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OIIMCAHUE U30BPETEHUA
2420-575162EA/026
CIHOCOB U31'0OTOBJIEHUA UCKYCCTBEHHBIX CTEKJIOBH/IHBIX BOJIOKOH

OBJIACTH TEXHUKU

H3o0pereHne OTHOCUTCA K CHOCOOY M3TOTOBJIEHHS HMCKYCCTBEHHBIX CTEKJIOBUIHBIX
BOJIOKOH (man-made vitreous fibres, MMVF) ¢ ncrnonb3oBaHneM 3JIEKTPUYECKON MEYH IS
IUIABJICHUS] MUHEPAJIbHON IIUXTHL

YPOBBEHb TEXHUKHN

Uzobpetenne otHocuTcs Kk crocobam m3rotoBieHuss MMVF U kOHCOMUAMPOBAHHBIX
nponykToB u3 MMVF, Takux kak U30JIILHOHHBIE TPOAYKTHL. BooOIe, HCXOqHbIN MUHEPaTIbHBIH
Marepuai (MUHEPAIbHYIO IIUXTY) C 3aJlaHHbIM OOIIMM XMMHUYECKHM COCTABOM IUIABAT B MEYH,
MUHEPaJbHBINA PAacIUIaB BbIBOAAT M HAMPABJIIIOT B YCTPOMCTBO BOJIOKHOOOPA30BaHUS, TAKOE KaK
YCTPOWCTBO HAPY’KHOTO HJIM BHYTPEHHErO LEHTPU(YTUPOBAHMS, BOJIOKHA COOHMPAIOT, €CIIU
HY’KHO, TIOJIBEPTalOT JOIMOJHHUTEIbHONU 00padoTke, U (OpMUPYIOT U3 HUX (erp, oOBIYHO, C
HCITOJIb30BAHUEM CBSA3YIOLIETO.

ITo psmy mpuumH OBUIO OBl MPEANOYTHTENBHO HCIOJIB30BATH 3JIEKTPUUYECKHE €YU
BMECTO Tedel Ha yriie, HepTH WIH ra3o00pa3HOM TOIUIMBE. DJIEKTPHUECKHE MeYH OOJaNaroT
NOTEHIIMAJIOM TIOABOJAA SHEPruM W3 BO30OHOBJIIEMBIX HCTOYHHKOB, TaKUM 00pa3oM,
SKOJIOTHYECKHE XaPAKTEPUCTUKH 3JIEKTPHUECKUX IeYel MOTyT ObITh O0Jiee MPEeATOYTUTENbHBIM,
4eM y IUIaMeHHBbIX Tmeded. Taxoke Obwio Obl BBIMOJHO HCIIONB30BATh BO30OHOBISIEMYIO
SJIEKTPOIHEPIHIO, TaK KaK OHA JEeUIeBJie, 10 MEHbILIEH Mepe OT4acTH, Onaromapsi MEHbLIEMY
yraepogHoMy Hasory. IIpy nCHoIb30BaHUM 3JIEKTPUUIECKON MeUYN W/WUJH TeYd Ha ra3000pa3HoM
TOIJIMBE HET HEOOXOIUMOCTH B OYHMCTKE OT JHOKCHUIA Cepbl, B OTJIMYUE OT Me4eil Ha yrie HiIH
HedTH.

OnHako, B KOHTEKCTE OSJEKTPHYECKOH Mme4n ¢ MOJUOJEHOBBIMH 3JIEKTPONAMH,
nojiydaembie npoaykTel MMVF MoryT ObITh CKJIOHHBI K YpE3MEPHOW yCalKe U3-3a CIIEKaHUs
MOJ JEHCTBHEM BBICOKOH TeMIepaTypbl. Ycaaka BbI3bIBAET OOpa3OBaHHE TEPMUUYECKUX
MOCTHKOB, YTO MOKET OBITh KPUTHYECKH BaKHBIM B CJIy4ae HMCIOJIb30BAHHS 3THX MPOAYKTOB
IUT. IPOTHUBOIMOKAPHON 3amuThl. BooOIe, MeHee IIOTHBIE MPOAYKTHI MOABEPKEHBI OOJbIIEH
ycaake, 4eM NPOAYKTHI C BICOKOH MIIOTHOCTBIO.

B crampapTHBIX OseKTpUUeCKMX medax A npoussoactsa  MMVFE  mcnonbsyror
MOJIMOZCHOBBIC WJIM YIOJbHBIE SJEKTPOIBL. DJIEKTPOABI OOECTIEUMBAIOT IIOABOA SHEPIHH,
HEOOXOMMMON ISl TUIABJICHWs MUHEPAJbHOrO Marepuaja, mocpenactsoM sddekra J[xoyis.
OObMHO, MONMOIEHOBBIE 3JIEKTPOABI, XAPAKTEPU3YIOLIUECS CTEMEeHbI0 YHCTOTHI >99% Mo,
WHEPTHBI IO OTHOUICHUIO K PACIUIABJIEHHOMY MHUHEPAJIbHOMY MaTepHally W, CIEAOBATENbHO, HE
y4acTBYIOT B BOcCTaHOBJIeHHU okcuna Fe,O3; no FeO B BaHHe pacraBa. B koHCOMUANPOBAaHHOM
npoaykre u3 MMVF FeO sBnsercss BaXHbIM KOMIIOHEHTOM, OrPaHUYHMBAIOLINM YCAAKY
BOJIOKOH, 00€CTIEUNBAIOIIIIM OTHECTOMKOCTD, & TAK)KE TEPMHUYECKYIO CTOMKOCTD.

beuto Obl xenaTenpHO 00€CEeYnTh CIIOCO0, MPU MOMOIIN KOTOPOTO MOKHO M3TOTOBHUTH

pacmuiaB, npuroaHsii st nepepaborku B MMVE, ¢ ucnosb3oBaHueM 3JEKTPHUECKON Medn ¢



MOJIMOZEHOBBIMH 3JIEKTPOAMHU JUJIsl TIOATOTOBKHU PACIIaBa, HCKIFOYAOIUI YpE3MEPHYIO YCATKY
MIPOAYKTA.

Tpebyercs, 9TOOBI TOTOBBIE KOHCOJIUIUPOBAHHBIE MIPOAYKTHI MMVF
XapaKkTEepU30BAINCh YCAAKON M3-3a CIEKAaHWs MOJ NEHCTBUEM BBICOKOM TEMIEPaTyphbl WIH NPU
Nokape B NPUEMJIEMOM JAMana3oHe. YCaaKy clenyeT HCKIKYaTh HIH, [0 MEHbIIEH Mepe,
HACKOJIbKO BO3MOXKHO COKpAalllaTh, TaK KaK IIPU YCaIKe KOHCOJUAUPOBAHHBIX MPOAYKTOB W3
MMVF non neiicTBueM BBICOKOH TeMIepaTypbl MOTYT 0Opa3OBbIBATHCS TEPMHUYECKUE MOCTHKH
1 3a30pbI B U30JISILUU.

bbuto OBl JKENaTeNbHO JAOMOJHHUTENBHO CHU3UTh CTEMEHb YCAIKH KOHCOJHIUPOBAHHBIX
npoaykros u3 MMVFE.

CYIMHOCTDb U30BPETEHUA

VYkazaHHas mpobiemMa COKpaIIeHUs! YCaIku KOHCOIUANPOBAHHBIX MPOAyKToB u3 MMVF
pelIeHa aBTopaMu U300peTeHHsI TOCPEACTBOM crocoda 1o MyHKTY | popMysiel n300peTeHus..

MomuOneHoBbIe 3JIEKTPOABl, B OTJIMYHE OT OCHOBHBIX aJIbTEPHATUBHBIX THIIOB
3JIEKTPOJOB IS TUIABUJIBHBIX MMeUYeH MHUHEPAJIBHOTO CBIPbs (T.€., Tpa@UTOBBIX 3JEKTPOIOB), HE
CO3JAI0T BOCCTAHOBUTEINIBHBIE YCIOBUS B MHUHEpalbHOM pacmase. H3-3a 3TOoro otHomeHue
Fe(Il):Fe(Ill) meHbIme, yeM HYKHO aJisi OTHECTOMKMX mponyktoB m3 MMVF, tak kak mis
YBEJINYEHHUS 3TOrO OTHOLIEHHS TPEOYIOTCS BOCCTAHOBUTENbHBIE YCIIOBHUS. bpIIO OBI XKenaTenpbHO
yBenuunth oTHomeHue Fe(Il):Fe(Ill) nnst mnoBblmeHWs TEPMUYECKOH CTOHKOCTH U
orHectorikoctu npoaykroB u3 MMVF. B wactHocTH, npu OOJbIIeM OTHOIIEHHH CBOIUTCS K
MUHUMYMY WIH JaK€ NPEAoTBpalaercs ycaaka npoaykros us MMVF npu noxape wiu B UHOM
Clly4ae BO3[E€HUCTBUsI BBICOKOU TEMIIEPATyPHhI.

