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AHOTANIA

Ksacnuyvka K.I'. BHOCKOHANEHHS TEXHOJIOT1i BUTOTOBICHHS KEpamiuHUX
000J710HKOBHX (HOPM TSI OJIepKaHHS BIJIMBKIB JeTajieil ra30TypOIHHUX JBUTYHIB. —
Kgamidikamiitna HaykoBa mpaiis Ha IIpaBax PyKOIHUCY.

Hucepramisi Ha 3100yTTS HAyKOBOTO CTyMeHs 1IoKTopa (imocodii 3a
cuemianbHicTiO 136 Mertanypris (13 — Mexaniuna imkeHepis). — ®Di3uko-
TEXHOJOTTYHUHN 1HCTUTYT MeTaliB Ta criaBiB HAH Ykpainu, Kuis, 2025.

Jlucepralliss  IpUCBSYEHA  PO3POOJICHHIO  TEXHOJOTIYHMX  IIPOIIECIB
BUTOTOBJICHHA KepaMIYHMX OOOJIOHKOBUX (OpPM 3a pa30oBUMHU MOJEISAMH, IO
OJIeprKaHi 3a JomoMoroto 3D-apyKy, s TUTTA CKIaAHONPODUILHUX JIeTaICH.

BukonaHo aHali3 Cy4yacHHUX TEXHOJIOTIH JUTTS BUJIUBKIB 32 MOJEISAMH, IO
BUTOIUTIOIOTHCS, 13 KAPOMIIIHUX HIKEJIEBUX CIUIABIB JJIS JIOMATOK ra30TypOIHHHMX
nBUTYHIB. Ha OCHOBI OruIsily JliTepaTypHUX JKEPEIT Ta MOAAIBIIOT0 MOPIBHIIBHOTO
OIIHIOBAHHS BJIACTHBOCTEHM KepaMiYHUX MaTepiajiB 31IMCHEHO aHaji3 JOLIIBHOCTI
iX 3acTocyBaHHS [Js1 3a0€3MEeUEHHsS HEOOXIJHUX MIIHICHUX XapaKTepUCTUK
KepaMiuHUX 000JIOHKOBHX (HDOPM, MPU3HAUCHUX JJIS TIJIABKH JKaPOMIITHUX CILIABIB.

JlocmimKeHo CKJIaad KepaMiuyHUX CYCIEH31M 3 PI3HUMHM KOMIIOHEHTaMHU 1
3B’A3yBAILHUMHU  €lIEMEHTaMH. Y pe3yJbTaTi BUBYCHHS BJIACTUBOCTEH BOIHHX
CyCIeH31d 3 KepaMIYHUMHU HaIllOBHIOBAYaMu (EJIEKTPOKOPYH]I, KBapIil, JHUCTEH-
CUJIIMaHIT) BCTAHOBJICHO, 1[0 BOHU JJIS PIBHOMIPHOTO TIOKPUTTS MoOJieen
noTpeOyIOTh BBEIEHHS OUIBIIOI KUIBKOCTI BOTHETPUBKOTO HamoBHIOBaua. lle
MOB’S3aHO 3 THM, LI0 TAKOrO THUIY CyMillll MaiOTh OUIBIIY YMOBHY B’SI3KICTHh B
NOpiBHSAHHI 3 cycnen3isimu Ha eTwicuiikari (ETC). Boun nokaszanu 3a10BUIbHY
MOKPUBHY 3/IaTHICTh PI3HUX MOJIEIJICH, 3aB/ISIKN HAIBHOCTI CHEIliaTbHUX J00aBOK B
iX CKJaJi, B MOPIBHSIHHI 3 CYCHEH31IMH, K1 MICTATh KPEMHE30JIb.

BcraHoBieHo, 10 MIIHICTh HAa BUTHH KEpaMiK, OJEPKAHUX 3 BOIHUMU
3B’sI3yBaJbHUMU KOMIIOHEHTaMH, € Buloro Hixk 3 ETC. Marepiaim Ha OCHOBI
CJICKTPOKOPYHAY 1 BOJHUX 3B’SI3yBAJIBHUX KOMIIOHEHTIB MarOTh MIIHICTh B
cupoMmy cTaHi B 2,5-3,5 pa3u 1 B mpoxkapeHomy B 3,5-5,0 pasziB Bumty, Hix 3 ETC.

[Tpu 11bOMyY MIIIHICTH HA BUTHH K€paMiK 3 TUCTEH-CUIIMaHITOBUM HaIlIOBHIOBAYEM



1 3B’s13yBayiIbHUMU KoMmmnoHeHTaMu Remasol Premium Plus 1 xpemue3onem B
cupomy craHi ckiana 3,8-7,1 MIla i 5,1-8,1 MlIIa, BianoBigHO, 1110 B2 pa3u BUIIE
Hik y kepamiku 3 ETC. Ilicns nmposkaproBaHHs iX MIIHICTH 3pocia Ao 6,4-11,1
MlIIa 1 6,6-10,0 MIla.

BusznadeHo, 1110 Matepiail Ha OCHOBI €JIEKTPOKOPYHY, TUCTEH-CUIIIMAHITY
1 Remasol Premium Plus MaroTh MiItHiCTh Ha pO3pHUB B CHPOMY cTaHi Oibime 3,0
MlIla. le npubnu3HO B /1Ba pa3u MEPEBUIILYE MIIHICTh BIAMOBIIHUX KEpaMiK Ha
ETC. Ilicns mposkaproBaHHS 1X MIITHICTh 3pOCJia TAKOX B J[Ba Pa3H.

JIns  TMOsSCHEHHS MiABUINEHUX IMOKa3HWKIB  MIITHOCTI  Kepamik  3i
3B’SI3yBaJbHUMU KOMIIOHEHTaMH Ha BOJHIM OCHOBI OyJO0 BHUBYEHO MEXaHI3MHU
3’€lHAHHA 4acTOK BorHeTpuBy. [lin yac cCymIiHHSA KepaMidyHOi O0OOJOHKOBOT
dbopMHU 3 BOJHUMH 3B’SI3yBJIbHUMU KOMIIOHEHTaMHU BiOyBAa€ThCsl BUAAJICHHS
BOAM, 1 30JIb NEpexXoauTh y Teib. [lpu 1pomMy BIIOYBAa€ThCSI CKOPOUEHHS
BIJICTAaHEH MK YaCTUHKaMU Ta (pOopMyBaHHs 3B’ sI3KiB JaJIbHbOTO NOPAAKY. Takum
YIHOM KPEMHE3EM 3B’A3y€ YAaCTHHKHU HAITOBHIOBAYa, a MOTIM YTBOPIOE aMOphHUH
KPEMHE3EM.

VY pesynbTaTi AOCHII)KEHb BCTAHOBJIEHO BIAMIHHOCTI y Ta30MpPOHUKHOCTI
EKCIIEPUMEHTAJIbHUX KEPAMIYHUX MaTepiaiiB, sIKI CyTTEBO 3yMOBIIEHI (hOPMOIO,
po3MipaMH Ta XapaKTepOM YIMAaKOBKH C(HEPHUYHUX YACTHHOK BOTHETPUBKHUX
KOMITOHEHTIB. BCTaHOBIIEHO, 110 Ta30MPOHUKHICTh KEPAMIYHUX MaTepiaiiB Ha
OCHOBI E€TUJICWJIIKATHOTO 3B’S3YBaJIbHOTO KOMIIOHEHTa € Jy’K€ HHU3bKOIO, IO
3yMOBJIEHO iX MIUJIBHOK yHakoBKoro. HaTomicTh KOpPYHIOBI Marepiaiu,
BUTOTOBJIEHI 3 BHUKOPHUCTAHHSM BOJHHUX 3B’SI3yBaJIbHUX KOMIIOHEHTIB Ta
chepuunnx yactuHok AlO3z, mpoaeMOHCTPYBaiu Ta30MPOHUKHICTbD, sIKa BJBIYI
Buma. [1{omo kBap1oBoi kepaMiku 3 BOJHUMU 3B’ 3yBabHUMHU KOMIIOHEHTAMH,
TO 11 Ta30NMpOHUKHICTH Oyna B 1,8 Ta 1,4 pa3u BUIIO0, MOPIBHIHO 3 MaTepiajJaMu
Ha OCHOBI eTWiICHIIIKaTy. Marepiaiau, OTpuMaH1 3 IUCTEHCUIIIMAHITY Ta BOJHOTO
3B’SI3yBaJIbHOTO KOMIIOHEHTa, MaJld MOKa3HUKUA TMoHaa 10 oguHUIh, TOMI SK
aHaJIOTiyHAa KepaMmika Ha OCHOBI ETWJICHIIIKaTy — MeHiue 2 oauHuib. Lle
MOSICHIOETBCS THM, 1110 MPU MEPETBOPEHHI (-KBapIly B O-KPUCTAOOJIT Yepe3 o-

TPUAMAHIT  BIiIOYBA€ThC  CyTTEBA  CTPYKTypHa  mepeOyaoBa, IO



CYNPOBOJIKYETHCSI 3HAYHUM 301JIbILIEHHSAM €JIeMEHTapHOI KOMIpKHU. B pe3ynbTati
00’em Marepiainy 30uIblIyeThbest HAa 15%, 1110 MPU3BOIUTH O 3MEHILIEHHS HOT0
[I1JIBHOCTI.

Jiist BunpoOyBaHHs KepamMidHUX (OpM Ha OCHOBI BOJAHOTO 3B’ SI3yBaJIbHOTO
KOMIIOHEHTa OyJI0 OOTpyHTOBaHO BHOIp >KapOMIIIHOTO CIUIaBY Ta BHU3HAYEHO
oOnamHaHHS [ IUIABJICHHS CKIAQAHONPO(DUIPHUX BHUIUBKIB 3 METOIO
OJIepKaHHsI JIONIATOK ra30TypOIHHUX JBUTYHIB.

Bcranosneno, mo kepamigHi 000J0HKOBI (OPMU HA OCHOBI KOPYHIOBOTO
HAIlOBHIOBAYa, BHUI'OTOBJEHI 13 3aCTOCYBaHHSIM BOJHHUX 3B S3YyBaJbHUX
KOMIIOHEHTIB, y TEMIIEpaTypHOMY Jiala3oHl BiJ TEMIEPATypu IJIaBICHHS
1450°C no 1600°C He BCTynaroTh y B3a€MOJIIO 3 KapOMIIIHUMHU PO3ILIaBAMHU.
I1e 3abe3neuye BUCOKY YMCTOTY MOBEPXHI BUIIMBKIB, 110, Y CBOIO UEPTY, CIIPUSIE
3HUKEHHIO KUJTBKOCTI OpaKy BUJIMBKIB 3 HAarapoyTBOPEHHSIM.

[IpoBeneH1 NOCHIIKEHHS MMOKa3alM, 10 BOJIHI 3B’ SI3yBaJIbHI KOMIIOHEHTHU
MOXKYTh OyTH PEKOMEHIOBaH1 JUIsl BIPOBA/KEHHS Ha YKPAaiHChKUX JIMBapHUX
MIJNPUEMCTBAX 3aMICTh ETHUJICHJIIKATYy, IO JO3BOJIUTh YCYHYTH MNPOOJIEMHU
MOXKEKHOT OC3IMEKH 1 MIABUIIUTH €KOJIOTIUHICTH BUPOOHHIITBA.

st BUTOTOBJICHHS MoJeIen MaJiocepiiHOro BUPOOHUIITBA
CKJIAQAHOMPO(PIIbHUX BHJMBKIB 13 KapOMILHUX HIKEJIEBUX CIUIABIB, MIO
OTPUMYIOTHCS JTUTTSAM 32 BUTOIUTIOEMUMHU MOJENAMHU, OyJI0 BUOpaHO MaTepial
PLA (nmominaktun) anst 3D-npUHTEPIB, 3 ypaXyBaHHSIM TaKUX XapaKTEPHUCTHK,
SK PpO3MiIpHAa TOYHICThb, 30JbHICTh, KOEQIIEHT JIHIHHOTO TEPMIYHOTO
posmmpenns (KJITP), ycanka ta Bapticts. [lominaktun (PLA) € 6iomomimepom,
KU OTPUMYIOTh 13 BIJIHOBJIFOBAHUX POCIIMHHUX PECYPCIB, 30KpeMa KyKypy/I31
Ta IYKpoBUX OypsikiB. Matepial € TOBHICTIO OlOPO3KJIATHUM, €KOJIOTTYHO
0e3MeYHUM 1 HETOKCUYHUM. Y MPOIIECi HAarpiBaHHs Mij 4ac poOOTH BIH BUJILISE
XapaKTEepPHUM HAMiIBCOJIOAKUHN 3ariax, 110, MOpsia 13 HOro 0e3NneyHiCTIo, POOUTh
PLA mnpupmatHuM ais BUKOPUCTAHHS Yy 3aKpUTHUX MPUMINIEHHSAX. Brcoka
po3MipHa CTaOUIbHICTh 1 HU3bKUH piBeHb JAedopmaiiil npu APYKY CHPUSIOTH
TOYHOMY BIITBOPEHHIO MO/IENEH Ta 3a0€3MeUy0Th BUCOKY PO3/IUIbHY 3/IaTHICTb.

3aBI[}IKI/I OUM BJAaCTUBOCTIAM HOJ'IiJIaKTI/II[ JO3BOJIAAE€ BUI'OTOBJIATU MOI[GJIi



CKJIaJIHOI TEOMETPUYHOI KOH(Irypailii, [0 € TMepeBarow MOPIBHIHO 3
Matepianamu tuimy ABS.

[IpoBeaeHi eKCHEpUMEHTANbHI JOCHTIDKEHHS YCaaKH IUIACTUKOBHX
Mojieielt T yac 30epiraHHs JJIsi TOJAJBIIOIO0 BHUKOPHUCTAHHS Yy TIPOIIECi
BUTOTOBJICHHS KepaMidHHX 000JOHKOBHX (opm. PesynmpraTé mokasamu, 110
MaKCUMaJbHE BIAXWJCHHS BIJl 3aJaHUX PO3MIpPIB JIeTalel CTaHOBHIIO
npu6sm3Ho 0,4 %. Bukopucranus moseneii 3 moniaktuay (PLA) € exosioriaHo
Oe3rmeyHe Ta 3a0e3medye CKOPOYCHHS TPUBAJIOCTI BUPOOHWUYOTO ITUKITY
BUT'OTOBJICHHS KEPaMIYHUX 000JIOHKOBHX (HOPM.

ExcniepumMenTtansue BUNIpoOyBaHHS KepaMidyHUX (OpM, BUTOTOBIICHUX 13
3aCTOCYBaHHSM 3B’ S13yBaJIbHUX KOMIIOHEHTIB Ha BOJIHIi OCHOBI, 3aCB1AYHIIO, 11O
BUJIMBKU 3 >KapOMIIHOTO HIKEJIEBOrO CIUIaBy BIJ3HAYAIMCS 3aJ0BIJILHOIO
SAKICTIO TOBEPXHI Ta BIJICYTHICTIO XIMIYHOTO MPUTAPY.

3 METOIO OLIIHKM MPale3IaTHOCTI HOBUX KEPaMIYHUX 0OOJIOHKOBHUX (opM
OyJ10 3/1IICHEHO MOBHUM TEXHOJOTIYHUHN IIUKJI BUTOTOBJICHHS 3pa3KiB 1 poO0OUYNX
JIOTIATOK JIPYTOro CTYINEHsI TypOiHM BUCOKOTO THCKY T'a30TypOIHHOIO JBHUIyHa
METOJIOM CHPSAMOBAHOI KpHUCTAMI3aIli 3 KapOMIIIHOTO KOPO31HHOCTIHKOTO
crutay CMS&8. JlocnmigHe TmiaBieHHS MNPOBOAWIOCS Ha BEPTUKAIBHOMY
muBapHoMy arperati VIM-25-175C. IlpoBemeHo mOCHTIKEHHS Makpo- Ta
MIKPOCTPYKTYPH OTPHUMAHUX 3pa3KiB, a TAaKOXX BHU3HAYEHO iXHI MEXaHI4Hi
XapaKTEPUCTUKH, TMOKa3HUKA TPUBAJIOI Ta BTOMHOI MIITHOCTI, a TaKOX
KOPO31iHY CTIMKICTb.

Po3pobieno TexHiuHI pekomeHpaarli BUTOTOBIeHHs Jonmatok ['TJ[ B
npolieci BUKOPUCTAHHA IUJIACTUKOBUX MOJIEJEH Ta KepaMIYHUX CyMilled 3
3B’sI3yBaJbHUMH KOMIIOHEHTAMH Ha BOJIHIM OCHOBI MeToaoM 3D-mpyky. Ile
MIPUBEJIO IO CTBOPEHHS 1 OOTPYHTYBaHHS TEXHOJIOTYHOTO MPOIECY OACP>KaHHS
BWJIMBKIB 3 KOPO3IWHOCTIMKUX CIIJIaBIB Ta MIJBUIICHHS SKOCTI BUPOOIB 3 HUX,
CKOpPOYEHHSI HOT0 Yacy Ta 3axHCTy HaBKOJMIMTHBROTO CEPElOBUIA BiJ
HIKIJJIMBUX PEYOBUH 171 MajocepiiHoro BupoOHuurBa (pemont [T/,
crBopeHHs1 HOBUX ['T/] yerBepToro mokoiiHHS). 3ampoONOHOBaHA TEXHOJOTISA

BUT'OTOBJICHHA KepaMi‘lHI/IX 000JI0OHKOBHX q)OpM 13 BHUKOPHUCTAHHAM BOJHHX



3B’S3yBAJIbHUX KOMITOHEHTIB 3a TOJIJaKTUAHUMH MOJEISIMH, OJEep KaHUMHU
MeTos0M 3D-npyKy, 11 TUTTS CKIaAHONPODUIPHUX BHJIMBKIB 13 KapOMIITHUX
CIUTaBiB HE MOTpeOye CIeliali3oBaHNX YMOB CYIIHHS Ta XapaKTePU3y€EThCS
€KOJIOTTYHOI0 O€3MEYHICTIO.

OtpuMaHi B TMpoleci BUKOHAHHS POOOTH pe3yibTaTh TEOPETHYHHUX 1
eKCIepUMEHTaIbHUX Aochikens Oynu mepesiperi Ha [II HBKI «3ops-
MarmmpoekT» (10 MiATBEPIKYEThCS aKTOM JIOCIITHO-TIPOMHCIIOBOI TIEPEBIpKU
Bix 18.09.2023 p.) Ta MOXyTh OYTHM BHIPOBA/KEHI Ha BITYU3HIHHUX

H1IPUEMCTBAX ra30TypO00yIIBHOI ramys3i.

KurouoBi cioBa: >kapoMilHUN KOpPO3IMHOCTIMKMI cruiaB; (a3oBo-
CTPYKTYypHa CTaOLIbHICTD; JonaTka TypOiHH; KepamiuHa Gpopma; 3B’ A3yBaIbHUIMA
KOMITOHEHT; €JIEKTPOKOPYH/I; MILIHICTh Ha BUTHH; KEpaMIYHUHN (PLIbTP; TUBAPHE
BUPOOHUIITBO;, PO3IUIAB; BUJIMBOK; MIIHICTh, MOAM(IKYBAaHHS, ETUJICUJIKAT;,

CTPYKTypa.



ABSTRACT

Kvasnytska K.H. Development of Technologies for Obtaining Complex-
Shaped Castings for Gas Turbine Engine Components. — Qualifying scientific work
on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 136
Metallurgy (13 "Mechanical Engineering"). — Physico-Technological Institute of
Metals and Alloys of the NAS of Ukraine, Kyiv, 2025.

The dissertation is devoted to the development of technological processes for
manufacturing ceramic shell molds using single-use patterns obtained by 3D
printing for casting complex-shaped components.

An analysis of modern investment casting technologies for producing castings
from heat-resistant nickel-based alloys intended for gas turbine engine blades has
been conducted. Based on a review of literature sources and subsequent comparative
evaluation of the properties of ceramic materials, the feasibility of their application
for ensuring the required strength characteristics of ceramic shell molds designed for
the casting of heat-resistant alloys has been assessed.

The compositions of ceramic slurries containing various components and
binding agents have been investigated. An analysis of modern investment casting
technologies for heat-resistant nickel alloy castings intended for gas turbine engine
blades has been carried out. Based on a review of the literature and subsequent
comparative assessment of the properties of ceramic materials, the feasibility of their
application to provide the necessary strength characteristics of ceramic shell molds
for casting heat-resistant alloys has been analyzed.

The compositions of ceramic slurries with various components and binding
agents have been investigated.

To explain the increased strength parameters of ceramics with water-based
binders, the mechanisms of refractory particle bonding have been studied. During
the drying of a ceramic shell mold containing water-based binders, water is removed,
and the sol transitions into a gel state. This process reduces the distances between
the particles and forms long-range bonds. Consequently, silica bonds the filler

particles and subsequently forms an amorphous silica matrix.
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As a result of studying the properties of water-based ceramic slurries with

fillers such as electrocorundum, quartz, and kyanite-sillimanite, it was found that for
uniform coating of patterns, a higher quantity of refractory filler is required
compared to slurries based on ethyl silicate (ES). These mixtures demonstrated
satisfactory coating capability due to the presence of special additives, unlike
slurries containing colloidal silica.

It was established that the flexural strength of ceramics produced with water-
based binders exceeds that of ES-based ceramics. Electrocorundum-based materials
with water binders exhibited flexural strength 2.5-3.5 times higher in the green state
and 3.5-5.0 times higher after firing. For ceramics with kyanite-sillimanite filler and
binders such as Remasol Premium Plus and colloidal silica, the flexural strength in
the green state reached 3.8-7.1 MPa and 5.1-8.1 MPa, respectively — twice as high
as for ES-based ceramics. After firing, their strength increased to 6.4-11.1 MPa and
6.6-10.0 MPa.

It was determined that materials based on electrocorundum, Kkyanite-
sillimanite, and Remasol Premium Plus possess tensile strength in the green state
exceeding 3.0 MPa — approximately twice that of their ES-based counterparts.
After firing, their strength similarly doubled.

Differences in gas permeability were identified among the experimental
ceramic materials, which were significantly influenced by the shape, size, and
packing characteristics of the refractory component particles. It was found that
ceramic materials based on ethyl silicate exhibited very low gas permeability due to
their dense packing. In contrast, corundum-based materials produced using water-
based binders and spherical Al>Os particles demonstrated twice the gas permeability.
Quartz ceramics with water-based binders showed 1.8 and 1.4 times higher
permeability than ES-based materials. Materials produced from kyanite-sillimanite
and water binders exhibited values exceeding 10 units, whereas similar ceramics on
ES had values below 2 units. This is attributed to the transformation of a-quartz into
a-cristobalite via a-tridymite, which involves a significant structural rearrangement
accompanied by a 15% increase in unit cell volume and corresponding density

reduction.
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For testing ceramic molds with water-based binders, a heat-resistant alloy and

equipment for melting complex-profile castings intended for gas turbine engine
blades were substantiated and selected.

It was established that ceramic shell molds based on corundum filler and
manufactured using water-based binders did not interact with heat-resistant melts
within the temperature range from melting point (1450 °C) to 1600 °C. This ensured
high surface cleanliness of the castings, thus reducing the occurrence of casting
defects caused by surface contamination.

The conducted research demonstrated that water-based binders can be
recommended for implementation at Ukrainian foundry enterprises as a replacement
for ethyl silicate, eliminating fire hazards and improving environmental safety in
production.

For the production of models for small-batch manufacturing of complex-
profile heat-resistant nickel alloy castings produced via investment casting,
polylactic acid (PLA) material was selected for 3D printing, considering
dimensional accuracy, ash content, linear thermal expansion coefficient (CTE),
shrinkage, and cost. Polylactic acid (PLA) is a biopolymer derived from renewable
plant resources, particularly corn and sugar beets. The material is fully
biodegradable, environmentally safe, and non-toxic. During heating, it emits a
characteristic semi-sweet odor, which, along with its safety, makes PLA suitable for
use in enclosed spaces. Its high dimensional stability and low deformation during
printing facilitate precise reproduction of models and ensure high resolution. These
characteristics allow for the fabrication of geometrically complex models, an
advantage over materials such as ABS.

Experimental studies on the shrinkage of plastic models during storage prior
to ceramic shell mold production were conducted. The results showed that the
maximum dimensional deviation was approximately 0.4%. The use of PLA models
is environmentally safe and shortens the production cycle for ceramic shell molds.

Experimental testing of ceramic molds produced with water-based binders
confirmed that castings from heat-resistant nickel alloys featured satisfactory surface

quality and were free from chemical contamination.
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To assess the performance of new ceramic shell molds, a complete

technological cycle was performed for producing samples and working blades for
the second stage of a high-pressure turbine of a gas turbine engine, using directional
solidification of a heat- and corrosion-resistant alloy CM88. Experimental melting
was performed using a vertical VIM-25-175C casting system. The macro- and
microstructure of the samples were examined, and their mechanical properties, long-
term strength, fatigue resistance, and corrosion resistance were evaluated.

Technical recommendations were developed for the manufacturing of gas
turbine engine blades using plastic models and ceramic slurries with water-based
binders by 3D printing. This resulted in the development and justification of a
technological process for producing castings from corrosion-resistant alloys with
improved product quality, reduced production time, and minimized environmental
impact for small-batch production (GTE repair and development of next-generation
GTESs). The proposed technology for manufacturing ceramic shell molds using
water-based binders and PLA models produced via 3D printing for casting complex-
profile heat-resistant alloy components does not require specialized drying
conditions and is environmentally friendly.

The theoretical and experimental research findings obtained during this study
were validated at SE SRTC “Zorya-Mashproekt” (as confirmed by the industrial test
report dated 18.09.2023) and can be implemented at domestic enterprises in the gas
turbine engine manufacturing sector.

Keywords: heat-resistant corrosion-resistant alloy; phase-structural stability;
turbine blade; ceramic mold; binder component; electrocorundum; flexural strength;
ceramic filter; foundry production; melt; casting; strength; modification; ethyl

silicate; structure.
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HaykoBgi npaui, B sKuX 0omy0/1ikOBaHi 0CHOBHI HAYKOBI pe3yJibTaTH

aucepTamii
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MHNEPEJIIK CKOPOYUEHb TA YMOBHHUX IIO3HAK
['T/I — razoTypOiHHUN JBUTYH
JIBM — 1uTTs 32 MOJICISIMH, 10 BUTOILUTIOIOTHCS
3K — 3B’s13yBaJIbHUN KOMIIOHEHT
KO — xepamiuna 00010HKa
ETC — etnncumnikar
UIIK — gncenbHe porpaMHe KepyBaHHs
KTJIP — xoediieHT TEpMIYHOTO JIIHIMHOTO PO3LIMPEHHS
MC — mMoienbHa CyMiIll
FDM — texnomnorist 3D npyky, B sikiii BATOTOBJIECHHSI BUPOOY BiIOYBAETHCS
HAHECEHHSIM IIap 3a MIapOM PO3ILIABICHOTO TIACTUKY
PLA — noninakTui, mactuk s 3D apyky
HIPS — ynapocTiiikuit mOJiCTHPOII, 0 BUKOPUCTOBYETHCS Aist 3D npyky

Gpur, H/M? — Me3ka MIiLIHOCTI KepaMiKH 3a CTATUYHOTO BUTUHY
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BCTYII

3 pO3BUTKOM YKpaiHCHKOI MPOMHUCIOBOCTI ra30TypO00yayBaHHS Bce Oiblie
YAOCKOHATIOIOTHCSI KOHCTPYKIIIT Ta30TypOIHHUX ABUTYHIB 1 ycTaHOBOK. OJHAK, 1€
MPU3BOJUTH /10 YCKJIAIHEHHSI KOHCTPYKIIIN JOMATOK, SIKi € BaYKJIMBOIO CKJIAJJOBOIO
YaCTMHOIO IUX CHUCTEM. YHACHIJOK IOT0, BUPOOHHUIITBO ILHX JOMATOK CTa€
CKJIQJTHIIIIUM 1 BUMarae OIbIIe 3yCUJib. 3a/1aua MoJIsIrae B mokpaiieHi e(peKTUBHOCTI
MPOIIECIB BUPOOHMIITBA JTUTHUX JIOTIATOK Ta 3a0€3MeYeHH1 BUCOKOT SKOCT1 BUPOOiB.

AHani3 HayKoBUX poOIT MOKa3aB, 0 OCHOBHA yBara MpUAUIEHA TEXHOJOTI]
oJiep>KaHHS JIONATOK ra3oTypOIHHUX JBUTYHIB 3 HOBUX ciuiaBiB. [Ipore kepamiuHi
JAuBapHi (GOpPMHU OTPUMYIOTh HEIOCTATHBO YBAaru, X04a BOHU MAalOTh 3HAYHUH BIIUB
Ha BJIACTUBOCTI, TEOMETPIIO 1 IKICTh BUTOTOBJICHHUX JIOTIATOK.

Kepamika 00070HKOBUX (OpM 3a3BUYail CKJIANA€TbCI 3 BOTHETPUBKOTO
HAIMOBHIOBaYa Ta 3B’ A3yBajbHOI0 KOMIOHEHTY (3K), oCHOBHA pOJIb SIKOTO TMOJISITae
B 3a0€3MEeUeHHI JJOCTAaTHhOI MIIIHOCTI KepamMidyHOi (pOpMHU B CHPOMY Ta CIICYCHOMY
ctaHl. B sKOCTI 3B’sA3yBaJIbHMX KOMIIOHEHTIB i1 KepaMiyHuUX (opM Ha
YKpPAiHCBKUX  MiAMPUEMCTBAX BUKOPUCTOBYIOTh CTHJICHIIIKATH, B SKUX €
BUKOPHUCTAHHS JIETKUX (JIETYYUX) PO3UYMHHUKIB (CIIUPTY, allETOHY) Ta HEOOXIAHICTh
amiayHoro cepenoBuia. JlocnipkeHHs BIACTUBOCTEN KepaMiuHUX (DOPM 3 BOTHUMHU
3B’sI3yBaJIbHUMU KOMIIOHEHTAMH Hapa3l HOCATh ()parMeHTapHUMN XapaKTep, a KO Ha
3 oprasizaimiii JuBapHOro npoduT0o B YKpaiHI CUCTEMHO W KOMIUIEKCHO HE
3aiiMa€eTbCsl CTBOPEHHSIM TEXHOJIOTIYHMX 3acaj] Ta 1X peaji3ali€ero I0A0
CKOJIOTIYHHMX IIPOIIECIB OACPKaHHSA KepaMidHHUX (POpM 3 BHCOKOI PO3MIPHOIO
TOYHICTIO.

He3Baxatoun Ha [JOBrOTpUBAIMN JOCBIA YKpaiHCHKUX TypOOOyHiBHUX
MIPUEMCTB, BUPOOHUIITBO JIUTUX JIOMIATOK € HEAOCKOHAIUM, 1 BIICOTOK OpaKy €
JOCUTh BUCOKMM. KpiMm BHYTpIlIHIX AePEKTiB, HA BCIX MOBEPXHSAX BUJIUBKIB HE
JIOTYCKAIOThCS TPIIIMHU, 3aCMIYEHHS, HEJIOJIMBH, HACKPI3HI NedeKTH, TUICHH, cTal,
nedeKTH morepek rnepa Ta Kpaiok JonaTkd. BoHn BUHKKAIOTh Ha eTari OTpUMaHHs
KepaMiuHuX (OpM Yepe3 HEAOCKOHANICTh BUKOPUCTOBYBAaHUX MOJIEIBHUX Mac Ta

dbopMyBalbHUX MatepiaiiB. BHACTIIOK IBOTO MiAMPUEMCTBA 3a3HAIOTH BEIMKUX
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BUPOOHUYHUX BTPAT, TOMY PO3pPOOKa 3aXOJIIB Il 3MEHIIICHHS BIJICOTKY Opaky crae

aKTyaJIbHOIO Ta HEOOX1HOI0. B 3B 3Ky 3 IIUM HEOOX1JJHO PO3pOOUTH TaKi 3aX0/IH,
Kl CIPOMOXXHI BUPIIIKUTH JaHl mnpoOnemu. BcebiuHe AoCHiKeHHS Ta
BIPOBA/PKCHHS HOBHUX MOJICIRHUX Mac, (OopMyBaJIbHUX MaTepiaiiB, aHaji3 1
BJIOCKOHAJICHHsI Mpo1ieciB GopMyBaHHS KepamMiuHUX (OpM, a TaKOXK MOKPAIIECHHS
€KOJIOTTYHOTO CTaHy HaBKOJHUIIIHBOTO CEPEIOBUINA € OJHUM 13 OCHOBHHUX HAIIPSIMKIB
il BUPIIIICHHS.

CydacHi CBITOBI TEXHOJIOTIi JINBAPHOTO BUPOOHUIITBA BUKOPHCTOBYIOTH 3D-
JPYK MOJIeNied NI BATOTOBJICHHS! BUJIMBKIB B PI3HUX rajy3sX MPOMHCIOBOCTI, IO
JT03BOJISIE CKOPOTUTH TEXHOJIOTTYHUM UK 1 A€ MOMJIMBICTh BUTOTOBIISITH JI€TAJIl 3
BHCOKOIO TOUYHICTIO. TOMY pO3pO0JICHHSI TEXHOJOTIYHUX MPOIIECIB BUTOTOBJICHHS
KepaMiyHUX OOO0JIOHKOBUX ¢opM, came i oxaepkanHa jomarok [T/, 3
BUKOPHUCTAHHSAM BOJHHX 3B’SI3yBaJIbHUX KOMIIOHEHTIB 32 Pa30BUMHU MOJIEIISIMHU, 1110
oJiep>kaHi 3a gornoMoror 3D-ApyKy, € 3aa4dero, sika Hapa3l MOTpeOye BUPIIICHHS.

B TexHozorii nuTTA 3a MonensMHU, 10 BUTOILIIOIOThCA (JIBM), ogHum 13
HAMCKJIaJHIIIUX €TaIiB € BUTOTOBJIEHHS KEPaMIUYHUX JIMBAPHUX (DOPM, SKICTh SIKUX
3HAYHO BIUIMBAE HA BJIACTHUBOCTI Ta SKICTh BUIMBKIB. OHAK, 32 MaJIOi CepiiHOCTI
HOro 3acTOCyBaHHS € HEAOUUIbHUM Yepe3 BUCOKY BapTICTh OCHAUICHHS IS
BUTOTOBJIEHHA Mozenel. KpiM Toro BockoBl Mojiesii He 0a’KaHO 3aCTOCOBYBATH MPHU
TOYHOMY JIMTTi, OCOOJMBO JUIsl JeTalied 3 TOHKOI TE€OMETPIEl0, SIKI JIETKO
pYHHYIOTbCS a00 nedopMyIOThCS MpU 00poOLl ad0 3aHYpPEeHHI Y BOTHETPUBKY
cycrnen3ito. ToMy akTyajlbHOIW0 € po3poOKa HOBUX PIlIEHb, sIKI O JTO3BOJISLIN
3MEHIIIUTA BUPOOHWYI BUTPATU Ta MIIBUIIUTH PECYpPCOCPEKTUBHICTh TEXHOJOTI1
JIBM.

MeTta poOOTH. CTBOPEHHS €KOJIOTIYHO O€3IeYHOI TEeXHOJIOTIi OTpHUMaHHS
KepaMiuHUX (OpM JJii BUPOOHUIITBA BUJIMBKIB 3 JKaPOMIIIHUX CIUIaBIB HA OCHOBI
Hikemro 11 gonaTok I'T/] HOBOro mMoKoMHHS.

00'exTOM H0CTiTKEHDb € KEpaMiuHi 000JOHKOBI ()OPMHU ISl BUTOTOBJICHHS

CKJIAAHONPO(IIBLHUX JIeTajel Ta30TypOIHHUX JBUTYHIB.
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IIpeamer pociaixkeHb — TEXHOJOTIYHUNA TIPOIEC BUTOTOBJICHHS 1

JOCIIIJIKEHHSI BJIACTUBOCTEH KEpaMiuHUX OOOJOHKOBUX (OpM ISl JUTTS 3a
MOJIEIISIMH, 110 BUTOILTIOIOTHCS.

JInst foCcsTHEHHST MeTH Y POOOTI ITOCTaBJICH] 3a/1a4i:

1. [TpoBecTn aHami3 BIACTUBOCTEM KepamiyHUX OOOJOHKOBUX (HOpM,
BU3HAYHTH PAIliOHAIbHI CKIIAJIH, K1 JIO3BOJISATH MiABUIITUTH MIIIHICTH BUPOOIB 3 HEl.

2. JlocmiauTH  TEXHOJOTIYHI ~ BJACTUBOCTI  BOJHUX  CYCIICH3IH
CJIEKTPOKOPYH/TY, KBapIly Ta MUCTEH-CUIIIMAHITYy Ta BUTOTOBJICHHS K€paMiK 3 HUX.

3. Bubpatu matepian mojeni st BATOTOBICHHS 3D-ApyKkoM KepamMidyHUX
000JIOHKOBUX (hopMm.

4. BIOCKOHAJIMTH TEXHOJIOTII0 OJEPKAHHA KEepaMIYHMX OOOJIOHKOBHX
dbopm 3 BukoprctanasaM 3K Ha BOJHIN OCHOBI 32 MOJICJIIMU Ha OCHOBI TTOJTIMEPIB.

5. BuszHauuti  CcTymiHb B3a€EMOAIl  JKApOMIIIHOTO  pO3IUIaBy 3
MaTepiajioM KepaMiuHOi OOOJOHKOBOI (hOpMH, OJEP>KaHOI 32 BIOCKOHAJICHOIO
TEXHOJIOTI€I0.

6. IIpoBecTtu AOCIHITHO-IPOMUCIIOBY MEPEBIPKY PE3YIbTATIB JOCHIIKEHb Ha

BUPOOHMIITBI.
HaykoBa HoBH3HAa pPOOOTH MOJISATAE B HACTYITHOMY:

1. Bnepme po3po0leHO  TEXHOJOTI0 BHUIOTOBJIEHHS  KepaMIYHUX
00010HKOBHUX (hOPM 31 3B’ A3yBATbHUMH KOMIIOHEHTAMH Ha BOJIHIA OCHOBI JIJIST JTUTTS
CKJITHOMIPO(IIbHUX BUJIMBKIB 13 KapOMIIIHUX CIUIABIB 3a TMOJIJIaKTUIHUMHU
MoaessiMu MeTogoM 3D-apyky. Po3po6ieHa TexHooris He moTpedye creliaJbHIX
YMOB CYIIIIHHS Ta € €KOJIOTIYHO OE3MEUHOIO.

