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Anomauia. JlocnioxiceHo mMeXHON02IYHI npoyecu  CHIKAHHA — KepAMIYHUX — 8Uupooie y
BUCOKOMEMNEPAMYPHUX eNeKMPULHUX Neuax, Wo npayioroms K Y 3aXUCHOMY cepedosuiyi, max i Ha
nosimpi. I1ioiopano aneopumm po3paxyHKy 05 GUKOHAHHS NOPIBHSIbHUX OYIHOK eHepeOEMHOCMI ma
MOJNCIUBOL peanizayii, AKY MONCHA BUKOPUCIOBYBAMU NPU AHAI3T KOHKPEMHUX CUMYayii 610HOCHO
PI3HUX Munis KkepamivHux demalet, memnepamypa cnikants saxux nepesuwye 1400 °C. Ompumano
Gpaxmoepagiro 3anedxdcrocmeti po3noodineroi 3a niower nooa NOMYICHOCMI 810 niowi noda ma
AUMOMOL NOMYHCHOCMI 810 BHYMPIUUHLO20 00 €My 015 2amu moodeneti neyei Mobilotherm,
NPUHAYEHUX OISl BUNATY KEPAMIKU 3 MAKCUMATIbHOIO pobouoio memnepamypoio. Buseneno, wo
000amKOo8e 3HUNCEHHsL eHep2osUmpam npu CRIKaHHi 8 e1eKMPUYHUX ne4ax Ha 6UNYCK 0OHO20 8UPODOY
ma nioguujeHHs: NPOOYKMUEHOCMI 8UPOOHUYMBA NO8 'A3AHO 3 YPIBHOBANCYBAHHAM MENI0B020
banaucy neui, 3HUNCEHHAM MENI0BUX MPAM i 3ACMOCYBAHHAM KOHCMPYKYIl nedetl, y AKUX MO*CHA
8UKOpUCmMogysamu 3aniuukoge menio. Ilposedeni 0ocniodcents 0aome 3mM02y NpUnYCmumu, wo npu
PO3POONIEHUX MEeMOOAX PO3PAXYHKY MENI08020 DANAHCY MONCHA BUOPAMU HAUOIIbUL ONMUMATbHI
pedrcuMu HaepiBanHs nevell, peKoMeHOysamu Haubilbuw menioCmituKi i menioi3ontoyi mamepianu
Gdymeposxu.

Knrouoei cnoea: sucoxomemnepamypua niu, KepamiuHuti eupio, Hazpisay, pe3ucmusHe
HA2Pi8aHHS, CNIKAHHSA, Men108Ull OANAHC.

Abstract. For the sintering of ceramic products, high-temperature electric furnaces are used,
which work both in a protective environment and in air. In some technological processes, for
example, for the production of ceramic carriers for afterburning car exhaust gases based on SiC and
Al2QOg3, only air furnaces are used. Silicon carbide (SiC —silicate) heaters and molybdenum disilicide
(MosSiz2) are used as resistive heaters in such furnaces. Due to the relatively small resource of their
work, it is energetically beneficial to use the residual heat when cooling the furnace. At the same
time, there is a significant saving of electricity for heating. The residual heat is largely determined
by the thermal insulation of the lining and the correct distribution of the heat balance of the furnace.
The speed of temperature rise affects the thermal balance of the furnace in general, and even the
speed of cooling of the furnace, which creates additional energy saving opportunities, which reduces
the cost of ceramic products.
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The article examines the technological processes of sintering ceramic products in high-
temperature electric furnaces. A calculation algorithm was selected for performing comparative
assessments of energy intensity and possible implementation, which can be used in the analysis of
specific situations regarding different types of ceramic parts, the sintering temperature of which
exceeds 1400 °C. A factography of the dependences of the power distributed over the floor area on
the floor area and the specific power on the internal volume for a range of models of Mobilotherm
furnaces designed for firing ceramics with the maximum operating temperature was obtained. It was
found that the additional reduction in energy consumption during sintering in electric furnaces for
the production of one product and the increase in production productivity are associated with the
balancing of the thermal balance of the furnace, the reduction of heat losses and the use of furnace
designs in which residual heat can be used. The conducted studies make it possible to assume that
the developed methods of calculating the heat balance allow choosing the most optimal furnace
heating modes, recommending the most heat-resistant and heat-insulating lining materials.

Keywords: high temperature furnace, ceramic product, heater, resistive heating, sintering,

thermal balance.

Beryn. Tledi € ocHOBHUM 001aHAaHHAM
KepamiuHoi saboparopii. BonHu  MOXyTbH
PO3PI3HATHCS 3a PO3MIPOM BIT HEBEIHUKHX
KopoO4acTux  meued 3 eNeKTPUYHUM
HarpiBaHHSIM, TakK 3BaHUX MY(DeIbHUX Nedei,
0 MOXYTh TIOMICTHUTHCS Ha JaBi, [0
BEITUYC3HUX ra30BUX TeYei,
BUKOPUCTOBYBAaHUX JJIsi IJIABJCHHS CKJIA.
CepenniMu € medi pi3HUX (GoOpM 1 PO3MIpiB,
MpU3HAYCHI i1 poOOTH TpU  PI3HHUX
Temmeparypax i armocdepax [1].

Ha mieit wac mist BUpoOHUIITBA PI3HUX
KepaMIYHUX BUPOOIB, HAITPUKJIA] BUTOTOB-
JIEHHS CTUIbHUKOBUX KEpPaMIYHMX  HOCIiB
aBTOMOOUTLHHX KaTalli3aTOPiB, B OCHOBHOMY
BUKOPHUCTOBYIOTHCS BHUCOKOTEMIIepaTypHi
€JICKTPHUYHI [1e4i 3 HarpiBayamu, 10 MPaIorTh
y PI3HHX CEpeloBUIIAX, Yy TOMY YHCHI
noBiTpsiHKX [2]. TTomupeHHs eeKTPUIHUX
reyeil MOpiBHIHO 3 MaJTUBHUMHU BUKIMKAHO
iXHIMHM CYyTTEBUMHU IE€peBaraMu:

— OTpUMAaHHS TTyxKe BEJIMKUX
IIBUIKOCTEH HArpiBaHHS 1 MPAKTUYHO Oy/b-
SAKUX HEOOXITHUX TEeMIEepaTryp 3a paxyHOK
KOHLIEHTPYBaHHS BUIUICHHS BEIUKOT KUTBKOCT1
eHeprii B Ayxe Manux o0’eMax (eJeKTpu4yHa

ayra, HU3bKOTEMIIepaTypHa iaszma,
IHyKIi{He, eJeKTPOHHO-IPOMEHEBE 1 MpsiMe
HarpiBaHHs);

— pO3TalllyBaHHS JpKepena BHUJUICHHS
TeJla MO CTIHKaX HarpiBalbHOI Kamepu 1
3aCTOCYBAaHHS IPUMYCOBOT LIUPKYJIALIT

atmMochepu IS 3a0€3MEUYEHHST  BHCOKO1
PIBHOMIPHOCTI HarpiBaHHs BUPOOIB;

— BIACYTHICTh ~ TPYIOHOILIIB MiJ 4ac
peryatoBaHHsI TOTYXHOCTI, IO TABOJUATHCS, 1
TEMIIepaTypH, pOCTOTA nporecy
aBTOMATH3AaIlil PeryIIOBaHHS TEMIIEPATyPHOTO
pexXuMy reui;

— JIeTKICTh ~ BKJIIOYEHHS  EJEKTPUUYHUX
nevyeil y TEXHOJOTTYHUH MOTIK Ta aBTOMAaTUYHI
JiHII 32 paxyHOK 3py4YHOCTI MeXaHi3amii Ta
aBTOMaTH3aIlii TPOIECiB 3aBaHTAXEHHS Ta
BUBAaHTRXCHHS MaTepiaiaiB abo BUpOOIB, IO
HarpiBarOThCsA, 1 1X MEpPEeMIlIeHHS BCEpeauHi
meui;

— repMeTu3alis neded s 3aXHUCTy
JeTaneil, 10 HarpiBaroThCs, BiJ OKHCHEHHS
3aXHCHOI0 aTMmoc(eporo 4u BakyymMoM a0o,
HaBMaK{, PO3MIMICHHS 1X Yy CHeliadbHIN
atMochepi 11 HACHMYCHHS  TOBEPXHI
BYyTJIEIIEM, a30TOM a00 IHIIUMH PEYOBHHAMY;

— MeHIe 3a0pyaHeHHs  aTMmocdepu,
YHUCTOTA, KOMIIAKTHICTb, 3pYUYHICTh
00cIyroByBaHHs, MOKpAIICHHS YyMOB TIpalli
MOPIBHSHO 3 MAJTUBHUMH [T€YaMH.