B criocoGe no nyHkTy 1 popmysl nusoOpereHus sta npobiema pelieHa nyTeM BBeISHUS
B M€Yb METAUIMYECKOTO AQJIOMHHUSA JHOO B COYETAaHMM C JPYTUMHU MHUHEPAIbHBIMU
Marepuanamu, JHOO OTHENbHO, MOCPEACTBOM HYero CO3JAI0TCS BOCCTAHOBHUTENBHBIE YCIOBHS,
HeoOXomumble it nocTiskeHus: 3amaHHoro ortHomeHus Fe(I) k Fe(Ill). Oto oOycnoBneHo
OKUCJIUTENbHO-BOCCTAHOBUTEIBHON peakLuell, B XOAe KOTOPON METANIMYECKUN aTFOMUHHUN
okucysiercs: 1o Al,Os, a Fe,Os BoccranaBnuBaercss 1o FeO B COOTBETCTBHH ¢ M300pEeTEHUEM.
CrenoBarenbHo, cooTHoeHneM FeO:Fe,O3 MOXHO yrpaBsiTh.

Marepuan, BKIFOYAOIINN METAJUNTMYECKUH alFOMUHUN, MOXKeT conepxkath ot 0,5 mo 10%
BEC. METAJUINYECKOTO aJIFOMUHUSA, IPEANOUTUTENBHO, 1-5% Bec. MeTaInuecKkoro ajao MUHMSIL.

Marepuan, BKIIOYAOMUNA METAUIMYECKUN aMIOMHHHUH, IOMHMO METAJNINYECKOro
ANIOMHUHMS TAaK)K€ MOXET AOIMOJHUTENBbHO coaepxarb oT 50 mo 90% Bec. okcuaa anrOMHUHUSL
Oxcup anoMHUHUS sIBJIsIETC BaKHbIM KoMrnoHeHTOM MMVE, nostomy ero BBeneHue Hapsay C
METAJUTNIECKUM AJIFOMUHHUEM SIBJISIETCS] OJIarOMPHUSITHBIM.

Marepuasn, BKIIOYAOIUN METAUTMYECKHH AJIOMUHUN, MOXET MMeThb (OpMy dHacTuil,
npu 3tom, 90% Bec. wactun MeHbime 1 MM. brmaromapsi 3TtomMy MoOXeT OBITH YIIPOIIEHO
pPaBHOMEPHOE MEpEeMEIIMBAaHUE MCTOYHUKA  METAUIMYECKOrOo  aJIIOMUHUA C  APYIUM
MUHEPAIbHBIM KOMIIOHEHTOM H, CJIE€JOBaTEIbHO, IIOJYY€H MHUHEPAIbHBIM pacCIUlaB ¢

eI[HHOO6paSHbIM COCTaBOM. HpeI[HOLITI/ITeJ'IbHO, OTHUM MaTCpHUaAJIOM SBJISICTCS aJIFO MUHHUEBBIN



L1JIAK.
ANIOMMHUEBBIH INJIAK  TPENCTaBisieT coOOH  TBepHable OTXOABI  IMPOU3BOACTBA
AIFOMUHUEBON MPOMBIIIJIEHHOCTH M COZIEPIKUT, TIIaBHBIM 00pa3oM (00brdHO, ot 50 1o 90% Bec.),
Al,O3 u okono 0,5-10% Bec. MeTANJIMYECKOrO AaJIOMHHHA. AJIOMHHHMEBBLINA IIJAK MOYKET
cocTaByATh OT 5 10 30% Bcell MUHEpaIbHON IUXTHI, HanpuMep, npudnusurensHo 10% sec.

AnromuHUeBbIH muIak copepkut ot 0,5 mo 10% Bec. MeTammueckoro amoMuHus, ot 50
no 90% Bec. okcuma amomuHusg AlLOs um or O mo 49,5% Bec. Ipyrux MarepHalioB.
[IpenmoyrurenpHO, aMIOMUHUEBBIM IIJIaK COXEPXKUT OT 2 a0 6% Bec. MeTauIn4ecKOro
amoMuHus. Jpyrue Matepuaibl MOTYT MPENCTaBIATh COOOH OMH UM HeCKoNbKo u3 Si0,, MgO
u Fe,Os. IlpenmoutuTenbHO, aJIOMUHHUEBBIM IJIAK COAEPXKUT OKCHUABI KOPYHIA, LIMHHENU U
MYJUINTA.

AJNIOMUHUEBBIM IIJJAK MOXKET XapaKTepU30BaTbCsl PEryJUPYEMBbIM pacIpeneieHueM
JacTull Mo pasMepaMm. Hampumep, amrOMHUHUEBBIM LUIAK MOXET XapaKTepU30BaThCsl TaKUM
pacmpeneneHueM YacTHUL 1Mo pa3Mepam, B KoTopoM 90% Bec. yacTuLl UMeeT pa3Mep MeHee | M,
npeanoututensbHo, 90% Bec. meHee 200 Mxm. CpenHuil pasmep 4acTULl aTFOMUHHEBOIO IJIaKa
MOxeT cocTaBiisATh OT 10 no 100 mxm, Hanpumep, ot 20 1o 30 MkMm.

ConepxaHne METAJIMUECKOTO  AOMHUHUSIT M OKCHIAAa QMIOMHHHS (M JAPYrux
KOMIIOHEHTOB) B I€pecdYeTe Ha CyXO€ BEIIEeCTBO OMNPENEeNsIOT CTAHAAPTHBIMH METONAMHU.
Hanpumep, conepkaHHe METANIMUECKOTO AFOMUHHUSL MOXET OBbIThb ONpPEAeNieHO MyTeM
MPOBEICHUS] PEAKLUU MaTepuaja C CUIbHbIM OcHOBaHHeM, TakuM kak NaOH. KomuuectBo
METAJUINYECKOTO ~ AJIOMUHHUS MOXKET OBIThb OIpEeNeNeHO0 Ha OCHOBAaHHMHM  KOJIMYECTBA
BBIJICJTUBIIETOCS ra3000pa3HOro BOAOPOA.

HCTOYHMKOM  aTIOMHHHMEBOTO INJIAKA MOTYT OBITh, MPEANOYTUTENBHO, OTXOJBI
IPOMBILIJIEHHOTO TPOU3BOACTBA AMIOMUHUA. B 4YacTHOCTH, B MpoOLECCe JHThbs aAIIOMHUHUS
o0pasyeTcst onpeneNeHHOe KOINYeCTBO OOOTaIleHHBIX OKCHIOM aJIOMUHHS OTXOAOB, KOTOpBIE
OOBIYHO HA3bIBAOT ATFOMUHHEBBIN MUTAK». B HEM MOXKET Conep KaTbCs 3HAYMTEbHAS JOJIS
METAJUINYECKOTO AJIOMHHHMS, TO3TOMY €ro TOABepraloT o0padoTke, HANpPaBJICHHOH Ha
U3BJICUEHNE METAJUIMYECKOro amroMuHus. Kak npaBuio, aJrOMUHHUEBBIM IIJIAK pa3MeNbyaroT,
pPa3MalbIBAIOT U MPOCEUBAIOT. TakuM 0Opa3oM MOJyHarOT HEKOTOPOE KOJUYECTBO AJFOMUHUS
IUTSL TIEPeTPOAaKu U OOOTAIIEHHYIO AFOMUHHEM (DPaKIMI0 KOTOPYHO HAMpPABISIFOT B MEYb IS
MIOBTOPHOT'O HCIONB30BaHUA. [T000YHBIM MPOAYKTOM TaKKe SIBISIETCS OOOTAINEHHBIH OKCHIOM
AFOMUHUS TIOPOIIOK. JTOT IMOPOIIOK MOXKET OBbITh 3(pdeKTHBHBIM 00pa3oM HCIONB30BaH B
Ka4eCTBE HCTOYHHKA METAJUIMYECKOTO QIOMUHHUS B CIHOCOOE HACTOSILIEro H300peTeHus.
OOGoraiueHHplli OKCUAOM ATFOMHUHHUS MOPOLIOK, TOJYYEHHBIH NMPH 00paboTKe aTrOMHHHEBOTO
miaka (M3MENbUYEHHBIH aJIOMHHHMEBBIM IIUTAK), MOMKET COAEepXKaThb HEKOTOPOE KOJHYECTBO
raJIoreHCOIepIKAIINX MaTepuaioB (1o Becy), Hanpumep, ot 1 no 10%, npenmodrurensHO, OT 1
10 8%. B yacTHOCTH, raJoreHcoaepIKaiue MaTepratbl BKIIOYAI0T GTOPUA U XIJIOPH.

