MATEPHAJIBI JIEKTPOHUKH

K. ¢p.-m. n. M. B. IMUTPHUEB, k. m. n. 1. H. EPUMUYOMH,

k. m. n. JI. U. I[IAHOB, E. JI. [IAHOBA

praI/IHa, O)ICCCKI/Iﬁ HaIIPIOHaJ'ILHI;IfI MOJUTEXHUYCCKHUI YHUBEPCUTET

E-mail: panov.leonid@gmail.com

JlaTa mOCTYIUIEHUS B PEAAKLIUIO
22.04 2008 .

OnmnoxeHT 0. x. H. B. H. TOMAIIIUK
(UDIT mm. B. E. Jlamkapésa, . Kues)

ITPOI'HO3WUPOBAHME JUOJIEKTPUUECKUX CBOI/ICTB
HEKPI/ICTAJIHI/BYIO]_HEI/ICH MOHOAPMUPOBAHHOU
[TOJIMMATPUYHON CTEKJIOKEPAMUMKU

IIpeonoowcern KOMNIEKCHBIL MemoO NPOo2HO-
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DPA3HOM UX COOMHOULEHUU.

CrekiiokepaMuuecKie KOMITO3UIIMOHHBIE MaTepua-
a1 (CKM) ycnemHo 3aMeHSFOT paJioKepaMuKy B M3-
JIeIHsIX pa3HOro HazHaueHus [ 1, 2], BBITOJHO KOHKYpH-
pys ¢ Hell U obecrieurBasi BBICOKYIO MPHUOBLIbL 32 CYET
cHwkeHus cedbectonmoctu. [lapamerpet CKM MoOXHO
M3MCHSATH B IIUPOKHUX MPEAEIax, BapbUPys MaTepHaIbI,
UX KOJIMYECTBO, COOTHOILICHHE KOMIIOHEHTOB M PEXHU-
MbI TexHosoruu. CKM o06nagatoT 3KOHOMUYECKUMH,
TCXHUYCCKUMHU U TCXHOJIOTUYCCKUMU MPEUMYIICCTBA-
MU Onaroznapsi UCIOJIb30BAHHUIO YHEProcOeperaronmx,
HAyKOEMKHX TEXHOJIOTHH.

KonkypeHTocrocoOHOCTh MHOTHX M3aeuid n3 CKM
obecrneynBaeTcs KOMIIO3UTaMH C OTITUMAJIbHBIMU CBO#-
CTBaMH U CMEHSIEMBIMH MTPOTPECCUBHBIMH TEXHOJIOTHs-
MU TIPH TMOCTOSHHOM YITyYIIEHHH CBOWCTB, CHIKCHUH
ce0ecTOMMOCTH M YCKOPEHHUH Tpoliecca pa3paboTKH.

[IpemsTcTBEEM Ha ATOM MYTH SBISETCS OONBIIAs
JUTUTEIPHOCTh MOMCKA MaTepuaja ¢ ONTHMalIbHBIMHU
CBOWCTBaMHU, €CJIM OTPAHUYNBATHCS TOJIBKO SKCIIEPUMEH-
TaMd. DTO OOYCIIOBJICHO HEOOXOIMUMOCTBIO TIPUIAHHMSI
MaTrepuary CBOMCTB, KOTOPBIC XapaKTEPU3YIOTCS AECAT-
KOM TIapaMeTpoB NPU HEOJHOZHAYHOCTH BIMSHUS Ha HUX
MHOTHX BapbHPYEMBIX (haKTOPOB:

— MaTepI/IaJ'IOB, HUX YHUCTOTHI, KOJIMYECTBA H COOTHO-
IICHUS OKUCJIIOB CTCKIIIHHOI'O KOMIIOHCHTA,

— MapaMeTpPoB CTEKJIIHHOTO KOMIIOHEHTA;

— Marepuana, YUCTOTHI, KOTUIECTBA U CBONCTB (PyHK-
OMOHAJIBbHOT'O HAITOJHUTECIIA,

— cooTtHoteHus kommnoHneHToB CKM;

— peX(I/IMOB TEXHOJIOI'MYCCKUX onepaum“d: CTCIICHU
U3MEIIBYCHUA KOMIIOHEHTOB, TeMnepaTypHo—BpeMeHﬂoro
npoduIisd CrieKaHusl | JIp.

B my6nukanusax o KOMIO3UTaX, B OCHOBHOM, IIPHBE-
JICHbI KOHEUHBIE Pe3yJbTaThl pa3paboTku. B HUX mpak-
THYECKN OTCYTCTBYIOT CBEAEHHS O BIMSIHHUM MHOTHX
(haxTOPOB Ha XapaKTEPUCTUKU MaTepHana. 9To 00ycIIoB-
JUBaeT HEOOXOAUMOCTh MPOBEACHUS OOJBIIOTO KOJHU-
4YecTBa HKCIEPUMEHTOB B IIpoliecce pa3padoTKu.

