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B HacTofLleM MaTepuasie COOBLLAETCA O MOMYYEHUM 3NEKTPOIPO3MOHHOCTOMKMX MOKPbITUIA cuctem TiB2Ag,
TiB2Ni-Ag n AI2D3Ag MeToL0M 3/1EKTPOB3PbIBHOI0 Harbl1EHWS HA NOBEPXHOCTU MeAHbIX 3/IEKTPUYECKUX KOH-
TakToB. B3aMmOoJoNoMHALLMMN METOLAMU COBPEMEHHOIO (IM3NYECKOrO MaTepuanoBeieHUs BbINOIHEHb! 1CCeao-
BaHWs CTPYKTYPbl 1 CBONCTB NOKPbITUIA YKa3aHHbIX cuCTeM. BO Bcex UccneayembiX CUCTEMax CTPYKTypa NOKpbITUIA
npeacTaBnseT coboin KOMMO3NLMIO Ha OCHOBE CepebpsiHOW MaTpuLbl, YNPOYHEHHOI BbICOKOMPOYHbLIMU BbICOKOMO-
AYNbHBIMW YacTULLAMU C pa3Mepamm 0T HaHOKPUCTaNIMYECKOr0, CyOMMKPOKPUCTANINYECKOTO U 10 MUKPOKPUCTAS-
nnyeckoro. Cpeay CBOMCTB NOKPbITUIA UCCNef0BaHbl HaMbo/ee NoKasaTeNbHble 06LLME XapaKTePUCTUKUN NOKPbITUIA,
npefHa3HaueHHbIX 417 paboTbl B YCNOBUSX UCKPOBOI M AYTrOBOW 3M1EKTPUYECKOA 3p03ni NPU KOMMYTaLIMK 3NEKTPK-
YECKUX KOHTAKTOB MOCTOSIHHOTO U MepeMeHHOro Toka 60/1bLoi MOWHOCTU. KOHKPETHO uccnefoBaHbl CrieaytoLye
CBOMCTBA: MUKPOTBEPAOCTb, HAHOTBEPAOCTb, MOAY b KOHra, KO3((ULMEHT TPEHUS, N3HOCOCTOMKOCTb, 31eKTPONpo-
BOJHOCTb, KOMMYTaLMOHHas U3HOCOCTOMKOCTb. Y CTaHOB/EHO KPATHOE MOBbILLEHWE BCEX UCCeSyeMblX CBOWCTB AN
BCEX TUMOB BMePBbIe CO3/aHHbIX MOKPbITWIA MO CPABHEHWIO C MEAHbIMUW 3M1IEKTPUYECKMMU KOHTaKTaMu. [prMeHeH-
Hble PEXMMbI 3/1EKTPOB3PbIBHOIO HambIEHNS 06ecnevnBatoT POpMMPOBaHME MOKPLITUN C BbICOKOW afgresmeid, cono-
CTaBMMOM C MOKPbITUAMM, NONYYEHHBIMWA METOAOM AETOHALMOHHO-ra30Boro HamblneHns. Bcem cnocobam co3gaHus
MOKPbITUIA 06ecreveHa NaTeHTHas 3awwmTa Poccuiickoid Pepepaumm.

KntoueBble CnoBa: 3/1€KTPO3PO3UOHHOCTONKOE MOKPBITUE; 3/IEKTPUYECKUI KOHTAKT; KOMMO3ULMOHHAs CTPYK-
Typa; CBOWCTBa; Cepebpo; BbICOKOMPOUHAs BbICOKOMOZAY/bHAs (a3a; 3MeKTPOB3PbIBHOE HarbIIEHNE.
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This material reports on the production of electrical erosion-resistant coatings of the TiB.-Ag, TiB2-Ni-Ag and
Al:0s-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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BBegeHune