OborameHHyr0  amrOMUHUEM  (pakiuio, HeoOs3aTeNbHO, BMeCTe C APYTUMHU
COZEPKALTUMH AFOMUHHUHM OTXOAAMH, IOJBEPraloT MepeIulaBKe B IMEYU. JTO MOXKET OBbITh

BpalLIaoIascs nedyb Win meub g oOxkura. Conepskaiiue amfOMHUHMNA OTXOABI MOTYT OBITh



NOJBEPTHYTHI IUIA3MEHHOMY HarpeBy. MoskeT ObITh HCIONB30BaHa OObIUHAs mnedb. B medb
OOBIMHO BBOJAT COJb C IENBbI0 CHIDKEHHUS TOBEPXHOCTHOTO HATSDHKEHUs aIOMHMHHUS U
YMEHBLICHUS] OKHCIEHMS. OTOT IMpPOLECC MO3BOJSIET TMOJIYYUTh (PPaKIUI0 aTFOMHHMSA IS
nepenpoaaXu, JONOJHUTENBHOE KOJIMYECTBO AIFOMUHHUEBOTO 1IjIaka U coeBoi mak. ConeBoi
IIJaK MOXKET OBITh MOJABEPTHYT BJIAKHONH XUMHYECKOH 00paboTke (BKIIOYANOLIEH MPOMBIBKY
BOJOW W BBICOKOTEMIIEPATYPHYIO 00pabOTKy) € TOJy4YEeHHUEM COJIEBOH (PAKIMH, KOTOPYIO
PELUPKYJIUPYIOT B 1€4b, U JOMOJHUTEIBPHOIO KOJINYECTBa OOOTALEHHOTO OKCHUAOM ATIOMUHHS
MOPOLIKA, KOTOPBIA TaKKe MOXKET OBbITh MCIONb30BAH B KaYECTBE MCTOYHHKA METAJUIMYECKOrO
ATIOMUHUST B COOTBETCTBHU C HM300pETEeHHEM. ODTOT TNPOAYKT XapaKTePH3YETCs MEHbLINM
COZIEpKAHMEM TJIOTEHCONepIKAIlUX MaTepuasioB (Hampumep, (ropuaa), dem oOOTalIEeHHBIH
OKCHIIOM QJIIOMUHUSI TOPOIIOK, TMOJy4aeMblii mpu 00paboTKe aJIOMUHHEBOrO IIJIaKa
(pa3moJIoThIN amroMuHUEBBIH nuTak). Comep:kaHue rajorena (o BeCy) MOKeT COCTaBJsTh OT 0
10 5%, gacto, no menbieit mepe, 0,5 unu 1% u, npeanouTUTENHHO, HE npeBbIimaeT 3%.

ANIOMMHUEBBIH [UTAK TIPEACTABIACT COOOM OTXOABI MPOU3BOICTBA ANOMHUHHUEBOU
NPOMBIIIJIEHHOCTH B ()OpME YaCTHUI] U COAEPIKHT, IIaBHbIM o0pazoM (00eraHO, oT 50 mo 90%
Bec.), Al,O3 u okoso 0,5-10% Bec. METAIUTMYECKOTO AJTIOMUHUS. AJIFOMHUHHUEBBIN IIIAK MOXET
cocTaBJyATh OT 5 10 30% Bceit MUHEpaNbHOH MUXTHI, HanpuMmep, npudamureasHo 10% sec. Ero
HCIIOJIb30BAHUE B KOJHMYECTBE, JIEKAILleM B YKa3aHHOM JUala3OHe, MO3BOJISIET YMEHbLIUTH
noTpeOHOCTh B HCIIOJIB30BAHUU TMEPBUYHOIO ChIPbs UII KOMIOHEHTa kKomnozunun MMVE,
SBJIIOIIETOCS MCTOYHHUKOM OKCHJIA AJIOMHHHS, OIHOBPEMEHHO o0OecreunBasi >KeaTeNbHBIN
3¢ ekt cBeneHnst K MUHUMYMY YCaIKH KOHCOJUANPOBAHHBIX poaykToB MMVE.

B HeKoTOphIX BapuaHTaX OCYIIECTBJIEHUS M300peTeHUsT MaTepHal, BKIFOYAOLIUI
METAJUIMUECKUI aFOMUHUM, conep:kuT oT 45% Bec. 1o 100% Bec. MeTaIMUECKOro aJFOMUHMS,
NPEATIOYTUTENBHO, N0 MeHbIlel Mepe, 85% Bec. MeTalInuecKkoro amoMuHus. bonee BbIcOkoe
IIPOLIEHTHOE COAEPKAHME METAIMYECKOro AJIOMHMHMA O3HAYAeT, YTO 3TOT MaTepHall MOXKET
MPUCYTCTBOBATh C MEHBLINM IPOLIEHTHBIM COAEpP>KAaHHEM OTHOCHTEIBHO BCEro HCXOIHOTO
MHUHepalibHOro Marepuana. Hanpumep, UCXOIHBIN MUHeEpaIbHBIM MaTepHall MOXET COAepKaThb
ot 0,05% nmo 10% Bec. B mepecuere Ha METAJNIMYECKHUI alIOMHHHUII MaTepuana, KOTOpPBIH
conepkuT oT 45 1o 100% mertannuyeckoro aqmoMuHusA. Martepuai, KOTOPBIH COIEPIKUT OT 45 1o
99% MeTaJNINYeCKOro AFOMHUHHUS, MOXKET MMETh JIIOOYI0 HAIJIeKAIIy (PU3UYECKYI0 (GopMmy.
[TpuronHele MaTepuanbl BKIIOYAIOT AJFOMHUHHUEBBIA I'PAHYJSIT U OAMH WIH HECKOJBKO OJIOKOB
METaIIMYECKOr0 aJIFOMUHUSIL.

TpeOyemoe konudecTBO rpaHyisata Al OTHOCUTEIBHO BCEW MHHEPATBHOW IIUXTHI
COCTABJIIET MEHBIIYIO JIOJIFO, YeM KOJHYECTBO AaJIOMHUHHEBOrO IUIaka, Tpedyemoe s
o0ecrieyeHns1 TOro e KOJMYECTBA METAJUIMYECKOrO aJOMUHUS, npuoOmmsurensHo, 0,2% Bec.
BCEM MUHepanbHOM mMXThl, Hampumep, oT 0,1 go 0,5% Bec. Bceli MUHEpAJIbHOW IIMXTHI,
Haripumep, oT 0,2 no 0,4% Bec. BCel MUHEPaAJbHOHN IIUXTHI B MepecyeTa Ha METaJUINYECKUM
AJTFOMUHHH.

brokn Moryt mmerp Haanexamyr (Gopmy, HarmpuMmep, CTepKHeH, OpycKoB, OOJBaHOK

wim npyryio Gopmy. biioku moryT conepskatb oT 45 10 100% Bec. METaUTMYECKOTO aTFOMHIHUS,



MPEANOUTUTENBHO, MO CYLIECTBY, MOJHOCTBIO COCTOAT U3 MeTannudeckoro amoMmunus. Korga B
Ka4ecTBE HCTOYHHMKA ANIOMHHMS MCIIONB3YIOT OIWH WM HECKOJbKO OJIOKOB, OJIOKH,
NPEATIOYTUTENBHO, UMEIOT (POPMY CTEPIKHEH.

CrepkeHb METANJIMUYECKOrO ANOMUHHS HIN ONOK MHOM (POpMBbI MOXKET OBITh BBEIEH
HETOCPEACTBEHHO B MMHEPAJbHBIN pacljiaB B I€4YH. DTOT CIOCOO MO3BOJSIET HCKIIOUYUTH
NPEKACBPEMEHHOE  OKHCJIEHHE METAJJIMYECKOrO  aJIOMUHUS, TEM CaMblM, IIOBbIIIAS
3¢ (eKTUBHOCTD MpoLecca.

