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B nacrosmem marepuane cooOmaeTcs 0 MOTYYCHHUH IIEKTPOIPO3HOHHOCTOMKUX MOKpPHITHH cucteM TiBr—Ag,
TiB,-Ni-Ag n AlL,O3—Ag MeTo0M 3JeKTPOB3PHIBHOTO HAIBUICHHUS HA MMOBEPXHOCTH METHBIX INEKTPUIECKUX KOH-
TaKTOB. B3anMOJ0NONHAIOIINMY METOJaMH COBPEMEHHOTO (DPH3HUECKOTO MAaTEPHAIOBECHHUS BBITIOIHEHBI HCCIIEN0-
BaHUsS CTPYKTYPBI U CBOMCTB ITOKPBITUHN YKa3aHHBIX CUCTEM. BO Bcex MccineayeMbIX CUCTEMAX CTPYKTypa MOKPBITUI
IpPe/ICTaBIsIET COO0M KOMITO3HMIIMIO Ha OCHOBE CepeOpsSHON MaTpHIIbl, YIIPOUHEHHON BBICOKOIPOYHBIMU BBHICOKOMO-
JYJIbHBIMH YaCTHLIAMH C pa3MepaMu OT HAHOKPHCTAJUTHUECKOT0, CYOMUKPOKPUCTAIUTMYECKOTO U 10 MUKPOKPUCTAI-
nyeckoro. Cpeay CBONCTB MOKPBITHH MCCIIEI0OBaHbI HanboJlee IoKa3aTeIbHbIe 00INe XapaKTePUCTUKH TTOKPBITHH,
MIpeHa3HaYeHHBIX JJIsl PA0OTHI B YCIOBUSX HCKPOBOH U IyTOBOM SJIEKTPUYECKON SPO3UHU IPH KOMMYTALlUH DIIEKTPH-
YEeCKHUX KOHTAKTOB IOCTOSHHOTO Y MEPEMEHHOTO TOKa O0JbIIONH MOIIHOCTH. KOHKPETHO MCCieJ0BaHbI CIIeyIOne
CBOMCTBa: MUKPOTBEPIOCTh, HAHOTBEPAOCTh, MOAYJb FOHTa, KO3 PUITHEHT TpeHNsI, H3HOCOCTOHKOCTD, 3IEKTPOIIPO-
BOAHOCTb, KOMMYTAI[HOHHAsI U3HOCOCTOMKOCTD. Y CTAHOBIIEHO KPATHOE MOBBIIIEHUE BCEX UCCIIETYyEMBIX CBOMCTB AT
BCEX THIIOB BIEPBBIE CO3JAHHBIX MOKPBITUI MO CPABHEHUIO C MEJHBIMH 3JIEKTPUYECKUMU KOHTAaKTaMu. [IpumeHen-
HBIE PEKUMBI JIEKTPOB3PHIBHOTO HAMBIICHUS 00ecrieunBaroT (JOPMUPOBAHHE TIOKPBITHI C BHICOKOH aAre3uel, como-
CTaBUMOM € TIOKPBITUSIMH, TTOSYy9IEHHBIMA METOJIOM JI€TOHAIMOHHO-T'a30BOT0 HANbUIEHHs. BeceMm criocobaM coznanus
MIOKPEITHI o0ecrieueHa maTeHTHas 3amuTa Poceniickoit @enepannu.

Knrouesvte cnosea: >nektpodpo3MOHHOCTOWKOE TMOKPBITUE; DJIEKTPHYECKUI KOHTAKT; KOMIO3UI[MOHHAS CTPYK-
Typa; CBOMCTBA; cepedpo; BHICOKOIIPOYHAst BBICOKOMOTYJIbHAs (pa3a; 3JeKTPOB3PHIBHOE HAITBLICHHE.
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This material reports on the production of electrical erosion-resistant coatings of the TiB>—Ag, TiB,—Ni—-Ag and
AlL,Os—Ag systems using the electroexplosive spraying method on the surface of copper electrical contacts. The
structure and properties of the coatings of the above systems were studied using complementary methods of modern
physical materials science. In all the systems under study, the coating structure is a composition based on a silver
matrix reinforced with high-strength high-modulus particles ranging in size from nanocrystalline, submicrocrystalline
to microcrystalline. Among the coating properties, the most indicative general characteristics of the coatings intended
for operation under conditions of spark and arc electrical erosion during switching of high-power AC and DC electrical
contacts were studied. The following properties were specifically studied: microhardness, nanohardness, Young's
modulus, friction coefficient, wear resistance, electrical conductivity, switching wear resistance. A multiple increase
in all the studied properties for all types of the newly created coatings was established in comparison with copper
electrical contacts. The applied modes of electroexplosive spraying ensure the formation of coatings with high
adhesion, comparable to coatings obtained by the method of detonation-gas spraying. All methods of creating coatings
are provided with patent protection in the territory of the Russian Federation. The coatings were created on a unique,
first-ever developed and manufactured installation for electroexplosive spraying (alloying) “EES-A installation”,
manufactured in 2025. The initial components subjected to electrical explosion were silver foil and powders of high-
strength, high-modulus phases. The specific choice of one or another phase depended on the coating system being
created.
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BBenenue