Taxk, 1151 9eThIpex CIydaeB BapbHPOBAHMS KaXJIOTO
(bakTOpa M IIPU UX KOIUYECTBE, PABHOM JECSITH, TPeOy-

ercs nposenenue 4'°=1048576 ombITOB, MO3BOJIAIONINX
BBIOPATH ONTHMAJTLHBIIH BAPHAHT N3TOTOBJICHUS H3ICIIHSL.

CoxparuTh 00bEMBI KCIEPUMEHTOB MOXHO ITyTEM
BHEJIPCHUSI TEOPETUUICCKUX METOJOB HCCIICIOBAHHUS B
MPaKTUKY WHKCHEPHBIX PACcUYeTOB, KOTOPHIC ITO3BOJISAT
OTIEPAaTHBHO TIPOCYUTHIBATH Pa3IMYHBIC BAPHAHTHI CO-
3naHus Marepuaina. DPPekt MoxkeT ObITh TOCTUTHYT Kak
pu pa3paboTKe HOBBIX, TaK U MPU COBEPIICHCTBOBA-
Huu cymectByromux CKM.

AHAITUTHYCCKHE METOMBI UCCICOBAHUS PACKPhIBa-
IOT KOJTMYECTBEHHEIC CBSI3U MEXKIy COCTABOM, PEIKIMa-
MU TEXHOJIOTWH, CTPYKTYPOU M JOCTUTAEMBIMH CBOMi-
cTBaMH Marepraia. OHH OTHOCSITCS K YUCITY CIIOXKHBIX,
MHOTOTIapaMETPHUUECKUX ¥ MHOTO()AKTOPHBIX METOIOB.
IToaToMy nenmecooOpa3HO CHayana co3JaBaTh MEHEe
CJIOXKHBIC METOJIbI, KaXKIbIi 3 KOTOPHIX yCTAaHABIHBACT
UHIUBUAYaTbHYIO KOJHMYCCTBCHHYIO CBS3b YAaCTH
CBOICTB KOMITO3HTa C YaCTHIO BAPBUPYEMBIX (DaKTOPOB.

MeTO}l AHAJIMTUYCCKOI'O MPOTHO3UPOBAHUS TUDJICK-
Tpudeckux napamerpoB CKM (ganee — D-napamer-
POB) JUIs pa3HBIX COOTHOIIICHUH €0 KOMIIOHEHTOB MPe/I-
CTaBJISIET COOOI OUH U3 TAaKUX METOJOB.

B paborax [3—7] momoOHas 3amada Oblia pericHa
st CKM ¢ mpocreiitieit CTpyKTypoi, TOTy4eHHON MTPH
CTEKaHUM JBYX HCXOIHBIX MAaTEpHAJIOB — CTEKJIa U Ha-
TIOJTHUTEIIS.

BosmorkHocTh BausiHuA Ha cBoiictBa CKM nosiBiis-
eTCSl P BBEACHUU B €0 COCTAB JOMOJHUTEIBHOTO
cTeka. [Ipy mogxosIIux CBOMCTBAX ATOTO CTEKIIa MOXK-
HO TIOYYUTH TaKUE MIPEUMYIIECTBA KaK:

— yCKOpeHHe pa3paboTku crekiiodazbl — O0OBIYHO
Haubosee CIOXKHOM, JUTUTENbHON U JOPOroCTOsIeH ya-
ctH pazpaborku CKM;

— CHIDKEHHE TeMIIEpaTypbl CIIEKaHHA 3a cueT Oonee
HU3KOH TeMIiepaTypbsl 00pa30BaHus KUIKOH (a3bl JI0-
MIOJTHUTEIBHOTO CTEKJIA;

— pacuupenue auanazona npumenenus CKM;

— YIJIydIlIEeHHE €T0 CBOWCTB U Jp.

C 1enpro MpoIOIIKEeHUST UCCIISIOBAHNN, HAYaThIX B
[3—7], Obuta mocTaBiieHa 3aja4a CO3IAaHUS MPOCTOrO
croco6a MporHo3upoBaHust D-mapaMeTpoB Goliee CIox-
HOTO KOMITO3UTAa.

Pemenue 3Toif 3a1auM OCYIIECTBIISTIOCH KOMILIIEKC-
HBEIM METOJOM, COYETAIOIINM JKCIIEPUMEHTAIbHBIC U
TeopeTnuekre uccuenoBanus. [lepBudHBIN, n3Mepu-
TEJBHBIN, SKCTIEPUMEHT ObUT BBIITOITHEH HA U3TOTOBJICH-
HbIX 0Opasuax CKM. BTopuuHbli, BEIYUCIUTEIbHbIH,
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HKCTIEPUMEHT MO3BOJIMII MOIYYUTHh B KOJHYCCTBEHHOM
BBIpaXKEHUHU HOBBIE cBefieHns 00 CKM, mnonesnble s
ONTHUMM3ALINHA €TO CBOWCTB.

