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•¦¤šž§¡ª¡¢£ žš £¤©žš ®žª¦ž¦á¤¨ â €ž žª¦žš¥ ˆ¤¦žŸžš
ãžœ¦žœž•¥¦žŸžš €ž©ž¨ªžœžš¡¢©

•¥¦žŸžš ä¤Ÿžážœ ¦¤§.•¥¦.å¡Ÿ¦¡œ, ….Ž.”š žæ žš

ˆžç¦¡šžŸžš èšå¥©ž§¡ªš¤œé ¦¤§.æ¥¦.å¡Ÿ¦¡œ “.•. €ž©ž©ê žš
¦¤§.•¥¦.£¤Ÿšž¬¡¢ “.•. ˆ¡ä¡ª žš

•ëžìž¦žœ Ÿžæ©žŸ¤œí¡¢£ ¡¢šé î’žœ ° ª¥¨¥Ÿž¦š¤œ" ••… ïŽð

ˆžç¦ížš¡¢£ ¡¢šè Ÿž žšž¨¡¢ â2012£. ®¡¢š¥ª¥ 29-¥š ñž©è 140-¥š
€€ ••• ’¥©¥žŸžš ò¥æ¥Ÿž ¥ ¥šª¦¥¦¡¢¦¡¢© •¡œ¬¡ä ŽŠ€-¥ <<•¥æ¥ŸžŸžš °

žš›œ•žšžŸžš ó¥©¥ž ¥>> 017©žªšž•¥¦žŸžš §¡œ®œå¡¢©(0014,‰œ°žš,
ˆ. ƒ°žŸ¥ ô., 5/2):
•¦¤šž§¡ª¡¢£ žšè Ÿžœ¤¨¥â ¬žš¡£žšž¨ ê€••• ’•†-¥ •œžåžœžš¡¢©:

ƒ¤ä©ž•¥œš žëžóáž¬ â <<30>>©ž ¥ª¥ 2012£.

“žªšžæ¥¦žŸžš §¡œ®œå¥
•¥¦žŸžš óžœ¦¡¢äžœ, ó¥©.•¥¦, £¤Ÿšž¬¡¢ €.•. €žŸ¡« žš

¾ÒÆÕÜÅÊÊÒÓÔÕÖÅÎÍÍÎÚÓÕõÎÔÐØÔÏÒÓöÜÒÍÕØÙÒÍÐÆÊÎÏÊÔÎÆ÷ÎÊØÜÕÓÊÔÏÒøÍÎßÎ
¸ÍöÒÍÒÓÍÎßÎ µÛÅÏÒÓÊÅÔÒÔÕºÓÆÒÍÅÅ

¼ÕØÙÍÐÚÓØ×ÎÏÎÜÅÔÒÝÞ: ÜÎ×ÔÎÓÔÒÑ.ÍÕØ× ¼.¶. ¹ÍàùàÍ

ÁúÅÖÅÕÝÞÍÐÒ ÎÛÛÎÛÒÍÔÐ: ÜÎ×ÔÎÓÔÒÑ.ÍÕØ× M. ß.ºÆÕÆÙàÍ
×ÕÍÜ.ÔÒÑ.ÍÕØ× M.A. ´ÎßÎÊàÍ

ÈÒÜØûÕàÎÓßÕÍÅùÕÖÅà: ¼´ÅI ÄºÁ "¹ÕÆÒÍÞ ÅÊÅÝÅ×ÕÔÐ"

ÄÕûÅÔÕÜÅÊÊÒÓÔÕÖÅÅÊÎÊÔÎÅÔÊà<<29>>ÅüÛà 2012 r.Ï 1400 ÙÕÊÎÏÍÕ ùÕÊÒÜÕÍÅÅ
ÊÛÒÖÅÕÝÅùÅÓÎÏÕÍÍÎßÎÊÎÏÒÔÕ017<<ÃÅùÅÙÒÊ×Õà ÅÍÒÎÓßÕÍÅÙÒÊ×ÕàÑÅÆÅà>>

Èº¹-Õ, ÜÒÚÊÔÏØüûÒßÎ Ï¸ÍÊÔÅÔØÔÒ¿ÅÆÅÙÒÊ×ÎÚÃÅùÅ×Å¼º¼ ±º (0014,
ß. ²ÓÒÏÕÍ,ØÝ.II.³ÒÍÕ×Õ5/2).

³ ÜÅÊÊÒÓÔÕÖÅÒÚÆÎöÍÎ ÎùÍÕ×ÎÆÅÔÞÊàÏ õÅõÝÅÎÔÒ×Ò
¸ÍÊÔÅÔØÔÕ ¿ÅÆÅÙÒÊ×ÎÚÃÅùÅ×Å¼º¼ ±º

ºÏÔÎÓÒúÒÓÕÔÓÕùÎÊÝÕÅ<<30>>ÆÕà2012 r.

ý•–••‚†…
µÙÒÍÐÚÊÒ×ÓÒÔÕÓÞ

³ÛÒÖÅÕÝÅùÅÓÎÏÕÍÍÎßÎÊÎ×ÒßÕ,
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•™˜•„•…’† ð…•€•…Š‹‡ Ž…Š‹Œ••†‡ð

•ç§ž¦žšó¥ žœå¥žŸžš¡¢£ ¡¢šè: „¤§š¥Ÿž ¡¢© ª¤•š¤¦¡+; ... í¥¤æ¡- °
í¥œ¡â¨¤Ÿ¦œžŸžš š ¡¢£¤œ¥®žšå¤í ®¤¦æ®¤¦¤ žá¤¨ž¯¡ä íž®žšìžœŸè ° šœžš¯
®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ ò¡¢šŸ¯¥¡šž¨ ¨¥žœñ¤ó¡¢£ ¡¢šè £¡¢ ¨ â ¦ž¨¥ª åœžš¯ ®¥©žš áœž
ª¦¤ä¬¤¨ â¨¤Ÿ¦œ¡š¥Ÿž ¡¢©, žá¦¡©ž¦¥Ÿž ¡¢©, ®žçá¡äžŸžš ° ®ž©žŸžœ•êž ¥š
¦¤§š¥Ÿž ¡¢© Ÿ¥œžëá¡ä ªžœóžá¡œ¡¢©š¤œ¥èšåžœþžŸ åžª: •ž â íž¦­žëè, ¡œ
®¤¦žæ¡¦¡äš¤œ¥š ©ä¡¢©â ž å šíž¦žŸ¥š ¬žëž ¡ä ®ž©žíž¦žª§žš š ¡¢£¤œ¥
®ž©žŸžœ•áž¬ ¡œ¡š©žšè: …¤œŸž ¡¢©ªª¤•š¤¦¡â¨¤Ÿ¦œžŸžš š ¡¢£¤œè ª¦žš¡¢© ¤š
®¥©šžŸžš¡¢© ©¡š¡« ¡¢œ¤äš¤œ¥¯(í¤œ¡áªŸ¥¦š¤œ¥¯) ° åœžš¯ Ÿžœ¬œ̈¡¢¬¡¢ £š¤œ¥¯,
¡œ¡š¯ ª¥š£¤æ¥ ®ž©žœ íž®žšìá¡¢© ¤š «žœþœ ì¤œ©žª¦¥­žšš¤œ, «žœå
ªžœóžá¡œ¡¢©š¤œ ° ¦¤§š¡¨¡•¥žš¤œ, ¯ž¬œ â šž° ž å ¤äžšžŸ¡á ª¦ž¯áž¬ š ¡¢£¤œ¥
¤¨óè:

˜¥ª¦ ®¤ëžšŸžœž ¥š ¡¢ää¡¢£ ¡¢š â ®ž©žíž¦žª§žš «žäžåœ¡¢£ žš žížŸ¡¢
¡¢ää¡œåáž¬ « ¡¢œ¤äž¯©žš ¦¤§š¡¨¡•¥ž ¡á žížŸ¤« ¡¢œ¤äž ¥š ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš
š ¡¢£¤œ¥(•Ž“…) ª¦ž¯¡¢©è, ¡œ¡šó ©¥žñž©žšžŸ æ¡¢•žŸ¯¡¢© ¤š žížŸ¥š¤œ¥ °
« ¡¢œ¤äž ¥š š ¡¢£¤œ¥®ž¦Ÿ¡¢£ ¡¢šš¤œè: Žš¤ëž ¥š Ÿžë¡¢¯áž¬ó¡á •Žƒ…-¤œè, ¡œ¡šó
žëžšþšžš¡¢© ¤š «žœþœå¥â¨¤Ÿ¦œžŸžš ° ¡ê •¬ž ¥š ›í¦¥ŸžŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œ¡á
(®ž©žåœ¤¨¥ åœžš¯ ©¡š¡« ¡¢œ¤äž ¥š š©žšžŸš¤œ¥ ®¤¦), ©¤¬ •¡œ¬šžŸžš
®¤¦žóœóœ¡¢£ ¡¢š ¤š š¤œŸž ž¯š¡¢© â¨¤Ÿ¦œ¡š¥Ÿž ¥ ° ›í¦¥Ÿž ¥ ¦žœ«¤œ ­ ¡¢ä¤œ¥
®ž©žœ:

ƒ¤•š¤¦¡-, í¥¤æ¡- ° í¥œ¡â¨¤Ÿ¦œžŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œ¡á ›ñ¦áž¬
žížŸ¤« ¡¢œ¤äž ¥š š ¡¢£¤œ¥(•Ž…) ª¦ž¯©žš žëžì¥š ô¡œþ¤œèŸž¦žœá¤¨ ¤š ©¡¦
¤œŸ¡¢ ¦žªšž© žŸ žëžì: …¤œŸž ¡¢©ª ®ž ¦š¥ ¤š ªž®©žšžôžŸ £á¡á
žížŸ¤•¡ ž¯š¡ä ®ž©žŸžœ•¤œ (®¥©šžŸžš¡¢© ª¥¨¥Ÿž¦ž ¥š ° •¤œ©žšž¦ž ¥š
®¥©ó¡á), ¡œ¡š¯ ®¥©žš áœž Ÿžœ¤¨¥ â ª¦žšž¨ «š¤ëž ¥š Ÿžë¡¢¯áž¬ó¡á •Ž“…-¤œ:
‘¤œì¥š ¦žœ¥š¤œ¥š LazO3-B20,-GeO,° LazO;-B20,-Sio,®ž©žŸžœ•¤œ¥ žížŸ¥š¤œ¥
®¥©žš áœž ª¦¤ä¬á¤¨ â ª¦¥¨¡¢â¨¥¦¥é (Ce,La,Ca)BSi0,,Ÿžë¡¢¯áž¬ó¡á •Žƒ…-¤œ¥
ªŸæ«¡¢šó¡œ¤šš¡œ åžª: •ëžšþšž®ž¦¡¢Ÿ ®¤¦žóœóœ¡¢£ ¡¢š ¤š š¤œŸž ž¯š¡¢© ÈÕÁ

° BaO-Laz03-È;0,žížŸ¤•¡ ž¯š¡ä ®ž©žŸžœ•¤œ¥ ®¥©žš áœž ª¦ž¯á¡ä
•Ž…-¤œè, ¡œ¡š¯ Ÿžë¡¢¯áž¬ó¡¢© Ÿžë¡¢¯áž¬óž ¥š §©«¤œèŸžœ¡ä ¤š ¥æ¡©¡œò
¦¤äžŸž¨¤¨ ÈÁ §©«¤œ¥š:•ž £¡¢ ¨ â ¦ž¨¥ª þ°žá¡œ¤¨ «°¤ëž ¥š Ÿžë¡¢¯áž¬ó, ¡œ¥
®¤¦°žšó¡á ª¦ž¯áž¬ •Ž…-¤œè ¯¡¢¯ž«¤œ¡¢© ¤š ážë žœ¦ž®ž ¦áž¬
ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œ: •¦¡œ¥ žëŸž ¡¢£ ¡¢šè ®¡äž¨Ÿž¨¥žŸžš
©¤¦žäš¤œ¥ ›óª¥åš¤œ ížœ¡¢šžŸ¡ä ž¨ ¡¢©ž- ° ¨žš£žš«¡œž¦ž ¥š žížŸ¤•¡ ž¯š¡ä
®ž©žŸžœ•¤œ¡¢©, šížª¦¡¢© â « ¡¢œ¤äž¯©žš šŸž¦©ž©« «žœþœ®žŸáž¬¡¢£ ž©«
žížŸ¥š¤œ¥ ª¦ž¯©žšè: ‘¤œì¥šš¤œ¥ª ¡¢ää¡œåáž¬ « ¡¢œ¤äž¯©žš •¡œ¬èš£ž¯¡¢©
ò¦¡œè ®žšå¤ª â •ž¨¥ª ¡œí¤ª « ¡¢œ¤äž¯©žš ®žœ¡¢¯¥ê(Ÿž¦ž¨¥æž¦¡œ)é æ•ž¨¥¡œ¤š
šážæ¤¯š¤¨¡á ì¤œ©ž©çžŸ©žš ¦°¡ä¡¢£ ¡¢šè:

’žš¥ ¡œ «¡œž¦ž ¥š ° ©žªšžá¡œží¤ª ò¦¡œ«¡œž¦ž ¥š ®ž©žŸžœ•¤œ¥
žížŸ¥š¤œè ¡œí¤ª •Žƒ…-¤œ ó¥ê¤š ¡¢ª¡¢©šžª¥œáž¬, ¡¢ª¦¥ žœå¥žŸžš â šœžš¯
®¥©žš áœž ª¦žšž¨ «°¤ëž ¥š Ÿžë¡¢¯áž¬ó¡á žížŸ¤« ¡¢œ¤äž ¥š
ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš š ¡¢£¤œ:
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•ç§ž¦žšó¥ šíž¦žŸè ° _§šå¥œš¤œè: •ç§ž¦žšó¥ šíž¦žŸš â
«žæ©žŸ¡ä©žš¥¡œ¤š ®¤¦žæ¡¦¤¨ šž§Ÿ¥š¡¢© ê®¤¦žæ¡¦áž¬ BaO-B,0,-2AlF;:3LaF3
®ž©žŸžœ•¡¢© èš£ž¯¡ä žížŸ¤•¡ ž¯©žš íœ¡¯¤ªš¤œè, žížŸ¥š¤œ¥ Ÿžë¡¢¯áž¬óè °
ò¥æ¥Ÿžó¥©¥žŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œè: •ížŸ¥š¤œ¥ ¡¢ää¡œåáž¬ « ¡¢œ¤äž¯©žš
¦¤§š¡¨¡•¥ž ¥ ©¥ì¡¯¡á ©çžŸ¤¨ «°¤ëž ¥š Ÿžë¡¢¯áž¬ó¡á žížŸ¤« ¡¢œ¤äž ¥š
ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš š ¡¢£¤œ:

•ëžìžåœáž¬ šíž¦žŸš ¥œžŸžšž¯š¤¨¡¢ ®ž©žœ žç§ž¦žšó¡¢© ¨¡¢¬á¤¨ ¤š
®¤¦° ž¨ §šå¥œš¤œè.

- ðš¦œá¤¨ â «¡œž¦ž ¥š ò¦¡œ ížœ¡¢šžŸ¡ä žížŸ¤•¡ ž¯š¡ä ®ž©žŸžœ•,
¡œ¦¤ä ¡œí¤ª ©¡å¥ò¥Ÿž¦¡œš¤œ ®žšå¤ª ¤š •ž¨¥ª ¦žœ«¤œ ¥¡šžŸžš
çžëžá¥ä ° ¡¢ñž ¥š åžç¦ ¡¢š¤¯¡ä «žœ¥¡¢©¥ ° ¨žš£žš¥ Ÿž¦¥¡šš¤œè
šížª¦¤¨¡á žížŸ¥š¤œ¡¢© «°¤ëž ¥š Ÿžë¡¢¯áž¬ó¥ þ°žá¡œ©žšè: •¨ ¡¢©¥šè
®žšå¤ª •ž¨¡á ¡œí¤ª ©¡å¥ò¥Ÿž¦¡œé šážæ¤¯š¡¢© â ò¦¡œ¥ ¯šå¤¨¥¡¢£ ¡¢šè °
©¤¬ž¯š¡¢© žížŸ¥š¤œ¥ Ÿž ¡¢š¡¢£ ¡¢šè « ¡¢œ¤äž¯©žš ° ¦žœ«¤œ ž•œ¤ª¥á
©¥ìžáž œ¤œ¥ šŸž¦©ž©«:- “ ¡¢ª -Ÿ¡ä©¥¯ ž š ®žšå¥ªžš¡¢© â ¡œí¤ª
íž ©žšžŸžš žížŸ¤•¡ ž¯š¡ä žížŸ¡¢ Ÿžë¡¢¯áž¬óž ¥š ¯žš¯¡¢©
©žªšžŸ¥¡œ¤š ô¡§žœ¥š¤¨¡á « ž¦¡©š¤œ¥š:
•¦¡œ¥ žëŸž ¡¢£ ¡¢šè (¡œš žížŸ¡¢ Ÿžë¡¢¯áž¬ó¡¢© ©žªšžŸ¥¡œ¤š
ô¡§žœ¥š¡¢© â ££áž¬š¥ ž¦¡©š¤œ¥š) šážæ¤¯š¡¢© â žížŸ¡¢ Ÿžë¡¢¯áž¬ó¥
¦žœž¬žŸžš Ÿžíáž¬¡¢£ žš žª¦¥­žšè, ©¥žñž©žšžŸ šížª¦¤¨¡á
« ¡¢œ¤äž¯©žš šŸž¦©ž©« «žœþœ®žŸáž¬¡¢£ ž©« žížŸ¥š¤œ¥ ª¦ž¯©žšè:
•ížŸ¥š¤œ¥ Ÿžë¡¢¯áž¬óž ¥š ®¤¦žæ¡¦¡¢£ ¡¢šš¤œè (ë¤š¦•¤šžòžæž ¥š °
ë¤š¦•¤šžŸžë¡¢¯áž¬óž ¥š žšž¨¥æ (ÿ•• ° ÿ”•), †”-ªí¤Ÿ¦œžªŸ¡í¥ž,
â¨¤Ÿ¦œ¡šž ¥š ©¥Ÿœ¡ªŸ¡í¥ž) £¡¢ ¨ ¤š ¦á¤¨ ¡œ¡ç¤¨¡¢ žížŸ¥š¤œ¥
« ¡¢œ¤äž¯©žš žœ•žª¥óš¤œ¡¢© žëŸž ©¥ž¯¡¢£ ¡¢šš¤œ¥ òžæž ¥š Ÿžæ©è,
¥¡šš¤œ¥ Ÿ¡¡œå¥šž¯¥¡š á¥­žŸè, žížŸ¡¢ « ¡¢œ¤äž¯©žš žª¦¥­žšè,
ª¦ž¯áž¬ žížŸ¤«¡¢œ¤äž ¥š Ÿ « ¡¢œ¤äš¤œ¥þ°š¡¢ êžô¤œè:
•ížŸ¥š¤œ¥ ò¥æ¥Ÿžó¥©¥žŸžš ®¤¦žæ¡¦¡¢£ ¡¢šš¤œ¥ žœå ¡¢šó¡¢© Ÿžë¡¢¯á¤¨
¤š «žäžåœ¡¢£ ¡¢š-®ž¦Ÿ¡¢£ ¡¢š Ÿž§áž¬¡¢£ žš Ÿ¡œ¤œè:
€¤¦žæ¡¦á¤¨ â ò¦¡œ¥åž ¥š ©¥ž¯¡¢£ žš žæå¤¯¡¢£ ¡¢šš žížŸ¥š¤œ¥
ò¥æ¥Ÿžó¥©¥žŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ ° « ¡¢œ¤äž¯©žš íœ¡¯¤ªš¤œ¥ áœž:
•ížŸ¥š¤œš ¤š£žœŸá¤¨ ¤š ¡¢ää¡œåáž¬ « ¡¢œ¤äž¯©žš:

•ç§ž¦žšó¥ •¥¦žŸžš š¡œ¡¢ £
•ëžì¥š žš•ž© ¡¢ª¡¢©šžª¥œá¤¨ ¤š Ba0-B;0;-2AlF;:3LaF3®ž©žŸžœ•¡¢©
èš£ž¯¡ä žížŸ¤•¡ ž¯©žš íœ¡¯¤ªš¤œè, ¡œ¡çá¤¨ ¤š ®ž©žŸžœ•¥
žížŸ¤•¡ ž¯©žš ° « ¡¢œ¤äž¯©žš ¦¥œ¡¢ £š¤œè:
Š‹ª¡¢©šžª¥œá¤¨ â AlF3-LaF3 «¥šžœ ò¦¡œ¥åž ¥š ®ž©žŸžœ•è, Ÿžë¡¢¯á¤¨ â
®¤¦žæ¡¦áž¬ ®ž©žŸžœ•¥ ®ž¨¡¢š¡¢£ žš å¥ž•œž©è: ˆžœæá¤¨ â, ¡œ«¥šžœ
®ž©žŸžœ•¡¢© žëžìž¯ž¬ 2AIF3:3LaF3 Ÿ¡š•œ¡¢¤š¦ ®ž¨á¡ä (1130%)
©¥ž¯¡¢£ žš š¤œ©¡¢¬¡¢©è«žœ¥¡¢©«¡œž¦ž ¥š žížŸ¤•¡ ž¯š¡ä ®ž©žŸžœ•,
®žš•¤¯š¡¢© â®ž©žŸžœ•¥ žížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £¥ èšå¨ž š©žšè ° £¡¢ ¨ â
¦ž¨¥ª, ª¦žšž¨ ®ž©¤©ž¦ž«žœ å ¡¢œž®ž¨ žížŸ¥š¤œ, ¡œ¡šó ©¥°š¡¢ š
ñž©žšžŸ ®žŸáž¬ ¤š « ¡¢œ¤äž¯©žš šŸž¦©ž©«:

› Žž¯ž®ž ¦á¤¨ � , ¡œŸ¥œžëžŸžš šçžšžŸ¡¢£ žš •Žƒ…-¤œ¥ ª¦ž¯©žš ®ž©žœ
žš®œžñ¤ç¦ ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ ¨žáž•¡¢ š ®ž©ž§©«¡á ° «žœþœ
á¤œžœ¦žåœ¤¨¥¡¢£ ž©« ›ñ¦áž¬ â BaLa3Al,B6(Ol,Fis) «žäžåœ¡¢£ ž©«
žížŸ¥š: ðª¦ ÿ•• žœå ¡¢šóš¤œ¥ ížœæá¤¨ â, ¡œ šçáž¬ žížŸ¡¢
« ¡¢œ¤äž¯©žš žœ•žª¥óš¤œ¡¢© žëŸž ¤š ò¦¡œ«¡œž¦ž ¥š ° æ¡¢¦
ò¦¡œ¥åž ¥š ©¥ž¯¡¢£ ¡¢šš¤œ, ¡œ¡š¯¥¯ BaLa3[F./AIB305]2F7-¥(›œ£¡ë¡©«¥Ÿ
ª¥š•¡š¥ž) «žäžåœ¡¢£ ¡¢šè ©¡¦ â žížŸ¡¢ ª¦¤§¥¡©¤¦œ¥Ÿ «žäžåœ¡¢£ žšè:
ÿ¤š¦æ¤šžŸžë¡¢¯áž¬óž ¥š ° †”-ªí¤Ÿ¦œžªŸ¡í¥Ÿ ®¤¦žæ¡¦¡¢£ ¡¢šš¤œ¥
žœå ¡¢šóš¤œ¥ ®¥©žš áœž ¦œá¤¨ â šçáž¬ ©¥ž¯¡¢£ žš ®žážšžŸžš
¦žœž¬žŸžš Ÿžë¡¢¯áž¬ó¥ ©¡å¤¨è:
•ížŸ¥š¤œ¥ ¡¢ää¡œåáž¬ « ¡¢œ¤äž¯©žš ®ž©žœ èš¦œá¤¨ â ì¤œ©ž©çžŸ©žš
¤œŸžª¦¥­žš ë¤ñ¥©:•ížŸ¤ š©¡¢çš¤œ¥ì¤œ©ž©çžŸ©žš ¦°¡ä¡¢£ ¡¢šè Ÿžæ©¤¨
â 6+30 � ¤œ©ž©çžŸ©žš žëžì¥š ô¡¢¨¥ ¦°¡ä¡¢£ ¡¢šš èšå¡¢šá¤¨ â ©¡¦ ¤œŸ¡¢
žš•ž© žá¤¨¥ ¯ž¬œ, óžš ¤œŸœ¡œåô¡¢¨¥šš â: •ëžì¥š ô¡¢¨¡¢© š©¡¢çš¤œè
¦žóž¯á¤¨ ¤š 8-10 *C/œ¡í¤ žœž•¡¢£ ž©«, ¥ªŸ ¤œŸœ¡œåô¡¢¨¡¢©é 18+20
*C/œ¡í¤, ¡œè®šžœžá¡œ¡¢£ ¡¢š â èšþ¤ë¡¢© ª¦ž¯áž¬ •Ž…-¡¢© ®šžœžá¡œ¥šª
šážæž•¡¢ š¥ ®žª¯š¤¨ žš¯žšŸž¨¥ BazLa3[F/AIB,OlolzF« ¡¢œ¤äž ¥š òžæ¥
(¥šêí¤ª šž° ®¤¦žæ¡¦á¡ä žížŸ¡¢ « ¡¢œ¤äž¯©žš žœ•žª¥óš¤œ¡¢© žëŸž
© ¡¢ªé ›óª¥ò¦¡œ¥åž ¥š ° ò¦¡œ¥åž ¥š ©¥ž¯¡¢£ ¡¢šš¤œ¥ ®žœž«¤œžŸžš
óžšžŸ¡¢£ ¡¢šè, ¡œ¡šó ©š¡¢©¤š •œ¤£¤ ªžä©šž ¥š á¥­žŸ¡¢©) žëŸž ¡¢£ ¡¢šè:

•ç§ž¦žšó¥ •¡œ¬šžŸžš šçžšžŸ¡¢£ ¡¢šè: €¤¦žæ¡¦áž¬ ®ž©žŸžœ•¥
žížŸ¥š¤œ¥ ®¥©žš áœž ¡¢ää¡œåáž¬ « ¡¢œ¤äž¯©žš ¤äžšžŸ¡á ©çžŸá¤¨ ¤š «°¤ëž ¥š
Ÿžë¡¢¯áž¬ó¡á žížŸ¤« ¡¢œ¤äž ¥š ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš š ¡¢£¤œ,¡œ¡šó ›ñ¦áž¬ ¤š
å¥â¨¤Ÿ¦œ¥Ÿ£žôžš¯¤¨¥¡¢£ žš «žœþœ° å¥â¨¤Ÿ¦œ¥ŸŸ¡œ¡¢ª¦š¤œ¥ ¯ž¬œ žœñ¤óš¤œ¡á:

•ç§ž¦žšó¥ ô¡œþžœŸ¡¢©è: •ç§ž¦žšó¥ žœå ¡¢šóš¤œèæ¤Ÿ¡¢¯á¤¨° óššžœŸá¤¨¤š

€ˆã€ ¦žœ¤Ÿžš •¥¦žñ¡ä¡á¡¢© (‰œ°žš2008£.),€ž ŸžŸžš ó¥©¥žŸžš èšŸ¤œ¡¢£ žš I °
II •¥¦žñ¡ä¡áš¤œ¡¢© (‰œ°žš 2008 ° 2010££.), žížŸ¥š¤œ¥ á¤œž«¤œ ž¨
“¥ìžæ•ž ¥š Ÿ¡š•œ¤ª¡¢© (Žž®¥ž, Žœžæ¥¨¥ž 2010£.), ó¥©¥ž ¥ ° ó¥©¥žŸžš
¦¤§š¡¨¡•¥ž ¥ á¤œž«¤œ ž¨ “¥ìžæ•ž ¥š •¥¦žñ¡ä¡á¡¢© (‰œ°žš 2010£.),
žížŸ¤« ¡¢œ¤äž ¥š š ¡¢£¤œ¥á¤œž«¤œ ž¨VII “¥ìžæ•ž ¥š •¥¦žñ¡ä¡á¡¢© (ˆ¤Ÿ¥š,
� ¥šžª¦žš 2011£.),€ž žª¦žš¥ ó¥©¥žŸžš ®žšå¤ª¡¢© (‰œ°žš 2011° 2012££.):

•ç§ž¦žšó¥ ®œžížœžŸ¡¢©š¤œè ”ž¦žœáž¬ ®¤¦žæ¡¦¡¢£ ¡¢šš¤œ¥ ®¥©žš áœž
®œž¦žœžŸá¤¨ â 9 žç§ž¦žšó (¤œ¤ó•¥¦žŸžš ®¡åáž¬š¤œ, ®¥š• £¤æ¥ªš¤œ,©¤Ÿ
žœ¦¡šž•¥œ):

•ç§ž¦žšó¥ Ÿžæ©è ° ¬žáž¨è: •¦¤šž§¡ª¡¢£ ¡¢šè Ÿžæ©áž¬ â š¤œž¬¡¢£ ¡¢š¥¯,
ê¡œª •¨¡¢§š¤œ¥¯, ®¥©šžŸžš ¤æœžŸž¯¡¢£ ¡¢šš¤œ¥¯ ° •œžŸžš¡¢£ žš ¯žšŸ¥¯:
•ç§ž¦žšóè çžœžåœáž¬ â 140âì¥ áœž, ížœ¡¢šžŸ¡¢© â 40šŸžœ,5 žä ¡¢ªžŸ ° 160
•œžŸžš ®ä¡¢©š¤œ:

•™˜•„•…’† ŽŠ‘•…••”Š‹Œ‚Š‹…ð

…¤œž¬¡¢£ ¡¢š¡¢©š¤œŸž ž¯áž¬ ¤š žç§ž¦žšó¥ žœå¥žŸžš¡¢£ ¡¢šè, •¥¦žŸžš
š¡œ¡¢ £è, þ°žŸ¤œíáž¬ ¤š ®¤¦žæ¡¦¡¢£ žš šíž¦žŸš ¡¢ §šå¥œš¤œè:
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•ëžì¥š •¨¡¢§è (•œžŸžš¡¢£ žš žŸšžœŸè) Ÿžæ©áž¬ â ê¡œª ©žª¤œ¥¯, ¡œ¡šó
šá¥œáž¬ ¤š «¡œž¦ž ¥š ° ò¦¡œ ížœ¡¢šžŸ¡ä «¡œž¦ž ¥š žížŸ¥š¤œ¥
žížŸ¤•¡ ž¯©žš, Ÿžë¡¢¯áž¬óž ¥š ° ò¥æ¥Ÿžó¥©¥žŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥

> ¤š ° ò¦¡œ ížœ¡¢šžŸ¡ä «¡œž¦ž ¥š®ž©žŸžœ•¤œ¥ žížŸ¥š¤œ¥é  ¡®ž©žŸžœ•¤œ¥  ¡¢œž®ž¦Ÿ¡¢£ ¡¢šš¤œèé íž ©žšžá¡œáž¬ ò¦¡œ ¦žœœ¥
«žœþœ â¨¤Ÿ¦œž«ž¯žªžŸžš¡¢£ ž©«, ¯ ¬ž¬œ «š¤ëž š¡¢£ ž©« ° Ÿžë¡¢¯áž¬óž ¥š
å¥œó¡á: €¥©šžá¡œáž¬ â ò¦¡œž¨ ¡¢©ž«¡œž¦ž ¥š ®ž©žŸžœ•¤œ¡¢© «°¤ëž ¥š
Ÿžë¡¢¯áž¬ó¡á žížŸ¤« ¡¢œ¤äž ¥š ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš š ¡¢£¤œ¥ ª¦ž¯©žš
®šžœžá¡œ¡¢£ ¡¢šè ° ®¤¦žæ¡¦áž¬ ®ž©žŸžœ•¥ èš¦œ¡¢£ ¡¢šè:

‰œŸœ¡œå •¨¡¢§èšá¥œáž¬ â žížŸ¥š¤œ¥ ª¦ž¯©žš ° šœžš¯ ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥
®¤¦žæ¡¦©žš ¤äžšžŸš¤œ¥ šŸžœž•œ¡¢£ žšè: Ba0-B20,-2AlF;:3LaFy®ž©žŸžœ•¥
žížŸ¥š¤œè ¤ôá¤¨ ¤š â¨¤Ÿ¦œžŸžš ážëžœžš¡¢© (ª¥¨¥¦ž ¥š ¦žóž¯¡¢¯¥êš¤œ¡á)
950-1150%Cì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž ó¡¢© í¨ž¦¥š¤ ¦¥•¤¨¥ ©¤ì, 30:45 œ¡í¤
¦°¡ä¡¢£ ž©«: •ížŸ¥š¤œ¥ ª¥š£¤æ¥ ®ž©žœ ›•¦ž•¡œ¬á¤¨ ¤š <<’¥©¥ží¤ª ©žó¡¢œ>>°
<<•¤œ©žó¡¢œ>>¤¨žš ¡¢£¤œ H,BO3,BaO,AIF3, LaF3:•ížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £è ¡œ¡ç¤¨¡¢
®ž©žœ žížŸ¥š¤œè ¤ôá¤¨ ¤š 10-15• óžšžŸ¡¢£ ž©«, žížŸ¤®ž¨¡¢ £è åž¦žœŸá¤¨ â
ªžëè ©¤¦žä ž ªž¨¥ áœž: ƒ¥š£¤æáž¬ žížŸ¥š¤œ¥ š©¡¢çš¤œš¡¢ª¡¢©šžª¥œá¤¨ °
•šž®ž¦á¤¨ ¤š »¶³-9 «¥š¡Ÿ¡¢¨ žœ ©žšœžå¥¦žŸ¡á: •ížŸ¥š¤œ¥ ò¥æ¥Ÿžó¥©¥žŸžš
®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ êžô©žš ®ž©žœ š©¡¢çš¤œèª¦ž¯á¤¨ ¤š žížŸ¤®ž¨¡¢ £è ¨¯š¤¨¡á
šž§ží¤ª ¦žóž¯áž¬ •œžò¥¦¤ Ÿžäžížœš¤œ¥ ©¤ì, ¡œ¡šó ž š¡¢®¤¦° £œ¬ž£¡äá¤¨ ¤š

©¡¢ò¤¨ž ¥š ážëžœžš¡¢© 490=580%Cì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž ó¡¢©:
•ížŸ¥š¤œ¥ å¥ò¤œ¤š¯¥ž¨ £¤œ©¥Ÿžšž¨¥æš (•Œ•) ¥œžŸžšž¯á¤¨ â ˆž¡¢¨¥Ÿ-

ˆž¡¢¨¥Ÿ- � œå¤ Q-1500å¤œ¥áž¦¡•œžò¡á: Šœí¤ª â¦ž¨¡š ›•¦ž•¡œ¬á¤¨ â 12000C-¡¢©
£œ¬áž¬Al03: „žóž¯©žš žœž•¡¢£ ¡¢šè Ÿžæ©¤¨â 15*C/œ¡í¤, žížŸ¤ô¡ç¡¢ Ÿç¥ëè
ô¡ô¡§á¤¨ â 500-600©• ©¥ìžŸž ó¡¢©, Ÿ¥œžëá¤¨â í¨ž¦¥š¤ ¦¥•¤¨: ar io

Ž ¡¢œ¤äž¯áž¬ žížŸ¥š¤œ¥ ©žšœž¯áž¬ š©¡¢çš¤œ¥ ë¤š¦•¤šžòžæž ¥š
êžô¡¢©š¤œè Ÿž¦žœá¤¨ ¤š ª¤š žŸž ¥š ì¤œ©žª¦¥­žš¡¢© Ç±Á¼-2,0 å¥òœžŸ¦ž©¤¦œ¡á
(Z=1,542A, ­žëž•ž £¡¢©, Ni ò¥¨¦œ): � žô¡¢©š¤œš ¥œžŸžšž¯á¤¨ ¤š 10%<20<700
žšŸ žš ¦žŸ, ¯¡¢¯©¡¢šóš¤œ¥ •œžš¯©žš žœž•¡¢£ ¡¢šèé 2 *C/œ¡í¤:

Ž ¡¢œ¤äž¯áž¬ žížŸ¥š¤œ¥ †”-ªí¤Ÿ¦œžªŸ¡í¥Ÿ ¡¢ª¡¢©šžª¥œ¡¢£ ¡¢šš¤œè
Ÿž¦žœá¤¨ ¤š SPECORD-75IR ªí¤Ÿ¦œžò¡¦¡©¤¦œ¡áé 1500-400 ª©é ©¥ìžŸž ó¡¢©:
•ížŸ¥š¤œ¥ « ¡¢œ¤äž¯áž¬ š©¡¢çš¤œ¥ô¡ç¥ž¯áž¬ Ÿçëžšóš¤œè (14©•) §žëšá¤¨ ¤š
ážæ¤¨¥š¥ ®¤¦: Ž ¡¢œ¤äž¯áž¬ žížŸ¥š¤œ¥ †”-Ÿ¨žš©žš Ÿ¡œ¤œ¥ ª¦ž¯©žš
žœž•¡¢£ ¡¢šèé 160 ª©é //œ¡í¤:

•ížŸ¥š¤œ¥ ° žížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥©¥Ÿœ¡ªŸ¡í¥Ÿ ®¤¦žæ¡¦¡¢£ ¡¢šš¤œè
Ÿž¦žœá¤¨ ¤š TEM ¦œžšª©¥ª¥¡š â¨¤Ÿ¦œ¡šž ¥š ©¥Ÿœ¡ªŸ¡í¥ ©¥ì¡¯¡á:

•ížŸ¥š¤œ¥ §¦¡¢£ ¡¢šè êžôá¤¨ â ®¥åœ¡ª¦ž¦¥Ÿ Ÿçë©žš ¤äžšžŸ¡áé Ÿçë¤¨¡á
žížŸ¤ š©¡¢çš¤œè£¡œž¬ ìœ¡¢©, ª¤š žŸž ¥š ì¤œ©žª¦¥­žš¡¢©: � žô©žš ª§ž¨è
Ÿžæ©¤ â̈1,5+2-10-3q/ª©%:

•ížŸ¥š¤œ¥ «¤Ÿ©žš ¯¡¢¯¥ê¥ (no,1o=589,3š©)žœñ¤óš¤œèêžôá¤¨ ¤š ´Á·º» P-113

«°¤ëž¯š¡ä ©¥Ÿœ¡ªŸ¡í¥ ©¥ì¡¯¡á: •œå ¡¢šóš¤œ¥ á¤œžœ¦žåœ¤¨¥¡¢£ ¡¢šè Ÿžæ©¤¨â
+3-10-3:

•ížŸ¥š¤œ¥ •¬ž ¥š èšåžœþžŸ©žš ì¤œ©žª¦¥­žšž ¥š •¡œ¬žŸ¥¯èé a (•ð � •),
êžôá¤¨ â Ç¹È-4 å¥¨ž¦¡©¤¦œ¡á: „žóž¯©žš žœž•¡¢£ ¡¢šè Ÿžæ©¤¨â 3+3,5*C/œ¡í¤:
•ð � •-¥ žœñ¤óš¤œ¥ á¤œžœ¦žåœ¤¨¥¡¢£ ¡¢šè 20=300 "³ ì¤œ©žª¦¥­žšž ¥š
©¥ìžŸž ó¡¢© Ÿžæ©¤¨â +3-10-7 "³", ¥ªŸ žížŸ¥ž¯©žš ì¤œ©žª¦¥­žš¥ (Te),¡œ¡ç©žš
­ç¦¡¢£ ¡¢šè +5%C:

•ížŸ¥š¤œ¥ ©ž¬¡¢¯¥Ÿ¡¢£ ¡¢šè ôžôŸ¤¯©žš ì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž ó¡¢©
(10*-1012,5ˆž-á) êžôá¤¨ â ƒ¨žá žšªŸ¡¢ á¥ªŸ¡æ¥©¤¦œ¡á, •¨žšžþ° ¥šå¤š¦¡œ¥
©§œ­©žš ¤äžšžŸ¡á, ¡œš žª¦¥­žšžá¡œá¤¨ â ¹-8 ©žŸš¥ç¥ žížŸ¡á: � ¤œ©žª¦¥­žšè
ážëžœžš¡¢© ¡œ¡çá¤¨ â óœ¡©¤¨-ž¨ ¡¢©¤¨ž ¥š £¤œ©¡æ¡¢ •¥ ©¥ì¡¯¡á, ¡œš
žª¦¥­žšžá¡œá¤¨ â ó¥©¥ží¤ª ©žó¡¢œ žä¤œ¥ ®ž¨©žš ì¤œ©žª¦¥­žšš¤œ¡áé +5%C
­ç¦¡¢£ ž©«: � žô©žš ¦°¡ä¡¢£ ¡¢šè ¥æ¡£¤œ©íž ©žšš¤œ¡¢© Ÿžæ©¤¨â 30 œ¡í¤,
êžô©žš žœå ¡¢šóš¤œ¥á¤œžœ¦žåœ¤¨¥¡¢£ ¡¢šèé (10,06-0,08)-lgr:

•ížŸ¥š¤œ¥ â¨¤Ÿ¦œžŸžš å¥©žåœ¡¢£ žš êžô¡¢©š¤œè Ÿž¦žœá¤¨ ¤š E6-13A
¦¤œž›®©žêžô¡á, ®žª¦ž¦¡¢š ®¡ªžšó¥ ¦žŸ, 100=570%C ì¤œ©žª¦¥­žšž ¥š
©¥ìžŸž ó¡¢©: Šœí¤ª š©¡¢çš¤œ ›•¦ž•¡œ¬á¤¨ ¤š ¤œŸŸ¡ä© ®žœ£ æ¡¢•ž®¤ë
ªŸžážëžŸš¤œ 2-2,5©©®žª¦¡¢£ ž©« ° 18-20©©¦œž©ž•¬¡á, ¡œ¡šó šž§ží¤ª ¤œŸ¡¢
Ÿ¡ä©¥¯ ¬ž¬Ÿáž¬ ¤š ¤ä¤¨ •œžò¥¦¥ ç¤œ¦¡á: …©¡¢çš¤œè®žª¦ž¦¡¢š¥ ¤š «¤œá¤3̈0
œ¡í¤¥ èš£ž¯ó¡¢©, êžô©žš ì¤œ©žª¦¥­žš¥ ­ç¦¡¢£ ¡¢šèé +0,5%C:

•ížŸ¥š¤œ¥ ° žížŸ¤« ¡¢œ¤äž ¥š š ¡¢£¤œ¥å¥â¨¤Ÿ¦œ¥Ÿ £žôžš¯¤¨¥¡¢£ žšé a °
å¥â¨¤Ÿ¦œ¥Ÿ Ÿ¡œ¡¢ª¦š¤œ¥ žšŸ žš ¦žš•¤šª¥é tga, žœñ¤óš¤œè¡œ¡çá¤¨ ¤š E7-11
ªžœóžá¡œ©žš ©¥ì¡¯¡á:

‰œœ¡œå_•¨§¡¢© š¤œŸž ž¯áž¬ ¤š šž§Ÿ¥š¡¢© ê¡¢ª¡¢©šžª¥œáž¬ Ba0-B,03-
2AIF3:3LaF3 ®ž©žŸžœ•¥ žížŸ¤•¡ ž¯©žš ° « ¡¢œ¤äž¯©žš ¦¥œ¡¢ £š¤œ¥
¡¢ª¡¢©šžª¥œ¡¢£ žš, žížŸ¥š¤œ¥ Ÿžë¡¢¯áž¬óž ¥š ° ò¥æ¥Ÿžó¥©¥žŸžš
®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ ®¤¦žæ¡¦¡¢ žœå ¡¢šóš¤œè:

Ba0-B;03-2AIF;:3LaF3®ž©žŸžœ•¡¢© žížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £è •¦ ®¤¦° ž¨
©¥ìžŸž ó¤œ¡¢© È,03-2AIF;:3LaF,Ÿ¦œáž¬ó¡á ©¥šê°30©¡¨.% 2AIF3-3LaF3,¥ªŸ
Ÿ¦œáž¬ó¡á 20-44 ©¡¨.% ÈÕÁš¤œ©¡¢¬¤¨¥ª ª¦ž¯á¡¢© ¤š ®ž©žª¤ë £žôžš¯¥Ÿ
žížŸ¥š¤œ: B203-2AIF3:3LaF3Ÿ¤ä¬«¥šžœ ®ž©žŸžœ•¡¢© ò¦¡œ¥å¥ ížœ¡¢šžŸ¡¢£ žš
30-40©¡¨.% ©¥ìžŸž ó¡¢© ª¦ž¯á¡¢© ¤š <<§¨ž¯ž¬>> žížŸ¥š¤œ: •¦¡œ¥å¥ 40©¡¨%-¥¯
žá¤¨¥ ížœ¡¢šžŸ¡¢£ žš å¤íó¡¢© ª¦ž¯á¡¢© â Ÿ¥ªž¤ô «¡áž§žëš¡¢œåé ©žŸ¤œ¤ª¥áœž
Ÿ¤ä°¥ žëžìž¯©ž©«: •á¤¨¥ «žœþœì¤œ©žª¦¥­žšš¤œ¡¢© (i200+1250%C)®žì¡äá¡¢© â
ª¦žšž¨ ®ž¨¡¢ £, ªžŸž š ž š žœž•¡œ¤š « ¡¢œ¤äžš¡¢© â ì¤œ©žª¦¥­žš¥ žšŸ©žšè
æ¡¢•èš£ž¯: •ížŸ¤®ž¨¡¢ £¥ ªžë¤¯©žš «žœþœžœž•¡¢£ ¡¢šš¤œ¥ å¤íó¡¢©, BaO-B203-
2AIF3:3LaF3®ž©žŸžœ•¡¢© Ÿžœ¤¨¥â ª¦žšž¨ žëžá¤¨ èšåžœþžŸ žížŸ¤•¡ ž¯©žš
¦¥œ¡¢ £:

†šêí¤ª ¤œ°¡¢©â Ba0-B203-2AlF;:3LaF3®ž©žŸžœ•¥ á¥­žŸ¥ å¥ž•œž©¥¯ (šŸ.1),
«ž¯ž®ž ¦áž¬ •œ¤£¤«¡¨¡œ ›óª¥ò¦¡œ¥åž ¥š ©¥ž¯¡¢£ ¡¢šš¤œèé BaLa;(F//AlB;Os),F7
(990%C),BazLa3[F</AIB,Ol/)FF(975"C),Ba,La;[F3/AIB;OnlFs(1020%C),BazLa;[F;/AlB,01)F
(1030"C),AlLa3(F//B305].(1100"C),AlLa3[F'///AIB;O4), (1115%C,,•¦šá¡¢© ¤š ®ž©žŸžœ•¥
žížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £¥ ªž®©žšš¤œ¡¢©: …çáž¬ ©¥ž¯¡¢£ ¡¢šš¤œ¥ žëžìž¯¡¢©è
®žª¦ž¦á¤¨ â B203-2AIF3:3LaF3Ÿ¤ä¬ «¥šžœ ®ž©žŸžœ•¥ ° BaO-B,03-2AlF;:3LaFy
®ž©žŸžœ•¥ 2AlF3:3LaF3=10©¡¨.% ° 2AlF3:3LaF3=20©¡¨.% ®žª¦ž¦¡¢š Ÿ¦œáž¬óš¤œ¥
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®ž¨¡¢š¡¢£ žš å¥ž•œž©š¤œ¥ ›•š¡¢£ ž©«, ®¥©ó èšå¡¢š¤¨¡á šž° žížŸ¥š¤œ¥
« ¡¢œ¤äž¯áž¬ š©¡¢çš¤œ¥ ÿ•• žœå ¡¢óš¤œè: ˆžœæá¤¨ â, ¡œ á¤œè. šçáž¬
©¥ž¯¡¢£ ¡¢šš¤œ¥¯  ¡¢œžóžšê ¡¢œè« ¡¢œ¤äžš¡¢©â ¥œ« ¡¢œ¤äž¯©žš åžç¦¡¢© ° ¡œí¤ª
®¤¦°žšó ®ž¨á¡¢© â žëžš¯ óž óž á¤¨¡¢ (Ÿ¡š•œ¡¢¤š¦): ‘¥­žŸ¥ å¥ž•œž©¡¢© žëŸž ¤š
¥šêí¤ª ¤ëžŸ¥, ž ší¤ª â¨ŸœŸšžŸ¥âá¦¤Ÿ¦¥Ÿžš¤œ:

Ï,Î,

Ba.La,[F,/AIB,0,;),F.
(975

ÈÕÏ,Î, Al,La,[F./B.0,],F.
-. (890 (1100--)

ÈÕ,È, Á,,
(900-

ÈÕÏ,Î, Al.La,(F..1418,0,]F;
(1115Ê)

(910 "(:
BaB,o,
(1105*C

aLa,[F,IAIB,0,],F
ÈÕ,Ï,Î, (990

(1380 "C) Ba,La,[F,JAIB,O...IFF Ba,La,[F,JAIB,0,F.F.
(1020 (1030 "³)

å¥ž•œž©è, ¡œ¡çá¤¨ ¤š âšå¡£¤œ©¥Ÿ ° âŸæ¡£¤œ©¥Ÿâò¤Ÿ¦š¤œ¥ ì¤œ©žª¦¥­žšž ¥š
¦¥œ¡¢ £š¤œè, åœžš¯ Ÿž§áž¬¡¢£ ¡¢šè «žäžåœ¡¢£ ¡¢š¥¯: €ž©žŸžœ•¥ ¨¥óá¥å¡¢ª¥
ì¤œ©žª¦¥­žšž ¥š Ÿ¡œ¥ š©žšž¦¥í ô¡ô¡§¡¢£ ¡¢šè íž ©žšžá¡œáž¬ â š¡œ
ó¥©¥žŸžš ©¥ž¯¡¢£ žšé 2AIF3-3LaF3,žëžìž¯©ž©«, ¡œè®ž¨á¡¢© â žëžš¯ óž óž á¤¨¡¢
(Ÿ¡š•œ¡¢¤š¦) 1130*C-¡¢©:

ž) «)
THIC

1400. 1400 1200I •ížŸ¤•¡ ž¯©žš I €ž¨¡¢ £¥ 41100
¦¥œ¡¢ £ « ¡¢œ¤äž¯¡¢© |

1300 1300

1100 1100

1200 - 2AIF,-3LaF, 1200
(1130 "

1100 1100
1000 t000

(1080 "C)

1000 (1020 0) 1000

900 900 900 - 900

AIF, 60 80 LaF, 25 35 55
©¡¨.% 2AIF,-3LaF,,©¡¨.%

…Ÿ.2. ž) AlF3-LaF3 ° «)È203-2AIF;:3LaF3¤œŸŸ¡©í¡š¤š¦ ®ž©žŸžœ•¤œ¥
®ž¨¡¢š¡¢£ žš å¥ž•œž©š¤œè

ÈÕÎ 20 40 ©¡¨.% 60 ÏÎ 2AIF,-3LaF,

…Ÿ.1. Ba0-B;03-2AlF;:3LaFs®ž©žŸžœ•¥ á¥­žŸ¥ å¥ž•œž©è
° žížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £è

1 - £žôžš¯¥Ÿ žížŸ¥š¤œ¥ ¦¥œ¡¢ £, 2 - §¨ž¯ž¬ žížŸ¥š¤œ¥ ¦¥œ¡¢ £

Ba0-B,0;-2AIF;:3LaF3®ž©žŸžœ•¥ žížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £¥ èšå¨ž š©žš ®ž©žœ
¡œ¡ç¥ê šçžšžŸ¡¢£ ¡¢š ¡¢š¥ AlF3-LaF3 «¥šžœ ò¦¡œ¥åž ¥š ®ž©žŸžœ•¥
¡¢ª¡¢©šžª¥œ¡¢£ ¡¢šè ° ¯ž¬œ ì¤œ©žª¦¥­žšž ¥š âá¦¤Ÿ¦¥Ÿ «žäžåœ¡¢£ ¡¢šš¤œ¥
«ž¯ž®ž ¦¡¢©è: †šêí¤ª AIF3-è, ž ší¤ª â¨LaF3-è žëžšþšžš¡¢© ¤š «žœþœ®ž¨©žš
ì¤œ©žª¦¥­žš¡áé 1305%C ° 1430%C ®ž©žíž¦žª§žšž«žœ: …©žš «žœþœ
ì¤œ©žª¦¥­žšš¤œ¡¢© ¡œ¡çžŸ¥ «žäžåœ¡¢£ ž©« ›óª¥ò¦¡œ¥åž ¥š žížŸ¥š¤œ¥
ª¥š£¤æè •¡œ¬šžŸžš¡œ¤š žš®šžœ â ¥œžŸžšž¯š¤¨é ò¦¡œ¥åž ¥š ©¥ž¯¡¢£ ¡¢šš¤œ¥
«žœþœ ¯šå¤¨¥¡¢£ žš íž¦­žë¡á:

Š‹ª¡¢©šžª¥œá¤¨ âAlF3-LaF3¤œŸŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ ®ž¨¡¢š¡¢£ žš å¥ž•œž©è
(šŸ.2.ž) •Œ• ©¥ì¡¯¡á, å¥šž©¥Ÿ íœ¡¯¤ª¡¢© (¦žóž¯©žš žœž•¡¢£ ¡¢šè Ÿžæ©¤¨â 15
*C/œ¡í¤): •Œ• žœå ¡¢šóš¤œ¡á Ÿžë¡¢¯á¤¨ â ®¤¦žæ¡¦áž¬ ®ž©žŸžœ•¥ ®ž¨¡¢š¡¢£ žš

ðª¦ ë¤š¦•¤šžŸžë¡¢¯áž¬óž ¥š žšž¨¥æ¥ žœå ¡¢šóš¤œ¥2AlF;:3LaF;-è« ¡¢œ¤äžš¡¢©
â ›œ£¡ë¡©«¥Ÿ ª¥š•¡š¥ž ¡¢© ° ¡¢š¥ ¦žœž¬žŸžš ¯žš¯¥ ®¤¦° ž¨ ížœž©¤¦œ¤œè
a=6,894,b=12,015,.==7,132:• ªí¥ª¡á ®¤¦žæ¡¦áž¬ ¤œŸŸ¡©í¡š¤š¦ ®ž©žŸžœ•¡¢©
žëžìžš¡¢© ¤š ¤œŸ¡¢âá¦¤Ÿ¦¥Ÿ «žäžåœ¡¢£ ¡¢šš¤œ ° ©¤Ÿ Ÿž ¡¢š ó¥©¥žŸžš
©¥ž¯¡¢£ ¡¢šé 2AIF3:3LaF3«žäžåœ¡¢£ ž©«: €žçá¥ žëš¤¨¡á «ž¯ž®ž ¦áž¬ ©¥ž¯¡¢£ žš
®ž©¤©ž¦ž«žœ ¯ž¬œ ®ž¨©žš ì¤œ©žª¦¥­žšè ° ò¦¡œ¥ âš¤œ•¤¦¥Ÿ¡œ¤š žá¤¨¥ «žœþœ
Ÿžíáž¬¡¢£ ¡¢šè ¤ëžáž¨¤š¦ â¨¤©¤š¦š¤œ¥ (Al3+, La3)) ®¤¦, ®¤¦žæ¡¦áž¬
®ž©žŸžœ•¤œ¥ žížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £¥ ¡¢ª¡¢©šžª¥œ¡¢£ žš ®ž©žœ Ÿ¥œžëá¤¨â
2AIF3:3LaF3 ó¥©¥žŸžš ©¥ž¯¡¢£ ¡¢šè: •œž çš¡œ®¥á šážæ¤¨ â ò¦¡œ¥ ¯šå¡ä
©¥ž¯¡¢£ ¡¢šš¤œ¥ žëžìž¯¡¢©è ° ª¦ž¯á¤¨ ¤š Ÿž ¡¢š «žäžåœ¡¢£ ž©« žížŸ¥š¤œ:

…Ÿ.3-¡¢©«¤œáž¬ ¤š Ba0-B;03-2AIF;:3LaF3®ž©žŸžœ•¥ 2AIF3:3LaF3=10©¡¨.% °
2AIF3:3LaF;=20 ©¡¨.% ®žª¦ž¦¡¢š Ÿ¦œáž¬óš¤œ¥ ¨¥óá¥å¡¢ª¥ ì¤œ©žª¦¥­žšš¤œ¥
Ÿž§áž¬¡¢£ ¡¢šš¤œè «žäžåœ¡¢£ ¡¢š¥¯: ”¡œ¤œ¥ áœž ©¥© žš¯ ®žì¡œå¡¢© ¤š
©¥š¥©¡¢©š¤œš¡¢ ©žóª¥©¡¢©š¤œè,¡œ¡šó ¤œŸ¡¢å¥¦žœŸá¡ä Ÿ¦œáž¬óš¤œ¥ å¤íó¡¢© â¨
žëžìžš¡¢© ¤š Ba0-¥©¥°š¡¢ š Ÿ¡š¯¤š¦œž¯¥žš¤œ¥ å¤íó¡¢©: � ž¬œ ì¤œ©žª¦¥­žšž ¥š
©žóª¥©¡¢©š¤œèBaO-¥20 ©¡¨.% ížœ¡¢šžŸ¡¢£ žš å¤íó¡¢©, (šŸ.3. ž, «) áŸž ¡¢© ¤š
Ÿ¡š•œ¡¢¤š¦ ®ž¨á¡ä BaLa3[F./AIB;0;],F7 (990%C) ° BazLa3[F,/AIB,Ol0]2F4 (975"C)
›óª¥ò¦¡œ¥åž ¥š ©¥ž¯¡¢£ ¡¢šš¤œ¥ žëžìž¯©žš ©žª¥š: •¥¦žœŸá¡ä ¤œŸ¡¢
Ÿ¦œáž¬óš¤œ¡¢©â¨«žœþœì¤œ©žª¦¥­žšž ¥š ©žóª¥©¡¢©š¤œšžëžìžš¡¢© ¤š Ba0-¥40
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I

©¡¨%...,ížœ¡¢šžŸ¡¢£ žš > - å¤íó¡¢© ° áŸž ¡¢©
Ba,La,[Ry/AlB;O,12F3 -(1020%C).°...BazLa3[F;/AIB,O.).FIF
©¥ž¯¡¢£ ¡¢šš¤œ¥ žëžìž¯©žš ©žª¥š:) ¡œ

ž)
"Ê "Ê

1100. 1100 1100I

•ížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £

1000 1000 1000

¤š Ÿ¡š•œ¡¢¤š¦ ®ž¨á¡ä
(1030%C) ›óª¥ò¦¡œ¥åž ¥š

«)

•ížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £ «¡¢œ¤äž«¡¢œ¤äž© 1100

1000

¤š âá¦¤Ÿ¦¥Ÿ «žäžåœ¡¢£ ¡¢šš¤œ¥š:
Ÿ¦œáž¬óš¤œ¥ žížŸ¥š¤œ¥ º¾« ¡¢œ ¥¥

€¤¦°ž«žœ, ¤œœ¡œåŸ¡©í¡š¤š¦¥é
šážæ¤¯š¡¢© â ¤ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥
• ª¦¤ä, ¥šêí¤ª ° ¤œŸŸ¡©í¡š¤š¦
ì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž ó¥ °
š©žš¡¢£ ¡¢š:

"Ê

‰ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ å¥¦žœŸá¡ä ¤œŸ¡¢
žœñ¤óš¤œšžá¤¨¥ ¯ž¬œ ¤š (ã¾« ¡¢œ=3304510"C):
Ba0-¥, š¤œ©¡¢¬¡¢©èŸ¤ä¬ «¥šžœ ®ž©žŸžœ•,

žížŸ¥š¤œ¥ « ¡¢œ¤äž¯©žš ¡¢šžŸ¡¢£ ¡¢šè:
®ž©žŸžœ•¡¢©, žëŸž â « ¡¢œ¤äž¯©žš

¨¥óá¡¢å¡¢ª¥ ì¤œ©žª¦¥­žšž ¥š Ÿ¡œ¤œ¥èš£ž¯ó¥

...Toman

500
A

900 900 900 I 900

Î 30 50 60 Î 20 30 10 50 60

Ba0, ©¡¨.% ÈÕ0, ©¡¨.%

…Ÿ.3.Ba0-B;0;-2AIF;:3LaF;®ž©žŸžœ•¥ ž) 2AIF3:3LaF,=10©¡¨%% °
p) 2AlF;:3LaF;=20©¡¨% ®žª¦ž¦¡¢š Ÿ¦œáž¬óš¤œ¥ žížŸ¥š¤œ¥ ¨¥óá¥å¡¢ª¥

ì¤œ©žª¦¥­žšš¤œ¥ Ÿž§áž¬¡¢£ ¡¢šè «žäžåœ¡¢£ ¡¢š¥¯

‰ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ ¤œŸ¡¢Ÿ¦œáž¬óš¤œ¡¢©â¨Ba0-¥ 10, 30 ° 45 ©¡¨.%
ížœ¡¢šžŸ¡¢£ ¡¢šš¤œ¥ å¤íó¡¢© žëŸž ¤š ¤œ¤óžŸžš ŸœŸšžŸ¥ âá¦¤Ÿ¦¥Ÿžš¤œ:
2AIF;33AF,=10©¡¨% Ÿ¦œáž¬ó¡¢© žëžìž¯¡ä ¤œ¤óâá¦¤Ÿ¦¥Ÿ «žäžåœ¡¢£ ¡¢šš¤œè
(®ž©žíž¦žª§žšž«žœ 930,940° 980%C®ž¨©žš ì¤œ©žª¦¥­žšš¤œ¡á) •¦šá¡¢© ¤š
žížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £¥ ªž®©žšš¤œ¡¢©:

…Ÿ.4-¡¢©«¤œáž¬ ¤š È;0,-2AIF;:3LaF;Ÿ¤ä¬ «¥šžœ ®ž©žŸžœ•¥ ° BaO-B,0,-
2AIF,3LaF3®ž©žŸžœ•¥ 2AlF3:3LaF;=10©¡¨.% ° 2AlF333AF;=20©¡¨.% ®žª¦ž¦¡¢š
Ÿ¦œáž¬óš¤œ¥ žížŸ¥š¤œ¥ « ¡¢œ¤äž¯©žš ì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž ó¤œ¥ (AT« ¡¢œ)

Ÿž§áž¬¡¢£ ¡¢šš¤œè «žäžåœ¡¢£ ¡¢š¥¯: º¾« ¡¢œ ¥¥Ÿž§áž¬¡¢£ ¡¢šè ŸœŸšžŸ¥ò¦¡œ¥å¥
Ÿ¡š¯¤š¦œž¯¥ž ¥¯ ¡¢š¥ «žœå «š¡¢ £ ° ®ž©žåœ¤¨¥ â ¨¥óá¥å¡¢ª¥ ì¤œ©žª¦¥­žšž ¥š
Ÿ¡œ¥®¤¦: 2AIF;33aF,-¥ š¤œ©¡¢¬¡¢©è©¥šê°15©¡¨.%, Ÿ¦œ¡¢Ÿ šážæ¤¯š¡¢© â žížŸ¥š¤œ¥
« ¡¢œ¤äž¯©žš ¡¢šžŸ¡¢£ ¡¢šè, ¥šêèáŸž ¡¢© â º¾« ¡¢œ-¥šážæ¡¢©è _120%C-¡á: 2AIF3:3LaF3-
¥ š¤œ©¡¢¬¡¢©è©¥šê°25 ©¡¨% ®žš•¤¯š¡¢© â º¾« ¡¢œ-¥Ÿž ¡¢š ž­¥š: •¦¡œ¥å¥ žá¤¨¥
«žœþœ25-30 ° 30-45©¡¨.% Ÿ¡š¯¤š¦œž¯¥¡š ©¥ìžŸž ó¤œ¡¢© º¾« ¡¢œ,-è©¡š¡¦¡š Ÿ¤œí¡á
šážæ¡¢© â,¥ªŸ ž š¡¢®¤¦°é ž­¡¢©: ‰¨š¤¨¡á º¾« ¡¢œ-¥š©žšž¦¥í ô¡ô¡§¡¢£ ¡¢š¥¯ ° ž š
®ž©¤©ž¦¤¨¡á ¨¥óá¡¢å¡¢ª¥ ì¤œ©žª¦¥­žšž ¥š Ÿ¡œ¥ ®¤¦, Ÿžœ¤¨¥ â •šž®ž¦¤¨
ª¥š£¤æáž¬ žížŸ¥š¤œ¥ « ¡¢œ¤äž¯©žš ¡¢šžŸ¡¢£ ¡¢šè: È;03-2AlF3:3LaF3Ÿ¤ä¬«¥šžœ
®ž©žŸžœ•¡¢© « ¡¢œ¤äž¯©žš ž©¤šž«žœþœ ¡¢šžŸ¡¢£ ¡¢š ¯¡¢¯ž«¤œ¡¢© ¤š 25-40©¡¨%
2AIF;-3LaF;ížœ¡¢šžŸ¡ä žížŸ¥š¤œè, óžš¥ ¡œžížŸ¥š¤œ¥ º¾« ¡¢œ èèèšå¡¢š¡¢© â ¥œ
žëžá¤¨ž•¡¢ š žœñ¤óš¤œè(500+540"C-¡¢©):Ž ¡¢œ¤äž¯©žš šŸž¦©ž©« žëžá¤¨ Ÿž ¡¢š
¤š 10-15©¡¨% 2AIF;-3LaF3ížœ¡¢šžŸ¡ä žížŸ¥š¤œè, ¡œ¡š¯ «žäžåœ¡¢£ ¡¢šš¤œè ©¡¦

550

400

450

300

350 15 25 35 45 Î 10 20 30 40 50
2AIF,-3LaF,,©¡¨.% Ba0,©¡¨.%

…Ÿ.4.Bz0;-2AIF;:3LaF3Ÿ¤ä¬«¥šžœ ° Ba0-B,0,-2AlF;:3LaF3®ž©žŸžœ•¤œ¥ žížŸ¥š¤œ¥
« ¡¢œ¤äž¯©žš ì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž ó¥ (AT« ¡¢œ))Ÿž§áž¬¡¢£ ¡¢šè

«žäžåœ¡¢£ ¡¢š¥¯:
1-2AlF;:3LaF;=10©¡¨%% const,2--2AlF;33AF;=20©¡¨.% const

‰ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ 2AIF3:3LaF;=10©¡¨, % ®žª¦ž¦¡¢š Ÿ¦œáž¬ó¡¢©
« ¡¢œ¤äž¯©žš ž©¤šž«žœþœ ¡¢šžŸ¡¢£ ž©« ›ñ¦áž¬ ¤š 25-35©¡¨. % ížœ¡¢šžŸ¡ä
žížŸ¥š¤œè, ¥ªŸ « ¡¢œ¤äž¯©žš šŸž¦©ž©« žëžá¤¨ Ÿž ¡¢š ¤š 25-35©¡¨% ÈÕÁ
ížœ¡¢šžŸ¡ä žížŸ¥š¤œè: 2AIF;:3LaF3=20 ©¡¨% Ÿ¦œáž¬ó¡¢© « ¡¢œ¤äž¯©žš
ž©¤šž«žœþœ ¡¢šžŸ¡¢£ ¡¢š ¯¡¢¯ž«¤œ¡¢© â,20©¡¨% ÈÕÁížœ¡¢šžŸ¡ä žížŸ¥š, ¥ªŸ
« ¡¢œ¤äž¯©žš šŸž¦©ž©« ž©¤šžŸž ¡¢šè 10 ° 30©¡¨.% ÈÕÁ ížœ¡¢šžŸ¡ä žížŸ¥š¤œš
¤š:

•ížŸ¥š¤œ¥ •Œ• £¡¢ ¨ â ¦ž¨¥ª •šž®ž¦¤¨ åœžš¯ ®žŸáž¬¡¢£ ¡¢šè
©žŸ¤œ°¡¢£ž ¥š ° ¬žáž¨ž ¥š « ¡¢œ¤äž¯©žš šŸž¦©ž©« ¨ž š ì¤œ©žª¦¥­žšž ¥š
åžç¦¡¢©, ížœæ¤¨ ì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž ó¤œè, ¡œ¦¤ä žëžá¤¨ ¥š¦¤šª¥á â
èš£žš¡¢© « ¡¢œ¤äž¯¡¢©è, ¡œ¡ç¤ ®̈ž©žŸžœ•¥ ¨¥óá¥å¡¢ª¥, žížŸ¥š¤œ¥ žížŸ¥ž¯©žš,
ôžôŸ¤¯©žš ì¤œ©žª¦¥­žšš¤œè, « ¡¢œ¤äž¯©žš ì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž ó¤œè,
®žœŸžåœžŸžš « ¡¢œ¤äž¯©žš ì¤œ©žª¦¥­žšž ¥š ë¤ñ¥©š¤œè:†šêí¤ª Ÿ¤ä¬«¥šžœ,
ž ší¤ª â¨ ¤ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¤œ¥ žížŸ¥š¤œ¥ •Œ• Ÿ¡œ¤œ¥áœž ¯ž ¦¡¢š
Ÿ¤œí¡á žœ¦ž®ž ¦áž¬ ¤š ¤œŸ¡¢éâŸæ¡- (710-790"C, 860-960"C) ° âšå¡âò¤Ÿ¦š¤œ
(745=900%C,920+1030"C):‰ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ å¥¦žœŸá¡ä Ÿ¦œáž¬óš¤œ¥
žížŸ¥š¤œ¥ ì¤œ©ž•œ¤œ¥áœž ¤œœ¡œåŸ¡©í¡š¤š¦¥é BaO-¥,žá¤¨ž¯©žš ®¤¦ ©¤Ÿ¦¤ä
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žá¤¨žš¡¢© ââŸæ¡-° âšå¡£¤œ©¥Ÿâò¤Ÿ¦š¤œ¥ óžšžŸè, ¡œèáŸž ¡¢© â š¡œ « ¡¢œ¤äž ¥š
©¥ž¯¡¢£ ¡¢šš¤œ¥ žëžìž¯©žš ©žª¥š: Ba0-B,0,-2AlF;3LaF3 ®ž©žŸžœ•¥
2AIF;:3LaF;=20©¡¨.% Ÿ¦œáž¬ó¥ žížŸ¥š¤œ¥ ì¤œ©ž•œ¤œ¥áœž, ¥ ¦žœ«¤œ¡¢£ ¡¢š
2AlF;:3LaF,=10 ©¡¨.% Ÿ¦œáž¬ó¥ žížŸ¥š¤œ¥, âŸæ¡£¤œ©¥Ÿ âò¤Ÿ¦š¤œ¥
¥š¦¤šª¥á¡¢£ ¡¢šš¤œš žá¤¨¥ «žœþœ ¤š, ¥ªŸ åœžš¯ ©žóª¥©¡¢©š¤œ¥š
®ž©žíž¦žª§žš¡ä ì¤œ©žª¦¥­žšš¤œè ¦¤äžçžœñáž¬ ¤š žá¤¨¥ ¯ž¬œ
ì¤œ©žª¦¥­žšž ¥š ¦¥œ¡¢ £: ƒžŸž š ®žŸžëžŸ íž¦Ÿ¤œš â šŸž¦á¡¢© âšå¡£¤œ©¥Ÿ
âò¤Ÿ¦š¤œ¥ ©¥š¥©¡¢©š¤œ¥š®ž©žíž¦žª§žš¡ä ì¤œ©žª¦¥­žšš¤œ¥ å íó¡¢©: ƒž
§¡ª¡¢© âž š ©žª¥š, ¡œ2AIF;:3LaF;=20©¡¨.% Ÿ¦œáž¬ó¥ žížŸ¥š¤œè ¯¡¢¯ž«¤œ¡¢© ¤š
žá¤¨¥ ©¤¬®žŸáž¬¡¢£ ¡¢š « ¡¢œ¤äž¯©žš šŸž¦©ž©«, ªžŸž š ®ž©¤©ž¦ž«žœ žá¤¨¥
åñážœž®ž¨ ¤š, óžš © ¡¢ª Ÿ¦œáž¬ó¥ žížŸ¥š¤œè: •ž íž ©žšžá¡œáž¬ â

ò¦¡œ¥åž ¥š ©¥ž¯¡¢£ žš ížœ¡¢šžŸ¡¢£ žš žá¤¨ž¯©ž©« ¡œè ¨¥š¤¨¡á åñážœž®ž¨
(®ž¨á¡¢© â 1130%C-¡¢©),©¥žñž©žšžŸ ®žš•¤¯š¡¢© â žížŸ¥š¤œ¥ « ¡¢œ¤äž¯©žš
®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ ž­¥š: ‰ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ å¥¦žœŸá¡ä ¤œŸ¡¢
Ÿ¦œáž¬óš¤œ¡¢©« ¡¢œ¤äž¯©žš šŸž¦©ž©« ž©¤šž«žœþœ ®žŸáž¬¡¢£ ¡¢š ¯¡¢¯ž«¤œ¡¢©
¤š 20° 40©¡¨% ÈÕÁ ížœ¡¢šžŸ¡ä žížŸ¥š¤œè: •ëžá¤¨ Ÿž ¡¢š ¤š 10 ° 30©¡¨.% ÈÕÁ
ížœ¡¢šžŸ¡ä žížŸ¥š¤œè, ¡œ¡šó ¥šêí¤ª ¤œ°¡¢©â ¤ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¤œ¥
®ž¨©žš å¥ž•œž©š¤œ¥¯ (šŸ.3. ž, «), ®ž©žíž¦žª§žš¡¢© ¤š âá¦¤Ÿ¦¥Ÿ

«žäžåœ¡¢£ ¡¢šš¤œ¥š:
B,0;-2AlF3:3LaF;° Ba0-B,0,-2AIF;:3LaF3®ž©žŸžœ•¤œ¥ « ¡¢œ¤äž¯áž¬ žížŸ¥š¤œ¥

ÿ•• ›•š¡¢£ ž©« ížœæá¤¨ â, ¡œžížŸ¥š¤œ¥ « ¡¢œ¤äž¯©žš žœå ¡¢šó¡¢© žëžìž¯ž¬
©¥ž¯¡¢£ ¡¢šš¤œè Ÿžœ¤¨¥â åžªžŸžœ•¤¨ ›óª¥ò¦¡œ¥åž ¥š¥ ° æ¡¢¦ ò¦¡œ¥åž ¥š¥: ðª¦
Ÿ¤ä¬«¥šžœ ®ž©žŸžœ•¥ « ¡¢œ¤äž¯áž¬ žížŸ¥š¤œ¥ Š•• ¦á ž¨š¤œ¥ •¡ žš¡¢© ¤š
›óª¥ò¦¡œ¥åž ¥šé Ÿ¡š•œ¡¢¤š¦ ®ž¨á¡ä AlLLa;[FJJ3300]4(1100"C),AlLLa3[F 12/AIB;O,),
(1115%C),La[F:/BO,]3F2,All[FJJBO2]3F2 ° æ¡¢¦ ò¦¡œ¥åž ¥šé LaF3, AlF3 « ¡¢œ¤äž ¥š
©¥ž¯¡¢£ ¡¢šš¤œè: 2AIF3:3LaF3-¥ ížœ¡¢šžŸ¡¢£ žš 15+25 ©¡¨.% ¦¥œ¡¢ £¡¢©
ò¦¡œ«¡œž¦ž ¥š ©¥ž¯¡¢£ ¡¢šš¤œ¥ å¥òœžŸ¯¥¡š í¥Ÿ¤œ¥ ¥š¦¤šª¥á¡¢£ ¡¢šš¤œè
šŸž¦¤¨¥¡œ¤š ž­¡¢© ¤š, ¥ªŸ 2AIF;:3LaF;=25 ©¡¨.% «žäžåœ¡¢£ žš å¤íó¡¢©
AllLas(F/JB305]4©¥ž¯¡¢£ žšè ®ž©žíž¦žª§žš¡ä ¥š¦¤šª¥á¡¢£ ¡¢šè ®žªš¡¢© â ¥œ
©žóª¥©¡¢©¥š: ‰ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ žížŸ¥š¤œ¥ « ¡¢œ¤äž¯©žš žœå ¡¢šó¡¢©
•¡ žš¡¢© ¤š ›óª¥ò¦¡œ¥åž ¥šé Ÿ¡š•œ¡¢¤š¦ ®ž¨á¡ä BaLa3[F./AIB;05]2F7 (990"C),
BazLa;[F/AIB,Olof2F(975%C),Ba,La;[F'//AlB;Or12F3(1020%C),BazLa;(FF/AIB,0.).F's(1030"C),
Baz[F,//AlB,Os)2Fs, BaLaz[F2//B;04]3F, BaBOF, ° æ¡¢¦ ò¦¡œ¥åž ¥šé LaF3, AlF3

©¥ž¯¡¢£ ¡¢šš¤œè:
‰ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ ¤œŸ¡¢å¥¦žœŸá¡ä Ÿ¦œáž¬óš¤œ¥ « ¡¢œ¤äž¯áž¬

žížŸ¥š¤œ¥ †”-Ÿ¨žš©žš Ÿ¡œ¤œèš¡¢ šž¦¥í ¤š ° ®ž©žåœ¤¨¥ ¤š ¤œŸŸ¡©í¡š¤š¦
®ž©žŸžœæ¥« ¡¢œ¤äž¯áž¬ žížŸ¥š¤œ¥ ®ž©žíž¦žª§žš Ÿ¡œ¤œ¥®¤¦: €¥©šžŸžš
¦žœ«¤œ¡¢£ ¡¢šè Ÿž žš¡¢© â šœžš¡¢©, ¡œ 2AlF;:3LaF,=20©¡¨.% ®žª¦ž¦¡¢š Ÿ¦œáž¬ó¥
« ¡¢œ¤äž¯áž¬ žížŸ¥š¤œ¥ †”-Ÿ¨žš©žš Ÿ¡œ¤œ¥(šŸ.5.«) áœž žëŸž «¡œž¦ž ¥š,
ž¨ ¡¢©¥šž¦ž ¥š ° ©¤¦žä›óª¥ò¦¡œ¥åž ¥š §©«¤œ¡¢©ž¦¡©š¤œ¥ ©¥ì° Ÿží¤œ¥
áž¨¤š¦ž ¥š ° å¤ò¡œ©ž¯¥¡š ¦ž¦žš¡¢©š¤œ¡á íž ©žšžá¡œáž¬ Ÿ¨žš©žš ç¤œ¦¤œè
¦¤äžçžœñáž¬ ¤š žá¤¨¥ «žœþœ®ž­ž§¡¢£ ¡¢šš¤œ¥ ¦¥œ¡¢ £ ° žëžšþšžš¡¢© ¤š
žëžá¤¨ «žœþœ¥š¦¤šª¥á¡¢£ ž©«: Ba0-¥óžšžŸ¡¢£ žš žá¤¨ž¯¡¢©è ©¥šê°30 ©¡¨.%,
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®žš•¤¯š¡¢© â 1350-1150 ª©é ¦¥œ¡¢ £¡¢© B(O,F)3.§©«¤œ¡¢© È-(Á,F) Ÿží¥
¦ž¦žš¡¢©š¤œ¡á íž ©žšžá¡œáž¬ Ÿ¨žš©žš ©žóª¥©¡¢©š¤œ¥¥š¦¤šª¥á¡¢£ ¡¢šš¤œ¥
šážæ©žšè: “¥°š¡¢ š ñž©žšžŸ 1150-800ª©é¦¥œ¡¢ £¡¢© å¥¦á¡¢© â B(O,F)4§©«¤œ¡¢©
È-(Á,F) Ÿží¥ ¦ž¦žš¡¢©š¤œ¡á íž ©žšžá¡œáž¬ Ÿ¨žš©žš ©žóª¥©¡¢©š¤œ¥
¥š¦¤šª¥á¡¢£ ¡¢šš¤œ¥ æ•ž¨¥ ž­: €ž­ž§¡¢£ ¡¢šš¤œ¥ šçáž¬ ¦¥œ¡¢ £š¤œ¡¢©Ÿ¨žš©žš
ç¤œ¦¤œ¥¥š¦¤šª¥á¡¢£ ¡¢šš¤œ¥ š©žšž¦¥í ô¡ô¡§¡¢£ ¡¢šè áŸž ¡¢© âB(O,F):->B(O,F)4
Ÿ¡¡œå¥šž¯¥¡š žš¯©žš ©žª¥š:

ž) - «)
> BaLa,[F,JAIB.0,], BaLa,[F,/8,0,1F ......
- Ba,La,[ JAIB,O,F.