OKCHEpPTHBIE OLIEHKU IPEII0JIaratoT B Te-
yeHue ONMKallINX JeT MHOTOKPATHBIA POCT
AJIEKTPO3HEPTeTUYECKOro pbiHKa COIO3HOIO
rocyJIapCTBa B CBSI3U C PA3BUTUEM ITPOU3BOJI-
CTBA 3JIEKTPUUYECKOTO MACCAKUPCKOIO U IPy-
30BOT0 aBTOTPAHCIIOPTA, OECTIUIOTHBIX JieTa-
IOLIUX allapaTroB, HAKONMUTENEH 3IJIEKTPO-
SHEPIHMM I PEryJIMpoOBaHUsl HArpy30K B
JIEKTPOCETAX IPU T€HEPUPOBAHUU U pacIpe-
JICJICHUU 3JIEKTPO3HEPTUU. ITO, B CBOKO OYe-
peab, MpeanojaraeT pocT IPOU3BOACTBA U
MPUMEHEHHUs BBICOKOA((EKTUBHBIX U SKOHO-
MUYHBIX 3JEKTPOIPO3NOHHOCTOMKUX 3JIEK-
Tpuueckux koHTakToB [1]. Hamei uccneno-
BATEJIbCKOW TPYNIION IMpeaiaraeTcs HoBas
aJbTEpPHATHBHAS METOJMKA CO3JaHUS DJIEK-
TPO3PO3UOHHOCTOMKUX TMOKPBITUM 34 CYET
IPUMEHEHUs METOAAa  SJEKTPOB3PBIBHOTO
Hanbuienus [2]. Llenpto HacToAIIErO MaTEpH-
ana sIBJIsIeTCs pacCMOTPEHHE BOMPOCOB (op-
MHUPOBAHUsSI CTPYKTYPbl U CBOMCTB 3JIEKTPO-
3PO3HOHHOCTOMKUX MOKpPBITHH cuctem TiBa—
Ag, TiB>—Ni-Ag u Al20O3—Ag, NoTy4eHHBIX
METOJIOM 3JIEKTPOB3PHIBHOT'O HAIIbUICHUS.

Pe3yabTarsl U 00CyKACHHE

[Toxpeitus cuctem TiB2—Ag, TiBo—-Ni—Ag
u A2O3—Ag HaHOCWIN Ha MEJIHbIE JIEKTPU-
YeCKHEe KOHTAKTHI C IPUMEHEHUEM METOAMKH
AJIEKTPOB3PHIBHOTO HATIBUICHHUS HA YCTAHOBKE
OBH-JI, paspaGoranHoii B nabopaTopuu
AJIEKTPOB3PHIBHOTO HAIBUICHUS] BBICOKOHA-
JISKHBIX TIOKPBITUH HaIllero yHUBepcuTerTa. B
pe3ynbTaTe KOMIUIEKCa MPOBEACHHBIX HCCIIe-
JIOBaHUI yIalOCTh YCTAaHOBUTH CIEIyIOIINE
KITFOYEBEIC aCTICKTHI.

BriepBbie B MUPOBOIi MpaKkTHKE MOTYYESHbI
nokpeiTus cucteM TiBx—Ag, TiB>—Ni—-Ag u
Al203—Ag ¢ ucnonb3o0BaHUEM METOAA HIIEK-
TPOB3PBIBHOTO HAMBUICHHUA. METOIOM PEeHT-
TeHOCIIEKTPAJIbHOTO aHaJl3a yCTAaHOBJIEHO
HaJIMYME OCHOBHBIX JIEMEHTOB: cepebpa U
BBICOKOTIPOYHBIX BEICOKOMO/IYJIBHBIX YaCTHUII.
DJEeKTPOB3PHIBHOE HAIBUICHUE NOKPBITUS CO-
3[a€T Ha TIOBEPXHOCTH 00Pa3Ll0B HEOAHOPO/I-

