120 BicHuk HAY. 2001. Ne3

Cnucok niTepatypu

1 Topnosckuin AM. , AnbTwynep J1.H., Kyuepsbiii B.M. TexHonorus kapbamuga. - J1.. Xumus,
1981. -C.210-215.

2. KnumeHko A. M, Kopones B. K, LLeBLos B. V. HenpepbIBHbIA KOHTPO/b KOHLIEHTPALMN MbIN. -
K.: TexHika, 1980. - C. 6-24.

3. KypeHes HO.MM., MuwieHko B.®., OckaHbaH TB. MpoBepka 1 KaiMbpoBKa ONTUYECKUX AaTUMKOB
3anbl/IleHHOCTW BO3ZyXa B YC/IOBUAX CEPUAHOrO NpPoW3BOACTBA // ABTOMaTUYECKUA KOHTPO/b 3arpsi3HAto-
LMx atmocepy NPoMbILNEHHbIX BbIopocos: C6. Tp. - K.: BHUWATM, 1981. - C. 53-62.

4. [oHyeHko B.A., Ka6aHos M.B., CasenbeB B.A., CamoxsanoB H.B. //M3B. ByzoB CCCP. Cep.
(pu3mnka.- 1986-Ne 1- C. 158.

5. Kan/lier A/1 ¥X3B Kra/lwerkslecbn.- 1974- Bci. 54 -Ne 10.

6. 3yes B.E., KabaHos M.B., Casenwes b. AJ1 JAH CCCP - 1967,- T. 175 —Ne2 - C. 327.

CratTa Haginwna fo pegakyii 05.09.01.

YK 621.315.5/61:666

fi--.6-" - " M.B.AmuTpies, B.B.3y6apes, C.B.J1eHKOB,
O 57?7- "5 [.BNlykomcbknid, 1.B.Orapb

MOJE/Ib KEPYBAHHA BIACTVIBOCTAMW I TTAPAMETPAMIW CKJTOKEPAMIKN,
LLLIO BUKOPNCTOBYBATVMETBCA B ABIALLIHIV TEXHILLI

3anponoHoBaHO MeTOAUKY OLIHKA [iefeKTPUYHUX MapaMeTpiB CKNSHOTO KOMMOHEHTa, Lo
3abe3neyye oaep>KaHHA KOMMO3MLiMHOT CKIOKepaMikvM i3 3afaHuMy  [ieNeKTPUHHUMK
BNacTUBOCTSMM.

Y cyu4acHiii aBiayiiiHin TexHiyi A4na i301004YMX BMPOOGIB 3HAMLWAN LIMPOKe 3acTOCYBaHHS
Taki MaTepianu, fK Kepamika Ta ckno. KepamiyHi matepianu BUKOPUCTOBYIKOTbCH MEPEBAXHO Y
BMNajKax, Koanm Heob6xigHi TexHiYHI (MexaHivyHi) napameTpu, WO 3HA4YHO NEpPeBULLYIOTH XapakTe-
PUCTUKN CKNa. 30KpemMa Le CTOCYETbCS TennonpoBigHOCTI, TPUBKOCTI i AieNeKTPUYHUX BNacTu-
BocTei. [ns peanisauii 6inbll 36anaHCOBaHMX BNACTMBOCTEN CKNa i KEpaMiKu CbOrofHi HEOOXIAHO
BIMKOPMUCTAHHSA MEPCNEeKTUBHUX | EKOHOMIYHO BUTIAHMNX CKIOKEpPaMiYHMX KOMMO3MWLLiii, 0c06NBO Y
BMMagKax, KOMM BUCOKA TPUBKICTb Ta TenjaonpoBifHICTb KepaMiky 3 Be/IMKUM 3anacom
nepeBuLLYIOTb 3afjaHi 3HaYEHHS.