2. BcraHoBiieHO  BIAMIHHICTE Yy  MIIHOCTI  3pa3KiB  KepaMIUYHUX
0o0oIoHKOBUX (OpPM: KepaMika Ha BOJHUX 3B’SI3yBAJIBHMX KOMIIOHEHTaxX 3
BOTHETPUBKMM HANOBHIOBAYEM KOPYHJIOM Ma€ yABIYl BUILY MILHICTh MOPIBHSHO 3
aHaJIOTaMHu Ha OCHOBI T'1JIPOJII30BAHOTO E€TUJICHITIKATY.

3. Brnepiiie BCTaHOBIIGHO BIAMIHHICTH Yy Ta30MPOHUKHOCTI JOCIITHOT
KEpaMiKH, sIKa CYTT€BO 3aJ€XHUTh Bil (OpMH, PO3MIPIB 1 XapakTepy YHNaKOBKH
cepUyHUX YACTHHOK BOTHETPUBKHMX KOMIOHEHTIB. Pi3HHIII mossirae B ToMy, IO

FaBOHpOHI/IKHiCTB KepaMiKI/I, BUT'OTOBJICHOI1 3 BHKOPHUCTAHHAM BOJHHUX
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3B’sI3yBaJIbHUX KOMIIOHEHTIB, Ha 20% BuIIla MOPIBHIHO 3 aHAJIOTTYHOIO KEPaMiKOI0

Ha OCHOBI TiJIpOJII30BAaHOTO eTWICHIIKaTy. lle mMosicHIoeTbCs TeM, IO MpHU
NIEPETBOPEHHI 0-KBapIly B O-KPHCTAOOJIT 4Yepe3 O-TPUAMMIT MPOTIKae rianOoka
CTpyKTypHa mepelynoBa, sKa CYINPOBOIKYETbCS 3HAYHUM  301IBIICHHSIM
eneMeHTapHoi komipku. [Ipu oMy 00’em Matepianmy 30imblIyeTsess Ha 15 % 1
BiJIMTOBITHO TIPOXOUThH 3MEHIIICHHS MIIJTLHOCTI.

4, BcTanosieno, mo kepamidHi 060J10HKOB1 ()OpMHU HA OCHOBI KOPYH/IY 3
BUKOPHCTAHHSAM BOJHUX 3B’SI3yBaJbHUX KOMIIOHEHTIB B IHTE€pBaJIl TEMIIEPATyp BiJ
temriepatypu 1uiaBieHHs (1450°C) mo 1600 °C He B3aeMOJIIOTH 3 KapOMIITHUMU
po3muiaBamu. Lle 103BoJIsI€E MaTH BUCOKY YMCTOTY NOBEPXHI Y BUJIMBKAX, 110 CIIPUSIE
3MEHILEHHIO OpaKy JOMAaTOK ra30TypOIHHUX JABUTYHIB 3@ PUTAPOM.

S. VYuepmie po3pobiieHo Mojeni Ha OcHOBI monutakTuay 3D-mpykowm,
NpPU3HAYEH] JUIsi BUTOTOBJEHHS KEpaMiYHUX OOOJOHKOBUX (QOpPM 3 METOIO
OTpMMaHHSA BWJIMBKIB JleTajell ra3oTypOIHHUX JBUTYHIB. EKcneprMeHTalIbHO
BU3HAUEHO, IO TakKi MOJeNl MawTh  MiHIMaIbHY  ycanky~0,4 %,
€KOJIOTTYHOOE3MEeYH1 Ta 1X BUKOPUCTAHHS CIIPHUSIE CKOPOUEHHIO pOOOUOTO HUKITY.

IIpakTHyHe 3HAaYeHHS1 OTPMMAHMX pe3yJIbTaTIB.

Pe3ynbraT mpoBeAEHUX MOCHIIKEHb OylM BUKOPUCTaHI MpU PO3poOIl
TEXHOJIOTIYHUX PEKOMEHJAAIll 3 YyJOCKOHAJEHHS BHUIOTOBJICHHS KEepamMI4HHX
000JIOHKOBUX (opM nJisi ofepkaHHs ckiuagHonpoduteHux neranet ['TH. Ilpu
BUKOHAHHI POOOTH 3ampoOnoHOBaHO BUKOpHUCTaHHS 3K Ha BOAHINA OCHOBI 3aMICTh
CTWJICWIIKATY JJI BUTOTOBJICHHS KepaMidyHUX (DOPM, TOCIIIKEHO iX B3a€MOII 3
pigkuM MeTtasioM. Po3pobiieHo TexHIuHI pexkoMmeHAarlii moao Bukopuctanus 3D
MOJIeJIeH 3 €KOJIOTIYHOTO TUTACTUKY JJIsi BUTOTOBJICHHSI KEPaMiYHUX O00OJIOHKOBHX
dbopm 11 ManocepiitHoro BupoOHuUIITBa Jjornatok I'T/I.

Pe3ynpTati TEOpETHYHUX Ta EKCIEPUMEHTATBHUX TOCIIIKEeHb, SKi Oynn
OTpMMaHi B Tmpoleci BUKOHaHHS pobotu mnepesipeHo Ha JIII HBKI'« 3ops-
Mammpoekr» (AKT pochigHO-IpoMHUCIOBOi mepeBipku Bim  18.09.2023 p.
JIOMAETHCA), @ TAKOXK MOXKYTh OyTH 3aCTOCOBaHI HAa BITUM3HSHHUX MIIMNPUEMCTBAX

ra3oTypOo0ymyBaHHSI.
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OcoOucTHii BHecOK 3700yBada TOJsiTa€ B y3araJlbHEHHI pe3yJIbTaTiB

MeTanorpagiyHuX JOCTIIKEHb, CTBOPEHHI METOJMKU 1 MPOBEACHHI JIOCTIHKEHb

KepaMiuyHUX CYCTEH31d 3 HAMOBHIOBAYaMH, PO3POOIIl TEXHOJOTIYHOTO MPOIIECY

OJIEp>KaHHS KepaMidHUX 000JIOHKOBUX (HOPM IS JIUTTS poOOUYHUX JIOMATOK TypO1HU

['T/ 3 BUKOpUCTAaHHSIM KEpaMiuHUX CyMIIIei HAa OCHOBI BOJHHUX 3B’SI3yBaJbHUX

KOMIIOHEHTIB 3 METOIO0 MiJBHUIICHHS SKOCTI BHPOOIB, CKOPOUYCHHS Yacy IESIKHX

CTaJiil TeXHOJIOTIi Ta 30€peKeHHS HABKOJIMIIIHHOTO CEPEIOBHIIIA.

Amnpo0aunis pe3yJbTaTiB AUCepPTANII.

OCHOBHI TIOJIOKEHHSI Ta pe3yJibTaTH JUCEPTAIlifiHOT poOOTH JOIMOBIATUCH Ta

OOroBOpIOBAIMCH HA MDKHAPOJHMX HAYKOBO-TEXHIYHMX KOH(EpEeHIsAX Ta

CUMIIO31yMax:

MixnapogHa koHgepeHliss «IHHOBalLliHI TEXHOJIOTII Ta I1HXUHIPUHT Yy
3BaproBanHi - PolyWeld-2021» (27-28 tpaBust 2021 p., M. KuiB);
MikHapoaHa HaykoBa oH-aiiH koHpepeniis CAMPE-2021 (18-20 >xoBTHs
2021 p., M. XapkiB);

XVIIlI MixnaponHa HaykoBo-nipakTuuHa KoH(epenuis JIMTBO 2022 Xl
MixkHapoaHa HayKoBO-nipakTHaHa KoHpepeHtist METAJTYPI'TA 2022 (04-06
#0BTHS 2022 p., M. XapkiB — M. KuiB);

XV MixHapoaHa HayKOBO-TexHIYHa KoH(epeHiis «HoBi crani Ta crasu 1
METOU iX OOpOOJICHHS JUIsi MIABUINEHHS HAIIMHOCTI Ta JOBTOBIYHOCTI
BHUp0oOiB» (08-09 nucronana 2022p., M. 3anopixxs);

MixnapogHa HaykoBa KoH(pepeHuis «Marepianu nans poOOTH B
excTpeMaibHuX yMoBax — 12» (15 — 16 rpyaus 2022p., m. KuiB);

X MixxkHapo/iHa HayKOBO-TeXHIYHA KOH(epeHIlis 3 Haroau 116-1 piunuili Bijg
JHS HApOJDKEHHS JOKTOpa TEXHIYHMX HaykK, mnpodecopa, ujeHa-
kopecnonnenta BACIHUI, Bine-mpesumenta YACI'H KPAMAPOBA
Bononumupa Casosuua (23-24 mororo 2023p., HYBill Ykpainu, m. Kui) —
C.269-370;

XXII  MixHapoaHa  OHJalH-KOH(EpeHIiss  HayKOBO-TE€IaroriayHux
MpaliBHUKIB, HAYKOBUX CIIBPOOITHHUKIB Ta acIlipaHTIB «MpoOJeMu Ta

NEPCIEKTUBH  PO3BUTKY TEXHIYHMX Ta OlOCHEPTeTUYHUX  CHCTEM
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MIPUPOJIOKOPUCTYBAHHS: KOHCTpYIOBaHHA Ta au3an» (19-20 kBitHa 2023

poky) — C. 15-17;

e XV MixHapogHa HayKoBO-TexHIYHa KoHdepeHiis «HoBi matepianm 1
TEXHOJOT1l B MammHoOyayBaHHD (27-28 kBiTHs 2023 poKy);

e [X HaykoBO-mpakTUYHA KOH(EPEHLIIT MOJIOINX BUeHUX YKpainu «MeTtanesi
MaTepiaiy, iX BHUPOOHHUIITBO Ta MEPCIEKTHBH 3aCTOCYBAHHA B CYYacHIH
npomucioBocTi» (18 TpaBus 2023 poky);

e [X MiKHapoJHa HayKOBO-T€XHIUHA KOH(pepeHis «llepcrnekTuBr TeXHOIIOT ],
MaTepianu i o0JasHaHHS B IMBApHOMY BUPOOHUIITBI» (25-27 BepecHs 2023
poky);

o XIX mixkHapoHA HAYKOBO-TIpakTU4IHA KOoH(pepeHtis «Jlutso 2023» (10-12
#oBTHs 2023 poky) — C. 102-104,

e XI MixHapoHa HAyKOBO-TeXHIYHA KOH(epeHIis 3 Haroau 117-1 piuHut Bij
IHS HapOJUKEHHs JOKTOpa TEXHIYHHUX HayK, Mpodecopa, dJeHa-
kopecnionyienta BACIHUJI, Bine-mpesunenta YACI'H KPAMAPOBA
Bosonumupa CaBoBuua (22-23 mororo 2024p., HYBIll Ykpainu, m. Kuis);

e XX roBUIEHa MDKHApOAHOI HAYKOBO-TNIPAKTHYHOI KOH(epeHiii «JIuTBo
2024y XIII mixxHapoaHOI HAYKOBO-TIPAKTUYHOI KOH(epeHiii «Meramypris
2024», c. 131-135 (28-30 tpaBus 2024p., Ykpaina, KuiB-XapkiB);

e VIIth International Conference on Welding and Related Technologies (WRT
2024, 7-10 October 2024, Yaremche, Ukraine).

3’5130k  po0OTH 3 HAYKOBHMH MpOrpamMamMi, ILJIAaHAMH, TeMaMH
nigTBepIkKye il akTyajabHicTh. [lucepraiiiiny poOoTy BHKOHaHO B Di3MKO-
TEXHOJIOTTYHOMY 1HCTUTYTI MeTaliB 1 cruiaBiB HAH VYkpainu B pamMkax HayKoBO-
JOCITITHOT pOOOTH 3TiAHO TEM:

No: 111-34-21-706 «HaykoBi Ta TEXHOJOTIYHI 3acaJy MPOIIECIB OACPKAHHS
(GYHKILIOHATBHUX JIMTUX Ta KOMIO3UIIMHUX BUPOOIB 13 0araTOKOMIIOHEHTHUX
CIUIaBIB 3 BUKOPUCTAHHSAM IOJIMEpHUX MojelneH, 1o BugamsitoTees» (Ilocranosa
oropo BOTIIM HAH Vkpainu Big 22.09.2020 Nel(O, Ne nep>kaBHOI peectparii
0121U108734),
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No: 1I1-40-22-719 «Po3poOsnieHHsI HOBITHIX TEXHOJOTIA ISl OJep KaHHS

3aXMCHUX MOJYIiB OaraTodyHKIloHAIBHOTO Tpu3HaYeHH» ([TlocTanoBa 6ropo BM
HAH VYxkpaiau Big 28.09.2021 Nel5, Ne nepskaBHoi peectpartii 0122U000662);

No: 111-49-24-730 «Po3pobieHHs HayKOBO-OOIPYHTOBAHMX 1HHOBAI[IHHUX
TEXHOJOTIYHUX TMPOLIECIB OJEpKaHHA JIMTUX BHUPOOIB 3 BUKOPHUCTAHHAM
nonimepaux mojaenei» (ITocranosa 6ropo BM HAH VYkpainu Bin 14.11.2023 Nel8,
Ne nepxaBnoi peectpartii 0124U000578);

HayxoBoro mpoekty «EdekTuBHI npoiiecu BUTOTOBICHHS KepaMiyHUX (Hopm
IPU MaJIOCEPIMHOMY BUPOOHUIITBI CKIATHOMPODIIFHUX JTUTUX JeTasei» (I0roBip
Big 03.07.2023 Ne43-06/11-2023, Ne nepskaBhoi peectpartii 0123U102997).

IMy0Jaikanii.

3a TeMmor0 aucepTalliiiHoi pobotu omyOiikoBaHo 28 poOiT, 3 HUX 9 y
BUJIaHHAX, BKJIIOYEHUX a00 pedepoBaHMX B MI>KHAPOJIHUX HAYKOMETPUYHUX 0azax
JTaHuX «Scopusy, 4 ctatell y (paxoBUX BUJIAHHAX Y KpaiHH, OJIHA CTATTs OTHOOCIOHA,
15 my6umikariif B Matepiagax KOH(PEPEHIIii.

Crpykrypa i 00csr podoru.

JluceprartiitHa po60oTa MICTUTh BCTYII, 4 PO3/I1JIH, 3araJIbHI BACHOBKH, CITHCOK
BUKOPHUCTAHUX JDKEeped Ta MOAATKH. 3aranbHuil oOcsr pobotu — 140 cropiHok
MalIMHOMKUCHOTO TEKCTy, B ToMy uuciai 50 pucyHkiB, 15 TaOmuup 1 CHOUCOK
BUKOpHCTaHUX Jpkepen 31 108 HaiitmenyBaHHSIMU.

Y BeTymi MiAKpPEciIeHO aKTYaJbHICTh JUCEPTALIHHOTO JOCIIKEHHS,
c(OopMyJIbOBAaHO OCHOBHY METy Ta BH3HAY€HO KIIOUOBI 3aBAaHHA. JleTaybHO
OXapaKTEepU30BaHO 00'€KT, MPEIMET 1 METOIU IOCIHIKEHHS, a TaKOX PO3KPUTO
HAyKOBY HOBHM3HY Ta MPaKTUYHE 3HAYEHHS OTPUMAHUX pe3ynbTariB. [IpencraBieno
iHdopmariito npo ampobaiiiro poOOTH, KUTBKICTh OMyOJIKOBaHMX MaTepialliB 13
3a3HauCHHSAIM BHeECKy aBTopa. OKpemMO HaBeAeHO JaHi IIOAO0 CTPYKTypH Ta
3arajbHOro O00CATY IucepTalli.

VY mepmoMy po3aijii nmpoaHanmi30BaHO Cy4YacHI TEXHOJIOTI{ JINTTS BWJIMBKIB 3
JKapOMIIIHMX HikeleBux criaBiB s jgomatok ['TJ[. Ha ocHoBi ormsmay
JITepaTypHUX JKEpeNl Ta IMOAAIBIIOrO IMOPIBHSIHHS BIACTHBOCTEH KepaMIYHHX

MaTtepialliB IPOBEJACHO aHaJ13 MPUUHATHOCTI iX BUKOPUCTAHHS JJI 3a0e3nedyeHHs
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MIIHICHUX BJIACTUBOCTEH OOOJOHKOBHUX (POPM JUIsl TUIABKH KAPOMIITHUX CILUIABIB.

TexHoJIOT1YHl METOAM MMiJABUIIEHHS BJIACTUBOCTEH (OPMYyBaJbHUX KOMITO3HUIIN
IPaKTUYHO BHUepnaiu cede. Opepx aHHs sIKICHO HOBUX BIACTUBOCTEN KepaMidHHUX
dbopM MoOke Jocsrathcs B TOMY UHCII 3a PpaxyHOK BUKOPHUCTaHHS
exosorivnoOe3neynux 3K. [IpoBeneno anami3 TEXHOJOTIT OJEp>KaHHS JTUBAPHUX
dbopM s oAep)KaHHA BWIMBKIB 3 JKapOMIIHUX CIUTaBiB. 3a3HA4YeHO Ta
MPOAHAJI30BaHO METOAM 3abe3nedyeHHs: 0a30BUX (PYHKIIOHAIBHUX BIACTUBOCTEH
KepaMi4HUX 00OJIOHKOBUX (POpM Ta iX CKIaI0BUX Ta c(hOpMyIbOBaHI MeTa 1 3ajadi
poboTH.

Y apyromy po3aiji oO0rpyHTOBaHO BHOIp MaTepiaiiB JJii BUTOTOBIICHHS
JuBapHUX (OpM, JaHa XapaKTEPUCTHKA IUX MaTepialiB Ta >KapOMILHHUX CIUIABIB,
3aCTOCOBYBAHUX JIJISl TOCHIKeHb. [IpuBeeHa MeToiuka JOCiKeHb BU3HAUCHHS
BJIACTUBOCTEN KEpaMIYHMX O00OJIOHKOBUX (POpPM Ta ii CKIaJA0BHX, a CaMe MILIHOCTI,
MPOCYIIEHOCTI, Ta30MPOHUKHOCTI (HOPMHU, B SI3KOCT1 Ta CEUMEHTAIIMHOI CTIMKOCTI
cycnensii. PeTenbHo onmMcaHo TEXHOJIOTTYHUN MPOIEC BUTOTOBIIEHHS KEPaMIYHHUX
dbopM 3 PpI3HUMHU 3B’SI3yBAJILHUMHU KOMIIOHEHTaMHM. TakoXX MJaHO TepeniK
oOJlagHaHHS JJI1 BUTOTOBJICHHS TOJIMEPHHX MOJCIEH Ta BHIAJEHHA iX 13
KepamMigyHuX 000JI0HOK. Po3poOiieHa MeToauka AOCIHIKeHb BIUIMBY 30BHIIIHIX
(dbakToOpiB Ha yCaJKy, pO3IIMPEHHS 1 CTYIIHb MOJIMEpHU3alli pa3oBUX Mojeen 13
noniaktuay. Jlano ommc gocnipkeHs Mixk(aszHoi B3aeMoAil kepamiuHa dopma —
JKapOMIIIHUM pO3IUIaB, a caMe, METOAUKHA [JIS JOCTIIHKCHHS TIOBEPXHEBHX
BJIACTUBOCTEHN METOJIOM JIe)Ka4y0i Kparui.

Jlist mepeBipku kepamiyHuX GopM Ha BogHOoMY 3K BU3HaueH1 KapOMIITHUI
CIUIaB Ta yCTaHOBKA JJIA IJIABJIEHHS CKIAAHONPOQIIbHUX BWIMBKIB. [IpuBeneHo
MIEPEITIK 1 OMKC eKCIEPUMEHTAIBHHX JOCIIKEHb, K1 3a0€3MeUyI0Th KOMITJICKCHUN
MIAX1J [0 BHUBYEHHS TMOCTABJICHUX 3a7ad 1 JO3BOJSIOTH  OJIEpXKATU
EKCIIEpUMEHTAJIbHI JaHl Ta BACHOBKU 3 BUCOKUM CTYNEHEM BIPOT1THOCTI.

Y TperboMy po3aiii TIpeACTaBICHI pe3yJbTaTH EKCIIEPUMEHTATBHUX
JTOCHIPKEHb ~ BJIACTUBOCTEM KepaMidyHUX OOOJIOHKOBUX (OpM Ha OCHOBI
eJIEKTPOKOPYH]TY, IJIaBJICHOr0 KBapiyy, AucteHcuiimaniTy 3 ' PEC ta Bogaumu 3K.

BusHaueHi TEXHOJOTIYHI BJIACTHUBOCTI JIOCHITHUX KEpaMiYHUX CYCIICH31MH.
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[IpoBeneHO MOPIBHSUIBHUYN aHajIi3 TMOPIBHAHHSA MEXaHI3MIB CIIOJIyYEHHSI YaCTHHOK

BOTHETPUBY Ta BHUOIp IUIacTUKy Mojeni mist 3-D apyky. Takox mpoBeseHi
JocTiKeHHsT Mixk(a3HOT B3aeMOJIii 3pa3KiB KepaMiYHUX OOOJOHKOBHX (HOpM Ha
OCHOB1 KOPYHJly 3 PI3HUMH B’SOKYUYHMH Ta ApPOMIIIHUM PO3IUIABOM. 3pOOJICHO
BHUCHOBKH 32 pe3yJIbTaTaMH MPOBEIECHUX JTOCIIKECHb.

YerBepTHii po3Aia1 TPHUCBSIUEHUN AOCTIAHOT TeEpeBIpIl  KepamiuHUX
000JIOHKOBHUX (POPM, OTPUMAHHUX 32 HOBOIO TEXHOJIOTi€r0 it IUTTs JionaTtok ['T/I.
Po3pobneHo TeXHOJIOTIYHUI TIpoliec Oojep>KaHHS O0OJIOHKOBHX (DOpM Ha OCHOBI
KopyHAy 3 BogHuM 3K 3 BUKOpUCTaHHSIM IJIACTUKOBOi Mojeini, oTpuMmaHoi 3-D
JIPYKOM.

3 METOI MEepeBIPKM HOBUX KEpAMIYHMX OOOJOHKOBUX (OpPM MPOBENECHO
NOBHUM KOMIUIEKC pOOOYOro IMKIY OAEpXaHHsS 3pa3KiB 1 podoumx jomarok Il
ctyneHto TypOiHuM Bucokoro Tucky I[TJ[  meromom CK 3 xapomiifHOTO
Kopo3siiiHocTiiikoro criapy CM88. JlocnigHa riaBka BUKOHYBaJIaCh HA TUBAPHOMY
arperati VIM-25-175C BeptukanbHOro tuiy. BuBueHO Makpo- 1 MIKpOCTPYKTYpPY
JOCHTIAHUX 3pa3kiB. BuzHaueH1 MexaH14H1 BIACTUBOCTI, TpUBaja 1 BTOMHA MIIHICTh

Ta KOPO3iiH1 BIACTUBOCTI OJIEP>KaHHUX 3Pa3KiB.
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PO31LT 1

AHAJII3 CYYACHUX TEXHOJIOI'TH JINTTSA BUJIUBKIB 3
KAPOMIIHUX HIKEJIEBUX CIIVIABIB JJIA JIOITATOK I'T 1

1.1 AHami3 Cy4YacHHX TEXHOJIOTiYHHX CXeM BHPOOHHMITBA Ta SAKOCTI

Jgonatok I'T/I B YkpaiHi.

Haitbinpn KpUTUYHUMH €JIEMEHTAaMU BHCOKOTEMIEPATypHUX TypOiH Yy
Cyd4acHOMY ra3oTtyp0oOyayBaHHI € poOoul Ta Hampapisitoul jomaTkd. [l ix
BUTOTOBJICHHS BHUKOPHCTOBYIOTH JKapOMIIIHI CIUIaBM Ha OCHOBI  HIKEJIO,
3aCTOCOBYIOYH METOJ TOYHOTO JIUTTS 32 MOJIETISIMH, 110 BUTOTUTIOIOTHCS. 11 TUTTA
po6ounx sonatok ['T/] 3acTOCOBYIOTH BaKyyMHI TUIaBWJIbHI YCTAHOBKH 3 TIITPIBOM
¢dopm pizHux Tumis [1].

BHUroToBieHHs TakuMx CKIAQJHUX €JIEMEHTIB Ta30TypOIHHOTO JBUTYHA, SIK
po0oul JIOMATKH, € BAXKKUM TEXHOJOTTYHUM IPOLIECOM YePE3 X CKIIAIHY T€OMETPIIO.
HeoOxi1HO KOHTPOJIOBaTH 0arato KpUTUYHUX MOBEPXOHb Ta JOCSATATH BUCOKOI
TOYHOCTI T€OMETPUYHUX TMapaMeTpiB feraneil. KpiMm Toro, XBWISICTICTh MOBEPXHI
(BimOuTKH (hOpMU y BUIJISIIII 3BUBUCTHX JIiHIN, CMY)KOK Ta JIJITHOK HEMPABUIBHOT
dopmn) He Outbmie 0,1 MM nedekToM He BBaxaeTbes [2]. OCHOBHUMH YUHHUKAMU
AKOCTI  TaKMX CKIAQAHOMPOQIILHUX  JeTajel € TOYHE  HalallTyBaHHA
TEXHOJIOTTYHOTO MPOLIECY BUILIABIEHHS JIOMATOK 1 MIA0Ip KEpaMIYHUX MaTtepiaiiB
U1t HOpM, CTPYIKHIB 1 BUIBTPIB, sIK1 O 3a0e3mednsii OTPUMaHHS BUJIMBKIB BHCOKOT
T€OMETPUIHOI TOYHOCTI.

Cnin 3a3Ha4uTH, 110 BOTHETPUBKI MaTepiaiau JJjis OTPUMAHHS JIONATOK 3
OpIEHTOBAHOIO (CIPSIMOBAHOKO a00 MOHOKPHCTAIIYHOK) CTPYKTYpOIO TOBHHHI
BUTPUMYBATH 3HAYHO OLNBII TPUBAIHMIA KOHTAKT 3 PO3IJIABOM MEPETPITOrO METaIy
MOPIBHSHO 3 BHpPOOAMH, MPU3HAYEHUMHU I JAeTaled 3 TMOJIKPUCTAIIYHOIO

PIBHOOCHOIO CTPYKTypoto (puc.l.1).
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CnpsimoBaHa KpHCTaJII3aIs,
MOHOKpPHCTAIIYHE THTTA

v '

TpuBamcTs KOHTAKTY KapOMIIHII po3IiaB - (opma
IIpH TeMIlepaTypl Harpiy Qopmi nepe 3aauBasHaM po3mwiaBy 950-1050 oC

' v

10-15 xa. 30-60 xB.

PIBHOOCHA KpICTaTi3alis

Puc. 1.1 — Cxema mOpiBHSIHHS KOHTAKTY *apOMIIIHUM po3IuiaB-¢hopma B

3aJIeKHOCTI Bifl crtocoOy kpucTamizaiii [1]

YMoBamMu oOJiepKaHHSI BHCOKOSIKICHOI KIHIIEBOI MPOJYKIT — BWJIMBKIB
KApPOMILIHUX CIUIaBIB ISl CKJIAJAHONPO(QUIbHUX JeTalel € He TUIbKH SKICHO
BUIUIABJICHUH CILJIaB, aje 1 sKiCHA JUBapHa ¢opma, B sKy BiH 3anuBaerbcs. [lpu
bOMY BJIACTMBOCTI (OPMHU MOBHHHI BpPAaXOBYBaTHU BIACTUBOCTI KapOMILIHUX
B3aEMOJIISITH 3 PiJIKMM CTUIABOM, 3MIHIOBATHCS B 00’ €Mi TIiJ] 9ac BUTOTOBJICHHS. [2].

Ha BITUM3HSHUX MIANPUEMCTBAX-BUPOOHUKAX Ta30TypOIHHUX JBUTYHIB
BUTOTOBJIEHHS KEpamMiYHUX OOOJOHKOBUX ()OPM BUKOHYIOTH HACTYIHHUM UYHHOM.
JIy1st BUKOHAHHS IapiB KepaMivHOi (POPMH Ha MOJICNIbHI OJIOKH, 110 BUTOTOBJICHO 32
cxeMoro (puc.1.2) HaHOCSITh BOTHETPUBKI CyCHEeH31i, BUKOPUCTOBYIOUM CIIUPTOBUI
po3unH ['pETC wmapku ETC-40. [lumomoniOHWii HAMOBHIOBaY BOTHETPUBKOI
CyCleH3li — JIUCTEHCUJIIMaHIT a0 eNeKTpOKOpyHJ Oumuid. i1 MmOoBEpXHEBOro
MOAM(IKYBaHHS BWIMBKIB 13 >KapOMILHUX HIKEJIEBUX CIUIABIB Yy BOTHETPUBKY
CYCIICH3110 JIMIIbOBOTO Mapy BBOAATH 2...7 % (3a Macoro) MOPOIIKOMOIOHOTO
anoMiHaTy KooanbTy. [ oOcunanHs mapiB MOJIETbHUX OJIOKIB BUKOPUCTOBYIOTh
KPYITHO3EPHUCTI dbpaxiii €JIEKTPOKOPYHIY 61510TO abo KPUXTY

BHUCOKOTIMHO3CMHUCTOI'O IAMOTY.
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KoncrpyroBanus Burorosjenus Burorosjenus
— > .
npecpopmu npechpopmu MOJ1eJIbHOI Macu

3auBaHHA MacHu B TBepaHeHHsI MacH B BusnyyenHst roroBoi
npecopmy " npecdopmi > moneui 3 mpecopmu

Puc. 1.2 — Cxema BUTOTOBIJIEHHS BOCKOBOI MO€EI1

CyuriHHsT TOKPUTTS Ha MOJEIBHUX OJIOKaxX 3MIMCHIOIOTH Y BaKyyMi,
BaKyyMHO-aMiayHOMY a00 MOBITPSHO-aM1ayHOMY Ta30BOMY CepeloBUIIl ad0 Ha
noBiTpi. [licid cyunHHS Ha MOJETBbHOMY OJIOLI OCTAHHBOTO LIAPY BOTHETPUBKOTO
MOKPUTTS KOTO BUTPUMYIOTh Ha MOBITPI MPOTATOM J00H 1 B O0MIepKIIaBl IPOBOJATH
BUILIABJIEHHS 3 HHOI'O BOCKOBOI Mozeli. OTpuMaHi kepaMiyHi (pOpMU FOTYIOTh M1
3aJIMBKY, SIKa BKIIIOYA€ 1X HArpiBaHHs 1 MpOKaproBaHHS mpu Temmeparypi 950 ...
1050 °C mpotsirom 2 ... 5 TOA., BAKYyMYIOTh Ta 3aJMBalOTh METAJOM. B meskux
BUIAJIKaX BEJIMKOTrabapuTHI KepamMidHi 000JOHKOBI (OpMH MIAAAIOTH MOBITHOMY
nposkaptoBanHio. To6To popmu mpoxkaproroTs rpu Temmneparypi 760°C ado 960 °C,
OXO0JIO/IKYIOTh, IPOMHUBAIOTH BOJIOI0, MPOCYIITYIOTh, HOBTOPHO HarpiBaroTh 10 950...
980°C 1 BCTaHOBIIOIOTH B €JIEKTPOOOIrpiBaHuil MyQenb BaKyyMHOI IMJIaBHIIBHO-
3aJMBAJIbHOI YCTAHOBKH, 7€ (DOPMYIOTh B OTIOPHUI HAITOBHIOBAY - KPUXTY IIAMOTHY
abo 01if kepamiku. Ilicis npoxkaproBanns npu 950...980 °C npotsirom 12...24 ron
dbopMHU TEpPeHOCATh y BaKyyMHY IUJIaBHJIBHO-3aJIMBAJIbHY YCTaHOBKY, J€ uepe3
20...40 xB B yMOBax BaKyyMy 3aJIMBarOTh MeTajioM puc. 1.3. [3].

Sk OyJo 3a3HaY€HO BHUILIE, TUIABKY 1 3AJIMBKY B KEpaMiuHi 000JOHKOBI (hOpMHU
OPOBOAATh Y BaKyyMHHMX IUIaBHJIBHO-3JIMBAJIbHUX YyCTaHOBKax. Jlyisi BUILIaBKU
KAPOMIIIHUX HIKEJIEBUX CIUIABIB SIK LIMXTY BUKOPUCTOBYIOTH MIpHI 3arOoTOBKHU 31
CTPOTO PpEriiaMEHTOBAHHM XIMIYHHM CKJIaJOM. 3allUBKy pO3ILUIaBOM Y (Gopmy

3MIMCHIOIOTh 0€3MOCEePEIHhO 3 IJIABWJIBHOTO THIJISI YCTAHOBKH, TMICIS YOro ii
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OXO0JIOJKYIOTh Ha BIIKPUTOMY TOBITPI, a00 mepea uM ii Ha 2...3 1o HOMIIIalTh y

TepMocTar 3 Temneparyporo 650...750 °C.

Hanecenns 1 mapy

BurotoBieHHs . CrerianbHa cyIIKa 3a
T " CYCHEH31l Ha MOJAENBHHI [ * e yxuiem
CYCIICHSII ONOK IITAXOM 3aHYpPEHHA P
Hanecenns 2 mapy [ToBTopeHHa OmoKy 413. 3
cycIeH31i, o0CHIIKa B 00CHITKOFO
TTHEBMOITICKOCIITY — Cynxa > EMeKTPOKOPYHIOM, 1~
€IeKTPOKOPYHIOM 30LTBIIYI0UN (PAKITIO 3
HaliIp10HImol (pakiii KOJKHIM IapoM
HaHeceHHs 0CTAaHHBOTO .
Teepauenna Burpuvka 610kiB mepen
mapy cycreHsii (He : o
— c ——*  3aKpILTINYOI0 Mapy B~ * BHJATCHHAM KepaMITHOI MacH
odcrmarm . S
yeranosL YBC-2M 3TUTHO IHCTPYKITI
CIIEKTPOKOPYHIIOM)

Puc. 1.3 — Cxema BUTOTOBJIEHHS KepamMi4HOi popmMu

Kepamiuni 060710HKOBI (hOpMH, BUTOTOBIICHI 332 TPAAMIIIIHOIO TEXHOJIOTIEID
BUTOTOBJICHHS, MalOTh HEJOCTATHHO BHUCOKY MIIHICTh 1 PYHHYIOThCS B MpPOIECI
mutTs. Kpim Toro, TpaguiiiHuii mpoiiec BUTOTOBIEHHST (OpM BUMAarae TPUBAJIOTO
yacy Ta BHUCOKMX BuUTpaT. OTKe, METOI JaHOro JOCHIDKCHHS € aHam3 1
MOKpPAIICHHS SIK CKJIAy, TaK 1 TEXHOJIOT1i BUTOTOBJIEHHS KEPaMIYHUX 000JIOHKOBHUX
dbopM, IO BUKOPHCTOBYIOTBCS JJIS JHUTTSA CKIAJIHONPOMIILHUX BHIMBKIB 3

YKapOMIIHKUX CILJIaBiB, 30KpeMa JIONaTok ra3oTypOinHux aABuryHis (I'T).

1.2 BorHeTpuBKi MaTepiajim KepaMiyHUX JUBAPHUX (popm.

Jnsi  BUTOTOBJIEHHS KEpaMiYHMX JIMBapHUX (OPM  3aCTOCOBYIOTHCS
BOTHETPUBKI MaTepiajiy, 0 MaIOTh 36pHUCTY a00 MUJIOBUIHY CTPYKTYPY, & TAKOXK
pinki 3K. Ha cydacHoMy erami HalOUIbII MOIIMPEHUMH € TYTOIUIaBKI OKCHIU
METaJliB 1 iX CIOJIYKH, SIKI BUKOPHUCTOBYIOThCS B SKOCTI MaTepiaiiB Jis

BUTOTOBJICHHS KepaMigHux ¢opm [3].
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VY pobotax [4-6] ommcaHi OCHOBHI MaTepiaid, 110 BUKOPHCTOBYBAIUCH IS

BUTOTOBJICHHS OaraTolapoBUX OOOJOHKOBUX ()OpPM MpU BUTOTOBJICHHI BUJIMBKIB.
Haii6inpie po3noBCIOKEHHSI OTpUMAaB OUIMN €IeKTPOKOPYH/I, KBAPIOBHUI MiCOK,
0e33a1130BHM ITUPKOH Ta JUCTEH-CUIIIMAHIT.

HocmipkeHHs aBropa pobotn [7] mokasye, mo JyIi BUTOTOBIICHHS JIMTHX
3arOTOBOK 3aMiCTh KBapIOBOTO IIICKy BCE YacTilleé BHUKOPHUCTOBYIOTH 3€pHa
IJIaBJICHOT0 KBapIly (KBaploBe CKJI0, KBapil aMOp(HUil), €1eKTPOKOPYHAY, TUCTEH-
CHJIIMaHITY 1 BUCOKOTJIMHO3EMHUCTOTO [IIAMOTY.

