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33930l 30GH0mMs0 890093700 ©s 3500 gablixs: 36MgG03mMewo bsffoero, 9dm-
053599090 390MmEOL goblobm®E09wgdws®, MgMHIMwwo 3m©dog900L dmbsigdms
05H900U ,,dbsYmxbol” Tgbobgd 0bxgmMdszool Ggammzgdoom ofygds. ,,dbsymabs®,
230039 gb gmzmobs, 50dbsgl 0bxm®mIszool bbgssolbgs fys®mdo dmfimogdmwo
0b6x3mM3o300L  BobMMdSL, 53 FgIMgdol FJNMEYdoMsd M HBOHMB3gWYMBOEO.
3M565@0L Xm0l Jobg®mocms 3OoLEIMJodool bszombolsdo dodmzbowos s6o
9OMO SMIM0 33¢0939. MO FJIRIPI3 ©A0bS, OMI 3bdmwmgzsbo Logro-
353900l 4393@sldo 4990000690 os  0BMmEroMgdmwo  [SiOs]-Eg@EHmegMgdol
dJmbg bs9Mm™Mgd0, OHMIGd0 300093 0YMB0L KAMRJOS© TS0 IIOHOLEIGIOL
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LobaMbogdols Jobgz00m. ToPooMo®, MEP03060L XMRBoL LOEP0393HJd0  IMOL-
AoWo0056 MHMIdM Lobymbosdo, gMsbs@Hol XayMBoL - 3739MTo, 03060583500
- 39JLsaMboerymTo s 5.9. BoTolosdY, 58 JobgMogrms MMTMo 3MmbLEBE OOl
39bLsBOZMS LEAOWJEHMOM 064MIOIBEHDS SOEHIOMIOL FYIMPO® (35C-(35¢39
b5 dmbggb.

303bsBHoL  xamRol  dobgmoergdo Jgodwgds  asdmglsbmo  bmyswo
BmOIom:  AsB2(SiOs)3, Lyss A=Ca®*, Mg®, Fe?*, Mn*, bown B=AP*, Fe**,
Cr¥*. gwgdgb@ovmo wx699d0L dobggom 8sm 3ymgzagb M6 $Ho3s: 3065¢-
U303J05© O MYMBPOGHJO®. 30MHEL30GHJOOL 03l 809336905  T9dI0
dobgmogdo:  3oMm3o  (Pir)-MgsAl2[SiOs]s, oedsobo  (Alm)-FesAl[SiOs]s o
L3gLoMGHobo (Spe)- MnzAl[SiOs]s, bmerm MaMBOGHRPL - Mzsdmgzodo (Uva) -
CasCrz[SiO4)s, gombyemoso (Gro) - CasAlz[SiOs)s o sbdsodo (And) -
CasFez[SiOa]s.

50bodbmeo  3obgMowgdol  mgMdmeo  3mbLEHIBGHIO0L  LEBHOYYIEHMEOME
0636090096@ ™5 500GHOMOHMBOL  FGIMEOM ©oybolsmz0L, 3039wl
gmgwoby  LsgoMm ogm  8s0m0  09Mm3Mwo 3mbLEEbE 0L dmdogds bbgssbbgs
Lo0bBMMIsz0m fysmmgddo (gbMowro 1).
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3b®ogo 1. 3Ms6sEHoL XaMBoL d06gMsegdol MmgMIMEo 3MmBLEBEJd0

090390 3006L3H9b3H YO0
XAIBO dobgMoo -AHO%9s, -AG% 293, SO ,
335/dmeo 3350/dmeo 339¢/8men.K

1502.06 1417.88 62.32

1484.87 - -
Pir 1502.50 1417.76 60.30
1503.71 1429.47 63.70

- 1428.45 -
Somaebsodybo 1512.10 1428.80 65.00
Alm 1261.08 1183.51 80.38
1267.20 1187.80 74.40

Spe 0630635300 56 Im0dgdbos

Uva 1407,20 1323,70 -
1586,11 1499,74 61,19
1583,20 1496,80 61,19
Gro 1571,90 1490,30 76,90

365600#900 - 1484,90 -
1585,64 1499,25 61,21

1379,50 1290,00 -
And 1387,80 1307,65 78,20

1373,50 1290,00 -
1379,06 1293,51 80,20

OeMO3 0033939, 3060m30L (Pir) 9900mbggzsdo 9gladargdgeos 458m309gbmm
Lo0bgMEs30m  gommgdo, MHMIddosg 0gMHIM©0bsd03Me dmdogsms 2obdbg3s
=36093690ms. 5¢350bols (Alm) 99dmbggzsdo mgMdmeo 3mbLEBEHGd0L dglobgd
0b6x3m®3s300L 3365, bMmEm© MmO ffgo®mbos Jgbodwgdgwo. Lsdfrbodm, obobo

0

86083690mgbo  39bLb35300gd056 956 gmoLsYsb, AHT ,4-0b  360336gEMdsmS
39636935 6 9OHMNIMWL 509F5BHIOS, AGY ,g5-0U5 S S,44-0b 3603369 MdoMs 35636935 30
~4-0b BHME0s. 1305MP MMYWOS (35¢LOIbOE GBI MBOL (LESBIMEHOL) SMhg3s o
090 ©3353Hg00m 33390l FMOoMbM3L. o3, dggbgds L3gLaMEHOBL (Spe), dob dglobgd
bogombo 9godergds, FbmEmE 9¢dsobol MgMdmwo 3mbLEBEHIOOL gEswmbols
503960l 89909 ©oYJL. Y35MM30GHOL Tgbobgd 0bxm®Bs30s, Fbmwm© gMom
D9o00mdos dm3gdmeo s olbog sMlMWMWsE, MLSE 00 133650 803945356, HMI
50 GobgMocols  0gmdmo  3mbLEBGHIO0L  oYgbs  Fgodergds,  Fbmerme
23696003HO0L G030l dobgmowms 3993039000 gosbys@0dgdol 99 9y.

230560 EH00L  BHo3ol dobgMowro - 4Ombmeos®o (Gro), olggg Omyme3
3060m30 (Pir), ,,0000056005% LEBIOEJIOM. FoONES3, B3 LoobBMMTs3om [gsOrmdo
3OLgdMEo Gro-l. mgMINEo 3mbLEHBEHIB0, LS3TomE Loodgms Jomo gobdbgz0l
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035LOBOOLOm. BEMIOEHOL (And) Jgdmbggzsdo Lo@wsgos 53 dbMHOg »RO™
MOMos.  OmymemE  BbL,  BEBIMGHIO0L LGB, LsFomms  0gMIMwo
3MBLEGHOBEGHGOOL gobdbgzm5 3mTdOBOMYDdS.

