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The basic mechanisms of the process of silicon resto-
ration from alumina-matrix composite ligatures on the
basis of quartz sand are established. The mathematical
models, describing influence of temperature, an alloy
preparation time and quantities of silica in alumina-ma-
trix composite ligatures on silicon output in synthetic al-
loy, are presented.
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MATEMATW4HECKOE MOAENMMPOBAHWUE TMPOLIECCA
NoNy4YeHNA CUHTETNHECKUNX CUNTYMIUNHOB
C MCNoJib30BAHVNEM METOAA

PETPECCNOHHOIo AHAJIN3A

B nocnenHue necatuneTusi 3HaUYMTENbHBIA HAyd-
HbI U NPAKTUYECKUN MHTEpPEC MCCIeoBaresiel CBi-
3aH ¢ pa3paboTKaMH HOBBIX CITOCOOOB TOMyYEHUS
CHHTETUYECKUX CHIIyMHHOB. llog TepMHUHOM «CHHTe-
TUYECKUE CHIIYMHHBD TTOHMUMAIOT CIUIaBBI CHCTEMBI
ATIOMUHUN-KPEMHUH, TIOJTyUYeHHBIE 0€3 MPUMEHEHUS
IIMXTOBOTO KPEMHHA, T. €. B Ka4eCTBE KpeMHHIconep-
JKaIllero BEMIeCTBa HCITONB3YEeTCS KPEMHE3eM, a BOC-
CTAHOBUTEJIEM SIBJISIETCSl paciuiaB ajJltOMHUHHU. JIuTei-
HBIE TEXHOJOTHH TOJYYSHHS CHHTETUYECKUX CHITY-
MUHOB HamboJiee epCIeKTHBHBI U3-3a MPOCTOTHI TE€X-
HOJIOTHYECKOTO TpOoIecca, MaJoro BPEMEHH MO/ro-
TOBKH TIPOHU3BOICTBA.

Bo03MOXHOCTD TIOTYYEeHHS CHHTETHYECKOTO CHITY-
MHHA METOIOM IIPSIMOTO BOCCTAaHOBIEHHS KPEMHHS U3
€ro OKCHJOB QJFOMHHWEM B IUIABWJIBHBIX IT€Yax, MC-
MOJIb3yEeMbIX B IUTEHHOM MTPOU3BOJICTBE, TPH OTHOCH-
TeThHO HU3KMX Temmeparypax (mo 800-900 °C) mpen-
CTaBIIAETCS MEPCTIEKTUBHBIM U SKOHOMHYHBIM CIIOCO-
OOM MPSMOTO CHWHTE3a JTHX CIUIaBOB. Pa3paboTka
M WCIIONB30BAHME TAKOH TEXHOJIOTHH ITO3BOIUT CO-
KpPAaTUTh 3aTPaThl HA 3aKyMKy UMIIOPTHPYEMOTO KpH-
CTAJITUYECKOTO KPEMHHS, a TAKKe MOTydaTh CHIIyMHH
B 3aMKHYTOM TPOHM3BOJCTBEHHOM IIHKJIE JUTEHHOTO
MIPOM3BOJICTBA MIPH CPABHUTENHHO HU3KHX DHEProsa-
Tparax.

CunTeTnueckue CrutaBel cucTemsl Al-Si momyda-
JW U3 aTIOMOMATPUYHBIX KOMITO3UIIMOHHBIX JTUTATyp
(AKJI) Ha ocHOBe kBapieBoro necka Mapku 2x2 02 03
CO cpemHHM pa3MmepoMm 3epHa 0,3 MM H aTIOMUHHUS
TEXHUYECKONW YHUCTOTHI Mapku A7 B COOTBETCTBHH
C METOIMKOMN, TIPECTaBICHHON B paboTax [1, 2].

[To mpenBapuTENbHO MOJTYYEHHBIM HKCTIEPUMEH-
TaJbHBIM U TEOPETHYECKUM JAaHHBIM OBLIO yCTaHOB-
JIEHO, YTO Ha MPOIECC BOCCTAHOBJICHUS KPEMHHUS W3

AKIJI BausitoT XUMHUECKUH W (DPaKIIMOHHBIA COCTaB
BBOJIMMBIX YaCTHI] OKCHJIa KPEMHHS, KOJIMYECTBO BBO-
JTUMOM (hpaKIFH HATIOJTHHUTESI, COCTOSHHE MTOBEPXHO-
CTH pa3iena KOHTaKTHpyromux a3 [3].

@paKIMOHHBIA COCTaB KBApIIEBOIO MECKA U pe3yJIbTa-
TBI €r0 BIFSHUS HA TPOIIECC BOCCTAHOBICHHS KPEMHUS
ammovuareM 13 AKJI puBenens! Ha puc. 1, 2. KomrdaectBo
BBOmMIMOTO B AKJI KBapI1ieBOro recka pasimiaHON (hpaKIwi
coctanmsiio 20% OT MacChl AIMFOMHUHYS.

W3 puc. 2 BUAHO, YTO ONTHUMAIBHBIM Pa3MepoOM
YaCTHIl KBaPIIEBOTO TeECKa, 00ECIeurnBaronieM BhICO-
KM€ MTOKa3aTesN ColepKaHus KPEMHHUS B CHHTE3Hpye-
MOM cIuiaBe, sBisttores ppakmum 0,1-1,0 v,

Ilens HacTOsIIIEH pabOTHI — MPOBEICHUE pPeTpec-
CHOHHOTO aHaJM3a 3aBUCUMOCTH MEX]Ty TeMIIEpaTyp-
HO-BPEMEHHBIMH ITapaMeTpaMy MPUTOTOBIECHUS CIIjIa-
Ba u3 AKIJI, koiMuecTBOM BBOJUMOIO KpeMHE3eMa
(He3aBHCHMBIC TIEPEMEHHBIC) W BBIXOIOM KPEMHHS
(3aBHCHMas TIepeMeHHas ). 3a1adeil aHammu3a sBIsI0Ch
MMOCTPOCHUE MaTeMaTHYECKUX MOJIEIEeH BIUSHUAS TEM-
MepaTypHBIX, BPEMEHHBIX MapaMeTpPOB IMPHUTOTOBIIE-
Hus craBa w3 AKJI u konuyecTtBa KpemHe3ema
B AKJI Ha BBIXOI KPEMHHS C LIETHI0 ONPEIEICHIS OIT-
TUMAJIBHBIX TTAPAMETPOB MPOLIEcca MONMYyIEeHUs CHHTE-
TUYECKOTO CHITyMHUHA.

IIpn mpoBeaeHWH pPErpecCHOHHOTO aHAM3a WC-
MOJTF30BAJIA MOJIETh «YE€PHOTO SIIUKA». 3HAUYEeHUsS Ha
BXOZIaX M BBIXOAAX «UEPHOTO SIIMKA» MOKHO HaOIFO-
JIaTh ¥ U3MEPSTh, €TO CONEPKUMOe HEM3BECTHO. 3a-
Jlada COCTOUT B TOM, YTOOBI, 3Hasi MHOYKECTBO 3Haue-
HUH Ha BXOJaX W BBIXOAAX, IOCTPOUTH MOZEIb, T. €.
onpenenuTh (YHKIHUIO OTKINKA, MO KOTOPOH BXOJ
mpeoOpa3yeTcs B BBIXO.

Jia MCKIfOYeHns BO3MO)KHOCTH TIOSIBJICHHS CH-
CTEMaTHYeCKON ONTUOKHU, KOTOpasi MOXKET OBITH CIeI-
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CTBUEM COBMECTHOTO BIUSIHUS HE3aBHUCHUMBIX Iepe-
MEHHBIX Ha (DYHKIMIO OTKJIMKA, PETPECCHOHHbBIN aHa-
T3 TPOBOIUIU ISl CUCTEMBI C OJHHUM BXOIOM IO
JAaHHBIM CIUIAHUPOBAHHBIX JKCIIEPUMEHTOB TIpU 3a-
(PMKCUPOBAHHBIX 3HAUCHUSX OCTAJBLHBIX (DAaKTOPOB B
ciyuaitHoM mocneaoBatenbHOCTH [4—6]. [l KoMIieH-

Puc. 1. KBapuesiii mecok ¢ pasmepoM ¢ppakuun: a — 1-1,6 mm; 6 — 0,63-1,0; 6 —
0,4-0,63; 2 - 0,315-0,4; 0 — 0,2-0,315; e — 0,16-0,2; orc — 0,1-0,16; u — 0,063-0,1;
x—0,05-0,063 mm; 1 — menee 0,05 mm. x10

CallU{ BIMSIHUS CIyYalHBIX NOTPEIIHOCTENH Ka)Ibli
OTIBIT IOBTOPSIITH HECKOJIBKO Pas3.

Ha mepBoM stame 00pabOTKH 3KCIIEPUMEHTANb-
HBIX JIaHHBIX MPOBOAMIM MOWCK M MCKIIOYCHUE TPY-
ObIX morpeurHocTeld (Opak MpH MOBTOPHBIX OMBITaX)
Ha ocHoBe kputepus H. B. Cmupnosa [5, 6]:
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Puc. 2. Bimsinue pa3mepa (ppakimy KBaprieBoro fecka B porecce Boc-
cTaHOBJIeHUs kpeMHus amtomuHueM u3 AKJI Ha coneprkaHye KpeMHUst
B CILIaBe

Yii =Y
— 2 Uy, (1)
s
e y; — 3HAYEHHE NapameTpa ONTUMU3AINHI, BHIYHC-
JIEHHOE 110 MOZENH IS YCIOBHM j-I'O ONbITA; 71 — YHC-
JIO TIOBTOPHBIX OIBITOB; ; — CPEHEE apudmernye-

CKO€ 3HAQUCHHUC ITapaMeTpa OIITUMH3alUN:

— 1=n
yj:;Eyij' (2)

3HaueHUs] KBAHTUIICH U, BHIOMpANH Ui YPOB-
Hs 3HauUMOCTH 95% (o0 = 0,05) [6]. OnbiT cunTancs
OpaKkOBaHHBIM, €CJIH IKCIIEPUMEHTAIbHOE 3HAYCHUE
KpUTEpHs U,, 1O MOAYI0 Oonblie TaOIHMYHOTO
1,46.

C uenpio OLCHKU OTKJIOHEHHWH MapaMeTpa ONTH-
MH3aIL{H OT €r0 CPEIAHEr0 3HAYCHUS BHIYUCIISUTH JTUC-
TIEPCHIO 57 10 JAHHBIM YEeThIPEX MapajLielbHbIX OIbI-

J
TOB:

1 n JE—
$;=——2 (0~ 3" (3)
n_1i=1
¥ OLINOKY s;:
1 n JE—
Sj:\/_Z(yij_yj)z . 4)
n—1;5

HcxonHabple MaHHBIE IS PETPECCHOHHOTO aHAIN3a
1 TTOCTPOCHHS MaTEeMATHICCKUX MOJENIeH TPUBEICHBI
B Tabm. 1-3.

Ta6nuna 1. McxonHble JaHHbIe VIS IOCTPOEHUSI MATEMATHYECKOI MO/IE/IH BJIUSIHUS TEMIIEPATYPhI IPUIOTOBJIEHUS CIVIaBA
u3 AKJI Ha BbIX01 KpeMHMS

3HaueHUs BXOI{HOI‘;I n BLIXOL[HOﬁ TICPEMCHHBIX -
v 07 P 5/ 5 =2
x (T, °C) ¥ (S1.%) ' ‘ s
0,0 0,766 1,325
1,0 0,016 0,189
730 1.6 0,9 0,526 0,436 0,660 1.098
0,9 0,001 0,038
7,3 0,016 0,298
8,0 0,331 1,371
750 74 7,43 0.001 0,176 0,419 0.060
7,0 0,181 1,014
8,5 0,016 0,200
9,2 0,681 1,322
800 8.0 8,38 0.141 0,389 0,624 0.601
7,8 0,331 0,922
8,7 0,014 0,141
9,0 0,043 0,283
850 =o 8.8 0813 0,500 0,707 1273
9,6 0,645 1,131
8,0 0,063 0,449
8,3 0,303 0,988
900 7.0 7,75 0.563 0,310 0,557 1,347
7,7 0,003 0,090
7,0 0,093 0,442
6,5 0,644 1,180
950 77 7.3 0.161 0,460 0,678 0.590
8,0 0,493 1,032
4,2 0,723 1,126
5,2 0,023 0,199
1 : 3 :
000 6.0 5,05 0.903 0,570 0,755 1.258
4,8 0,063 0,331
2,0 0,251 1,100
2,4 0,012 0,220
1100 25 2,5 0.0 0,207 0,455 0
3,1 0,361 1,320

IIpumeuanue. Conepxanue kpemHezema B AJIK —20%; BpeMst npUrorosieHus cutyMuHa — 40 MuH.
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Tabnu Ima 2. HCXO}IHI)IC JAaHHBbIE 1JI51 IIOCTPOCHUS MaTeMaTH4eCKOH MOAe/Id BJIMSTHUSI BPEMEHU NPUTOTOBJICHUS CIJIaBa U3

AKJI Ha BbIX0] KpEeMHMUS

3Ha4YeHUS BXOIHOM 1 BHIXOJHOM MEPEMEHHBIX ) }
y o) 52 s, —
x, (T, MiTH)  (Si%) Y =) j 5 -

6,2 0,160 1,095
0.4 0,040 0,548
20 6.3 6,6 0,040 0,133 0,365 05
7,0 0,160 1,095
8,8 0,526 1,452
7.8 0,076 0,551
40 50 8,1 0.006 0,249 0,499 0,150
1,7 0,141 0,751

8,1 0,000 0.0
8.4 0,090 0,843
60 76 8,1 0.250 0,127 0,356 405
8,3 0,040 0.562
6,1 0,810 1,411
5,1 0,010 0157

5 2 s 4 ,

80 50 5, 0.040 0,407 0,638 0514
4,6 0,360 0,941

IIpuwmeaanue. Conepxanne kpemuezema B AJIK — 20%; Temneparypa mpurorosienns curymuaa — 800 °C.

Tab6numa 3. HcxoaHsle JaHHBIE /IS OCTPOEHHSI MATeMATHYeCKOH MO/Je/IM BIMSIHUSI KOJIMYeCTBA BBOIHMOI0
B AKJI kpeMHe3ema Ha BbIX0]] KpeMHHUsI

3Ha4YeHMs BXOIHOM M BBIXOJHOH MEepeMEHHBIX 5 ;
" BERYRY 57 s —
x5 (Si0,,%) J (Si.%) ’ Y ! ! s
5.3 0,023 0,482
5,6 0,023 0,482
15 5,1 5.5 0,123 0,097 0,311 1,126
5,8 0,123 1,126
8,3 0,003 0,124
8,0 0,063 0,619
20 7,9 8,25 0,123 0,163 0,404 0,866
8,8 0,303 1,361
10,0 0,010 0,297
10,3 0,160 1,188
25 9.8 9.9 0.010 0,113 0,337 0297
9,5 0,160 1,188
12,7 0,031 0,530
13,2 0,106 0,984
30 3.1 12,88 0.051 0,109 0,330 0.681
12,5 0,141 1,135
13,5 0,076 0,601
13,7 0,226 1,039
35 12.7 13,225 0276 0,209 0,4573474 1,148
13 0,051 0,492
11,3 0,076 0,316
12 0,1801 0,489
40 105 11,575 1,156 0,756 0,8693868 1237
12,5 0,856 1,064
IIpumeuanue Bpems npurorosnenus cuiymuna — 40 MuH; Temieparypa npurorosieHus cunymusa — 800 °C.
OnHOPOAHOCTD psAfia AUCIICPCUI B KAXKIOM JKCIIe- 52 §2
G — max — max . (6)
puMeHTe npoBepsiau 1o kpurepuro Koxpena [5, 6]. Slz + S22 T S{z{ é(: .2
IIpy omMHAKOBOM HHCIIE MTapaICTBHBIX OMBITOB KPH- j=1 J

Tepuii KoxpeHa paBeH OTHOIIEHUI0 MaKCHUMAaJbHOW

JTUCTIEPCUH K CyMM€ BCEX TUCTIepCHil:

Pacuernble 3HaueHuss G-KpuTepus A SKCIEpH-

MEHTaJbHBIX JaHHBIX (Tabi. 1-3) COOTBETCTBEHHO
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coctasisioT 0,19, 0,44, 0,52 1 MeHbIIIE KPUTHIECKUX
3HAYEHUH, MPUHATHIX U1 YPOBHS 3HAYMMOCTH 95%
(a=0,05).

Ha crnenyromiem stare aHann3a mpoBOIUIN BEIOOD
THUIIa MATEMaTHIEeCKONH MOJIEIH. AHAIN3 OHOMEPHBIX
3aBHCHUMOCTEHN TMPOBOMIIN JUTS JIMHEHHOH ( = by + b x)
Y HEeIMHEHHBIX MOZIeNiel pa3innaHoro tana (y = by + by/x;
¥ = Wby + byx); y = x/(bg+ byx); y = eP0019; y = b,
y =by+ b, In(x); y = by+ byx?).

Bribop THma Mopenu OCyIIECTBISUIA Ha OCHOBE
pacyeTHBIX 3HaYeHUH Kod(pPHUIMEHTa TMHEWHON map-
HO# Koppesiiu (R) MEXITy BXOJHBIM U BBIXOIHBIM
napameTpamu:

K — —
Z(xj _x)(yj' -¥)
Rl = szl — I3 — E)
)y (xj _x)ZZ(J’j _y)2
j=1 j=1

)

rae R; — ko3pGULUUEHT napHOH KOppessiuuu Ajst /-ro
TUIA MOJIETIN; X, J; — 3HAYECHHUS] BXOJHOTO M BBIXOJIHO-
ro HmapamMeTpoB B j-M 3KCIIEpUMEHTE, IpeoOpa30oBaH-
HBIX K JTUHEHHOMY THITY /[-ii Monenn; K — 9HCIo dKC-
NEPUMEHTOB.

Pacuer 3Hauenuii R, ans Mozpeneil HEIMHEWHOTO
THIIA TIPOBOJMIIN TOCIIE IPe0oOPa30BaHusl MOJEIHU K JIH=
HEHHOMY BUTY.

AZIEKBaTHOCTb MOJIENIM IPOBEPSUIM C TTOMOIIBIO
F-xputepus. s kax 10 MOJIENH TPOBOIWIN pacueT
JWCTIEPCHY 7EKBATHOCTH 7, iy , AMCTIEPCHI BOCTIPO-
W3BOIUMOCTH 3KCIIEPUMEHTOB SZBOCI‘Ip. u F-xpurepust:

K N2
X =y)
S :—j=1 5

e (8)
AJICKB. f

1 K
2 2
SBOClTp. = E lej’ (9)
Jj=
Saz.ueKB.
F ==, (10)
SBOCHp.

IJe / — YMCIO CTerneHerd CBOOOBI (111 OIHOMEPHBIX
3aBUCUMOCTEH = K-2).

Pe3yIIBTaThl PACYETOB §2cics » szBOCHp., F-xputepus
MIpHUBEJICHBI B Ta0I. 4.

W3 Tabnuikl BUIHO, YTO B PACCMOTPEHHBIX OJTHO-
(haKTOPHBIX MOECISAX KOPPEISIIIMOHHAS CBSI3b MEKIY
(yHKIMEH OTKJIMKA (BBIXOJ] KPEMHUSI) ¥ OTACIbHBIMU
MPEeIUKTOpaMu (TeMIepaTypa, BpeMsi) SBISICTCs cia-
0o, Mexty KonmmdecTBoM BBoAnMOTo B AKJI kpem-
HE3eMa U BBIXOJOM KPEMHUS — JOCTATOYHO CHUIHHOM.
OnHako paccudMTaHHbIC 3HAUCHUs F-KpUTepus s
BCEX PACCMOTPEHHBIX MOJEICH MPEBBIIAIOT KPUTHU-
YECKHUE, 3TO CBUCTEIBCTBYET O TOM, YTO THUIIOTE3y 00
aJICKBaTHOCTHU MOJICNICH CIACNYEeT OTBEPTHYTh.

B cBsi3u ¢ 9TUM aHamu3 HCCIEAOBAHHBIX 3aBUCHU-
MOCTEH B JaJbHEHUIIeM MPOBOAMIN C UCIOIB30BAHU-
€M TOJIMHOMHAIILHBIX MOJIEJICH BTOPOTro M 0OJIee BbI-
COKOro mnopsankoB (tabn. 5). Beibop Hammyumero
YpPaBHEHHUSI PETPECCUU OCYIICCTBISUIM IIATOBBIM pe-
TPECCUOHHBIM METOJIOM C IMOMOIIbI0 Kputepus R
(K03 HUITMEHT MHOKECTBEHHON KOPPEISIUK) ITyTeM
BKJIIOUCHUSI B YPaBHEHUE PErpecCHH aIIUTHBHBIX
YJIEHOB JI0 TEX IMOp, [TOKa ypaBHEHHUE HE CTAHET YIOB-
JIETBOPUTETBHBIM [4].

s moNTMHOMHUANIBHBIX MOJIEIIEN € LETBIO OIpeEae-
JICHUsI KpUTepusi R TPOBOIMIIN MPEoOpa3oBaHUE He-
JIMHEVHBIX MOJIENIEH K JJUHEWHOMY BUIY METOIOM 3a-
MEHBI IepeEMEHHBIX (Z; = X; Z, = x°; ..., Z,, = X™) u pac-
CUUTHIBAIIU KOA(P(DUIIMCHT MHOKECTBEHHON KOppeIsi-

Tabnunma 4. 3uauyenuss F- u R-kputepueB 1/ 01HO(AKTOPHBIX MaTeMaTHYeCKHX MoJeJsieii Bbixona kpemuus u3 AKJI

%8i = F(t) %Si = F(%Si0,) %Si=F(T)
Bun mozenu
R F-pacuyetHoe | F-Ttabnu4Hoe R F-pacuetHoe | F-TabnmuHoe R F-pacuetHoe | F-TabnmuHoe
y=by+ bx —0,389 63,591 3,9 0,868 11,412 2,9 0,172 31,895 2,5
y=by+b/x 0,048 57,855 3,9 —0,944 5,073 2,9 0,072 27,393 2,5
y=1/(by+ byx) 0,485 65,238 3,9 —0,844 34,755 2,9 —0,283 45,501 2,5
v = x/(by+ bx) —0,159 109,181 3,9 0,957 13,472 2,9 0,362 53,662 2,5
= elbo+ br) —0,438 131,726 3,9 0,865 17,193 2,9 0,050 40,415 2,5
Y = b —0,262 44,497 3,9 0,923 11,372 2,9 0,097 30,715 2,5
|y = by +b, In(x) -0,209 23,738 3,9 0,918 7,288 2,9 —0,122 26,440 2,5
v = by + byx? —0,543 74,589 3,9 0,801 83,085 2,9 —0,219 35,601 2,5

Tabnunma 5. 3navyenusi F- u R-kputepueB 1/ NOJTUHOMHAJIBHBIX MATeMAaTHYeCKUX MojieJieli Bbixona kpemuns u3 AKJI

%Si = F(1) %Si = F(%Si0,) %Si = F(T)
Bug monenn
R F-pacuetHoe | F-rabiauuHoe R F-pacuernoe | F-tabnuuHoe R F-pacuetHoe | F-TabnuuHoe
v = by + byx + byx? 0,991 0,475 4,8 0,977 2,822 3,16 0,792 | 11,658 2,6
)= bo+ byx + by + byx® 0,904 7,161 2.8
Y = by + byx + byx® + byx® + by 0,936| 6,488 3
v = by+ byx + byx? + byxd + byt + bsx? 0,979 | 3,232 3.4
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IUU MKy (YHKIUEH OTKIMKA U TIpeoOpa30BaHHBI-
MU TIapamMeTpamu Z(x') Mojenu.

KoadunmenTs MHOKECTBEHHOW KOPPEISIHH
OTIPEeIISUIN Yepe3 MaTpUIly apHBIX KOA(PPHUINEHTOB
KOPPEJISIIUH:

Ar

R = [l-—. 11
VZ1Z2p .2y Al’il ( )

OmnpenenuTens MaTpulbl MapHbIX Kod(duuueH-
TOB KOPPEJSILIUH PACCUUTHIBAIH 110 (hopMyIe:

1 S
7 1 7 - r
vz 7123 21z
Ar = - . 12
Tyzy Tz 1 Verzm (12)
ryzm rzlzm rz2zm - 1

OmnpenenuTens MaTpulbl MEXK(PaKTOPHOH Koppe-
JSIIMU PACCYUTHIBAIH 1O (opMyJIe:

1 Tz 7 Tzz,
r 1 - r
_|"a=n 22y
Any = (13)
rzlzm rz2zm 1

KoadduipeHThI NOIMHOMUATBHBIX MOZIETIEH Orpe-
JIeTISUIN, pelliasi B MaTpuaHOM opme cuctemy u3 (m + 1)
ypaBHEHHII ¢ (m + 1) HEU3BECTHBIMH:

b0k+b12x +b22x +.. +Zx

J=1 J=1

k
bOZx +blzx +b22x +.. +me+1—2xjyj,
J=1 J=1 Jj=1 J

k
Zyj’
Jj=1

bOZx +b12xm+l+bzz xm+2+ +Z xzm —Zx Vi
J=1 J=1 Jj=1 Jj=1 /
(14)

Pesynbrare! pacuera F-kputepus U Kodpduuuen-
Ta MHOXECTBEHHOH KOpPENSLUH A7l OJTMHOMHUAIIb-
HBIX MOJZIeTICH Tpe/ICTaBICHBI B Ta0II. 5.

CornacHO pe3ynbrataM, NPUBEICHHBIM B TaOIH-
1e, s onucanus 3aBucumoctert %Si = F(1) u %Si =
F(%Si10,) 011 BBIOpaHbI MOJIMHOMBI BTOPOTO MOPSIA-
Ka, Ui GyHKIuK %Si = F(T) — oIMHOMBI TISITOTO TO-
psiziKa, TaK Kak KO3QPULUUEHTH MHOXECTBEHHOH KOp-
peNsMK OYeHb ONMM3KM K €AWHHIE, YTO CBUAETEIIb-
CTBYET O HAJIMYMHU CUJIBHOM CBS3U, a 3HAUCHUS KPHUTe-
pust Ouiepa He NPEBBIIAIOT KPUTHIECKHX.

TakuM 00pa3oM, Ha OCHOBE SKCHEPUMEHTAIBHBIX
JaHHBIX O TIpolecce cuHTe3a cumyMuHoB u3 AKJI merto-
JIOM PErpecCHOHHOIO aHaiu3a ObUIM MONyYeHBbI CIery-
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FOIIIIE MAaTEMaTUYECKIE MOJICIH, aJICKBATHO OMHCHIBAIO-
e BIUSHUE TEMIEpaTypbl, BPEMEHH MPUTOTOBICHUS
crulaBa M KonmuuectBa kpemHesema B AKJI Ha BbIxonm
KPEMHUS B CILJIABE:

1) maTremaTudeckast MOJIETb BBIXOAAa KPEMHHUS KaK
(byHKIHUS OT BpeMeHH PUroToBeHust criasa n3 AKJIL:

Si,% = 2,56875 + 0,2525625t — 0,002731%; (16)

2) MaremaTu4eckasi Mozieb BbIX0OJa KPEMHHUSI KaK
(GYHKIMS OT TEeMIIEpaTypbl IPUTOTOBJICHHS CIIIaBa U3
AKIJI:

Si,% = —75049,4906 + 416,01985367 —
~0,918878226T2 +0,00101097° —
~5,53906-10" 7% +1,2091-107'°73;

3) maremaruveckasi MOZICITb BBIXOJIa KPEMHHS KaK
¢yHkus ot konmdectBa BBogumoro B AKJI kpemue-
3ema:

(17

S1,% =-10,8110714 +

18
+1,35567857CSi02—0,01961C§ioz- (19

IlomyueHHbIe SKCIIEPUMEHTAIbHBIE U PACUCTHBIE
3aBUCUMOCTH BIIMSHUS IIApaMETPOB MPOLIECCa CHUHTE-
3a critymMrHoB U3 AKJI Ha BBIXOZ KpeMHHUS TTOKa3aHBI
Ha puc. 3.
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Puc. 3. DkcniepuMeHTanbHbIE U PacyeTHBIC 3aBUCUMOCTH BIIUS-
HUS IIapaMeTpoB Ipolecca cuHTe3a cuiyMuHoB u3 AKJI Ha BbI-
XOJl KPEMHUS: @ — BIUSHUE BPEMEHH IIPUTOTOBJICHUS CIUIaBa U3
AKIJI Ha BBIXOJl KPEMHHUS; 6 — BIUSHHUE KOJIMYECTBA BBOJAUMOTO
B AKJI kpemHe3ema Ha BBIXOJ KPEMHUS; 6 — BIUsSHUE TeMIIepa-
TypbI IpurotosiieHus criasa u3 AKJI Ha BBIXOJ KpeMHHUS
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YcTaHOBIIEHHBIE 3aKOHOMEPHOCTH ITpoliecca BOC-
craHoBieHus kpemHus u3 AKJI cBumerenscTByOT 0O
CJIO’)KHOM, HEJIMHEHHOM BJIMSIHUM HCCIIEOBaHHBIX Ta-
paMeTpoB Ha cojep)kaHue KpemMHus B cruiase. [lpu
3TOM ONTHMAJIbHOE CO/Ep’KaHUE HCCIIEOBAaHHOIO B
paboTe KBapUEeBOro rnecka B KOMIO3UIMOHHOH JUTra-
Type JUIsl TOJy4YeHHs] CHHTETHUYEeCKOT0 CHIIyMHUHa C CO-
nepskanuem kpemuus 13,0-13,7% (puc. 3) cocrasis-
et 30-35% oT Macchl antoOMUHHA. YBEJIWYeHUE 00be-
Ma HaroJHUTENs CBbIIe 35% NPUBOAMT K €ro U30bl-
TOYHOMY COJIEP’KaHUIO B JINTAType U COOTBETCTBEHHO
K 1e(DUIHUTY aFOMUHAEBOW OCHOBBI, BBIXOA KPEMHHUSI
MIPU 9TOM YMEHbBILIAETCSl.

Hanuume temneparypHoil o0nacTu, XxapakTepusy-
OLIEeHCSl MAaKCUMAaNIbHBIM BBIXOJIOM KPEMHHUS U3 KOM-
MO3ULIMOHHOW JIMIaTypsl IIPU B3aUMOJCHCTBUU Ya-
CTHIl YIIpOuHsIomei (as3pl ¢ MaTpUYHBIM pacIljiaBOM
AITIOMUHHUS, 00BsICHsIeTCS crenyromuM. C MOBBIIICHHU-
eM temmepatypsl 10 800—-850 °C nmpoucxoaut yBenu-
YEHUE PEaKMOHHON CIIOCOOHOCTH aJIOMHUHUS M HMH-
teHcupukanms g y3HoHHBIX TPOLIECCOB B pacIuia-
Be. [Ipu nanpHeiileM NOBBILEHUU TEMIEpaTypbl
MIPOTEKAIOT MPOLIECChl, CONPOBOXKIAIOIINECS MOSBIIE-
HUEM CHJIMKaTHBIX 0Opa30BaHMM, YTO MPEISTCTBYET
MPOTEKaHWI0O BOCCTAHOBUTEIBHOW pEaklUuu KpeMmHe-
3eMa C AIFOMUHHUEM.
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