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ÐIÇÄÂßÍI ÄÈÑÊÓÑI� 2015

12 ñi÷íÿ 2015 ðîêó

10:00 Âiäêðèòòÿ. I. Âàêàð÷óê

Ãîëîâóþ÷èé: I. Âàêàð÷óê

10:00+ε�10:20 Î. Ïîïåëü, Ïðîôåñîð Ìiëiÿí÷óê i ôiçè÷íèé ôàêóëüòåò
Ëüâiâñüêîãî óíiâåðñèòåòó

10:20�10:45 Õ. Ìiëiÿí÷óê, Ãiäðèäè iíòåðìåòàëi÷íèõ ñïîëóê

10:45�11:30 Á. Íîâîñÿäëèé, Òåìíà åíåðãiÿ íà êîñìîëîãi÷íèõ òà àñòðîôiçè÷íèõ ìàñøòàáàõ:
âëàñòèâîñòi òà ïðîáëåìè

11:30�12:00 Êàâà

12:00�12:45 Þ. Äóáëåíè÷, Íåñïiââèìiðíi îäíîêóòîâi ñïiðàëüíi âïîðÿäêîâàííÿ
êëàñè÷íèõ Ãåéçåíáåðãîâèõ ñïiíiâ íà  ðàòêàõ iç òðèêóòíèõ äðàáèíîê

12:45�13:30 À. Äóâiðÿê, Ïðî íåôiçè÷íi ðîçâ'ÿçêè ðåëÿòèâiñòè÷íèõ ðiâíÿíü ðóõó

Ãîëîâóþ÷èé: Þ. Ãîëîâà÷

15:00�15:45 À. Øâàéêà, Âïëèâ ëîêàëüíèõ i íåëîêàëüíèõ êîðåëÿöié
íà òåðìîåëåêòðè÷íi âëàñòèâîñòi ñèëüíîñêîðåëüîâàíèõ åëåêòðîííèõ ñèñòåì

15:45�16:30 É. Ãóìåíþê, �ðàäi¹íòíi âíåñêè â òåðìîäèíàìi÷íi âåëè÷èíè ãàçó
íèçüêî¨ ãóñòèíè ó òåïëîïðîâiäíîìó ñëàáîíåðiâíîâàæíîìó ñòàöiîíàðíîìó ñòàíi

16:30�17:00 Êàâà

17:00�17:20 À. Êóçüìàê, Êâàíòîâà åâîëþöiÿ íà òîði

17:20�17:40 M. Krasnytska, B. Berche, Yu. Holovatch, R. Kenna, Violation of the Lee Yang
circle theorem for the Ising model on a complex network

17:40�18:00 Î. Ìðèãëîä, Îöiíþâàííÿ ïðèâàáëèâîñòi íàóêîâèõ ïóáëiêàöié
øëÿõîì àíàëiçó ñòàòèñòèêè ¨õ îíëàéí çàâàíòàæåíü

18:00�18:20 Â. Âàñþòà, Àòîì âîäíþ â ïðîñòîði çi ñïiíîâîþ íåêîìóòàòèâíiñòþ êîîðäèíàò



13 ñi÷íÿ 2015 ðîêó

Ãîëîâóþ÷èé: Â. Òêà÷óê

10:00�10:45 V. Dotsenko, Yu. Holovatch, Universal free energy distribution in the critical point
of a random Ising ferromagnet

10:45�11:30 À. Âäîâè÷, À. Ìî¨íà, Ð. Ëåâèöüêèé, I. Çà÷åê, Åëåêòðîêàëîðè÷íèé åôåêò
â ñåãíåòîåëåêòðèêàõ òèïó KH2PO4

11:30�12:00 Êàâà

12:00�12:45 Î. Ñåðãi¹íêî, Á. Íîâîñÿäëèé, Âiäëóííÿ Âåëèêîãî Âèáóõó:
÷è �áà÷èìî� ìè ðåëiêòîâi ãðàâiòàöiéíi õâèëi?

12:45�13:30 Â. Iãíàòþê, Â. Ìîðîçîâ, Âïëèâ êâàíòîâîãî âèìiðþâàííÿ òà âçà¹ìîäi¨
�êóáiò�òåðìîñòàò� íà êîãåðåíòíiñòü âiäêðèòî¨ êâàíòîâî¨ ñèñòåìè

Ãîëîâóþ÷èé: À. Äóâiðÿê

15:00�15:20 I. Âàêàð÷óê, Ã. Ïàíî÷êî, Òåîðiÿ áàãàòîáîçîííèõ ñèñòåì
i äåôîðìîâàíà àëãåáðà Ãàéçåíáåð à

15:20�15:40 À. Ðîâåí÷àê, Ðîçðàõóíîê ñïåêòðà áîçå-ñèñòåìè â äîâãîõâèëüîâié ãðàíèöi

15:40�16:00 Ì. Ñàìàð, Ìàêñèìàëüíî ëîêàëiçîâàíi ñòàíè â äåôîðìîâàíîìó ïðîñòîði

16:00�16:20 Õ. Ãíàòåíêî, Þ. Êðèíèöüêèé, Â. Òêà÷óê, Åíåðãåòè÷íi ðiâíi àòîìà âîäíþ
ó ñôåðè÷íî-ñèìåòðè÷íîìó ïðîñòîði ç íåêîìóòàòèâíiñòþ êîîðäèíàò

16:20�17:05 Â. Òêà÷óê, Ïðîáëåìà âïîðÿäêóâàííÿ ìàñè é iìïóëüñó
â îïåðàòîði êiíåòè÷íî¨ åíåð i¨

17:05�17:50 B. Padlyak, Cz. Koepke, J. Mikulski, K. Wi�sniewski, Spectroscopy,
excited state absorption and optical gain of the Cr-doped tetraborate glasses

17:50�. . . Çàêðèòòÿ



Òåìíà åíåðãiÿ íà êîñìîëîãi÷íèõ
òà àñòðîôiçè÷íèõ ìàñøòàáàõ: âëàñòèâîñòi òà ïðîáëåìè

Á. Íîâîñÿäëèé, Þ. Êóëiíi÷, Î. Ñåðãi¹íêî, Ì. Öiæ
Àñòðîíîìi÷íà îáñåðâàòîðiÿ òà êàôåäðà àñòðîôiçèêè

Ëüâiâñüêîãî íàöiîíàëüíîãî óíiâåðñèòåòó iìåíi Iâàíà Ôðàíêà

Ïðèâåäåíî ðåçóëüòàòè âèâ÷åííÿ âëàñòèâîñòåé òà ñïîñòåðåæóâàíèõ ïðîÿâiâ äèíàìi÷íî¨ òåìíî¨
åíåðãi¨ íà êîñìîëîãi÷íèõ òà àñòðîôiçè÷íèõ ìàñøòàáàõ, à òàêîæ ìîæëèâîñòåé âèçíà÷åííÿ ïàðàìå-
òðiâ ñêàëÿðíî-ïîëüîâèõ ìîäåëåé òåìíî¨ åíåðãi¨ òà ðåêîíñòðóêöi¨ ¨¨ ëàãðàíæiàíà íà îñíîâi ñó÷àñíèõ
ñïîñòåðåæóâàíèõ äàíèõ. Çîêðåìà, âèñâiòëþ¹òüñÿ åâîëþöiÿ òàêîãî ïîëÿ i éîãî îñíîâíèõ ôiçè÷íèõ
ïàðàìåòðiâ ó Âñåñâiòi, ÿêèé ðîçøèðþ¹òüñÿ, â ñòàòè÷íîìó ñâiòi ãàëàêòèê, â îêîëèöÿõ çið òà ÷îð-
íèõ äið. Äåòàëüíî âèâ÷åíî âïëèâ ðiçíèõ òèïiâ òåìíî¨ åíåðãi¨ íà äèíàìiêó ðîçøèðåííÿ Âñåñâiòó,
ôîðìóâàííÿ éîãî âåëèêîìàñøòàáíî¨ ñòðóêòóðè òà àíiçîòðîïiþ ðåëiêòîâîãî âèïðîìiíþâàííÿ. Ïðè-
âåäåíî ðåçóëüòàòè âèçíà÷åíü îñíîâíèõ ïàðàìåòðiâ òåìíî¨ åíåðãi¨ íà îñíîâi ïîðiâíÿííÿ òåîðåòè÷íî
ðîçðàõîâàíèõ õàðàêòåðèñòèê iç âiäïîâiäíèìè ñïîñòåðåæóâàíèìè äàíèìè. Ïîêàçàíî, ùî ñó÷àñíi
ñïîñòåðåæóâàíi äàíi, ïîâ'ÿçàíi ç êîñìîëîãi÷íèìè ìàñøòàáàìè, äàþòü ìîæëèâiñòü íàäiéíî âèçíà-
÷èòè ïàðàìåòðè ãóñòèíè òà ðiâíÿííÿ ñòàíó òåìíî¨ åíåðãi¨, îäíàê íiÿê íå îáìåæóþòü çíà÷åííÿ
åôåêòèâíî¨ øâèäêîñòi çâóêó. Ïðèâåäåíî ïåðøi ñïðîáè îöiíêè íèæíüî¨ ìåæi öi¹¨ âåëè÷èíè íà îñíî-
âi àñòðîôiçè÷íèõ äàíèõ.