LEAHOMIGHYON  06MY0IEEBHMS  SOGHOMOMBOL TgoOMmEPOom  MYHINO
3MBLEBGHIOOL Qo960 Tgd0LOL, 30639  Gogado 930w gdgos  bobiEgdol
9mgob 2o6LsBM3Ms. §399m0d IMEgdMEo dmEgero 9ggbodadgds yMsbsdol Xm0l

439ed dobgemols:

TKGr TKRS TKCor

Lboss, RO = MgO, FeO, MnO, CaO; Cr - 80bgmogol Lboddmems, RS -
993obo035¢0L dgLsdsdobo 3smombol boddmem, Cor —  30OHYboO.

dm9wol dobgz0m, 3060390 603009MHgds FoMdmoygbl Lowozs@dl (Msbs@ol
X3IBoL  dobgMogd0), OMIWIOLsE  JoBbosm  3MBIMMzsbo  MMYIBOBIF0s.
LAHOMISHNOMX  0baMg0IbBHMS  SOGHOIMOMOOL  FgoMmPOL  Mobsbds  obobo
Potdmygbowos g@swmbol Gmedo. RO - Si02 s AlOs ogogg dgomom
3956 gdl  LEHOWYIGHMOMEo  0byMg0gbBHJdOL ML, RS-U g3l MIswegbo
LOEP039GHMM0  MMRSBODsEGoOL boolbo, dgBo 30Mg Gr-b, bemem ALO3-L gb
625605305 LOGOMNME 56 Q556605. Fo5E0MOLIMZ0L Fm(39dw90s Pir-ols dmgero:

3(MgO - SiO2) + AlOs — 3MgO -+ ALOs - 35iO:
3bMoo 2. 306Hm30l LBMYIE OO 0byMgEogbEgdol 1.0.00.3.

L3obIMEMo MO MYMIMNEOBIT03MMO
B 0N | | Gy | S 3
3(MgO - SiO») -1110,63 -1047,60 48,58
ALOs -400,50 - 378,18 12,17
3MgO - A:Os - 35102 -1508,94 -1423,93 61,88

50  9gdmbggzsdo  9odmygbgdmeo  odbs  Lodugbsl  dmbszgdgdo,  GMIgdoEs
HomImagbocros 3bMHowgddo (3, 4).
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3bMoo 3. 3065¢l30GJO0LS s MAMIBEOEHIOOL FoLSMGds® BsFoMem FobyMoEgdoL

090390 30mBlBGs6EHgd0
9BLEGGHOGO R9OMboodo | MHmE®bo | 3medsl | 3memboo
(MS),En (FS),Fers Ao &obo (A), Cor
1.0.00.3. (MS),Rod | (CS),Wol
3wo0bm | mGom | 3wobm | mGom
_ O
A%, 369,57 | 370,21 | 286,10 | 285,75 | 315,68 390,22 400,50
335/0te0o
_ACO
AG rass, 348,70 | 348,45 | 267,60 | 267,21 | 296,51 369,87 378,18
335¢0/0ceo
o]
S 15,8 16,12 22,50 2232 21,30 19,85 12,17
339/8men.K

OmamOa BbL, LEHOMIGHMOM 063090gbGHMs 5EOEHMOMIOL dgommols
396LObMO(309MdWSEO  Y39ws  MOZIZ0MZIWO  35GMHTYBHEMO 0360895, 0T3S
g4m39@m30L 565, 5sb Bmyoghmo dobgMowo ™Mo FMmEoro3zs30oL  Loboom
33b390s. Bsgomoms,  MgO-SiO2 s FeO-SiO2 - 8d90dwgds oymb  3e00bmgb-
UEASGHOGHOL, 3obmagOHMLo oGOl s MMM RMOIGOoL Loboom. dsmo MgMHIMwo
3MbLEBGHIO0 mbsg 2oblb3z9309ds, BoaMsd gMm-9MHmO Fomsbo «bs G9o®mhgL. b39b
56MBg3560 9935696900 9BLEBHIGHOGHOL s FYOMBOEOEOL MmOMM BmEOIGODY, MO39
90b6965¢0 bEIBIOEGHMW 3060HMdJdT0s. 53 30MHMBGOOL TgbsdsdolOE, BEHMMIEOE
0636900096@ ™5 5©0GH0MOMBOL IJOMPOM, 2056950 TJOMe  0dbs  MmM039 3060~
130@0b MgMH IO 3MbLEBEHIO0 bOHowo (4).
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300 4. 30630l 5 5¢r50b0L 13.0.00.3-0b 35565008900l 15630TEI3MMdS s 990098900

BogO ol babgaro, b.8.00.5. RMOIMs s .0.0.3. (LEGHG. 0by®., SI) Koe y (30MI0Eg0S
LOddMEOM O 1803 | S5.0.003 Ko 5 8.0.3, (B)
6Imans (A) ROINES T RO , ZKo/n (996990.) | A-B %
BMOHIY SI (A A/A
AHE, 56 -b 399695608905 (335¢0/00q00)
306m30, Pir . 3(MgO-SiO2) -1108.71 *
3Mg0 - AL, O, - 3Si0, 1505.10 ALO, 400.48" -1509.19 | 0.9973 -1509.11 | 401 | 0.27
550060, Al 3(FeO-SiO) 457 28 0.99995
Q) @O 0, m _ " eV o102 - s
3Fe0 - Al,0; - 3Si0, 1261.00 400.48" -1257,73 | 1.0026 -1257,67 | 339 | 027
AG,9g-b 355635608905 (335¢/dmeno)
306™30, Pir . 3(MgO-SiO2) -1044.90*
3Mg0 - AL, 05 - 3Si0, 1421.02 ALLO, 37748 -1422,38 | 0.9990 -142333 | 228 | 0.16
sendsobo, Al 3(FeO-SiO2) 801,60 1.0007
, Alm " e0-5102 -o01,
3Fe0 - Al 05 - 3Si0, -1181.80 ALO, 37743 -1179.08 | 1.0023 -1179.85 | 1.95 | 0.16
29g-L 205625603905 (3o¢/dmero: K)
306m30, Pir 3(MgO-Si02) 48.60"
3Mg0 - Al,0; - 3Si0, 62.98 ALO, 1516 60.76 | 1.0365 62.67 031 | 0.49
550060, Al 3(FeO-SiO) 66.96 10314
05QO00O, Alm " e0-5102 .
3Fe0 - Al,0; - 3Si0, 8119 ALO, 216" 7912 | 1.0262 81.60 0.41 | 050
Cp298 -1 3096396000905 (39¢0/dmemo- K)
306m30, Pir . 3(MgO-SiO») 58.23"
3Mg0 - Al,0; - 3Si0, 77 42 ALO, 18.80 77.05 | 1.0048 77.11 032 | 0.41
de08s0060, Al 3(FeO-Si02) 65.18 1.0008
> m % eU)o10L2 .18*
3Fe0 - Al,O; - 3Si0, 83.72 ALO, 18.87 84.00 | 0.9967 84.07 035 | 0.42




Ks -ob 3603369¢0mds  9obLbsB3Mol 9999, dgbodergdgeros  2sbolsbrgmml
139gLoMEH0boL MYMTMEo 3MbLEIBEJdOE (FbMHowo 5).
300 5. 1B3gLsMmEAG0Bol  MgMIMEo 3MBLEBEJIOL 29563900 gds

L.8.0.3, 21.0.00.3, ‘
S1 SI ( A') Ks B=Ks- A
—AHO298, 3395¢0/d¢00
3(MnO-SiOz), 944,04
AlLOs3 400,50 1344,54 0,99995 1344,47
—AG®%298, 335¢0/0M0
3(MnO-SiOz), 88.,.53
ALOs 378,13 1267,66 1,0007 1268,55
SOa98, 335¢0/0mero-K
3(MnO-SiOz), 63,90
Cra9s , 3390/ .K
3(MnO-Si0z), 61,98