Ck/iokepamiyHi MaTepianu, WO BiAPI3HAKTLCA MaiMM TepPMiHOM CMiKAUBOCTI NPU HU3bKUX
Temnepatypax T=800-900°C, MOXYTb YCMilIHO 3aMiHATY TpaAuLiAiHO BUKOPUCTOBYBaHY Kepamiky
B PI3HOMaAHITHUX fieNleKTPUYHUX BUPOBax i HeCYyUnX KOHCTPYKUifX. BOHNM npupaTHi ona BUTOTOB-
NIEHHS OCHOB MNigKNagoK MIiKPOeNneKTPOHiKM (0fHOLWapoBUX Mifgknafok, bararollapoBmMx KOMyTa-
WiHMX nnaT, KOpnyciB i KPUCTaNOHOCITB), OCHOB efleMeHTHOI 6a3n (KoHAeHcaTopiB i 6aratbox
TUNIB pe3ncTopiB), i30N1aTopiB pagioanapatypu i enekTposupo6is [1]. LLi maTepiann MoXHa LOCUTb

3acTocyBaHHSl TaKMX MmaTtepianiB B aBialiiHii TexHili, B nepwy 4epry B 60PTOBIiA pajio-
eNeKTPOHHIl anapaTypi, 00yMOBNeHO Hacamnepe HEOOXiAHICTIO CTBOPEHHS BMCOKOHAiMHUX BU-
po6iB. Ans Uuboro NoTpibHa peanisalis KOMNAeKCYy PisNUHMUX i eKCnnyaTaliiHMX XapaKTepUCTUK,
00 AKUX BIAHOCATLCA [LieNeKTPUYHI, MexXaHiyHi, TENN0Bi XapaKTepUCTUKMK, a TaKOX CTINKICTb A0
BNAMBY HaBKO/ULWHbLOIO cepefoBulla Ta iH. TOMY CTBOPEHHSA i30/110I0UYMX CKIOKepamiyHUX
BMPOOGIB 3aM1eXNUTb Biff YACNEHHUX (PAKTOPIB, WO BMNIMBAKOTL HA BNACTUBOCTI MaTtepiany (cknagy i
YNCTOTM BUXIAHUX KOMMOHEHTIB i KOMNO3WLIiA, TEXHONOTIYHMUX PEXUMIB (DOpMYyBaHHS matepiany,
CTaHa KOMMOHEHTIB Yy NMPOLECi BUTOTOBNEHHA, MOX/IMBOCTI NMOSABM 3aHOBO YTBOPEHMX KOMMOHEHTIB
y npoueci cnikaHHA Ta iH.).

Oco6n1Be Micue cepef UMX maTepianiB 3aiiMaloTb CKAOKepamiyHi KOMMNO3ULiliHI MaTepianm
(CKM). BoOHM MICTATb CKASHY MaTpULI0O 3 BKpanjeHHAMW @QYHKUIOHaIbHOro KepamiyHoro
HanoBHKOBaya AN5 MONIMNWEHHA TPWUBKOCTI | TennonpoBigHOCTI (SK KepamiyHW HanoBHHOBaY
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MOXXHa BUKOPUCTOBYBATW CKNAHI maTepianu). lMpu crnikaHHi MOXe 3'ABNATMCA HOBA KpuUCTaniyHa
(haza. Y pedkux Bupobax enekTPOHIKWM Taki MaTepiany 403BONAKTH peanidyBaTh Kpawyi TeXHiuHi
pilleHHsA, TXHI BNacTMBOCTI Jierko BapitoBaTu. Kpim TOro, Ha BupoOHMUTBO BMpoGiB i3 CKM
MOTPIGHI 3HAYHO MEHLUi eHepreTUYHi I maTepiasibHi BUTPATU B MOPIBHAHHI 3 pagioKepaMivyHUMK.

Ha napametpy CKM BMAMBaKTh TaKi YNHHUKW: CKNag martepiany KOMMOHEHTIB, iX TUMNW i
KiNbKICHI  CMIBBIAHOLIEHHSA, TeMMepaTypHO-4acoBi PEeXWMM CMiKaHHA, AKICTb |  KiNbKIiCTb
martepianis, WO KPUCTaNi3yoTbCA NPU CnikaHHi HOBOT (hasw.