Ba,Lo,(F,JAIB,O,LE
Ba0-B,0,-2AlF,-3LaF, I 45 ©¡¨.%
2AIF -3LaF.=20 ©¡¨.% cons

I I
A 45

40 ©¡¨,%

90 6m.%

30 5 20 ©¡¨.%

20 10 dm.%
I

žš....................... ÏÕÎ
10

10 20 30 10 70 1400 1200 1000 800 600 400 v,u©*
20*.....

…Ÿ.5.Ba0-B,0,-2AIF;:3LaFs®ž©žŸžœ•¥ 2AlF;3LaF,-20 ©¡¨.% ®žª¦ž¦¡¢š Ÿ¦œáž¬ó¥
« ¡¢œ¤äž¯áž¬ žížŸ¥š¤œ¥ ž) ÿ•• å¥òœžŸ¦ž•œ¤œè ° «)†”-Ÿ¨žš©žš Ÿ¡œ¤œè

Ba0-¥«žœþœŸ¡š¯¤š¦œž¯¥žš¤œ¥ (30 ©¡¨.%-¥¯ žá¤¨¥) å¤íó¡¢©é B(O,F): ° B(O,F)4
§©«¤œ¡á íž ©žšžá¡œáž¬ Ÿ¨žš©žš ©žóª¥©¡¢©š¤œ¥¥š¦¤šª¥á¡¢£ ¡¢šš¤œš ž­¡¢© °
šážæ¡¢© ¤š 1350+1150 ª©é ° 1150-800 ª© ¦¥œ¡¢ £š¤œ¡¢©: ÈÕ0-¥ ©¤¬
óžšžŸ¡¢£ ¡¢šš¤œ¥ š¤œ©¡¢¬©žš å¤íó¡¢© ¦¤ä¥ â ¡¢š¤š¡¢© B(O,F),->>(O,F):
Ÿ¡¡œå¥šž¯¥¡š žš¯¡¢©: ÈÕÁ-¥š¤œ©¡¢¬©žšž©«¡äì ¦¥œ¡¢ £¡¢© ° šœž Ÿ¡š¯¤š¦œž¯¥ž ¥
ž­¥š æ¡¢•èš£ž¯ 800-700ª© ° 700-600ª©é¦¥œ¡¢ £š¤œ¡¢©®ž©žíž¦žª§žšž«žœ
ž­¡¢© ° šážæ¡¢© ¤š AI(O,F)4 ° AI(O,F)6 §©«¤œ¥š«š¡œ¡ç Ÿ¨žš©žš ©žóª¥©¡¢©š¤œ¥
¥š¦¤šª¥á¡¢£ ¡¢šš¤œè, ¡œè íž ©žšžá¡œáž¬ â AI(O.F).--AA(O),F). Ÿ¡ëœå¥šž¯¥¡š
žš¯©ž©«: ‰ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ †”-Ÿ¨žš©žš Ÿ¡œ¤œ¡¢©žëŸž 600-400 ª©é
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¦¥œ¡¢ £è ®ž©¤©ž¦¤¨¡á ¤œŸŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ š¡¢ š ¦¥œ¡¢ £¥ ®¤¦ Ÿžœ¤¨¥
šŸž¦¤¨, ¡œLa(O,F)6§©«¤œ¥š«š¡œ¡ç Ÿ¨žš©žš ©žóª¥©¡¢©š¤œ¥¯ (480° sooª©é)«ž¯¥
Ba0-B;0,-2AlF;:3LaF3®ž©žŸžœ•¡¢© žëžìž¯¤¨ ¤š š¡œ Ÿ¨žš©žš ç¤œ¦¤œ(400-410ª©é),
¡œ¡šó ®žážšž«žœ íž ©žšžá¡œáž¬ ¤š Ba(O,F)6§©«¤œ¡¢©Ÿží¤œ¥ áž¨¤š¦ž ¥š
¦ž¦žš¡¢©š¤œ¡á: ‰ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ žížŸ¤« ¡¢œ¤äš¤œ¥ †”-Ÿ¨žš©žš
Ÿ¡œ¤œ¡¢©(600:400 ª©é ¦¥œ¡¢ £¡¢©) ê¤š ®ž ¦šž«¤œá¤¨ La(O,F)s§©«¤œ¥š«š¡œ¡ç
Ÿ¨žš©žš ç¤œ¦¤œè: ‰š£žåœá¡¢© â, ¡œ 2AIF3:3LaF,-¥®¤¦ žížŸ¡¢ Ÿžë¡¢¯áž¬ó
š¤œ©¡¢¬áž¬La3+-è •œ¤£¤ž©«¡äì óžšžŸ¡¢£ ž©« •¦šá¡¢© â La §©«¤œ¥þ°¡á:

…Ÿ.6-¡¢© «¤œáž¬ ¤š Ba0-B203-2AIF;:3LaF; ®ž©žŸžœ•¥ žížŸ¥š¤œ¥
ò¥æ¥Ÿžó¥©¥žŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ (§¦¡¢£ žšé d, «¤Ÿ©žš ¯¡¢¯¥ê¥é no, •¬ž ¥š
èšåžœþžŸ©žš ì¤œ©žª¦¥­žšž ¥š •¡œ¬žŸ¯¥é a ° žížŸ¥ž¯©žš ì¤œ©žª¦¥­žš¥é Tg)
Ÿž§áž¬¡¢£ ¡¢šš¤œè «žäžåœ¡¢£ ¡¢š¥¯:

d. •/ª©é
a.8 1.760 i

4.4 1201 620
4.0 1.720 110 600

1.680 100 580
3.6 560
3.2 1.640 90 540

80
2.8, 1.600 70 520

2.4 1.560 60 500
10 20 30 40 - 10 20 30 40 50 a 10 20 30 40 50 4800 10 20 30 40 50

2AIF,-3LaF,(Ba0),©¡¨.% 2AIF,-3LaF, (Ba0).©¡¨.% 2AIF,-3LaF, (Ba0), ©¡¨.% 2AIF,-3LaF,(Ba0),©¡¨.%

…Ÿ6.BaO-B,0,-2AlF;:3LaF3®ž©žŸžœ•¥ žížŸ¥š¤œ¥ §¦¡¢£ žš (d),
«¤Ÿ©žš ¯¡¢¯¥ê¥ (no), •ð � •-¥ (a)) ° žížŸ¥ž¯©žš ì¤œ©žª¦¥­žš¥ (T,) žœñ¤óš¤œ¥

Ÿž§áž¬¡¢£ ¡¢šš¤œè «žäžåœ¡¢£ ¡¢š¥¯
1 -2AlF;:3LaF,=10©¡¨.% const,2-2AlF333LaF,=20©¡¨.% const,3--È,03-2AlF):3LaF3

†šêí¤ª ¤œ°¡¢©â šŸžœ¥¯, ° ¤œŸŸ¡©í¡š¤š¦, ° ¤ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¤œ¡¢©
žížŸ¥š¤œ¥ šçáž¬ ®ž¦Ÿ¡¢£ ¡¢šš¤œš ž­¡¢© ¤š 2AIF3:3LaF3-¥° ÈÕÁ-¥ óžšžŸš¤œ¥ ž­¥š
æ¡¢•èš£ž¯, «ž¯žë¡¢£ ž©« žížŸ¥ž¯©žš ì¤œ©žª¦¥­žš¥, ¡œ¥žœñ¤óš¤œèšážæ¡¢©
¤š: ƒžŸž š šçáž¬ ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ žœñ¤óš¤œ¥ž­è ° šážæ¡¢©è ©¥žšçžšžŸ êâé
®ž¦Ÿ¡¢£ ¡¢š-«žäžåœ¡¢£ ¡¢š Ÿ¡œ¤œš ¡¢š¤š «žœå èš£ž¯ó: •ížŸ¥š¤œ¥
®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ ô¡ô¡§¡¢£ žš áœž žæå¡¢©¤š ©¥çžœó •¡œ¬¡šš¤œ žížŸ¤Ÿ¤œí
Ÿžë¡¢¯áž¬ó¥ ¦žœž¬žŸžš Ÿžíáž¬¡¢£ žš žª¦¥­žšè, Ÿž¦¥¡šš¤œ¥ Ÿ¡¡œå¥šž¯¥¡š
á¥­žŸè ° áž¨¤š¦žŸžš¡¢£ ¡¢šè, ¥¡šš¤œ¥ «°¤ëž¯©žš,: žª¦¥­žšè, žížŸ¡¢
Ÿžë¡¢¯áž¬ó¡¢© ¥¡šš¤œ¥ ¦¤äž«žç§¡¢©è (¬œžœ¡¢©è),©¡å¥ò¥Ÿž¦¡œ Ÿž¦¥ëšš¤œ¥
š¤œ©¡¢¬©ž©«íž ©žšžá¡œáž¬ žížŸ¡¢ Ÿžë¡¢¯áž¬ó¡¢© žëŸž ¡ê Ÿž©œìžŸž ¥š
££áž¬š¥ óžšžŸ¡¢£ ¡¢šè, ¥šêí¤ª šž° »Ò-� , Me-F á¤œìžá¡œ Ÿží¤œ¥ žëžìž¯¡¢©è:

…Ÿ.7-¡¢©«¤œáž¬ ¤š BaO-B,0,-2AIF;:3LaF,®ž©žŸžœ•¥ žížŸ¥š¤œ¥ ©ž¬¡¢¯¥Ÿ
®¡ª¡¢š¡¢£ žš âš¤œ•¤¦¥Ÿ «š¡¢£ž•œ¤œ¥é©ž¬¡¢¯¥Ÿ¡¢£ žš žŸ¦¥áž¯©žš âš¤œ•¥ž ¥
(E,)° âš¦œ¡í¥ž ¥ (S,), ¥šêí¤ª šž° ¦¤ªžŸžœžœ â¨¤Ÿ¦œžŸžš å¥©žåœ¡¢£ žš (1gP300)°
â¨¤Ÿ¦œž®žä¡œåžŸžš¡¢£ žš žŸ¦¥áž¯©žš âš¤œ•¥ž ¥ (Ea) Ÿž§áž¬¡¢£ ¡¢šš¤œè
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I

I

«žäžåœ¡¢£ ¡¢š¥¯: •ížŸ¥š¤œ¥ ©ž¬¡¢¯¥Ÿ ®¡ª¡¢š¡¢£ žš âš¤œ•¤¦¥Ÿ «š¡¢£ž•œ¤œ¥
«žäžåœ¡¢£ ¡¢š¥¯ Ÿž§áž¬¡¢£ žš Ÿ¡œ¤œè®ž©žåœ¤¨¥ ¤š â¨¤Ÿ¦œžŸžš å¥©žåœ¡¢£ žš °
â¨¤Ÿ¦œž®žä¡œåžŸžš¡¢£ žš žŸ¦¥áž¯©žš âš¤œ•¥ž ¥ Ÿ¡œ¤œ¥®¤¦ ° ¡¢š¤š ©¥žš©žš
èš£ž¯ó: †šêí¤ª ¤œŸŸ¡©í¡š¤š¦, ž ší¤ª â¨¤ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¤œ¥ žížŸ¥š¤œè
íž¦Ÿžš¡¢© ¤š <<Ÿžœ­>>žížŸ¥š¤œ¥ åžª¥š, óžš¥ ¡œ ì¤œ©žª¦¥­žš¥ ô¡ô¡§¡¢£ ¡¢š
10%C-¡á, «¤œ¡¢©â ©ž¬¡¢¯¥Ÿ¡¢£ žš žœñ¤óš¤œ¥ô¡ô¡§©žšè •œ¤£¤©¤ŸŸžœ•¡á (8-10
žš•ž©): E,-- (205-250Ÿ� /©¡¨) ° „¡-¥ (240-650� /(©¡¨-%)) «žœþœžœñ¤óš¤œèáŸž ¡¢© ¤š

ž š ©žª¥š, ¡œ ž ª žížŸ¥š¤œ¥ Ÿžë¡¢¯áž¬ó¡¢© žëžšþ¥š ž¦¡©š¤œ¥ °
Ÿžë¡¢¯áž¬óž ¥š §©«¤œ¥ ©¥ì Ÿží¤œš ž©¡¢œ¤š, ¥ªŸ Ÿ¤š¦œ¡šžŸžš ž¦¡©è Ÿžíá¡¢©
â ¥œ¤œ¤ó®žœ°žš ž¦¡©š¤œ¥ (Ÿž© Ÿžë¡¢¯áž¬óž ¥š §©«¤œ¥)®¤¦ ¡¢ää¡œåáž¬
Ÿ¡áž¨¤š¦ Ÿží¤œ¡á:

S., J/(©¡¨-*¹)
650
600 1gp... 200- I

²,, Ÿ9/©¡¨ 550. � ©-ª©

250 500
asog 180

240% 400

230 3so 8-1 160

220 300
140

210 250-

20 30 40 40 50 20 30 40 50 10 20 30 40 50
2AIF,-3LaF,(ÈÕ0).©¡¨.% 2AIF,-3LaF, (Ba0), ©¡¨.% 2AIF,-3LaF,((a0).©¡¨.% 2AIF,; ALaF, (Ba0). ©¡¨,%

…Ÿ.7.BaO-B;03-2AlF;:3LaF3®ž©žŸžœ•¥ žížŸ¥š¤œ¥ ©ž¬¡¢¯¥Ÿ¡¢£ žš žŸ¦¥á ž¯©žš
âš¤œ•¥ž ¥ (E,)° âš¦œ¡í¥ž ¥ (S,), â¨¤Ÿ¦œžŸžš å¥©žåœ¡¢£ žš (1gPs00)°

â¨¤Ÿ¦œž®žä¡œåžŸžš¡¢£ žš žŸ¦¥áž¯©žš âš¤œ•¥ž ¥((.)) Ÿž§áž¬¡¢£ ¡¢šš¤œè
«žäžåœ¡¢£ ¡¢š¥¯:

1 -2AlF3:3LaF,=20©¡¨.% const,2-B203-2AlF;:3LaF3

“ž¬¡¢¯¥Ÿ ®¡ª¡¢š¡¢£ žš âš¤œ•¤¦¥Ÿ «š¡¢£ž•œ¤œ¥° â¨¤Ÿ¦œžŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥
«žäžåœ¡¢£ ¡¢š¥¯ Ÿž§áž¬¡¢£ žš Ÿ¡œ¤œ¥š©žšž¦¥í èš£ž¯óè Ÿžœ¤¨¥â ©¤Ÿšž«žš¤¨
žížŸ¥š¤œ¥ © ¡¢ª ò¥æ¥Ÿžó¥©¥žŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ áœž žæå¡ä ®¥©šžŸžš
•¡œ¬¡šš¤œ¡á: €žœŸ â šç¤¨, ¡œ ¤ëŸ¡©í¡š¤š¦ ®ž©žŸžœ•¥ ¤œŸ¡¢å¥¦žœŸá¡ä
®žª¦ž¦¡¢š Ÿ¦œáž¬óš¤œ¥ žížŸ¥š¤œ¥š «š¡œ¡ç â §žëè ¦¥í¥ (Ÿž¦¥¡š-žš¥¡šž ¥š)
®žä¡œåžŸžš¡¢£ ¡¢šè:

…Ÿ.8-¡¢© «¤œáž¬ ¤š BaO-B,03-2AlF;:3LaF3 ®ž©žŸžœ•¥ å¥¦žœŸá¡ä ¤œŸ¡¢
Ÿ¦œáž¬óš¤œ¥ žížŸ¥š¤œ¥ 6 ñž© ì¤œ©ž©çžŸ©žš žœå ¡¢šó¡¢© ª¦ž¯áž¬
žížŸ¤« ¡¢œ¤äž ¥š š ¡¢£¤œ¥ å¥â¨¤Ÿ¦œ¥Ÿ Ÿ¡œ¡¢ª¦š¤œ¥é tgs ° å¥â¨¤Ÿ¦œ¥Ÿ
£žôžš¯¤¨¥¡¢£ žš &, žœñ¤óš¤œ¥ Ÿž§áž¬¡¢£ ¡¢šš¤œè ì¤œ©žª¦¥­žš¥¯ °
«žäžåœ¡¢£ ¡¢š¥¯: •ížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¡¢© ážë žœ¦ž®ž ¦áž¬
ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš òžæž ¥š žš¯©žš ì¤œ©žª¦¥­žšž ¥š ¨ž š ¦¥œ¡¢ £¥
(AT-150+180"C)žëŸž ¡¢£ ¡¢šè ®žª¦ž¦á¡¢© â e-1/T ° tg6-1/T Ÿ¡œ¤œ¥áœž žëŸž
©žóª¥©¡¢©š¤œ¡á: …©¡¢çš¤œ¥ å¥â¨¤Ÿ¦œ¥Ÿ £žôžš¯¤¨¥¡¢£ žš ©žóª¥©¡¢©š¤œè
ª¦ž¯á¡¢© ¤š 420+10%Cª¤•š¤¦¡â¨¤Ÿ¦œžŸžš òžæž ¥š žš¯©žš ì¤œ©žª¦¥­žš¡¢©
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®ž©žŸžœ•¥ 2AIF;:3LaF,=20©¡¨%
(” ¡¢œ¥¥ ì¤œ©žª¦¥­žš ‰ëŸ¡©í¡š¤š-¦¡Ÿ¡© ° Ÿ¡œ¤œ¥áœž žëŸž ©žóª¥©¡¢©š¤œš

®žª¦ž¦¡¢š Ÿ¦œáž¬ó¥¤š žš-žœž®ž ¦áž¬ (¡¢š¤š ®ž©¤©ž¦ž«žœ žá¤¨¥ š¤ä
ª¤•š¤¦ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš¨¤Ÿ¦œžŸ òžæž ¥š žš¯©žš ì¤œ©žª¦¥­žšž ¥š žš•ž¢££ •¤œžæžš¯¡¢©¨¤œžæžš¯¡ ¥ªŸ ¤š¤š
¥ žëžá¤¨ž•¡¢ š žœñ¤óš¤œè (c-2800-5200)©¥ óžš¥ žëžá¤¨ž•¡¢ šžëžá¤ žœñ¤óš¤œ¥š
2AIF;PALAF,=10©¡¨% ®žª¦ž¦¡¢š Ÿ¦œáž¬ó¥ •Ž…-¤œ¥ ç-¥

(E=900-1050): ž)
&-10"

1000â 10 tÜ6-10*

tÜ6-10 950 9.5 118
18 850850 17

16 800 16
75 È

6 18 20 22 24 26 Ba30,30 50
4 16 18 20 26 ©¡¨.%

(1/T)10

«)
E-10*

sooo I so I tg5-10
45 122

to6-10 4000 I 40
22- 18

3000 35
18 30 14

2000 25 10

26 Ï 16 18 20 2224 26 10 20 30©¡¨.% 50
12 14 16 1818 200220022 24 Bao,

w)2AIF;:3LaF;=10©¡¨% ° «) 2AlF;:3LaF,=20
…Ÿ.8.Ba0-B20,-2AlF;3LaF®ž©žŸžœ•¥Ÿžœ•¥ ž žŸ©žš žœå ¡¢šó¡¢© ª¦ž¯áž¬ •Ž…-¤œ¥

©¡¨% Ÿ¦œáž¬óš¤œ¥¢ª¦š¤œ¥ �š¤œ¥ ° žœñ¤óš¤œ¥å¥â¨¤Ÿ¦œ¥ŸŸ¡œ¡¢ª¦š¤œ¥é å¥â¨¤Ÿ¦œ¥Ÿ£žôžš¯¤¨¥¡¢£ žš
Ÿž§áž¬¡¢£ ¡¢šš¤œèâ ì¤œ©žª¦¥­žš¥¯ ° «žäžåœ¡¢£ ¡¢š¥¯:

š©žš žœñ¤óš¤œè,ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš
•¥â¨¤Ÿ¦œ¥Ÿ £žôžš¯¤¨¥¡¢£ žš ¦¥œ¡¢ £è,¦¥œ¡¢ £¡¢ ¨ ¤š ¦ž¨¥ª §¡ª¤¨ ž ª •Ž…-

òžæž ¥š žš¯©žš ì¤œ©áž¬ó¥­šžá¡šžšžá¡œáž¬¡¢£ žšáž¬ «žœþœžª¦¥­žš¥ ©žª¥š
¤œ¥« ¡¢œ¤äž ¥š Ÿ¡¢© «¤œáž¬¥«¤œáž¬ ¤š ®¤¦žæ¡¦¡¢£ ¡¢šš¤œ¥ žœå ¡¢šóš¤œ¥ ®¥©žš á¤œž

� Ÿáœ¬ žížŸ¥š ¡áää¬œåáž¬ « ¡¢œ¤äž¯©žš žœå ¡¢šó¡¢© ª¦ž¯áž¬ “çžš-¤œ¥

©çžŸáž¬ íž ©Ÿšš¤œ¥íž ©Ÿ¥šš¤œè, ®ž¦Ÿ¡¢£ ¡¢šš¤œè ° Ÿ¥œžë¡¢£ žš «šž•žážëš¤œè •çžŸáž¬ °
žížŸ¥ššžížŸ¥š¤œ¥ «žäžåœ¡¢£ ¡¢šš¤œè ížç¦ížšáž¬ ¤š ©¤Ÿ ¤¨¡á ©¤œ Ÿ¡á©¤œŸ¡ä©¥¯
žœ¦¡š¥ž•¥œ ¦ž¨¡¢ á¤œž«¤œ ž¨åœžŸžš ¡œ¡ç©ž©« €¥©ó®ž©žŸžœ•¥ž©žŸžœ•¥ žížŸ¥š¤œ¥
žëžì¥š žš•ž© ¡¢ª¡¢©šžª¥œáž¬ «ž¯ž®ž ¦á¤¨ â, ¡œ
Ÿžë¡¢¯áž¬óž ¥š ° ò¥æ¥Ÿžó¥©¥žŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œè,¡¢£ž¯šžš ®žªžœ žš®œžñ¤ç¦
Ÿ¥œžëžŸžš šçžšžŸ¡¢£ žš ª§©«¡á¤œ¥° á¤œžœ¦žåœ¤¨¥¡¢£ ž©« ›ñ¦áž¬ â
®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ ¨žáž•¡¢ š ®ž©ž§©«¡á «žœþœ
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Ba0-20,2AIF;:3LaF;-20,È,0,-60©¡¨.% «žäžåœ¡¢£ ž©« BaL.a3Al,36(00,Fis)žížŸ¥š, ¡œ¥

©¡š¡òžæž ¥š « ¡¢œ¤äž¯©žš ®ž©žœ èš¦œá¤¨ â ì¤œ©ž©çžŸ©žš ¤œŸžª¦¥­žš ë¤ñ¥©:
� ¤œ©ž©çžŸ©žš ¤š ¤š£žœŸá¤¨ •¨žšžþ° 2+2,2 ©©®žª¦¡¢£ ž©« ° 14-15©© ¦œž©ž•¬¡á
žížŸ¤ š©¡¢çš¤œ:•ëžì¥š ô¡¢¨¥ ›í¦¥©ž¨ ì¤œ©žª¦¥­žšèé ¾«”• = 550+10%C¡œ¡çá¤¨
®¥©ó èšå¡¢š¤¨¡á ®¤¦žæ¡¦á¡ä žížŸ¡¢ ôžôŸ¤¯©žš ì¤œ©žª¦¥­žšè (535"C) °
¡¢ª¡¢©šžª¥œ¤¨¡á 450-650%Cì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž óè 25-30"C óž ¨¡á, ¡œí¤ª
¯¡¢¯žš¥ç èšå¡¢š¤¨¡á š©¡¢çš¤œ¥•ð � •-¥ ° §¦¡¢£ žš žœñ¤óš¤œè:� ¤œ©ž©çžŸ©žš
¤œŸœ¡œåô¡¢¨¥ ì¤œ©žª¦¥­žšèé T«uu =930+10%C¡œ¡çá¤¨ â žížŸ¡¢ •Œ• Ÿ¡œ¥áœž
žëŸž «žœþœì¤œ©žª¦¥­žšž ¥š âŸæ¡âò¤Ÿ¦¥ ©¥ì¡¯¡á: ï¡œþšžŸžš¡œ¤š ¡œ¡çá¤¨ ¤š
ì¤œ©ž©çžŸ©žš žëžì¥š ° ¤œŸœ¡œåô¡¢¨¤œ¥ ¦°¡ä¡¢£ ¡¢šš¤œè (Ô),èšå ¡œ¡¢©žëžì¥š
ô¡¢¨¥ ¦°¡ä¡¢£ ¡¢šè ©¡¦ ¤œŸ¡¢žš•ž© žá¤¨¥ ¯ž¬œ â óžš ¤œŸœ¡œå ô¡¢¨¥šè:“¥šê° ¾Ž”•

žížŸ¤ š©¡¢çš¤œè ¦žóž¯á¤¨ ¤š 8-10 "C/œ¡í¤ žœž•¡¢£ ž©«, ¥ªŸ ¾«”•-
ì¯ì¤œ©¥šê° ãžšè©¥šê° •œ¤£¤¤œŸ¡¢žš•ž© žá¤¨¥ žœž• 18-20*C/œ¡í¤, ¡œè£¡¢ ¨ â ¦á¤¨

ª¦ž¯áž¬ •Ž…-¡¢© šážæž•¡¢ š¥ ®žª¯š¤¨ žš¯žšŸž¨¥ BbLLif/ « ¡¢œ¤äž ¥š
òžæ¥, žížŸ¡¢ « ¡¢œ¤äž¯©žš žœ•žª¥óš¤œ¡¢© žëŸž © ¡¢ªé ›óª¥ò¦¡œ¥åž ¥š °
ò¦¡œ¥åž ¥š ©¥ž¯¡¢£ ¡¢šš¤œ¥ žëžìž¯¡¢©è: •ž ¤œ°¡¢©â 6 ° 30 ì¤œ©ž©çžŸáž¬
žížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥ ÿ•• å¥òœžŸ¦ž•œ¤œ¥ ®ž©¤©ž¦¡¢£ ¡¢š¥¯:
•ížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥†”-Ÿ¨žš©žš Ÿ¡œ¤œ¥ ¤̄œ°¡¢© â,¡œç-¥ «žœþœžœñ¤óš¤œ¥

å¤íó¡¢© 1350-1150 ª©é ¦¥œ¡¢ £¡¢© •œ¤£¤ «ž¯žŸž ¡¢© ¤š §©«¤œ¥š30 °
®ž©žíž¦žª§žš¡ä Ÿ¨žš©žš ç¤œ¦¤œè:•ž £¡¢ ¨ â ¦ž¨¥ª ¤æœžŸž¯š¤¨, ¡œ

ª¦ž¯áž¬ •Ž…-¤œ¥ « ¡¢œ¤äž ¥š òžæ¥ (BaLa3[F,/AIB;Os]2F7)Ÿžë¡¢¯áž¬ó¡¢©
«¡œè ®ž©®žšå¤ª â •ž¨¥ª «ž¯žëží¤ª È(Á,F).óžëžš¥ª¦¤œ¥ ¦¤ªó¡á: 6-24ñ ©¥ìžŸž ó¡¢©
žíèžížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥ §¦¡¢£ žš ()) žœñ¤óš¤œè Ÿ¦œ¡¢Ÿ ž­¡¢© ¤š

¦°¡ä¡¢£ žš ž­¥š æ¡¢•èš£ž¯ (šŸ.9): � ¤œ©ž©çžŸ©žš žá¤¨¥ «žœþœ
ì¤œ©ž©£ ¡¢šš¤š (24ñ¡¢©¥¯ žá¤¨¥) å¤íó¡¢© žœñ¤óš¤œ¥ ž­è æ•ž¨¥¡œ¤š šážæ¡¢© â
¦š¡ä¡¢£ ¡¢šá¤œ¥ ªž®¡¢š, ¥ªŸ á¤¨ 4243 ©¥ìžŸž ó¡¢© ñ-¥ žœñ¤óš¤œè©š¡¢©¤š •œ¤£¤
žšô¡ô¨¡á žá¤¨¥žá åžëš¡¢© â ¡¢ääž•¥¬ (æ¡¢•ž®¤ë ž«ª¯¥ªš¤œ¥ žëžš¯ó¥š):
žšô¡ô¡§, š©žšŸ¡œ¥èš£ž ¯óž â, ¡œ¤¨ž ¥šé «žäžåœ¡¢£ ž©«

Ÿ¡œ¥ èš£žŸóž ôžç¦¡¢©4243 ¦°¡ä¡¢£ žš íž ©žšš¤œ¡¢© •œ¤£¤ ž©«¡äì¡á¥š
žížŸ¥š ì¤œ©ž©¡òŸáž š «žäžåœ¡¢£ ž©« (¡œè©¡¦ â žížŸ¡¢
á¤œž¬á¡¢©â ©¡š¡òžæž ¥š Bal.) íž®žŸ¤« ¡¢œ žœå ¡¢šó¡¢©
ª¦¤§¥ë©¤¦œ¥Ÿ «žäžåœ¡¢£ žšè) žížŸ¤« ¡¢œ¤ä¥: €¤¦žæ¡¦¡¢£ ¡¢šš¤œ¥  ¡¢šó¡¢©
ížœæá¤¨ â, ¡œžížŸ¤« ¡¢œ¤äž ¥š ž©¡¢çš¤œ¥ ®¥œžœñ¤óš âœ¥ Ÿ¡¢ª¦¥­žš¥¯)
« ¡¢œ¤äž ¥š òžæ¥ ¬žáž¨ž ¥š «žñš¥¯ («š¡¢œ¤äž¯©žš žš¥¯)
•¬ž ¥š â: •ížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ žœñ¤óš¤œ¥ Ÿž§áž¬¡¢£ ¡¢šš° ©¤óš¤œ¥ â
¡¢© « ¡¢œ¤äž ¥š òžæ¥ ¬žáž¨ž ¥š «žñš¥¯ •¬ž ¥š êâ šážæ¡¢©

0,5+0,85©¥ìžŸž ó¡¢©: •ížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥a-¥ žœñ¤óš¤œ¥¡ê •¬ž ¥š
Ÿž§áž¬¡¢£ ¡¢šè « ¡¢œ¤äž¯©žš žª¦¥­žš¥¯ ®žážšž«žœ íž ©žšžá¡œáž¬ â «¡œ¥°
ž¨ ¡¢©¥š¥ Ÿ¡ëœå¥šž¯¥¡š á¥­žŸš¤œ¥ ô¡ô¡§¡¢£ ž©«: ƒžŸž š, ®¤¦žæ¡¦¡¢£ ¡¢šš¤œ¥
žœå ¡¢šó¡¢©, ¥šêí¤ª §¦¡¢£ žš, ž ší¤ª â¨ •ð � •-¥ žœñ¤óš¤œè¡œ¡çá¤¨ ¤š f 0,85
¬žáž¨ž ¥š «žñš¥ å¤íó¡¢©, ¥ªŸ 0,85+1,0©¥ìžŸž ó¡¢© ñ-¥ ° ›--¥ žœñ¤óš¤œè¡œ¡çá¤ ¤̈š
®ž©ž¦žª§žš Ÿ¡œ¤œ¥ âóª¦œží¡¨¥ž¯¥ž ¥ ©¥ì¡¯¡á: €ž©¤©ž¦¤¨¡á 42+3
ì¤œ©ž©çžŸ©žš žœå ¡¢šó¡¢© ª¦ž¯áž¬ žížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥§¦¡¢£ žš (4,82
q/u©)) ° •è � •-¥ (13-107 žœñ¤óš¤œèâóª¦œží¡¨¥ž¯¥ž ¥ ©¥ì¡¯¡á ª¦ž¯áž¬
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®ž©žíž¦žª§žš žœñ¤óš¤œ¥(4,85
«žážŸžš¥š ô¡óœ â (0,03•/ª©3 °
âóª¦œží¡¨¥ž¯¥ž ¥ ©¥ì¡¯¡á
®ž©žíž¦žª§žšž«žœé 4,85•/ª©3
®ž©žœ¤¨ ¡œí¤ª BaLa3[F./AIB;05]2F7

d. //us"
•ížŸ¥ 4.85I

4.65

4.45

•/ª©:) ®¤¦ ížœæá¤¨ â,¡œšœžš¯ ¦žœ«¤œ¡¢£ ¡¢šè
3-10- •ž £¡¢ ¨ â ¦ž¨¥ª d-¥ ° Ÿ¡œ¤œ¥
f=1,0 å¤íó¡¢© ª¦ž¯áž¬ ñ-¥ ° ›-¥
° 70-10-7 žœñ¤óš¤œè¡œ¡çžŸ¥ ©¡¦žá¡œ¡¢£ ž©«
©¡š¡« ¡¢œ¤ä¥ ñ-¥ ° ›¢¥ žœñ¤óš¤œ:

a--10"."³"

4.8S

4.65

¤šé ®žªš¤¨¡á
(šŸ.10.ž):

€¥©šá¤¨¡á
ªí¤Ÿ¦œžªŸ¡í¥Ÿ
©¥ž¯¡¢£ žš

10000

8000

6000

¥œ¤š¯šážæž•¡¢ š žœñ¤óš¤œ¥š(tg5=0,001-0,0015)1=30 å¤íó¡¢©

BaLa3[F./AIB;O,]2F7 « ¡¢œ¤äž ¥š ©¥ž¯¡¢£ žš ÿ”• ° †”
®¤¦žæ¡¦¡¢£ ¡¢šš¤œ¥ žœå ¡¢šóš¤œ¥áœž, ©¤œŸ¡ä©¥¯ ¦œá¤¨ â šçáž¬

®žážšžŸžš ¦žœž¬žŸžš Ÿžë¡¢¯áž¬ó¥ ©¡å¤¨è (šŸ.10.,«):-

Î
Î

4.25 4.45 ÏÎ 4000

4.05 4.25

60
3.85 4.05

Î 12 18 24 30 36 42 0.5 0.6 1.0
550

…Ÿ.9.•ížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥ 1- §¦¡¢£ žš (d) °
ÎÏÕ 2 - •ð � •-¥ (a) žœñ¤óš¤œ¥Ÿž§áž¬¡¢£ ¡¢šš¤œè

1020 ì¤œ©ž©çžŸ©žš ¦°¡ä¡¢£ ¡¢š¥¯ (t) ° •Ž…-¡¢©« ¡¢œ¤äž ¥š
òžæ¥ ¬žáž¨ž ¥š «žñš¥¯, š©¡¢çš¤œ¥•Œ• Ÿ¡œ¤œè¦žœ«¤œ

V« ¡¢œ//•Ž… ®žœž«¤œ¡¢£ ¡¢šš¤œ¥ å¤íó¡¢

10 “¡š¡« ¡¢œ¤ä¥ ° f=0,85žížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥d-¥ °
I žœñ¤óš¤œè,©¡¦ ¤š ¥œžœ° æ•ž¨¥¡œ¤š •¤œžæžš¯¡¢©

¤š ª¦¤§¥¡©¤¦œ¥Ÿ «žäžåœ¡¢£ ž©« žížŸ¡¢
®ž©žíž¦žª§žš žœñ¤óš¤œ¥š(d =3,81•/ª©, a=104-10-

150

"C"): †šêè £¡¢ ¨ â ¦ž¨¥ª ¤š£žåœ¤¨ ì¤œ©ž©çžŸ©žš
50 900 1350

žœå ¡¢šó¡¢© ª¦ž¯áž¬ •Ž…-¤œ¥ « ¡¢œ¤äž ¥š
Ÿžë¡¢¯áž¬ó¥ þ°žá¡œáž¬¡¢£ žš «žœþœ žª¦¥­žš¥

©žª¥š: •ž ¤š áŸž ¡¢© šž° žížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥(¡œ¡š¯ ®ž©žœ f=0,5;0,7°
0,85)•Œ• Ÿ¡œ¤œè,¡œ¦¤ä ó-¥ ž­¥š æ¡¢•èš£ž¯ šážæ¡¢© ¤š âŸæ¡-° âšå¡£¤œ©¥Ÿ
âò¤Ÿ¦š¤œ¥ ¥š¦¤šª¥á¡¢£ ¡¢šš¤œè, ¥ªŸ šœžš¯ ®ž©žíž¦žª§žš¡ä
ì¤œ©žª¦¥­žšš¤œè ¦¤äžô¡§á¡¢© ¤š žá¤¨¥ «žœþœ ì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž ó¤œ:

•ížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥ å¥â¨¤Ÿ¦œ¥Ÿ £žôžš¯¤¨¥¡¢£ žš ° å¥â¨¤Ÿ¦œ¥Ÿ
Ÿ¡œ¡¢ª¦š¤œ¥ ì¤œ©ž©çžŸ©žš ¦°¡ä¡¢£ ¡¢š¥¯ Ÿž§áž¬¡¢£ žš Ÿ¡œ¤œ¥áœž žëŸž
©žóª¥©¡¢š¤œè ª¦ž¯á¡¢© ¤š 425+5"C ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš òžæž ¥š žš¯©žš
ì¤œ©žª¦¥­žšž ¥š ©¥ìžŸž ó¡¢©: •ížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥ Ò-¥ žœñ¤óš¤œš
èšå®žš¡¢œ žë©ž©« ž­¡¢© ¤š ì¤œ©ž©çžŸ©žš ¦°¡ä¡¢£ žš ž­¥ ®¤¦ ©¤Ÿ¦¤ä, ªžŸž š
ž å ž­è ©¥žšçžšžŸ êâ:•¥â¨¤Ÿ¦œ¥Ÿ £žôžš¯¤¨¥¡¢£ žš žëžá¤¨ž•¡¢ š žœñ¤óš¤œ
(e-10000), ¯¡¢¯ž«¤œ¡¢© ¤š žížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œè, ¡œ¡š¯ Ô=30 ñ:
•ížŸ¤« ¡¢œ¤äž ¥š š©¡¢çš¤œ¥tg8-¥ žœñ¤óš¤œèç-¥ ž­¥š æ¡¢•èš£ž¯ ©¡š¡¦¡š šážæ¡¢©
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1.

…Ÿ.10.ž).•ížŸ¤« ¡¢œ¤äž ¥š
ª¤•š¤¦¡â¨¤Ÿ¦œ¥Ÿš¤œ¥ s-T ° tg6-T

Ÿž§áž¬¡¢£ ¡¢šš¤œè ì¤œ©ž©çžŸ©žš
¦°¡ä¡¢£ ¡¢š¥¯,

«)BaLag[F./AIB;05]2F7©¥ž¯¡¢£ žš
¦žœž¬žŸžš Ÿžë¡¢¯áž¬ó¥

©¡å¤¨è

350 400 450 500 550
"..

‰–‡•”• � Š‹Œ‚Š‹……‰‡

„¤ªžŸžš¡œ¤š ° •¡œ¬šžŸžš¡œ¤š ®¥©šžá¡œáž¬ â Ba0-B;0,-2AIF;:3LaF;
®ž©žŸžœ•¥ žížŸ¥š¤œ¥ ®¥©ó¡á žížŸ¤« ¡¢œ¤äž ¥š ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš
š ¡¢£¤œ¥(•Žƒ…) ª¦ž¯©žš ®šžœžá¡œ¡¢£ ¡¢šè: Š‹ª¡¢©šžª¥œá¤¨ â šž§Ÿ¥š¡¢©
ê®¤¦žæ¡¦áž¬ ®ž©žŸžœ•¥ žížŸ¤•¡ ž¯©žš ¦¥œ¡¢ £è ° Ÿžë¡¢¯á¤¨ šœž
á¥­žŸ¥ å¥ž•œž©è: Žž¯ž®ž ¦á¤¨ â, ¡œ®ž©žŸžœ•¡¢© žëžìž¯ž¬ •œ¤£¤«¡¨¡œ
›óª¥ò¦¡œ¥åž ¥š ©¥ž¯¡¢£ ¡¢šš¤œè •¦šá¡¢© ¤š ®ž©žŸžœ•¥ žížŸ¤•¡ ž¯©žš
¦¥œ¡¢ £¥ ªž®©žšš¤œ¡¢© ° ®ž¨á¡¢© ¤š Ÿ¡š•œ¡¢¤š¦:
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2. AlF3-LaF3«¥šžœ ®ž©žŸžœ•¥ ¡¢ª¡¢©šžª¥œ¡¢£  ížœæá¤¨ â ¤œŸ¡¢âá¦¤Ÿ¦¥Ÿ
«žäžåœ¡¢£ ¡¢šš¤œ¥ ° Ÿž ¡¢š ó¥©¥žŸžš ©¥ž¯¡¢£žšé 2AIF3:3LaF3žëžìž¯¡¢©è,
¡œè®ž¨á¡¢© â Ÿ¡š•œ¡¢¤š¦ 1130%C-¡¢©,« ¡¢œ¤äžš¡¢©›œ£¡ë¡©«¥Ÿ ª¥š•¡š¥ž ¡¢©:
• å ©¥ž¯¡¢£ žš š¤œ©¡¢¬¡¢©è®ž©žŸžœ• šížª¦¡¢© â žížŸ¤•¡ ž¯©žš
¦¥œ¡¢ £¥ èšå¨ž š©žšè ° £¡¢ ¨ â ¦ž¨¥ª ª¦žšž¨ å ¡¢œž®ž¨ žížŸ¥š¤œ, ¡œ¡šó
©¥°š¡¢ š ñž©žšžŸ ®žŸáž¬ ¤š « ¡¢œ¤äž¯©žš šŸž¦©ž©«:

3. •ížŸ¥š¤œ¥ ° åœžš¯ ®žœŸžåœžŸžš « ¡¢œ¤äž¯©žš žœå ¡¢šóš¤œ¥•Œ• ° ÿ••
›•š¡¢£ ž©« ížœæá¤¨ â, ¡œžëžìž¯ž¬ « ¡¢œ¤äž ¥š ©¥ž¯¡¢£ ¡¢šš¤œè Ÿžœ¤¨¥â
åžªžŸžœ•¤¨ ›óª¥ò¦¡œ¥åž ¥š¥ ° æ¡¢¦ ò¦¡œ¥åž ¥š¥: •ížŸ¤•¡ ž¯š¡ä BaO-
Bz03-2AlF;:3LaF3®ž©žŸžœ•¡¢© ®žª¦ž¦á¤¨ â á¤¯ ›óª¥ò¦¡œ¥åž ¥š Ÿ¡š•œ¡¢¤š¦
®ž¨á¡ä ©¥ž¯¡¢£ ¡¢šš¤œ¥ žëžìž¯¡¢©è, ¡œ¡çá¤¨ ¤š åœžš¯ « ¡¢œ¤äž¯©žš
åžç¦¤œè ° ®ž¨©žš ì¤œ©žª¦¥­žšš¤œè:

4. ƒ¥£¤æáž¬ žížŸ¥š¤œ¥ ° åœžš¯ « ¡¢œ¤äž¯©žš žœå ¡¢šóš¤œ¥ †”-
ªí¤Ÿ¦œžªŸ¡í¥Ÿ ®¤¦žæ¡¦¡¢£ ¡¢šš¤œ¥ žœå ¡¢šó¡¢© ížœæá¤¨ â, ¡œžížŸ¡¢
Ÿžë¡¢¯áž¬óè þ°žá¡œ¡ä ®¥©šžŸžš «¡œž¦ž ¥š ° ž¨ ¡¢©¥šž¦ž ¥šé B(O,F)3,
B(O,F)4° A1(O,F)4§©«¤œ¥¯«ž¯¥ žížŸ¥š¤œ¥ « ¡¢œ¤äž¯©žš žœ•žª¥óš¤œ¡¢©
žëŸž ¤š šž° ›óª¥ò¦¡œ¥åž ¥šé AI(O,F), La(O,F)6 ° Ba(O,F)6 §©«¤œè:
€žª¦ž¦á¤¨ â,¡œ 2AIF3:3LaF3-¥° Ba0-¥¡œ¡çžŸ¥ Ÿ¡š¯¤š¦œž¯¥žš¤œ¥ å¤íó¡¢©
¦¤ä¥ ¤š ¡¢š¤š¡¢© B(O,F);<>>B(O,F)4 ° AI(O,F),<-AA(O,F)6 Ÿ¡¡œå¥šž¯¥¡š
žš¯¡¢©š¤œ:

5. •ížŸ¥š¤œ¥ ò¥æ¥Ÿžó¥©¥žŸžš ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ ¡¢ª¡¢©šžª¥œ¡¢£ ¡¢š¥¯,
ížœæá¤¨ â, ¡œ åœžšó ®ž©¤©ž¦ž«žœ å ¡¢œž®ž¨ ¤š (TL A 920+1100"C),
«š¡¢£ž•œá¡¢© ¤š §¦¡¢£ žš (2,72-4,63•/ª©*), ©¡¨ž ¥š ¬žáž¨¥ (39-88ª©%©¡¨),
«¤Ÿ©žš ¯¡¢¯¥ê¥ (1,532-1,739) °©¡¨ž ¥š ë¤òœžŸ¯¥ž ¥ «žœþœžœñ¤óš¤œ¡á,•ð � •.
¥ (58-115-10-"³") ° žížŸ¥ž¯©žš ì¤œ©žª¦¥­žš¥ žœñ¤óš¤œ¥(625=490%C)
ô¡ô¡§©žš ¨ž š ¦¥œ¡¢ £š¤œ¡á: ˆžœæá¤¨ â, ¡œ 2AIF3:3LaF3-¥ ° Ba0-¥
Ÿ¡š¯¤š¦œž¯¥žš¤œ¥ ž­¥š æ¡¢•èš£ž¯ žížŸ¥š¤œ¥ šçáž¬ ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥
žœñ¤óš¤œš èšå®žš¡¢œ žë©ž©« ž­¡¢© ¤š: •ížŸ¥š¤œ¥ ©ž¬¡¢¯¥Ÿ¡¢£ žš
žŸ¦¥áž¯©žš âš¤œ•¥ž ¥ (E,) ° âš¦œ¡í¥ž ¥ (S,) «žäžåœ¡¢£ ¡¢š¥¯
Ÿž§áž¬¡¢£ žš Ÿ¡œ¤œ¥áœž žëŸž ©žóª¥©¡¢š¤œš ¡¢ ©¥š¥©¡¢©š¤œè,¥šêí¤ª šž°
E,-¥ (205-250Ÿ� /©¡¨) «žœþœ° „¡-¥ (240-650� /(©¡¨-%)) ®ž©¤©ž¦ž«žœ ¯ž¬œ
žœñ¤óš¤œèáŸž ¡¢© ¤š žížŸ¥š¤œ¥ Ÿžë¡¢¯áž¬ó¡¢© žëžšþ¥š ž¦¡©š¤œ¥ °
Ÿžë¡¢¯áž¬óž ¥š §©«¤œ¥ ©¥ì°Ÿží¤œ¥ ž©œ¡¢£ žš ° ¡¢ää¡œåáž¬¡¢£ žš ©žª¥š:
•ížŸ¥š¤œ¥ ¦¤ªžŸžœžœ â¨¤Ÿ¦œžŸžš å¥©žåœ¡¢£ žš °
â¨¤Ÿ¦œž®žä¡œåžŸžš¡¢£ žš žŸ¦¥áž¯©žš âš¤œ•¥ž ¥ «žäžåœ¡¢£ ¡¢š¥¯
Ÿž§áž¬¡¢£ žš Ÿ¡œ¤œè®ž©žåœ¤¨¥ ¤š šœžš¯ ©ž¬¡¢¯¥Ÿ¡¢£ žš ° ©ž¬¡¢¯¥Ÿ
®¡ª¡¢š¡¢£ žš âš¤œ•¤¦¥Ÿ «š¡¢£ž•œ¤œ¥Ÿ¡œ¤œ¥ ®¤¦° ¡¢š¤š ©¥°š¡¢ š èš£ž¯óè:

6 Žž¯ž®ž ¦á¤¨ â, ¡œŸ¥œžëžŸžš šçžšžŸ¡¢£ žš •Žƒ…-¤œ¥ ª¦ž¯©žš ®ž©žœ
žš®œžñ¤ç¦ ®ž¦Ÿ¡¢£ ¡¢šš¤œ¥ ¨žáž•¡¢ š ®ž©ž§©«¡á ›ñ¦áž¬ â
BaLa;Al,B.(Oü,Fis)«žäžåœ¡¢£ ž©« žížŸ¥š: ˆžœæá¤¨ â, ¡œ šçáž¬ žížŸ¡¢
« ¡¢œ¤äž¯©žš žœ•žª¥óš¤œ¡¢© žëŸž ©¥ž¯¡¢£ ¡¢šš¤œ¥¯ BaLa3[F,/AIB;Os]2F7-¥
(›œ£¡ë¡©«¥Ÿ ª¥š•¡š¥ž) «žäžåœ¡¢£ ¡¢šè ©¡¦ â žížŸ¡¢ ª¦¤§¥ë©¤¦œ¥Ÿ
«žäžåœ¡¢£ žšè: ÿ”• ° †”-ªí¤Ÿ¦œžªŸ¡í¥Ÿ ®¤¦žæ¡¦¡¢£ ¡¢šš¤œ¥
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žœå ¡¢šóš¤œ¥ ®¥©žš áœž, ¦œá¤¨ â šçáž¬ ©¥ž¯¡¢£ žš ®žážšžŸžš
¦žœž¬žŸžš Ÿžë¡¢¯áž¬ó¥ ©¡å¤¨è:

7. “çžŸáž¬ ¤š žížŸ¤« ¡¢œ¤äž ¥š ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš š ¡¢£¤œ «žœþœ
(� 1000) ° 1g8-¥ ¯ž¬œ (=0.001+0.0015)žœñ¤óš¤œ¡á, ª¤•š¤¦¡â¨¤Ÿ¦œžŸžš
òžæž ¥š žš¯©žš ¯ž¬œ ì¤œ©žª¦¥­žš¡á “çžŸáž¬ °
žížŸ¤« ¡¢œ¤äž ¥š ª¤•š¤¦¡â¨¤Ÿ¦¤œžŸžš ª©¡¢£¤œš ¥œ¤š¯¤š ©¡š¡«¨¤¢œ¤äžŸ¥š¡š®â¨ ¤¢œ¤äžŸ¥š °
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»²¾º··º»¸ ¸ ±ºÄ±º¶Á¾¹º ÍÎÏÐÑ ³Á³¾ºÈÁÈ¾²¿¼¸À²³¹¸¿ ³¾²¹Á·

±²Ä
 »²

� ÒÝÞüÜÅÊÊÒÓÔÕÖÅÎÍÍÎÚ ÓÕõÎÔÐàÏÝàÒÔÊàÏÊÒÊÔÎÓÎÍÍÒÒÅÊÊÝÒÜÎÏÕÍÅÒÊÅÊÔÒÆÐBa0-B,0;-
2AIF3-3LaF3 ÜÝà ÓÕùÓÕõÎÔ×ÅÝÒß×ÎÛÝÕÏ×ÅÑ ÊÔÒ×ÎÝ Å ÊÔÒ×ÝÎ×ÓÅÊÔÕÝÝÅÙÒÊ×ÅÑ
ÊÒßÍÒÔÎ� ÝÒ×ÔÓÅÙÒÊ×ÅÑÆÕÔÒÓÅÕÝÎÏ.Ï ÓÕõÎÔÒÔÒÎÓÒÔÅÙÒÊ×ÅÎõÎÊÍÎÏÕÍÕ Å � ×ÊÛÒÓÅÆÒÍÔÕÝÞÍÎÛÎÜÔÏÒÓöÜÒÍÕÏÎùÆÎöÍÎÊÔÞ
ÛÎÝØÙÒÍÅàÊÒßÍÒÔÎ� ÝÒ×ÔÓÅÙÒÊ×ÅÑÊÔÒ×ÝÎ×ÓÅÊÔÕÝÝÅÙÒÊ×ÅÑÆÕÔÒÓÅÕÝÎÏÊÛÎÝàÓÍÎÚ ÊÔÓØ×ÔØÓÎÚ
Å Ê ÏÐÊÎ×ÅÆÅÜÅ� ÝÒ×ÔÓÅÙÒÊ×ÅÆÅÛÕÓÕÆÒÔÓÕÆÅÍÕÎÊÍÎÏÒ Î×ÊÅúÔÎÓÅÜÍÎÚÊÅÊÔÒÆÐ.

¸ùØÙÒÍÐ ÎõÝÕÊÔÞÊÔÒ×ÝÎÎõÓÕùÎÏÕÍÅàÅ ÜÅÕßÓÕÆÆÕÊÎÊÔÎàÍÅà ÓÕÍÒÒÍÒÅÊÊÝÒÜÎÏÕÍÍÎÚ
ÊÅÊÔÒÆÐBa0-B;03-2AlF;:3LaF3.Ï ÎõÝÕÊÔÅÊÔÒ×ÝÎÎõÓÕùÎÏÕÍÅàÏÐàÏÝÒÍÐ øÒÊÔÞ
ÊÎÒÜÅÍÒÍÅÚ: BaLa3[F,/AIB,0,1277, BazLa;(F/AIB,OllFF, ¼ÁÈÉ¿

BazLa;[F:JAIB;0.]2Fs,AllLag[FJJ305]4, AlLLa3(F (2/AIB;0,), ÛÝÕÏàûÅÑÊà ×ÎÍßÓØ� ÍÔÍÎ,
ÎÛÓÒÜÒÝÒÍÐ ÅÑÓÒÍÔÊÍÎÏÊ×ÅÒÑÕÓÕ×ÔÒÓÅÊÔÅ×ÎÊÍÎÏÕÍÅÅ ÅÊÊÝÒÜÎÏÕÍÅàõÅÍÕÓÍÎÚ ÊÅÊÔÒÆÐ
AlF3-LaF3 ÎõÍÕÓØöÒÍÎ ÜÏÕ� ÏÔÒ×ÔÅÙÒÊ×ÅÑÊÎÊÔÕÏÕÅ ÎõÓÕùÎÏÕÍÅÒ×ÎÍßÓØ� ÍÔÍÎ ÛÝÕÏàûÒßÎÊà
ÊÎÒÜÅÍÒÍÅà2AIF3:3LaF3.µÊÔÕÍÎÏÝÒÍÕÛÎÏÐøÒÍÍÕà ÓÕÊÔÏÎÓÅÆÎÊÔÞ2AIF3:3LaF3Ï ÊÔÓØ×ÔØÓÒ
õÎÓÕÔÍÎßÎ ÓÕÊÛÝÕÏÕ,ÊÏàùÕÍÍÕà Ê ÓÒù×ÅÆÊÍÅöÒÍÅÒÆÔÒÆÛÒÓÕÔØÓÐÝÅ×ÏÅÜØÊÕÊÅÊÔÒÆÐ,
ÛÓÅÏÎÜàûÕà× ØÆÒÍÞøÒÍÅüÛÎÔÒÓÞõÎÓÕ Å úÔÎÓÕÛÓÅÊÅÍÔÒùÒÅ ÓÕÊøÅÓÒÍÅüÎõÝÕÊÔÅ
ÎõÓÕùÎÏÕÍÅà ÊÔÒ×ÎÝ.´ÓÒ×ÓÕûÒÍÅÒÊÊÒ×ÝÎõÓÕùÎÏÕÍõÅÍÕÓÍÐÑÊÅÊÔÒÆÕÑ ÈÕÎ-Ï,ÎÅÈ,0,-

2AlF3:3LaF3 ÊÏàùÕÍÎ Ê ÎõÓÕùÎÏÕÍÅÒÆ×ÎÍßÓØ� ÍÔÍÎ ÛÝÕÏàûÅÑÊàÏÐÊÎ×ÎÔÒÆÛÒÓÕÔØÓÍÐÑ
ÊÎÒÜÅÍÒÍÅÚBaB,0Å AlLa3[F (2/AIB;0,],Ï ÊÅÊÔÒÆÒÅÆÒÒÔÊàÔÓÕÜÅÖÅÎÍÍÕàÜÝàõÎÓÕÔÍÐÑ
ÊÅÊÔÒÆÎõÝÕÊÔÞÊÔÕõÅÝÞÍÎÚÝÅ×ÏÕÖÅÅ,ÛÓÅÝÒßÕüûÕà× õÅÍÕÓÍÎÚ Ba0-Ï,Î, ÊÔÎÓÎÍÒ
×ÎÍÖÒÍÔÓÕÖÅÎÍÍÎßÎ ÔÓÒØßÎÝÞÍÅ×Õ,ÊÎÜÒÓöÕûÕàõÎÝÒÒ84% È,03.Ï ÔÓÎÚÍÎÚ ÊÅÊÔÒÆÒÛÓÅ
ÊÎÜÒÓöÕÍÅÅõÎÝÒÒ 30ÆÎÝ.%2AIF3-3LaF3ÎõÓÕùØÒÔÊàÎõÝÕÊÔÞßÝØøÒÍÍÐÑÊÔÒ×ÎÝ.

»ÒÔÎÜÕÆÅ Ç¾º, ±ÃºÅ ¸¹-ÊÛÒ×ÔÓÎÊ×ÎÛÅÅÅÅÊÊÒÊÎÏÕ×ÓÅÊÔÕÝÝÅùÕÖÅÎÍÍÕàÊÛÎÊÎõÍÎÊÔÞ,
úÕùÎÏÐÚ ÊÎÊÔÕÏÅ ÊÔÓØ×ÔØÓÍÐÒÎÊÎõÒÍÍÎÊÔÅ ÊÔÒ×ÎÝÅ ÛÓÎÜØ×ÔÎÏÅÑ ×ÓÅÊÔÕÝÝÅùÕÖÅÅ.
ÈÐàÏÝÒÍÎ, ÙÔÎ ØÊÔÎÚÙÅÏÐÒ× ×ÓÅÊÔÕÝÝÅùÕÖÅÅÊÔÒ×ÝÕÎõÓÕùØüÔÊàÏ ÍÅù×ÎÔÒÆÛÒÓÕÔØÓÍÎÚ
ÎõÝÕÊÔÅ ÜÅÕßÓÕÆÆÐÛÝÕÏ×ÎÊÔÅ õÅÍÕÓÍÐÑ Å ÔÓÎÚÊÅÊÔÒÆ,a Ê×ÝÎÍÍÎÊÔÞ ×ÓÕÊÊÔÒ×ÝÎÏÐÏÕÍÅü
ÏÎùÓÕÊÔÕÒÔÛÎÊÝÒ� ÏÔÒ×ÔÅÙÒÊ×ÅÑÊÎÊÔÕÏÎÏ ÛÓÅ ÛÓÅõÝÅöÒÍÅÅ× ÛÎÝàÆ ×ÓÅÊÔÕÝÝÅùÕÖÅÅ
×ÎÍßÓØ� ÍÔÍÎ ÛÝÕÏàûÅÑÊàÊÎÒÜÅÍÒÍÅÚ.µÊÔÎÚÙÅÏÐÒÊÔÒ×ÝÕÏ õÅÍÕÓÍÎÚ B,03-2AIF3:3LaF;
ÊÅÊÔÒÆÒÛÎÝØÙÕüÔÊàÛÓÅÊÎÜÒÓöÕÍÅÅúÔÎÓÅÜÕ10-15ÆÎÝ.%,Ï ÔÓÎÚÍÎÚ ÊÅÊÔÒÆÒÎõÝÕÊÔÞ
ØÊÔÎÚÙÅÏÐÑ ÊÔÒ×ÎÝÓÕÊøÅÓàÒÔÊà ÜÎ20 ÆÎÝ.% úÔÎÓÅÜÕ.

³ÎÛÎÊÔÕÏÝÒÍÅÒ¸¹-ÊÛÒ×ÔÓÎÏ ÛÎßÝÎûÒÍÅà ÊÔÒ×ÎÝÅ ÅÑ ÛÓÎÜØ×ÔÎÏ ×ÓÅÊÔÕÝÝÅùÕÖÅÅ
ÎõÍÕÓØöÅÏÕÒÔÊØûÒÊÔÏÒÍÍÎÒÊÑÎÜÊÔÏÎÆÒöÜØÍÅÆÅ. µÏÒÝÅÙÒÍÅÒ×ÎÍÖÒÍÔÓÕÖÅÅÏ ÊÔÒ×ÝÒ
2AlF3:3LaF3Å ÈÕÁÊÎÛÓÎÏÎöÜÕÒÔÊà×ÎÎÓÜÅÍÕÖÅÎÍÍÐÆÅ ÛÒÓÒÑÎÜÕÆÅÈÁ,-ÈÁ4 Å, ÛÎÆÅÆÎ
ÎÊÍÎÏÍÐÑ õÎÓÕÔÍÐÑÅ ÕÝÎÆÅÍÕÔÍÐÑßÓØÛÛ,Ï ÊÔÓØ×ÔØÓÒÊÔÒ×ÎÝÎõÓÕùØüÔÊàÎ×ÊÅúÔÎÓÅÜÍÐÒ
ßÓØÛÐ B(O,F)3, B(O,F)4, AI(O,F)4, AI(O,F)6 La(O,F)6, ×ÎÔÎÓÐÒ ÊÔÅÆØÝÅÓØüÔ
ÊÔÒ×ÝÎÎõÓÕùÎÏÕÍÅÒ,Õ×ÎÆÛÒÍÊÕÖÅàÎÔÓÅÖÕÔÒÝÞÍÎßÎ ùÕÓàÜÕÕÍÅÎÍÍÐÑ ßÓØÛÛÅÓÎÏÎ×ÛÓÎÅÊÑÎÜÅÔ
ùÕÊÙÒÔÝÎ×ÕÝÅùÕÖÅÅBaz+ ÍÕ ÛÎÝÅ� ÜÓÕÑ,ÈÐàÏÝÒÍÎ, ÙÔÎ ÙÕÊÔÞAl3+ ÎÊÔÕÒÔÊàÏ øÒÊÔÒÓÍÎÚ
×ÎÎÓÜÅÍÕÖÅÅ,a La3+Ï ÊÔÓØ×ÔØÓÒÊÔÒ×ÎÝÎõÓÕùØÒÔ ßÓØÛÛÐ La(0,F),

¸ÊÊÝÒÜÎÏÕÍÐ ùÕ×ÎÍÎÆÒÓÍÎÊÔÅ ÅùÆÒÍÒÍÅà úÅùÅ×Î-ÑÅÆÅÙÒÊ×ÅÑÊÏÎÚÊÔÏ ÊÔÒ×ÎÝÅ
ùÕ×ÓÅÊÔÕÝÝÅùÎÏÕÍÍÐÑÊÔÒ×ÎÝÏ ùÕÏÅÊÅÆÎÊÔÅÎÔ ÊÎÊÔÕÏÕ ÊÔÒÛÒÍÅ×ÓÅÊÔÕÛÝÅùÕÖÅÅ.
µÊÔÕÍÎÏÝÒÍÕÎÛÓÒÜÒÝàüûÕàÓÎÝÞÎ×ÊÅúÔÎÓÅÜÍÐÑßÓØÛÛÜÝàÊÅÍÔÒùÕÝÒß×ÎÛÝÕÏ×ÅÑÊÔÒ×ÎÝÊ
øÅÓÎ×ÅÆ ÅÍÔÒÓÏÕÝÎÆÅùÆÒÍÒÍÅà¾¹·± (58-115-10- ÍÅù×ÅÆÅ ùÍÕÙÒÍÅàÆÅ¾Ï
(625-490%C),Ïàù×ÎÊÔÅÅ � ÍÒÓßÒÔÅÙÒÊ×ÅÑÛÕÓÕÆÒÔÓÎÏÏàù×ÎßÎ ÔÒÙÒÍÅà.ÈÐàÏÝÒÍÕÏÎùÆÎöÍÎÊÔÞ
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ÊÅÍÔÒùÕÝÒß×ÎÛÝÕÏ×ÅÑÊÔÒ×ÎÝÊÏÐÊÎ×ÎÚ ØÊÔÎÚÙÅÏÎÊÔÞü×úÕùÎÏÎÆØÓÕùÜÒÝÒÍÅü.¸ÊÊÝÒÜÎÏÕÍÐ
ÔÒÆÛÒÓÕÔØÓÍÐÒùÕÏÅÊÅÆÎÊÔÅÜÅ� ÝÒ×ÔÓÅÙÒÊ×ÎÚÛÓÎÍÅÖÕÒÆÎÊßÅÅ ÜÅ� ÝÒ×ÔÓÅÙÒÊ×ÅÑÛÎÔÒÓÞ
ùÕ×ÓÅÊÔÕÝÝÅùÎÏÕÍÐÑÊÔÒ×ÎÝÎÔ ÜÝÅÔÒÝÞÍÎÊÔÅÔÒÓÆÎÎõÓÕõÎÔ×ÅÅ ÊÔÒÛÒÍÅ×ÓÅÊÔÕÝÝÅùÕÖÅÅ.
³ÜÒÝÕÍÎ ÛÓÒÜÛÎÝÎöÒÍÅÒÎ ×ÕÔÅÎÍÕÍÅÎÍÍÎÚ ÛÓÎÏÎÜÅÆÎÊÔÅÏ õÒÊûÒÝÎÙÍÐÑÎ×ÊÅúÔÎÓÅÜÍÐÑ
ÊÔÒ×ÝÕÑ.µÊÔÕÍÎÏÝÒÍÕ ÏùÕÅÆÎÊÏàùÞÊÏÎÚÊÔÏ ÊÔÒ×ÎÝÎÔ ÊÔÓØ×ÔØÓÐÅ ÎÔ ×ÎÍÖÒÍÔÓÕÖÅÅ
×ÎÆÛÎÍÒÍÔÎÏ.Ï ÓÒùØÝÞÔÕÔÒÊÔÓØ×ÔØÓÍÐÑÅ úÅùÅ×Î-ÑÅÆÅÙÒÊ×ÅÑÅÊÊÝÒÜÎÏÕÍÅÚÏÐàÏÝÒÍÎ, ÙÔÎ ÜÝà
ÛÎÝØÙÒÍÅà ÊÒßÅÒÔÎ� ÝÒ×ÔÓÅÙÒÊÅÅÊÔÒ×ÝÎ×ÓÅÊÔÕÝÝÅÙÒÊ×ÅÑÆÕÔÒÓÅÕÝÎÏ(³¹») ÍÕÅõÎÝÒÒ
ÎÛÔÅÆÕÝÞÍÎÚÊÎÏÎ×ØÛÍÎÊÔÞü ÊÏÎÚÊÔÏ ÎõÝÕÜÕÒÔÊÔÒ×ÝÎ ÊÎÊÔÕÏÕBaLa3Al2B6(01,F1s),
ÓÕÊÛÎÝÎöÒÍÍÎßÎ Ï ÛÎÝÒ×ÓÅÊÔÕÝÝÅùÕÖÅÅÊÎÒÜÅÍÒÍÅàBaLa3[F./AIB;05]êF7.ÇÝà ÆÎÍÎúÕùÍÎÚ
×ÓÅÊÔÕÝÝÅùÕÖÅÅÊÔÒ×ÎÝÏÐõÓÕÍ ÜÏØÑÊÔØÛÒÍÙÕÔÐÚÓÒöÅÆÔÒÓÆÎÎõÓÕõÎÔ×Å,õÒù ÏÏÎÜÕ
ÜÎÛÎÝÍÅÔÒÝÞÍÎßÎ×ÕÔÕÝÅùÕÔÎÓÕ×ÓÅÊÔÕÝÝÅùÕÖÅÅ.

ÈÐàÏÝÒÍÎ, ÙÔÎ ÆÕ×ÊÅÆÕÝÞÍÐÒùÍÕÙÒÍÅà ÜÅ� ÝÒ×ÔÓÅÙÒÊ×ÎÚÛÓÎÍÅÖÕÒÆÎÊÔÅÅÆÒüÔ
ÊÔÒ×ÝÎ×ÓÅÊÔÕÛÝÅÙÒÊ×ÅÒÎõÓÕùÖÐ,ÊÔÒÛÒÍÞ×ÓÅÊÔÕÝÝÅùÕÖÅÅ×ÎÔÎÓÐÑ85%, a ÜÝÅÔÒÝÞÍÎÊÔÞ
ÔÒÓÆÎÎõÓÕõÎß×Å30 Ù. ÁÊÍÎÏÐÏÕàÊÞ ÍÕ ÓÒùØÝÞÔÕÔÐÓÒÍÔßÒÍÎÊÔÓØ×ÔØÓÍÐÑÅ Å×-
ÊÛÒ×ÔÓÎÊ×ÎÛÅÙÒÊ×ÅÑÅÊÊÝÒÜÎÏÕÍÅÚÊÎÒÜÅÍÒÍÅàBaLa3[F./AIB;05]2F7,ÛÓÒÜÝÎöÒÍÕÏÎùÆÎöÍÕà
ÛÓÎÊÔÓÕÍÊÔÏÒÍÍÕàÊÔÓØ×ÔØÓÍÆÎÜÒÝÞÜÕÍÍÎßÎ ÊÎÒÜÅÍÒÍÅà.

´ÎÝØÙÒÍÍÐÒ ÜÕÍÍÐÒ ÅÊÛÎÝÞùÎÏÕÍÐ ÜÝà ÓÕùÓÕõÎÔ×ÅÊÒßÍÒÔÎ� ÝÕ×ÔÓÅÙÒÊ×ÅÑ³¹»,
ÎÔÝÅÙÕüûÅÑÊàøÅÓÎ×ÅÆÔÒÆÛÒÓÕßØÓÍÐÆÅÍÔÒÓÏÕÝÎÆúÕùÎÏÎßÎ ÛÒÓÒÑÎÜÕ(AT-150?C) Å
ÏÐÊÎ×ÅÆÅ ùÍÕÙÒÍÅàÆÅ ÜÅ� ÝÒ×ÔÓÅÙÒÊ×ÎÚÛÓÎÍÅÖÕÒÆÎÊÔÅ(e-10000). ±ÕùÓÕõÎÔÕÍÍÐÒ
ÊÔÒ×ÝÎ×ÓÅÊÔÕÝÝÐÅÆÒüÔÊÓÕÏÍÅÔÒÝÞÍÎÍÅù×Øü ÔÒÆÛÒÓÕÔØÓØÊÒßÍÒÔÎ� ÝÒ×ÔÓÅÙÒÊ×ÎßÎúÕùÎ
ÛÒÓÒÑÎÖÕ(Tc- 445+5"C)ÛÎ ÊÓÕÏÍÒÍÅüÊÅùÏÒÊÔÍÐÆÅÕÍÕÝÎßÕÆÅ(To- 520-540"C).

³ÅÍÔÒùÅÓÎÏÕÍÍÐÒ ÊÒßÍÒÔÎ� ÝÒ×ÔÓÅÙÒÊ×ÅÒÊ×ÆÍÎÏÎßÎ ÔÅÛÕÍÕ ÎÊÍÎÏÒ ÝÒß×ÎÛÝÕÏ×ÎÚ
ÊÅÊÔÒÆÐÎÔÝÅÙÕüÔÊàÏÐÊÎ×ÎÚ ÏÎÊÛÓÎÅùÏÎÜÅÆÎÊÔÞüÊÏÎÚÊÔÏ,ÆÕÝÎÚÎÊÔÕÔÎÙÍÎÚ ÛÎÝàÓÅùÕÖÅÒÚ,
ÙÔÎÊÎùÜÕÒÔÏÎùÆÎöÍÎÊÔÞ ÜÝàÅÑøÅÓÎ×ÎßÎ ÛÓÅÆÒÍÒÍÅà Ï� ÝÒ×ÔÓÎÍÍÎÚ ÔÒÑÍÅ×Ò.

NALBANDYANKKRREN ARAM

THE STUDYOF BORATE GLASSESWITH ALKALINE-EARTH METALS
AND THE DEVELOPMENT OFNEW COMPOSITIONSOF TECHNICAL.LLASSES

SUMMARY

The aim of the thesisisa comprehensivestudy of Ba0-B,0;-2AlF;:3LaF;system for the
developmentof low-meltingglassesand ferroelectricglass-ceramicmaterials.

We theoretically substantiatedand experimentally confirmed the possibility of obtaining of
ferroelectric glass-ceramicswith apolar structure andhigh dielectric parameterson the basisof
investigatedoxyfluoridesystem.

The glassformation region and phasediagram of the previously unexploredBaO-B;03-
2AIF;:3LaF3system havebeenstudied. In the field of glassformation six new compoundsare
revealed: BaLa;[F,/AIB;05],F7, BazLa3(F/JIIB,O//2Fa, Ba,La;[F;/AlB;OllFF,
BazLa;[F;/AIB,0,]êFs,AlLa3(F//B305]4,AlLa;(F////IIB;O.), which melt congruently and are
identified by their X-ray characteristics.Basedon the studyof binary AlF3-LaFy system,we have
revealed two eutectic compositions and the formation of congruenty melting 2AIF3:3LaF;
compound.High solubility of 2AIF;:3LaF3in the structureof borate melt associatedwith the sharp
decreasein the liquidus temperatureof the system,leadingto a reduction of lossesof boron and
fluorine in the synthesisandexpansionof glassformation regionhasbeenset.The termination of
glassformation in binary Ba0-B,0,andÈ,0,-2AIF;3LaF3systemsis associatedwith the formation

23

© National Library of Armenia



of congruently meltinghigh-temperatureBaB,0andAlLa3[F/2/AIB;O5),compounds.The system
hasstableimmiscibility region adjacent tothe binary BaO-B203sideof concentrationtriangle,
containing morethan 84% È,03,which is conventionalfor boratesystems.The regionof opaque
glasses is formed inthe temarysystemwith a content of morethan 30mol.%2AlF;:3LaF3.

By meansof DTA, XRD methodsand IR-spectroscopyhave beeninvestigatedthe ability of
crystallization,phasecompositionand structuralcharacteristicsof glassesand their crystallization
products.It hasbeen found, that the glassesresistantto crystallization form at low-temperature
region of fusibility diagramsof binary and ternary systems,and atendency todevitrification
increases afterthe eutecticcompositionsapproachingto the fieldsof crystallizationof congruently
melting compoundsStableglassesin binary B203-2AIF;:3LaF3systemhavebeenobtainedwith
fluoride contentof 10-15mol.%. In the ternary systemthe regionof stableglassesextendsto 20
mol.% fluoride.

Comparisonof the IR-absorptionspectraof glassesand their crystallization productsreveals
significant similarity betweenthem. The increase2AlF;:3LaF3andÈÕÁconcentratiansin the glass
accompaniedby coordinational transitionsand, in addition to the basicborate and
aluminate groupsin the structure of glasses areformed È(Á,F)3,B(O,F)4,A1(O,F).,AI(O,F),
La(O,F)6oxyfluoride groups,which stimulatethe glassformation andcompensation of thenegative
charge of anionic groupsto the localization of Ba?+ onpolyhedra. It wasrevealedthat the part of
Al* is in sixfoldcoordination,andLa3+is in the structure of glassforming La(O,F).

The regularitiesof changes inphysico-chemical propertiesof glassesandcrystallizedglasses
depending onthe compositionanddegree of crystallizationhavebeeninvestigated.Thedecisiverole
of oxyfluoride groupsfor the synthesisof low-melting glasseswith a wide rangeof variation ¾²³
(58-115-10-7"C"),low values of Te(625-490?C),viscosityandenergyparametersof viscousflow
hasbeen set.The possibilityof synthesisof low-melting glasseswith high resistance tophase
separation wasrevealed.The temperaturedependence of thedielectricconstant anddielectric losses
of the crystallizedglasseshasbeen investigated dependingon theheat treatmentduration and the
degreeof crystallization. An assumptionismade onthe cation-anion conductivity in alkali-free
oxyfluoride glasses.The relationshipof the propertiesof glassesdependimg onstructure and the
concentrationof thecomponentshasbeenset.

As aresultof structuralandphysico-chemicalstudiesit wasrevealed thatfor obtaining of FGC,
the mostoptimal setof properties hasthe glasswith BaLa3Al,B;(Olo,Fis)composition locatedin the
field of crystallizationof BaLa3[F,/AIB,0;],F7compound.For the monophasiccrystallizationof
glassestwo-stage heat treatmenthas been chosen,without entering additional catalyst for
crystallization.

It wasrevealedthat the maximum valuesof dielectric constanthaveglass-crystallinesamples,
the degree ofcrystallization ofwhich is85 %, and the duration of heattreatment is30 hours.Based
on theresultsof X-ray diffraction and IR-spectroscopicstudiesof BaLa3[F,/AIB;0;],F7compound,
the possibleddmensionalstructuralmodel of thiscompound issuggested.

Receiveddata areusedfor the developmentof FGC,differing in wide temperaturerangeof the
phasetransition (AT-150%C)and high valuesof dielectric constant(6-10000).Designedglass-
ceramics have arelatively low temperatureof ferroelectricphasetransition (Tc-425+5"C).in
comparison withknown analogues(Tc-520+540%C).

A new typeof ferroelectricglass-ceramicssynthesizedon thebasisof low-melting systemhave
highly reproducibleproperties, asmallresidualpolarization, which creates anopportunity for their
widespreaduse inelectronic equipment.
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