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Mazaoaft 

CTaTbR nocTynuAa 8 peaaK~uro 
20 Rft8apJ! 1969 z. 

Y.lU< 550.89 

A. r. JI.ABblJI.ljEHK:O E. E. J1HCHLI.HHA, r. H. 6E3PYK:OB, 
C. C. rOPOXOB 

MHHEPAn006PA30BAHHE 
8 KHM6EPnHTAX B 3KCnEPHMEHTAnbHbiX YCnOBH5IX 

BblCOKIiX )J,ABnEHIHt II TEMnEPATYP 

3~C'rrepHMeHTaJIbHbIe I1'CCJIe}l.OBaHI15I nepeKpIiCTaJIJIH3aUl1l1 KIiM6epJIlt-

TOB l1 CJIaralOIIJ.l1X l1X MI1HepaJIOB B YCJIOBl15IX BbICOKl1X }l.aBJIeH'l111 l1 TeMrre

paTYp MorYT crroc06CTBOBaTb pellIeHHlO rrp06JIeMbI cTa}l.l111HocTIi MIiHepa

JI006pa30BaHl15I B Kl1M6epJIl1TaX, a TaK)j{e YCTaHOBl1Tb BepOl1l'Hble rrapaMeT

pbI ~pl1CTaJIJIl13aUl1l1 Tex l1JIl1 HHbIX Ml1HepaJIOB H, B 4aCT.HOCTIi, aJIMa3a. 

KaK rrpaBHJIO, KIiM6epmlTbI xapaKTepH3YlOTC5I l1HTeHCJ1BHbIMl1 BTOpIi4HblMH 

113MeHemUlMIi MIiHepaJIbHOrO Ii XIiMI14eCKOro COCTaBa B pe3YJIbTaTe HH3-

KOTeMlrrepaTYP'HbIX n OCTMarMaTIl4eCKHX MeTaCOMaTH4eCKIiX rrpoueCCOB. 

B CB5I311 C 3Tl1M .YCTaHOBJIeHIie rre p Bl14HOrO COCTaBa KI1M6epJII1TOB MO)j{eT 

6bITb ocymeCTBJIeHO IHa OCHOBe KOMrrJIeKCHOro, BceCTo.pOHHero Y4eTa Bcei'!: 

I1'CTOPI1'I1 CTaHOBJIeHIi5I KIiM6epJIHTOBbIX rropo}l. C np,I1BJIe4eHIIeM }l.aBHbIX 

9KC'nepHMeHTOB. 

B Ka4eCTBe 0I6beKTa }l.JIl1 MCCJIe}l.oBaHI111 MCrrOJIb30BaJICl1 KUM6epJIIiT 

Tpy6lUI «Ml1p», COCTO~mI1H 113 OCHOB<HOM ueMeHTl1pymeH Ma,CCbl C rrop.q)J1-

POBJ1}l.HbIMI1 BbI}l.eJIeHI15I'MH (}l.0 20-3,0%) OKP)"fJIOI1 cpo,PMbl pa3MepoM OT 

1-2 MM }l.0 5 MM, pe}l.KO 10 MM, 3aMeIIJ.eHHbIMH ce,prrea'ITI1HOM, HIHOr}l.a B 3Ha

lIMTe,TIbHOM CTerreHl1 (}l.0 95 %), KaJIbUHTOM. BCTpellalOIIJ.HeC5I peJIIiKTOBble 

Bbl}l.eJIeHI15I 'OJII1BHHa cpe}l.H ceprreHTHJHa 11 KaJIbUHTa, xapaKTep BTO.pH4HbLX 
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K3MeHeHl.fl1, a TaK2Ke ¢opMa Bbl)1.eJIeHH5I n03BOJI5IIOT YTBep2K)1.aTb, 'ITO nep
BOHa'laJIbHO 3TH nopqlHpOB'H)1.Hble BKpanJIeHHH'KH 6blJIH npe)1.CTaBJIeHbl OJIH

BH'HOM. MeHee 10% 1l0p<pHPOBH)1.HbIX 06pa30BaHHR npe)1.cTaBJIeHO nHpo

nOM, KaK npaBHJIO, 3aKJIIO'IeHHbIM B KeJIH<pHTOBYIO 060JIO'lKY, CJI02KeHHYIO 
XJIOPHTOM H, B03M02KHO, HJIbMe.HHTOM. 

OCHOBHa51 Macca COCTOHT H3 TOHK03epHHCToro alrperaTa 3epeH -cepneH

THlHa, KaJIbll.HTa, PY)1.HblX MHHepaJIOB. 

XHMH'lJeCKHR COCTaB KHM,6epJIHTa llpHBe)1.eH B Ta6JI. I. 

