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ABPA3ZNBOBMICHI CKJIOKOMITIO3UTMU SIK 3B’ A3YIOUYI
JJIsA BUTOTOBJIEHHSA IHCTPYMEHTY

Bcmanoeneno  3axonomiprocmi 363Ky isuxo-xiMiuHux i QizuKo-MexamiuHux 61acmueocmen
abpazuBoBMIiCHUX KOMNO3UMIB IHCIPYMEHMAIbHO20 NPUSHAYEHHS HA OCHOBI CKIOYMEOPIOYUX CUCHEM 3
OJucnepchumu  myeonnaskumu  Hanoguiosavamu  AlOz, TiOz,  ZrO, 3 ioco  excnayamayiiHumu
XapaxmepucmuKamu 3a1ex4cHo 8i0 8Udy HANOBHIO8AYA.
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PA3JJEJI 3. PABPAFOTKA U BHEJJPEHUE OBFOPY][OBAHUA U UHCTPYMEHTA, OCHAILLJEHHOI'O
TBEPJIPIMU CIIVIABAMMU, B PA3JIMYHBIX OTPACJIAX IIPOMBILI/IEHHOCTH

Knwwuosi cnosa: cxno, myeonnagki oxcuou, ougysis, abpasuo6MicHi KOMRO3UMU, MIYyHICMb
ympumanns 3epen HTM.

Beryn

VY 3B’43Ky 31 3pOCTalOUUM IOMUTOM PI3HUX Tally3eil MPOMHCIIOBOCTI, 30KpeMa MaIIMHO-,
npuiIaio0yaiBHOT, aBTO- Ta JITAaKOOYAyBaHHS, B IHCTpyMEHTax 3 HaATBepAux matepianis (HTM) —
anmasy ta Kyoiunoro HiTpuny 6opy (KHB, cBN) Ha kepamiunux 3B’s3kax 1151 00pOOJICHHS] HOBITHIX
MaTepianiB Habupae aKTyaJdbHOCTI NMUTAHHA CTBOPEHHS HOBHMX KJIAaCiB IHCTPYMEHTIB 3 HOBHUMH
KOHCTPYKUIMHUMHU  pilleHHAMU. PizanbHuii 1map Takoro 1HCTPYMEHTY CKJIAJaeTbes 3
abpa3sMBOBMICHOT'O CKJIOKOMITO3UIIIIiHOTO Matepiany. OCHOBHE 3aBIaHHS IpPU PO3POOJIEHHI TaKUX
KOMITO3UTIB — MII[HE 3aKpiIUIEHHS 3epeH a0pa3uBy B MaTpulli, CTBOPEHHS yMOB (Di3UYHOTO Ta
XIMIYHOT'O TO€HAHHS KOMIIOHEHTIB 3 METOI0 30€peKEeHHs 1HIUBIAyaIbHUX BIACTUBOCTEH abpa3uBy
Ta HaIIOBHIOBAYiB B YMOBaX BUTOTOBJICHHS Ta €KCIUTyaTallii iHcTpyMeHTiB [1].

OCHOBOIO OUIBIIOCTI KEpaMIYHMX 3B’A3YIOUHMX € CKJIO PI3HOrO XiMiuHOro ckiamy. Bifg
BJIACTUBOCTEHN IIHOTO CKJIa 3HAYHOIO MIPOIO 3aJie)KaTh BIACTHUBOCTI Ta Mpale3/1aTHICTh a0pa3uBHUX
iHcTpy™meHTiB. [HcTpymenTn 3 KHB Ha CKIOKpHCTamiuHUX 3B’SI3yIOUYMX BHACTIIOK KOMILIEKCY
BJIACTUBOCTEN (BUCOKOI 3HOCOCTIMKOCTI, MaJloTO KOE(IIIEHTY TEepPTsS, BUCOKOI TEIJIOCTIHKOCTI)
NPUIATHI Ui BUKOPUCTaHHA MU 0OpOOJICHHI 3arapToBaHMX CTajel 1 3ai30BYIJICIIEBUX CILIABIB,
rpyooMy, 4nucToBOMYy Ta (iHImTHOMY muTihyBaHHI HEMETAJEBUX MaTepialiB, cynepdiHinryBaHHI
AeTajgel MiJIIMIHUKIB 13 3a0e3MedYeHHs M BHCOKOT MNPOMYKTHUBHOCTI NLTipyBaHHS Ta SIKOCTI
00poOJICHHS.