TeopeTHueckre IONCKU JOCTOBEPHOH CBSI3U CBOMCTB
KOMIIO3UTOB CO CBOMCTBAMH UX KOMIIOHEHTOB AKTHUBHO,
HO 06€3yCHenTHo NPEANPUHIMAIICE Ha TPOTSHKCHUH BCe-
TO JIBA/ILIATOTO CTOJIETHS. DTU MOUCKH OTPAKCHBI B Jie-
CATKAX ITyOnuKanuii, 0030p KOTOPEIX CONEPKUTCS B [8,
9]. lIposiBneHHbII HHTEpEC 00YCIOBIEH HIUPOKUM MPU-
MCHEHHEM KOMIIO3HMIIMOHHBIX MaTEpPHaJIOB BO MHOTHX
obnmactsax TexHuKH. [lomydenusie GopMyITs! IO pa3HBIM
MPUYAHAM He 00€CTICYHBAOT TOCTATOYHO TOYHOTO COBIIA-
JIEHHsI pe3yJIbTaTOB pacuyera ¢ ONbITHBIMUA JAHHBIMH.

B paborax [5—7] na mpumMepe D-napamMeTpoB MoKa-
3aHO, YTO TaKOTO COBIAJICHHUS MOXXHO JOCTHYb, CCIIH B
pacderax y4ecTb W3MCHCHHS KOJIMYCCTBECHHBIX Xapak-
TEPUCTUK KOMIIOHEHTOB, BHOCHMBIE ONEpaIiUIMU U3r0-
toBneHust. Kpome Toro, B [5] Obliia 3KCIIepUMEHTAIBHO
JI0Ka3aHa IPUMEHUMOCTD JJISl TAKHX PAcYeTOB MPOCTOM
(OpMYITEL, OTpaXkaromiei JJorapu(pMIIeCKHi 3aKOH CMe-
[IIMBAaHUS KOMITOHEHTOB, OITyOJIMKOBaHHOH B padoTe [10]
B 1931r. [lnsa D-napaMeTpoB OHA UMEET BUJ

k
ln(D)=;yiD., (1)

rie D, D, — OTHOCHTEJIbHAs M3JIEKTPUUECKAsT POHULIAEMOCTh €
(MM TaHTEHC yIia THAICKTPUYCCKUX TOTEPh tgd, Win
yACIBbHOE 00BEMHOE JIEKTPOCOIPOTHBICHHE P) KOMIIO-
3UTAa U {-T0 KOMIIOHEHTA, COOTBETCTBEHHO;
¥; — OObeMHast /107151 i-r0 KOMIIOHEHTa;
k — KOJIMYECTBO KOMIIOHEHTOB.

D-mapameTpsl SBISAIOTCS 2(Q(HEKTUBHBIMY MTOKa3aTe-
JISIMH CBOMCTB reTepo(ha3HOro MarepHaa.

B nanHoit pabote Ui MPOrHO3UPOBAHUS HUCIIONB30-
BaHa noxyuenHas B [11] crenennas 3aBucumocts D-ma-
paMeTpoB KOMIIO3HMTa OT D-napamMeTpoB KOMIIOHEHTOB.
Ee cnpaBeIMBOCTb MOATBEPKACHA SKCIIEPUMEHTAMU
Ha MHOrokomnoHeHTHeIXx CKM u pe3ynbraTamMu KoH-
TPOJBHBIX PACUCTOB IO JorapupmMuaeckoi hopmyme (1).

JlJ11 MHOTOKOMIOHEHTHOTO KOMIIO3UTa CTENEHHAs
¢dopmyna umeer BUJ

D"=2MD.”, (2)

r7le 7 — TOKa3aTellb CTereHu, pasHbiii 1074 mpakru-
YeCKH JUIs JTIOOBIX BCTpeUaeMbix BeauduH €, tgdu p [11].

OObeMHBIE JIOJH i-X KOMIIOHEHTOB, coriacHo [ 12, ¢. 33],
OTIPEIEIISIOTCS IO (hopMyIIe:

y =-/R_
Zlm/n

rie m;, p, — MaccoBas J0JIs U IIIOTHOCTh i-TO KOMIIO-
HEHTa k-KOMIIOHEHTHOTO KOMIIO3UTa, COOTBETCTBEHHO.

B nHacTosimieid pabore i MccienoBaHUE BbIOpaH
rerepodazHbIif H30TPONHBIN MOTUMATPUIHBINA MOHOAP-
mupoBanablii CKM. Ero cuHTe3 ocymiecTBisercss Me-
TOJIOM TIOPOIIIKOBOW METAILTYPIHH KUJIKO(PA3HBIM CIie-
KaHUEM MEJIKOIUCIIEPCHOTO KOMIIO3UIIMOHHOTO U TOMO-
TeHU3UPOBAHHOTO TIOPOIIKA M3 YaCTHI CTEKIa U QyHK-

(3)

LIMOHAJILHOTO HaroJaHUTeNs. CTPYKTypa ero orpeaenser-
Cs1 TpeMs MICXOHBIMU MaTepuaJlaMi: HallOJIHUTETIEM U JIBY-
Ms CTEKJIaMHU C Pa3IMYHBIMU CBOMCTBaMHU, 00pa3yoLIu-
MU CTEKJISIHHYI0 MaTpuly. Marpuua npencraBiser co-
00l IByXKOMIIOHEHTHBIH CTEKISTHHBIH KOMIO3HUT B CO-
CTaBe CTEKJIOKEPAaMHUYECKOI'0 KOMIIO3ULMIOHHOIO Mare-
puana. PacipeneneHHsblil B cTeKIIE TYTOIIaBKUA OKCH/I-
HBI KPUCTAJUTMYECKUIA apPMUPYIOINIA HATIOJIHUTEIh YITyd-
mraet cBoiictBa CKM n obecrnieunBaet ero (popmMoyCTOM-
YUBOCTD IIPH CTICKaHUU.