Y Bigomux ny6nikauigsx npo po3pobky CKM HaBefeHi nmepeBaXKHO KiHUEeBi pe3ynbTatu i
NPakTUYHO BiACYTHI AaHi Npo BNAUB Pi3HOMaHITHUX YMHHUKIB Ha XapaKTepucTuMKKU maTepianie [2].
[ns CKOpPOYEeHHA TPYAOMICTKOCTI po3poOKM HOBMX MaTepianiB AOLiNIbHWUIA KOMNAEKCHUIA Nigxig,
WO noeaHae 36anaHcoOBaHe BUKOPWUCTAHHA eKCMepUMEHTaIbHUX |  TEOPeTUYHUX MeTofiB
JOCNiIKEHb.

OCHOBHa CKNagHICTb Y BUTOTOB/IEHHI BUCOKOAKICHUX CKM 3ymMoB/ieHa NOTPe60 CTBOPEHHSA
CKNAHOI0 KOMMOHeHTa, Wo 3abe3neyye HeobXifgHi (3agaHi) BMacTMBOCTI i mapamMeTpy KOMMO3MTa.
Mpu UbOMY HalBaxMBiWUMK napametrpamu gienektpuyHoro CKM i MOro KOMMOHEHTIB €
NMATOMUIA O06'EMHUIA  €NeKTPUYHUI onip p, AieNleKTpUYHa MPOHUKHICTbL € |1 TaHreHc KyTa
LieNneKTpuyHnX BTpaT tg 5.

Mpu pocnif>KeHHi MOXMAMBOCTI  aHaNniTUYHOro ONUCY 3B'A3KY MK  [AieNeKTPUYHUMU
napameTpamMy CK/ISHOrO KOMMOHeHTa i3 3afaHumMu BenuymHamu uux napametpis ana CKM Ta
iHLWIMX KOMMOHEHTIB 6yna nocTtasieHa 3ajaya CTBOPUTU MOfLENb LbOro 3B’A3KY A5 PI3HMX 3a
CK/lafloM KOMMOHEHTIB CK/IOKepaMiku. PoO3B’A3aHHA Li€i 3afjavi 3aCHOBAaHO Ha BWKOPUCTaHHI
Nnorapu@MmMivyHOro 3akKoHy 3MillyBaHHA KOMMOHEHTIB, 3anpornoH0BaHOro JINXTeHeKKepom i PoTepom
AN OBOKOMMOHEHTHOro KomnosuTa [3]: norapuM napameTpa KOMMO3WUiAHOrO Martepiany
[OpPiBHIOE CyMi [06YTKIB 06'€MHOT 4acTKM Ha fnorapugm napaMeTrpa KOMMOHEHTa AN 060X
cknagoBux. CnpaBegMBICTb LbOro 3aKOHY NiATBepAXeHa AN LBOKOMMNOHeHTHOro CKM [4-6] i
nepesipeHa oro npugaTHicTb 4na 6araTokoMnoHeHTHOro CKM [7].

[na pienekTpnyHMX napameTpiB 6araTokoMnoHeHTHOro CKM ueli 3akoH Mae Takuin urnsg [7]:

nf) = IMnf., (1)
[-i

je 7) - OyAb-AKUA 3 TpbOX AienekTpuyHux napametrpie CKM (p, €, 186) 3 KinbKicTio
KoMnoHeHTiB N; K - 06'¢MHa 4acTka i-ro KOMNoHeHTa; [ - 6yAb-AKUA 3 TPbOX AieNeKTPUUHUX
napameTpiB r-ro KOMNOHEHTA.

Ons TpukomnoHeHTHOro 6esnopuctoro CKM, wo cknagaetbcs 3i CKna, KOMMOHeHTa 2 i
KOMMNOHeHTa 3, hopmyna (1) Mmoxe 6yTn nojaHa BUPa3oMm:

In=yclnA+ Y1n4+ ¥1ing, (2)
pe ., A, A - pieneKTpuyHWiA napameTp CKia, KOMMOHEHTIB 2 i 3 BIANOBIAHO; Y¢, ¥, Y3 - 06'€MHi
YaCTKWN TUX YK€ KOMIMOHEHTIB.

