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Pa6ora BHNOJHEHAa B OTIeNe XAMHA H TEXHOJOTHH THTAHA
HAcTHTyTa OGLIEl H HEOpPraHHYecKOl XMMHH AKaJeMHH Hayk YCCP.

HayuYHb i DPYKOBOMHTEAb: KAHIHAAT TEXHHYCCKHX HaVK,
CTapIIHA HayyHLIH coTpyaHuk BEJISIKOBA E. IT.

ObHUOHAaNbHBIE ONNOHEHT B JZOKTOD TEXHHYCCKHX HayK
I%é%KPBIHA B. C., KaHAHAAaT TeXHHYECKHX HayK, pouent JKUWJI-

Benyuiee npeanpusitie — [ocynapersennmiil HHCTHTYT MHIHEpPaJ/ib-
HbIX nurmeHTtoB (I'MIMII), YensGuuckuii duanad.

3alluta gHCCepTaUHH COCTOHTCH . . . . . . . . . . 1968 r. na 3ace-
AaHHH YYeHOrO COBeTa XHMHKO-TEXHOJIOTHYECKOro (pakyabTera Kues-
CKOro opneHa JleHHla NOJNHTEXHHYECKOTO HHCTHTYTa HM. 50-1eTHS
Bennkoii OKTAGPbCKOR COLHANHCTHYECKOI] PEBOJIIOLHH.

IIpocb6a OT3EIBEI Ha aBTOpedepaT HANPaBAAThL B JABYX 3K3eMIJif-
pax no axpecy: Kues-56, Bpect-JIntoBckuii npocnekr, 39, KITH.

C AMcceprauneii MOXKIO C3HAKOMHTLCS B GHGIHOTCKE KITH.

ABTopecdepar pasocnam . .. .., ...... 1968 r.

Yuenvil cexperapy Cosera KITH

(HIIEHKO I. M.)
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SHAUMTEJbHbIE 3anacbl THTaHOBOrO ChIpbSi B NPHPOLE CO3ZAIOT
UIMPOKYI0 0a3y AJisi pa3BUTHsI NMPOH3BOACTBA TUTAHA M €ro COEMdH-
Henui. [loBblLIEHHBIH HHTepec K THTAHY OOBSACHAETCS TEeM, YTO
XHMHUYCCKH YMCTBII THTAH H €ro ChnJaaBbl 00JIafaioT MJaCTHUECKUMH
CBOHCTBAMH M HCIIOJIb3YIOTCSl - KAK OTVIHYHBIH KOHCTPYKLMOHHbIH
MaTepHas. AHTHKOPPO3HOHHbIE CBOMCTBA THTAHA H HEKOTOPBIX Ero
CIIJIABOB OOYC/JIaBJAHBAIOT MPHMEHEHHE HX B XUMHUYECKOM MAIUMHO-
CTpOeHHH. BoJiblIoe HAPOAHOX03AHCTBEHHOE 3HAUYEHHE HMeEeT H IBY-
OKHCb THTaHa, KOTOpas SBJAETCS JYyYlIdM OeNbiM MNHCMEHTOM H
HCIIOJIL3YeTCs1 B TPOM3BOACTBE MJacTMace, JIMHOJHyMa, GyMard, pe-
3HHbI, HCKYCCTBEHHOI0 BOJIOKHA, B KA4YeCTBE TYromnJaBKoi 0OMa3KH
AJIs1 3J1€KTPOJOB K B psile APYTHX NMPOH3BOMICTB.

OCHOBHBIM ChIpbEM [JIsl IPOM3BOJCTBA THTAHA H €ro COedHHeHHI
ABJISIIOTCS HJIIbMEHHTOBbIC KOHLEHTPAThl, KOTOPhIE, MPH CYLIECTBYIO-
LileH TEXHOJIOTHH, nepepabaThiBalOTCSI CEPHOKHCJALIM METOAOM Ha
MATMEHTHYIO JABYOKHCb THTaHa H MEpPenyaBJdIOTCH Ha BbICOKO-
THTAHOBbIE UIJIaKH, HCMOJIb3yeMble AJS XJIOPHPOBAHMS. -

CepHOKHCIILIFE METOL IOJIyYEHHS JBYOKHCH THTAHA SIBJISIETCS
C/IO2KHBbIM H JOPOTIM, NMPH €ro OCYLUECTBJIEHHH NPENBSIBIASIOTCS Bbl-
COKHe TpeOOBaHHs K KauyecTBY HCXOJAHOTO ChIPbSl 110, XUMHYECKOMY
H MHHEpaJIOTHYeCKOMY cocTaBy. CJIOXKHBIH H HEMOCTOSIHHBIH COCTaB
MKEJIEBOTHTAHOBLIX pyA HE IMO3BOJISET IOJNy4YaTb MNPH OOOrallleHHH
YCTOHYHBLIX O COCTaBY KOHLIEHTPATOB.

