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N3yuyeHne N3HOCOCTOHKOCTH 0C000 TBepAbIX NOKPBITHH

OnHOM U3 BaXKHBIX XapaKTEPUCTUK (PU3NYECKOLO Teja SBISETCS €ro TBEpAOCTh. MIMEHHO 3TO
CBOMCTBO OIpEAENACT CPOK AKCIUTyaTalluu JieTajdell MAaliiH U MeXaHu3MOB. Yxe Oosee 50 ner ¢
LENbI0 YBEJIIMYCHUS MX CpPOKa CIIY)KObl HCHOMB3YIOTCS pa3IMYHbIE TEXHOJOTMM HAHECCHHS Ha
MOBEPXHOCTh JICTAICH YIPOUHSIONIUX TOKPBITUH.

OnHUM MX METOJIOB SIBJISIETCS HaHeceHHe TOHKUX (~10 MKM) MOHHO-IIJIa3MEHHBIX MOKPBITH,
KOTOpBIi B HAcTosllee BpeMsl CyUTaeTcs HauOojee YHHMBEPCaIbHBIM M IEPCIEKTUBHBIM,
MO3BOJIAIOIIMM [I0JIy4aTh IIOKPBITHS € _Hamnepen 3alaHHbIMM cBoiictBamu [1,2]. Hanecenue
3alIUTHBIX, YIPOUHSIOMIUX, HM3HOCOCTOMKHMX TOKPBITUM Ha pa3iuyHble U3JENHs SIBISETCS
3¢ (deKTHBHBIM CcTIOCOOOM TOBBIIMICHUS PAOOTOCIIOCOOHOCTH H KpPOME TOTO, HCIOJIb30BaHUE
OTHOCHUTEIIbHO JICHIEBBIX METAIIOB TaKXKe YBEIMUUBAET YKOHOMUYECKUN IPEKT.

B pabore Opun usydensl aBa Buma nokpeituit: TiN u (Ti+Cu)N, KOTOpble HAaHOCHUIIUCH HA
no/uio)kkn u3 cranu Mapku 12X18HIO0T. Iloanmokku, TONMMHOM S5 MM, H3rOTaBIUBAIUCH U3
IIECTUTPAHHOTO HPYTKa ¢ TPaHbIO JIMHON 14 MM, mocie yero nuimoBaguch U MOJMPOBATUCH HA
nosmpoBansHO-MpoBansHoM ctanke FORCIPOL 102. CrnemyeT OTMETHTh, YTO TOJIBKO OJHA
CTOpPOHAa TMOJJIQKKH  IMOJUPOBAJIACH O 3€pPKAJbHOro Oyecka, MPOTHBOIOJIOXKHAS CTOPOHA
MojiBeprajgach TOJMbKO HUTHGOBKE, TpaHH 00pabOTKe HE MojaBepraiuch. llepen ycTaHOBKOW B
KaMepy MOIOKKH MPOMBIBAINCH OpraHndeckuM pactBopurenem Hedpac C2-80/120, mpotupanuch
STHJIOBBIM CHIUPTOM-PEKTU(PUKATOM U CYLIMIUCH [P KOMHATHOM TeMIieparype.

Hanecenue nokpsITUil OCYLECTBIISUIOCh HA YyCTaHOBKE BakyyMmHoro HansuieHust HHB 6.6-11,
Ha KOTOpOI ObUIM YCTAHOBIJIEHBI JBa AJIEKTPOIYTrOBBIX HCHAPHUTENs U IUJIA3MEHHBI HMCTOYHUK C
HakaneHHbIM KaTogoM (ITMHK), koropsii coBmenian B cebe PyHKIIMU HOHHO-TJIA3MEHHON OYMCTKU
U aKTUBAllMU TOJUIOKEK, a TaK)Ke MOHHOTO aCCUCTUPOBAHUS BO BPEMsI HAHECEHUS MOKPBITHI.
Takum o6paszom, B HHB 6.6-11 Obimm ycraHoBnensl nBa karona: u3 Ti m Cu. Ilommoxku
pacrojarajiich Ha BpalllaloIIeMCsl CTOJIMKE C MJIOCKOCTBIO HANbUICHUS MOJ YTJIOM B 45 rpaaycoB K
ucnaputensm 1 K [IMHKy, yTo mo3Bossijio HAaHOCUTh MOKPBITUE B OCHOBHOM Ha MOJIMPOBAHHYIO
MOBEPXHOCTD MOJIOKKH.