LAHOMIGHMOM  0b6M90IBEGHMS  SWOGHOMOMDBOL  FJOMPO®  Po3BRIM0TYOMEO
13gLoMEHObOL MYMTMEO 3:MbLEHIBEHIOOL 60T369EMdYdO.:
AHO%208=—1344,47 335¢0/30¢00; AGO£298=—1268,55 335¢0/dmo;
S9208=78,46 33000/dmo-K; Cr2os= 80,86 335¢0/dmen.K.
“3656@03HJO0L 3030l JobgMowgdol g@owmbgdols 9MBg3s, 30GMOEL30E-
0oL Abpoglo  ImMbEs.  LAHBIOEJOIOL  o9bgm0dgds  OMLIE0sMOls
365 0EHOLMZ0L  BoGoMms 3bMow  3-00  gosbascm0dgd9gdol  056d0dgztImdol
dobgz0m (EBOOo 6), M SToLs Fodmygbgdo 0dbs gmesl@mbodo (Wol) —
CasSizOs, 390s¢0Bo (Hem) — Fex0s3, gligmamso@o (Esk) — Cr203,606myméag LGOmd-
Ao 063690096@ 900 (SI). 0939, OMYMEOF 30MeL30EJdOL F9dmbggzsdo, mvw
3bmdoos Ks, 95006 990dwgds  go8m3m3zsemmm  M350mm303H0L  mgMdgmwo  3mb-
LAObE900 (EBOOWO7 ).
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3600 6. MHMLYYE0sMHOL S SBEMIOEGOL 1.8.00. 3-0b go36gM0TgdOL M630TEI3MMdS s FJEYRJO0

.d.on. . 6., SI
Bbgi’g;ﬁgfgo’ b.8.00.3, BOOTORS @ B33 (bf): Oi?) zz ; | Ko Ki= | 1.0.00.3. (B) GQO0wbd
(A GO0 ERCO0 1 pyA %Ko/n 59656. : 9
Ao ) GO ol (A / (96956 | AB | %
AHE, 46 -b 355695608905 (335¢/dmq0o)
260560, Gro ) 3(Ca0-SiO2) -1170,81 | i
3Ca0 - AL,0; - 3Si0, 1584,65 ALLO, -400.48" 1571,27 | 1.0085 - 1583.05 1,60 | 0.10
566>@0¢0, And ) ) 3(Ca0-Si0) -1170,81 | ' )
3Ca0 - Fe,0s - 3Si0, 1376.25 Fe,0, lo6.eo | 136741 | 1.0065 1377,67 | 139 | 0.10
AGE,9g-b 25565008905 (335¢0/dno)
3OMlEosMo, Gro ) . 3(Ca0-Si02) -1110.03 | i
3Ca0 - Al,0; - 3Si0, 1499.05 ALLO, 377.48 1487,51 | 1.0078 - 1497,77 1.28 | 0.09
560500, And ) ) 3(Ca0-SiO2) -1110.03 | ' )
3Ca0 - Fe,0; - 3Si0, 1294.66 Fe,0, 17704 | 7128707 | 10059 129595 | 1.29 | 0.10
S29g-U 209635608905 (39¢0/dcmero- K)
3Ol osmo ,Gro 4 3(Ca0-Si02) 58.56 9 ] 99
3Ca0 - AL, 05 - 3Si0, 69.5 AlLO, 12.16 70.7 0.9833 69.69 0,15 | 0.
0.9855
bMso@o, And o 3(Ca0-Si02) 58.56
3Ca0 - Fe,0; - 38i0, 78.68 Fe,0, 21.10 79.66 0.9876 78.51 0.17 | 0.22
Cp.298-b 35565608905 (39¢0/cago- K)
3OMLMEosMo, Gro 79.90* 3(Ca0-Si02) 61.70* ’ 7951 1
3Ca0 - Al,0; - 3Si0, 920 Al,04 1882 | %02 0.9836 93 031 | 0.39
0.9874
sbMso@ o, And . 3(Ca0-Si0O2) 61.70
3Ca0 - Fe,0s - 3Si0, 85.93 Fe,0, oigy | 8669 | 09912 85.60 033 | 0.38




gbOowo 7. mgzsmmzodol (Uva) ogmdneo 3mbbGeb@gdol 499699603900

1.0.00.3, >5.9.00.3, ,
SI I (A" K B=Ks- A
-AHO%2, 335¢0/3c¢00
3(Ca0-Si02), 1272.47 1444.24 1.0079 1455.65
Cr20s3 171.77
-AG®29, 33900/0m00
3(Ca0-5i02), 1110.37 1363.43 1.0046 1369.70
Cr203 253.06
SO29, 335¢0/8ae00-K
3(Ca0-5i0y), 58.77 78.17 0.9729 76.05
Cr203 19.40
Cr298 , 339¢0/dmen.K
3(Ca0-Si0o), 61,70 86,72 0,9874 85,63
Cr:03 25,02

LEAHOMIBHYONE 0baMI0IBEHMS SOEHOIOMOOL FJNMEOM J56yMH0TGdO
21350030308 09MH Mo 3mbLE6EHJOOL 9603369 Mdgd0.:

AH%208=—1455.65 335¢0/ dmewo;  AG%298 =—139,70 335¢0/dm00;
S%208 =-76.05 335¢/3me00-K;  Cpa29s = 85,63 335¢0/dcmen. K.

OmamO3  900mBbs,  LEAH®IGHMOM 063090 gbGS  9OEHOMOMBOL
d90MmEom,  ®MMIMNo  3mBLEBFHIIOL  BEBIMEGHIO0L  (30™MI0EgdgdIOLS O
B59mm9gd0ol Lbosbbgs 03900l 0bgH35w, 399649608900 0gMHIm©obsdozmeo
35659936900, Lo3bgd00 FoLOMYd0s, M95J309d0L MYMTIMEOLsT03MMO  bsEPOBOl
BobOEGMNOO. 3500 FmMoL AMbIEHOL XamBol Jobgmocgdolsmgol. dglfogzerowos
BogmH»9gd0, HMIWgdoE bolosmqd0sb 3Mbdmewmgzsbo Loozs@gdol M30Lgdom, Mo
399Mm0bsBgds v BEGHOMIGHMOSGo  0BMEOoMGOMo  LowoEo)d-756050M3560
A9IH5906M9d0L  sOLYdMdOm.  olbobo  AobLL33YB0L  AMBIGHOL Xy MBOL
LoEP0353JOOLHRSD 0dom, MMI  3MOLEHIWODBOIO0D  Lbgsslbgs  3MOLEHIWYE
LoLEBHYFSA0 O 96  9d30  OLObYEGdGBO, OMIWIdOE  RIbIBMYPsYdI6  Too.
9O0509MH»0 60dsbo 0dols, MM ollobo 80933690056 37BN ™36 Loroo@gdb,
560l dom0 JodoMo mEmIMEgd0. Jomysb, Lsdo Lowro3sGO BILOSMEIOS BIYMO3
390mMo  (Na20:Ca0-SiO2, Na20-MgO-SiO2, K20:-Zn0-Si02), 6 - GMmam®a 943b3/mbs