JKcnepTHble OUEHKN NpeAnonarakT B Te-
yeHue 6AMXalWmMX NeT MHOTOKpaTHbIA pocT
3N1eKTPO3HEPTreTMYEeCKOro pbiHka COK3HOro
rocyfapcrsa B CBA3M C pa3BUTUEM NPOU3BOA-
CTBa 3/IEKTPUYECKOr0 NMaccaXmnpckoro u rpy-
30BOro aBTOTpaHcnoprta, 6ecnuioTHbIX fieTa-
IOWMX annapaTtoB, HaKonuTenel 3neKTpo-
3HEprum Ana perynmpoBaHns Harpysok B
3N1eKTPOCETAX NPU reHepupoBaHMmM 1 pacnpe-
[eNeHNn 3N1eKTPoIHeprum. 310, B CBOK OYe-
peab, npegnonaraeT pocT NPOU3BOACTBA U
NPMMEHEHUSA BbICOKOIMNHEKTUBHBLIX U 3KOHO-
MUYHbIX 3M1€KTPOIPO3NOHHOCTOMKNX 3eK-
TpMUecKnx KoHTakToB [1]. Hawein nccnepo-
BaTeNbCKOW TpPynnoli npepnaraeTcad HoBas
afbTepHaTUBHas MeTOAUKa CO34aHWus 3eK-
TPO3PO3NOHHOCTOMKMX MOKPbITUIA 3a cueT
NPUMEHEHNUA  MeToAa  3/IEKTPOB3PbIBHOIO
HanblneHusa [2]. Llenbio HacTosLWwero marepu-
ana ABNfeTCcs pacCMOTPEHWe BOMPOCOB (hop-
MUPOBaHUA CTPYKTYpPbl U CBOWCTB 3/1€KTPO-
3PO3NOHHOCTONKUX NOKPbLITUA cucTem TiBo-
Ag, TiB2-Ni-Ag n Al203-Ag, NOAyYeHHbIX
MeTOZOM 3/1eKTPOB3PbIBHOIO HarblfEHUS.

Pe3ynbTaTbl 1 06CYXAeHUE

MokpbiTua cuctem TiB2-Ag, TiB2-Ni-Ag
n Al203-Ag HaHOCWUIM Ha MeAHble 3NeKTPU-
YeCKMe KOHTaKTbl C MPUMEHEHNEM METOAUKM
3/1eKTPOB3PLIBHOIO HamnbI/IEHNA HA YCTAHOBKE
9BH-/1, paspaboTtaHHOl B nabopatopum
3/1EKTPOB3PLIBHOIO Harnbl/IEHUS BbICOKOHaA-
[EXHbIX MOKPbITWUIA Hallero yHusepcurteta. B
pesynbTaTe KOMMJeKca MPOBELEHHbIX MCC/e-
[0BaHUN y[anocTb YCTaHOBUTb ClefytoLiune
KNHOYEBbIE ACMeKTbl.

Bnepsble B MMPOBOI NpakTUKe NOMyYeHbI
nokpbiTMA cuctem TiBz2-Ag, TiBz2-Ni-Ag u
Al203-Ag c ucnonb3oBaHWeM MeTofa 3fieK-
TPOB3PbLIBHOIO HarblneHna. MeToLoM pPeHT-
FEHOCNEKTPasbHOI0 aHanms3a YCTaHOB/IEHO
Halmyne OCHOBHbIX 3/IEMEHTOB: cepebpa u
BbICOKOMPOYHbIX BbICOKOMOZAY/IbHbIX YaCTHULL.
ONeKTPOB3PbIBHOE HarblEHWE NOKPbLITUSA CO-
3[jaeT Ha NOBEPXHOCTM 06pa3LL0B HEOLHOPOS-

HbIli COI cepebpucTo-ceporo LgeTa C penbe-
(hoM, CPOPMUPOBaAHHbLIM TeYeHWEM pacrnnaBa
Mo NOBEPXHOCTM N OCAXKAEHNEM KOHAEHCMPO-
BaHHbIX YacTUL, U3 reTeporeHHOro naasMeH-
HOro notoka. OCHOBHbIMK €ro 3jneMeHTamu
ABNAKOTCA TOHKME BbITAHYTble NIMHUW, KOH-
TYpbl TeYeHUn M 060COONEHHbIE TNOGYNsp-
Hble BbICTYMNbl. OCHOBHas 4acTb MOKPbITUA
chopMupoBaHa B pe3ynbTate BO34ENCTBUA
NHEePUNOHHOW KPYMHOAMCNEPCHOW cocTaBns-
HOLWEA N1a3MEHHOr0 NyYKa.