3 thopmynu (2) MOXKHa NerKO oAepXkaTu BMpas A5 BM3HaYyBaHOro napametpa ckna . Liei
BMpa3 MOXe cTaTu BUXiIAHUM ANA NePeTBOPEHHA 40 BUTAAAY, WO BiANOBIAAE O4HOMY 3 YNCNEHHUX
BapiaHTiB CKMafy CKNOKepaMiky 3 KiNbKiCTHO KOMMOHEHTIB N Big 04HOro fo Tpbox. Mpu ubomy
OZlePXMMO BMpa3:

N - -
SRR LSRR SR &
Yc

3BigKK Dc=eq,
[e L - yMcnioBe 3HaUYeHHA In [, Wwo po3paxoBaHo 3a AONOMOrow Bupasy (3).

Y Bupasi (3) 3HaueHHdA gienekTpuuyHoro napametpa CKM 2) BiAnoBifae BenUYMHI, L0
3a/1a€TbCA A1 KOHKPETHOrO fieNieKTpuKa TeXHiYHUMM ymoBamu. [ienektpuyHi napametpun 4, O
3afiexkaTb Biff maTepianiB KOMMOHEHTIB 2 i 3, wo BubpaHi 4/1A po3paxyHKy. Tak, y BUNaAKy
BMKOPUCTAHHA KOMIMOHEHTA 2 K KPUCTaNiyHOro HarnoBHOBaYa 3 a-Alr [l pienekTpuyHi napameTpu
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OCTAHHbLOIr0 [OPIBHIOIOTH TakKMM 3HayeHHAM: €2=11 [3], p2=1013 Om-m [5], 1£6=105 [6]. ¥Y
BMNaAKy MPOrHO30BaHOI MPW ChikaHHI KpucTanisauil HOBOT (ha3u, A0 CKnagy AKoi BXOAWUTb a-
Lenb3iaHa Npu MNaaHoBaHil CTPYKTYPI CKna, AieNeKTPUYHI napaMeTpu ANs KOMMNOHEHTa 3 MakTb
Taku 3HayeHHA: €2=6,7; p2=5 1013 Omm [8, c.182]. O6'eMHi 4YacTKM BUXILHUX KOMMOHEHTIB
3a[al0TbCA 3  ypaxyBaHHAM  MOX/IMBOCTI TEXHONOriYHOr0 BMNPOBAAXEHHS | HeobXigHOCTI
ofepxaHHs noTpioHux Bnactnsocteld CKM. O6'eMHa YacTka HOBOT (ha3n 3aaeTbCa 3 ypaxyBaHHAM
L0CBiAy Ti eKCcnepuMeHTanbHOT peanisauii.

Mokaxemo, wo gopmyna (3) npugatHa Ana 1i TpaHchopMmauii 4o Buraagy, Wo Bignosigae
CK/IOKepamili 3 BMbpaHMM CKnagom (MaTepianoM Ta KifbKICTHO KOMMOHEHTIB). Po3rnsgHemo aesiki
npuKnagu.

1. OfMH KOMMOHEHT: HekpucTanizoBaHe ckno (C). Y ubomy Bunagky n=1, ¥c=1, ¥2=0, ¥3=0.
MigctaBmBLIKM Wi 3HaYeHHA Yy hopmyny (3), ogepxumo: Bc=7).