(39gboambsgrm®Mo)  Lobgmbosl  dozmmzbgdmero  (Bsd  TmEOL  dobgMowrgdoL-
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539653030LS o 30gdoGol  Bsmgwrom), ghmo  bsghomo  (gozmbo) -
AIGO93MbsMOMIb  J03Mmzbgdo, ghmo - OMIdMwmsd (2Bal - Si0, ) o
dmmb, ghmo baghomo (2Ca0 - Si0;) - mmbo 8mEo0n035300L LEbom, HMIYEMSYL o-
Bm®Is bobosmgds 9dglzmbs LobEgdom, a’- 2Cal - Si0, dMYEOPOE-OMIdMOm,
B-530®3s (o®bo@o) - dmbm3zwobm®oom s y- 2Ca0 - Si0y( 896mbo@o) - GMIdmwo
LobGgdom. sLgo 306MdGOTO 9o MbIMHO BogMgdOl 5MHBY3d 50D MM0s. Jom
1d9gGH9L, MM yzges Bsdmmzeowo bsgmomo 56 seolb dmyzsbogo dmbozgdms dsbsdo.

306R9gd0l 65960380, ,bgemgbm®mo dobgmowgdol m33H03MHo ™M30L90900°%,
390000535H9000 Lo 035¢3)gd0U, 6MI9do3 »0203060L X3IBOL”
Lobgefmgdomss 36Md0WO, gEHowmbms 99MPg3s 9615653090 G0 . Boag®mgdols
9B X3MBO 0300 259m0MBg3s  3BIM™3560 Low035BHIOOLOYSD, MM olobo gyzgws
63509630560 0mmMbgdol MmOHDMBOW035@9d0s, MHMIgdoE 3OOLEIODEId06
OMIdME  Bobambosdo.  mwMAEs, 98 @iLLbggdol 393  MosBOYds  obgmo
LoE0353HYd0,  OMIgms  Fomdmddbsdo  Imboflowgmdgb  gdmo, Lsdo o
Mmmb3zogbBHosbo  ombgdo s bdoMos Tgdmbgzgzgdo, MmEgbsg b Bogdogdo
300 Lobymbooligsb goblbgeggdmwmsm 3M0LEHIW0DYd0b.

365 9OH0 2555600 Tg00L F99900L 5bse0BTs s AMbs3gdms d9BYdOL
d9L5dgdEMdYOOL  Tgufogersd 23563965, GMI  FoBI6IghHmboos  ©sdwgbodg
3903335¢0mU {gomrmdo J90mme35H90o 376dMEm3560 Lo n3oEgdol Fomdmoagbols
05600800930Mds. LOW3oBHIO0 X FMNBBID LobBHYIgdolL (Lobymbogdol) dobg-
300, MMIgddo 0Lobo 3MOLEIW0DYd0b.

5060050, d0©gdMYWos BoEr0353HJooL bYFo XYMRBO, MMIgEmS HoMdmIs-
396900 9G056  FMOLEIO0E0, B0IWORHO, GHIROMOGO ©s dmbEobgodo —
BogOomgdo HMIgdoE 3O0LEHIEI006 OMIdME LolEgdsdo, 3gdLogmbsem®do
—(30wabo®o, @3bszoBHo) o  IMbm3wobozmmo  LobEHgdgdol  Lowrolsdgdo
—(@smboGo, d9M306030). 02039 bsgOMdO  godmoyggbgdms  gBowmbgdo.
LAHOMIGHYOMWo  063MI096EHIOOL  SOGHOMOHMOOL  FgomEOL  FgLsdsToLo©
BoE690M@0 go8mm3egdol 999900 dmygzsboeros gbMHowgddo 8-11.

59 3b6MOEgOOL B OBOM,d9830d0s 35133050, OMT :—AH%9s-b o AG%9s-U
399625009900 3609369cmdgd0  ®0mddol  Jgqlodsdgds  Bmbsizgdms  dsBsdo
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390m0035H90 53 356599GH®gd0l 36093690 mdgdL - FgmLodsdmds dso Mol
0,5%-b 56 50g353H9ds; —S%9s-0l o Cp2ss-U goobyo@odgdmero 3608369ermdgdo MG
956@HMM30M@ 9OHMIMEL 56O 50953 Jds. 53, LOVIEOE ©9353059MmBOYdE J9©9-
3900 990005 Bs0mM3oeml. 099939, IbS 9500b0TbML, GMI Moy Tgdmbgzgzgddo
UsFoOH™M 0ym BEBBIOEGHIOOL M3MEIbMOOL AsBM©s 30bbgols 65dOMIdo domo-
09070 Y39ws 08  d0bgMool  sLIRIMSE, MMIgwoy Lowozs@gdol  Lsdo
XAMBOD  gOD-9MHOMB  s®OL  d03MmM3bgdmEo. oym Fgdmbgzgzoo, MMEILL3
09569080 80m0mgdMEo 0ym 2sblb3s3909mo 3M0LEIM0DsEo0l LobEGHIgdo gMmo
5 03039 LOE0353JBOLIMZOL. FoQIE0MS, 30egboEol Fgdmbggzsdo ghmo fyserm
90900m90L, MMA gl 659MHM0 3OOLEIXODEYds 993L3mmbs Lol gdsdo, bmgrm bgsdo
9000mMg40Ie0s GM0PMbsEmMo LolGHgds.

50b0dbmo  Loo3s@gdol oM, LoLEBHIIGIOL TobIP30  WIYMBOWO,
3996310 m3560 J0bgMmoegdol J393eolo 53 BodMmAol dobgzom dmosgl 8936 Lbgsl,
H39wmd 09MHIME0653039M0 356599EHMYO0 G90dgds A5dMOomM35eml (3bMowgddo
(6030 1533s30 LOWOIsGHMMO bsgMMOL LIM3-0L FgEscMYdOL HOOWYdO 3-5 Fysemls
dobg30m) Homdmagbowo 0bxgm®mdszool dobgzom. 093y, 08539 Hysermdo sligag
BoIMMZ300s LOE0353Jd0, MHMIgEms Lobymbogdo AsbLblszIds  FBOOW B0
30m0mMPOYgdoLYsh. o TmMolLss 39¥MMo Lobymbool Bog®mgdo (Na,CaSiO,,
Na,MgSi0,, K,ZnSi0,) 5 go®3mbo. bsgoomo (30M3mbo), MG™mIgos Gg@toymbs-
@6 Lol gdsdo 3MHOLEHIOBPYDdS.

