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Wydawca: 

¶ Instytut Matematyki i Fizyki , Wydziaė 3ÌÊÏÕÖÓÖÎÐÐɯÐɯ(ÕŊàÕÐÌÙÐÐɯ"ÏÌÔÐÊáÕÌÑȮɯ 

Politechnika Bydgoska im. )ÈÕÈɯÐɯ)ýËÙáÌÑÈɯ¥ÕÐÈËÌÊÒÐÊÏ  

¶ .ËËáÐÈė Bydgoski  Polskiego Towarzystwa Fizycznego 

 

2ÒėÈËȮɯ×ÙÖÑÌÒÛɯÖÒėÈËÒÐɯÐɯÌËàÊÑÈȯ 

¶ )ÈÊÌÒɯ2ÐĞËÔÐÈÒ 

¶ Natalia Kruszewska  

 

9ËÑýÊÐÌɯÕÈɯÖÒėÈËÊÌȯ 

¶ Erixson (Wikipedia - licencja otwarta) 

 

Druk:  

¶ Wydawnictwa Uczelniane  Politechnik i Bydgoskiej im. )ÈÕÈɯÐɯ)ýËÙáÌÑÈɯ¥ÕÐÈËÌÊɪ

kich w Bydgoszczy, Sucha 9B, 85-796 Bydgoszcz, http://wu.utp.edu.pl/  
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Polskie Towarzystwo Fizyczne  

 

.ËËáÐÈėɯ!àËÎÖÚÒÐ 

Polskiego Towarzystwa Fizycznego  

 

Politechnika Bydgoska  

ÐÔȭɯ)ÈÕÈɯÐɯ)ýËÙáÌÑÈɯ¥ÕÐÈËÌÊÒÐÊÏ 

 

Uniwersytet Kazimierza Wielkiego  

 

Collegium Medicum  

4ÕÐÞÌÙÚàÛÌÛÜɯ,ÐÒÖėÈÑÈɯ*Ö×ÌÙÕÐÒÈ 
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W dniach 19-ƖƗɯÞÙáÌĭÕÐÈɯƖƔƖƕ Ģrodowisko fizykĕw bydgoskich  po raz pierwszy  Éýɪ

ËáÐÌɯÎÖĭÊÐėÖɯáÈÈÕÎÈŊÖÞÈÕàÊÏɯÕÈÜÊáàÊÐÌÓÐ fi zyki oraz  szerokie grono aktywnych i kre-

atywnych fiáàÒĞÞ z kraju i zagranicy. Pomimo wszechobecnej pandemii Covid 19 

mamy nadziejö, ŀe pierwszy w drugim stuleciu  ËáÐÈėÈÓÕÖĭÊÐɯ/3%ɯ9ÑÈáËɯ%ÐáàÒĞÞ Pol-

ÚÒÐÊÏɯÖËÉýËáÐÌɯÚÐýɯÞ ÎÙÖËáÐÌɯÕÈËɯ!ÙËëɯÐɯ6ÐÚėëȭ  

 

 
 

(ÚÛÕÐÌÑëɯÐÚÛÖÛÕÌɯ×owody, aby  ÛÌÕɯ9ÑÈáËɯÖËÉàėɯÚÐýɯÞÙÌÚáÊÐÌɯÛÜÛÈÑȮɯÞ miejscu, gdzie splo-

Ûėà ÚÐýɯÓÖÚà ÛÙáÌÊÏɯÕÈÑÞÈŊÕÐÌÑÚáàÊÏɯÜÊáÌÓÕÐɯ×ÜÉÓÐÊáÕàÊÏɯ×ÙÈÞÐÌɯÊáÛÌÙàÚÛÜÛàÚÐýÊáÕÌÎÖɯ

miasta: /ÖÓÐÛÌÊÏÕÐÒÐɯ!àËÎÖÚÒÐÌÑɯÐÔȭɯ)ÈÕÈɯÐɯ)ýËÙáÌÑÈɯ¥ÕÐÈËÌÊÒÐÊÏ (/!¥Ȯɯdawniej UTP, a 

jeszcze ÞÊáÌĭÕÐÌÑ  31ȺȮɯÖÉÊÏÖËáëÊÌj ÚÞÖÑÌɯÚÐÌËÌÔËáÐÌÚÐýÊÐÖÓÌÊÐÌɯÓÈÛÌÔ 2021 r., Uni-

wersytetu Kazimierza Wielkiego (d awniej Akademii  /ÌËÈÎÖÎÐÊáÕÌÑȺȮɯÈɯÛÈÒŊÌɯ"ÖÓÓÌɪ

gium Medicum UMK w  !àËÎÖÚáÊáàȮɯÎËáÐÌɯáÈÑýÊÐÈɯá biofi zyki i fi zyki medycznej pro-

ÞÈËáëɯ×ÙáÌËÚÛÈÞÐÊÐÌÓÌɯÉàËÎÖÚÒÐÌÎÖɯĭÙÖËÖÞÐÚÒÈɯfi zycznego. 

 

 W roku 2011 /!¥ odwiedzič laureat Nagrody  Nobla 

w ËáÐÌËáÐÕÐÌɯÊÏÌÔÐÐȮɯ×ÙÖÍȭɯ&ÌÙÏÈÙËɯ$ÙÛÓɯÐɯáÖÚÛÈė uho-

norowany  ÛàÛÜėÌÔɯdoctor honoris causa UTP [1]ȮɯÒÛĞɪ

rego jednym z ÙÌÊÌÕáÌÕÛĞÞ Éàėɯ×ÙÖÍÌÚÖÙɯ&ÌÙÈÙËɯ9ȭɯ

Czajkowski, osoba wielce áÈÚėÜŊÖÕÈɯËÓÈɯÕÈÚáÌÑɯalma 

mater. 

 

2áÈÕÖÞÕÐɯ/ÈĘÚÛÞÖ 
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W kwietniu roku 2017 /!¥ miača zaszczyt goĢciç in-

ÕÌÎÖɯ-ÖÉÓÐÚÛýɯɬ profesora Klausa Von Klitzinga z  

MPG (Towarzystwo Maxa Plancka) ze Stuttgartu, lau-

reata Nagrody  Nobla w  dziedzinie fi zyki za odkrycie 

kwantowego  efekÛÜɯ'ÈÓÓÈȭɯ-ÖÉÓÐÚÛÈɯÞáÐëėɯÜËáÐÈė w 

,ÐýËáàÕÈÙÖËÖÞàÔɯ2ÌÔÐÕÈÙÐÜÔɯÐÕÐÊÑÜÑëÊàÔɯ×ÖÞÚÛÈɪ

nie RCI-/ÙáÌÚÛÙáÌĘɯ(ÕÕÖÞÈÊàÑÕàÊÏɯ3ÌÊÏÕÖÓÖÎÐÐɯ)ÈÕÈɯ

Czochralskiego [2]. Fizycy ÜÊáÌÚÛÕÐÊáëÊà w  semina-

ÙÐÜÔɯ×Ö×ÈÙÓÐɯÛý ÐÕÐÊÑÈÛàÞýȮɯÞàÎėÈÚáÈÑëÊɯÞėÈÚÕÌɯÛÌÔÈɪ

ÛàÊáÕÐÌɯĭÞÐÌÛÕÐÌɯ×ÙáàÚÛÈÑëÊÌɯÞàÒėÈËàȮɯËÖÛàÊáëÊÌɯÒÙàÚÛÈÓÐáÈÊÑÐɯÕÖÞÖÊáÌÚÕàÊÏɯÔÈÛÌÙÐÈɪ

ėĞÞ ÔÌÛÖËëɯ)ÈÕÈɯ"áÖÊÏÙÈÓÚÒÐÌÎÖ [3]. -ÖÉÓÐÚÛÈɯÚáÊáÌÎĞÓÕÐÌɯÔÖÊÕÖɯ×ÖËÒÙÌĭÓÐėɯÐÚÛÖÛýɯ

ËáÐÌėÈɯ×ÙÖÍȭ Jana Czochralskiego, tj. jego metody krystalizacji z  roztopu  odkrytej w  

roku 1916, a opublikowanej w  Zeitschrift ÍĹÙ Physikalische Chemie w 1918ȮɯÒÛĞÙÈɯÑÌÚÛɯÜŊàɪ

wana w ĭÞÐÌÊÐÌ ultranowoczesnych technologii. W  ramach Seminarium prof. Klitzing 

ÞàÎėÖÚÐėɯÞàÒėÈËɯÖɯȬÕÖÞàÔɯÒÐÓÖÎÙÈÔÐÌɂɯȹA New Kilogram in 2018. The Biggest Revolu-

tionin Metrology since the French Revolution) [4]. 

 

Ponadto, obywatele miasta Bydgoszcz ÔÈÑëɯÚáÌÙÌÎɯÐÚÛÖÛÕàÊÏɯÖÚÐëɪ

ÎÕÐýîɯÞ dziedzinie fi zyki i nauk pokrewnych. Wystarczy  przypo-

ÔÕÐÌîɯ$ÙÐÊÏÈɯ1ÌÎÌÕÌÙÈɯÙÖËÌÔɯá Wilczaka [5], obecnie dzielnicy Byd-

goszczy, konstruktora ×ÙáàÙáëËĞÞ do ÞàÚÖÒÖĭÊÐÖÞàÊÏɯ×ÖÔÐÈÙĞÞ 

promieniowania kosmicznego,  ÒÛĞÙà áÈÚÜÎÌÙÖÞÈėɯ

ÐÚÛÕÐÌÕÐÌɯ ÒÖÚÔÐÊáÕÌÎÖɯ ×ÙÖÔÐÌÕÐÖÞÈÕÐÈɯ ÛėÈȮ albo 

ĭÞÐÌÛÕÌÎÖɯfi zyka atmosfery Hugo Hergessela, ÛÈÒŊÌ bydgoszczanina 

[6]; obaj, ze ÞáÎÓýËÜɯÕÈɯËėÜÎÖÓÌÛÕÐëɯ×ÙáàÕÈÓÌŊÕÖĭîɯÙÌÎÐÖÕÜɯ/omorza 

i Kujaw  ËÖɯáÈÉÖÙÜɯ×ÙÜÚÒÐÌÎÖȮɯÜáÕÈÞÈÕÐɯÚëɯáÈɯ×ÙáÌËÚÛÈÞÐÊÐÌÓÐ nauki 

niemieckiej.   

 

[1]  http://wim 2.utp.edu.pl/index.php/home/z -zycia-wydzialu/ 161-gerhard-ertl -doktor-

onoris-causa 

[2]  http://ptwk.org.pl/wp -content/uploads/ 2017/06/ PTWKNewsletter_06_2017.pdf 

[3]  https://www.ptf.net.pl/pl/aktualnosci/informacje -biezace/miedzynarodowe-semina-

rium-jak-fizyka-i-chemia-moga-zainicjowac-m/  

[4]  https://bydgoszcz.wyborcza.pl/bydgoszcz/7,48722,21663702,noblista-otworzyl -dzis-

w-bydgoszczy-nowa-instytucje.htm 

[5]  https://pl.wikipedia.org/wiki/Erich_Regener  

[6]  https://pl.qaz.wiki/wiki/Hugo_Hergesell  
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Witamy w  Bydgoszczy na 47 9%/ȮɯÒÛĞÙàȮɯÔÈÔà ÕÈËáÐÌÑýȮɯ×ÙáàÊáàÕÐ ÚÐýɯËÖɯÞáÉÖÎÈÊÌɪ

ÕÐÈɯÜËáÐÈėÜɯÙÌÎÐÖÕÜɯ/ÖÔÖÙáÈɯÐɯ*ÜÑÈÞ w ÖÎĞÓÕÖĭÞÐÈÛÖÞàÔɯËÖÙÖÉÒÜɯÕÈÜÒɯfi zycznych. 

 

 

 

ȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣȣ 

Adam Gadomski 

ÐÒÚÅ×ÏÄÎÉÃÚäÃÙ +ÏÍÉÔÅÔÕ /ÒÇÁÎÉÚÁÃÙÊÎÅÇÏ :ÊÁÚÄÕ 
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¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯÐÕŊȭɯ*ÈáÐÔÐÌÙáɯ6ÐÈÛÙȮ /ÙáÌÞÖËÕÐÊáëÊàɯ*ÖÔÐÚÑÐɯ-ÈÜÒÐȮɯ$ËÜÒÈÊÑÐɯÐɯ

Sportu w Senacie RP 

¶ /ÐÖÛÙɯ"ÈėÉÌÊÒÐȮɯ,ÈÙÚáÈėÌÒɯ6ÖÑÌÞĞËáÛÞÈɯ*ÜÑÈÞÚÒÖ-Pomorskiego 

¶ 1ÈÍÈėɯ!ÙÜÚÒÐ, Prezydent Miasta Bydgoszczy 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯÐÕŊȭɯ,ÈÙÌÒɯ ËÈÔÚÒÐȮɯ1ÌÒÛÖÙɯ/ÖÓÐÛÌÊÏÕÐÒÐɯ!àËÎÖÚÒÐÌÑɯÐÔȭɯ)ÈÕÈɯÐɯ)ýËÙáÌÑÈɯ

¥ÕÐÈËÌÊÒÐÊÏɯÞɯ!àËÎÖÚáÊáà 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯ)ÈÊÌÒɯ6ÖňÕà, Rektor Uniwersytetu Kazimierza Wielkiego w Bydgosz-

czy 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯ*ÖÙÕÌÓÐÈɯ*ýËáÐÖÙÈ-Kornatowska , Prorektor ds. Collegium Medicum 

UMK w Bydgoszczy 

¶ Prof. dr hab. Leszek Sirko, Prezes Polskiego Towarzystwa Fizycznego 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯÐÕŊȭɯ,ÈÙÌÒɯ!ÐÌÓÐĘÚÒÐ, Prezes Bydgoskiego Towarzystwa Naukowego 

 

 

 
 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯ)ĞáÌÍɯ2×ÈėÌÒȮɯ4ÕÐÞÌÙÚàÛÌÛɯ)ÈÎÐÌÓÓÖĘÚÒÐȮɯ*ÙÈÒĞÞɯɬ /ÙáÌÞÖËÕÐÊáëÊàɯ*Öɪ

mitetu Programowego 

¶ Prof. dr hab. Katarzyna "ÏÈėÈÚÐĘÚÒÈ-Macukow , Uniwersytet Warszawski, War-

szawa 

¶ Prof. dr hab. Marek Cieplak , Instytut Fizyki PAN, Warszawa 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯ1ÖÔÈÕɯ"ÐÜÙàėÖȮɯ4ÕÐÞÌÙÚàÛÌÛɯ,ÐÒÖėÈÑÈɯ*Ö×ÌÙÕÐÒÈȮɯ3ÖÙÜĘ 

¶ Prof. dr hab. Kazimierz Fabisiak , Uniwersytet Kazimierza Wielkiego, Bydgoszcz 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯÐÕŊȭɯ ËÈÔɯ&ÈËÖÔÚÒÐȮɯ/ÖÓÐÛÌÊÏÕÐÒÈɯ!àËÎÖÚÒÈɯÐÔȭɯ)ÈÕÈɯÐɯ)ýËÙáÌÑÈɯ¥ÕÐÈɪ

deckich, Bydgoszcz 

¶ Prof. dr hab. Dariusz GrechȮɯ4ÕÐÞÌÙÚàÛÌÛɯ6ÙÖÊėÈÞÚÒÐȮɯ6ÙÖÊėÈÞ 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯ6ÐÌÚėÈÞɯ*ÈÔÐĘÚÒÐ, Uniwersytet Marii Curie-2ÒėÖËÖÞÚÒÐÌÑȮɯ+ÜÉÓÐÕ 

¶ Prof. dr hab. Bogdan Kowalski , Instytut Fizyki PAN, Warszawa 

¶ Prof. dr hab. Stefan Kruszewski , Collegium Medicum UMK, Bydgoszcz 

KOMITET HONOROWY  

 

KOMITET PROGRAMOWY  
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¶ Prof. dr hab. Ryszard Kutner , Uniwersytet Warszawski, Warszawa 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯ,ÈÊÐÌÑɯ,ÈĭÒÈȮɯ/ÖÓÐÛÌÊÏÕÐÒÈɯ6ÙÖÊėÈÞÚÒÈȮɯ6ÙÖÊėÈÞ 

¶ Prof. dr hab. AndrzÌÑɯ¥ÓÌÉÈÙÚÒÐȮɯ4ÕÐÞÌÙÚàÛÌÛɯ¥ÓëÚÒÐȮɯ*ÈÛÖÞÐÊÌ 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯ9ÉÐÎÕÐÌÞɯ3ÙàÉÜėÈȮɯ(ÕÚÛàÛÜÛɯ%ÐáàÒÐɯ,ÖÓÌÒÜÓÈÙÕÌÑɯ/ -Ȯɯ/ÖáÕÈĘ 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯÐÕŊȭɯ ÙÒÈËÐÜÚáɯ6ĞÑÚȮɯ/ÖÓÐÛÌÊÏÕÐÒÈɯ6ÙÖÊėÈÞÚÒÈȮɯ6ÙÖÊėÈÞ 

¶ /ÙÖÍȭɯËÙɯÏÈÉȭɯ ÕËÙáÌÑɯ6àÚÔÖėÌÒ, Uniwersytet Warszawski, Warszawa 

¶ Dr Jan Grabski , Politechnika Warszawska, Warszawa 

¶ Dr Aneta Szczygielska-oÈÊÐÈÒȮɯ4ÕÐÞÌÙÚàÛÌÛɯ¥ÓëÚÒÐȮɯ*ÈÛÖÞÐÊÌ 

 

 

 

 

¶ Prof . Adam Gadomski , /!¥Ȱɯ×ÙáÌÞÖËÕÐÊáëÊàɯ*ÖÔÐÛÌÛÜɯ.ÙÎÈÕÐáÈÊàÑÕÌÎÖɯ9ÑÈáËÜɯ

ÖÙÈáɯÖÙÎÈÕÐáÈÛÖÙɯÞàÒėÈËĞÞɯplenarnych I 

¶ Prof . Kazimierz Fabisiak , UKW; z-ÊÈɯ×ÙáÌÞÖËÕÐÊáëÊÌÎÖɯ*ÖÔÐÛÌÛÜɯ.ÙÎÈÕÐáÈÊàÑÕÌÎÖɯ

9ÑÈáËÜɯÖÙÈáɯÖÙÎÈÕÐáÈÛÖÙɯÞàÒėÈËĞÞɯ×ÓÌÕÈÙÕàÊÏɯ(( 

¶ Prof. Stefan Kruszewski , CM UMK w Bydgoszczy; z-ÊÈɯ×ÙáÌÞÖËÕÐÊáëÊÌÎÖɯ*ÖÔÐÛÌÛÜɯ

Organizacyjnego Zjazdu oraz ÖÙÎÈÕÐáÈÛÖÙɯÞàÒėÈËĞÞɯ×ÓÌÕÈÙÕàÊÏɯ((( 

¶ Dr Adam Dittmar -Wituski Ȯɯ#àÙÌÒÛÖÙɯ(ÕÚÛàÛÜÛÜɯ,ÈÛÌÔÈÛàÒÐɯÐɯ%ÐáàÒÐɯ/!¥ɯ!àËɪ

goszcz 

¶ DÙɯ&ÙÈŊàÕÈɯ"áÌÙÕÐÈÒ, skarbnik Zjazdu/Komitetu Organizacyjnego Zjazdu, upraw-

ÕÐÖÕÈɯËÖɯÖÉÚėÜÎÐɯÒÖÕÛÈɯ.ËËáÐÈėÜɯ!àËÎÖÚÒÐÌÎÖɯ/3% 

¶ DÙɯ,ÐÌÊáàÚėÈÞɯ*ȭɯ-Èparty , /!¥; deputowany Komitetu Organizacyjnego Zjazdu 

ËÚȭɯÕÖÞàÊÏɯÛÌÊÏÕÖÓÖÎÐÐɯÐɯÌÒÖÓÖÎÐÊáÕàÊÏɯňÙĞËÌėɯÌÕÌÙÎÐÐ 

¶ DÙɯ)ÈÊÌÒɯ2ÐĞËÔÐÈÒ, /!¥ȰɯÖÍÐÊÌÙɯÞàÒÖÕÈÞÊáàɯËÚȭɯÔÌËÐĞÞɯÌÓÌÒÛÙÖÕÐÊáÕàÊÏɯ*ÖÔÐÛÌÛÜɯ

Organizacyjnego Zjazdu 

¶ DÙɯÐÕŊȭɯoÜÒÈÚáɯ2ÒÖÞÙÖĘÚÒÐ, /!¥; oficer wykonawczy Komitetu Organizacyjnego 

Zjazdu ds. organizacyjnych 

¶ Prof. Yurij Zorenko , UKW; deputowana Komitetu Organizacyjnego Zjazdu ds. ko-

ordynacji sesji specjalistycznych I-II  

¶ DÙɯ,ÐÊÏÈėɯ"àÙÈÕÒÐÌÞÐÊá, CM UMK w Bydgoszczy; deputowany Komitetu Organi-

zacyjnego Zjazdu ds. koordynacji sesji specjalistycznych III 

LOKALNY KOMITET ORGANIZACYJNY  
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¶ Dr Beata Agnieszka Pietrewicz , ZG PTF; IV LO im. Kazimierza Wielkiego w Byd-

ÎÖÚáÊáàȰɯÚÌÒÙÌÛÈÙáɯ*ÖÔÐÛÌÛÜɯ.ÙÎÈÕÐáÈÊàÑÕÌÎÖɯ9ÑÈáËÜɯÐɯÖÚÖÉÈɯÞÚ×ĞėÖË×ÖÞÐÌËáÐÈÓÕÈɯáÈɯ

kontakty medialno-prasowe 

¶ DÙɯÐÕŊȭɯ-ÈÛÈÓÐÈ Kruszewska, /!¥ȰɯÚ×ÌÊÑÈÓÐÚÛÈɯËÚȭɯÔÌËÐĞÞɯÌÓÌÒÛÙÖÕÐÊáÕàÊÏɯÖÙÈáɯÖÍÐÊÌÙɯ

wykonawczy Komitetu Organizacyjnego Zjazdu ds. organizacji sesji plakatowej 

¶ Dr Sandra Witkiewicz -oÜÒÈÚáÌÒ, UKW; deputowana Komitetu Organizacyjnego 

Zjazdu ds. koordynacji 

¶ Prof. Adam Podhorecki , /!¥; doradca Komitetu Organizacyjnego Zjazdu 

¶ Dr Ryszard Zamorski , /!¥; doradca Komitetu Organizacyjnego Zjazdu 

¶ Mgr Grzegorz Wojewoda, VI LO w Bydgoszczy; koordynator ds. nauczycieli fizyki 

Komitetu Organizacyjnego Zjazdu 

¶ MÎÙɯ)ÈÙÖÚėÈÞɯ"ÏÙÖÚÛÖÞÚÒÐ, dziennikarz popularnonaukowy; sesja historii fizyki ɬ 

organizator; oficer prasowy Komitetu Organizacyjnego Zjazdu 

¶ MÎÙɯ3ÖÔÈÚáɯ*ÈÙËÈĭȮɯÕÈÜÊáàÊÐÌÓɯÍÐáàÒÐɯÞɯ2×ÖėÌÊáÕÌÑɯ2áÒÖÓÌɯ/ÖËÚÛÈÞÖÞÌÑɯÞɯ!ÐÌÓÚÒÜ 

¶ MÎÙɯÐÕŊȭɯ ÓÌÒÚÈÕËÙÈɯ.ÓÚáÌÞÚÒÈ, /!¥Ȱɯsprawy organizacyjne Zjazdu 

¶ Mgr Anton Markovskyi , UKW; deputowany Komitetu Organizacyjnego Zjazdu ds. 

koordynacji 

¶ ,ÎÙɯÐÕŊȭɯ ËÈÔɯ9ÈÙáàÊÒÐ, /!¥Ȱɯsprawy organizacyjne ÐɯÖÉÚėÜÎÈɯÛÌÊÏÕÐÊáÕÈɯZjazdu 

¶ Mgr Krzysztof Majewski , /!¥Ȱɯsprawy organizacyjne ÐɯÖÉÚėÜÎÈɯÛÌÊÏÕÐÊáÕÈ Zjazdu 

¶ #áÐÈėàɯÐÕÍÖÙÔÈÛàÒÐȯɯ/!¥Ȯɯ4*6Ȯɯ",ɯ4,* 

¶ Aleksandra Birch Illustrations ȮɯÔÈÛÌÙÐÈėàɯpromocyjne 
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¶ Opera Nova w Bydgoszczy; uÓȭɯ,ÈÙÚáÈėÒÈɯ%ÌÙËàÕÈÕËÈɯ%ÖÊÏÈɯƙ 

¶ Auditorium Novum i/lub Sala C8 i/lub Aula A1 Politechniki Bydgoskiej im. Jana 

i )ýËÙáÌÑÈɯ¥ÕÐÈËÌÊÒÐÊÏ; al. Profesora Sylwestra Kaliskiego 7 

¶ Collegium Copernicanum (przy Wydziale Mechatroniki) Uniwersytetu Kazi-

mierza Wielkiego ; ul. ,ÐÒÖėÈÑÈɯ*Ö×ÌÙÕÐÒÈɯƕ 

¶ Sale audytoryjne Collegium Medicum UMK w Bydgoszczy przy Szpitalu Uni-

wersytecki nr 1 im. dr. Antoniego Jurasza ȹÉÜËàÕÌÒɯ6àËáÐÈėÜɯ%ÈÙÔÈɪ

ceutycznego); ul. dr. Antoniego Jurasza 2  

/ÙáÌÔÐÌÚáÊáÈÑëÊɯÚÐýɯ×ÖÔÐýËáàɯmiejscami obrad oraz miejscami noclegowymi (Ho-

liday Inn oraz Akademiki w Fordonie ) ÉýËáÐÌɯÔÖŊÕÈɯÚÒÖÙáàÚÛÈîɯáɯÖáÕÈÊáÖÕàÊÏɯ

ÉÜÚĞÞ.  

 

 
¶ rozklad -pkp.pl  

¶ e-podroznik.pl  

¶ e-×ÖËÙĞŊÕÐÒɯɬ aplikacja (Google Play) 

 

 

 
¶ Komunikacja miejska http://www.zdmikp.bydgoszcz.pl/pl/transport/rozklad -

jazdy/2014-07-02-12-59-11 

¶ www.jakdojade.pl  

¶ jakdojade ɬ aplikacja (Google Play)  

M IEJSCA OBRAD  

A!8ɯ9 /+ -.6 Fɯ26.)Cɯ/.#1uÃɯ#.ɯBYDGOSZCZY (/."(C&($,ɯ+4!ɯ 43.!42$,) 

.#6($#Áɯ- 23V/4)C"$ɯ231.-8: 

 

P+ -4)C"ɯ/.1429 -($ɯ2(Vɯ/.ɯB8#&.29"98ɯ.#6($#Áɯ- 23V/4)C"$ɯ231.-8: 
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POZNAJ CIEKAWE MIEJSCA W BYDGOSZCZ  

 
WYSPA MoYpSKA  

6àÚ×Èɯ ,ėàĘÚÒÈɯɬ zabytkowa wyspa 

rzeczna w rejonie staromiejskim Byd-

goszczy, o powierzchni ok. 6,5 ha, miesz-

ÊáëÊÈɯÖÉÐÌÒÛàɯÒÜÓÛÜÙÈÓÕÌɯÐɯÙÌÒÙÌÈÊàÑÕÌȮɯ

ÖÛÖÊáÖÕÈɯÉÜÓÞÈÙÈÔÐɯÐɯÜÙáëËáÌÕÐÈÔÐɯÏàɪ

ËÙÖÛÌÊÏÕÐÊáÕàÔÐȭɯ 6àÚ×Èɯ ÖÛÙáàÔÈėÈɯ Þɯ

2012 roku Certyfikat Najlepszy Produkt  

3ÜÙàÚÛàÊáÕàɯÕÈËÈÕàɯ×ÙáÌáɯ/ÖÓÚÒëɯ.ÙÎÈɪ

ÕÐáÈÊÑýɯ 3ÜÙàÚÛàÊáÕëȭɯhttps://visitbyd-

goszcz.pl/pl/odkryj/co -zobaczyc/1035-

wyspa-mlynska  

 

 
 

STARY RYNEK  

/ÙáÌáɯ2ÛÈÙàɯ1àÕÌÒɯ×ÙáÌÉÐÌÎÈɯƕƜɯ×ÖėÜɪ

ËÕÐÒɯËėÜÎÖĭÊÐɯÎÌÖÎÙÈÍÐÊáÕÌÑɯÞÚÊÏÖËÕÐÌÑȮɯ

ÒÛĞÙàɯėëÊáàɯ!àËÎÖÚáÊáɯÔȭÐÕȭɯáÌɯ2áÛÖÒÏÖÓɪ

mem i Kapsztadem. https://visitbyd-

goszcz.pl/pl/odkryj/trasy -zwiedza-

nia/86-poznajemy-stare-miasto 

 

 

 
 

KATEDRA - BYDGOSKA FARA  

*ÖĭÊÐĞėɯáÉÜËÖÞÈÕàɯÞɯ75ɯÞȭɯÞɯÚÛàÓÜɯÎÖɪ

ÛàÊÒÐÔȮɯÚÈÕÒÛÜÈÙÐÜÔɯ,ÈÛÒÐɯ!ÖŊÌÑɯ/ÐýÒɪ

ÕÌÑɯ,ÐėÖĭÊÐȭɯ2ÛÈÕÖÞÐɯÕÈÑÞÈÙÛÖĭÊÐÖÞÚáàɯ

zabytek staropolskiej architektury Byd-

ÎÖÚáÊáàɯÖÙÈáɯËÖÚÒÖÕÈÓÌɯÞ×ÐÚÜÑÌɯÚÐýɯÞɯ

nadrzeczny klimat miasta. Zawiera dwa 

czczone i koronowane wizerunki ma-

ÙàÑÕÌȯɯÖÉÙÈáɯ,ÈÛÒÐɯ!ÖŊÌÑɯ/ÐýÒÕÌÑɯ,ÐėÖĭÊÐɯ

ȹƕƘƚƛȺɯÞɯÖėÛÈÙáÜɯÎėĞÞÕàÔɯÖÙÈáɯÖÉÙÈáɯ

,ÈÛÒÐɯ!ÖŊÌÑɯ2áÒÈ×ÓÌÙáÕÌÑɯȹƕƛƔƔȺɯÞɯÖėÛÈɪ

ÙáÜɯ ÕÈÞàɯ ×ĞėÕÖÊÕÌÑȭɯhttps://visitbyd-

goszcz.pl/pl/odkryj/co -zobaczyc/1020-

katedra-bydgoska 

Wikimedia Commons 

visitbydgoszcz.pl 
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P19$"'.#9C"8ɯ/19$9ɯ19$*V 

Ɇ/ÙáÌÊÏÖËáëÊàɯ×ÙáÌáɯÙáÌÒýɆɯáÈÞÐÛÈėɯËÖɯ

!àËÎÖÚáÊáàɯƕɯÔÈÑÈɯƖƔƔƘɯËÓÈɯÜ×ÈÔÐýÛÕÐÌɪ

ÕÐÈɯÞÌÑĭÊÐÈɯ/ÖÓÚÒÐɯËÖɯ4ÕÐÐɯ$ÜÙÖ×ÌÑÚÒÐÌÑȭɯ

 ÜÛÖÙÌÔɯÛÌÑɯÕÐÌáÞàÒėÌÑɯÙáÌňÉàɯÑÌÚÛɯ)ÌÙáàɯ

*ýËáÐÖÙÈȭɯ%ÌÕÖÔÌÕÌÔɯÙáÌňÉàɯÑÌÚÛɯÍÈÒÛȮɯ

ÐŊɯÜÔÐÌÚáÊáÖÕÖɯÑëɯÕÈËɯ!ÙËëɯÕÈɯÓÐÕÐÌɯroz-

×ÐýÛÌÑɯ×ÖÔÐýËáàɯÉÙáÌÎÈÔÐȭɯhttps://visit-

bydgoszcz.pl/pl/odkryj/co -zo-

baczyc/2557-przechodzacy-przez-brde-

w-bydgoszczy 

 
 

SPICHRZE  

!àËÎÖÚÒÐÌɯÚ×ÐÊÏÙáÌɯÕÈËɯ!ÙËëɯÚëɯÕÐÌÔÈÓɯ

ÑÈÒɯÏÌÙÉɯÔÐÈÚÛÈȭɯ#ÖɯËáÐÚÐÈÑɯáÈÊÏÖÞÈėÖɯÚÐýɯ

w Bydgoszczy zaledwie kilka historycz-

nych spichrzy, a sprzed XIX wieku tylko 

ÊáÛÌÙàȮɯ×ÙáàɯÉÙáÌÎÈÊÏɯÙáÌÒÐȮɯÞɯĭÊÐÚėàÔɯ

centrum miasta, wszystkie szachulcowe, 

Èɯ ËáÐĭɯ ×ÌėÕÐëÊÌɯ ÍÜÕÒÊje muzealne. 

https://visitbydgoszcz.pl/pl/odkryj/co -

zobaczyc/1001-spichrze-nad-brda-w-

bydgoszczy 

 

 
 

oUCZNICZKA (POMNIK ) 

)ÌÚÛɯÑÌËÕëɯáɯÕÈÑÚÛÈÙÚáàÊÏɯáÈÊÏÖÞÈÕàÊÏɯ

ÙáÌňÉɯ Þɯ ÔÐÌĭÊÐÌȮɯ ÜáÕÈÞÈÕëɯ ÛÈÒŊÌɯ áÈɯ

ÑÌËÕëɯ áɯ ÕÈÑÊÌÕÕÐÌÑÚáàÊÏɯ Ðɯ ÕÈÑ×ÐýÒÕÐÌÑɪ

szycÏȭɯ /ÖÚÛÈîɯ ȬoÜÊáÕÐÊáÒÐɂɯ ÕÈÓÌŊàɯ ËÖɯ

Wikimedia Commons 

Wikimedia Commons 

Wikimedia Commons 
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najbardziej wyrazistych symboli Byd-

ÎÖÚáÊáàȭɯ"áÛÌÙàɯÒÖ×ÐÌɯ×ÖÚëÎÜɯáÕÈÑËÜÑëɯ

ÚÐýɯ Þɯ ÙĞŊÕàÊÏɯ ÔÐÈÚÛÈÊÏɯ -ÐÌÔÐÌÊȭɯ

https://visitbydgoszcz.pl/pl/odkryj/co -

zobaczyc/26-luczniczka 

 

 
 

M8¥+V"(-$* - L$¥-8ɯPARK KULTURY I 

WYPOCZYNKU ORAZ ZOO  

)ÌËÌÕɯáɯÕÈÑÞÐýÒÚáàÊÏɯÞɯ/ÖÓÚÊÌɯÒÖÔ×ÓÌÒɪ

ÚĞÞɯÙÌÒÙÌÈÊàÑÕàÊÏɯáÈÑÔÜÑÌɯ×ÖÞÐÌÙáÊÏɪ

ÕÐýɯƜƗƔɯÏÈȮɯáɯÊáÌÎÖɯÉÓÐÚÒÖɯƙƔƔɯÏÈɯÛÖɯÛÌÙÌÕàɯ

ÓÌĭÕÌȮɯÕÈÞÌÛɯáɯÚÛÜÓÌÛÕÐÔÐɯÖÒÈáÈÔÐɯËÙáÌÞɯ

ÓÐĭÊÐÈÚÛàÊÏȭ  

https://visitbydgoszcz.pl/pl/odkryj/co -

zrobic/2563-myslecinek-park-byd-

goszcz.  

 
 

,àĭÓýÊÐĘÚÒÐÌ ZOO jest jednym z nielicz-

ÕàÊÏɯÞɯÚÒÈÓÐɯÊÈėÌÎÖɯÒÙÈÑÜɯÖÎÙÖËĞÞɯáÖÖɪ

ÓÖÎÐÊáÕàÊÏɯ Ú×ÌÊÑÈÓÐáÜÑëÊàÊÏɯ ÚÐýɯ Þɯ ÏÖɪ

ËÖÞÓÐɯÙÖËáÐÔàÊÏɯáÞÐÌÙáëÛȭɯ)ÌËÕÈÒɯáÕÈÑɪ

ËáÐÌÊÐÌɯÛÜɯÙĞÞÕÐÌŊɯÞÐÌÓÌɯÌÎáÖÛàÊáÕàÊÏɯ

ÎÈÛÜÕÒĞÞȮɯÑÈÒɯÕ×ȭɯÓÌÔÜÙɯÒÈÛÛÈȮɯÛàÎÙàÚɯ

ÈÔÜÙÚÒÐȮɯ Êáàɯ ÒÙÖÒÖËàÓɯ ÒÈÔÌÙÜĘÚÒÐȭɯ

ZOO zajmujÌɯÛÌÙÌÕɯƕƘɯÏÈɯÞɯ×ÖėÜËÕÐÖÞÌÑɯ

ÊáýĭÊÐɯ+ÌĭÕÌÎÖɯ/ÈÙÒÜɯ*ÜÓÛÜÙàɯÐɯ6à×Öɪ

ÊáàÕÒÜɯ ,àĭÓýÊÐÕÌÒȭɯhttps://visitbyd-

goszcz.pl/pl/odkryj/atrakcje -dla-

dzieci/2499-zoo-bydgoszcz 

 

 
 

 

 

Wikimedia Commons 

Wikimedia Commons 

Wikimedia Commons 
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EXPLOSEM - M UZEUM O*1V&.6$ɯ(,. LE-

ONA W8"9uo*.62*($&. 

Exploseum (Centrum Techniki Wojennej 

DAG Fabrik Bromberg), to dawna tajna 

pohitlerowska fabryka zbrojeniowa, 

ÒÛĞÙÈɯÚÛÈėÈɯÚÐýɯÕÈÑÊÐÌÒÈÞÚáëɯÐÕËÜÚÛÙÐÈÓÕëɯ

ÈÛÙÈÒÊÑëɯ ÛÜÙàÚÛàÊáÕëɯ Þɯ !àËÎÖÚáÊáàȭɯ

6ÒÙÈÊáÈÑëÊɯ ËÖɯ ÕÐÌÚÈÔÖÞÐÛÌÎÖɯ ÒÖÔɪ

×ÓÌÒÚÜɯÑÈÒÐÔɯÑÌÚÛɯ# &Ȯɯ×ÙáÌÕÖÚÐÔàɯÚÐýɯ

ËÖɯáÜ×ÌėÕÐÌɯÐÕÕÌÎÖɯĭÞÐÈÛÈȭɯ.ÉÐÌÒÛɯÔÐÔÖɯ

ÛÌÎÖȮɯŊÌɯÞɯÙÖÒÜɯƕƝƘƙɯáÖÚÛÈėɯɆÙÖáÔÖÕÛÖɪ

ÞÈÕàɆɯ×ÙáÌáɯ ÙÔÐýɯ"áÌÙÞÖÕëɯÑÌÚÛɯáÕÈɪ

ÒÖÔÐÊÐÌɯáÈÊÏÖÞÈÕàȭɯ&ÙÜÉÌɯŊÌÓÉÌÛÖÕÖÞÌɯ

ĭÊÐÈÕàɯÚ×ÙÈÞÐÈÑëɯÞÙÈŊÌÕÐÌɯĭÞÐÌŊÖɯ×ÖÚÛÈɪ

wionych, a liczne zakamarki i monu-

mentalne hale produkcyjne przypra-

ÞÐÈÑëɯ Öɯ ÚÛÈÕɯzdumienia. http://explo-

seum.pl/ 

 

 
 

M UZEUM M8#o ɯ(ɯH ISTORII BRUDU  

Jedyne takie muzeum w Europie i unika-

towa atrakcja turystyczna Bydgoszczy! 

,ÖŊÕÈɯÛÜɯ×ÖáÕÈîɯÏÐÚÛÖÙÐýɯÏÐÎÐÌÕàȮɯÉÙÜËÜɯ

Ðɯ×ÙÖËÜÒÊÑÐɯÔàËėÈɯÖÙÈáɯËÖÞÐÌËáÐÌîɯÚÐýɯ

ÒÐÔɯ Éàėɯ /ÓÜÎÈÞàɯ 3ÖÔÈÚáɯ oÈáÐÌÉÕÐÒȮɯ

ÊáàÔɯÞÚėÈÞÐėɯÚÐýɯ9ÈÉėÖÊÒÐȮɯÑÈÒɯÞàÎÓëɪ

ËÈėÈɯÏÐÎÐÌÕÈɯÕÈÚáàÊÏɯÉÈÉîȭȭȭɯÖÙÈá gdzie 

ÑÌÚÛɯÕÈÑÞÐýÊÌÑɯÉÈÒÛÌÙÐÐȭɯ/ÖÕÈËÛÖɯ,ÐÚÛÙáɯ

,àËÓÈÙÚÒÐɯ×ÖÒÈŊÌɯÕÈɯÊáàÔɯ×ÖÓÌÎÈɯÞàɪ

ÛÞÈÙáÈÕÐÌɯÔàËÌėȮɯÈɯ×ÖÛÌÔɯÔÖŊÕÈɯÞàÙÖɪ

ÉÐîɯÞėÈÚÕÖÙýÊáÕÐÌɯÔàËėÖɯáɯÞàÉÙÈÕàÔɯ

áÈ×ÈÊÏÌÔȮɯÒÖÓÖÙÌÔɯÐɯÍÖÙÔëȭɯhttps://mu-

zeummydla.pl/  

 

 
 

P19823 pɯBYDGOSZCZ NA WYSPIE 

Mo8p2*($) 

/ÙáàÚÛÈĘɯ!àËÎÖÚáÊáɯÛÖɯÕÖÞÖÊáÌÚÕÈɯÔÈɪ

ÙÐÕÈɯ ×ÖėÖŊÖÕÈɯ ÕÈɯ ÜÙÖÒÓÐÞÌÑɯ 6àÚ×ÐÌɯ

,ėàĘÚÒÐÌÑȮɯÞɯÚÈÔàÔɯÊÌÕÛÙÜÔɯ!àËÎÖÚáɪ

Êáàȭɯ9ÈÊÏÞàÊÈɯÕÐÌÉÈÕÈÓÕëɯÈÙÊÏÐÛÌÒÛÜÙëȮɯ

ÑÌËÕÖÊáÌĭÕÐÌɯÞÐÌÓÖÍÜÕÒÊàÑÕÖĭÊÐëȭɯ9Þàɪ

ÊÐýáÊÈɯÞÐÌÓÜɯÒÖÕÒÜÙÚĞÞɯÈÙÊÏÐÛÌÒÛÖÕÐÊáɪ

nych. Marina jest jednym áɯÕÈÑ×ÐýÒÕÐÌÑɪ

ÚáàÊÏɯ×ÙáàÚÛÈÕÒĞÞɯÕÈɯÔÐýËáàÕÈÙÖËÖɪ

ÞÌÑɯËÙÖËáÌɯÞÖËÕÌÑɯ$ƛƔȮɯÎÖĭÊÐÕÕÈɯËÓÈɯŊÌɪ

ÎÓÈÙáàɯ×ÙÌÍÌÙÜÑëÊàÊÏɯÛÜÙàÚÛàÒýɯÙáÌÊáÕëȭɯ

6ɯ /ÙáàÚÛÈÕÐɯ !àËÎÖÚáÊáɯ ÔÐÌÚáÊáëɯ ÚÐýɯ

m.in. 22 kameralne pokoje noclegowe, w 

ÛàÔɯƘɯËÖÚÛÖÚÖÞÈÕÌɯËÓÈɯ×ÖÛÙáÌÉɯÖÚĞÉɯÕÐÌɪ

×ÌėÕÖÚ×ÙÈÞÕàÊÏȮɯ ÚÈÓa konferencyjna z 

ÞÐËÖÒÐÌÔɯ ÕÈɯ ÕÈÑ×ÐýÒÕÐÌÑÚáàɯ áÈÒëÛÌÒɯ

!àËÎÖÚáÊáàȮɯÚÈÜÕÈȮɯÞà×ÖŊàÊáÈÓÕÐÈɯÒÈÑÈɪ

ÒĞÞȭɯ 

http://exploseum.pl  

Wikimedia Commons 
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Z TARASEM WIDOKOWYM  

6ɯƕƝƔƔɯÙÖÒÜȮɯÕÈɯÖÉÌÊÕàÔɯ6áÎĞÙáÜɯÎÌÕȭɯ

'ÌÕÙàÒÈɯ#ëÉÙÖÞÚÒÐÌÎÖȮɯÕÈÑÞàŊÌÑɯ×ÖėÖɪ

ŊÖÕàÔɯÔÐÌÑÚÊÌÔɯÞáÎÓýËÌÔɯÜÑýÊÐÈɯÞÖËàɯ

Þɯ+ÌÚÐÌɯ&ËÈĘÚÒÐÔȮɯÖËËÈÕÖɯËÖɯÜŊàÛÒÜɯ

ÞÐÌŊýɯÊÐĭÕÐÌĘȭɯ/ÌėÕÐėÈɯÖÕÈɯÞÈŊÕëɯÍÜÕÒÊÑýɯ

ÞɯÕÖÞÖÊáÌÚÕàÔɯÚàÚÛÌÔÐÌɯÞÖËÖÊÐëÎÖɪ

ÞàÔɯ !àËÎÖÚáÊáàȭɯ #áÐĭɯ áÈÉàÛÒÖÞÈɯ

6ÐÌŊÈɯ"ÐĭÕÐÌĘɯÑÌÚÛɯÊáýĭÊÐëɯ,ÜáÌÜÔɯ6Öɪ

ËÖÊÐëÎĞÞɯ- ÊÐÌÒÈÞëɯÈÛÙÈÒÊÑëɯÛÜÙàÚÛàÊáÕëɯ

z tarasem widokowym na centrum Byd-

goszczy. 

http://www.muzeum.mwik.byd-

goszcz.pl/ 

 

 
 

 

 

0ÏÚÎÁÊ ÈÉÓÔÏÒÉö "ÙÄÇÏÓÚÃÚÙȟ ÌÅÇÅÎÄÙȟ ÐÏÄÓÔÁ×Ï×Å ÄÁÎÅȟ ÎÁÓÚÅ ÐÒÏÄÕËÔÙ ÒÅÇÉÏÎÁÌÎÅ  

oraz okolice Bydgoszczy. 

 

 

visitbydgoszcz.pl 

 

Wikimedia Commons 

Wikimedia Commons 
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REGION , *3u18ɯ9,($-(oɯ¥6( 3 
)ÈÙÖÚėÈÞɯ"ÏÙÖÚÛÖÞÚÒÐ 

 

Region kujawsko-×ÖÔÖÙÚÒÐɯáÞàÒÓÌɯÉàÞÈɯÒÖÑÈÙáÖÕàɯÛàÓÒÖɯáɯ,ÐÒÖėÈÑÌÔɯ*Ö×ÌÙÕÐÒÐÌÔȭɯ

4áÕÈÞÈÕàɯáÈɯÛÞĞÙÊýɯÏÌÓÐÖÊÌÕÛÙàáÔÜȮɯ*Ö×ÌÙÕÐÒɯÞɯÐÚÛÖÊÐÌɯÑÌËàÕÐÌɯÞÚÒÙáÌÚÐėɯÐɯÙÖáÉÜɪ

ËÖÞÈėɯÚÛÈÙÖŊàÛÕëɯÐËÌýȮɯÚÛÈÑëÊɯÚÐýɯÕÐÌĭÞÐÈËÖÔàÔɯÐÕÚ×ÐÙÈÛÖÙÌÔɯÙÌÞÖÓÜÊÑÐɯÞɯÕÈÜÒÖÞàÔɯ

ÔàĭÓÌÕÐÜɯÖɯ×ÙáàÙÖËáÐÌȮɯÊÖɯ×ÖɯÞÐÌÒÈÊÏɯáÔÐÌÕÐėÖɯÊÈėàɯĭÞÐÈÛȭɯ-ÈáÞÈÕÈɯÒÜɯÑÌÎÖɯÊáÊÐɯáÈɪ

ÚÈËÈɯÒÖ×ÌÙÕÐÒÈĘÚÒÈɯÓÌŊàɯËáÐĭɯÜɯ×ÖËÚÛÈÞɯÚÈÔÌÎÖɯÍÜÕËÈÔÌÕÛÜɯÞÚ×ĞėÊáÌÚÕÌÑɯÕÈÜÒÐȯɯ

ÔÌÛÖËàɯÕÈÜÒÖÞÌÑȭɯ&ËàɯÑÌËÕÈÒɯÚ×ÖÑÙáàÔàɯÕÈɯÙÌÎÐÖÕɯÞÖÒĞėɯ!àËÎÖÚáÊáàɯÞɯ×ÙÖÔÐÌÕÐÜɯ

150-ƕƜƔɯÒÔȮɯÖÉÌÑÔÜÑëÊàÔɯÛà×ÖÞÌɯÚÛÈÕÖÞÐÚÒÖɯáɯ+ÐÚÛàɯ¥ÞÐÈÛÖÞÌÎÖɯ#áÐÌËáÐÊÛÞÈɯ4-$ɪ

2".ȮɯÙÈ×ÛÌÔɯÚÐýɯÖÒÈáÜÑÌȮɯŊÌɯÔÖŊÕÈɯÛÜɯáÕÈÓÌňîɯ×ÖÕÈËɯ×ĞėɯÚÌÛÒÐ wybitnych przedstawi-

ÊÐÌÓÐɯÕÈÜÒɯĭÊÐÚėàÊÏɯÐɯÛÌÊÏÕÐÊáÕàÊÏȮɯÞáÈÑÌÔÕÐÌɯ×ÖÞÐëáÈÕàÊÏɯÞɯÚÛÖ×ÕÐÜɯÞÙýÊáɯÍÈÚÊàÕÜɪ

ÑëÊàÔȭ 

 

Tylko w samej Bydgoszczy i miastach oddalonych od jej granic o zaledwie 50 km w 

ÓÐÕÐÐɯ×ÙÖÚÛÌÑɯáÕÈÑËáÐÌÔàɯÚáÌÙÌÎɯ×ÖÚÛÈÊÐɯÖɯÖÚÐëÎÕÐýÊÐÈÊÏɯÕÈÜÒÖÞàÊÏɯÓÐÊáëÊàÊÏɯÚÐýɯÞɯ

ÚÒÈÓÐɯÒÙÈÑÜȮɯÈɯÞɯÞÐýÒÚáÖĭÊÐɯ×Ùáà×ÈËÒĞÞɯĭÞÐÈÛÈȭɯ(ɯÛÈÒȮɯÛÜŊɯ×ÙáàɯÉàËÎÖÚÒÐÔɯ2ÛÈÙàÔɯ

1àÕÒÜɯÜÙÖËáÐėɯÚÐýɯ'ÜÎÖɯ'ÌÙÎÌÚÌÓÓȮɯ×ÐÖÕÐÌÙɯÚÖÕËÖÞÈĘɯÚÛÙÈÛÖÚÍÌÙàÊáÕàÊÏɯÐɯÎÓÖÉÈÓÕàÊÏɯ

ÉÈËÈĘɯ ÔÌÛÌÖÙÖÓÖÎÐÊáÕàÊÏȮɯ ÛÞĞÙÊÈɯ ÕÖÞÈÛÖÙÚÒÐÊÏɯ ÛÌÊÏÕÐÒɯ ÚÖÕËÖÞÈĘɯ ÉÈÓÖÕÖÞàÊÏȮɯ

pierÞÚáàɯÊáėÖÞÐÌÒȮɯÒÛĞÙàɯÞɯËÈÕàÊÏɯÛÌÔ×ÌÙÈÛÜÙÖÞàÊÏɯËÖÚÛÙáÌÎėɯÚÛÙÈÛÖÚÍÌÙýɯȹÊÏÖîɯÕÐÌɯ

áÙÖáÜÔÐÈėɯÕÈÛÜÙàɯÖÉÚÌÙÞÖÞÈÕàÊÏɯÈÕÖÔÈÓÐÐȺȮɯÖËÒÙàėɯÈÕÛà×ÈÚÈÛàȮɯÉàėɯ×ÐÖÕÐÌÙÌÔɯÉÈËÈĘɯ

ÔÌÛÌÖÙÖÓÖÎÐÊáÕàÊÏɯÞɯÙÌÑÖÕÈÊÏɯÈÙÒÛàÊáÕàÊÏɯÐɯÑÈÒÖɯ×ÐÌÙÞÚáàɯáɯ×ÖÞÖËáÌÕÐÌÔɯÜŊàÞÈėɯ

metod matematycznycÏɯËÖɯÔÖËÌÓÖÞÈÕÐÈɯÙÜÊÏÜɯÚáÛÜÊáÕÌÎÖɯ×ÖÑÈáËÜɯÓÈÛÈÑëÊÌÎÖɯÞɯÈÛɪ

mosferze. 

 

9ÈÓÌËÞÐÌɯÒÐÓÒÈÕÈĭÊÐÌɯÔÌÛÙĞÞɯÖËɯÎÙÈÕÐÊɯ7(7-wiecznej Bydgoszczy ɬ a w jej dzisiej-

szym niemal centrum ɬ ×ÙáàÚáÌËėɯÕÈɯĭÞÐÈÛɯ$ÙÐÊÏɯ1ÌÎÌÕÌÙȮɯÑÌËÌÕɯáɯ×ÐÌÙÞÚáàÊÏɯÉÈËÈÊáàɯ

ÖáÖÕÜɯÈÛÔÖÚÍÌÙàÊáÕÌÎÖȮɯÊáėÖÞÐÌÒȮɯÒÛĞÙàɯÞɯÉÌá×ÖĭÙÌËÕÐÊÏɯ×ÖÔÐÈÙÈÊÏɯáÕÈÓÈáėɯÞėÈɪ

ĭÊÐÞÌɯ×ÖėÖŊÌÕÐÌɯÞÈÙÚÛÞàɯÖáÖÕÖÞÌÑȭɯ3ÜŊɯ×ÖɯÚÛÜËÐÈÊÏɯÖ×ÙÈÊÖÞÈėɯ×ÐÌÙÞÚáëɯÛÌÊÏÕÐÒýɯ

áÓÐÊáÈÕÐÈɯÊáëÚÛÌÒɯÑëËÙÖÞàÊÏɯáɯÜŊàÊÐÌÔɯÒÙàÚáÛÈėĞÞɯÚÊàÕÛàÓÈÊàÑÕàÊÏȮɯÊÖɯ×ÖáÞÖÓÐėÖɯÔÜɯ

ÞàáÕÈÊáàîɯÞÈÙÛÖĭîɯėÈËÜÕÒÜɯÌÓÌÒÛÙàÊáÕÌÎÖɯáɯËÖÒėÈËÕÖĭÊÐëɯËÖɯËÞĞÊÏɯÔÐÌÑÚÊɯ×Öɯ×ÙáÌɪ

ÊÐÕÒÜɯȹÒÐÓÒÈɯÓÈÛɯ×ÙáÌËɯ×ÐÌÙÞÚáàÔɯ×ÖËÖÉÕÐÌɯËÖÒėÈËÕàÔɯ×ÖÔÐÈÙÌÔɯ×ĞňÕÐÌÑÚáÌÎÖɯÕÖɪ

ÉÓÐÚÛàɯ1ÖÉÌÙÛÈɯ,ÐÓÓÐÒÈÕÈȵȺȭɯ1ÌÎÌÕÌÙɯÑÈÒÖɯ×ÐÌÙÞÚáàɯËÖÚÛÈÙÊáàėɯÞÐÈÙàÎÖËÕàÊÏɯËÈÕàÊÏɯ
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ËÖÛàÊáëÊàÊÏɯáÔÐÈÕɯÕÈÛýŊÌÕÐÈɯ×ÙÖÔÐÌÕÐÖÞÈÕÐÈɯÒÖÚÔÐÊáÕÌÎÖɯÖËɯÎėýÉÐÕɯ)ÌáÐÖÙÈɯ!ÖËÌĘɪ

ÚÒÐÌÎÖɯȹƖƗƛɯÒÔȺɯËÖɯÞàÚÖÒÖĭÊÐɯƖƜɯÒÔɯÞɯÈÛÔÖÚÍÌÙáÌȭɯ!ÈËÈÕÐÈɯÛÌɯ×ÙáàÕÐÖÚėàɯÔÜɯÕÖÔÐɪ

ÕÈÊÑýɯËÖɯ-ÈÎÙÖËàɯ-ÖÉÓÈȮɯáėÖŊÖÕëɯ×ÙáÌáɯ$ÙÞÐÕÈɯ2ÊÏÙġËÐÕÎÌÙÈȭɯ)ÈÒÖɯÑÌËàÕàɯËÖÊÐÌÙÈėɯÕÈɯ

ÛÈÒɯËÜŊÌɯÞàÚÖÒÖĭÊÐɯËáÐýÒÐɯ×ÐÖÕÐÌÙÚÒÐÔɯÛÌÊÏÕÐÒÖÔɯÚÖÕËÖÞÈĘɯÉÈÓÖÕÖÞàÊÏȮɯÙÖáÞÐÑÈÑëɪ

cych tÈÕËÌÔÖÞÌɯÔÌÛÖËàɯ'ÜÎÖÕÈɯ'ÌÙÎÌÚÌÓÓÈɯáɯÜŊàÊÐÌÔɯÔÈÛÌÙÐÈėĞÞɯÚáÛÜÊáÕàÊÏɯȹÊÌɪ

ÓÖÍÈÕɯÑÈÒÖɯ×ÖÞėÖÒÐɯÉÈÓÖÕĞÞɯÐɯÔÌÛÖËÈɯÜÛÙáàÔÈÕÐÈɯÛÌÔ×ÌÙÈÛÜÙàɯÞɯÎÖÕËÖÓÐɯáɯÐÕÚÛÙÜɪ

ÔÌÕÛÈÔÐȺȭɯ/ÖÕÈËÛÖɯ1ÌÎÌÕÌÙɯÑÈÒÖɯ×ÐÌÙÞÚáàɯÉÌá×ÖĭÙÌËÕÐÖɯáÈÙÌÑÌÚÛÙÖÞÈėɯÜÓÛÙÈÍÐÖÓÌÛÖÞëɯ

ÊáýĭîɯÞÐËÔÈɯÚėÖÕÌÊáÕÌÎÖȮɯÊáàÔɯáÈÐÕÐÊÑÖÞÈėɯÈÚÛÙÖÕÖÔÐýɯÜÓÛÙÈÍÐÖÓÌÛÖÞëȮɯÕÈÑËÖÒėÈËÕÐÌÑɯ

áÌɯÞÚáàÚÛÒÐÊÏɯÕÈÜÒÖÞÊĞÞɯ×ÙáÌÞÐËáÐÈėɯÛÌÔ×ÌÙÈÛÜÙýɯ×ÙÖÔÐÌÕÐÖÞÈÕÐÈɯÞà×ÌėÕÐÈÑëÊÌÎÖɯ

6ÚáÌÊÏĭÞÐÈÛɯȹƖȮƜɯ*ȺɯÖÙÈáɯÉàėɯÛÞĞÙÊëɯɬ ÞÌɯÞÚ×Ğė×ÙÈÊàɯáɯ6ÌÙÕÏÌÙÌÔɯÝÖÕɯ!ÙÈÜÕÌÔɯɬ 

×ÐÌÙÞÚáÌÎÖɯÕÈÜÒÖÞÌÎÖɯ×ÙĞÉÕÐÒÈɯËÖɯ×ÐÌÙÞÚáÌÑɯÙÈÒÐÌÛàɯÒÖÚÔÐÊáÕÌÑɯȹ ƘȮɯáÕÈÕÌÑɯ×ĞňÕÐÌÑɯ

ÑÈÒÖɯ5ƖȺȭɯ/ÙÖÑÌÒÛɯ×ÙĞÉÕÐÒÈɯËÖɯÉÈËÈĘɯÞàÚÖÒÐÊÏɯÞÈÙÚÛÞɯÚÛÙÈÛÖÚÍÌÙàɯáɯÜŊàÊÐÌÔɯ ƘɯÉàėɯ

pierwszym pokojowym, naukowym wykorzystaniem techniki rakietowej (co cie-

ÒÈÞÌȯɯÙÖá×ÖÊáëėɯÚÐýɯáÈÕÐÔɯ Ƙɤ5ƖɯÖÚÐëÎÕýėÈɯáËÖÓÕÖĭîɯÉÖÑÖÞëȵȺȭɯ9ɯÛÌÎo powodu Ericha 

1ÌÎÌÕÌÙÈɯÜáÕÈÑÌɯÚÐýɯáÈɯÐÕÐÊÑÈÛÖÙÈɯ×ÖáÈáÐÌÔÚÒÐÌÑɯÍÐáàÒÐɯÌÒÚ×ÌÙàÔÌÕÛÈÓÕÌÑȭ 

 

3ÜŊɯÖÉÖÒɯ!àËÎÖÚáÊáàȮɯÞɯÃÕÐÕÐÌɯÐɯÑÌÎÖɯÖÒÖÓÐÊÈÊÏȮɯÜÙÖËáÐÓÐɯÚÐýɯÉÙÈÊÐÈɯ¥ÕÐÈËÌÊÊàȭɯ)ÈÕɯÉàėɯ

ÐÕÐÊÑÈÛÖÙÌÔɯ×ÐÌÙÞÚáÌÎÖɯÞɯ/ÖÓÚÊÌɯÉÌááÈėÖÎÖÞÌÎÖɯÓÖÛÜɯÉÈÓÖÕÖÞÌÎÖȭɯ+ÖÛɯÛÌÕɯÖÒÈáÈėɯÚÐýɯ

ÙÌÒÖÙËÖÞàɯÞɯÚÒÈÓÐɯĭÞÐÈÛÈɯÑÌĭÓÐɯÊÏÖËáÐɯÖɯÖÚÐëÎÕÐýÛàɯ×ÜėÈ×ɯȹƘɯÒÔȺɯÐɯËėÜÎÖĭîɯÓÖÛÜɯȹƗƔɯ

ÔÐÕÜÛȺȭɯ)ýËÙáÌÑɯáɯÒÖÓÌÐɯÉàėɯ×ÖÓÚÒÐÔɯ×ÐÖÕÐÌÙÌÔɯÞɯáÈÒÙÌÚÐÌɯÉÈËÈĘɯÕÈËɯÔÌÛÖËëɯÕÈÜÒÖÞëɯ

ÐɯÈÜÛÖÙÌÔɯ×ÐÌÙÞÚáÌÑɯÛÌÖÙÐÐɯÍÐáÑÖÓÖÎÐÊáÕÌÑɯÞɯÔÌËàÊàÕÐÌȮɯÉÈáÜÑëÊÌÑɯÕÈɯ×ÖËÚÛÈÞÈÊÏɯÊÏÌɪ

micznyÊÏȭɯ.ÉÈÑɯÞÕÐÌĭÓÐɯ×ÖÕÈËÛÖɯÐÚÛÖÛÕàɯÞÒėÈËɯÞɯÒÚáÛÈėÛɯÞÚ×ĞėÊáÌÚÕÌÑɯ×ÖÓÚÒÐÌÑɯÛÌÙÔÐɪ

ÕÖÓÖÎÐÐɯÕÈÜÒÖÞÌÑɯÞɯËáÐÌËáÐÕÈÊÏɯĭÊÐÚėàÊÏȭ 

 

-ÐÌËÈÓÌÒÖɯÃÕÐÕÈɯáÕÈÑËÜÑÌɯÚÐýɯ*ÊàÕÐÈȮɯÔÐÌÑÚÊÌɯÕÈÙÖËáÐÕɯ)ÈÕÈɯ"áÖÊÏÙÈÓÚÒÐÌÎÖȮɯÞàÉÐÛɪ

ÕÌÎÖɯÊÏÌÔÐÒÈɯÐɯÔÌÛÈÓÜÙÎÈȭɯ9ɯÔÖÕÖÒÙàÚáÛÈėĞÞɯÒÙáÌÔÜɯÏÖËÖÞÈÕàÊÏɯÖËÒÙàÛëɯ×ÙáÌáɯ

ÕÐÌÎÖɯÔÌÛÖËëɯÒÖÙáàÚÛÈɯËáÐĭɯËÖÔÐÕÜÑëÊÈɯÊáýĭîɯÙàÕÒÜɯÌÓÌÒÛÙÖÕÐÒÐȭɯ"áÖÊÏÙÈÓÚÒÐɯÉàėɯÛÈÒŊÌɯ

×ÖÔàÚėÖËÈÞÊëɯÚÒÈÕÐÕÎÖÞàÊÏɯÛÌÊÏÕÐÒɯÔÐÒÙÖÚÒÖ×ÖÞàÊÏȭɯ 

 

9ÕÈÕëɯɬ ÓÌÊáɯÞÊÐëŊɯÞɯáÉàÛɯÔÈėàÔɯÚÛÖ×ÕÐÜɯËÖÊÌÕÐÈÕëɯɬ ×ÖÚÛÈÊÐëɯÕÈÜÒÐɯÑÌÚÛɯÉàËÎÖÚáɪ

czanin Marian Rejewski. 9ėÈÔÈÕÐÌɯ×ÙáÌáɯÕÐÌÎÖɯÒÖËÜɯÕÐÌÔÐÌÊÒÐÌÑɯÔÈÚáàÕàɯÚáàÍÙÜÑëÊÌÑɯ

Ȭ$ÕÐÎÔÈɂɯÜÊÏÖËáÐɯáÈɯÕÈÑÞÐýÒÚáÌɯÐÕËàÞÐËÜÈÓÕÌɯÖÚÐëÎÕÐýÊÐÌɯÞɯËáÐÌÑÈÊÏɯÒÙà×ÛÖÓÖÎÐÐȭɯ

3ÌÊÏÕÐÒÐɯÔÈÛÌÔÈÛàÊáÕÌɯ1ÌÑÌÞÚÒÐÌÎÖɯÐɯáÈ×ÙÖÑÌÒÛÖÞÈÕÌɯ×ÙáÌáɯÕÐÌÎÖɯÔÈÚáàÕàɯÓÐÊáëÊÌɯ

ÞàáÕÈÊáàėàɯÕÖÞÌɯÒÐÌÙÜÕÒÐɯÙÖáÞÖÑÜɯÐÕÍÖÙÔÈÛàÒÐȮɯÊÖɯÞɯÒÙĞÛÒÐÔɯÊáÈÚÐÌɯ×ÙáàÊáàÕÐėÖɯÚÐýɯ
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ËÖɯ×ÖÞÚÛÈÕÐÈɯ×ÐÌÙÞÚáÌÎÖɯÞɯ×ÌėÕÐɯÌÓÌÒÛÙÖÕÐÊáÕÌÎÖȮɯÊàÍÙÖÞÌÎÖȮɯ×ÙÖÎÙÈÔÖÞÈÓÕÌÎÖɯ

komputera Colossus. 

 

(ɯÚÒÖÙÖɯÖɯÖÚÐëÎÕÐýÊÐÈÊÏɯÛÌÊÏÕÐÊáÕàÊÏɯÔÖÞÈȮɯÛÙÜËÕÖɯÕÐÌɯÞÚ×ÖÔÕÐÌîɯÖɯÐÕÕàÔɯ×ÐÖÕÐÌÙáÌɯ

z kujawsko-pomorskim rodowodem: JĞáÌÍÐÌɯ3àÒÖÊÐĘÚÒÐÔ-Tykocinerze, urodzonym 

Þɯ×ÖėÖŊÖÕàÔɯÕÐÌÊÖɯËÈÓÌÑɯÖËɯ!àËÎÖÚáÊáàɯ6ėÖÊėÈÞÒÜȭɯ/ÐÖÕÐÌÙɯÙÈËÐÈɯȹÉàėɯ×ÙÈÊÖÞÕÐÒÐÌÔɯ

ÍÐÙÔàɯ ,ÈÙÊÖÕÐÌÎÖȮɯ ÎËàɯ ÛÌÕɯ ÕÈÞÐëáàÞÈėɯ ×ÐÌÙÞÚáëɯ ÛÙÈÕÚÈÛÓÈÕÛàÊÒëɯ ÛÙÈÕÚÔÐÚÑýɯ ÙÈɪ

ËÐÖÞëȺȮɯÞėÖŊàėɯÐÚÛÖÛÕàɯÞÒėÈËɯÞɯÙÖáÞĞÑɯ×ÖËÚÛÈÞɯÛÌÊÏÕÐÒɯÔÐÒÙofalowych, tak istotnych 

w komunikacji, badaniach astronomicznych i skanowaniu radarowym. Cywilizacyj-

ÕÐÌɯÕÈÑÐÚÛÖÛÕÐÌÑÚáàÔɯÞàÕÈÓÈáÒÐÌÔɯ3àÒÖÊÐĘÚÒÐÌÎÖ-3àÒÖÊÐÕÌÙÈɯÉàėɯÑÌËÕÈÒɯÍÐÓÔɯËňÞÐýɪ

ÒÖÞàȭɯ2ÛÜÓÌÊÐÌɯÛÌÎÖɯÖÚÐëÎÕÐýÊÐÈɯÉýËáÐÌÔàɯÖÉÊÏÖËáÐîɯÞɯ×ÙáàÚáėàÔɯÙÖÒÜȭ 

 

Z serca regionu kujawsko -×ÖÔÖÙÚÒÐÌÎÖɯÞàÞÖËáÐɯÚÐýɯËÞĞÊÏɯÍÐáàÒĞÞɯÖɯÖÚÐëÎÕÐýÊÐÈÊÏɯ

ÛÈÒɯÞÐÌÓÒÐÊÏȮɯŊÌɯËÖÊáÌÒÈėàɯÚÐýɯÜáÕÈÕÐÈɯÞɯ×ÖÚÛÈÊÐɯ-ÈÎÙÖËàɯ-ÖÉÓÈȭɯ/ÐÌÙÞÚáàÔɯáɯÕÐÊÏɯ

Éàėɯ ÓÉÌÙÛɯ ȭɯ,ÐÊÏÌÓÚÖÕȮɯ×ÐÌÙÞÚáàɯÈÔÌÙàÒÈĘÚÒÐɯÕÖÉÓÐÚÛÈɯáɯáÈÒÙÌÚÜɯÕÈÜÒÐȭɯ,ÐÊÏÌÓÚÖÕɯ

áÈÚėàÕëėɯĞÞÊáÌĭÕÐÌɯÕÈÑËÖÒėÈËÕÐÌÑÚáàÔÐɯ×ÖÔÐÈÙÈÔÐɯÞÈÙÛÖĭÊÐɯ×ÙýËÒÖĭÊÐɯĭÞÐÈÛėÈɯÐɯÌÒÚɪ

perymentem Michelsona-,ÖÙÓÌàÈȮɯÞɯÒÛĞÙàÔɯȹÞɯÕÐÌáÈÔÐÌÙáÖÕàɯÚ×ÖÚĞÉȺɯÞàÒÈáÈėȮɯŊÌɯ

×ÙýËÒÖĭîɯĭÞÐÈÛėÈɯÑÌÚÛɯÜÕÐÞÌÙÚÈÓÕëɯÚÛÈėëɯÍÐáàÊáÕëȭɯ,ÐÊÏÌÓÚÖÕɯÉàėɯ×ÐÖÕÐÌÙÌÔɯÛÌÊÏÕÐÒɯÐÕɪ

terferencyjnych w metrologii. To on  ÜÊÏÖËáÐɯáÈɯÕÈÜÒÖÞÊÈȮɯÒÛĞÙàɯȬÕÈÜÊáàėɯÓÜËáÒÖĭîɯ

ÔÐÌÙáàîɂȭɯ)ÈÒÖɯ×ÐÌÙÞÚáàɯáɯ×ÖÞÖËáÌÕÐÌÔɯáÈÚÛÖÚÖÞÈėɯÛÌÊÏÕÐÒÐɯÐÕÛÌÙÍÌÙÌÕÊàÑÕÌɯÞɯ×Öɪ

ÔÐÈÙÈÊÏɯÚ×ÌÒÛÙÖÚÒÖ×ÖÞàÊÏȮɯÖËÒÙàÞÈÑëÊɯÔȭÐÕȭɯÙÖáÚáÊáÌ×ÐÌÕÐÌɯÓÐÕÐÐɯÞÐËÔÖÞàÊÏɯÞÖɪ

ËÖÙÜɯȹ×ÖɯÓÈÛÈÊÏɯÞàÕÐÒɯÛÌÕɯ×ÙáàÊáàÕÐėɯÚÐýɯËÖɯÖËÒÙàÊÐÈɯÐÕÕÌÑɯÐÚÛÖÛÕÌÑɯÚÛÈėÌÑɯÍÐáàÊáÕÌÑȯɯ

ÚÛÈėÌÑɯÚÛÙÜÒÛÜÙàɯÚÜÉÛÌÓÕÌÑȺȭɯ)ÌÚáÊáÌɯÞɯÒÖĘÊÜɯ7(7ɯÞÐÌÒÜɯ,ÐÊÏÌÓÚÖÕɯ×ÙáÌ×ÙÖÞÈËáÐėɯÛÈÒŊÌɯ

×ÐÌÙÞÚáÌɯÐÕÛÌÙÍÌÙÌÕÊàÑÕÌɯ×ÖÔÐÈÙàɯÈÚÛÙÖÕÖÔÐÊáÕÌɯȹĭÙÌËÕÐÊɯÒÚÐýŊàÊĞÞɯ)ÖÞÐÚáÈȺȮɯÈɯ×ÖËɯ

ÒÖÕÐÌÊɯŊàÊÐÈɯËÖÒÖÕÈėɯÛàÔÐɯÛÌÊÏÕÐÒÈÔÐɯ×ÐÌÙÞÚáÌÎÖɯÉÌá×ÖĭÙÌËÕÐego pomiaru rozmia-

ÙĞÞɯÖÉÐÌÒÛÜɯÚ×ÖáÈɯ4ÒėÈËÜɯ2ėÖÕÌÊáÕÌÎÖȯɯáÔÐÌÙáàėɯĭÙÌËÕÐÊýɯ!ÌÛÌÓÎÌáàȮɯÈÓÍàɯÎÞÐÈáËÖɪ

zbioru Oriona.  

 

/ÈÕÛÌÖÕɯÞÐÌÓÒÐÊÏɯáɯÕÈÑÉÓÐŊÚáàÊÏɯÖÒÖÓÐÊɯ!àËÎÖÚáÊáàɯáÈÔàÒÈɯ6ÈÓÛÏÌÙɯ-ÌÙÕÚÛȮɯÛÞĞÙÊÈɯ

ÛÙáÌÊÐÌÑɯáÈÚÈËàɯÛÌÙÔÖËàÕÈÔÐÒÐȮɯÒÛĞÙÈɯ×ÙáàÕÐÖÚėÈɯÔÜɯ-ÈÎÙÖËýɯ-ÖÉÓÈȭɯ-ÌÙÕÚÛɯÉàėɯÖËɪ

ÒÙàÞÊëɯÌÍÌÒÛĞÞɯÛÌÙÔÖ-magneto-ÌÓÌÒÛÙàÊáÕàÊÏȮɯÔÐÈėɯÛÈÒŊÌɯÞÐÌÓÒÐÌɯÖÚÐëÎÕÐýÊÐÈɯÞɯáÈɪ

ÒÙÌÚÐÌɯÌÓÌÒÛÙÖÊÏÌÔÐÐȭɯ)ÌÎÖɯÙĞÞÕÈÕÐÌɯÖ×ÐÚÜÑëÊÌɯ×ÖÛÌÕÊÑÈėɯÌÓÌÒÛÙÖËàɯáÕÈÑËÜÑÌɯËáÐĭɯáÈÚÛÖɪ

ÚÖÞÈÕÐÌɯÕÐÌɯÛàÓÒÖɯÞɯÛÌÊÏÕÐÊÌȮɯÈÓÌɯÛÈÒŊÌɯÞɯÉÈËÈÕÐÈÊÏɯÕÈËɯÍÜÕÒÊÑÖÕÖÞÈÕÐÌÔɯÛÒÈÕek 

ÔÐýĭÕÐÖÞàÊÏɯÐɯÜÒėÈËÜɯÕÌÙÞÖÞÌÎÖȭɯ#ÖÒÖÕÈėɯ×ÐÌÙÞÚáÌÑɯÞàÚÖÒÖÊÐĭÕÐÌÕÐÖÞÌÑɯÚàÕÛÌáàɯ

ÈÔÖÕÐÈÒÜɯáɯÈáÖÛÜɯÐɯÞÖËÖÙÜȮɯÊÖɯáÈÐÕÚ×ÐÙÖÞÈėÈɯ×ÙÈÊÌɯ%ÙÐÛáÈɯ'ÈÉÌÙÈɯÐɯÉàėÖɯÖÚÐëÎÕÐýÊÐÌÔɯ
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ÖɯÒÓÜÊáÖÞàÔɯáÕÈÊáÌÕÐÜɯËÓÈɯÞÚ×ĞėÊáÌÚÕÌÑɯ×ÙÖËÜÒÊÑÐɯÕÈÞÖáĞÞɯÚáÛÜÊáÕàÊÏȭɯ-ÌÙÕÚÛɯÕÐÌɯ

ÛàÓÒÖɯËÖÞÐĞËėȮɯŊÌɯĭÞÐÈÛėÖɯÑÌÚÛɯÍÈÓëɯÌÓÌÒÛÙÖÔÈÎÕÌÛàÊáÕëȮɯÈÓÌɯÙĞÞÕÐÌŊɯÑëɯÖÒÐÌėáÕÈėȯɯáÉÜɪ

ËÖÞÈėɯÓÈÔ×ýɯ-ÌÙÕÚÛÈȮɯ×ÙÌÒÜÙÚÖÙÈɯŊÈÙÖÞÒÐȮɯÞɯÚÞÖÐÔɯÊáÈÚÐÌɯ×ÙÖËÜÒÖÞÈÕÌÎÖɯÕÈɯÔÈɪ

ÚÖÞëɯÚÒÈÓýȭɯ 

 

-ÈɯáÈÒÖĘÊáÌÕÐÌɯÞÈÙÛÖɯ×ÖËÒÙÌĭÓÐîȮɯŊÌɯÛÖɯ6ÈÓÛÏÌÙɯ-ÌÙÕÚÛɯËÖÞÖËáÐėɯÎÙÜ×ÐÌɯÕÈÜÒÖÞÊĞÞɯ

ÐɯÐÕŊàÕÐÌÙĞÞɯáÈÑÔÜÑëÊàÊÏɯÚÐýɯÉÜËÖÞëɯÍÖÙÛÌ×ÐÈÕÜɯ-ÌÖ-!ÌÊÏÚÛÌÐÕȭɯ!àėɯÛÖɯ×ÐÌÙÞÚáàɯÐÕɪ

strument muzyczny o charakterze syntezatora muzycznego. Stulecie wynalazku, 

ÒÛĞÙàɯÕÈɯáÈÞÚáÌɯÖËÔÐÌÕÐėɯĭÞÐÈÛɯÔÜáàÒÐȮɯÖÉÊÏÖËáÐÔàɯÞɯÛàÔɯÙÖÒÜȭɯ&ËàȮɯÕÈÛÜÙÈÓÕÐÌȮɯÖɯ

ÛàÔɯÞÐÌÓÒÐÔɯÖÚÐëÎÕÐýÊÐÜɯ6ÈÓÛÏÌÙÈɯNernsta 
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W8# 19$-( ɯ3.6 19829C"$ 
 

 
9ɯÊÌÕÛÙÜÔɯ!àËÎÖÚáÊáàɯÞàÚÛÈÙÛÜÑëɯËÞÐÌɯÜÕÐÒÈÛÖÞÌɯÉÈɪ

lonowe misje stratosferyczne. 

6ɯ×ÐÌÙÞÚáàÔɯËÕÐÜɯ9ÑÈáËÜɯ%ÐáàÒĞÞɯ/ÖÓÚÒÐÊÏɯÞɯByd-

ÎÖÚáÊáàȮɯƕƝɯÞÙáÌĭÕÐÈɯȹÕÐÌËáÐÌÓÈȺɯÖɯÎÖËáÐÕÐÌɯƕƖȯƔƔȮɯáɯ

×ėàÛàɯ2ÛÈÙÌÎÖɯ1àÕÒÜɯÞàÚÛÈÙÛÜÑÌɯÔÐÚÑÈɯÉÈÓÖÕÖÞÈɯ!'1-

21. Start drugiej misji, oznaczonej jako BHAI-21, na-

ÚÛë×ÐɯƖƔɯÞÙáÌĭÕÐÈɯȹ×ÖÕÐÌËáÐÈėÌÒȺɯÖɯÎÖËáÐÕÐÌɯƕƕȯƘƙɯáɯÛÈɪ

ÙÈÚÜɯ,ėàÕĞÞɯ1ÖÛÏÌÙÈȭɯ6ɯÖÉÜɯ×Ùáà×ÈËÒÈÊÏɯ×ÙáàÎoto-

ÞÈÕÐÈɯËÖɯÚÛÈÙÛÜɯÙÖá×ÖÊáÕëɯÚÐýɯËÞÐÌɯÎÖËáÐÕàɯÞÊáÌɪ

ĭÕÐÌÑȭɯ!ýËáÐÌɯÐÔɯÛÖÞÈÙáàÚáàėɯÒÖÔÌÕÛÈÙáɯÏÐÚÛÖÙàÊáÕàɯ

×ÙáÌËÚÛÈÞÐÈÑëÊàɯËÖÛàÊÏÊáÈÚɯÕÐÌÔÈÓɯáÜ×ÌėÕÐÌɯÕÐÌáÕÈÕàɯ

- ÈɯÞàÑëÛÒÖÞàɯÞɯÚÒÈÓÐɯĭÞÐÈÛÈɯ- ÞÒėÈËɯÕÈÜÒÖÞÊĞÞɯáɯ!àËÎÖÚáÊáàɯÐɯÙÌÎÐÖÕÜɯÞɯÉÈËÈÕÐÈɯ

przestworzy.  

.ÉÐÌɯÔÐÚÑÌɯÉýËëɯÚÛÈÙÛÖÞÈėàɯÞɯÒÖÕÍÐÎÜÙÈÊÑÐɯËÞÜÉÈÓÖÕÖÞÌÑȯɯÚáÕÜÙɯáɯÒÈ×ÚÜėÈÔÐɯÉÈËÈÞɪ

ÊáàÔÐɯÉýËáÐÌɯ×ÖË×ÐýÛàɯÕÐÌɯ×ÖËɯÑÌËÌÕȮɯÓÌÊáɯ×ÖËɯËÞÈɯÉÈÓÖÕàɯÑÌËÕÖÊáÌĭÕÐÌȭɯ3ÈɯÜÕÐÒÈɪ

ÛÖÞÈɯÒÖÕÍÐÎÜÙÈÊÑÈȮɯÞɯ/ÖÓÚÊÌɯÜŊàÛÈɯ×ÙÈÞËÖ×ÖËÖÉÕÐÌɯ×ÖɯÙÈáɯ×ÐÌÙÞÚáàȮɯÑÌÚÛɯÙÌÒÖÕÚÛÙÜÒɪ

ÊÑëɯÖÙàÎÐÕÈÓÕàÊÏɯÛÌÊÏÕÐÒɯÉÈËÈÞÊáàÊÏɯÖ×ÙÈÊÖÞÈÕàÊÏɯ×ÙáÌáɯËÞĞÊÏɯÞÐÌÓÒÐÊÏɯÉÈËÈÊáàɯ

stratosfery z bydgoskim rodowodem: Hugona Herge-

sella i nominowanego do Nagrody Nobla Ericha Re-

genera. 

W misji BHR-ƖƕɯáÕÈÑËáÐÌɯÚÐýɯÈ×ÈÙÈÛÜÙÈɯËÖɯËÌÛÌÒÊÑÐɯ×ÙÖɪ

ÔÐÌÕÐÖÞÈÕÐÈɯÒÖÚÔÐÊáÕÌÎÖȮɯÜËÖÚÛý×ÕÐÖÕÈɯ×rzez Na-

ÙÖËÖÞÌɯ"ÌÕÛÙÜÔɯ!ÈËÈĘɯ)ëËÙÖÞàÊÏȮɯÖÙÈáɯÒÈ×ÚÜėÈɯËÖɯ

×ÖÔÐÈÙĞÞɯ ÔÌÛÌÖÙÖÓÖÎÐÊáÕàÊÏɯ Ðɯ ÑÈÒÖĭÊÐɯ ×ÖÞÐÌÛÙáÈȮɯ

×ÙáàÎÖÛÖÞàÞÈÕÈɯ×ÙáÌáɯÜÊáÕÐĞÞɯ5(ɯ+ÐÊÌÜÔɯ.ÎĞÓÕÖɪ

ÒÚáÛÈėÊëÊÌÎÖɯÞɯ!àËÎÖÚáÊáàȭɯ6ɯÔÐÚÑÐɯ!' (-21 w celu 

áÖÉÙÈáÖÞÈÕÐÈɯáÈɯ×ÖÔÖÊëɯÒÈÔÌÙàɯ×ÙáÌÔÐÈÕɯÍÈáÖÞàÊÏɯ

do stratosÍÌÙàɯ áÖÚÛÈÕÐÌɯ ÞàÚėÈÕÈɯ ÕÐÌÞÐÌÓÒÈɯ ×ÙĞÉÒÈɯ

Balonowa misja stratosferyczna (niedziela 19.09.2021 i poniedziağek 

20.09.2021) 
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ÞÖËàɯáɯ!ÙËàȭɯ.ÉÐÌɯÔÐÚÑÌɯÉýËëɯÞà×ÖÚÈŊÖÕÌɯÞɯÒÈÔÌÙàɯȹÞɯÛàÔɯÒÈÔÌÙýɯÚÍÌÙàÊáÕëȺȮɯÈɯÐÊÏɯ

ÚÛÈÙÛɯÉýËáÐÌɯÍÐÓÔÖÞÈÕàɯáɯËÙÖÕĞÞȭ  

6ɯ×ÙáàÎÖÛÖÞÈÕÐÈÊÏɯÖÉÜɯÜÒėÈËĞÞɯÉÈÓÖÕÖÞàÊÏɯÈÒÛàÞÕÐÌɯÜÊáÌÚÛÕÐÊáàėàɯËáÐÌÊÐɯáÌɯ

2áÒÖėàɯ/ÖËÚÛÈÞÖÞÌÑɯ"ÌÕÛÙÜÔɯ$ËÜÒÈÊÑÐɯ,ÖÕÛÌÚÚÖÙÐȮɯÒÛĞÙÌɯÞàÒÖÕÈėàɯÔȭÐÕȭɯÚ×ÈËÖɪ

chrony. 

,ÏÔ ËÁŀÄÅÊ ÍÉÓÊÉ ÓÔÒÁÔÏÓÆÅÒÙÃÚÎÅÊ ÂöÄÚÉÅ ÔÒ×Áč ÐÒÁ×ÄÏÐÏÄÏÂÎÉÅ σ-4 godziny. 

 

 

 

Tomasz Pauszek ɬ ×ÖÊÏÖËáëÊàɯáɯ!àËÎÖÚáÊáàɯÒÖÔ×ÖáàÛÖÙȮɯ×ÙÖËÜÊÌÕÛɯÔÜáàÊáÕàɯÐɯÞàɪ

ÒÖÕÈÞÊÈɯÔÜáàÒÐɯÌÓÌÒÛÙÖÕÐÊáÕÌÑȭɯ#áÐÈėÈÓÕÖĭîɯÈÙÛàÚÛàÊáÕëɯÙÖá×ÖÊáëėɯÞɯƕƝƝƝɯÙÖÒÜɯÈɯÖËɯ

ƖƔɯÓÈÛɯáɯ×ÖÞÖËáÌÕÐÌÔɯÞàËÈÑÌɯÚÖÓÖÞÌɯ×ėàÛàȭɯ!àėɯÛÈÒŊÌɯÞÚ×ĞėáÈėÖŊàÊÐÌÓÌÔɯÐɯÑÜÙÖÙÌÔɯ

Festiwalu Muzyki Elektroniczej S YNTH ART FESTIVAL.  