KOMnOHeH-
Tbi Bec. " 

SI02 28,06 
TI02 1,15 
A120 a 3,15 
Fe20a 5,98 
feO 2,59 
MnO 0,13 
MgO 25,48 
CaO 12,56 
H2O- 1,54 
H2O+ 10,61 
n.n.n. 8,47 

CYMMa 199,721 

f{OJII1'leCTBeHHble 

COOTHOmeHI1!1 
MI1HepaJlOB, % 

Monc-
KYJllIp. 
KOJlH'I. 

467 
15 
30 
37 
36 
2 

632 
224 
85 

556 
193 

MOJlCKYJIlIPHOC KOJlH'ICCTBO KONnOIiCHTOB, 
npHXOJllllUHXClI Ha 

<!JOPCTC- KaJlb- nH- THTaHO-
JlHOnCIIJl pHT L\IIT pon MarHC-

THT 

172 250 - 45 -
- - - - 15 
- - - 30 -
- - - - 36 
- - - - 36 
- - - - -
86 500 - 45 -
86 - 178 - -
- - . - - -
-

I 
- - t 

- -
- - 178 - -

\348 1750 13561120 1 87 

21,0 45,2 21,47,2 5,2 
23,9 51,6 24,5 
31,7 68,3 

OCTa-
TOK 

-
-
-

1 
-

2 
1 

-
85 

556 
15 

AHaJlHTHK H. ChI'IKOBa (HfEM AH CCCP) . 

COOTllOwe-
HIiC KONno-

HeHTOB 
38 Bbl4eTOM 

KaJlbL\HTa 
H BOJlbl 

40,61 
1.66 
4,56 
8,66 
3,75 
0,19 

36,87 
3,70 
- , 
-
-

1
100

•
00 I 

Ta6JIHlla I 

4HCJJOBble XtfaKTepnc-
TIIKH, no A. • 3aBapHL\- ' 

KOMY 

KIIM6epJlHT rop9YHIIT 

s=37,9 38,4 
b=59,6 60,1 
c=2,4 1,5 

c'=1,9 2,6 
m'=83,5 86,9 
/'=14,6 10.5, 
Q=-26,5 -24,7 

'f'=9,8 4,9 
t=3,1 0,3 

TOIHKO HCTepTblR MaTepHaJI KHM6epJIHTa B npHcYTcTBHH BO)1.bI 6blJl' 

nO)1.BeprHYT B03)l.eHCTBHIO BblCOKHX TeMIIe.p aTYP ()1.0 1400-1500° C) np" 
)1.aBJIeHHHX 10,25 K6ap Ha YCTa'HOBKe BbltCOKOro )l.aBJIeHHH (EyTy30B H )1.p., 

1967). B npOll.eCce OnbITa npOH3Bo)1.HJIan Bbl)1.ep2KKa B Te'lJeHHe 5 MUIi npa 

TeMnepaType nJIaBJIeHH5I HJI'H 6JIH3KOR K HeR, 3aTeM B Te'leHHe 25-30.MUH. 
Me)1.JleHHOe CHH2KeHHe TeMnepaTypbl )1.0 3a)1.a'HHOR C nocJIe)1.YIOlll.eR 3a

KaJIKoR. 

B pe3YJIbTaTe 3KcnepHMeHToB npH TeMnepaTypax HH2Ke TeMnepaTy,pbl 

IIJIaBJIeHH5I nopo)1.bI YCTalHaBJIHBaeTCH 06pa30BaHHe 3a ClJ:eT HCXO)1.HOrO KHM-

6epJlHTa CJle)1.YIOlll.HX 'IeTbIpex IMHHepa,TIOB: <popcTepHTa, )1.HOnCH)1.a, KaJIb

UHTa, THTaHOMaPHel'HTa (Ta6JI. 2). ITPH P=25 K6ap B03M02KHO rrpHcYTcT

BHe IIHporra. OIITH'leCKHe xa.paKTepJ1lCTHKH' <p0pCTeprlTa: N g' = 1,679, 
Np'=1,655, 2 ~'Ng =86-88° (PH-c. 1); )1.HOrrCH)1.a: Ng'=1,699-1,703, 
Np' = 1,665-1,679, Ng' - Np'=0,021-0,032, 2 VNg =56-57°, cNg= 
= 37-38° (pHC. 2), pe3YJlbTaTbI peHTreHocTpYKTypHoro a:HaJIH3a rrpHBe)1.e