Enextpuyni nedi onopy moauisiOThCs Ha
nBa tunu. [lepmmit — medi onopy npsiMoi i
(KoyleBe TEIJI0 BHIAULIETbCA B CaMHX
HarpiBaJbHUX TUIaX), JPYTrUil — medi omnopy
HenpsaMoi Ail (AKoylieBe TEMo BUIUIIETHCS B
HarpiBayax 1 NEPENAETHCS TiIaM
BUIIPOMIHIOBAHHSIM, KOHBEKIII€I0 abo
TETUIONpoBinHicTO) [3].
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[lepenaya Teruia B edi onopy HeNpsAMO1
i1 MOKe 301HCHIOBATHCS:

— JIMIIe BUIPOMIHIOBAHHSAM (BaKyyMHI
neyi);

— TIepEeBaXKHO BUOOPYMM BHITPOMIHIOBAH-
HsM (iH(ppadepBOHE HATPIBaHHS 3 KOPOTKOXBH-
JTHOBUM 200 JIOBTOXBUJIBOBUM JIalla30HOM);

— BUIPOMIHIOBAHHSIM Ta KOHBEKIIEIO
(BHCOKO- Ta cepeJHbOTEMIIepaTypHi 1edi);

— KOHBEKI[I€EI0 Ta BHUIPOMIHIOBAHHSIM
(cepeHbO- Ta HU3bKOTEMIIEPATYPHI 11€Y1);

— KOHBEKIII€I0 1  TEIUIOMPOBITHICTIO
(enexTpoiHI BaHHM a00 BaHHU 3 30BHIIIHIM
00IrpiBom).

BusHaueHHs  OCHOBHMX  BHYTPIIIHIX
pPO3MIpiB  poOOUYOTO TMPOCTOPY EIEKTPUUHOT
neyl 3I1MCHIOETHCS BUXOISYM 31 MITYYHOT
MPOJIYKTUBHOCTI,  4Yacy  HarpiBaHHd Ta
KoedimieHTa 3aBaHTaXEHHS T0Jla AHAJIOTIYHO
ITOJIYyM STHAM TI€4aM.

BHyTpinHi po3Mipu kamepu edi MaroTh
OyTH TaKUMH, 1100 CaI0K HE TUTHKU MIT
PO3MICTUTHCS B HiM palllOHATIBHO, 3 TOUYKH 30Dy
ONTHUMAIBHUX YMOB IS TeIJIonepeaayi, ane ii
MOXHa OyJI0 3pydHO 3aBaHTAXYBAaTH 1 BUMMATH
3 nedi. KpiM Toro, BHYTpIlIHI pO3Mipu Kamepu
reyi Ta poOOYMX BIKOH MalOTh OYTH TaKUMH,
100 y Hiif MOKHA OyJ10 TIPOBECTH POOOUHIA
peMoHT. L{i BUMOTH CTOCYIOTBCSI HE TUTBKH

Yac HarpiBaHHs 3arOTOBKU Ta
POYKTUBHICTD JBa TICHO TIOB’si3aHi
BUPOOHUYO-TEXHIYHI TOKAa3HUKH OyJb-sIKOT
€JIGKTPOKOHTAKTHOI HarpiBaJibHOT YCTaHOBKH.
3a3Buyaii 3a/1a€ThCS IPOJTYKTHBHICTh
YCTAaHOBKM 1 B HIA YTOYHIOETBCSA 4Yac
HarpiBaHHs, IHKOJIM X HABITAKH: 33/IA€THCS Yac
HarpiBaHHs i TOIi YTOYHIOETHCS
NPOAYKTHBHICTh YCTAaHOBKH. AJje B Oyab-
SKOMY pa3i 4ac HarpiBaHHs (IIBHIKICTB) Ma€
OyTH po3paxoBaHMil ab0 MepeBIPEHUH, SKIIO
BIH 3aJ1aHu#l TOBUIBHO [4].

Kap6inoxpemuieBi
MOXYTh  3aCTOCOBYBATHCS
temneparypax (mo 1450 °C Ha moBepxHi
HarpiBauiB), y Impoieci poOOTH BOHM HE
OKHCHIOIOTBCSI, Maibke He JeQOopMyrOThCs, HE
HiITAF0ThCS KOPO3ii, JIETKO BCTAHOBJIOIOTHCS B
14, MOXKYTh OyTH JIETKO 3aMiHeH1 0e3 TpuBanoi
3yNUHKA TMe4l, MaloTh JIOBIIMN TEpMiH
ekcruryatanii.  Tomy — kapOigOKpeMHieBUI
€JIEKTPOHArpiBad ITMPOKO BUKOPUCTOBYETHCS B
pPI3HUX BHCOKOTEMIIEPATYPHUX EICKTPUIHUX

eJIEKTpOoHarpiBayi
npu BHUCOKHX

meyax Ta  IHIIUX  €JIEKTPOHArpiBaIbHUX
npuwiasax T[pd  BUPOOHHUIITBI  MAarHiry,
KepaMiKi, CKJIa, TIOPOIIKOBOI MeTayprii,

MamuHOOyayBaHHI 1 T. 1. Jl0 OCHOBHHX
dakTopiB, IO BHU3HAYAIOTH TEPMIH CIIYXOH
eJIEKTpOHArpiBaya, HajexaTh TEMIIEpaTypHO-

MAaJICHBKHX II€UCH, aJie 1 IMeuei 31 3SHIMHHM a0o YaCOBUU  PEXHM  poOOTH eJIEKTpoIIeyi,
JIETKO PO30HUpaTbHUM CKIICTIIHHSIM. 3HAYEHHS MUTOMOI MOBEPXHEBOI MOTYXHOCTI,
30BHIIIHI ra0apyUTH €4l BU3HAYAIOTHCS cxema 3’ €HAHHSA HarpiBadvis, crocio
il BHYTpIIIHIMH pO3MIpaMH 1 TOBIIUHOIO PETYIIOBaHHS TEMIIEpaTypHy TeYi, CKIIaJ MYHO1
kianku. Kiragka mae 3a0e3ne4nTH HU3BKI aTMocdepu. 30BHIIIHINA BUTJISI
TeMreparypu koxxyxa medi (He Buiie 60 °C npu eJeKTpoHarpiBaua 3  KapOily  KpemHIo
TeMreparypi HaBKOJMIIHKOro noBitpst 20 °C) HaBeJIeHO Ha puc. 1.
1, OT)Ke, MaJll TEIUIOBI BTPATH TIEYi.
- OL -
B Z - HZ -t z
J 4 ;
OD1 |
— B
oD

Puc. 1. 3oBHilIHI{ BUTIIAI eNEeKTpOHArpiBada 3 Kapoiny KpeMHilo:
OD — 30BHImHIN giameTp, MM; HZ — noBk1Ha 30HH HarpiBaHHS, MM;
CZ — noB:xuHa X0JI0QHOro BuBeneHHa, MM; OL — 3arajgbHa JOBKHHA, MM
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Tax, eJIEKTpOHArpiBay TUITY
ED 25/400/400 Mae Taki po3Mipu:
OD=25mMm, HZ=400mMm, CZ=400 mm,
OL = 1200 mm.