2. 1Ba KOMNOHEHTK: cKno (C) i KpucTanivyHa asa B ckni (h). Y yubomy Bunagky n=2, ¥2= Mh
¥3=0, Y=1-Y, 1)2=Y)th, B 3=0. Tomy dpopmyna (3) Habyze Burnagy:

3. [lBa KOMMOHEHTU: HEKPUCTaNi3oBaHe CK/0O AK HanoBHIOBAaY (1c) i HeKpucTanizoBaHe CK/O
(2¢). ¥ ubomy BUNagKy n=2, ¥= Y, ¥2= Yl , ¥3=0; 7)2=Ac, £5=0. Tomy
A _Inb- W[Inl)ﬁ
In0 = -——---=-"h-—--- £

4. [lBa KOMMOHEHTU: HeKpucTanizoBaHe CKNo (C) i KepaMiyHWiA HanoBHKOBaY (H). Y L
BUNaaky n=2, ¥2= W ¥3=0, £2=A - Tomy

H N InO'yan,
nfr = -—--—--—--- a—

Vv,
5. Tpy KOMMOHEHTWU: KepamiyHWI/ HanoBHIOBa4Y (H), CKNo (C) i HekpucTanizoBaHa (pasa B
ckni (). ¥ ubomy Bunaaky o =3; ¥2 = YH, ¥3= Yh O6'eMHa YacTKa 3a/IMLLIKOBOr0 CKna ¥ 3= 1 -

-Y,- YA =A A =T Tomy
In0- Yy InE) - y,gnr)qo

In I') e e .
1- y -y
6. TP KOMMNOHEHTKM: ckno (1c), KpVICTafIiLIHa (baza B ckni () i gpyre HekpucTanizoBaHe CK/O
(2c). ¥ ubomy Bunagky o = 3, ¥Y2 = ¥ih, ¥3= Y2 O6'eMHa YacTKa 3a/IMWKOBOr0 CKna Y= Y1Ic= 1-
—Yoc—Yth T)2 = £t Tz = T2¢, I)c= T>ic. Tomy
Ino, =NB:Y./Inb,, -Y 4nba
1 >120 _){(b
7. TP KOMMNOHEHTU: HEKpMCTanizoBaHe CKo (C), KepaMivyHMIn HanoBHIOBAY (H) i MiDX(asHUi
wap () Ha TX Mexi, WO YTBOPeHW/ BHACMIZOK 1X 4acTKOBOi XiMiYHOI B3aemogii Ta
KpucTanizoBaHuii B npoLeci cnikaHHA cknokepaMiku [6]. B ubomy Bunagky n =3, ¥Y2=YH ¥Y3=
=Y £>2 =1/),, 13= Oh. OcKinbky Ha a3y KpucTanisawii BUTpa4aeTbCa YaCTUHA 06'EMHUX 4aCTOK
HarnmoBHIOBaya i ckna , 06'eMHa YacTka HanoBHKOBava CKnajae:

YH= YH-£Y, (4)

i 06'eMHa YacTKa 3a/IMLLIKOBOr0 CK/a:
Ye=Ye-(1l-£)Yq (5)
Je YH = Y@ - 006'€MHi YacTKM HaroBHIBaya i ckna An1sa ABOKOMNOHeHTHOro CKM, WO cKnagaeTbes
TiIIbKA 3 UMX KOMMOHEHTIB (BIACYTHA TX BMTpaTa Ha MiK(a3oBMX npowlapkax); K - 06'eMHa 4acTka
HanoBHIOBAaYa B CKMafi MbK(hasHoro wapy; 1-A:- 06'eMHa YacTKa CK/ia B CKaZi MidK(ha3Horo npoLuapky.
3 ypaxyBaHHAM Bupasis (4) i (5) ofepXxunmo:
InM InP- (Yw- KYQ)MPH- Yo Pd

“ Yi-(1-K)Y®
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Bupasu gna Dc, wo HaBefeHi Buwe ans pisHux cknagis CKM, signosigaoTs Bupasy (1). 3a
aHasiorieto 3 po3rnNAHYTUMMK BapiaHTaMuM MOXHa ofepxatu supasun ana Dc, wo npugatHi gng iHwmx
cknagis CKM. TMpuknagamm MoxyTtb 6yTn CKM i3 TpbOX HeKpMcTanizoBaHMX CTEKO/, 3 OLHOrO
CKna i ABOX HanoBHKOBauiB, i3 ABOX CTEKON i OAHOr0 HamoOBHKBaya, 3 OAHOr0 CKna i ABOX
KpucTanivyHmx a3, Wo BUHUKAKOTb NPX CNiKaHHI CKNa Ta iH.

