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Âñòóï. Â³äêðèòòÿ ÿâèùà âèñîêîòåìïåðàòóðíî¿ íàä-
ïðîâ³äíîñò³ äëÿ êóïðàò³â ïîñòàâèëè ïåðåä íàóêîâöÿìè
âàæëèâ³ çàäà÷³, ïîâ’ÿçàí³ ç âèâ÷åííÿì ïðîöåñ³â îäåðæàí-
íÿ, ôàçîóòâîðåííÿ, ïîë³ïøåííÿ ñòðóêòóðíèõ òà åëåêòðî-
ô³çè÷íèõ õàðàêòåðèñòèê, îñê³ëüêè ìîæëèâîñò³ ïðàêòè÷íî-
ãî âèêîðèñòàííÿ âèñîêîòåìïåðàòóðíèõ íàäïðîâ³äíèõ
ìàòåð³àë³â (ÂÒÍÏ) çàëèøàþòüñÿ áàãàòîîá³öÿþ÷èìè äëÿ
ìåäèöèíè. Ìàãí³òí³ âëàñòèâîñò³ ÂÒÍÏ çíàéøëè ñâîº çàñ-
òîñóâàííÿ â òîìîãðàôàõ.

Ä³àìàãíåòèçì íàäïðîâ³äíèê³â – öå ïîâåðõíåâèé åôåêò,
ìàãí³òíå ïîëå íå ïðîíèêàº â òîâùó çðàçêà. Ïðîòå âîíî íå

