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OBIASI XAPAKTEPHCTUKA PABOTHI
i X
AxTyaabHocTL npobGJembl. B pactosinee BpeMsa HEYKITOHHO BO3pacTaioT Tpebo-
BaHMA K Ka4eCTBY TOUHONUTHIX H3AENHHA IOBENHPHOTO, XyJOXKECTBEHHOTO ¥ TEXHHUe-
CKOTr'0 Ha3HAUEHHS, KOTOPEIE JOJKHB! BHIIEPXKUBATh BLICOKYIO KOHKYPEHLMIO B YCIIOBH-
X COBPEMEHHOTO peIHKa. 14 nony4eHHs TAKHX OTVIMBOK HEOOXOAMMa pa3paboTka HO-
BbIX TEXHONOTMYECKHX NPOLECCOB, B OCHOBE KOTOPHIX JOJDKHA JiexaTh hopMoBoYHas
cMech, ofnafatoias TyHiIAMU CBOHCTBAMH U XApaKTepUCTHKAMHU, N103BONIsIONAs paGo-
TaTh C IUPOKHM CIIEKTPOM CILIABOB IO BHILIABAEMBIM MOJEIIAM.

CyuiecTByiolue TEXHOJAOTHH TOYHOTO JIUThS OBNaNaloT PIIOM HEAOCTATKOB, YTO
OTpUUATENBHO CKa3blBAETCA HAa KadyecTBe NOJNYHaeMBIX OTJIHBOK, HX ceGeCTOMMOCTH,
9KOJIOTHYHOCTH MPOH3BOJCTBA.

TostoMy co3faHHe YHHBEPCANBHBIX (JOPMOBOYHBIX H CTEPXKHEBBIX CMeceil M3
HOBBIX U HeJeHUHTHBIX MaTepHaNoB, 06eCleYUBAIOINX MOy EHHE KAYECTBEHHBIX I
TOYHBIX OTIIMBOK U3 Pa3/IMuHBIX CMIABOB, ABASETCS BEChbMa aKTyalbHOMH 3ajaueil nuTeii-
HOT'O NIPOU3BOACTEA.

Pa6orta BbINONHANACH NIPH NOAKEPXKKE FPaHTOB [IpaBuTenscTsa (2008 r.) ¥ 3axo-
HonarensHoro cobpanus Uensbunckoit obnactu (2009 r.).

Ieas u 3apaun HccaenoBanusi. HacTosmwas auccepTainonHas pa6ora uMesa
Lenslo pa3paboTaTh TEXHOJOTHIO H3MOTOBIEHHS OOBEMHBIX MECYAHO-LEMEHTHBIX (OpPM
(ITUD) no BsInnaBAieMbIM MOAENSM, NO3BOJIAIOILYIO NOAYYATh BRICOKOKAYECTBEHHbIE
TOHKOCTEHHBIE ¥ CIONKHONPOGUIIbHBIE OTJIMBKK M3 LBETHBIX H YePHBbIX chiasos. [
JOCTUXEHHUS OCTaBNEHHON 1eH He0OX0AUMO OBUIO PEIUUTE CIeRYIoWHe 33 ]aUH:

~ YTOUHHTb MEXaHU3M THAPATAUHH NOPTAAHALUEMEHTHOrO CBA3YIOLIErQ B [PH-
CYTCTBMH YCKODHUTEN CXBATbIBAHMS, PAcKpbITh CYLIHOCTb CTPYKTYpooOpa3oBaHHs W
HapacTaHust MPOYHOCTH NUTEHHOH (HOPMb! Ha OCHOBE PELMKIMPOBAHHBIX MAaTepHasoB,
pa3paborath cocTaB (OPMOBOYHOH cMecH € NPHMEHEHHEM DEeLHKIIMPOBaHHBIX Mate-
puanos;

— PpacKpbITh NMPUYHHY TPEIMHOOOpa3oBaHus B IuTeHHbIX QopMax, uccieaoBaTs
TepMOMeXaHHUYeCKoe Bo3aeficTBHe MOZeNbHOH Macchl Ha GOpMy B npolecce yAaaeHus
Mmogenel, pa3paboTaTh MEpONpUATHA MO NPeAOTBPAlleHHI0 00pa3oBaHus TPEUIMH B
nec4aHo-1eMeHTHbIX Qopmax;

—~H3y4uTh NPOLECC aKTUBHPYIOIETO AUCHEPTHPOBAHHA H ayTOre3MOHHOH roMoreHe-
3aLMM CHJIMKATHBIX 3ePHHCTBIX MaTEpHaloB, Ha 3TOH OCHOBe pa3paloTaTh TEXHONOTHYE-
CKHil NIpo1iecC NOATOTOBKH CBEXHX H 0TPaGoTaHHBIX HOPMOBOUHBIX MATEPHANIOB H TIPH-
rOTOBJIEHHs HaNMBHOH camoTBepieroell cMeCH Ha LIEMEHTHOM CBA3YIOWEM C BbICOKH-
MH H CTaBUJIbHBIMH TEXHOMOTMYECKUMH XapaKTePHCTHKAMH;

~PACKPBITh IPHYKHBI MOSIBNIEHHS Ta30BBIX Ne()EKTOB Ha YyTyHHBIX OTJIMBKEX, MOBbI-
CHTH TEPMOXHMHYECKYIO CTOHKOCTD IIECYaHO-LIEMEHTHRIX OPM K 32THBAEMbBIM CIUTaBAM
Ha OCHOBe jKefe3a;

—yIy4qwnTh HOPMO3AIIONHEHHE CIIOXHONPOQHIIGHEIX MONOCTER M MOBBICHTH TOY-
HOCTh JIHTBIX HM3MENHH C NMOMOLIBI0 KOMOMHHPOBaHHOH BaKyyMHO-LEHTpoOexKHOH 3a-
JIMBKH M TIPUMEHEHHS 3IEKTPOUMITYILCHOTO BO3AEHCTBUS HA pachnas.
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Hayunas noBusHa, TeopeTHyeckH 06OCHOBAHA H JKCHEPHMEHTATBHO TIOATBED-
XKJCHa COBOKYNHOCTD HAYUHBIX MONIOKEHHH, 06ECNeUMBAIOLNX PelleH e aKTyanbHOH B
0611aCTH JIHTEHHOTO TIPOU3BOACTBA 3a/la4y — CO3JaHKe PopMOOGpasylomuX KpeMHee-
MYICTO-LIEMEHTHBIX CHCTEM C NOBBIIEHHOH TEPMOMEXAHUYECKOR H TepMOXMMHYECKOH
yCTORUUBOCTBIC H METOMIOB YIIpaBIeHHUS HMHU.

B ToMm uncae:

— YCTaHOBJICHBI IIPOLIECCHI, TPOTEKAIOWIME B LIEMEHTHBIX (IOPMax TMpH CTPYKTypoob-
pPasoBaHMHU M Harpese;

~ TEOPETHYECKH K IKCTIEPUMEHTANLHO 0OOCHOBAaH crnocol aKTHBALMH KpeMHe3eMH-
CTHIX HAIOJHUTE/eH, OCHOBaHHBIM Ha H3MEHEHHAX QU3HKO-XHMHUYECKHX CBONCTB 3epeH
CBITY4Ero MaTepuana B NpoLecce AHCIepripoBaHH;

~ YCTGHOBJIEHbl 38KOHOMEPHOCTH BO3ACHCTBHA PELMKIIUPOBAHHBIX (OPMOBOYHBIX
MaTepHaNioB Ha peoNioTHYecKHe CBoHCTBA WEMEHTHBIX CycneH3MH W (H3MKO-
MEXaHHHYECKHE XapaKTePHUCTUKY (POPM U CTepxKHell;

~ oTIpeJieNieHbl KPUTEPHM CHJIOBOrO BO3AEHCTBHMS MOZENBHOM Maccoif Ha UenocT-
HOCTb KPHCTALIOTHAPATHRIX QOopM;

— BBIABJIEHBI PUIHKO-XUMHYECKHE YCIOBHUA B3aUMOAEHCTBHS KOMIIOHEHTOB KpeMHe-
3eMUCTO-LEMEHTHBIX GOPM ¢ YINIepoJoM MeTANIMYECKHX PacIliaBoB M pa3paboTaHbl
METO/Zb! NIOBBILEHUA XHMHYECKOH yCTOHUHBOCTH LEMEHTHOrO CBA3YIOLIEro;

~ pa3paboTalbl METOIBl NOBBILIEHHUS HOPMO3ANONHAEMOCTH KpYIHOTaGapuTHBIX
LEeMEHTHBIX (OPM, MO3BONAIOUIHE MOTYUYaATh CIOMHONPOMUIBHEIE U TOHKOCTEHHBIE OT- 4
JHBKH U3 Pa3KMYHbIX CMABOB.