HBIH CJION cepeOpHCTO-CepoTro IIBETA C PEIlbe-
¢dom, chopMUpOBaHHBIM TEUEHUEM pacIliaBa
I10 IOBEPXHOCTH U OCaXKIEHUEM KOHJECHCUPO-
BaHHBIX YaCTULl U3 F€TEPOr€HHOTO IUIa3MEH-
HOro noroka. OCHOBHBIMM €r0 3J€MEHTAMH
ABJIAIOTCS TOHKHE BBITSHYTHIE JUHUM, KOH-
Typbl TEUCHHH U 00OCOOJICHHBIE TIIOOYJISP-
Hble BBICTYNBI. OCHOBHAs 4acTb MOKPBITHUSA
copMupoBaHa B pe3yibTaTe BO3JEHCTBUS
MHEPLHUOHHON KPYITHOJUCIIEPCHOM COCTaBIISI-
IOLLEH TUIA3MEHHOTO ITyYKa.

MUKpPOCTPYKTYypa IOKPBITUH IPEICTaB-
JieHa cepeOpsHOM MaTpuLiel ¢ BKIIOYEHUAMUI
YIPOUHSIOMIEH (a3bl MATPUUHON COCTABIISIO-
niei. Ha rpanune Mexy NOKpbITHEM U Me-
HOM IOJIOKKOHN IPUCYTCTBYIOT IEPUOANYE-
CKHE BOJIHOOOpa3HbIe CTPYKTYphl C MHUKpO-
METPOBBIM pa3MeEpPOM BOJIH, 00pa30BaBIIHECS
B PE3yJIbTaTe IMAPOJINHAMUYECKUX HEYCTOM-
YUBOCTEH B IPOLECCE HAHECEHUS TOKPBITHSL.
VYnpounstomas (as3a mnpeincraBiieHa JBYMs
TANIAaMHM BKJIIOYeHMM. KpynHble BKIIOUYEHUs
MMEIOT BBITAHYTYIO (hOpMy CO cpeHel THH-
Hol 43 MkM. B cTpykType cepeOpsiHOil Mart-
PHUIBI TOKPBHITHS HAOJIIOAAeTCd MHOKECTBO
qacTul] co cpeaHuM pazmepom 0,36 MkM, 00-
pa3oBaBLINECS B pe3y/IbTaTe HEPABHOBECHBIX
YCIOBUI KpUCTaJUIM3aluHu. Taxke MMeErTcs
BKJIIOUEHUSI CyOMUKPOHHOTO U HaHOMETPO-
BOT'O IMAIIa30HOB.

CoriacHo TaHHBIM PEHTT€HOCTPYKTYPHOTO
aHanu3a B 00pa3lax MOKPBITHH OOHApYKEHBI
cienyrouye ¢a3bl: TBEpble pacTBOPHI HA OC-
HoBe Ag, Cu, Ni 1 BBICOKOIIPOYHBIE BBICOKO-
MOJTyJIbHBIE YacTUIbl. MIX MaccoBble J0IH OT-
JIMYAIOTCS OT OJTHOTO 00pasiia K Ipyromy.

ToHKass CTpyKTypa MHOKpPBITUM, BBISBIICH-
Hasi METOJOM IIPOCBEUMBAIOLIEH AIIEKTPOH-
HOM MHKPOCKONUH, MpeJCTaBlieHa CyOMHK-
POHHBIMU M HaHOpa3MEepHBIMU (hazaMu paz-
JUYHON MOP(OIOTHH: OKPYIJIBIMH, MHPSIMO-
yroibHBIMH U B Buze obonouek — ['TIK TBep-
IBIX PACTBOPOB HAa OCHOBE cepedpa U MeaH, a
TaK)K€ BBICOKOIIPOYHBIMH BBICOKOMOYJIb-
HBIMH YaCTHUILIAMH.
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[Tocre 351eKTpOB3pBHIBHOTO HANBLIEHUS 110-
KpBITUH 3Ha4Y€HHWE HAHOTBEPJOCTH COCTAaB-
nsiet H=4.56+0.42 I'Tla, a mogyns FOnra E =
120+25 I'Tla. BHe 3aBUCHMMOCTH OT pexXHUMa
00pabOTKM MHUKPOTBEPAOCTH 3aBUCUT OT
TOTO, TIONAAAET JIK UHJEHTOP B CEpPeOpSIHYIO
MaTpHUIly WU BKIIOUYEHUS APYTUX YIPOUHSIO-
mux ¢a3. B cepebpsHoil MaTpulie 3HaUeHUE
MHUKpOTBEpPAOCTU 110 BUKKepcy n3MeHsercs B
npenenax 0.26—0.27 I'Tla. B mecTtax Bkitoue-
HUW 3HaYEHUE MUKPOTBEPIOCTH 110 Bukkepcy
u3Mensiercd B npenenax 2631 I'lla. Cpeauuii
KO3 PHUIHUEHT TpeHHsI CPOPMHUPOBAHHBIX TIO-
KpbITUH KoJeOsercst B mpeaenax p = 0.51—
0.615. CxopocTb U3HOCA IIPU 3TOM YMEHBLIN-
Jach.