-ÈÎÙàÞÈėɯáɯÕÈÑÉÈÙËáÐÌÑɯÞàÉÐÛÕàÔÐɯÔÜáàÒÈÔÐɯÌÓÌÒÛÙÖÕÐÊáÕàÔÐɯÐɯ×ÙÖÎÙÌÚàÞÕàÔÐɯÞɯ

ÒÙÈÑÜȮɯÔȭÐÕȭɯ)ĞáÌÍÌÔɯ2ÒÙáÌÒÐÌÔȮɯ6ėÈËàÚėÈÞÌÔɯ*ÖÔÌÕËÈÙÒÐÌÔȮɯ)ÈÕÜÚáÌÔɯ&ÙáàÞÈɪ

ÊáÌÔɯÊáàɯ*ÙáàÚáÛÖÍÌÔɯ#ÜËëȭɯ6àÚÛý×ÖÞÈėɯÕÈɯÞÐÌÓÜɯÚÊÌÕÈÊÏɯÐɯÍÌÚÛÐÞÈÓÈÊÏɯÞɯ/ÖÓÚÊÌȮɯ

np. ostatÕÐÖɯ×ÙáÌËɯáÌÚ×ÖėÌÔɯ3ÈÕÎÌÙÐÕÌɯ#ÙÌÈÔȭɯ 

 

 
 

6ɯƖƔƕƜɯÙÖÒÜɯÞàËÈėɯÞÚ×ĞÓÕÐÌɯáɯ/ÙáÌÔàÚėÈÞÌÔɯ1ÜËáÐÌÔɯÞàËÈėɯ×ėàÛýɯ×ÛȭɯȬ/ -3 ɯ

1'$(ɂȭɯ!àėɯÛÖɯ×ÖÌÛàÊÒÐɯÐɯÐÕÛàÔÕàɯÔÜáàÊáÕàɯÒÙÈÑÖÉÙÈáɯ×ÙáÌÔÐÑÈÕÐÈȮɯÙÜÊÏÜȮɯ×ÙáÌÔÐÈÕȮɯ

ÔÈÛÌÙÐÐɯÐɯËÜÊÏÖÞÖĭÊÐȮɯÍÐáàÒÐɯÐɯÔÌÛÈÍÐáàÒÐȮɯÜÑýÛàɯÞɯÔÐÕÐÔÈÓÐÚÛàÊáÕëɯÊáÛÌÙÖÊáýĭÊÐÖÞëɯ

ÍÖÙÔýȭɯ 

Koncert 0ÁÕÓÚÅË Ǫ 2ÕÄľ (niedziela 19.09.2021) 
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#ÞÈɯÓÈÛÈɯ×ĞňÕÐÌÑȮɯÈÙÛàĭÊÐɯÚÒÖÔ×ÖÕÖÞÈÓÐɯÒÖÕÛàÕÜÈÊÑýɯÛÌÑɯ×ėàÛàȮɯáÈ×ÙÈÚáÈÑëÊɯÛàÔɯÙÈáÌÔɯ

ËÖɯÞÚ×Ğė×ÙÈÊàɯáÕÈÕÌÎÖɯ×ÙÖ×ÈÎÈÛÖÙÈɯÐɯ×Ö×ÜÓÈÙàáÈÛÖÙÈɯÕÈÜÒÐȮɯ6ÐÒÛÖÙÈɯ-ÐÌËáÐÊÒÐÌÎÖȭɯ

6ɯÞàÕÐÒÜɯÛÌÑɯÍÜáÑÐɯĭÞÐÈÛĞÞɯÕÈÜÒÐɯÐɯÔÜáàÒÐɯ×ÖÞÚÛÈėÈɯÞɯƖƔƖƔɯÙÖÒÜɯȬ/ -3 ɯ1'$(ɯƖɂȭ 

/ÙáÌÔàÚėÈÞɯ1ÜËňɯÐɯ3ÖÔÈÚáɯ/ÈÜÚáÌÒɯ×ÓÈÕÜÑëɯÕÈɯÙÖÒɯƖƔƖƖɯÞàËÈÕÐÌɯÛÙáÌÊÐÌÑɯÐɯÖÚÛÈÛÕÐÌÑɯ

ÊáýĭÊÐɯÛÌÑɯÛÙàÓÖÎÐÐȭ 

www.facebook.com/tomaszpauszek  

 

 

 
0ÕÎËÔÅÍ ×ÉÅďÃÚäÃÙÍ drugi ÄÚÉÅď :ÊÁÚÄÕ ÂöÄÚÉÅ ËÏÎÃÅÒÔ ȵ$×ÉÅ ÎÉÅÓËÏďÃÚÏÎÏĢÃÉȱ Ú ÕÄÚÉÁȤ

čÅÍ *ĕÚÅÆÁ 3ËÒÚÅËÁ ÉÎÓÔÒÕÍÅÎÔÙ ËÌÁ×ÉÓÚÏ×Å É ×ÏËÁÌ  É -ÉÒÏÓčÁ×Á -ÕÚÙËÁÎÔ ÉÎÓÔÒÕȤ

ÍÅÎÔÙ ÐÅÒËÕÓÙÊÎÅ Ȣ 4ÙÔÕč ËÏÎÃÅÒÔÕ ÇčÏ×ÎÉÅ ÎÁ×ÉäÚÕÊÅ ÄÏ 7ÉÄÏ×ÉÓËÁ -ÕÌÔÉÍÅÄÉÁÌÎÅÇÏ 

ȵ.Á ÓÔÙËÕ Ä×ĕÃÈ ÎÉÅÓËÏďÃÚÏÎÏĢÃÉȱȟ ×ÙÒÅŀÙÓÅÒÏ×ÁÎÅÇÏ ÐÒÚÅÚ !Ȣ -ÁÊÁȢ Ú ÍÕÚÙËä *Ȣ 

3ËÒÚÅËÁ É ÎÁÒÒÁÃÊä *Ȣ 'ÒöÂÏÓÚÁȟ ËÔĕÒÅÇÏ ÐÒÁÐÒÅÍÉÅÒÁ ÏÄÂÙčÁ ÓÉö ÐÏÄÃÚÁÓ τυ :ÊÁÚÄÕ &ÉÚÙȤ

Ëĕ× 0ÏÌÓËÉÃÈ × +ÒÁËÏ×ÉÅ × ςπρω ÒȢȟ ÚÁĢ ÆÉÌÍ Ú ÔÅÇÏ ×ÉÄÏ×ÉÓËÁ ÎÁÇÒÏÄÚÏÎÙ ÚÏÓÔÁč × ςπςρ 

r. Medalem im. Krzysztofa Ernsta za popularÙÚÁÃÊö ÆÉÚÙËÉȢ !ÌÅ ÔÙÔÕč ËÏÎÃÅÒÔÕ ÎÁ×ÉäÚÕÊÅ 

Òĕ×ÎÉÅŀ ÄÏ ÎÉÅÓËÏďÃÚÏÎÙÃÈ ÍÏŀÌÉ×ÏĢÃÉ ÐÏÚÎÁ×ÁÎÉÁ Ģ×ÉÁÔÁ ÐÒÚÅÚ ÎÁÕËö É ×ÙÒÁŀÁÎÉÁ ÊÅÇÏ 

ÐÉöËÎÁ ÐÒÚÅÚ ÍÕÚÙËöȟ ÊÁË É ÄÏ ÄÉÁÍÅÔÒÁÌÎÉÅ ÏÄÌÅÇčÙÃÈ ÏÄ ÓÉÅÂÉÅ ÃÈÏç ÚÁÒÁÚÅÍ ÕÚÕÐÅčÎÉÁȤ

ÊäÃÙÃÈ ÓÉö  ÓÐÏÓÏÂĕ× ÍÕÚÙÃÚÎÅÊ ÅËÓÐÒÅÓÊÉ ÔÙÃÈ Ä×ĕÃÈ ÁÒÔÙÓÔĕ× ɀ z jednej strony ko-

ÓÍÉÃÚÎÙÃÈ ÂÒÚÍÉÅď ÓÙÎÔÅÚÁÔÏÒĕ× É ×ÏËÁÌÕȟ Ú ÄÒÕÇÉÅÊ ɀ wyrafinowanego rytmu instru-

ÍÅÎÔĕ× ÐÅÒËÕÓÙÊÎÙÃÈȢ 

 

 
 

#ÈÏç Ô×ĕÒÃÚÏĢç ÔÙÃÈ Ģ×ÉÁÔÏ×ÅÊ ËÌÁÓÙ ÁÒÔÙÓÔĕ× ÒÏÚ×ÉÊÁ ÓÉö ÎÉÅÚÁÌÅŀÎÉÅ ÏÄ ÓÉÅÂÉÅȟ ÔÏ ÎÁ 

przestrzeni ÏÓÔÁÔÎÉÃÈ ςυ ÌÁÔ ×ÉÅÌÏËÒÏÔÎÉÅ ÓÐÌÁÔÁčÁ ÓÉö ÚÅ ÓÏÂäȟ ÃÚÙ ÔÏ ÐÏÄÃÚÁÓ ËÏÎÃÅÒÔĕ× 

ÉÃÈ ÄÕÅÔÕȟ ÃÚÙ ÔÅŀ × ×ÉöËÓÚÙÃÈ ÆÏÒÍÁÃÈ ÁÒÔÙÓÔÙÃÚÎÙÃÈȢ -ȢÉÎȢ ÔÁË ÂÙčÏ ÐÏÄÃÚÁÓ ×Ⱦ× 7ÉÄÏȤ

wiska w Krakowie (zob. https://youtu.be/OZIIVQgFhgs). 

7 ÐÒÏÇÒÁÍÉÅ ËÏÎÃÅÒÔÕ × "ÙÄÇÏÓÚÃÚÙ ÚÎÁÊÄä ÓÉö ÍȢÉÎȢ ÎÏ×Å ×ÅÒÓÊÅ ÕÔ×ÏÒĕ× Ú 7ÉÄÏ×ÉȤ

ÓËÁȟ ÆÒÁÇÍÅÎÔÙ ÍÕÚÙËÉ ÆÉÌÍÏ×ÅÊ *ĕÚÅÆÁ 3ËÒÚÅËÁȟ ÐÒÚÅÂÏÊÅ ÚÅÓÐÏčÕ 3"" ÏÒÁÚ ÎÏ×Å ËÏÍÐÏȤ

zycje Skrzeka oraz Muzykanta. 

Koncert Skrzek & Muzykant  (poniedziağek 20.09.2021) 
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www.facebook.com/JozefSkrzekOfficial/ 

 

 

 
 

%ÙÌàÎÐÚÏɯ.ÙÊÏÌÚÛÙÈɯÎÙÈɯÔÜáàÒýɯÒÓÌáÔÌÙÚÒëȮɯÎÙÌÊÒëɯÐɯÛÜÙÌÊÒëȭɯ6Ú×ĞÓÕàÔɯÔÐÈÕÖÞÕÐɪ

ÒÐÌÔɯÑÌÚÛɯÚÒÈÓÈɯÔÜáàÊáÕÈɯÜŊàÞÈÕÈɯÙĞÞÕÐÌɯÊáýÚÛÖɯÞɯÒÈŊËÌÑɯáɯÕÐÊÏȮɯáÞÈÕÈɯ×ÖɯŊàËÖÞɪ

ÚÒÜɯÍÙÌàÎÐÚÏȭɯ2ÛëËɯÕÈáÞÈɯáÌÚ×ÖėÜȭɯ 

 

 
 

-ÈɯÒÙĞÛÒÐÔɯÒÖÕÊÌÙÊÐÌɯÞɯÊáÈÚÐÌɯƘƛɯ9ÑÈáËÜɯ/3%ɯáÌÚ×ĞėɯáÈÎÙÈɯÙÌ×ÌÙtuar grecko-turecki.  

6ɯáÌÚ×ÖÓÌɯÎÙÈÑëɯÞɯÞÐýÒÚáÖĭÊÐɯÈÉÚÖÓÞÌÕÊÐȮɯÚÛÜËÌÕÊÐȮɯËÖÒÛÖÙÈÕÊÐɯÐɯ×ÙÈÊÖÞÕÐÊàɯ6àɪ

ËáÐÈėÜɯ%ÐáàÒÐɯ ÚÛÙÖÕÖÔÐÐɯÐɯ(ÕÍÖÙÔÈÛàÒÐɯ2ÛÖÚÖÞÈÕÌÑɯ4,*ɯÞɯ3ÖÙÜÕÐÜȯɯ,ÈÙÛÈɯ,ÐÚÐÈÚáÌÒɯ

ɬ ÞÐÖÓÖÕÊáÌÓÈɯȹÞėÈĭÕÐÌɯÚÒÖĘÊáàėÈɯ×ÐÚÈîɯËÖÒÛÖÙÈÛȺȮɯ,ÐÙÌÒɯ!àÓÐÊÒÐɯɬ kontrabas Ðɯĭ×ÐÌÞɯ

(profesor fizyki na UMK), Dawid Jankowski ɬ klarnet (student II stopnia astronomii), 

,ÈÛÌÜÚáɯ)ĞáÌÍÖÞÐÊáɯɬ ÊÈÑÖÕȮɯËÈÙÉÜÒÈȮɯÛÈÙɯÐɯÚÈáɯȹ×ÙáÌËÚÐýÉÐÖÙÊÈɯÏÐÎÏɯÛÌÊÏȺȮɯ'ÜÉÌÙÛɯ)Ğňɪ

wiak ɬ gitara elektryczna (doktorant), Bartosz Krajewski ɬ skrzypce (absolwent fizyki 

ÛÌÊÏÕÐÊáÕÌÑȺȮɯ/ÐÖÛÙɯ,ÖÙáàĘÚÒÐɯɬ ÖÜËɯÐɯÎÐÛÈÙÈɯȹÈÉÚÖÓÞÌÕÛɯ43/ȮɯËÖÒÛÖÙɯÕÈɯ4,*ȺȮɯ/ÈÞÌėɯ

Szroeder ɬ ÈÓÛĞÞÒÈɯȹ×ÙÖÍÌÚÖÙɯÍÐáàÒÐɯÕÈɯ4*6ɯÞɯ!àËÎÖÚáÊáàȺȭɯ 

www.facebook.com/FreygishOrchestra  

  

Koncert Freygish Orchestra (piŃtek 23.09.2021) 
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SESJE NAUKOWE : 
 

S1 Dydaktyka i popularyzacja fizyki  

S2 Fizyka ÔÌËàÊáÕÈȮɯÉÐÖÓÖÎÐÊáÕÈɯÐɯĭÙÖËÖÞÐÚÒÈ 

S3 -ÈÕÖÍÐáàÒÈȯɯÕÈÕÖÔÈÛÌÙÐÈėàɯÐɯÕÈÕÖÛÌÊÏÕÖÓÖÎÐÈ 

S4 Fizyka wysokich energii  

S5 Fizyka materii skondensowanej  

S6 %ÐáàÒÈɯÚÛÈÛàÚÛàÊáÕÈȮɯÕÐÌÓÐÕÐÖÞÈɯÐɯÜÒėÈËĞÞɯáėÖŊÖÕàÊÏ 

S7 
Fizyka atomowa, molekularna i optyczna, fotonika, informacja kwan-

towa 

S8 Grawitacja, kosmologia i astrofizyka  

S9 9ÈÚÛÖÚÖÞÈÕÐÌɯÍÐáàÒÐɯÞɯ×ÙáÌÔàĭÓÌ 

S10 Zagadnienia interdyscyplinarne fizyki  

S11 %ÐáàÒÈɯÖÎĞÓÕÈ 

S12 %ÐáàÒÈɯÑëËÙÖÞÈ 

HIS  Historia fizyki z korzeniami w rejonie kujawsko -pomorskim  

Fizyka 

2050 

/ÈÕÌÓɯËàÚÒÜÚàÑÕàɯȬ%ÐáàÒÈɯƖƔƙƔɯɬ -ÖÞÖÊáÌÚÕÌɯňÙĞËėÈɯÌÕÌÙÎÐÐȮɯÒÖÕÛÙÖÓÈɯ

zmian klimatu ÐɯÍÐáàÊáÕÌɯ×ÖËÚÛÈÞàɯáÙĞÞÕÖÞÈŊÖÕÌÎÖɯÙÖáÞÖÑÜɂ 

SP Sesja plakatowa 
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PROGRAM RAMOWY  
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P1.&1 ,ɯ29"9$&uo.68 
 

ƕƝɯÞÙáÌĭÕÐÈɯƖƔƖƕɯȹÕÐÌËáÐÌÓÈȺ 

Politechnika Bydgoska  

ul. Profesora Sylwestra Kaliskiego 7  

SALA  

Aula A1 bud. A  

GODZ.  PRELEGENT ȹ2ÌÚÑÈȺɯ3834o 

10:00 ɬ 

13:30 

EKSPERYMENT ZJAZDOWY I 

(balonowa misja stratosferyczna na Starym Rynku) 

13:30 ɬ 

15:30 
OBIAD  

15:30 ɬ 

15:40 
/ÖÞÐÛÈÕÐÌɯÜÊáÌÚÛÕÐÒĞÞɯÚÌÚÑÐɯdydaktycznej 

15:40 ɬ 

16:00 

Tomasz 

*ÈÙËÈĭ 

(HIS) Albert Abraham Michelson ɬ È×ÖÚÛÖėɯĭÞÐÈÛėÈɯɤɯ ÓÉÌÙÛɯ

A. Michelsonɬ the apostle of light 

16:00 ɬ 

16:20 

Tomasz Grec-

áàėÖ 

ȹ2ƕȺɯ%ÐÓÔɯÞÐËÌÖɯÞɯÕÈÜÊáÈÕÐÜɯÐɯÜÊáÌÕÐÜɯÚÐýɯÍÐáàÒÐ / Video in 

teaching and learning physics 

16:20 ɬ 

16:40 

Anna Hajdu-

sianek 

(S1) Laboratorium podstaw fizyki w czasie pandemii / Physics 

practicum in a pandemic time (online) 

16:40 ɬ 

17:00 

Ludwik  Leh-

man 

(S1) Diody i tranzystory bez dziur ɬ jak to ÞàÑÈĭÕÐÈîɯɤɯ#ÐÖËÌÚɯ

and transistors without holes ɬ how to explain it 

17:00 ɬ 

17:30 
PRZERWA 

17:30 ɬ 

17:50 

Kazimierz  

Gut 

ȹ2ƕȺɯ.×ÛÖÌÓÌÒÛÙÖÕÐÒÈɯÞɯŊàÊÐÜɯÊÖËáÐÌÕÕàÔɯɤɯ.×ÛÖÌÓÌÊÛÙÖÕÐÊÚɯ

in everyday life 

17:55 ɬ 

18:15 

David 

Ziemkiewicz  

(S1) Chaotyczna ËàÕÈÔÐÒÈɯÔÌÊÏÈÕÐáÔĞÞɯáÌÎÈÙÖÞàÊÏɯɤɯ"ÏÈɪ

otic dynamics of the clock mechanism 

18:20 ɬ 

18:40 

,ÐÌÊáàÚėÈÞɯ

K. Naparty  

(S1) Problem skali ɬ ÊáàÓÐɯÊáàɯÒÙÈÚÕÖÓÜËÒÐɯÚëɯÕÈɯĭÞÐÌÊÐÌɯɤɯ3ÏÌɯ

problem of scale or whether dwarfs exist? 
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18:40 ɬ 

19:00 

Joanna Bielɬ

Kiepura  

(S1) Dostosowanie metod pracy na lekcjach fizyki do in-

dywidualnych potrzeb ucznia / Methodological adjustment 

requirement to meet the individual needs of stuɬdents during 

physics lesson 

 PRZERWA 

20:00 

ɬ 

21:30 

SPOTKANIE NAUCZYCIELI FIZYKI oraz KONCET #1 

3ÖÔÈÚáɯ/ÈÜÚáÌÒɯȫɯ/ÙáÌÔàÚėÈÞɯ1ÜËň 

"Go Lem!" (Uwaga: aula w Audytorium Novum ) 
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ƖƔɯÞÙáÌĭÕÐÈɯƖƔƖƕɯȹ×ÖÕÐÌËáÐÈėÌÒȺ 

Opera Nova  

ÜÓȭɯ,ÈÙÚáÈėÒÈɯ%ÌÙËàÕÈÕËÈɯ%ÖÊÏÈɯƙ 
SALA Manru  ȹƗɯ×ÐýÛÙÖȺ 

GODZ.  PRELEGENT ȹ2ÌÚÑÈȺɯ3834o 

9:30 ɬ 

11:30 

OTWARCIE ZJAZDU  

 

WÙýÊáÌÕÐÌɯÔÌËÈÓɯÐɯÕÈÎÙĞË 

Iwo 

!ÐÈėàÕÐÊÒÐɬ

Birula  

6àÒėÈËɯÐÔȭɯ,ȭɯ2ÔÖÓÜÊÏÖÞÚÒÐÌÎÖɯɬ Photon: A Very Peculiar 

Elementary Particle 

11:30 ɬ 

12:00 

PRZERWA ɬ EKSPERYMENT ZJAZDOWY II  

ȹÉÈÓÖÕÖÞÈɯÔÐÚÑÈɯÚÛÙÈÛÖÚÍÌÙàÊáÕÈɯÕÈɯ6àÚ×ÐÌɯ,ėàĘÚÒÐÌÑȺ 

12:00 ɬ 

12:30 

Andrzej Dra-

gan 

*ÞÈÕÛÖÞÈɯ9ÈÚÈËÈɯ6áÎÓýËÕÖĭÊÐ / Quantum principle of rela-

tivity  

12:30 ɬ 

13:00 
Martin Bier  

The Breaking of TimeɬReversal Symmetry for a Particle in a 

/ÈÙÈÉÖÓÐÊɯ/ÖÛÌÕÛÐÈÓɯÛÏÈÛɯÐÚɯ2ÜÉÑÌÊÛÌËɯÛÖɯ+õÝàɯ-ÖÐÚÌɯɬ Theory 

and an Application to Solar Flare Data 

13:00 ɬ 

13:30 
Igor Sokolov 

Brownian yet nonɬGaussian diffusion in models of disordered 

systems (online) 

13:30 ɬ 

14:30 
OBIAD ɬ Restauracja Opery Nova 

14:00 ɬ 

16:00 
IPSEC online meeting 14:00 ɬ 16:00 

14:30 ɬ 

15:00 

Sebastian 

,ÈîÒÖÞÚÒÐ 

Nanodruty srebra jako elementy funkcjonalne dla fotoniki i 

sensoryki / Silver nanowires as functional structures for pho-

tonics and sensorics 

15:00 ɬ 

15:30 

Tadeusz Do-

ÔÈĘÚÒÐ 

Konwencjonalne i topologiczne realizacje nadprzewodnictwa 

ÞɯÜÒėÈËÈÊÏɯÕÈÕÖÚÒÖ×ÖÞàÊÏ / Conventional and topological 

realizations of nanoscopic superconductivity 



47. :ÊÁÚÄ &ÉÚÙËĕ× 0ÏÌÓËÉÃÈȟ ρω-ςσ ×ÒÚÅĢÎÉÁ ςπςρȟ "ÙÄÇÏÓÚÃÚ 
 

Program 
 
 

34 
 

15:30 ɬ 

16:00 

Marek 

Kisielewski  

Andrzej  Ma-

ziewski  

Magnetyczne nanostruktury / Magnetic nanostructures 

(online) 

16:05 ɬ 

16:55 

Frank 

Wilczek  
Time Crystals (online)  

17:00 ɬ 

17:30 
PRZERWA 

17:30 ɬ 

19:30 
SESJA POSTEROWA (stacjonarnie: Opera Nova; zdalnie: ZOOM ) 

17:30 ɬ 

18:00  
6ÐÌÚėÈÞɯ2ÛÙýÒ 

(ÕËÜÒÖÞÈÕÌɯÓÈÚÌÙÌÔɯáÑÈÞÐÚÒÈɯĭÞÐÌÊÌÕÐÈɯáÞÐëáÒĞÞɯÓÈÕÛÈÕÖÞɪ

ÊĞÞɯɤɯLaser induced lighting phenomena of lanthanide com-

pounds 

18:00 ɬ 

18:30 

Yuriy 

Zorenko 

.×ÙÈÊÖÞÈÕÐÌɯÒÖÔ×ÖáàÛÖÞàÊÏɯÚÊàÕÛàÓÈÛÖÙĞÞɯÐɯÒÖÕÞÌÙÛÌÙĞÞɯ

ËÐÖËɯÉÐÈėàÊÏɯÖ×ÈÙÛàÊÏɯÕÈɯÌ×ÐÛÈÒÚÑÈÓÕàÊÏɯáÞÐëáÒÈÊÏɯÎÙÈÕÈÛÜɯɤɯ

Development of the composite scintillators and white LED 

converters based on the epiɬtaxial structures of garnet com-

pounds 

18:30 ɬ 

19:00 

Winicjusz 

Drozdowski  

,ÌÛÖËàɯ×ÖÚáÜÒÐÞÈĘȮɯÉÈËÈĘɯÐɯÖ×ÛàÔÈÓÐáÈÊÑÐɯÔÈÛÌÙÐÈėĞÞɯÚÊàÕɪ

tylacyjnych / Methods of prospecting, research and optimiza-

tion of scintillator materials 

 PRZERWA 

20:00 ɬ 

21:30 

SALA Fidelio (1 piýtro)  

BANKIET oraz KONCERT #2  

)ĞáÌÍɯ2ÒÙáÌÒɯȫɯ,ÐÙÖÚėÈÞɯ,ÜáàÒÈÕÛ 

Ɇ#ÞÐÌɯ-ÐÌÚÒÖĘÊáÖÕÖĭÊÐɆ 
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ƖƕɯÞÙáÌĭÕÐÈɯƖƔƖƕɯȹÞÛÖÙÌÒȺ 

Politechnika Bydgoska  

ul. Profesora Sylwestra Kaliskiego 7  

SALA 1  

Aula w Aud. Novum  

GODZ.  PRELEGENT ȹ2ÌÚÑÈȺɯ3834o 

9:20 ɬ 

9:40 

Ryszard Rad-

ÞÈĘÚÒÐ 

ȹ2ƙȺɯ2ÛÈÕàɯėÈËÜÕÒÖÞÌɯÐɯÚÛÙÜÒÛÜÙÈɯÌÓÌÒÛÙÖÕÖÞÈɯ×ÖÓÈɯÒÙàÚÛÈɪ

licznego w CeRh2X2 (X=Si and As) i Ba2IrO4 / Charge and 

crystal field electronic states in CeRh2X2 (X=Si and As) and 

Ba2IrO4 (online) 

9:45 ɬ 

10:25 
Jerzy oÜÊáÒÈ 

Twierdzenie o ekwipartycji ÌÕÌÙÎÐÐȯɯ ÜÒėÈËàɯ ÒÓÈÚàÊáÕÌɯ ÝÚȭɯ

kwantowe / Theorem on equipartition of energy: classical vs. 

quantum systems 

10:30 ɬ 

11:00 

!ÈÙÛėÖÔÐÌÑɯ

Dybiec 

-ÐÌÙĞÞÕÖÞÈÎÖÞÌɯÚÛÈÕàɯÚÛÈÊÑÖÕÈÙÕÌɯÞɯÜÒėÈËÈÊÏɯáÈÉÜÙáÈÕàÊÏɯ

ÚáÜÔÈÔÐɯ+õÝàɅÌÎÖɯɤɯ-ÖÕɬequilibrium stationary states in 

systÌÔÚɯ×ÌÙÛÜÙÉÌËɯÉàɯ+õÝàɯÕÖÐÚÌÚ (online) 

11:00 ɬ 

11:30 
PRZERWA 

11:30 ɬ 

12:15 
Tomasz Story  

ȹ1ȭɯ&ÈėÈáÒÈɯȫɯ6ȭɯ9ÈÞÈËáÒÐɯÐÕɯÔÌÔÖÙÐÈÔȺ 

/Ğė×ÙáÌÞÖËÕÐÒÐɯ×ĞėÔÈÎÕÌÛàÊáÕÌɯÑÈÒÖɯÔÈÛÌÙÐÈėàɯÛÖ×ÖÓÖÎÐÊáÕÌɯ

/ Semimagnetic semiconductors as topological materials 

(online) 

12:20 ɬ 

12:50 

Jakub 

Zakrzewski  

-ÐÌÌÙÎÖËàÊáÕÈɯËàÕÈÔÐÒÈɯÞɯÜÒėÈËÈÊÏɯÞÐÌÓÖÊÐÈėÖÞàÊÏɯɤɯ-ÖÕɪ

ergodic dynamics in manyɬbody systems (online) 

12:55 ɬ 

13:25 

Andrey  

Cherstvy 

Singleɬtrajectoryɬbased analysis of experimental data on 

anomalous, nonɬergodic, nonɬGaussian, and aging diffusion 

(online) 

13:30 ɬ 

15:00 
OBIAD ɬ 2ÛÖėĞÞÒÈɯ ÒÈËÌÔÐÊÒÈɯȹÜÓȭɯÎÌÕȭɯW. Andersa 1) 

15:00 ɬ 

15:25 

Kazimierz 

Gut 

ȹ2ƛȺɯ6àÒÖÙáàÚÛÈÕÐÌɯÚáÌÙÖÒÖ×ÈÚÔÖÞÌÑɯÐÕÛÌÙÍÌÙÌÕÊÑÐɯÙĞŊÕÐÊÖɪ

ÞÌÑɯËÖɯÞàáÕÈÊáÈÕÐÈɯËÞĞÑėÖÔÕÖĭÊÐɯÔÖËÖÞÌÑɯÞÈÙÚÛÞɯÍÈÓÖÞÖɪ

dowych / The use of broadband differential interference to de-

termine the mode birefringence of waveguide layers 
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15:30 ɬ 

15:50 

Piotr ,ÖÙáàĘɪ

ski 

(S7) Optyczne zegary atomowe w KL FAMO, UMK / Optical 

atomic clocks at KL FAMO, UMK 

16:00 ɬ 

16:20 

Artur  Czer-

ÞÐĘÚÒÐ 

ȹ2ƛȺɯ1ÌÒÖÕÚÛÙÜÒÊÑÈɯÚÛÈÕÜɯÒÞÈÕÛÖÞÌÎÖɯÚ×ÓëÛÈÕàÊÏɯÞɯÊáÈÚÐÌɯ

×ÈÙɯÍÖÛÖÕĞÞɯɤɯ0ÜÈÕÛÜÔɯÚÛÈÛÌɯÛÖÔÖÎÙÈ×ÏàɯÖÍɯ×ÏÖÛÖÕɯ×ÈÐÙÚɯÌÕɪ

tangled in the time domain 

16:25 ɬ 

16:45 

,ÐÊÏÈė oÈÞɪ

niczak 

ȹ2ƚȺɯ"ÏÈÙÈÒÛÌÙàÚÛàÒÈɯ$ÜÓÌÙÈɯËÓÈɯÎÙÈÍĞÞɯÒÞÈÕÛÖÞàÊÏɤɯ$ÜÓÌÙɯ

characteristic of graphs (online) 

17:00 ɬ 

17:30 
PRZERWA 

17:30 ɬ 

17:50 

Jakub Spie-

chowicz 

ȹ2ƚȺɯ/ÙÈÞÖɯÈÙÊÜÚÈɯÚÐÕÜÚÈɯÐɯÔÜÓÛÐÚÛÈÉÐÓÕÖĭîɯËàÕÈÔÐÒÐɯ!ÙÖÞɪ

nowskiej w potencjale periodycznym / The arcsine law and 

multistability of Brownian dynamics in a periodic potential 

17:55 ɬ 

18:15 

Natalia  Kru-

szewska 

(S6) Rola dwuwarstwy lipidowej w stawach / The role of lipid 

bilayer in the joints 

18:25 ɬ 

18:45 
Piotr Weber 

(S6) #àÕÈÔÐÒÈɯÐɯÛÌÙÔÖËàÕÈÔÐÒÈɯ×Ì×ÛàËĞÞɯÞɯÞÖËÕàÔɯÙÖáÛɪ

worze / Dynamics and thermodynamics of peptides in water 

solution 

18:50 ɬ 

19:10 

)ÈÊÌÒɯ2ÐĞËɪ

miak  

ȹ2ƚȺɯ6ėÈĭÊÐÞÖĭÊÐɯÚ×ÙýŊàÚÛÌɯÐɯÙÌÖÓÖÎÐÊáÕÌɯÍÜÓÌÙÌÕĞÞɯɤɯ$ÓÈÚÛÐÊɯ

and rheological properties of fullerenes 

20:00 ɬ 

21:30 
Wieczorny spacer z przewodnikiem po Bydgoszczy  

 

 

ƖƕɯÞÙáÌĭÕÐÈɯƖƔƖƕɯȹÞÛÖÙÌÒȺ 

Politechnika Bydgoska  

ul. Profesora Sylwestra Kaliskiego 7  

SALA 2 

Aula w Aud. Novum  

GODZ.  PRELEGENT ȹ2ÌÚÑÈȺɯ3834o 

10:10 ɬ 

10:30 

Konrad Kap-

cia 

(S6) Rozszerzony model Falicovaɬ*ÐÔÉÈÓÓÈȯɯ ĭÊÐÚėÌɯ ÈÕÈÓÐɪ

ÛàÊáÕÌɯÙÖáÞÐëáÈÕÐÌɯÞɯÎÙÈÕÐÊàɯËÜŊÌÑɯÓÐÊáÉàɯÒÖÖÙËàÕÈÊàÑÕÌÑɯɤɯ
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Extended FalicovɬKimball Model: Rigorous Analytic Solu-

tion in Large Coordination Number Limit 

10:35 ɬ 

10:55 

Marcin Bu-

chowiecki  

(S7) Partition functions, heat capacities, and collision inte-

grals for high temperature applications (online) 

11:00 ɬ 

11:30 
PRZERWA 

11:30 ɬ 

11:50 

Sylwia Gu-

towska 

ȹ2ƙȺɯ2ÐÓÕÌɯÚ×ÙáýŊÌÕÐÌɯÌÓÌÒÛÙÖÕɬÍÖÕÖÕɯÞɯÕÈË×ÙáÌÞÖËáëÊàÔɯ

stopie PbɬBi: badania ab initio / Strong electronɬphonon co-

upling in PbɬBi superconducting alloy: ab initio studies  

11:55 ɬ 

12:15 

Bogdan Ko-

walski  

ȹ2ƙȺɯ .×ÛàÊáÕÌɯ Ðɯ ÌÓÌÒÛÙàÊáÕÌɯ ÞėÈĭÊÐÞÖĭÊÐɯ ÕÈÕÖËÙÜÛĞÞɯ

GaN/Ga1ɬxAlxN  áɯÞÉÜËÖÞÈÕëɯÚÛÙÜÒÛÜÙëɯ+$#ɯÞɯÍÜÕÒÊÑÐɯ×Öɪ

ÓÈÙÕÖĭÊÐɯÞáÙÖÚÛÜɯ&ÈƕɬxAlxN:Mg / Optical and electric pro-

perties of GaN/Ga1ɬxAlxN nanowires with a builtɬin LED 

nanostructure as a function of the Ga1ɬxAlxN:Mg growth 

polarity (online) 

12:25 ɬ 

12:45 

2ÛÈÕÐÚėÈÞ 1Ğɪ

ŊÈĘÚÒÐ 

(S7) Wykorzystanie spektroskopii dielektrycznej w badaniu 

ÞėÈÚÕÖĭÊÐɯÍÐáàÊáÕàÊÏɯÊÐÌÒėàÊÏɯÒÙàÚáÛÈėĞÞɯÖÎÙÈÕÐÊáÖÕàÊÏɯÎÌÖɪ

metrycznie / Dielectric spectroscopy methods in the study of 

physical properties of geometrically constrained liquid cry-

stals 

12:50 ɬ 

13:10 

2áàÔÖÕɯ6ĞÑɪ

tewicz 

(S7) Spektroskopia pasma B molekularnego tlenu / Spectros-

copy of molecular oxygen B band (online) 

13:30 ɬ 

15:00 
OBIAD ɬ 2ÛÖėĞÞÒÈɯ ÒÈËÌÔÐÊÒÈɯȹÜÓȭɯÎÌÕȭɯW. Andersa 1) 

15:00 ɬ 

15:20 

Jakub Naroj-

czyk 

ȹ2ƗȺɯ6Ú×ĞėÊáàÕÕÐÒɯ/ÖÐÚÚÖÕÈɯÒÙàÚáÛÈėĞÞɯÒÜÉÐÊáÕàÊÏɯÛÞÈÙɪ

dych kul z periodycznie rozmieszczonymi inkluzjami twar-

ËàÊÏɯÒÜÓɯÖɯÐÕÕÌÑɯĭÙÌËÕÐÊàɯɤɯ/ÖÐÚÚÖÕɀÚɯ1ÈÛÐÖɯÖÍɯÛÏÌɯÍȭÊȭÊȭɯ'ÈÙËɯ

Sphere Crystals with Periodically Arranged Nanoincluɬsions 

of Hard Spheres of Another Diameter 

15:25 ɬ 

15:45 

Konstantin  

Tretiakov  

ȹ2ƙȺɯ ÜÒÚÌÛàÊáÕÌȮɯÊáýĭÊÐÖÞÖɯÈÜÒÚÌÛàÊáÕÌɯÐɯÕÐÌÈÜÒÚÌÛàÊáÕÌɯ

ÞėÈÚÕÖĭÊÐɯÚÛÙÜÒÛÜÙɯÒÙàÚÛÈÓÐÊáÕàÊÏɯÜÛÞÖÙáÖÕàÊÏɯáɯÛÞÈÙËàÊÏɯ
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ÛÌÛÙÈÔÌÙĞÞɯÊàÒÓÐÊáÕàÊÏɯÞɯËÞĞÊÏɯÞàÔÐÈÙÈÊÏɯɤɯ ÜßÌÛÐÊȮɯ×ÈÙɪ

tially auxetic, and nonɬauxetic properties of crystalline struc-

tures formed by hard cyclic tetramers in two dimensions 

15:55 ɬ 

16:15 

Gabriel Kude-

rowicz  

ȹ2ƙȺɯ!ÈËÈÕÐÌɯÔÐýÒÒÐÌÎÖɯÔÖËÜɯÞɯÕÈË×ÙáÌÞÖËáëÊàÔɯáÞÐëáÒÜɯ

Heuslera LiPd2Ge / Investigation of the soft mode behavior in 

superconducting Heusler LiPd2Ge 

16:20 ɬ 

16:40 

Krzysztof Ro-

gacki 

(S5) Kotwiczenie nici wirowych nanorozmiarowymi defek-

ÛÈÔÐɯÞɯÊÌÓÜɯáÕÈÊáÕÌÎÖɯáÞÐýÒÚáÌÕÐÈɯ×ÙëËĞÞɯÒÙàÛàÊáÕàÊÏɯÞɯ

nadprzewodnikach wysokotemperaturowych typu REBaCuO 

/ Pinning vortices by nanoɬsized defects in order to signifi-

cantly increase the critical currents in highɬtemperature su-

perconductors of the REBaCuO type 

17:00 ɬ 

17:30 
PRZERWA 

17:30 ɬ 

17:50 
)ÈÒÜÉɯ1ÖÎÖŊÈ 

(S3) ,ÐÒÙÖÔÌÔÉÙÈÕàɯáɯÔÈÛÌÙÐÈėĞÞɯƖ#ɯÞàÛÞÈÙáÈÕÌɯÕÈɯÎÌÙɪ

manie / Microɬmembranes of 2D materials formed on germa-

nium (online) 

17:55 ɬ

18:15 
Robert Paluch 

ȹ2ƚȺɯ+ÖÒÈÓÐáÈÊÑÈɯňÙĞËėÈɯÐÕÍÖÙÔÈÊÑÐɯÞɯÚÐÌÊÐÈÊÏɯÞÐÌÓÖÞÈÙÚÛÞÖɪ

wych / Localization of information source in multilayer ne-

tworks (online) 

18:20 ɬ

18:40 

!ÈÙÛėÖÔÐÌÑ 

Wiendlocha 

(S5) Nowa metoda detekcji stanu rezonansowego domieszki w 

×Ğė×ÙáÌÞÖËÕÐÒÖÞàÔɯÔÈÛÌÙÐÈÓÌɯÛÌÙÔÖÌÓÌÒÛÙàÊáÕàÔɯɤɯ ɯÕÌÞɯ

method of detecting the resonant state of an impurity in a se-

miconductor thermoelectric material 

20:00 ɬ 

21:30 
Wieczorny spacer z przewodnikiem  po Bydgoszczy 
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ƖƕɯÞÙáÌĭÕÐÈɯƖƔƖƕɯȹÞÛÖÙÌÒȺ 

Collegium Copernicanum UKW  

ÜÓȭɯ,ÐÒÖėÈÑÈɯ*Ö×ÌÙÕÐÒÈɯƕ 
SALA 1  

GODZ.  PRELEGENT ȹ2ÌÚÑÈȺɯ3834o 

9:20 ɬ 

9:50 

Tomasz Klim-

czuk 

-ÈɯÖÉÙáÌŊÈÊÏɯÍÐáàÒÐȮɯÊáàÓÐɯÙáÌÊáɯÖɯȹÕÖÞàÊÏȺɯÔÈÛÌÙÐÈėÈÊÏ / On 

the edge of physics, about (new) materials 

9:55 ɬ 

10:25 

Konrad Bana-

szek 

*ÞÈÕÛÖÞÌɯÐÕÚ×ÐÙÈÊÑÌɯÞɯÖÉÙÈáÖÞÈÕÐÜɯÐɯėëÊáÕÖĭÊÐɯɤɯ0ÜÈÕÛÜÔɬ

inspired techniques in imaging and communications 

10:30 ɬ 

11:00 

Krzysztof  Sa-

cha 

*ÙàÚáÛÈėàɯÊáÈÚÖÞÌɯÐɯÍÐáàÒÈɯÍÈáàɯskondensowanej w kryszt-

ÈėÈÊÏɯÊáÈÚÖÞàÊÏɯɤɯ3ÐÔÌɯ"ÙàÚÛÈÓɯ/ÏÌÕÖÔÌÕÈ (online) 

11:00 ɬ 

11:30 
PRZERWA 

11:30 ɬ 

12:00 

Adam Mira-

nowicz  

Ultrastrong coupling of light and matter: Generation, simu-

lations, and apɬplications 

12:10 ɬ 

12:40 

Sylwester 

Rzoska 

-ÖÞàɯ ×ÈÙÈËàÎÔÈÛɯ ËÓÈɯ ÜÕÐÞÌÙÚÈÓÕÖĭÊÐɯ áÑÈÞÐÚÒɯ

prewitryfikacyjnych / New paradigm for universality of the 

previtreous dynamics (online) 

12:50 ɬ 

13:20 
J. Miguel Rubi 

Particle transport through deformable microɬchannels: recti-

fication and resonances for transport optimization (online) 

13:30 ɬ 

15:00 
OBIAD  

15:00 ɬ 

15:30 

Ryszard Kut-

ner 

Krytyczna dynamika na rynku / Critical dynamics on the 

market (online) 

15:40 ɬ 

16:10 

Adam Lipow-

ski 

6àėÈÕÐÈÕÐÌɯÚÐýɯÑýáàÒÈɯÞɯ×Ö×ÜÓÈÊÑÐɯÒÖÔÜÕÐÒÜÑëÊàÊÏɯÚÐýɯÈÎÌÕɪ

ÛĞÞɯɤɯ+ÈÕÎÜÈÎÌɯÌÔÌÙÎÌÕÊÌɯÐÕɯÈɯ×Ö×ÜÓÈÛÐÖÕɯÖÍɯÊÖÔÔÜÕÐÊÈÛÐÕÎɯ

agents (online) 

16:20 ɬ 

16:50 

Krzysztof Ma-

larz 

/ÙáàÑÈÊÐÌÓÌɯÐɯÞÙÖÎÖÞÐÌɯÞɯÒë×ÐÌÓÐɯÊÐÌ×ÓÕÌÑɯɤɯ'ÌÈÛɬbath for 

friends and enemies 
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17:00 ɬ 

17:30 
PRZERWA 

17:30 ɬ 

18:00 

Zbigniew Fi-

cek 

2×ÓëÛÈÕÐÌɯÐɯÚÛÌÙÖÞÈÕÐÌɯÒÞÈÕÛÖÞÌɯÜÒėÈËĞÞɯÒÐÓÒÜɯÒÜÉÐÛĞÞɯɤɯ$Õɪ

tanglement and quantum steering of few qubit systems 

18:10 ɬ 

18:40 

2àÓÞÐÈɯ9ÐÌÓÐĘɪ

skaɬ1ÈÊáàĘɪ

ska 

Stany ÙàËÉÌÙÎÖÞÚÒÐÌɯÞɯ×Ğė×ÙáÌÞÖËÕÐÒÈÊÏɯɤɯ1àËÉÌÙÎɯÚÛÈÛÌÚɯÐÕɯ

semiconductors 

18:50 ɬ 

19:20 

6ÐÌÚėÈÞɯ+Ìɪ

ÖĘÚÒÐ 

*ÙÈÞÐÌÊÛÞÖɯÒÞÈÕÛÖÞÌȮɯÊáàÓÐɯÕÐÌÓÐÕÐÖÞÌɯÕÖŊàÊÌɯÒÞÈÕÛÖÞÌɯÐɯ

×ÌÞÕÌɯÌÍÌÒÛàɯáɯÕÐÔÐɯáÞÐëáÈÕÌ / Quantum tailoring ɬ nonlin-

ear quantum scissors and some effects related to them 

20:00 ɬ 

21:30 
Wieczorny spacer z przewodnikiem po Bydgoszczy  

 

 

ƖƕɯÞÙáÌĭÕÐÈɯƖƔƖƕɯȹÞÛÖÙÌÒȺ 

Collegium Copernicanum UKW  

ÜÓȭɯ,ÐÒÖėÈÑÈɯ*Ö×ÌÙÕÐÒÈɯƕ 
SALA 2  

GODZ.  PRELEGENT ȹ2ÌÚÑÈȺɯ3834o 

9:40 ɬ 

10:00 

Jakub Kierda-

szuk 

(S3) Wydajne bramkowanie grafenu przez azotek galu / 

Highly effective gating of graphene on GaN (online) 

10:05 ɬ 

10:25 

Aleksandra  

Deptuch 

ȹ2ƙȺɯ6×ėàÞɯËėÜÎÖĭÊÐɯėÈĘÊÜÊÏÈɯɬCmH2mɬ i fluorowania aro-

ÔÈÛàÊáÕÌÎÖɯÙËáÌÕÐÈɯÕÈɯÒÐÕÌÛàÒýɯÒÙàÚÛÈÓÐáÈÊÑÐɯÊÐÌÒėÖÒÙàÚÛÈÓÐÊáɪ

ÕàÊÏɯáÞÐëáÒĞÞɯƗ%Ô7ƕ/Ï7ƖƚɯȹÔɯǻɯƙȮɯƚȮɯƛȰɯ7ƕɯǻɯ'Ȱɯ7Ɩɯǻɯ'Ȯɯ

F) / Influence of the ɬCmH2mɬ chain length on the crystalli-

zation kinetics of the liquid crysɬtalline 3FmX1PhH6 compo-

unds (m = 5, 6, 7; X1 = H, F) (online) 

10:30 ɬ 

10:50 

Marta  

Cieplak 

ȹ2ƙȺɯ%ÓÜÒÛÜÈÊÑÌɯÕÈË×ÙáÌÞÖËáëÊÌɯ×ÖÞàŊÌÑɯËÙÜÎÐÌÎÖɯ×ÖÓÈɯÒÙàɪ

tycznego w ultracienkich warstwach niobu / Fluctuation con-

ductivity above upper critical field in ultrathin niobium films 

(online) 
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11:00 ɬ 

11:30 
PRZERWA 

11:30 ɬ 

11:50 

,ÈėÎÖÙáÈÛÈɯ

Jasiurkow-

skaɬ Dela-

porte 

ȹ2ƙȺɯ6×ėàÞɯÙĞŊÕàÊÏɯÍÖÙÔɯÖÎÙÈÕÐÊáÌÕÐÈɯ×ÙáÌÚÛÙáÌÕÕÌÎÖɯÕÈɯ

×ÙÖÊÌÚàɯÙÌÓÈÒÚÈÊàÑÕÌȮɯáÑÈÞÐÚÒÖɯÒÙàÚÛÈÓÐáÈÊÑÐɯÐɯËàÕÈÔÐÒëɯÞÐɪ

ÉÙÈÊàÑÕëɯÊÐÌÒėàÊÏɯÒÙàÚáÛÈėĞÞɯɤɯ(ÕÍÓÜÌÕÊÌɯÖÍɯÝÈÙÐÖÜÚɯÍÖÙÔÚɯÖÍɯ

spatial constraints on relaxation processes, crystallization 

phenomenon and the vibrational dynamics of liquid crystals 

(online) 

11:55 ɬ 

12:15 

Natalia 

Osieckaɬ 

Drewniak  

ȹ2ƙȺɯ!ÈËÈÕÐÌɯ×ÙáÌÑĭîɯÍÈáÖÞàÊÏɯÊÐÌÒėàÊÏɯÒÙàÚáÛÈėĞÞɯ×Ùáàɯ×Öɪ

mocy metody window clustering widm spektroskopii w pod-

czerwieni / Investigations of phase transitions in liquid cry-

stals using window clustering of infrared spectra (online) 

12:25 ɬ 

12:45 

Anna Drze-

wicz  

ȹ2ƙȺɯ)ÈÒɯÊÐĭÕÐÌÕÐÌɯÞ×ėàÞÈɯÕÈɯÒÐÕÌÛàÒýɯÒÙàÚÛÈÓÐáÈÊÑÐɯÊáýĭÊÐÖÞÖɯ

ÍÓÜÖÙÖÞÈÕÌÎÖɯÊÏÐÙÈÓÕÌÎÖɯÊÐÌÒėÌÎÖɯÒÙàÚáÛÈėÜȳɯɤɯ'ÖÞɯ×ÙÌÚÚÜÙÌɯ

affects the kinetics of crystallization of partially fluorinated 

chiral liquid crystal? (online) 

12:50 ɬ 

13:10 

$ÞÈɯ)ÜÚáàĘɪ

skaɬ&ÈėëáÒÈ 

(S5) Efekt parzystoɬÕÐÌ×ÈÙáàÚÛàɯÕÈɯ×ÙáàÒėÈËáÐÌɯÞàÉÙÈÕÌÎÖɯ

ÚáÌÙÌÎÜɯ ÏÖÔÖÓÖÎÐÊáÕÌÎÖɯ ÊáýĭÊÐÖÞÖɯ ÍÓÜÖÙÖÞÈÕàÊÏɯ ÊÐÌÒėàÊÏɯ

ÒÙàÚáÛÈėĞÞɯɤɯ3ÏÌɯÖËËɬeven effect on the example of selected 

homologous series of partially fluoriɬnated liquid crystals 

(online) 

13:30 ɬ 

15:00 
OBIAD  
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ƖƖɯÞÙáÌĭÕÐÈɯƖƔƖƕɯȹĭÙÖËÈȺ 

Collegium Medicum UMK (Jurasz)  

ul. dr A. Jurasza 2 
SALA  

GODZ.  PRELEGENT ȹ2ÌÚÑÈȺɯ3834o 

9:05 ɬ 

9:15 

!ÙÖÕÐÚėÈÞɯ

Grzegorzew-

ski 

Jerzy Bodurka in memoriam 

9:20 ɬ 

9:40 

,ÈėÎÖÙáÈÛÈɯ

,ÈÊÐëŊÌÒɬ 

Jurczyk 

(S2) Zastosowanie wybranych technik i metod spektroskopo-

ÞàÊÏɯËÖɯÖÊÌÕàɯÞėÈĭÊÐÞÖĭÊÐɯÉÐÈėÌÒɯÖÚÖÊáÈɯɤɯ ××ÓÐÊÈÛÐÖÕɯÖÍɯÚÌɪ

lected spectroscopic techniques and methods to evaluate the 

properties of plasma proteins (online) 

9:50 ɬ 

10:20 

Janusz Pawli-

szyn 

Solid phase microextraction device design and method opti-

mization using fundamentals 

10:30 ɬ 

11:00 

Aleksander 

2ÐÌÙÖĘ 
Without physics, there is no modern medicine 

11:10 ɬ 

11:40 
PRZERWA 

11:40 ɬ 

12:10 

Marek Cie-

plak  

#àÕÈÔÐÒÈɯÉÐÈėÌÒɯÐÕÏÌÙÌÕÛÕÐÌɯÕÐÌÜ×ÖÙáëËÒÖÞÈÕàÊÏɯÐɯÐÊÏɯÒÙÖɪ

×ÌÓÒÖÞàÊÏɯÈÎÙÌÎÈÛĞÞɯɤɯ#àÕÈÔÐÊÚɯÖÍɯÐÕÛÙÐÕÚÐÊÈÓÓàɯËÐÚÖÙËÌÙÌËɯ

proteins and their dropletɬlike aggregates 

12:20 ɬ 

12:50 

Roland G. 

Winkler  
Emergent behavior in motile active matter 

13:00 ɬ 

13:20 
Barbara Bojko 

ȹ2ƖȺɯ9ÈÚÛÖÚÖÞÈÕÐÌɯÔÐÒÙÖÌÒÚÛÙÈÒÊÑÐɯËÖɯÍÈáàɯÚÛÈėÌÑɯÞɯÈÕÈÓÐáÐÌɯ

ÛÒÈÕÌÒȯɯÞàáÞÈÕÐÈɯÛÖÞÈÙáàÚáëÊÌɯ×ÙÈÒÛàÊÌɯÒÓÐÕÐÊáÕÌÑɯɤɯ ××ÓÐɪ

cation of microextraction to solid phase in tissue analysis: 

challenges associated with clinical practice 

13:30 ɬ 

14:15 
Zwie dzanie pracowni CM UMK  

14:15 ɬ 

15:15 
OBIAD ɬ Þɯ!ÜËàÕÒÜɯ6àËáÐÈėÜɯ%ÈÙÔÈÊÌÜÛàÊáÕÌÎÖ 
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15:15 ɬ 

15:25 

Wawrzyniec 

Loba 

ȹ2ƖȺɯ9ÕÈÊáÌÕÐÌɯÚàÎÕÈėÜɯÈÒÜÚÛàÊáÕÌÎÖɯÞɯÉÈËÈÕÐÈÊÏɯÒÐÌÙÜÕÒÖɪ

ÞÖĭÊÐɯÚėÜÊÏÜ 

15:35 ɬ 

15:55 

Anna Marcin-

kowskaɬ 

&È×ÐĘÚÒÈ 

ȹ2ƖȺɯ6àÒÖÙáàÚÛÈÕÐÌɯ×ÖÔÐÈÙĞÞɯÙÌÖÓÖÎÐÊáÕàÊÏɯËÖɯÉÈËÈÕÐÈɯÞėÈɪ

ĭÊÐÞÖĭÊÐɯÒÙÞÐɯÐɯĭÓÐÕàɯɤɯ1ÏÌÖÓÖÎÐÊÈÓɯÔÌÈÚÜÙÌÔÌÕÛÚɯÛÖɯÚÛÜËàɯÛÏÌɯ

properties of blood and saliva 

16:00 ɬ 

16:20 
/ÐÖÛÙɯ9ÐÌÓÐĘÚÒÐ 

ȹ2ƖȺɯ/ÌÙÊÌ×ÊÑÈɯÚÒÙÈÑÕÐÌɯÒÙĞÛÒÐÊÏɯÚàÎÕÈėĞÞɯËňÞÐýÒÖÞàÊÏȯɯÞàɪ

ÚÖÒÖĭîɯÐɯÉÈÙÞÈɯËňÞÐýÒÜɯÖÙÈáɯáÈÚÈËÈɯÕÐÌÖÒÙÌĭÓÖÕÖĭÊÐɯ 

16:25 ɬ 

16:55 

Henryk Droz-

dowski  

ȹ2ƖȺɯ1ÌÕÛÎÌÕÖÞÚÒÈɯÈÕÈÓÐáÈɯÚÛÙÜÒÛÜÙÈÓÕÈɯÔÈÛÌÙÐÐɯÔÐýÒÒÐÌÑɯɬ 

nowe rezultaty / Xɬray structural analysis of soft materials ɬ 

new results 

17:00 ɬ 

17:30 
PRZERWA 

17:30 ɬ 

17:50 

Aldona Ku-

balaɬ*ÜÒÜĭ 

(S2) Interdyscyplinarne zastosowania rentgenowskiej ana-

ÓÐáàɯÍÓÜÖÙÌÚÊÌÕÊàÑÕÌÑɯáɯÊÈėÒÖÞÐÛàÔɯÖËÉÐÊÐÌÔɯÞÐëáÒÐɯ×ÈËÈÑëÊÌÑɯ

/ Interdisciplinary applications of total reflection Xɬray fluo-

rescence analysis (online) 

17:55 ɬ 

18:15 

Tomasz Ku-

biak 

(S2) Od wytwarzania kÈ×ÚÜėɯ )ÈÕÜÚÈɯ ËÖɯ ÒÖÕÛÙÖÓÖÞÈÕÌÎÖɯ

ÜÞÈÓÕÐÈÕÐÈɯáɯÕÐÊÏɯÜÓÛÙÈËňÞÐýÒÈÔÐɯÚÜÉÚÛÈÕÊÑÐɯÈÒÛàÞÕàÊÏɯÉÐÖɪ

logicznie / From the fabrication of Janus capsules to the ultra-

soundɬtriggered controlled release of biologically active sub-

stances 

18:20 ɬ 

18:45 

Piotr M. Zie-

ÓÐĘÚÒÐ 

(S2) Kinetyka zimnej krystalizacji karbamazepiny w nieizo-

ÛÌÙÔÐÊáÕàÊÏɯÉÈËÈÕÐÈÊÏɯÔÌÛÖËëɯÙĞŊÕÐÊÖÞÌÑɯÒÈÓÖÙàÔÌÛÙÐÐɯÚÒÈɪ

ningowej / Kinetics of the cold crystallization of carbamaze-

pine in nonɬisothermal differential scanɬning calorimetry 

studies (online) 

18:50 ɬ 

19:10 

Mateusz 

Chwastyk  

ȹ2ƖȺɯ/ÖÞÚÛÈÞÈÕÐÌɯÉÐÈėÌÒɯÞɯÛÙáÌÊÏɯËÖÔÌÕÈÊÏɯŊàÊÐÈɯɤɯ-ÈÚÊÌÕÛɯ

Folding of Proteins Across the Three Domains of Life 

19:15 ɬ 

19:45 
9$!1 -($ɯ9 19C#4ɯ&ou6-$&.ɯ/3%ɯȹÖÕÓÐÕÌȺ 

20:00 ɬ 

21:30 

WALNE ZEBRANIE  

POLSKIEGO TOWARZYSTWA FIZYCZNEGO (online)  
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20:00 ɬ 

21:30 
Wieczorny spacer z przewodnikiem po Bydgoszczy  

 

 

ƖƖɯÞÙáÌĭÕÐÈɯƖƔƖƕɯȹĭÙÖËÈȺ 

Politechnika Bydgoska  

ul. Profesora Sylwestra Kaliskiego 7  

SALA 1  

Aula w Aud. Novum  

GODZ.  PRELEGENT 3834o 

11:45 ɬ 

12:15 

Tomasz Kapi-

taniak 

2ÛÈÕàɯÊÏÐÔÌÙàÊáÕÌɯÞɯÜÒėÈËÈÊÏɯÚ×ÙáýŊÖÕàÊÏɯÞÈÏÈËÌėɯɤɯ"ÏÐɪ

mera states for coupled pendula 

12:25 ɬ 

12:55 
/ÐÖÛÙɯ6ÊÐÚėÖ 

!ÈËÈÕÐÈɯáËÌÙáÌĘɯÐɯÖËËáÐÈėàÞÈĘɯÔÖÓÌÒÜÓÈÙÕàÊÏɯ×ÙáàɯÜŊàÊÐÜɯ

spektroskopii laserowej / Precision spectroscopy for studying 

molecular collisions and interactions 

13:05 ɬ 

13:35 
Janusz Gluza 

/ÙÌÊàáàÑÕÌɯÖÉÓÐÊáÌÕÐÈɯÐɯÌÒÚ×ÌÙàÔÌÕÛàɯÞɯÍÐáàÊÌɯÊáëÚÛÌÒ / Pre-

cise calculations and experiments in elementary particle 

physics 

13:50 ɬ 

15:00 
OBIAD ɬ 2ÛÖėĞÞÒÈɯ ÒÈËÌÔÐÊÒÈɯȹÜÓȭɯÎÌÕȭɯ6ȭɯ ÕËÌÙÚÈɯƕȺ 

15:00 ɬ 

15:30 

*ÈÙÖÓɯÃàÊáɪ

kowski  

*ÞÈÕÛÖÞÌɯÚ×ÓëÛÈÕÐÌȯɯÚÛÈÕàɯÌÒÚÛÙÌÔÈÓÕÌɯÐɯÐÊÏɯáÈÚÛÖÚÖÞÈÕÐÈ / 

Quantum entanglement: extremal states and their applica-

tions (online) 

15:40 ɬ 

16:10 

oÜÒÈÚá Rud-

nicki  

,ÌÛÙÖÓÖÎÐÈɯ ÒÞÈÕÛÖÞÈɯ ËÞĞÊÏɯ ×ÜÕÒÛÖÞàÊÏɯ ÕÐÌáÈÓÌŊÕàÊÏɯ

ňÙĞËÌėɯĭÞÐÈÛėÈɯÖɯÙĞŊÕàÔɯÕÈÛýŊÌÕÐÜɯɤɯ0ÜÈÕÛÜÔɯÔÌÛÙÖÓÖÎàɯÖÍɯ

two pointɬlike incoherent sources with different intensity 

16:20 ɬ 

16:50 
,ÐÊÏÈėɯ3ÖÔáÈ 

*ÖÕÛÙÖÓÈɯ ÒÞÈÕÛÖÞÈɯ ÜÓÛÙÈáÐÔÕàÊÏɯ áËÌÙáÌĘɯ ×ÖÔÐýËáàɯ ×Öɪ

jedynczym jonem i atomami / Quantum control of ultracold 

collisions between a single ion and atoms 

17:00 ɬ 

17:30 
PRZERWA 
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17:30 ɬ 

17:50 

oÜÒÈÚáɯ2ÒÖÞɪ

ÙÖĘÚÒÐ 

(S9) Warstwy dekoracyjne na bazie TiO2 wytwarzane me-

ÛÖËëɯÔÈÎÕÌÛÙÖÕÖÞëɯÞɯÞÈÙÜÕÒÈÊÏɯ×ÙáÌÔàÚėÖÞàÊÏɯɤɯ3Ð.Ɩɯɬ 

based decorative coatings produced at industrial conditions 

using magnetron sputtering technique 

17:55 ɬ 

18:15 

#ÈÕÐÌÓɯ%Ùëɪ

czek 

(S10) Separowane deskryptory entropowe w modelowaniu 

ÞėÈĭÊÐÞÖĭÊÐɯÌÍÌÒÛàÞÕàÊÏɯÚÛÙÜÒÛÜÙɯÔÈÛÌÙÐÈėÖÞàÊÏɯȹÖÕÓÐÕÌȺ 

18:25 ɬ 

18:45 
Jan Seyda 

ȹ2ƝȺɯ ÕÈÓÐáÈɯÔÐÒÙÖÚÒÖ×ÖÞÈɯÞ×ėàÞÜɯÖÉÊÐëŊÌĘɯÔÌÊÏÈÕÐÊáÕàÊÏɯ

ÕÈɯÔÐÒÙÖÚÛÙÜÒÛÜÙýɯÚ×ÐÌÒÜɯÊáàÚÛÌÎÖɯÙÌÕÜɯɤɯ,ÐÊÙÖÚÊÖ×ÐÊɯÈÕÈÓàɪ

sis of the influence of mechanical loads on the microstructure 

of pure rhenium sinter 

18:50 ɬ 

19:10 

2ÛÈÕÐÚėÈÞ 

Bednarek 

ȹ2ƝȺɯ6Ú×ĞėÊáÌÚÕÈɯÎÙÈÞÐmetria i antropogeniczne anomalie 

grawitacyjne / Modern gravimetry and the anthropogenic 

gravitational anomalies 

19:15 ɬ 

19:45 
9$!1 -($ɯ9 19C#4ɯ&ou6-$&.ɯ/3%ɯȹ.-+(-$Ⱥ 

20:00 ɬ 

21:30 

WALNE ZEBRANIE  

POLSKIEGO TOWARZYSTWA FIZYCZNEGO (online)  

20:00 ɬ 

21:30 
Wieczorny spacer z przewodnikiem po Bydgoszczy  
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ƖƗɯÞÙáÌĭÕÐÈɯƖƔƖƕɯȹÊáÞÈÙÛÌÒȺ 

Opera Nova  

ÜÓȭɯ,ÈÙÚáÈėÒÈɯ%ÌÙËàÕÈÕËÈɯ%ÖÊÏÈɯƙ 
2 + ɯ,ÈÕÙÜɯȹƗɯ×ÐýÛÙÖȺ 

GODZ.  PRELEGENT 3834o 

9:15 ɬ 

9:45 

Mariusz P. 

#ëÉÙÖÞÚÒÐ 

2ÛÈėÌɯÍÜÕËÈÔÌÕÛÈÓÕÌȮɯÖÚÖÉÓÐÞÖĭÊÐɯÐɯÒÚáÛÈėÛɯ6ÚáÌÊÏĭÞÐÈÛÈɯɤɯ

Fundamental constants, singularities, and the shape of the 

Universe (online) 

9:50 ɬ 

10:50 

Adam  Maj %ÐáàÒÈɯÑëËÙÖÞÈɯÐɯÙÈËÐÖÛÌÙÈ×ÐÈɯ×ÙÖÛÖÕÖÞÈɯɬ 5 lat owocnego 

ÞÚ×ĞėÐÚÛÕÐÌÕÐÈɯÞɯ"ÌÕÛÙÜÔɯ"àÒÓÖÛÙÖÕÖÞàÔɯ!ÙÖÕÖÞÐÊÌɯɤɯ-ÜÊɪ

lear physics and proton radiotherapy ɬ 5 years of fruitful 

coexistence at the Bronowice Cyklotron Center 
/ÈÞÌė Olko  

11:00 ɬ 

11:45 
PRZERWA ɬ KONCER #3 Freygish Orchestra 2 + ɯ%ÐËÌÓÐÖɯȹƕɯ×ÐýÛÙÖȺ 

11:45 ɬ 

13:45 
Panel dyskusyjny: FIZYKA 2050 

13:45 ɬ

14:15 
9 *.p"9$-($ɯZJAZDU  2 + ɯ,ÈÕÙÜɯȹƗɯ×ÐýÛÙÖȺ 

14:15 ɬ

15:00 
Obiad ɬ Restauracja Opery Nova 

 

ƖƗɯÞÙáÌĭÕÐÈɯƖƔƖƕɯȹÊáÞÈÙÛÌÒȺ 

Opera Nova  

ÜÓȭɯ,ÈÙÚáÈėÒÈɯ%ÌÙËàÕÈÕËÈɯ%ÖÊÏÈɯƙ 
2 + ɯƖɯȹƖɯ×ÐýÛÙÖȺ 

GODZ.  PRELEGENT 3834o 

9:00 ɬ 

9:24 

Grzegorz Zu-

zel 

(S4) Poszukiwania ciemnej materii ɬ aktualny stan i perspek-

tywy / Searches for Dark Matter ɬ Present Status and Per-

spectives (online) 

9:24 ɬ 

9:48 

Sebastian Tro-

janowski  

(S4) Poszukiwanie lekkiej ciemnej materii w kierunku for-

ÞÈÙËɯÞɯ6ÐÌÓÒÐÔɯ9ËÌÙáÈÊáÜɯ'ÈËÙÖÕĞÞɯɤɯ+ÐÎÏÛɯËÈÙÒɯÔÈÛÛÌÙɯ
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searches in the farɬforward region of the Large Hadron Colli-

der (online) 

9:48 ɬ 

10:12 

Andrzej Hry-

czuk 

ȹ2ƘȺɯ"ÐÌÔÕÈɯÔÈÛÌÙÐÈɯÈɯÕÐÌáÎÖËÕÖĭîɯ×ÖÔÐÈÙĞÞɯÚÛÈėÌÑɯ'ÜÉÉÓÌɀÈɯ

/ Dark matter and the H0 tension (online) 

10:12 ɬ 

10:36 

Kazuki Saku-

rai 

ȹ2ƘȺɯ/ÖÚáÜÒÐÞÈÕÐÈɯÊáëÚÛÌÒɯËėÜÎÖɯŊàÑëÊàÊÏɯÞɯ6ÐÌÓÒÐÔɯ9ËÌɪ

ÙáÈÊáÜɯ'ÈËÙÖÕĞÞɯɤɯ2ÌÈÙÊÏÌÚɯÍÖÙɯÓÖÕÎɬlived particles at the 

LHC (online) 

10:36 ɬ 

11:00 

Marcin Ba-

dziak  

(S4) gɬ2 mionu w modelach supersymetrycznych / Muon gɬ

2 in supersymmetric models (online) 

11:00 ɬ 

11:45 
PRZERWA ɬ KONCER #3 Freygish Orchestra 2 + ɯ%ÐËÌÓÐÖɯȹƕɯ×ÐýÛÙÖȺ 

11:45 ɬ 

12:15 

Mariusz Wi-

tek 
(S4) Anomalies in ὦ­ ίὰὰ transitions (online) 

12:15 ɬ 

12:45 

Matthew  

McCullough  
(S4) New Physics Opportunities at FCCɬee (online) 

12:45 ɬ 

13:00 

Krzysztof 

Grzanka 

(S4) Obliczenia dla rozpadu bozonu Z na poziomie NNNLO 

/ Z boson decay calculations at the NNNLO level 

13:00 ɬ 

13:15 

Bartosz Dzie-

wit  

ȹ2ƘȺɯ!ÈËÈÕÐÌɯ×ÖËÞĞÑÕÐÌɯÕÈėÈËÖÞÈÕàÊÏɯÉÖáÖÕĞÞɯ'ÐÎÎÚÈɯÞɯ

akceleratorach wyɬsokich energii / Studies of the doubly char-

ged Higgs bosons at high energy colliders 

13:15 ɬ 

13:30 

Wojciech Flie-

ger 

(S4) Teorioɬmacierzowa analiza mieszania neutrin oraz wy-

ÕÐÒÈÑëÊÌɯáɯÕiej przeɬwidywania fenomenologiczne 

13:30 ɬ 

13:45 

Dmitry Zhuri-

dov 

(S4) New dynamical abilities of the NuWro Monte Carlo 

event generator for neutrinoɬlepton and neutrinoɬnucleus 

interactions 

13:45 ɬ 

14:15 
9 *.p"9$-($ɯ9) 9#4 2 + ɯ,ÈÕÙÜɯȹƗɯ×ÐýÛÙÖȺ 

14:15 ɬ 

15:00 
Obiad ɬ Restauracja Opery Nova 

15:00 WYCIECZKA DO KCYNI LUB STRZELNA  
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L OKAL IZAC JA :  

 

O PERA N OVA  
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Time Crystals 

 
Frank Wilczek 

 

Arizona State University, Tempe, USA 

 

 
 

Spontaneous breaking of time translation symmetry has been intensely studied in recent 

ÙÅÁÒÓȟ ÕÎÄÅÒ ÔÈÅ ÎÁÍÅ ȰÔÉÍÅ ÃÒÙÓÔÁÌÓȱȢ ) ×ÉÌÌ give a brief review of the general concept and 

work it has been inspired, and then focus on some frontiers that I think are especially 

promising: ergodicity breaking, connections to fundamental issues in computing, and 

possible applications in sensor technology. 

 

 

 

 

Frank Wilczek is a theoretical physicist, author, and in-

tellectual adventurer. He has received many prizes for 

his work, including a Nobel Prize in Physics.  

Wilczek has made seminal contributions to fundamental 

particle physics, cosmology and the physics of materials. 

His current research focus includes Axions, Anyons, and 

Time Crystals. These are concepts in physics which he 

named and pioneered. Each has become a major focus of 

world -wide research. 

In recent years Frank has become fascinated with prospects for expanding perception 

through technology. He is developing hardware and software tools for this.  

He has authored several well-known books, and writes a monthly "Wilczek's Uni-

verse" feature for the Wall Street Journal. His latest book, Ɂ%ÜÕËÈÔÌÕÛÈÓÚɂȮɯÞÐÓÓɯÉÌɯ

released in January 2021.  

Wilczek received a B.S. at the University of Chicago in 1970, and a PhD in physics at 

Princeton University in 1974. Currently he is the Herman Feshbach professor of phys-

ics at the MIT; Founding Director o f the T. D. Lee Institute and Chief Scientist at 

Wilczek Quantum Center, Shanghai Jiao Tong University; Distinguished Professor at 

Arizona State University; and Professor at Stockholm University.  
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Professor Wilczek's professional work has touched on a large variety of questions in 

theoretical physics. Abiding interests include:  

 

¶ "Pure" particle physics, especially connections between ambitious theoretical 

ideas and concrete observable phenomena (e.g. applications of asymptotic free-

dom, unification of coupli ngs); 

¶ The behavior of matter at ultra -high temperature and/or density (e.g. phase 

structure of QCD, application to cosmology, neutron stars and stellar explo-

sions); 

¶ The application of insights from particle physics to cosmology (e.g. axions as 

dark matter candidates, search techniques for these and for WIMPs); 

¶ The application of field theory techniques to condensed matter physics (e.g. 

exotic quantum numbers on solitons of various sorts, statistical transmutation 

and fractional statistics in the quantum Hal l effect); 

¶ The quantum theory of black holes (e.g. existence of quantum hair, entangle-

ment entropy)  

 

In 2004, Frank Wilczek won the Nobel Prize for the discovery of as-

ymptotic freedom in the theory of the strong interaction.  

The atomic nucleus is held together by a powerful, strong interaction 

that binds together the protons and neutrons that comprise the nu-

cleus. The strong interaction also holds together the quarks that 

make up protons and neutrons. This interaction is so strong that no free quarks have 

ever been observed. However, in 1973 Frank Wilczek, David Gross, and David 

Politzer came up with a theory postulating that when quarks come really close to one 

another, the attraction abates and they behave like free particles. This is called asymp-

totic freedom. 

 

ÁÙĞËėÖȯɯwww.frankawilczek.com/  
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6àÒėÈËɯÐÔȭɯ,ȭɯ2ÔÖÓÜÊÏÖÞÚÒÐÌÎÖ 

 

Photon: A Very Peculiar Elementary Particle 

 
)×Ï "ÉÁčÙÎÉÃËÉ-Birula 

 

Centrum Fizyki Teoretycznej PAN, Warszawa 

 

 
 

In my talk I will show that photons have properties which set them apart from all other 

elementary particles. These properties are quite intriguing but they are never mentioned 

in textbooks on quantum electrodynamics. 

 

 

(ÞÖɯ!ÐÈėàÕÐÊÒÐ-Birula was born in Warsaw, Poland, on the 14th of 

June, 1933. 

In the years 1949ɬ1952 he attented Technical Vocational High 

School (Mechanical Engineering). He obtained Master degree 

(1956), Ph.D. (1959) and D.Sci. (1962) in Theoretical Physics at the 

Warsaw University.  

He has been a full professor at the Warsaw University since 1966 

and at the Polish Academy of Sciences since 1980 and a visiting 

professor at many different universities and institutions in the USA, USRR and Ger-

many. He has been elected Member of the Polish Academy of Sciences (1976), Foreign 

Member of the Royal Norwegian Academy of Sciences and Letters (1985) and Corre-

sponding Member of the Polish Academy of Knowledge in Krakow (1990) and has 

ÉÌÌÕɯÈÞÈÙËÌËɯÛÏÌɯ,ÈÙÐÈɯ2ÒėÖËÖÞÚÒÈ-Curie Prize of the Polish Academy of Sciences 

(1975), the Medal of Commision for National Education of Poland (1976), the Alfred 

Jurzykowski Foundation Prize (New York, 1980), the Alexander von Humboldt 

Award (Bonn, 1994) and the Foundation for Polish Science Award (Warsaw 2014) 

 

ÁÙĞËėÖȯɯwww.cft.edu.pl/~birula  
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Medal Mariana Smoluchowskiego  

 

)ÌÚÛɯÛÖɯÕÈÑÞàŊÚáÌɯÖËáÕÈÊáÌÕÐÌɯÕÈËÈÞÈÕÌɯ×ÙáÌáɯ/ÖÓÚÒÐÌɯ3ÖÞÈÙáàÚÛÞÖɯ%ÐáàÊáÕÌɯáÈɯ

ÖÚÐëÎÕÐýÊÐÈɯÕÈÜÒÖÞÌɯÞɯËáÐÌËáÐÕÐÌɯÕÈÜÒɯÍÐáàÊáÕàÊÏȭɯ,ÌËÈÓɯÔÖŊÌɯÉàîɯÕÈËÈÞÈÕàɯáÈɪ

ÙĞÞÕÖɯÜÊáÖÕàÔɯ×ÖÓÚÒÐÔɯÑÈÒɯÐɯzagranicznym. Obecnie Medal przyznawany jest co 

ËÞÈɯÓÈÛÈɯÐɯÞÙýÊáÈÕàɯ×ÖËÊáÈÚɯ9ÑÈáËÜɯ%ÐáàÒĞÞɯ/ÖÓÚÒÐÊÏɯÓÜÉɯÕÈɯÚ×ÌÊÑÈÓÕÌÑɯÜÙÖÊáàÚÛÖĭÊÐɯ

áÖÙÎÈÕÐáÖÞÈÕÌÑɯ×ÙáÌáɯ9ÈÙáëËɯ&ėĞÞÕàɯ/3%ȭɯ+ÈÜÙÌÈÛɯÞàÎėÈÚáÈɯÕÈɯÛÌÑɯÜÙÖÊáàÚÛÖĭÊÐɯÚ×Ìɪ

ÊÑÈÓÕàɯ6àÒėÈËɯÐÔȭɯ,ÈÙÐÈÕÈɯ2ÔÖÓÜÊÏÖÞÚÒÐÌÎÖȭ 
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+×ÁÎÔÏ×Á :ÁÓÁÄÁ 7ÚÇÌöÄÎÏĢÃÉ 

 
Quantum principle of relativity 

 

Andrzej Dragan 

 

Uniwersytet Warszawski, Warszawa  

 

 
 

:ÁÓÁÄÁ ×ÚÇÌöÄÎÏĢÃÉ 'ÁÌÉÌÅÕÓÚÁ Õ×ÚÇÌöÄÎÉÁÊäÃÁ ÚÁÒĕ×ÎÏ ÐÏÄĢ×ÉÅÔÌaÎÙÃÈ ÊÁË É ÎÁÄĢ×ÉÅÔÌȤ

ÎÙÃÈ ÏÂÓÅÒ×ÁÔÏÒĕ× ÉÎÅÒÃÊÁÌÎÙÃÈ ÐÒÏ×ÁÄÚÉ ÄÏ ÚÁÂÕÒÚÅÎÉÁ Ú×ÉäÚËĕ× ÐÒÚÙÃÚÙÎÏ×Ï-skut-

ËÏ×ÙÃÈ × ÄÏËčÁÄÎÉÅ ÔÁËÉ ÓÐÏÓĕÂȟ ÊÁË ×ÙÎÉËÁ ÔÏ Ú ÐÏÓÔÕÌÁÔĕ× ÔÅÏÒÉÉ Ë×ÁÎÔÏ×ÅÊȢ .ÁÊÂÁÒȤ

ÄÚÉÅÊ ÎÉÅÉÎÔÕÉÃÙÊÎÅ É ÚÁÓËÁËÕÊäÃÅ ×čÁĢÃÉ×ÏĢÃÉ ÔÅÏÒÉÉ Ë×ÁÎÔÏ×ÅÊ ÔÁËÉÅ ÊÁË Éndeterminizm 

×ÙÎÉËĕ× ÐÏÍÉÁÒÕȟ ÚÁÓÁÄÁ ÓÕÐÅÒÐÏÚÙÃÊÉȟ ÃÚÙ ÚÅÓÐÏÌÏÎÅ ÁÍÐÌÉÔÕÄÙ ÐÒÁ×ÄÏÐÏÄÏÂÉÅďÓÔ×Áȟ 

Óä ×ÉöÃ ÅÆÅËÔÁÍÉ ÒÅÌÁÔÙ×ÉÓÔÙÃÚÎÙÍÉȢ 

 

  



47. :ÊÁÚÄ &ÉÚÙËĕ× 0ÏÌÓËÉÃÈȟ ρω-ςσ ×ÒÚÅĢÎÉÁ ςπςρȟ "ÙÄÇÏÓÚÃÚ 
 

7ÙËčÁÄy plenarne 

55 
 

The Breaking of Time-Reversal Symmetry for a Particle in a Parabolic Po-

tential that is Subjected to Lïvy Noise - Theory and an Application to Solar 

Flare Data  
 

Steven Yuvan, Martin Bier 

 

East Carolina University, Greenville, USA 

 

 
 

The noise in nonequilibrium systems commonly contains more outliers as compared to 

equilibrium systems and is often best described with a Lïvy distribution. Many systems 

in which there are fluctuations around a steady-state throughput can be modeled as a 

Lïvy-noise-subjected particle in a parabolic potential. We consider an overdamped par-

ticle in a parabolic potential that is subjected to noise. Microscopic reversibility and time-

reversal symmetry apply if the particle is subject to Gaussian distributed noise, but are 

violated if the noise is Lïvy. A parameter to detect this violation is formulated. We, fur-

thermore, develop an understanding for how the time-reversal asymmetry depends on 

ÔÈÅ ÔÉÍÅ ЎÔ ÂÅÔ×ÅÅÎ ÔÈÅ ÓÁÍÐÌÅ ÐÏÉÎÔÓ ÁÎÄ ÏÎ ÔÈÅ ÓÔÁÂÉÌÉÔÙ ÉÎÄÅØȟ ɻȟ ÏÆ ÔÈÅ ,ïvy noise. 

With solar flare data it is shown how the time-reversal asymmetry parameter of a signal 

ÃÁÎ ÂÅ ÕÓÅÄ ÔÏ ÏÂÔÁÉÎ ÔÈÅ ɻ ÏÆ ÔÈÅ ÕÎÄÅÒÌÙÉÎÇ ÎÏÉÓÅȢ 
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Brownian yet non-Gaussian diffusion in models of disordered systems 

 
Igor Sokolov 

 

Humboldt University Berlin, Niemcy 

 

 
 

Experimental possibility of single particle tracking on molecular scales lead to a splash of 

interest to the precise forms of the probability density functions (PDFs) of displacements 

of classical particles diffusing in complex environments. This lead to the discovery of an 

intriguing phenomenon of Brownian yet non-Gaussian diffusion in which these PDFs are 

strongly non-Gaussian (at least at short times, when they typically have a tent-like shape) 

with slow convergence to Gaussian at long times, while the mean squared displacement 

grows linearly in time in the whole time domain, like in normal diffusion. The phenome-

non is probably not mono-causal, and several models for this were proposed. These mod-

els can be roughly divided into two classes: the ones with time-dependent (fluctuating) 

diffusivity, and the ones, in which diffusion in static, correlated random environments is 

considered. We show that the behavior of the PDF in these two classes of models during 

the convergence to a Gaussian is very different.  

In models of fluctuating diffusivities, like in usual diffusion, the concentration profile, 

starting from an initial distribution showing sharp features, rapidly gets smooth and then 

converges to a Gaussian. The art of convergence to a Gaussian in diffusion in disordered 

media with infinite contrast may be strikingly different: sharp features of initial distribu-

tion do not smooth out at long times and persist indefinitely. This peculiarity of the strong 

disorder may be of importance for diagnostics of disorder in complex, e.g. biological, sys-

tems. 
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Nanodruty srebra jako elementy funkcjonalne dla fotoniki i sensoryki 
 

Silver nanowires as functional structures for photonics and sensorics 

 

3ÅÂÁÓÔÉÁÎ -ÁçËÏ×ÓËÉ 

 

5ÎÉ×ÅÒÓÙÔÅÔ -ÉËÏčÁÊÁ +ÏÐÅÒÎÉËÁȟ 4ÏÒÕď 

 

 
 

.ÁÎÏÄÒÕÔÙ ÓÒÅÂÒÁ Óä ÕÎÉËÁÌÎÙÍÉ ÎÁÎÏÓÔÒÕËÔÕÒÁÍÉ ÍÅÔÁÌÉÃÚÎÙÍÉ ρ Ȣ 0ÏÚÁ ÒÅÚÏÎÁÎÓÅÍ 

ÐÌÁÚÍÏÎÏ×ÙÍȟ ÏÂÅÊÍÕÊäÃÙÍ ÃÁčÙ ÚÁËÒÅÓ Ģ×ÉÁÔčÁ ×ÉÄÚÉÁÌÎÅÇÏ Áŀ ÄÏ ÂÌÉÓËÉÅÊ ÐÏÄÃÚÅÒȤ

×ÉÅÎÉȟ ÐÏÚ×ÁÌÁÊä ÏÎÅ ÎÁ ÐÒÚÅÓÙčÁÎÉÅ ÅÎÅÒÇÉÉ ×ÚÂÕÄÚÅÎÉÁ × ÆÏÒÍÉÅ ÐÏÌÁÒÙÔÏÎĕ× ÐÏȤ

wierzchniowych [2-τ  ÏÒÁÚ ÎÁ ÐÒÚÅÓÙčÁÎÉÅ ÃÉÅÐčÁ ÎÁ ÏÄÌÅÇčÏĢÃÉ ËÉÌËÕÄÚÉÅÓÉöÃÉÕ ÍÉËÒÏÍÅȤ

ÔÒĕ×Ȣ 7 ÐÏčäÃÚÅÎÉÕ Ú ×ÚÇÌöÄÎÉÅ ÄÕŀä ÐÏ×ÉÅÒÚÃÈÎÉäȟ ËÔĕÒÅÊ ÁËÔÙ×ÎÏĢç ÍÏŀÅ ÂÙç ËÏÎÔÒÏȤ

ÌÏ×ÁÎÁ ÐÏÐÒÚÅÚ ÐÒÚÙčäÃÚÁÎÉÅ ÏÄÐÏ×ÉÅÄÎÉÃÈ ÇÒÕÐ ÆÕÎËÃÙÊÎÙÃÈ υȟφ ȟ ÏÔ×ÉÅÒÁ ÔÏ ÓÚÅÒÏËÉÅ 

ÐÏÌÅ ÚÁÓÔÏÓÏ×Áď ÔÙÃÈ ÎÁÎÏÍÁÔÅÒÉÁčĕ× ÊÁËÏ ÅÌÅÍÅÎÔĕ× ÆÕÎËÃÊÏÎÁÌÎÙÃÈ ÄÌÁ ÆÏÔÏÎÉËÉ É ÓÅÎȤ

soryki. 

7 ÔÒÁËÃÉÅ ×ÙËčÁÄÕ ÐÒÚÅÄÓÔÁ×ÉÏÎÅ ÚÏÓÔÁÎä ×ÙÎÉËÉ ×ÙÂÒÁÎÙÃÈ ÅËÓÐÅÒÙÍÅÎÔĕ×ȟ ×ÙËÏÒÚÙȤ

ÓÔÕÊäÃÙÃÈ ÚÁ×ÁÎÓÏ×ÁÎÅ ÔÅÃÈÎÉËÉ ÍÉËÒÏÓËÏÐÉÉ É ÓÐÅËÔÒÏÓËÏÐÉÉ ÆÌÕÏÒÅÓÃÅÎÃÙÊÎÅÊȟ × ËÔĕÒÙÃÈ 

ÂÁÄÁÎÏ ×čÁÓÎÏĢÃÉ ÏÐÔÙÃÚÎÅ ÅÍÉÔÅÒĕ× ÓÐÒÚöŀÏÎÙÃÈ Ú ÎÁÎÏÄÒÕÔÁÍÉ ÓÒÅÂÒÁȢ : ÊÅÄÎÅÊ 

ÓÔÒÏÎÙȟ ×ÙËÁÚÁÎÅ ÚÏÓÔÁÎÉÅȟ ŀÅ ÏÄÐÏ×ÉÅÄÎÉÁ ÆÕÎËÃÊÏÎÁÌÉÚÁÃÊÁ ÐÏ×ÉÅÒÚÃÈÎÉ ÐÏÚ×ÁÌÁ ÐÒÚÙ 

ÐÏÍÏÃÙ ÎÁÎÏÄÒÕÔĕ× ÓÒÅÂÒÁ ×ÙËÒÙ×Áç ÐÏÊÅÄÙÎÃÚÅ ÂÉÁčËÁ υ  É ×ÉÒÕÓÙ φ ȟ Òĕ×ÎÉÅŀ × ÃÚÁȤ

sie rzeczywistym [7]. Drugim asÐÅËÔÅÍ ÐÏÒÕÓÚÏÎÙÍ × ÔÒÁËÃÉÅ ×ÙËčÁÄÕ ÂöÄä ÚÊÁ×ÉÓËÁ 

ÚÁÃÈÏÄÚäÃÅ ÐÒÚÙ ÐÕÎËÔÏ×ÙÍ ×ÚÂÕÄÚÅÎÉÕ ÎÁÎÏÄÒÕÔÕ ÆÁÌä ÅÌÅËÔÒÏÍÁÇÎÅÔÙÃÚÎä ς ȟ ÚÅ 

ÓÚÃÚÅÇĕÌÎÙÍ Õ×ÚÇÌöÄÎÉÅÎÉÅÍ ÃÚÙÎÎÉËĕ× ×ÐčÙ×ÁÊäÃÙÃÈ ÎÁ ÐÒÏÐÁÇÁÃÊö ÅÎÅÒÇÉÉȾÃÉÅÐčÁ × 

tych nanostrukturach [3,4]. 

0ÏÚÁ ÐÒÅÚÅÎÔÁÃÊä ÎÁÊ×ÁŀÎÉÅÊÓÚÙÃÈ ×ÙÎÉËĕ×ȟ ÏÍĕ×ÉÏÎÅ ÚÏÓÔÁÎä ÔÁËŀÅ ÄÁÌÓÚÅ ËÉÅÒÕÎËÉ ÂÁȤ

ÄÁď ÄÏÔÙÃÚäÃÅ ÚÁÓÔÏÓÏ×Áď ÎÁÎÏÄÒÕÔĕ× ÓÒÅÂÒÁȢ 

 

"ÁÄÁÎÉÁ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÏ × ÒÁÍÁÃÈ ÐÒÏÊÅËÔĕ×:  

2016/21/B/ST3/02276,  

2016/22/E/ST5/00531,  

2017/27/B/ST3/02457,  

2017/26/E/ST3/00209 ,  
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Konwencjonalne i topologiczne realizacje ÎÁÄÐÒÚÅ×ÏÄÎÉÃÔ×Á × ÕËčÁÄÁÃÈ 

nanoskopowych 

  
Conventional and topological realizations of nanoscopic superconductivity 

 

4ÁÄÅÕÓÚ $ÏÍÁďÓËÉ 

 

Uniwersytet M. Curie-3ËčÏÄÏ×ÓËÉÅÊȟ ,ÕÂÌÉÎ 

 

 
 

.ÁÄÐÒÚÅ×ÏÄÎÉÃÔ×Ï ÐÒÚÅÊÁ×ÉÁ ÓÉö × ÍÁÔÅÒÉÁčÁÃÈ ÌÉÔÙÃÈ ÐÏÐÒÚÅÚ ÚÁÎÉË ÏÐÏÒÕ ÉÄÅÁÌÎÅ 

przewodnictwo) oraz ekranowanie pola magnetycznego (idealny diamagnetyzm). Na po-

ÚÉÏÍÉÅ ÍÉËÒÏÓËÏÐÏ×ÙÍ ÊÅÓÔ ÔÏ ÓÐÏ×ÏÄÏ×ÁÎÅ čäÃÚÅÎÉÅÍ ÅÌÅËÔÒÏÎĕ× Ú ÂÌÉÓËÉÅÇÏ ÏÔÏÃÚÅȤ

nia energii FerÍÉÅÇÏ × ÐÁÒÙȟ ËÔĕÒÅ ËÏÌÅËÔÙ×ÎÉÅ ÒÅÁÇÕÊä ÎÁ ÚÅ×ÎöÔÒÚÎÅ ÐÏÌÅ ÅÌÅËȤ

tryczne/magnetyczne. 