Çàðÿäîâi êîðåëÿöi¨ â ðiäêèõ ìåòàëàõ ïðè âèñîêèõ òèñêàõ

Þ. Äóáëåíè÷
Iíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, Ëüâiâ

Ïîïðè ïîíàä ïiâñîòíi ðîêiâ íàïîëåãëèâèõ äîñëiäæåíü, ïðîáëåìà îñíîâíèõ ñòàíiâ äëÿ äåÿêèõ
êëàñè÷íèõ Ãàéçåíáåð îâèõ ñïiíîâèõ ìîäåëåé i äîñi çàëèøà¨òüñÿ âèêëèêîì äëÿ òåîðåòèêiâ. Íàé-
âiäîìiøèé i íàéâèêîðèñòîâóâàíiøèé ìåòîä ó öié ãàëóçi � ìåòîä Ëàòèíäæåðà�Òèñè [1] òà éî-
ãî óçàãàëüíåííÿ [2] � íåçàñòîñîâíèé äî ñêëàäíèõ ãàìiëüòîíiÿíiâ (íàïðèêëàä, iç çîâíiøíiì ïî-
ëåì àáî ç áiêâàäðàòè÷íèì îáìiíîì) i âàæêîçàñòîñîâíèé äî  ðàòîê, ùî íå ¹  ðàòêàìè Áðàâå.
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Ðèñ. 1: Óçàãàëüíåíà  ðàòêà ãîëëàíäèòó (ñïðàâà) óòâîðåíà òðèêóòíèìè äðàáèíêàìè òðüîõ òèïiâ. �¨
ìîæíà ðîçáèòè íà îäíàêîâi òðèòðèêóòíi êëàñòåðè (çëiâà).

Iñíó¹ ùå êëàñòåðíèé ìåòîä, çàïðîïîíîâàíèé Ëiîíñîì i Êàïëàíîì ï'ÿòäåñÿò ðîêiâ òîìó [3], ïðî-
òå âií �ðàäøå íåâiäîìèé�, õî÷à ïðîñòèé é iíòó¨òèâíî çðîçóìiëèé [4, 5]. � âåëèêà ñiì'ÿ  ðàòîê,
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äëÿ ÿêèõ, ïîïðè íàÿâíiñòü ôðóñòðàöié i òå, ùî öi  ðàòêè íå ¹  ðàòêàìè Áðàâå, ðîçâ'ÿçîê çàäà÷i
ïðî îñíîâíi ñòàíè ìîæíà îäåðæàòè íàäçâè÷àéíî ïðîñòèì i çðîçóìiëèì ñïîñîáîì. Öå ñiì'ÿ äâî-
i òðèâèìiðíèõ  ðàòîê, ùî óòâîðåíi òðèêóòíèìè äðàáèíêàìè. Iñíó¹ ÷èìàëî ñïîëóê, äå ìàãíåòíi
àòîìè óòâîðþþòü  ðàòêè òàêîãî òèïó. Êëàñòåðíèé ìåòîä iäåàëüíî ïiäõîäèòü äëÿ êëàñè÷íî¨ ìî-
äåëi Ãåéçåíáåðãà íà öèõ  ðàòêàõ. Çà éîãî äîïîìîãîþ ìè ïîêàçó¹ìî, ÿê ïðèñóòíiñòü ñòðóêòóðíèõ
òðèêóòíèêiâ, à îòæå ãåîìåòðè÷íèõ ôðóñòðàöié ó  ðàòêàõ iç òðèêóòíèõ äðàáèíîê ïðèçâîäèòü äî
âèíèêíåííÿ íåñïiââèìiðíèõ ñïiðàëüíèõ óïîðÿäêîâàíü. Öiêàâî, ùî öi óïîðÿäêîâàííÿ âèçíà÷àþòüñÿ
¹äèíèì êóòîì (ðàçîì çi çíàêàìè âçà¹ìîäié ìiæ ñóñiäíiìè ñïiíàìè âçäîâæ ùàáëiâ äðàáèíîê), òîìó
ìè ïðîïîíó¹ìî íàçèâàòè ¨õ �îäíîêóòîâèìè ñïiðàëüíèìè âïîðÿäêîâàííÿìè�.

[1] J. M. Luttinger and L. Tisza, Phys Rev. 70, 954 (1946); J. M. Luttinger, ibid 81 1015 (1951).

[2] T. A. Kaplan and N. Menyuk, Philos. Mag. 87, 3711 (2007); Corrigendum: 88, 279 (2008).

[3] D. N. Lyons and T. A. Kaplan, J. Phys. Chem. Solids 25, 645 (1964); 25, 1501(E) (1964).

[4] T. A. Kaplan, Phys. Rev. B 80, 012407 (2009).

[5] L. X. Hayden, T. A. Kaplan, and S. D. Mahanti, Phys. Rev. Lett. 105, 047203 (2010).

Ïðî íåôiçè÷íi ðîçâ'ÿçêè ðåëÿòèâiñòè÷íèõ ðiâíÿíü ðóõó

À. Äóâiðÿê
Iíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, Ëüâiâ

Â ðåëÿòèâiñòè÷íié ìåõàíiöi ÷àñòèíîê âèíèêàþòü ðiâíÿííÿ ðóõó ç âèùèìè ïîõiäíèìè (òàêi ÿê ð-
íÿ Ëîðåíöà-Äiðàêà), àáî ðiçíèöåâî� ÷è iíòå ðî-äèôåðåíöiéíi, ÿê ó ôîðìàëiçìi iíòå ðàëiâ äi¨ òèïó
Ôîêêåðà. Ó ïîðiâíÿííi ç íåðåëÿòèâiñòè÷íîþ ìåõàíiêîþ òàêi ð-íÿ ðóõó äîïóñêàþòü øèðøó ìíî-
æèíó ðîçâ'ÿçêiâ, ÷àñòèíà ÿêèõ íå âèãëÿäà¹ ôiçè÷íî çìiñòîâíîþ. Ïðèêëàäàìè ¹ ñàìîïðèñêîðåííÿ
âiëüíîãî çàðÿäó â ð-íi Ëîðåíöà-Äiðàêà, àáî íåñòiéêiñòü îðáiò â åëåêòðîäèíàìiöi Âiëåðà-Ôåéíìàíà.
Äîñëiäæåííÿ çàäà÷i 2-õ òië ó ôîðìàëiçìi Ôîêêåðà ¹ äóæå ñêëàäíîþ çàäà÷åþ, à êðèòåði¨ âiäáîðó
ôiçè÷íèõ ðîçâ'ÿçêiâ íå ¹ î÷åâèäíèìè.

