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YK 678.046

BJIHAHHUHE A3POCHJIA HA NMOJIUMEPHU3ALLUIO
BUHHJXJOPHIOA H CBOHCTBA NOJYYEHHOrO nNoJIMMEPA

C. A. Kypra, A. A. Yyiiko, H. B. Xa6ep

AspocuiaM KaK YCHJIHBAIOIIHM HaMOJHHTENSM KaydyKOB M IJIacTMAacc IO-
cBsmleHa paborta [l]. BceieacTBHe HX BBHICOKOH YAe/bHOH MOBEPXHOCTH
BBEJEHHC B NOJHMepHYyw MaTpuuy Gosnee 5—30 Y HanoauuTens yxyilia-
er nepepaGarThiBaeMOCTh cMecell. 3TO CBA3aHO ¢ TPYIHOCTSMH CMellWBaHHs
BBICOKONBLISALHX a3POCHJIOB, HePaBHOMEDHOCTBIO HX paclpeleseHHs, pe3-
KHM TIOBBIIIEHHEM BS3KOCTH H YXyALUEHHEM JPYTHX XapaKTeDHUCTHK KOM-
nosuuun [2].

Cnoco® nonnMepH3alMOHHOTO HaNOJHEHHdA, ONHCaHHHIA B [3], ZAaer
BO3MOXHOCTb BBOJHTH OOJIbIlice KOJHUECTBO a3POCHJIOB B MOJHMEDHYIO
MaTpHILy, yJaydliast ee CBOHCTBA.

B xauectBe 06beKTa HccnenoBaHHA Obll BuiOpaH BuHHAXxJopHa CHy=
=CHC] (BX). Ero smyJbCcHOHHYIO NOJHMEPH3AlHIO 1i3y4YaJH B 3aBHCH-
MOCTH OT KOJHYECTBA IpeJBAapHTeJBHO JHCIEPTHPOBAHHOTO B HEM Me-

THJIBHHHIA3POCHAA gESEU*'SiCHZCHZCHﬁL (MBA), anajnuTHUECKHe Xa-

PaKTePHCTHKH KOTOpPOrO IpeACTaBJEHH HHMKe: Hachnuas Macca (HM) —

60 r/n, yaeabHas noBepxHOCTb Syq — 240 m?/r, pH 5,4, Bnaxuocts — 0,1 %,

B0, %, noTepH npH NPOKaJHBAHHH
(IIK) — 5 %.

[pomecc monHMepH3aLHH H3Y-

g YaJH B peaKTope — ABTOKJNaBe C

4
A

- g "/, pybamkoii u MelwaJKkoil Mo MeTOAy
"/ [3]. Tlpo6m Bemecrsa oTbupaan

A / H3 natpyb6ka ¢ cHdoHOM H ycTa-

s HABJHBAJH COJepXKaHHe NOJHBH-

* A f aunxaopuzna ([I1BX) u opyrux us-

rpagHeHTOB METOIOM ONpeje/eHHs
norepb nupH cymwke (T=<<100°) n
npokanueauun (T'=700°), a rak-
ke HK-cnekrpanbHpiM M MeTo-
aom JITA.

B pesyabraTe HCCiAel0BaHHR
OblJIH  MOCTPOEHb  KHHETHYECKHE

Puc. 1. KunernueckHe KpHBHIC TNOJTHMEpH-
3auun BX B NpHCYTCTBHM Da3fIHYHOTO KO-
JuyecTsa Hanoauutens MBA npH KonueHT-
pauun smyaeratopa E-30 3,8 %, unnnuaro-
Pa Cinny,s,0,=0.03 %, T=54", pH 8: J —

- 6e3 wanoauuteds; 2—5; 3—10; 4 —15;
7 % ra ©—20;6—30;7—60% MBA.