PesyabTaTi 10CHiIZKeHHS Ta IX 00rOBOpEeHHS

BuipnricTe OCHOBHHMX TEXHOJIOTIYHMX BHIIB CKJIa OaraToOKOMIIOHEHTHI. JIK 00’eKkTH
JOCIIIKSHHS B3sLJIH JIeTKOIUIaBKe ckiio B cuctemax NaO—CaO-TiO2-B203-Si02 1 PbO-ZnO-B,03—
SiO». Ilpu BBenenni 10 ckia cucteMu PbO-ZnO-B203-Si0», 1110 KpUCTATI3y€eThCs, CKIIa CUCTEMU
Na,0O—CaO-Ti0,-B203-Si02, 1110 He KPUCTANI3Y€EThCS, MK KPUCTATI3allii ePIIOro 3CyBa€ThCs B 01K
HIDKYMX 3HA4€Hb TEMIIEpaTypu BHACHIJOK PO3YMHEHHs 1 Au(y3il JIErKOIJIaBKUX KOMIIOHEHTIB
(KaTioOHM JTY)KHHUX METaJliB) IPYroro CKJa, SIKi CTAIOTh LEHTPaMH HyKJealii — yTBOPEHHS 3apOJIKiB
kpuctaiizanii. OcTaHHi MPH MOJATBIIOMY ITiIBUIICHH] TEMIIEPAaTypH YTBOPIOIOTh HOBY KPUCTATIYHY
¢azy — mapcenit (PbZnSiOa) [2].

Taki crexsia mpu TeMIeparypl HUK4e TeMIIEpaTypH po3M’ sIKILIEHHS Iepe0yBatoTh y «TBEPAOMY»
CTaHi i3 3aMOPOKEHOIO CTPYKTYPOIO, a MOOIH3Y TEMIEPaTypy PO3M SKIIEHHS — Y CTaHi «PiBHOBATH».
Bimomo, mo GuIbIIicTh (hi3MKO-MEXaHIYHMX BJIACTHMBOCTEH CTEKOJI 3MIHIOIOTHCS CTPHUOKOIOIIOHO TpH
MIepeXO/i BiJ] «TBEPIOTO» CTaHy JI0 CTaHy «PIBHOBArm». Y CyMilIax JBOX a0 KUTBKOX PO3M’ SIKIICHHUX
CTEKOJI BiI0OYBalOThcs AU(]y3iiiHI MOTOKU 10HIB, CIIPSIMOBAHI BiJ Mik(]a3HOI rpaHMIIl BIIIUO YaCTUHOK
cwia [3]. Hudyzis € (i3HKO-XIMIYHOIO BIACTUBICTIO CKJIA, PETYIIOBAHHS SKOI YMOJIIMBIIIOE
perymoBaHHs (Pi3UKO-MEXaHIYHUX BIACTUBOCTEH IHCTPYMEHTAILHUX KOMIIO3UTIB.

VY pe3ynbTaTi Mo€eHAHHS CYMIII CTEKOJI Y Pi3HUX 0araTOKOMIIOHEHTHUX OKCHUJTHUX CHUCTEMax
OJICPXKYIOTh 3B SI3KH 3a TEMIIEpATypH HUXKYE TeMIEepaTypHy 3B’ A3yI0UOro, A0 CKJIaay sIKOTO BXOJIUTh
CKJIO OJnHI€i cuctemu. lle cmpusie cyTTeBOMy NIJABUIIEHHIO €HEPro30epekeHHs 1 BOJHOYAC
MOJIMIIEHHIO (DI3UKO-MEXaHIYHUX BIIACTUBOCTEH (3HOCO-, TEIIOCTIMKOCTI, YTPUMaHHS 3€peH)
BHACIIIJIOK BUKOPUCTAHHS CKJIOOCHOBHU PI3HOTO XIMIYHOTO CKJIAY.

HInidysansHi kpyru 3 cBN Ha kepaMiuHiii 38’5311 Hpu 0OpoOJIEHHI CcTail Pi3HUX Mapok
MaroTh NEBHI MlepeBaru MOPIBHAHO 3 KpyraMHu Ha MeTaJIeBiil Ta mojiMepHii 3B’s3kax. BoHu serko
NpPaBIATHCS, € MOMJIMBICTh PEryJIOBaHHSA KIJIBKOCTI MOP Ta 3HOCOCTIMKOCTI. 3a OJHAKOBOI
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MPOAYKTHUBHOCTI CHJIa Pi3aHHA TaKUX KpPYyriB 3HA4HO HWxk4a. [Ipu nutigyBaHHI TakMMU Kpyramu
MOBEPXHS, SIKY HUTI(PYIOTh, HATPIBA€THCS MEHILIOIO MIpPOIO.