Äëÿ iëþñòðàöi¨ òà êðàùîãî ðîçóìiííÿ ïðîáëåìè çàïðîïîíîâàíî òî÷íî ðîçâ'ÿçíó íåðåëÿòèâiñòè-
÷íó ìîäåëü 2-÷àñòèíêîâîãî îñöèëÿòîðà ç ÷àñîâîþ íåëîêàëüíiñòþ âçà¹ìîäi¨, ùî õàðàêòåðèçó¹òüñÿ
ïàðàìåòðîì íåëîêàëüíîñòi τ . Ðîçãëÿäàþòüñÿ ðiçíi ïðèêëàäè ðîçïîäiëó âçà¹ìîäi¨ ó ÷àñi, ÿâíî îòðè-
ìàíî ðîçâ'ÿçêè ðiâíÿíü ðóõó, ¨õ ïîâåäiíêà äîñëiäæó¹òüñÿ ó ëîêàëüíié ãðàíèöi τ → 0, i çàëåæíî
âiä íå¨ ðîçâ'ÿçêè êëàñèôiêóþòüñÿ ó 4 òèïè:
1. ðóõ ñèñòåìè â öiëîìó çà iíåðöi¹þ;
2. íåòðèâiàëüíi ðîçâ'ÿçêè, ðåãóëÿðíi ïðè τ → 0;
3. íåñòiéêi ðîçâ'ÿçêè, ñèíãóëÿðíi ïðè τ → 0;
4. iñòîòíî íåëîêàëüíi ðîçâ'ÿçêè, ùî âèíèêàþòü ïðè τ > τ0 > 0.
Ð-êè 1-ãî òà 2-ãî òèïiâ ¹ î÷åâèäíî ôiçè÷íèìè, 3-ãî � î÷åâèäíî íåôiçè÷íèìè, à 4-ãî òèïó � äèñêó-
ñiéíèìè, îñêiëüêè ¨õ âëàñòèâîñòi äîñèòü íåçâè÷íi.

Öÿ êëàñèôiêàöiÿ ïàñó¹ i äî âiäîìèõ ç ëiòåðàòóðè ðîçâ'ÿçêiâ çàäà÷i 2-õ òië â ðàìêàõ åëåêòðî-
äèíàìiêè Âiëåðà-Ôåéíìàíà. Çîêðåìà, iñíóâàííÿ ð-êiâ 4-ãî òèïó âèÿâëåíî îñòàííiì ÷àñîì ÷èñåëü-
íèìè ìåòîäàìè ÿê iñíóâàííÿ òî÷îê áiôóðêàöi¨. Ïîäiáíèõ îñîáëèâîñòåé ñëiä ñïîäiâàòèñÿ i â iíøèõ
ðåëÿòèâiñòè÷íèõ çàäà÷àõ, çîêðåìà â ìîäåëi Ðiâàêîáè-Âåéñà òèïó Ôîêêåðà, ùî îïèñó¹ êîíôàéí-
ìåíò 2-õ ÷àñòèíîê. Öÿ ìîäåëü òà ¨¨ ìîäèôiêàöi¨ ïðèäàòíi äëÿ îïèñó âàæêèõ òà ëåãêèõ ìåçîíiâ
ÿê 2-êâàðêîâèõ ñèñòåì. À íåîáõiäíèì êðîêîì äî êâàíòóâàííÿ òàêèõ ìîäåëåé ¹ âiäáið ôiçè÷íî
çìiñòîâíèõ ðîçâ'ÿçêiâ.
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Âïëèâ ëîêàëüíèõ i íåëîêàëüíèõ êîðåëÿöié íà òåðìîåëåêòðè÷íi âëàñòèâîñòi
ñèëüíîñêîðåëüîâàíèõ åëåêòðîííèõ ñèñòåì

À. Øâàéêà
Iíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, Ëüâiâ

Äîñëiäæó¹òüñÿ âïëèâ ëîêàëüíèõ i íåëîêàëüíèõ êîðåëÿöié íà ïåðåíîñ çàðÿäó i òåïëà äëÿ ìîäå-
ëi Ôàëiêîâà�Êiìáàëà ç êîðåëüîâàíèì ïåðåíîñîì. Îòðèìàíî âèðàçè äëÿ îïåðàòîðiâ åëåêòðè÷íîãî
ñòðóìó i ïîòîêó åíåðãi¨ òà ïåðåâiðåíî ñïiââiäíîøåííÿ Áîëüöìàíà äëÿ êiíåòè÷íèõ êîåôiöi¹íòiâ. Â
ðàìêàõ òåîði¨ äèíàìi÷íîãî ñåðåäíüîãî ïîëÿ îòðèìàíî òî÷íi ðîçâ'ÿçêè äëÿ åëåêòðî- òà òåïëîïðîâiä-
íîñòi i òåðìî-å.ð.ñ. Äîñëiäæåíî òåìïåðàòóðíi çàëåæíîñòi êîåôiöi¹íòiâ ïåðåíîñó äëÿ çíà÷åíü íåëî-
êàëüíèõ êîðåëÿöié, ÿêi âiäïîâiäàþòü ñóòò¹âié ïåðåáóäîâi ãóñòèíè ñòàíiâ òà òðàíñïîðòíî¨ ôóíêöi¨.
Âñòàíîâëåíî âèïàäêè, ÿêi âiäïîâiäàþòü çíà÷íîìó ïîêðàùåííþ òåðìîåëåêòðè÷íèõ âëàñòèâîñòåé.

�ðàäi¨íòíi âíåñêè â òåðìîäèíàìi÷íi âåëè÷èíè ãàçó íèçüêî¨ ãóñòèíè
ó òåïëîïðîâiäíîìó ñëàáîíåðiâíîâàæíîìó ñòàöiîíàðíîìó ñòàíi

É. Ãóìåíþê
Iíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, Ëüâiâ

Ñòàöiîíàðíi ñòàíè áàãàòî÷àñòèíêîâî¨ ñèñòåìè ç ïîòîêîì òåïëà ðîçøèðþþòü ïîíÿòòÿ ðiâíîâà-
æíèõ òåðìîäèíàìi÷íèõ ñòàíiâ. Íàâiòü ó âèïàäêó ñëàáêîãî âiäõèëåííÿ âiä ðiâíîâàãè ðîçðàõóâàòè
òåðìîäèíàìi÷íi õàðàêòåðèñòèêè íåïðîñòî [1,2].

Äëÿ ãàçó íèçüêî¨ ãóñòèíè, ùî ïåðåáóâà¹ ó òåïëîïðîâiäíîìó ñëàáîíåðiâíîâàæíîìó ñòàöiîíàðíî-
ìó ñòàíi, ìè öiêàâèìîñÿ âíåñêàìè ó òåðìîäèíàìi÷íi âåëè÷èíè, ÿêi çóìîâëåíi ìàëèìè  ðàäi¹íòàìè
òåìïåðàòóðè. Ðîçðàõóíîê íåðiâíîâàæíèõ ïîïðàâîê äî òèñêó P , âíóòðiøíüî¨ åíåðãi¨ E òà åíòðî-
ïi¨ S ïðîâåäåíî [3] â ðàìêàõ ôåíîìåíîëîãi÷íîãî ïiäõîäó íà îñíîâi óÿâëåíü òåîði¨ íåïåðåðâíîãî
ñåðåäîâèùà i ðåçóëüòàòiâ ðiâíîâàæíî¨ ñòàòèñòè÷íî¨ ìåõàíiêè.

Âèðàçè äëÿ P , E òà S îäåðæàíî ó âèãëÿäi ðîçêëàäiâ çà ïàðíèìè ïîðÿäêàìè  ðàäi¹íòiâ òåìïå-
ðàòóðè äî 4-ãî ïîðÿäêó âêëþ÷íî. Âèâåäåíî âèðàçè äëÿ ñòèñëèâîñòåé i òåïëî¹ìíîñòåé. Ïîêàçàíî,
ùî çíàéäåíà åíòðîïiÿ â íàáëèæåííi 2-ãî ïîðÿäêó çàäîâîëüíÿ¹ II íà÷àëî òåðìîäèíàìiêè äëÿ íå-
ðiâíîâàæíèõ ïðîöåñiâ.

[1] J. Casas-V�azquez, D. Jou, Rep. Prog. Phys. 66, 1937 (2003).

[2] S. Sasa, H. Tasaki, J. Stat. Phys. 125, 126 (2006).

[3] É. À. Ãóìåíþê, ïðåïðèíò ICMP-14-11U (Ëüâiâ, 2014).