[llnaku, conepxxairne 80—85Y% NBYOKHCH THTaHA, PEACTABISIOT
HH3KOCODTHOE Chlpbe AJs1 XJOpHpOBaHHsi. II03TOMY 3TH METOIHL
BCKPBITHS 2K€/JI€30THTAHOBOIO ChIpbSl HE MOryT OOecneyuTb pacllH-
PEHAS TIDOH3BOACTBA THTAHA H €ro COEJUHEHHH IJIsi VAOBJIETBOpE-
HHSI TOTPEGHOCTE HAapOAHOrO XO35HCTBA. | .

' XOpOIUHM ChIpbeM IJIsi TPOM3BOJACTBA THTAHA H ErO0 COEAHHEHUH
MOKET OKa3aTbCsl TEXHHYECKas MABYOKHCh THTaHa, CcOAepiKauias
97—98% TiO,. Takol NMpPoAyKT, ¢ persiaMeHTHPOBAHHBIM YCTOMYUH-
BbIM COLEPKAHMEM TpHMeceH, MOXET ObITb IOJy4YeH pasiHYHLIMH
MeToaaMH. Hacrosiias pa6oTa MOCBsALIEHA MOKCKaM YCJOBHI CeJeK-
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THBHOTO BBIZEJEHHSI U3 HIAbLMEHHTOBBIX KOHLEHTPATOB 2KeJe3a, Xpo- |
Ma, BaHalHsl H HEKOTOPBIX ADYTHX HpLMecel] XJIOPHCTBLIM BOJOPO- '\
AOM H COJISTHOH KHCJIOTOI. C 3TOW 1e/bI0 MPOBEACHO HCCAEI0BANHE CKMIT 0030D H3BECTHLIX CIMOCOO0B NMOJYUCHHS TEXHHUYECKOI JBYOKHCH
KHHCTHKH B3aHMOACHCTBHS HEH3MCHEHIIOro I H3MEHCHHOIO HJIbMe- - THTana. 13 MHOrouMcJeHHBIX crnoco0OB HauGOJBLIHH HMHTEpeC, IO
HHTa C XJIODHCTBIM BOAOPOAOM H COJISIHON KHCAOTOI MPH NOBLILIEH- | e B D, T e L L L
HBIX TemnepaTypax. M3yuen MexanusMm B3auMOAClCTRIIS 1 HOMVUCHD, H3 KOMIIJIEKCHBIX 7KeJIe30THTAHOBLIX KOHUEHTPATOB sKeJie3a H HEeKO-
IMIIHDHYCCKHE YPABHEHHSI 3aBHCHMOCTH CKOPOCTH XJIGPHPOBAHHS i TOPLIX JIPYTHX KOMMOHEHTOB C T€M, UTOOBl ABYOKHChb THTaHa OCTa-
PacTBOpeHHs JKeji€3a OT TemmepaTyphi, AaBJeiis XJOPHCTOrO BOJIO- BaJjach B ocrartke. /Iurteparypa 1no CeieKTHBHOMY BCKPBITHIO HJIbMe-
POAa, KOHLEHTPAUHH COMSIHOIN KHCJOTHI, XJAOPHOTO H  XJOPHCTOrO | HHTOBBIX KOHIEHTPATOB COJISIHOH KHCJAOTOH H XJIOPHCTBIN BOIOPO-
KEJ1e3a B pactBope. M3ayuen (a3oBblii coctan MOJIyuaeMblX IpPoaIyK- J0M 1peJACTaB/eHa B OCHOBHOM MAaTEHTHBIMH 3asiBKaMH. Bonpoch
TOB. YCTaHOBJICHBI ONTHMAJLHDE YCJIOBHSI CENIEKTHBHOTO XJ0pHDO- TEePMOJHHAMHKH, KHHETHKH H MEeXaHH3Ma B3aHMOHECHCTBHS H3MEHEeH-
BaHHs H DACTBOPEHHs! 2Kesle3a H3 U3MCHEHHBIX H HCH3MEHeHHLIX 1 L.. HOTOZH . HEHSMEHEHHOTOL 1 EMERHTASGRO QIO R GO R OD IS
MEHHTOB. K3yueHo noBenenue MPUMeECeH XpoMma, BaHaIHsl, aJioMii- i sl SRl el i bt G AU SIS Y, LELEHORALEITe
HHF, UWHDKOHHSI B  YCJOBHSIX, ONTHMAMBHLIX 415 paCTBOpEH BPEMCHHM He paccMaTpHBajanch. B Jutepatype MMeeTcsi HemocCTa-
Keqesa. Mceaenoaiibl nyti PereHepamni pacTBopos, CoAEPIKALLIY TOYHOE KOJHYECTBO MAHHBIX [10 BCKPDLITHIO H 00e3XpOMJIHBaHHIO
COJIHYIO KHCJIOTY H XJIOPHABI XKeae3a, BaHaMs, xpoma. Hameuenn H3MEHEHHBIX XpOMcOjeprKalllUX HIAbMEHUTOBBLIX KOHLEHTPATOB, .IO-
YTH BbINEJIEHHSI H3 HUX COJISTHON KHCJIOTBI, OKHCH KeJsieza, Meral- 5TOMY He pelied BOTPOC O IMPOMBILIJIEHHOM HCMNO1b30BAHHH LEHHOTrO