MWKPOCTPYKTYpa MNOKPbITUA nNpeAcTas-
NeHa cepebpsHOM MaTPULENA C BKTHOUYEHNSMM
YNPOYHALOLWER (hasbl MAaTPUYHOW COCTaBSAO-
wein. Ha rpaHnue mMexay NoKpbITUEM U Mef-
HOl NOAMIOXKOM MPUCYTCTBYIOT nepuognye-
CKMe BOIHOOOpasHble CTPYKTYpbl C MUKPO-
MeTPOBbIM pa3MepoM BOSH, 06pa3oBaBLLMecs
B pe3y/fibTate rMAPOLMHAMUYECKUX HEeYCTOW-
4YMBOCTEN B MpPOLECCe HAHECEHWUS MOKPbITUSA.
YnpouHsawwas asa npeacraBfieHa ABYMS
TMNamun BKAOYEHWA. KpynHble BKIHOUYEHUS
MMEKOT BbITAHYTYHO (hOPMY CO CpefHEel ANNH-
HOl 43 MKM. B CTpyKType cepebpsiHO mart-
puubl MOKPLITUA HabngaeTca MHOXECTBO
yacTuL co cpegHum pasmepom 0,36 MKM, 06-
pasoBaBLUVecs B pe3ynbTaTe HEPaBHOBECHbIX
YCNOBWI KpucTanausaumm. TakxKe MMeroTCs
BK/IIOYEHNSS CYOMWKPOHHOIO M HaHOMETpPO-
BOro Anana3oHoB.

CornacHo fiaHHbIM PEHTIEHOCTPYKTYPHOIO
aHanusa B ob6pasuax NOKPbITUIA 06HapYXeHbI
cnegytowme hasbl: TBEPAble pacTBOPbI Ha OC-
HoBe Ag, Cu, Ni 1 BbICOKOMPOYHbIE BbICOKO-
MOZY/IbHble YacTuubl. MIX maccoBble fonu OT-
NMYalTCsa 0T 04HOro obpasua K pyromy.

TOHKas CTPYKTypa MOKPbLITWUIA, BbISB/IEH-
Has MeTOAOM MpOCBeYMBalOLLE 3NEKTPOH-
HOW MMWKpOCKONWW, npeacTtaBneHa CyOMuK-
POHHbIMW W HaHOpa3MepHbIMK (hasamm pas-
NIMYHON MOPMONIOTUN: OKPYT/ibIMK, MPAMO-
YronbHbIMU 1 B BUfe ob6onoyek - MUK TBep-
AbIX pacTBOPOB Ha OCHOBE cepebpa n mean, a
TakXXe BbICOKOMPOYHbIMU  BbICOKOMOAY/b-
HbIMW YacTuL,aMMU.
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lMocne 3aneKTPOB3PbLIBHOIO HaNbIIEHWA MO-
KPbITUI 3HayeHWe HaHOTBEPLOCTM COCTaB-
naet H = 4.56+£0.42 I'Ma, a mogyna FOHra E =
120+25 ITla. BHe 3aBMCUMOCTU OT pexxuma
06paboTKM  MUKPOTBEPAOCTb 3aBUCUT  OT
TOro, nNonagaeT /M MHLAEHTOP B CepebpsHyto
MaTpuLy Wan BKIHOYEHUA APYTUX YNPOYHSAIO-
wux as. B cepebpsHOn maTpule 3Ha4YeHue
MUKPOTBEPLOCTMN MO BrKKepcy n3meHsaeTca B
npegenax 0.26-0.27 I'Ma. B mectax BKoYye-
HWUIA 3HaYeHNe MUKPOTBEPAOCTM NO Bukkepcy
n3MeHseTcs B npegenax 26-31 Ma. CpegHuit
KO3(h(PULMEHT TPEHUSA CHOPMMPOBAHHBIX MO-
KpbITUiA Konebnetca B npegenax u = 0.51-
0.615. CKopoCTb M3HOCA MPU 3TOM YMEHbLLUK-
Nnacs.