Êâàíòîâà åâîëþöiÿ íà òîði

À. Êóçüìàê
Êàôåäðà òåîðåòè÷íî¨ ôiçèêè,

Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà,

Ðîçãëÿíóòî ñèñòåìó äâîõ ñïiíiâ âçà¹ìîäiÿ ìiæ ÿêèìè îïèñó¹òüñÿ ãàéçåíáåð iâñüêîþ XX ìîäåë-
ëþ ç äîäàòêîâîþ ZZ âçà¹ìîäi¹þ. Òàêîæ, äîñëiäæåíî ñèñòåìó äâîõ ñïiíiâ, ÿêi îïèñóþòüñÿ ìîäåëëþ
Äçÿëîøèíñüêîãî�Ìîði¨ ç äîäàòêîâîþ ZZ âçà¹ìîäi¹þ. Ïîêàçàíî, ùî êâàíòîâà åâîëþöiÿ òàêèõ ñè-
ñòåì ïiä äi¹þ çîâíiøíüîãî ìàãíiòíîãî ïîëÿ âiäáóâà¹òüñÿ íà äåÿêîìó ìíîãîâèäi, òîïîëîãiÿ ÿêîãî
çàëåæèòü âiä ñïiââiäíîøåííÿ ìiæ êîíñòàíòàìè çâ'ÿçêó. Ó âèïàäêó, ÿêùî òàêå ñïiââiäíîøåííÿ ¹
ðàöiîíàëüíèì ÷èñëîì òî òîäi öåé ìíîãîâèä ¹ òîðîì. Äîâiëüíèé ñòàí, ÿêèé íàëåæèòü äî òàêîãî
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ìíîãîâèäó, õàðàêòåðèçó¹òüñÿ äâîìà ïåðàìåòðàìè, îäèí ç ÿêèõ ïðîïîðöiéíèé äî âåëè÷èíè ìàãíi-
òíîãî ïîëÿ, à äðóãèé � äî ÷àñó åâîëþöi¨. Ó ïiäñóìêó áóëî îòðèìàíî ãàìiëüòîíiàí, ÿêèé çàáåçïå÷ó¹
åâîëþöiþ ìiæ äâîìà çàäàíèìè ñòàíàìè íà òàêîìó ìíîãîâèäi, à òàêîæ çíàéäåíî ïàðìåòðè, ÿêi õà-
ðàêòåðèçóþòü åâîëþöiþ ñèñòåìè ìiæ öèìè ñòàíàìè, à ñàìå øâèäêiñòü i ÷àñ åâîëþöi¨.

Violation of the Lee Yang circle theorem for the Ising model on a complex network

M.Krasnytska1,2, B. Berche2, Yu. Holovatch1, R. Kenna3

1Institute for Condensed Matter Physics, NAS of Ukraine, Lviv,
2Institut Jean Lamour, CNRS/UMR 7198, Groupe de Physique Statistique, Universit�e de Lorraine,

Vandœuvre-l�es-Nancy Cedex, France,
3Applied Mathematics Research Centre, Coventry University, Coventry, United Kingdom

We consider the Ising model on an annealed complex network with the node degree distribution
decaying as a power law p(k) ∼ k−λ. It is well settled by now that the second order phase transition
occurs in such a model at �nite temperature Tc for λ > 3. To get more information about the peculiarities
of this transition, we analyze coordinates of the partition function zeros at T = Tc in the complex
magnetic �eld h, the so-called Lee Yang zeros. We �nd that the smallest zero coordinate approaches
the origin with an increase of the system size N as h1 ∼ N−σh , σh(3 < λ < 5) = (λ − 2)/(λ − 1),
σh(λ > 5) = 3/4. At the marginal case λ = 5 this approach is enhanced by the logarithmic correction
h1 ∼ N−3/4(lnN)1/4. Our analysis reveals striking di�erence in zeros behaviour at 3 < λ < 5 and λ = 5.
Whereas in the latter case the zeros are purely imaginary (i.e. they lie on the unit circle in the complex
eh plane), this does not hold in the former case, where the zeros coordinates have both imaginary and
real components. We calculate these coordinates for di�erent values of λ and discuss the reason why
the model under consideration does not satisfy the Lee Yang circle theorem.

Îöiíþâàííÿ ïðèâàáëèâîñòi íàóêîâèõ ïóáëiêàöié øëÿõîì àíàëiçó ñòàòèñòèêè
¨õ îíëàéí çàâàíòàæåíü

Î. Ìðèãëîä
Iíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, Ëüâiâ

Ïîíÿòòÿ ÿêîñòi íàóêîâèõ ïóáëiêàöié òiñíî ïîâ'ÿçàíå iç ïîíÿòòÿì ÿêîñòi ðåçóëüòàòiâ íàóêîâî¨
ðîáîòè çàãàëîì. Âiäîìi íèíi êiëüêiñíi ìåòîäè îöiíþâàííÿ åôåêòèâíîñòi ó ñôåði íàóêè, ÿê ïðàâèëî,
áàçóþòüñÿ âëàñíå íà àíàëiçi îïóáëiêîâàíèõ ñòàòåé. Ïðèðîäíî, ùî òàêi ïîíÿòòÿ ÿê ÿêiñòü ÷è íàóêî-
âèé ðiâåíü âàæêî ôîðìàëiçóâàòè ÷è âèðàçèòè ÷èñëîì, ïðîòå iíøi àñïåêòè çíà÷óùîñòi ïóáëiêàöié
ìîæíà ñïðîáóâàòè �âèìiðÿòè�. Òàê, ïðî ñòóïiíü ¨õ âïëèâó íà ïîäàëüøi äîñëiäæåííÿ ñâiä÷àòü iíäè-
êàòîðè ðiâíÿ öèòîâàíîñòi; òàê çâàíi àëüòìåòðè÷íi ïîêàçíèêè äåìîíñòðóþòü æâàâiñòü îáãîâîðåíü
ñòàòåé ó ñîöiàëüíèõ ìåðåæàõ òà íàóêîâèõ áëîãàõ; ïðî ðiâåíü æå ïðèâàáëèâîñòi äëÿ ïîòåíöiéíèõ
÷èòà÷iâ, ùî çãîäîì ìîæóòü ïðîöèòóâàòè ÷è ïðîêîìåíòóâàòè ïóáëiêàöiþ, ìîæå ñâiä÷èòè àêòèâ-
íiñòü çàâàíòàæåíü îíëàéí. Íà âiäìiíó âiä öèòóâàíü, äîñëiäæåííþ ñòàòèñòèêè çàâàíòàæåíü äîñi
ïðèäiëÿëîñÿ íàáàãàòî ìåíøå óâàãè. Ïðîòå ìè ââàæà¹ìî, ùî öÿ õàðàêòåðèñòèêà ìîæå ñëóãóâàòè
äîïîâíåííÿì äî îïèñó íàóêîâî¨ ðîáîòè, ñâiä÷èòè ïðî ïîïóëÿðíiñòü òåìàòè÷íèõ íàïðÿìêiâ, à òà-
êîæ âèÿâëÿòè ðiçíi ìîòèâàöi¨ ó êîðèñòóâà÷iâ, ùî çäiéñíþþòü ïîøóê íàóêîâî¨ iíôîðìàöi¨. Ó íàøié
ðîáîòi áóëî ïðîàíàëiçîâàíî ñòàòèñòèêó çàâàíòàæåíü ñòàòåé, îïóáëiêîâàíèõ ó íàóêîâîìó æóðíàëi
�Europhysics Letters�. Ìè ïîáà÷èëè, ùî çàêîíîìiðíîñòi, õàðàêòåðíi äëÿ öèòîâàíîñòi, ìîæíà çíàéòè
i äëÿ çàâàíòàæóâàíîñòi: íàïðèêëàä, äåÿêi ñòàòòi àêòèâíiøå ïðèâåðòàþòü óâàãó âiäðàçó ïiñëÿ îïó-
áëiêóâàííÿ, òîäi ÿê iíøi ìîæóòü âiä÷óòè ïiê çàöiêàâëåííÿ ëèøå ïiñëÿ êiëüêîõ ìiñÿöiâ îíëàéí. ßê
i ó âèïàäêó öèòóâàíü, ïðîöåñ òàê çâàíîãî �ñòàðiííÿ� çàâàíòàæåíü � òîáòî çìåíøåííÿ øâèäêîñòi
¨õ àêóìóëþâàííÿ iç ÷àñîì - òàêîæ õàðàêòåðèçó¹òüñÿ åêñïîíåíöiéíèìè çàãàñàííÿìè.