7 ÏÓÔÁÔÎÉÅÊ ÄÅËÁÄÚÉÅ ÏÌÂÒÚÙÍÉÍ ÚÁÉÎÔÅÒÅÓÏ×ÁÎÉÅÍ ÃÉÅÓÚä ÓÉö nanoskopowe struktury 

ÕÔ×ÏÒÚÏÎÅ ÎÁ ÂÁÚÉÅ ÎÁÄÐÒÚÅ×ÏÄÎÉËĕ×ȟ × ËÔĕÒÙÃÈ ÐÏÊÁ×ÉÁ ÓÉö ÓÚÅÒÅÇ ÄÏÄÁÔËÏ×ÙÃÈ ÕÎÉȤ

ËÁÌÎÙÃÈ ×čÁĢÃÉ×ÏĢÃÉȢ .ÐȢ ÒÙ×ÁÌÉÚÁÃÊÁ ÐÁÒÏ×ÁÎÉÁ ÅÌÅËÔÒÏÎÏ×ÅÇÏ Ú ÏÄÄÚÉÁčÙ×ÁÎÉÅÍ ËÕȤ

ÌÏÍÂÏ×ÓËÉÍ ÐÒÏ×ÁÄÚÉç ÍÏŀÅ ÄÏ ÚÍÉÁÎÙ ÓÔÁÎÕ ÐÏÄÓÔÁ×Ï×ÅÇÏ É ÔÁËÉÅ Ë×ÁÎÔÏ×Å ÐÒÚÅÊȤ

ĢÃÉÅ ÆÁÚÏ×Å ÂÙčÏ ÒÚÅÃÚÙ×ÉĢÃÉÅ ÚÁÏÂÓÅÒ×Ï×ÁÎÅ ÄÏĢ×ÉÁÄÃÚÁÌÎÉÅȢ 0ÏÐÒÚÅÚ ÓËÏËÏ×ä ÚÍÉÁÎö 

ÐÏÔÅÎÃÊÁčÕ ÐÏÌÁ ÚÅ×ÎöÔÒÚÎÅÇÏ ÍÏŀÎÁ ×ÙÇÅÎÅÒÏ×Áç ÄÙÎÁÍÉÃÚÎÅ ÐÒÚÅÊĢÃÉÅ ÆÁÚÏ×Åȟ ÐÒÚÅȤ

ÊÁ×ÉÁÊäÃÅ ÓÉö ÏÓÏÂÌÉ×ÏĢÃÉÁÍÉ × Å×ÏÌÕÃÊÉ ÃÚÁÓÏ×ÅÊ ÕËčÁÄÕȢ 0ÏÎÁÄÔÏȟ ÐÏÄ ×ÐčÙ×ÅÍ ÏÄȤ

ÄÚÉÁčÙ×ÁÎÉÁ ÓÐÉÎÏ×Ï-orbitalnego albo ÓÁÍÏÏÒÇÁÎÉÚÁÃÊÉ ÍÁÇÎÅÔÙÃÚÎÙÃÈ ÁÔÏÍĕ× ÍÏŀÎÁ 

ÕÚÙÓËÁç ÔÏÐÏÌÏÇÉÃÚÎÉÅ ÎÉÅÔÒÙ×ÉÁÌÎä ÆÁÚöȟ ÎÁ ÏÂÒÚÅŀÁÃÈ ËÔĕÒÅÊ ×ÙÓÔöÐÕÊä Ë×ÁÚÉÃÚäÓÔËÉ -ÁȤ

jorany. 7 ÒÅÆÅÒÁÃÉÅ ÐÏÄÁÍ ÐÒÚÙËčÁÄÙ ÅÍÐÉÒÙÃÚÎÅÊ ÒÅÁÌÉÚÁÃÊÉ ÎÁÄÐÒÚÅ×ÏÄÎÉËĕ× topolo-

ÇÉÃÚÎÙÃÈ ÏÒÁÚ ÎÁËÒÅĢÌö ÐÅÒÓÐÅËÔÙ×ö ÎÁÄÐÒÚÅ×ÏÄÚäÃÙÃÈ ÑÕÂÉÔĕ×Ȣ 
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Magnetyczne nanostruktury 

 
Magnetic nanostructures 

 

Marek Kisielewski, Andrzej Maziewski 

 

5ÎÉ×ÅÒÓÙÔÅÔ × "ÉÁčÙÍÓÔÏËÕȟ "ÉÁčÙÓÔÏËȟ 

 

 
 

*ÅÄÎä Ú ÁËÔÕÁÌÎÙÃÈ ÔÅÍÁÔÙË ÂÁÄÁ×ÃÚÙÃÈ ×ÓÐĕčÃÚÅÓÎÅÊ ÆÉÚÙËÉ ÍÁÇÎÅÔÙÚÍÕ ÊÅÓÔ ×ÙÔ×ÏÒÚÅȤ

ÎÉÅ ÎÏ×ÙÃÈ ÍÁÔÅÒÉÁčĕ× Ï ÔÁËÉÃÈ ×čÁĢÃÉ×ÏĢÃÉÁÃÈ ÍÁÇÎÅÔÙÃÚÎÙÃÈȟ ËÔĕÒÅ ÚÁÐÅ×ÎÉä ÍÏŀÌÉȤ

×ÏĢç ÚÁÐÉÓÕ ÉÎÆÏÒÍÁÃÊÉ Ï ÃÏÒÁÚ ×ÉöËÓÚÅÊ ÇöÓÔÏĢÃÉ ÕÐÁËÏ×ÁÎÉÁ ÌÕÂ ÂöÄä ÐÒÚÙÄÁÔÎÅ × ÚÁȤ

stosowaniach spintronicznych. W ostatnich latach twarde dyski magnetyczne z zapisem 

Òĕ×ÎÏÌÅÇčÙÍ ÚÏÓÔÁčÙ ÚÁÓÔäÐÉÏÎÅ ÂÁÒÄÚÉÅÊ ÐÏÊÅÍÎÙÍÉ ÄÙÓËÁÍÉ Ú ÚÁÐÉÓÅÍ ÐÒÏÓÔÏÐÁÄčÙÍȟ 

Á ÏÂÅÃÎÉÅ ÔÒ×ÁÊä ÐÒÁÃÅ ÎÁÄ ÚÁÐÉÓÅÍ ÉÎÆÏÒÍÁÃÊÉ Ú ×ÙËÏÒÚÙÓÔÁÎÉÅÍ ÃÉÅÎËÏ×ÁÒÓÔ×Ï×ÅÇÏ 

ÍÁÔÅÒÉÁčÕ ÍÁÇÎÅÔÙÃÚÎÅÇÏ ÐÏÄÄÁÎÅÇÏ ÄÏÄÁÔËÏ×ÅÊ ÓÔÒÕËÔÕÒÙÚÁÃÊÉȟ ÍÁÊäÃÅÊ ÎÁ ÃÅÌÕ ÌÏËÁÌÎä 

ÚÍÉÁÎö ÐÁÒÁÍÅÔÒĕ× ÍÁÇÎÅÔÙÃÚÎÙÃÈ É ÚÁÐÅ×ÎÉÁÊäÃÅÊ ÄÁÌÓÚÅ ÏÇÒÁÎÉÃÚÅÎÉÅ ÒÏÚÍÉÁÒĕ× ÐÏȤ

ÊÅÄÙÎÃÚÅÇÏ ÂÉÔÕȢ +ÌÕÃÚÅÍ ÄÏ ÓÕËÃÅÓÕ × ÔÙÃÈ ÍÁÇÎÅÔÙÃÚÎÙÃÈ ÂÁÄÁÎÉÁÃÈ ÍÁÔÅÒÉÁčÏ×ÙÃÈ 

ÊÅÓÔ ×ÙËÏÒÚÙÓÔÁÎÉÅ ÉÍÐÏÎÕÊäÃÙÃÈ ÏÓÉäÇÎÉöç ÉÎŀÙÎÉÅÒÉÉ ÍÁÔÅÒÉÁčÏ×ÅÊ ÎÁ ÐÏÚÉÏÍÉÅ ÁÔÏÍÏȤ

×ÙÍȟ ÕÍÏŀÌÉ×ÉÁÊäÃÙÃÈ ÂÕÄÏ×ÁÎÉÅ ÍÁÔÅÒÉÁčÕ ÐÏÐÒÚÅÚ ÏÓÁÄÚÁÎÉÅ ËÏÌÅÊÎÙÃÈ ×ÁÒÓÔ× ÁÔÏȤ

ÍÏ×ÙÃÈ Ï ÏÄÐÏ×ÉÅÄÎÉÏ ÄÏÂÒÁÎÙÍ ÓËčÁÄÚÉÅȟ ÄÁÊäÃÙÍ × ÅÆÅËÃÉÅ ÐÏŀäÄÁÎÅ ×čÁĢÃÉ×ÏĢÃÉ 

ÍÁÇÎÅÔÙÃÚÎÅ ÔÁËÉÅ ÊÁËȡ É  ÒÅÇÕÌÏ×ÁÎä ÁÎÉÚÏÔÒÏÐÉö ÍÁÇÎÅÔÙÃÚÎä Ú×čÁÓÚÃÚÁ ÕÚÙÓËÉ×ÁÎÉÅ 

ÍÁÔÅÒÉÁčĕ× Ï ÐÒÏÓÔÏÐÁÄčÙÍ ËÉÅÒÕÎËÕ ÍÁÇÎÅÔÙÚÁÃÊÉ ȟ ÉÉ  ÏÄÐÏ×ÉÅÄÎÉÅ ÐÏÌÅ ËÏÅÒÃÊÉ ÕÚÙȤ

ÓËÉ×ÁÎÉÅ ÍÁÔÅÒÉÁčĕ× ÍÁÇÎÅÔÙÃÚÎÉÅ Ô×ÁÒÄÙÃÈ ÌÕÂ ÍÉöËËÉÃÈ Ƞ ÉÉÉ  ÒÅÇÕÌÏ×ÁÎÅ ÓÐÒÚöŀÅÎÉÅ 

ÍÉöÄÚÙ-warstwowe (ferro - lub antyferromagnetyczne), czy (iv) wytworzenie silnego od-

ÄÚÉÁčÙ×ÁÎÉÁ $ÚÉÁčÏÓÚÙďÓËÉÅÇÏ--ÏÒÙÉȢ 4Ï ÏÓÔÁÔÎÉÅ ÏÄÄÚÉÁčÙ×ÁÎÉÅ ÊÅÓÔ Ï ÔÙÌÅ ÉÎÔÅÒÅÓÕÊäÃÅȟ 

ŀÅ ×ÁÒÕÎËÕÊÅ ÉÓÔÎÉÅÎÉÅ ÎÉÅÚ×ÙËčÅÇÏ ÏÂÉÅËÔÕ ÍÁÇÎÅÔÙÃÚÎÅÇÏ Ú×ÁÎÅÇÏ ÓËÙÒÍÉÏÎÅÍ 

ËÔĕÒÙ ÍÏŀÅ ÓÔÁç ÓÉö ÊÕŀ × ÎÉÅÄÁÌÅËÉÅÊ ÐÒÚÙÓÚčÏĢÃÉ ÊÅÄÎÙÍ Ú ÎÁÊÃÈöÔÎÉÅÊ ÓÔÏÓÏ×ÁÎÙÃÈ ÎÏȤ

ĢÎÉËĕ× ÉÎÆÏÒÍÁÃÊÉ  ÃÚÙ ÓÐÉÎÏ×ÙÃÈ ÓÐÉÒÁÌȢ /ÇÒÏÍÎÅ ÚÎÁÃÚÅÎÉÅ ÍÁ ÔÅŀ ÒÏÚ×ĕÊ ÔÅÃÈÎÉË ÂÁȤ

ÄÁ×ÃÚÙÃÈȟ ÔÁËÉÃÈ ÊÁË ÍÁÇÎÅÔÏÏÐÔÙÃÚÎÁ ÍÁÇÎÅÔÏÍÅÔÒÉÁ É ÍÉËÒÏÓËÏÐÉÁȟ ËÔĕÒÅ × ÃÈ×ÉÌÉ 

ÏÂÅÃÎÅÊ Óä × ÓÔÁÎÉÅ ÁÎÁÌÉÚÏ×Áç ÎÁÍÁÇÎÅÓÏ×ÁÎÉÅ ÏÂÉÅËÔĕ× ÍÁÇÎÅÔycznych o grubo-

ĢÃÉÁÃÈ ÐÏÊÅÄÙÎÃÚÙÃÈ ×ÁÒÓÔ× ÁÔÏÍÏ×ÙÃÈȢ .Á ×ÙËčÁÄÚÉÅ ÐÒÚÅÄÓÔÁ×ÉÏÎÅ ÚÏÓÔÁÎä ×ÙÂÒÁÎÅ 

×ÙÎÉËÉ ÂÁÄÁď ÚÁÒĕ×ÎÏ ÅËÓÐÅÒÙÍÅÎÔÁÌÎÙÃÈ ÊÁË É ÍÏÄÅÌÏ×Áď ÍÉËÒÏÍÁÇÎÅÔÙÃÚÎÙÃÈ  ÕÌȤ

ÔÒÁÃÉÅÎËÉÃÈ ÕËčÁÄĕ× ×ÁÒÓÔ×Ï×ÙÃÈ ÕÚÙÓËÁÎÅ × "ÉÁčÙÍÓÔÏËÕ × ÔÒÁËÃÉÅ ×ÉÅÌÏÌÅÔÎÉÅÊ 

×ÓÐĕčÐÒÁÃÙ ÐÏÌÓËÉÃÈ ÚÅÓÐÏčĕ× ÂÁÄÁ×ÃÚÙÃÈȟ Ô×ÏÒÚäÃÙÃÈ +ÒÁÊÏ×Å #ÅÎÔÒÕÍ .ÁÎÏÆÉÚÙËÉ É 

Spintroniki ɀ 30).,!" ÏÒÁÚ ÚÅÓÐÏčĕ× ÚÁÇÒÁÎÉÃÚÎÙÃÈȢ "ÁÄÁÎÏ ×čÁĢÃÉ×ÏĢÃÉ ÍÁÇÎÅÔÙÃÚÎÅ É 

ÓÔÒÕËÔÕÒÁÌÎÅ ÐÒĕÂÅË ÐÏ ÉÃÈ ×ÙÔ×ÏÒÚÅÎÉÕȟ Á ÔÁËŀÅ ÐÏ ÄÏËÏÎÁÎÉÕ ÉÃÈ ÄÏÄÁÔËÏ×ÅÊ ÓÔÒÕËÔÕȤ

ryzacji za pÏÍÏÃä ÎÁĢ×ÉÅÔÌÁÎÉÁ ×ÉäÚËä ÊÏÎĕ× ÌÕÂ ÎÁĢ×ÉÅÔÌÁÎÉÁ ÆÅÍÔÏÓÅËÕÎÄÏ×ÙÍÉ ÉÍȤ

ÐÕÌÓÁÍÉ Ģ×ÉÁÔčÁȢ 
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/ÂÅÃÎÅ ÂÁÄÁÎÉÁ ÔÅ ÐÒÏ×ÁÄÚÏÎÅ Óä × ÒÁÍÁÃÈ ÐÒÏÊÅËÔĕ× .#.ȡ  

Beethoven-2 2016/23/G/ST3/04196;  

Sonatina-2 2018/28/C/ST5/00308; OPUS-19 2020/37/B/ST5/02299 . 

 

 
 

Rysunek: schemat chiralnej struktury magnetycznej ɀ skyrmionu oraz schemat zapisu informacji 

Ú ×ÙËÏÒÚÙÓÔÁÎÉÅÍ ÓËÙÒÍÉÏÎĕ×  

(https://www.nanowerk.com/nanotechnology -news/newsid=41588.php)  

 

  

https://projekty.ncn.gov.pl/index.php?projekt_id=482357
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)ÎÄÕËÏ×ÁÎÅ ÌÁÓÅÒÅÍ ÚÊÁ×ÉÓËÁ Ģ×ÉÅÃÅÎÉÁ Ú×ÉäÚËĕ× ÌÁÎÔÁÎÏ×Ãĕ× 

 
Laser induced lighting phenomena of lanthanide compounds 

 

7ÉÅÓčÁ× 3ÔÒöË 

 

)ÎÓÔÙÔÕÔ .ÉÓËÉÃÈ 4ÅÍÐÅÒÁÔÕÒ É "ÁÄÁď 3ÔÒÕËÔÕÒÁÌÎÙÃÈ 0!.ȟ 7ÒÏÃčÁ× 

 

 
 

7ÚÂÕÄÚÁÎÉÅ Ú×ÉäÚËĕ× ÌÁÎÔÁÎÏ×Ãĕ× ÐÒÏÍÉÅÎÉÏ×ÁÎÉÅÍ ×ÉäÚËÉ ÌÁÓÅÒÏ×ÅÊ ÐÒÏ×ÁÄÚÉ ÄÏ 

ÅÍÉÓÊÉ ÓÚÅÒÅÇÕ ×äÓËÉÃÈ ÐÒÚÅÊĢç τÆn O  τÆn ÂäÄľ ÓÚÅÒÏËÏ ÐÁÓÍÏ×ÙÃÈ υÄτÆn-1 ɀ 4fn w zakresie 

UV-Vis-)2Ȣ "ÏÇÁÔÁ ÓÔÒÕËÔÕÒÁ ÐÁÓÍ ÅÎÅÒÇÅÔÙÃÚÎÙÃÈ ÊÏÎĕ× ÔÒĕÊ - Ln3+  i dwudodatnich Ln2+  

ÐÒÏ×ÁÄÚÉ ÄÏ ×ÙÓÔöÐÏ×ÁÎÉÁ ÓÚÅÒÅÇÕ ÐÒÚÅÊĢç ÆÌÕÏÒÏ- É ÆÏÓÆÏÒÏÓÃÅÎÃÙÊÎÙÃÈ ÐÏ×ÉäÚÁÎÙÃÈ Ú 

ÏÄÄÚÉÁčÙ×ÁÎÉÁÍÉ ËÏÏÐÅÒÁÔÙ×ÎÙÍÉ ÍÉöÄÚÙ ÊÏÎÁÍÉ ÕÐ- i down-konwersja, migracja ener-

ÇÉÉ  ÚÁÌÅŀÎÙÍÉ ÏÄ ÉÎÔÅÎÓÙ×ÎÏĢÃÉ ×ÚÂÕÄÚÅÎÉÁ É ÉÃÈ ËÏÎÃÅÎÔÒÁÃÊÉȢ 

7 ÐÒÅÚÅÎÔÏ×ÁÎÙÍ ×ÙËčÁÄÚÉÅ ÐÒÚÅÄÓÔÁ×Éö ÎÏ×ä ËÌÁÓö ÐÒÏÃÅÓĕ× ÅÍÉÓÊÉ × Ú×ÉäÚËÁÃÈ ÊÏȤ

Îĕ× ÚÉÅÍ ÒÚÁÄËÉÃÈ ×ÚÂÕÄÚÁÎÙÃÈ ÓËÕÐÉÏÎä ×ÉäÚËä ÐÒÏÍÉÅÎÉÏ×ÁÎÉÁ #7 ÄÉÏÄÙ ÌÁÓÅÒÏ×ÅÊȟ 

ÐÒÏ×ÁÄÚäÃä ÄÏ ×ÙÓÔäÐÉÅÎÉÁ ÓÚÅÒÏËÏÐÁÓÍÏ×ÅÊ ÂÉÁčÅÊ ÅÍÉÓÊÉȢ :ÊÁ×ÉÓËÏ ÔÏ ÚÏÓÔÁčÏ × Ú×ÉäÚȤ

ËÁÃÈ ÌÁÎÔÁÎÏ×Ãĕ× ÏÄËÒÙÔÅ × ςπρπ ÒȢ ÐÒÚÅÚ 7ÁÎÇÁ É 4ÁÎÎÅÒÁ ρ Ȣ #ÈÁÒÁËÔÅÒÙÚÕÊÅ ÓÉö ÓÉÌÎä 

ÅÍÉÓÊä Ģ×ÉÁÔčÁ ÂÉÁčÅÇÏ ÚÁÌÅŀÎä ÎÉÅÌÉÎÉÏ×Ï ÏÄ ÇöÓÔÏĢÃÉ ×ÚÂÕÄÚÅÎÉÁ ×ÉäÚËÉ ÌÁÓÅÒÏ×ÅÊȟ ÅÎÅÒȤ

gii wzbudzenia, koncentrÁÃÊÉ ÊÏÎĕ×Ȣ ,ÁÓÅÒÏ×Ï ÉÎÄÕËÏ×ÁÎÁ ÅÍÉÓÊÁ ÊÅÓÔ ÚčÏŀÏÎÙÍ ÐÒÏÃÅȤ

ÓÅÍ ÉÎÉÃÊÏ×ÁÎÙÍ ÍÕÌÔÉÆÏÔÏÎÏ×ä ÁÂÓÏÒÐÃÊäȟ ÐÒÏ×ÁÄÚäÃä ÄÏ ÊÏÎÉÚÁÃÊÉ ÌÁÎÔÁÎÏ×ÃÁ ,Î3+  + 

.Èʉ ᴼ ,Î2+  + e  É ÅÍÉÓÙÊÎÙÃÈ ÐÒÚÅÊĢç ÈÙÂÒÙÄÏ×ÙÃÈ ,Î3+ , Ln2+  ᴼ ,Î2+ , Ln3+ Ȣ 0ÒÚÅÊĢÃÉÁ 

ÔÅ ÓÔÏ×ÁÒÚÙÓÚÏÎÅ Óä ÅÍÉÓÊä Ģ×ÉÁÔčÁ ÂÉÁčÅÇÏȟ ÅÍÉÓÊä ÅÌÅËÔÒÏÎĕ× É ÆÏÔÏÐÒÚÅ×ÏÄÎÉÃÔ×ÅÍȢ 

3ÚÅÒÏËÏÐÁÓÍÏ×Á ÌÁÓÅÒÏ×Ï ÉÎÄÕËÏ×ÁÎÁ ÅÍÉÓÊÁ Ģ×ÉÁÔčÁ ÍÏŀÅ ÂÙç ÏÂÓÅÒ×Ï×ÁÎÁ × ÚÁËÒÅȤ

ÓÉÅ ×ÉÄÚÉÁÌÎÙÍȟ ÊÁË É × ÐÏÄÃÚÅÒ×ÉÅÎÉȢ -ÏŀÌÉ×ÏĢÃÉ ÚÁÓÔÏÓÏ×ÁÎÉÁ ÚÊÁ×ÉÓËÁ ÌÁÓÅÒÏ×Ï ÉÎÄÕȤ

ËÏ×ÁÎÅÊ ÅÍÉÓÊÉ × ÕÒÚäÄÚÅÎÉÁÃÈ ÏÐÔÏÅÌÅËÔÒÏÎÉÃÚÎÙÃÈ Óä ÄÙÓËÕÔÏ×ÁÎÅȢ 
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/ÐÒÁÃÏ×ÁÎÉÅ ËÏÍÐÏÚÙÔÏ×ÙÃÈ ÓÃÙÎÔÙÌÁÔÏÒĕ× É ËÏÎ×ÅÒÔÅÒĕ× ÄÉÏÄ ÂÉÁčÙÃÈ 

ÏÐÁÒÔÙÃÈ ÎÁ ÅÐÉÔÁËÓÊÁÌÎÙÃÈ Ú×ÉäÚËÁÃÈ ÇÒÁÎÁÔÕ 

 
Development of the composite scintillators and white LED converters based on the epi-

taxial structures of garnet compounds 

 

Yuriy Zorenko 

 

Uniwersytet Kazimierza Wielkiego, Bydgoszcz 

 

 
 

This report presents the review of our last results in the development of multilayered 

composite luminescent materials based on the single crystalline films (SCFs) and single 

crystals (SCs) of garnet compounds using the liquid-phase epitaxy (LPE) growth method 

for application in the environment radiation monitoring, microimaging technique and in-

dustrial lighting.  

The main task of our research is connected with the creation of multilayered composite 

scintillators of phoswich-type (phosphor sandwich) based on SCFs and SCs of garnet 

compounds for simultaneous registration of different types of ionizing radiations (parti-

cles and quanta) in mixed ionization fluxes [1-4]. Such composite scintillators present the 

three-layer epitaxial structures containing two SCF ÓÃÉÎÔÉÌÌÁÔÏÒÓ ÇÒÏ×Î ȵÓÔÅÐ-by-ÓÔÅÐȱ ÕÓȤ

ing the LPE method onto substrates from SC scintillators. Films and crystal parts of com-

posite scintillators were ÆÁÂÒÉÃÁÔÅÄ ÆÒÏÍ ȰÔÈÅ ÂÅÓÔ ÁÓ ÐÏÓÓÉÂÌÅȱ effective scintillation 

materials on the basis of Ce3+ , Pr3+  and Sc3+  doped Lu3Al5O12 garnets [1, 2] (case of ho-

moepitaxial growth) and the Ce3+ doped R3B5O12 (R=Lu, Gd, Tb; B=Al, Ga) mixed garnets 

(case of heteroepitaxial growth) [3, 4] with various scintillation  decay kinetics due to the 

different  types of dopants [1, 2] and various garnet content [3, 4]. 

The report presents also last results on fabrication of LuAG:Ce SCF/LuAG:Pr SCF/ LuAG:Sc 

SC, YAG:Ce SCF/TbAG:Ce SCF/Gd3Al2.5-2.3Ga2.3-2.7O12:Ce SC and TbAG:Ce SCF/ Gd3Al3-2.5Ga2-

2.5O12:Ce SCF/ Gd3Al2Ga3O12:Ce SC composite scintillators using LPE method as well as the 

results of investigation of their luminescent and scintillation properties. The testing of the 

mentioned prototypes of three layered composite scintillators for simultaneous registra-

tion of ɻ- ÁÎÄ ɼ-particles and ɾ-quanta was performed and the obtained results were ana-

lysed for the optimization of their scintillation figure-of merit. 

The report presents also the review of the results in the development of two-layered com-

posite converters for WLED based on the SCFs of (Gd, Lu,Tb)Al5O12:Ce garnets, grown by 

the LPE method onto YAG:Ce SC substrates. The results of investigation of structural, lu-
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minescent and photoconversion properties (color coordinates, color rendering index, lu-

minous efficacy) of different composite converters based on the mentioned SCFs and SCs 

were presented. 
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-ÅÔÏÄÙ ÐÏÓÚÕËÉ×Áďȟ ÂÁÄÁď É ÏÐÔÙÍÁÌÉÚÁÃÊÉ ÍÁÔÅÒÉÁčĕ× ÓÃÙÎÔÙÌÁÃÙÊÎÙÃÈ 

 
Methods of prospecting, research and optimization of scintillator materials 

 

Winicjusz Drozdowski 

 

5ÎÉ×ÅÒÓÙÔÅÔ -ÉËÏčÁÊÁ +ÏÐÅÒÎÉËÁȟ 4ÏÒÕď 

 

 
 

0ÏÄ ÐÏÊöÃÉÅÍ ÓÃÙÎÔÙÌÁÃÊÉ ËÒÙÊÅ ÓÉö ÅÍÉÓÊÁ ÂčÙÓËÕ Ģ×ÉÅÔÌÎÅÇÏ ÎÁÊÃÚöĢÃÉÅÊ × ÚÁËÒÅÓÉÅ ×ÉȤ

ÄÚÉÁÌÎÙÍ ÌÕÂ × ÎÁÄÆÉÏÌÅÃÉÅ ȟ ÚÁÃÈÏÄÚäÃÁ ÐÒÚÙ ×ÚÂÕÄÚÅÎÉÕ ÏËÒÅĢÌÏÎÅÊ ÓÕÂÓÔÁÎÃÊÉ ÐÒÏÍÉÅȤ

ÎÉÏ×ÁÎÉÅÍ ÊÏÎÉÚÕÊäÃÙÍȢ -ÁÔÅÒÉÁčÙȟ × ËÔĕÒÙÃÈ zachodzi proces scyntylacji, nazywamy 

ÓÃÙÎÔÙÌÁÔÏÒÁÍÉȢ .ÁÒÏÄÚÉÎÙ ÅÐÏËÉ ÓÃÙÎÔÙÌÁÔÏÒĕ× ËÏÊÁÒÚÏÎÅ Óä ÎÁÊÃÚöĢÃÉÅÊ Ú ÏÄËÒÙÃÉÅÍ × 

ρωτψ ÒȢ ÐÒÚÅÚ (ÏÆÓÔÁÄÔÅÒÁ ×čÁÓÎÏĢÃÉ ÓÃÙÎÔÙÌÁÃÙÊÎÙÃÈ ËÒÙÓÚÔÁčÕ .Á)ȡ4Ìȟ ÎÉÅÍÎÉÅÊ ÓÚÕËÁÊäÃ 

ÎÁÊÓÔÁÒÓÚÙÃÈ ÐÒÚÙËčÁÄĕ× ×ÙËÏÒÚÙÓÔÁÎÉÁ ÚÊÁ×ÉÓËÁ ÓÃÙÎÔÙÌÁÃÊÉ ÎÁÌÅŀÁčÏÂÙ ÃÏÆÎäç ÓÉö ÄÏ 

ÓÃÈÙčËÕ 8)8 ×ÉÅËÕȟ ÐÒÚÙÐÏÍÉÎÁÊäÃ ÎÁÚ×ÉÓËÁ 2ÏÅÎÔÇÅÎÁȟ "ÅÃÑÕÅÒÅÌÁȟ #ÒÏÏËÅÓÁ É 2ÕÔÈÅÒȤ

ÆÏÒÄÁȢ #ÈÏÃÉÁŀ ÂÁÒÄÚÏ ËÒĕÔËÉ ÃÚÁÓ ÕÐčÙ×ÁÊäÃÙ ÏÄ ÁÂÓÏÒÐÃÊÉ Ë×ÁÎÔÕ ÐÒÏÍÉÅÎÉÏ×ÁÎÉÁ ÊÏÎÉȤ

ÚÕÊäÃÅÇÏ ÄÏ ÅÍÉÓÊÉ ÂčÙÓËÕ ÓÃÙÎÔÙÌÁÃÙÊÎÅÇÏ ÍĕÇčÂÙ ÓÕÇÅÒÏ×Áç ÓÔÏÓÕÎËÏ×Ï ÐÒÏÓÔÙ ÐÒÚÅȤ

ÂÉÅÇ ÐÒÏÃÅÓÕ ÓÃÙÎÔÙÌÁÃÊÉȟ × ÒÚÅÃÚÙ×ÉÓÔÏĢÃÉ ÊÅÓÔ ÚÕÐÅčÎÉÅ ÉÎÁÃÚÅÊȢ .ÁÊÃÚöĢÃÉÅÊ ×ÙÒĕŀÎÉÁ ÓÉö 

ÔÒÚÙ ÎÁÓÔöÐÕÊäÃÅ ÐÏ ÓÏÂÉÅ ÅÔÁÐÙȟ Ú ËÔĕÒÙÃÈ ËÁŀÄÙ ÃÈÁÒÁËÔÅÒÙÚÕÊÅ ÓÉö ÄÏĢç ÓËÏÍÐÌÉËÏ×ÁȤ

ÎÙÍ ÍÅÃÈÁÎÉÚÍÅÍȢ -ÉÍÏ Éŀ ÌÉÓÔÁ ÚÎÁÎÙÃÈ ÏÂÅÃÎÉÅ ÓÃÙÎÔÙÌÁÔÏÒĕ× ÊÅÓÔ ÉÍÐÏÎÕÊäÃÏ ÄčÕÇÁ 

Ú ÐÒÚÅ×ÁÇä ÅÌÅËÔÒÙÃÚÎÙÃÈ ÉÚÏÌÁÔÏÒĕ× ÁËÔÙ×Ï×ÁÎÙÃÈ ÊÏÎÁÍÉ ÚÉÅÍ ÒÚÁÄËÉÃÈ ȟ ÎÁÄÁÌ 

ÔÒ×ÁÊä ÐÏÓÚÕËÉ×ÁÎÉÁ ÎÏ×ÙÃÈȟ ÌÅÐÓÚÙÃÈ ÍÁÔÅÒÉÁčĕ×ȟ ÓÐÅčÎÉÁÊäÃÙÃÈ ÓÚÅÒÅÇ ÓÔÁ×ÉÁÎÙÃÈ ÉÍ 

×ÙÍÁÇÁďȟ ÔÙÍ ÂÁÒÄÚÉÅÊ ŀÅ ÚÁËÒÅÓ ÐÒÚÙÄÁÔÎÏĢÃÉ ÓÃÙÎÔÙÌÁÔÏÒĕ× ÚÁÔÁÃÚÁ ÃÏÒÁÚ ÓÚÅÒÓÚÅ ËÒöÇÉȢ 

3ÃÙÎÔÙÌÁÔÏÒÙ Óä ÂÏ×ÉÅÍ ÎÉÅÚÂöÄÎÅ ÎÉÅ ÔÙÌËÏ ÄÌÁ ÂÁÄÁď ÎÁÕËÏ×ÙÃÈ ÆÉÚÙËÁ ×ÙÓÏËÉÃÈ 

ÅÎÅÒÇÉÉȟ ÆÉÚÙËÁ ÊäÄÒÏ×Áȟ ÁÓÔÒÏÎÏÍÉÁȟ ÃÈÅÍÉÁ ȟ ÌÅÃÚ ÏÄÇÒÙ×ÁÊä ÔÅŀ ÉÓÔÏÔÎä ÒÏÌö × ÄÉÁÇÎÏȤ

ÓÔÙÃÅ ÍÅÄÙÃÚÎÅÊ É ×ÉÅÌÕ ÕÒÚäÄÚÅÎÉÁÃÈ ÐÒÚÅÍÙÓčÏ×ÙÃÈȢ 

Wiek XXI na ÒÙÎËÕ ÓÃÙÎÔÙÌÁÔÏÒĕ× ÒÏÚÐÏÃÚäč ÓÉö ÍÏÃÎÙÍ ÁËÃÅÎÔÅÍ × ÐÏÓÔÁÃÉ ÏÄËÒÙÃÉÁ 

ÎÉÅÚ×ÙËÌÅ ×ÙÄÁÊÎÅÇÏ Á ÐÒÚÙ ÔÙÍ ÓÚÙÂËÉÅÇÏ ËÒÙÓÚÔÁčÕ ÓÃÙÎÔÙÌÁÃÙÊÎÅÇÏ ,Á"Òσȡ#ÅȢ #ÈÏÃÉÁŀ 

ÚÄÁ×ÁčÏ ÓÉö ÔÏ ÐÒÚÙÐÉÅÃÚöÔÏ×Áç ÄÏÍÉÎÕÊäÃä ÐÏÚÙÃÊö ÃÅÒÕ ÊÁËÏ ÁËÔÙ×ÁÔÏÒÁȟ ÄäŀÅÎÉÅ ÄÏ 

uzyskania jeszcze ÓÚÙÂÓÚÅÊ ÅÍÉÓÊÉ ÓËÉÅÒÏ×ÁčÏ Õ×ÁÇö ÎÁÕËÏ×Ãĕ× ËÕ ÉÎÎÙÍ ÌÁÎÔÁÎÏ×ÃÏÍȟ 

Çčĕ×ÎÉÅ ÐÒÁÚÅÏÄÙÍÏ×ÉȢ /ÂÏË ÉÚÏÌÁÔÏÒĕ× ÏÂÉÅËÔÅÍ ÚÁÉÎÔÅÒÅÓÏ×ÁÎÉÁ ÓÔÁčÙ ÓÉö ÔÅŀ ÐĕčȤ

ÐÒÚÅ×ÏÄÎÉËÉȢ 7 ÐÏÓÚÕËÉ×ÁÎÉÁÃÈ ÎÏ×ÙÃÈ ÍÁÔÅÒÉÁčĕ× ÏÒÁÚ ÏÐÔÙÍÁÌÉÚÁÃÊÉ ÔÙÃÈ ÊÕŀ ÏÄËÒÙȤ

ÔÙÃÈ ÐÏÍÁÇÁ ÚÁÒĕ×ÎÏ ÃÏÒÁÚ ÂÏÇÁÔÓÚÙ ÓÔÁÎ ×ÉÅÄÚÙ ÎÁ ÔÅÍÁÔ ÍÅÃÈÁÎÉÚÍĕ× ÓÃÙÎÔÙÌÁÃÊÉȟ ÊÁË 

É ÒÏÚ×ĕÊ ÔÅÃÈÎÉË ÅËÓÐÅÒÙÍÅÎÔÁÌÎÙÃÈȢ 7 ÔÒÁËÃÉÅ ÒÅÆÅÒÁÔÕ ÁÕÔÏÒ ÐÒÚÅÄÓÔÁ×É ÐÒÚÅÇÌäÄ ÎÁÊȤ

×ÁŀÎÉÅÊÓÚÙÃÈ ÓÐÏĢÒĕÄ ÓÔÏÓÏ×ÁÎÙÃÈ ÏÂÅÃÎÉÅ ÍÅÔÏÄ ÂÁÄÁ×ÃÚÙÃÈȟ ÚÅ ÓÚÃÚÅÇĕÌÎÙÍ 

Õ×ÚÇÌöÄÎÉÅÎÉÅÍ ÐÏÍÉÁÒĕ× ÎÉÓËÏÔÅÍÐÅÒÁÔÕÒÏ×ÙÃÈ ÏÒÁÚ ×ÚÂÕÄÚÅÎÉÁ Ä×Õ×ÉäÚËÏ×ÅÇÏȢ 

0ÏÄÅÊÍÉÅ ÔÅŀ ÐÒĕÂö ÕÄÚÉÅÌÅÎÉÁ ÏÄÐÏ×ÉÅÄÚÉ ÎÁ ÐÙÔÁÎÉÅȟ ÃÏ ÄÚÉÅÊÅ ÓÉö ÎÁ ÒÙÎËÕ ςπ ÌÁÔ ÐÏ 
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ÏÄËÒÙÃÉÕ ,Á"Òσȡ#Å É × ÊÁËÉÍ ËÉÅÒÕÎËÕ ÐÏÄäŀÁÊä ÐÏÓÚÕËÉ×ÁÎÉÁ ÊÅÓÚÃÚÅ ÌÅÐÓÚÙÃÈ ÓÃÙÎÔÙÌÁȤ

ÔÏÒĕ×Ȣ 
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4×ÉÅÒÄÚÅÎÉÅ Ï ÅË×ÉÐÁÒÔÙÃÊÉ ÅÎÅÒÇÉÉȡ ÕËčÁÄÙ ËÌÁÓÙÃÚÎÅ ÖÓȢ Ë×ÁÎÔÏ×Å 

 
Theorem on equipartition of energy: classical vs. quantum systems  

 

*ÅÒÚÙ lÕÃÚËÁ 

 

5ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉȟ +ÁÔÏ×ÉÃÅ 

 

 
 

W klasycznej fizyce statystycznej twierdzenie o ekwipartycji energii jest uniwersalne: w 

×ÁÒÕÎËÁÃÈ Òĕ×ÎÏ×ÁÇÉ ÔÅÒÍÏÄÙÎÁÍÉÃÚÎÅÊ ÅÎÅÒÇÉÁ ËÉÎÅÔÙÃÚÎÁ ÕËčÁÄÕ ÒÏÚËčÁÄÁ ÓÉö Òĕ×ÎÏ 

ÎÁ ×ÓÚÙÓÔËÉÅ ÊÅÇÏ ÓÔÏÐÎÉÅ Ó×ÏÂÏÄÙ É ÚÁÌÅŀÙ ÔÙÌËÏ ÏÄ ÔÅÍÐÅÒÁÔÕÒÙ ÕËčÁÄÕȢ 7ÙÒÁŀÁ ÓÉö ÏÎÁ 

prostym wzorem E=k4Ⱦςȟ ÇÄÚÉÅ Ë ÊÅÓÔ ÓÔÁčä "ÏÌÔÚÍÁÎÎÁȟ Á 4 ÊÅÓÔ ÂÅÚ×ÚÇÌöÄÎä ÔÅÍÐÅÒÁȤ

ÔÕÒä ÕËčÁÄÕȢ -ÉÍÏ ÐÏÎÁÄ ρππ-ÌÅÔÎÉÅÊ ÈÉÓÔÏÒÉÉ ÆÉÚÙËÉ Ë×ÁÎÔÏ×ÅÊȟ ÎÉÅ ÂÙčÏ ×ÉÁÄÏÍÏ ÃÚÙ 

Òĕ×ÎÉÅ ÕÎÉ×ÅÒÓÁÌÎÁ ÆÏÒÍÕčÁ ÉÓÔÎÉÅÊÅ ÄÌÁ ÕËčÁÄĕ× Ë×ÁÎÔÏ×ÙÃÈȢ $ÏÐÉÅÒÏ × ςπςπ ÒÏËÕ 

ÕÄÁčÏ ÓÉö ÓÆÏÒÍÕčÏ×Áç ÏÄÐÏ×Éednik klasycznego twierdzenia o ekwipartycji energii dla 

ÄÏ×ÏÌÎÅÇÏ ÕËčÁÄÕ Ë×ÁÎÔÏ×ÅÇÏ ÄÌÁ ËÔĕÒÅÇÏ ÍÏŀÅ ÂÙç ÚÄÅÆÉÎÉÏ×ÁÎÁ ÅÎÅÒÇÉÁ ËÉÎÅÔÙÃÚÎÁ  

× ÓÔÁÎÉÅ Òĕ×ÎÏ×ÁÇÉ ÔÅÒÍÏÄÙÎÁÍÉÃÚÎÅÊȢ *ÅÇÏ ÕÎÉ×ÅÒÓÁÌÎÁ ÐÏÓÔÁç ÊÁË É ×ÎÉÏÓËÉ ÐčÙÎäÃÅ Ú 

ÔÅÇÏ Ô×ÉÅÒÄÚÅÎÉÁ ÏÒÁÚ ÐÏÒĕ×ÎÁÎÉÅ Ú ÊÅÇÏ ËÌÁÓÙÃÚÎä ×ÅÒÓÊä ÓÔÁÎÏ×Éä ÉÓÔÏÔÎÙ ×ËčÁÄ ÄÏ 

kwantowej fizyki statystycznej. 
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.ÉÅÒĕ×ÎÏ×ÁÇÏ×Å ÓÔÁÎÙ ÓÔÁÃÊÏÎÁÒÎÅ × ÕËčÁÄÁÃÈ ÚÁÂÕÒÚÁÎÙÃÈ ÓÚÕÍÁÍÉ 

,ïÖÙͻÅÇÏ 

 
Non-ÅÑÕÉÌÉÂÒÉÕÍ ÓÔÁÔÉÏÎÁÒÙ ÓÔÁÔÅÓ ÉÎ ÓÙÓÔÅÍÓ ÐÅÒÔÕÒÂÅÄ ÂÙ ,ïÖÙ ÎÏÉÓÅÓ 

 

"ÁÒÔčÏÍÉÅÊ $ÙÂÉÅÃ 

 

5ÎÉ×ÅÒÓÙÔÅÔ *ÁÇÉÅÌÌÏďÓËÉȟ +ÒÁËĕ× 

 

 
 

3ËÏÍÐÌÉËÏ×ÁÎÅȟ ÎÉÅ × ÐÅčÎÉ ÚÎÁÎÅ ÏÄÄÚÉÁčÙ×ÁÎÉÁ ÂÁÄÁÎÅÊ ÃÚäÓÔËÉ Ú ÏÔÏÃÚÅÎÉÅÍ ÍÏŀÅ ÚÏȤ

ÓÔÁç ÐÒÚÙÂÌÉŀÏÎÅ ÐÒÚÅÚ ÓÚÕÍȟ ÃÚÙÌÉ ÐÒÏÃÅÓ ÓÔÏÃÈÁÓÔÙÃÚÎÙ Ï ÏËÒÅĢÌÏÎÙÃÈ ×čÁÓÎÏĢÃÉÁÃÈȢ 7 

ÎÁÊÐÒÏÓÔÓÚÅÊȟ ÓÙÔÕÁÃÊÉ ÍÏŀÎÁ ÚÁčÏŀÙçȟ ŀÅ ÓÚÕÍ ÊÅÓÔ ÂÉÁčÙ É 'ÁÕÓÓÏ×ÓËÉȢ 4ÁËÉÅ ÐÒÚÙÂÌÉŀÅÎie 

ÍÏŀÅÍÙ ÚÁÓÔÏÓÏ×Áç ÄÚÉöËÉ ÃÅÎÔÒÁÌÎÅÍÕ Ô×ÉÅÒÄÚÅÎÉÕ ÇÒÁÎÉÃÚÎÅÍÕȟ ËÔĕÒÅ ÚÁËčÁÄÁȟ ŀÅ su-

ÍÏ×ÁÎÅ ÐÒÚÙÃÚÙÎËÉ Óä ȵÏÇÒÁÎÉÃÚÏÎÅȱ ÐÏÓÉÁÄÁÊä ÓËÏďÃÚÏÎä ×ÁÒÉÁÎÃÊö  É ÎÉÅÚÁÌÅŀÎÅȢ  

7 ÕËčÁÄÁÃÈ ÓÉÌÎÉÅ ÎÉÅÒĕ×ÎÏ×ÁÇÏ×ÙÃÈ ÃÚöÓÔÏ ÏÂÓÅÒ×ÕÊÅ ÓÉö ÆÌÕËÔÕÁÃÊÅ ÂÁÒÄÚÉÅÊ ÏÇĕÌÎÅ 

ÎÉŀ ÇÁÕÓÓÏ×ÓËÉÅȢ 7 ÓÚÃÚÅÇĕÌÎÏĢÃÉ ÍÏÇä ÂÙç ÔÏ ÆÌÕËÔÕÁÃÊÅ Ï ÁÓÙÍÐÔÏÔÙÃÅ ÔÙÐÕ ÐÒÁ×Á ÐÏȤ

ÔöÇÏ×ÅÇÏȢ 7 ÔÁËÉÃÈ ÓÙÔÕÁÃÊÁÃÈ ÎÉÅ Óä ÓÐÅčÎÉÏÎÅ ÚÁčÏŀÅÎÉÁ ÃÅÎÔÒÁÌÎÅÇÏ Ô×ÉÅÒÄÚÅÎÉÁ ÇÒÁȤ

ÎÉÃÚÎÅÇÏȢ 3ÕÍÏ×ÁÎÅ ÐÒÚÙÃÚÙÎÙ ÎÁÄÁÌ ÍÏÇä ÂÙç ÎÉÅÚÁÌÅŀÎÅȟ ÁÌÅ ÎÉÅ ÍÕÓÚä ÂÙç ÊÕŀ ÏÇÒÁÎÉȤ

ÃÚÏÎÅȢ 5ËčÁÄÙ ÔÅÇÏ ÔÙÐÕ ÎÁÄÁÌ ÍÏÇä ÂÙç ÏÐÉÓÁÎÅ ÚÁ ÐÏÍÏÃä ÏÄÐÏ×ÉÅÄÎÉÅÇÏ Òĕ×ÎÁÎÉÁ 

,ÁÎÇÅÖÉÎÁȟ × ËÔĕÒÙÍ ÚÁÍÉÁÓÔ ÂÉÁčÅÇÏ ÓÚÕÍÕ ÇÁÕÓÓÏ×ÓËÉÅÇÏ ×ÙÓÔöÐÕÊÅ ÂÉÁčÙ ÓÚÕÍ ɻ-sta-

ÂÉÌÎÙȟ ËÔĕÒÙ ÊÅÓÔ ÎÁÔÕÒÁÌÎÙÍ ÕÏÇĕÌÎÉÅÎÉÅÍ ÂÉÁčÅÇÏ ÓÚÕÍÕ ÇÁÕÓÓÏ×ÓËÉÅÇÏȢ :ÁÓÁÄÎÉÃÚÁ 

zmiana zachodzi jednak ÎÁ ÐÏÚÉÏÍÉÅ Òĕ×ÎÁÎÉÁ ÄÙÆÕÚÊÉȢ %×ÏÌÕÃÊÁ ÇöÓÔÏĢÃÉ ÐÒÁ×ÄÏÐÏÄÏȤ

ÂÉÅďÓÔ×Á ÊÅÓÔ ÏÐÉÓÁÎÁ ÕčÁÍËÏ×ÙÍ Òĕ×ÎÁÎÉÅÍ 3ÍÏÌÕÃÈÏ×ÓËÉÅÇÏ-Fokkera-Plancka.  

0ÏÄÃÚÁÓ ×ÙËčÁÄÕ ÐÒÚÅÄÓÔÁ×Éö ÐÒÏÂÌÅÍ ÉÓÔÎÉÅÎÉÁ ÓÔÁÎĕ× ÓÔÁÃÊÏÎÁÒÎÙÃÈ × ÕËčÁÄÁÃÈ Òĕ×Ȥ

ÎÏ×ÁÇÏ×ÙÃÈȢ 0ÏÒĕ×ÎÁÍ ×čÁÓÎÏĢÃÉ ÕËčÁÄĕ× Òĕ×ÎÏ×ÁÇÏ×ÙÃÈ Ú ×čÁÓÎÏĢÃÉÁÍÉ ÏÄÐÏ×ÉÁȤ

ÄÁÊäÃÙÃÈ ÉÍ ÕËčÁÄĕ× ÎÉÅÒĕ×ÎÏ×ÁÇÏ×ÙÃÈ ÚÁÂÕÒÚÁÎÙÃÈ ÓÚÕÍÁÍÉ ,ïÖÙͻÅÇÏȟ ËÏÎÃÅÎÔÒÕÊäÃ 

ÓÉö ÎÁ ÐÒÏÂÌÅÍÉÅ ÉÓÔÎÉÅÎÉÁ ÎÉÅÒĕ×ÎÏ×ÁÇÏ×ÙÃÈ ÓÔÁÎĕ× ÓÔÁÃÊÏÎÁÒÎÙÃÈȢ 0ÒÚÅÓÔÁ×Éö ×ÁȤ

ÒÕÎËÉ Ç×ÁÒÁÎÔÕÊäÃÅ ÉÓÔÎÉÅÎÉÅ ÎÉÅÒĕ×ÎÏ×ÁÇÏ×ÙÃÈ ÓÔÁÎĕ× ÓÔÁÃÊÏÎÁÒÎych w obszarze 

ÐÒÚÅÔčÕÍÉÏÎÙÍ ÊÁË É × ÏÂÓÚÁÒÚÅ ÐÅčÎÅÊ ÄÙÎÁÍÉËÉȢ 5ÚÁÓÁÄÎÉö ÄÌÁÃÚÅÇÏȟ × ÐÒÚÅÃÉ×ÉÅďÓÔ×ÉÅ 

ÄÏ ÕËčÁÄĕ× Òĕ×ÎÏ×ÁÇÏ×ÙÃÈȟ ÎÉÅÒĕ×ÎÏ×ÁÇÏ×Å ÓÔÁÎÙ ÓÔÁÃÊÏÎÁÒÎÅ ÎÉÅ ÍÕÓÚä ÉÓÔÎÉÅç 

oraz dlaczego ÎÉÅ Óä ÏÎÅ ÔÙÐÕ "ÏÌÔÚÍÁÎÎÁ-Gibbsa. 

  

[1]  A. V. Chechkin, J. Klafter, V. Yu. Gonchar, R. Metzler, and L. V. Tanatarov, Bifurcation, bi-

ÍÏÄÁÌÉÔÙȟ ÁÎÄ ÆÉÎÉÔÅ ÖÁÒÉÁÎÃÅ ÉÎ ÃÏÎÆÉÎÅÄ ,ïÖÙ ÆÌÉÇÈÔÓȟ 0ÈÙÓȢ 2ÅÖȢ % φχȟ πρπρπς 2  ςππσ Ȣ 

[2]  !Ȣ 6Ȣ #ÈÅÃÈËÉÎȟ *Ȣ +ÌÁÆÔÅÒȟ 6Ȣ 9ÕȢ 'ÏÎÃÈÁÒȟ 2Ȣ -ÅÔÚÌÅÒȟ ÁÎÄ ,Ȣ 6Ȣ 4ÁÎÁÔÁÒÏÖȟ ,ïÖÙ &ÌÉÇÈÔÓ ÉÎ Á 

Steep Potential Well, J. Stat. Phys. 115, 1505 (2004). 

[3]  B. Dybiec, E. Gudowska-Nowak and I.M. Sokolov, Stationary states in Langevin dynamics 
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ÓÙÍÍÅÔÒÉÃ ,ïÖÙ ÎÏÉÓÅÓȟ *Ȣ 3ÔÁÔȢ -ÅÃÈȢ 0πχππψ ςπρπ Ȣ 

[5]  )Ȣ -Ȣ 3ÏËÏÌÏÖȟ "Ȣ $ÙÂÉÅÃ ÁÎÄ 7Ȣ %ÂÅÌÉÎÇȟ (ÁÒÍÏÎÉÃ ÏÓÃÉÌÌÁÔÏÒ ÕÎÄÅÒ ,ïÖÙ ÎÏÉÓÅȡ 5ÎÅØȤ

pected properties in the phase space, Phys. Rev. E 83, 041118 (2011). 

[6]  B. Dybiec, E. Gudowska-Nowak and I. M. Sokolov, Underdamped stochastic harmonic os-
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[7]  -Ȣ #ÉÅĢÌÁȟ +Ȣ #ÁÐÁčÁ ÁÎÄ "Ȣ $ÙÂÉÅÃȟ -ÕÌÔÉÍÏÄÁÌ ÓÔÁÔÉÏÎÁÒÙ ÓÔÁÔÅÓ ÕÎÄÅÒ #ÁÕÃÈÙ ÎÏÉÓÅȟ 0ÈÙÓȢ 

Rev. E 99, 052118 (2019). 
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[9]  +Ȣ #ÁÐÁčÁȟ "Ȣ $ÙÂÉÅÃ ÁÎÄ %Ȣ 'ÕÄÏ×ÓËÁ-Nowak, Nonlinear friction in underdamped anhar-

monic stochastic oscillators, Chaos 30, 073140 (2020). 
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0ĕčÐÒÚÅ×ÏÄÎÉËÉ ÐĕčÍÁÇÎÅÔÙÃÚÎÅ ÊÁËÏ ÍÁÔÅÒÉÁčÙ ÔÏÐÏÌÏÇÉÃÚÎÅ 

 
Semimagnetic semiconductors as topological materials 

 

Tomasz Story 

 

Instytut Fizyki PAN, Warszawa 

 

 
 

0ĕčÐÒÚÅ×ÏÄÎÉËÉ ÐĕčÍÁÇÎÅÔÙÃÚÎÅ ÔÏ ÒÏÚÔ×ÏÒÙ ÓÔÁčÅ ÚÎÁÎÙÃÈ ÐĕčÐÒÚÅ×ÏÄÎÉËÏ×ÙÃÈ Ú×ÉäÚȤ

Ëĕ× ))-VI, IV-VI lub III-6 É ÐĕčÐÒÚÅ×ÏÄÎÉËĕ× ÍÁÇÎÅÔÙÃÚÎÙÃÈȟ ÎÐȢ #Äȟ-Î 4Åȟ 3Îȟ-Î 4Å 

ÃÚÙ 'Áȟ-Î !ÓȢ ¡×ÉÁÔÏ×ä ËÁÒÉÅÒö ÔÙÃÈ ÍÁÔÅÒÉÁčĕ× ÚÁÉÎÉÃÊÏ×Áč × 0ÏÌÓÃÅ 0ÒÏÆÅÓÏÒ 2ÏÂÅÒÔ 

2Ȣ 'ÁčäÚËÁ ρωσχ-ςπςρ  ×ÓËÁÚÕÊäÃ ÎÁ ÉÃÈ ÕÎÉËÁÔÏ×Å ÃÅÃÈÙ Ú×ÉäÚÁÎÅ ÚÅ ÓÐÒÚöŀÅÎÉÅÍ ×ÙȤ

ÍÉÅÎÎÙÍ ÓÐÉÎĕ× ÅÌÅËÔÒÏÎĕ× ÐÁÓÍÏ×ÙÃÈ É ÊÏÎĕ× ÍÅÔÁÌÉ ÐÒÚÅÊĢÃÉÏ×ÙÃÈ ρ Ȣ :ÁÃÈÏ×ÕÊäÃ 

×ÓÚÙÓÔËÉÅ ×ÁŀÎÅ ÐĕčÐÒÚÅ×ÏÄÎÉËÏ×Å ×čÁĢÃÉ×ÏĢÃÉ ÅÌÅËÔÒÙÃÚÎÅ É ÏÐÔÙÃÚÎÅȟ ÐĕčÐÒÚÅ×ÏÄȤ

ÎÉËÉ ÐĕčÍÁÇÎÅÔÙÃÚÎÅ ×ÙËÁÚÕÊä ÎÉÅÔÒÙ×ÉÁÌÎÙ ÍÁÇÎÅÔÙÚÍ É ÓÚÅÒÅÇ ÎÏ×ÙÃÈ ÅÆÅËÔĕ×ȟ jak np. 

ÇÉÇÁÎÔÙÃÚÎÙ ÍÁÇÎÅÔÏÏÐĕÒ É ÅÆÅËÔ &ÁÒÁÄÁÙÁ ρ  ÏÒÁÚ ÆÅÒÒÏÍÁÇÎÅÔÙÚÍ ÉÎÄÕËÏ×ÁÎÙ ÎÏĢÎÉȤ

ËÁÍÉ ÐÒäÄÕ ς Ȣ 0ÒÚÙÐÏÍÉÎÁÊäÃ ÔÅ ÅÆÅËÔÙȟ ÐÏËÁŀö ÊÁË ÆÅÒÒÏÍÁÇÎÅÔÙÚÍ ÏÒÁÚ ÓÉÌÎÅ ÒÏÚÓÚÃÚÅȤ

ÐÉÅÎÉÅ ÓÐÉÎÏ×Å ÐÁÓÍ ÅÌÅËÔÒÏÎÏ×ÙÃÈ ÍÏÇä ×ÐčÙ×Áç ÎÁ ÎÏ×Å ×čÁĢÃÉ×ÏĢÃÉ ÔÙÃÈ ÍÁÔÅÒÉÁȤ

čĕ× Ú×ÉäÚÁÎÅ Ú ÎÉÅÔÒÙ×ÉÁÌÎä ÔÏÐÏÌÏÇÉä ÓÔÁÎĕ× ÅÌÅËÔÒÏÎÏ×ÙÃÈ × ÎÉÅËÔĕÒÙÃÈ ÐĕčÐÒÚÅ×ÏÄȤ

ÎÉËÁÃÈ ÐĕčÍÁÇÎÅÔÙÃÚÎÙÃÈȟ × ÏÂÊöÔÏĢÃÉ σ  É ÎÁ ÐÏ×ÉÅÒÚÃÈÎÉ ËÒÙÓÚÔÁčĕ× τ Ȣ 

 

[1]  2Ȣ2Ȣ 'ÁčäÚËÁȟ 0ÒÏÃȢ ρτÔÈ )ÎÔȢ #ÏÎÆȢ 0ÈÙÓȢ 3ÅÍÉÃÏÎÄȢ Edynburg 1978, IOP Conf. Ser. 43, 133 

(1979). 

[2]  T. 3ÔÏÒÙȟ 2Ȣ2Ȣ 'ÁčäÚËÁȟ 2Ȣ"Ȣ &ÒÁÎËÅÌȟ 0Ȣ!Ȣ 7ÏÌÆÆȟ 0ÈÙÓȢ Rev. Lett. 56, 777 (1986).  

[3]  !Ȣ lÕÓÁËÏ×ÓËÉȟ 0Ȣ "ÏÇÕÓčÁ×ÓËÉȟ 4Ȣ 3ÔÏÒÙȟ 0ÈÙÓȢ 2ÅÖȢ " ρπσȟ πτυςπς ςπςρ Ȣ 

[4]  J. Jung, A. Odobesko, R. Boshuis, A. Szczerbakow, T. Story, M. Bode, Phys. Rev. Lett. 126, 

236402 (2021).  
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.ÉÅÅÒÇÏÄÙÃÚÎÁ ÄÙÎÁÍÉËÁ × ÕËčÁÄÁÃÈ ×ÉÅlÏÃÉÁčÏ×ÙÃÈ 

 
Nonergodic dynamics in many-body systems 

 

Jakub Zakrzewski 

 

5ÎÉ×ÅÒÓÙÔÅÔ *ÁÇÉÅÌÌÏďÓËÉȟ +ÒÁËĕ× 

 

 
 

7 ×ÙËčÁÄÚÉÅ ÏÍĕ×Éö ÄÙÎÁÍÉËö ÕËčÁÄĕ× ×ÉÅÌÏÃÉÁčÏ×ÙÃÈ (jednowymiarowych) w obec-

ÎÏĢÃÉ É ÐÒÚÙ ÂÒÁËÕ ÎÉÅÐÏÒÚäÄËÕ × ÕËčÁÄÚÉÅ Ú ÎÁÃÉÓËÉÅÍ ÎÁ ÌÏËÁÌÉÚÁÃÊö ×ÉÅÌÏÃÉÁčÏ×ä É ÊÅÊ 

konsekwencje. 
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Single-trajectory-based analysis of experimental data on anomalous,  

non-ergodic, non-Gaussian, and aging diffusion 

 
Andrey Cherstvy1,2 

 
15ÎÉÖÅÒÓÉÔßÔ 0ÏÔÓÄÁÍ, Niemcy 

2Humboldt-5ÎÉÖÅÒÓÉÔßÔ ÚÕ "ÅÒÌÉÎȟ .ÉÅÍÃÙ 

 

 
 

The model-free analysis of several experimental data-sets of anomalous diffusion, includ-

ing tracer diffusion in mucin hydrogels, active propulsion of amoeboidal cells on surfaces, 

intermittent diffusion of doxorubicin drug molecules in Silica slits, as well as the diffusion 

of transmembrane proteins in the membranes of T-cells will be presented. The results of 

the Bayesian model prediction/ranking and parameter-assessment analyses for the un-

derlying mathematical models of diffusion will be discussed. The physical origins of non-

Brownian, non-ergodic diffusion and of trajectory-to-trajectory variability of the moving-

average-based displacements of the tracers/particles in these systems will be elucidated.  
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.Á ÏÂÒÚÅŀÁÃÈ ÆÉÚÙËÉȟ ÃÚÙÌÉ ÒÚÅÃÚ Ï ÎÏ×ÙÃÈ  ÍÁÔÅÒÉÁčÁÃÈ 

 
On the edge of physics, about (new) materials 

 

Tomasz Klimczuk 

 

0ÏÌÉÔÅÃÈÎÉËÁ 'ÄÁďÓËÁȟ 'ÄÁďÓË 

 

 
 

3ÐÅËÔÁËÕÌÁÒÎÙ ÒÏÚ×ĕÊ ÔÅÃÈÎÏÌÏÇÉÃÚÎÙȟ ËÔĕÒÅÇÏ ÄÏÔÙËÁÍÙ ËÁŀÄÅÇÏ ÄÎÉÁȟ ÊÅÓÔ ÍÏŀÌÉ×Ù 

ÄÚÉöËÉ cichym bohaterom ɀ ÎÏ×ÙÍ ÍÁÔÅÒÉÁčÏÍȟ ËÔĕÒÅ ÚÄÁÒÚÁ ÓÉöȟ ŀÅ ÃÚÅËÁÊä ÎÁ Ó×ĕÊ ÍÏȤ

ment,  

Óä ×ÙÔ×ÁÒÚÁÎÅ ÐÒÚÙÐÁÄËÏ×Ïȟ ÂäÄľ ÓÙÎÔÅÔÙÚÏ×ÁÎÅ ÎÁ ÚÁÍĕ×ÉÅÎÉÅȢ 7ÙÔ×ÁÒÚÁÎÉÅÍ Ú×ÙȤ

kle zajmÕÊä ÓÉö ÃÈÅÍÉÃÙȟ Á ÂÁÄÁÎÉÅ ×čÁĢÃÉ×ÏĢÃÉ ÆÉÚÙÃÚÎÙÃÈ ÐÏÚÏÓÔÁÊÅ ÄÏÍÅÎä ÆÉÚÙËĕ×Ȣ 

#ÈÏç ÆÉÚÙË É ÃÈÅÍÉË ÃÚöÓÔÏ ÉÎÁÃÚÅÊ ÒÏÚÕÍÉÅÊä ÐÏÊöÃÉÅ nowy ÍÁÔÅÒÉÁč, ostatecznie przy-

Ģ×ÉÅÃÁ ÉÍ ÔÅÎ ÓÁÍ ÃÅÌ ɀ ÍÏŀÌÉ×ÉÅ ÐÅčÎÙ ÏÐÉÓ ÐÒÚÅÄÍÉÏÔÕ ÂÁÄÁďȢ /ÓÉäÇÎÉöÃÉÅ ÃÅÌÕ ÊÅÓÔ ÍÏŀȤ

liwe poprÚÅÚ ÂÕÄÏ×ÁÎÉÅ ÍÏÓÔĕ×ȟ ÚÎÁÌÅÚÉÅÎÉÅ ×ÓÐĕÌÎÅÇÏ ÊöÚÙËÁ É interakcje, najlepiej z 

ËÕÂËÉÅÍ ÇÏÒäÃÅÊ ËÁ×Ù ÌÕÂ ÌÁÍÐËä ÄÏÂÒÅÇÏ ÔÒÕÎËÕȢ 

7 ÐÒÅÚÅÎÔÁÃÊÉ ÐÒÚÅÄÓÔÁ×Éö ÓÔÒÁÔÅÇÉÅ ÐÏÓÚÕËÉ×ÁÎÉÁ ÍÁÔÅÒÉÁčĕ×ȟ ËÔĕÒÙÃÈ ×čÁĢÃÉ×ÏĢÃÉ ÆÉȤ

ÚÙÃÚÎÅ ÍÏÇä ÂÙç ÉÎÔÅÒÅÓÕÊäÃÅ ÄÌÁ ÆÉÚÙËĕ× ÃÉÁčÁ ÓÔÁčÅÇÏȢ 3ÚÃÚÅÇĕčÏ×Ï ÏÍĕ×Éö ÎÉÅÄÁ×ÎÏ 

ÏÄËÒÙÔÅ ÎÁÄÐÒÚÅ×ÏÄÎÉËÉ ×ÙÓÔöÐÕÊäÃÅ × ÓÔÒÕËÔÕÒÚÅ ÔÙÐÕ (ÅÕÓÌÅÒÁȡ ,É0Ä2Ge [1], LiGa2Ir 

[2] i MgPd23Â σ Ȣ /ÐÏ×ÉÅÍ ÊÁË ×ÓÐĕčÐÒÁÃÁ ÐÏÍÉöÄÚÙ ÆÉÚÙËÁÍÉȟ ÃÈÅÍÉËÁÍÉ É ËÒÙÓÔÁÌÏÇÒÁȤ

ÆÁÍÉ ÄÏÐÒÏ×ÁÄÚÉčÁ ÄÏ ÐÏÚÎÁÎÉÁ ÎÉÅÃÅÎÔÒÏÓÙÍÅÔÒÙÃÚÎÅÊ ÓÔÒÕËÔÕÒÙ ËÒÙÓÔÁÌÉÃÚÎÅÊȟ Á ÔÁËŀÅ 

ÆÁÓÃÙÎÕÊäÃÙÃÈ ×čÁĢÃÉ×ÏĢÃÉ ÆÉÚÙÃÚÎÙÃÈȟ ÎÏ×ÙÃÈ ÎÁÄÐÒÚÅ×ÏÄÎÉËĕ× Ú ÒÏÄÚÉÎ -2È2B2 [4] i 

MIr2B2 [5] gdzie M = Nb i Ta. 

 

[1]  +Ȣ 'ĕÒÎÉÃËÁȟ ÅÔ ÁÌȢȟ 0ÈÙÓȢ 2ÅÖȢ " 102, 024507 (2020). 

[2]  +Ȣ 'ĕÒÎÉÃËÁȟ ÅÔ ÁÌȢ 3ÃÉÅÎÔÉÆÉÃ 2ÅÐÏÒÔÓ ÖÏÌÕÍÅ ρρȟ ρφυρχ (2021). 

[3]  M. J. Winiarski, et al., Phys. Rev. B 103, 214501 (2021). 

[4]  E. M. Carnicom, Sci. Adv. 2018, 4, eaar7969 (2018). 

[5]  +Ȣ 'ĕÒÎÉÃËÁȟ ÅÔ ÁÌȢȟ !ÄÖȢ &ÕÎÃÔȢ -ÁÔȢ 31, 2007960 (2021). 
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+×ÁÎÔÏ×Å ÉÎÓÐÉÒÁÃÊÅ × ÏÂÒÁÚÏ×ÁÎÉÕ É čäÃÚÎÏĢÃÉ 

 
Quantum-inspired techniques in imaging and communications 

 

Konrad Banaszek 

 

Uniwersytet Warszawski, Warszawa 

 

 
 

Kwantowa natura promieniowania elektromagnetycznego narzuca fundamentalne ogra-

ÎÉÃÚÅÎÉÁ ÎÁ ×ÙÄÁÊÎÏĢç ÒÅÁÌÉÚÁÃÊÉ ÒĕŀÎÅÇÏ ÒÏÄÚÁÊÕ ÚÁÄÁď Ú×ÉäÚÁÎÙÃÈ Ú ÐÒÚÅÓÙčÁÎÉÅÍ É 

ÐÒÚÅÔ×ÁÒÚÁÎÉÅÍ ÉÎÆÏÒÍÁÃÊÉȢ 0ÒÚÙËčÁÄÁÍÉ ÍÏÇä ÂÙç ÄÏËčÁÄÎÏĢç ÏÂÒÁÚÏ×ÁÎÉÁ ÒÏÚÃÉäÇčÙÃÈ 

ľÒĕÄÅč Ģ×ÉÁÔčÁ ÏÒÁÚ ÐÒÚÅÐčÙ×ÎÏĢç ÏÐÔÙÃÚÎÅÇÏ ËÁÎÁčÕ ËÏÍÕÎÉËÁÃÙÊÎÅÇÏȢ 3ÔÁÎÄÁÒÄÏ×Ï 

ÕŀÙ×ÁÎÅ ÔÅÃÈÎÉËÉ ÎÉÅ ÚÁ×ÓÚÅ Óä × ÓÔÁÎÉÅ ÏÓÉäÇÎäç ÏÐÔÙÍÁÌÎä ×ÙÄÁÊÎÏĢçȟ ÊÅÄÎÁË ÂÁÒÄÚÉÅÊ 

ÓÚÃÚÅÇĕčÏ×Á ÁÎÁÌÉÚÁ ÏÇÒÁÎÉÃÚÅď Ë×ÁÎÔÏ×ÙÃÈ ÍÏŀÅ ÚÁÉÎÓÐÉÒÏ×Áç ÁÌÔÅÒÎÁÔÙ×ÎÅ ÒÏÚ×ÉäȤ

ÚÁÎÉÁȢ 0ÏÄÅÊĢÃÉÅ ÔÁËÉÅ ÉÌÕÓÔÒÕÊä ÏÂÒÁÚÏ×ÁÎÉÅ ÐÏÎÉŀÅÊ ËÒÙÔÅÒÉÕÍ 2ÁÙÌÅÉÇÈÁ ÐÏÐÒÚÅÚ ×ÙËÏȤ

ÒÚÙÓÔÁÎÉÅ ÓÐĕÊÎÏĢÃÉ ÐÒÚÅÓÔÒÚÅÎÎÅÊ Ģ×ÉÁÔčÁȟ Á ÔÁËŀÅ ×ÙËÏÒÚÙÓÔÁÎÉÅ ÚÊÁ×ÉÓËÁ ÔÚ×Ȣ ÓÕÐÅÒÁÄȤ

ÄÙÔÙ×ÎÏĢÃÉ ÉÎÆÏÒÍÁÃÊÉ ÄÏÓÔöÐÎÅÊ × čäÃÚÎÏĢÃÉ ÏÐÔÙÃÚÎÅÊ ÕÌÔÒÁÄÁÌÅËÉÅÇÏ ÚÁÓÉöÇÕȢ 
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+ÒÙÓÚÔÁčÙ ÃÚÁÓÏ×Å É ÆÉÚÙËÁ ÆÁÚÙ ÓËÏÎÄÅÎÓÏ×ÁÎÅÊ × ËÒÙÓÚÔÁčÁÃÈ ÃÚÁÓÏ×ÙÃÈ 

 
Time Crystal Phenomena 

 

Krzysztof Sacha 

 

5ÎÉ×ÅÒÓÙÔÅÔ *ÁÇÉÅÌÌÏďÓËÉȟ +ÒÁËĕ× 

 

 
 

+ÒÙÓÚÔÁčÙ ÃÚÁÓÏ×Å Óä ÕËčÁÄÁÍÉȟ ËÔĕÒÅ × ×ÙÎÉËÕ ÏÄÄÚÉÁčÙ×Áď ÍÉöÄÚÙ ÃÚäÓÔËÁÍÉ Óä × ÓÔÁȤ

nie ÓÐÏÎÔÁÎÉÃÚÎÉÅ ×ÐÒÁ×Éç ÓÉö × ÒÕÃÈ ÐÅÒÉÏÄÙÃÚÎÙ - krystaliczna struktura w czasie po-

×ÓÔÁÊÅ ÓÐÏÎÔÁÎÉÃÚÎÉÅ ÐÏÄÏÂÎÉÅ ÊÁË ÓÐÏÎÔÁÎÉÃÚÎÉÅ ÐÏ×ÓÔÁÊä ËÒÙÓÚÔÁčÙ ÐÒÚÅÓÔÒÚÅÎÎÅȢ 7 

ÔÒÁËÃÉÅ ×ÙËčÁÄÕ ÐÒÚÅÄÓÔÁ×ÉÏÎÅ ÚÏÓÔÁÎä ÄÙÓËÒÅÔÎÅ ËÒÙÓÚÔÁčÙ ÃÚÁÓÏ×Åȟ ËÔĕÒÅ ÍÏŀÎÁ ÚÁÏÂȤ

ÓÅÒ×Ï×Áç × ÐÅÒÉÏÄÙÃÚÎÉÅ ÚÁÂÕÒÚÁÎÙÃÈ ÕËčÁÄÁÃÈȢ /Íĕ×ÉÏÎÅ ÚÏÓÔÁÎä Òĕ×ÎÉÅŀ ÚÊÁ×ÉÓËÁ 

ÆÉÚÙËÉ ÆÁÚÙ ÓËÏÎÄÅÎÓÏ×ÁÎÅÊȟ ËÔĕÒÅ ÍÏŀÎÁ ÒÅÁÌÉÚÏ×Áç × ËÒÙÓÚÔÁčÁÃÈ ÃÚÁÓÏ×ÙÃÈȢ 
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Ultrastrong coupling of light and matter: Generation, simulations, and ap-

plications 

 
Adam Miranowicz 

 

5ÎÉ×ÅÒÓÙÔÅÔ !ÄÁÍÁ -ÉÃËÉÅ×ÉÃÚÁȟ 0ÏÚÎÁď 

 

 
 

The interaction between matter (i.e., real or artificial atoms) and light (usually, micro-

wave photons) can reach the regimes beyond weak and strong coupling, such that the 

coupling strength can be comparable to the transition frequencies of the atoms and 

photons. Such regimes are referred to as ultrastrong coupling (USC) and deep-strong cou-

pling (DSC), which enable the observation of fundamentally new phenomena [1]. The USC 

regime has been experimentally reached in various systems including superconducting 

quantum circuits, quantum wells, molecules, two-dimensional-electron gases, organic 

LEDs, and magnons. But the DSC regime has been experimentally observed so far only 

using superconducting quantum circuits, where the matter is represented by supercon-

ducting artificial atoms and photons are generated and stored in on-chip microwave res-

onators (e.g., transmission line resonators) [2]. I will briefly describe various methods of 

generation, simulations, and potential applications of the USC and DSC regimes. These 

include generation of giant SchrĘdinger cats [3], simulations of USC effects in driven 

Jaynes-Cummings-type systems [4], and multiple applications of USC effects in quantum 

nonlinear optics and quantum information processing (e.g., implementations of efficient 

quantum error correction codes). 

 

[1]  F. Kockum, A. Miranowicz, S. De Liberato, S. Savasta, and F. Nori: Ultrastrong coupling be-

tween light and matter, Nature Reviews Physics, 1, 19ɀ40 (2019). 

[2]  X. Gu, A. F. Kockum, A. Miranowicz, Y.-X. Liu, and F. Nori: Microwave photonics with su-

perconducting quantum circuits, Physics Reports, 718ɀ719, 1ɀ102 (2017). 

[3]  Y.-H. Chen, W. Qin, X. Wang, A. Miranowicz, and F. Nori: Shortcuts to Adiabaticity for the 

Quantum Rabi Model, Phys. Rev. Lett. 126, 023602 (2021). 

[4]  3ÜÎÃÈÅÚ -Õđoz, A. F. Kockum, A. Miranowicz, F. Nori: Ultrastrong-coupling effects in-

duced by a single classical drive in Jaynes-Cummings-type systems, Phys. Rev. A 102, 

033716 (2020).  
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.Ï×Ù ÐÁÒÁÄÙÇÍÁÔ ÄÌÁ ÕÎÉ×ÅÒÓÁÌÎÏĢÃÉ ÚÊÁ×ÉÓË ÐÒÅ×ÉÔÒÙÆÉËÁÃÙÊÎÙÃÈ 

 
New paradigm for universality of the previtreous dynamics 

 

Aleksandra Drozd-Rzoska, Sylwester J. Rzoska 

 

Instytut 7ÙÓÏËÉÃÈ #ÉĢÎÉÅď 0!.ȟ 7ÁÒÓÚÁ×Á* 

 

 
 

/ÐÉÓ ÈÉÐÏÔÅÔÙÃÚÎÉÅ ÕÎÉ×ÅÒÓÁÌÎÙÃÈ ÚÍÉÁÎ ÃÚÁÓÕ ÒÅÌÁËÓÁÃÊÉ ÃÚÙ ÌÅÐËÏĢÃÉȟ ËÔĕÒÅ ÚÁÃÚÙÎÁÊä ÓÉö 

ÎÁ×ÅÔ ςππ + ÐÏ×ÙŀÅÊ ÔÅÍÐÅÒÁÔÕÒÙ ÓÚËčÁ 4g pozostaje wyzwaniem pomimo prawie stule-

ÃÉÁ ÐÒÁÃ ÂÁÄÁ×ÃÚÙÃÈȢ 0ÒÚÅÚ ÄÅËÁÄÙ ÐÁÎÏ×ÁčÏ ÄÏÍÉÎÕÊäÃÅ ÐÒÚÅËÏÎÁÎÉÅ Ï ȬÅÍÐÉÒÙÃÚÎÅÊ 

uniweÒÓÁÌÎÏĢÃÉȭ ÒÅÌÁÃÊÉ 6ÏÇÅÌȭÁɀ&ÕÌÃÈÅÒȭÁɀ4ÁÍÍÁÎÎȭÁ 6&4  É ÉÚÏÍÏÒÆÉÃÚÎÅÊ ÒÅÌÁÃÊÉ 7ÉÌȤ

ÌÉÁÍÓȭÁ-,ÅÎÄÅÌȭÁ-&ÅÒÒÙȭÅÇÏ 7,& ȟ ÃÏ × ÏÓÔÁÔÎÉÅÊ ÄÅËÁÄÚÉÅ ÚÏÓÔÁčÏ ÊÅÄÎÏÚÎÁÃÚÎÉÅ ÚÁË×ÅȤ

ÓÔÉÏÎÏ×ÁÎÅȢ 0ÏÊÁ×ÉčÙ ÓÉö ×ÉöÃ ÊÁËÏĢÃÉÏ×Å ÎÏ×Å ÒÅÌÁÃÊÅ ÓËÁÌÕÊäÃÅȟ Òĕ×ÎÉÅ ÓËÕÔÅÃÚÎÅ ÐÏÒȤ

tretujäÃÅ ÄÁÎÅ ÄÏĢ×ÉÁÄÃÚÁÌÎÅȢ 4ÁËÁ ÓÙÔÕÁÃÊÁ ÄÌÁ ÎÁÊ×ÁŀÎÉÅÊÓÚÅÊ ÃÈÁÒÁËÔÅÒÙÓÔÙËÉ ÐÒÚÅÊĢÃÉÁ 

ÄÏ ÓÔÁÎÕ ÓÚËčÁ ÔÏ ÒÅÃÅÐÔÁ ÎÁ ÉÍÐÁÓ × ÐÏÓÚÕËÉ×ÁÎÉÁÃÈ ÆÉÎÁÌÎÅÇÏ ÍÏÄÅÌÕ ÐÒÚÅÊĢÃÉÁ ÄÏ 

ÓÔÁÎÕ ÓÚËčÁȢ 

4ÅÎ ×ÙËčÁÄ ×ÓËÁÚÕÊÅȟ ŀÅ ÐÒÏÂÌÅÍÅÍ ÍÏŀÅ ÂÙç ÐÏ×ÓÚÅÃÈÎÁ ÐÒÁËÔÙËÁ ÂÅÚÐÏĢÒÅÄÎÉÅÇÏ 

ÄÏÐÁÓÏ×ÁÎÉÁ Òĕ×ÎÁÎÉÁ ÓËÁÌÕÊäÃÅÇÏ ×ÚÇÌöÄÅÍ ÐÏÓÉÁÄÁÎÙÃÈ ÄÁÎÙÃÈ ÄÏĢ×ÉÁÄÃÚÁÌÎÙÃÈ × 

ÏÂÓÚÁÒÚÅ ÐÒÅ×ÉÔÙÆÉËÁÃÙÊÎÙÍȢ *ÅÄÎÁË ÇÄÙ ÄÁÎÅ ÄÏÓÔöÐÎÅ Óä ÄÌÁ 4 4g, czyli 20ɀ100 K po-

×ÙŀÅÊ ÈÉÐÏÔÅÔÙÃÚÎÅÊ ÔÅÍÐÅÒÁÔÕÒÙ ÏÓÏÂÌÉ×ÅÊ × Òĕ×ÎÁÎÉÕ ÓËÁÌÕÊäÃÙÍȟ ×ÓÐÏÍÎÉÁÎÁ ȬÐÒÁËȤ

ÔÙËÁȭ ÎÉÅ ÍÏŀÅ ÐÒÏ×ÁÄÚÉç ÄÏ ÊÅÄÎÏÚÎÁÃÚÎÙÃÈ ×ÙÎÉËĕ×Ȣ /ÄÐÏ×ÉÅÄÚÉä ÍÏŀÅ ÂÙç ÃÚÕčÁ ÎÁ 

ÓÕÂÔÅÌÎÅ ÏÄÓÔöÐÓÔ×Á ÒĕŀÎÉÃÚËÏ×Á ÁÎÁÌÉÚÁ ÄÁÎÙÃÈȟ ÏÐÁÒÔÁ Ï ÔÚ×Ȣ ÁÎÁÌÉÚö ÌÉÎÅÁÒÙÚÏ×ÁÎä 

ÃÚÙ ÁÎÁÌÉÚö ÉÎÄÅËÓÕ ÅÎÅÒÇÉÉ ÁËÔÙ×ÁÃÊÉȢ !ÐÌÉËÁÃÊÁ ÔÙÃÈ ÍÅÔÏÄ ÔÏ ÚÁÓÁÄÎÉÃÚÁ ȬÉÎÎÏ×ÁÃÙÊÎÁȭ 

ÃÚöĢç ×ÙËčÁÄÕȢ 0ÒÚÅÄÓÔÁ×ÉÏÎÅ ×ÙÎÉËÉ ÄÏÔÙÃÚä ÔÅÍÐÅÒÁÔÕÒÏ×ÅÇÏ É ÃÉĢÎÉÅÎÉÏ×ÅÇÏ ÚÂÌÉŀÁȤ

ÎÉÁ ÓÉö ÄÏ ÐÕÎËÔÕ ÓÚËÌÅÎÉÁȢ 7 ÔÙÍ ÏÓÔÁÔÎÉÍ ÐÒÚÙÐÁÄËÕ ×ÓËÁÚÁÎÏ ÎÁ ËÏÎÉÅÃÚÎÏĢç ÎÏ×ÅÇÏ 

ÓÐÏÊÒÚÅÎÉÁ ÎÁ ÐÒÅ×ÉÔÒÙÆÉËÁÃÙÊÎä ÏÂÊöÔÏĢç ÁËÔÙ×ÁÃÊÉȢ 0ÒÚÙ×ÏčÁÎÅ ×ÙÎÉËÉ ÐÒÏ×ÁÄÚä ÔÅŀ ÄÏ 

ÊÁËÏĢÃÉÏ×Ï ÎÏ×ÅÇÏ Ïpisu entropii konfiguracyjnej. 

7ÙËčÁÄ ÎÁ ÂÁÚÉÅ .#. /053 ςπρφȾςρȾ"Ⱦ34σȾπςςπσȢ ÏÒÁÚ 5-/ςπρχȾςυȾ"Ⱦ34σȾπςτυψ  

 

[1]  A. Drozd-Rzoska and S. J. Rzoska, Derivative-based analysis for temperature and pressure 

evolution of dielectric relaxation times in vitrifying liqui ds, Phys. Rev. E 73, 041502 

(2006).  

[2]  J. C. Martinez-Garcia, S. J. Rzoska, A. Drozd-Rzoska, J. Martinez-Garcia, A universal descrip-

tion of ultraslow glass dynamics, Nature Comm. 4, 1823 (2013).  

[3]  A. Drozd-Rzoska, Universal behavior of the apparent fragility in ultraslow glass forming 

systems, Scientific Reports 9, 6816 (2019).  

[4]  A. Drozd-Rzoska, Pressure-related universal previtreous behavior of the structural relax-

ation time and apparent fragility, Front. Matt. 6, 103 (2019).  
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Particle transport through deformable micro-channels: rectification and 

resonances for transport optimisation 

 
J. Miguel Rubi 

 

Department of Condensed Matter Physics, University of Barcelona, Diagonal 647, 08028 

Barcelona, Hiszpania 

 

 
 

We show the presence of stochastic resonance in the motion of Brownian particles 

through a deformable micro-channel when a periodic force is applied. The resonance is 

entropic in nature as channel shape variations limit the space available to the particles, 

inducing an entropic potential. 