HarpiBanbHi en1eMEHTH MO>KHA BBa)KaTH
YUCTO PE3UCTHUBHUMH HABAaHTAXKEHHSMH, 1 10
HUX  3aCTOCOBYIOThCS ~ 3BHYAiiHI  3aKOHHU
€JIEKTPUKHU:

2
W=U-1=1? R=U—; 2
R
R R U’
u u* w
| W [
ne U — Hampyra, B;
| — cuna ctpymy, A,
W — nmotyxHicts, BT;
R — omip, Om.
st KOMIIeHcarii M IBUALIECHHS

€JIEKTPOOIIOpy, IO HEMUHydYe B TIpOIeci
eKcIuTyaTarii €JIEMEHTIB, 3a3BUYail
BUKOPUCTOBYETHCS 3MIHHA Hampyra JOKepel
KUBJICHHA. BenuunHa HEoOX1AHOTrO pe3epBy
HaMpyTH 3aJIe)KATUME BiJl TEMITIB «CTAPIHH» 1
nepeadavdyBaHOTO TEPMiHY CITYKOH €JIEMEHTIB,
asie 3a3BUYail cTaHoBUTH O1u3bK0 50...100 %
Harpyru, HEoOXigHOi st TOro, MO0 JaTh
MOBHY TOTYXHICTb 3 HOBHMHU e€JI€MEHTaMHU
€JIEKTPOHArpiBaHHS Y BUX1IHOMY CTaHi.

PobGoTa mponoBKye paHilie NpoBeeHI
JNOCTIPKEHHsT 1 0a3yeTbcs Ha HAyKOBOMY
IOpoOKy  Ta  pe3yJbTarax, YaCTKOBO
omyOIikoBaHUX y poboTax [5, 6].

AHaJi3 ocraHHIX JocaimKeHL i
nyouaikaniii. Y po6oti [7] mogaHo CTpyKTypy
Ta ONTUMI30BaHy EIEKTPHUYHY CHUCTEMY
KepyBaHH: BUCOKOTEMIIEPATyPHOIO
BaKyyMHOIO TIYYI0 OMNOpY Ui CIHIKaHHSA
kapOixy kpemHito. [IpoBeeHO eKCIEpUMEHT 13

BUCOKOTEMIIEPATyPHOTO CIIKaHHS. Sx
MaTepiaJl ~ HarpiBaia  BUKOPHUCTOBYBABCS
BUcokouuctuil rpadir. Ilix dwac chikaHHA
3aCTOCOBYBABCSI HU3bKUW BaKyyM Ta 1HIYKIIis
aproHoM, 100  3aXUCTUTH  TpadiTOBUI
HarpiBay BiJl MOIIKO)KEHb, CIPUYMHEHUX
BUNIApOBYBaHHAM. byno mnpuitHiTO CTymiH-
4acTy KpWBY HarpiBaHHsA. ExcnepumeHTanbHI
pe3ylnbTaTd TMOKa3ald, M0 MY CTablIbHO
npamoBana npu 2500 °C, nepexigHa Temrie-
parypa gocsirana 2800 °C, a TepMmiH ciayxOu
rpadiToBOTO HarpiBava 0yJio 3017bIIEHO.
Takox g OTPUMaHHsS  BHUCOKOI
TeMIIepaTypu HEOOXITHO MaTh KOMIIOHEHTH
medi, [0 MOXYTb BUTPUMYBaTH  Taki
TeMmriepatypu O0e3 moripmeHHs skocti. [li
MaTepiayiiv BiioMi sIK BorHeTpuBH. HaiiOinbiu
NOUIMPEHNM BOTHETPUBKUAM MarTepiajoM B
eJIeKTporneueOyyBaHHi, 0CcOo0IIMBO
CNIEKTPUYHHUX TII€Ye OIopy, € ImamoT i3
BMicTOM riuHO3eMy Big 30 mo 45 % [8].
OCKUTBKH 111 TI€Ui MPAIfOI0Th B OCHOBHOMY IIPH
Temmeparypi, mo He nepesumye 1300 °C, to
BOTHETPHUBKI 1 MEXaHIUHI BIACTHBOCTI MAMOTY
IIJIKOM 3310BOJIBHSIOTH BUMOTH JI0 LIUX MEYEeH.
B enexktpruHNX medax 6a’kaHO 3aCTOCOBYBATH
[IaMOTHY LIETJy MEPLIOro COPTY 3 BMICTOM HE
menme 38 % Al20s. IlamortHi BHpoOH 3a
CBO€I0 BOTHETPUBKICTIO MOJAUISAIOTHCS Ha TPU
KJIacu: Kjac A Ma€ BOTHETPUBKICTb HE HIDKYE
1730 °C, knac b — ne amxue 670 °C, kimac B —
He Hmwxkdye 1610°C [9]. Ommak poboua
TeMIeparypa IIamMOTy Habarato HIKYAa,
OCKUIBKM BIH BTpayae CBOIO MeEXaHIuHYy
minaicte  npu  1300...1400 °C, rpanuuHa
poboya Temmeparypa MIaMOTy CTaHOBHUTh
1350...1450 °C. [llamoT Ma€ MOPiBHSAHO Maluit
KOoe(ILIEHT PO3UIMPEHHS Ta J100pe BUTPUMYE
pi3Hi KonuBaHHA Temneparypu [10]. Bupobu 3
HbOTO MAlOTh HU3bKY €JIEKTPOTPOBIIHICTb, 11O
Jla€  3MOTYy BHKOPHCTOBYBATHM IIaMOT B
CNIEKTPUYHUX TIeYaX OJHOYACHO SIK BOTHE-
TPUBKHI Ta €JIEKTPOI30JALIMHNI MaTepial.
Xoya ByIVelb 3a3BUYail BBAXAEThCS
BITHOBHUKOM Yy TpoOIlecax MipoMeTaTypriqyHoi
IUTaBKH, BIH TaK0XX MOJKE€ 3aCTOCOBYBATHUCS SIK
BOTHETPUBKUI MaTepian y CHCTEMi 3aXUCHOI
obononkn meui. Pobora [11] mnpucesyeHa

36ipunk HaykoBux npanb YkpAY3T, 2023, sun. 203



30ipHUK HAYKOBMX Npanb YKPAiHCHKOI0 Aep:KaBHOI0 YHIiBePCUTETY 3aJi3HUMYHOI0 TPAHCIIOPTY

BOTHETPUBKUM MaTtepiaiam 1 ixHiid poJi B
KOHCTPYKIIi CHUCTEeMH 3aXHCHOI OOOJIOHKH
nedi. Takoxk pO3MISIHYTO — BYTJICLIEBMICHI

BOTHETPUBKI MaTepiaiu Ta IXHE BIAMOBITHE
3aCTOCYBaHHS,  BKJIOYAlOYM  BOTHETPUBKY
(byTepOBKY CUCTEMH 3aXUCHOT 0OOIIOHKH TeYi.

Excruryarariss ~ eneKTpoayroBoi  medi
CXWIbHA J10 KOJUBAHb 34 OCHOBHMMH il
[TOKa3HUKaMH, TaKUMHU K BUTpPATH

SJIIGKTPOCHEPTl, Yac IIaBKH, BUXIJ CTali Ta
=L Y po6oTi [12] mokiagHOo MpoaHaii3oBaHO
JaHl  eJeKTPOAYTrOBOi  TMeYi, JIOCHIIKEHO
BUTpaTH HEW enektpoeHeprii. loOpe Bigomo,

10 Ha BUTPATHU €JIEKTPOEHEPril BININBAIOTh

Bara i TN OpyXTy, 1110 3aBaHTaKy€eThCS,
oTnepaliiiHi 3aTpPUMKH 1 TeMIepaTypa BUITYCKY.
3 iHII0r0 OO0KY, MOXHA CTBEPAKYBATH, L0
BUX1IH1 MaTepiaiu, Takl sk Byrjelb 1 KUCEHb,
TAaKO’)X MOXYTh BIUIMBAaTH HAa  BHUTPATH
eIEKTpOeHeprii  4epe3  IiXHIO  poib B
OKHCHIOBAJIbHO-BITHOBHUX  DPIBHSHHSAX  Ta
eHepreTHUHui O6anaHc BaHHU. ToMmy ocoOnmBa
yBara TIPUAUIAETbCS aHANI3y BIIHOIICHHS

BYIVICIIO 7O KHCHIO T dYac poOoTH
SJIEKTPOIYTOBOI €Yl Ta MOAAIBIIIOMY BILTUBY
JOCTYITHOCTI KHCHIO Ha BUTpPATH
€JIEKTPOCHEPTi.