KpHBLIC TNoJIHMepH3auun BX npr pa3nuuHbIX cTeneHsix HanonHeHHs MBA
{puc. 1). [Has cpaBHeHHa Oblaa B3fiTa KHHETHUECKas KpHBas OOGBIMHOI
sMyJabcHonHol nonumepusauun BX (kpuBas 1) [4]. Kax BuaHo us puc. 1
{xkpuBbie 2—4), BBefenue 5, 10 u 15 9% MBA ypenuuuBaer CKOpOCTb IO-
AuMmepuszaudn BX coorserctsenno B 1,79; 1,19; 1,107 pasa (rabanua).
Yckopenue peakuun noauMepusaumun BX B npucyrerBnn MBA cBsizawo,
BHIMMO, C pacnpeiejeHHeM yacTHyek aspocuaa (d=0,01—0,1 mxm) [1]
B YacTHUAX MOHOMepa M MHueJnax (d=0,08—1,5 mxm) [4], a TakxKe an-
copOUHOHHON OpHeHTalHell MOHOMepa H HHHIHMATOPOB, YTO ClOCOGCTBYeT
yMeHbUIeHHI0 cKOpoctTH oOpbiBa uend. Jlavubifi sddekT nMeer aHalOTHIO H
HabJI0Aa€eTCsT IPH BBEJeHHH B peaKUHOHIYI cpely Ha CTaiHH NoJHMepH3a-
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uun BX menkux wactun (d=0,02—0,1 MKM) 3aTpaBOYHOro JaTekca, KOTO-
pble TaKike BHI3bIBAIOT YCKOPeHHe peakUuu momumepusaunn BX [4]. Dto
TaKxKe corjacyercss ¢ NaHHBIMH MoHorpaduu [5], rae ouHcanm nogoGuble
Mpolecchl NOJIHMEPH3AUHH Ha TBepIOil TNOBEPXHOCTH HJIH €e BJIMSHHE HA
noJiMMepH3aluio MoHOMepoB. JlanbHeiiliee yBeHueHHe NPOLEHTHOTO COAEP-
Kanws HanmonunTens MBA (20, 30, 60 %) yMenburaer CKOpPOCTb MNOJHME-
pusaurn BX (puc. 1, KpuBble 5-—7). [lauubiéi s(hext, mo-BHAMMOMY,
CBSI3aH C IePEXOAOM HAMOJHHTE]sl B JAHCNEPCHOHHYIO Cpely, MOCKOJLKY KO-
JanyectB0 MBA mnpesbimraer rpaHnunyio KoHuentpauuio 11BX B cHHTesn-
poBaHHOM Jatekce 25—30 %. D10 MPHUBOAHT B KOHEUHOM CYETE K YMeEHb-
LIeHHI0 KOHUEHTPAIHH MHHIMAaTOpa H 3MYJbratopa, aAcopOGHPOBAHHBIX Ha
a’pocu/ie, H COOTBETCTBEHHO K CHHXKEHHIO CKOPOCTH HHHUHHPOBAHHA M TO-
BBILICHHIO CKOPOCTH OGpHIBAa LenH. PesynbTaThl pacuera Nopsiika peakuuu
no MOHOMepY n rpaguueckum crnoco6om Ocrbanbaa — Hoitenca m mocrpo-

enHe 3aBHCHMOCTH 1g7Ta=[(lgCo) c¢ naxoxpuenuem lggo=—(n—1) [6]
npencTaBjieHs B TabaHlle.

Kunetnueckne saxoHomepHocTH mojumepusaunn BX B npucyrcTBuuM namonmutens MBA

KoncTanta ckopocTti noneMepHaaunu BX
MI:I?A% n Vege VMBA{-TIBX
) 54° 57° 62° 68° Vigo VnBex
0 1,0 0,55 0,68 1,01 1,12 2,03 1,0
5 0,4 1,00 1,30 1,72 1,98 2,01 1,79
16 0,5 0,75 0,91 1,08 1,32 1,82 1,19
15 0.6 0,66 0,86 1,12 1,23 1.86 1,107
20 0.4 0,69 0,93 1,09 1,32 1,89 0,95
30 0,1 0,72 0,98 1,21 1,42 1,97 0,89
60 0 0,66 0.87 1.02 1,21 1,87 0,78

HMapecTHO, yTO yBesaHyeHHe aAcOPOGUHOHHOTO B3aHMOCHCTBHSI Ha rpa-
HHLe pasjena (a3 [6] NpUBOAHT K YMEHLLIEHHIO NODPSAKA pPEaKUHH OT
ApoGHoro Ao HyJeBoro (ans nonuMepusanuu BX Ge3 Hanoanuteas n=1},
YTO NOJHOCTBLIO COBMajaeT ¢ HallMMH JaHHBIMH (cM. Tabauuy), Korma mo-
psI0K peakunu H3MeHsercA or n=04 (caaboe aacopOLHOHHOe B3aHMO-
AefictBre) g0 n=0 (cuibHOe ancopOUMOHHOe B3aHMojeitcTBHe). Pacyerh

1

KOHCTaHT cKopoctell nonuMepusauun BX V=K][C]? [M]» [4] ans pa3nuu-
HBIX TeMIepaTyp IOJHMEpH3alHH NpHBeleHsl B Tabauue. CpaBHeHHe 3aBH-
CHMOCTH CKODOCTH PeaKIHH OT TeMMepaTyphl He BBIXOAHT 32 PAMKH OGbIY-
HBIX 32KOHOMEpHOCTeH XHMHYeCKO# KMHETHKH ¥ TMOLYHHAETCH 32KOHaM

Baut — l'otddpa u Apenunyca K=Ae T [6].

B xome uccaenoBanus ObIH H3yYeHBI 3aBHCHMOCTH KHHeMaTHUYCCKOH
BA3KOCTH JAaTEKCOB OT NPOLCHTHOTO COJEpPMaHHUs HAMOJNHHTeNs, BBeJHHOrO
NpH NOJHUMepH3alMH (pHc. 2, KpuBast 2), H CPaBHeHHl C BS3KOCTLIO Mexa-
Huueckoli cMecu 30 % nartekca IIBX m MBA (puc. 2, kpusas [). Takum
ofpasoM, crocol TOJHMepH3aUHOHHOro HanoJHeHuss [IBX gaer BO3MOXK-
HOCcTb BBecTH N0 60—70 U, Hamo/HHTe/sd, B TO BpeMs KaK AJisi MeXaHHye-
ckoH cMecH Jatekca [IBX u MBA Takas BblcOKast BS3KOCTHL JOCTHIaeTcs
yxe npu BeeneHuu 20 % MBA. 310 sBjenHe cBsizaHO, BHAMMO, ¢ TEM, 4TO
B nepBoM ciayuae MBA BXOAWT B H2AMOJMEKYJAPHYIO CTPYKTYpPY TJ06YJibl
MBX (da~1 MKM), KOTOpHe (OPMHPYWOTCS B IMpoliecce IOJHMepH3aLHH
BX [2], u nostomy MBA 5o onpepenexnoit cremenH, okoao 30 %, HesHa-
YHTEJLHO BJHSET Ha XapaKTepHUCTHKH JaTekca. Bo BTopoM cayuyae yacTHUKH
MBA pasMemalorcsi Ha rpaHuue pasjesa ¢as, cuabHoe aicopOLHOHHOE B3a-
HMO/IefiCTBHE KOTODHIX C HHrpafiMeHTaMH Jatekca (samyasratop, BX, H:0)
MPHBOAHT K 3aryIIEeHHIO AecTaGHAH3aLHH H Koary/asauuu Jatekca [1BX yxe
npH HeGOIbLIHAX KOJHYECTBAX BBelJeHHOro Hanoauurtens. C Ledblo CHHMKEHHS
BJHSIHHS BBEJEHHOTO HANOJHHTENs Ha BA3KOCTh JaTekca I1BX 6o usyue-
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Puc. 2. Kpusrie 3aBHCHMOCTH KHHeMaTHueckol saskocTk [IBX (/, 2) m KoHctanTh PHkeHT-
yepa HanoaHenHoro [IBX (3—6) or mpouentnoro coaep:xanns Hanosauutens MBA: [ —
MexaHHueckas cmech 30 % satexca IIBX u MBA; 2 — jarekc, noJyyYeHHHN NPH MOJHMEpH-

sauuu BX B mpucyrerBun MBA; 3 — koHcranta QuKeHTYEpa KOMIIO3HTA, NOJYYEHHOTO OpH
54° 4 —57; 5 — 62; 6 — 68°.

Puc. 3. 3aBHcHMOCTD KHHEMaTHUeCKOH BA3KOCTH Jartekca IIBX or KoOHLeEHTpauMH sMyJasra-
Topa E-30 npn pasnuunoM coiepaHuH Hamonuuteas MBA, %: J —5; 2—10; 8 —15; 4 —
20; 5 — 30; 6 — 60.

Vi 44/ 7008, 4. TBX

2007 2l Cip oM
1060 45
7501 180014
600 43
00+ {40042
120041

50 . A 0
) 25 50 % 025 w0 & & %

Puc. 4. 3aBHCHMOCTb XHAKOeMKOCTH (naactHdukatoemkocth) no JO® komnosnuun [NBX —
HamoJHUTeJb OT TPOLEHTHOrO COJEpXKaHHS Da3JHuUHLIX HamnoauuTenefl: J — MexaHudecKas
emecs TIBX n MBA; 2 — mexanuueckas cmech [IBX u MBA, wmoandpuurposantoro 20 %

npusuroro [1BX; 3 -— koMmo3uuHM, MOJydeHHbIC NMPH moJuMepu3aunn BX B NpHCYTCTBHH
MBA.