Hccnenyempiii CKM He comepxuT mop U 00pasyro-
HIelcs TP CTICKAaHWHM HOBOM KPHCTaUTMYECKOH (asbl,
KOTOpPBIE MOTJIH OBl HETATUBHO TIOBIUSATH HA BEITUINHBI
D-mapameTpos.

Kak ycranosiieHo B paboTtax [6, 7], maxe mMajast 1O
MOp OIYTHMO YXY/IIAET MapaMeTpbl MaTepuana tgd u
P, MOCKONbKY 3 deKTHBHBIE MapaMeTpsl Hop tgd 1 P
Ha HECKOIIBKO TIOPSIKOB XYKe, 4YeM IapaMeTphl KOMITO-
nenToB CKM. Kpome Toro, mopsl yBEIMUHBAIOT Pa3dopoc
JIMHEWHOM ycalaKu MpHU CIIEKaHUHM. JTO YXy[IIAeT BOC-
MIPOU3BOIUMOCTD PA3MEPOB U3/IENINI U IPUBOAUT K He-
00XOAMMOCTH TIPUMEHEHHST MEXaHO00paboTKu. OTCyT-
CTBHUE TIOp 00ecreunBaeTcs KUAKOPa3HbIM ClIEKaHUEM
CKM npu ompeiesieHHON Temreparype.

Kpucrannuueckas daza MOXET yXyAmuTh D-mapa-
METPBbI, IOCKOJIbKY:

— Ha ee (opMHpOBaHUE TPeOyeTCs AOTOITHUTEb-
HBIH PacXoJl CTEKIIa, CBOMCTBA KOTOPOTO XY)KE CBOWCTB
HAIOJHUTEIS;

— CBOWCTBA OCTATOYHOI'0 CTEKJIa MOTYT CTaTh XYKe,
9eM y UCXOIHOTO.

B nacTosmieit pabore Oblia UCKITIOYEHA HEOOXOJIH-
MOCTbh HM3TOTOBIICHHUS 00Pa3loB TPEXKOMIIOHEHTHOTO
CKM. BMmecTo 3TOro UCXOHbIE JaHHbIE 11 BTOPUYHO-
TO DKCIIEPUMEHTA 00eCIIeUueHBI Pe3yJIbTaTaMt KCIIePH-
MEHTa Ha 0oJyiee MPOCTHIX JABYXKOMIIOHEHTHBIX 00pas3-
nax CKM-1 (crekio 1 + nanmonanrens) 1 CKM-2 (crek-
710 2 + HAIOJIIHUTEI).

IlepBHYHBINH IKCIIEPHUMEHT

B nmamno# pabore He cTaBHIACh 3a/ada CO3IAHHS
crnienaibHO paspadorannoro CKM, u BeIOop mMarepua-
JIOB KOMITOHCHTOB OBUI CHENaH TOJNBKO IS PEIICHUS
OCHOBHOH 3aJa4H.

B kauectBe crekia 1 BbIOpaHO BBIITyCKaeMoO€ IMPO-
MBIIIICHHOCTBHIO HEKPUCTAILTH3YIOIICECS IEKTPOBAKY -
YMHOE KaJiblieBoalrtoMo0oparHoe ctekino C51-1 cnemy-
romero cocrasa (mac.%): SiO, — 14; A1,0, —31; CaO
— 20; B,O; — 31; SrO — 4 [13].

B xadecrtBe cTekia 2 BEIOpAHO KPHCTAIUIH3YOLIEe-
Cs1 CBUHIIOBOOOPOCHIIMKATHOE CTEKIIO CICIYIOIIETO CO-
crasa (mac.%): SiO, — 38; PbO — 19; B,0, — 13;
ALO; — 12; Zn0O — 5; MgO — 6; CaO — 7 [14].

B xauectBe HamonmHuTens BbIOpaH minHo3eM ['H-1
(FOCT 6912-87 TVY), conepxaruit 95% a-Al,O.