ìîæå áóòè ïîâí³ñòþ âèøòîâõíóòè ç³ ñâîãî îáñÿãó ìåòàëó,
âêëþ÷àþ÷è éîãî ïîâåðõíþ. ²íàêøå íà ïîâåðõí³ ìàãí³òíå
ïîëå ñòðèáêîì çìåíøóºòüñÿ äî íóëÿ. ñòðóìîâèé øàð íå
ìàâ áè òîâùèíè, ³ ù³ëüí³ñòü ñòðóìó áóëà á íåñê³í÷åííîþ,
ùî ô³çè÷íî íåìîæëèâî. Îòæå, ìàãí³òíå ïîëå õî÷ òðîõè,
ïðîíèêàº â ïðîâ³äíèê. Ñàìå â öüîìó òîíêîìó ïðèïîâåðõ-
íåâîìó øàð³ ³ ïðîò³êàþòü íåçãàñàþ÷³ ñòðóìè, ÿê³ ³ åêðàí³-
çóþòü â³ä âïëèâó çîâí³øíüîãî ìàãí³òíîãî ïîëÿ îáëàñò³,
â³ääàëåí³ â³ä ïîâåðõí³. Òîâùèíà öüîãî øàðó, ÿêèé îòðè-
ìàâ íàçâó ãëèáèíè ïðîíèêíåííÿ ïîëÿ λ, º îäí³ºþ ç íàé-
âàæëèâ³øèõ õàðàêòåðèñòèê íàäïðîâ³äíèêà. Ãëèáèíà ïðî-
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Ðåçþìå. Óñï³õ ïðàêòè÷íîãî âèêîðèñòàííÿ ÂÒÍÏ ìàòåð³àë³â çàëåæèòü â³ä áàãàòüîõ âçàºìîçàëåæíèõ âëà-
ñòèâîñòåé íàäïðîâ³äíèê³â. Ñåðåä öèõ âëàñòèâîñòåé ÷èííå ì³ñöå ìàº õ³ì³÷íà ñòàá³ëüí³ñòü. Ñàìå òîìó
ïèòàííÿ ñòàá³ë³çàö³¿ íàäïðîâ³äíèõ âëàñòèâîñòåé ÂÒÍÏ ñïîëóê ìàº äóæå âàæëèâå ïðàêòè÷íå çíà÷åííÿ.
Ïèòàííÿ ñòàá³ë³çàö³¿ íàäïðîâ³äíèõ âëàñòèâîñòåé ÂÒÍÏ ñïîëóê ìàº äóæå âàæëèâå ïðàêòè÷íå çíà÷åííÿ.
Äîñë³äæåíî âïëèâ çàì³ùåííÿ Ln íà ÐÇÅ íà ñòàá³ë³çàö³þ íàäïðîâ³äíî¿ ôàçè, ùî º âàæëèâîþ ñêëàäîâîþ ó
âèð³øåíí³ ïèòàííÿ ùîäî ïîë³ïøåííÿ òåõí³÷íèõ õàðàêòåðèñòèê íàäïðîâ³äíèõ ìàòåð³àë³â. Ïðîâåäåíî
ñèíòåç çðàçê³â ó ñèñòåìàõ Er1-xAxBa2Cu3Oy (À=Pr, Tb, Ce: 0,05≤x≤0,5). Ñåð³¿ çðàçê³â ñèíòåçîâàíî çà êåðàì³-
÷íîþ òåõíîëîã³ºþ. Â êîæí³é ñèñòåì³ ïðîâåäåíî ðåíòãåíîãðàô³÷í³ äîñë³äæåííÿ ñèíòåçîâàíèõ ñïîëóê,
âèçíà÷åíî âì³ñò êèñíþ (ó) òà çàëåæí³ñòü éîãî âì³ñòó â³ä ñòóïåíÿ çàì³ùåííÿ ÐÇÅ, ùî º âàæëèâîþ ñêëàäî-
âîþ ó âèð³øåíí³ ïèòàííÿ ùîäî ïîë³ïøåííÿ òåõí³÷íèõ õàðàêòåðèñòèê íàäïðîâ³äíèõ ìàòåð³àë³â òà ïî-
äàëüøîãî ðîçâèòêó íàóêîâèõ ³ ìàòåð³àëîçíàâ÷èõ óÿâëåíü. Â³äîìî, ùî çì³íà âì³ñòó êèñíþ â ñïîëóêàõ Ln123,
âèêëèêàíå òåðìîîáðîáêîþ, ïðèâîäèòü äî ñòðóêòóðíèõ ôàçîâèõ ïåðåòâîðåíü, ÿê³ ò³ñíî ïîâ’ÿçàí³ ç³
çì³íîþ åëåêòðîííèõ òà ìàãí³òíèõ âëàñòèâîñòåé. Çá³ëüøåííÿ êèñíåâîãî ³íäåêñó ó ÿê ïðàâèëî îáóìîâëå-
íî çá³ëüøåííÿì êîíöåíòðàö³¿ ³íòåðêàëüîâàíîãî êèñíþ â CuO áàçèñíèõ ïëîùèíàõ. Äëÿ îïèñó ïðîöåñó çà-
ïîâíåííÿ CuO øàð³â êèñíåì òà óòâîðåííÿ âïîðÿäêîâàíèõ ñòðóêòóð â ðÿäó ðîá³ò áóëà âèêîðèñòàíà
äâîì³ðíà ìîäåëü ²çèíãà, ùî äîçâîëèëî ïðîâåñòè ðîçðàõóíîê ôàçîâèõ ä³àãðàì ñèíòåçîâàíèõ ñïîëóê. Â³äî-
ìèì º òîé ôàêò, ùî ç³ çá³ëüøåííÿì ê³ëüêîñò³ ³íòåðêàëüîâîíîãî êèñíþ â Ln123 êîíöåíòðàö³ÿ â³ëüíèõ
íîñ³¿â (ä³ðîê) çðîñòàº ïðîïîðö³éíî çì³íè êèñíåâîãî ³íäåêñó Îäíàê íà ìåæ³ ïåðåõîäó ç òåòðàãîíàëüíî¿
ôàçè â ðîìá³÷íó â³äáóâàþòüñÿ òàêîæ ôàçîâèé ïåðåõ³ä íàï³âïðîâ³äíèê-ìåòàë òà çíèêíåííÿ àíòèôåðî-
ìàãí³òíîãî âïîðÿäêóâàííÿ â CuO øàðàõ, ùî ïðîÿâëÿºòüñÿ â êîíöåíòðàö³éíèõ çàëåæíîñòÿõ òàêèõ âëàñ-
òèâîñòåé, ÿê ïðîâ³äí³ñòü, ä³åëåêòðè÷íà ïðîíèêí³ñòü òà ìàãí³òíà ñïðèéíÿòëèâ³ñòü. Âèâ÷åíà åëåêò-
ðîïðîâ³äí³ñòü çðàçê³â òà çíàéäåíà çàëåæí³ñòü íàäïðîâ³äíèõ âëàñòèâîñòåé â³ä òèïó çàì³ùóþ÷èõ àòîì³â.
Êëþ÷îâ³ ñëîâà: çàì³ùåííÿ, ðåíòãåíîãðàô³ÿ, òâåðäîôàçíèé ñèíòåç, íàäïðîâ³äíèêè, êèñíåâà ñòåõ³îìåòð³ÿ.
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íèêíåííÿ íå º ïîñò³éíîþ âåëè÷èíîþ – âîíà çàëåæèòü â³ä
òåìïåðàòóðè çðàçê³â. ×èì á³ëüøå òåìïåðàòóðà â³ä-
ð³çíÿºòüñÿ â³ä êðèòè÷íî¿, òèì íà ìåíøó ãëèáèíó äî çðàçêà
ïðîíèêàº ìàãí³òíå ïîëå. Ó ì³ðó íàáëèæåííÿ äî òåìïåðà-
òóðè ïåðåõîäó ìàãí³òíå ïîëå âñå ãëèáøå ïðîíèêàº â òîâ-
ùó çðàçêà. Ïîêè íàðåøò³ â ñàì³é òî÷ö³ ïåðåõîäó â íîð-
ìàëüíèé ñòàí íå çàõîïèòü âåñü îáñÿã ãàçó. Ïîáëèçó
êðèòè÷íî¿ òåìïåðàòóðè íàäïðîâ³äíèêè âæå íå º ³äåàëü-
íèìè ä³åëåêòðèêàìè.

Ñï³ëüíîþ ðèñîþ âñ³õ Cu-âì³ñíèõ ÂÒÍÏ ìàòåð³àë³â, â
òîìó ÷èñë³ ñïîëóê òèïó Ln123 º íàëåæí³ñòü äî ïåðîâñê³òî-
ïîä³áíèõ ñïîëóê [3].