[1] O. Mryglod, R. Kenna, Yu. Holovatch, EPL 108, 50011 (2014); arXiv:1409.7889 (2014).
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Àòîì âîäíþ â ïðîñòîði çi ñïiíîâîþ íåêîìóòàòèâíiñòþ êîîðäèíàò

Â. Âàñþòà
Êàôåäðà òåîðåòè÷íî¨ ôiçèêè,

Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà

Ðîçãëÿíóòî â ðàìêàõ òåîði¨ çáóðåíü àòîì âîäíþ ó ïðîñòîði çi ñïiíîâîþ íåêîìóòàòèâíiñòþ êî-
îðäèíàò [1]:

[Xi, Xj] = iθ2εijksk, [Xi, Pj] = i~δij, [Pi, Pj] = 0,

[si, sj] = i~εijksk, [Xi, sj] = iθεijksk, [Pi, sj] = 0.

Îñîáëèâiñòþ òàêî¨ àëãåáðè ç íåêîìóòóþ÷èìè êîîðäèíàòàìè ¹ ¨¨ iíâàðiàíòíiñòü âiäíîñíî ïîâîðîòiâ,
÷îãî íåìîæëèâî çàáåçïå÷èòè äëÿ òàê-çâàíî¨ êàíîíi÷íî¨ íåêîìóòàòèâíî¨ àëãåáðè

[Xi, Xj] = iθij, [Xi, Pj] = i~δij, [Pi, Pj] = 0,

äå θij � ñòàëà ìàòðèöÿ êîíñòàíò [2].
Çíàéäåíî ïîïðàâêè äî åíåðãåòè÷íîãî ñïåêòðó àòîìà âîäíþ. Ïîêàçàíî, ùî äëÿ ðiâíiâ ç l 6=

0 ãîëîâíèé âêëàä âíîñÿòü äîäàíêè ïðîïîðöiéíi äî θ2. Äëÿ çíàõîäæåííÿ ïîïðàâîê äî s-ðiâíiâ
âèêîðèñòàíî ìîäèôiêîâàíó òåîðiþ çáóðåíü [3]. Îòðèìàíî âåäó÷i ïîïðàâêè, ïðîïîðöiéíi äî θ2 ln θ.

Âèêîðèñòîâóþ÷è îòðèìàíi ðåçóëüòàòè, à òàêîæ ðåçóëüòàòè âèìiðþâàííÿ ÷àñòîòè ïåðåõîäó ìiæ
åíåðãåòè÷íèìè ðiâíÿìè 2s-1s àòîìà âîäíþ [4], áóëî çíàéäåíî âåðõíþ ìåæó ïàðàìåòðà íåêîìóòà-
òèâíîñòi

θ ≤ 2.5 · 10−19 ì.

[1] H. Falomir, J. Gamboa, J. L�opez-Sarri�on et al., Phys. Lett. B 680, 384 (2009).

[2] N. Seiberg, E. Witten, JHEP 09 032 (1999).

[3] Ì. Ì. Stetsko, V. M. Tkachuk, Phys. Rev. A 74, 012101 (2006).

[4] A. Matveev, C.G. Parthey, K. Predehl et al., Phys. Rev. Lett. 110, 230801 (2013).

Universal free energy distribution in the critical point of a random Ising ferromagnet

V. Dotsenko1,2, Yu. Holovatch3

1LPTMC, Universit�e Paris VI, 75252 Paris, France
2L.D. Landau Institute for Theoretical Physics, Moscow, Russia
3Institute for Condensed Matter Physics, NAS of Ukraine, Lviv

We discuss the non-self-averaging phenomena in the critical point of weakly disordered Ising ferromagnet.
In terms of the renormalized replica Ginzburg-Landau Hamiltonian in dimensions D < 4 we derive an
explicit expression for the probability distribution function (PDF) of the critical free energy �uctuati-
ons. In particular, using known �xed-point values for the renormalized coupling parameters we obtain
the universal curve for such PDF in the dimension D = 3. It is demonstrated that this function is
strongly asymmetric: its left tail is much more slow than the right one [1].

This work was supported by the International Research Sta� Exchange Scheme Grant No. IRSES
DCPA PhysBio-269139 within the Seventh Framework Program of the European Union.

[1] V. Dotsenko, Yu. Holovatch, Phys. Rev. E 90 052126 (2014).
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Åëåêòðîêàëîðè÷íèé åôåêò â ñåãíåòîåëåêòðèêàõ òèïó KH2PO4

À. Âäîâè÷a, À. Ìî¨íàa, Ð. Ëåâèöüêèéa, I. Çà÷åêb
aIíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, Ëüâiâ,
bÍàöiîíàëüíèé óíiâåðñèòåò �Ëüâiâñüêà ïîëiòåõíiêà�, Ëüâiâ

Â ìîäèôiêîâàíié ìîäåëi ïðîòîííîãî âïîðÿäêóâàííÿ äëÿ êðèñòàëiâ òèïó KH2PO4 (KDP) âðà-
õîâàíî íåëiíiéíèé åôåêò - çàëåæíiñòü åôåêòèâíèõ äèïîëüíèõ ìîìåíòiâ âiä ïàðàìåòðà ïðîòîííîãî
âïîðÿäêóâàííÿ. Â íàáëèæåííi ÷îòèðè÷àñòèíêîâîãî êëàñòåðà çà êîðîòêîñÿæíèìè âçà¹ìîäiÿìè ìiæ
ïðîòîíàìè òà â íàáëèæåííi ñåðåäíüîãî ïîëÿ çà äàëåêîñÿæíèìè ðîçðàõîâàíî ïîëÿðèçàöiþ êðèñòà-
ëiâ, ïîçäîâæíþ äiåëåêòðè÷íó ïðîíèêíiñòü, ï'¹çîåëåêòðè÷íi ìîäóëi, åíòðîïiþ, ìîëÿðíó òåïëî¹ì-
íiñòü. Îòðèìàíî äîáðå óçãîäæåííÿ öèõ õàðàêòåðèñòèê ç åêñïåðèìåíòàëüíèìè äàíèìè. Îïèñàíî
ðîçìèâàííÿ ñåãíåòîåëåêòðè÷íîãî ôàçîâîãî ïåðåõîäó ïîçäîâæíiì åëåêòðè÷íèì ïîëåì.

Äîñëiäæåíî çìiíó òåìïåðàòóðè ∆T êðèñòàëiâ òèïó KDP ïðè àäiàáàòè÷íié çìiíi åëåêòðè÷íî-
ãî ïîëÿ. Åëåêòðîêàëîðè÷íèé åôåêò â öèõ êðèñòàëàõ âèíèêà¹ âíàñëiäîê âïîðÿäêóâàííÿ ïðîòîíiâ
(i, âiäïîâiäíî, çìåíøåííÿ åíòðîïi¨) â åëåêòðè÷íîìó ïîëi (ðèñ.1). Âñòàíîâëåíî, ùî ïðè äåéòåðó-
âàííi êðèñòàëiâ òèïó KDP åëåêòðîêàëîðè÷íèé åôåêò çðîñòà¹. Öå ïîâ'ÿçàíî iç áiëüø âèðàæåíîþ
ïåðøîðiäíiñòþ ôàçîâîãî ïåðåõîäó, à òàêîæ iç áiëüøîþ âåëè÷èíîþ ñïîíòàííî¨ ïîëÿðèçàöi¨.
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Ðèñ. 1: Òåìïåðàòóðíà çàëåæíiñòü ìîëÿðíî¨ åíòðîïi¨ êðèñòàëiâ êðèñòàëiâ KH2PO4 ïðè ðiçíèõ âå-
ëè÷èíàõ ïîëÿ.

[1] A. S. Vdovych, A. P. Moina, R. R. Levitskii, I. R. Zachek, Condens. Matter Phys. 17, 43703:1-10 (2014).

[2] A. S. Vdovych, A. P. Moina, R. R. Levitskii, I. R. Zachek, arXiv:1405.1327v1 (2014).

Âiäëóííÿ Âåëèêîãî Âèáóõó: ÷è �áà÷èìî� ìè ðåëiêòîâi ãðàâiòàöiéíi õâèëi?