Y po6ori [13] po3pobiieHO eNeKTPUYHY
MY I BUMATY KEpaMidHUX BUPOOIB 1
peanizoBaHo ii aBTOMaTH4YHE KepyBaHHs. [ledi
(100x50%50 cM) MOKHAa BUKOPHCTOBYBATH TSI

BUMNAIy HABITh  HEBEIMKUX  KEpaMIYHUX
BUpOOiIB, Hampukian apioamdok. [IJIK
BUKOPUCTOBYETHCSI TUIst aBTOMATH3AaIlil

cucteMu. Terto Bix medi BUMIPIOBAJIOCS 3a
JOTIOMOTOI0 TEpMOIIap 1 mepenaBaiocs Ha
MporpaMoBaHi JIOT14H1 KOHTpPOJIEpH
AQHAJIOTOBMM  MOJyJieM, a Temlo Iedi
KOHTPOJIIOBAJIOCS BIIMOBIIHO IO OTPUMAHHUX
3Ha4YeHb Teruia. Kpim Toro, BicTe:KyBaBcs
HEOOXIHUN CTYIiHb HArPiBaHHA Ta KUIbKICTh
TeIUla B 1eYl Ha eKpaHi MaHesi KepyBaHHs.
3pa3ku MpoAyKIlii, oOnaneHi B meui, JOBEIH,
[0 CUCTEMa MPAIIOe YCHIIHO Ta 6e3 mpooiem.
VY poborti [14] mpoBeneHO A0CTiIKEHHS,
COpSMOBaHI Ha YyJIOCKOHAJIEHHS IMPOIIECIB
CIIKaHHS 32 PaXyHOK 3aMIHHU ICHYIOUMX Ieyel
CTaporo TUIy Ha HOBI Bepcii IIUX arperaTiB 3

YIOCKOHAJICHOIO  KOHCTPYKIi€l0  poOouoi
KaMepy Ta [OKPAIICHUM PETrYJIIOBaHHSIM
Temneparypu y Hiil. OIIHEHO TEIIOBY poOOTy
CTaHJApPTHOI 1edvi Juii BUPOOHUIITBA, & TAKOX
HOBOTO  BJIOCKOHajeHoro Tumy. OOuaBa
pE3yJIbTaTH TOPIBHIOKOTHCS. Y Ci OTpUMaHi J1aHi
31CTaBIAIOTECS 3 BIANOBIZHMUMM IM IIiJ 4ac
BUKOPHCTAHHS CTaHAAPTHUX OJIMHHUIID T YMOB.
OtpuMaHi pe3yNbTaTd NalTh 3MOTY 3pOOUTH
BHCHOBOK IIPO Te, MO 3aMmiHa OOJIaJHAaHHS €
OOIpYHTOBAHOIO 1 HE JIMIIE IOKpallye
XapaKTePUCTUKU Ta SKICTh NPOAYyKLil, a H
3HIKYE KOJIMBAHHS MPOYKTHBHOCTI TIPOTIECY.

Y po6oTi [15] posrisimaerbes miaxin a0
peamizaiii  €HEPrOEMHUX  TEXHOJOTTYHHX
MpoIeCiB Yy MICBKUX  0araTomoBEPXOBUX
BUPOOHMYMX  KjJacTepax  Ha  MPUKIALL
BUPOOHUIITBA KepaMI4HUX 1
MeTaJloKepaMIuHuX BUpoOiB. Bukopucranus
Cy4acHHX KepaMIuHUX MIKpO- Ta
HAHOTIOPOUIKIB J1a€ 3MOTY MeperTH Ha OUTbII
eHepro3oepiraoul  TEXHOJOTT 3a paxyHOK
3HIDKCHHS ~ TEMIIepaTypyd  CIIKaHHA  Ta
CKOPOYEHHSI  TEXHOJIOTTYHOTO LUKITY.
BukopucTtanHs 3anpornoHOBaHUX MOKAa3HHUKIB
TUTS OLIIHIOBAHHS eHeproeeKTUBHOCTI
MiHOKepaMiyHUX QUIBTPIB, IO CIIKAKOTHCS,
Ja€  3MOTY BJIOCKOHAJIUTH TEXHOJIOTTYHUI
MPOILEC 1 CKOPOTUTH Yac 3aBepIUICHHs HOTo
TEpPMIUHOTO IUKITY Ha 19 %, a TaKkoK 3HU3UTH
MaKCHMaJbHy TeMmIepaTypy HarpiBaHHs Ha
20 % mo 1350 °C. ITpuitHATTS 1HIIOT OKCHIHOT
TEXHOJIOT1YHOT allbTEPHATUBU 1 BUKOPUCTAHHS
3aMpONOHOBAHOT MOJIEN1 Ta MOKA3HUKIB ISt
OIIHIOBaHHSI €HEProe(eKTUBHOCTI TEXHOJIOT1]
CIIKaHHS MIHOKEepaMiYHUX (QUIBTPIB A€ 3MOTY
BUOpATH MEHIII €HeProeMHe 00JIaIHAHHA Ta
3aomaautu 10 40 % enekrpoeHeprii.

B enexkTpuuHHX medax oOmopy AMHACOBI
BUPOOU 3aCTOCOBYIOTHCS PIAKO, @ MarHE3UTOBI
3a3BUYail HE 3aCTOCOBYIOThCS. Y  JCSIKUX
BUIMAJKAaX Y BHUCOKOTEMIEpPAaTypHUX Medax
OTIOPY 3aCTOCOBYIOThCS KapOOpYyHIOBI BUpoOU
JUIS  BUKOHaHHS  MyQento, KapOoCTIMKUX
MOJIOBUX TUTHT Ta IHIINX €IEMEHTIB MeYi.

OaHuM 3 HaWNOUIMPEHINIUX Ter0i30-
JAIIAHUX MaTtepiajiiB, BUKOPHCTOBYBAaHMX B
eJIeKTpoIeue0yayBaHHi, € J1aTOMIT 1 TpereK y

30ipHuk HaykoBux npaub YkpAY3T, 2023, Bun. 203



30ipHUK HAYKOBMX Npanb YKPAiHCHKOI0 Aep:KaBHOI0 YHIiBePCUTETY 3aJi3HUMYHOI0 TPAHCIIOPTY

BUTJISIII LIETJIM, TUIAT, (DACOHHUX BHUPOOIB 1
3aCUNKM.  3a  LUMH PEKOMEHIAITISIMH
CKJIAJIAIOTh €CKi3 medi. Maroun po3paxyHKOBUH
€CKI3 IIedi, CKJIaJaroTh I TEIUIOBUM OajaHc,
SIKUM OOYHCITIOIOTH TIOTY)KHICTh TIeYi.

MbiKHApO/JHA  CHEpPreTHYHa  areHIlis
(MEA) 3 1997 poxy ny0itikye 3BiTH ITpO BIUIUB
TEH/ICHITIH MiIBUIICHHS €HEepreTUYHOT
e(eKTHBHOCTI Ha KiHIIEBE CTIOKMUBAHHS €HEPTi,
BIJIOMI SIK 3BITH TIPO TIOKa3HUKU CHEPTo-
edpextuBHOCTI. [IpoTsirom nporo nepiony MEA
CIUTHHO 3 HIIMMU (axIBLISMU 3 eHeproedek-
TUBHOCTI OYOJIFOBAJIO POOOTY 3 pO3pOOIECHHS
MMOKa3HUKIB €HEeproe(eKTUBHOCTI, a TAKOXK
TICHO CIIBIPAIIOBAJIO 3 KpaiHAMM Ta IHIIUMHU
3alliKaBJICHUMHU CTOPOHAMH ISl TIOKPAICHHS
30MpaHHs €eHePreTUYHUX JaHUX 1 [TOB’S3aHUX 3
HUMH XapaKTEPUCTHK KIHIIEBOTO CIIO’KWBaHHS.
[Mocionuku «IEA Energy Statistics Manual»
(IEA, 2005), «Oil Crises & Climate
Challenges: 30 Years of Energy Use in IEA
Countries» (IEA, 2004) ta «Energy Use in the
New Millennium» (IEA, 2007) € npuxiagamu
pe3ynbTaTiB IIi€l criBmparii.