Ñïîëóêè LnBa2Cu3O7-? ìîæóòü ³ñíóâàòè ó âèãëÿä³ îðòî-
ðîìá³÷íî¿ (íàäïðîâ³äíî¿) ³ òåòðàãîíàëüíî¿ (íåíàäïðîâ³äíî¿)
ôàç â çàëåæíîñò³ â³ä çíà÷åííÿ ïàðàìåòðó d. ² îðòîðîìá³÷-
íà, ³ òåòðàãîíàëüíà ôàçè õàðàêòåðèçóºòüñÿ íàäñòðóêòóðîþ
ç ïàðàìåòðàìè åëåìåíòàðíî¿ êîì³ðêè, ïîâ’ÿçàíèìè ç ïà-
ðàìåòðàìè ïåðîâñê³òíî¿ êîì³ðêè àï≅3,8 A ñï³ââ³äíîøåí-
íÿìè: à b aï; ñ 3àï. Ïîòðîºíèé íàäïåð³îä ïî îñ³ ñ óòâî-
ðþºòüñÿ çà ðàõóíîê âïîðÿäêîâàíîãî ðîçòàøóâàííÿ ïî
êðèñòàëîãðàô³÷íèì ïîçèö³ÿì êàò³îí³â ð³äê³ñíîçåìåëüíî-
ãî åëåìåíòó ³ áàð³þ. ²îíè ì³ä³ çàéìàþòü â ñòðóêòóð³ ÿê
òåòðàãîíàëüíî¿ òàê ³ îðòîðîìá³÷íî¿ ôàç äâ³ íååêâ³âàëåíòí³
ïîçèö³¿ Cu(1) ³ Cu(2). Â îðòîðîìá³÷í³é êðèñòàë³÷í³é ñòðóê-
òóð³ íà îäíó ôîðìóëüíó îäèíèöþ ïðèïàäàº äâà øàðè
CuO2 òà îäèí ëàíöþã CuÎ. Òàêà ñïîëóêà º íàäïðîâ³äíèêîì
ç Òñ äî 100 Ê. Òåòðàãîíàëüíà ñòðóêòóðà íå âîëîä³º íàäïðî-
â³äíèìè âëàñòèâîñòÿìè. Òàêèé îðòî-òåòðà ïåðåõ³ä
çä³éñíþºòüñÿ ÷åðåç çì³íó êèñíåâîãî ³íäåêñó, ÿê íàñë³äîê
ëàíöþãè âòðà÷àþòü ñâ³é äîâãî ë³í³éíèé ïîðÿäîê, ñòðóê-
òóðà ñòàº òåòðàãîíàëüíîþ

Íàäïðîâ³äíà ôàçà YBa2Cu4O8 áóëà âïåðøå â³äêðèòà ÿê
÷àñòèíà ïëàíàðíîãî äåôåêòó â òîíêèõ ïë³âêàõ YBa2Cu3O6
òà îäðàçó áóëà âèçíà÷åíà ÿê íàäïðîâ³äíèê ç Òñ=80 Ê. Öÿ
ñïîëóêà ìàëà êðàùó òåðì³÷íó ñòàá³ëüí³ñòü â ïîð³âíÿíí³ ç
YBa2Cu3O6. ̄ ¿ â³äíîñíî íèçüêà òåìïåðàòóðà ïåðåõîäó â íàä-
ïðîâ³äíèé ñòàí (80 Ê) ï³äâèùóâàëàñÿ äî 90 Ê ïðè ÷àñòêîâî-
ìó çàì³ùåíí³ àòîì³â ³òð³þ êàëüö³ºì. Ç òî÷êè çîðó ïðèêëàä-
íèõ çàäà÷, Y124 ìàº á³ëüøèé ïîòåíö³àë çàñòîñóâàííÿ â
ð³çíîìàí³òíèõ òåõíîëîã³÷íèõ ïðîöåñàõ, í³æ Y123 [4, 5].

Ó çâ’ÿçêó ç ïåðñïåêòèâàìè ïðàêòè÷íîãî âèêîðèñòàííÿ
ÂÒÍÏ-ìàòåð³àë³â îñîáëèâó óâàãó ïðèä³ëÿþòü âèâ÷åííþ
âïëèâó ëåãóþ÷èõ äîáàâîê íà âëàñòèâîñò³ ÂÒÍÏ êåðàì³êè.

Â³äîìî, ùî ³òð³ºâà êåðàì³êà YBa2Cu3Oy º âèñîêîòåìïå-
ðàòóðíèì íàäïðîâ³äíèêîì ç Òñ=92Ê [3,4]. Çà äàíèìè [1],
çàì³ùåííÿ ³òð³þ â ñïîëóö³ YBa2Cu3Oy (123) íà ÐÇÅ, êð³ì
Ce, Pr, Tb, Pm, ìàéæå íå âïëèâàº íà òåìïåðàòóðó ïåðåõîäó
â íàäïðîâ³äíèé ñòàí (Òñ 90Ê). Ìîæíà ïîì³òèòè, ùî ïðè
çá³ëüøåíí³ ³îííîãî ðàä³óñó ³îí³â Ln3+ (LnBa2Cu3Oy) Òñ òðî-
õè ï³äâèùóºòüñÿ â³ä ëþòåö³þ äî íåîäèìó, à ïîò³ì çíè-
æóºòüñÿ äî ëàíòàíó. Íàäïðîâ³äí³ 123-ôàçè íà îñíîâ³ Ce, Pr,
Tb íå óòâîðþþòüñÿ [6].

Äëÿ âèâ÷åííÿ ìîæëèâîñòåé ñòàá³ë³çàö³¿ ÷è íàâ³òü ïî-
ë³ïøåííÿ íàäïðîâ³äíèõ âëàñòèâîñòåé áóëî äîñë³äæåíî
âïëèâ çàì³ùåííÿ Er íà Ln (Ln=Pr, Tb, Ce) â ñèñòåìàõ â³äïî-
â³äíî Er1-xAxBa2Cu3Oy (À=Pr, Tb, Ce: 0,05≤x≤0,5).

Ìåòîþ äàíî¿ ðîáîòè º ñèíòåç çðàçê³â ³ âèâ÷åííÿ íàä-
ïðîâ³äíèõ âëàñòèâîñòåé ÂÒÍÏ-ìàòåð³àë³â Er124, Er123 ç
÷àñòêîâèì çàì³ùåííÿì åðá³þ íà Pr, Tb, Ce.

Ìàòåð³àëè òà ìåòîäè. Çðàçêè ñèñòåìè Er1-

xAxBa2Cu3Oy (À=Pr, Tb, Ce: 0,05≤x≤0,5) âèãîòîâëÿëè ìåòî-
äîì òâåðäîôàçíîãî ñèíòåçó ç Y2O3 ÷., Er (NO3)3 ÷., CeO2 ÷.,
BaCO3 ÷.ä.à., CuO ÷.ä.à. Âì³ñò îñíîâíîãî êîìïîíåíòó âèç-
íà÷èëè ìåòîäîì òðèëîíîìåòðè÷íîãî òèòðóâàííÿ.
Ñóì³ø³ â³äïîâ³äíèõ îêñèä³â òà êàðáîíàòó ìåòàë³â ðåòåëü-
íî ãîìîãåí³çóâàëè â àãàòîâ³é ñòóïö³. Ñï³êàííÿ çðàçê³â
ïðîâîäèëè ïðè òåìïåðàòóð³ 100-900îÑ ïðîòÿãîì 5 ãîä. ç
ïîñòóïîâèì ï³äâèùåííÿì òåìïåðàòóðè 100î/30 õâ. Ïðè
ìàêñèìàëüí³é òåìïåðàòóð³ (900îÑ) çðàçêè âèòðèìóâàëè
168 ãîä. Ïîò³ì çðàçêè îõîëîäæóâàëè. Îäåðæàíó øèõòó ùå
ðàç ïåðåòèðàëè, ïðåñóâàëè òàáëåòêè. Â³äïàëþâàëè ïðîòÿ-
ãîì 6 ãîä. â àòìîñôåð³ êèñíþ ç ïîñòóïîâèì çíèæåííÿì
òåìïåðàòóðè ç 900îÑ äî 450îÑ òà îõîëîäæóâàëè ðàçîì ç
ï³÷÷þ.

Ðåíòãåíîãðàô³÷í³ äîñë³äæåííÿ ïðîâîäèëè íà ïîðîø-
êàõ òà òàáëåòêàõ (ÄÐÎÍ-3Ì; CuKa âèïðîì³íþâàííÿ ç
Ni-ô³ëüòðîì). Ðåçèñòèâí³ âèì³ðþâàííÿ ïðîâîäèëè â
³íòåðâàë³ òåìïåðàòóð 300-78Ê ñòàíäàðòíèì ÷îòèðüîõ-
êîíòàêòíèì ìåòîäîì ç âèêîðèñòàííÿì ³íä³é-ãàë³ºâî¿
åâòåêòèêè.

Âì³ñò êèñíþ âèçíà÷àëè ìåòîäîì éîäîìåòðè÷íîãî
òèòðóâàííÿ [2].

Ðåçóëüòàòè òà îáãîâîðåííÿ. Ñèíòåçîâàíî ñåð³þ
çðàçê³â Ln-123 ôàçè ìåòîäîì êåðàì³÷íîãî ñèíòåçó, ùî
â³äïîâ³äàþòü ñêëàäó LnBa2Cu3Oy, äå Ln = Y, Eu, Er.

Äëÿ çðàçê³â ñêëàäó Er1-xAxBa2Cu3Oy (A – Pr, Tb, Ce)
(0 ≤ x ≤0,5) òàêîæ áóëè ïðîâåäåí³ ðåíòãåíîãðàô³÷í³ äîñë³-
äæåííÿ, ÿê³ ïîêàçàëè, ùî îáëàñòü ãîìîãåííîñò³ äëÿ ñèñòåìè
Er1-xAxBa2Cu3Oy, äå A – Pr ñêëàäàº 0 ≤ x ≤ 0,3, äëÿ A – Tb –
0 ≤ x ≤ 0,2, äëÿ A – Ce – 0 ≤ x ≤ 0,3. Òàêèì ÷èíîì äëÿ
ñèñòåìè Er1-xAxBa2Cu3Oy (A – Pr, Tb, Ce) íàéá³ëüøó îá-
ëàñòü ãîìîãåííîñò³ ìàþòü çðàçêè ç á³ëüøèì çíà÷åííÿì
³îííîãî ðàä³óñó í³æ Eu: A – Pr, Ce.

Îòðèìàí³ äèôðàêòîãðàìè çðàçê³â ñêëàäó Er1-

xAxBa2Cu3Oy (A – Pr, Tb, Ce) (0 ≤ x ≤ 0,5) ïîêàçóþòü, ùî ïðè
çíà÷åííÿõ õ ≥ 0,4 äëÿ Er1-xAxBa2Cu3Oy (A – Pr, Ce) òà õ ≥ 0,3
äëÿ Er1-xTbxBa2Cu3Oy ïîðÿä ³ç ôàçîþ Er123 ó çðàçêàõ ñïîñ-
òåð³ãàþòüñÿ äîì³øêè.

Ìåòîäîì ïðîñâ³÷óþ÷î¿ åëåêòðîííî¿ ì³êðîñêîï³¿
(ÏÅÌ) äëÿ óòî÷íåííÿ ñêëàäó ôàç çà äàíèìè ðåíòãåíîãðà-
ô³÷íîãî àíàë³çó áóëî äîñë³äæåíî ì³êðîñòðóêòóðó çðàçê³â
Er1-xAxBa2Cu3Oy (A – Pr, Tb, Ce). Íà ðèñ. 1. íàâåäåíî ïðè-
êëàäè ì³êðîôîòîãðàô³é çðàçê³â îòðèìàíèõ ìåòîäîì ïðî-
ñâ³÷óþ÷î¿ åëåêòðîííî¿ ì³êðîñêîï³¿.

Òàê íàïðèêëàä, ïîêàçàíî, ùî ñòðóêòóðà çðàçêà
Er0.95Tb0.05Ba2Cu3Oy (ðèñ. 1. à) º îäíîð³äíîþ ³ äëÿ íå¿ õàðàê-
òåðí³ äîñèòü ÷³òê³ çåðíà. Ñï³âñòàâëåííÿ äàíèõ ïðîñâ³÷óþ-
÷î¿ åëåêòðîííî¿ ì³êðîñêîï³¿ ³ ðåíòãåíîãðàô³÷íîãî àíàë³çó
äîçâîëÿº ãîâîðèòè ïðî òå, ùî ñêëàä ãîìîãåííèõ çðàçê³â
Er1-xAxBa2Cu3Oy (A – Pr, Tb, Ce) â³äïîâ³äàº ôàç³ Er123. Ç³
çá³ëüøåííÿ ñòóïåíÿ çàì³ùåííÿ õ, çîêðåìà ó âèïàäêó
x=0,3 äëÿ Er1-xTbxBa2Cu3Oy (ðèñ. 1. á), ïîðÿä ç á³ëüø êðóï-
íèìè çåðíàìè ôàçè Er123 ç’ÿâëÿºòüñÿ âåëèêà ê³ëüê³ñòü
äð³áíèõ çåðåí, ÿê³ ìîæíà ³äåíòèô³êóâàòè ÿê äîì³øêîâ³
ôàçè. Ö³ äàí³ óçãîäæóþòüñÿ ç äàíèìè ðåíòãåíîãðàô³÷íî-
ãî àíàë³çó.

Ðåíòãåíîãðàô³÷í³ äîñë³äæåííÿ ïîêàçàëè, ùî â ñèñòåì³
Er1-xAxBa2Cu3Oy (A – Pr, Tb, Ce) (0 ≤ x ≤ 0,5) ç³ çá³ëüøåííÿì
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ñòóïåíÿ çàì³ùåííÿ õ ïàðàìåòð ñ çá³ëüøóºòüñÿ, ïàðàìåòð
à çì³íþºòüñÿ íå îäíàêîâî â ð³çíèõ ñèñòåìàõ çàëåæíî â³ä
çàì³ùóþ ÷îãî àòîìó: çì³íþºòüñÿ çèãçàãîïîä³áíî ó ãîìî-
ãåííèõ ñèñòåìàõ Er1-xTbxBa2Cu3Oy, çá³ëüøóºòüñÿ ó Er1-

xPrxBa2Cu3Oy òà Er1-xCexBa2Cu3Oy. Àëå îñòàíí³é ôàêò íå
ìàº âèð³øàëüíîãî çíà÷åííÿ íà çàêîíîì³ðíîñò³ çì³íè îá-
’ºìó åëåìåíòàðíî¿ êîì³ðêè, çíà÷åííÿ ÿêî¿ çðîñòàº ³ç
çá³ëüøåííÿì ñòóïåíÿ çàì³ùåííÿ õ äëÿ ãîìîãåííèõ çðàçê³â
óñ³õ ñèñòåì (òàáë.1). Öå ïîâ’ÿçàíî ç á³ëüøèìè çíà÷åííÿìè
³îííèõ ðàä³óñ³â êàò³îí³â ð³äê³ñíîçåìåëüíèõ åëåìåíò³â â
ïîð³âíÿíí³ ç ³îííèì ðàä³óñîì Er3+.

Òàêèì ÷èíîì âèçíà÷åíî çàãàëüíèé âì³ñò êèñíþ äëÿ
ãîìîãåííèõ çðàçê³â â óñ³õ ñèíòåçîâàíèõ ñèñòåì. Â ñèñòåì³
Er1-xTbxBa2Cu3Oy (0 ≤ x ≤ 0,5) ÷³òêî¿ çì³íè çíà÷åííÿ ó çàëåæ-
íî â³ä ñòóïåíþ çàì³ùåííÿ åðá³þ íà òåðá³é íå âèÿâëåíî,
çíà÷åííÿ ó çì³íþþòüñÿ çèãçàãîïîä³áíî. Â ñèñòåì³ Er1-

xPrxBa2Cu3Oy (0 £ x £ 0,5) ñïîñòåð³ãàºòüñÿ òåíäåíö³ÿ äî çíè-
æåííÿ âì³ñòó êèñíþ, õî÷à öå çíèæåííÿ º äóæå íåçíà÷íèì.
Äëÿ ñèñòåìè Er1-xCexBa2Cu3Oy (0 ≤ x ≤ 0,5) ³ç çá³ëüøåííÿì
ñòóïåíÿ çàì³ùåííÿ õ çíà÷åííÿ ó ïðàêòè÷íî íå çì³íþºòüñÿ
³ ëåæèòü â ìåæàõ ïîõèáêè åêñïåðèìåíòó â³ä 6,96 äî 7,00.