[Ipy BUTOTOBIEHI 3B’A3YIOYOTO JOLJIBHO BUKOPUCTOBYBATH JIETKOIUIABKE CBUHIICBOILMHKOBE
CKJIO Pa30M 31 CKJIOM OJIHI€] 13 CHJIIKAaTHUX CHUCTEM Ha OCHOBI OKCH[IB JYKHUX a00 JTy>KHO3EMEIbHUX
metaniB. OKCHAHI CTEeKIa 100pe 3MOYYIOTh OJHE OJHOIO 3a TEMIIEpaTypHu BHILE TEMIIEPATypH iX
Tpancopmariii. Y Takux CKIOYTBOPIOIOYMX CHCTEMaX IHTEHCHMBHO PO3BHBAIOTHCS MPOIECH
B3aEMOIIPOHUKHEHHSI 10HIB, PETYJIOI0YM SIKi IUITXOM BHUKOPHCTaHHS 0araTOKOMIOHEHTHHX CTEKOJ
pI3HOTO CKJIaay Ta TEeMIepaTypHO-YaCOBUX PEXHMIB iX TEepMOOOPOOJICHHS YMOXIUBIIOETHCS
TOJIMIIEHHS (Pi3UKO-MEXaHIYHHUX BIACTUBOCTEH 3B SI3yIOUOTO.

Ha mpukmami ckma cuctemu PbO-ZnO-B03-SiOz, mo kpucramisyeTbcs HaHIMOBHIIIIE,
JI0BEJICHO TO3UTUBHUM BIUTUB KPHCTaTi3allil Ha yTpUMaHHs 3epeH aOpa3uBiB. BcTaHOBIEHO XiMIUYHHHA
XapakTep B3aeMO/Iii ckia 3 ammazoM Ta ¢cBN. 3a BUCOKOI TemMmnepaTypu MOKIMBA B3a€EMOJIiS aliMasy
ta cBN 31 ckiioM 3a peakuisMu

PbO + C — Pb + CO,
PbO + BN — Pb + B2O3 + N>

Y pa3i cniuibHOTO TEepMOOOpOOJIeHHs ckia 3 anMa3amu abo c¢BN 3a pesymbratamu
1H(ppayepBOHOT CHEKTPOCKOIIT OyJI0 BCTAHOBIIEHO, 110 ToynHaouu 3 Temnepatypu 800 °C po3muias
CKJIa Ta ajiMa3 B3a€MOJII0Th. J[J1s1 KyOOHITY Taka B3aemMojiis ounHaeThes 3 temrepatypu 500 °C.
[Ipote 3a TemrepaTypu GOpMyBaHHS CKI0A0Pa3UBHUX KOMITO3UTIB HA OCHOBI JOCTIIKEHUX CTEKOJ
Taka B3a€EMOJis He3HauHAa. BHACHIOK IIbOTO MIIHICTh YTPUMAaHHS 3epeH anmaszy ta cBN moBoui
Bucoka. Ckio cucremu PbO-Zn0O-B,03-SiO2 31aTHe yrprimyBaTH anmMa3s Ta cBN, ajie pi3Ho Mipoio
(muB. TaOIUIIIO).

Yrpumanusa HTM y ckui
Cxiio Temnepartypa, °C Yrpumanns, Mlla

Amnmas cBN

450 7,36 9,92

480 8,55 12,08

PbO-Zn0O-B,03-Si0O; 510 12,49 18,03
550 48,40 72,26

630 41,87 64,86

MinHicTh arperariB 3aJ€KUTh BiJl CIIBBIAHOIIEHHS MIITHOCTI KpucTaniynoi (mopomku HTM)
1 crosrydHoi (cki10) (a3, a TakoK MIIHOCTI 1X 3’€IHaHHA B €JJMHE TBEpAE TULIO (aaresii Ha TpaHMII
koHTakTy HTM — ckiio). 3ajiexHO BiJi yMOB POOOTH IHCTPYMEHTY B HBOMY BHUKOPHCTOBYIOTH
noponku anmasy abo cBN 13 3ajaHUMU BJIACTUBOCTSMH, 1110 3a0€3MeUyI0Th €(heKTUBHE 00pOOICHHS
MaTtepiaiy, To6to BiractuBocti HTM He MO)kHA 3MIHIOBaTH JJIsl PETYJIIOBAaHHS MIIHOCTI arperaris.
OpmHuM 31 crIoco01B MiIBUIIICHHS MEXaHIYHOT MIITHOCTI CKJIOMOAIOHMX MaTepialliB € BBEJCHHS B HUX
y BUIJIAJ1 HANOBHIOBAYiB TYTOIUIABKUX JAMCIIEPCHUX YaCTHHOK, $IKI TajdbMYIOTh YTBOPEHHS 1
3011bIIEHHS MIKpOTpiluH. HalinepcrekTHBHIILI HANOBHIOBAYi, IO JAlOTh MO3UTHBHUN €QEKT y
MOEHAHHI 3 PO3IUIaBaMU CTEKOJI, — TyrormiaBki okcunu (Hanpukinan, AloOsz, TiOz, ZrOy), sxi He
YTBOPIOIOTH CTEKOJI, ajieé IIPU PO3UYMHEHHI Yy CTEeKJIaX HE MOCJIa0IIOI0Th, @ 3MILHIOIOTH CKIONOIIOHY
CITKY 1 BIITOBIHO MIJBUIIYIOTH (P13MKO-MEXaHIYHI BIACTUBOCTI CUCTEMU 3arajioM.