39999090 0gm  09MHIM0bs303MMH0  356539BHMJI00L  gosboM0dgds o
900900 99939008 Jgxslgds  39d9m0  Lobymbools bsgHmgdol d9dmbggzsdo.
9mbs39dms d5H9ddo, Lsdo 5Mbodbo bsgHM0IB, OEF gHmob BEIBIOEHWWOo
dnmo  8600369wmdgd0lL Tgbobgd dmbs3gdgdol dmdogds o6 dmbgMbs. Mg
d99bgds  30M3MbL, oL Ls3dom  LOxBYd3w0sbsE MOl Fglfogwrowwo  ™MgMHIM-
0653037965 @5 96 0y M0, LAOWYIEHMOMEo 0baMI096EHIOOL SOEHMOM-
0oL  dgomEolL  Asdmygbgdom, MgMIMPOLsT03MMO  356M5T9EBHMOOL  ASTMMZOl
99092900L  Fgo3oligds.  v0dMBbs, MHM3 53  BobgMoErol  MgMIM©Obsdolzmmo
356589G®900 Logbgdom Tgbodergdgros Jo8Mmom3zoeml  3BIMEMm3sbo GHMIdMwo
LoEr0353gd0L  6039E0MgdoL  3M9R0E096GHJOOL  godmygbgdom.  BogzmogMgdgdols
09HIM©0b5d03MMH0  356589GHMJO0L  LBBIOEGHMo Mo 350369 MdYdOL
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6MHmIgddos ob 3MoLEIWoBEYds, ImEsbowos 3bMowqddo 8-11-do. dsmo godmyg-
6900b golsdsM 30390 s Fgagbowos 3bMowo 12.

390056030 03060l 30b9gMH5¢g00b, 490 BEBIBIMEHIOI®E 50gdMOLS
(@b6. 8-11), Boblgbgdos CaO-FeO-SiO2 s CaO-MnO-SiO2, G0Igwoms mgmdmo-
6530360 3565993HM9d0L  BEHObsO GO  dmmyyMo 3603369 mdgdol  globgd
0bxzm®3s30s  B396m30L  bgerdolsfzomd (ysemgddo o6 dmodgdbs. dsmo  0ge-
906530399600 356539BHMYO0L  250MmmM3ol d99gd0 dmyzsbowos 3bG®owwdo 13.

3b®0o 14 §56H3Mo96L B39l B0ge 450m 33090 Mfigerm Loeo3sGgdol gMsbo-
Aobd 5 03060l ¥13900L 9% 59939 bMHoWL, MmAgwdos LEGHMI-GWOHMEo
0630900963900l  50GH0)OMBdOL IgNMEOL  godmygbgdoo dowgdMwo 899900,
0905609305 Bbgoslbgs  8mbsigdms  35Hsdo  90mme35H90ME0  0gMHIM©O-
65903960 3565993 H9d0L 2olodMsMgdM bEObIMEHMW JmEr® 360d36bgw™dYd-
056, 296> 5doby, BsdOMMAT0 5B MYOMMOE SOOL QobYIMO0TGIMO K AMRMEO,
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3bMowo 8 . HmMIdo, 9J3b3nmbs ©s dnbm3wobrHo 3mbdmwmazsbo Lowogs®gdol AHE,qg-0b 3s56996089ds

BogPols LAHOYIGHIOo 0byMI0Y6EHIOO (SI) (303090
QsLobgEgdo, 1.0.0.3. (B)
LoddME™ L.0.0.3. (A), SI, SI, Y SI (A", Ko=A/A" | Ks=2Ko/n B=Ks-A', A-B, o
Q5 3350/0tmeo ROOINWS | 335w/Fmwo | 335¢0/dmo 339/0me0o | 335¢/Bmo °
03O
AHP, 46 -b 25565608905 (G300 Low0353)9d0)
xmOLbEgO0G0( for) ) MgO - SiO, -370,22 i
2MgO - Si0, 519,86 MgO 143.80 514.02 1.0114 1.01233 520,36 0.50 0.10
3390500 (Fa) ) FeO - SiO, -285,75 i
2Fe0 - Si0, 353.98 FeO 64.44 350.19 1.0108 1.01233 354,51 0.54 0.15
A98mOmo@o (Tef) . MnoO - SiO, -315,66 i i i
2MnO - Si0, 413,53 MnO 92,04 407,70 1.0143 1.01233 412,73 0,80 0.19
dmbEoBgwo@o(Mon) ) Ca0 - SiO, -390,27 i i
Ca0 - MgO - Si0, 540,91 MgO 143.80 534.07 1.0128 1.01233 540,91 0 0
Y=4.0493
AHR, 95 -b 259639600905 (39JLoambBscrry®o bowo353Hgdo)
196530340 (Ph) ) BeO - Si0O, -367,98 i )
IBeO - SiO» 514,82 BeO 114480 512,78 1.0040 1.0068 516,27 1.47 0.29
30egdo@o (Vil) ) ZnO - Si0, -304,48 i . )
97190 - SiOs 391,53 710 83,43 387,91 1.0093 1.0068 390,55 0,98 0.25
>=2.0136
AHF, 55 — b 399695608905 (0060300064960 Logrozsdgdo)
woMmbo@o (Lar) . Ca0 - Si0, -390,27 i . )
B-2Ca0 - SiO: 551,48 CaO 151.83 542.10 1.0173 1.0155 550,50 0,98 0.18
2(Ca0 - Si0y) -780,54
3686’8(_’?\;[’@8 _az\é‘ig -1090,86 MgO -143,80 -1076.14 | 1.0137 -1092,80 1.94 0.18
o ’ CaO -151,83
>=2.0310
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PG00 9. GO, 93gL390bs s FMbMIEobMMo 3bAEM3360 LOEO3oBHIOOL AGE,95-0l 355633H0BYDs

Bsg®oob LAOIIONONEo 063MgE0gb¢Io (SI) 3MI0ogdd
SLsbyEadsoddmme | 1.8.00.3 .(A) b.9.00.3. (B)
® 3@3@; = Lasenfdomee I, I, ZSLA), | KomAIA' | KosBKoln | BKoAl, | o
0
BOOHINED FOOIYd | 335@/8meo | 33de/daco 339¢0/dmero
AGR,9g -b 355635008905 (H0ddwo Lo 35Hgdo)
3mOLEGgO0Go ( for) ) MgO - SiO, -349,46 i i
2MgO0 - Si0, 491.34 MgO 136,09 485,55 1.0119 1.01308 491.90 0.56 0.11
590500 (Fa) ) FeO - SiO, -267,21 i i
2Fe0 - Si0, 329,93 FeO 50,53 326,74 1.0098 | 1.01308 331,14 1.08 0.32
A98Omo@o (Tef) ) MnoO - SiO, -296,51 i i i
2MnO - Si0, 389,93 MnO 8679 383,30 1.0173 | 1.01308 388,31 1,62 0.42
dmbEoBgwo@o(Mon) ) Ca0 - Si0, -370.01 i
Ca0 - MgO0 - Si0, 512.81 MO 13609 506.10 1.0133 | 1.01308 512,72 0.09 0.02
Y=4.0523
AG,95-b 25565008905 (993L37900bs Lo 35HdO)
19bs30¢40 (Ph) ) BeO - Si0O, -347,15 i )
2BeO - SiOs 487.10 BeO 1137.48 484,63 1.0051 1.0085 488,75 1.65 0.34
30egdo@o (Vil) ) ZnO - Si0, -284,48 i ) .
2 700 - SiO» 364,40 710 7607 360,75 1.0118 1.0085 363,82 0,58 0.16
¥=2.0169
AGE,95-b 25565008905 (80bmzamobr®o Lowozs@gdo)
wsMbo@o (Lar) ) CaO0 - Si0, -370.01 i ) i
B-2Ca0 - SiO» 524.04 CaO 14433 514,38 1.0189 1.0174 523,33 0,71 0.14
2(Ca0 - Si0y) -740.02
38865’0?\2@8 .(I;/gieg -1036,62 MgO -136.09 -1020,44 1.0159 1.0174 -1038,20 1.58 0.15
e ’ CaO -144,33
Y=2.0348
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3bMowo 10. HmddvYeo, 5zl Mmbs s dmbmzeobamo 3mbdmmm3zs60 LoEI0IoBIOOL S29g-0b 3336M0TYDS