Pafora nposoaunack ¢ NpUMEHEHHEM COBPEMEHHBIX aTTECTOBAHHEBIX NPHOOPOB U
METOA0B HCCIIEAOBAHUSA, NMPH JOCTATOYHOM KONHHYECTBE JKCNepHMeHTOB. [lonyueHble
pe3yabTaThl 0OOCHOBAHBI TEOPETHYECKHMH PEHICHHAMHM M 3KCIEPUMEHTAIIbHBIMU [aH-
HBIMH, KOTOpBIE HE NPOTHBOPEYAT U3BECTHBIM NMONOXEHUSIM B JaHHON 06JacTy 3HaHUHA
¥ COITOCTaBHMBI C Pe3YNbTaTaMH APYTHX aBTODOB.

HpaxTiyeckas UedHocTh padorTni. Ha ocHoBaHMH TMpoBeleHHBIX TeopeTHYe-
CKHMX H 3KCTIEpUMEHTAIBHBIX HCCNEIOBaHUH CO3[jaH HOBbIH TEXHONOrMYECKHA npotecce
W3rOTOBNEHHS HAIMBHBIX 11eMEHTHBIX (OpM Ha OCHOBE ayTOT€3HMOHHBIX CHCTEM AHC-
nepcHbIX (OPMOBOYHBIX MaTepHallOB C NPHMEHEHHEM AKTHBALMM M PELMKIMHra 1Js
ANTHA 1O BhiNNabiseMbiM Moaensm (JIBM) useTHbIx H uepHbIX cniaBoB. Paspaboran
COCTAB KPEMHE3EMUCTO-LEMEHTHOR cMecH ¢ 06aBKOi pelnKIMPOBaHHBIX MaTepPHAIIOB,
T03BONSIOMMH TONTY4aTh BLICOKOTOYHBIE CaMOTBepAelolide (OPMbl C YCKOPEHHbLIM
LUKJIOM H3TOTOBEHHUA.

Onpobosanue pa3paboTaHHON TEXHONOTHH B NPOHM3BOACTBEHHBIX YC/IOBHAX IO-
3BOJIWIIO CHM3WTHL Opak Ho pacTpeckupaHHIO (opm, o670l M 3acopaM B OT/IHBKaX,
YMEHBILUUTE BPEAHOE BIHARHE NHTEHHBIX UEXOB HAa YKONOTHUECKY1O 0BCTaHOBKY oxpy-
xawuel cpenst 1 ceGeCTOUMOCTD XyI0XKECTBEHHBIX H3AeHI.

Peanusauus paGorbl. PazpaGoTanHblil TeXHONOrHUECKUH Npolecc NOArOTOBKH
CBEXMX H PeLUKIHPOBaHHEIX (OPMOBOYHBIX MATEPHASIOB M H3TOTOBJIEHHE HA UX OCHOBE
HaNMBHBIX flecYaHO-UeMeHTHbIX ¢popm ang JIBM npotnen npoMbILLUNEHHOE HCIIBITAHHE H
BHEIpPEeH B NPOU3BOACTBEHHBI LUK Ha 3A0 «Ypansckas GpoHsa» (r. UenabuHck) H
OO0 «Muuunuty (r. Yenabuuck).



Anpo6auus paboTbl. OCHOBHbIE MaTepyabl AUCCEPTALIMH OBUTH HPENCTaBNEHb!
Ha HayYyHO-TIpaKTH4ecKoH KOH(EPEHLMH CTYHAEeHTOB M acnupaHToB «HaHOTexHOMOTHH,
XVMHUS, HOBBIE MaTepHalbl, MeTaIypruay, r. Yenabuuck (2007 r.), na XIl cnesne nu-
TeAmukoB Poccuy, r. Poctos-Ha-Jlony (2007 r.), Ha Poccuiickoit HayyHO-TeXHHUECKO!
koH(pepeHuny «HoBble MaTepHanbl, NPOrPECCHBHBIE TEXHOMOTMYECKHE IIPOLECCH M
ynpasiieHHe KayeCTBOM B 3arOTOBHTENBHOM MPOHM3BOACTBEY, I Poibumck (2007 r.), Ha
7-H Bceepoccuiickol HayuHo-mpakTHyeckoll koHdepenuny, r. Cankr-IlerepGypr (2008
r.), va IX cveane nureiiimnkos Poccuy, r. Yoa (2009 r.), va 1-if nayunoit kondepenunn
ACTHPAHTOB U JOKTOPAHTOB, I, YensbGuuck (2009 r.).

Ily6aukaunu. I[To Teme auccepTanum onyOnukoBaHo 14 Hayupsix cTaTel, B TOM
ancne 6 B u3naHusxX, pexoMennosanueix BAK, nonyuen 1 narent na usolbperenve u 2
HaTeHTa Ha T0JIE3HYIO MOJEb.

CrpykTypa # 00bém paGoTsl. [ucceprauus COCTOHT U3 BBeASHHS, HATH Iias,
OCHOBHBIX BbIBOJIOB, CIIHCKA nuTepatypsl H3 106 HauMeHoBaHUH; copepxut 200 crpa-
HHL{ MAIIHHOMTMCHOrO TeKCTa, 15 Tabnuy, 76 pUCYHKOB U 3 NMpPHITOKEHHU,

OCHOBHOE COAEPXKAHUE PABOTbI

Bo esedenuu nano obocHoBaHME TeMb! AHCCEpTalHH, e aKTyalbHOCTH, nped-
CTaBJeHa CTPYKTYpa, KPaTKOe COMEPKAHHE TIaB, OCHOBHEIE II0JIOKEHUS, BHIHOCAMEIE Ha
3alUMTY.

B nepsoii zr1ase paccMOTpEHO COBpEMEHHOE COCTOSHHE IPOH3BOACTBA TOUHBIX
oTauBOK MetonoM JIBM, BeisBneHs! ocoGeHHOCTH M crielHduKa U3roToBaeHs Gopym 1
cTepxHel And MONyvyeHHs OT/IIMBOK U3 4YepHbIX M LBETHBIX crnnasoB. Ilpouisenen aua-
U3 ¥ BBIABJNEHB! HEJOCTATKM CYLIECTBYIOWMX TEXHONOIHH M3roToBleHHs (opM H
crepxHeit ang JIBM, nokasano, 4To yacTs W3 HMX He OTBeyaeT TPeOOBaHUAM yHHBEp-
CanbHOCTH MPH HCMOJB30BAHWY PA3NMYHBIX CIUIABOB, o0NafaeT pAaaoM CyLIEeCTBEHHBIX
TEXHONOTMYECKUX HeJOCTATKOB, MPY BBICOKOH CTOMMOCTH He 0becreunBaeT 3KoA0ruy-
HOCTB ITpon3BofcTBa. ClenaH BbIBOJ, YTO COBepLIEHCTBOBAHKE TexHosor#i JIBM B Ha-
CTOsiIee BPeMsT BO3MOXHO 32 CUYET pa3pabOTKM HOBBIX H ONTHMH3ALMH CYILECTBYOIIHX
TEXHOJNOrHYECKHX MPOLECCOB C MpUMeHeHHeM (OPMOBOYHBIX MaTepuanos, obnanaro-
INX BHICOKUMH TEXHOJIOTHYECKHMH CBOHCTBAMH.

TlepcrnieKTUBHBIM ABIAETCSH HCHOJL30BAHHE B TEXHONOrMUECKnX npoueccax JIBM
TaKux MarepuasnoB, KaK JYCIepripoBaHHbIi KBaplEBbIH M1ECOK, B KA4EeCTBE HAMOAHHTe-
a5 GopM H cTepHeil, a TakKe pelUKIUpoBaHHbIH Bo3BpaT oTpaboTanHoi dopmoBou-
HOM CMeCH B KauecTBe CBS3YIOLUEro HaJHBHBIX CAMOTBEPACIOINX MECUAHO-UEMEHTHBIX
cmeceii. Ha ocHoBauyH 310ro 000CHOBaHa aKTyalbHOCTE paboT, MocTaBieHn! eb K 3a-
Lauyu uccnenoBauuil.

Bo emopoti 2nage H3yveHs! 3aKOHOMEPHOCTH T'HAPATALMY KPUCTANOIHAPATHBIX
cMeceil M KMHETHKA CTPYKTYpooOpa3zoBaHHs npy A00aBileHHH YCKOPUTENEH TREpACHHA
— HUTpaTa AMIOMHHNS H PELIMKIIHPOBAaHHBIX MaTepHaiios. [IpoBeneHa oleHKa MexaHuye-
CKOM YCTOHYHBOCTH LIEeMEHTHBIX (OPM B TPOLECCE BHITONKU MOJENRHOIO COCTAER, Clie-
JIaH pacyeT TEeNOBBIX OTOKOB € YYETOM reoMeTPUYecKUX M TEMNOQH3IAYECKHX XapaK-
TEPUCTHK CHCTEMbI «MOJENb ~ (GopMan. PaccMOTpERb! BapHaHThl aKTHBHPYIOLIET o AHC-
neprupoBanys XBapUeBoro recka, BeiGpaH 3()(eKTHBHBIN pexHM MOArOTOBKH Harnoj-
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HUTENA ¥ NPUTOTOBIEHHS FOMOTEHE3MPOBAHHON MECYaHO-LEMEHTHOH cMecH C yueTOM
ayTOre3¥OHHOTO B3aUMOJEHCTBYA ANCTIEPCHBIX YaCTHIl NPH MX CMEITHBAaHHH KOMIIO-
HEHTOB.

Hpouece dopmooGpazosanus npyu nutse B [P no Beinnasnsempiv Monenam
3aKNIOYMAETCH B TOM, YTO (OPMY M CTEPXKEHD NONYHAIOT W3 EAMHON caMoTBepaerolei
CYCMEH3NH, 3a1Bas €€ B NONOCTh METAIMYECKOH ONOKHU C YCTAHOBICHHBIM B Hed Myc-
TOTeNbIM MOJeNbHbIM GriokoM. POpMOBOYHAA CMeCh UMEET CIEeAyIOWMi cocTas; Mejn-
KOAMCIEPCHBIH HAaNONHUTENL HA OCHOBE KpeMHe3eMa, NOPTNaHALEMEHT, HUTpPAT allo-
MHHHS eBATHBOAHBIA M BoAy. HoBOOGpasoBaHua, (JopMUpYIOIIHE KPHCTANAHYECKHH
CpOCTOK B LIEMCHTHOM KaMHe, BOSHHKAIOT B PE3YJbTaTe XMMHUECKUX PeaKUni ruaponu-
3a M TUAPaTAUHY MHHEPANOB HEMEHTHOrO KAHHKepa. BaxRreiiumu MHHepanaMy nopr-
JaH/ILEMEHTHOTO K/IMHKEpPa ABJAIOTCA: TPEXKaAbUMeBblH cutikar (anut) — 3Ca0-Si0,;
ApyxkaiubliueBeld cunukar (6eaur) — 2Ca0-Si0,; TpexkanblUHeBblH amMOMHHAT -
3Ca0-AlyOs; ueTsipexxanbuueBblii anomodepput — 4Ca0-AlLO;y-Fe,0s, cynsdar Kans-
uus {runc) ~ CaSO4. CTpyKTypHble NpeBpallieHHs, IpOUCXoasiliue B NpoLecce CTPYK-
Typoo(pa3oBaHus KPeMHE3eMHCTO-LEMEHTHBIX (OpM, HCClenoBany MeToAoM HHpa-
kpactoh cnektpockonuy (MKC). UK-cniextph! 3anvcbiBany Ha cnektpodoTtomerpe Ten-
sor 27 (BRUKER) B ofnactu yactot 4000...400 cm™' ¢ paszpewennem 1 M. ['paduxn
CMEKTPOB NPEACTABNeHbl COOTBETCTBEHHO Ha puc. 1.
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Puc. 1. UndpakpacHblil ciekTp rUApaTallid KPUCTAIIOTHAPATHBIX CyCIIeH3Mit:
| — nopTianHAUueMeHT; 2 — MOPTNAHALUEMEHT C HHTPaToM aTIOMHHHSA,
3 — pelUHKIUPOBAHHAN CMECh Ha NMOPTNaHALEMEHTOM CBS3YIOILEM C HUTPATOM
aTIOMUHHA: a) [T0C/Ie 3aTBopeHHs BoaoH; 6) yepes 30 MuH nocie 3aTBOPEHNS BOAOH

Brewsye 0TIMuYMs CIIEKTPOB THAPATHPOBAHHOIO UEMEHTA KaK YKUCTOro, TaK H B
NpUCYTCTBHH HUTPaTa AIOMHHHUS 1 PELIMKIHPOBAHHON CMecH, NPOABIAIOTCA B H3MEHe-
HUM  TIONOXKEHWS W MHTEHCUBHOCTH TMOJNIOC TOIJIOLIEHHSs OCHOBHOH o6nacTu
500...1700 cM™, CynuTb O KHHETHKe TMApAaTAlHH LIEeMEHTHOrO CBA3YIOLUENO MOXHO [10
M3MEHEHHAM CIIEKTPa, COOTBETCTBYIOLIHMX Pa3pyILEHHIO KIMHKEPHBIX U MOABJICHHIO HO-
sbix ceaseil. Yepes 30 MUH nocrie 3aTBOpeHHA BORON B 1-M BapHaHTe 06pa3ioB 3adiuk-



CHPOBaHKI YETKO BbIpaXKeHHbIe canan XapaKkTepHble MUIS CHAMKATHBIX (a3 CBA3YIOLLEro,
a nostsnenue nonoc 870 u 1430 cm™ ykaspiBaer Ha Hauano (opMHpOBaKHS IHIPOCHIH-
KaTOB Kanbuua. SIpko BBIPaXCHA 110/10Ca NOTOLEHHS THACa NIPH AepopManoHHEIX KO-
ne6anusx 1610...1680 cm™', KoTopas ymeHbiaeTcs co BPEMEHEM THApaTalUH.

Ilpy ruppaTauny nopTiasALEMeHTa B PHCYTCTBHH HUTPATa AMOMMHHS BUIHO
YMEHBLUEHHE NONOC CNEKTPa U1 ATIOMHHATHBIX U AIIOMO(EPPTHHBIX COSMMHEHHIE (oc-
nabnenne caazeit Al-O), nosBAEHHE COERUHEHHA Ca(NOs),;4H,0 ¢ nonocoit 1400 ey
M MpaKTHYeckH coxpaHeHne Ges nsmenenus cpaseit Si—O u Ca-O. B srom cnyuae HK-
CMEKTPbl NOKa3aIH orc?/rcraue CaSO, yxe B nepsble MUHYThI THAPATAUHH, 2 [IOXBIIC-
uue nonocsl 1120 cm™, coorsetcTBymolueii coepunenmio CaCQ3-Al03;-CaS0;, noa-
TBEPK/AET, YTO HUTPAT AJTIOMUHNA B NEPBYIO OYEPEAL B3AUMOMEHCTRYET ¢ TUNICOM, akK-
THBH3HPYET PACTBOPEHHE AIOMHHATHBIX (ha3 M YCKOPsSEeT THAPATALIMIO LeMEHTa.

Kapruna MK-criektpos 3-ro Bapuafta o§pa3uoB naeT aHanioru4Hble NpeacTas-
JIEHHS O KHHETHKE TBEPNEHHS KPUCTALIOIHAPATHOro cBssytomero. Hefonbinoe koau-
4eCTBO HUTPAaTa AMOMHHHS M TOHKONMCIEPCHas (pakuus PeuUKIMpOBAHHONR CcMecH
CO3MalOT YC/OBHA AN THAPATAUHH AMOMHHATHBIX (a3 u OwicTporo (GopMUpOBaHusA
NPOYHO# CTPYKTYPbI IIEMEHTHOTO KaMHS.

Pesynbrarel MK-criekTpockonuu npouecca rHApaTal#y KpHCTANIOTHAPATHOTO
cesasytoulero B [TLID noaTeepxacHbl HCCAEIOBAHHAMY, NPOBENEHUBIMU HA AHPPAKTO-
metpe D8 ADVANCE Bruker (axs). Hutpar amomuuus B nepsyio ouepens Gnaronpu-
ATCTBYET PaCTBOPEHHIO CyNb(aTa KanbUHs, ATIOMUHATHO 1 ajmoModeppuTHOil (haz He-
NOCPEACTBEHHO 110CIIE 3ATBOPEHHUS NECUAHO-IIEMEHTHOM CMECH BOAOM, YTO OTACUACT 13
OLICTPOTY ee CXBaThIBaHHs. 3aTeM THAPATHPYIOTCA CHIIMKAT U OKCHJL KAIbUHs, KpHCTAll-
abl, KOTOpbIX ofycaaBanBaioT HopMUPOBaHHE MPOYHOH CTPYKTYpPhI TBEPACIOUIETD LlE-
menTa. [TpuyeM rujipatHbeie HOBOOGPA30BaHUA BBIKPHCTAIU30BLIBAIOTCH HE TONBKO Ha
MIOBEPXHOCTH 3epeH, HO W ®uAKOH dase MeXIy HHMH B BHJE DPa3BHTHIX HUOABUATLIX
KPUCTAIIIOB, YTO CO34aEeT yc/oBuA ans Gonee riyBoKo# ruapaTaumy LeMeHTa,

IMocne cTpyktypoobpasosanus ¢GopMy HOABEpraioT Temnosoil obpabotke npu
T,=120°C, B pe3ynpTare 4yero NPOMCXOMUT paCIUIaBleHHE MONENBHOTO COCTaBa M
omycrouleHue nonoctd Gpopmel. B mpoliecce HarpeBa MOJeJbHBIH COCTaB MCMBITHIBAET
3Ha4YHTEIbHOE 00BbEMHOE pacClUUPEHHE (390-107° K™), KOTOpOE ABJISETCS MCTOYHHKOM
paspylaiolero BHyTpeHHero fasieHHs Ha creHky [T, Tlposenen ananus Temnepa-
TypHoro cocrosisus TP npu Belmnapaesun Moaenel ¥ rposeeHa OLIEHKE HMEIOUIHX-
sl TEIUIOBBIX MOTOKOB BHYTPH CHCTEMBI «MOJETb — GopMa — TEIUIOROCUTENbY B 3aBH-
CHMOCTH OT KOHCTPYKUHH JHTHHKOBO-TiMTarowelt cuctemsr (JITIC).