HaBefeHi aHanorivyHi Bupasn pna iHwux cknagie CKM [03BONAKOTH 3p06MTU  OLHKK
LieNeKTpUYHNX napameTpis ckna p, €, tgs ana CKM i3 3agaHnumu AieneKTpuyHUMy napameTpamu i
BM6paTn BapiaHT cknagy CKM pgns nopganblioi eKcnepuMMeHTanbHOT MepeBipkuM | [OPO6KM.
BrKOHaHI po3paxyHKW [03BONAKTH ICTOTHO CKOPOTUTW TPYAOMICTKICTb MOWYKY MOTPiGHOro
cknagy CKM 3a paxyHOK CKOPOYeHHS KifIbKOCTi eKCNePUMEHTIB.

Mpn BUTOTOBMIEHHI CKNOKepaMiyHUX BMPOOIB BMKOPUCTOBYIOTHLCA CTekna 3 6Garatokomno-
HEHTHMMW 3a CKNaZoM oKcuaamu. 3aBAAKM LibOMY 3a6e3neyyeTbCcd LOCATHEHHS KOMIJEKCY Heob-
XiAHWX BNacTUBOCTEN, Y TOMY YMCAi | AieNeKTPUUYHUX. YacTo B TaKMX CTeK/ax BUKOPUCTOBYKOTb
OKCMUAN, WO € iHiLiaTopaMy KpucTanisayii. Kpuctanizauisa npnsBognTb 40 36iNblLIeHHA TPUBKOCTI i
TennonpoBigHOCTI maTtepiany. Cknag OKCUAIB BNAUBAE TaK0X Ha TeMnepaTypy i AKiCTb CnikaHHS,
Ha BNacTUBOCTI CK/OKepamikM i Ha KiflbKiCTb HOBOT (ha3u, WO KPUCTaNi3yeTbCs Npu crikaHHi. fia-
Na3oH BapitoBaHHA KiNbKOCTI KOXHOI0 OKCUAY 0OMeXeHWii Yepe3 BUHUKHEHHS BigXuneHb Bif 3aja-
HONOTIT NPU3BOANTL A0 HEAOCTaTHLOT AKOCTI ChikaHHA, fedopmaLii Npy CnikaHHI, BiAXWNEHHA Bif
noTpibHOT TemMMnepaTypun CnikaHHSA, WNapuCcToCTi, PO3CKIYBAHHA, & TAKOX BMN/IMBAE Ha AKICTb MIAro-
TOBKW peuenTypu i NerkicTb NNaBneHHA ckna, XiMiyHy CTINKICTb, BOAOCTINKICTb Ta iH.

[na ofepxaHHA CK/IOKepamikv 3 HeoOXiAHMMMK napameTpamu pO3po6/OBaHY CKna Ayxe
BaX/MBO 3a3janerifb 3HaTW, AKi BAaCTMBOCTI MOBMHHO MaTW CK/O, W06 3a6e3nevynmTu CTBOPEHHS
SKICHOT cknokepamiky. Lle monerwye Bubip pexxmmis i cknagy, no3baBnse Bif YNCNEHHUX eKCMepu-
MEHTIB LLOAO0 NePEBIPKN NPMAATHOCTI Pi3HHMX CTEKO/ B MPOLLECi TX CNiKaHHA B CKNafi CKI0OKepaMmiKu.

BuknageHi matepiann nigTBepAXylOTb LOLUIIbHICTL PO3WMPEHHA Aiana3oHy BUKOPUCTaHHA
CK/IOKepaMiYHUX MaTepianiB B aBiauiliHiin TexHiyi i, Hacamnepes, y 60pTOBiil anapaTypi, OCKiNbKu
TEXHOMOriA X CTBOPEHHSA € OAHIE 3 Halbinbll MepCcnekTUBHUX | eHeprosbepiratoumx i Ti
BNPOBaJ>KeHHS [03BONIAE NIErKO KepyBaTW BNAaCTUBOCTAMU MaTepiany B LUMPOKUX MeXax.
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