HbI B Ta6Jl. 3. ITepeClJ:eT HCXO)1.HOrO XHMHlJ:eCKOrO COCTaBa KHM6epJI'HTa Ha 

)1.aIHHblH MHHepaJIbHbIH COCTaB - B Ta6JI. 1. OCTaT,oK rrpe)1.CTaBJlHeT 'C060H 

B OOHOBHOM BO)1.y. 
ITOJIYlJ:e:HHbIH M.HJHe.paJIbHbIR rrapareHe3Hc xa,paKTepeH )1.JIH KaJIbll.I1¢H

pOB, J1ICTIblTaBIlIHX BbI<COKOTeMrrepaTYPHbIH MeTaMop<p113M [6], 'lTO nO)1.TBep2K-
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Ta6nHua 2 
Pe3ynbT8TM 8KcnepHMeHTOB C KHM6epnHTaMH Tpy6KH cA!HP~ 

M .LlaBneHue. T?C-=~~ C II P0.l1YKThl onbiTa onbiTa : K6ap 

49Y 25 1100- 900 .llHonCH,l{+K8JIbUHT+TH-
TaHOMarHeTHT (y HarpeBa -
Tenll onHBHH+,Il.HOnCH,l{) 

505 25 1030--800 .llHonCH,Il. 

506 25 1250--1100 .llHonCH,l{ + KanbUHT 

507 25 1100-950 > :. 
508 25 950--800 .llHonCH,l{ 

509 25 950--850 .llHonCH,l{ + KaJlbUHT 

513 25 1300- 1200 :. :. 

514 25 1300--1100 .llHonCH,l{ 

519 25 \100--950 :t 

522 25 1200--1100 :t 

802 10 1300--800 .llHoncHA + OJlHBHH 
804 10 1300--900 OJlHBHH + AHonCHA 
805 10 1200--800 .llHoncH,l{ + KaJlbUHT 

806 10 1200--1100 .llHoncHA + OJlHBHR 
807 25 1400--1300 .llHoncHA 
808 25 140(}-12oo > 
810 25 1250--900 OJlHBHR + cTeKJlO; AHOITCHA 

.naeTCH .cooTBeTcTBYIOrn.HM pac'TIOJIO)l{eHHeM qmrypaTHBHOH TOIJKH COCTaBa 

Ha BbICOKOTeMnepaTYP<HOH ,n:Hai'paM'Me COCTaB - napareHe3Hc Si02 -

CaO - MgO (pHC. 3, TOIJKa 1) . 
IbBeC1'Ho, 'ITO B KHM6epJIHTaX H ,reHeTHIJeCKH 6JIH3KHX HM nopo,n:ax 

OTCYTCTByeT ,n:OCTOBepHO nepBHIJHbIH MarMaTHIJeCKHH KaJIb~HT. IToCJIe,n:'HHH: 

B'Cer,lla HMeeT npH3HaKH, YKa3bIBalOrn.He iH a ero BTOpHIJHOe npOHCXO)l{.n.eHHe 

B pe3YJIbTaTe n03,llHe'HIIIHX HH3KOTeMnepaTypIHbIX MeTaCOMaTHIJeCKHX npo

~eCCOB Kap60HaTH3a~HH [1]. CJIe,n:OBaTeJIbHO, ,llJIH npH6JIH)I{eHHOrO onpe,lle

JIeHHH nepBHIJHOrO XHMBIJeCKOrO COCTaBa ~HM6epJIHTa He06xo~HMO HCKJIIO

IJHTb CaO H CO2, H,llyrn.He Ha 06pa30BaiHHe ,KaJIb~HTa, a TaK)I{e BCIO BO,n:y, 

CBH3aHHYlO BO BTOPHIJHbIX MHHepaJI ax. B .3TOM CJIYIJae clJHrypaTHB<HaH TOIJKa 

COCTaBa nopo,n:bl Ha ,n:HarpaMMe .cOCTaB - 'llapareHe3HC CMeCTHTCH Ha KOHfJ8-

JJ.Y ,n:HO'TICH,n: - <popCTepHT C COOTHOllleHHeM .3THX MHHepaJIOB COOTBeTCTBeHH;:) 
31,7 H 68,3%. DepeCIJeT XHMHIJeCKODO COCTaBa :nOPO,n:bl, 3a BblIJeTOM yKa

aaHHblX KOM'TIOlHeHTOB, Ha IJHCJIOBble xapaKTepH'cTHKH A. H. 3aBapH~Koro 
(1960) (Ta6JI. 1) nOKa3aJI 6JIH30CTb ,n:aHHoro COCTaBa 'K cocTa'BY rOp,llYHHTa, 
T. e. rpaHaToBoro nepH,llOTHTa. 