KBapir otpumMytoTh 13 kBapiieBoro micky (99,8% SiOz) nuisxom HarpiBy Horo
no temmeparypu Buie 1713 °C 3 HACTYMHUM OXOJIO/UKEHHSM 3a CIeIialbHUM
pexuvoM. Horo mmnononmibmi dpakmii MoXyTh O6yTH BHKOPHCTaHi  JIs
BUTOTOBJICHHS BOTHETPUBKUX CYCHEH31A JUIsl CTBOPEHHA OOOJOHKOBUX (OpM 3
BHCOKOIO TEPMOCTIMKICTIO. 3TiIHO JaHuX pobotu [8] 3Ha4HOIO IepeBaroro Horo
BUKOPHUCTAHHS € HU3bKUM KOE(ILIEHT TEPMIYHOTO JIiHIMHOTO po3mupenHs (KTJIP)
(puc.1.4). Ile no3BoJIsIE OTPUMYBATU BUIIMBKH 3 BUCOKOIO TOUYHICTIO. BUKOpUCTaHHS
000JIOHKOBHX (DOPM 13 TUIABJIIEHOT'O KBapIly CIPOLIY€E TEXHOJOTTYHUN TPOLIEC JIUTTS
3aroTOBOK, TaK SK 1X TEPMOCTIMKICTh JO3BOJISE iX BUKOPHUCTAHHS O€3 OIMOPHOTO

HaITIOBHIOBAayda.
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Puc. 1.4 — TemnepaTypHa 3aJIeKHICTh KoeiIlieHTa JIIHIHHOTO TePMIYHOTO

PO3MIMPEHHS IS ISIKUX BOTHETPHBIB
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3rigHo pobotu [9] enekTpOKOPYHI € HAWOUIBII YUCTHUM 33 BMICTOM JOMIIIIOK

BOTHETPUBKMM MaTepiaoM, KMl He MoTpebye CriemianbHoi miaroToBku. Koro
OTPUMYIOTH B PE3yJIbTAaTi MPOBEACHHS BiJHOBIIOBAILHOI IUIaBKU OOKcHTIB. B
3QJIGKHOCTI BiJI BMICTY MIKIJJIMBUX JIOMIIIOK, IO 3HIDKAIOTH TeMIIepaTypy,
CICKTPOKOPYH/I TOIISETHCA HA YOpHUM (HOpManbHui) Ta Oummid. [lns
BUTOTOBJICHHS KepaMidyHHX ()OpM BHUKOPUCTOBYIOTH OUIMN €IEKTPOKOPYHJ, aie
yepe3 HOro BUCOKY BapTICTh B OUIBIIOCTI HOTO BUKOPHUCTOBYIOTH ISl JIMITLOBUX (1-
2) mapiB. Jpi6Hi nunonoAiOHI (pakiiii MOKYTh TaKOXK BUKOPUCTOBYBATHUCH 1 JJIS
BUTOTOBIICHHSA CycreH3ii. BpaxoByrouw, 110 €JIEKTPOKOPYHA € JOpPOTUM 1
nedinmutauM, To ipu JIBM BiH 3a3BHuail 3aCTOCOBYETHCS JJI1 BAKYYMHOTO JIUTTS
JIOMaTOK TypOIiH 13 dKAPOMIITHUX CIJIABIB.

BHCOKOTTMHO3EMUCTUI 1IaMOT OTPUMYIOTh B PE3YyJIbTAaTi BUIATIOBAHHS
BOTHCTPUBKUX TJWH Ha CHEIlaJbHUX MYHMX arperataX. [lo ckiamy mamory
BxoauTh 30-70 % wmynity. BoruerpuBkicts mamoty ckiagae 1690-1770 °C. Ilpu
HarpiBaHHI 1 OXOJIO/DKEHHI IIaMOT HE 3a3HA€ CTPYKTYpPHHUX TEPETBOPEHb.
Kepamiuna BorHeTpuBKa 00OJIOHKA, BUTOTOBJICHA 3 BUKOPUCTAHHIM IIAMOTY, Ma€
XOpOIILY TEPMOCTINKICTD 1 MIIIHICHI XapaKTEPUCTHUKH, & TAKOK BUTPUMY€ METAJICBUIA
po3miaB 0e3 ormopHoro HaroBHIOBava [10].

[Ticok AMCTEH-CUIIIMAHITY OTPUMYIOTh B PE3yJbTaTl HOT0 BUAUICHHS 13 CyMIiLIl
MIHEpaIiB MPUPOHOTO altOMOCHIIiKaTy. B Horo ckiaa BXOIATh JBa MiHEpaau —
JUCTEH (K1aHIT) 1 cuiliMaHIT. B O1bI0CTI BUNAIKIB BIH BUKOPUCTOBYETHCS B IKOCTI
HAMoOBHIOBaYa JJIs CYCIICH31# MPaKTUYHO [T BCiX oOcunanbHux marepianis [11]. B
TaKOMY BHMAJIKY, 100 HAAaTH KepaMiuHiii 000JOHII HEOOX1JHUX BIACTUBOCTEH, B
CYCHEH31I0 JI0JIaTKOBO BBOJUTHCS T'paHyJIbOBaHUU Topomiok amtoMmiHiio ACD-4.
MIiIHICTB 1 TEPMOCTIUKICTH 000JIOHKOBOI (hopmHu 3a0e31medye HarpiBaHHs (OpMHU 10

1600 °C 6e3 pyitHyBaHHS.
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1.3 3B’A3yBaJIbHi KOMIIOHEHTH /IJI5l BUTOTOBJIEHHSI KepaMidyHHUX (popMm.

J1J1s1 BUTOTOBJICHHS KEpAMIYHUX 000JIOHKOBUX (hOpM BUKOPUCTOBYIOTH 3K, siK1
B pe3ysbTaTl XIMIYHUX 1 (DI3UYHUX MPOLIECIB MPU CYIIIHHI IIapiB 1 MPOKaprOBaHH1
dbopMH TTePETBOPIOIOTHCS B ITIBKU TYTOIIABKUX OKCHIIB, IO K1 MIITHO 3’ €AHYIOTh
3¢pHa BOTHETPUBKOro HamoBHIOBaya [2]. Taki oOkcuau YTBOPIOKOTBCS 3
CJIEMEHTOOPTaHIYHUX CIHOJIyK a00 HEOpraHiYHUX COJIeW MeETalliB, a TaKOoX
[EMEHTYIOU01 OCHOBH T yac (opMyBaHHS OOOJIOHKH. 3a3BUYAll JUIsl WX IIJeH
BUKOPDUCTOBYIOTh  €TWJCWIIKAT Mapku 40, 10 CKJIaJaeTbcss 3 CyMilll
TETPACTOKCUIIAKCAHy 1 alKOKCWIakcaHiB [12]. Jlis 1uX pedyoBUH MOJIATAE B TOMY,
0 ITiJ Yac B3a€MOJIIi 3 BOJOKO BiIOYBA€ThCS T1APOTITHYHA TOJIKOHACHCALIS, 1110
IPU3BOJIUTH 10 YTBOPEHHS PO3TATYKEHHX 1 3IIUTHUX MOJEKYJ 3 yIOPSAKOBAHOIO
cTpykryporo. Ilporec MOYMHAETBCA 3 YTBOPEHHS 300 KPEMHIEBOI KHUCIOTH
(xomoinHuit po3umH). Ilig 4ac cymiiHHS 30/1b NMEPEXOAUTH y Te€lb, AKUH CKICHOE
YAaCTUHKHU HAMOBHIOBAaYa, a MOTIM YTBOPIOE aMOp(PHUN KpeMHE3EM.

VY npoMUCIIOBOCTI JUIsl PO3UMHEHHS €THJICHIIIKATy BUKOPUCTOBYIOTH €TUIIOBUI
ciiupT Ta aretoH [13, 14]. lle moB's3aHo 3 THM, IO €THJICHIIIKAT HE B3a€EMOJIIE 3
BOJOIO 1 HE PO3UMHSIETbCS B Hik. ['igpomi3 eTwicwiikaTy 3a3BUYail MPOBOASTH
HUISIXOM 3MIIIyBaHHS HOro 3 pO3UMHHUKOM Ta J10JIaBaHHAM PO30aBIIEHOT KUCIIOTH.

3B’sI3yBaJIbHUM KOMIIOHEHTOM B CYCIIEH31SIX € TiJIpOJII30BaHUN PO3UMH
eruacwiikaty [14]. Ctymidb riposizy eTUICHIIKATY 3aJeKUTh B OCHOBHOMY BiJ
ckimaxy ertwiacwiikaty 1 kimbkocti Bomm [14, 15]. Tigponiz ETC MoxyTh
3MIIHCHIOBATH PO3JIILHUM a00 cyminieHuM criocoOoM. [Ipu po3ainsHOMY METO1 y
riiposi3ep BBOISTH PO3PAXYHKOBY KUIBKICTH BOJH, COJITHOI KHCJIOTH, CIUPTY,
eTWJICWIIKATY, MEePeMIIIYIOTh PO3UYHMH 10 THUX IIp, IOKK BiH He oxosoHe. [Ipouec
ripoi3y IpOBOASATH MPOTIroM Bij 2 roa a0 18 roa. [IpuroryBaHHs BOTHETPUBKOI
CyCTeH31i MPOBOASTH MICHS 3aKiHYCHHS PEaKIlli TIAPOi3y MUIIXOM J0JaBaHHS
UJIONOAI0HOTO HATIOBHIOBAYA 1 MepeMilllyBaHHs B Mimankax [16, 17].

3a cymimieHoro crnocoOy Tigpoji3 BeOyTh Tak: y TIAPOdi3ep 3aJIMBAIOTh

STHJICHITIKAT 1 PO3UMHHUK, IEPEMIIIYIOTh BiJl 1 XB 10 2 XB, MICJIS YOT'O BBOJSTH BOAY,
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mo migkucieHa HCl ta nunonmoniOumit Marepian. [l yCyHEHHS IIKiAJIMBOTO

BIUIMBY Ha T'POJI130BaHUN PO3UMH JOMIIIIOK, SIK1 MICTSTHCS B 3€pHAX HAIIOBHIOBAYa,
nonatotb HoSO4 (y Takii sxxe kinbkocti, sik HC). IlepeminryBanHst poAOBKYIOTh 10
OXOJIOJPKEHHS OTpuMaHoi cycnensii (~ 1 rox). ['iaposii3 3a cyMmileHoro cnocody
3aicHIOeThCs mBHAIIE. OOONOHKU 13 CYCIMEH31i, MPUTrOTOBAHUX IIMM METOOM,
XapaKTEPHU3YIOTHCS BUIIOO MIIHICTIO, HIXXK OOOJIOHKH, MPUTOTOBAHI PO3IITEHAM
CIIOCOOOM.

Texnomnorist BurotosiaeHds: gopm st 1utTs Ha ocHoBI ETC 6e3 opraniuHux
PO34YMHHUKIB 3aCTOCOBYETHCS BCe MMpIe, 30kpema a1 JIBM. V cycnensisx, ne 3K
OoTpuMaHuii 0€3 OpraHiyHUX PO3YMHHUKIB, [UJI TOJIMIICHHS 3MOYYyBaHHS
BUKOPHCTOBYIOTh HEIOHOT€HHI IOBEPXHEBO-aKTHUBHI pedoBUHHU, Taki ak OIl-7, OIl-
10, cynbdanos, a TaKOX PEUYOBUHU 3 KOMIUIEKCHOIO IJIACTU(DIKYIOYOIO,
eMYJIBI'YIOUOIO Ta 3MOYYBaJIbHOIO Ai€r0. TeXHOIOTiA BUMAarae CyBOporo KOHTPOJIO
napaMeTpiB CyIIiHHS, 30KpeMa Temreparypu i Bosorocti moBitps [18]. 3K Oe3
OpraHiYHMX  PO3YMHHHKIB €  TEXHOJIOTTYHUMH, HE  TOKCHYHUMHU 1
noxkexxo0e3neyHuMu. OO0JIOHKH, OTPUMaHI1 3a ONTUMAIILHUM PEKUMOM TBEPAIHHS,
BI/I3HAYAIOTHCS MIIBUIIEHUMI MEXAHIYHUMHU BJIACTUBOCTSIMHU.

Hapasi Ha puHKY JTUBapHUX MaTepiajiB iICHYIOTh TOTOB1 0 BUukopucTanHsa 3K
Ha ocHoBi ETC, nanpuxian, Wacker Silester XAR [19]. Pozunnaukom y Wacker
Silester XAR € cymim eranony ta 2-nmpomnaHoily, HOro CTymiHb rigpodizy ta pH
ONTHUMI30BaHI TAKUM YMHOM, 1100 3a0€3neYnTH HEOOX1IHYy peaKIiiHy 3AaTHICTb 1
HaJICXKHY CTaOLIBHICTh MpU 30epiranHi. [HII creniagbHO po3pOoOIIeHi K TOTOBI 110
Bukopuctanusa 3K e monepenubo rigpomizoBani eruncuiikata (PES) REMET®, sxi
JIOCTYTHI Y TPbOX CTaHJIAPTHUX KOHIIEHTpaIisix kpemuesdemy — 18 %, 20 % 125 %
[20]. BaBasiku creriaTbHOMY CKJIaay Ta TEXHOJOrl BHpoOHMITBA riopuani 3K
MaloTh JIy>K€ XOpOIIl BIACTUBOCTI mpu 30epiranHi Ta oopoo6ui. Ilepesaroro 3K Ha
CIIUPTOBIM OCHOBI € MIBUAKE TBEPAHECHHS B aMiauHiid aTMOc(epi, B TAKOMY BUIIAAKY
yac MK HAHECCHHSM IIIapiB MOXKE CKJIAJIaTH JICKIJIbKA XBHJIMH, 10 €(PEKTUBHO IS
POOOTHU30BAHOTO BUPOOHUIITBA IPU HAHECEHH] OMOPHUX IapiB KepaMiku [21].

Jlis BUTOTOBJIEHHS KEepaMiYHMX OOOJIOHKOBHX (OpM KpiM ETHUIICHIIIKATIB

BukopucToByeThes roropuit 3K tuny I'C, 3K amomoxpomodocdarnoro tumy, 3K
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Ha OCHOBI piakoro ckia 1 kpemuesoneil. Ili 3K 3HaunHo chporurytoTs mporec

BUTOTOBJICHHS KEpaMiuHUX OOOJIOHKOBHUX (hOpM, MPOILIECH iX BUKOPUCTAHHS MPH
NPUTOTYBaHHI CyCIIeH3iil onucaHni B poboTax [22, 23].

3K tuny I'C BUrOTOBISIETHCS 1 TOCTAYAETHCS HA BUPOOHUIITBO B TOTOBOMY
TiAPOMI30BaHOMY BUTJIAMI, a TIPOIeC MPUTOTYBaHHS CyCHEH3li Mmojsrae y
BMIIITYBaHHI B HHOTO MaTepiaiy 10 OTpUMaHHS HEOOX1IHOT B’ SI3KOCTI 3 MONEPETHIM
BBEJCHHSAM HEOOXITHOI KUIBKOCTI cipyaHoi 1 optodochaTHOi KHUCIOTH s
HeNTpai3alii 3aji3a, 10 IPUCYTHE B IOPOIIKOBOMY Matepiaii [24].

3rigno nateHty [25], 3K Ha ocHOBI aimomMoxpomModocdaTiB BUKOPUCTOBYETHCS
y BHUIIaJIKaX, KOJIM HEOOX1/THA IMiABUIIIEHA MIIHICTh KepaMmiuHuX popmM. Li cycrensii
B OUTBIIOCTI BUIA]IKIB BAKOPHCTOBYIOTHCS B OE€JHAHHI 3 IApaMH P1UHU HAa OCHOBI
PIIKOTO CKJIa, Ky TOTYIOTh Ha OCHOB1 KpemHe30is. O0’€iHaH1 mapu KepaMigyHoi
dbopMHU OTPUMYIOTH B PE3YJIbTaTl IMOMEPEMIHHOTO HAHECEHHS Ha MOJACIBHUN OJIOK
cycnensiit 3 pizaumu 3K [26]. [Ipu BukopucTanHi amomMoxpomodocdary 101ar0Th
oopny kuciory HzBO, B kinmbkocTi 2-3 % BiJl Macu piJIKUX CKJIQJIOBHX 3 METOIO
IBUIICHHS MIITHOCTI KEPaMiYHUX 000JIOHKOBHUX ()OPM B MIPOKAPEHOMY CTaHi [27-
29].

Konoigauii kxpemMHe3eM Mae BHUCOKY MHUTOMY MOBEPXHIO 1 TOMY BiH MOTaHO
3MOYY€ BOCKOBY MOBEPXHIO, 10 TPUBOJUTH A0 HEPIBHOMIPHOTO ii MOKPUTTS. s
M1BUIIEHHS 3MOYYBaHHS J0 11 CKJIay BBOJSTH MOBEPXHEBO-AKTUBHI PEUOBUHU Ta
NpoTUMiHHI A00aBKu. Heposikom qaHoro martepiaiy € Te, 10 Yepe3 BOJHY OCHOBY
KepaMiuHi (GOpMH Ha KOJIOITHOMY KpeMHE3eMi MOBUIbHINIE COXHYTh. CKOPOTUTH
4ac BHUCHXaHHA MDK HACTYITHMM HAHECEHHSM IIapy Ta OCTaTOYHHM YacoM
BHUCHUXAHHS 32 paxyHOK TEMIIEpaTypH, BOJOTOCTI Ta IIBUIKOCTI pyXy HOBITps, a00
pH cycniensii. OkpimM «eKOJOTIYHOCTI» TaKOTO THITY MaTepiai Ma€ i 1HIII TIepeBary.
OpHi€ro 3 HAHBAKITMBIIIKUX HOTO 0COOJIMBOCTEN € TOBIUI TEPMIH CITY>KOHM CyCeH31i
Ha MOro OCHOBI Ta BIJICYTHICTh Nepexoay B reneBy a3y (Ha Biaminy Big ETC).
KepamiuHi ¢popmMu, BATOTOBJICHI 3 BUKOPUCTAHHSIM KOJIOTTHOTO KPEMHE3EMY, MalOTh
BUIILLY PO3MIPHY TOYHICTh, HK (DOPMU Ha eTUJICHIIKaTI. BOHN XapaKTepu3yroThCs
BUCOKMMH BOTHETPHUBKICTIO, TEPMOCTIHKICTIO, CTIMKICTIO 10 TEPMIYHOTO yapy Ta

MaroTh HeBeMKY ycanky [30].
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CyuacHi BOAHI1 3B’s13yBajibHI KOMIIOHEHTH, Hanpukiaa, Remasol, LUDOX Tta

1HII MalOTh TPUBANICTH CyIIiHHS I1apiB ¢dopmu Ha piBHI 3 ETC 1 3a0e3neuytoTh
BHCOKY MIIHICTh KEPaMIYHUX OOOJIOHOK Yy CUPOMY CTaHi Ta MICHs MPOoXKaproBaHHS
[31].

Kepamiuni ¢popmu, BUTOTOBJICHI 3 BUKOpUCTaHHSAM BoaHUX 3K, 3a0e3neuyroTh
XOpOIIy ra3onpoHukHicTh [32]. Hanpuknan, kepamika, sika BATOTOBIICHA 3 BOJHOTO
3K Remasol, Mae Bulily ra30npoOHUKHICT Y Jiana3oHi Temmnepatyp Bia 25 no 950 °C
MOPIBHAHO 3 MarTepiayioM Uis OJEpXKaHHS SKOrO BHKOPHUCTOBYBAJIH CIHPTOBO-
Boauuil 3K. Ile moB’a3aH0 3 OLIBII BUCOKUM BIJICOTKOM BIJKPUTOT MOPUCTOCTI Y
KepaMIuHHUX 3pa3Kax, ikl BATOTOBJIEHO 13 3acTOCyBaHHsIM Remasol.

Buxopucranns 3K Ha OCHOBI KpEMHE30J1€il 3HAYHO CHPOLLY€E TEXHOJIOTTYHUI
MPOLIEC BUTOTOBJICHHS CYCIIEH31H, TOMY IO MPOBOJAMUTHCS 3MIIIYBaHHS BUXIJTHUX
KOMITIOHEHTIB B MIIIAJIKaX 0€3 OXOJIO/KEeHHS. JIJIS miaBUINECHHS iX BIACTHBOCTCH
JOJIAlOTh  TIOBEpXHEBO-akTWBHI pedoBnHM [33]. KpiM TOro B mpakrtwi
BUT'OTOBJICHHA OOOJIOHKOBUX ()OPM 4acTO BUKOPUCTOBYIOTH CYCIIE€H31i HAa OCHOBI
koMmOiHoBaHux 3K, Takux sik: eTuiacuiikar 1 kpemueszolsib (BC-1x), eTwicumikar 1
dochopna kucnora (BC-2-¢). Taki komOiHamii TmOB’si3aHI 3 EKOHOMIEIO
eTWJICWIIIKATY, 1 iX BUKOPUCTaHHS OOIPYHTOBAHO TUIbKH JJIA MPOCTUX JAeTajel 13
HEBHCOKUMHU BUMOTAMHU JI0 SIKOCTI.

AJle CyTTEBUM HEOJIIKOM € HEBHCOKA MIITHICTh B HEMPOXKAPEHOMY CTaHI, 1110
BIJIMBA€ HA oro mupoke BUKopucTaHHs. Takox 3K Ha BOJHIA OCHOBI MOBHHEH
30epiratucs mnpu Temrepatypi He Hmwkde +5°C. Take oOmexeHHs 30epiraHHs
KpEMHE30JIel TIOSICHIOIOTHCS THM, IO MPU TeMIEpaTypl HIKUE BUMOT 30epiranHs
KPEMHE30JIb KPUCTAII3YEThCS (3amep3a€) 1 IMICIs PO3MOPOKYBAaHHS BTpaydae
B’sokydi BiactuBocTi [3]. Tomy B maHiii poOoTi MOTPiOHO MPOBECTH MOPIBHIHHI
JOCITIJIKEHHS MIITHOCT1 B CHPOMY Ta MTPOKaPEHOMY CTaH1 KepaMiYHUX 000JIOHKOBUX

dbopm, orpumanux 3 Bukopuctanusam ['PEC 13 Bogaumu 3K.

1.4 MoaeabHi MaTepiajiu 1 TOYHOTO JIMTTS.

JIy1st BUTOTOBJICHHSI MOJICJICH, SIKI BHTOILIIOIOTh, BUKOPHUCTOBYIOTh MOJIEIbHI

CUCTEeMH Ha OCHOBI mapadiny, creapuny [34]. /o HuUX mpea’sBISIOTh HACTYIIHI
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BUMOTH: JIETKOIUIaBKicTh B Mexkax Big 60 °C mo 100 °C, temneparypa mo4aTky

pPO3M’SIKIIIyBaHHS BUIIA 3a TeMmIeparypy pobOodoro mpumimieHHs Ha 35-45 °C,
MiHIMaJgbHa 1 cTallabHA Yycajka, MiHIManbHE 00’€MHE 1 JiHIIHE PO3UIMpPEHHS,
ONTUMAajbHA PIIKOINIMHHICTh, MiHIMaJbHA 30JbHICTh, XIMiYHA I1HEPTHICTH IO
BITHOILIEHHIO 10 MaTepiany mpec-popMHU 1 BOTHETPUBKOTO MOKPUTTSI, MOKIUBICTh
OaraTopa3oBoro BukopucTanHs Tomo [35]. Taki MoaelbHI KOMIIO3HINI TOTYIOTh Y
TepMOCTaTax MUIAXOM PO3IUIABJICHHS 1 IMepeMillyBaHHA TapadiHy 1 CTeapuHy.
Mopeni BUTOTOBIISIIOTh METOI0M 3auBKH (3a Temneparypu Bix 60 °C go 70 °C) abo
3aMpecoBKH MACTONOA1I0HOT KoMTo3ullli y rpec-hopmy. [TacTononiOHy KOMITO3UIIIO
Oe3nepepBHO MEPEMIINIYIOTh 1 0XOJOKYIOTh /10 Temrepatypu 42-45 °C. Ilonaua
MacTONMOAIOHOTO MOJIEILHOIO MaTepially B poOody MOpPOXXKHUHY Tmpec-popmu €
OCHOBHHUM CIIOCOOOM BUTOTOBJIEHHS Mojenel. JlaHuil nporec 3a0e3neuye BUCOKY
TOYHICTh 33 PaxyHOK 3MEHILIEHHSA YCaJKH MOJIETBHOTO Marepiaily 1 MIJBHILYE
IPOIYKTHUBHICTh Yepe3 3MEHIIEHHS 4acy OXOJIO/LKEHHS MOJIeN Ta mpec-PpopMHu.

B mnporeci onep:kaHHS MOJAETBHUX KOMIIO3MIIN CIOYAaTKy Tmpec-GhopMu
OUYMUIYIOTh, @ MOTIM HAHOCSATh MOKPUTTS JUIsl 3MEHILIEHHS anaresii. B sxocti
MOKPUTTSI BUKOPUCTOBYIOTh TpaHCPopMaTOpHY ab0 KACTOPOBY OJIIO B CyMiII 3
€TWJIOBUM CIIUPTOM Yy chiBBiAHOWEHH! 1:1. B yMoBax macoBoro BHUpOOHHMIITBA
BUTOTOBJISIFOTH MOJIEJII 1 €JIEMEHTH JIMBHUKOBOI CUCTEMHU pa30M B OJIHiH rpec-(popmi.
[ToTim ix 30uparoTh y OJOKHM 1 MepenaroTh Ha TMOJAJBII omepailii. Aje Tak sK
PO3M’ IKIIIEHHST BOCKOBMICHHX MOJICIFHUX Mac BUHUKAE MPU HU3BKIN TeMIiepaTypi
60-70°C, To Mopmemi ImiJ Yac BHUTOTOBJCHHS 1 KOPHUCTYBaHHS HE 3aBXIU
3a0e3MeuyloTh HEOOXiHY pPO3MIpHY Ta MacoBy TO4YHICTh. lle cTtae ocobOmuBo
KPUTUYHUM Yy BHUITQJKaX, KOJMU HACTHCSA MPO BUTOTOBJICHHS BWJIMBKIB CKIJIQJIHOT
dbopmu [36].

BaxusmBuM ¢dakTopoM y MiIBUINEHHI Ta cTaOUII3aIli TOYHOCTI MapaMeTpiB
MOJIEJI1 Ha OCHOBI BOCKY € ii XiMiuHMM ckiaa. OnTuMizalliio i ckiagy ITpoBOASITh
3a MOKA3HWKOM JIIHIMHOI YCAJKU 1 TETJIOCTIMKOCTI, TUIMHHOCTI MOJICJIbHOI MacH B
NacTONOAI0HOMY CTaHi, PIAKOIUIMHHOCTI, MeXi1 MIIHOCTI Ha BuUruH npu 20 °C,

BapTOCTi, KOEPIiEHTY TEPMIYHOTO JIIHIHHOTO po3mHMpeHHs Ta inm. [11, 12].
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Jns po3poOKM HOBUX KOHCTPYKIIH a00 BIOCKOHAJEHHS Ta30TypOIHHHMX

JIBUTYHIB HEOOX1JTHO BUTOTOBJISITH JOCIIAHI MapTii JOMaToOK, 10 Hapa3i moTpedye
3HaYHUX 3aTrpaT 1 dacy. ToMmy akTyalbHMM € pOo3poOKa HOBUX pIlleHb, sSIKI O
JTIO3BOJISIIA 3MEHIIUTH BUPOOHMYI BUTPATH Ta IMIJBUIIUTH PECypcoePEKTHUBHICTD
TEXHOJIOT1{ TUTTS 32 MOJICTISIMH, 1110 BUTOTUTIOIOTHCA. BupimeHHsIM 111€i ipodiemu €
BUKOPUCTAHHS aJUTUBHUX TEXHOJIOTIN TSI CTBOPECHHS Pa30BUX MOJIENEH 3aMiCTh
BockoBuX. CyThb Takoro BHpOOHMIITBA mojsirae B cTBopeHHi CAD-moxeni 3
MOJAJIBIITAM BHUTOTOBJICHHSAM ii 3a momomoroto 3D-apyky. 3D-apyk 3HagHO
CKOpPOYY€ TpUBAIICTh TIpollecy ojepxaHHi BupoOy. Ilpu 1pomMy 3HauYHO
3MEHIIYETHCS TPYIOMICTKICTh, MAaTEPIAIOEMHICTh 1 EHEPTOEMHICTh BUPOOHUIITBA.
TakuM 4YMHOM, BHUKOPUCTAHHS TaKOi TEXHOJOTIi JI03BOJISIE CTBOPIOBATH KIHIICBI
dbyHKIIOHATBHI BUpPOOM Oe€3MmocepelHbO BiJ KOHCTPYKTOpa abo I1HXKEHepa 3a
JIOTIOMOTOI0 KOMIT'HOTepa 1 MpUHTEPa, 0€3 HEOOX1THOCTI TOAATKOBUX TEXHOJOTTUHUX
omepariit [13, 14, 15, 17]. BukoprucTranHs TakOro METOAY J03BOJISIE BUTOTOBIISATH
JIeTal 3 BEJIMKOIO TOYHICTIO, siKa Moxe nocsraTtd 70 Mkm. OG0JIOHKOBI KepaMiyuHi
(dbopmH, SIKI BUTOTOBJIEHO 32 JOMOMOIo10 3D-TeXHOOTiH, 103BOJISATh OAEPKYBATH
HAWTOYHIIII JTUBAPHI METATIOBUPOOH 3 BUCOKOIO SIKICTIO TOBEPXHI.

[Tpuknaau 3acTOCYBaHHS TaKUX TUIACTUKIB B SIKOCTI pa3oBux mozeneit [37-39]
MOKa3yI0Th, IO 1ICHYE MpoOJieMa PO3TPICKYBAHHS KEepPaMiuHOi OOOJIOHKH IMiJl 4ac
BUJIAJICHHST MOJIeTIEH MIJITXOM BUMAIIOBAHHS BHACIIIOK MiABUIIIEHOTO TEPMIYHOTO
PO3IIMPEHHS MaTepialy MoJielied Ta HEKOHTPOJILOBAHOIO THUCKY Ta3iB Mij Yac ix
rasuikarrii, a TaKO MOKJIMBICTb YTBOPEHHSI 30JIbHOTO 3QJIMIIIKY.

B po6oti [40] 3ampomoHOBaHO BHPIIIEHHS MPOOJEMH PO3TPICKYBaHHS
KepaMiuHuX (OpM HUIAXOM Mi00pYy ONTHUMAIbHUX PEXUMIB BHUIATIOBAHHS
MJIACTUKOBUX MOJIENIEH 3 KepaMiuyHUX OOO0JIOHKOBHX (opm, 10 3a0e3rmeuyroTh
LUTICHICTh 000JIOHKOBUX (POPM Ta OTPUMAHHS BUJIMBKIB HEOOX1/IHOT SIKOCTI.

Buxopsuu 31 ckazaHoro, B poOOTi OTpiOHO BUOpATH Ta BCEOIUHO TOCHTIIUTH

BUKOPHCTAHHS TUIACTUKOBUX MOJICIICH SIS OACpKaHHS KepaMIdHUX 000JIOHKOBUX

dhopm.



1.5 Bumoru g0 kepamiuaux d¢opm s gaurra  geratei T/,

TEXHOJIOTiYHI BJIACTHUBOCTI CYCHeH3iid Ta KepaMiYHUX 000JI0HOK.

Bigomo, mo kepamiuHi (opMu, SKi BHUTOTOBJIEHO 3 MaTepiaiiB, III0
3MIHIOIOTh CBiIM 00’€M NpW HarpiBaHHi, He OaXaHO BUKOPHUCTOBYBAaTH IS
OJIep’)KaHHS BWJIMBKIB 3 BHCOKOIO PO3MIPHOIO TO4YHICTIO. B HHX mnpu
MPOKapIOBaHHI YaCTO BUHUKAIOTH TPIIIIMHA BiJl HABAHTAXKCHb.

Opniero 3 BuUMOr 10 (GOpMyBaJIbHMX MaTrepialiB € BIJACYTHICTh a0o
MIHIMQJIBHUN I1ap 3MIHEHOI 30HU MaTepiairy GopMHU 3 pO3IIIaBOM >KapOMIIHOTO
cruiaBy. BceraHoBiieHO, 10 pyHHYBaHHSI CTIHOK (opMH BiAOyBaeTbcs yepe3
mpoiiecu OOMIHY CKIIaJIOBUX CIUIaBy Ta Kepamikd, audy3li KOMIIOHEHTIB
BOTHETPUBY uepe3 MbK(pa3HHUM map B po3IUiaBl 1, 3 1HIIOINO OOKY, PO3UYMHEHHS
BOTHETPUBY PO3ILJIABOM 1 NIEPEHECEHHS] PO3UMHEHUX PEYOBUH B HOro ckian. Y
BUIAJKY B3a€MOJIIi KepaMiyHOi (POPMH 31 CIUIABOM YTBOPIOETHCS IpPUTAp, TOMY
BOTHETPUBKI Matepiany GopMu MarOTh OyTH THEPTHUMHU /10 PO3ILIABY.

Ha ocHOB1 niTepaTypHOTrO aHamizy, poOIT BUPOOHUKIB Ta30TypOIHHUX
JBUTYHIB C(HOPMYJIbOBaHI 3arajibHi Ta CIeliaibHI BUMOTH, 1110 MPE IBISIOTHCS
1o marepianiB (popmyBanbHUX cyMmimeid Ta 3K 1 BUTOTOBIEHHS AeTanen 3
HIKeJICBUX JKapoMinHux criasis [1, 3, 18, 16, 11, 41-43].

BorneTpuBki Marepiainy NOBUHHI BINOBIAATH HACTYIIHUM KPUTEPISM:

- XiMiYHa 1HEPTHICTh IO BIJHOIICHHIO JO PIAKOr0 MeETalay, a came:
MIHIMAJbHUM BMICT WIKIJIMBUX JIOMIIIOK, JIyKHUX Ta JIYKHO3EMEIbHUX
METAaJIiB, OKCHJIIB 3aj1i3a TOIIIO;

- BIJICYTHICTb 00'€MHHUX 3MIH TP HArpiBaHHI BHACHIIOK MEpPEKpUCTaTI3aIi
Marepiany;

- Koe(ilieHT JiHIAHOrO TEPMIYHOrO PO3MIMPEHHS He Oinpme 5+6 x 10
MM/Tpa.;

- OJIHOPIAHICTH MaTepiaty 3a (OPMOIO YACTUHOK 1 XIMIYHUM CKJIAJIOM;

- BHMCOKI TOKa3HUKHU MIIHOCTI HA 3TUHAHHS.

3B’s3yBajibHI KOMIIOHEHTH:

CTaOlIBHICTH 3a CKJIAJIOM BUXITHUX MaTepialis;

41
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- CcTaOLIBHICTH 32 (i3MKO-XiMIYHUMU BIACTUBOCTAMH 06’ e€MoM 10 2000M>;

- IEHTPai30BaHE BUTOTOBJICHHSA Ta MOCTAa4aHHS TOTOBOTO 3B’S3yBAJILHOTO
Marepiany;

- 4ac MPUTOTYyBaHHS CYCIIEH31l Ha OCHOBI €JIEKTPOKOPYHIY Ta IUIABJICHOTO
KBapIly He OUIbIIIE OHIET TOINHM;

- 4ac CYIIIHHS BOTHETPUBKOIO MOKPUTTS;

- MOXJIMBICTb KOHTPOJIIO SIKOCT1 CYCII€H311 Ta BOTHETPUBKOI'O MOKPUTTS;

- 3a0e3nedyeHHs MIITHOCT1 KepaMidHUX (POpM MpHU 3THHAHHI;

- 30epeeHHs1 T€OMETPUYHUX PO3MIPIB JUBApHOI (POpMU IpPH BHUAAIECHHI
MOJICJIBHOTO CKJIaJly TICJIS TMPOXKApIOBaHHS Ta 3aJMBAaHHS METaJOM JI0
temneparypu 1750 — 1800°C;

- BHCOKI XapaKTepUCTUKH 3MOUYBaHHS CYCIIEH31€I0 MOJIEIBHOTO MaTepiany
Ta BIJICYyTHICTh B3a€MO/IIT 3 )KAPOMIITHUMU CIUIaBaMHU.

TakuMm 4MHOM, JIJIi OTPUMAaHHS BUCOKOSIKICHUX BHPOOIB 31 KapOMIITHUX
CIUIaBiB, KepaMiyHa (hopMa MIOBUHHA BiJIOBIIATH HACTYITHUM KpuTepisMm [42]:

1. JlocTaTHbO MilIHA, 100 BUTPUMYBAaTH JWHAMIYHI Ta CTAaTHYHI
HABaHTA)XCHHS Ha yCiX €TaliB MPOIIeCy.

2. XiMIYHO 1HEpPTHA JI0 MOJIETTLHOT MacH Ta MaTepiaiy BHJIMBKA.

3. JlocTaTHBO MMiIaTIMBA, 00 HE MEPEIIKOHKATH yCaAIIl CIIIABY ITij
9yac TBEPAHCHHS.

4, Mae 3a0e3neuyBaTd OTpPUMaHHA BHJIMBKIB 13 HEOOX1IHOIO
IIOPCTKICTIO TIOBEPXH1, TOYHICTIO pO3MIpiB Ta (HOPMOIO.

5. Matu BUCOKY a0 TOCTaTHIO Ta30MPOHUKHICTb.

BucyHnyTi BUMOTrH BiAIrpaloTh KIIOUOBY POJIb Yy 3a0e3MeUeHH] BUCOKOI
SKOCTI Ta TOYHOCTI JIUTUX JeTaieil, O0COOJMBO Jig POOOUYUX JIOMATOK
ra3oTypOiHHux gBuryHiB. llpm 1boMy kepamiuna Qopma MOBHHHA
3a0e3nevyBaTh 30€peKEHHS CBO€I CTPYKTYpU Ta (POPMHU TPOTATOM YChOIO
TEXHOJIOTIYHOTO mportiecy [43].

Binomo, 110 BiacTUBOCTI KepamidyHOi (opMH 3anexaTh BIJl Marepiaiis,

B MPOLIECi IPUTOTYBaHHS CYCIIeH31i, HAHECEHHS 11 Ha MOJACIbHUMN OJIOK, OOCUTIKH
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Ta CyIIHHS HEOOX1THO KOHTPOIIOBATU ii TEKY4iCTh, IPAHYJIOMETPUUHUN CKIIaJl

MUJIOTOII0OHOTO BOTHETPUBY, 0OcCHNKYy Ta 1iHII. KpiM TOro, BaKJIUBUMHU ii
napaMeTpamM € TYCTHHa, TeMmIiepaTypa, B’sI3KiCTb, IIBUIKICTb TBEPIHEHHS Ta
iHI1. Tako)X BaXXJIMBOIO BJIACTUBICTIO € )KMBYUICTh Ta CEAMMEHTAllIi{HA CTIAKICTb.
OcTaHHs CyTT€BO 3aJICKUTH BiJ] T'YCTUHH YaCTUHOK BOTHETPUBKOTO HATIOBHIOBAYA
Ta iX po3Mipy 1 SKy MOXXHA MIABUIIUTH 32 PaxXyHOK BBEJCHHS CHEIliaJbHUX
J100aBOK.