Î. Ñåðãi¹íêî, Á. Íîâîñÿäëèé
Àñòðîíîìi÷íà îáñåðâàòîðiÿ, Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà

Äåòåêòóâàííÿ ðåëiêòîâèõ ãðàâiòàöiéíèõ õâèëü (òåíçîðíî¨ ìîäè çáóðåíü) â åêñïåðèìåíòi BI-
CEP2 ìàëî øàíñè ñòàòè íàóêîâîþ ïîäi¹þ 2014 ðîêó òà îäíèì ç ãîëîâíèõ ïðîðèâiâ ó êîñìîëîãi¨
äðóãîãî äåñÿòèëiòòÿ 21 ñòîëiòòÿ. Îäíàê, îñòàííi ðåçóëüòàòè Êîñìi÷íî¨ Îáñåðâàòîði¨ Planck âêà-
çóþòü íà òå, ùî îòðèìàíèé åêñïåðèìåíòîì BICEP2 ñèãíàë ìîæå áóòè ïîâ'ÿçàíèì ç ïîëÿðèçîâà-
íèì òåïëîâèì âèïðîìiíþâàííÿì Ãàëàêòè÷íîãî ïèëó. Îêðiì òîãî, ðåçóëüòàòè BICEP2 ðîçõîäÿòüñÿ

9



ç ðåçóëüòàòàìè, îòðèìàíèìè íà îñíîâi äàíèõ Planck ùîäî ôëóêòóàöié òåìïåðàòóðè ðåëiêòîâîãî
âèïðîìiíþâàííÿ òà ëiíçóâàííÿ äëÿ ìîäåëi ç êîñìîëîãi÷íîþ ñòàëîþ. Ìè îáãîâîðþ¹ìî ïðîãðåñ ó
âèçíà÷åííi âêëàäó òåíçîðíî¨ ìîäè çáóðåíü, ùî âiäáóâñÿ çà îñòàííi 15 ðîêiâ, òà âèâ÷à¹ìî ðîçõîäæå-
ííÿ ìiæ ðåçóëüòàòàìè, îòðèìàíèìè íà îñíîâi äàíèõ Planck òà BICEP2 â ðàìêàõ êîñìîëîãi÷íèõ
ìîäåëåé ç äèíàìi÷íîþ òåìíîþ åíåðãi¹þ.

Âïëèâ êâàíòîâîãî âèìiðþâàííÿ òà âçà¹ìîäi¨ �êóáiò�òåðìîñòàò� íà êîãåðåíòíiñòü
âiäêðèòî¨ êâàíòîâî¨ ñèñòåìè

Â. Iãíàòþêa, Â. Ìîðîçîâb
aIíñòèòóò ôiçèêè êîíäåíñîâàíèõ ñèñòåì ÍÀÍ Óêðà¨íè, Ëüâiâ

bÌîñêîâñüêèé äåðæàâíèé òåõíi÷íèé óíiâåðñèòåò ðàäiîòåõíiêè, åëåêòðîíiêè òà àâòîìàòèêè,
Ìîñêâà, Ðîñiÿ

Ïðîâåäåíî ñèñòåìàòèçàöiþ äåÿêèõ ìàòåìàòè÷íèõ àñïåêòiâ [1,2], ÿêi ñòîñóþòüñÿ îïèñó êâàí-
òîâèõ âèìiðþâàíü. Çðîáëåíî êîðîòêèé îãëÿä âiäìiííîñòåé ìiæ ñåëåêòèâíèì òà íåñåëåêòèâíèì
âèìiðþâàííÿì, à òàêîæ ââåäåíî â îáiã òåðìiíîëîãiþ �äóàëüíà/íåäóàëüíà� ñõåìè, ùî áåçïîñåðåäíüî
ïîâ'ÿçàíi ç äi¹þ âèìiðþâàëüíîãî ïðèñòðîþ, i, âîäíî÷àñ, äîïóñêàþòü ÷iòêå ìàòåìàòè÷íå ôîðìóëþ-
âàííÿ.

Ïðîâåäåíî äîñëiäæåííÿ ñïiëüíîãî âïëèâó ðiçíèõ òèïiâ êâàíòîâèõ âèìiðþâàíü òà âçà¹ìîäi¨
�êóáiò-òåðìîñòàò� íà äèíàìiêó âiäêðèòî¨ êâàíòîâî¨ ñèñòåìè, ùî îïèñó¹òüñÿ íà îñíîâi òî÷íî ðîçâ'ÿ-
çóâàíî¨ ñïií�áîçîííî¨ ìîäåëi ç ðîçôàçóâàííÿì [3]. Äîñëiäæåíî äèíàìiêó êîãåðåíòíîñòi ñèñòåìè
òà ñòóïiíü ¨¨ ÷èñòîòè ïðè íàÿâíîñòi ïî÷àòêîâèõ êîðåëÿöié. Ïîêàçàíî, ùî ïðè ïåâíèõ óìîâàõ ùî-
äî âèìiðþâàííÿ ìîæå âiäáóòèñÿ ðiçêå ïiäñèëåííÿ êîãåðåíòíîñòi ñèñòåìè íà ïî÷àòêîâîìó åòàïi ¨¨
åâîëþöi¨.

Ïðîâåäåíî ðîçðàõóíîê íåðiâíîâàæíî¨ åíòðîïi¨ äëÿ ïåâíîãî íåäóàëüíîãî âèïàäêó òà äâîõ ði-
çíèõ òèïiâ äóàëüíèõ âèìiðþâàíü. Ïîêàçàíî, ùî ïðè âèáðàíîìó íåäóàëüíîìó âèìiðþâàííi ïðè
ïðîìiæíèõ çíà÷åííÿõ êîíñòàíòè çâ'ÿçêó ñèñòåìà ïîñòiéíî âòðà÷à¹ ñâîþ êîãåðåíòíiñòü, à â îáëà-
ñòi ñèëüíîãî çâ'ÿçêó åíòðîïiÿ ¹ îñöèëþþ÷îþ ôóíêöi¹þ ÷àñó. Ïðè äóàëüíèõ âèìiðþâàííÿõ íàìè
ðîçãëÿíóòî äâà âèïàäêè:

1. êîëè óíiòàðíi îïåðàòîðè Um, ÿêi îïèñóþòü äiþ âèìiðþâàëüíîãî ïðèñòðîþ íà ñïiíîâó ïiäñè-
ñòåìó S, íå çàëåæàòü âiä âèõîäiâ m, à ùîäî óñüîãî iíøîãî âîíè ¹ äîâiëüíèìè;

2. êîëè óíiòàðíi îïåðàòîðè òîòîæíi îäèíè÷íèì, ùî âiäïîâiäà¹ ãiïîòåòè÷íié ñèòóàöi¨ iäåàëüíèõ
âèìiðþâàíü áåç çáóðåííÿ ñèñòåìè S.

Ïîêàçàíî, ùî ó ïåðøîìó âèïàäêó ïîðÿä ç äèíàìi÷íèì î÷èùåííÿì ñèñòåìè [4] iñíó¹ äîäàòêîâå
�î÷èùåííÿ ïîñåðåäêîì âèìiðþâàííÿ�.

Ïiäñóìîâóþ÷è, ìîæíà ñêàçàòè, ùî ó âèïàäêó íåñåëåêòèâíèõ âèìiðþâàíü ìîæëèâî äîáèòèñü
�êîíñòðóêòèâíîãî� âïëèâó îòî÷åííÿ êóáiòà íà êîãåðåíòíiñòü ñèñòåìè øëÿõîì ïåâíîãî íàëàøòóâà-
ííÿ âèìiðþâàëüíîãî ïðèëàäó. Ìè ââàæà¹ìî, ùî îòðèìàíi ðåçóëüòàòè ìîæóòü ñïðèÿòè çäiéñíåííþ
åôåêòèâíîãî äèíàìi÷íîãî êîíòðîëþ íàä ðåàëüíèìè âiäêðèòèìè êâàíòîâèìè ñèñòåìàìè øëÿõîì
ïðîâåäåííÿ íèçêè âèìiðþâàíü ïåâíîãî òèïó, ôîðìè òà òðèâàëîñòi.

[1] H.-P. Breuer, F. Petruccione, The Theory of Open Quantum Systems (Oxford University, Oxford, 2007).

[2] À. Ñ. Õîëåâî, Ââåäåíèå â òåîðèþ êâàíòîâîé èíôîðìàöèè. Öèêë ëåêöèé (Ìîñêâà, 2013).

[3] V. G. Morozov, S. Mathey, G. R�opke, Phys. Rev. A 85, 022101 (2012).

[4] J. Dajka, B. Gardas, J.  Luczka, Int. J. Theor. Phys. 52, 1148 (2013).
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Òåîðiÿ áàãàòîáîçîííèõ ñèñòåì i äåôîðìîâàíà àëãåáðà Ãàéçåíáåð à

I. Î. Âàêàð÷óê1, Ã. Ïàíî÷êî2

1Êàôåäðà òåîðåòè÷íî¨ ôiçèêè, ËÍÓ iìåíi Iâàíà Ôðàíêà,
2Ïðèðîäíè÷èé êîëåäæ, ËÍÓ iìåíi Iâàíà Ôðàíêà

Ðîçãëÿíåìî áàãàòîáîçîííó ñèñòåìó ç ñèëüíî ðîçâèíóòèìè àíãàðìîíiçìàìè êîëèâàíü ãóñòèíè
÷àñòèíîê. Ïðèïóñòèìî, ùî ãàìiëüòîíiàí òàêî¨ ìîäåëi â çîáðàæåííi êîëåêòèâíèõ çìiííèõ ρk ìiñòèòü
ëèøå ãàðìîíi÷íó ÷àñòèíó:

Ĥ =
∑
k 6=0

~2k2

2m

(
− ∂2

∂ρk∂ρ−k
+

1

4
ρkρ−k −

1

2

)
+
N(N − 1)

2V
ν0 +

N

2V

∑
k 6=0

νk(ρkρ−k − 1) + ∆Ĥ,

äå

ρk =
1√
N

N∑
j=1

e−ikrj , k 6= 0,

à íåëiíiéíi âíåñêè â ∆Ĥ, ùî îïèñóþòü áàãàòî÷àñòèíêîâi êîðåëÿöi¨:

∆Ĥ =
∑
k 6=0

∑
k′ 6=0

~2(kk′)

2m
√
N
ρk+k′

∂2

∂ρk∂ρk′
+

+
∑
n≥3

(−)n

4n(n− 1)(
√
N)n−2

∑
k1 6=0

. . .
∑
kn 6=0

k1+...+kn=0

~2

2m
(k2

1 + ...+ k2
n)ρk1...ρkn ,

âðàõó¹ìî, äåôîðìóþ÷è êîìóòàöiéíi ñïiââiäíîøåííÿ ìiæ óçàãàëüíåíèìè êîîðäèíàòàìè òà iìïóëü-
ñàìè:

[Qk,µ, Pk,µ] = i~(1− βkQ2
k,µ),

òóò Qk,µ = ρµk óçàãàëüíåíi êîîðäèíàòè òà iìïóëüñè Pk,µ = −∂/∂ρµk. Îñíîâíèì çàâäàííÿì â öüîìó
ïiäõîäi ¹ âèáið ïàðàìåòðà äåôîðìàöi¨ βk, íà ÿêèé ìè íàêëàäà¹ìî óìîâó:

βkSk/2 < 1,

òóò Sk � ñòðóêòóðíèé ôàêòîð, ìiíiìiçóþ÷è ñïiââiäíîøåííÿ íåâèçíà÷åíîñòi Ãàéçåíáåð à.
Âèõîäÿ÷è ç öèõ ìiðêóâàíü, ìè ïðîïîíó¹ìî çàñòîñóâàòè òàêèé ìåòîä âðàõóâàííÿ àíãàðìîíi÷íèõ

äîäàíêiâ ó ∆H äî ìîäåëåé, ùî äîïóñêàþòü ¨õ ðîçâ'ÿçîê çà òåîði¹þ çáóðåíü. Íàìè çíàéäåíî ñïåêòð
åëåìåíòàðíèõ çáóäæåíü òà åíåðãiþ îñíîâíîãî ñòàíó, áîçå-êîíäåíñàò, ñòðóêòóðíèé ôàêòîð, à òàêîæ
âiäòâîðåíî ïîòåíöiàëüíó åíåðãiþ âçà¹ìîäi¨ ìiæ àòîìàìè áîçå-ðiäèíè òà ïàðíó ôóíêöiþ ðîçïîäiëó
÷åðåç ðiäèííèé ñòðóêòóðíèé ôàêòîð â îñíîâíîìó ñòàíi.

Ðîçðàõóíîê ñïåêòðà áîçå-ñèñòåìè â äîâãîõâèëüîâié ãðàíèöi

À. Ðîâåí÷àê
Êàôåäðà òåîðåòè÷íî¨ ôiçèêè,

Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà

Çàïðîïîíîâàíî ñïîñiá àíàëiçó âçà¹ìîäiþ÷î¨ áîçå-ñèñòåìè çà äîïîìîãîþ äâî÷àñîâèõ òåìïåðàòóð-
íèõ ôóíêöié �ðiíà íà êîëåêòèâíèõ çìiííèõ. Ðîçãëÿíóòî äâi ñèñòåìè: ðiäêèé ãåëié-4 i áîçå-ðiäèíà
ç ïîòåíöiàëîì Þêàâè, ùî ìîæå ñëóãóâàòè ìîäåëëþ ÿäåðíî¨ ìàòåði¨. Çàñòîñîâàíå ðîçùåïëåííÿ ó
ðiâíÿííÿõ ðóõó äëÿ ôóíêöié �ðiíà äà¹ çìîãó îòðèìàòè äîáðèé îïèñ ñïåêòðà åëåìåíòàðíèõ çáó-
äæåíü ó äîâãîõâèëüîâié ãðàíèöi. Çîêðåìà, äîáðîãî óçãîäæåííÿ ç åêñïåðèìåíòîì âäà¹òüñÿ äîñÿãòè
äëÿ ôîíîííî¨ äiëÿíêè ñïåêòðà ãåëiþ-4 áåç çàëó÷åííÿ ïîíÿòòÿ åôåêòèâíî¨ ìàñè.
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Ìàêñèìàëüíî ëîêàëiçîâàíi ñòàíè â äåôîðìîâàíîìó ïðîñòîði

Ì. Ñàìàð
Êàôåäðà òåîðåòè÷íî¨ ôiçèêè,

Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà

Ìè äîñëiäæó¹ìî îäíîâèìiðíó äåôîðìîâàíó àëãåáðó Ãàéçåíáåðãà

[x, p] = i~(1 + βp2), (1)

ÿêà ïðèâîäèòü äî ìiíiìàëüíî¨ äîâæèíè ∆xmin = ~
√
β [1,2]. Îñêiëüêè êîîðäèíàòà íå ìîæå áóòè

âèìiðÿíà òî÷íî, òî âëàñíi âåêòîðè îïåðàòîðà êîîðäèíàòè ïîðóøóþòü ñïiââiäíîøåííÿ íåâèçíà÷å-
íîñòåé Ãàéçåíáåð à, òîáòî íå ìàþòü ôiçè÷íîãî çìiñòó. Îäíàê, âñþ ñóêóïíiñòü âëàñíèõ âåêòîðiâ
îïåðàòîðà êîîðäèíàòè ìîæíà ïîäiëèòè íà îðòîãîíàëüíi ñiì'¨, êîæíà ç ÿêèõ óòâîðþ¹ ïîâíèé áàçèñ
íà ïðîñòîði íîðìîâàíèõ íà îäèíèöþ ôóíêöié.

Íà çìiíó âëàñíèì ôóíêöiÿì îïåðàòîðà êîîðäèíàòè áóäóþòüñÿ ìàêñèìàëüíî ëîêàëiçîâàíi ñòàíè
ÿê ñòàíè, äëÿ ÿêèõ ñïiââiäíîøåííÿ íåâèçíà÷åíîñòåé Ãàéçåíáåð à ïåðåòâîðþ¹òüñÿ ó ðiâíiñòü.

Ìè ïîêàçàëè, ùî ìàêñèìàëüíî ëîêàëiçîâàíèé ñòàí ìîæíà çàïèñàòè ÷åðåç íîðìîâàíó ñóìó äâîõ
âëàñíèõ ôóíêöié îïåðàòîðà êîîðäèíàòè.

Âñþ ñóêóïíiñòü öèõ ñòàíiâ ìîæíà ïîäiëèòè íà îðòîãîíàëüíi ñiì'¨. Îäíàê, òåïåð òàêà îðòîãîíàëü-
íà ñiì'ÿ íå óòâîðþ¹ ïîâíîãî áàçèñó, ÿê öå áóëî ó âèïàäêó âëàñíèõ ôóíêöié îïåðàòîðà êîîðäèíàòè.
Ç ìíîæèíè ìàêñèìàëüíî ëîêàëiçîâàíèõ ñòàíiâ, íàì âäàëîñÿ çíàéòè ñèñòåìó ôóíêöié, ùî ¹ ïîâíèì
áàçèñîì íà ïiäïðîñòîði ôiçè÷íèõ ôóíêöié.