Hocturnytel 3Hauenuss 8000 1ukIiI0OB
BKJIFOUCHHI/OTKITFOYCHUN ¥ HU3KOE DJICKTPHU-
yeckoe conporusieHue R 10.15-11.74
MKOM Mpu HUCHBITAaHUSX Ha KOMMYTAallMOH-
HYI0 H3HOCOCTOMKOCTb ITyCKaTeJIed MapKH
CJ20 B coOTBETCTBUU C TPEOOBAHHUSIMHU pe-
xuma ucnbiTannii AC-3 npu pabore B Tpex-
(ha3HOM 1LIenM C UCIOJIB30BAaHUEM IEPEMEH-
HOTO TOKa W WHIAYKTUBHOW HArpy3Ku co-
rinacHo ['OCT 2933-83. Hanpumep, Ha mo-
MEHT Hayaja UCIBITAaHUI Ha 3JEKTPOIPO3HU-
OHHYIO CTOMKOCTh 00pa3ell ¢ MOKPBITHEM CH-
crembl TiB2-Ni-Ag nemoHcTpupyeT HanOoIb-
1€ 3HaYeHHs COMPOTHUBIICHUS, KOTOPOE IS
¢a3 R1, R2 u R3 pasno 11.68, 11.71 u 11.74
MKOM COOTBETCTBEHHO. YBEIWYEHHE 4HCia
HUKJI0B nepexnodeHuid 10 1000 mpuBoauT Kk
PE3KOMY CHIKEHUIO COTPOTHUBIIECHUS HCCIIe-
NyeMBIX IOKpBITUH. IlonydeHHble 3HaYeHUs

st a3 R1, R2 u R3 pasuer 11.57, 11.55 u
11.54 mxOm cootBeTcTBeHHO. [lanmbHeitiiee
YBEJIMUEHUE YHCJIa MCMBITATEIbHBIX IIUKJIOB
10 2000 mpuBOIUT K POCTY COMPOTUBIICHUS
10 11.62 MkOwm.

BoisiBiieH ontuManibHbINA (C TOUYKH 3pEHUS
CTPYKTYpPHO-(a30BbIX COCTOSIHUM U pe3yiibTa-
TOB UCIBITAHUN MUKPOTBEPAOCTH, HAHOTBEP-
JIOCTH, MOZYJI1 YIPYIOCTH, HU3HOCOCTOMKO-
CTH, KO3 PHULMEHTa TPEHUS, TECTOB Ha 3JICK-
TPOIPO3HOHHYIO CTOMKOCTD) PEXKHUM 3JIEKTPO-
B3pPBIBHOTO HANbUIEHUS! TOKPBITHMH CHCTEM
TiB2—-Ag, TiB>-Ni—Ag u ALO3-Ag.

3akiaovenue

Takum o0Opa3om, B pe3ysibTaTe MPOBEACH-
HOTO KOMIUIEKCHOTO HCCIEIOBAaHUS CTPYK-
TYpbl U CBOMCTB yAaJIOCh OJYyYUTh KOMMEp-
YEeCKH IPUMEHHUMBIE 3JIEKTPO3PO3HOHHOCTOM-
kue nokpeitusa cucteM TiBa—Ag, TiB>—Ni—Ag
u AlO3—Ag 3a cuer HCIONb30BaHMUA HOBOM
METOJIMKH 3JIEKTPOB3PHIBHOIO HANIBLICHUSI.

VccnenoBanue BBIMOIHEHO 32 CUET IPaHTa
Poccuiickoro nHayunoro d¢onmga Ne 22-79-
10012, https://rscf.ru/project/22-79-10012/.
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