Bimomo, 1o omHi€r0 3 BIIACTUBOCTEW KepaMiku € i1 MirHicTh. Bona
BaXUIMBA HE TUIBKM JUId TOro, 100 OOOJOHKa HE pyHHyBajacs B MpOIlECi
3aJIMBKH, aJI€ 1 Ha BCIX eTanax ii BATOTOBJIEHHs. ToMy B mpoiieci BUPOOHUIITBA
MILIHICTh KOHTPOJIIOIOTH B CHPOMY CTaHi, MICJIA MPOKAPIOBAHHS 1 IPU pOOOUUX
Temrneparypax [44, 45].

KepamiuHi opMu MOBHMHHI MaTH, K YK€ 3a3HAYaANOCsA, BUCOKY XIMIYHY
CTIMKICTh. Bi1OMO, 1110 TPY KOHTAKTI pO3ILIaBy Bi10YBa€ThCA HOT0O B3a€EMOIS 3
BOTHETPUBKUMU OKCUAaMH 000JI0HKH. L{e Moxke mpuBecTH 10 TOTO, 1110 MOXKYTh
YTBOPIOBATHUCSA JIETKOTUIABKI €BTEKTUKH, SIKI (POPMYBATUMYTh JIMBApHi 1eeKTH
Ha TMOBEpXHI BWIMBKA. TOMy HEOOXITHO AyX e SIKICHO KOHTPOJIIOBATH BECh

TEXHOJIOTTYHUN MPOIIEC.

1.6. MeTa Ta 3aa4i J0CJiIKEeHHS.

Merta nuceprailiitHoi poOOTH ToJisirajia y po3poOlii TEXHOJIOTIl OAepKaHHs
KepaMiuHO1 (opMU HA BOAHIN OCHOBI JJisi BUPOOHUIITBA JeTaliel ra30TypOIHHUX
JIBUTYHIB.

TakuM YMHOM, Ha OCHOBI TMPOBEACHOTO BHUIIE aHATI3y JUISI JOCATHEHHS

chopMyJILOBAHOT METU B pOOOTI MOCTAaBJIEHI HACTYIIHI 3aJ4a4i JOCIIIKCHHS:

® TIPOBECTH aHAJII3 BIIACTUBOCTEN KepaMiyHUX 00OJIOHKOBUX (POPM, BUBHAUNTHU
pallioHalIbHI CKJIaH, K1 JTO3BOJISATH IIJIBHIIMTH MIIHICTh BUPOOIB 3 HEI.

® JIOCTIAUTU TEXHOJOTIYHI BJIACTUBOCTI BOJAHUX CYCIICH31H €JIEKTPOKOPYHY,
KBapIly Ta JUCTEH-CHIIIMaHITy Ta BUTOTOBJICHHS KepaMik 3 HuX. [IpoBectn ix

MOPIBHSHHSA 3 BIAMOBIAHUMH CYCIIEH31SIMH 1 K€paMiKaMH, [0 BUTOTOBJICHI 3
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Bukopuctanuam ETC.

BUOpaTH MaTepiad MOAENl Aisi BUTOTOBIEHHS 3D-ApykoM KepamiuHuX
000JIOHKOBHX (HOPM.

PO3pOOUTH TEXHOJIOTIYHY CXEMY OJIepKaHHS KepaMIdYHUX 000JIOHKOBUX (popM
3 BukopuctanHsaM 3K Ha BogHiit ocHOBI 3a PLA monensamu.

MPOBECTU JOCIIJIHY NEPEBIPKY KepamidyHuX (OpM IUIIXOM 3ajJUBaHHS
YKaPOMIITHUM PO3IUIABOM Ta BUSHAYUTH SKICTh OJICPKAHUX BHJIUBKIB.
IIPOBECTH JIOCIITHO-TIPOMHCIIOBY TIEPEBIPKY pE3yibTaTiB JOCTIKEHh Ha

BUPOOHUIITBI.



PO3/11 2
MATEPIAJIM TA METOJUKH MTPOBEJAEHHS JOCJIUKEHD

2.1 Meroauka q0C/iIKeHb BU3HAYEHHS BJACTUBOCTEN KepaMidyHHUX

000/ I0HKOBHX (POpPM.

TexHoJIOT1YH1 BJIACTUBOCTI CYCIIeH31i B KIHIIEBOMY Pe3yjIbTaTl BU3HAYAIOTh
BiIacTUBOCTI KepamiuHoi oOosoHku (KO). Tomy mo0 3HaTH iX 3aJIeXKHICTH 1
BIJITTOBIJTHO BIUTMBATH Ha SIKICTh KEpaMiYHUX (HOPM Ha MPOTS31 TEXHOJIOTTYHOTO
mpoliecy iX BHUTOTOBJICHHS HEOOXITHO KOHTPOJIOBATH OCHOBHI BJIACTUBOCTI
CyCIEH3Ii.

Jl71st BUMIpIOBaHHS YMOBHOI B’A3KOCT1 OyJie BUKOpUCTaHO JiHKy B3-4, sxy
npeacraBieHo Ha puc. 2.1. Jlnsg mpoBeneHHs BHUMIPIOBaHb OTBIp 3aKpHUBAIOTh
3HHM3Yy, HAJIMBAIOTh CYCIIEH31I0 Yy BICKO3MMETpP N0 piBHA BepxXHiX KpaiB. Ilix
BICKO3UMETPOM PO3TAIOBYIOTh 1HIIIY EMHICTh, BIIKPUBAIOTh OTBIP Ta OJJHOYACHO
BMHKAIOTh CEKYHIOMIp. 3yNUHSIOTH CEKYHIOMIp B MOMEHT IEpIIoi TOSBU
MEePEPUBYACTOTO CTPYMEHSA. 32 YMOBHY B'A3KICTh MPUIMAETHCS Yac BUTIKAHHS B

CEeKyHJax yepe3 KajllOpoBaHe COIJIO BICKO3UMETPA.
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Puc. 2.1 — Kpecnenns Bickosumetpa B3-4
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['yctuHa cycneHsii BUMIPIOEThCS 3 BUKOPUCTAHHSM JIaDOpAaTOpPHUX BariB 3

nuckpetHicTio 0,01 T Ta MipHOI CKIAHOI €MHOCTI 00’emom 250 mi. Takox
BMKOPUCTOBYIOTECS CTaHaapTHi apeomerpu (1,2 — 2,5 r/em’).

Jlnst  BUMIpIOBaHb CEAMMEHTAIIIHHOT CTIHKOCTI CyCHeH3ir0 HeoOxigHoi
T'YCTUHH HAJIMBAIOTh B KAJTOPUMETPUYHHUN IIJIIHADP 10 BEpXHBOI mo3Hauku (30
cM®) 1 3anMIIaroTh B CHOKOi Ha 7 romuH. Ilicis 3aKkiHYEHHS BKA3aHOTO 4acy
3aMipsIIOTh Iap PIiAKOTO 3B’S3yBaJbHOTO KOMIIOHEHTY B CM. Po3paxoByroTh

CEJIMMEHTAIlIHY CTIHKICTB 3a JJOTIOMOT'0F0 HACTYITHO1 (hOPMYIIH:

H = H;-100%/ Ho, (21)

ne Hi — Bucota cToBma «BiACTOIO», CM;

Ho — 3aranbpHa BUCOTa cTOBIA CyCHIEH311, CM.

JInst OLIHKK SIKOCTI KepaMIYHUX OOOJIOHOK, BHUIOTOBJIIEHMX 13 PI3HHUX
CyCHeH31Hi, He0OX1IHO IMTPOBECTH aHAIII3 BIACTUBOCTEH TOTOBHX 3pa3KiB. Y Iexax
JUTTS 32 MOJEJSIMH, 10 BUIUIABISIOTHCS, SIKICTh KE€PaMI4HOiI OOOJIOHKH, KpIM
BI3yaJIbHOTO OTJISIy Ha TPEAMET IUTICHOCTI, OIIHIOIOTH 32 BEIHMYMHOI MEXKI
MIIHOCTI TIPU CTaTUYHOMY BUTHHI (TMpY KIMHATHIN 1 MiABHUINEHIN TeMIiepaTypi),
ra30NpOHMKHOCTI Ta ra30TBIPHOI 3AaTHOCTI. 3HayHO piame KO nepeBipsioTh Ha
BMICT B HUX BOJIOTH (IIPOCYIICHICTH), TEPMOCTINKICTh, TPUBATY KAPOCTIMKICTB,
YUCTOTY MOBEPXHI Ta 1H. 3a KOPAOHOM SKICTh OOOJIOHOK KOHTPOJIIOIOTH Ha
MILHICTh TP PO3PHBI, 3TMHAHHI Ta PO3KOJIOBaHHI, a TAaKOX BHU3HAYAIOTh
razonpoHukHicTh [32]. Ilpu 1pOMy Isi BH3HAUYCHHsS Ta30MPOHUKHOCTI Ta
MinHOCTI KO  BHUKOPUCTOBYIOTH MOPOXHHUCTI 3pa3ku  cepuynoi abdo
MWTIHAPUYHOT (POPMHU.

KoHTpons mpocymieHOCTI miapiB  3AIMCHIOIOTh 3 METOK BH3HAYCHHS
MO>KJIMBOCTI HAHECEHHS HACTYITHOT'O IIapy BOTHETPUBKOTO MOKPUTTS HA OJIOK 200
TOTOBHOCTI 00OOJIOHKH JI0 OTiepaliii BUTIJIABICHHS 3 HEl MOACIBHOTO CKiamy. s
KUIBKICHOT OLIHKK BMICTY BOJIOTM B TOTOBIA (hOpMi BHUKOPUCTOBYIOTH METO
3Ba)KyBaHHS 3pa3Kka 710 1 MiCs HOTo CYIIiHHS.

Jns BunpoOyBaHHsS BUKOPUCTOBYIOTH 3pa3ok KO macoro 5-10 r. CymriHHS
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3pazka mnpoBoasATh Tipu Temmeparypi 100-110 °C nporsrom 1,5 roa.

JlocnikeHHsl MPOBOAATh, HE MEHIIE HDK Ha TPhOX 3pa3kax. Bmict Bosoru y

JOCITIIKYBAaHOMY 3pa3Ky pO3paxoBYIOTh 3a hopmyiioro (%):

m;=100-(mz-my)/my, (2.2)

Jie My, 1 my - Maca 3pa3ka KepamiqHoi 00OJIOHKH JI0 1 TICIIs HOTO CYIIHHS,
BIIOBIAHO, T.

3a cipaB)XHE MPUIUMAIOTh cepeHE apu(pMETUIHE 3HAUCHHS TPhOX BETUYUH M.

MIilHICTh € BaXJIMBUM THapamMeTpoM OOOJOHKOBUX (OpM, 1 BUMOTHU JI0 HEl
3MIHIOIOTBCS Ha Pi3HHX e€Tanax BUTOTOBJICHHs BWMBKH [46]. [1ix yac popmyBaHHs,
oOmasoBaHHs Ta 3aJIMBaHHS MeTajioM (opMa MOBUHHA OyTH JOCTATHHO MIIHOIO,
aje JJisl TOJICTIIEHHS BUJAJIEHHS (OPMH TICHA 3aJMBKU MIIHICTh OOOJIOHKHU
MOBHUHHA OYTHU MIHIMQJIBHOIO.

Pi3HOMaHITHI TEXHOJIOT1YHI CXEMHU BUTOTOBJICHHSI BUJIMBKIB 32 JIOIIOMOTOIO
BUIUIABJIIOBAHUX MOJIeNIed TPU3BEIN /0 HEOOXITHOCTI KOHTPOJIO MIITHOCTI
"cupux" ob6osnoHok mnpu Ttemmeparypi 20-25 °C, 00O0JOHOK, HArpiTUX [0
temrepatypu 900- 1000 °C, 1 000710HOK, IKI BUKOPUCTOBYIOTHCS JIJIsl OTPUMAHHS
B1JINIMBOK METOJIOM CIIPSMOBAHO1 KpUCTaJIi3allli JOAaTKOBO BU3HAYAIOTh MIITHICTh
npu 1450 °C.

Jnst oneprkaHHS TJIOCKUX 3pa3KiB KepaMiKy JJIsi BU3HAYEHHSI MIITHOCTI Ha
BUTMH BHUTOTOBJICHI BOCKOBI 1 TUIACTHKOBI pa3oBi mojeni. Ha pa3zoBy Mozaensb 13
3arJauOJIeHHSM, SIKa JO3BOJISIE OTPUMYBaTH 4 3pa3ku (puc. 2.2), o 4ep3i HAHOCATh
map BOTHETPUBKOI CyCHEH31l 13 3aJaHOI0 B’SI3KICTIO, OOCUNAIOTh 3EPHUCTUM
MmaTepiajoM 1 cymath. [licis HaHEeCEeHHS KOXHOrO HIapy 30BHIIIHIO IJIOLUIUHY
MoJiesiel OunIaTh BiJ oOMa3ku (puc. 2.3). Bkazani omnepailii MOBTOPIOKOTH 10
OTpUMaHHS 3pa3KiB 3aBTOBIIKA 3 MM. [licis 3akiHYEHHS CYIIIHHS MOl
BUTOIUTIOIOTH (BUITAJIIOIOTH), 3pa3Ku BIITy4atoTh. «CHPY» MIIHICTh BU3HAYAIOTh
Ha 3pa3Kax Kepamikd, SIKI MPOCYIIEHI MPOTArOoM He MeHIie 12 roauH micis
HAHECEHHS OCTaHHBOTO ImIapy. [HII 3pa3ku MpokaprorTh 3a Temmneparypu 900-
1050 °C npotsarom 2 rofuH, a Mmicjis OXOJOKEHHS MiA1at0Th BUIPOOYBaHHSIM Ha

CTATUYHUN BUTHH 13 BUKOPUCTAaHHIM Ipuiiaay mozeni 04116.
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a 0
Puc. 2.2 — Bockoga (a) Ta miactukoBa (6) Mojieni Jij1si BATOTOBJICHHS

TUTOCKUX 3pa3KiB KEPaMiKH

Puc. 2.3 — Mopeni miciist HAHECEHHS IEKiIbKOX MIapiB KepaMiKu
[TokazHUKOM MIITHOCTI 000JOHKOBOI (POpMH € pe3ysibTaTH ii BUIPOOYBaHb
HA CTaTUYHUN BUTHMH 32 TPUTOUKOBOIO cxemoro (puc. 2.4). BunpoboByBaHHIM
MITAI0TECS 3pa3ku po3mipamu npudianzHo 40x20x3MM. MIlHICTh KepaMidyHUX
3pa3KiB pO3paxoBYIOThH 3a (OPMYJIOL0:

o =Pl (2.3)
“ " 2.b-h?

ne P - HaBaHTa)XEeHHS, IPU AKOMY 3pYHHYBABCA 3Pa30K,
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H; | - BizcTranp MiXk oropamu, M;

b i h - mmpuHa Ta TOBmMHA 3pa3ka y MicClli WOro PYWHYBAaHHS TpPU

BUNPOOYBAHHI, M.

P (HaBaHTa)KeHHs)

Puc. 2.4 — Cxema BunpoOyBaHb Ha CTATUYHUI BUTUH

Taxox st Bu3HayeHHs MirtHOCcTi KO mpoBoanTH BUIIPOOYBaHHS Ha PO3TAT.
KepamiuHi 3pa3ku BUTOTOBIISTA TaK CaMo, SIK 1 TUTOCKI 3pa3Ku ISl BUITPOOYBaHb
HA BUTHH, [ YOr0 BHKOPUCTOBYBAJIM IMIHOMONICTUPOJIOBI Momeni 3

3arauOyIeHHsIM 4 MM y OpMi CTaHIAPTHOI «BICIMKI» (puC. 2.5).

Puc. 2.5 — Mogeni «BiciMOK» B TIPOIECi BUTOTOBJICHHS



JIns1 BU3HAYEHHS MIIIHOCTI MPY PO3PHUBAHHI 3aCTOCOBYBAJIU Mpuiiajl, GoTo Ta
cxema sIKOTo TlokaszaHa Ha puc. 2.6. Ha cranuni 1 npunaay 3MOHTOBaHI CTIMKH 9 1
10. 3 mepeanboro 00Ky CTiKH 9 po3TalioBaHa pajiajibHa IKaia 2 i3 CTPLIKOIO, a
13 3BOPOTHOTO OOKY — BaX1JIb 13 BaHTaxeM 1 1. Baxinb 3’eHanui 13 cepexkoro 4,
Ha fAKiM MiABIIIEHO BepxHiil 3atuckauy 5. Ha criiiti 10 po3ramoBanuii HYKHIN
3aTtuckay 6 1 pykostka 8. [Ipu obepTanHi 1€l pyKOSTKHA HIKHIN 3aTHCKAY MOXeE
NEPEMILYBaTHCS Y BEPTUKAIILHOMY HAIIPSIMKY 3aBJISKH IBUHTOBOMY IIPUCTPOIO 7,

po3TamoBaHoMy BceepeauHi criiku 10 [22].

s

Puc. 2.6 —3aranbHuii B Ta cxema [22] npuiiajy 11 BAMIpIHOBaHHS MIIIHOCTI
3pa3KiB MpU po3puBaHHI: 1 — cTaHMHA; 2 — pajliajibHA 1IKaja; 3 — 3pa3ok; 4 —
Cepexka; 5, 6 — 3aTuckayi; 7 — TBUHTOBUI TIPUCTPIii; 8§ — pykosTka; 9, 10 —

ctiviky; 11 — BaHTaX

[Ticnst BcTaHOBJIEHHS 3pa3ka 3 y 3aTHCKadl Ipu 00€pTaHHI PYKOSTKH 8§ 3a
TOJIMHHUKOBOIO CTPIIKOI0 3YCHJUIS TEPEHAEThCs 4Yepe3 3pa30K Ha BEPXHIH
3aTUCKAY 5 1 J1aJll Ha BaXK1JIb, SKUW BIIXUJISETHCS Bl BEPTUKAIBHOTO IMOJIOKEHHS,

IpU [IbOMY BaHTaX 11 CTBOpIOE pO3TAryBalbHE 3yCHUIUIA HA 3PA30K. Y MOMEHT
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pPO3pUBaHHS MIITHICTB 3pa3ka (IKCYEThCS CTPLIKOKO Ha MKl 2.

3a KOpIOHOM JUid TIEPEBIPKM  HaWCiIabIIoi 4YacTMHH  OOOJOHKH
BUKOPDHCTOBYETbCSI ~TECT Ha KyTOBYy MinHicTh. Jng  BuUmpoOyBaHHS
MIJTOTOBIIOIOTE V-TI0110H1 3pa3ku JOBKUHOIO 20 MM 1 mpuHOO 10 MM 3 KyTOM
12° [47]. Ilpu BunpoOyBaHHI KIWHOMOMIOHUN MeTaleBUil OJOK BIIABIIOETHCS B
JOCTIKYyBaH1 3pa3ku 3 MOCTIHHOIO MBHIAKICTIO. [IpoTe Takuii MeToa motpedye
CHeliaIbHOro 001alHaHHS, TOMY BUKOPUCTOBYETHCS HE YacTO.

["a30MpOHUKHICTh KepaMiYHOi 000JIOHKHU 3aJI€KHUTh BiJl PO3MIPIB 1 KIIBKOCTI
HACKpI3HUX KAMUIAPHUX KaHamMB y ii Tl (CTIHKax), B'S3KOCTI Taszy, IO
GbIIBTpY€eThCA 4epe3 1l KamiIsipu Ta HOro KOHIEHTpalii B BOTHETPHUBKIM
CyCIieH31i, TUIy BHKOPHUCTOBYBAHOI'O PO3UYMHHHMKA B BOTHETPUBKIN CyCIEH3II,
Koe(dillieHTa HANMOBHEHHS BOTHETPUBKOI CYCIEH31i, YMOB CYIIIHHS, MPUPOIU
BUKOPUCTOBYBAHOI'O BOTHETPUBKOIO Martepiaidy AJii OOCHUITAHHS 1IApPiB, PEXKUMY
npoxaproBadas KO i 1.1. [48, 49].

["azonponukHICTh TIpokapeHnx KO 3naxoauthes B Mexax Bifg 0,02 mo 0,5
OJl. 1 3MEHIIY€eThe 31 301IbIIeHHAM BMicTy Boau y 3K. [ 3HaYHOr0 MiABUIICHHS
razonpoHukHocTi KO B cycrieH3ito 1 3epHUCTUI BOTHETPUBKHUI MaTepiall MOKYTh
BBOJIUTHU J00ABKH, sIKI BUTOPSIFOTH TPHU MPOKaprOBaHHI (popMmHu.

B ocHOBHOMYy, BEeIWYMHY Ta30MPOHUKHOCTI KEpaMiKM Ha MIAMPUEMCTBAX
BU3HAYAIOTh 32 KIMHATHOI TEMIIEpaTypu Ha 3pa3Kax, o MaroTh jaiametp 50 M 1
TOBIIMHY 3,5 MM. IX BUTOTOBISAIOTH TAK 5K 1 MIIOCKI 3pa3ky KepaMiky B Pa30BHX
MOJAENAX 13 3ariauOJieHHAM. 3pa3kd BUIPOOOBYIOTh SIK Yy «CHUPOMY» CTaHl
(Bucymenomy mpu 150-250 °C), Tak i B mpokapeHOMY CTaHI Ha CTaHIAPTHOMY

npuiaai mojaen 042.

2.2. Bubip  BOrHeTpMBKHMX  MarepiagiB i  3B’fI3yBajIbHMX

KOMIIOHEHTIB /115 BUTOTOBJIEHHSI KepaMiuHuX GopM.

[Ipn BUOOpI BOTHETPUBKUX HAMOBHIOBAYIB BPAaXOBYBAJIU iX JOCTYIHICTb,
BapTICTh, MOIIUPEHHS Ta iX BiacTuBOCTi. Cepes MmpoaHamTi30BaHUX MaTepiaiiB

HaWOUIBII MIIXOMSIIMMHA BOTHETPUBAMM JJI JIUTTSA >KAPOMIIIHUX CIUIABIB €

51



KBapIl, JUCTEH-CUIIMAHIT 1 €JICKTPOKOPYH]I.

KBapir (kBapiioBuii Mmicok, MapIiaiiT) € HAUIMOMKUPEHIIINUM 1 HalJeIIeBIIUM
MaTepiajJoM JJig BUTOTOBJICHHS KepamiuHux Gopm. B sikocTi HamoBHIOBaua ams
CyCHeH31i 3aCTOCOBYIOTh MEJICHMM KBapIOBUM IICOK (MapIiaiiT), IPH IOMY
po3Mmip 3epHa moBUHEH OyTH MeHIIe 50 MkM. B skocTi 00CHIIOUHOTr0 MaTepiany
3aCTOCOBYIOTH KBapIOBUil MicOK 3 po3Mipom 3epHa 0,16 — 0,20 MM 11 niepiioro
mapy 10,315 — 0,40 MM 117151 HacTynHUX I1apiB. TeMrieparypa miaBiIeHHs KBapIly
ctaHoBuTh 1713 °C, mpu HarpiBaHHI 3a3HA€ Psij MOTIMOP(PHUX MTEPETBOPEHB, IO
CYNPOBOJ/IKYETHCSL 3MIHOIO HOT0o 00'eMy. MeHIlle po3IMIMpeHHsl MpU HarpiBaHHI
MaloTh IJIaBJICHI MaTepialiv (eJIEKTPOKOPYH/I, TUIABJIICHUN KBapll) 1 BOTHETPHUBH,
K1 CKJIQJIAl0ThCA 3 TOABIMHUX OKCHJIB: JUCTEHCWJIIMAHIT, IIUPKOH, BHCOKO

TJIMHO3EMUCTHH 11amoT (puc. 2.7.)
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Puc. 2.7 — Jliniline po3mmpeHHs BoraeTpuBkoi ocHoBu KO [6]:
1 — KBapI[ KPUCTATIYHUIA, 2 — MAarHE3UT; 3 — CJIEKTPOKOPYHI; 4 — TUCTEH-

CHWJIIMAHIT; 5 — amMoT; 6 — UUPKOH; 7 — KPUCTAJIYHUI KBapIL

JIucTeHCHITIMAHIT — aTFOMOCHITIKAT 3 TeMIepaTyporo TuiaBieHHs 1545 °C,
CKJIQJAETHCS 3 MIHEpAIIIB KI1aHITY 1 CHIIIMAHITY, SIK1 € aJJOTPOIMTHUMH P13HOBUAAMHU
Al;03°Si0;. BUKOPHCTOBYIOTH IUCTCH-CUITIMaHITOBHI KOHIIeHTpaT Mapok KJ[C3
(3epnauctuii) 1 KIACII (mopomkonoaionuit) 3 BMictoM Al,O3 He menie 57%.

KopyHnz € Haitb11bI1 YUCTUM MO AOMIIIKAaX BOTHETPUBKHUI Martepiai, Horo

52



OJIEPXKYIOTh PO3IUIaBIIOBAHHIM y B1JIHOBJTIOBAaHOMY CEepeIOBUIII
KaJIbLIMHOBAHOTO OOKcUTy (3 MacoBoro udactkoro Al,Oz mo 98 %), kKopyHn
OJIEP>KYIOTh PO3IUIABIIOBAHHIM KaJbI[MHOBAHOTO IIMHO3EMY 1 BiH MICTUTH 99,6
% macoBoi yactku AlO3. Po6oua Temneparypa kopyHay He nepepuiye 1950°C.
EnextpokopyHn Oinuii JOLUTFHO BUKOPUCTOBYBATH B SKOCTI HAmoOBHIOBaya
CycCIeH3ii 1 IK 3epHUCTHI MaTepiai Juisi OOCUIIKY MPU BUPOOHHUIITBI BUJIUBKIB 13
KAPOMIIIHMX  HIKEJIEBUX,  KOOAJIbTOBUX  CIUJIAaBIB,  BHUCOKOJIETOBAHUX
XPOMOHIKEJIEBUX CTaJCH.

BrnactuBoCTI BOTHETpMBKHMX MarepiamiB, ski OyJI0 BHUKOpHUCTaHI B

JOCIIIJIKEHHAX, HaBeIeHO B Ta0i. 2.1.

Taomug 2.1

BnacTuBOCTI BOTHETPUBKUX MaTepialliB
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®dDi3MK0-X1MIUHI BJIACTUBOCTI

Marepian i  ximiuHa XiMi4Hi Tu °C | p,xr/M® | KTJIP,
Gopmyna 1/°C 10°®
Kgapi Si0; KHCIIUN 1713 2650 13,7
(KBap1IOBUA TTICOK)

Enextpoxopyna Oinmuit o- | amdpoTepHuUit 2050 3990 8,8
Al,O3

JlucTeH-cuiiMaHIT cirabo- 1545 3250 4,5-55
AlO3 - Si0, KUCIIAN

JIist  MOCHIKeHh BUKOPHUCTOBYBAM E€JIEKTPOKOPYHA 3epHHUCTICTIO 50
(F30), 25 (F60), 16 (F80), M40 (F280), M20 (F400), M7 (F800).
[lepen BUKOpPUCTAHHSIM 3€PHHUCTI BOTHETPUBKI Mareplajud MPUPOTHOTO
MOXO/PKEHHS CYIIAaTh /10 BMICTY BoJioru He Oubie 0,1 % (3a Macoro) 1 mpoCitoTh
yepe3 cuto Ne(63.

3B’s3yBalibHI  KOMMOHEHTH. Jlis TpoBeACHHS JAOCHIAIB  BUOpPaHO
3B’A3yBasibHl KOMIOHEHTH Remasol na Boaniii ocHoBi. 3K REMASOL®

Colloidal Silica € BoIHUMHU KOJIOITHUMHU JUCHEPCISIMU YACTHUHOK KpPEMHE3EMY.



Yactuaku kpemHeseMy B REMASOL® € HekpucTaaiyHUMU, MarOTh BHUCOKY
MUTOMY TMOBEpPXHIO (OAMH TpaM KoyoigHOro KpemHedeMy REMASOL® wmae
mwionty moBepxHi Big 100 mo 400 kBaapaTHUX METpPIB) 1 € HETaTUBHO
3apsKEHUMHU YaCTHHKAMHU, CTa0L1130BaHUMHM T1IPOKCHIOM HATPil0

Komepuiitanii  3B'si3yBanbHuil  KOMIOHEHT Remasol Premium Plus
(Bupoonuk REMET, BemukoOputaHis) MICTUTh JO0aBKH Ui TOKPAIICHHS
TEXHOJIOTTYHUX BJIACTUBOCTEH — KOMIIOHEHT JIJIsi MIJBUILIEHHS 3MOYYBaHHS Ta
aHTHCHiHIOBadY. [Him xapakrtepuctukun Remasol Premium Plus mpeacrasneni B
Tabm. 2.2.

Inmmm 3K Ha BOJHIN OCHOBI, SIKMM BUKOPHCTOBYBAJIM B JOCIIJaX, OyB
Silica Sol (kpemue3onb) wmapku JN-30 (BupobHuk JIYIDA, Kuraii),

XapaKTEPUCTUKH SIKOTO TAaKOX Mpe/ICTaBleHl B Ta0. 2.2.

Tabmuus 2.2
Cxuan 1 BmactuBocTi 3K Ha BO/IHINM OCHOBI
XapakTepucTuka Remasol Silica Sol
Premium Plus JN-30
SiO;, % 28,0 30,5
Na,0O, % 0,36 0,22
pH 10,1 9,5
[ycruna, r/m° (ipu 25°C) 1166 1,196
Po3mip gacTuHOK, HM 8-10 10-16

Jlnst  BUTOTOBJICHHS ~ KOHTPOJIBHMX — 3pa3kiB  kepamiku sk 3K
BUKOpucTOBYBanu TigpomizoBanuii ETC-40 [50], sxuii y BUXiTHOMY CTaHI HE
BOJIOJIIE€ 3B'A3YyIOYMMHM BJIACTUBOCTSAMHU. JIJIsl IbOTO MOr0 MiAAJAI0Th T1APOI3Y.
[1iAroTOBKY TripOJi30BAHOIO PO3UMHY ETUJICHIIIKATY (T1IpoJii3aTy) MPOBOIUIN
HAacTymHUM YMHOM. CIOYaTKy pO3paxoBYBaIH KiIbKICTh CKJIAIOBUX:

- ETuncunikar mapku ETC-40 — 1 7;

- PosunnnuK — criupT etmioBwmid (96%) Texuiunamii [51] — 1,36 i;

- Boga muctunpoBana — 140 cm®;
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- Karanizatop — cossiHa KMCJIOTa CUHTeTHYHa TexHiuHa [52] — 9 cm®.
VY Boay 100aBIIsUIH COJISTHY KUCIIOTY, @ MTOTIM B PO3YMHHUK JI0aBAIIN T IKUCIICHY
BOJY, TMEpPEMINIyBajdl 1 BBOIWIM ETWICHIIKAT. [lepeminmyBaHHS CKIIaTOBUX
B11I0yBaJIOCS PYYHUM METOJIOM B CKIISIHUX MOCYJIMHAaX €MHICTIO 3 abo 5 miTpiB.
[Ticnst HarpiBy mOCyAMHH, IO 3aCBIAYY€E MPO MOYATOK peakilii rigponizy, Horo
3aHYPIOBAJIM Y POTOYHY BOAY. [ 1p0I1i30BaHMii pO3YMH BUKOPHCTOBYBAIM Yepe3

20 roauH micas 3aKIHYEHHS TPOLIECY TiApoIIizy.

2.3. Ilpoumec BHroTOBJEeHHSI KepaMmMiuHux ¢opM 3 BOAHMMH

3B,H3YB2UII)HI/IMH KOMIIOHCHTAMHU.

3B’s13yBalibHI KOMIIOHEHTH Ha BOJIHIM OCHOBI MalOTh 3HM)KEHY B'S3KICTb 1
3MaTHI ~ TOE€JHYBATUCA  MPAKTUYHO 3  OyAb-SIKHMH  BOTHETPUBKHUMH
HaAITOBHIOBAYaMH, 1110 BUKOPUCTOBYI0ThCs Ipu JIBM. Husbka B'sI3KICTh TAKOXK A€
MOXJIMBICTh BBEJCHHS OLIBIINOI  KUIBKOCTI HaloOBHIOBada. Po3paxyHok
KOMITOHEHTIB CYCIIEH311 BeleThes 100 i Macu. Hanmpukinaza, npu npuroTyBaHHi
HepIIoro mapy HeoOxigHo BBecTH 10 70 % Mac. HalmoBHIOBaYa LI0J0 3arajibHO1
Mmacu cycnensii. [Ipuknan: Ha 1 kr cycnensii — 0,3 kr 3K Ha 0,7 xr HanoBHIOBaya.
[{i KITbKOCTI KOMIIOHEHTIB € JIMIIE PEKOMEHI0BAaHUMH, OCKUIBKA MaKCUMaJlbHa
KUIbKICTh HAITOBHIOBAYa BU3HAYAETHCS B'A3KICTIO OTPUMAHO1 cyMilni. BBoauThCs
HAIMTOBHIOBAY HACTYIMHUM YMHOM: crioyaTky 50 % mac. BiJl HEOOX1IHOI KIJIbKOCTI
3 TOCTYIIOBUM 3MOYYBaHHSM, a MOTIM JOAAIOTh KUIBKICTh, IO 3aJIMIIHIACS 1
OTPUMYIOTh HEOOXIJHY B'A3KICTh CyCIEH311. 3aKIHUCHHSIM MPOILIECY BBAKAETHCS
4yac, KOJIM yTBOpHWJIAcsS PIBHOMIpHA CycHeH3isi 0e3 Tpyaok, 1 B'SI3KICTh SKO1
3aJIMIIAETHCS TOCTIHHOIO MPOTITOM TPUBAJIOTO Yacy.

AHaNOT1YHU{ MiAX1J 3aCTOCOBYIOTh MPU BUTOTOBJIEHHI CYCHEH311 OOPHUX
mapiB. Pi3HuIs iuine B KUIBKOCTI BBEJIEHOT0 HaroBHIOBava — 60 % Mac. Bij macu
cycmensii 3anexxHo Bif B'si3kocti (Ha 1 kr cycmensii — 0,4 xr 3K Ta 0,6 xr
HarmoBHIOBaya). [lepeminryBanHs — aHanoriyHo. B'si3kicTh cycneHsii JUIbOBOTO
mrapy Ha Remasol Premium Plus moBunna Oyt Ha 10 cexynna Oinblna, HIX

ananoriynoi Ha ETC. B3arami mia0ip B'A3K0CT1 CycCIieH31i oJisirae y 3HaX0J[PKeHH1
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ONTUMAJIBHOTO CH1BBIIHOIIEHHS! 3MOUYBaHHS TOBEPXHI MOJIEN 3 HAUKOPOTIIUM
4acoM CTIKaHHS i1 HA/JIUIIIKIB 3 TTOBEPXHI MOJICIII.

[lepen HaHeceHHSM IIapiB Ha BOCKOBY MOJI€JIb HEOOXITHO MPOBECTU
Mpoliec 3MOYYBaHHS MOBEPXHI MOJIEII CyCIeH3i€r0. 3a HeOOX1AHOCTI MOBEPXHS
MoJieTIel 3HEXKUPIOETHCS, OCOOMMBO SIKIIO AJII BHJAJICHHS MOJENEH 3 mpec-
dbopMH BUKOPUCTOBYIOTHCS CHJIIKOH. 3aHYpPEHHS MOJENEH B CYCICH3I0
OpoBOJATH TiA KyToM mnpubnu3Ho 30 rpan., mo0 YHUKHYTH YTBOPECHHS
Oynbp0OalIok Ha TMOBEPXHI MOJAENI 1 JJIsi PIBHOMIPHOTO MOKPHUTTS BHYTPIIIHIX
gacTuUH Mojei. [licas BumydeHHs MOJIENl 3 EMHOCTI 3 CYCIICH31€10 Jal0Th 3MOTY
MOBHICTIO CTEKTH HAJUIMIIKAM CYCHEH31i, IMICJIsl 40O BiJpa3y MPUCTYHalOTh 110
oOCHITaHHS.

OO6cumnanns. [Ipu obcumanHl HEOOX1THO MOBUIBHO OOEpPTaTH MOJACHb IS
noOyZJ0BH O00OJIOHKU 3 PIBHOMIPHOIO TOBIIMHOIO. JlJI1 OOCHIKHK MEPIIOTO IIaApy
3actocoByBaiu ¢pakiii 0,16-0,25 mMm, aiis apyroro — i’ sitoro mapis — 0,315 —
0,63 mM. 3aJMIIKKM BOTHETPUBKOTO MaTepiajly 3 TMOBEpPXHI OJOKY BUIAJISIU
MIOBOPOTOM OJIOKY 31 CTOPOHHU B CTOPOHY.

Cy1IiHHS KOXKHOTO 11apy MPOBOAUTHCS B YMOBaX, KOJU HE CIIOCTEPITAETHCS
pyiiHyBaHHs 0Ocunky. BoHa nmoBrHHA OyTH MIITHOIO HA MOBEPXHI, a MaTepiai —
cyxuil Ha AoTUK. OAHAK Uil 3a0e3MeUeHHs] PIBHOMIPHOTO HAHECEHHS! OMOPHUX
mapiB  OAWH Ha OJHOrO HEOOXIMHO TM030yTHCS YaCTHHOK  OOCHIIKH
CTpPYIIyBaHHSM, IO aAre3iifHO He MPOB3aEMOIISIIN 3 TIOBEPXHEIO MOMEPETHBOTO
mapy.