Mertonuka uzroropnenusi 00pasioB CKM-1u CKM-2
N3 NIEPCUUCIICHHBIX MaTECpUaIOB NACHTUYHA IIPUBCICH-
HoIi B padore [5]. Bce 00pasiipl ObLIM H3TOTOBICHBI ITPH
OJIMHAKOBBIX PEKAMAaX TEXHOJIOTHH:

— y/eNbHas HOBEPXHOCTh MTOPOIIKOB KaKI0TO CTEK-
na — 850 M?/KT, OpOIIKa HamonHUTeNs — 650 M2/KT;

— OTHOIIIEHUE MACCOBBIX J0JIEH CTEKJIa M HATIOTHH-
tenst m:m =0,4:0,6;
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— OTHOBPEMEHHOE CIIEKaHNE CITPECCOBAHHBIX TOMO-
TCHU3UPOBAHHBIX KOMITO3HIINH B 3IEKTPOIICYH IIPH TEM-
neparype 900°C nmpoBoamiocs B Teuenne 10 MUHYT, 4TO
Ha MOPSIIOK BEINIC BPEMEHH CIEKaHUS OCHOBAHUH OII-
HOBATTHBIX HEMTPOBOJIOYHBIX PE3UCTOPOB [2] 1 KOH/ICH-
catopoB eMKocThI0 =1 m®d. D10 1aeT BOBMOXKHOCTH U3-
TOTOBJICHUS O0JIee KPYITHBIX M3IIEITHH.

bnaronapsi BRIOpaHHOMY peXHUMY CIICKaHHUsS Oblia
UCKJIIOUeHa KpHCTaJUIM3alus CTeKIa 2, MpeaKpucTa-
JIM3AIMOHHBIN Iepuoz Kotoporo T, 210 mun. OTcyTcTBHE
KPHUCTAITHYCCKOW (ha3bl MOATBEPIKACHO PEHTTeHO-(Da-
30BBIM QHAJIH30M.

OrnpeneneHre YKCIIEPUMEHTAIBHBIX 3HAYCHUN D-
napameTpoB B CKM-1 u 8 CKM-2 ocymiecTBIsiIoCh Npu
temreparype oxoio 25°C. 3mMepeHust BBITTOIHEHBI B CO-
orBercTBUU ¢ OCT 110303-86 ¢ cobOnronennem tpedye-
MBIX pa3sMepoB M KoJH4YecTBa 00pasios. st n3mepe-
HUs tgd U BIEKTPUYECKO# eMkocTH Ha wactore |MI I
ucnonb3zoBasics usmepurens E7-12, nus uzmepenus
3NIEKTPOCONPOTUBIIEHUS TOCTOSIHHOMY TOKY — T€paoM-
metp E6-13.

Pesynbrarer nmpuBeneHs! B Ta0J1. 1.

Tabmuua 1
P€3yﬂbmambl nepeudYHo20 dKcnepumenma

Kommnosur/ D-napameTpsl TInoTHOCTH
KOMITOHEHT € tgd p,Omm | Ps r/em’
CKM-1 8,82 | 0,00042 | 3,010" —
CKM-2 8,17 | 0,00015 | 1,2:10" —
Hanonuurens | 11[1] | 10°[2] | 10® 31| 3,7[1]

Crexio 1 6,95 | 0,023 |6,67-10°| 2,65[1]
Crekio 2 5,72 | 0,0041 |9,510" 2,97

D-napaMeTpbl BEIOPAHHOTO HAIOJIHUTEINS B3STHI U3
pabot [1—3]. OHu ObIIH MOTYYEHBI TIPH TEX KE PEXKU-
Max TE€XHOJIOTHH, YTO U B TAaHHOH padoTe, 1 3aHECEHBI B
Tabn. 1 B Ka4yecTBe MCXOJHBIX JAaHHBIX JJISI BBIYUCIH-
TEIFHOTO AKCIIEPUMEHTA.

3Ha4YeHUs MIOTHOCTH U3MEJIBYEHHBIX KOMIIOHEHTOB
OTIPENEISITUCH TUKHOMETPUYESCKH C IPUMEHEHHEM KCH-
Jona.

PesynpraTamu 3KCHEpUMEHTA, COTIACHO (hOpMyIaMm
(2) u (3), mOMKHEI OBITH 3HAYEHHUS TApamMeTpoB D, u
00beMHbIX fonel komnonentoB CKM y,, cootBeTcTBy-
IOIIMX POU3BOJILHO 3a71aBAEMBIM BEJMYHHAM 771,.

B cootsercTBHH € hopmynoii (3), 3HadeHus y; onpe-
JEISTIOTCS ¢ TIOMOIIBIO BBEIPAsKCHUH

m,
— pcl .
ycl &_l_&_l_ﬂ’ (4)
pcl pc2 pl’
M,
—_ ch .
c2 — ’ (5)
2T m, m, m
pcl pc2 pi

m,
L (6)
My Mo M
pcl pc2 Ri

rae pcl’ ch’ pH IUIOTHOCTH CTEKIIa 1, CcTeKsa 2 u HaIoJIHUTEIIA, CO-
— OTBETCTBCHHO,
MaCCOBBIC J1OJIU TE€X K€ KOMIIOHCHTOB.