BogH ool LAOMIGHIOo 0baMI0YhEHYO0 (SI) 1.9.00.3. (B) (3030905
©ababgEgbLoBoO@ |\ 4 o 5 (A), SL, ESLAD | g A/A" | KeSKo/n | B-KwA!, 3500/
@2 5¢0/dmero-K SL goedges e/ e/ 5@/dmeo-K | dmenor K %
ROINS /IO dmor K dmwo-K Go/Ine <
S29g-L 299625608905 (H@IdM0 LOEI035¢)J0)
amObEIOoGo ( for) MgO - SiO, 16.20
2MgO - Si0, 22.73 MgO 6.44 22.64 1.0040 0.99951 22.62 0.11 0.48
590500 (Fa) FeO - SiO, 22.19 i
2Fe0 - Si0, 34.70 FeO 13.74 35.93 0.9658 0.99951 35.91 1,23 3.54
A98mmo@ o (Tef) MnO - SiO, 21.30
2MnO - Si0, 38.00 MnO 15.71 36.51 1.0408 0.99951 36.49 1.51 3.97
dmbEoBgwodo(Mon) Cao0 - Si0, 19.92 i
Ca0 - MgO - Si0, 26.03 MgO 6.44 26.36 0.9875 0.99951 26.35 0,92 1.23
>=3.9981
S29g-U 2996356009905 (993L39mbo LoEr0353Jd0)
9693030 (Ph) BeO - SiO, 12.90
TBeO - SiO » 15.40 BeO 339 16.29 0.9454 0.9754 14.90 0.5 3.23
30gdoBo (Vil) ZnO - Si0, 20.80
2700 - SiOs 31.40 710 10.43 31.23 1.0054 0.9754 30.46 0.94 2.99
>=1.9508
S29g-U 2996256009905 (00bm3e0bwMo bLowo3s@gdo)
wsMbo@o (Lar) Ca0 - Si0, 19.93 )
B-2Ca0 - SiO: 30.51 CaO 9.37 29.30 1.0413 1.0621 31.12 0,61 2.00
2(Ca0 - Si0y) 59.86
006805060 (Men) 60.50 MgO 6.64 55.87 10829 | 1.0621 59.34 1.16 1.92
3Ca0 - MgO - 2Si0: CaO 9.37
¥=2.1242
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3b®ogo 11. ®M3dyero, 9d3bzMmbs s Imbm3moby®o 31bdmEmgz560 Logro3s@Ggdol Cp.20s-0l g556g5M009ds

BogPoaols LEAHOMIGHIOMo 0byMI06EHIOO(SI) (3MI0E90S
QsLobggdo, 1.0.00.3 (B)
LoddMEM L0038 (A), 3, ZSI(A", Ko=A/A" | Ke=XKo/n B=Ks-A', 35w/
35@0/0meo-K | SI, gm®dmes 3oew/ %
Qo Jormor K 3o/3meno-K 3oe/dmwo-K | dmeor K
RMOINYS <
Cr298-s 209635600905 (O™IdM0 Lo 353 900)
amObEGgOoGo ( for) MgO - SiO, 19.36
2MgO - Si0, 28,31 MgO 893 28.29 1.0007 | 0.9871 27.93 0.38 1.34
190500 (Fa) FeO - SiO, 22.65 i
2Fe0 - Si0, 31.76 FeO 1150 34.15 0.9300 0.9871 33.71 1,95 6.14
A98mmo@o (Tef) MnO - SiO, 20.66
2MnO - Si0, 31.80 MnO 10.32 31.32 1.0153 0.9871 30.92 0.88 2.77
dmbEoBgwo@o(Mon) Ca0 - Si0, 20.67
Ca0 - MgO - Si0, 29.57 MgO 3.03 29.50 1.0024 0.9871 29.12 0.45 1.52
Y=3.9484
Cr298-U 205630000905 (943b329mbs Lo 353H9d0)
1396s3o@o (Ph) BeO - Si0O, 15.91 i
7BeO - SiO» 22.84 BeO 6.11 22.02 1.0372 1.0444 23.90 0,16 0.70
30gdo@o (Wil) ZnO - Si0, 18.27
2710 - SiOs 29.29 710 961 27.88 1.0516 1.0444 29.12 0.17 0.58
>=2.0888
Cr298-Us 295630600905 (8tbm3e0brMo Lowozs?gdo)
ws@bo@o (Lar) CaO - Si0, 20.67
B-2Ca0 - SiO» 30.74 CaO 1012 30.79 0.9984 | 0.9926 30.56 0.18 0.59
2(Ca0 - Si0,) 41.34
dggobogyo (Mer) 59.59 MgO 10.12 60.39 0.9868 0.9926 59.94 -0.35 0.59
3Ca0 - MgO - 25i02 CaO 8.3
>=0,9926




300 12. 355656M087900L5m30L LsFoMmm Lsfiyolo Imbsggdgdo Lobambogdol dobggzom

6039woMgdol 3953030963900 (Ks)
390056030 MmEr0306900L5 O LEAHOMIEGHIOMO 36Mab6mBoMGdMO
AbgogLio 65gM0gdOL X yIBIOO 0ba®gogb@o AH°298 AG ©°5.298 S °¢2908 Cp.298 (30M30g00L B3MdO
33°¢/8mo| 335¢/8meo | Jw/Bm@-K | ow/8me-K 3350/dmaeo %
35¢0/0me-K
Boghoms xaa0, RO:-SiO2 RO AHe s AGe
©530M0bEogdYEO: R'O-S5i02 R"O 1,01233 1,01308 0,99951 0,98710 ~1%
O30 Lobymbosdo =+4 335¢0/0mE0o
S°298 C p29s
399bdambogre Lobymbosdo " 1,0068 1,0085 0,9754 1,0444 ~1%
BB 3By bobgmBosBo " 1,0155 1,0174 1,0621 0,9926 ~1g>e/dmeK
gb®ogo 13. CaO-FeO-Si02 s CaO-MnO-SiO2-0ls 028, C p298 -0 399695003905
ZAngg&SI X ZAGEZ%'SI X %S29g 51 X ZCS,Z%,SI X 30mabmboMYdMo 3mIowgdol
Bogbono b03M9d0
) X K503. X K603. X K503. X K603. =379 )
339¢/Begwo Yo
335/8mo 339¢/8ceo 3o0/dmen-K 35e0/dme-K 35¢0/3men-K
CaO-FeO-SiO: Ca0-5i02-390,76 Ca0-5i02 -370,01 Ca0-5i02 19,93 Ca0-5i02 11,93
FeO -64.44 FeO -59,53 FeO 14,52 FeO 20,67 AHo£298 Q5 AG® ~1%
-455,52 -429,54 34,45 32,60
-455,52-1,01233= -429,54-1,01308= 34,45-0,90951= 32,60-0,98710= ~+3 335¢/dm0
=-461,14 =-435,16 =34,43 =32,18
CaO-MnO-SiO2 Ca0-5iO2 -390,76 Ca0-SiO2 -370,01 Ca0-Si02 19,93 Ca0-SiO2 20,67 Ses  C paos
MnO  -92,04 MnO  -86.79 MnO 14,46 MnO 10,66 ~4%
-482,80 -456,80 34,39 31,33 =+230@/00eK
-482,80-1,0123= -456,80-1,01308= 34,39-0,99951= 31,33-0,98710=
=-488,75 = 462,75 = 34,37 =30,93
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3b®oo 14. 3bdmemzs60 Mfigerm Logrols@EHgdol 3osbas0089dwmo 0.3.1.9.0-980 ©s 3500 99sMYds 08539 L0 35EJOOL 0.3.5.0.0-0  L558moEM