B onHCbIBaeMblX OnbITaX ,n:JIH YMeHbllleHHH BepTHKaJIbHOrO rpa,n:HeHTa 

TeMnepaTypbI C TOp~OBbIX IJaCTeH pa60IJeH KaMe.pbI HaKJIa.n.bIBaJIHCb il'HpO

CPHJIJIHTOBble lllaH6bI. B pe3YJIbTaTe pea~HH KHM6epJIHTa C nHpocpHJIJIHTO'M 

B npo~ecce 'OnbITa ,B 30He KOHTaKTa 'npH ,n:aBJIeHHHX 25 K6ap H 60JIee H 

TeMnepaTypax BbIllie 800-900° C Bcer.n.a YCTaHaBJIHBaeTCH 'HoBo06pa30Ba

HHe nOIJTH CnJIOlliHOH 30Hbl Me.n.OBO-)I{eJITOrO rpaHaTa C IIOKa3aTeJIeM npe

JIOMJIeHHH 1,747, OIJeBH,lI;HO, OTHOCHrn.erOCH K n'lipony (N=I,705) IC He3Ha

IJHTeJIlliHOH npHMecblO aH.n.pa.n.HToBoH (N = 1,895) H aJIbMa'H,llHHOBOH MOJIe

KyJI (N= 1,830) . DpHHa.n.JIemHOCTb' r ,paHaTa ,K nHpony no,n:TBep)l{,n:aeTcH 

peHTreHOMeTpHIJeCKHMH ,n:aHHbIMH (Ta6JI. 3) . ITPH ,n:aBJIeHHHX MeHbllle 

25 K6ap rpaHaT 'He o6pa3yeTcH, 'ITO HaXO,llH'I'CH B -COOTBeTCTBHH C SKcnepH

MeHT'aJIbHbIM'Ii .ll.aIHHbI'MH EoH.n.a H l1HrJIa:H.n.a {2], COrJIaCHO KOTOPbIM nHpoII 

npH ,n:aBJIeHI1H HH)I{e '21,6 K6ap HeycTOHIJHB, 
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Puc. 1. 06p. N~ 804. KPilCTaJlJlbl !j>opcTepHTa B cJla60 H3MeHeHHoH 
OCHOBHOH Macce C MeJTKHMH 3epHaMii HOBoo6pa30BaHHoro nHpoKceHa. 

P= 10 K6ap, T= 1300-900°C, X 100, HHK. II. 

Puc. 2. 06p. 507. Kp"CTaJlJlbl nHpoKceBa B CJla60 H3MeHeHHoH OCHOBPoli 
Jolacce C nepeKpHCTaJllII.f30BaHHblM Kap6oHaToM. P=25 K6ap, T= 1100-

900° C, X 100, HHK. II. 



Ta6JlHua :1 

Pe3YJlbTaTbl peHUeHOCTPYKTypHOro aHaJlH3a HOBOo6pa30BaHHH, nOJlyqeHHblX B OnblTaX 
C KHM6epJlHTaMH 

.lluonCIfIl. o6p. ,'hanoH IlIfOnClflla rpaHaT, o6p • .1'.. 506 
9T3nOllbl rpaHaTa [4] 

M522 2-L656 [8] 
M 

nllpon an bMalf)1HH 

n. n. 

I I I I I I «In I «In I aln I aln I «In 

I 

I 2 3,6 3,41 20 5 (3,3) 2 (3,15) 2 (3,17) 
2 3 3,3 3,33 20 8 2,84 7 (2 857) 6 2,873 
3 6 3,22 3,26 50 10 2,55 10 2 556 10 2,570 
4 10 2,98 3,00 100 2 2.43 4 2.437 3 2,451 
5 5 2,92 2,91 30 3 2,33 4 2,333 4 2,346 
6 4 2,88 -....:.. 4 2 ,24 4 2,241 4 2,254 
7 1 2 .81 3 2,08 4 2,087 4 2,098 
8 2 2,76 4 1. 85 7 1,854 7 l,R65 
9 5 2,55 2,57 20 2 1,69 6 1,685 4 1,695 

10 9 2,50 2.52 100 3 1.65 6 1,650 7 1,659 
11 1 2 ,28 2,30 20 7 1,59 9 1,585 9 1,594 
]2 5 2,14 2,13 50 9 1,53 10 1,527 10 1,536 
13 4 2,04 2,04 30 3 1,43 6 1,429 7 1,437 
14 1 2, 00 2,01 30 2 1,36 3 1,347 3 1,355 
15 3 1,82 1.83 40 2 1,29 8 1,278 8 1,285 
16 1 1,78 4 1,255 9 1,247 9 1,254 
17 7 1,75 1,74 70 2 1.219 6 1,218 6 1,285 
]8 5 l,n5 1.66 20 2 I, 162 6 1,155 6 1 . 161 
19 9 1,62 l, b2 100 5 1,049 10 1,061 10 1 ,067 
20 2 1,55 4 J ,049 10 1,043 10 I,O~9 
21 2 1,54 1.52 30 4 1,01 8 9 1,0102 9 1,0158 
22 2 1.49 1,50 30 5 0,9.13 
23 2 1,47 5 0,858 
24 9 1,41 1,42 90 
25 3 1.40 
26 3 1,32 1,32 80 ao rpaHara=ll,49±O,03A 
27 3 1,31 
28 4 1.28 1,28 70 
29 2 1, 25 1 .26 70 (H3 JlHHHH 11--23) 
30 4 1,24 1,24 30 
31 8 1.07 1,07 100 
32 5 1.06 
33 5 1,06 1,06 30 
34 3 1,05 
35 1 1.04 
36 3 1,03 
37 4 1,01 