SAx enepropecypc, eHeproepeKTUBHICTh
Ma€ yHIKQIbHUH TOTEHINad OJHOYACHOTO
CIOPHUSHHSA  JIOBTOCTPOKOBIM  €HEPreTUYHIN
Oe3reri, eKOHOMIYHOMY 3POCTaHHIO 1 HaBITh
MTOKpAIIEeHHIO 370pOB’sl Ta A0OPOOYTY JIFOCH;
30KpeMa BOHAa € OCHOBHHM IHCTPYMEHTOM
CKOPOYEHHSI BHKHUIIB TMAapHUKOBUX Ta3iB.
3axomqu 3 eHeproedeKTHMBHOCTI  depes
CKOpOYeHHSI a00 OOMEXEHHS CIOKUBaHHS
eHeprii MOXYThb IMMIJBHIIMTH CTIAKICTH [0
PI3HOMAaHITHUX PU3HUKIB, TAKUX SK 3pOCTaHHS 1
MIHJIMBICTh I1iH Ha €HEPTii0, HABAaHTAXKCHHS Ha
eHepreTuuHy iHQpacTpykTypy Ta 3001 B
crcTeMax eHepromnocradanss [16].

«3BIT PO PUHOK €HEProeEKTUBHOCTI»
(IEA, 2013) wHamae BeldMKe  3HAYEHHS
eHeproe(peKTUBHOCTI SIK HalOLTBIIIOMY
E€HepreTHYHOMY PeCypcy, Tak 1 HaWBaXIUBIIIiH
poili, sKy BOHa BIIIrpae Ha CBITOBOMY
C€HepreTUYHOMY PpHUHKY. Y 3BiTI 3po0sieHO
BHCHOBOK, 110 IHBECTHIIT B
eHeproePeKTUBHICTh 3a0e3MeUnIn 3MEHIIIEHHS
CMOXKMBAHHA €Heprii, 110 IepeBUIllye 00CITu
BUPOOHUIITBA Oy/b-KOTO HILIOTO

€HepreTUYHOTO pecypcy B 0Oararbox KpaiHax
MEA. Ile BKa3ye Ha TEe, 10
€HEProePEKTUBHICTH € MPUXOBAHUM IMATUBHUM
pe3epBOM 1 (DaKTHYHO «ITATHBOM HOMED OJIUH.
[Tokazauku eHEeproePeKTUBHOCTI
BUKOPUCTOBYIOTBCSL Ul TOTO, 00 KUTBKICHO
OLIIHUTH, HACKUIbKM BEIHKHAN O0O0CAT IHOTO
MPUXOBAHOTO a00 «IIEPIIOTOY MaIHBA.

J1st Kpamoro po3yMiHHS PYHITHHAX CHIT
1 MOTEHIialy eHepTroeEeKTUBHOCTI BAXKIUBO
PpO3pOOHUTH Ta MiATPUMYBaTH J00pe 0OrpyH-
TOBaHI  TOKAa3HUKH  €HEeProe(eKTUBHOCTI.
Onmnak BUOIp 1 po3p0OJIEHHS BIIMOBITHUX
MMOKA3HUKIB HE € JOCUTH OUYeBUIHUMH. Taki
TOoKyMeHTH, sk «[loka3Huku eHeproedeKkTHs-
HOCTI: OCHOBU (POPMYBaHHSI HOJITHKU» Ta
«Iloka3HUKN eHeproeeKTUBHOCTL: OCHOBHU
cratuctuku» (IEA, 2014), npusHaueHi ajist
3a0e3neyeHHs] HeOOXiTHUMU HCTPYMEHTAMHU
MiJ] 9ac MpoIecy MovYaTKy ado MoTJIuOIeHHS
pO3pOOJICHHS JIeTAbHUX TOKAa3HUKIB LIS
NIATPUMKA ~ (QOpMYBaHHS  Pe3yJbTaTUBHOT
MOJIITUKU eHeproedekTuBHOCTI. Kpim Toro,
BOHU € KOPUCHUMH TSI PaxiBIIiB 31 CTATHCTHKHU
Ta EHEeProaHaJITHKIB, K1 30Mpat0Th HEOOXITHY
1HdOopMaIIito 1 PO3pOOICHHS TOKA3HHUKIB
eHeproeexkTuBHOCTI. ToMy, BHUXOIIYH 3
MOKa3HUKIB €HEProeeKTUBHOCTI, Ma€ PO3IJIs-
JaTHCS eKCIUTyaTallis MPOMUCIOBUX €JIEKTPO-
neyveil, BUKOPUCTOBYBaHMX JJIsl BUPOOHHUIITBA
KepaMidyHUX 1 MeTaJOKepaMiYHIX BUPOOIB.

bynemo po3risaaT JuIe
BHUCOKOTEMIIEpaTypHi M€Yl 3 TeMIEepaTyporo
HarpiBaHHs, 1o nepeBuirye 1400 °C, sxi
MPALIOITh Y HOBITPIHOMY cepeoBUlIll. Y 1ei
yac Uil poOOTH Takoro TUIy TMedei
BUKOPHCTOBYIOTHCSI B OCHOBHOMY JBa THIIH
HarpiBauis,  kapOimokpemueBi  (SIC) i
MoIioaeHoB1 aucuiinua (MoSi2). Hemnonikom
nepimux € rpanuyHa temneparypa 1450 °C, a
JIPYTUX — HU3BKUH pecypc poOOTH B yMOBax
TEPMOLIUKITIOBAHHS, Xo4ya  TemImeparypa
HarpiBanHs moxe pgocsratu 1800 °C. Tomy
raJIbMyBaHHSI OXOJIO/KEHHS Tedi MOCTYIIOBUM
3HIDKEHHSM EIEeKTPUIHOT MOTYKHOCTI
3a3BUYail HE TOTPIOHO, ajieé HaBiTh MpH
I’ ITUKPAaTHOMY 3amnaci OPUNRHATIN
MaKCHMAJIbHO MOXKJIUBIA HMIBAIKOCTI
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OXOJIOJDKEHHS L CTafisl B IHTEHCHU(IKOBAHMX
TexHoJorisIX Kepamiku 3aiimae 30...40 % uacy
HarpiBaHHsA. ToMy 4acTKka €HEpProBHTpaT Ha
OXOJIOJDKEHHSI B TIOBHOMY TEPMIYHOMY LHKIIi
SKIIO 1 HE HYJIbOBA, TO JAY)KE MaJjla BEINYHHA.

CkopoTtutu JOTIOMbDKHUN yac Ha
PO3BaHTaKCHHS-3aBAHTAKCHHS nedi B
MOBHOMY pPO0OOYOMYy UMK BUPOOHHUIITBA
KepaMiku  MOXHAa 3  BHUKOPHCTAHHSM
KOHCTPYKII 3 PyYXOMHUM JHOM, HampHKIa]
neueir  Mobilotherm.  Ha Bimminy Bix
3BUYaHUX  KaMEpHUX IIeued, y HHX

3aBaHTAXXEHHSA JIHA Tie4Yl (BHUCYBHOTO TI10/1a)
3MIACHIOETHCS 1103 MYYIO.

OTtxe, MUTaHHS BUKOPHUCTaHHS
3aJIMIIKOBOTO Temjia IMe4el Big pexumy
OXOJIOJDKEHHS /10 KIHUA 1  [OJajble
YAOCKOHAJICHHS MpoLeciB CHIKaHHs
KepaMI4HUX BHUpOOIB € aKTyaJIbHUM
HEBUPIILIEHUM 3aBIaHHSIM.

BuzHayenHssi MeTH Ta 3aBJaHHA

JoCTaixKeHHsa. MeToo HOCIIHKEHHS € MiJBU-
IIEHHSI €Heproe(eKTUBHOCTI BHCOKOTEMIIepa-
TYPHHX TPOMHCIIOBHX TIE€YEH 13 pPE3UCTUBHUM
HarpiBaHHsIM, IO JaCTh MOJKJIMBICTH 3HAYHO

CKOPOTUTH 4YaC TEXHOJOTIYHOTO TPOIECy Ta
3a0IIaUTH EIEKTPOCIOKNBAHHS.

Jlist mocsirTHeHHST MeTH OyJI0 TIOCTaBJICHO
TaKi 3aBJIaHHS:

— TOJIaTH OCOOJMBOCTI Ta MOJKJIHMBOCTI
nedyed y B3a€EMO3B’SI3KY 31 CTPYKTYpHO-
napaMeTpUIHUMHU XapaKTepUCTUKAMU
TEXHOJIOTIYHUX PETJIAMEHTIB;

— 3alPONIOHYBAaTH METOIM PO3PAXYHKY
TEIUIOBOTO OajlaHCy, 110 Janu O 3Mory BUOpaTu
HalOUIbII ONTHMAJbHI PEKUMHU HArpiBaHHS
neyen.

