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trPEAUCJTOBITE r(O BTOPOMy II3IAHUIO

Co npeuenu [epBoro ng,[aHur Hacrorlqero cnpaBorlHuKa, BblnyuleHno-
ro s 1969 r., flpoueJl cpaBnr4reJlbHo se6omurot cpor, B TeqeHne Koro-
poro aBropcrufi xonrexrus npoAonxaJr pa6ory no c6opy n o6pa6orxe
nossagrcqeficr B nxreparype r.rntpopruaullll o cBoficrBax orvcaon. flo-
cry[I{Blurle 3a 9TO BpeMg MHOfOqHCJIeHHbIe OTSbIBbI CBnAeTeJIbCTBOBaJIII
o HecolrgenHoh nor$e taxofi gacrolbHofi KHgru AJIS HayqHblx, [pol{3-
BOACTBeHTTO-TeXHnqecK[x r{ npenoAaBaTenbcKlrx KaApoB, qro I{ npeA-
onpeAenr.rno ee flepeusAaHI{e.

flpn no4roronKe Broporo vs4anvfr aBropbr KpIlTuqecKIt nepecMorpe-
Jrn Becb Marepllar cnpaBoqHuKa, o6uost4an ycrapeBlul4e cBeAeHItfi u
BKJrrcrrr,urfi HoBbre Marep[aJrbr B HeKoropue rnaBbl. 60,nuuyrc noJrb3y npu
groM oKa3arrr 3aMetraHr.tr npo$eccopon c. l. TpecnarcKoro, A. H. Ag-
rycruHuKa, 3. K. Ke.rrepa, K. K. Crperoea, AoKropoB rexHllqecKlx HayK
A. H. Eopucenxa, ,{,. C. Pyruaua u MHofItx Apyrux, 3a rlro aBropbl
uu r,ny6oro 6raro4apuw.

Crpyrrypa Broporo us4annfl cnpaBorlHr.IKa cyurecrBennbtx H3MeHe-
unir ge nperepned'ta; oAHaKo B coAepxaH?Ie Hexoropblx rJIaB BHeceHH
KoppeKTrrBbr. Tar, ue nepnoir rJIaBbI IrcKJIIorIeHbI cBeAeHfit, HenocpeAcr-
BeHHo He oruocflqr4ecr x csoficrnal,t oKI-IcnoB. l4s a,pyrltx tJIaB - Te
cBeaeHIIg, KOTOpbre AOCTaTOqHO nO,'�tHO rlsJIOXeHbI B ApyrUX I{3AaHI'IfiX.
tlacrr paegelos nono,'rHdua Iir BbIAeJIeHa B orAeJIbHbIe uIaBbI. .{,nr xax-
Aoro ceoiicrsa oKr.rcna, KaI( npaBLIJIo, npllBeAeHo oAHo qLIcJreHHoe Suaqe-
Hrre, KoTopoe aBTopbr crILITaIor uau6onee AocroBepHbIM H peroMeuAylor
aJIr l{cflonb3osagus. B orAe,'rbl{brx cnyqafix, Koraa He npeAcraBnnocb
Bo3MoxHbrM cAenarb an6op ualt6oJlee AocroBepHoft serIlqI,luu, trpllBe-
aeHbr HecKoJrbxo ee guaqennft.

Marepualu cnpaBoqHuKa cocraBJIeHbI I tpopue ra6luu, pacnoJro-
xenubrx B cJreayroueM nopsAKe: oburue cge,(eHuq, crexnoMerpllff Ir Kpuc-
TaJIJIoxI.IMLIqecxlre csoficrsa oKI'IcJIoB, TepMoALIHaMIrqecKue r,r repMnrle-
crue csoficrsa, MoJleKynspuHe cgoiictsa, MexaHI.IqecKI'Ie, gJleKTptlqecKue
I{ MarHr.ITHbre cnoricrra, onrllqecKlre cooficrna, fiAepHble csoficraa H
B.rnIsHue o6ryueulrr, xItMuqecKI-Ie u Kara.IIHTIlqecKHe csoficraa, orue-
ynopnbie cnofi craa, AuarpaMlubr cocrotnlis 6uuapnrtx crlcreM gJteMeHT -
KncnopoA.' 

Oxuc.rrn B Ta6,'r[qax pacnoJ'Io)<eHbl no Bo3pacraHl.Ib nops,u,KoBoro
HoMepa gJreMeHroB. B c.nyuae, KofAa gJIeMeHr o6pasyer HecKonbro oKlrc-
noB, oHr{ pacnoJrararcrcfi B nopq,(Ke Bo3pacraHllfi qHcra KllcropoAHblx
aroMoB, npuxoArrrllrxcfi Ha oALIH aroM sJIeMeHTa. B uarepuanax no uc-
roqHlrKy [9, n. I-VII] Ala HecrexuoMerpuqecKnx coeAusesufi MeraJr-
JIa C HeMeTaJL'IOM UeJiOrlf iCr'IeHHbIIl UHAeKC' KaK npaBIUO' CTOUT y Me'

Ta,'rJIa, HeqeJroqlrcreHurtfi - y HeMeraJlna. IJ,e;rouuc,ltengufi usAexc cto-
r.rr y greMenra, o6pasyrou{efo KoMnJIeKTHyIo noApelxerxy. llptl HarHtIlIH
oar{Haroeofi HeKoM[JreKTHocru HerreloqncJleHHble [H.u,eKcbI He nplrBo,(sr-
cr (Ti6,65Oe,s5--+TiO). Koncrasrsl [pIIBeAeHbI aJrg cocraBoB, sBJItIoutEx-
cfi rpaHr{qaa{u o6lacrefi roMoreHHocrlr, u rng HecKoJIbKHx npoMexyrotl-
Hbrx eocraBoB.

B neo6xoalubrx cJlyqatx s ra6,ruuax coKpaueHHo yKa3ano cocrot-
HHe oKrrcJra: arvr - anaop$noe, an - amoptpnnil nopolxoK, r - ragoo6-
pa3Hoe, x - xr.IAKoe; KM - KoMnaKrHaq Macca, K IIJII'I Kp - KPITCTaJI-
.rr[qecKoe, M - MacJrfiHr4croe, r - uapoo6pasuoe, nJI - nJIaBJIeHoe, cM -
crrlo;rono,u,o6soe, cr - creKJroBI{.(Hoe, T - TBepAoe, vn - veruyftuarue
nJracrr{Hrrr. flo sos$roxuosrs 6ouee o6croarelrso onucann xapaKTeplre-
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rltKri o6pa3qob, A;rn i(oropbrx onpeAereHH coorBercrByrouHe Befinqll-
HH. 3HaqeHnq, Bbr3brBarourne coMiregr.rr, rlr6o sssrH n cxo6xn, .nn6o
BosJre Hux nocraB.rreH Bonpoclrrenbunrt sHax. Tomro no ucrouaury [75]
g cxo6rax yKaganbr pacqerHbre gHaqeHHs.

.II,;u y4o6craa qurare.neft cnpaBoqHuK cua6Nes yKa3arerreM csoficrs
oKr.rcd'toB gJ'leMeHTOB, pacnono)KeHHbIx He B nopffAKe Bo3pacTaHrit
HoMepoB, a uo anQaeury rrx HaHMeHoBaHrzs a pyccxori rpaHcKpr.rfiqnn.

Ilpuno4rrrrne B cnpaBoqHuxe BeJr[qrrubi Bbrpax<eubr B eAHHHrIax ctl-
cter'rur CH. Hcnolrayrcrcr ABe reMneparypHbre rrrKaJrbr - Llenrcrx u
Kear,enga. B psae cnyqaeB reMneparypa 298,15K (25'C) Anrr KparKo-
crr{ sanncaua xar 298 K. IIpn nepecqere qrrcJreHHbrx snaqeuuri BeJtHqr.rH
r.I3 eAuHurl oAsofi cucreubr B err.rHuqbr ,u.pyrr.Ix crrcreM npoBoAr.rJrocb co.
orBercrByroulee oKpyrneHHe.

B rnaee I npuneleun o6urue cBeAer{}tfi o csoircrsax oKucnoB.
B ra6;ruqe <feouerpuuecKae KoHcraHTbr aroMoB n HoHoB)> AJrfi Mera.[-
JIoB HcnoJrb3oBaHbr aroMHbre paAuycbr AJIfl KoopAnHarllroHHoro tucna 12,
AJIn HeMeraJrJIoB - KoBaneHTHbre paArryctr no flayluHfy, ,(nfi EoHoB -
paAuycH ,[r'rq Koop,[rrHaquoHr{ofo quc,ra 6. B ra6;ruqe <Cocras oKricJroB>
npnBe.(eHbr cBeAeHI{r o QopuynsuoM cocraBe oKucHbrx Qae, ux ruo.ne-
KyIqpHbrx Maccax u coAepxaHr.rr4 K?rc!'ropo,(a B aToMHbrx a MaccoBbrx
npoqelrrax. B ra6;ruqe <KpncrarnnuecKaq crpyKrypa> npr.rBeAeHbr oc-
HOBHbre AaHHbre o crpyKrype oKucJroB, onpeAeJreHHbre Ha MoHo- r.rJrH nO-
JruKp[craJrJr[qecrax o6pasqax; cJreAyer orMerurb, qro AJrs MrrofHX
OKI,IC.IIOB 9TI4 CBCACIIHfi HCNOJIHrI, TAK KAK HE COACP>xAT AAHUTTX .IIU6O
o crpyKrypHoM Tune, lu6o o npocrpaHcrBeuHofi rpynue r.rJru napaMer-
pax peruerKl,I.

B ra6.nu[ax groft u nocJrer,yrcuux r,'raB A,'rr onpeAenenrafi clrHro-
Hr{n npr4Hsrbr c,'reAyroune corpauleHufi : reKc - reKcafouaJrbntrir ; xy6--
ry6uuecrrft, MoHoK.II - MoHoKr'II.IHHnfi, polrl - pou6uvecxnrl, rerp - r:e-
rparouamuufi, TpHr - rpnronalrnuri.

B uane II co6pann cBeAeuqq o repMoAlruaMr4rrecKttx r.r repMnqe-
cxtlx csofigrsax oKtcJroB. llpu no4roroBKe Bropofo us4atufr. Mareplia.rtbl
rrasu 6r,urn u3r\{eHenbr r.r Aono,'rHeubr. B paa4ene <<Teuneparypur n.naa-
JIeHnfi I{ KHfleHilfl> npHBeAeHbr AaHHbre, Koropbre onpeAene}rbr, KaK npa-
Br.rno, npn HopMaJrbrroM .[aBr'reHr.rn. B rom c,ryuae, KorAa AaBJreHIre or-
d'ruqaercfi or HopMaJrblroro, sro oroBopeHo. Beluqusr,r renJror nJraBJreHI-rt
B COOTBeTCTByTOUIeM pa3,{,e!'re OTHOCTTCfl K TeMneparypaM nnaBd'reHng
npn HopManbHoM ,(aBJIeHuH, Anr TennoT r.rcnapeHrJr yKa3aHbr TeMnepa-
Typbl n AaBJteHrr. 3naqeuns u3MeHenlls gHTponrru nplr nJraBJreHHn or-
HocfiTcff K TeMneparypaM nJraBJreHr.rfi. .{,ll srux BeJrirrruH npn ucnapeHulr
)Klt4Kocrt't yKa3arrbr reMleparypa r AaBJreHte. Conuecrso B oAHoM pa3-
Aene npuBeAeubr cBeAeHr.tfi no renJloraM cy6nr-rMarlun r{ u3MeHeHHro gH-
rponnlr npr cy6;rnuaquu.

B cyuecrnenuo nepepa6orauHoM BvAe npeAcraBJreHbr Marepr.raJrbr
pa3Aena <flapauerpu uolarraopQur,rx n nexoropux Qasoanx npegbaqe-
ggfi>. B 6onrnoii crerreH[ ucno,'rb3oBaHbr cBeAeHr.rfi, ony6.nuxonanHrre n
cnpaBorrnqKe <<Tepuuuecrre KoHcranTbr BerqecrB> noA peAaKrrueft axa-
AeMHKa B. fI. fnyuxo [9]. Hapray c napaMerpaMv 

- 
nolurr,ropguux

npespaqeHr.rfi flpr{BeAeubr napaMerpbr Qasoanx nepexoAoB II poaa, ne-
pexoAoB B ToqKax Krcpu n Heels u Ap. r{ro6br orJrr.rqarb co6crseuHoe
AaB.rIeHHe napa AaHHoro oKr{cJra r4 BHerrrHee i(aBneHrre, 3HaqeHllfi BHerrr-
Hrlx .(aBneHlrri no ucroqnnxy [9, n. I-VII] npriBoArrcfi s cxo6xax.
flpn ualnuuu y /l,auuoro Kpucra,'ururrecKoro oKr.rcJra HecKoJrbry4x MoAI{-
rpuxaquft nocrreAnraM no [9, a. I-VII] lpncBoeHbr HoMepa, o6osHaqae-
Mbre prlMcraMn qlrQpaMr.r, npuqeM HyMepaqurr Haquuaercff c nau6olee
Bt'IgoxoTeMneparypnofi MoAu$rlraUnu. flo ucroqsury [9, r. VI-VII]
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ytoqHefio olucaHne $asonnrx nepexoAoB oKI{cJIoB B KoHAeHcItpoBaHHbrx
cocToflHuffx:

N+rK - nJraBJIeHLIe, XMelorqee xonrpyeHruufi xaPaKrep;
6*xfx1-uHKoHrpysHrHoe nJIaBJIeHue c o6paaoaaHneM .x(HAKofr

rpasn'r (ix) H apyroft rpucta.nnuuecxofi rDasu (rr);

.,. r ., -,,'l - Oasostte nepexoAr,I, npu roroprtx AaHHaff rpI4craJIJII'I-
:lI:L-,,^ I uecxaa Qaea (x) o6pasyercs u3 AByx Apyrux Kpr'Icran-

,i*-#rli#: ,l i#:.,frff *a"T*#6.iffrraraerc' 
Ha ABe Kpucrarnnqe'

y11I:.llI I -nornruopgHble npeBparqeur,a (Saeoene repexoA' nep-
^ 

il;.i,' J 
ooro po'ua) ; . r+.-.,-u,-.:i,,!, :..-:: , . i;f..r i r..-J. .: ! i r. , .-:. ..., :,1 :: ..-::. .

x l * x  I ' I
K I'*K I' I 

- Qaeonne nepexoAbl BroPoro poAa.
rr T.'L ]

3naqeurs renJloeMrocru, ecJIIt He yKaSaHo cocrofiHlle oKI'IcJIa' or'

Hocgrcfi K TBepAoMy cocrofiHl'trc. Tax xar renJlorlpoBoaHocrb cylqecrBell-

HO SaBI,tCLlr OT COCTOTHUTI O6paS[a, To r.IIe 6Hro sogMoxHo' noAqepK'

Hyrbr oco6enHocrlt uccJleAoBannux o6paaqon.- 
Sueprur aKrHBauHIl Anfl 4ttQQysnn KucJtopoAa npllBeAena B

x,[,x/ruo;rr, a ,qfls ,quQQyeM'l gJIeMeHroB B oKI'IcJlbI raKx(e B oJIeKrpoH'

BoJrbrax. flpr.I uepeao4e gHeprltlt aKrHBaIrHlI II3 KKaJI/MoJIb B snexTpon-

Borrbrbr (npu paiqere sa oAIrH aroru) t'tcnonl3oBano '1494q 
,!9o.1a4no'

pautroe O,Oi+46.1023 Morlb-r u coorn6ureuug I gB:1,60207'10-re,[ 'x,

i raa:4,1868 Ax, qro npI.IBeJIo K ilepepacrlergoMy KoeQQI'IuIIeHry
4, 1868. I  03/ ( 1,60207. I  0-te. 6,02486. I  0m) : 0,04338 (eB' uo.trr) /xxar.

B pasneae <flapauerpu 4uQ$yaun sJIeMeHroB B oKIicJlbI> Bcrpe'
trarorcfl Bbrpax(euuq glraa'4,19(*2,45; -1,55)10-{; npurueul'IreJlbuo K
vKagaHHoMv BbIIUe BbIpaxeHLIe 9To oguaqaer, 'rro Halz6oree .(ocroBep-
iroe gHaneniue ucrouofi BeJIuqIrHbI Jlexur B IIHrepBaJre (4'19-1,55)X

X l0-1+ (4, l9-2,45) . 10-4.
B paeAe;re <,Il,auenue napoB> noMelqenbl It pacqerHble' u oKcnepu-

MeHTaJrbrrbre AaHHbIe, OrBeqaoulue MoneKyJItpHoMy perKHMy l{cnapenHs.
O6H.IHo Ha6rroAaercs sHaqllrerbuoe pacxoxAenue MelI(Ay HIIMI'I. 5Ha-
qegrlr AaBJIeHLIfi AHCCOIIUaUIIII npeAcraBJIeHbI npenMyIllecTBeHHO ypaB-
HeHr.tsMr{ saBI4cI,IMOcrIl P,o":f(T). vpanneuur Ir qucfleHHble sHaqeHns

AaBneur{fl napoB I.I AlrcCoItHaqIlH, B3trble ue pa6orul [195]' noay*ult
pacrrernblM nyreM. AJrl nepexoAa or AaBreHIra, Bblpa)KeHHoro B lla-'
K AaB'leHI"Irc' BbIpaXeHHOMy B MM pT. CT.' B ypaBHeHI4Il OT CJIaraeMOrO'
Koropoe He gaBucHT or reMfieparypbl, IraAo Bblqecrb 'aucJro 2,1244896
(uan-coorsercrBeHHo or<plr,nennoe) , a xils, nepexora K AaBJIeHI'IP B ar -

HaJLo Bnrrecrb quc.,rro 5,0056 (n,nu oxpyr,neHnoe). Hanpuruep:

lgp: 13,74 -240441r (p,fla);

lg p : 13,74 - 2,12 - 2404417 :

: ll ,62 - 2404417 (p , turtr pr. cr) ;
lg p :13,7 4- 5,01 - 24044 | T : 8,73 - 24044 / (p, at) .

Bernurnr,I, cBt3aHHbte c MoJleKy,llffpHbIM crpoeHlleM oKIIcJIoB' Bbl'

Ae,'reHbr B orAeJIrJHyIo raany III <Monery,napuHe cnoficrea>,

* 1 fla- I lacxaas coorBercTByer I H/M'�; I rf la (xrlonacKanb):103 JIa'

I  Mna (MeraracKanb) :106 f la .
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Aansue rnasu IV <Mexauuqecxue cBoftcrBa> orHocflrcr npel'IMy-
ulecrBenHo K TBepAoMy cocrotHulo. 3uaqegrn BeJII{qI4H rto MexaHnrlecxuM
csoficrsaM urr,reroh suiquremnuft pas6poc I43-3a pasJtuqsnx cocrogssfi
H3MepeHHLIx o6pasqon, xapaKTepa u crefleHlt qucrorbl o6pagqoB' ux
o6pa-6orxlr u nnusHuq pqaa Apyrr4x rpyAHo ]4IIlrbIBaeMbIx Qarropor.
TeirneparypnHe sasucllMoctn cs6ltcre nekoropnx oKI"IcJIoB 6urtl gssru

ua rpaQuxoe e ;rorapu$nauqecrofi uKaJIe, nogToMy Bno.IIHe Bo3MoxHbI
norpau;rocrlr. 06 erou yxasano B nplzMeqaHnu. flo sosMoxHocrn npn-
BeAeHbr xapaKTepllcruxu o6pasqon: nopllcrocrb, IlJloruocrb' ycnoBlrg
crreKaHuff, o6xura I.I T. n. TnepAocrr oKItcJIoB npeAcraBJlena IIo Mutte'
patoruqecxoft rxKane B ocHoBlIoM Ans npupoAHblx MI'IHepaJroB.- 

B r.nane V <3lertpnuecKue u MaTHHTHbIe cgofictsa> npe,4craBnenbl
cBeaeHHfi o reMneparypHblx 3aBucl'IMocrtx yAed'IbHofo ?JleKrpoconpo-
rHBJreHr{r u xooQ$uuiegra repMo-o. r. c., 3HaqeHun pa6onu Bblxola'
uocroqgHofi Xo"rr"rra r.r noABuxiocrlt uocnruteil, AaHHbIe no uarnurgofi
BocnpuHMr{llBocrr.r n sQrpeKTI'IBHbIM MaTH14THbIM MoMeHTaM, BerLqI'IHrl
oruocLITeJtbHoir 4ue,nerrpnqecxoft npoHHIIaeMocrI'I, IxHpIlHbI Sanpeqeu-
uoft gogr,t rI aHepfHH aKTI-IBauI{4. Ans pqaa oKI'IcJIoB AaHHbIe Bsfrtil ltg
rpa$lrxon, Ha rITo yKa3aHo. 3saqesug pa6orrt BbIxoAa npuBeAenbl B oc-
nbsHor{ ll3 cnpaBoqHl,rKos B. C. @ouesra <Srugcczoltuue cgoficrga g{e-
MeHroB n xr.rMltqecKlrx coeAusennft> (1965) u <3ultccllounrte csoftcrsa
Marepr.IaJIoB> (1970), rAe MoxHo Haftru_6o"'ree IIoJIHble cBeAeHHq o .ltn-
Teparype, MeroAax Il3MepeHIIfl I,I T. n. 3Ha.IeHI'Is yAerbnofi uarggrgoi
Boclpur.rMqrlBocru .tlerKo uoryt 6urr nepecql.ITaubl Ira MoneKynfiplryo
yMHOXeHLIeM Ha MOneKyJ'IspHyIo Maccy oKl'tcJla.

B r.nane VI <OnruqecKne CsOirCTBa> yTOqHeHbr r.I AoIrOJrHeHbI CBeAe-
HrIfi O noKa3areJle npeJIoMJIeHIrfl, I'ISJryqareJIbHblx xaparTepl.Icrl'txax. Bo
BropoM ns&atuu BnepBble npuBeaeHbl rpaQnuecxue SaBHcHMocrIt cneKT-
poB HeKoropbrx onrl4qecKlix KoHcraHT t.l onucaHlie oco6esuoctefi onru-
qecxnx cBolicrB oKIrcJIoB. O6osHaqeHltg no;rr'rr'rop(punrx rtroAuQuxaqgfi
s grofi rnaBe coxpaHeHbl TaKHMI'I, KaK oHIl 6ntau yxasaHbl B coorBer-
crByroxrnx ?IcrosHrrKax. floxasarean npeJIoMJIeHItfl oKItcJIoB onpg:lleJrellbl
(ec.iru ue yKa3auo oco6o) ala A,ruHH sorHbl SpaynroQeposoh D-nnnuur
iarpua npn ronnaruoft reuneparype. Coxpaueuu o6urenpunnrue o6o-
3HaqeHr.rt r,raBHbrx noxagarerefi nperoMreHl{q nq,nn h np IAJrA AByoc'
Hnx xpucra.lnos). 3naqesus noKa3are"rs npenoMteHlit Ang Heo6brK'
HoseHHbro nu u o6wxnoBenHoro ns $!\efi AJII oAHoocnblx KpI4craJIJroB
rrpr.IBeAeHbr coorBercrBeHHo n rpaipax ftg rl ttp. ,[,na usorponublx Kpllc-
TaJrJroB r,r JIIo6blx Apyrnx c I.I3BecrHbIM cpeAHItM no_KagareJleM nperoM-
reHHff AaHHbre yKa3aHbI n rparpe n-. B pas,u,ele <lls,nyuarenbHble xa'
paxrepucruKll> 6o.nee noJIHo, qeM B ne_pBoM vsl.atuu, co6pauu creAe--
il[s 

'o6 
nHrerpalrnoft HopMaJIbHoft etn H MoHoxpoMatuqecxofi

uopuaftuoft 8p, I,r3"'I]garelrsux cnoco6Hocrtx.
B HosoM pa3AeJIe <<Oco6essocru onrnqecKllx cgoficrB> Aalorct

cBeAeHr.rg o pa3nnqHblx onrl'IqecKl'Ix cBoficrBax oKIlcJIoB, He BoIIreAurHe
B npeALlAyulfie pa3Aenbl.-B 

rrise ViI <f,uepune csoficrsa I'I BJII{SHI{e o6,nyuenur> I{3JIox(e-
rrbr cBeAeHr.Ir o ceqeHllqx nord'IoilleHl,If lI paccetHl'Iff, o tAepHblx cBoI'IcT-
Bax oKr.IcJroB-eaMeArl.Irerefi, o noporoBblx gHeprurx pear[ui, npltBoAs-
ulux x o6pasoBaHnro HoBbIx gJIeMeHToB B oKHcJIax, o HeKoropblx xapaK-
repucrrrKax u3oronoB, o6paayrc4uxct B oKHcJIax rrpll o6nyrlenr{u. B pas-
[e.nax rJraBbr npI4BeAeHbI AaHHbIe o BJrIrttHItI{ o6lyuennr ua o6leu oxt'lc-
noB, fix rrJroTHocTb, rlapaMerpbl peuIeTKIr, Ha TenJlonpoBo.[HocTb, Ha u3-
MeHeHue MexaHuqecKl4x, greKTpuqecKltx lI oIITHqecxlIx csoficrs oKIlcJIoB.
Tarxe yKa3aHbr cBeAeHut o ganaceunofi enepruu u BHyrpeHHeM TpeHI{Ir'
o paAr{a4nougprx sS{errax B PaAualtnonltofi crofirocrlt.

I
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laana VIII <Xnun.recKfie u KaraJrr.rrr.rqecxue csoficrsa) cocrorrr u3
AByx pa3AeJroo. B nepnou pasAene npr{BoArrrcs ,qanqbre rro xaparrepy
B3allMoAeficrBnq oKscroB c MHHepaJIbHbrMI{ u opfaullqecrlrMn Kucnora-
Mr.r, cMecsM[ Kr.tcJror, pacrBopaMu rqenoqefi, pacrBopaMrr u pacnraBaMn
coaeir u ra3oBbrMu cpe.{,aMLI. Bo - nropolr pa3AeJre - Kara.lr.rrr.rqecKue
csoftcrsa.

B pagAere <Karalurnqecrue csoficrna> oxuc.rrbr gJreMeHToB Taxxe
pa3MerqeHH B [oprAKe Bo3pacTaHHr aToMr{brx HoMepoB gneMeHToB.
Oxttcru rex gJIeMeHToB, o KaraJlurl.rqecKrrx csoficrsax Koropbrx Her cBe-
AeHuft s npocMorpeHHofi nnreparype, s ra6rilqe orcyrcrByror. B rpaSe I
npeAcraBJreH KaqecrseuHufi cocraB KaraJrugaropa, T. e. yKa3ano, B cMe-
cH c (aKI-rMr.I coeAHHeHIlrMr npuMeugrcfi paccMarpuBaeMr,rfi oxucer ,uJq
KaraJruga. Eclu orr.rce;r urpaer poJrb He KaraJru3aropa, a npoMoropa, To
e cro6kax cronr 6yxna <[>, ecJra Hocr-ire.rrs - 6yxaa <s>. B rparle 2
yKa3autil reMneparypa rr AaBJreHI4e [ec;ru ouo 6uno 6onr,rue 981 xlla
(l ar)], nprr Koropbrx ocyqecrBJrrercfi pearqrrs, n rparpe 3-run xa-
TaJrLr3LIpyeMbrx pearquft .

B rraee IX <<OrHeynopuue cnoftcrna> B nepBoM pa3Aene npuBo-
E Tcfi ,[aHHbIe o ssanl,roAeftcrBnr.r prAa oKHcJroB c rrpocrbrMr.r BerqecrBa-
rtru u 6nuapHbrMH coeAr,rHeHr4ffMu B mepAoft $aae. Bo BropoM pa3Aene
NPEACTABJIEHbI CBEACHI,I' O CMAqHBAHI1II4 OKI'CJIOB >KI'.[,KIIMI{ METAJIJIAMB.
Crofixocm oKr{cJIoB nporuB Aeircrsuq pacnJraBJreHHbrx MeraJIJIoB, cnJta-
BOB It IXJIaKOB OnlICaHa B TpeTbeM pa3Aene.

.Il,uarpaurr.tn cocrofiHr.rfl 6unapnnx cl4creM gJreMeHT - KucJropor no-
ueqeuri B rJIaBe X. B rex cJlyqafix, KorAa aJrfi o4Horl cncreubr lrMeercfi
EecKoJrbKo pagr[qarcluuxcfl MexAy co6ofi Ar,rafpaMM, oxBarbrBaro[lux
oauHaKoByro o6ract reMneparyp 14 KoHlrenrpaqnft, npnaeleHa 6onee
noJIHar, nocrpoeHHas no 6olrureuy qucny gKcnepr.rMeHTa"[bHbrx roqeK.
I(ax npannao, 9To Lt ecrr 6olee rro3AHqs no BpeMenr.r AHanpaMMa, yrorr-
Hfiroqas rlJrr{ AonoJrufirorqafi npe.4brayqve. B neroropux cnyqarx Ant
oAHoft cncreMu (nanpuuep, Ce-O, Ti-O, V-O, Zr-O) npr.rBe.[,eHbr
ABe uJrr.r rpa Aononsqrcune ,u,pyn Apyra ilnarpauuu. Bnx,qy 6olrruofi
cJroxnocrr{ cuctenrni U-O npnnoarrcrr aBa napnaura srort cucreMbr
(puc .84  u  85) .

3a aperr.rr, nporxeAulee nocJre norroroBKrr nepBoro vs4arnfl, Hacrog-
qefo cnpaBoqnura, B nuTeparype rorBr4Jrllcb coo6qegus o HoBbrx Aua-
rpaMMax cocrorHr.rfi crrcreM o,'reMeHT - KrrcnopoA (Al-O, Am-O,
Cm-O, Eu-O, K-O, Rb*O, Sc*O, Ta-O, Th-O), a raxxe o6
yTorIHeHHbrx HJIlr BHOBb nOCTpOeHHbrX AUarpaMMaX CUCTeM, AJIq KOrOpblX
Ar{arpaMMbr yxe 6nnr.r r.r3Becrnbr (nanpurr,tep, Cu-Or Cr-O, Nb-O,
Ti-O, U-O; V-O, W-O, Zr-O). B csssn c erI.IM coAepxaHl,re rJIa-
sbr X cyuecrBeHHo r.I3MeHr.urocb: BBeAeHbI HoBbre [rrafpaMMbr, nepe-
cMoTpeHbr AlrarpaMMbr, BXoAuBlxHe B nepBoe r.r3AaHlie, HeKoTopble SaMe-
Hesr,r 6o.ree rroJrubrMlr u yrorrHeHHbIMI.I, HeKoropble onyueHbl, KaK He
npe.qcraBJrsroqne 6o.nruroro r.rHTepeca. .[,narpamrrru crrcreM Pr-O, Tb-O
npeAnox(eHu ux aBTopaMIi KaK flpeanoJro>Kr.rre.rrbHbre, cucreM Sn-O,
W-O - KaK cxeMarrzqecxr.re, a Ar'rarpaMMa Cm-O sBJrsercrr ycJroB-
nofi, uexoropbre JruHuu xoropoil (nepurexrou,4Hbre npeBparqeuur Saa i
r.r 6) npoaeneubr no aHanorua c coorBercrByroqr.IMu JruHI.tsMH B cl.Icre-
uax Me-O ,u,nr JraHraHr.rAos. 3a nocJreAnee BpeMfi B prAe cucreM
Me-O orKpbrrbl cy6oxcn4r,r - oKncJrbr, cocraB Koropbrx rre orBeqaer
BaJIeHTHbTM COOTHOI]IeHI-igM aTOMOB, HO OHI.r I.IMeTOT ynOpsAOqeHHyIO

crpyxrypy. B rex c.nyvafix, KorAa cyuecrBoBanr.te cy6oxcu.u,oB rro,u-
TBepxAeHo c 6olruoft onpeAenennocrbro, oun BHeceHbI B AltarpaMMbl
cocrorlrufi. Tarne guarpaMMbr, yroqneuuHe s o6nacrr.r rBepAbrx pacrBo-
poB, npr{BeAeHbr AJrs cucreM Ti-O (puc.83), V-O (puc.88), Zr-g

l 0

(prc. 94). A.ns yAo6crea 'rfirareIefi AilafpaMMH pacnoJiorl{eHH fiO ,olil,ltl-
qecKHM cr.rMBoJraM nepBblx KoMnorIeHToB B uoptAKe laruncroro a;lQa-
BI-ITA.

B noArorosxe HoBofo v34aurrfl nplluuMann yrracrlle corpyanlrrxn
orAena ryrorrJraBKrrx MarepuaJroB opAeHa Tpy4oaoro Kpacuoro 3naue-
nu Hucruryra npo6neM Mareplra,loBe,u,enufl, n I4ucturyra tAepHblx nc-
creAosaHr.rft AH yCCP, corpyAHr.rKr.r ra$eap Qusuxu XAaHoecroro Me-
rannypr[qecKoro fiHcruryTa E Kuescxono asroMo6ltmno-Aopo)I(Horo LrH-
CTI,ITVTA.

Arropcrufi roJrrerruB HaMepeH npoAon)Karb pa6ory no Aaaoneft-
ueMy ynyqueHuK) coAepx(aHHq cnpaBoqHr.rKa, orpaxanulero HoBbre lI
6oree AocrosepHbre cBeAeH[rr o pasHoo6pasnnx cBoftcrBax npocrblx
oK[c.[oB, no crpyKTypHoMy coBepueHcTBoBaHnb cnpaBorrHnKa c TeM,
qro6u usoroo6pasnaa uuQoprrraqun o cJroxHbrx ceoftcrsax oxnc;los 6u-
ra npeAcraBneHa B c)KaroM, KoHKpelHoM BuAe. KaK Ii rrpexAe, aBTopbr
6yayr 6raro,4apubr 3a Bce KpLITHqecKHe 3aMeqauur u peKoMeHAaquB glr-
rarerefi.



H
He
Li
Be
B
c
N

o
F

Ne
Na
Mg
AI
Si

P

S

C

Ar
K
Ca
Sc
Ti

t2

itl

fJIABA T
OBIqIIE CBEIEHITfl, CTEXI,TOMETPUfl
I,I fiPIICTAJIJIOXI,IMI{qECTIITE CBOfrCTBA

t. TEoMETPIqECKHE KOHCTAHTbT ATOMOB I{ nOHOB [r]
PaAnyo aroMa no

EenoBy s EoKutor HM

KOBAJICHT. I MCTAJIJIE.

0,028
0,122
0 , 1 3 3
0,100
0,083
0,077

0,070

0,066

0,071

0 , 1 6 0
0 , 1 5 4
0 , 1 3 9
0,  126
0 , 1 l 7

0 ,104

0 , 1 0 4

0,099

t,:,

0,046

0 , 1 5 5
0 , l l 3
o,gt

o, rag
0 , 1 6 0
ott

o"zgo
0,197
0 , 1 6 4
0 ,146

0 ,134

0,127

0,208

0,060
0,032
0,020
0 ,015
0,260
0 , 0 1 I
0 , 1 7 1
0,009
0 ,  140
0,007
0 ,136

0,095
0,065
0,050
0 ,041
0 ,271
0,034
0,212
0,029
0 ,184
0,026
0 , l g l

0,  133
0,098
0 ,081
0,068
0,069

0,059

o,ooo
0,052
o'gn

o{n
0,078
0,034

0,020
0,260
0 , 0 1 5
0,247
0,009
0,132

0 , 1 3 3

oGe
0,078
0,057
0,039
0 , 1 9 9
0,035

0,034
0 , t 7 4

0 , l 8 l

o, rsa
0,  r06
0,083
0,064
0,069
0,080
0,040
0,061
0,065
0,072o'gu

0,205

0 ,059
0 ,043
0,034
0,029
0 , 4 1 4
0,025
0,247
0,022
0 ,176o'gn

0,095
0,082
0,072
0,065
0 ,384
0, 059
0,279
0,053
0 , 2  1 9o'gn

0,133
0 , 1 l g
0, t06
o':u

0,088

o'gt

0,  r36

0,068
0,034
0,020
0,020
0,260
0 , 0 1 5
0 , l 4 8

0 , 1 3 6

o, ras
0,098
0 ,074
0,057
0,039

0,035
0 ,  186
0,029
0 ,  l g2
0,026
0 , l g l

0 , 1 3 3
0 ,  104
0,083
0,064
0,069
0,078
0,040
0,061
0,067
0,072
0,035
0,064
0,093

l -

l +
<r-L

3+
L-L

4-
5+
3-
6+
2-
7+
l -

t+
2+
3+
^ li-r

4-
Df
3-
o+
2-
7+
l -

l+
2+
3+
4+
3+
2+
5+
4+
3+
,J-

6+
3+
2+

Fe

Co

Ni
Cu

Zn
Ga
Ge

Se

Br

Kr
Rb
Sr
Y
Zr
Nb

Mo

Tc
Ru
Rh

Pd
Ag
Cd
In

Sn

0 ,  l 3 l
0,127
0,122

0,121

0 ,117

0 , 1 1 4

''{ '

r

0 , 1 4 8
0,144

0,140

0 , 1 4 0

0 , 1 3 7

0,130

0 , 1 2 6

0 , 1 2 5

0,124
0 ,  1 2 8

0,  139
ofn

or48
0 , 2 1 5
0 , 1 8 1
0 ,160
0 ,  145

0 , 1 3 9

0 , 1 3 6
0 , 1 3 4
0 , 1 3 4

0 , 1 3 7
0 ,144
0 ,156
0 ,166

0 ,158

0 , 1 6 1

0,046
0,050
0,062
0,080
0,060ogu
0,072
0,069

o, ogo
0 ,074
0,062
0,053

0,272
0,047

0,222
0,042

0 , 1 9 8
0,039
0 , 1 9 5

0 ,148
0 ,  l l 3
0,093
0,080
0,070
0,077
0,062
0,066

0,063

0 , 1 2 6
0,097
o'gt
0,071

0,294
0,062

0,245
0,056
0,081
0,221

0,052
0,070
0 ,091
0,067
0,083

0,082
o'gt

0,083
0,062
o'gn

opos
0,035

o,  rg r
0,  t96

o, r+g
0,127
0 , 1 0 6
0,087
o'gn

0,068

oGs
0,068

o , r r g
0,103o,g,
o,tu
0 , 2 1 5

0,090

o,osg
0 , 2 1 1

' ' : '

:

0 ,096
0 ,088
0 ,081
o'gu

0 ,071

0,066

0,232
0,062
0 , 1 9 5

0 ,  148
0 , 1 3 2
0 , 1 2 0
0 ,  109
0 ,  100

0,093

0 ,  126
0 , 1 l 4
0 ,  104

0,096

:
o'gn

0,082

oEo

0,046
0,052
0,070
0 ,091
0,067
0,080
0,064
0,078
0 ,074
0,080
0,098
0,083
0 ,062
0 ,044
0,065

o,o+z
0,069
0 ,  1 9 1
0,035
0,069
0 ,  193
0,039
0 ,  196

0 , 1 4 9
0 , 1 2 0
0,097
0,082
0,066
0,067
0 ,065
0,068

0,062
0,065
0,075
0,064
0 , 1 1 3
0,099
0,092
0 , 1 3 0
0,067
o{,
0,062
0,090
0,208
0,056
0,089
0 , 2 1 I

7+
4+
3+
2+
3+
2+
3+
2+
2+
c r t
r-1'
l +
O r
Q I

4+
o l

4-
5+
3+
3+
6+
4+
2-
7+
t+
1;
,J.

.t-f-
4+
5+
A I

6+
4+

4+
++
3+
4+
l +
2+
3+
r+
4+
, -L

4-
5+
3+

l o -
l 6 +
l 4 +
I 2 -

l3



Xe
Cs
Ba
La

Ce

Pr

Nd
Pm
Sm
Eu
Gd
Tb

Dy
Ho
Er
Tm
Yb
Lu
HI
Ta
w
R e
Os
Ir
Pt
Au
Hg
TI

Pb

Fr
Ra
Ac

Th

Pa

U
t4

0 , 1 3 3

o':u

:

olzoa
n  9 9 1

0 ,  187

0 , 1 9 3

0 , 1 8 2

of,
0 , r 8 r
0,202
0 , 1 7 9
0 , 1 7 7

9 , 1 7 7
0 ,176
0 , 1 7 5
0 , t74
0 , 1 9 3
0 , r74
0 , 1 5 9
0 ,  146
0 , 1 4 0

0 ,  137
0 ,  r35
0 ,  135
0 ,  138
0 ,144
0 , 1 6 0
Q , l 7 l

4 ,175

0,  182

0,280
0,235
0,203
0 , 1 9 0

0 , 1 6 2

0 , 1 5 3

0, 050

0 , 2 1 6

0 ,  rog
0 , r35

0,  i l5
0 , 1 0 1

0,092

=

:

0 ,066

oGs
0 ,064

0 ,  r37
0 , 1 1 0
0 ,095
0 , t 4 4
0 ,084
0 ,  l 2 l

0 ,074
o']u

o'J'

0,097

o,os+
0,220

0 ,  165
0 , 1 4 3

0,122
0,  102
0 ,  1 1 8
0 ,100
o , l  l 6
0 , 1  1 5

0 , 1 1 3
0 ,  n 3
0 , l l l
0 ,089
0 , 1 0 9
0 , 1 0 7
0 ,105
0,  lo4
0 , 1 0 4
0,  100
o'ge

:
0 ,068

0,067o,gu

0 , 1 1 2
0 ,  105
0 , 1 4 9
0,084
0 , 1 3 2o'lu

o, rsz
0 , 1 1 0

0,105

o,!,

0 , 1 6 9
0 , 1 5 3

0 , 1 3 9
o,:,

=

:

=

-

0 ,  137
0 , 1 2 5
0 r l l 5

0 ,  106

o'gu

:

0,050

0,220

o, ros
0 , 1 3 8
0,090
0,  104
0,088
0,  102

0 , 1 0 0
0,099
0,098
0,097
0 , 1 0 1
0,094

0,089
0,088
0,096
0,085
0,085
0 ,081
0,080
0,082
0,066
0,065
0,068
0,052
0,065
0,065
0,064
0 , 1 3 7
0 , 1 1 2
0 ,105
0,  136
0,076
0 , 1 2 6

0 ,074
0 , 1 2 0
0 ,213

0 , 1 4 4
0 , 1 1 I
0,095
0 ,108
0,091
0 ,106
0,089
0 ,  l 04

7+
5+
l -

1+
o l--r
l l:-f

3+
4)-

3+
L.L

3+
3+
3+
3+
3+
3+
4+
3+
3+
3+
3+
3+
3+
3+
4+
R I

6+
4+
A:.I
v l

4+
4+
4+
t+
2+
3+
l +
4+
2+
4-
5+
A I

3-

2+
3+
4_L

3+
ef
3+
4+
3+

2. COCTAB OKHCJIOB

Hgo
Hsot
LisO
Llror
BeO
BO
Bros
CO
Cor

Nso
NO
Nqog
NaCr
Ntou
FrO
Naro
NasO2
NaO2
Meo
Alzo3
s io
sio2
Pnou
Proe
PEoro
Sos
Sos
clzo
clo
clo2
cl20?
Kao
Kror
CaO
Sc20g
Ti20
Tio
Ti2os
Ti306
T i02
VO
Vros
Vrot

88,88
9 4 , l l
53, 56
69,76
63,97
59,67
68,94
57 ,12
72 ,71

36,36
53,32
6 3 , l 5
69,55
74,06
29,63
25 ,80
41 ,04
58,20
39,69
47,07
53,33
69,56
56,34
56,36
56,36
49,95
59,96
1 8 , 4 1
3 l , 0 9
47,44
6 l , 2 3
16 ,98
45,00
26,75
34,80
1 4 , 3 1
25,03
33,37
35 ,76
40,05
23,90
32,02
34,36

66,67
7l  ,40
50
60
/ i )

50
5 7 , 1 2
60
66,67
5t,26-
54,57

57 ,12
60
bU
5 7  , 1 2
60
50
33 ,33
50
50
33,33
50
60
50
66,67
60
71,40
66 ,67
33,33
60
66 ,67
50
66 ,67
60
66,67
50
71 ,40
66,67
T D

66,67
66,67
50
60
50
33.33

38,58
43 ,98
23 ,53
3 l  , 58
4B,00
22,55
27 ,97
30,40
36,80
23,56-
25 ,60

e7  A4

30,05
2l  ,35
26,57
28,94
2 1  , 4 1
l r , 1 8
2 0 , 1 1
l9 ,66
10,29
18 ,66
25,60
18 ,06
30,59
24,26
5l  ,64
28,83
8 ,55

21,92
27 ,24
15,44
26,75
21,25
25,96
1 4 , 8 1
30,09
25,01
33,34
24,81
24,04
l3 ,45
r  8 , 9 1
1 3 , l l
6  , 90

45,8768 | 50
25,01 16 |  50
26,8104 |  so
69,6202 | 60
28,0105 |  50
44,0099 | 00,02

M,0t28l 33,33
30,0061 I  50
76 ,0116  |  60
92 ,0110  |  66 ,67

I08 ,0104  |  Z l , qo
53,9962 I 33,33
61,9790 I  33,33
77,97841 50
54,9886 | 66,67
40,3 i l41  50

l0 l ,9612 |  60
30,006r | 50
46,0055 I 66,67

2r9 ,8016 |  60
t4t,94461 7t,40
283,8892 |  7t ,40
64,0628 |  66,67
80.0622 | 75
86,9054 | 33,33
5l ,4524 I  50

18,0153 I  ga,3g
34,0147 |  b0
29,8774 | gS,SS

67,45t8 | 66,67
182,9018 |  77,78
94,20341 33,33

142,20161 66,67
56,0794 | 50

r37,9102 |  60
r  1 1 , 8 0  |  3 3 , 3 3
63,90 |  50

143,7982 | 60
223,6970 | 62,5
79,8988 I  66,67
66,9414 |  50

149,8822 | 60

vos |  82,94
v2o5  I  l 8 l , 8810
CrO I 67,9954
Cr2Os I l5l,9902
CrOs | 99,9942
MnO | 70,9375MnO | 70,9375
Mn3Onl 228,81l9
Mn2Orl 157,8744

86,9369

FerOal 231 ,5386
I 59,6925
74,9326

240,7972
165,8646

N i o  1 7 4 , 7 0 9 4
CusO | 143,0794
CUO I 79,5394
ZnO |  81,3694

88 ,5894

Ca2O | 153,4394
CaO |  85,7194
CeqOsl l87,4382

CeOs | 104,5888
As2Osl  197,8414
AsOs l l 54 ,22

I10 ,9588
Rbso |  186,9494

2 I 8 ,9600
lt7 ,4738

SrO I  103,6194
SrO2 |  119,6188
Y2Os 1225,8082
ZrO2 | 123,2188
Nbo I lo8,9o

265 ,8090
MoO2 | 127,9388
MoO3 | 143,9382
TcOs | 129
RuOs |  133,0688
Rho I  r18 ,9044

232,82301 62,5
Rhgoa | 253,8082
Pdo I  122,7



I
I

e l
a l

5 l
' l

Ivlorct(y-
rrpsat
Macca

MoneKy-
ns,pHat
Macca

2

CoAepxaEue
nucaopoga o/5

CoAepxasne KncnopoAa, %

Macco-
BbTE

4

aToM. I
Hbre I

I- - ^ - l
r l

CoAepxa[sc RrcJro-
PoAa, o/o

12,43
t 2 , 1 8
12,06
r5 ,20
8 , 1 2

l l  , 71
15,02
lg ,  l 0
14,92
t8 ,83
20,70
25,17
14,27
10 ,86
3 ,83
7 ,39
7 ,26
3 ,72
7 , t 6
7,00

t3,38
7 , l l

10,30
3,46

12 , l l
1 2 , l l
14,76
l l , g 5
I4 ,38
14 ,01
t6,77

ll o*'"""
,i'3a?'
Ce"O"
wir,-
Wror

?-wo.p-wo;
a-WO.

ifti;
UO,

Tto
Ii,O'Tto,
vo
v"o"
vO"-
VrOc
Cro"
MnO,
FcO
Nbo
Nbo,

C,o4epxauneKucropoAa, o/o

aToMEte I uaccoBr,le

47 ,08-54,54
59,4-60,8
o o , D - o o ,  /
4 6,23-55,34
58,33-60,78
64,4-66,67
7l  , t -71 ,4
62,8-65,5
65,8-66,67
50,0-54,4
48,45-50,98
65,98-67,03

22,9t-28,61
32,8-34,r2
38,8-40,09
2l ,26-28,51
30,53-32,73
36,23-38,56
43,58-43,95
34, l -36,87

35,91-36,8 t
22,24-25,44
r4 ,01 - t 5 ,  t 8
25,04-26,4A

70,60-71,42
72,6-74,4
60,0-60,3t
52,38-70,58
68,75-73,68
72,77-73,1
74,0-74 ,4
74,85-75,00
59,4-60,1
60-62,6
65, l -66,67
60,4-q7,1

29,  t  5-30,09
30,64-32,64
l+,62-14,78
8,73-t8 ,08

r 6,06-t9,58
t8 ,81 -19 , l 3
r  9,85-20, l9
20,58-20,71
10 , l 5 -10 ,41
10,36*11 ,44
r2,59-13,38
tl,72-12,?g

t0

I
rlli

gfi [ llliilli I il,, lllilil Hg I ffi iffi I ff ,ri;6: I ir?:?l!!l EE'"' li:t,tilli:a? lt?B:Btfi I BB ,
3!,,i1 l?iri,ffi.lal g8,q llsi6i llilr6?'liiiistssl i3:st
?pS' l??3:f35!llA;* lz+',rq llw,o', lais',Eszl ii',it

ri? llii,laiql?i,i6 lii,ii llilb8; lffi;rpel s;
! '& l i i lr ieell i i : i l  I q,6z l lAugost44r,e38tl 33'u'cs2o, | 2e7.8188 | 20' , I rg,,z+ ll Ea;o" | 4ri,,1is+ | II,asS'9,- ll91;ggq8l oo,oz I rslro lllEO lziolses+r so
ElR I lll 'gl?11 19 ̂- | iolis llrb- ltt0:56041 ;0pi4 liqi:ieqq l 6E,' I 13;33 llSi?" 1133,,3?3il 38 ,,Luro, ls25,BtB2 | 60' _ | i+lii llpl6 lzzi',Ias+l ;0'""!.o^, I lz2,lt88l 66,67 | is:5e l let,on loesib6i6 | Ei.nl*o^, 132e,8r22 | 60' I i i :;6 l lnrb,' l tae:i8b8l 66:eiNd2on | 3s6.47s2 | 60 | i4,,r6ll pio" I ii+lslsa I ;d'".1m,9, I B4l ,ee82 | 60 | i,A:gI lls,,o, | +oslssaz | 60
I.ao, lglg;ggq? I q0 I ts,z6 l lnrp | 46l,eee4 | ss.eeEq,9u | 35r ,er82 | 60 | iIl6I llR;"o, lt;8:oA6s | #:6;qqros I s62,4e82 | 60 | h',r4 ll fr,or" I io+ loaoa | #:6irb2o, |36s,8462t60 I i i : i i  l lp-,^d,lsi i,gsio| ; i:;6Dy,o" l3z2,ee82 | 60 | ii:a6 ll_up^, 

" 
llio,,ozaat 66,62HoeO3 1377,8bS2 | 60Ergos 1382,5582 | 60 | l?''^o^ llH:3: llgg;lgz9 | zl,tgErgvs l,r6z,Dcdz I ou I l2,S4llllro, | 842,oBS2l ii,.it II I I --'--llub," 
lri)6',iilfil ?1"' I

^ 1_Br"*t; r.rMeer nepeMeHxrrfi cocran; cyqecTByer npn b60*1424.C.
3. OFJTACTb TOMOTEHHOCTT.T [r_4]

6 O t
I t l c . l  6 r l t \
I t s - o o l F - O l O

O O C \ r t r C {

* r t C \
. + - C )
O) ts- t-

rO

6 t l
c\

$ O
l l r o r l l l O )
t t r o t t t t 6 l

o d

O t'-
t r O 0 O l
I t l r r ) l

oo oo
6 1 0 o 0 ) c \ ( o o r o t t r o
c O  € 6 1  ( O  I  I  I  |  6 |  C . l  6 t  F r  ( O  O ) t ' -
t s t ' \ O c \ | | | | ( O - t i r +

O O i O O O o o O O O

E ? $ g
d  c o _ E

i  A  L  q  A  E  Fo*o^  C  o  g  $g  gg
e *  v - - * ' g  u ^  O  X

t l l

(.o (O i- F- l-- tl.
c n r o - c D l l l l \ t ' t f l
F i r o t - r + l l l l . + c o lE

X
F
e

o
A

Et
o
E

o

t t l

r  r r K  |  |  r r  r  I
F

F

EI
F

g

o

ts

F

u
E

o
o

F  ̂ . ,  E  -  io  s  s  s  . .  S
" . i l  ,  f  d  r  s  ,  $  s  f  , g ; $  ,
i y t l - t _ t . ^ t _ r t i i  t + T l
*n  * ' i 'd iH q;H ' " . -S iu

6i

I
l'\

6l

A

v

F

ui
v

s

E

V

^ E E F FTg E ^ * e E *
t : d  t : Y  

€ l <

if/sofrf
fi
I

I 7



6 r l ) < F + r o 6 r - c o

4 x,6- *- s-b^ | s 3 5- E- | q 3 e
< > i c , r o c > - c . i o i o ' c . i d - i

c t r o r a c o r r ) o r r o g s 6 t r l )kj (o h.- c,o rr) -1. V Co \ !eg  E  i 3  H : l E  I  E  E  H  $  I  E  R  h  I  S  I E
d d d d d" . t  - i  d  d d - l  d  d d d

(o ct) @ o,( o c ) - t r )
1 6 t l t l B s S l l

d  d d d

t- O) cO (O rtr Crf cO = (o .. a O) rO
io 6 c '5 -  oa+ o,  co o)
F: 6 bi + lo o, - o q) c.Y) '= rq a .+ br '+ F- q:@
d i6 iD u) s 6i + + o, Io ro ro -l -f + -1. ro @co

d  d  d  d  d d  d  d  d  d  - - i . f  o  o  < t  d  o d d

r 9  r E 3  |  r - d " ? 3 f  ? E' r - z * > ' c a - l d 6 u z

? 4 3 . ;

E ,e.r F .8"^ g s F ̂  E :, ai g E F gg.q
€ * F d t -  v e . €  c t v F

N O

b H b e b s ' s $ b $ B s s I I c g E 9

6 l o
o c\.1
@ -
cD F\

l t l

i*i iriliiiiiii ,

E^.1 |{) co er) 
'rl)

. 9 q q , - = o ) $ +
I  q ?  Y  c . D  A  |  

' l  
|  |  ! Q  l l Q  I  o ,  l o o  |  ( o

|  .< r '  ro  (o  (o  |  |  |  |  (o  tcD I  i i  l<  |  -
o o - j d  d  o  o  d  - l

t

E

ts

o

*
!l

-

-tt o) ro o) 6t
cO O, O O) .+ \ti ro t- ro

|  |  O  o c o  N  t o  @ o )  -  -
I I .+ (O.+ + Cf) O)C\ + rO

<r cr)
r o ( o i o o t - @
O ) $ O ) o O O ) l
F - c D $ O r s f . - l

- o .
|  |  E e

4 *

d

r 1 9 , l
l r q t r l

B

Pg FE .q g ,i F E spgs.qsE sF

$ua'obb q,i  ̂ "" eegR f *:. s sT i t  ; ;  A 6 ,h d o= o EA-, <. l  dF - F

l l t q r t t t t t | t t | t l

|  |  |  t t t Q" z

, t  $ + + f  r s  g s + q t
H d-  i  X 'd? i *  * **  +K

ts

tr

o

F

6

o

k

ts
o
o

I
5 l
E  l ^
E l

o l
I

l 8

;

, l

i

i i
' r l

r l ,

i

I

i
r l



3  r S 5 8
- l ' o O -

car r'- o) 6l !
I  I  t + - t  ; -  |  €  I  o  o  |  ||  |  |  - l  -  |  J  J '  I

rI) rr)
,  6 F - C \
I ol+ o)I  roo)ca

O - o

r 6
o

c o d r 6 9 F -
- g  S  . . r $ 5 o o  I 3 I  b -  L - F . o  s  q - - : t Q
= $  g  I  I  s b s 8 E  6  F  I  6  8 8 $  3  ? S q E
l ; ;  d d d d d  d  d  - i  d  d d d  d  - ' i 6 i d

F - i

Fg s F g gessg s & s g $g ̂ F s$gl

l c O H l

o o

t t l

g f d ; . g r r  r  I

= - e o

s q s T i  + T T
{ -+Xr "S  g :HF

. 2 F R S :
T } [  E  i l
l \ r l l

. - t l t lt = ' s H 6 { s

* a o
t A r ] i = ) = t\

l -
c\.t c.l c\

V) lrr

l h R l
d d

(O
t t ot t c o

d

O) rO O,
6 t o 6 t o :

l - C { $ c \
t r r ) r o c D 6 i

(O
@ + t t r
C { r l l l l

o o

q q i g. s. s. s. q g. q R q c q H. q e.
d d d d d d o o o o o o o o o o o

c { q  ' - { $ r E { r r $ lg t g  * $ t ' * 8  ' , :I S H' z z

$  * $ r s  $ $ +  S $ $ F + s
?f ++'s"L *** aLrL-s+"s+

E E g ^ F g l F - F ^ g " g r g €

.'.-
6 l l r r r r r l l l l l
o ) - t t t t t l t t t t l

ss s $ $3s3$s s s $iisse g sseF€ $ s $ f E f c $ $ e ? B c R l f g



t - 6 ( O ( O €
O ) r o c o . + . | f  I
o o ' a

^E-^q _s. o- _q q I I I \ t- e I e I
o o o o c l i l c . i l

! s r - s ? g a E B R ( og S h B a E t t t $ ; ; s t 5 l
d d d d  d  d  d d d  _ i

ro ..tr o) a o( g o b  o  F  |  |  |  I  I  I  l S  l S  Ic i r  $  c o  $  |  I  |  |  |  |  |  t -
d d - i d  o

o ) =  ^  a  I  E  N  g =  I  b  J  6 r  q a  r o
r j g  s  i d  S  H  $  s a  E  $  S :  g  g
d d  o  d  d  d  d  d - i  d  o ' d  J  d :

' g g g s ' 3 E ' E g $ $ $ $

O)
O)ro 6r

6(o (o
o o

o i 6 l O ) C A r - f
+ (o rCt O)
tr) tr l'.. @ (O

d d d - : d  d

t-

r r r E r r l r r r r r l l l

h - o ( . o 6 1 6 r ( o R r o
o - O t 6 6 I ( O @ - F
(O @ t- C\ CrJ @ C\ rO cO Oi $ @ cD €
ro \t € $ .+ o) (o ro cfJ cD (o ro (Y)

o o o o o o o o o o o o o

r ? s $ $ H $ $
j j = J E v F E

: { s 3 3 $ : i s r $ 3 3 $ 3 s 3 BE g E H g R $ e $ s s $ $ $ $

l ( !' z

E $ E t E g , q F g F g F g ^ g g

i$i iii i iiit i ii
E g F g . q ^ s ^ ^ g ^ E s F g

+  i + f  ,  ,  S q s T  T  l  i  $ T  T
t r * - L *  i ! " ! + H t s N E T + H E *



r  $ ^ E - B -  |  A s - { o ^  |  |  F ^ q . q
' o o o o o o o ol l

c O r O ( O t Q r O = A
- 6 c , + c D = Q = < r O A

r <o - eb I Io oO o, La t I 9\r - o0
l F 6 d ) l r o ( o o a r o l l c D c o r o

o o o o o o o o o o

t\

A I r  g r"  r  |  |  |  r  |  |  m g f i
o  o  d d d

€ c o

t $ p  l $  |  I  |  |  |
d d  d

(o 6r
N O r l l
c f j ( o l l

- C f ) . + r O
|  |  t E  |  |  I  |  |  I  I  t c *  I

d  d d

i i

E - p , F ^ E B E ^ f H r ^
d  v  F :  d ; <  €  F * r -

- . 3 8 $ g $ 3 b H H ? s g r ' s Rg $ s b s $ $ $ g $ $ $ H H b
(n

s r r J

o r o
6 { O
co cD

c o E F - Bs L - o o a \ + . r . 9 , b 0 9 8 ( o B . +
9 9 o o ) + o o \ @ I o 6 + + c \ ;co - V !i. ro O O - O 6 6 d ro r4j rrj
O O O O O O

. s , *  *  , {
l " ^ - * l - * l v * l t lr E E t E t E t t l

E E  E  E

F * S S q a c D ' . ,T i t  +  i i , ; , r i ,*E ' . r  +  E"+ H r "+

i

e g ^ $ g ^ ^ ^ ^ ^ ^ ^ H ^ Rr = s z  € y '  €  E

g g  I  r E

i i a

$ c \ * a - E s s € E A t , f i B g
S f i S H S E B B s s B r r + . + 6
d t r J d d o d d d d o  o d d

I  r E  r p  I  r g  r g g E g g g K

, , s l 5  , + + s + S s $ + ,
+i - { -  t$ t r$ . r * { - { - { -



3 $ r 5 1 S r i 3 i  I  r r r

f i ^ g r * H . E r $ . s . F .  r  |  |  |
o o o o < ) o o o

H  F g g  R  F e  E  q !  a  *E ^ S S S g B F s s H  I  I  |  |
o ' d i d d d d d d d  i

. . s A , * O
l l : - $ P " 3 9 " 1

c a F a c a m

E . 1 s F . q ^ n E E € . q

fF (n o, c\ ror  r  1 3 3 3 3 3  |

S o
t t r B S P s P r, u ) u ) @ < . r r r

d d o d d

E
t t t t l F _ O r l l
l l l l l H c a - l l

C D O

6 l @
c o o o o ) o ? @

G ) ( O c \ ( ' o ! + 6 r o O ) n q g s
16 d) Ot ri ts €Y) tr 6r F.- O) -
6

d d d d d d d d d d d

a @

3  r E  I  r r r r S r l

oo ro o)
E r r R r r - r +" l - l l q .  l l l B 1 6
o o d d

s t s
co co c.J
s t E' \ t q S l l l l l l l
r r l

- l *  - l e  . , , l o
t l l

o o o

$ + r + $ $  r ; +  i "  r i  $?fw *. f*X H{-+- l*  * l*  *  =l*

s  s q s  I  E q  f  $  d  q  {  i  Ir " r d E E r E f  e a i  d  d F 3

g ^ . q

s  E  e  g : i  i $ $ s i  s
21



i ; b
F E 8
ooFl

O E. ; .
9 d o
o  J q ,

5FE
' .F  

o
a . t r L

* EtF--*Ei r
!  

-  l l c e

Y b ' c i
c\b- o

; 9 * R

! a ? r
tr" -€otr
r g t s
oTg-cj
o  l l  X o
9R@-?

V. -ooV

xF-l *
r u3h
, . ; ; 8
!iaA
V.il R
! !  [ @

t (a j - .*-  E6h' ..AE
, ;  ! r  i '-  6r - : ,
io,X *

+ E?.;5

r@(o.b
. _ . 9 !. T T =

c.r ;a E
o  X - F
: :  h d

I  P " l
E i -

tr a;9
s  5 . .F
*= E-i
i ' E +
I  E(a

6 r l

i i s

5. nJIOTHOCTb OKHCJIOB 11,2,6, 10, t4, 17_211

flaornocrs,
Kr/u3

naorHocrb,
Rr/Mg

sbs04
sbz06
Irou
BaO
BaO

La.Og
CesOs
CeO,

SmrO-s
EusOs
Gdsos
Dygos
ErgO3
Ybsos

HfOrr'ro
Hfor*c
TasO
TaOg
TarQ
Wao
wor
Woa

ReOa
ReOn
OsO2
OsOa
Hgo
Pbo

I Pb3O4
Pbo!
Bisos
Thor
Uoa
Uroa
U03

Hro
Hroc
BeO
BOr
co

Cor
NrO
NO
Nsoa
Nnol
Nroa
FrO

Na2Og
Mgo

r.fi8;
sio;'
sio;2
sio;3
Proo
PrOa
Soa
Soa

clso2
cl02
KrO
CaO
Sc2Og
Tio
rio:/
rio;8
rio;e
VO
VrOg
Vroa
VO,

1000
1463
3030
1844
l250fr
lg70)1
1977*1
1340{,1
1477*4
l49l {,1
1642*4
r900
2805
3650
3970
2400
2651

2260

2320
2135
2390
2390r1
2750*4
3890*1
3090,r4
2320
3370
3864

4930-5530

3830

4t70

4240
5200-5758

4870
4550
4339

Vroc
C12Ot
CrO,
MnO

MnsO4
MnrOt
MnOt
FeO

FesOa
Fe2Os
CoO

CosOn
CorOg
NiO
Guro
CUO
ZnO

Garo!5
Garoi6
GeO,
AsrO.
AsrO5

SrO
Yrog
Zroi6

ZrOr(Tp)
Nbo
Nbor
Nbroo
MoO.
MoOs
cdo
SnO
SnO"

Sbro;

3357
5210
2700

5430-5460
4700
4940
5026
5870

5000-5400
5240

5700-6700
6070
5180
7450

5800-61l0
6400-6450

5660

6440

5880
4700-6300

3870
4090
4700
4840

5560
6270
7260
5980
4950
4l  l0
4690
6950
6450
6950
5200

rl .Ksapq. rl Tpn4ruHT. rt Kpucro6arur.-.. flpu reMneparype 20" C n .u,aBne-
!-HI 101,325-Kna. 

-.s 
leKcaroHarirnurfi- ttirrono*.innniiil--ii-h'r-"i"i.-driliri.

rs Pytxa, .lo Tetparona.nruufi.

. " ' -

flaorcocrr,
xn/rd

3800-4000
3780
4800
5720
4960
6510

6900-7000
7t30
7400
7400
7407
7407
2650
9170

10010
9680

lbboo
9950
8730

l+aoo
I 1400
6470
6974
8400
79t0
49t0

l l l 4 0
9530
9100
9375
8900

10000
t0960

8r00-8300
5920-7540
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I. CTAH,4APTHA' TENJIOTA OEPA3OBAHII' (CTAHAAPTHOE
II3MEH EH H E EHTAJI bN VU]. H CTAHAAPTHA' 9HTPON H'

l l ; 9  gb rn .  I -V I I ;  19 ;28 ;34 ;35 ;36 ;  4 l ; 75 ;52 ;66 ,  r .  I ;  79 ,  r r .  I ,  I I ;-  
81,  r .  V;  92;  l0 l ;  144;  156;  183;  189;  190;  2061

lc^n.^o-l o6paaoaauun I CrasAapruaq eHTpo[[q
oKucen 

l-ir lt; | -aafnu,,u.lo-3, 
I "!nr,,u, KAx/(KMonb.K)

| | *Ai"/*""on" I
l l 2 l

(3e,356)
70,13*0,21

188 ,850*0 ,050
183,75910,033
109,57+0,42

233,037=0,50

227,59=1 ,67

266,28*4,19*1
75,95+0,21

198,375*0,050
189,696:10,033

239,82+0,63
231,57+1,67

204,266*0,063
193,263*0,037
2 3 4 , 2 1 * l , 8 8

79,34
199,539*0,05
242,42*0,84

202,7|.l-.0,063
207 ,l2l*0,063

37,93
238 ,80
206,65
69,08
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r
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r
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r
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r
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X
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T
r
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T
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HrO

HO
Hroz

HrO,
HO,
Hror

Dro

DO
DrO,

DO:
T:O

TO
TO,

HDO

HDO,
HTO

DTO
HD02
Li20

L io
Li2o2

292,046
286,0208*0,0401
241 ,980+0,042
-38,983* l ,256

187,90*0,08
136,24*0,17
46 ,  1+20,9

- -20,545+8,374
24,7*16,7

-25,5*16,7
294,797!0 ,100
249,370+0,105

*36,019
196,  499*0 ,419
144,122*0,377

- 16,785*8,374
298,653*0,46
252,598*0,209
-35 ,651* l , 26
-15 ,  165=8 ,374
290,145=0,209
245,476t0,209

293,83* I ,26
246 ,921*0,209
250,936*0,209
140,  170t0,461
596 ,912*0 ,0

1 33 ,304+ 12 ,56
-79,679t20,9
634,30= 16,75
ll5,137+25,12

80

Lio,
Be2O
BeO

Be:o:
Beao3
BeaOa
BerOr
BeoOo
BrO
BO

BrO,
Brot

BO,
Boa
Coo
Ceos
co

co,
Co3
NrO
NO

NrO,
Nros

NO,
NrOr

Nroo

Noa
o
or
03
Oa
Fro
FO

Fcor
F o s
For

FgOo
Na3O

NarOs
NaOo
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f

r
r
r
r
T

AM
C T
r
r
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(238,6)
33,49*41 ,87
599 , l 3=4 ,19

-126,44
418,68*79,55
1038,33*37,68
158)3,30150,24
2068,28:L75,36
2612 ,56=92 ,11

-22,23*15,91
456,36+8,37
1273 ,75* | ,21
1254,83+1,72

1245,99
842,028*8,37
293,08*20,9

l46l  ,  lg
-289,73*12,56

33,5:120,9
I 10,598-10 , 129
399,052=0,837
393,777t0,046

-81 ,70=0,42
-90,31+0,29

-169,73
-49,40

-83,32=1,26
-33,49t0,84

19,05
-9,63+1,67
42,71+2,51

-11 ,72t2,09
-71 ,18=20,9

-249,349+0,126
0,000

-142,35=2,09
0,544:t0,837

-25,12*8,4
-136,07

-19,80* I  ,26
-26,  l3*3,  14

77,456
(224,41)
416 ,  16
154 ,9 l

5 l l  ,2=2,1
260,0+2,9

163,29

l 4 , l  I
'n:u*

231 ,l l t2,5l
203,478t0,042
242,83=0,84
54,0 l :10,29
80 ,81+1 ,26

77,66
279,26=2,93

229,646=0,419

233,20+0,84
257,794

197,676+0,029

2i^3,821-.0,042
259,2-.1 ,26
220,02=0,13
210,72=0,08

307 ,31+1 ,26
240,32+0,16

2Q9,34
303,96=0,84

179,36
355,88*2,09
252 ,88:12 ,09

l6l ,054=0,021
205,174=0,033

238,9810,21

247, l5=0,08
218 ,01 l : 10 ,84

72,95

gqszz
115,974
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sio

siror
sio2'4

r 5

Mgo

Mgo,
AlNo
Alo
Al8oz

Alros

*7
f 8

PO
Prq
P.oa

Pol

Proa
PrOs
Ploto

Sro
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Sor

So.'9' t l0

T
r
T
r
r
r
T
T
AM
r
T
r
r
T

T
T
CT

aMio
T
?
r
r
x
T
I
T
I
r
T
T
AM
CT
r
r

602,23!0,42
29,73
623,0
128,12

-89,60
391 .47=20 ,9

1676 ,81=1 ,26*2
1662,2*3
1603,5
833,  17
437,94

103 ,41*6 ,28
404,44!33,5

911 ,55=1 ,42
908,87=1,55

906,02
902 ,17 r  1  , 51
897,44* I ,51
906.48=l ,55
862 ,10+1 ,88
326,6t33,5

27,855
1130,4=37,7

1641,23
1594,58
272,r4
387,70

2407,510
l53l ,53

2986,03t4,19
3044,64
3084,0

2896,43*5,86
109,32*5 ,0

-0 .41=1 ,26
322,38

297 , 10=0 ,21
462,73
449,872

439,28+ I ,26
396 ,1 l *0 ,38

l3 l4,66
813,50

-76.62+1 ,26
- l0 l - ,40=0,42
-104.67+6 '28
-154 ,9+8 ,4
321 .13+ 1 ,26
287 ;13 t1 ,34

26,V21
213,296
85,829

259,58= I ,67
218,425=0,042

50,95t0,08

_

zz,zt+
2l I  ,60=0,08

I r ,soJo,+tg
42.663=0,419
43,54*0,84

46,89

40,4Go,2l
27,8Qt0,21
227,76!1 ,67
222,82!0,13

142,351

347,09=0,84
48,  l5

253,72i3,35
385,2=8,4

l 40,26
240,32+0,08

:
394,82t0,28
267,33=0,63
221 ,98*0,17

z$,zLo,oa

:
256,86=0,21

266.46=0,r7
226:669*0,84
257, 195+0,08

:

I

I

ir

I
I

I

:

qor
SrOz
cl20
clo
cl02
clos
clrq

9
x
t
T
,!

lK
P
D
T
P
t
r
f

x
D

Kro

KzOz

KzO,r
KOr
KzOr
KO3
CaO

CaOl
Scro
ScO

scrQ
Tioo,t
Tioo,2
TiOo,3
Tioo,{
Tioo,s
TiOo,9

Tio

Tiol,ot
T iQ, r
TiQ,zo
Tior,22
Ti2o3
Ti306
Tinoz
TioOe
Ti6Oi1
Tizorg
TisO15
TijO17
TiroOre

rio;t3
. la
119

voo,as
vo

T

T

T

T

T

T

361,739
58,62

494,Q4*41 ,87
159 ,  l 0
561 ,03

283,03+3,35
561 ,03

260,00+3,77
635,514*0,879
59,402+ 16,75
654,82+4, l9
102,58*46,05

66, l5*rt
l g l 8 ,g
57,36

114,72

229,44
434,17
490,23

526,28
-57,31+9,21

530,89
572,34
618 ,39
627,60

l5 l8 ,97
2457,65
3389,63
4319,52
5248,15
6 179,04
7105,00
8035,73
8967,71

944,50:10 ,96
939,27!l ,26

921  ,1
900,2

297 ,397=21 ,35

432,08*4,61
-l5l ,386*41 ,87

T

T
T
T

T
T

T
T
T

T

gg,zGo,e+
219 361

103,83

_

g4,7glo,2t*t,
227,76!7,12

35,96+0,42*12

77 ,37*0,21
127,15*0,42
194,94=0,63
249 ,1 l=0 ,84
301 ,45=0,84

356,72
4Q5,70
459,71

504,09=l ,26
50,37=0,21
49,95=0,42

259,16=4,19
32,28!0,42
33,62=0,42

231 , I  l=2,09



Vor,cl
Vor,go
Vro.,

Vro.r
Vros
Vnoz
Vroo
Voott
Vro,r
Veots
VO,

V:O,
Vros
Vuott
V:oz
Vror,
Vnoto

CrO

CrrOs

;1;
* 1 8

CtOr,ss
CrO2

Cr5O,
CrrO,
CrOt

(CrorL
(CrOaL

(CrOs)b
.lvlnO

Mn3O,
MnrOu
MnO2
Mn207

Feo,rnro
FeO

FeOr,ou
F.Or,oro

T

T

T

T

T
T
T
T
T

T

t
T
T

T
T

T
T

T

T
r
T
T
T
r

r
T

T
F

?
T
T

)I(

T

523,77*5,86

1473,7*.58,62
1219 ,87+2,64
1942,69+3,TT
2663,64+5,44
3380,42+7 ,12
4096 ,78+8,40
481 I  , 47+9 ,63

5526 ,16+10 ,89
715,94+8,37

226,09+29,31
t427,70+5,86
2457,7+25,1
4440,52+12,6

2327,9
1553,30+9,63
2826,1+20,9

399,37
272 ,14

1141 ,32*l ,67
1 5 1 0 , l 8
lg4g,47
2176,30
562,80
588,66
6t,127

2ggg, g
4743,64

590,76+3,35
295,081+83,7

1628,7+41 ,9
2210,6+4t ,9
2771 ,7 *41  ,9
385 ,35:t0,46

-123 ,866+12 ,56
1388 ,55+1 ,0S
958,36*0,84
521 ,84+0,84
726,83+2,5
265,44+1,62
265 ,02*4 ,19

--255,767
278,84+4, t9

280,306*1,758

39 ,31+0 ,42
4l ,95+0,42

98 ,39*1 ,26
154 ,91+4 ,  I  I
211 ,43+0,84
258,74+6,28
322,38!8,37
351  ,69+16 ,75
401 ,93= 16,75

96,72*1,26

28g ,73,t 16 ,75

1 3 1 , 0 5 + 1 , 2 6

81  ,22*1 ,26

z*z
270,89+12,6

6r ,5s ; ,oe*1e
226,50+6,28*20

1 5 4 , 9 1 + 8 , 3 7
I  I 0 ,53+2 ,09
53 ,17*0,42

57  ,61*0 ,42
60,79+0,42

272,14=2,93

60,83+0,42

292,66*4,19
306 ,06*4 ,19
319 ,87=4 ,  l 9

l l l 7 ,88 : t2 ,09

822 ,7 ;4 , r c
688,73

239,07!l ,26
211,43

-309,652*21,353
887 ,6=B ,4
239,90t0,54

-313 ,901 :120 ,93
485,7

173,292t1 ,340
157 ,  131=0  ,879
1 6 2 , l l 3 : 1 1 , 2 5 6

-320,215*41 ,87
>-21,269

350,962=0,25

355 ,9
a <  e ? + A  9 R

-l4l ,292*17 ,166

I 089 , 82* 3 ,35
516 ,23*25 ,1
oc'(  /+tn O

30,702
247 ,0*20,9
460 ,5*33 ,5
580 ,54+1 ,42
555 ,09*1 ,00
539,39= I  ,  l7

-57 ,326+18 ,00
654 , B2

1332,45t2,51
1335 ,69 : t2 ,51

1230 ,9=8 ,4
367,601

8 0 0 , 1 0 * l , 2 6
927 ,04* | ,67

-54,625*8,40
225,67*2,A9
126 ,86*  4 ,61

r+o,zlo,e+
145 ,70+0 ,84't21
144 ,19*0 ,84*29
142,48=0,84*2s

87,50:12,09

52,75*0,42

zqz,f,-.a,+
103 ,0+0 ,8

38,0210,42
241 ,16=8,4

92 ,9910 ,21

42 ,66=0 ,21
234,88*2,1

43,67+0,42
224,83*2,09

94,2
283,87:L2,09

230,99:10,21
85,03=0,42

52,34
223,95=0,21

39 ,7310,  13
55 ,31 t0 ,42

230,32*0,33
107 ,  l 8
245,35

233,62*8,37

-:

105 ,5 *  t  , 67
46,06

234,46+0,21
A' .R

265,A2*0,42

FeOt , to

FeOr , ru
FeO,,ro
FerOa

FerOr

CoO

Co3Oa
Nio

Ni2or
Curo

CuO*24
*28-

Zn2O
ZnO

Ga2O

GaO

GarO.3

GeO

T

T

T

T
T

T
T
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T
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t
T

r
T
T

T
r
f

T

T

r
T
r
T

r
T
r

F

T
AM

T
T

r
T
T
T

T
T
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GesO2
Ge303

GeOn'*zo
*27

AsO2
As2Oa
AsrOg

SeO

SeO2

T
r
T

T



_ , 1 , 1 ' l
BrO
BrO,
Rb2o
Il b2o:j
Rb:jo3
Rbor
Rb:o4
Sr.,O
sio

SerO5
Se03

SrO,,
YrO
YO

YrOs
Y,,O,

ZrOo,o*
ztoo,tor
ZrOo,sss
ZrOr,nu

ZrO

415 ,33
t72 ,91
9 2 , 1 1 0

-125,713+2,51
-52,34
330,338

424,96+41 ,87
508,696

284,70=2,51
528,374
236,97

590,76+8,37
59,620+8,79
641 ,42+16,7

* l9 ,26*33,49
48, l5*tt
51  4 ,98

1758,5+37 ,7
4l  ,87+2,51
119,32*2,51
i94,69: t2,51

268,37+25,5
724,3+41 ,9
91 ,394+41 ,9

l  g0g,7
I  l0 l  ,30+0,63*3r
1090,24+2,09*32

295 ,931 +20 , 9
446,12+4,19

- l Q Q  O 9 4 + 4 1  O

795 ,91:t-0 ,84
I899,  l3+ I  ,67
589,50*0,84
13 ,40+20 ,9

2809,3
5823,8
6585,8

745,67+0,42
863,0*20,9
l20l  ,6*29,3
1925 ,9+62 , 8
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264,2
260,4
258,7
265,4
268,8
27!0

291 ,8
288,  I
286,4
294,8
298,5
to, ,u

309,8
306 ,1
304,4
3 1 3 , 6
3 1 7 , 8
t ! ,

324,1
320,3
3 1 8 , 6
328,7
333,3
339, l
332,9
(npu

1800 K)
3 1 9  t 5
(npu

1800 K)

22,9
(npu

800 K)

35,98
(npu

800 K)
0,404
(npu
tu_n)

2,692
(npu

/o I\,,

336,2
322,4
330,8
3 4 1 , 6
346,2r3,u

346,2
342,5
340,8
352,5
357 ,lrtu

6. @yHxuun (-=rl)

2 e , 6  l e s , o
(npu | (npu

looo K)l l2oo K)
t -
I

44,16 |  5r ,34
(npn | (upu

looo K)l l2oo K)
r .025 |  3 .440
(i'p" | (np"

roo K) | l5o K)

t -
I

5. ,343 |  t2 ,15
(npn | (npu

loo K) I l5o K)

t -
I

43,2 I  78,51
(npu | (upn

2e8 K) 
| 

500 K)

t -
I

4 , 4 8  l 8 , o l r s , o
| (npu | (npn

.  1 4 0 0 K ) l  6 0 0 K )
41,5*s |  44,2*8 |

(npu | (npu I
1400 K)l l50o K)l
9,622 1 15.58 |  26,51

| (np" | (np"
| 4oo K) | 600 K)

0 , 0 0 4 1  0 , 0 1 3 1  0 , 1 1 0
( n p u l ( n p u l ( n p t n
l 7 K ) 1 2 5 K )  |  5 0 K )
7 ,267 |  12 ,  ro  I  t7  ,28
( n p u l ( n p u l ( n p u

200 K) I 250 K) | 2e8 K)
0 , 0 2 9 3 1 0 , 1 0 8 9 1  0 , 8 7 5

( n p u l ( n p u l ( n p u
1 6 K )  l 2 5 K )  |  5 0 K )
1 9 , 9 7  1 2 8 , r 3  1 3 6 , 0 0
( n p u l ( n p r l ( n p u

2oo K) | 250 K) I 2e8 K)
0 , 1 1 8 1  r , 6 5  I  7 , 1 7
( n p u l ( n p u l  ( u p u

1 6 K )  l 5 0 K ) l l o o K )
143,00 | 22t ,4 | 249,2
( n p u l ( n p u l  ( n p u

l00o K)l 2000 K)l 2500 K)

Beo'2'*4

MgO*o

Alror*o

Cazos*?

Yrot*a 94 47

(npu
2oo K)

*l MeroA onpeaeregHs: p - paccer, o - o[eHKa, 9 - gKcnepxMer{r. *2 Tnep-
Abr f i .  * r  f lonyqeHo eKcrpanor ' rqqre f i .  * {  i l 9 ,  c .  441.  +5  i l9 ,  c .  1221.  *6  [ l9 ,  c .  2 l l .
*?  [9 ,  c .69 ] .  Monorpucranr  p -Ga2Os 98,670/o  cucrorb t .  +E [19 ,  c .80 ] .

6. TEMflEPATyPH IJIABJIEH[|t I,I KlInEHI,lf [; 9, Bun. I-V;
19 ;  39 ;  42 ;  43 ;52 ;62 ;67 ;76 ;81 ,  r r .  l - 5 ;  103 ;  113 ; -125 ;  lT l f

TeMneparypa IItaBneHI{q, oC TeMneparypa xHueHst, oC

NOe u N2Oa
Ngor

o2
o3

Fzo
Fzos
Fros
Na20

NarOt
NaO,
IlgO
Mgos
Al2o3

0,00
0 , 0 1 * l

-0 ,42*0 ,03
g,813;,005*r

1 , 5
4,49t0,02

t727
lg7*7

2520-2570
450-470*a

-294*s
-108-107

-205,02
-56'6*u

-g l  ,0+0,5
-163 ,65

- l 0 l

* u , 2
3 3 + l * r 5

4 l * 1 6
-218,79

- 1 9 2 , 5 = 0 , 4
-223,85
- 1 6 3 , 4

-189
920

),-596*?
552*7
2800
BB*7

2046 ,5*18
2053*4
22TT*Le
1720*20
l6 l0*2r .
I  6g0x 22

2 3 , 9 * 0 , 1
77*7

100*16
420+3*23

100,0
25,00*2
0,00*a

152,0*0,5
25,0*4

l0 l  ,43
25,0*8

l 0 l , 6
100,85
25,0*o

100,9
2600

Beoo:4260
2t24
I250*10

7
- l 9 t , 50

*79,515*rr
-88,5+0,5

-r5 l  ,65
*3 '5*z
-40*19
2l*tt
47*z

-182,97
- l  I  I  , 9+0 ,3

-145 ,05*0 ,5

raso
(675)*u

3600

,e![*ra

Hso

Hzor

Dso
DsOr
Tro
HDO

HTO
Li20
Lisor
BeO
Bros

Cgor
co
Cor
Ngo
NO

Nros

P2O3, P4O6
Pog
Psor

P2O6, Paoio

29b0*20
sio

si02

r80



Sog
Sos

(Peor)n

Ca02
Sc2Ot
TisO

TiO*sr
Ti2o;31

t'#'
Tios
Tios
VO

vzoe
Vsou
Voz
vroi"
Vuort
V'roi3n
Vzou
Cr2Os

562+2x2r
580:f2*2q

-75,46+0,01

16,79+0,02+26
32,5*zz
62,2*28

0
3*2s

* l  l6+  l *30
-59 ,8*ao

-59
3,50=0,05*so

-90+2*30
707*?.
490
430
380

6012*?
-25d1
-2910

375-425*7
2405

1940*30
1750-2020
1900-2130
1830+ l0

2177
1774=20

1870+ l5*33
670

1830*20
1970=20

1827*7
1545

1542*20
662* l0
708=5
670-685
2334!25

2257-2427*15
427*7

I B0-202*35
1785

1842*10
1560* l0

Sgot
Son
cl20
cloz

cl206
clro?
Kso
Ksog
KaOa
KOz
KOa
CaO

CrO2
CrOg
MnO

588
588

-10 ,01 t0 ,03
44,5

62 2*Lb
44'7:0 '3

z , yuo
l l , 1 * a o

9 ,7+0 ,3
203*so
78 ,8*ao

t527
700
543*?

(3500)

=

3027

3327

zgn*,'

3127
3027*7,

' 
ZOn*z'

727*7
trrr*t,

2627Mnroi3r

63

Mn2Og
Mn02
Mn207

Feo,grro

FeO

FeO,,ou

FeO,,s56

FeO,, ,o

FeOr,,u

FeO,,ro
FesOn

Fe20t

CoO

ftron
Co2Ot
Nio

curo
CUO

Cu2O3
ZnO

1347*7
847*7

6+ I  *3?

t  $/{+$x rs

l $ / l  +$ *38

I t / {+$xrs

l$$$+$*aa

t{Q$+$*18

l l l l+$xae

|  $tJ+!xss
l$${+!xso
l$$/+!xao

I  3(0*41
1562*7

l B l 0 + 1 0 * 4 2
1830+s*ag
1817+5*aa
1769+5*46

967*2
g95*7

1957+20
I 552*46

1242+5
r336
I  00+7
1975

I 900* 47
652

1725+15
Tl0*r5

I I l6+4*a8
1086+5x60
lf $+]xrt
314+2*52

313r5
927*?
927*7
n02

340-390+1q
224+l*2e
l2l+2*?
-17*7'

627
570

2512

2623*1

2627

As 2O3

caro
CaoO,
GeO
Ge02

AsnOu
AsO2
As206
SeO
SeOg

Se2Og
SeOg
BrsO
Rbso
Rbsor

* *?

1800*?

: * t

727

:
2A52*4e

457
+oD

461!.2

I 802

*?
-'iZ



Rbros
Rbor
SrO
SrOl
Yto,
ZrsO
ZrO2

NbAo
Nbo

Nbsos
Nbor
Nb206
MoOe

MoaO11
MosOrt
MoeOru
MoOg
TcOl
TcOg
Tc1Ol
RuOg

[.RuOn

Rhro
Rho

Rhros
Pdo
Agro

cdo

InlO
InO

In3Ot

SnO
SnsOa
SnOl

sbros
sb4oc
sbro4
sb6o18
sb206
TeOe
TeOg

489
412

2430
410-450*?

2410-2435
1975+30

2900
2700+25

350*7
1940+15

2377
t772

2080+20
1490+20

1927
8241 10*63

700*7
800+ I 0*64

801+2
2127
927*7

120+l
ll27*7

25-25,5*st
27*lB

ll27*z
ll2l*z
I  I  l5*?
877*z
187*z

815*20
826*6?

1084*6E
> 1500

327
t052

-2000
l9 l0 *10
1042*1
I 100*6e
I 625*00
2000
2300*6e
6bb*0r
oDo
930*03
700*61
390x63

733=l
> 400*?

_*7.

567*?.
3000

4300

aeoo

_ * ?

:
3527
2927
':'*

r257
3727

3 l  l :12

-*z

_

_

szz
1727
3327

1527

-ZOOO
2500

1425*82
1456

t423

,4,

t30
tc

2W*7
4

l0rr.
165
490

594
502
450
607

lg20*0s

450
2217*30

1690
1920
2600

2127+30
2042+30*06

427*z
2212+30

2320
-2320

t700
2050*30
2322+30
2292+30
2337+30.06

-2385
-2395
-24QQ

2392=30*o?
-2420

2260
2467=30*ce
2780+30

1785:t30x?o

1872+10
1227-1327*Lt

t570
t473-2130

1202
t$$!'r-29'02, 

ri9

I60*3

:

_*?

960?' 
'61

870'7' 
'64

>597*z
767

22QO
2727

790-973*1

3227

3727

3000

Y
:

Y
2227

t727

1852'z
t850
29n

620=10

Iror
Iloc
Iror
CsrO
Gno
CssO
CssO
Glot
Cs1O5
CsOl

[Ba1O
BaO

$
I
t

${

BaOs_
LaeOe
Ce3Os:

CrOrl
PrlOg
Pr6O11
PrOt
Ndros
PmgOg
SmsOg
EUO

EulOg
cdros
Tbros
Tb{o?
DYrot
Ho2Og
ErlO3
TulOs
Ybro,

turOr
Hlor

Taro!6e
17l

wo;zz
Wor
Woa
ReOt

ReOl

|66-slz

&



Reroz
Reor
RerOs
OsO
OsOl

Gor

301 ,5+0,5
t47

150+3
4 0 .

650*?

39,50*6P

4l  ,0=1*zr
n77
I 100*?
5Q7+7
450

-200*7

4ggr55,'7

599'76,'7

579=5
-717*za

834
(490)1'??

886=2*96

5C0*?
830
2g0,rz
w2
817

825=5
305*?
552

>2227
1977
1877
3050
2287
1777
2477

2840+20
2405
2500'*z
652*r
150*?

2560t50
527-627*7

t0t7
2240
2085

359+l

=

lg0+2'56,'74

1977

:
477*7,

-*z

t472
1535=20*?3

r647
r890
t890

_*?

:
2977
4400*?E

3077

=

2082
2977

Tlro
Tlros

Tlor
Pbo

Irros
IrOl
Pto
Ptor
Auro

Hgo

Pbso{

Pbor
Bio

Biros

Biro4
PoOl
Rao

AcrOg
Tho
Thor
PaOl
ParOr
UO
Uor
Uro.
Uso.
Uor
Uor
NPor
Npror
PUO

PurOl

t l 2 l t
l l

PurOz
PuOr

AmlOs
CmsOg
Bkros
cfros

2340
2390=20
2205+15
2275+ffi
1920=25
1760*,25

snt
3127

:

. l  TpofiUaa TO,|KA. .2 flpU 3160,4 na, pac'teTlrbreAaHHbre .U,.[s CoCTosHr{s napa,
orBeqaroulcro craHAaprll l ' IM ycnoatrsM. 

-'3 
flpn 610,615 fla, ro xre. *a- f lpn

279,98 tta, pacvcrHitc-4atInbte.- *s, t lpr 2762,4 fla,.- pac'rernue Aan-sue. +6 
-flpu

2933,08 fla,'pacqerHbre aaHHbre, *r Pasraraercs. ' l  Ha Bosayle. *e A119P1pHa1
creKnoBriaHaq Macca nepexoaHT B BqsKyrc xuArocrb. *to flpn 266,64 fla. *u Tpofi '
l ta r  Tor jKa,  AaBneHHe 535 n f la .  * r2  Teuneparypa cy6n[MaqHH.  * r3  PaBHoBecHaf l
cuecr NO u NzOr. f,r4 CIuecu NO: u N:Or. rr5. Cy6lrunpyer tl8 flps 142,9 rfla.
*r? florHocrbro pa3.traraercq. *18 KopyHA. rte flpu 400-700'C 4ncnponopql{oHHpyer.
*20 Koucro6anui. *21 Ksapu. *2 TDuanttlur. *2r fexcarouaatsufi (H'(bopt' la), npn
360" C Bo3roHsercfl. *2r- PoM6ucecKxfi (O-chopua), npn 605" C gogrossercq.
*15  Pom6uqecxuf i  (O ' -<bopma) ,  npu 605 'C go :noHtercs .  *26  1 ,  pou6nuecru f i ,  SsOe.

*27 8. vosoxruHHbtft, Bo,loKHHcrblfi. *21 @- MoIroKtHHHbtfi, goroxHucrblfi, Bo3roHq-
ercq *2t fhasnrcg c pa3JroxeHreM, *30 Bepugaercs. *tt F. *32 )(nAxocrr c xpn-
cra.nnaux Ti3o2. *s3 I-lpH aaBneHt4u por:101,325 rfla. *31 Xnaxoctr c Voz.

*35 B gagncuuocrl,I or cretreHll Da3rox(eHlts, HarraB[retocf, eule B TBepaoM cocroq-
HfiH. *36 Bo3roHsercs c,u,nccouua[xefi. r37 Teuueparypa SarBepAeBanus. *38 Ky6.
*)K*r. *3e flpu por-21,28 xfla. ro flpu Por-5'83 xfla. *ar reuarsr. *r2 flJras-

JleHue Ha Bo3Ayxe. *43 EecKncropoanaa aruoc([epa, po6ur-101,325 rfla, cocras

xHAKofi daan CoOr,OOO. *t, po.^-101,325 rfla, P6r-10t,325 xfla, cocras xuaxofi

6assr  CoO1,g l4 .  *05  PO,  -101,325 r f la ,  cocras  xnAxof r  cbasu CoOr ,Otn  .  * {E  B Ba '

xyyue. *r? Cy6ruvupyer rrprr gTofi TeMleparype. *{E Cta6n,ntnas roqKa trJlaBlte-
HHr, BbrcoxoreMneparypuax $oprua. *{e 3averno ucuaptercq. +60 Metacra6urruaq
roqKa trJaBneHux, xuaxoreuriep'arypnas Soprua. *5r AbceHonnr, Ky6. *52 KnayAe-
rnr l, MoHoKnuHHbrfi. *a XuArocrr * (MoOz*MoOr). *6{ XuAxocrb + (MoO3 +
* MorOrr). *55 Xe.rruft. *56 Kopr.rqHesufi, *5t f lpu 700'C Bo3rolttercs 6eg nrasre-
HurI. *5a Bo3roH.gerct 6eg nJrasreHltg. *5e PacqerHbre l laHHble. *60 Kaccu-
repur, cy6ruuupyer, *01 Balegrlnxt. *02 BosroHsercq. *63 Tepaet xuc-
robo,q. 

-*6. 
PacireTHat TeMnepaTypa AHccounauHH. *65 99,50/0, 

-n 
aprone.

*66 99,700/0, B aproHe. *67 99,5606, B aproHe. *0E 99,8806, B aproHe. *6e ct. *r0 PoM6H-
qecxuil. *7r Tpuxruutrufi. *72 d. .t7a p1"pu -101,325 xfla. *71 [e,rHfi. *75 KpacHblfi.
*ze fIpH pOr-101,325 rfla. *77 Auccoquupyer. *76 Topuauur.

7. TEIJIOTbI NJIABJIEHI4q

[f ;  9, run. I*VII;  l9; 42; 43;

Tennora
trnaBJIeHHt,
rAx/uo.rru

2

II I,ICTIAPEHNq
49; 52; 66; 77; 79, r. l; 81, r. 5; 961

Oxuce.n
Tenlora }lcnape-
sxs, x,Ex</rrro.nu Teuueparypa, oC asreuue. na

6 , 0 1 3 1 *  |  -

o,oo4' l '  
t2  

|
6 ,0135= |  45,079*0,013*3

1 4 4 , 0 2 0 = 0 , 0 1 3



Hrq

Hlor
Dro

?13'
HDO
HTO
Liro
BeO

Baot

CO,

Nro

NO

Nros
Nro{

Naoo
o,

os
Fro
NagO
Nao,
Mgo

AIlos

5R A9

85,41+6,28

r2,il6*
tQ,042

6,314+*o,ort

0,8396+
+0,0029

8,37=0,13

or++
2,303+
:10,008

t4,662*
:L0r0l3

:

0,4459+
-{:0,0008

2,09

29,73
25,96

77,46+4,19

I I3,04=8,37

44 ,041*0 ,013
40,683

52,858*0,134

5l  ,66+0,13
50,24

46,494*0,084

45,43+0,04*4
52,38=0,21
46,05+0,4
44,67!0,25
46 ,89+1 ,26

234,46

608,76
489,86+43,96
403,44+8,37
356,3+ 12,6

322,39
6,531=0,004

6,0441+0,0042
16,24*0,42
5,28+0,84

t  6 ,62
16,571+0,021

14,24

13,783+0,013
39J56

37 ,14*6
38,56*0
28,68*?
56,940

7,653=0,021

6,833+0,017
l5,  l93
l l , l 0

n7,23

s+*a

25
frun:  100
t ta:  -0r42

25
z5

lnn :  3 ,813

25
25
25
25

r0l 300
r0l 300
50,65

285,7

667,6

t0l 300

2644
2928
,:t25

lxun J 2600

tnn:2550
fxnn: 3850
lna: 450
txsn:2124
lxsn: 1250
lna :  -205,02

lxsn :  -191,50
lna: --56,58

25
ln.rr': -91 ,0
lrrrn: -88,5
lna : -163,65

l r .Hn:  -_ l5 l  ,65
ttnn

tna: -Ll ,2
tx*rn: 2l

25
txrn
tna: -218,79

txun: -182,97
t x w n :  - l l l , 9
lxrn : -145,05

t*^n

t*rn

3 ,34 .10 - -16
l0l 300
266,64

l5 367

l0l 300
517 846

6 422 400
87 827

I0l 300
.22083

'oI'

18740
r0r 300

l 0 l  300 .
l0l 300
'':*

sio
sios

Pgot
Plo.