JocTturHytel  3HavyeHns 8000 uuknos
BK/TIOYEHWIA/OTKNIOYEHNI N HU3KOE 3/1IEKTPU-
yeckoe conpotusneHne R = 10.15-11.74
MKOM Npu MUCNbITAHUAX Ha KOMMYTaLMOH-
HYI0 W3HOCOCTOWKOCTb MyCKaTenen Mapku
CJ20 B cooTBeTcTBUM C TpeboBaHUAMU pe-
XUma ucnoiTaHnini AC-3 npu paboTe B Tpex-
(ha3HOM Uenu c UCMNONb30BaHWEM MepeMeH-
HOro TOKa W WHAYKTUBHOW Harpyskum co-
rnacHo NOCT 2933-83. Hanpumep, Ha Mo-
MEHT Hayana MCNbITaHWU/ Ha 371eKTPO3po3un-
OHHYIO CTOMKOCTb 06paseL, C MOKPbITUEM CU-
cTeMbl TiB2-Ni-Ag 4eMOHCTpUpYyeT Hanbob-
LIVe 3HaYeHUs COMPOTUBIEHMA, KOTOPOE ANs
a3 R1, R2 n R3 pasHo 11.68, 11.71 n 11.74
MKOM COOTBETCTBEHHO. YBefn4YeHWe 4yucna
LUMKNOB nepekntoyeHnin go 1000 npmBoAMT K
Pe3KOMY CHUWXEHWI COMpPOTUBIEHUA WUCCe-
AyeMbIX MOKPbITUIA. Mony4YeHHble 3HAYeHUA

ana a3 R1, R2 n R3 paBHbl 11.57, 1155 n
11.54 MKOM COOTBETCTBEHHO. [anbHeilliee
yBeMYEeHUe Ymucna UCnbITaTeNbHbIX LUKI0B
fo 2000 npuBOAMT K POCTY COMPOTUBNEHUSA
g0 11.62 mkOwMm.

BbisBNeH onTuManbHbll (C TOUKM 3peHUs
CTPYKTYpPHO-(ha30BbIX COCTOSAHUI U pe3y/nbTa-
TOB MCNbITAHWU MUKPOTBEPAOCTU, HAHOTBEP-
[OCTU, MOAyNns ynpyroctu, M3HOCOCTOWKO-
CTW, KO3P(MLUMeHTa TPEHUA, TECTOB Ha 3/eK-
TPO3PO3NOHHYIO CTOMKOCTb) PEXUM 3/1IEKTPO-
B3PbIBHOTO HamnblNeHUS MOKPbITUA CUCTEM
TiB2-Ag, TiB2-Ni-Ag n Al203-Ag.

3ak/oyeHune

Takum 06pa3om, B pe3ynbTaTe NpoBefeH-
HOTO KOMIMJIEKCHOIO WCC/Ief0BaHNA CTPYK-
TYpbl U CBOWCTB Y[anocb MoayynTb KOMMep-
YeCKWN NPUMEHUMbIE 3/IEKTPO3PO3NOHHOCTOIA-
Kue nokpbiTua cuctem TiB2-Ag, TiB2-Ni-Ag
n Al203-Ag 3a CYeT UCNO/b30BaHWA HOBOM
METOAMKMN 3N1eKTPOB3PbIBHOMO HarMbI/IEHUA.

ccnepoBaHme BbINOMIHEHO 33 CYET rpaHTa
Poccuitckoro Hay4yHoro ¢oHga Ne 22-79-
10012, https://rscf.ru/project/22-79-10012/.
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