3608369d98056 068m®HIsz00ob Fgosmmgdol dobgwpgom

96HInE0b530379M0 35605993HMd0

0969306580 37160 3560599BHMJd0

BogH ol _AH ? s _ AG? N . Qobobggdy, . . .
©3b2bgegds 5 i 5 i Soss.p Cp.208,p Bsg®ool —AH 2085 —AG; 08, Sase.p Cp.208,p
@b _AH f.298 _AGf 1298 8398 * c 298 * (Bmﬁ)aﬁ@b _AH ? 298 * _AG? 298 * 8398 * c 298 *
BOOIMS P ’ ' P
3390/0meno 3oen/dmo-K 339¢0/0cgmo 3oe/0meo-K
306m30 1509.11 1423.33 62.67 7711 | o rersio 461.14 435.16 34.48 32.18
3MgO-ALOs $iO:2 1505.10 1421.02 52.98 77.42 2 - - - -
sendsobo
1423.33 1179.86 81.67 84.07 . 488.75 462.75 3437 3093
BFeCS)iOAhOB 1261.00 1181.80 81.19 83.72 €a0-MnO-5i0: - § - -
2
aagpandeDe 134737 | 1267.88 78.44 79.41 2050 55427 530.68 35.84 31.92
350 e _ : : § T2 550.16 528.08 36.43 31.13
2
AOMLYE0GHO
3C20-ALOs- 1583.05 1497.77 69.69 79.51 2Ba0-SiO 542.54 516.10 43.27 32.32
aSSi 02 ’ 1584.65 1499.05 69.54 79.20 2 ? 546.58 518.54 4256 32.12
2
Bt
bgcfl O‘_’i Og(_’ 1377.67 1295.95 78.51 85.60 B9353000 516.27 488.75 14.90 23.00
35 Oz ’ 1376.28 1294.66 78.68 85.93 2Be0-Si02 514.82 487.10 15.40 22.84
2
g?g‘_?:g’(_’ 1443.38 1364.10 76.83 89.27 3009600 390.55 363.82 30.46 29.12
33 5 02 ’ _ . § . 2Zn0-SiO » 391.53 364.40 31.40 29.29
2
BOOLEHIOOGHO 520.36 491.90 22.62 14.90 @500 550.50 523.33 31.12 30.56
2MgO-SiO: 519.86 491.34 22.73 15.40 B-Ca0-SiO: 551.48 524.04 30.51 30.74
BIBGHOBO 41273 331.14 36.49 33.71 2%230‘?;’%‘? 1092.80 1038.20 59.34 59.94
2MnO-SiOs 413.53 329.93 38.00 31.76 0 Ozg 1090.86 1036.62 60.50 59.59
dmb@oigero@o 540.91 512.72 26.35 30.92
: AHO:, 0. -
CaO-MgO SO 540.91 51281 26.03 29.57 099600365 £298 QOO 9.9. 1OT-U JogM B0 JdMo 96033690 MdIdO

39600365: 09030653036 3561599EBHOME b0Tobo * Tgglodsdgds golisdrowgder 3603369wmdgdL LoobrmMTszom fysmmgdol dobgzom
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. 5005, M LEGHMYIGHMOMo 0byMmI0gbEHJOOL SEOEGHOOMdOL TgomEO
993990090560905  3MBEBHMEOGL, MHMAEol dobg3zomsE YM39wo  sbsEo  dYs®O
Ubgmeol BEGHOMIGHYONWO  MOYIBODBIEFOOL boMobbo  AsBOLIBOZMGdS, ToliBy
MO 0O S Fo0swo  LAOVIBHMOMEo  FMfymdol  bsGobbol dJmby
9w9396@ms gefiydoo.

. 0900mE0 80939536905 9.0. ,000bErMgdMgdol* Moibgl. doLo  edmygbgdoo
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356589@ 900l o 9bs.
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©53M30090M0s  9MS  F9OGHM  9BIMbIdo® 90900 60gm0gMHgdgdoL
09MH3M©0b53037M0  356599EBMO0L  LEIBIOEGHME dmee 860d369wmdgddo
»39BIDGHMWMBOLY LoEOEIHY, 9MTgE, 985 ™ 00  LowrozsEOL Lobymbools
3Mb63M9GH M 3slby ,0039036930L LOBNLEHIBY s LobEMMdIBY.

. 390Mm0339ms,  OHM3 5 ydobmbowozadgdols UGHObIOGHMo GO
09MHIM©0bs303MNMH0 3560599 BHMYOoL  godmm3zolsl,  goblsgmmegdmwo
36003690m™ds 9603905 LEGHMMIGHMIOWWOo 0baMg09bEHIOOL TgMbg3zslL, Sb93g dom
09M3m065303M6  sbsLosMYBEGOL,  FBLSIMMOGdO®  gbBHOM300L  (SF9g)
96003690Md90L, MHMIgEoE 439esBg FgMdbmdosmg 356589EHM0s, Lowoodol
5G™AoL, bbgs 3519bGHM™dOL 5EHMIgdom Bsbs33¢gd0l dgdmbgggzsdo.
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5Q0G0OMOOL  FgMEO0  209b6g9M0dgdMwo  3965TYBHM™MS  3MI0EYd9d0
(AHf,g — £0,00-0,52%;AGg,9g — £0,00-0,42%; S99 — £0,011,9935¢0/8meroK;
Cra29s — £0,07-1.9535¢0/8m0K.), G55 59 dgom©ol LoBMLEGOL IMMoYo LG Y-
600,

. BGHONIGHMOMWo 063090 g6EJOOL  S@OBHOMOMBOL  FgOMPOm,  o9b-
39M039do0s: Mhgarm Loero3s@gdol 3BdM™3z9b6  (0BMmEoMIdMwo  F9d)-
5906M900m)  J393wsldo  399MHM05b6gdmwo 17 bBosghomo,  xamzm®do -8,
MmEm©do-12, x0337M30-17, x96m35690d0 -9, 306M35Lbvedo  -11. Lyew
39963560090)105 74 3069650 (3500 Mol 1gMHIM©0bsd03Gs© MiEbmdo - 32
LoE03530). FoEgdMEo  8mbs3gdgdo, WHBOHMB3gEymxl IMsZswo  MYodiool
15039 M gMHIMEO0H5d0 3O Fgg3oL9dsL.
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Abstract

The development of many theoretical and applied aspects of chemistry, geology, and
number of disciplines at the intersection of these sciences is related to the study of
chemical processes occurring in different systems.