Âñòàíîâëåíî, ùî â óñ³õ äîñë³äæóâàíèõ ñèñòåìàõ Er1-

xAxBa2Cu3Oy (A – Pr, Tb, Ce) çá³ëüøåííÿ ñòóïåíÿ çàì³ùåí-
íÿ õ ïðèçâîäèòü äî çìåíøåííÿ îðòîðîìá³÷íî¿ äåôîð-
ìàö³¿ êðèñòàë³÷íî¿ ãðàòêè ³ ñòàá³ë³çàö³¿ òåòðàãîíàëüíî¿
ôàçè. Ñïîëóêè Er123 º ñòðóêòóðíèìè àíàëîãàìè ñïîëóêè
Y123, òîìó ³ â äàíèõ ñèñòåìàõ Er1-xAxBa2Cu3Oy (A – Pr, Tb,
Ce) ìîæíà ïîáà÷èòè àíàëîã³÷íèé ïåðåõ³ä â³ä îðòîðîìá³÷-
íî¿ äî òåòðàãîíàëüíî¿ ôàçè. Öåé ôàêò ï³äòâåðäæåíèé ðåí-
òãåíîñòðóêòóðíèìè äîñë³äæåííÿìè. Ó ñïîëóêàõ â ìåæàõ
ñèñòåìè Er1-xAxBa2Cu3Oy (A – Pr, Tb, Ce) ìîæíà ñïîñòåð³-
ãàòè çì³íó ðåíòãåí³âñüêèõ ðåôëåêñ³â îðòîðîìá³÷íî¿ ôàçè
(020, 200) ³ òåòðàãîíàëüíî¿ ôàçè (006) ïðè çá³ëüøåíí³ ñòó-
ïåíÿ çàì³ùåííÿ x. Â ìåæàõ êóò³â 46 ≤ 2θ ≤ 47 ïðè 0 ≤ x ≤ 0,2
äëÿ Er1-xTbxBa2Cu3Oy òà 0 ≤ x ≤ 0,3 Er1-xAxBa2Cu3Oy (A – Pr,
Ce) ï³êè 020 ³ 200, ùî â³äïîâ³äàþòü îðòîðîìá³÷í³é ôàç³
ñïîñòåð³ãàþòüñÿ îêðåìî. Ïðè ïåðåõîä³ îðòîðîìá³÷íî¿
ôàçè äî òåòðàãîíàëüíî¿ ö³ ï³êè ç’ºäíóþòüñÿ ³ óòâîðþºòüñÿ
îäèí 006, ùî â³äïîâ³äàº òåòðàãîíàëüí³é ôàç³.

Âèñíîâêè. Ðåçèñòèâí³ âèì³ðþâàííÿ çðàçê³â ñïîëóê ó
ñèñòåìàõ Er1-xAxBa2Cu3Oy (A – Pr, Tb, Ce) â ³íòåðâàë³ òåì-
ïåðàòóð 77 300 Ê ïîêàçàëè, ùî íàäïðîâ³äíèé ïåðåõ³ä ïðè

à

Òàáëèöÿ 1.
Ïàðàìåòðè êðèñòàë³÷íèõ ãðàòîê, òåìïåðàòóðè ïåðåõîäó ó íàäïðîâ³äíèé ñòàí òà âì³ñò êèñíþ

äëÿ ãîìîãåííèõ ñèñòåì Er1-xAxBa2Cu3Oy (A – Pr, Tb, Ce) (0 £ x £ 0,5)

á
Ðèñ.1. ÏÅÌ ôîòîãðàô³¿ çðàçê³â ñêëàäó Er1-xTbxBa2Cu3Oy,

õ=0,05 (à), õ=0,3 (á)
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Ðèñ. 2. Çàëåæí³ñòü åëåêòðè÷íîãî îïîðó â³ä òåìïåðàòóðè
äëÿ çðàçêà Eu0.95Tb0.05Ba2Cu3Oy,

òåìïåðàòóð³ âèùå 77 Ê ñïîñòåð³ãàºòüñÿ ëèøå äëÿ Er1-x
TbxBa2Cu3Oy. Äëÿ çðàçê³â Er1-xPr(Ce)xBa2Cu3Oy (0 ≤ x ≤ 0,5)
íàäïðîâ³äí³ñòü â ³íòåðâàë³ òåìïåðàòóð 77 300 Ê íå âèÿâëå-
íî. Çðàçêè Er1-xTbxBa2Cu3Oy (0 ≤ x ≤ 0,5) ç³ ñòóïåíåì çàì³-
ùåííÿ á³ëüøå 0,05 ïðè òåìïåðàòóðàõ âèùå 77 Ê â íàäïðî-
â³äíèé ñòàí íå ïåðåõîäÿòü (ðèñ. 2).

Ïðîòå áàãàòî÷èñåëüí³ äîñë³äæåííÿ ÂÒÍÏ ìàòåð³àë³
ïîêàçàëè, ùî ³ñíóþòü ñóòòºâ³ òðóäíîù³ â îäåðæàíí³
çðàçê³â ç â³äòâîðþâàíèìè âëàñòèâîñòÿìè. Êð³ì òîãî, âëàñ-
òèâîñò³ êåðàì³÷íèõ ìàòåð³àë³â â á³ëüøîñò³ âèïàäê³â ñóòòº-
âî çàëåæàòü â³ä òåìïåðàòóðíèõ ðåæèì³â îáðîáêè, õ³ì³÷íî-
ãî ñêëàäó, ñåðåäîâèùà òà âì³ñòó êèñíþ. Ïðè÷îìó ñàìå
íàÿâí³ñòü êèñåíü-äåô³öèòíèõ îáëàñòåé ðîçãëÿäàºòüñÿ áà-
ãàòüìà äîñë³äíèêàìè ÿê íàéá³ëüø éìîâ³ðíèé ìåõàí³çì óò-
âîðåííÿ öåíòð³â ï³íí³íãó. Òîìó îñîáëèâèé ³íòåðåñ âèêëè-
êàº ÿâèùå êèñíåâî¿ ñòåõ³îìåòð³¿ â ìàòåð³àëàõ íà îñíîâ³
íàäïðîâ³äíî¿ êåðàì³êè ñêëàäó Ln123, îñê³ëüêè ñàìå âì³ñò
êèñíþ ñóòòºâî âïëèâàº íà åëåêòðîô³çè÷í³ òà ñòðóêòóðí³
âëàñòèâîñò³ öèõ ñêëàäíèõ îêñèä³â.