PexoMeH0BaHI peKUMHU CYIIIHHS 1)1 cycnensiit 3 BoaauM 3K:
- Ilepumit map — npu BigHOCHIM BojorocTi noBitTps 50 %, 20 °C, 6e3 pyxy

MOBITPS MPOTATOM 4 TOJNH;

- OmnopHi mapu — npu BIAHOCHIH Bosiorocti noBiTpsa 50%, 20 °C, pyx nositps

1 M/c ctaHOBUTH 2 roauHu Ha 1map. [Ipu 301IbIIeHH] TeMnepaTypu (Makxc.

10 30 °C) 1 mBuAKOCTI 00yBaHHS TMOBITPSIM OMOPHHUX IIapiB MOMKJTHBE

3HIDKCHHSI 4acy CYIIiHHS 10 1 ToauH;

- Ocranniil map cycnensii Ha (opMi HE OOCHMAETHCSA, OCKIIBKM BiH €

3akpiriorouuM.  Ilepen BupaieHHSIM Mojell  KepamidHi  O00OJOHKHU
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BUTPUMYIOTh HE MEHIIIE 12 roJIMH MIC/Isl HAHECEHHS 3aKPITLII0I0YOro mapy.

2.4. OO6sagHaHHs JAJs1 BUTOTOBJIEHHS TOJIIMEPHHUX MojJejeil Ta

BHIAJICHHS IX i3 KepaMivHUX 000JI0HOK.

BuroToBnenHss Mopenei 13 3arduOJICHHSIMH IJIs CKIQAHOMPOQiIIHHUX
BUJIMBKIB Ta IUIACKUX 3pa3KiB KepamiK JUIisl JOCIIPKeHb TPOBOAWIN 3a
nonomoroto TexHosorii FDM na 3D-mpuntepi KLEMA 250 TWIN 3 poGouoro
obmactio apyky 250 x 250 x 350 mMm (puc. 2.8). OcranHiit 061aHaHUI ABOMA
eKCTpyAepaMu, sIKl JO3BOJISAIOTH JAPYKYBaTH JABOMa BHAaMHU a00 KOJbOpamH
IUIACTUKY OJHOYAcCHO. AKpPHJIOBI BCTaBKM IIOBHICTIO 130JIFOIOTH KOPITYC Ta
3a0€3MeuyloTh PIBHOMIPDHUN TeMmepaTypHuil pexum 1mig vac 3D-mapyky.
[Inatdpopma oOcHallleHa NPUCTPOEM MIAITPIBY, IO, B 0OaraTb0X BHUIAJKAX,
HEOOX1THO ISl IPYKY IUIACTHKIB 3 BUCOKOKO ycaakor. KpiM TOro nmpucyTHicTh
HaJIMHUX pEeHKOBUX HANpSAMHUX 3a0e3leuye BUCOKY TOUHICTh — A0 30 MIKpOH.

st ApyKy BUKOPUCTOBYETHCS MIIACTUKOBUM JIPIT JiameTpoMm 1,75 mMm.

a 0
Puc. 2.8 — 3oBuimHi# Burisia 3D-npuntepa KLEMA 250 TWIN (a) Ta

MPOIIECy BUTOTOBJICHHSI MOJIEJI JIONIATOK TYpOOABUTYHIB (0)

Bigomo, mo MojenpHI Matepiaau B MPOIEC BUTOTOBJICHHS KEpamMidHUX

dbopm BUIAAIOTH PI3HUMH MeToAamu. Hanpukiian, BOCKOBI, sIKI BUTOTOBJIEHO 3
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napadiHo-cTeapruHOBOI CyMIilIll — 3a JIOTIOMOT'0K0 PO3YHMHEHHS Tapsiuo0r0 BOOI0, a

IUTACTUKOBI BUNATIOIOTHCSA B TEPMIYHUX M1€YaX.

B naniif po0oTi mpocylryBaHHS BOTHETPUBIB Ta HHU3bKOTEMIIEpaTypHE
BUNIAIIIOBAHHS Pa30BUX MoJesied 3 KepaMiyHMX (OpM BHUKOHYBAJIU B
nabopatopHiii cymmibHIH  enektpomadpi CHOJI 67/350 3 miama3oHoM
aBTOMAaTUYHOTO PETYNIOBaHHS Temmeparypu B iHTepBam Big 50 °C mo 350 °C.
om0 BUCOKOTEMIEPATYPHOTO MPOXKAPIOBAHHS, OT0 MPOBOAUIN B My(enbHiii

neui mapku CHOJI- 2.4.2/12,5-11 i BUTSHKHOIO TTapacosiero (puc. 2.9).

Puc. 2.9 — 3aranpHuil BUTIIAI PO3MIIIICHHS CYIIMILHOIT madu Ta

My(heNbHOI eyl

2.5. Meroanka BHM3HAYEHHSl YCAJAKH Marepiaady Mojenai, 1o

BUIOTOBJIsAETHCA 3D-1pyKom.

JlociKeHHS BILTMBY 30BHIIIHIX (PaKTOPIB HA YCAJIKY, PO3IIMPEHHS 1 CTYM1Hb
noJIiMepu3allii pa3oBUX MOJAENCH 13 MOJIUTAKTHAY MPOBOAMIA B OOKCI B TPOIIEC]
npyky. s mporo BuroroBisiin Ha 3D-mpuntept KLEMA 250 TWIN kyOGiuni

MOJI€1 3 BUCOTOIO CTIHOK 70 MM Ta 1X TOBIIIMHOIO 3 MM.
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VYcaaky Ta po3mIMpeHHs 3pa3KiB MPOBOAMIIY 3a TOTIOMOTok0 npuctpoto Y/I- 40

1 murok FOxancona (puc.2.10 a), mina noainku 0,01, npu temneparypi 25 °C 1

Bostorocti oBiTps 40 %.

0

Puc. 2.10 — 30BHiHINA BUIISAA: a - NPUCTPOIO JII BUMIPIOBAHHS YCaJKU

VYbB-40; 6- 3pa3kiB AJis1 BUSHAYCHHS YCAAKH TJIACTUKY



60
Jlns BUMIpIOBaHHS 00’€MHO1 YCaJKH BHUKOPUCTOBYBaJIM 7 3pa3KiB 1

JOCTIKEHHS TTPOBOIMIIN TIpoTAroM 9 116 (ouH pa3 Ha 700y Ha TPhOX MOBEPXHAX —
nBOX OiyHWMX Ta OmHIM TopreBid) ( puc. 2.10 0). 3a AOMOMOTOIO IHIWKATOPA
MPUCTPOIO (DIKCyBaIU 3MiHY BUCOTH KyOIUHOTO 3pa3Ky B JEKUIBKOX TOYKaxX 0OpaHoi
MOBEpXHI 1 BU3HAYAM CEpEAHE 3HAYCHHSA BUXIJIHOTO MOKa3HWKA. Ycanky JH
pPO3paxoByBaJiK SIK 3MiHY BHCOTH 3pa3Ky 3a KOKCH JICHb B MOPIBHSHI 3 BHUXITHUM

ITIOKA3HHUKOM 3a HGpHIHfI JCHB.
JIH=H,-H (2.4),

ne: Hyp — novarkoBa Bucota (MMm), H — kiHIeBa Bucora (Mm).

2.6. YcraHoBka Ta MeTOAMKA /s BHMIPIOBaHHSI MiK(a3HUX
BJIACTHBOCTEH BUCOKOTEMIIEPATYPHHX PO3ILIABIB 3 BOTHETPHMBKOK) KePaMiKOI0

JIUBAPHHUX (DOPM METOI0M JIesKa40l KpaIlii.

MeTton nexadoi Kparuii 4acTo 3aCTOCOBYIOTH JIJIs aHa13y MibK(]a3zHOT B3aeMO/I1i
B CHCTEMaxX METAaJEeBUIl PO3IUIaB—BOTHETPUB, OCKUIbKM BIiH J00pe BIIOMHI Ta
HaykoBO oOrpyHtoBanuii [53]. Jlns mocmimkeHHS Mik(a3HUX BIACTHBOCTEH
YKaPOMIIIHOTO PO3IUIaBy 3 BOTHETPUBAMU OyJO0 BHKOPUCTAHO OPUTIHAIBHY
YCTaHOBKY, cxema sikoi 300pakeHo Ha puc. 2.11 [54]. YcranoBka MiCTHTB Kamepy
HarpiBy, SKa BHKOHaHa B IIUIBHOMY METQJIIYHOMY KOPIyCl 3 BOJSIHUM
OXOJIO/DKCHHSIM Ta BIKHAMU JUIsl OCBITIIEHHS Ta Qororpadysanns. B cepenuni
KaMepu HarpiBy BCTaHOBJIEHA MY, 10 MICTUTh HarpiBad 1, BHUIOTOBJICHHUH 3
MomiOsieHy 1 OTO4YeHWil HabopoM MoiiOaeHoBUX ekpaHiB 2. Ha cromuky 3,
3p00JIeHOMY 3 H100110, BCTAHOBIIIOETHCS TT1IJI0KKA 3 JOCIIKYBAaHOTO MaTepiany 4.
Ha mignmoxii po3wminryeTses Kparuis posmiiaBy S. s 3axucty A3epkaibHOT
MOBEPXHI Kparwli BiA BIAOWUTTA B HIM OTOUYIOUMX JeTajiell BCTAaHOBJICHUI
JOTIOMIXKHUM KEpaMiuHHUM ekpaH 6 3 JBOMA MPOTUIIC)KHUMH BIKHAMM.

Jlnst  pororpadyBanHs 300paxkeHHs TPOQPUIIO Kparuli BUKOPHUCTOBYBAIU

ocBiTItOBaY 7 Ta mudpoBy Bigeokamepy 8 mapku: GR-DVL 9600.
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Cronuk 3 Kpariero o0aiHaHui MexaHi3MoM 1oBopoTy Ha 90°. Ile mo3Bouise

3HIMATU KpaIlIlo 3 JBOX B3a€EMHO MNEPHEHAMKYJSPHUX CTOpiH. ['opu3OHTaIbHA
YCTaHOBKA KaMepH 31HCHIOETHCS 3 TOTIOMOTOI0 FOCTUPOBOYHOT'O CTOJHUKY.

JIns mpoBeAIcHHS BUMIPIB Ha CTOJMKY PO3MINTYyBadd MiJIOKKY 31 3pa3KoM
Baroro 0,6 — 1,2 T 3 gocmimpKyBaHOTO MaTepiary. 3a JOTIOMOTOI FOCTHPOBOYHHX
TBUHTIB KaMmepy HarpiBy BCTAHOBJIIOBAJIM B TOPU3OHTAJIBLHE TOJOXKCHHS 1 MICIIA
repMeTusallii medi BMHUKalIM BakyyMHy cuctemy. [liciis AOCATHEHHS 3aJaHOTO
Bakyymy (P=10? — 10° Ila) i 3amOBHEHHS KaMepu iHEPTHHM Ia30M HPOBOIMIU
HarpiB. Temneparypy BuMiproBaiu 3a qornomororo tepmornapu 1111, rapsamit cnait

SIKO1 3HaXOANBCs HO6JII/13y 30HHU KOHTAKTY HilUIO)I(KI/I 3 PO3IIJIaBOM.

LA

RIS,
7 S
i)

// A%,
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Puc. 2.11 — Cxema repMeTUYHOI KaME€pU BUCOKOTEMIIEPATYPHOT YCTAHOBKH J1JIS

JOCTIIKEHHS TOBEPXHEBUX BJIACTHBOCTEH PO3IUIaBIB METOJOM JI€Kayoi Kparuii.
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PerynioBanHa TemnepaTypu 3A1MCHIOBAIA BHUCOKOTOYHUM DPETYJISITOPOM

temnepatypu BPT-3 3 tounmictio +1.0 °C. PoGouy 30Hy mewi HarpiBamu 3i
mBuaKicTIo 100—150 rpan./xB. JlocSIrHYBIM 3a1aHOi TEMIIEPATYPH, PIAKY KPATLTIO
BUTPUMYBaIM Ha TpoTs3i 10 XBWIMH 1 3HIMAIM 300pa)K€HHS 3a JOIOMOTOIO
1 poBOI BiCOKAMEPH.

Kyt 3mouyBaHHs 0 Ha3uBalOTh KpalOBUM KyTOM 3MOYYBaHHS pPO3ILJIABOM
MOBEPXHI TBEPJIOTO Tija, Y HAILIOMY BUIAJKY, IUIACTHH KepaMiku. Beiauunna cos 6
— HA3WBAIOTh 3MOUYyBaHHAM. PigwHa 3Mouye moBepxHI0, ko 0°< 0<90°., To6To
gyuM MeHIIe 0, TUM BHIINE 3MOYYBaHHs, BIANMOBIIHO sAKmo 90°< 6<180° -
3MOYYyBaHHs BicyTHe [55]. 3a3Buuail BUMIpH NPOBOJSTH MPU KPAEBOMY KyTi
smouyBauHsA 0>90 rpaa. Bumipu npu 0<90 rpanx. MmeHIT TOYHI, ajie iX TaK0X MOXHa
BUKOPUCTOBYBAaTH I BUMIPIOBaHHS TMOBEpXHEBOro Hatary. IlepeBakHO
BUKOPUCTOBYIOTHCS JBI METOJMKH BHMIPIOBAaHHSA NapameTpiB PiAKOI Kparun Ha
NIJUI0OKII. 3a TEPIIO0 BHUMIPIOIOTh €KBATOPIlalbHUM padlyc I 1 BiCTaHb BiJ
BEpIIMHU JI0 eKBaTopiainpHOl TwionmHM H. B 1upomMy BuNaaky po3paxyHKH
KaITIJIIPHOT CTAJIOT MPOBOATHCS 3a eMIipuuHOor0 Gopmyiioro [Toptepa [53].

B ixmomMy BapiaHTi IpOBOJSATHCS TOTHYHI 10 TPOQUIIO Kparuii mij KyTom 45 rpaf.
1 BUMIPIOIOTh MaKCHUMaJIbHUN AiameTp Kparum 2r Ta Bijpizok C, 10 JOpIBHIOE
BIJICTAHI BiJl BEPIIMHU KpaIii A0 BEPIIMHU KyTa (), YTBOPEHOIO JOTHYHHUMH, 3
OiCEeKTpHUCOI0, IO CIIBMAJAE 3 BicCI0O oOepTaHHS Kparil. TyT KamiisipHa crajia
pO3paxoByeThCs 3 Ta0MIL a00 3a Gopmyioro Jlopces [53-55].

Maca 3a3Buyaii BU3HAYAETHCSA 3BaXKyBAaHHSM TBEPJIOrO 3pa3ka J0O 1 MIiCs
JOCIITy 1 OepeThesl CepeIHs BEIMUMHA.

Kaninsipny cramy B Hammx AOCHIIPKEHHS BHU3HAYald 3a JOIMOMOTIOIO

piBHsHHS Jlammaca (2.1), sike po3B’si3yBajoch CIEMiAIbHOIO MPOTPAMOIO:

z" z Z 2 (2:5)
(+27)" Aeze)" @ W

ne 7,7y — KOOpAWHATH MPOQIII0 Kpari;
a% — KamingpHa crania;

h — paniyc kpuBU3HU MPO}LITIO PU BEPIIIHHI.
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Kpim Toro 1151 mporpama 103B0JIsSIE€ 3HANTH T'YCTUHY PO3ILJIaBy Ha MEXKI piAMHA

— ras, KOHTAKTHI KYTH 3MOYYBaHH:. HOBerHGBI/Iﬁ HATAT Opr 3 OTPUMAHUX JAHUX

BU3HAYAETHCS 3a popmyJioro (2.6):

Cpo = 0 g “Ap, (2.6)

7€ o’— KariisipHa MocTiiiHa;

J — IPUCKOPEHHS BiIBHOTO MagiHHsA, M2/C;
Ap— pi3HHIIA TYCTHHM MiX PiJKOIO Ta ra3omnoAioHoI0 pazamu, Kr/m>,
Enepris anresii W, (MI%/M?) BU3HaYa€ThCA 3a PiBHAHHAM J{1ompe:

W, = g,.(1 + cosé), (2.7)

Jlnst mocnmiikeHb BUKOPUCTOBYBAIM KAPOMILHUI KOPO31MHOCTIMKHUI CILIaB
CMS88. BornerpuBamMu CIIyryBaju 3pa3Ku (pOpM Ha OCHOBI KOPYHAY, a B SIKOCTI
CIIOJTyYHOTO 3aCTOCOBYBQJIM TIJPOJII30BAHUM ETWJICWIIIKAT Ta JBOX BOJHHUX
crioy4Hux, a came Remasol Premium Plus ta kpemuesons JN-30. BunantoBanHs
BOTHETPUBIB Ha OCHOB1 KOpYHAy mpoBoAwin npu temmepatypi 1600 °C mpotsrom
IBOX ToauH. ExcnepuMeHTH Ui BU3HAYCHHS MDK(PA30BUX XapaKTEPUCTHUK
IPOBOMWIM B IHAYKIiMHiN newi y Bakyymi (P = 10 MIla). Ha migknaaku 3paskis
PI3HOI TOCITHOT KepamMiKi OMIIIAIN JJIs1 TOCIIIJIKEHHS MeTal (3KapOMIIIHUH CIIIaB
CMS88). Tak stk Temneparypa rmiaBku xapoMiHoro criapy CM88 ckianae 1450°C,
3pa3kd 3 MeTajoM HarpiBaiu mpu Ttemmeparypi go 1600 °C. 3amipu kyra

3MOYYBaHHS 3aMipsUIv 32 IOIOMOI0I0 O1HOKYJISIPHOTO MIKPOCKOIY .

2.7. Marepianu i o0JIafHAHHA CKJIAJTHONPOPiTbHUX BUIUBKIB

JIIst  MOCHMiHWX TJIABOK BHUKOPWUCTOBYBABCS CTAaHIAPTHHUM KApOMIITHHMA
KOpO3iHHOCTIiKUI cIutaB Ha ocHOBI Hikemto (CMS88) (tabmumst 2.3). KinbKicTb
OCHOBHUX €JIEMEHTIB Ta JIOMIIIOK BU3HAYAIM XIMIYHUM METOJIOM 3a CTaHAAPTHUMHU
METOJUMKAaMH,  MIKpPOJIETYBaJlbHI  JOJATKH  PIJKICHO3EMEIbHUX  METaiB

KOHTPOJIIOBAJIM CIIEKTPAILHUM METOJIOM 3 BiTHOCHOIO nmoxuokoro * 0,001%.
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Tabmums 2.3.
XiMIYHUH CKJIaJl )KapOMIIIHOTO KOPO31MHOCTIIKOTO CIIJIaBy Ha OCHOBI HIKEITIO

Bwmict enemenTiB, % Mac.

CruiaB

C|Cr|Co|Mo|Ti | Al{W|Nb|Fe|Hf| B [Ce|Si|P | S

CM88 | 0,9 |15,6/10,2/2,0(4,2/3,8|59|0,2|4,10,2|0,07|0,01/0,10/0,00(0,00

3) 4 | 3

Mexi |0,06/15,0/10,0/1,6—-/4,2-2,8—-|4,7-|0,1-|3,7—|0,30/0,01-| < | < | < | <
[56] | - | - | - [23|52(33|59/0,2(4,3| - |0,16 |0,30/0,30/0,00/0,00

0,12/16,2|11,5 0,60 8 | 8

[lmaBky 1 3amMBKy TIpPOBOAMIM B BakyyMmHiM meui VIM-25-175C
BEPTUKAJILHOTO THUITYy, B SIKIM peali30BaHO MPOIEC KpHUCTami3alli 3riTHO METOIy
GCC (pucynok 2.11a) [57]. ¥ nmaniii ycTaHOBII MICTKICTh THTJIS JUIS TUIABJICHHS
Metany ckiagana 15 kr. Jimga ra3oBoro oxosiokeHHs (GopM 3 pO3IIaBOM
BUKOPUCTOBYBAJIM aproH 4YHCTOTOO 99,98%. J[lns 3abesneueHHs BHUCOKOTO
rpajiieHTa TeMIIepaTyp BUKOPUCTOBYBAIU HAJ3BYKOBI1 comia M = 2,8 3 KpUTUUYHUM
niameTpoM comen Bia 0,7 MM 10 5,0 MM., K1 OyJ10 310paHO B KUJIBIIEBOMY KOJICKTODI.
Coria MaJIi MOKJIMBICTh 3MIHIOBATH HaIpPsIMOK TMOAadl OXOJOJKYIOUOro ra3y Ta
PO3MIIIyBaTUCS MOPsJI, TOOTO Ha BiJCTaHi B 45 10 75 MM BiJl HIDKHBOI TTOBEPXHI
TepMoI30JIsIiitHOro exkpany. Kyt Haxwity Bici comen 10 HU3Y BiJ TOPU30HTAIBLHOT
IJIOIMHNA CTaHOBUTH 20 °. 3aCTOCYBaHHSI TAKOTO METOAY OXOJOIKEHHSI CIPHUSIIO
aKTUBI3allli Mporecy Kpucraiizamii posmiaBy. [Ipu 1ipoMy 3MiHIOBaBCS TPai€HT
TeMIiepaTypy Ha (PPOHTI KpUCTaJIi3aIlii MOPIBHSHO 3 KOHBEKTUBHUM OXOJIOKEHHSIM
y BaKyyMi 3aBJsIKA IPUCYTHOCTI M1JTHOTO KpucTanizaTopa (puc. 2.11 0). 3a paxyHok
IIUTPHOTO PajiiajIbHOTO PO3TAIyBAaHHS JIOMIATOK Y MOETHAHHI 3 BUIIIOIO ITBUKICTIO
OXOJIOJIPKEHHS MPOLIeC CIPSIMOBaHOT KpucTamizalii Ayt autTs jJonatok I'TJ] moxe
NIJBUIIUMTH TPOIYKTUBHICTH MOPIBHSHO 3 mpouecoMm bpimkmena-CrokOaprepa B
18-20 pasu ( puc. 2.12).

JlokanbHi 3HA4YEHHS TapaMeTpIB IMPOIECY CIPSIMOBAHOI KpHUCTaji3alii

IPOTATOM IUIAaBOK PO3PaxOBYBaJIH 3a PO3MOILJIOM TEMIEpaTypu B 00’ €M1 BUIIMBKIB,
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AKa BI/IMipIOBaJ]aCB CKCIICPUMCHTAJIbHO B II’SITM TOYKaX B3J0BX OoCl BHJIMBKH 3a

JIOTIOMOT'010 BOJIb()paM—pEHIEBUX TepMoIap. 3a TEXHOJIOTIE€I0 OTPUMAHHS JIOMATOK
TypOiH 31 CIPSIMOBAHOIO CTPYKTYPOIO 3 Kpuctanorpadidaoro opientamiero [001] mst
KOXXHOTO 3pa3ka B 30HY 3apOJKEHHS KpHUCTaja Ha JHO KepamiyHoi dhopmu OyIio
MOCTABJICHO 3aTpaBKy 3i criaBy Ni— 65% mac. W —35% mac. Yac, HeoOxiqauit s
JOCATHEHHs po60Y0ro Bakyymy Ha piBHi 7x1072 Ila y kamepi mepen mO4aTKOM
IpoIiecy JUTTS MiCIIsA 3aBaHTaXKEHHSI CHPOBUHH, cTaHOBUB 2,0 XB.

OpepxaHi 3pa3Kd Ta BWJIMBKU JIOCIITHUX CIUIABIB TEPMOOOPOOISIN Y
BakyyMHii yctaHoBIl Gipmu “TAV” (Itamis). [ns 3a0e3neueHHs MIBUIKOCTI
OXOJIOJDKEHHS 32 TEPMOOOPOOKH iU 00JiaHaHa BEHTHISTOPOM, SKHI CIIPSIMOBYE

IHEpPTHHH Ta3 Ha KOIIKK 3 BUiIUBKamu [58, 59].

Baxyymnan neus
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Puc. 2.12 — Cxema noTokiB B 30H1 Ta30BOT0 OXJIAKIEHUS OJI0Ka () 1 3aranbHU

BHTJISI] MIJTHOTO KpHCTajli3aTopa BakyyMHo1 ycraHoBku VIM-25-175C (0)
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Puc. 2.13 — Cxema nuBapHoi yctanoBku VIM-25-175C:1. BunmuBok; 2. M’ sikwmid

TeII03aXuCcCHUM expaH; 3. TBepauii Tero3zaxucHuit ekpan; 4. [1iu migirpiBy
dopwm; 5. Kpucranizarop; 6. Konexrop aprony; 7. Ctpymu aprony; 8. 3oHa

OXOJIOAKCHHA

2.8. Meroauka a0CJHiIKeHb MAaKpPO- Ta MIKPOCTPYKTYPH, CTPYKTYPHO-

($a30B0ro craHy JOCJTIIHUX 3Pa3KiB 3i CIPAMOBAHOK CTPYKTYPOIO.

MIiKpOCTpyKTYpy 3pa3KiB, CTPYKTYPHI OCOOJMBOCTI IPUIIOBEPXHEBOI 30HH Ta
rIMOMHY 30HU 3pa3KiB CIUIABY Ta PO3MOUT JIETYBAIBHUX €JIEMEHTIB MK (hazamu
BHBYAIM 3a JIONOMOro omntuyHoro Mikpockony Neofot-2, pacrpoBoro
eleKTpoHHOro Mikpockomy Tescan Mira 3 LMU, ocHOBHI XapaKTEpUCTHKHU SKOTO
HACTYIIHI: MPOCTOpoBa po3iaiiabHa 3aaTHicTh: 1 HM @ 30 kB, 2 um @ 3 «B;
npuckoproroua Hanpyra: 200 B — 30 kB; poOouuii TuCK B Kamepi: peKUM BUCOKOTO
Bakyymy =~ 9*10-3 Ila; pexxum Husbkoro Bakyymy 7 — 150 Ila. da3oBuii anamni3
CIUIAaBiB Ta MapaMeTpy KPUCTAIIYHUX PElITOK a3 Bu3Havanu Ha ycranosui JJPOH-
3M (CuKg-BunpominroBansda, Acuke = 0,154187 nm). Meranorpadiyni numdn
0oOpoOsIM XIMIYHMM TPABIICHHSM 3a JOMOMOIOI0 peakTuBy MapOmie (XiMiuHMMA

cknaa: 4 r CuSOy, 20 max HCI Ta 20 mi H,0.
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2.9. MeToauka BU3HAYEHHS MEXaHIYHUX Ta CleliaJIbHUX BJIACTHBOCTEH

3pa3KiB KAPOMILHUX CILVIABIB 31 CIIPSIMOBAHOIO CTPYKTYPOIO.

I[OCJIiZI}KeHHH IMIPOBOJAMJIMN Ha BHUIUIABJIICHUX CTAHIAPTHHUX 3pa3Kax CILIaBY

(puc.2.14).

Puc. 2.14. — 30BHINIHINA BUTJISAA JOCTIIHOTO 3pa3ka [1]

KopoTrkouacHy Ta TpuBady MINHICTh CIUIABIB BCTAHOBJIIOBAJIM Ha
CTaHJAPTHUX IMWIIHAPUYHUX 3pa3Kax, MiClsg TePMIYHOT 0OPOOKH 3a CTaHAAPTHUM
pexxumom: 1170 = 10°C, 4 rox., oxomomkenHs Ha nositpi; 1050 £ 10°C, 4 rog.,
oxojokeHHs Ha noBiTpl Ta 850 + 10°C, 16 roja., 0X0JIOJKEHHS Ha TMOBITPi. 3
pobounmMu yacTuHaMHu JiaMeTpom 5 ta 10 mm BiAMOBITHO 1 JOBKUHOIO 25 mm TpH
900°C. Ilicnga MexaHIYHUX BUNPOOYBaHb BU3HAYAIM MaKpO- 1 MIKpOCTPYKTYpY Ha
rOJIiBIIl Ta y poOoyYiii 30H1 MOOJIM3Y 371aMy Ha MONEePEeYHUX nutidax.

JlocaipKkeHHsT BTOMHOI MIITHOCTI BHKOHYBajiu BifmnoBimHo [60]. Ilicis
CTaHJAPTHOT TEPMIYHOI OOpPOOKM Ha TMOBEPXHIO JOCTITHUX 3pa3KiB HAHOCHUIN
JIBOIIAPOBE €JIEKTPOHHO-TIPOMEHEBE MOKPUTTS HA ycranoBil YE175: nepuuit map
ckimany Co—Cr—Al-Y 3aBroBmiku 50...100 MM, npyruii map — MeTaJieBe MOKPUTTS
ZrO, 3aBroBiku 60...70 mM [61]. [Ticis HaHECEHHS KOXXKHOTO IIAPy BUKOHYBAJH
pexpucTanizamniiftauii Binnan npu temmneparypi 1050 °C Bopogosx 2,5...3 TOIUH Yy
BaKyyMi.

BunpoOyBaHHs Ha BUTPUBAIICTb OOpAaHUX METOJOM BHIAJKOBOi BHOIpKH
nomatok Typ6inu I'TJ] mpoBoaunu Ha criemiaibHoMy cterai YBD 10/5000 metogom
30y/DKeHHsSI PE30HAHCHUX MEXaHIYHUX KOJWBaHb MPOQiIbHOI YacTUHU TMepa
JIOTIATKU 3@ KOHCOJIBHOTO 11 3aTHCKAHHS 32 XBOCTOBHK CHUMETPUYHUM LHUKIOM
HaANpy>KeHHs. 3a TPAHUIII0 BUTPUBAIOCTI Opaiu HalO1IbIIe 3HAUEHHS HAMpY>KEeHHS,

3a AKOT0 HampalboBaHO 0a3y BUNPOOYyBaHb 0e3 pyilHyBaHHs. Kputepiem modatky
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pyiHYBaHHS JIOMATKW I BUBHAYEHHS PYHWHYBaJIbHOTO HaIPY>KEHHs (YTBOPEHHS

BTOMHOI TPIIIIMHHU) € 3HIKEHHS BJIACHOT YaCTOTH KOJIMBaHb O1IBIN HIK Ha 3 % Bia
MOYaTKOBOrO0 3Ha4eHHS. KinmbKicTh IMKIIIB, $Ki HANpamboOBaHI JIOMATKOIO,
BHU3HAYAJId 32 YaCTOTOIO ii KOJMBaHb 1 TPUBAJIOCTI BHUMNPOOYBaHb. AMILUIITYIY
KOJIMBaHb MepU(EepifHOrO MEPETUHY IMepa JIONATKH BUMIPIOBAIHM 32 JIOMOMOTOIO
mikpockora MITb-2 koxHhi 30 xB.

Baza BumpoOysans ctanosuna 1-107 muxmis 3 wacrororo 310..320 Hz i
HarnpyxeHHsaMu Big 160 nmo 260 MPa 3 xpokom 20 MPa. Ilopi3ky 3pa3kiB s
JTOCITIJIKEHb IIapiB 3aXUCHUX MOKPUTTIB 3/11MCHIOBAIIM Ha BIJPI3HOMY CTaHKy hipMu
“Leco” 3a cneuiajibHO po3pO0JICHOI0 METOAUKOI. MIKpPOCTPYKTYpY BHUBYAIM 32
JIOTIOMOT 010 ONTHYHOT0 Mikpockoria Neofot-3M, Tounicts BumiproBadss 0,5...1 Mm.
Jlnsi BHUBUEHHS KOPO3IMHUX BJIACTUBOCTEH BUIIMBAIM IIWIHAPUYHI 3pa3Ku
JiaMeTpoM 8 MM, SIKI MiJiJaBajd TepMiuHIA 0OpoOIll 3a CTaHAAPTHUM PEKUMOM:
1170 £ 10°C, 4 rox., oxonomkenHs Ha moiTpi; 1050 £ 10°C, 4 rof., 0XoJ0IKEHHS
Ha moBiTpi Ta 850 £ 10°C, 16 rox., oxonomKeHHs Ha MOBITPi. Po3mipu 3paskiB
BU3HAuanu 3a ponomoror0 wmikpomerpa MK 50-1 3 TounicTIo + 5 MKM
JocmimKyBaHl Marepiajid 3HEKUPIOBAIM ILISXOM TPHUPA30BOTO MPOMUBAHHA B
eTHJIOBOMY cupTi a00 aneroHi. [Ticis uporo ix cymmiau Ha noBiTpi npoTsrom 20 xB.
[Totim 3BakyBanu Ha aHamiTuyHUX Tepe3ax BJIP-200 3 tounictio + 5 MM Y
BUCYIIEH] KOPYHJIOBI TUIJII MOMIIIAJIA METAJIEB] 3pa3KH 1 3acUMalid O BEPXY «Ha
KoHyc» cymimo coieit 25% NaCl + 75% Na,SO,. Kinbkicts 1iei cymimi (Q)

PO3paxoByBalIv 3a BioMO0 (hopmyiioro [62].

O=h"p(Sr=S.), (2.8),

1e  h— BHUCOTa po3IUIaBy COJMi; 0 — FYCTUHA COMI(UIst JaHOi cyMinti p = 2,5
r/cm®); St — muomma BHYTPIIIHEOrO nepepisy AHa THIIS; S, — 3arajabHa IUIOLIa TOPLS
3paska, M.

Turni 31 3pa3kaMu MOMIIIAIM B METaJeBUM KOHTEWHEDP 3 KPHIIKOK, SKHUI

BUTOTOBJICHUI 3 skapocTiiikoro cruiaBy Tuimy XH60BT (EI 868).
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BunpoOyBanus npoBoawmu npu Ttemneparypi 900 °C B posmiaBi coiieit

npotsrom 30 roauH B medi onopy tumy CHOJI-2,5.1,6.1/9. Ilicns mporo 3pasku
BUTATYBAJIH 3 PO3IIABY COJIEH 3a JOMOMOTOIO MIHIIETa 1 MPOMUBAJIH IT1]1 TPOTOUYHOIO
BOJIOIO TTPOTATOM 15 XB. OUHIIeH1 TAKUM YMHOM 3pPa3KH MOTIM KHUI'SITUJIA TPOTATOM
OJHI€T TOAWMHU B TEPMOCTIMKUX CKIISHKAaX IJIs BIAIUICHHS OKAJIMHH 1 COMi 3 iX
MOBEPXHi. 3HOBY MPOMUBAJIH I1]] MPOTOYHOIO BOJIOIO MpOoTAroM 10 XB 1 CylImiiv npu
temrieparypi 120 °C nporsirom 10 xB. OcTtarouHe BUJaICHHS OKAJIMHU 3 TOBEPXHI
3pa3KiB IPOBOAMIIM B po3IuTaBi HacTymHoro ckiaany: 70 % NaOH, 25 % NaNOs, 5 %
NaCl npu temneparypi 450 °C, npotsirom 1,5 roa. Ilicns nporo 3pa3ku BuiiManu 3
TUIVIB, OXOJOMKYBAJIM 1 PETEIbHO MPOMHUBAIM PO3UYMHOM KaJbIIMHOBAHOI COAU
(Na,COs3) npotsiroM 15 xBunuH. OcTarodyHe 3HATTS OKCUAHOI IUTIBKM 3 MOBEPXHI
3paska MpOBOJIUIIM B po34rHI HacTymHoro ckiany: 20 % H,SOs4, 1,5 % HNOs, 2,5 %
NaCl, pemrra nuctunsoBana H>O npu KiMHaATHIN TeMmepaTrypi npoTsrom 3—5 xB.
[Ticast upOro 3pa3ku CyUIMIIM, OCTaTOYHO 3HEKUPIOBAIIN 1 3BaXKyBaiH [63].
CTifKICTh CIUIaBIB 10 BUCOKOTEMIIEPATYpPHOI COJIBOBOI KOPO3ii BU3HAuaIacs
Ha MiACTaBl BTpAaTM Macu 1 JaHUX MeTalorpaiuHux AOCHiKeHb (IIMOnHA
MOIIUPEHHS Kopo3ii B MeTan). [1icis BunaneHHs npoayKTiB KOpo3ii BU3HAYAIN MACy
3pa3KiB Ha aHANITUYHUX Barax 3 TouHicTio A0 0,0001 r. Bennunny nutomoi BTpatu

MacH po3paxoByBaiv 3a (OPMYJIOHO:
I (2.9),

7e My — Maca 3pa3ka JI0 KOpO31MHOTo BUIIPOOYBaHHSA, M — Maca TOTO CaMOTo
3pa3ka micis BUAaJIeHHs MPOyKTiB KOpO3ii, S — oYaTKOBA III011a MOBEPXHI 3pa3Ka.

Jl71st po3paxyHKy HIBHAKOCTI KOPO3ii BUKOPUCTOBYBaJIM Biiomy Gopmymy [16]:
Vg=4am/St , (2.10),
ne Vg — cepemHsi MBUIKICTh KOPO3ii; Am= mg— m,; my— TOYaTKoBa Maca

3paska; m, — Mac 3pa3ka Micis BUIPOOyBaHb, S — 3arayibHa ()pOHTAIBHA IIJIOMIA

KOpOSiﬁHHX INOIIKO/PKCHb, T — YaC BUTPUMKHU.
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[MuOuHy KOPO31HUX MOLIKO/KEHb MOBEPXHI 3pa3KiB BUBYAIIH 32 IONTIOMOTOIO

ontu4yHOro wmikpockorna Neofot-3M. I[mubuHy 30BHINIHBOI KOPO3ii, BU3HAYAIU

HaITiBPI3HUIICIO TTOYATKOBOTO 1 KIHIIEBOTO JiaMEeTPiB 3pa3Ky:
d = (dp—dy/2, (2.11),
ne d — rbuHa 30BHIIIHBOT KOpO3ii; dy — MOYaTKOBUU Ji1aMeTp 3pasky, M; d, —

JiaMeTp 3pa3Ky micist BUpoOyBaHb, M.

[MuOuHy BHYTPINIHBOI KOPO3ii /# BU3HAYATN METAI0rpapiyHIM ILISTXOM.