OCHOBHA YaCTHHA 10CJIIIKEHHSA

Mamepianu ma memoou. Sl Bupoou
JUIE ~ eKCIEPUMEHTY  BHKOPHCTOBYBAJIHCS
KepaMiyHi CTUIbHUKOBI OJIOKA 3 OKCHIY
amoMinito (Al203) i kapOixy kpemHiro (SiC) 3
po3mipamu D = 100 mm, Bucotoro h = 50 mm.

JocaimkeHHs MPOBO NN Ha
SIICKTPUIHHX nevax Mobilotherm
(Himeyunna).  OCHOBHI  XapaKTEPUCTHKHU

MOJIEJIEN TIeYel €BPOIEUCHKOT TOProBOi MapKu
Mobilotherm mms Bumamy kepamikua 3
MaKCHMaJbHOIO pPOOOYOI0  TEMIEepaTyporo
T = 1400 °C maseneno B tadi. 1.

Taomums 1

XapakTepuCTUKU TaMU MOJENIEH nedeit

Mogenb Bayrpimai po3mipu, MM [ToTyxHicTb, KBT
W1000/14 800x1600x800 69
W1500/14 900%1900%900 99
W2200/14 1000x2200%1000 126
W3300/14 1000x2800x%1200 168
W5000/14 1000x3600%1400 220
W7500/14 1000x5400%1400 336

CkopodeHHs1 00CATY HENPOJTYKTHBHOTO
yacy ekcIulyaTalii medi 3abe3meuyerbcs 3a
PaxyHOK TOTO, IO JUIs KOXKHOT el 0JHOYaCHO
3aiI0I0Th J[BAa IOJW: KOJW OJUH 3 HHUX
3HAXOIUTHCS B eui, J150000%051 MOYXE
HaBaHTaxyBaTHcA. OCKUIBKM A OOMIHY
BHUCYBHUX IMOIB HEOOXiTHUI TOCUTH KOPOTKUI
4yac, NPaKTUYHO HE 3aJeKHUH Bl o0cary
HABAaHTAXXCHHs T0J1a, BUKOPUCTAHHS CHUCTEMH
BHUCYBHUX IOIB O3Ha4a€ BIJICYTHICTh MIPOCTOIO
neyvi. Takuii MexaHi3M BUKOPUCTAHHS CUCTEMU

BUCYBHHX I10/IiB 3aBJSIKM CKOPOYEHHIO Yacy Ha
PO3BAaHTAXEHHS €4l Ja€ 3MOTY TaKOX
OUTBIIIOI0 MIPOI0 BUKOPUCTOBYBATH 3QJIUIIKOBE
TEIJIO, IO OCOOJMBO MPOSIBISIETHCS IPU
eKCILTyaTalii BEIMKUX TeYeld 3 MOBHUM 3aBaH-
TaXeHHsAM. Ileui CTaHZApTHOrO BUKOHAHHS
MOXKHa  BIIKpMBaTH  HpU  TeMmIeparypi
npubnuzno o 500 °C, skmo e HeoOXiTHO
poOHUTH MpH OLIBII BUCOKUX TEMIIEpaTypax, TO
MO’K€ BHUKOPHCTOBYBATHCA M4 3 MiAHKOMHUMHU
JIBEpUMa i pyXOMHM PEHKOBHM MOJI0M (pHC. 2).
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%

Puc. 2. ITia Mobilotherm W3300/G 3 BUCyBHUM 110JI0M

Po3paxyHok yacy HarpiBaHHsI MOXe OyTH
BUKOHAHU IIBOMa cnocobamu:
PO3paxyHKOBUM LIIXOM i 3a
EKCIICpUMECHTAIIBHUMU JIAHUMH, HABSICHUMHU B
JTepaTypHUX JpKepenax. Y nepiioMy BUIaIKy
HEOOX1THO CKOPHUCTATHUCS PIBHSIHHSM
TeruioBoro 6anancy [17]

Q=Q +Q, (5)

ne Q — KUIBKICTh TEIUIOTH, IO BHALISETHCS
SJIEKTPUIHUM CTPYMOM TIiJl 4ac MPOXOKEHHS
IO 3aroToBII (aeTam);

Q1 — Temno, BUTpayeHE HA HarpiBaHHSA
3arOTOBKH (1eTau);

Q2 — TemoBI BTpaTH B HABKOJIMIIHIN
MPOCTIp.

Q=12,-R,-7; (6)
Q=c-G-(t. —t,); @)

Q,=0q;-F-r. (8)

Po3p’si3ytoun  piBHSHHS ~ TEIUIOBOTO
OallaHcy ~ BIAHOCHO  Yacy  HarpiBaHH,
oTpumaemo [17]

c-G-(t. -t
T=7 ’ (9)
., R—0s-F

Jie (= — CyMapHi TeIJIoBI BTPATH 3 3arOTOBKU B
HABKOJIMIIHIA TPOCTip, MO CKIAJAIOTHCST 3

. 6 .
BTpaT Ha BUIIPOMIHIOBAHHSA qm’ KOHBCKII1IO

K . . . m
Q,, 1 TETUIONpPOBIAHICTE (Yepe3 KOHTAKTH) (], .

4 4
T, T, ~
q,=Co-e-|| == | -| =% | [107, (10)
100 100
ne Co — Koe]iieHT BUIPOMIHIOBAHHSA
abCOoJIFOTHO YOPHOTO Tija;
& — BIOHOCHUH KOe(ILIEHT BUIIPOMIHIO-

BaHHS, IO BPaxoOBy€ BIAOWBHI BIACTHBOCTI
MOBEPXHI 3aroTOBKW (ISl OKHMCHEHOI cTall
£=10,8...0,9, oxucuenoi mimi ¢=0,7, natysi
¢ =0,6);

T; — TemriepaTypa MOBEPXHI 3arOTOBKH;

To — TemmniepaTypa HaBKOJHUIITHBOTO TIOBITPSI.
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K
qs =, -(t,—t,). (11)
TennoBi  BTpaTH  TEMJIONPOBITHICTIO
BH3HAYAIOTHCS 32 KUIBKICTIO 1 TEMIIEpaTyporo
BOJIH, 1110 BigBOAUTHCS [17]:

1

12
860 (12

qr =g At

1€ § — TOJUHHI BUTPATH BOJIM HA OJMH KOHTAKT
(25...50 mm®);

At — TemnepaTypHuil mepemnaj y BOIi, IO
0x0510/ky€ KOHTakTH (01m3bk0 30...40 °C).

Ii2 ’ R3i —-a; - F '(tm' _to)

SIKIIO 3HEXTYBaTH TEIUIOBUMH BTpaTaMH
(1110 TPAaKTUYHO MPUITYCTUMO), TO PiBHAHHS (9)
HaOyBae BUTIIATY

c-G-(t,-t,)
=— =t 1 13
4 7 R (13)

Tomi mnsa Oyab-sIKOTO PO3PaxyHKOBOTO
IHTEepBaJly 4ac HarpiBaHHS MOKHa OOYHMCIUTU
sk [17]

c-G
T, = -In

a,-F
e Ti — TPHUBAJICTb HArpiBaHHS MPOTATOM
1HTEpBay;

Qi — cepenHid KoedillleHT TEeIIoBiamadi B
intepBani  temmeparyp L —ts  mus
temneparypu (tei — i) / 2;

tui, ti — TeMmepaTypu 3aroToBKH Ha IIOYATKY
Ta HaNPUKIHII IHTEepBaIY;

I; — cepenne 3HaueHHs cTpyMy B iHTEpBaii
st eepi = (tei + 1) 1 2;

R;i — axkrtuBHMII omip 3aroToBKH Ipu

temnepatypi teepi = (tei + L) / 2.
[ToBHuii yac HarpiBaHHS
T =0,+7,+..+7.+..+7_. (15)

Yac UKy MOXHa OTpHUMATH, JOJ4BIIN

yac  3aBaHTaXEHHS  Ta  BHUBAHTAXKECHHS
YCTaHOBKH Ts.