Òàêèì ÷èíîì, ïîøóê òà äîñë³äæåííÿ âçàºìîçâ’ÿçêó
ì³æ õ³ì³÷íèì ñêëàäîì, ñòðóêòóðîþ, åëåêòðîô³çè÷íèìè
âëàñòèâîñòÿìè, êèñíåâîþ ñòåõ³îìåòð³ºþ, âïëèâó íà âåëè-
÷èíó êèñíåâîãî ³íäåêñó ðåæèì³â òà ñåðåäîâèùà òåðì³÷íî¿
îáðîáêè, à òàêîæ ëåãóþ÷èõ äîáàâîê, äîçâîëÿþòü îäåðæó-
âàòè äàí³, íåîáõ³äí³ äëÿ ïîêðàùåííÿ òåõí³÷íèõ ïàðàìåòð³â
ÂÒÍÏ-ìàòåð³àë³â, äëÿ ðîçóì³ííÿ ïðèðîäè òà ìåõàí³çì³â
âèñîêîòåìïåðàòóðíî¿ íàäïðîâ³äíîñò³ ³ äëÿ ïîäàëüøîãî
ïðàêòè÷íîãî çàñòîñóâàííÿ.

Ðåöåíçåíò: ÷ëåí-êîð. ÍÀÏÍ Óêðà¿íè, ä.ô³ç.-ìàò.í.
ïðîôåñîð., Î.Â. ×àëèé

Êîíôë³êò ³íòåðåñ³â.
Àâòîð çàÿâëÿº, ùî íå ìàº êîíôë³êòó ³íòåðåñ³â, ÿêèé

ìîæå ñïðèéìàòèñÿ òàêèì, ùî ìîæå çàâäàòè øêîäè
íåóïåðåäæåíîñò³ ñòàòò³.

Äæåðåëà ô³íàíñóâàííÿ.
Öÿ ñòàòòÿ íå îòðèìàëà ô³íàíñîâî¿ ï³äòðèìêè â³ä

äåðæàâíî¿, ãðîìàäñüêî¿ àáî êîìåðö³éíî¿ îðãàí³çàö³é.
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Òèìîùóê Î.Á.
Íàöèîíàëüíûé ìåäèöèíñêèé óíèâåðñèòåò
èìåíè Î.Î.Áîãîìîëüöà, ã. Êèåâ, Óêðàèíà