n pH M e'l a H If e. C'beMKa npOlt3BO)l.HJlaCb n KaME'pe PKA )l.HaMeTpoM 57,3 MM C o(ipa3uoB )l.lla
MeTpOM 0,5 MAl; )l.HOnCH)I. - Ha JKeneSHOM HeOT<\JHJlbTpOBaHHOM HSJlY'IeHHH; rpaHaT - Ha MC)l.HOM, C HU
KeJle3b1M <\JHJlbTpOM. napaMeTp aD Bbi'lHCJlen no HeCKOJlbKH M JlHHHIIM B 06J1aCTH yrJloB e~45-60°. 

B o6pasuax KHM6epmITa, H,CrrblTaBlUHX rrJIaBJIeHHe (T> 1300-14000 
C) 

H Me,n:JIeHl-iOe OXJIa)K,n:eume, Ha6Jl1o,n:aeTC5I 06paSOBaHHe B 'CTeKJIe Kpym'HbIX 

(,n:·o 0,5 X 5 MM) XOPOIllO 06paSOBaJiHbIX lUeCTOBaTblX KpH·CTaJIJIOB <pop'CTe

pHTa (N g' = 1,688; N p' = 1,659) . .upyrHx MHHepaJIbHbIX <pas He YCTaHaBJIH

BaeTC5I, tITO OTBetIaeT ,n:aH'HbIM ,n:'HarpaMMbI llJIaBKOCTH COOTBeTCTBYIOIII.erO 

COCTaBa. IlpoeKuH5I XHMHtIeCKo:ro COCTaBa HCCJIe,n:yeMOl'O KHM6epJIHTa IHa 

,n:HarpaM'MY llJIaBKOCTH 'CHCTeMbI CaO - Si02 - MgO {7] llOKa3bIBaeT, tITO 

qHiry,paTHBHa5I TOtIKa pacrrOJIaraeTCH B 'ilOJIe <Q:)OpCTepHTa Ha 3lHatIHTeJIb

HOM y,n:aJIeHHH OT rrOJIH rrHpOKCelHOB (pRC. 4). CJIe,n:oBaTeJIbHO, ,n:HorrCH,n: Mor 

6bI, OtIeBH,n:HO, o6pa30BaTbC5I TOJIbKO B cJIytIae IIOJIHOH IHJIH rrOtITH IIOJIHOH 

pacKpHCTaJIJIH3aUKH paCrrJIaBa. 
<l>,opMa KpHCTaJIJIOB BHOBb o6pa30BaHHblx MHiHepaJIOB B 31HatIHTeJIbHOH 

Mepe orrpe,n:eJIHeTC5I TeMIIepaTypHblM pe)KHMoM. B cJIytIae KpHCTaJIJIH3aUHH 
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B YCJlOBIUI.X 6bllCTpOrO CHIDKeHH5I. TeMrre,paTYP/;>1 .u.a)Ke <pOpCTepHT o6pa3yeT
C5I. B BH.u.e pe3KO YJVIHHeHHblX IlIeCTOBaTbIX HJI'H .lLJlHHHO-rrpH3MaTHtIeCKHX 

KpHCTaJlJlOB. 3TH <pOPMbI XapaKTepHbI )J.JlH MHlHepaJlOB, KpHCTaJlJlH3YIOllI,HX

C5I. B YCJlOBHHX 3IHatIffTeJlbHOrO lIlepeCbIllI,e<HH5I. [5]. Y)J.JlHHeHlHble KpHCTaJlJlbI 11 

Si0
2 

HX arperaTbI opHeHTHpoBaHbI B HarrpaBJleHHH 

TeMrrepaTypHoro rpa)J.HeHTa. CJle.lLOBaTeJlbHO, 

YCJlOBHeM 06pa30BaHHH Y.lLJlHHeHHbIX <pOPM 
KpHCTaJlJlOB HBJlHeTCH HaJlHtIHe SHatIHTeJlb

