPbIBE NMPOBOAHMNKA, CO-
CTOALWEro M3 KOMMaKTUPOBaHHOro MeAHOro
nopoLuka. MonyyYeHHbI CNoin umen mMetaniun-
YeCKUN-0pPaHXeBblil LiBET 1 pa3/INYyHYH LIepo-
X0BAaTOCTb. BblNM BUAHbLI MacCKBHbIE BKOYe-
HWA, COCTOALME W3 HepacnnaBfieHHbIX Ya-
CTWL, MeAHOro MnpoBOAHWKA. HepacnnaBfieH-
Hble uYacTuubl nposogHuKa Cu oCTanucChb
HEN3MEHHbIMMU.

Puc. 3. MakpoCHMMOK MOBEPXHOCTY NOYYEHHOI0 Mo-
KpbITWA

Ha puc. 4 nokasaHa CTPYKTypa NoOKPbITUA.
CpefHAas TONWMHA MOAYYEHHbIX MOKPbLITUNR
coctaendet 50 mkm. [MonyyeHHOe NOKpbITUE
MMEeT BbICOKYH afresvto K MOBEPXHOCTU U
HU3KYH MOPUCTOCTb.

Prc. 4. C3M wn306paxeHus CTPYKTYpbl MOAYUYEHHOrO
MOKPbITUA

Bo Bpemsi 3n1eKTPOB3PLIBHOIO HarMbl/eHUS
KOMMNAaKTUPOBAHHbIA MOPOLOK Harpesascs, a
3aTeM B3pblBaNCs, W B pe3ynbTaTe Monyda-
NNCb pacrbljieHHble YacTULbl pasHbiX a3 u
mMacwTaboB. YacTuubl  CONPOBOXAANUCh
yAapHOW BOMHOM, reHepupyemMoli B3pbIBOM, B
pesynbTate (opMmupoBanachb CTpys, yaapsio-
Lasfics C MOBEPXHOCTbI MOANIOXKKN C BbICO-
KON CKOPOCTbO. PacnnaBfneHHble 4acTullbl
cTankmBanucb, AeOpMUPOBANNCHL, KOHJAEH-
CUPOBaNUCL U CXMManucb, 06pasys NOKpbI-
The. BbICOKOCKOPOCTHOW CTPYMHbIA NOTOK,
06pa3oBaHHbIA NPOAYKTaMu B3pbiBa U yaap-
HO BONHOM, 06pa3oBbIBaN TUMUYHbLIA ABYX-
(hasHbln NOTOK [1].

3ak/ioyeHune

B pesynbTaTe npoBefeHHOro wuccnego.a-
HUA MOKa3aHOo, 4YTO MPUMEHEHMWE 3/eKTpo-
B3pbIBaeMbIX MPOBOAHWKOB, W3rOTOBJ/IEHHbIX
METOAOM KOMMaKTMPOBaHWA MeAHOro no-
poLlKa, Ha ycTaHoBKe OBY 60/10 M nosBo-
NAeT NonyyaTb afre3vBHO-CMNIOWHbIE MOKPbI-
TMA ToNwMHON okono 50 MKm. Bnarogaps
(hOpMUPOBAHUIO BbICOKOCKOPOCTHOMY Yyaap-
HOMY MOTOKY, 06pa3syloLemMycs npu B3pbiBe,
pacnblNéHHble 4acTuubl 3((PEeKTUBHO oca-
X[JAKTCA Ha MOBEPXHOCTb. Pacnnias/ieHHble
(hparMeHTbl LedOpMUPYIOTCHA U KOHLEHCUPY-
toTCA, TOrga Kak 6osiee mMaccuBHble, He NOJ-
HOCTbO pacnnaBMBLUMECH YaCTULbI OCTAIOTCA
eANHNYHbIMN  BKOYeHuamu. OpfHako And
MOTHOTO MOHUMaHWA MpOTEKaKWMX npu
3N1eKTPUYECKOM B3pbiBE KOMMAKTUPOBaHHbIX
MOPOLUKOB MpoLeccoB TpebyroTcA AanbHen-
LUIVEe NUccnefoBaHuns.
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