Soa

So;t0

so;r7

so;''

cl20

cl02

cl2os
cl207

Kso
Kzoz
KzOe
KOz
CaO

ScrOt
Tio

Ti2Os
Ti306

50,%
8 ,541 *8
9,002*o
,,'On*'

14,07

_
I  I , 3 0
20,93

63,64*u

,4,11*s

67 ,41*rt

7,406+0,008

_

l l  , 7 2 + 6 , 2 8

:

28,47
29 ,31
otr tr/

20,52
75,36

96,30
54,43*
+L ''kLg

100,49
209,34

Por
PooiS

485,67

I

573,59*10
l8 ,84
46,64
46,64
43!6

- 37,26
73,69

78,29*12

78is*n
g4 , 99*16
Z9 , I 3*16

28,22*0,04
24,953*0,017

3 8 , 1 + 2 , 1

42,37+l  ,7
40,82+l ,7
44,21*1 ,7
43,17+l  ,3

96,335
25,96
29,64

26 ,33*0 , 4
39 ,78*4 ,19
34,00+0,4

35,67
32 ,36*0 , 63

154 ,91
188 ,41
104,67

L KUN

25
t*un
tnr . :23,9

25
txnn:175,4

t "n :420
t n n

fn.n : 580

tnn :562

tnn: i t
fx"u : 584
tna :  -75 ,46
lxuu :  *10 ,01

tnr :  62 ,2

l n a  :  3 1 , 5

t * ^ t : 4 4 , 7

t " n : 1 6 , 7 9
25

t * u n : 2 , 2
i  - . >.K | i l  -  -
l x u t : 1 1 , 1
t6nn:  9 ,7

t 2
25

l r a n :  7 8 , 8
/xun:  80
t*nn
txun:1527
t""":  700

,  K H N

491 305

73 949

sazs+
75975

r0l 300
t5702

l0l 300
234 003

50 144
tOl 300
20 463
34341

l0l 300

roloo
9 1 , 1 7
t2 t56

101 300

=

trsn:3327



Tio;20

VO

Vros
Vso6
Vor

vroizt
Vroo

CrsOs

CrO,
MnO

Mn"On

FeOt,ou
FeOr, ouo
FeOt,to
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TatOo
Wor
Wos

ReOt
ReO,
Re3Ot

Reor
Relot
OsOa

Irros
Ptor
Tlso
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:17 ,53+1,26 ,  AS:4 ,77 .  * tu  p : (3040) .  * tos  p - (8100) .  *106 Af f :13 ,0 ,  AS:4 ,94 .  * r07  p-
E 5 1 0 0 ) .  a r 0 6 p : ( 1 0 1 0 0 ) . * t 9 s L H : 4 , 7 5  i l ,  c .  1 6 7 1 .  * r r 0 A I 1 : 5 , 9 5 + 0 , 4 2  [ l ; .  * r t t  L H : 2 , 9 ,
A5:2 .76 .  * t t z  p : (2030) .  * t t r  p : (6030) .  + r r r  f lo  Epayepy i l ,  c .  I671.  * r r5  f lo  fomA-
rxMH,r l ry  Uf .  t to  no  l l l e$epy  u  Poro  I l ] .  * t r7  LH:226,1 .  * t t r  p : (6580) .  * r Ie  A I l :1 .88 ,
AS:2 ,700.  * rzop: (1216.10- " ) ,  a f f :13 ,4 ,  As :15 ,9 .  * '2 r  a l1 : -0 ,976 i0 ,126,  Heo6pa-
THMbtfi neDexo.u,. *122 flpeanoloxnTenbHo. {l2l nDH 400" C o6HaDvxHBaK}Tcr xv6uqe-

cKar  (C)  u -voHox.nHuHai  ( ,B)  rbopuur ,  c  500 ao  700"  C- ro lsxo  uo ioxrnnsas  (B)  Oop-
ua,  c  900 no  1300 'C - ro .n r ro  reKcaror ra rbHar  <bopua (1 )  [991.  * tz r  i l37 ,  138,  156] ,
*126 X - noKa He r.raenrn$nurpoeanuaR Saea [37, 138], no [102] -BbrcoKoreMnepa-
rypnar ry6uuecxar @asa. *tzo {138, 771. *:" Heo6paruuoe npeBpax(errue 6eg npo-
MexyroqHofi B-tbopuu [54]. *tie [13]. *tzs florpeurHocrr npu ff3MepeHrin reMne-
parypur  : t20 'C.  Bce nepexo.ar t  (xpoue C*B)  o6parHuu.  * r30  Heo6parHMoe npeBpa-
IqeHHe i l131 .  r t r r  u37.  1381.  + r32  U9; .  + t rs  n37,  1381.  * r r r  U37,  138,  1561.  r rss  p : (4050) .
*tr p:(5070). *r37 O6parnoe [peBpatrleHHe nporeKaer c rlrcrepe3ncoM B uHrepBare
1600-1500 'C.  * r38  l /50  WsoOna.  * r3e  AI l :1 ,38 t0 ,21 ,  AS:2 ,30 .  * t to  A f l :1 ,88*0 ,21 ,
AS:1 ,84 .  * r4 I  A I l :1 ,17*0 ,13 .  *u2  A l l :0 ,50 i0 ,13 .  * r4 t  A f f :0 ,4 ,  AS:0 ,50 .
1.. Afl: 1,68,^nepexo.u, o*p saMeaffeHHbrfi i l ]. *!ot f lpu HarpeBaHuff Ha Bo3.u,yxe,
lepexoA o+p npoucxo,trtrT TaKxe npl, noBhrueHHoM aaBJ'IeHHH H pa3ManbrBaHHIi.
tt6 LH-41,4i2,1, AS:41,28. *ra7 Heo6parnuufi nepexo4. 'r{E I-lpu oxJraxaeHnn
suxe 730"C 1521. *tre flps oxraxa,esvn 1521. +rso flpu HarpeBaHHu, e o6pasqe
99, 97% (no uacce) BizOr, L,H:78.29, AS-75,4, [98]. *tsI f lpu ox;rax4eur.rn rrepe-
xoA He gaBHcHT or cocraBa ra3oBoft cpe,u,bl u reMneparypbt npeABaptrTenl'Horo Ha-
tpeBa, +r52 flpu oxrax4enHH nepexoA cyqecrBeHHo saBHcnr or BbrneyKagaHHbrx
$arropon. trb3 flpu oxJaxAeHt{H, nepexoay BirOs s ?-6asy cnoco6creyer yBeruqe-
Hne napq[aJlbHoro AaB,[eHHt KxcJopoaa H yBerrseHHe BbrAepxKl.t npn yxasanHofi
TeMneparype, j-rfasa ycroftuuBa npn HopManbHbrx ycnoBl.Igx, cHtrxeHne naprluaJb-
Horo  AaBTeHHJI  K t rcnopoaa H yBe, ruqeHue BbraepxKu npH 750"  C pacurupsnr  surep-
naa ycro i luuaocrs  F-6agu [98 ] .  * tsa  [17 ] ,  179] :  * t ' s  A ' -  Cmzos i ra6Hr lHa,uo  reM-
nepaiypu nJraBreHnq 1791. *tso BkrO3>99,8% (ar.). rtsz Cf2O3199,306 (ar.). r{uc-
JreHr{ble 3HaqeHufl BeJrnqffH p, L,H n AS AaAut B eAlrHnqax, yKagaHHbrx B HaqaJre
naparpaOa.
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TiOs

VO

Vog

CrO

CrO,

CrOt

MnO

MnO,
FeO

CoO

NiO

CUO

ZnO

Ga20
GaO

GeO

CeO2

AsO

SeO
SeC)t

II podo,tcreaue

Vpaeneuue Anccoquaqnn

TiO:Tl+O
TiO:Ti*O
TiOl :T iO*O
TiOl:1i-,t-29
TiOr:11-t-29
TiOr:Ti*2O
TiOz:Ti*2O
Vo:V*o
Vo:V*o
VOr:Ygag
VOr:Y-r29
VOn:Y.t-29
CrO:Cr*O
CrO:Cr*O
CrOr:61919
CrOr:6t129
CrOr:6tal29
CrOr:619r-1-g
CrOr:61-P39
MnO:Mn*O
MnO:Mn*O
MnOr:14n129
FeO:Fe*O
FeO:Fe*O
FeO:Fe*O
CoO:Co*O
CoO:Co*O
NiO:Ni*O
Nio:Ni+o
CUO:Cu*O
CUO:Cu*O
ZnO:Zn*O
ZnO:Zn*O
Ga2O:2GalO
GaO:Ga*O
GaO:Ga*O
CaO:Ca*O
GeO:Ge*O
GeO:Ge*O
GeOr:6s6-Fg
GeOr:6s-l-29
AsO:As*O
AsO:As*O
SeO:Se-J_O
SeOr==59129

653 I 40*251 20
602900*20930

r297900

126023L20934
I197400*41870
607090*41870
617560+20930
615460*29300

1235100=20930
423290+29310
452170*29310

527540

950400*62800
476900

1427700*83700
401 930* 12560
406120+t2560

410300*41870
406120+ 12560
395200+10500
364250+20930

408200
4061 l9

360070*20930
334900

263800+41870
<385190

873685+ 10470
376800* 16750

347500
309800*25120
653980+7960

330760*50240
996460

477300+16750
481500

418680:t83700

657330

644800+83500

t3ts850=2O9gg

622160

1247670+41870

+zilso

(963000*62800)

:
406100

(921100*104670)
414490

+ r oaoo
339131

-<zilsao

35 r 691

*T*

849920*20900



Yro
YO

Yzo,
ZrO

ZrO2

Nbo
Nbor

MoO

tr{o02

MoOt

BrO
BrOl
Rbo
SrO

TcO,
RUO
RuO,

RuOa
Rho
Rh02
PdO
Pd02
Ago
cdo

Vpaaneune Atlccor\Haquu
Sseprlis Auccoql'allu!

npu 0K Do. l0-3,
Ax/r<Monb

844650t 12560
23t530+2512

294000*25000
397750+6280
468900+8370

1080200+33500
717200+5000
705890+ I I 720

1863130*50200
753600+41870
757800+33500

1449400+33500
1386100+21800
690800+37680
766200+41870

1423500*20900

502400*41870
485670*62800

611270+62800
623800*41870

1754947

489860*41870

977900:t4l 870
1821480*7960
392240+62800

280500+29300

23S650=41870
276330

<368440
774560+29300

3t8200
3t 4010

526700+8370
410300*83700
263140+420

486983+12140
184220*20930

SeOr:$9a26
BrO:Br*O
BrOr:319=1-6
RbO:q619
SrO:Sr*O
SrO:Sr*O
YsO:2Y+O
Yo:Y*o
Yo:Y4s
Y2Or:2Y426
ZrO:Zr*O
ZtO:Zr*O
ZrOr:71429
ZrOr:21.1-429
ZrOr:216�49
Nbo:Nb*o
NbOr:56.129
Nbor:Nb+2o
MoO:Mo*O
MoO:Mo*O
MoOr:Msa26
MoOr:tr4e919
MoOr:11e9r-1-9
MoOr:14e139
TcOg:Tc*2O
RUO:Ru*O
RuOr:Pua26
RuOr:Pq-F2g
RuOn:Ru-F4g
Rho-P61s
RhOr:q5129
Pdo:Pd+O
PdOr:P6129
Ago:Ag{o
CdO:66.t-6
Cdo:641s
InsO:2lnf O
InO:In*O
InO:In*O
SnO:Sn*O
Sbo:5546
TeO:Te*O
TeOr:1q-l-29
TeOr:1s-tt_29
Io:119

In2O
InO

SnO
sbo
TeO
TeO2

I O

flpodanrenue

9Heprus Auccoqlra.
trun rps 298,15 K

D.l0-o, Ax{/KMonb

235300
>293080

472690

762400
1452800*20900

695000

(1339800+ 104700)

489860
I1806E0=20900

(l0676oG623oo)

(262960-*62800)

862480+20930

< ossl40

372630

90S540=29300

188400

Ilpodonrceuue

| | oHeDrHq AHccoqrraquu | """o"n" Alrccoqra-
Oxuce.n I VpasneHue Ar-rccoqr.raquu | ,rpn 0K Do.l0-3, I rruu 298,fS K D.l0--3,

l l A x / K M o r b l , q , x / K M o n b

' l  ,  |  '  |  '
XeO
CsO
BasO

BaO

XeO:Xe*O
CsO:Cs*O
Ba2O:BaOf Ba
RarO 2Ba*O
BaO.:Ba*O
BaO:Ba*O
BaO:Ba*O
BarOr:2929
La20:LafLaO
La2O:2La{O
LaO:La*O
LaO:La*O
La,O":2LaO
taioi:zta+zo
CeO:Ce*O
CeO:Ce*O
CerOr:26sq

I
CeOr:gs91L -:- It

PrO:Pr*O
PrO:Pr*O
Ndo:5649
Ndo:56n9
SmO:SmfO
EuO:Eu*O
cdo:cd+o
Tbo:Tb+o
DyO:DyfO
FIoO:I-161-9
ErO:Er*O
TUO:Tu*O
Ybo:Yb+o
LuO:Lu*O
Hfo:Hr+o
HfOr:gia26
HfOr:gia29
TaO:Ta*O
TaO:f619
TaO:1aag
TaOr:1s9-lL9
TaOr:16429
TaOr:f6129
wo:W+o
wo:w+o
wo!:wo+o

(s2347)
307000+25000

963000
561000*20900
573590+8370
481480+9630

314000*29300
I I13700*33500

805960
799680+ 10470
360100*41900

1959400*46000
810150

774560=20930

715940*29300
762000
713000

690820*25120
596200
560600
724300
720100

629700*2500
639300

634700+3350
582800*2900
370000+3350

699200
745250!41870

1335950*21350
7691 00= I 6750
812200+46060
795490=41870
636390=46060

l46l3l0*20930
674080+41870
644800+ 4 I 870
594530*62800

389370=71lS0

577780

372625;46055

1984540r62800

1465380*62800

:

(1507250*83700)
:g
+

816430

1469570*62800

o+igoo

Bas02
La2Q

LaO

LagO,

CeO

Ce20,

CeO,

PrO

Ndo

SrrO
EUO
Gdo
Tbo
Dvo \
HoO
ErO
TUO
Ybo
I-uO
Hfo
Hl02

TaO

T'a02

WO

Wor

t Q l



VpanrreHue AHccoquauHH

I7 podotcrceaue

SHeprHr Auccoqtrarlnn
npu  o98 ,15  K  D . l 0 -3 ,

AX/KMOJb

Wot

(Wor)c

(Woe)s

(Wo')r

ReO,
Os02

OsOo

I rO

WOr:1Y.t-29

WOr:14l9rag

wos:w+3o
(WOu)r:2q7n69

(wos)3:3wj-90

(wo3)4:4w+l20

ReOr:q.129
OsOr:Qs129

OsOn:96149

IrO:Ir*O'

IrOr:11126

Pto:Pt+o

PtOr:P1a29

Tlro:2Tl+O

PbO:P619

Bio:Bi+o

Tho:Th+o

Tho:Th+o

ThOr:11429

ThOr:15a29

PaOr:P2.t-29

Uo:U*o
UOr:tt91g
UOr:g.t-29

UrOn:2119,

Uo':t1q16

ors+ol+rezo
1892254+29730

4356250*41870

6805350+41870

9178914=46060

2l 06800+ 10890

351690+20900

368376+20900

596297+7120

371750+5440

334940+83740

801 350

820600

1574200

749400+71180

674080

+rasoo

1285350+41870

lrrzzrolozsoo;
(1067600+83700)

( ssssoJo:eoo)

891800*20900

1549100+62800

(1507250+83740)

753624

1482130+62800

(npu 2450 K)

Ir02

Fto
Ptos
Tl20

Pbo

Bio

Tho

PaOg

UO

Uot

Uzol

Uos

Th02

I  n,)

15. CTAHAAPTHAT TEnJIOElttKocTb [l; 9, nun. t-Vrt; 19; 48]

Oxacea l*.*-
t ,

fr rga,rc'
Axl (Monb.oC)

Oxncea

Tgo
HO
DO
TO
Hrog

H20

Dzo

Dsor
Hog
Dot
Tog
Hsoe
HDO
HTO
DTO
HDOz
Li20
BeO
Bgo
BO
Bror
Broa*t
BrO x'z
BrO,

FrO
FO
Naro
NagO2
NaO,
Mco
Al20
Aro
Alro.*a
sio
sio;4

sio;5

si0;6
sios
sio;7

sio;8
si02
PO
Pnou
PO,
Puot
PEoro

Sro
SO
Sos
Sot
cl2o
clo
cl02
KOs
CaO

Sc2Ot
Tio

Tio,,o,
Ti2o3
Ti306
Ti40?

75,350+0,042
33,600+0.0 t  3
84 ,36+0 ,  t 3

34, 116 | -r0. 02 |
34,99*0,021

29,906+0.0t3
29 ,961+0 ,013
29,994+0,021
89,39+0,  84

88,  55
43,17+0,84
46,  64+ I  ,0S
34,92+0,04
36 ,00*0 ,04
36,80+0,08
6 1 , 1 3 + 0 , 4 2

33,838+0,021
33,984+0,021
34,600+0,  021

44 RO+l gR

54,26
25,45

39,77+0,84
29,22n0,04
57,36*0,4
62,80+0,29
62, 80*0, 84

63 ,01
66 ,15+0 ,84
43,04+0,21
43,12+0,42

29,132+0,A04
37  ,14+0 ,04
49,82+0,  84
38,64+0,04
29,  B9*0,04
65 ,31+0 ,84
3 7 , 5 1 + 0 , 1 3

142,77
78,7*0,8

r43 ,  l 9
108,02

95, 04*2 , 9
4 6  Q + ?  Q

2l  ,926+0,008
29,370+0,008
39,27=0,13

Bor
Cro
CO
Cos
Co.
Ngo
NO
N.ot
Nog
N:Or

Nrou

Noa
o
os
os

4, zgs,ts,
Ax/(Monb.oC)

43,33=0,04
31 ,19*0 ,63

72,43
gg,39
72 ,19
37,92

46,05+0,84
30,903*0,008
79,09=0,17
29,89+0,08
44,46-+-0,21

44,21t0,21

44,63=0,21
44,41

45,43+0, l3

43,00-t-0,13
43,54+1,67
31,78*0,04
145,7=0,8
41 ,45t1,26
167,5+4,2

211 ,85+0,42
204,94

190,92t4,2
44,30+Q,25
30,19=0,04
39,90+0,04
50,70*0,08
45,43=0,04
31 ,37*,1 ,26
42,00+0,04

77,58
50,45
42,93
88,34

39,98+0,21
..33,08+0;42

42,29*0,42
95,92=0,42

15I ,48t0,63
215,87+0,63



Ti600
Ti6011
Ti7O1s
Ti6016
TieOrz
Ti16O1e

rio;e
rio;ro
Ti02
Voo,so
VO

VO, o,

Vol,so
VgOr*tl'
Vroz
Vroo
Vroit'
Cr2Ot
CrOu
MnOxra

MnaO4*14
MnrOt

Mnoirs
Feo,rnro*
FeO

FeO,,ouu

Fe3oirT

Fqoir8

Fe3oire

Feroi2o

Fesoi2r
CoO

CosO.
Nio

Cu20
CuO

T
T
T
T
T
T

T

275,91=0,84
301 ,45=0 ,84
351 ,69=4,  l9
4 0 1 , 9 3 * 4 , 1 9
452,17=4,19
502,42-.1 ,26
55,06*0,21

55,52+0,21
43, 96:10, 84
35,67=0,42
38,60*0,42
30,56*0,  84
46,18+Q,42
50,45*0,42

103,29*0,63
229,44*0,04
114,72+0,84
127 ,74+0,63
l l 8 , 9 l + 1 , 2 6
58,20+2,09
44,13*0,21
3 l  , 65+0 ,21

139,42*0,42
107,60=0,42
54 ,05*0 ,21
48,15*0,42
49,95*0,42
3 l  , 40+0 ,  l 3
50,83+0,42

150,89=0,84

150 ,31=0 ,  84

150 ,31+0 ,84

150 ,31 t0 ,84

103,83=0,21
55,27*0,42
33,49*2,09

122,88*0,42
44,34*0,42
33 ,91*0 ,84
63,68+0,21
42,33=0,21

ZnO

Ga20
GaO

Garoi22
GeO
Geo!23

Geolt
AsO
As2O3

Asooi2a

Asaoi22
As2Og

SeO
SeOg
BrO
SrO

YrO,
ZrO
ZrOi25

Nbo

T

T
F

T

r

T

Nboz
Nb2o5
Mo02
MoOt

RUO
Ruor
RuOn
Rh2o
Rho

RhzOs
Pdo

Agno*tu
Agso*27
Ago
cdo

r
T

T
r

T

35,59+0,42
40,28+0,21
32,66+0,84
4 8 , 1 5 + 1 , 6 7
32,20*0,08
92 ,1 l : t 0 ,08
30 ,81=0 ,08
50 ,20=0 ,13

52, t3+0,21
32,36*0,17

95,71
203,90+2,1

221,9
110,60*0,42

1 1 7,65
3 1 , 1 5 - * 0 , 0 8
42,71*0,42
3 2 , 1 5 * 1 , 5 1

44,56
45,06
97 ,15

3 3 , 9 1 * 1 , 6 7
56,23+0,29
45,22*0,84
41 ,29+0,42
30,98*0,42
57,53*0,42

132,18+0,42
56,02+0,42
75,08+0,42
59,45=2,09
3l  ,40*0,42
56 ,52*4 ,  I 9
75,86*0,33

73,28
48 ,  l 6

3 l  ,82=0,84
I  03,83
3 1 , 4 1

31 ,82=0 ,84
65,90=0,21
65 . 98*0, 2l
35,42*0,21
43,67*0,21
33 ,91*0 ,84
49,82+1,67

104

In3O

105

In2Ot

SnO

SnO2
sbo
sbzo3
sb40;24

sb4o;28
sb2o4
sb,o;24
TeO
Teo!23

IO
BaO

La2Og
CeO2

Pr2O3
P16011

Nd2o3
Sm2O3

Dyzos
Er2Og

Hfo
Hfo2

TaO
TaOg
Ta2O6
Woz
woi1,?,
wo;:80

92 l l+2.1' 93 ,78

44 .39 r2 ,51
3l  .778*0,017

52,75*2,93
3 1 , 8 6 * 0 , 1 3

1 0 1 , 3 4
209,34*2,1

224 ,0 *2 ,1

114 ,68*0 ,84
I  17 ,69+1 ,26
3l  ,82*0,42
64 ,06 : !2 ,10
44,38+0,84
a 9  O l + l  A 7

4 5 , 3 1
47,27

l0 l  ,  34
63,  23

107,5
387, B0

l l l , 6
117 ,2
114,26
I  08,56

30 ,98+1 ,67
60,29+0,42
45,22*0,84
30,  56*0,08
44,38:10, 84

134,90*0,42
55,77t0,42
68 ,  66*0,84

72,01*0,84

woilJu
Wot

(Wou),
(Wos)s
(wo')r
ReO
Re2ot
OsO
OsOa
IrO
IrO2
Pto
AUO
FIgQ*az

Tl20
Pbo+32
Pbo*s3
Pb3o4
Pb203
Pb02
Pbo;32
Bio
Biro;22

PoOg
Thoz

UO
Uros
Uoa

Unon
U:oe
Uos

73,27*0,84
73,90*0,42
59,45*2,09

t  53,66
223,16
309,40

32,03*0,21
166,34*0,42
31 ,82*0 ,84
74,06+0,17
31,82n0,84

o l  , o I
3l  ,82*0,84
35 ,  I  7+0,84
44,09*0,21
34,33*0,84
5 1 , 0 8 * 2 , 1
45 ,85*0 ,17
45,80+0,04

146 ,96+1 ,26
107,60=0,84
64 ,81+0 ,21

62,93
32,78+0,08

I 1 3 , 8 8 + 1 , 2 6
6 l  , 55+4 ,19

61 ,96
62,34
46,89

230, I
72,43
63,76

293,54
250,37
85,00

-  
- ,  feKcaru la , rbHbt f i .  *2  Auop6t ls t i l .  *J  Kopy t t5 , .  * {  d , -KBapu.  *s  o -xpuc to6a lu t .

*o  q -1pxa-u i r l r .  * r  Koscut .  
- *E  

Cr iuoBt { !  *n  py i iu .  
. * r0 -Asarac '  

' l lKape luannt '
x ' : - i1 i [16-s6311.  + r i  MasraHosur .  * r {  faycuaHNt .  * rs  f lupo l loaut .  * tu -Bg^gTLI l '
* rz  Mr ;Her i lT -  + t8  l0A KaTHoHHbtx  BaKaHcHr '1 .  * re  2% KaTHoHI tb lx  BaKaHcHf f .  i zu  4 '7o
^nt"onnrii- saraHili ' i t . *2r c6-teuatnt' *22 Mosorlnsnufi. t23 Terparosa.nsnufi.
;;; '(yoiiuecxHn. *25 Eaaae.neut. +26 MarpoxpucraJlJlbr, pa3Mep qacrl{u - 0'02 uu'
* rz ' i ' ouxorsue l rqeHHl r i i  o6p iseu.  * , t  Pb*6*qecnr6 ,  * : i  1713;1V1sOm.  *30  l / l0WroOze.
* . r  1 /g0W5"Ors .  *32  Kpacr r t r f i .  *33  Xe, l rb l i l ,



16.  ypABHEHl, t t  MOJIbHOn TEnJIOEMKOCTLI [ t ]
(co : a + bf - cl-z,,[,x/(rvroau. K)

DrO
Tzo
HO
DO
TO
Hroz

Dron
HDO
HTO
TO
HDO2
Lizo

Hro

Mgo

-0 ,197
46,89
30,56
32,20
33,58
26,71
27,72
27,76
53, 63
49,15
53,59
32,41
31 ,65
32,20
50,83
62,59
47,73
87,92

100,50
7 1 ,  1 8
35,41
28,85
36,58
9,55

127,70
65,44
28,43

45,75
25,43
4 2 , 1 6
84 ,01
20,85
29,98
47,02
52,25
65, 78
9 2 , 1  1
84,57
67,83
96,30
62,80
45,47

140,26
30,02
10 ,30
t2 ,39
1 3 , 3 1
3 ,94
4 , 1 9
4,94

117,23
l 4  3 '
14,57
10 ,30
r2 ,06
13,57
1 4 , 9 1
25,48

?ut
22 ,61
16,76
4 ,52

I06,43
176,26

36 ,34
4 , 1 0
9 ,04
8 ,63
3,  85
o ( (

Q O  R I

0 , 0
4  l o
8,  04
4 , 1 0

22,63

1 5 , 9 1
15,07

5 , 0 1

, , n ,
2 , 3 0
I  , 84
0 ,92
0 ,63

I ,  r 3
r0 ,05
1 , 4 7
1 , 1 7
I , 5 1
o a a

tnju

r g,2S
0,88
5le

o o o
0 ,46
8 ,54
d ,  cD
0 ,59
6 ,99

14,92
-l oo

1 , 6 7
9 ,04

lon

:

8 ,74

T

)t<
I

r

r
r
r
)K

r

T
r

T
T

)K
)I{
T

T

T
AM
x
r

r
r
I

r
r
r
r

x(
T

t

0 , 7
O R
0 , 8
0 , 2
0 , 6
0 , 5
O , I
U , D
O A
I

0 , 7
0 , 7

0 , 7
I
2
0 , r
o 4
0 , 8

<273
298-373
298-2750
298-2200
298-2000
298-3000
298-3000
298-22ffi
298-450 .
298-1500
298-1500
298-2750
298-2200
298-2000
298-1500
298-1700
298-2000

2000-2500
1700-5300
298,-470
298-1200
298-2500
298-723
298-723
723-2000
298-1000
298-2500
298-2500
298-2000
298-2500
298-2000
298-1000
298-3000
298-3000
298-1500
298-r500
298-1100

I193-?pas,roN
298-919
298-825
825-1300

1300-2500
298-2500

LirO2
BeO
BO
Bgos

Csog
CO
co;t
Ngo
NO
Nos
Neoa
o
os
03
Fzo
NasO

NarO2
NaOs

I
l '
I
0 , 4
0 , 2
0 , 8
0 , 6
0 , 4
0 , 7

r

F
I

l-;<

e
E

o
F
I
o

Kos40uqneuln B ypaBHeHrru
TCIlJIOEMKOCTH TeMneparypHbril

HBrepBan, K

106

MgO*z
Mgo
MSoz
A10
Alsos
Alro;t
Alzo3
sio

sio;4

sio;5

si0;6

sio;7

sio;8

sio;e

sio;to
si02
PO
Psog

Por

Proo

Peoro

SO
Soa
so;"
SO;,,

SO
cl20
cl02
Kso

Kso,

Kgot

;

T

T

x(
T
r

T

T

T

T

T

T

x{
r
x<
r
T
x<
T
I

r
r
r

T

r
r
r
T

T
)K
r
T

r

42,62
56,02
50,66
34,42

I 1 5 , 1 0

I  38,  l6
30,56
32,24
47 ,O l

60,38
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6arur, ts KBaprleBbrfi necoK..3r Teopernuecxan trnorHocrb 3320 xr/u3. *32 O6ulat
o6reunaR nopncrocrb 8,75%, n.ltorHocrr 3030 Kr/M3, *33 CneueHHufi, orHocffreJrb-
Har nJlorHocrb 0,96-0,97 npu nyneBofi orrpbrrofi noplrcrocrr{. *3{ notnaR Ten.rro-
npoBoAHocrb. *e6 S.nexrpouuat cocraBrqloqat. ttr AHHgorponHoe orHolxeHtle Ang
TiOz paBHo 0,68 [19, c. 209]. *37 floanxpxc,a;r,nuqecxxfi. *3E flpeccoBaHHbrfi [opo-
uoK, *3e Teopernvecxaa nJrorHocrb 6800 xr/u3. *40 nrort{ocrb 5050 Kr/Mr, nopfi-
crocrt 25,701o. *aI fl.llotttoctr 1445 rr/ru3. r{2 fllornoctb 4886 xr/r'rr. rr3 flaasaenbrfi,
reoperr-rqecKas naornocTb_5660 Rr/Mt. *{4 He.nernpoeannufi^oqp_1se^q, p:0,052^Ol.v
npn 300 K, l l  ocn c. *16 O6paseq JlerlrpoBaH JIIirHeM, p:0,0042 Ou.u npu 300 K,
ll ocn cc>. {6 O6paeeu, nerxpoBag JrlrueM, p-l0r Ou.u npn 300 K, I ocu c.
*{? MoHoKpucra;r.r, cyuuapuan ornoc[TerbHaq norperuHocrb 15-20%. t{E Teopern-
qecraq nrbrsocrb 6100 xr/u3. *re flaorsocrr 5220-5350 xr/us, nopncrocru 12,3-
14,60/0. *s0 flpHvecr HiOr(0,1%, ocra.nbHbte npuMecll <0,16%. r5r Oqeul ' l t lctue
Kpr.rcraJlJrbr. *s2 flrorHocrb 6620 Kr/M3,980/o SnOz. *53 flopuctufi o6paseq, nlor-
fi i lcru 6700 Kr/M3. *5. TeoperflqecKafl nJrorHocrb 7100 xr/r,r3. *55 CneceHHutil, 99,85%
EuzOa, cpeAsqq niorsociu 7100-7300 xr/u3, saxpuran nopHcrocrb ue 6onee l0%.
*s flpnMecr Zro2*0.57o1o, ocTaJlbHbre npuMecfi oxoao 0,0606. *67 CneseHHblfi, xen-
rsrfi, npuvecn .q,o 0,2506 (no uacce). p-nJroruocrb o6pasqon or 6500 ,qo
9600 Kr/M3, r, K. *58 fhorsocrr 9650 xr/ur. +5e O6rqat o6oeMnaq nopNcrocrr 3-70le.
*60 O6uqar o6relrHaq nopr{crocrb 16,7506. *6r TepMoco[porltBreHHe. 'c2 fl;rorsoctr
l0 900 xr/u3. *63 O6uas o6reusas nopucrocrb 3-1006. *6r O6ulaq o6reMHafl nopH-

crocru 50,6. *65 O6qar o6oeunas nopnctocrl 25,5$. *cc flrorHocrb 8000 xr/u3.
nopxcrocrb 26,7010, *67 Moxoxpucra.rr 99,2706 (ar.) ql{crorbl, norpeurnocrr *3,5%.
*6E flo.nuxpucra,r.n 99,860/o (ar.) qfictorbt, O/U-2,001+1,996, norpeuruocrr +l,5Yo.
*6e Pacqefwue 3HaqeHsr 4lr UO2 reoperxqecKofi nJloTHocru, norpeuHocrb t2%.
*to t, "C, D - nlorsocrr, 0/o x reopern.recxofi (82<D(95Y0). '7r MoHoKp[cra.[r,
o6qar npnvecr uesee 200 qacrefi Ha MHJIJIHoH (ppr). *72 flaasresufi UO:, I lnot'
Hocrb l0 920 xr/rrrs, orHocr{TeJrbHat noprrcrocrb 0,004, pasMep sepHa 0,5 MM.
*73 npll O/U:2,00 u oruocurerunofi o6revnofi nopucrocru e:0,014. *71 npn
O/U:2,00 n e:0,053. +7t npn O/U-2,00 u e:0,096. *76 flpx OIU:2,02 H e-0,037.
*77 [Ipu OllJ:2,02 H e:0,073. *t6 npa ON-105 It e:0,047. ttn flpu OfJ:2,11 n
e:0,036. r&,I[, ln cneuenuoro noaxxpncraJrJruqecxoro UO2,00. *6r Han6olee Aocro-
BepHbre SHaqeH[q TeruronpoBo.ltHocllr JrextaT Mexay pacqeTHblMr{ gllaqeHlltMll rlo
npHBeaeHHbrM ypaBHeHnti{. *!2 Cneqennrtfi, nJlorHocrb l0 510 Kr/Mt, no-pficrocrb
0,075, pa3Mep 3epHa r{ecKoJrbKo MKM.
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7 , 2
9 , 0

1 0 , 0
1 0 , 8
l l , 4
I  t , 9
12,4
12,8

6 , 5 : 1 1 , 0
8 ,0 *6 ,0

9 ,2
9 , 0
9 ,5

10 ,6
10 ,9

l 0 , l = 0 , 6
1 3 , 4

12,0
12,8
13,4
l4 , l
14,7
16,2
16,7
17,3

l l , 7
12, l
12,8
1 3 , 4
14,0
14,2

Mgo [77]

l l J *2

20. JII,IHENHbIR KO9OOHIIIIEHT TENJIOBOTO
PACII}IPEHI,IIIf

20-1400
0-1500

8 , 1
9 , 1
9 r8

I  l9 ]*

I I 91*s

0-600
0-800
0-1000
0-1000
0-1200
0-t400
0-r600
0-r800
0-2000

r000*1600

20-1000
20*t200
20-r400

JlsuefiBbrfi roethbn- I ll rssensul *oeoot- |
uuenr renaoa6io I Teuneparypa, ll qneHt renJroBoro I Teuneparypa,

DscruuDennt I oC ll PacunpeHtrs I-a'roj,r/oc 
I ll 

" 1sr' r/oc 
I

r l , l l  r l ,

0
50

200
400
600
800

1000
1200
I 400
1600

200
400
600
800

r000
r600
r800
2000

20-100
20-300
20-500
20-700
20-900
20-100 0

25-r00
25-300
25-800
30-r000
20-r400
25-t700
20-t800

t000*2000
1400-2000

1 4 , 0
15,7

17 ,  l 8
l 7  , 40

12,6:L0,5

7 ,33
7,50
8,00

8,0-8,5*7
8,30
8 ,60
8,90
9,00
9 ,  l 4

7,5=0,4*8

Ahos [77]*6

I o-eoo

0-1000

1000-2000

[ 191*s

9.

3,3

l3t

10 ,3
10,6

800
600
900

25-300
25-600
25-900
25-t200
25-r500

300-700
0-1700

12,52
13,73
14,75
15,71
16,02
16,29
14,49

8 , 5

I I 401*rz

7,5-T,B I zo-soo
7,7 | 20-t800

Troo []

I zo-roo
Trro Ill

I zo-roo

8,85*re
8,95rzo

9,1-9,2*r l

12,4
12,3
1 2 , 6
13 ,4
15,2

12,27+0,36'122

Tro 162l
6,7g I

TtOr Ul
8 , 1 9  

|

Itsl
9,3*rs

I 5,o*te

Crlos [l

e,6 | zo:uoo

lYlno Fl

I 1 , 0

FesOa [19]*r

9 , 3
18,8

Felos Il9l*!

t2.5 | roo-rzoo' l

CoO [l9l'23

14.0 | o-mo' l

0-500

0-500
500-1000

25-1000
25-1000

40r800

Bru[e roqxu
Heeas

25

4,3
3,0*to
0,5*tr

0,67
0,60
0,53

10,2
l  l , 6
1 2 , 8

13 ,6 -13 ,7
14,7
14,5*r1
13,8'ir5

sror ul

l l91*u

cao [77]']13

20-300
300-u@
20-t300

25-400
25-800
25-1200
25-1400
25-1800
25-2000
25-2100

20-380

llel

E

I
-i

Io
l l91*re

ScgOs[

FeO [ l ]

771

100-200
100-400
100-600
100-800
100-1000
22-450

20-300
300-700

4r5



7,59+zz
9,98*ra
5, 36*:o
7 ,g*zo

8;2
8,8*al
9 , 3
1 ,2 *32 ,  *2

-2,9*s: '  *r
'4 ,7*zz ,  *z
6,3*lz'  *z
8 ,0*s : ,  *z
9 ,8*ez '  *z

lI ,7*zz, *t

600
800

1000
t200
1400
1600
1800

ZrOs l52l
| -r30- -80
| -80- -50
I ,Ilo 1000

I I 91*aa

300
600
900

r 100
t200
1300
1500

20-t200
20-1600
20-1600
20-1600

r0 ,0
13 ,0
1 5 , 0

12,o
12,6
l 4 * l

I 3, 9*zr

[521*z'

13,2
1 3 , 5
14, l
1 4 , 9
1 6 , 3

NIO [11 ' r "zr

GeO2 [9]

100-600
100-800
300-800
60-1300

25-350
25-480
25-480

400*800

Kousarsas
0*t200

7 , 7
8 , 1
8 , 3
8 , 6
8 , 8
9 ,  I
9 , 3

2 , 0
8 , 0
7 , 2

7 , 6
9 , 2

10 ,0
(10 ,5 )
1 0 , 8

(11,2)
l  t , 6

5 ,5 - l  l  , 0
10,2*rr
12,7*tt
1 3 ,0*36

1 0 , 8
l l , 6

7 ,6
8 , 2
8 ,2
8 , 4
9 , 7

lQ,7
l  r , 3
1 1 , 8
t2,2
12,5
12,7
1 3 , 0

0
200
250

YzO3 il391*30 25-t200
25-1500

I I 461*as

0-r000
20-1000
0-_r400

200
400
600
800

1000
1200
I 400

20-r27
20-327
20-527
20-727
20-927
20-tt27
20-1327
n-1527
20-1727
20-t927
20-2t27
20-2327

2Q0
400

6 , 9
7 r 3

0 , 0
=1 ,2
+ 1 , 4

Nbros [19]'r3e

11201*ro

0-200
200-400
400-850

30-968

Kounarnas
22-650
0-800

100
r50
200
250
300
350
400
450
500
550
600
7W
800
900

r000
1050

CeOg [9]

I  I  ,9*o
13 ,4 * ro

8,5-9,6*rz

PrlOs I

PrOr.z8 ill

Nd2o' [191*48
1 , 5 3
4,26
6 ,91
8,90
9,97

10,60
10,99
11,44
1 1 , 3 5
ll,23
11,37
l l , 4 l

Smros Il9l{ '1e

0-1200
0-r200
0-1000

25-t050

25-1050

25-1050

t l l
25-1050

100-1000

a :21 ,1848  X ( l *
+0,56328. t0-6T),

c:19.3680X
x (r+0,58856x
x t0-6T), F :: t 1 9 , 6 3  X ( l *

+0,26456.10-6D,
Y:1363,4 (  l+

+0,880152.10-5T)

lel

t t I
Insos [31]*ar

7,20=0,06 I
SnOg [9]

3 , 4
3,76
4*12

5,28*ns

Latos [19]*{4

5,86
7,92
8,45
9 ,  l l
9,38
9,78

10,05
10,36
10,46
10,68
10,88
11  ,20
l l , 6 l
I  l , 8 l
12,01
t2,04

100
150
250
300
400
500
600
700
800
900

1000
1050

Kounatrar 100-1000



1r451

Gd.Or lt9l

Tbor.sl

I
u45l

HfOl  [ l9 ,  c .7 l l

10,8

EulOs

10,5*60
1 0 , 4
10,3

20-1000

30-800
0-1000
0-t200

6 , 1 2
7,06
6,84

5 , 8

6 , 1 9
6,84
7,05
6,45

l-23r- +287
l-231- +1468
l+287- +847

DylOs [l9t

8,3 | ao-s+o
Ho1O3 [l91

8 ,44  
|  

-

Erros [132]*62

--230-{287
2Iy--447
847-t407

1407-1967
1967-2247

-230-2247

30-840
25-1000

t l t

25-1050

100-300

100-300

0-1000
25-1000

20-t000

Ta2Os [9]*r

Thor I19l*65

UOo 1191*rz

I I 91*ro

250-1300

24-638
538-1093

24-1482
20-1700

0-400
500-800

0,8
4 ,0

o , t

7,9-8,2

8,2
9 , 3

7 , 8

TurO, [321*sz

Ybros [132]*52

4,9 I
l le l

8,95
9 1 9

1 1  , 0 7
12,31
13 ,31
10 ,9

9,28
10,7
12,9

9,03
11 .04

20-800
100-1230

l, 27-400
400-800
800-1260

27-400
400-800
800-1260

27-400
400-800
800-1260

134

LugOs I r45l

t2,9

I I 91*rv

t35

[91*co

9,76
1 0 , 8
12,9

t t t
1 0 , 0

Cmeos [179]

27-400
400-800
800-1260

0-1000

6,  6*o t

8 , 1

500-800

Ao 440

CmrO,s [79]
I

u'E L4o 650
I

CmOr [1791*ozPuOl [ l ]
9* I | 20-b00
ll,4 I lo l00O
15,2 | t25-91I

ir. l ,I3 rpaoHKa.- *2 CtreqeHHbte norffxp[craJrr]tvecxu-e o6pas4br. r3 l4cruHHbrtKo3oouq,eH.r ruxefiuoro pacu-HpeH'r. - ha so3i-ixl-.'-' B aprbii. * c,i"*iiii i i i l i ir rnHoseM. *799% Alros^[ ig j ,  * r" l l l . *o tOO% airdr l - , i i *vur"rcf l  noprcrocrb l .7ol^.oobeMHar trnorHocrb 3830 xr/m-r, reuneparypa boxuri id0;C. I;"ii;;;;;il,{t:
cxnfi. *rr Koevsncroe creKno. *r2 naagjesirl-SiOr.---i,.^uopaaeU rpy6osepHgcrbrfi.* t t  l l9 l ,  *15^[1. ] :  *6 g6pa3eq r-r3 nJraBJreHoro g1sg43'*rr  L, 'eqeHHHn, orHoc'TeJrb 'ar lnJlorHocrb 0,96*0.97 nDH Hyn€Boft .gTIpbrrofi nopncrocru.- *id itJ-'r;;'d,;;;, ;;;':xyy*e. *'s flrorHocrr iiJro ir/u3. *20 niornocrJSO'orli-yrr. -r'-pyr;;-;riErc-cr";.*F B aaore.,*2{ flpeccoaauuufi nopour6i<-. ;;^^i-r9i-tu^'o *r"ropoAe, cpeaHee sHa-seH'e Ko3OOuqfieHTa. *,? Crexr^oanAuy_ft. *^'f6xcarosaarnuri.-?d t;;;;;;H;;;-
ll.fi: 

*t CneceHuaq KepaMHKa g9.,AS% _yror, ornoillii iruas rJrorHocrb 96,b%. sv-neBalt Ka)Kyularcs flopt.t_crocrb. .3r Il4b]. *32 O6paseq o6oxxei ao-i+-OO;d. Iirii,"._urarcfl nop'cro^cr.s 42,Zoh, {a)Kyularcr naorHbcrr zaob---iii7ii"]-.i."iir;;fi;;,tr.xyori'recKnfi,^l^00^06 1!9r. 
*"n Tepubnapuue .rexJu, o6teMnas. ri^aoruocrr A+aO iil"f,

l^qpycrocrb 0,68%. *35 To xe, b6re_miraq na.orHoiri s+Lu xrlu", nop,crocrb 0.2g%-*s To-xe,^_o6reMHar nJrorHocrr_lsso ir1,i3,-;;;;;r;;; i:bdri.-;.5'c;;;;-r;i;;;:BaHHbrfi. +38 r{rcrora 99.801,, cra6'rugupbiaunuh ort-tno'ii6iel c;6:-i6'd6:6X6Nb2O5, ocraJKH Ta2Qu. rrd-Tepunuecxo6^pacurupeni! no KpricraJrJlorpadIIqecKnMocru c-NbrOo, aH c-  s aM, b-_const ,  F-g rpa,qycai , - t f ; .C; ' i ; f ; * , iyd:Ti ;"rflopo'rox, cneqeHH!,rfi np' 1000'c i ie.reH;6lz'il oup"ntetpu p€rrr€rKH 4r u
cq otrp€.u,er.arorcr H3 ypaBHeHHr a t - ao1 + at + Ft l, ": i5iio,6;t;5, ;:( ; f 5 J
ttO,Og) tO 

-g 
Ans r.rHrepBana 30-968" C, a 1 u a0 cnpaBeAnrBbr An, (t n 0" C).+r2 [ll. *43 

^Cp_eAHtfi Ko3oonqu_eHr- [S2]. ri. B o6pasqe cneKrparbnbrM aHarHsoMnp-HMecH:. Q,9b% . sm, 0;040/0 9i, _0,02% ru, o,oi%- ni, it"obbi% 
-M?, 

o,oz-,;l""bl,0,0106 cd. ils o6oaseu: so% CdO^:r"?0%._zjgr,'_rin;;"fl orKpbrra, tropHcrocrb.*tu To- Ig, orxpuiaa nopuci-ocrl O,So6- *',2111."-,r'hpi-rrn.cu cfleKrpaJrbHbrM aHaJrH-soM: 0,020,6 Sm.0.0020/, Si. 0^,0^050,6 Eu, o,os,lo-'ne, O,-ObG"[-$e,-b,b:i;f 
'bi, 

riOii" 6li.'o nocre o6xnra npu tsoO" C, ir"lorro-iii 7+ddxil":. ;"u r oprqenpeccoBaHHblfi 06_paser-( c rurorHocrbro, cocraBnsrou{efi 9!0/q reoperuvecxofi, seporrHb,-;o;;i;fiH;,oxucer. tsr fllorsocru 7400 xrlmi. -u/bni.t6iH;n'.a,
lil-iirs;o*rr;,;;n. ti ti,iii,rq"rfi_npu 968. c. *il r{Hcrbr:fi.'r.""0"1"j190""";"1'.ir[t?;
0_,qo 5 r lxn, np' HarpeBaH['.  * i l  T_o'xe,-npx-ox. 'axa"nul i ,  "* g"nn"u"u;;; i l i ; ;
ll {, 29 MxM, npu iarpeaaunr. .s ro'xri, npu 6ii"jiijiii*n".-tr"C_'d;p;;,';'";:
Moceepe BoAopoAa c reJr[eM. .62 B xucaopo4e.



e?q q i  ? q i?qqTit i l
a g g  R  R  R  *  R f ; Q S S ; r ' l

- L E F  
I

t r i  i l t  I
s , . r .E i  g t  : l + *e . t t u t i asE  F iF  I--i F _q s 3RE F 

* 
F9 g.',tdN:d9 T s: I

- : i

o  l l  - -  -  - o  ' i 3 . :  I

?  3 " . ' + r €  ?  ! i  l ; g l
_ t  _ q _ 6 _ )  _ t _ i l i  I

tr.:. !:E I
iif H : ++ @- e- o.o,::.r"...c. ;:g I==T 3 *g.q ;  :  i=33l t"SFgl

ll 'o-ri I ;; ; Iro* I I as?l- *  
i ? I lqq  q  q  q  qT  r  ?  q : ; g? l

*+  *  *  R  dd  B  R  €g$ ! : l

-  ; - t s  i l i l l; 5o.i' r ^.r :-- +.i - ; ++ g * t- EliF I"3 5-* 5*g'qT? b=-ag F;- qe e:Ei I- f  
=  d  ?  . i i " p p a  " .  " i E F l

;  E  €  . j  3 i * ' -  g  g : a g l

i .D E - gs : -iliEl;3 ;' ? 'o ff 3H.q ; uE;Efl
l l  T "  d t  } c l
u:rr . , : lA1

*

d

N

*
t \
6l

t37

6l
t,-
I

@
6t

^ F P o-? la
A E Q  9 T ^  TeB8 .l-t B ,J -t

xx 6.i I

I
.J +s:.
|  * . q

6 T T
c o  - -

S  o ;
c o  @ c O

l l  f Y
ts--r-r

f -+E
| :: i.l

o T  I- A A

- ^ *
L  

* -  I - X 6 @
N  ( o  B  j g R

-  l l  6 l -

J A r-l--F
s u  Y a
(t) F

at--N. $ |
No-n  f , ;  '

Q

+ . _
f -t-.}
5 +'1
l g e
o o . '

+8.s.
B r !

I
. l  Io
i t F
l .  F; i
e l l

( 1 )  - -

"o- 3R
co (O cO

l l  " f
d ' '

o o ) @  9 9 4  ,
v v l

(t) O co ,^'^' I

*
t'\

d

u ) H

\NH\HFNFSEI\E\EETE0o lJ:
- 6 t

h
b Y
o-

> A
o
F.

-t
: , r

b 3
g d

E i

i t E
! o
E A
o

I
o
I

: . \
; i \

E 8
A q

! o
v s
{ r A
E 9
E X

q.

t

A
5

F

F

91
=
E
A

e
d)
o
Y
o
o
E
rq

E
Ei

!t

o
A
Fo
(Yt

SHEHKSE*S:HHH=FSSB
;U.;,;SSFjtr�i@ d"o^@ oito'ttdo;

s s H F H R 5 E 3 s.qR.qs.E a;.8
.o dFibiFiodotdd€ o doio or o' or o



P : Doexp (-ElRr) f; 7T; 202-205; 68ll

22.  nAPAMETpbt , [UOOy3LI I i  KuCJtOpO,[A
I{ HEII{ETAJTJIbI

B METAJIJIbI

OcHoBHofi
9neMeHt

T"tnup"ryp", IK l
, l

D a D6.l0t, uzls.
3naqesus Dn Aaprcr

6es 6lxrenuoro cBMBora
SHepnltt aRTrBaqun

E.l0-3, x.{x/xuoar

Si

a-Ti

p-ri

V

Fe
Cu

Ge
q.-Zr

F-zr

Ag
Hf
Ta

963- r r 13
t023-t423
r 193-1473
r403-1623
t023-t423
343-453

r833-1933
928-1073

t073-1273

673-858
673-858
673-1773

973
973

t553
r350
I 450
r550

313-423
421-441
473-548
873-1273
685-r r35
773-1620

323-423
429-628
523-723
973-t673

0,21
D- t ,8.10-10

5,08. to-s
4+13 (AC)2
3,14 .  l0 r
0,083
0 , l 4
0 , 0 1 I

(r ,3+0,32).  tG-2
(5,59=0,80).10-E

240 J4*t

140,26*t
200,97+18,00AC*8

287,63*r
142,35*L
I38,  l6*E
121,42

121,46*0,80*e
8l  ,64+3,14*z

179,20*a
- *9

I  29,6*r
21  3 ,53

216,79+0,92
212,69

124,77*2
235,3*2

=

I  15,87*ro
l 1 5 ,  t 4
112,4
120,58*8

1 12,67= 1 ,05*6
I  15,56*o
95, 46*ul

104,25*rz
46, 0*10

233,83*z
121,42*2
106,2

106,55+0,54*o
I  14,30*6
114,72*L\
I I I ,79*13

wg

5 , 2
9 , 4
5 , 4

9,13.  r0-s
69,2

5,25.10-6
D:0,32.10-z
D : I , 1 8 . 1 0 - ?
D:3,69.10-z

1 ,47 .l0-2
0 , 0 1 5
0,021
0,021

0,0212+0,0073
0,0147
2.t0-!
0,00407

2,72. l0-2

0,03
44.10-L

0,0044+0,0008
0 ,019
8 .10 -6
0 ,015

l t l
l l z l s l 4

w 1 , 3
0 ,01

D:3.10-?

100,48,1e,uln
1973

*r Cneq[6u,recxIle MeroAu, npxMeHreMbre AJrt nonynpoBoAnxxog. .2 Xgrrrnqecxnfi
MeroA. r8 flapauerpu onpeAereHbr MeroAaMr| jeHrrenocrpyrrypHbrM rr tr3MepeH[t
MrrKpoTBepAocTr{ npl| cHrTltrr cnoeB; Ac - I3OHToqHar xoHrleHTpaqur KrlcnopoAa
no orHouleH[ro K KoHIIeHTpaqHH a ceplqeaHHe o6pa3rla; 4an o6aacrn pactsopon
ao l% aT, KHcnopoA!; Hoar.laHHn tHTaH B otlnuleHHoM KHcJrOpOAe, *. f lpu 6olr.
Iuou pas6anaenn[. .6 Peu?renocrpyKTypHbrfi, MltKporBepAocru rrp]r cuflTnl cJIoeB;
ooreMHaf, AuOOysHr AJrs rexHHqecKoto rHTaHa na Bo3Ayxe; norpeuruoctr *3%:
npaKTHqecKH He 9aBHCHT OT KOHUeHTpaqIlH KHCnOpOAa; Ilpt| BCeX TeMnepaTypax
Dd<Dgti rfpn reMneparype nolxuopQuoro npenpaq,ewt'DplDq *40. .6 Meion
BHyrpeHHero rpexxfi..7 XfiAKoe x<eJreso, KannrrqpHbrfi ueror..r MonorDncra,u.
l, lg D:0,8805-ll 985/f, anq rpaHn tl l0l lg D--9,078-20441T, tas rpaiu l l00l
lg D--3,447-82291T, AnA rpagn Il l l  lg D--7,427-37991T, uelf snciorbr
99,999%, *r0 Merarnorpa$Rvecxxfi ueroA. .rl Meto4 nsruepeuxq nprBeca o6pasqa..t, Mjlog HacbrqeHuff o6pasqa KucnopoAoM, rr3 MeroA [sMepeu]rq M[xporBepAo.
CTIi. -" IIOJII{KDUCTATJI.

23. nAPAMETPbI AHOOySHr,t 9JIEMEHTOB B OKltCJtbt
(D =Ds. exp(- E I RT, n2lc)

126; 129, 130;

D f, Do.l0r, M!/c.

He
Be

o

r080-1400

77-377

BeO
2,5.10-s
I ,26. l0-6

Brot

2, 49. l0-r

Mgo
4, 5 . 10-6
1 , 3 . 1 0 - 9
2 ,5 .10 -0

( l1 ,37+0,26) .  10-2

D:lro-ra
0,249

3,45*z
1,57*3

1,42+0,35*r

2,61*6
2 ,61*o
2 , 7 1

4,78+0,18*?
2,42*e
2,62*o
4,46*8
_*10

3,43*u

333,00
l 5 l ,  l 4

137,33*
+33,49

o2-

o

I100-1400
I100-1400
r300-1750

t020-1450
r020-1250
r250-1450

1415
1400-1600

252,05
252,05
261 ,6

460,5*17,6
233,62
252,05
430,4

330,76
tEo
uMg
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Al8+
Ca2*

a6Ca

'6Sc

Crs*
Mn2*
Fez*

Cos*
Ni2+
63Ni
osNir+

Ni

20Mg

28M92*

M92*

Be2+

r450-2400

r t00-t450
1450-1750
t 450-1750
t900-2350

1000-t700
r000-1650

1800-2340

1565-1900
9t0-r700
790-1850

t850-2400

r500

1300-1700
r300-t700
1050-1720
r3t0-r690
t000-1810
1900-2460
t200-r300
1900-2500

266,40+7,72

308,87+9,65
154,44+9,65
173,74+3,65

333,97-+'
+18 ,34
r54,44

162,16+1,93

162,16+1,93

318 ,2
205,59
266,40

308,87+
+19 ,90

284,74
I  16 ,79
174,71
175,67
198,84
202,70
t73,74

818 ,52+
= : -

=

:

=

=

2,76=0,08*rr

3,2=0,1*r3
1,6=0,1*u
1,8+0,1*19

3,46*0,19

1 , 6 0
I,68+0,02*10

1,68=0,02*12

3,3*ra
2 , t 3
2,76

3,2+0,2* ls

_*u

2,95
t , 2 l
I , 8 1
1 , 8 2
2,06
2 , t 0
I  ,8*ro

3,3-+0,3*20

: * t t

1*"
:
_*23

_*24
_.*29

:
_*20
_*27
_*28

_*  28

*29

4,19(12,45;
-l ,55). l0-4

0,54
1,2 .1&-9
l , 6 . r r

7 ,43(*12,t7;-4,61 ) . l0-2
I , 4 1 . 1 0 - 9

1,99({0,24;
-0,22). 10-6
I ,99(*0,24;

-0,22) . lH
2,20

2,95.10-g
8 ,9 .10 - .

3,43(*4,95;
-2,03).10-c
D:3.10-ro-:-
-+-7,4.l0-Lz

9,8. l0-r
4 ,1 .10 -?

8,93.10-g
3,2.10-r

5,78.10-6
r ,80.  t0- !

6.10-6
t , 4 ( f4 ,8 ;

- l  ,  l ) . 10 -2
D:0,2.10F10
D:0,28.10-ro
D:0,57.10Fr0
D:0,74.19-ro
D:0,52.10-ro
D-0,73.1G-r0
D :1 ,5 .10 - ro
D:1, ! '  lQ-ro
D :S ,15 .19 - ro
D :6 ,1 .10 -10
D: |  ,7 .10-Lo
D:1,45.10-ro
D:2,8' l0-10
D:5,67. 19-ro
D : l ,Q . lQ - ro
D:8,0.10-10
D: l9. l0Fro
D:0,25.10-10
D:0.60.10-10
D:o;80. lo-10
D:Q,23.19+ro
D:0,58.10-ro
D:0,70.10-ro

450
480
5r0
550
480
510
550
450
510
550
450
400
450
510
550
450
450
480
510
550
450
5r0
550

il
. i

i
ii
I
i

140 t4l

ZnzI
osGe

89Sr2*

Sr2*

0rY3+

cdr+

Ba2*

r338a2+

1000-1645
r850-2400

r000-1600

surue 1900

I 440- I 760

r800-2300

t008-1724
t008-1724
t 900-2500

r200-1600
r500-1780

500
600
700
800
500
600
700
800
727
727
727
727

r78,57
386, r0+
+19,30
280,88+
o12,55

337'83+
+38 ,61

299,00+6,70

328,  18+
*28,9
326,25
178,57

337,83+
*28 ,9

I  ,85
4 O + O 9

2 , 9 1 *
*^ ,  ̂ rrg, 20, .30
: U r t o

3 , 5 * 0 , 4

3 , l 0+0 ,07*31

3 ,4+0 ,3 *u

3,83*sa
I ,85*ss

3 ,5+0 ,3

o

o2-

Al3+
26Al

Al3+

22Na

1727
1670-1905

1700
r800
1900

t223-t750
1505
r 568
I 568
1397

900-r r00
900*l r00
900-1100

I , 4 8 . 1 0 - 9
0,3a(*0,70;

_0,23)
6 ,0( * t0 ,7 ;
-3,8)t0-4
l , l 4 .  t 0 * - 2

( 2 , l  l * 0 , 1 8 ) X
x l0-2

r , 7 ( * 6 , 0 ;
-1 ,4 )10 -2

7.10-2
6 ,3 .10 -6

2 ,8 ( * r3 ,2 ;
-2,3)10-2

Al2()3

6 , 3 . 1 0 - 8
I 900

D:2.10-18
D-2.t0-r6
D:2.10-1"4
D:2 .10-13
D:3 .10-14
D:2.l0-rg
D : 1 . 1 0 - 1 2
D:8 .10-12
D:8 ,1  .10-14
D:2,7.10-12
D:7 ,5 .10-10
D : 4 , 6 . 1 6 - o

r  , 6 . 1 0 3
2 , 5 . 1 0 6
3 , 6 . 1 0 8

l0?
D: I  ,4. 10--11

28
D-7.l0-r2
D:4 .10-u
D:2.19-to

( 2 , 0 + 0 , 6 ) . l 0 - 2
D:0 ,0158-0 ,0 t84

D:0,0229
D:0,0123
D:30

r ,37 .10-8
9 , 1 8 . r 0 - 8
3 , 1 7 . t 0 - 8

241,16+14,6.rln

=

:

636,39
565,22
594,53
690,82

477,30+63,6

_

209,34*8,37

:

:
46,06

1 1 3 , 0 4
79,55

2,50-{-0,15*u
6, 59*rr

-'35, s3

-*34, !F30, *30

]*u
_*36
_*s?

6,59*11
u, 36*a?
6 , l 6
7 , 1 6

_*90

4,94+0,66*38
- : ' . '

l , l /+Q,Q$*ro
_*41

*42

_*40

0, 48*la
l , l 7 * t t
0,92*49

alCa
6eFe



Dr

8He

.He

d4Ti

385
385
306
415
513
602
306
4t5
513
602

1000
850-1250

Ao l l50
900-1250

I 100
I 100

stor
D:2, l . l$-z
D:9,7."10-z
D:2,88.10-c
D:6,73.10-0
D :12 ,5 .10 -o
D :19 ,1 .10 -o
D:2,67.l0-o
D :6 ,14 .10 -o
D :11 , t . 19 *o
D:17,1 . lg-o
D:19-rr

2 .10 -0

3 , 0 1 . r 0 - s
I  , 61 .10 -g
1,23.r0-4
7,38.10-4
3,9.10-18
3 ,2 .10 -0
1,9.1(} - -0

1 ,86 .10 -1
I  , 04 .106

D:3,5.10-16
D:1 ,5 .19 - ro

2 ,48 .102
1 , 3 1 . 1 0 1 6

=

l2l  ,4+0,8

343,62
272,19
327,21
345,55
1 33,98
105,27
105,27
389,00
402,50

473,00
844,57

_*48
-*t7
_*48

=.*

*u
t ,26+

=0,009*re
,,56*41
2,82
3 ,39
3,58*90
1 , 3 9
l ,09t l9 '  

'31

1 , 0 9
4,03t51' 

t5o

4,17*9,
_r3l , .53

_,*64

4 ,99 ' 31 ' ' s5

8 ,75 ' 56 ' ' 52

o

r8C)

o
180

B

f,
il
$
$
I
fl
,{

#,'il
fi' f i {,tr

Ga

As

Sb

Ca

a6Ca

t80

6eFe

900-1640
I 100
1200
1300
1400
r500

1000-1400
r000-1400

CaO

0 , 4
D:2 ,1 .10 -13
D:8.10-rs
D:),2.19-rz
D:$,7.19-rz
D:2.10-1x

(8,75*1,32). t0-a
(1 ,95+0 ,6 ) .10 -?

ScsOg

7 ,72. l1-L

Tio*03

0,3*ol  u 1,0*e9

339, 13

144,86=3,98
142,43

3 , 5  1  * 6 8

_rl I ,  r59

_

1,50+0,04*80
I ,48*01

o

o
!8Fe

Cr

o
Fe
Fe
S

I106-1298

r250-r555

r60

-272,14*48

I  ,6*oe

-2,82*.rs

H+

t42
143

900-r000
710- r 300
860-1025

950-r400
806
806

806
806
806
806
806
806
806
806
806
806

7t0-950

950-1300

800-1000
800-1000
800-1000
800-1000
770-tw0
770-r000
770-lwo
770-1000
950- 1050

560-650

,[o 1000

r000-1350

25

600-9r0
r200
r050

Tlos
2,88. to-r
2 .0 .  10-3

l . l
| , 7 . 1 0 - !

D:(1,7+0,05) l0-rr
P:(0,32+0,01)X

xl0- tg
P:  ($,7+0,2)  l0- rE
D:(g ,2+0 , l  )  l0- ro
D : (6 ,6+0 ,1 )10 - to
D:(6,1=0,2)  l0-16
D:(5,9+0,2)  I0-16
D:(6,3+0,1)  I0-ro
P:(!,1+0,03)10-rE
D:(7,3+0,2)10-ro
P:(6,8+0,2)  l0-16
D:(6,3+0,3)10-16

1 ,73 .10 -6
I  , 1 0 . 1 0 - 8
1 ,98 .10 -8
r ,55.r0-9
2 ,69 .10 -4
6 , 1 7 . 1 0 - 0

0 ,192
l  , 1 3 .  l 0 - 3
2,04.10- ,

vsos

2 . 1 0 4

Cr1O3

HegnaqHrenruoe
npoHgKHoBeHle

4 . 1 0 3

MnOs

D:(8+g) lQ-e

FeO

o.ro_e
Dxl0-?

D : 4 , 1 . 1 0 - B

222,74
25 t ,21
305,64
27\33

=

255,4
nau 314,0

96,3
unu 221 ,9

142,35
52 ,96

230,27
t42,35
142,35
57 ,78

231 ,95
145,28
I  39,84

255,39

422,9

418,68

2,31*87
2,60*88
3,  I  7*0e

2 , 8 6 ' l l ' ' l
*'f 70

**?1

_*?2
_*?3
_*74
-*79
- ' |?0
_*??
-*?E
_*70
-*80
_*81

2 , 6 5
rnr 3,25*8s

1 , 0
ltnlr 2,30*81

I ,47*aa
0, bS*84
2,3g{.86
I ,47*81
1,47*88
0 ,60*87
2,46*ee
l ,59*ar
1 ,45*ae

2 ,65*oo

4 ,38
_*  0 l

4 , 3 4

- *0N

|  
_  

|  
_ , *03

| 104,67+12,561 1,08+0, l3*8
| - | -'l 'oa

l _ l _ * e r



o2-

o
Fe3*

6oFe

Fe

99Fe

690-10r 0

I 050

770-1200
770-t200
770-t2N
770-1200
750-r000

F"ol .orz

0,0J4
FeO1,99

4 , 1 . 1 0 - 3
FeOl, ro

D:(0,e-5). l0-7
F.o l , roa

0 ,012

FesOa

9 ,37 .10 -2
1 ,27 . t0-3

0,250
I  ,78.10-2

5 , 2

FerO,

D:10-9
D:2.10-Lo

I 011
5 ,5 .19 r0

Feroiss
l0u

D:3,5. r0-16
106

1 , 3 . 1 0 - 6
4 . 1 0 4

a-Fe2Os
D : l , l . l o - r s
D:5,9.10-1s
D:21 ,9.10-tz
D:6,9.10Fr8
D:31 ,4 .10 - rg

CoO

I150-1250
900

950-1050
930-1270

1200
1200
1200
1300
r300

900
t:

soo-r3oo I1000 
I

1350 
|

2,2. t0-3
D :2 ,6 .10 -eX

x(ro";o'ss
D : 5 , 1 . 1 0 - 8 X

x(ro.;o'za
t44 l0-312

1
lt,
l l

{l
{
J,il
-r1l
a,s
$,.1
. r l

$
f
, l r
{ l

t
T

1000-1090
1050

D:9 ,0 .10 -eX
x(po,)0,3

5.  10-e
D :3 ,5 .10 -12

126,44

1 1 6 , 3 9

124,35

204,32
1 5 1 , 5 6
225,67
188 ,41
230,27

ssolsa
464,73

6 1 1  , 3

468 ,92
4t9,52
468,92

t44 ,45

I  ,31  x r

|  ,21*oa

_*  97

| ,29*s7

t  |  9 * 8 6

|  ,57*az
2 ,34x ea
I  ,95*er
2 , 3 8

_x 36

**3?

6 , l 2 *36
4 ,81*sz

6 ,33
_*s6
4 , g6*36
4 ,35*ee
4 , 8 6

_*100
_* t  0 t

_*10t
_*r00
_*101

I ,59*ros
_*104

-*t04

36S

H+

s5s

63Ni

63Ni

%
r 000- r 090

l 0 l5
r 050
r090

r 000- I 400

1000-r400

n82-1762
lt82-t762

800
740-1400

I140-t400
n92-t642

1000
1300

r330-r580
I 330
1383
1450
r580

I100-t250
1000-t400
1085-1649

800- r 050
800
850
900
950

1000
900-r050
Ao 800

Nto

D-2.l0-Lo
D= l0-16 : l0-r0

3,87 .  r0 -3
D= 10-11

D:| ,2'10-LL
D : 3 , 8 . 1 0 - u

5 . 1 0 - 4

3 ,9 .  r 0 -4

(4 ,8+ l  , 3 ) . tO -z
(2 , l +0 ,4 ) .10 -2

D:(6,0+1,5)10- tn
0 , o l 7

2 , 8 . 1 0 0
(8 ,6+1 ,2 )10 -g

D:2. t}-rz
D:2 ,5. l } - to

4 .10 -3
D  3 ,3 .10 - ro
D :7 ,0 .10 - ro
D: |  ,2 ,10-s
D:6,2. l0-e

I ,36 . l0-9
( t , 81+0 ,02 )10 -3
(9 , l 2+0 ,58 )10 -3

2e8,65

185,06+2,51

185,06+0,84

254,56*2,51
262,51+1 ,26

234,46
496,32

282 ,19*4,61

230,27

rgo,zg
186 ,31+0 ,84

226,770+
+1 ,947

t64,54
l 5 l  ,  1 4

:

100,48+8

_*106

2 .47 r l l ,  
' 62

-  
_*10?

1 , 9 2 *
:r0,03!36' 

roz

1 ,92+
: L0 ,0 l r l l '  

162

2,64*0,03
2 ,72+O,Q l

-136, 
'3

2,43
5 , t 4

2,92*
=0,05*110

_* t l1
_*112

2,39*us
_*114
_*116
_*110
-* l l7

2,04*us
1,93+0,01*11

2,349*
:!0,029*rre

N i
Ni

6rCr

Cr3*

6rCr
66Fe
6FCo

u soCo

o
Cu

Cu
6oFe

CusO
0,0065
o , l 2

r  ,9 .  t0-e
4 ,0 .10 -0
7 ,7, l0-s
I  , 4 .10 -8
3 , 2 . 1 0 - 8
p_pa?n

HegsaqnreJtrsoe
npOHI-IrHOBeHI.re

| ,70*tzo
1 , 5 7
_*t2l

=

I  , 04=0 ,1 *3
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I
I
I

I

,rrl
I
I

I



o
Cu
Zn

He
Ne

o
8lSr

r r00-1300
I100-1250
950-r370
900-1200

3t-253
37-400

1300
1200-1400

1450- 1600

1500

t064-t241
1400-1670

600-r000
990

900

900
870-1000
850-1200

ZnO

6 , 5 . 1 0 u
2.10?
1 , 3
4 , 8

5 , 3 . t 0 - a
GeOs

6 ,  r . 1 0 - 6
5 ,6 .10 -0
2 ,5 . t 0 -4

SrO

690,32
460,6+9,7

307,73
305,64
53.17

20,52
37,26
55,27

8 l , 9 7
289,73

189,66

234,46

209,34
179,20
206,00

84,99
,t:*

7,15 '96 '  
' tzz

4 ,8+0 ,1 *123
3 , I g*rzr
3,17*L26
0,55*rgo

0,21*rzz
0,39*127
0 ,57*rze

D-2,4. t0-6
4,48(*n ,42;-3,22)10-4

2,52(* r5 .18 ;
-2, 16) r02
D_pu:,23

Ysog

|  - * 3

263,5t*3,671 2,76* \

Ito'038's' 
'tzg

444,97+6,371 4,61*0,066
I
t -

r80
Y

r80

o

6 ,06 .10 -6  I
1 , 6 5 . 1 0 - 2  I

ZrOg

2,34.10-2 |
D:( l  ,9+0,3)10- tz  1

I

Nb2o6

D l l  [ 010 ]=2 ,1 .10 -a
D  r  [ 0 1 0 ] r  I  , l  X

x l0-r2
D  l l [ 0 1 0 ] r 8 , 3 x

x l0-r1
D r [ 0 1 0 ] = 1 , 4 X

x l0-r2

t , oz . t o -g
|  ,72. l0-2

MoOs
9,  I  .  l0-8

D:6,5 '  l0- rs
D:50. l0Frr
D:87.l0-r2
D:43.10-u

0 , 8 ' 6 2 ' ' l l
3 ,00

I ,g6'130, 
'e

_*131

2 ,43

_*lg2
_*132

_*133

_*1gg

2 , t 7
I ,86*rsl
2 ,  lg* rao

0,88* rsl
2 , 1 0
_*138
_,r t36
_*136
-*188

r80
r80

r80

o
r4c

850
850

900

410-500

300
350
400
450

o

146 l 0 r t47

09rt1Tc

116/tlcd

180

Sn

Ba2*

Ba

1838a

o

r80

300-450
480-700

t780-2270

630-850

t080-1230
327-t077

1077-1277
327-t077

t077-t277

900-950
950-l r00

1200-r400

850-t330

780-r230

735-865

730-800

830-930

9,55 (*145;
-8,76)10-6

PrTOs (f)
(5,5+0,6)10-o

(9+3)10-8

( t , 3+0 ,3 )10 -6

D:(2,9+0,5)X
X 10-6. po,X0,28+

:r0,01 .expX
X(-r9,050*
*0,875) lRT

D:(6+4)10-eX
xp$J5*o'03 expx
-8,2r0+o,zbo)/RT

3 , 1 7
(+0,27;

-0,25;"62''tle
0,94(*0,3;
-0,267'62''t+t

0,800+
+0,01 1 *ra6

0,356+
10,033*uo

0,828*
:!0,020*uo

_*14?

8 ,9 .10 -4
2 ,0 .10 -o

cdo
0,017(*0,060;

-0 ,0 t  4 )
3 , 8 . 1 0 0

SnO3

107

BaO

1031

l0-9il

1029+7

3 . 1 0 - l o t r

193l:t8

7 ,52 .10-8
r,20(*6,52;

- r , 01 )
r ,35(*a,s7;

- l ,06)

CeOg

88,76
t2t ,4+12,6

0,92*1s8
1 , 3 + 0 , 1 3

328, 18+
*28,96

386,0+ I  7

527,54

l  155,56
4l  ,87*2,90

1059+212.3
28,97+4,81

r  158,3+
t221 ,9
l0 l  ,35

271 ,23+
+20,27

386,09+
+6,47

3,4:r0,3*13?

4,0+0,2*rea

5 ,46

I  I ,97*130

0,44+
=0,03*140
l l  +2 ,2*140
0,3-F0,05*r41

l2+2,3*fi1

1 ,05*uz
2,81+0,21*uz

{,QQ+Q,Q$/*uz

77,205+
+1 ,047
34,374+
*3 ,140
79,947+*fut



Ne
Kr

o

r80

r80

r80

o

o
Pb

Th

H

o

180

r80

750-1050

1087-1235

1050-1274

1060-1292

l0l5-1235

t020-1297

900-1000

514
490-600

1846-2045

Gdot,485

5 ,87 .10 -4

Dyzos

1 ,63 . 10-6

Ho2Og

7 , 1 8 . r 0 - 3

Er2Ot

I , 3 1 . 1 0 - 4

TueOg

I  , 1 4 . 1 0 - s

Lu2Os

r ,88.  r0-4

Tar0u

4 ,26.t0-2

Pbo

D= I0-10
106

Tho2

0 ,35

Uog

0,037

2 ,6 .10 -6
5 ,5 .10 -3

0 , 2 t . l 0 - 1 3
0,40.  l0- r3

I  , 8 .10 -13
1 ,8 .1g - r s
2,7. l0-r3
I  ,4 .10-r3
I  ,9 .10-13
5,5.10--13

120,5

r09,86

169,69

126,10

I90,75

124,59

I  79 ,61

276,33

625 | 93

59,87*3,77

124,35
":"

|  ,2*az

1 , 1 ' l l '  
* 6 2

I  ,8 t l t  '  
' oz

I  ,3 ' l l  '  
t62

2 ,9 ' l l  '  
' 62

l , 3 " l l ' ' 6 2

t , 6 6 * 0 ?

_ * 3

2 ,86

6 ,48* ue

0,62+
:!0,04*roo

1,29*ror
1 ,14*rtz

=.'

-

600
603
650
686
855

650-t247
400-900
400-800
500-800
600-800
800-910
925+5

lo25+5

1425+5

1000-1600
800-r600

900-1500

900-1900

r t00-1600

900-1400

800-1100

800-l r50

1000-1500
800-1500

900-1450
r r00-1400
r 200-t600

800-1600
800-t300

r r00-1550

r t00-1500

r 100*1400

r 065- 1300

6 ,8 .10 - r s
14 .10 - r3
13 .10 -13

6 ,5 .10 -18
I  I  , 5 .10 - r3

0,26
5 .10 -6

l0-{
2 ,7 . r0 - l

5 ' 10 -4
-6.10-a

D : (1 ,8+0 ,2 )  X
x l0-r2

! : ( 2 ,3+0 ,1 )  X
xlO-u

P:(6,9+0,3)X
x lo-rt

2,25. t}-s
4 ,5 . t 0 -8

I ,6 . l0-g

1 , 9 . 1 0 - 8

2 ,9 .10 -3

I , l '  10-14

2 ,5 .10 -8

u,n ' to- t

2 ,6 .10 -e
2 ,0 .10 -2
5,0.  lg-s

7 ,8 .10 -6
6,3.10-0

24

23

2,88(+r3,4;
-2,4)103

=

247,0
87 ,9+12,6
87 ,9+12 ,6
90 ,0+12 ,6

92,1
_s\ l

139,84
196,78+8,37

276,33* 41,87

293,08+41,87

318,20+ 16,75

334,94+16,75

100,48+4,19

205,15+4,19

192,59+8,37
205,15+8,37

217,71
293,08+20,93
293,08+41,87

297,26+25,12
301,45+ 16,75

393,56* 16,75

531,72'+-37,68

535,91*41 ,87

461,38+14,48

r
2 ,56*r63

0 , 9 + 0 , 1 * 1 6 4
0 , 9 + 0 , l * 1 6 5
Q,gg+Q, I xroo

0,95*r6z
-0 ,95*168

1 , 4 5
2,04 ! .

:L0,09*15e
2,86+

=0,43* 160
3,04+

=0,43*161
3,30+

:t0, l7*roz
3 , 4 7 *

:t0, |  7*roa
I , 0 4 +

=0,04*100
2,12*

: !0,04*rss
2 , 0 + 0 , 1 * 1 6 4

2 , 1 2 *
:10,09*roo

2,25*rat
3 ,04+0,22

3,04+
:t0,43*roo

3,08+0,26*160
3, t2*

+0 ,  l 7 *162
4,08*

=0,17* rod
5 , 5 1 =

:!0,39*rol
5 ,55+

=0,43*160
4,78+

: t 0 , 1 5 * r 1

500-1000

450-600
160-350

445
465
497
5t7
522
535
540
571

Kr ,  Xe

Kr

t 48

l33Xe

149
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U

4 . 1 0 2 - 1 , 6 . 1 0 a

s.lo_r:E

l . l0-8 ' : -  l .  I0-4

I  , 3 .  l 0 -6

D< lo-u

0 ,6-  I  ,3 .  IO-rs

3.10-18

6 .10 -13

25 . l0-r3

43. Io-u

PuOl

l , l 9 . l H

579,13+9,65

376,44+38,6t

164,09+38,61

230,27

6 ,0+0 ,1 *16?

3 ,9+0 ,4

1 ,7+0 ,4 * roa

2 ,33 "3 ' ' t oo

_xu0

_ * 3

- * 3

_ * 3

_ * 3

_ * 3

' *r B ypaBHeHnrr D:Ds exp(-EU(I) AaHo B pacqere Ha oaHH arou. * 3saqe_
:ltl1 ail^ qo..qaHbl s_ xoroHxax 6es 6yxaenuoro BHAeKca. .t'i jroxxi,i,rorn-'iieO.
"" uauoAr{rD_eysHr. '._llraBJreHbrft, caMoAxOOysHs, npHMec[: Mg l0 ppm, Si l0 ppm,
cneAn Na, K u Ca. *s CaMoAuQOysrq, no,rurpncraaa, pa3Mep.iacriq a0-liS ;{iru]
ll To *9, pa3Mep cacrurl tzdl-:2oo M-e^rx. i' civoiiOOvs'Hi-;;;l-.r&;i;A;:'" Anfl xopo-rx^o-cr_eqeHHoro o6pa3qa. +e .Il,aa cno604no cneqeHnoro. +ro g11isi' n
Ar nprr pO" I,ulJ zb Klla, noJrrrKpricratJr, pa3Mep sepHa g MKM. ril Monoxpucrala.
*r2 Orxnr i:p^1o^lre, o6uque npxuecn 700 ppm..ls Orxnr B BosAyxe, An, MoHo-
[p-Hgra4,!qq 99,990/0 qncrorbr- AB)'I r-u-noB'i]"t I yl. +r1 Trn M,''npiiliiu, ppm,
l lQQa,^!pA.! .^ t lSi ,^200Fe,- l0Mn,- lsCr,20Na, 1qq5. r ts i lsn V,  npnu6cul  ppm, ' tdO'Ci ,
20A1, 3Si, 200Fe, 8Mn, l2Cr, l5Na, (5 I(. rt0 Monorpxcraaa gg.ggot" qriiroiri. iog:
4yx,.*rz To r<e, aproH. *16 flpu lg (uoa.) AlrOs s MeO. .,g.palibaxiuiH;ii;;-
ToA (cHsrne cnoeB). *20 MoHoKpucrann 99,99% qucroru. *2t Hucrufi MsO. xnuu-
vecxan ArQtpysun. *22 0,2% (v-o-a.) FerOs. .ra l0lo (Mon.) Fe2Or. *zr 6,2'06- (uol.)
9rro,: lu !,Sl&_ (Upr.) CIrO!. lrc i% (Mon.) Crroi. iu z,s.l tr,rtj.'r.l C;;b:" ird-id[
(Mon.) CoO- u'�5% (Mon.) CoO, *s O6-rernriaq peuterounai-gi.rggyaur.-re-r Orxur
l-_aproHe. 'oz Cfla6oe npoHuKHoBenue. *3e Cx,nrnoe nponuxsoseHte.-*3r Hg roadxxa.":" 43 rpaOrrKa, MoHoKprrcraJrJr. *s lfonnKpucraaa. *3? Hg ouurog uo cnbxasun.rJE l lonHKpficTaJl.tr, 99,5% AI2Os, orxnr ua soa.{,yxe. *s Hg roa6ura. noJrHKDr.tcTaJrJr.'s^Kouu_e_pvecxufi AlzOs, 95% Teoperr.rcecxofi 

- 
nlorsocru, O,tS% Na2O,'<0,0306

I(2O. *rr Mouoxpr{crann, ll ocu c, ri2 To xe, l_ ocu c. *G l(opvn.i-. 0.159'na. iad--
.rrenue [peccoBasuq 19,62 MfIa, pa4noaxrnonufi uero4 (clrqrHe caoes), aucbrbygtq
no rpaHuuaM sepgq. j {1 To >re,  a[O6ysun no o6teuy sepeH,.16 To xe,-ycbel-
HeHHbIe AaHIIbIe. *ao flJrasreHblfi, qicibra 99,9%, Ao fuacciexaorauur. "r io-xiti,
nocJre paccrexJoBaHHq. .{6 Crerrogu.q,suft. r{e fl,nailesufi n xncaono_u.e nori
101,325 xI Ia.  +50 Orxur B a3ore. .5 l  f lpsuecu 0,1-3,5% (uoa.) .  *52 Orxi r  i  soab-
po:Ag c 4_3_oI9M. .sa flpuuecu 5,8% uoa. *5r Orxur r xuCaopoae, npHMecH 6% (uoa.)
ASzOs. *55 flpuueor 0,80/0 (Mon.), 156 Orxnr s xncaooor6 c asoiou. ts? iioilueci

3,006 (vo.rl.). *56 fl.norsoctl 9l![. {6e OqeuovHue.u,assrri. *60 MoHoKDHcral.r, nbuuecr
AIrOa 0,001% (no uacce), caMoAu<brbysBs s6au3u noseDxHocrH, *61 To x<e. isyrpx
KpHcranJra, t62 Orxur a sogayxe. .63 TiO:, .r-0,807--t,259. til flpu ':O,A0Z.

t50

Ilpodonctceuuc
*65  npg r -1 ,06 .  *4  He 3aBucgr  o r  r .  167 p  0r : (21 ,3+101,3)  r f la .  * !8  pO :

:1,013-101,3 x[a. r6e pO2-50,66 KfIa. r70 Crexuouerpuvecxnfi, J- oclr c. t?r To xe,
l l ocu c, *7' 

1 ocfi c, BoccTaHoBJIeH B BaKyyMe npII 1200" c, I q. *rs To xre, 5 r.
*7r To xe, l0 s. '76 To xe, Ha Bo3ayxe, I q. +76 To xe, 5 s. r77 To xe, l0 q.
*76 3epsncrufi o6pageq, crexHoMerDucecxufi. *te To xe. eoccranoBneH B BaKvvMe
npH I i00 'C,  I  v . -+E! ,To  xe ,  Ha so-sAyxe. .8 l  VcpeaneHiaq serHquHa,  $ r ;1q- fxs -
nuu ucroqnnxau. *s Orxur Ha BogAyxe npu aiuoc$epuoM AaBneHnn, AaBreH[e
npeccoBaHr.rr 19,62 Mna, pa.quoaKTHBHbrf, aAcop6rlxoHsufi ueroA. ri l  To xe, pa-
aHoaKrHBHbI f i  r {e roA (cuqrHe c roes) ,  an06y3Ht  no  rpaHxuaM 3epeH.  t85  To xe ,
aucb$yeus i lo  o6beMy sepen. 'u  Orxnr  s  BaKyyMe,  p -0 ,133 na ,  AasreHue npec .
coBaHrr 19,62 Mna, paaHoaKTnBHbrf, aacop6qnonsufi uero4. *E7 To xe, paAuoax-
ruauufi lrero4 (cHnrre c,noes), aH00ysflg no rpaHfi{aM sepen. .18 To xe, An6-
$ysur no o6teuy sepex. tm Pyrn.r, oixur na Bb3Ayxe npn'aruocgepuou .tasr6-
Hrrr{, AaBnenue npeccoBaHHr 14,716 Mna, ycpeAHeHnbte AaHHbre. *e0 Orxtlr n
KHcJropoit^e,6npH p-16,665 rfla a nurepaare AaBneHnR Kt{cnopoAa 667-74660 fla,
D - p-zlo . .el Pa4uoaxtnBgbte Meroahr: a4cop6quounufi n cnsruq croes.
*e2 ?-MnO2. 'ei O6reunag lu66ygug Kr{cnopo4a B Brocrtrre npene6pexnuo va.na.
*er O6reusag a[$cbysns B Brocrure. rel Bpcrlrr..s Meroa HsoronHoro o6uena.
*e7 Xxunqecxxfi roe$Suqreur cauo4u$@yeuu. rel feuarur. tse Orxut Ha BooAyxe
npn atuoc$epnoM AaBJreHnH, .qaBJreHr.re IIpeccoBaHr{t 19,62 MfIa, ycpeAHeHnbre
AaHHbte .  * r@ Monoxpncra t r ,  pO2-1 ,01325 x I Ia .  * r0 r  To  >Ke,  pOz-10,1325 x l la .
* r02  To xe ,  pOr :1 ,01325 KI la .  * ros  pOr-101,325 KI Ia .  * r04  pO,  -101,3+101325 I Ia .
'106 Orxur na Bo3Ayxe, noJuKpr{craJrr 99,995% (ar.). rl08 fl.nesxa. i lo? Orxnr sa
Bo3Ayxe, rroJrrxpncraJr.rr 99,999$ (no r',racce). rr0r Mouoxpxcraa.lr, xoe66uquenr

cavoau&OygrN nponopq l roHaneH Benxqt rHe AaBneHr . r r  p " ,  "Ae F :0 ,16  npu t245 'C
u 0,20 npu 1380o C, orxur Ha Bo3ayxe. rloe To xe. orx(nr B CO2. rtlo Monoxpn-
crann 99,999% qrcrorbr. rlrr Arfl MoHoKpr{craJrJra npu 0,012 Aontx lrouoB xpoMa,
*rr2 To )Ke, npt 0,032 AoJrex uoHoB xpoMa. rlr3 Xxunqecran ,quab$ygHq B MoHoKpr{-
cra.n,r, qucroia 99,9206, qepea n.nocrbcrr [100] npu 106 (uoa.)- Ciror. .Itr 1o ;",
npN 4,10/q (ruor.) CrzOa. .rl5 To xe, npn 4,5% (uo.n.) CrrOg. rrrt To x(e, nps
5,206 (uor.) CrzOs. rttz To xe, npu 8,1% (uor.) Cr2Os. rlrE Orxur s KlrcropoAe
npH p:101,325 KfIa, MoHoKprcrarrrr, npHMeclr Co 220 ppm, Ag 80 ppm, Fe 60 ppm.

*lre Coenectsas nu$syellq B Mororpucrann. tt2o p6,2 -18,239 xfla. *' ' I  2l(cr) no

Mypy H 3anHrcony. "tzz p*l/ pon.tt" XlM[qecKaq 4nr!$ysua. rl2r f l lornocrr
95$, orxur Ha Bo3Ayxe. tt" pO"-101,325 KIfa. (lro Otx11n s HacbInleHHoM rrapo
llwuxa, s$$exrnBHbrfi Kog$$urluenr nncb$ysutr, . lr? nJrasnennfi, crexaonu4xufi.
* r2E, I I , x$r fysHn n  auop$Huf i  H  HesHaq l r reJbHo paccreKJIoBaHHbI f i  oKncer  HHlxe
reMneparypbr npeBpaulegnq. *r2e Orxnr B KxcnopoAe r:ptr pe2,026 na, MoHoKpu-
craJn. *rso Orxur s KHcnopo4e npu 93,325 KIIa, trrl Monoxanussfi ZrOz, npxMecr!
0,08%, cauo,qu6$yenx He 3aBucHr or pO, IIplI AaBJreHurx or 21278 Ao 1,01325X

xt0- la  l la .  t t32  a-NbrOs orx l t r  B  Hz*H:O,  Meroa r r3oronHoro  o6uena,  p6o:
:1 ,3332 x I Ia .  t t ss  To  xe ,  pO, :1 ,013 KI fa .  t rs r  pO, -21 ,278+101,325 r f la .

t t " t  po . -10 t ,325 Kna.  * t36  Orxnr -s  aproHe,  parnoaxrHsdbr i l  uero4  (cx r rue  c ro-
es), esaqeHr.rq D npn 400 u 450'C tl gHeprnlr aKTuBaqnu HecKoJrbKo gaun]KeHbt.
trsT MoHoxp[cra;ra 99,9906 qrrcrorbr. t l3s Mottoxpucra.l,; l ,, Dxp5.ll5. rt3e r{epe3

BaKaHrrrbre Mecra. *r{0 gepes rvrex4oysrut (o6reunaa an66y3us).-+uI f losepxnocr-
uar ,uu$$ysua. traz Orxul D aproHe, xos$abr,rqr.reHr 4ur!$yeru He saBucHT or
napqHanbHoro AaBneHHq r{ficropo,qa B xHrepBane or 101325 p,o 2,0265 fla, n uoso-
K p r c r a n n e  n p q M e c r : 0 , 1 5 0 6  S r O , 0 , 0 8 0 / q  C a O , 9 , 6 6 4 0 7 0  l v l e O , 0 , 0 0 3 %  F e r O 3 , 0 , 0 0 2 %
AlrO3, 0,0020/0 Cr2Qr. rt+s Onruqecxsli ueroA, npuMecx -0,1 at.06. rl{ Onruqecxltf i
Mero,[.. npnMecb 0,3 ar. % Gd..l15 MeroA Hgororlnoro o6uesa, orxrrt B Kuc,ropo.
ae npu pO"-3.920 xfla. ' l l8 To xe, npn 28,598 Kna. rtrT Merol ugoronnoro o6-
MeHa, aJrt oxucna 6ausxoro K crexgoMerpuqecKoMy. tl lr To xe,,Ean <iruc,na,
[anero orKJloHqlouleroct or crexrroMerpl,Iqec(oro. t lag MotroKpgcrall, o6reunat
cauoaH$6yssa. 'rs MoHoxplrcraar srrcoxofi qrrcrorn. ir6t OIU-2,0+2,t. *152 Oru-
:2,0+2,34. 'r53 Orxur s Ar*Oz, UO2+x, ,r(0,0015. *r5' To xe, x-0,006. tr66 To
xe,  x :0 ,020. . l t r  To  x<e,  r :0 ,10 .  r r57  To xe ,  x :0 ,12 . . t6 t  To  xe ,  x :0 ,16 ,
*15e Cneqeunrrfi, BoccrarroBJreure ue UO2,gg. tr60 CneqeHnnil. f l6t Cneqesnufi, 93%.
*r62 Cneqeuuufi, 97%. tl68 HecneqeHsufi nopouox. t16r fl.naglesrtf i. t l66 II,nas,le-
Hblfi, O/U-1,98. *166 Cneqenultf i, 90%. rt67 UO2-u, 0,00<y<0,066. *r6t UO2+t
0.00<r<0,250. rl6e O/U:2,08, orxur B Bo3,[,yxe. rt70 MouoxpncraJrJr, orxr{r B
CO+COr, pelneToqHat AUtbtbyguq, 'r7l MuKpoxpgcTaJlnlt.IecKrIfi zsE pu02, MOToA
tl3oTOnHOrO O6rr,rena.

l 5 l



24. CKOPOCTb llCIlAPEHl,tl [t; 139; 140; 156; 183; t8T;202]

o*o""r 
I 

TeMreParYPa'

r l ,

Cxopocrs rcrrapeHns
G,  x r / ( u r . c ) CocraB napoB

BeO

NO,
Nzol

Mgo

Alz08

sioz
CaO

Sc2Os

SrO

Ygos

r 500-3000

1773
2023
2273
2423
313

373

-+re
1500-3000

2273

2273

rsoo-sooo
1623-r760
2073-2173
2173-2473
%53-%73
3300 t 300
t573-t923
t523*1723
1223-1323

<2073
418-553

418-553

1600-3000
700-t600

2273
2443-2703

t673-2t73
t673-r973

1653
1723

1223-1273
8 l t

TirO,
VO,
Ga2Og
Ce02
AsrOt

ZrO,
Nbo
Nbor
Nbr06

MoO,
MoOs

0 ,2 .10 -8
0 ,55 .10 -0
0 ,33 .10 -4
0,24 .  10-3

:

3 , 5 . 1 0 - 4

r,o1o-o

lg G:9,16-2740017

lg G:lr , lez oootr
t* o:,0,t:-36 000/r

w(a'V\:(r  I  ,8b*
*0 ,1 l ) -5109 /T

tg(a't /T):(r7, ro+
:t0, l0)-:-8946/?

lg C:7 ,91-23 660/?
I , 2 . l 0 - 0

lg G:9,35-3250017

2.l0-E
4 , 1 . 1 0 - 6

BeO, Be, O, 02, (BeO)n,
n : 2 , 3 ,  4 ,  5 ,  6

_ * 1 ,  * 2

3l% No;3
69% NzOe
88% NO,
12%oNzO4

100% Noz
MgO, Mg, O, O; ' ' ' '

--*t, *u

-*, *u

CaO, Ca, o, oit '  
'z

Ca ,  O
ScO, O

_ _ * 8

ScO, Sc, O, Sc2O
Tio ,  T io2

VO,
Or, Ga, GaO, GarO

GeO, Os, (GeO2), (GeOs)
(ASrOr),

-x9

_*10

SrO, Sr, O, O!l ' 
*tt

S r ,  o
_ * l g

"o' oa,T39* ",o,
Nbor, Nbo, (Nb; ' t ' ' t r

Nbo,

MoO2, MoOs, O,
(Mo03)t

In2O
InsOt
sbros

LasOg

CesO,
CeOs
Pr2O,
Pr6O11
Nd2o3

SmrOt

EusOg

Gd2o3

Tb2o8
Tb4o?
Dyro,

Ho2O3

ErrOg

Tu2Og
Ybros

LurOg

Hfo!
Tlros

922
977

1033
1073-t273
1423-1723
773-953

773*963

n73-r473

I 100- I 500
1200-1800
ll73-2073
2233-2503

r673-1823
t723-2023

r773-2073
2253-2433
1873-2123
2233-2653
1773-2023
1973-2193
1973-2t73
2343-2603
t973-2t73

1973-2t73
2433-2643
2073-2273
2493-2693
2073-2223
2493-2693
2443-2643
t873-2073
2363-2623
2073-2223
2653-2703
2t73-2443
723-fi73

4,867.10-0
39,6.10-6
6 ,183 .10 - {

w(a 'y '7 ) :02 , t2=
*0,07)-8880/?

tg (c ' {T ) :  ( 16 ,  ro+
*-0,17) - 12248lT

lg C:  5,7 -ZOOOO/f
lg  G:  7,56 -  l8  900/?

lgC: g,+z-zASOOtr

l g G : 7 , 7 6 _ � 2 4 8 0 0 1 7

lg G: 10,40-31 800/f

lgG -  11,68-30400/?

lgG: l  l , 17 -3520017

tg C:S,SS-a0 900/?

lgG:16 ,0-4870017

ryA:S,Z+-13 100/f
le G:7 ,82-27 ,500 lT

lg G:8,85-29 600/T

-
In, IngO, 02
02,  In ,  In2O

_*t!