T,=7,+7,. (16)

TermoBuit KKJ[ MoXkHa BHU3HAYUTH

TEOPETUYHO, BPAXOBYIOYH BHJM BTpaT |1
BUXO/SIYM 3 TEOPETUYHOTO MiHIMYMY €HEpTii,
HEOOX1THOTO JUIsl HarpiBaHHSI 111€1 Macu MeTary
JeTani, IO HarpiBaeTbCs O BIANOBIIHOT
TPaHUYHOI TEMIICPATyPH.

Ii2 ) R3i - Q- F '(tm' _tO)

, (14)

Cnin 3a3HA4YMTH, 110 OIMIP HArpiBaJbHUX
eJIEMEHTIB  301JIbIIY€EThCS  MPUOIM3HO Ha
5...6 % xoxui 1000 rog mpu Ge3nepepBHOMY
pPEeXUMi Ha YHCTOMY IOBITPI 3a TeMIepaTrypu
1400 °C, a npu temnepatypi 1000 °C —na 3 %
koxHi 1000 rox. HeoOxinHo Opatu mo yBaru,
mo Oyap-sfKi HE3HayHI 3MIHM B yMOBax
eKCIUTyaTalii MOXYTh BIUIMHYTH Ha TEMITH
«ctapiasasy [18]. KapOigokpemHieBi e1eMEeHTH
HE MAlOTh CIICiaIbHUX HOMIHAJILHUX 3HAYCHb
y Barax, 1 HOMIHaJbHA TMOTYXXHICTh — II&
(GyHKITIOHATTEHA 3aJIEKHICTD HEOOX1THOT
poboyoi Temneparypu, podbodoi armochepu Ta
pexxuMy excruryaTariii. HaBanraxenss, Br/cm?,
Ha TIOBEPXHIO OOYHCIIOETHCS 3a pPaxyHOK
MOJUTY TOTYKHOCTI KOXXHOTO €JIeMEHTa Ha
IUTONIY TOBEPXHI «rapsa4oi» 30HU. OCKUIbKH
HABaHTAXXCHHS Ha TOBEPXHIO 0e3mocepeHbO
3aNeXUTh  BiJl  TEMIEpaTypu  €JIEeMEHTa,
HEoOX1THO BUOpATH HAMEHIIIE HABAHTAXKECHHS
Ha OJUHUINIO TMOTY>KHOCTI JIJIsl ONTUMAIBHOTO
TEPMIHY CIIy)KOU eJeMeHTa, SIK TPaBHIIO, e
3...8 Br/cm?.

Pezynomamu ma 002060penHA.
BcranoBineHo, 1110 31 301JIbIIEHHSIM BHYTPIIIHIX
pO3MIpiB  TIYHOI  KaMepu  BiJHOIICHHS

MaKCHMAaJIbHOI CITOKHBAHOI MOTY>KHOCTI Nmax
(xBt) 1o mmomi moma mewi St (M%) aGo
PO3MOAIEHA MO IUIONII TMoJa MOTYXHICTh Ws
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(kBT/M%)  BIZHOCHO  HEBENMKOI  MIpOIO
3MIHIOETBCA 31 3MIHOIO IUIon(i moja. Sk
BUIUTUBAE 3 pHUC. 3, 31 3MIHOK IUIOINII MOMa
NpuOJIM3HO BABIYI HABKOJO CEPEIHBOTO

i
a

3HAUEHHS y HABEJCHIA rami MOJenei Iedei
Mobilotherm (tabn. 1), sxkuM npuiimemMo

Bignosizae momeni W3300/14 (S = 2,8 M),
Bennunna Ws 3Mmidroerses B Mexax 10 %.

Puc. 3. dakrorpadis 3aexHOCTEH PO3MOIUICHOT 3a TUIOMIEH0 moa MoTykHOCT1 Ws Bij momi
noma St(a) i muromoi motyxHocti Wy Biji BHYTpilHEOro 00’ emy Vi (6) s ramu Mojiesiei nedei
Mobilotherm, mpu3HaueHuX 17151 BUNATy KepaMiKi 3 MaKCUMaIbHOIO poOOUYO0I0 TEMIIEPATYPOIO
Tmax = 1400 °C

Tomy nipu 0THOSIPYCHOMY 3aBaHTa)KEHHI
Te4i BUKOPUCTAHHS IIi€1 3MIHU Ha KOPUCTH
€KOHOMIT €HEeprOBHUTPAT, IO MPUIIAAAI0Th Ha
OJIMHMIIIO Ta BECh BUITYCK MPOAYKIIil, BITHOCHO
Mayio3Hauyie. Hampukiaa, npyu BUTOTOBJICHHI
napTii BUpoOiB rabapuTHI pO3MipH CTAHOBHIIN

D=100mm, h=50MM mnpu BHYTpIIIHIX
po3Mipax MMiYHOI  JTaOOpaTOpHOi  KaMepu
400x400x450 Mm> 1 MpU3HaYEHI TUTS

BUTOTOBJICHHSI B TIEPIIY YEPT'y CTUTbHUKOBHUX
KepaMiuyHUX HOCIIB KaTajizaTopiB aBTOMOOUTIB
Ta 1HmMMX BHUpoOiB. SkOu 1 mapTisa
BHUTOTOBJIsUTAacs B ieuax Mobilotherm, To mpu
niepexoi Big moaemi W1000/14 no moneni
W7500/14 npu Tomy camoMy KoeilieHTi
BUKOPUCTAHHS TUIOIII T10/1a B IEPEepPaxyHKy Ha
OJIUH BUPIO, 1110 1 B JJAOOPATOPHUX yMOBax
(kus= 0,9), BumycK neraieil 3a OIUH TePMIUYHHIA
UK Tedi 30utbimyerbes 3 10 mo 50 BupoOis,
MIPH 3pOCTaHHI CyMapHUX €HEPrOBUTPAT Maiike
B II'sATh pa3iB abo wMmaibke B 1,5pasa B
nepepaxyHKy Ha OJIUH BUPIO.

3 iHmoro OOKy, 31 30UTBIICHHSIM
BHYTPIIIHIX PO3MIpIB MIYHOT KaMepH, TOOTO
00’eMy T1e€Yi, BIJHOMICHHS MaKCUMaIbHOL
crokuBaHoi TOTYKHOCTI Nmax (kBT) 10
poGotoro 06’emy meui Vi (m°), a6o muroma
notyxuicts Wy (KBT/M®), 3MIHIOETBCS TTOMITHO
OUTBIIIOI0 MIPOIO B MEXaxX aHAJII30BaHOI raMu
mojeneit edeit (puc. 3). 3i 301abIIEHHIM
poGouoro o6’emy meui 3 Vi= 1,024 M 10
Vi= 7,56 M3, abo mnpubmuzHo B 7,4 pasa,
MUTOMA MOTY)KHICTh 3HIKYETHCS OUIBII HIK Y
1,5 pa3a, 1m0 Jae 3MOTY B JCSKHX BHIAQJKaX
PO3IIISIIaTH [IUTAHHSI JIOLUIBHOCTI
0araTosipycHOTO 3aBaHTa)KCHHS neui,
0CO0JIMBO 31 3MIHHUMH BUCYBHUMU MOJAMH,
SKIIIO PO3MIpH BUPOOY 1 KOHCTPYKIIist popMu,
10 MICTUTh HOTO, Jal0Th 3MOTY 3/iHCHIOBATH
TaKe 3aBaHTAKEHHSI.

Tak, mnpu BUpilIEHHI BUPOOHUYOTO
3aBJIaHHS, PO3TIISIHYTOTO BUIIIE Ta
BIATIOBIAHOTO, npuiimarouu 3HA4YEeHHS

Koe(iIi€HTIB BUKOPUCTAHHS TUIOIII T2 BUCOTH
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moja B IepepaxyHKy Ha OJUH  BHpIO
BiAmoBiaHO Kus= 0,9 i kun= 0,5, y mexax
aHaJII30BaHOI raMH Mojiejick nedeit (Tadm. 1)
MOXHA 30UIBIIMTH  BHITYCK, HANpUKIa
CTUTLHUKOBHX HOCI{B KaTaji3aTopiB 3a OJHH
TepMIYHMNA UK Tedi 3 64 1o 364 BupoOiB, abo
npubimsHo Ha 470 %, TpUYOMy 3MEHIICHHS
SHEepPrOBUTPAT Y MepepaxyHKy Ha OJUH BUPIO
CTaHOBUTH O1n3bKo 15 %. Pazom 3 po3mipamu
poboyoi Kamepu BaXJMBI KOHCTPYKTHBHI

0COONMBOCTI arperaty BUNIAIY HE MEHIIE
MO>KYTh BU3HAUaTH 00CSAT CIIOKUBAHOI €HEPT1i.
Y 1abnm. 2  HaBeACHO pe3yJIbTaTH
y3araJbHEHHS JEAKHX PpEKIaMHUX JaHUX
Cy4acCHHX BHUPOOHHUKIB TEPMIUHOTO
00J1aTHaHHSA po TEXHIKO-EKOHOMIUH1
MOKa3HUKH pi3HUX THUIIB neyven,
PEKOMEHJIOBaHUX ISl BUITATY KEpaMiKu 3

MaKCUMaJIbHOXO p060‘IOIO TEMIICPATypPOIO
Tmax = 1400 °C.