UroObl  HCKJIIOYUTHh  MPEKICBPEMEHHOE  OKHCJICHHE  KOMIIOHEHTa  TPaHYJIITa,
npeAcTaBysomero  coboil  merayumueckuin  Al, rpanyasr Al moxer ObIThb  BBeIeH
HETIOCPEACTBEHHO B BaHHY pacruiaBa. Hampumep, st 5TOro MokeT ObITh MPUMEHEHa ropeika
win  (ypma, HampuUMep, KHCIOPOAOTOIUIMBHAS TOpeNKa C LEHTPAJIbHBIM KAHAJIOM JUIS
TpaHcropTa rpanyJsarta Al.

I'panynsar MokerT ObITh BBENEH OTAEIbHO, KAaK KOMIIOHEHT HMCXOIHOTO MaTepuaa,
KOTOpPBIM BKJIOYAeT TOJBKO rpaHyiarT Al. B kauecTBe ajbTepHATUBBL, OH MOXET OBITH
NpeBapPUTENbHO CMEIIaH C HAMOJHUTEEM, U CMeCh IpaHyJisita Al U HanmoJHUTENs BBEACHA B
neyb Kak CMEIIaHHbII KOMIIOHEHT MCXOJHOro Marepuana. Haanexamiue HamoJdHUTENIH
BKJIFOYAIOT PA3JIMYHbIE HCXOAHBIE MAaTepHasibl, KOTOPble MOTYT MpPEACTaBISATH COOOH
UCTIONBb3YEMBIE JTOTIONHUTENbHBIE UCXOAHbIe MaTepuanbl. Hanpumep, rpanynst Al moxker ObITh
IO BBEIEHUS B LHKJIOHHYIO TMedb CMEIIaH ¢ MEeJKOAWCIepcHou ¢pakiueit ¢uiptpa (T.€.,
MEJKOJUCIIEPCHBIMM YaCTHL[AMH MCXOJHOTO MaTepuana, HW3BJIEKAEMbIMH U3 BBIITYCKHOIO
¢unbpTpa UKIOHHON meun). Hanmekainee mpoLeHTHOe coiepskaHue rpanyisita Al B cMecHu ¢
HanoJHuTeneM coctasiser or 1 1o 90%, nampumep, ot 10 no 70%, nHanpumep, ot 15 no 50%.
bnarogapst uCrIoNb30BaHUIO CMeCU rpaHyssiTa Al ¢ APYTMMHU UCXOAHBIMU MAaT€pUATAMU MOXKET
OBITH YJIyUIIEHO PEryJMpOBaHUE JO3UPOBAHMS METAJUINYECKOrO AIFOMUHUS B JAHHOM IPOLIECCE.

I'panynsar Al xopowo cmemuBaercss ¢ pacIijlaBOM, TaK Kak BEJIMYMHBI IJIOTHOCTHU
pacruiaBa ¥ METAJJIMYECKOTO ATFOMUHUS OJIM3KH.

Kpome »storo, rpanynar Al sBisercs HamMHOro Oojiee YHCTBIM MAaTE€pPHAIOM, YeM
AJTFOMUHUEBBIN 1ILJIAK.

Pasmep wactun (cpemHuil QuaMeTp YacTHIBL, MPH STOM, 3a JUAMETP YaCTHUIBI
NPUHUMAETCsl HauOoJbllee HM3MEpPEHHe YacTHIbl HECMOTPSl Ha TO, SBISIETCS JIM YacTHIA
cepuueckoii) rpanyssta Al MOKET He MpeBbImaTh 15 MM, HapuUMep, COCTaBJISITh MeHee 10 MM,
HanmpuMmep, MeHee 5 MM. B OZHOM U3 NpENNOYTUTENbHBIX BapUAaHTOB OCYLIECTBJICHUS
nu300peTeHust pa3mMep 4acTul (CpemHHMH OUaMeTp YacTHIbl, MPHU 3TOM, 32 AMAMETP YaCTHLIBI
NPUHUMAETCsl HauOoJsbllee HM3MEpPEHHe YacTHLbl HECMOTPST HAa TO, SBIIETCS JH YacTHIA
cepuueckoii) rpanynsta Al MOKET He MPEBBIATh 3 MM, HAIIPUMEpP, COCTABJIATh MEHEe 2 MM,
Harmpumep, MeHee 1 mm.

B coorBerctBMM ¢ u300peTeHHEM, HCXONHBIH MHUHEPAJbHBIH MaTepHal MOXKET
conepxatb ot 0,1 10 0,5% Bec. MeTaNIUYECKOro ATFOMUHUS.

B mpennmoururenbHbIX  BapuaHTax ~— OCyllecTBieHust  u3obperenus =~ MMVF

XapaKTePU3YIOTCS  CIENYIOLUIUM COAEp:KaHHUEM KOMIIOHEHTOB B II€pecueTe Ha OKCHUJD,



BBIPAKEHHBIM B BECOBBIX IMPOLICHTAX :

Si0;: mo menbIuei mepe, 30, 32, 35 unu 37; He Gonee 51, 48, 45 nnu 43

CaO: o menbiueit mepe, 8 wiun 10; He Gonee 30, 25 wu 20

MgO: no menbiueli mepe, 2 unu 5; He Oonee 25, 20 wn 15

FeO (Bxiouas Fe,O3): mo menblieit mepe, 4 wu 5; He 6osee 15, 12 wiu 10

FeO+MgO: no menbiueit mepe, 10, 12 wnu 15; ne 6onee 30, 25 wmu 20

Na,O+K,0: Hosb miu, o MeHbliel mepe, 1; He 6osee 10

CaO+Na,O+K,0: no menbineii mepe, 10 wnu 15; He 6onee 30 wnu 25

TiO,: HONB WK, IO MeHbInel Mepe, 1; He Oonee 6, 4 wnu 2

TiO,+FeO: no mMeHbleit Mepe, 4 wnu 6; He 6oee 18 mmu 12

B,O3: HONB WK, TIO MeHbIIel Mepe, 1; He Oonee 5 wim 3

P>Os: HONb vuTH, 110 MeHbInel Mepe, 1; He Oosee 8 wu S

Jlpyrue: HOJb WK, IO MeHbIeH Mepe, 1; He Oonee 8 wiu 5

BookHa, mpeAnouTHTENhHO, XapaKTePU3YIOTCs TeMIiepaTypoi miasyeHust oonee 800°C,
bonee npennourutenbHO, 6onee 1000°C.

MMVF, u3rotoBjieHHbIE CIIOCOOOM HACTOSIIIETr0 H300PETeHUS, TPEANOYTUTEIbHO HMEFOT
CJIENYIOIINN COCTaB B BECOBBIX MPOLIEHTAX :

Si0, or 35 mo 50

Al,O3 ot 12 o 30

TiO, no 2

Fe,O3 013 mo 12

CaO ot 5 o 30

MgO no 15

Na,O ot 0 mo 15

K>O or 0 no 15

P>Os no 3

MnO no 3

B>Os no 3

Hpyroii npeanoututenpHblil coctaB MM VFE B BECOBBIX NMPOLIEHTAX CIAEAYIOIINIA:

Si0; 39-55%, npennoururensuo, 39-52%

AL O3 16-27%, npennoururensHo, 16-26%

CaO 6-20%, npeanoururensHo, 8-18%

MgO 1-5%, npennouturensHo, 1-4,9%

Na,O 0-15%, npennoururensHo, 2-12%

K,0 0-15%, npennoururensuo, 2-12%

R,0 (Na,O+K,0) 10-14,7%, npeanoururensuo, 10-13,5%

P>0s5 0-3%, npeanouturensHo, 0-2%

Fe,Os3 (Bcero xenesa) 3-15%, npennoururensHo, 3,2-8%

B>0O3 0-2%, npeanouturensHo, 0-1%

Ti02 0-2% , npepnoututensHo, 0,4-1%



Hpyrue 0-2,0%

JTOT CcOCTaB MOXeT ObITh HaAJNEeKallUM o0pa3oM HCIOJNb30BAaH B YCTPOMCTBE
BHYTPEHHET0 LEHTPU(YrupoBaHHs B KAY€CTBE BOJIOKHOOOPA3YIOIIEro yCTPOHCTBA.

IIpennoururenpHelil nuanazoH coaepxkanus 510, cocrasiusier 39-44%, B uactHOCTH, 40-
43%. IlpennoututenbHblii quana3on copepskanus CaO cocrasmser 9,5-20%, B yactHocTH, 10-
18%.