OKHCH THTdHd 1 BbICOKOTHTAHOBDLIX HIJIAKOB, 4 TAKKe J/laH KPHUTHYEC-

JIMUECKOTO YHCTOrO KeJse3a, »Kesae30-BaHaAHEBOro KOHUEGHTpaTa M i PacHpPOCTPAHEIIHOTO ChIPbsl 3TOrO BHAA.

THIAPOOKHCH Xxpoma. Ha ocHOBaHMM npoBeneHHbIX HCCJIeN0BANII] DpICTPO pasBuBaloulascsi aBTOKJaBHAS TEXHOJOTHSI MO3BOJSET

TPEAJIOXKEH HOBbIH METOA MAPOXHMHYECCKOI] nepepadoTKH H3MeHeH- - BECTH HCCJeJ0BaHHs MPOUECCOB, CKOPOCTh NPOTEKAHHA KOTOPKIX

HBIX HJIbMEHHTOBBIX XPOMOCOIEPKaLLHX KOHUEHTPATOB, SIBJSIIOLLHI- | YBEAHYHBACTCs C IOBBLILUEHHEM TEMIIEDATYpbl H AaBJACHHSA.

Cd 1O 3KOHOMHYECKHM pacueraM Haubosee PALHOHAJIbHBIM B |

CPABHEHHH ¢ BbIMJIABKOH L1akoB. MeToa nossoaser NOJYUHTDL IPO- | Faasa II

AYKT, copepxKauuit 97—989 . SCi) Lo | .

KguH,H, 6e3panL:-ltecu aau?air/?nﬂff};c;;?;fjhgfa:;flmﬁgmﬂb"o” OO QO0beKkTaMu sl MCCJeIOBAHHS! BbIOpAaHbl WJbMEHHTOBbIE KOH-
? ) f . : o T :

' . . [IEHTPAThl YKPAaHHCKHX MECTOPOXKAEHHI, XHMHUECKUH COCTaB KOTO-

BH’CEII:)ﬁfﬁ;,fT?iHHOH KHCJIOTBI B KaYecTRBe PEaréHTa OCHOBaH Ha ce PBIX ﬁpeﬂcq}‘a}?‘:}en B Tabma. 1. ; . |

—— Maprafiflfa'l“ﬂTE?H?ITT{Z?:EH:IG K OKHCJIaM »KeJie3a, BaHadHS. | TepmonnHaMHUECKHI aHaJM3 BbIMOJHEH OTHOCHTEJILHO OKHCJIOB

© AR S R ABYOKHCH THTaHa NMpH HarpesaHuu H HEKOTOPBIX MWHEPaJIOB, COCTABMASIIOLUHX HAbMEHHTOBLIH KOHILEHT-

T SO pl(ﬂ?;n’ﬂegl'{:(j[:" KogueﬂTpﬂﬂHH B PacTBOp Mnpax- pat, Tak Kak IJs1 OOJIbIUHHCTBA MHHEpPaJoB, B KOTOpPbie BXOIST