M3 ypasuenus 6GanaHca TEMIOBBIX IOTOKOB JUIS CHCTEMBI «MOJEb-(OpMa-
TEMJICHOCHTENBY OnpezesieHo ofuiee BpeMst BhITIABACHUS Moneny. PacueT noxkasslpaer,
YTO MIPM MYCTOTENON JUTHUKOBOH CHCTEME BPeMs IIABICHHA MOCIBHOIO COCTABa B 5
pa3s MeHbLIIE, YEM NPH LIENbHbIX CTOAKE H BOPoHKe. Kak cieacrsue, u obtee BpeMs Bbl-
ANaBIeHUs MOJIENLHOIO COCTaBa, B 3aBUCHMOCTH OT BBICOTHI MOJAEIH, NPH HCHONb3082-
HUM MYCTOTENOM TUTHHKOBO~MHTAIOIIEH CHCTEMBI CHHXXAeTCHd B HECKOMBKO pa3d. DTo
MPOUCXOMT 33 CHET IPOHHKHOBEHHUSA TENNa BHYTPb CUCTEMBI «MOLEINb ~ (HOpMa - Ter-
JIOHOCHTEJIbY ¥ 3HAYUTENBHOTO YBETHUEHHS IO BO3AEHCTBHSA TEMIOBOrO MOTOKA.



A NOBBILIEHHS TEXHOJOTHYECKUX CBOWCTB HANIMBHON KPHCTALIOrMApaTHOM
CYCTICH3MHM M KayecTsa NOBEPXHOCTH JATHIX U3JENuH, yilydilenun pensedHoCcTH OTNE-
4aTKa NoNOCTH (GOPME], BKHOE 3HAYEHME MMEET 3€PHOBOM COCTAaB KBapLIEBOro necka.
Jrncnepraposanye KpeMHE3EMHCTONO HAMONHHUTES fepe/] NPUMEHEHHEM [103BOJIsET €T0
aKTUBUPOBATb. YBENMUeHHE yHENbHOH NOBEPXHOCTH KBApLEBOIO MeCKa B pe3yNbTaTe
AMCIIEPTUPOBAHKS, NPUBOAMT K H3MEHEHHIO AYTOTE3HMOHHBIX CBOMCTB M yBennueHHIO
YHC/Ia KOHTAKTOB MEKAY YACTHLAMH, CJIEeJOBATEIbHO, NPOYHOCTH CUEINNEHMs H CUN
TPeHHS MEXKAY HUMH.

B necuyaHo-ueMeHTHOH CMecH perynupoBaTh CHALI CUENIEHHS MEXIY KOMIIO-
HEHTAMY BO3MOXHO TONIBKO 4€PE3 KBapLEBbIH MECOK 32 CHET U3MEHEHHs YAENLHOM Mo-
BEpXHOCTH B Npollecce AMCMEPrupoBaHHsl, KOTOPOE MOMHO NPOBOAUThL B MeJbHMLAX
BHOPALHOHHOIC WM LIaPOBOro NpHHUMNa aeifcTBua (puc. 2). MamenbueHue Kpapueso-
ro NeCKa NpeAnoyTHTENbHEE NPOBOANTE B BubpomensHule B TeueHne 40...60 mun. He-
fI0Np30BAHHE JAHCIIEPTMPOBAHHOTO KBApLEBOro fecka ofecrneyyBaeT ayTOre3HOHHYIO
romMorede3auHio GopMoBO4YHOH cMecH B GapabaHHOM cMecuTelle, NO3BONAET KavyecT-
BCHHO W PAaBHOMEPHO CMEIIaTh €ro ¢ LEMEHTOM, T.€. MOJYHHTh «BO3AYLIHYIO» hopMo-
BOYHYHO CMECh, TeM CaMbIM, H30eXaTh ee CIeXUBAHUA Y PaccioeHus B rnpolecce xpa-
HeHus.

Ilpu AucneprupoBaHHK MMEET MECTO H3MEHEHHE Makpo- M MHKPOCBOHCTB TBep-
Aoro Tena. MeToj PeHTreHOCTPYKTYPHOTO aHanu3a Ha audpaxtomerpe D8 ADVANCE
(Bruker) ycrasoBneHO HanMuHe IUIACTHHECKOIO AeGOpPMUPOBaHHA KBapLEBOro rnecka
(puc. 3).
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Puc. 2. M3MeHeHUe yienbHON NOBEPXHOCTH Puc. 3. Tlpothuiib peHTTEHOBCKOrO
KBapuesoro fecka OT BpeMEHH paccesnus 100 % maxcuMyMa mecka:
aucnepruposanus: 1 — B BubpoMensHuLe; 1 — MCXOAHbIH;
2 — B WapoBoil MeNpHHLE 2 — AMCIIEprUpPOBaHHBIH B
BubpomenbHHLE

PEHTFGHOFpaMMI:I HEMOIIOTOrO fecKa ¥ KBapLueBOro nopoiuka, H3MeJb4E€HHOTO B
BHGpaHHOHHOﬁ MEJNBHULEC B TCUHCHHE 90 MUH, I10Ka3bIBaloT, YTO C YBEJIHUYEHHEM IIpO-
AOJKUTENBHOCTH H3MENBYEHHUS MPOUCXOLHUT NMOCTENEHHOE YBEIWYEHHE IIJIOTHOCTH (1)0-



Ha. B mpouecce MexaHoaKTHBAaUHKM KBApLEBOro NeckKa, ero HapyXHble CIION NOCie10Ba-
TE/IbHO NpeTepneBaioT amopdu3auuio. B utore kaskaas necinHKa COCTOHT H3 TPeX KOH-
UeHTpHYecKHx o6beMoB. BHyTpu — Kpucrannudeckuit KBapu. Ero rnokpbiBaer cao
amopdHoro kpemnesema. HapyxHbiif ciioil — nieHka amMoOpQHOTO KpeMHE3eMa MOBbl-
INEHHOH pACTBOPUMOCTH. JTO CIIOCOGCTBYET 00pa30BaHUIO NPOYHBIX KOHTAKTHBIX 30H
MeXIy KpHUCTaTaM¥ KBapla (Mecok) M BsXywuM (LEMEHT) B Ipouecce THIpaTalid,
GeicTpoMy (HOPMHPOBARHIO MPOUHOM CTPYKTYPLI KPUCTAIIOrHAPATOB.

[Ipoussoncteo HanuBHeIX ITL® B TOUHOM JIMTHE TPENBABASET TOBbILICHHbBIE
TpeGoBanMs K KauecTBy NpPUrOTABIMBAEMBIX (OPMOBOYHBIX CycIeH3uit, Yckopeuue
NpOTEKaHUsA PEAKLUUH THAPaTAllMH AOPTIaHANEMEHTa OCYLIECTRIIAETCS 3a CHET MEXaHH-
YeCKON aKTHBALMH KITHHKepoOpa3yroLHX MHHEPAIOB B BOIHOM cpelle, 8 HMEHHO B BbI-
COKOCKOPOCTHOM JIONIACTHOM CMecuTene, paboTa KOTOPOro OCHOBAaHa Ha HPHHLHIIE Typ-
OynenTtHoro nepemelunBaHus. ONTHMAIBHBIM pesxKUMOM 06paboTKK ABISETCS HPOAOSI-
XKHMTENBHOCTh aKTHBALKK 2...5 MHH, NPH MaKCUMaJbHO BO3MOXHOH JHHelHOH ckopo-
CTH TNepeMellnBaloliero ycrpoiictea. BrlcokoadipekTHBHOE nepemeninsanie Gopmo-
BOYHOH CyCNEH3HH 3a CHeT cO3JaHHs TypOyJeHTHOCTH TNOTOKA CrocobCTBYET MHTEH-
CHBHOMY pa3pylIeHHIO (GroKynauoHHbIX HOBooOpasoBaHuil. TakuM oGpaszom, cyulect-
BEHHO CHMXAETCA pacxoi uemeHTta Ha 3 % u Bozwl B 1,5 pasa npH coxXpaHeHHH Texyue-
CTH cycrned3uu B npenenax 120...160 mm.