PexxuM HaHeceHMs TOKpPHITHIA OblT BeIOpaH cienyrommM. Pabouas kamepa ycTaHOBKH
oTkaunBanack 10 nasieHus P = 0,005 Ila, 3ateM ¢ moMoIIpI0 CHCTEMBI HaIlyCKa rasa B Kamepy
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MoaBaICcst @30T 0c000i YacToThl (99,996) u ycranasimmBanock nasienue P = 0,5 ITa. Ha moanoxku
nojaaBanock Hanpspkenue cmeinenus -1000 B, Bxmouanucs [IMHK u npuBon Bpaienust crona,
nocyie 4yero B TeueHuu t = 20 MUHYT MPOBOIMUJIACH OYMCTKA M aKTUBALIMS IOBEPXHOCTH 00pa31IoB.

[Tocrme OYMCTKM W aKTUBAIMU HANpsDKEHUE CMeIlleHUst yMmeHbmanoch g0 U = - 200 B u
BKJIIOUAJICs JIMOO TOJNBKO TUTAHOBBIM KaToJ, OO 00a mcmapuresnss OJHOBpeMeHHO. Tok ayru
KaXJ0ro Karoja B TeYeHHe Bcero mnpouecca noxnepxkusaics I = 80 A. Bpemst HaHeceHus
MOKPBITHI B Cpeie a30Ta cocTaBisuio 90 MuH.

TBeproCTh MOJIYYEHHBIX MOKPBITHH ompenensinack Ha Mmukporsepaomepe HVS-1000A ‘mo
Metony Bukkepca. B kadecTBe HMHIEHTOpa MPUMEHEHA YEThIpEXTpaHHAs alMa3zHas MHpaMuja.
Harpyska nHa unaeHtop Obuia BbiOpana 0,05kr, uToOBl AMaroHanb OTHEYaTKa ObLIa MEHBIIE
TOJIIIUHBl HCCIEIYeMOr0 TMOKPBITUS. Pe3ynbTaTel H3MepeHuss MUKPOTBEPAOCTH 00pa3LoB
MpUBEICHHI B Ta0wie 1.

W3 pe3ynpTaToB, NMpUBENEHHBIX B Tabi. 1 BUAHO, YTO YK€ HAaHECEHHWE HHUIPUAA TUTAHA
3HAYUTEIBHO, MOYTH Ha IMOPAIOK, YBEIUYMBAECT TBEPAOCTh MOBEPXHOCTH OOpasLOB, & TBEPAOCTbH
nokpbITus (Ti+Cu)N emé€ 6ompire, moutu Ha 20%.

Tabmuma 1. MukpoTBepa0CTh 00pa3IoB M MaTepraa MoIJI0KKH.

Ne OGpasen HVo.05
1 TiN 2100
2 [(THCuN 2500
3 Cranp 12X18HI0T 240

UcneiTanus Ha TPECHUC U U3HOC NPOBOJWIMCH Ha npnﬁope, HU3TOTOBJICHHOM COTpPYAHUKaMU
HAyYHO-UCCIIeIOBATeNIbCKOro HeHTpa «/OHHO-HJTa3MEHHBIX TEXHOJIOTMH U COBPEMEHHOTO
npubopoctpoeHus» KaparaHamHCKOro ToOCyIapcTBEHHOTO YHHBEPCUTETa, (OTO KOTOPOTO
MIPUBEACHO Ha puC. 1.