HbIX TeMrrepaTypHbIX rpa)J.HeHTOB H OTHOCH

TeJlbHO 6blcTpoe CHH)KeHHe TeMrrepaTypbI (rrpH 

3TOM rrpOHCXO.lLHT SaKaJlKa). IlpH KpHCTaJl

JlH3alI,HH B YCJlOBHHX Me.u.JleHHOrO CHH)KeHHH 

TeMrrepaTypbl HJlH HeKoTopoH BbI)J.ep>KKH npH 

TeMrrepaType KpHCTaJlJlHSalI,HH 06pa3YIOllI,He

CH MHHepaJlbI HMeIOT H30MeTpHtIHble KpHCTaJl

JlOrpa<pHtIeCKIfe <pOpMb!' 

+nupon,MiJ2Hemum 

I/Jop 

MgO 

Puc. 3 . .ll.lIarpaMMa COCTaR - na
pareHe311C ,nJIH MIIHepaJIbHblX HO
Bo06pa30BaHIIH, B03HHKWIIX npH 
nepeKp"CTaJIJIII3au"" KIIM6epJIH
Ta B YCJlOBliSlX BbiCOKHX ,naBJIe
HHA H TeMnepaTYp. (I - TO'lKa 
IIcxo,nHoro COCTaBa KHM6epJIIITa, 
II - TO'lKa COCTaBa KHM6epJIIITa 

sa BblqeTOM KaJIbUHTa). 

Il pOBe)J.eHHoe 3KcrrepHMeHTaJlbHOe HSYtIe,

HHe HBJleHHH MHHepaJloo6paSoBaHHH B KHM-

6epmITax B YCJlOBHHX BbICOKHX TeMnepaTYP H 

.u.aBJleHHII rr03BOJlHeT C.lLeJlaTb HeKoTopble Bbl

BO)J.bI OTHOCHTeJlbHO YCJlOBHH npHpO)J.Horo 06-

paSOBaHHH KHM6epJlHToB. 

BJlH30CTb paCCtIHTaHHOro npH6J1H)KeHHO

TO COCTaBa nepBHtIHOH MarMaTHQeCKOH KHM6epJlHTOBOH rrOpO.lLbI K cocTasy 

rpaHaTOBOrO nepH.lLOTHTa, nO-BH)J.HMOMY, MO)KeT YKaSbIBaTb Ha reHeTH

qeCKYIO CBH3b 3THX nopO.lL. CBoe06paSHe COCTaBa KHM6epJlHTOBbIX nOpO.lL. 

OqeBH.lLHO, B SHatI}fTeJlbHOH Mepe 06YC.nOBJlHBaeTCH HaJlO)KeHHbIMH np0lI,eC-

Kp!'cfTI(]AJlu'leC
KlJU pacmtJOp 

COO·SW
2

,L.It_C_OS.-;rr-_ 
50 

Puc. 4. qacTb ,nHarpaMMbI SIOr-MgO-CaO, no OC60PHY [7], 
e npoeKUHeA COCTaBa KHW6epJIHTa. HCnOJIb30BaHHoro B 9Kcne

pHMeHTax. 

caMH MeTaCOMaTosa C CYllI,eCTBeHHbIM rrpHBHOCOM CaO, CO2, H20 H, Bep05l.T

HO, llI,eJlOtIeH. 06pa30BaHHe rpaHaTCO.lLep)KallI,I1X pa3HOCTeH KHM6epJlHTOS 

MO>KeT 6blTb OTtIaCTI1 CBHsaHO C aCCHMHJl5I.1I,HeH YJlbTpaOCHOBHOH MarMOH 

60raTbIX rJlHH03eMOM MeTaMOp<pHtIeCKHX nOpO.lL Ha paHHHX CTa)J.H5I.X <pOp

MHpOBaHH5I. KHM6epmfTOBbIX TeJI . 
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CrarbH. nocrynuAa 8 pe8aKqUlO 
21 OKTH.6pR 1968 Z. 

Y.lJ.K MIl.or 

r. r. JlOXOBA 

o MEXAHH3ME H KHHETHKE rl:f)J.POTEPMAJlbHbIX 
PEAKlJ.HR 06PA30BAHH5I )l(EJlE3I:fCTOrO AM«I>H60JlA 

PI:f6EKI:fTAP«I>BE)J.COHI:fTOBOrO P5I)J.A UPH TEMUEPATYPE 
500° C 

3PHCT [9] BnepBble YCTaHOBHJI paBHOBeCHble OOOTHOlIIeHHH ,pH6eKHT

.a p<pBe.ll.COIHHTa B KOOp.ll.HHaTax PH,o' T, Po" JIanH.ll.eC H .ll.p. [4] npOBenH 

HOOile.lJ.OBaHHe npeBpaIII.elllHH pH6eKHTa (npHp0.ll.HOro) B rH.u.pOTepMaJlbHblX 
'yCJIOBHHX, nOJIYlIHB KHHeTHliOCKHe xapaKTepHcTHKH .paSJIO:>KeHHH aM<pH60-
Jla sa npe.ll.eJIaMH nOJIH YCTOHlIHBOCTH IRa 3rHpHH H .ll.Pyme ¢aSbI. 