CTBO OpraHHYEcKOro m‘mTé‘;a* O, DBICTPO pactyuiee npoH3BO1- OKHCJIbl JKeJie3a, KpeMHHs, KaJablhs, MarHusl 1 MapraHua, 3HayeHHs
CBsI3ali0 C OCBOOOXKACHHEM OGOJBILINX | TEePMOJIMHAMHUECKHX KOHCTAHT B JiuTepatype orcyrcrBylor. [lpea-

OTXOZIOB COJISTHOH KHCJIOTHI, MPOG/IeMa HCMoJib30BAHMNS KOTOPLIX CTa-

HOBHUTCH BeChEMAa HKT}’HJIE:HOFL noJaraceMpl€ peakKIHH B3aHMOAEHCTBHST OKKHCJJAOB H MHHEPAJOB C XJ10-

PHCTBIM BOJXOPOJAOM H COJITHOH KHCJIOTOI NMpeAcTaBJseHbl B TabJ. 2, 3,
| rie TakxKe MpHBeAeHbl BbIUHCJAEHHbIC 3HAUEHUsT H3MEHEeHHs .CB0o00I-
r e 5 HOH 3HEPrHH 3THX peakuuil. Pe3ayabTaThl TepMOJIHHAMUUECKOTO aHa-
dJaBa | | ; | -

~. JH3a Io0Ka3aJH, YTO NMPH B3aUMONEHCTBHH HJIbMEHHUTOBOIO KOHIEHT-
paTa C XJOPHCTbIM BOAOPOLOM B MHTepBaJe temnepatyp 400—900°C
| BO3MOXXHO 0OpasoBaHHe XJOPHIOB KeJje3a, BaHadHs; KaJbllHs, Mar-
HHs, mMapraHua. O6pa3oBaHHe XJOPHIOB THTaHa, KPEeMHHs, XpoMma
H aJIOMHHHS S$IBJASIETCS MaJio BeposiTHBIM. IlpH B3aWMONEHCTBHH
HJIbMEHHTOBBIX KOHUEHTPATOB C 20%-HOMH CONsiHON KHC/AOTOH B HH-
tepBasne Ttemmnepatyp 100—300°C B pactBop ¢ oOpa3oBaHHEM
COOTBETCTBYIOUIHX XJIOPHAOB MOJI2KHbLI TEPEXOAHTb OKHCJ/bI 2KeJesa.
BaHaAufA, XpoMa, MapraHua M KaJbliHs; PacTBOPEHHE OKHCJ/IOB TH-
TaHa, aJIOMHHHSI MW KpPEeMHHsSI B 3THX YCJAOBHAX IPOHCXOAHTH HC
4 94 2 IOV HO S v e SR o s el e W R N
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M3BectHble B npupone THTaHCOAEep KaliHe MHHepaJpl OTJaHYa-
I0TCSI  OOJIBLIHM PasHOOOpa3HeM. Hanbonbwnii npombliieHblil ¥
HHTEPEC NPEACTAaBJAAIOT ABYOKHChH THTAHA — DYTHJI K "pasqHyHbIe
THTAHATbl. 3anacul PyTHJIA OTPaHHYCHEI, [TO3TOMY THTaHaThl JKeJae3a,
KaK Hawbomee pacnpocTpaneHHble ( HIbMEHHT, THTAaHOMAarHeTHT,
dPH3OHHT), SBJISIIOTCA OCHOBHBIM CRIDbEM [JIsl IPOK3BOACTBA THTAHA *
' €r0 CoeiMHeHHH. B riaBe KpaTko H3/i0Keyw CYLIECTBYIOUIHE METO-
Abl BCKDBITHA KeJI€30THTaHOBLIX KOHLUEHTPATOB ¢ MOJyYeHHEM [IBY-
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Famasa III - : XJOpPHPYETCs] B KHHETHYECKOH 00J1acTH. Kamyamaﬂca SHEpPrHs aKTH-
saniy B uHtepBagae Ttemmnepatyp 600—800°C, Bbiyuc/aeHHass IO