_*10

BaO
BaO, Ba1Oe, Ba2OilT

BasO, BaOr, BarOils
LaO, O

LaO, O, La, La2O,
LasOs, La2Og
CeO, CeOl, O
CeO, CeO2, O

PrO, PrO2, O, Pr
O, PrO, PrO2, Pr

Ndo, o
Ndo, o

Sm, SmO,O
Sm, SmO, O
EuO, Eu, O
EuO, Eu,  O
Gdo,  Gd,  o
cdo,  Gd,  o

Tbo, Tb, Tboz
o, Tbo, Tbor
DyO, Dy, O
DyO, Dy, O
HoO, Ho, O
HoO, Ho, O
ErO, Er, O

ErO, ErO, O
TuO, Tu, O

Yb, o
Yb, o, Ybo'  
LuO, Lu, O
LuO, Lu,  O

Hfo, o
Tl1o, Tl , 02
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2023-2173

tnl.ll?r'' o
Uor
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Aerrcaqllu, apceHo^n-Hl. ]'_o_To,xe, x,lay4erui. *il B nba4yxe IOOO" C. nt Cueqe;-Har KepaMHKa, 99_85% YrOs, OtHocxrejranaq n.rrorgocrb s6,So6, iryneain xariv-urii-
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25. ,4ABJIEHI,IE NAPOB

|;^27;_29-;^_313; 42; 43; 66; 77; 8l; t l3; 124; 136; 140; lE6; t74;
180;  187;  l95 l

Hro

Tnr-T*nn

lg p :8, 882065-2445,5M5 I T *8,23 12 lg T -
-0,0167006 T+1,205.10-6 12 *1
tg p:3,ggz-2940lr+3,86 lg T-3,4t. l0-3 ?+
*4,9.10-e ?r  { ' r

Dro

2673,1*2
95938,5*z

Ltro

298
373

O6rqee
)

r233-1673
1000-1600

298
800

2800
4800

lgp: I5,31-16 20017*L
Meraa;Ia lgp:l t,7l-18 760/T
O6uree I ,439.10-oo re
Orucra 7,787.10-te*s

D 3,236.104
'  5,948.100

BeO
Oxncaa 3,50.10-ro *g

b I  ,59.10-6
b 7 ,04.l0-z
l  3 1 , 9

Mera;ua 6,03.10- e*s

r600
2000
2500
3000
r500

TeMneparypa nnn
HHTepBaJl [eMne-

paryp, K

154

2000
2500
3000
1500
2000
2500
3000
r500
2000
2500
3000
1600
2000
2500
3000

2103-2573
2260-24t3

Meraaaa I,28.10-!
I  l , 4 l
|  1 ,99 .10s

Arouapuoro rcrcnopola 5,64. l0-0 rs
I  r  l , 2 l  . 10 -E

Moaeryaapuoro K8c.nopola I ,96.Io-e rs
)  D 3,25.10- !
r ) 7,42.t0-t
r | 20,3

O6q,ee l,19.l0-! ' l
r  2 ,97.  l0-E
r  2,80
r  4 ,13 .  I 08

lg p:13, 162-33240/7", 'L
lg p:20, 63-34230 I T -2 lg T * t
Mera.n.na lg p:12,10-29800/?
Oxucna 2,656.10-u6*c

|  1,528.10*€c
, 2,489
I  I , 1 7 9 . 1 0 6

Bror
lg p:tt ,z48-togooi r
Oxucaa U,064.19_r0*E

!  1,327.10-11
,  1,272.100

co
lg p:t t,0l-1410 lr -0,87 lg T-3,89. l0-3 ?*5

Nco

lgp: t t ,7o4- l232l r* t
lg p:9, 6313-858,63/?*2

NO

I g p:12,173-851,8/T*r
Ig p:10,665-68l , l l r *2

t
D

t
I

293
800

2800
4800

1330-1808
293
800

2800

129-183
285-309

73-92
109,3-125

lg p:12 ,42-20ffi lr*,

Nlot



2W,3-262
262-375

283
3 t3
343

I 18, 8-305

90-243

298- I I 90

t600
2000
2500
3000
r500
2000
2600
3000
r600
2000
2500
3000
1500
2000
2500
3000
1500
2000
2ffi0
3000

293
800

2800
4800

NOs (N3O4)

lgp:  t+,zz -275017"t
f gp :  tO ,g+ -1746 lT *2
O6rqee 58 ,76. l0s*o

b 24, l l . l0r
r 74,46.104

Nrou
Igp :14 ,89  -3017  17* t

os
lg p : 10,37803 - 0,00t9669431T - 814,94tffi7lT

Fgo

l g p : 9 , 6 1 4 t  - 6 2 8 , 6 4 1 r

Na20

lg p : tB,T4-24044/T*L

lllgO

oxucaa 2,60.10_0 *3
b 2,02.10-L
l  I , 5 9 . 1 0 2
b  I , 2 9 . 1 0 4

Meraaaa 2,06.10-g *8
r  3,80.10-r
h  I , 2 9 . 1 0 !
r  6 , 0 1 . 1 0 3

Arouapxoro xucnopoAa 3,72. l}-c *s
b  )  8 ,21  .10 -2
r  b  3 1 , 9
b  b  I  , 67 .103

Moaeryaapuoro Kr{cnopoAa 8, 40.10-6 *3
r  r  I , 49 .10 - r
'  D 48,6
)  D  2 , 1 9 . l 0 B

O6uee 3,54.10-g *a
r  8 , l l . t 0 - r
r  3,69.  103
,  2,27.104

Meraa.na lg p : 12,37 - 26100lT
oxrcaa I,145. 10-88 *3

b 9,  152.  l0-2r
t ' 2,387' 103
r  I , l 5 8 . l 0 z

t96 r57

2000
2323

2600-2900

1345
1345
1346

1336-1450

I 800
I 900

2t33-2503
293
800

2800
4800

343

842
298-842
298-631
942-964

293
323

t97-264

297
3 I  2,95
371 ,35
407,65

O - Tr,r'
o - Tnrt
o - ?',r,

Tnn-�T*nn

Alros

O6qee 5,77.10-r
, 46,263

lgp:13,42-273201r*2

sro
Oxrc.na 0,871*z

r  3,95re
ta 0,507*s
> lgp:13,078-1679olr

stor
O6rqee 162,65.10-g *ro

r  1013 ,25 '10 - I
lgp:  15,55 -264301r*2
orrcra 2,818.10-8? *s

)  3 ,081 .10 -23
)  1 ,790 .103
) 9,068.106

Pgos

O6u{ee - 29,33.103

PsOs

O6ruee 73,33.102
lg p : ru,AZ-825017*LL
lg p: 12,82-494017*r,
lgp:  to ,zg-452olr*2

Sog
O6qee 32,92.10a *z

)  85 ,09 .104
1g p:14,200 -  1868/? -  15,9.  l0-3T+15,6.  10-6 rs

Sog

O6rqee 32A64*2
> 78927
)  93 ,20 .104
r  18 ,94 .106

lgp:  13,56 -268077*ra
lgp :  t+ ,og -286017* ta
lg p :  t6 ,  t2  -361017*M
lg p : tz ,oz - 2230 17*z



n1

298-2600

Fs

273

clso

lg p : to,ooz-1375,71r
O6qee 93190 "

clol

lgp:  10,48 -1648/T
O6qee 66 327

clro.
tr, - r,z-.rorolrtr
O6qee 4l,33
lgp :  l l , 4 -2690 l r ' 2

clso,
l g p : 1 0 , 2 9 - l 8 o l , 8 / ?
O6qee 2986,4

Kro

lg P :13,74-2A6UT

GaO

O<nc.na 6,05.10-? rE
r  3,99.  10-r
,  27,8
r  1,73 '  103

Meranaa 4,78.10-? *8
r I ,77.10-2
b 9,27
r  5,28.  lOt

Arouapnoro K[cnopoAa 3,38. l0-l *8
'  t  l , 1 6 . 1 0 - ?
r  r  5 ,92
)  )  3 ,43 .108

Moaery,napnoro KucnopoAa 6,94. l0-E *c
)  ,  3 ,04 .10 - l
)  )  1 ,67
,  ,  9 l  , 9

O6rqee I , 49. 10-6 *3
D 7,  19.  l0-8
l  44,6
r  2,69.  lOs
r  2 ,63 .10 - r

270-303
273

r 600
2000
2600
3000
1500
2000
2600
3000
r500
2000
2600
3000
t500
2000
2600
3000
r600
2000
2500
3000
2000

t6t7-t728
293
800

2800
4800

r000-2860
2860-Txun

2400-2573
2173-2473

2661
2567
2651
2567

1847-1968
t000-2020
2024-.. . .
1000-1980
1980-2020
2020-3330

t97t-2151

r000-2020
r 849-2010
298-2113

298-1950

T,rn-1500

lg p: 12,26-27 4oo1T*n
Oru caa 6, 598 - 10-80*3

r 3,766. 1 0-24
r  4 ,413 .  l 0s
r  l , 1 0 5 . 1 0 8

O6uree lg p : 12,85-28 020 17
)  IgP :  11,22-2337017

ScsOs

ScOlgp :  12 ,59  -3280017
ScO lgp  :14 ,42 -37  400 /T

0,682
0,796

Atovapnoro *".ip"o. 
B:168

Tio

lg p : 16,44 - 29 421/7 - 0,583. lo-c f*u
O6uree lg p : 14,24 - 29 560/T*rq

b lg p : 12,70 - 26 45017
) lgp :  13,42-2632017*te
) lg p : I l ,74 - 23 00017
)  l g p : 1 2 , 1 9  - 2 3 9 1 0 1 7

Ti!O8

lg(pr iopr io, )  :31,68 -  647001T -  1,26 '10-  c?*rz

Tior

O6uree lg p : 14,37 - 300 060/T*1
lgp:  16,20 -  30 361/T -  0,492.10-s ?*20
lg p :  13,618 -  29 94517*zt
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l gp :13 ,028 -268201r
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r2l5-1630
760-850
835-940
870-950

lg  p  : 7  , 17  -  T loo l r *2
lgp:4,64-690517*zz
lg P (og) : 18,20 - 16 300/T*r
lg p (voo1o) :7 ,32 - 9800/?* I
lg p (voorJ : 6,60 - 9600/Ti'1



873
1073
1223

I
I

i ,
l i

r690-1930
1820-2020
r 840-20t 0

1000-2058
2068-3000

843-3000

t000-2000

1438-1566

298-1600

1673
1673
t773

1796-t965

Cr20s

fs p (Cr) : 13,77 - 27 3601 T
rEb (CrO) - 10,55 -232ffi17
lgp (CrOr)  :  14,14 -30 76917

MnO

oxucra lg p : ru,s+o-26 40017 -1 5,72.10-t T'izs
o6qee ls p : l l  ,62 - 21 88017*r

,  lgp:  10,861 -203201T*2

FeO

oxucaa lg p : t+,sa - 27 016l T - 0,65. l0-sT
lg p : 14,70 - 24 2oo lr 't ' '3
19 p : ts,zz - 22 ff io lr '2' '3

FesOa

lg p :  14,24 -  22 78olr* t ' '3
l gp :  t o , sg  -  l 5660 l r ' 2 ' ' 3

CoO

Oxuc.ra 1g p : 14,75 - 26 670 lT - 4,37.10-4 T*3

Nio

Oxusra lg p : s,ot - 265681T - 7,67.10-4 ? +
+7 ,21 '10-B Tz *24

lgp:  ts ,zo -2550017 -0,767.10-3 ? + 7,21X
xl0-8 ?2

CUO

O6uree 178,65.10-?
)  163,32.  l0-4
)  906,69.10-4

ZnO

O6uree 200 (160)x26
> 400 (413)
> 1387

GasOs

lgp : t s ,qaq -270981 r *L

916-978
1000
2000

r000-1389
1389-2000
r000-t389
1389-TK8rr

r 150-1350
r r53-1263
l3l3-r373

298-686
298-506

Torr-T*nn
413-653
413-573
583-673

298-T6y6s
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400-453

1600
2000
2600
3000
1600
2000
2500
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r 600
2000

160 l  l - 3 t2 l 6 l

GeO

lgp: t7 ,66- t }z ro l r ' r r
O6qee lgp:-12,675

)  l g p : - 1 , 2 5

GeOl

O6uree lgp:14,  l l  -1724017*t
o lg p : 12,26 - 14 54017*z

(GeOs)o lgp: 14,99 -224ffi17;r
(CeOs)n lgp:  14,81 -223401T+2
GeO lgp :13,42-  I1350/T '3 '  '26

GeO lgP :14,20._ l l980/T '26,  +27
O6qee 0,133 -  I ,33
lgp : 12,28-156nIT't, '28

lgp :  l 8 ,3zo  -26617  l r ' 2 , ' 28

AssOs

lg p : 12 ,28 - 4880 lr'kzs
lgp : t s ,ez -668071*oo
lgp :2 , t 2 -B tag17*z
o6qee lgp : (14,48=0,06) - S402l?'1, 

'et

)  lgp:  (12,93 + O,O7) - �624617' t ,  '32
> tg p: (8,64 * 0,06)-_ 27BglT*z

SeOl

lg p : 23,52 - 6tzo lr - s,o2 ts T
t gp :14 ,63 -6740 lT *1
I g p : t 2 , 6 3 - 4 4 2 o l r * z

SeOs

lgp:9,327 -26621r*2

Sr0

Orucaa 1,08. l0-g *3
b 0,274
r  I , 06 .  l 0 r
r  3 ,96 .108

Meraala 4, 66 . I 0-6 * a
)  8 ,18 .10 -3
> 27,5
D  I , 0 7 . 1 0 3

Atorrlapuono KrcnopoAa 1,57. l0-o *a
D  )  8 ,29 .10 -g



2600
3000
r500
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2500
3000
r600
2000
2500
3000

r495-1635
I290-1660

293
800

2800
4800

1000-2730
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2600
2600
2700
2500
2600
2700

2493-2703

2000
2273
3273

20t4-2n0
2200-2500
r000-2950
2950-?KU'r
1000-r478
1478-2t28
2128-2950
2950-TKun

293
800

2800
4800

1938
2031

ArouapHoro rtcaopoga 12,5
)> , 5,72.102

MorexyaapHoro KucnopoAa 1,50. l0-o *!
)  )  2 ,  43.  l0-s
r  b 7,52
,  b  2 ,55 .  l 0 r

O6qee I,84.10-g *s
r  0 , 4 1 2
r  I , 6 3 . 1 0 2
b  5 ,86 .  l 0s

lgp :  15 ,48  -3o7oo l r * t a
l gp :9 ,264 -23660 /T  *  0 ,51g  1 *sa
Oxucua 4,009 , I 0_8r *g

r  I ,791 '  l0-2r
r  I , 2 1 9 . 1 0 3
r I ,399.  l0o

o6uree lgp: 13,62 -26 l3olT
u lgp :  l l , l27 -2207017

Yroa

yo 0,274
YO 0,874
YO 2.432
'Arouapxono rtc.noPo4a- 0, 0537

>i  r  0 ,1712
'l D 0,4357

o6uee lg p:13,82 - 36150/r

ZrO,

O6Iqee 3,28.10-s
)  8,00
r  2 , 1 3 . 1 0 3

ls p -  16,99 -  34 383lT -  7,98 .  l0- {  T
li'p - 13.312 - 37 421/T
f t 'uee lg p:13,94-37 l5olT

,  l gp :12 ,60  -331701 'T
Z to  l gp :14 ,16  -3286017
z ro  l gp :13 ,74 -3220017
Zro ls p : 13,321 - 3l32o lT
ZrO le'p : 12,21-28 0201 T
Oxucaa 4,785. l0-u8 *s

r  2,025.10-sa
r  1 ,269
l l  5 ,560 .101

Nbor

O6qee 0,0803
b 0,426

r62

sbros

I l

2081
2122

22t3-2393

O6rqee 1,006
r I ,493

lgp :14 ,64 -303oo /T

llbror

O6qee 11,47.10- .
r  2 ,40. I0- l

lltoog

TcsOT

lg p : 20, 404 - 72os I T = 8%*r
lgp: l l , l24 -357l lT = lo/o*2

cdo

O6u{ee 10, 13.l0a
lgp :  18,95 - l459olr  -  l ,T6 lgT

ln2Os

lgp :16 ,478-2779117

SnO
lgp:  l2 ,9oo-  l3  l6o /?*3c

SnO": .

l gp=  18 ,6 -28800 /T1e?

sbros

lgp:13,437 -96251r*88
lg p - 14,320 - to 360/r*co
lgp:7,262 - 3goo/f+r

r653
t723

298{066

Tnn-f*uo
298-TnJl
Tnd-Tx^r,

873
898
923
948r3

!gp : 92,8t - t6 r4otr - 6,63 rs ?tg p : 141077 - l5 I t0/T+1,46 leT - 1,32 x
X l0-l 2nrl, 

r34

lgp :  36,  l9  -  l4  660/T -  T,04lgT.r
lg p - s4,20 - r6 tbo/T - b.6g ls Tr{, 

'35
lg, ^: 36,66 - t{nDlT -7:08tET
(MoO3)" 0,616
(MoOs)" I,49
(MoOg),6,91
(MoOj" 20,5
(MoOs),47,5
4,67619p:  (85,2 ! .0 ,2)  -751001T. t
4,576lg p : 47, 48-35 2Q0lT*2

1773
298-Tgy6n

1563-t 763

1623-1748

742-9t4
742-839
929-1073



299-Tnrl

298-r800

TeOg

lg p : 25,63 - t3 9401 T - 3,52 lg7�*tz

Cs2O

lgp :13 ,74 -33880 /T

BaO

Otucaa I ,71 . lo-s *s
r  46 ,3
r  3 , 1 7 . 1 0 3
)  3 ,85 .104

Meranna 4, 62. l0-6 *3
r  6 ,67 .10 -2
>  1 6 , 0
)  5 ,46 '  102'Atouapuoro 

KHcJropoAa 1,58. lo-e *a

)  > 8,72
)  ) )  3 ,52 .102

Mo;rexynrpuoro xucnopoAa t,52. l0-o *a
)  )  I , 8 7 . 1 0 - 2
> ) )  9,64

O6rqee l ,7l . 10-2 *3
> 46,4
)  3 , 1 9 . 1 0 3
>  3 ,95 .104

Orucaa lg p : tZ,l2 - 21 90017
Metaara lg p : S, gg0 - 97l8lT
f  gp :  to ,gg -  tg  TwlT
lgp  :15 ,67  -260N/T
lgp :10 ,76 - l 94oo /T
l g p : 1 1 , 7 2 - 2 0 o o o l T
orucna 6'889' lo-03 *9

) 3 ,667. 10-15
)  I , 3 6 1 . 1 0 4
> 2'454.106

O6r4ee lg p - 12, l0 - 2lllqlT
,  lg  p:  10,130 -  I6  800/T

zn+
2307
2353
2412
244r
2234
2307
2353
24t2
2441

2233-2443
4473

LaO lg p : 12,33 -28500/T
LaO 0,4908
LaO I ,062
LaO2,382
LaO3,842
LaO 5,619
Arouapuoro KucnopoAa 0,0787

) r  0,1702
) ) 0,3820
) ,  0 ,6102
,  )  0 ,9019

O6nree lg p : 13,03 - n BZ0|T
b  |  , 0 1 3 . 1 0 6

CeOg

Arouapuoro xucaopo4a 1,013

Pr2Ot

PrO 0,0101
PrOs < 5,07.10-4
Meraana 1,013.10-g

Ndsos
Ndo < 5,07.10-8
Meraraa < 5,07.10-r
NdO lgp :10 ,67 -24800 )T

r 0,502
r 0,664
r 0,858
,  l , l l 7
p  I , 692
t 2,676

Arouapuoro xncaopo4a 0,080
)  )  0 ,108
,  )  0 , 1 3 7
)  '  0 ,178
> ,  0,270
,  D 0.427

O6qee lgP :  12,89 -2037017

SmsOg

SmO, Sm * 3,04.10-a
SmO lg p : 13,30 - 31 800/I

t500
2000
2500
3000
I500
2000
2500
3000
r500
2000
2600
3000
t500
2000
2500
3000
r600
2000
2.500
3000

r200-1700
r200-t555
r200-t800
r 100-t 500

293
800

2800
4800

t000-2t96
2I96-TK'ilr

2000
2000

2256
2281
2306
2332
2383
2434
2255
2281
2306
2332
2383
2434

2253-2433

2000
2000
2000

r800

2000

O6ruee lgp: (13,86 + 0,07) -9668/1*ro
o lgp:(13,47 *  0,08)  -gb3b/T*4r

Meranra lgp :10,36- n860tT*42
LaO lgp :12,64 -233601T'43

164.

LagOg
EUO

1334-1768 Meraara lgp:  ( l l  ,27!0,13)  -  (16 590t205) lT



t604-2016

2300

2300

2300

2940

1000 - ?nn

923-1068

598-693
573-713

szeJgs
273-Tn^
?oa-fioru

2000
2000

EusOl

Meraaaa lgp: (l l  ,IT=.O,lS) - (lg g40 * B0S)/f

EugOg

Meraa.na = 7,09.10-c
EUO =  9 ,12 .10 - .
EuO lgp :14 ,68 -30400 /?

Gdsos

GdO lgp :14 ,06 -342001?

ErlOg

ErO lg p :12,62 -  33 10017

TusOg

Meran.na 0,1013

Ybsos

Meran.ra 0,1013
l g p : 1 1 , 7 2 - 2 9 6 0 0 1 7

Lu2Os

LUO 0 ,0101

Hlos

O6qee 3,039*44

Woa

18 P : 17 ,76 - 24 60017

ReO.
lgp -  10 ,89  - l 4a4z lT *1

ReOt
lgp :14 ,40 -10882 /T* r
l gp :9 ,870 -496617

ResOT

lgp :  14,90 -732olT*1
lgp :  16,  14 -  6416,9/?*46
lgp :17 , t2 -73oo lT
lgp  -  11 ,22 -395o l r

166

2000

t67

473-593

273-315
273- 329

?',,r-?r, ' ,n

453-688

887- l  l5 l
298-Trn

Tnn-Tn n
Tnr-T*nn

273
800

2800

1200
2050-2260
2600-2900
2000-3273
1000-3273
1000-3278

UO
I

I  O6qee 1.013*3
I

ReOn

lgp:  z ,otoo- t7s l ,z /T

OsOa

lg p : 12,82 - 26801Tt(40
lgp :11 ,76 -2966 lT *a?
lgp : to ,  ts  -  2o66tT

Tlso

fgp :  13 ,63  -6612 lT

Pbo

lgp :  13,21- ta 9oo1?*48
IS g.; t g,_lp.. t3 480tT - 0,92 tg T - 0,85 Xx l0-3 ?*40
tg p :  16,97 -  lAA001?- 0,8I  tg  T _0,4g,10_! f
l gp :21 ,59 -  13B t0 /T  -2 ,7T  l g l *o r
oxucaa 2, 5l o ' l o*sl *q

I  2,084. l0-r
)  1 0 ,  I  1 6 . 1 0 6

Thor

O6I4ee I33. l0-16
Igp :  I3 ,65  *gr  loo lT
l g p : 1 2 , 9 9 1  - J 4 a g o l T
lg p : 12,21 - gl 600/?
O6rqee lgp: 14,61 -Bl6lolT

> lgp: 13,26-80830/a*so



1600-2800

r603-1803

1600

> 1793

4540
1000-1340
1340-2226

1000-t340
r340-2226
1000-1340
t340-2225
r000-1340
tu0-2225
r000-1340
1340-2226

Uor

o6uree lgp : 15,423- 37 l95lT + 3,6162. 106lT2 +
+2,6178. t0s lT3

lgp :  l2, l8l  -  38 220lT*6r

Uos

O6qee 10, l3*g

PuOs
lgp : tg, t35 -27 9oolT

lgp:  13,078 -2924017

Am2Og

O6rqee I ,013.106
Aronrapuoro Kr.rcrropoAa lgp: tI ,835- 3l 690/T*3

)  D  l g P : t t , 6 9 2 - 3 1 2 8 0 1 7

Monery.nnpHono Kr{cnopoAa lg p: t t, 76 I -36 870 I T * 3

t t lg P : l l ,149-36 050/T

Meranaa lgp : l l ,358 -31 660/T *3

u  l g p :  l t , l 4 9  - 3 1 2 8 0 1 7

Amo lgp :12,027 -32ooolT*s

Amo lgp  :  l l , 612 -  31  3 lo /?

o6uree lg p : 12 ,280 - 31 7901 T *s

u  l gp :11 ,899  -3128017

l
I
t
l
I

I
*r Haa rBepAofi da3oft. 

*2 Ha4 xtn4rofi <baeofi. *3 Pac'rerHbre snarregnn'
*r Mero.u"KnyaieHa. 

-{s 
Haa rsepaofi Sasofi npx teMneparype xngxoro Hr.

i0 CMecb NOr u NrOr. *? flo Aansuu froHTepa, IeauAa, KosHeBa._r! l lo A_aHHHM
IIIe$epa, X6[Hng. 

- re IIo nailu]r f loprepa, 9y4f-a. *-to- 6pucr96-agur...-+tt f-I9P
a:piOi". '*r: i,, leracra6urruufi PzOo, nap PrOro.- +lr g-$Q3. *r'-.p--S-Os. *rs T-SOs.
*ro MeTo.[. JIgHrMroDa, Kaaaces. rr7 MeToA KHyAceHa, fpoBe. rru HaA xoHAeHcn-
oogaunur i i  T iO. . r0 -HaI  cHcTeMof i  T i ( r )_T lO( r ) .  *20  f lo  AaHuuu fpoBe. 'z r  AHa-
ias. t22 V.O,o. 'a f lDrr Eo3foHKe, i2r Meroa JI3HrMtopa. +25 Oafi3ep, AaHHbre
roe6vrct nbaiseoxaeina. *20 Haa cgcreMofi Ge-GeOz. t2r AaHHbIe gKcnepHMeHTa.
.iE Hepacrnopnrirar gopua. *2e KaayAerxr L nap AstOo, .s Ap.ceHoJruT, nqp :qs.Or,
t" .q,D[JHonui t]2 K'.na'vaerur. r& -Meroa 

JlgHri'lrcpa, Myp. *,t] Kealu. r35 MetoA
Kv6ailescxoro. Sgasca, *36 flo Aannux flnarreeBa, Meftepa. '"/ I lo AaHHblM-Qaff3e-
pi, Beceroscxoro. *3E PoM6HcecK[fi, nap.- SbrOe. *3e KyoHqecKHfi' s-btoq !!!.io Cenapuonrnr, AaBren[e cy6anuaqnr. r{ Ba'treItrHH[T. aaBJtenue.cyonrlMaqxu'
.42 Te;raiour. *r3 B.&oJrb Hr{3KoK[CnOpoAHOfi rpaBxllbt nont Lalus. 's bonb_Qp-aYo-
sas s66vluoHHat esefiKa. ts f loporuor 99,99% Re. r{6 TerparoHarbHHfi. rf i Kyon'
qecKnli. ' i .8 P-pbO. 

.o Xearufi. 150 HaA cHcreMofi Th-ThOr. r5r ypasltHur, nap
UOr. B tei cayuarx, Kotaa He yKasaxo, r( KaKoMy KoMnoHeHJy oKrrcnq-911-9^'
cutci aaaaeHHe, caeAyer cqnraT6, qTo AaBHbIe OTnOCtTCt K OoU{eMy aaBreHsK)
trapoB oKt|cJla.
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26. JIABJT EHUE AHCCOUHAUHT{

| ;62;  174;182;  I84;  195;  202I

Teuneparypa
HJIII NHTEP.BAI,

K
,{,aaaenue Axccoqtraquu p, ypaBHexue AaBredus

Anccoquaquu, fla

I

468

2000
298-1556

t556-2673
298-1556

1556-2673
t000
2000
3000
1000
2000
3000

2000
923-1380
923- r 380

1000
2000
3075
1000
2000
3075

L12O2

r  ,013.  r06

BeO

6,69 .10 -4
lg Po" : 17 ,27-62 7l0lT-0 ,726 lg T*t
l8Po,  :  17,98-63 7 l0 lT*0,726197
lg Po : 14,62-44 540/T-0,363 lg I
l8 Po : 14,97*45 080/T-0, 363 lg ?
lg Po, : -24,78*2

lE po, :  -4,494

lg  Po ,  :  + l , o l
!g Po : -28, l9
lg Po : -2,920

lg  po :  +2 ,06

Mgo

0,506
lg Po, :16, 79-63 540 lT-0, I I lg 7*a
lE Po :l 4,37 -45 000 I T -0, 05 lg T
1g Po,: -13,648*2

lg Po,: -0,787

lE Po": +3,560
lgPo :  -14,126

lg Po :  -1,068

lg Po : +3,442

Al203

2 ,63 .10 -3
18 Po, :  -23,  135*z

2000
1000



298-1690

I690-2075
t000
2000
3000
1000
2000
3000

2000
3000
1000
2000
3000

1000
2000
3000
t000
2000
3000

2000
298-1122

1122-1760
298-u22

rt22-t760

1000
2000

3500

lg Po":  -4,581

lg po,  :  + l ,318
lg Po :  -18,871

lg Po : -2,966

lgpo:  +2,213

. sto
lg Po, : 13,05-44 24017*4
lg Po, : 16 ,17-49 52o lT
lgpo, : -28,93*z

lg Po" : -7,70

lg po. : -0,964

lg  Po  :  - 21 ,319

lSpo :  
-4 ,52

l g p o :  + I , 0 8

sio2

lg  Po" :  -13 ,150*2
lg Po" : +0,268
l8 Po, : +4,492
le pb : -13,877
lB Po : -0,543
lgpo:  +3 ,799

l8 Po, :15,35-66 l5o/T*E
lgpo,:16,22-67 13017
l8 po :13,65-4626017

l8 Po :14,09-4675017

lg Po, : -16,69*r

l gPo , :  - 2 ,519

lg po, : +3,060

CaO

298- I 980
| 980-2020
2020-3240

1000
r 000
1000
2020
3240
1000
2020
3240

r000
2000
3500

1000
1000

1000
1873
1000
r873
1000
2020
2400

1000
2020
2400

l8 Po :  -15,60*3

lg Po : -l ,93
lgpo :  +3 ,713

Tto
lg po, : 19,95-59 280 lT -1 ,57 19T*6,
18 Po":20,96-61 25017 -1,57 lgT
lgPo, : 17,93-55 130/T -1,57 lgT
lg po, (.ur) : -39,09*B

lg po, (,,nrr) : -36,49

lg Po, : -31 ,514*2
lE Po, :  -9,526

lg po,  :  -1,666

lSPo:  -23,059'2

I8 Po : -5,374

l g  p o :  + l , l 5 l

Ti2o3

19P9, 1maxl : -36,49*e

lg Po, (n,rn) : -25,09

lgPo,  :  -33,15 '6 '  '9

lg Po,  :  -12,43

lg Po : -23,87'6' *s

l8 Po : -7 ,35
lg Po, : -25,478*2

Ig  po , :  - 6 ,16

lg po, : -2,84

lg Po : -2o,o4l

l8  Po :  -3,69

lg Po : -0,98

Tl3()6



2020
1000
2020

I r00-r323

lg po, : -6,24

lg pO : -19,839*2, *10

Ig Po : -3,73

l8 Po, : 14,56-36 800/f *u

TiO2

lg po. (."") : -20,69*8

I ,52. l0-6
lg Po, : 15,06-31 9lo lT*2
lg Po :  -15,73*a

lg Po:  -0,98

TlO,

5,77.10- l l  
'2 ,  * r2.  

6,15.10- l l  *2 '  '13

7,19.10- l l  
'2 ,  : r4.  

7,9g.16- l l  
t2 '  *15

2,20.rc-ll *2, tl6. g, 12.10-1r 
*2, 'r7

vo

lgpo, (-u*) --29,5*a lep6, 1-tn1 :-28,2

Vrot

lg Po, : 15,61-40 600/?*18

Vsou

lg po": I I '91-19 40017'*tt

Vloz

lg Po,: -3,62r'zo

I9 P9, : -2,5grzl

19 pon: -l ,59*zr
lg po,: -0,67'tzs

1000
2000

298-2183
1000
2020

1400

)

r400-t 700

1400
1500
1600
1700

1000

t72

1000
1000

r5r7-2058
2058-2368

298-t5r7
r5l7-2058
2068-2368

1000
2000
3000
1000
2000
3000

1000-l t20
n20

1073
1173
t273
1373
1473

800-1445
1445-1800

800-t445
1446-1773

VO,

I g po, :5,5l- | l2 00 1 7"ze
lgPo , :6 ,06 - l  l on lT

MnO

Ig po, (.u*) : -29,7*8

lg Po, (rnrn) : *5,7

lg Po, : 13,63-41 7oo lT'6"25
lg Po,:10,54-3541017
lg Po : 12,29-9928017'6''25
lg Po : 12,79-34 030 lT
lgPo:  11,24-309lo lT
lg Po, : -10,74*2

lg Po, :  +o '09
lg po, : +3,300
lg Po : -12,57*2

lgPo:  -0,57

lg po:  +3,238

MnsOa

1373,2*zt

I 106 ,6
906,6
733,3

573,3
lg Po, : 18 ,574-23 75o lT*8
lg po, :16,073-20l70l r

lg P o, : lg,02-26 270 I T'6'*27
lg Po" : 19,60-27 ll0lT

13,06-10 10017*za

Mn2O3



r lr l  2
I

FeO

213,58.10-1?
198,65.10-1r
2t ,27 . t l-t
lg p6, 1max1 : -15,5*8; lg po, (,ntn) : -14,2

lg po, : (11,62t0,02) - (27 300t20)lT'8, 
'zg

lg po, : (l 1,68t0,02) - (27 360 f6q lT

lgPo, : -15,76*6' *30

lE Po": -2,33

lg po, : +l '83
lg Po, : ll ,73-27 Soo lr

lg  Po :  -15,  l9 '6 '  
*ao

lg  Po :  - l  , 84
lg po :  +2,47
lg  po " :  - l  l , 0 l * s r
lg  Po":  +0,22
lg Po, : +3'63
lg po, : 11,76-227401r
l9 Po : -12,69*ar

lg Po - -0,50

l g p o :  + 3 , 4 0 1

996-t496

tt73-1473
r000

n52-t257 lgPo, - 12,69-95201r
l8 Po, : 13,629-10 910/T

MnO2

lgPo, :  13 , t32-6890/T

Fe3Oa

lg Po, : 18, 0l-32 699 17'8' '32

lg po, : ( 18,36 t 0,06) - (93 2l 0 + 90) /T"8' 
*32

lE Po, 1maxl 
-:- -�14,2*8i lg pon ,rn,nr.: 

-9,0

r023
1223
2723
1000

8r3-1473
923-t623

r000
2000
3000

830-1670

1000
2000
3000
1000
2000
3000

660-1670
t000
2000
3000

174
t75

1462

l58l

1666

l73r

700

t030-1200

900-1000

843-1873

998
1200
1400

1490-1600

298-t642

1642-1870

700

1000

1400

r650
670-1670

700

1000

t400

1650

lg po, : +1,06'8' 
*33 

; lg p9" : f2,08'8'*34

lg po,  :  +1,61 '8 '  
rss 

;  lg  ps. :  *2,14 '8 ' i36

lg po, : *3,599*a' 
*ez

lg po, : *I,g3's"ss. lg po, : *2,24ts,'3s

lg po": +B,oo*8' 
'40; 

lg po, : f 4,3t,t '8,ral

lgpo.: +2,16'8' 
'42i 

lgpo,: f2,3g'8' ' le

lg po,: +3,01 
'8 ' *44; lg po, : {4 ,924'8 '*45

lg po, : *b,ol*8' ' lo

6,666.10-19
6 ,  I  l . 10 -10
5 ,10 .  l 0 -6
lEPo,: 19'568-34 4oo/r

lg Po": 18,09-32 65917r6''az

lg Po, : 23 ,98-42 Sgo lT'6''47

lEPo, :  -21,59*31

lg Po, : -11 ,32

Ig po, : -4,20

lgpo , :  - 2 ,02

lg Po" : 12,40-237901r
lg Po : -23,74*st

lg  Po:  - l2 ,gt i

lg Po : -5,87

Ig Po :  -3 '  lo

FerOs

29,878.10-29

lEPo,: 19,l l-252001r

lg Po, :  I  l ,  14-13 75017*n

lg Po, : 19,7 l-26 ogo/T*E



t373-r 673
l193-1373
I 373- I 703

298-1 768

17ffi-2077

2077-

298*1768

r 768-2083

2083-

1227

t000

r000

1000-1240

1073

1243

lg Po, : I9,91*25 90077*o
lg Po, :  11,01-14 88217
lg Po. : 9,ol-32 406lT

CoO

lg Po,: 12,42-24 440lr'6' 
'50

lgPo,: 13,32-26o8olT

lgPo, :  lo '60-20390/r

lg Po : 12,18-26 280 lT'6,'50

lgPo: 12,64-2622017

lg Po : l l  ,28-23 38017

lg Po":19,16-25 2}orc'8' 
'51

lg po, (max) : -9,5*8

l8Po,  ( . tn)  -  +2,6

lg Po":17,61-15 60071'8 '  
'sz

Cosoa

1333

t02 .103

Nio

lg Po,: -19,2416' r53

lg Po,:  +2,71
tg pon :  b,  lb

lg po : -12,42'6, '60

lg po: +0,68
lEpo:3,24

18P9,  lmaxy :  
-  l l ,5 *8

lg pon : 13,91-24 100/?*ar

1000

2000

2fi0

1000

2000

2600

t000

r000-1500

176 t2-3t2 t77

673
773
873

1000

r000-r300

)

)

298
473
673

t337
1363
t423
1623
1623

Nlros

l0 266'8, 
r55

1479p
20 132

Cu2O

lg Po, (."*) :  -4,6*8; lg Po, (. tn) :  -2,0*E

lg Po, : 12,67-17 390/?*60;

lg Po, :  14,03-12 780 1 7*tz

lg po, :  10,57*10 80ct71*04

3. l0-4E

3.  l0 -4?

l .  l 0 - 2 8

0 , 0 1 9

0,049

0,  t87
4,00
30,66
lg Po,: 14,423-17 94017-0,242 lg T-0,000641.7

GeO

lg Po,  :  -14,30*2

lg Po, : *o'88

lg  Po :  - l  4 ,45*2
18  Po  :  - l  , 12

GeO2

lg Po, : 14,38-28 gTg P'6',5e

lg Po,:16,73-30 53977't6' 
!5e

lgpo,:13,23-27 l90lT
lg Po,  :  -3,61*2

1000
2000

1000
2000

700-t210

r2l0-1389
1389-2000

1000



2000

r000

2000

r 100

1200

t300

I 350

lg Po,:  +4,49
l g P o : - g , l o * 2

l g p o : + 1 , 6 7

5,07 .10-26 *60

3,20 .  l0 -24

13,20 .16-za

6 , 5 3 . 1 0 - 2 2

SrO

6 ,99 .10 -2

lg Po,  :  -14,381*2

lgPo,  :  -6,614

19Po, :  +3,402

lgPo: -14,494*2

l8 Po :  - l  '481

lB po : +3,894

YrO,

I  ,62.10-0

ZrO2

3 ,34 .10 -0
lg po, :8 '01-22 800/T

lgPo. :  -32,54*2

lg po, : -8,623

lg  po " :  - l  , 132
lgPo, :  +2,453
lgpo:  -23,575*2

lg Po:  -4,986

lE  po :  +0 ,9 l  I
lgpo : +3,899

2000

t000

2000

3600

1000

2000

3500

2000

2000
1673*2673

t000
2000
2950
4000
1000
2000
2960
4000

178 l2* 179

1000

t 050-t 300

D

1025-t325

1000

r  t48

298
473
575
673
773
873

1073

873

1273
t473

2000
983-2090

Nbo

4,05.1o-ao *or

Nbo,

lgpo, : 12,61-37 7001r*6t

lg Po, : 13,21-32 80071*or

MoO2

lg Po, : l3' 74-30 060/?*69

I , 0 1 3 . 1 0 - 5  * 0 6

1 , 0 1 3 . 1 0 6

Ag'o

50,65
1 ,77 .109

20 ,77 . t06
110 ,62 .106
393 ,35 .106
1039,34.  l0q
4233. l0q
lgPo, : l l '2909-2859/T
lg Po, : 11,390-294217

SnO2

1,47.10-36

6 ,  1 3 .  l 0 - 2 2

6 , 6 9 . 1 0 - r o

BaO

0 , l 0 l
lg Po, : l6' 64-59 450/T*8

Pdo



1000
2000
3000
1000
2000
3000

2000

1073-1473

2000

1060-1300

973-1273

r373-1823

723
748
I  t J

798
823
848
873

lgpo,: -14,77*2

lg po" :  -2,063

lgPo" :  +1,740 .
lE Po:  -14,696*z

lg Po : -l ,706
lgpo :  +2 ,424

4 ,36 .10 -?

CeOg

2, 33 . l0-4

Pr2Ot

lg Po, : 16,2t-17 390 lT*87

. Hlo2

I ,01 ' l0-ro

Ta2Og

l8Po. : 13,61-42 000/T*68

Wttons

lgPo, : 16'61-29 600/7xoe

PtO2

lg p : (5,210t0,047) - (8586 * Zl)/?*zo

Pbsor
lg po,: 4,9-7089 lT+1, 75 lg T+0,000216.?
1399,88
31 99,73
6932,74
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287 . l0-B
224. t0-6
203. 10-6
186.  l0-6
165 .10 -6
146.  l0-6
I l6 . I0-6
100 . I 0-6
66 .10 -6

633. l0-8
668.10-8
796. l0-8

t030.10-8
1090.10-8
I130 .10 -8
1276. l0-8
1400. t0-8
1528.10j8
1662.10-8
1749. l0-8
1766.10-8
1872. I0-8
1980.10-8
2076.t0-8
2271.10-8
2452.10-8
2622.10-8
2788. l0-8
3090 . I 0-8
3370. t0-8
3630 . I 0-8
3870.10-8
4t00.10-8
4530. t0-8

886. l0-8
1007.10-8
I 126 . l0-8
t247.t0-8
1367.10-8
t463. l0-8
1486. l0-8
1607.10-8
l716 . l 0 -8
1827.10-8

773
873
973

1073
1273

NOr [ r ]

n3 l
N2O4 [637]*6

co [637]*0

860.10-8
930. l0-8

1000.10-8
I064.10-8
I130 . l 0 -8
I 198. l0-8
1357. l0-8
1510.  l0-8
1656. l0-8
1800.10-8
t899. l0-8
1920.10-8
2035. l0-8
2t56.10-E
2272.t$-s
2475.t0-8
2682. I 0-8
2870. lO-e
3055. l0-8
3400. l0-8

Ioez1*o
873.10-6
772.10-6
717.10-6
638.10-6
631.  10-6
521 .10 -6
476.10-6
377 .10-6
323.10-6
273. t0-6
250.10-6
190.10-6

[6321*o
635. I
7t0.  I
785. I
860. I

0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-8
0-s

936.
1010 .
1085.
I160 .
1218 .
1286.
1452.
1 6 1 2 .
I 763.
1 9 1 0 .
2026.
2052.
2t82.

o2

o2

t73
t98
223
248
273
293
298
323
348
373

348
373
423
473
623
o/ .J
673
773
873
973

1073
1273

t573
t723
1873
1973

1873
r973
2073

l b / J
1973
2273
2573

298
323
348
373
423
473
623
673
673
773
873
973

1073
1273

1773*r2
r823
r873
1923
1973
I 573*r3
1673
1773
1573*14
t673
1773

r493
1553
1633

Alro, i l1 xo
1593
1673
1753

2123-
2623

1773
1853
1933

t373
1443
1523

t423
t623
1623

122.108
43 .108
28. l0p
2 l  . l 0 E

200

120
80
50
32

2800
750
200

9000

t34 .107
86 .10?
69 .107

t6 l .  l0 r
75.108
30.10E

[2361*ro

466.10?
270.107
163.  107
103 .107

2310.10-8
2437.10-8
2674. t0-8
2867. t0-8
3103.  I0-8
33 t0 , l 0 -8
3686. l0-8
4030.10-8
4360. t0-8
4652.lO-e
4940. lo-E
il70.10-8

1270. l0-8
1390.10-8
1500. l0-8
t6 l  I  .  l0-E
1830.10--8
2040. l0-8
2265. t0-8
2455.10-8
2820.10-8
3t56.  l0-8
3465.10-8
3760. t0-8
4040. l0-8
4640. l0-8

260.108
505.10?
124.107

ZnO [2361*ro

lt73
t353
r 453
I 533

Os [8t ,  r .  3 ]  *8

420* l . l Tios [236] *ro

155*2.
78
90

l 2 . l 0 r 0
4 .  1 0 1 0
9 . 1 0 e

7 8 . 1 0 8 v2o5 [236]*10

Alsos [236] *ro
380

4 6 . 1 0 8
196.  l0?
92.107 Crsos [236]*10 ZrOr [236]*ro

s ioz
625. l0?
330 .107
184.  l0?663. t0?

3 I 62. 103
399.102
3990

2t23
2273
2423

Fe2Oa [236]*10

SO,

635 .107
321  . t 0?
157.101

Nbso5 [236]*10

239,5
262,5
272,9

551 .10-6
428. l0-6
394 . l 0 -6

CoO [2351*ro

So r*a

123.  108
45.  108

196 .107
103.  t07

575.107
346. 107
226.107

856. l0-8
955. l0-8

1053. t0-8
I 1 5 8 .  l 0 - E
1260.10-8

NiO [236]*10

MoOs



Hfos [2361110 TarO6 [236]*10 Wot

214.t07
166. l0?
124.107

1430.10?
500.107
164 .107

[236pro
12E0. I0?
440.107
260. t07
t37. t07

1683
1673
t773

I t43
t243
1303
1373

rl . l IeI. *2 BoAa. t3 Bssxocrl ra3oB LI [apoB ttpu ,laBneH[u t,013.t05 fla 16371.' l Hs rpa$nxa, r5 CxnxesHbrfi ras, *6 faa npu AaB.treHriH 101325 na. rt [ l i .t! XuAxoctl. +0 Hs rpa$xxa, 99,9$ vucroru, roprqetrpeccoBasHufi. . lo Bqsxoiri
onpeAerrJracb B npoqecce roprqero [peccoBaH[r IIpE 176,52.10s fla. *u TlO3
99,5% sucroru, MeroA saryxaroqnx xoae6anuil B BaKyyMe 139,322.10 

-'n" 
n

B aproHe, pacrrerHar norpeurHocrb EL8%,gHeprt|q aKTHBaq[[ Br3Koro TeqeIIItt
135,65 xAx/ruoab, oHrponus Br3Koro reqeHtlq - 16,747 Jlx<,/(uoat.K). .t2 I,Io rDa6t-
Ka, [rKaJra norapuQMncecxar. *r3 AaHHbre KypKbrHa u Ayraaca. .r. Jlausue-Mix-
KeHSll,

3. TIOCTOflHHbIE B YPABHEHI,IN BAH.AEP.BAAJIbCA'}'
I  a \

lr + 7i tu-b):Rr

Ornce.n c. lo-5.
H.Mr/KMonbt iD, d/xuorr

6,446
1,480
3,680
3,770
I ,335

0,03053
0,03988
0,04270
0,04418
0,02791

6,265
1,366
1,840*8
6,690

0,04427
0,03185
0,03544*2
0,06640

'r flpr.r nepexoAe or suaqetrufi Bert{gltubr b, sssrofi us Cnpaaounr.rra xr{MHKa
(r, I, [nsA. 2, M,- JI., <Xuuus>, 1966), K yKa3aHHbrM 3r,ecb Hcno.rrb3osan roe$$r-
wte[r 22,415, AJrs BeJruqurrbr a-t(ogabouq[esr 0,0050. *2 B [croqsuxe [8], r. III,
c. 6551 yxasaHo orua6o.rHoe guaqenl.re. .3 Pacqer no galrrcnMocrr{ a-p ^O27b2,

4. KP-NTTI'IECKHE NAPAMETPfi [1;9]

221  ,1+0 ,1
216 ,9

218,5:10,3

190

BeO
Bzoa
co
Cot
Nro
NO

NsO4(NO2)
o2
os
Fro

Mgo
Alsos
si02
Sot
Sog
CaO
SrO

Pbo

> 6000
> 6000

I32,92*0,03
304 , l 5+0 ,06
309,58*0,01

180 ,3
431 ,2

164,78+0,05
261 ,05

2 1 5 , l 5 + 0 , 1
> 6000
> 6000
> 6000

430,65+0,2
4 9 1 , 1 5 + 0 , 5

> 6000
> 6000

6300

34,97S=0,05
73,86=0,06
72,53+0,01
65,46*0,2

100 ,29+1 ,01
50 ,79=0 ,10
65 ,4+0 ,1

:'

78 ,8+0 , I
82,05=0,6

3292

SS,O6= f  ,O
94,04
57,27

68
82
t 6

89 ,4nlu

122

-

aoLa
468* I
453+l

620
560

4lO+20
bJt
bbJ

624+6
t:

5.  MOJTEKyJTf lPHbTE IAPAMETPbT [ l ]

Oxscea

CpegneapnQuernuec-
Kaq cKoPocG

Moneryr npu 0o C,
Mic

566,5
47 t ,3
375,99
300,4

CpeAHee qHcno

- - 9
z  ' 1 0 101325 I Ia X, . l0ro,  r r r

14,02
7,99
I ,67

1 0 , 3

cmnKHoBeHlif i | CpeAHrr AnuHa
MoneKynH sa I c npr I cno6og,xoro npo6era

0 'C u  101325 f la ,  I  uoaexy .nbr  npu o0  C H

HrO
CO

i Cos
I SO:

404
690
389
290

6.  CPEAH' '  AJrr , tHA CBOEOAHOTO npOEErA OOHOHOB

Teuneparypa, I( 1,, su Teruneparypa, I( f "nr

BeO [19 ]  *1

373
473
673
673

13 ,8
8 , 0
5 , 1
4 , 3

773
873
973

1073
ll73
r273

3 , 4
2 , 8
2 , 0
1 , 7
1 , 4
1 , 2



MgO [19]  * r

373
473
573
673
773
873
973

1073
fi73
t273

373
473
o /o
673
773
873
973

1073
n73
t273

4 , 5
3 , 0
2 , 6
2 , 0
1 , 7
1 , 5
1 , 2
I , t
1 , 0

2 , 8
2 , 1
1 , 7
1 , 2
t , 0
0 , 8
0 , 7
0 , 6
0 , 6
0 , 4

Al2os I l9 l  *1

Tto [46] *2

77

200
273
300
400
500
600
700
800
900

1000
r 100

l 9 l , 0
36 ,0
19 ,0
1 3 , 0
1 0 , 0
1 0 , 0
l 0 , 0
12,0
l 4 , o
l 6  , 0
r8  ,0
20,0

423
473
673
873

1073

TiO2[19]  *1

vo [50]* 2

1 , 0
0 ,8
0 ,6
n d
0 , 3

200

273

300

400

600

600

700

800

900

1000

r 100

83 ,2

1 3 ,  I

6 , 6

6 , 1

A 9

3 , 0

3 , 1

3 , 6

3 , 8

4 , 1

4 , 3

4 , 3

u o 2  [ l 1 6 l  * c
' l

r 40-300 lr lT:2 ,21 . t1s*

I  
+e '42 ' l06?

u4og I I 16l*3

, l
100-300 lr /I:g, lo. lo8+

|  
+ 5 , 0 1 ' l o 8  T

192

rl Hs rpacfuxa
- l

*2 PaC'{eT. *3 M

r3-312 I93

I'JIAB,A" IV

iTIEXAHIIqECITI4E CBOI,ICTBA

HrO ul

2,8 | zzr

BeO Ul

sio2 ul

293-14

l l l { < 2 6
I 03*rz
gg*28
90*se
gS*s0
79*31
76*32
7l*3s
52*34

293
293
293
293
293
293
293
293
293

304,02-
127,49*L
49, 04*2
6l  ,78*3

102,97*4
I  57,89*5
227,52*B
294,21*7
356*97*8
308,92-
t27,49*s

293
293
293
293
293
293
293

293-t4

CaO [2] I ]

l g l  * s b

ScrO3 [

I gg*36
177*36
I 75*36
I 73*36
I 70*38

TiO2

88,263*az
244,0*s8
254,5*to
273,0*t0
294,2,841
289,4*ez

FeO

I ,079*ls
1 , 1 7 7 * t t

0-273

r40l
Mgo ill 293

473
673
873

t073

209,87-
27,46'Fto
208,9* r1
295,20-
2 I 9,68* 12
246,7*rz
309,6*14
345,8*lq
307,2*La
2U*0*L7

Al20s

374,63-
147,1

370,70*18
368, 74*10
344,2x20
342,o*zt
360 ,9*rz
377,A*23
g9S*24
403, g*25

296- I

293
298-t57

293
293
293
298
298

l l l

t l l
1073
I 073

ZnO [238]
57,9*n l
72 ,9* t t
93,6*lo

| 2e8
| 2e8
| 298

l. MO,U,vJlb IIoPMAJIbHOR vnPyrOCTH

Teunep a.
fypa' K

Teunepa- ll uopualsnofi
Typa, K ll ynpynocrn E,

I 1 4 , 0 * 4 ?
I 29 , S*lg
I 23, 6*40

298
298
298

b o , l l l

168,68- lZSa-tOea
94, l5*oo I
186,83*9r I
168,68- 1293-1573
100,03*52 |
r86,3- 1293-1773
99,26*63 |

I 4 1,2_ I 00*61l|253_ | 47 3
166,72- 1293*1573
81 ,4 *96  I
122,3*98 

I 
-

Gd2o3 [2121

150,0't5?
I  28 ,0*68
107,5*9e
gg, 9*oo
67,0*or
45 ,6*oz

142,0*63
135,0*oa
I 28 , 0*84
122,0*'03
I 20 ,0*64
90,0xol

83,0* ol
77 ,o*a t
Z4*o{
70*6L
54*66
50*89
40*06

293
293
293
293
293
293
273
673

1073
t473
t673
273

673
1073
1473
1673
273

I 073
r473



51 ,6 *oo
89, 6*oz

I 24,0*oe
I 70, 0*60

I 88*zo
I 78*?r

I 62*?3
I 50*?c
I 35*?4
120*19
I 05*?0
90*zz
77*za

I 35*?e

473
773

t273
273
473
773

1273
273
473

773
1273

Dy2O [2a0] 132*zs

I 30*?0

124*zs

104*80

I 02*80

100'*80

9b*80
g6*8r

g4*8r

g2*sr

g0{,8r

240,27-
192,2*at

236,35*89
216,7*ea
205, 95*eo
I 37,3*86
I  25,5*eo
I 07,86*so
g3,36*88

I 44, I 6*8?

Ybros [218]

293-1473

573
873

lt73
293

873
1273
1473
293

uo2  [ r ]
171,62*88 | -
l8 r ,43-  |

r62,8 1293-r073
usos [ l l

t72,2 | zsa
I

293
293
293
293
293
293
293
293
29g
273

Tho, Ul

r 37,30- 1293--l
97 ,1*ez  I
223,6*8? 

| 
293

rl MeroA usru6a, n;rornocrb 2700-2800 Kr/Ms. il flaornocrn 1800 xr/u3.
rs 2000 Kr/M3. *4 2200 KrlM3. *5 2400 xr/M3, ro 2600 xr/u3. *7 2800 $/u8. *s 3000 xr/vr.
'e f lopucrocrl 3-796, *to flopxctocru l l$. f l lorHoctr 3150 xr/u3, *lr f lopucrocrr
3-7010, trz f lopxcroctr 20[, naornocrr 3510 xr/ur. tr3, tr ' , rr5 Monoxptcra.n.lr, uero-
AoM crarHqecKoro HarpyxeHHs Anq HanpaBJreHus Eroo, Erro, Errr. *16 flaoruocru
3580 xr/us no HcroqHllxy [2f5]. .tt flaorrrocrr 3460 xr/rrl3, nopHcrocrb 3,3% no rlc-
rorrHuKy 1216, c, 461. *rr fopruenpeccoBaHHbrfi. .re O6oxxeu npu 2023 K.*20 flJrornocrr 3580 xr/u3, nopr{crocrb 3,5% no ncrovnuxy [216]. 

t:r-aj6 Hs r.pa-
$uxa, n;rorxocrl: 3800; 3850; 3900; 3950; 3990 xr/u3 coorBercrBeHHo no HcroqHHKv
12381,  . t6 - rJ r  KBapqeBaq Hurb  AHaMerpoM 3 l  4 ;5 ;71  l0 ;  15 ;  76 ;  7 l ;  b2*30 uxr i
cooTBeTcTBeHHo. *35 flpn 0 K ueroaou tKcTDanonrugn. O6Da3ubt noJrHKDHcTaJrJtH-
.fecKflxe. *36 Craruqecxru MeroaoM. O6pasrlbr n au4e 4xci<a tl:32 uu, lr-l uu.
*37 fl lotsoctt 4100 rr/ur no ucrocnffKy [l l . m-*rt Hs rpa$uxa, nnorHocrb: 4000;
4100; 4200; 4250 Kr/M3 coorBercrBeHHo rro HcroqHnKy 12381. .tz Monoxpllcrall no
xcroqHuKy [2341. trl MeroAou pacr.flxequt, o6pasrlbt.nongxpscrarrl '{ecKge, rIo-
pHcrocrb lo/e, cnexaauct noA aaBJreHHeM p:22 MIla, I:1353 K. .(- t.8 flo.lu-
Kpltcrannuq€c-Kue_, us rpaQuxa. .ar fllorlrocrr 4000 rr/y3. rrs 4500 xr/us.r'6 5000 xt/lrr3. tr7 5500 xi/rrrs. *{t 5680 Kr/M8. *ae Monoxptcra.na. *50 CneseHHbrfi,
uoro4.usrx6a roHxux crepxHefi. r5l nrorHocrr 6100 xr/r '13. t52 Cra6ulusllpogaHubrfi
4 ,2% (no  uacce)  MgO. '6  Cra6nausupoBaHHbr f i  206 (no  r , racce)  MgO.  t6 r -Cra6t rnu-
supoBaHHbl[ 5% (no Macce) CaO, trnorHocrt 4930 xr/rr.r3. rss Cra6nlusuposaHsufi
40/o (no vacce) CaO, o6ulaq nopucrocrb 40,6. .56 flaornocrr 6430 xr/u3, nbpucrocrr
5,6% no HcrortHr.rKy [216]. rtz-ro flo.rruxpucra,n.ln' lecxxfi, voHoxlusuufi,- ug rDa-
Suxa. *sz O6teuHas [op]Icrocrb 0,00$. +so 0,08. +6s 0,16. *60 0,24. *61 0,32. *i l 0;40.ta flopucrocrr 3,470h. ,6t f lopncrocru 22,979. *aa nopucrocrb 36,69. crd ftq-
n-urptrcrannHqe€(r{fi, na rpa@ura.--*66-fl lorsocrs 3300 n/u8. 167 5000 Kr/M3.t6r l0 000 xr/y3. *cs Eecnopucraa. *70-.7E flonr{KpncrarnnqecKufi. *?0 O6teuiras
nopHcrocrb 0,00. *71 0,10.- r72 0,06. *zs 0,10. . i l  0,14. r75 0,18. *ze 0,22. *77 0,26.*Jr 0,30. "e flopilcrocrb t4,3$. *eo Hopucrocrr 21,4$. *0r noDHcrocrb 27,10/0.*: ' � O6pa3qlr cnetreHu npl,l. 2173 K. .63 foDgsenpeccoBaHHbre, uorHbcrs 9570 xn/u8.'B 

4aornocrr 9630 xr/r,r0 c ao6agxofi 0,506 CaO. *E5 Cocras 99,5% ThOr+0,50[ CaO.rI Q6pasrlbr o6oxxenrr npn 2173 K. *8? O6paequ cneqeHHbre, nopncrocrb 3-704.*s flopxcrocru 3-l 0 o/0.

194

2. moAvnb cABnrA

Hso I

2,746-
2,942*L

BeO [l

I 00, 03*2

96,  I  1*a

48,05*2

225,86*a

202,51+a

I I 9, 45*!

I  5 ,79*s

12,36*E

I  63,4*o

85*ro

I l5*rr

I 35*rz

I 60*rs

Tror [2381l l I 373

1473

t573

1673

1773

298

96, g'*zo

I 07, g*zr

I  I  I  ,5*ro

113,54*rc

2 l , g *zz

27,g*ea

34,6*re

42,6*Eo

45,6*81

45,5i8!

273-l

298

298

298

n8
r273

1373 znO 12381

!

I
?
-l

Mgo

76,49-
22,56*E

I  13,76-
35,31 *r

I  29,3*r

D ' J -

o/.t-

zfo2ltl

298

298

298

298

298

298

n3
298

t573

t573

sror ul

Al2os

124,55-
I05,92*o

89,24*a

77,4gxa

60,00*o

I 86 , 33*?

347,36*8

347,36*E

291,76*s

274,60*8

t473

1623

t773

293

293

2sq
773

t273

60,80

67,67*CS

97,09*!9

96, 79*81

62,47

34,32

CeOs  [ l ]

3r
66*u

6l *19

bg* r0

53*u

48*rq

42*Ls

89*20

B6*zr

CaO

73,5*zz

74,9*zz

293

293

293

293

293

293

293

293

293

0

273
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35*43

30*43

2g*43

b6_b3*44

Yb2o3

52*4!

50d'�46

4g*d6

4l _40*46

34_32*47

Thoz

gg,07{.48

293

293

293

293

293

293

273

1073

1473

I  Sxlz

I  6*42

t573 | ,,, ll
l:-;,ll,r"l
l,', il
I 

'273 
ll

lrt-"rtllr-'"1
l ' ' l l

79,44*u

58 ,84*ea

38,25*48

93,17-
g3,36{.4e

1573

303-973

Gd2os [2121

58,0xso

51 ,o *e r

43, 0*ae

35, 6*oe

27,0*to

17,6*tt

21*42

uo2 i l l

tr JrleA. *2 fl lornocru 2200-2800 KilMo. *3 O6pasqu noryqeHbr rnrbeM ug Ilurtl.
Kepa, nopHcTocrs 120/0.. *r ft4pocraruqecKnM npeccouadneu, nopucrocrr 20,6.-. rronHxDHcTannuqecKtrff. ne3oHaHcHbrfi MeroA no rrcToqHrKy [2tS], *e Hg qxcrdfi
a-AIzOs, 

-n.norHocrs 
3840 

'xilM,. 
tt M;Ho*i;;;;nn: 

-i'r"Secno"pu'ciu'". 
-r 

-lrioi6ii"ril

cralJt IIo HcrosHHKy [238]. xto Hs rpa$nia, nJrorHocrb 3400'xr/yr. -" n;;;;;A;
?9.00_Kr/M3, 

*t2_3800 Ki/M3: .*r3 +OoO'xi/"t. 
'* ' ,--|r i--kg-apqeBar 

nJraBreHafl Hr.rrb.*r' ,n,uauerp 3 uxu. *t5 4 !rxu. 
f,16 6 uxrrr. *tz 7 oo*in-'*ro tO l.rx".;;-iS ^ii i l l .

j lo 2.0_uxrra. *2r 30 uxrrl, "r, no.nn*prlcria"r,-- '""roao"' gKcrpanonsqug nDH OK.'."t. 
.t_'1- flonuKpHcranrnqecxnfi, - ilJ ipa'Ouil-.--^;;: n.noisoirJ''-?oso'"*"7oii.*2t 4200. xrlu3.^-_*25 4250 Kr/M3: r* fUogoiigc-riit. rr-+ii-fr---"- "r;;;;*e;il;ii.

lt"9 tPqQHKq. 
12? Ilaoruocru 4000 xr/rus;--*zl 4500 xr/u3. +x 5999-*rJ*'s-;itfibli-67;i'*3r 5700 xr7vs. _r32 Mofioxpu-crrr,r. i* Cra6njuiupbaan Z,S.lr--'tid u"jcli jvilb.

"r ltnorHocrb 5200 Kr/M3. o6u1aR nop_ncro_crr 49, 6rr<puras 0'%, cra6nauiupoiaH
.!-0,6 .(go ruacce) CaO. *s O6xx.1 npu izZe'k,-no.rry,ienu''npeccoadiiueM, p:490 Mna.

troJuKpHcraJIJIHqecKHfi, MoHoxrnHsutfi, ug rpa6xra. *36 O6teugaq noou_crocru ^0.00.. 
*11.-0,q8. ** 0,16. *3e 0,24. *ao 032.-*l'O-+d- ;u tziipl6ri"i. iiJiii_crocrr 3.6,606. *r3 flopucrocru 22,97olo,.ns rpaeuxa. *t iiopucroci-r-5,4iia;t-il;-

Qn*e. 
*'l flopucrocrl t4,30/0, H3 rpi'Ouxa.'.d riopucrocii--Ci,i%. #-'ri",ipiiiri6io

27,10/0.^*s^nopH-crocrr 1,706, n;rornbcii gsgo *"/"i,'"oii""", uilr'-itog K, .i6-ii;;;:
Hocrb 9700 xn/u3, cocrag: 99,b% ThOr+0,b0/o CaO, 

'

t96



4. npEAEJt nPOqHOCTI,I nPU PACTTXEHI'IH

npe[eJr npos-
lrocrrl npu

pacTtxe||ul|
HOCTH rrplt

DacTg)|{eHItIl'  
o, MfIa

npeAer npos-
HOCTU nplr

DACT'XEHTIi- 
o, Mna

TeMnepa-
Typa' K

npeAer n
Teranepa-
ryPa' K

TeMnepa-
rypa' K

il

HrO ill ll .ltro, 1t1

o,e8*r lzse-zor ll zsa,oz- lzsa-ro';'  I  l l  29,50*t r  I
Beo rrr ll ,&uh,, l2s3-t41

l44.bb I zse ll s, ro- | rsee-
137.2- 1293-t273ll I0,78*ro | 1773
6g.-6*s I ll 258,22*Lz | 293
l02.e-  1293- l473l l  43,90-  11573-
27,44*s I ll 12,03*u | 1773

Mgo nl l l  sto, 1t1

eo ' 04- l'nt-' uttll eooo*rE | 'nt
_4i . 16*4 | ll 8000*re | 293
r r0,25- 1873-lo73ll 6500*20 | 293
98,00*s I ll b5g6*sr I zsa

55.t7-41.3*91473-157311 4800*22 | 293
96,0-823*6 1293-l273ll 3900*23 | 293

6J, Le__- ls0s-l673ll s000*24 | zsa2t,s5*7 | ll 5s[*zr I tsa
' [ d t : :  

l :  l l  r zoo . ' u l  zga
980*10 |  -  l l t+soo*'z I  zsa
4 e 0 * r l _ l l  '

88*12 |  _  l l  T iOs [ l l
68,6*rs | - l l  r
58,6*u I - l l  54,88- 1293-12

I l l  4l '  16*38 |

| 1158,8-68,6*"1 
2s3

HrO ill ll Alsos ul FeO Iltr

36 ,26*so
29,40*8r

ZrgOs I l l

r45,53-
12,74*sz
I 37, 20*es
1r9 ,56-
69, 97*sl
137,20-
69 ,97*oo
145, 53-
82,52*za
12,74*88

293-1813

293

673-t573

293-t573

473-1473

Tho2 [ r ]

.82,32-
- 48,02*sz

Uos

lrn'-'r"

82,30- 1293-1273
123,48*38 

I
rr fIDn uaaux cKopocrsx Harpyxeggt. 12 flopucrocrr 3-7olo. *3 flaornocru

2800 xr/i,r3. { f loDncroc$ ll0/0. *6 flpsuoyfoJrbHbre o6pa3qbl, [o.tlyrleHHble JItrTbeIt!.
*6 floDlzcTocru 3-7olo,.t f lopflcrocrb 1106.'8 Mouorpucrann 6e3 cnellHanFHon- oo-
pa-o-oiri i l-.- ittr louoifincran.r riocre xrnncecxofi nornpbexn r orxxra' t ' l l" 

.t{tTg'
BH,u.Hble MoHoKpllcrannH, BblpauleHHble nyreM KoHAeHcaIrHH. AHaMerp: 6-2;. l0; ?0;
30 uxu coorseicrBeHHo. *la 40 tuxu. *r5 flnotnule n3AeJIItf, Ho oceu.b qtlcrotr Al2u3.
'ft6 Cneqennufi rJII{HogeM. *r7 flaotnoctr 3900 xr/m8. 'rFr:7 KBapl{eBat HHTb

rnaMerDoM:  l '5 :  2 ,0 ;  3 ,0 :  4 ,0 ;  5 ,0 ;  7 '0 ;  l0 '0 ;  l5 ;  20 '0 ;  30 '0  MKM coorBercrBeHHo'
i" f lopucrocru 3-7010. *2s flnorHocrb 4100 xr/v3. *30 flo,nnxp,u^ctalJlnqecKue' no'
oncrocit I0,,{,. cneKangcb npu ?: 1353 K. *3r MouorpscTaJIr. *32 Cra6rrJH3I' lpoBaH
i.zol" MsO ino uacce). ds fl;totsocrs 5600 xr/m3. *3{ f l. lotsoctu 6100 xr/m'.
tit iioDn"crocib l-40k.'.n O6Da3Ubr o6oxxenlr np:,1. 2173 K. .87 flopHcrocrt 3-7olo,
.36 floiscrocrr B-l0o7o. .m fl,norsocru l0 020-8300 xr/u3.

I
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5. NPEAEJI NPOqHOCTII NPil CXATI{I,I

I IpoAen npoq-
HOCTII flpn

cxarHu oc)t(,
MfIa

Te Mnepa-
ryps' K

npeAeJr
rlpoqHocTu

IIpu cxaTulr
oc,K, MfIa

HzO [ l l

BeO [ ]

273
261-258

273
261-258

293
1273-
r 873
293

773-l
293
293
293
293
293
293
293
293
293

490*20
98*2?
49xzE

39,2*zs

960,4*3?
480,2*aa
4l I ,6*Se

Tho i  I r ]

293
293
293
293

0 ,98-l ,96*1
5,586-
6,96*r

0 ,49-0,98*3
1 ,47 -
4,704*2

782,04
243,53-

49,02
784,0x2

490,0-49*3
48,02*4

_.  89,18*6
137,20*8
205,80*?
4l  I  ,60x8
754,60*e

I I 76, o*rs
1372,0*L\
782,04*12
439,04-
48,92*tz

784,98*rs
489,02-49*r3

I 372*30
I 079*30
6gg*80
490*s0
gb3*80

lg6_39*30

I 509, 2*ar
I 568,2*sz
g5o, 6*eE
499,8*ar

2 l  6 ,58*s6
1468*40

497*38
350'i30

I 96,09*so
I 0,29*qo

uor

293
673
873

1073
1273
r473-
1673
293
293
253
293
293
293

t073
t273
t473
t773

I t l
1073-
I 873
298

1073-
1873

293
293
293

rt flpn rr,ra;rux cxopocrqx rrarpyxenfit. *2 flpx 6oauurxx cxopocrsx l{arpyxe.
sus. t3 fl lornocrb 2800-2900 rr/rrl3, nopucrocrr 6%. '{- 'e f lnorHocrr 1800-
2800 rr/ua, rraMeHsercs qepes KaxAbre 200 xr/us. *r0 flnorHocrb 2900 xr/ul.
*tr flnorHocrb 2950 Kr/M3. rr2 fl.nornocrr 3030 xr/u3. *13 fl.norsocrr 2700-2800 xr/nr,
rro ncroqHr{Ky [4, c. 344. *ra Cneqeuuarfi. fhorHocrb 3480 xr/ru3. rr5 Cle.IeuHbrfi
rnrrHo3eM. +ro fl.nornocrs 3900 xr/u3, no lrcrorrHHKy 12267. *8 KBapr{eBat KepaMuKa
99,99% SiO2. *rE fl lorsocrl 3140-3180 xr/u3, cpeAa - BaKyyM, pasMep 3epna -
50-90 rrrxu. *le fl,norHocu 3160 xr/u3, cpeAa - aproH, pasMep eepHa 120-250 vxu.
*20 fl.rornocrl 3100 Kr/M3. *2r f laornoctl 5600 kr/u3. *22 flaoruocrl 6100 xr/u3,
':3-r!e MapKa X. I{., cra6nausripoBaHbr 4,2% (no uacce) MgO. t:3-us flops-
crocrb: 5; 9; 16; 26; 48; 58; 620/o coorBercrBeHrro. *i l Cneqessnft upu 2173 K.
r3r-tr5 CneqeHHble npH 2073 K, 99,9V0 ThO:, B gaBHclrMocT[ oT nopncTocTr{ I l pa3-
Mepa AHaMerpa sepHa. +3r l lopr-rcrocrs 6,70/e, 4nauerp 25,1 urru. *32 flopucrocrt
8,6%, ,u,uauerp 16,4 MKM. +33 flopucrocrl 23,206, AnaMerp 6,1 vru. 'f f lopxcrocru
31,3%, ,quaruerp  9 ,4  uxu .  t35  f lopqcrocru  31 ,30 [ ,4uauerp  42 ,9  uxu .  'eLr$  f l ro r -
Hocrb: 9690; l0 020; 90 800; 8300 xr/Mo coorgercrsegHo.



npeAen
npoqHocrn
npu rsru6e,

Mfla

178,4-96,0
t7,84-99,96
250,9-61,7

34,3

89,  18
,13,61-8,82

245
441

294-393
I 56,R

26,5-27 ,4
t85

J b , d - l J , o
58,8- l10,0
69,5-137,0
106-l7l
88--177

176- 186
176-187 3

r34 ,26

196-245
9,75--0,61

t32

12,74
13,72

6.  IPEAEJI  nPOqHOCTH nPH H3f t tEE

Teunepa-
rypa, K flpurrleu auue

293-1473
293
293
293

293
1623-1903

273-t273
273-1273
273-1273
873-1273
673-1353

293-973
1273-t873

293

293
300-2300

293
293

293
293
293
293

B e o  [ l ]

fhornocrr 196il-zaao rr/yr
Paauep eepua 7-100 MKM
Paslrep sepna 200 rrrxu

Mso ul
firotsocrr 3400 xr/u3
flrorHocrl 3400 rr/ur
HHreou4Hue MonoKpucrannbr I2l9l
Teoperxvecxufi Anq MoHoxp[cTarnoB

Alsos ul

flnornocrr 3900 xr/ug
O6oxxeHbr npu 2023 K
Can6xo
flloinircru 3850 xrhrs, noprcrocrb 3,50/0 [2161

sroz [229]

n,rorHocrb u3 rpaoHxa:
1930-1970 xr/u3
1980-2020 xr/u3
2100-2150 rr/u3
2170-2200 xrlus
KBapqeBaa xepar'rnxa [2281

Scg0s [140]

O6oxxesu npn 1900-2100" C
u-5 H/c (cKopocrb HarpyxeHnq)

Tro! ul

fl,nofirocrr 4100 xr/u3

SmOs [ l ]

nnorHocrb 6100 xr/u3
floDHcrocrb 18,60/0, cra6ilt[3upoaan CaO rexu.
flnbrnocrl 5430 xr/u3, nopucrocrb 5,60/0

Smgos []

f loeccogasu npH 19,6  Mna,  cpeAa-KHcnopoAHo-
aieruresogag, b6xxr npn 1573 K
06)r!rr npu 1773 K

200

CaO

201

t l z t 3
r l

TaO [235]

345

18,82
t9 ,60

82,3-59, t
94,08-79, l8
l?3,5-56,84

HrO

BeO

Mgo

Al20'

si02

73 ,5 -19 ,  r
98,98-27,44

109,76-31 ,  56
I  l5,64-t6,46
107,80-38,42

7. TBEPAOCTb nO Mr,{HEPAJIOTilqECKOn UIKAJIE
[, c. 256-258]

293

298
673-973

293
293

f l renxa d:0,2 uxu

Gd2os [219]
O6xHr npu 1573 K
O6xur niu 1773 K

Thos Ul
CneqeHsuft  npu 1923-2123 K
llopHcrocrb, o/o:
7.2-33,1
6,  r  -33, I
6,7-33, I
6.7-33, I
8,6-33,0

uo2 i l l
Cneqenuufi npu 2273 K
fl.nornocrr 10100-8500 Kr/M3
To xe, 10060-9560 xr/uo
To xe, 10020-8390 xr/u3

293
293
293

1273
293

nprrMe,r aHue

1  ,5 -
6 , 0
9

7-9
5 -6 ,5
5,60*
6 ,76

I

6

6 , 5
8 , 5

4 n � -
4 , 5

MnrOo
MnO,

FeO

4 , 0
3 , 5

5-6,5
8 , 5
3 , 6
8 , 6

5 ,6 -
4 ,75

o, D-
7 , 0
4

9 0 -
6 , 0
7 , 0
5 , 0

268-198 K

Dpouen,rnr

flepnx,ras

Kopyua, can-
$up, py6tttt
Knapu, TpI.IAII-
MIIT
Arar ,  KpeMeHb,
'IIIIMbI

Kpucro6anur
Muuepanrxufi

Ka.nrttorcuA
I,Issecrr
AHaras, pyrun
I(aperuauur

Scro,raur
MaHraHoslt

6payHur, 6nxc-
6uur
lay-cuauur
flupo"rrcsnr

Ilolnasur
Hoqur (stoqur)

TiOz
Vgoa
Voz

CrsOt
MnO

MnsOt



Ga2Os
Ge02

AsrOt

FesOa

Fe30,
Nio

curo

CuO

ZnO

, f
6,6-
6 , 6
6 ,76
6,0-
6 , 5

3 ,5 -
4 , 0
3 , 5
3 , 6

4,0-
6 , 7
4 , 0
9 , 0
I , O

t , 6
2 , 5
2 , 6

I , 6 -
2 , 0
2 , 0
3 , 5
6 , 6

6 ,6 -
7 , 0

7,0-
8 , 0
6 , 5
6 , 6
I , 5

I  ,0-
2 , 0
3 , 0
7 , 0

6 ,0 -
7 , 0

Nb203
MoO,

cdo
IngOt
Sn02

Maruerur

felrarur
EyHseuur

Kynpur

I eHOpr.rr

I{uur<ur

Apceuo,rlrr
K;rayAernr
K,ro,(ersr
Apceno,rnr

Ce"reso,lur

CueqeHur,rfi

EaAAennr

Mo,ru6.qur

I(accurepur

AsnOu

SeOe
SrO
Yrot
ZrOg

8.  MnKPOTBEPAOCTb

Mnxpornep4ocrs, HarpysKa,
P. l0-o.  H

Sbror

sb4o6

sbto4

Urot

6 , 5
2,0-
2 , 5

2 ,5-
3 , 0

2 ,0-
2 , 6

4,0-
5 , 0
2 , 0
3 , 0

6,0-
o , o
6 , 0
6 , 0
6 , 0
6 , 0

5 ,6 -
6 , 0
2 , 0
6 , 5
2 , 0

2,0-
3 , 0
6 , 6
4 , 5

6 , 5
3 , 6

6,  6-
60
3 , 5

TeOg
BaO

CesOs

CeO2

Ybzos
TasO6
Woa

Hgo
Tlros
Pbo

Pbs04

Pbos
Bi2O3

Thoz
Uog

Cenaplr,Iournr

BalesrsHnr

Cenapuonrnr

Cepeanrut

Te,r.nypur

I{epr.rauut

MorpoHgur
AsHqeHuur
frer, uaccuxot
Cypux

fl;rarepur
Br.rcrr,tr.rt, cyue-
HI.IT

r opuaHr.rr
llroruocrr
10 750 xr/u3
Vpauuuur

npr.rMe,i aHHe

Beo [11

9081,3-9277,4
7453,3-r961,4

tt 250

Mgo [l

49036-98070
49 036

Aho, ill
196 140
49 036

196 140
49 036

196 140
98 070
98 070
98 070

49 035
49 036

98 070
98 070
98 070

196 140

sior
196 140
50 016
60 016
49 036

Cao [ l l

Monorpuca;rn [epI'IKna3a
293-923 K
Monoxpuctaaa

KopyHA, M[HepaJI
Cunrerusecxnfi roPYn4
Cusrernqecxufi KoPYHA
CanQup csnreruqecxuft

Cunret[cecKl.Ifi aefi xocanQllP
Ceer,no-rpacnuft PY6utt
Teuuo-xpacunfi PY6utt
Pv6us - noJloxeHlre
n,iocrocru na6atoAeguq:
napanreJlbllo ocH
nep[eHALIKynFpHo ocn
Kopynn cuurerl'IqecKllfi - noro-
xetrue ocu HaKOHeqHgKa K rJlaB-
nofi ocu KPLIcranJIal
nepneIrAI{KyntpHoe
NADAJITEJIbIIOE
o6lasyer yro.n 60o

20163,4-21487,1
20447,6-20202,4
t9614,0-21676,4

26676,04
26498,2
24674,4
24321,36
22458,03

23370,08
25263,02

21576,40
I 9025,60
22703,2

24600+ I I 20*l

l l t
I1033,56-12l2 l  ,46

7671 ,0-8394,8
9708,9

t 2062, 6*2

r  0983,8-10817,1*2
I 2366,82*s
I 0983,84*3
I  l08 l  ,9*3

10591-10737,7*3

Ksapu
K;;;r rnruvarnfi, rPaur (0001)
Ksabu cserrblfi, rPaur (0001)
Ksaiul'Ir, rPanr (1010)
Knapq. floaoxesue ocI'I Haxo'
ueqiluxa x rrasuofi ocu KPIIcTaJI-

*3in."o"nrn"n"ou
napanJlenbHoe
foanr  (1010)
l i ranr ( t  ot  t ;
OHI'KC

MapKu (q>, cneKaHlle
tlpi T:2023K, cpea,a - Bo3Ayx
H aDroH. nopucroim l2o/0. BPe'
rrns 

'noA 
narpysxoft l0 c

49 035
49 035
49 035
49 036
49 035



5099,64
5393,86
5688,06

5197,71
5295,78
5689,99

19614,00-6374, 56

7845,66-t961,40
6001,89
l0 750

19400=274*r

1380+264

8660-&10

29 150

27300+ I 190*4

6727,n
1961 ,40-41 1 ,89

4207,20

Ttoo [ l ]
I Teruneparypa orxura, K:196 140 | 6rc

196 140 | sze
le6 t40 

| 1073

TisO [ l ]

49035-98070

Teuneparypa orxrra, I(:
673
873

1073

l l

293-1023 K

196 140
t96 t40
196 140

Tio I

Tio2 ul
49035-98070

98 070' 49 035

98 070

n 421

CrsO,
98 070

196 r40

398-923 K
Pyru;r
fopauenpeccosaHHbrfr npH T:
_:1723 4, oroxxeustrir npu
f:1473K, BpeMq noA Harpy3-
r<oft l0 c

VrOo [236]

re  614 
|

vo, [233]

Mouoxpncraln 278-364 K

t t  I
Mapxu q. A. a., cpeAa - aproH,
crreKaHrre npn T:2273K, no-
pllcrocrb 2l 0/6, rperr,rn noA Ha-
rpysxoft l0 c

Mno [ ]
98 070 | Manranur

49035-98070 | 353-1073 K, ns rpaQr.rra

Mn3Oa [ l ]
I

98 070 | Xaycruanut
l -

204

7250-1765

205

5393,86-98,07

4677 ,94-7884,83
4677,94-7267,18

10983 , 84-6864,9
9022,44-10415,03

12400-705*L

3775,7-196,1
3610+235*r

3922, 80- 1 961 , 40
4310+402*1

201 0, 43-2030,05

2049 ,66-2490 , 98

l47t  ,05-3118,63
3150*362*r

6370+246
8420+246

F e O  [ l ]

49036-98070

Fe.Oa

49 035
49035-98070

Fe2Og

49 036
98070-196r 40

98 070

C o O  [ l ]

49035-98070
49 035

Nio
49035-98070

49 035

Cu20

4S 035

293-1273 K, us rparpuxa

t t l

Marsernr
Marnerrrr, nlocxocm ( I l0l )

t l l

feuarur
leuarrrr xpynHoxprlcrannnqe-
crufr

293- l163 K,  us rpa@uxa

r l
393-723 K, ua rpatpnxa

t t t
Kynpnt

CuO [ l ]

49 035 
| 

t"nolr"

ZnO [ l ]

49 035
49 035

Ga2Os 12371

I{unxnr

MoHoxpncra.ur
ll;rocr<oct (100)
f lrocxocm (001)

v2os 12421

I 
zss-reze r



9ffi7-n42

r2 080

I153=28*r

7260

7340*L

6700+461

9885,46-12043
t4318,22
I 3533,66

5390

6860-7840
9310

10250+822
7650-2540*4

10400+254

I 500+ 147

206

ZrOr Ul
49 035

98 070

98 070

Nbzo!,

39 228

98 070

543-1073 K, cra6n.nnaupoBaH'
nr,rfi
Cra6u;rusnponanuuir CaO, orox-
xeunuf i  npnT: l l73K,
fopruenpeccoaaHur,tfi nPu
T:2253K

t l  l
f opnuenpecconanHufi nPu
T :1473  K
Oroxxeusufi nPn T: 1273 K'
nopucrocrr 16orfi.
fld.q Harpysxofi l0 c

MoOg [236]
I

e8 070 
|

SnOg Ul
196 140 | Kaccnrepr.rt
98070 | ,
49 035 | Kaccnrepur

Hfoo [2301
I

I noc.tre orxura npn ?":1073 K

Htso [230]

Orxnn npa I :1073-1923 K.
O6pasult rnrfue

Hto, [2361
98 070 |

| 293-1373 K

TagO6 [2361

oR n7^ |
I

wo3 [2361

4e 035 I
I

9689,32- t 0934,8 1

7669,07-8228,07
6600, l -7875,02

Tho !  I l

I saozo-tsot4o I Topuanur
uo! ul

|  98070-196140 | VpaHzHnr
| 98070-196140 I Vpanoeaq cMo.rKa

* ' I Io [236] .  * ' � f lo  [2311. *3 f lo [232] .  aaI Io 12421

9. CXT,TMAEMOCTb Fl

h

a v

o d
F O

O H

6'1
E e

d a

E F r
c g D
F 6 :
E i l
X E  o

v 5 a

npuMe,r aHxe

Kopyn4
Knapu
flo;rr.rxpr.rcra,uluqecKlte o6p a3qbt
no  [2 l l ]
Pacc.rurano MeroAoM gKcrPano'
JIflIII{IT
Pyrul
leuatur
Marserur
lro l2t7l
I{uurur
I(accureput

HrO

Mgo
Aleos
sioz
CaO

120
47
0 ,72
0 ,40
2 ,75

0,92
0,89

0,59
0 ,60
0 ,55
0,93
0,78
0 ,49

300
7500

125
125

I

266
283
273
273
298

273
0

273
273
273
293
273
273

.IIea I

.IIe.u, II

lo. ynPyrnE KoHcTAHTbI C13, rrla

c,, I c,, I c,. | "- | 
c,. 

I 
c." 

lt';f::t*
' | ,  | ' | ,  | ' l - .  L '

15,00
t4,25
13,25

7,75
7,25
6,75

6 ,75
6,  50
6 ,00

3,25
3,00
2,75

HzO 12251
16,25
r  5 ,50
14,75

150
200
250

ii
'Jr
dl



DzO 12251
t 6 ,00
t5 ,00
14,26

289, 3
306, t7
n6,47

492,0
496

77 ,8

288, 6
284,2
n4,0
271,4
270,1
267,4
262,3
257,1

8 ,00
7,50
7 ,25

87,7
93 ,8
95,  I

168 ,4
109

197 ,0
192,4
t 8 l , 0
178 ,0
176,4
173,4
167,7
t62,0

5 ,25
4 ,75
4 ,50

t8 ,50
17,76
16,75

4 ,00
o ,  / o
3 ,70

154,8
157,6
r  55 ,9

l J

146,8
206

3 1 , 5 9

rgs , r

227,2
216,2
197,5
t94 ,8
192 ,5
188 ,2
180 ,2
173,1

150
200

r  t 6 , 4
48

1 49,6
148 ,6
146 ,9
143,2
I40 ,8

MgO*t [250]

At2o;21

490,2
502

s io2  F l

au6*s [2] I

Tio;4 P44!

484,0
4 8 1 , 8
477,0
468 ,3
459,2

200
r50
t00

Kounar-
Hafl.

300
4-77
n6

300

205
207
209
223

62
63
64
59

/ o
I D
/ D

8 l

124,4
124,0
123,0
121,3
n 9 , 4

r00
250
298
323
373
473
D I J

MnO*9 [245]

l -  l z n
CusO*o [217]

t4-312

209,7

177 ,6
173,0

t2t , l

4 l , 3
45 ,0

87
97,3

48 ,6
6 l , 6

59 ,5
56 ,0

44,3

140
Kousar-

Hafl,

Z n O * ?  [ l ]

ros,r  I  zro,o |  +z,s
grg*a [2461

204
223

53,2
DO

21,2
27,2

zrof t24z

reoiro Iz+a1

108,5 |  z+,+
r05,r  |  27,o

158
164

.1''

77

55,2
66,8

+r l-r crpoxa no [215], i lJlorHocrb 3580 xr/ru3, *2 2-t crpoxa no [250], uouo-
Kpr.rcraJJr, n.rroruocrb 3986 xr/ur. *3 4-q crpoKa no [243], MorroKpxcrarn. *{ MoHo-
xfncraar, pyrnr. *5 MoHoxpucraa;r. *o M'eroaou &r'rriy,rrc-5xoo. *7 Monoxpn-
crar,r. Oa3oBbrM Mero,rr,oM. *r 2-n crpoxa no J2431, MoHoKpHcraJIJI. *e Cra6nrnsu-
poBaH 8 u 120/o (uor.) YzOr coorBercrBeHHo. *r0 2-s crpoKa no [249].

ynPyfHE KOHCTAHTbI S; ; . l0 ta,  m' � lH [215;  238]

5,36 |  300

6, r38 | 298

6,302 | 300

6,328 I 300



IIpodoLtctcenue

2e8 
16680,Fr

*r MoHoxpucr-ar.n, aa,Hllbte pa3Hbrx a BTopon. *2 MoHoxpucta.r,t. *3 Monoxpn-
crarn ,  C i l t : l  13 ,  Crec : -659,  Cua-147.

Hso
Hro

CO,
or

Tio
VO

Teunen;rV-

273
293
298

3 t 3
283
3 1 3
333
353
373

CKopocrb sByKa, M/c

3980
l 4  I 0
r496
1530

13 ,48 -13 ,93
1  4 ,30

14 ,53
14,57
14,46

ur:l l 910; as:7280

ttt:ll 460; os:7020

ar:10940; rtt:6779

at:10250; s":6379

ur:9060; us:5630

260
316
3330
4510

flpuue v anue

T

.flopucrocru 0,006

> 0,047

> 0,064

)  0 ,  1 1 6

Pacqer

,

253
293

I t .  CKOPOCTb 3BYKA [ t ;  45;  50;  135]

210

5,5.  10-6
I  ,75.  l0-6

2 , 0 . 1 0 3
1 , 4 3 . 1 0 1

7,42.10*t

293

IJIABA V

EJIEI(TPAqECKI,IE II MAIHI'ITHbIE CBOfrCTBA

r .  gJTEKTPOCOnPOTHBJIEHT{E [ l ]

VAeassoe
9JreKTpOCOnpO-

THBTEI'UE,
O u ' u

TeMnepa-
rypa '  K

YAeJtbsoe
9neKTpoco-nnotil:f'u'

I

Hzo

33,2 .  I  0r4
53.  103

8 , 1 . 1 0 2
4 ,2 .  102
2,9.rcz
2  , 2 . 1 0 2

t873
1998
2083
2148

293
973

tr73
1473
1673

10,7
, 7
0 , 4

295
369
600

VzOs

Mgo
I 012_ I 013

9 ' 1 0 1 1
I  . 1 0 7
6.  100
7 . t0L
2 .  1 0 3

o

AlzOs

D / J

773
973

1273
1573
1773
2273

287
473
673
873

t073
1273
t373

r000

200
300
400

773
1073
t473

293
2233

5 t 3

I  .  1014
3.  1012
3 . 1 0 1 0
4.  108
3 , 5 ' 1 0 0
5 . 1 0 4
I  . 1 0 4

I ll vAerssoe I
I Tevnepa- ll enexrpoco' I TeMnep-a--

| 
"r0,, ̂  

ll 
"o"tiii"ue, 

I 
rYPa' K

t r t l  , 1 ,

Sc2O3

4 , 4 . 1 0 6  
|

T io*2

2 , 6 . 1 0 2  |
3 , 0 . 1 0 2  I
3 , 1 . 1 0 2  I

TiOz
3 . 1 0 5  |
l , 2 . l o 2  |
8 , 5 . 1 0 s  I

Vzo,

CrzOa

1 , 3 .  r 0 3
2 , 3 . 1 0 1

1 2 , 6 5 . 1 0 ,
7 , 8 . 1 0 1
4 , 0 . 1 0 r

2 , l 3 . l 0 r
CrOz

I
5.  l0 -5  |

MnO

1 . 1 0 8  
|

MnsOa

148
169
195
213
233
158
273
292
298
. t / o
440

t273

623
1473
618

I 023
1273
I 488

so,-l
I

CaO

BeO

9 . 1 0 e
3.  l0?*r
l , 6 . l o o
3 . 1 0 4
2 '  103
350*r
65*r

l 6

I  .  1012
I . 1 0 4
2 . 1 0 3
3 .  1 0 2
2 . 1 0 2

7 0 . 1 0 4
4l ,7 .  tas
r  0 , 4 .  1 0 2

20,4

4 , 9 .  t  0 2
8 , 5 . 1 0

13,7
5 , 6
1 , 9

8 , 1 . 1 0 - 1
4 ,1  .  l 0 -1
3 , 0 ' 1 0 - 1
2 ,7 .10-L
7 ,9,10-2
4 , 9 . 1 0 - 2

I . l0-2

773
1073
1273
1573
t773
1873
2073
2273

2 , 5 . 1 0 2
60

I  . t 0

293
392
D O /



FeO
- 1 5 , 6 . 1 0 - r  I

15 . t 0 -0  I
2.  l0-3 |

8 , 6 . 1 0 - 4  |
I

FerOr

Ga2O

0,25-0,02 
| 

tO_.+,2

SrO

40 
1

SrOz

8.  lo2 
I

YzOs

5 , 4 . 1 0 4  
|

ZrOz
3 . 1 0 4
8 . 1 0 3
7 .102

80
l 0
4

6 . l0-1
I  .10- r
5 . l0-2
l . l 0 - 2

873
lt73
t473
t i t , t

I  .  l0- {
I , 3 . 1 0 - r
2 ,2. t0-2
7 ,7 . l0-3

62,4
10,4

8 ,2 .  l 0 - r
6 , 8 . 1 0 - 1

1473

KouHar-

Y

Co3Oa

Nio

293
873

1273
r 593

843
973

1273
1285

293
573

t273

293
863

1273
l5 t8

573
673
873

1073
1273
1473
l o / , t

I873
2073
2273

r068
1273
t473
I 603

293
973

1273

433
878

r273
r 693

l0u
6 , 7
1 , 4
0 ,24

106-107
70

8 . l0-2
2 , 8 . 1 0 - 3

1473
t773

293
400

Ruoi3

r*o I eoo

Pdox4

I  - 1 0
5 . l0-2
l . l o - s

94,4
0,59
0,026
0 ,02

cdo
67,3 |
r r t . )  |
0 ,32  |
0,05 |

0,0r-0,05)xl
x l0-2 |

ln2Og

104_10?*6
l0-3

SnO2

4 .  l0-4
65 ,6
2 ,56
0 , 6
0 , 1

ns

293
r058
1273
1473
I 593

4. l0ro 
| 

:ss

CerO]7

2.to? 
| zss

CeO2

104
650

3 , 4
, r 4
2 , 1 3

I , 8 7 . 1 0 - 1

770
1073
1473
I 103
t273
I483

I 000r 950

PrOz
o,s I rooo

PreOrr

8,3. t6_z I rooo

Nd2o3

r ro I rooo

SmzOs

l 0

20*8
298*e

1380

Gd2o3

r . ro4  |  rooo

TbzOg

DYrot

1 , 6 7 . 1 0 2  
|

Ho2O3

l0?  
|

Er2Og

_r05  
|

TuzOs

_r0s I

r 000

1000

YbzOs

3,5. rOs |  1000

Lu2O3

-roo I rooo

Hfo2

5 . 1 0 7
l 0

106-108
2,34.108
1 ,44 .10s

60, r
1 , 0

293
498
697
9r8
973

293
773
823

1073
1273
1478
1573
r773
2000

673
177

TazOs

lo3 
| zsa

WOt

2 .103  I  
_

ReO,
8. 10_6 | 293
2. 10-6 l. xu4xoro

I BosAyxa

ReOt

2. 10_6 
| 

zsa

Irof3

4e*2).10-81 300

Pbo

4 .10 r1
I  , 2 . l o ro
2 ,6 .1 t r
8 . 1 0 e

l , l . l 0 3
150

.7

2
0 , 0 1

14 .  l 0s
5 . 1 0 2

50
o

0 ,33
0 , l  l

3 .  l0-3

107
2 , 6 . 1 0 6
2,7  .  103

l q 0

I

9 , 0 8 . l 0 - 6
l0-4

293*r0
657
745

I 060
il23

273

I  . 1 0 6
4 .  1 0 4

I , l . l 0 4
3 , 3 . 1 0 3
6 . 1 0 2
2 . 1 0 2
8 . 1 0 2

33
1 4 , 3

a

4

293
373
473
673
973

r273
1375

293
323
.t /.t
423
473
523
573
623
673
723
773

*r Cneqeuurrfi orncel, o6teuuar Macca 2,25.10s xrlus, *2 He rpa$uxa. *3 [322],
MoHoKpxcrann. *1 [3141. *s [323], nonurpHcraflruqecKne nJreHxr. *o [3261, +t lB2Si.*8  [327 i .  *s  [328] .  * r i t  [29b1.