[1] A. Kempf, J. Math. Phys. 35, 4483 (1994).

[2] A. Kempf, G. Mangano, R. B. Mann, Phys. Rev. D 52, 1108 (1995).

Åíåðãåòè÷íi ðiâíi àòîìà âîäíþ ó ñôåðè÷íî-ñèìåòðè÷íîìó ïðîñòîði
ç íåêîìóòàòèâíiñòþ êîîðäèíàò

Õ. Ãíàòåíêî, Þ. Êðèíèöüêèé, Â. Òêà÷óê
Êàôåäðà òåîðåòè÷íî¨ ôiçèêè

Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà

Ðîçãëÿíóòî ïðîáëåìó ïîðóøåííÿ ñôåðè÷íî¨ ñèìåòði¨ ó ïðîñòîði ç êàíîíi÷íîþ íåêîìóòàòèâíi-
ñòþ êîîðäèíàò:

[Xi, Xj] = i~θij, (1)

äå θij � êîìïîíåíòè ñòàëî¨ àíòèñèìåòðè÷íî¨ ìàòðèöi.
Ç ìåòîþ âiäíîâëåííÿ ñôåðè÷íî¨ ñèìåòði¨ ó íåêîìóòàòèâíîìó ïðîñòîði (1), çàïðîïîíîâàíî ïî-

áóäóâàòè òåíçîð íåêîìóòàòèâíîñòi ó òàêîìó âèãëÿäi:

θij =
α

~
(aibj − ajbi), (2)
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äå α � áåçðîçìiðíà êîíñòàíòà òà ai, bi äîäàòêîâi êîîðäèíàòè, ÿêi âiäïîâiäàþòü ãàðìîíi÷íîìó îñöè-
ëÿòîðó [1]. Îòæå, ìè ðîçãëÿäà¹ìî íàñòóïíi êîìóòàöiéíi ñïiââiäíîøåííÿ:

[Xi, Xj] = iα(aibj − ajbi), (3)

[Xi, Pj] = i~δij, (4)

[Pi, Pj] = 0. (5)

Ó ñôåðè÷íî-ñèìåòðè÷íîìó íåêîìóòàòèâíîìó ïðîñòîði (3)�(5), ðîçãëÿíóòî àòîì âîäíþ. Ìè çíà-
éøëè ïîïðàâêè äî åíåðãåòè÷íèõ ðiâíiâ àòîìà, çóìîâëåíi íåêîìóòàòèâíiñòþ êîîðäèíàò [1,2] òà íà
îñíîâi åêñïåðèìåíòàëüíèõ äàíèõ îöiíèëè âåðõíþ ìåæó äëÿ ïàðàìåòðà íåêîìóòàòèâíîñòi [1].

[1] Kh. P. Gnatenko, V. M. Tkachuk, Phys. Lett. A 378, 3509 (2014).

[2] Kh. P. Gnatenko, Yu. S. Krynytskyi, V. M. Tkachuk, arXiv:1412.7355 (2014);
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Ïðîáëåìà âïîðÿäêóâàííÿ ìàñè é iìïóëüñó â îïåðàòîði êiíåòè÷íî¨ åíåð i¨

Â. Òêà÷óê
Êàôåäðà òåîðåòè÷íî¨ ôiçèêè

Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Iâàíà Ôðàíêà

Ïðîáëåìó âïîðÿäêóâàííÿ iìïóëüñó òà ìàñè, çàëåæíî¨ âiä êîîðäèíàò, â îïåðàòîði êiíåòè÷íî¨
åíåðãi¨ áóäå îáãîâîðåíî íà êiëüêîõ ïðèêëàäàõ. À ñàìå, ðîçãëÿíåìî âiëüíó ÷àñòèíêó ç ìàñîþ, çàëå-
æíîþ âiä êîîðäèíàò, ðåëÿòèâiñòñüêó ÷àñòèíêó òà íåîäíîðiäíó ìîäåëü ñèëüíîãî çâ'ÿçêó â êîíòè-
íóàëüíié ãðàíèöi. Äëÿ êîæíîãî ç öèõ ïðèêëàäiâ çíàéäåíî ãàìiëüòîíiàí, ÿêèé îïèñó¹ ÷àñòèíêó ç
ìàñîþ, çàëåæíîþ âiä êîîðäèíàò.

Spectroscopy, excited state absorption and optical gain
of the Cr-doped tetraborate glasses

B. V. Padlyaka,b, Cz. Koepkec, J. Mikulskic, K. Wi�sniewskic
aUniversity of Zielona G�ora, Zielona G�ora, Poland,
bVlokh Institute of Physical Optics, Lviv, Ukraine,
cNicolaus Copernicus University, Toru�n, Poland

This report addressed to search for novel attractive active media, based on the borate glasses acti-
vated by Cr3+ ions for broad-band lasers and ampli�ers, is a completion of detailed spectroscopic
evaluation described in earlier papers. The Cr-doped lithium and potassium-lithium tetraborate
(Li2B4O7:Cr and KLiB4O7:Cr) glasses of high optical quality and chemical purity were obtained from
corresponding polycrystalline compounds by fast cooling of their melts according to [1].

The electron paramagnetic resonance (EPR), optical absorption and photoluminescence spectra as
well as luminescence kinetics of the Li2B4O7:Cr and KLiB4O7:Cr tetraborate glasses at T = 300 K
were detailed described [2]. In particular, the X-band EPR spectroscopy shows that the Cr impurity
is incorporated in the tetraborate glass network as Cr3+ isolated (single) centres and Cr3+� Cr3+ pair
centres coupled by magnetic dipolar and exchange interactions. The EPR spectral parameters (geff and
∆Bpp) of both Cr3+ and Cr3+�Cr3+ centres in the Li2B4O7:Cr and KLiB4O7:Cr glasses were measured
and analysed. All transitions in optical absorption, luminescence excitation and emission spectra of
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these glasses are identi�ed. Broad complex bands that peak near 615, 405, and 350 nm in optical
absorption and luminescence excitation spectra correspond to the 4A2g(F )→ 4T2g(F ), 4A2g → 4T1g(F ),
and 4A2g → 4T1g(P ) spin-allowed transitions of the Cr3+ centres in distorted octahedral sites of the
tetraborate glass network. The octahedral (cubic) crystal �eld strength (10Dq) and Racach parameters
(B and C) for Cr3+ centres in Li2B4O7:Cr and KLiB4O7:Cr glasses are estimated. Narrow and broad
emission bands in red�NIR regions are assigned to the 2Eg(F ) → 4A2g(F ) (R1 line) and 4T2g(F ) →
4A2g(F ) (electron-vibration) transitions, which correspond to the Cr3+ centres in high-�eld and low-�eld
sites, respectively. All observed emission bands are characterized by non-exponential decay. Measured
average lifetimes and local structure of the Cr3+ centres in high-�eld and low-�eld sites of the Li2B4O7:Cr
and KLiB4O7:Cr glass network also have been discussed in [2].

The excited state characteristics by means of the excited state absorption (ESA), optical gain and
bleaching spectra Li2B4O7:Cr and KLiB4O7:Cr glasses activated by Cr3+ ions have been investigated and
analysed in [3]. One of the examined glasses (KLiB4O7:Cr3+), in accordance with optimistic comments
given in previous article [2], reveals a very broad gain spectrum in the near infrared (IR), which itself
is interesting in view of very few reports on glasses showing optical gain for Cr3+ ions in the low-�eld
local environment (Fig. 1).
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Fig. 2 

Figure 1: Luminescence and ESA/gain/bleaching spectra of the Li2B4O7:Cr and KLiB4O7:Cr glasses.

The ESA/gain/bleaching spectra, registered with modern equipment of improved sensitivity, have
been reproduced by calculations, and detailed single configuration coordinate diagram, based on the
experimental data, has been created for interpretation.

The observed broad-band optical gain peaking around 1050 nm (Fig. 1) allows considering the
KLiB4O7:Cr3+ glass as a potential active medium for tuneable solid-state lasers or broad-band amplifiers
operating in the near IR spectral region. The absence of the optical gain in this spectral range in case
of the KLiB4O7:Cr3+ glass is rather due to the technological defects, because theoretical calculations
based on the Tanabe-Sugano diagram and emission spectra show that the optical gain, competing with
the ESA, should be observed also in this material.
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