HccliefoBaHHe KHHETHKH B3aUMOJEHCTBHS rkeje3a H3 HJAbLMEHH- HaKJOHY MpsaAMOil AppeHHyca, cocrapaser 9,9 KKaJ/MOJib. 3aTeM

TOBOrO KOHIIEHTPAaTa C XJIOPHUCThLIM BOJAOPOJAOM IMPOH3BOAMIOCEL C HACTVIIACT ﬂii([l(l}}-'Bl-iOHHOE' COIMPOTHUBJIEHHE, KaXKyllasiCad 3HEpPIHi
HaBeCKO! 5 rpaMM BO Bpalualolefics Tpy6uaToil neuu. | AKTHBALLMH 3TOIl 00J1aCTH XJOPHPOBAHHS COCTaBJSET 2,0 KKaJ/MOJIb.

PesysbTaTbl 3KCNEPUMEHTAJbHbLIX AAHHBIX aHAJH3HPOBAJHCL C | [Ipi Bcex HCCJICAYEMbIX TeMIIEpaTypax XJOpHPOBAHHE HAaYHHA-
TOMOLIBIO KHHETHYECKHX ypaBHEeHHII: | eTCS1 C MaKCHMAaJbHOIl CKOPOCTbIO, KOTOpas 3aTyXaeT BO BPEMEHH.

Baungunue HaBaeHH$sg HCCJAEIOBAJOCh IPH TeMIepaType
700°C B OnNTHMAaJbHBIX YCJOBHSIX XJOpHpoBaHHsA. IlaBieHHe rasa B
PeaKUHMOHHON amnyJge MeHsiioch oT 350 mo 760 MM pT. cT. AHaAJIH3

3EEERY, P | SKCIepPHMEHTaJbHbIX JaHHBIX IO ypaBHeHMIOo | mokasaJja, 4ToO MpH
| =V 1—a = kV/ t, 2 ;L HCCJEA0BAHHBIX JaBJEHHAX MPOLECC HAYHHAeTCs] B KHHETHYECKOM
. | ' oOsiacTH. 3aBHCHMOCTb YCJIOBHOH KOHCTAHTbl CKOPOCTH XJIOpHpOBa-
fAS @ — JI0JIA NpopearupoBaBliero KOMNOHEHTA; NSl JKeJesa OT JAABJEHHST XJOPHCTOTO BOAOPO/a B PEaKUHOHHOI

t — BPEMII, | AMITYJIC BbipazKaeTcst ypaBHeHHeM

s a-q.ﬁ

3
1 -V 1—a = kt, 1

-

Kk — yc/loBHasi KOHCTAHTa CKOPOCTH. f'

OTH YpPaBHEHHS LIMPOKO HCHOJbL3YIOTCA MAJISi MaTEeMaTHYEeCKOro
aHaJIN3a 3KCINEPHMEHTAJbHbIX NaHHBIX, MOJYyYaeMblX MPH H3YUECHUH
KHHETHKH TeTEepPOreHHbIX peaKiHH, ObICTPO MPOTEKAIOUIHX B KHHETH-
YECKOH H HH(P(Y3HOHHOH 00JacTax.

I’I?Y‘lf!d‘lﬁ(:b BJIHAHHE KOHLEHTpPaUMH XJOPHCTOrO BOAOPOAA,
JHHEHHOH CKODOCTH, TEMIIepaTyphbl, AaBJieHHs rasa H pasmepa yac-

— 2,2
[<y(-ﬂ E— KO PHCI;

[Tokaszatedb c1eneHd 2,2 BbIUUCAEH rpadrUuecky U3 HaKJOHA MPSAMON
3aBHcuMocTH Jorapupma Kycq or sorapudma Puci. 3HaueHHe
nokasarteJs, OJIM3KOEe K JABYM, CBHAETENbCTBYET O NMPOTEKAHUH peak-
LHH B HAaYaJjbHLIH MOMEHT XJOPHPOBAHHA B KHHETHUECKOH 00JIacCTH,
KOrjia ¢ 7KeJe30M B3aHMOJEHCTBYIOT OAHOBPEMEHHO JIBE MOJIEKYJIbI