B mpemveti znage, vcxons W3 pe3ynsTaToOB TIPHMCHEHHS KpeMHE3eMHCTO-
ueMeHTHbIX (opM s JIBM u3 pasnauunsix crnaBos, ONpelencHsl 1aKoloMepRoct
(PH3UKO-XMMUHECKOTO B3aUMOACHCTBUS B CHCTeMe «MeTall-(hopMa» H YCTAHOBICHO,
YTO Cepa rurca sBIseTcs HCTOUHNUKOM NTOPaKeHUs ra30BbIMH PAKOBHHAMH [TOBEPXHOCTI
4yryHHbBIX OT/IHBOK. Ha ocHOBaHHM 3Toro pa3spaGoTaHbl TEXHOJNOTHYECKHE MEpONpIs-
THS [UIsE CHHIXKEHHS Ta30TBOPHOH crnocoGHOCTH (OPMBI NPH JIMThE YEPHBIX CII3aBOB H
3¢ }eKTHBHON NMOArOTOBKH LEMEHTHOTO CBSA3YIOIIEro C LEJBIO MOBBLILEHHS KayecTBa
TTIOBEPXHOCTH JIMTBIX H3AENHH.

[Moaromy 6biaM NPOBe/IEHB HCCIEAOBAHUS MO OUEHKE XHMUYECKOro B3anMo1ei-
CTBHUS CBS3yIOWIEro ()opMbl ¥ KOMIIOHEHTOB PasjiMYHEIX CMIAaBOB B YCJOBUAX BBICOKHX
Temnepatyp. CHIMKaThl ¥ aJIIOMHHATHl KaIbLHUA — BHICOKOTEMIIEPATYPHBIE COEANHEHHS
u crabunsHel go Temnepatypsl ~ 1500 °C, a cynbdaT KanbliMs Ha4MHAET pa3iararscs
yxe npu ~ 960 °C na Ca0, SO,, SO u O,

Usyyenne QU3NKO-XUMHYECKOIO B3aUMOAEHCTBUA B CHCTeMe MeTami-gopma
OCHOBaHO Ha TIOCTPOEHHH KapTHHB! TEMIIEpaTYpHOTO I10ji4 BO BPEMS 3aMOJHEHHS Me-
tannom [TU®D. B 3aBMCHMOCTH OT Ha4yanbHOM TeMmmnepaTypsl GOpMEI, OnpeneneHa ray-
GuHa ee MpoOrpeBa NpH KOHTAKTe ¢ pacIUlaBieHHbIM METaUIOM. B kayecTBe HHCTpYMeH-
Ta, ONpeesAIOLIEro 3Ty 3aBHCHMOCTD, Gblla Hcnop30Baka nporpamma LVMFlow.

Ha puc. 4 npencrasiieHbl KpHBble pacnpeleNeHHsl TEMIEPaTyp B JHTEHHBIX
dopmax mocie 3anuBKu ceporo yyryHa npu 1300 °C, a Takxke MyHKTHPHBIMA THHUAMH
HaHECEeHB! TEMIIepaTypa pasJoeHus rurnca M Bpems obpasoBaHns TBepHOH KOPOYKH
4yryHa, npensrcTayloulelf oGpa3oBaHHIO ra30BbIX PAKOBHH, B 3aBUCMMOCTH OT TeMIle-
patyps! Harpesa (opmbl mepes 3anuBkoil. 3 nmonydyeHHbIX JaHHBIX BUAHO, YTO MPH 3a-
nueke ¢opM, Harpersix a0 150 °C, dopMupoBaHune MOBEPXHOCTHOH TBEPNOH KOPOUKH



Ha OTJIMBKeE, npenmoray&omeu NPOHUKHOBCHHIO Ira3oB U3 (1)0pr! B pacmnias, NPOUCXO-
AT NPUMEPHO 32 3 C, T.€. 0 Ha4ajla HHTEHCHUBHOTI'O Ppa3jioxKeHUs cynb(l)ara KaJIbLUA.
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Puc. 4. TemnepatypHsle nons anTeiiHeIx GOpM, NpeiBAPUTENBHO HAIPETHIX 40!
a) 20 °C; 6) 150 °C; B) 400 °C; r) 500 °C. PacrionoxeHHe TepMONap OT TPaHKLbl
metann — dopma: 1 — 0,25 mm; 2 - 0,75 MM; 3— 1,25 mm; 4 — 1,75 Mm; 5 - 2,25 Mm

s u3yueHus BEpPOSATHOCTHM M HalpaBieHHs NPOTEKaHHs Peakuuit B cHcteme
«meTam — (opmMa» BBINIOJHEH TEPMOAMHAMMYECKHH pacyeT H3MEHeHus cpoboaHoi
snepriu [ub6ca (AGr®). PaceMoTpensl Bo3moxHble xumuueckue peakiund CaSO; u
3Ca0-Si0; ¢ xOMNOHEHTAaMH YYTYHA: YIJIEPOJOM, XKE/I€30M, KPEMHHEM, MApraHLUeM H €
KOMITOHEHTAMH MeJHBIX CIUIAaBOB! MEJbIO, LHHKOM, 0JI0BOM, CBUHIOM (cM. Tabnuiy).
PeaynnTaT TepMOAMHAMHYECKOTO pacueTa MOXHO MPeACTABUTh rpadMuecky B BUAE MK~
Helinol sasucumMoctd AG® = f{T) (pue. 5).

Jns noATsepxAeHHs TEPMOAHHaMHYECKHX pacueToB CMOJAENHpOBaH MpPOLECC

S

(M3HKO-XMMHUECKOrO B3aUMOJEHCTBHS MaTepHanoB (OpMbl C NEMEHTaMH CIUIaBa Ha .

3BM ¢ nomotusio nporpammMsl « TERRA». PaccMoTpena Moaenb «ileMeHTHas ¢opma —
YyryH», IUIOWadb KOHTAKTa S=1 cM’ TONIIMHA [OBEPXHOCTH B3aMMOAEHCTBUA
8=0,05 cm. ITpocuer peakumi U3 TabiHLB! MOKa3al TONBKO OAHY KOMOHHALHIO «CY/b-
$aT KaILLHKs — YIVIepoA», KOTOpas AaeT ra3000pa3Hble NPOAYKThl NPH B3anMOAeHCTBUH.
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Tabnuua

Peakuuy B cHcTeMe «MeTat — gopmay

1. CaS0Oy4 + 4C ¢ CaS + 4CO

15. CaSO4 + Mn < Ca0Q + MnO + SO,

2. CaSO4 +4C0O & CaS +4C0O,

16. CaSQO4 + Mn ¢ Ca0 + Mn0O; + SO

3. CaS04 + C & CaO + S0, + CO

17. CaSO4 + Sn & CaO + SnO + SO,

4. CaSO, + Fe <> CaO + FeO + SO,

18. CaSO4 +28n «> CaO + 2800 + SO

5.CaS04 + IFe & CaS + 3FeQ + 1120,

19. CaSO4 + Pb © CaO + PbO + SO;

6. CaSO4 + Cu © Ca0 + CuO + SO,

20. CaS04 + Pb <> Ca0 + PbO, + SO

7. CaS04 + 3Cu «» CaS + 3Cu0 + 1120,

21.3Ca0-5i0; + C & 3Ca0 + Si0 + CO

8. CaSO4 + 2Cu ¢»> Ca + 2Cu0 + SO,

22.3Ca0-Si0; + Fe & 3CaQ + Si0 + FeO

9. CaSO4 + 2Zn ¢> Ca0 +2Zn0O + SO

23, 3Ca0-Si0; + Cue> 3Ca0 + Si0 + CuO

10. CaSOq4 + Zn «> Ca0 + ZnO + SO,

24. 3Ca0-Si0; + Zne> 3Ca0 + Si0 + Zn0

11.CaSO4 + 1/2Zn <> Ca0 + 1/2ZaS + 1/280,

25. 3Ca0-8i0; + Mne» 3Ca0 + Si0 + MnO

12. CaS0Oy4 + Si «» CaO + Si0; + SO

26. 3Ca0-8i0; + Snes» 3Ca0 + Si0 + SnO

13. CaSO4 + Si > Ca0 + Si0 + SO,

27.3Ca0-8i0; + Pbes 3Ca0 + Si0 + PbO

14. CaS0O4 + Si & CaS +8i0; + Oy
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Puc. 5. UaMmenenue ceoboHoit anepryy [ n606ca peaxuuii B3aumMoaeHcTBHS B clicTeme:!
a — YyryH—CYJb(aT Kanblins; 6 — UyTyH—aluT; B ~ JaTyHb—-CYNbQaT KaNbLus;
[ — JaTyHb—aJIUT