O.ll.'HaKO MexaHHSM H KHHeTHKa peaKiII.HH m.ll.poTepMaJIbHO~O CHHTeS8 
2M<p'H6oJIOB pH6eKHTap<pBe.ll.COHHTOBoro pH.ll.a ,B JlHTepaType .ll.eTaJlbHO 
He paCCMaTpHBaJIHCb. 3THM BonpocaM illOC:3HIII.OOa .ll.aHHaH pa60Ta. 

OnblTbl npoBO.ll.HJIHCb B lHe6oJIblllOIrO '06'beMa (12-13 CM3 ) aBTO'KJIaBaX 
H3 :>KapOnpOliHoro CnJIaBa 311-8355 no onHcaHHoH paHee KaJl'HHHHblM 
{l-3] MeTO.ll.HKe HSYlleHHH KHHeTHKH rH.ll.poTe,pMaJlbHbIX peaKII.HH CHJIHKa
To06paSOBa'HH5I. CTexHOMeTpHl.!eCKaH 'lIIHXTa .lI.JIH O'ITbITa 1C0CTaBJIHJIaCb H3 

NaF, Fe(OHh Fe, Si02 MapKH Xq H q,UA. 
o 'CKOPOCTH peaKII.HH MO:>KHO 16bIJIO CY.ll.HTb no BblXO.ll.Y 'cHHTe3HpoBaH

-HblX <pas B MOJIeKYJIHpHbIX 'llpOII.eHTaX sa BbI6paHHoe BpeMH onbITa. Dpe.ll.
'BapHTeJIbHO ,BbIXO.ll. OII.eHflBaJlCH MHKpOCKOnH4:eCKH, a saTeM 160Jlee TOliHO 

c nOMOIII.bIO KOJIH"tJeCTBeHiHoro peHTreHocTpYKTypHoro aHaJIHSa 'Ha .ll.H<ppaK
TOMeTpe YPC-50 11M no HHTeHCHBHOCTHM OTpa:>KetHHH np'H yrJIax 6°3', 

15°45', 17°35', 19°45'. 'uJIH Tex :>Ke .ll.H<ppaKII.HOHHbIX JlHHRH: CTPOHJlHCb rpa
.ll.YHPOBOl.!Hble rpa<pHKH aaBHCHMOCTH HHTeHcHBHOCTeM: JlHHHM: OT cO.ll.ep:>Ka

.fIHH HCCJIe.ll.yeMblx MHHepaJIOB B HCKYCCTBeHHbIX CMeCHX C HCXO.ll.HbIMH H 
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npOMe:>KyrotIHbIMH BemOCTBaMH. Oll'H;6Ka Oll.eHKH BbIXOJI.a 'npH 3TOM caCTaB

mleT He 60JIee 3-5 % . 

9KcrrepHMeHTbI 6bIJIH IIpOBeJI.eHbl B nOJIe YCTOHtIHBOCTH ' pH6eKHT

ap<pBe.ll.cOHHTa IIpH PH,o 200, 300, 400 aTM. Pe3YJIbTaTbI OUblTOB OToopa

)KeHbI Ha ,rpa<pHKax. 

MexaHH3M peaKll.HH CHHTe3a aM'<pHOOJIOB pHOeKHTap<PBe.ll.COHHTO-
Boro p5l.ll.a H3YtIaJIC5I rrpH HCXO.ll.HbIX COCTaBax lIlHXTbI 2NaF - 5Fe ( OHh-

8Si02 - H 20 H 2NaF - 3Fe-2Fe(OH)a-8Si02 -H20. MHKpOCKD-

100 

o 80 

"" " o 
:;: 
.; 60 

'" .:g 
~ 

~ 40 

. O~~~----'----'-----"----'I----'I---
4 8 12 16 20 24 

Puc. 1. CKOPOCTb HapaCTaHRSI BblXOAa aM!jlH6oJIa 
AJISI COCTaBa 2NaF-5Fe(OH)s-8Si02-H20. 