2t3



Ti6o
400
600
800

I 000
t200
1400

Tiso
400
600
800

1000
1200
I 400

Tiso
400
600
800

1000
I 200
1400

Tto2
400
600
800

r000
1200
1400

100
200
293
400

600
800

t0c0
r 400

2t4

2. TEPMOgJT EKTPHIIECKHE CBORCTBA

HrO [ ]

Tio* [u

120

Voz

VzOs

1000

[283]
-4
-6 ,5
-8,2
- 6 , 5
-5 ,5
- 5 , 5

[283]
-3,  I
- 7 ,5
- l
- 10
-8
-7,8

[283]
-3,2
-6
-9
- 1 1 , 5
-1  1  , 25
- i l

v{or [267]

>250 l - t ro-rz l
vsoo [267]

| -tro-zol

VoOrr [330]

tz7 I -to

v?oro [330]

Teunepa-
rypa' K

Kog00rrqHenr
T .  9 ,  A .  C , ,

!,KB/K

o

- l

[285]
-500

-6
-4
-D

-7

293
873
973

1073
1273
1373

400
500
660

I 000

-9
-11,75

_13
-12,5

CrzOs

273 I
MnO

tu
1320
700

400-420
290-300

200
t70-200

t l l

900

1272)
1800
1500
1200
500

[283]
0 ,75

-2,75
-6
-9
-12

- 1 1 , 5

MnrO3 [ l ]

I 385

Feo []

| -soo

Teunepa-
rypa' K

Kos00nqxesr
T . 9 ,  A ,  C , ,

M K B / K

FeeOa [ l ]

| 
-+so

FerO3 Il

95
360

I eao
1 7 5

Coo []

r000
1400

-400
-250

Nio  [ l ]

I z+o

2s3 
|

CUO*z

500
554
667
7t4
853

ZnO
3 r 3  I
423 |
5r3  I

YzOs

700

[28e]

t050
930
760
800
950

1573
1673
t773

t l l
220
290
330

12821

270+30*3
100+ l0*a

800-300
500-510
190-210

cdo [ l ]

| -so
I -oo

Inros ilI

cdros [282]

t45o I ooo

Wor t l ]

| 
-z+o

Pbo [290]

500
563

773
8 1 3
853
973

l 0 l 3
1043
t2t3
1273

BizOg

Uros

IU
1000
960

I 000
-30

0
200
300

400-500
3000
1400

Sno [ ]

| 
-rao

PrrOs ill

3oo-l oool I -15

Ndro3 [282]

l45o I aoo

Thro [l]
' i8h 

12200-4000
573
673
763
773
973
573
673

910*6
800*6
900*6
830*5
800*6
700*6

550*6

30-850

>850

[2el ]
flo;toxtl-
TeJIbHat

14guessercs
Ha orpnqa-
TerTbHyIO

*r I{s rpatfuxa. rl I'Is rpa$ura, F6r:67 fla' t3 flo'nuxpHcranJl' pO, -50 fla'

*t nonn*pn"runn, p O, :l IIa. t6 Cropocrb HarpeBa 100'C/'l ' 16 Cxopoctl HarpeBa

15-20'C/q.

Pa6ora nuxoAa Pa6ora BblxoAa

Oxucea

, l

A. lo t r ,
Ax(

2

A, eB
A . l 0 " ,

Ax

9 ,97

612
6 , 1 5
8 , 9
7,85
8 ,25
8 ,55
6 ,95
2 ,04

3 , 2

1{, eB

I

BeO

Brot
Mgo

Al2o3
si02
Cao 

*l '  *2

Scrol3
T iO

5,45-
7,50
7 ,5

4,95-
7,05
7 , 5
8 , 0
2,82
3 , 8
6 ,45

4,78-
4,98

3 ,4 -
4 , 7
4 , 7

3 , 1 -
4 , 4
4 , 7
5 , 0
1 , 7 6
2 , 4
4 ,04

2,96-
3 , 1

Tio;4 ' 
*r

TiOf' 
*t

FeO
N i O
Cu2O
CurO*e
CuO*6
CuO
Sro*l ' 

*7

Yroit '*t

6 , 2 1

3 ,87
3 ,85
5 ,55
4 , 9
5 ,  t 5
5 ,34
4 ,  35
| , 2 7
2 , 0

3. TEPIYTOAMHCCI'IOHHbIE CBOflCTBA [1, c' 284-287]



ZrOls' *r

Moog
cqo

Bao*l' *2

Larolto' *t

CerOjrr

Prrol lo 'nl

Nd2o;ro'*l

Smrofto' *t

Eurojlo' *t

GdrOito' *t

3 , 1 2
4 ,25

0,99-
1  , 1 7 '
0,99
3 , 1

3 , 2 1

3 , 4 7

3 , 3

Tb2o;rr
DyroJt'' *'

Horoi12'*l

Erro}2'*l

Ybrojtz, ot

LurO}2, *t

HfO!t r '  - t

HfOite' *t

TarOu
WO,
ThOits' 

-t
3 ,38

3 ,29

5 , 3

4 , 4

4 , 9

5 , 3

3 , 3

2 ,75

3 , 2

3 , 0

3 , 3

3 ,86

3 ,76

2 , 8 1
4 ,65
4 ,95

2 , 7  |

6 ,00

4 , 5
7,42
7 , 9
4 ,34

*r  l locrosunas pf i . rapacoHa R. l0{  A/(ur . r r . .c2) .  *2 R:10-2.  *3,41:{QQ, l r_g,3noJyqe.Hbr_u3. r-rpryyx Pnuap4coua Bbrue s Hrrxe roqKr.r HsroMa. *r- Hgs*lHiHfO-
.B_a'Hbrfi, R:4,08.105. .6.Axrur-npoeanuufi, uauepeur" ,Fn liSO 

-1000-K;-R:6:;?i.
a0 O-otooruuccnq. +7 R:10-3. *8 ievnepary-pi qxi"onp-ooi*rn" rua-f ZZg K,'h:d.6i.*e AxrxnxposauHufi, usuepeHun _npi tiio-iooo--ii- n:-o,a6i. 

--'."s"6ib!,i|";;';
pa60r€^^Bblxo.4a np.u.1700 K, R-tZ0-npr t699 6. *ri'3$ipeKrHBHas pa6bia nurxo.u,a
l!.1. 1.7-00 _K. 

'r2 Srb0exrnnn^a.n pa6ora'Bbrxora-npu tooo- x, if:liol;;-,q*"";i"fi:
BaHHbrfi' H3MeDeHHq noq l3_00-1500 K, R:3,9r. 

-*ra 
AxrunrpoaaHnurii, ssuip;ri',npx 1500-1900 K, R:0;49.  *15 R:21.

4. TAflbBAHOMATHHTHbTE CBORCTBA [ l ]
[4-noAsr,rxHocTb AbrpoK, t-  noA-BHXHOCTb sJtEKT_
POHOBI

Tiol

5,4 .  t0 -10

4 . 1 0 * 6 * 1
2 . l0-0

(0,  r-0,  15)r0-o
288,00. 10-6
6 t  , 32 . l 0 -6
22,40. t0-8
16 ,20 .10 -0

80-400
293
300
500

1375-1573
I200

g 10-11
e  l . l 0 - 4

,  0 ,36 '10 -4

3  l . 1 0 - 6
3 7. to- i
e 6.rc-?

.? 0, L l0-4

VO
Vroa
Vog
Vroo ut

259
277
287

2 ,93 .10 -o
- 1 1 , 7 3 . 1 0 - 6
-50,4.  t0-6
-93,7.  t0-6
-129 , I  . 10 -e

(7 ,5  - t 7 ,6 )10 -o

-53. l0-8
(8- l5) I 0-r

1 . 1 0 3
0,26
0 , l 0
0 ,01

-2 ,05 .10 -0

-10,2++Stz1. t

302
3 1 8
347
359
374
*:

29s

^

293
300
500
293
400
500
293
293

300
t60

Bucoxue

;
293

t023
400-820

300
n3

T

.? ro-Lro-o
n, 9,57 . t0-'

3  I  . 10 -3

z z . to-,
I  5 .10 -2
I 7 'lo-a
I 4'10-7

z (6 -8). lo-s

.a o,zo.ro-n
e 2.10-2
I  5.  l0-3

I  l l . l 0 - 3
.?  0 ,4 .10 -4
I  65.10-4
.? 50.10-2

I (55-60)10-r

.? 16.10-3
I (2-3) lo-s
3 (5-6) t0-r
I  (3-5) .10-r

.? 0, r-r
I  (5  -  100) .  r0-r

I  I  . l 0 -4
L l . lo-s

3 0,79 .10-t

vrol'
MnO*3

MnOia
FesOa
Ferot
CoO
Nio

CulO

CuO
ZnQ
ZnO*r
ZnO
p-CasOe
Nbrou
cdo
cdo*6
InrolT
In2Ot
SnO,

Ba0*a
PrO. r ,u
Pbo*e
Pbos
UO,
Usot

. ._r t  O6paeeq BbrAepxnBanc-q B BoAopoAe npx g73K S uxn.  r ,  [2g61. .3 C npx.M_ec_bro apynrx oKHcJroB ao a%..*r.Ermercxnii nupoaiosur, co,qepiani'ao* Mii-d".{5 CneqeHHbre o6pasqu. *o [2031. rr 12921.-;-J-fili ixiifuerisuntrift;;rn.'"-tiii9"4.i:
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5.  MATHNTHbIE CBORCTBA

A. Maruurttas BocnprrimrrnBocm [l; 261;2621,268i 276;277; 281; 334]

(B ra6nHue MarHn' tHaf l  Boclp l l l lMqnBocr l  o6oguaqena uepea MB)

I Terunepa-

| 
"r0", t<

l g

M B . l 0 r ,
u r,/ xr

M B . l 0 r ,
M'YKn

I ,7059*
*0,0038
0,5381: l
=0,0014

26,4
t 6

1 4 , 6
10,7
29,1
1 6 , 6
7,85
5 , 8

30
140
57,8
44,8
32,4

195 ,5
r60 ,7
145 ,0
219
89,8

229
50,4

r89
102
38

77,LT

305

-o,7ol9*r
-0 ,7177*2
-0,727
-0,57

0
-0,55
-0,4
-0,42
-0,3*a

48,66
3,59

-0,206*4
-0,276*3
-0,429*t

3, 26*9
-0,332* o

5xs
310*4

I 07,8*o
-0,25*a
-0,36
-0,45
-0,46
-0,296*-
-30,2

45
-0,27
-0,n7
2,3=0,3

8 , 1
-0,066
60,  I

-7 ,5*?
3,75

25,5
20,1
t 2 , 6
60
89 ,9
68 ,3
5 l , 8

126

TeMnepa-
rYPa, K

273
273
413
293

293
293

293
295
100
291
257
285
428
289
20
54

289

298

nt
298

298

55 ,8
25,5
69,  0
29,5
68 ,5
27
1 8 , 5
l l , l
10 ,5
t 0 , 0
74,5
34 ,3
54

-(0 '  213*
=0,003)*8

3 , 8
-0,36
-0,33
-0,27
-0,24
-39,8
---0,06
-0 ,5
-0,  I  12

0 ,31
0 ,  l 8

- 0 , l 0
0,30

-0,35
.  0,33

0,53-0,80
0,57-0,85

o , l 6
- 0 , 1 4
-0,26
- 0 , 1 9
- 0 , 1 4
-51 ,4*to
-0,24
-0,  l3
-0,4

30

PrsOt
PraOt
Pr6O11
PrOt
Ndros

Pm3Og
Sm3Og
EusOg
Gdros

Tbros
Tb4o?
Tb6011
Dysot

HogOt

EreOs

Yb2os

OsOa

PtOr,s8
Ptros
Hgo

Pbo

-0,3
- 0 , I  l 0

0,32
-0,07

0,216
-0,065

90
lS/+$*lr
148=6*u

0,086
0,528
0,536

-0,045
-0,048

0,783
-0,085
-0,216* lc
-0,221*tt

0 ,21* lq
0,20*rr

-0,  13
-Q,24
-0,17
-0,06

7 ,5
1 , 8 0
0,95

,18
298

80
300

77-300
oo
77
77

300

298
298
298
293
293
291
291
298
298

293

LulOt
Hlor
TaOl

ffa?'
Woa
Relot
Reor

ReOt
OsOg

PbsOa
Blros
Thor
Uor
Uros
Usot

296
288
296
296
293
656
293
n3
293
293
673
873

1273
296
296
296
293
723
292

1273
293
553
293

293
1364
294

t20l
84

298
973

tr73
973

n73

293
293
298

298

n3

It

296
293

293
296
296
296
423

573*r8.3
293
293
289

,rs
868
90

293
90

293
293
296

NO

or
NaOo
Kog

Tieo6
CrOt
FesO4
Rbos

CsOe

293

293

Hgo

Liro
BeO
Baoa
co
Cor
Ngo
NO
Nroal
Nrot
Nlon
Nor

Ngoo
or

Mn2Ou

MnOs

FesOn

FesOt

CoO
ColOg
Nio
CusO

CuO
ZnO
GeO
Asloe
SeOl
BrOt
SrO
Yrog
ZrO"
Nbor

Nb106
MosO
MorOt
MoO.
Mo5Orn

Ago
SnO
SnOg
sbsos
TeOs

rot
Ba2O
BaO
LasOs
CeOs

Mgoi
Al2os;
sior
Pgoo
S0g ,

Clot

[""�]
ScaOs
Tio
Tiso6
TiOi
VO
Vrot
Vos

3l'"?
CrOt
MnO

Mn3Oa

293

90
293
293
289
289
293
350*e
598*e
298
293
293
287
291

n2,5
194,7
289,2

225
t50
150

PrOt

H$6o'
cds08
Tbios
Tb4o?
TboOri
Dygoe

HogOt
TusO,
Uog
Ugor
Usoe
Uos

2 , 6 1
3,79
7 ,3
7,95
9,62
8,70
8 ,49

9,67{'u
1 0 , 6
10,09
7 ,2
2,92

1,77=0,03
1 ,59=0 ,04

2,06

288
180
286

293
692
98

I
I

l,293
PrgOt
Pr6O11

E. 3frlexrnnnnfi uarnnrnufi ruoruenr [l]

2 1 8



B. Teuneparypa Marnrrnoro nepexoAa l\ 279i 380] (C - roqra Kro-
pH, H-ToqKa HeeJrn)

^ | Teuneparypa ll I T"un"pu"yp.
UKr{CeJl I MarHHTHoro nepe- l l OKnCen I MarHHTHoro neDe-

I xoAa, K ll I xo4a, rE

' l , l l  , l - - ,
Tiro,

V:3;
VrOo
Vrol
CrO
CrOl

a-CrrOs
MnO
MnOg

FeO
FesOa
FesOt
CoO

*r JTeA. *2 Bo4a. *r Tseplufi. *r XuAxocrs. .5 fa3. *6 florl lxpncraaa cne,reH-
su f i .  *7  Ho rpa$uxa.  *6  Mouoxpucraa, r .  *e  Meracra6HJtbHbl f t .  * r0  Hougan. [HaMar-
Hrrruafi BocnpiltrMrruBocrb. *rr .[,o6anxa 0,40/0 Gd, u3Mepenuq npoBoAHnu B arMoc-
$epe asora MeroAoM Oap8Aefl. .r2 Mouox.lrr-lrHlrfi. *ra Kpafsbrfi. *r{ Xenrbrfi.*r5 

4lrpoxnfi Atrana3oH TeMtrepaTyp, ras. *ro floporuo(, nplMdcb <20h. *17 Onuruue.*rs.TeoperuqecKu. .ls MouoxpucranJlbt, nonyqeHHbre MeroAoM TpaHcnoprHblx peax-
qufi. u0,[,o6anxu cepbr r{ rexnequq >0,170/0: *2r Hux(e rentuepaiypu 40 K acuurrr-
BaeT QeppoMarHrTHoe rrpeBparqeHue.

460 (C)
57 (C)
85 (c)

127 (C'�)
32 (C)

70,3 (C)
7 r ,5  (C )
7,8 (C)

l8 (c)
3 (H)

24 (C)
le (c)
32 (C)
2t (c)
r4 (c)
r3 (c)
42 (H)

r04 (c)
30 (c)

170 (c)

Nbto
PrrO,
P16011
PrO,
Ndros
EUO

Euroa
Gd!o3
Tbo
Tb2o8
Tb4o?
Tb6Ol
Dysos
Ho2Ot
ErrO,
TurOt
Ybsos
Uoa
Usot

475 (C)
338 (C)

,UO*rs (C)
r30 (c)
343 (C)

393-403 (C)
3e7 (C)

. ,Og*ro (H)
32* l  (H)

il6 (H)
e2 (H)

610*8 c)
le8 (H)
858 (C)
e50 (H)
2el (H)

289*8 (H)
ng*zr (H)
33+l (H)

550 (H)
458 (C)

CosOa
CosOt
Nio
CUO

255
273
293
303
323
383

4t3-423
273
298

3 , 2
87,83
8 l
76,47
69, 73

I , 0 1 2 6
I ,00786

88
78,54Dgo

6. AUerEKTpnrrECKr,tE CBOHCTBA [ l ]

9acrora, frt

220 221

293

298
473
673

773-t073

6 , 3
7,35

I ,86-0 ,20
I  , 3 - l  , 4
2 ,0 -2 ,1
3, l -3,2

3-8
I,00069
I ,00634
I ,00099
I,00059
I ,00103
1 5 , 0

3,20-0,20*r
3 ,2 -3 ,1
3 ,5 -3 ,6

9 ,8 *z
10 ,5 -12*3

12,3*4
2,6-4*5
3 ,5-4,  I  *B

4,34*1
4,27*8
I  , 0100

l4*z
1,001270

l6,0(20,3)*8
3 ,00+0 ,10

3 ,00
3 ,8 *3 ,  7

i l , 8
40,  0-80,0

86*e
I 70*r0
I60*u
100!&r2
13 ,84
q t

1 3 , 8
l g , 1 * r a
1 6 , 0
12,9
13,4
9 ,59

5-10
l l , 9

g, gg*11
l l  ,24*t5
12,29*16
12,87*17

Broa

CO
CO,
NO
NrO
Naro
Mgo

Alro,

s io
si02

SO,

Sot
KrO
CaO

Ti02

Vrou
Cr2Og
MnO

FeO
CoO

CogOa
N i O

Ni2o3

106

(0 ,3 -10 )  l 0o
(45-90) r0r
(45-90) l0r
( l -50)  rQe
4 , 5 . 1 0 8

106
100
106
100

4 , 6 . 1 0 8
(0 ,3 - r0 )  r0o
(45-90) l0r
(45-. 90) r04

=

a.  ro t
3 . 1 0 7

1 0 6

1 0 6
4 , 5 , 1 0 8

( 0 , 3  - 1 0 )  r 0 6
(45-90) r0a
(45-90) roa

,?3
298
273
298
298

298
473
673

293
293

2eo:2e6
290-295

265
293
350

298
473

Y
290-295
290-295

298
303

4 , 5 . 1 0 8
4 , 5 . 1 0 8
l0s-104
4 , 5 .  1  0 8

I 03_1010
4 , 5 - t 0 8

105

303

298

,rs



CuO

ZnO

Hugrue tracroTgl

(0,3 -  r0) .  l0 !
4 ,5 .  108

(S*SOO)rOa
(45-90)l0r
(45-90) l0a
(45-90) l0a

(0 ,5+ -1 ,5 ) l 0o

_
4 , 5 . 1 0 s

106
106

4 , 5 . 1 0 3

8,58' rs
I 0, 26*le

7 ,50=0 ,15
g0* s0
9,77*zt

I 0,68* s2
18,00- l  ,00

14,4
8,22*2c

10,2*0,3*  2{
3,2-3,25
3,8-3,85
4,9-4,85

I 4,0* 29
50-5go
30-5u
36-5ss
17,2*zs
24*ts

I ,0=0 ,5* ?o
l4+2*30

4,00-0,10*r
20,9* 26
21 ,2*26
69,9

19 ,7 *zo
2 1 , 5 * l
18 ,4 *z l
10,2*zt
I  1 ,4 *2q
32, \*za
12,L*za
12 3*za
12,5*zs
12,6*26
12 ,6 *26
t 9  q x 2 6

I  S*Br
20,2*sz

29,08*s3

1 2 ,6*s l
O  4 * 9 6

22 ,0
31 ,34x36
26*rs

2l  ,7  -0 ,$*?1

T
297
373
473
623,y

_
298
298
298
293
293
293,g
293
293
293
293
293
293
293
293
293

:

298

=

8;8'o'

BaO I
La2Ot
CeOe
PrsO11
Nd2os
Sm2Os

Eu2Og
Gdro,
Tb4o?
Dyros
Hosog
Er2Og

TurOt
Yb2o8
LurOg
TarO5
WO,,

Hgo

Pbo,

(0 ,3 -10 ) l 0o
( 0 , 5 - l , 5 ) 1 0 6
(0 ,5 ' : - 1 ,5 ) l 0o
(0 ,5 -1 ,5 )106
(0,5-  l r5)  .  106

( 0 , 5 - 1 , 5 ) . 1 0 0
( 0 , 5 - 1 , 5 ) l o o
( 0 , 5  - 1 , 5 ) l 0 o
( 0 , 5 - 1 , 5 ) l o o
(0 ,5 -  r  , 5 ) l o8
( 0 , 5  +  1 , 5 ) 1 0 6
(0,5-  1. ,5)  106
( 0 , 5 - 1 , 5 ) 1 0 6
( 0 , 5 - r , 5 ) l 0 o
( 0 , 5 - r , 5 ) l 0 o

7
Pbo:
UO,

223

9 , 4 . 1 0 0 Flllsxaa Z0+s8
41,77

I  ,86- l  I

A. lllupuna sanpeulenuofi eonu Il]

IIIuplrHa sanperqeHsofi soHbr

7. IIIUP!4HA 3AnPEUIEHHOn 3OHbt r4 SHEprI{fl AKTIBAUI{II

Orucea
Illupllua sanpeqennofr 3onbt

I

Pdo
Ago
SnOt
Sb2Og
TeO2
BaO

La2Og
CeO,
Nd2os
Sm,O"
Eud 

"

EurOs
Gdzos
Tb2os
Dyrot
HorO,
ErrO"
Tu2Os
Ybro,
Luro,
Wot
Uos

I

BeO
Broa
Mgo
Al2o8

SrO
ZrOn
Nb206

MoOs

CaO
Tio,

Vroo
CrrO,
MnO,

E:aq
Nio
Curo
ZnO

8 ,32
7 ,84

1 1 , 6 8
4 , 0
o ,  rb

>  8 ,95
5 , 9
4,87
0 , 8
7 , 7
2 , 0
3 ,36
0,96
1 , 1 2

2,73-3,04
2 ,91 -3 ,33

4 , 1 8
5 ,  I
9 , 1
3 , 2
3,  55
6 , 4
6 ,04

5 ,20
4 ,89
7,30
2 , 5
3 ,58

> 5,60
3 , 7

3,05'*ro
0 , 5

4,8*  rg
1 , 3
2 , 1 0
0,60
0,70

|,72-1,90
|,83-2,08

2,62*2
3 , 2

5 ,7 *u
2 , 0

2,21*zz
4,0*ze
3,752s

rorr, A)r( | ""

, 1 3

0,06
2 ,52
5,65
6,72

> 4 , 8
2,88-3,32
6,  4-6,  9

8 ,65
5 ,45
7 ,02
8 , 0 '
0,68
7 ,2
8 , 5
4,85
8
8 ,65
8 ,65
7,24
8,35
8 , 7
3 , 4
2,08

0, 04*so
1,57*at
3 ,54
4,20
) 3 , 0

r,85-2,08
4,0-4,3
5 ,40
3 , 4 1
4 ,40
5 , 0
0,42*81
4 , 5
5 , 3
3 , 0
5
5,42
5 ,42
4,53
5,22
5 , 5
,  9 * L g

l  ,30



Hro

BeO

Mgo

Al20s
si02

Sc2Ot
Ti02
Vrot
VsOu
Voot
Voot
Voon

Vrors
Vuors
Vror

Cr2Ot

CrO,
MnO

MnsOn
MnO,
FeO
FesOn

CoO

0,92
t , 6 7
3 , 4 2
0 ,77
r , 8 6
4 , 8
6 , 4
2,08
2 , 1 2

14,5
0 , 1 6
0,56
3,62
1 ,76
0 ,51
0,77
0,69
0,48
0 , 1 I
0 , 1 9
0,49
0,38
0,32
0,72
0,75
1 , 6
0,32
0,64
2,56
0,32
3 ,60
2 ,44
6 ,05
0 ,83
0 ,48
0 ,55
0 ,48
0 , 1 2
t , 0 9

SHeprHt t  i lK r r rDaqtu SHePrxs  ar ( rHBaquH

0,58*1
0 ,  l 0 x 1
2,14*2
0, 48*3
l , 1 6
3*4
4x6
1 , 3 * z
t  ? t * 6

0,88*?
0 , 1 * s
0,35*8
9  9 * 9

I , t
0 ,32*rr
0, 43*rr
0, 43*rr
0 ,30*rr
0,07*rr
0,  l2*11
0 ,31  * r z
0,21*rz
0,20*rg
0,45*u,
0 ,47
l , o
0 ,20
0,49*ro
I  ,60
0,20
2,24*ra
I  09* lz

3, 76*re
0 ,58
0 , 3 0
0,34*  te
0 ,30*  re
0,06*zo
0,67*zr

cdo

InrOisa

Pb02
Bi2os
Thoz
Uron

Usot

I  ,49
0 ,40
0 ,26
1 , 1 2

3,00-3,22
2 , 7
0 ,08
2 ,75
1 , 3 4
1 , 2 0
2,68

6 . 1 0 -  ?

6 . l0-5
t , t 2
4,58
4 , 3
l , 1 2
1 , 9 2
l , 4 l
3,60
3,64
2,95
4,65
1 , 2 8
4 ,8
4 ,55
5 ,22
5 ,05
4 ,78
6 , 3
1 , 0
1 , 6
4 , 0
2 #
2 ,24
5 , 6
t , 2 0
0 ,96
0 ,77

0,93
0,25*zz
0 , l 6 * 2 3
0 ,70

1,87-2,05
1 , 7 * s
0,05* zr
1 ,72*zn
0,84*ze
0,75*sr
I ,67*ar

3,7 .10-2
3 , 7 . 1 0 - 5

o ,70
2 , 8 6
2 , 7
0 ,70
1 , 2 0
0 ,88
2 ,24
2 ,27
I , 8 4
2 , 9
0 , 8
3 , 0
2 , 8
3 ,26
3 , 1 7
2,99
3 , 9
0,  6*ra
1 , 0
2 , 5
1 , 5
1,44*zt
3,5*sr
0,75xae
0,6* aa
0, 46*ro

Nio
Cu2O

CUO
SrO
Yros
ZrO,

SnO,
LarOt
CeO.
Pr2Ot
P16O1i
PrO,
Nd2os
Sm203
EurOs
Gdsos
Tb4o?
Dyrot
HosOg
ErrOt
TusOg
Yb203
Lu2Og
Wou
Pbo

--Gd;;"rblf i 
nea. *2 flpu nltcoxtlx reMneparypax. *3 fIpH Hx3Knx reM''epa'

Typax. *{ l l lO+j, npn HH3KHx AaBreHHsx KHcJIopoAa. -5 
-l_o 

xe' nDtr BblcoKHx raBre-

HHqx.  *6  KBapr { ,  nepneHau i inspno ocn '  * /  f lapa l reJ lbgo-  9c i l , . . " t - [323,  c - '  -86- l '
; ; ' - i i j r t .  r-Lrbo'^. 

'*ro 
12ei i0 n^ *tt  [3281r *rz [5QQl..*rs 13051. 'rr  npH I:243 K'

,'r'ff;:; i-iig:-3ii K. i'it i5ozj.'*'' ripn'T:ozi K. -*"..flpu r-1373-K-.- *'f^-[ala1.
., iabiil. -i'i!rol--rtr- r:s'00'(. *1 l3i!l-. _-_" .[q14. ]" npt r:373 -K' ̂ :'�5--r.lp,H
r:iiis-,k. *r.-iiiu .7:127s-11.-'izt 7Jy1,3.K *:,s_i:t7zs K -:: _tsl9"l. jso [3141.
;Jtsis"l , ibn r:{, i t<. -. ;- tatoj.  *ro [2931. * i l  f ipn T>40Kn I<40K.'35AnroKHc-
los-oei.xoieMersnux g.neuesroi reMneparyp-HHft- HJITepBan Anq 9HeprHIr aKTHBaUHH

;;;d;il;"d;;;;;;";'5db:is60-(.;il�i25il. *37 Ann'Bbrcoioro nai<yyua. *38 [3le],
nirx I:93 K u I-349 K. *3'� [291]. .
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TJIABA VI

OIITIIqECKIIE CBONCTBA

f  .  I IBET  OKHCJ IOB I t ;  l 9 ;  45 ;  E2 ;  67 ;80 ;  8 t ;  l 7 t ]

Oxucer | ,to"roo-

t-; I-{rer oxHe.na

Hgo

Li20
Lizo2
Lios
BeO

BrO,
BrO,
Boou
CO
Cos
Nzo
NO
Nrot

}K
Kp
Kp

Kp
Kp
II

CT

Eecqneruurl -l
u r 2

Xenrufr
Kpaurrrfi
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floxasareJrb npelou.renHq 
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m % l
, l 3 l r l

JIea
IlpH
Boaa
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20oC u 101.3 r f la . flouur uenpoapauuufi(n:2,32)
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I

sio

si203
sis04
sior

Proo
CaO
scro,

Tioz

CrsOt
MnO

FeO

I ,3289
I , 3 1 7 8
1,4067(D)
| ,32795(D)
|  ,644

r ,590
I ,692
| , 7 1 6
|  , 718

. I ,459
t ,737

,425;

I , 837
I ,990
r , 9 1

2,s (L i l
2 ,  r6 (L i )

flpu 50" C
I Ipn 100'C
I Ipn 25 'C
Tqxeflas soaa; npu 25" C

Kplrcra,nlnvecxufi (6po-
MCJIJI} iT)

HenpoxaneuHr,rfi nopoutox
O6xur nprr 900" C

> )> 1700" C
Crex;lo
flepuxuras
cr,-tvrognQuxaqna (xopyu4)
Y-MOArrQUKaqnfl
y-Al2O3, MeJrKoAHcnepcHa rr
xy6Hqecxarr doon.ra
16.lr,  nocle npo*a,rrroa"lt"

[,rn l, : 0,4 +- 0,7 rilxrra

G-r(Bapu; 4an cnera Na
B-xnapq
o-I(pncro6anln
B-Kpucro6a,nur
Merarpucro6alnr
o-Tpl.r4uullr
Y-TPrgnuur
I(napqenoe crex,'ro
XarqeAos
C'rrtuontrr

Kogcur
I(nrur
Me,raHoS.noun

tr4srecrr, - 
-

o-MoAHrbr.rxauHfl . DvruJ'r
B-Mo1r$nxaurrr,  iHaraa
y-Mo4uSHxarIur, 6pyxur
l,yrHn
AHaras
6pyxHr

MaHraHosur

Brccrur

z , t s
I ,658
I , 9 0
I ,5405
l , 553
, , t n

1 , 4 7 3
r , 4 8 1

I ,538
r ,826+
*0,002

1 ,597
I , 5 r 3

1 , 6 2 4

2,908
2,488
2,7004
2,9467
2,5688
,,aon

2 f06

I , 6 5 4
I  ,80
I , 5329
|  ,544
t , t ,

I  ,469
1 , 4 7 9

1 ,532
I ,799-*
*0,002

I ,594
1 ,522

r ,599

2,621
2,ffi |
2,583 t
2,6506

2,6584
2,ffi



FerOt

FesO.

Nio

Cu2O

CuO

ZnO
GeO,

SeO,
SrO
Yros
ZrO,
Nb205
cdo
InrO,
SnOt
sb203

Pr601i
Nd2o3

sb2o4
Te02
BaO
LagOg
CeO,

2,759
2 ,78

o ,r-on

|  794+
*0,003
I ,653

o iooo

2,358
2 ,04
2 ,35

2, e88(Li
3 ,0 r  (L i )

flourn uenpospaunuft (n:2,42 Na
2,27(Li
2,23(Na

feuarnr
o-Molu(pr.rKarlrr rr

MarHerur

DyH3eHHT

Kynpur
TeHopnr

I{unxlrr
Kgapuenoao6uafl  Mo-
gn$rzr<ar1ua
XanqeAouono4o6Han Mo-
,4r.rQuxaqur
AruopQnurl
II.[asreHr,rri
o-Mo4aQuxaur.rr, KJro,qe-
TIIT
p-MoauSuraunr, apceno-
JII,IT
B xpacnoii qacrr.r cneKrpa

EaAAe.neur 
-

B LIK o6.nacru cneKrpa
I(accurepur
CeuapuoHrar
Ceuapuonrur: e xpacHoil
qacTu cleKTpa
Barenrusur
Cepnanrur
Te.n.ny.pnr

A-Nd2O3, 500'C
< 600" c
< 700" c
<  800 'c

Cpe4uuft rnfl HenpoKa-
. I ICHHOfO

flocae nporanrrBaHl{s npu
1600-1700" c

2,816-2,
2,849(D)
2,63(Li )

3,  r8-2,63
2,004(D)

> I ,606
I ,606
r o o

I ,755(Na)

z,oo+
1 ,697=
+0 ,001
r , 633

1 , 8 ?

2 , 1 8
I  ,83

2,00(Li )

EuluOrl
Gd2os

Tb203

Dyros

HorOt
E12Ot
TurOt
Ybros

Pb02
Bi2os

Thoz
UO,

Pu2Ot

PuO,

r ,aa
l  ,960
r ,955
I  ,95
I ,865
I  ,940
1 ,947
I ,930

1,98-2,02
2 ,50

2 , 6 1

2,05-
2 ,08

2 ,04,-?*

, " ,
2,665
2 , 5 1
2,30,,9

Lu2Ot
Hfoz
Hgo
Pbo

2,093
,87(20"
,03( I 400"

2 ,10 -
2 , 1 4

2 ,10 -
2 , 1 4

2,08-
2,051

>-2J51

2 ,65
2,535(Li )
2,7|(Lt'�)

< 2 , 3 0
2 , 6 3

Mourpou4ur
fner
Maccuror
fl.narrnepnr
c-Mo4rarpzxaqur, 6no,lllr
y-MoazSuxaquq, cnrre-
H H T

T n n q a  u s r

B nulr.ruofi o6;racru
cneKTpa

1,95(1,25 uru)

2,087(Na)
2,073(Li)

r ,748(Li)
> 1 , 7 6
1 , 8 7

I , 9 1 0 - t , 9 1
2 , t 9
2,33

2 ,49 (L i )

2 ,35

2 ,  t 8
I ,98(Na)

I , 8 5 - l , 9 5
2,00
2,40

|  ,92-2,05
I  ,86
r  ,88
t 0 7

2 ,00
2 ,05

I ,82 - l , 86

2,04-2,06

3. I,I3JI YqAT EJI bH bI E XAPAKT EP H CT I,I KII
A. llnrerpa.[rHas uopMa.[rtas [sryqarenbHaq cnoco6noct

2 ,35
2,44*

+0,02(Li )
2,402(Na)

O ot r+

+0,005(L i )

{
I
J
T

Hnrerpa.nanan HopMaJrbHag
nsJryq arerbHar cnoco6socrb

etn

e3l

Hnrerparunar HopManbHaq
HS'Iyq areJrbHat cnoeoOuocrb

atn
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0,336
0 ,361
0,392
0,420
0,439
0,453
0,463
0,470
0,474
0 ,475
0 ,475

I 500
1600
t700
r 800
1900
2000

1200
t300
t 400
1500
1600
1700
I 800
1900
2000
2100
2150

1173
| 97a

1373
1473
1573
1673
1773
1873
1973
2073

0 ,74
0 ,74
0,73
0 ,715
0 ,68
0 ,64
0,60
0 ,56
0 ,49
0 ,44
0 , 4 l
0 ,38
0,37
0,33
0,325
0 ,32
0 , 3 1 5
0 , 3 1

0,785
0 , 8 t 9
0,843
0,867
0,  894
0 ,931

BeO.,  [19,  93]

U.6.s I l9J

0,66
0,70
0,74
0 ,77
0 , 8 l
0 ,83
0,86
0 ,88
0,92
0 ,96

, .9.r  I l9J

0 ,33
0 ,35
0,38
0 , 4 1
0 ,43
0,45
0 ,47
0 ,475
0,48
0,48

1173
1273
1373
1473
1573
1673
1773
1873
1973
2073

0,73
0 ,73
0,72
0 ,70
0,65
0,62
0,57
0 ,52
0 ,47
0,42
0,38
0 ,35
0 ,33
0 ,30
0,29
0,28
0,28
o r q
0 ,32
0 ,36
0 , 4 1
o 4 q
0 ,58

0 ,73
0,74
0 ,74
0,735

Mcg.o Ie, e3l

Mgo.6 [93]

1 7  l q  o q r

73
173
273
373
473
573
673
773
873
973
073
173
273
373
473
573
673
773

100
200
300
400
500
600
700
800
900

r000
I  100
1200
r300
I 400
I 500
r 600
1700
1800
1900
2000
2t00
2200
2300

0 ,73
0 ,72
o , 7 l
a , 6 7
0 ,65
0 ,62
0 ,58
0 ,55
0 ,53
n 4cl
0 ,47
0 ,45
0 , 4 4
0 , 4 3

473
o / J
673
773
873
973

1073
I t73
t273
1373
1473
1573
1673
1773

I 100-
1700

lt23-
1550

il
i
i

t
,l

0 , 7 9
0  , 7 1
0 , ( i 0
o ,52
0,  46
0 ,42
0 ,  40
0,  39

A l ,o ;8  [ e3 ]

s io ;e  t l e l

400
600
800

I 000
I 200
I 400
I 600
I 800

573
673
77:J
873
973

i 073
1173

0 ,72
0 ,69
0 ,65
0 , 6 1
0 ,57
0 ,52
0 , 4 8

0,38-0,42

sio; 'o te3l

t t 5
273
373

o,27

aug.r r  [93J

ml r t i ' l

0,  82
0 ,83
0  ,84
0  ,85
0 ,86
0 , 8 7
0 ,875
0 ,88
0 ,89
0  ,90

0 ,36
0 ,38
0 ,40
0,  43
0 ,47
0,50
0 ,55

n23-
1523

I  123
1200
| 300
I 400
I 500
t523

Tro;r2 te3l

cr,o ir3 t93l

0 , 7 4

cr.oira t93l

0 ,86
0 ,  89

, 0 , 9 t
0 ,93
0 ,95
0 , 9 5

r.erojr; [s31

400
500
600
700
800
900

1000
l  100
I 200
I 300

0 , 5 7
0 , 6 3
0 ,65
0 , 7 4

I  100
l20tJ
I 300
I 400

",9. re [93J

600
700
800
900

I 000
r  100
1200



ErrOi2s

I

I
1

I
i\
t
j
' \
{
I
ii
{

q

I

I
i

0 , 9 1
0 , 8 1
0 ,82

0 ,24
0 ,33
0 ,49
0 ,58
0 ,63

,ngxrs [93J

Y,o;te tgal

0 ,33

zroi2o yssl

0 ,26
0 ,25
0 ,27
o t R
0  ,33
0 ,37
0,  45
0,52
0 ,59
0 ,65
0 , 7 1
0 ,74
o ,77
0 ,78
0,79
0 , 8 0
0 ,80
0 ,80

zroi2t te3l

0 , 8 1
0,75
0 ,65

0 ,53
0 ,42
0 ,37
0 ,37
0 ,39
0,  46
0 , 5 5
0 ,62
0 ,66
0 ,69

ceoi22 [e3]

0 ,35
o ,73
0 , 9  t
0 ,94
0 ,95
0 ,94
0 ,93
0 ,92

s.,oi23 [ts]

0 ,47
0 ,  48
0 ,49
0 ,50
0 ,50
0,  50
0 ,48
0 ,46
0 ,47
0,50
0 ,53
0,  56
u,  oo
0,  53

cdro;24 Irgl

I t 6 0
1200
r 300
I 400
I 500

800
I 000
I 200
I 400
I 600
r 800
2000
2200
2400
2600

I  100
1200
1400
1600
I 800
2000
2200
2300

623
673
I  1 6

873
973
073
173
273
373
473
573
673
773
873

773
873
973

t073
n73

0 ,20
0 , l 5
0 , t 2
0 , l 0
0 , l 0
0 , 1 I
0 , l 3

l lel

1273
1373
1473
1573
1673
1773
1873

673
773
873
973

t073
1173
1273
t373
1473
t o t a
t673
t773

l  I 00
1200
1400
I 600
I 800
2000
2200
2400

0,05
0 , l 3
0 ,27
0 ,35
0 , 3 4
0 ,2B
o D
0 , l 8
0 ,  r 0
0 ,08
0 ,07
0 ,07

Hfo;26 te3l

0 ,80
0 ,82
0 ,83
0 ,83
0 , 8 1
0,82
0 ,89
0 ,88

rho;28 tesl

0 ,64
0 ,60
0 , 5 7
0 ,52
0 ,48
0 ,43
0 ,39

o ,62
0 ,52
0 ,43
0 ,38
0 , 3 7
0 , 4 1
0 ,50
0 , 6 1
0 ,68
0 ,72

rho;2e te3l

573
673
773
873
o71

1073
n73

600
800

r000
I 200
1400
1600
r800
2000
2200
2400

100
200
300
400
500
600
700
800
900

2000
2100
2200
2300
2400
2500
2600
2700
2800

20
400
600

0 ,33
0 ,38
0 ,38
0 ,35
0,29

I
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i
I
t
I
Ir
I

, . 9 . r  [ 191

^  9 1 ,

0,209
0 , 2 1 0
0 , 2 1 3
n  , 1 7
n ,r,
n ttR

0,235

0,542
0,543
0,546
0 ,552
0,559
0,568
0 ,577
0,587

0,665
0 ,665
0 ,665
0, 665
0,665
0 ,665
0,665
0,665

1200
1300
I 400
I 500
I 600
1700
I 800
I 900

n  r R
n . , n
n o a
t\ o7
n  9 t

n  ? (

o l n
(, 44

0 ,28
0 ,25
0 ,25
0 ,30
0 ,33
0 ,49
n 7 0

0 ,85
0 ,93

0 , 2 1
0,08
0 , l 3
0 ,38
0 ,72
0 ,87
0 , 9 1
0  ,89
0 , 8 2
0 ,49
0 ,38
0 ,36
0 ,34
0 ,33
0 ,32

MgO.e 1

1223
1223
1223
1223
1223
1223
1223
t223
1223
t223
t223
1223
1223
1223
1223

I 073
n73
1273
1373
1473
t573
1673
1773
I 873

1 , 0
2 , 0
3 , 0
4 , 0
5 , 0
6 , 0
7 , 0
B , O
9 , 0

r  0 , 0
I 1 , 0
t2,o
1 3 , 0
1 4  0
1 5 , 0

0 ,665
0,665
0,665
0,665
0,665
0,665
0,665
0,665

I 200
I 300
I 400
I 500
1600
I 700
I 800
1900 0 ,665

0,665
0,665
0 ,665
0,665
0 ,665
0,665
0,665
0,665

0 ,55
0 ,54
0 ,54
0 ,54
0 ,55
0 ,56
0 ,57
0  ,58
0,59
0,595
0 .60

0 ,665
0,665
0 ,66s
0,665
0,665
0,665
0,665
0,665
0,665
0,665
0 ,665

I 073
lt73
t273
1373
1473
1573
t673
1773
1873
1973
2073

Mgo .z  [ 1 ]

, "9.a I l9J

0,23 | o,oos

1 , 0
q n

3 , 0
4 , 0
5 , 0
6 , 0
7 , 0
8 , 0
9 , 0

293
293
293
293
oo'1

293
293
293
293

6. MouoxpomarlrqecKafl ilopMaJrbHafl u3JtyqareJrbHac cnoco6Hocrt

Monoxpouaruuec-
Kaa HopMaJIbHat
H3IyqaTeJtbHaq

cnoco6Hocrb 8llz
?

o

=
o

F

l
I

Ar,o;8 [re, e3]

0 , l 4
0,  78
0  ,30
0 , 4 0
0 ,28
0 ,20
0 , l 3

0 ,22
0 ,25
0 ,29
0 ,34
0 ,38
0 ,42
0 ,47
0 , 5 1
0,  56

0,665
0,665
0,665
0,665
0,665
0,665
0,665
0,665
0,665

0,665
0,665
0,665
0,665
0,665

I  ,0-3 ,0
4 , 0
5 , 0
6 , 0
7 , 0
8 , 0
9 , 0

1 0 , 0
l l , 0
12,0
1 3 , 0
1 4 , 0
1 5 , 0

1073
u73
1273
1373
1473
1573
1673
t773
I 873

1273
1273
t273
1273
1273
1273
1273
1273
1273
1273
1273
1273
1273

At,o;e i lel

0 ,29
0 ,25
0 , 2 4
0 ,24
0 ,25

s73
1073
lt73
1273
1373

Arro;to [9Bl

0 , 1 2
0 ,22
0 ,69
0 ,85
0 ,97
0,98
0 ,96
0,98
0,55
0 ,50
0 ,47
0 ,46
0 ,45

Arro ; t t  [ea]

t  6 , 0
20,0
25,0
30 ,0
3 5 , 0
40,6
44,0

77
77
77
77
aa

77
77

a,6*rz [931

0 ,32
0 ,  38
0 ,33
0,28
0 ,25
0 ,23
0 ,24
0 ,37
0 ,38
0,30
0 ,23
0 , 2 1
0,  20

r  ,  0-3,0
4 , 0
6 , 0
8 , 0

1 0 , 0
1 2 , 0

2 , 0
3 , 0
4 , 0
5 , 0
6 , 0
7 , 0
8 , 0
9 , 0

t 0 , 0
n , 0
1 2 , 0
1 3 , 0
r  4 , 0

t , 0
2 , 0
3 , 0
4 , 0
5 , 0
6 , 0
7 , 0
8 , 0
9 , 0

1 , 0
2 , 0
3 , 0
4 , 0
5 , 0
6 , 0
7 , 0

sio; '3 [93]

0 ,06
0,60
0,92
0 ,96
0 ,84
0 ,96

873
873
873
873
873
873
873
873
873
873
873
873
873

sio;t4 [r ]

0 ,25
0 ,22
0 ,30
0 ,62
0,92
0,97
0,98
0 ,96
0 ,85

293
293
n3
293
293
293
293
293
293

t273
1273
1273
t273
t273
1273

1223
t223
t223
t223
t223
t223
t223

r io; '5 [es]
o ,27
0 , l 5
0 ,20
0 ,30
0 ,32
0,50
0,67
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, l 4 l l

crroiro 1ss1

0 ,76
0,  80
0 ,84
0 ,85
0 ,86
0 ,87
0 ,88
0 ,89

0 ,68
0 ,69
0 ,73
0,78
0 ,8 r
0,84
0 ,88
0 , 9 1
0 ,88
0,85
0 ,82

0,78
0,76
0 ,74
0,73
0 ,74
0,76
0 ,77
0,78
0,80
0,82
0 ,88
0 , 9 1
0 ,92
0 ,88
0,86

vrolt8

0 ,27
0 ,27
0,26
0,24

8 , 0
9 , 0

1 0 , 0
l  l , 0
12,0
r 3 , 0
1 4 , 0
r  5 , 0

1223
1223
1223
1223
1223
1223
1223
1223

273
273
273
273
273
273
273
273
273
273

1273

273
273
273
273
o7a

,741.

273
273
273
273
273
273
273
273
273

1273
1273
1273
r273

0 ,30
0 ,43
0,60
0 ,67
0 ,72
0 ,77
0 ,79
0 ,80
0,79
0 ,78
o ,77

0 ,42
0 ,46
0 ,49
0 ,54

5 , 0
6 , 0
7 , 0
8 , 0
9 , 0

1 0 , 0
l  l , 0
t 2 , 0
1 3 , 0
1 4 , 0
r  5 , 0

1273
t273
1273
1273
1273
1273
1273
1273
t273
1273
1273

0 ,29
0  ,28

r200
1400
1600
r800

I  ,0-6,0
6 , 0
7 , 0
8 , 0
9 , 0

1 0 , 0
l t , 0
12,0
1 3 , 0

.  1 4 , 0
1 5 , 0

zroits [e3, le]

0,665
0,665
0,665
0,665

zroi2o 1ss1

Ie3]

1 , 0
2 , 0
3 , 0
4 , 0
5 , 0
6 , 0
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lel$Hxa. 

*ra H3. rpa(DHKa. *rE O6paaer{ To,lqnHoii l,7b ,u tronyseu cne(aune}r
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4.  CNEKTPI i l  ONTNqECKHX KOHCTAHT OKIICJIOB
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5.  OCOFEHHOCTH ONTH'IECKI, IX CBONCTB

HzO

i lc -  -no :0 ,0014 (F)  [671
B,u.uanasoue r l , tHaMl'rqecKux Aae,' Ieu]r i i
100-1000 MlIa xoe$SuqueHr Ilpe,'IoM-
NEHIlfl JIHHCfiHO 3ABIICIIT OT N'OTHOCTII

[338]
B VcD o6.nacrn cileKrpa na6.nrcAaercs
cruMynr{poBaHHaq rIoMHHecqe,Hll4I T-
o6;ryueninx no,'ruKpr.rcrarnon [343]

BeO

/ lc-- l lo:0,014 [67]
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BrOt

t?o-/ le:0'033 [67]
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@,rvopecuuDVer B o6,'lacrt I
380-b00 xi'r 1aao1, [341]
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N O
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Cb,,boronamu c t r 'x46,2;
52,5: 55,5; 58,7; 61,0; 62'9;
63,7;  68,6;  70,3;  71,5 uu

Oco6eunocrn onrnqecxux cBoficrg f l p H M e q  a H H c

Jleg rrpu -3o C

BoAa qucraq

,rleA qncrrtti

Epovenru'r
flo;rurpucra.nr'lHtlecKIle cJtou,
p= l0 r3  Or ' l  . cm

Kpucra.n.lt

fexcaroua, 'rusas no4u$uxa-
qufl

flprr rporoanccouuauuu N{oJIe-
ry;r CO2 ,'ItluilqMH 76,4; 78,9;
83 ,5 ;  87 ,9 ;  90 ,1 ;  92 ,3  t iu

fas

Teepauir KoHAeHcar 6e,noro
qBeTa

Tnepanir KonAeHcar

o < A
a o a

nneoxpoilpyer

255

' FzO
13 crexrpa,rsuofi o6nacrrr a.rrn l,(540,0
ulr Ha6.nrc4aercff cnJlorrrnoe nornoule-
Hrie c MaKcr.rMyMaMH npn 421,0; 358,0 u
294,0 sur [8], r. 5l

Mgo
Onruqecrt reeorponunrl [67]
FIaqa.no xpaq QyHaar ' [eHTaJrbHoro no-
rrorqeHflq n V<D o6lacru cneKrpa
) '25000 crr . r - r r rprz T:298 K [350]
l lo;loxenlre gKcI,rroHHbIx nrxos a VO
r 'neKrpe orpa)KeHrl f f  npa 25 K:
Itv x 7 ,689; 7 ,7 15; 7 ,752; 7,768 sB [3621
'[olrxas 

crpyKrypa V@ cuexrpa repMo-
orpaxenr f  f l  r rpu  85  K:  h t tx7 ,67 ;  7 ,70 ;
7,74; 7,76; 7,84 eB (mnnnuyrvu B cner{ 'r-
pc repMoorpaxenur) [379]
CoexenpuroroBJreHHble o6paeuu o6na-
/(:rror BbrcoKoii npoapavHocrrrc B o6,'ra-
crn 0,22-8,0 MKM, Ho Ha Bo3.[yxe co
rlpeMeneM MyrHeror. C pocrovr reMne-
parypbr noArroxKn xosQQuquexr npc-
JroM,rreHur cnot yBeJrlrqnnaerca [345]
[lo"rocn rorrrouleunq s IZK cnexrpe
nponycKaHHr: v=400, 560 u 680 cru-t
[347)
l l p u 8 0 K a V @
e6rusn hy xS gB
F-qeHrpa [89]

cneKTpe nof.rronleHlrt
sa6nrc,[aercs IIoJroca

floroca norJloulennfi V--qeHrpa uaxo-
r(Hrcn B o6lacru -2,3 eB [348]
tlpu 80-90 u 120-130"C n cnerrpax
repMoJrroMI4Hecr{eHr{ult H TepMocTnMyJrlt-
ponauuofi npoBoAI{MocrH ua6lpAarcrct
MaKcrl MyMbr, CBr3aHHr,re C pacnaAoM
V- u V"-qeurpoa [344]
llpn 298,77 K u ;rasepnonr nos6yxae-
Hnn $oro.nrouuHecrlupyror n o6nacrlr c
v=14850 . *_ r  [ 377J

Al2o3

116-rl" : Q,QQ$! (D) ,
[67]

flepux,nas

Morroxpucra,r,r

fhexxu, noryqenHbre repMlr-
I ICCKI IM ITCI IADCI IHEM

Murpoxptrcra.r,nsr

Morrox pucr:aln ur

I(pncra.n.n

r{ncruc MoHoKpucraJrJlsl, o6-
JryqeHHbre peHTfeHoBcKHMI.l
,'ryqaMrr

Oroxxennrre nopolrKr It
MOHOKpTTCTaJIJ'rr'r, JrefupoBaH-
Hr,rc noHaMH He, Ar, Fe rr Cr

I(opyn4



__l
Ilpospaven s 6ruxHefi V@, nuqlluort u
HK o6,nacrnx cneKrpa !,o ?"x5 rr lrcul.
. [ lnnHonolnosan o6racrs nponvcKaHr.rf l
100- 1000 r 'rxu [76]
Tepuo.rrroulluecuHpyer npr roa6yx4e-
lunH B peHrreHoBcKoft o6lacru [352]
Maxcunryl.r noJrocbr lr3JryqeHnfi B crreKT-
pe repMo/'rroMr{Hecuenur{n fipu 'l:
:540 urrr [349]

sio
Onruqecxu auusor.ponnufi ,  Iro perrrre-
Hoarr,ropSen; n e-np : 0,09 l52l
XapaxrepucrnqecKl-Ie nonocbl nofnoue-
Huq s l4K-cnexrpe: I  = 8,2; 8,4; 9,3;
10,4; 12,7 uxu [52]

si2o3

Onrliqecxu axueorpouHsrft [52]
XapaxrepncruqecKue rroJrocbr nofr'roue-
naa n Zl(-cnexrpe: l ,=9,6 u 11,5 uxrra
[52]

sio2
Onrlr.recxn arr lrsorponnuli  (r.no.rpon-
uufi r npe,4e.rax 2OO-22b" C) tSz, Ozl
(* ) 2V':0; ne-no:0,0091'
(*) 2V':0; ne-no:O,0066 t52, 67l
( * )2V ' :0 ;  35 ;  n t -no :9 ,004 [52 ,67 ]
n")no l52f
( f )2V ' :50 ;  ng>np l52 l
no-ne:0,003 [67]
(-)2V":40; io>n" [52]
I lpospaueu n cuexrpanruofi  o6,tacru
0,22-4,5 tur<rra [76]
.{,nunuono"rnogaq o6nacrr nponvcKa-
nns 100-500 rur<ru [76]
O6raAaer sJreKrpoonrr,rqecxuu eS$er-
roM c npeleJroMnponvcKaHilq -4Mxt4
[76]
B cnerrpa.nruoM AuattagoHe 3-5 uxrra
xoeQQuqaeHr ttor,rorrdeunfl lnnefiso
3anr.rcr-rr or reMneparypbr (1270-
1870 K) [35r]
flonoxesne MaKct4 MVMoB JrroMr.rHe-
c_geulluu: hvx3,l; +,+; A,2; 7,2 eB

Can$lrp

Cangup

flneuxa

Kpucra.nn

tleruyiiuarr,re nJracrgHKu

o-Ksaplt

p -Knapu
o-Tpr.r4un,tur
0-TPua"uur
Y-TpHAlrMr.rr
o-l(pncro6a.nur
B-Kprrcro6a,rrr
ll.rasueHlrfi xnaptl

flonuxpucra;r.nnqecxu fi u n.na-
ueuuft xnapu

Kpucra.nruuecxufi  xaapq

fl,raa,rennri rnapII

Kpucrar.nr,r KBaprla
ToBo36ylKAeHr.ru B

[346] | rracru cneKrpa

256

npu Qo-
V<D-o6-

t7--3t2 257

EcrecrseHur;fi seo6nyqeHnbrfi rnapu
o6.na4aer repMonpMuHecqeuqt{efi [64]

Pzos

B npo{ecce oKucreHns npn yMeubule-
HHH,qaBJreHlrr Ha6nnAaeTcr cBeqeu[e
[ 8 1 , r . 5 ]

PzOs

nc-no:0,025 167)
(-) 2V':65; ne-np:0,044 [67]

n"-no:0,002 167l
floA aeftcrefieM ecrecrBeHHoro cBera
nloMliHecqHpyeT Se.IIeHLlM cBeTOM, uH-
re[cuBHocTb KoToPoro Bo3pacTaeT c
noHH)xeHHeM reMneparypbr [8], r. 5]

CaO
C)nrnqecxu usorponnlrft [67]
IIpn 85 K s V(D cneKrpe repMoorpa-
xcxus sa6lnAaercr rogKafl crpyKTy-
l)a c MuHr.rMyMaMu npu ftv = 6,93;
6,97; 7,00; 7,04; 7,098 eB [379]
flpu 77 I( a cnexrpa;rrnofi o6racru
200-300 Hru Ha6rrcIaercq 3aMergoe
i lorrouleHl{e cBeTa c MaKcllMyMaMI,r
npn 215 u 270 wu 13721
flo,roca F-r{esrpa ua6arclaerca B
cneKTpe norJrouteHr{s npu 5 K s6Jrngu
hvx3,6eB [89 ]
B cnerrpe flor.louleuntr npu 6 K Ha-
6rrcAaercs noJroca F+-qeHTpa (?ux
x374 uu), Koropoft coorBercrByer
noJroca usflyrrenur npu l*398 uu
[380]
Maxcuuyru rony6oft JrroMrrHec[enuurr
(lroao:266 Hrvr, I:295 K) Ha6rlo,qa.
ercfl flpu lwx2,6 eB (no,nyruupr.rna
noJrocbr -0,7 eB\ 13721
@occpopecqupyrcr, a npu aAcop6qru
Kr{cnopoAa sa6rplaercs xeMuJrroMI{-
rrecuenuua [65]

llpu 298 K u Bo36yxAenuu penrre-
HOBCKI'M II3JIYTICHICM NIOMHHECqHPYIOT
B cneKrparrbHoft o6aacru 300-650 nu
l38 l l

6eJras
Macca

KpucTaJlnnqecxag

Terparonarrnafl 0asa
Poru6uttecxas (ueracta6u,nt-
Has) 0a3a
fercaroHa,nrHar Qasa

Llssecrn
Mouorpucra,n,n

KPucra;r"l, ,q,e+oPMlrPoralr-
Hr,rfi sAotr <100>

MoHorpncrar;r-

Monoxpncrarl, JterupoBaH-
nufi l\{g

Kpucran,n, AetDopMspoBaH-
nHft sAoru <100>

9ncrne u JrerupoBannble Bi-,
Sb-, Tl-o6pasqu

fheHru roJrulnnoft I uxtrt,
nerupoBanHr;e Sm u Tu, c
nocJreAyrollluM oTxHroM B
unrepBaJre f : 100+-800' C



SczOr
KosQQnunenr npgnycxaHr.rn B BrrAu-
Mofi H onHxHefi ZK o6lacrsx cneKrpa
(^<z MKM) Aocruraer 99,40lo [392] 

'

TlOo,sr_r,ro
floaocu florJroqeHur n I4K cnerroe:
yVaJ5,-..5J_5, 800, 1080 ou-r (ripn
2e8 K n76l

Tio
floaocu nornoqeHnfl s HK cnexroe:
1,:1-10,-1651 515, 590, tOtO .*-t lrinu2e8 K) [35e]

Tl2os
floloclr noruro[IeH[r a HK cnextoe:
139-{0,__+_Q0_, bl5, 1080 cu-' t,ipn2e8 K) [35e]

Tior
nPn ?^sl9 ne-no:0,2869, nrreoxpou-pver 167l
fipu 2S"C no-ne:0,02g2, c,ra6o nne-
oxpoupyer [62]

l lnu ZS'C ns-np- :O, l l73 (Na);  caa-
oo uneoxpoupyer [62]
.Ilaynpelou.narcrqnft, npu l,:1,0 r,,rxrrl
h-ns:Q,lg f'lgf
Teuneparypuas oaBucr{Mocrb noKasa-
Te.:rs. I-p9nglrneHHr Anfl l,:0,486 rr,rxrrl:
@nol!Trllf_:-4,36 u (dn"F\|os:
:-8,6 [76]
B. _c_nexrpe gneKrpoorpaxeHnr npu
84 K Ha6nro.qaercs rryBcrBuTeJrbuafl K
[alrpaBneHulo nongpu3aqrn cBeTa ToH.
Iaj cfp_y_K_r-ypa B o6Jracru httx3,O-
3,7 eB [358]
B HK cnerrpe npu 2g8 I( HMeercq
nHK rrorJrollenr.rs c hvarl,4 eB (no.
rnouleHfie cBeTa IIOJIflpOHaMT MaJroro
paanyca) [363]
IIpu 300 K s I4K cneKrpe roesguqr-
eHTa oTpaxeHgg ua6nrcAaroTcr Mr.rHlt-
MyMbr c vaz380, 460, 870 cM-l [A651
IloJrocbr norlouqeunn n I4I( cnexrp6:
IiYa_l-s.__5-il, 650, 1080 crra-t ripn
2e8 K [35e]

flnesru

flopouror, cnpecconaunui
uarpurle CsI

floporuox, cnpecconauuufi
rrrarpuue KBr

flopourox, cnpecconaHunft n
uarpuqe KBr

Pyru.n

Asaras

Epyrur

Pyru;r

Monoxprcraa;r

Pyrna

Pyrr.l.n

floporuon, cnpecconannufi e
ruarpuqe KBr

Monoxpncran;t

flornrpuctala

AtrlopQur,re IJIeHKII

Iloporuox, cnpeccoBaHHbIfi B
MarpHue csI

fIo;rocr,r
e-475,
2e8 K)

norJrouegr{s n HK cnerrpe:
515, 800, 1080 cM-r (nPu

l l76l
Vror

Ilpu 93 K o cnerrpe KpaeBoro norro'
qeHfir Ha6nloAapTct ABa MaKcHMyMa:

hl3tor2 ss En|ldl t hrx0,32 eB
(Erc) [374]

Vor,rr-r,ez

Oqeur uenxue cnnbno orpax(arculue
cBer KpHcranan [52]

VOz

IIpu 340 K (xpuruvecKafl reMnepary-
pa nepexo,4a IIonyupoBoAHllK-Me'
ra;ur) e cneKTpax orpa>r<eunt cBera
ua6rp.q,arorcs cJra6blfi MIrHI'lMyM npu
1,65 sB n 6oree qerruft s6flEsu 5 eB
[82]

VzOr

loasuua nDonvcKaHllf, s VO o6racrfl
cnexrpa -2,t eB. B cnerrpe xoe$'
duunesra orpaxeHltg npn 298 I( ulrae-
6rc" uaxcutlyM B o6ra'crl'I h\):2,8+

eB (Ello1 [364]

Ilpn 77 K uaxcutrlyu luupoKofi acuM-
MerpnqHoft noJrocbr nnMlrHecqeHllltu
Ha6;roAaercn npr l,:850 xu [368]

floroca Qoronrouuuecuesuun npn 77 K
xaDaKTepusvercs 6o;Iilunu cToKcoBbtM
crr,r'euteuirem- -1,22 eB l70l

B cnexrpe SotonponoAnMocru s o6ra-
cru Kpat noJlocbl co6crseuHoro norao'
rqenun (lev390 nu) Ha6npAaercs
roHKas crpyxrypa [70]

VOo,re-r,zs

florroueHge cgera noJltpoHaMu Ma-
noro paAnyca npn hrx0,84 u 1,24 eB
(r:2s8K) [e4]
cl(pacnaa> rpaHlrua Qoroa$$exra
-2,24 sB lTll-

CrrOr

Kpucraaau,
nfru 1500'C

orox(xeHIIbre

Monorpucran,n

Mouorpucra.nau pa3Horo
crexl,roMerpurlecKoro cocraBa

Mouorpucra,l,n

Monoxpuctana

Ournqecrn annsorPonnufi [52] I Kpncraaa

l 7 r 259



CrzOr
floloxeHue MaKcHMyMa noJrochr tto_rnolr_{eHnfl _s vo cneKrpe npu ?,,x-400 nu [357]
agi'lH i "o "'or3t"ti rd$ff 

o'QQ'n"
MnO

Onruqecxu usorponnnrl [67](ApacHar> _ rpaur.rqa eoroeeQexra-3-4 eB [3b1]
FeO

Onruqecxr usorponnufi [67]
Fe2Og

no-ne:0,23 (Li); n,neoxpolrpyet [67]

93ff tHi *"'lailtri rsgaof 
o'QQ. n'.

Fe3O1

Onru.recxu usorpounnfi [62]

Ilpy Z^SQ K u cnempa,nruoft o6.nacru
0,15-0,8 eB noxaeaieflb nperroMJreHH,
tt yMeubrlraercs or B lo 2-, a noxa3a-
rerb norJroutesus, k o.r 2 to I [3g3]

!p" I 19 K (reuneparypa uepexoAa
Mera.rrJr-HeMeral.n) ua r<punoil TeMne_
parypHoE 3aBrlcrMocru onruqecxoi i
NPOBOAHMOCTI.I ECTb ABA MAKCTMVMA
lns f tv:O,t3 u 0,6 aB [393]

CoO

fllesxa

rIoporuor

Magragogur

Brccrur

I'elrarar
flopourox

Maruerur
Monoxpllcra.nn npr.rpoAHoro
MATHETIITA

Mouoxpucrann npupoArroro
MAfHCTI{TA

Monoxpucra,rn

Eyueeuur
flopourorc

Kynpur
lllacrzuru r<ynpnra

<Kpacuaa>
-3-4  sB

<lo.ny6ar> rpaHnqa npolrycKaHHR: v A,=2t000 cM:r (npH 2sa X) igbol' 
-

rpaHl,lUa Soroegdexra
(uptr 298 K) [sb4] 

- '

Nio
Onrsqecxu ueorponHnft [67]
<Kpacuan> rpaHHua-8,7 sB (npu 2e8 x) 1s?ffotQotn"

CuzO
Onrn.recru uooryonuufi [67]
Bparqaer nJrocxocrb rronflpr{3aqull
MartrnruoM noae [S2]

260

floporrror

261

B_ ctrerTpax Qoroarcunuecqeurrnu
(lroao:488 HIlt) npu reJrueBNx reMne-
paTypax Ha6nroAaroTcs JTUHHH r{3Jrvqe-
uus, c 1,"x0,72 n 0,82 ruxu (aaxadcnu
rucnopo4a), a rax)r(e c l,erO,9l u
l,0l rr,rru (naraucuu rrleau) [831
! cg_exlpax Qororrcuunecueuq,ru npr
4-77 K HapsAy c HenocpeAcrBeHHHM
r.I3nyqeHneM SKcI{ToHa U3 COCTOqHt{g
IS, O (upruofi uepexoq) na6.np,(aet-
cr PrA noJloc, BoSH[Karculux BcJreAcT-
Bre aHxnruJrsrlnr.r gxcr.rrolros (IS, K)
c oAHoBpeMeHgbrM sSJrygeHueM r.rnn no-
rnoqeH[eM $ouoxoa (Henpxuue nepe-
xoru) [61]
O6,na,qaer QoroeQQerrou, no a6co-
rprnoft Beruquue paBHbrM eS$exry
MerarrurrecKo* rtrelil [bz]
B cnexrpe npo.u,o.nuuofi Qoronpono,4u-
uocru (npn 298 K) sa6np.(arorcfl ABa
MaKcnMyMa c h,t F 1,45 u 2,35 eB [87]

CUO

ns) npi n,neoxponpyer [67]
O6raAaer QoroeQSerrorrl [52]

ZnO

ne-no:0,016 (Na). O6nqso npr
298 K Onyopecqrpyer n Vo cBere
t67l
.[,nynpeaounarculufi; ne-no:o,015
(f :0,589 rrrxt',t) [76]
flpu nporaauBauuu x<eJrreer, npn ox-
.rlax<AeHurr [pHHr{MaeT npexuuft qBeT
[8], r. 5]
floaoxense MaKcHMyMoB s V(D cnen-
pe roerlguuuerrra orpaxeunn lFrJi
npr 298 K: ftve23,30; 3,35; 7,0; 9,2;
12,6; 14,0; 15,2; l7,l; 19,3; 20,8 gB
[376]
Ilo;roxesue MaKcuMyMoB B cnerrpe
au$Sysuoro orpaxeur{r (340-380 ulr)
npu 77 Kt ?.av354,6i 358,8; 362,8;
364,8; 367,8; 369,2 sru. flo,noxesue no-
noc B cneKTpax Qoto- n r(aToAoJrrcMu-
Hecqeuttrrr s o6aacru 360-400 nu
oArrHaKoBo, Ito uHTegcuBEocTb ux pa3-
rran [384]

Monoxpucrarlu

Kpucrann

Kynpur

3araaensue KpucranJrbr

Tenopnr

flpuponunft ulrnKnr (99,63?0
ZnO)

Monoxpucrann

Kpucraan

Monorpxcran;r



llo.noxesue MaKcrrMyMa roeQQuunen-
ra flourouleHur B YO o6nacru cnexr-
pa: ftve23,355 oB (npu 300 K) Ll
-3 ,42  sB (npn77 K)  [361]

floroxenue MaKcrrMvMoB doronrclrnue-
cIIeHItnH (l"o.o:365 sr'l,' I:83 K):
]'x367,9; 374,7; 383,4; 392,0 su.
flonoxesue MaKc[MyMoB 3eneHo-)KeJr-
roft ceptln TepMoJrroMuHecUeHqr.rn
( laogo)360 su ,  T- l l0+180 K)  l ^ ,
*403, 513, 590 Hu [355, 72, 3851

flpu aos6yxa,eHun asornbrM nasepoM

(lsoao-3371,5 A, I :4,2 K) B cneK-
rpanbHoft o6nacrr 370,0-372,0 HM Ha-
6,npaaercr noJroca H3nyseHnt [360]
flpu nos6yx,ueHuu uMnynbcublM ny,t-
KoM 3neKrponon (ftvr*40 eB, T:
:10 K) B p$ynbrate pexou6nnaquu
oKcllronoB Ha6nroraercg .rrnHlrr crlt-
Mynr{poBaHHoro ils,nyueuun c }\x
x372,6 HM (nopor resepaqrn
3,5 A/cu2) [386]

Ga2Og

flo.noxeuue MaKcnMyMoB Qoroarcrrrnue-
cqeHlluu (lgogo:254 ul'l) nocle orxu-
ra.B Kr{cJlopoAe (asore): }v^9420 H*r
(npu 300 K) u l=365 nru (npu 77K)
[356]

GeO,

a"-ns:Q,006+0,01 I [67]
ne-no:0,04 167'l

AszOs

(* )  2V ' :58 i  f l s -np :Q,14 [67 ]
Ourtlsecrtl u3orponsbrfi; Bo3MoxHo
aHoMaJrbHoe ABynPenoMneuue [67]

SeOz

n")ng 167l
SrO

Onruqecxn ueorponnufi [67]
floaoxenue gKcr{ToHHbrx nuKoB B
cneKrpe orpax(esur rpu 5K: hvx
x5,7l l ;  5,784; 6,082; 6,126 sB [362]

Monoxpucrara

MoHorpucra;uEl

Mouoxoucrarn

Mouoxpucranil n-Tnna

Terparoua,rrnaa (paea
fexcarouatruaa Qasa

KroAerur
Apceuonur

I(puctal;r

)

MoHorpnctar,n

262

ToHxaq nreHKa

263

Ilo.noca norJroureHr.rfl F+-qesrpa Ha-
6rrc4aercn npn l,:400 HM, a MaKcr.r-
MyMbr QoronrcuuuecueHurlu (T:
:77 K) - npu ?r,=458, 500, 554 Hr'r
[86]
llpn 300 ( a I4K cneKrpe nornoue-
Hut Ha6rroAabTcff MaKcuMvMbr c vA,
=90, l0l, 108, l l6, 126,- 134, 142,
156, 164, 206, 224,255 cru-r [367]

YzOs
Onruqecru usorponnufi [67]
KogQQuuueHr nponycKaHHR e glrArn{ori
u 6;ruxsefi HK o6.nacrsx cneKrpa
(l(2 uru) Aocrlrraer 99,4% [382]
O6;ra4arcr QoroenerrpuuecxnMtl csofi.
crBaMn. B rrnrepBaJre 2l-37'C B
cll.IlbHbrx noJIrIx BoJrbTaMnepHbre xa-
paKrepr.rcrr{Krr (n xoopAunarax lgl-
= Y V) IrMeIor BLrA npqMbrx anuuft
[387]

ZrOz
(-) 2 V':30; ns-n e:0,07 , rne-
oxporpyet [67]
floroxeune MaKcLMyMoB noJrocbr no-
r,'Iouleur.rs s V@ cneKrpe: 1"av229
(ry6n.recxaa rrao,uuQuxaqur) n Lx
x248,4 _uru _ (rr.ronox.ngHHarr MoAnOH-
Kaurrr) [3571
Ilo;roxenue nonoc flortorlennq s HK
cneKrpe: vN425, 525, 685, 760 cu-l
[35e]
Cnexrpa.nruoe noJro)KeHHe no.noc Qo-
ronloMnuecUeHUun (l"ss"6:313; 365 uu)
npn 77 K: hvx2,74; 2,42; 2,20; 1,98;
1,76 eB [a02]

NbzOs
flpu uarpenannr.r Ao 400-500" C npu-
o6peraer xerryro oKpacKy, r{cqe3ato-
u1ylo nocr're ox.rraxAeHus, noAo6so ZnO
[80]
HHteucunHo norno[laer cBer B cneK-
rpaJrbHoil o6.nacrn 260-330 uxru c
MaKcnMyMoM nprr ?tx278 un,r [52,
3571

Kpncra.ruru, o6,ryreHuue
ObrcrpbrMr.r neftrponauu (npo-
roHaMH) c snepruefi  3,5 MgB
(aosa l0r7 qacruu/clr2)

f lopourox, pa3Mep
- d M K M

Kpucta,r;r

II,neHxu

flonuxpucralJruqecKHe
Kri ro.nulunofi
0,267 uxu

3epHa

n"'IeH-
0,1 5-

EaA.4e.neur

lheHxu

llopouror, cnpecconauur,rfi a
naarpsqe KBr

floporuox



MoOz

O6.raAaer 6otoalexrDuqecxur.r
Qexror'r [52]'

MoOs

ag lnp ;  ( - l - )  2  V" :  l3 ;  2  H" :  l l7o l5 '
(alg KpacHono caera) u 2H":127"
(Aar ro.ny6oro cnera); nrreoxpozpyer
[52]
fpanuqa nponycKaHr.rr s VO o6nacrn
cneKTpa Haquuar c lux0,4 MKM.
B cnexrpamuofi o6lacru 0,4-2 rrrxrra
noKa3aTeJrb npenoMneHHq n yMeHbula-
ercs or 3 no 2. IIpu l:850 HM Ha-
6.noAaercn noJloca uorlouqexnn, cBt-
sasuaq c qeHrpoM oKpacKr.r [368,313]

Ag'o
JloMr.r[ecqupyroT npr{ HitgKux reMne-
parypax n cnexrpa;rruofi o6nacrn
0,9-2 uxu [370, 6lJ

llpn 77 K o6raAaer ercnrossofi $o-
ronpoBoAnMocrrto [370]

cdo
Onruqecxu nsorponHnft [67]
IIpu 8-13 K p I4K cneKrpax norrro-
rqenuq Ba6rroAaercr uaHuuyu c X,=
=20,5 uxu (Aauunoao,ruoooe noruro-
uleHne cBeTa noJrrpoHaMu Manoro pa-
Auyca) [373]

lnzOs
flonoxeune xpaa Qyu4auenralruoro
nofJrouleHns s VO o6Jracu cneKrpa
npr 298 K: h?ux3,75 sB [ffia]

SnOr
IIpu 289 K n"-no:0,0973 (anq l,:
:578 nu), a npn 808 \n"-ns:
:0,0866 (anr l:578 tttu) [67]

Ilpospa.ruu s sn,u,rtuofi u 6,nuxnefi HK
o6racrsx cnexTpa. floaoxenue nonoc
norJroureHuff npu 298 K s ZK cnexr-
pe: l,*3,1; 8,5+9,0; 16,4 ruxru [388]

a$- Kpucra,na

Kpncra;ra

Illenxn rorulunoft
1,75 uxu

0,08-

Monorpucraa,n

Monorpncraaa

Kpucrar.n
fl.nexru n-Tilr'a, nonyqennue
KaTOAHbTM pacnbrneHlleM

fl,neurn

Kaccurepur

Tonrne nJreHKn

264
265

SbzOs

Onruqecxu usorponuufi. I,InorAa o6-
naAaeT aHoMa.rrbHbrM ABynpenoMneHll-
eu [67]
( - )  2V '=0 ;  ns-ne :0 ,17  167 l
O6ra.qaer SoroupoaoAunaocrrro s o6-
nacrn Kpas Qyularr lenranruoro no-
rrrouteHur (ftv=3,0-:3,5 aB) [389,
521

TeOz
(-)  2V"-6omurof i ;
(Li) [67]

nE-np:0 ,35

nor,'roulelrne caera s V@
cnexTpa HaquHas c hyx

[623]
Ce2O3

CenapuoHrur

Ba;renu.rHur
Kpucran;r

Te,n,'rypur

Kprcra.n.n

Kpucra"r,r
Monoxpucra.n.n

Kpucrara

floporuox

Tosxue n, 'reuxu (C-t lropua)

Kpncla; lnuuecr<t t f1 i l9p9suor(
I

Kpucra"'I.ttruecKnil r16pqu611

Mouoxpucrarn

O6.naAaer ne;luserlsr,rlr noKa3are,'reM
nperroMrreHnfi:  6n: (56*6) .  10-8 ea.
CGSE [85]

BaO

Onru.recxu llsorponnnii [67]
flo,loxenlle or{cnToHHbrx nuKoB B
cneKrpe orpa>KeHnr npr.r 5 K: ftv=
x3,91;4,03; 4,08; 4,2a eB 13621
flo.tloclt norJlolrlegus F- 11 F+-uenroos
s6rssu 2,3 u 2,0 oB coorsercrse;Ho
ua6nto[atu B cneKTpax nofJrouleHut
npu 77-423 K [88]
B unrepna,re_ 103-423 I( u $oronos-
6yxgenuu (ftv,o"o:3,65-r3,9 eB) Ha-
6arcaaercq noJloca pexolr6nuarqroH-
lofi JrrcMuHecqeHrll{H (hv x2,92 eB)
[3eo]

LazOs

Cunruoe
o6nacru
= 5,6 eB

B sanuclrlrocrll or crerreHH Boccra-
HoBJreulrr ( I :623: 1273K) npoucxo-
aHT H3MeHeHfie oKpacKu or cepo-6rpro-
sosoi i  .uo uepHo-cruefi  [52]

CeO,

Onru.recxll rrsorponHr,rfi [521
Haqa"rro AJrnrlroBo,rgoBofo Kpafi no-
n!'Iouleultfl s V(D o6flacu cneKTpa npl{
298 I ( :  vx2550O mr- t [391]



t "
I
I flo;roxeHue xpaa QyuAaueHranluoro

nornouleHufl p VO o6lacrll cnexTpa
npu 298 K: lrv=5,1 oB [6231

przOs

flo,noxeuue xpaa QysAatrenra.nuroro
norJrorrleHur s V(D o6flacrfi cneKTpa
npa 298 K: hrr = 5,56 eB [623]

Proorr
floroxeHue xpaa Syu,(auesralrnoro
norJloureHufl s V(D o6,'racru cneKToa
npr 298 K: ftv=5,35 eB [623]
IIpu l.:589,3 Hu (? :298 K) noKa-
3aTe,In nperoMneHuq H nofJrouleHufl
r.r3MeHflrorcs c roJrrungofi coorBercr-
BeHHo:  1 ,791<n<1,899 n  0 ,001 (
<ft<0,032 [392]

Ndr9s

floroxeuue xpar $yxAalreura,ruHoro
norJlorqeglir s V@ o6nacru cneKTrra
npu 298 K: h,r x 4,0 sB [623]

SmzOs

Onruqecru anueorponHuii ;  2V":10-
20 [52]
flo,roxeuue xpaR $yu4arraeura;rruoro
norJrorqeHr.rs s V@ o6racrfi cneKTpa
npr 298 K: h,tx4,86 eB (C-Qoprrra)
u 5,04 sB (B-(ropua) [6231

EUO
flpn aos6yxa,eHtlu rr3ryqenueM He-
Cd ,nasepa ulu er'reKrpoHnblM nyq-
rou ga6,rrcAaercR noJloca JIIoMUHe-
crregr.tun s6rnsr 3,36 sB [403]
flpu X.x 1,0 ntxrra (I:298 K) Ha6.nn-
aaercr rvrsKCr{M}M1 B cleKTpe Qoro-
npoBo,u,HMocTr.r, a MaKcrrMyM Qoro-3.A.c.
pacrrorroxeH upu 120,6 rvrxru [375]

ErsOzr
( * )  2V" :25 ;  ns>np f52 f

EuzOg
flo,roxeuue
norflorqeHHq
npu 298 K:

Kpas QyugauenraruHoro
s V@ o6racru cneKrpa
hyx4,48  eB (C-Qopua)

n 4,90 eB (

Tonxue nJreHKu roluluHofi
60,0-400,0 Hr'l (C-rSoprraa)

Tosxre n.lreuKri to.lruqr.rHofi
60,0-400,0 nu (C-Qoprrra)

Tonxue nrenKu ro.rulllHofi
60,0-400,0 urrr

Torrxlre [JreHKr{ roJru{ugofi
to 314 ?u

Tonrne [JreHKn ronltlllgoi
60,0-400,0 urrr (C-Qoptua)

Kprrcra;rn

Tosxue IlJreHKlt To,'Itql.ruofi
60,0-400,0 su

MoHoxprctara

MoHorpucrarr,
pz  108 Oru .cm

Oasa  <Opro - l >

Tonxue nJIeHKIT
60,0-400,0 tttrr

I
I

I
I
I

I
{

I
I

266

a )

TOJIIIIIIHOU
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I Ipu 77 K n cneKrpe lponycKaHnt
na6roAaprcs JnTHHH norroureHuq cBe-
ra c vrzl87l9, 18747, 18947, 18964,
19013,  19102 cM-r  [371]
flo,roxenne MaKcr.rMyMoB norJroulenut B
cneKTpe nponycKaHrrr s suAnl{ofi o6-
nacrr.r npu 4,2 K: ?ux573,5; 576,0;
578,4; 582,0; 582,2 Hrra [371]

Gd2o3

flo,roxeHue xpar rpyn4arr,reHraJrbHoro
nof.rtouleHlrg a V@ o6,'Iacru cneKTDa
nPu 298 K: h' tx5,45 sB [623]
Marcnuanrsar rracrora llK cnerrpa
IroutoqeHus: art^y535 cn-t [404]

TbzOs

lloroxeuue xpax Qyu4aueuTarrbHofo
rtor"{ou{eguq s V@ o6nac'r}i cneKrpa
npn 298 Kl hrx4,77 eB [623]

TbaOz

flo,roxeuue rpas Qys.qarrleHraJrbHoro
norJ'IouleHur s V@ o6"'racru cneKTpa
npu 298 K: /rv=4,95 sB [623]

DyzOs

floaoxeuue xpar QyH4alreHTaJrbHoro
norJrouleHrlfl s VO o6racrz cneKTpa
npu 298 K: f tv=4,86 eB [623]
MaxcuualsHar qacrora HK cnexrpa
nofJ'roqeHHr: vr=550 cnr-t [404]

HozOs

flomonqeuue r<par $yuAaveHra,tbnoro
rrorJ'roueuuq e VO o6,'racrn cneKTDa
npu 298 K: hyx5,27 eB [623]
Maxcuna,rr,uafl qacrora HK cnexrpa
[ofJroI leHI.Is:, t tx562 cu-t [404]

Er2Og

IlonoxeHue xpar Qyn4arueHraJrbHoro
nofJIoIIIeHr.Ifl e V@ o6,racrg cneKTDa
npn 298 K: h,txl ,2l eB [623]

Maxcurr,ra.nrsafl qacrora HK cnexrpa
norrouleHHfi:  vr=565 crrr-t  [4041

Me;rxoAucnepcnufi noporuoK
(C-$oprua)

Me,rxo4ucnepcuufi noporxoK
(B-Qoptrra)

Tosxue nreHKH ToJtrqflHon
60,0-400,0 nrrr (C-Qopua)

flopouox, cnpeccooanuuri n
uarpuqe ua Csl

Tosxue nJreHKu roruluHofi
60,0-400,0 nu (C-r$optrla)

Tosxue r.rrenKn rolulnsofr
60,0-400,0 Hu

floporuor, cnpecconauurtfi n
narpuqe us CsI

Tourue nJIeHKH ToJIU{uHofi
60,0-400,0 nru (C-Qoprua)

flopouror, cnpeccoBaHHblii B
marpnqe ue Csl

Touxue nJ'IeHKr.r ronql{Hofi
60,0-400,0 nrrn (C-QoPua)

flopourox, cnpecconanurtii n
ruarpuue us Csl

Tourne nJreHKu
60,0-400,0 sru

TOnull,rHofi
(C-rPopua)



I
i

i f
TurOr

floaoxettnc xpan Qyn4anreHTaJrbHoro
norJtoueutln s VO o6racr]r cneKrDa
npn 298 K: hv=5,25 eB [623]
Maxcrlra,nusar qacrora HK cnertpa
nofJlouleHHt: vr-568 cM-t [4041

YbzOs

floloxeune xpaa Qyn4arrreHTanbHoro
norJrouleHnr s VO o6racru cneKTpa
npn 298 K: f tv=5,30 aB [623]
MaxcuvallHar qacrora ZK cnexTpa
norJror{eHur: Ntx573 crr.r-t [404]

LuzOs

floloxenne xpan lpyn4arraeHraJrbuoro
flornou{eHus s VO o6,'racru cneKTDa
npu 298 K: hpx5,52 eB [628]
Maxcgua,nngas '{acrora HK cneKTDa
norJrorrleHrrr: jI =58p cn-t [404]

Hio2

floloxesne MaKcnMyMa floJrocbr uo-
rroulenrar B YQ cneKrpe npu luev
x2l3 uu [357'l
flo,roxeuue noJroc nornoqexug s HK
crreKrpe: 1Jx425, 535, 695, 770 cu-r
(npu 298 K) [359]

TazOr
IIpu HarpeBaHnu Ao reMfleparypbr
KpacHoro KaJreur.tr coxDaHrer 6grufi
u-aer [80]
Haqalo noJrocbr norrorleHnff s VO
o6racru cneKTpa -300 srr,r c MaKcH-
MyMoM npu '1,*2209 urrl [52]
Snexrpo,nrcrunnecqrapyer [393]
<Kga_cnq3>- _ ̂  .lpaHurra QoroeQrpexra- 1,5 eB [394]

Wos
fpauuuu nponycKaHnr csera g V@
o6racrn cneKrpa: l,ez380 Hm (auopQ-
Hoe cocrorur.re) n -450 urrr (noc;re
KpucraJrJr[3arluu). <Kpacuar> rpauuqa
$oroeQQexra - 325 srvr (arr,roprpnoe
cocronuue) n -550 sru (nocne xpr-
crarmaaquu) [3951

Tonxne nJreHKu roJrusHoft
60,0-400,0 uru (C-rpoprr,ra)

flopouror, cnpeccoBaHHbrft B
uarpn4e ns Csl

Touxue n.treHKH Tonqrruofi
60,0-400,0 nrr.r (C-Qoprr.ra)

flopourox, cnpeccoBaHHbtfi B
uarpaue ns CsI

Togxue nJteHK[ to.nulnnofi
60,0-400,0 uru (C-Qopr',ra)

flopouror, cnpecconannuft a
uarprue ue Csl

flrreuxa

floponrox, cnpecconauunft n
MarpH4e KBr

Touras rraenra

floporuor
flaenxu, noryqeHHbre aHoA-
HbIM OKTICJIEHHEM

Tonxue nJIeHKn

ReOt
Ilo,roxeHne MHHHMyrua orpaxeHufl B
9uAuruofi o6.nacru c[eKrpa: hyx2,l sB
(Kpax nnasMeHHono orpax(euna) [396]

Hgo

2q-no=0:29+0,04 (Li) ;  (+) 2V'-
ooJIbIUoH. KpacHaa OKHcb npu Hafpe-
BaHHU qepHeeT, HO BOCCTaHaB.[UAaer
npex<uurt rlBer flpu ox;raxAesuu. Xe,n-
Taff oKucb npfi HarpeBaHHI,I KpacHeeT
[67, 81, r. a]
B-HK cnexrpe norrrorrlegux npr.r 2gBK
rrao.rl^loAaloTct ABa MaKCHMylrla c v=

:!!! y 595 crr.r-r, yruaparcrqueca npn
nepexoAe or KpacHo_opauxesofi 

- 
r

oJ'reAHo-x(enrori rr,ro4uQuxaqru [397]
@oc$opecuupyror B cneKrpanbHoti 06_
"racru 2,0-4,5 sB. Maxcrlrlyu uureu_
cuBHocrH cBeqeHur (&v:2,89:L0,08 sB)
rr€o.rrroAaercfl 

. npu_ lB3 K (xpacuai
uo4uQnxauza) [631

Tl2o3
flonoxeHue xpax Qyu4auenra;rruoro
norJror{eung s sltAuMori o6;racru
cner(rpa npn 298 K: hyx2,l  eB [635]

Pbo
no-ne:0,13 (Li) [67]
2V'=90;  _ ls-np:0,20 (L i ) ;  nrreo-
xpoupyer [67]
flo.noxeuue xpaa eyu4aiuenra,nruoro
qofnourgHlr4 npu 299 K: hvxl,T_
3,a eB [399]
flo.noxeuue MaKcHMyMa nolrrocbr no-
rr'rorrtreHils n V@ o6.nacrli cneKTpa npu
293 K: 1,ry350 Hru, MaKcrMarbnoe
3naqeHI.Ie- noxa3aTe.rlfl npenoMneHug
n:2,7:2,8 ua6.lrcAaercq s suAurvrori
o6lacru_cnexrpa (xpacuaa MoArrQsKa_
trun) [398]

wor.H2O
(-) 2V':27; nc-np-0,22 167l

WOs'2HzO
Tyurcrnr

lrtlporyurcrnr

Monoxprrcra;la

MosrpouAnr

rIopourxu

flreuxn

|.lrer
Maccrxot

flnesxu fi nopolxKr.r npll
9HaHruorponHbrx npeBpaule-
HI.trx
Touxue n,'reHKu

269



B cnexrpax norJtouteHuq H Ooronpo-
Bo,quMocru B o6JtacrH 1,4 u 3,3 eB npn
298 K na6rna,aercs roHKatr crpyKrypa
[52, 399]

PbrOr
no2n", CunuHo naeoxpoupyer [67]
flpn 291 I( cnexrpa.nrnoe nonoxeuue
Kpar nornouleHuff coBnaAaeT c MaKclI-
MyMoM QorouporoAnuoctu: hntx
az2,l sB [366]

Pbo2
trolne, .I[,rynpe.norvr,nenne c,ra6oe [67]

BlzOs
Onruqecru ueorponnufi [67]
ns7n.e 167l
fpanaua nponycraHlrq cBera B BIIAU-
uofi o6,nacru creKrpa - 1,7 eB [400]
O6na.qaer QorovyacrnurenbHocrbp [52]

Tho2
Onruqecrn nsorponnnfi [67]
lDasn[a nDonvcKaHufl s VO o6racru
cnexrpa -'213 uu [a0l]
lloroxeure MaKcr.rMyMoB B cneKTpe
nofdnoulenflfl npr{ }yx246 u 300 su.
@.[yopecqnpyror B cneKrpamnoii 06-
racrn 390-470 nu [401]

UOz
Henpospauuuft; Kos$QuqueHr orpa-
xeHrtr B snAuruofi o6nacTr.r cneKTpa
R:12,5-15,00/0 [67]
I I pu3K  BAar rbHe f i  HK  o6nac r r r
cneKTDa Ha6rto,u,arorcf MaKcHMvMbr
norro 'qenun c \ 'v17,6;  19,2;79,0;
100,0 cu-t [ l53]

2UO2'7HzO
(-)2V"-Man;  ng-np:Q216;  nreo-
xpoupyer [67]

4UOg'5HzO
(-) 2 V'-48; ns-np:Q,lt; cnnbHo
nneoxpolrpyer [67]

4UOs'9HzO
(-) 2V':89; ne-h:0,045 167l

T U O g . l l H z O
( - )2Vo:31;
x

Monoxpucra,nmr

MuHuyrr,r
floporuor (cypux), pa3Mep
3epna -8 Mr{M

fl;rarruepur

Cn.nrenut
bncutzr
Oroxxessue nJTeHKII

Kpucra;rl

Topuauur
Kpncrarr, oroxxesur,tit B
KucrropoAe npu 1673 K

Kpucra;r.nrt, BoccraHoBJreH-
Hbre npu 1673 K, a raxxe
nerupoBaHHbre uosaltu Ca2*
H Y3+

Vpauuunr

MoHorpucra.n,n

Llaurnnur

Kpucranl (pou6uvecxaa uo-
4nQnraqra)

Cxynur

Eexreperlrr

I

j

{

270

ns-np:Q,QS5 n,neo-

27t

TJIABA VII
flIEPHbTE CBOfiCTBA
TT BJIIIffHNE OBTYqEHIIfl

I. MIIKPO. ]T MAKPOCKONl,tqECKHE CEqEHl,|f l NOTJIOIIIEHI,I '
H PACCEtHr,rt [401 406]

Moreryarpxar
nIoTItocTb,

X l0, l  MoneKyJr/

116-z8o117"orr"*ynv 
I

345

44,9

60, I

42,5

36,2

26,8

26,2

39,7
38,3
32,4
38 ,4
24,0
5 l  , 2
36 ,5
28,9

38 ,3
270

47 ,0
37,2

t Ceqenus oxlcJroB MgO n ocraarnhrx paccq[TaHbr no OopMyran: o;:o1"*
-l- oio , rAe otr" - ut{KpocKolxqecKoe ceqeH[e gJreMesra, o6paeyrcqero oxncea,
( i :  a ,  s )
n oJO Ml{KpocKonlqecKoe ceqeHlte KHcnopoAa; )J :9s Od9 - pOOrO, rAe pr9-

rroMHaq nrornocrb glIeMenra B oxncre (vucao arouon 3neMeHTa, o6pasyroulero
oKHCen, B easnlrqe o6teua); pro-aToMHar nJrorHocTb xr{c.rropoaa B oKncJre
(qucao arouog Kr{cropoAa, BxoArtqero B cocraB oKqcra, B eaHHHr{e o6reua),

o"ca

Hzo

DrO

BeO

Mgo*

Alsos

si02

CaO
TiO

Cr2Ot
ZnO
SrO

Ygos
ZrO2

cdo
Sm2Og
Eu2Os

Dyros
Th02
UO,

3 ,35

3 , 3 1

7,28

5 ,44

2,35

2 ,66

3 ,64
3 ,20

2 ,06
4 , l 6
2 ,70
1 , 2 9
3 , 1 2
3 ,26
I , 2 8
1 , 2 7
1 , 2 6
2 ,26
2,23

0 ,66

0,001

0 , 0 1

0,063

0,  46

0 , l 3

0 ,43
5 , 8

5 , 8
I , 0 6
I  , 1 6
2 , 6
0 , l 8

33r5
l6 500
8740
2200

/ , o

103

1 3 , 6

6 , 8

7 , 8

15,4

l 0 , l

7 , 2
12,4
I 8 , 6
7 , 8

14,2
l 8 , 6
1 6 , 4
n , 2
22 ,6
30,2
214
20 ,9

t6,7

2 , 2

0,0033

0,073

0,344

1 , 0 8

0,345

t , 5 7
1 8 , 5
l l , 9
4 , 4
3 , l 3
3 ,36
0,56
r0 850
21 100
l r  100
2770

I 5 , 8
I 6 , 9
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3. noporoBbrE eHEPrHh PEAKUUn, f lPlrBo,qf l i l I l tx K oEPA-
3OBAHHIO HOBbIX 9JIEMEHTOB B OKI'�ICJIAX [407]

noporoBas aHepnnt,  X 10-12 Ax (MeB)

|  { n , 2 n l (,t, p)

Bce
BeO
Mgo

-T- l  
I  lMar* ruansnaesneP ' l

I I Tsn I nePxo4 | 
"1] HsnvqeHne' | -

ox'ce;r I n"o"on I o"iff'"'o, | 
'""fjfi 

I 
xro-tg ax | 

'r'#ffiT

|  |  I  l q a c r x r b l l t - . n v v e n l
t l r l t l - l t i t l ,

2 ,6 r  ( r6 ,3 )
0,27( t  ,67)
2,62(16,4)
t , t 7 ( 7 , 3 )
1 ,79 (n ,2 )
2 ,05 (  1  2 ,8 )
2,7(  16 ,8)
l ,36(8 , 5)
2 ,64 (  r  5 ,9 )
2,  r3( r3,3)
r ,3e(8,7)

=

=

A"oton 

\

180
eBe
24Mg
26Mg
26ME
27Al
28Si
2esi
{oCaO
46Ti
.eTi
sLZn
86Zn
67Zn
asZn
soSr
arSr
88Sr
soZt
sLZr

rH

.He

r3C

10N
r60
sH*
oHe
8Be
2lNe

2sNe

23Ne
2cNa

0,58(3,6)
0,048(0,3)

0 ,39(2 ,1t4)

=

=

1 ,63 (10 ,2 )

0,78(4,e)
0,66(4 ,  I  )

o ,3 t ( l , 96 )
0,64(4,0)
0,5393)

:

-

Al203
si02

CaO
TiOr

ZnO

SrO

ZrO,

4. HEKOTOPbIE XAPAKTEPITCTIIKI{ I ' I3OTONOB, OEPA3YIO'
nlHxcfl B oKltcnAx nPH oEJIyqEHI'IH [407]

7 ,4
t26

i7. I  0-8
0,83

r 6 , 6
2 r 7
0,0288
5 , 6
0,058

7 , 0
2,22

l0-18

40,2
5 , 4 . 1 0 4

3,34
2,21

r00
r6N
5He
0L i'l:

23Na
24Mg

2 ,77 ( t7 ,3 )
0 ,3 ( r , 85 )
2 , 7 s ( 1 7  , t )
1,20(7,5)
I  ,85( l  I  ,6)
2 , l l ( 1 3 , 2 )
2,78(17 ,4)
r  ,39(8,7)
2 , 6 1 (  l 6 , 3 )
2 ,  t 8 (13 ,6 )
I , 42 (8 ,9 )
r  ,9r ( r  l  ,9)
r , 8 r ( r  l , 3 )
1 , 1 4 ( 7  , l )
I , 65 (10 ,3 )
I  ,54(9,6)
l ,36(8,5)
| ,79(11,2)
1 ,97(12,3)
|  ,17(7,3 '
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l pacnaJ ,aqacrnrtbl 

| ?-nyqefi I
5 1 6 l z

Trn
pacnaAa

nepHoA
norypac.
naAa, c

Alros

sio,

r6Na
28Mg
2rN;
2?Mg
264l
,gMg

zoMg

28Al
2eAl
2?Si
37Ar
{0K
seCa
87Sr

88Sr
e0Y
ssZr

62
il

6 , 4 . 1 0 4
570

Y

138
394
4 , 0

2 ,94 .106
4 ,  I  . 1010

rJ

2 ,31  .106
2 ,U . t } t

6 , 4
4,72
t D
2 , 8
5 , 1 2

4 ,58
4 , 0
6,02

2 , l l
8 , 1 7

zoMg
23Na
24Mg
2?Ar
26Mg

2 ,56

2 , 2 1
1 , 6 2

2,  86
3 , 9

28Si
2esi
2?Al
37Cl

'oAr'5

e'st
1 , 4 4

to2,
80Y

o;1,
x l0r1 l /M:

r o 6 n ' K

,

AV/Vo ,  %

+0,3
+0,6
+ 1  , 2
+2,3
+3,3
+3,7
+4,5
+1  ,7
+0,9
+3,8

Q6r,
X l0t t  f la

7o6a' K L VlVo, yo

BeO, rr,ronoxpucraJlJlbl
[408, 409]

BeO, no;ruxpHcraJrnH
[409, 410, 41t,4281

373
373
373
373
373
373
373
383
923
923

I
2
3
5
8

t 0
26
t 8
l t
4l

1 , 7
2 ,6
5 , 5
7 , 4

l 0
1 , 2
5 , 6
4 , 5
t , 5
6 , 6

348-373
348-373
348-373
348-373
348-373

783
793
863
943
943

*0,7*r
*2,9*e
* 4 , 1 * a
*6,3*r
*8,3*r
*0,2*r
*1 ,7*z
* 1 , 5 * r
*0 ,15*a
* 1 , 3 * a

'TperHft  o6pasyercn ro peaKqnE: 6Li+n: .He+3H.