THYEK Ha CKOPOCTb XJIOPHPOBAaHHA 2KeJie3a. XJOPUCTOr0 BOIOpPOAA.
B3auMonelicTBHe HEH3MEHEHHOr0 HJIbMEHMTA ¢ XJIOPHCTbIM BOj10- | OnTuMaJJbHbBIMH YCJIOBHAMU 00e32Kejle3HBaHHSI HEH3MEHEHHOTrO

|
POZIOM NPOTEKAET NO pEAKLHAM: | HJIbMEHMTOBOrO KOHIIEHTpaTa [BJISIIOTCS CJeAYyIoliHe: XJIOpHpOBaHHe
] | r 4 0
: , ; cMechlo cyxoro rasa u3 95% o6beMHbIX XJOPHCTOro BofopoAa ¥ 5%
FeTiO3 + 2HCI; - FeCl; + TiO, + H-0, (1) | BO3/yXa, B3ATble B JECATHKPATHOM H30OLITKE NPOTHB HEOOXOAUMOIO
: - . . 2 XHOMETPHMH TNpH JIHHENHOH CKOpOCTH 4 cM/ceK., TeMnepartype

F l TR2P | : [10 CTEXHOM!
SOk A ls(El ar /40.2_-'}1:&03 + Ti0; + 1'/>H:0. - (2) | 700°C u armochepHoM nasyeHHH. [lonnoe o6esxkeneauBaHude S T
| : | N 3a
W3 TepMOAMHAMHUYECKOTO aHaJH3a, NPUBEACHHOTO BBILIE, CJAELY: | HAbMEHHUTOBOTO KOHLIEHTpAaTa B 3THX YCJOBHAX HACTyIaer

7 yacoB. OCTaTOK MocJe XJOPHPOBAHUS COAEPIKHUT (B %)2: TiO, —-
yem nepBas. [103TOMy H3yYaluch YCNOBHs XJOPHPOBAHUS JKese3a B 3243 81;1102 IE O}SS;OAIZ%H:I;;&%% Feazl?;m;o'il“?Knu(zb_—r;?éﬁac:ge;?‘
MPHCYTCTBHH KHUCJIOPOAA BO3LYXa. YCTAHQBJEH ONTHMAJbHbI COCTAR ‘ T L EHq);I:{ Rk y YeARY

ra3oBoi CMecH, JHHEeHHas CKOPOCTh rasa ¥ KPYMHOCTb KOHLEHTPaTa. | NI LI Lbiek

Birusanue teMnepartypb. B3auMmoneiicTBUe sKkeme3a M3
H/IBMEHHTOBOI'O KOHUEHTPATA MO peakuHH (2) HaUHMHAETCSI MPH TeM-

neparype 200°C, Ho npoTekaer ¢ He6OJbLIOH CKOpocThlo. J[lo TeMrme- - IS - |
0 - | 24 ‘ : MOJAEHCTBHSA HJIbMEHHTOBBIX KOH-
paTypet 600°C ckopocTh 06pa30BaHHS XJIOPHIOB JKeJe3a NpeBbllIaeT kccmeloBaHHE SKHHETHKHIERI 2 RHO

- | : X HJIOCh C HaBeCKOH 4 r npu. .
CKOPOCTb €ro BO3TOHKH H3 30HBI peakuuu. [Ipy TemmepaType BbllIe LICHTD ATOBACHCOMAHOHSKH GO0 T DO TP

- [
600°C oOpa3oBaHHe XJOpHAA XKeje3a ¥ BO3rOHK | 3 TeMneparype Beiwe 100°C. | - -
- a MPOTEKAaIOT OIHO- - ; -
| | KHCJIOTOM 3afaHHON KOHUEHTpaluuWu B
BpemMeHHO. [Ipu Temnepartype sbiwe 800°C HaG.aiofaercsi creKaHue 1 Flabecka H/abMEHHTA C 5 P
E
|
|
!

€T, YTO BTOpAsl peaKlusi NPOTEKaeT npx 60/ee HH3KHX TeMIepaTypax,
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F'naBsa 1V

N0 CTEeXHOMETPHH 3anmauBajach
YaCTHYEK KOHUeHTpata. Takum o6pasom; Temmepatypa 600—750°C g_af,rb‘;ie npgm::. H??ﬁﬁ“ﬂgrﬁom e repl:r’aemqecm Gad
ABJISITCS ONTHMAJIbHON JJISi XJOPHPOBaHHSI. CKJIAHHOH aMIyJIE. y

~ ] . 1 yTasp ¢ BOAOH, OLICTPO HarpeBaach
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