Conepxxanne Al,O3 nexur, NpeAnouTUTENbHO, B AuanazoHe oT 16 no 27%,
MPEANOYTUTENbHO, Oosbie 17% w/wuiu, mpeanouTUTeNbHO, MeHblie 25%, u cymma SiO; u
Al,Os, peanoyYTUTENBHO, cocTaBisieT OT 57 mo 75%, npeanodrurenabHo, Oosbine 60% wu/wiy,
NPEATIOYTUTENbHO, MeHbIne 72%. Konn4ecTBO OKCHAOB MIENIOYHBIX METAJUIOB (HATPUS U KaJTHsl)
(R,O) B naHHOW KOMIIO3ULIUU BOJIOKOH, TPEATIOYTUTENBHO, JOBOJILHO OOJIBIIOE, HO OTPAHUYECHO
nuamnazoHoM 10-14,7%, npeanoututensHo, oT 10 mo 13,5%, npu 3TOM, KOJIMYECTBO OKCHAA
MarHus paBHoO, N0 MeHblIel mMepe, 1%.

IIpennoururensHo, Al,Os mpucyTcTByeT B koaudectse 17-25%, B wactHocTH, 20-25%, B
yacTtHocTH, 21-24,5%, B wactHOCTH, OKoyno 22-23 wmmu 24% Bec. IlpeumyinecTBeHHO,
ColepKaHUWEe OKCHUIAa MarHusi COCTaBjsieT, Mo MeHbineir wmepe, 1,5%, B wactHOCTH, 2%,
MPEIMOYTUTENBHO, 2-5%, 0COOEHHO MPeanOoYTUTENbHO, >2,5% wumu 3%.

B tom cnyuae, korna Al,O3 npucyTCTBYeT B KOJIMUYECTBE, [0 MeHbleil mepe, 22% Bec.,
KOJIMYECTBO OKCHAA MarHusi COCTaBJIsieT, MpPEANOYTUTENIbHO, MO MeHblueld Mepe, 1%,
MPEeUMyIIECTBEHHO, Okoyio 1-4%, mnpeanoururensHo, 1-2%, B wactHoctH, 1,2-1,6%.
Conepxxanne AlOs, mpeamouTuTenpHO, orpaHudeHo 25%, yToObl TeMmepaTrypa JUKBUAyCA
ocraBajjach focrarouHo Huskod. Korma AlOs; npucyrctByer B MeEHbIIEM KOJIUYECTBE,
Hanpumep okoso 17-22%, KOJMUYECTBO OKCHAA MAarHusi COCTaBJIAET, HPEANOYTUTENBHO, II0
MeHbIIel Mepe, 2%, B YaCTHOCTH, OKOJIO 2-5%.

OOmmee xommyecTBO OKcuAOoB Fe m Mg Ba)HO C TOUKM 3pEHUS PEryJMPOBAHUS YCaIKU
m3omupyromux MMVEF. Kpome storo, otHowmenue Fe(ll):Fe(Ill) Bnuser Ha mapamerpsl
msompyromux MMVF B mpu mnoxkape, korma okucinenue Fe(Il) no Fe(Ill) sBasiercs
OJIarOMPHUSITHBIM MPOLIECCOM.

[TpeumyiecTBeHHO, BOJIOKHA XapakTepusytorcs oTHomeHuem Fe(Il):Fe(Ill) Gonee 2,
Hanpumep, Oonee 3. Jloms Fe(3+) orHocurenpbHOo Bcero Fe B pacruiaBe nmo craguu
BOJIOKHOOOpa3oBanusi © B MMVF, BooOIe, MeHbIe 5%, mpeanouTuTeNnsHo, MeHbine 3%. 1o
OJIaronpUsITHO JUTSI MPENOTBPALIEHHS YCATKH.

Kommuectso Fe(2+) um Fe(3+) moxker OwiTh ompeneneHo wmeromoMm Meccbayspa
(Mossbauer), onmcanneiM B «The ferric/ferrous ratio in basalt melts at different oxygen
pressures», Helgason et al, Hyperfine Interact., 45 (1989) pp 287-294.

OO0mee KONMUYECTBO JKeje3a B PaCIUIaBe MIIM KOMITO3MLIUU BOJIOKOH OTHOCHTEIBHO BCEX
OKCHJIOB B pacIljlaBe WJIM BOJIOKHAX paccuuThiBaeTcs kak Fe,O3. JTo sBiseTcs cTaHAapTHBIM
CrIO0CO0OM BBIPA)KEHHsSI KOJMUYECTBA JKeJe3a, MPUCYTCTBYOMEro B monodbHsix MMVE, muxTe mmn
pacmiaBe. PeanbHoe BecoBoe mpoueHtHoe conepxkanue FeO u Fe,O; Oymer u3meHsThCS B

3aBUCHUMOCTHU OT COOTHOLICHHA OKCHUAOB XKECJIC3a W/MJIH COCTOSIHUE OKHUCJIEHUS-BOCCTAHOBJICHHS



pacruiaBa. Hanmpumep,

Tabnuma 1

Fe(3+) Fe(2+) Fe(3+)=80/20 Fe(2+)/Fe(3+)797/3

F€203 FeO F6203 FeO F€203

% Bec./Bec. % Bec./Bec. % Bec./Bec. % Bec./Bec. % Bec./Bec.

Fezog FeO Fezog FeO F6203
3 2,2 0,6 2,6 0,09
4 2,9 0,8 3.5 0,12
5 3,6 1,0 4.4 0,15
6 4,3 1,6 5.2 0,18
7 5,0 1.4 6.1 0,21
8 5.8 1,6 7.0 0,24

Takum o00Opa3oM, CHeLMANIMCTaM TMOHSATHO, 4YTO pEAJIbHOE BECOBOE MPOLIEHTHOE
Collep’KaHue TMPUCYTCTBYIOIIMX OKCUIOB Kejie3a OyneT 3aBuceTb OT oTHOmmeHusi Fe(2+) x u
Fe(3+).

Croco® HacTosmero M300pETeHHs] MOXKET IOMOJIHUTENBHO BKIFOYATh KOHCOJHUIALIUEO
MMVF ¢ o0pa3oBaHueM KOHCOJHIUPOBAHHOTO TPOAYKTa, coaepxkamero MMVE,
KoHconmmupoBaHHbIE MPOAYKTBI MOTYT OBITh HCIOJIB30BAHBI BO MHOJKECTBE BapHAHTOB
NPUMEHEHHUs, BKJIIOYas OrHECTONKHE M30JUpYIOLIMe TMpOAYKThL B Takux BapuaHTax
NPUMEHEHUS] YMEHbIIEHHE YCaIKU OCOOEHHO OJIArONPUSITHO, TaK KaK MO3BOJISIET COKPATHTh PHUCK
00pa3oBaHMs TEPMUYECKUX MOCTHKOB U 3230POB B U3OJISLIHHL.

ITeun, mpurogHbIe U1 UCIIOJIB30BAHMS B CIIOCOOE HACTOSIIErO U300PETEeHNUs, BKIIFOYAIOT
3JIEKTPUYECKUE CTEKJIOIUIABIIIbHBIE II€YH, H3BECTHbIE CIIELMAINCTaM B JaHHOH oOjacTu, B
KOTOpBIX [AJid IJIABJCHUs MCXOJHOTO MHUHEpAJbHOIO MaTepuaia INPUMEHSIOT HarpeBaHHe
JUKOYJIEBOM TEIUIOTOM C  HCIONb30BAaHUEM MOJIMOAEHOBBIX 3JeKTpomoB. Ecmu  HykHO,
HarpeBaHWe JDKOYJIEBOW TEIUIOTOH MOXeET OBITh JOMOJHEHO CXKUTaHWeM TIa3000pa3Horo
TOIUIHBA.

Uzo0peTeHne Takke MOXKET ObITh PEalM30BAaHO B IMEYHM-BaHHE, TAE JJIS TLJIABJICHHS
HCXOJTHOTO MUHEPAJIbHOTO MaTepHalia HCIOIB3YIOT TEIUIO OT CXKHUTaHHsI ra3000pa3HOro TOIUIHBA,
JOTIOJTHSISL €70 JPKOYJIEBOH TEIUIOTOH ¢ MCIIOIB30BAHUEM MOJMOIEHOBBIX 3JIeKTpoaoB. [Teun sTrx
TUTOB U3BECTHBI CIIELIUATUCTAM B TAHHON OOJIACTH.