Puc. 5. 3aBucHMocTb yAeNbHOIl noBepxkocTH (/), HacemHOH Macce (2), cpeiHero aAHaMeTpa
vyactHy (8) kommosuuuu [1BX w MBA, nonyucHHOH NOJAHMepH3aUHOHHLIM HanoJHEHHeM OT
npoueHTHoro cofepxannsi MBA.
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HO H3MeHeHHe KOHUEHTPAaUHH NpOMbILINeHHOro sMmyJjbraropa E-30 Ha BA3-
KOCTh HamoJHeHHoro jaTekca [IBX (puc. 3). ¥YBeauyeHie KOHIUEHTpalHH
3MyJabraTopa B [JBa-TPH pa3a OKasblBaeT 3aMEeTHOE BJHAHHe Ha BA3KOCTb
JaTeKca JIHLIb NPH BHICOKHX CTeNeHAX HanoJHeHHA. DTo elie pas MOATBepXK-
JlaeT TMpeanosoxeHHe o ToM, yto Beime 20—30 9% MBA HamoauuTean H3
AHcnepcHoil ¢assl BX mepexoiHT B AHCHEPCHOHHYIO Cpeny, MO3TOMY JOMOJ-
HHTesapHOe BBefeHHe [IAB-smyabratopa B HEKOTOpPOH cTeneHH KOMIIEHCH-
pyeT 3aryuapuiHe CBOHCTBA INepellejllero B BOAY HAaMOJHHTENS.

3aBHCHMOCTb KOHCTaHTH PuKeHTyepa, onpeleJeHHOM BHCKO3MMeTpHye-
CKMM MeTOJOM cTaHAapTHoro pacrBopa [IBX B IHKJIOreKkcaHoHe, OT IIpo-
ueHTHOro conepxawugs MBA nokasana Ha puc. 2 (kpueble 3—6). Hamoa-
HHTEJb I'€3HAYHTENbLHO BJHAET Ha KOHCTaHTy (PHKeHTuepa TIpH HH3KHX
CTENCHAX HAaNOJHEHHs, a [Js1 BBHICOKOHANOJHCHHBIX CHCTEM OHa YMCHGLIA-
¢Tcst B cpeadeM Ha 10 eJMHHL, OpPHYEM AJ5 BBICOKIUX TeMIIEPATYP CHHACHHC
KOHCTAHTHl §0Jiee BHIpaXKCHO, UTO COTJACYCTCSl C AaHHBIMH paGoThl [4].

Bpeaenue B [1BX cuapnoro ajcopbernta MBA npHBoIHT K pe3komy
VBeJHUCHHK pacxola mnaactHdukaropa — guokTuadtaasara (JOD) [2].
[TosTomy HaMu Oblaa H3ydeHa nuaactTiduxkatoemkocTh no HOP pas tpex
pa3anyHbix o6pasuos (puc. 4). Ilpu 3TOM ycTaHOBJEHO, 4TO B PSIAY MeXa-
Huueckast cMmech IIBX m MBA (kpueast [); mexanuueckass cmecs I[IBX
i MBA, moauduunposaunoro 20 Y% npusutoro [1BX (kpusas 2), a taxxe
KOMIIO3HILHH, NOJIY4eHHOl npH noaumepusaunn BX B npucyretBun MBA
(kpuBast 3), nnacTHHHKaTOEMKOCTh CHUXKAGTCH. DTO NOLTBEPKIAET NPEeHMY-
ulecTBa JaHHOTO cnocofa HaNOJHEHHT Haj, APYTHMH,

Pesyaprathl HcCaeJOBaHHs APYrHX XapaKTePHCTHK MOPOLIKOB HaroJ-
nennoro IIBX mnpuBeiaeHnl Ha pHc. 5. 3aBHCHMOCTb HacCHIIHOH Macchl OT
IPOLEHTHOrO coiepxauusa Hanouuurels MBA (kpuBasi 2) onuceiBaercs

VpaBHCHHEM HM=C—: C yBeJqHUYEHHeM COJepXKaHHg HaNoJHUTeaAs Ha-
MBA

cbimHOil Bec mapgaer. Jas yAenbHOH 1IOBEPXHOCTH, BHIUHCJCHHOH MO METOLY
B3T (xkpusas ), no 70 % conepxaHua MBA ocywecrsisercs psiMo
NPONOPUHOHANEHASA 3aBHCHMOCTb, BHIIIEe 3TOH TpPaHHUBl OHA OMHCHLIBACTCSH
HeanHedHo# ¢yHkuued. [nas cpefHero auaMeTpa YacTHL KOMIIO3HTa, BHI-

yHcJeHHOro mo dopmyae dep= S0 [1], ocymecTBiaserca HennHelHas
YA

3aBHCHMOCTb (KpHBas 3). 3HauuTeJbHOE NajeHHe CPEIHEro pasMepa YacTHI,
(B nsitb pas) npu pocTHKeHHH 5 % MBA MOXHO OGBSCHHTB TEM, UTO C
BBeJeHHeM Meakux yacTuu MBA noayuvaerca sarekc [1BX ¢ mpeo6aanaro-
IIHM KOJIHYeCTBOM YaCTHI MeHblue 1 MKM,

1. Mopeasnd Hox. E., Musescku . B. lnokcun kpeMmuus.— B ku.: Hanmonuurean ans mo-
JHMEPHBIX KOMMO3HUHOHHBIX MaTepHasos. M. : Xumus, 1981, c. 172—179.
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