The situation analysed occurs in the transport of particles through microfluidic or protein 

channels. We analyse in particular the case of drug delivery to cancerous tissues where 

the stochastic resonance results from the application of ultrasounds which deform the 

channels. We show the existence of a maximum of the distance travelled by drug-carrying 

nanoparticles before delivery, as observed in experiments. Our results indicate that an 

appropriate channel design and a suitable choice of applied forces lead to optimal scenar-

ios for the control of particle transport. 
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Krytyczna dynamika na rynku 

 
Critical dynamics on the market 

 

Ryszard Kutner 

 

Uniwersytet Warszawski, Warszawa 

 

 
 

:ÁÓÁÄÎÉÃÚÙÍ ÃÅÌÅÍ ×ÙËčÁÄÕ ÊÅÓÔ ÐÒÚÅÄÓÔÁ×ÉÅÎÉÅ ËÒÙÔÙÃÚÎÅÊ ÄÙÎÁÍÉËÉ ÏÂÅÃÎÅÊ ÎÁ ÒÙÎËÕ 

ÆÉÒÍ ËÏÎËÕÒÕÊäÃÙÃÈ × ÏÂÅÃÎÏĢÃÉ ÉÎÔÅÒ×ÅÎÃÊÏÎÉÚÍÕ ÐÁďÓÔ×Ï×ÅÇÏȢ 7ÙÚÎÁÃÚÎÉËÉÅÍ ÚÄÏÌȤ

ÎÏĢÃÉ ÆÉÒÍÙ ÄÏ ÐÒÚÅÔÒ×ÁÎÉÁ ÎÁ ÒÙÎËÕ ÊÅÓÔ ÊÅÊ ÉÎÎÏ×ÁÃÙÊÎÏĢçȟ ÃÚÙÌÉ ÐÏÚÉÏÍ ÔÅÃÈÎÏÌÏÇÉÃÚÎÙ 

jaki rÅÐÒÅÚÅÎÔÕÊÅȢ 7ÙËčÁÄ ÓËčÁÄÁ ÓÉö Ú Ä×ĕÃÈ ÃÚöĢÃÉȢ 7 ÐÉÅÒ×ÓÚÅÊ ×ÙËÁÚÕÊÅÍÙ ÉÓÔÎÉÅÎÉÅ 

ËÒÙÔÙÃÚÎÏĢÃÉ × ÓÔÁÎÁÃÈ ÓÔÁÃÊÏÎÁÒÎÙÃÈ ÓÐÁÒÁÍÅÔÒÙÚÏ×ÁÎÙÃÈ ÐÏÚÉÏÍÅÍ ÉÎÔÅÒ×ÅÎÃÊÏÎÉȤ

ÚÍÕ É ÊÅÇÏ ÅÆÅËÔÙ×ÎÏĢÃÉä ÏÒÁÚ ÐÏÚÉÏÍÅÍ ÁËÔÙ×ÎÏĢÃÉ ÆÉÒÍÙ ÎÁ ÒÙÎËÕȢ 7 ÄÒÕÇÉÅÊ ÏÄËÒÙȤ

wamy efekt krytycÚÎÅÇÏ ÓÐÏ×ÏÌÎÉÅÎÉÁ × ÏÂÓÚÁÒÚÅ ÓËÁÌÏ×ÁÎÉÁ ÏÒÁÚ ×ÓËÁÚÕÊÅÍÙ ÎÁ ÄčÕȤ

ÇÏÏËÒÅÓÏ×ä ÐÁÍÉöç ÊÁËÁ × Ú×ÉäÚËÕ Ú ÔÙÍ ÐÏÊÁ×ÉÁ ÓÉö × ÔÙÍ ÏÂÓÚÁÒÚÅȢ 3ÕÇÅÒÕÊÅÍÙ ÉÓÔȤ

ÎÉÅÎÉÅ × ÕËčÁÄÚÉÅ ÓÔÒÕËÔÕÒÙ ÃÚÁÓÏ×ÅÊ ÓÔÙÍÕÌÏ×ÁÎÅÊ Ç×ÁčÔÏ×ÎÙÍ ×ÚÒÏÓÔÅÍ ÆÌÕËÔÕÁÃÊÉ ÎÁ 

ÐÒÏÇÕ ËÒÙÔÙÃÚÎÏĢÃÉȢ 7 Ú×ÉäÚËÕ Ú ÔÙÍ ÐÏÄÅÊÒÚÅ×ÁÍÙȟ ŀÅ ÍÁÍÙ ÔÕÔÁÊ ÄÏ ÃÚÙÎÉÅÎÉÁ Ú ÒÏÄÚÁȤ

jem czasowej struktury dyssyptywnej. 
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7ÙčÁÎÉÁÎÉÅ ÓÉö ÊöÚÙËÁ × ÐÏÐÕÌÁÃÊÉ ËÏÍÕÎÉËÕÊäÃÙÃÈ ÓÉö ÁÇÅÎÔĕ× 

 
Language emergence in a population of communicating agents 

 

Adam Lipowski 

 

UnÉ×ÅÒÓÙÔÅÔÕ !ÄÁÍ -ÉÃËÉÅ×ÉÃÚÁȟ 0ÏÚÎÁď 

 

 
 

0ÏÊÁ×ÉÅÎÉÅ ÓÉö ÊöÚÙËÁ ÔÏ ÊÅÄÅÎ Ú ÎÁÊÂÁÒÄÚÉÅÊ ÚÁÇÁÄËÏ×ÙÃÈ ÐÒÏÃÅÓĕ× × ÈÉÓÔÏÒÉÉ ÎÁÓÚÅÊ ÃÙȤ

×ÉÌÉÚÁÃÊÉȟ ËÔĕÒÙ ÏÄ ÄÚÉÅÓÉöÃÉÏÌÅÃÉ ÐÒÚÙÃÉäÇÁ Õ×ÁÇö ÕÃÚÏÎÙÃÈ ×ÉÅÌÕ ÄÙÓÃÙÐÌÉÎȢ 7ÙÄÁÊÅ ÓÉö 

ÐÒÁ×ÄÏÐÏÄÏÂÎÙÍȟ ŀÅ ÊöÚÙË ÍĕÇč ×ÙčÏÎÉç ÓÉö ÓÐÏÎÔÁÎÉÃÚÎÉÅ × ÐÏÐÕÌÁÃÊÉ komunikujäcych 

ÓÉö ÏÓÏÂÎÉËĕ×Ȣ 4ÁËÉÅ ÚÁčÏŀÅÎÉÅ ÓËčÁÎÉÁ ÄÏ ËÏÍÐÕÔÅÒÏ×ÅÇÏ ÓÙÍÕÌÏ×ÁÎÉÁ ÔÅÇÏ ÐÒÏÃÅÓÕ ÚÁ 

ÐÏÍÏÃä ÍÏÄÅÌÉ ×ÉÅÌÏÁÇÅÎÔÏ×ÙÃÈȢ 7 ÍÏÄÅÌÁÃÈ ÔÁËÉÃÈ ÁÇÅÎÔÙ ÏÄÄÚÉÁčÕÊä ÚÅ ÓÏÂä ÒÏÚÇÒÙȤ

×ÁÊäÃ ÐÅ×ÎÅ ÇÒÙ ÊöÚÙËÏ×Åȟ ËÔĕÒÅ Óä ÕÐÒÏÓÚÃÚÏÎÙÍ É ÁÂÓÔÒÁËÃÙÊÎÙÍ ÕÊöÃÉÅÍ ËÏÍÕÎÉËÁÃÊÉ 

ÊöÚÙËÏ×ÅÊ ÍÉöÄÚÙ ÏÓÏÂÎÉËÁÍÉȢ 7 ×ÉÅÌÕ ÐÒÚÙÐÁÄËÁÃÈ ÔÅ ÌÏËÁÌÎÉÅ ÔÙÌËÏ ÏÄÄÚÉÁčÕÊäÃÅ 

ÁÇÅÎÔÙ ÏÓÉäÇÁÊä ÐÏ ÐÅ×ÎÙÍ ÃÚÁÓÉÅ ÇÌÏÂÁÌÎÙ ËÏÎÓÅÎÓÕÓ É ËÏÍÕÎÉËÕÊä ÓÉö × ÒÏÚÕÍÉÁÎÙ 

ÐÒÚÅÚ ×ÓÚÙÓÔËÉÃÈ ÓÐÏÓĕÂȢ 0ÒÏÃÅÓ ×ÙčÁÎÉÁÎÉÁ ÓÉö ÔÁËÉÅÇÏ ÊöÚÙËÁ ×ÙÄÁÊÅ ÓÉö ÐÒÚÙÐÏÍÉÎÁç 

ÐÅ×ÎÅ ÐÒÏÃÅÓÙ ÆÉÚÙÃÚÎÅ ÔÁËÉÅ ÊÁË ÎÁ ÐÒÚÙËčÁÄ ÐÏÊÁ×ÉÁÎÉÅ ÓÉö ÓÐÏÎÔÁÎÉÃÚÎÅÇÏ ÎÁÍÁÇÎÅȤ

ÓÏ×ÁÎÉÁ × ÕËčÁÄÚÉÅ ÌÏËÁÌÎÉÅ ÏÄÄÚÉÁčÕÊäÃÙÃÈ ÓÐÉÎĕ×Ȣ -ÅÔÏÄÙ ÓÙÍÕÌÁÃÙÊÎÅ ÐÏÚ×ÁÌÁÊä ÎÁÍ 

Òĕ×ÎÉÅŀ ÂÁÄÁç ÓÔÒÕËÔÕÒö É Å×ÏÌÕÃÊö ÔÁËÉÅÇÏ ÊöÚÙËÁȢ  
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0ÒÚÙÊÁÃÉÅÌÅ É ×ÒÏÇÏ×ÉÅ × ËäÐÉÅÌÉ ÃÉÅÐÌÎÅÊ 

 
Heat-bath for friends and enemies 

 

Krzysztof Malarz 

 

!ËÁÄÅÍÉÁ 'ĕÒÎÉÃÚÏ-(ÕÔÎÉÃÚÁȟ +ÒÁËĕ× 

 

 
 

7 ÒÅÆÅÒÁÃÉÅ ÐÒÚÅÄÓÔÁ×Éö ×ÙÎÉËÉ ÓÙÍÕÌÁÃÊÉ ËÏÍÐÕÔÅÒÏ×ÙÃÈ ÄÅÄÙËÏ×ÁÎÙÃÈ ÐÒÏÂÌÅÍÏ×É 

ÄÏÃÈÏÄÚÅÎÉÁ ÕËčÁÄĕ× ÄÏ Òĕ×ÎÏ×ÁÇÉ ÓÔÒÕËÔÕÒÁÌÎÅÊ (ÅÉÄÅÒÁ  ρ  × ÏÂÅÃÎÏĢÃÉ ÓÚÕÍÕ ÔÅÒȤ

ÍÉÃÚÎÅÇÏ ÓÙÍÕÌÏ×ÁÎÅÇÏ Ú ×ÙËÏÒÚÙÓÔÁÎÉÅÍ ÓÃÈÅÍÁÔÕ ËäÐÉÅÌÉ ÃÉÅÐÌÎÅÊȢ 2ĕ×ÎÏ×ÁÇÁ (ÅÉȤ

ÄÅÒÁ ÔÏ ÓÙÔÕÁÃÊÁȟ × ËÔĕÒÅÊ × ÔÒÉÁÄÚÉÅ ÏÄÄÚÉÁčÙ×ÕÊäÃÙÃÈ ÁÇÅÎÔĕ× ÓÐÅčÎÉÏÎÅ Óä ÊÅÄÎÏÃÚÅȤ

ĢÎÉÅ ÎÁčÏŀÏÎÅ ÎÁ ×ÉäÚÁÎÉÁ ÍÉöÄÚÙ ÎÉÍÉ ÒÅÌÁÃÊÅȡ 

¶ przyjaciel mojego przyjaciela jest moim przyjacielem; 

¶ ×ÒĕÇ ÍÏÊÅÇÏ ×ÒÏÇÁ ÊÅÓÔ ÍÏÉÍ ÐÒÚÙÊÁÃÉÅÌÅÍȠ 

¶ przyjaciel mojego wroga jest moim wrogiem; 

¶ ×ÒĕÇ ÍÏÊÅÇÏ ÐÒÚÙÊÁÃÉÅÌÁ ÊÅÓÔ ÍÏÉÍ ×ÒÏÇÉÅÍȢ 

/ÄÓÔöÐÓÔ×Ï ÏÄ ÔÅÊ ÒÅÇÕčÙ ÐÒÏ×ÁÄÚÉ ÄÏ ÐÏÊÁ×ÉÅÎÉÁ ÓÉö Õ ÁÇÅÎÔĕ× ÄÙÓÏÎÁÎÓÕ ÐÏÚÎÁ×ÃÚÅÇÏ 

ÂöÄäÃÅÇÏ ÍÏÔÏÒÅÍ ÚÍÉÁÎ ÔÙÃÈ ÒÅÌÁÃÊÉȢ *ÅĢÌÉ ÒÅÌÁÃÊÅ ÍÉöÄÚÙ ÁÇÅÎÔÁÍÉ i i j oznaczymy jako 

xij i ÐÒÚÙÊÍÉÅÍÙȟ ŀÅ ÐÒÚÙÊÁÃÉÅÌÓËÉÅ É ×ÒÏÇÉÅ ÒÅÌÁÃÊÅ ×ÁÒÔÏĢÃÉÕÊÅÍÙ ÊÁËÏ ρ É -ρ ÔÏ ÕËčÁÄ 

ÍÏŀÎÁ ÏÐÉÓÁç ÔÒĕÊÃÉÁčÏ×ÙÍ ÈÁÍÉÌÔÏÎÉÁÎÅÍ H= -ɫijk  xikxijxjkȟ ÃÏ ÐÏÚ×ÁÌÁ ÉÄÅÎÔÙÆÉËÏ×Áç 

ÕËčÁÄÙ ÐÏÚÏÓÔÁÊäÃÅ × ÓÔÁÎÉÅ Òĕ×ÎÏ×ÁÇÉ (ÅÉÄÅÒÁ × ÓÔÁÎÉÅ Ï ÍÉÎÉÍÁÌÎÅÊ ÅÎÅÒÇÉÉ  ÏÒÁÚ 

wprowaÄÚÉç ÄÏ ÕËčÁÄÕ ÓÚÕÍ ÔÅÒÍÉÃÚÎÙȢ 5ËčÁÄÙ ÔÁËÉÅ ÍÏÇä ×ÙËÁÚÙ×Áç ÐÒÚÅÊĢÃÉÅ ÆÁÚÏ×Å 

ÚÁÒĕ×ÎÏ ÐÉÅÒ×ÓÚÅÇÏ ÊÁË É ÄÒÕÇÉÅÇÏ ÒÏÄÚÁÊÕ × ÚÁÌÅŀÎÏĢÃÉ ÏÄ ÐÒÚÙÊöÔÅÊ ÔÏÐÏÌÏÇÉÉ ÕËčÁÄÕ ς-

5] a ÐÒÚÙ ÚÁčÏŀÅÎÉÕ ÔÏÐÏÌÏÇÉÉ ÇÒÁÆÕ ÐÅčÎÅÇÏ ÕÄÁÊä ÓÉö Òĕ×ÎÉÅŀ ÐÒÏÓÔÅ ÒÁÃÈÕÎËÉ ĢÒÅÄÎÉÏÐÏȤ

lowe [6]. 
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121103 
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[5]  -Ȣ 7ÏčÏÓÚÙÎȟ +Ȣ -ÁÌÁÒÚȟ 4ÏÐÏÌÏÇÉÃÁÌÌy induced changes in thermal properties of structur-

ally balanced systems, arXiv:2106.03054 [physics.soc-ph] 
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SpläÔÁÎÉÅ É ÓÔÅÒÏ×ÁÎÉÅ Ë×ÁÎÔÏ×Å ÕËčÁÄĕ× ËÉÌËÕ ËÕÂÉÔĕ× 

 
Entanglement and quantum steering of few qubit systems 

 

Zbigniew Ficek 

 

5ÎÉ×ÅÒÓÙÔÅÔ :ÉÅÌÏÎÏÇĕÒÓËÉȟ :ÉÅÌÏÎÁ 'ĕÒÁ φυ-516 

 

 
 

Splätanie oraz sterowanie kwantowe, znane jako Einstein-Rosen-Podolsky (EPR) stero-

wanie, od ÄčÕŀszego czasu säț × ÃÅÎÔÒÕÍ ÚÁÉÎÔÅÒÅÓÏ×ÁÎÉÁ ÆÉÚÙËÉ Ë×ÁÎÔÏ×ÅÊȟ ÇÄÙŀ stano-

wiäț ÐÏÄÓÔÁ×Ù ÉÎÆÏÒÍÁÔÙËÉ Ë×ÁÎÔÏ×ÅÊ ÏÒÁÚ ËÏÍÐÕÔÅÒĕ× Ë×ÁÎÔÏ×ÙÃÈȢ $ÏÂÒÚÅ ÐÏÚÎÁÎÅ 

É ÚÒÏÚÕÍÉÁčÅ Óäț ÚÁÇÁÄÎÉÅÎÉÁ splätaniÁ É ÓÔÅÒÏ×ÁÎÉÁ Ë×ÁÎÔÏ×ÅÇÏ Ä×ĕÃÈ ËÕÂÉÔĕ×Ȣ /ÃÚÙȤ

wistym kolejnym krokiem jest rozszerzenie tych zagadnieď ÎÁ ÕËčÁÄÙ ÚčÏŀone z kilku ku-

ÂÉÔĕ×Ȣ .Á ÐÒÚÙËčÁÄȟ ÐÒÏÃÅÓ ÓÔÅÒÏ×ÁÎÉÁ ÎÉÅ Ä×ĕÃÈ Á ÔÒÚÅÃÈ ËÕÂÉÔĕ× ÚÎÁÊÄÕÊÅ ÚÁÓÔÏÓÏ×ÁȤ

nia w zwiökszeniu bezpieczeďstwa kodowania informacji oraz jej przechowywaniu. W 

prezentacji przedstawione zostanäț ÔÅÏÒÅÔÙÃÚÎÅ ËÏÎÃÅÐÃÊÅ ÏÒÁÚ ÄÏĢwiadczalne osiägniöȤ

cia w metodach spläÔÁÎÉÁ ÏÒÁÚ ÓÔÅÒÏ×ÁÎÉÁ ÕËčÁÄĕ× ËÉÌËÕ ËÕÂÉÔĕ×Ȣ 0Ï ËÒĕÔËÉÍ ÈÉÓÔÏÒÙÃÚȤ

nym wprowadzeniu sporo czasu poĢwiöcimy na przedstawienie metod splätania oraz 

sterowania Ë×ÁÎÔÏ×ÅÇÏ ÕËčÁÄÕ ÔÒÚÅÃÈ ËÕÂÉÔĕ×Ȣ .ÁÓÔöpnie pokaŀemy jakä rolö w stero-

waniu kwantowym odgrywajä relacje monogamiczne i jak je wykorzystaç w praktyce do 

ËÏÎÔÒÏÌÏ×ÁÎÅÇÏ ÐÒÚÅÓÙčÁÎÉÁ É przetwarzania informacji. Na zakoďczenie pokaŀemy na ja-

kie problemy moŀemy natrafiç podczas kopiowania spläÔÁÎÉÁ ÆÏÔÏÎĕ× ÎÁ ÉÎÎÅȟ ÎÁ ÐÒÚÙȤ

ËčÁÄ ÓÔÁÃÊÏÎÁÒÎÅ ËÕÂÉÔÙȢ  
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3ÔÁÎÙ ÒÙÄÂÅÒÇÏ×ÓËÉÅ × ÐĕčÐÒÚÅ×ÏÄÎÉËÁÃÈ 

 
Rydberg states in semiconductors 

 

3ÙÌ×ÉÁ :ÉÅÌÉďÓËÁ-2ÁÃÚÙďÓËÁ 

 

Politechnika Bydgoska im. *ÁÎÁ É *öÄÒÚÅÊÁ ¡ÎÉÁÄÅÃËÉÃÈȟ "ÙÄÇÏÓÚÃÚ 

 

 
 

Ekscytonyȟ ÃÚÙÌÉ ÅÌÅÍÅÎÔÁÒÎÅ ×ÚÂÕÄÚÅÎÉÁ ËÒÙÓÚÔÁčÕ ÐÏ×ÓÔÁÊäÃÅ ×ÓËÕÔÅË ÏÄÄÚÉÁčÙ×ÁÎÉÁ 

Ú ÆÁÌä ÅÌÅËÔÒÏÍÁÇÎÅÔÙÃÚÎäȟ Ï ÄÕŀÅÊ ÌÉÃÚÂÉÅ Ë×ÁÎÔÏ×ÅÊ Î ρ ÎÁÚÙ×ÁÎÅ Óä ÅËÓÃÙÔÏÎÁÍÉ 

ÒÙÄÂÅÒÇÏ×ÓËÉÍÉ É ÚÏÓÔÁčÙ ÚÁÏÂÓÅÒ×Ï×ÁÎÅ × ÒÏËÕ ςπρτ × ËÒÙÓÚÔÁÌÅ #Õ2O. Promienie ich 

orbit ~ n 2 Óä ÏÇÒÏÍÎÅȟ ÓÉöÇÁÊä ÍÉËÒÏÍÅÔÒĕ× É Óä ÚÎÁÃÚÎÉÅ ×ÉöËÓÚÅ ÎÉŀ ÄčÕÇÏĢç ÆÁÌÉȟ ËÔĕÒÅ 

ÊÅ ×ÙÔ×ÏÒÚÙčÁ ÏÒÁÚ ÓÅÔËÉ ÒÁÚÙ ×ÉöËÓÚÅ ÎÉŀ ÓÔÁčÁ ÓÉÅÃÉȢ -ĕ×ÉÍÙ ×ÉöÃ Ï ÏÂÉÅËÔÁÃÈ Ë×ÁÎÔÏȤ

×ÙÃÈȟ ËÔĕÒÙÃÈ ÒÏÚÍÉÁÒÙ ÐÏÒĕ×ÎÙ×ÁÌÎÅ Óä Ú ÇÒÕÂÏĢÃÉä ÎÉÃÉ ÐÁÊöÃÚÙÎÙȢ %ËÓÃÙÔÏÎÙ ÒÙÄÂÅÒȤ

ÇÏ×ÓËÉÅ ÕÍÏŀÌÉ×ÉÁç ÍÏÇä ÏÂÓÅÒ×ÁÃÊö ÚÊÁ×ÉÓË Ë×ÁÎÔÏ×ÙÃÈ × ÓËÁÌÉ ÎÉÅË×ÁÎÔÏ×ÅÊȢ 7 

ÃÚÁÓÉÅ ×ÙËčÁÄÕ ÏÍĕ×ÉÏÎÅ ÚÏÓÔÁÎä ÉÃÈ ×čÁÓÎÏĢÃÉȟ ÓÐÏÓĕÂ ÏÐÉÓÕ ÏÒÁÚ ÎÉÅËÔĕÒÅ ÐÏÔÅÎÃÊÁÌÎÅ 

sposoby ich wykorzystania. 
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+ÒÁ×ÉÅÃÔ×Ï Ë×ÁÎÔÏ×Åȟ ÃÚÙÌÉ ÎÉÅÌÉÎÉÏ×Å ÎÏŀÙÃÅ Ë×ÁÎÔÏ×Å É ÐÅ×ÎÅ ÅÆÅËÔÙ Ú 

nimi zwÉäÚÁÎÅ 

 
Quantum tailoring ɀ nonlinear quantum scissors and some effects related to them 

 

7ÉÅÓčÁ× ,ÅÏďÓËÉ 

 

5ÎÉ×ÅÒÓÙÔÅÔ :ÉÅÌÏÎÏÇĕÒÓËÉȟ :ÉÅÌÏÎÁ 'ĕÒÁ 

 

 
 

*ÅÄÎÙÍ Ú ÎÁÊÉÓÔÏÔÎÉÅÊÓÚÙÃÈ ÚÁÇÁÄÎÉÅď Ú ÐÕÎËÔÕ ÓÚÅÒÏËÏ ÒÏÚÕÍÉÁÎÅÊ Ë×ÁÎÔÏ×ÅÊ ÔÅÏÒÉÉ in-

ÆÏÒÍÁÃÊÉ É ÊÅÊ ÚÁÓÔÏÓÏ×Áď ÊÅÓÔ ÐÒÏÂÌÅÍÁÔÙËÁ ÇÅÎÅÒÁÃÊÉ ÓÔÁÎĕ× Ë×ÁÎÔÏ×ÙÃÈ Ï ÓÐÅÃÙÆÉÃÚÎÅÊ 

ÃÈÁÒÁËÔÅÒÙÓÔÙÃÅȢ 7 ÓÚÃÚÅÇĕÌÎÏĢÃÉȟ ÉÄÚÉÅ ÔÕ Ï ×ÙÔ×ÁÒÚÁÎÉÅ ÓÔÁÎĕ×ȟ ËÔĕÒÅ Óä ÏÐÉÓÁÎÅ × 

ÐÒÚÅÓÔÒÚÅÎÉ (ÉÌÂÅÒÔÁ Ï ÓËÏďÃÚÏÎÙÍ ×ÙÍÉÁÒÚÅ ÏÒÁÚ ÔÁËÉÃÈȟ ËÔĕÒÅ ×ÓËÁÚÕÊä ÎÁ istnienie 

ÏËÒÅĢÌÏÎÙÃÈ ËÏÒÅÌÁÃÊÉ Ë×ÁÎÔÏ×ÙÃÈȢ 7 ÓÚÃÚÅÇĕÌÎÏĢÃÉȟ ÔÅÍÁÔÅÍ ÎÁÓÚÙÃÈ ÒÏÚ×ÁŀÁď ÂöÄä 

tzw. ÎÉÅÌÉÎÉÏ×Å ÎÏŀÙÃÅ Ë×ÁÎÔÏ×Åȟ ÃÚÙÌÉ ÎÉÅÌÉÎÉÏ×Å ÕËčÁÄÙȟ × ËÔĕÒÙÃÈ ÍÏŀÎÁ ÇÅÎÅÒÏ×Áç 

ÓÔÁÎÙ Ï ÏËÒÅĢÌÏÎÙÍ ×ÙÍÉÁÒÚÅ × ÂÁÚÉÅ &ÏÃËÁȟ ÏÒÁÚ ÓÔÁÎÙ ×ÙËÁÚÕÊäÃÅ ÓÉÌÎÅ ËÏÒÅÌÁÃÊÅ 

Ë×ÁÎÔÏ×Å ÒĕŀÎÅÇÏ ÒÏÄÚÁÊÕȢ 7 ÎÁÓÚÙÍ ÐÒÚÙÐÁÄËÕ ÓËÏÎÃÅÎÔÒÕÊÅÍÙ ÓÉö ÎÁ ÓÔÁÎÁÃÈ ÍÁËȤ

ÓÙÍÁÌÎÉÅ ÓÐÌäÔÁÎÙÃÈ ÎÐȢ ÓÔÁÎÁÃÈ ÔÙÐÕ "ÅÌÌÁ  ÏÒÁÚ ÔÁËÉÃÈȟ ÄÌÁ ËÔĕÒÙÃÈ ÅÆÅËÔÙ ÓÔÅÒÏ×ÁÌÎÏȤ

ĢÃÉ Ë×ÁÎÔÏ×ÙÃÈ ÓÔÁÊä ÓÉö ×ÉÄÏÃÚÎÅȢ 
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Solid phase microextraction device design and method optimization using 

fundamentals 
 

Janusz Pawliszyn 

 

Department of Chemistry, University of Waterloo, ON N2L 3G1, Canada 

 

 
 

Recent world-wide efforts toward implementation of sustainable technologies will have 

effect on practice of analytical chemistry and in particular sampling and sample prepara-

tion steps. The main barrier to move towards greener options is poor understanding of 

fundamentals of underlying processes leading to hesitancies in adoption. One of the green 

sampling/sample preparation technologies is solid phase microextraction (SPME), which 

will be topic of the presentation. The development of matrix compatible coatings for 

SPME has enabled direct extraction of analytes from complex sample matrices, including 

live tissue. The direct immersion (DI) mode of SPME when utilized in conjunction with 

such extraction phases facilitates clean extraction of a wide range of analytes from com-

plex matrices without the occurrence of fouling or coating saturation as well as elimina-

tion of matrix effects when combined with LC/MS. In this presentation, mathematical 

models and computational simulations based on COMSOL combined with experimental 

validation were employed to investigate the effect of binding components present in com-

plex samples on the recovery of metabolites varying in logP for extractions carried out 

using the direct extraction approach. The presented findings corroborate that the studied 

approach indeed enables the extraction of both polar and nonpolar analytes from com-

plex matrices, provided a suitable sorbent is employed, so the technique is not only suit-

able for targeted determinations, but also metabolomics investigations. Further, results 

indicated that in certain cases, the kinetics of extraction of a given analyte through its free 

form might be dependent on the desorption kinetics of their bound form from matrix 

components, which might lower total recoveries of analytes with high affinity for the ma-

trix. However, the binding of analytes to matrix components also enables SPME to extract 

a balanced quantity of different logP analytes, facilitated by multiphase equilibria in ma-

trix, with a single extraction device. Experimental validation of this modeling approach 

was applied to understand the mass transfer of doxorubicin, anticancer drug, in lung tis-

sue. This approach facilitated quantitative determination of the binding constant and dif-

fusion coefficient. The developed computational model was also employed to elucidate 

practical aspects of different SPME geometries, in particular effect of miniaturization of 

SPME devices on the kinetics and efficiency of extraction. Particular focus was placed on 

fibers, tips and particle geometries of different size as they are more compatible with in-

vivo extraction. The attained simulation results associated with the shape dependency on 
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equilibration time were in good agreement with experimental observations, demonstrat-

ing that the mass-transfer limitation is highly  dependent on size, shape and composition 

of the coatings. Higher enrichment factors are achievable with the use of a thinner coat-

ings or fewer number of particles in comparison to factors achieved via exhaustive ex-

traction. Composition of the coating is critical to obtain optimal performance. 
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Without physics, there is no modern medicine 
 

!ÌÅËÓÁÎÄÅÒ 3ÉÅÒÏď 

 

*ÁÎ $čÕÇÏÓÚ 5ÎÉÖÅÒÓÉÔÙ ÉÎ #ÚöÓÔÏÃÈÏ×Á 

 

 
 

 Modern medicine is prophylaxis, diagnostics and therapy. At every step of the ladder, 

especially in diagnostics and therapy, physics has become an integral part of medical pro-

gress.Importantly, physics also made it possible to understand the mechanisms of func-

tioning of living organisms, including what is most important to us, the human 

body.Thanks to physical knowledge, today there are diagnostic devices such as computed 

tomography, magnetic resonance imaging and ultrasound.Thanks to physics, we can treat 

with radiotherapy, photodynamic therapy or cryotherapy, as well as hyperbaric treat-

ment and variable magnetic fields.Doctors, using the fruits of the work of physicists, ex-

pand the spectrum of action in each of the above-mentioned fields of medicine, including 

prevention.The marriage of these two disciplines of science-physics and medicine is not 

easy for both sides. It requires expanding the knowledge of both sides. The benefits, how-

ever, are undisputed. 
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$ÙÎÁÍÉËÁ ÂÉÁčÅË ÉÎÈÅÒÅÎÔÎÉÅ ÎÉÅÕÐÏÒÚäÄËÏ×ÁÎÙÃÈ É ÉÃÈ ËÒÏÐÅÌËÏ×ÙÃÈ 

ÁÇÒÅÇÁÔĕ× 

 
Dynamics of intrinsically disordered proteins and their droplet -like 

aggregates 

 

Marek Cieplak 

 

Instytut Fizyki PAN, Warszawa 

 

 
 

&ÕÎËÃÊÏÎÏ×ÁÎÉÅ ËÏÍĕÒËÉ ÁÎÇÁŀÕÊÅ ÚÁÒĕ×ÎÏ ÂÉÁčËÁ ÎÁÔÙ×ÎÉÅ ÕÓÔÒÕËÔÕÒÙÚÏ×ÁÎÉÅȟ ÊÁË É ÉÎȤ

herentnie nieuporzäÄËÏ×ÁÎÅȢ "ÉÁčËÁ ÎÉÅÕÐÏÒÚäÄËÏ×ÁÎÅ ÍÏÇä ÁÇÒÅÇÏ×Áç É Ô×ÏÒÚÙç ×ÉÅȤ

lobiačËÏ×Å ËÒÏÐÌÅȟ ËÔĕÒÅ ÄÚÉÁčÁÊä ÊÁË ÂÅÚÂčÏÎÏ×Å ÏÒÇÁÎÅÌÌÅȢ 4ÅÏÒÅÔÙÃÚÎÅ ÚÒÏÚÕÍÉÅÎÉÅ 

Ô×ÏÒÚÅÎÉÁ ÓÉö É ÄÙÎÁÍÉËÉ ÔÁËÉÃÈ ËÒÏÐÌÉ ×ÙÍÁÇÁ ÕŀÙÃÉÁ ÍÏÄÅÌÉ ÇÒÕÂÏÚÉÁÒÎÉÓÔÙÃÈȢ 

:ÏÓÔÁÎÉÅ ÏÍĕ×ÉÏÎÙ ÎÁÓÚ ×čÁÓÎÙ ÍÏÄÅÌ ÇÒÕÂÏÚÉÁÒÎÉsty (skonstruowany z dr. lÕËÁÓÚÅÍ 

-ÉÏÄÕÓÚÅ×ÓËÉÍ ȟ ËÔĕÒÙ ÓÔÁÎÏ×É ÕÏÇĕÌÎÉÅÎÉÅ ÔÚ×Ȣ ÍÏÄÅÌÕ ÔÙÐÕ 'Ï ÚÁÐÒÏÊÅËÔÏ×ÁÎÅÇÏ ÄÌÁ 

ÂÉÁčÅË ÎÁÔÙ×ÎÉÅ ÕÓÔÒÕËÔÕÒÙÚÏ×ÁÎÙÃÈ É ÏÐÉÅÒÁÊäÃÅÇÏ ÓÉö ÎÁ ÐÏÊöÃÉÕ ËÏÎÔÁËÔÕ ÍÉöÄÚÙ ÁÍÉȤ

ÎÏË×ÁÓÁÍÉȢ 7 ×ÙÐÁÄËÕ ÂÉÁčÅË ÉÎÈÅÒÅÎÔÎÉÅ ÎÉÅÕÐÏÒÚäÄËÏ×ÁÎÙÃÈ ËÏÎÔÁËÔÙ ÔÅ Óä ×ÙÚÎÁȤ

ÃÚÁÎÅ ÎÁ ÐÏÄÓÔÁ×ÉÅ ÃÈ×ÉÌÏ×ÅÇÏ ËÓÚÔÁčÔÕ čÁďÃÕÃÈÁ Çčĕ×ÎÅÇÏ a nie geometrii jednego 

stanu odniesienia (takiego jak stan natywny). 

Jako ilustracje przedyskutuje tworzenie siö kropel w ukčadach poliglutamin. Metastabilne 

kÒÏÐÌÅ ÂÉÁčËÏ×Å ÍÏÇä ÐÏ×ÓÔÁ×Áç × ÏÂÓÚÁÒÚÅ ×ÓÐĕčÉÓÔÎÉÅÎÉÁ Ä×ĕÃÈ ÆÁÚ ÐÏÍÉöÄÚÙ ÌÉȤ

niami binodalnä É ÓÐÉÎÏÄÁÌÎä - ÓÔäÄ ÔÅŀ ËÏÎÉÅÃÚÎÏĢç ÚÎÁÌÅÚÉÅÎÉÁ metod teoretycznego wy-

ÚÎÁÃÚÁÎÉÁ ×ÙËÒÅÓĕ× ÆÁÚÏ×ÙÃÈ ÒÏÚÔ×ÏÒĕ× ÂÉÁčËÏ×ÙÃÈȢ 

 

Functioning of any biological cell involves proteins of two kinds: natively structured and 

intrinsically disordered. The disordered proteins may aggregate and form multiprotein 

droplets that act as membraneless organelles. Theoretical understanding of the for-

mation and dynamics of such droplets requires using coarse-grained models. We'll de-

scribe our own coarse-grained model (constructed with $ÒȢ lÕËÁÓÚ -ÉÏÄÕÓÚÅ×ÓËÉ  ÔÈÁÔ 

is a generalization of the so-called Go-like model, designed for the structured proteins 

and based on the concept of contact interactions between amino acids. In the case of the 

intrinsically disordered proteins, the contacts are derived from an instantaneous shape 

of the backbone and not from the geometry of a single reference state (such as the native 

state). As an illustration, we discuss formation of droplets in systems of polyglutamines. 

The metastable proteinaceous droplets may arise within the coexistence region between 

the binodal and spinodal lines - hence a necessity to find theoretical methods to deter-

mine the phase diagrams of the solutions with proteins.  
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Emergent behavior in motile active matter 
 

Roland G. Winkler 

 

*İÌÉÃÈ 3ÕÐÅÒÃÏÍÐÕÔÉÎÇ #ÅÎÔÒÅȟ *İÌÉÃÈȟ Niemcy 

 

 
 

The perpetual conversion of either internal chemical energy or utilization of energy from 

the environment into directed motion is an integral process in active matter. Its respec-

tive out-of-equilibrium nature is the origin of intriguing emerging structural and dynam-

ical properties, even with reminiscence to classical turbulence, which are absent in pas-

sive systems. The spectrum of active matter is wide, ranging from bacteria, self-organized 

bio-polymeric systems such as the cytoskeleton of living cells, to schools of fish and flocks 

of birds. The spatiotemporal dynamics of motile active matter is controlled by the pro-

pulsion of the active agents in combination with various direct interactions, such as steric 

repulsion and hydrodynamics. Direct interactions are typically anisotropic, and emerge 

from different sources, such as spherical and elongated agent shapes, intrinsic flexibility, 

microswimmer flow fields etc. The combination of the various aspects leads to new emer-

gent behavior, with a possible synergistically or antagonistically effect of the various in-

teractions. 

I will address physical aspects of motile active matter ranging from propulsion of bacte-

ria, to large-scale collective properties of active agents, and nonequilibrium statistical 

characteristics. The emergent behavior in model systems with agents such as active 

Brownian particles or squirmers are presented, which shed light onto the generic fea-

tures of dry and wet active matter, respectively. The out-of-equilibrium nature of active 

systems implies the absence of statistical equilibrium concepts like detailed balance, 

Gibbs ensemble and free energy, as well as time-reversal symmetry. In particular, motile 

systems exhibit intrinsic properties absent in passive counterparts, such as swim stress, 

and, thus, no thermodynamic description exists. However, by a suitable extensions of the 

definition of certain quantities, e.g., pressure, an equation of state can be derived, which 

illustrates that at least partly thermodynamic properties even for nonequilibrium sys-

tems can be derived. 
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3ÔÁÎÙ ÃÈÉÍÅÒÙÃÚÎÅ × ÕËčÁÄÁÃÈ ÓÐÒÚöŀÏÎÙÃÈ ×ÁÈÁÄÅč 

 
Chimera states for coupled pendula 

 

Tomasz Kapitaniak 

 

0ÏÌÉÔÅÃÈÎÉËÁ lĕÄÚËÁȟ lĕÄľ 

 

 
 

Chimera states are one of the most intriguing phenomena in complex dynamical systems. 

Typically, they are identified by the coɀexistence of two types of patterns within one net-

work scheme: (i) a regular behavior, which corresponds to partial synchronization of sys-

ÔÅÍȭÓ ÕÎÉÔÓ ÁÎÄ ÉÉ  ÁÎ ÉÒÒÅÇÕÌÁÒ ÏÎÅȟ ×ÈÅÎ ÔÈÅ ÍÏÔÉÏÎ ÏÆ Á ÇÒÏÕÐ ÏÆ ÏÓÃÉÌÌÁÔÏÒÓ ÉÓ ÒÅÌÁÔÅÄ 

to the chaotic dynamics. Both domains can coɀexist, even though the topology of coupling 

is usually symmetrical. This surprising fact shows, that combining both coherence and 

incoherence, chimeras become one of the most fundamental structures in the area of 

modern, nonlinear problems. Chimera states can be found in a variety of dynamical sys-

tems, beginning from such fundamental ones as the Kuramoto model, for which they have 

been originally described, or coupled pendula. The studies on chimeras in chemical oscil-

lators, neuron networks or delayed systems, as well as the experimental proofs of their 

existence have shown, that this type of behavior is interdisciplinary and appears univer-

sally in different areas of science. 

In this study, we consider the dynamics different networks of pendula: (i) a star network 

of N+1 nonlinear oscillators (in such networks, there is one central hub node (labeled by 

site index i=N +1 ) and N environmentally identical peripheral endɀnodes connected to 

the central one (labeled by indices É ρȟȣȟ.)), (ii) a network of locally coupled pendula 

(each pendulum is connected with the nearest neighbor by the spring and damper ele-

ments), (iii) a network of globally coupled pendula (each pendulum is connected with all 

other pendula by the spring and damper elements). For each network the route from 

complete incoherence to coherence is described. A particular attention is paid to the oc-

currence of the chimera states. Numerical results are partially confirmed experimentally.  
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"ÁÄÁÎÉÁ ÚÄÅÒÚÅď É ÏÄÄÚÉÁčÙ×Áď ÍÏÌÅËÕÌÁÒÎÙÃÈ ÐÒÚÙ ÕŀÙÃÉÕ ÓÐÅËÔÒÏÓËÏÐÉÉ 

laserowej 

 
Precision spectroscopy for studying molecular collisions and interactions 

 

0ÉÏÔÒ 7ÃÉÓčÏ 

 

5ÎÉ×ÅÒÓÙÔÅÔ -ÉËÏčÁÊÁ +ÏÐÅÒÎÉËÁȟ 4ÏÒÕď 

 

 
 

0ÒÅÃÙÚÙÊÎÉÅ ËÏÎÔÒÏÌÏ×ÁÎÅ ÕËčÁÄÙ ÌÁÓÅÒÏ×Å ÐÏÚ×ÁÌÁÊä ÂÁÄÁç ÓÔÒÕËÔÕÒö ÍÏÌÅËÕčȟ ÏÄÄÚÉÁȤ

čÙ×ÁÎÉÁ ÍÉöÄÚÙ ÍÏÌÅËÕčÁÍÉ É ÁÔÏÍÁÍÉ ÏÒÁÚ ÚÄÅÒÚÅÎÉÁ ÍÏÌÅËÕčȢ .ÁÌÅŀÙ ÚÁÚÎÁÃÚÙçȟ ŀÅ × 

ÓËÁÌÉ ÍÏÌÅËÕÌÁÒÎÅÊ ÚÄÅÒÚÅď ÎÉÅ ÍÏŀÎÁ ÊÕŀ ÔÒÁËÔÏ×Áç ËÌÁÓÙÃÚÎÉÅ ÔÙÌËÏ ÎÁÌÅŀÙ ÎÁ ÎÉÅ ÐÁȤ

ÔÒÚÅç ÃÚÙÓÔÏ Ë×ÁÎÔÏ×Ïȟ ÔÊȢ ÊÁËÏ ÒÏÚÐÒÁÓÚÁÎÉÅ ÆÁÌ ÍÁÔÅÒÉÉȢ 7 ÐÒÁËÔÙÃÅȟ ÕŀÙ×ÁÊäÃ ÎÁÓÚÅÇÏ 

ÐÏÄÅÊĢÃÉÁȟ ÅÆÅËÔÙ ÚÄÅÒÚÅÎÉÏ×Å ÍÏŀÎÁ ÏÂÓÅÒ×Ï×Áç ÊÁËÏ ÚÁÂÕÒÚÅÎÉÁ ËÓÚÔÁčÔĕ× ÍÏÌÅËÕÌÁÒȤ

ÎÙÃÈ ÒÅÚÏÎÁÎÓĕ× ÏÐÔÙÃÚÎÙÃÈȢ "ÁÄÁÎÉÁ ÚÄÅÒÚÅÎÉÏ×ÅÇÏ ÚÁÂÕÒÚÁÎÉÁ ËÓÚÔÁčÔĕ× ÒÅÚÏÎÁÎȤ

Óĕ× ÏÐÔÙÃÚÎÙÃÈ ÏÄÇÒÙ×ÁÊä ÄÕŀä ÒÏÌö × ÆÉÚÙÃÅ ÁÔÏÍÏ×ÅÊ É ÍÏÌÅËÕÌÁÒÎÅÊȢ : ÊÅÄÎÅÊ ÓÔÒÏÎÙ 

ÏÔ×ÉÅÒÁÊä ÏÎÅ ÄÒÏÇö ÄÏ ÂÁÄÁÎÉÁ ÏÄÄÚÉÁčÙ×Áď É ÄÙÎÁÍÉËÉ ÍÏÌÅËÕÌÁÒÎÅÊȢ : ÄÒÕÇÉÅÊ ÓÔÒÏÎÙȟ 

×čÁĢÃÉ×Ù ÏÐÉÓ ÚÄÅÒÚÅď ÐÏÚ×ÁÌÁ Ú×ÉöËÓÚÙç ÄÏËčÁÄÎÏĢç ÍÅÔÒÏÌÏÇÉÉ ÏÐÔÙÃÚÎÅÊ ÏÐÁÒÔÅÊ ÎÁ 

ÓÐÅËÔÒÏÓËÏÐÉÉ ÍÏÌÅËÕÌÁÒÎÅÊȠ × ÓÚÃÚÅÇĕÌÎÏĢÃÉ ÄÏËčÁÄÎÏĢç ÐÏÍÉÁÒĕ× ÁÔÍÏÓÆÅÒ :ÉÅÍÉ ÏÒÁÚ 

ÉÎÎÙÃÈ ÐÌÁÎÅÔ É ÅÇÚÏÐÌÁÎÅÔȢ /Íĕ×Éö ÎÁÓÚÅ ×ÙÎÉËÉ ÅËÓÐÅÒÙÍÅÎÔÁÌÎÅ É ÔÅÏÒÅÔÙÃÚÎÅ ÄÏÔÙȤ

ÃÚäÃÅ ÐÒÏÓÔÙÃÈ ÕËčÁÄĕ× ÍÏÌÅËÕÌÁÒÎÙÃÈȟ ÄÌÁ ËÔĕÒÙÃÈ ÅÆÅËÔÙ ÚÄÅÒÚÅÎÉÏ×Å ÍÏŀÎÁ × ÐÅčÎÉ 

×ÙÌÉÃÚÙç Ú ÐÉÅÒ×ÓÚÙÃÈ ÚÁÓÁÄȢ /ÓÉäÇÎöÌÉĢÍÙ ÎÉÅÓÐÏÔÙËÁÎä ×ÃÚÅĢÎÉÅÊ ÓÕÂÐÒÏÃÅÎÔÏ×ä  

ÚÇÏÄÎÏĢç ÍÉöÄÚÙ ×ÉÄÍÁÍÉ ÔÅÏÒÅÔÙÃÚÎÙÍÉ É ÅËÓÐÅÒÙÍÅÎÔÁÌÎÙÍÉ ÄÌÁ ÎÁÊÐÒÏÓÔÓÚÅÇÏ ÐÒÚÙȤ

ÐÁÄËÕ ÚÄÅÒÚÅď ÁÔÏÍ-ÃÚäÓÔÅÃÚËÁȟ ÔÊȢ ÚÄÅÒÚÅď ÈÅÌ-ÃÚäÓÔÅÃÚka wodoru. Po stronie ekspery-

ÍÅÎÔÁÌÎÅÊ ÓÔÏÓÕÊÅÍÙ ÔÅÃÈÎÉËÉ ÓÐÅËÔÒÏÓËÏÐÏ×Å ÂÁÚÕÊäÃÅ ÎÁ ×ÎöËÁÃÈ ÏÐÔÙÃÚÎÙÃÈ Ï ÂÁÒȤ

ÄÚÏ ×ÙÓÏËÉÅÊ ÆÉÎÅÚÊÉ ÄÏ×ÉäÚÁÎÅ ÄÏ ÇÒÚÅÂÉÅÎÉ ÃÚöÓÔÏĢÃÉ ÏÐÔÙÃÚÎÙÃÈ ÚÁÐÅ×ÎÉÁÊäÃÙÃÈ ÁÂÓÏȤ

ÌÕÔÎä ÓËÁÌö ÃÚöÓÔÏĢÃÉ × ÄÏÍÅÎÉÅ ÏÐÔÙÃÚÎÅÊȢ /Íĕ×Éö Òĕ×ÎÉÅŀ ÎÁÓÚÅ ÏÓÔÁÔÎÉÅ ÐÏÓÔöÐÙ × 

ÏÂÌÉÃÚÅÎÉÁÃÈ ÁÂ ÉÎÉÔÉÏ ÄÌÁ ÂÁÒÄÚÉÅÊ ÚčÏŀÏÎÙÃÈ ÕËčÁÄĕ× ÍÏÌÅËÕÌÁÒÎÙÃÈ ÔÁËÉÃÈ ÊÁË #/-N2 

lub O2-N2 ȟ ËÔĕÒÅ Óä ÉÓÔÏÔÎÅ × ÂÁÄÁÎÉÁÃÈ ÁÔÍÏÓÆÅÒÙÃÚÎÙÃÈȢ 
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0ÒÅÃÙÚÙÊÎÅ ÏÂÌÉÃÚÅÎÉÁ É ÅËÓÐÅÒÙÍÅÎÔÙ × ÆÉÚÙÃÅ ÃÚäÓÔÅË 

 
Precise calculations and experiments in elementary particle physics 

 

Janusz Gluza 

 

5ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉȟ +ÁÔÏ×ÉÃÅ 

 

 
 

0ÒÅÃÙÚÙÊÎÅ ÏÂÌÉÃÚÅÎÉÁ ÃÚÙ ÔÅŀ ÐÏÍÉÁÒÙ ÂÙčÙ ÃÚöÓÔÏ ÐÒÚÙÃÚÙÎä ÓÐÅËÔÁËÕÌÁÒÎÙÃÈ ÐÒÚÅčÏȤ

Íĕ× ÎÁÕËÏ×ÙÃÈȢ 7 ÐÒÚÙÐÁÄËÕ ÆÉÚÙËÉ ÃÚäÓÔÅË ÅÌÅÍÅÎÔÁÒÎÙÃÈ ÁËÔualnie prowadzone i 

ÐÌÁÎÏ×ÁÎÅ ÅËÓÐÅÒÙÍÅÎÔÙ ÓÔ×ÏÒÚä ÎÏ×Å ÍÏŀÌÉ×ÏĢÃÉ ÂÁÄÁď É ÐÒÚÙÃÚÙÎÉä ÓÉö ÄÏ ËÏÌÅÊÎÙÃÈ 

ÆÁÓÃÙÎÕÊäÃÙÃÈ ÏÄËÒÙçȢ 0ÏÍÉÁÒ ÁÎÏÍÁÌÎÅÇÏ ÍÏÍÅÎÔÕ ÍÁÇÎÅÔÙÃÚÎÅÇÏ ÍÉÏÎÕ ÍÏŀÅ ÏËÁÚÁç 

ÓÉö ×čÁĢÎÉÅ ÔÅÇÏ ÔÙÐÕ ÐÒÚÅčÏÍÏ×ÙÍ ×ÙÄÁÒÚÅÎÉÅÍȢ 4Ò×ÁÊäÃÁ ÒÏÚÂÉÅŀÎÏĢç ÐÏÍÉÁru z 

ÐÒÚÅ×ÉÄÙ×ÁÎÉÅÍ ÔÅÏÒÅÔÙÃÚÎÙÍȟ ÐÏÔ×ÉÅÒÄÚÏÎÁ × ÔÙÍ ÒÏËÕ ÎÉÅÚÁÌÅŀÎÙÍ ÅËÓÐÅÒÙÍÅÎȤ

ÔÅÍȟ ÊÅÓÔ ÎÉÅÚ×ÙËÌÅ ÃÉÅËÁ×Á ×ÓËÁÚÕÊäÃ ËÉÅÒÕÎËÉ ×ÙÊĢÃÉÁ ÐÏÚÁ -ÏÄÅÌ 3ÔÁÎÄÁÒÄÏ×Ù ÏÄȤ

ÄÚÉÁčÙ×Áď ÅÌÅÍÅÎÔÁÒÎÙÃÈȢ +ÏÎÆÒÏÎÔÕÊäÃ ÔÅÏÒÉö Ú ÅËÓÐÅÒÙÍÅÎÔÅÍ × ÐÒÅÃÙÚÙÊÎÙÃÈ ÂÁÄÁȤ

niach podstawowyÃÈ ×čÁÓÎÏĢÃÉ ÎÁÔÕÒÙ ÎÉÅ ÍÎÉÅÊ ÉÓÔÏÔÎÅ Óäȟ ÍÉöÄÚÙ ÉÎÎÙÍÉȟ ÃÏÒÁÚ ÄÏËčÁÄȤ

ÎÉÅÊÓÚÅ ÅËÓÐÅÒÙÍÅÎÔÙ ÎÅÕÔÒÉÎÏ×Å É ÂÁÄÁÎÉÅ čÁÍÁÎÉÁ ÓÙÍÅÔÒÉÉ #0ȟ ÐÏÓÚÕËÉ×ÁÎÉÅ ÄÏÄÁÔËÏȤ

×ÙÃÈ ÎÅÕÔÒÁÌÎÙÃÈ ÌÕÂ ÎÁčÁÄÏ×ÁÎÙÃÈ ÃÚäÓÔÅË (ÉÇÇÓÁ × ,(#ȟ ÐÏÓÚÕËÉ×ÁÎÉÅ ÒÚÁÄËÉÃÈ ÐÒÏȤ

ÃÅÓĕ× čÁÍÉäÃÙÃÈ ÌÉÃÚÂÙ ÌÅÐÔÏÎÏ×ÅȢ .Á ×ÙËčÁÄÚÉÅ ÏÐÉÓÚö ÔÅÇÏ ÔÙÐÕ ÅËÓÐÅÒÙÍÅÎÔÙ ÏÒÁÚ 

ÍÏŀÌÉ×ÏĢÃÉ ÆÉÚÙÃÚÎÅ ÐÒÚÙÓÚčÙÃÈ ÚÄÅÒÚÁÃÚÙ ÃÚäÓÔÅËȢ /Íĕ×Éö ÓÔÁÔÕÓ É ÐÅÒÓÐÅËÔÙ×Ù ÐÒÅÃÙȤ

ÚÙÊÎÙÃÈ ÏÂÌÉÃÚÅď ÔÅÏÒÅÔÙÃÚÎÙÃÈ × ÒÁÍÁÃÈ -ÏÄÅÌÕ 3ÔÁÎÄÁÒÄÏ×ÅÇÏȟ ËÔĕÒÅ Óä ÎÉÅÚÂöÄÎÅ 

ÐÒÚÙ ÐÏÓÚÕËÉ×ÁÎÉÕ ÎÏ×ÙÃÈ ÏÄÄÚÉÁčÙ×Áď ÃÚÙ ÔÅŀ ÃÚäÓÔÅË × ,(# É ÐÒÚÙÓÚčÙÃÈ ÁËÃÅÌÅÒÁÔÏȤ

ÒÁÃÈ ÌÅÐÔÏÎÏ×ÙÃÈȢ 0ÏÄÁÍ ÁÒÇÕÍÅÎÔÙ ÚÁ ÔÙÍ Éŀ ÓËÁÌÅ ÅÎÅÒÇÉÉ ÏÒÁÚ ÊÁËÏĢç ÐÌÁÎÏ×ÁÎÙÃÈ ÄÏ 

ÂÕÄÏ×Ù ÁËÃÅÌÅÒÁÔÏÒĕ× ÐÏÚ×ÏÌä ÎÁ ÂÁÄÁÎÉÅ ÐÒÏÂÌÅÍÕ ÅÌÅÍÅÎÔÁÒÎÏĢÃÉ ÃÚäÓÔÅË ÅÌÅÍÅÎȤ

ÔÁÒÎÙÃÈȟ ÃÚÙÌÉ ÍÏŀÌÉ×ÅÇÏ ÉÓÔÎÉÅÎÉÁ ÐÏÄÓÔÒÕËÔÕÒ ÔÙÃÈ ÃÚäÓÔÅËȟ ÐÒÚÙÃÚÙÎÉÁÊäÃ ÓÉö ÄÏ ÌÅÐȤ

ÓÚÅÇÏ ÚÒÏÚÕÍÉÅÎÉÁ ÓÔÒÕËÔÕÒÙ É ×čÁÓÎÏĢÃÉ Ë×ÁÎÔÏ×ÅÊ ÐÒĕŀÎÉȢ "ÅÚ ×äÔÐÉÅÎÉÁ ÎÁÓÔöÐÎÅ ÌÁÔÁ 

É ÄÅËÁÄÙ ÂÁÄÁď ÏÄËÒÙÊä ÐÒÚÅÄ ÎÁÍÉ ÎÏ×Å ÈÏÒÙÚÏÎÔÙ × Ģ×ÉÅÃÉÅ ÃÚäÓÔÅË ÅÌÅÍÅÎÔÁÒÎÙÃÈȢ 
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+×ÁÎÔÏ×Å ÓÐÌäÔÁÎÉÅȡ ÓÔÁÎÙ ekstremalne i ich zastosowania 

 
Quantum entanglement: extremal states and their applications  

 

+ÁÒÏÌ ½ÙÃÚËÏ×ÓËÉ1,2 

 
15ÎÉ×ÅÒÓÙÔÅÔ *ÁÇÉÅÌÌÏďÓËÉȟ +ÒÁËĕ×  

2Centrum Fizyki Teoretycznej PAN, Warszaw 

 

 
 

3ÕÐÅÒÐÏÚÙÃÊÁ Ë×ÁÎÔÏ×Á É ÓÐÌäÔÁÎÉÅ kwantowe to cechy charakterystyczne mechaniki 

Ë×ÁÎÔÏ×ÅÊȢ 3ÐÌäÔÁÎÉÅ ÔÏ ÅÆÅËÔ ÎÉÅËÌÁÓÙÃÚÎÙÃÈ ËÏÒÅÌÁÃÊÉ ÐÏÍÉöÄÚÙ ÐÏÄÕËčÁÄÁÍÉ ÕËčÁÄÕ 

Ë×ÁÎÔÏ×ÅÇÏȟ ËÔĕÒÅ ÐÏ×ÓÔÁÊä × ×ÙÎÉËÕ ÏÄÚÉÁčÙ×ÁÎÉÁ ÐÏÄÕËčÁÄĕ×Ȣ 4ÁËÉ ÅÆÅËÔ ÍÏŀÅ ÚÏȤ

ÓÔÁç ÚÁÃÈÏ×ÁÎÙ ÔÁËŀÅ ÐÏ ÐÒÚÅÓÔÒÚÅÎÎÅÊ ÓÅÐÁÒÁÃÊÉ ÐÏÄÕËčÁÄĕ×ȟ ÐÒÚÙ ÚÁčÏŀÅÎÉÕ ÂÒÁËÕ 

ÏÄÚÉÁčÙ×ÁÎÉÁ Ú ÏÔÏÃÚÅÎÉÅÍȢ 3ÔÁÎÙ ÓÐÌäÔÁÎÅ ÓÔÁÎÏ×Éä ËÌÕÃÚÏ×Ù ÚÁÓĕÂ ×ÙËÏÒÚÙÓÔÙ×ÁÎÙ × 

Ë×ÁÎÔÏ×ÅÊ ÔÅÌÅÐÏÒÔÁÃÊÉȟ Ë×ÁÎÔÏ×ÅÊ ËÒÙÐÔÏÇÒÁÆÉÉȟ ÇöÓÔÙÍ ËÏÄÏ×ÁÎÉÕ É ×ÉÅÌÕ ÁÌÇÏÒÙÔÍÁÃÈ 

ÏÂÌÉÃÚÅď Ë×ÁÎÔÏ×ÙÃÈ É ÍÏŀÎÁ ÊÅ ÒÅÁÌÉÚÏ×Áç ÄÏĢ×ÉÁÄÃÚÁÌÎÉe w ramach fizyki atomowej, 

ÆÏÔÏÎÉËÉ É ÏÐÔÙËÉ Ë×ÁÎÔÏ×ÅÊȟ ÏÒÁÚ ÆÉÚÙËÉ ÊäÄÒÏ×ÅÊ É ÆÉÚÙËÉ ÃÉÁčÁ ÓÔÁčÅÇÏȢ 

$ÌÁ ÕËčÁÄĕ× Ä×ÕÃÚäÓÔËÏ×ÙÃÈ ÔÅÏÒÅÔÙÃÚÎÙ ÏÐÉÓ ÓÐÌäÔÁÎÉÁ ÊÅÓÔ ÓÔÏÓÕÎËÏ×Ï ÐÒÏÓÔÙȟ Á 

znane stany Bella, np. |ʕ+   ȿππ   ȿρρ ȾЍςȟ ÍÏŀÎÁ ÕÚÎÁç ÚÁ ÓÔÁÎÙ ÍÁËÓÙmalnie 

ÓÐÌäÔÁÎÅȢ 7 ÐÒÚÙÐÁÄËÕ ×ÉÅËÓÚÅÊ ÌÉÃÚÂÙ ÃÚäÓÔÅË ÔÒÕÄÎÏ ÒÏÚÓÔÒÚÙÇÎäçȟ ËÔĕÒÙ ÓÔÁÎ ÊÅÓÔ ÎÁÊȤ

ÂÁÒÄÚÉÅÊ ÓÐÌÁÔÁÎÙȟ ÇÄÙŀ ÒĕŀÎÅ ÍÉÁÒÙ ÓÐÌäÔÁÎÉÁ ÐÒÚÙÊÍÕÊä ÎÁÊ×ÉöËÓÚÅ ×ÁÒÔÏĢÃÉ ÄÌÁ ÒĕŀÎÙÃÈ 

ÓÔÁÎĕ×Ȣ $ÌÁ ÕËčÁÄĕ× ÃÚÔÅÒÏÃÚäÓÔËÏ×ÙÃÈ !"#$ ×ÙÒĕŀÎÉÁ ÓÉö ÓÔÁÎÙ absolutly maximally 

entangled !-% ȟ ÚÁÄÁÎÅ ×ÁÒÕÎËÉÅÍȟ Éŀ ÄÌÁ ÄÏ×ÏÌÎÅÇÏ ËÁŀÄÅÇÏ Ú σ ÍÏŀÌÉ×ÙÃÈ ÐÏÄÚÉÁȤ

čĕ×ȡ !"ȿ#$ȟ !#ȿ"$ ÏÒÁÚ !$ȿ"# ÔÁËÉ ÓÔÁÎ Ä×ÕÃÚÁÓÔËÏ×Ù ÊÅÓÔ ÍÁËÓÙÍÁÌÎÉÅ ÓÐÌäÔÁÎÙȢ 

3ÔÁÎÙ !-% ÎÉÅ ÉÓÔÎÉÅÊä ÄÌÁ ÕËčÁÄÕ ÃÚÔÅÒÅÃÈ ËÕÂÉÔĕ× ρ ȟ Á ÎÉÅÄÁ×ÎÏ ÓËÏÎÓÔÒÕÏ×ÁÎÏ ÔÁËÉ 

stan ÄÌÁ ÃÚÔÅÒÅÃÈ ÕËčÁÄĕ× ËÁŀÄÙ Ú ÓÚÅĢÃÉÏÍÁ ÐÏÚÉÏÍÁÍÉ ς ȟ ËÔĕÒÙ ÊÅÓÔ ÅËÓÔÒÅÍÁÌÎÙȟ ÇÄÙŀ 

ÍÁËÓÙÍÁÌÉÚÕÊÅ ÒĕŀÎÅ ÆÕÎËÃÊÅ ÃÅÌÕȢ 4ÁËÉ ÃÚÔÅÒÏÃÚäÓÔËÏ×Ù ÓÔÁÎ ÕÍÏŀÌÉ×ÉÁ ÄÏËÏÎÁÎÉÅ ÔÅÌÅȤ

ÐÏÒÔÁÃÊÉ ÐÏÍÉöÄÚÙ ÄÏ×ÏÌÎÉÅ ×ÙÂÒÁÎä ÐÁÒä ÄÏ ÐÏÚÏÓÔÁčÙÃÈ Ä×ĕÃÈ ÕŀÙÔËÏ×ÎÉËĕ× ÕËčÁÄÕȢ 

OtrzymÁÎÙ ×ÙÎÉË ÐÏÚ×ÁÌÁ ÔÁËŀÅ ÎÁ ËÏÎÓÔÒÕËÃÊö ÏÐÔÙÍÁÌÎÅÊ ÂÒÁÍËÉ ÕÎÉÔÁÒÎÅÊ Ï ×ÙÍÉÁȤ

ÒÚÅ σφ ÄÁÊÁÃÅÊ ÍÁËÓÙÍÁÌÎÅ ÓÐÒÚöŀÅÎÉÅ ÐÏÍÉÅÄÚÙ ÐÏÄÕËčÁÄÁÍÉ ÍÉÅÒÚÏÎÅ ĢÒÅÄÎÉÍ ×ÙÇÅȤ

ÎÅÒÏ×ÁÎÙÍ ÓÐÌäÔÁÎÉÅÍ ÏÒÁÚ ÎÁ ÓÔ×ÏÒÚÅÎÉÅ ÏÂÉÅËÔÕ perfect tensor o czterach wskazni-

ËÁÃÈ ÂÉÅÇÎäÃÙÃÈ ÏÄ ρ ÄÏ φȟ ÕŀÙ×ÁÎÅÇÏ × ËÏÎÓÔÒÕËÃÊÉ ÍÏÄÅÌÉ ÄÕÁÌÎÏĢÃÉ bulk/boundary  

σ Ȣ :ÎÁÌÅÚÉÏÎÙ ÓÔÁÎ ÕÍÏŀÌÉ×ÉÁ ÒÏÚ×ÉäÚÁÎÉÅ Ë×ÁÎÔÏ×ÅÊ ×ÅÒÓÊÉ ÓčÙÎÎÅÇÏ ËÏÍÂÉÎÁÔÏÒÙÃÚȤ

ÎÅÇÏ ÐÒÏÂÌÅÍÕ σφ ÏÆÉÃÅÒĕ× %ÕÌÅÒÁȟ ÐÒÚÙ ÚÁčÏŀÅÎÉÕȟ ŀÅ ÏÆÉÃÅÒÏ×ÉÅ ÍÏÇä ÚÎÁÌÅľç ÓÉö × ÓÔÁȤ
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#ÚÔÅÒÙ ËÏÓÔËÉ ÎÁ ÚčÏÔÙÍ ÓÔÁÎÉÅ ÁÂÓÏÌÕÔÎÉÅ ÍÁËÓÙÍÁÌÎÉÅ ÓÐÌäÔÁÎÙÍ ȿ!-% τȟ φ  ÏÄÐÏȤ

×ÉÁÄÁÊäÃÙÍ σφ ÓÐÌäÔÁÎÙÍ ÏÆÉÃÅÒÏÍ %ÕÌÅÒÁȢ 0ÒÁ×ÄÏÐÏÄÏÂÉÅďÓÔ×Ïȟ Ú ËÔĕÒÙÍ ×ÙÐÁÄÁ 

ËÁŀÄÁ ĢÃÉÁÎËÁ ÎÁ ËÁŀÄÅÊ ËÏÓÔÃÅ ×ÙÎÏÓÉ ρȾφȟ ÌÅÃÚ ×ÙÎÉË ÐÏÍÉÁÒÕ ÓÔÁÎÕ ÄÏ×ÏÌÎÙÃÈ 

Ä×ĕÃÈ ËÏÓÔÅË ÏËÒÅĢÌÁ ÓÔÁÎ ÐÏÚÏÓÔÁčÙÃÈ Ä×ĕÃÈȢ 
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Metrologia kwantÏ×Á Ä×ĕÃÈ ÐÕÎËÔÏ×ÙÃÈ ÎÉÅÚÁÌÅŀÎÙÃÈ ľÒĕÄÅč Ģ×ÉÁÔčÁ Ï 

ÒĕŀÎÙÍ ÎÁÔöŀÅÎÉÕ 

 
Quantum metrology of two point-like incoherent sources with different intensity 

 

lÕËÁÓÚ 2ÕÄÎÉÃËÉ 

 

5ÎÉ×ÅÒÓÙÔÅÔ 'ÄÁďÓËÉȟ 'ÄÁďÓË 

 

 
 

:ÊÁ×ÉÓËÏ ÄÙÆÒÁËÃÊÉ ÍÏŀÎÁ ÒÏÚÕÍÉÅç ÊÁËÏ ÏÄÓÔöÐÓÔ×Ï ÏÄ ÍÏÄÅÌÕ ÏÐÉÓÕÊäÃÅÇÏ Ģ×ÉÁÔčÏ ÐÒÅȤ

ÃÙÚÙÊÎÉÅÊ ×ÉäÚËö Ģ×ÉÁÔčÁ  ÊÁËÏ ÚÂÉĕÒ ÐÒÏÍÉÅÎÉ Ģ×ÉÅÔÌÎÙÃÈ ÌÉÎÉÉ ÐÒÏÓÔÙÃÈ ÂÉÅÇÎäÃÙÃÈ × 

ustalonym kierunku ɀ ÏÐÔÙËÁ ÇÅÏÍÅÔÒÙÃÚÎÁ Ȣ *ÅÄÎä Ú ×ÁŀÎÙÃÈ ËÏÎÓÅË×ÅÎÃÊÉ ×ÙÓÔöÐÏȤ

wania o×ÅÇÏ ÏÄÓÔöÐÓÔ×Á ÊÅÓÔ ÔÚ×Ȣ ÄÙÆÒÁËÃÙÊÎÅ ÏÇÒÁÎÉÃÚÅÎÉÅ ÒÏÚÄÚÉÅÌÃÚÏĢÃÉȡ ÎÐȢ Ä×Á ÚÂÙÔ 

ÂÌÉÓËÏ ÓÉÅÂÉÅ ÐÏčÏŀÏÎÅ ÎÉÅÚÁÌÅŀÎÅ ľÒĕÄčÁ Ģ×ÉÁÔčÁ ÎÉÅ ÍÏÇä ÂÙç ÏÂÓÅÒ×Ï×ÁÎÅ ÊÁËÏ ÏÄȤ

ÄÚÉÅÌÎÅȢ 4Ï ÂÁÒÄÚÏ ÍÏÃÎÅ ÏÇÒÁÎÉÃÚÅÎÉÅ ÄÁÊÅ ÓÉö ×Å ÚÎÁËÉ × ×ÉÅÌÕ ÐÒÁËÔÙÃÚÎÙÃÈ ÚÁÓÔÏÓÏȤ

waniach, poÎÉÅ×Áŀ × ÔÙÐÏ×ÙÍ ÕËčÁÄÚÉÅ ÐÏÍÉÁÒÏ×ÙÍ ÎÐȢ × ÔÅÌÅÓËÏÐÁÃÈ  ÒÅÊÅÓÔÒÕÊÅ ÓÉö 

ÃÁčËÏ×ÉÔÅ ÎÁÔöŀÅÎÉÅ ÐÒÚÙÃÈÏÄÚäÃÅÇÏ Ģ×ÉÁÔčÁȢ  

#Ï ÃÉÅËÁ×Å ÄÙÆÒÁËÃÙÊÎÅ ÏÇÒÁÎÉÃÚÅÎÉÅ ÒÏÚÄÚÉÅÌÃÚÏĢÃÉ ÍÏŀÎÁ ÃÚöĢÃÉÏ×Ï ÐÒÚÅÓËÏÃÚÙç ÕÃÉÅȤ

ËÁÊäÃ ÓÉö ÄÏ ÍÅÔÏÄ ÚÎÁÎÙÃÈ Ú ÍÅÔÒÏÌÏÇÉÉ Ë×ÁÎÔÏ×ÅÊȢ :ÁÍÉÁÓÔ ÐÏÍÉÁÒÕ ÃÁčËÏ×ÉÔÅÇÏ ÎÁÔöȤ

ŀÅÎÉÁ ÏËÁÚÕÊÅ ÓÉöȟ Éŀ ÌÅÐÉÅÊ ÊÅÓÔ ×ÙËÏÎÁç ÂÁÒÄÚÉÅÊ ÚčÏŀÏÎÙ ÐÏÍÉÁÒ × ÂÁÚÉÅ ÍÏÄĕ× (ÅÒȤ

ÍÉÔÅȭÁ-'ÁÕÓÓÁȢ .ÉÅÓÔÅÔÙȟ ÎÁ×ÅÔ ÄÒÏÂÎÅ ÎÉÅÄÏÓËÏÎÁčÏĢÃÉ ÕÒÚäÄÚÅď ÐÏÍÉÁÒÏ×ÙÃÈ ÍÏÇä 

ÚÎÉ×ÅÃÚÙç ÕÚÙÓËÁÎÙ ÅÆÅËÔȢ /ËÁÚÕÊÅ ÓÉö ÊÅÄÎÁËȟ Éŀ ȵÒÙ×ÁÌÉÚÁÃÊÁȱ ÐÏÍÉöÄÚÙ ËÏÒÚÙĢÃÉÁÍÉ ×ÙȤ

ÎÉËÁÊäÃÙÍÉ Ú ÚÁÓÔÏÓÏ×ÁÎÉÁ ÍÅÔÒÏÌÏÇÉÉ Ë×ÁÎÔÏ×ÅÊȟ Á ÓËÕÔËÁÍÉ ÎÉÅÏÄÚÏ×ÎÙÃÈ ÎÉÅÄÏÓËÏȤ

ÎÁčÏĢÃÉ ÐÏÍÉÁÒÏ×ÙÃÈ ÎÉÅÔÒÙ×ÉÁÌÎÉÅ ÚÁÌÅŀÙ ÏÄ ×ÚÇÌöÄÎÅÇÏ ÎÁÔöŀÅÎÉÁ ÂÁÄÁÎÙÃÈ ľÒĕÄÅč 

Ģ×ÉÁÔčÁȢ 
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+ÏÎÔÒÏÌÁ Ë×ÁÎÔÏ×Á ÕÌÔÒÁÚÉÍÎÙÃÈ ÚÄÅÒÚÅď ÐÏÍÉöÄÚÙ ÐÏÊÅÄÙÎÃÚÙÍ ÊÏÎÅm i 

atomami 

 
Quantum control of ultracold collisions between a single ion and atoms 

 

-ÉÃÈÁč 4ÏÍÚÁ 

 

Uniwersytet Warszawski, Warszawa 

 

 
 

-ÉÅÓÚÁÎÉÎÙ ÓÃÈčÏÄÚÏÎÙÃÈ ÌÁÓÅÒÏ×Ï ÊÏÎĕ× É ÕÌÔÒÁÚÉÍÎÙÃÈ ÁÔÏÍĕ× ÓÔÁčÙ ÓÉö ÎÉÅÄÁ×ÎÏ 

ÎÏ×ä ÐÌÁÔÆÏÒÍä ÄÏ ÂÁÄÁď ÐÏÄÓÔÁ×Ï×ÙÃÈ × ÆÉÚÙÃÅ Ë×ÁÎÔÏ×ÅÊȢ /ÓÉäÇÎÉöÃÉÅ ÕÌÔÒÁÚÉÍÎÅÇÏ 

ÒÅŀÉÍÕ ÚÄÅÒÚÅďȟ × ËÔĕÒÙÍ ÅÆÅËÔÙ Ë×ÁÎÔÏ×Å ÏÄÇÒÙ×ÁÊä ÚÎÁÃÚÅÎÉÅȟ ÂÙčÏ ÄÏ ÄÁ×ÎÁ ÊÅÄÎÙÍ 

Ú ÎÁÊ×ÁŀÎÉÅÊÓÚÙÃÈ ×ÙÚ×Áď × ÔÅÊ ÄÚÉÅÄÚÉÎÉÅȢ .ÉÅÓÔÅÔÙ ÎÁÊÎÉŀÓÚÅ ÏÓÉäÇÁÌÎÅ ÔÅÍÐÅÒÁÔÕÒÙ × 

ÅËÓÐÅÒÙÍÅÎÔÁÃÈ ×ÙËÏÒÚÙÓÔÕÊäÃÙÃÈ ÐÕčÁÐËö ÊÏÎÏ×ä 0ÁÕÌÁ Óä ÏÇÒÁÎÉÃÚÏÎÅ ÐÒÚÅÚ ÍÏŀÌÉ×Å 

ÎÁÇÒÚÅ×ÁÎÉÅ ×Ù×ÏčÁÎÅ ÚÍÉÅÎÎÙÍ ÐÏÌÅÍ ÅÌÅËÔÒÙÃÚÎÙÍ ÐÏ×ÏÄÕÊäÃÙÍ ÍÉËÒÏÒÕÃÈȢ 7 ÒÅȤ

ÆÅÒÁÃÉÅ ÐÒÚÅÄÓÔÁ×Éöȟ ÊÁË ×Å ×ÓÐĕčÐÒÁÃÙ Ú ÇÒÕÐÁÍÉ ÅËÓÐÅÒÙÍÅÎÔÁÌÎÙÍÉ 2ÅÎÅ 'ÅÒÒistmy w 

!ÍÓÔÅÒÄÁÍÉÅ É 4ÏÂÉÁÓÁ 3ÃÈÁÅÔÚÁ ×Å &ÒÅÉÂÕÒÇÕ ÐÒÚÅÚ×ÙÃÉöŀÙÌÉĢÍÙ ÏÇÒÁÎÉÃÚÅÎÉÅ ÍÉËÒÏÒÕȤ

ÃÈĕ×ȟ ÏÓÉäÇÎöÌÉĢÍÙ ÒÅŀÉÍ Ë×ÁÎÔÏ×Ù É ÚÁÄÅÍÏÎÓÔÒÏ×ÁÌÉĢÍÙ ËÏÎÔÒÏÌö Ë×ÁÎÔÏ×ä ÕÌÔÒÁȤ

ÚÉÍÎÙÃÈ ÚÄÅÒÚÅď ÊÏÎ-ÁÔÏÍȢ 7 !ÍÓÔÅÒÄÁÍÉÅ ÚÒÅÁÌÉÚÏ×ÁÎÏ ÓÃÈčÏÄÚÅÎÉÅ ÐÏÊÅÄÙÎÃÚÅÇÏ 

jonu Yb+  w ÐÕčÁÐÃÅ 0ÁÕÌÁ Ú ÕÌÔÒÁÚÉÍÎÙÍÉ ÁÔÏÍÁÍÉ ,É ÄÏ ÒÅŀÉÍÕ Ë×ÁÎÔÏ×ÅÇÏ ÚÄÅÒÚÅď 

jon-ÁÔÏÍȢ 5ÍÏŀÌÉ×ÉčÏ ÔÏ ÐÉÅÒ×ÓÚä ÏÂÓÅÒ×ÁÃÊä ÒÅÚÏÎÁÎÓĕ× ËÓÚÔÁčÔÕ × ÚÄÅÒÚÅÎÉÁÃÈ ÊÏÎ-

atom. We Freiburgu zademonstrowano magnetycznie przestrajalne rezonanse Feshba-

ÃÈÁ ÐÏÍÉöÄÚÙ ÐÏÊÅÄÙÎÃÚÙÍ Êonem Ba+  a atomami Li poprzez pomiar wzmocnienia strat 

ÒÅËÏÍÂÉÎÁÃÊÉ ÔÒĕÊÃÉÁčÏ×ÅÊ É ÓÚÙÂËÏĢÃÉ ÃÈčÏÄÚÅÎÉÁ × ÚÁÌÅŀÎÏĢÃÉ ÏÄ ÐÏÌÁ ÍÁÇÎÅÔÙÃÚÎÅÇÏȢ 

7ÙÓÉčËÉ ÅËÓÐÅÒÙÍÅÎÔÁÌÎÅ ÂÙčÙ ËÉÅÒÏ×ÁÎÅ É ÐÏÔ×ÉÅÒÄÚÁÎÅ ÐÒÚÅÚ ÎÁÓÚÅ ÏÂÌÉÃÚÅÎÉÁ ×ÉÅÌÏȤ

ËÁÎÁčÏ×ÅÇÏ ÒÏÚÐÒÁÓÚÁÎÉÁ Ë×ÁÎÔÏ×ÅÇÏȟ × ÔÙÍ ÐÉÅÒ×ÓÚÅ ÏËÒÅĢÌÅÎÉÅ ÄčÕÇÏĢÃÉ ÒÏÚÐÒÁÓÚÁȤ

nia jon-ÁÔÏÍȢ /ÓÉäÇÎÉöÔÁ ËÏÎÔÒÏÌÁ Ë×ÁÎÔÏ×Á ÚÄÅÒÚÅď ÊÏÎ-ÁÔÏÍ ÏÔ×ÉÅÒÁ ÄÒÏÇö ÄÏ ×ÉÅÌÕ 

ÚÁÓÔÏÓÏ×Áď × ÂÁÄÁÎÉÕ ÐÒÏÂÌÅÍĕ× ËÉÌËÕ É ×ÉÅÌÕ ÃÉÁč Ú×ÉäÚÁÎÙÃÈ Ú ÐÏÊÅÄÙÎÃÚÙÍÉ ÄÏȤ

mieszkami jonowymi w ultrazimnych gazach atomowycÈ ÌÕÂ ÃÚäÓÔÅÃÚËÏ×ÙÃÈȢ 
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3ÔÁčÅ ÆÕÎÄÁÍÅÎÔÁÌÎÅȟ ÏÓÏÂÌÉ×ÏĢÃÉ É ËÓÚÔÁčÔ 7ÓÚÅÃÈĢ×ÉÁÔÁ 

 
Fundamental constants, singularities and the shape of the Universe. 

 

-ÁÒÉÕÓÚ 0Ȣ $äÂÒÏ×ÓËÉ1,2 

 
15ÎÉ×ÅÒÓÙÔÅÔ 3ÚÃÚÅÃÉďÓËÉȟ 3ÚÃÚÅÃÉÎ 

2.ÁÒÏÄÏ×Å #ÅÎÔÒÕÍ "ÁÄÁď *äÄÒÏ×ÙÃÈ 

 

 
 

.Á ×ÙËčÁÄÚÉÅ ÐÒÚÅÄÓÔÁ×Éö ÐÏÄÓÔÁ×Ù ÔÅÏÒÉÉ ÆÉÚÙÃÚÎÙÃÈ ÏÒÁÚ ÄÁÎÙÃÈ ÏÂÓÅÒ×ÁÃÙÊÎÙÃÈ ÄÏȤ

ÐÕÓÚÃÚÁÊäÃÙÃÈ ÄÙÎÁÍÉÃÚÎÏĢç ÓÔÁčÙÃÈ ÆÕÎÄÁÍÅÎÔÁÌÎÙÃÈ ÆÉÚÙËÉ ÎÐȢ ÓÔÁčÅÊ ÇÒÁ×ÉÔÁÃÙÊÎÅÊ 'ȟ 

ÓÔÁčÅÊ ÓÐÒÚöŀÅÎÉÁ ÏÄÄÚÉÁčÙ×Áď ÅÌÅËÔÒÏÍÁÇÎÅÔÙÃÚÎÙÃÈ ɻ  É ÒÏÚ×Áŀö ×ÐčÙ× ÔÅÇÏ ÚÊÁ×ÉÓËÁ 

ÎÁ ÐÒÏÃÅÓÙ ÚÁÃÈÏÄÚäÃÅ × ÔÒÁËÃÉÅ Å×ÏÌÕÃÊÉ 7ÓÚÅÃÈĢ×ÉÁÔÁ ÏÒÁÚ ÎÁ ÊÅÇÏ ÏÂÅÃÎÙ ËÓÚÔÁčÔȢ 2ÏÚȤ

×Áŀö ÊÁË ÎÁÓÚ ÏÂÓÅÒ×Ï×ÁÌÎÙ 7ÓÚÅÃÈĢ×ÉÁÔ ÊÅÓÔ ÃÚÕčÙ ÚÍÉÅÎÎÏĢç ÓÔÁčÙÃÈ É ÐÒÁ× ÆÉÚÙËÉ É ÊÁË 

ÐÏ×ÉÎÎÉĢÍÙ ÔÏ Õ×ÚÇÌöÄÎÉÁç × ÎÁÓÚÙÃÈ ÂÁÄÁÎÉÁÃÈ ÎÁÄ ÊÅÇÏ ÍÏÄÅÌÏ×ÁÎÉÅÍ ÔÚ×Ȣ ÚÁÓÁÄÙ 

ÁÎÔÒÏÐÉÃÚÎÅ Ȣ :ÁÄÁÍ ÐÙÔÁÎÉÅ ÃÚÙ ÍÏÇä ÉÓÔÎÉÅç ×ÓÚÅÃÈĢ×ÉÁÔÙȾÏÂÓÚÁÒÙ ÎÁÓÚÅÇÏ 7ÓÚÅÃÈȤ

Ģ×ÉÁÔÁȟ × ËÔĕÒÙÃÈ ÐÁÎÕÊÅ ÉÎÎÁ ÆÉÚÙËÁ É ÃÚÙ × ÏÇĕÌÅ ÊÅÓÔ ÍÏŀÌÉ×Å ÐÒÚÅÔÅÓÔÏ×ÁÎÉÅ ÔÁËÉÅÊ ÈÉȤ

ÐÏÔÅÚÙȩ 3ÚÃÚÅÇĕÌÎÙ ÎÁÃÉÓË ÐÏčÏŀö ÎÁ ÅÆÅËÔÙ Ë×ÁÎÔÏ×ÅÇÏ ÓÐÌäÔÁÎÉÁ ËÌÁÓÙÃÚÎÉÅ ÒÏÚčäÃÚȤ

ÎÙÃÈ ×ÓÚÅÃÈĢ×ÉÁÔĕ×ȾÏÂÓÚÁÒĕ× ÔÁËŀÅ × ËÏÎÔÅËĢÃÉÅ ×ÙÓÔöÐÏ×ÁÎÉÁ ÒĕŀÎÅÇÏ ÒÏÄÚÁÊÕ ÎÉÅȤ

ÓÔÁÎÄÁÒÄÏ×ÙÃÈ ÏÓÏÂÌÉ×ÏĢÃÉ ËÏÓÍÏÌÏÇÉÃÚÎÙÃÈ Ú×ÉäÚÁÎÙÃÈ ÎÐȢ Ú ÍÁÔÅÒÉä ÆÁÎÔÏÍÏ×äȢ  

 

[1]  M. 0Ȣ $äÂÒÏ×ÓËÉȟ !ÎÔÈÒÏÐÉÃ 3ÅÌÅÃÔÉÏÎ of Physical Constants, Quantum Entanglement, and 

the Multiverse Falsifiability, Universe 5, 172 (2019); https://doi.org/10.3390/uni-

verse5070172  

[2]  M. R. Wilczynska at al., Four direct measurements of the fine-structure constant 13 billion 

years ago, Science Advances 6, 9672 (2020).  

[3]  Balcerzak, S. Barroso-"ÅÌÌÉÄÏȟ -Ȣ0Ȣ $äÂÒÏ×ÓËÉȟ 3Ȣ 2ÏÂÌÅÓ-Perez, Entanglement entropy at 

critical points of classical evolution in oscillatory and exotic singularity multiverse models, 

Physical Review D 103, 043507 (2021). 

 

  



47. :ÊÁÚÄ &ÉÚÙËĕ× 0ÏÌÓËÉÃÈȟ ρω-ςσ ×ÒÚÅĢÎÉÁ ςπςρȟ "ÙÄÇÏÓÚÃÚ 
 

7ÙËčÁÄy plenarne 

104 
 

&ÉÚÙËÁ ÊäÄÒÏ×Á É ÒÁÄÉÏÔÅÒÁÐÉÁ ÐÒÏÔÏÎÏ×Á ɀ  

υ ÌÁÔ Ï×ÏÃÎÅÇÏ ×ÓÐĕčÉÓÔÎÉÅÎÉÁ × #ÅÎÔÒÕÍ #ÙËÌÏÔÒÏÎÏ×ÙÍ "ÒÏÎÏ×ÉÃÅ 

 
Nuclear physics and proton radiotherapy -  

5 years of fruitful coexistence at the Bronowice Cyklotron Center 

 

Adam Majȟ 0Á×Åč Olko 

 

Instytut Fizyki JäÄÒÏ×ÅÊ PAN, +ÒÁËĕ× 

 

 
 

"ÁÄÁÎÉÁ ÐÏÄÓÔÁ×Ï×Å ÆÉÚÙËÉ ÊäÄÒÏ×ÅÊȟ ÃÈÏç ÐÒÏ×ÁÄÚÏÎÅ ÐÒÚÅÄÅ ×ÓÚÙÓÔËÉÍ Ú ÃÉÅËÁ×ÏĢÃÉ 

ÐÏÚÎÁ×ÁÎÉÁ ÐÒÁ× ÐÒÚÙÒÏÄÙ É ÚÎÁÊÄÏ×ÁÎÉÁ ÏÄÐÏ×ÉÅÄÚÉ ÎÁ 7ÉÅÌËÉÅ 0ÙÔÁÎÉÁ ÄÏÔÙÃÚäÃÅ Å×ÏȤ

lucji i budowy 7ÓÚÅÃÈĢ×ÉÁÔÁȟ ÂÁÒÄÚÏ ÃÚöÓÔÏ ÄÁ×ÁčÙ ÐÏÃÚäÔÅË ÂÁÄÁÎÉÏÍ ÁÐÌÉËÁÃÙÊÎÙÍȟ Á 

w konsekwencji - ÚÁÓÔÏÓÏ×ÁÎÉÏÍ × ×ÉÅÌÕ ÇÁčöÚÉÁÃÈ ŀÙÃÉÁȢ 0ÒÚÙËčÁÄÅÍ ÔÁËÉÅÇÏ ÒÏÚ×ÏÊÕ 

ÊÅÓÔ ×ÐÒÏ×ÁÄÚÅÎÉÅ ÍÅÔÏÄ ÒÁÄÉÏÔÅÒÁÐÉÉ ÐÒÏÔÏÎÏ×ÅÊ × ÄÅÄÙËÏ×ÁÎÙÃÈ ÏĢÒÏÄËÁÃÈ ÏÎËÏÌÏȤ

ÇÉÃÚÎÙÃÈȟ ÇÄÚÉÅ Óä ÏÎÅ Ú powodzeniem stosowane obok innych metod leczenia nowotwo-

Òĕ×Ȣ 

$Ï ÔÅÊ ÐÏÒÙ ÊÅÄÙÎÙÍ × 0ÏÌÓÃÅ ÏĢÒÏÄËÉÅÍ ÒÁÄÉÏÔÅÒÁÐÉÉ ÐÒÏÔÏÎÏ×ÅÊ ÊÅÓÔ #ÅÎÔÒÕÍ #ÙËÌÏÔÒÏȤ

ÎÏ×Å "ÒÏÎÏ×ÉÃÅ ##"  × )&* 0!. × +ÒÁËÏ×ÉÅȟ ÄÚÉÁčÁÊäÃÅ ÊÕŀ ÏÄ υ ÌÁÔȢ ##" ×ÙÐÏÓÁŀÏÎÅ 

jest w cyklotron IBA Proteus-ςσπȟ ÐÒÚÙĢÐÉÅÓÚÁÊäÃÙ ÐÒÏÔÏÎÙ ÄÏ ςσπ -Å6ȟ × ÓÁÌö ÄÏ ÔÅÒÁÐÉÉ 

ÎÏ×ÏÔ×ÏÒĕ× ÏËÁȟ ÏÒÁÚ Ä×Á ÓÔÁÎÏ×ÉÓËÁ ÚÅ ÓËÁÎÕÊäÃä ×ÉäÚËÁ ÐÒÏÔÏÎĕ×ȟ ÕŀÙ×ÁÎä × ÒÁȤ

ÄÉÏÔÅÒÁÐÉÉ ÎÁÊÂÁÒÄÚÉÅÊ ÓËÏÍÐÌÉËÏ×ÁÎÙÃÈ ÐÒÚÙÐÁÄËĕ× ÎÏ×ÏÔ×ÏÒĕ×Ȣ $Ï ÃÈ×ÉÌÉ ÏÂÅÃÎÅÊ 

przeprowadzono tu napromienianie prawiÅ φυπ ÐÁÃÊÅÎÔĕ×Ȣ  

!ÌÅ × ÏÄÒĕŀÎÉÅÎÉÕ ÏÄ ÐÒÁ×ÉÅ ×ÓÚÙÓÔËÉÃÈ ÉÎÎÙÃÈ ÏĢÒÏÄËĕ× ÎÁ Ģ×ÉÅÃÉÅȟ × ##" ÚÁÐÒÏÊÅËÔÏȤ

×ÁÎÏ Òĕ×ÎÉÅŀ ÈÁÌö ÄÏ ÐÒÏ×ÁÄÚÅÎÉÁ ÂÁÄÁď ÐÏÄÓÔÁ×Ï×ÙÃÈ Ú ÆÉÚÙËÉ ÊäÄÒÏ×ÅÊ ÏÒÁÚ ÂÁÄÁď Ú 

radiobiologii, dozymetrii i fizyki medycznej. 

"ÁÄÁÎÉÁ Ú ÆÉÚÙËÉ ÊäÄÒÏ×ÅÊ ÄÏÔÙÃÚä ËÉÌËÕ ×ÁŀÎÙÃÈ ÚÁÇÁÄÎÉÅďȟ ÊÁË ÂÁÄÁÎÉÁ ÓÉč ÊäÄÒÏ×ÙÃÈȟ Á 

× ÓÚÃÚÅÇĕÌÎÏĢÃÉ ×ËčÁÄÕ ÔÚ×Ȣ ÓÉč ÔÒĕÊ- É ×ÉÅÌÏÃÉÁčÏ×ÙÃÈȠ ÓÔÒÕËÔÕÒÙ ×ÙÓÏËÏ ×ÚÂÕÄÚÏÎÙÃÈ 

ÊäÄÅÒ ÁÔÏÍÏ×ÙÃÈȟ Á × ÓÚÃÚÅÇĕÌÎÏĢÃÉ ÐÏ×ÓÔÁ×ÁÎÉÁ É ÒÏÚÐÁÄÕ ÇÉÇÁÎÔÙÃÚÎÙÃÈ ÒÅÚÏÎÁÎÓĕ× 

ÊäÄÒÏ×ÙÃÈȟ ÏÒÁÚ ÄÏ ÔÅÓÔÏ×ÁÎÉÁ ÎÏ×ÁÔÏÒÓËÉÃÈ ÄÅÔÅËÔÏÒĕ× ÂÕÄÏ×ÁÎÙÃÈ ÄÌÁ ×ÉÅÌËÉÃÈ ÌÁÂÏȤ

ÒÁÔÏÒÉĕ× ÅÕÒÏÐÅÊÓËÉÃÈ &!)2ȟ 30)2!,ςȟ 30%3 ÃÚÙ #%2. Ȣ "ÁÄÁÎÉÁ ÒÁÄÉÏÂÉÏÌÏÇÉÃÚÎÅ ÎÁ ËÏȤ

ÍĕÒËÁÃÈ ÂÉÏÌÏÇÉÃÚÎÙÃÈ É ÍÁčÙÃÈ Ú×ÉÅÒÚöÔÁÃÈ ÍÁÊä Çčĕ×ÎÉÅ ÎÁ ÃÅÌÕ ÏÃÅÎö ÓËÕÔÅÃÚÎÏĢÃÉ 

ÂÉÏÌÏÇÉÃÚÎÅÊ ×ÉäÚÅË ÐÒÏÔÏÎÏ×ÙÃÈ É ÊÅÊ ÐÒÚÅčÏŀÅÎÉÅ ÎÁ ÌÅÃÚÅÎÉÅȢ 0ÒÁÃÏÍ ÔÙÍ ÔÏ×ÁÒÚÙÓÚÙ 

ÒÏÚ×ĕÊ ÍÅÔÏÄ ÄÏÚÙÍÅÔÒÉÉȟ ÇÄÙŀ ÐÒÅÃÙÚÊÁ ÐÏÄÁÎÉÁ ÄÁ×ËÉ ÄÅÃÙÄÕÊÅ Ï ÓËÕÔÅÃÚÎÏĢÃÉ ÌÅÃÚÅÎÉÁȢ 

4Á ÓÙÍÂÉÏÚÁ ÆÉÚÙËÉ ÊäÄÒÏ×ÅÊȟ ÂÁÄÁď ÓÔÏÓÏ×ÁÎÙÃÈ ÏÒÁÚ ÍÅÄÙÃÙÎÙ ÓÔÁÊÅ ÓÉö ÐÒÚÅÊÁ×ÅÍ ÃÏȤ

ÒÁÚ ×ÙÒÁľÎÉÅÊÓÚÙÃÈ ÔÅÎÄÅÎÃÊÉ ÕÎÉÆÉËÁÃÊÉ ×ÓÐĕčÃÚÅÓÎÅÊ ÎÁÕËÉȢ  

 



47. :ÊÁÚÄ &ÉÚÙËĕ× 0ÏÌÓËÉÃÈȟ ρω-ςσ ×ÒÚÅĢÎÉÁ ςπςρȟ "ÙÄÇÏÓÚÃÚ 
 

7ÙËčÁÄy sesyjne 

105 
 

 

 

 

 

 

 

  

68*o #8 

SESYJNE 



47. :ÊÁÚÄ &ÉÚÙËĕ× 0ÏÌÓËÉÃÈȟ ρω-ςσ ×ÒÚÅĢÎÉÁ ςπςρȟ "ÙÄÇÏÓÚÃÚ 
 

7ÙËčÁÄy sesyjne 

106 
 

 

S-1 

DYDAKTYKA  I   

POPULARYZACJA   

FIZYKI  
  



47. :ÊÁÚÄ &ÉÚÙËĕ× 0ÏÌÓËÉÃÈȟ ρω-ςσ ×ÒÚÅĢÎÉÁ ςπςρȟ "ÙÄÇÏÓÚÃÚ 
 

7ÙËčÁÄy sesyjne 

107 
 

&ÉÌÍ ×ÉÄÅÏ × ÎÁÕÃÚÁÎÉÕ É ÕÃÚÅÎÉÕ ÓÉö ÆÉÚÙËÉ 
 

Video in teaching and learning physics 

 

4ÏÍÁÓÚ 'ÒÅÃÚÙčÏ 

 

5ÎÉ×ÅÒÓÙÔÅÔ 7ÒÏÃčÁ×ÓËÉȟ 7ÒÏÃčÁ× 

 

 
 

.ÁÇÒÁÎÉÁ ÆÉÌÍÏ×Å ×ÙËÏÒÚÙÓÔÕÊÅ ÓÉö × ÐÒÏÃÅÓÉÅ ÎÁÕÃÚÁÎÉÁ É ÕÃÚÅÎÉÁ ÓÉö ÏÄ ÌÁÔȢ 0ÏÃÚäÔËÏ×Ï 

ÄÏÍÉÎÕÊäÃä ÒÏÌö ÏÄÇÒÙ×ÁčÁ ÔÅÌÅ×ÉÚÊÁ ρ  ÏÒÁÚ ÐÒÚÙÇÏÔÏ×Ù×ÁÎÅ ÐÒÏÆÅÓÊÏÎÁÌÎÉÅ ÎÁÇÒÁÎÉÁ 

ÎÁ ÐÒÚÅÎÏĢÎÙÃÈ ÎÏĢÎÉËÁÃÈ ÎÐȢ ÄÙÓËÁÃÈ ,ÁÓÅÒ$ÉÓÃÓ Ȣ 7ÒÁÚ Ú ÒÏÚ×ÏÊÅÍ ÔÅÃÈÎÏÌÏÇÉÉ i no-

wÙÃÈ ĢÒÏÄËĕ× ÐÒÚÅËÁÚÕȟ Á ÔÁËŀÅ ÒÅ×ÏÌÕÃÊÉ × ÄÏÓÔöÐÉÅ ÄÏ ÕÒÚäÄÚÅď ÒÅÊÅÓÔÒÕÊäÃÙÃÈ ÏÒÁÚ 

ÐÒÚÅÔ×ÁÒÚÁÊäÃÙÃÈ ÏÂÒÁÚ É Äľ×ÉöËȟ ÎÁÇÒÁÎÉÁ ×ÉÄÅÏ - ÔÁËŀÅ ÁÍÁÔÏÒÓËÉÅ - ÓÔÁčÙ ÓÉö ÄÏÍÉÎÕȤ

ÊäÃä ĢÃÉÅŀËä ÐÒÚÅËÁÚÕ ς Ȣ 7 ÐÒÁÃÙ ÐÒÚÅÄÓÔÁ×ÉÏÎÅ ÚÏÓÔÁÎä ÐÒÚÙËčÁÄÙ ÅÄÕËÁÃÙÊÎÅÇÏ ×ÙȤ

korzysÔÁÎÉÁ ÆÉÌÍÕ ×ÉÄÅÏ × ÐÒÚÅÓÚčÏĢÃÉ É ÏÂÅÃÎÉÅȟ ÍȢ ÉÎȢ ×ÙËčÁÄ ÔÅÌÅ×ÉÚÙÊÎÙȟ ÐÒÏÇÒÁÍÙ ÐÏȤ

pularno-ÎÁÕËÏ×Åȟ ÄÅÄÙËÏ×ÁÎÅ ÍÁÔÅÒÉÁčÙ ×ÉÄÅÏ É ĢÒÏÄÏ×ÉÓËÁ ÅÄÕËÁÃÙÊÎÅȟ ÏÐÒÏÇÒÁÍÏȤ

×ÁÎÉÅ ÄÏ ÐÒÏ×ÁÄÚÅÎÉÁ ÐÏÍÉÁÒĕ× ×ÉÄÅÏ É Å×ÁÌÕÁÃÊÉ ÅÆÅËÔĕ× ÕÃÚÅÎÉÁ ÓÉö ÏÒÁÚ ÎÁËÒÅĢÌÏÎÅ 

ÚÏÓÔÁÎä ÐÏÔÅÎÃÊÁÌÎÅ ĢÃÉÅŀËÉ ÅÄÕËÁÃÙÊÎÅÇÏ ×ÙËÏÒÚÙÓÔÁÎÉÅ ÔÅÇÏ ÍÅÄÉÕÍ × ÎÁÕÃÚÁÎÉÕ - 

ÕÃÚÅÎÉÕ ÓÉö ÆÉÚÙËÉ × ÐÒÚÙÓÚčÏĢÃÉ σ-12].  

 

[1]  *ÏÁÎÎÁ 3ÏÓÎÏ×ÓËÁȟ 0ÏÌÓËÉÅ ÔÅÌÅ×ÉÚÙÊÎÅ ÐÒÏÇÒÁÍÙ ÅÄÕËÁÃÙÊÎÅ ÄÌÁ ÄÚÉÅÃÉ É ÍčÏÄÚÉÅŀÙ ɀ 

ÚÁÒÙÓ ÈÉÓÔÏÒÙÃÚÎÙȟ +ÁÔÏÌÉÃËÉ 5ÎÉ×ÅÒÓÙÔÅÔ ,ÕÂÅÌÓËÉ *ÁÎÁ 0Á×čÁ )I, https://bon.edu.pl/me-

dia/book/pdf/Polskie_telewizyjne_ 
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versity Press 2016 
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Laboratorium podstaw fizyki w czasie pandemii 

 
Fundamental Physics Problems Laboratory Classes During a Pandemic 

 

Anna Hajdusianek 

 

0ÏÌÉÔÅÃÈÎÉËÁ 7ÒÏÃčÁ×ÓËÁȟ 7ÒÏÃčÁ× 

 

 
 

0ÒÚÅÄ ÎÁÕÃÚÙÃÉÅÌÁÍÉ ÐÒÏ×ÁÄÚäÃÙÍÉ ÌÁÂÏÒÁÔÏÒÉÕÍ Ú ÆÉÚÙËÉ ÃÚÁÓ ÐÁÎÄÅÍÉÉ ÐÏÓÔÁ×Éč ÂÁÒÄÚÏ 

ÔÒÕÄÎÅ ÚÁÄÁÎÉÅȢ : ÄÎÉÁ ÎÁ ÄÚÉÅď ÔÒÚÅÂÁ ÂÙčÏ ÐÒÚÅÓÔÁ×Éç ÆÏÒÍö ÚÁÊöç ÚÅ ÓÔÁÃÊÏÎÁÒÎÅÊ ÎÁ 

ÚÄÁÌÎäȢ 4ÁËÁ ÆÏÒÍÁ ÐÒÁÃÙ ÚÅ ÓÔÕÄÅÎÔÁÍÉ ÒÏÚÐÏÃÚöčÁ ÓÉö × ÍÁÒÃÕ ςπςπ É ÂÙčÁ ËÏÎÔÙÎÕÏȤ

×ÁÎÁ ÎÁ 0ÏÌÉÔÅÃÈÎÉÃÅ 7ÒÏÃčÁ×ÓËÉÅÊ ÄÏ ÃÚÅÒ×ÃÁ ςπςρ ÒȢ 7 ÔÙÍ ÃÚÁÓÉÅ ÓÔÁÒÁÎÏ ÓÉö ÒÏÚ×ÉÊÁçȟ 

ÕÁÔÒÁËÃÙÊÎÉÁç ÏÒÁÚ ÎÁ ÂÉÅŀäÃÏ ÁÎÁÌÉÚÏ×Áç ÓÐÏÓĕÂ ÐÒÏ×ÁÄÚÅÎÉÁ ÔÁËÉÃÈ ÚÁÊöç ÏÒÁÚ ÉÃÈ ÏÄȤ

ÂÉĕÒ ÐÒÚÅÚ ÓÔÕÄÅÎÔĕ×Ȣ 0ÒÏ×ÁÄÚÅÎÉÅ ÚÁÊöç Ìaboratoryjnych w formie zdalnej jest cieka-

×ÙÍ ÄÏĢ×ÉÁÄÃÚÅÎÉÅÍ ÚÁÒĕ×ÎÏ ÏÄ ÓÔÒÏÎÙ ÎÁÕÃÚÙÃÉÅÌÁ ÊÁË É ÓÔÕÄÅÎÔÁȢ 0ÏÄÃÚÁÓ ×ÙÓÔäÐÉÅȤ

ÎÉÁ ÚÏÓÔÁÎÉÅ ÐÒÚÅÄÓÔÁ×ÉÏÎÁ ÁÎÁÌÉÚÁ ÐÏÚÙÔÙ×ÎÙÃÈ ÏÒÁÚ ÎÅÇÁÔÙ×ÎÙÃÈ ÅÌÅÍÅÎÔĕ× ÆÏÒÍÙ 

zdalnej laboratorium podstaw fizyki. 

 

The time of the pandemic set a very difficult task for physics teachers. They had to switch 

the form of classes from stationary to remote overnight. This form of teaching was estab-

lished in March 2020 and was continued until June 2021 in Wroclaw University of Science 

and Technology. At that time, huge efforts were made to develop, make more attractive 

and engaging the way of conducting such classes and meanwhile to analyse its impact to 

students. A remote form of conducting laboratory classes is an interesting experience 

both for the teacher and the student. During the presentation, the analysis of both positive 

and negative aspects of fundamental physics problems in laboratory remote classes will 

be discussed. 
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Diody i tranzystory bez dziur - ÊÁË ÔÏ ×ÙÊÁĢÎÉÁç 

 
Diodes and transistors without holes - how to explain it 

 

Ludwik Lehman 

 

)) ,ÉÃÅÕÍ /ÇĕÌÎÏËÓÚÔÁčÃäÃÅ ÉÍȢ -Ȣ +ÏÐÅÒÎÉËÁ × 'čÏÇÏ×ÉÅȟ 'čÏÇĕ× 

 

 
 

7ÂÒÅ× ÐÏ×ÓÚÅÃÈÎÅÍÕ ÐÒÚÅËÏÎÁÎÉÕ Ï ÎÉÅÍÏŀÌÉ×ÏĢÃÉ ×ÙÊÁĢÎÉÅÎÉÁ ÎÁ ÐÏÚÉÏÍÉÅ ÓÚËÏčÙ 

ĢÒÅÄÎÉÅÊ ÅÌÅÍÅÎÔĕ× ÆÉÚÙËÉ ×ÓÐĕčÃÚÅÓÎÅÊȟ ÚÁÐÒÏÐÏÎÏ×ÁÎÅ ÂöÄÚÉÅ ÒÚÅÔÅÌÎÅ É ÚÁÒÁÚÅÍ ÐÒÏȤ

ÓÔÅ ×ÙÊÁĢÎÉÅÎÉÅ ÚÁÓÁÄÙ ÄÚÉÁčÁÎÉÁ ÄÉÏÄÙ É ÔÒÁÎÚÙÓÔÏÒÁȢ 
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/ÐÔÏÅÌÅËÔÒÏÎÉËÁ × ŀÙÃÉÕ ÃÏÄÚÉÅÎÎÙÍ  

 
Optoelectronics in everyday life 

 

Kazimierz Gut 

 

0ÏÌÉÔÅÃÈÎÉËÁ ¡ÌäÓËÁȟ 'ÌÉ×ÉÃÅ 

 

 
 

/ÐÔÏÅÌÅËÔÒÏÎÉËÁ ÚÁÃÚÙÎÁ ÏÄÇÒÙ×Áç ÃÏÒÁÚ ×ÉöËÓÚä ÒÏÌö × ŀÙÃÉÕ ÃÏÄÚÉÅÎÎÙÍȢ :ÁÍÉÁÓÔ ÒÏÚȤ

ÍÁ×ÉÁç ËÏÍÕÎÉËÕÊÅÍÙ ÓÉö Ú ÉÎÎÙÍÉ ËÏÒÚÙÓÔÁÊäÃ Ú ÔÅÌÅÆÏÎÕ ËÏÍĕÒËÏ×ÅÇÏ #ÏÒÁÚ ×ÉöÃÅÊ 

ÏÓĕÂ ÐÏÓÉÁÄÁ ÂÅÚÐÏĢÒÅÄÎÉ ÄÏÓÔöÐ ÄÏ ÚčäÃÚÁ ÏÐÔÙÃÚÎÅÇÏ É ËÏÒÚÙÓÔÁ ÂÅÚÐÏĢÒÅÄÎÉÏ Ú 

ÔÒÁÎÓÍÉÓÊÉ Ģ×ÉÁÔčÏ×ÏÄÏ×ÅÊȢ 7ÁÒÔÏ ÍÏŀÅ ×ÙËÏÒÚÙÓÔÁç ÐÏ×ÓÚÅÃÈÎÏĢç ÕËčÁÄĕ× ÏÐÔÏÅÌÅËȤ

troniki , ÁÂÙ ÚÁÉÎÔÅÒÅÓÏ×Áç ÕÃÚÎÉĕ× ÚÊÁ×ÉÓËÁÍÉ ÆÉÚÙÃÚÎÙÍÉ ËÔĕÒÅ Óä ÐÏÄÓÔÁ×ä ÄÚÉÁčÁÎÉÁ 

×ÉÅÌÕ ÕÒÚäÄÚÅď ÐÏ×ÓÚÅÃÈÎÅÇÏ ÕŀÙÔËÕȢ 

W prezentacji zostaÎä ÐÒÚÅÄÓÔÁ×ÉÏÎÅ ÐÒÏÐÏÚÙÃÊÅ ÅËÓÐÅÒÙÍÅÎÔĕ× ÄÏÔÙÃÚäÃÙÃÈ ÚÊÁ×ÉÓË 

ÂöÄäÃÙÃÈ ÐÏÄÓÔÁ×ä ÄÚÉÁčÁÎÉÁ ×ÉÅÌÕ ÕÒÚäÄÚÅď ÏÐÔÙÃÚÎÙÃÈ É ÏÐÔÏÅÌÅËÔÒÏÎÉÃÚÎÙÃÈȢ 
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#ÈÁÏÔÙÃÚÎÁ ÄÙÎÁÍÉËÁ ÍÅÃÈÁÎÉÚÍĕ× ÚÅÇÁÒÏ×ÙÃÈ 
 

Chaotic dynamics of the clock mechanism 

 

David Ziemkiewicz  

 

0ÏÌÉÔÅÃÈÎÉËÁ "ÙÄÇÏÓËÁ ÉÍȢ *ÁÎÁ É *öÄÒÚÅÊÁ ¡ÎÉÁÄÅÃËÉÃÈȟ "ÙÄÇÏÓÚÃÚ 

 

 
 

-ÅÃÈÁÎÉÃÚÎÙ ÚÅÇÁÒ Ú ×ÁÈÁÄčÅÍ ÐÒÚÅÚ ÓÔÕÌÅÃÉÁ ÓÔÁÎÏ×Éč ÊÅÄÅÎ Ú ÐÏÄÓÔÁ×Ï×ÙÃÈ ÓÐÏÓÏÂĕ× 

ÐÏÍÉÁÒÕ ÃÚÁÓÕȢ *ÅÇÏ ÃÅÎÔÒÁÌÎä ÃÚöĢÃÉä ÊÅÓÔ ×ÁÈÁÄčÏ ÔčÕÍÉÏÎÅȟ ÕÔÒÚÙÍÙ×ÁÎÅ × ruchu 

ÄÚÉöËÉ ÓÉÌÅ ×ÙÍÕÓÚÁÊäÃÅÊȟ ËÔĕÒÅÊ ÃÈÁÒÁËÔÅÒ ÚÁÌÅŀÙ ÏÄ ÒÏÄÚÁÊÕ ÍÅÃÈÁÎÉÚÍÕ ÚÅÇÁÒÏ×ÅÇÏȢ 

-ÅÃÈÁÎÉÚÍ ÄÏÓÔÁÒÃÚÁ ÅÎÅÒÇÉö ÄÏ ×ÁÈÁÄčÁ É ÊÅÓÔ ÊÅÄÎÏÃÚÅĢÎÉÅ ÐÒÚÅÚ ÔÏ ×ÁÈÁÄčÏ ÒÅÇÕÌÏȤ

×ÁÎÙȠ ÊÅÓÔ ÔÏ ÓÚÃÚÅÇĕÌÎÙ ÐÒÚÙÐÁÄÅË ÏÓÃÙÌÁÔÏÒÁ ÓÁÍÏ×ÚÂÕÄÎÅÇÏȟ Á ÏÂÅÃÎÅ ÓÐÒÚöŀÅÎÉÅ 

zwrÏÔÎÅ ÓÐÒÁ×ÉÁȟ ŀÅ ÄÙÎÁÍÉËÁ ÕËčÁÄÕ ÊÅÓÔ ÎÉÅÌÉÎÉÏ×Á É ÃÚöÓÔÏ ÃÈÁÏÔÙÃÚÎÁȟ Ï ÆÒÁËÔÁÌÎÙÍ 

ÁÔÒÁËÔÏÒÚÅȢ 7 ÈÉÓÔÏÒÉÉ ÒÏÚ×ÏÊÕ ÚÅÇÁÒĕ×ȟ ×ÉöËÓÚÏĢç ÐÒĕÂ ÐÏÐÒÁ×Ù ÐÒÅÃÙÚÊÉ ÐÏÍÉÁÒÕ ÃÚÁÓÕ 

ÏÐÉÅÒÁčÁ ÓÉö Ï ÒÅÄÕËÃÊö ×ÐčÙ×Õ ÅÆÅËÔĕ× ÎÉÅÌÉÎÉÏ×ÙÃÈ ÐÏÐÒÚÅÚ ÚÍÉÎÉÍÁÌÉÚÏ×ÁÎÉÅ ÏÄÄÚÉÁȤ

čÙ×ÁÎÉÁ ÍÉöÄÚÙ ×ÁÈÁÄčÅÍ Á ÍÅÃÈÁÎÉÚÍÅÍ - ÔÁËȟ ÂÙ ÂÙčÏ ÄÏÂÒÙÍ ÐÒÚÙÂÌÉŀÅÎÉÅÍ Ó×ÏȤ

ÂÏÄÎÅÇÏ ×ÁÈÁÄčÁ ÍÁÔÅÍÁÔÙÃÚÎÅÇÏȢ :ÕÐÅčÎÉÅ ÏÄÍÉÅÎÎÅ ÐÏÄÅÊĢÃÉÅ ÚÁÐÒÏÐÏÎÏ×Áč × ρχςς 

ÒȢ *ÏÈÎ (ÁÒÒÉÓÏÎȢ 7 ÊÅÇÏ ËÏÎÓÔÒÕËÃÊÉ ×ÁÈÁÄčÏ ÊÅÓÔ × ÃÉäÇčÙÍ ËÏÎÔÁËÃÉÅ Ú ÍÅÃÈÁÎÉÚÍÅÍ É 

wykonuje drgania Ï ÂÁÒÄÚÏ ÄÕŀÅÊ ÁÍÐÌÉÔÕÄÚÉÅȢ $ÚÉöËÉ ×ÓÐĕčÃÚÅÓÎÙÍ ÍÅÔÏÄÏÍ ÎÕÍÅȤ

ÒÙÃÚÎÙÍ ÍÏŀÌÉ×Á ÊÅÓÔ ÓÚÃÚÅÇĕčÏ×Á ÁÎÁÌÉÚÁ ÔÅÇÏ ÔÙÐÕ ÕËčÁÄÕ [1]Ȣ -ÏŀÎÁ ×ÙËÁÚÁçȟ ŀÅ × 

ÏÄÐÏ×ÉÅÄÎÉÃÈ ×ÁÒÕÎËÁÃÈ ÐÏÐÒÁ×ÎÉÅ ÚÉÄÅÎÔÙÆÉËÏ×ÁÎÙÃÈ ÐÒÚÅÚ (ÁÒÒÉÓÏÎÁ  ÍÏŀÎÁ ÕÚÙȤ

ÓËÁç ÂčäÄ ×ÓËÁÚÁď ÎÁ ÐÏÚÉÏÍÉÅ ËÉÌËÕ ÓÅËÕÎÄ ÒÏÃÚÎÉÅȟ ÃÏ ÊÅÓÔ ×ÁÒÔÏĢÃÉä ÎÉÅÏÓÉäÇÁÌÎä ÄÌÁ 

ÉÎÎÙÃÈ ÔÙÐĕ× ÚÅÇÁÒĕ× ÍÅÃÈÁÎÉÃÚÎÙÃÈȢ 
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(a) (b)  

 

Á  7ÙÎÉËÉ ÓÙÍÕÌÁÃÊÉ ÎÕÍÅÒÙÃÚÎÅÊȠ ÂčäÄ ×ÓËÁÚÁď × ÆÕÎËÃÊÉ ÍÏÍÅÎÔÕ ÓÉčÙ ÄÚÉÁčÁÊäÃÅÇÏ ÎÁ 

×ÁÈÁÄčÏ É ÊÅÇÏ ÄÏÂÒÏÃÉȢ Â  -ÏÄÅÌ ÍÅÃÈÁÎÉÚÍÕ Harrisona. 

 

 

[1]  D. Ziemkiewicz, Numerical analysis of grasshopper escapement, Phys. Rev. E 103, 

062208 (2021)  
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Problem skali ɀ ÃÚÙÌÉ ÃÚÙ ËÒÁÓÎÏÌÕÄËÉ Óä ÎÁ Ģ×ÉÅÃÉÅ 

 
The problem of scale or whether dwarfs exist? 

 

-ÉÅÃÚÙÓčÁ× +ÁÒÏÌ .ÁÐÁÒÔÙ 

 

Politechnika Bydgoska im. *ÁÎÁ É *öÄÒÚÅÊÁ ¡ÎÉÁÄÅÃËÉÃÈȟ "ÙÄÇÏÓÚÃÚ 

 

 
 

-ÕÌÔÉÍÅÄÉÁÌÎÙ ×ÙËčÁÄ Ï ÃÈÁÒÁËÔÅÒÚÅ ÐÏÐÕÌÁÒÎÏ-ÎÁÕËÏ×ÙÍȟ ÐÏËÁÚÕÊäÃÙ ÊÁË ÚÍÉÅÎÉÁ 

ÓÉö ÃÈÁÒÁËÔÅÒ ÚÊÁ×ÉÓË × ÚÁÌÅŀÎÏĢÃÉ ÏÄ ÒÏÚÍÉÁÒĕ× ÏÂÉÅËÔĕ×ȟ ËÔĕÒÅ ÐÏÄÄÁÎÅ Óä ÒĕŀÎÙÍ 

oddziÁčÙ×ÁÎÉÏÍ ÆÉÚÙÃÚÎÙÍȢ /ÇÒÁÎÉÃÚÁÊäÃ ÓÉö × ÚÁÓÁÄÚÉÅ ÄÏ ÐÒÁ× ÆÉÚÙËÉ ËÌÁÓÙÃÚÎÅÊȟ ÐÏȤ

ËÁŀöȟ ŀÅ ÃÈÏç ÐÒÁ×Á ÔÅ ÍÁÊä ÃÈÁÒÁËÔÅÒ ÕÎÉ×ÅÒÓÁÌÎÙ É ÓËÁÌÏ×ÁÎÉÕ ÎÉÅ ÐÏÄÌÅÇÁÊäȟ ÔÏ ÓËÕȤ

ÔÅË ÉÃÈ ÄÚÉÁčÁÎÉÁ ÎÁ Ú ÐÏÚÏÒÕ ÐÏÄÏÂÎÅ ÏÂÉÅËÔÙ ÍÅÃÈÁÎÉÃÚÎÅȟ ÂÉÏÌÏÇÉÃÚÎÅ ÃÚÙ ÚÊÁ×ÉÓËÁ 

przyrodnicÚÅ ÍÏŀÅ ÂÙç ÚÕÐÅčÎÉÅ ÉÎÎÙ É ÚÁÓËÁËÕÊäÃÙȢ 
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Dostosowanie metod pracy na lekcjach fizyki do indywidualnych potrzeb 

ucznia. 

 
Methodological adjustment requirement to meet the individual needs of students dur-

ing physics lesson 

 

Joanna Biel ɀ Kiepura 

 

:ÅÓÐÏčÕ 3ÚËĕč ÎÒ φ ×Å 7ÒÏÃčÁ×ÉÕ 

 

 
 

Realizowanie podstawy programowej, popularyzowanie fizyki i zaplanowanie sukcesu 

edukacyjnego ucznia ɀ ÔÏ ÃÅÌÅ ÐÒÁÃÙ ÎÁÕÃÚÙÃÉÅÌÁ ÆÉÚÙËÉȢ *ÁË ÊÅ ÚÒÅÁÌÉÚÏ×Áçȟ × ÓÙÔÕÁÃÊÉ, w 

ËÔĕÒÅÊ ÄÏ ËÌÁÓÙ ×ÃÈÏÄÚÉ ÕÃÚÅď ÐÒÚÅËÏÎÁÎÙȟ ŀÅ É ÔÁË ȵÎÉÅ ÄÁ ÒÁÄÙȱȟ ÐÏÎÉÅ×Áŀ ×ÓÚÙÓÃÙ ÍĕȤ

×Éäȟ ŀÅ ÆÉÚÙËÁ ÊÅÓÔ ÔÒÕÄÎÁȢ 4Ï ÃÚöÓÔÏ ÕÃÚÅď Ï ÓÐÅÃÊÁÌÎÙÃÈ ÐÏÔÒÚÅÂÁÃÈ ÅÄÕËÁÃÙÊÎÙÃÈȢ #ÚÁȤ

ÓÅÍ ÔÏ ÕÃÚÅďȟ ËÔĕÒÅÇÏ ÔÁË ÐÏÃÈčÁÎÉÁ ÊÅÇÏ ×čÁÓÎÁ ÐÁÓÊÁȟ ŀÅ ×ÓÚÙÓÔËÏ ÉÎÎÅ ÇÏ ÐÏ ÐÒÏÓÔÕ 

ÎÕÄÚÉȢ #ÚÙ ÇĕÒÙ ÊÅÓÔÅĢÍÙ ÎÁ ÓÔÒÁÃÏÎÅÊ ÐÏÚÙÃÊÉȩ ! ÍÏŀÅ ÂÙ ÔÁË ÉÎÄÙ×ÉÄÕÁÌÎÅ ÃÅÃÈÙ ÐÓÙÃÈÏȤ

ÆÉÚÙÃÚÎÅ ÕÃÚÎÉÁ ÏÂÒĕÃÉç ÎÁ ÎÁÓÚä ËÏÒÚÙĢçȢ 0ÒÚÅÃÉÅŀ ×ÉÅÍÙȟ ŀÅ ÎÁÓÚÁ ÄÚÉÅÄÚÉÎÁ ÊÅÓÔ ÎÉÅÚ×ÙȤ

ËčÁȢ $ÚÉöËÉ ÎÉÅÊȟ ÌÁÔÁÍÙ × ËÏÓÍÏÓ É ÃÁčä ÎÁÓÚä ×ÉÅÄÚö ÐÏÔÒÁÆÉÍÙ ÚÁÍËÎäç × ËÉÅÓÚÅÎi ɀ w 

postaci smartfona.  

2ĕŀÎÉÅ ÐÏÓÔÒÚÅÇÁÍÙ Ģ×ÉÁÔȟ Á ÓËÏÒÏ ÔÁËȟ ÔÏ × ÒĕŀÎÙ ÓÐÏÓĕÂ ÍÕÓÉÍÙ ÐÏÄÃÈÏÄÚÉç ÄÏ ÒÏÚ×ÉäȤ

ÚÙ×ÁÎÉÁ ÐÒÏÂÌÅÍĕ×Ȣ *ÁË Ú×ÒĕÃÉç Õ×ÁÇö ÕÃÚÎÉÁȩ :ÁÉÎÔÒÙÇÏ×Áç ÇÏȢ *Á ÓÐÒÁ×Éç ÂÙ ÓËÏÎÃÅÎȤ

ÔÒÏ×Áč ÓÉö ÎÁ ÄÁÎÙÍ ÚÁÄÁÎÉÕȩ -ĕ×Éçȟ × ÊÅÇÏ ÊöÚÙËÕ ɀ w tle lekcji lub jako temat prze-

×ÏÄÎÉ ÓÐÏÔËÁÎÉÁ ÕÍÉÅĢç ÊÅÇÏ ÚÁÉÎÔÅÒÅÓÏ×ÁÎÉÁȟ ÂÏÈÁÔÅÒÁ ÆÉÌÍÏ×ÅÇÏ ÃÚÙ ÉÄÏÌÁȢ $ÁÊÍÙ ÍÕ 

ÃÈ×ÉÌö ÎÁ ÒÅÌÁËÓ Ú ×ÙÂÒÁÎÁ ÐÉÏÓÅÎËä ɀ ÐÒÚÅÃÉÅŀ ÔÏ ÔÙÌËÏ σ ÍÉÎÕÔÙȢ ! ÔÁËÉ ÚÁÓÔÒÚÙË ÅÎÅÒÇÉÉ 

ÍÏŀÅ ÂÙç ÂÅÚÃÅÎÎÙȢ  

7 ÏÓÔÁÔÎÉÃÈ ÌÁÔÁÃÈ ÍÏÃÎÏ ÒÏÚ×ÉÎöčÁ ÓÉö ÎÅÕÒÏÄÙÄÁËÔÙËÁȟ ËÔĕÒÁ Íĕ×É Ï ×ÐčÙ×ÉÅ ÓÐÏÓÏÂÕ 

ÐÒÁÃÙ ÍĕÚÇÕ ÎÁ ÓÐÏÓĕÂ ÚÁÐÁÍÉöÔÙ×ÁÎÉÁȟ ÊÁË É Òĕ×ÎÉÅŀ ÐÒÚÅÔ×ÁÒÚÁÎÉÁ ÉÎÆÏÒÍÁÃÊÉȢ 3ÙÓȤ

ÔÅÍÙ ÐÅÒÃÅÐÃÙÊÎÅ ÃÚčÏ×ÉÅËÁ ÕÍÏŀÌÉ×ÉÁÊä ÍÕ ×ÉÄÚÉÅçȟ ÓčÙÓÚÅçȟ ÃÚÕç ÓÍÁËȟ ÚÁÐÁÃÈȟ ÄÏÔÙË i 

ÚÍÉÁÎÙ ÔÅÍÐÅÒÁÔÕÒÙȢ *ÅÓÔ ÔÏ ÔÁËŀÅ ÐÏÃÚÕÃÉÅ Ģ×ÉÁÄÏÍÏĢÃÉ ÏÔÏÃÚÅÎÉÁ Ȣ  

.Á ȵÍÏÉÃÈ ÆÉÚÙËÁÃÈȱ ÃÚÅÒÐÉö ÉÎÓÐÉÒÁÃÊö Ú ÈÏÂÂÙ ÍÏÉÃÈ ÕÃÚÎÉĕ×ȟ × ÔÅÎ ÓÐÏÓĕÂ ÕÔÒÚÙÍÕÊÅ 

ÉÃÈ ËÏÎÃÅÎÔÒÁÃÊÅ ÐÒÚÅÚ ÄčÕŀÓÚÙ ÃÚÁÓ ÎÁ ÄÁÎÙÍ ÚÁÇÁÄÎÉÅÎÉÕȢ :ÁÐÁÍÉöÔÕÊä ×ÓËÕÔÅË ÐÏ×ÉÁȤ

ÚÁď ÔÒÅĢÃÉ Ú ÏÂÒÁÚÅÍȢ 4ÅÍÁÔ ȵ0ÏÌÅ ÍÁÇÎÅÔÙÃÚÎÅ ÍÁÇÎÅÓÕ ÔÒ×ÁčÅÇÏȱ ÐÒÚÙÇÏÔÏ×ÁčÁÍ × 

ÆÏÒÍÉÅ ÅÓÃÁÐÅÒÏÏÍȭÕ Ú ÌÅÇÅÎÄä Ï ×ÉËÉÎÇÁÃÈȢ  

7ÉÅÌËÏĢÃÉ ÆÉÚÙÃÚÎÙÃÈ ÕÃÚä ÓÉö ÎÁ ËÉÌËÁ ÓÐÏÓÏÂĕ×ȡ ÓÐÁÃÅÒÕÊä ÐÏ ËÌÁÓÉÅ Ú ÆÉÓÚËÁÍÉ ÚÁÄÁÊäÃ 

ÐÙÔÁÎÉÅ ȵÃÚÙ ÚÎÁÓÚ ÔÅÎ ÓÙÍÂÏÌȩȱȢ 4ÁËÉÅ ÓÅËÒÅÔÎÅ ç×ÉÃÚÅÎÉÅ ÄÌÁ ËÉÎÅÓÔÅÔÙËĕ× É ÕÃÚÎÉĕ× Ú 

ÎÁÄÐÏÂÕÄÌÉ×ÏĢÃÉäȢ *ÁË ÒÁÄÚä ÓÏÂÉÅ ÕÃÚÎÉÏ×ÉÅ ÍÁÊäÃÙ ×ÁÄö ×ÚÒÏËÕ Ú ÚÁÐÁÍÉöÔÙ×ÁÎÉÅÍ 

ÐÏÊöçȩ 5ËčÁÄÁÊä ËÁÒÔÙ × ÐÁÒÙ ÌÕÂ ËÌÏÃËÉ ÄÏÍÉÎÏȟ ÄÏÐÁÓÏ×ÕÊäÃ ÐÏÊöÃÉÁȟ ÓÙÍÂÏÌÅ ÌÕÂ ×ÚÏÒÙ 
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ÄÏ ÉÃÈ ÚÎÁÃÚÅďȢ +ÉÅÄÙ ×ÃÈÏÄÚä ÎÁ ×ÙŀÓÚÙ ÐÏÚÉÏÍȩ +ÉÅÄÙ ÓÙÍÂÏÌÅ ÎÁ ËÁÒÔÁÃÈ × ÓÔÙÌÕ ÇÒÙ 

ȵÄÏÏÂÌÅȱ ÄÏÂÉÅÒÁÊä ×Ç ÚÎÁÃÚÅÎÉÁ É ÐÏËÒÅ×ÉÅďÓÔ×Á ÎÐȢ ÃÚÁÓ ɀ stoper ɀ t - sekunda.  

#ÚÙ ÔÁËÉÅ ȵÇÉÅÒËÉȱ ÍÏÇä ÏÄ×ÒĕÃÉç ÉÃÈ Õ×ÁÇö ÏÄ ÔÅÇÏ ÊÁË ÆÉÚÙËÁ ÊÅÓÔ ÔÒÕÄÎÁȩ $ÁÊä ÐÏÃÚÕÃÉÅ 

ÂÅÚÐÉÅÃÚÅďÓÔ×Áȟ ÓÐÏËÏÊÕ É ÕÚÙÓËÁÎÉÁ ÓÕËÃÅÓÕ ÅÄÕËÁÃÙÊÎÅÇÏȟ ÎÁ ÍÉÁÒö ÉÃÈ ÍÏŀÌÉ×ÏĢÃÉȢ  

*ÁË ÚÁÓÔÏÓÏ×Áç ×ÓÐÉÅÒÁÊäÃÅ ÏÃÅÎÉÁÎÉÅ ÍÏÔÙ×ÕÊäÃÅȩ #ÚÙ ÎÁÐÒÁ×Äö ÐÏÔÒÚÅÂÕÊÅÍÙ ÓÔÏÐȤ

ÎÉÁȩ 5ÃÚÅď ÐÏÔÒÁÆÉ ÄÏËÏÎÁç ÓÁÍÏÏÃÅÎÙȟ ×ÙÓÔÁÒÃÚÙȟ ŀÅ ÓÔ×ÏÒÚÙÍÙ ÍÕ ÏËÁÚÊö ÄÏ ËÏÎÆÒÏÎȤ

ÔÁÃÊÉ Ú ×ÉÅÄÚä ÉÎÎÙÃÈ ÕÃÚÎÉĕ×Ȣ *ÅÓÔÅÍ ×ÓÐĕčÁÕÔÏÒÅÍ ÇÒÙ ȵ(ÅËÓÁÇÏÎ ÆÉÚÙÃÚÎÙȱȟ ËÔĕÒÁ ÐÏȤ

×ÓÔÁčÁ Ú ÏËÁÚÊÉ ȵ2ÏËÕ &ÉÚÙËÉȱȢ 0ÒÏÍÕÊÅ ÏÎÁ ÐÏÓÔÁÃÉ ÐÏÌÓËÉÃÈ ÆÉÚÙËĕ×Ȣ 5ÃÚÎÉÏ×ÉÅ ÎÁ ÓÚËÏÌȤ

nym konkursie fizycznym, pikniku z rodzicami, spotkaniu integracyjnym czy na lekcji po-

×ÔĕÒÚÅÎÉÏ×ÅÊ - ÏÔÒÚÙÍÕÊä ÐÙÔÁÎÉÁ ×ÓËÕÔÅË ÌÏÓÏ×ÁÎÉÁ ÎÕÍÅÒËĕ× Ú ÌÉÓÔÙ ÚÁ ÐÏÍÏÃä ËÕÌÉ 

ÄÏ ÇÒÙ × "ÉÎÇÏȢ :Á ÐÒÁ×ÉÄčÏ×Å ÏÄÐÏ×ÉÅÄÚÉ ÏÔÒÚÙÍÕÊä ËÁÒÔÙ Ú ÏÐÉÓÅÍ ÏÓÉäÇÎÉöç ÐÏÌÓËÉÃÈ 

ÆÉÚÙËĕ×Ȣ 7 ÄÁÎÙÃÈ ÇÒÕÐÁÃÈ ÓËčÁÄÁÊä ÐÌÁÓÔÅÒ ÍÉÏÄÕ Ú ÓÚÅĢÃÉÏËäÔÎÙÃÈ ËÁÒÔÙȟ ËÔĕÒÅ ÐÒÚÅÄȤ

ÓÔÁ×ÉÁÊä ×ÉÚÅÒÕÎÅË ÄÁÎÅÇÏ ÆÉÚÙËÁȢ 2ÙÓÕÎËÉ ÐÏÓÔÁÃÉ ×ÙËÏÎÁčÁ ÕÃÚÅÎÎÉÃÁȟ ËÔĕÒÁ ÎÁ ÐÉÅÒ×Ȥ

ÓÚÙÃÈ ÌÅËÃÊÁÃÈ ÓÔÒÅÓ ÏÄÒÅÁÇÏ×Ù×ÁčÁ ÒÙÓÏ×ÁÎÉÅÍ ÐÏÓÔÁÃÉ !ÎÉÍÅȢ .ÉÇÄÙ ÎÉÅ ÒÙÓÏ×ÁčÁ ÐÏÒȤ

ÔÒÅÔĕ×ȟ ÊÅÄÎÁË ÐÏÄÊöčÁ ×ÙÚ×ÁÎÉÅȢ 7ÙÓÚčÁ ÚÅ ×čÁÓÎÅÊ ÓÔÒÅÆÙ ËÏÍÆÏÒÔÕȟ ÃÏ ÚÁÏ×ÏÃÏ×ÁčÏ 

ÏÔ×ÁÒÃÉÅÍ ÓÉö ÕÃÚÅÎÎÉÃÙ É ÊÅÊ ÕÄÚÉÁčÅÍ × ÐÏÚÏÓÔÁčÙÃÈ ÌÅËÃÊÁÃÈ ÆÉÚÙËÉȢ  

"ÁÄÁÊäÃ ÔÒÚÅÃÉä ÚÁÓÁÄö ÄÙÎÁÍÉËÉ .Å×ÔÏÎÁ ÌÕÂ ÔÁÒÃÉÅȟ ÚÏÒÇÁÎÉÚÕÊÍÙ ×ÙĢÃÉÇ ÓÁÍÏÃÈÏÄĕ× 

ÎÁÐöÄÚÁÎÙÃÈ ÐÏ×ÉÅÔÒÚÅÍ Ú ÂÁÌÏÎÉËĕ×Ȣ $ÌÁ ÕÃÚÎÉĕ× ÏÐÅÒÕÊäÃÙÃÈ ÎÁ ËÏÎËÒÅÔÁÃÈ ÂöÄÚÉÅ ÔÏ 

ÃÅÎÎÅ ÄÏĢ×ÉÁÄÃÚÅÎÉÅȢ  

7ĢÒĕÄ Ó×ÏÉÃÈ ÕÃÚÎÉĕ× ÚÎÁÌÁÚčÁÍ Òĕ×ÎÉÅŀ ÔÁËÉÃÈȟ ËÔĕÒÚÙ Óä ËÒÅÁÔÙ×ÎÉȟ Ô×ĕÒÃÚÙȢ 3ÁÍÉ 

ÓÔ×ÏÒÚä ÆÉÚÙÃÚÎä ÇÒö ÐÌÁÎÓÚÏ×ä ÌÕÂ ËÁÒÃÉÁÎäȢ 7ÙÓÔÁÒÃÚÙ ÚÁÐÅ×ÎÉç ÉÍ ×ÁÒÕÎËÉ ÔÁËÉÅ ÊÁË 

czas i miejsce - ÎÁ ÌÅËÃÊÉ É ĢÒÏÄËÉȟ ÔÁËÉÅ ÊÁË ÆÌÁÍÁÓÔÒÙȟ ËÁÒÔÅÃÚËÉȟ ÐÉÏÎËÉȟ ËÏÓÔËÉȟ ÂÏ ÚÁÇÒÏŀÅÎÉ 

ÎÉÅÄÏÓÔÏÓÏ×ÁÎÉÅÍ ÓÐÏčÅÃÚÎÙÍ ÃÚöÓÔÏ ÎÉÅ ÍÁÊä ÎÁÊÐÒÏÓÔÓÚÙÃÈ ÍÏŀÌÉ×ÏĢÃÉȢ 

"Ù ÐÒÚÅÃÉäÇÎäç ÕÃÚÎÉĕ× ÎÁ ȵÎÁÓÚä ÓÔÒÏÎö ÍÏÃÙȱȟ ÎÁÊ×ÁŀÎÉÅÊÓÚÁ ÊÅÓÔ ÁÕÔÅÎÔÙÃÚÎÏĢçȢ 'ÄÙ 

chcemy, ÁÂÙ ÚÁÇÒÁÌÉ × ÇÒö ɀ ÚÁÇÒÁÊÍÙ Ú ÎÉÍÉȢ *ÅĢÌÉ ÍÁÊä ÓÉö ÐÒÚÅÂÒÁç ÎÁ ÌÅËÃÊÅ × ÓÔÙÌÕ ÇÒÙ 

ÆÁÂÕÌÁÒÎÅÊȟ ÔÏ ÔÁËŀÅ ÓÉö ÐÒÚÅÂÉÅÒÚÍÙȢ 3ÔÏÓÕÊäÃ ÓÉö ÄÏ ÚÁÌÅÃÅď Ú ÐÏÒÁÄÎÉ ÐÅÄÁÇÏÇÉÃÚÎÏ ɀ 

psychologicznej stawiajmy jednak przed ÕÃÚÎÉÁÍÉ ÔÁËŀÅ ×ÙÚ×ÁÎÉÁȢ 7ÉÅÌËÉÅ ÒÚÅÃÚÙ ÎÉÅ 

ÐÒÚÙÃÈÏÄÚä čÁÔ×ÏȢ 3ÕËÃÅÓ ÓÍÁËÕÊÅ ÔÙÍ ÂÁÒÄÚÉÅÊ Ém ×ÉöÃÅÊ ×čÏŀÙÍÙ × ÎÉÅÇÏ ×ÙÓÉčËÕȢ  
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do nauczania fizyki i nauk stosowanych 

 

Kazimierz Szulowski 

 

EDUKA ɀ FRSK Sp. z o.o., Biuro Handlowe firmy PHYWE,  

ul. Jelonka 4, 05-506 Lesznowola 

ÅÄÕËÁͽÅÄÕËÁȢÃÏÍȢÐÌ Ɇ ÅÄÕËÁͽÌÕÃÁÓ-ÎÕÌÌÅÐÈÙ×ÅȢÃÏÍȢÐÌ Ɇ ×××ȢÅÄÕËÁȢÃÏÍȢÐÌ 

 

 
 

RozwiŃzania firmy PHYWE obejmu-jŃ pomoce dydak-

tyczne i przyrzŃdy oraz kompletne zestawy do do-

ŜwiadczeŒ uczniowskich i demonstracyjnych dla 

wszystkich poziom·w edukacji. Zestawy eksperymen-

talne sŃ wyposaŨone w tradycyjne przyrzŃdy pomia-

rowe lub interfejs pomiarowy Cobra SMARTsense do 

pomiar·w ze wsparciem urzŃdzeŒ mobilnych. Wypo-

saŨenie obejmuje wszystkie dziağy fizyki  (mechanika, 

akustyka, nauka o cieple / termodynamika, elektrycz-

noŜĺ, optyka i fotonika, fizyka wsp·ğczesna) i nauk sto-

sowanych (mechanika stosowana, energia odnawialna, 

elektronika i elektrotechnika, materiağoznawstwo, me-

dycyna, geonauki, nanotechnologia). 

NASZE SZTANDAROWE PRODUKTY  

Bezprzewodowy system pomiarowy Cobra SMARTsense kompletny, modularny, 

zintegrowany z programami nauczania system, umoŨliwiajŃcy realizacjň ponad 100 

eksperyment·w. Rodzina 40 czujnik·w umoŨliwiajŃcych pomiar 70 wielkoŜci nie wy-

maga dedykowanego interfejsu ï ğŃczy siň z komputerem, smartfonem lub tabletem 

ucznia pozwalajŃc rejestrowaĺ i analizowaĺ dane w wielokrotnie nagradzanej darmo-

wej aplikacji measureAPP dla system·w iOS, Android i Windows. Systematycznie 

rozbudowywany o kolejne czujniki i funkcje oraz dalsze zestawy eksperymentalne. 

Zaawansowany aparat rentgenowski XR 4.0 35 kV - w peğni bezpieczne urzŃdzenie 

edukacyjne z technologiŃ szybkiej wymiany lamp, do przeŜwietleŒ i tomografii kom-

puterowej (XRCT), doŜwiadczeŒ z zakresu jonizacji, dozymetrii, spektroskopii, re-

fleksji Bragga, spektrum hamowania, charakterystyk materiağ·w, prawa Moseleya i 

wielu innych. 

Nowoczesne metody obrazowania: 

Å  Ultrasonografia 

Å Tomografia rentgenowska (XRCT) 

Å Tomografia rezonansu magnetycznego (MRT) 

Å Edukacyjne mikroskopy skaningowe: skaningowy mikroskop tunelowy Copact 

STM i mikroskop siğ atomowych AFM 

Zaprojektowane specjalnie do cel·w dydaktycznych, cağkowicie bezpieczne i in-

tuicyjne w obsğudze. 

Wiňcej informacji na naszej stronie www.eduka.com.pl.  
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g-2 mionu w modelach supersymetrycznych 
 

Muon g-2 in supersymmetric models 

 

Marcin Badziak 

 

Uniwersytet Warszawski, Warszawa 

 

 
 

Muon anomalous magnetic moment (g-2) is among the most precisely measured quanti-

ties in physics and is a useful tool to test extensions of the Standard Model (SM). The 

measurement of muon g-2 carried out at Brookheaven National Laboratory (BNL) almost 

20 years ago showed a significant discrepancy with the SM prediction. The BNL result 

was confirmed this year by a new measurement of muon g-2 at Fermilab. The combined 

experimental value is now more than 4 standard deviations away from the SM prediction 

which is a serious hint for New Physics. In this talk, I will discuss how contributions to 

muon g-2 from new particles can explain this discrepancy. The implications of the muon 

g-2 measurement on the spectrum of supersymmetric models will be presented. Comple-

mentary probes of supersymmetric models explaining the muon g-2 result will be also 

discussed. 
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7ÓÐĕčÃÚÅÓÎÁ ÇÒÁ×ÉÍÅÔÒÉÁ É ÁÎÔÒÏÐÏÇÅÎÉÃÚÎÅ ÁÎÏÍÁÌÉÅ ÇÒÁ×ÉÔÁÃÙÊÎÅ 

 
Modern gravimetry and the anthropogenic gravitational anomalies 

 

3ÔÁÎÉÓčÁ× "ÅÄÎÁÒÅË 

 

5ÎÉ×ÅÒÓÙÔÅÔ lĕÄÚËÉȟ lĕÄľ 

 

 
 

7 ÐÉÅÒ×ÓÚÅÊ ÃÚöĢÃÉ ÒÅÆÅÒÁÔÕ ÂöÄä ÏÍĕ×ÉÏÎÅ ÒĕŀÎÅ ÒÏÄÚÁÊÅ ÏÂÅÃÎÉÅ ÓÔÏÓÏ×ÁÎÙÃÈ ÇÒÁ×ÉȤ

ÍÅÔÒĕ×ȟ ÉÃÈ ÂÕÄÏ×Á É ÚÁÓÁÄÙ ÄÚÉÁčÁÎÉÁ ÏÒÁÚ ÇÒÁÎÉÃÅ ÍÏŀÌÉ×ÏĢÃÉ ÐÏÍÉÁÒÏ×ÙÃÈȢ 0ÏËÁÚÁÎÅ 

ÚÏÓÔÁÎÉÅȟ × ÊÁËÉÍ ÚÁËÒÅÓÉÅ Óä ÚÁ×ÁÒÔÅ ×ÁÒÔÏĢÃÉ ÐÒÚÙÓÐÉÅÓÚÅÎÉÁ ÓÉčÙ ÃÉöŀËÏĢÃÉ g × ÐÏÂÌÉŀÕ 

po×ÉÅÒÚÃÈÎÉ :ÉÅÍÉ É ÊÁËÉÅ ÃÚÙÎÎÉËÉ ÍÁÊä ÎÁ ÔÏ ×ÐčÙ× ÏÒÁÚ ÄÌÁÃÚÅÇÏ ÄÏËčÁÄÎÅ ×ÙÚÎÁÃÚÅȤ

ÎÉÅ ×ÁÒÔÏĢÃÉ g ÍÁ ×ÁŀÎÅ ÚÎÁÃÚÅÎÉÅ ×Å ×ÓÐĕčÃÚÅÓÎÅÊ ÎÁÕÃÅ É ÔÅÃÈÎÉÃÅȢ 0ÏÄÁÎÅ ÔÅŀ ÂöÄä 

ÉÎÆÏÒÍÁÃÊÅ Ï ÎÁÊÎÏ×ÓÚÙÃÈ ÔÙÐÁÃÈ ÇÒÁ×ÉÍÅÔÒĕ×ȟ × ËÔĕÒÙÃÈ ×ÙËÏÒÚÙÓÔÙ×ÁÎÅ Óä ÅÆÅËÔÙ 

kwantowe ɀ efekt tunelowy i kondensat Bosego-Einsteina. 

$ÒÕÇÁ ÃÚöĢç ÒÅÆÅÒÁÔÕ ÂöÄÚÉÅ ÄÏÔÙÃÚÙčÁ ÏÄÃÈÙÌÅď ÏÄ ĢÒÅÄÎÉÅÊ ×ÁÒÔÏĢÃÉ g, powodowanych 

ÐÒÚÅÚ ÃÚčÏ×ÉÅËÁ × ×ÙÎÉËÕ ÊÅÇÏ ÒĕŀÎÙÃÈ ÆÏÒÍ ÄÚÉÁčÁÌÎÏĢÃÉȟ ÍȢÉÎȢ ÅËÓÐÌÏÁÔÁÃÊÉ ÓÕÒÏ×Ãĕ× 

ËÏÐÁÌÎÙÃÈ ÏÒÁÚ ×ÚÎÏÓÚÅÎÉÁ ÂÕÄÏ×ÌÉ Ï ÄÕŀÅÊ masie i rozmiarach. Na podstawie wybra-

ÎÙÃÈȟ ÃÈÁÒÁËÔÅÒÙÓÔÙÃÚÎÙÃÈ ÐÒÚÙËčÁÄĕ× ÔÁËÉÅÊ ÄÚÉÁčÁÌÎÏĢÃÉ É ÐÒÚÙÊöÔÙÃÈ ÍÏÄÅÌÉȟ ÚÏÓÔÁÎä 

ÏÓÚÁÃÏ×ÁÎÅ É ÐÏÒĕ×ÎÁÎÅ ×ÁÒÔÏĢÃÉ ÔÙÃÈ ÏÄÃÈÙÌÅď É ÐÒÚÅÄÙÓËÕÔÏ×ÁÎÅ ÉÃÈ ÚÎÁÃÚÎÉÅȢ 
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:ÁÓÔÏÓÏ×ÁÎÉÅ ÍÉËÒÏÅËÓÔÒÁËÃÊÉ ÄÏ ÆÁÚÙ ÓÔÁčÅÊ × ÁÎÁÌÉzie tkanek:  

×ÙÚ×ÁÎÉÁ ÔÏ×ÁÒÚÙÓÚäÃÅ ÐÒÁËÔÙÃÅ ËÌÉÎÉÃÚÎÅÊ 
 

Application of microextraction to solid phase in tissue analysis: challenges associated 

with clinical practice 

 

Barbara Bojko 

 

#ÏÌÌÅÇÉÕÍ -ÅÄÉÃÕÍȟ 5ÎÉ×ÅÒÓÙÔÅÔ -ÉËÏčÁÊÁ +ÏÐÅÒÎÉËÁȟ 4ÏÒÕď 

 

 
 

:čÏÔÙÍ ÓÔÁÎÄÁÒÄÅÍ × ÂÁÄÁÎÉÁÃÈ ÄÉÁÇÎÏÓÔÙÃÚÎÙÃÈ ÔËÁÎÅË Óä ÔÅÃÈÎÉËÉ ÏÂÒÁÚÏ×ÁÎÉÁ ÏÒÁÚ 

ÁÎÁÌÉÚÁ ÈÉÓÔÏÐÁÔÏÌÏÇÉÃÚÎÁȢ 7 ÐÒÚÙÐÁÄËÕ ÐÅ×ÎÙÃÈ ÎÏ×ÏÔ×ÏÒĕ×ȟ ÎÐȢ ÇÌÅÊÁËĕ×ȟ ÎÉÅÚÂöÄÎÅ 

Óä ÔÁËŀÅ ÂÁÄÁÎÉÁ ÇÅÎÅÔÙÃÚÎÅ ÐÏÚ×ÁÌÁÊäÃÅ ÏËÒÅĢÌÉç ×ÒÁŀÌÉ×ÏĢç ÌÕÂ ÏÐÏÒÎÏĢç ÎÏ×ÏÔ×ÏÒu 

ÎÁ ÐÌÁÎÏ×ÁÎä ÓÔÒÁÔÅÇÉö ÔÅÒÁÐÅÕÔÙÃÚÎäȢ +ÁŀÄÁ Ú ÒÕÔÙÎÏ×Ï ÓÔÏÓÏ×ÁÎÙÃÈ ÍÅÔÏÄ ÄÏÓÔÁÒÃÚÁ 

ÏÄÍÉÅÎÎÙÃÈ ÉÎÆÏÒÍÁÃÊÉȟ ÃÏ ÓÕÍÁÒÙÃÚÎÉÅ Ú×ÉöËÓÚÁ ÓÚÁÎÓÅ ÎÁ ÂÁÒÄÚÉÅÊ ÐÒÅÃÙÚÙÊÎä ÃÈÁÒÁËȤ

ÔÅÒÙÓÔÙËö ÂÁÄÁÎÅÊ ÔËÁÎËÉ É ÄÏÂÒÁÎÉÅ ÅÆÅËÔÙ×ÎÅÇÏ ÌÅÃÚÅÎÉÁȢ .ÉÅÓÔÅÔÙȟ ×ĢÒĕÄ ÓÔÁÎÄÁÒÄĕ× 

diaÇÎÏÓÔÙÃÚÎÙÃÈ ×ÃÉäŀ ÃÚöÓÔÏ ÂÒÁËÕÊÅ ÍÅÔÏÄ ÕÍÏŀÌÉ×ÉÁÊäÃÙÃÈ ×ÇÌäÄ × ÍÏÌÅËÕÌÁÒÎÙ ÐÒÏȤ

ÆÉÌ ÄÁÎÅÊ ÔËÁÎËÉȟ ÇÄÙŀ ÔÒÁÄÙÃÙÊÎÁ ÐÒÅÐÁÒÁÔÙËÁ ÐÒĕÂÅË ÊÅÓÔ ×ÉÅÌÏÅÔÁÐÏ×Áȟ Á ÔÙÍ ÓÁÍÙÍ 

ÐÒÁÃÏÃÈčÏÎÎÁ É ÃÚÁÓÏÃÈčÏÎÎÁȟ ÕŀÙ×ÁÊäÃÁ ÓÚÅÒÅÇÕ ÒÏÚÐÕÓÚÃÚÁÌÎÉËĕ× ÏÒÇÁÎÉÃÚÎÙÃÈȟ ÐÒÚÅÚ 

co nieodpowiednia do zastosowania jako szybka metoda skryningowa na sali operacyj-

nej. 

/ÂÅÃÎÅ ÔÒÅÎÄÙ ÃÈÅÍÉÉ ÁÎÁÌÉÔÙÃÚÎÅÊ ÐÒÏÍÕÊä ÔÅÃÈÎÏÌÏÇÉÅ ÏÐÁÒÔÅ ÎÁ ÍÅÔÏÄÁÃÈ ÐÏÚ×ÁÌÁÊäȤ

ÃÙÃÈ ÎÁ ÍÉÎÉÍÁÌÉÚÏ×ÁÎÉÅ ÚÕŀÙÃÉÁ ÚÁÒĕ×ÎÏ ÏÄÃÚÙÎÎÉËĕ× ÏÒÇÁÎÉÃÚÎÙÃÈȟ Ú×čÁÓÚÃÚÁ ÔÏËȤ

ÓÙÃÚÎÙÃÈȟ ÊÁË Òĕ×ÎÉÅŀ ÚÎÁÃÚäÃÅ ÏÇÒÁÎÉÃÚÅÎÉÅ ÉÌÏĢÃÉ ÓÁÍÅÊ ÐÒĕÂËÉ ÎÉÅÚÂöÄÎÅÊ ÄÏ ÐÒÚÅÐÒÏȤ

wadzenia aÎÁÌÉÚȢ $Ï ÔÁËÉÃÈ ÍÅÔÏÄ ÚÁÌÉÃÚÁ ÓÉö ÍÉËÒÏÅËÓÔÒÁËÃÊÁ ÄÏ ÆÁÚÙ ÓÔÁčÅÊ ÓÏÌÉÄ ÐÈÁÓÅ 

ÍÉÃÒÏÅØÔÒÁÃÔÉÏÎȟ 30-%  ÐÏÓÉÁÄÁÊäÃÁ ÓÚÅÒÅÇ ÃÅÃÈ ÐÒÅÄÙÓÐÏÎÕÊäÃÙÃÈ Êä ÄÏ ÔÚ×Ȣ ÓÔÏÓÏ×ÁÎÉÁ 

on-ÓÉÔÅȟ ÃÚÙÌÉ ÍÉÅÊÓÃÕ ÌÏËÁÌÉÚÁÃÊÉ ÐÒĕÂËÉȢ )ÚÏÌÁÃÊö ÁÎÁÌÉÔĕ× Ú ÄÁÎÅÊ ÔËÁÎËÉ ÐÒÏ×ÁÄÚÉ ÓÉö ÐÏȤ

ÐÒÚÅÚ ×ÐÒÏ×ÁÄÚÅÎÉÅ ÄÏ ÂÁÄÁÎÅÊ ÔËÁÎËÉ ÍÉËÒÏÓÏÎÄÙ ÏÐčÁÓÚÃÚÏÎÅÊ ÏÄÐÏ×ÉÅÄÎÉÍ ÓÏÒÂÅÎȤ

ÔÅÍȢ "ÁÒÄÚÏ ÍÁčÅ ÒÏÚÍÉÁÒÙ ÍÉËÒÏÓÏÎÄÙ ÐÏÚ×ÁÌÁÊä ÎÁ ÐÒÏ×ÁÄÚÅÎÉÅ ÂÁÄÁď ÐÒÚÙŀÙÃÉÏȤ

wych, profilowanie zmian w czasie oraz uzyskiwanie informacji na temat dystrybucji da-

ÎÅÇÏ Ú×ÉäÚËÕ × ÎÁÒÚäÄÚÉÅ ÌÕÂ ÏÒÇÁÎÉÚÍÉÅȢ %ËÓÔÒÁËÃÊÁ Ú ×ÙËÏÒÚÙÓÔÁÎÉÅÍ 30-% ÏÐÉÅÒÁ ÓÉö 

Ï ÕÓÔÁÌÅÎÉÅ ÓÔÁÎÕ Òĕ×ÎÏ×ÁÇÉ × ÂÁÄÁÎÙÍ ÕËčÁÄÚÉÅȟ ÃÏ ÏÚÎÁÃÚÁȟ ŀÅ ÃÚÕčÏĢç ÍÅÔÏÄÙ Ú×ÉöËȤ

ÓÚÁ ÓÉö Ú ÃÚÁÓÅÍ Áŀ ÄÏ ÍÏÍÅÎÔÕ ÏÓÉäÇÎÉöÃÉÁ ÓÔÁÎÕ Òĕ×ÎÏ×ÁÇÉȢ 7 ×ÉöËÓÚÏĢÃÉ ÐÒÚÙÐÁÄËĕ× 

czas prowadzenia baÄÁÎÉÁ ÊÅÓÔ ÊÅÄÎÁË ÚÎÁÃÚäÃÏ ÏÇÒÁÎÉÃÚÏÎÙ ÎÐȢ ÄÏ ËÉÌËÕ ÍÉÎÕÔȟ ÃÏ ÐÒÏȤ

×ÁÄÚÉ ÄÏ ËÏÎÉÅÃÚÎÏĢÃÉ ÍÏÄÙÆÉËÁÃÊÉ ÓÏÎÄ × ÃÅÌÕ ÕÚÙÓËÁÎÉÁ ÓÁÔÙÓÆÁËÃÊÏÎÕÊäÃÙÃÈ ×ÙÎÉËĕ×Ȣ 

0ÒÚÅÄÓÔÁ×ÉÏÎÅ ÐÒÚÙËčÁÄÙ ÂÁÄÁď ÎÏ×ÏÔ×ÏÒĕ× ÍĕÚÇÕȟ ÐÒÁ×ÉÄčÏ×ÅÊ ÔËÁÎËÉ ÍĕÚÇÏ×ÅÊȟ Á 

ÔÁËŀÅ ÐčÕÃȟ ÎÅÒÅË É ÍÉöĢÎÉ ×ÙËÏÒÚÙÓÔÁÎÅ ÂöÄä ÄÏ ÚÏÂÒÁÚÏ×ÁÎÉÁ ÚÁÒĕ×ÎÏ ÔÅÏÒÅÔÙÃÚÎÙÃÈ 

ÍÏŀÌÉ×ÏĢÃÉ ÏÆÅÒÏ×ÁÎÙÃÈ ÐÒÚÅÚ ÏÐÉÓÁÎä ÔÅÃÈÎÏÌÏÇÉö ÊÁË Òĕ×ÎÉÅŀ ÍÏÄÙÆÉËÁÃÊÉ × ÐÒÏÔÏËÏÌÅ 
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ÁÎÁÌÉÔÙÃÚÎÙÍ É ËÏÎÓÔÒÕËÃÊÉ ÓÁÍÙÃÈ ÓÏÎÄ ÅËÓÔÒÁËÃÙÊÎÙÃÈ ÐÏÚ×ÁÌÁÊäÃÙÃÈ ÎÁ ÚÁÁÄÒÅÓÏ×ÁȤ

ÎÉÅ ÒÅÓÔÒÙËÃÊÉ Ú×ÉäÚÁÎÙÃÈ Ú ÄÉÁÇÎÏÓÔÙËä ĢÒĕÄÏÐÅÒÁÃÙÊÎäȢ  

 

[1]  Filipiak, W., Bojko, B. Trends Anal. Chem. 2019; 115: 203 

[2]  Bojko, B. i wsp. J. Pharm. Anal. 2021, 11, 37 

[3]  Bogusiewicz, J. i wsp. J. Vis. Exp. 2020; e61260: 1 

[4]  Stryjak, I. i wsp. J. Vis. Exp. 2020; e60946: 1 

[5]  Bojko, B. i wsp. Can J Anaesth. 2021, 68, 761 
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Partition functions, heat capacities, and collision integrals for high temper-

ature applications 

 
Marcin Buchowiecki 

 

5ÎÉ×ÅÒÓÙÔÅÔ 3ÚÃÚÅÃÉďÓËÉȟ 3ÚÃÚÅÃÉÎ 

 

 
 

The rovibrational partition functions of even the simplest molecules are uncertain at high 

temperatures. The review of existing discrepancies for the H2+, OH- molecular ions and 

NH radical will be given. The classical mechanics based method is used and to extend the 

results to lower temperatures the Wigner-Kirkwood quantum correction is applied. Dis-

crepancies of partition functions (and even more for heat capacities) are increasing with 

temperature, that suggests that the potential energy curves of the ground and the excited 

states should be calculated with high accuracy. The influence of bound, metastable, and 

scattering states will be discussed. 

The similar analysis of vibrational partition functions is valid, in particular carbon mon-

oxide will be discussed. The vibrational partition function is used for rate constants in the 

theory of gas and plasma flows. The specific physical situations are hypersonic flows in 

aerodynamics or shock waves. Influence of the non-Boltzmann vibrational distributions 

on partition functions will be discussed. 

Finally, collision integrals for transport properties will be shortly discussed. 
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0Ï×ÓÔÁ×ÁÎÉÅ ÂÉÁčÅË × ÔÒÚÅÃÈ ÄÏÍÅÎÁÃÈ ŀÙÃÉÁ 

 
Nascent Folding of Proteins Across the Three Domains of Life 

 

Mateusz Chwastyk 

 

Instytut Fizyki PAN, Warszawa 

 

 
 

We study the nascent behavior of three model coarse-grained proteins in six rigid all-

atom structures representing ribosomes that come from three domains of life. The syn-

thesis of the proteins is implemented as a growth process. The geometry of the exit tunnel 

is quantified and shown to differ between the domains of life: both in volume and the size 

of constriction sites. This results in different characteristic times of capture within the 

tunnel and various probabilities of the escape. One of the proteins studied is the bacterial 

YibK which is knotted in its native state. A fraction of the trajectories results in knotting 

and the probability of doing so is largest for the bacterial ribosomes. Relaxing the condi-

tion of the rigidness of the ribosomes should result in a better avoidance of trapping and 

better proper folding. 
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&ÌÕËÔÕÁÃÊÅ ÎÁÄÐÒÚÅ×ÏÄÚäÃÅ ÐÏ×ÙŀÅÊ ÄÒÕÇÉÅÇÏ ÐÏÌÁ ËÒÙÔÙÃÚÎÅÇÏ × ÕÌÔÒÁȤ

cienkich warstwach niobu  

 
Fluctuation conductivity above upper critical field in ultrathin niobium films  

 

Marta Z. Cieplak, Iryna Zaytseva, Aleksander Abaloszew, Bruno C. Camargo 

 

Instytut Fizyki PAN, Warszawa 

 

 
 

4ÅÏÒÅÔÙÃÚÎÅ ÒÏÚ×ÁŀÁÎÉÁ ÐÒÚÅ×ÉÄÕÊäȟ ŀÅ × Ä×Õ×ÙÍÉÁÒÏ×ÙÃÈ ÎÁÄÐÒÚÅ×ÏÄÎÉËÁÃÈ ÐÏ×ÙȤ

ŀÅÊ ÄÒÕÇÉÅÇÏ ÐÏÌÁ ËÒÙÔÙÃÚÎÅÇÏ ÍÏÇä ÉÓÔÎÉÅç ÌÏËÁÌÎÅ ÐÁÒÙ #ÏÏÐÅÒÁȟ ÄÁÊäÃÅ ÕÊÅÍÎÙ ×ËčÁÄ 

do przewodnictwa elektrycznego w nÉÓËÉÃÈ ÔÅÍÐÅÒÁÔÕÒÁÃÈ ρ Ȣ 7 ÎÉÎÉÅÊÓÚÙÍ ×ÙËčÁÄÚÉÅ 

ÐÒÚÅÄÓÔÁ×Éö ÎÁÊÎÏ×ÓÚÅ ÂÁÄÁÎÉÁȟ ËÔĕÒÅ ÄÏËÕÍÅÎÔÕÊä ÏÂÅÃÎÏĢç ÔÁËÉÅÇÏ ×ËčÁÄÕ ÄÏ ÐÒÚÅȤ

×ÏÄÎÉÃÔ×Á × ÕÌÔÒÁÃÉÅÎËÉÃÈ ×ÁÒÓÔ×ÁÃÈ ÎÉÏÂÕ .Â  ς Ȣ 7ÁÒÓÔ×Ù ÔÅȟ Ï ÇÒÕÂÏĢÃÉÁÃÈ ÏÄ ρȢς 

ÎÍ ÄÏ ςπ ÎÍȟ ×ÙËÁÚÕÊä ÓÔÒÕËÔÕÒÁÌÎÅ ÐÒÚÅÊĢÃie od struktury amorficznej do polikrysta-

ÌÉÃÚÎÅÊ ÐÒÚÙ ÇÒÕÂÏĢÃÉ Ä ḗ σȢσ ÎÍȢ 0ÒÏÓÔÏÐÁÄčÅ ÐÏÌÅ ÍÁÇÎÅÔÙÃÚÎÅ ×ÙÍÕÓÚÁ ÐÒÚÅÊĢÃÉÅ ÎÁÄȤ

przewodnik-ÍÅÔÁÌ ÐÒÚÙ ÐÏÌÕ ËÒÙÔÙÃÚÎÙÍȟ ËÔĕÒÅ ÊÅÓÔ ÓÔÁčÅ × ×ÁÒÓÔ×ÁÃÈ ÐÏÌÉËÒÙÓÔÁÌÉÃÚȤ

ÎÙÃÈȟ ÎÁÔÏÍÉÁÓÔ ÍÁÌÅÊÅ ÐÏÔöÇÏ×Ï ×ÒÁÚ ÚÅ ÚÍÎÉÅÊÓÚÁniem przewodnictwa w warstwach 

ÁÍÏÒÆÉÃÚÎÙÃÈȢ /ÂÓÅÒ×ÁÃÊÁ ÔÁ ÓÕÇÅÒÕÊÅȟ ŀÅ ÓÔÁÎ ÎÁÄÐÒÚÅ×ÏÄÚäÃÙ × ×ÁÒÓÔ×ÁÃÈ ÁÍÏÒÆÉÃÚȤ

ÎÙÃÈ ÍÁ ÐÏÓÔÁç ×ÙÓÅÐÅË ÎÁÄÐÒÚÅ×ÏÄÚäÃÙÃÈ ÏÄÄÚÉÁčÕÊäÃÙÃÈ ÚÅ ÓÏÂä ÐÏÐÒÚÅÚ ÅÆÅËÔ ÂÌÉȤ

ÓËÏĢÃÉȢ 0ÏÎÁÄÔÏȟ ÐÏÌÅ ËÒÙÔÙÃÚÎÅ × ×ÁÒÓÔ×ÁÃÈ ÁÍÏÒÆÉÃÚÎÙÃÈ ÍÁÌÅÊÅ Ú ÏÂÎÉŀÁÎÉÅÍ ÔÅÍÐÅȤ

ÒÁÔÕÒÙ É ÓÔÁÊÅ ÓÉö ÓÔÁčÅ × ÎÁÊÎÉŀÓÚÙÃÈ ÔÅÍÐÅÒÁÔÕÒÁÃÈȢ 0ÏËÁŀöȟ ŀÅ ÚÁÃÈÏ×ÁÎÉÅ ÔÏ ÄÁÊÅ ÓÉö 

ÄÏÂÒÚÅ ÏÐÉÓÁç ÐÒÚÅÚ ÕÊÅÍÎÙ ×ËčÁÄ ÄÏ ÐÒÚÅ×ÏÄÎÉÃÔ×Á ×Ù×ÏčÁÎÙ ÏÂÅÃÎÏĢÃÉä ÆÌÕËÔÕÁÃÊÉ 

ÎÁÄÐÒÚÅ×ÏÄÚäÃÙÃÈ ÐÏ×ÙŀÅÊ ÄÒÕÇÉÅÇÏ ÐÏÌÁ ËÒÙÔÙÃÚÎÅÇÏȟ ÚÇÏÄÎÉÅ Ú ÐÒÚÅ×ÉÄywaniami teo-

retycznymi [1].  

 

[1]  A. A. Varlamov, et al., Rev. Mod. Phys. 90, 015009 (2018).  

[2]  I. Zaytseva et al., Sci. Rep. 10, 19062 (2020).  
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2ÅËÏÎÓÔÒÕËÃÊÁ ÓÔÁÎÕ Ë×ÁÎÔÏ×ÅÇÏ ÓÐÌäÔÁÎÙÃÈ × ÃÚÁÓÉÅ ÐÁÒ ÆÏÔÏÎĕ×  
 

Quantum state tomography of photon pairs entangled in the time domain 

 

!ÒÔÕÒ #ÚÅÒ×ÉďÓËÉȟ +ÁÒÏÌÉÎÁ 3öÄÚÉÁË-Kacprowicz, Piotr Kolenderski 

 

5ÎÉ×ÅÒÓÙÔÅÔ -ÉËÏčÁÊÁ +ÏÐÅÒÎÉËÁȟ 4ÏÒÕď 

 

 
 

2ÏÚ×ĕÊ ÔÅÃÈÎÏÌÏÇÉÉ Ë×ÁÎÔÏ×ÙÃÈ Ú×ÉäÚÁÎÙ ÊÅÓÔ Ú ÒÏÓÎäÃä ÐÏÔÒÚÅÂä ÐÒÅÃÙÚÙÊÎÅÇÏ ÏÐÉÓÕ 

ÍÉËÒÏÓËÏÐÏ×ÙÃÈ ÕËčÁÄĕ× ÆÉÚÙÃÚÎÙÃÈ ÐÏÐÒÚÅÚ ÏËÒÅĢÌÅÎÉÅ ÉÃÈ ÓÔÁÎÕ Ë×ÁÎÔÏ×ÅÇÏȢ *ÅÓÔ ÔÏ 

moŀÌÉ×Å ÄÚÉöËÉ ÐÏčäÃÚÅÎÉÕ ÆÏÒÍÁÌÉÚÍÕ ÍÁÔÅÍÁÔÙÃÚÎÅÇÏȟ ËÔĕÒÙ ÄÏÓÔÁÒÃÚÁ ÏÄÐÏ×ÉÅÄÎÉÃÈ 

ÒÅÐÒÅÚÅÎÔÁÃÊÉ ÄÌÁ ÒÅÁÌÎÙÃÈ ÏÂÉÅËÔĕ×ȟ ÏÒÁÚ ÏÄÐÏ×ÉÅÄÎÉÏ ÚÄÅÆÉÎÉÏ×ÁÎÙÃÈ ÐÏÍÉÁÒĕ×ȟ 

ÄÚÉöËÉ ËÔĕÒÙÍ ÍÏŀÅÍÙ ÕÚÙÓËÁç ÉÎÆÏÒÍÁÃÊÅ Ï ÕËčÁÄÚÉÅȢ 4ÙÌËÏ ÏÂÉÅËÔÙ Ë×ÁÎÔÏ×Å Ï ĢÃÉĢÌÅ 

ÏËÒÅĢÌÏÎÙÃÈ ÓÔÁÎÁÃÈ ÍÏÇä ÐÏÓčÕŀÙç ÄÏ ÔÁËÉÃÈ ÚÁÓÔÏÓÏ×Áď ÊÁË ËÒÙÐÔÏÇÒÁÆÉÁ Ë×ÁÎÔÏ×Á ÃÚÙ 

ÏÂÌÉÃÚÅÎÉÁ Ë×ÁÎÔÏ×ÅȢ : ÔÅÇÏ ÐÏ×ÏÄÕ ÏÐÒÁÃÏ×Ù×ÁÎÉÅ ÎÏ×ÙÃÈ ÍÅÔÏÄ ÓčÕŀäÃÙÃÈ ÄÏ ÒÅËÏÎȤ

ÓÔÒÕËÃÊÉ ÓÔÁÎĕ× ÔÏ ÊÅÄÅÎ Ú Çčĕ×ÎÙÃÈ ÔÒÅÎÄĕ× × Ë×ÁÎÔÏ×ÅÊ ÔÅÏÒÉÉ ÉÎÆÏÒÍÁÃÊÉȢ 

3ÚÃÚÅÇĕÌÎÙÍ ÒÏÄÚÁÊÅÍ ÏÂÉÅËÔÕ Ë×ÁÎÔÏ×ÅÇÏȟ ËÔĕÒÙ ÄÏÓËÏÎÁÌÅ ÓÐÒÁ×ÄÚÁ ÓÉö × ÐÒÁËÔÙÃÚȤ

ÎÙÃÈ ÚÁÓÔÏÓÏ×ÁÎÉÁÃÈȟ ÊÅÓÔ Ģ×ÉÁÔčÏȟ Á ËÏÎËÒÅÔÎÉÅÊ ÐÏÊÅÄÙÎÃÚÅ Ë×ÁÎÔÙ ÐÏÌÁ ÅÌÅËÔÒÏÍÁÇÎÅȤ

ÔÙÃÚÎÅÇÏȟ ÃÚÙÌÉ ÆÏÔÏÎÙȢ +×ÁÎÔÏ×Á ÉÎÆÏÒÍÁÃÊÁ ÍÏŀÎÁ ÚÏÓÔÁç ÚÁËÏÄÏ×ÁÎÁ ÎÁ ÐÏÊÅÄÙÎÃÚÙÍ 

ÆÏÔÏÎÉÅ ÐÒÚÙ ÕŀÙÃÉÕ ÊÅÄÎÅÇÏ ÚÅ ÓÔÏÐÎÉ Ó×ÏÂÏÄÙȟ ËÔĕÒÙÍ ÃÚöÓÔÏ ÊÅÓÔ ÐÏÌÁÒÙÚÁÃÊÁȟ ÁÌÅ ×ÙËÏȤ

ÒÚÙÓÔÁÎÁ ÍÏŀÅ ÂÙç Òĕ×ÎÉÅŀ ÓÔÒÕËÔÕÒÁ ÐÒÚÅÓÔÒÚÅÎÎÁ ÆÏÔÏÎĕ× ÃÚÙ ×ÓÐĕčÒÚöÄÎÁ ÃÚÁÓÏ×ÁȢ 

7 ÒÁÍÁÃÈ ×ÙËčÁÄÕ ÏÍĕ×ÉÏÎÁ ÚÏÓÔÁÎÉÅ ÍÅÔÏÄÁ ÐÏÍÉÁÒÕ ÓÔÁÎÕ ÆÏÔÏÎÕ ÚÁËÏÄÏ×ÁÎÅÇÏ × 

ÃÚÁÓÉÅȢ %×ÏÌÕÃÊÁ ÐÁËÉÅÔÕ ÆÁÌÏ×ÅÇÏ × ÃÚÁÓÉÅ ÍÏŀÅ ÚÏÓÔÁç ÏÐÉÓÁÎÁ ÚÁ ÐÏÍÏÃä ÐÒÏÐÁÇÁÔÏÒÁ 

Ú×ÉäÚÁÎÅÇÏ Ú ÏĢÒÏÄËÉÅÍ ÄÙÓÐÅÒÓÙÊÎÙÍȟ × ËÔĕÒÙÍ ÐÏÒÕÓÚÁ ÓÉö Ģ×ÉÁÔčÏ ρ Ȣ $ÚÉöËÉ ÚÁÓÔÏȤ

ÓÏ×ÁÎÉÕ ÒÅÐÒÅÚÅÎÔÁÃÊÉ (ÅÉÓÅÎÂÅÒÇÁ ÍÏŀÌÉ×Å ÊÅÓÔ ÚÄÅÆÉÎÉÏ×ÁÎÉÅ ÃÉäÇčÅÇÏ × ÃÚÁÓÉÅ ÐÏȤ

ÍÉÁÒÕȟ ËÔĕÒÙ ÓÐÅčÎÉÁ ÃÅÃÈÙ ÍÉÁÒÙ ÄÏÄÁÔÎÉÏ ÏËÒÅĢÌÏÎÙÃÈ ÏÐÅÒÁÔÏÒĕ× 0/6- Ȣ 7 ÒÅÁÌÎÙÍ 

ÓÃÅÎÁÒÉÕÓÚÕ ÎÁÌÅŀÙ Òĕ×ÎÉÅŀ Õ×ÚÇÌöÄÎÉç ÎÉÅÐÅ×ÎÏĢç ÃÚÁÓÏ×ä ÄÅÔÅËÔÏÒÁ Ú×ÉäÚÁÎä ÚÅ ÚÌÉȤ

ÃÚÁÎÉÅÍ ÆÏÔÏÎĕ× × ÃÚÁÓÉÅȟ Á ÔÁËŀÅ ÓÚÕÍ 0ÏÉÓÓÏÎÁȟ ËÔĕÒÙ × ÓÐÏÓĕÂ ÌÏÓÏ×Ù ÚÁÂÕÒÚÁ ×ÙÎÉËÉ 

pomiaru. W oparciu o tak zdefiniowany POVM, zbudowany zostač ÔÅÏÒÅÔÙÃÚÎÙ ÍÏÄÅÌ ÔÏȤ

ÍÏÇÒÁÆÉÉ ÓÔÁÎĕ× Ë×ÁÎÔÏ×ÙÃÈ ÄÌÁ ÆÏÔÏÎĕ× ÚÁËÏÄÏ×ÁÎÙÃÈ × ÂÉÎÁÃÈ ÃÚÁÓÏ×ÙÃÈ ς Ȣ -ÏÄÅÌ 

ÐÒÚÅÔÅÓÔÏ×ÁÎÙ ÚÏÓÔÁč ÎÕÍÅÒÙÃÚÎÉÅ ÄÌÁ ÓÚÅÒÏËÉÅÇÏ ÚÁËÒÅÓÕ ÐÁÒÁÍÅÔÒĕ×ȟ × ÓÚÃÚÅÇĕÌÎÏĢÃÉ 

ÄÌÁ ÐÒÚÙÐÁÄËÕ ÐÁÒ ÆÏÔÏÎĕ× ÓÐÌäÔÁÎÙÃÈ × ÃÚÁÓÉÅȢ .ÁÓÔöÐÎÉÅȟ ÚÁ ÐÏÍÏÃä symulacji udo-

×ÏÄÎÉÏÎÏȟ ŀÅ ÏÐÒÁÃÏ×ÁÎÁ ÍÅÔÏÄÁ ÔÏÍÏÇÒÁÆÉÉ ÐÏÚ×ÁÌÁ ÎÁ ÄÏËčÁÄÎÙ ÐÏÍÉÁÒ ÆÁÚÙ ×ÚÇÌöÄȤ

ÎÅÊȟ ÎÁ×ÅÔ × ÐÒÚÙÐÁÄËÕ ÄÅÔÅËÔÏÒĕ× ÏÂÃÉäŀÏÎÙÃÈ ÄÕŀÙÍ ÂčöÄÅÍ ÐÏÍÉÁÒÏ×ÙÍ σ Ȣ 

#ÅÎÔÒÁÌÎä ÃÚöĢÃÉä ×ÙËčÁÄÕ ÂöÄÚÉÅ ÐÒÅÚÅÎÔÁÃÊÁ ×ÙÎÉËĕ× ÕÚÙÓËÁÎÙÃÈ ÎÁ ÂÁÚÉÅ ÄÁÎÙÃÈ ÅËÓȤ

perymÅÎÔÁÌÎÙÃÈȢ :Á ÐÏÍÏÃä ÏÐÉÓÁÎÅÊ ÍÅÔÏÄÙ ÍÏŀÎÁ ÚÁÍÉÅÎÉç ÚÌÉÃÚÅÎÉÁ ÆÏÔÏÎĕ× ÐÏÃÈÏȤ

ÄÚäÃÅ Ú ÅËÓÐÅÒÙÍÅÎÔÕ ÎÁ ÍÁÃÉÅÒÚ ÇöÓÔÏĢÃÉȟ ËÔĕÒÁ ÓÔÁÎÏ×É ÍÁÔÅÍÁÔÙÃÚÎä ÒÅÐÒÅÚÅÎÔÁÃÊö 

ÓÔÁÎÕ ÐÁÒÙ ÆÏÔÏÎĕ×ȟ Á ÎÁÓÔöÐÎÉÅ ÏËÒÅĢÌÉç ÊÁËÏĢç ÓÐÌäÔÁÎÉÁ Ë×ÁÎÔÏ×ÅÇÏȢ 
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7ÐčÙ× ÄčÕÇÏĢÃÉ čÁďÃÕÃÈÁ -CmH2m- i fluorowania aromatycznego rdzenia 

ÎÁ ËÉÎÅÔÙËö ËÒÙÓÔÁÌÉÚÁÃÊÉ ÃÉÅËčÏËÒÙÓÔÁÌÉÃÚÎÙÃÈ Ú×ÉäÚËĕ× σ&Í8ρ0È8ςφ  

(m = 5, 6, 7; X1 = H; X2 = H, F) 

 
Influence of the -CmH2m- chain length on the crystallization kinetics of the liquid crys-

talline 3FmX1PhH6 compounds (m = 5, 6, 7; X1 = H, F) 

 

Aleksandra Deptuch1ȟ -ÁčÇÏÒÚÁÔÁ *ÁÓÉÕÒËÏ×ÓËÁ-Delaporte1ȟ %×Á *ÕÓÚÙďÓËÁ-'ÁčäÚËÁ1, 

Anna Drzewicz1ȟ 7ÏÊÃÉÅÃÈ :ÁÊäÃ1ȟ -ÁÇÄÁÌÅÎÁ 5ÒÂÁďÓËÁ2 

 
1)ÎÓÔÙÔÕÔ &ÉÚÙËÉ *äÄÒÏ×ÅÊ ÉÍȢ (ÅÎÒÙËÁ .ÉÅ×ÏÄÎÉÃÚÁďÓËÉÅÇÏȟ +ÒÁËĕ× 

2Wojskowa Akademia Techniczna, Warszawa 

 

 
 

$ÏÔÙÃÈÃÚÁÓÏ×Å ÂÁÄÁÎÉÁ ÎÁÄ ÃÉÅËčÏËÒÙÓÔÁÌÉÃÚÎÙÍÉ Ú×ÉäÚËÁÍÉ σ&Í81PhX26 (m = 2-7; X1, 

X2  (ȟ& ȟ Ô×ÏÒÚäÃÙÍÉ ÔÁËÉÅ ÆÁÚÙ ÓÍÅËÔÙÃÚÎÅ ÊÁË 3Í!ɕȟ 3Í#ɕȟ 3Í#ɻ* i SmCAɕȟ ×ÙËÁÚÕÊäȟ 

ŀÅ ÎÉÅ×ÉÅÌËÉÅ ÚÍÉÁÎÙ × ÓÔÒÕËÔÕÒÚÅ ÍÏÌÅËÕÌÁÒÎÅÊ ÍÏÇä ÐÒÏ×ÁÄÚÉç ÄÏ ÄÕŀÙÃÈ ÚÍÉÁÎ ×Å 

×čÁĢÃÉ×ÏĢÃÉÁÃÈ ÆÉÚÙÃÚÎÙÃÈ ρ-τ Ȣ 0ÒÅÚÅÎÔÏ×ÁÎÅ ÔÕ ×ÙÎÉËÉ ËÏÎÃÅÎÔÒÕÊä ÓÉö ÎÁ ÐÒÚÅÊĢÃÉÕ 

ÓÚËÌÉÓÔÙÍ É ËÉÎÅÔÙÃÅ ËÒÙÓÔÁÌÉÚÁÃÊÉ ÓÚÅĢÃÉÕ Ú×ÉäÚËĕ× σ&Í81PhH6 (m = 5, 6, 7; X1 = H, F) 

ÒĕŀÎÉäÃÙÃÈ ÓÉö ÄčÕÇÏĢÃÉä čÁďÃÕÃÈÁ -CmH2m- ÉȾÌÕÂ ÏÂÅÃÎÏĢÃÉä ÁÔÏÍÕ & Ðodstawionego na 

miejscu X1 × ÐÉÅÒĢÃÉÅÎÉÕ ÂÅÎÚÅÎÏ×ÙÍȢ "ÁÄÁÎÉÁ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅ ÍÅÔÏÄÁÍÉ ÒĕŀÎÉÃÏ×ÅÊ 

ËÁÌÏÒÙÍÅÔÒÉÉ ÓËÁÎÉÎÇÏ×ÅÊ ×ÙËÁÚÕÊäȟ ŀÅ ÈÏÍÏÌÏÇÉ ÐÁÒÚÙÓÔÅ ÏÒÁÚ Ú×ÉäÚÅË σ&υ&0È(φ ÕÌÅȤ

ÇÁÊä ËÒÙÓÔÁÌÉÚÁÃÊÉ ÎÁ×ÅÔ ÐÏÄÃÚÁÓ ÏÃÈčÁÄÚÁÎÉÁ Ú ÓÚÙÂËÏĢÃÉä ςπ +ȾÍÉÎȟ ÐÏÄÃÚÁÓ ÇÄÙ w przy-

ÐÁÄËÕ ÐÏÚÏÓÔÁčÙÃÈ ÎÉÅÐÁÒÚÙÓÔÙÃÈ ÈÏÍÏÌÏÇĕ× ÊÕŀ ÄÌÁ ÓÚÙÂËÏĢÃÉ ÏÃÈčÁÄÚÁÎÉÁ υ +ȾÍÉÎ ÄÌÁ 

3F5HPhH6 i 3F7FPhH6) lub 2 K/min (dla 3F7HPhH6) dochodzi do zeszklenia fazy SmCA*, 

a dopiero podczas ponownego ogrzewania zachodzi zimna krystalizacja. Pomiary prze-

ÐÒÏ×ÁÄÚÏÎÅ ÍÅÔÏÄä ÓÐÅËÔÒÏÓËÏÐÉÉ ÄÉÅÌÅËÔÒÙÃÚÎÅÊ × ÐÏčäÃÚÅÎÉÕ Ú ÍÏÄÅÌÏ×ÁÎÉÅÍ ÍÏÌÅȤ

ËÕÌÁÒÎÙÍ ÕÍÏŀÌÉ×ÉÁÊä ÎÁÔÏÍÉÁÓÔ ÚÂÁÄÁÎÉÅ ÐÒÏÃÅÓĕ× ÒÅÌÁËÓÁÃÙÊÎÙÃÈ × ÐÒÚÅÃÈčÏÄÚÏÎÅÊ É 

zeszklonej fazie SmCAɕȟ ÃÏ ÐÏÚ×ÁÌÁ ÍȢ ÉÎȢ ÎÁ ÏËÒÅĢÌÅÎÉÅ ÐÁÒÁÍÅÔÒÕ ËÒÕÃÈÏĢÃÉ mfȟ ÒÏÓÎäȤ

cego ze sËčÏÎÎÏĢÃÉä ÓÕÂÓÔÁÎÃÊÉ ÄÏ ÕÌÅÇÁÎÉÁ ËÒÙÓÔÁÌÉÚÁÃÊÉ υ Ȣ 3ÐÏĢÒĕÄ ÂÁÄÁÎÙÃÈ ÇÌÁÓÓÆÏÒȤ

ÍÅÒĕ× ÚÄÅÃÙÄÏ×ÁÎÉÅ ÎÁÊÍÎÉÅÊÓÚä ×ÁÒÔÏĢç mf  χπ ×ÙËÁÚÕÊÅ σ&χ(0È(φȟ ÃÏ ÚÇÁÄÚÁ ÓÉö Ú 

×ÙÎÉËÁÍÉ ËÁÌÏÒÙÍÅÔÒÙÃÚÎÙÍÉ ×ÓËÁÚÕÊäÃÙÍÉ ÎÁ ÎÁÊÍÎÉÅÊÓÚä ÓÚÙÂËÏĢç ËÒÙÓÔÁÌÉÚÁÃÊÉ × ÔÙÍ 

Ú×ÉäÚËÕȢ 
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Kinetyka zimnej krystalizacji karbamazepiny w nieizotermicznych bada-

ÎÉÁÃÈ ÍÅÔÏÄä ÒĕŀÎÉÃÏ×ÅÊ ËÁÌÏÒÙÍÅÔÒÉÉ ÓËÁÎÉÎÇÏ×ÅÊ 

 
Kinetics of the cold crystallization of carbamazepine in non-isothermal differential scan-

ning calorimetry studies 

 

!ÇÎÉÅÓÚËÁ $ÏčöÇÁȟ 0ÉÏÔÒ -Ȣ :ÉÅÌÉďÓËÉ 

 

)ÎÓÔÙÔÕÔ &ÉÚÙËÉ *äÄÒÏ×ÅÊ ÉÍȢ (ÅÎÒÙËÁ .ÉÅ×ÏÄÎÉÃÚÁďÓËÉÅÇÏ 0!.ȟ +ÒÁËĕ× 

 

 
 

+ÁÒÂÁÍÁÚÅÐÉÎÁ #":  ÊÅÓÔ ÓÕÂÓÔÁÎÃÊä ÃÚÙÎÎä !0)  ÓÔÏÓÏ×ÁÎä × ÔÅÒÁÐÉÉ ÐÁÄÁÃÚËÉȟ ÃÈÏȤ

ÒÏÂÙ ÁÆÅËÔÙ×ÎÅÊ Ä×ÕÂÉÅÇÕÎÏ×ÅÊ ÏÒÁÚ ÎÉÅËÔĕÒÙÃÈ ÎÅÕÒÁÌÇÉÉȢ 7ÙËÁÚÕÊÅ ÓčÁÂä ÒÏÚÐÕÓÚÃÚÁÌȤ

ÎÏĢç × ×ÏÄÚÉÅ ÏÒÁÚ ×ÙÓÏËä ÐÒÚÅÎÉËÁÌÎÏĢç ÐÒÚÅÚ ÂÁÒÉÅÒÙ ÂÉÏÌÏÇÉÃÚÎÅ )) ËÌÁÓÁ ÓÙÓÔÅÍÕ 

BCS). AÍÏÒÆÉÚÁÃÊÁ #": ÐÒÏ×ÁÄÚÉ ÄÏ ÐÏÐÒÁ×Ù ÊÅÊ ÒÏÚÐÕÓÚÃÚÁÌÎÏĢÃÉ, ale stwarza zarazem 

×ÁÒÕÎËÉ ÄÏ ×ÙÓÔöÐÏ×ÁÎÉÁ ÚÉÍÎÅÊ ËÒÙÓÔÁÌÉÚÁÃÊÉȢ :ÊÁ×ÉÓËÏ ÔÏȟ ÎÉÅÐÏŀäÄÁÎÅ × ÐÒÚÙÐÁÄËÕ 

ÁÍÏÒÆÉÃÚÎÙÃÈ !0)ȟ ÊÅÓÔ ÏÂÓÅÒ×Ï×ÁÎÅ ÐÏÄÃÚÁÓ ÏÇÒÚÅ×ÁÎÉÁ ÓÕÂÓÔÁÎÃÊÉ ÓÚËčÏ Ô×ĕÒÃÚÙÃÈ 

(m.in.: farmaceÕÔÙËĕ×ȟ ÃÉÅËčÙÃÈ ËÒÙÓÚÔÁčĕ×ȟ ÐÏÌÉÍÅÒĕ× ȟ ÐÏ×ÙŀÅÊ ÔÅÍÐÅÒÁÔÕÒÙ ÐÒÚÅÊĢÃÉÁ 

ÓÚËÌÉÓÔÅÇÏȢ 7 ÐÒÚÙÐÁÄËÕ ÁÍÏÒÆÉÃÚÎÙÃÈ ÌÅËĕ× ÊÅÇÏ ÏÂÅÃÎÏĢç ÍÏŀÅ ÐÒÚÅËÒÅĢÌÁç ÉÃÈ ÎÉÅÏȤ

ÄÚÏ×Îä ÓÔÁÂÉÌÎÏĢçȟ ×ÙÍÁÇÁÎä × ÏËÒÅÓÉÅ ÐÒÚÙÄÁÔÎÏĢÃÉ ÄÏ ÓÐÏŀÙÃÉÁȢ 7 Ú×ÉäÚËÕ Ú ÐÏ×ÙŀȤ

szym, w odniesieniu do ÁÍÏÒÆÉÃÚÎÙÃÈ ÆÁÒÍÁÃÅÕÔÙËĕ×ȟ ËÌÕÃÚÏ×Å ÚÎÁÃÚÅÎÉÅ ÍÁ ÓÃÈÁÒÁËȤ

teryzowanie kinetyki ich zimnej krystalizacji.  

2ĕŀÎÉÃÏ×Á ËÁÌÏÒÙÍÅÔÒÉÁ ÓËÁÎÉÎÇÏ×Á ÚÏÓÔÁčÁ ÔÕÔÁÊ ×ÙËÏÒÚÙÓÔÁÎÁ × ÎÉÅÉÚÏÔÅÒÍÉÃÚÎÙÃÈ 

badaniach kinetyki zimnej krystalizacji amorficznej postaci CBZ uzyskanej na drodze 

ÓÚÙÂËÉÅÇÏ ÃÈčÏÄÚÅÎÉÁ ρ Ȣ 7ÙËÏÎÁÎÏ ÐÏÍÉÁÒÙ ÄÌÁ ÓÉÅÄÍÉÕ ÒĕŀÎÙÃÈ ÔÅÍÐ ÏÇÒÚÅ×ÁÎÉÁ 

ÐÒĕÂËÉȟ Á ÕÚÙÓËÁÎÅ ×ÙÎÉËÉ ÁÎÁÌÉÚÏ×ÁÎÏ × ÏÐÁÒÃÉÕ Ï ÓÚÅÒÅÇ ÍÏÄÅÌÉ ÔÅÏÒÅÔÙÃÚÎÙÃÈ John-

Mehl-Avrami, Kissinger, Augis-Bennett, Ozawa, Mo, Matusita)Ȣ :ÁÕ×ÁŀÏÎÏȟ ŀÅ ÐÒÏces zim-

nej krystalizacji amorficznej CBZ przebiega w oparciu o dwa odmienne mechanizmy w 

ÚÁÌÅŀÎÏĢÃÉ ÏÄ ÔÅÍÐÁ ÊÅÊ ÏÇÒÚÅ×ÁÎÉÁȢ 7ÙÚÎÁÃÚÏÎÅ ×ÁÒÔÏĢÃÉ ÅÎÅÒÇÉÉ ÁËÔÙ×ÁÃÊÉ Óä ÚÁÌÅŀÎÅ 

ÏÄ ÔÅÍÐÁ ÏÇÒÚÅ×ÁÎÉÁȟ ÔÅÍÐÅÒÁÔÕÒÙ ÏÒÁÚ ÓÔÏÐÎÉÁ ËÒÙÓÔÁÌÉÚÁÃÊÉ ÐÒĕÂËÉȢ 

 

[1]  $ÏčöÇÁȟ %Ȣ *ÕÓÚÙďÓËÁ-'ÁčäÚËÁȟ !Ȣ $ÅÐÔÕÃÈȢ 3Ȣ "ÁÒÁÎȟ 0Ȣ -Ȣ :ÉÅÌÉďÓËÉȢ Non-isothermal cold-

crystallization and physical stability of glassy carbamazepine studied by X-ray diffraction, 

DSC and FT-IR spectroscopy. Thermochim. Acta 2021 (under review). 
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Rentgenowska ÁÎÁÌÉÚÁ ÓÔÒÕËÔÕÒÁÌÎÁ ÍÁÔÅÒÉÉ ÍÉöËËÉÅÊ ɀ nowe rezultaty 

 
X-ray structural analysis of soft materials - new results 

 

Henryk Drozdowski1,2ȟ -ÁčÇÏÒÚÁÔÁ ¡ÌÉ×ÉďÓËÁ-Bartkowiak1,2, Stefan Jurga1,2 

 
15ÎÉ×ÅÒÓÙÔÅÔ ÉÍȢ !ÄÁÍÁ -ÉÃËÉÅ×ÉÃÚÁ × 0ÏÚÎÁÎÉÕȟ 0ÏÚÎÁď 

2#ÅÎÔÒÕÍ .ÁÎÏ"ÉÏ-ÅÄÙÃÚÎÅȟ 0ÏÚÎÁď 

 

 
 

#ÏÒÁÚ ÃÚöĢÃÉÅÊ ÐÒÚÅÄÍÉÏÔÅÍ ÚÁÉÎÔÅÒÅÓÏ×Áď ÆÉÚÙËÉ ÍÁÔÅÒÉÉ ÓËÏÎÄÅÎÓÏ×ÁÎÅÊ Óä ÂÁÄÁÎÉÁ 

ÓÔÒÕËÔÕÒÁÌÎÅ ÍÁÔÅÒÉÉ ÍÉöËËÉÅÊȢ /ÄËÒÙÃÉÅ ÕÐÏÒÚäÄËÏ×ÁÎÉÁ ÂÌÉÓËÉÅÇÏ ÚÁÓÉöÇÕ ÍÏÌÅËÕč × 

ÃÉÅÃÚÁÃÈ É ÃÉÁčÁÃÈ ÁÍÏÒÆÉÃÚÎÙÃÈ ÂÙčÏ ×ÙÄÁÒÚÅÎÉÅÍ ÐÒÚÅčÏÍÏ×ÙÍ × ÚÒÏÚÕÍÉÅÎÉÕ ×ÉÅÌÕ 

ÓÔÒÕËÔÕÒÁÌÎÙÃÈ ×čÁĢÃÉ×ÏĢÃÉ ÍÁÔÅÒÉÉ ÍÉöËËÉÅÊȢ 

Rentgenowska analiza strukturalna ÍÁÔÅÒÉÉ ÍÉöËËÉÅÊ ×ÙÍÁÇÁčÁ ÏÐÒÁÃÏ×ÁÎÉÁ ÎÏ×ÅÊ me-

ÔÏÄÙËÉ ÂÁÄÁď oraz ÓÔ×ÏÒÚÅÎÉÁ ÏÄÒöÂÎÙÃÈ ÔÅÃÈÎÉË É ÍÅÔÏÄ ÐÏÍÉÁÒÏ×ÙÃÈ. Wprowadzenie 

ÄÏ ÌÁÂÏÒÁÔÏÒÉĕ× ÒÅÎÔÇÅÎÏ×ÓËÉÃÈ ÚčÏŀÏÎÙÃÈ ÕËčÁÄĕ× ÂÁÄÁ×ÃÚÙÃÈ ÏÒÁÚ ËÏÍÐÕÔÅÒÙÚÁÃÊÁ 

ÐÒÁÃ ÁÎÁÌÉÔÙÃÚÎÙÃÈ ÕÍÏŀÌÉ×ÉčÙ ÚÁÓÔÏÓÏ×ÁÎÉÅ ÎÏ×ÙÃÈ ÔÅÃÈÎÉË ÐÏÍÉÁÒÏ×ÙÃÈ [1]. 

7ÙËčÁÄ ÏÂÅÊÍÉÅ ÏÍĕ×ÉÅÎÉÅ ÎÁÊÎÏ×ÓÚÙÃÈ ×ÙÎÉËĕ× ÂÁÄÁď ÒÅÎÔÇÅÎÏ×ÓËÉÃÈ aromatycz-

ÎÙÃÈ É ÁÌÉÆÁÔÙÃÚÎÙÃÈ ÃÉÅÃÚÙ ςȟσ ȟ ÒÏÚÔ×ÏÒĕ× ÃÉÅËčÙÃÈ τ  ÏÒÁÚ ÏÓÔÁÔÎÉÅ ×ÙÎÉËÉ ×ÙÚÎÁÃÚÁȤ

ÎÉÁ ÄÙÆÕÚÊÉ ÍÏÌÅËÕč ÍÅÔÏÄä ÒÅÎÔÇÅÎÏ×ÓËä υ Ȣ 0ÏÄÅÊÍÉÅÍÙ ÐÒĕÂö ×ÙÔčÕÍÁÃÚÅÎÉÁ ×ÚÁȤ

ÊÅÍÎÙÃÈ ÒÅÌÁÃÊÉ ÍÉöÄÚÙ ÓÔÒÕËÔÕÒä Á ×čÁĢÃÉ×ÏĢÃÉÁÍÉ ÚčÏŀÏÎÙÃÈ ÕËčÁÄĕ× ÍÏÌÅËÕÌÁÒÎÙÃÈȢ 

/ËÁÚÁčÏ ÓÉöȟ ŀÅ ÉÓÔÎÉÅÊä ÚÁÌÅŀÎÏĢÃÉ ÐÏÍÉöÄÚÙ ÓÔÒÕËÔÕÒä ÐÉÅÒ×ÓÚÅÊ ÓÆÅÒÙ ËÏÏÒÄÙÎÁÃÙÊÎÅÊ 

ÕčÏŀÅÎÉÁȟ ÏÒÉÅÎÔÁÃÊÅ É ÕÐÁËÏ×ÁÎÉÅ ÍÏÌÅËÕč  ÂÁÄÁÎÙÃÈ ÓÕÂÓÔÁÎÃÊÉ Á ÉÃÈ ×čÁĢÃÉ×ÏĢÃÉÁÍÉȢ  

Rentgenowskie badania surowicy krwi pacjÅÎÔĕ× Ú ÃÈÏÒÏÂÁÍÉ ÎÏ×ÏÔ×ÏÒÏ×ÙÍÉ Óä ÎÏȤ

wym obszarem fizyki medycznej. Celem tych ÂÁÄÁď ÊÅÓÔ ×ÙÚÎÁÃÚeÎÉÅ ×ÁÒÔÏĢÃÉ ×ÓÐĕčȤ

czynnika (markera) ɱrtg ÓÔÏÓÏ×ÁÎÅÇÏ ÄÏ ÉÌÏĢÃÉÏ×ÅÊ ÏÃÅÎÙ ÚÍÉÁÎ × ÓÔÒÕËÔÕÒÚÅ ×ÏÄÙ [6]. 

Przedstawimy wyniki tych ÂÁÄÁďȟ ËÔĕÒÅ ÓÔ×ÁÒÚÁÊä ÐÏÔÅÎÃÊÁÌÎä ÍÏŀÌÉ×ÏĢç ÚÁÓÔÏÓÏ×ÁÎÉÁ 

tej metody w ÔÅÒÁÐÉÉ ÎÏ×ÏÔ×ÏÒĕ× É ÄÉagnostyce przesiewowej. 

-ÅÔÏÄÁ ÓÚÅÒÏËÏËäÔÏ×ÅÊ ÄÙÆÒÁËÃÊÉ ÒÅÎÔÇÅÎÏ×ÓËÉÅÊȟ ÐÒÚÙ ÕŀÙÃÉÕ charakterystycznego pro-

mieniowania z anody lampy molibdenowej MoKɻ ÐÏÚ×ÏÌÉčÁ ÔÁËŀÅ ÚÂÁÄÁç nanostruktury 

ÐĕčÐrzewodnikowe: nanodruty krzemowe i nanodruty tlenku cynku [7]. Nanostruktury 

ÐĕčÐÒÚÅ×ÏÄÎÉËÏ×Å ÍÁÊä ÏÇÒÏÍÎÅ ÚÎÁÃÚÅÎÉÅ ÄÌÁ ÆÏÔÏ×ÏÌÔÁÉËÉ ÊÁËÏ ÍÁÔÅÒÉÁčÙ ÓÔÏÓÏ×ÁÎÅ 

× ÅÌÅËÔÒÏÄÁÃÈ × ÏÇÎÉ×ÁÃÈ ÓčÏÎÅÃÚÎÙÃÈ ψ Ȣ 

 

[1]  H. Drozdowski, Modele cieczy a rentgenowska analiza strukturalna, Wyd. Naukowe UAM, 

ISBN 83-232-1415-ψȟ 0ÏÚÎÁď ςππτȢ 

[2]  (Ȣ $ÒÏÚÄÏ×ÓËÉȟ -Ȣ ¡ÌÉ×ÉďÓËÁ-Bartkowiak, S. Jurga, Acta Phys. Pol. B, 13 (4) , 709 (2020). 

[3]  (Ȣ $ÒÏÚÄÏ×ÓËÉȟ 4Ȣ (ÁčÁÓȟ -Ȣ ¡ÌÉ×ÉďÓËÁ-Bartkowiak, J. Mol. Structure, 1148, 322 (2017). 
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[4]  H. Drozdowski, X-ray diffraction in liquid solutions, Adam Mickiewicz University, Series 

Fizyka NO.87, ISBN 978-83-232-3636-ψȟ 0ÏÚÎÁď ςπςπȢ 

[5]  (Ȣ $ÒÏÚÄÏ×ÓËÉȟ -Ȣ ¡ÌÉ×ÉďÓËÁ-Bartkowiak, arXiv: 1908.02165 

[6]  :Ȣ "čÁÓÚÃÚÁËȟ (Ȣ $ÒÏÚÄÏ×ÓËÉȟ ).4%2.!4)/.!, 3/&4 -!44%2 #/.&%2%.#% 2010, BIO-

PHYSICS, 235ȟ υÔÈ ψÔÈ *ÕÌÙ ςπρπȟ 'ÒÁÎÁÄÁȟ 3ÐÁÉÎȢ 

[7]  E. Robak, M. Kotkowiak, H. Drozdowski, J. Phys. D: Applied Physics, 49, 045104 (2016). 

[8]  E. Robak, L. E. Coy, M. Kotkowiak, S. Jurga, K. Zaleski, H. Drozdowski, Nanotechnology, 27, 

175706 (2016). 
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JaË ÃÉĢÎÉÅÎÉÅ ×ÐčÙ×Á ÎÁ ËÉÎÅÔÙËö ËÒÙÓÔÁÌÉÚÁÃÊÉ ÃÚöĢÃÉÏ×Ï ÆÌÕÏÒÏ×ÁÎÅÇÏ ÃÈÉȤ

ÒÁÌÎÅÇÏ ÃÉÅËčÅÇÏ ËÒÙÓÚÔÁčÕȩ 

 
How pressure affects the kinetics of crystallization of partially fluorinated chiral liquid 

crystal? 

 

Anna Drzewicz1ȟ -ÁčÇÏÒÚÁÔÁ *ÁÓÉÕrkowska-Delaporte1ȟ %×Á *ÕÓÚÙďÓËÁ-'ÁčäÚËÁ1, 

Aleksandra Deptuch1ȟ -ÉÒÏÓčÁ× 'ÁčäÚËÁ1ȟ 7ÏÊÃÉÅÃÈ :ÁÊäÃ1, 0ÒÚÅÍÙÓčÁ× +ÕÌÁ2 

 
1)ÎÓÔÙÔÕÔ &ÉÚÙËÉ *äÄÒÏ×ÅÊ 0ÏÌÓËÉÅÊ !ËÁÄÅÍÉÉ .ÁÕËȟ +ÒÁËĕ× 

2Wojskowa Akademia Techniczna, Warszawa 

 

 
 

+ÒÙÓÔÁÌÉÚÁÃÊÁ ÍÁÔÅÒÉÉ ÍÉöËËÉÅÊ ÐÏÄ ×ÐčÙ×ÅÍ ÃÉĢÎÉÅÎÉÁ ÌÕÂ ÔÅÍÐÅÒÁÔÕÒÙ ÊÅÓÔ ×ÃÉäŀ ÁËÔÕȤ

alnym i ÁÔÒÁËÃÙÊÎÙÍ ÎÁÕËÏ×ÙÍ ÐÒÏÂÌÅÍÅÍ ÂÁÄÁ×ÃÚÙÍȢ 7ÉÅÌÅ ÃÚÙÎÎÉËĕ× ÚÅ×ÎöÔÒÚȤ

ÎÙÃÈ ÍÏŀÅ ×ÐčÙ×Áç ÎÁ ÔÅÎȟ ÃÚöÓÔÏ ÚčÏŀÏÎÙȟ ÐÒÏÃÅÓȢ .ÁÌÅŀÙ ÄÏ ÎÉÃÈ ÍȢÉÎȢ ÈÉÓÔÏÒÉÁ ÔÅÒȤ

ÍÉÃÚÎÁ ÐÒĕÂËÉȟ ÃÉĢÎÉÅÎÉÅ ÚÅ×ÎöÔÒÚÎÅȟ ÓÔÒÕËÔÕÒÁ ÆÁÚÙ ÐÏÃÚäÔËÏ×ÅÊ ÌÕÂ ÇÅÏÍÅÔÒÉÁ ÐÒĕÂËÉȢ 

$ÌÁÔÅÇÏ ÚÎÁÊÏÍÏĢç ËÒÙÔÙÃÚÎÙÃÈ ÃÚÙÎÎÉËĕ× ÕÍÏŀÌÉ×ÉÁÊäÃÙÃÈ ËÏÎÔÒÏÌö ÐÒÏÃÅÓÕ ËÒÙÓÔÁÌÉȤ

ÚÁÃÊÉ ÃÚÙ ÚÅÓÚËÌÅÎÉÁ ÕčÁÔ×ÉÁ ÐÒÏÊÅËÔÏ×ÁÎÉÅ É ×ÙÔ×ÁÒÚÁÎÉÅ ÍÁÔÅÒÉÁčĕ× Ï ÃÉÅËÁ×ÙÃÈ ×čÁȤ

ĢÃÉ×ÏĢÃÉÁÃÈȢ 

7 ÎÁÓÚÙÃÈ ÂÁÄÁÎÉÁÃÈ ËÏÎÃÅÎÔÒÕÊÅÍÙ ÓÉö ÎÁ ×ÐčÙ×ÉÅ ÃÉĢÎÉÅÎÉÁ ÈÙÄÒÏÓÔÁÔÙÃÚÎÅÇÏ ÎÁ ËÉȤ

ÎÅÔÙËö ËÒÙÓÔÁÌÉÚÁÃÊÉ ÃÈÉÒÁÌÎÅÇÏ ÃÉÅËčÅÇÏ ËÒÙÓÚÔÁčÕ × ÊÅÇÏ ÆÁÚÉÅ ÓÍÅËÔÙÃÚÎÅÊ Ï ×čÁĢÃÉ×ÏȤ

ĢÃÉÁÃÈ ÁÎÔÙÆÅÒÒÏÅÌÅËÔÒÙÃÚÎÙÃÈ 3Í#Aɕ Ȣ 3ÙÔÕÁÃÊÁ ÆÁÚÏ×Á ÂÁÄÁÎÅÇÏ Ú×ÉäÚËÕ É ÊÅÇÏ ÄÙÎÁȤ

ÍÉËÁ ÄÒÇÁď Ú×ÉäÚÁÎÁ Ú ÐÏÓÚÃÚÅÇĕÌÎÙÍÉ ÓÔÁÎÁÍÉ ÔÅÒÍÏÄÙÎÁÍÉÃÚÎÙÍÉ ÚÏÓÔÁčÙ ÎÉÅÄÁ×ÎÏ 

opisane w pracach [1,2]. OÂÅÃÎÉÅ ÚÂÁÄÁÌÉĢÍÙ ×ÐčÙ× ÚÍÉÁÎÙȡ É  ÔÅÍÐÅÒÁÔÕÒÙ T) przy 

ÓÔÁčÙÍ ÃÉĢÎÉÅÎÉÕ ÌÕÂ ÉÉ  ÃÉĢÎÉÅÎÉÁ p) w ustalonej temperaturze krystalizacji badanego 

Ú×ÉäÚËÕ × ÊÅÇÏ ÆÁÚÉÅ 3Í#Aɕ ÍÅÔÏÄä ÓÚÅÒÏËÏÐÁÓÍÏ×ÅÊ ÓÐÅËÔÒÏÓËÏÐÉÉ ÄÉÅÌÅËÔÒÙÃÚÎÅÊȢ /ÐÉȤ

ÓÁÌÉĢÍÙ Òĕ×ÎÉÅŀ ËÒÙÓÔÁÌÉÚÁÃÊö ×ÚÄčÕŀ ÔÒÁÊÅËÔÏÒÉÉ ÓÔÁčÅÇÏ ÃÚÁÓÕ ÒÅÌÁËÓÁÃÊÉ ʐ ÎÁ ÐčÁÓÚÃÚÙľȤ

nie (T, p Ȣ 0ÏÒĕ×ÎÁÌÉĢÍÙ ×ÙÎÉËÉ ËÉÎÅÔÙËÉ ÉÚÏÔÅÒÍÉÃÚÎÅÊ ËÒÙÓÔÁÌÉÚÁÃÊÉ ÂÁÄÁÎÅÊ × ÔÅÍÐÅÒÁȤ

ÔÕÒÚÅ ÏÔÏÃÚÅÎÉÁ σ  ÏÒÁÚ ÐÏÄ ÐÏÄ×ÙŀÓÚÏÎÙÍ ÃÉĢÎÉÅÎÉÅÍ τ Ȣ  

 

[1]  $ÒÚÅ×ÉÃÚȟ %Ȣ *ÕÓÚÙďÓËÁ-'ÁčäÚËÁȟ 7Ȣ :ÁÊäÃȟ -Ȣ 0É×Ï×ÁÒÃÚÙËȟ 7Ȣ $ÒÚÅ×ÉďÓËÉȟ *Ȣ -ÏÌȢ ,ÉÑȢȟ 

319, 2020, 114153/1-12. 

[2]  $ÒÚÅ×ÉÃÚȟ %Ȣ *ÕÓÚÙďÓËÁ-'ÁčäÚËÁȟ 7Ȣ :ÁÊäÃȟ 0Ȣ +ÕÌÁȟ #ÒÙÓÔÁÌÓȟ ρπȟ ςπςπȟ φυυȾρ-21. 

[3]  Drzewicz, M. Jasiurkowska-$ÅÌÁÐÏÒÔÅȟ %Ȣ *ÕÓÚÙďÓËÁ-'ÁčäÚËÁȟ 7Ȣ :ÁÊäÃȟ 0Ȣ +ÕÌÁȟ 0ÈÙÓȢ 

Chem. Chem. Phys., 23, 2021, 8673-8688. 

[4]  Drzewicz, M. Jasiurkowska-$ÅÌÁÐÏÒÔÅȟ %Ȣ *ÕÓÚÙďÓËÁ-'ÁčäÚËÁȟ -Ȣ 'ÁčäÚËÁȟ 7Ȣ :ÁÊäÃȟ P. Kula, 

Effect of high pressure on relaxation dynamics and crystallization kinetics of chiral liquid 

crystal in its smectic phase (w recenzji).  
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"ÁÄÁÎÉÅ ÐÏÄ×ĕÊÎÉÅ ÎÁčÁÄÏ×ÁÎÙÃÈ ÂÏÚÏÎĕ× (ÉÇÇÓÁ × ÁËÃÅÌÅÒÁÔÏÒÁÃÈ ×ÙȤ

sokich energii 

 
Studies of the doubly charged Higgs bosons at high energy colliders 

 

Bartosz Dziewit 

 

5ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉȟ +ÁÔÏ×ÉÃÅ 

 

 
 

!ÎÁÌÉÚÕÊÅÍÙ ÐÒÏÄÕËÃÊö ÐÏÄ×ĕÊÎÉÅ ÎÁčÁÄÏ×ÁÎÙÃÈ ÂÏÚÏÎĕ× (ÉÇÇÓÁ Ὄ  × ËÏÎÔÅËĢÃÉÅ 

zderzaczy ὩὩ  i ὴὴȢ 2ÏÚ×ÁŀÁÎÉÁ ÔÅ ÐÒÏ×ÁÄÚÏÎÅ Óä × ÒÁÍÁÃÈ Ä×ĕÃÈ ÒÅŀÉÍĕ× ÔÅÏÒÅÔÙÃÚȤ

nych: modelu HTM (Higgs Triplet model) oraz MLRSM (Minimal Left-Right Symmetric 

-ÏÄÅÌ Ȣ 7 ÏÂÕ ÍÏÄÅÌÁÃÈ ÐÏÄ×ĕÊÎÉÅ ÎÁčÁÄÏ×ÁÎÙ Âozon Higgsa Ὄ  ÍÏŀÅ ÕÚÙÓËÁç ÍÁÓö 

ÓÅÔÅË ÇÉÇÁÅÌÅËÔÒÏÎÏ×ÏÌÔĕ×ȟ ËÔĕÒÙ ÍÏŀÎÁ ÂÁÄÁç × (,-,(# ÏÒÁÚ × ÐÒÚÙÓÚčÙÃÈ ÚÄÅÒÚÁÃÚÁÃÈ 

ÈÁÄÒÏÎĕ× É ὩὩȢ 0ÒÚÙ ÚÁčÏŀÅÎÉÕ ÔÁËÉÅÊ ÓÁÍÅÊ ÍÁÓÙ ÄÌÁ Ὄ  badany jest obszerny zestaw 

ÏÇÒÁÎÉÃÚÅď ÄÏÔÙÃÚäÃÙ ÐÁÒÁÍÅÔÒĕ× ÏÂÕ ÍÏÄÅÌÉ ÐÏÃÈÏÄÚäÃÙÃÈ ÍÉöÄÚÙ ÉÎÎÙÍÉ Úȡ ÏÓÃÙÌÁÃÊÉ 

neutrin, LHC, ὩὩ  É ÎÉÓËÏÅÎÅÒÇÅÔÙÃÚÎÙÃÈ ÐÒÏÃÅÓĕ×, ÄÌÁ ËÔĕÒÙÃÈ čÁÍÁÎÁ ÊÅÓÔ ÒÏÄÚÉÎÎÁ 

liczba leptonowa. 
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Teorio-ÍÁÃÉÅÒÚÏ×Á ÁÎÁÌÉÚÁ ÍÉÅÓÚÁÎÉÁ ÎÅÕÔÒÉÎ ÏÒÁÚ ×ÙÎÉËÁÊäÃÅ Ú ÎÉÅÊ ÐÒÚÅȤ

widywania fenomenologiczne 

 
Wojciech Flieger  
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7 ÒÅÆÅÒÁÃÉÅ ÐÒÚÅÄÓÔÁ×Éö ÍÁÔÅÍÁÔÙÃÚÎÅ ÓÔÒÕËÔÕÒÙ ÌÅŀäÃÅ Õ ÐÏÄÓÔÁ× ÍÁÃÉÅÒÚÙ ÍÉÅÓÚÁÎÉÁ 

ÎÅÕÔÒÉÎȢ &ÉÚÙÃÚÎÉÅ ÄÏÐÕÓÚÃÚÁÌÎÅ ÍÁÃÉÅÒÚÅ ÍÉÅÓÚÁÎÉÁ Ô×ÏÒÚä ÏÂÓÚÁÒ ÇÅÏÍÅÔÒÙÃÚÎÙ ÚÄÅÆÉȤ

niowany jako ÐÏ×čÏËÁ ×ÙÐÕËčÁ ÒÏÚÐÉöÔÁ ÎÁ ÔÒĕÊ×ÙÍÉÁÒÏ×ÙÃÈ ÕÎÉÔÁÒÎÙÃÈ ÍÁÃÉÅÒÚÁÃÈ 

ÍÉÅÓÚÁÎÉÁȢ 3ÔÒÕËÔÕÒÁ ×Å×ÎöÔÒÚÎÁ ÔÅÇÏ ÏÂÓÚÁÒÕ ÏÄÚ×ÉÅÒÃÉÅÄÌÁ ÍÉÎÉÍÁÌÎä ÄÏÐÕÓÚÃÚÁÌÎä 

ÌÉÃÚÂö ÄÏÄÁÔËÏ×ÙÃÈ ÎÅÕÔÒÉÎ ÓÔÅÒÙÌÎÙÃÈȢ 7ÙÚÎÁÃÚÁÍ ÏÂÊöÔÏĢç ÔÅÇÏ ÏÂÓÚÁÒÕ ÊÁËÏ ÍÉÁÒö (ÁȤ

ÁÒÁ ÒÏÚËčÁÄÕ ÎÁ ×ÁÒÔÏĢÃÉ ÏÓÏÂÌÉ×ÅȢ +ÁŀÄÁ ÍÁÃÉÅÒÚ Ú ÔÅÇÏ ÏÂÓÚÁÒÕ ÍÏŀÅ ÂÙç ÐÒÚÅÄÓÔÁȤ

×ÉÏÎÁ ÊÁËÏ ËÏÍÂÉÎÁÃÊÁ ×ÙÐÕËčÁ ÔÒĕÊ×ÙÍÉÁÒÏ×ÙÃÈ ÕÎÉÔÁÒÎÙÃÈ ÍÁÃÉÅÒÚÙ ÍÉÅÓÚÁÎÉÁȢ 7ÙȤ

ÐÒÏ×ÁÄÚÁÍ ÏÇÒÁÎÉÃÚÅÎÉÅ ÎÁ ÍÁËÓÙÍÁÌÎä ÌÉÃÚÂö ÍÁÃÉÅÒÚÙ ÕÎÉÔÁÒÎÙÃÈ ÎÉÅÚÂöÄÎÙÃÈ ÄÏ ÔÁȤ

ËÉÅÊ ËÏÎÓÔÒÕËÃÊÉȟ ÔÚ×Ȣ ÌÉÃÚÂö #ÁÒÁÔÈïÏÄÏÒÙȭÅÇÏȟ ÃÏ ÐÏÚ×ÁÌÁ ÎÁ ÏÐÔÙÍÁÌÎä ËÏÎÓÔÒÕËÃÊö ÆÉȤ

ÚÙÃÚÎÉÅ ÄÏÐÕÓÚÃÚÁÌÎÙÃÈ ÍÁÃÉÅÒÚÙ ÍÉÅÓÚÁÎÉÁȢ 0ÏÎÁÄÔÏȟ ËÏÎÓÔÒÕÕÊö ÕÎÉÔÁÒÎä ÄÙÌÁÔÁÃÊö ÔÙÃÈ 

ÍÁÃÉÅÒÚÙ ÃÏ ÐÒÏ×ÁÄÚÉ ÄÏ ÁÎÁÌÉÔÙÃÚÎÅÇÏ ×ÚÏÒÕ ÎÁ ÍÉÅÓÚÁÎÉÅ ÐÏÍÉöÄÚÙ ÁËÔÙ×ÎÙÍÉ Á ÓÔÅȤ

ÒÙÌÎÙÍÉ ÎÅÕÔÒÉÎÁÍÉ ÊÁËÏ ÆÕÎËÃÊÉ ×ÁÒÔÏĢÃÉ osobliwych. Dla scenariusza z trzema aktyw-

ÎÙÍÉ É ÊÅÄÎÙÍ ÓÔÅÒÙÌÎÙÍ ÎÅÕÔÒÉÎÅÍ ÐÒÚÅÄÓÔÁ×Éö ÏÇÒÁÎÉÃÚÅÎÉÁ ÉÌÏĢÃÉÏ×Å ÎÁ ÔÏ ÍÉÅÓÚÁÎÉÅȢ 

2ÏÚÐÁÔÒÕÊö Òĕ×ÎÉÅŀ ÍÏÄÅÌ ÓÅÅÓÁ× ÄÌÁ ËÔĕÒÅÇÏ ÐÒÅÚÅÎÔÕÊÅÍÙ Ú×ÉäÚÅË ÐÏÍÉöÄÚÙ ÍÁÓÁÍÉ 

Á ÍÉÅÓÚÁÎÉÅÍ ÎÅÕÔÒÉÎ ÁÎÁÌÉÚÕÊäÃ ËäÔÙ ÐÏÍÉöÄÚÙ ÐÏÄÐÒÚÅÓÔÒÚÅÎÉÁÍÉ ÒÏÚÐÉöÔÙÍÉ ÐÏÐÒÚÅÚ 

×ÅËÔÏÒÙ ×čÁÓÎÅ ÍÁÃÉÅÒÚÙ ÍÁÓÏ×ÅÊȢ 

 

[1]  +Ȣ "ÉÅÌÁÓȟ 7Ȣ &ÌÉÅÇÅÒȟ *Ȣ 'ÌÕÚÁ ÁÎÄ -Ȣ 'ÌÕÚÁȟ Ȭ.ÅÕÔÒÉÎÏ ÍÉØÉÎÇȟ ÉÎÔÅÒÖÁÌ ÍÁÔÒÉÃÅÓ ÁÎÄ ÓÉÎÇÕȤ

ÌÁÒ ÖÁÌÕÅÓȭȟ 0ÈÙÓȢ Rev. D98 (2018) no.5, 053001, doi:10.1103/PhysRevD.98.053001.  

[2]  W. Flieger, JȢ 'ÌÕÚÁ ÁÎÄ +Ȣ 0ÏÒ×ÉÔȟ Ȭ.Å× ÌÉÍÉÔÓ ÏÎ ÎÅÕÔÒÉÎÏ ÎÏÎ-unitary mixings based on 

ÐÒÅÓÃÒÉÂÅÄ ÓÉÎÇÕÌÁÒ ÖÁÌÕÅÓȭȟ *(%0 πσ ςπςπ ȟ ρφωȟ ÄÏÉȡρπȢρππχȾ*(%0πσ ςπςπ ρφωȢ  

[3]  7Ȣ &ÌÉÅÇÅÒ ÁÎÄ *Ȣ 'ÌÕÚÁȟ Ȭ'ÅÎÅÒÁÌ ÎÅÕÔÒÉÎÏ ÍÁÓÓ ÓÐÅÃÔÒÕÍ ÁÎÄ ÍÉØÉÎÇ ÐÒÏÐÅÒÔÉÅÓ ÉÎ ÓÅÅÓÁ× 

ÍÅÃÈÁÎÉÓÍÓȭ, Chin. Phys. C45 (2021) no.2, 023106, doi:10.1088/1674-1137/abcd2f.  

[4]  7Ȣ &ÌÉÅÇÅÒȟ Ȭ#ÏÎÓÔÒÁÉÎÔÓ ÏÎ ÎÅÕÔÒÉÎÏ ÍÉØÉÎÇ ÆÒÏÍ ÍÁÔÒÉØ ÔÈÅÏÒÙȭȟ 0È$ 4ÈÅÓÉÓ × ÐÒÚÙÇÏȤ

towaniu). 
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3ÅÐÁÒÏ×ÁÎÅ ÄÅÓËÒÙÐÔÏÒÙ ÅÎÔÒÏÐÏ×Å × ÍÏÄÅÌÏ×ÁÎÉÕ ×čÁĢÃÉ×ÏĢÃÉ ÅÆÅËÔÙ×Ȥ

ÎÙÃÈ ÓÔÒÕËÔÕÒ ÍÁÔÅÒÉÁčÏwych 
 

$ÁÎÉÅÌ &ÒäÃÚÅË 

 

Politechnika Opolska, Opole 

 

 
 

#ÈÁÒÁËÔÅÒÙÓÔÙËÁ ÍÁÔÅÒÉÁčÕ ×ÉÅÌÏÓËčÁÄÎÉËÏ×ÅÇÏ ×ÙčäÃÚÎÉÅ ÐÏÐÒÚÅÚ ÏÐÉÓ ÆÒÁËÃÊÉ ÐÏÓÚÃÚÅȤ

ÇĕÌÎÙÃÈ ÓËčÁÄÎÉËĕ× ÊÅÓÔ ÚÂÙÔ ÕÂÏÇÁȢ )ÓÔÏÔÎÙ ×ÐčÙ× ÎÁ ×čÁĢÃÉ×ÏĢÃÉ ÅÆÅËÔÙ×ÎÅ ÍÁÔÅÒÉÁčÕȟ 

ÎÁ×ÅÔ Ï ÉÄÅÎÔÙÃÚÎÙÍ ÕÄÚÉÁÌÅ ÓËčÁÄÎÉËĕ×ȟ ÍÁÊä ÃÅÃÈÙ ÓÔÒÕËÔÕÒÁÌÎÅ - ÐÒÚÙËčÁÄÏ×Ï ÓÐÏÓĕÂ 

prÚÅÓÔÒÚÅÎÎÅÇÏ ÒÏÚÍÉÅÓÚÃÚÅÎÉÁȟ ÌÕÂ ËÓÚÔÁčÔ ÓËčÁÄÎÉËĕ×Ȣ 0ÒÚÙËčÁÄÅÍ ÍÉÁÒȟ ËÔĕÒÅ ÐÏÚ×ÁȤ

ÌÁÊä ÎÁ ÉÌÏĢÃÉÏ×ä ÓÔÁÔÙÓÔÙÃÚÎä ÃÈÁÒÁËÔÅÒÙÓÔÙËö ÔÁËÉÅÇÏ ÒÏÚÍÉÅÓÚÃÚÅÎÉÁȟ Óä separowane 

deskryptory entropoweȢ -ÉÁÒÁ ÔÁ ÏÐÉÓÕÊÅ ÓÔÏÐÉÅď ÎÉÅÊÅÄÎÏÒÏÄÎÏĢÃÉ ÓËčÁÄÎÉËÁ ÍÁÔÅÒÉÁčÕ 

w funËÃÊÉ ÔÚ×Ȣ ÓËÁÌÉ ÁÎÁÌÉÚÙȢ !ÎÁÌÉÚÁȟ ÚÁ ÐÏÍÏÃä ÓÅÐÁÒÏ×ÁÎÙÃÈ ÄÅÓËÒÙÐÔÏÒĕ× ÅÎÔÒÏÐÏȤ

×ÙÃÈȟ ÒĕŀÎÙÃÈ ÓÔÒÕËÔÕÒ ×ÙÇÅÎÅÒÏ×ÁÎÙÃÈ ÎÕÍÅÒÙÃÚÎÉÅȟ ×ÙÐÅčÎÉÏÎÙÃÈ ÒĕŀÎÙÍÉ ÔÙÐÁÍÉ 

ÏÂÉÅËÔĕ× Ú ÄÏÐÕÓÚÃÚÅÎÉÅÍ ÐÒÚÅËÒÙ×ÁÎÉÁ ÓÉö ÉÃÈ ËÕÌÅȟ ÓÕÐÅÒËÕÌÅ  ÕÍÏŀÌÉ×ÉčÁ ÓÆÏÒÍÕčÏȤ

wanie prawa dla przypadku dwu- É ÔÒĕÊ×ÙÍÉÁÒÏ×ÅÇÏȟ ËÔĕÒÅ ÐÏÚ×ÁÌÁ ÎÁ ÓÚÙÂËÉÅ ÇÅÎÅÒÏȤ

×ÁÎÉÅ ÒÏÚËčÁÄĕ× ÐÒÚÅÓÔÒÚÅÎÎÙÃÈ Ï ÃÅÃÈÁÃÈ ÓÔÁÔÙÓÔÙÃÚÎÙÃÈ ÒÏÚÍÉÅÓÚÃÚÅÎÉÁ ÂÌÉÓËÉÃÈ ÏÃÚÅȤ

ËÉ×ÁÎÙÍȢ -ÏÄÅÌÏ×Å ÓÔÒÕËÔÕÒÙ ÚÏÓÔÁčÙ ÐÒÚÅÁÎÁÌÉÚÏ×ÁÎÅ Òĕ×ÎÉÅŀ ÐÏÄ ËäÔÅÍ ×čÁĢÃÉ×ÏĢÃÉ 

efektywnego przewodnictwa ÏÔÒÚÙÍÁÎÅÇÏ ÐÒÚÙ ÕŀÙÃÉÕ ÐÒÏÓÔÅÇÏ ×ÁÒÉÁÎÔÕ ÇÒÕÐÙ ÒÅÎÏÒȤ

ÍÁÌÉÚÁÃÙÊÎÅÊȢ :ÅÓÔÁ×ÉÅÎÉÅ ÏÔÒÚÙÍÁÎÙÃÈ ×ÁÒÔÏĢÃÉ ÐÒÚÅ×ÏÄÎÉÃÔ×Á Ú ×ÁÒÔÏĢÃÉÁÍÉ ÏÐÉÓÕÊäȤ

ÃÙÍÉ ÓÔÏÐÉÅď ÎÉÅÊÅÄÎÏÒÏÄÎÏĢÃÉȟ ÕÚÙÓËÁÎÙÍÉ Ú ÕŀÙÃÉÅÍ ÓÅÐÁÒÏ×ÁÎÙÃÈ ÄÅÓËÒÙÐÔÏÒĕ× ÅÎȤ

ÔÒÏÐÏ×ÙÃÈȟ ÐÏÚ×ÏÌÉčÏ ÓÔ×ÉÅÒÄÚÉç ÉÓÔÏÔÎä ÚÁÌÅŀÎÏĢç ÍÉöÄÚÙ ÎÉÍÉȢ /Ô×ÉÅÒÁ ÄÒÏÇö ÄÏ ÅÆÅËȤ

ÔÙ×ÎÅÇÏ ÇÅÎÅÒÏ×ÁÎÉÁ ÍÏÄÅÌÏ×ÙÃÈ ÓÔÒÕËÔÕÒ Ï ÚÁÄÁÎÙÃÈ ×čÁĢÃÉ×ÏĢÃÉÁÃÈ ÍÁËÒÏÓËÏÐÏȤ

wych. 
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0ÒÚÙËčÁÄ ×ÐčÙ×Õ ÐÒÚÅÓÔÒÚÅÎÎÅÇÏ ÒÏÚÍÉÅÓÚÃÚÅÎÉÁ ÓËčÁÄÎÉËĕ× × ÍÁÔÅÒÉÁÌÅ ÎÁ ÊÅÇÏ ÐÒÚÅȤ

wodnictwo efektywne „Ȣ /ÂÁ ÍÁÔÅÒÉÁčÙ ÚÁ×ÉÅÒÁÊä ÔÁËä ÓÁÍä ÆÒÁËÃÊö ‰ ÓËčÁÄÎÉËÁ ×ÙÓÏȤ

ËÏÐÒÚÅ×ÏÄÚäÃÅÇÏ ËÏÌÏÒ ÚÉÅÌÏÎÙ ȟ ÊÅÄÎÁË ÍÁÔÅÒÉÁč Á  ×ÙÐÅčÎÉÏÎÏ ÏÂÉÅËÔÁÍÉ × ËÓÚÔÁčÃÉÅ 

superkuÌ ÔÙÐÕ Ã ȟ ÎÁÔÏÍÉÁÓÔ ÍÁÔÅÒÉÁč Â  ÏÂÉÅËÔÁÍÉ × ËÓÚÔÁčÃÉÅ ÓÕÐÅÒËÕÌ ÔÙÐÕ Ä Ȣ  
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Obliczenia dla rozpadu bozonu Z na poziomie NNNLO 

 
Z boson decay calculations at the NNNLO level 

 

Krzysztof Grzanka 

 

5ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉȟ +ÁÔÏ×ÉÃÅ 

 

 
 

0ÏÓÚÕËÉ×ÁÎÉÅ ÅÆÅËÔĕ× ×ÙËÒÁÃÚÁÊäÃÙÃÈ ÐÏÚÁ ÄÏÂÒÚÅ ÊÕŀ ÚÎÁÎÙ -ÏÄÅÌ 3ÔÁÎÄÁÒÄÏ×Ù 3-  

ÍÏŀÎÁ ÐÒÏ×ÁÄÚÉç ÎÁ ×ÉÅÌÅ ÒÏÚÍÁÉÔÙÃÈ ÓÐÏÓÏÂĕ×Ȣ *ÅÄÎÙÍ Ú ÏÂÉÅÃÕÊäÃÙÃÈ ÐÒÏÃÅÓĕ× ÊÅÓÔ 

rozpad bozonu Z w zderzeniach e+e Ȣ "ÁÄÁÎÉÁ ÔÅÇÏ ÐÒÏÃÅÓÕ ÂÙčÙ ËÌÕÃÚÏ×Å × ÃÚÁÓÁÃÈ ÁËȤ

celeratora ,%0ȟ ÇÄÚÉÅ ×ÙÐÒÏÄÕËÏ×ÁÎÙÃÈ ÚÏÓÔÁčÏ ÏËÏčÏ ρχ ÍÉÌÉÏÎĕ× ÂÏÚÏÎĕ× :Ȣ 4ÁË ÄÕŀÁ 

ÓÔÁÔÙÓÔÙËÁ ÐÏÚ×ÏÌÉčÁ ÎÁ ÄÏËčÁÄÎÅ ÐÏÍÉÁÒÙ ÐÒÏÄÕËÔĕ× ÒÏÚÐÁÄÕ ÔÅÊ ÃÚäÓÔËÉ ÏÒÁÚ ÐÁÒÁÍÅȤ

ÔÒĕ× 3-Ȣ 7 ËÏÎÓÅË×ÅÎÃÊÉȟ ÁÂÙ ÏÂÌÉÃÚÅÎÉÁ ÔÅÏÒÅÔÙÃÚÎÅ ÄÏÒĕ×ÎÁčÙ ÐÒÅÃÙÚÊÉ ÅËÓÐÅÒÙÍÅÎȤ

talnej, konieczne bÙčÏ Õ×ÚÇÌöÄÎÉÅÎÉÅ Ë×ÁÎÔÏ×ÙÃÈ ÐÏÐÒÁ×ÅËȟ ÃÏ ÐÏÔ×ÉÅÒÄÚÉčÏ ÓÔÒÕËÔÕÒö 

3-Ȣ *ÅÄÎÙÍ Ú ÎÁÓÔöÐÃĕ× ÁËÃÅÌÅÒÁÔÏÒÁ ,%0 ÍÁ ÂÙç ÐÌÁÎÏ×ÁÎÙ × #%2. ÚÄÅÒÚÁÃÚ ËÏčÏ×Ù 

&## Ï ÏÂ×ÏÄÚÉÅ ρππËÍȢ 0ÒÁÃÕÊäÃ × ÒÅÚÏÎÁÎÓÉÅ ÂÏÚÏÎÕ : ÓÚÁÃÕÊÅ ÓÉöȟ ŀÅ ÁËÃÅÌÅÒÁÔÏÒ &## 

ÂöÄÚÉÅ × ÓÔÁÎÉÅ ×ÙÔ×ÏÒÚÙç ρπͮρς ÂÉÌÉÁÒÄ  ÂÏÚÏÎĕ× :Ȣ 0ÒÚÙ ÔÁË ÏÇÒÏÍÎÅÊ ÓÔÁÔÙÓÔÙÃÅ 

ÏÃÚÅËÉ×ÁÎÁ ÄÏËčÁÄÎÏĢç ÅËÓÐÅÒÙÍÅÎÔÁÌÎÁ ×ÙÚÎÁÃÚÅÎÉÁ ÔÚ×Ȣ ÅÌÅËÔÒÏÓčÁÂÙÃÈ ÐÓÅÕÄÏÏÂȤ

ÓÅÒ×ÁÂÌÉ %70/  ÂöÄÚÉÅ Ï Ä×Á ÒÚöÄÙ ×ÉöËÓÚÁ ÏÄ ÅËÓÐÅÒÙÍÅÎÔÕ ,%0ȟ ÃÏ ÎÁÒÚÕÃÁ ×ÙÍĕÇ 

ÏÄÐÏ×ÉÅÄÎÉÏ ÄÏËčÁÄÎÉÅÊÓÚÙÃÈ ÏÂÌÉÃÚÅď ÔÅÏÒÅÔÙÃÚÎÙÃÈ %70/Ȣ !ÂÙ ÔÅÇÏ ÄÏËÏÎÁçȟ ËÏȤ

ÎÉÅÃÚÎÅ ÊÅÓÔ ÏÂÌÉÃÚÅÎÉÅ ÎÁÓÔöÐÎÅÇÏ ÒÚöÄÕ ÒÁÃÈÕÎËÕ ÚÁÂÕÒÚÅď ɀ NNNLO (next-to-next-to-

next-to-ÌÅÁÄÉÎÇ ÏÒÄÅÒ  ÃÚÙÌÉ ÔÒÚÙÐöÔÌÏ×ÙÃÈ ÄÉÁÇÒÁÍĕ× &ÅÙÎÍÁÎÁ ÄÌÁ ÒÏÚÐÁÄÕ ÂÏÚÏÎÕ :Ȣ 

/Íĕ×ÉÏÎÁ ÚÏÓÔÁÎÉÅ ÚčÏŀÏÎÏĢç ÔÅÇÏ ÐÒÏÂÌÅÍÕ ÏÒÁÚ ËÌÕÃÚowe metody numeryczne rozwi-

ÎÉöÔÅ × ÏÓÔÁÔÎÉÍ ÃÚÁÓÉÅȟ ËÔĕÒÅ ÄÁÊä ÍÏŀÌÉ×ÏĢç ÏÂÌÉÃÚÅÎÉÁ ÔÙÃÈ ÄÉÁÇÒÁÍĕ× Ú ×ÙÍÁÇÁÎä 

ÐÒÅÃÙÚÊäȢ 0ÏÄÁÎÅ ÚÏÓÔÁÎä ÐÒÚÙËčÁÄÙ ÏÂÌÉÃÚÅď ÄÌÁ ÎÁÊÔÒÕÄÎÉÅÊÓÚÙÃÈ ËÌÁÓ ÄÉÁÇÒÁÍĕ× &ÅÙÎȤ

ÍÁÎÁ ÎÁ ÐÏÚÉÏÍÉÅ ...,/Ȣ 2ÅÆÅÒÁÔ ÂöÄÚÉÅ ÒÏÚ×ÉÎÉöÃÉÅÍ ÏÓÔÁÔÎÉÃÈ publikacji [1,2]. 

 

[1]  I. Dubovyk, J. Usovitsch, K. Grzanka, Toward three-loop feynman massive diagram calcu-

lations, Symmetry 13 (6) (2021). doi:10.3390/sym13060975. URL 

https://www.mdpi.com/2073-8994/13/6/975 

[2]  I. Dubovyk, A. Freitas, J. Gluza, T. Riemann and J. Usovitsch, Electroweak pseudo-observa-

bles and Z-boson form factors at two-loop accuracy', JHEP08 (2019), 113, 

doi:10.1007/JHEP08(2019)113. 
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7ÙËÏÒÚÙÓÔÁÎÉÅ ÓÚÅÒÏËÏÐÁÓÍÏ×ÅÊ ÉÎÔÅÒÆÅÒÅÎÃÊÉ ÒĕŀÎÉÃÏ×ÅÊ ÄÏ ×ÙÚÎÁÃÚÁÎÉÁ 

Ä×ĕÊčÏÍÎÏĢÃÉ ÍÏÄÏ×ÅÊ ×ÁÒÓÔ× falowodowych 

 
The use of broadband differential interference to determine the mode birefringence of 

waveguide layers 

 

Kazimierz Gut 

 

0ÏÌÉÔÅÃÈÎÉËÁ ¡ÌäÓËÁȟ 'ÌÉ×ÉÃÅ 

 

 
 

7 ÏÓÔÁÔÎÉÃÈ ÌÁÔÁÃÈ ÐÏÊÁ×ÉčÙ ÓÉö ÎÁÊÐÉÅÒ× ÐÒÏÐÏÚÙÃÊÅ [1], a potem realizacje szerokopa-

ÓÍÏ×ÙÃÈ Ģ×ÉÁÔčÏ×ÏÄÏ×ÙÃÈ ÐÌÁÎÁÒÎÙÃÈ ÃÚÕÊÎÉËĕ× ÉÎÔÅÒÆÅÒÏÍÅÔÒÙÃÚÎÙÃÈȢ 0ÒÚÅÄÓÔÁȤ

wiono szerokopasmowy interferometr Macha-Zhendera [2] oraz Younga [3]. W czujni-

ËÁÃÈ ÔÅÇÏ ÔÙÐÕ ÐÏÂÕÄÚÁÎÅ Óä ÍÏÄÙ ÆÁÌÏ×ÏÄÏ×Å × ÚÁËÒÅÓÉÅ ×ÉÄÚÉÁÌÎÙÍ ÌÕÂ × ÂÌÉÓkiej 

ÐÏÄÃÚÅÒ×ÉÅÎÉ × ÐÒÚÅÄÚÉÁÌÅ ÄčÕÇÏĢÃÉ ÆÁÌÉ Ï ÚÁËÒÅÓÉÅ ËÌÉËÕ ÓÅÔ ÎÁÎÏÍÅÔÒĕ×Ȣ .Á ×ÙÊĢÃÉÕ ÔÏÒÕ 

ÏÐÔÙÃÚÎÅÇÏ ÊÅÓÔ ÒÅÊÅÓÔÒÏ×ÁÎÅ ÓÐÅËÔÒÏÍÅÔÒÅÍ ×ÉÄÍÏ ÓÙÇÎÁčÕ ÉÎÔÅÒÆÅÒÅÎÃÙÊÎÅÇÏȢ :ÍÉÁÎÁ 

ÐÁÒÁÍÅÔÒĕ× ÔÏÒÕ ÏÐÔÙÃÚÎÅÇÏ ÐÏ×ÏÄÕÊÅ ÚÍÉÁÎö ×ÉÄÍÁ ÉÎÔÅÒÆÅÒÅÎÃÙÊÎÅÇÏȢ 7 ÐÒÁÃÁÃÈ 4, 

υ  ÐÒÚÅÄÓÔÁ×ÉÏÎÏ ÏÐÉÓ ÔÅÏÒÅÔÙÃÚÎÙ ÓÚÅÒÏËÏÐÁÓÍÏ×ÅÊ ÉÎÔÅÒÆÅÒÅÎÃÊÉ ÒĕŀÎÉÃÏ×ÅÊ × Ģ×ÉÁÔčÏȤ

×ÏÄÁÃÈ ÐÌÁÎÁÒÎÙÃÈȢ 7 ÔÙÍ ÕËčÁÄÚÉÅ ÉÎÔÅÒÆÅÒÏÍÅÔÒÙÃÚÎÙÍ ÐÏÂÕÄÚÁÎÅ Óä ÐÏÄÓÔÁ×Ï×Å 

mody falowodowe o ortogonalnej polaryzacji TE i TM w zakresie widzialnym. Zmiana 

ÆÁÚÙ ÐÏÍÉöÄÚÙ ÍÏÄÁÍÉ 4% É 4-ȟ Ú×ÙËÌÅ ÐÏ×ÏÄÏ×ÁÎÁ ÚÍÉÁÎä ×ÓÐĕčÃÚÙÎÎÉËÁ ÚÁčÁÍÁÎÉÁ 

ÐÏËÒÙÃÉÁ ×ÁÒÓÔ×Ù ÆÁÌÏ×ÏÄÏ×ÅÊ ȟ ÐÏ×ÏÄÕÊÅ ÚÍÉÁÎö ÒÅÊÅÓÔÒÏ×ÁÎÅÇÏ ÓÙÇÎÁčÕ ×ÉÄÍÏ×ÅÇÏȢ 

:ÒÅÁÌÉÚÏ×ÁÎÏ ÓÔÁÎÏ×ÉÓËÏ ÄÏ ×ÐÒÏ×ÁÄÚÁÎÉ Ģ×ÉÁÔčÁ ÄÏ ×ÁÒÓÔ×Ù ÆÁÌÏ×ÏÄÏ×ÅÊ É ÒÅÊÅÓÔÒÁÃÊÉ 

×ÙÊĢÃÉÏ×ÅÇÏ ÓÙÇÎÁčÕ ÉÎÔÅÒÆÅÒÅÎÃÙÊÎÅÇÏȢ 0ÏÍÉÁÒÙ ×ÉÄÍÏ×Å ÎÁ ×ÙÊĢÃÉÕ ÓÔÒÕËÔÕÒÙ ÐÏÚ×ÁȤ

ÌÁÊä ×ÙÚÎÁÃÚÙç ÐÏÃÈÏÄÎä ÓÐÅËÔÒÁÌÎÅÊ ÚÁÌÅŀÎÏĢÃÉ Ä×ĕÊčÏÍÎÏĢÃÉ ÍÏÄÏ×ÅÊ ×ÁÒÓÔ×Ù ÆÁÌÏȤ

wodowej. W pracy zostanie przedstawione stanowisko badawcze oraz metodyka pomia-

rowa. 

 

[1]  M. Kitsara et al., Optics. Express 18, 8193 (2010) 

[2]  K. Misiakos et al., Optcs Express 22, 8856 (2014) 

[3]  E. Makarona, et al., J Opt. Soc. Am. B 34, 1691 (2017) 

[4]  K. Gut, Optics Express 25, 31111 (2017) 

[5]  K. Gut, Nanomaterials 9, 729 (2019)  
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3ÉÌÎÅ ÓÐÒÚöŀÅÎÉÅ ÅÌÅËÔÒÏÎ-ÆÏÎÏÎ × ÎÁÄÐÒÚÅ×ÏÄÚäÃÙÍ ÓÔÏpie Pb-Bi: badania 

ab initio 

 
Strong electron-phonon coupling in Pb-Bi superconducting alloy: ab initio studies 

 

Sylwia Gutowskaȟ "ÁÒÔčÏÍÉÅÊ 7ÉÅÎÄÌÏÃÈÁ 

 

Akademia-'ĕÒÎÉÃÚÏ (ÕÔÎÉÃÚÁ ÉÍȢ 3ÔȢ 3ÔÁÓÚÉÃÁȟ +ÒÁËĕ× 

 

 
 

3ÐÒÚöŀÅÎÉÅ ÅÌÅËÔÒÏÎ-ÆÏÎÏÎ ÊÁËÏ ÍÅÃÈÁÎÉÚÍ ÐÒÏ×ÁÄÚäÃÙ ÄÏ ÎÁÄÐÒÚÅ×ÏÄÎÉÃÔ×Á ÍÁÔÅȤ

ÒÉÁčÕ ÚÏÓÔÁč ÏÐÉÓÁÎÙ ÐÒÚÅÚ ÔÅÏÒÉö "#3ȟ × ËÔĕÒÅÊ ÚÁčÏŀÏÎÏ ÓÔÁčÙ É ÉÚÏÔÒÏÐÏ×Ù ÐÏÔÅÎÃÊÁč ÐÁȤ

ÒÏ×ÁÎÉÁȟ ÐÒÏ×ÁÄÚäÃÙ ÄÏ ÐÒÚÅÒ×Ù ÎÁÄÐÒÚÅ×ÏÄÚäÃÅÊ Ï ÔÙÍ ÓÁÍÙÍ ÃÈÁÒÁËÔÅÒÚÅȢ *ÅÄÎÁËŀÅ 

ÃÚöÓÔÏ ÊÅÓÔ ÔÏ ÎÉÅÓčÕÓÚÎÅ ÚÁčÏŀÅÎÉÅȟ Á ×ÐčÙ× ÓÔÒÕËÔÕÒÙ ÈÅËÓÁÇÏÎÁÌÎÅÊ ÎÁ ÁÎÉÚÏÔÒÏÐÉö ÐÒÚÅȤ

Ò×Ù ÎÁÄÐÒÚÅ×ÏÄÚäÃÅÊ ÊÅÓÔ ×ÁŀÎÙÍ ÁÓÐÅËÔÅÍ ÎÁÄÐÒÚÅ×ÏÄÎÉÃÔ×Á × -Ç"2ȟ ËÔĕÒÙ ÃÈÁÒÁËȤ

ÔÅÒÙÚÕÊÅ ÓÉö ÎÁÊ×ÙŀÓÚä Tc ÓÐÏĢÒĕÄ ÍÉöÄÚÙÍÅÔÁÌÉÃÚÎÙÃÈ ÎÁÄÐÒÚÅ×ÏÄÎÉËĕ× 4c=39 K). 

)ÎÎä ÒÏÄÚÉÎä Ï ÓÉÌÎÙÍ ÓÐÒÚöŀÅÎÉÕ ÅÌÅËÔÒÏÎ-fonon i strukturze heksagonalnej jest rodzina 

ÓÔÏÐĕ× 0Â-"ÉȢ )ÃÈ ×čÁÓÎÏĢÃÉ ÎÁÄÐÒÚÅ×ÏÄÚäÃÅ Óä ÚÎÁÎÅ ÏÄ ÄÁ×ÎÁȟ ÌÅÃÚ Ú Õ×ÁÇÉ ÎÁ ÉÃÈ ÎÉÅȤ

krystaliczny charakter niewiele jest prac teoretycznych na ten temat. 

7 ÔÅÊ ÐÒÁÃÙ ÓËÕÐÉÁÍÙ ÓÉö ÎÁ ÓÔÏÐÉÅ 0Â0.64Bi0.36ȟ ËÔĕÒÙ ÃÈÁÒÁËÔÅÒÙÚÕÊÅ ÓÉö ÓÔÒÕËÔÕÒä ÈÅËÓÁȤ

ÇÏÎÁÌÎä Ï ÓÔÏÓÕÎËÕ ÓÔÁčÙÃÈ ÓÉÅÃÉ ÃȾÁ ρȢφψ É ÊÅÓÔ ÎÁÄÐÒÚÅ×ÏÄÎÉËÉÅÍ Ï ÔÅÍÐÅÒÁÔÕÒÚÅ ËÒÙȤ

tycznej Tc ψȢφ + É ÓÉÌÎÙÍ ÓÐÒÚöŀÅÎÉÕ ÅÌÅËÔÒÏÎ ÆÏÎÏÎ ÓÔÁčÁ ÓÐÒÚöŀÅÎÉÁ ‗ =2.0).  

0ÏÒĕ×ÎÕÊÅÍÙ ÊÅÇÏ ×čÁÓÎÏĢÃÉ ÄÏ 0Âȟ ËÔĕÒÙ ËÒÙÓÔÁÌÉÚÕÊÅ × ÓÔÒÕËÔÕÒÚÅ fcc i jest nadprze-

×ÏÄÎÉËÉÅÍ Ï ÎÉŀÓÚÅÊ Tc=7.2 K i ‗ =1.5. 

4ÁËÉÅ ÐÏÒĕ×ÎÁÎÉÅ ÐÏÚ×ÁÌÁ ÚÂÁÄÁç ×ÐčÙ× ÎÉÅÒÅÇÕÌÁÒÎÅÊ ÓÔÒÕËÔÕÒÙ ËÒÙÓÔÁÌÉÃÚÎÅÊ ÎÁ ×čÁȤ

ÓÎÏĢÃÉ ÅÌÅËÔÒÏÎÏ×Å É ÆÏÎÏÎÏ×Å ÏÒÁÚ ÎÁ ÁÎÉÚÏÔÒÏÐÏ×ÏĢç ÐÒÚÅÒ×Ù ÎÁÄÐÒÚÅ×ÏÄÚäÃÅÊȢ 

7 ÔÙÍ ÃÅÌÕ ÐÒÚÅÄÓÔÁ×ÉÁÍÙ ÓÔÒÕËÔÕÒö ÅÌÅËÔÒÏÎÏ×äȟ ÆÏÎÏÎÏ×ä ÏÒÁÚ ×čÁÓÎÏĢÃÉ ÓÐÒÚöŀÅÎÉÁ 

elektron-fonon obliczone metodami DFT (ang. density functional theory) i DFPT (ang. 

density ÆÕÎÃÔÉÏÎÁÌ ÐÅÒÔÕÒÂÁÔÉÏÎ ÔÈÅÏÒÙ ȟ Á ÎÁÓÔöÐÎÉÅ ÐÒÅÚÅÎÔÕÊÅÍÙ ÐÒÚÅÒ×ö ÎÁÄÐÒÚÅ×ÏȤ

ÄÚäÃä ÏÂÌÉÃÚÏÎä ÚÁ ÐÏÍÏÃä 3#$&4 ang. density functional theory for superconductors). 

7ÓÐÏÍÎÉÁÎÅ ÍÅÔÏÄÙ ÍÏÇä ÂÙç ÓÔÏÓÏ×ÁÎÅ ÔÙÌËÏ × ÐÒÚÙÐÁÄËÕ ËÒÙÓÚÔÁčĕ×Ȣ : ÔÅÇÏ ÐÏ×ÏÄÕ 

w przypadku Pb0.64Bi0.36 ÚÁÓÔÏÓÏ×ÁÎÏ ÐÒÚÙÂÌÉŀÅÎÉÅ 6#! ÖÉÒÔÕÁÌ ÃÒÙÓÔÁÌ ÁÐÐÒÏØÉÍÁÔÉÏÎ ȟ 

ËÔĕÒÅ ÐÏÚ×ÁÌÁ ÕĢÒÅÄÎÉç ÐÓÅÕÄÏÐÏÔÅÎÃÊÁč Ä×ĕÃÈ ÐÉÅÒ×ÉÁÓÔËĕ× ÚÇÏÄÎÉÅ Ú ÐÒÏÃÅÎÔÏ×ÙÍ 

ÓËčÁÄÅÍ ÓÔÏÐÕȟ Á ÎÁÓÔöÐÎÉÅ ÔÁËÉ ×ÉÒÔÕÁÌÎÙ ÐÓÅÕÄÏÐÏÔÅÎÃÊÁč ÚÁÓÔÏÓÏ×Áç × ËÏÍĕÒÃÅ ÅÌÅȤ

mentarnej. 
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Ciemna mÁÔÅÒÉÁ Á ÎÉÅÚÇÏÄÎÏĢç ÐÏÍÉÁÒĕ× ÓÔÁčÅÊ (ÕÂÂÌÅȭÁ  

 
Dark matter and the H0 tension 

 

Andrzej Hryczuk 

 

.ÁÒÏÄÏ×Å #ÅÎÔÒÕÍ "ÁÄÁď *äÄÒÏ×ÙÃÈȟ 7ÁÒÓÚÁ×Á 

 

 
 

Even though the approach to the H0 tension employing non-standard dark matter (DM) 

component is not one of the directions most favored by cosmologists, it is still an intri-

guing possibility. In this talk Iȭll briefly review the strengths and weaknesses of the DM 

solution and then discuss a specific model based on a mechanism of late decays. I will 

discuss a DM production mechanism based on decays of a messenger WIMP-like state 

into a pair of dark matter particles that are self-interacting via exchange of a light media-

tor. Its distinctive thermal history allows the mediator to be stable and therefore avoid 

strong limits from the cosmic microwave background and indirect detection, while at the 

same time provide a viable self-interacting DM candidate with the potential of addressing 

small-scale ÓÔÒÕÃÔÕÒÅ ÐÒÏÂÌÅÍÓ ÏÆ ɤ#$-Ȣ 
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7ÐčÙ× ÒĕŀÎÙÃÈ ÆÏÒÍ ÏÇÒÁÎÉÃÚÅÎÉÁ ÐÒÚÅÓÔÒÚÅÎÎÅÇÏ ÎÁ ÐÒÏÃÅÓÙ ÒÅÌÁËÓÁȤ

ÃÙÊÎÅȟ ÚÊÁ×ÉÓËÏ ËÒÙÓÔÁÌÉÚÁÃÊÉ É ÄÙÎÁÍÉËä ×ÉÂÒÁÃÙÊÎä ÃÉÅËčÙÃÈ ËÒÙÓÚÔÁčĕ× 

 
Influence of various forms of spatial constraints on relaxation processes, crystallization 

phenomenon and the vibrational dynamics of liquid crystals 

 

-ÁčÇÏÒÚÁÔÁ *ÁÓÉÕÒËÏ×ÓËÁ-Delaporte1ȟ %×Á *ÕÓÚÙďÓËÁ-'ÁčäÚËÁ1, Wojciech Sas1, Piotr M. 

ZieÌÉďÓËÉ1, Anna Baranowska-Korczyc2 

 
1)ÎÓÔÙÔÕÔ &ÉÚÙËÉ *äÄÒÏ×ÅÊ ÉÍȢ (ÅÎÒÙËÁ .ÉÅ×ÏÄÎÉÃÚÁďÓËÉÅÇÏ 0!.ȟ +ÒÁËĕ× 

23ÉÅç "ÁÄÁ×ÃÚÁ lÕËÁÓÉÅ×ÉÃÚ - )ÎÓÔÙÔÕÔ 7čĕËÉÅÎÎÉÃÔ×Áȟ lĕÄľ 

 

 
 

0ÏÍÉÍÏ ÉÎÔÅÎÓÙ×ÎÙÃÈ ÂÁÄÁď ÄÏÔÙÃÚäÃÙÃÈ ×ÐčÙ×Õ ÏÇÒÁÎÉÃÚÅÎÉÁ ÐÒÚÅÓÔÒÚÅÎÎÅÇÏ ÎÁ ÚÁȤ

ÃÈÏ×ÁÎÉÅ ÃÉÅËčÙÃÈ ËÒÙÓÚÔÁčĕ×ȟ ×ÉöËÓÚÏĢç ÄÏÎÉÅÓÉÅď ÌÉÔÅÒÁÔÕÒÏ×ÙÃÈ ÔÒÁËÔÕÊÅ ÃÉÅËčÅ ËÒÙÓÚȤ

ÔÁčÙ Õ×ÉöÚÉÏÎÅ × ÐÏÒÏ×ÁÔÙÃÈ ÍÁÔÒÙÃÁÃÈ ÃÅÒÁÍÉÃÚÎÙÃÈ ÏÒÁÚ × ÍÁÔÒÙÃÁÃÈ ÐÏÌÉÍÅÒÏ×ÙÃÈ 

ÊÁËÏ Ä×Á ÏÓÏÂÎÅ ÐÒÏÂÌÅÍÙȢ #ÅÌÅÍ ÂÁÄÁď ÐÒÚÅÄÓÔÁ×ÉÏÎÙÃÈ × ÎÉÎÉÅÊÓÚÅÊ ÐÒÁÃÙ ÂÙčÏ ÐÏȤ

Òĕ×ÎÁÎÉÅ ÚÁÃÈÏ×ÁÎÉÁ ÃÉÅËčÅÇÏ ËÒÙÓÚÔÁčÕ × ×ÁÒÕÎËÁÃÈ ȵÍÉöËËÉÅÇÏȱ ÏÇÒÁÎÉÃÚÅÎÉÁ ÐÒÚÅȤ

ÓÔÒÚÅÎÎÅÇÏȟ ×ÙÎÉËÁÊäÃÅÇÏ Ú ÏÄÄÚÉÁčÙ×Áď ÐÏÍÉöÄÚÙ ÐÏÌÉÍÅÒÅÍ Á ÍÏÌÅËÕčÁÍÉ ȵÇÏĢÃÉÁȱ 

ÃÉÅËčÅÇÏ ËÒÙÓÚÔÁčÕ ȟ Ú ÅÆÅËÔÁÍÉ ÏÂÓÅÒ×Ï×ÁÎÙÍÉ ÄÌÁ ÓÕÂÓÔÁÎÃÊÉ ÃÉÅËčÏËÒÙÓÔÁÌÉÃÚÎÙÃÈ 

ÕÍÉÅÓÚÃÚÏÎÙÃÈ × ȵÔ×ÁÒÄÙÃÈȱȟ ÎÉÅÏÒÇÁÎÉÃÚÎÙÃÈ ÍÁÔÒÙÃÁÃÈ ÐÏÒÏ×ÁÔÙÃÈ [1]. W ramach 

ÐÒÚÅÐÒÏ×ÁÄÚÏÎÙÃÈ ÐÒÁÃ ÚÏÓÔÁčÙ ×ÙÔ×ÏÒÚÏÎÅ ÅÌÅËÔÒÏÐÒÚöÄÚÏÎÅ ×čĕËÎÁ ËÏÍÐÏÚÙÔÏ×Å Ú 

ÐÏÌÉ ʀ-ËÁÐÒÏÌÁËÔÏÎÕ  0#,  Ú ÒĕŀÎä ÚÁ×ÁÒÔÏĢÃÉä ÐÒÏÃÅÎÔÏ×ä Ú×ÉäÚËÕ τ-heksylu-4'-izo-

ÔÉÏÃÙÊÁÎÉÁÎÏÂÉÆÅÎÙÌÕ φ"4  ÃÈÁÒÁËÔÅÒÙÚÕÊäÃÅÇÏ ÓÉö ×ÙÓÔöÐÏ×ÁÎÉÅÍ ÊÅÄÎÅÊ ÆÁÚÙ ÃÉÅËčÏȤ

ËÒÙÓÔÁÌÉÃÚÎÅÊ ÓÍÅËÔÙÃÚÎÅÊ %Ȣ 7 ÂÁÄÁÎÉÁÃÈ ÕŀÙÔÏ ÍÅÔÏÄö ÓËÁÎÉÎÇÏ×ÅÊ ËÁÌÏÒÙÍÅÔÒÉÉ ÒĕŀÎÉȤ

cowej, spektroskopii dielektrycznej oraz spektroskopii w podczerwieni. Badania kalory-

ÍÅÔÒÙÃÚÎÅ ×ÙËÁÚÁčÙ, ŀÅ ȵÍÉöËËÉÅȱ ÏÇÒÁÎÉÃÚÅÎÉÅ ÐÒÚÅÓÔÒÚÅÎÎÅ ÐÒÚÙÓÐÉÅÓÚÁ ÐÒÏÃÅÓ ËÒÙÓÔÁȤ

ÌÉÚÁÃÊÉ Ú×ÉäÚËÕ φ"4 ÐÏÄÃÚÁÓ ÇÄÙ ÕÍÉÅÓÚÃÚÅÎÉÅ ÓÕÂÓÔÁÎÃÊÉ × ȵÔ×ÁÒÄÙÃÈȱ ÍÁÔÒÙÃÁÃÈ ÐÏÒÏȤ

×ÁÔÙÃÈ ÐÒÏ×ÁÄÚÉ ÄÏ ÚÁÈÁÍÏ×ÁÎÉÁ ËÒÙÓÔÁÌÉÚÁÃÊÉȢ :ÉÄÅÎÔÙÆÉËÏ×ÁÎÏ Òĕ×ÎÉÅŀ ÐÏÄÏÂÉÅďÓÔwa 

É ÒĕŀÎÉÃÅ × ÄÙÎÁÍÉÃÅ ÒÅÌÁËÓÁÃÙÊÎÅÊ ÏÒÁÚ ÄÙÎÁÍÉÃÅ ×ÉÂÒÁÃÙÊÎÅÊ Ú×ÉäÚËÕ φ"4 ÐÏÄÄÁÎÅÇÏ 

×ÐčÙ×Ï×É ȵÍÉöËËÉÅÇÏȱ ÏÒÁÚ ȵÔ×ÁÒÄÅÇÏȱ ÏÇÒÁÎÉÃÚÅÎÉÁ ÐÒÚÅÓÔÒÚÅÎÎÅÇÏȢ 

 

[1]  M. Jasiurkowska-$ÅÌÁÐÏÒÔÅȟ %Ȣ *ÕÓÚÙďÓËÁ-'ÁčäÚËÁȟ 7Ȣ 3ÁÓȟ 0Ȣ -Ȣ :ÉÅÌÉďÓËÉȟ ÁÎÄ !Ȣ "ÁÒÁÎÏ×Ȥ

ska-Korczyc, J Mol Liq 331, 115817 (2021). 
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Efekt parzysto-ÎÉÅÐÁÒÚÙÓÔÙ ÎÁ ÐÒÚÙËčÁÄÚÉÅ ×ÙÂÒÁÎÅÇÏ ÓÚÅÒÅÇÕ ÈÏÍÏÌÏÇÉÃÚȤ

ÎÅÇÏ ÃÚöĢÃÉÏ×Ï ÆÌÕÏÒÏ×ÁÎÙÃÈ ÃÉÅËčÙÃÈ ËÒÙÓÚÔÁčĕ× 

 
The odd-even effect on the example of selected homologous series of partially fluori-

nated liquid crystals 

 

%×Á *ÕÓÚÙďÓËÁ-'ÁčäÚËÁ1ȟ -ÁčÇÏÒÚÁÔÁ *ÁÓÉÕÒËÏ×ÓËÁ-Delaporte1, Marcin Piwowarczyk1, 

7ÏÊÃÉÅÃÈ :ÁÊäÃ1ȟ 0ÒÚÅÍÙÓčÁ× +ÕÌÁ2 

 
1)ÎÓÔÙÔÕÔ &ÉÚÙËÉ *äÄÒÏ×ÅÊ ÉÍȢ (ÅÎÒÙËÁ .ÉÅ×ÏÄÎÉÃÚÁďÓËÉÅÇÏ 0!.ȟ +ÒÁËĕ× 

2Wojskowa Akademia Techniczna, Warszawa 

 

 
 

0ÏÚÎÁÎÉÅ ×čÁĢÃÉ×ÏĢÃÉ ÔÅÒÍÏÄÙÎÁÍÉÃÚÎÙÃÈ ÐÏÚ×ÏÌÉčÏ ÎÁ ÏËÒÅĢÌÅÎÉÅ efektu parzysto-nie-

parzystego szeregu homologicznego 4-cyjano-3-fluorofenylo 4'-n-ÂÅÎÚÏÅÓÁÎĕ× o wzo-

rze chemicznym CnH2n+1 -C6H4-COO-C6H3F-CNȟ × ÓËÒĕÃÉÅ Î#&0", dla n = 3 ɀ 9. Badania 

dynamiki wibracyjnej wsparte symulacjami ab-ÉÎÉÔÉÏ ÐÏËÁÚÁčÙȟ ÃÈÁÒÁËÔÅÒ ÐÏÓÚÃÚÅÇĕÌÎÙÃÈ 

ÒÕÃÈĕ× ÃÚäÓÔÅÃÚek CFPB w prÁ×ÉÅ ÕÐÏÒÚäÄËÏ×ÁÎÙÃÈ ÎÉÓËÏÔÅÍÐÅÒÁÔÕÒÏ×ÙÃÈ ÆÁÚÁÃÈ ÔÅÒȤ

modynamicznych. Polimorfizm ÓÕÂÓÔÁÎÃÊÉ ÐÏÌÁÒÎÙÃÈȟ ÔÁËÉÃÈ ÊÁË ÍÉöÄÚÙ ÉÎÎÙÍÉ nCFPB sil-

ÎÉÅ ÚÁÌÅŀÙ ÚÁÒĕ×ÎÏ ÏÄ ÄčÕÇÏĢÃÉ ÃÚäÓÔÅÃÚÅË Ú×čÁÓÚÃÚÁ ÅÌÁÓÔÙÃÚÎÙÃÈ ÊÅÊ ÃÚöĢÃÉ ÎÁÊÃÚöĢÃÉÅÊ 

čÁďÃÕÃÈĕ× ×öÇÌÏ×ÏÄÏÒÏ×ÙÃÈ jak i ÓÚÙÂËÏĢÃÉ ÚÍÉÁÎ ÔÅÍÐÅÒÁÔÕÒÙȢ 2ÏÔÁÃÊÁ ÆÒÁÇÍÅÎÔĕ× 

čÁďÃÕÃÈÁ, ÃÚöÓÔÏ ÏÂÓÅÒ×Ï×ÁÎÁ × ÐÒÚÙÐÁÄËÕ ÄčÕÇÉÃÈ ÆÏÒÍ ÃÚäÓÔÅÃÚÅË ÏÒÁÚ ÚÍÉÁÎÁ ÕčÏŀÅȤ

ÎÉÁ ĢÒÏÄËĕ× ÃÉöŀËÏĢÃÉ ÍÏÌÅËÕč ÓÉÌÎÉÅ ÚÁÌÅŀÙ ÏÄ ÓÔÁÎÕ ÔÅÒÍÏÄÙÎÁÍÉÃÚÎÅÇÏ × ÊÁËÉÍ ÚÎÁÊȤ

ÄÕÊÅ ÓÉö ÂÁÄÁÎÙ ÍÁÔÅÒÉÁčȢ 0ÏÎÁÄÔÏȟ ÃÚöĢÃÉÏ×Ï ÆÌÕÏÒÏ×ÁÎÅ ÃÉÅËčÅ ËÒÙÓÚÔÁčÙ ×ÙËÁÚÕÊä ÓÔÁȤ

ÂÉÌÎÏĢç ÚÁËÒÅÓÕ ×ÙÓÔöÐÏ×ÁÎÉÁ ÍÅÚÏÆÁÚ ÆÁÚ ÐÏĢÒÅÄÎÉÃÈ ÍÉöÄÚÙ ÃÉÅÃÚä Á ÕÐÏÒÚäÄËÏ×ÁȤ

ÎÙÍ ËÒÙÓÚÔÁčÅÍ ȟ Á ×ÚÒÏÓÔ ÉÌÏĢÃÉ ÁÔÏÍĕ× ÆÌÕÏÒÕ ÚÁÐÅ×ÎÉÁ ÏÂÎÉŀÁÎÉÅ ÔÅÍÐÅÒÁÔÕÒ ÐÒÚÅÊĢç 

fazowych przy jednoczesnym zachowaniu sekwencji ÉÃÈ ×ÙÓÔöÐÏ×ÁÎÉÁȢ +ÌÕÃÚÏ×Å ÊÅÓÔ ÔÏ 

ÐÒÚÙ ÓÅÌÅËÃÊÉ ÓÕÂÓÔÁÎÃÊÉ ÃÉÅËčÏËÒÙÓÔÁÌÉÃÚÎÅÊ × ÃÅÌÁÃÈ ÁÐÌÉËÁÃÙÊÎÙÃÈȢ Przedstawione zo-

ÓÔÁÎä ×ÙÎÉËÉ ÂÁÄÁď ÍÅÔÏÄÁÍÉ ËÏÍÐÌÅÍÅÎÔÁÒÎÙÍÉ ×ÙÂÒÁÎÙÃÈ ÃÉÅËÁ×ÙÃÈ ×čÁÓÎÏĢÃÉ 

nCFPB. 
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Rozszerzony model Falicova-+ÉÍÂÁÌÌÁȡ ĢÃÉÓčÅ ÁÎÁÌÉÔÙÃÚÎÅ ÒÏÚ×ÉäÚÁÎÉÅ × 

ÇÒÁÎÉÃÙ ÄÕŀÅÊ ÌÉÃÚÂÙ ËÏÏÒÄÙÎÁÃÙÊÎÅÊ 

 
Extended Falicov-Kimball Model: Rigorous Analytic Solution in Large Coordination 

Number Limit 

 

Konrad J. Kapcia1ȟ 2ÏÍÕÁÌÄ ,ÅÍÁďÓËÉ2, Jakub Krawczyk2, Marcin J. Zygmunt3 

 
15ÎÉ×ÅÒÓÙÔÅÔ ÉÍȢ !ÄÁÍÁ -ÉÃËÉÅ×ÉÃÚÁ × 0ÏÚÎÁÎÉÕȟ 0ÏÚÎÁď 

2)ÎÓÔÙÔÕÔ .ÉÓËÉÃÈ 4ÅÍÐÅÒÁÔÕÒ É "ÁÄÁď 3ÔÒÕËÔÕÒÁÌÎÙÃÈ 0!.ȟ 7ÒÏÃčÁ× 
35ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉȟ +Átowice 

 

 
 

Model Falicova-+ÉÍÂÁÌÌ ÊÅÓÔ ÕÐÒÏÓÚÃÚÏÎä ×ÅÒÓÊä ÍÏÄÅÌÕ (ÕÂÂÁÒÄÁȟ × ËÔĕÒÙÍ ÔÙÌËÏ ÅÌÅËȤ

ÔÒÏÎÙ ÐÒÚÙËčÁÄÏ×Ï ÚÅ ÓÐÉÎÅÍ × Äĕč ÍÏÇä ÓÉö ÐÏÒÕÓÚÁçȟ ÎÁÔÏÍÉÁÓÔ ÐÏÚÏÓÔÁčÅ ÚÅ ÓÐÉÎÅÍ 

× ÇĕÒö  Óä ÚÌÏËÁÌÉÚÏ×ÁÎÅ ρ-3]. W niniejszej prezentacji zaprezentujemy wyniki dla roz-

szerzonego modelu Falicova-+ÉÍÂÁÌÌÁ ÚÁ×ÉÅÒÁÊäÃÅÇÏ ÏÐÒĕÃÚ ÏÄÄÚÉÁčÙ×ÁÎÉÁ ÊÅÄÎÏ×öȤ

ÚčÏ×ÅÇÏ ÔÁËŀÅ ÏÄÄÚÉÁčÙ×ÁÎÉÁ ÍÉöÄÚÙ×öÚčÏ×Å  ÎÁ ÓÉÅÃÉ "ÅÔÈÅÇÏ × ÇÒÁÎÉÃÙ ÄÕŀÅÊ ÌÉÃÚÂÙ 

ËÏÏÒÄÙÎÁÃÙÊÎÅÊ ÏÔÒÚÙÍÁÎÅ × ÆÏÒÍÁÌÉÚÍÉÅ ÔÅÏÒÉÉ ÄÙÎÁÍÉÃÚÎÅÇÏ ÐÏÌÁ ĢÒÅÄÎÉÅÇÏȟ ËÔĕÒÙ ÊÅÓÔ 

ÔÅÏÒÉä ĢÃÉÓčä × ÒÏÚ×ÁŀÁÎÅÊ ÇÒÁÎÉÃÙ σ-φ Ȣ 7 ÒÁÍÁÃÈ ÔÅÇÏ ÐÏÄÅÊĢÃÉÁ ÚÎÁÌÅľÌÉĢÍÙ ĢÃÉÓčÅ ÁÎÁȤ

ÌÉÔÙÃÚÎÅ ×ÙÒÁŀÁÎÉÁ ÎÁ ÚÁÌÅŀÎä ÏÄ ÔÅÍÐÅÒÁÔÕÒÙ ÇöÓÔÏĢç ÓÔÁÎĕ× ÃÚäÓÔÅË ÏÄÄÚÉÁčÕÊäÃÙÃÈ ÄÌÁ 

ÐĕčÐÅčÎÅÇÏ ×ÙÐÅčÎÉÅÎÉÁ ÐÁÓÍÁ τȟυ Ȣ /ËÒÅĢÌÉÌÉĢÍÙ ÒÅÇÉÏÎÙ ÓÔÁÂÉÌÎÏĢÃÉ ÏĢÍÉÕ ÒĕŀÎÙÃh ty-

Ðĕ× ÆÁÚ Ú ÐÏÒÚäÄËÉÅÍ ÄÁÌÅËÉÅÇÏ ÚÁÓÉöÇÕȟ ÇÄÚÉÅ ÐÏÒÚäÄÅË čÁÄÕÎËÏ×Ù ×ÓÐĕčÉÓÔÎÉÅÊÅ Ú ÐÏȤ

ÒÚäÄËÉÅÍ ÁÎÔÙÆÅÒÒÏÍÁÇÎÅÔÙÃÚÎÙÍ ÐÉöç Ú ÎÉÃÈ ÊÅÓÔ ÆÁÚÁÍÉ ÉÚÏÌÁÔÏÒÁȟ Á ÔÒÚÙ Óä ÆÁÚÁÍÉ ÍÅȤ

ÔÁÌÉÃÚÎÙÍÉ  ÏÒÁÚ ÔÒÚÙ ÒĕŀÎÅ ÆÁÚÙ ÎÉÅÕÐÏÒÚäÄËÏ×ÁÎÅȢ 0ÏÎÁÄÔÏ ÐÒÚÅÁÎÁÌÉÚÏ×ÁÌÉĢÍÙ ÉÃÈ 

wčÁĢÃÉ×ÏĢÃÉ ÔÅÒÍÏÄÙÎÁÍÉÃÚÎÅ υ-χ Ȣ 7ÙÎÉËÉ ÔÅ ÚÏÓÔÁčÙ ÐÏÒĕ×ÎÁÎÅ Ú ÒÅÚÕÌÔÁÔÁÍÉ ÚÎÁÌÅȤ

ÚÉÏÎÙÍÉ ÚÁ ÐÏÍÏÃä ÓÔÁÎÄÁÒÄÏ×ÅÇÏ ÐÒÚÙÂÌÉŀÅÎÉÁ (ÁÒÔÒÅÅ-&ÏÃËÁ ÚčÁÍÁÎÅÊ ÓÙÍÅÔÒÉÉ φȟχ Ȣ 

$ÌÁ ÍÁčÙÃÈ ×ÁÒÔÏĢÃÉ ÏÄÄÚÉÁčÙ×Áď ÍÏŀÎÁ ÚÁÏÂÓÅÒ×Ï×Áç ÁÎÏÍÁÌÎä ÚÁÌÅŀÎÏĢç ÔÅÍÐÅÒÁÔÕȤ

ÒÏ×ä ÐÁÒÁÍÅÔÒÕ ÐÏÒÚäÄËÕȟ ËÔĕÒÁ ÃÈÁÒÁËÔÅÒÙÚÕÊÅ ÓÉö ÓÉÌÎä ÒÅÄÕËÃÊä ÊÅÇÏ ×ÁÒÔÏĢÃÉ × ÔÅÍȤ

ÐÅÒÁÔÕÒÚÅ ÂÌÉÓËÉÅÊ ÐÏčÏ×ÉÅ ÔÅÍÐÅÒÁÔÕÒÙ ËÒÙÔÙÃÚÎÅÊ φ Ȣ 

 

[1]  L. M. Falicov, J. C. Kimball, Phys. Rev. Lett. 22, 997 (1969). 

[2]  J. K. Freericks, V. Zlatic, Rev. Mod. Phys. 75, 1333 (2003). 

[3]  P. G. J. van Dongen, Phys. Rev. B 45, 2267 (1992). 

[4]  2Ȣ ,ÅÍÁďÓËÉȟ +Ȣ*Ȣ +ÁÐÃÉÁȟ 3Ȣ 2ÏÂÁÓÚËÉÅ×ÉÃÚȟ 0ÈÙÓȢ Rev. B 96, 205102 (2017). 

[5]  K. J. Kapcia, R. Lemanski, S. Robaszkiewicz, Phys. Rev. B 99, 245143 (2019). 

[6]  +Ȣ *Ȣ +ÁÐÃÉÁȟ *Ȣ +ÒÁ×ÃÚÙËȟ 2Ȣ ,ÅÍÁďÓËÉȟ #ÏÎÄÅÎÓȢ Matter Phys. 23, 43706 (2020). 

[7]  +Ȣ *Ȣ +ÁÐÃÉÁȟ 2Ȣ ,ÅÍÁďÓËÉȟ -Ȣ *Ȣ :ÙÇÍÕÎÔȟ *Ȣ 0ÈÙÓȢȡ #ÏÎÄÅÎÓȢ Matter 33, 065501 (2021). 
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Albert Abraham Michelson - ÁÐÏÓÔÏč Ģ×ÉÁÔčÁ 

 
Albert A. Michelson- the apostle of light  

 

4ÏÍÁÓÚ +ÁÒÄÁĢ 

 

ZÅÓÐĕč SÚËĕč w Mogilnie  

3ÐÏčÅÃÚÎa SzkočÁ Podstawowa w Bielsku 

 

 
 

!Ȣ!Ȣ -ÉÃÈÅÌÓÏÎÏ×É ÆÉÚÙËÁ É ÁÓÔÒÏÎÏÍÉÁ ÚÁ×ÄÚÉöÃÚÁÊä ÔÁË ×ÉÅÌÅȟ ŀÅ ÏÓÏÂÙ ÐÁÒÁÊäÃÅ ÓÉö ÎÁȤ

ÕËä ÐÏ×ÉÎÎÙ ÚÎÁç ÊÅÇÏ ÄÏÒÏÂÅË ÎÁÕËÏ×Ù É ÊÁË ÄÏÓÚÅÄč ÐÒÁÃä É talentem do swoich wiel-

ËÉÃÈ ÏÓÉäÇÎÉöçȢ #ÈÃÉÁčÂÙÍ ÓčÕÃÈÁÃÚÏÍ ×ÙÊÁĢÎÉçȟ ÄÌÁÃÚÅÇÏ -ÉÃÈÅÌÓÏÎÏ×ÉÅ ÏÐÕĢÃÉÌÉ 

3ÔÒÚÅÌÎÏȟ ÊÁË ÄÏÓÚčÏȟ ŀÅ ÚÏÓÔÁč ÓÔÕÄÅÎÔÅÍ ÍÏÒÓËÉÅÊ ÁËÁÄÅÍÉÉ × !ÎÎÁÐÏÌÉÓ É ÊÁËÏ ÐÉÅÒ×ÓÚÙ 

ÚÍÉÅÒÚÙč × !ÍÅÒÙÃÅ ÐÒöÄËÏĢç Ģ×ÉÁÔčÁ × ÐÏ×ÉÅÔÒÚÕȢ #ÚÙ ÒÏË ÊÅÇÏ ×ÉÅlkiego tryumfu nau-

ËÏ×ÅÇÏ ÂÙč ÄÌÁ ÎÉÅÇÏ ÒÏËÉÅÍ ÓÚÃÚöĢÌÉ×ÙÍȩ :Á ÃÏ ÏÔÒÚÙÍÁč .ÁÇÒÏÄö .ÏÂÌÁ É ÄÌÁÃÚÅÇÏ ÐÏȤ

ÄÚÉ×ÉÁÌÉ ÇÏ 0Ȣ :ÅÅÍÁÎ É (Ȣ 3ÔÅÉÎÈÁÕÓ É ÏÒÎÉÔÏÌÏÄÚÙȩ (ÉÓÔÏÒÙÃÙ ÎÁÕËÉ ÄÏ ÄÚÉÓÉÁÊ ÓÐÒÚÅÃÚÁÊä 

ÓÉö ÊÁËÉ ×ÐčÙ× ÎÁ ÐÏ×ÓÔÁÎÉÅ 347 !Ȣ %ÉÎÓÔÅÉÎÁ ÍÉÁč ÅËÓÐÅÒÙÍÅÎÔ -ÉÃhelsona-Morleya, 

ÐÏÓÔÁÒÁÍ ÓÉö ÔÒÏÃÈö ÔÅÎ ÐÒÏÂÌÅÍ ÎÁĢ×ÉÅÔÌÉç × Ģ×ÉÅÔÌÅ ÎÁÊÎÏ×ÓÚÙÃÈ ÄÏÎÉÅÓÉÅďȢ 2ĕ×ÎÉÅŀ 

-ÉÃÈÅÌÓÏÎ ÂÙč ÎÉÅÚ×ÙËÌÅ ÃÉÅËÁ×ÙÍ ÃÚčÏ×ÉÅËÉÅÍ ÓÐÅčÎÉÁÊäÃÙÍ ÆÕÎËÃÊö ÏÊÃÁȟ ÍöŀÁȟ ÄÙÒÅËȤ

ÔÏÒÁȟ ÂöÄäÃ ÊÅÄÎÏÃÚÅĢÎÉÅ ÃÚÙÎÎÙÍ ÓÐÏÒÔÏ×ÃÅÍȟ ÍÕÚÙËÕÊäÃÙÍ É ÍÁÌÕÊäÃÙÍȢ -ÉÁč ÔÅŀ ÎÉÅȤ

Ú×ÙËÌÅ ÃÉÅËÁ×Å ÒÏÄÚÅďÓÔ×ÏȢ 
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Wydajne bramkowanie grafenu przez azotek galu 

 
Highly effective gating of graphene on GaN 

 

Jakub Kierdaszuk 

 

Uniwersytet Warszawski, Warszawa 

 

 
 

By applied graphene/GaN Schottky diode with an undoped GaN spacer, we studied po-

tential of this structure for efficient graphene gating. A layer of undoped GaN (100 nm) 

preceded by a 1.3 ʈm thick layer of highly conductive (n-doped) GaN were grown on a 

sapphire substrate by MOCVD (Metalorganic Chemical Vapour Deposition). Four-layer 

graphene (4-LGr) with turbostratic layer stacking was transferred by a polymer frame 

method to form a top contact to GaN. Current-voltage characteristics of the sample exhibit 

a Schottky-like behavior. Raman measurements of graphene layers subjected to external 

bias showed three different types of spectra with G-band splitting into one, two, or three 

subbands. No splitting of the 2D band was observed. The presence of G band splitting is 

therefore related to different carrier concentrations of subsequent graphene layers in the 

turbostratic 4-LGr structure. A redshift of the G bands as a function of gate bias was ob-

served which suggests n-doping of graphene. Interestingly, the most significant G band 

energy shift of up to 8.5 cm-1 occurs for the lowest bias, in the range between 1 V and -1 

V. A further G band energy shift of up to 1.4 cm-1 was observed in the range between -1 V 

and -5 V. Capacitance-voltage (CV), as well as electroreflectance (ER) measurements to-

gether with a band alignment analysis, showed that the undoped GaN spacer behaves like 

a capacitor at reverse bias. A rapid decrease of electron concentration in graphene and a 

vanishing G band splitting occurs at forward bias. A comparison with solution-gated gra-

phene suggests, that the strong gating effect at forward bias occurs on graphene/GaN in-

terface, which is promising for the fabrication of sensitive detectors based on tracing the 

G band splitting. 
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Rola dwuwarstwy lipidowej w stawach 

 
The role of lipid bilayer in the joints 

 

Natalia Kruszewskaȟ 0ÉÏÔÒ "ÅčÄÏ×ÓËÉ, Adam Gadomski 

 

)ÎÓÔÙÔÕÔ -ÁÔÅÍÁÔÙËÉ É &ÉÚÙËÉȟ 0ÏÌÉÔÅÃÈÎÉËÁ "ÙÄÇÏÓËÁ ÉÍȢ *Ȣ *Ȣ ¡ÎÉÁÄÅÃËÉÃÈ 

Kaliskiego 7, 85-796 Bydgoszcz, Poland 

 

 
 

$×Õ×ÁÒÓÔ×Ù ÌÉÐÉÄÏ×Å ÓÔÁÎÏ×Éä ÂÉÏÌÏÇÉÃÚÎÅ ÒÕÓÚÔÏ×ÁÎÉÁ É ÏÄÇÒÙ×ÁÊä ×ÁŀÎä ÒÏÌö ÍȢÉÎȢ × 

ËÏÍÕÎÉËÁÃÊÉ ÍÉöÄÚÙ ×ÎöÔÒÚÅÍ É ÚÅ×ÎöÔÒÚÅÍ ËÏÍĕÒÅËȢ "ÉÁčËÁ ÐÒÚÙčäÃÚÏÎÅ ÎÁ ÐÏȤ

×ÉÅÒÚÃÈÎÉ Ä×Õ×ÁÒÓÔ×Ù ÌÕÂ ÕÍÉÅÓÚÃÚÏÎÅ × ÊÅÊ ĢÒÏÄËÕȟ ÍÉöÄÚÙ ÌÉÐÉÄÁÍÉȟ ÂÉÏÒä ÕÄÚÉÁč × 

×ÉÅÌÕ ×ÁŀÎÙÃÈ ÆÕÎËÃÊÁÃÈ ËÏÍĕÒËÏ×ÙÃÈȢ *ÅÄÎÁËŀÅ ÎÉÅ ÊÅÓÔ ÔÏ ÊÅÄÙÎÅ ÍÉÅÊÓÃÅ × ÏÒÇÁÎÉȤ

ÚÍÁÃÈ ŀÙ×ÙÃÈȟ ÇÄÚÉÅ Ä×Õ×ÁÒÓÔ×Ù ÌÉÐÉÄÏ×Å ÍÏÇä ÂÙç ÚÎÁÌÅÚÉÏÎÅȢ :ÎÁÌÅľç ÊÅ ÍÏŀÎÁ Òĕ×Ȥ

ÎÉÅŀ × ÓÔÁ×ÁÃÈ ÐÏÍÉöÄÚÙ Ä×ÏÍÁ ÐÒÚÅÃÉ×ÌÅÇčÙÍÉ ÐÏ×ÉÅÒÚÃÈÎÉÁÍÉ ÃÈÒÚäÓÔÅË ÓÔÁ×Ï×ÙÃÈȢ 

0ÏÍÁÇÁÊä ÏÎÅ × ÏÓÉäÇÎÉöÃÉÕ ÂÁÒÄÚÏ ÍÁčÙÃÈ ×ÓÐĕčÃÚÙÎÎÉËĕ× ÔÁÒÃÉÁ ÍÉöÄÚÙ ÃÈÒÚäÓÔËÁÍÉ 

stawowymi ÐÏÐÒÚÅÚ Ô×ÏÒÚÅÎÉÅ ×ÉÅÌÕ ×ÁÒÓÔÅ×ÅË ÏÃÈÒÁÎÉÁÊäÃÙÃÈ ÔÅ ÃÈÒÚäÓÔËÉȢ $ÏÄÁÔËÏ×Ï 

×ÎöÔÒÚÅ ÔÁËÉÅÊ ȵËÁÎÁÐËÉȱ ×ÙÐÅčÎÉÏÎÅ ÊÅÓÔ ÃÉÅÃÚä ÓÙÎÏ×ÉÁÌÎäȟ ËÔĕÒÁ ÓËčÁÄÁ ÓÉö Ú ×ÉÅÌÕ 

×ÓÐĕčÐÒÁÃÕÊäÃÙÃÈ ÚÅ ÓÏÂä ÓËčÁÄÎÉËĕ× ÍÁÊäÃÙÃÈ Òĕ×ÎÉÅŀ ÚÁ ÚÁÄÁÎÉÅ ÏÂÎÉŀÁç ÔÁÒÃÉÅ ÐÏÄȤ

ÃÚÁÓ ÒÕÃÈÕ ÓÔÁ×Õ ρ Ȣ 7 ÊÁËÉ ÓÐÏÓĕÂ ÎÁÔÕÒÁÌÎÅ ÓÔÁ×Ù ÏÓÉäÇÁÊä ÔÁË ÎÉÓËÉ ×ÓÐĕčÃÚÙÎÎÉË ÔÁÒȤ

ÃÉÁ ÐÏÚÏÓÔÁÊÅ Ë×ÅÓÔÉä ÎÁÄÁÌ ÎÉÅ ÄÏ ËÏďÃÁ ÒÏÚÓÔÒÚÙÇÎÉöÔä É ×ÙÊÁĢÎÉÁÎä ÎÁ ÐÏÄÓÔÁ×ÉÅ ×ÉÅÌÕ 

ÒĕŀÎÙÃÈ ÍÏÄÅÌÉ ςȟσ Ȣ 2ÏÚ×ĕÊ ÔÅÃÈÎÉË ËÏÍÐÕÔÅÒÏ×ÙÃÈȟ ÔÁËÉÃÈ ÊÁË ÄÙÎÁÍÉËÁ ÍÏÌÅËÕÌÁÒÎÁȟ 

ÐÏÚ×ÁÌÁ ÎÁ ÂÁÄÁÎÉÅ ÏÄÄÚÉÁčÙ×Áď ÍÉöÄÚÙ ÐÏÓÚÃÚÅÇĕÌÎÙÍÉ ÓËčÁÄÎÉËÁÍÉ ÃÉÅÃÚÙ ÓÙÎÏ×ÉÁÌȤ

ÎÅÊ ×ÙÊÁĢÎÉÁÊäÃ ÐÒÚÙÃÚÙÎÙ ÕčÁÔ×ÉÏÎÅÇÏ ÓÍÁÒÏ×ÁÎÉÁ × ÒĕŀÎÙÃÈ ×ÁÒÕÎËÁÃÈ ÆÉÚÙËÏÃÈÅȤ

micznych. NiniejsÚÙ ÒÅÆÅÒÁÔ ÍÁ ÎÁ ÃÅÌÕ ÚÁÐÒÅÚÅÎÔÏ×ÁÎÉÅ Ä×ĕÃÈ ÐÒÚÙËčÁÄĕ× ×ÙÎÉËĕ× ÂÁȤ

ÄÁď ÏÄÄÚÉÁčÙ×Áď ÍÉöÄÚÙÃÚäÓÔÅÃÚËÏ×ÙÃÈ ÐÒÚÙÃÚÙÎÉÁÊäÃÙÃÈ ÓÉö ÄÏ ÏÓÉäÇÎÉöÃÉÁ ÎÉÓËÉÃÈ 

×ÁÒÔÏĢÃÉ ×ÓÐĕčÃÚÙÎÎÉËÁ ÔÁÒÃÉÁ × ÓÔÁ×ÁÃÈȢ 3ä ÔÏ É  ÏÄÄÚÉÁčÙ×ÁÎÉÁ ÍÉöÄÚÙ Ë×ÁÓÅÍ ÈÉÁÌÕȤ

ÒÏÎÏ×ÙÍ É Ä×Õ×ÁÒÓÔ×ä ÆÏÓÆÏÌÉÐÉÄÏ×ä τ ȟ ÉÉ  ÏÄÄÚÉÁčÙ×ÁÎÉÁ ÍÉöÄÚÙ ÂÉÁčËÉÅÍ ÂÅÔÁ-2-

glycoprotein-ρ ÏÒÁÚ Ä×Õ×ÁÒÓÔ×ä ÆÏÓÆÏÌÉÐÉÄÏ×ä υ Ȣ /ÄÄÚÉÁčÙ×ÁÎÉÁ ÔÅ ÍÁÊä ÄÕŀÅ ÚÎÁÃÚÅȤ

ÎÉÅ ÄÌÁ ×čÁĢÃÉ×ÏĢÃÉ ÌÅÐËÏÓÐÒöŀÙÓÔÙÃÈ ÃÁčÅÇÏ ÓÙÓÔÅÍÕ ÃÏ ÍÁ ×ÐčÙ× ÎÁ ×čÁĢÃÉ×ÏĢÃÉ ÓÍÁȤ

ÒÕÊäÃÅȢ .ÁÓÚÅ ÂÁÄÁÎÉÁ ÍÁÊä ÎÁ ÃÅÌÕ ×ÙÊÁĢÎÉÅÎÉÅ ÐÒÚÙÃÚÙÎ ÎÉÓÚÃÚÅÎÉÁ ÓÉö ÃÈÒÚäÓÔËÉ × ÐÒÚÅȤ

ÂÉÅÇÕ ×ÉöËÓÚÏĢÃÉ ÃÈÏÒĕÂ ÒÅÕÍÁÔÙÃÚÎÙÃÈ ÏÒÁÚ ÃÈÏÒÏÂÙ Ú×ÙÒÏÄÎÉÅÎÉÏ×ÅÊ ÓÔÁ×ĕ×Ȣ  
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"ÉÁčËÏ ÂÅÔÁ-2-glycoprotein-1 na powierzchni modelowej dwuwarstwy lipidowej DPPC 

 

[1]  A. Hills, B. D. Buttler, Annals of the Rheumatic Diseases 43, 641 (1984) 

[2]  J. Klein, Friction 1, 1 (2013) 

[3]  A. Gadomski et al. Tribol. Lett. 30, 83 (2008); !Ȣ 'ÁÄÏÍÓËÉȟ 0Ȣ "ÅčÄÏ×ÓËÉȟ !ÃÔÁ 0ÈÙÓÉÃÁ 0ÏȤ

lonica B, 52 (2021) 

[4]  Dedinaite et al. Adv. Colloid Interface Sci. 274, 102050 (2019) 

[5]  N. Kruszewska et al., Membranes 10, 396 (2020) 
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Interdyscyplinarne zastosowania rentgenowskiej analizy fluorescencyjnej  

Ú ÃÁčËÏ×ÉÔÙÍ ÏÄÂÉÃÉÅÍ ×ÉäÚËÉ ÐÁÄÁÊäÃÅÊ 
 

Interdisciplinary application s of total reflection X-ray fluorescence analysis 

 

Aldona Kubala-+ÕËÕĢ1,2ȟ $ÁÒÉÕÓÚ "ÁÎÁĢ1,2ȟ -ÉÃÈÁč !ÒÁÂÓËÉ3, Janusz Braziewicz1,2, 

3ÔÁÎÉÓčÁ× 'ĕľÄľ2,4, Marek Pajek1, Ilona Stabrawa1,2, Regina Stachura1, Karol Szary1,2, 

Jolanta Wudarczyk--ÏçËÏ2 

 
1Instytut Fizyki, Uniwersytet Jana Kochanowskiego, Kielce 

2¡×ÉöÔÏËÒÚÙÓËÉÅ #ÅÎÔÒÕÍ Onkologii, Kielce 
3Instytut Biologii, Uniwersytet Jana Kochanowskiego, Kielce 

4Instytut Nauk o Zdrowiu, Uniwersytet Jana Kochanowskiego, Kielce 

 

 
 

2ÅÎÔÇÅÎÏ×ÓËÁ ÁÎÁÌÉÚÁ ÆÌÕÏÒÅÓÃÅÎÃÙÊÎÁ Ú ÃÁčËÏ×ÉÔÙÍ ÏÄÂÉÃÉÅÍ ×ÉäÚËÉ ÐÁÄÁÊäÃÅÊ 482&  

ÊÅÓÔ ÔÅÃÈÎÉËä ÓÐÅËÔÒÏÓËÏÐÉÉ ÒÅÎÔÇÅÎÏ×ÓËÉÅÊ ÕÍÏŀÌÉ×ÉÁÊäÃä ÁÎÁÌÉÚö ÓËčÁÄÕ ÐÉÅÒ×ÉÁÓÔËÏȤ

×ÅÇÏ ÒĕŀÎÏÒÏÄÎÙÃÈ ÍÁÔÅÒÉÁčĕ×Ȣ !ÎÁÌÉÚÁ ÏÐÉÅÒÁ ÓÉö ÎÁ ÄÅÔÅËÃÊÉ ÐÒÏÍÉÅÎÉÏ×ÁÎÉÁ ÃÈÁÒÁËȤ

terystycÚÎÅÇÏ ÅÍÉÔÏ×ÁÎÅÇÏ Ú ÐÒĕÂËÉ ÎÁ ÓËÕÔÅË ÎÁĢ×ÉÅÔÌÁÎÉÁ ÊÅÊ ÐÒÏÍÉÅÎÉÏ×ÁÎÉÅÍ ÒÅÎÔȤ

ÇÅÎÏ×ÓËÉÍ × ×ÁÒÕÎËÁÃÈ ÃÁčËÏ×ÉÔÅÇÏ ÚÅ×ÎöÔÒÚÎÅÇÏ ÏÄÂÉÃÉÁ ×ÉäÚËÉ ÐÁÄÁÊäÃÅÊȢ 5ÎÉËÁÌÎä 

ÚÁÌÅÔä ÐÏÍÉÁÒÕ ÊÅÓÔ ÍÏŀÌÉ×ÏĢç ÊÅÄÎÏÃÚÅÓÎÅÊ ÁÎÁÌÉÚÙ ÓËčÁÄÕ ×ÉÅÌÕ ÐÉÅÒ×ÉÁÓÔËĕ× × ÓÚÅÒÏȤ

kim zakresie zawÁÒÔÏĢÃÉȟ Ú ÇÒÁÎÉÃä ×ÙËÒÙ×ÁÌÎÏĢÃÉ ÎÁ ÐÏÚÉÏÍÉÅ ÐÐÂ mÇȾÇ  ×ÙÎÉËÁÊäÃä ÚÅ 

ÓÚÃÚÅÇĕÌÎÅÊ ÇÅÏÍÅÔÒÉÉ ÐÏÍÉÁÒÕȢ  

Technika TXRF stosowana jest w Instytucie Fizyki Uniwersytetu Jana Kochanowskiego w 

+ÉÅÌÃÁÃÈ )& 5*+  ÄÏ ÁÎÁÌÉÚÙ ÓËčÁÄÕ ÐÉÅÒ×ÉÁÓÔËÏ×ÅÇÏ ÐÒĕÂÅË ÂÉÏÌÏÇÉÃÚÎÙch, medycznych, 

ÃÚÙ ÔÅŀ ĢÒÏÄÏ×ÉÓËÏ×ÙÃÈȢ 7Å ×ÓÐĕčÐÒÁÃÙ ÚÅ ¡×ÉöÔÏËÒÚÙÓËÉÍ #ÅÎÔÒÕÍ /ÎËÏÌÏÇÉÉ × +ÉÅÌȤ

ÃÁÃÈ ÐÒÏ×ÁÄÚÏÎÅ Óä ÔÁËŀÅ ÒÕÔÙÎÏ×Å ÂÁÄÁÎÉÁ ÚÁ×ÁÒÔÏĢÃÉ ÐÉÅÒ×ÉÁÓÔËĕ× × ÐÒĕÂËÁÃÈ ÌÕÄÚȤ

ËÉÅÇÏ ÍÁÔÅÒÉÁčÕ ÂÉÏÌÏÇÉÃÚÎÅÇÏȢ 

7 ÐÒÅÚÅÎÔÁÃÊÉ ÚÏÓÔÁÎä ÏÍĕ×ÉÏÎÅ ÐÏÄÓÔÁ×Ù ÆÉÚÙÃÚÎÅ rentgenowskiej analizy fluorescen-

ÃÙÊÎÅÊ Ú ÃÁčËÏ×ÉÔÙÍ ÏÄÂÉÃÉÅÍ ×ÉäÚËÉ ÐÁÄÁÊäÃÅÊȟ ÂÕÄÏ×Á ÕËčÁÄÕ ÅËÓÐÅÒÙÍÅÎÔÁÌÎÅÇÏ ÏÒÁÚ 

ÐÒÏÃÅÄÕÒÁ ÐÏÍÉÁÒÏ×ÁȢ -ÏŀÌÉ×ÏĢÃÉ ÁÐÌÉËÁÃÙÊÎÅ ÚÏÓÔÁÎä ÐÒÚÅÄÓÔÁ×ÉÏÎÅ × ÏÐÁÒÃÉÕ Ï ÉÎÔÅÒȤ

ÄÙÓÃÙÐÌÉÎÁÒÎÅ ÐÒÚÙËčÁÄÙ ÐÒÏ×ÁÄÚÏÎÙÃÈ ÂÁÄÁď ÁÎÁÌÉÚÁ ÓËčÁÄÕ ÐÉÅÒ×ÉÁÓÔËÏ×ÅÇÏ ÐÒĕÂÅË 

ÓÕÒÏ×ÉÃÙ ËÒ×Éȟ ÌÉÍÆÏÃÙÔĕ×ȟ ÅÒÙÔÒÏÃÙÔĕ×ȟ ÏÓÏÃÚÁȟ ËÁÍÉÅÎÉ ÎÅÒËÏ×ÙÃÈȟ ÐÒĕÂÅË ĢÒÏÄÏ×ÉȤ

ÓËÏ×ÙÃÈ Ȣ :ÏÓÔÁÎÉÅ ÔÁËŀÅ ÏÍĕ×ÉÏÎÁ ×ÓÐĕčÐÒÁÃÁ ÍÉöÄÚÙÎÁÒÏÄÏ×Á )& 5*+ Ú×ÉäÚÁÎÁ Ú ÒÏÚȤ

×ÏÊÅÍ É ×ÙËÏÒÚÙÓÔÁÎÉÅÍ ÍÅÔÏÄÙ 482&ȟ ÃÏ ÊÅÓÔ ÃÅÌÅÍ ÍÉöÄÚÙÎÁÒÏÄÏ×ÅÇÏ projektu Euro-

pean Network FOR Chemical Elemental analysis by Total reflection X-Ray Fluorescence 

(ENFORCE-TXRF, CA18130) realizowanego w ramach programu COST (European Coo-

peration in Science and Technology). 
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/Ä ×ÙÔ×ÁÒÚÁÎÉÁ ËÁÐÓÕč *ÁÎÕÓÁ ÄÏ ËÏÎÔÒÏÌÏ×ÁÎÅÇÏ uwalniania z nich ultra-

Äľ×ÉöËÁÍÉ ÓÕÂÓÔÁÎÃÊÉ ÁËÔÙ×ÎÙÃÈ ÂÉÏÌÏÇÉÃÚÎÉÅ 

 
From the fabrication of Janus capsules to the ultrasound-triggered controlled release of 

biologically active substances 

 

Tomasz Kubiak1ȟ !ÒËÁÄÉÕÓÚ *ĕÚÅÆÃÚÁË2, Zbigniew Rozynek2 

 
10ÁďÓÔ×Ï×Á 3ÚËÏčÁ 7ÙŀÓÚÁ ÉÍȢ (ÉÐÏÌÉÔÁ #ÅÇÉÅÌÓËÉÅÇÏȟ 'ÎÉÅÚÎÏ 

25ÎÉ×ÅÒÓÙÔÅÔ ÉÍȢ !ÄÁÍÁ -ÉÃËÉÅ×ÉÃÚÁ × 0ÏÚÎÁÎÉÕȟ 0ÏÚÎÁď 

 

 
 

-ÉËÒÏËÁÐÓÕčËÉȟ ÚÅ ×ÚÇÌöÄÕ ÎÁ ÍÎÏÇÏĢç ÐÏÔÅÎÃÊÁÌÎÙÃÈ ÚÁÓÔÏÓÏ×Áď × ÐÒÚÅÍÙĢÌÅ É ÍÅÄÙȤ

ÃÙÎÉÅȟ Óä ÏÂÉÅËÔÅÍ ÌÉÃÚÎÙÃÈ ÂÁÄÁď ÎÁÕËÏ×ÙÃÈȢ 3ÚÃÚÅÇĕÌÎÉÅ ÉÓÔÏÔÎÅ ÊÅÓÔ ÏÐÒÁÃÏ×ÁÎÉÅ ÅÆÅËȤ

ÔÙ×ÎÙÃÈ ÓÐÏÓÏÂĕ× ×ÙÔ×ÁÒÚÁÎÉÁ ËÁÐÓÕč ÏÒÁÚ ËÏÎÔÒÏÌÏ×ÁÎÅÇÏ Õ×ÁÌÎÉÁÎÉÁ ÐÒÚÅÎÏÓÚÏȤ

ÎÙÃÈ × ÉÃÈ ×ÎöÔÒÚÁÃÈ čÁÄÕÎËĕ×Ȣ 7ÁÒÔÏ Òĕ×ÎÉÅŀ Ú×ÒĕÃÉç Õ×ÁÇö ÎÁ ÚÁÐÅ×ÎÉÅÎÉÅ ÔÙÍŀe 

ÓÔÒÕËÔÕÒÏÍ ÂÉÏÄÅÇÒÁÄÏ×ÁÌÎÏĢÃÉ ÏÒÁÚ ÓÚÅÒÏËÏ ÐÏÊöÔÅÊ ÂÉÏËÏÍÐÁÔÙÂÉÌÎÏĢÃÉȢ 

/ÐÒÁÃÏ×ÁÌÉĢÍÙ ÉÎÎÏ×ÁÃÙÊÎä ÍÅÔÏÄö ÆÏÒÍÏ×ÁÎÉÁ ËÁÐÓÕčȟ ËÔĕÒÅ ÐÏÓÉÁÄÁÊä ÐÏ×čÏËÉ × ÐÏȤ

ÓÔÁÃÉ ÍÏÎÏ×ÁÒÓÔ×Ù ÚÂÕÄÏ×ÁÎÅÊ Ú ÒĕŀÎÙÃÈ ÓÙÎÔÅÔÙÃÚÎÙÃÈ ÍÉËÒÏÃÚäÓÔÅË ÐÏÌÉÍÅÒÏ×ÙÃÈ 

ÌÕÂ ÍÁÔÅÒÉÁčĕ× ÐÏÃÈÏÄÚÅÎÉÁ ÎÁÔÕÒÁÌÎÅÇÏȟ ÎÐȢ ÐÒÏÓÚËÕ Ú ËčäÃÚÙ ÏÓÔÒÙŀÕ ÄčÕÇÉÅÇÏ ÃÕÒȤ

ÃÕÍÁ ÌÏÎÇÁ Ȣ 7 ÐÒÚÙÐÁÄËÕ ËÁÐÓÕč *ÁÎÕÓÁ Ä×ÉÅ ÐĕčÓÆÅÒÙ Ô×ÏÒÚäÃÅ ÉÃÈ ÏÔÏÃÚËö ÃÈÁÒÁËÔÅȤ

ÒÙÚÕÊä ÓÉö ÏÄÍÉÅÎÎÙÍÉ ×čÁĢÃÉ×ÏĢÃÉÁÍÉ ÍÅÃÈÁÎÉÃÚÎÙÍÉȢ .ÁÓÚÅ ËÁÐÓÕčÙ ÐÏÚ×ÁÌÁÊä × ÓÐÏȤ

ÓĕÂ ÂÅÚÐÉÅÃÚÎÙ ÐÒÚÅÎÏÓÉç ÒĕŀÎÅ ÓÕÂÓtancje aktywne biologicznie, np. leki czy probiotyki. 

lÁÄÕÎËÉ ÔÅ ×ÙÚ×ÁÌÁÍÙ ÎÁ ŀäÄÁÎÉÅ × ÒĕŀÎÙÃÈ ÏĢÒÏÄËÁÃÈ × ÓÐÏÓĕÂ × ÐÅčÎÉ ËÏÎÔÒÏÌÏ×ÁÎÙ 

i ÕËÉÅÒÕÎËÏ×ÁÎÙ ÐÒÚÙ ÕŀÙÃÉÕ ÕÌÔÒÁÄľ×ÉöËĕ× Ï ÃÚöÓÔÏÔÌÉ×ÏĢÃÉÁÃÈ ρ - σȟυ -(Ú É ÎÁÔöŀÅȤ

ÎÉÁÃÈ ÎÉÅÐÒÚÅËÒÁÃÚÁÊäÃÙÃÈ ςȟυ 7ȾÃÍ2. ZÂÁÄÁÎÅ ÐÒÏÆÉÌÅ Õ×ÁÌÎÉÁÎÉÁ ÚÁÌÅŀä ÍȢÉÎȢ ÏÄ ÃÚöÓÔÏȤ

ÔÌÉ×ÏĢÃÉ É ÎÁÔöŀÅÎÉÁ ÚÁÓÔÏÓÏ×ÁÎÅÊ ÆÁÌÉ ÁËÕÓÔÙÃÚÎÅÊȟ ÃÚÁÓÕ ÎÁÄľ×ÉöËÁ×ÉÁÎÉÁȟ ÒÏÄÚÁÊÕ ÐÏȤ

×čÏËÉȟ ÏÒÉÅÎÔÁÃÊÉ ËÁÐÓÕč *ÁÎÕÓÁ × ÐÏÌÕ ÁËÕÓÔÙÃÚÎÙÍ ÃÚÙ ÒÏÄÚÁÊÕ ÏĢÒÏÄËÁȢ 

 

[1]  4Ȣ +ÕÂÉÁËȟ *Ȣ "ÁÎÁÓÚÁËȟ !Ȣ *ĕÚÅÆÃÚÁËȟ :Ȣ 2ÏÚÙÎÅËȟ Direction-Specific Release from 

Capsules with Homogeneous or Janus Shells Using an Ultrasound Approach, ACS 

!ÐÐÌÉÅÄ -ÁÔÅÒÉÁÌÓ Ǫ )ÎÔÅÒÆÁÃÅÓ ρς ρσ ȟ ςπςπȟ ρυψρπ ρυψςςȟ 

DOI:10.1021/acsami.9b21484. 

[2]  4Ȣ +ÕÂÉÁËȟ -Ȣ :ÕÂËÏȟ !Ȣ *ĕÚÅÆÃÚÁËȟ 5ÌÔÒÁÓÏÕÎÄ-triggered directional release from 

turmeric capsules, Particuology 2021, 57, 19-27, DOI: 10.1016/j.par-

tic.2020.12.010. 
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"ÁÄÁÎÉÅ ÍÉöËËÉÅÇÏ ÍÏÄÕ × ÎÁÄÐÒÚÅ×ÏÄÚäÃÙÍ Ú×ÉäÚËÕ (ÅÕÓÌÅÒÁ ,É0Ä2Ge 

 
Investigation of the soft mode behavior in superconducting Heusler LiPd2Ge 

 

Gabriel Kuderowicz 

 

!ËÁÄÅÍÉÁ 'ĕÒÎÉÃÚÏ-Hutnicza im. 3ÔÁÎÉÓčÁ×Á 3ÔÁÓÚÉÃÁȟ +ÒÁËĕ× 

 

 
 

LiPd2Ge jest nadprzewodnikiem I-ÒÏÄÚÁÊÕ Ï ÔÅÍÐÅÒÁÔÕÒÚÅ ËÒÙÔÙÃÚÎÅÊ 4Ã  ς+Ȣ .ÁÌÅŀÙ ÏÎ 

ÄÏ ÂÏÇÁÔÅÊ ÒÏÄÚÉÎÙ Ú×ÉäÚËĕ× (ÅÕÓÌÅÒÁȟ × ËÔĕÒÅÊ ×ÙÓÔöÐÕÊÅ ÐÏÎÁÄ ρπππ ÕËčÁÄĕ× Ï ÒĕŀȤ

ÎÏÒÏÄÎÙÃÈ ×čÁÓÎÏĢÃÉÁÃÈ ÆÉÚÙÃÚÎÙÃÈȢ ,É0Ä2Ge oraz izostrukturalne i izoelektronowe 

Ú×ÉäÚËÉ ,É0Ä23Éȟ ,É0Äς3Î ÚÏÓÔÁčÙ ÎÉÅÄÁ×ÎÏ ÚÓÙÎÔÅÚÏ×ÁÎÅ É ÓÃÈÁÒÁËÔÅÒÙÚÏ×ÁÎÅ ρ Ȣ /ÂÌÉȤ

ÃÚÏÎÅ ÆÏÎÏÎÏ×Å ÒÅÌÁÃÊÅ ÄÙÓÐÅÒÓÊÉ ×ÙËÁÚÕÊä ÚÍÉöËÃÚÅÎÉÅ ÍÏÄĕ× ÁËÕÓÔÙÃÚÎÙÃh. W przy-

padku LiPd2Ge i LiPd23Î ÃÚöÓÔÏĢÃÉ ÓÔÁÊä ÓÉö ÕÒÏÊÏÎÅ ÎÁ ĢÃÉÅŀÃÅ ɜ-K w okolicy wektora 

q= ρȾσȟρȾσȟπ Ȣ 7ÁÒÔÏ ×ÓÐÏÍÎÉÅçȟ ŀÅ ÐÏÄÏÂÎÅ ÁÎÏÍÁÌÉÅ Óä ÏÂÓÅÒ×Ï×ÁÎÅ × ÎÉÅËÔĕÒÙÃÈ 

Ú×ÉäÚËĕ× (ÅÕÓÌÅÒÁȟ ÚÁÒĕ×ÎÁ × ÏÂÌÉÃÚÅÎÉÁÃÈ ÊÁË É × ÅËÓÐÅÒÙÍÅÎÔÁÃÈȢ !ÎÏÍÁÌÉÅ ÆÏÎÏȤ

nowÅ Óä ÎÁÊ×ÉöËÓÚÅ × ,É0Ä2'Å ÏÒÁÚ 4Ã ÊÅÓÔ ÎÁÊ×ÙŀÓÚÁ ÓÐÏĢÒĕÄ ÔÒÚÅÃÈ ÂÁÄÁÎÙÃÈ Ú×ÉäÚȤ

Ëĕ×ȟ ÃÏ ÓÕÇÅÒÕÊÅ ×ÚÍÏÃÎÉÅÎÉÅ ÎÁÄÐÒÚÅ×ÏÄÎÉÃÔ×Á ÐÒÚÅÚ ÍÉöËËÉ ÍÏÄȢ :ÂÁÄÁÌÉĢÍÙ ÓÔÁÂÉÌȤ

ÎÏĢç ÓÔÒÕËÔÕÒÙ ÚÅ ×ÚÇÌöÄÕ ÎÁ ÄÙÓÔÏÒÓÊö É ÍÏÄÕÌÁÃÊöȢ .ÅÓÔÉÎÇ ÐÏ×ÉÅÒÚÃÈÎÉ &ÅÒÍÉÅÇÏ ÊÅÓÔ 

potencjalnyÍ ×ÙÊÁĢÎÉÅÎÉÅÍ ÚÍÉöËÃÚÅÎÉÁ ÆÏÎÏÎĕ×ȟ × ÓÚÃÚÅÇĕÌÎÏĢÃÉ ÚÅ ×ÚÇÌöÄÕ ÎÁ ÏÂÅÃȤ

ÎÏĢç 0Äȟ ÄÌÁ ËÔĕÒÅÇÏ ×ÙÓÔöÐÕÊö ÁÎÏÍÁÌÉÁ +ÏÈÎÁȢ 4ö ÈÉÐÏÔÅÚö ÓÐÒÁ×ÄÚÉÌÉĢÍÙ ÏÂÌÉÃÚÁÊäÃ 

ÕÏÇĕÌÎÉÏÎä ÐÏÄÁÔÎÏĢç ÅÌÅËÔÒÏÎÏ×ä É ÆÕÎËÃÊö ÎÅÓÔÉÎÇÕȢ .ÁÓÔöÐÎÉÅ ÐÒĕÂËÏ×ÁÌÉĢÍÙ ÐÏȤ

×ÉÅÒÚÃÈÎÉö ÅÎÅÒÇÉÉ ÐÏÔÅÎÃÊÁÌÎÅÊ ÐÏÐÒÚÅÚ ÌÉÃÚÅÎÉÅ ÅÎÅÒÇÉÉ ËÏÍĕÒÅË Ú ÁÔÏÍÁÍÉ ×ÙÃÈÙÌÏȤ

ÎÙÍ × ËÉÅÒÕÎËÕ ×ÅËÔÏÒÁ ×čÁÓÎÅÇÏ ÆÏÎÏÎĕ×Ȣ /ÔÒÚÙÍÁÎÁ ÚÁÌÅŀÎÏĢç ÍÁ ËÓÚÔÁčÔ ÐÏÄ×ĕÊÎÅÊ 

ÓÔÕÄÎÉȟ ÚÁÔÅÍ ÏÄÂÉÅÇÁ ÏÄ ÐÁÒÁÂÏÌÉ ÓÐÏÄÚÉÅ×ÁÎÅÊ ÄÌÁ ÐÏÔÅÎÃÊÁčÕ ÈÁÒÍÏÎÉÃÚÎÅÇÏȢ 

 

 

[1]  +Ȣ 'ĕÒÎÉÃËÁȟ 'Ȣ +ÕÄÅÒÏ×ÉÃÚȟ %Ȣ -Ȣ #ÁÒÎÉÃÏÍȟ +Ȣ +ÕÔÏÒÁÓÉďÓËÉȟ "Ȣ 7ÉÅÎÄÌÏÃÈÁȟ 2Ȣ *Ȣ #ÁÖÁȟ ÁÎÄ 

T. Klimczuk, Soft-mode enhanced type-I superconductivity in LiPd2Ge, Phys. Rev. B 102, 

024507 (2020). 
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:ÎÁÃÚÅÎÉÅ ÓÙÇÎÁčÕ ÁËÕÓÔÙÃÚÎÅÇÏ × ÂÁÄÁÎÉÁÃÈ ËÉÅÒÕÎËÏ×ÏĢÃÉ ÓčÕÃÈÕ 
 

Wawrzyniec Loba 

 

Uniwersytet Medyczny im. Karola Marcinkowskiego, Poznaď 

 

 
 

0ÏÃÚäÔËÉ ÒÏÚ×ÁŀÁď ÎÁ ÔÅÍÁÔ ÚÄÏÌÎÏĢÃÉ ÃÚčÏ×ÉÅËÁ ÄÏ ÌÏËÁÌÉÚÁÃÊÉ Äľ×ÉöËÕ ÓÉöÇÁÊä ÐÏčÏ×Ù 

8)8 ×ÉÅËÕȢ "ÁÄÁÎÉÅ ËÉÅÒÕÎËÏ×ÏĢÃÉ ÍÏŀÅ ÂÙç ÐÒÚÙÄÁÔÎÅ ÎÁ ×ÉÅÌÕ ÅÔÁÐÁÃÈ ÐÒÁÃÙ ËÌÉÎÉÃÚÎÅÊ. 

,ÏËÁÌÉÚÁÃÊÁ Äľ×ÉöËÕ ÐÏÍÁÇÁ ÎÁÍ ȵÏÄÎÁÌÅľç ÓÉöȱ × ÒĕŀÎÙÃÈ ÓÙÔÕÁÃÊÁÃÈ ÁËÕÓÔÙÃÚÎÙÃÈȟ Á × 

ÎÉÅËÔĕÒÙÃÈ ÐÒÚÙÐÁÄËÁÃÈ ÊÅÓÔ ËÒÙÔÙÃÚÎÁ ÄÌÁ ÂÅÚÐÉÅÃÚÅďÓÔ×ÁȢ 0ÏÎÁÄ ÔÏȟ ÓčÕÃÈ ÍÁ ×ÐčÙ× ÎÁ 

ÎÁÓÚäȟ ÊÁËÏĢç ŀÙÃÉÁȢ /ÓÏÂÁ Ú ÚÁÂÕÒÚÏÎä ÚÄÏÌÎÏĢÃÉä ÄÏ ÌÏËÁÌÉÚÏ×ÁÎÉÁ Äľ×ÉöËÕȟ ÍÏŀÅ ÍÉÅç 

ÐÒÏÂÌÅÍ Ú ÐÒÏ×ÁÄÚÅÎÉÅÍ ÒÏÚÍÏ×Ù × ×ÉöËÓÚÙÍ ÇÒÏÎÉÅ ÏÓĕÂȢ -ÏŀÎÁȟ ×ÉöÃ ÓÔ×ÉÅÒÄÚÉçȟ ŀÅ 

ÐÏÇÏÒÓÚÏÎÙ ÓčÕÃÈ ÍÏŀÅ ×ÐčÙÎäç ÎÁ ÚÄÒÏ×ÉÅ ÐÓÙÃÈÉÃÚÎÅ ÃÚčÏ×ÉÅËÁȢ #ÅÌÅÍ ÐÒÁÃÙ ÊÅÓÔ 

ÐÒÚÅÄÓÔÁ×ÉÅÎÉÅ ×ÐčÙ×Õ ÓÙÇÎÁčÕ ÎÁ ÌÏËÁÌÉÚÁÃÊö ×ÉÒÔÕÁÌÎÙÃÈ ľÒĕÄÅč Äľ×ÉöËÕȢ 7 ÂÁÄÁÎÉÁÃÈ 

ÕÄÚÉÁč ×ÚÉöčÙ υτ ÏÓÏÂÙȢ 'ÒÕÐÁ - ÏÓĕÂ ÎÏÒÍÁÌÎÉÅ ÓčÙÓÚäÃÙÃÈȟ ÓËčÁÄÁ ÓÉö Ú υτ ÏÓĕÂ συ ËÏÂÉÅÔ 

É ςρ ÍöŀÃÚÙÚÎ × ×ÉÅËÕ ÏÄ ςρ ÄÏ χυ ÌÁÔ ĢÒÅÄÎÉÁ τχȟυ Ȣ "ÁÄÁÎÉÅ ÓËčÁÄÁčÏ ÓÉö Ú φ ÓÅÒÉÉ ÐÏ σ 

ÄÌÁ ËÁŀÄÅÇÏ ÓÙÇÎÁčÕȢ .Á ÊÅÄÎä ÓÅÒÉö ÓËčÁÄÁčÏ ÓÉö σρ ËÉÅÒÕÎËĕ×Ȣ 3ÙÇÎÁč ÐÒÅÚÅÎÔÏ×ÁÎÙ ÂÙč 

ÎÁ ÐÏÚÉÏÍÉÅ φυ Ä" 30, ÐÒÚÅÚ Ä×ÉÅ ÓÅËÕÎÄÙȢ 7 ÂÁÄÁÎÉÁÃÈ Õ ÏÓĕÂ × ÇÒÕÐÉÅ ÐÒÁ×ÉÄčÏ×Ï 

ÓčÙÓÚäÃÙÃÈ ÄÌÁ ÔÅÓÔÕ ÓÙÇÎÁčÅÍ ÍÏ×ÏÐÏÄÏÂÎÙÍ )343  ×ÁÒÔÏĢç ÚÍÉÅÎÉÁ ÓÉö ÐÏÍÉöÄÚÙ 

ωȟφЈ Á ρρȟφЈ × ÚÁÌÅŀÎÏĢÃÉ ÏÄ ÐÏÄÇÒÕÐÙ ×ÉÅËÏ×ÅÊȢ $ÌÁ ÃÁčÅÊ ÇÒÕÐÙ ÏÓĕÂ ÐÒÁ×ÉÄčÏ×Ï ÓčÙȤ

ÓÚäÃÙÃÈ ×ÙÎÏÓÉ ρπȟφЈȢ $ÌÁ ÓÚÕÍÕ ÂÉÁčÅÇÏ ×ÁÒÔÏĢç ÊÅÓÔ ÍÎÉÅÊÓÚÁ É ×ÙÎÏÓÉ ρπȟςЈȢ 7 ÚÁÌÅŀȤ

ÎÏĢÃÉ ÏÄ ÐÏÄÇÒÕÐÙ ×ÉÅËÏ×ÅÊ ÐÒÚÙÊÍÕÊÅ ×ÁÒÔÏĢÃÉ ÍÉöÄÚÙ ωȟρЈ Á ρρȟρЈȢ 7ÙËÁÚÁÎÏȟ ŀÅ ×ÉÒȤ

ÔÕÁÌÎÅ ľÒĕÄčÁ Äľ×ÉöËÕ ÃÅÃÈÕÊä ÓÉö ×ÙÓÔÁÒÃÚÁÊäÃä ÄÏËčÁÄÎÏĢÃÉäȟ ÁÂÙ ÓÔÏÓÏ×Áç ÊÅ × ÂÁÄÁȤ

niach. Na poÄÓÔÁ×ÉÅ ÕÚÙÓËÁÎÙÃÈ ×ÙÎÉËĕ× ÄÌÁ ÇÒÕÐÙ ÐÒÁ×ÉÄčÏ×Ï ÓčÙÓÚäÃÅÊ ÕÚÙÓËÁÎÏ 

ÄÁÎÅȟ ËÔĕÒÅ ÕÚÎÁÎÏ ÚÁ ÎÏÒÍÁÔÙ×ÎÅȟ ÎÁ ÉÃÈ ÐÏÄÓÔÁ×ÉÅ ÍÏŀÎÁ ÐÒÚÅÐÒÏ×ÁÄÚÁç ÄÁÌÓÚÅ ÂÁȤ

ÄÁÎÉÁ Õ ÏÓĕÂ Ú ÎÉÅÄÏÓčÕÃÈÅÍȢ 
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#ÈÁÒÁËÔÅÒÙÓÔÙËÁ %ÕÌÅÒÁ ÄÌÁ ÇÒÁÆĕ× Ë×ÁÎÔÏ×ÙÃÈ 

 
Euler characteristic of graphs 

 

-ÉÃÈÁč lÁ×ÎÉÃÚÁË1, Pavel Kurasov2, Szymon Bauch1, -ÁčÇÏÒÚÁÔÁ "ÉÁčÏÕÓ1,  

Afshin Akhshani1, Leszek Sirko1 

 
1Instytut Fizyki PAN, Warszawa 

2Uniwersytet Sztokholmski, Sztokholm, Szwecja 

 

 
 

7 ÒÅÆÅÒÁÃÉÅ ÚÏÓÔÁÎä ÐÒÚÅÄÓÔÁ×ÉÏÎÅ ×ÙÎÉËÉ ÔÅÏÒÅÔÙÃÚÎÙÃÈȟ ÄÏĢ×ÉÁÄÃÚalnych i numerycz-

ÎÙÃÈ ÂÁÄÁď ÃÈÁÒÁËÔÅÒÙÓÔÙËÉ %ÕÌÅÒÁ ÄÌÁ ÐÒÏÓÔÙÃÈ ÇÒÁÆĕ× Ë×ÁÎÔÏ×ÙÃÈ ÓÙÍÕÌÏ×ÁÎÙÃÈ ÅËÓȤ

perymentalnie sieciami mikrofalowymi. Charakterystyka Eulera … jest zdefiniowana jako 

ÒĕŀÎÉÃÁ ÍÉöÄÚÙ ÌÉÃÚÂä ×ÉÅÒÚÃÈÏčËĕ× ȿὠȿ É ÌÉÃÚÂä ËÒÁ×öÄÚÉ ÒÁÍÉÏÎ  ȿὉȿ grafÕȢ :ÎÁÊäÃ … 

ÍÏŀÅÍÙ ×ÙÚÎÁÃÚÙç ÌÉÃÚÂö "ÅÔÔÉÅÇÏ ‍ ρ … ÏËÒÅĢÌÁÊäÃä ÌÉÃÚÂö ÎÉÅÚÁÌÅŀÎÙÃÈ ÃÙËÌÉ × ÇÒÁȤ

ÆÉÅȢ #ÈÁÒÁËÔÅÒÙÓÔÙËÁ %ÕÌÅÒÁ ×ÒÁÚ Ú ÃÁčËÏ×ÉÔä ÄčÕÇÏĢÃÉä ÇÒÁÆÕ ὒ Óä ÎÁÊ×ÁŀÎÉÅÊÓÚÙÍÉ ×ÉÅÌȤ

ËÏĢÃÉÁÍÉ ÃÈÁÒÁËÔÅÒÙÚÕÊäÃÙÍÉ ÇÒÁÆÙȢ 7ÙËÁÚÁÌÉĢÍÙ ÔÅÏÒÅÔÙÃÚÎÉÅ É ÐÏÔ×ÉÅÒÄÚÉÌÉĢÍÙ ÄÏȤ

Ģ×ÉÁÄÃÚÁÌÎÉÅȟ ŀÅ ÃÈÁÒÁËÔÅÒÙÓÔÙËö %ÕÌÅÒÁ ÍÏŀÎÁ ×ÙÚÎÁÃÚÙç ÚÎÁÊäÃ ÓËÏďÃÚÏÎä ÌÉÃÚÂö ÎÁÊȤ

ÎÉŀÓÚÙÃÈ ÅÎÅÒÇÉÉ ×čÁÓÎÙÃÈ ‗ȟȣȟ‗  ÇÒÁÆÕ Ë×ÁÎÔÏ×ÅÇÏ ÎÉÅ ÚÎÁÊäÃ ÁÎÉ ÌÉÃÚÂÙ ÊÅÇÏ ×ÉÅÒÚȤ

ÃÈÏčËĕ× ȿὠȿȟ ÁÎÉ ËÒÁ×öÄÚÉ ȿὉȿȟ ÁÎÉ ÊÅÇÏ ÃÁčËÏ×ÉÔÅÊ ÄčÕÇÏĢÃÉ ὒ. W rezultacie, w pewnych 

ÐÒÚÙÐÁÄËÁÃÈȟ ÎÐȢ × ÐÒÚÙÐÁÄËÕ ÇÒÁÆĕ× × ÐÅčÎÉ ÐÏčäÃÚÏÎÙÃÈȟ ÍÏŀÎÁ ÚÎÁÊäÃ ÔÙÌËÏ ÆÒÁÇÍÅÎÔ 

×ÉÄÍÁȟ ×ÙÚÎÁÃÚÙç ÌÉÃÚÂö ÊÅÇÏ ×ÉÅÒÚÃÈÏčËĕ× É ËÒÁ×öÄÚÉȢ 

7ÐÒÏ×ÁÄÚÉÌÉĢÍÙ ÔÁËŀÅ ÎÏ×Ù ÎÉÅÚÍÉÅÎÎÉË ÓÐÅËÔÒÁÌÎÙȟ ÕÏÇĕÌÎÉÏÎä ÃÈÁÒÁËÔÅÒÙÓÔÙËö %ÕȤ

lera  … ḧȿὠȿ ȿὠȿ ȿὉȿ, gdzie ȿὠȿ ÏÚÎÁÃÚÁ ÌÉÃÚÂö ×ÉÅÒÚÃÈÏčËĕ× ÇÒÁÆÕ Ú ×ÁÒÕÎËÁÍÉ 

ÂÒÚÅÇÏ×ÙÍÉ $ÉÒÉÃÈÌÅÔÁȢ :ÎÁÊÏÍÏĢç ÕÏÇĕÌÎÉÏÎÅÊ ÃÈÁÒÁËÔÅÒÙÓÔÙËÉ %ÕÌÅÒÁ ÏÔÒÚÙÍÙ×ÁÎÅÊ 

Òĕ×ÎÉÅŀ ÚÅ ÓËÏďÃÚÏÎÅÊ ÌÉÃÚÂÙ ÎÁÊÎÉŀÓÚÙÃÈ ×ÁÒÔÏĢÃÉ ×čÁÓÎÙÃÈ ÅÎÅÒÇÉÉ ÇÒÁÆÕȟ ÐÏÚ×ÁÌÁ ÎÁ 

ÊÅÄÎÏÚÎÁÃÚÎÅ ×ÙÚÎÁÃÚÅÎÉÅ ÌÉÃÚÂÙ ×ÉÅÒÚÃÈÏčËĕ× Ï ÏËÒÅĢÌÏÎÙÃÈ ×ÁÒÕÎËÁÃÈ ÂÒÚÅÇÏ×ÙÃÈȟ 

ÊÅĢÌÉ ÔÙÌËÏ ÚÎÁÍÙ ÃÁčËÏ×ÉÔä ÌÉÃÚÂö ×ÉÅÒÚÃÈÏčËĕ× É ÒÁÍÉÏÎ ÔÅÇÏ ÇÒÁÆÕȢ 

 

This work was supported in part by the National Science Centre, Poland, Grant Nos. 

2016/23/B/ST2/03979 and 2018/30/Q/ST2/00324, the Swedish Resear ch Council 

(Grant 2020-03780) and the Center for Interdisciplinary 
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Zastosowanie wybranych technik i metod spektroskopowych do oceny 

×čÁĢÃÉ×ÏĢÃÉ ÂÉÁčÅË ÏÓÏÃÚÁ 

 
Application of selected spectroscopic techniques and methods to evaluate the proper-

ties of plasma proteins 

 

-ÁčÇÏÒÚÁÔÁ -ÁÃÉäŀÅË-Jurczyk, Agnieszka Szkudlarek, Aleksandra Owczarzy, Wojciech 

2ÏÇĕŀ, Karolina Kulig 

 

¡ÌäÓËÉ 5ÎÉ×ÅÒÓÙÔÅÔ -ÅÄÙÃÚÎÙ, Katowice 

 

 
 

/ÓÏÃÚÅ ÔÏ ÓÕÂÓÔÁÎÃÊÁ ÐčÙÎÎÁȟ ËÔĕÒÁ ÊÅÓÔ × ÓÔÁčÙÍ ËÏÎÔÁËÃÉÅ ÚÅ ×ÓÚÙÓÔËÉÍÉ ÔËÁÎËÁÍÉ  

É ËÏÍĕÒËÁÍÉ ÏÒÇÁÎÉÚÍÕ ÌÕÄÚËÉÅÇÏȢ "ÉÁčËÁ ÏÓÏÃÚÁ ÓÔÁÎÏ×Éä ÂÁÒÄÚÏ ÌÉÃÚÎä ÇÒÕÐö ÐÅčÎÉäÃä 

wiele istotnych dla organizmÕ ÆÕÎËÃÊÉȟ × ÔÙÍ ÔÒÁÎÓÐÏÒÔÏ×ÙÃÈȟ ÏÄÐÏÒÎÏĢÃÉÏ×ÙÃÈȟ ÒÅÇÕÌÁȤ

ÔÏÒÏ×ÙÃÈȢ 7ĢÒĕÄ ÓËčÁÄÏ×ÙÃÈ ÏÓÏÃÚÁ ÎÁ ÓÚÃÚÅÇĕÌÎä Õ×ÁÇö ÚÁÓčÕÇÕÊä ÁÌÂÕÍÉÎÁȟ ɻ ɀ 1 kwa-

ĢÎÁ ÇÌÉËÏÐÒÏÔÅÉÎÁ ÃÚÙ  - ÇÌÏÂÕÌÉÎÁȢ 7ÉäÚÁÎÉÅ Ú×ÉäÚËĕ× ÅÎÄÏ- i egzogennych z proteinami 

ÍÏŀÅ ÐÏ×ÏÄÏ×Áç ÚÍÉÁÎö ËÏÎÆÏÒÍÁÃÊÉ ÄÁÎÅÇÏ ÍÉÅÊÓÃÁ ×ÉäÚÁÎÉÁ ÌÕÂ ÃÁčÅÇÏ ÂÉÁčËÁȢ 0ÏÎÉÅȤ

×Áŀ Ô×ÏÒÚÅÎÉÅ ËÏÍÐÌÅËÓÕ ÌÅË-ÂÉÁčËÏ ÏÓÏÃÚÁ ÊÅÓÔ ÊÅÄÎÙÍ Ú ÃÚÙÎÎÉËĕ× ×ÐčÙ×ÁÊäÃÙÃÈ ÎÁ 

ÅÆÅËÔ ÔÅÒÁÐÅÕÔÙÃÚÎÙȟ ÇÄÙŀ ÔÙÌËÏ ÌÅË ÎÉÅÚ×ÉäÚÁÎÙ Ú ÂÉÁčËÉÅÍ ×ÙËÁÚÕÊÅ ÄÚÉÁčÁÎÉÅ ÆÁÒÍÁËÏȤ

ÌÏÇÉÃÚÎÅȟ ÏÃÅÎÁ ×ÐčÙ×Õ ÍÏÄÙÆÉËÁÃÊÉ ÂÉÁčÅË ÎÁ ÉÃÈ ×čÁĢÃÉ×ÏĢÃÉ ÍȢ ÉÎȢ ÔÒÁÎÓÐÏÒÔÕÊäÃÅ ÓÔÁȤ

ÎÏ×É ËÌÕÃÚÏ×Ù ÅÌÅÍÅÎÔ ÂÁÄÁďȢ  

4ÅÃÈÎÉËÉ É ÍÅÔÏÄÙ ÓÐÅËÔÒÏÓËÏÐÏ×Å ÕÍÏŀÌÉ×ÉÁÊä ÍÏÎÉÔÏÒÏ×ÁÎÉÅ ÏÄÄÚÉÁčÙ×Áď ÍÉöÄÚÙÍÏȤ

ÌÅËÕÌÁÒÎÙÃÈ ÐÏÍÉöÄÚÙ ÃÚäÓÔÅÃÚËÁÍÉ ÌÉÇÁÎÄĕ× ÅÇÚÏ- É ÅÎÄÏÇÅÎÎÙÃÈ Á ÉÃÈ ÎÏĢÎÉËÁÍÉȟ Òĕ×Ȥ

ÎÉÅŀ ÚÍÏÄÙÆÉËÏ×ÁÎÙÍÉ ρ Ȣ 7ÙËÏÒÚÙÓÔÕÊäÃ ÚÊÁ×ÉÓËÏ ×ÙÇÁÓÚÁÎÉÁ ÆÌÕÏÒÅÓÃÅÎÃÊÉȟ ÚÁ ÐÏÍÏÃä 

ÔÅÃÈÎÉËÉ ÓÐÅËÔÒÏÓËÏÐÉÉ ÆÌÕÏÒÅÓÃÅÎÃÙÊÎÅÊ ÕÄÏ×ÏÄÎÉÏÎÏȟ Éŀ ÚÁÒĕ×ÎÏ ÏËÓÙÄÁÃÊÁ ςȟσ ȟ ÆÉÂÒÙȤ

lacja/agregacja [4], glikacja [5-χ ȟ ÃÚÙ ÓÔÁÒÚÅÎÉÅ ÂÉÁčÅË ψ  ÍÏÇä ÍÉÅç ×ÐčÙ× ÎÁ ÉÃÈ ×čÁȤ

ĢÃÉ×ÏĢÃÉ ×ÉäŀäÃÅȢ 0ÏÐÒÚÅÚ ÁÎÁÌÉÚö ÐÁÒÁÍÅÔÒĕ× ×ÉäÚÁÎÉÁ ÓÔÁčÅ ÁÓÏÃÊÁÃÊÉȟ ÓÔÁčÅ ×ÙÇÁÓÚÁȤ

ÎÉÁȟ ÓÔÁčÅ 3ÔÅÒÎÁ-6ÏÌÍÅÒÁ ȟ ÉÚÏÔÅÒÍ ×ÉäÚÁÎÉÁȟ ËÒÚÙ×ÙÃÈ 3ÃÁÔÃÈÁÒÄÁȟ +ÌÏÔÚÁ ÃÚÙ (ÉÌÌÁ ÏÒÁÚ 

ÕŀÙÃÉÅ ÚÎÁÃÚÎÉËĕ× ÆÌÕÏÒÅÓÃÅÎÃÙÊÎÙÃÈ ÄÁÎÓÙÌÏ×ÁÎÙÃÈ ÁÍÉÎÏË×ÁÓĕ×  ËÏÍÐÌÅËÓÏ×Ï 

oceniono stabilnoĢç ÕËčÁÄĕ× ÌÉÇÁÎÄ-ÂÉÁčËÏȟ ÃÈÁÒÁËÔÅÒ ÏÄÄÚÉÁčÙ×ÁÎÉÁ ÂäÄľ ËÏÏÐÅÒÁÔÙ×Ȥ

ÎÏĢç ×ÉäÚÁÎÉÁ × ÍÉÅÊÓÃÁÃÈ ×ÙÓÏËÉÅÇÏ ÐÏ×ÉÎÏ×ÁÃÔ×Á ωȟρπ  Á ÍÉÅÊÓÃÁ ÏÄÄÚÉÁčÙ×Áď ÎÉȤ

ÓËÉÅÇÏ ÐÏ×ÉÎÏ×ÁÃÔ×Á ÓÃÈÁÒÁËÔÅÒÙÚÏ×ÁÎÏ ÐÏÐÒÚÅÚ ÁÎÁÌÉÚö ÐÒÚÅÓÕÎÉöç ÓÙÇÎÁčĕ× ÐÒÏÔÏȤ

Îĕ× ÌÉÇÁÎÄĕ× ÔÅÃÈÎÉËä ÍÁÇÎÅÔÙÃÚÎÅÇÏ ÒÅÚÏÎÁÎÓÕ ÊäÄÒÏ×ÅÇÏ ρ(.-2 ρρ Ȣ /ËÓÙÄÁÃÊÁȟ 

ÆÉÂÒÙÌÁÃÊÁȾÁÇÒÅÇÁÃÊÁȟ ÓÔÁÒÚÅÎÉÅ ÃÚÙ ÇÌÉËÁÃÊÁ ÂÉÁčÅË ÏÓÏÃÚÁ ÔÏ ÎÁÔÕÒÁÌÎÉÅ ×ÙÓÔöÐÕÊäÃÅ × ÏÒȤ

ÇÁÎÉÚÍÉÅ ÃÚčÏ×ÉÅËÁ ÚÊÁ×ÉÓËÁȟ ÎÉÅÓÔÅÔÙ Ú×ÉäÚÁÎÅ ÃÚöÓÔÏ Ú ÐÁÔÏÌÏÇÉÃÚÎÙÍÉ ÚÍÉÁÎÁÍÉ ÐÒÏȤ

×ÁÄÚäÃÙÍÉ ÄÏ ÌÉÃÚÎÙÃÈ ÃÈÏÒĕÂȟ × ÔÙÍ ÃÙ×ÉÌÉÚÁÃÙÊÎÙÃÈȢ 3ÔÏÓÕÊäÃ ÔÅÃÈÎÉËö ÓÐÅËÔÒÏÓËÏÐÉÉ 

UV-6ÉÓ É ÍÅÔÏÄö ÄÒÕÇÉÅÊ ÐÏÃÈÏÄÎÅÊ ÍȢÉÎȢ ×ÉÄÍ ÒĕŀÎÉÃÏ×ÙÃÈ ÏÐÒÁÃÏ×ÁÎÏ ÍÏÄÅÌ ÏÂÒÁÚÕȤ

ÊäÃÙ ÚÍÉÁÎÙ ÚÁÃÈÏÄÚäÃÅ × ÔÒÚÅÃÉÏÒÚöÄÏ×ÅÊ ÓÔÒÕËÔÕÒÚÅ ÂÉÁčÅË Òĕ×ÎÉÅŀ × ×ÙÎÉËÕ ×ÉäÚÁÎÉÁ 
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z ligandami, nie tylko powszechnie stosowanÙÍÉȟ ÌÅÃÚ ÔÁËŀÅ ÎÏ×Ï ÓÙÎÔÅÔÙÚÏ×ÁÎÙÍÉ ρς Ȣ 

.ÁÔÏÍÉÁÓÔ ÏÃÅÎÙ ÚÍÉÅÎÉÏÎÅÊ ËÏÎÆÏÒÍÁÃÙÊÎÉÅ ÓÔÒÕËÔÕÒÙ ÄÒÕÇÏÒÚöÄÏ×ÅÊ ÂÉÁčÅË ÏÓÏÃÚÁ ÄÏȤ

ËÏÎÁÎÏ ÎÁ ÐÏÄÓÔÁ×ÉÅ ÂÁÄÁď ÕÚÙÓËÁÎÙÃÈ ÚÁ ÐÏÍÏÃä ÓÐÅËÔÒÏÓËÏÐÉÉ ÄÉÃÈÒÏÉÚÍÕ ËÏčÏ×ÅÇÏȢ  

7ÙÎÉËÉ ÚÁÐÒÅÚÅÎÔÏ×ÁÎÙÃÈ ÂÁÄÁď ×ÙËÁÚÁčÙȟ ŀÅ Òĕ×ÎÏÃÚÅÓÎÅ ×ÄÒÏŀÅÎÉÅ ÔÅÃÈÎÉË ÓÐÅËÔÒÏȤ

ÓËÏÐÏ×ÙÃÈ Ï ÆÕÎÄÁÍÅÎÔÁÌÎÉÅ ÒĕŀÎÙÃÈ ÐÏÄÓÔÁ×ÁÃÈ ÐÏÚ×ÁÌÁ ÉÌÏĢÃÉÏ×Ï ÏÃÅÎÉç ÚÍÉÁÎÙ ÚÁȤ

ÃÈÏÄÚäÃÅ × ËÏÍÐÌÅËÓÉÅ ÏÒÁÚ ÊÁËÏĢÃÉÏ×Ï ÏÓÚÁÃÏ×Áç ×čÁĢÃÉ×ÏĢÃÉ ÂÉÁčÅË × ÏÂÅÃÎÏĢÃÉ ×ÙȤ

ÂÒÁÎÙÃÈ Ú×ÉäÚËĕ×ȾÃÚÙÎÎÉËĕ× ÅÎÄÏ- É ÅÇÚÏÇÅÎÎÙÃÈȢ -ÏŀÎÁ ÓäÄÚÉçȟ Éŀ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅ 

ÂÁÄÁÎÉÁ ÍÏÇä ÂÙç ÐÒÚÙÄÁÔÎÅ ÎÁ ÒĕŀÎÙÃÈ ÅÔÁÐÁÃÈ ÂÁÄÁď ÄÉÁÇÎÏÓÔÙÃÚÎÙÃÈ ÓÃÈÏÒÚÅď Ú×ÉäȤ

ÚÁÎÙÃÈ ÚÅ ÚÍÉÁÎÁÍÉ ËÏÎÆÏÒÍÁÃÙÊÎÙÍÉ ÂÉÁčÅËȟ ËÔĕÒÅ ÍÏÇä ÓÔÁÎÏ×Éç Ó×ÏÉÓÔÙ ÍÁÒËÅÒ ÄÌÁ 

ÏÃÅÎÙ ÒÙÚÙËÁ ÎÉÅËÔĕÒÙÃÈ ÃÈÏÒĕÂ É ÉÃÈ ÐÏ×ÉËčÁďȢ 
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Rheological measurements to study the properties of blood and saliva 

 

Anna Marcinkowska-'ÁÐÉďÓËÁ 
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2ÅÏÌÏÇÉÁ ÊÁËÏ ÎÁÕËÁ Ú×ÉäÚÁÎÁ Ú ÂÁÄÁÎÉÁÍÉ ÃÉÅÃÚÙȟ ÊÅÊ ÐÒÚÅÐčÙ×Õȟ ÄÅÆÏÒÍÁÃÊÉ ÏÒÁÚ ÚÊÁ×ÉÓË 

ÔÏ×ÁÒÚÙÓÚäÃÙÃÈ ÔÅÍÕ ÐÒÚÅÐčÙ×Ï×É ÊÅÓÔ ÍÅÔÏÄä ÃÚöÓÔÏ ÓÔÏÓÏ×ÁÎä ÄÏ ÁÎÁÌÉÚÙ ×čÁĢÃÉ×ÏĢÃÉ 

ÐčÙÎĕ× ÕÓÔÒÏÊÏ×ÙÃÈ ÔÁËÉÃÈ ÊÁË ËÒÅ×ȟ ÏÓÏÃÚÅȟ ĢÌÉÎÁȟ ÍÁľ ÓÔÁ×Ï×Á ÃÚÙ čÚÙȢ 0ÒÚÅÄÍÉÏÔÅÍ 

ÂÁÄÁď ÒÅÏÌÏÇÉÃÚÎÙÃÈ Óä Òĕ×ÎÉÅŀ ×čÁĢÃÉ×ÏĢÃÉ ÌÅÐËÏÓÐÒöŀÙÓÔÅ ÍÉöĢÎÉ É ÔËÁÎËÉ ÔčÕÓÚÃÚÏ×ÅÊȢ 

Pomiary reologÉÃÚÎÅ ÓÔÁÎÏ×Éä ÔÁËŀÅ ÐÏÄÓÔÁ×ö ×ÉÅÌÕ ÂÁÄÁď × ÆÁÒÍÁÃÊÉȟ ËÏÓÍÅÔÏÌÏÇÉÉȟ ÓÔÏȤ

ÍÁÔÏÌÏÇÉÉȟ ÃÚÙ × ÐÒÚÅÍÙĢÌÅ ÓÐÏŀÙ×ÃÚÙÍ ÌÕÂ ÃÈÅÍÉÃÚÎÙÍ ÃÚÙ ÂÕÄÏ×ÌÁÎÙÍȢ 3ÚÅÒÏËÉÅ ÚÁȤ

ÓÔÏÓÏ×ÁÎÉÅ ÂÁÄÁď ÒÅÏÌÏÇÉÃÚÎÙÃÈ ÚÁÏ×ÏÃÏ×ÁčÏ ÐÏ×ÓÔÁÎÉÅÍ ÔÁËÉÃÈ ÄÙÓÃÙÐÌÉÎ ÊÁË ÂÉÏÒÅÏȤ

logia i hemorelogia. ReoÌÏÇÉÃÚÎÅ ×čÁĢÃÉ×ÏĢÃÉ ËÒ×É É ĢÌÉÎÙ Óä ÂÁÒÄÚÏ ÚčÏŀÏÎÅ É ÚÍÉÅÎÉÁÊä 

ÓÉö ÎÉÅ ÔÙÌËÏ × ÚÁÌÅŀÎÏĢÃÉ ÏÄ ÐÒöÄËÏĢÃÉ ĢÃÉÎÁÎÉÁȟ ÔÅÍÐÅÒÁÔÕÒÙ ÃÚÙ ÓÔöŀÅÎÉÁȟ ÁÌÅ Òĕ×ÎÉÅŀ × 

ÃÚÁÓÉÅȢ +ÒÅ× ÊÅÓÔ ÃÉÅÃÚä ÎÉÅÎÅ×ÔÏÎÏ×ÓËäȟ Ï ×čÁĢÃÉ×ÏĢÃÉÁÃÈ ÔÉËÓÏÔÒÏÐÏ×ÙÃÈ É ÌÅÐËÏÓÐÒöȤ

ŀÙÓÔÙÃÈȢ ¡ÌÉÎÁ ÚÍÉÅÎÉÁ Ó×ÏÊÅ ×čÁĢÃÉ×ÏĢÃÉ ÒÅÏÌÏÇÉÃÚÎÅ Ú ÐÓÅÕÄÏÐÌÁÓÔÙÃÚÎÙÃÈ ÎÁ ÎÅ×ÔÏȤ

ÎÏ×ÓËÉÅ ÎÁ × ÚÁÌÅŀÎÏĢÃÉ ÏÄ ÃÚÁÓÕ ÏÄ ÊÅÊ ÐÏÂÒÁÎÉÁ ÄÏ ÐÏÍÉÁÒĕ×Ȣ #ÅÌÅÍ ÎÉÎÉÅÊÓÚÅÊ ÐÒÁÃÙ 

ÊÅÓÔ ÐÒÚÅÄÓÔÁ×ÉÅÎÉÅ ×ÙÎÉËĕ× ÐÏÍÉÁÒĕ× ÒÅÏÌÏÇÉÃÚÎÙÃÈ ËÒ×É ÏÒÁÚ ĢÌÉÎÙ ÏÂÒÁÚÕÊäÃÅ ÚčÏȤ

ŀÏÎÅ ×čÁĢÃÉ×ÏĢÃÉ ÒÅÏÌÏÇÉÃÚÎÅ ËÒ×É ÏÒÁÚ ĢÌÉÎÙ ÊÁËÏ ÐÒÚÙËčÁÄÏ×ÙÃÈ ÃÉÅÃÚÙ ÂÉÏÌÏÇÉÃÚÎÙÃÈȢ 
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New Physics Opportunities at FCC-ee 

 
Matthew McCullough 
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)ȭÌÌ ÄÉÓÃÕÓÓ ÔÈÅ ÂÒÏÁÄ ÒÁÎÇÅ ÏÆ ÏÐÅÎ ÑÕÅÓÔÉÏÎÓȟ ÆÒÏÍ ÔÈÅ ÏÒÉÇÉÎ ÏÆ ÔÈÅ electroweak scale to 

the nature of the dark sector, for which the FCC-ee would significantly advance our 

knowledge. 
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Optyczne zegary atomowe w KL FAMO, UMK  

 
Optical atomic clocks at KL FAMO, UMK 

 

0ÉÏÔÒ -ÏÒÚÙďÓËÉ 

 

5ÎÉ×ÅÒÓÙÔÅÔ -ÉËÏčÁÊÁ +ÏÐÅÒÎÉËÁȟ 4ÏÒÕď 

 

 
 

/ÐÔÙÃÚÎÅ ×ÚÏÒÃÅ ÃÚöÓÔÏÔÌÉ×ÏĢÃÉ ÏÄ ËÉÌËÕ ÌÁÔ ÏÓÉäÇÁÊä ÚÄÅÃÙÄÏ×ÁÎÉÅ ÌÅÐÓÚä ÄÏËčÁÄÎÏĢç ÏÄ 

ÐÏÄÓÔÁ×Ï×ÙÃÈ ×ÚÏÒÃĕ× ÃÚÁÓÕ ÊÁËÉÍÉ Óä ÍÉËÒÏÆÁÌÏ×Å ÚÅÇÁÒÙ ÃÅÚÏ×ÅȢ #ÏÒÁÚ ×ÉöËÓÚÁ ÎÉÅȤ

ÚÁ×ÏÄÎÏĢç É ÂÅÚÏÂÓčÕÇÏ×ÏĢç ÓÔÁ×ÉÁÊä ÊÅ × ÒÏÌÉ naturalnego kandydata na nowy wzorzec 

ÐÏÄÓÔÁ×Ï×ÙȢ :ÅÇÁÒÙ ÏÐÔÙÃÚÎÅ ÊÁËÏ ÎÁÊÐÒÅÃÙÚÙÊÎÉÅÊÓÚÅ ÎÁÒÚöÄÚÉÁ ÐÏÍÉÁÒÏ×Å ÚÎÁÎÅ ÌÕÄÚȤ

ËÏĢÃÉȟ ×ÙËÏÒÚÙÓÔÙ×ÁÎÅ Óä Òĕ×ÎÉÅŀ ÃÏÒÁÚ ÃÚöĢÃÉÅÊ ÄÏ ÂÁÄÁď × ÚÁËÒÅÓÉÅ ÆÉÚÙËÉ ÆÕÎÄÁÍÅÎȤ

ÔÁÌÎÅÊȢ 0ÏÄÃÚÁÓ ÒÅÆÅÒÁÔÕ ÐÏÄÓÕÍÏ×ÁÎÅ ÚÏÓÔÁÎä ÏÓÔÁÔÎÉÅ dwa lata pracy nad optycznymi 

zegarami atomowych w Krajowym Laboratorium Fizyki Atomowej, Molekularnej i Op-

ÔÙÃÚÎÅÊ +, &!-/ Ȣ :ÁÐÒÅÚÅÎÔÏ×ÁÎÅ ÚÏÓÔÁÎä ÏÓÔÁÔÎÉÅ ÐÏÍÉÁÒÙ ×ÙËÏÒÚÙÓÔÕÊäÃÅ ÏÇĕÌÎÏȤ

Ģ×ÉÁÔÏ×ä ÓÉÅç ÚÅÇÁÒĕ× ÏÐÔÙÃÚÎÙÃÈȢ 0ÒÚÅÄÓÔÁ×ÉÏÎÅ ÚÏÓÔÁÎä Òĕ×ÎÉÅŀ ÐÒÁÃe nad nowej ge-

ÎÅÒÁÃÊÉ ÁËÔÙ×ÎÙÍ ÚÅÇÁÒÅÍ ÏÐÔÙÃÚÎÙÍ Ï ÐÒÁÃÙ ÃÉäÇčÅÊȟ ×ÙËÏÒÚÙÓÔÕÊäÃÙÍ ÚÊÁ×ÉÓËÏ ÓÕÐÅÒȤ

radiancji. 

 

  



47. :ÊÁÚÄ &ÉÚÙËĕ× 0ÏÌÓËÉÃÈȟ ρω-ςσ ×ÒÚÅĢÎÉÁ ςπςρȟ "ÙÄÇÏÓÚÃÚ 
 

7ÙËčÁÄy sesyjne 

159 
 

7ÓÐĕčÃÚÙÎÎÉË 0ÏÉÓÓÏÎÁ ËÒÙÓÚÔÁčĕ× ËÕÂÉÃÚÎÙÃÈ Ô×ÁÒÄÙÃÈ ËÕÌ Ú ÐÅÒÉÏÄÙÃÚȤ

ÎÉÅ ÒÏÚÍÉÅÓÚÃÚÏÎÙÍÉ ÉÎËÌÕÚÊÁÍÉ Ô×ÁÒÄÙÃÈ ËÕÌ Ï ÉÎÎÅÊ ĢÒÅÄÎÉÃÙ 

 
0ÏÉÓÓÏÎȭÓ 2ÁÔÉÏ ÏÆ ÔÈÅ ÆȢÃȢÃȢ (ÁÒÄ 3ÐÈÅÒÅ #ÒÙÓÔÁÌÓ with Periodically Arranged Nanoinclu-

sions of Hard Spheres of Another Diameter 

 

Jakub W. Narojczyk 

 

)ÎÓÔÙÔÕÔ &ÉÚÙËÉ -ÏÌÅËÕÌÁÒÎÅÊ 0!.ȟ 0ÏÚÎÁď 

 

 
 

The history of materials for which ÔÈÅ 0ÏÉÓÓÏÎȭÓ ÒÁÔÉÏ ρ  ɜ, falls into the range of negative 

values [2,3] (so-called auxetics [4]) dates back over 30 years. Nowadays, search for aux-

etic materials and studying their elastic properties and phenomena behind their extraor-

dinary properties became important from the point of view of novel materials and met-

amaterials. One of ways to broaden our knowledge in this subject is by studying various 

(simple) models and searching for mechanisms that can be utilised to modify elastic 

properties of materials in a desired manner. In particular, one can study the influence of 

ÓÉÍÐÌÅ ÍÏÄÉÆÉÃÁÔÉÏÎÓ ÔÏ ÃÒÙÓÔÁÌ ÓÔÒÕÃÔÕÒÅ ÏÎ ÔÈÅ 0ÏÉÓÓÏÎȭÓ ÒÁÔÉÏ ÏÆ ÍÏÄÅÌ ÓÔÒÕÃÔÕÒÅÓȢ )Î 

this lecture the elastic properties of f.c.c. hard sphere crystals with periodic arrangement 

of nanoinclusions filled by hard spheres of another diameter, studied by computer simu-

lations are briefly reviewed. It is shown that simple modifications of the crystalline struc-

ture is sufficient to cause significant changes in elastic properties of the model. Inclusions 

in the form of layers (orthogonal to [001]-direction) alone or combined with channels 

(oriented in [001] -direction) are introduced into otherwise perfect f.c.c. lattice of hard 

spheres with diameter ʎ. The diameter of inclusion spheres is selected as ʎȭ ʎ. The 

Monte Carlo simulations using ParrinelloɀRahman [5-7] method in the NpT ensemble are 

used to study the properties of the models. It has been shown that introduction of a peri-

odic array of layers into an f.c.c. crystal almost doubles the negative value of PoissonȭÓ 

ratio [8] compared to the system without the inclusions. It has been also shown that a 

periodic array constituting a combination of two inclusions, a layer and a channel (stud-

ied previously in ref. [9]), exerts an opposite effect, completely removing auxetic proper-

ties form the system [10]. 
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"ÁÄÁÎÉÅ ÐÒÚÅÊĢç ÆÁÚÏ×ÙÃÈ ÃÉÅËčÙÃÈ ËÒÙÓÚÔÁčĕ× ÐÒÚÙ ÐÏÍÏÃÙ ÍÅÔÏÄÙ ×Én-

dow clustering widm spektroskopii w podczerwieni 

 
Investigations of phase transitions in liquid crystals using window clustering of infrared 

spectra 

 

Natalia Osiecka-Drewniak 

 

)ÎÓÔÙÔÕÔ &ÉÚÙËÉ *äÄÒÏ×ÅÊ 0!.ȟ +ÒÁËĕ× 

 

 
 

3ÐÅËÔÒÏÓËÏÐÉÁ × ÐÏÄÃÚÅÒ×ÉÅÎÉ )2  ÊÅÓÔ ×ÁŀÎä ÍÅÔÏÄä ÏÂÒÁÚÕÊäÃÁ ÏÄÄÚÉÁčÙ×ÁÎÉÁ ÍÏÌÅȤ

ËÕÌÁÒÎÅȢ 7ÉÄÍÁ )2 Óä ÚčÏŀÏÎÅȟ ÚÁÚ×ÙÃÚÁÊ ÐÁÓÍÁ ÎÁËčÁÄÁÊä ÓÉö ÎÁ ÓÉÅÂÉÅȢ -ÏÎÉÔÏÒÏ×ÁÎÉe 

ÚÍÉÁÎ × ÔÁËÉÍ ÕËčÁÄÚÉÅ ÊÅÓÔ ×ÓÐÏÍÁÇÁÎÅ ÍÅÔÏÄÁÍÉ ÃÈÅÍÏÍÅÔÒÙÃÚÎÙÍÉȢ #ÅÌÅÍ ÔÅÊ ÐÒÅȤ

ÚÅÎÔÁÃÊÉ ÊÅÓÔ ÐÏËÁÚÁÎÉÅ ÕŀÙÔÅÃÚÎÏĢÃÉ ÍÅÔÏÄÙ ×ÉÎÄÏ× ÃÌÕÓÔÅÒÉÎÇ × ÂÁÄÁÎÉÁÃÈ ÐÒÚÅÊĢç ÆÁȤ

ÚÏ×ÙÃÈ ÓÕÂÓÔÁÎÃÊÉ ÃÉÅËčÏËÒÙÓÔÁÌÉÃÚÎÙÃÈȢ -ÅÔÏÄÁ ËÌÁÓÔÒÏ×ÁÎÉÁ ÊÅÓÔ ÐÏÍÏÃÎÙÍ ÎÁÒÚöȤ

dziem w analÉÚÉÅ ÄÁÎÙÃÈ ÅËÓÐÅÒÙÍÅÎÔÁÌÎÙÃÈ ÄÏ ÄÅÔÅËÃÊÉ ÐÒÚÅÊĢç ÆÁÚÏ×ÙÃÈȢ 7 ÐÒÚÙÐÁÄËÕ 

analizy danych hiperspektroskopowych wykorzystanie algorytmu klastrowania nie po-

×ÏÄÕÊÅ ÊÅÄÎÁË ÐÒÚÅËÁÚÁÎÉÁ ÉÎÆÏÒÍÁÃÊÉ Ï ÚÍÉÁÎÁÃÈ ÓÔÒÕËÔÕÒÁÌÎÙ ÌÕÂ ÏÄÄÚÉÁčÙ×Áď ×ÙÎÉËÁȤ

ÊäÃÙÃÈ Ú ÐÒÚÅÊĢÃÉÁ ÆÁÚÏ×ÅÇÏȢ 4Á ÏÂÓÅÒ×ÁÃÊÁ ÊÅÓÔ ÐÒÚÙÃÚÙÎä ÚÁÐÒÏÐÏÎÏ×ÁÎÉÁ ÁÌÇÏÒÙÔÍÕ 

×ÉÎÄÏ× ÃÌÕÓÔÅÒÉÎÇȢ -ÅÔÏÄÁ ×ÉÎÄÏ× ÃÌÕÓÔÅÒÉÎÇ ÄÚÉÁčÁ × ÎÁÓÔöÐÕÊäÃÙ ÓÐÏÓĕÂȡ ρ  ×ÉÅÌÏȤ

×ÙÍÁÉÒÏ×Å ÄÁÎÅ Óä ÄÚÉÅÌÏÎÅ ÎÁ ÍÎÉÅÊÓÚÅ ÚÂÉÏÒÙ ÏËÉÅÎËÁ ȟ ς  ÎÁ ÐÏÄÚÂÉÏÒÁÃÈ ×ÙËÏÎÙȤ

wana jest metoda klastrowania. 4ÁËÉÅ ÐÏÄÅÊĢÃÉÅ ÐÏÚ×ÁÌÁ ÎÁ ÒÅÄÕËÃÊÅ ×ÙÍÉÁÒÏ×ÏĢÃÉ ÄÕȤ

ŀÙÃÈ ÚÂÉÏÒĕ× ÄÁÎÙÃÈȟ ÐÏÄÃÚÁÓ ÇÄÙ ÄÁÎÁ ÆÁÚÁ ÊÅÓÔ ÐÏ×ÉäÚÁÎÁ ÚÅ ÚÍÉÁÎÁÍÉ × ÚÁÄÁÎÙÍ ÏÂȤ

ÓÚÁÒÚÅ ×ÉÄÍȢ /ÐÉÓÁÎÁ ÍÅÔÏÄÁ ÊÅÓÔ ÃÚÕčÁ ÎÁ ÐÒÏÃÅÓ ÍÉöËÎÉöÃÉÁ čÁďÃÕÃÈĕ× ÁÌËÉÌÏ×ÙÃÈ ÓÕÂȤ

ÓÔÁÎÃÊÉ ÃÉÅËčÏËÒÙÓÔÁÌÉÃÚÎÙÃÈȢ 
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LokalÉÚÁÃÊÁ ľÒĕÄčÁ ÉÎÆÏÒÍÁÃÊÉ × ÓÉÅÃÉÁÃÈ ×ÉÅÌÏ×ÁÒÓÔ×Ï×ÙÃÈ 
 

Localization of information source in multilayer networks 

 

Robert Paluch1ȟ lÕËÁÓÚ 'Ȣ 'ÁÊÅ×ÓËÉ1, Krzysztof Suchecki1, *ÁÎÕÓÚ !Ȣ (ÏčÙÓÔ1,2 
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2ITMO University, St Petersburg, Rosja 

 

 
 

/ÂÅÃÎÉÅ ÊÅÄÎÙÍ Ú ÎÁÊÉÓÔÏÔÎÉÅÊÓÚÙÃÈ ÐÒÏÂÌÅÍĕ× ÓÐÏčÅÃÚÎÙÃÈ Ú×ÉäÚÁÎÙÍ Ú ÎÏ×ÏÃÚÅÓÎä 

ÔÅÃÈÎÏÌÏÇÉä ÊÅÓÔ ÓÚÙÂËÉÅ ÒÏÚÐÒÚÅÓÔÒÚÅÎÉÁÎÉÅ ÓÉö ÓÚËÏÄÌÉ×ÙÃÈ ÔÒÅĢÃÉ × ÓÉÅÃÉÁÃÈ ÓÐÏčÅÃÚÎÏȤ

ĢÃÉÏ×ÙÃÈȢ !ÂÙ ÐÒÚÅÃÉ×ÄÚÉÁčÁç ÔÅÍÕ ÐÒÏÂÌÅÍÏ×Éȟ ËÏÎÉÅÃÚÎÅ Óä ÍÅÔÏÄÙ ÁÕÔÏÍÁÔÙÃÚÎÅÊ ÄÅȤ

tekcji ÏÒÁÚ ÏÄÎÁÊÄÙ×ÁÎÉÁ ľÒĕÄÅč ÔÁËÉÃÈ ÉÎÆÏÒÍÁÃÊÉ ÊÁË ÆÁčÓÚÙ×Å ÎÅ×ÓÙȟ ÔÅÏÒÉÅ ÓÐÉÓËÏ×Å 

ÃÚÙ ÁÎÔÙÎÁÕËÏ×Å ÐÏÇÌäÄÙȢ 7ÉÅÌÅ ÁÌÇÏÒÙÔÍĕ× ÄÏ ÌÏËÁÌÉÚÁÃÊÉ ÐÏÃÈÏÄÚÅÎÉÁ ÎÉÅÂÅÚÐÉÅÃÚȤ

ÎÙÃÈ ÔÒÅĢÃÉ ÚÏÓÔÁčÏ ÊÕŀ ÚÁÐÒÏÐÏÎÏ×ÁÎÙÃÈȟ ÁÌÅ ŀÁÄÅÎ Ú ÎÉÃÈ ÎÉÅ ÂÙč ÔÅÓÔÏ×ÁÎÙ ÎÁ ÓÉÅÃÉÁÃÈ 

wielowarsÔ×Ï×ÙÃÈȟ ËÔĕÒÅ × ÐÅčÎÉÅÊÓÚÙ ÓÐÏÓĕÂ ÍÏÄÅÌÕÊä ÒÚÅÃÚÙ×ÉÓÔÏĢç × ÐÏÒĕ×ÎÁÎÉÕ ÄÏ 

ÓÉÅÃÉ ÊÅÄÎÏ×ÁÒÓÔ×Ï×ÙÃÈȢ 7 ÔÅÊ ÐÒÁÃÙ ÐÏÓčÕÇÕÊÅÍÙ ÓÉö ÍÅÔÏÄä ÎÁÊ×ÉöËÓÚÅÊ ×ÉÁÒÙÇÏÄÎÏȤ

ĢÃÉ ÏÐÁÒÔÅÊ ÎÁ ÄÅÔÅËÔÏÒÁÃÈ ÄÏ ÉÄÅÎÔÙÆÉËÁÃÊÉ ÐÏÊÅÄÙÎÃÚÅÇÏ ľÒĕÄčÁ ÐÒÏÃÅÓÕ ÒÏÚÐÒÚÅÓÔÒÚÅÎÉÁȤ

nia w sieci wiÅÌÏ×ÁÒÓÔ×Ï×ÅÊȢ 0ÏËÁÚÕÊÅÍÙ ÊÁË ÓËÕÔÅÃÚÎÏĢç ÌÏËÁÌÉÚÁÃÊÉ ÚÁÌÅŀÙ ÏÄ ÌÉÃÚÂÙ 

warstw i  ÐÁÒÁÍÅÔÒĕ× ÒÏÚÐÒÚÅÓÔÒÚÅÎÉÁÎÉÁȟ Á ÔÁËŀÅ ×ÓËÁÚÕÊÅÍÙ Ä×Á ÚÁËÒÅÓÙ ÐÁÒÁÍÅÔÒĕ× 

o ÂÁÒÄÚÏ ÒĕŀÎÙÍ ÚÁÃÈÏ×ÁÎÉÕȢ *ÅĢÌÉ ÓÚÙÂËÏĢç ÒÏÚÐÒÚÅÓÔÒÚÅÎÉÁÎÉÁ ÓÉö ÍÉöÄÚÙ ×ÁÒÓÔ×ÁÍÉ 

jest niska, obserwacÊÅ × ÒĕŀÎÙÃÈ ×ÁÒÓÔ×ÁÃÈ ÚÁËčĕÃÁÊä ÓÉöȟ ÏÂÎÉŀÁÊäÃ ÔÙÍ ÓÁÍÙÍ ÓËÕÔÅÃÚȤ

ÎÏĢçȢ : ÄÒÕÇÉÅÊ ÓÔÒÏÎÙȟ ÊÅĢÌÉ ×ÁÒÓÔ×Ù Óä ÓÉÌÎÉÅ ÓÐÒÚöŀÏÎÅ ÔÏ ÏÂÓÅÒ×ÁÃÊÅ ÓÙÎÅÒÇÉÚÕÊäȟ ÐÏÄȤ

ÎÏÓÚäÃ ÄÏËčÁÄÎÏĢç ÐÏ×ÙŀÅÊ ÐÏÚÉÏÍÉ ÏÓÉäÇÁÎÅÇÏ ÄÌÁ ÓÉÅÃÉ ÊÅÄÎÏ×ÁÒÓÔ×Ï×ÅÊ Ï ÔÅÊ ÓÁÍÅÊ 

×ÉÅÌËÏĢÃÉ É ÇöÓÔÏĢÃÉ ÄÅÔÅËÔÏÒĕ×Ȣ 0ÒÅÚÅÎÔÕÊÅÍÙ ÈÅÕÒÙÓÔÙÃÚÎä ÍÅÔÏÄöȟ ËÔĕÒÁ ÍÏŀÅ ×ÓËÁȤ

ÚÙ×Áçȟ × ËÔĕÒÙÍ ÚÁËÒÅÓÉÅ ÚÎÁÊÄÕÊÅ ÓÉö ÕËčÁÄ É ÊÁË ÎÁÌÅŀÙ ÐÏÓÔäÐÉçȟ ÁÂÙ ÐÏÐÒÁ×Éç ÊÁËÏĢç 

ÄÅÔÅËÃÊÉ ľÒĕÄčÁȢ 
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!ÎÁÌÉÚÁ ÍÉËÒÏÓËÏÐÏ×Á ×ÐčÙ×Õ ÏÂÃÉäŀÅď ÍÅÃÈÁÎÉÃÚÎÙÃÈ ÎÁ ÍÉËÒÏÓÔÒÕËȤ

ÔÕÒö ÓÐÉÅËÕ ÃÚÙÓÔÅÇÏ renu 

 
Microscopic analysis of the influence of mechanical loads on the microstructure of pure 

rhenium sinter 

 

Jan Seyda, Dariusz Skibickiȟ lÕËÁÓÚ 0ÅÊËÏ×ÓËÉ, Andrzej Skibicki, Piotr Domanowski, 

0Á×Åč -ÁçËÏ×ÉÁË 

 

0ÏÌÉÔÅÃÈÎÉËÁ "ÙÄÇÏÓËÁ ÉÍȢ *ÁÎÁ É *öÄÒÚÅÊÁ ¡ÎÉÁÄÅÃËÉÃÈȟ "ÙÄÇÏÓÚÃÚ 

 

 
 

7 ÌÉÔÅÒÁÔÕÒÚÅ ÍÏŀÎÁ ÚÎÁÌÅľç ÎÉÅÌÉÃÚÎÅ ÄÏÎÉÅÓÉÅÎÉÁ ÎÔȢ ÂÁÄÁď ÎÁÄ ×čÁĢÃÉ×ÏĢÃÉÁmi mecha-

ÎÉÃÚÎÙÍÉ ÒÅÎÕ ÏÒÁÚ ×ÐčÙ×ÅÍ ÏÂÃÉäŀÅď ÍÅÃÈÁÎÉÃÚÎÙÃÈ ÎÁ ÍÉËÒÏÓÔÒÕËÔÕÒö ÔÅÇÏ ÍÅÔÁÌÕȢ 

*ÅÄÎÏÃÚÅĢÎÉÅ ÍÁÔÅÒÉÁč ÔÅÎ ÚÎÁÊÄÕÊÅ ÃÏÒÁÚ ÓÚÅÒÓÚÅ ÚÁÓÔÏÓÏ×ÁÎÉÅ × ×ÙÓÐÅÃÊÁÌÉÚÏ×ÁÎÙÃÈ 

ÇÁčöÚÉÁÃÈ ÐÒÚÅÍÙÓčÕȟ ÊÁË ÎÐȢ × ÂÒÁÎŀÙ ËÏÓÍÉÃÚÎÅÊȟ ÌÏÔÎÉÃÚÅÊȟ ÊäÄÒÏ×ÅÊȟ ÐÅÔÒÏÃÈÅÍÉÃÚÎej, 

ÅÎÅÒÇÅÔÙÃÚÎÅÊ ÃÚÙ ÂÉÏÍÅÄÙÃÚÎÅÊȢ 0Ï×ÏÄÅÍ Óä ÃÅÃÈÙ ÔÁËÉÅ ÊÁË ×ÙÓÏËÁ ÔÅÍÐÅÒÁÔÕÒÁ ÔÏÐȤ

ÎÉÅÎÉÁȟ ÃÉäÇÌÉ×ÏĢçȟ ÎÉÓËÉ ×ÓÐĕčÃÚÙÎÎÉË ÔÁÒÃÉÁȟ ÏÄÐÏÒÎÏĢç ÎÁ ÅÒÏÚÊö É ÐÅčÚÁÎÉÅȢ 

#ÅÌÅÍ ÎÉÎÉÅÊÓÚÅÊ ÐÒÁÃÙ ÂÙčÏ ×ÙÚÎÁÃÚÅÎÉÅÍ ÐÏÄÓÔÁ×Ï×ÙÃÈ ×čÁĢÃÉ×ÏĢÃÉ ÍÅÃÈÁÎÉÃÚÎÙÃÈ 

spiekanego rÅÎÕ ÏÒÁÚ ÏÂÓÅÒ×ÁÃÊÁ ÚÍÉÁÎ ÚÁÃÈÏÄÚäÃÙÃÈ × ÊÅÇÏ ÍÉËÒÏÓÔÒÕËÔÕÒÚÅȢ /ÂÓÅÒȤ

×ÁÃÊÅ ÍÉËÒÏÓËÏÐÏ×Å ÐÒÏ×ÁÄÚÏÎÏ ÚÁ ÐÏÍÏÃä ÍÉËÒÏÓËÏÐÕ Ģ×ÉÅÔÌÎÅÇÏ É 3%-Ȣ 

7 ×ÙÎÉËÕ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÙÃÈ ÂÁÄÁď ×ÙÚÎÁÃÚÏÎÏ ÐÏÄÓÔÁ×Ï×Å ×čÁĢÃÉ×ÏĢÃÉ ÍÅÃÈÁȤ

ÎÉÃÚÎÅȟ ÍÏÄÕč 9ÏÕÎÇÁȟ ÕÍÏ×Îä ÇÒÁÎÉÃö ÐÌÁÓÔÙÃÚÎÏĢÃÉȟ ×ÙÔÒÚÙÍÁčÏĢç ÎÁ ÒÏÚÃÉäÇÁÎÉÅ É ÏÄȤ

ËÓÚÔÁčÃÅÎÉÅ ÐÒÚÙ ÚÅÒ×ÁÎÉÕȢ 7ÙÚÎÁÃÚÏÎÏ ÔÁËŀÅ ÕÎÉËÁÌÎäȟ ×ÙÓÏËÏÃÙËÌÏ×ä ËÒÚÙ×ä ÚÍöÃÚÅȤ

ÎÉÏ×ä ÄÌÁ ×ÁÈÁÄčÏ×ÅÇÏ ÒÏÚÃÉäÇÁÎÉÁ-ĢÃÉÓËÁÎÉÁȢ .Á ÐÏÄÓÔÁ×ÉÅ ÁÎÁÌÉÚ ÍÅÔÁÌÏÇÒÁÆÉÃÚÎÙÃÈ 

ÓÔ×ÉÅÒÄÚÏÎÏȟ ŀÅ ÐÏÄ ×ÐčÙ×ÅÍ ÏÂÃÉäŀÅď ÚÍöÃÚÅÎÉÏ×ÙÃÈ É ÍÏÎÏÔÏÎÉÃÚÎÙÃÈȟ ÐöËÎÉöÃÉÁ 

ÐÒÏÐÁÇÕÊä ×ÚÄčÕŀ ÇÒÁÎÉÃÙ ÚÉÁÒÅÎȟ Á ÉÓÔÎÉÅÊäÃÅ × ÍÁÔÅÒÉÁÌÅ ÐÏÒÙ ÎÉÅ ÍÁÊÁ ×ÐčÙ×Õ ÎÁ ÔÅÎ 

ÐÒÏÃÅÓȢ 0ÏÔ×ÉÅÒÄÚÏÎÏȟ ŀÅ ÐÏÄÓÔÁ×Ï×ÙÍ ÍÅÃÈÁÎÉÚÍÅÍ ÄÅÆÏÒÍÁÃÊÉ ÓÐÉÅËÁÎÅÇÏ ÒÅÎÕ ÊÅÓÔ 

ÂÌÉľÎÉÁËÏ×ÁÎÉÅȢ :ÁÄÅÍÏÎÓÔÒÏ×ÁÎÏȟ ŀÅ ÇÅÏÍÅÔÒÉÁ ÐÏÒĕ× ÍÏŀÅ ÚÏÓÔÁç ×Ùkorzystana do 

ÉÄÅÎÔÙÆÉËÁÃÊÉ ËÉÅÒÕÎËĕ× ÍÅÔÁÌÏÇÒÁÆÉÃÚÎÙÃÈȢ .ÉÎÉÅÊÓÚÁ ÐÒÁÃÁ ×ÙÐÅčÎÉÁ ÃÚöĢÃÉÏ×Ï ÌÕËö × 

ÄÁÎÙÃÈ ÅËÓÐÅÒÙÍÅÎÔÁÌÎÙÃÈȟ × ÔÙÍ ÓÚÃÚÅÇĕÌÎÉÅ ÚÍöÃÚÅÎÉÏ×ÙÃÈȟ ÐÏÔÒÚÅÂÎÙÃÈ ÄÌÁ ÐÒÏÊÅËȤ

ÔÏ×ÁÎÉÁ ÉÎŀÙÎÉÅÒÓËÉÅÇÏȢ  
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3ÔÁÎÙ čÁÄÕÎËÏ×Å É ÓÔÒÕËÔÕÒÁ ÅÌÅËÔÒÏÎÏ×Á ÐÏÌÁ ËÒÙÓtalicznego w CeRh2X2 

(X=Si and As) i Ba2IrO4 

 
Charge and crystal field electronic states in CeRh2X2 (X=Si and As) and Ba2IrO4 

 

Ryszard J. Radwaďski1,2, Dawid M. Načöcz1, Zofia Ropka2 

 
15ÎÉ×ÅÒÓÙÔÅÔ 0ÅÄÁÇÏÇÉÃÚÎÙȟ +ÒÁËĕ× 

2#ÅÎÔÒÕÍ &ÉÚÙËÉ #ÉÁčÁ 3ÔÁčÅÇÏ, Krakĕw 

 

 
 

We point out the scientific importance of the increasing evidence for the existence of the 

discrete low-energy meV-energy states in compounds containing atoms with incomplete 

4f, 5f, 3d shells and recently in iridates (5d shell). There is growing evidence for their 

existence also in heavy-fermion intermetallics and 3d oxides. The low-energy electronic 

structure, below 1 meV, turn out to exist in such hall-mark heavy-fermion compounds 

like YbRh2Si2, UPd2Al3, CeRh2X2 (X=Si and As) establishing the valency, the charge distri-

bution and the width of the discrete low-energy meV-energy scale states. We established 

the charge Ce state for CeRh2Si2 - it will be compared with recent band-structure results 

obtained for CeRh2As2 (Phys.Rev. B 104(21)L041109, arXiv:2102.02735). We underline 

the existence of the crystal-field states in these metallic systems having in mind an ad-

ministration statement of the Polish Highest Scientific Committee (BCK-V-P-1262/02 

(2003) that "applying the crystal-field theory to compounds conducting current is erro-

neous" (Acta Physica 12&13(2007) and 16&17(2008)). The obvious nonsense, but such 

nonsense postponed the real professor scientific carrier by 10 years - it documents that 

the existence of crystal-field ionic states and discrete low-energy electronic structure in 

intermetallics was not obvious. 

In 3d oxides, like NiO, FeO, LaCoO3, we would like to point out that the present literature 

ab initio calculations offer the description of the electronic structure of 3d compounds in 

the eV energy scale only, i. e. with 1000 times less accuracy than our theoretical atomistic-

based approach. In our description, what we call as the Quantum Atomistic Solid State 

(QUASST) theory, we underline the preservation of the atomic/ionic integrity of involved 

transition -metal atoms (= integer number of localized d/f electrons, like Ni2+ , Fe2+  or 

Co3+  ions), when they become a full part of the compound. QUASST formulated in 2000 

underlines the fundamental importance of the relativistic intra-atomic spin-orbit in ter-

actions also for 3d oxides. Such starting point, quite obvious to experimentalists, is in 

sharp contrast to results of a quite recent publication in Phys. Rev. B (93(2016)085106) 

in which authors have claimed that in an iridium oxide Ba2IrO4 the valency of Ba is 1.5+ 



47. :ÊÁÚÄ &ÉÚÙËĕ× 0ÏÌÓËÉÃÈȟ ρω-ςσ ×ÒÚÅĢÎÉÁ ςπςρȟ "ÙÄÇÏÓÚÃÚ 
 

7ÙËčÁÄy sesyjne 

165 
 

(in contrast to the expected charge state of 2+) and iridium of 2.65+ (instead of the ex-

pected 4+). Authors have strongly stated that accepting the charge state in oxides on ba-

sis of the ionic model, called by these authors as "naive", is completely erroneous as the 

the real charge state is largely different. The publication of so strange theoretical results 

in Phys. Rev. B proves the scientific necessity of the formulation of reasonable and phys-

ically adequate Quantum Atomistic Solid State theory (QUASST).  
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/ÐÔÙÃÚÎÅ É ÅÌÅËÔÒÙÃÚÎÅ ×čÁĢÃÉ×ÏĢÃÉ ÎÁÎÏÄÒÕÔĕ× 'Á.Ⱦ'Á1-xAlxN z wbudo-

×ÁÎä ÓÔÒÕËÔÕÒä ,%$ × ÆÕÎËÃÊÉ ÐÏÌÁÒÎÏĢÃÉ ×ÚÒÏÓÔÕ 'Á1-xAlxN:Mg 

 
Optical and electric properties of GaN/Ga1-xAlxN nanowires with a built-in LED 

nanostructure as a function of the Ga1-xAlxN:Mg growth polarity  

 

Anna Reszka1, Krzysztof P. Korona2, Stanislav Tiagulskyi3, Henryk Turski4, Uwe Jahn5, 

3čÁ×ÏÍÉÒ +ÒÅÔ1ȟ 2ÁÆÁč "ÏŀÅË2, Marta Sobanska1, Zbigniew R. Zytkiewicz1, Bogdan J. Kow-

alski1 

 
1Instytut Fizyki PAN, Warszawa 

2Uniwersytet Warszawski, Warszawa 
3Institute of Photonics and Electronics, Czech Academy of Sciences, Praha, Republika 

Czeska 
4)ÎÓÔÙÔÕÔ 7ÙÓÏËÉÃÈ #ÉĢÎÉÅď 0!.ȟ 7ÁÒÓÚÁ×Á 

5Paul-Drude-)ÎÓÔÉÔÕÔ ÆİÒ &ÅÓÔËĘÒÐÅÒÅÌÅËÔÒÏÎÉËȟ "ÅÒÌÉÎȟ .ÉÅÍÃÙ 

 

 
 

!ÚÏÔËÉ ÍÅÔÁÌÉ ÇÒÕÐÙ ))) ÕËčÁÄÕ ÏËÒÅÓÏ×ÅÇÏ ÓÔÁčÙ ÓÉö ÓÚÅÒÏËÏ ÚÎÁÎÅ ÄÚÉöËÉ ÚÁÓÔÏÓÏ×ÁÎÉÕ 

ÉÃÈ × ×ÙÄÁÊÎÙÃÈ ÅÎÅÒÇÅÔÙÃÚÎÉÅȟ ÐÒÚÙÊÁÚÎÙÃÈ ĢÒÏÄÏ×ÉÓËÕȟ ÔÒ×ÁčÙÃÈ É ÐÏ×ÓÚÅÃÈÎÉÅ ÕŀÙ×ÁȤ

ÎÙÃÈ ľÒĕÄčÁÃÈ Ģ×ÉÁÔčÁȢ *ÅÄÎÙÍ Ú ÒÏÚ×ÁŀÁÎÙÃÈ ÕÄÏÓËÏÎÁÌÅď ÔÁËÉÃÈ ÐÒÚÙÒÚäÄĕ× ÊÅÓÔ ÚÁÓÔÏȤ

sowanie w nich quasiɀjednowymiarowych struktur - ÎÁÎÏÄÒÕÔĕ×ȟ ÎÁÎÏÓčÕÐËĕ×ȟ × ËÔĕȤ

ÒÙÃÈ čÁÔ×ÉÅÊÓÚÅ ÊÅÓÔ ÚÒÅÌÁËÓÏ×ÁÎÉÅ ÎÁÐÒöŀÅďȟ ×ÙÎÉËÁÊäÃÙÃÈ Ú ÎÉÅÄÏÐÁÓÏ×ÁÎÉÁ ÓÉÅÃÉ ËÒÙȤ

ÓÔÁÌÉÃÚÎÙÃÈ ÒĕŀÎÙÃÈ ÍÁÔÅÒÉÁčĕ×ȟ É ÕÎÉËÎÉöÃÉÅ ÐÏ×ÓÔÁ×ÁÎÉÁ ÄÅÆÅËÔĕ× ÓÔÒÕËÔÕÒÁÌÎÙÃÈȢ .ÁȤ

ÎÏÓčÕÐËÉ ÚÂÕÄÏ×ÁÎÅ Ú ÁÚÏÔËÕ ÇÁÌÕ 'Á.  É ÊÅÇÏ ÒÏÚÔ×ÏÒÕ ÓÔÁčÅÇÏ Ú ÁÚÏÔËÉÅÍ ÇÌÉÎÕ 

(Ga1-xAlx. ȟ ÚÁ×ÉÅÒÁÊäÃÅ ÓÔÒÕËÔÕÒö ÄÉÏÄÙ ÅÌÅËÔÒÏÌÕÍÉÎÅÓÃÅÎÃÙÊÎÅÊ ÎÁÎÏ,%$  ÂÙčÙ ÐÒÚÅÄȤ

ÍÉÏÔÅÍ ÒÁÐÏÒÔÏ×ÁÎÙÃÈ ÂÁÄÁďȢ  

+ÁŀÄÙ ÎÁÎÏÄÒÕÔ ÚÁ×ÉÅÒÁčȡ ÃÚöĢç Ú ÐÒÚÅ×ÏÄÎÉÃÔ×ÅÍ ÔÙÐÕ n (n-'Á.ȡ3É ȟ ×ÁÒÓÔ×ö ÐÒÚÅÊȤ

ĢÃÉÏ×ä 'Á1-xAlx.ȟ ÈÅÔÅÒÏÓÔÒÕËÔÕÒö Ë×ÁÎÔÏ×ä 'Á.Ⱦ'Á1-xAlxN z trzema studniami kwanto-

×ÙÍÉ ÏÒÁÚ ÃÚöĢç ÔÙÐÕ Ð Ð-Ga1-xAlxN:Mg).  

)ÃÈ ×čÁĢÃÉ×ÏĢÃÉ ÂÙčÙ ÂÁÄÁÎÅȟ × ÚÁÌÅŀÎÏĢÃÉ ÏÄ ÒÏÚ×ÁŀÁnego problemu, w skali nanome-

ÔÒÏ×ÅÊȟ ÓÕÂÍÉËÒÏÍÅÔÒÏ×ÅÊ ÌÕÂ ÍÁËÒÏÓËÏÐÏ×ÅÊȢ 7ÙËÏÒÚÙÓÔÁÎÏ ÓËÁÎÉÎÇÏ×ä É ÔÒÁÎÓÍÉȤ

ÓÙÊÎä ÍÉËÒÏÓËÏÐÉÅ ÅÌÅËÔÒÏÎÏ×Åȟ ÍÉËÒÏÓËÏÐÉö ËÁÔÏÄÏÌÕÍÉÎÅÓÃÅÎÃÙÊÎä #, ȟ ÏÂÒÁÚÏ×ÁÎÉÅ 

ÍÅÔÏÄä ÐÒäÄÕ ÉÎÄÕËÏ×ÁÎÅÇÏ ×ÉäÚËä ÅÌÅËÔÒÏÎÏ×ä %")# ȟ ÍÉËÒÏÓËÏÐÉö ÓÉč ÁÔÏÍÏ×ÙÃÈ Ú 

ÓÏÎÄä +ÅÌÖÉÎÁȟ ÐÏÍÉÁÒÙ ÚÁÒĕ×ÎÏ ÇÌÏÂÁÌÎÙÃÈ ÃÈÁÒÁËÔÅÒÙÓÔÙË )-V jak i charakterystyk po-

ÊÅÄÙÎÃÚÙÃÈ ÎÁÎÏÄÒÕÔĕ× ÂÁÄÁÎÙÃÈ ÚÁ ÐÏÍÏÃä ÎÁÎÏ-ËÏÎÔÁËÔĕ×ȟ Á ÔÁËŀÅ ÍÅÔÏÄÙ ÍÁËÒÏȤ

skopowej spektroskopii elektro- É ÆÏÔÏÌÕÍÉÎÅÓÃÅÎÃÙÊÎÅÊ ÔÁËŀÅ Ú ÒÏÚÄÚÉÅÌÃÚÏĢÃÉÁ Ãza-

ÓÏ×ä Ȣ )ÎÔÅÒÐÒÅÔÁÃÊö ×ÙÎÉËĕ× ×ÓÐÁÒÔÏ ÍÏÄÅÌÏ×ÁÎÉÅÍ ÓÔÒÕËÔÕÒÙ ÐÁÓÍÏ×ÅÊ ÎÁÎÏÓčÕÐȤ

Ëĕ×Ȣ  
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0ÒÚÅÐÒÏ×ÁÄÚÏÎÅ ÂÁÄÁÎÉÁ ÐÏÚ×ÏÌÉčÙ ÚÉÄÅÎÔÙÆÉËÏ×Áç ÉÎ×ÅÒÓÊö ÐÏÌÁÒÎÏĢÃÉ ×ÚÒÏÓÔÕ ÃÚöĢÃÉ 

nanodrutu p-Ga1-xAlx.ȡ-Ç ÊÁËÏ ÍÅÃÈÁÎÉÚÍ ÄÅÃÙÄÕÊäÃÙ Ï ÁËÔÙ×Ï×ÁÎÉÕ ÌÕÂ ÄÅÚÁËÔÙ×ÏȤ

×ÁÎÉÕ ÚčäÃza p-n ×Å ×ÂÕÄÏ×ÁÎÅÊ ÏÓÉÏ×ÅÊ ÓÔÒÕËÔÕÒÚÅ ÎÁÎÏ,%$ ÐÏÌÁÒÎÏĢç ×ÚÒÏÓÔÕ ÏËÒÅȤ

ĢÌÁ ËÔĕÒÙ Ú ÐÒÚÅÃÉ×ÎÙÃÈ ËÉÅÒÕÎËĕ× ×ÙÚÎÁÃÚÁÎÙÃÈ ÐÒÚÅÚ ÈÅËÓÁÇÏÎÁÌÎä ÏĢ ÓÔÒÕËÔÕÒÙ ËÒÙȤ

ÓÔÁÌÉÃÚÎÅÊ 'Á. ÊÅÓÔ ËÉÅÒÕÎËÉÅÍ ×ÚÒÏÓÔÕ ÎÁÎÏÄÒÕÔÕ Ȣ 0ÏÌÁÒÎÏĢç ×ÚÒÏÓÔÕ ×ÐčÙ×Á ÎÁ ×čÁȤ

ĢÃÉ×ÏĢÃÉ ÐÏ×ÉÅÒÚÃÈÎÉ ÒÏÓÎäÃÅÇÏ ËÒÙÓÚÔÁčÕ É ÓËÕÔÅÃÚÎÏĢç ÊÅÇÏ ÄÏÍÉÅÓÚËÏ×ÁÎÉÁ × ÃÚÁÓÉÅ 

×ÚÒÏÓÔÕȢ 7ÙÎÉËÉ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÙÃÈ ÂÁÄÁď ×ÓËÁÚÕÊäȟ ŀÅ ÉÎÔÅÎÃÊÏÎÁÌÎÅ ÏÄ×ÒĕÃÅÎÉÅ ÐÏȤ

ÌÁÒÎÏĢÃÉ ×ÚÒÏÓÔÕ ÐÏÍÉöÄÚÙ ÏÂÓÚÁÒÁÍÉ n i p ÍÏŀÅ ÂÙç ÄÒÏÇä ÄÏ ×ÙÔ×ÏÒÚÅÎÉÁ ÂÁÒÄÚÉÅÊ ×ÙȤ

ÄÁÊÎÙÃÈ ÕÒÚäÄÚÅď ÏÐÁÒÔÙÃÈ ÎÁ ÎÁnoLED w nanodrutach azotkowych.  

 

0ÒÁÃÁ ÃÚöĢÃÉÏ×Ï ÆÉÎÁÎÓÏ×ÁÎÁ ÐÒÚÅÚ ÐÒÏÊÅËÔÙ .#. 5-/-2016/21/B/ST5/03378 i UMO -

2016/23/B/ST7/03745, proje kt NCBiR PBS1/A3/1/2012 Pol-HEMT oraz projekt FNP 

×ÓÐĕÆÉÎÁÎÓÏ×ÁÎÙ ÐÒÚÅÚ 5% × ÒÁÍÁÃÈ %ÕÒÏÐÅÊÓËÉÅÇÏ &ÕÎÄÕÓÚÕ 2ÏÚ×ÏÊÕ 2ÅÇÉonalnego 

Homing POIR.04.04.00-00-5D5B/18-00. 
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Kotwiczenie nici wirowych nanorozmiarowymi defektami w celu znacz-

ÎÅÇÏ Ú×ÉöËÓÚÅÎÉÁ ÐÒäÄĕ× ËÒÙÔÙÃÚÎÙÃÈ × ÎÁÄÐÒÚÅ×ÏÄÎÉËÁÃÈ ×ÙÓÏËÏÔÅÍȤ

peraturowych typu REBaCuO 

 
Pinning vortices by nano-sized defects in order to significantly increase the critical cur-

rents in high-temperature superconductors of the REBaCuO type 

 

Krzysztof Rogacki1, Anton Los1, Bogdan Dabrowski2,3 

 
1Instytut Niskich 4ÅÍÐÅÒÁÔÕÒ É "ÁÄÁď 3ÔÒÕËÔÕÒÁÌÎÙÃÈ 0!.ȟ 7ÒÏÃčÁ× 

2Physics Department, Northern Illinois University, DeKalb, USA 
3Instytut Fizyki PAN, Warszawa 

 

 
 

Nadprzewodniki wysokotemperaturowe typu REBaCuO (gdzie RE to wybrane metale 

ÚÉÅÍ ÒÚÁÄËÉÃÈ  ÓÔÁÎÏ×Éä ÇÒÕÐö ÍÁÔÅÒÉÁčĕ× ×ÁŀÎÙÃÈ ÄÌÁ ÚÁÓÔÏÓÏ×Áď ×ÙËÏÒÚÙÓÔÕÊäÃÙÃÈ 

×ÙÓÏËÉÅ ×ÁÒÔÏĢÃÉ ÐÒäÄĕ× É ÐĕÌ ËÒÙÔÙÃÚÎÙÃÈȟ × ÔÙÍ ÔÚ×Ȣ ÐÏÌÁ ÎÉÅÏÄ×ÒÁÃÁÌÎÏĢÃÉȟ ÐÏÎÉŀÅÊ 

ËÔĕÒÅÇÏ ÎÁÄÐÒÚÅ×ÏÄÎÉË ×ÙËÁÚÕÊÅ ÄÌÁ ÐÒäÄÕ ÓÔÁčÅÇÏ ÚÅÒÏ×Ù ÏÐĕÒȢ 0Ï ËÒĕÔËÉÍ ×ÐÒÏ×ÁȤ

ÄÚÅÎÉÕ ÄÏ ÆÉÚÙËÉ ×ÉÒĕ× ÍÁÇÎÅÔÙÃÚÎÙÃÈȟ ËÔĕÒÙÃÈ ×čÁĢÃÉ×ÏĢÃÉ Óä ËÌÕÃÚÏ×Å ÄÌÁ ÏËÒÅĢÌÅÎÉÁ 

×ÉÅÌËÏĢÃÉ ×ÙÍÉÅÎÉÏÎÙÃÈ ÐÁÒÁÍÅÔÒĕ×ȟ ÏÍĕ×ÉÍÙ ÐÏÔÅÎÃÊÁč ÎÁÄÐÒÚÅ×ÏÄÎÉËÁ 9"Á2Cu3O{7-

d}ȟ ÊÁËÏ ÍÁÔÅÒÉÁčÕ ÚÄÏÌÎÅÇÏ ÄÏ ÂÅÚÓÔÒÁÔÎÅÇÏ ÐÒÚÅÓÙčÁÎÉÁ ÐÒäÄĕ× Ï ÇöÓÔÏĢÃÉÁÃÈ ÒÚöÄÕ ρπ6 

A/cm2 É ÄÏ ÚÁÃÈÏ×ÁÎÉÁ ÓÔÁÎÕ ÎÁÄÐÒÚÅ×ÏÄÚäÃÅÇÏ × ÐÏÌÁÃÈ Ï ×ÁÒÔÏĢÃÉÁÃÈ ÐÏ×ÙŀÅÊ ρππ 4Ȣ 

+ÌÕÃÚÏ×ÙÍ ÚÁÇÁÄÎÉÅÎÉÅÍ × ÏÍÁ×ÉÁÎÅÊ ÔÅÍÁÔÙÃÅ ÊÅÓÔ ÐÏÄ×ÙŀÓÚÅÎÉÅ ÇöÓÔÏĢÃÉ ÐÒäÄÕ ËÒÙȤ

ÔÙÃÚÎÅÇÏ ÂÅÚ ÚÎÁÃÚäÃÅÇÏ ÐÏÇÏÒÓÚÅÎÉÁ ÉÎÎÙÃÈ ×ÁŀÎÙÃÈ ÐÁÒÁÍÅÔÒĕ× ÎÁÄÐÒÚÅ×ÏÄÎÉËÁȟ ÔÁȤ

ËÉÃÈ ÊÁË ÔÅÍÐÅÒÁÔÕÒÁ ËÒÙÔÙÃÚÎÙ ÃÚÙ ÇĕÒÎÅ ÐÏÌÅ ËÒÙÔÙÃÚÎÅȢ 0ÒÚÅËčÁÄÁ ÓÉö ÔÏ ÎÁ ÏÂÎÉŀÅÎÉÅ 

ËÏÓÚÔĕ× ×ÙÔ×ÁÒÚÁÎÙÃÈ ÕÒÚäÄÚÅď É ÒÏÚÓÚÅÒÚÅÎÉÅ ÏÂÓÚÁÒÕ ×ÙÓÏËÏÅÎÅÒÇÅÔÙÃÚÎÙÃÈ ÚÁÓÔÏȤ

ÓÏ×ÁďȢ 7 ÐÒÅÚÅÎÔÁÃÊÉ ÐÒÚÅÄÓÔÁ×ÉÍÙ × ÊÁËÉ ÓÐÏÓĕÂ ÐÏÄ×ÙŀÓÚÙç ÇöÓÔÏĢç ÐÒäÄÕ ËÒÙÔÙÃÚȤ

nego w nadprzewodnikach typu REBaCuO poprzez wprowadzenie nanorozmiarowych 

ÄÅÆÅËÔĕ× ÓÔÒÕËÔÕÒÁÌÎÙÃÈ ÄÏ čÁďÃÕÃÈĕ× #Õ/Ȣ #Ï ×ÉöÃÅÊȟ ÐÏÐÒÚÅÚ ÉÄÅÎÔÙÆÉËÁÃÊö ÍÅÃÈÁÎÉȤ

ÚÍĕ× ÄÅÔÅÒÍÉÎÕÊäÃÙÃÈ ÓÉčö ËÏÔ×ÉÃÚÅÎÉÁ ÎÉÃÉ ×ÉÒÏ×ÙÃÈ ÏËÒÅĢÌÉÍÙ ÊÁËÉÅ ÏÇĕÌÎÅ ×čÁĢÃÉ×ÏȤ

ĢÃÉ ÐÏ×ÉÎÎÙ ÍÉÅç ÓËÕÔÅÃÚÎÅ ÃÅÎÔÒÁ ÔÅÇÏ ËÏÔ×ÉÃÚÅÎÉÁ × ÓÉÌÎÙÃÈ ÐÏÌÁÃÈ ÍÁÇÎÅÔÙÃÚÎÙÃÈȢ 

Warto zÁÚÎÁÃÚÙçȟ ŀÅ Ú×ÉäÚËÉ ÔÙÐÕ 2%"Á#Õ/ Óä ÊÅÄÙÎÙÍÉȟ ËÔĕÒÅ × ÐÏÌÁÃÈ ÐÏ×ÙŀÅÊ ρ 4 ÄÏ 

ÏËȢ ρς 4  ÍÏÇä ÂÙç ÓÔÏÓÏ×ÁÎÅ × čÁÔ×Ï ÏÓÉäÇÁÌÎÅÊ ÔÅÍÐÅÒÁÔÕÒÚÅ ÃÉÅËčÅÇÏ ÁÚÏÔÕ χχ + Ȣ 

0ÒÅÚÅÎÔÁÃÊÁ ÊÅÓÔ ÐÏÄÓÕÍÏ×ÁÎÉÅÍ ÂÁÄÁď ÐÒÏ×ÁÄÚÏÎÙÃÈ ÐÒÚÅÚ ÁÕÔÏÒĕ× ÎÁ ÐÒÚÅÓÔÒÚÅÎÉ 

wielu lat i przÅÄÓÔÁ×ÉÁ ×ÙÎÉËÉ ÚÁÒĕ×ÎÏ ÄÁ×ÎÉÅÊ ÏÐÕÂÌÉËÏ×ÁÎÅȟ ÏÔÒÚÙÍÁÎÅ ÄÌÁ ÍÁÔÅÒÉÁȤ

čĕ× ÐÒÏÓÚËÏ×ÙÃÈ ρ-ς ȟ ÊÁË É ÚÕÐÅčÎÉÅ ÎÏ×Å ÄÏÔÙÃÚäÃÅ ÍÏÎÏËÒÙÓÚÔÁčĕ× σ Ȣ : Õ×ÁÇÉ ÎÁ 

ÚÎÁÃÚÎä ÁÎÉÚÏÔÒÏÐÉö 2%"Á#Õ/ȟ Çčĕ×ÎÉÅ ÂÁÄÁÎÉÁ ÐÒÏ×ÁÄÚÏÎÅ ÎÁ ÍÏÎÏËÒÙÓÚÔÁčÁÃÈ ÄÏȤ
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ÓÔÁÒÃÚÁÊä ×ÉÁÒÙÇÏÄÎÙÃÈ ×ÙÎÉËĕ× ÄÏÔÙÃÚäÃÙÃÈ ÁÎÉÚÏÔÒÏÐÏ×ÙÃÈ ×čÁĢÃÉ×ÏĢÃÉ ÐÒäÄĕ× ËÒÙȤ

ÔÙÃÚÎÙÃÈ × ÔÅÇÏ ÔÙÐÕ Ú×ÉäÚËÁÃÈȟ ËÔĕÒÅ ÎÁÄÁÌ ÐÏÚÏÓÔÁÊä ÎÁÊ×ÁŀÎÉÅÊÓÚÙÍÉ × ÚÁËÒÅÓÉÅ ×ÙȤ

ÓÏËÏÅÎÅÒÇÅÔÙÃÚÎÙÃÈ ÚÁÓÔÏÓÏ×Áď ÎÁÄÐÒÚÅ×ÏÄÎÉËĕ× ×ÙÓÏËÏÔÅÍÐÅÒÁÔÕÒÏ×ÙÃÈȢ 

 

[1]  K. Rogacki, B. Dabrowski, O. Chmaissem, J. D. Jorgensen; Phys. Rev. B 63 (2000) 054501. 

[2]  K. Rogacki, B. Dabrowski, O. Chmaissem; Phys. Rev. B 73 (2006) 224518. 

[3]  Los, B. Dabrowski, K. Rogacki; Current Applied Physics 27 (2021) 1. 
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Mikromembrany Ú ÍÁÔÅÒÉÁčĕ× ς$ ×ÙÔ×ÁÒÚÁÎÅ ÎÁ ÇÅÒÍÁÎÉÅ 

 
Micro-membranes of 2D materials formed on germanium 

 

*ÁËÕÂ 2ÏÇÏŀÁ1, Johannes Binder1, Katarzyna Ludwiczak1, Leonid Tkachenko1,  

Iwona Pasternak2, Jakub Sitek2ȟ 7čÏÄÚÉÍÉÅÒÚ 3ÔÒÕÐÉďÓËÉ2, Mariusz Zdrojek2,  

Jacek Baranowski3, Roman 3ÔöÐÎÉÅ×ÓËÉ1ȟ !ÎÄÒÚÅÊ 7ÙÓÍÏčÅË1 

 
1Uniwersytet Warszawski, Warszawa 
2Politechnika Warszawska, Warszawa 

33ÉÅç "ÁÄÁ×ÃÚÁ lÕËÁÓÉÅ×ÉÃÚ ɀ Instytut Mikroelektroniki i Fotoniki, Warszawa 

 

 
 

Recently we have demonstrated the selective local etching via laser-induced photo-cor-

rosion of germanium in water and the creation of graphene membranes. [1] A SEM image 

of a h-BN membrane (~30 nm) fabricated by this method is shown in Fig 1(a), and a gra-

phene membrane (several atomic layers) is presented in Fig 1 (b). For the latter experi-

ments graphene was grown on a (100) germanium epilayer deposited on a silicon wafer 

using the CVD method. Interestingly, in-situ Raman measurements show a dramatic in-

crease of the Raman signal on the suspended areas providing effective control of the etch-

ing process. 

 

 
 

Our late experiments show that laser-induced photo-corrosion is a universal tool that can 

not only be used for graphene, but also for other 2D materials deposited on a germanium 

substrate. As an example a h-BN membrane is presented, for which the h-BN layer was 

grown on a sapphire substrate by MOVPE, delaminated and deposited on a (100) Ge sub-

strate. The mechanical and structural properties of the obtained h-BN membranes will be 

presented. 
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Wykorzystanie spektroskopii dielektrycznej w badaniu ×čÁÓÎÏĢÃÉ ÆÉÚÙÃÚȤ

ÎÙÃÈ ÃÉÅËčÙÃÈ ËÒÙÓÚÔÁčĕ× ÏÇÒÁÎÉÃÚÏÎÙÃÈ ÇÅÏÍÅÔÒÙÃÚÎÉÅ 

 
Dielectric spectroscopy methods in the study of physical properties of geometrically 

constrained liquid crystals 

 
3ÔÁÎÉÓčÁ× !Ȣ 2ĕŀÁďÓËÉ 

 

0ÁďÓÔ×Ï×Á 5ÃÚÅÌÎÉÁ 3ÔÁÎÉÓčÁ×Á 3ÔÁÓÚÉÃÁ × 0ÉÌÅȟ 0ÉčÁ 

 

 
 

3ÚÅÒÏËÏÐÁÓÍÏ×Á ÓÐÅËÔÒÏÓËÏÐÉÁ ÄÉÅÌÅËÔÒÙÃÚÎÁ "$3  ÊÅÓÔ ÕÎÉ×ÅÒÓÁÌÎä ÍÅÔÏÄä ×ÙËÏÒÚÙȤ

ÓÔÙ×ÁÎä × ÂÁÄÁÎÉÕ ÍÁÔÅÒÉÉ ÍÉöËËÉÅÊȢ "$3 ÕÍÏŀÌÉ×ÉÁ ×ÙÚÎÁÃÚÅÎÉÅ ÚÁÌÅŀÎÏĢÃÉ ÚÅÓÐÏÌÏÎÅÊ 

ÐÒÚÅÎÉËÁÌÎÏĢÃÉ ÅÌÅËÔÒÙÃÚÎÅÊ ÍÁÔÅÒÉÁčÕ ÏÄ ÃÚöÓÔÏÔÌÉ×ÏĢÃÉȢ $ÏÓÔöÐÎÅ ÍÏÄÅÌÅ ÔÅÏÒÅÔÙÃÚÎÅ 

ÐÏÚ×ÁÌÁÊä ÎÁ ÏÐÉÓ ÐÒÏÃÅÓÕ ÒÅÌÁËÓÁÃÊÉ ÏÒÁÚ ×ÙÚÎÁÃÚÅÎÉÅȟ ÎÁ ÐÏÄÓÔÁ×ÉÅ ÁÎÁÌÉÚÙ ×ÉÄÍ ÄÉÅȤ

ÌÅËÔÒÙÃÚÎÙÃÈȟ ÔÁËÉÃÈ ÐÏÄÓÔÁ×Ï×ÙÃÈ ÐÁÒÁÍÅÔÒĕ× ÊÁË ÃÚÁÓ ÒÅÌÁËÓÁÃÊÉȟ ÉÎËÒÅÍÅÎÔ ÄÉÅÌÅËȤ

tryczny ÃÚÙ ÓÔÁÔÙÃÚÎÁ ÐÒÚÅÎÉËÁÌÎÏĢç ÅÌÅËÔÒÙÃÚÎÁȢ 7 oparciu o zmiany charakterystycznej 

ÃÚöÓÔÏÔÌÉ×ÏĢÃÉ ÒÅÌÁËÓÁÃÊÉ ÏÒÁÚ ÉÎËÒÅÍÅÎÔÕ ÄÉÅÌÅËÔÒÙÃÚÎÅÇÏȟ Á ÔÁËŀÅ ÐÏÓÚÅÒÚÅÎÉÁ É ÁÓÙÍÅȤ

ÔÒÉÉ ÐÒÏÃÅÓÕ ÒÅÌÁËÓÁÃÊÉȟ ÕÚÙÓËÕÊÅ ÓÉö ×ÁŀÎÅ ÉÎÆÏÒÍÁÃÊÅ ÎÁ ÔÅÍÁÔ ÄÙÎÁÍÉËÉ ÐÒÏÃÅÓĕ× ÍÏȤ

lekularnych i kolektywnych w ograniczeniach geometrycznych. 

$ÙÎÁÍÉËÁ ÒÅÌÁËÓÁÃÊÉ ÐÒÏÃÅÓĕ× ÍÏÌÅËÕÌÁÒÎÙÃÈ É ËÏÌÅËÔÙ×ÎÙÃÈ ÂÁÄÁÎÁ ÊÅÓÔ × ÒĕŀÎÙÃÈ ÆÁȤ

ÚÁÃÈ ÃÉÅËčÏËÒÙÓÔÁÌÉÃÚÎÙÃÈ ÚÁÒĕ×ÎÏ × ÓÔÁÎÉÅ Ó×ÏÂÏÄÎÙÍ ÊÁË É × ÏÇÒÁÎÉÃÚÅÎÉÁÃÈ ÇÅÏÍÅȤ

ÔÒÙÃÚÎÙÃÈ ρȟ ς Ȣ #ÉÅËčÅ ËÒÙÓÚÔÁčÙ #+  ÕÍÉÅÓÚÃÚÁ ÓÉö × ÍÅÍÂÒÁÎÁÃÈ ÐÏÒÏ×ÁÔÙÃÈȟ ÓÚËčach 

porowatych oraz innych matrycach o mniej czy bardziej skomplikowanej strukturze po-

Òĕ×Ȣ "ÁÄÁÎÅ Óä Òĕ×ÎÉÅŀ ÕËčÁÄÙ ÄÙÓÐÅÒÓÙÊÎÅȟ ÇÄÚÉÅ #+ ÄÏÍÉÅÓÚËÏ×ÁÎÙ ÊÅÓÔ ÒĕŀÎÅÇÏ ÔÙÐÕ 

ÎÁÎÏÃÚäÓÔËÁÍÉ .0  ÐÏÃÚä×ÓÚÙ ÏÄ ÁÅÒÏÓÉÌÕȟ Á ÓËÏďÃÚÙ×ÓÚÙ ÎÁ .0 ÚčÏÔÁȟ ÓÒÅÂÒÁ ÃÚÙ ÇÒÁȤ

fenu. 

/ÇÒÁÎÉÃÚÅÎÉÁ ÇÅÏÍÅÔÒÙÃÚÎÅ ÏÒÁÚ ÏÂÅÃÎÏĢç .0 × ÓÔÒÕËÔÕÒÚÅ #+ ×ÐčÙ×ÁÊä ÎÁ ÄÙÎÁÍÉËö 

ÐÒÏÃÅÓĕ× ÍÏÌÅËÕÌÁÒÎÙÃÈ É ËÏÌÅËÔÙ×ÎÙÃÈȟ ÍÏÄÙÆÉËÕÊä ÃÈÁÒÁËÔÅÒ ÐÒÚÅÊĢç ÆÁÚÏ×ÙÃÈ ÏÒÁÚ 

ÐÁÒÁÍÅÔÒÙ ÆÉÚÙÃÚÎÅ #+ ÉÓÔÏÔÎÅ Ú ÐÕÎËÔÕ ×ÉÄÚÅÎÉÁ ÚÁÓÔÏÓÏ×Áď ÐÒÁËÔÙÃÚÎÙÃÈȢ 

W pracy zaprezento×ÁÎÏ É ÏÍĕ×ÉÏÎÏ ×ÙÎÉËÉ ÂÁÄÁď "$3 ÄÙÎÁÍÉËÉ ÐÒÏÃÅÓĕ× ÍÏÌÅËÕÌÁÒȤ

nych × ÎÅÍÁÔÙÃÚÎÙÃÈ #+ ÏÒÁÚ ÐÒÏÃÅÓĕ× ËÏÌÅËÔÙ×ÎÙÃÈ ÍÏÄ ÍÉöËËÉ É ÍÏÄ 'ÏÌÄÓÔÏÎÅȭÁ  

w ferroelektrycznych CK umieszczonych w membranach porowatych oraz domieszkowa-

nych NP aerosilu.  

 

[1]  S.A. 2ĕŀÁďÓËÉȟ $ÙÎÁÍÉÃÓ ÏÆ ÍÏÌÅÃÕÌÁÒ ÁÎÄ ÃÏÌÌÅÃÔÉÖÅ ÒÅÌÁØÁÔÉÏÎ ÐÒÏÃÅÓÓÅÓ ÉÎ ÃÏÎÆÉÎÅÄ ÌÉÑÕÉÄ 

crystals, in: Z. Galewski, L. Sobczyk (Eds.), Dielectric properties of liquid crystals, 

Transworld Research Network, Trivandrum, 2007, pp. 183-216. 

[2]  3Ȣ!Ȣ 2ĕŀÁďÓËÉȟ /ÐÔÏ-Electron. Rev. 27, 339-344 (2019).  
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0ÏÓÚÕËÉ×ÁÎÉÁ ÃÚäÓÔÅË ÄčÕÇÏ ŀÙÊäÃÙÃÈ × 7ÉÅÌËÉÍ :ÄÅÒÚÁÃÚÕ (ÁÄÒÏÎĕ× 
 

Searches for long-lived particles at the LHC 

 

Kazuki Sakurai 

 

Uniwersytet Warszawski, Warszawa 

 

 
 

In this talk, I first review theoretical aspects of long-lived particles, which are often pre-

dicted in models Beyond the Standard Model (BSM) of particle physics. I would like to 

explain with what conditions BSM particles can have detector-scale lifetime (i.e. [lifetime 

x the speed of light] > a few mm) and why long-lived particles are anticipated from the 

phenomenological point of view. In the second part of the talk, I shall discuss the LHC 

signatures of various types of long-lived particles and review the status of long-lived 

searches at the LHC. 
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7čÁĢÃÉ×ÏĢÃÉ ÓÐÒöŀÙÓÔÅ É ÒÅÏÌÏÇÉÃÚÎÅ ÆÕÌÅÒÅÎĕ× 
 

Elastic and rheological properties of fullerenes 

 

*ÁÃÅË 3ÉĕÄÍÉÁË 

 

Politechnika Bydgoska im. *ÁÎÁ É *öÄÒÚÅÊÁ ¡ÎÉÁÄÅÃËÉÃÈȟ Bydgoszcz 

 

 
 

/Ä ÍÏÍÅÎÔÕ ÏÄËÒÙÃÉÁ ÆÕÌÅÒÅÎĕ×ȟ ÊÅÄÎÅÊ Ú ÁÌÏÔÒÏÐÏ×ÙÃÈ ÆÏÒÍ ×öÇÌÁȟ × ρωψυ ÒÏËÕ ρ ȟ 

ÚÎÁÌÁÚčÙ ÏÎÅ ÚÁÓÔÏÓÏ×ÁÎÉÅ × ×ÉÅÌÕ ÄÚÉÅÄÚÉÎÁÃÈ ÎÁÕËÉ É ÐÒÚÅÍÙÓčÕȢ 7ÙËÏÒÚÙÓÔÙ×ÁÎÅ Óä 

× ÐÒÚÅÍÙĢÌÅ ÅÌÅËÔÒÏÎÉÃÚÎÙÍ ς ȟ ÐÅÔÒÏÃÈÅÍÉÃÚÎÙÍ σ  ÏÒÁÚ × ÍÅÄÙÃÙÎÉÅ τ Ȣ $ÚÉöËÉ ËÕȤ

ÌÉÓÔÅÍÕ ËÓÚÔÁčÔÏ×Éȟ ÄÕŀÅÊ ×ÁÒÔÏĢÃÉ ÍÏÄÕčÕ 9ÏÕÎÇÁ ÏÒÁÚ ÅËÓÔÒÅÍÁÌÎÙÍ ×čÁĢÃÉ×ÏĢÃÉÏÍ 

ÃÉĢÎÉÅÎÉÏ×ÙÍ υ  ÍÏÇä ÐÒÚÅÎÏÓÉç ÚÎÁÃÚÎÅ ÏÂÃÉäŀÅÎÉÁȢ $ÚÉöËÉ ÔÅÍÕ ÆÕÌÅÒÅÎÙ ÓÔÏÓÏ×ÁÎÅ 

Óä × ÐÏÓÔÁÃÉ ÓÐÒÏÓÚËÏ×ÁÎÅÊ ÊÁËÏ ÓÕÃÈÙ ĢÒÏÄÅË ÓÍÁÒÎÙȟ Á ÔÁËŀÅ ÊÁËÏ ÄÏÄÁÔËÉ ÄÏ ÏÌÅÊĕ× É 

ÓÍÁÒĕ×Ȣ 0ÏÎÉŀÅÊ ÐÒÚÅÄÓÔÁ×ÉÏÎÏ ×ÙÎÉËÉ ÐÅčÎÏÁÔÏÍÏ×ÙÃÈ ÓÙÍÕÌÁÃÊÉ ÄÙÎÁÍÉËÉ ÍÏÌÅËÕÌÁÒȤ

ÎÅÊ ÏÂÅÊÍÕÊäÃÙÃÈ ÂÁÄÁÎÉÅ ×čÁĢÃÉ×ÏĢÃÉ ÓÐÒöŀÙÓÔÙÃÈ É ÒÅÏÌÏÇÉÃÚÎÙÃÈ ÆÕÌÅÒÅÎÕ #φπ ÏÒÁÚ 

#ςτπȢ #ÅÌÅÍ ÐÒÁÃÙ ÂÙčÏ ÚÂÁÄÁÎÉÅ ×čÁĢÃÉ×ÏĢÃÉ ÔÒÉÂÏÌÏÇÉÃÚÎÙÃÈ ÆÕÌÅÒÅÎÕ É ÍÏŀÌÉ×ÏĢÃÉ ÊÅÇÏ 

zastosÏ×ÁÎÉÁ × ÕËčÁÄÁÃÈ ÎÁÔÕÒÁÌÎÅÇÏ É ÓÚÔÕÃÚÎÅÇÏ ÔÁÒÃÉÁ- smarowania [6]. W celu zba-

ÄÁÎÉÁ ×čÁĢÃÉ×ÏĢÃÉ ÓÐÒöŀÙÓÔÙÃÈȟ ÆÕÌÅÒÅÎÙ ÂÙčy ÎÁÐÒÚÅÍÉÅÎÎÉÅ ĢÃÉÓËÁÎÅ É ÒÏÚÃÉäÇÁÎÅȢ .ÁȤ

ÓÔöÐÎÉÅ ÁÎÁÌÉÚÏ×ÁÎÏ ÐÏ×ÒĕÔ ÄÏ ÐÉÅÒ×ÏÔÎÅÇÏ ËÓÚÔÁčÔÕȢ 7 ÃÅÌÕ ÚÂÁÄÁÎÉÁ ×čÁĢÃÉ×ÏĢÃÉ ÒÅÏȤ

logicznych, ÃÚäÓÔÅÃÚËÁ ÂÙčÁ ÐÒÚÅÃÉäÇÁÎÁ ÚÅ ÓÔÁčä ÓÉčä ÐÒÚÅÚ ÐÏÊÅÍÎÉË Ú ×ÏÄäȢ 

 

[1]  Kroto H. W. et al.; C60: Buckminsterfullerene. Nature 1985, 318, 162-163. 

[2]  Maeyoshi Y. et al.; Fullerene nanowires as a versatile platform for organic electronics. Sci-

entific Reports 2012, 2, 600. 

[3]  Tuktarov, A. R. et al.; Fullerene-Containing Lubricants: Achievements and Prospects. Pe-

troleum Chemistry 2020, 60, 113-133. 

[4]  Bakry R. et al.; Medicinal applications of fullerenes. International Journal of Nanomedicine 

2007, 2 (4), 639-649. 

[5]  Ghavanloo E. et al.; Computational modeling of the effective Young's modulus values of 

fullerene molecules: a combined molecular dynamics simulation and continuum shell 

model. Journal of Molecular Modeling 2018, 24 (3), 71. 

[6]  Gadomski A.; Three types of computational soft-matter problems revisited, an own-selec-

tion-based opinion. Frontiers in Physics 2014, 2, 36. 
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Warstwy dekoracyjne na bazie TiO2 ×ÙÔ×ÁÒÚÁÎÅ ÍÅÔÏÄä ÍÁÇÎÅÔÒÏÎÏ×ä × 

×ÁÒÕÎËÁÃÈ ÐÒÚÅÍÙÓčÏ×ÙÃÈ 

 
TiO2 ɀ based decorative coatings produced at industrial conditions using magnetron 

sputtering technique 

 

lÕËÁÓÚ 3ËÏ×ÒÏďÓËÉ 

 

Politechnika Bydgoska im. *ÁÎÁ É *öÄÒÚÅÊÁ ¡ÎÉÁÄÅÃËÉÃÈȟ "ÙÄÇÏÓÚÃÚ 

 

 
 

$×ÕÔÌÅÎÅË ÔÙÔÁÎÕ ÚÅ ×ÚÇÌöÄÕ ÎÁ Ó×ÏÊÅ ×čÁĢÃÉ×ÏĢÃÉ ÚÎÁÌÁÚč ÚÁÓÔÏÓÏ×ÁÎÉÅ × ×ÉÅÌÕ ÄÚÉÅȤ

dzinach nauki i techniki. Warstwa TiO2 jest elementem barwnikowych ogniw fotowolta-

ÉÃÚÎÙÃÈȟ ÆÏÔÏËÁÔÁÌÉÚÁÔÏÒĕ×ȟ ÆÉÌÔÒĕ× ÏÐÔÙÃÚÎÙÃÈ × ÔÙÍ ×ÁÒÓÔ× ÁÎÔÙÒÅÆÌÅËÓÙÊÎÙÃÈ Ȣ 5ÔÌÅȤ

niona powierzchnia tytanu jest bardzo atrakcÙÊÎÁ ×ÉÚÕÁÌÎÉÅ ÉÎÔÅÎÓÙ×ÎÅ ËÏÌÏÒÙȡ ŀĕčÔÙȟ 

ÐÏÍÁÒÁďÃÚÏ×Ùȟ ÃÚÅÒ×ÏÎÙȟ ÆÉÏÌÅÔÏ×Ùȟ ÎÉÅÂÉÅÓËÉ ȟ ÄÌÁÔÅÇÏ ÔÅŀ ÚÎÁÌÁÚč ÏÎ ÚÁÓÔÏÓÏ×ÁÎÉÅ × 

ÐÏ×čÏËÁÃÈ ÄÅËÏÒÁÃÙÊÎÙÃÈ 2ÙÓȢρȢ Ȣ 

 

 
7ÁÒÓÔ×Ù 4É/ς ÎÁÎÉÅÓÉÏÎÅ ÍÅÔÏÄä ÍÁÇÎÅÔÒÏÎÏ×ä ÎÁ ×ÙÂÒÁÎÅ ÐÏÄčÏŀÁ  

(Al, Al/Ti, stal 316L, ÓÔÁÌ σρφ,Ⱦ4Éȟ ÓÚËčÏȾ4É Ȣ 
 

.ÁÌÅŀÙ ÚÁÕ×ÁŀÙçȟ ŀÅ Ä×ÕÔÌÅÎÅË ÔÙÔÁÎÕ × ÚÁËÒÅÓÉÅ ×ÉÄÚÉÁÌÎÙÍ ÊÅÓÔ ÍÁÔÅÒÉÁčÅÍ ÎÉÅÁÂÓÏÒȤ

ÂÕÊäÃÙÍ ÐÒÏÍÉÅÎÉÏ×ÁÎÉÁ ÅÌÅËÔÒÏÍÁÇÎÅÔÙÃÚÎÅÇÏȢ *ÅÇÏ ÐÒÚÅÒ×Á ÅÎÅÒÇÅÔÙÃÚÎÁ ×ÙÎÏÓÉ 
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3.05-σȢσ Å6 ÚÁÌÅŀÙ ÓÉÌÎÉÅ ÏÄ ÆÁÚÙ ËÒÙÓÔÁÌÉÃÚÎÅÊ Ȣ %ÆÅËÔ ÂÁÒ×ÎÙ ×ÉÄÏÃzny na Rys.1. jest wy-

ÎÉËÉÅÍ ÉÎÔÅÒÆÅÒÅÎÃÊÉ Ģ×ÉÁÔčÁ × ÃÉÅÎËÉÅÊ ×ÁÒÓÔ×ÉÅ ÄÉÅÌÅËÔÒÙÃÚÎÅÊȢ :Å ×ÚÇÌöÄÕ ÎÁ ÓÔÏÓÕÎȤ

ËÏ×Ï ×ÙÓÏËä ×ÁÒÔÏĢç ×ÓÐĕčÃÚÙÎÎÉËÁ ÚÁčÁÍÁÎÉÁ Ģ×ÉÁÔčÁ × ÚÁËÒÅÓÉÅ ×ÉÄÚÉÁÌÎÙÍ ςȢπ-2.9; 

×ÁÒÔÏĢç ÚÁÌÅŀÙ ÏÄ ÆÁÚÙ ËÒÙÓÔÁÌÉÃÚÎÅÊ ɀ ×ÁÒÕÎËĕ× ÓÙÎÔÅÚÙ ÏÒÁÚ ÄčÕÇÏĢÃÉ ÆÁÌÉ  ÅÆÅËÔ ÔÅÎ ÊÅÓÔ 

ÏÂÓÅÒ×Ï×ÁÎÙ ÄÌÁ ÓÔÏÓÕÎËÏ×Ï ÃÉÅÎËÉÃÈ ÐÏ×čÏËȢ  

7 ÔÒÁËÃÉÅ ÒÅÆÅÒÁÔÕ ÚÏÓÔÁÎä ÐÒÚÅÄÓÔÁ×ÉÏÎÅ ×ÙÎÉËÉ ÂÁÄÁď ÄÏÔÙÃÚäÃÅ ÄÅËÏÒÁÃÙÊÎÙÃÈ ÕËčÁȤ

Äĕ× ÐÏ×čÏËÏ×ÙÃÈ ÎÁ ÂÁÚÉÅ Ä×ÕÔÌÅÎËÕ ÔÙÔÁÎÕ ×ÙÔ×ÁÒÚÁÎÙÃÈ ÍÅÔÏÄä ÍÁÇÎÅÔÒÏÎÏ×ä × 

×ÁÒÕÎËÁÃÈ ÐÒÚÅÍÙÓčÏ×ÙÃÈ ÎÁ wielkogabarytowych powierzchniach (do 2x3 m2). 
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0ÒÁ×Ï ÁÒÃÕÓÁ ÓÉÎÕÓÁ É ÍÕÌÔÉÓÔÁÂÉÌÎÏĢç ÄÙÎÁÍÉËÉ "ÒÏ×ÎÏ×ÓËÉÅÊ × ÐÏÔÅÎȤ

cjale periodycznym 

 
The arcsine law and multistability of Brownian dynamics in a periodic potential 

 

Jakub Spiechowicz 

 

5ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉ, Katowice 

 

 
 

-ÕÌÔÉÓÔÁÂÉÌÎÏĢç ÔÏ ÊÅÄÎÏ Ú ÎÁÊ×ÁŀÎÉÅÊÓÚÙÃÈ ÚÊÁ×ÉÓË ×ÙÓÔöÐÕÊäÃÙÃÈ × ÕËčÁÄÁÃÈ ÄÙÎÁÍÉÃÚȤ

ÎÙÃÈȢ 0ÒÚÙËčÁÄÏ×Ï ÂÉÓÔÁÂÉÌÎÏĢç ÕÍÏŀÌÉ×ÉÁ ÉÍÐÌÅÍÅÎÔÁÃÊö ÂÒÁÍÅË ÌÏÇÉÃÚÎÙÃÈȟ Á ÔÙÍ ÓÁȤ

ÍÙÍ ×ÙËÏÎÙ×ÁÎÉÅ ÏÂÌÉÃÚÅďȢ 7 ×ÙËčÁÄÚÉÅ ÏÍĕ×Éö ÐÒÏÂÌÅÍ ÍÕÌÔÉÓÔÁÂÉÌÎÏĢÃÉ ÄÙÎÁÍÉËÉ 

ÐÒöÄËÏĢÃÉ × ÕËčÁÄÚÉÅ ÓËčÁÄÁÊäÃÙÍ ÓÉö Ú ÃÚäÓÔËÉ "ÒÏ×ÎÁ ÐÏÒÕÓÚÁÊäÃÅÊ ÓÉö × ÐÏÔÅÎÃÊÁÌÅ ÐÅȤ

ÒÉÏÄÙÃÚÎÙÍȢ 7ÙËÁŀöȟ ŀÅ ľÒĕÄčÅÍ ÔÅÇÏ ÅÆÅktu jest tzw. prawo arcusa sinusa - klasyczny 

ÒÅÚÕÌÔÁÔ ÔÅÏÒÉÉ ÓÔÁÔÙÓÔÙË ×ÁÒÔÏĢÃÉ ÅËÓÔÒÅÍÁÌÎÙÃÈ - ÏÐÉÓÕÊäÃÅ ÐÒöÄËÏĢç ÃÚäÓÔËÉ × ÇÒÁÎÉÃÙ 

ÚÅÒÏ×ÅÊ ÔÅÍÐÅÒÁÔÕÒÙȢ #Ï ×ÉöÃÅÊȟ ÐÒÚÅÄÓÔÁ×Éö ÄÉÁÇÒÁÍ ÆÁÚÏ×Ù ÄÌÁ ÓÔÁÂÉÌÎÏĢÃÉ ÄÙÎÁÍÉËÉ 

ÐÒöÄËÏĢÃÉȟ ËÔĕÒÙ ÓÔÁÎÏ×É ÕÏÇĕÌÎÉÅÎÉÅ ÓčÁ×ÎÅÇÏ ÒÅÚÕÌÔÁÔÕ ÏÔÒÚÙÍÁÎÅÇÏ ÐÒÚÅÚ (Ȣ 2ÉÓËÅÎÁ 

ÏÒÁÚ ÐÒÚÅÄÙÓËÕÔÕÊö ×ÐčÙ× ÊÁËÉ ÍÁÊä ÎÁ ÎÉÅÇÏ ÆÌÕËÔÕÁÃÊÅ ÔÅÒÍÉÃÚÎÅȢ 0ÒÚÅÄÓÔÁ×ÉÏÎÅ ×ÙÎÉËÉ 

ÄÏÔÙÃÚäÃÅ ÐÁÒÁÄÙÇÍÁÔÙÃÚÎÅÇÏ ÍÏÄÅÌÕ ÎÉÅÒĕ×ÎÏ×ÁÇÏ×ÅÊ ÆÉÚÙËÉ ÓÔÁÔÙÓÔÙÃÚÎÅÊ ÍÏÇä ÚÏȤ

ÓÔÁç ÚÁÓÔÏÓÏ×ÁÎÅ ÄÏ ÏÐÉÓÕ ÍȢÉÎȢ ÍÏÔÏÒĕ× "ÒÏ×ÎÏ×ÓËÉÃÈȟ ÚčäÃÚÙ *ÏÓÅÐÈÓÏÎÁȟ ÚÉÍÎÙÃÈ 

ÁÔÏÍĕ× × ÓÉÅÃÉÁÃÈ ÏÐÔÙÃÚÎÙÃÈ ÏÒÁÚ ËÏÌÏÉÄĕ×Ȣ 
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0ÅÒÃÅÐÃÊÁ ÓËÒÁÊÎÉÅ ËÒĕÔËÉÃÈ ÓÙÇÎÁčĕ× Äľ×ÉöËÏ×ÙÃÈȡ ×ÙÓÏËÏĢç É ÂÁÒ×Á 

Äľ×ÉöËÕ ÏÒÁÚ ÚÁÓÁÄÁ ÎÉÅÏËÒÅĢÌÏÎÏĢÃÉ 
 

Karolina Stelmach1ȟ *ÁÒÏÓčÁ× Rubacha2, 

4ÁÄÅÕÓÚ +ÁÍÉÓÉďÓËÉ2, 0ÉÏÔÒ :ÉÅÌÉďÓËÉ1 

 
1)ÎÓÔÙÔÕÔ &ÉÚÙËÉ *äÄÒÏ×ÅÊ ÉÍȢ (ÅÎÒÙËÁ .ÉÅ×ÏÄÎÉÃÚÁďÓËÉÅÇÏ 0!.ȟ +ÒÁËĕ×ȟ 

 2!ËÁÄÅÍÉÁ 'ĕÒÎÉÃÚÏ-(ÕÔÎÉÃÚÁ ÉÍȢ 3ÔÁÎÉÓčÁ×Á 3ÔÁÓÚÉÃÁȟ +ÒÁËĕ× 

 

 

 
 

.ÉÅÔÒÕÄÎÏ ÚÁÕ×ÁŀÙçȟ ŀÅ ÂÁÒÄÚÏ ËÒĕÔËÉÅ ÔÒÚÁÓËÉ ÂÒÚÍÉä ÔÙÍ ×ÙŀÅÊ ÉÍ Óä ËÒĕÔÓÚÅȢ 0ÒÚÙËčÁÄÙ 

ÚÏÓÔÁÎä ÐÏÄÁÎÅ Ú ÇčÏĢÎÉËĕ×Ȣ /ÚÎÁÃÚÁ ÔÏȟ ŀÅ ÍÉÍÏȟ Éŀ ×Ç ÚÁÓÁÄÙ ÎÉÅÏËÒÅĢÌÏÎÏĢÃÉ ÎÉÅ ÄÁ ÓÉö 

ÉÍ ÐÒÚÙÐÉÓÁç ÃÚöÓÔÏÔÌÉ×ÏĢÃÉȟ ÔÏ ÊÅÄÎÁË ÉÓÔÎÉÅÊÅ × ÔÙÍ ÐÒÚÙÐÁÄËÕ ÊÁËÁĢ ÅÆÅËtywna wyso-

ËÏĢç Äľ×ÉöËÕȢ 0ÏÔ×ÉÅÒÄÚÉčÙ ÔÏ ÂÁÄÁÎÉÁ ÂÅÈÁ×ÉÏÒÁÌÎÅ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅ ÎÁ ÐÒĕÂÉÅ χυ ÏÓĕÂ 

ÐÏÄÚÉÅÌÏÎÙÃÈ ÎÁ ËÏÈÏÒÔÙȡ Ú ×ÙËÓÚÔÁčÃÅÎÉÅÍ ÍÕÚÙÃÚÎÙÍ σφ É ÂÅÚ ×ÙËÓÚÔÁčÃÅÎÉÁ ÍÕȤ

ÚÙÃÚÎÅÇÏ σω  ρ Ȣ !ÂÙ ×ÙÊÁĢÎÉç ÊÁËÉÅ ×ÉÅÌËÏĢÃÉ ÆÉÚÙÃÚÎÅ ËÒĕÔËÉÃÈ ÉÍÐÕÌÓĕ× Äľ×ÉöËÏȤ

wyÃÈ ×ÐčÙ×ÁÊä ÎÁ ÔÅ ×ÒÁŀÅÎÉÁ ÚÁÒÅÊÅÓÔÒÏ×ÁÎÏ ×ÉÄÍÁ ÂÁÄÁÎÙÃÈ ÉÍÐÕÌÓĕ× ÚÁ ÐÏÍÏÃä 

ͼÓÚÔÕÃÚÎÅÊ ÇčÏ×Ùͼ × ,ÁÂÏÒÁÔÏÒÉÕÍ !ËÕÓÔÙËÉ 4ÅÃÈÎÉÃÚÎÅÊ !'(Ȣ 3Ô×ÉÅÒÄÚÏÎÏȟ ŀÅ ÅÆÅËȤ

ÔÙ×ÎÁ ×ÙÓÏËÏĢç Äľ×ÉöËÕ ÏÄÐÏ×ÉÁÄÁ ×ÁÒÔÏĢÃÉ ÏÃÚÅËÉ×ÁÎÅÊ ÃÚöÓÔÏÔÌÉ×ÏĢÃÉ × ×ÉÄÍÉÅȟ Á 

ÂÁÒ×Á Äľ×ÉöËÕ ÃÁčÃÅ z widma mocy impulsu znormalizowanego do amplitudy. Znale-

ÚÉÏÎÏ ×ÙÒÁŀÅÎÉÁ ÍÁÔÅÍÁÔÙÃÚÎÅ ÎÁ ÎÁÊÍÎÉÅÊÓÚä ÚÁÕ×ÁŀÁÌÎä ÒĕŀÎÉÃö ÊÕÓÔ ÐÅÒÃÅÐÔÉÂÌÅ ÄÉÆȤ

ÆÉÆÒÅÎÃÅȟ ÄÉÆÆÒÅÎÃÅ ÌÉÍÅÎ  ÏÂÙÄ×Õ ÃÈÁÒÁËÔÅÒÙÓÔÙË ÏÒÁÚ ×ÙËÒÙÔÏ ÚÁÄÚÉ×ÉÁÊäÃÏ ÄÏÂÒä ÚÇÏÄȤ

ÎÏĢç ÚÁÌÅŀÎÏĢÃÉ ÔÅÊ ÒĕŀÎÉÃÙ ÏÄ ÃÚÁÓÕ ÔÒ×ÁÎÉÁ ÉÍÐÕÌÓĕ× Ú ÐÒÁ×ÅÍ 7ÅÂÅÒÁ-Fechnera [2] 

ÚÁÒĕ×ÎÏ × ÂÁÄÁÎÉÁÃÈ ÂÅÈÁ×ÉÏÒÁÌÎÙÃÈ ÊÁË É ÎÁ ͼÓÚÔÕÃÚÎÅÊ ÇčÏ×ÉÅͼȢ 

 

[1]  -ÁÒÔÉÎÓÏÎȟ +Ȣȟ -ÁÊËÁȟ -Ȣȟ 2ÕÂÁÃÈÁȟ *Ȣ +ÁÍÉÓÉďÓËÉȟ 4Ȣ :ÉÅÌÉďÓËÉȟ 0Ȣ 4ÈÅ $ÙÎÁÍÉÃ 2ÅÓÐÏÎÓÅ ÏÆ 

the Basal Membrane to Short Acoustic Pulses, Proceedings of 2018 Joint Conference - 

Acoustics, Acoustics.  

[2]  zob. np. Divenyi, P. L. & Danner, W. F., Discrimination of time intervals marked by brief 

acoustic pulses of various intensities and spectra, Perception & Psychophysics 21 (2), 125-

142 (1977). 
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AÕËÓÅÔÙÃÚÎÅȟ ÃÚöĢÃÉÏ×Ï ÁÕËÓÅÔÙÃÚÎÅ É ÎÉÅÁÕËÓÅÔÙÃÚÎÅ ×čÁÓÎÏĢÃÉ ÓÔÒÕËÔÕÒ 

ËÒÙÓÔÁÌÉÃÚÎÙÃÈ ÕÔ×ÏÒÚÏÎÙÃÈ Ú Ô×ÁÒÄÙÃÈ ÔÅÔÒÁÍÅÒĕ× ÃÙËÌÉÃÚÎÙÃÈ × Ä×ĕÃÈ 

wymiarach 

 
Auxetic, partially auxetic, and non-auxetic properties of crystalline structures formed by 

hard cyclic tetramers in two dimensions 

 

Konstantin V. Tretiakov, Krzysztof W. Wojciechowski 

 

Instytut Fizyki Molekularnej PAN, 0ÏÚÎÁď 

 

 
 

:Á ÐÏÍÏÃä ÓÙÍÕÌÁÃÊÉ -ÏÎÔÅ #ÁÒÌÏ ×ÙÚÎÁÃÚÏÎÏ ×ÓÐĕčÃÚÙÎÎÉË 0ÏÉÓÓÏÎÁ Ä×Õ×ÙÍÉÁÒÏȤ

×ÙÃÈ ËÒÙÓÚÔÁčĕ× Ô×ÁÒÄÙÃÈ ÔÅÔÒÁÍÅÒĕ× ÃÙËÌÉÃÚÎÙÃÈȢ ρ  4ÅÔÒÁÍÅÒÙ Óä ÔÏ ÂÁÒÄÚÏ ÐÒÏÓÔÅ 

ÃÚäÓÔÅÃÚËÉ ÍÏÄÅÌÏ×Åȟ ËÔĕÒÅ ÓËčÁÄÁÊä ÓÉö Ú ÃÚÔÅÒÅÃÈ ÉÄÅÎÔÙÃÚÎÙÃÈ Ô×ÁÒÄÙÃÈ ÄÙÓËĕ× Ï 

ĢÒÅÄÎÉÃÙ ʎ z cenÔÒÁÍÉ Ô×ÏÒÚäÃÙÍÉ Ë×ÁÄÒÁÔ Ï ÂÏËÕ d. W wyniku przeprowadzonych ba-

ÄÁď ÓÔ×ÉÅÒÄÚÏÎÏȟ ŀÅ ÐÒÚÙ ÔÙÃÈ ÓÁÍÙÃÈ ÐÁÒÁÍÅÔÒÁÃÈ ÔÅÒÍÏÄÙÎÁÍÉÃÚÎÙÃÈȟ ÁÌÅ × ÚÁÌÅŀÎÏȤ

ĢÃÉ ÏÄ ÐÁÒÁÍÅÔÒÕ ÁÎÉÚÏÔÒÏÐÉÉ ɻ = d / ʎȟ ÔÅÔÒÁÍÅÒÙ ÓÐÏÎÔÁÎÉÃÚÎÉÅ Ô×ÏÒÚä ÆÁÚÙ ËÒÙÓÔÁÌÉÃÚÎÅȟ 

ËÔĕÒÅ ÒÅÐÒÅÚÅÎÔÕÊä ×ÓÚÙÓÔËÉÅ ÐÉöç ÓÉÅÃÉ "ÒÁÖÁÉÓ ÍÏŀÌÉ×ÙÃÈ × ÐÒÚÅÓÔÒÚÅÎÉ Ä×Õ×ÙÍÉÁÒÏȤ

×ÅÊȢ :ÁÏÂÓÅÒ×Ï×ÁÎÏ ÎÁÓÔöÐÕÊäÃÅ ÓÉÅÃÉ "ÁÖÁÉÓȡ ρ  ÕËÏĢÎäȟ ς  ÐÒÏÓÔÏËäÔÎäȟ σ  ÐÒÏÓÔÏËäÔÎä 

ÃÅÎÔÒÏ×ÁÎäȟ τ  ÓÚÅĢÃÉÏËäÔÎä É υ  Ë×ÁÄÒÁÔÏ×äȢ 7 ÒÁÍÁÃÈ ÔÅÇÏ ÐÒÏÓÔÅÇÏ ÍÏÄÅÌÕ ÐÏËÁȤ

ÚÁÎÏȟ ŀÅ × ÚÁÌÅŀÎÏĢÃÉ ÏÄ ÐÁÒÁÍÅÔÒÕ ÁÎÉÚÏÔÒÏÐÉÉȟ ÕËčÁÄÙ ÔÅÔÒÁÍÅÒĕ× ÍÏÇä ×ÙËÁÚÙ×Áç ÚÁȤ

ÃÈÏ×ÁÎÉÅ ÁÕËÓÅÔÙÃÚÎÅȟ ÃÚöĢÃÉÏ×Ï ÁÕËÓÅÔÙÃÚÎÅ É ÎÉÅÁÕËÓÅÔÙÃÚÎÅ ÐÒÚÙ ÔÙÃÈ ÓÁÍÙÃÈ ÐÁÒÁȤ

ÍÅÔÒÁÃÈ ÔÅÒÍÏÄÙÎÁÍÉÃÚÎÙÃÈȢ 7ÁÒÔÏ Ú×ÒĕÃÉç Õ×ÁÇöȟ ŀÅ ÔÅÔÒÁÍÅÒÙ Ï ɻ  ρȟχ Ô×ÏÒÚä ÆÁÚö 

ÁÕËÓÅÔÙÃÚÎäȟ ËÔĕÒÁ × ÒÏÚ×ÁŀÁÎÙÃÈ ×ÁÒÕÎkach ÔÅÒÍÏÄÙÎÁÍÉÃÚÎÙÃÈ ÏÓÉäÇÁ ×ÓÐĕčÃÚÙÎȤ

niki Poissona w przedziale od -0,589(3) do -0,162(4). 

 

0ÒÁÃÁ ÂÙčÁ ÆÉÎÁÎÓÏ×ÁÎÁ Ú ÇÒÁÎÔÕ ςπρχȾςχȾ"Ⱦ34σȾπςωυυ .ÁÒÏÄÏ×ÅÇÏ #ÅÎÔÒÕÍ .ÁÕËÉȢ 

/ÂÌÉÃÚÅÎÉÁ ÚÏÓÔÁčÙ ÃÚöĢÃÉÏ×Ï ×ÙËÏÎÁÎÅ × 0ÏÚÎÁďÓËÉÍ #ÅÎÔÒÕÍ 3ÕÐÅÒËÏÍÐÕÔÅÒÏ×Ï-

Sieciowym (PCSS). 

 

[1]  K. V. Tretiakov, K. W. Wojciechowski, Physica Status Solidi ɀ Rapid Research Letters 14, 

2000198 (2020) 
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Poszukiwanie lekkiej ciemnej materii w kierunku forward w Wielkim Zde-

ÒÚÁÃÚÕ (ÁÄÒÏÎĕ× 
 

Light dark matter searches in the far-forward region of the Large Hadron Collider 

 

Sebastian Trojanowski1,2 

 
1!ÓÔÒÏ#Å.4ȟ #ÅÎÔÒÕÍ !ÓÔÒÏÎÏÍÉÃÚÎÅ ÉÍȢ -ÉËÏčÁÊÁ +ÏÐÅÒÎÉËÁ 0!.ȟ 7ÁÒÓÚÁ×Á 

2.ÁÒÏÄÏ×Å #ÅÎÔÒÕÍ "ÁÄÁď *äÄÒÏ×ÙÃÈȟ 7ÁÒÓÚÁ×Á 

 

 
 

0ÏÓÚÕËÉ×ÁÎÉÅ ÓÙÇÎÁčĕ× ÐÏÃÈÏÄÚäÃÙÃÈ ÏÄ ÃÉÅÍÎÅÊ ÍÁÔÅÒÉÉ #-  ÊÅÓÔ ÊÅÄÎÙÍ Ú ×ÉÏÄäÃÙÃÈ 

ËÉÅÒÕÎËĕ× ÂÁÄÁ×ÃÚÙÃÈ × ÆÉÚÙÃÅ ÃÚäÓÔÅË ÅÌÅÍÅÎÔÁÒÎÙÃÈȢ 7ĢÒĕÄ ÒĕŀÎÙÃÈ ÍÅÔÏÄ ÅËÓÐÅÒÙȤ

ÍÅÎÔÁÌÎÙÃÈ ÓÔÏÓÏ×ÁÎÙÃÈ × ÔÙÍ ÃÅÌÕ ÍÏŀÎÁ ×ÙÍÉÅÎÉç ÍÉöÄÚÙ ÉÎÎÙÍÉ ÐÏÓÚÕËÉ×ÁÎÉÁ ĢÌÁȤ

Äĕ× ÂÁÒÄÚÏ ÒÚÁÄËÉÃÈ ÏÄÄÚÉÁčÙ×Áď ÃÚäÓÔÅË #- × ÐÏÄÚÉÅÍÎÙÃÈ ÄÅÔÅËÔÏÒÁÃÈ ÁÎÇȢ ÄÉÒÅÃÔ 

ÄÅÔÅÃÔÉÏÎ  ÏÒÁÚ ÂÁÄÁÎÉÁ #- ÍÁÎÉÆÅÓÔÕÊäÃÅÊ Ó×ÏÊÅ ÉÓÔÎÉÅÎÉÅ × ÐÏÓÔÁÃÉ ÉÓÔÏÔÎÙÃÈ ÚÁÂÕÒÚÅď 

× ÂÉÌÁÎÓÉÅ ÅÎÅÒÇÅÔÙÃÚÎÙÍ ÚÄÅÒÚÅď ÁÎÁÌÉÚÏ×ÁÎÙÃÈ × ,(# ÁÎÇȢ ÍÉÓÓÉÎÇ ÅÎÅÒÇÙ Ȣ *ÅÄÎÁË 

obie te metody posÚÕËÉ×Áď ÍÁÊä ÉÓÔÏÔÎÅ ÏÇÒÁÎÉÃÚÅÎÉÁ × ÐÒÚÙÐÁÄËÕ ÌÅËËÉÃÈ ÃÚäÓÔÅË #- Ï 

ÍÁÓÉÅ ÐÏÎÉŀÅÊ ÏËȢ ρ 'Å6ȟ ÓÚÃÚÅÇĕÌÎÉÅ × ÍÏÄÅÌÁÃÈȟ ËÔĕÒÅ ÐÒÚÅ×ÉÄÕÊä ÔčÕÍÉÅÎÉÅ ÒÏÚÐÒÁÓÚÁď 

× ÒÅŀÉÍÉÅ ÎÉÅÒÅÌÁÔÙ×ÉÓÔÙÃÚÎÙÍȢ #Ï ÉÓÔÏÔÎÅȟ × ÔÁËÉÃÈ ÓÃÅÎÁÒÉÕÓÚÁÃÈ ÔÅÏÒÅÔÙÃÚÎÙÃÈ ÅÆÅËȤ

tywna termiczna prÏÄÕËÃÊÁ ÃÚäÓÔÅË #- ×Å ×ÃÚÅÓÎÙÍ 7ÓÚÅÃÈĢ×ÉÅÃÉÅ ÊÅÓÔ ÍÏŀÌÉ×Á ÏÒÁÚ 

ÓÐÏÄÚÉÅ×ÁÎÁ ÐÏÄ ×ÁÒÕÎËÉÅÍ ÉÓÔÎÉÅÎÉÁ Òĕ×ÎÉÅ ÌÅËËÉÃÈ ÃÚäÓÔÅË ÐÏĢÒÅÄÎÉÃÚäÃÙÃÈ × ÏÄȤ

ÄÚÉÁčÙ×ÁÎÉÁÃÈ #- Ú -ÏÄÅÌÅÍ 3ÔÁÎÄÁÒÄÏ×ÙÍȢ 

0ÏÄÃÚÁÓ ×ÙÓÔäÐÉÅÎÉÁ ÐÒÚÅÄÓÔÁ×ÉÏÎÅ ÚÏÓÔÁÎä ÎÏ×Å ËÏÎÃÅÐÃÊÅ ÄÏÔȢ ÄÅÔÅËÃÊÉ ÔÁËÉÃÈ ÃÚäÓÔÅË 

× ,(# ÐÒÚÙ ÕŀÙÃÉÕ ÂÁÒÄÚÏ ÓËÕÐÉÏÎÅÊ ÉÃÈ ×ÉäÚËÉ ÐÒÏÄÕËÏ×ÁÎÅÊ × ËÉÅÒÕÎËÕ ÐÏÄčÕŀÎÙÍ 

×ÚÇÌöÄÅÍ ÏÓÉ ÚÄÅÒÚÅÎÉÁ ÐÒÏÔÏÎĕ× ÁÎÇȢ ÆÏÒ×ÁÒÄ Ȣ 0ÉÅÒ×ÓÚÅ ÔÁËÉÅ ÐÏÓÚÕËÉ×ÁÎÉÁ ÃÚäÓÔÅË 

ÐÏĢÒÅÄÎÉÃÚäÃÙÃÈ ÂöÄä ÍÉÁčÙ ÍÉÅÊÓÃÅ × ÅËÓÐÅÒÙÍÅÎÃÉÅ &!3%2ȟ ËÔĕÒÙ ÒÏÚÐÏÃÚÎÉÅ ÚÂÉÅra-

ÎÉÅ ÄÁÎÙÃÈ ÐÏÄÃÚÁÓ ÎÁÄÃÈÏÄÚäÃÅÇÏ 2ÕÎ σȢ 7 ÄÁÌÓÚÅÊ ÐÒÚÙÓÚčÏĢÃÉ (,-LHC) w propono-

×ÁÎÙÃÈ ÅËÓÐÅÒÙÍÅÎÔÁÃÈ ÂöÄÚÉÅ Òĕ×ÎÉÅŀ ÍÏŀÌÉ×Å ÂÅÚÐÏĢÒÅÄÎÉÅ ÐÏÓÚÕËÉ×ÁÎÉÅ ÓÁÍÙÃÈ 

ÌÅËËÉÃÈ ÃÚäÓÔÅË #- ÒÏÚÐÒÁÓÚÁÊäÃÙÃÈ ÓÉö ÎÁ ÅÌÅËÔÒÏÎÁÃÈ É ÊäÄÒÁÃÈ × ÄÅÔÅËÔÏÒÚÅ ÐÒÚÙ ×ÙÓÏȤ

kich energÉÁÃÈ ρππ 'Å6 Ȣ *ÅÓÔ ÔÏ ×ÙÓÏÃÅ ËÏÍÐÌÅÍÅÎÔÁÒÎÁ ÍÅÔÏÄÁ ÂÁÄÁď ×ÚÇÌöÄÅÍ 

ÔÒÁÄÙÃÙÊÎÙÃÈ ÐÏÓÚÕËÉ×Áď #-ȟ ÊÁË Òĕ×ÎÉÅŀ ×ÐÉÓÕÊÅ ÓÉö ÏÎÁ × ÄÕŀÏ ÓÚÅÒÓÚÙ ÎÏ×Ù ÐÒÏÇÒÁÍ 

ÂÁÄÁ×ÃÚÙ × ,(# ÏÂÅÊÍÕÊäÃÙ ÔÅŀ ÆÉÚÙËö ÎÅÕÔÒÉÎ ÏÒÁÚ ÂÁÄÁÎÉÁ ÉÓÔÏÔÎÅ Ú ÐÕÎËÔÕ ×ÉÄÚÅÎÉÁ 

chromodynamiki kwantowej i fizyki promieni kosmicznych. 
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$ÙÎÁÍÉËÁ É ÔÅÒÍÏÄÙÎÁÍÉËÁ ÐÅÐÔÙÄĕ× × ×ÏÄÎÙÍ ÒÏÚÔ×ÏÒÚÅ 

 
Dynamics and thermodynamics of peptides in water solution. 

 

Piotr Weber 

 

0ÏÌÉÔÅÃÈÎÉËÁ 'ÄÁďÓËÁȟ 'ÄÁďÓË 

 

 
 

-ÁčÅ ÐÅÐÔÙÄÙ ÔÏ ×ÓÃÈÏÄÚäÃÁ ËÌÁÓÁ ĢÒÏÄËĕ× ÔÅÒÁÐÅÕÔÙÃÚÎÙÃÈȢ #ÚöĢç Ú ÎÉÃÈ ×ÙËÁÚÕÊÅ ×ÙȤ

ÓÏËä ÓÐÅÃÙÆÉÃÚÎÏĢç × ÉÎÔÅÒÁËÃÊÉ ÂÉÁčËÏ - ÂÉÁčËÏȢ /ÄÐÏ×ÉÅÄÎÉÅ ÉÃÈ ÕŀÙÃÉÅ ÓÔ×ÁÒÚÁ ÍÏŀÌÉȤ

×ÏĢç ÓÔÅÒÏ×ÁÎÉÁ ÐÒÏÃÅÓÁÍÉ ÂÉÏÍÏÌÅËÕÌÁÒÎÙÍÉȢ )ÎÎÁ ÐÏÔÅÎÃÊÁÌÎÉÅ ÕŀÙÔÅÃÚÎÁ ÍÅÄÙÃÚÎÉÅ 

grupa mÁčÙÃÈ ÐÅÐÔÙÄĕ×ȟ ÔÏ ÔÁË Ú×ÁÎÅ ÐÅÐÔÙÄÙ ÐÒÚÅÃÉ×ÄÒÏÂÎÏÕÓÔÒÏÊÏ×ÅