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3b®owo 1. Na20-SrO-BaO-B203-S5i02 bobgdol 39950039690 2 s 3 30033mb96@ 0560 LobEgdgool sdsw@gddgho@rImvyemo
06356056@mmo fad@owgdo

mdbowmo gyqbowmds, mdbowmo gyqbomds, dmw %,
asb % 39939M5GH MG
o bmdob
NeNe 0635605610 FgbhGowgdo balo5or0
. SrO . Sro
- 0
5% | o, | o Na 0 1 S10 | g o, | Bao Na,O K
1 2 3 4 5 6 7 8 9 10 11 12
1 | Na,0-B,0,-2Si0,(NBS,) 3000 | 705 | 9765 - 24,4 50,00 | 25,00 - 500 | /Y
9bOwo - - 1039
2 | Na,0-B,0,(NB) 30030 _ 52,90 - 47,10 _ 50 - 50 966/
9bdwo - - 1239
- - 743/
3 | Na,0-2B,0,;(NB,) _ _ 69,20 30,89 _ 66,65 33,33 1016
4 | Na,0-2SiO,(NS,) 65,94 - 34,04 66,67 - 33,33 874/
2 2 2 - ’ - - ’ ’ - - ’ 1147
50,60 . 51,0 _ 793/
5 Na,O-2SiO, +SIiO, (NS, +5S) 930990035 + _ 26,10 + _ 25,51 1066
23,3 - 23,49 .
6 | 4Na,0-2Ba0-5Si0,(N,B}Ss) 003003 T~ | 3649 _ - 36,38 51,73 + — s016 | 07
9b@Mwo Py 811 1352
1818
BaO - B.O.(B'B 30byM- - - 1095/
7 205(BB) 9B&m@o - 3L2 1 g77 - - 20001 5000 - 1368




4!

1 2 3 4 5 6 7 8 9 10 11 12
8 | BaO-2B,0,(B'B,) _ _ 4759 | = - - 6667 | 3333 - 19113;
52,41 ’
9 | Na,0-25r0-35i0,(NS}S,) 06306309 | 4015 ) 4607 | 1378 | 59,05 ) 3833 | jees | 120
9BEHYo — — 1473
10 | SrO-B,04(SB) 3003~ _ 40,19 | 5981 _ _ so00 | 2200 _ 1155/
9BEHYo — _ 1428
11 | SrO-2B,0,(SB,) _ - 57,33 | 42,67 - - 6667 | 4 - 192977(/)
12 | Na,0-2BaO-2Si0,(N,B}S,) 24,58 — 12,68 40,00 — 20 1324/
- ’ - 62,74 ’ ’ B 40,00 1597
. 27,48 25,00 1460/
SrO-BaO - 2Si0, (SB'S 2070 bt
13 2(SBS2) - 31,86 - 40,66 - 20,00 - 25,00 - 1733
. - 1009/
14 | 3Ba0-3B,0;, - 25i0,(B}B;S,) _ 1523 | 26,46 - ~ 2500 | 3750 | —— _
— 375 1282
58,31
_ ) 17,55 16,67 1470/
SrO-2Ba0 - 3Si0, (SB,S 306360 Ll
15 »(SB,S3) 960 30,52 - 51,93 - 49,99 - -33,34 - 1743
16 | Na,O-SiO,(NS) 305300- 4921 - - 50,79 50 _ - 50 1089/
9BEHYo - . 1762




3gb®. 2-0o {o®mdma9bowos dsmo Lbbgzoolbgs Mm@gbmodgdols dgMmzom
9800900 9943L smMgMesdg 3M33MBOE300IL FgmBgmwo Fgrygbowmdgdo
@5 35000 Mgl J993390 GO0 (FMEPE s TobH 3GM(396(39dd0).

9Om-960m0 (obs30MmmdOL ©olis3dogmzBogdes@ (Fobsdslscrols domgds
Bo@BMdOL  2505303900L5L) FBog@m@o  fg; 0dbs gedmygbgdeyeo, Mmdgeos
90b5fo6m3mdadbols mgm©0sdo bdocMmow 3oboboegds

fo Vsio, 1
si =
Ym0 T Vmeo T3V me0, T 27 meo, 97 me0, T3V meo,

Yweo,— 30330BoGol  F98spabewmdsdo  dmee  fogrgdls 96
36039619030 dmyzs60wo mgdulogdol mgbmdgdos.

15330930 bm3M3MBg6EH0s60 LoLEOL Jgdmbggzsdo godBmeo g
39900920 Lobom odmolobgds

£ Vsio, 2

i
Ynao t¥sro t Veao T 378,0, T 2V sio,

3b®oo 2. Na20-SrO-Ba0O-B203-5i02 Lol gdsdo 899535¢00 30HmabmboMgdremo
3033mB0o309d0L Fggbomdqdo

3M33BoEool mglo®o
S35 3g50b 99009960mds, b %

Ne 3M33mBoios D565835OMdS, 3083mboEool mdioyco

asL % d9029600Mds, dmen %
Na,O | SrO | BaO | B,O, | SiO,
1 2 3 4 5 6 7 8 9 10
18,32 | 824 | 2420 | 27,68 | 21,56
35 | SBS: +NB;S, +NB, 30130 1 40 T es [ 617 | 12.24 | 30584 | 27,56
15,24 | 11,00 | 28,26 | 20,76 | 24,74
36 | SBS;+NB,S; +NB, 401 30 ) 30 19,78 | 8,552 | 14,78 | 23,93 | 33,03
10,81 | 8,24 | 33,16 | 19,04 | 29,35
39 | SBS; +NS; +BB, 30130 1 40 s 6,50 | 17,69 | 2237 | 39,96
13,62 | 10,99 | 26,74 | 9,52 | 39,13
310 | SBS; +NS; + BB, 40 ] 40 ) 20 16,91 | 8,25 | 13,56 | 10,63 | 50,64
18,16 | 8,53 | 24,00 | 25,31 | 24,00
311 | NB;S; +NB, +SB 60 | 20| 20 22,68 | 6,36 | 12,08 | 28,08 | 30,84
18,21 | 12,80 | 16,00 | 17,20 | 35,79
312 | NB;S, +SB, + NS, 40 30 30 2153 | 905 | 7.65 | 18.11 | 43.65




1 2 3 4 5 6 7 8 9 10

. 19,45 | 10,99 | 16,26 | 20,76 | 32,54

314 | SB'S, +NS, + NB, 40 30 | 30
2298 | 7,77 | 7,76 | 21,83 | 39,60
, 16,37 | 13,74 | 20,33 | 13,84 | 38,54

315 | SB'S, + NS, + NB, 50 | 30 | 20
19,97 | 10,03 | 10,03 | 15,03 | 44,95
, , 15,66 | 8,53 | 10,48 | 20,99 | 44,34

317 | (NS, +S)+SB, +B'B, 60 20 | 20
17,52 | 5,70 | 4,73 | 20,90 | 51,15
. , 15,66 | 11,96 | 10,48 | 17,56 | 44,34

318 | (NS, +S)+SB+B'B, 60 | 20 | 20
17,71 | 8,10 | 4,79 | 17,68 | 51,73
. . 15,66 | 598 | 20,61 | 13,41 | 44,34

319 | (NS, +S)+SB+B'B 60 10 | 30
18,37 | 4,20 | 9,77 | 14,00 | 53,65
18,81 | 8,53 | 24,00 | 11,47 | 37,19

320 | NB;S, +NS, +S'B, 60 20 | 20
22,89 | 6,21 | 11,80 | 12,43 | 46,67
15,66 | 5,98 | 17,49 | 11,96 | 48,91

321 | (NS, +S)+B;B,S, +SrB | 60 | 30 | 10
1792 | 4,09 | 8,09 | 12,18 | 57,72
13,05 | 5,98 | 23,32 | 14,60 | 43,04

322 | (NS,+S)+BB.S, +SrB | 50 | 40 | 10
15,64 | 4,29 | 11,30 | 15,57 | 53,20
, 10,21 | 8,24 | 33,16 | 19,04 | 29,35

323 | SB'S, +NS, +B'B, 30 | 30 | 40
13,47 | 6,50 | 17,69 | 22,37 | 39,96
. , 13,62 | 10,99 | 26,74 | 9,52 | 39,12

324 | SB'S,+NS, +B'B, 40 | 40 | 20
17,65 | 8,52 | 14,01 | 7,53 | 52,30
8,51 | 1495 15,75 | 27,70 | 33,24

325 | B3B3S, + NS, +SB, 50 | 25 | 25
11,37 | 11,94 | 40,82 | 22,54 | 23,85
, , 6,81 5,98 | 40,82 | 22,54 | 23,85

326 | B3B;S, +NS, +SB, 70 20 10
9,52 | 5,00 | 23,06 | 28,05 | 34,38
20,42 | 598 | 17,49 | 11,96 | 44,15

327 | B{B;S, +NS, +SB, 30 | 60 | 10
23,40 | 4,10 | 8,10 | 12,20 | 52,19
13,62 | 5,98 | 29,16 | 17,25 | 34,00

328 | B3B;S, + NS +SB 50 | 40 | 10
17,15 | 4,50 | 14,85 | 19,34 | 44,15
17,02 | 5,98 | 23,32 | 14,60 | 39,07

329 | BiB;S, +NS, +SB, 40 | 50 | 10
20,44 | 4,29 | 11,27 | 15,61 | 48,39
, 15,32 | 5,98 | 26,24 | 15,93 | 36,53

330 | B3B;S, + NS, +SB 45 | 45 | 10
18,83 | 4,40 | 13,03 | 17,43 | 46,31
'R ' 17,02 | 8,24 | 23,86 | 5,29 | 45,59

331 | S'B'S, +B3B;S, +NS, 30 20 | 50
20,43 | 591 | 11,57 | 5,65 | 56,44
TRt ' 15,32 | 9,62 | 25,89 | 5,29 | 43,88

332 | S'B'S; +B3B3S; +NS;, | 35 20 | 45
18,80 | 7,06 | 12,84 | 5,78 | 55,58
, . 16,66 | 853 | 24,00 | 11,47 | 39,34

333 | NB;S, +(NS, +S)+SB, | 60 | 20 | 20
20,26 | 6,20 | 11,79 | 12,42 | 49,33
, , 16,66 | 11,96 | 24,00 | 8,04 | 39,34

334 | NB;S, +(NS,+S)+SB, | 60 | 20 | 20
20,50 | 8,80 | 11,94 | 8,82 | 49,94

0d96003b5: N — Na20, B — B203, S - SiO2, B’ - BaO, §' - SrO.
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IT 259mUbobrmengds JoOHm9gdeos dobsfo@dmddbols dgasligdolisls dmeMob
5630MH0OL gMod InWE 3OHME)6E390Y 8993390Md0L EOHML, o3 dmMOL
5@™3ol d0gM Lo3MMOObs30M MoEb3oL F9gE3wslimsbss s393806MYdwo (ol
3909933590 5563050L MgbMdOL T3 qds). 3MI3MBO305d0 0MmbMMHo ddom
6OMdgwodg  mdbool  godmbgbsdg dMmEMOL  sb3oOMOO  MIMLZMGBO©
1593MMME0b0MGIM  FyMIoMgmdsdo  [Bzz2]  0dymggds. 53 mJlooms
393960 dMEMOL 9B630EMoEOL bsfowo MgdmEMdl mmbzmmmobomgdw
0pM3o6gmdsl  [Baz] @5  90bolfodmdddbgero  BmbBbgol  89ddbsdo
dmbsfoegmdol  Mbs®l  0dgbl. sl dgmderos  [SiO42]  BHYGHMIOIOOL
Bobogawgds o  s8om  3mb3MgdHMwo  3md3mbogos  Fgodergds
9065§o033Jdbgero gobgli (03 d9dmbggzsdo, Gmgbsg fgi-U 360d3bgemds
Bogargdos 0,333-Bg — [SiO42]-U GomEgbmds dobols 80MgdoLIMZ0L 56 SMOL
153056000).

0m©0x035¢™MM0  mdboEgdol  dmGOL  3MmmOEObsgo  Hymdsby

393960L 5960l LoFSEGOIL gob-g3-Lob 4odMLObEgds 0derggs:

g ~ (Na,0 + K,0 + B2O) + 0, 7(Ca0 + S1O + CdO + PhO) + 0, 3(Li,0 + MgO + Zn0) - A0,
BZO3 ’

3

R20, RO @s R0z — 3083mBo@do dmwm® {owgddo sb 360Hm3gb@gddo
399mbsbo mJlogdol 899339 MdsS.

3990bsbgdsdo  b5B3969305 Lbgoolbzs Im©0g035GH™MOOL  go3w9bs
00l 3MMmOEObszomE  [Ymdsby, sdBHomGmMdol dobgzom IMmEOg03s-
AGMEOYd0  dgLsdsdolbo  3m9x303096Ggd0m (1; 0,7; 0,3) LS KAMBI© MO

©YMRB0900. 15331930 LoLEBH9Iol Jgdmbgzgzsdo
_ (Na,0 + BaO) + 0, 7Sr0O
BZO3

b4

b

9 399mMBsbEgdgd0 dobob (80bsbMmol) Bmyo M30L9d0L Fosbsm0dgdom
©539b0LsMZ0L  odmoygbgds.  B39b  Fgdmbggzsdo  Fomo  LdMegdom
09029600mdol  4530bgdolodo  JoLHMsxgds ©A0bgds.  dMOL o3l
39906900L5m30L  Bs3dom  BMBRbgOL (MMM 35:1059BAdIMGO)  T9ddbols
Mbso s o30L0 3wowo Fgod3l Fobsdsliogrol BMOI0GMYdST0. ymzgew
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3M33mB0E0sd0 LA bos 98 BH9B®O9OMJOOL  MroMm©abmds, MHoLmzoLL3
395393905 4 odMLsbegdom Y- 455625000905 s ol 360d369-EPMdIVS
Qo mob3mmMOHoboMgdeo dmMOoL A9G906M9dL dmOol
593000939 gdol  BsdMYser0dgdol  dggyo,  3mA3mbo@Gdo  dmMob
LEHOWIEHMOME FFYMdIBY 9bgdoOL ,,d00FMEYdgdOL“ (396 Fgdmbggzedo
R20, RO) go3w9b0b 45633939.

Bagb @i3mdzom W xgodBHmeol  23-Bg  9603bgeomdolsls  dmMob
563000M0@OL 39BHMgOMME IRMIoMgMdsd0 0 0sbo Fooligers (039d3s gu
Bogargds dgbodenrgdams dookbgzs Motymgomo dmbEol abydzgdHg dg@o
3M6396GH®Ms30ol  259m, Loz B203-0l 0mbobsgool bsGolbol 89dzo06mqds
ofi393L). 9U 33905 2 M530L9dIMYOOL godms: W23 860d369wmdgd0s dmMOL
56300MH0oL BOA30MOLS s fsi BodBHMOOL Towowro 3609369 MdIBOLSL, o3
39906900L5030L B335 395050596803 5000L PMmbBbgols T9Jabsls doy35603690b.
3550005, 3OOl 56300MHOEOL 5-6 Mo 3G90 0L 899339 MdOLLL,
300330mB0309dd0 Ne31 s 32 fsi gogd@mmol 3603369cmdgdo 0,336 s 0,333-00.
W22 — <3 BLoEOWYgdOLLL 3300 3MI3MBO30Sd0 NE0s60 MPYbMdOL 75
36MHm396GHOL mbsfogmds 3958505968050 PmbRbgwdo, bmem 30% <2-%Bg
360083690 md900UsL. 45003wq00L 993900 bMHo 3-8o sGol Immgdmwro.
9mbs3999%0 fsi-bLy @O W-Bg 2 @O 4 odMbIBNGOGO0m SMI0E  FosbysmO-
390900, b fsiz— V-00.

Vsio, TV g0,

VNa,o T7sro T VBao T+ 378a203 + 2?/Sio2

fSi,B =

Bo@dG, 7,0, — 0MOOL Mmool 8mgo mEgbmdss, ¥ *y o — [SiOsn2] GydMgOId0m
d94960¢ BmbRbgdo 53 mJlools Mmgbmds.

gb®ogn 3-3o dmygzsbogro dmbszgdgdol dobgwzom (fsiz -0l LOWOYJOO)

d9L5d 53905 300I3MDBOEF0SMS 2 XAMBI OIYMRS. MO XAIRO DOJMEOHO)-
WO QLYONMIOME0 Fobsfo®dmddbom, bmwm dgmeg — dobols dowgdol

L539M9M Fgbodegdmdom (bMoo 5).
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3b®owo 3. Ws-b BmbRbydndddbgero B203-0b m@gbmdgdob, fs- @9 fsis-0b

960083690 mdq00
c fsioo fsig c fsico fsis
g/ 2 §/ P
o R S0
8E ¢ 8 £ ¢
<& g 1 & g &
3003 w, é & ac> 3™03 ¥, cé & é
° 23—8 %’ fsi fsis ’ Eg""c %’ fsi fSi,B
2 A D 2 Hh D
»Q »Q
¢ €&
~ ~
5 1,3 0,1542 0,147 0,228 22 1,9 0,0779 0,289 0,331
6 1,5 0,1418 0,183 0,261 23 1,6 0,1119 0,216 0,277
9 1,6 0,1119 0,216 0,305 24 4,0 0,0952 0,312 0,369
10 3,4 0,1063 0,295 0,356 25 1,3 0,1385 0,176 0,250
11 1,4 0,1404 0,165 0,240 26 1,3 0,1403 0,180 0,254
12 2,0 0,1358 0,243 0,318 27 3,4 0,1220 0,301 0,371
14 1,7 0,1092 0,223 0,282 28 1,8 0,0967 0,241 0,294
15 2,5 0,1127 0,257 0,321 29 2,6 0,1171 0,269 0,335
17 1,3 0,1045 0,265 0,319 30 2,0 0,1307 0,256 0,328
18 1,6 0,0884 0,276 0,324 31 6,4 0,0568 0,336 0,371
19 2,2 0,1050 0,295 0,353 32 6,3 0,0578 0,333 0,367
20 3,1 0,1243 0,272 0,345 33 2,9 0,1242 0,249 0,320
21 2,4 0,0919 0,317 0,367 34 44 0,0881 0,298 0,351

3600 4. 3083696 B s 130690 93GIIBH03900L Bgd3gMoGHMEIGdO

MBodEgLio 0@odgbo
go- 0000 9309303980L 9300JH03980L
©p0 @g@&(;{ﬁ)/jg)gj@b, LoliGgdgoo H9039BSGOS, LobGgdgdo 59039650,

K/°C K/°C
Na,O 1023/750 Na,0-B,0; 995/722 SrO-Sio, 1631/1358
SrO 2938/2665 Na,0-SiO, 1066/793 BaO-SiO, 1647/1374
BaO 2286/2013 SrO-B,0; 1245/972 BaO-B,0, 1132/859
B20s 723/450
SiO, 1996/1723

3bOoo 5. M9MO0Mws JobolgdMmo dymdsdgmdol d9Jdbolsdo
90©M930egd0L dJmbg 99y9gbowmdgd0

3m83. foa mgdbowGo gybomds, aab%/am@%
Ne ‘ Na,O | SrO | BaO | B,O; | SIG,

1 2 3 4 5 6 7
10 0.356 13,62 10,99 | 26,74 9,52 3913
’ 16,91 8,25 1356 | 10,63 50,65
19 0.353 15,66 5,98 20,61 | 1341 44,34
’ 18,37 4,20 9,77 14,00 53,66
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1 2 3 4 5 6 7
20 0345 18,81 853 | 24,00 | 11,47 37,19
’ 22,89 6,21 | 11,80 | 12,43 | 46,67
. 0.367 15,66 598 | 17,49 | 1196 48,91
’ 17,92 4,09 8,09 12,18 57,72
04 0357 13,62 | 10,99 | 26,74 | 9,52 39,12
’ 17,65 8,52 14,01 7,53 52,29
- 0371 20,42 598 | 17,49 | 11,96 4415
’ 23,40 410 810 12,20 52,20
29 0,335 17,02 598 | 2332 | 14,60 | 39,07
’ 20,44 429 | 1127 | 1561 | 4839
- 0371 17,02 8,24 23,86 5,29 45,59
’ 20,43 591 | 1157 5,65 56,44
2 3367 15,32 9,62 | 2589 5,29 43,88
’ 18,80 7,02 | 12,84 5,78 55,42
2 0351 16,66 | 11,96 | 24,00 | 8,04 39,34
’ 20,50 8,80 11,94 8,81 49,95

530EbMBEMOoL  Hobs3oMmds  0b635M0sbGH Mo [adGHowgdol
d96MBg30L5L 0465 FogdmEro Fb39wMdsT0. SFLMB gOHMoE odmygbgdmwo
0Y™ Y39Hg 905 39d39M5GH MO0 9339d3H030L 2o6LsDL3MmOL Lodrsgds
T = T, (T2 /T )Hln (6), bosg T1 s T2 Bg9b 9dmnbz935d0 bmo-3m83mbybEH 056
LobG9dsdo dymazo LolGHgdgdol 8995969006 Y39 B sdP MBSO
@5 O350 93G9dBH030L MI30Mglbo  H9gI3gMoGMMgdos (bGowo 4), n -
0905009960900l Moibzo Ls3zzwgg LobGgdsdo (n = 5). IYIBOE0s, ™I
303300309000 Tmin 1204-1354K (3933965@ 60990 356H2e0g0300.

94399m» dmyg3560¢05 MgMOH0Mws© 653565930 doboligdHo dy™Ts-
©9m00L Jowgdobodo JoMg3z0wgdol dJmby 3m83mboEogdol dgdswygbgero
mdLoadoL 983390 MdIdOL 0bE M35 gdo (Fsbmeo %): Na:0O 13-21; SrO 5-12;
BaO 11-27; B203 5-16; SiO2 37-49. dgloderm 30b6sHo6dmdddbgero 3033mbo-
30900Lsm™30L gl 0bEJOZogdos (Bsliy®o %): Na2O 10-21; SrO 5-13; BaO 10-34;
B20s 8-21; SiO2 29-45.

596035, 90dwgds 00md3sL, MMI 65350993 3MI3MmboEogddo Nax0,
SrO, BaO s B203-0b bbgssolbgs 096553560 md0olsl SiO2-0l mgbmds 50 Aol

360HmE9bEL 96 Mbs 509353 gdMm©IL.
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36MHmabmbocmgdmeo 3mI3mBo30gdoL 9Judghmodgbdserydo 9gdm{idgds
©bMd5MdsLd s 8065Fs®3mgdboliscdo JoEMmY30¢gdsDY

99b3960896¢ o F9dmfdgdolsmgzol Fgmbgmwo odbs gbGow  5-do
dmyzsboeo  dobolgdmemo  damdsmgmdol  d9ddbolsdo  MgMEOMEo
800069300900l dJmbg brmo (NeNe10, 21, 27, 32 s 34) 5 3500m0b 9B MmMo
bog9MsM©Om©  F0bsHoMmdmdJdbgeo  (NeNe9 s 30) T9gagbomds. dsmo
396B930L5L fsi8 BoJBHMOE gMHMs© FMmbs oligmo sB39690wgd0l gz35B9dSE,
OMaMM90030d:  (SiO2+B203)/(Na20+SrO+Ba0),  Na20/(SrO+BaO);  BaO/SrO;
Si02+B203, s Si02/B20s (gbMowo 6).

3b6owo 6. Hoyo 3nI3MDBoEooL JobslosmMgdWdO

d90029b00Mds, dm. % 9sbslinsmgdergdo
" Nao | 510 | B0 | B0 | sion | N0 | BAO | pop >SF 10,
RO | SrO Na,0+ RO | B,O,
1 2 3 4 5 6 7 8 9 10 11
10 | 16,91 | 8,25 | 13,56 | 10,63 | 50,65 | 0,77 | 1,64 | 61,27 1,60 4,76
19 | 18,37 | 4,20 | 9,77 | 14,00 | 53,66 | 1,31 | 2,33 | 64,15 1,98 3,83
20 |22,89| 6,21 | 11,80 | 12,43 | 46,67 | 1,27 | 1,90 | 59,10 1,44 3,75
21 | 1792 | 4,09 | 8,09 | 12,18 | 57,72 | 1,47 | 1,98 | 66,91 2,22 4,74
24 | 17,65 | 852 | 14,01 | 7,53 | 52,29 | 0,78 | 1,64 | 59,83 1,45 6,95
27 | 23,40 | 4,10 | 8,10 | 12,20 | 52,20 | 1,92 | 1,98 | 64,39 1,81 4,28
29 | 20,44 | 4,29 | 11,27 | 15,61 | 48,39 | 1,31 | 2,63 | 60,10 1,67 3,10
31 | 2043 | 591 | 11,57 | 5,65 | 56,44 | 1,17 | 1,96 | 62,09 1,64 9,999
32 | 1890 | 7,06 | 12,84 | 5,78 | 55,42 | 0,94 | 1,82 | 61,36 1,59 9,62
34 2050 | 8,80 | 11,94 | 8,81 | 4995 | 0,99 | 1,36 | 58,75 1,42 5,67
9 |13,47 | 6,50 | 17,69 | 22,38 | 39,96 | 0,56 | 2,72 | 62,34 1,65 1,79
12 | 21,53 | 9,05 | 7,65 | 18,11 | 43,66 | 1,29 | 0,84 | 61,76 1,61 2,41
15 | 19,97 | 10,03 | 10,04 | 15,03 | 44,93 | 1,00 1,0 | 59,98 1,50 2,99
17 | 17,52 | 5,70 | 4,73 | 20,90 | 51,15 | 1,67 | 0,78 | 72,05 2,58 2,44
18 (17,71 | 8,10 | 4,79 | 17,68 | 51,72 | 1,37 | 0,59 | 69,41 2,26 2,93
30 | 18,83 | 4,40 | 13,03 | 17,43 | 46,31 | 1,08 | 2,96 | 63,74 1,74 2,65
33 [2050| 8,80 | 11,94 | 881 | 4995 | 0,99 | 1,36 | 58,75 1,42 5,67
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3bMowo 7. 9db3gH0dgbE o 99mfidgdolsmzol dgmbgmewro 3md3mBoiEogdol
39D3MM0 5 mJloMMO G960 MdgdO (351.%)

39Ddob dga9gbowrmds, 3sL.% mdLbowOo 99agbomds, ds.%
NaxCOs | SrCOs | BaCOs | H3BO3 | SiO2 | Na2O | SrO | BaO | B20s | SiO2
9 | 1897 | 11,75 | 42,95 | 37,97 | 29,43 | 10,75 | 8,19 | 32,96 | 18,93 | 29,17
10| 24,02 | 15,76 | 34,84 | 19,10 | 39,49 | 13,62 | 10,99 | 26,74 | 9,52 | 39,13
21| 27,64 | 858 | 22,79 | 23,99 | 49,35 | 15,66 | 5,98 | 17,49 | 11,96 | 48,91
27 | 36,04 | 858 | 22,79 | 23,99 | 44,55 | 20,42 | 5,98 | 17,49 | 11,96 | 44,15
30| 27,04 | 858 | 34,19 | 31,95 | 36,86 | 15,32 | 5,98 | 26,24 | 15,93 | 36,53
32| 27,04 | 13,80 | 33,74 | 10,61 | 44,28 | 15,32 | 9,62 | 25,89 | 5,29 | 43,88
34| 29,40 | 17,19 | 31,27 | 16,13 | 39,70 | 16,66 | 11,96 | 24,00 | 8,04 | 39,34

gbdow  7-8o0  9myzsbowos  9du3gmodgbGmeo  dgdmfdgdolsmgol
390Bgmo  36MMabMBoMmYdMEo  3md3MmboEogdol 39HBIgdoLs s LaliGmwo
36O JBHJooL  (30bsbMgdol)  JodomMo  Fgagbormdgdo.  35DIgdoL
9bgoMm0dolsls  qom35¢0olfobgdmos  3oBIMEG  dsbogrgddo  Lgos
60300096090900L 3OM396EGHwo G9a960™MdId0 s boGMOdol mduloobs s
0ol 9b630M0EOL MYMHINWOo  ©sFT53900L5L  5MME35Bg Loz MEM
©5653569900.

99b3960096¢ o 90mfdgds 298-1573K ¢gd396me@Oycr 0b@gtzserdo
90900b5Mmgmd©s 180 ool  gobdogermdsdo, 1573K-Bg  gOHoLossmosbo
©594™36900m. 6500bmdo db67dM03z50 (3030090M©s dobol (FobsbeMols) Lobs®d
A99396M53HMM599093  3MOMBOL  Jnmbgdmsb  ghms©.  30DOMo,
99b3960896¢ o dgdm{iagool 53 9Eedbg dowgdo Lolitrmeo 3GMmEMI@o
9O0y356MM3560 G060l Fsbivs. MMIzs Bmy Jgabowrmdsdo dzocMg mgbmdol
(4-0009), 0,1 30039 EHM0560 506500 hsBIMMGI0S. Yy39es BTNl SHILOSMYIL
3900bsG¥Eo BgI30MMEo oMY

50239605, bgdmblgbgdmwosb odmdobscg Tdgodwgds  ©oL336oL
399m@bs, MM Ls35MMEM 45806900l 3MMEgbms [obolifo®o QoblobLgms-
3oO™M3d ,99399GdMGdS“ 0BGoMmIMJIbOL MgMEHOOL JOMOMI© YYD,
bom 3500 99mogLgdom dqLsdergdgeros dmiEEmdomo 9Judgeodgb@mwo
33193990l Mm9bmdol dsenbg Log@dbmdo 999306 9ds.
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130ggbdol BgEs3oMHBHY 3mI3mboEol Foboligdw®o 8g85agbeol oEIBIdOL
099099 Fo63mddbogro 3wsdmols dmbgdol dglisbgd

b30egbdols dmTobsbdMgdolsl 396gd0 Lbbgoaolbgs dsloerols gMfydols
30B9bo J0bsbJoMls s B30EgbdL FGOL H96ABsIMHO BogdOL Foedmdabs
0m3gds.  Jo@gdMos o3 bogool  bdgdsGmmo  odmbobgeg (3930060
b3ogbdls s J0bsbgdMmols dgygbomdsdo dyma3 395051 FMEMmOU 556d> YOO
ddom). 500b0dbgds oloE, MM Tgbodergdgeros 49994mxo HYI30MOL MmMHO3ZY
dboegl  o63s35w0  Bgbol  FoMdmddbsg, I3 M30MOGJuMdS  Fo0b3
bo©o 339000 Hodmgdbsls 9boFgds.

130gbdls s 39:905L MO0l F9bAdsIMO bool Fo®mdmddbs dbgero
Domdmlboagbos (0lg39, HMYME 3 30960l MJLOOL 355856, 56 35505OL
960-9MH D0 7562050l bL30EIGBIMIH ,25H05MYOS*) s 5§96 458MTOBMYMBL
350570, ™3 b3owgbdobs s dobsbdGmol TgMfyds Lbbgs FoBgbms godm
bmO309w©gds. B3960 sHO0m, gl sbowsms 89F0MEMds, GMmAMOE BB,
39950600L  §o6dmgdbol Tgga0s. 98 356M9mol dglodmfdgdwo dobsbdmol
Log3oMobL A5dMF30L (H9d3gMo@MBy (1123K), x0dlol msgolmgswo gbgmaool
806030%bs3ool  dgomoll Meobol 30MH39wo  Bosbermgdols MgowobsEool
1539959000 BE9M©s L30gbALS s F0bsBIMOL LEBHMWYIGHWEOMW 9OHYMEYOL
dm6H0bL gbodem MODOIOHDNMISMS MYMIM-065d03)M0 TgizoL9ds.

9902960005 Gglsderm Ggod30000 MO0 xXyR0: I — M95d30900 Logro-
394900, dM5BHO0L, 5¢dobsBgdol s FsbasbsEHOoL Fo@dmddbom; II —
959430900 L30Ergbdol LoEro30YdOL s IYEHO0YdOL Foedmddboom (Toy.):

[.13. 3Cu0 + Na,O0 - B,05 - 25i0, - 3Cu0 - B,03 + Na,O0 - Si0,

I1.6. 6Cu + 2(Ca0 - Si0,) — 2Cu,0 + 2Ca0 - Si0y+Cu,Si

7

MON0YOHJIGGdms  19MHIMObsT03MM0  Fgx3slgdobsl  L3ogrgbdol

39933900  365d3H03MNs®@ Y439gms bogmomo  mgMmdmobsdozmemo  )3bmdo
508mBBs. 8500 AHf 195 05 ASz95 5R06S 3OMG. 5. LuB¥bsbodz0wol JogH

390005359900 dgomEom. @b 8-8o dmyzs600s M0y M9od30000
0903M065803296M0 99351900l T9939d0.
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3b®oo 8. M9g5d305ms AGT-U o 1gKp-b 3603369crmdgdo 1123 K-by

0 0
Ne AGr g lgK, Ne AGr g lgK,
335¢0/dcgmo 339¢/dcagmo

L1 -65,01 12,65 14 -16,67 3,24
I.2 -58,07 11,31 I.15 -24,74 4,81
L3 -43,18 8,40 II.1 42,03 -8,18
L4 -15,00 2,92 1.2 43,72 -8,51
L5 22,66 -4,42 1.3 42,43 -8,26
L6 -68,93 13,41 1.4 49,76 -9,68
L7 -6,86 1,33 I1.5 75,07 -14,61
1.8 -43,18 8,40 I1.6 84,14 -16,37
L9 -36,17 7,04 11.7 186,96 -36,38
I.10 -60,32 11,74 11.8 -45,66 8,88
.11 20,34 -3,96 I1.9 64,24 -12,50
I.12 -52,50 10,22 I1.10 -20,31 3,95
I.13 -37,87 7,37 II.11 113,55 -22,09

0903065803700 F9x35U900L J99gd0 3bd©YMRg6, M I xymxz0l
MON0JOH0Jd9GOMs IM3glmds 9bgMR9E03 I 8MmTyq005b0s, Q90 5
o 11 695d309d0Ls. 39MMo0s, MgMIMEObsdolzMMo Fgusligds bs3wgds@
0m35¢0lHobgdl  Mgod3osms  30bgBHozme  AbsMGL,  ToaMsd  Bomeno
399m0obobgds, ds00 8090bsMgMdOL  Tgbodergdemds. 1gK-U  2sbLsb®3©d
59353900000 0bBMmMAs305 IMP3(3d. OYODEs, MM Bgdmom  5bodbmw
695J3090056 1123 K-bg m6o (4 s 14) G:g5dzos 99J39390009, gomo (99-7)
D@bobHmOM@E  sbermbss, bmwm ©sbstbgbo Lo «bs dodobo-
M9mdbab. gbGo 8-do dmyzsbowo dmbs3gdgdo II xamxz30l Mgsd09d0-
Lom30l  @TsbolosMYdger  39b3090Dg Toa30mMOMPIL  —  MOPDOYMH-
940909055 MBYBHLMds  dgEowogdol Hoedmgdboo 0gMHIM©ObsdozMEms©
5650m3yg30560s.  459Mbs3EoLL ol Bgod30900  [oMmIMogbab, GMIgems
99092500 doogdosb CaCu, ZnCu, ZnCus, BaCu, BaCus (3sy., 4Cu + Zn0 - B,03 —
CuO - B,03 + ZnCugs; AGY 53 = —194,99335¢0/0meo; lgK,, = 37,94).

596035, 09MHIM0653030L M35l BOHOLOM B3oEgbdol d0bsbJsMs6
MON0JOHJI9gO0LIL 653w qds  dmbowmbgmos Si — O — Cu 3d900L
Po68mgddbs. 099 85063 @ 8063 bowe 339dBg 2535055300930 gMMHOOYOIL,
95806 89365 ROM dmbsExrm©bgwos B - O - Cu, A1 - O - Cu, Ba- O - Cu o
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5.0. 33900L  9OLYOIMBS.  MYMHTIMODsT03Zd  MoGYMRBL  A9TYMR  Bgs30MHBY
Boogogdol Fo®dmgdbsl, 85806 GmogLsg R* 3g®om@nmo Lol@gdol

d9mMg  XyMIBoL  gegdgbBHms  L3owrgbdol  89Eewogdol  FoMdmdabol
99L5dGOMBSL SIBEHWMOL.

0gM0s© 6535Mm9mgz0 Imgemgbgdols gdudg®modgb@yemo 890m{dgds

999mfdgdolomgol mmbo  3md3mbBogos  0ogbs  FgMbgmo, M3
396306Md90)0s Fom0 8909600 Md9d0m. N9 3md3mboios dg@bgme odbs
1b390m9b Jgs69d00 SiO2-0l Jobodogr Mo s B203-0b doglodscry®o, Ne10 —
SrO-b 95gdb03oMm0 S IBsMRYBO MJlogdol LETSEIM LoEoYgdol, Ne27 —
Na:O-bs s SiO2-b dogdubodomEo, bmwm Ne32 — B203-ob dobodsery®o
399(33900Md0L go0M.

DTA 086mqdbg (Bsb. 1) bBosomws  godmolbobgds  HiBOs-Loomgol
©53obolOsMYOIE0 MO39 9bMIRgJBHO (0.9.9.). 0ddbgds FsdgFOWgdS,
60d 8.9.9. $9939M5@M0L DO FMIJYds 256339990 B0BgHBYdOL godm
399306090500 LOMdML (3300 9dOL FOMODBY, 30O 56 Joowfggl 823-873K-U.
399099 0f1yqds 3md936m 96Mgxz9dEH0, GMIgeois szl Mo Bsduodmdl (943-
948K), 3353 25050l sbse 9bomgngdddo 1023K-bg. TG dGwmgdo 59
9m3wgbgdbg  glododolo  M9gog0Mgd9b.  8.0.9.-0L  BHgd3gcMeG IO
06@96M35¢wdo  s304L0GMGOI6 s ool 3b0d3bgEPM396  3gdIL, YOO
3993060900 BobJos®om dsbol 3¢qdob ,,M9:503d0°, Goms 33eog SBJombgb
8609369am3sb0 ool s3oMy300m. 8.0.9.-L 900 g@Es3o Fosbermgdoom
~473-873K 06@&96M35l 8m0o353L, beaenm 39m6s@o sBJo0gds ~873-1048K-Losb.
096M3MAM53900L 50)gMs BodMogdsl 0dwgzs 303509 Mm, MHmd HzBOsz-ob
Boffowom Fo®mdmddboero HBO:2 0ofjggdl s 930000090l w96000096M00Jdg9d50
3M33mB0E0sdo  J9g0s35¢n  39MOMBEHJIMD. 3mI3Mmboosdo (Ne27) Na2COs-Us
3600836903560 899339e0mdOL godm 89305 0b3HYbLoIMHO Bgds bodMomdol
0M©53900bL Ho6dmgdbs, 999ama bLEGHMMB30mToL s doGOMAOU.
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Bob. 1. NeNe9(s), 10(3), 27(3) s 32() 302830Bo30900L

TG (5, 3) 5 DTA (5,0,9,00) 360900900
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d)

d)

27(3) 95 32() 300330H030900L OBOMJEHMYEMSTJOO

10(d),

>

NeNe9(s)

Bob. 2.

dgLodems o 2oMS  LOWO03sEJOOL  Fo6dmIJIbgero

0dzs 30,
WOHM0YOHNMOYO0L  ©sfiygds. 9@ty 733K-Bg dgBo  $H9a396Me@wemgdolsl,

O0dwgdog dogduodmadlb 899K-ol Bgzom 50§9396, ©og DTA-Bg 993K-Pbg

05Jb0dmdoom (9bM9RIIGO) 393molsbgds. MHY350O BsBOL Tglobgd dgodergds
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0mg35L, M 030 306039005 dMMOL 855308 FoMmogdbgdoLLL Fomdmoddbgds,

653 byl MHgmdl 3md3mbgbEms MMM Jdggdels Ig4s® BsBsdo. d90yma,

0b93500 FoBol Fo®dmgdbs Jglodargdgeos 530bMdI©O 9339dG03900L

§o63mgdbolis s Moy bogOomms bmdols godm.

°Ne9(s), 10(3), 27(3) s 32() 3m33mboE0gdol off L3gd@®gdo

Bob. 3.

28



©9533960Mx35HMO0 33¢0935 O FbmMJdol off L3gdEOMLIM305 BoBots
298, 573, 773, 973, 1173 > 1323K 39339653 6mgddg 096Mm3mwo@
5399853909 3330 B0(3090d0. M9bEHRIbMRsDMETs 5b5e0Bds (Bob. 2) sB39bs,
OMd 009MOH0MEs© Bog350M9mMg30 35DTgdol MgMTMYsMJIbol MsbIbegdo
9396900 doMOMIE  MgoE0BEYds. MYMHINMWO  ©sF)F539d0LsL  35DTdo
909006569 30M39L900 LY LEHSOSE 9OOL HoMmBm®bowo LohHgol FsHBgdTdo
383-973(1173)K (993965 v6mycn 0b@gem35¢8o 3080bstrgmdls bo@Mowmdol,
056(0doll s LEAHOMBEOMAOL dMMHBHJOOL, LoEP03oEOOL S Fomo LITsQ0
659600930l Ho6dmdabsg (mbg3z5000 FoBol 993390 MdOL BOHOm)- sli3gbom
1300500 973(1173)-1323K — 99560 Bsbs6r»g00l mmbgzo0 135Dsdo goblibs, s06so
2oBoL dM30egds s 3mIMg6mm0 Bobmdol FmMB0MGds. 30d3MboEosMS
09335 5 M96EHRIEMBIBMOTs 5b5E0BYdTs g30B3965, T MYMEHOMWS©
6535650930 8396930 FOMOMIPI® MYOODBOYdS s 3MI3MDOE0JdOL
09I ©5319353930LsL J0dE0bsMY 3MM(39Ugd0 Fgodergds Fodmoliasbml
Udgdom, MMIgElsz ,Na20-SrO-Ba0-B203-Si02  LolEgdol  3md3mboEogddo
9065(o(3gdabol Bmyswo bdgds“ 3mfmpgom.

36M©JAHJooL off B3gdGHMMLIM3Mwo 33wgz0m (bsb. 3) sYbowos
bo33wg3 ™d09d3H0do dobobotg 3MM3gLYdoL  oTobILOSMYDIE0, MOXO
DYoo s 2oblb39390mo Im3w9bgdo. 65B3969305, BIMT B E9I3geo-
GO 0b63H9gM3gwdo 573K-0009 doM0mo© bos@Momdol, dsmodol o
LEAHOMBE0MAoL  (9o899(3390  dMMHEBHIOOL Fowgds F0IEOBIMGMBL. 58539
06@96m35wdo  §omdmoddbgds  mbgzoo BBy,  GmIgros,  Lobidgdsdo
3°0mgmxzoE  506Mg0mob  9hHmOE,  50MmEgdL oo G)d3gMo@IHIE
06@96M35wdo 3553900l gOHMA35MmM356 MMM (Mbg350) dyMTsrgMdSTo

3900593565L.

130¢96dol dmB0bs6JMm9d0L Lo 30300l BoESMYdS S Fomgdwmaro
360mdBHoL Gogo mz0lgdgdo

09MOH0Ms© 553505990930 3d3MmboiEogdol (NeN9, 10, 21, 27, 30, 32 ©»
34) Lobmgbom» dogdmEro  Jobsbdmgdol  Logmdzgdg  BoGHIMIOME0S
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b30egbdols BgEs30MHBY FJoboligdmemo Lsgs®ol Jopgdol LEwMwo (303eo.
dmyzsbogos  dm3obsbdgdol  Bgdbmemgommo  Udgds s smfgmogos
A9dbmmgomémo  3OmiEgbo.  gzgus  999mbggzsdo  800gdI0s  F9MOWo
bs6obbol dobsbdMol aemzo Logs®o. dobsbdMgdol 3MLEWdOLETO
9006930900 45BLIBOZIMOLIL IER0bs, BMI Fbmwmo N9 FJobsbdeol
L5390 0dg3d BYOI30MHIWO I3MOLEHIOOL 60TBJIL s Lo BobsbJMOL
399m{30L 3993965 MOI 063HgM35eBY Fo0ow0 3$9d3geoEMgdoLsl.

©50bs  LobmgBoMmgdmwo  Jobsbdmgdol  B0BoIMM-Jodor)Mo
30190900 (3b6M. 9) 36093690 Md9d0L BP3MOO, Mo3E LEWMWS® SIBEIOIOL
3o Fgbodsdobmdsl B30 gbdbg  BmIobsbdmgdmwo  Logsol  dodsOom
0249690 dnPbM3690L.

35600 9. 3065696930 30B03MG-JodowGO M309d930

3d0bsbJ6Mmgd0l Hogo mgz0lgds
3993965~
¥ |G| eme | SO | g S | S
1/°C ’ o, mN/d ob B9bd/©bmds
d9Lododolo)
9 109,0 3,32 275,83 1070 8803 _ 1023
10 118,5 3,19 293,33 1171 848 3 _ 1023
21 106,2 2,88 270,45 1259 898048 — 1023
27 124,2 2,92 273,54 1176 848 3 1003
30 116,8 3,11 272,51 1129 83003 — 1023
32 121,9 3,12 299,94 1512 848053 _ 908
34 128,1 3,18 296.98 1151 82303 _ o3
@bmdowo | 100-140 |  2,5-5,0 180-350 1073-1173 | 8839301 113
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33365

e LoosHM  FobsbdMol  Lodogdws  dgMBgmeros  Na20-SrO-BaO-B203-Si02
bm3m33mbgbEosbo Lob9dos. Pobosdommdgdol 39035¢0Hobgdoom
30330mB03E0900L Lsfigol FoboErgdsE 50O 0s buymma3mbgbE0sb LolEgdsdo
dgmx0, Moo  Lsbom  godmbsbmwo, ®mO- s  15G3MmI3MbYBEH 06O
LoLEGHYFJOOL B EHYI3Y-MEHIOIWO 0635M05bF o (gMEowgdo. Tsmo
396 y800> JoMqdIos 36 39MHIM 89gboEMds.

o fsi o fsig BogdBHMOdolL 3600369 Mdsms Q503 gdol Fom3zscolfiobgdom
390MmymBoE0s 30003MB0(30900L M0 ¥ aMR0. (I-fsis = 0,333-%, II - fsig < 0,333-
%9).

* ©bmdsmdOL (1573K-809) 9Ju396MH0d9bEwo d98mfdgdom IILEHWOS,
6Omd  0gmO0Mws© 6535650930  dmzgbgdo 396y  T9LsdSTOLMBST0S
9963960396 ¢ MO OYIPOGOMIb. ™mM03g  XFMBOL  3MI3MBOE30YOO
30abmboMdM  3$H9gd3gM0GH-Ow  06GH)MH35do  LEWMWOIE  POWIPOL
96033560M356 58MORME 8EYMTsMHMdST0.

* 50060, HMI 1535MMOM A5d0bgdol 3OMgbms Hobolifotro 2oblsbwz®s
»99390009056M 905" 0bsHoBMJIbol gm0l JoMOMI© YOI 9dIdL, bmerm
oo  dgmoglgdom  Iglodergdgwros  dmiEmermdomo  9dudgmodgb@mao
33193990l Mm9bmdol dsenbg Log@dbmdo 899306 9ds.

* 5396005 L3ogbdlbs s 80bsbMmOl  LEHOMMIGHMOME  gOHGMGOL
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Abstract

Composite materials including vitreous component parts of “metal-enamel”
composite hold a prominent place in the future needs and development of science
and engineering, since they serve creation of new materials.

Improvement of metals’ operational characteristics and neutralization of some
factors is deemed as a precondition of creation of this type composites.

Despite its numerous advantageous properties (easily exposed to mechanical
treatment, featured by very small value of specific electric conductivity and the very
best heat conductivity), copper is not characterized by high-temperature stability.
It experiences surface oxidation and forms a scale in quite large quantities, properties
of which vastly differ from copper features. Use of enamels with specific
composition is very effective for avoidance of this phenomenon.

Targeted enamels are mainly searched via experimental studies, since at this
stage the ideas of vitreous state are at the level of hypothesis. It its turn, use of
experiments only makes the process of composite creation longer, causes
unreasonable consumption of materials and energy and slowdowns the rates of
response to new challenges at current stage.
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The work objective is a forecast and obtaining of enamel coatings on copper
surface using five-component system compositions.

Physical-chemical issues of determination of amorphous vitreous mass
formation ability from the compositions intended for obtaining vitreous coating of
Na20-5rO-Ba0-B;03-5i0; system on copper surface are given in the work. There are
theoretically established the expected compositions that are enable to generate melts
and, through their overcooling — vitreous coatings (enamels) on copper surface.

Use of structural ingredients’ additivity method developed by Prof. A.
Sarukhanishvili is offered when calculating enthalpy (AH%29s) and entropy (S°29s)
of some borates formation.

Low-temperature invariant points of two- and three-component private
systems entering five-component system compositions (and expressed in oxide
form) are selected as initial materials. 36 specific compositions are obtained via their
merge.

fsi and its modifying fs;s —factors well-known from glass theory are used for
estimation of glass formation possibilities. According to fsis values, compositions
were divided into two groups. First of them includes the compositions, for which
glass obtaining is theoretically substantiated during cooling of their melts. The
second group includes compositions, in which glass formation has to be possible.

Optimum content ranges for oxides in predictable compositions were
established: Na:O 10-21; SrO 5-13; BaO 10-34; B:03 5-21; SiO: 29-49. Seven
compositions (five from the first group and two — from the second) were selected for
purposes of experiment minimization.

Synthesis of compositions with theoretically forecasted formulation for melt
obtaining was conducted using thermal treatment at 1573K. Their good agreement
with experimental ones is established — all five synthesized compositions (I group),
which fs;s-factor is more than 0,333, completely moves into amorphous state in the
forecasted temperature interval. Those two compositions (II group), which fs;s-
factor is less than 0,333, generate uniform amorphous mass, as well.

Taking into account the estimations made based on thermodynamic chemical
processes predicted during vitreous coating formation on copper surface, an
assumption on expected formation of metal-glass-coating intermediate layer is
made. It is noted that the existence of B-O-Cu, Ba-O-Cu and other bonds is expectable
according to thermodynamic estimations. An assumption is made that cohesion
between copper and enamel originates resulting from these bonds and II group
elements’ copper metallides formation.

Four compositions of Na;0-SrO-Ba0O-B;03-5i0, system with different
formulation were selected for experimental evaluation of results obtained through
calculations made. Composition No.9 has been selected due to minimum content of
SiOz and maximum content of B203 and BaO, No. 10 — maximum content of SrO and
average values of the rest of oxides, No. 27 — maximum content of Na20 and SiOz,
and No. 32 — due to minimum content of B;0s.

Differential thermal analysis, X-ray phase analysis and IR absorption
spectroscopy are mainly used for experimental studies. Differential thermal analysis
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in the temperature range of 298-1273K in most cases confirms the theoretically
assumed ideas expressed regarding ongoing processes and events. The essence of the
processes themselves is evaluated using X-ray structural analysis based on the
products obtained resulting from these processes. IR absorption spectroscopy
confirms the point of view made on behavior of initial materials containing these
products.

X-ray phase analysis and IR absorption spectroscopy were conducted in
compositions thermally treated at 298, 573, 773,973, 1173 and 1323 K temperatures.
X-ray phase analysis showed that the events accompanying the thermal
transformations of theoretically predicted furnace-charge are mainly realized
(actualized). Processes running in the furnace-charge during thermal treatment are
presented by three stages. In the initial phases in the temperature range of 338-
973(1173)K formation of sodium, barium and strontium borates and their ternary
compounds (with increase in liquid phase content) takes place, as well. In the final
phase at 973(1173)-1323K - solid inclusions’ dissolving in liquid phase, gaseous
phase removal and homogenous melt formation occur. The abovementioned made
it possible to represent the processes taking place in thermally treated compositions
while heated in the form of general pattern of glass formation process in some
compositions of five-component system.

A number of general and different phenomena peculiar for processes running
in surveyed objects is established using IR spectroscopic study of compositions and
products obtained via their thermal treatment. It is shown that in the low-
temperature interval (up to 573K) obtaining of water-containing sodium, barium
and strontium borates mainly takes place. A liquid phase is formed in the same
interval, and along with gases evolved in the system, it makes easier the furnace-
charge transformation into uniform amorphous (liquid) state in high-temperature
range.

On the basis of enamels obtained via synthesis of theoretically predicted
compositions (NeN°9, 10, 21, 27, 30, 32 and 34) a full cycle of vitreous coating
obtaining on copper surface is carried-out. Process scheme of enameling is given and
engineering process is described. Smooth surface of high-quality enamel is obtained
in all cases.

The values limits for physical-chemical properties of synthesized enamels are
established, which completely confirm their compliance with requirements made
towards coating enameled on the copper.
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