Buxopucranss cymimii crekon cuctem NaO—CaO-TiO2—B203-SiO2 i PbO-Zn0-B,03-SiO>
3 TUCTIEPCHUMH TYroluTaBKUMU HaroBHIOBauamMu Al2O3, TiO2, ZrO; cTaHOBUTP He JIUIIE HAYKOBU,
a ¥ IpaKTUYHUH 1HTEpec, M03asK Y pe3yJibTaTi MO>KHA OTPUMAaTH HOBHM MaTepiai 3 BIACTUBOCTSIMH,
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BIJIMIHHUMHU BIJ] BJIACTHBOCTEM SK BUXIJIHMX CTEKOJ, TaK 1 CKJIOMaTepially, BUTOTOBJICHOTO 3
BUXIIHNX KOMIIOHEHTIB.

AOpa3rBOBMICHI KOMIIO3UTH  IHCTPYMEHTAJbHOTO  NpPHU3HAYEHHS  HAa  OCHOBI
CBUHIIEBOIIMHKOOPOCUIIIKATHOIO Ta HATPIMTUTAHOOOPOCHIIIKATHOIO CTEKOJ 3 JUCHEPCHUMHU
tyromiaBkumu okcugamu AlxOs, TiO2, ZrO; mpumatHi a1 BUKOPUCTaHHS IPU BUTOTOBJICHHI
IHCTPYMEHTIB:

— Ha KepaMiuHi{ 3B 3111 11 00pOOJICHHS JISTOBAHUX Ta 3arapTOBaHUX BAXKKOOOPOOITFOBAHUX
CTajeil 1 3ali30BYITIENEBHX CIUIABIB Ha OIMEpalisiX BHYTPIIIHBOTO, IUIOCKOTO Ta BPi3HOTO
nutiyBaHHS, 3aTOYYBaHHS TBEpIOrO CIUIABY Pa3oM 31 CTaUIIO, CyNepQiHIIIHOro oOpoOieHHS
AeTajel MmiAMIITHAKIB, TPyOOTro, YUCTOBOTO 1 TOHKOTO IUTI(yBaHHA HEMETAJICBUX MaTepiaiBs;

— Ha TMOJNIMEpHiM 3B's3ui Ansd nutihyBaHHA IUBUAKOpi3aibHOI ctanmi POMS, neroBanux
3aJ1130BYIJIEIIEBUX CIUIaBIB 1 4aByHIB Kpyramu 31 nutignopomkiB ¢BN 31 ckionokpurramu 6e3
OXOJIO/PKEHHS Ta 3 OXOJIOIKEHHSIM.

[Tpu B3aeMoii CKIIOYTBOPIOIOYMX CUCTEM Ha OCHOB1 CBUHIIEBOITMTHKOBOT'O Ta OOPOCHITIKATHOTO
CTEKOJI 3 PI3HOIO TEMIIEPaTypOro TpaHC(hOpMaLii Ta IHITMX KOMIIOHEHTIB 3B’3yI0UOTI0 PEryIIOBaHHAM
CHIBBITHOIIIEHHS! KOMIIOHEHTIB y CTEeKJax 1 Audy3ii KaTIOHIB HA TPaHMIIl KOHTAKTy CTEKOJ MO>KHA
CYTTEBO TOCHJIMTU YTPHUMaHHS 3€peH Y
Matepiajii KpyriB 1 BIAMOBIIHO y 2,5 pa3a
800 - /\ MIBUIIATHA IX 3HOCOCTIHKICTB, a TaKOX

-2

900

Ha 200-250 °C 3HU3UTH TeMIiepaTypy ixX
700 - BUTOTOBJICHHSI, L0 JY>K€ BaXJIHUBO IS
16 i / il ‘ \ 3HIDKEHHSI €HEPrOMICTKOCTI TEPMIYHOTO
obpobnennsa. lle 3abe3medye  HOBI

500 | \ BJIACTUBOCTI IHCTpYMEHTA,
- BUTOTOBJICHOTO HAa TAKOMY 3B’ SI3yIOUOMY.