PO3/11 3
PO3POBJIEHHSI TEXHOJIOTTYHHMX MTPOIIECIB BUTOTOBJIEHHS
KEPAMIYHUX ®OPM TA BU3HAYEHHS iX BJACTUBOCTEM

3.1 Bu3zHayeHHs TEXHOJIOTiYHUX BJIACTHBOCTEH KepaMidyHUX cycneH3ii

Jlig mpuroTyBaHHS CycreHsiii 0ysno oOpaHO BOTHETPHBKI HANOBHIOBAaYl —
CJICKTPOKOPYH/I, MUJIONMOMIOHUN KBapIl 1 AUCTEH-CWIIMAHIT — MaTepiaiu, sKi
HalIIMpILE 3aCTOCOBYIOTHCS MPHU JIUTTI )KAPOMILIHUX CIUIaBiB i jonaTok ['T/I.
B skxocti 3K BukopucroByBanu riaponizoBanuii ETC 1 maTtepianu Ha BOAHIN
ocHoBi -Remasol Premium Plus Ta Silica Sol JN-30. Ocranni aa 3K € roroBumMu
no Bukopucrtanus, a ETC-40 momatkoBo mimmaBanmu rigpomnizy. IIpu mpomy
pO3paxoByBalid HEOOXIIHY KiJIbKICTh BOJM Ta PO3YMHHUKA (€THUIIOBOTO CITUPTY)
3a ¢opMmysaMu, ski 3anpornoHoBaHo B.A. Oszepoum [16]. Mouayib po3uuny
rigpomizoBanoro ETC cranoBus 0,65, mo Bianosigaiso tumy Opr-2, BmicT Si0O; B
po3unHi — 18%.

[lin yac mpuUroTyBaHHs CYCIEH31d KOHTPOJIOBAIM iX YMOBHY B’S3KICTb
Bicko3uMeTpoM B3-4. PesynpTaTé BUMIpPIOBaHb B’SI3KOCT1 JTOCHIIKYBaHUX
cycnen3iii npexacrasieHi B Tabn. 3.1. KoHcucreHuist cycnensiii migOupanacs
Takow, 100 3a0e3MeunTH PIBHOMIPHE TOKPUTTS HEI0 MOJEeil 0e3 YyTBOpPEHHS
TOBCTOTO IIapy YU HAJATO TOHKOTO. SIK BUJIHO 13 OTpUMaHUX PE3yJbTaTiB, IO
B’S3KICTh cycrieH3iii Ha ocHoBi Remasol Premium Plus Buma wa 5-10 ¢ B
nopiBHsHI 3 aHanoriyHoto 3 ETC. Pi3nutis y B’s13k0cTi 00yMOBJIEHA THM, 110 CaM
3B’sI3yBaJbHUM KOMIOHEHT Remasol Premium Plus Mae Hmx4y B’S3KICTh HIXK
rigpomizoBanuii ETC. Jlnsg npurotyBaHHs NepBUHHOI cycreHsii 3 Remasol
BBOJMIM 65% wmac. muienomnioHoro KBapiry, a s mpuroTyBaHHs - 3 ETC
KUIBKICTh ~HamoBHIOBaua ckjagana 55% wmac. CycrnieHdii 3  BOJHUMH
3B’sI3yBaJbHUMU KOMIIOHEHTAMH X04a 1 MAlOTh BUIIY YMOBHY B’SI3KiCTh, MPOTE
BBEICHHS OUIBINIOI  KITBKOCTI  HAMOBHIOBa4Ya  3a0e3leuye  OnTUMAajbHE
CIIBBITHOIIIEHHS 3MOYYBaHHS TOBEPXHI MOl 3 HAUKOPOTIIMM YacoM

CTIKaHHSI 11 HAUTUIIIKIB 3 TOBEPXHI MOJIETI.
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Tabmuns 3.1
PesynbpTatu qochiaKeHb CycreH3ii Ha B A3KICTh
Cycnensis B s3kicTh cycrniensii mo B3-4, ¢
HamosHroBay 3B’s3yBasibHUAl it lro  juid 2ro st 3-5
KOMIIOHEHT  [I1apy [apy 1apiB
ETC 35 24 18
EjekTpOoKOpyH/I Remasol
potopy _ 45 34 27
O11mit Premium Plus
Silica Sol JN-30 38 30 25
ETC 46 42 35
[MurenoniOHuiA Remasol
_ 53 50 42
KBapII Premium Plus
Silica Sol JN-30 48 45 36
ETC 50 41 30
[ToporikomoaiOHMH Remasol
_ 55 50 41
MMUCTEH-CUIIMAHIT Premium Plus
Silica Sol JN-30 52 44 34

[lokpuBHY 3IaTHICTh CYCIIEH31i OIIHIOBAJIM Bi3yalbHO JJISi JIBOX THIIB
MOJICJIbHUX MaTepiajiB: BOCKOBUX 1 IIacTHKOBUX. Pinki cymini Ha ocHoBl ETC
JIEMOHCTPYBaJIM HallKpallly MOKPUBHY 3aTHICTb JJIsS BC1X BUIIB MOJIEJIEH, TOI1 SIK
cycnensii, mo mictwm Remasol Premium Plus, mposiBunm nemo ripury iro.
Hapsiay 3 mum cymiiini, sSiki MICTHIIA KPEMHE30J1b, TPOSIBIIIM HAUTIPIITY TTIOKPUBHY
3natHIcTh. [Ipy YoMy 1€ crmocTepirajoch MpU HAaHECEH1 MOKPUTTS Ha BOCKOBI
Mozeni. B meskux Bumaakax He 3a0e3nedyBanach PIBHOMIPHICTh HAHECCHHS
nepuioro mapy (puc. 3.1). Lle npusBoauno 10 popMyBaHHS Ha 3pa3Kax BUIUMUX
MEX CIIOJYYEHHS MepuIoro 1 apyroro mapis (puc. 3.2). Ha namy nymky, qaHui
(dakT moB’si3aHUM 3 MpollecaMyd 3MOYYBaHHS KPEMHE30JIeM MOJENEl Ha OCHOBI

BOCKYy. /[l migBWIEHHS PO3TIKaHHSA CYCIeH31i, TOOTO 3MEHIIEHHsS KyTa
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3MOYYBaHHS, Ha MPAKTHUIN JOJAOTh P13HI MOBEPXHEBO-aKTUBHI PEYOBHUHH.

Puc.

Puc. 3.2 — Jlocmiani 3pa3ku, oepxKaHi 32 BOCKOBUMH MOJIETISIMU

KpiM TOro mokasaHo, 10 KHUBYYICTh cycneH3iii Ha ocHoBl ETC He3anexHO BiJ
BOTHETPUBKOTO HAaNoOBHIOBaua ckiana 5-6 mi06, Toal SK piaki cymimi 31
3B’SI3yBJIbHUMU KOMIIOHEHTaMHM Ha BOJHIM OCHOBI 30epiraju cBOi BJIACTHBOCTI

npotsrom 30 116 [64].

3.2 BuzHaueHHsI BJIACTHBOCTEH KepaMidyHUX 000JI0HOK

B po6oTi npoBeAeH1 ekcriepuMeHTallbHI TOCTIKEHHS 110 BU3HAYCHHIO MIIIHOCTI Ha
BUTUH, Ha PO3TIr Ta Ta30MPOHUKHOCTI JIOCTITHUX 3pa3KiB KepaMidHHX

o6osonkoBuX (hopm [49].
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[Iponec obcunanus Mojenei, siki 00poOIeH]1 CyCeH315IMHU, 110 MICTUJIN KBapil,

NPOBOJAMIN  KBapmoBUM  TICKOM, a  €IEKTPOKOPYHI —  3E€PHUCTHM
enekTpokopyHaoM. o crocyeThcs AUCTEH-CHIIIMAHITY, TO BHKOPHUCTOBYBAIU
KOPYH/JI HOpMaJIbHUH 1 IAMOT, Ye€pe3 BIICYTHICTh JUCTEH-CUJIIMAHITOBOTO MICKY
3 ¢paxuiero 6unpme 0,16 MM. [ HaHECEHHS MEPIIOTO MIapy 3acTOCOBYBAIIU
dpaxuii 3epauctux Boraerpusis 0,16-0,20 mm, mist apyroro — 0,200- 0,315 mwm,

a 151 3-5-ro mapiB — 0,315 — 0,630 mM. 3aranbHuil ckiIag KepaMiKk BKa3aHUM B

Tabaumi 3.2.
Tabanig 3.2
3araJibHUH CKJIaJ] JTOCHIIHUX KEpaMiK
3B’s3yBaIbHUN HanosHroBau
OO0curka
KOMITOHEHT cycreHs3ii
ETC
i EnexTpoxopyHn EnexTpokopyHA
Remasol Premium Plus
oumii, F400 O1IHi
Silica Sol JN-30
ETC
i [ TunonoaiOoHui KBapil,
Remasol Premium Plus KBap1ioBuii micok
[TKM-050-80
Silica Sol JN-30
ETC
i EnexTpokopyHA
Remasol Premium Plus
__ [TopomkonomiOHM  HOPMAaJIbHUI
Silica Sol JN-30 o
JIUCTEH-CUJIIMAHIT,
ETC
: KJCII BoruerpuBkuii
Remasol Premium Plus
_ MIaMOT
Silica Sol JN-30

Cyminns kepamik 3 ETC mpoBogwnmm y BoJioroMy MOBITp1 (BiIHOCHA
BoJIoTicTh 75%), mepiuii map — npoTsarom 6 rox., npyruii-n’atuit — 3 roxu., a
Hicis IOCTOT0 HaHeceHHs — npoTtsirom 24 roa. Hono kepamiku 31 3K Remasol

ta Silica Sol JN-30, To 114 11 cylIiHHS BUKOPUCTOBYBAJIU CyX€ MOBITPs (BiITHOCHA
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BoJsioricthb 50 %). [epmuii map — npu Temnepatypi 20 °C y criokiiiHiit armocdepi

npoTarom 4-5 rof., onopHi mapu npu — 25 °C 1 npu pyci nositpsa 1 m/c — 2-3
TO/I..

MopnenbHi Matepiaii 3 KepaMiku BUAAQISIM HACTYIIHUM UYWHOM: BICK
BUTOIUTIOBAJIM Y €MHOCTI 3 Taps4yol0 BOJOI0, a IUIACTUK BUIATIOBAIH B
7a00paTOPHUX CYIIMIIBHUX TivKax. JIJIst qocmimkeHsb BiAOMpamu 3pa3ku, 10 HE
ManM TpilMH, BM’ATHH, ckoliB (puc. 3.3). IX wacTuHy mnpoxapioBamu B

MydenpHil nedi 3a Temneparypu 1050 °C.

Puc. 3.3 —I1nocki kepamiyHi 3pa3ku Jj1s1 BUTPOOYBaHHS HA BUTUH

MiHOCT, HA BHUTHUH JIOCTIJHUX 3pa3KiB KepaMmiKd BHU3HAYAIM 34
nornomMororo npuiany moaeni 04116 3a TpUTOUKOBOIO CXEMOIO 1 pO3paxOBYyBaIU
3a ¢popmyroro (2.3) (nuB. po3ain 2). [Ipu nboMy (ikcyBaau HaBaHTAXKEHHS, IPU
SKOMY PYWHYBaBCS 3pa30K, BUMIPIOBAIM MOTO MIMPHUHY 1 TOBIIMHY. [Toka3HuKH
MIIIHOCTI HAa BHUTUH JOCHI[DKYBaHMX KepaMik B CHPOMY CTaHl Ta IMICIs

npoXaproBaHHs HaBeleHo B Tabu. 3.3 ta puc. 3.4-3.6.



Osurs MIla

20

J

kopyHA+I PEC

+Remasol
Premium Plus

15
10 l
| Papn2

KOPYHJ

76

mPapl

KopyHa+Silica

Sol JTN-30

Puc. 3.4 — MinHicTh Ha BUTHH 3pa3KiB KepamiuyHOi (OpMHU Ha OCHOBI

€JIEKTPOKOPYHAY 3 PI3HUMHU B’SKYYUMU B CUpoMY (@) 1 mpoxapeHomy (0) cranax

Taomuis 3.3

Pesynbratu BUnpoOyBaHb MIITHOCTI Ha BUTHUH 3pa3KiB KEpaMiKu

Cxka710B1 JOCIITHUX KEpamik Owur, MIla
3B’A3yBaJIbHAN HanosHroBau O6cunk | B cupomy | Ilicns
a ) pO’KaprOBaHH
KOMITOHEHT cycneH3ii cTaHi
i
ETC Enextpoxopynn | Enextpo | 1,87 1,34
Remasol Premium Oumid, F400 K9pyfl A 3,34 12,2
OuTHHA
Plus
Silica Sol JN-30 1,43 1,14
ETC [MTunonog10uMiI 1,42 0,36
Remasol Premium KBapt, Kgsapros | 1,23 1,30
Plus ITKM-050-80 WH MICOK
Silica Sol JN-30 0,59 0,65
ETC [Topomkononion | Enextpo | 1,58 0,90
Remasol Premium | /7 AWCTeH KopyHx | 3,14 7,02
Plus CHTIMAHIT, 3BUYANH
KICII it
Silica Sol JN-30 3,80 3,46
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Osur, MIIa

3 mPanl
2.5

2 W Pan2
1.5

1
0.5

0

KBapL[‘ferEC kBapir +Remasol kBapi+Silica
Premium Plus Sol IN-30

Puc. 3.5 — MinHicTh Ha BUTHH (CepeIHE 3HaYEHHS ) 3pa3KiB KepamiuHoi opMu

Ha OCHOBI KBapity 3 pizauMu 3K B cupomy (a) 1 mpoxkapeHomy (0) cTaHax

Owur, MIIa

MirraicTs Ha Burng , Mlla

9
8
6 M Panl
5
4 W Pan2
3
2
|
0
KOPYHO+IIICTEH- KOpYHI+AUCTCH- KOPYHA+AIICTEH-
cumiMaunT+I PEC  cunimanut+ Remasol cummannt+Silica
Premium Plus Sol TN-30

Puc. 3.6 — MinHicTh Ha BHUTMH 3pa3KiB KepamiuHOi (OpMHU Ha OCHOBI
EJIEKTPOKOPYHIY+ TUCTEH-CUIIIMAHIT, 3 pisHUMH 3K B cupoMy (@) 1 mpokapeHoMy

(6) cranax
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BcranoBinieHo, 110 KepaMmikd Ha OCHOBI €JIEKTPOKOpPYHAY 3 BoaHumu 3K

MarTh BHCOKI MOKA3HUKH MIIHOCTI B cupomy crtadi (3,8-6,1 MIla Ta 5,3-7,5
MlIla), mo B 2,5-3,5 pa3u Bume, HiX Marepianum Ha ocHoBi ETC. Ilicus
Mpo>KaproBaHHs MilHICTh Kepamiku 3K 3pocia Oinbliie HXK y 2 pas3u 1 ckiaia
10,1-12,0 MIla 1 13,2-19,3 Mlla, Biamosimuo. Illogo wmimHOCTI Kepamiku 3
enektpokopyaay Ta ETC, To BoHa TakoX MiABUIIMIACS, ajie 3aJUIIIACI Ha
HEBHCOKOMY piBHi (2,4-3,7 MIla).

Kepamiky Ha OCHOBI KBapIly XapaKTEPHU3yBAIKCSI HEBUCOKOIO MIITHICTIO B
cupomy crati: 3 ETC Ha piBHi 1,7-2,9 MIla, 3 Remasol Premium Plus — 1,23-1,30
MlIa, 3 Silica Sol — 1,9-3,8 MIla. Bunno, 1110 MittHicTh KepaMik 3 BogauMu 3K B
cepeauboMy Ha 20% Bumia, Hixk 3 ETC. OpgHak micias mnposkaproBaHHS
XapaKTEPUCTUKU MIITHOCTI IIMX MaTepiamiB 3meHmmmcs. 3pasku 3 ETC manu
MmitHicTh 0,6-1,2 MI1a, 3 Bogunmu 3K Bignosigno — 1,4-2,5 MIla, — 1,8-2,5 MI]Ia.
[le, HameBHO, MOB’S3aHO 3 MNOJIMOP(MHUMHU MEPETBOPEHHSIMH KBaply, sKi
BiI0yBatoThes ipu Temneparypax 573°C 1 870°C, mo 1 npu3BOAATH A0 Pi3KOT
3MiHM 00’eMy. OCTaHHE BUKIMKAE (POPMYBaHHS MIKPOTPILIMH y 3pa3Kax, ILIO0
BIIMOBIAHO BEAyTh 1O 3MEHIICHHS MIITHOCTI KepaMikKM Ha OCHOBI KBapily.
[TinTBepmKeHHsIM LbOro (akTy € pi3ka 3MiHa ¢opmu KpuBoi 1 Ha puc. 2.8.
BunHo, 10 KyT HaXuiTy KpUBOi JIHIHHOTO PO3LIMPEHHS KBapLly TPUOJIM3HO BABIYI
OUTBIINI 32 MOTO 3HAUCHHS JIJISl €TIEKTPOKOPYH/IY 1 TUCTEH-CHITIMAHITY.

Takok TmOKa3aHO, MO MIIHICTh KepaMiK 3 JHUCTEH-CHUJIIMaHITOBUM
HAITOBHIOBAYEM BIJIPI3HAETHCS SIK B 3ajexkHOCTI Big 3K, Tak 1 Big 3epHUCTOI
oOcurku. Marepianu, siKi BUTOTOBJICHI 3 HOPMAaJIbHOTO EJIEKTPOKOPYHIY, Malld
BUIIlY MIITHICTh, HI’K KEPaMiKH 3 MaMOTOM. TaK, JyIsl HUX 3 JUCTEH-CUJIIMaHITOBUM
HAIOBHIOBAYEeM MIIIHICTh B cCHpoMy cTaHi 3 Remasol ckiana 3,8-7,1 MIla i 3 Silica
Sol 5,1-8,1 MIla BianosigHo. Lle mpuOM3HO B 2 pa3u BUIIE, HIXK [T KEpaMiKH, sKa
mictuna ETC. Caiagye BIAMITUTH, IO MIiCJsI TPOXKAPIOBAHHS MILHICTH 3 BogHUMH 3K
3pociaa 10 6,4- 11,1 MIla 1 6,6-10,0 MIla, BinmosigHo, a 3 ETC 3uu3unacs mo 1,4-
2,8 MIla.

Takum YMHOM, TPOBEICHI JOCIIKEHHS MoKa3aiu, 1o kepamiku 3 ETC manu

HEBUCOKY MIlIHICTb. Lle, HaneBHO, OB’ s13aHO 3 BUKOPUCTAHHIM PO3UYHHY THILY OpT-
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2, a He opr-1. Bigomo, 1o mepiuii 3a0e3nedye BUIIY MIIHICTh, ajleé MOTpedye

amiayHoro cepenoBuiia aia cyuriHHsa. [lopsim 3 mum kepamika 3 Silica Sol B
OUTBIIIOCTI BWITAJIKIB Ma€ BUIMY MiIHICT, HDK 3 Remasol, xoga obugsa 3K
CKJIQJIAlOThCSl 3 KOJIOIAHOrO KpeMHe3emy. Ha Hamry ayMKy, 1€ 3ajeKuTh BiJ
KOHIIeHTpali kpemHesemy. ¥ kpemuesoni Silica Sol JN-30 Bona nHabGararo Bumia.
Tomy kepamiku 3 Remasol B 611pII0CTI BUMAAKIB MAtOTh BHIIY MIIHICTh HA BUTHH
SK B CUPOMY, TaK 1 IPOKapeHOMY CTaH1 B MOPIBHsIHI 3 MaTepiaiaMu Ha ocHOBI ETC
[65].

MinHICTh Ha PO3TAT BU3HAYAIM Ha IUIOCKHUX 3pa3kax-BicimMkax (puc. 3.7)
3T1JIHO METOJUKH, SIKY TIpe/icTaBlieHo paHinie. CrovyaTky BU3HA4YaId HABaHTAKEHHS
Ipu SIKOMY BiI0yBasIoCsl pyWHYBaHHS 3pa3Ka, a MOTiM BUMIPIOBAIU MOTO TOBIIUHY 1
pO3paxoByBaIM MIIHICTh MPHU po3puBaHHi. OnepkaHi pe3yIbTaTH MPEACTABICHO B

tabn. 3.4.

Puc. 3.7 — Kepamiuni 3pa3ku 1jis BUIPOOYBaHHS Ha PO3TAT

B pesynbrari mpoBeneHHMX JAOCHIKEHb BCTAaHOBIIEHO, IO HAWHMKIY
MIIHICTh Ha PO3TAT MalOTh KepaMikKu Ha OCHOBI kBapiy. OpHak, Tmichs
npoxaproBands marepian 3 ETC BTpaTuB cBO1 MIIHICHI XapaKTE€pPUCTUKH, a 3

BogHUMH 3K — HE CYyTTEBO MiABUIIUB.
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Taomui 3.4

Pesynbratu A0Ci11B BU3HAYEHHS MIIIHOCT1 KEPAMiK Ha PO3TST

Ck1aioB1 JOCHIHUX KEpaMIK Gp, MIla
3B’s13yBaJIbHUN HamnosnroBau B cupomy [Ticns
OO6curmnka crami o
POXKapIOBaHHS
KOMITOHEHT CyCIIeH31i
ETC EnexTpo 1,87 1,34
—EfeKTpoKopyHT KOpYHI
Remasol Premium|g; i1, F400 T 3,34 12,2
) o1
Plus
Silica Sol JN-30 1,43 1,14
ETC [ Tnnenomoami 1,42 0,36
——[KBapI, .
Remasol Premium TKM.050-80 KBapHOBHH 1,23 1,30
Plus ICOK
Silica Sol JN-30 0,59 0,65
ETC [Mopomxkononiouuit  (Enexrpo 1,58 0,90
: JUCTEH-CUIIMAHIT,  |[KOPYH]I
Remasol Premium KJICIT opHnit 3,14 7,02
Plus
Silica Sol JN-30 3,80 3,46

Kepawmika, sika cknaganacs 3 kopyuay ta ETC B cupomy ctani Masna OuIbIiny
MIIIHICTh, HI’K B PO’KapEHOMY 1 BUIILY, HIXk 3 kpemHe3outto Silica Sol. [Tpu npomy
MOKa3HHWK MIITHOCTI Kepamiku 3 Remasol B cupomy crani B 1,7 pa3u BUIIMM, HIXK
3 ETC, a micns mpoxaptoBanHs —y 3,5 pasu.

KpiM Toro BcTaHOBJIEHO, HIO MILHICTh Ha PO3PHUB KEpPaMiKH, SKY
BUTOTOBJICHO 3 cyMimli aucteH-cuiimanity 1 ETC B cupomy crani mpubimu3HO Ha
20 % menua, Hix kopyHay 3 ETC. [licns nposkaproBaHHs i1 MILIHICTh TOHU3UJIACS
e Ha 40%. OnHak Matepiall, 0 MICTUB JAUCTEH-CUIIMaHIT 1 Remasol B cupoMy
ctani B aBa pasu MinHimwmi, Hbk 3 ETC. Takox micias Horo mpoxaproBaHHS
B1JI0YJIOCSL 3pOCTaHHSA I[i€1 XapaKTEPUCTUKX OUIbILIE HIK Yy JBa pa3u 1 JOCSTIIO
3nayeHHs 7 MlIla. Il{o crocyeThcst kepaMiku 3 AUCTEH-CHIIIMAHITY 1 KDEMHE30JTI0,
TO 11 MOKa3HUKHU MIIHOCTI K B CHPOMY, TaK 1 IMpPOXKapeHOMY CTaHaX Maixke

OJIHAKOBI.




[IpoBeneni  mociipkeHHs  TMOKa3ajly, 110 KepamMiKM Ha  OCHOBI
eJIeKTpOKOpyHay, AucteHcminiMaHiTy 3 3K Remasol B cupomy cTani MaroTh
MIIHICT TIpH po3TsaryBanHi > 3,0 Mlla. Tomy ix MOXHAa peKOMEHIyBaTu HJs
BUTOTOBJICHHS OOOJIOHKOBUX (OpM 3a IUIACTUKOBUMHU MojelsiMu. JlocTaTHii
piBEHB MIIIHOCTI KE€paMiKH 3a1io0iraTiMe yTBOPEHHIO TPIIIMH Ye€pe3 PO3IIUPEHHS
MoJieJiel py 1X BUMAIIOBaHHI, SIKI CTBOPIOIOTH PO3TATYIOUl HaBaHTAXECHHS Ha
CTIHKHA OOOJIOHKH.

Cnin BiI3HAYMTH, IO BUCOKI IMOKA3HUKM MIIHOCTI HA BUTHMH HE 3aB)KIU
BIJINOBIJIAI0Th BUCOKUM IMOKAa3HUKAM IIi€] XapaKTEPUCTUKU TPHU PO3TATYBAHHI.
OpHak CHOCTEpIraeThCsl 3alEKHICTh MIXK KepaMiKamH, sIKI BUTOTOBJIGHO Ha
eTwicwiikati 1 Boguux 3K. Ilepin nposBisiOTh HUKY1 OKA3HUKUA 000X BH/IIB
MIIIHOCTI.

JIOCIi IPKEHHS ra30IPOHUKHOCTI BUBYAIM IIUIAXOM Iporyckanas 2000 cv®
NOBITPS MPU KIMHATHIN TeMneparypi yepe3 3pa3ok Marepiaiy, IKUid 3HaXOIUBCS
B CIICHIQIBHINA TUIB31 MDK PE3UHOBHUMHU KUIBIISIMHU. i1 BUMIPIOBAIM TIJIbKU Ha
pOKapeHUX 3pa3kax, TOMY LI0 B CHpPOMY CTaHl KepamiuHi (opmu He
BUKOPHUCTOBYIOThCS (pHC. 3.8).

3HavyeHHs1 ra3onpoHuKHOCTI [ (0A.) BU3HAUaM 3a JIONMOMOTOKO B1JOMOT

dbopmynu:

r=2rtnr (3.1)
F-P-T
ne V — 00’ €eM MOBITps, sIKe MPOMIIIIO Yepe3 3pa3ok, CM°,
h — ToBIMHA 3pa3ka, cM;
F — muIoIa nonepeyHoro mepepiszy 3paska, cM?;
P — Tuck noBiTps nepen 3pa3koM, CM. BOJ. CT.;
T — 4ac, MPOTATOM SKOTO 4epe3 3pa3ok Mpoimio V cM® moBiTps, XB.
OCKIUIbKM  KUTBKICTh TIOBITPS 1 JlaMeTp 3pa3ka € TOCTIMHUMHU I BCIX

BUNPOOYyBaHb, TO hopmy:na (3.1) HaOyBae HACTYITHOTO BUTJISY:

81
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= 1on (3.2)

Puc. 3.8 — Kepamiuni 3pa3ku Jjisi BAPOOYBaHHS Ta30IIPOHUKHOCTI

Pesynbratu gocnimpkeHs npeacraBieHo B Tabm. 3.5.

Bceranosneno, mo razonpoHukHicTh kepamik 3 ETC Mmae nyxke HH3bKI
NOKa3HUKHU, 10 MOB’A3aHO 3 iX LIUIBHOIO ynakoBKoro. Hapsay 3 uuM KopyHIOBI
MaTepiaiu, skl BATOTOBJIEHO 3 BUKOpUCTaHHAM BOAHMUX 3K 1 chepuUHMX YACTUHOK
Al;,O3, mposiBuM B 1Ba pas3u BUIILY Ta30NpOHUKHICTE. [1l0710 KBap1ioBO1 Kepamiku 3
Boguumu 3K, To 1151 xapakrepuctuka B 1,8 Ta 1,4 pa3u Buma aixk 3 ETC. Matepianu,
K1 OyJ0 OTPUMAHO 3 JUCTeHCWIiMaHITy 1 BoaHoro 3K, maroTh 3HaueHHs > 10
OJMHUIIG, TOA1 K moaioHa kepamika 3 ETC - <2 oguHHIb.

[Ipu mepeTBOpEeHH1 O-KBapIily B O-KpPUCTAOOJIT Yepe3 o-TPUAHAHIT MPOTIKAE
rMboKa CTPYKTypHa mepeOy1oBa, sika CYyMpOBOKYEThCS 3HAYHUM 301IBIIICHHSIM
eneMeHTapHoi kKomipku. [Ipu 1mpomy 06’em Matepiany 30umblIyeThCS Ha 15 % 1

BIJIOBITHO TIPOXOAMTH 3MEHILIEHH IIiIbHOCTI ( puc. 3.9) [66].



870 °C
Ol-KBapI| O-TpUAHAHIT
p, r/em® p, r/em®
2,53 2,23

1470 °C

O-KpuCcTamobamiT
p, r/em®
2,22
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1728 °C

po3iiaB

Puc.3.9 — Cxema (pa3oBux nepeTBOpeHb KOMIOHEHTIB KepaMiuHOi (hopMHU B

3JIKHOCTI BiJ] TEMIIEpATypH

Tabmums 3.5
["a30mpOHUKHICTE PI3HUX KEpaMiK
38’s3yBanbHuil | HamoBHroBau | O6cumnka [Tommna| Tuck, |Yac, ["azompon
KOMITOHEHT CycneH3ii ,CM  |CM.BOJI.CT| XB. | MKHICTb,
On
ETC Enexrpoxopynna | Enextpo | 0,31 4,8 0,7 1,66
Remasol o1mui, F400 KOPYH] 0,32 5,7 3,27 3,13
Premium Plus O1mii
Silica Sol JN-30 0,33 4 0,68 | 3,13
ETC [MTunomnon10uwMiA 0,36 4.2 0,66| 2,46
Remasol kBapir, [IKM- |Ksaprosu| 0,35 54 3,23 | 4,35
Premium Plus 050-80 i1 mmicok
Silica Sol JN-30 0,32 52 2,67 | 3,42
ETC [TopomkononioH Enxexrpoko| 0,33 5,6 3,41 | 1,90
Remasol W TUCTEH- PYHI 0,34 54 2,83 | 13,42
Premium Plus CUJIIMAHIT, |HOPMAaJIbH
Silica Sol JN-30 KICIT um 0,34 54 1,6 10,20

Buxomstum 3 oaepkaHUX JAHUX MOXKHA 3aKJIIOYMTH,

oo BCJIHMYHHA

ra3olpOHUKHOCTI KepaMiku 3 BoguuMH 3K € moctaTHiM mokazaukoMm mirst KO, ski

BUKOPHUCTOBYIOTLCA B ITPOLCCAX JIUTTH.



3.3 IlopiBHSIHHSI MeXaHi3MiB CIIOJIy4YeHHS] YACTHHOK BOTHETPUBY

JIis TOsICHEHHsI MiJBMINEHUX IOKa3HUKIB MilHOCTI kepaMmik 31 3K Ha
BOJIHIM OCHOBiI BHBYAJIM MEXaHi3MH 3’ €IHaHHS YaCTOK BOTHETpHBY. Bigomo, 1110
BOJIHI KOJIOi/THI PO3UMHU KPEMHE3eMY MICTATh CHIIaHOIbHI rpynu = Si — OH, ski
MOJIIKOHACHCYIOTBCS 3 YTBOPEHHSIM MIITHUX CHIIOKCAaHOBHUX 3B’SI3K1B, HAITPHUKIIA/,
= Si1— 0 —Si=. OcranHi 1 B3a€EMOAII0Th 3 BOTHETPUBKUMHU OKcuaamMu. Ha pucynky
3.10 mpencraBneHO TMPUHIMUIIOBY cXeMmy 3’emHanHHsa. [lim d9ac cymmiHHS
BIIOYBAa€TbCS BUJAJIECHHS BOAM, 1 30Jb MEpPeXOoAUTh y redb. [lpu 1mpomy
B1JIOYBA€ETHCSI CKOPOUCHHSI BiJICTAHEH MK YaCTUHKaMU Ta (JOPMYBaHHS 3B’ A3KiB
JABbHBOTO TOPSAKY. TakuM UMHOM KpEeMHE3eM 3B’ S3y€ YaCTHHKH HAIIOBHIOBAYA,

a MOTIM YTBOPIOE aMOp(HUI KPEMHE3EM.

YacTUHKM KOmoiaHoro
KpeMHe3emy

Puc. 3.10 — Cxema 3’eHaHHST BOTHETPUBKUX OKCHU/IIB KPEMHE30JIEM

Etmncunikar HaOyBae 3B’S3yBaJIbHUX BJIACTUBOCTEH JIMIIE MICIS
TiApOMi3y, TOOTO KOJMM ETOKCHJIBHI TPyHH 3aMIMIalOThCs T1APOKCUILHUMM.
Hanpuknaz, rigpoiiz MoHOMepy (a) Ta meHTamepy (0) mpoTiKae 3a HACTYITHUMU

XimMivHEMH peakiismu (puc. 3.11) [16]:

84



85

OC,Hs -~ OGH;
1L15cgo--s|;i_och5 + 2H,0 — HO—lSi—~OH -+ 2CH;OH
(I)c2H5 ' <'JC2H5
a

OR OR OR OR OR

| | I !
RO—Si—0—Si—0—8i—0—-Si—0—Si—OR + 2H,0 —

I | | | |

OR° OR OR OR OR

(TR (l)R ?R (?R OR
, |
—HO—8{—0—S8i—0—8{—0—S8i—0—Si—OH +- 2C,H;OH,
I I I f
OR OR OR  OR CIJR
6

Puc. 3.11 — XimiuHa peaxiiisi Tipoii3y eTUICHIIKATy: MOHOMEpY (a) Ta

neHtamepy (0), e R - pagukan CyHs.

[licns  rigpomnizy MpoTiKae MONIKOHAEHcalis, TOOTO B1AOyBaeThCA

00’ €JHaHHS MOJICKYJI, yTBOPSHHUX 13 MOHOMEPIB Ta NeHTamepiB (puc. 3.12) [22]:

OR . OR OR OR OR OR

l ' | | l l I
HO—Si—[OH + H|0—Si—0—S8i—0—8i—0—Sj—0—Si—OH—

l l g l | l

OR OR OR OR OR OR

OR OR OR C‘)R ?R OR
S | | | l
~»HO—S$i—0—S8i—0—Si—0—8i—0—Si—0—Si—OH -+ H,0

l l ! l l l
OR  OR OR OR "OR OR

Puc. 3.12 — Ximiuna hopmysia moIiKOHICHCAIIT T1IPOJTI3y eTUIICHITIKATa

B peanpHux ymoBax cTymiHb rigpomizy He gocsarae 100 %, Ttomy 1o
STHJICHITIKAT HE TTOBHICTIO PO3UMHSETHCS BOAO0. B 3B’SI3Ky 3 IIM, /17151 MPOBEICHHS
JTAHOTO TPOIECY BUKOPHUCTOBYIOTH CIUPT abo0 ameTtoH. [Ipore HaBITH B Takux
yMOBaX MPOTIKAHHS PEAKIi T1IpOJIi3y 3aJIeKUTh Bl KUTBKOCTI BOJU 1 TPUCYTHOCTI
kuciot. ETC micns ripoi3y riipaToBaHU KPEMHE3eMOM 1 B PO3YMHI MIPUCYTHI

€TOKCHJIbHI TPYIIH, TOMY HE M1k BCIMa aTOMaMH KPEMH1I0 yTBOPIOIOTHCA 3B’ SI3KHU 3
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BOTHCTPUBKHMH OKCHUIOAMMU. I_[e OB’ SI3aHO 3 THM, 11O ,Z[aHi KepaMiKI/I MaroTh HUXKY1

MIIIHICHI BJIACTUBOCTI, HIJK KepaMiK{ Ha BOJIHINA OCHOBI. [67]

3.4. Bu6ip nuactuka aist 3D - npyky mojesieii kepamidyHuX 000 10HKOBHX

¢opm

JIJist IpOoeKTyBaHHS Ta PO3POOKK MOjelNel KepaMiuHUX 000JIOHKOBHX (HhOpM
BU3HAYAIM OCHOBHI TMapaMeTpH, SKUM Ma€ BIANOBIAaTH TOTOBUM Bupib. B
pe3yabpTaTi Oyno BUKOpHCTaHO TexHoJorii 3D-nmpyky 1 Opanu no yBaru
TeMIepaTypHUM Jiarma3oH oOpoOKHM 0oOpaHOro MaTepialy, IO € BaXXJIUBUM JIJIs
NOJAJIBIIOr0 BUKOpHUCTaHHS B TexHojorii JIBM. Bigomo, mo npu 3D-apyky y
Matepianai MpoTiKalTh (I3WYHI MPOIECH, KOHTPOJIb SKUX JaB 3MOTY OTpUMAaTH
BUPOOH, SKI BIATOBIAIOTH JUBApHUM cTaHmaptaMm [68]. Bimomo, mo mosimakTua
(PLA) 3actocoByeTbCsi B SAKOCTI BHUXITHOTO Marepiany s 3D-apyky 3a
texHoJsoriero FDM, To06To A1 MOIeNIIOBaHHS METO/I0M TOIIAPOBOTO HATUIABJICHHS.
Bin € cknaguum nosiedipom, JAHIIOT SIKOTO CKIAJA€ThCS 3 JIEKIJIBKOX MOJIOYHUX
kucnoT (puc. 3.13). Ile 6e30apBHuUil po3opuil MarTepiai, HMIUIBHICTH sikoro 1,25
kr/mm3, Temneparypa ckinoBanss — Big 50 °C mo 58 °C, mnasnenns — ig 170 °C go

230°C, po3uunenns ~ 250 °C.

%
dakTepii l 0 > \F%

Iyxop < 5

l oakTepii 4 PLA

O ‘ po3iLiaB

CH3 u Sn(OOCC7H15)2

,L\ /OH o v~ \O
HO™ Y e ?