Using the achievements of silicate chemical thermodynamics, a perspective on the
possibility of calculating thermal constants has been substantiated. Based on the analysis
of information from modern crystal-chemical classification of silicates, theories of solid-
phase reactions, and the dominant role of covalent and Van der Waals bonds in solid
bodies, a primary postulate has been formulated. This postulate enables the
thermodynamic characterization of any anhydrous silicate according to subclasses and
groups of subclasses within the aforementioned classification. Based on the crystal-
chemical classification of silicates, the silicon-oxygen tetrahedron is proposed as the
fundamental "building block," and it is through the various combinations of these
tetrahedra that the diversity of silicates is explained.

The postulate is proposed in the following form: "Each new state of silicates is the
result of the merging of elements from its previous and subsequent states, expressed in
energy units."

The postulate can be expressed by the following equation:

Ei+E2=E3z+ E4

Where, E:1 expresses the energy of a silicate with less structural complexity than the
target (new) silicate; The target (new) silicate, the energy of a silicate with less structural
complexity is denoted as E2. The energy of a silicate with more structural complexity than
the target is Es. The structural energy of the target silicate is represented as E4, while E:
and E2 represent the energies of silicates involved in the interaction, with Es being the
energy released (or absorbed) as a result of this interaction.

Considering the essence of crystallo-chemical classification, the equation for the
solid-phase reaction, equation is presented depending on each subclass of the
classification.

For island-like silicates: Ri+R>—Pd + E;

In this context, Ri is a reagent that does not possess a silicate structure. These can be
simple or complex oxides, but they must not be compounds of the form RSiO: and should
not contain silicon (silica). Rz is a reagent with a higher degree of silicate organization
than the product of the reaction (Pd).

For group silicates, the function of P: can remain unchanged, and the same equation
should apply (R: + R2 — Pd). P2 should be characterized by a higher degree of silicate
organization than Pd. However, the reagents in P2 can also be compounds classified
within the island silicate subclass.

For ring silicates, the number of reagents in the equation can be greater (but no
more than three). All reagents must represent different subclasses of silicates. In certain
silicates, R1 can play the role of island silicates, while R2 may be chain silicates with a
higher degree of structural organization than Pdring siticates).

For chain silicates, which tend to form linked structures, the isolated nature of the
reagent system may be indicated by compounds from the subclasses of island, group, or
ring silicates (Ri). Their tendency to form chains is facilitated by silicates from higher
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subclasses (P2).

For complex compounds, the presence of two compounds in the reagent system is
assumed. Chain silicates can be used as reagent P1, while SiO:2 can be used as reagent P2, a
substance with the highest degree of structural organization.

For framework silicates, it is assumed that one of the reagents (apart from
feldspathoids) must be silica (SiO2), as a component that ensures the continuity of the
system and acts as a matrix for the embedding of Al (R2) in [SiO4] tetrahedra.

The above has made it possible to represent the reagents (Pi, P2, P3, etc.) as
components that enable the production of certain silicates, with a certain degree of
structural organization associated with various subclasses of silicates. Therefore, they are
referred to as structural ingredients expressed in energy units that provide structures for
different subclasses. They obtained values of the thermodynamic properties of substances
under standard conditions, that is, standard molar values of thermodynamic parameters.

The practical part begins with the collection of information necessary for
implementing the proposed method, regarding the 'readiness' of thermodynamic constant
databases. 'Readiness' primarily means the reliability of the information provided from
various sources, which is ensured by comparison methods. The definitions used in the
calculations based on the method of structural component admissibility are as follows:
standard (A)- silicate from a particular subclass of silicates in the crystallochemical
classification, with high reliability of the values of standard molar thermodynamic
parameters. Their quantity in the subclass must be =2; Structural ingredient (Si) -
participating in the formation of the prototype, comprising all compounds of a subclass
with high reliability thermodynamic parameters. Their selection is determined by the
quality of the silicate organizational structure. The quality of the organization of non-
silicate substances (despite their participation in the formation of silicates) is considered as
important. Furthermore, the highest low-temperature SiO: (B-quartz) is considered,
thereby forming a silicate-oxygen skeleton (framework). The number of structural
ingredients is two to four; the sum of the standard molar thermodynamic parameters of
the structural ingredients - (A’). The ratio coefficient (K:)-K: = A/A’, is the ratio A/A' of
each standard's energy in the specific subclass of silicate crystal-chemical classification to
YEsi: if several silicates are to be found in a certain subclass, then each of their K«(ZKx) is
determined. The leveling coefficient (Ki) is the ratio of XKi to the number of standards
(Ki=ZK+/n);

The values of the standard molar thermodynamic parameters have been calculated
using the method of additivity of the structural ingredients of silicates present in each
subclass (B) B=K A’. The accuracy of the proposed method is defined by comparing the
values of A and B. It has been established that the deviation does not exceed 1-2%. This is
significantly lower than the acceptable accuracy of 3-5% for practical applications (which
is currently provided by known approximate methods for calculating the standard molar
thermodynamic parameters of inorganic substances).

Conditionally, substances involved in the formation of silicates are divided into
simple, double, and triple oxides. As a source of information, more than 10 databases of
thermal constants and so-called standard tables were used. The analysis revealed that the
most thermodynamically studied were simple oxides, for which it was sufficient to use
three of the reviewed sources for comparison. The comparison of thermal constant values
showed that, in most cases, the variance did not exceed 1-2% for AHz2s and AGe2s, and 1-
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1.5 entropy units for S%9s and C%.9s. Only in some cases was it necessary to refer to other
sources.

The same degree of variance in parameter values is also characteristic of double
oxides, but their share was somewhat reduced, and cases where the variance exceeded the
aforementioned limits were not uncommon. Triple oxides, however, proved to be the
most unreliable, requiring the use of more than five information sources. The variance in
parameter values exceeded certain thresholds.

The standard molar thermodynamic parameters of anhydrous silicates (such as the
island group of garnets, the olivine group, and compounds with island-like structures, as
well as group, ring, chain, layered, and framework silicates) were calculated using the
method of additivity of structural ingredients.

By applying the proposed method, thermodynamic calculations were performed
with sufficient reliability for 17 compounds in the island silicate subclass, 8 in group
silicates, 12 in ring silicates, 17 in chain silicates, 9 in layered silicates, and 11 in
framework silicates. The total of 74 minerals have been calculated (including 32
thermodinamically unknown).

These results demonstrate that the method of additivity of structural ingredients is
promising for determining the values of thermal constants, provided that reliable initial
data are available. It is also useful for determining these values for silicate groups within
various subclasses of silicate classification, detecting errors in certain information sources,
and all of this is primarily achieved through thermodynamics.
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