HcxonHble MaTepualbl, HCIOIb3YEMbIE B KaUECTBE APYTUX KOMIIOHEHTOB MUHEPAJbHOM
IIUXTHI, MOTYT OBITh BBIOPAHBI, KAaK HM3BECTHO, W3 LIMPOKOrO CIEKTpa HCTOYHUKOB. OHHU
BKIIIOYAIOT 0OaszanbT, amaba3, He(ennH CUEHHUT, CTEeKJO0OW, OOKCHUT, KBapIEBBbI MECOK,
U3BECTHSK, PA3OPUT, TeTpadopaT HATPHs, ITOJOMUT, COMY, OJIMBUHOBBIN NecOK, mortam. Takke
MOTYT OBITh UCTIOIb30BAHBI OTXOMBI.

Bonokma MMV MoryT OBITP H3rOTOBJIEHBI W3 MHHEPAJBbHOTO paciuiaBa OOBIYHBIM
obpaszom. Kak npasmiio, mpuMeHSIFOT Crtocod BOJIOKHOOOPA30BaHUs MyTeM LEHTPH(YTUpOBaHHUSL.

Hanpumep, BoMOKHa MOTyT OBITP HU3TOTOBIEHBI C HCIIOJB30BAHUEM TEXHOJOTHU
BPALIAIOINErocsl CTakaHa, U3 KOTOPOTO pacIuiaB BBIOPACBIBAETCS HApPYXKy uepes nepdopauuro.
PacrutaB mpeoOpas3yroT B BOJIOKHA C HCIIOJIb30BAHHEM TEXHOJOTHMM BPAIAFOINErocsl CTaKaHa

(Taxke MHOTZA OMHCHIBAEMON KaK TEXHOJIOTHsl BHYTpeHHero HeHTpudyruposanus). B xoHie



MOJIBOASIIIErO KaHajla A0 MOAauyy BO BPAINAIOLIUINCA CTaKaH pacIliaB, NPEANOYTUTENbHO, UMEET
TeMreparypy B auanaszoHe ot 1260°C no 1300°C. IlpeanodTuTenpHO, MpU MNEPEXOAe U3
MOJBOASIIIErO KaHaja BO BHYTPEHHIOIO 4acTh BPALIAIOIIErOCs CTAKaHA PACIIaB OXJIAXKAAETCs
TakUM 00pa3oM, UTO TEMIIEpaTypa pacIljiaBa, MPOXOASALIETo uepe3 neppopalnio Bpalaromerocs
cTakaHa, JexuT B nuama3zone ot 1150°C go 1220°C.

Bsi3kocTh pacmiaBa BO BpalAIOLIEMCsl CTakaHe JekuT B auanaszone ot 50 go 400 Ila-c,
npeanoututensHo, ot 100 mo 320 Ila-c, 6onee nmpeanourutensHo, ot 150 no 270 IMa-c. Ecnu
BS3KOCTh CJIMIIKOM MaJjla, BOJIOKHA 3aJaHHOM TOJIUHBI He oOpasyrorcsa. Ecnu Bs3KOCTB
CIIMIIKOM BEJIMKA, pPacIUlaB He MPOXOAMUT dYepe3 OTBEPCTHS BO BpALIAIOIIEMCsS CTaKaHe C
HaJUJIeKaIeld CKOPOCTBIO BBITSITUBAHUS, YTO MOXKET NMPUBOIUTH K OJIOKMPOBAHHIO OTBEPCTHIl
BpAILAIOLIErocs CTaKaHa.

[MpenmoyturenpHO, paciuiaB MNPeoOpa3yrOT B BOJIOKHA CIOCOOOM  BpPALIAOLIErOCs
crakaHa npu temneparype ot 1160 go 1210°C. BsiskocTs pacniasa, NIpeANOYTUTENbHO, JIEXKUT B
nuana3zoHe 100-320 [1a-c npu TeMnepatype npsiA€HUs.

B omHOM U3 aNbTepHATUBHBIX CHOCOOOB BOJIOKHOOOPA3OBAaHHS PACIUIaB MOKET
OTOpPAchIBATECS BPAINAKOLINMCS IHCKOM, BOJOKHOOOPa30BaHHE MOXKET OBbITb AKTUBHPOBAHO
IOYTbEBBIM ra30M, MPOMYCKAEMbIM CTPYSMHU Yepe3 pacIuias.

B onHOM M3 MpennoyYTHTENbHBIX CIOCOOOB, BOJOKHOOOPA30BAHUE OCYIIECTBISIIOT ITyTEM
HAJIMBAaHUs PaCILIaBa Ha MEPBBIM POTOP KaCKaAHOW MPsAMJIBHON MalluHbl IpennoyturensHo, B
5TOM CJIydae pacIulaB HAJIMBAIOT HA MEPBBIM U3 HAOOPA, COCTOALIETO U3 IBYX, TPEX WM YETHIPEX
pPOTOPOB, Ka)/Abll M3 KOTOPBIX BpAIaeTCsl BOKPYT, MO CYIIECTBY, TOPU3OHTAIBbHON OCH, MpPH
5TOM, pacIjiaB OTOpachIBa€TCsl IMEPBBIM POTOPOM, TJIaBHBIM 0Opa3oM, Ha BTOpPOHl (HIDKE
PAacCIIONOKEHHBII) POTOP, XOT HEKOTOPOE KOJIMYECTBO MOXKET cOpachIBaThCs B MEPBOrO POTOpa
B (opMe BOJIOKOH, CO BTOPOrO pPOTOpa pacijiaB cOpachiBaeTcsi B (OpMe BOJIOKOH, XOTS
HEKOTOPOE KOJIMUECTBO MOKET OTOPACHIBATHCS HA TPETHH (HMXKE PACTIONIOKEHHBIN) POTOp, U T..

MMVF  wmoryr ObiTb cOOpaHbl M KOHCOJMAMPOBAHBI ¢  0Opa3oBaHUEM
KOHCOJIMAUPOBAHHOTO MponykTa, coxepskamero MMVFE. OObMHO, TakoW MNPOIYKT MOMKET
COJZIep>KaTh JOTOJIHUTENbHbIE KOMIIOHEHTHI, TaKHe Kak cBssyroiee, npu 3ToM, MMVF sBnsercs
OCHOBHBIM KOMIIOHEHTOM. Bo5OKHa, mojydaemble B MpoLecce MNpsAAeHUs, MPeArouYTUTENbHO
COOMpArOT Ha JIEHTOYHBIA KOHBetiep. Ceszyroinee MoxeT ObiTh HaHeceHo HAa MMVF nubo B
npolLecce BOJOKHOOOpa3oBaHus, JTUOO MOCie BOJOKHOOOpa3oBaHus. CBs3yrolnee MOKET ObITh
HaHeceHO Ha MMVF mnyrem pacnbeuieHns. MoxkeT OBITh  HCIIOJIB30BAHO  CBSI3YIOLIETO
TPaZAMLIMOHHBIX ISl BOJJOKOH KaMEHHOMN BaThl TUIIOB. 3aTeM CBSI3YIOIlee OTBEP K0T, MOIydast
rotoBblii npoaykT. MMVF co cBsa3yrommM, Kak NPaBHIIO, OTBEP:KAAIOT B BYJKAHU3ALIMOHHOU
neyu, oObIYHO, MOTOKOM Topsidero Bo3ayxa. I1oTok ropsiuero Bo3ayxa MOXeET ObITh HalpaBlieH
Ha MMVF co cBsI3yIOIUM CHU3Y WU CBEPXY WJIN C MEPEMEHHBIX HAIIPaBJI€HUN B PA3HbIX 30HAX
B HampaBleHUM [UIMHbI ByJKaHu3aluoHHONW mneun. Ilocne oTBepkaeHMsi 3aTBepAeBlUAs
KOMITO3UIMST  CBSI3YIOINETO CKPEIUIieT BOJIOKHA, O0pa3ysi Cpeau BOJIOKOH CTPYKTYPHO
KOT€PEHTHYIO MaTpPHULLy.

MMVF mnocne cbopa MOTyT ObITh KOHCOJIHIWPOBAHBI, HAPUMED, MyTEeM MEePEKPECTHON
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YKJIaKNA W/WUIH TPOIOJIBHOTO CXKATHs W/HIIM BEPTUKAJIBHOTO CXKATHs, KaK M3BECTHO B JAHHOH
obxactu. OOBIYHO, KOHCONUAALMIO IPOBOAT 10 OTBEPIKIAEHHS CBSA3YIOIIETO.