0 -HO0 o, T(J

L-Mo104Ha KHCJIOTa 0 JAKTH]

Puc. 3.13 — XimiuHa ¢opmysia HOJTITAKTHILY
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PLA otpumytoTh 3 KyKypya3u abo ILyKpoBuX OypskiB. BiH MOBHICTIO

Olopo3kaaHui, 6€3MeUYHU Ta €KOJOTIYHO YUCTUH npoayKT. I1ig yac pobotu mpu
HarpiBanHi PLA Bumae HamiBCOJOAKHWH 3amax. 3aBOsSKH IIMM XapaKTEPUCTHKAM
MOJIUIAKTH]T € XOPOIIMM MaTepiajioM JIJIsl BAKOPUCTAHHS Y 3aKPUTHUX MPUMIIICHHSX.
Huspkuit crymine #oro nedopmariii copuse MpaBHIBHOMY JpYyKy MoJeni i
3a0e3neyye BHUCOKY pO3AUTbHY 3AaTHICTh. lLle J03Boisie cTBOprOBaTH MOAENI
OUIBIIOT TEOMETPUYHOI CKJIATHOCTI, HDK Tpu BUKopucTanHi ABS. B panomy
BUITAJIKY JIJIS MIBHJKOTO 3aTBEP/IIHHS BUPOOIB Ta JOCATHEHHS BUIIOI SKOCTI APYKY
BUKOPUCTOBYBaJIM BeHTU IsITOp. KpiM mominaktuay B po6oTi 3acTocoByBasin ABS
IJIACTUK, SKUW OTpPUMAaHO 3 MPOAYKTIB HadTOoBOi mepepoOku. Yepe3 BHUCOKY
TEMITepaTypy TUIABJICHHS OCTAaHHBOTO BUKOPHCTOBYBAIW IIATHOPMH IS APYKY 3
nigirpiBoM. Ile mo3BoimiIo 3abe3reunTH aare3iro IIapiB, JTOMOMOINIO YHHKHYTH
CKpYYyBaHHS KYyTiB. Ta BUTOTOBUTH MOJIEJ AE€Tajiel, 10 MiAAat0ThCs /1 BUCOKUX
temneparyp. B mpoieci o0pobku rortoBux BupoOiB 3 ABS miactuky Ta
MOM'SIKIIICHHS 1X TMOBEPXHI BUKOPUCTOBYBaIM aleToH. B Tabmuii 3.6 HaBeneHO

¢iznuni xapakrepuctuku PLA i ABS miacTukis.

Tabanis 3.6
®i3uuni xapakrepuctuku PLA i ABS mnacrukis

®13U4H1 BIACTUBOCTI PLA ABS
I'yctuna, r/cm® 1.25 1.05
Mexa mittHocTi Ha po3puB, Mlla mpu 23 °C 28 30
Temmepatypa po3msiraenns, °C ~ 60 ~ 110
Temneparypa miasnenss, °C ~ 180 ~ 220
Temneparypa exctpys3ii, °C ~190-200 ~ 220

Ha ocHoBi momepennix mocaimkerb [40, 69] ta aHamizy TEXHOJOTIYHHX
XapaKTEPUCTUK PI3HUX MOJEIBHUX TIJIACTHKIB TOKA3aHO, IO JJIi BUTOTOBJICHHS
MoOJieiell BUJIMBKIB AESKUX CKJIQJOBUX Ta30TypOIHHUX JBUTYyHIB Oyyio oOpaHO
nonimaktua  (tabn.  3.7). lleit marepian € OZHUM 13 HAWMOIIMPEHIIINX
TEpPMOIIACTHKIB, OCKIIBKM CKIAAaeThcs 3 TONIMepy MojouHoi Kuciaoth. Moro

BUPOOJISIIOTh 3 KYKYpYI3H Ta IIyKpoBoro ouepery. BiH mae psin mepeBar y
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MOPIBHSHHI 3 I1HIIMMHU, a caMme: HU3bKI TeMIrepaTypu IUIaBJICHHS, KHUIIIHHSA Ta

ryctuHy (tabmn. 3.6). B 3B’A3Ky 3 BHUIIlE CKa3aHUM, a TaKOX 3 E€KOHOMIYHOIO
CKJIaIOBOI0 B TPOIECI PEMOHTY CKJIaJHOMPOQIIbHUX JAeTajdel 3 >KapOMIIIHUX

CIUUIaBIB, HAMHU 0YyJIO BUKOPHCTAHO MOJIIAKTHA 11 3D-1pyKy.

Tabmuns 3.7
®Di3uK0-MeXaHI1YH1 BIACTUBOCTI MOJIJIAKTULY Mpu Temmepatypi 23 °C.

['ycruna, r/cm® 1,22-1,26
Mexa TeKy4ocTi Ipu po3taryBanHi, MIla 60,0-77,0
MinHicTh npu po3tsaryBansi, MIla 53,0
MinnicTh Ha Burud, Mlla 55,3
Monyib npyKHOCTI Ipu po3TsaryBanni, MIla 3500
BigHocHe 1010BKEHHS TIPH PO3TATYBaHHI, % 3,8-4,0
Monynb npyxHOCTI 1ipu BuruHi, MIla 2300-2800

V napna B's3kicTs 1o Hlapmi (3 Hagpizom), kJx/m? 5,2-7,3
Teepuicts 3a PokBemiom R70 - R90
BomonornuHaHHS (pIBHOBOXKHHM, TIPH 3aHYPEHHI), % 0,3-4,0
Tunoga ycanka, % 0,01 -0,05

[1i yac BUTOTOBIIEHHS IJIACTUKOBOI (POPMHU I€TaTIBHO ONPALIbOBYBAIM KOKEH
il emeMeHT, BWU3HAYadW TOYHI PO3MIPH BCIX JeTalield, 30KpeMa MIabJIoOHIB 1
nopoxHuH. [Ipu 11boMy BpaxoByBajH KIFOYOBI KOHCTPYKTHBHI MapamMeTpH, a came
ycaaky marepiany. Lle moB’s3aHo 3 TUM, 110 pO3MIpH IJIACTUKOBOI A€Talll 32 4ac Bijl
MOMEHTY i BUTOTOBJIEHHS Ha 3D-mpunTepi, 10 MOMEHTY KOJM BOHA CTae
CTaOUIbHOIO III€ HE3HAYHO 3MIHIOIThCS. ToMy KOHTpOJIOBaM Oe3nepepBHY
yCaaKy, TOOTO TOCTYCaJIKy Ta i 3MiHY 32 paXyHOK ITOTJIMHAHHS BOJIOTH.

[IpoBeneHoO ekciepuMEeHTaNIbHI JOCIiPKeHHS YCAIKH TNIACTUKOBUX MOJEIeH
npu 30epiraHHi JJIs TIONAJBIIIOT0 BUKOPUCTaHHS B TIPOIECI BUTOTOBJICHHS
KepaMi4HUX 000JI0HKOBUX opM. MeTouKy ii BU3HAUEHHS MPEACTABICHO B PO3ALII

2, a OTpUMaHi pe3yJbTaTH MOKa3aHO Ha pucyHKy 3.14 ta nonmatky B. Buano, mio
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MaKCHUMaJIbHE BIAXWJICHHS BiJ po3MmipiB jaetaneit cknano ~ 0,4 %. Ilpu npomy

BCTAHOBJICHO, IO 3MiHA MapaMeTPiB YCAAKU CIIOCTEPITralOThCS 3 IPYToro Mo I ITUi
JIeHb, & Ha BOCBMHI-/IEB’ ATHI BOHA CTabUII3yeThesa. Kpim Toro mokasaso, 1o J1aHa
XapaKTEPUCTHKA PO3MOAUIAETHCA MO TUIOMIMHI AOCIHITHUX TUIACTUKOBUX 3pa3KiB.
OTpuMaHi pe3yibTaTd Jajdd MOXKIUBICTH PO3POOUTH TEXHOJIOTIYHY 1HCTPYKIIIO
OJICpKaHHS KEpaMiYHHX OOOJIOHKOBUX (OPM 3 BUKOPUCTAHHSIM IUIACTUKOBHX
MOJEIIEH.

0,15

0,1 /\N

0,05

ycaaka, [mm]

bokosa naouwia 1

-0,25 bokoBa naowa 2

-0,3 Topuesa naouwia

AHI

Puc. 3.14 — 3anexHicTh yCaJKu MOJIAKTINY BiA yacy 30epirants

IINTAaCTHKOBHX MOI[CJ'ICIZ

a 0

Puc. 3.15 — Po3noain ycaaku 3a MIOMMHO0 JOCTITHUX KyOUKIB
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3riIHO TaHKX BUPOOHMKA Ta EKCIIEPUMEHTAIBLHUX JociiKeHb PLA-miactuk

Ma€ He3HauYHYy yCaJIKy, sika 3a3Buyail cTaHOBUTH 01u3bko 0,3-0,5 %. Takuii HU3bKUIA
ii piBeHb J1a€ MOXKIIUBICT paxyBaTH MOJUIAKTH] ONTUMAILHUM MaTepianoM st 3D-
JPYKy Ta BUTOTOBJIEHHS JeTaiei, Je mnoTpiOHa BHUCOKA TOUYHICTb. (OCKUIbKU
IJTACTUKOBI MOJEN CKIATHOMPOGITFHAX BUIWBKIB (Hampukiad, Jionatok [TJ])
KOHCTPYKTHBHO MAalOTh pedpa KOPCTKOCTI, OTBOPU 1 BHUCTYNH, TO 1€ TaKOX

MPUBOJUTH JO OUIKYBAHOTO PE3YJIbTary.

3.5. Mixk¢a3zna B3aemMoisi B cucTeMi BOTHETPUBKHUIA MaTepian ¢opmu —

JKAPOMIIIHMH CIUIAB.

Bigomo, 1mo B ckiaja >KapOMIIIHUX CIUJIaBIB Ha HIKEJIEBIH OCHOBI BXOJSTh
XIMIYHI €JIEMEHTH, Kl B3a€MOJIIOTh 3 KHCHEM IOBITPS 1 YTBOPIOIOTH OKCHIHI
wiiBku. ToMy A iX 3aXUCTy HEOOX1AHO MPOBOJUTH IUIABKY 1 3aJJUBaHHS (HOpM y
BakKyyMi a00 3axucCHIi 1HepTHIH artmocdepi. I[lpm 1boMy mmxTa, IO
BUKOPHUCTOBYETHCS MPH iX BUILIABII, HE MTOBUHHA MICTUTH IIKIIJTUBUX JOMIIIIOK, SIK1
NIPUBOJIATS JI0 MOTIPIICHHS eKCIUTyaTalliitHuX XapakTepuctuk aeranei [70]. Hapsay
3 UM KepamiyHa (opma TakoX Ma€e BOJIOJITH HE TITbKM MEXaHIYHOIO MIIHICTIO,
BOTHETPUBKICTIO, BUCOKOIO PO3MIPHOIO TOYHICTIO, aji€ 1 XIMIYHOIO IHEPTHICTIO JI0
Metany. s MATBEpIKEHHS BHINE CKa3aHOTO OYJIO AOCHIIKEHO MiK(}a3Hy
B3a€EMOJIII0 B CHCTEMI KapOMIIHUN po3IiaB — KepamiuHa ¢opma 3 BoguuM 3K y
Bakyymi P = 107 I1a.

Ha mixxda3zHiii rpaHutll Mixk piIKUM KapOMIITHUM CIUTABOM Ta KEPaMIKOIO IIPH
HOT0 KOHTAKTI 1 KpUCTai3allii 4acTo MPOTIKAIOTh XIMIYHI PEeakKiii, o MPUBOISTh
JI0 YTBOPEHHS Ta30M0II0HUX a00 KOHJIEHCOBaHUX MPOYKTiB B3aeMo/ii. KpiM Toro
JesKl eJEeMEHTH, $KI HE YTBOPIOIOTH Ta30MOJIOHUX OKCHIIB, pearywTh 3

BOTHCTpHUBAMU HACTYITHUM YHHOM:

Me](pognnag) + Me, O Me O + Me, (33)
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VY GaraThox BHUMaaKax BOTHETpUBH MICTATH aomimku (Na, K), ski xiMigyHO

B3a€EMOJIIIOTH 13 PO3IUIABJIEHUM METajoM, IO MPUBOAUTH O HOTO 3a0pyHEHHS.
YacTo mpoayKTH XIMIYHUX PEeaKIliii KOHIEHTPYIOTHCS Ha IIOBEPXHI BOTHETPUBY, 200
BIJIIAPOBYIOTHCS 4YEpe3 PIZHUIIIO KOEQIIIEHTIB TEPMIYHOTO PO3LIUPEHHS, B
pe3yabpTaTi 11e MEepPenIKo/pKae TOMABINN B3aeMoii. YTBOPEHHS Ta30MOAi0HNX
IPOAYKTIB MOKE 3MIIyBaTH PIBHOBAry peakilii MiX METaJoM 1 OKCHIOM, MIO
npu3Beie 10 1udy3il KMCHIO 3 BOTHETPUBY B po3iuias [71].

Bigomo, 110 mocimiiKeHHs aare3iifHol B3aeMO/Ii1 BOTHETPUBKUX MaTepiaiiB 3
pO3IUIaBaMU € OJHHUM 13 KPUTEpIiB OLIHKHM iXHbOI J1i. TOMy BUBYEHHS BILIUBY
TEeMIIepaTypHy Ha MOBEPXHEBUM HATAT piakoro ciiaBy (CM88) Ta KOHTAaKTHUX KYTiB
3MOUYyBaHHS BOTHETPUBIB Y BaKyyMi J03BOJISIE TIPABUIILHO HOTO BUOpATH 1 BHIATH
pEeKOMEeHIallli 11010 YMOB €KCIUTyaTallii.

B po6oTi 17151 OIiHKH MUX XapaKTEPUCTUK BUKOPUCTOBYBAIIM METO/ JIeKAIO1
kparii (muB. po3a. 2). Ha pucynky 3.16 mpemcTaBlieHO BHUTIISAN 3pa3KiB IMiCIS

IPOBEJCHUX EKCIIEPUMEHTIB.

0

Puc. 3.16 — 3oBHimmHINi BUTIISII 3pa3KiB micis BunpoOyBanb a — ['pEC;

6 — Remasol
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B pe3ynbTaTi mpoBeeHUX €KCIEPUMEHTIB OTPUMAHO €MIIPUYHI PIBHSIHHS

MOBEPXHEBOr'0 HATATY Ta T'YCTHUHH PO3IUIABY Ha OCHOBI HIKEJIO B TEMIIEPATYPHOMY

iaTepBaii Big 1400 °C no 1700 °C:

Gpr = 1795 — 0,31 (t — to) (3.4)
Por = 7,99 — 8,71-10 (t — tu) (3.5)

[IpencraBieHO TakoX TeMIepaTypHI 3ajJeKHOCTI KOHTAKTHHX KYyTIB

3MO4yBaHHs Ta poOoTu aaresii (Tadu. 3.8 Ta puc. 3.17),

Ta6muis 3.8
KoHTakTH1 KyTH 3MO4yBaHHs Ta poOOTH aAre3ii JOCIITHUX KEPAMiK

IIPU PI3HUX TEMIIEpaTypax

No 3pazky T, °C 0, rp. Wa,
MK/ M2
1. Kopyun + I'pEC 1400 132 630
1500 125 790
1600 105 1200
1700 50 2500
2. Kopynna + Pimacon | 1400 131 605
1500 122 703
1600 110 1168
1700 65 2420
1400 128 610
3. Kopyua+ kpemnesons | 1500 120 708
1600 118 1250
1700 55 2450
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2
Wa, mJ[x/m2 Wa, 1]/
0, rp. 0, rp.
150 3000 150 3000
3 &YX o
120 I < A 2400 120 T~ 2400
\ Qs / \ﬂ\
90 \K 1800 90 1800
e \
60 A d <] 1200 60 1200
/ L i >
30 7 600 30 L — 600
' sl -
0 0 0 0
1400 1500 1600 1700 T, °C 1400 1500 1600 1700 T, °C
a §)

Puc. 3.17 — TemmnepaTypHi 3aJ€XHOCTI KOHTaKTHOTO KyTa 3MOYYBaHHS
KApOMIITHUM pO3IJIaBOM Ha MIJKIAJKaX 3pa3ka JMBapHOi (opMHU Ha OCHOBI

xopyHay 3 3K: a— I'pEC; 6 — Remasol

TakuM 4YMHOM, OTpPUMaHI PE3yJbTaTH 3 aAre31MHOT B3a€EMOAIl PIZHUX
BOTHETPUBIB, SIKI OJIEp>)KaHO Ha BOJHINA OCHOBI, 3 PIAKUM cIIlaBoM Mapku CM88
JAl0Th 3MOTY PEKOMEHAYBaTH iX B SAKOCTI CIOJYYHOTO [UIsi BUTOTOBJICHHS

KepaMIuyHUX OOOJOHKOBUX (DOpM IJi TUIABKU Ta 3aJIMBKM PO3IUIaBIB HAa OCHOBI

HIKEJTIO.
BuchnoBku 3a 3 po3aisiom

1. JocaimkeHHs: KepaMidHUX CYCIIeH311 ToKa3aiu, 10 JIJIsi PiIBHOMIPHOTO
MOKPUTTST Mojienier cycnensii 3 Boguumu 3K moTpeOyroTh BBEIECHHS OLIBIIOT
KUIBKOCTI BOTHETPUBKOTO HArOBHIOBaYa 1 TOMY MalTh OUIbLIYy YMOBHY
B’SI3KICTh, HIX cycrien3ii Ha ETC.

2. BcTraHoBiEHO, 110 KepaMiKK B CHPOMY 1 IPOKAPEHOMY CTaHaX Ha OCHOBI
enexkTpokopyHay 3 Remasol Premium Plus 1 kpemuesonem JN-30 Manu MilHICTh

3,8-6,1 MlIla Ta 5,3-7,5 Mlla, BigmoBigHO, mo B 2,5-3,5 pa3u Buille, HIXK B



kepamiku 3 ETC. Ilicns mposkaproBaHHS BOHa 3pocjia B IMOHAJ JiBa pasu 1
crtanoBmuia 10,1-12,0 MITa i 13,2-19,3 MIla. Hapsiay 3 uum kepamMiku Ha OCHOBI
KBapIly XapakTEePU3yBaINCs HEBIHCOKOIO MIIHICTIO B CHPOMY CTaHi. 3 BOJHUMHU
3K Bonu B cepennboMy Ha 20% Oyna Bumil Hix kepamiku 3 ETC. Ilicns
MIPOKAPIOBAHHS MIITHICTh KepaMiK 3MEHIITIIIACS, IO MTOB’ 3aHE 3 TIOIIMOPHHUM
NEPEeTBOPEHHAM KBapiry. Jlias MarepiajniB Ha OCHOBI JHUCTEHCHIIIMAHITY 3
Remasol Premium Plus 1 kpemue3onem JN-30 1151 XapakTepucTuka B CUPOMY
ctani Oyma 3,8-7,1 Mlla i 5,1-8,1 MIla, BignoBigHO, 1m0 TPUOIM3HO B JBa
pasu Bume HDK Yy kepamiku 3 ETC. Ilicns nposkaproBaHHSI MIITHICTB 1X
3pocia a0 6,4-11,1 MIla i 6,6-10,0 MlIa, a 3 ETC 3au3unacs no 1,4-2,8 MIla.

3. BuzHaueno, 1m0  KepaMiku Ha  OCHOBI  €JEKTPOKOPYHIY,
nuctencwinimManiTy 1 3K Remasol Premium Plus MawoTh MILHICTE TIpU
po3TAryBaHHI B cupoMy cTani oinbie 3 Mlla, 110 B MiHiMyM 2 pa3u IEpeBUIILY €
MinHICTh BianoBigHux kepamik Ha ETC. KopyHmoBa kepamika 3 Remasol B
CUpPOMY CTaHI Maja Mmoka3HuK minHocTi 3,3 Mlla, a micist mpokaproBaHHS ii
MIIHICTB 3pocia a0 12,2 MIla.

4. I'a3onpoHUKHICTH KepaMik Ha BogHUX 3K Oinbina Hixk kepamik Ha ETC,
1 B 3aJIE)KHOCTI BiJI BOTHETPMBKOTO HAIIOBHIOBAaua 3HAXOJWjacs B Mexax 2,5 —
14,0 ox.

5. Jlns  BUTOTOBJEHHS  MOJEJNEW  MajocepiiHOrO  BHPOOHMIITBA
CKJIAHONIPO(IILHUX  BWJIMBKIB  JKapOMIIIHMX HIKEJIEBUX CIUIaBIB, IIO
onepxyoTh JIBM, Oyno oOpano wMarepian PLA (momimaktun) mns 3-D
MPUHTEPIB, BKIIOYAIOYM HOTO PO3MIPHY TOYHICTh, 30JIBHICTH, KOE(IIIEHT
niHiHOTO TepMivuHoro po3mupenns (KJITP), ycanky ta BapTicTs.

6. Marepiasiom ¢GopmH, OCOOIMBO [Jisi OTPUMAHHS JIOMATOK METOIOM
CIIpsIMOBAHOI KpuCTami3aiii, e MoTpiOHa TpuBaja IHEPTHICTH 0 PO3IUIABY,
MO>KHA PEKOMEHyBaTH KOPYHJ 1 BOAHE CIOIy4YHE. AJIIOMIHIHN, 3'€IHYIOUHCH 3
BOJITHUM CIIOJIyYHUM, 110 BUAUTHUBCS (31 c1abo cTpykTypoBanuM SiO2) yTBOPIOE
MYJIT, KW € XIMIYHO TePMOCTa0UIBHOIO crIoyKot0. Lle 103BosIsi€ BUKITIOUNTH
B32€MO/III0 PO3IUIABY IIPHU TPUBAJIOMY KOHTAKTI 3 (pOopMoOI0, TEMIEpaTypa 1boro

KOHTAKTy MPH CIIPSIMOBAaHOMY 3aTBepIiHHI cTaHOBUTH 1450 -1600 °C.

94
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7. Tlpomeneni pocnimxeHHs Mbk(a3zHoi B3aemonii posmiay CMS88 3

3pa3kaMu KepamiyHuX (OopM MOKa3aiM, IO B SKOCTI CIOIYYHOTO Marepiainy

¢dbopM peKOMEHJ0BaHO BUKOPUCTOBYBATH BOJHE CIIOTyYHE.
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PO3/11 4

PO3POBJIEHHS BJJOCKOHAJIEHOI'O EKOJIOI'TYHO BE3IMEYHOI'O
TEXHOJIOT'TYHOI'O MMPOIIECY OJIEPKAHHSI JIOIMATOK TYPBIHU
I'T/ I3 ZKAPOMIITHAX KOPO3IMHOCTIMKHX CIVIABIB HA
HIKEJIEBI OCHOBI

3 METOI0 MEepEeBIPKU KepaMiyHUX OOOJIOHKOBHX (POPM 3 BOAHUM CIIOJYYHUM
MIPOBEJICHO €KCTIEPUMEHTANIBbHI JOCTIIKEHHS TEXHOJIOTTYHOTO MPOIIECY OJIep:KaHHs
BUJIMBKIB JiomaTtok napyroro cryneHio TypOinu ['TJ UGT 5000 (moTy>KHICTb
neuryHa 5000 MBt, BupoOuuk JI1 HBKIT «3ops»-«Mammpoext», M Mukoais,
VYkpaina). MarepianoM st TOCHIIHUX [JIABOK CIIYT'YBaB CTaHAAPTHHUM )KapOMIIHUAN
KOPO31MHOCTIMKMI cIylaB Ha HikeneBid ocHoBl CMS88, XIMiUHMI cKiaja sSKOTO

[MOKAa3aHo B Tadui 2.3.

4.1. Po3po0ieHHsI TEXHOJIOTIYHOIO MPOIECY BUTOTOBJIEHHS KepaMidHOI
(GopMH 3 BUKOPUCTAHHAM €KOJIOTiYHO 0e3MeYHMX CIOJYYHUX MaTepiajiB 1uis

Jurts Jonatok I'T /1.

B nmocnigax BUKOPUCTOBYB&JIM pPO3pOOJEHUN TEXHOJIOTIYHHUNA MPOLEC
olepkaHHs pazoBux mojeneil nomarok ['T/] i3 3actocyBanusm 3D-npyky ( auB.
po3ain 2 ta puc. 4.1).

Kepamiuny ¢popmy BUTOTOBIIOBAIHU 3T1THO TPAAUIIIIHOT TEXHOJIOT1] JIMTBA 32
MOJIECISIMHM, IO BHUTOIUTIOIOTHCS, IIJISIXOM 3aHYpPIOBaHHS MOJEJIBHOTO OJIOKa B
CYCIICH31I0 3 TOJAJBIIOI OOCHIKOIO EJEKTPOKOpYyHAOM. TOBIIMHA KepamidyHOl
dbopmu — 10-12 mm. Ha nmoBepxHeBHUI 111ap HAHOCUJIU CYCIIeH31€10 0€3 00CUTTKU JIJIst
CTBOpEHHsI riianakoi moBepxHi (Gopmu [72]. TlpuroryBanHs cycreH3sii Ha OCHOBI
CIIOJTyYHOTO Ha BOJIHIM OCHOBI 3IMCHIOBIM IUISIXOM 3MIIITYBaHHS 1i BUXI1THUX
KOMIIOHEHTIB, 0€3 OXOJO/XEHHs, 3a JOMOMOrol0 3MilllyBaya MpU YacTOTI

obeptanns mimanku 1000-2800 06/xB.
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0

Puc. 4.1 — 30BHIlITHIN BUTJISA Pa30BUX MOJIENICH JTOMATOK, sIKI BATOTOBJIEHO HA
3D-mpunTepi (a - poboya ynonatka 2 cTymneHro; 0 - podoua jonarka 1 cTyneHio

TypOinu ['T).

BcTranoBneHo, 1o TeMriepaTypHuil Jiana3oH CYIIIHHS MOJeJel Ha BOIHUX
CKJIAQJOBUX TPOTIKAE IIBHIIIE — JIUILOBUN IIap BUCHUXAE 3a 3-4 TOOWHU TIPHU

temmnepatypi 21-30°C. lIlogo HACTymHUX MIapiB, TO JAHUM MPOIEeC BiAOYBAETHCS 3a
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TaKuX e MapaMeTpiB, ajie 3 IHTEHCUBHUM OOJyBaHHSIM MOBITpsM Bia 1-3 m/c. B

000X BHUIAJKaX HEOOX1HO MIITPUMYBATH BiTHOCHY BOJIOTICTb MOBITPs Ha piBHI 40-
60 %. Ilpu Takux ymoBax CyIIiHHS HACTyIHHUX IIApiB CKJIAJa€ OIHY TOJUHY Ha
KOEH MOCIITYI0YHil map.

Sk cBigYaTh pe3yabTaTu JOCIIIKEHb, KepaMika Ha BOJHUX 3B’ SI3yBajIbHUX
KOMIIOHEHTAaX Ma€ 3HA4YHO BHI MIIHICHI XapaKTePUCTHKH TOPIBHAHO 3
MarepiajJioM Ha OCHOBI €THJICHIIIKATy. B pe3ynbTari mporo Oyso 3ampornoHOBaHO
OJIHOCTAAIMHUN METOJ, TOOTO TMOEMHYIOTHCS JBa MPOIECU: BUMNATIOBAHHA 1
npokaptoBanHs. ChiJl 3a3HaYUTH, IO L€V MiAXiJ BUSBUBCA HENPUJATHUM JJIs
dbopmyBaHHS 00O0JIOHKOBUX (OpPM HaA ETHICHIIIKATHIN OCHOBI 4Yepe3 YTBOPEHHS
TpimuH [72].

Sk OyJo moka3aHo paHillie, OJJHOCTa/IIHE BUIAJICHHS MOJIeNIel TTPOBOIUIH
3a jgomomoror MydenbHoi meui mapku CHOJI-2.4.2/12-U1 onpHOWacHO 3
MPOIIECOM TMpOKapIOBaHHS KepamiuHoi ¢opmu. Pexum mnpokaproBaHHs OyB
HAacTynHUM: HarpiBaHHA 1o temrepatypu 950 °C 31 mBuakictio 200 °C/rog 3
HACTYITHUM BUTPUMYBAaHHIM MPOTATOM JBOX TOAWH. B iHTepBai TeMmepatyp Bij
150 °C no 300 °C mBuakicth HarpiBanHs ckiagana npu6auszuo 75 °C/ron. [Ipu
bOMY yBary 0yJio 30CEpeI)KEHO Ha OI[IHI BIUIMBY TEMIIEPATypU HA CTPYKTYPHY
uTicHICTh (hopM. Big3HaueHo, 110 3aBASKH MTOKPAIISCHUM BJIACTHBOCTSIM BOTHOTO
3B’SI3yBaJIbHOTO KOMIIOHEHTY, (OPMU Majd BUCOKY CTIMKICTh JO TEPMIYHHMX
HAaBaHTAKCHb, 3HAYHO 3MCHIIMBCS PU3WK BUHUKHEHHS TPIIIMH, BiAIIapyBaHb
MOKPHUTTIB Ta iHIINX AeeKTiB y mpoiieci BunamoBanus. [40].

Bigomo, 1m0 mokpallleHHs eKCIUTyaTaliiHuX BiiacTUBOCTed somatok ['T]]
TICHO TOB’sI3aHE€ 3 YUCTOTOIO PIAKOrO0 MeTaidy, TOOTO 31 3MEHIICHHSM KiJIbKOCTI
IIKIITMBUX JOMIIIOK 1 Ta3iB [73-76]. OnHuM 13 MepCeKTUBHUX METO/IIB BUPILIICHHS
UbOTO 3aBAaHHS € OYMIIEHHS HOro 3a ponomororo (iuibTpiB. BukopucranHs
KepaMiyHUX (UIBTPIB Y BUPOOHMIITBI JIOMATOK JUJIsl Ta30TypOIHHUX JIBUTYHIB
JIO3BOJIIE 3HU3UTU piBeHb Opaky mpuodimu3Ho Ha 20-30 % 3aBAsSKM 3MEHIICHHIO
KUTBKOCTI HEMETaJeBUX BKJIIOUEHb Ta 3HWIKCHHIO ra3oHacHM4eHHs. JlociimkeHHs
BIUTMBY (DiIbTpaLlii Ha MEXaHIuH1 BIACTUBOCTI MOKA3aJIo, 110 HalKpaIlll pe3yIbTaTu

3a0e3MeuyoTh caMme MmiHoKepaMmiuHi ¢iutbTpu [77]. JlabopaTOpHO-IIPOMHUCIIOBI
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BUNPOOyBaHHS Marepialy  (UIBTPIB  JO3BOJMIM  BCTAaHOBUTU  €(EKTHBHI

TEPMOKIHETHYHI yMOBH (UIBTPYBAHHS pO3IUIABIB B TIPOIECI OTPUMAaHHS
COPSIMOBAaHO  3aKpHUCTaTi30BaHWUX  Jjomarok. Ilim  d9ac  eKCIepuMeHTIB
BUKOPUCTOBYBaJIM (PiIbTpH pi3HOI TOBUIMHU (2050 MMm) 3 miamerpom mop 1-5 mm. ¥V
pe3ynbTaTi JOCIIIKEHB 0yJI0 BCTAHOBIICHO, 1110 TipH ToBIMHI 20—30 MM Ta giameTpi
2-5 MM poO3IJIaB MPOTiKae uyepe3 (PiIbTp MOCUTH BUIBHO Yy BChOMY Jlialla3oHi
temmeparyp [78]. ToMy Ha AHO KepaMidHOI yall 00OJOHKOBOI (pOPMH BCTaBHIIM

niHOKepamiuHuil GiTbTp, 1€ po3Mip mop B uUIbTpi ckiamae 2— S5 mum (puc. 4.2).

Puc. 4.2 — 30BHIIHUNA BUTIAL MMIHOKEPAMIYHOTO QUIBTPY, AKUH

BUKOPHUCTOBYBAJIN JJIA CKCHepI/IMeHTaHBHOi IIJTaBKH

[IpokaproBaHHsi KepamMidyHOi O0O0OJOHKOBOI (opmMHU Tepel 3aJIuBaHHAM
posmiaBy mpoBoawiochk mpu temmneparypi 900-950 °C npotrsrom 4-6 roauH
(puc.4.3).

[1naBKy NMpoBOAMIIM HA BEPTUKAJIbHIN BaKyyMHI{ nTuBapHii yctaHoBI VIM-
25-175C o¢ipmu “SECO-WARWICK” [79]. Kamepy 3 mHMXTOW BigkadyBaju
IPOTATOM JBOX XBWJIMH 1 JOCATanu B Hili Tuck piBHmii 7-1072 Pa. Temmneparypy
KOHTPOJIIOBJIM I1’ITbMa BOJb()PaMO-PEHIEBUMHU TEpMOIlapaMu Ta ONTHUYHUM
nipomerpom tuny Mikron M-780. SIKiCHy Opi€EHTOBaHY CTPYKTYpPY OJEpKalu 3a

JIOKaJIbHOT MIBUAKOCTI 0X0J10KeHHs 15-26 °C/xB Ha PpoHTI KpHcTamizailii.
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Puc. 4.3 — 3oBHIHINI BUTIISIT KepaMidHOiT opMu

B mpoueci onepkaHHS BWIMBKIB 3 HAMpaBICHOIO KPHUCTATI3aIllIO
TeMrepaTypa 3aJluBKU po3iiaBy y Gopmy ckianana 1580 °C, a B 30H1 3aTpaBKH -
1430 °C. IIpu BizyanbHOMY OIJISI[I 30BHIIIHBOI MOBEPXHI BUJIUBKIB 3 )KapOMILHOTO
CILJIaBY HE BUSBJIEHO MIKpPOIOp, 3aCMi4€Hb, PAKOBUH ITICJS 3AIMBKH Yy KepaMiyH1

dbopmu, sIK1 0JIepIKAHO 3a MPECTABICHOIO TexXHoorier (puc.4.4, 4.5).
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Puc. 4.4 — 3oBHiHINI BUTIsA OJIOKY JIONATOK HA Pi3HUX CTadisxX (a, 0, B)

Puc. 4.5. — 3oBHIiIIHIN{ BUTIISA JONATKA ApyToro ctymneHto Typoiaun GT 5000
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4.2. JlocailzKeHHsI MAaKpPoO- i MIiKPOCTPYKTYpH 3pa3KiB KapoMillHOIrO

cruiapy CM88, onepxaHnx MeToA0M CHIPSIMOBAHOIO TBEPAIHHA.

3a gomoMororo Metajgorpad@iuHUX JOCTIKEHb 3pa3KiB JKapOMIITHOTO
KoposiiHocTiiikoro cmiaBy CMS88 BcTaHOBIEHO, IO BOHHM CKJIAJAIOTHCA 3
JeKUTbKOX TUMIB cy03epeH. Ilepini sSBIAIOTH cOO0I0 OKpeMi ACHAPWUTHI TIJIKH B
MeXaxX OJIHI€I KOJIOHI, pO3MipH SIKOT KOPENIOIOTH 3 PO3MipaMH OCTaHHIX, a

paszopientariss  cranoButb 0,5 - 1,0 rpamyciB. [pyri HamexaTb [0

PI3HOOPIEHTOBAHUX IPYIT JCHIPUTHUX TUIOK OJHOTO HANpPSIMKY (puc. 4.6).

Puc. 4.6 — MakpocTpykTypa 3pa3Ky B JIUTOMY CTaHi: a — 3pa3ok Ne 1; 6 —

3pa3ok Ne2

MakpocTpyKTypa 3pa3KiB Ma€ peryJsipHy CTPYKTYpPY 1 BiJIITOBIa€ BUMOTaAM
710 CTPYKTYPH JIONATOK IPYTOTO CTYTIEHS 32 TEXHIYHUM PEriiaMeHTOM ITiITPHUEMCTBA
[56].

Binomo, mo (a30Bo-cTpyKTypHa CTaOUIBHICTH Ta BJIACTUBOCTI MaTtepiaiiB
CYTTEBO 3aJIeXKaTh BIJl pEKUMIB iX TepMiuHOi 00poOku [80-82]. [lns nutux aeranen
ra3oTypOIHHUX JIBUTYHIB 3 OPIEHTOBAHOI CTPYKTYPOIO (MOHOKPHUCTAIIYHOIO abo

CIIPSIMOBAHO  3aKPHUCTATI30BaHOI0) BUOIp  PEXKUMIB  TepMidHOI  0OpOOKHU
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YCKJIQJIHIOETHCS TOPIBHSHO 31 CIIaBaMU JUISl TIOJIKPUCTAIIYHUX PIBHOOCHHUX

BUJIUBKIB.

B pesynbrari aHani3y eKCliepUMEHTAIbHUX JTaHUX Ta JITEpaTypHHUX HKepell
[58-59,83] mnst gocnmiHUX 3pa3kiB BCTAHOBJIICEHO HACTYNMHHUM PEKUM TEPMIYHOI
00pobku: T =1170+ 10 °C, t=3 - 3,5 rox., oxonomxenns — nositps; T = 1050 °C,
T =4-4,5 rox., oxonomkenus — nositps; T = 850 °C, t = 16-17 rox., 0X0I0MIKEHHS —
noBiTpsi. TepMooOpOOKY oOJep)KaHMX 3pa3KiB Ta BUJIMBKIB JOCITIHUX CILIaBIiB
IpoBOAMIN y BakyyMmHiM ycranoBui ¢ipmu «TAV» (Itamis). Beranosneno, 1o
CTYHIHb PETYJSPHOCTI JCHJIPUTHOI CTPYKTYpPH € 3aJ0BUIBHUM IPU HIBUIKOCTI
nepecyBaHHs (poHTY KpucTamzaiii B Mexax 5 MM/xB. Ha mepepisi 3paska
JIEHAPUTA MAalOTh BUTJLIA '"MajbTIHCBKOTO XpecTa" i3 BIACTAHHIO MK OCSMHU

neHapuTiB A = 160-170 um (puc. 4.7).

—

27

158.3 um
/-,160.8 ym

7+, 168.6 uym

’/164.9 pm
" /171.8 um

SEM HV: 10.0 kV WD: 15.51 mm

View field: 3.00 mm Det: SE 500 ym
SEM MAG: 63 x

Puc. 4.7 — MikpocTpykTypa Tiepepidy 3pa3ka  KapOMIIHOTO

Kopo3iiHocTiiikoro crmaBy CM88

B pesynbrati nmpoBeaeHoi poboTH OyJiM BU3HAYEHI TapaMEeTPU CTPYKTYPHUX
CKJIQJIOBUX JOCTIAHUX 3paskKiB kapoMinHoro cruiasy CM88, siki mpeacTaBieHo B
tabmui 4.1.