Ðåçþìå. Óñïåõ ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ ÂÒÑÏ
ìàòåðèàëîâ çàâèñèò îò ìíîãèõ âçàèìîñâÿçàííûõ
ñâîéñòâ ñâåðõïðîâîäíèêîâ. Ñðåäè ýòèõ ñâîéñòâ äåéñòâó-
þùåå ìåñòî äîëæíî õèìè÷åñêàÿ ñòàáèëüíîñòü. Èìåííî
ïîýòîìó âîïðîñ ñòàáèëèçàöèè ñâåðõïðîâîäÿùèõ
ñâîéñòâ ÂÒÑÏ ñîåäèíåíèé èìååò î÷åíü âàæíîå ïðàêòè-
÷åñêîå çíà÷åíèå. Âîïðîñ ñòàáèëèçàöèè ñâåðõïðîâîäÿ-
ùèõ ñâîéñòâ ÂÒÑÏ ñîåäèíåíèé èìååò î÷åíü âàæíîå
ïðàêòè÷åñêîå çíà÷åíèå. Èññëåäîâàíî âëèÿíèå çàìå-
ùåíèÿ Ln íà ÐÇÝ íà ñòàáèëèçàöèþ ñâåðõïðîâîäÿùåé
ôàçû, ÿâëÿåòñÿ âàæíîé ñîñòàâëÿþùåé â ðåøåíèè âîï-
ðîñà ïî óëó÷øåíèþ òåõíè÷åñêèõ õàðàêòåðèñòèê ñâåðõ-
ïðîâîäÿùèõ ìàòåðèàëîâ. Ïðîâåäåí ñèíòåç îáðàçöîâ â
ñèñòåìàõ Er1-xAxBa2Cu3Oy (À = Pr, Tb, Ce: 0,05d”xd”0,5).
Ñåðèè îáðàçöîâ ñèíòåçèðîâàíû ïî êåðàìè÷åñêîé òåõ-
íîëîãèè. Â êàæäîé ñèñòåìå ïðîâåäåíèÿ ðåíòãåíîãðàôè-
÷åñêèå èññëåäîâàíèÿ ñèíòåçèðîâàííûõ ñîåäèíåíèé,
îïðåäåëåíî ñîäåðæàíèå êèñëîðîäà (â) è çàâèñèìîñòü
åãî ñîäåðæàíèÿ îò ñòåïåíè çàìåùåíèÿ ÐÇÝ, ÷òî ÿâëÿåòñÿ
âàæíîé ñîñòàâëÿþùåé â ðåøåíèè âîïðîñà ïî óëó÷øå-
íèþ òåõíè÷åñêèõ õàðàêòåðèñòèê ñâåðõïðîâîäÿùèõ ìàòå-
ðèàëîâ è äàëüíåéøåãî ðàçâèòèÿ íàó÷íûõ è ìàòåðèàëî-
âåä÷åñêèõ ïðåäñòàâëåíèé. Èçâåñòíî, ÷òî èçìåíåíèå
ñîäåðæàíèÿ êèñëîðîäà â ñîåäèíåíèÿõ Ln123, âûçâàí-
íîå òåðìîîáðàáîòêîé, ïðèâîäèò ê ñòðóêòóðíûì ôàçîâûõ
ïðåâðàùåíèé, êîòîðûå òåñíî ñâÿçàíû ñ èçìåíåíèåì
ýëåêòðîííûõ è ìàãíèòíûõ ñâîéñòâ. Óâåëè÷åíèå êèñëî-
ðîäíîãî èíäåêñà â îáû÷íî îáóñëîâëåíî óâåëè÷åíèåì
êîíöåíòðàöèè èíòåðêàëüîâàíîãî êèñëîðîäà â CuO áà-
çèñíûõ ïëîñêîñòÿõ. Äëÿ îïèñàíèÿ ïðîöåññà çàïîëíå-
íèÿ CuO ñëîåâ êèñëîðîäîì è îáðàçîâàíèÿ óïîðÿäî÷åí-
íûõ ñòðóêòóð â ðÿäó ðàáîò áûëà èñïîëüçîâàíà
äâóõìåðíàÿ ìîäåëü Èçèíãà, ÷òî ïîçâîëèëî ïðîâåñòè
ðàñ÷åò ôàçîâûõ äèàãðàìì ñèíòåçèðîâàííûõ ñîåäèíå-
íèé. Èçâåñòíûì ÿâëÿåòñÿ òîò ôàêò, ÷òî ñ óâåëè÷åíèåì
êîëè÷åñòâà èíòåðêàëüîâîíîãî êèñëîðîäà â Ln123 êîí-
öåíòðàöèÿ ñâîáîäíûõ íîñèòåëåé (äûðîê) ðàñòåò ïðî-
ïîðöèîíàëüíî èçìåíåíèþ êèñëîðîäíîãî èíäåêñà Îä-
íàêî íà ãðàíè ïåðåõîäà èç òåòðàãîíàëüíîé ôàçû â
ðîìáè÷åñêóþ ïðîèñõîäÿò òàêæå ôàçîâûé ïåðåõîä ïîëó-
ïðîâîäíèê-ìåòàëë è èñ÷åçíîâåíèÿ àíòèôåððîìàãíèò-
íîãî óïîðÿäî÷åíèÿ â CuO ñëîÿõ, ïðîÿâëÿåòñÿ â êîí-
öåíòðàöèîííûõ çàâèñèìîñòÿõ òàêèõ ñâîéñòâ, êàê
ïðîâîäèìîñòü, äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü è ìàã-
íèòíàÿ âîñïðèèì÷èâîñòü. Èçó÷åíà ýëåêòðîïðîâîäíîñòü
îáðàçöîâ è íàéäåíà çàâèñèìîñòü ñâåðõïðîâîäÿùèõ
ñâîéñòâ îò òèïà çàìåùàþùèõ àòîìîâ.

Êëþ÷åâûå ñëîâà: çàìåùåíèå, ðåíòãåíîãðàôèÿ,
òâåðäîôàçíûé ñèíòåç, ñâåðõïðîâîäíèêè, êèñëîðîäíàÿ
ñòåõèîìåòðèÿ.

THE MAGNETIC PROPERTIES
OF HIGH-TEMPERATURE SUPERCONDUCTORS

O. Tymochshuk
Bogomolets National Nedical University, Kyiv, Ukraine

Summary. The success of the practical use of HTS
materials depends on many interrelated properties of
superconductors. These properties has chemical stability.
That is why the question of stabilizing the superconducting
properties of HTSC compounds has a very important
practical significance. The effect of substitution of Ln for the
rare earth elements was analysed, it is an important
element in deciding ho whether to improve technical
characteristics of superconducting materials. The
synthesis of samples was made in systems Er1-

xAxBa2Cu3Oy (A = Pr, Tb, Ce: 0,05d”xd”0,5) by ceramic
technology. In each system radiographic study of the
synthesized compounds was performed, oxygen content
was determined and dependence of its content on the
degree of substitution of REE, which is an important
element in deciding whether to improve technical
characteristics of superconducting materials and further
development of scientific ideas and material science. Well
known that the change of oxygen content in compounds
Ln123, caused by heat treatment, leads to structural phase
transitions, which are closely related to changes in the
electronic and magnetic properties. The increase in
concentration of intercalated oxygen in intercalated basis
CuO planes causes the increase of oxygen index y. Two-
dimensional Ising model was used to describe the
process of filling CuO layers with oxygen and the formation
of ordered structures in a number of works, which allowed
to calculate the phase diagrams of the synthesized
compounds. Well known that an increasing number of
intercalated oxygen Ln123 causes to increasing
concentration of free carriers (holes) in proportion to
changes in oxygen index. However, a phase
semiconductor-metal transition occurs on the verge of
transition from tetragonal phase to rhombic and
disappearance of antiferromagnetic ordering in the CuO
layers. It is showing in the concentration dependences of
properties such as conductivity, permittivity and magnetic
susceptibility. Electrical conductivity of the samples was
studied and the dependence of the superconducting
properties of the type of replacement atoms was found.

Key words: replacement, X-ray, solid-phase synthesis,
superconductors, oxygen stoichiometry.