MMVF, usroroBneHHble criocoboM Hactosmero uzodperenus, 1 MMVF nHactosmero
300peTeHHs] XapaKTePH3YIOTCs MPeBOCXOnHON cTolikocTeio pu 1000°C. MMVF moryT ObITh
npeoOpa3oBaHbl B MPOAYKT, MPEeIHA3HAYESHHBIH I UCTIONb30BAHUS B JIFOOOM M3 TPAAMLIMOHHBIX
BapuaHToB npumeHeHuss MMVF, mnanpumep, 1nd 3ByKO- MM TEIUIOM3OSALUU U
IIPOTUBOMNOXKAPHOM 3amuThl. K TakuM NPOAYKTaM OTHOCATCS M3OJSILMOHHBIE MPOAYKTHI, TAKHUE
Kak (erp, TpaHyNAT, IUIUTHI, PYJIOHBI, Y4YaCTKH TPyObl M Jpyrue MNPOAYKTHL, TaKUe Kak
NOTOJIOYHBIE TUINTKH, CTEHOBBIE IUIUTKH, (hacagHbIe BSJIEMEHTHI, aKyCTHUECKHE 3JIEMEHTbI U
BOJIOKHO B Macce. [IpoaykT mMoker ObITh HCIOJB30BAaH B Cpele C BBICOKOW TEMITEpaTypoOH,
Hanpumep, oT, 1o menblueii mepe, 400°C no 1000°C.

ITpoayKT MOXKET UMETh JIFOOYIO TUIOTHOCTh, COOTBETCTBYIOLIYIO BAPHAHTY MPUMEHEHHS U
W3BECTHYIO B JaHHOH oOnactu. Hampumep, MIOTHOCTh MOKET JieKaTh B auama3oHe ot 20 1o
1200 xr/™’, npenmnoyturesnbHo, or 20 mo 300 Kr/M°, Gonee npeanoutuTenbHo, or 20 go 150
Kr/M°. Ycaka BI3bIBAET 0OPA3OBAHHE TEPMHUUECKHX MOCTHKOB, YTO MOYET OBITh KPHTHYECKH
BRXHBIM B CIy4ae MWCIIONb30BAHUSI ATUX TMPOAYKTOB sl MPOTHUBONOKAPHON 3aIUTBHL
[IpenmyimecTBa ¢ TOYKH 3PEHHUS YCAAKH HAONOAIOTCS AJIS BCEX THIIOB MPOIYKTOB, OIHAKO,
O0OHapy>KeHO, YTO OCOOEHHO CYIIECTBEHHOE COKPAIEHHE YCAIKU MPOUCXOIUT, KOT/Ia TUIOTHOCTD
TPOYKTa OTHOCHTEIbHO HU3KAs,, HATIPUMED, He Bostee oT 50 Kr/M.

KPATKOE OIMCAHUE YEPTEXEU

@ur. 1 nmpencrasnser coOOH CXeMy THUIMUYHON 3JIEKTPUUECKON IE€YH, KOTOpask MOXKET
OBITH UCIIOJIB30BAaHA B CIIOCOOE HACTOSINErO H300PETEeHHS.

Ha ¢ur. 2 nokazaHo pacrnosnoxeHue 3J1eKTPOJIOB Ha MOMNepeuHOM ceueHnu ¢ur. 1.

ITOAPOBHOE OITMCAHME M30BPETEHMA

Jlanee co ccbuikoif Ha ¢ur. 1 U 2 onmcaHbl MPUMEpPHBIE CHOCOOBI, COOTBETCTBYIOLINE
U300pEeTEHUIO.

Ha ¢ur. 1 u 2 cxemaTnyHO NOKa3aHa 3JekTpudeckas neub 1. McXonHbIi MUHEpaTbHbIH
MaTepHal, MoAaBaeMblli B Me4yb | yepe3 OIMH WJIM HECKOJIbKO BIYCKOB 2, 3, oOpasyer cioi 4
MOBEPX BaHHBI 5 pacruiaBa. MCXOAHBIM MUHEpaNbHBIM MaTepuaj IUIABSAT MyTEM HAarpeBaHUs
IDKOYJIEBOH TEIUIOTOH € HCIOJIb30BAaHHEM MOJHONEHOBBIX 3jekTpomoB 6. Ha ¢ur. 1 u 2
3JEKTPOABl O TIOKa3aHbl KakK BBICTYMaromue M3 OOKOBBIX cTeHOK 7 meun 1. B ppyrux
KOH(pUIypauusx 3JEKTPOAbl MOTYT TIOTPYXKAaThbCsS B paciylaB CBEPXy IMPH YCIOBHUH, YTO
3JIEKTPOABI 3allUIIEeHbI OT BO3yXxa. B kauecTBe anbTepHATUBbI, 3JIEKTPObl MOTYT BBICTYNATh U3
nHa medd. Pasnudnble BapuaHThl 0a30BOM KOHPHUIypamMu 3JIEKTPUYECKOH CTEKJIOIIIABHIBHON
NeYH-BaHHBI ITMPOKO U3BECTHBI B JAHHOM 00J1acTH.

Marepuasn, comepKaliii METAUTMYECKUH ATIOMHHHMH, MOXET ObITh INPEIBapUTENBbHO
CMEIIaH C APYTUM MHUHEpaJbHbIM KOMIIOHEHTOM U BBeleH B meuyb | B (opme OmHOpPORHOI
MUHEPAJbHON IIUXTHI Yepe3 OAMH HIJIM HECKOJIbKO BIYCKOB 2, 3. DTOT BapHaHT MOXKET ObITh
MPEANOYTUTENBHBIM, KOTZIa B KaUeCTBE MaTepuasa, COAep Kallero MeTaJUIMYeCKU aJltOMHUHUM,

HCIIOJIB3YIOT aJIFOMUHUEBBIN 1IAK.
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B xauecTBe anbTEepHATUBBI, MATEPHUAJI, COAEPKALUNA METAININYECKUNA ATFOMUHUN, MOXKET
OBITH BBEZIEH B M€4Yb 1 OTAENBHO OT APYroro MHHEpasbHOro marepuaina. Hampumep, marepuadn,
COZep AL METAJUINYEeCKUH aTFOMHUHMN, MOKET OBITh BBEIEH B Ieuyb | depe3 BIyCK 2, a
Apyrod MUHEpaJbHBINA MaTeprall MOJKET ObITh BBEICH B Ieub | Yepe3 OTAeNbHBIN BIyCK 3. ITOT
BapUAHT MOXKET ObITh MNPEANOYTUTEIbHbIM, KOIZa B KayecTBE MaTepHaja, COAepIKallero
METATIMYECKUH aTFOMUHUH, HCIOJIb3YIOT AIFOMUHHUEBBIN TPAHYJIAT MU OJIOKH.

HeoOsi3aTenbHplii BeIycK 8 B OCHOBaHUM 9 me4yn | MOKeT ObITh HCMOJNB30BaH s
BBIITyCKa METAJUIMYECKOTO JKejie3a, €CIi OHO oOpasyercs. I[IpeamodTuTeNibHO, MEeTalTHuecKoe
JKeJIe30 B JAHHOM Ipolecce He 00pa3yeTcsi, MOITOMY BBIIYCK 8 MOKET OBITh HE HYJKEH.

MuHepanpHBIl paciyiaB U3 BaHHBI 5 pAacCIUiaBa BBIBOOAT W3 IE€4YW 4epe3 BhIMyck 10
pacmaBa. Bemyck 10 pacmiaBa moka3aH Kak pacroJiOKEHHBbIM B OOKOBOW CTeHke 7 meud 1,
OJTHAKO, OH PaBHBIM 00Pa30M MOKET HaAXOIUTHCS B OCHOBaHUU 9.

ITo BeIXOAE W3 meun | MUHEpAJbHBIA PacIliaB, €CIM HY)KHO, MOXET OBbITh MOJABEPTHYT
OCBETJICHHIO. B KauecTBe aibTepHATHBBI, MUHEPAJbHBIA pPACIUIaB MOKET OBITh HAaINpaBlieH
HETIOCPEACTBEHHO B ycTpoicTBO 11 BOJOKHOOOpaszoBanus st mpeodOpasoBanuss B MMVE.
Mosker ObITH MPUMEHEHO KaK BHYTPEHHEE, TaK W Hapy)KHOE LEeHTPU(YTHPOBAHHUE, MO3TOMY
netanu ycrpoiictBa 11 BomokHOOOpasoBaHUs He TMOKa3aHbl. Hanmexammwe ycTpoicTBa
BOJIOKHOOOPA30BaHUS M3BECTHBI CIIEIMAINCTAM B JAHHOH 00JacTu.