1> Moo My =
Borancnennsie no gopmynam (4)—(6) 3nauenus y;
I PA3HBIX BEJIMYUH 11, CBEJCHBI B Ta0J. 2 U TaKKe
CITy>KaT UCXOIHBIMHU JaHHBIMH JJIsI BTOPHYHOTO HKCIIE-
pHMEHTA.

Jus neyxxomnoHeHTHbIX CKM-1 1 CKM-2 ¢popmy-
na (2) npuobpeTaeT BUI

m

4 4 4
Djlo = ycl Djlo_ + yH Dng ’ (7)
Dif_“ = yc2 D(}20_4 + yH DH10_4’ (8)

OTKYZla UICKOMBIE ITaPAMETPBI CTEKOJI MOJKHO OIPEIEIUTh
1o (opmysam:

10 104
D1074 = Dal + yH DH .
cl 1

ycl

©)

(10)
yc2
[Tapamerpsi crekon D 1 D ,, BBIMUCICHHbIC Ha TIPH-
mepe CKM ¢ coornomenuem m :m =0,4:0,6, npu uc-
MOJTB30BAHUH JKCIIEPUMEHTAJIBHBIX JaHHBIX Ta0m. 1,
CIIy’KaT JIOCTaTOYHBIMM CBEICHHUSMU JJISI BBIIIOJHEHUS
BTOPUYHOTO BBIYUCIUTEIBHOIO IKCIIEPUMEHTA.

BropuuHbIi 3KCIIEPUMEHT

Beruncnenus npornosupyembix Bennyud D; CKM
BBITOJTHEHBI C MCTIOIB30BAHUEM JKCIIEPUMEHTAIBHBIX
JAHHBIX W3 TaOn. 1, pacyeTHBIX JaHHBIX O BEIMYMHAX
00BEMHBIX JOJIEH KOMIIOHEHTOB y; U3 Tabm. 2, a TakKe

hopmybL:

4 4 4 4
1074 _ 10 10 10
D =YuDy t+VYeeDe tVYiDi

(11)
Moy4eHHOH u3 (2) st BeiOpanHoro CKM.

PesynbTarel 3THX BBIYHCICHUI CBEIEHBI B Ta0M. 2.
W3 HUX BUJIHO, YTO BapbUPOBAHHE COOTHOICHHS KOM-
MIOHCHTOB TIPHBOIUT K ONTYTHMBIM M3MEHEHUSIM D-Tia-
paMeTpOB KOMIIO3UTOB, M3TOTABIUBAEMBIX B OIUHAKO-
BBIX YCIIOBHSIX. DTH U3MEHECHUS TOJDKHEI OBITH TEM OOJTh-
1re, 4eM OOoJIbIlle OTIHYAIOTCS APYT OT Apyra mapamer-
PBI KOMIIOHEHTOB.

[IporuosupoBanue D-mapamMeTpoB ObUIO YaCTUYHO
MTOBTOPEHO € MPUMEHEHUEM JIOTapuPpMUIECKON PopMy-
abl (1). Pesynbrarel ¢ 60NBIIONH TOYHOCTHIO COBIANHU C
NPUBEICHHBIMU B Ta0J. 2, KOT/Ia BEIYMCICHHBIC 3HAUC-
nusg InD u D' npu nocneayomux pacueTax 3a/aBa-
JMCh HE MEHee, YeM BOCEMBIO 3HaYalliMu Irdpamu.

Jluamna3oH mporHO3UpyeMbIX D-mapaMeTpoB MOXKET
OBITB paCIINPEH 32 CIET YMCHBIIICHHUS MACCOBOH JTOJTN Ha-
MIOJTHUTENS. DTO CYIIECTBEHHO YBEITHMYHUT 00bEM MOTyda-
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Tabnuma 2
Ilpocnoszupyemvie D-napamempor CKM (pe3ynromamuvl 6mopuuHo2o 3Kcnepumesma)
MaccoBble 10711 KOMIIOHEHTOB OOBbeMHBIE 10 KOMIIOHEHTOB D-napametpsl
me Mg Vel | Ye2 | Vu € tgd | p, OM'M
my:m,=0,4:0,6

0 0,40 0 0,454 0,546 8,17 0,00015 1,2:10"
0,05 0,35 0,063 0,394 0,543 8,26 0,00017 1,0-10"
0,10 0,30 0,125 0,336 0,539 8,34 0,00020 8,7-10"
0,15 0,25 0,187 0,278 0,535 8,42 0,00023 7,2:10"
0,20 0,20 0,247 0,221 0,532 8,50 0,00026 6,1-10"
0,25 0,15 0,307 0,165 0,528 8,58 0,00029 5,1-10"
0,30 0,10 0,366 0,109 0,525 8,66 0,00033 43-10"
0,35 0,05 0,425 0,054 0,521 8,74 0,00037 3,6:10"
0,40 0 0,482 0 0,518 8,82 0,00042 3,0-10"