Tabmurs 2

BinHocHe cepenHe TUTOME CIIOKUBAHHS €HEPT1i pI3HUMU arperaTaMmu

Arperar [Tutrome cnoxxuBauus, %

[Tig 3 pyxOMHUM 10JI0OM 100

3BHUaiiHa TyHENbHA Y 93

[1i4 3 BepXHIMHU Ta HUKHIMH MaJbHUKAaMH, BI3KaMU 3 JIETKOIO 61

BOTHETPUBKOIO (hyTEPOBKOIO JIJIsl IPUCKOPEHOTO BUMAIY

[Tia s TPUCKOPEHOTO BUMANY 3 BEPXHIMH MalbHUKAMH Ta 50

PYXOMHM TOAOM

Posmkosa 14 31

3 MOJAHOTO BUIUIMBAE, IO 3HWKECHHS 3a3HauEHO paHiie, MIEBHOIO MIpOIO

E€HEPrOoCIOXKMBAaHHA TPU  BHUNAT  MOXKHA KOMIICHCYETBCSI B 3arajibHId  CTPYKTYpI

JOCATTH YCKJIaJIHCHHSAM KOHCTPYKIII Iedel, a
OTK€, MIBUIIEHHSM IXHbOI BIIIMTYCKHOT I[IHU Ta
HEMPOYKTUBHHUX €KCILTyaTalliiHUX BUTpPaT.

3 TOYKH 30py CIIOKHMBaYa, CKOHOMIYHA
JOIUIBHICTD BHKOPHUCTAHHS TaKoTO
MIPOrPECUBHOTO, aJie JOPOroro 00JaIHAHHS
BHHHMKA€ TIPH JIOCHTh BEJIUKHUX oO0csArax
3aMOBJICHb 1 cTaioMy momnuTi. Jlo Toro x 3
BUKOPUCTAHHSIM  OOJIAHAHHS  MIiABHUIICHOT
CKJIaIHOCT1 BUHMKAIOTh JIOJaTKOBI ITUTAHHS
pe3epByBaHHS ~ HAIMHOCTI  TEXHOJOTIYHUX
CHCTEM, 1[0 BKJIIOYAOTh HOT0, BUPIIICHHS AKHX
TaKOX 0B’ s3aHE 3 I0JIaTKOBUMHU BUTPATAMH,
3HOBY K TaKd THM OLIbIlIC BUIIPABJAHUMH, YUM
OUTBIII 1 CTa0LIBHIII MAcIITaOW BUPOOHUIITBA.

Caij 3a3HAYMTH, 1110 JICIIO BUIUN PIBEHb
IMUTOMOTO CITOKMBaAHHS eHeprii npu
BUKOPHUCTAHHI Me4Yeil 3 pyXOMHUM TOJIOM 0e3
JOJTATKOBUX BEPXHIX MAIbHUKIB MOPIBHIHO 31
3BUYAHUMU TYHEIbHUMU TI€YaMU 3aBISKU
MO>KIJIUBOCTI OLTBII e(EeKTUBHOTO
BUKOPHUCTAHHS 3aJIUIIKOBOTO TEIIa, sIK 11e 0yII0

E€HEPTOBHUTPAT IMOTOKOBOTO BHPOOHHUIITBA (10
TOTO K  OUIbII  MPOAYKTHBHOTO  TIPH
BUKOPUCTAHHI CXeMH OOMIHY BHCYBHUMU
MOJIaMU TPU PO3BAHTAKEHHI TeYi).

BucHoBkM | pexkoMeHaamii 1010
NnojaJbIIOro BUKOpHcTaHHsA. Ha mincrasi
MIPOBEACHUX JOCTIIKEHh MOYKHA 3pOOUTH TaKi
BUCHOBKH:

— IIpY IPOEKTYBaHHI Ta MIPOTHO3yBaHH1
HOBHX 1 PEKOHCTPYHOBAHHX KepaMidYHHUX
BUPOOHHUIITB  PEKOMEH/YETHCS,  30KpPEMa,
3BEpTAaTH yBary Ha 00JIiK KOHCTPYKTUBHUX,
TCOMETPUYHHUX, TEMIIepaTypHUX Ta
E€HEPreTUYHUX OCOOIHMBOCTEH 1 MOMJIMBOCTEH
neuei, o po3risaaloThCsl Y B3aEMO3B 3Ky 31
CTPYKTYPHO-TIAPAMETPUYHUMHU  XapaKTepHC-
TUKaMH TEXHOJIOTIYHUX  PErjJaMeHTIB, IO
OCBOIOIOThCS. 1151 anpiopHOTO NOPIBHAIBLHOTO
OI[IHIOBaHHSI €HEPrOEMHOCTI Ta MPUHIIUTIOBUX
TEXHOJIOTIYHUX IMOJIIBApiaHTIB 1 TEXHIYHOTO
CepeloBUINa iXHBOI MOXKIWBOI peamizallii
HeoOXiZJHa pPO3paxyHKOBa cxema, I1o Oyxae
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BUKOPUCTaHA TPH  aHalli3l  KOHKPETHHUX
CUTYyalliil BIIHOCHO PI3HMX THUIIB KEepaMidyHHX
JeTanel, TeMIeparypa  CIIKaHHSA  SKUX
nepesurye 1400 °C;

— Ha MiCTaBi JOCIiIKEHb eHepro3oepi-

SJIGKTPUYHHX TeYaxX Ha BUITYCK OJJHOT'O BUPOOY
Ta MIIBUIIECHHS MMPOJTYKTHBHOCTI BUPOOHUIITBA
NOB’S13aHO 3 YPIBHOBAXXYBAaHHSIM TEIJIOBOTO
OanaHcy medi, 3HWKCHHSIM TEIUIOBUX BTpaT i
3aCTOCYBaHHSIM KOHCTPYKIiH Meded, y SKHX

rafouuX TMPOXYKTUBHUX  TEXHOJOTIA  JUIs MOKHa BHUKOPHUCTOBYBATH 3aJIMIIKOBE TEILIO.
BUTOTOBJICHHS ~ CTUIBHUKOBUX  KEpaMIYHUX PosrnsinyTi MeTOaM pO3paxyHKY TEIUIOBOTO
HOCIiB, a TaKOX 3 YypaxyBaHHSM CBITOBHX OajmaHcy [arOTh 3MOTYy BHOpaTH HaWOUTBII
TEHJEHIII  yIOCKOHAJEHHS  TEXHIKH 1 ONTUMAJIbHI pEKHMH HArpiBaHHA MEYeH,
TEXHOJIOTI ~ aHaJOTIYHOTO  3aCTOCYBaHHS PEKOMEHIyBaTH HAWOLIBII  TEIUIOCTIMKI 1
MOXHa  CTBEp/PKYyBaTH, 10  JOJIATKOBE TEIJI0130JTI0I0U1 MaTepialii (PyTepoBKH.

3HMKEHHSI €HEpProBUTPAT IPH CHIKaHHI B

Cmammio nio2comosenero 6 pamkax npo8edeHHs: O0CHIONCEHHS 3a 0ePAHCOI0OHCEMHOI0 MEMOIO
«Buxopucmanusa HempaouyitiHux memooié OmpUMaHHsA HAHONOPOWIKIE i CNIKAHHA Npu po3poodyi
moougixosanoi mynimo-ZrO2 xepamiku cmitikoi 0o mepmoyoapy» (OepaicasHull peecmpayitinuil
Homep 0121U1094401).
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