MMVE, msrorosnennbsie B ycrpoiicte 11, Moryt ObITh COOpaHbI M HampaBleHbl Ha
XpaHEHHE WM HENMOCPEACTBEHHO IpeoOpa3oBaHbl B KOHCOJNUAWPOBAHHBIA TPOAYKT Ha
TEXHOJIOTNYecKoi uHuU 12 (mogpoOHOCTH HE OKa3aHbI).

Beinyck 13 orxopsmero rasa noka3aH pacrojOXEHHbIM B BEpxHeil dacTu OOKOBOM
crenku 7 neun 1. OpHako, B KOMIIOHOBKAX, U3BECTHBIX CHELUATNCTAM, OH MOKET HaXOAUTbCS
BBEPXY IEUU.

ANIOMUHUEBBIN LITaK

Meron ucnelTaHus

[ToBepXxHOCTHAsI ycaaka KOHCOJNUAMPOBAHHBIX MpoaykToB M3 MMVF moxer ObITh
MU3MEpPEHa CAEAYIOIHUM METOIOM UCIIBITAHUS

1) Hape3ka, I3MepeHHe U B3BEIINBAHNE OOPA3LIOB UCIIBITHIBAEMON €IMHULIBI TIPOIYKIIHH;

2) BBIOOp peNpe3eHTATUBHBIX OOPA3LIOB HCITBITHIBAEMON €IUHHULIBI TPOAYKIIHUH;

3) ynanenue cBsizyromero npu 590°C;

4) cnexkanue obpasuos npu 1000°C +/-20°C B reuenuun 30 MUHYT; U

5) u3MepeHue TIoIa H CIIEYeHHBIX 00Pa3LoB.

VYcaaky oLeHHBalOT Kak % COKpallleHUs IUIOIAAN MOBEPXHOCTU KaXKIOTro IMPOAYKTA.
I'nmaBHass MOBEPXHOCTH KaXKAOrO MPOAYKTA, YCAAKy KOTOPOH HU3MEPSIOT, SKBUBAJICHTHA INIABHOU
MOBEPXHOCTH, KOTOpasi Opita Obl HaOMOIaeMblii B rOTOBOM mponykre. Hampumep, naMepsitoT

COKpAaLICHUE NJIMHBI U HIMPHUHBI INTACTUHBI, HO HE €€ TOJILIUHbI.



12

®OPMYVYJIA H30BPETEHUA

1. Cioco® M3roTOBIEHUSI NCKYCCTBEHHBIX CTEKJIOBHUAHBIX BOJIOKOH (man-made vitreous
fibres, cokpamenno MMVF), conepxamux, mo MeHblneil mepe, 3% BeC. OKCHIOB JKele3a,
BbIpaKeHHbIX Kak Fe,Os3, BKIIOUarOLMil cTaguy, Ha KOTOPBIX

00eceunBaroT 3JIEKTPUUECKYIO ITe4b ¢ MOJIMOEHOBBIMH 3JIEKTPOJAMH,

obecreunBarOT UCXOAHbIH MUHEPAIbHBII MaTepHa,

IIPU 5TOM, MCXOJIHBIH MHUHEpAIbHBIN MaTepHaj, COAEPKUT (a) MaTepual, BKIIOYAIOLIHHA
METAJUTNYECKUN alFOMUHUH, U (b) Apyroll MHHEPaJIbHbIH KOMIIOHEHT,

BBOJSIT UCXOJHBIM MUHEpPAJIbHBIN MaTepHal B Ieub,

TUIABAT UCXOOHBIH MHHEPAJIbHBII MaTepual ¢ 00pa3oBaHNEM MUHEPAJIBHOTO paciliaBa, u

(bOpMUPYIOT U3 MUHEPAJILHOTO pacruiasa MMVE.

2. Cnocobd mo mo0oMy H3 MNPEOIIeCTBYIOIIUX IYHKTOB, B KOTOPOM MaTepua,
BKJTFOYAIOIINN METAUTMYECKUN afoMUHUM, coaepkut ot 0,5 mo 10% Bec. MeTamIn4ecKoro
ANIOMHUHMUSL.

3. Cnoco® mo moOOMy H3 MPEAINIECTBYIOLINX NYHKTOB, B KOTOPOM MaTepHall,
BKJTFOHAIO LN METAJUIMUECKUI aJIFOMUHUN, JOTIOJHUTENBHO coaep:kut oT 50 1o 90% Bec. okcua
ANIOMHUHHUSL.

4. Crnocobd mo mo0oMy M3 MNPEOIIeCTBYIOIIUX IYHKTOB, B KOTOPOM MaTepua,
BKJIFOUAIO LM METAJUTMYECKUH aTFOMUHU, nMeeT GopMy 4acTHll, U B KoTopoM 90% Bec. qacTun
MeHbLIEe 1 MM.

5. Cnoco0 mo moOOMy U3 NPEAIIeCTBYIOIIMX IyHKTOB, B KOTOPOM MaTepHal,
BKJIFOUAIO LI METAJUTMYECKUH aTFOMUHUH, MPEACTaBIsieT COOON alOMUHUEBBIH LIUTAK.

6. Cnocod nmo m. 4 win n. 5, B KotopoM oT 5 10 30% HMCXOAHOTO MHHEPAIBHOTO
MaTepuaia COCTaBJseT AJFOMUHUEBBIN LIUIAK.

7. Cnocob mo m. 1, B KOTOPOM Marepual, BKIOYAOLINHA METATHYECKUN aTIOMUHHH,
conepxkutT ot 45 1o 100% Bec. METaNTUYECKOTO ATFOMUHUS.

8. Criocob mo 1. 7, B KOTOPOM MCXOJHBII MUHEPATbHBIA MaTepuan comepkut ot 0,05 no
10% Bec. maTtepuana, Bkirodaromero ot 45 1o 100% Bec. METaNIMUECKOTO aJTFO MIUHUSI.

9. Criocob mo m. 7, B KOTOPOM MaTepHuali, BKIIOYAIOIIUN MeTaJUTMYECKUN a0 MIUHHIA,
NPEACTaBIsIET COOOH aIFOMUHUEBBIN TPAHYJIST.

10. Cnoco® mo m. 9, B KOTOPOM aJFOMUHHEBBIH TPAHYJISAT XaPAKTEPU3YETCs] CPEIHUM
IUaMETPOM I'paHyJibl He Oojiee 3 MM.

11. Cnoco® mo moOOMy H3 MNPEenmecTBYIOIIUX IYHKTOB, B KOTOPOM HCXOIHBIN
MUHepabHbIi MaTepuan coaepxut ot 0,1 1o 0,5% Bec. MeTaUINYECKOTO aIFOMUHUSL.

12. Cnocob6 mno mo0oMy U3 MNpenuecTBYIOIIUX MNYHKTOB, B kKotopoM MMVF
XapaKTepU3YIOTCS CIEAYIOIUM COlePKaHUEM OKCHIOB B BECOBBIX IPOLIEHTAX:

S10; ot 35 1o 50

A1203 or 12 a0 30

TiO, no 2

Fe,O3 013 no 12
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CaO ot 5 o 30

MgO no 15

Na,O or 0 no 15

K>O ot 0 no 15

P,Os o 3

MnO no 3

B,03 1o 3.

13. Cnocob no mobomy u3 n. 1-11, B koropom MMVF XxapakTepusyroTcsi CIEeAYIOINM
COZIEpKAHNUEM OKCHJIOB B BECOBBIX MPOLIEHTAX !

Si0, 39-55%

AlL,O3 16-27%

Ca0 6-20%

MgO 1-5%

Na,O 0-15%

K>O 0-15%

R,0 (Na,0+K,0) 10-14,7%

P,0s5 0-3%

Fe, 05 (Bcero xenesa) 3-15%

B,03 0-2%

TiO, 0-2%

14. Cnocob6 mno mro0oMy M3 MPEeAIIecTBYIOIIMX TMYHKTOB, B koropom MMVF
xapakrepusyrotcs orHoineHueM Fe(Il):Fe(Ill) Oonee 2, nanpumep, Oonee 3.

15. Cnioco6 mo mrodoMy U3 MPEnUIeCTBYIOIMUX MYHKTOB, JOMOJHUTEBHO BKIFOYAIOLIHI
koHcomunaimio MMVF ¢ nosyueHueM KOHCOJUAMPOBAHHOTO MPOAYKTA, COAEPKAILEro
BOJIOKHA.

ITo noBepenHocTH
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