my:m,;=0,45:0,55

0 0,45 0 0,505 0,495 7,91 0,00021 9,5-10"
0,05 0,40 0,062 0,446 0,492 7,99 0,00024 8,0-10"
0,10 0,35 0,124 0,387 0,489 8,07 0,00027 6,7-10"
0,15 0,30 0,185 0,330 0,485 8,14 0,00030 5,6:10"
0,20 0,25 0,245 0,273 0,482 8,22 0,00035 4,7-10"
0,25 0,20 0,304 0,217 0,479 8,30 0,00039 3,9-10"
0,30 0,15 0,362 0,162 0,476 8,38 0,00044 3,3-10"
0,35 0,10 0,420 0,107 0,473 8,46 0,00049 2,8-10"
0,40 0,05 0,477 0,053 0,470 8,54 0,00055 2,5:10"
0,45 0 0,533 0 0,467 8,61 0,00062 2,0-10"

my:m,=0,35:0,65

0 0,35 0 0,401 0,599 8,46 0,00011 1,6:10"
0,05 0,30 0,64 0,342 0,594 8,54 0,00013 1,3-10"
0,10 0,25 0,127 0,283 0,590 8,62 0,00015 1,1-10"
0,15 0,20 0,189 0,225 0,586 8,71 0,00017 9,1-10"
0,20 0,15 0,250 0,168 0,582 8,79 0,00019 7,6:10"
0,25 0,10 0,311 0,111 0,578 8,87 0,00022 6,4-10"
0,30 0,05 0,369 0,058 0,573 8,94 0,00025 5,3-10"
0,35 0 0,429 0 0,571 9,03 0,00028 4,510

eMoii MH(pOPMAIIHH, YTO PACIIUPHT BO3MOKHOCTH BBIOO-
pa CKM Jy1s1 KOHKPETHOTO HJIM Pa3HBIX IPUMEHEHHH.

BriBoabl

CosnaH crnocod MPOrHO3UPOBAHUS JTUITEKTPUICCKUAX
cBoiicTB TpexxommnoHneHTHoro CKM 11 pa3HbIX COOT-
HOIICHUH KOMITOHEHTOB (2 CTEKJIa U HAIOJHHUTEIb), CO-
YeTAUI SKCIEPUMEHT U TEOPETUIESCKUE UCCIIE0Ba-
HUs. Pe3ynbrar mporHo3upoBaHus — TPEICTaBIsIEMbIC
B KOJIMYECTBEHHOM BbIpakeHHH cBeneHus 00 CKM —
WCITONIB3YETCS JUTSI ONITUMHU3AINHA €TO CBOWCTB.

[IpenmytecTBa criocoba COCTOST B TOM, YTO:

— JUIA TIONyYeHHS MCXOMHBIX AaHHBIX JJISI IPOTHO-
3UPOBaHMA HE TPeOyeTCs N3TOTOBJICHHUS TPEXKOMIIOHEHT-
noro CKM;

— TIEpPBUYHBII U3MEPUTENbHBIA SKCIIEPUMEHT BbI-
MOJTHSIETCS Ha MPOCTHIX ABYXKOMITOHEHTHBIX CKM Bce-
0 JIByX COCTaBOB;

— B KaueCTBE TEOPETHUECKOH 0a3bl HCIONB3YETCs

mobast u3 AByx npocreimmx Gopmyn (1) nim (2), uro
yIpOoIIaeT MporpamMmy JJisi BEIYHCIICHUH;

— TPUMEHSIETCSI OTHOCUTENBHO MPOCTask METO/INKA
OTIpENIEICHUs] BEIMYMH JUIIEKTPUUYECKUX apamMeTpOB
KOMITOHEHTOB, Peaji3yeMbIX B COCTaBE CHHTE3UPOBaH-
Horo CKM.

PaccmoTpeHHBIN c1toco0 MOXKET OBITh MOJIE3EH MPH
pa3paborke CKM paszHoro Ha3Ha4yeHUsI.
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BIIMAHUE NCXOAHBIX JIE®EKTOB .
HA PACIHIPEJEJIEHUE MEXAHWYECKUX HAIPSKEHNN
N JEOOPMAILINUN TP OKMUCJIEHMN KPEMHUA

Iloxazano, kakum obpazom degpexmol uc-
XOOH020 KpeMHUs 6IUSAIOM HA CMPYKMYp-
Hble  U3BMeHeHUs No8epXHOoCmu U
NPUNOBEepPXHOCMHOU 0baacmu 6 npoyecce
B8bICOKOMEMNEPAMYPHO20 OKUCTIEHUS.