400 |- \A Pesynbratu JTOCITiJDKCHHS
ol _,,.———- ;\ MOKa3aJd, 10 BHACIIIOK 3aCTOCYBaHHS
I N\t CTEKOJI PI3HOr0 XIMIYHOTO CKJIanay Y
200 TR S S S S 3B’SI3yI0UOMY a0pa3MBHOTO IHCTPYMEHTA
o0 sHe e ene 800 1o MILIHICTh #Ooro po0ouoro mapy Mpu

Puc. 1. 3 .. ) ) "~ 3aCTOCYBaHHI CyMIIlll CTEKOJ CHCTEM
uc. 1. 3anejicnocmi miynocmi azpeeamie 3 nNOPOUIKi6 N30 CaO-TiO»-B,05-Si0, i PbO—

kyoouimy KP 125/100 ma 36’a3youoeo i3 émicmom y Zn0-B,0+--SiO» & 1.5 pasa a. i
020 cknaodi: 1 — cxkna cucmemu PbO—Zn0-B,03-Si0Oy; pH ; a 03T o cyBZaI-]IsHi ’ EHCT;I/(I)HI ’CII{(J;I;
2 — cymiwi cmekon cucmem NaO—CaO-TiO2—B203— : .
. . cucremu PbO-ZnO-B;03-SiO i
SiO2 i PhO-ZnO-B,03-SiO2; 3 — 3azunauenoi cymiwi Jeren 23 2 (ipus
CMeKo 3 00OMIWKOI MY20niaeKko2o okcudy ZrQ»

MiyHicTb abpa3susHoro wapy, Hx10

Temnepatypa, °C

BiIMOBiIHO 2, 1 Ha puc. 1). 3 BBeeHHAM
JOMIIIIKH TyroriaBkoro okcuay ZrOz 20
% 00. 10 3a3HaveHoi cymimn cTekod (kpuBa 3 Ha puc. 1) momatkoBo B 1,5 pasa miBHUILYEThCS
MIIHICTh a0pa3uBHOTO I1apy 13 BMicToM cBN.

Jlnis anmMasHUX KpYTiB HaBEAEHI 3aJIeKHOCTI 3aJIMIIAIOThCS TaKMMU caMuMH, sK i cBN,
IIPOTE MIHICTh arperaTiB abpa3uBHOIO MIapy AEII0 HUXKYA.

MakcumanpHa MIIHICT arperariB aOpa3sMBHOIO IIapy 3 MOPOIIKOM ajMasy MapKu
AC6 125/100 ta xybonity mapku KP 125/100 nocsiraetscs npu BBeaeHHi 20 % 006. AOMILIKK
TyromiaBkoro okcuny ZrOz (puc. 2, a), TiO2 (puc. 2, 6), Al.Oz (puc. 2, g) mpu TemrepaTypi CriikaHHsI
550 °C.
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810 ix emicmy 6 cymiwi 3a3Ha4enux cmeko npu memnepamypi cnixauns 550 °C
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PA3JJEJI 3. PABPAFOTKA U BHEJJPEHUE OBFOPY][OBAHUA U UHCTPYMEHTA, OCHAILLJEHHOI'O
TBEPJIPIMU CIIVIABAMMU, B PA3JIMYHBIX OTPACJIAX IIPOMBILI/IEHHOCTH

Sk BUIIMBAE 3 JaHUX pUC. 3, @, 13 BBEJCHHSIM TYTOIUIABKOro okcuay ZrOz MiJBUITYETHCS
MIIHICTh arperariB abpa3uBHOro IIapy, chopMoBaHux mpu temmeparypi 550 °C i3 cymimi CTeKo
cucreM Na,0O-CaO-TiO2—B203-Si02 i PbO-ZnO-B;03-SiO> Ta noporkis kydoonity KP 125/100,
MOPIBHSHO 3 IOMIIIKaMHU JI0 1€l cyminli cTekon TyromiaBkux okcuaiB TiO2 ta AlOz B 1,3-1,5 paza.
Boanowac, MinHicTh arperatiB abpa3uBHOro Iapy uuridyBanbHUX KpyriB 3 aomimkor TiO:
HE3HAYHOI0 MipOI0 BUIIA, HiXk 3 ToMimikoro Al2Os.