YcraHosneHo, 4To gaxe rpu Hebon

BIIMX KOJMHYECTBAX YrIepona 3TO B3aHUMO-

NeficTBHE IIPOMCXOIMT CO 3HAYUTE/IbHbIM BbIAENEHHeM ra3oBoii ¢asml (puc. 6). B npu-
CYTCTBUHM Yraeposia cy/ibdat pacnanaercs no CaS ¢ nossnenuem CO, u CO (cm. Tabiu-
uy peaxuuu 1, 2). ITpu nopsiweHun Temneparypsl ao 1000...1300 °C nabnionaetcs
nonueiii pacnan CaSQy, B razosoii ¢asze Hapsaay ¢ CO, 3HaunTeNbHO yBeInUMBALTCA 10~

1




as SO; u Ca0. Takum ob6pa3oM, yriaepoa 4yryHa npu BBICOKHX TEMIepaTypax ABIAETCH
ocuosroft ipuunHoi pacnana CaSO4 ¢ oOpazoBaHHeM OKCHIOB Yriepoia M cepel, Mo-
PaXaloLUIMX OTIMBKY ra30BBIMH PAKOBHHAMH.
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Puc. 6. PaproBecHoe cofiepkanue pearentos B cicreme CaSQOy — C:
a) KOHNEHCHPOBaHHbIE (a3el; 6) MaplUKalbHble AaBJEHUS ra3006pasHbIX
MPOLYKTOB B3aHMOAEHCTBHS

®

Ipu H3rOTOBIEHHH @XYPHOTO H OCOBOTOHKOCTEHHOTO JIMThS W3 UYTYHOB, KOTAa
HeoOXOAnMa 3an¥BKa MeTajia B HarpeTylo hopMy, nonyueHHe KaueCTBeHHbIX H3eaui
CTAHOBHTCSH BO3MOMKHBIM 33 CYET CHIKEHUSA cynbdara Kanslus B KPUCTATIOMMAPATHOM
CBS2YIOLIEM HITH €ro NMOJMHOro MCKIIOYEeHUs. YMeHblueHHe (akTHYeckoro coaepatus
runca B ropTAaH/LeMeHTe BO3MOXHO 3a cieT pasbaBilelinsi ero MaTepHalloM, CocTOos-
KM B ocHoBHOM M3 okcunoB CaQ, SiO,, Al,O; u Fe,0;. Takum MaTepHanom siBnseTcs
MOJIOTBIH NOMEHHBIH 11aK, CMOCODHBIR K IMAPaBNHYecKOMY TBEPAEHHIO, 0COGEHHO B
nzpectkoBoit cpege. OKHUCh KanblLus, B3aHMOAEHCTBYs ¢ aKTHUBHBIMHM OKCHIAMH KpeM-
HUSL M aNIOMMHHS, CO3AAI0T HOBOOOPa30BaHMA I'MAPOCHIMKATHOrO M IMAPOANIOMUHAT-
Horo coctaBa. Takas cHcTeMa uccienoBaHa Ha aepupatorpade cuctemsl «PAULIK»
(Beurpus). Pesynprarh! nokazanu (puc. 7), 4To BO BCeM MHTEpBaJle TEMIEPATyp LLIAKO-
HOpTHaHALUEMEHT HCIBIThIBAeT PABHOMEPHOE CHH)KEHHE MacChl, 4 B MHTepBaje TeMIle-
patyp 1000...1300 °C ocraercs NOCTOSIHHBIM.
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Puc. 7. [depuBarorpadudecKre KpuBble HarpeBa 3aTBOPEHHOro BOJOH:
a) nopraanauementa Mapku [111-400, 6) wiakouementa Mapxu HIITI-400
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Ortcropa BITeKaeT, UTO MOBeleHHE LINTAKONOPTIAHALEMEHTA AHAJOTHIHO NOPT-
NaHAUEMEHTY, BPH BHICOKHX TeMUepaTypax cTabuibHO H €ro MONHO HCMOJIb30BATS NPH
NPOHU3BOJCTBE OTIHBOK U3 YePHBIX M LBETHBIX CINaBoB. [IpuMeHeHHe aKTHBUPOBAHHEIX
METATYPrUYECKHX OTXOAOB B JIHTEHHOM NPOH3BOACTBE MO3BOJSET TAKKE PELIHTL 3a-
Jauy yTHIH3aUKHK U pecypcocOeperkeRus, 3Ha4YHTENbHO CHU3UTL CeBecTOMMOCTL roTo-
BOH NpOAYKLMH, YBETHYHTL NPOU3BOAMUTEILHOCTD, OBBICUTE (MH3HKO-XHMHYECKHE N
TEXHONOrHYeCKHe cBoiicTBa (POPMOBOUHON CMECH H MpPH 3TOM 3HAYUTENBHO YJIVUIIUTE
KayeCTBO OTJIHBOK.

Ilpu smtee yyryHa B [TLQ nenecoo6pasHbiM ABIAETCA TAKIKE NPEABAPHTENBHAS
TNIOArOTOBKA LIEMEHTA ¢ LIeNbIO YAAIEHHUS THIICA 33 CYET BBICOKOTEMIEPATYPHOTo ofkura
noptiaanjuemenTta npu temneparype 850...950 C c BBeaeHuem peareHTa — AHCTEpry-
poBsanHoro yras. Ilpogykramu peakumu sapastotcs rasooGpasuble CO, CO,, SO, SO;,
O3, a Taxxe TBepAble BelecTBa — OKCHIBI KANbLUs U XKenesa, cynpdun kanvis, Teep-
Able NMPONYKTBI PEAKUMH MHEPTHHI K KOMIIOHEHTaM METalTMueCKOro paciulaBa ¥ Mpw
3TOM OHH HE OKa3blBalOT HEraTHBHOrO BIMSHMS Ha CB3YyIOLHEe CBOWCTBa NopTiayle-
meHTa. DPEeKTUBHOCTh TAKOro Crocoda MOArOTOBKH LIEMEHTHOIO CBS3YIOLIEro roi-
TBEPKIAETCA MPOBEJCHHLIMH HCC/ICOBAHMAMH Ta30TBOPHOH CrocoGHOCTH mnecuano-
LEeMEHTHOH CMECH 110 CTaHAApPTHOH METOLMKe NPOKATHBaHHA HABECKH cMecH B TpyBua-
To#l neun Mapca ¢ ynaBniBaHHeM BbIIEISIOIIMXCS ra30B U onpeaeneHneM ux o6beMos.
PesynbraTel n3mepenuit nokazann, uto GopMoBoYHas cMmech Oe3 MOArOTOBKY LEMEHT-
HOTO CBA3YIOLIEro HMeeT ra3oTBOpHOCTH 9,5...10 eM™/r, a nocne 06paGoTicn 3...4 eM’/r,

B uemeepmoii 21age paccMOTpPEHBI BapHaHTBI TTOBBILIEHHS (OPMO3aNOIHAEMOCTH
TTLI® ans KpynHBIX M TOHKOCTEHHBIX OTJIMBOK ¢ NPHMeHEHHEM KOMOUHHPOBAHHOMH LeH-
TpoGexHO-BaKyyMHOM! 3anuBxi W 06paboTkoil pacniaBa HeCHHYCOMJAibHBIMH 3JIeK-
TpPOMarHHTHbIMH uMnynscamu (HOIMH).

Tlocne o6paborkn HOMHU B Teuenne 10...15 MuH y natynn JILLL16K4 saduxcn-
poBaHo yBenuueHue xuaKoTekydectd Ha 30...50 %. IpeanonoxuTeabHo 3TO CBA3AHO C
H3MENbYEHHEM TYTOTIIABKUX 3epeH KPeMHHS, MOHIDKEHHEM TeMNepaTyphl AMKAUAYC H
yMeHbILIEHHEM BA3KOCTH pacmnaBa. PaspafoTaHa TakXKe KOHCTPYKUMA [1aBHIbLHO-
3aJIMBOYHOI YCTAHOBKHM, KOTOpas npelycMmarTpHBaeT o0paboTKy MEAHbIX CIABOB B
YKHKOM COCTOSHHH B BAKYYME MJIM 3aIUTHOH aTMocgepe HHEPTHOI'O Ta3a HerocpeacT-
BEHHO Nepel 3aloJHeHHeM JIUTeHHOH PopMEL.

B namoil enase npuBeneHbl pe3yNsTaThl OMBITHO-NPOMBILUIEHHBIX HUCIIBITAHUM
TEXHONOTHYECKOro Mpoilecca MPOH3BOACTBA OTJIMBOK C IPUMEHEHMEM aKTHBUPYIOLLCTO
[OUCTIEPIHPOBaHNs U PELMKIHHTA (POPMOBOYHBIX MaTEPHAIIOB.