Pucynok 1. ®oTo BHENIHETO BUIa yCTPOUCTBA IO ONPEIEICHUIO H3HOCOCTOMKOCTH

Cranphoii map (ctans mapku 11IX15) Becom 262 rpamma u nuamerpoM 40 MM, Bpamaics c
IOCTOSIHHOM CKOpOCThI0. Heckoabko HMKE LEHTpa TSHKECTH BPALIAIOIIErocs Iiapa pacrojaraics
UCCleyeMblii o0paser, KOToporo kacajics map. YToObl HCKIIOYHUTH MPOTHPAHHE TMOKPBITUS 0
MOJJIOKKHA, BpEeMs KOHTAKTa B OJHOM TOYKE OBUIO JKCIIEPUMEHTaIbHO momoOpano 120 c, a
KOJINYECTBO TOueK — 25. B3pemmBanue o0Opas3loB (10 M IMOCIE MCIBITAaHUM) MPOBOIWIOCH HA
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anekTpoHHBIX Becax RADWAG AS 60/220.R2, mo3BoJstommx MTPOU3BOAUTH B3BEIIMBAHUE C
TOYHOCTHIO A0 10 Mkr. [TpuHSIB yObUTE Macchl Ha 0Opasie ¢ nmokpeitueM TiN (160 MKr) 3a equHUILY
HU3HOCOCTOMKOCTH, M3HOCOCTOUKOCTH MOKPBITUS (Ti+Cu)N (yObuth 90 MKT) MOXKHO CUMTATh PAaBHOM
- 1,78.

Takum o0Opa3oMm, W3 MPUBEICHHBIX PE3YNIbTATOB CIEAYET, YTO MHUKPOTBEPIOCTb MOKPHITUS
HUTpUAA TUTaHa Bo3pocina Ha 20% c nobOaBieHHEM Menu, a M3HOCOCTOMKOCTh YBEIWYHIIACh Ha
78%, 4TO MOXET OBITh OOBICHEHO MEHBIIUM KOAPPUIUEHTOM TPEHHUS MTOCIEAHETO.

Paboma evinonnena npu ¢punarncosoii noodepsicke MOH PK. I panmut Ne 0118PK000063 u Ne
0.0781
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Change in structure and physical properties of porcelain ceramics at various firing
temperatures

Electrical products based on high-voltage porcelain ceramics (HVPC) are widely used for the
transmission and safe exploitation of electrical energy. In this regard, certain requirements for
mechanical and electrical insulating properties are introduced to HVPC electrical products, which
must satisfy the values established by GOSTs [1-2]. It can be seen from the data [3-5] that, during
the formation of the structural phase components of the HVPC, there are serious discrepancies in
the understanding of the phase and microstructural evolution of the HVPC, which are caused by a
number of external technological factors, as well as the multicomponent nature of the initial raw
material of the ceramic composition. Along with this, in the production of electrical ceramics, much
attention is _paid to.lewering the firing temperature of porcelain ceramics. It is known that the
properties ‘of porcelain depend on a number of parameters, but one of the final properties of the
HVPC determining is the formation of a sufficient amount of crystalline mullite during firing.
According to [7], the porcelain firing temperature should be sufficient for the development of
mullite erystal formation processes in the system of clay-non-plastic fluxes. Thus, the firing
temperature of porcelain ceramics should not be lower than the temperature of 1150-1200°C at
which the processes of mullite formation in HVPC are completed.

The aim of this work is to study the change in the structure and properties of porcelain
ceramics at various firing temperatures.

Practical part

Ceramic mass of HVPC is prepared from four different components: kaolin, porcelain stone,
clay and feldspar. Previously, each raw material individually was subjected to fine grinding in a ball
mill. After grinding, all four components of the raw material were weighed in a certain proportion
by weight from which a ceramic mixture (mass) was prepared for further joint wet grinding. The
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