Hns mopomkiB anmmazy AC6 125/100 3axkonomipHicTs iHImEA (puc. 3, 6). MakcumanbHa
MIIHICTh arperaTiB adpa3uBHOTO Lapy, copMoBaHUX Mpu TemnepaTtypi 550 °C i3 cymimri crekos
cucreM Na0O-CaO-TiO2—B203-Si02 i PbO-ZnO-B>03-SiO, Ta mopomikiB aiMasy, JT0CSITaEThCS
IIpY BBEACHHI A0 cymimri crekon qomimku TiOz (kpuBa 2 Ha puc. 3). Arperatu abpa3uBHOTO LIapy 3
nomimikoro ZrO; (kpuBa 3 Ha puc. 3) MEHIIIOI0 MipOFO MilfHi, a MIITHICTh arperaTiB 3 fomimkoro Al2O3
(xpuBa 1 Ha puc. 3) — B 1,3 pa3a meHma, HixX 3 gomimkoro TiOz.

[Ipu TemnepaTypi (hopMyBaHHS arperari 31 CKJIIOBMICHOTO 3B’S3yI0YOTO Ta IMOPOIIKIB KyOOHITY
KP 125/100, o crarnoButh 650 °C, 3akoHOMIpHOCTI iH1I1, Hixk Tipu Temneparypi 550 °C (puc. 4).
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Puc. 4. 3anesxcnocmi miynocmi acpeeamis 3 nopowkis xyoonimy KP 125/100 (a) i armazy AC6
125/100 (6) ma 38 azyrouoeo 3 emicmom y oco cxkaadi cymiwi cmexon cucmem Na20—-CaO-TiO—
B203-Si02 i PbO-Zn0O-B,03-Si02 3 domiwkamu myzoniasxux oxcuoie Al.Oz (1), ZrO2 (2), TiO2 (3)
810 ix emicmy 6 cymiwii 3a3HaveHux cmekon npu memnepamypi cnikannsa 650 °C

HaiiBumioi mirtHOCTI copmoBaHi i3 cymimi crekon cucteM Na,O-CaO-TiO2-B203-SiO2 i
PbO-Zn0O-B>03-SiO2 ta mopomkiB kyoonity KP 125/100 arperatu mocsraroTh MpH BBEJICHHI 10
cymimi crekoit 20 % 06. nominku TyromiaBkoro okeuay TiO2 (kpuBa 3 Ha puc. 4, a). 31 3SMEHIIEHHAM
BMicTy Ti02 y cymimi crekon 10 10—15 % 00. MinHICTh a0pa3suBHOTO IIapy €U0 HIKYA, HIK IpU
BMicTi 20 % 006. [Tpu 36inbmenHi BMicTy aominiku TiO2 moHan 20 % 00. MIIIHICTh TAKUX arperaTiB
PI3KO 3HUIKYETHCS.

MinnicTh arperaTtis 3 gomimikoro ZrO; (kpuBa 2 Ha puc. 4, a) HUXKYA, HIXK 3 gomimikor Ti02
B 1,3 pasa. Kpim Toro, MinHicTh arperaris 3a BmicTy nomimku ZrOz 10, 15 ta 20 % 00. ogHakoBa.
[Tpu 36inbpmenHi BMicty nomimku ZrOz monan 20 % 00. MIIHICTh arperartiB pi3Ko 3HHKY€ETHCS.

Minnicts arperatis 3 gominikoro Al,O3 (kpuBa 1 Ha puc. 4, a) HrKYa, HiX 3 gomitkoro TiO2
B 1,6 paza. 3a Bmicty 15-30 % 06. Al2O3 3anexHicTh MIITHOCTI arperaTiB BiJl BMICTY AOMIIIKH Ma€e
MPSIMOTIHIHHUHT XapaKTep.

Jns mopomkiB anmazy AC6 125/100 3ayexHOCTI MIIIHOCTI arperaTiB 31 CKJIOBMICHOTO
3B’A3YI0YOT0 3 JOMIIIKAMH TYrOIUIABKMX OKCHIIB Bix iX BMmicTy (puc. 4, 6) mpu Temrmeparypi
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Bwinyck 20. [IOPOHOPA3PYIIAIOLUIMY U METAJIOOBPABATBIBAIOIIIMH HHCTPYMEHT — TEXHHUKA
U TEXHOJIOI'UA ET'O U3I'OTOBJIEHHUA U IIPUMEHEHUA

dopmyBanns 650 °C Taxi cami, sk ans nopouikiB kyooHity KP 125/100; npu mipoMy iX MIIHICTD B
1,5 pa3a Hmx4a.