[To MHEHUIO BEIyIIMX MPOU3BOAMUTENEH AIIEKTPOH-
HOW TEXHUKH, KPEMHUH OyIeT OCTaBaTHCSI OCHOBHBIM Ma-
TEPHAJIOM JIJISl TIPOM3BOCTBA JIEMEHTHOM 0a3bl COBpe-
MEHHOH 3JIEKTPOHUKH €elle KaKk MUHUMYM cTo JieT [1].
IIpu mepexome OT MUKPOHHBIX U CYOMHKpPOHHBIX dJie-
MEHTOB 3JIEKTPOHHON TEXHHUKH K HAHOPa3MEPHBIM 3Jie-
MEHTaM CYIIECTBEHHO MOBBIMIAIOTCS TPpeOOBaHUS K
CTPYKTYPHOMY COBEPIIICHCTBY HCXOIHOTO TTOIYTIPOBO/I-
HUKOBOTO Marepuaia U TeXHOJIOTUH U3TOTOBIICHHUS W3-
penuii. Eciu B ciiydae MUKPOHHBIX Pa3MEpPOB HIIEMEH-
TOB B 30HE IIPOCTPAHCTBEHHOTO 3apsifia OJTHOTO CTPYK-
TypHOTO JeeKTa pacmnojaaraioch J0 JECATKA 3JIEMEH-
TOB, TO B CITy4ae HAaHOPa3MEPHBIX JIEMEHTOB B 30HE IPO-
CTPaHCTBEHHOTO 3apsizia ie(heKTa pacronararTcs JecsT-
KH TBICSIY 3JIEMEHTOB, MMPOBOIMMOCTb pabOYnX 30H KO-
TOPBIX MOXET ObITh UHBEpTHpPOBaHa. [IpoLeHT BbIXoaa
TOAHBIX 3JIEMEHTOB IPU ITOM CYIIECTBEHHO CHUXKAeET-
cs. YCTaHOBIIEHO, YTO JIe()eKThI B UCXOAHOM TOTYIIPO-
BOJIHUKOBOM MaTepHuaJie BIUSIOT Ha mporece JedeKTo-
00pa3oBaHus B WU3JICIUU TIPU MPOBEACHUHN Pa3TUIHBIX
TEXHOJIOTHYECKUX OIlepalrfii, OTHaKO MEXAHU3M 3TOTO
BJIMSIHUA JIO KOHIIA U3Y4YeH He ObLI.

Lesnbto mpeacTaBieHHON paOOTHI BIAETCS U3YUEeHUE
C TIOMOTIIHIO COBPEMEHHBIX METOOB UCCIICIOBAHUS Me-
XaHM3Ma BITUSHUS UCXOIHBIX JIe(hEeKTOB Ha pacipesere-

HUE MEXaHUYCCKUX HANPsKCHUN U tehopMariyii B mpo-
necce eeKTooOpa3oBaHUs MPH OKUCIICHUU KPEMHHE-
BBIX ITACTHH.

O0beKTaMU H3yUYCHUS SBISUTUCH IIACTHHBI MOHOKPH-
crammnueckoro kpemuus Ko®d-4,5 (111) u KJb-10
(100), BeIpameHHbIe METOIOM YOXPaIbCKOTO, C pa3iiny-
HBIM yZIEJIEHBIM CONPOTUBICHUEM, OKHUCICHHBIE B aTMO-
cepe cyxoro kucnopoaa npu remmeparype 1150°C. Ton-
IMHA IJICHOK OKCHJIOB OMPEIEIIsIach 10 BPEMECHHU BbI-
panMBaHUs U SJUTUIICOMETPHIECKIM METOIOM U COCTaB-
msma oT 1 1o 1,5 MKM.

,Z[J'IH BbISIBJICHUS ,Z[C(l)eKTOB Ha MOBCPXHOCTHU INTACTHUH
KPEMHUsI CHavaja Juisl YIaJICHHsT OKCUIa KPeMHHUS TIPO-
M3BOJIMIIACH 00Pa0OTKa MIOBEPXHOCTH IIJIABUKOBOW KHC-
noroii (HCI), nanee mpousBoaunack 00paboTka KpeMHHU-
€BBIX [UTACTHH XUMHICCKUMU N30MPATEIbHBIMU TPABHU-
tensivu Cuptis (moBepxHocTh 111) [2] 1 Cakko (roBep-
xHocTh 100) [3] (ckopocTh TpaBieHHs MOpsika 2—3
MKM/MHFH) C IpeIBApUTEIBHON 00pabOTKON B COCTaBaxX
Kapo n nepexncHoammuaanom pacteope [4]. Takas npen-
BapuTeIbHAA 00padOTKa MO3BOJISIIA 32 CUET MPOIIECCOB
JIOTIOJTHUATEIIFHOTO OKHMCIICHUS TOBBICUTH BBISIBIISTIOIIUC
cBolicTBa m30uparenbHbIX TpaButeneit (UT).

N3ydenue moBepXHOCTH KPEMHHUSI ITOCIIE XMMUYECKOM
00pabOTKH MPOBOAMIOCH PA3TMIHBIMI METOAAMH.

L7151 5eKTpOHHOM CKaHUPYIOILEH MUKPOCKOIUH PHU-
MEHSIH MUKpOCKom-aHanu3artop Cam Scan-4D c cucre-
MO JHEPreTHYEeCKOrO JUCIIEPCHOHHOTO aHAIHM3aTopa
«Link-860» u mporpammoii «Zaf». UyBCTBHTEIBHOCTD
npubopa coctasmsia 0,01% mo macce, TuaMeTp Mmydka
— o1 5107 10 1:10°° m [5].
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