Ha npexnpusitan OO0 «Muauant» (r. Uenabuuck) otpaboTanHbl napamerpsl
AKTHBHPYIOILETO NHCMEPrHPOBaHHA KPEMHE3EMHCTBIX HaTIOIHHTENEH 1715 M3rOTOBNSHNS
KpHCTANOrHApaTHbIX $opm 1o JIBM-mporeccy, KOTopble 03BN CTalumu3upoBaTh
cBoHCTBa TUTEHHBIX QOpM.

Ha 3AO0 «VYpansckas 6ponsa» (r. UensbHHCK) NPOBEAEHB! [IPOMBILLIEHHbIE HC-
MBITaHUS TEXHOJIOIHH HATMBHBIX CAMOTBEPHEIOLINX CMeCEH Ha LEMEHTHOM CBS3YIOLIEM
C HCIONB30BaHHEM OTpaGOTaHHBIX MaTepuanoB. BO3MOXHOCTh PELUKIMPOBAHUS Le-
MEHTHO} (OPMOBOYHOM CMECH MOATBEPKACHA Pe3yNbTaTOM PEHTTEHO(A30BOr0 aHaIH-
3a Ha gudpakToMeTpe «[poH — 3M». PenTrenorpaMMel oKasauH, 4To NpH TeMneparty-
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pe 1100 °C cucrema NonHOCTBIO TepseT BOAY B CBA3aHHom Buae. OCHOBY MaTepHana
cocrapiser TpexkansuueBsldf cumukar 3CaO-Si0O; M pBykansumeBblii cusmkar -
2Ca0-Si0; (puce. 8). dudpakrorpamms! 6ol nonyyeHs! s K -cocTapnsioueit B Mex-
HOM u3nyueHHH. TakuM o6pasoM, YCTaHOBIEHO, HTO LEMEHT COXPaHH MHHEpanoruye-
CKHH COCTaB M criocobeH rMapaTHpOBaThCS NOBTOPHO.
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Puc. 8. Ilndpakrorpamma Puc. 9. lunatometpus necyato-
TMAPATHPOBAHHOrO MOPTNAHALIEMEHTA uemeHTHoH cMeck ¢ fobasiieHueM  /
T111-400 nocte o6xura npu 1100°C: C3S - PELIKITMPOBANIILIX MATEPHAIOB

anut, C;S — Genut, CsAj — naTHKanbiessd
tpuaoMiHat, CO — OKCHI KanbUus

DxcnepumenTanbHo 6611 nofobpaH KONMYECTBEHHBIH COCTAB HHIpeaHeHTOB
{opMOBOYHOM CMeCH Ha OCHOBE PEeLMKIHPOBaHHBIX OTXOMOB, Mac. %: MeNKoAuCnepc-
Helff  kBapueBslif necoxk — 28,9...44,1; peuMknupopaHHas LEMEHTHas cMechb —
11,0...32,4; noptnanaueMent — 10,8...18,2; HUTpaT aJIOMHHMA HAEBATHBOAHBIA —
0,6...1,5; Bona — octaneHoe. HMccnenopanus na aunatomerpe «PAULIK» (Benrpus) B
unrepsane temnepatyp 20...1000 °C nokasany, uto ITL{D Ha ocHOBE pPeUHKIHPOBaH-
HBIX MaTepuanos cTabuibHa u umeer KTJIP=0,9-107°C™' (puc. 9). Ipeanaraemas
cMech npouwia yensitadud Ha 3A0 «Ypansckas Oponsan (r. Uensbunck) Ha wupoxoit
HOMEHKNaType XyIOXXeCTBEHHBIX OTIMBOK Maccoit oT 40 r no 75 xr. beuy nomydeHsl
KauyeCcTBeHHbIE OTIHUBKY, ce0ecTOMMOCTh KOTOPhIX B 1,3...1,5 pasa Hibke, 4em npH npo-
H3BOACTBE B LeMeHTHBIE (POPMBI, H3TOTOBJIEHHBIE TOJNBKO HAa CBEXKHUX MaTepHAasax.

B xoze npoH3BOJCTBEHHBIX HCHLITaHUH OBl MpelsoxkeH KOMIJIEKC TeXHH4Ye-
cxux MeponpHstuit no usrotosnenuto ITLID. i npuroroBneHus KUAKOUOABHKHOH
(opMOBOYHOH Macchl BHEAPEH B IIPOM3BOLCTBO 3-X POTOpHEIH JIONAacTHOH cMecHTeNb, |
paboTa KOTOpOro OCHOBaHa Ha MpHHLHNE TypOyNeHTHOro nepemelnBanus. beicTpoe
dopmuposanue npoynoit ctpykrypsl ITLID obecneunBaer pexxHM CYIUKH, KOTOPHIH 3a-
KIOY2ETCA B BBIJEPXKMUBAHUM ChIpbIX (OPM B CYLIMIBHBIX KaMmepax NpPH TemmepaType
26...30 °C, naxsxoct okpyxaromel cpensl 30...32 % u uupkynsuuu Boznyxa. Ina
3(hpeKTHBHOTO yaaTeHHs KPHCTATTH3ALMOHHON BIArH M OCTATKOB MOJETbHON Macchl
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onpoboBaHa KOHCTPYKUHS NPOKANOYHOM MedH C IPHHYAHTENLHOH BEHTHAALIEH BO3TY-
Xa M LUMKIMYHBIM pexuMmoM pabotel: Harpes no 300 °C, seiiepkka 1 4, Harpes no
600 °C, Beinepxka 7 u,

Paspa6oTaHiibie TEXHONOTKH NO3BONMIA CO3MATH PALMOHATBHYIO CHCTEMY TIpH-
FOTOB/IEHHS! W AKTHRAlLM¥ KOMIIOHEHTOB NECHYaHO-LEMEHTHOH cMecH, co3haTh 61aro-
NpUSTHDBIE yCIOBHS AN KPHUCTANTH3ALMH M CTPYKTYpoofpasosanus GopM, 3bdekTHBHEO
CHHM3HTh Ce0ECTOMMOCTD, U BMECTE C TEM YIIYYIIHTb KAUECTBO JIUThS. 38 CHEeT CHIKEHNS
Opaka, coxpawenus craauil onepaunii npoxanku (popM, HCIONB3OBARHA LEAOPOIHX
(opMOBOUHBIX MaTePHANOB AOCTHIHYT CYMMApHBIH roaoBoil sKoHOMHueckHil Iddert
Ha 3A0 «Ypanbckas 6ponsza» cocTaBun 2,36 maH. py6., Ha OO0 «MHHWINTY B pa3me-
pe 1,16 mnn. py6. (B uenax susaps 2009 r.).

OCHOBHBIE BbIBOJbI

1. Ananu3 AeHCTBYIOILEro TEXHOJOMHYECKOTO NPOLECCa U3rOTOBIEHHUs OTINBOK B
06beMHbIE NIeCHaHO-LIEMEHTHbIE (JOPMbI NO BHIMIABIAEMbBIM MOJENIM NOKa3al, 4To oc-
HOBHBIMH HEJOCTATKAMH TEXINPOLIECCA, BhI3bIBAIOIMMU AeEKTHOCTh OTIMBOK H BhICO-
KHH ypOBEHb MaTEpHAJIbHBIX, IHEPIETHYECKHX U TPYHAOBLIX 3aTpaT ABISIOTCS: HEPABHO-
MEpPHOCTh PacnpeiesieHHs CBH3YIOWIEro H HaNONHUTENS NP NpUroToBieHun dopmo-
BOYHOH CMecH, HEJOCTaTOYHOEe KaueCTBO MOBEPXHOCTH OTJIMBOK BCJEACTBHE pacciioe-
HHUA CMECH M ee HH3KOH CelMMEHTALMOHHOH YCTOHUMBOCTH, 3apOXIEHHE TPELMH B
npolecce ynaneHus pa3oBblX BOCKOOOPa3HbIX MOIENEH ¥ MX pazBHTHE NPH [pOKalIKe,
3aMBKa OPM He YUMTHIBAET CHEUMPHKY TPHMEHEHHS LIEMEHTHOTO CBA3YIOLIErO.