Taxuii xapakTep MOBEIIHKH JOMIIIOK TYrOIJIABKUX OKCHIIB 3yMOBJICHHN BIAMIHHICTIO MPH
B3a€MOJIT 31 CKI0(]a3010 CyMilll CTEKOJ, 10 SIKUX iX BHOCATH. Y CyMilll 1BOX a00 OijbIlIe CTEKOI
BUHHUKAIOTh AW(Y3iiiHI MOTOKM BiJ I'paHuli po3moaury (a3 Briaud yacTuHOK ckia. BomHowac y
MPOTHJICKHOMY HAIpsiMi — JI0 TPAHUIll KOHTAKTY PI3HUX CTEKOJI — MEPEMIIIYIOThCSI MIKPOITYCTOTH.
BinnosigHo po3unneHHs TyromiaBkux okcuaiB AloOs, TiO2, ZrOy, siki BBeeHI 0 CyMillli CTEKOJ 5K
HaITOBHIOBAYi, BUBHAYATUMEThCS TU(Y31€I0 MTPOITYKTIB BiJ MOBEPXHI po3noainy das.

PerymoBannsam audysii 6araTokommnoHeHTHUX cTekou y cucremax Na,O—CaO-TiO2—B20s—
SiO2 i PbO-ZnO-B,03-SiO; MokHA peryarOBaTH TaKOX BIACTHBOCTI aOpa3sWBHOrO IHApy
IHCTpYMEHTY (HanpuKiaa, MilHICTh, yTpuMaHHs 3epeH HTM y 3B’s13yrouoMy, 3HOCOCTIHKICTB).

V pe3ynbTati AOCIHiIKEHHS BU3HAYEHO ONTHMAIBHUH CKIIa/ 3B’ A3yI0UOT0 aOpa3suBHOTO IIapy
IHCTPYMEHTY Ta PEXUMHU HOT'O BUTOTOBJICHHS.

JIns BCTAQHOBJEHHS BIUIMBY TEXHOJOTIUYHHMX IapaMeTpiB (OpPMYyBaHHS CKIOBMICHOTO
3B’s3ytouoro HTM Ha ekcriyaTamiifHi XapakTepUCTHKH 1HCTPYMEHTY, 1€ HOro 3acTOCOBaHO,
BHUT'OTOBJICHO 1ITi(hyBanbH1 Kpyru popmoro 12A2-45° 125x5x3x32 3 mopomkom KyOoHiTy Mmapku KP
125/100 mpu 100%-it xoHIEHTpawii MmopomKy B aOpasuBHOMY Iapi, IO BUIPOOOBaHI NpU
nuridpyBaHHI MIBUAKOPI3abHOI cTani POMS.

Pesynpratn BUTIpOOYBaHHS KpyriB [4] MOKa3ayid, MmO i3 3aCTOCYBAaHHSM CKJIOBMiCHOTO
3B’A3yI040r0 Ha OCHOBI cymimi crekon cucteM Na,O-CaO-TiO2-B203:-SiO2 i PbO-Zn0O-B,03—
Si0O2 3 BHECEHHSM 10 iX CKJIay AOMIIIOK TyrormiaBkux okcuiB ZrOz, TiO2, Al2O3 npu BUTOTOBIIEHH]
i yBadbHOTO IHCTPYMEHTY B OUIBIIOCTI BUMAJAKIB MiABUILYETHCS 3HOCOCTIMKICTh IHCTPYMEHTY
MOPIBHSAHO 31 IUTIQYBaJIBHUM KPYroM Ha KepaMidyHOMY 3B’s3yl04OMYy 0€3 3aCTOCYBaHHS B HOTO
CKJIaJIi CKJIa, a TAKOXK 3HMKYETHCS €PEeKTUBHA MOTYKHICTh HITI(YBaHHS, [0 TTO3UTHBHO BIUINBA€E HA
HOro eHeproMiCTKICTb.

3 MeTOI0 MiJBUIIEHHS NPOAYKTUBHOCTI LUTIQYyBaHHA OOLIJIBHO 3aCTOCOBYBAaTH KpPYTu 3
BHECEHHsIM J10 cyMmimi crekon cucteM NaxO—-CaO-TiO2-B203-SiO2 i PbO-Zn0-B203-SiO2 20 %
06. pomimku TiOz, mpo 1o cBiguaTh HaliMeHmi BUTpaT cBN mpu 0O6poOieHH1 mBUAKOPi3aIbHOT
ctaimi POMS. Orxke, 13 BHeceHHsIM 20 % 00. gomimku TiO2 Sk 101aTKOBOTO KOMIIOHEHTA JI0 CyMIIITi
CTEKOJ, IO MICTAThCS Y 3B’sI3ylouoMy aOpa3suBHOrO Inapy HuTiQyBaibHHUX KpyTiB, y 2,5 pasa
IT1IBUIYETHCS] 3HOCOCTINKICTh IHCTPYMEHTY.

Jlns 3a6e3neueHHss HU3bKO1 HIOPCTKOCTI 00p0o0JIeHOi OBEPXHI 32 BUCOKOI MPOAYKTHBHOCTI
nutiyBaHHS JOMIIFHO BHOCUTH 10 cyminri ctekon 10-20 % 06. momimku Al,Os.

BucHoBKkH

BcranoBieHO 3aKOHOMIPHOCTI 3B’ sA3KY (P13MKO-XIMIYHUX 1 (h13MKO-MEXaHIYHUX BIACTUBOCTEN
aOpa3MBOBMICHUX KOMIIO3UTIB 1HCTPYMEHTAJIBHOTO INPU3HAYEHHS HAa OCHOBI CKJIOYTBOPIOIOYHUX
CHUCTEM 3 JIMCHCPCHMMHU TyromiaBkumu HamoBHoBauamu AlO3, TiO2, ZrO 3  iioro
eKCIUTyaTalllfHUMU XapaKTepUCTUKAaMHU 3aJIeKHO BiJ BUAY HAIlOBHIOBada. [3 BBEJEHHAM 10
CKJIOKOMITO3UIIIITHOT O MaTepialy HAllOBHIOBAYiB TYrOIUIABKHX OKCHUIIB, SIKI HE YTBOPIOIOTh CKJIa, ajie
IIPU PO3YUHEHHI B HHOMY HE IMOCIA0JIIOI0Th, @ 3MIITHIOIOTH CKIIOMOIIOHY CITKY, (i3HMKO-MeXaHIdH1
BJIACTUBOCTI a0Pa3MBOBMICHUX KOMIIO3UTIB MiABUILYIOThCS BTpHUi. Lle 3a0e3neuye HOBI BIaCTUBOCTI
IHCTPYMEHTY, BUTOTOBJIEHOI'O HA OCHOBI TAKOTI'O CKIIOKOMIIO3UTY.

Po3pobneni KOMNO3uIiHI MaTepiajli Ha OCHOBI CyMIiIlli CTEKOJ 3 PI3HOI TEMIIEpaTyporo
tpanchopmaiiii B cucremax NaO-CaO-TiO2-B03-SiO2 i PbO-ZnO-B,03z-SiO; 3 aucnepcHuMu
tyromiaBkumu HaroBHioBadamu Al,Os, TiOz, ZrO; mmpoko 3acCTOCOBYIOTH SIK KepaMiuHi 3B’SI3KH
abpasuBHOTO 1HCTpYMEHTY 3 CBN Ipr BUCOKOIPOTYKTHBHOMY OOpOOJICHHI CTaJIeBUX BUPOOIB Pi3HOTO
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PA3JJEJI 3. PABPAFOTKA U BHEJJPEHUE OBFOPY][OBAHUA U UHCTPYMEHTA, OCHAILLJEHHOI'O
TBEPJIPIMU CIIVIABAMMU, B PA3JIMYHBIX OTPACJIAX IIPOMBILI/IEHHOCTH

(YHKIIIOHAJILHOTO TMPHU3HAYEHHS, a TaKoX $K CKIONOKpUTTA mutidrnopomkis HTM 3 Bucokumu
eKCIUTyaTalliiHUMH BJIACTUBOCTSMHU ISl BUTOTOBIICHHS IHCTPYMEHTIB Ha MOJTIMEPHIN 3B’ S3111.

Ycemanoenensr 3axoHomMepHOoCmU  C8A3U  PUIUKO-XUMUHECKUX U DUIUKO-MEXAHUYECKUX CBOUCME
abpasuecooepIucaumux KOMNOUMOE UHCMPYMEHMANbHOO HASHAYEHUs HA OCHO8E CMEKI000pa3youux
cucmem ¢ oucnepcuvimu myeonnaskumu nanoanumenimu AlOs, TiOz, ZrOz ¢ e2o skcnayamayuonnvimu
Xapaxmepucmuxkamu 8 3a8UcUMocmu Om GUod HANOIHUMEJA.

Kniwoueesvle cnosa: cmexno, myzonnaskue oxcuobvl, ougghysus, abpazuscooepaicaujue KOMROIUMDbI,
npournocms yoeposcanus sepern CTM.

ABRASIVE-CONTAINING GLASS MATERIALS AS BINDERS FOR TOOLS
The regularities of the connection of physico-chemical and physical-mechanical properties of
abrasive-containing tool composites on the basis of glass-forming systems with dispersed refractory fillers
Al>,O3, TiO,, ZrO, with its working characteristics depending on the type of filler are established.
Key words: glass, refractory oxides, diffusion, abrasive-containing composites, strength of SHM grain
holding.
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