5. PAAIAUT,IOHHOE H3MEHEH I,lE OEbEMA
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ff i ^v^o.%ll .?at;" I "'" ' xlavu"'w
I  l - ,  I  3  l [  I  I  '  |  3

t 2

2 , 7

5 , 2

l0

t 4

9

t l

1 2

2 , 8

5 , 3

l 0

t 4

9

l l

l 2

1 , 9

2 , 4

3 , 1

4 , 0

5 ,0

5 , 3

2 ,0

2 , 5

3 , 0

963

348-373

348-373

348-373

348-373

808

858

963

348-373

348-373

348-373

348-373

808

858

963

373

373

373

373

373

373

373

373

373

*2,5* t

*0,9*r

*2,9*s

*5 ,9 *a

* 7 , 1 * s

+2,4*:

+ l , g *3

+1 ,7*3

+0,5**

+1 ,9 * *

+4,5**

+6,9**

* 1 , 4 * *

+1 ,4* *

+ I ,3**

* 1 , 2 * r

+1 ,6* {

*2,2* t

*2,4*e

*2,9* l

*3,4*a

+1 ,4*g

+o'9'r9

+2,8*9

4 , 3

5 , 0

6 , 5

1 , 7

2 , 1

2 , 9

3 , 0

3 , 5

3 , 6

4 , 0

4 , 2

4 , 6

4 , 9

6 ,  I

5 , 2

6 , 5

6 , 8

8

t 6

24

l0

20

l 0

20

373

373

373

373

373

373

373

373

373

373

373

373

373

373

373

373

373

923

923

923

t373

t373

1373

t373

+4,0*g

+4,6*9
-L4 q*6

*0,5*u

+0,9*8

+ 1 , 3 * 0

+ 1 , 4 * 8

* 1 , 6 * u

+ 1 , 9 * 8

* 1 , 6 * u

+2,4*8
-L9 4*0

+2,6*0

*2,9*u

+2,6*6

+ 3 , 1 * u

f2,6*u

* 2 , 1 * z

*,4,2*''

*6 '3*z

+0,9*8

+ 1 , 4 * 8

* 2 , 1 * s

+ 2 , l n e



r;,1,
X l $ ' l l 1 r

40

t 0

20

l0

20

40

l 0

20

30

50

90

t 0

20
30
50
90

0 , 1 5

0 , 6

ro6a'K 
I

, l
t373

1373

1373

1373

1373

1373

1273

1273

1273

1273

1273

1273

1273
1273
t273
t273

348-373

348-373

J-9  9*0

+ l ,S* r0

*2,6*ro
J- t  ?*71

*3,0* t r

*3,4*rr

*0,5* t ,

* l  , l * r z

*1 ,7*rz

*2,8*rg

* 5 , 1 * t t

*0,6*ra

*  I  ,3* ta
*2,  1*ra

*2,6*rg
*3 , o*rs

14r2l

+0, t

+0 ,4

r o 6 a ' K

348-373
348-373
348-373
348-373
348-373

+0,6
+0,7
+0,8
+ l , 0
+ l , l

1 , 4
2 , 2
3 , 0
4 , 8
6 , 0

Al2o3, Irod'IItKpHCTanJIbI

1413, 4t4l

MgO, rr,roHoxplcraJrJrbr

I

2

3

4

6

8

I

2

3

4

6

8

52 673-973

+0,22

+0,46

+0,70
+0,85
+ l , 1 5
+ l ,30
+0,25
+0,40
+0,65
+0,66
+0,80
+0,85
+5

523

523

623

523

523

523

748

748

748

748

748

748

* t  @6" -  Or loeHc Hef i rpoHoe c snepruef i  EB >1,6.10 -13 
Ax;  Io6n _

l:yL9lltlpu o6pasqoB Bo Bp-eMr o6,nyveurrn; AVIVo-_orHocurenbHoe H3MeHeHHeoobeMa; p0-nnorHocTb Ao o6,nyueuna (0or"_ornocnreauuaR n;rornocrs 4o o6_
i : : , .Y",  

%l da-dgepna. t2 fopl tenpeccoi inurte,  por ' -92+9806, ds:12+t5 r{xu.* '^onoAHonpeccoBaHHbre,  pqlg-96+9806, dt-g+12 ruxu.  **  Xo.no4HonpeccoBaHHble,
99tr:95-.97%, _da:2-3 r,riii. *, BeO, copr UOX, +l% Be, ps:29s0 xr/x3, d3:
:9 -Y.x\t. 

*5 BeO-UOX*2![^Be._ pe-2-960. xr/m3, ds:12 uxM. *6 Beo_uoX*
f.t_j"f.Xk";lf:"f, ti3;;f_f;rn20 il/M1-rs---iti- ;*;l .l *o,oa"onp"uiJo";;;.1,
;d,fi ";;;ili":zld;:ibt'llT,"T,"3i?fi,i'",1,f J;,'no:f;!;i{,.*?l;11_tl,br:?f IJ
*f0 0o:2900 xrlu3, d":23425 uxu, to6n:7,95.106 c. *r po:2900 *.1"r,?iZS+ZS **",
lo6a-t ,59' l0? c. ' t2 Xo;ro4n
HonpeccoBannbre, 0o:2600 ""iJiT:3"flT.T:' 

Po:2900 Kr/M3' d3:5 uxu' *r3 Xono'u-

L V/Vo, yo
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6. BJII, I ' |HHE OEJIYqEHH' HA NJIOTHOCTb

cneqeuubre [415, 409I
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2900
2940
2839
2833
2806
2800

0,086
t , 2
1 , 6
1 , 8
2 , 0
2 , 1
3 , 7
3 ,9
4 , 0
0 ,082
3 , 6
4 , 5
0 ,061
3 , 8
6 , 0
0,088
1 , 3
1 , 8

4 , 0
5 , 4
2 , O
2 , O
2 , 1
2 , 1

- 0 , l t t
-0,7tr
--l ,grt
- l , 2 r r
- l , 3 r t
- l , 5 r r
-3 ,4 r r
-3 ,3 r r
-L  " t

- 0 ,1 ' r
-3,69
_4 ,6m
-0,  1rs
-L  '8

-5 '3ra
- 0 , 1 r {
-0 ,7 t t
_ l  ,  l * l
- l  '  3 r t
-3 ,9 r '
-5,4r1
- 3 , 1 9 ' 6
-2 ,61 .u
-l ,2610
-2,3310

[408]
- 0 , I
-0,4
-0,6
-0,7
-0,8
_ 1  , 0
- l , l

373
373
373
373
373
373
373
373
973
373
373
373
373
373
375
373
173
J I J

373
373
373

I 133
r t33
I  133
I  133

0 ,  l 5
0 , 6
1 , 4

3 , 0
A C

6 ,0

MgO'u
348-373
348-373
348-373
348-373
348-373
348-373
348-373

Al2o
.8
3
353
353
353
353
353
353
353
323
323
323

[408, 416-418]
- 0 , I
-0,23
-0,38
-0,6
-0,8
-0,95
- l , 03
-0,35rro
-0,98t,0
-0,17r ' t
-0,39rt t

0 , 2
u , o
t , 0
2 , 0
3 ,0
4 , 0
5 , 0
0,6re
6 ,0 ' e
0 , 3
0 ,5

3983
3983
3559

SiO2, Kpucran.uu [418]
0,66 |  373 |  -3,5. , ,  I
0,013 |  313-373 |  -9,97+rz |  2648

0,049
l l
2
2
2

@6"'
X l0g
fIa

0 ,7

0 , 6
4

P c '
rn/ld

r o 6 a ' ( Lplpo' Yo

313-373
623-573

SlOz, auoprfnne

_4,.ltrz I
_17,7r | t  I
_14,7. t t  I
-13,o. ts I- 13 ,0 . t r  I

14t7,4t8
+o'9 t
+ t , 8  |
+0,2 |
+2,8 |
+2 , r  I
+ t , e  I
+2,05 |
+2,3 |
+ r , 2  |
+3 1
+2,8 |

Tio2 [4
32t
323

o , w
2
0 ,013
0,069

il
0 , 2
0 , 5
0,7
4
2
2 , 2

0 ,6
3

323
323

313-373
3t3-373
523-673

323
323
323
323
323

2600
2600
2600

I
2210
22t0
2209
2268
225r
2196
2196
2204
2204
2210

16, 4lel
- 0 ,5
-0,75

MgO.AlrOs [419]
l 0

SBeO.A lzOs.6S iOz [418]

40 r0
4010

3600

3730
3730

2796

3 , 6  | l - 6

2MgO.SiO, [418]
|  |  -0,85

ZrOz.SiOz [418,  4 l9 l
|  |  -0 ,67
I  3 2 3  l - 4

Crearnr [418]
| 323 I -1,3

aapQop [419]
|  |  -0 ,3
I  |  -0 ,6

Carcna [419]
-3 ,8
-t4
-2,4
-2,8

0 , 6

u , b
3 ,6

3410
3410

*r45
%346

o,4 t r5  |
2tr6 I
0 ,8 r '6  |
1 1 1 6  |

* r  Copr  AOX,  d r :15 ;20  uxu.  '2  CoDT HPA,  dz :13+20 MXM.  .3  Copr  UOX,
dr :15+20 MKM.  *1  UOX+0,5% MgO,  73-15+20 uxu.  rs  UOX+3% Z iOz,  d t :
:15+20 MKu. *0 XoaognonpeccoaaHiue *0,606 CaO. .? Pa4uaqrouuoe ssueBeHue
RnorHocrl, MgO srelrnaleHTHo rrsMeueHuro o6leua. rE Monoxpucratnu, nonrrKpr{-

c r a r t b t .  t e  E H > 1 , 6 . 1 0 - " 4 x , . t o  C a n $ u p .  + l r  C n e q e n n s e . . 1 2  K B a p q . . l r  K p u c T o .
6arsr. *ra Tpu4urunr. .r5 O6ryqenrie B peaxrope c BoAsHbrM gaMeA.rrHTereM. .r! 06-
nyceg[e a peaKTope c rpao]iroBbrM gaMeAJrsreJreM.



7. BJtUflHUE OEJlyrIEHHtI HA nEpI{O,[bI KPHCTAJIJ|HqEC-
KON PEUIETKT,I

@6r,X l0tr  l /xr

o

D

I
I

I  
roo" 'r

t ,
Ldl(4, o/o Aclco, To

I
l

1

I

Beo [4@, 410, 420, 42tl
+0,03
+0,05
+0 , l0
+0 ,12
+0' 13
+0,13
+0,02
+o'02
+0,02
+0,02
+0,02
+0,105
+0,14
+0,10

0
0

{-0, t0
+0 ,12
+0 ,13
+0 ,13

0
0

+0,04
0
0
0
0

+0,01
0

+0,05
0
0
0

I
2
4
6
8

l 0
5 ,
9
4 ,
u
t 2
o
o
D

I ,
l ,
4

l 0
l 0
8

l 7
43
8

l 9
u
I

t 7
29
45

t 9
34

373
373
373
373
373
373

783-8r3
793-823
853-873
843-873
943-973
348-373
348-373
348-373

I 173
lt73
383
383
383
383
923
923
923

1373
1373
t373
923
923
923
923

1373
1373
r373

*0,22*t
+0,50*r
* l ' 1 5 * r
+1 ,85*1
*2'55*r
*3,0*r
*0,6*g
*1,42*z
*0 ,51*e
J l  9 * 2

i i lo- '
+1,6*8
*0,5*l
+l ,4*6
+0,03*o

0,02-0,04*?
*1,00*e-F2,56*s
+2,99*8
*3,26*s
+l ,50*8
*2,26*s
*2,09.4

0*a
*0, lg*c

0*8

+1 ,58*e
* I  ,40*s
*2,12*s
*2,04*s

0*0
*0,34*s

0*s

2 , 4
+0
+0
+0
+0
+0
+0
+0
+o
+0
+0

373
373
373
373
373
373
373
373
373
373

MgO*to [41 t5l

,04
, 1 2
, 1 7
, 1 8
,195
,2Q
, 1 9
, 1 6
, t25
,095

0 , 2
0 , 5
0 , 9
t
t , 5
1 , 8
2 ,0
2 ,5
3 , 0
3 ,5

ITpodotwenue

0 , 5
1 , 0
r , 5
2 , 0
2 , 5
3 , 0
3 , 5
4 , 0
5 , 0
2 , 8
3 , 2
2 , 5

0,09
0,66

l , l

4 , 0

0 ,015
t , 0
2 , 0

0 , 4

l , o

3 ,6

3 , 6

373
373
373
373
373
373
373
373
373
823
873
973

Atro;rr [413]
+0,08
+0 ,13
+0,18
+0,22
+0,26
+0,28
+0,29
+0,30
+0,32
+0 ,11
+0 ,12
+0,07

0,08
+0,13
+0,  t8
+0,22
+0,26
+0,28
+0,32
+0,35
+0,40
+ 0 , 1 1
+0 ,12
+0,07

+0,03
+0,32

+0,4

-r:n-*

sro;12 [4181
|  +0,1

373 | +2,2
Tlo, [418]

l 0
Zno la22l

348-373 | +0,04
ZrO2 [418, 419]

373 | -0,3e
I o**n
| +o'28*tn

uo, [419]
|  +0,04

MgO.AlzOs [419]
I  +0 '12

BeO.AlzOs [418, 419]
l + l

2BeO.SiOa [418,  419]
|  +0'7

*t MosoxoucranJtbr, noDoIrrKB, t2 flopourKu, [onyrleH]tbte usMeJlbqeHlleM cne-
u.r"",i-o6rv'.rennux o6pa6Uos. $ Iloporuor. r{ Kortruaxflrrrfi. rE Hguear.tennlrfi
;-;;;i";* ;"CrJ o6ayq'euni. '6 +0,6% cao, xounartsryff.- ",Io!.xe' qro-^It--*6,
;.';5;A;"e;"'R nooie o6.nyuennn. "-ds-71+74 M'.M. ro d3:17+24 uxu.-*10 Mo-
lroKpHcTaJIJIbt H [oJIHKpItcTaIiu, *l l  Mouoxp]IcTaJrJrH n noJrHKpHcTaJInH,_tP KBapII
oo:-0,4903 uru, co:0,5393 Hu. flpu 6onbrltf ix noroK-a-x KpHcraJlnHqecKat stu2 nepe'
ibaii i-a*6pOiyro. "t Mosoxjrnnuas Ablbo:-1,2010'' AF/Fo-+0'68%. 'rr Kv6uqe-
cxa  R c ra6u lxg l tpoBaHHat .



8. BJI I,I '  H U E OEJT Yq EH I,I '  HA TENJION POBOAH OCTb
[408;409;4t t ;  4 t3;  415;  416;  418;  4t9;  4Zg:-425]
@6"'
x l0r l
I /Yr

6lis I sns::"ssr | :?d; I t:6 ll rlo,
\'' I alrglt | :39:: I tgg llg:t* t tri:, | :33 | B:BB
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0,  139

BeO 373
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373
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373

373

373

373

373

373

373

373
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i
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I 6. PAAITAUI,IOH HbI E AEOEKTbI

Xaparrepncruxa g,erlexros

0 ,28

0  ,58

6 , 8

0,65
1 , 8
3 , 0

0,65
1 , 8
3 , 0

I D

I

2

l 0

,
2
2

373

O ' J

373

373

373
373
373

373
373
373
373

373

373

o / o

'J1 ,1

373
1073

1273

BeO

I ,0. 1gz0 l ; lornocrr aroMHbtx 4eQexron [aeQ] pe-
AeQ/M3 urerxu (eaxascnfi u,ru 

-aue4peunux 
aro-

4 . g. 1026 tto.n), paccuttraHHaq no AaHHL'IM l.r3Mepe-

Ae6ir*lr HHri pacceqHur TenJroBbrx HeftrpoHoa B
-'--'' -^ npeAnoJ'ro)KeHr{H, qro nce 4eQexrtr an.;rt-

8,0. l0^' �6 rdrcs o,uunoqssrr-ra [441]
AeQ/M"

4 ,l . l0zz
leQ/ug

5.1022 cK/M8 fl;roruocru cxonneHufi [cr] ,u,eQexron,
5.1022 ) onpeAeneHHaqiueroAoM npocneuunarculeri
3'10s2 > sl-exrpouHorl rrrr lxpocxonun-[409]

? ,* Cpe4nnfi ArraMerp cxonreunft, onpe,q,eneg-
J > Hbrfi MeroAoM npocBerrnBarouleft a,lexrpoa-
7 > uofi r'rrlxpocronuu [409]
t >

I ,5.10-24 flnorsocrs cxonnenurl roqequbrx ,qe$en-
cx/m3 roB, paccquraHHafl no AaHHbrM uarrlepeuui.i

I  .5.1024 TenaonpoBo,qHocTH npl i  HHsKI.tx TeMnepa-

&/ur rypax B npeAnoJloxeHlll4J qTo cKonJleHufl
rBrrrorcfl nlocxrrrlr [409]

2 ,5 .1024
cr/ru8

7-!0 utu Cpeauuri Ar.raMerp cxonneuufi, oflpeAer'Ieu-
20-25 > Hirii MeroAaMr{ 

- 
npocneuunaroqeli eJreK-

30-40 > rporruofi MlrKpocKorruu u peurreuorpaQu-
rrecKoro arailnga, I Ipu IroBr,rIueHHbIx

TeMleparypax o6lyveuua cKonneHufl npeAcraBJrsloT co-
6ofi .qucnoraquoHHbre ner,'rr.r BueApeunoro rnna [420]

Auc.noraquognbre nerJrn BHeApeHHoro TLr[a B 6aeucnlrx
n.rrocKocrsx {0001} cpelnuu Ar4aMerpoM 40-50 nrvr.
AucaoraquonHbre nerJnr BxeApeHHoFo rnna B npugMa-
rr.qecKnx n,rocxocrax {1120} c BexropoM Eroprepca
al3 1lltO> cpeAHLtM Ar{aMerpoM 50-60 nu. guc.rro
6agucgsrx nere.rlb HaMHoto npeBbrllraer qncJro npn3Ma-
TfiqECKIIX NETEJIb

C yaeluueuueM creneHr.r o6lyuenux 4o 1,1.1025 l lrz
cpeAHufi AuaMerp 6asucuHx Ar.rcnoKauuoHnbrx nereJrb
yBenuquBaercs Ao 100 nm, npr{gMarlrqecKux-Ao
100-200 nu



, l
25

0,3

4 , 3

4 , 5

l-5

t273

423

423

423
423

flpu 4a"rr,Herineu IIoBnIIIIeHI{I{ ere[eHl{ o6ny'IeHlrt
I{HCNO NP I'3 M ATI-IqECKIIX AI,ICJIOKAqI,IOHHbIX ICTCTb YMEHb.
rrraercr r.r npu Q.nrcence 2,5.1025 l/Ms oun rroJrnocrblo
ucrre3aror. floge*storcs rpy6uonoAo6ubre nycrorH c
npanrrltrofi rexcarouamnofi orpaurofi 4auuoft Ao
300 uru tl Ar.raMerpoM Ao 100 urra. OnpeAe;reuo MeroAoM
np ocBetrr.rB aroqeft ererrpoHuofi MnKpocxor uu 14421

Mgo

KosqeHrparrus saxaHcnft (rrrexAoyse,nrnux arolcoa)
cocraBJrf ler -0,19%. OAua saraHcun yuenruaer o6r-
eM KpucraJr,'ra na -0,4v, rAe s-arounufi o6rerrt,
o.{nr{ BneApeHunft aron BbI3bIBaer yBer'tuqeHne o6rerr.ta
KpncTaJrna na -3 o. PaccquraHo no AagHbtM u3Mepe-
Hnfi nnorHocrx r{ nepuoAoB KpltcraJrr[qecKofi peluerKu
[ 4 1 2 ]

fl.ltoruocrr cronrenuft lcx] roqeqHbrx AeQeKroB co-
craB,'rqer 1023-4.1023 cx/ru3. Cpeasuft AHaMerp cKon-
neruft 2-5 ttt'r. ?lsterpalruas nJloqaAb cKoII-
nevufrr 2.106 l/rvr. Orxur np" TeMneparypax BbIIue
1073 K BbrsblBaer yBeruqeune pa3MepoB cxonleuufi H
cHr.rxeHr{e tlx nJrornocrlr a.o 5.i@z ctr/rras. flpn etor',r
cKon,leHfifi pa3peualoTcfi KaK AI-rcJIoxaq[oHHbIe neT.IIH
BHeApeHHoro rr.rna B rrJtocKocrsx {ll0} c BeKropoM
broprepca B HanpaBrreHl.ru ( l l0) '

C yaeluueuueu Q.nrceuca uefirpouon Ao 4,3. I 0rl lla pas'
Mepbr u nJrorHocrb crou.nesufi Bo3pacralor HacroJlbxo,
qro onn Haqr,rHalor nganl{oAeficrsoBarb, B pe3ynbrare
vero o6pasyercr cerKa Aucnot<aqvft, Onpe4eneno ue'
To.qoM npocBeqHsarorqeft alexrponuoir MuKpocKonHL
[443]

EJro.rHas cy6crpyrrypa, o6paeonauuar B pe3ynbrare
sgalrMo.(er?crsrrff Ar.rcJroKartuoHHbrx nereJlb. Paeuep
6noxos npirMepuo oAuHaKoB no HanpaBJIeHnrIM
< 1 0 0 > < l l 0 >  u  ( l 1 l )  u  c o c r a s n n e r  - 5 0  H M .
Onpe4e;reuo MeroAoM rapMoHuqecxoro aHanLI3a peHT'
renoecxux AIrQpaKrlHoHH ax nuuufi, 1444f

Cpe4nufi Ar.IaMerp cKorlnestrft rorleqHblx 4eQexror
I ,5 nlrr.

2-10 uru

5-7,5 HIu. .[,ucnoraquosxr,Ie nerJln B lt�locKocTsx

{t0f0} auauerpoM or 5 ,u,o 60 rrrrr

r l

; i

lr

373

423

373

Al2()r

290 '

823

t273

,{,uc;rorauuoHHbre nerJ'rr{ BHe,(peHHoro rafla B npr{3Ma-
rrrrecKux,_{t0J-0} u 6agucuux {0001} rrrocKocrrx Ar{a.
MerpoM 15-50 Hrrl

.(acnoraquonHHe ner.lu Ar.raMerpoM B0-b0 HM; nopbr
AlraMerpoM 5-20 su, nJrorHocrbro 1020-102t 

'nopfys

[408]

r7. PAAuArII,toH HAt cTonKocTb

Xaparrepuctuxa o6pasqoa rt xapaKrep noBpexAeuus
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2r5
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20-35
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773-
973

348-
373
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973

348-
373

348-
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923
1373
923

J I J

373
l 0
20

fopauenpeccoBagnbre, pora:g7+ggolo, ds:12+lS rr lxu
Cnrusoe MnKpopacrpecKr{Banue no rpaHr.rqaM 3epen

Cn.ntsoe MnKpopacrpecKr{BaHue rto fpaHr.ruaM sepen.

Pesxoe yne,'ruqeulre orxpurofi nopucrocru [409]

Xono4ironpeccoBaHHbre, po ra : g6+98 0lo, ds:8 -+- I 2 rvrxlr
3 aueruoe MriKpop acrpecKr.rBaHHe

3auersoe MzKpopacrpecrunanue [40g]

Xono4uonpeccoBaHHble, pora:9b+970/0, ds:2+3 rr lxnr
MuxpopacrpecKr{BaHue He o6uapyxeno

Cunrnoe Mr.rKpopacrpecxnnaHue [409]

Xo"qoAuonpeccoBaHHbre, Ao:2700-2920 rr/rnrt, ds-
:20:72 rrxr,r

3arurert toe MaKpopacrpecl{HBat. t re
Pa :pvurerrue c-  o6pasonaHrerr l  noporu x a [409]

Xo,ro4HoupeccoBaHHbre,  po:  2700 xr /ns,
dg:20 IvIrI{

He:uaqHrensHoe pa3Dvi l leHf i  e
l o  }Ke
3Haqure.lr,Hoe paspyruenue [40g]
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t9-38

35

t9-26
20-33

25

l4-30
l4 - r6
l6-36

0 ,25
0 , 6
0 , 9

2 , 0
2 , 2

2 , 0
4 , 0

9 0

1 , 0
4 , 0

5
I

l 0

923
I 373
923

923
r373
923

ot?

1373
1373

Xoro4uonpeccoBagHbte, po: 2700 xr/rrr3,
ds:34-60 MrNa

3rraqurc.nuroe pa3pyrxeHlre
l o  x e
Paspyureune c o6pasonauuem nopouxa [409]

Xo,roAnonpeccoBaHHble, Po:2900 xr/n3,
ds:24 wxtr

3Haqurelrsoe pa3pyrueHue
lo )Ke
PaspyureHue c o6paeonauuelr noponxa [409]

Xo,rro4nonpeccoBanuble, Po:2900 Kr/rrl3, d3:/! v6"

Paspyueuue c o6paeoeanueM rroporuKa
Hegnaqnre.rrsoe pa3py[JeHue
3saqurenrsoe paspyureurze [409]

fopavenpeccoBanHble, Po:2970-3000 rr/rrl3

ilorepa npoqHocrl.r nplt cxarruu 250/e
floiepr npoqHocrll npu cxaruu 75ols
Cu,rrnoe MnKpopacrpecKHBaHne, noreps npoquocrLr
97 olo
Paspyureuue c o6pasonauueM flopoluxa
rlor'ejra npovuocril npr cxarr.ru 6o-zso/o [+ls]

Xo.no4nonpeccoBaugble, ps:2900 xr/u3, d.:20 rrtru

florepx npoqHocrr{ npu ltsru6e 63-85% -
f lorepn npouuocru npu uarr6e 9590 [415]

Xoro4nonpeccoBariHble, +0,6% CaO, p6:2860 rc/nt3,
cls:33-:-42 t'rxu

llorepn npoqHocru npu c)I{arllll 4l-91Yo

.IIntIe, po'n :970/0, de:30-40 Msx{

Haqaro Ml.rKp op acrp ecKnBaHI'rfl
P aepyruerure c o6pasoaaur.rerr,r nop ourxa [445]

XoroAnoupeccoBaHHbIe, +0,25% Al2Os' po"n:93,5%,
da:35 uxu

Muxpopacrpecxr.tBallue no rpaulruaM 3epeu
Cu;rruoe Da3pvueHlre
fl o.nsoe p'agpy;ueltile [445]

Jlnrue, +0,5% A12O3, poru:93,50/0, ds:35 r ' IxN'I

Haqano M I.IKpoD acrpecKl{BaHI'It
Paspyurenne o6pasion Ha orAerlbHble uacrn [445]

373
J I J

373

373
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0 , 3
0 , 8
2 , 2

373

373
373

373
373

373
373
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373
373
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lopauenpeccoBaHHbre, poru:95,5+98,5%,
dg:3+5 ruxrr't

Paspyureuue c o6pasonaHnerrl noporuxa [445]

.Ilurue, *3Yo AlzOs, SiOz, CaO; po"":960/0,
dg:80+100 MxI'{

Mr.rxpopacrpecKrrBaHne xe o6Hapyxeuo [445]

fopauenpeccoBanHbre, * l0/oBe, po:2950 rr/u3,
ds:9 ItaxM

M uxpopacrpecKr-iBaHle, Her norepu nporrHocrrt
llorepa npoqHocru 29olo 14281

fopauenpeccoBauHbre, * 2%Be, po:2960 rr/r'13,
ds:12 wr\u

MrrxpopacrpecKuBaHr{e, Her norepu npoqHocrn
Ilorepr- npouuocru 7 | olo 1428)

Xo.ro4uonpeccoBaHHbre, *0,2010 Al2Os, *0,10/s SiOz,
Po:2920 rr/n'r3, dr:16 vsv

Haqano MI.rKpopacrpecKuBaHnt
Her norepu nporrHocrr.t
Ilorepa npoqHocrr, l7-230k 14281

XoloAnonpeccoBaHHbre, p o r a :97 ofs

dg : 50 !,.rxM, Haqa,'ro Mr4KpopacrpecKuBaHr-rq
ds: 25 nxM, Haqa,'ro Mr,rKpopacrpecKvBaHus
ds:16 [axi\a, Haqar'ro Mr.rKpopacrpecxunanua [431]

XonognonpeccoBaHHbre, da:5 uxlr
pr:?999 xrhr3, ner norepn npor{Hocrr.r

po:2600 rr/na3, norepr npouuocrn 20-400[ [4] l ]

Mgo [a08]

Monoxpucra,rJ'rrJ, noJrr.rKpncraJrJlbr

Oxpynunoanze, lrer npn3HaKoB pa3pyrxeunt

Al2o3

MonoxpucralJrbr, nor'trKpncraJrnbr
Her upueuaroB paspyrrrenlrl
> > )

90
90

r - 1 0 373

373
623
748

t98
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973

BuAasneHubre, nopucrocrb 3l9o; nporaraHHbre, flopac-
roctr 2bolo

PaspyueHHe [408]

flpeccorauHne, nopncrocm 8o/e

Her pacrpecxvBatrlfr,
Pacrpecxuaauue [408]

Cne,ieuuue, po rs : 99,8 %
MuxpopacrpecKr{Ba}rue
Maxpopacrpecxuranr.re [414]
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873

I
I
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I. XIIMI,IIIECKI,IE CBONCTBA

Alrctrlnnug

Qua
Aprou,
KCCHOH

Qoc-

KpHnTOH,

Epou

Bucuyr xrropnA

fu4pn4u uleJrotr-
II},IX MCTA,IIJIOB
Kanrquq SocQua

Kuc.nopo4 B aro-
MapHoM COCTOq-
Hnu
Meran

Oxucnu KHcJIorHL,re

Oxuc.nu ocHoBHhte

Co,ru

Cypruu rpexoKtrcb

Vnnepo4a oxnct

@ocSop

(Drop

20

r00

20

760-800

1200-1400

20

450

20

O:, Os, H:O H FzO

295

fJiABA VIII
XtrMIIqECIII,IE Id I(ATAJIII TITIECKI,IE CBOft CTBA

H2O ll
BsaurrloAeficrnyer c BbtAeJteHueM
Eoc(pr{Ha
B_sauMoAeficrByeT npu cx{aru}t Ao
lb mlla HaA nepeoxlax4eunofi
BoAori c o6p^qsonauuerr.r Kpr.rcranno-
raAparoB.r.6H:O
Bsar.rlro4ericrByer no peaKrIr.rH
_ H2O+Brz:HOBr*HBr
Bsauuo4erZcrayer c o6pasonauuem
xJrop-oKr.tcu aucuyra BiOCI
lJsa[LroAerlcrByer no peaKt{Hr.r
^ MeH*HsO:MeOHfHr
ttgar.rMoAefrcrByer c Br,rAeneHr.reM
qocQHHa
Bsauuo4eficrByer c o6pasosauuelr
nepeKucr.r

Breaurr,to,4*crByer Ha KaraJrusarope
(l\r H,'rH Lo) no DeaKllr.tu
^ 2HzO{CHi:6911411,
bsauuoAeficrByer rro peaKultx

^ H?O+CHr:CO*3H,
b3auMoAericrByror, pacrBoprflcb c
oopa3oBaHI,reM r(l.tc!'toT
BsauuoAericrByrcr, pacrBopsscb c
oopa3oBaHueM ureno,{efi
Bsanlro4eftcrByror, pacrBoprrcb c
oopa3oBaHueM faApaToB c pa3HbrM
KO.IIHI{eCTBOM MOneKyJI BOAbr
BsaulloAer?crayet i o6pasooauueu
xnopoKrlcn cypruu SbOCI
Beaulro4ericrByeT Ha xene3HoM Ka.
TaJrr{3aTope no peaKur.tu

_ H2o+co:co +H2
BgalrMoAefi crnyer upiu' HarpeBaHr.tr
noA AaBneHueM B npucyTcTBr_tr{ Ka-
TaJrr.r3aTopa no DeaKIlr.iH

6H"O*2P:2HP(6H;O+2p:2HPOrf 511,
Bsarnro4eficmyer c BbrAereHiler{

xxptig.g KucnopoAa, MorreKyrr
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.[orrHbrx Mera,'IfloB | | pacna.[y It9 lxeMli
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(IO%-nuft pacrnop) I  I  l loAucroro aMMoHI' ls
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Bsaul{oaeftcrBYer no PeaKul't}i
H'O*CIz:HOCI+Hcl

Bsaur\,roaeftcrByer no PeaKUHI{
2H2Ol2Cl2:4FICl*Os

HzO2 fl; 448, r. l; 450, r. 1l

luApooxucu Me- | lBaanlro,ueftcrBylor c o6paeonauueu

l'u4poorncu ure- | | Cnoco6crnynr BoccrauoBllrenbHoMy

I I H2or:2sas,
Xe.nego cepuucroe I 
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| Beanrrlo.uefictsyet, on'-:{"1-co^ -^aP

3aKucHoe 
- 

| lcy.nrQata rpexBaJlenTnoro )Ke"Ie3a

3o,nora conn (pac- | 
- 

| BsaurrloAericrnYror -c -BbIAeJIeHIreM

Hoa*auunar I  lBaalrn,IoaeficrByer c o6pasonaultelt

Ka,nuft MapraHue- | 
- 

lBeauuoaeftcrByer B Klrc'loft cpeAe

aoruc4r'�r? 
| l"i't,ot#Atltg:ltBT*;"

Ka.nuri cepnoKnc- I 
- 

| Pacteoprercs B Korluqecrse 96'2 r

I(a,nufi x,ropllcrr,rii | | Pacrnopael-c1 s rofln'{ecrse 63,3 r

nn.no," (paerno- | - l;:^ln;#fi,o', u',o,Baq oKuc'

Kuc,nora a3orl.Ic- I 
- 

| Beautrloreftcrnyer' oKI'IcJItlscb 'Ao

Knc;rora roAucro- |  
-  

lBeal luog,eficrayer co6paaosaunerrl

Kuc,,rora Mbrtxbfl- | 
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| Bsaun'toaefrcrnyer, oKltc"Iqflcb Ao

Kuc,nora cepun' | | Baauu.oAefrcrnYet, oKilcrfllcb Ao

Kucaora xlopcyrlb- | 
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Harpnfi a3orHo- | 
- 

| nu.t"on"t1"fl B Korll{qecree 30'9 r

tsi;;t cepuoK'c- | o I Ru.t"op".gn B Koil'rlecrse 26,7 r
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Harpufi xnopucrnfi

OsoB

Pryrn oxucr

Cepe6pa saKr4cb

Cepe6pa oxncr

CsnHeq cepnucrufi

Anrcrr,ruunfi cepuuc-
rnfi
Llot, + tfocrlop

Kpet'rttufi xJropu-
cruft
Marsuir xJropuc-
T U f i

Marnaft, narpuft

Maruus HHTpTIA

Cepuufi aHfriAprrA

@ocQop rpex6po-
nucrrtfi
@ocrpopuufi aurlrA-
PI,IA

Alrcultrnfi, KpeM-
ruurl, uaruufi

BosAyx

Bo4a

BoAopoA

Vrrepo4, yrnepoAa
oKucb
Oxucnn Merar'rJloB

LizO i l ;  446 r . l ;  44

Dro

600

400

PacrsopRerca a 6oluvecrne 20,5 r
ua 100 r HzOr
Bgarr.roAericrsyer no peaKuuu

HsO2fOe:FlzO+2Oz
Bsauuo,4ertcrayer, BoccraHaBJIEBa-
flcb Ao MeranJrutlecKoft ptytll
Bsauuo4eficrryer, BbrgbrBat Boc-
cranoBr.rrenbnnri pacna4 no peaK-
III{H

HgOsfAg2O:2Agf Hp fO1
Bsauruo4eficreyer, BoccraHaBJrHBa-
rcb ,qo MeraJrJrriqecKoro cepe6pa
Bsauuo4eficreyer, oKncnrqcb Ao
cepHoKHcr'rof o cBrrHIIa

t l l
Bsanuo4eftcrnyer c o6pasonauueu
cepnucroro Aefirepua
Bs a li N,roaefi crByer no peaKqr.rr.r

4D2O+P+512 l r:5p1 1pr*n
Bsar{MoAeficrByer c o6pasoaanueru
xnopacroro AefiTepr.rs
To xe

Bsauuo4eftcrnyer c BbIAed'IeHueM
Aefirepus
Beaur'ioAeficrByer c o6pasoBaHueM
,4efirepoalrruuaxa
Bgauil,roAeficrByer c o6paeonauueu
Aeftrepocepuoft ruc,rlorsr
BsailMoAeficrBveT no peaKqHH

3DgO*PBrr:3DBrf DsPOs
BsaurloAeficrByer c o6pasoraxueu
4eft repooproQoctpopnofi KncJrorbr

8 r .  l ;  449;  450 r .2 l

Bsauuo4eficrnyer B nplrcyrcrBlrll
OKI,ICI-I KAJIbqH' NO DEAKIIUqM

SLizO*CaO*2Al:6Li*
*CaO' A l:Os s 2LizO*2CaO+Si :

:4Li*2CaO.SiOz
Bgauil,roAeficrByer c o6paaoeauneu
xaD6oHara luruq
BslrMoneficrByer c o6paeonanueu
fHApooKr-rcu
Bsauuo4eircrnyer npn HarpeBaHlrrr
c o6pasonaHuerr,r LiOH u LiH
BsallilroAeficrayrct, c;ra6o Boccra-
HABJIUBAf
BsauMoAeficrByror c o6pasonauueu
SBTEKTI.IqCCKUX CNJIABOB



I l 2 l g
l l

5op

Epom n uog
Boaa
ferufr (xnarufi)
In4poorncr.r u{e-
.[OqgbIX MCTAJIJIOB
(pacrropu)
fuApoorr.rcu ue-
JIOqHbIX METAJIJIOB
(pacnrann)
Ka;rufi Aucy,nr$ar

Kuc,rorn (pacrao-
pbr)
Kuc;rora $ropuc-
TOBOAOpOAHaS
Kperrtuufi

Vraepo,u,

VuepoA qerblpex-
x,ltopr.rcrufi
<Drop r.r $ropua,n
/\JrOp

Asor

Auruuax

Al,rruonufi xJropuc-
rnfi
AHru,tpr.r4 cepubrft

Bo,u,a

Kanuft, xalrqnfi,
uarpafi qnaHucrbre

1000

1900

B2O3 [;  448, r. l ;450, r .  2;  aSl l
I 700

I 200

300

20

2000

Bga[laoAeficrgyer npu sbrcoxofi
reMneparype c o6paeoaauueu 6o.
PtrAa
He esauMoAeficrnyror
> >
> )

He aaaurr,ro4efi crnyror

Bsa[MoAeficrByror c o6paeoBaHr.reM
6epunraroo MezBeOz

Bsanrvo,{efi crByer no peaxrlHu
BeO*2KHSOI:BeSOc*

+K2SO4+HrO
He sganlroAeficrryror

Bsauuo4eircrnyer c o6pasoBaur.reM
QropuAa
Beanrrao,4ericrayer npu sricoroft
reMneparype c o6pasorauueu cH-
JlrruljIa
Bsauuo4eficrByer c o6pasonauueu
xap6uAa Be2C
BsauMoAeficrByer c o6pasoeauueu
oe3BoAHOrO XnOpIrAa
Bsauuo4eftcrayrcr
Bsazuo4eficrnyer B npucyrcrBntr
VTJIg- 

BeO*Cl2fC:BeClgfCO

20
800

Bsaur{oAeficrsyer B npr-tcyrcrBr.rlr
yfJrepoAa c o6pasonau[eM Hurpn-
4a 6opa
Beauuo4eficrayer B npucyrcrBnn
yrJlt, xJropucToro aMMoHHt, quaHa-
MuAa KaJrbr{Hr, aMHAa uarpua c o6-
pa3oBaHr-reM HurpraAa 6opa
BeallaoAeficrByer c o6pasoaauueu
nurpu4a 6opa
BsaHMo,qericrByer npr{ AJrrrreJ'rbHoM
rrarpeBaHr.rI.r c o6pasonaur{eM coe-
AIrHeHr.rt  SO:.BzOg
Bsarr4oAeficrsyer, pacrBopqq c o6-
pa3oBaHlreM 6opHoft Kr.rcJrorbr
BgailraoAeficrsyrcr c o6paeoBaHr.reM
uurpx4a 6opa

\atrua rerparpro-
pooopar
Ka;rrquft xJropn-
crurfi, xanuir.rft
6ponrucrnft
Kncaora Qropu-
cToBOAOpOAHaf, n
Qropnan MeraJr-
JIOB
Harpufi xnopu-
crnfi, 6pouacrurri,
uo4ucrnfi
Harpua rerpa<pro-
po6opar * xnc-
noTa cepHafi
Oxuclr [renoqnux
u uleJrortHoSeMeJlb-
HbTX METAJIJIOB
Cepa, cepoao4opo4
Cepoyr.nepoA

Vr;repo4

(Drop

X;rop, 6poru, uo4
Xrop, 6poru

Anuuar

Eporu rpexr$ro-
pr.rcrufi
BoAa

Bo4auofi nap

Bonopo4

Bosayx, Kr.tcd'ropoA

lu4poorncu u1e-
JIOqHbIX MCTA"'IJIOB
(pacrnopn)

Bs^a_gv1oaer?clByer no peaKunu
_ 2B2Os+KBFn:BFrf (p'.Bngu
tJ3aHMoAeficrByror c o6paeonauueu
xnopo- u 6porr,ro6oparoB Karrbrlut

Bg_auuoAeficrByror c o6pasonauuevr
BFs

Esaql,ro.qefi crByror no peaKrlr{tr
2BsOsf 2Nal f I /2Oz:NazBrOz*Ia

F.sailMoAeficrByror no peaKr{Hn
BrOr{6NaBFnf 6 HrSOn : ggp, -1-

_ f6NaHSO4+gHrO
ts3anMoAeficrByror c o6pasoaaHueu
coorBercrByroulux 6oparon

He sga[raoAeftcrsvpr
Bsaurrao.4eficrByer B nplrcyrcrBuu
yrJre_poAa c o6pasonauueu cynrQn-
Aa 6opa
Bsan[4oAeficrsyer c o6paaoBaHr.reM
xap6n.qa BrC
B1l uruoaeficrByer c o6pasonauueu
B F
He ssauraoAeftcravtor
BsaunoAeficrnyror a rrp[cyrcrBur.r
yrJrepoAa c o6pasoeanueu BCI,
u BBr3

1000

2000

1000
600

CO [; 448,
500

!o 830

250

r. l; 450, r. l l
BsqrrlroAeficrayer B ttpncyrcrBnr.r
ThO2 c o6pasonauzeu uuaHr.rcroro
BOAopO.qa
BsaHr,roAeficrByer c o6pasonauneu
xap6onu.n6poM$ropHAa 

-COBTF

He B3ar.rMoAeftcrayer. flpu noau-
IIreHHbrx TeMnepaTypax rI AaBJreHr.ru
nsauuo4eftcruyer c o6pasonauueu
uypanruuofi KucJrorbr
Bsaurrro4erlcrByer no Dear{qfiu
- H,9*co:co;+Hs
b3at.IMoAer]cTByer B npHcyrcrBur{
HHKeJrs I]o peaKur.ru

- CO*gHg:CHr*HzO
b3AI,IMO,TEIICTBYCT, OKHCJIfig AO Yr.
neKucnoro ra3a
BsarN,ro,qeftcreyrcr nptt AaBJTeHHH
Q9 lt_u_ c_ _o6paeoaauuenr tpoprr.rnaroa
Me(CO2H)-

700

t20

299



80t ,

, l
I

Xeaeso, HriKeJrb,
ro6alrr

I,IoA, nnrnSropu.
crnft
HoAa nsrnoxucr

Ka,nufi

I(a;ruft 6uxporrrar

Ka,rnfi Mapranqe-
soxucrufi

Ka,rrqus xap6u4

Kncaorrt
Meraaln ulerotl-
Hbre, pacTBopeEHble
B aMMuaKe xuA-
KOM
MeAb nonyxnop[-
cTafi

Oxttc.ttrt IrIera,'L'IoB

flar.naArs xaopI.rA
(pacteop)
Cepa

Ce.neu

Co,nu so,nora, n,na-
TI,IHbI

Conn Mera,rnos

(Drop

Xlop oAnorDro-
pucrr,Ifi
Il{erouunx Me-
TAJIJIOB METI,IJIATbI

BsauMoAerlcrsynr npn HarpeBaHnr.r
c o6pasorauuelr xap6onunon Nte-
TAJIJIOB
B:auuo4eftcrever no peaKrrurt

3CO+rF6:COfF+2COF2
BsalrN{oAefi crByer tto pear(rluu

SCofIPu:5COr+lg
Bsau[{oAeficrByer c o6paaonanneu
xa,ruttsori co,'Iu reKcaoKcn6esgo.[a
I (o (CO)e
Bsauuo4eiicrnyer B npncyrcrBHrr
co"reii pryrr, oKucJrsfl
BgaHraoAericrsyer B nprr cyrcrBr.trr
ue,rropas4po6r'reHHoro cepe6pa,
oKI.lcJtrfi
Bsaunro4eiicrryer npr HarpeBaHuu
c o6pasonauuelr xap6ouara
He sgau[roAeiicrnyrcr
BsauMoAel'rcrByror c o6paaoeauneu
KapooHI-rJroB ule,'roqHbIx I\{eTa,l.rroB

Bsauno,[eficrsyer B coJrsHoKHc"'roM
u,'rr aMMuaqnona pacrropax c o6-
pa3oBaur4eM CuCl'CO'2H:O
BeafiLroAeficrByror ttpu HafpeBannr{,
BOCCTaHaB!'rr.tBafl Cb ao MeTa"lJtOB
B:aruoAeicrBver no pear{uHH
CO+PdCl,+ H,O:CO,+Pd+2 HCI

Bgafl[roreficrsyer npH HarpeBar{14rr
c o6pasonannen cepooKrrcu yr,re-
poaa COS
BsanN{oAeficrByer c o6paeonanuelt
ce,'reHooKncn yr.nepoaa COSe
Beauir.rog,eiicrnyrct, BoccraHaB"'In-
Bagcb AO MeTaTL'Ia

BeaulaoAeficrsyror c o6paroBauneNt
KOMn,'IeKCHbIX COe,U,UsenUft
BgaulroAeftcrByer c o6paeoranueu
qerbrpexxnoptlcroro yrnepoAa CFa
u;ru $ropooxr,rcu yrnepoAa COFz
BsauruoAeficrByer Ha npflMoM coJI-
HerIHoM cBere c o6pasonanue,v
xnopoKr{c[ yraepoaa COCI2
BsanraoAeficrByer c o6paeonauueu
xap6ouunx;roprlropnaa COCIF
BsafiMoAeficrByror npn HarpeBalrutl
c o6pasorauueM aqeraroB

20

780

20

300 301

COz [ ;  448,  r .  l ;450,  r .  t ]

Auuuax

BoAa

fuApoxucu qenotl-
HbIX MCTAJIJIOB

Kaluir, uaruuil,
III.IHK

Vr,rcpo4

20

20

flpra''Harpe-
B HI,I'I

800

BganMoAeficrByer c
xap 6oruuuonoxircr oro
co(NIlr) (oNH4)
BsaHuo,[eftcrsvei c
yronrHofi xnc,'iorur
BsauMoAer?crByror c
yuexucntrx coleii
BsauMoAeficrByror c
yrlexncnux co.lrcli
Bsanlro4erlcrByer c
oKHCr.t yfrepola

o6pasonauueu
AMMOHU'

o6paeoaauueu

o6pasonaHneu

o6pasonauneir,t

o6paeooanlretr

20

NzO il; 447,  r .  2 ;  448,  r .  l ;450,  r .  l l

Alrvuax

BoAa

Boaopol

I(uc.riopoa
Harpur auu,q

6pou, xnop, $rop

Xe,leso cepnoKnc-
noe (saxucnoe)
Bo4a
Asor 4oyoxuct

Boaopoa

Harpufi

Harpur? xaopncrufi
(nacuu{esnnfi
pacrnop)
Ornc.nurean
(CrOg, HMnOr,
HOCI n ap.)
O;rogo ,[eyxnopr.r-
cTOe

NO [ ,  448,  r .  l ;  450,  r .  1 ]

Baaulro4efi crByer no peaKrlutr
3N2O+2NH8:4N;+3H2O

Pacrropner 0,629 o6terlra raaa B
o4nou o6teue BoAbr, xr.rMnqecKu r{e
sgan[4oAeficrever
BgalrraoAeficrByer no peaKqHH

N2O+Hr:N2-FHao,
npu coflpt{KocHoBeHltr{ c nJraMeHeM
AaeT BcnbrruKy
He asaI,Ir\aoAeficrsyer
BsanN,roAeficrByer c o6paeonanueu
a3nAa HaTptrfi

20

Beanuo4eficrByror c o6pasonaHuem
luHrpo3uJrranoreurAos NOI
BsauNroAeftcrByer c o6pasonanue',,r
uurDogocvnrbara
I Iegnaquiefl rilo pacrBoDfler
B_sa-nlroAeftcrnyei c o'6paconauuev
NsOa
BsanMo,ueftcrByer no peaxultu

2NO+2Hr:Nr*ZUrO
BsaliraoAeficrByer c o6pasoBanneilr
HHrpo3r.rJ'ra uarplrr NaNO
He esauuo4eficrayer

Bsaurvro4eiicrayrcr, oKr.rcJrrt
HN03

AO

BsauMoAeficrByer B consHoxucJroM
pacrBope c o6pasoeaHneu rnApo-
KCI{.TIAMI{HA g AMMUAKA



Cepu Aayoxucu

Cepooo4opo4

TerpaSroprr.r4pa-
3HH
Xpoua AByx-
BAJ'IEHTHOTO COJII{

Auuuar

Bo4a

fuApoorucu qe-
J'IOIIHbIX MCTAJINOB
CepHar Kr{cJrora

I(ncrora rerpa-
6oporpropuaa

MeAu orncr

Alruuar (xuarufi)
BoAa

BoAa B nprrcyrcr-
nun ug6urra xuc-
nopoAa
InApooxltcu rtle-
JIOqHbIX METAJIJIOB
(pacraopsr)
<Drop

N2O3 [ ;  448,

F;448,  r .
20

NOz [ l ;  448 '

20

20

BoAa

BoAopoaa nepe-
ruo (100{s)

BsanuroAeftcrnyer, BoccTaHaBJIuBas
AO SaKr{Cn aSoTa B npr.rcyTcTBr.ru
BOAbr, noA BbrcoruM .u,aBfleHHeM
ssauMoleicrsver no peaKrlun

- 2NO_+2sOc:2Soa*Nr
b3auMoAellcTByeT no peaKur.rH

2NO+2Hrs:N2+rS+2HrO
BsanNroAeficrsyer c o6paeoBaHr.rer\{
coeAuHeHur FN'NO
Beaulro4eficrryror, BoccraIraBJruBaff
a ueiirpalrroM pacrBope Ao aM-
Mr.raKa, B KHCr'rOM paCTBOpe AO
rHApoKcr4 raMr-rHa

r .  l ;  450 ,  t .  l l

BsannrogeficrByeT npr{ ctr,'rbHoM ox-
JraxAeHnn c o6paeonaureM HilTpo-
3aMHAa NH2N9 

'

Bsanrrro4ericreyer c o6pasoaanuerr,t
agorucrorl r{HcJrorbr, 6ncrpo pas,ra-
rarcn1efica c o6paaonauueM asorHorl
KI,ICJ'IOTbI

BsauN{o.qeficrsyror c o6pasoaaurer,n
HI-ITDI.ITOB

Bsalnro4eficrnyer c o6pasonanzeu
6ucy,rrSara HltrposoHnfl NOHSO4
BsauN,toAeftcrsyer c o6pasoBauraeM
H HTpa3HJrrerD a 6ropo6ooara
NOBF,
Bsau[4oaeftcrgyer, 6yayuu pacKa-
JICHHbIM C BbIAC.IICHIEM A3OTA

r .  l ;  450 ,  r .  l l

BsauraoAer?crsyer co B3pblBoM
Bsar.rlro4eficrnyer no peaKulr1

2NO2+H2O:HNO;+HNO,
BgauN{oAeficrnyer no peaKrlr{lr

4NOr+2H;o+O2-:4HNO3

Bgar.rl,roAeficrsyer no peaKqr]n
2NQz+2MeOH:i4eNOs-f

fMeNO2fH2O
Bsautro4eficroyet c o6paeoBauueM
raroo6paauoro Qropucroro HHTpo-
Hr.rna NOrF

l ;  450,  r .  l l
Bsauuo4eficrByer c o6pasonaHzeu
agorsoft Klrc.rrorbr
Bsaut\,roAertcrByer c o6pasoaaHueu
B3pbrBqaToro BeulecTBa - Haaa3oT-
soii ruc,rotr,r

302

NzOr

80

303

' l , l '
OF, il; 448, r.

Bo4a

Bo.qanofi nap

fu4pooxucu u1e-
flOIIH6IX MCTAJI,'IOB
(pacrnopu)

Arul lzax rago-
o6pasuuft
BoAa

Boaopon

I(r.rcnopo4

VloA

VrnepoAa ABy-
OKHCb

Cepa

@rop, x.rrop

BoAa

Bucltyra oxucr

Hol,

Cnupr

Vr.nepog

Vr.nepoAa ABy-
OKI-ICb
Vrnepo4a oxncr

Cepa
3$up, yKcycuafl
Kr.rcJIoTa, Hr.ITpO-
6eHgor

NazO2 [1; 446, r.  l ;

600

l ;  450,  r .  I ;4521

He ssafiraoAeficrnyer, pacrBopx-
Mocrb cocraBJrfler 7 o6telros Ha
100 o6telros HrO
Bsauuo4erlcrBveT co B3pr,rBoM no
pear(qilx OF2+H2O:2HF+O9
Bsauno4eft crByror, pasJrarat

l ;  450 ,  r .  2 l

Bgat.tMoAericrBycr no peaKrrHu
Na2OfNHs:NaNHsf NaOH

Bsa Hrraolefi crBver no peaKqilfi
Na"OfHrO:ZNaOH

BsaHraoAefi crByer no peaKrII{rr
NaPf Hr:1r1aHf NaOH

BgauraoAeiictByer c o6pasonanneu
Nazoz

BsaHuo4eficrnyer [pr.r HarpeBaunrr
c o6pasoaauueu NaI
BsanNloAerlcrBver no peaKqull
_ NarO{COr:5;r69,
ts3ar.rMo,qeficrByer rrpH HafpeBaHHH
c o6pasonaHueu Na2S
BeaulroAeftcrByror npu HarpeBaHur.r
c o6pasoaaulreru NaF n NaCl

448,  r .  l ;  450 ,  r .2 l

BsaunaoAeticrByer no peaKrrltn
NarOrlHrO:2NaOHfH2O,

BsaulaoAeiicrByer c o6paeoaaHueu
BucMyrara Harpur NaBiO3
BsaHl.roAeficrBver no peaKuuu

3Na202 {3lr:5NaI{NaIOr{O,
BgaHr\.roAeficrBver no peaKunu

Na2Osf CsH6OH:CrHsONa*
-l-NaOOH

BgagMoAeficrByer no peaKlr{u
SNaeOr*2e :2NasCOs*Na

Bsaul.rorerlcrByer no pear(uHH
NarO2f COr:Na2COrf I /2Og

BsalrlaoAeficrByer no peaKrlntr
NasOr+CO:N;,CO'

Bg aH14oreficrsver
Baaurrro4eficrnlror co gcnEiluxoft

Na2O [446, r.

20

20

180

400

20

0



Aeot * naprr ce-
poyrnepoAa
Boaayx
BoAa

Blara Bo3Ayxa,
yrnepoAa AByoKHcr,
Kuc,ro:ru
Maruur xJropraA
(30Y0 pacrnop)'
Oxncnu rpex-
BAJICHTHbIX MCTA"{.
JIOB
Meral"ru (xanuft,
uarpnri), xpenuufi,
Qeppocu;ruqr.rfi,
xap6r.r4 ra,'rbqus
Vr,nepoA

Xnop * yrnepoAa
oKlIcb

Asor

Eop Sropucrsrft
BoAopo,q gropu-
crtrf i (rasoo6pas-
uuft)
BoAa
Bo,uopoa, yrJrepo-
La oKltcb, yrJre-
BOAOpO,[br
fr4pooxuclr u xap-
6onatu Iqe"rorlHLIx
METAJI!'IOB
Ka,nus cy;rr$ar
ruc;luri u nfipo-
cepnoxuc,'rufi
Kttcroru u rre,'rorru
Kpen,rHnfi

Oxuc,rr,I MezO u
MeO

Al2o3 [ l ;  446 ,  r .  l ;

1700

450

[o 1800

r800

100

BgalrN,roAeficrayet B npr.rcyrcrBur.r
yrnepoAa c o6paeonanaeM HnrpuAa
AJIIOMI-IHH'
BsaaNro.qeftcrsyer
Bgal,IMoAeficrsyer npr{ HanpeBaHHu
c o6pasorauueru AlFg

He nsauuogeftcrnyer
He raauiuo4eficrnyror

BsauMoAeficrsyror npn cnJtaBJrenuu
c o6paeoeanueM anroMl{HaroB

BsauNroAeficrgyror npfi crraBrenuu
c o6pasoeauuelr cy,rl$ara

He ssalrl4oaeftcrgvrcr
BsaunoAeftcrByer npr.r HarpeBaHur.t
B BAKVVMC NO DEAKIIHI-I

At'or+zsi:Alro+2sio
Bsau[{oaefi creyror npu cnJraBJreHHu
c o6paronaurelr 6egsoAHbrx a.rto-
MnrraroB MeAlO2 n Me(AlOz)z

800

MgO [ ;  446,  r .  1 ]

Bsau[,loAeficrByror c o6pasonauuev
cy,rrQnaa MgS
He sgaur4oAeficrnyer
BeanMoAeficrByer MeAJreHHo c o6-
pa3oBaHueM rHApaTa oKr.rcu
Bsaur\.roAeficrByror c o6pasoranuerra
ocHoBHoro xap6oHara MarHrrt
B gafi [{oaericrdyror, pacrBopqff
BsanLroAeficrnyer i o6pasonaHuerr.r
oKclrxlopxAa Mg2OCl2
I lpH cn,'raBreHr.rH 83aHMoAeficrnyrcr
c b6paeonaurlerra Mg (M2Oa)

flpu aucoxofi reMneparype B3au-
uo4eft croyrcr, BoccraHaBJIr{Ba fl

BsanraoAeficrByer c o6paeonauueu
rap6uga
Bsaznro4eficrnyer c o6pasoeanueu
x,rlopHAa MarHufl

448,  r .  I ;450 ,  r .  2 l

750

304 20-3t2 305

Cepa, QocQop,
MblIIlbrK r.r HX coe-
.(uHetrgq
Vr.nepoA

A.nrcuunng cynb-
0na
BoAnuofi nap

Boeayx
)

fu4pooxucrl u1e-
NOqHbIX METAJIJIOB
(pacrnopn)
Oxucnu

Cepn rpexorucr,
VrnepoAa ABy-
OKITCb
X,rop

2000

r 100

500

20
500

800

l l ;  448,
I  100

9n

r 130-1370

I450

2000

800
400

SiOz

Bo.q,opoa

BoAa
lu,4pooxr-rcrl r xap-
6ogarn uleJroqHr,rx
MerarJroB (pac-
naanEr)
fu4poorncn v
rap6ouaru uefloq-
HbIX METAJI,'IOB
(pacrnopu)

Kucnorr,t a3orHafl,
co,'rqHaff, cepHafi
I(uc;rora $roPucro-
BoAOpOAHafl

Kperunuft, Qeppo-
cu,rnqufi
Kpeuunft B cpeAe
a30Ta
Vr;repog

He realruogeficruyrcr

Bsau[,toAeftcrBver c o6DasosaHuelr
Al{c3

SiO [ ;  450,  r .  l ]
BsauMoAeficrByer c o6paeoeartnerr.r
cy;rr,Qn4a
BgauMo,[eficrByer no peaKuurr

sio+H;o:sioi+Hs
MeAresso ssanuoqeftcrayer
Baauuo4eficmyer, oKHc.lIflr Ao
SiOz
BgauuoAeftcrBvlor no peaKuut{

SiOf2MeOH:MerSiOs+H2

BsaHlaoAeficrBvlor no peaxrlllil
SiO*MgO.CaO{CaO:

:CaaSiOr*Mg
Bsauuo4eficrayer
Bsaunro4eficrnyet, oxr.rcJrtq Ao
SiOz
BsauMo,qeficrBver no peaKrrun

25iO+2Cjr:SiCl;+SiOs
r. l; 450, r. l l
Bsanuo4eficrryer, BoccraHaBnrrBat
AO MOHOOKIiCU KpeMHIrt
He nsautro,u,eftcrnyer
BsaunoAeficrByror c o6pasonauuelr
CI'JII 'KATOB

Bsauuo,4eftcrnyrcr npu Kuflqqeulul
c o6pasoaarrueM pacTBopl.rMbrx cH-
JIIKATOB UICTOqHbIX MCTAJI"'IOB

He nsauuo4eiicrryror

Bsaur4oAeficrByer c o6paaorauneu
rerpaQropuAa KpeMHHs SiFa r.rnu
xperrrueQropucroBo,[opoAHoft xr.rc-
J|OTf,l
BsanlroAeficrByror, BoccraHaBJrr.rBat
,U,O MOHOOKUCB KDEMHI,If i
BsauMoAeficrnyei c o6pasonaurelr
oKclrHr-rrpr{Aa SizNzO
BsaHraoAeficrByer c o6pasoaauuev
xap6uga



Boaa

Boaopoa xnoprr-
crufi (raaoo6pas-
truft)
Bos4yx

X;rop, 6poru, cepa

PzOs(PaOo)

flpu Harpe-
BAHUIT

150
(Pnoro)  [ l ;

t35

Soz il, 448,

400

Aruuonut $ropuA

BoAa

I(ucrora a3orHas

Kucrora xJropnas

Vrlepon

@ocSop nrrruxJro-
pucrufi

BoAa
Kacnopo4 Bo3Ayxa
Boaa

Xenesa oxlrcl

Ka;rur ruocy;rrrpar

I(uc;ropoA

I(r.rcrora a3orHat

Maprauqa ABy-
OKI-ICb

Harpufi xuclnfi
yrnexuclufi

BsaulroAericrByer c o6paaonauneu
QOCQOpncrol-r KucJtoTbt
Bsauuo4eficrnver no DeaKurr.t

P4O6+6HCi:2HsPOs+2PCtB

Bsaulro4ericrByer c o6pasonannelr
nflruoKHcr.r.. SocQopa PzOs
b3 a HMO.[eRCTBV]OT

448, r.  l ;  450, r.  l l

BsatuoAerlcrByer c o6pasoaauuev
co,reft nexcaQrop$ocQopHori, rrlouo-
QropQocQopHofi u 4nQropSocQop-
IIOU KI-IC,'IOT
BgauMoreficrByer no pear{unrM

P2O6+H2O:2HPO3,
PzO6+2H2O:HnPsOt u

- PrOu*3H2O:2HsPOa
Ir3alrMoACr-rcTByeT no pear{uHH

_ P2O6+2HNOg:NgO6*ZHPO'
t,3ar-rMoAer.tcTByeT no peaKr{r.rH

PrO6+2HCtrC4 : C lrO?+2HPOs
Bsaumo4ericrnyer npn sHcoxoft

20

PzOs

TeMnepaType no peaKUr. tu
P;O6+5c:5co+2P

Bsaun,to4eficrByer c o6paeonauueu
xrroporr.rclr QocQopa POCI3

r .  1,450,  r .  l ]

20
Beauuo4eficrryer
He ssauilro,(eficrsver
BaanrrlogeficrByeT c o6pasoeanueu
cepHucrori Krzc,'rorbr
BgaliMo,[eiicrByer no peaKrlr4rM

SSOr+R;Os:Fe;(SOa)a r.r
Fe2(SOr)r:PsSOsf FeSrOt

BsauuoAeficrByer c o6paeorauueu
TDI4TWOHATA KAJITII
BsaurraoAefictnyer, oKucJtfls Ao
SOr B npLlclTCrBI.tl.I KaTaJtLl3aTOpoB
Bsaul{oAer"rcrByer c. o6pasonauueu
H I.ITP O3 I' JITI,IAD OCVJIbO A TA
(NO) (HSO4)
Bgaullo,{eficrByer no peaxqufit{

2SOrf lltnO, :MnSrOu r.r
SO2fMnOr:MnSOa

BsarzuogeficrByeT c o6pasonauneu
nzpocynrQura Harprrs Na:SzOs

300 20* 307

Cepa

Ceposo.(opoa

CeponoaopoA *
* cepa
CeposonopoA *
* pacrnop qerorrH

Vr.nepo4a oxucr

X.trop

@rop

@ropu4l,r uleroq-
HbIX METAJINOB

BoAa

BoAopoa xrropu-
crurl (cyxort)
I(anua nuAporbro-
pr.rA + Kr4c,'roTa
cepHaf,
Cepa AByxJropH-
cTaff
Knclora xropHaq

I(rlc.ttora xnopHo-
BaTatl

Kuc,rora gropu-
cToBoAopoAHaff
Vr;repo.4 qerbrpex-
x,'Iopr4cTbrf,

Bo4a

Yr;repo.4 qerbrpex-
x.llopracrr,rfi
Oprauuuecrue Be-
ulecTBa

I, r lI l z l s
r l

BsahaoAericrByer B BoAHbrx pac-
rBopax no peaKqu[

- sosfs*Hzo:HzSzOs
n3aHMOAerzCTByeT no peaKqr.rrrM

9Qor*Hrs:u,Sio. n
_ sor+2HrS:211r6135
B3aflMoleficrByroT no peaKuun

^ 3SOr+Hf{s:H2s6o6
tJ3ar.rMoaeucTByrcT no peaKuHH

4SO2+2HrSJ_6NaOH:
:3NarS2Osf5H2O

Bsanlro4ericrayer B npucyrcrBnn
Karar'rr{3aropa (6oxcnra) c BbrAeJre-
HI{CM CCDbI
Bsar.rN{odeficrByer c o6pasonauaeu
xaopHcroro cy,rtQypu.na SO2Cl2
tssauuoAeiic 'rByer c o6pasorauueu
ruecrudroDucrort ceou
BsarMoaeiicr"yror i xrr.4xoft SOe
c o6pasonannena $ropcy,rlrQonaron
MeSbzF

r .  I ;  450 ,  r .  l l

BgannoAeficrByer c o6pasonaHueu
cepnoft Kr-rcJroTbr
BsauMoAeftcrByer c o6paeoaanueu
xnopcy.nr,$oHosofi xrlcrorbr HSO3CI
Bsaulro4eficrByror c o6pasonanneu
Qropcynr rpouosorl Kr-rcrorbr

BsauraoAertcrByer c o6paeoaauneu
xnopucroro rnonuna SOCI2
BsalrNroAerlcrByer c o6pasonauuer,t
B3pbrBqaroro coeAuHeHnfl (CIOB).
' (HSrOz)
BganNroAeftcrByer c o6pasoeanuelr
BSpbIBrraToro coeAuHeHltff
(cl02)2s30ro
BsazNroAeficrByer c o6paeonanuerr
$ropcy,rrSouogoft xucrotbr
Bearaa,roAer?crByer c o6pasoeauuetr
xJroprrcroro nupocy;ru$ypr;ra
Sroicls

20

500

ODU

S O 3  [ l ; 4 4 8 ,

35

Bsauno4eftcrByeT rro peaKr{uil
ClrO+H'O:2HOCI

BgaulaoAerlcrByer, xopouo pacTBo-
Dtfl
flpu conpuxocuoBenr-rn B3pbrBaerct



Bo,ua
l'nApoorcrclr rqe-
JlOqHO3eMcJlt HblX

MeTaJrJroB * nepe-
tiltcb BoAopoAa
Oron

Ceriuqa oKrrcb +
* uarp eAxufr

@rop

BoAa

Llop.

Cepa, Socgop
VrrepoA qerblpex-
x.nopucruft

Aulrnar xrzAxufi

BoAa

Boaopoa

Llot

Cepa

Vn.nepo4a oxucr

Qrop, xnop

Aun4 ra.nua

Bo,u,a

4

44R

KzO [446, r.

ftO2 [446, r.

50

l r ;
20

20

cl2o7

250

ClOz [; 448, r. 1; 450, t. l ]
Xopouro DacrBoDrer

Bsaluroaeiicrryrjr no peaKuuu
2C tOr-l-Ba (dH)2. 8H;O+ H2O2:

:Ba(ClOz)z*lOHrO+O,

BraltmoAefi crByer no peaKrIHr.t
2Clos+2Os:Cl2Oo+2O2

BsailMoAefiCrByroT no peaKqr{u
2C lO2+Pbo+2NaOH :PbOz *

f2NaClOsfH2O
BsauMoAeficrsyer c o6paaoBaHHeM
@ropx.nopl.r4oxclr4a FCI02
r. l; 450, r. l l
BsanN,roAericrByer c o6pasoranueru
x.rtopttofi KltcJlorbt
Bsai{NroAeficrsyer npn conpuxocuo-
BCHI,IH CO B3DbIBOM
He esafll.roAeftcrByror
Cnerutlsaercq n nrc6ux coorHorue-
HII'X

l ;  450, r.  2l

BgaHi\,roAericrsyeT no peaKqr.rl,I
K2Of\[tt:69H+KNH, '-T

Pacrnopaercn B BoAe c o6pasona-
HrreM ruApooKncll. SHepruuno no-
rnoqaer BoAy
BgaHruoaeftcrever no peaKrlrru

KzOfHg:KOH*t<H
Bsaulro4eficrayer npu EarpeoaHr.rr.r
c o6pasonauuelr KI
Bsanuo.qeftcrnyer npr.r HanpeBalr.rH
c o6pasorauner',r KzS
Snepru'lHo norJrorq,aeTcr tI B3auMo-
geficrayer c b6pa3oBaHr.reu KzCOa
Bsauuo4eficrByror trpu HarpeBaunrl
c o6pasoranneu KF u KCI

l ;  4 5 0 ,  r . 2 f

Bsau$roAeiicrayer, o6pasya BspbrB-
qaTyro cMecb
BsaulroAeficrByer no peaKr{r.ru

K2Osf H2O:2KOH-Ill9f2

KO, [446, r. 1; 450, r. 2]
Agora oxucr | - | BsanruoaeficrBver no DeaKunH

| | ,2KOr+3NO:-KNOs+KNO3+NO'

308

Bo4a

I(uc,rcra cepHafl
(pas6aueuuaa)
Vr,'repo4

Vr,repoAa Molto-
OKIICb
Vr,repo4a ,q,By-
oK14Cb
Vrnepo,u,a ABy-
OKI.ICb + H TPITg
neper(ncb
OpraHuuecxue coe-
AHHCHUq

Epon

Boau

lperlryuuii raa

Cepa

Vr.nepo4

VrnepoAa ABy-
OKI.ICb
@ocrpop
f,nnqepuH

Merar.un (Na, K,
Be, Mg, Al),
xpeuuuil ,  6eppo-
cn,ruqufi
Oxlrc,ru MgO,
Alroa, BrOe, BirOg,
SiO:, SnO2, TiO2,
ZrOs, VgOs, MoOa,
WOa, MnO, FerOe,
CrzOg
Cnupt ueruloer,Iii

BsauMo.u,eircrBver no peaKul{u
2 KOr+ 2 H rO:2 KOH+ H sOr+O2

Bga Hlaoaefi crByer no peaKuI{}r
2 KOs+ H2SO;: K2SO;+ H2O2+O2

BranuoacficrByer no peaKuun
2(Orf C:KrCOg+l /2O,

BrannoaeftcrBver no peaKItIrH
2KOc*CO:KrC'Os*Or

BsafilaoaeflcrBver no peaKuuLI
2KO,+COr:KzCO;+3/20,

BgafiMoaeftcrByror no peaKIrI.lI
2KOr+2CO2+NarO, : 53rg9r-t-

+K2CO3+2Os
Baauri.roAeft crByror, oKLtcd'Ifl tcb

446, r. 1l

BsauMoAeficrByer c o6pasonaHuenr
6polru.qa
AxrfigHo BsauMoAeficrsyer c o6pa-
3OBAHI'IEM f HAPATA OKI'ICI-I KAJIbIITI'

B n,raueun rpeMyqefo ra3a CaO
ncnycxaer otmHrtil cser (Apyt"t-
MOH,U.OB CBET)

Bsaul,roAeficrByer c o6paaoranuen
cymQu4a
BsanMoAeftcrByer c o6pasoraunent
xap6uga
BsaHi\aoAeircrByer c o6pasoaauueu
yrJreKr.rcJroro Kanbul{t CaCOs
Beanuo4eficreyer npu HarpeBaHl.rlr
Bsaur',roaeftcrBver no peaKultl
CaO* Cg HrOs Hg :CaCs HsOs H+ H2O
Baanrrlo4efictnyrcr nPu nltcoxofi
TeMnepaType, BoccTaHaBJII.IBafl AO
MeTa,'IJII{qeCKOIO KaJIbtlHfi

BeanlaoAeticrBylor npI'I HarpeBaul'Ilt
c o6pasosaHuelvl coorBercrByrc-

uux co.neft runa CaSiO3, CaZrOu
Ca(Al:Or), Ca(Cr2Oa)

BsaH[,roneficrBver no peaKIluI{
CaO*2CHgOH:Ca(OCHg) r* HO

446, r. l l

Pacrnopner c rpyAoM

CaO

100

80

Boaa

C a O 2  [ ;

309



Boaa
Kucloru (pas6an-
reuuue)

Eop

bponr

Kncroru (pao6as-
;Ieunue)
Klrclora cepnae
( KOHqeHTpr.rpoBaH-
Hafi)
Cepoynnepo4

Vr,repog

VrnepoA * agor

X;rop

BoAu
BosAyx

Kuc,rora cepHarr,
coJrsuafl (pas6as-
leuuue)

Bo3Ayx

Kucnora a3orHat

Kncnora cepHat

Kucroru paa6an-
tleHHbre r.r pacTBo-
pu rqe,nouefi

Asor * yrJrepoA

BoAa
Bos4yx

SczOe
1900

r200

I 800

r300

r 000- r 300

Tio

800

1446, r.2; 4a9l

t z l  e

CaOr [ [ l ;  c .337;  446,  r .  l f

I Pacrnopner c rpyAoM
J B3anMoAeftcrByroT c BbrAeJreHHeM
I KHCJTOpoAa

[; 446, r. l]
BgauraoAericrByer c o6pasonauueu
oopr.rAoB
Bsauvo4eficrnyer B rpucyrcrBgn
yrJrepoAa c o6paeoaauneru 6ponrr.r-
E a
MeA.nesuo pacrBopsror

Bsaur4oAerlcrsyer nprr HarpeBaHr4r.r
NO DCAKIII{U
j"Or*e HrSOa:S c2(SOa) s+3 Hso
b3aHMoAer.rcTByer c o6paaoBaHHeM
cy"rsQuga
BsallMoAeftcrnyer c o6pasoBagr{eM
Kapouaa
Beauruo4eftcrnyror c o6pasoaaunena
Hl,rTpr{Aa
Bsaulro4eftcrryer B npucyrcrBr.ru
yrJrepoAa c o6pasonauueM xJropr,qa

He gsal&roaeficrsver
Bsauruo4eficreyer 

- 
c o6paaoBaHHeM

Ti02
Baanuo4eficruyror no peaKunqM

2TiO+3 H2SO4: Ti;(SO4)3+
f2HrOf H2;

2TiO+6HC I -2TiCle+i HrO+ H,
TirOs [446, r. 2; 449f

TiOz U; c. 337-338; 446, r. 2; 4491
1200

Beanlto4eficrnyer, o6llcJrgr ao
Ti02
Bear.ruo.4eficrnyer ttpr.r KunsqeHHH
c nn4eleuneu TiO2
Bsauuo4eftcreyer c o6pagoBaur.reM
cy.nrQaroe rpexBar'reHTHoro ruraHa
He asaulro4eficroyror

I 000

Beanil{oAefrcrByror c o6pasoaauuem
HI,ITPIIAA

He esaul{oAeficrsver
He neaurrroAeficroyer

fnApooxl.rcu u xap-
ooHaThI IIIeJIOrIHbtx
MeraJtJroB (pacn.rra-
Bbr)

fuapocyal(baru
uleroqHbrx Me?aJr-
roa (pacn.nanu)
Kanns unpocyJrb-
0ar
Kamqufi, aJrrcMl.l-
uufi
Kanrquq rr.rApnA

(ucnora cepHat
(xouqenrpuponan-
uar)
Marnufi

Harpufi
Oxuc,nu MeraJ'rJroB
(ZnO, NiO)
Cu.nan 300/6 Na r.r
70ols Ca
Vr.ltepo,{

Vr.nepora oxucr

Vr.nepoAa
oKI{Cb
Vr.nepoA
x.nopucrnft
X.rrop

,

xJIOp-

qeTbrpex-
(napu)

Bo.q,a
Kucrorn (pas-
6aoneuune)

Eporrr (uapu)

BoAopoA,

750

BsaHr\aoAericrByror no peaKunfiM
TiO2f 2NaOH:Na 2TiOa+ H2O;
TiO2f 4NaOH :NarTiOe *2HzO;
T i O, f Na2COs : NazTi Os * COz ;
TiO2{2Na2COa:NarTiOr*2COz

BsauraoAeftcrBylor c o6paaonanueu
cyruQaron rrnu oKcucyJrb$aron ru-
TAHA
BgauMoAefictsyer B pacnJraBe c
o6pasonauueu rrraHuJra
Bgau[{oAeficrBytor, BoccraHaB.rrr]Bas
AO MeTar'rJrr{qecKoro THTaHa
Beauuo4eficrByer c o6paeooauneru
ruApn.qa Tr{TaHa
Bsanlro4eficrayer trpu HarpeBaHHn
no peaK[Iru

Tio2+2H,SO4:Ti(SOr)s *2HrO
Baanuogeficrayer, BoccraHaBnr.tBafl
IIO HI,I3IIIHX OKI-CJIOB
To xe
Bsat,rlroreficrBynr no peatqr.rrM

TiOz*ivleO:MeTiOs
BsaurvroAeficrnyer, BoccraHaBJrI{Bat
N,O MCTAJIJIUqCCKOIO THT HA
BsauilroAeficrByer B naxyyue c o6-
pa3oBanueM rap6u4a
Beanuo4eficruyer, BoccraHaBJruBat
Ao TirOr, npu 6onee Bl,Icor(ux TeM-
neparypax ao TiO u TiC
Bsanuo4eficrayer c o6pasooanueu
x,'ropvAa
BgauNroAeficrByer no peaKllnn

Ti02$CCta:TiCl4+CO,
Bsanuo,4eficrayer c o6paoonauueu

900-950

900-950

I  100- t  150

800

800- I 000
I XJIODI',UA

700-800 | B niucyrcrBurl yrrrfl
Byer c o6pasonauueu

VO [1 ;  446 ,  r . 2 l

VzOs  [ ;  446 ,  r . 2 ;450 ,  r .  l ]

neanuo4eficr.
x,'ropr.rAa

He ggauuoAeficrsver
BeauuoAeficrnynrl pacrBoprs c
oopa3oBaHr.reM cooTBeTcTByrouIfix
co.neii 4nyxnaneuTnoro r�a*a1vfl.