IlHtIeCKOe H peHTreHQrpa<pH'le

CKoe H3YtIeHHe np0.ll.YKTQB 
peaKll.HH IIepBoro COCTaBa no

Ka3aJIO, tITO HaKOIIJIeHHe KQ-

. HetIHoro IIp0.ll.yKTa (aM<pH6o

JIa) BO BpeMeHH rrpOHCXO.ll.HT 

nOCTeneHHQ npH YMeHblIleHHH 

npOMe:>KYTO'lHOH <pa3bI, KOTO

POH 51BJI5IeTC5I 3rHpHH. B nep

Bble MHHYTbI CHHTe3a (15-

30 MUH) ero oopa3yeTC5I.ll.o 

70 %, B TO BpeM5I KaK aM<pH

OOJIa- He oQJIee 1-2%. KH

HeTHtIeCKa51 xapaKTepHcTHKa 

HaKOrrJIeHH5I aM<pH60JIa Ha

rJIH.ll.HO npe.ll.CTaBJIeHa Ha 

pHC. 1. B rrpoll.ecce OOpa3QBa

H1151 aM<pHOOJIa xapaKTep 3e

peH 3rHpHHa H3MeH5IeTC5I, no.ll.

IBepra5lCb paCTBopeHHlO. 9rH

pHH H3 TOHKQHrOJIbtIaTbIX H 

npH3MaTHtIeCKHX KpHCTaJIJIOB nepeXO.ll.HT B KOpOTKQrrpH3MaTHtIeCKHe, He

CKOJIbKO OIIJIaBJIeHHble 3epHa 'C HepOBHblMH H3'be.ll.eHHbIMH Kpa5lMH. OTClO.ll.a 

CJIe.ll.yeT, tITQ peaKll.H5I 06pa30BaHH5I aM<pH60JIa npOTeKaeT B .ll.Be <pHKCHPo

BaHHbie nOCJIe.ll.OBaTeJIbHble CTa.ll.HH: 

1 CTa.ll.H5I 2 CTa~H5I 
I1cxO.ll.Hble BemeCTBa' - 3I'11p'H.H+Si02+NaF ~ aM<pHOOJI. 

npH HCnOJIb30BaHHH lIlHXTbl BToporo COCTaBa 3'I'HpHH He 06pa3yeTCSI. 

H B IIp0.ll.YKTax peaKll.HH rrpHCYTCTBYlOT aM<pHOOJI, KpHCTOOaJI'HT H 'MarHeTHT. 
l(OJIHtIeCTBO HX ,BO BpeMeHH H3MeHSleTCSI. B 3TOM CJIYtIae peaKll.HSI He SIBJISI

eTC5I CTp'oro rrOCJIe.ll.OBaTeJIbillOH, nOCKOJIbKY Hap5l.ll.Y C oopa30BaHJfeM Mar

HeTHTa H KpHCT06aJIHTa B CHCTeMe CHHTe3HpyeTcSI aM<pHOOJI B .ll.OBOJIbHO 
OOJIblIlHX KOJIHtIeCTBaX (5-10% 3a 15-30 MUH) , H no nOJIYtIeHHblM .ll.aH

HblM .ll.JI5I BToporo COCTaBa MexaHH3M 06pa30Ba1HH5I aMI<pHOOJI a 51BJI5IeTC5I na

paJIJIeJIbHO-nocJIe.ll.OBaTeJIbHbIM 1110 cxeMe: 

I. I1cXO.ll.Hble BemeCTBa - aM<pHOOJI. 

II. I1cXO.ll.JHble BemeCTBa ~ .KpHCTOOaJIHT+ MarHeTHT + N aF -+ aM<pH'60Jl . 

B CB5I3'H C pacxO.ll.OBaHHeM HCXO.ll.HbIX ,BemeCTB IHa oopa30BaHHe npo-

Me:>KYTOtIHbIX <pa3, OTJIHtIalOIll.HXC5I BbICOKOH CKOPOCTblO CHHTe3a, npO.ll.OJI
:>KHTeJIhlHOCTb npOTeKaHH5I npSIMOH peaKll.HH He3HatIHTeJIbHa. TaK, B tIaCO

BOM OnbITe KOJIHtIeCTBO KpHCTOOaJIHTa ~OCTHraeT MaKcHMYMa (60%), a aM

<pH6oJIa - 20%. B .ll.aJIbHeHlIleM npoll.eCC oopa30BaHH5I aM<pHOOJIa H.ll.eT 3a 

C'1IeT pa3JIO:>KeHH5I Mal'lIeTHTa H KP'HCTOOaJIHTa, 0 tIeM HarJI5I.lIJHO nOKa3bIBa

eT nJIaBHOCTb HapaCTaHH5I BbIXO.ll.a aM<pROOJIa B nOCJIe.ll.YlOIll.Re tIaCbI CH;H-

'fe3a (pRC. 2). • 
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