Ha pucynky 4.8 moka3zaHo, mo micias TepMidHOT OOpPOOKH TMOMITHO

3MEHINWIACS KiIBbKICTh BTOPUHHOI jucrepcHoi ' - ¢asu, J0Kaldi30BaHOI B
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MDKJICHIPUTHUX MpocTopax. BoHa mnonapiOHIOEThCA, 30epiraroud MepeBa)kKHO

dbopmy, 6mu3bky Ao chepuunoi no 0,2-0,3 mxm (puc. 4.8 a, 0), 110 TO3UTUBHO
BIUIMBAE Ha (a30BO-CTPYKTypHY cTaOUTbHICTh BWIHMBKIB [84,85]. 3MimHIor04i
kap6111 MeosCe po3TarioBadi piBHOMIPHO IO BCi¥ JOCIITHIN MIIOMIMHI 3pa3ka (puc.

4.8 B) [86,87].

SEM HV: 10.0 kV WD: 15.49 mm SEM HV: 10.0 kV WD 15.49 mm MIRAZ TESCAN
View fleld: 50.0 pm Det: BSE 10 pm View field: 15.0 ym Det: BSE 2 pm
SEM MAG: 3.79 kx SEM MAG: 12.6 kx

SEM HV: 10.0 kV WD: 1551 mm | MIRAZ TESCAN

View field: 1000 pm Det: BSE 200 pm
SEM MAG: 180 x

B

Puc. 4.8 — MikpocTpykTypa 3pa3ky cruiapy CMS88 mipu pisHOMY 301bIIICHH]
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Taomung 4.1

[TapameTpu CTPYKTYpHUX CKIIQJOBHUX 3pa3KiB skapoMiliHOro cruiasy CM88

[TapameTpu CTPYKTYPHHUX CKIIQTOBUX Mexu, MKM
Cepenniit po3Mip OCTPOBKIB €BTEKTHYHOI Y'-(ha3u 5-7
CepenHiil po3Mip YaCTHHOK BTOPUYHOT Y'-(ha3u y MIKBICLOBOMY 0,2-0,4
pOCTOpi
Cepenniii po3mip kapouais MC-tuna 1,0-1,5
CepenHiil po3mip 4YaCTUHOK BTOPUYHOI Y'-(ha3u B BICSAX JACHAPUTIB 0,1-0,3

[TpumiTka: BiqHOCHA TOYHICTh BU3HAUCHHS BKa3aHUX BEJIMUMH CKiagana Big S %

1o 10 %.

4.3 JJocaimkeHHs1 TIMOMHHM NMPUIIOBEPXHEBOr0 3MiHEHOI0 1IAPY JUTHX

3pa3KiB 3 *KAPOMII[HOT0 CILIABY

Sk moka3zano B pobOotax [88-90] 30inblicHHS TTHOMHU 3MIHEHOTO IIapy
MOTIPIIY€E eKCIUTyaTalliiHl BJIACTUBOCTI BWJIMBKIB 3 JKapOMIIHUX HIKEJIEBHX
cruiaBiB. ToMy Oynu npoBeieH1 MOPIBHUIbHI AOCT1KeHHs BIuMBy 3aMinu [ pEC Ha
BoaHui 3K 115t oTprMaHHS KepaMiuHOi 000JIOHKOBOT (POpMHU HA OCHOBI KOPYH/Ty Ha
MPUIMIOBEPXHEBUI 3MIHEHMM IIap BWJIMBKIB 3 >KapoMminHoro cmjaBy CMS88. [lns
BHUBYCHHS BIUTMBY IITMOMHY 3MIHEHOTO 1Py HAa MEXaHIYH1 XapaKTEPUCTUKH CILIABY
BUKOPHCTOBYBAJIM 3pa3KH, SKI 3aJIMBAJIM B CTaHIAPTHI Kepamiudi Gopmu, K Ha
ocHoBi kopyHay +I'pEC, Tak 1 ekcnepuMeHTalbHi 3 BojsiHUM 3K.

CTpyKTypHI OCOOJHMBOCTI BIUIMBY MPHUIIOBEPXHEBOI 30HU Ta TJIMOWHY 30HU
3pa3KiB CIUIaBY JOCIHIKYBaJIM METOJIAMHU MIKPOPEHTI€HOCIIEKTPAILHOTO aHaJi3Yy.
PesynbpTaTi AOCHIKEHb MOKa3ald, IO Ha TMOBEPXHI JOCTITHUX 3pa3KiB sK Ha
ocHoBi xkopyHay 3 I'pEC, tak i 3 Bogaum 3K Remasol crocrepiraerscst 30Ha, ae

KapOi/I1 MpaKTUYHO BiACYTHI. ['nOuHa 111€1 30HU KepaMidHOi (POPMU KOJIUBAETHCS
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B11 20-30 MKM He3asexHO Big MaTepiany B’ sbKydoro (puc. 4.9). Ockiibky KapOiaHa

daza B crutaBi CM88 ckitajaeTsest 3 KapOi/iiB HA OCHOBI TUTaHy 1 XpoMy, TO 1€
CBIIUUTH SIK MPO 3HEYTJIEPOKYBaHHS MOBEpPXHI, TaK 1 MpO 301IHEHHS THUTAHOM 1
XPOMOM MPUTTOBEPXHEBOI 30HU. Y KOHTAKTHI/ 30H1 BUSBJICHO 3HUKEHHS AJIIOMIHIIO,

110 BKa3y€e Ha 3MEHIIICHHS MacOBOI YacTKH 3MilHIO0401 ¥’ - pa3u NizAl (Ti).

a 0

Puc. 4.9 — I'nubuna npunoBepXHEBOi 30HU JIMTUX 3Pa3KiB )KapOMILHOTO CIIJIaBY

3 pisaumu Bsokyunmu: a — ['pEC; 6 — Remasol

OkpiM TOro BCTAHOBJIEHO, 11O MPUIIOBEPXHEBAa KOHTAKTHA 30HA 3017HEHA
XPOMOM, aTIOMiHIEM Ta TUTAaHOM. [Ipu IbOMY KOHIIEHTpaIlisi MOIi0/IeHy, KOOAIbTY
1 Boib(pamy MpakTHUHO He 3MiHIOeThCA (puc.4.10). Ha Hamry qymKy 11e moB’si3aHO
3 OKMCJICHHSIM BYTJIELIIO, XpOMY, TUTaHY Ta AJIFOMIHIIO KHCHEM, IKMI BUIIIUBCS PU
nucoriarii SiO2 hopmu, Ta IEPEPO3MOIITIOM ATIOMIHIIO 1 XpOMY Y IPUITIOBEPXHEBIN
30H1 BWJIMBKIB. Hanpukian, TBepauil OKCUIl KPEMHIIO MPU BUCOKUX TEMIIEpATypax

po3kiagaeThes Ha razonoAioH1 SiO Ta O 32 HACTYMHOIO XIMIYHOIO PEAKIIIEIO:

Si0; — SiO + 0,50, (4.1)

Takum YUHOM, i1 OTpUMaHHA  JIOIIATOK  MCTOJO0OM CHpSIMOBaHO'l.

KpUCTali3alii, Je MoTpiOHa TpHUBajda IHEPTHICTb JO pO3IJIaBy, MOXKHA
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pexomenayBati 3K Ha BomHii ocHOBi. lle 103BOJIIE BUKIIOUUTH B3aEMOJIIO

pO3IUIaBy MpU TPUBAIOMY KOHTaKTi 3 ¢opMoto rpu Temmeparypi 1600 °C.

C, % mac.
. 58
N1
S [t A ————————
56
0 20 40 60 80 100 120
Crl6
14
12
0 20 40 60 80 100 120
Al 3
28
26
24
0 20 40 60 80 100 120
Ti 45
B W
3,5
0 20 40 60 80 100
We
—o—oo—0—0"—0o—° ? — — 1
4
2
0
0 20 40 60 80 100 121
Mo *

0 20 40 60 80 100 1
Col15
H 0—0—4\.__.,4——0—0—’"’\0\.————0_0
10,5
0 20 40 60 80 100 1
MKM
Puc. 4.10 a — BwMicT XIMIYHHX €JIEMEHTIB apOMIIIHOTO CIUIaBy, IO

3JIMBABCS B KOPYHAOBY (opmy 3 eTuicrmiikatHum 3K
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120

120

120

120

120

120

120

MKM

Puc. 4.10. 6 — BMicT XIMIYHHX €JI€MEHTIB PUIIOBEPXHEBOI 30HU BUIJIMBKA

KApPOMIIIHOTO CIUIaBy, IIO0 3ajlMBaBcs B KOpyHAOBY ¢opmy 3 Boanum 3K

(Remasol)
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4.4, NocaiazkeHHSI MeXaHIYHUX BJIACTUBOCTEH Ta TPUBAJIOI MILIHOCTI

Excrutyaramiiina HamifiHICTh Ta30TypOIHHUX JBUTYHIB BHU3HAYA€THCS
BCTAHOBJICHUMHU PEKUMAMH €KCILTyaTallii, 30epekKeHHsIM CTablIBHOCTI CTPYKTYPH 1
BJIACTMBOCTEH MaTepially Ha MPOTA31 BChbOro yacy pecypcy. IlocriitHe 3011biieHHs
TeMrepaTrypd razy 1 JII0YdX HamnpyXeHb MOoTpedye TMiABHUINCHHS (Pi3uKO-
MEXaHIYHUX 1 eKCIUTyaTalliiHUX BJIACTUBOCTEM MarepiayiB 1 30epeXeHHs ix
OPOTSATOM BCHOTO TepMiHy ekcrutyatamii. L{i BmacTuBoOCTi y 3HaAuHIA Mipi
BU3HAYAIOTLCA  CTPYKTYPHOIO  CTaOlIBHICTIO, JKapOMIIHICTIO, KOPO31HHOIO
cridikictio [82, 91-93].

Ha pucynky 4.11 mpencraBieHo 3j1aMH IiClis MEXaHIYHUX BUIPOOYBaHb.
Buano, 1110 1ocaiH1 3pa3ku NPOsiBUIIM BUCOKI MILHICHI BJIACTUBOCTI 1 BIIMOBIAAI0Th
TEXHIYHUM BUMoOTram i criapy CMS88 (tabi. 4.2) [56, 71, 94-95]. B pobouiii 30Hi
3paskiB Nel (a) 1 Ne2 (0) miciist BunpoOyBaHb Ha TPUBATY MILHICTh IIPH TEMIIEpaTypi
900°C nig HaBanTaxeHHsM 320 MIIa BiaOyBaeThCs Koaryssiis 3MILHIOOYOI (pa3u.
MikpoCTpyKTypy BKa3aHUX BHUIIE 3pa3KiB MPEACTABICHO HA pUCYHKY 4.12.

Tabmuis 4.2

MexaHi14H1 BIaCTHBOCTI Ta TPUBaJa MIIHICTh JOCIITHUX 3pa3KiB )KapOMIIIHOTO

Kopo3iiiHoCTIiKOrO criapy CM88

No 3pazky KopoTkouacHa MiIHICTb TpuBana MiIHICTb
oz, MIla, mpu 900°C 0, % o, MIla, ipu 900°C | T, rog.
1 650 28 110
2 646 23 132
3 655 19 320 104
Crangapt <640 <9 >100
[56]
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?1=35°15"

a §)

Puc. 4.11 — 3oBHIIHINA BUIISA 371aMiB MICIs PyHHYBaHHs 3pa3KiB MiCII

KOpPOTKOYacHOi ( a) 1 TpuBaioi (6) MIIIHOCTI

Puc. 4.12 — MikpocTpyKTypa po6040i 30HU 3pa3KiB Miclisd BUIIPOOYBaHb HA
TpuBaiy MilHICTh ITpH TemrepaTypi 900°C 1 HaBanTaxkeH1 320 MITa (Nel (a) 1 Ne2

(6))
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4.5. XapakrepucTuka BHUTpHBaJOCTIi podoumx Jomatok I'TI 3

’KapOMIITHOT0 KOPO3iMHOCTINKOr0 CIJIAaBY HA OCHOBI HIKEJII0

Ak Bimomo, pecypc I'TJl B 3HauHIN Mipi 3aJ€XUTh BiJ HAAIHMHOCTI poOOTH
JIOTATOK TYpOiHH, SIKI €KCIUTyaTyIOThCsl B €KCTpPEMaJIbHMX yMOBaxX, TOOTO Mpu
BUCOKMX TEMIepaTrypax 1 TpU CTaTUYHUX, [HUKIIYHUX Ta BiOpariitHux
HaBaHTaKeHHAX. OfHa 3 MPUYUH MOIIKOJKEHHS JOMAaTOK TypOIiHU MpU poOOTI Ha
JIBUTYHI € YyTBOPEHHS BTOMHMX TPIIIMH HAa 30BHIMIHIX Ta BHYTPIIIHIX TMOBEPXHIX
JOMATOK y 30HAaX /il BHCOKMX 3MIHHHUX HaBaHTaxeHb. CiiJ 3a3HAYUTH, IO
BUTPUBANICTh 1X 3pOCTAa€ TMPU HAHECEHHI 3aXHWCHUX TMOKPUTTIB. Tomy st
BU3HAYCHHS BTOMHOT MIITHOCTI TOCITIPKYFOTb JIOTIATKU 3 HAHECEHUM MOKPUTTSIM [96,
97].

37e01IBIIOro M Yac eKCIUTyaTallli JAeTajie MallliH BUHUKAIOTh 3MIHHI Y
gaci HanpyxeHHs [98-100], mim miero sSkux y Marepiaii Jeraji MOCTYHOBO
HAKOIMUYYIOThCS TOIIKO/)KCHHS. BOHU CHPUSIOTH 3apO/KEHHIO TPIMIMH, iX
PO3BUTKY 1 pyWHYBaHHIO. BTOMHI TPILIMHU 3apOJIKYIOTHCSl HA TTIOBEPXHSX JIOMATOK,
TOOTO y 30HaX Jii BHCOKMX CTAIllOHAPHUX Ta 3MIHHHX HAMNpPYXEeHb 1 TEIIOBHX
nepexigaux HaBaHTaxeHb [101]. B 3B’s3Ky 3 IMM Ha MOBEPXHIO JIeTalCii HAHOCATH
3aXMCHI MOKPUTTS, Kl 3aCTOCOBYIOThH Ui 3amoOiraHHs MeperpiBy 1 KOPO3IMHHUX
MOIIKO/KEHBb JIONATOK TypOiHM BUcOKoro THUCKY [102]. 3rimHo 31 cTaHmapTaMu,
JIOMaTKU TYpOIHW TEpPIOAUYHO KOHTPOJIOKTH 3a TMOTOMKEHOK JUPEKTUBHOIO
TEXHOJIOTI€I0 HA BiJNOBITHICTh BCTAHOBJICHIH I'PaHUIN BUTpHUBaiIOCTi [61].

Pesynbratu excriepuMeHTaIbHUX JOCIHIIKEHbh BTOMHOI MIIHOCTI JIOATOK
TypOIHU, OTPUMAHUX 32 BIIOCKOHAJIEHOIO TEXHOJIOT1I0, MPEACTaBIeHO B Ta0auIl 4.3.
[Tpu upomy omip Ha MIIHICTH BTOMHOMY PYHHYBAaHHIO JOCIIKYBaJld Ha TPHOX
JoTaTKax, Ha siki 0yJIo HAaHECEHO MOIBIiHE 3aXMCHE MOKPUTTS cIiaBy cuctemu Co-
Cr-Al-Y 3a [0moMOror eJIeKTPOHHO-IIPOMEHEBOI TexHoJorii. TOoBIIMHA HOro
cranoBmwia 40-60 mxM. BizyansHuUM OTJIS7I0M 371aMiB y paiioHI TUBAPHUX NE€(PEKTIB
JIOTIATOK HE BUSIBJICHO. 3arajibHUM BUTIIAL iX MICIS PO3THHY TPIIIUHHU MPEACTABICHO

Ha PUCYHKY 4.13.
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Taomurg 4.3
XapakTepruCTUKA BTOMHOI MIITHOCTI JIOTIATOK TYpOiHH
Ne PiBenb HanpyxeHHs, Pyiinyroue baza BunpoOyBaHb,
JIOIIaTKU MIlIa HAaIPY>KEHHS, IIUKJIIB
MIla

1 200, 220, 240 260 1,16x10°

2 200, 220 240 2,86x10°

3 200, 220, 240, 260 280 3,15%10°

Puc. 4.13 — [louatok pyinyBanus jgonatok ['T/] (a - Nel, 6 - No 2)

JloCHiPKeHHST TOKa3aJik, IO 3O0BHINIHIA BUIJISA BWIMBKA Ta MOKPUTTS

3aI0BUTbHUNA. ENEKTPOHHY CTPYKTYpYy OCTaHHBOTO MOKa3aHO Ha MPHUKJIIAIl 3pa3KiB,

SKi BUpI3aHO 3 pi3HUX 4acTwH Jiomatku Ne 2 (puc. 4.14). BcraHoBneHo, 110

METaJeBUN Iap MOKPUTTA Ma€ JPiIOHOIMCIIEPCHY CTPYKTYPY PIi3HOI TOBIIMHH.

Mikporsepaicte H,*° y 30mHi, npumermii 1o ocHoBu — 5624-5908 MIla, no

nepexinnoi 30au — 5908 MIla i 10 30BHINTHKOTO APy MOKpUTTA — 7295-7717 MI1a,

110 BignoBigae Bumoram [103].
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=
: 0,02 mm }

Puc. 4.14 — Mikpoctpykrypa nokputts Ha gonatii ['T/L (a - Nel, 6 - Ne 2)

MIiKpOCTPYKTYpy BHUBYAIM Ha TMONMEPEYHHX 3pazkax y mnepudepiitnomy
NepeTHHI Tepa s BCIX JIOMATOK. 3aBISKH TPABHWIBHO OOPaHOMY PEXKUMY
TEPMIYHOT OOpPOOKM y HHX YCYHEHO HEOJHOPINHICTh PO3MOAULY YaCTUHOK
3MIIHIOBAIBHOI (ha3u. Y MIKOCKOBOMY IIPOCTOPI BUIIIIEHb €BTEKTUYHOI yY—Y'-ha3u
He croctepiranu. KpiMm Toro, He BHUSBICHO JUBApHUX ACPEKTIB — MOP, JTUBAPHOI
PHUXJIOCTI 1 3aCMIY€Hb, IO CBIAYUTH MPO SKICTh BIOCKOHAJIECHOTO TEXHOJIOTTYHOTO

nporiecy [56]. JlonaTku TypOiHHU IMOKa3aIu BUCOKUH PiBEHb BTOMHOI MilTHOCTI (220—

260 MIla) mpu HapBaHTaxyBambHil 06a3i 2,0x107 mukmis. Takuii pe3ynbTar

JOCSATHYTO 3aBJSIKU (POPMYBAHHIO CIIPSIMOBaHOT eHIPHUTHOT cTpyKTypH [104].

4.6. BucokoremmepaTrypHa KOpO3ifl KAPOMIIIHOTO CILUIABY HA OCHOBI

HIKEJII0

VY ra3zoTypOiHHUX JBHUT'YHax BHCOKOTEMIIEpaTypHa KOpO3is MPOSIBISETHCS, B
OCHOBHOMY, BHACJIIJIOK I1JIBUILIEHOTO BMICTY CIPKU B JU3EJIbHOMY Ta TypOIHHOMY
MaJMBi Ta JOJATKOBO TOMAJaHHS COJEH MOPCHKOI BOJAW B CYJHOBUX JIBUTYHAaX.
HasiBHICTh HATPitO 1 CIPKU MPU3BOIUTH 10 YTBOPEHHS B rapsiyiii yaCTUH1 TypOIHU B
MUJIONOAIOHOMY CTaH1 IeAKOi KUTBKOCTI PIIKUX YaCTUHOK CysbdaTy Hatpito, Cifb,
0 HAKOTMTMYMJIACS B KOMITPECOPI, BIIOKPEMITFOETHCS BiJT JIONIATOK y BUTJISLAL (DpaKiii

PI3HOTO pO3MIpY 1 MOTpAIIsi€ B rapsidy 4acTUHY TypOiHH, 34€01IbIIOT0 Ha JOTATKH
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nBuryHa. BoHwu, 3anexHo Big poOodoi TemmepaTypu ra3oTypOIHHOTO JBUTYHA,

MOKYTh OyTH SIK Y TBEPIOMY, Tak 1 pigkomy cranax [105-107].

[Ipu ocamkeHHI Ha TIOBEPXHIO CIUIaBY CyJb(aTy HATPilO Ta B3aEMOJIi HOTO 3
JEeIKUMHA KOMIIOHEHTaMH B1JIOYBAa€ThCS YTBOPEHHS CyIb(igy HaTpito, SKUN
maBuThes pu Temmepatypi 1176 °C. Hanpuknaa, T = 700 °C npoTikae HacTymHa

XIMIYHA peaKiis:

Na,SO, + 2C = Na,S + 2CO; (4.2)

Ilefi mpoluec NOCHIIOETHCS 1€ TUM, IO PO3IUJIaBI€HAa CUIb 4Yepe3 MOopH Ta
MIKPOTPIIIMHA B OKAJIHMHI JIETKO MPOHHUKAE IO MOBEPXHI MeTalmy. ATOMapHUM
KUCEHb TMPU3BOAUTH [0 LIBUAKOrO 301THEHHS IIOBEPXHEBUX IIAPIB METAIy
JEryIOUMMH eleMeHTaMHu. IIpyu 1pOMy OKHUCHIOIOTBCS €JIEMEHTH 3 BEJIMKOIO
CIIOPITHEHICTIO 10 KUCHIO, a OCTPIBIll HIKEJII0 HEOKUCICHOTO MPUEIHYIOTHCS 0
OKaJINHHU.

CTIMKICTB CIUIaBiB 10 BUCOKOTEMIIEPATYPHOI COIBOBOI KOPO31i BU3HAYAJIH 32
BTPATOIO MacH 132 JAHUMHU MeTanorpapiyHuX A0CTIKeHb. Pe3ynpTaTu JOCIIIKEHb
KOpO3iifHOi CTifiKoCTi 3pa3skiB mpencTasieHi B Tabmumi 4.4. Ix 30BHImMAIN BUMIAL
micasi KOpo3iiiHMX BUIPOOyBaHb IOKa3aHO Ha pucyHKYy 4.15. B pesynsrari
MIPOBENICHUX JTOCTIHPKEHb BCTAHOBIICHO, IO HAa TOBEPXHI JOCIIITHUX 3pa3KiB, 3T1THO
MIPOBEJIEHOTO PEHTICHOCIIEKTPAIILHOTO aHai3y, yTBOPoIOThCs okcu NiO, Cr,0O3
ta yactkoBo Al,O3, TiO,, siKi COpUSIOTH YTBOPEHHIO 3aXMCHOI TUTIBKM 1 SKa B
MOJIATIBIIIOMY 3aXUIIA€ BUJIMBKY BiJl pyHHYBaHHS.

Tadomui 4.4

JlaH1 IO BUCOKOTEMIEpATypHiil COIbOBIN KOpo3ii crutapy CM88

Howmep 3pazka 1 2
[TuToma BTpaTta Macu micis 30 roauH, Kr/m? 0,353 0,289
[IBuaKicTs KOpO3ii, V(,kr/M?ron 0,0118 0,0096
[mubuna 30BHINHBOI Kopo3ii, d * 10 3m 0,05 0,24
I'mubuHa BHYTpilHKOI Kopo3ii, h X 10 3m 0,12-0,15| 0,10-0,12
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Heo0xi1HO BIAMITUTH, 1110 IIBUJKICTh KOPO3ii 1 MUTOMa BTpara Macu 3pa3KiB

»apoMinHoro crmasy CM88, 1o BuriasieHi B kepamiunux popmax 3 Bogaum 3K,

BIJIIIOBITafOTh BUMOTaM cTaHaapty [56, 62, 108].

1.00mm

1.00mm 1.00mm

s

a 0

Puc. 4.15. 3oBHimHIi BUTISA 3pa3kiB 3i crutapy CMS88 mo (a) 1 micis

KOpO3iiHUX BUNIPOOYBaHb (0)

BucnoBkmu 10 4 po3ainy

1. YaockoHalIeHO TEXHOJOTIYHUI MpOLEeC BUPOOHMLTBA JIOMATOK 3a PaxXyHOK
3aCTOCYBaHHS 000JIOHKOBHX (JOPM Ha BOJIHIM OCHOBI1 3 BAKOPUCTAHHSIM MOJIIMEPHUX
MOJIEJIEH.

2. BubOpaHO €KOJOTiYHO YHCTI TOJIIMEPHI MaTepiaid Ta pO3pOOJIEHO TEXHOJIOTIIO
BUTOTOBJICHHS 13 HUX Pa30BUX KepaMiuHUX OOOJOHKOBUX (DOpM JJIs1 BUPOOHUIITBA
BUJIMBKIB BUCOKOI SIKOCTI.

3. [IpoBeneHo excriepruMeHTal bHI IUIaBKU Ta OJIEP>KaHO JIONATKU JPYroro CTyMNeHs
TypOiHn razotyp6inHoro asuryHa UGTS5000. BisyanpHuii anani3z moBepXHi
BWJIMBKIB TIOKAa3aB, 110 JUBAPHI Je()EKTU y BUTIISIAI 3aCMIUY€Hb, PUXJIOT, MIKPOTIOP
Ha Hii BIICYTHI.

4. JlocnimKeHo Makpo- 1 MIKPOCTPYKTYPY 3pa3KiB €KCIEPUMEHTAIbHUX IIJIaBOK.
['mubuna 3MiHEHOro IIapy Ais BCiX 3pa3KiB CIUIaBy, SIKI 3aJUTI B KepaMiyH1

06010HKOB1 hopmu 3 pizHUMEU 3K cTaHoBUTH Bia 20-30 MKM.
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5. JlociKeHO BTOMHY MILHICTh €KCIIEPUMEHTAIBHUX JIOMATOK JPYroro CTyIeHs 3

HOJIBIHHMM 3aXMCHUM MOKPUTTSIM Ha ocHOBI cucteMu Co-Cr-Al-Y, sike HaHeceHO 3a

7
JIOIIOMOT 00 €JIEKTPOHHO-IIPOMEHEBOT0 MTPOMEHI0. Beranosneno, mo npu 2,0x10
IUKJTIB poOOTH BOHM BUTpUMAaJIK HaBaHTaxxeHHs 260 MIla.

6. BusnaueHo mapaMeTpy BHCOKOTEMIEPATypHOI COJBOBOI KOPO3ii JOCIITHUX

3pa3KiB 31 CIUIaBy Ha OCHOBI HIKEJIO.
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3AT'AJIBHI BUCHOBKHA

1. JlocmimxkeHo CKJIaAM  KepaMIYHMX  CYCIEH31M 3  pI3HUMHU
KOMIIOHEHTaMHU 1 3B’A3YBAJIbHUMHU  €JIEeMEHTaMu. BcTaHOBIEHO, IO IS
PIBHOMIPHOTO TOKPUTTA Mojened cycrnensii 3 BoguuMu 3K mnotpeOyroTh
BBEJICHHS OLIBIIOI KUTBKOCTI BOTHETPUBKOI'O HAIlOBHIOBAayYa, HIXK CYCHEH311 Ha
ETC. Ile moB’si3an0 3 TuM, 110 cycrensii 3 Remasol Premium Plus manu B
CBOEMY CKJIaJIl CIieIiaibHl J0OABKH, a caMe OKCHJIM JTY>KHUX METaJiB.

2. BcranoBieHo, 10 Kepamikyd Ha OCHOBI €JIIEKTPOKOPYHY Ha BOJHIN
OCHOBI B CHPOMY 1 IpOKapeHOMY CTaHaX Majii MII[HICTh B CHpOMY cTaHi — 3,8-
6,1 MIlIa Ta 5,3-7,5 MlIla, BianoBiaHo, 110 B 2,5-3,5 pa3u BHIIE, HIXK MaTepiaan
3 ETC. Ilicns npoxaproBaHHsS MIIHICTh iX 3pociia MpUOJHM3HO B JBa pasd 1
cranoBuia 10,1-12,0 MIla 1 13,2-19,3 MIIa. Illogo kepaMik Ha OCHOBI KBapIly,
TO BOHU XapaKTEPU3YBAIHUCS HEBUCOKOIO MIIHICTIO B CUPOMY cTaHi. MIIHICTb
kepaMik 3 BoguuMu 3K B cepennabomy Ha 20% Oyiia Buia, Hixk kepamiku 3 ETC.
XapakTepHO Te, 110 MICIIs MPOKapIOBAHHS 11 XapaKTePUCTHUKA 3MEHIIIUIIACS, 110
MOB’A3aHO 3 MOJIMOP(GHUM MEPETBOPEHHSIM KBapily mpu Temiepatypi 870°C
(KBapIl MEPEXOAUTH B TPUIUMIT 1 3MIHIOETHCS T'yCTHHA MaTepiaiy).

3. BwusnaueHo, 10 KepaMmikKh Ha OCHOBI  €JIEKTPOKOPYHIY,
nuctencwnimanity 1 3K Remasol Premium Plus MawoTe MinHICT Tpu
pO3TATYBaHHI B cCMpOMY cTaHi Oubine, Hix 3,0 MIIa, o B ABa pasu nepeBuiiye
Takuil nokazHuk nopiBHsHO 3 ETC. KopyHnaoBa kepamika 3 Remasol B cupomy
CTaHl Majia noka3Huk minHocTi 3,3 Mlla, a micia nposkaproBaHHS ii MILHICTb
3pocia 1o 12,2 MITa.

4. T'a30mpoHUKHICTH Kepamik Ha BogHux 3K Oublia, HIX KepaMik Ha
ETC, 1 B 3a51e’KHOCTI BiJI BOTHETPMBKOTO HAIIOBHIOBAaYa 3HAXOIUJIACS B MEXKax
2,5-14,0 on.

5. IlpoBenmene  gociigHe  BUOPOOYBaHHS ~ KepaMidyHUX  (GopM,
BUroTOBJIeHUX 31 3K Ha BOJIHIM OCHOBI, ITOKA3aJI0, 110 BUJIMBKH 31 5KapOMIITHOTO
HIKEJIEBOTO CIUIABY XapaKTEepU3YBAJIMCA 33J0BUIHHOIO SIKICTIO MOBEPXHI Ta HE
MaJIi XIMI9HOTO TIPUTapy.

6. Po3po0ieHO TeXHOJOTI4YHI CXeMU BUTOTOBIEHHS KepaMidyHUX (pOopM
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31 3K Ha BOJHIM OCHOBI 3a MOJEIAMH, oOjepKaHUMHU 3D-npykom, s

MaJioCepiiHOro BUPOOHUIITBA CKIAAHONPOPUILHUX JeTanel 31 cTaii. 3arajiom
3B’s13yBajbHUN KOMIIOHEHT Remasol Premium Plus moxHa pekomMeH1yBaTH 715
BIIPOBA/DKCHHSI Yy 1l€XaX TOYHOIO JIUTTS, BPaxXxOBYIOUM HOro XOpoiii
TEXHOJIOT14HI BIACTUBOCTI.

7. BukopucTaHHS BOJHOTO CIIOJIy4HOTO MaTepialy 3a TEXHOJIOTIEI0
MOKpAIllye SKICTh TMOBEPXHI BUJIMBKIB 1 J0NOMara€e yCyHYTH HpoOjeMH 3
HEJIOJIMBAaMH  3aBISKH KpallOMy «IUXaHHIO» OOOJIOHOK. BupimyroTscs
poOJIeMH TTOKEKHOT O€3MeKH Ta MPoOJIEMH, TTOB'I3aH1 3 OUMIICHHSM BUKHU/IIB,
OCKIJIbKM BOJIHI CIIOJIYYHI MaTepiaii HE MICTSTh PO3YMHHHUKIB a00 JETKUX
PEYOBHH.

8. BuzHaueHi (i3uKo-MeXaHIYHI BJIACTHUBOCTI POOOYUX JIOMATOK
JIPYroro CTYNEHI0 TYpOIHU BHUCOKOTO THUCKY €HEPreTUYHOrO ra3oTypOiHHOTO
neuryHa UGT 5000. ExcriepumeHTanbH1 TOCTIKSHHS MPOBOIWIIN Ha 3pa3Kax i
JoTaTKax, oJiepKaHuX 3a BJIOCKOHAICHOIO TEXHOJIOTi€10, 31 crmaBy CM88, sikuii
BUKOPUCTOBYETHCS B CEPIMHOMY BHUPOOHHUITBI Ta30TypOIHHUX YCTaHOBOK.
Jlonarku BuTprMany 6a3y BurnpoOysans 1,0 X107 mukiIiB Ha piBHI HANIPYKEHHS
200...260 MIla. BcranoBiieHa Mexxa BUTPUBAIIOCTI 3a0e3MeUye 3alaHui pecype
JIOTIATOK TaKOTO THITY.

9. 3 meTor OJep)KaHHS BHWIMBKIB 13 >KapOMIITHUX KOPO31MHOCTIHKHUX
CIUIaBIB METOJOM CHPSIMOBAHOTO TBEPJIHHS BHUCOKOI SKOCTI PEKOMEHJOBAHO
BJIOCKOHAJICHHM  TEXHOJIOTIYHMN  TPOILEC  BUTOTOBIIGHHA  KEepaMiuHO1
000JIOHKOBOI (OpMH 3 ypaxyBaHHSIM CYYaCHHX €KOJIOTIYHO Oe3MeyHux

TEXHOJIOTiH (oaaTok b).
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AKT
AOCTIAHO-NIPOMHCIOBOT NepeBipKH

B paMkax nporpamu cymicrux zochimkens Y BiANOBiAHOCTI 10 A0TOBOPY
Bia 05.10.2021 cnispo6irkukamy A HBKT «3ops-Mamnpoexty i Biaainy
Pizuko-XiMii  smBapHIX npouecis ®TIMC HAH Vxkpainu NPOBE/ICHI
CKCIIEPHMEHTANIBHI IOCNIUKEHHS 1OAO BJIOCKOHANEHHS TEXHOMONT O/IepPKaHHA
KepaMivyHux GopM a1a auTTA Jonartok ra3oTypGiHHuX mBHryHis. Pospobieno
TEXHOMOTIYHI CXCMH OJICPXKAHHA KepaMigHux $opm 3a nosimepuuMn MozensMu,
AKi BUFOTOBNICH] 32 I0ITOMOT0I0 3D-apyky.

llposeneni Bunpobysanus nokazamm, mo BUKOPHCTaHHS KepamigHux
000IOHKOBHX (JOPM, OTPHMAHHX 33 BIOCKOHATEHOK TEXHOJIOTICI0, NPH3BOAUTD J10
MiABHIIEHAS PO3MIPHOT TOYHOCTI BHIMBKIB nonatok Ha 10% Ta 3nauHo ckopouye
Hac BUTOTOB/CHHSA BUJIMBKIB 32 PAXYHOK Bi/ICYTHOCTI HEOBXIAHOCT] NPOEKTYBAHHA
Ta BHIOTOBJICHHA JIMBAPHOIO OCHAIUEHHS.

Takum umumoM, 3anpononosana Texmonoris BHTOTOBJICHHA KepaMiyHuX
060/I0HKOBHX (OPM 3a pazoBuMH MOZCIAMH, 10 oJepXkaHi 3a AonoMoroio 3D-
APYKY, € NEePCHEKTHBHOI IS JIMTTS CKJIAIHONPOUIBHHX eTaneit Ta Moxe OyTn
PCKOMEHI0BaHUM U1 BUKOpHCTanns Ha JIT HBKT «3opay-«MatunpoexT».

DPTIMC HAH Vkpainu AT HBKT «3ops-Maiumpoekt»
3as. simginy dizuxo-ximii AMBapHUX  B. 0. ronoBHoro metanypra

TIPOLECiB, 1-p TeXH. HayK
27" O.). Ulusceknii % B. IMonomapenko
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Pe3yiibTaTu eKcniepuMeHTAIbHUX H0CTiI2KeHb BUMiPIOBAHHS YCAIKHU
IUIACTUKOBUX MO/ eJieil mpu 30epiranHi 1isi MoJajJbioro BUKOPUCTAHHSA
1{0/I0 BUTOTOBJIEHHSI KePAMiYHUX 000JJOHKOBHX (popM.

JTIOJATOK B
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Taoauna
Ne Topuesa mioma
KYOY | 2 3 4 5 | 6 | 7 8 9
1 +0,04 | +0,10 | +0,15 | +0,13 |+0,06 | +0,10 | +0,11 | +0,06 |+0,05
2 +0,12 | +0,13 | +0,05 | +0,12 |+0,14| +0,14 | +0,07 | +0,12 | +0,10
3 +0,07 | +0,08 | +0,06 | +0,10 |+0,05| +0,11 | +0,03 | +0,05 |+0,03
4 +0,06 | +0,10 | +0,08 | +0,10 |+0,13| +0,11 |+0,17 | +0,06 | +0,04
5 +0,05 | +0,04 | +0,03| +0,12 |+0,06 | +0,02 | +0,11 | +0,06 |+0,05
6 +0,06 | +0,10 | +0,12 | +0,11 |+0,17| +0,10 | +0,10 | +0,06 | +0,05
7 +0,05 | +0,10 | +0,07 | +0,11 |+0,06 | +0,10 | +0,06 | +0,06 |+0,03
IIponoB:xeHHs Tad UL
boxosa niioma 2
Ne 1 2 3 4 5 6 7 8 9
KyOy
1 |-0,23|-0,25|-0,25|-0,27 | -0,16 | -0,18 | -0,16 | -0,16 | -0,15
2 |-0,04-012|-0,12 | -0,06 | -0,06 | -0,04 | -0,05 | -0,04 | -0,04
3 |-0,04|-008|-010]-0,06|-0,15-0,07 | -0,22 | -0,08 | -0,08
4 |-015)-0,18|-0,21|-0,19 | -0,23 | -0,17 | -0,26 | -0,09 | -0,10
5 |-0,20 | -0,27 | -0,24 | -0,26 | -0,22 | -0,14 | -0,12 | -0,16 | -0,20
6 |-0,24)|-0,29|-0,23]|-0,29|-0,24|-0,20 | -0,16 | -0,17 | -0,17
7 |-017|-0,25|-0,29 | -0,20 | -0,28 | -0,17 | -0,14 | -0,13 | -0,14
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IIponoB:xeHHs TAO U]

No
KyOy

Topuesa mioma
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