Bsaulro4eftcreyer npn HarpeBaHr.ru
c o6pasoeannelr rpu6porr.ru4a Ba-
Ha,[u.rIa
BsaHvoAeficrsyer npu AaBJreHHr.l
500 xf la, soccraHas, 'rnsar ao Ba.
Hanufr

0 l l



BosAyx

Kanuqnfi

Kucloru

l(uc;rora Sropu.
cToBoAOpOAHafl

Celes * BoAopoA

Cepu x,ropoxucn

Ceponoaopo.c

Cepa x.nopucraa

VrnepoA

X;rop

Bo4opoa

Boeayx

fu4pooxncn qe-
.{oqHblx MeTaJIJIOB

Kuc,rota a3orHafl

Kircnora co,lsHafl

Kuc,rora oproSoc-
tpopuaa

Oruc"nu ilreJroqno-
3CMETbHbIX MCTA,'I-
"'IOB

Mea.nenuo ssauMoAeficrayer, oxlrc.
Jrfificb Ao VO2 upu xounarsofi reu-
nepaType, npu HarpeBaHlr.r - Ao
VzOs

Bsauuo4eficmyer, BoccraHaBJ'rt{Bat
AO MeTa.rUIHrreCKOrO BaHaAI,Ifl

BranrlroAeficrsyrcr c o6pasoBaHr.reM
coorBercrByrou:,ux coreii

Bsaulro4eficrnyer c o6pasoaanueu
rlropuaa

BsaurraoAeficrnyor c o6paaoranu-
eM ceJIeHI.IIa BaHa,U,Ufl

Beauruo.4eficrayer c o6paeonauueu
xJropHAa

Baauuo4eircrayer
cy"rrrpu4a

Bsanrrro4eftcroyer
xJropHAa

Bsauuo4eftcrnyer
rap6u&a

Bsauuorl eficrnyer
oKcnrp14xJropuAa

c o6pasoeaxuelr

c o6pasonauueu

c o6paaoaauueu

c o6paeoaanneu
BaHALUfl,

Bsanuo4eiicrnyer, BoccraHaBfllIBatl
lo VzQg

Bea[NroAeficrByer npl{ uarpeBaHul.l,
oKnclrfffi Ao VrOs

Bealr\aoAeficrB"ylor c o6pa3oBaHIreM
BaHa.[aToB

BsauMoAeficrByer npu HarpeBaHIIIr,
OKI'CTg'I

BganNroAeficrByer c o6pasoeanueu
saHaAll"ra VOCIz

Beauuo4eficrayer c o6pasoaaHueu
coeruueunfi crrHero uBera VO:.
.2HaPOr, 2VO:' GHsPOr HzO

BeaurraoAeficrByroT npr-r cnJIaBJIeHItIt
c o6pasosau[eM BagaAaros MeYOa,
MezVOt u MesYOs

900-950

500-600

200

300

1200

500-600

700

VOz [446, t. l ; 447, r. 3; 450, r ' 1]

530-600

3 l? 3 1 3

VzOs  [1 ;  446 ,  r . 2 ;  447 ,  r . 3 ;450 ,  t .  l ]

BoAa

Bo4opo,r1

))

BoAopoAa
KI,ICb

Boaopoa x,'Iopll-
cruii (cyxofi)

fr.rgpooxucn ue-
JIOqHbIX MeTaJII'IOB
(pactnopu)

I(ap6onarn qefloq-
f ibIX MCTA'JIOB

Kuc,nora cepHarr
(xon{eurpupon an-
H a q )

Kncrora cor'rsHas
(xosqenrpr.rpo-
aauuax)

Kucnora qaBene-
Bat

Kpeusufi

Cepa xlopucraa

Cepu 4oyorlrcr

BsaulroAefi crsyer cla6o

BsauuoAeficreyer, BoccraHaBJIlrBarI
Ao V2O3

BsauilroAeft crByer, BoccraHaB,'IIrBat
a,o VO

BsanuoAeficmyer B KonueHrpupo-
sannofi ulero,rnofi cpeAe c o6paeo-
BanueM cnne-Quonetonux LIoHoB
VOi-, s 6nuexofi r neftrpaaunofi -

)KeJrrbrx noHoe VO!-, B Klrc"'Ibtx --

KpacHoro nepeKr-IcHoro KaTI{oHa
VOi-, a npfl oqeHb gucorofr ruc'

JrorHocru - cunero VO2f

Bgan[.roAeiicrsyer B npucyrcrBnl.r
nflruoKr{cn SocQopa c o6pasoranu-
eM oKcr.rTpnxnoplrAa BaHa,lI,LIfl

Bsauaao,qeftcrByror npu xotr.tnargofi
reMneparype c o6pasonaulreM op-
ro- r{ nupoBaHar,aroB (Me"YOn u
MeaY2OT), npl HarpeBaHHH - rPu'
MeraBaHaAaroe (MegVgOg)

Beauuo4elicrnyor rtpu cnnaBJle.
uHu c o6pasoBaHl{eM oproBaHaAa'
TOB

BsanNroAeficrsyer, BoccraHaBruBaq
Ao coreft qerblPexBareHTHoro Ba-
Ha6nfl, nnLt c o6pasosanueM oKcI{-
cymQara

Beau[roAeftcrByer ttpI{ HafpeBaHuu
no peaKqHr.r
VzO6+6HCl :2VOCI2+ Cls+3HrO
BsauN{o.qeficr'Byet c o6paaoBan[eM
oKcaJIaTa BAHaI.Vila

Bsauuogeficroyer npr.t HarpeBaunn
c o6pasonanueM cI,IJIHIluAa

BsauMoAeilcrByer c o6pasonauneu
xJropIrAa

BgafiraoAeficrByer nplr HafpeBauflu
no peaKqr{u

v2o5+so2:2vos+sos

;
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Cepu x,nopoxr.rcr

VrnepoA -f napn
6por'ra

Xnop

Ii,urrx

Bo4opo4

Bos4yx

Kucloru a3orHarr
r-r cepHafi

Kuc,nora coJ'rflHafl
(pas6an,neuuax)

VrreKlrc,nHfi ras

Arrcunuuft, KpeM-
uufi, xa,rtqnfi, uar-
uufi, uarpufi, ranufi
Bo4opoa

fsApooxucu ue-
TOq[bIX MCTAJIJIOB

fuApooxucr Ka.
nus, * xanuit
xnopHoBarbrft

Kanzn nnpo-
cy;rlQar, cynlSar
rncaufi (pacnnan)

c r ro3  [ l ;  446 ,  r . 2 ;

Beaur'ro4eficrayer c o6pasoBaHr{eM
oKcr.rTpI4XJrOpUAa BaHaAliq

Bsauuo4eficruyror npu HarpeBaHr.tn
c oopa3oBalr lrerra rpu6poul.tAa BaHa-
LrIfr
Bsaulro4ericrnyer no peaKquri

VaOs*3Clz:2VOC ls+3/20!
Bsanlto4eficrByer B xucnofi cpege
no peaKrlr.tu

VsOo* Zn*6HCl -2VOC! g* ZnCl rl
+3H2O

446, r. 2l

BsaNuo4eficrnyer npr.r HarpeBaHr414,
BOCCTaHaBJrI.tBaff Ao MeTa,l.rl[qecKo-
ro xpoMa

Beaunao4eficrnyer, orucrq, Ao
CrrOs

He gsaulroAeficrnyror

Bsaulro.4erlcrryer c o6pasosauueil{
Ar{- tr Tpr.txJropr.rAoB xpoMa
BsauMoAeficrsyer c o6pasosaHuev
CrzOs

447, r.  3; 450, r.  l l

Bsalrlro4eficrayrcr npH sHcoroft
TeMnepaType, BoccTaHaBrHBaq AO
MCTAJIJIA

n3afiMoAer.rcTByeT, BOCCTaHaBJTnBafl
.[o MeTaJrJrrrqecKofo xpoMa

BganruoAeficrnyror npu cflraBJ'reHur.r
no peaKql{u

CrrOs{2MeOH:2MeCrOz*HzO
BsanMoAeficrsyror npn cnJraBJreHHrr
no peaKql{}r
Cr'Os* 4KOH_*KCI 0r:26161901

+KCl+2H,O
BgaHn,toAeftcrayrcT npn cnJraBJreHr.rl.t
c oopa3oBaHlreM cynbeaTa

CrO ! ;

I00

1000

1600

I600

314

Bo.qa

C r O 3  [ l ;

315

I(anux nepMaHra-
HAT

Jlurus, u Harpns
rap6ouarr,r

Harpna 6portaar

Harpua rap6o-
HaT + HrrTpaT
(pacnran)

Oruc;lu AByx-
BAJIEHTHbIX MCTAJI-
JIOB

Cepoeo4opo4, ce-
poyrnepoA,

Vuepo4

Vrnepoa qerbrpex-
xloprcruft

Xlop

Feuson, reKcaH,
rlIlKJroreKcag

Boaa

fnrpooxr.rc.nn r.t
rap6ouaru x{eJroq-
HbIX MCTAJIJ'IOB

I(uc,rora co,'lfiHaff

Bsanmo4eficrByer B uqe.novuoft cpe-
Ae no peaKur{u

Cr2Oef2KMnO4+2KOH:
:2KzCrOr*2MnOr+HrO

BsanMoAeficrByror npu npoKaJrHBa-
Hlru c o6pasoBanneM xpoMaroB

Bsa[NroAeftcrgyer no pea(uur
5CrrO6{6NaBrOs{2H2O:

:SNagCraOz*2H2CrrO7f 3Br,

Beauuo4eficrByror npH cn.rraBJreHnr{
no peaKllr{}r

CraOs*SNaNOs*2Na2COe :
-2NazCrOr*SNaNOg f 2CO2

Bsauuo4eficrBypr npu cnraBneHrrr{
c o6pasorauueiu AeofiHbtx coeAr{He-
snft runa unnuelefi

Beauuo,qeficrByror c o6pasoaanueu
cy.nsSuAa

BsauMoAeficrByer c o6paeonauueu
xap6uAog

Beaul,roAefictByer npu HarpeBasnu
c o6pasooauueM xJroptrcroro xpoMa

Beauuogeftcrayer B npr{cyrcrBr.rrr
yrJrs r.rJrr.r oKnclt yrnepoAa c o6pa-
3OBaHHeM XJTOpUCTOTO XpOMa

BgauuoAeftcrByroT, BoccraHaB,'rllBat
AO MeTa"'InUqeCKOfO XpOMa

CrO2 1446, r. 2l

BsaunoAeficrsyer
xJropa

446 ,  r . 2 ;  447 , ' r . 3 ;  450 ,  r .  l l

Bsaun4oAeficrByer, npeBparuascb B
Cr2O3 n CrOr

Bsaur.roAeficrByror npu cnJraBJreHnu
c o6pasonanzeM xpoMaroB

C BbI,U,E,IEIIUCM

Pacreopaer c o6pasonaNlreM xpo-
Nroaofi xficnotH

r00



"i

Auuonus cy;rrtpua

BoAa
BoAopo.u,

Bo3,uyx

Klrc.notrr

Kpeunuft qerbl-
pexx,ropucruft

Harp e1rufi

BeauN{oAeiicrByer npr{ Hr.r3KHx reM-
nepaTypax B pacrBope MeTr,r.rroBoro
eQupa c o6paaonauueu coeAtHeHut
CrO3. (CH3)eO

Bsalrr\,roAeircrByer c o6pasonaHueu
xJ'roprrcToro xpoMr.rna

BgaulaoAeficrBylor c o6pasoaauneu
coe4unennft MeCrlOe

BsaurvroAeftcrByror, oKr.rcJrsscb

BeaulroAeficrByror c o6pasooauueu
srpupoa xpolroeofi Kuc,rrorbr

BsauraoAefi crByror, oKr.tcr'rrlscb

Bsauno4eficrnyer c o6pasonauueu
xpoMara u,ru 6nxpouara py6uAr.ra

Bgaun,toAeficrByer c o6pasonaulreu
MnS

He gganr,roAeficrnyer

BsaHrao,{eficreyer npI4 BbrcoKrrx
TeMnepaTypax, BoccTarIaB,'rrrBas Ao
I\Iera,'IJIItqecKoro MapfaHua

BsaurltoAefrcrayer, oKucJrsrcb Ao
Mn02

B3avxaoAericrByrcT c o6pasonauueu
coorBercrByloulrlx coneii

BsanraoAeficrsyer npr.r HarpeBaHr{r.t
c o6pasonauneu MnClz, SiO2 r l
Clz

Bsauuo4ericrnyer B npr4cyrcrBnr
Kr{c,'ropoAa c o6pasoeaHrzeu rr4rro-
MaHraHara Harp[s Na3MnOa

100

200-300

MnO [ ;  446 , r . 2 ]

3 1 6 317

Artourznufi

tsoa,a
tso,nopoa

BoaAyx

Kncloru a3orHas,
cepHar (paa6an-
;reggne)

Krc.nora cepHafi
(KOHqeHrpnpoBaH-

uatl

Knc,nora Qropr.r-
cToBoAopoAHaq

Anrrrruar (rae)

Arrauounft agoTHo-
xnc"rufi

Bosayx

Bo,qa

Bolopoa

fu4pooxucr ue-
JIOqHbIX METAJIJ'IOB

)KeJreso ceprrorr.rc-.
noe (6essoAHoe)

MnzOg I ;

3;

950- I I 00
20

MnOz il; 446, r. 2;

350-900

446, r. 2l

BsahlaoAeficrByer npr.r HanpeBaHHr{,
BOCCTAHABJIIIBAff .U,O MCTAJIJIA

He Bsar.rr\,roAefi crnyer
Bsannro4eficroyer, BoccraHaBJru-
sascr ,(o MnO
BeauMoAeficrByer, oKucrqfl
BsarrrlroAeficrByroT no peaKrllfiM
MnrOrf 2HNOe1M403f Mn(NOr)rf

-FH'O
u MnrOrf HrS9r_={nOr*MnSOn f-l-HrO

Bsauruo4eficrByer c o6paeonanueu
Mnz(SOr)g

BgauMoAeficrByer c o6paeonanueu
(propr.rAa

447,  r .3 ;448,  r .  l l

Bsaurr,to4eft crByer no peaKrlrru
6MnOrf 2NHg:SMnzOa*Nz+3H20

Bsaul,roAeiicrByer no peaKquu
MnOrf 4NHnNOs :Mn(NOr)r*3N, 1

+8HrO
BsanNro,{eficrByer c o6pasonauuelr
MnrOz

He sgauNroAeficmyer

BgaHr,roAeftcreyer, BoccTaHaBrHsat
.uo MnO

BeauN.ro.qeficrnyror c o6pasonanueu
Heycroiiuunnx coneft MezMnOs, s
npucyrcrBlr_H_ KucJ'ropoi4a - c o6pa.
3oBaHr.reM MezMnOn

Bsauuo.qeficrayer npu npoKaJrHBa-
ul.lu c o6pasoBaHfieM cy;lr$ara no
peaKu14r.r

2MnOs f 2FeSOr:2MnSOr * Fe2O3f
+l l2o2

170



Ka,nrfi a3ornoKUc-
rbrfi + Kannfi yr-
texncauft (pac-
nnaB)

Kaaufi 6ponru-
crufi * yKcycuas
KUCJOTA

Kanrqus oKucb
(pacn;raa)

Knclora cepHas
(KoHrdeHrpr.rpoBaH-
uaa)

Kuc;rora cepnncrat

I(rcnora cofirgarr
(KoHrleH?pr.rpoBaH-
nan)

I(nclora $ropucro-
BOAOPOAHA'

Cuecr cepuofi xuc-
,'roTbr r{ nepeKrrcu
BOAOpoAa

Harpnfi xJropu-
crufi + cepHat
KI,ICJIOTA

Marnuft xnopncruft

Cepono4opoa

Cepsr Anyoxucr

X.rrop B npr{cyrcr-
Bt4U rnApooKlrcu
KAJ'II-Ifl

Aqerulxnopul

Bga[MoAeficrsyror no peaKuur.t
MnOr* KNOrt!!2COr:6rMnOnf

*KIlq'16s2

Bsauuo4eficruyror no peaKqr.rr
MnO2*2KBr*4CH3COOH:

:Mn(CHgCOO), +2KCHgCOO+
fBrrf2HrO

BsauruoAeficrnyer c o6pasoBaHueM
MAHIAHATOB

2-CaO.MnOr, CaO.MnO2, CaOX
X2MnOr, CaO. 3MnO2, CaO, sMnO,
BsauN,roAeircrsyet no peax[uu

MnO, f HrSOa:.rlitnSOr*HeO*
+l l2o2

Bsaurr,ro4eficrayer c o6pasoBaH14eM
Ar.rTuoHaTa MapraHqa

BsalaMoreftctBye? no peaKunu
MnOr*4HCl :MnCls*2HzO*Cl g

BsalrraoAeficrByer no peaKqr.r[
' 2MnOrf 4HF : 2MnFrf2HzO*Or

BsaulroAeficrByer no peaxrlr.r[
MnO,*HrOr*H2SOa: lVlsgQnf

+2HrO+O,
Bsauuo4eficrnyror no peaKqr.ur
MnOrf 2NaCl *3HrSOn:YnSOnf

*2NaHSOnf 2HrO+Cl,

Bganr,roAeficrByer no peaKrlr{I,l
MnO'{2MgClz:MnClg*2MgO+Cl,

Bsafir,roAeficrByer B nplrcyrcrBxll
r{r.lcJropoAa no peaKqHH

2iH nOr*3HrS*3Or:14n59n1
I ,l\lnSrOr*3HrO

BaaHl,to.u,ef icreyer c o6pasoBaHr{eM
4IiTIrOfiaTa

Bsaur{oAefictsyer no peaKur4n
2MnO, f 3Cl'{8KOH :2KM nOa*

+ 6KCl+4HrO
BsatlraoAeftcreyer no peaKrrr{}r

MnOrf4CHrCOCI:MnCla*
+2(CH8CO)rO

450-500

l 0

318
319

BoAa

loprcuue Beulecr.
BA

I(r.rc;lora yKcycHat

BoAa

BoAopoA

BosAyx

Kucnoru

Kpeunra onucl

YrrepoA, yrJrepoAa
oKItcb

BoAa

Bo4opo4 cyxofi

BoAopoA snaxHuft

> )

Xeaega Sropul

I(uclora cepHarr
(KOHr{eHrpnp oBaH-
Hafl)

I(ncaora cor'rfiHarr

X.rrop

FeO [ t ;

200-250

400

950

Mnsor [l; 446, r. 2]

Bsanr\,toAeficrByer c o6pasonauueu
uaprarrqeeoft KucJlorbr

Baanuo4eficrnyor, orucJrrrcb c
BOCIINAMEHEHI,ICM

Bsaurr,ro4eficrayer, pacTBoprs 6eg
pa3noxeHLrfl

446, r. 2l

B:afiNloacficrsyeT npH HarpeBaHurr,
oKr.rcJrfifl 4o Fe2O3 

-

BeaHraoAeficrByer npu HarpeBaHrrr{,
BOCTAHAB.IIUBA' AO MCTAJIJIIqECKOTO
x(eIe3a

Bsauuo4eftcrnyer, oxucJrfls Ao
Fe:os

Bsannao4eficrByror c o6pasonanneu
coorBercrByroulllx co.neft
Baarrn,Io4eftcrByer npn cn.ttaBJregllu
c o6pa3oBaHHeM CIIJTUKaTOB

BsaI.II\,toAertcrByIor, BoccraHaBJrI{Bafi
AO MeTaJrr[qecKofo xeJIeSa

Fe2o3 [ [ l ;  446,  r .2 ;  450,  r .2 ]

FIe nsanNroAeficrnyer

Beaurrao4eficrnyer, BoccTaHaBJIIIBag
AO MeTa.rIJrHqecKoIo )I{eJIeSa
B_eanrr,roAericrByer c o6pasonauuerr,r
FesOa

400

800 Bsaulro4erlcrBver c
FeO

Bsannao4eficrByer c
oKco!propr.rAa

BsaulaoAeficrByeT c
cytrQara

BsalllaoAeftcrByer c
xnopr.rAa

BsallMoAeficrgyer B rrp[cyrcrBgu
yraa c o6pasoBaHrreM xnopr{Aa

o6paeoaauueu

o6pasooauueu

o6paeoaauueu

o6paeonanreu



i

I

A;lnuuHtts oxucr'

AlrouuHnfi, 6op,
BOAOpOI, XeJre3O,
rperrlHuft, yfJrepo/t,
yrJrepoAa oKncb

Bos4yx

flr4pooruca u{e-
JIOIIHbIX MCTAJIJIOB
(pacnaasu)

fr4poonucn qe-
JIOqHbIX META.IIJIOB
(pacrnopu Kon-
uenrpuponauuue)
Ka;rus rap6o-
Har + KpeMHufi
OKI,ICb

KucnopoA

Knc;ropo4 * cep-
uucruft rag

Kucaorn asornar,'
cepHar r.r coJlsHafi

Meranros oKLIcJILI

Cepa, cepoao4opog

X;rop, yrurepo.rr
uerrrpexx.nopucrufi

A,nounuaii BoAo.
poA, Kannfi, Har.
pr.rft, yr.nepo,u, yr-
JrepoAa oKHcb

> 100

600

800- I 500

Coa0r [1;

900

CoO [ ;  446,  r .2 ]

[;a5noaeftmnver,
Bsaulro4eiicrnyrcr c
r<o6arrros MezCoOz

BsanMoAeficrsyer c o6pasoBaHr.reM
ABoiigofi coJlr-r runa unuHeJrn

Beauuo4elicrnyror npr.r HarpeBa-
HHII, BOCCTaHaBJIIiBafl AO MeTaJIr'II{-
qecKoro xo6a,rrra

BsaariroAeficrgyror npr.r HarpeBauull
c o6pasonannevr ruApoKoKco-
ro6anmaros Meg [Co (OH) r]

oKrcJlgfi Ao

o6pasonauue'la

o6pasonanneu
u xo6a.nlra

OKI'CJI'g

Bsallrn{oaeficrsyIor c
opTocu.rlI{KaTa KaJrLIt

Beanno4erlcrnyer,
CogOr

Bsanr,roAeftcrsyrcr c o6pasoBaHr-reM
CoSOr

Bsaur\,roAeficrsyror c o6pasoBaHneM
cooTBeTcTByroqux co,refi

BsanMo.qeficrsyrcr c o6paaoBaHuelr
coeAunesnri r.uru rBepAbtx pacrBo-
poB

BgauMoAeficraylor npll HarpeBaHuu
c o6paeoeaunerr,r CoS

BgauNroAeficrsylor npu HarpeBaHLIri
c o6pasoeauuelr CoClz

446,  r .2 l

Bsauuo4eficrnyrcr npu HarpeBa-
HItI.r, BOCCTaHaB.IIUBa' AO MeTannfi-
qeoKoro xo6anma

320 2t-3t2 321

Kaqtorn a3oTHarl
u cepHafi

I(uc,rora coJrflHafl

Eapua oxncr

BoAa

Kperr,rnufi, 6op, ao-
AopoA, yrJrepoA

Kucloru (pas6aa-
neHHbre)

Nio  [ l ;

Cu2O [; 446, r. 2; 450, t 2)

155

t000

BsaHr,roAeficrsytor c BbrAeJreHueM
KHC.IOpOAa no peaKrl[sM

Cor% t.S^I1.SO. : BCoSO. f tttref
+ll?0.z s CorO.*6iiNO;'
:3Co(NOc)r*BHrO+ I /2Or

Bsauuo4eficrayer c BbrAeJreEueM
xnoPa no peaKrlu[

Coso.f 8HCl :3CoClr*,tH2O+Cl r

446, r. 2)

BgauMoAeftcrayer E cpeAe xltc-
ropoAa c o6paeonaHueu 4oofiuux
co.lefi
He nsauuo4eficrayer
BsanruoAeficrnynt npH HarpeBa-
HIiH, BOCCTaHaB.rrnBaq Ao MeTannu-
qecxoro HuKeJrg

BeaulroAeficrByrlr c o6pasooauueu
coorBercTByro[lnx coreft

Bsauuo4eficrryrct npn HarpeBa-
HI,IU, BOCCTaHaBnHBag Ao MeTaJUra

Beaurr,toAeiicrnyrcr npu HafpeBa-
Hfit4

Metan,nrr
Mg, Zn, Be,
Pb, Fe, Co)

(Al,
Cu,

Oxncnu KHcJror-
HbIC

Aruunar (pac-
rrop)
BoAa
Bo.qopo,u,

Bonopo4 6poruu-
cruft (raeoo6pae-
nufi)
laroreHosoAo-
poAbI

HoAuA Mbrrubrxa

I(uc,nopoa

Bsanuo4eftcrgyer c o6paaoaaHuell
KoMrnerca [Cu(NH3)2]OH
He nsauMoAeficroyet

Beaur\,roAeficrnyer, BoccranaBJtnBat
IO MCTAJIJTA

BsauMoAeftcrByer no peaKqr.rn
Cu3Of 2HBr:2CuBrf HrO

BsauuoAeftcmyor c o6paaoeaHu-
eM coeAnHenufi H[CuI2] r CuI
BsanlaoAeficrByer rro peaKqHH

3Cu2Of 2AsIs-6CuI*AsrOs

Esa^r.lrrloAeftcrayer, oKr.rcJrrr Ao
CUO



i

Kucnora cepnat
(pae6an,neuraa)

Kncrora coJItHafl
(xoHuenrpnpo-
aaunar)

I(uclora quagr.rcro-
BOAOpOAHafl

Meau xnopnA
(pacmop)

Meral.nu urenoq-
nue (Mg, Zn, All

Pryrn xnopu4

Cereua AByoKt cb

VrnepoAa oxncr

.{uorul cynbQar

Artol{nuuq xap6uA

Arrluuar

Arrl[.roxuq uoAr.rA

Apcenlrru uleJtoq-
IIHX METAJIJIOB

BgaunoAeftcrByer no peaKrlHLI

Cu2Of H2SOn:CuSOr*HsO*Cu

BsanMoAeficrByer no peaKql{n

CurO*8H Cl :2H"ICuClr] *HrO

BsaulroAeircrsyeT no peaKul.Irl

CuaO*2HCN:2CuCN*HaO

BsauMoAeficrsyeT no peaKlluu

SCugO*4CuClz*3HrO:6CuCl*
*CuCls.3Cu(OH),

BsauruoAeficrBylor npn HarpeBaHIII.t,
BOCCTAH BJII,IBAg AO METANNA I,IJII,I
cnJlaBoB MeAI4 c MeTaJI.[aMH

BsanlroAeftcrByeT no peaKqlrll

SCurO*3HgClr*3HO:2CuClz*
*CuClg.3Cu(OH)rf3Hg

BeauMoAefictByeT no peaxqlr[

4Cu2Of 7SeO2 :CurSe*OCuSeOs

Beauuo4efictayer, BoccraHaBJInBaf,
AO METAJI,'IA

Bsanr\,roAeiictsyer no peaKqI4I-I

CurOf (CHs)rSOn:CPr5Ona
*(CHs)O

BgaulroAefictsyeT no PeaKIlHu
I 2CuOfAlnCg: I 2Cu*2AlzOs*

+3CO'
Bsanl{o,qefictByeT no PeaKrrI'lH

SCuOf2NHr:3CuJ_ Nr*3HO

Bsau$roAeirctgyet, PacrBoPsfl

BgaflraoAeficrsylor npu HarpeBaHl'lg
no peaKqLIH

2CuO* MegAsOs:CuO*MesAsOa

CuO i l ;  M6, r .2;  447, r .3;  450, t '  2 l

322

Bapaa oxucr I 100

328

I l 2 l  3
l l

He ssaslloAeficrnyet

Bsanuo,u,eficrayet, BoccraHaBJrIBaE
AO METAJIJIA

BgauuoaeficrByer npu narpeBanr.ru
no peaKulrn
3CuO * 2Feclr: 2CuCl * CuCl, f

* FeOa
Bsar.rMoAeficrByKrr c o6pasoaanuela
cooTBeTcTByKrqux coleft
BsauMoAeficrByer no DeaKrrnn
SCuO { CaCr : 5Cu * CaO + ZCO,
BsauuoAefictaypr, BoccranaBJrrr-
Bag Ao MeTa.nJIa

BsauraoAeft $Byer no peaKtlgr{
2CuO f NasAsOs : CdsO * NasAsO{

BeaulroAeficrayer c o6pa3oBaHn-
eM rrepxnopaTa MeArl

BeauMoAeficrByKrr, BoccraHaBJItlBafl
AO MeTaJtna

BsauMoAeficrByror c o6paeoBanr{eM
ruaefiHQyprcrofi seneHn
3Cu (AsOs) r. Cu (CHgCOO) r

BeauMoAeficrByer rrplr HarpeBaHLrn
no peaKquH

2CuO * SnCl, : 2CuCl * SnOe

BsauMoAeficrByer npu HarpeBaH[Il
no peaKrll{H

lTCuO* SPCls : 2Cus(PO.)2 f
f CuCl, * l0CuCl + POCIg

BoAa
Boaopoa,

Xeaeso xnoplrcroe

Krcaoru

Kanrqns Kap6HA

Merannu K, Na,
Be, Mg, Ca, Al
Harpax apceHr.rr

Hurpoen;r
par

Vraepoa,,
yrnepoila,
BOAOpOAbT

Mururgxa
+ KHcrora
Haq

nepxro-

orLtcb
yrne-

oKucb +
yKcyc-

Orona x.nopu4

fulpooxucn [te-
IOqHbIX METAJIJIOB

Kuclora coJrrHas

CuzO3 []

200

2ffi

7 n Q  | ;

BsauMoAeftcrByror c o6pasoaanueu
TeTparr{apoKcoKynparoB
Me[Cu(OH)a]

BsauuoAeficrayer c BHAeJreBueM
xJropa

446, r. 2l
BgauNroAeficrByer c o6pasoaauuenr
.IBOHHOTO OKLrCna HnH oKcorluHKaTa
BaZnOz



I
Bo,qa
luApooxucu qe-
TOqHbIX MCTAIJIOB
(pacrropn)

Ka;Ir{us rap6I.rg

Kuclora co,'rflHag

Kuonora r[oc$op-
Hafl

OrncaH MeraJrJroB

Hrtposu;r nep-
xJropaT
Cepu Asyoxrcr

VraepoA, yrnepoAa
OXHCb

@eppocunuunft

I{nur

Boeayx (cyxori)
. )  )

Knc.nora cepnafl

BoAa

Kncaoru

Alrt'tuax

BoAa

He ssa[MoAeficrayer

BaanMoAeficrsylor no peaKqHH
ZnO* MeOH+ H;O:

: MeIZn(OH)sl
Bsauuo4eficrnyer no peaKunu

ZnO{CaC2-  CaOf  Zn*2C

BsanMoAeftcrsyer c o6pasoBaur{eM
xnopl{Aa

BsauMoAeficrsyer c o6pasoBaHr{eM
oproQocQara qunra

BeanlroAeficrnyror c o6paeoBanneM
III{HKATOB

BsanMoAeficrByer c o6pasoaanueu
nepxnopaTa unHKa
BsarMoAeftcrByer c BoAHoft cycnen-
suetr ZnO c o6paaoaanneu cynb-
Qura
BsaulroAefi crsyror, BoccraHaBJrnBat
,IlO METAJIJIA

BsaltlroAeftcrsyer tto peaKquli
2ZnOI FeSi : 2Zn + Fe+ SiOg

BsauMo.qeficrByer c o6paeoBaHueM
rnApoKcrrxnopuAa rluHKa

450, r. 2l
He sgauMoAertcreyer

BoXig"f*tByer c o6pasonanneu

P&.Xt"gg.tPt*, 
BoccraHaBnnBa-

800-900

260

I r00

160

GasO
20

700

GazOg il;
900

20

GaO [ ]

l l ;

20 He sgaulaoAeiicreyer

BsauMoAefr crByror, pacrBopss

l ;  450, r. 2l

BeanlroAeficrByer c o6pasonaulrelr
HUTPI.IAA

He sgauMoAefictayer

BoAopon

t

fa.urufi

laa,nug. raJroreHu-
AbI
fuApoorucn qe-
JIOIIHbIX METAJ.'IOB
(pacraopu)
Kucaoru
Cepoaog,opog

Cepu xnopoxncr

Ilunra u Marunt
OTIICJIbI

BoAa

BoAopoAa nepe-
Kr.rcb (arurrluavuufi
pacraop)

Boeayx

IuApoorucn ule-
{orIHbIX MeTaJIJtOB

Krc;rora asornat
(auunqa.g)

Kscnora co,'rrnat
Olooo x,nopr.rcroe

700-830

830-900

t2A)

200

GeO [; 446,

20
500

J

Bsauuo4eficrayer,
ao GaO
Bsauuo4eficroyer,
AO MeTaJId'ra

Bsanruo4eficrayer
SaKgcu
BsanMoAerlcrByror c
oKclrranl|AoE

BsaurvroAeficr8ypT c
coaei

BOCCTAUABJIIIBAA

BOCCTAIIABJII{BAfl

o6pasoaanneu

o6paeonauneu

o6pasoaanuelr

BgauMoaeficrByror, pacrBoprt
Bsanuoreficrnyer c o6pasoraHueu
cyarQu.u,a
Bsanuoaeftcroyer c o6paeoeanuerrl
TPeXxJrOpr{cToro raJUrus
BsaxMoAeficrByror npll cruraBneHr.ru
c oopa3oBaurreu coeAuueuufi
Ga2fMeOal

r.  l ;  450, r.  l ]

He sgakl.ro,qeficrsyer, cu.ntnbfi
crpyefi npeBpauaer B xoJrJror.rAuoe
cocTorHHe

B_sauuo4ericrryer, oKncJrrr Ao
GeOz

He aeauMoAeficrayer

Beauuo4eficroyer, oKucJrrfl Ao
GeOz

He neauuoAeficrnyror

Beaul,roAef,crByer, cnerKa orgcrrt
- , . . '

He seauMoAeficroyer
Beauuo4eficrryer, BoccrauaBJrr.rBa-
f,cb Ao ,EByxxnoprrcToro oJroBa

GeOg [ l ;  446,  r .  l ;450,  r .  l ]

BgauMoAeficrByror npu HarpeBauun,
BOCTaEaBJrIrBaHss Ao repMaEus

325



Aurusax

Eapufi x;ropncrurl
(rouueurprporau-

Hufi pacraop)f
{Qropucroao,u,o-
poAHafl Kr.rcJroTa

BoAa

Boaopoa
fnApoorucs, Kap-
6ogaru uleJtorlttbrx
METAJIJTOB

Knctoru 6potrtu-
cTo- u l.IoAHcTo-
BOAOpOAHaa

Kuc.norH asorgas
u cepHas

Kscloru coJtflHafl,
Qropncrono4o-
poABas

Kncaora Qropu'
crosoAopoAuas *
* xaluft xnoPu-
crufi (pacrooP)

Harpur. rntr.po-
oKncb (PacTBoP)

CeporoAopo,q

Csuuqa orucr

Tannnq Kap6ouar
(pacrnop)

BoAa

800

600

As2O3 [; 448,

t - l
l l

460

Baauruo,4eficrsver c o6pasoaauueu
HlrTpxAa

BsauuoAeficrBvtor no peaKr{nu
ceOe * BaCls f 6HF -

: BalGeFol + 2HCl + 2HsO

Pacraopaer reKcaronaJrbuyrc Mo-
ArSnrta4urc; He pacrBopfler rerpa-
roHanbHylo

Bsauuo4eficrayer, BoccraHaBJrnBaq

Bsaur'{oAefictsyror no DeaxuugM
GeO2{ 4MeOH: MenGeOn*
+ 2H2O u GeO2 | 2MerCOr:

- MeoGeOa+ 2CO8

Bsau[4oAeficrByK,r c o6pasoaaHueu
GeBrr u CeIr

Bsaur\.{oAeft croyror MeAneHHo

Bgau$roAeftcrBylor, pacrBopst
caroHarbHyro r.r He pacrBoprs
parouanbuyro uoAuQuxaqnp

Bsa[LroAericrByror c o6paeonauueu
QropuAa Kanuff repMaHus KzGeFo

BsauiltoAeftcrByer, pacrBoprE rer-
caronanbHyro rr,roAu$uxaqup c o6-
pasoBaHueM repMaHaToB ulenogHbrx
MeraJUroB. Me4aenuo pacrBopser
TerparoHaJrbHyro' uoAu$uxauurc

Bsauruo,u,eftcrsyer c o6paeoBaHHeM
cynrQuAa repMauss

Bsauuo.u,eftcrayer c o6paeoaanuelt
psAa coeAuueunft,
iouresue GeOz: P
o r l : 6 4 o 1 : 0 , 3 3

v KOTOpblx OT-
50 nsMegsercs

Bsalruro.(eficrsver no peaKI{Hu
5GeOz * TlrCOa : Tl2Ge5O11 * COz

r. l; 450, r. l l

BeaurrroAeft crByer, pacrBoprt

reK-
TCT-

8:16
327

BoaopoA

Bo4opo4 Qropn-
crufi (6esao4nufi)

Knc,nora a3oruafl

Orucaure.nn

Oroso x,nopucme

Vrnepog,
IIHAHttA

BoA,

Bsanuo4eficrnyer B KacnoM pac-
TBOpe B MOMeHT BbrAereHHq, BOC-
craHaBJri lBar ao AsH3
BsalrMoAeftcrByer c o6pasoaanuelr
TpexQTopEcTofo MbrrubrKa
BsauMoAeficrByer no peaKrlurt

As3Os f_2HN_Os #ZH.O :
:2HrAsOa + NrO;

Bsanuo4eficrayrcr, orr.rcrsq Ao
MHrurgxoeofi Kncnorbr

Bsar.rr\,roAeftcrByer, BbrAenrr MeraJr-
.[HrlecxnIf MhIIIIbfiK Il3 co,ttuoKlrc-
nbrx pacTBopoB

BsanlroAeftcrByrcT, BoccraHaBJtLtBa,
AO METAJIJIA

t40

70

AszOs [l]

SeOa

I
20 | Axrnuro

|  3OBaHHeM

[; aa8, r. l; 450, r.

aaauuo4erlcroyer c o6pa-
$luursxosofi Kttc.rtorbr

l; 4531
BoAa

BoAopo,qa nepe-
KUCb

Bo,qopo,(, xJropu-
crufi

Kuc;rora cepHas
(roHqeslpnp.ttt-
Han)

Ce.neu qerbrpex-
xnopncrufi

Cenen * BoAopoA
xnopncrtilft (cv-
xofi)

Ce;reu * BoAopoA
6poruucrufi

Cenen * xaop

BsaHl,toAeficrByer c
ceresrctofi KHcJroTbI

BsauMo,qeficrByer c
ceaeHosofi Kr{cJlorbr

o6paeoeaHreu

o6pasooanueu

20

Bea-uuo4eficrnyer c cyxofi SeO2
lffiltout"neM coeAnueH's Seoz.

Bsaulro4eficrByeT c o6pasoaaHueu
ce.neuucroti KucJroTH

BsauilroAeftcrByer npH HarpeBaHHH
c _ oopa3oBaHHeM OKCHXJIOpHAa
SeOClr

Bsa[MoAeficrByror c o6paeoBanueu
xnopltcToro ceJreHa

Bga[iuoAeficreyrcr c o6paeoBagaeM
opoM[cToro ceJIeHa

BganMoAeficrByrot c o6pasoBan[eM
oKcHXJrOpIlAa



BoAa

BoAopoA xnoPn-
crbrfi + cePHH-
ctttft aHII'IAPIIA
(xu,u,rnfi)

Knclora ceJIeHo-
B a q

Kncnora $roPn-
cToBoAopoAHat

Cepa

BoAopon

Kucaopo4

BoAa

KucnopoA

Py6B,r,ufi

BoAa

Py6u4ufi

ArrluosnR XJIoPIIA

SeOg [ l ;  450 ,  r .  1 ;  453]

Rb2o [446,

Rbzoz [446' r

RbOr [446, t.

Baaulro4,eficrryer c o6pasonauuelil
ceaeHosoii KIrcflorbI

Bsafi N.{oAeficrsyrot c o6paeoBaHl4el\'I
xJropceneHoBofi xvc.norsi HSeOaCl

Baauruo4eficrnyer c o6pas_o_nanuerrr
nHDoKHcJror ceJIeHa HrSerOz,
HrSesOrr r HzSegOro

Bsauuo4eficreyet c o6Pa3oBaHI'teM

Qropce,reuonofi xucloru

Bsanuo4eftcrryer, BoccraHaBJII'IBaq
,Ilo ceJIeHa

r. l; 448, t. l l

[446, r. l]

Bsanl,roAefictsyer npn nponycKaHulr
qepe3 HarperY'lo RbzO c o6Pasoea-
nueu cneix RbH n RbOH

BsauN.{oAeficrnyer npH HarpeBaHHI'l
c o6paaonauuervr RbO2

.  l ;  448 ,  r .  l ]

"d fl l8;f ''iilA'g ffi fdftT Tr, o,
BsauMoAeftcrnyer npI{ HarpeBaHI'lrl
c o6pasonauzem RbOz

BgaHMo,u,eftctsyer a cePe6Pnuou
rrrJle c o6paaboannenr Rb2O

l ;  448,  t .  l l

,?'f6y rili]6': ifi fdff f ho,+-  
* O r

BsauMoAeficrsyer n cePe6Prttotlt
THfJIe c o6pagosaHnen RbrO

20

SrO

180:300 ff 6"+"6fr1iFti Slcli T5it", +
* HrO

328

BoAa

Ka.nns quasuA

Kncnoru pas6ae-
.IIEHHbIE

Meral,nn (K, tWg,
Ar, w)
Merano,n

Bonopona
KIICb

nepe-

Aruuonnfi xnopu-
crnfi, uoAucrufi

BoAopoA

CeponogopoA

Cepoyuepo4 (na-
pbr)

Vrrepoa,

X;rop

Auuouufi  Sropn-
crnir xncruft

lu4pooxucu u xap-
6onartt uler'IorlHblx
MeraJrrroB (pac-
taopu)

SrO2 [1;

20

Yros

200

I 450

1800

BgauMoAeficrgyer, pacrBoptt c tlo-
rnoulerrrieM TeIIna

BgauLroaeftctBveT rlo peaKuItH
SrO* KCN : Sr * KCNO

BsauMoaefi ctBver no peaKuttlt
SrO* 2HCl-: Src[2 + H2O r

SrO* 2HNO3 : Sr(NOa)z * HrO
BsauMoAeficrBylor, BoccraHaBJrvBafl
.{,o MeraJtnl{qecxoro Sr

Bsauno4eficrByer c o6pasonanuelt
Sr (OH)OCHg u  Sr (OCH3)2

c .  446 ,  r . 2 l

BgaurroaeficrByer c o6paaosanneu
SrOr.2HzOr

[; c. 446, r. 2]

BsauMoAeficrsyer npI.r HafpeBaHI4H
no DeaKullu
Yror* 6NH4I:2YIs + 6NH3 +

+ 3HrO
BsaunoAeficrnyel BoccTaHaBJII'IBas
AO MeTanJluqecKoro UTTpI{fi

BgauNroAeficrByer c o6pasonautleu
cynr$uaa

BsalrMoAeficrByer c o6pa:onauuerra
cyarQu,u,a

BsaH[,ro,ref ictByer c o6paronaunev
xap6nAa

Bsaurr.ro.u,eficrnyer B npHcyrcrBHI'l
yfnepoAa c o6pasoaauneu x,ropu-
E A

446, t. 2l

BeauN,roAeficrByer c o6pasonauue,r,t
QropnAa
BsaulaoAeficrBylor c o6paaonaltnera
rtupKonaroB MezZrOs u MeaZrOa



Kaarqufi, rr,rarlrui,
cnJraBbr Ca-Na n
Mg-Na

Kuclorn a3orHafl
u coJ|tHas

Kucaora cepxafl
(xonqenrpuponau -
sas)

Knolora cepuat
(pao6aa;reuuar)

Kucnora $ropn-
croBoAopoAHas

Orucau repMaufiq,
KpeMllltt I{ TrtTaHa

Orucnu peAro-
3CME,IbHbIX METAJI.
JIOB

Cepu rpexoxucr

Oxucnn ueJloqHo-
3EMCJIbHbIX MCTAJI.
JIOB

Ornc;ru n xJro-
puAbr ulenoqHHx
METAJINOB

Cepoyr,repoA (na-
PH)

Vrnepo,q

Vr.rrepol B cpeAe
a30Ta

Bos4yx, KncJtopoA

Kucroru HCl, HF,
HF + H2SO{
X.nop

330

400

BsauruoAeficrsyror npn HarpeBaur{H,
BOCCTaHaB,'urBat Ao MeTanJII,tqecKo-
ro {spKoHns

He ssaul,roAeftcrnyror

Bsauuo4eficrByer npr.r HarpeBaHnrl
c o6paeonauueru cyauQara

He sganl.roreficrnyer

Bra Hr,roaefi crsyer no DeaKuHLr
ZrO2{ 6HF: H2IZ;Fal+ 2H2O

BgauuoAeficrnyror npu cnraBJrenrfi
c o6paeoeanHeM cuJrr{KaroB, Tnra-
HaroB H repMaHaToB

BsanMoAeficrsyror npn curaBJreHnu
c o6pasonanneM uupKoHaroB Tnrra
Me27r2Q7

BaaltMoAericrsyer c o6pasoBaHHeM
Zr(SOa)2

BsaurvroAeficrsyr.or c o6pasoBanueM
urpKoHaroB MeZrOs

BsalrMoAeftcrsyror c o6pasoBaHr.reM
Me2ZrOs

BsauMo.qefictryer c o6pasonaHneru
cynrQuAa

BsauMoAeficrsyer c o6paeoBaHueM
xap6r.rAa

Baaulroreftcrsyer. c o6pasoBanueM
Hr.rTpflAa

r900-2000

I100-t200

NbO [aa6, r .2]

BsanMoAeftcrsyror npH HarpeBaHr.ts
oxncJtfls ,u,o Nb:Os

Bsaulroleficrayrcr

Baauuo4eficrnyer npr.r HarpeBarrx[
NO DCAKUIIH- 

Nbo + slzclz- Nbocls

NbO, [446, r.2]
Bos.4yx

BoAa
Boaopo,u,
r nApooxHcH U(e-
JIOqHbIX METATJIOB
(pacraopu)
Knc;roru
Harpnn surpr.rr

HarpHa cy.nuQur

Harprn cyartlar

Xlop

Anttuax

AlrouuHttrl, KaJtb-
uufi, uarHuir
Aruolrunnfi 6porrlu-
crtrft
Alrcr.rnnuli x"rlopp-
crufi
Eporrl (xuaxufr) *
+ yrnepoA
BoAopo.q,

)

Bo4opo4a nepe-
KI,ICb

BoAa
Boaopoa,

Bo,a,opoa x,'ropn-
cruft (rasoo6pae-
uufi)

BsauMoAeftcrByeT npu HarpeBaHfin,
oxgcrqs .qo NbzOs
He sgaxMoAeficrsver
BganuoAeficrByer, BoccraHaBJrfiBar
He ssauMoaeftcrsvrcr

He eaanuo4eficrayrcr
BsauuotreficrByer no peaKqrrl
3NbO, + 3NaNOr :'NasNbsos *

+3NO
Beanuo4eficrByer no Deaxurru
l2Nbor+ p{qi9ol= 2NasNbsOs +

+ 3NbtO6+ 35
Bsanuo4efi crByer no DeaKr{Iru
l8NbOs f 3NagSOa : 2NasNbgOs *

+ 6NbrO6 + 35
Bsanuo4eficrByer no peaKqnrr
l0NbOr + scl;: 4Nb;OE + 2NbClE

BsauMoAeftcrByer c o6pasoeaHueu
HHTp}|Aa
BgaruoAefi crByroT, BoccraHaBJrIBar
JIO MOHOOKI,ICI{
Beaunro4eficrByer c o6pasoaanneu
naru6polrncroro nnodus
Bgaun,roAeficrByer c o6pasoeaHueu
xnop[Aa
Bsaulroaeficrsyer c o6pasoBaHueM
narn6porrlucroro uro6ug
BsarrMoAeficrByer, BoccraHaBJrrraat
Ao AByor(ucn
IIpn Alure,rrnou sgauMoAeficrssn
(50 u) eoccrauaBJruBaer Ao MoHo-

oNucll
Beauuo4eficrByer c BoAHbrM pac-
rBopoM crrdrraBa NbzOs c KOH c
o6paeosaHueM nepexnoroft coJru
11ffbOs
He ssauruoAeficmyer
Bearrnao,qeftcrnyet, BoccraHaBJrflBafi
Ao NbO2 tr NbO
Beanuo4eficrByer c o6paeoaaunelr
teTyqelo xnopnAa

NbzOr  [ ;  446 ,  r . 2 ;  447 ,  r . 3 ;450 ,  r .  l ]

500-800

1300

250-350

450-600

800-r r00

200-400

800-1000

1200

200

400



BoaopoA $ropn-
crnfi (rasoo6pae-
unfi)
Karufi eaxnfi (pac-
raop)

Kanufi Sropucruft
xucanfi + xucno-
ra QropncroroAo-
poAHarr
Karuqzs rr.rApuA,
cllnHrluAbr aJrroMg-
HUq, KaJIbqUg, Mar-
HIIg
Kap6onatn ue-
JIOqHbIX MCTAJIJIOB
(pacn,naou)
Kr.rcrora coJltnat

Kuc.nora cepHaq

Kpeuunfi

Marnufi

Hno6ufi

Cepa oAHoxJropr.r-
cTag
Cepu xnopoxncr

Vr.nepog

Vr,repoAa oxncr

Vraepo4 qeu,Ipex-
xnopucruft

EeaHrr,roAeficrsyer c o6pasoBanneM
neT)Erero QropnAa

BgarMoAeficrsyer c o6paaoBagneM
reKcasuo6ara (KsNboore) HJrr{ Me-
tasuo6ara (KNbOs) x6aus
BgaunoAeftcrsyror i o6paaoBagueM
renraQroporruo6ara IQNbFa

BsatrMoAefi crsyror, BoccrauaBJrnBat
ao MeTanna

BganuoleficrByror c o6paeonanuelr
oprouro6aron MesNbOr

Bsauuo4eftcruyer B gaBrlcnMocrrr
OT KOHqESTPAI{UI{ KUCJIOTbI I' TEM-
neparypbr npoKanKr-r oKncs
Bsauuopeiicrnyer B 3aBr.rcnMocrt
oT KOH[eHTpaUr{H Kr.IC,'rOTbt U TeM-
neparypbr IIpoKaJrKr.r oKr.rc[
BsaulaoAerlcrByer, BoccraHaBJIr.rBafl
Ao MerarnfiqecKoro Huo6uq
Beanuo4eficrnyer B BaKyyMe, Boc-
cTaHaBJrHBar AO AByOKT-rCn, MoHo-
oxtrcr.t H.rru MeraJrJlnqecKoro nno6ns
c o6pasoaauaeu B KarrecTBe rro-
6oqHoro npoAyKTa uerasno6ara
MAfHT-Iq
Bsauuogeficrryer, BoccTaHaBJrItBas
AO AByOKT-rcu Hr'rH MoHooKItcU
BgauMoAeficrByer c o6pasonauuevr
nflTlixJropHcroro nuo6us
Bsaunro4eficrryer c o6pasoBaHrreM

KrrropoKncu uuo64t NbOClg
BgauuoAeficrgyer, BoccraHaBJrHBag
AO AByoKricu
Beauno4elicrnyer, BoccraHaB,[uBat
.[o MoHooKlrcu
BsauMoAeficrgyer, BoccraHaBJrHBar
Ao MeraJrnr{qecroero gno6ug
BsaHlaoAeficrByer B naxyyne c o6-
pa3oBaHueM xap6uAa nuo6na
BsanMoAeftcrsyer, BoccraHaBJIr.rBafi
AO MOHOOKHCI.I
BsallMoAeftcrgyer c o6pasoBanneM
Jleryqrix xnopHAa NbCl5 u xnop-
oxucu NbOCls

r20-200

1200-1250

220-300

220

900

1200

2100

I 700- 1800

I 100

220-225

600

CeposoAopoA, ce-
poyrnepo.q

Cy;rlQarn, xpoMa-
TH, ruonu6Aaru,
aom$paruarn, ue-
JIOqHHX MCTANNOB
(pacnnaan)

@ocrpop nrrrsxJro-
pacrrrft

Xnop

Xnop * yrfiepoA

BsauuoAericrByer c o6paeorauuelt
oxcxcyrrQaAa NbrOSg

Baaan,toneftcrByroT c o6paeooaHneu
uerasuo6arog rl4eNb03

BsanDroAeficrByer c o6pasonaHueu
xnoPnaa

BsauNro,qeficrByer c o6paeonaHt,teM
Nboct3
BsanuogeficrBytor c o6paeonauueu
neTyqero xnopHAa H XropoKuclr
Hno6nq

BsaNrrro4eftcrayer, oxucrsq ,qo
MoOs

Beanuo4eficrayer, BoccraHaBfl HBat
Ao Mera.rlnnqecxoro uo.nn6Aeua

Bsat,tr'{oAeficreyer, oKHcJrflfl Ao
MoOg

BgarnoaeficrBypr npr{ HarpeBaHnrt
6eg Aocryna Bo3Ayxa c o6pasona-
HLIeM oKpalueHHbrx rrroJtu6.(aros
MeMoOg

Bsauuo,qeftcmyrcr, oKr.rcrqr Ao
MoOg

BsaurvroAeficrByer c o6pasoeaHueu
cyarQzga

BsauMoAeficrnyer, oKr.rcJrtg Ao
MoOg

Bsarrvro,{eftcrByer c o6pasonanuelr
oKcnxJropr{Aa uo.lru64eua

180-235

800-850

1000-1050

MoOz i l ;  446,  r .2 ;447,  r .  3 ;  450,  r .  l l

BoAa

Bonopoa

Bos4yx

fu4pooxncu u{e-
roqH03eMeIbHbrx
METAJIJIOB

Kuc;roru oKucJru-
TCJII,I

Cepa

Vr.nepoAa ABy-
oKr{cb

Xnop

> I00

950-1100

300

MoOs [; 446, r. 2; 447, r. 3; 450, r. l]



Auunar
o6paanufi)

BoAa

Bo4opo4

BoaopoA,

(raro-

Bo,uopoa xrropu-
crufi (cyxofi)

fuApoorucn ll
rap6onaru qe-
JIOqHHX MeTaJL'IOB
(pacrsopu)

Intrpooxncu, Kap-
6ouaru, 6oparu
uleloqHbrx Me-
TaJrnoB (pacn.ua-
Bbl)

Kucnotn confiHar
I,I A3OTHAg

Kac.lrora cepHafl
(xouuenrpnpo-
raunaa)

Kuclora rfiropu-
cToBoAopoArrafl
JIumfi $ropucrufi

Mo,nu6Aes

Oxgcnu xeJre3a,
KAJIbqH' I,I MCAH

VuepoAa oxucr

Cepooo4opo4

Oropuau qenoq-
HbIX METAJIJIOB
(rpoue LiF)
X;rop, xJropr.rArd
ulenoqHbrx MeTa.II-
JroB, ynnepoAa,
QocQopa, xeJre3a

334

+so-Ezo

800-900

r50-200

500-600

580

400

Bsa[MoAeficrayer npr.r HarpeBaHr.ru
no peaKqHr{

3MoOs + 2NHs :3MoO, + 3HsO +
+Ns

He3saqnre,lrso pacrBopqer

Bsaurrrog,eftcrnyer, BoccraHaBJruBaff
Ao MoOr

Bsanuo4eficrnyer, BoccraHaBJruBafl
.qo MeraJrnlrqecroro uo.nn6Aesa

BsariMoAeficrsyer c o6pasoBalneM
x(e.,Irbrx ura H2[MoO3Cl2l

BsaunoAeficrsyrcr c o6pasoBaHueM
uonn64aroa M2[MoO1]

BaauuoAeftcrByror c o6paeorannelr
Mo,nu6aaros I{ H3onoJII{Mo.nu6AatoB

He seafiMoAeftcrayor

BsauilaoAeftcrsyet c o6pasoBaHlIeM
Auoxcocy,nrQara uo,ttu6Aena

Bsa[laoAefictayet c o6pasoBaHIreM
MoOrFr

Bcaul,roAeficrsyer npH HarpcBaHIIII
c o6pasonaunerrn MoO2F2

Bsanuo4eficrayer, BoccraHaB'IIHBafi
Ao MorOrr

BsanMoAeficreyrcr c o6pasoBaHHeM
rr.roJrn6Aaros MeMoOl

Bsauuo4eficrnyer no Peaxqnrr
, luoos*co :Moo:+CO2
Bganuo,4eficrByer npg HarpeBaHuI.I
c o6pasoaauueru MoS2
BeauMoAeftcrByror c o6paeoranuelr
oxco$ropuo.ltu6,(aros tuna
Me3[MoO3Fd
Bganl,roAeftcrBytor nprr HafpeBaHI.Iu
c o6pasonaunerr,r oKcHxnopuAa
MoOeClz

Bosayx, KucnopoA

X,nop '

Boaa

Boaopo,q

Texneur-rfi

BoAopoA, oKucb
yrnepoAa

Bos,u.yx

Kuc.norr'r

BoAa

fu4poor<ucll ue-
JIOqHbIX METAJ'IJIOB

Kncaora corqHar
(xoHIlexrpuposaH-
naa)

Oprauuuecrue Be-
IIIECTBA

BoAa

Kuc"roru

. 300

Tc2O7 [446,

TcO, [446, r. 2; 450, r. l]

Bsaauogeficrnyrcr, oKucJIsfl
Tc2O7

BsauMoAeftcrsyer

r. 2; 450, r. l l

BsaulroAeftcrByer c o6pasoaanueu
TexHell[eBofi KHc.tIorbI HTcOr

BsanMoAeftcrByer nplt HarpeBaunn,
BOCCTAHABNI{BA',[,O MCTAJIJIA

BsanlroAeficrByer nplr HanpeBanxlt,
BoccraHaBflrrBaq Ao TcOa

RuO2 [; 446, r. 2f

RuOl

930

BsauMoAeficrByror npu HarpeBaHItH,
BOCCTAHABJIHBAg AO METAJITIqCCKO-

ro pyreHut

BgauMoAeftcrByer, BbI3bIBafl Allcco-
quaqno na pytenufi LI KucJIoPoA

LIe ssa!rNro,f eiicrnyrcr

20 Pacraopaer
BsauMoAeficrBylor no PeaKuHIr

RuO. * 2MeOH: MegRuOr *-  
*H,O + l l2OA

Bsaunao4eficrnyer c BHAeJIeHT.IeM
xnopa n o6pasoBaHHeM oKcHxnopn-
Aa, xoropbrfi npu I{36HTKe Boccra'
saBJruBaercr .u.o RuClr
AxrusHo aeauuo4eficrayrot, Boc-
craHaBJInBar go oxrcu QuO2

rJ
; l

;1*l
:ill

{

Rho [446, r. 2]

He a3alrLroAeftcrryer

He sgaur\.roAeftcrnyrcr



BoAa
Bo4opo4

I(ucrora coJrr-
Har + agorHafl

Bo.u,opo,u,

Bos.qyx

Kuc.nopo4
Kucnortr
Kncrora 6poruu-
croBoAopoAHat
(rosqesrpupo-
raHHar)
Cluecr KucJtor
agornofi u colsHofi
Vrnepo.4a oxucr

Arr,ruuax (pac-
rnop)

Auuonnir - yr,te-
KHcnbrfi

Bo,qa

Bo4opo4

BoAopo4a nepe-
KIICb

faaoreuu (pac-
raopu)

KaaHfi eAxr.rfi *
* xaauft Mapran-
tlesoxncfiHfi

20

.4o 700
o:*

l 8
100

20

Rh2Os [446, t.2]

PdO [ l ;  c .354 ,  446 ,  r . 2 )

AgzO [ [ l ;  446 , t . 2 ;450 ,  r . 2 ]

He sgauN,roAeftctayer

Bsaur4oAeficrsyeT npn HafpeBaHuu,
BOCCTAHAB'UBA' AO MCTAJIJTA

He ssanl\,roAer?crsvrcr

Kncrora a3orgat

Knc,rora $ropu-
croBoAopoAHat

Kr.rc,rora xJropHo-
B THAfl

HarpuR orncr

Ille.noqsux Me-
TA JIJIOB III,IAHI.IAbI

IIJ,erouHnx MeraJr-
aon cy;rr$u,qu, ce-
pa

Xpoua orucu

Xponaa ruapooxucr
(ue,'loqsofi pac-
rnop)

Auuuax, Hnrplr,[br
IICJIOqHbIX METAJI.
JIOB

BoAa

Kuc.noru a3oTHar,
cepHas It xJropHas
(roxuenrpuponan-
xaa)

Uunr * earufi
uarp (pacreop)

A;Ircuuuua, xeJre-
3a n KpeMHHq
OKI,ICJIbI

Bsanmo4eficrnyer, BoccraHaBJrnBat
AO MeTartuqecKoro naJtJraAut

He ssaaMoaeftcrnyer

> D

He ssau^,roAeficrByror

BaaumoAeficrnyer

He ssaul,toaeficrnyer

Bsauuoneficrryer, oKr.icJlflflcr, ao
CO,

400

AgO [ ;  446,

Bsauuo4ericrnyer c o6pasosaHneu
AgNO3

Bsauuo4ericrnyer c o6pasoBaHrieM
Sropnaa AgF, IIpu ug6nrre xnc.
norbl BbrAeJrrlorcx 4nofiuue coeAu-
r renun AgF.HF;  AgF.3HF

BsaHl,roAefi crByer no peaKur]]r

AgrO * 2HClOs : 2AgClOa * HrO

BsaulaoAeficrByer c o6pasonauueu
oproapreHTnra Harpr.rr Na3AgO2

Bsaul{oAeficrByror B pacrBopax no
peaKqIlu

AgrO* 4MeCN + HrO:
: 2MelAg(CN)2li- 2MeOH

Bsaul4oAeftcrByror c o6pasorauueu
Agrs

BsauMoAeftcrByer no peaKqr4r.r

SAgrO f Cr2O3 :2AgrCrOa * 6Ag

BsaillaoAeftcrBye? no peaKur{lr

SAgrO * 2 Cr(OH)a I 4MeOH :
: 2 M e z C r Q t * 6 4 g + 5 H 2 O

r . 2 ;  4 5 0 , T . 2 l

B g auNroAer?crByror, oKrrcrqqcb

He ssazltoAeftcrayer

Bsau^{oAeftcrByror, pacrBoprrr

BsauMo,(eficrByer no peaKquu

AgO * Zn{ 2KOH + HsO :
: Ae + Kr[Zn(oH).]

CdO [[l; 446, r. 2]
Bsarlao4eircrBvror nDH HarpeBaH[r.r
c o6pasorauueln anror'trsartia, $ep-

Bsanuo4eficrByer c o6paaoeaHuelr
KOMIIJTeKCHOTO cOe,[ItHeHIls

[Ag(NHr)r]OH
BsaHNroAeficrsyer no peaKrluu

:rAf'$i'3ji$,n?,,'3,1di.o,
Pacraopaer 1,1. 10-r uo.nrftr

Bsauuo4eficrnyer, BoccTaHaBJrnBag
Ao MeraJrJrrrqecxoro cepe6pa

BganMoAeficrByer no peaxuur{

AggO * HrOe :2AC * H2O + Og

Bsarun4eficrnyrcr c o6pasoBaHr.reM
co.nefi AglOg

BsasMoAeficrByer c o6pasonanzeu
nepexncu cepe6pa

t
I

{
;

I
I

i
:,

22-3t2

H CI'JIHKATOB

337



Boaopo,u,

KaArullq xnopnA
(pacreop)

Klrc,rorr,r

Kpeuuua orucr

Kpeunrr oxncr

Hurposr.r.rr nepxJro-
par

Vr.nepoa

Cepa (pacu;ran)

Cepooog,opoA

X;rop

Ussxa cy;rr$ar
(pacroop)

Alrrrrnax (rasoo6-
pasuuft)

Auuuar (pacreop)

BoAopoa

lu.qpooxucu u1e-
JIOIIHHX MCTA.IId'IOB

Kuqtoru
Marnufi, xarpnrl,
yrnepoA

Cepoyr;repoA

Bsaurrro,u,eficTByer, BoccTaHaBrtuBarr
AO MeTarn[qecKoro Ka.u,MI.trI

Beauuo,qeficrByer c o6paaoaaHuelr
rr.rApoKcr.rxfl opuAa KaAMItfi
cd(oH)c l
BeafiMoaeficreyror c o6pasoBanfieM
coorBercrBytou{ux co.nefi

Bsanl,roAeficrByer c o6pasonaHueu
cuJlrKara CdO.SiO:

Bsar.raaoAeficrsyer c o6pasoBaHr{eNr
MoHocr.r!'ruKara 2CdO. SiO2

BsauNroAeircrsyer c o6pasoBaHLreM
repxropara KaAMnfl Cd(ClO{)2

BsallN.roAeficrsyer, BoccraHaBr'rnBafl
JlO MeTaJInI{qeCKOrO KaAMI{g

BsalMoAeficrByer c o6pasonauuerra
cy,rrQu4a

BsauLroAeficrByer npH HarpeBaHIrH
c o6pasoraHneu CdS

BsauNroAeficrsyer npn HarpeBauulr
c o6pasoaaHueM x!'ropuAa

Baaulro4eiicrByer no peaKrlnh

CdO + ZnSOr * H2O : CdSO4 +
{Zn(OH)2

BeauMoAeficrsyer, BoccraHaBJIHBat
AO MeTaIIUqeCKOTO IrHArrff

He seanilroAeficrbyer

BeaurrroAefictayer, BoccraHaBJIuBaa
,[,o MeTan,luqecKoro UHAH'

He ssauraoAeficroyor

BsauraoAeicrnylor, pacrBopst

BsanMoAeftcrByror llplt HarpeBanltu,
BOCCTAHAB.TII.IBAfi IO METAJIJINTIECKOTO
uHlt'l�fl,

BsafiMoAeftcrsyer c o6pa3oBauueM
cylrQuAa usAus

Cepu x.rropoxnca

(Drop

Oxnc.nu AByx-
BAJIEHTHbIX ME-
TATJIOB

Asora gnyoxr.rcr

bop, BoAopoA,
xperr.ruufi

Boaa (napsr)

Bosayx

In4pooxl.rcu ue-
JIOqHbIX META.IIJIOB
(xouueurpupo-
BanHHe pacrBopbr)

Kucnorrr

Kncnopo4

Cepa

Cepr,r Anyorucr

VrnepoAa ABy-
oKucb

Xlop

Sru,rosbrft cnlrpr
(napu)

BsalrMoAeficrByer c o6pasorauneu
TpexxJropr{cTof o uHAr.rE

BsauMoAeficrByer c o6paaonauueu
rpexQropncroro UHAHn

Bsau&roAeficrByr,or flpu cnJraBJIeH[H
c o6pasoaaHHeu coeAnHeuufi rnna
utnunelefi

BsauMoAefictByer no peaKlllrn

SnO f NOs: SnOg * N0

Bsa[MoAeftcrBylor IIpn HarpeBanult,
BOCCTaHaBJTUBaT AO MeraJInI-lqeCKO-
ro oJroBa

B ga[ilroAefi crByer no peaK[r.ru

SnO f HsO: SnOs f H,

Bsauuogeficrnyer, oKncrrqcb Ao
SnO2

BsannoAeficrBytor no peaKqnlr

2 S n O * 2 M e O H + 2 H 2 O :
: MezlSn(OH)sl * Sn

Bsal-IrvroAericrByror c o6paeonauuelr
coorBercrBylou(ux coaefi

BeanLroAeficrByer c o6paeoaanueu
SnOr

BsanlroAeficrByer no peaxul{ll

2 S n O * 5 S : 2 S n S g * S O r

BsauruoAeftcrByer no peaKqIIH

2 S n O * S O r : 2 S n O s f S

Beaur,roAeficrByer no peal(quu

SnO* CQr: SnO, * CO

BsanMoAeficrByer no peaxllnu

2SnO * 2clz: SnO2 f SnCla

BsanraoAeftcrByer no peaKquu

6SnO $ C2H6OH: 6Sn * 2COs +
*eHro

300

500

300

210

60-800

900

60-l l0

600

300

200-300

200-300

550

550

338

700

2v

350

339



SnOz

Alrcunnuft, rlHHK,
uarnnI

Boaopo.q

fu4poorucn rr oKlr-
ct| uleJIorIHbIx Me-
TAJIJIOB

Kalnfi unasnA

Kuc.nora cepHat
(KoHrleHrpnpo-
nanuaa)

Harpnfi yrneKr.rc-
nbrfi + cepa (pac-
nlaa)
Vrrepo4

Vr;repoAa

Vrrepoa,
xnopa

3rnrosbrfi
(napu)

OKIICb

B TOKC

cnnpT

Boaa

BoAopoA, uarnufi,
uarpuft, yrnepoA

Bo3Ayx

lu4poorucn ue-
JIOqHbTX METAJIJIOB
(pacraopu)

650

SbzO3 [;  446, r.  l ;

Bgan[aoAefi crsyror, BoccraHaB.rruBat
IO MeTaJInUqeCKOTO OJTOBa

Beaurr,Io4eftcrnyer, BoccraHaBJrI{Bag
AO MeTarruqecKofo or'roBa

Bsau[aoAeficrByror nprd cnJraBJreHurr
no peaKqnrM

SnOz* MerO: MerSnO, u
SnO, f IneOU-: MerSriO, i HrO
B gaurr,roAefi creyer no peaKr{r{fi

SnO2f2KCN:Sn+2KCNO
BaaulvroAeficrsyer npu HarpeBaHult
no peaKrll.rH

SnO, f 2H2SO4 : Sn(SOds + 2H2O

Bsaunro4eficrryer c o6paeoBaHveM
rr.rocraHHaroB Na2SnSg

Baauruo4eftcrnyer, BoccraHaBJrr.rBat
.[o MeTanJluqecKoto or'IoBa

Bsauuo4eftcrayet, BoccraHaBJrriBas
ao SnO

Bsalruo4eficrnyer, BoccraHaBrHBat
AO MeTaIInqecKOro o,'roBa

BsauMoAeftcrsyer npu npoKaJruBa-
HI.ru c o6pasoBaHneM Terpaxnopu-
,[,a oJroBa

BgauuoAeficrByer no peaKrrnu

S n O r $ 4 C 2 H 6 O H : S n *
+ 2CH8CHO+ 2C2H4+ 4H2O

448, r.  l ;  450, r.  l l

B ga 14[aoAeft crsyer MeAJreHHo

BsauMoAeftcrsyrcT, BoccraHaBJrHBafl
Ao MeraJlJlllqecrofi cyprurr

Bgaul'roAeficrByer upr{ npoKaJrHBa-
HHu, orrrcJrsflcr Ao SbrOr

BsauNroAeficrByror c o6pasonanneu
AHTUMOIII,ITOB

Krc;rora Qropn-
croBoAopoABat
I(uc.nopo4

(nototrr agornat,
cepnas (pas6an-
aeuuar)

Kucnora coJrflHat
(ronuenrpupoean-
H a a )

KlIc,rota B[iHHafl

Anrouunufi, BoAo-
poA, Mafsnft, yr-
nepoA, yrnepoAa
oKncb

BoAa

Knc,rota cor'rs-
uarf xa;rufi HoAri-
cruft

fu.4pooxucr.r u
xap6ouaru ue-
JIOqHbIX MCTAJINOB
(pacn.nanu)

Cyprua

BoAa

Boaopoa, yfrrepoA

Co,rl.I slrrrnofi ruc-
lorrt

fnrpoorucr Ka-
rna (pacrnop)

! ;  446,  r .

300

750

700

450

750

340 341

900

SbO, [446, r.
700

SbrO5 [446, r.  l ]

BeaHrvrolelicrByer c o6pasoaauxeu
rpexQropacrofi cypruu

BsauMoAeficrByer c o6pasorauuelr
SbOr

He sganMoAeficrnyrcr

BsauMoAeficrByer npu HarpeBanrilr

Bsanl{oAeficrByer, pacrBopfls

l ;  448, r.  l ]

BsauMo,qeftcrByror, BoccraHaBJruBaff

He ssanMoAeficrayer

BeauuoAeficrByror npn HarpeBaHrll
no peaK[Iru

2SbO, + 8HCl + 2KI : 2sbcls +-F I, * 2KCl + 4HrO
BganMoAeftcrByror c o6pa3oBauueM
nupoaHTr.rMouaroB Tr-rna MesSbzOz

BeanMoAeficrByer rrpfl lrarpeBaHnr.r
c o6pasoaauuervr SbzOs

MeA.nesno pacrBopser no peaKquu

SbzO6 + TH|O : 2HlSb(OH)sl

Bsaulro4eficrnyrcr npu gr,rcoxofi
reMnepaType, BoccTaHaBJrHBar Ao
MeraJrJrurrecKofi cyprur,r

B gauN.ro.qefi crByror no peaKqur.r

sbro6 + 2KHC4O6H4:
: 2KlSbOzHzlCrOoH, * HrO

BsanuoAeficrByer no peaKuur.r

sbro5+2KoH+5H2O:
:2KlSb(OH)sl



Kap6oHaru ulc-
JIOTtHbIX MeTaJ|JIoB,
oKHCnU OAHO-,
AByx- R rpex-
BaJlenTltbtx MeTan-
JIOB

Knclora coJtsrraq
(xosqeurpupo-
aanuaa)
Cepa

BoAa

flr4pooxncn qe-
JIOIIHbIX MCTAJTJIOB
(pacmopn)

Kncloru (xon-
qeHrpnpoBaHHHe)

BoAa

lugpooxucll Iqe-
JIOqHHX METAJIJIOB
(pacrropu)

BoAa

Vuepola orucr

Bsarlnrogeficrayror npu AnHTenb-
HoM cnJIaBJreH[E c o6pasonauneu
CMEIUAHHbIX OKUCJIOB

-SbOo . MesO, Sb.O6 , MeO,
SbrOr . i4eos, Sb2O5, . Me2Os

Beauno4eficrByer no peaKrlun

Sb2Os + l2HCl :2Hlsbclol +sHrO

BgarMoAeftcrByer npn HarpeBaH[u
no peaKrlull

2Sb2O6 + I lS - 2Sb2So + 5SO2

BsannoAeficrByer npu HarpeBaHrlr
no peaKqHr{

sb2o5 + 3cl2 :2sbcls + 6120,2

CszO [446, r. l; 448, r. l]

t80

150

t60-200

Cs2O2 [446, r.

CsO2 [446, r.

BaO [ [ l ,  r .357;446,  r .  l ]

Bsaulroref icrByer c o6pasonannelr
rr.u,pooKlrcn H aMHAa ue3Ht

AxrusHo BgauMoAeficrsyer c o6pa-
3OBaHlleM THApOOKUCtI

BsauMoAeftcrByer ttpn cna6on rra-
rpeBaHuu no peaKqurl

CssO f Hz: CsOH * CsH

BsauMo.qeficrByer c o6paeorauneu
Ha.4nepexHcH

BganI,roAeftcrryer c o6paaonaHuev
CsF u CsCl

l ;  448,  r .  l l

Bsat{MoAeficrByer no peaKlltur

CsrOr * 2H2O : 2CsOH * HrOs

l ; 4 4 8 ,  r .  l l

BgauuoAeficrByer no peaKqxu

2CsO2 f 2H2O :2CsOH * HrO, *
*o ,

TeO, F; 448, r. l; 450, r. l; 4531

TeO3 [;  448, r. l ;  450, t. l ; 4501

IzOs [448, r.

Maao pacrropaer (l : 150000)

BsaHnroAeficrayror c o6paeoBagueM
rennyp[roB MezTeOg

Bsau[roAeftcrByror c o6paeonaunelr
coaeft uernpexBaJrenTnono renJrypa

Autunar x<uaKnfi

BoAa

Bo,qopo,u,

Kuc,rIopo4

@rop, x,nop

BoAa

BoAaI
He ssasMoaeficrByer

BeasuoAeficrBypT c o6paaoaaulrer,r
coorBeTcrByK,ulux rennypaToB

l; 450, r. l l

BsanMoAefictgyer c o6pasoBanneM
fiorHosatofi KltcJrorbr

BsauMoAeficrsyer no peaKrluu

Isq + 5CO: sCOr +I,

Auuosnfi
crufi

BoAa

BosAyx

Krotopo4

xnopu-

500

330

BsanrroAeficrByer npu HarpeBaqun
IIo pearql{H

BaO * 2NHrCl - BaCl2 + 2NHa +
* Hro

BgaulroAeficrByer c o6pasonaHneu
Ba(OH)z
Oxncrser go o6paeonauur nepe-
rucn BaOs
BgalnroAeficrByer c o6pasooauneu
nepexncu BaO2

342 343



Meralau (Mg,Zn,
Al), xper'rxuft
Oxnc,nu

Cepa

Cepn Anyoxr.rcr

Cepoyraepo4

Vr;repoA

X.nop

Boga

Bos4yx

BoAopoAa nepe-
KIICb

Xeresa rsyx-
BAJICHTHOTO COJIN

Kucnotu pa36aB-
JIEHHbIE

Prytr xnopucraa

Cnnpr, e$up

BaO, I

700

BgaruoAeiicrayror, BoccraHaB.rrrrBafl
Ao MeraJlJrr4qecxoro 6apur

BsauMo.u,eficrsyror rlo peaKrlusM

B a O $ S i O 2 : B a S i O r ;

2BaOtPbO2:BarPbOo;

BaO f AI2O' : Ba (AlO2)s

u BaO f Fe2Or : Ba(FeO2)2

Bsaulro4eficrByer no pearqnu

2 B a O f e S : 2 B a S * S O z

Bsanr\4oAeficrByer no peaKt1nlr

B a O * S O s : B a S O g

BsafiruoAeftcrByer rro peaKquu

3 B a O * C S g : 2 3 6 5 f B a C O e

Bsafir\,roAerlcrsyeT c o6pa3oBaHr{eM
xap6u.u,a BaCz

BsauMo.u,eficrsver nDr.r HarDeBaHur.r
no peaKunlr 4BaO {3Cle :'BaOz *

f 2BaCl2 f Ba (ClO)2

; 446, r. l l

Tpyauo pacrBopler c o6pasonauu-
cM rrrApara BaO.8H2O

Beauuo4eftcrayer c orruett,'reHrreM
Kr-rcJropoAa

B a O r : B a O l l l 2 O z

BsauMoAeficrByer c o6pasonauueu
BaOz.HzOz

BgauMoAeftcrsyror, oKucrqscb Ao
co.neft rpexnaJresrHoro xeJre3a

BsaulroAeftcrsylor uo peaKul{ffM

B a O r f 2 H C l : B a C l 2 f H r O ,

u BaO, + H2SO4: BaSOr * HzOs

Boccragas,'rugaercg Ao Mera.rr,'ruqe-
crofr pryru

He sgaul,roAeftcrayror

l l ;

Agot B trpucyrcr-
BUn yrJrepo.qa

A;rrouuunfi Ho-
Aucrufi

At',ttrronns co;tlr

BoAa

Kugtorr,t a3ornaq
L COJIqHaff

Knc.nora cepHarr

Jlaurasa OropuA

Ce,lenono4opo4

Cepu rrlouox.nopllA

Cepoyr,repo4

Vrnepo4

Vn;repo4 rr a3or

VrnepoAa oxucr

X;rop

BosAyx

Kuc.norrr

LazOs

I 200

460

250-350

900

1000

1800

1200

446, t. 2l

Bsau${oAeftcrByer c o6pasonanueu
Hrlrpr{Aa

BsauMoAeftcrByer no peaKIlItlI

LalOs f 2AlIr : 2LaIs f Al3O3

Bsauuo4eftcrnynr c BbIAeJTeHIIeM
A M M H A K A

Jlerxo pacrnopqer c o6pasoaanueu
rr{ApooKHcIr

BsaulroAeficrByror c o6pasoraunelt
cooTBeTcrByloulttx co.nefi

BsauMoAeftcrByer no peaKquu

LalOsf 3HsSOr:Lar(SOr)s + SH,O

Bsauuo4eficrnyet B BaKyyMe no
peaKqur{

LasOs f LaFs:3LaOF

BgaruoAeficrByer c o6Pasonauueru
CE.IICHI,IAA

BsauNroAefictByer no peaKql{il

2La2Os+ Osrcll: 4laCls *
+ 3SOr+ 95

BsauMoAeficrByer no peaKqlln

LarOs f 3CSr : La2Ss f 3CO + 35

BeaurrroAeficrnyer c o6Pasonauu-
eM Kap6nAa

BsanMoAefictBylor c o6paeonauue'll
rruTpr.rAa

Bsanl,roAeftcrByer c o6pasonauneu
Lar (COs)s

Beanmogeficrayer B npucyTcrBuu
yrnepoAa c o6pasonanueM xJIopIl-
TA

ce2os [ l ;  447,  r .3 l

Bsaul\aoAefi crByer, oKI{cJIts

Beanrr.ro4efictaylot
l -
t -

344
345



KarnI xaopncruft
(pacnaan)

Kncaora coJrff-
Hafl + Ar{oKcan

Kucnorur

Flarpna, 6apna 11
cTpoHqug oKItcJIbr

Flarp e4rnfi

VrnepoA

Kucrora $ropu-
cToBoAopoAHas

Boga

Kap6onaru u u1e-
;rovr.r (pacn,nanu)

Kncrora Sropu-
croBoAopoAHaq

Kuclorr,r
OxacaH repMaHrrr,
KpeMHUg H TnTaHa
(pacnaanu)

Oxltc.tru uleJroqHo-
3CMEflbHbIX MCTAJI.
ron (pacu.naan)

BoAa
Bosayx

lugpooxucu u{e-
JIOqHHX MCTATJIOB

900-1000.

450-600

900

HtOr  F ;446, r .21

TaO2 [446, r. 2]

EsaulroAericrByer c o6pasonauuev
CeCls
BgauMoAeficrBypT c o6pasonaHnerra
AHOKCaHOBOTO IIpOIiSBOAHOIO reK-
caxrropqepueBofi xusloru HzCeCle.
.4C1H8O2

BsanuoAeficrnyor B npucyrcrBnrr
soccraHoglrereft

BgauuoAerlcrByroT c o6paeoaanneu
r{eparoB Na:CeOs, BaCeOa rr
SrCeOg

BsanMoAeficrByer c o6pasosauueu
qepara

BsauMoAeftcrByer c o6paeonauuerrr
xap6nga

BgauMoAeficrByer c o6pasorauuelr
rpexQropncroro qepnt

Ka.nui a3oruoKrlc-
,nnfi

Kr-rcnoru

Aulruax

A.nrcuunna, Karb-
qlrg u MarHus cu-
JI14III'AhI

A;rrolruttufi Tpex-
6porraucrufi

A;rprrrunr-rft xJlopll-
cruft

BoAa

BoAopoA

Bo4opoAa nepe-
KI.tCb

DpoM + yronb

BoAopoA xJropu-
cturfi u 6pouucrnft
Boaopo,q Qropn-
cruft
fnApooxrcu n xap-
6onaru uerort-
Hblx MeTaJrJIoa,
OKIIC,'IbI MCTAIJIOB
(MgO, CaO, SrO,
BaO, MnO u FeO)
furpoorrcg ue-
JIOIIHHX METAJIJIOB
(pacruopu)

Kamu{q rr{Apr{A

Kuc,noru MHHe-
panbHbre

CeO2 [; 447, r. 3l

1800

He ssauMoAeficrnyer

BsauMoAeficrByrcr c o6pa3oBauneM
raQuaroa r{eroquHx MeranJIoB
MezHf,Os u MeaHtOa

BganruoAeftcrByeT no peaKqnn

Hfo, + 6HF: H3 [HfFo] + 2HrO
He gsanMoAeficrnyrcr

BganMoAeftcrsyu c o6pasoBaHr{eM
repMaHaToB, c{tJIUKaToB U trrTaEa-
ron raQunR

BsanlroAeftcrayroT c o6paeosaunelr
raQnaroa MeHfOs

He ssauMoAeficrayer

Bsaulro4eficrayer, oKucrqfl Ao
TarOs

BsaIrrr.ro,qeficrsyrcT nplr cnJraB.rreHlrtl
c o6pasorauueM TaHTaJIaroB

346 447

xt l z l  3
t l

BganMoAeficrByer rrpu sarpeBan[u,
oKuc.lts Ao TazOs

MeAueuuo neauuo4eftcrayrcr

Ta2O5 i l ;  446,  r .2 ;  447,  r .3 ,  450,  r .  l l

400

1200

160-200

BsauuoAeficrByer c o6pasoaaHuerrr
HITTPIIAA

BsauMoaefi crBylor, BoccrauaBrrrBaf,
AO METAJIIIqECKOTO TAHTAJIA

BoasuoAeficrByeT tto peaKqulr

3TagO5 * I0AlBrr: 6TaBrs{6Al1O6

Bsanrr{oAeficrBypr c oopasoBaH[eM
xnopnAa
He ggauMoAeficroyer

> t

BsannroAeficrByer c o6pasoBagueM
HaATaHTaJIoBofi xuclorur HTaOr.
nDu ssanlroAeftctsu[ c BoAHbIMII
pdcraoparvru crJraBoB TazOs c KOH
o6paeyercr nepeKncHat coJlb
IGTaOs

BsafilroAeftcrByer c o6pa3oBaHueM
6pouuAa

He sgaslaoAeficrnYrcr

BsauMoAeftcrByer c o6pasoaanue.lr
neryqero Qropua,a
BeaElvroAeficrBypr npll cnJraBJIeIIr'In
c o6paooranueM TaHTaJIaToB

BgaunoAefictBypr c o6pasoraHueu
MeraraHTararos MeTaOg

BsauMoAeficroyer c o6pasonanneu
rnApn,(a TaHTaJIa

He ssauMoAefictnyor

200



Kucaora Sropu-
cToBoAopoAHat

Kncaora cepnar +
+ [epeKHcb BoAo-
poAa

Cepa + cepo-
BOAOPOA

Cepoyrurepon *
+ cepoBoAopoA

Cepu x,noporncr

Vrurepo4

Vr;repo4

Vraepo,u, * asor

VrnepoAa oxuca

Vr;repo,u, qerbrpex-
xnopncrufi
@ropuau uleJroq-
HbIX METAJIJIOB
(pacraopu)

<Doc$op nrruxJro-
pucrnrt

X;rop

Asora sarncu

Asota 4ryorucr

Bolopo4

1000

230-240

r 100

1300

r t00

200-250

180-245

1250

WOz [ l ;  446 ,  r . 2 ;450 ,  r .  l ]

BgauMoAeficrByer c o6pasonanneu
renraQroporauTaJrara KaJrua

Beau[roAeficrByror c o6paeoBaur.reM
lepoKcoraHTaronofi rncaoru

He sgaltlroaeficrryror

BeauraoAeficrByror c o6pasoaanuena
,u,ucyanQu4a

B3auMoAeficrByer IIo peaKu{u

TasO6,f SSOCls: 2TaClo + SSO,

BsauMoAeficrByer B cpeAe BoAopo-
Aa, BoccrauaBJrnBas Ao TaOz u TaO

BganrvroAeficrsyer B BaKyyMe c o6-
pasoBaH[eM rap6u4a

BsanuoAeficrnyrcr npn BbrcoKr.rx
reMfleparypax c o6pasonannerr,r
IIHTPI,IAA

Beauuo4eftcrnyer, BoccraHaBJrnBas
AO MOHOOKTICH

BsauMoAeficrByer c o6pasoaaHuelr
xnopuAa
BganrraoAeficrsyroT B BoAnbrx pac-
rBoPax no peaK[uu

Tar05,f 12KF+ SHaO:
:2Ka [TaOFo] + 6KOH

BeauMoAeficrByer no peaKqrrn
TagOu * 5PCl6: 2TaCl6+ 6POC|8
BsauuoAeficraler c o6paaoBaHueM
r'reryqero xnopHAa

500

300

Bsaul{oAefi crByer no peaKuris

4WOs + SNgO: WaOli f 3N1

Bsaunao4erlcrByer no peaKr{}rfi

woa* Nor:11;6ra*o
Bsafi[aoAeftcrgyer, BoccTaHaBnr.IBat
,q,O METAJIJIA

800-860
Cepa, x.noporncl

Boaopoa tPropu-
crni

Bos,tyx, r{ucJIopoA

fuApoornqr ure-
JIOqHbIX METAJIJIOB
(pacrnopu)

Klrcrora co.,rflHat

Kucnora rslopu-
cToBoAopoAHas

Xaop

fu4poorr.rcn ure-
JIOqHbIX METAJIJIOB
(pacmopur)

BoAa

Boaopoa

)

Boaopo4 xrlopn-
cruf i  (rasoo6pas-
unrl)

Bonr$pau

Oxuc,nu MeraJrJIoB

600

WOs [1 ;  446 ,  t . 2 ;

300-500

675-600

800-860

800

Bsau[4oaeftcrByer c o6paaoaanueir,r
oxcuQropu4a WOF2

Bsauuo4eficrnyrcr, oKscJlf,a Ao
WOg

Bsaul4oAeficrByror no peaK[ur

WOr * 2MeOH: MezWOr* Hz

BsanMoAeficrByer no peaKqurl

W O r * 2 H C l : W O 2 C l r + H 2

BeauMoAeficrByer no peaKquu

WOr*2HF:WOF1+HsO
Bsauuo4eficrayet c o6paaooanneu
WOzClz, npr.r iucorofi reMneparype

447,  r .3 i  450,  r .  l ]

BsanlroAeficrByror c o6paeoaanueu
oo;rrQp arvraroB M e2W O.

He sgauMo.u,eficrnyer
Beauruo4eficrnyer,
Ao WrOrr

Beanuo4eftcrayer,
.u,o WOz
Bsauuo4eficrnyer, BoccralraBnnBat
AO MeraJrJrnqecxoro ao,nrQpaua

Bsauuo4eftcrnyer npn garpeBaHnn
no peaKqliH

WOr * 2HCl :WOgClr+ HrO

Baauuo4efi croyer, BoccrataBJIIIBafl
Ao WreOre

BgannoAeictByror npn HarpeBauurl
c o6pa3oBaHneu ao.nuQparrramn n
norunolrQpalraroa

BeauuoAeficrByer B cJloe napoB no
peaKqI{u

2WOs + 75: ZWSI * 3SOr
BganruoAefiqByKlr c o6pasooauueu
oKcriTeTpaxJropHAa SOxboPaMa
wocl.

500

500

!

I-t
I(,

BOCCTAHAEJUBAfl

BOCCTAHABJIHBAfl



VraepoAa oxucu

Vraepol qerbrpex-
xlopncrufi
OocQop

Xaop

Eporrr, xnop, uo.q

Eporrruar, xnopnat
BOtra

BoAa
BoAopoA

Boe4yx

?;ffn"o' 
nepe-

Boaopo,u, xnopu-
cruft (rasoo6pas-
nufi)

Kuc,nopo4

Kncrora a3orHas

Kucaora coragafl
(rosqeurpupo-
nannaa)

BoAa
BoAopo.u,, onoBo
AByXJrOprrcToe
Boe,[yx

fu,epooxrlcu rue-
TOIIHbIX METANJIOB
(ron[enrpuponaH-
Hufi pacrnop)

800

200-280

ReO2 [;

800

500

l l
l l 2 l  3

t l

Beanue4eficrnyer, BoccraHaBJu{Bas
Ao W1O11

BgaltlroAericrByer c o6pasonanneu
xtopHAa

BsagMoAeftcrByer tro peaKquu

lOWOs + 8P4: l0WP2 + 3P4Ob

BeaHruo4efiqrryer c o6paaoBaHueM
oKcHxnopHAoB WO2CI2 u WOCIr

446, r. l]

Bsafir\,roAeficrByeT nprr HarpeBaHrrH
c o6paeorauueM oKclrraJrorenr.rAa

BgaumoreftcrByror c o6pasoaaHueu
uerapeuueeoft KncJroror HReOr

He ssau[roAeiicmyet

Bsauuo4eftcrayer, BoccraHaBnr.rBas
AO MeTa"'Ur[qecKoro peHus

BsaNn4oAeficrByer fipn HarpeBaHnr.r,
orncJrrff ao Re:Oz

Bgannoaeficroyer c o6paaorauueu
peulrenofi Kr.tcJrorbr

Bsaun,Io4eficrnyer npH HarpeBaurlu
c o6pasoranneM oxclrranorenr.rAa

Bsauno.qeftcrsyer, oKucJlrfl Ao
Re:Oz

Bsaul,roAeftcrByer c o6paeonanueu
lrerapenxenofi Kr.rcnorbt

Bgann,toAeftcrByer c o6pasoaaHueu
HzlReClol

ReO3 [ ;  446,  r .2 ;450,  r .  l ]

He sgaur4oaeftcrryer
BeauMoaeiicrByror npu HarpeBanr.ru,
BOCCTAHAB"lI-IBAS

Beanlro4eficrsyer, oKuc.ltsfi Ao
RerOz
BsaH[,roAeftcrsyror np]r HarpeBaHt.rH
no peaKqun
SReOg * 2MeOH: 2rl4eReOr *

* ReOa* HzO

350

i l0

351

, l , l  3
t ,

fnnpoorucn ule-
'OqHbIX METAJIJIOE
(pacn.naau)

Kuc,nora a3orHar

I(ucnotur cepnafl tr
coJrtHaff

BoAa

Bo4opoa

Pesufi

Peuus nenTaxno-
PsA

Cepoao4opo4

Cnupr erurorrtfi n
Metu,nosbrfi, oOHp,
x,noporpoprrr, aqe-
roH, yKcycHas Kuc-
roTa

Vr.nepoAa oxucu

BoAa
Bogopon

Boa,4yx

Kncrorbl

Re2O7

300

500

650

80

Bsaurr,roAeficrrynr B npr.rcyrcrBHa
or<r.rc.nurereft c o6pasoaauueM coJIH
ueaopenr.reaofi KrrcJrorbr MegReOs

BgauuoAeftcrByer c o6pasonauueu
pcHneaofi KucJrorbr HReOr

He aaaruo4eficrnyror

[; 446, r. 2]

BgaunoAeftctByer c o6paaonauueu
penneooft Kr.rcJrorbr

BsaHr,roAeftctsyer, BoccraHaBJrtrBat
ao ReOr

Bsanrr,roAeficrnyer, BoccraHaBfiuBas
AO MeTa,lrgrrecKofo peHr.Iq

BsanraoAeficrByer B naryyrue c o6-
paaoaauueu ReO2

Bsaurr{oAefictByer c o6paaonanuelr
oKcnxtopllAa penuq ReOgCl, npn
trs6trrxe QeCl5 o6pasyerca oKcr{-
rerpaxnopr.A ReOCla

B:aurrao4efictByer c o6paaonauneu
RezSt

BsanilroAefr croyror, pacrBopst

Bsaul,ioAefi crByer rro peaKur,ur

RerOr a CO: 2ReOg * COr

rroA AaB,'reHHerr,r 20 MlIa no peaK-
qnn

RerOr a ITCO: Re2 (CO)ro + TCO,

OsO2 [[l; 446, r. 2]

He sganMoAeficrayer
Bsarlro4eficrnyer, BoccraHaBJruBafl
IO MCTATJIA

Bsaurrnogeficrnyer, oKucJrsr Ao
OsOr
He rsarluo.qeficrryrcr

250



BoAa

Boaopo4

fuApooxncr rarna

Knc,nora corsHaq
(paa6aa,nennar)

Kuc.nora codlrtHas
(t<onqeulPvP6-
BaHHas)

Clrecr xarns x.tto-
pncToro H KncJlo-
ru co,nssofi

CMecr xarrq agor-
HOKIiC,TO| O C

oKrrcblo a30Ta

Bo,u,a

Bo,u,opo4

Krlqoru a3orHaq
H cepHaq

Knclora corqnas

BoAopoA

Kncnora a3or-
uarf co,nrEaa

OsOl [ ;  446,  r .2 l

I rO ,  [ 1 ;

Pto  [1 ;

PacreopRer 6es pasloxeHuR

Bsaur\roAeficrsyer, pas,raraff OsOr
c o6pasonanneM 3epKaJra

BsauMoAeficrgyer c o6pasoBaHrreM
Krlosoi(OH);l

He ssaulroAericrryer

Bsanuo4eficrnyer c BbrAeJreHneM
xnopa u o6paeonanneu OsCl4

BeauN{oAeftcrsyer c o6pasoBaHueM
xrlopoKcoocMara Kz [OsOzClrl

Bsazr\aoAeficrsyer c o6paeoBaHfleM
Hr.rrpooKcoocMara Kz IOsOr (NOg) r]

800

446, r. 2l

He rsau^,roAeficrnyer

Bsaur\aoAeficrsyeT npH HarpeBaIInII,
BOCCTAH BJIIIBA' AO METATJIA

He sgaul4oAefictnyror

BsauNroAeficrsyer c o6pasoBaHneM
xoun,rexcuofi KucJlorbr HrIrClo

446, r. 2l

Bsarrr{oAefictsyer npn HarpeBaHlru,
BoccraHaBJIlrBas .uo MeranJtnqecKofi
ry6uaroft nJIarIrHbI

Bsauuo4erlcrnyrcr

352

20

23-3t2

20

353

Auuuax (xoHq.
pacrnop)

Bo4opo,q, noAE-
ctuft

Kanuq rqApoorucb
(pacrsop)

Auuuar (pacrrop)

Epou (nap, pac-
raop)

BonopoA

BoAopon uuaHu-
crufi (pacrsop)

Bo4opoga nepexucb

Xeneso 1-5 xe-
ne3ucrocHHepoAn-
cToe

Hox

Kuc;roru agorHar,
coJIggafi

Cepr,t uottox.nopuA

X.nop

Au2O [446, r

Hgo  [ ;

. 2 ;  450 ,  t . 2 )

ot"i{:iifi:*"Bver 
c o6paaosauuervr

Au2Os [446, r. 2; 450, r.2']

BeauMoAeficrByer no peaKqulr

Au2Or f 6HI : 2AuI + 2Is + 3H!O

Bs_agwroaericlByer c o6pasoaaHnev
K[Au(OH)a] .H2o

50

446, t. 2l

Bea[lroAeficrByer c o6paaooanueu
ocHoBagus Mna.nosa
[(HoHg)rNH2]OH
BsanlaoAeficrByer c o6pasoaauueu
oxcn6pouu4a HgBr2O

Bsaunao4eftcrByer, BoccraHaBdlHBaq
AO METAJIJIA

Bsaur\loAeficrByer c o6pasonaunem
quauucroft pryru Hg(CN)2

BgarrrloAeficrByer c o6pasonaulrel,r
neperncn HgO2

BeauuoAeiicrByer no peaKllrzr4

9HgO f Fea [Fe(CN)6]a * 9HrO:
:9Hg(CN)s*4Fe(OH)s*3Fe(OH)g

Bsafir\aoAeficrByer c o6pasoaauuen
HgI2  u  Hg( lOs)z

BaauuoAeficrByror c o6pasoraHueu
coorBerctByoulux coneft

Bsauln{oAefictByer no peaKunrr

2HeO + 2S2Cl2: 2HgClr*SOr*3S

BoauuoAefrcrByer no pearqur{
2HCO + zclz: HgrOClg + Cl!O,

a rrpr{ HarpeBaH[tr-no pearqus

HCO + Clg: Hgq.a 17rtt

100

20



XaopncrHft rrionuJt

Orop

OocQop, rpocr!op-
HOBaT}lCTafl KIlCJrO-

TA

Epolr, xnop, uog

BoAa

Botopoa, yrnepo-
Aa oxilcb

BosAyx, KucnopoA

Kucaora agorHat

Kncnora y(cycuas

Kperunufi qerbrpex-
xaopucrufi

Cepa

,Cnnpr eruaoauft

BoAa

luApoorucn qe-
JIOqHbIX MCTAd'IJIOB

Krcaorrr
VraepoAa oxucr

Orop

BgauMoAeficrByer no peaxrlun
HeO + SSOC[: HgClr -F

+ 3SOtClr + SrCh

TlzO [446'

360-370

TlzOs [446, t.

T.

BsanuoAeficrsyer npn HarpeBauurr
c o6pasoaaunertr HgF2
BaauuoAefi crBylor, oKr.rcJrrlgcb

l ;  450, r. 2]
BsaurvroAeftcrsyrcr c o6pasoBaHneM
ranofeHHAoB Ir BblAeneHI{eM Kr.rcJto-
poAa

BgaLrN,roAeficrsyer, pacTBopsrrcb

Beauuo4eficrByroT npa HarpeBauurr,
BOCCTAHABJIIIBA' AO MCTANJIIIICCKO.
IO TA.IIJ'IUS

BeautroAericrBytor npr.r HarpeBaHun
c o6pa3oBaHueu Tl2O3

BgaulaoAeficrByer no peaKrlrtl

TlrO + 2HNO3 : 2TlNOg * HgO

Bsanuo4eftcroyer no peaKqurr

Tlso+2cH3c@H:
:2TICHgCOO * HrO

BsaulroAericrsyer c o6paeoBaHr.reM
TlCl s SiO

Bsauuo4eftcrByer nprr cnJraBJreuur.t
c o6pasorauueu cy.nrQu4a ra:t.nufl

Bgar.rl{oAericrBypr rro peaKqnu

TlrO+2CsHbOH:2TlOCrHo* HrO

l ;  450,  r .  2 l

MeArenuo aganr\,{oAeft creyet.
rBopst
Me4.nenuo as ar4uogerlc,rnyror,
TBOprfi

pac-

Bsauuo4eft crayror, pacrBoprt
BganuoAertcrByer npr{ HarpeBanr.ru,
BOCCTAHAB.IIHBA' IO METAJIJIA

9sauruoAeficrnyer c o6pasoBaHr.reM
TlFl

Aumonuft xnopu-
irnfi

BoAa

Boa,opoa, 6op, xa-
aufi, xap6u4 xam-
qur, narpufr, yrle-
Poa, oKucb yrJle-
POAA
fuApoorucu ute-
JIOqHbIX MCTAJIJIOB
(xou{enrpuponaH-
une pacrnopn)

Karnq qsanr'rA

Kncnoru

KucnopoA

Vrnepo4, yrnepoAa
oKIlcb

Cepa

Cepoyrnepoa

Csng[a ceneuuri

BoAa

Boaopo,ua nepeKucb
B npr.rcyTcTBuH
agorgofi lrJru cep-
soft xucaor

20

BsanruoaeficrByer nplr HarpeBanuu
no peaKIIHu

4PbO+2NH1CI:PbClr. 3PbO*
+2NHs+HrO

PacraoDser 1,2 ur xearofi oKscu
Ha 100 r BoAH n 0,6 r Kpacnofi
oKncu Ha 100 r soA,bt
BsauMoAeftcrBytor ttpu sarpeBau[[,
BOCcTagaBJruBar Ao MeTaJIJt[tIecKo-
ro cBHHua

BsariMoAeftcrBylor c o6pasoBaxueM
rrrApooKcatrnnM6aros
MelPb(OH)sl u Mer[Pb(OH)a]

BeauuoAefictayer upn nnaBJreunli
IIo peaKrluH

Pbo+KcN:Pb+K+CO+ I /2Nr
BeauMoAefictByror c o6paeooauueu
colefi 4nyxnaJreHTHoro cBIIH[a

Beanr\aoAeficrsyer, oKt4cJtfifl Ao
Pb3o4

Bsa[I\,roAefi crBylor, BoccraHaBJInBat
IO MeTaJrturtecKoro cBI.lHIla

BsaulaoAeficrByer npu HarpeBaHnu
c o6pasoraHuerrr cy;rrQnAa

To xe

BsauMoAeftcrByer rro peaKutrsM

2PbO*PbSe:ePb*SeOz;
3PbO*PbSe:3Pb*PbSeO* u

4PbO*PbSe:4Pb*PbSeOr

400-500

400-500

I 100

Pb3Oa [; 446, r. l ,  448,  r .  l ;  450,  r .  l I

Mano pactnopter

Pb3o4+



Bo4opo4

Bor/tyx

Ka,nrrJl a3orHoKr.rc-
aufi (pacnnar.neu.
r ru i )

Kuenoru asorHaff,
cepHaq (pas6an.
neuHar)

Knc,rora cepHat

n$JHqeHrPrlonalr'

Boaa

Kucnora 6porvru.
croBoAopoAHas

frApooxucr sar-
pHt

Kucrora a3or-
uaaacepHoxucnufi
MapraHeq

Kngrora HoAr,cro-
BOAOPOAHAfl

Kuqrora cepgat
(roHrlenrpr.rposiH-
nas)
Knc;rora corrHaq
(roHqeHrpnpoBaH-
uan)
I(uorora cepuarf
{" Mapraueil gepHo-
xuc,rltft

OKtrcng ocHoBHbre

Bsanlro4eftcrayet, BoccraHaBJrr.rBas
AO CBLlHqa

Bsaulro4eftcrayer c o6paeoaaHuelr
'PbO u BbrAeJreH[eM KucJropoAa

Bsauuo4eficrnyer

Bsaauo4eficrnylor npr.r HarpeBaHHH
c oopa3oBaHHeM coJlerl AByxBaJreHT-
HO|O CBnHqa r{ AByOK}iCU CBUHTIa

Bsaur\aoAeficrsyer npu HarpeBaEr.rtl
no peaKuHr.t

PbsO4+3HzSO4:3PbSO4+ I /2q+
+3H2O

Bs anrrro4eiicrByer MeAnerruq

Bsar.rD{oAefi crByer rro peaKqltn

PbOs*4HBr:PbBr2f lrrf !t1r6

BgauMoAeftcrByer npr.r HarpeBaHr.ur
no peaKr{t4r4

PbQ$ 2NaOHf 2HeO;Na, I Pb (OH)6]

BsauMoAeficrByer no peaKqun

SPbOr+ 6 HNOs*2MnSOa: 2PbSO"+
+3Pb(NO3)r+2HMnOnf 2HrO 

-

B gau[,roAefi crsyer rro peaKllrru

PbO2f 4 H I :PbI2+ Is+2 HrO
Beauuogericrryu'. no peaKultu

Pboz+H2so4:Pbso4+ I /2Or+ HIO
B eaurao4eft crByer no peaKrlr.r14

PbOz*4HCl:PbCl4+2H2O

Bsalrlro4eftcrByer no peaKqHH

5PbO2+3HrSOaf2MnSOn:
: 5PbSO4+2HMnOn-i-2 HrO

BsauNrorericrsyror npn cnJraBfleHrl.l
c o6pasoaauuelr opron,rrcrr,t6aron
CaePbOr, BasPbOa u 

-.np.

250-350

550

PbO2 [446, r. l; 448, r. l; 4b0, r. l]

s56
957

Cepn Aoyorncr

@zop

Xaop

Boaopo,q

Boe,uyx sraxunfi

Ktrc.nora coJrflHas

VuepoAa AByoKncb

Arrcuuuufi, 6op,
BoAopoA, Kailufl
quaHI-IA, KaJrbtll,tt
rap6nA, yrrrepoA,
oKltcb yrJrepoAa,
IIE'OqHbIC MCTA JI,'I bI

fa.noroHu

fn4pooruca urerotr-
TIbIX MCTAJIJIOB
(pacrnopar)

faApoorucn ue-
'OIIHbI;( . MCTAJI-
.noa * 6porrl

Kucnorur

Harpua [epeKr.rcb

BsaulroAefictByer c o6pasoBaHueM
Pbsor
BsarMoAeficrByer c o6pasorauueu
PbF2 u PbFz.PbO
BsauMoAeftcrByer nplr HarpeBaHHI{
c o6pasoaauueu PbClz u PbCls'
.Pbo

BiO [446, r. l; 448, r. l]

Bi2Os [446, r.

Bsaun,ro4eficrayer, BoccraHaBnHBafl
AO MeTanJIIrqeCKOfO Br.rCMyTa

BsauI\aoAeft crByer, oKucJrrt

Bsarrl{oAeftcrByer no peaKquri

SBiO+6HCl:2BiCls+Bi+3H!O

BsarrlroAeficrByer no pearuur.r
SBiO+CO2:28i8os+Bi+CO

l ;  448, r .  l l

BgauMoAeficrBylor npn HarpeBaur.ut,
BOCCTaHaBJII,TBaA .U,O MeTannUqeCKOrO
BncMyTa

BsaaMoAeftcrByror c o6pasonauneu
TpnraJroreHl,laoB u oKcr{raJIoreriH-
!,oB

He a:auuoAeftcrnyrcr

BsaslroAeftcrgynr c o6pasoB,rtHuer,r
BacMyraroB MeBiOs

Bsaul,{oAeiicrBy}or c o6pasoaaHueu
coorBercrByrou{ux co.nefi BIICMyra

Bsaz\loAeficrByer npr{ HarpeBaHnR
no peaKqElr

Bi2O3f 3Na2Or-2NauBiOn* I /2Os

300



Cstruqa
(pacnaaa)

IuApoorncn ul&
JtOqHbIX MCTAJIJIOB
(pacrropn)

Kucnotu

Bo4opo,u,

BoAopoa xnop[-
crr'rft (rasoo6-
paeuufi)

fuApooxucn rqe-
JIOqHHX METAJIJIOB

Vrlepoa, qerbrpex-
xaopucruft

Asor * yrJrepoA

6op

Boaopoa Qropn-
cruft
fuApooxucr ue-
.noqgblx MeTaJrJtoB
(pacraopu u pac-
nnaBbr)

Karnft xucrufi
ceproxuc;rui (pac-
nraB)

Kaauqufi

Kuc.nora cepHas
(xouqeglPnnouu"'
Har)

PoO2 [446,

200

200

200

Tho2
200

I 100

I100-1300r

BeanMoAeilcrByer c o6paaoaanueu
coeAusesufi

. 2PbO.Biros; 2PbO.SBirOr;
Pbo.48iros

PoO [446, r. l]

BeanuoAefictBylor c o6paeoaanuenr
co.nei

Bsaunro4eficrBylor c o6pasoaaunen
coneft

r .  l ;450  r .  U

Beanuog,eilcrnyer, BoccraHaBJrnBas
IO METATTIqCCKOIO IIOJIOHI{fi

BsaulroAeficrByer no peaKqurr

PoO2f4HCl:PoCla$2HrO

BganMoAeficrByror c o6paeonauueu
rroJrofl[roB MeiPoOs

BganrvroAefi crBye1 no peaKqr.rH

PoO2fCCla-PoClaf CO,

450, r. 2l
Bsanl{oAefictByer c o6pasosauneu
IrurpnAa

BgaErvroAeficrByer c o6paeoaaunelr
6opu.qos

BsannoAeftcrByqr c o6pasonauueu
QropsAa
He ssaraMoAeficrsyrcr

Bsan[,roAeftcrsyer c o6pasoBaHr{eM
cynrQara

Bsauuo4eficrnyer, BoccraHaBJIuBafl
AO MeTaJrJIr{qeCKOrO TOpLrfi

BgaurrroAeficrsyer c o6paeoBaHueM
cy.nrQara

l r ;

36E 359

Kuc.nottr (pas6an-
aeuuue)

Cepa

Cuecr aeornofi xuc-
Jrorbr c tpropuAou

Vraepog

Vraepo4 qerupex-
xaopncrufi, yrne-
poAa xJtopoKt{cb,
SocSop nsruxno-
pr.rcruft

Bo4opo4

I(nc.nora cepuai
Kuc,nora Sropu-
cToBOAOpOAHaS

Harpufi yrneKuc.
rufi (pacular)
Orop

(Docres

BoAa

Boeayx
fnApoorucu qe-
,IOqHHX MCTANJTOB
(pacraopu)

Kuclopo4
l(nc,nora asornafl

I

1200-t300

I 550

Uoz

20
800

700
25

He gsazltoAeircroyrcr

BsanMoAeficrByer c o6pasoeenueu
cyauQu4oa
BsauMoAeficrgyer

Bsa[MoAeficrByeT c o6pasoaauneu
Kap6[rAoB
BgannoAefictByrcT c o6pasoaanneu
xnopr{Aa

Pa2O5 [450, r. 2]

Baanrr.ro4eficrayer, BoccraHaBrr.rBaq
ao PaOg

Bsaruo4eficrByer npl,r rrarpeBaHr.rH

Bsavuo4eficrByer c o6pasoaauueu
KOMnIer{cHoro coeAr-rHeHtrt
KzlPaFzl

He ssaul4oAelictnyer

BsaunoAeficrByer_ nl: n HarpeBaHr-tlr
c o6pasoaauzeu paF5

Bsauuo4eficmyer npu sbrcoxoi
re{IISPiTYPe_^_ PazOs + 5COCI2:
:2PaCls  +  SCOg

[ l ; 450, t. 2]

He ssauMoAeficreyer

9-sqilMoaeficrByer c o6pasonaHuevr
UsOe

To xe

He ssariuoAeftcrayrcr

Bgag[roAefrcrByer, oKHcJrflfi ao UO3
Bsauuo4eftcrByer c o6pasorauneu
Hg1pafa ypaHr{na UO2(NOs)2.
'6HeO



I(ncaorH cepnar,
coJl8Has

Kncaora $ropn-
cToBoAopoAHat

Cepa xropncran

Vr,repoA qerbrpex-
xaopnctnft
Xnop

Asoruufi aHruApHA
(xr4rufi)

BoAopoA

Bo.u,opon gropr-
cruft (raeoo6pao-
unft)

BosAyx

Knc;rora a3ornat

Kuc,nola cepnar,
Kr.rcrora coJrgHat

Kucrora cep-
Hafi + crupr

Cepa x;ropnctan

Vraepoga oxucr

Vr.nepog qerblpex-
xnopNcrnli
Xlop

Beanuo4eficrByror MeAneHuo c o6-
pasoBaHrreM corefi U(SO1)2 n
uclr
BsauMoAeficrByer c o6pasoaanueu
rnApara, nepexoAfiuero npu fra-
rpeBauuu n 6eeso4nyo coar
BgauuoAeficrByer c o6pa3oBaHLIeM
xd'ropHAa

To xe

BsanbroAeftcrByer c o6paeonanueu
xtopHAa ypaul'Ina UO2CI2

450, r. 2f

Bean[aoAeficrByer c o6pasoaauuer,r
UOz(NOg)r.2NOe

BsauMoAeficrByer c o6paaonaHneu
Uoz
Bsaur\,roAeficrByer c o6pa3ooanueu
ypanunQropn4a UOzFz n @ropu,u,a
UFr
BsauuoAeficrByer c orqerrJlenr-IeM
Kr.rcnopoAa u qacTHqHbIM nepeBoAoM
UaOa a UOr, c rotopoft UgOs o6-
pasyer rBepAbre pacrBoPbl

BsanrvroAeficrByer c o6pa3oBaHHeM
Hnrpara ypaHurla UOz(NOg)e.6HrO

He egariMoAeftcrayror

Bsanuogefictoytor Ha coJlneqnot\r
cBere c o6pasoaanueu cyarQara
U(SOr)z'4HrO

Bsan\,loAefictByer c o6Pasonaunera
x.nopuAa UClr

Bear.ruoAeftcrByer c o6pasoeauueru
Uoz
BganrrroAeficrByer c o6pasoaaHuevt
clr,recu UCla u UCls

Bsauuo4eftcrayer B npI{cYTcrBIrIr
yr.na c o6pasoeauuerr,r UCla

450

450

ueog [ l ;

1500

550

900

25

25

{DU

750

400

800

360

400

361

AgorHosarHfi aH-
rHApuA (xna,rufi)

Aunanar * Qro-
pucrufi -no4opo,u

BoAa

Bo,qopo4 $ropu-
ctufi

.(,xx.rrop4urprop-
METAH

Ka;rufi Qropucrufi

I(ucrora asorHas

Kuc.nora cepHax

I(nc.rora yKcycHaq

Cepa xnopucraa

Vr,repo4a oxucr

Vr.nepoA qerbr-
pexx,nopucrnfi

VrnepoA qerbrpex-
6porrructnfi

350

400

850

25

25

450

350

U O s  f l ; 4 5 0 ,  r . 2 l

BgarNro,(eftcrByer c o6pasoranueu
uo2(No3)2.2No'

BsanNroaeficrByer c o6pasonauueu
Qropu4a UFa

BsauNroAeficrByer c o6paeosauueu
HrUOe.HzO

BsanlroreficrByer c o6paeoeanuelrr
ypaunntpropuaa UO2F2

BsanMoAeficrByer no peaxqru

UOo + 2C F2Cl 2 -+UF4+ Cl 2 + CO Clr+

BsanMoAeficrByer c o6paaonanneu
KUO3F

BsaunoAefictByer c o6pasooaHlreu
HnTpara yPaHIIna

Bsaar\aoAeficrByer c o6paeonaureu
cymQara ypaHuJra

BeaulroAeficrByer c o6paeonauneu
aqeTaTa ypaHrrna

BsauMoAeficrByer c o6pasonauneu
ucl{

Beauuo4eftcrnyer, BoccraHaBJII.IBa-
xcr, 4o UO2

BgauN.roAeficrByer c o6pasoaanueu
cuecu UCla u UCls

BeauDloAeficrByer c o6paeonauuenr
UBr3 u UOBrg



Asota 4ayoxncr

Aapnrnnfi 6pouu-
crufi

Boaopon * soAo-
po4 Qropucrufi
Knc,noru (xou-
Aeurpuporanuue)
Ceponoaopoa *
+ cepoyfJrepoA

I(r.rc,nora xnopHan

VuepoA qerbrpex-
xnopacruft

Npo, I

400

500

1000

PuO2 [

600

;  450,  t .2)

BsauuoAeficrnyer, oKucJrra Ao
Npaoa
BaauuoAeftcrByer no peaKrlu[

SNpOr* 4AlBrs:3NpBr4+2Alros

Bsal,tMoAeficrByer c o6paeoaanuelr
Qropuaa NpF
Bsaruo[eficreyu B npr{cyrcrBr.rl
oxuc,nurenefi (6porrrar raana)
BsaulaoAeficrByror c o6pasoBaHneM
orcocy.nsrDuna NpOS

Nproa

BsauMoAeficrByer c o6paeoaauueu
I,IOHOB NITLI. TI UIECTHBATEHTHOTO
HenTyHug

BsanvoAeficrByer c o6pasoeauueu
NpCla

; 450, r. 2l

BsauMoAeficrByer B nplrcyrcTBnrt
Boaopo,q,a no peaKqsu

PuOz*3Hf* I /2H2:PuPrrL2H29

B npncyrcTBr{r.r KlrcnopoAa - no pe-
AKUUI,I

PuOa*4HF:PuFr*2HrO

AmO2 [l; 450, r. 2]

Bgauluo,(eficrsyer npr{ HarpeBauhrr,
BoccrauaBJlr.rBaff Ao Am2Os

BgarrlroAeficrayer no peaKqulr

SAmOr+4AlBrg:SAmBra*
*2Algos*3/2Brg

BsauMo,u,eficreyror c o6pasonanueu
rpr.roAHAa

Bsa[raoAeficrByer tro peaKqnu

AmOz+2CCl4:AmCle*2Cffi lr*
+l/2c12

Bogopo4 Qropu-
crHfi (rasoo6pas-
nufi)

Bolopon

A{plaunsfi 6pouu-
cruI

Airrorrrnnufi *
* uog

Vraepo,q qerbrpex-
x.nopucrui

500

800

363

2. KATAJII{THqECKl,lE CBORCTBA [l; 380-39i]; 455-4051

Hro

HrO

Hro * Ca(OH)2
HzOc * VsO6

H2Os $ OsOa
HrOs * CrOs

Lio + Nio,
TUpOBaHHbre
In2Os

npoMo-

BeO * MgO xa
neM3e, npoMoTupo-
nannue CeO2
BeO

BeO

BeO

BeOf UOe

I l l
lrgpoaus xaop6eueoaa rarpoH.
Hofi qenoqbro

fnApoare Alr- tr nonuranoreanpo.
r-rSBoAHbIX )|(npHoro pflAa
InApoasg x.iopncroro Merr.na
Orucaenne HenpeAeJrbnbrx anbAe-
TLIAOB, CIIr{proB, KHCJTOT (enOXCn-
JrHpoBaHue, orcu.nuponanne)

To xe

tu
Pasroxeune N2O1

t r l
,fl,ernAprporanne BToputrHbtx cnnp-
TOB

Hsocunreg

,{,errqparauufi MeruJrrerparuApo-
QypaHa
Heouepuaauufl noJrugTrrJreuoBllx
yrureBoAoPoAoB

Oruc.nenve Meraua a Qopuaar4e-
rHA

HzO

26-30'c

25-30" C
25-300 c

400-8000 c

400-600" c,
30-60 MfIa

400-450. c

500-600" c

LlzO

BeO

B2O3 + Al2Os

BrOr f MgO
BrOr * MgO *
fxucane QocQaru

t80-200 "c
KperuHr napaQnnouux yrneBoAopo-
Aos Cz-Cre
Oxuc;renue aMMI{aKa Ao 3aKrclr
a30Ta
faAparaura oaeQnnoa

BzOs Fl



No FI
Tepunuecxoe xtopupoBaulle xnopo-
$oprraa
flonyueuue cepnof, rtrcJlorbr

Al2o3
Alroa

Al2os

Alro,

AlsO3 na xap6opyn-
Ae
Al2o3

Alros
Alro,

AI2O3

Ag f AlrO, (u)

Al203

Al2o3 + sioz

Alzos + sior

Al2Os f Mo2Oe
Alzos + vso6

AlrO3 f CrrO,

Al2o3 + K2O
Alsoa + CrrO, *
f Naro
Aleos + Cr2Os f
* CeO,
AlrOg * CrrOa *
* NanO

4ls^Os^+ CrrO, *
f Leu,

4rror*sior+
t npoMoTHpOBaHHbre
CeOs

.[,eru4paraqr.rs cnaproB, rnuqepuHa
flo.nuuepuaaqus nponr.rJreHa, r.t3o-
oyrHJreHa, uux.nooaeQuuon
f HApoaug rpocrbrx eQapon

KetoHusaqllg nepBnqHr,rx cilprproB
Oxucnesue QypQypona

lleperueqeuue .qgofiHofi csqsu ro-
Mo.rlofoB 6eHsoaa c aJIbKLtJrIbHbrMu
IICN'MI,I

Pasfloxegue HBr

AeruApataqnr srnJroBoro
rosAescaquefi

KararnruqecKnli KpeKuHr
BoAopoAoB

Oxzcnesue 9Tr{JreHa
Steprltpurauur aru.rroBoro cnupra
B STUJIaUeTaT

AerrAparauur xap6ounnruux a
xap6orcu;rrunx coeAnnenuri

luAparar{ua oleQuuoe

I4soMepHsaqus H-neHTaHa

Zeorrrepnsaqur quKJloreKcalra B Me-
TUNUI.IKJIOIIEHTEHbI

,[,eru4pupoeaune napa$nnoB u oJre-
QI,IHOB

CuHreg aMMrraKa

,{,ernApuporaune u-6yraua, npona-
HA, STHJIOCH3OJIA

,(,eruapr,rpoaauue u- 6yraHa

A,ern4pspgs2une H-reKcaHa,
TaHa, quKJroreKcaHa

PeQopnrnur nnrpouua
LI {HTC3 AMMHAKA

!,exap6orcr-rnnpoBaHne x(rrpHbrx
KHcJror u aQupon

NO

NO

NO,

NO, [ l ]
I

I 
Oxuc,'renue 6euaona o $euon

Na2O' I l ]

I 
Orucaeuue aMMuaKa

Meo ilI

3250 C

530-540. c
360*380" C

300" c

''1''

565'C
275. C

600" c

120-370" c,
2,6-42 MIla

4600 C
400-500" c

560-580" C

400-550. c
560'C

575-700'C

550" C

475-530" C

300" c

NoQ

Mgo

Msg
MgO* CaO
MgQ* Sno

Mgo* co
MgO * NiO

Mco+zro,
MgO* BrOs

MgO f ZnO Ha
neMse, npoMoTHpo-
naunue CeO2
MgO* FerOr *
* CUO* KzO
MgO*Sioz* C(s)

Meo * Sios +
{Zro2$)
MeO* SnOz*
+ Alros
MgO + Sio,

250-400" c

400-450" C

2000 c

800" c
400'c ,

500 xfla
t80-200" c

550-630'C

Boccranogleuue HenpeAeJIbHblx
AJIbACTHAOB H KCTOHOB

luAparauua alleruJleua

Pagnoxesue 3aKI.IcIt a3ora

Pag.noxeuue nepeKlrcu BoAoPoAa

Peaxuns (Dr.ruePa-TPouua

Kperunr yrneBoAopoAoB

Konoepcua yrJIeBoAopoAoB

Oxrc.neuue aMMil aKa Ao
a3oTa

.[i,eruapupoeaHrte BropLIqHbrx
TOB

cnr{pTa c

yrJte-

SaKI.lCU

cnup-

.IlernApuporauue erur6eHgora B
cTupon

,[,enuApara{utt u AefuAptrpoBaHI'Ie
cnnpToB

I4solrepauur napaQunonux Yfne'
BoAopoAoB

flonyueHue AlrBnHH,xa tl3 gTHJIoBoro
cnr.tpra no JIe6eAeBy

Kperusr yrd'reBoAopoAoB

AlzOs il, 455-458, 460, 462, 463, 4651

Al2oo | 260'c I o6pu.o"u""e apoMarnqecKnx yrrre-
| | BoAopoAoB

364
365



Ahor + stoi +
+ TlOf lZrO,
Atro, + stor

Nl na AllOs (u)

Nl Ha AlsOs (n)

Ni na AlrOr (n)

Ni na Al2Os (n)

Ni Ha AlrO3 (u)

Ni Ha Al2Os (n)

Nl ua AlsOe (u)

Ni na Al2Os (n)

Pd Ha AleOs (n)

Pt Ha AlrOs (a)

(Pt * Pd) ua
Algos (n)

Ahos + vror *
+ KrO+SiOs
Nl ua AltQ
(Pt*Pd) Ha
AlaOg (u)

Ni ,  Pt ,  Pd,  Rh,
Ru, Ir Ha AlrOs (H)

Pd ua AlsOe (u)
Alsos + Bros

Alzoe+ SnOa *
+ Mco
Al8oe + sios
VrOs* Kro*
+Alro5+sios
MnOs na Al2Os (H)

FesOg f AlsOg

250-400" c

250-400" c

Q n o a  -

: l5 MIIa

400-600" c

800-l I

300-350'c

4850 C

360-460" C

Kperuur HrrAr.rBr{Ayanbnbrx yrne-
BoAopoAoB
Cunreg quagr.lcroro BoAopoAa u3
Qoprvarr,ruaa
BoccranosneHne Kap6oulrnbHblx co-
eranesufi

3aueqenue rarorena nan cy,nr(Po-
rpynnbr

Oxncrenue runoQocQura Harpun
no SocQnra
Ilpespaqenne Qopuaar4ern4a
.{,eruAporeuusaqurr x{HpHbIx KLIcJror

flo.nyuenue aMLtHoB BoccraHoBn-
TeJlbr{brM aJTKHnItPOBaHHeM

,{,eraroreuupoaauue

,{,errapr.rpoaasne 6esgo.na

fn4puponauue xupoB

fr.rApupoaauue repe- r4 ll3oQrano-
Hr.rrpuJroB

Oxucrenne oKncn yfJlepoAa

Ornc.neuue cepHHcroro aHrI-IApIIAa

I(onnepcua MeraHa

Oxncaenue oKr.rcn yrnepoAa

Oqucma BbIxJIoIIrIbIx ra3oB or oKllc-
JIOB A3OTA

O'rncrxa or orl{cnoB aSora

Kpexnur napaQunoBblx yrneBoAo-
PoAos (Cz-Cro)

flolyuenne A[BHHr.Ina u3 gTuJIoBo-
ro cnxpra no Jle6eAeny

floaunaepneaqug yrteBoAopoAoB

Oxncrenue cepnucroro auurAplrAa

Oracaenne MeraHa

Pasfloxenue nepet{ficu BoAopoAa

si02
sio2 + Alzos
SiO, * MgO
sio2 + Alsos
SiO2 f ZrO2
SiO2 f CaO
Mgo*Sioa*Cu

Ni Ha (SiOg *
f Al2Os) (H)

Pt Ha (SiOg *
f AlrOs) (n)

Pt Ha SiOs (H)

sio2
sior + Al2o8
Al2oe + sio2

Al2o8 + sio2
Alzos+sior+
+ TiO,z *ZrOz
MnO * SiOz

Alprf CuO
ZnO f Al2Os

SrO + Al2Os
MoO2 + Alros
CeOs f Al2Os
Sm2Os f Al2Og

Prot
P2O5, + HzO

260-350" C
650'C

zoo-roo'c
400-600'c

425-550'C

250-350" C,
2,SllIIa

9000 c,
13 MIIa
560" C

550-750'C
600'c

120-370" c

4100 c

sto, il, 455, 456,458, 461, 462, 4651

Oxuc,resue yrneBoAopoAoB

,{eraapuponauue grur6essoaa B
cTr{pon
Pagaoxeuue garlrcr4 aaora
PnQoprrrnur yrneBoAopoAoB

Oxucaenne oKHcH yr,'repoAa

fl,err.rApupoeaHr{e cnuproB Cz-Crz

PagroxeHne aMMuaKa

Kperuur yrneBoAopoAoB

Kpexuur yrneBoAopoAoB

flonnrrrepnsaqr{r yrneBoAopoAoB

IIo;rnrr.repueaEuq yrneBoAopoAoB

Hsouepueauus yrJIeBoAopoAoB

.(ernAparaIlns n Aerl{ApnpoBaHHe
cnupToB

HsorraepuQaunr yrneBoAopoAoB

Hsoruepueauur apoMarr.rqecKux yr-
JreBoAopoAoB

fu4pupoaaune repeQraaoHnrpLlna

,[,errApoqaxrIr3aqHt H-rettTaHa

Henorgoe oK[cneHne MeraHa

.Il,era4p616ItuR xap6oun.nruux n
xap6ottcruunux coeAruesuit

fuAparaqug ole(luuoa

Kperusr rrHAuBsAyaJrbHbrx yrJreBo-
AopoAoB

Ilapotpasnoe oKncJreHue MerlrJr-
nlrpllAr.ilroB B aJlbAeruAbt

il
*s,

fi
,rp

PzOr [; 389; 457; 464]

25-46" C
25-45'C

Haonaepueaqna
Hsouepueaqna
reu- l )

I -Qerruaneurena- I
ynaenoaopoaoa (6y-

ilr
,lr



VrOo * MoOsf
* PrOo + TiO,
VgOr * MoOr $
* PrOr + TiO2
MoO3 f VrOs *
* PsOa * NaO *
+ NiO ua ZrO2

4 1 0 ' c

410" c

350-450'C Oxuc;resne 6eHsona
aHrr.{ApriA

IlapoQaeuoe orr{creHle MeruJr-
nI,Ipr.lAr.rHoB B aJrbAeruAbt

" Aeruaparaqus gTr{JroBoro c[upra

e usfleunogbrft
.JS

.r,
so, Fl

SO,
Sot

Soe
SO,

SO,

SO,

SO,

290" C

140-160'c

400-800" c

550-630" C

, 4850 C

650'C

KzO [[l, 375,382, 3871

flonuuepueat1fifl xupubr,i\'aceJr
flo;ruuepnsaqua ueo6yruleua,
cnHpTa, MeTHJrMeTaKpnJtaTa

lloruuepneaqurr rbHqHoro Macra

Cononuuepueaqus Jtburuoro MacJra
co cnHpToM

flo.nwrraepueaqua onnunyxcycnofi
KIICJIOTbI

Pasaoxeuue ruAponepeKuceft
I{uc-rpauc-npeBpauenue eaFHpoB
oneunosofi Kr.rcJrorbr r.r Apyrnx
XI,IDHbIX KIiCJIOT

Fe*  KsO*
f AlrOr (n)

BeO { FerO, f
+ K2O, npoMoru-
ponanuue CeO,
Mgo* Fe2or f
* CUO* KzO
Vrou -F KrO*
+Al2o8+sio'
CosOr f AI2O3 +-l- KrO
Zfrr* FeeOg *-F KnO

CuHtes aMMHaKa

.{,errzApuponaHHe BTopnqHhrx cnup-
TOB

,{,eruApupooauge grnfl6enoora B
crupon

OxucneHre cepur.tcroro aHrHApnAa

Cugres MeraHa

,{,eruapuponauHe 6yreHa B 6yra-
,u,ueu

cao [, 465]

CaO
CaO

400*450" c fu4paraqur
Il,uauu4nmfi

arIeTr{JleHa
cIlHTe3

368 24*312 369

CaO

CaO

MgO$ Cat^'
oi0, $ Ca, )
'i;f'"+ Ii:. ')+
* CaO \'; iOz

{do- u

400'c

175-275'C

350-450" c

TiOz

goo" c
150-400" c

510 'c

410. c

Pagnoxesue aMMItaKa

Ornc.nesne yxcycuofi KI,IcJIorbI B
aqeroH

PagJtoxeu[e 3aKucl{ a3ora

Hsouepueaqnr yr,'IeBoAopoAoB

Oruc"reuue cepHLlcroro aHruApuAa

ScrO3 [455]

ScsOt

ScrO,
ScrOs

Vo, I

,[,erlrAparaI1nn u AerxApttpoBaH]Ie
gTuJroBoro cnlrpTa

flapa-opro-xonBepcra BoAopoAa

flpeopanleuue u3onponnJloBoro
CNI'DTA

l l ;  4641

AeruApoquxnl{3aqut nap aQuuoa

,[,eru,npata[nfl gTHJIoBoro, o-aMtl-
noQenunetuloBoro cnnproB

,[,eruAporeuusaqllt cnIIProB

Hsouepusauut oJIeQxHoB

f r.r4po;ttIs npocrr'rx stPnPon

In4po,nr-re cJtoxHblx eSupor

Oxucrenue oKllcn yrJlepoAa

Pasroxenlle uypartuuofi KItcJIorbI

llpurorou,neHue a.nuQaruuecxux
aMr,tIIoB Ir3 CnLIpTOB B aMMLIaKa

3repr.rtpuraur.rx yrcycttofi KLIclorltt
9TIIJIoBL'IM CnI'rpToM

,[,ern4poqlrxnlr3aqr.rs n-renraHa

Kperunr HHArrBr{AyaJrbHbrx yrJreBo-
AopoAoB

flapoQaanoe oKr.rcJreHr.re
nHpnAUHOB B anbAeruAH

METI'JI.

t l l
Oxucresue 6ensona s $eHo,r

Ti02

Ti02

Tios
Ti02
Tio2
TiO2

Ti02
Ti02
TiO2

TiO2 ua aKrnBnpo-
BaHHOM yr.[e

Ti02
Alzo3 + sioz +
+ TiOs *ZrOz
VeOs*MoOa*
+P2O5+TiO2

Voz
I
I



vrq + vio!

VrOo ua ac6ecre,
neMse
VsO6 Ha aJIyHAe,
nJtaB,,teHuaff VrOr *
{SnO2
VsOr * SnO2 Ha
leMSe

vro5, v2o6 Ha
ac6eqe

VOo sa ac6ecre,
neM3e

Vzoo

VrO5 Ha neuse

Vrou

Vlou

V906

Vzoo

Vso'

V2O5 na AlrO,

Vroo

V1O6 { MoOs;
VaOr * MoOs*
*PrOr+TiOr:
VrOo* Kro*
+Alsos (CaO) *
+sios
HrO2 + V2O5

r l 2 l  3
t i

VsOr [ l ]
l-l

500o C 
I 

Orncnenlre AByoKucu cepbr

vzOs [, 458]

300-500" c

410-470'C

400-500" c

4000 c

400 "c

300-400" c
3000 c

400'c

400-500. c
380-400" c.

:4 MfIa
475-510" C
200-380 c

4100 c

Oxucrenre 6eHaona, ro.nyo.na, Qe-
HaHTpeHa, qurJloreKcaHa

Orucnesze na(prannua s ua$ro-
xr.rHoH, Qra,neanfi auru.qpu4, CO2,
Hro

Orrc;renne uaQranuua eo $rane-
rufi auru4pr.rg

Oxucnense oreQuuonux yrJreBoAo-
po,q,oB

Oxnclenue Meraua s COI ta H:O

Orucresue 6yrana B MaJreuHoByKr
rr yKcycuyrc rxcJlorbr, $opuamne-
ru,Il

Oxsc;rexue nnpnArlHa, SypQypola
Oxuc.neuue MerluroBoro crrnpra B
QopruarsAeruA
fuAporenueauue Kpe3o"'ra, o,netpu-
non, 4no.ne$uuor, aueruJreHa

,fieruapnponaune a3orcoAepxauux
coeruuegnfi

fuAparauur aqeruJteHa

flpenpaulenue cnuproB n napa$n-
HoBbre yrJleBoaopoA!il

IlrrxJrusaIlus rerrraga

Oruc,reune QypSypo.ra, Sypas-
xap6ononofi Kr.rcJrorbr, rerparnApo-
Sypaua, Qypana
flapoQasuoe orncreHr.re Merrrr-
IIupHAr.iHoB B aJrbAefH.[br

Oxltcnesue cepHncToro aHrr.rApuAa

Oxtrclesue HenpeAeJrbHbrx aJrbAe-
fIrAoB, cnlrpToB, KLtcJIoT

25-300 C

24* 371

Al2Os + VgOr *
* KsO+ SiO2
AlBos + vror *
+ K,O+SiO2

CofN i fC rsOs

Cr2Og

Cr2O3 ua AlrOe

Cr2Os$ ZnO*
*.MnO,
Cr2Ot
Cr2Os
Ni Ha Crror (u)
Ni ua Cr2Os (H)
Cr2Os

CrrOr na AlrOg

Cr2Osf SiO, +
+ Al2o8
CrrOrf MnO,
CrrOg

CrrOt
CrrOs

Cr2Os Ha Al2Og

Cr2Ot

Cr2Ot
Cr2O,
Cr2Ot

400-500" c

400-600'c

4900 C

4000 c

200-350" c
400-450" c

1400 c

500-550" c

490" C

275-300'C
2750 C

350-450" C

475'C

250'C

Zsouepreaqur qnKJrorexcaua B
M ETI-I JI UI,IK.'I ON CHTEH bI

Oxnctense cepHncroro aurnAptrAa

Cr2Os [; 458, 459, 462]

AernAparaquf, u AerlrApr{poganue
cnIlPToB

.(,erngpnpoaaHne anKaHoB u IlHKJra-
HOB

,{,err.r4porenusaqua n AerI{ApoutrK-
nl.r3aIlEs MeTI{nuuKJIOreKcana

,[,exap6oun.nupoBanue QypQypoaa

ft.rApupooauue o.neQunoe
fuAparaunn aqerl.ulega

fn4puporanue 6engora

fu4puponanue oKncs yrnepoAa

Apouarueauur napaQuIIoBHx yrne-
BoAopo,u,oB
Heouepusa[ur napaQunoablx yrne'
BoAopoAoB

flo;rr.ruepusaqllg grIrJIeHa B rloJrn-
9T14JIEII

CuHreg cnnproB ns CO lt Hr

flo.ryuenue BoAopoAa lrs KoHBeP'
CI.IOHHO|O rasa

flpeapauleHue cnltproB B Keronbt

SrepuQurauus sruJloBoro cnIrPTa
B STUnaqeTaT

Oruclesue MeraHa

Oxnc.nenue aJrbAeruaa B alreraJlb-
4erna, tpopnraJlbAerl{A, COz n HrO

Oruc,renue cepHncroro ra3a

I{ur.nnsaqua reIITaHa

fleperueuenne AgofiHofi csseu ro-
MoJIoroB 6eHsona c aJIbK[nbHbIMI{
I lenffMIl



Ni Ha CrrO, (H)
Ni ua CrrOs (u)

(Nl * Cu) rra
CrrO, (n)
Ni Ha CrrO, (H)

CrrOe na AlrO,

Cr2O, f ZnO *-F MnO

HrO, { Cr2O,

AlrOs g Cr2Og

MnO, f CrrO3

Fe2Os f CrrO,

Fe2Or { CrrO, f
* K'o
(CuO { CrrOr) ua
Al2o3

ZnOlCrrO, r

ZnO f CrrO,

100-130" c
135"C,p", -
:1,5 Mfla
300-700'c

20-60'c

500-650" c

300-500'c

25-30'C

560-580'C

450-500" c

560-630. c

165 'c

fu4pr.rponanue xupoo

fuApllponanne xJronKoBoro Mac.na

Cop6qra BoAopola

fuApnponanue opraHuqecKux coe-
Anueuurt ̂ ^(ur.rKrrorexcan, $Vpey-po"r) a 9690-uou eraHorre

.{erugpuponauue 6yraua 
-

flapoSasuoe gerap6oHr;rupoBaHr.re
QypQypona, cueceft uernlSypQypo-
na c QypQyponorra

Orrc.nenne Herrpere,'rbHbrx aJrbAer[-
,4O8, CnHpTOB, KLICJTOT

,fl,err.rApupoaauue napa$uuon $
aJrbAefr.rAoB

Orrcneune aqerrrJreHa B aqerog

Kounepcux oxr.rcrr yrrepoAa

,{er[Apnposauue srnr6engo,'ra B
cTLtpoJI

Oqucrxa BbrxJlonllbrx rasoB or
OKITCJIOB A3OTA

CHHres Meragora

Kouaepcua oKucu yrnepoAa

Mno []

MnO

MnO

MnO

MnO

Fef MnO

400-460'c

,[,ern4porenueaqlrfl 9rr{JroBoro cnHp-
TA

floryueuue KeroHoB ue rap6ononux
KI.ICJIOT U ttx ctrleceft

PaeJroxeHr-re rrryparluuofi Kr.rcJrorbl

,[eru4paraquq oprauriqecKr.rx tc{c-
JIOT

lrAparaqus aqeruJrena

372 373

MnO f BrOa -l-
{ xlrc,ntre QocQamr
MnOf SiO2

MnrOs Ha AlrOg
Mn2Os
Mn2O3 $ MnO2

I sso-oso'c
t -
t -

MnzOs U; 4641

Oxnc.nesne Merana
Pag.noxeuue saKucll agora
Oxucresne oKnclr yrnepoAa

l ;  a59l

Oxuc.negIEe auerr,'IeHa
Oxucnenue 6eugora ro 6ensaJrrAe-
f I.I,Ila

Oxucreuue auer[Jlena B aqeroll
Pas;roxeune flepeKl{clr BoAopoAa
flo.nyueuue BoAopoAa us KouBepcu-
oHHOTO ta3a
Oxuc;reuze aMMr.raKa
Oxuc.nenne nponLIJIelra
Pagaoxenue xropnoBarrrcroro ra-
Jtufl

llpeapaueuue cnriproB B KeroHbI
Cuureg cnnproB r.rs oKllcI,t yrnepo.
Aa II BoAOpOAA
Cugres 6eHsnHa Hg CO * HzO

MnO2
MnO, Ha neuae

MnO. { CrrOg
MnO,
MnO2

MnO,
MnOg
MnO,

MnO,
Cr2O3 $ MnO2

UrOg * ThOs +
f M n O r f N i f C o
Ha KrFenbrype

MnOz

150-200'c
400-450'c

369-3S9" 6

275-300'C

Feo []
FeO
FeO
FeO

I Cuures MeraHa,
| ft.rAponeuusauun

I luAporeuueauur
I n uerxue uac,ra

450-500'C I Cr.rures aMMr{aKa

Fe2os [l; 457-459; 462;465j

QoprrraftAeruAa
HaQra,'rHHa

T$XenbIx Maceir

FeO f Fe2Og

FesOr f MeO *
* KzO
Fe2Os f FeO

Fe2Os f Cr2Ot

Fe2Or { CrrOr *-F KrO

500-550" c

450-500'c

560*630. C

Canres aMMr-raKa

Kpexznr ueQranux npoAyxroB

Kouaepcun oKr.rc[ yrnepoAa

,{,err.rApnponauue stua6engofia B
cTnpoJI

fuAparaunq oneQnuor
flapoQasnoe oKIrcJreHrie
nuprjAr.rHoB B aJlbAerfiAbr



FelOg
FelOg

Fe*FerOr
FerOr*BirOr

fr?8,*T8l
ffi+atoo'
Fe2Oe ua AlrO,
FerOg*ZnO
FesOsfAlsO3
Fe203fNarOf
faSiOs
ZrOz*FerOa*KaO

t l
I oao" C I oxucnenue AByoKHcH cephr
I zto-a+o'C I oxuc,renue oKucrl yrnepoAa, npo-
| | nuneHa
| 500" C I oxnc.nenue oKncr.r yrnepoAa
| 660-600'C I oxuc.nenue aMMraKa
| - | OxucneHne u-ronyo.nooofi KrrcJrorbt
1210-_�275" 9, | ,uo repe<pra,reaori'
14,9-7,0 MIIaI
l , =  _  |  Pasaoxeuue  nepeKuc r {  BoAopoAa
I 250'C I Pas,noxeuue 6pbuucrono eoAopoAa
|  -  |  xnopupoBaHuef lponi lneHa
| 420-470" C I fuairaiauus auernreHa
I lqg-qqg: C I Oxu-c.rrcuue oxnclr yraepoAa
| 680-720" C I Oxncnenue cepHrrcrofo aHrr.rApnAa
t l
| 650'C I Aerna,puponaune 6yrena o 6yra-
I  I  AHeH

F e 3 O a  [ l ; 4 5 7 ]
l l

I 700-800" C I llo.nyuenne BoAopoAa u3 KouBepcr-

I I 
oHHofo fa3a

FesOn

CoO
cdo
CoO

CoO
CoO

It
t -

I r 50*260"
t -
I
I
I
t -
t -

CoO [1.|)  - -

I Purno*"""e 3aKrrcri a3ora
C I luapnponaune aHrpaueua

I fuaporeunaaunr uaQra.nuua, Ape-
I BecIrHbI, TflXeJrbrx Macer B JIefKue
I MACJIA

I Caurea MeraHa, QopualrAeru,qa
I  Paa,noxesue MeraHa

co203 []

I

Co2Og
Co2Og
ConOt
Co2Ot
CosOg
CozOs*CuO*
*MnOr

Co2Os$Al2OsfKrO

Oxucaeune oxuclr yrnepoAa
Pag.noxenue [epeKucg BoAopoAa
uKr.rcJreHfi e nponuneHa
flpeapaueuue cnuproB B Keroubr
fuAplrponaune aHHJrr,Ha
CfiHtes yrJreBoAopoaoB, 6oraralx
onetpr{RaM[, oKr.rcu yrnepoAa u Bo--
AopoAa
CuHreg MeraHa

275-300'C

Co3Oa [l; 457459]
Cosoa 1350-4S0"ClOxr. rc lenueMeraga
Coson$psror | - loxuc;renueaMMr.raxa
qogg.fq,iqt | - 

| flonuoe oKucrreHne BoAopoAa, yrure-
fMnOrfNiO I  lpoAa,Meraua
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Nro tu
Oxncreuue 6engona B ManesnoByro
r(ucnory
Ornoteuue a[eruJreHa
Oxncnenne MeraHa
Oxuc,nenne oKncl yrnepoAa, npo-
n[IJteHa
Pagroxesue MeraHa
Paeroxegr-re nepernct{ BoAoPoAa
Pasroxegue garncn aSora
fnApuponanue HeHacHIqeHHbIx co-
e.[nuenufi
fu,&pnpoaanne aunsoJta
fuApuponauue apoMar[qecrnx Ktlc'
JroT, aMLIHOB
fuApupoaaHue oKuclt yrnepoAa
fllAponeH]rgaq]Ifi HaQraJIIrHa, ape'
BCCIIHbI. TffTTEIbIX MACC.II B. IETKUE

MACJIA

Kpexuur ue$rnuux nPoAYxton
flornnrepusaurs JrerKrlx onei[utto-
BHX VfneBOAOpOAOB
PasrbxeHr.re NzOr

KpexuHr yrneBoAopoAoB
fu,u,porperuur u-napa<pnuoBHx yr-
J'IEBOAOPOAOB

NiO na neuee

Nio
NiO Ha ac6ecre
Nio

Nio
Nio
Nio
NiO

Nio
Nio

Nio
Nio

Nio
NiO ua aJrpMocl{-
JInraTe
NiO+Li2O, npoMo-
rr.rpoBanrrbre InzOs' j

MeO*NiO
MoOr+NiO+'
fAlros;
wos+Nio+Al2os

-400-450'c

t50-200'c
100-360" c
t80-250" C

=

,ny,

4000 c
560-590" C

curo
Curo
Cu2O na neuse,
xap6u.qe xpeMHHe
CusO

CUO
CUO Ha ac6ecre

CuO
CUO

CUO Ha neMse

CUO

Cuo [ ,459,  464,  465]

Cu2O [, 464]

150-250" C I Oxuc;reune orucu yrnepoAa
I Oruclenue grl{JreHa

360-450"C I Oxuoreur.re nponl{Jlena B aKpo.lenu,
I COz u H:O

200-300" Cil Pas.rroxeuue 3axlrcu a3ora

150-400'c
250-350'C

150-200'c
1500 c

Orucnenue oKucrr yrnepoAa
Oxncaesue MeraHa Ao CO:, HzO
r.r $oprraa;rrAeruAa
Oxucreune a[erllJrega
Oxncnesue 6eusora nepeK[cbro Bo-
Aopo/(a e 6eHsoxlruog Ir MaJreuHo-
Byro Kucnory
Orucresue $euaHrpeua Ao $rare-
soft Kucrorbr
Pae.noxenue gaKncn agora

375



CuO
CUO

CuO
CuO

?Aff,o" )

CuO ua arrnBr.rpo-
BAHHOM VruIE
Cuo+ci2os

CuO*WOe Ha ax-
rl{BlrpoBaHHoM yrte
CUO*AlzOg (l :  l )
(CuOfCrrOs) ua
AIzos
MgO*FerOs*
*CrO*KrO
ThOr*CuO

I Cunres MerauoJra
200-210o C, I fuapupoBauue aHrpaueua
r,4-t,8 Mftal

. I Aeru.uparartr.Ifl cnHproB
I AerrapuponaHne aJIKaHoB Ir uu-
I XJIAHOB

, I llpeupauleune MbrrubqKoBr.rcroro
I AHII,TAPIITA B NfiTI,IOKI4Cb MbIIIIb'IKA

300-400' C, I BoccranoBJreHne eQupon xap6ono-
2 Mlla 

'l 
sl,* *"cror

I fu,a,parauua gTr.ureuoBbrx yureBo-
| ,4oDoAOB

250-__350" C I Oxucnenue ynr'reBoAopoAoB
165o C I Oqucrra BbrxJronHbrx ra3oB or

I oKHCJIOB a30Ta
550-630'C | !,erulpupoBaur{e er}ir6eusona B

I crHpon
200-450" C | 3re'pusuxaqlrfl errrrroBoro cnupra

ZnO*CrrOr*KrO

ZnOfMnOrf
*CrzOs*KrO
ZnOfCrrO,
ZnOfCrrO,
ZnO*SnO,

ZnO
ZnO

ZnO

ZnOfCr2Og

ZnO*Ga"O"
zno*Atioi

Ni ua ZnO (u)

ZnO
ZnO
ZnO
ZnO
ZnO
ZnO
Ni ua ZnO (u)

ZnO l l ;  455;461;4621
CuHres MeraHoJra

) >
Cugteg MeraHoJra Ir
roe us CO r H2
CltHres MeraHo,'ra r
roe ue CO r H2
CnHteg Meraua

Bbrcruux cnup-

BbICIXHX CIIUp-

I(oneepcun oKriclr yrJrepoAa
Oruc.nesue MeraHa n $oprrla;rrAe-
rnA, COz It HrO
Orucreuue arrerrrJrena B aleron
Oxucrenue cunproB B aJrbAerl{Abt
U KETOHbI
Oxsc.nesue yxcycuofi Kr.tcJrorbr B
aqeToll
fnapuponanvdsacuulenHux coe-
AuHeHHii
n,eru,up11p gs ruue 6yreuoo
,{eru4pupoaaure srur6eueora B
cTupoJr
luApnporanue 6ensora

Aeru4porenusauHfl cnrproB
AeruAparauar yxcycuofi KucJrorbr
I r.rApaTaur.rff aqeTr{JreHa
flperpaueuue cfluproB B Keronbr
,Il,eft tepo-no.uopoanr,rft o6rtren
I(onaepcua BoArHoro ra3a
r r.rApr.rpoBaHHe aJIJIliJrOBoro cnupTa

+goTc;
2,4dIIa

osol c
350'C;
30 Mfla

400-4500 c
275-300'C
0-15tr c

250-450" C
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.[I,eruApo{ur,nilsaIrns H-renraHa
Cuureg Merallona

flapoSasnoe AeKap6oHunHpoBaHue
QypEypoaa, orecefi- ueruaQYPQY-
pona c QypQyPoaou

GazOg trl
.fl,eru4pnpoaauue 6Yrenon
Pasnoxenue orncn a3ora
CuHres neperllcu BoAoPoA,a
Orrcnegue aMMHaKa

tu
Bearzl{oAeiicrBl.Ie cnllproB c aMMI'ra-
KOM U AHIIJIIIHOM

t l l
flo,rurrnepttsaqur sru,lenrepeQra;Ia-
TA
BgaurraoAeiicrBlle oKItcH yfJlepoAa c

aMIvIUa t(oIt

Orucnesue oKlrc[ ynJlepoAa

GarO3{ZnO
Ga2O3
GarOg
GasOs

GeO

CeO,

GeO2

Geo,

Aqoo

SeO3

Fe*PbO (a)
Fe*PbgO (n)
Fe2OsfPb2O (n)

Fe2O3fPb2O (n)

GeO

I

I
I

GeOs

265" C

250-400" c

As2O5 [ ]

SeO, []

Pbro nl

Sro [ ]

Oruc,reune cepHlrcroto ra3a KI{c,'Io-
poAoM B cepuufi aH|IIAPHA

flrAponus a3orcoAepxaqux coeA[-
ueunfi uaQraJruHoBoro ptAa

Cnnreg Quurepa-Tponura
Ctlgreg aMMuaKa
,[,eruapnponanue 6ytn,neua a 6yra'
NHEII

,fl,eruApuponaHue gtua6enaora B
cTnpoJr

SrO 1 400-450'C l fn4paraulls aqerllrlena
SrOfAl2Os 

I I 
PagroxeuRe 3aKucu a3ora



Y.O.4l-rv^o--l- ,r
l ^ i n  

- r F : ^ _ l

TEu, I O, l1O, I Ll, r D
YrQ

Yrorf

Ygoo

YrOa.HO

Yrog
YsOs, YtOs na AlrO,

YrOs

Yroo

YzOa

4000 c

400-430. c

350-3600 c

ll0-270" c
500-560" c

350-450" C

385-430" C

[; a55]

Pagnoxeur.re gTnJroBoro cnrrpra Ha
CrHr Ir CHsCHO

,(,eru4pnponax,r{e Merr{JroBoro cnup-
T.a ua CO u H2
AerH,4prrpoBaHr{e u Aerr.rApaTaqHq
u- n uso-C3HzOH, n-CrHeOH
AerHApr.rpoBaHr{e r.r AerHApaTa[nfl
3THJIOBOTO CnnpTa, MeTaIIOIa
Aerr.rApr.rpoBanue rerpaJruHa n uatp-
TAJIt|H

!apa-opro-xoHBepcltfl BoAopoAa
Aerr.u,prpoBaHr.re u AernApoqr.rKnu-
3aqHr yrneBoAoPoAOa
lIpeBparqeHHe UsonponunoBoro
cnxpTa
Kerouusaqna u-6yrulonoro cnupra

ZrO"
ZrOg
ZrO,

ZrO,
ZrO,
ZrO,
ZrOz

ZrO,
ZrOs*FezOg*KsO

ZrO, Ha SiO,

zor+sio,
ZrO2 Ha-SiO,

ZrOa*FerOg*
*Co2Ot
Ni*ZrOa*ThOr
Co*ZrO2 ua nenase
PtlZrO,
Pt+ZrOz
Pt{ZrO"

ZrO2 [t]
600-1900"C1 Pas.noxenue oKucu asora

475"C I llu^nusaursrerrraua
400-450" C I llony'reuue KeroHoB us xap6ouo-

I Bbrx Kr{cJror u nx cueceft
5^qq-i?qq'^cl fuApoxpernsr Mlt'eparbHblx Mace'
q99-q99:Q I Aenraparaqun crrlproB
199-119:Q I Kourepcr.rn cnnpra' r 6yra.u,neu
200-500'C l Kosaencauna C5H5COC1{3 a cru-

I pon
^-= ^ | lulpo.trlrs CoHsCl u CoHsBr
obu-U I Aeruapuponaune 6yrena a 6yra_

I II,ICH
300oC I Cuures 6yraAuena r{3 oruJroBoro

I c[upTa r.r yKcycHoro aJrbAerriAa
204-260'C I llo;iur,aepusaqui Mogoo.neQngoa co

I cnrrproM
I Oxricneuue riaQra,nlrna n uaSro-
I xuHoH

200-425'C I Ouucrxa 6enszna or Nr, Sz, Oz,
l A s

?2V-271:9 | r"apo.." n3awn 4uuso6yrureua
tq:qpq"C I lulfiorenr.r3aqnq no.unudp6eusnnoa

570'C I fva-puponaHr.re qnKJroreKcaHa
___ - :__^ _ l  Hsor ' , repu3aunrr  naQranuua

500-1200" Cl Oxuc.n'eHr.re erurena
Nbo,  [ l ]

Nbor

37E

I

I Or<nc;renne 6eusora a $eHo;r
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MoOz [l; 457]

MoO2

Moog

MoOg
MoO2fAlsOg

MoOs

MoOa
MoOs, uponrorupo-
nannan CeO2
ColMoOs
MoOs ua Al2Og
MoO xa Al2Og
MoOt

MoOs

MoO3 ua AlrOg
MoOe

MoOs*NiO*MgO

MoOs{NiOfAlrOg

MoOrfV2O6g
fP2O6fNarOf
*FNiO na ZrO,
MoOs*CozOg 

-

(Bizos)

RUO

RuO,

PdO ua SiO2
PdO ua aJrroMocr.r-
AI,IKATE

Oxnc.neune ronyoJla Ao 6en3ofinoft
XUCJIOTH

,fl,ecrpyxruanoe rsApnpoBanue yrne-
BoaopoAoB
fuapnpoeaHue aHrpauena
PaQoprrruun yureBoAopoAoB

457; 4581

luApr.rporanue HacbrulenHbrx coeAr.r-
uesuft
Hsouepueaqus yilreBoAopoAoB
Oxucnesue MeragoJra

luapo4ecy;rrQnpoBaHne
PuQoprur.rHr yrneBoAopoAoB
PasnoxeHue 3aKr.rcri a3ora
Oxuc.nesue 6eHsora

Orscnesue Merr.rJrorTarerpaena,
QypQypo.tra
.I[,eru4poqux;rrrsauHr H-rerrraHa
O6eccepnaanne KHcnopoAcoAepxa-
xlr.rx Be[lecTB
flapo$aexaa urAporeHlr3aquff yrns

fuApoxpexusr H-napaQunoBbrx yr-
,'reBoAopoAoB
Orucreuue 6eneona s MarenHogbrfi
AHTI,IAPITA

Oxnc,tnremuufi arulaoHo.lr.rs rroonrr-
JIEHA

l l l

lLr4poreuusaqllq opragurlecK]Ix co-
C,IlHHEHHIt

120-200" c

MoOs [ ;

20- I 00' c

t -

I
l -
t -
t -
| 490-530" C
| 460-5350 C
| 300-400. c,
| 20 Mna

I 
azo.c

| 490"C
| 440-480" C,
10,&-1,0 MIIa
| 4500" c,
| 20 MIIa

l:650-5eo'c
ll35o-450" 

ci

I
I 
400-500o c

RuO

I f"opupouunne He'acbrrqeH'brx co-
I eAuHettltfi

RuO, []

Pdo i l l
300-450'c Orncreuue MeraEa

flo.nnnaepuaaqHs rerrux oleQuHo-
Bbrx yrJreBoAopo,[oB



Ag*AgO
Agro
Ag2O Ha SiO2
Agro
AgrO ua Kap6opyHAe
Agro*Vror+
fMoOsfAl2Os ua
sio,
AgsO Ha Al2Os

cdo
CdOfInrOs
CdOflaOfPrO6

Inzoa

In2Os
InrOt

SnO
SnO2
SnOr*SbzOs
SnQfSbrOs

MgO*SnO,
VrO5fSnO2 Ha
neM3e
SnO2fZnO

SbrOrfSnOg
sb2o3

T0a

BaO
BaO*SiOr*KsO*
+vro6+Al2o3+
*Fe2Ot
BaOfBa2O2
BarOr*Ag (a)

380

l-400-450" c

t -
faoo-?o"c

a6l

Oxrlclesue sruJreHa
Oxucreure oKlrcu yrJrepoAa
Oxuc;reuue ua$ra;ruua
Ornc;leuue ueQreuoo, Tep[eHoB
Oxncresue QypSypo,rra
Oxucaeuue 6eugo.na

f u.up ara[r.rx aqeruJleHa

fi; a62l
flpespaqeHue cnuproB B reroHbr
Pagnoxeune 3aKucu agora
Crures aueJbAerr.rAa I{g arlerrJrega

ln2Os []
Oruclesge aMMr.raKa B pacrBope
qerbrpexxJlopI,IcToro yf ,'repoAa
PagnoxeHrre 3aKI.Icn a3ora
.{ernApupoaaHue r.r AeruAparaIIHrr
gTr.rJroBoro cnnpTa

SnO, SnO2 l; a57l
f lr4p araulra arrerr.r,TeH a
Pagaoxeune aMMI{aKa
Henoluoe oKI{c,'IeHI{e nDonI4JIeHa
Orucnure.nruufi aMMonorit3 npolrtl-
J'ICHA

Pasroxeuze nepeKrrcu BoAopoAa
Orrc,reuse uaQra.nuua no Qrare-
sbrfi aHrlt.(pr.rA
Oxuc,lenne MeraHa a rpopuamee-
rua, COz u HgO

sbros Fl
480'C I Heno,ruoe onr.na""u rponr.rJleHa

I Pasnoxenue 6pouucroro BoAopoAa
TeO, [ l ]

310-340"C I Or<uc,reuxe nponurleua

BaO, Bazoz [l; a62]
lu4parauua aqerllJrega
Ot<ucnegne cepHucroro aHfr{Apr.rAa

Oruclesue aMMnaKa
Oxtzclesue srr.IJIeHa

80-140" c
275-380'C
400-4500 c
360-380" C
450-530. C

cdo
275-300" C

250 C

4000 c

400-450" c

4800 c

La2O3

La2Og

CoflarOr (n)
Ha KH3enbrvDe
La2O,
La2Os, La2Os na
Al2o3
La2Og
LarOsf Al2Os+SiO,
La2Os (n)
La2O, Ha KBapue,
ac6ecre

La2Og

CeOg*MgO

CeO, ua SiO,

CeO,

CeOz#lVOs
CeOz+AlsOg

CeO,
Ni*Ceoz (z)
Ha ne[fi]e

| 
360-350" c 

I

l*o-r0". I

t - l
I s+a-ssa'c I
Iro-r-^".i1
| 576"c I

I zzs-szs" c 
I

La2Os [;  455]

AeruAporesHgaquf, H AeruAparaqut
9TIJTOBOTO U r.r3OnpOIrHJrOBOrO CnUP
TOB
PasroxeH[e gaKHcH a3ora

,(,eruapara4xs MeruJrrerparnApo-
QypaHa
IuApupooanne oKncu yrJrepola B
yureBoAopoAbl
Oxr.rcresue oKltcu vrnepoAa
.(,eru4pnpoaasne'hr.rx.iorexcan a

fuApuposaHLIe 3rHJIeHa
,(,errlapr-rpoaaure u-6yraua
KeroHugaquq n-6yrulonoro cnupra
3reputpuxaqr.rs Kr{cJror cnupraMH

455; 4591
CeO2
CeOr*AlzOs
CeOr+Pd+ThO,
CeOz*Ni
CeOg*Cu (n)
CeO,
CeO2

CeO2 [;

200-300" c
480-800" c

2000 c

+#c
300-600. c

600-675" C
350-360" C

140-400" c

760" C
500-700" c

-1960 c

Orucreuze oKucu yrnepoAa
Orucneuue oKucH yrurepoAa
KoHseDcus uerasa

Orucresne MeragoJra Ao anblefs/Ia
Oxuc"reuue 6eHsora n $euo.n
CHHreg <Duilepa-Tponua c nony-
rreHI,IeM ueo6vraga
.[,ernapuponaHr.re eru,'r6eugoJra B
CTHDOJI

,[,errzaprpoaaHlle ern,rua$raJ,rHHa
Aefl-r.qpupoBaHHe u AernAparaur.rs
3TI,IJIOBOTO CNUPTA
Anxnruporann6 rnorpena o.neQuna-
M H

SrepuQnxauur yrcycuoft Kncnorbr
3TIIJIOBbIM CNI{OTOM
flpenpaqeuue-6eHsona s audeur.r,r
CHHtes cuHullsoft t{HcJrorbl Lr3
OKI,ICH YTJIEPOTA U  MMHAKA
I,lsor4eplisauar oKHcH npong,'tena B
a,t.nu,ronufi cnupr
Xlonuuepueaqns rluxoneft repe$fa-
TATOB

Opro-napa-npeBpaureHHe Bo.rtopo,qa
Peaxqus o6ueua BoAopoAa u Aefi-
repI,It
KeroHrjsauns yxcycnofi Kr.rcJrorbr
rnlpr4poBaHHe AByOtilrcH yrnepo/la

CeO,
CeOg

Ce0,

CeOs

CeOt
CeO,

Acro []



Ni*CeO3(n)
xa ecoectt
ClOr
CcOr
CcOl
cor+Alros

CeO!, CeOr+ZrO,
CeO2*tlsOs, CeO2

C€Or+Alros+MoOs

CeaOs*Ceos

CerOs*CeOz
MoO'*CeOz (n)
PbOr*CeOr
na ac6eqe
Thos+CeO,
ua ruaMore

PrrOt

PrsOg
PrrOg Ha AlgOt
Pr2Os, Pr6O11 ua
.A.lros
ProOrr

Pr6011
PrrOtt.q Ha KBapue,
ac6ecre

Nd2Os, npouorupo-
satrnar Al2Oe
Nd2os+Al2os

Ndzos+Allo3

25-45" C
5100 c

350-450'C
450" C

450-640" C

500-655'C

333-471" C

385-430" C

350-5000 c

500'c

500'c

400-600'c
350-360" C
196-259'C

350-450" c

Iurpaponanue rerepouI.IKJIHqecKI,tx
HeHacbluleHnbrx coeAunenufi
Pagnoxeuue nepeKlclt BoAopoAa
IluKrrasauuq renraga
Oxnc.nesue BoAopoaa
Oqucrxa BbrxJIonHbIx ragoB or
oxl,lcr'IoB a30Ta
flpenpaulenue H-renrana, u-6ytaua

,fl,eru4pnpoaaHue u AerHApoqIrKnI'Ir
3aqHfl yrneBoAopoAoB
Ilpenpauteuue eruJloBoro
u3onponnJroBoro cnHpTa
KeroHrigauus H-6yru,ronoro
Oxucnesue MeraHoJIa
Oxnoresue ltetaua o CO2

Oruc;renue BoAopoAa

cnr{pTa,

cIII{pTa

u HzO

| 350-360" C I Aeruapatauun I'I AernAporeHu3a-
| | ltur cnuproB
I 350-450" C I Oxr.rureuue Bo,[opo/Ia
| 290-610"C | fleruaprrpoBaHl'Ie uuKrloreKcaHa
| 450-550" C I flpenpaureuue u-6yraua
l l
I ess-esz'C | !,eruparaqr.rr u .u,efurpupoBaHl4e
I I r3onponuJloBoro cnHPTa
Fggs-+go" C | 6eroilreaqus n-6yuinoBofo cnnpra
| 250-325" C | 3repnQurarrnr Krcror cnlrpraMl.r
t l

PrzOs, Proorr [ l, 455]

Nd2o3 ill

Nd2Oe ua

Iflf,,'' *o'o' "u
Nd2os

.{,ernApuponaune napaQnnoe, ull'
KJrr.iqecKltx yfi eBo.&opoaoB
.{,eru4pnponaHlre nponaHa, H-renra'
Ha c iapalaqtrsofi unrausaqueft
,II,eruapupoaaHI'Ie cnsProB
.I[ernAparauul 3TItJIoBoro cnupra.
Opro-napa-npeBpaqeHue BoAoPoAa

Oxuc,resne BoAopoAa
Oxncresue oKltcu yrnepoAa
Aeftrepo-so4,opoauufi o6lten B
UHKJIOTCKCAHC
flpespaueHue quKJtoreKcaua, H-ren-
T A H A
f rApuponaHue aru"'IeHa

882 383

Nd2os+Alros+
*Cr1O3 (n)
Ndros
NdsOs tra Kaapqe,
ac6ecre

llpespaqenue H-oXTasa, u-6yraua

Kerduusaqus u-6yruaoaoro c[upra
SrepnQnxatur Kr{c.rror cnupraM[

[; a55]

Orncaeuue MeruJroBoro cn[pTa Ao
COr Il HrO
,Il,eruAporennsauua qr{Knuqecrrrx
yrneBoAopoAoB
,[,eru4paraqus grnJroBoro rr ngo-
nponHnoBono cnnpToB
,[,eru4pupoaaHr{e H-renraHa c na-
pa.n.nenuuofi qnr.nsgaqueft
l{eru4pxpoaaHl{e cttuproB Cr+Crr
Oxucnenue BoAopoAa
Oxuc,neuue oKncn yrnepoAa
flpeapaqenue qHKJIoreKcaHa, H-6y-
TAH 
Hnsroreruneparypnoe rl{ApupoBa-
HHC STUJICHA

KeroHugaqus H-6yruloaoro cn[pra
flpeapauleuue aanQaruvecxux KHc-
JIOT
StepuQuxauuq Kucror cnupraMn

[455]

Oxsc.neuue ortlctl yrnepoAa
HusxbreuneparypHoe ruApupoBa-
gue SrnaeHa
flpenpaureHue u-renraHa

Sm2Og

SmrOt

Smsos

Sm2Os, npoMoru-
ponanHaa Al2Ot
SmrOsfAlrOs
SmsOg
SmsO3
Sm2Og

SmsOg

SmrOg
Sm2Oe

Sm2Os . Ha xBapqe,
ac6ecre

EurOs
EurOu

EurOr, EurO, na
Alror

Gdzos

Gdzor

Gdzos
Gdso'

Gdros
Gdsos+Al3o8+
-FSiO, (n)
GdO"
Gdros

SmrOr
600'c

370-425" C

500" c

400-600'c
350-450'C

400-590" c

20--550 C

385-430" C
200-335'C

260-325" C

Eu2O3

GdrOs

350-360'C

-196-
-;- -250o C

530-590'C
575'C

400-550. c
385-430" C

[; a55]

,4,eruAporeursal{utr u 'qerl,tAparaqnf,
cIIuproB
Opro-napa-npeBpaqen!.re BoAopoAa

OxucneHlre oKucu yrnepoAa
.{,efirepo-ao,u,opoas:uft 

- 
o6uen B

rlIIKJroreKcaHe
.II,eruapnpooaHr{e qnKJrorercaHa
.{,eru4pr.rpooauue n-6yraua

flpespaqeuue u-6yrana
KeroHugaqns n-6ytuaoaoro cnupra



Tbo, [455]

Tbo,

Dyrog

DyrOufAlrOu

Dysos
Dyrot
Dy:os
Dyzot
Dysos

Ho2Og
HosOt
Ho2Og

HoeOg
Ho2Og

Erroa
E1203
Er3Os, ErsOg
Al2o8
Er2Og

ErsO3

TurOt
TurOt
TusOs
Tusot

Yrog
YrOr*AloO,

?,o,
Yrot

500-550'c

DyrOs

350-360'C

2400c,
1,4 Mfla

350-460 "C

400-550 "c
385-430'C
.250-325 "C

350-450'C

450-550 "C
385-430 "C

ErzOs
545-590'C

474-618 0C

400-530'c

385-430'C

Ilpeopaueuue u-6yrana

[l; a55]
,ILernApupoaaHue tl AernApararlufi
cIInpToB
flo.nurrrepusaulls grr.uleHa

Oxucneuue BoAopoAa
Oxscneune oxr{cu yrnepoAa
Ilpenpaqenne u-6ytana
KaroHusaqus n-6yrnaoaoro crtupra
Srepa$uraqlrr Kr.rcJror cnupraMn

HozOs [455]
Oruc.nesue BoAopoAa
Ornsreslre oKncu yrnepoAa
,[,ernapupoeaurre u ruAporlnxnu3a-
uufl yrneBoAopoAoB
flpenpaqenr.re H'6yrasa
Ketonusaqns n-6yrunororo c[spra

l l ; 4 5 5 1
,(,err4pnpoaaHr{e qtrrJroreKcaua
Oxlrgrenue oKucr{ yrnepoAa
Aeru,qpupoganr.re ll AeuAporu{Knu-
saqus yrJreBoAopoAoB
llpenpauleHue qriKnoreKcaua, H-6y-
rasa, l-alrgaquraoueHtenos-l
KeroHrsaqus n-6yrnaoaoro cn[pra

[ l ;  a55]

AernAporeHr.r3aqufl quKnoreKcaBa
.[,err.r4pupoaaHne rerpannHa
flpespauteure u-6yraua
llpeepaueuue u3onponuJroBoro
cnrrpTa

TuzOs

490-520'C
400-550.c
316-35,1 'C

Yzog

2400C,
40 MIIa

350-450'C

[ ;  455]

Aeru,(poreHHearluq quKJroreKcaHa
floruuepneauus orrrJreHa

Oxuc.tteuIne soAopoAa
Orncleuue oxucll yulepoAa

384 25*312 385

LurOt
LurOt
LurOg

HfO, Ha SiOs

HfO, Ha SiO,

Hfor+Alros

TaO,
Ta02

Wot

Wroo

Wroe

490-530'C
450-550.C
385-430'C

Lu2Os

350-450 "C

519-566 "C

Hto2

TaOz [ l ]

TOnJIHB

Aeruapzpoaa Hr.re rerpaJrnga
IIpeBpaueHHe u-6yraHa
KeroHHsarlhs n-6yrznoaoro cnfip-
TA

[455]
Oxucnesue BoAopoAa
Oruc.nesue oxucu yr.nepoAa
AernApr-rpoBa HHe TerpaJr[Ha

t l l
CuHreg 6yraAr.reua r.r3 srr{JroBoro
cIIr.rpTa u yKcycHono aJrbAerr.rAa
Anxu.lulponaurle ruoQena xnopu.(a-
Mt't u aHrrrApuAaulr xap6oKclrJrbHbrx
KIICJIOT

Kpexznr yrneBoAopoAoB

Oxucnesuc 6eHsona g 6eno;r
OxzcleHue ro,'tyora 4o 6ensofiuoii
KI-ICJ'IOTbI

WOz,  WzO;  [ l ]

I fuAporeur.rsarlr4r rslKe,,rbrx Macerl
I B JlefKrle MaCJIa

I Aeruaparauur srt4JroBoro u ailru4.
I noBono cilllpToB

9_6019.89 :C, I lrapuruura oneQnuon
(7-13) Mtla I

Wo'  [ l ]
WOr l30j;4,9g"C, I OxucaeHue 6eHsona rr ro,rryorra

200 Mfla
WOs{MoOrHa I  -  lOxrzcneurero,r ryona r6eusa.r r4e-
neMse 

| | ru4, 6ensoriuylo xrc;rory, COs u
H:O

wos Ha Sio, 
I i,Tl?t, I 

i,anu"runn orlr,,rena
wo, I qqo-aqtt:!, I Hro*.p,,rrrr4n H-reKca'a

0,7-1,0 Mflawos I
wos 

| 
- 

ln"pr.o"tour."". a.nuQarnuecxax
rrr^ | | aMr4HOB H3 Cnr.rpTOB I{ aMMHaKa
.Y-Y^t 

nu ApeBecHoM | 
- 

| Pacrnopenue qe.rIJIIoJIosbr
vrure | |r t l



wo3+Nio+Al2os

OsOs

550-590 "C

200'c

35 "C

TlzOs,

350 0c

4oo;o.c

350-500 "c

450 0c

OsOa [ ]
I

I Or<n0,rcHue cnvpra Bo3AyxoM
I

Pto, Pto, nl

fuAporrperuur u-napaQuuoanx yr-
neBoAopoAoB

Oxucneuue aMMrlaKa
fugporenusaqua Ar-rMerr.rJlrlr.rxJIo-
reKcaHa, KltcrloT
fuApuposaune a*rrJtrl*a, nupuAuua,
XI-IHO,'II.lHOB
flr4puponaune o.neuHosofi KrrcJrorbr
B CTeaprrHoByro
O6rueu 4eiitepurr c MeraHonoM
BoccrauosreHr.re xap6onlrlcoAep>Ka-
Irtux coeAunesuft B npHcyrcTBr,ru
AMMUAKA
flo.nyuenire Ar{aMnHoB r{ noJrnaMIa-
HOB KATA!'II-ITI4qECKIIM BOCCTAHOB.IIE.
HHeM llr.raH-npynII

Tto, [ ]

Oxnc,reuue gruJreHa Ao ago6eHsona
a Qeuasuua
Pag,noxesue ogosa
Oxuc,renue cepHltcroro ra3a
I HApaTarIHt arIeTHJ'IeHa

Pbo, Pbo, il l

flo,ryueuue BoAopoAa H3 KonBepcn-
oHrrofo raSa .
Oxucfleuue aMMHaKa
Oxuc,resue Meraua s CO" fi HrO

Pt+Pto
Pto,

Pt02

Ptos

Pt02
Pto,

Pd+Ptoz

Tlzos
Tl2os
Tlor

TI2O3 na ac6ecre

Pbo

Pbo2
PbOr*CeOr sa
ac6ecre

Bi2OsfMoOg

Tho2

Tho, [l]

I A"r"opuruut4n crrrproB

BizO

I
' [ ]

Oxucnurelgnufi auuouo.lurg flponu-
JIEHA

386
' ' R ! 88?

ThO2{Co ua xr.l-
3eJrbfype
ThOrfCu (n)

Tho2
Thoz

Th02
NifThO, (tt)

ThO2 Ha SiO,

ThO2fCeO2 ua
lxaMoTe
ThO'{Co
Tho2
Tho2
Thoz

Tho2
ThOrfCuO
ThO2 Ha aKrI{BHpo-
BaHHoM yrJle
PdfThO, (n)
Tho2
Tho,

ThO2 Ha SiO,

Tho2
Tho2
Tho2

ThO, ua SiO,
ThO, ua KaoJruHe

Tho2
CofThO, (n)

300-380 "c

400-500 "c,
(25-200)
0,I MlIa

500.c

400-450 "c
400-440'c

200-450 0c

480-800 "c

300 0c

300-800 "c
-78-300
250-260 0c

DDD 
-L

400-450 0c

Uzoe,

500-600.c

450.C

Cr*trea 6eusltua

.[,eru4puponanue u AernApararlus
STtlJrOBOrO CnIiDTa

,[,eru,4poreHr-rsaIuq unrroreKcaHa
fuApararun gTnJreHa, aqergJrena

f lraporeHugaquq aqerona
ful izponauue KacropoBoro Mac-
ia
Orucresue na{rra;rnua n uaQroxu-
} I O H

Oxucrrettne BoAopoAa

OxcocuHres
lu.4ponns etpupor
I4son,tepuaaqur oteQunor
Beau$roAeficrBrre cnnproB c aMMI{a-
KOM I,I aHI,IJrr.tHOM AO aMI.iHOB

IIuaur.rAunfi cnsteg
Srepn$rlr<aulrq 9T[,'IoBoro cnlrpra
Srepu$uxaunr yrcycttofi KncJlorbr
sTrr,roBbrM cnspToM
Oxnc,resue Meraua BoAfiHbIM napoM
llorulreplraauHr aueraJrbAerr.rAa
KouAerrcauuq aqernJreua c aMMM-
XOM
Anxu.ur'tpoeaure apoMarlrrrecKllx yr-
,'reBoAopoAoB ole6nnalrn
tr4eoronHbrfi o6Med Ol6-Ot8
O6uen Aefi repufi-noaopoA
BoccraHosnenue xap6ononnx KHc-
,'loT B aJIbIelHAbl
IluKnusaqus relraHa
Pacqlenrenue aluQaruuecrnx Mo-
uo6pounpousBoAHblx
HeoczHres
CuHres yrJteBoaopoAoB rr3 oKlIcI4
vrJrepoAa u BoAopoAa

uo,  [1 ]
CnH'rce 6errsttHa

Oxuc"resue
AefuA

Merana r $opua;lr-

u2o3+Thor+
*MnOr*Ni ua xu-
3eJIbtvDe
Uorai3eO

UO,
tJoe
Uo*

Oxuc,renne o-KcI.tJIo,1a
oruc,rerure B.tte;n; u o.;ton
Oxttc.rcrrue ro!'tyo,ra 4o- 6encoirrrofi
KIJC,rlOTl,I



Ir

Be*t
B

C*t

c*2
a *  r - * 3

A I

s i *2

Ca

Ti * t

Ti*2

Cr

Mn

Fe*2

Ni*2

Zr*1

Zr*2

ruTABA IX
OTHEYTIOPHbIE CtsOtrCTBA

a

l .  B3AI, IMOAEIICTBHE OKHCJIOB
AOH oA3E f4; 222; 305; 426i 45r;

C BEI{ECTBAMII B TBEP-
468-564; 624-6281

< 1623
1373

r588-2573

1573-1673
1723-2843

< 873
1673
. .  t t 23
1673

I 673- I 873
1273-t473

1273-1473

1273-1473

t273-1723
1703

2473

BeO

He sralllro4eficrsyer

BsalrM_oAeficreyror B nopourax c o6pasoaa-
HHeM 6opr.rAoB 6epu,lr.nilx

llpr-r rer,lneparype Bbrrre 1773 K
BeO noccrauaBJrrrBaercff

He gsauraoAeilcreyer npu BbtAepxxe 1500 'r

BsaulroAeficrByer c o6pasoaanneu t<ap6nl,a
6epunnun n orr4cn yrurepoAa, sullre 2gZB K
xap6up, ucnaprercs, a sareM (npu 2473 K tr
auure) Auccoqnupyer Ha Be (nap) u yrnepoA

He sgaur\aoAeiicrnyer

> >

Bsanl{o,[eficrsyer B cMecr.r nopotuKoB c Boc-
craHoB.rreHrreM BeO ao Be

I(orranaxrHne o6pasun He B3auMoAeficrayror

B cuecu noporrrKoB ssauMoAeficrsyror c Boc-
craHosreuue14 BeO

B cuecu nopoluxos c.nh6o aeauuo4eficrayer
c BoccraHoBteulrenr BeO

B clrecu nopoumon cna6o neaulao4eftcrayer
c BoccraHoBJlenueu BeO

He ssaulro.{eficrayer

B cuecu noporxKoB sgaulroAerlctsyer c Boc-
craHoB.reglreM BeO ao MeraJrJra sucoxofi qH-
cToTbl

B nounarrsnx o6paeuax uupronraft i lpoHuxa-
cT no rpaHr.rqaM 3epeH oKHcIa, HeKoTopafi
noppo3r.rr oKucrla, o6pasonaune ZrO2 no rpa-
HIIUE KOHTAKTA

88E
880

t l 2 t i
' l

Nb*t

Nb*t

Nb*3

Mo*1

Mo*t

Ta*l

Ta

Ta*t

W*t

Pb

Th*I

Tic

MgO*t

MgQ*r

Al2o3*4
CrrOt

ZrO,
ZrOi'

Lrv2

La2O3

CeO,

r363-1813
1973-2173

1673-2073

1973-2173

2073

I363-1813
t873

1973-2473

1073-2373

573
1273-2073

1773-2473

1873, 2073

2173

z t t J

1673

1873
2073

2173-2273

2573

1973

He asaur'ao4eficrnyer

BearlnroAerlcrnyer c o6paeoBanueM 6epnnnuga
uuo6us

BsaulaoAelicrayer ora6o, npoucxoAuT cJruna-
uue o6paeqoB, a npr 2073 K sgaur,roAeficr-
Bue uAer no rpaHur(aM gepen oKncJra c o6pa-
eonauueu Nb2O5

Bsauuo4eficrByer c o6pasoaanneu 6epu.ri"ru-
Aa lro.nu6Aeua

He ssafiMoAeficrnyer

) >

Haqa.no sgaul4oAeficrsuq

Bsasl,roAeficrsyer c o6pasonauuerr.r Honofi
qa3br

Baaur\,roAeficrByer c o6pasoaauueu neryqr{x
oKucrroB no.urQpair.ra, npu 2073-2173 K ssa-
urr.roleficrsne na6,rpraercq npn BbrAepxKe
0,5-l q, npn 2273 K npu nu4epxxe 2 uus

He ssaulaoAeficrnyer

BsaulroAeftcrByer Haqr.ruas c 1373 I( c o6pa-
SOBaHIleM OKUCr.r Topr.rfl

Bsa[r\,roAeficrByer c o6pasoaauueu xap6uAa
6epunnun

BsanMoAeficrByer c o6pasoaaHueu xuAroir
0asbr
Hnrescnguo ssauNroAeficrsyer c nepexoAoM
B pacnnaB

Be anr.roAefi crByer HHTeHcIIBHo

B cuecn noporuKoB cra6o gsaulro4eficrnyer
c o6pasoaauuenr BeO, Cr2O3

Haqa.no sgau[4o.[erlcrgus

CJra6o gsauMo4ericreyer, npoucxoAuT nplun-
NAHI,IC U ONJIABJ'ICHUE

BsaurraoqeftcrByer co c,'rHrraHr{eN,r o6pasUoa
nocne 2 MHH BbrAeplKr{H, a npn 2273 K-
c o6pasonaHrrelr xrzAxori Qagbr
B-sauuo4eficrnyer c o6pasooauuena 2BeO.
.LazOs

Ha,Ia"'Io -gs a Hltorefi crafi g



rho;'
UO,

Gd208

SmrOr
rho;'

Be*2

B*t

c,*r
c*3
c*.
si*r
Ti

Tirr

Ni'*l

Zt*1

Zt*z

Nb*t

Nb*t

Nb*8

Mo*1

Mo*8

Ta*l

W*t

1763
1693

2373-2474

2t73
2073

1873-2073

1723-2073
1273
2073

1673,. 1873

u23

1673*2073

1673-2073
2173-2273

2073

1363-18r3
2173-2273

1673-2073

2273
2073

r363-2373

2273

Bsat.IlroAeficrnyer c o6pasoBanueM gBreKTr{Ku

To xe

Bsafir.roAer?crgyer c rroJrnbrM nepexoAoM B
pacnr'raB npu 2473 K
ZHreucusHoe ggau[ro,[,eilclgEe

He ssaulaoAerlcrayror

Mgo
BganNroAeftcrsyer c oKr.rc,reHueM MeraJrJra, a
npu 2073 I( - c cr.rlruoft xoppoelrefi oKucJra

BsauMo,(er?crnyer c o6paaoBaH[eM 6opuAoa
MATHI,I.g

BsauMoAeiicreyer c BoccraHoBJreHr.reM MgO

He nsaunoAeftcrayer

BgaulaoAeiicrgyer c Boccranonrenuerra MgO

Bsar4r\,roAerlcrsyer c o6pasoBaHr.reM Mg2SiOa

Turau npourKaer rro rpaulruaM 3epeH oKuc-
na, nponcxoAur c;ra6oe pa36eAaHLIe xpficraJr-
.noa MgO Ha rpaunqe pa3AeJIa

IIpu 1673 K sganr\aoAeficrByror ora6o, npu
1873-2073 npolrcxoaur cr.rJlbHafi Koppo3rrt
oKncJra c o6paaonaHnerrl Mg2TiOa

He ssauraoAeficrnyer

Baauno4eficrnyror c o6paaonanreeu Hoaofi
Qaeu
Baaur,ro4eficroyrot c cu.nruofi ropposnefi
OKITCJIA

He sgaul4oAeiicrnyer.

Bsarzrr,ro4eficrnyet c o6pasoaauueu nosoii
$asu
Cra6o sgaun{oAefictsyer, Haq[Hat c 2073 K
c o6pasonauueM IIo rpaHH[aM 3epeH oKHcJIa
NbzOs

FIa MgO o6pasyercr cepe6pucrufi na.ner

He ssarr4oAeficrayer

Buure 1873 K ssarar,roAeficrByror c o6pasona-
uueu uonoft Qaenr
BsaultoAeficrnyer c BoccraHoBJreHueM MgO
u c.na6uu npvJrr.rnanr.reM o6paeuoo

390

Tho

39r

riB;'

ZrBi'

sic
TiC'*t

TiC*S

ZrC*t

1473-2273

1373-2273

t873
2073-2573

1873-2173

2273-2573

2073-2573

2073-2573

2273
2473-2573
2073-2573
1573-2273

1673-2273
2273

2173

2t73

2273

1973
t673-1873

2573

Mo2C'i1

HfC*r
TaC*t

WC*l
TiN*l

ZrN*r
Alror*l

FeO*.

ZrOi'

zto;'
CeOs
Hfo2

rho;'

t l z l  a

BsaultoAefictByer c BoccraHoBreHrieM
t't oopa3oBaHueu leryuefi B2O2
BsaulroAeficrsyror c o6paaorauneu
Qa3H
BeanLroAefi ctByer r-trrreHcllBIto
BsaulroAeficrByer c BoccraHoBJreHHeM MsOu o6pasooaHueu coeAnsesnfi runa ii tci1l
a raKxe rap6u4a MafHr.rs, xoropufi b;';;:raercr Ha uanruli u yrnepoA
B-sauMoAeficrayer c o6pasosaHnelr TiO ullMg2TiOa

Bsauuo4ertcrBveT c B(" ;a;il;t"^;i;' - ; ;"H"fl :?i#l'r".oT"u,?
pacrBopa Zr (C, Oi
Bs-an$roAeficrgyer c o6paeonanueu MerarJrr.r-
ye^cr{qro nuo6us n rBepAoro pacrnopa lib(c, o)
Bsaurrao4efi crBr-re ge3Haqurerbno

He gsaHN{oAefictayer

BsafiMoAefi crBue He3HatrnTeJrbuo

Bsauuo4eficrByeT c Bc; ""6p;;;;;;ii;' ;#ff ;T " ""lT##1"#"*^?
MarHut

Bsannao4er?crBHe He3HaqrreJrbno

_BsauraoAeficrByer c o6paeonanueu unltHenn
Ha floBepxHocrr.r rnr.[fl l.rs Al2O3, npEJlunarrr"

B_sauMoAericrByer rrureHcrrBHo c pacnnaBne-
HI'CM

P.::y^"1._fi^:llyer co crrurauuevr ZrO2 u MgO
n oopa3oBaHr.teu xu4xofi easu
Bsanuo4eft crByer EHTeHcaBHo
Haqaao sgaal,ro.qefi crsus
B^san_r,roreficrByer Haq[Ha, c \TTB K c o6pa_3oBaHueM rBepAOfO pacTBopa
Bsauuo4eficrnyer B ropax, rrDol,tcxonur
cnJrbHoe pa3pyueHne Tho2, npu.nuuasue 

'or_

cyTcTByeT

Beaunto4efi crByer r{HTeHcHBHo

Mgo

trosofi



Al203

Be*2

Cxt

c*?
C*l

C

Ti

Ti*r

T i*2

Ni*2
Nb*r
Nb*2

Mo*r

Mo*2

Ta*1

w+r

UC,
BN*2

zto;'
Mool'- *'

Ao 1623

1623-2073
1273-t473

2223

t973-2273

l l23
973-1973

r873
1673

1363-t913
1873-2073

t473-2223

2073

1363-2173

973-2223

2t73
2073

2173
873-r073

1973
2173
2073

B rnepaofi Qase Hc neauuo4eficroyer

BsanMoAeiicreyer c Boccrauon,renueu Al2Og

He ssanMo.(eiicreyer

Bgan$roAeficrsyer c Boccrauon.nenneu Al2Og

Bsauuogefrcrayer c o6pasonauueu upu
1973 K oxclrxap6uAa a.nroMnHvq (AI4O4C),

npu 2073-2273 K - Kap6r.rAa aJrroMuHun

TzraH nponuxaer no rpaHullaM gepeH oK?rcJ'ra

BeauMoAefrcreyer c o6pa3oBaHI{eM TBepAblx
pacrBopoB

B gauraoAeftcrsyer He3HarrlrrcrbHo

He sgarzMoAerlcrnyer

Bsauuogerlcmyer c,ra6o c o6pasoaauuelt
NbzOs

Bsaul,roAeficrsyer HaqHHar c 2173 I( c o6pa-
3oBaHueM oKr,tcJIoB Mo u nop B MeraJIJIe

FIe ssanMoAeficrnyer

Buure 1873 I( nsaurr.toAeficreyet 6ea xaca-
Hnr, npoucxo.u,uT pa3JloxeHl{e oKucJIa

BsauMoAeficrsyer HaqrHat c2173 K c o6pa-
3oBaHHeM oKI-Ic, 'roB ng,ruQpaua H nop B Me'
TA,'IJIC

BgafiMoAefi crsyer c.na6o

BsauraoAeilcrnyer c o6pa3oBaHlteM HI.ITpI.rAa
AJIIOMIIHIIg

14HreHcnsHoe B3ar.rMonefi crBlle

BgaruoAeficrByer c o6pa3oBaHI.IeM MoOr-t
( x : 0 , 1 l + 1 , 0 )

Haqano ggauNrorefi crsuq

tr4HreHcaeHoe nga!rrraoaeitcrsue

He sgailMoAeficrnyer

CeO2

rho;'
Uot

392 393

Cil ,  
e3, r l

AI

sic*2

MoO!'-"
Uog

C*t
c*4

UCa
ZrO2

MnO*a

uo;'

uo;'

C*r

s i*2

Ti*2

Nb*2
Mo*2

1523-1973

723

I 873- I 973

873- 1073
1923

sio2

Baauuo4eircrnyer c BoccraHoBJreHHeM SiOz
u o6paeonanueu SiC: B BaKyyMe shrrue 1523,
Ha BosAyxe sbnue 1753, B BoccraHoBnrenb-
nofi cpeAe sbrule 1873 K

BsaulroAeficrByer c o6paeosauuelr Ha rpauu-
qe pa3Aena Kp[crarrHqecKoro KpeMHuf

BgauuoAeficrByer B cMec[ flopouxos c o6-
pa3oBauneM SiO a CO

He esauuogeficreyer

B s anlro4ericrByror c o6p ason aHuerrl gBTeKTnKn

t573
2403

2173

973-1773

1653

2023

1573

t673

n23-2073

t87e-2073
2073

CaO

BsanlroAeficrByer c BoccragoBJleHuerr,r CaO

Bsaur\,roAefictByer c BoccraHoB.rlexueM CaO
u o6pasonauuer,r CaC2

C,ra6o ssauMoAeft crsyer

Bsalrr\ao.qeficrByer c o6paaonanueu CaZrOs

SezOs

BsauMoAeficrByer c o6paeoeaHueu SeMnOs
Ir TBepAbrx pacTBopoB

BsauraoAeficrByer c o6pasonauueu rBepAoro
pacrBopa
He ssauraoAeircrnyet

Tio2

Beauno4eficrsyer c BoccraHoB;reirueru TiO2
qep€ npoMe>r(yroqHbre oKucnbr Ao Kap6uAa
THTAHA

Bsauuogelicrnyer c.na6o c noBepxHocrHbrM
o6ecllBecnBaHr.reM oKIicJra

BsaulaoAeficreyer c;ra6o c noBepxHocrHr,]M
o6ecueequgaHHeM oKHcJra r.r asaurr.trofi ,4ttfr-
Sysuefr TiO2 r.r Ti, a npu 2073 K c cs.nrudfi
xoppoanefi oKr.rcJra

Bga[MoAeficrByer c Koppoguefi oxucra

He nsanuo4eficrayrcr



t
i

TiC*r
Wc*r

BN{.8

TJN

Nio

Uog

VC*1

Wc*r

WC*r

BN*8

CrrC!'

WC*r

BN*8

Laroi'

tu,oi'

1273-2073
t573-t673

1673-2073

1273-1473
293-1273

1373

1273-1873

1573

1673

2073-2273

1273-1973

1573-1673

1873

973-1573

973-1473

BsanMo.qeftcrsyer HatrrrHar c 1473 K
Bsaglroreicl:Ryer c BoccraHoB.nesueu TiOo
11py _!SZS K ga 32 DrHn na 60%, ; nJ;
1973_K sa B0 MuH Ha 8b%) . oOp"u.o"urrueil'W_Ti
Bsan_nao4eficrByer c o6pasoaaHneu Hr{TpuAa
THTAHA

Bsauvro4eficrayer

BsariMoAericrsyer--_HaqrHa, c l02B_lOZ3 Kc o6pasooauuenr NiTiOs
Bsanl,ro4eftcrnyer

BsailMo,(eficrsyer c o6pasoaaHHeM MoHooxgcrr
r.r KapoHAoB BaHaaHs, npu 1673 K nossas_
ercs caoborHbrrt V
Bgau.MoAeficrsyer-.c BoccraHoBJreHr.reM VzO,
(sa l0 rrr lru ua 60%)

Bsauuo4eficrnyer c o6pasoeaHuelr W_V
cnd'raBa (:a 30 unu na 100%)

VzOs

Vson

BsaunroAeftcrsyer c o6pasonauuenr VB2

Mn2O3

CrzOg

Bsaur,roAeiicrayer Haqr.rnar c l4TB K c o6pa-
3oBaHueM npr,r ru74-1828 K CrzCs u Cr,
npn 1973 K 66paeeq pacnlar.nnercn

BaazlroAericrnyer c -BoccraHoB.rreHHeM Cr2Og
{,ga ̂ 30 uus sa 10070) u o6paaoaaniernl
w-ur cnJlaBa

Bsauno4ericrnyer c o6pasosauueM CrB

BsaulaoAeficrByet c o6pasoBaHueM
LaMn jrMnflrOs+n

Bsaulro4eficrayer c o6paeoBaur{eM LaMnO3

c*2

c,r,l

ZrN

C*r

MoO;'-'n

C*t

C*r

ZrN

BN*2

sic.r, .r, r{

Nb*1

Mo*l

773-873

I193-1473

1573

773-973

873-1073

I 193- r473

I193-1473

1573

t723

> 1273

I 363- 18 13
I923

MnOz

Baauno4eircrByror Haqr-rHafl c
cTaHOBJTeH[eM MnO2, cxopocm
Ko Bo3pacraer npu 863

FeO*5

BsauNroAeficrByer c BoccraHoBJreHuenr FeO,
npu 1423 K r*.rerall Hayrnepox<nBaeTcr u
pacIId'IaBnteTcg

Bsauuo4eftcreyer c o6pasooaHterr,r ZrOr, Fe
r en4eleuueu N2

Fe2oi'

BsaEr\4oAeiicrByer c o6paeonauueu Hu3rrrux
oKI-rcJroB xeneaa u CO2

He nsaun,to4eficrayrcr

CoO

823 K c soc-
peaKqr.ru pe3-

c BoccraHoBJreHIteM CoO

c BoccragoBJreHneM NiO

c o6pasonannerrr ZrO2, Ni

Bsaulto4ericrnyer
AO MCTAJIJIA

Nto

BeauriroAeficrsyer
AO METAJIJI 

BsanuoAerlcrnyer
u rrt4e;lenueu N2

Nl2os

Bg arr^.roAeilcrnver
.q,o Ni

SrO

c BoccraHoB,'reuueu Ni2O3

Esaur',roAeri_creyer c o6paeooauueu SrO,
SiO2 r 90, (na oosayie) s 2SrO.SiOr,
DrU2 H 5f  (B BaKyyMe u aproHe)

Yzos

Bsaulro4eficrayer

C;ra6oe npuJrnnaHrle o6paeqos

395



W*t

Re*1

UO;

Be*2

c*3
c*r
C*l

AI

si*2

Ti*2
Ti

Ni*2
Zr*2
Nb*r
Nb*-2
Nb*2
Mo*1

Mo*3
Ta
Ta*r

w*r

w*2

1373

r363-1813
1873

Bsanuo4eficrnyer .c o6pasoranfierr,r 3YzOs.
.WOs

He aeaulro4eiicrryer

Bsanmo4ertcrsyer c o6pasoBaHreM rBepAoro
pacrBopa

ZrOz

B roepAoii Qaee ue nsaatro4eficrayer

He ssanruoAeiicrnyer

Bgau[4oAericrByer c BoccraHoBJreHuew ZtO2
To xe

He ssauMoAeficrayer

B rnepAofi Qase ne osanlrogeltcrnyer

BgauMoAeficrnyer cla6o npu 1873 K
Tnran upouuKaer tro rpaHrrrlaM 3epes oKr.rc-
Jra, pa36eAaeT Kpafl Kpr{cTanJroB Ha rpaHlrqe
pa3AeJra

B raepaofi Sase He nsauno4eftcrayor

He seauMoAeficrnyer

BsanNroAefi crsyer ola6o

> )

Bsaurrao4eficreyer no rpanr4rlaM sepeH

Bsau[4oAeficrByer HaquHac- c 2l7B K c o6pa-
goBaHHeM oxacJroB uo.nu6Aeua u nop B Me-
TaJrJre, JrerKuM npriJrr{rraHr.reM npu 24ZA K
Ir pasJro)KeHrew ZtO2 npu 2573 K
He nsauuo4eficrayer '

Haqa.no naaulro4eficrnul

Beauno4eficmyer c o6paaorauueu Hosol'r
Qa3br
IIpn 1873 I( nornllercR xentr,rfi Harrer, Ha-
quHafi c 2173 K aeauuo4eftcmyrcr c o6paso-
BaHr.reM oKIrcJroB nolrQpaua u nop B Me-
TAJIJIE

flpu osarlrraoAeficrsuI.t c ZrOz, cra6uluaupo-
eauHofi 90/o YzOg, upoucxoAr.rT cJra6oe us[4e-
HeHr-re oKpacKlr

Ao 1623
1323-1423
t573-2073

1673
1873
t673

1673-t873

1223

2073
2273

1673
2073

1723-2573

2073

I873
2073-2373

1723-2573

2798

396 357

Re*l ,
(60 Mof
f 40N,e)*1
riB;'

zrBil

sic*3

TiC*1

CrsC!'