2. PackpsIT MexaHM3M THIpAaTaUMH NOPTIAHALEMeHTa ¢ N06aBKOd YCKOpUTEsd
CXBaThIBAHUS ~ HUTPATa alIOMHUHUS AEBATHBOIHOIO C YYETOM PELMKINHIA MaTEPHATIOB.
VYckopenue mpoliecca KpHCTAIM3ALUMA 3aKIoyaeTcs B npolecce GOpMHUPOBAHMS KpPH-
CTA/NIOTHAPATOB: B NEPBYIO O4Yepe/b B PeakLHIO FMApaTalHy BCTYMAIOT AIOMHHATHbIE
3Ca0-ALO; ¢ amomodeppurhbie 4Ca0-Al05Fe,0;, 3arem cunukarasie 3Ca0-Si0; u
2Ca0-Si0, ¢a3sl nementHoro cessywoulero. HoBooOpaszoBaHus BeIKpHCTalIM30RbIBA-
I0TCst B BUJE PasBHUTBIX MIONBLHATHLIX KPUCTAJUIOB, YTO CO3AaeT yCNOBHS 4S8 YCKOPEHHUS
r'HapaTaldy LEMEHTA.

3. YcraHOBJIeH XapakTep CHIO0BOTO B3aWMOJEHCTBUS BOCKOOOpasHOM MOJAENM C
obvemuoil [T B npouecce pemnasnenus mogend. C yyeToM Tennodu3HYeCKHX
CBOMCTB M reoMeTpHyeckux napameTpos Mozens u [TL{® paccunrtano Bpems BeillaBie-
HHA Moaend, J{is npenoTBpallieHHst TpelHHoo6pa3oBaHud GopM NMPEANOKEHA KOHCT-
PYKLHs [yCTOTeNOH JTUTHUKOBOH CHCTEMBI, NMO3BONAIOIIAA COKPaTHTh B 5 pa3 Bpems
BBLIMIABIEHIA MOLENLHOI'O COCTaBa H TEM CaMbIM, CHHIHTh €ro JaBNeHHE Ha popmy.

4. OnpeneneHsl napamMeTpbl aKTHBHPYIOILEro AUCIEPrHpPOBAHUS KBAapLEBOTO f1ec-
Ka B BUOpaLMOHHOH MeNbHUIE B TequHe 40...60 MuH s JOCTHXKEHHS YAENbHOH no-
BepxHOCTH 4acTull 1550...1950 cm ?/r, a TaKKe AyTOTe3HOHHOH TOMOTEHU3ALMH KpeM-
He3eMHCTO-LEMEHTHON (OpPMOBOYHOH cMecH B OapabaHHOM cMecHTese B TEHEHHE
7...9 4. lpy 3TUX NapameTpax aKTHBaUMM 3aQUKCHPOBAHO yMeHblEHME B 2,5 pasa
npo¢us PeHTreHOBCKOrO MHKa, XapaKTepPH3YIOILEro TermnoBoi sddexT noanmopduoro



fpeBpalleHHs KBaplia npu temneparype 573 °C, yTo CBUAETENLCTBYET O €ro YaCTUYHOM
amophu3aLy.

5. Paspa6orana cucTema 3Q(EKTHBHOrO CMECENPUIOTOBIEHHS (HOPMOBOUHON
CyCTIEH3HH Ha OCHOBE aKTHBHPOBAHHOTO MECKa B BUXPEBOM TPEXBAIKOBOM JIOMACTHOM
cmecHTene TypOyJIEHTHOrO THIIA, JUIS KOTOPOro NoAoGpaH ONTHUMANBHbIN MEpHOX NpH-
roToBsieHHs GOPMOBOYHOI cycreH3uy 2...5 MuH npu ofopoTtax e menee 900 o6/mMuH.
DT Mo3BOJMNO B 1,5 pasa CHH3UTh BOZOMACCOBOE COOTHOILIEHHE CMECH H, COOTBETCT-
BEHHO, ITOBBICHTH OJHOPOJHOCTE U €€ CEIMMEHTALMOHHYIO YCTOHYMUBOCTH CMECH HA
20..30 %.

6. YcTaHoB/IeHB! 3aKOHOMEPHOCTH BLICOKOTEMIIEPATYPHOrO B3aUMOZEHCTBHA 3a-
JIHBAaEMBIX CIUIABOB C MaTepHanaMH NeCHYaHO-UeMEHTHOH GhopMel. MakcuManbHas TeM-
nieparypa nporpesa ¢opMel Ha rnybuHy 1o 0,5 MM COCTaBNA€T NMpPH NUTBE HYTYHHBIX
otnusok Gonee 1000 °C. TepmoaMHaMHYEcKuii pacyeT moxasan, uTo B3auMOAEHCTBHE
CaS0, ¢ yrneponom 4yryHa ¢ oGpasoBaHHeM ra3oBoii (a3sl BEpOATHO yiKe PH TeMe-
patype seiiie 420 °C. MopenupoBaHrueM [pouecca XHMHYECKOro B3auMoaeHcTaus
«cynbhaT KanblUus — yrJiepoiy» PacCUHTaH BO3MOXKHbLIA 06beM BbIAEIUBLINXCA [4308B:
npu Temnepatype 1000 °C V=0,9 M’/r, nput 1300 °C V=1,55 m*/r. Harpes ¢opMe! nepen
3anuBKoi He nomxed mpesbiwate 150 °C, yto obecneunBaer GopMHpoBanye TBeproil
KOPOYKY METAJa, NPENATCTBYIOLEH NPOHUKHOBEHHIO Fa30B H3 (GOpPMBI B OTIIHBKY.

7. CHHXEHUE Ta30TBOPHOCTH INECYAHO-LEMEHTHOH CMecH JOCTHraercs 3a CYeT
BROZA A0 50 % moMeHHoro uutaka, gucnepriaposatyoro no 3000..,3500 CM3/r, a TaKxe’
3a cueT O0XHra HOPTIAHALEMEHT C rpaHTOBBIM TIOPOLIKOM C LEbIO PasJIoXeHHs co-
AepKaLLerocs B HeM cynbdara KanabLHg. Y CTaHOBNEHO, YTO OOXUT TIOpPTIaHALEMEHTa B
teuerre 30...45 MHUH NIpY CTaHAAPTHOM JaBJIEHHH 1,01-10° [a B TEMIIEpaTypHOM HH-
Tepeane 850...950 °C B mpucytcTBuu 1...3 % QuCNeprupoBaHHOIO YIS CHHXKAET raso-
TBOpHOCTH [TL® B 2,5 pa3a.

8. Paccuutannl napameTpbl HEHTPOGEKHO-BaKYyMHOH 3alMBKM [N KPYNHBIX
tdopm BoicoTolt 400...1000 MM 1 auamerpom 400...1000 MM: ocTaTouHOe HaBneline B
nonocty GOpMbE J0DKHO coctasaaTh 6...20 xIla, uucio obopotos 178...280 06/Mun,
JapjieHne MeTamia Ha credk gopmel 0,99...2,85 MIla. [osblueHne XUAKOTEKYUECTH
AOCTHraeTcs Takxke 3a cyet ero o6paboTky B TeyeHne 10 MHH B NNaBHIBHOM THTJIE He-
HIOCPENCTBEHHO Tiepell 3a/IMBKOft B HOpMy HAHOCEKYHIHBIMH 31€KTPOMATHUTHBIMH MM~
fynbcaM ¢ yactoTolt ux nosropenusa f=1000 I'u, nponomxutensHocTso 7=0,5 HC H
MOIIHOCTBIO 0HOTO UMMynsca 1,3 MBT, 4To nossosser nonyyaTs axypHbBIE XYIOXKECT-
BEHHBIE U3/IENHs C TONUIHHON CTEHKH MeHee 1 MM.

G. Paspa6oTan coctas $opMOBOUROIL cMecH ¢ nobaskoit 1o 50 % orpaboTaHHmX
matepuasioB. J[loGasnenue pELMKIHPOBAHHBIX MaTepuanoB ofecrnevHBaeT uepes
20...30 muu nondoe cxsarbiBaHie IT1ID, no3sonseT CHU3UTL COAEPXKAHHE OOpPOroO-
CTORILErO YCKOPUTE/Sl CXBAaThIBAHHA HUTPaTa aJIlOMHHHA B 2 pa3a. B nHTepBane TeMne-
patyp 20...1000 °C I1LId na 6a3e pelMKIMPOBaHHBIX MaTepHaIoB cTabUAbHA H HMeeT
KT/IP 0,910 °C™ aes ocHosy coctapiastor 3Ca0-SiO; u B-2Ca0-Si0;.

10. OcBoen B MPOU3BOACTBE TEXHOMOTHYECKHIT NPOLIECC H3TOTOBJIEHHS OOBEMHBIX
[T1® ¢ noBeliIEHHOM TEPMOXUMHYECKOH CTOHKOCTBIO HA OCHOBE CBEXKHX M PELHKIIMPO-
BaHHBIX (POPMOBOUHEIX MaTepHanos. [IpoMbllITeHHOE BHeAPEHHe NaHHBIX pa3paboToK
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NO3BOJIMIIO TMOBLICHTL BBIXOA TOAHBIX OTIHBOK M MOJYYHUTb TOAOBOM IKOHOMHYECKMH
a¢dext B pasmepe 2,36 MnH. pybaeit.
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