ZrCxt

ZrC*r

NbCxr

NbC*1

Mo2C*1

HfCXI
TaC*1

wc*1

WC*I
uc*2
UCz
BNX2

TiN*1

ZrN*r

CeO,

Ndro;4

Tlro;4

2623

t373-2073

1573-2073

1573, 1873

1673-2673

1573-2273

t473-2373

1673-2673

1573-2673

2373

2273-2573

2273-2573
2273-2573

1673

2573
2723
2173

t873-2173

t673-2073

1573-2073

1973
r673-r873

673-1273

flpu arauno4erlcreur.r c ZrO2, cra6ulHsllpo-
gaHHorl Y2O3, npoucxoAlzt c.na6oe usMeHei[e
oKpacKu
BsauMoAeftcrsyer c BoccraHoBJreullevr Zr02
l-t o6pa3oBaHuem .neryuefi oxncH 6opa
BsarMoAeficrByer c o6paaonanueu nopucrofi
Qa3br Ha rpaHHrle KorrTaKTa

llpn 1873 I( nsaunroAeftcrByer c o6pasoeauu-
eru xap6rz4a rlilpKoHr-lfl
BgalilroAefictnyer c o6pasoBaHr.reM oKcuKap-
6lrAos r.r BbrAeJreHfieM oKuclt yrnepoAa
(yltenr,ureuzer,l coAepxaHHfl cBq3aHHoro yr-
J'repoAa)

BsaHl.roAericrByer c o6pasonauueu Cr7C3
u ZrC
Beanrr,ro4eftcrByer Harrusafi c 2073 I( c o6pa-
3oBaHIreM orcuxap6u4oa rIHpKoHr.rfl
BsauNaoAeftcreyer c o6pasoBaHHeM Honofi tpa-
3bl I.I yMeHbIXeHIteM COAep)KaHIrfi CBfl3aHHOfO
yf,'repoAa
Bsauuo4elicrByer c o6pasonanueu cJrox<Hbrx
oKr.rcJIoB r.r xap6lrAos
Bgau[4oAeftcrByer c'o6pasonauueu B npoMe-
)KyroqgoM cnoe Zro,zNbo,s, Zro,eg-0,$X
XNbo,gz-o,oo, NbZro,os, NbrC
BsaalloAeficrnyer c o6pasoBaHr.reM QpoHra"rr-
Horo cJros xpynxoli Qaan
He ssaulroAeficreyer
BearuoAeficrByer rrpn 2573 K c o6pasona-
HueM Hosofi 6asbr
Bsa[MoAeficriyer c BoccraHoBJreHr.reM ZrOz
(ea 30 rvrun ua 39?o) u o6paaorauneM cnrla-
sa W-Zr
BgauuoAeiicrnyer cla6o
He sgau[,roAeficrnyer
BsaulroAeft crnyer cra6o
Beauuo4eftcroyer c o6paaonanueu ZrB.,
ZrN * ZrB2
BsaulroAeficrByer c BoccraHoBJreHuew ZrO2,
o6paaonauuetr HHTpnAa qnpKoHnr I.I BbrAed're-
Hr.reM AByoKr.rcu a3oTa
Beanuo4eficrByer c o6pasooauuelr Hecrexr{o-
MeTpuqecKof o Hr.rTpv,qa qupKoHHt
Haqano eaari[4o.q,efi crsuq

BsaulroAeficrByer c o6pasoaauuem rBepAoro
p acrBop a N d zZr zO t-ZrO z
He ssazrvro,{eficrnyer



t ,F
c
c

rho;'

rho;1
UO,

ZrSi2
MoSii3

BN*2

Nbc*r

wc'r1

C*r

2573

2t73
2073

2223
1573-1873

t433
1533

2023

t273-1.773

1673

773-973

2073

r373

2023

1973
t273

Beauuo4erlcrnyer cna6o c JrenrrrM nplrnnfla-
HIrevr o6paeqoB, xr.r.qKaff Qaaa otcyrCrayer
Bsaui\aoAeiicrsyer oueut cua6o
Baaurr.rggerlcrnyer c o6paeoBaHueM rBepAoro
pacrBopa
IO )I(e
He seaH[,roAeircrnyer

Nb2o

BaanruoAefi crnyer c o6pasoearlrerra Nb2C
Bsauuo4eftcrnyer c o6pasonanuerr,r NbC

Nb2os

IlsaulroAeiicrsyer c o6pasonauuey Nb3Ba

NbzOr

BganlroAeiicrsyer Har{r.rHas c 1573 K c o6pa-
3oBaHr.reM uoaoii Qasur
Bsauuo4eficrnyer c o6pasorauueu W-Nb
cn,,IaBa (ea 30 r,ruu - ua l00Yo)

MoOs

BsafiNaoAertcrsyer c o6pasoBaHr.IeM lrr.t3rxux
oxucJroB l.ronu6AeHa

BaO

Beau*ro4eiicrnyer c o6pasoBaHrreM TBepAblx
pacrBopoB

La2Og

Bsalrrro4eficrnyer g
'wog
Bsanlro4eftcrayer c
Qasn LaB2

o6pasonaHuelr 3LazOa.

o6pasoaauueu HoBofi

CeOz
tr lureHcv nso nsaunro4eft cmyer
Bsaulro4eficrayer c o6paeonauueu
pbrBHofo prAa rBepAbrx pacrBopoB

UO,

w*r

BN*8

w'*r
UO, Henpe-

NdzOs

399

W*r, Re*1
(60 Mo*
f40Qe)*r
TiC

Hf C*r
HfN*2
Tlro;4

2623

t773-2473

t273-2273

673-1273

Hfo2

C"'ra6oe u3McrreHHe or(pacKIr

Bsalir\aoAeficrByeT c o6pasonauxeu oKcHKap-
6lrAos
He nsarr[,roAeficrnyet

He esauraoAeiicrnyer

BN*2

WCxr

Uot

BN*2

1873-2273

Ta2O3

Baauuo4eficrnyet
npu 2273 - TaB2

TazOr

B s ar-inogeiicrnyer
cnJiaBa (sa 30 rvrlllr
Bsauuo4eficrnyer
rr Ta:Oa

WOe

s o6pasonauuerra TaB, a

c o6paaonanneu W-Ta-
ua l00o/o)
c o6pasonauueu UrTaOr

1673

1473

Be*2
B*r

c * r
cx4
s i *2

T i *2

Ni *2
Zr*2

Zt*2

Nb*3

Nb*r
Mo*r

1673

no 1623
1873-2273

1673, 2273
1873

Ao 1693

2073

1723
1 6 7 3 , 1 8 7 3

2073

1873-2073

2373
2073

B s auxaoAeiicrnyet c o6p asoBallueM nonrtpp a rraa

ThOz

B r:ncpAofi $aae ue eaanuo4efictnYer
Bsaur\ao.{eficiByer c o6pasonanueu 6opuAoe
TODI,I '

BsauMo,[,eilcrByer c BoccraHoB,'IeHuelr'r ThOz
To xe
Kpeuuufi npoHI.IKaer no rpaHI.IqaM 3epeH'
npoucxoAl.ir Koppo3Htl oKI'ICJIa
Tlrrau npounxaer no rpanlluaM sepeu, uonoil
Saan ue o6Hapy>xeuo
B rnep.n,ofi Qaae ne esauuo,u,eficrryer
BsafinoAeficrayer c,ra6o, Dpol{cxoAnr Koppo-
3r.tt oKHcra
I{zpxouufi npoHlrKaeT no rpaHlrqaM 3epen'
o6qasyercs. ZrOz
Bgaurr.ioaeficrnyet c,'ra6o; npu 2073 K uno6tlfi
npoHxKaeT no rpaHI{IIaM 3epeH, npoficxoAlrT
Koppo3Hq oKHcJIa
He ssafiNroAelicrnyer

> )



Moxl

Ta*r
w*1

Re* r ,
(6OMo*
-F40Re)*t
wB*1
rhB;'
rhB;'
TiC
UC*2
UO,

2t73-2573

2t73
2473-2573

BgauMoAeficrsyer c o6paeoBagueM HaJreroB,
nporrcxo1rr_r c"ra6oe npHnrirraHHe o6pas4oni
npu 2573 K ssauN,rolefi-crayer cla6o
Haqa,ro rsauuo4efi creur
EaaulroAeficrayer c,la6o c BoccraHoBr,reHHeM
ThO2, npu,2573 K nponcxoAur cunbHoe nplr_
rI,InaHr,re o6paguoe
He nsalrMo.ieiicroyer npu uo,A.p*i,u " ".-,re[ne 2 q

He osaulro.4eftcroyer

Beaurraogeficrnyer c o6pasoaauuey ThBa
Bcanmo4eftcrn_yer c o6paaooaunerra ThC
rlc 83aBMoAeIlcTByeT
BsauraoAeficrsyer-c o6paeoBaHIteM TBepAoro
pacrBoDa

Bsanr,ro4efi crsyer c,'ra6o
Bsauuo.rer?crnler c o6pasoaauueM Ao Ao-
cruxeHur 2273 K uonorap6uAa, a npu reM-
neparype swure 2473 K Araxap6naa vpana
Bsauuo4eficrnyer c o6pasbaanueia UAlr,
uAll
Bsauuo4eficrayer
BgaHr\aoAefi ctByeT npl-r npeccoBaHHr.r
Be auv orefi crsirer c.'ia6o
He rsanuo4eficrsver
Bsaur'lo4eficrnyer c.na6o
Bsar.rlro4eficrryer c o6pasoBaHneM
p acrBopa
He esaflr\aoAeficrnyer

> ) )

Bsan_ruo4eficrayer c o6pasonauueu
ceporl Qaeu H3 oKucJroB TaHTaJra.
narculerica npu AnIrreJrbHoM HarpeBe
He ssaur,roAeficrsyer
B rnepaofi $aee ne neazrr.ro4eficrnyer
He sgaultoAeftcrnyer

!111y9aenc1eyer c o6paaoBaHueM oxcuxap_
oIrAoB r.r cBoooAHofo ypaHa

Be
C

AI

Si
Fe
Ni
Ni*r
Zr
Nb

Nb"l '  
t2

Mot l '  
t2

t a  "  '

Ta*1

w'l ' 
*2

Au
wB;'
MorC*r
Hfc*l ' 

"?

UC

2373
2373
2373

1773-2273
2723
2073

873
1473-2473

I t 6

I 603
t073
1673
1773

673-723
1273

2773
2893

2203-3033
2423 t

2203-3033
4o 1336

3033
2693

2203-3033
1723

TBepAOro

T C M H O -

yJleryqn-

i
t

Uos

TaN*r
UN
Pu02

CaOZTO'|
UP

3033
r473-1873

1773

2073
2663

He sgar.rN4oAeficrnyer

> > )

BsauiuoAeficrByer c o6pasonanneu rBepAblx
pacrBopoB

To xe

BgauMoAeficreyer c o6paeoBaHlteM 3BTeKruKI't

PuOz

Cm2O3

He ssatrMo.4eficrryet
Bsanuo,qeficreyer
He ssatll,roaeficrnyer
> ) >
> ) >

> ) )

)) >)

BsanMoAeficrByer HaqI{Hat c 1923 K

He ssanr\.roAeficrnyer

c*r

Nb*r

Mo*r

Ta*l

Ta

1273-1473

t673, 1773

L673, 1773

1673, 1773

2003-2403

1523
t523
1523

1923, 2123
1523,  1923,

2123
t923, 2t23

1523

t523, 1923
2123

1923, 2123

BsaflNroAeficrByer c BoccraHoBJleHueu PuOr Ao
Pu2O3, a npu 1473 K c o6pasoeanueu rap6n-
Aa nnyToHlrfl
He ssauraoAeficrsyer npn 1673 K (npu nu-
Aep)KKax ao 100 .I)
He sgarMoAeftcrnyer npu 1673 K (npn nu-
AepxKax 110 u), a npu 1773 I( o6paayercn
uoaax Qaea
He seauMoAeficrsyer (npu ounepxre l l0 u),
a npu 1773 K o6paayerca noaan Qasa (40-
60 rnrxn,r sa 1000 u)
Baaunrogeficrayer c o6pasooauneu PuzOa
u TaO

V
Zr
Nb
Mo
Ta

w
(Nb+
*lo/o Zr)
1ra*
+10%w)(w+
*260/o
Re)

' l  Baryyu. *2 HefiTpatbfiaq cpe4a (apron, reanf, lrrn 6egoxuctnrersgble ra3o'
oue cuecn). rs BoccrasossretbHarr I.rJIlI saIqI.ITHaq cpeaa -(BoaopoA, a3or, oKHcb
yrnepoAa).' 'r Bo3,[,yx. *6 Doree no4po6nue cBeAeHut cru. [639].

26-312 401



I

2. CMATI I,| BA H I,I E OKI,I CJIOB X I,IAKI4M H METAJI JIAMI,I

)l(r4xHfi
METAIJI

Teuneparypa,
AruocQepa

KpaeBofi yron
cMaqI{BaHu'I

0, rpag
I

BeO [565, 566, 260]

AI

Si
Si
Ni
Ni
Ni
Ni+0,1%o,

Fe
Pb
Ni
Ni
Ni
Ni
Pb
Cu
Ag
Ag
Ae
Sn
V
Cr
Pt

1000

1450
1450
1500
1500
I 500
I 500
I 650
r550

600-900
1500
t500
I 600
r500

600*9oo
I100-1300

1075
1075
I  100

800- I I 00
I 800
I900
1790

Baxyyu

Bo4opo4
fenufi
Baxyyn
BoAopoA
fenui

BoAopoA
le,nnri
BoaopoA
Baxyyru
Bo.nopoa
le,rufi
Aprou

PoaopoaAproH

Boslyx
>)

Bax.vyu
))

iMera;rn npoca-
.qllBaeTcfi cKB03b

KepaMnKy
88
/ o

128
152
146
100
147
127

138-132
132
t < o

132
125

136-127
140-122

137
90

I  l5-120
158-139

35
100
125

Si
si
Fe
Fe
Ni
Cu
Sn
Ag

Sn
Ag
Cu

I 450
1450
I 550
r 650
1500
I 150
r I00
1235

700-1000
1000-1300
I 000- 1300

Mgo [565, 567, 260]

BoAopoA
fe,rufi

Bar<yyu
fear.rfi

>
Baxyyru

(MgNi)o [568]

Baxyyv
ApfoH

r 0 l
95

r30
r23
I  K O

r60
139
136

130-10
144-53
134-24

402

AlzOa [565' 566' I ' 4071

AlzOs [565, 566, 567, 569, l]

l

AI
AI

940
t255

Aprou t70
48

A o
Ag
Ac+5%c
Ae*10%C
Pb
Pb
S i
S i
Co
Cu
Cu
Cu
Cuf 1,5/s 02
B i
Ge
In

AlzOs

t000
I  100
980
980
400
900

1450
1450
1500
1200
1200
I200
1300
Tnn
Tnn
t n l

Al2o3

Tnn

I  r00
800

1600
1500
1500
Tn,
Tnn
Tnn

[565, 567, 569]

Baxyyr',r
)

Boeayx

Boaopoa

fe,ruft
Bo4opo4

Baryyrr,r
Bo4opo4
Apron
fenzri
Baxyyrrr

Baxyyvr

fenuii
BoaopoA
Baryyn
Boaopol,

[565, 566, 567, l]

Baryyru

t44
r48
28
t4

144
133
80
82

t25
138
r36
l4 l
38
90

>90
>90

90, uetanl upo-
CAIIUBACTCE

cKBOsb repaMtr-
ry
90

150

Ba

Sn
Sn

800
800 Boaopo,u

AlzOs [565, 566, l]

Sn*10%ln
Sn-Fl0%In
t \ l
Ni
Ni
.t\l
Ni+s%V
Ni*10%Mn

t74
r38
150
133
t28
l l 5
95
95

Ni*20%Cr
Ni*8,7%Cr



N l  1 0 , 8 % T l
N l . l 3 % l n

F'e
Fc

Fc*8%Si
Fe-|-0,7|/sO,
Fe-F0,47%C
Fe*2%S
Cr

| 600
r500
r 650
r 560
r550
1570
1570
1570
1900

AI2O3

r 950
1950
1300
1300
t300
1300
1300
1300
l5B0
r580
I 580
I 580
1550
l  I00
r  100
I 100
I  100
I 100
I 100
1550
1550
r550
I550
1550
1450
1450
I450
1450
1450
1500
I500
r500

Baxyyu
fenur[
Baxvvlr
tt3OT

' fenrri
))
>
>

AlzOs [570]

B occtagonrttennn ag
Znepnraa

[565, 566, t, 407f

90
132
141
139
n4
109
106
l 0 l

OD

Cr
Cr

1900
1950

- t -  l 0
-45

Cr
Cr
Mn
Mn
Mn
Mn
Mn
Mn
Fe
Fe
Fe
Fe
Fe
Au
Cu
Cu
Cu
Cu
Cu
Co
Co
Co
Co
Co
Co
Ni
Ni
Ni
Ni
Fe*Mn
Fe*Mn
Fe*Mn

BosAyx
y rJTepoAcoAepxt aulat
Baxyyna
BoccrauosutenrHar
tr4nepruaa
BosAyx
Vrnepoacolep)K aulafl
bar{yyM
BoccraHosateff gal
Hnepruaa
Boa,uyx
Vr,repogcoaepxaulaff
Baxyyrr,t
le;rnr1
BoccraHogLlrer[,Hag
I,lnepruaa
Bosayx
Vr;repoacoaepxaIrlaff
naKyyM
Boccranoe urenrilaq
Zuepruar
BosAyx
V*r,repo4coAepxauafl
uaKyyM
BoccraHoearenrHaq
I4uepruaa
Bos4yx
Vr.ltepoacoAepxaildaq
naKyyM
BocctaHogutentgaq
I,lueprnaa
Bosgyx

- l - 10
_45

-0-10
-90
e.ID

_45
- tD

-45
-90
-90
_45
-45
-90
I38

>90
>90

0
0-45
>90
>90
>90
0-20
>90
>90
-90
-90
-90
-90
_45

-  l -ztD

-t-45
_45

Fe*Mn
Fe*Mn
Fe*Cr
Fe*Cr
Fe*Cr
Fe*Cr
Fe*Cr
Mn*Ti
Cu-Ti
Co-Ti
Ni-Ti
Sn
Pb
Pb

1550
1550
1650
t650
r650
r650
1650
1600
1600
t600
r550
250
350
450

AlzOs-CrsOa

1550

r550

1550

-45
_45
-40
-40
-30
_45

-O-40
_45
_45
*45
-90
>90
>90

90

Vraepo4coAepxaulat
Baxyyu
BoccraHogure.ntuag
HHepruan
Bosnyx
Vraepo4coAepx(atrla q
Baxyyrrr

D
D

D
BoccrauosHte,'rrHag
To xce

(raepnuft pacraop)
0o/o-1000/o

I Rpro'
I
900/o-10%

[571 ,569 ,  1 ]

Fe

Apron

95o/o-5o/o

sio, [569, l]

9l-88,5

108-105

126-124

140
148
134
l l 5
r25
139
t27
t64
140

Fe

Fe

Hg
Cu
Cu
Fe
N i
Ag
Sn
Pb
Au

KoMHarHaq
I 100
I t00
1550
1550
t000
900
800'  I 1 0 0

BosAyx
Baxyyu
lenr.rrl
Aeot

fenuft

)>
le,rurt

SiO2 (nenpoepavunft xnapu)



Fe
Ni

st
Ni
Ni
N i
Ni
N i
Ni
Ni
Co
Fe
Fe
Fe
Fe
Ag

I 550
1500

1450
1500
1500
r500
r500
r550
t500
t500
r500
1550
1550
t550
r550
t200

CaO [572, 573]

Baxyyrrl
>)

Tioz [565, 566]

t32
135

Ag

lenrefi
Baxyyll
Boaopo.q
fenr.rft
Apron
Baryyna
BoaopoA
fe.nr.rrl
le,nufi
Baxyyr'a
Boaopoa
fe;rufi
Aprou
Bos4yx

YzOs [574]

I 
u".nrnu"

crros [575]

Aprou
Baryyna

)

>

I  107* r04
I43
t20
l12
104
143
t2l
109
72
84
0
0

73

)90, rueraaa
npocaqHBaeTCt

Fe
Ni
Ni+2%C
Nt+3,8%C
Ni+7,5%C
Ni*l7oCr
Ni*5%Cr
Ni*10%Cr
Ni*15%Cr
Ni*257oCr

I550
1450
I 450
r350
1450
1450
I450
I 450
t450
t450

I 000

t000
t200
I 000

88
65

I03
98
90
85
96
98

103
105

52
57
0

FerOr [566]

Sn
Cu
Sn I oo;""

I 
BaxVyrir

406
407

Ni
Co
Sn*0,4%Ti

CoO [566, 573]

Aprou
)

Nro [566]

Aprou

Apron
BosAyx

ZrO, [565]

Bo.qopo.q,
feaufi
Baryyrr,r
Bo4opo.u,
le,nufi
Baxyyrrr
Boaopoa
fe,ruri

cdo [567]

Aprou
Bo4opo4

Tio, [565, 567, 260]

lenr.rfi
Bo,qopoA

t500
1500
900

Cu
Ag
Sn
Ni

Fe

Ag

Ag
Ag

Nio [566, 573]

1550 
| 

ao.on

CuzO []

980 
| 

Aror + 2olo 02

Zno [562)

r200
n25
920

1500

I I60
r200

I450
1450
1500
t500
r500
r550
r 550
r 550
i " . ,

1500
r550

Si
Si
Ni
N i
N i
Fe
Fe,1
Fel

Ag
Ag

970
970

58
70
87

68
66
27
70

88

r06
90

7 l
7 l

l 1 8
t30
t20
92

i l l
102

n2
90



.|

I 550
I000
1300
1900

200-500
r 100

1100, nocne
Bbr.qepxrn B Te-

\euue 22 \r
t420

500- I I 00
400-700
500- I I 00

I(orrruarnal'
50
50
50
50

100
00
00
00
00

t00
r00
r00
500
500

fe,rufi
Bosayx

Bo4opo4

UOz [567, 260]

Bo4opo4
Aprou

)

Crexno [ l ]

152-40
130
46

90
I40- l  l0
137-124
r r8-95

100
90
qn
92

Na
A I

AI

Si
Sn
Pb
Bi

Hg
Cu
Cu
Cu
Cu
Ag
Ag
Ag
Ag
Au
Au
Au
Au
Ni
Ni
Ni
Ni
Pd
Pd
Pd
Pd
Pt
Pt
Pt
Pt

1500
r500
t600
t600
1600
I600
t700
1700
1700
1700

Bosayx
fe,rufi
BoAopoa
Boe.(j'x
Asor
lenuft
BoAopoA
Boervx
Asor 

-

lernii
Boaopo.q
Bosavx
Asor 

-

fsrrzft
BoAopo,u
Bogaix
Asor 

-

fetnfi
Bo,topo4
BosAvx
Agor 

-

lenrart
Boaopoa
Bos.{yx
Asor-

I49
60
60
0
0

70
I J

0
0

60
45
OD
53
bb
60
0
0

55
40
25
20
60
43
0
0

408

Knapqeroe creKflo lSZZl

Hg

409

t t l, l , l ' 1 4

Fe
Fe

Fe
Hg

Fe
Fe

Hg
Na

Hg

Hg

Hg

Hg

1600
I 600

Xpouomaruesnr 15771

Bosayx
Asor

Marxesxr [577]

Bos4yx
Agor

Xpounr [577]

Bos,ayx
Asor

63
t02

90
il3

72
8l

t37
90

1600
O R

r600
r600

Crexno [ l ]

Kouuarsas 1+8 u)l eosayx
300 

| 
BaxyVru

9epnufi upauop [579]

KouHaruas.. I no.oy*
I

,{na6ae [579]

I(or,,ruaruax I ooroy,
I

Herueqrnfi rpaHrr [579]
I

Kousarsan I Boeayx
I

Kamqur [579]
t '

I(oruuarHan I Bosayx
I

Ilupnr [579]
' |

Konrnarsas I Bosayx

ftrcna [1]

149

t42

134

l4 l

t42Hg

KouuarHas lnorav* | rm



<Deppur (42,8010

Cu

Sn
Cu
Cu
Ni
Co
Fe

Oeppur

Fe
@epporraapra-
HeIl
Cuarxouap-
raHeIl

Fe

Craat
( l  ,60/oC,
0,2%oMn)

1200

(400/e Fe2O3;

I  100

Fe2O3; 42,Qlolo MnO; l4,Bo/s

I Baxyvrrr
| "

4070 MgO; 20oie (MnO;

I or*yy*
MgO. Crros.BMgO.2CrzOa [b66]

MarHeanr I l ]

r 560
I560

r560

OruJlaxosannufi *rarnesnr
I

1560 | Aaor

Xporuouannesur Il]
Tnn Arrraocrpepa CO

r050
IIIaar*r

Asor

t050

IIIlar*2

Asor

Asor
Agor

Illrefin* |
(Ni -2t ,8%; I
Fe-.49,9: I
s_25,3%) |

IIIrefin I
(Ni -21,8%; I
Fe-49,9%; I
S-25,30/s) |--liillIl-n"*u,

' 2 ) t

Mgo [566])

l n u
-MgO*CoO)

67

r55
164
t60
133
l t 3
90

126
79

r05

100

r66

35

26

4r0

' ur'4r'??bioib.n"%?.T'3ff' 
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3. C'OR KOCTb N POTIIB AENCTB }I' PACNJIABJI EH H bIX
METAJIJIOB, CNJIABOB I,I IIIJIAKOB

Peane8 r
TeMneparypa,

oc Xapaxrep EsanMoAcficrBns

I

Ni
Ni
Be

Si

Nb

Ti

Zr

Mo
c

N
N
Tho2

ZrO"
Meo

Al2os
Mgo
ZrO,
IIInuuenr

Tho.

1600
r800
1800

1600

1800

r800

1800
1800
2300

2000
2000
2100

1800
1800

1900
1900
1900
1900
1900

Beo []
Pearquu ner (ren)

) >

Be ue nponntblBaer oxucb 6epu.lt.nua, g, no'BI{-
aumornry, c nefi se pearnpyer (re,n)

Hegsaqutemnoe ssanMoAeftcrBue, flpocaqltBa'
HUe pacnJraBJleHHoro KpeMHnf no rpaHluaM
sepen BeO (ren)

floqsrqetcs touxtlit nepexoAnufi cnofi, npo-
ucxo,qur ne6oaruroe paspyllreune rnr.lls
(rer)

Koppoaur BeO, nnurnnaune Ti, reMHoe oK-
paur{BaHue rurrr (re;r)

BnurbrsaHfie Zr n paspyurenue rnrla (rur)

He pearnpyer (rot)

HaquHaercq peaKuuq, yrorb noKpblBaerct
nlenrorl MeraJlJlnqecKoro BHAa (B)

Xe;rrnfi HaJIer Ha rurne (n)

Cepe6pncrnft Harer Ha ruure (a)

flltasreHlre c no,'IHbIM pacuIaBJIeHneM npu
24zs K (B)
Jlerxoe npLIJILInaHIre u on.nan,reuue (n)

flossrqercs xnAKaq $asa, npouuoe npIrJIn'
rraHue pacnJlaBa K Turr'IIo BeO (e)

Calrsas peaxunx (s. o)

Cnmsas pearqllfi I{ pacnJIaBJIeHue (n. o)

Cu;rruas pear<uun (a.o)

, (s.o)

u (s.o)

Mgo [ l ]
AogomHo cHJrbHoe nsalrMoAeftcrsue, n,'raB-
neHue nepexoAuoro cnoa (rel)
He pearupyer (re,r)
Pearupyer t,r nponr]rbrBaer
Tnre,rr us MgO (re.n)

Ni

Mo
Be



I

Si
t:;i"" 

Pea*qlra Hal4r0

r600

I800
1600
I800
r800
2000

noBepxHocTlt Tr.rrJrfl

si

Zr
Nb
Nb
c
N

Mo
BeO

Mo

Ni

Ni
Ni
Nb
Nb

Ti
Be
Be
Be
Si

Si

Zr
Zr
BeO

tUnune.nr
ZrO2
Tho2

r800
r4l0
r 600
r800
I600
1800

r600
1900
1600
1800
l4 t0

1600

1600
1900
r900

1900
1900
r900

{5rqqpe. reaulro,4eiicrare, o6pasonaune
Mg2SiOa (rea)
Ctlruoe rsauuo4eficune (re;r)
Pearqua uer (re;r)
Cna6as, peaxqr.rs (ren)
Haqa,no peaKqr.rn, BoccrauoBreur.ra net (o)
Boccrauosreuue MgO.uerxoe rpr.rJrnnaHne
( B )

Cepe6pacu,rfi Harrer Ha MgO (o)
flosnrqercq uoear easa, npuJrunanr.re MgO
u BeO (n)

At2os [ l ]
Pear{un uer (ren)

; 
'" t"l'

Cna6an peaxqun (ren)

Cta6as peaKrlr{s c o6pasonauueu Nb:Os
(re,r)

Cna6an peaKqr.rr c o6paaoeauueu TiO2 (re,r)
Cxnr,uas peaxurzs (re;r)

Peaxquu uer (ren)

Cta6as, peaKui,rn c o6pasorauueu BeO (ren)

l,{96_an peaKrlus c o6pa3oBaHHer,l SiO2 u
3A12O3.2SiO2 (re,r)

C_uinrya1 _peaKllrr c o6pasoaaHuer,r SiO2 v
3AlrOg.2SiOz (re,r)

Cna6as pearqur c o6pasonauueu ZrO2 (re,r)
Cunanas, peaKqrr{ c o6paeoaauuerrl ZrO2 (re,r)

O6pasonaune uttr{He.lg Ha noBepxHocrn Tur-
.na (n.o)

Oqeur c.na6as pearqua (n.o)

Cnnruas peaxqr.rff (B.o)

To xe

4t2 { 1 3

w

Mo

2080

2080

2080

2700

Atros [305]

Xuunqecxas peaKrl lrs
WOg (n)

BgaHlroaericrnyer c
MoO3 (a)

Axrusgoe xt,tMuqecKoe
paBJro)KeHIreM Al2O3 (n)

A l2o3 [ l ]

ArrusHoe xrrMrrqecKoe gaaur'{oAeficrsne (s)

sio, [305]
AKr[sHoe xlrMuqecKoe sgaul{oaeficrnne c o6-
pa3oBaHrzeM WOg (g)

cao []
O6pasorauue MeraJIJInqecKoro KaJrbur{g u
xap6ura (yr. CO)

Tio, I l ]
Pearqufi uer (re,r)

Pearquu uer (re;r)

Cna6as pearqlra (rer)

Cunnuan pear[ur (re,n)

Cla6as peaxqua (re.n)

Cnnrsas peaxuua (re,r)

To xe

Xr.rrrtgqecroe sgaliMo.u,eficrsue c o6pagogasv.
errr WOg tI HII3lIlHx OKIICJIOB rurana (e)

Xulrn,recKoe ssafil.roAeficrBue c o6pasosaun-
er'a MoO3 (r)

Cr.nrsoe xuMuqecxoe sgauil{oreficrsue c o6-
pagoBaHr.reM oKLIcnoB tanra;ra (e)

AKrasuoe x!.IMrrqec(oe ssaul\,toAefictsue (a)

c o6pasoaanuerr,r Al

o6paeonanneu Al

83Al{MOAEHCTBIIC CTa

Nb

2080

C

Mo
Ni
Ni
Ti
Be

Si
Si
Zr
w

Mo

T ^

Nb

2000

r600
1450
r600
1600
1600
l4  l 0
t6 t0
1600
I800

1880

1880

r880

VzOs [305]

AxrusHoe xuMr4qecKoe nganMoneficrslre
o6paeonaHueu oxr.rcd'roB ro.nrQparraa (n)



i

I

Mo
Ta

Nb

Pauaoptr
coaeft
TpexBa-

JIEHTHOTO
,(eJIeSa

To xe

Mo
Mo
Ni
NI
NI

Nb
Nb

Ti

Ti
Be

Be
si
Si

Zr

Zr

w

Mo

Tho2

700
700
700

1600

r800

t410
t600
r800

t600
1800
1400
t600
1400
r600
l 4 l 0
1600

r600
1800
1600

2200

2200

Axrzsqoe xr.zMurrecKoe ssau[4onerlcrgue
ArtusHoe xl.IMr{qecKoe ssauMoaeiicrst.te

Arransoe ssanlaoAeficrsae (n)

cuo [1]
Coorsercrnyrcque coJrr{ 4nyxnaleuruoft ue-
an Fe(OH)g (s)

Cuzo [l]
!6pacyer rpeppur, ycrofiuuer,lii strue l37B K
( B )

ZrOz [l]
Peaxqun ";t ,n

> )

> b

Peaxquu uer (re,rr)

Cna6as, peaxuun (re,r)

Cunruag pear<uux (re"r)

Pearuun uer (re,r)

Cna6as pearilrrs c o6pasonauneu TiO2 (re,l)

Peaxquu uet (ne,r)

Cna1an peaKqnfi c o6pasoaauuelr BeO (re.rr)

Pearquu trer (re.n)

Cnmsax peaKII[ t  i  o6pasoeauueru SiO2
(rer)

Pearquu uer (ren)

Ha rur,re xecrxuft Ha,rer, Ma,'tbre LIgMeHeHus
to 2273 I(, nocne qefo 3aMerHoe pasJroxe-
ulre (n)

.ll,er4oe npt.rJrunaHue, pa3Jro)KeHr.re
zs73 K (n)
Jlerroe nplrJrunaur.re, orcyrcrBue >KnAKofi
3br nplr 2573 ( (n)

npn

Qa-

4t4

w 825

4t5

BeO

lpaQHr

Meo

Al2o3

Mgo

IIInuuelr

Vrom, no-
AopoA, na-
pbr cephr

Cunuraru
x{e.rle3a

Kuc,rne n
cepHoKr.rc-
,'IbIE COd'II,I

HaTpng u
KaJILIfi, CO-
nr.r (propn-
cToBoAo-
po4uoft
KUCJIOTbI

N
(-

W

j\{o

Ta

Nb

1900

I 600

2000

1900
1800
r900
1900
1900
2000

Brue 2000

-2000

1460

1460

1460

1460

HesHaqzrenrnoe npn,TnnaHr.re BcneAcrB[e
n,'raB,'rerrur, noJilHoe pacnnaBfleHue npu
2273 K (B \

Boccrauon.nerwe ZrO2, o6pasonanue xap6n-
A A  ( B )

XnArian Qasa, npunapr.rBaHne npu 2373 K
( B )

Cnruuas pearqug (s.o)

Oqeul cra6aq peax{Hq (s.6)

Cna6as peaxquq (s.o)

Oqenr cna6an peaxuux (a.o)

f loqrrr rre pa:leaaercl (n.o)

Bsaulro4efi creyer (n.o)

,[,ericrsyror oqeub MeA"'reHuo (n.o)

O6p asyrorca narpr.rAbr

O6paayrorcr xap6rzgbr (r.o)

Nb2o5 [305]
AKtzsuoe xuMlrqecKoe nsauuo4efictnr.re c o6-
pa3oBaHueM WOg (s)

AKrHenoe sganMoAeficrgue c o6paeorauuerr,r
MoO3 (a)

AxrfieHoe esauuoAeficrnue (e)

Xzuuqecxoe nsar.rruoAeficrnne (n)

MoO3 [305]

AxrlteHoe xnMuqecKoe gsaulroreficrsue
pagoBarureM oKIIc,'roB oo.ntQpaua
WlsOae (n)

c o6-
Wor,



Tho2
Be
Me0
CaO
Al2Os u
Apyrre
OKIIqIIbI

Cr2Ot

W -*"*r{0."

M o 9 i U

Ta
Nb

w
Mo

Ta

Nb

Pt

Mo
Ni
Nb
Ti
Ti
Be

Si

l 9 l 0

r  I  lg l0 _.

l9 l0
l 9 l 0

1490 t; 
-

1490

1490
r490

1800

r800
1600
1800
1670
1800
1600
1600

4 r 6 27-3r2

AxrltsHoe xilMr.IqecKoe esanMoreficrsile

Axrusuoe nsaurr,ro4eficmue (n)

' ceo []
,[,aer clrecu, nJraBrxruecfl nurue 2600'C (e)

.Il,aer enrextuxr-t

)> >>

>> >)

> >

O6paaydrcr  Cr2O3'CeO2

TazOs [305]
4xruru_o_e-nsauuo4eficrnte c o6pasonaHueu
TaO u WO3 (n)

ArrusHoe usazuo4efictrlre c o6pagosaHrlelt
MoOs (a)

AKrxsuoe xriMr{qecKoe sganl{oAeficrsue (u)

Axrunuoe seauilroAerictsile (e)

wos [305]
Axrusuoe asararraoAer?craue (n)

Axrugsoe nsauuogeftcrane c o6Dagogauze[4
oKr.rcJroB MoOs (r)

Axrnsnoe asaurrao4eficrnue (n)

AKtfiaHoe xrrMuqecKoe osar.ruogeficrnr.re (s)

Tho, nl
Tfirnn us ThOs ne noABeprarorcq pa3pyruenr.tro
u IrepeHocrT nraBKy nJraTr.rHbr B oKHcJrilTe"lb-
Hort cpeae (s)

Pearqnn ner (ren)

> >

Cna6aq peaxqrzs (nen)

Pearquu ner (rer)

Peaxquu uer (ren)

Cta6an peaKqrrs

AxrnsHas pearuux (re,n)

Zr
Zr
fpaQur

BeO

Meo

w

Mo

Al2os
Mgo
BeO
ZrO,
lUnuue"rr

1600
1800
2000

2100

2200

2200

1900

1600
1800
1800
t800
1800

Peaxu.uu Her (re.n)

) )
BoccraHosrexue ThO2 c o6pasooaaueM Kap-
6uaoe (a)

fl,raaaeHue, noruoe pacnnaB"'leHne npu
2473 K (B)

Paspyurenue ThO2, npflrHnaHur K Tnr.'rK,
Her (B)

HesuaqsrenrHoe BoccraHoB;reure Th02, cJta-
6aa peaxqna npu 2573 K, cn,nrnoe rpuBapn-
naHue (a)

Cna6an peaKqufl rc 2573 K, npuauuauue r
rur,nrc (a)

Pearquu ner (n.o)

Cumuas peaxuna (n.o)

Peaxuuu uer (n.o)

> )

c 1500

I I p u u e c a H u e .  C o x p a u , e n n a  s  c x o 6 x a x  o 3 n a q a r o r  a r u o c $ e p y ,  s  r o t o p o f i
npoHcxo,l.ffT BgauMoAeucrBne pearenra c oKHcJroM: B - BaKyyM; te"'t - tenHE;
B. o - BoccraHoBt reJlbHo-oKnc.[BTeJlbHafl arMoc$epa, xapaKTepHar 4.na raaoaofr
nequ;  y r  -  y rnepoa.

Uo, I l ]
C rervneparypsr 1623 K Ha,ruHaercq pearupo-
nanue, eQSexrunuo rpoAoJr)Kapueeca npn
ycnoBr.ur MoHoBapr{aHTHoro paBnoBecna (n.o)



TJIABA X
II,IATPAMMbI COCTOflHIIfl SI,IHAPIIbIX
crIcrEM oJTEMEHT - nr{CJTOPOA

B eroft rJraBe npuBeAeHbl.AnafpaMMbr cocroruuq 6uuapnux cucreM
l t  K HeKOTOpbIM r.t3 HHX AaHbI OIIUCaHU'.

0,%(an.)
q5 /,0 t5 2,0

. troC

2000

1600

41205
Tnt

t,'C

-2050

-2000

- t9s0

-t900

-t8f0

-1800

0 20 40 60 60 t00
Al2o3 Al

Al,%(no nacce)

Pnc, 41. . l l ,narpavua cocrorHlrt crl '
creuu Al-O [5801

0'J { puc. +0. , l l ,Harpavua cocrotHilf l cH'
c reuu l  Ag-O I16 l

Puc .  42 .  AuarpaMMa cocro tHHt  cHcreMH
Am-O [581]
A-  rexcarona l rHag AmrOr ;  C-  susroreu '
neDarvDHat  AmOr;  C '  -  Bb lcoKoreMtreparyp '
sa 's  A i r i zOs;  1 ,  11 ,  1z-AmOr- ,  '  AuarPavua

oxBarblBaer cocroquut s o6racru Am-AmOr.
flon orHouexult 0/Am( I,5 Ha6nro4aercr
4dyxgasHar o6lacrl Am+AmrOa ' Am2O3 cy'
lqecrByer  e  a ryx  r *oau$HI (aq i l f l x : ,HY3Ko-

z ,u  leMneparypHaf l  rbopua C (o .  ( '  K . )  t r  Bb tco-r t .  K.)  n Bblco-

0 q t q 2
Ag o, T" (ro t'tdcce )

xorer'airepiiypHai <bopua A (rexcaronarr'
nan). IIbu 3'50'C t pe3yJlbrare ggauuo.a.-efi-

AmOr,n8o6pasvercs coe,a,qHeHHe AmO r,o, 
(tbasa

Haf l ) .  f lp f f  350"  c  B  pe3ynbrare  B3a i lMoaea-
crgug o6orauleHHofi KxcnopoaoM Sa3bI C c
O ' ." (tbasa C'). f lpu 6olee gstcorux teu'

rreparypax o6racrs rroft Sasn AoxoArr ao 0/Am:1,68. f lpn reuneparypax Bblue
1020"  C u  g  o6 lac tn  coc taBoB 1 ,7<0/Am<2,0  cyqecrByer  rpaHel leHTp i lpoBaHl la r

xy6uvecxaa $aea 1(AmOr_, ). 6o.nee Hu3KriM TeMneparypaM coorBercrByer aByx-

Qasnaa o6 .nacrb  Tr+T2 -  4ayx  c la r  A^O2_"  pa3Horo  cocraBa ( raKxe r .  q .  x . ) .

IIpn,qaaruefiueM noHr{xeHHu reMneparyphl AByxOa3Haq o6racrr cocroilT ff3 Sa3
c' o "lt, a npri KoMHarHoft reuneparype @aea 11 cocraoa Arnot,gg HaxoAurctl

B paBHoBecni c C-AmrOs.

4 1 8

troC

- 190

- 200

-ua

- 228

- 2J8

- 248

- 258

0 2 0
A r

40 60 E0 100

oz,"/"

Puc.43 . , I l , ra rpavrua  cocroqHut  cucreMbt  Ar -O l l l .  Hnxe annnn coJ t l tayca  pec '
noroxeHbr oaio$assrre u agyxdrasxue o6;racrn rBep.q.blx pacrBopoB. B qacrH crr'
cteurr,6oraroft aproHoM, HenocpeAcrBeHHo noa nHHHefi conH,lLyca HMeercfl oo'
uHpHas o6aacrr rovoresHocrx Qisu c rexcarogaargofi nJlorHoy-naKoBaHHoil cTpyK'
ryfofi.3ra Saea n vxctou aproHe sBJttercq lt{eracta6fl lsHofi, Ho yrxe Manbre
KonnqecrBa KncJropoaa ee cra6ulusxpytor. f lpu nonuxeHHblx reMneparypax- oHa
trepexo.zlrrr B rpaHeqeHTpr.rpoBauHytg iy6xvecxyro $aey, co4epxaq,yn or I ao
20blo or. f lpu io4epxaunrr or 20 Lo 500/o oz reKcafoHaJrbHat @asa coxpauaercn
Ao -273 'C.

Co cropoHrr, 6oraroil KHcJropoaoM, AHarpaMMa yc.noxHflercq u3-3a npeBpau{e-
Hufi, nponcxoAculr{x B KHcJropoae. T-or pacrBopsror ao 12,506 Ar, nocne qero o6-
pa3yercr untpoKar (or 55 ao 87,5% Ol) AeyxQasHar o6lacrl - pacrsop Ar o
V-Or+pacrBop KHcropoAa g  rexcarosa lsHou Ar .

p -o2  pacrBopf ,e r  ao  2106 Ar ;  npn 6oree sbrcoxou coaepxaHHH Ar  TaKxe Ha-
xoaHTcs B paBHoBecHH c  reKcatoHanbHoi l  $aaof l ,  o6pa3yq AByxOa3HyIo  o6nacrb .
c[-Kucropo!. Moxer coaepxarr Ao 200/o Ar.

Mexav o6 .nacrqMu foMofeHHocrn  6as  c  H reKcafoHarbHof i  o rKpb l ra  c rpyKTy-
pa, o6osuiueuaar 6yxsofi 6. fIo;roxesue rpaHtrubI o6lacrn srofi fraau co cropoHbl
nosHuesHoro coaepxaHtt KHcnopoaa He Moxer 6blrb onpeaen-eHo oAHo3_HaqHo,
raK xax o6racrl riexay 80 u 901/o Or orlrocltrcs HnH K Oa3e 6, uln x Qase o
B 3aBhcriMocrlt or ycloaufi [otyrleHug o6pasua. Ecau o6paseq c coAepxaHueM,
r ranpnvep,  S0% 02 HMeeT crpyKTypy ?  H 6Hcrpo oxnaxAaercq ,D.o  reMneparypb l
HHxe npeBpaqeHxn p-c  (23 .5  K) ,  npo.u .yKToM npeBpau leHHs qBr te rc t  0 :  ecnH xe
gror o6bas'eq dx,naxaaercq us o6.nacru, r4e oH cocrour r.rs $asrr p, ro a peay.nr-
Tare noJryqaercr qxcraq d-crpyKTypa. floarouy Ha AgarpaMMe noKa3aHb! nyHK'
T f fDoM, ! ,Ba no , roxeHKg rpaHHubl  MexAy o6nacrb to  @ H npe.u ,nonafaeMon AByxQa3 '
so i l  o6racr l rc  c+6.  Oaga 0  r toxer  cyuecruosaru  MexAy 55  n  90% Oz,  no  nPu
oxJra)KAeHHH ug o6nacru p - uexg,y 55 u 80% Or.

fercatoflQtoila?

27*
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1000

600
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Ce92

1,9 2,0

omrcwenue 01Cg Geo2

Psc.  45 .  t lac ru ,4urpa l rubr  cocroqHst
cncreMbr Ce*O [l] s o6,racrn cocra'
ron  CeO.  ^ -  CeOr  H oonacrn  re { -

I . O

neparyp 0-1073 K.

1,7 1,6
Ce20t

1,9 1,8

ce0n

pvc- 44..I l,uarpauua cocrosnsc c[cteMbt Ce-O(or CerOs ao CeOr) [11. B cucreue
CeO nssecrHu rlaau: A-CezOo (rercarora.nrsaq), C-CezOs (xy6xqecxas)
roMoreHHas or  CuOt ,65 l  ao  C"OI ,688 rp t r  1023"C ( rouHee 1028 'C) ,  6 -6asa

(CeOr , r r )  1 -$aaa (CeOr , r r ,  ) ,  F -6asa (C"Or ,a ta  )  n  t r -$a3a (CeOr) .  Ha puc .

npHMepHan aHarpaMMa s  o6Jracr !  CeOrCe:Or .  lDasa 6  c ra6grbHa.qo reMnepa-
rypbr  1023 'C,  BHue Koropof t  oHa pa3naraercn  c  o6pasoaauueu C n  @.  Mexny
reMneparypaMt{ 636'u 1023" C nucoxoynoprAoqeHHafi Oasa 6 cyn{ecrByer B paB-
HoBecrn c HeynopeAorreHHofi Oasofi C.O 

l,T2+, 
n <lasofi C(CeOl,Z0_g). HHxe

600" C soeuoxso cyqecrBoBaHne AByx rnnoB paBsoBecnq (oHs noKa3aHH rra
aiarpauue nynxrnpoM): l) clasa C paslaraercr rro gBreKToHAHofi peaxuun na 6
n CeOl.S; 2) ge6exruar $asa C ynopn.u,oqltBaercs c o6paeonanueu crexuoMer-

pnsecxofi Sasu cocraaa C"Ol.OZ.

Taxxu o6paaov, ux>5e 600'C sosuoxso cocytrlecrBoBaHue AByx AByxQa3Hbrx
o6 lacre f t :  C"O t ,Z+*COI ,6Z t  CeO 1 ,67+CeO t ,b .  

VnopsaoqeHnaq 6a3a B

(CeOr , r r r )  npn 693 K nepexo4nr  r  ry6xuecxyo a ' -gasy .  Asyx$agsaq o6racr l

4'*o yueusuraercs c pocroM reMneparypbr lr ucqesaer npn 685" C. Bhrue 3Tofi
T€Mtreparypb,  Oa3H c [ ' r  c  HAeHrHqHbr .  VnopsAocesHar  $asa 1  (CeOl ,7Zg)  pa3.

ra raerc l  npx  reMneparype 600 'C c  o6pasonanueu $as  o  u  0 .
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Psc. 46. t lacrb AnarpaMMbt cocrosHnr cncreMbt Cl-O [5821

Pnc.47,,lJ,Harpauua cocroqHus cucreMu Cm-O [583] DpeAnonoxnTeJrbnar, cocraB-
ileHa nO SHaJIoruu c AEarpaMMaM[ JraHTaH[AoB Ce-O, Pr-O, nocKonbKy gKcue.
puMeltTanbHo [onyrreHHbre uao6apu reMtreparypa - cocTaB orreHb cxoAHbr c cooT-
BercrBybulnMn KpnBbrMu Anq ortrcJroB peAxo3eueJrbxbrx gJreMeHToB. flynxnrpnue
Jrntrrrl orreHb rreonpeAereHHbr; TeMneparypbr nepnreKTofianoro pacnaAa 10il) 'C
J.rs Oasbl d u 500" C Aaa $aau 0 nu6pauu opxeHrxpoBoquo.

<Dasa i  npruepHo coorBercrByer  CmOr, r r ,  Oasa 6-CeOr , r r .Aar  o6osnave"

Hun Qas [crroJrbgoBaHa repMutroJrorus, npnntrat aJrt oK]tcroB aanraun4os, Qasa
6 uMeer AoBonbHo lrrlpoKyro o6aactt roMoreH[ocTr{. tDasa cocrasa HecKoJrbKo
snxe 0/Cm:2,0, no-lz,trxrrrouy, noAo6sa uecrextroueTplnecxofi <!ase O oKlrcJroB
JaHTaHrrAoB. HecrexnouerpnsecKar- Oasa, o6napyxexuar nprr BbrcoKllx reMnepa-
Typax, paccMarprrBaercr xax noAo6nan 6ase o B oxucJrax JraHTaHr.rAoB.

Eoarua-q ruxpxHa o6.nacrn $agbr i, Bo3MoxHo, o6yc;rooneua rpyAHoyAan[Mofi
npHMecbK, Am B uccre.l,oBannou o6pasqe.
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Fnc. 48. .{,rarpavua cocrosnur cHcreMH Co-CoO [16]
Prc. ,19. ,{,rarpauua cocrorHns cncreMu Co-O 12561
Pnc.50. Auarpauva cocrosnsr cf,creMn Cr-O [5841
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0,%(no Hdcce)
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/00

0
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ft00
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/5 25

0,% (am.S

Puc. 51. ,{,xarpauna cocrorHf,r ct.
creuu Cs-O 1686, r. Il

Pnc. 62. , l l ,xarpauua cocrof,Ht{q ctr.
crenn Cu-O [587]

0,%1an.1
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0,% (dn.)
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cu o,%(no uacce)

PEc. 63. ,[,naryrauua cocronHf,r cE.
creMH Cu-O 16881

0 2 0 4 0
Eu fu)nopod,%1noa.1

Puc, 64. ,[,uarpallua cocrorHnf, clr.
creMH Eu-O [689]

60
t t
t l

EuO Eur0a

)ll, ,+ Cu2O I 
l, ir,",

v'7
[u0 *

422
27a* 423

0 0,20,4 22,
F e i

Fe0

Puc. 55. .[,narparuua cocrosH[q clrcreMbr Fe-O. flpe,qcraBJregbr oKHcH],le coeAn.
HeHI-Ig )r(ene3a-BIoCTHT (TBepabte pacTBopbl KHcnopo.u.a B SaxxcH xene3a), Mar-
Hertr Fesoa rr reMarrlT FezOr. Baxanrnue uecra peurerxu BrocruTa nptr AonoJrr
HHTeJTbHOM OKIIC'eHI{II MOtyT 3aIrOJrHtTbCt I{OlIaMIt Kt{Cropoaa u TpexBaJteHTHoro
xeJle3a, no9ToMy BtocrHT oKa3brBaercg pacrBopou nepeueHHofi KoHIleHTpaquH H
Ha AHarpaMMe npeAcraBneH He Bepr[Kanbuofi aunuefi, a o6aacnro (FeO). Mn-
HI-IMAJIbI'O BOSMOXHOC COAEPXAHUE KNCJTOPOAA B BK)CTHTC NOIITN HE MEH'IETC' C
TeMneparypofi,__npeAenbnoe coAep)KaH-He gaMerHo Bo3pacraer nptr rroBbr[leHxt{
TeMneparypbr. Hnxe reuneparypn 570'C, npu xoropofi npoHcxoAur gBTerronAHoe
npeBpalqeHue Fe@ +FesO.+4FeO, gaxucr xeaesa He Moxer cyulecrBoBarb Aax(e
B pacrBope.

rlpH [oBbtueHHblx reMneparypax Bo3MoxHo AononHHTerbHoe DacrBopeHtre KHc-
ropoAa B FerOa, qro [pHBoAHr x o6pasonanurc o6racru (Fesor).

PacrBoprMocrb KHcropoAa Bo Bcex uogu$nxaqnxx xeJre3a MaJta,tI noroMy
npucyTcTBHe XH_CnOpOAa He Bbt3brBaeT HSMeHeHHr TeMrrepaTypbt nepexoAa x(ene3a
us o4xofi ruo4u$nxaquu B Apyryrc. Ha 4uarpauue 9Tr{ TBepAHe pacrBopbr ycroBHo,
He B Macrrraoe, orpaHI.IceHH nyHltrHpnblMu JrtHgqMH. pacrBopHMocrb KlrcnopoAa
B Fe6Aocrnraer Bernrlr.rHbr oxoao 0,005% (no vacce), a n Fe, osa uecxo.lrlxo

MeHbue. flpeapaqeuue Fe? +Fe 
ogconpoBoxaaeTcr 

yBerHrreHneM pacTBopuMocTn

Kr,rcnopoAa, flptl 900'C [peAerbHoe coAepx<an[e KrrcJropoAa o Fe., npu6nuxaercn

x 0,030/o u yMeHbUIaerCt C nOHHxeHIieM TeMnepaTypbr,
B pacnaanaeHnoM cocrosHr{H Ha6arcaaefcq'unpoxaa o6;racu HecMert[Ban-

ulilxcr x_uAKo_cTefi - pacnraBa pacTBopa KucnopoAa B xeJrege Xr u pacntaBa
oK[cJIoB /(2. I-eMrrepaTy-pa trJraBJreH[r BrocTuTa rr [peBpauleHns €ro s Xz nogu.
Iuaercr c l37l .qo 1424" C no Mepe yBeJrr.IqeHHr co.u,eDxaHHs B HeM Kr{cJroDo.tra.
MarHerxr FesOr naasurcq xoHrpyenrlro npn 1597'C, npespaqaqca s Xl

o4UOpO4UaA O6AaCrr CyUIeCTBOBaHUS ,(r OrpaHusUBaeTCr, C OAHOft CTOpOHbr,
cocTaBaMH >I(HAKOTO BTOCTUTa C [peAerbHo RX3KnM COAepXaHneM KIlCnOpOAa H,
c Apyroil cropoHbr, nffHl{efi MaKcrMaJrbHo BogMoxEoro coAepxaHHr K[cnopoAa
B X, B nprcyrcrBHH rasoo6pasnoro KrrcnopoAa rroA AaBneHHeM 100 xfla.
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FeJC4 Fe2A3
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Pnc. 56. 9acrr 4narpauMbr cocros-
HHs cr-rcreMbt Fe-O lll xaparrepH-
syeT npeBpaqeHus B TBepAOM COCrO-
nr_x^H ^B HrrrepBane reMneparyp 600-
1300" C npu coAepx{agHu RtrcnoDora
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Prrc. 57. .fluarpauua cocroflHus ctt-
crerau Ge-O [586,  r .  I l ] :

craOHJIbHoe DaBHoBecHe
- .. 

:--- Melracra6l.rlruoe paBHoBe-
cEe c Geor(fl)

veracra6n;rr,noe DaBsoBecne
c GeO:  ( l )

0 1 0 2 0 J 0
E' '  O,%(am.)

Puc.  59 . , I IuarDavua cocro f lH f f r
creMbr K-O [5901
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Puc, 58. ,I l,uarpamna cocroaHHff cl.r.
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Puc. 60. ,Il,uarpauua cocrotHl{t cu-
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P[c. 68]_,4rarpaMMa cocroflHxr cu.
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Puc. 69. 9acrr nuatpar',rMbr cocror
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Pnc. 70. I l lxpnna dagoanx o6aectef, s ct
creue Pb-O'(or P6O Ao PbO, [6981
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Pue.7l.,[,uarpamua cocronuus cltcreMbl Pr-O [5991. Me)KAy nonyropHblM oKltc-
.rora PrlO3 B aByoKncbro PrO2 uMeoTcs [srb ycroftslrBbtx npII tloHllxeHHblx TeM-
neparypax y[opsAoqeuubrx $as c ysxofi o6racrrro roMoteHHocrlr, orHocsqflxcs
K roMo.lot[qecKoMy pqAy P, oO2n_2. 

Oxucau grl{ cJteAyrcuue:

Pr, Or, (P.Or,zr+) -ib".u /i PrnOru €rOr,zrs) 
- oaea E; 3.roOr, (PrOr,eOo)-

-oaea €i ntrroroe.or,ara) - @asa 6; orrrorr(Ptor,esg) - oaga 0.
Huenrcq  raKxe aBe HecrcxHoMerpHqecxue f tasu  npH Bbtcoxux  reMneparypax  u
AaBreH[qx :  o -  HH)Ke cocraBa PaO 

l ,6gn 
o-Bbr r le  cocraBa PrO r , r r .  F ' -sey-

nopqaorreHHarr $aaa p. 0 - gucoxoreuneparypHae $opua A noJryropHoro oKncra.
Ars 6otburHHcrBa yrropsAoqeHHbrx Oas ua6lrc4aercn nepxreKToxAHoe npeBpa.

x{eHltc c nepexo.[,oM B HeynoptAoqeHHoe cocTorrHne.

Pb304 l:Pb0x diPbox
2 - a nodu'\ EZ N llqednononu

PbO+ Pb:on
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parypEas PurOa; C, - BbrcoKo-
,TeMneparypHar.PurOa; ?, ?r, ?:_,uO 

2_*, B o6aacrx oinoneiiln
O/Pu)1,70 npr BHcoKux rexre-
paTypax [MeeT MeCTO rOMOreH-
Hat o6racrb Sasu nepeuenHoto
cocrara puOr_, (?). Aaa aay-
oKr.rcn [nyrour{a xaparrepuo o6.
pa3oBaHr{e oKHcJroB c HeaocTat-
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a =? p = il ?+ 0 =- 6, =' e 1521 . fl;ryrouut o6pasyerorncau PuO, purOs ii puOr. Cocrar oonyrop"o"o oiu"rr" uu*u""ercg or puO. -.
lo PuOr,Ur. Puror cyrqecrByer B AByx uo4t$uxaquax; c_pu2Os_o0".^r"ou#i.'
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(cM. pnc. 84). npr noHxxiesiux
HOCTb AByoKr{c[
(cM.  pHc.  84) .  l

roM r(ncnopoaa B npoTrrBonorox-
y-99rb AByollq{cu_ypaHa, o6pasyro-

reMuepar)tpax B yKa3aHHofi o6lacru cocrasbs cyqecrByer 4eyx$asuar o6aacruPuo2_, +puo2 r, (nnr ?,+?2). eur"e 300t-c;'-Fjto;iaj ;;i;;1i;;;;r;6;;i
H o6pasyer nooyro xy6nuecxyo gaay c,-purO! "n, puOl,6l (C,), OsterrorAnbrfi
Pacnaa PuOr,rl, yKa3anHbtfi Ha pr{c. 33, 6onee no3AHuMH uccneAoBasr{rMr He
noATBepar{ncr. Cyuqecraosanue npu rcounarnofi TeMneparype ibagr,r A (p_pulOr)

ff .tffiff if fxff lffiJ"i it-Ti5;r."o' 
rlro trp{ roun aiuo-n re il nepatvp ti' cvrqi-il

. B^o6.nacrn Pu2Oa-PuOz ar.rarpaMMa cxoAga c 4uarpauuofi cocrorHug crrcreMHAm-O (cM. puc.  42).
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Puc. 75, .I l,uarpauua cocroqHHq cI{-
creMbr Sc-O [2521

Ptrc. 76.,{,uarpauua cocrosuxff ctcreMbt
Sn-O [1 ] ,  cxeMarnqHa g  o6aacrn  Sn-
SnO2. Ilynxrupou uso6pa>r<eur,r rpaHurlbr
rlrlrorerutrecKHx oOnacrefi . Vcrofiqnsbruu
coeArrHer{tlr],rx rBnqlorcr SnOr (Ao reu-
neparypbr nJraBrennq 2000'C) u SnsOr
(xoTr HeKoTopbte aBTopht oTpr{qaror cy-
ulecrBoBaHr{e 9Toro oK[cra), SnO cy-
ulecrByer n rasoo6paanou x pacnJtaBneH-
HoM cocrosHuf,x. Buure 1040'C oJroso
pearupyer c SnOz, o6paeya SnO. flpa
ox.lax,qeHnu Ao 1040" C SnO saraepfe-
BaeT H OLHOBpeMeHilo ar.rccoqHHpyeT Ha
Sn il Sn3Or. Taxuu o6pasou, ycrbiicHsol
I(pncralJlwrrecRofi QopMbr SnO He cyule-
croyer. Huxe 400" C SnO uoxer 6nir
notyrleHa, Ho s lreracra6[tbnoM cocror-
HI.IH; npil HatpeBaHfln Bbrrxe 400" C oHa
pa3taraercr rro ypaBHeHHro 4SnO+
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PI{c. 78. .u,uarpauua cocrorHHt c]t.
creuu Ta-O [2531

Puc. 79. .{uarpauua cocrosHur cucreMbr
Tb-O [601]. ycraHoBneso cyqecrBoBa.
Hne rpex  @ae.  (Daaa 0  (TbOl ,8 f8 )ycro f i .

tI[Ba npll HU3KI{X TeMnepaTypax. B IrrI.
repBane uex4y 469 u 490'C oHa [epe-
xoAHr  B < !aay  I  (TbO 

1 ,214) i  6asa i  l ruq-

er ygryro o6;ract rotroreuuocrfi. B rH"
TepBaJre Mex.u,y 787 n 833'C ycraHoB.ten
nepexoA i+0 .  Oa3a 0  ycro fq f i sa  npH
EbrcoKHx reMrreparypax, sHue 700. C.
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Pr.rc.82. Alarpauua cocrorrrrr clrcreMn Tt-O 16021: TIOB.E -TlO-Bbtcor(oreM.

neparypnar; TiOE,T -TiO - HH3KoreMueparypnas. O6nacrb Tt_TlrO coAepxr"
MerarJrnqecxrre OaJbr cr (rcxcaroHa,tbHyro) 4 F (xy6Hsecxyto) u 6asy T[O neoe-
MeHHoro-cocraBa. Teuneparyp_a maBleHnr F-Ti 1660+10. e, ier,rnipaiypi-nei-iio-
aa c;l F 882+3'C. Oasa flrO (Ttrol_, ) llnreer o6racm rouorexnoiin, paiurx-
pqrcqyrccs c llosfixenxeM TeMlepaTypbr. B o6aacru uexAy TlrO H Tlror coleD_xarcq BHcoKo- lr HH3KoreMneparypHbre uo4xrlnraqun TiO (TIOB.T rr TiO;.;)
Tenneparypa repexoAa TtOB.r=TiOx.r  Haxo,[ ,Hrcq uex4y 9S0 u 926"C. 8-o6.
racTH-TlrOrTiO2.xaxo4rrca Tr-2o" T!19u, ceMb AHcKperHbrx Oas rononorHqecxoroprra ' I intJZn_1 (a or  4 Ao l0)  x TiOz.  Ti :Oo n.ra inrcq npr lg39t l0.C. TtaOr
nJraBHrcR xHXoHnpySHrrro,-ee,nep-HTeKTHrrecxaf l  TeMneparypa paBHa l7Z4+lO.C,
I  eMneparypa nraBleHur TiO, 1870" C.

Pnc, 83. .!,uarpauua cocroqHurl ctcreuu Ti-O
c. yqeror cy6oxcsAos [6031. Kpoue cy6oxcu4a
rlru, BXIIOTIeHHOIO. B AUarpaMMy, yCTaHOBneHO
cyulecrBopagHe cy6oxctaos TisO x- TisO. flep-
Bhrt o6pa3yercn Hs c-rBepAoro pacrBopa, Bro-
pon - npn xpHcTaJrJrHsautru. Ha npe4cran,reuHoit
cxeMaTuqHo qaCTII al{arpaMMbl cocTorHI.I ' I Cfi_
creuu Ti-O BHeceHbr Bce rptr u3BecrHsre cy6ox-
clraa; T-,0- u e-<!asrr [epeMeHHoro cocraBa co-
orBercrBeguo Ha ocHoBe TioO, TirO u TirO.
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PHc.  84 . , {xarpauua cocroqHr , r f f  c r l c reuu U-O I l1 .
B cncreue U-O orxprrro 6o,nluoe unc.no oxncnrrx $as
ypaHa; aocToBepHo ycTaHoBreHo cyqecrBoBaHue ilecT.
HaAIIaTH Qas u euqe u3BecrHbr He MeHee ABeHaAqarI.t.
B cBq3H c gTuM AnafpaMMa cocrogHHfl cgcreMbr U-O
c.[oxHa u eule He BnoJrHe u3yqeHa, B pe3ytbrare MHo-
rffx HccneAoBaHHfi cocraB.leHo MHoro BapHaHToB AIla-
rpalrM, npeuMyqecrBeHHo B nperenax RoMno3urlnfi
U*UOs.

flpuuo4uuue rplt AnarpaMMbr (prc. 84-86) aocrarorr-
Ho ttotHo npeAcraBtfflor I{Meloulnect cBeAeHHff o6 oruc-
Hr,Ix @asax ypaHa B yxaganHofi o6;racru, .{anuaa 4r.r-
arpaMMa cocraBneHa no pe3yrbraraM pt,u,a pa6or n
oxBarblBaer o6;racrr cocraBoB, onpeAeJlfleMbrx orHorre-
Hueu O/U or -0 ,qo 3, u urnporyn o6,nacru TeMtreparyp
or  200 ao  2800 'C.

+U

Pii:l

U9l.,U0i.x
-l-1-1f-
U (a) +rJg,

+ ol.1

0
2,0

0mtotuenue 0f tJ
0,05 0,/o /,3 1,5 /,7 /,9

665 75  85

Ulz,% 0'/o/7.)

ueozr i z
u2

2,1 2,2 2,6 3,0
0mnowenue 0/U

:

=

PJlc .85 . . [Harpauva cocro tH l tq  cucreMbl  u -o  [251] '  o /u  o r  2 '0  n 'o  3 '0 '  o6racr t
re l rnepary i r  0 -1800 'C,  y rovnexu rpaHHI Ib l  Qaeos l tx  o6nacre f i -  npH arMocQ^epHoM
:asreiuH.-VcraHoBJlelto cyulecrBoBaHHe SasoBoro nepexoAa II poaa y Ur()0 npfi
338 K, o6ycrowlenHoro niueuenueu cHMMerprH ltqefiKg or pou6oe,qpltuecrofi x
xy6nuecxoii. BbrqcseHo, cro npn arMocdepHoM-aaBJleHHu cyxlecrByer roJlb(o oAna
cra6 l r . ' r r r ras  uoAr i rbnxaq l rq  rpexoKt tcH ypa l la  i / -Uos .
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2000 Pxc. 86. ,[,uarpauua cocrotHut cBcreMbl
U-UOz s o6nacru BblcoKltx reuneparyp
[6041. nou6.nuxeHHafi. B >xuaKoM cocroqHnH
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Ii;: ' ff;.;?tt""reHHaq 
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Prc. 88. .fl,narpauua cocrosH[q cn.
creur,I V-VO 16061. florasanu o6.na-
crrr roMoresHocr[ OasH VrO (a') r
6agu VrO (T), reMleparypa nepE-
TeKToraHoro o6pasoraxnn Koropof,
onpeAereHa B 1185'C. ycrasoBJreEo
cyu{ecrBoBaHr{e gBTeKT[secKofi peaK.
rlr{rr MexAy r[asauu F x 0 npn 1640'C
x 29% (ar.) KncnopoAa. YTosHeHa
TeMneparypa neplrreKTBqecKof, pear.
uuu (1665"C) o6pagosaHuc 6asbr F.yToqHeHa pacraopl]rocrb KucnopoAa
B BaHaA[U, OKaSaBUatCt aBaqtrTenb.
xo 6oarme, yrasnsarureficn B npexr
st{x pa6orax. Onpe4e.rena reMnepa.
Typa KoHrpy3HTHoro nnarneHln Oa.gur 0(VO),  1790'C.

0 / 0
c2

rr O6pasyercn npr{ reMneparype Hr{)Ke ll73 K. CyqecrBoBaHHe arofi ifasur
oKoHcaTeIbHO He AOKaSaHO-*2 5 coe4uHeHnft c o6u1efi @oprray,nofi.

Kax_c.ne4yer Hs AuarpaMMbr, $asa p o6paeyercr no lepnreKruqecroit pear<qnfi
ugxaV JQ s 6orarofi aaxa4neu iuaxocrurir niru 1963 6, a 6asa 1, naxo,{xqaaca
MexAy vu H F, - B HHTepBaJre reMneparyp lg7g_1479 K. Do.nee no3aHr{Mfi uccJre-
AoBaHrsMu-ycraHoBJreHo rrep[TeKToHAHoe nperpauleuue o+p= VsO npn reMne-
parype d783 K.
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pqc. g9. .I l,narpauua cocroqH[r cHcTeMb-r v^-o 16071 g o6lacrn Bblcll lux oxucJloB
r r - i i i lH i  io i  i ,OS,S ao  -71 ,50 /o  (a r . )  O l .34ecr  y rovueuu o6racrn  roMoreHHocrg
oal Vo,igl, Voore(K), vro5(r"i, a rafixe Qasu V3O7, orcyrcrByloulefi -Ha rlpex-
riefi auarpaltue (pNc. 87). f loKa3aHo, B pe3yJrbrare RaKHx peaKlruff oopa3ylorcs
aru $aar,t.

Puc. 90. l luarpar.rua cocronHuq cncreMbl !V-O- t6^081. .{l-arpauua cxeuarnqna.,H-a
Hefi npeAciaereltbr coeAHHeHHq WO:, WrsOre, W2sO56 It WOr, AJIS Koropblx onpeAe-
.rena 

-ycrorlvusocrb 
npIl BbIcoKux reMueparypax; oOnacrH roMoreHnocrl{ 3TIlx

Sas ne onpe4era.nncs.' 
Bonpoi o cyutecrBoBaHHII o(ltcJla WsO He peueH; sTor oKucen' [o'BItAuMoMy,

He rBrrercfi ycrofiqHBofi Oa3ofi.
nepxntn 

"reuneparypi 
i i iofiqr'rsocru WOr PaBHa 1530+5'C, abllue Koropofi

npotrcxoAnr AHccouHauHq Hi W u WrrOre. Alq $asr,t WrrOrs MaKcHMaJIbHafl 'T-eM--
nbnarvoi vcroflqunocrH He ycraHoBteHa, oaHaKo rrgBecrHo, gro oHa ycrofirluBa
npir l 'z6o; 6. oigi W:oOrr yiroficuaa, no xpafiuefi Mepe, Ao 1550'C, xorna.yx-e
o6pasvercs HeKoroDoe xo.l luqecrso xlrAKofi 6agrt. TeMneparypa ntaBJIeHHfl Qa3bI
WO.  cbcrae l rc r  l4 i2 'C ,  Ho Bo3MoxHo,  q ro  nJ IaBnrc t l  d ;asa  uecrexrouerpucecKoro
cocTaBa c HeaocraTKoM Kl,IcnopoAa.

t,oc

Pnc.  91.  O6nacrn Oa3 c(WOr),  1000
0(WmOm), 1(W16Ore),  6(WOz) s cu-
creMe W-O I l ] .  BbrcKasaHo MHeHue
o cytrlecTBoBaHil[ roMoJIofHqecKofo
ps.[ 'a coe.4HHeHHii c o6qefi {ropuyroil
WnOAn_2.  K  Hcvy  orHocqrcq  oKr lc -  

800
nb l  cocraBoB WsOs(WO2,g0) ,

WaeO115(WOr,nU)  WsoOr4s(WO2,96) '

WOZ.gZ,  WOr,nr ,  noryveHHbre  pa3Hbr -

uu  uccne, [ ,oBarerqM[ .  Bce ar r r ,quc-
XDeTHr,le cOe.U.trHeHHt OXBaTbIBatoTC9
ysxoft o6lacrrlo dra3bl F, upnuura-
roulefi R \\'Or.
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Puc.  94 . , {uarpauva cocro i r l f l  cxcr€Mhr
Zr -O c  yverou cy6oxcnaog [21 .  Axa-
rpaMMa BxJIOqaeT oaHo xtrnHqecKoe co-
CAHH-EHHE _.4BYOKHCb IIHPKOHX'I, .IIJIS KO.
TOpOR_ yCTaHOBIeHO CyUIeCTBOBaHHe .(ByX
tuo.4u$Hxaqufi : cra6ursnofi vouoxnHun6fi
u ueracra6u;llnoft Terparouarbuoil. Teu-
neparypa [peBpauleHHq - 1000" C. pac-
TBOpeHIe KUCTOpOAa B qHpKOrrflH noBbt.
[ raer  reMrreparypy  t rpeBpaqeHl rx  o  ]0 .
flpeAellxar pacrBoplMocrb KHcJropo4a B
E-Zr .  paeua 10 ,490 (a r . ) ,  s  a -Zr '  29 ,2%
(ar . ) .  f lepnreK-Tncecxar  remneparypa o6-
pa3oBaHr . r r  B-Saau pasua 194b.  C. '  TeM-
leparypa ggtexttqecxofi peaKqHH rre>K,u,v
c-TBepAbrM pacrBopoM H ZrO, cocragrqei
I  l13  K;  .  enrexrHqecKr . r f i  cocraB paBeH
4l  o /o  (a r . )  O.

B 6o lee  no3aHi lx  pa6orax  AoKa3aHo
cyulecrBoBaHHe . cyboxcilAoB ZruO n
ZrsQ,  B  CB93U C qeM B AHafpaMMy BHe-
ceHH H3MeHeHHq s 06lactn c-TBeD.u.btx
pacrBopoB. Cy6oxcua ZroO o6pasiercq
H3 _ca-TBeploro pacTBopa H ycToilsHB Ao
940 'C.  06racr i  rovoreHso i rn  ga is r l
Ha ocHoBe 2160 Ha Ar rarpaMMe 3aurpn.
xoBaHa.
.  f lo  o6eHM cTopoHaM or  Hee- rBvx-

O€3Hbre  o6nacr r r  d+11 v  o (0)+ l  ta (0 i_
oooraqeuHaq Ktrcnopo.u,oM r[aga ol. ZrgO
oopagyeTct npH Xp[cTannH3aqHrr n3 DaC.
nnaBa;  npr t  HarpeBaHHH ycro f icnB-  ac
Telrneparypbl nJraBJreHHs, cocraBrflroulen
1975" C.
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Puc. 96. .Il,xarpauna cocrotHnc ctr-
creuu Zr-O B ooJracrH BblcoKHx
ri^iripatyp [6091. Pa6ora 16091 no-
cncucHa ttccjteaobeHHp cucreMbl
2i-:b " o6aactx 60-66'7% (ar.) O
noR sxcorur reM[aparyplr. YtBeP-
xlaetcq cyqcctsosiuflc xy6rlecxofi
iiio*oiixliepatypnofi roaiOnxaqx'x
ZrOq. YcilnoateHr rcMnep!rYDo
npeiiaurenru xy6urecxofr ZrOt f,
= rerparoHatbHyn zro!; oHa palB!

nDrrMeDHo t{90'C B aeyxrbrrxofr o6'
ricnr'u 2286o C B qucrofi ZrOr.
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r97-, 2t3, 215, 2t6, 2r9, 220, 22?-224, 23t, 237, 240, 245, 267, 273,
383.

fanlufi, Ga (Ga2O, GaO, GazOs)
ll,_20,- 29, -30, 4,2, 46, 54, 61, 67, 73, 76, 81, 93, 96, 103, 106, i l6,
r?9, r^r4., !qq, 1q1, 187, le0, lel, le3, le5, le8; lee; 201, 207: 2ro,
2tl, 214, 2t8, 220, 224, 225, 234, 254, 271_273, 295, 363.

faQuufi, Hf(HfO, HfO2)
!9r2! ,_?9, ,3e,  4-5,  51, .58,59,  65,  72,  90,94,  t0 l ,  105,  l l3 ,  t27,  t34,
l qz , - r ! 8 , -15 -3 , -196 ,  180 ,  l eo ,206 ,  213 ,  216 ,2 te ,23 r ,  %6 :  24 t :246 ' ,
268, 273,346, 385, 399.

fepnannfi, Ge(Ge2O3, GeO, GeO2)
15, 21, 29, 35, 49, 56, 63, 70, 75, 78, 86, 93_95, 99. 104. l l0. I l7.
192^, ]31, !q8,--116r 152,-161, 177, t83, l8e, 202, 2r2, 2r8, 228', 236,
253, 262, 273, 325, 377, 424.

foawufi, Ho(Ho2Or)
19,21\_38,6_5,  89- ,  l0 l ,  l l3 ,  134,  148,  153,  213,  216,2t9,220,222_224,
23 t ,237 ,267 ,273 ,384 .

,lI,ncnposnfi, Dy(DyrO3)
t^9,^2L29,! ?8, 51, gq, 891_10-t? 105' 113' 134' 148, 153, 194, 2r3,216,
219, 220, 222*224, 231, 237 , 267 , 27 t , 273, 384.

Enpontfi, Eu(EuO, Eu16O21, Eu3Oa, Eu2O3, EuO)
)9,^ 2!,  ̂ 29.,^?8,^^5^1, 651 8e_, lq!, I12, I13, 134, 153, 165, 166, 213,
216, 219, 220, 222-224, 231, 237, 25t, 252, 266, 27i, 275, 38i, 422:

Xeaeso, Fe(FeO, Fe3Oa, Fe2O3)
!!, 16, 20, 29, 34, 43, 49, 56, 63, 70, 75, 78,85, 93_95. 99. 104.
lgg, llz, lql, l3q, 1,43, l!,4, 160, r74, 175, r83, [es, rse,'le8; 20i;
?0.?, ?9F,^2_0J, ?-12,-214,^215, ?J7_22r, 223, 224', 228', 235', 236', 23s:
249, 260, 273, 319, 373-375, 395, 406, 423, 424.

3oloro, Au(Au2O, AuO, Au2Os)
16, 40, 45, 52, 59, 66, 105, l l4, 232, 237,273,; 363, 396.

Hn4nfi, In(ln2O, Ino, ln2or)
t^9r2?,37- ,  64,-7t , -79,  81 93_9q,-100,  104,  l l l ,  153,  t63,212,  2t5,
2t7, 224, 230, 236, 264, 273, 33S, 380.

[1o4, I(l2Oa, IrOs, lzOs)
16, 29, 37, 65, 100, 105, 218, 230, 273, 342.

llpu4lli, Ir(Ir2O3, IrO2)
t6,  25,  40,60,  66,  72,94,95,  102,  105,  114,  2t3,  232,  273,352.

l|rrepdnfi, Yb(Yb2O3)
!9,^2!,29r 38, 65, 8e, !qr,!.13, 134, 153, 166, 1e4, rs6, rs?,202,
2t3, 2t6,219,222-224,231, 237, 268, 273, 384.
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llrrpnft, Y(Y2Os)
15 .  21 .  29 .  36 ,  44 ,  49 ,57 ,64 ,71 ,  93 ,  95 ,  100 ,  104 ,  l l 0 ,  l t 7 ,  t 25 ,
L3i, t46, 152, 162, 178, 202,205, 212,214,215, 218, 222,224,229,
236;, 240, 244, 263, 27 l, 273, 329, 378, 395, 436.

KaAmufi, Cd(Cd2Og' CdO)
t6, 22, 29, 37,44, 50, 57, 64, 7e, e3-e5, lqo_, !q1, ll l, l l1, ll9'
na, tLz, ilz,' rcl, 201, 202, 212, 215, 217, 222, 224, 230' 236' 271,
273,337,380, 407.

Ka.nnfi, K(KzO' KOz' KOs)
15,  18 ,  29 ,33 ,  43 ,47 ,55 ,62 ,69 ,  83 ,  93-95 ,  98 ,  103,  107 '  116 '
l19, 158, 218, 219, 221,227,273,308,368, 424.

Kanurfopnufi, Cf (Cf2O3)
67, 273

. Kaauqufi, Ca(CaO, CaO2, CaOl)
15. 18. 29, 33, 43, 47, 55, 60, 62, 69, 78, 93-95, 98, 103, 108' 116'
123. l3l. 

'142,' 
152, 158, 170, 191, 193, 195, 197, 199, 201, 203' ?97,

208" 2tt', 215', 218', 221, 223, 227, 235, 239, 257, 271, 273, 309' 368'
393.

KncaoPo4, O(O, Oz, Os, Or)
3 1 ,  5 4 ,  6 1 ,  6 8 ,  7 4 , 7 7 , 8 2 , 9 7 , 1 0 3 ,  1 0 6 ,  l 1 6 ,  l 1 9 ,  l 2 l , 1 5 7 , 1 8 8 ,  l 9 l '
210,  218,  219,225.

Ko6allr, Co(CoO, CosOr, CorOs)
r5, 20, 2s,35, 43, 44, 49,56, 63, 70, 78, q6r 9q _9E 9_9, 1-0.4' 199' l?4'
t3t, t44, 

'160, 
176, igg, zos, 212, 214, 217, 218, 220, 221, 223, 224,

228, 249, 260, 273, 320, 374, 395, 407, 421.

KPenrunfi, St(Si2os' St()2)
15, 18, 2s, 32, 42, 47, 55, 59, 61, 69, 7L 77, 82,_93-95, .9q' lqq'
107, l i6, t lg, '122', l3i,  136, 138, 142, \5?, !r7, uq, !qq, ]q9' pl '
re3; re5; 1e7-2ffi;, 207, 208, 2r1, 215, ?]9, ?r8, 22r., 224^,?29, ?15-,
iss', z+e', 248, 25t: 252: 256, 271, 273, 277, 279-284, 286, 287, 305,
367,393,  405,413,  430.

Kcenon, Xe(XeO)

t}l, 273.
KroPufi, Cm(Cm2O3, CmO2)

67,  91,  135,  234,273,401,421.
Jlantan, La(La2O, LaO' La2O3)

t6,  23,29,  38,  45,  5r ,  57,  65,71,  80,  8q,__94,-  95,  . lg ! ,  lgq '  l l? '  l l9 '
i tb ,  t3e,  l :z , ' t55,  164,  180,  212,216,218,222-224,231,236'  265'
273,345,381,  398.

Jlnrufi, Lt(Li2O' LiO' LlO3)

15, 30, 42, 46, 54, 61, 68, 76, 93-96, 103, 106, 154, 169, 190' 218'
225, 235, 273, 297, 363.

Jlrcrequfi, Lu(Lu2O3' LUO)

38, 39, 65, l0l, l l3, 127, 134, 148, 153, 166, 213, 216,219,222-224,
231,237, 245" 268, 273, 385.
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Marnufi, Mg(MgO, MgOz)
!9,^r7,^2e,,32, 42, 47:^5q,__60,__6-1, gp. 77,93_95, 97, 103, 106, 107,
llq, llq, t21., l-3q, 13^q, r-5?, l-5-6,' 169l rsr_rsj,'re5; iei:_ioi; im,
?97-2]), ?Lr, 2l:8, 221, 223-_226, 235, 238, 24i, i{i, EL iis" ii\.2.7.3, 276-278, 280_283, 285, 287,2S8; 290; ZgS, 50a, 56i; 590, ;0i,4 \ .

Mapraneq, Mn(MnO, Mn2O3, Mn3Oa, MnO2, Mn2O7)

lI,. rg,^^ter ?9, g!, 4?!_48:.q6,_qq, qz,- 6q, 70,-75, 78, 85, e3_e5, ee,
lg1, lgg, !!7, !31, 117, !!?,.!qg, lzq, 7nr,'zo+, 206,-ti[,-zr+i'212,
2\q, ??9, 22_1, 223, 224, 228', %5: 24e: 260: tfu:5i6_5ie: s?t,5i4,394, 395, 425.

Me4r, Cu(Cu2O, CuO, Cu2O3, CuO2)

!1r29,.?e,,3F, !!,4e,^56, ^63, Jo_, 7F, e3_s5,, ee, r04, l0e, l l7, 125,
llq, uq, t-60, 177, r8.9, ?g?, ?gr, ?97, ?08,'?12,' ti,' tii: tii" t16,220, 222-224, 228, 236, 250, 260, 261: 27s: SZi_Si'i, 3?-5" 4O1/" 4ii,422.

Moln64en, Mo(Mo2O3, MoO2, Mo2Os, MoOa)
l i,. lg,: .22:.?e, 39, 44^59^57,_-5e, 6!, 7r, 75, 7s,87, e3_e5, 100.
lg1, l_l-1,_119, 146, 152:_163,^^179,_183-,, t8d, 2d2, Z)nA, 'ls, 2\8:, ,i:i,,229, 250,264, 273,333, 3,78, 398, 4i5, 4'i5. 

'�

Muurur, As(As2O3, As2O5, AsO)

!5_,^2.t.,.,29, -35r 4_4,-!s,j^6^, gl. 70:7r,- 78, 86, 93, 99, 104, ll0, l17,l 52, I 6 l, 202, 2t8, 229, 236, 262, 27 3, S2A, iZZ.'�eZZ.'
Harpnfi, Na(Na2O, Na2O3, NaO, NaO2, NaO3)

t^r,. t!:29_,-ptt 42, 47,lt I1,.6^1. 68, 82, 93_95, 97, 103, 106, lsq2lt, 2t9, 221, 225, 226, 273,303, 364.
Heo4uru, Nd(NdrO3, NdO, NdO2)

!9,^2!t-3q !4, 5t, 58r 6^q,- 72, 80, -88, e4, l0r, 105, l12, i l8, 133,
lqq, ^t^6I, 213, 2t5, 2t6, 219, 220, 

'222_224, 
23i, 

-r{d, 
,5d, ,6d, 273"

382. 398.

HenryHnfi, Np(NpO, NpO2, NpO3, Npaor)
28, 41, 66, I 15, I 18, 154, 233, 273, 362.

Huxe,nr, Ni(NiO, NiO2, Ni2Oa, NiO2)
!1,.29,^_2st 3!, 4414e' 5q'_93' !9,78,86, e3_e5, ee, 104, toe, l l7.
!?!, t21, \12, 145, l6q, lzq, 1'8e: 202, 265, 2r2,'2r4: tii" rI7" ti'8'.
??9, 22!, 223, 224, 228, 236, 23e, 244, 250', 260', 273'�, s27" att, 505:407.426.

Huo6uii, Nb(NbO, NbrOs, NbOz, Nb2OE)
t5,- 2t,_-29, 3lj, 4!, 4e, 57,,- 5s, 94, 7t, 75, 7e, 87, 93, 95, 100, 104,
Iq, lqq, lql, l3q, t$, lr?, 162, r7e;, 183, l8e, 2oz,'zoa" 2t2" il i"2t7, 218, 220, 222, 223, 229, 236, 263, 273, 330:, 331; 378; 308; ii6,426.

Ouono, Sn(SnO, Sn3Oa, SnO2)
!9,^22;^?e,pJJ 44' 50, p:', 6.4,7t,-7s, _87, e3_e5, 100, 105, trt, rr7,
l?9, !pq, -137, r47, 163.^17e, 2!Z ?96, 207', 2ti,-'216:'iii,' ti 'L,,222-224, 230, 236, 252, 273,33'�9, 340, 380,'�429.'

Ocurfi, Os(OsO, OsO2, OsOl)
16, 25, 29, 40, 60, 66, 72, 76, 80, 94, 95, t02, 105, l13, 167, 219, 232,
273, 351,352, 386.

llarnaAxfi, Pd(PdO, Pd203, Pd()2)
1 5 , 2 2 , 5 9 ,  6 4 ,  9 5 ,  1 0 0 ,  t 0 4 ,  t 7 9 ,  2 t 2 , 2 2 3 , 2 i 0 , 2 7 3 , 3 3 6 ,  3 7 9 .

IIaatrna, Pt(PtO, Pt2Or, PtOz, PtO3)
25, 40, 60, 66, 72, 102, 105, n4, t80, 2t9, 232, 273, 352, 386.

Ilayrornfi, Pu(PuO, Pu2O3, PuO2)
28, 41,58, 66, 67, 73,9t, i l5, 135, t68, 233, 237, 273, 362, 40t, 428.

flo,nonnfi, PolPoO, PoOr;
26, 41,66, 72, 105, r 14, 273, 358.

IIpaseo4utu, Pr(Pr2O3, ProOrr)
16, 23, 38, 44, 57, 65, 72, 88, 94, l0r, 105, l l2, r33, t47, 153, 165,
180, 212, 215, 2t6, 220, 222, 224, 231, 236, 266, 273, 382, 427.

Ilpouerr:f i, Pm(Pm2O3)
16,  65,  88,  94,  105,  219,273.

Ilpotaxrunufi, Pa(PaO, PaO2, Pa2O5)

16,  41,  60,  66,72,  102,  I  15,  233,  273,359.
PaAnfi, Ra(RaO2)

16 ,  41 ,  66 ,  t t 4 ,273 .

Peunfi, Re(Reo2, Qeo3, Reroz, Reor, Re2Oe)
25, 29, 39, 40, 45, 5r, 58, 59, 65, 66, 72, 76, 80, 94, 95, 102, 105,
113,  l l9 ,  166,  213,  2t9,  232,  269,  273,  274,  350,  351.

PoAuft, Rh(RhO, Rh2OB)
22, 37, 59, 64, 87, 95, r00, 104, t lt, t37, 230, 273, 335, 336.

Pryt, Hg(Hg2O, HgO' HgO2)

16 ,  26 ,  29 ,40 ,45 ,52 ,58 ,  66 ,  94 ,  105 ,  l l 4 ,  118 ,  202 ,219 ,222 ,232 ,
237, 269, 273, 353.

Pyinpnfr, Rb(Rb2O, RbO, Rb2O3, RbOr' p69r;

15, 21, 36, 56, 63, 64, 71, 93-95, 100, 110, lL7, 219, 229, 273, 328,
377 ,429 .

Pyreuufi, Ru(RuO:' RuOr)
t 5 , 2 2 , 3 6 , 5 7 , 5 9 ,  6 4 ,  7 1 , 7 5 , 7 9 ,  9 5 ,  1 0 0 ,  1 0 4 ,  l l l ,  1 2 6 ,  2 1 2 , 2 3 0 ,
273, 335, 379.

Caruapnfi, Sm(Sm2O3, SmO)

t6 ,24 ,29 ,  38 ,  44 ,  58 , .65 ,72 ,88 ,  94 ,  101 ,  105 ,  112 ,  l t 8 ,  119 ,  133 ,
153, 165, 200, 213, 216, 2t9, 222-224, 231, 236, 240, 245, 266,271.
273, 383.. i ,  I
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Cnnneq, Pb(Pb2O, pbO, pb3o4, pb2Os, pboe)

f g.2g,. ?e,,^41, 4F-, 5:2,_59, 96,!2,?6, 80, e0, e4, e5, 102, 105, ll4,
! lq,  ̂ u e, _Lry, \!8, I 67,_ _180, - r84,:, 20i, 2i3, ir,, '  2r7" trs",t ", i4"232, 269,270,273,335, 356, 386, 426, 4i7.

Ce.nen, Se(SeO2, SeO3)

lq,^2l:^35,^93, !_t, 73, 75, 79, 99, 104, ll0, 161, 202, 2t8, 229, 236,262, 273, 327, 328, 377.
Cepa, S(SO, S2O3, SO2, SO3, SO{)

t^r , .2L34,15, 62, 6e, ! ! , .78,e8, 103, 107, 116, 123, lel ,  2rr ,2t8,221, 226,273, 306,307, 368.
Cepe6po, Ag(Ag2O, AgO)

l5_, tL24-3-7,! ! , !0,  y^,^6!,^ l t t -7_5, e3_e5, 100, 104, 11l,  l l7,  138,t79,2t8, 223,230,273, 336,337, 380, 418.
Cxan4ufi, Sc(Sc2O, Sc2O3, ScO)

I f o,' iof 'r' Bl',ltr: 33r,u&ul?'31#'i' f,?, l8'd 133: "'' | 3t, | 42, | 52,
Crponrlnfi, Sr(SrO, SrO2, SrOa)

!1,^2\,-?e,,?9,!!r 4e, 56, 64, !! ,7g, e3_e5, 100, l l0, n7, t25, t32,t^16^, l9?, -l_6_1,,!28, t9t,^2:p2, ^2_09, 2t2, 215,'2t8,'222_tt4: t 9: ,36"
262,271,273,328,329,  377,  395.  

'

Cyprna, Sb(SbO, Sb2Os, SbO2, Sb2Os)

i3i,,'hr1';,,t!'ri3 ;,!ft ,91*11 la;,,'#l,ri8;,'fi, r 00, r 0b,',,,, 8, r 5a,
Taalufi, Tl(Tl2O, Tl2Os, TIO)

19.29.^aQ_98,^99,72,76, s4, e5, 102, 105, 114, 153, 167, 202,232,269,273,354, 386.

. Tanra.rr, Ta(TaaO, Ta2O, TaO, Ta2O3, TaO2, Ta2O5)
\9,.21,^?s,,39, aF,51, 58,-qe,_q5, 72, s0, e4, e5, l0t, 105; u3, 118,
lq1, r3.q, 148, 180, 1831 1e_0r 2gr,2(i2, ioo,'zri, ti6: tie: ,t " rri"232, 24t, 246, 25r, 268, 275, 346, 34i, e85,-Sgb,-iib,-Ze'�o.---'� 

""'

Te;r,lyp, Te(TeO, TeOz, TeOs)
L9,^2\-37, 57, 64, 7t, !_5: 7^9,^8!, I00, I05, 1t2, 164, 202, 20s, 2t8,223,230,236,244,265: 2n, 34i, 360, 4s:0. 

- '� '.

Tep6uft, Tb(Tb2Or, TbO)
lq,_3p:^65r q9, l0l, 134, 153, 213, 216, 2ts, 220, 222_224, 2gl, 237,267,273,384, 430.

Texnequfi, Tc(TcO2, Tc2O7)
1 5 , 2 2 , 3 6 ,  5 9 ,  6 4 , 7 t , 7 5 , 7 9 , 1 0 0 ,  l 1 l ,  1 6 3 ,  2 3 0 , 2 7 3 , 3 3 5 .

Turan, Ti(Ti2O, Ti2O3, TiO, Ti3Os, TiO2, Tisoe)
15, 16, 18, ?9, 33, 43, 4,8, 55,, 59, 62, 69, 74, 78, 83, 93_e5, 98,
lqq, lqq, 1!q, ! le, 123, t3l,  136, 138,'r42', r ' i ,  rSs, i t l ,-  rm,'r6si
l9?, !qq, le8-201, 204,297,298:2to: 214_216" irs_221" rr3" t 7"
z3^1, ??9, 243, 248, 25t, 258', 271', 273:, 277, zis_2ei, 510; 56e: 59t:406, 413, 431.

470

Ty,ruft, Tu(TuzO, TurO:r)
16,  24,  38,  65,  l0 l ,  I13,  134,  148,  l l - r3,  166,  213,  222-224,  231,  237,
268, 384.

Vraepol, C(C2O, C:rOr' CO, COz)
15 ,  29 ,  31 ,  42 ,46 ,54 ,  61 ,  68 ,  74 ,  77 ,82 ,97 ,  103 ,  106 ,  l 16 ,  120 ,  t 55 ,
185, 188, 190, 210, 218, 22t, 223, 225, 254, 273, 299, 421.

Vpax, U(UO, UOr, U:rOr, U2Os, U3Os, UOs)
t6, 27, 29, 41, 45, 52, 53, 58, 60, 66, 73, 80, 90, 94, 95, 102, 105,
t t ' ,  t27- t29,  134,  148-150,  167,  l t i l ,  192,  194,  196,  198,  201,  206,
213, 2t5, 2t7, 219, 220, 222-224, 233, 237, 246, 270, 271, 273, 279,
359-361, 386, 400, 408, 417, 432, 433.

OocQop, P(PO, P2Or, P2O6, PO2, POa)
15,  18,  29,  32,  43,  47,  55,  61,  69,  74,  77,  93,  98,  103,  107,  157,  183,
2t8, 226, 235, 257, 273, 306, 367.

Qpanqnfi, Fr(Fr2O)
l 6

tDrop, F(F2O, FO)
15, 29, 31, 54, 61, 68, 74, 97, 103, 106, 156, l9l, 225, 255, 273, 303.

X.rop, Cl(Cl2O, ClO, ClO2, ClOr, Cl2O?)
15,29,  32,55,  62,  69,74,78,  83,  98,  103,  107,  158,  218,  226,  273,  307,
3 0 8 , 4 2 t .

Xporrr, Cr(Cr3O, CrO, CrsOa, Cr2O3, CrO2, Cr5O12, Cr6O15)
15, 16, 19, 29, 34,43, 48, 56, 59, 62, 70, 78, 85, 93-95, 99, 104, 108,
l 16 ,  l 17 ,  l l 9 ,  l 3 l ,  137 ,1 .43 ,160 ,  189 ,  201 ,204 ,211 ,214 ,218 -22 r ,
223,224,  227,235,239,  244,  249,  259,  260,  271,  273,  314,315,  371,
3 9 4 , 4 0 6 , 4 2 1 .

[esnfi, Cs(CssO, Cs2O, CsO, CsOr, CsOa)
16, 23, 37, 57, 65, 71,88, 94, 95, l0l, l l2, 164, 216, 219' 230' 23'l '
273, 343, 422.

[ePufi, Ce(CeOe, Ce2O3, CeO2)

16,  23,  2e,  38,  44,5r ,57,65,  ! t , -e ! ,qq '  !91 '  l_05,  !1? '  \qq, \4 .7,
153.  165,  iAO, tSS,  197,  202,  212,216,  218,  222-224,231,236,  240,
244. 265, 273, 345,381, 398, 416, 420.

\unx, Zn(ZnO, ZnO2)
15. 20. 29. 35. 44, 49, 56, 63, 93-95, 99, 104' 109, 117, 125, 137,
i+b, t6o, isa,'tgs, 202, 205, 207, 209, 2t2Jr4, 2r7, 222, 228, 236,
240, 250, 252, 26r, 271, 273, 279, 323, 376, 407.

[uPxonufi, Zr(ZrO, ZrO2)
t5, 21,29, 36, 44, 49,57, 59, 64, 7r, 75, ?9, 99' 93-95'-l-00'-!q4' !!q'
iib, izs,':.t2: laz, 146, r52, 162, r78-, 1-8q' !q3' lq5-' lq7-l9q'?9?'
206',209',212',216;, 218, 223, 229, 236, 240' 244, 250, 253, 263, 271,
273',279-281,284,329,378, 396, 407, 414, 436, 437.

9p6uft, Er(Er:Os' ErO)
t6 ,24 ,29 ,38 ,65 ,  89 ,  l 0 l ,  105 ,  l 13 ,  119 ,127 ,134 ,  148 '  153 ,  166 '  213 '
2t6,219, 222--224, 231,237,241,245, 267, 273, 384.
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I4E N9 l5t9

kl3AarenbcrBo <<MerallyprnR>, 119034, Mocxea, l-34, 2-fr O6uAencxnfi nep., ,[,. 14

fot r roDrf i  BareHrnHosuq CAMCOHOB, Al la J lyx lunvHa 6OPi lCOBA, TaMapa
r'prrobregHa XIIAKOBA, Tauu.rc Huroraesna 3HAToKOBA' Ionus .na-g.!gP!la
kii.rlb-Iunm, 

-liii 
oe,qoposna KIICEJIEBA, IlaBen crenagoBtr't KIIcJIqx'

nlniau" Cisiuq KoslJiiqpuKo, TarrsHa tKoBneBHa KOCOJIAIOBA' tror
CeMeHoB[q MAJIAXOB, Bla4xcraa tKoBJteBlc MAJIAXOB' !.n1q-Aennconna
nigACtOX, Baneprfi I'tnaHoiiq CJIAByTA, HHna llnanosna TKAYEHKo.

OtrSIIKO-ruIMNIIECIIUE CBOtrTCTBA OKNCJIOB

C u p a n o q s n l t  .

Peaaxtop Il. II. Gyuxnn
XyAoxeirsenxutft peAaKrop f. A. Xerxn
Texuuqecxnll DeaaxTop B. A. JIHKoBa
KoDDeKroDbl B. E. JleBHH, B. n. KpblnoBa
f le i6n le r -xyLoxHnKa E.  B .  KauyruHa

C.u .auo s  ua6op 19 .10 .77 .  f loanHcaso B neqarb  09 .06 .78 '  T -10895.  -@opuar  6yuar l
g4 i tOstAr .  Eyuara  rNnorpaocKaf l  Ne l .  fapHxr i 'pa  nHreparypHaq.  f lecarb  Bb lcoKaa.
vi.".-ri"l i l . '  24.78. vq.-irg;i.- j. g0,aa. Tirpai' l0 600 

'ex5.' 
3axa: N! 312' I{esa

I  p .90  K.  Hsa.  Ne 3666.

BJaLHMXpCKaT rr.rnorpa$ua <coosnolnrpa$npor{a> npH focyaapcraesHoM. KoMuTere
Cogera dlHsscrpos CCdp no AenaM ugAare.ntcrs, norxrpad)ffH r.r KHHxHoll TopfoBJllt
000000, r. B.na.u,rlvltp, Orrx6pucxltft npocueKr, A. 7
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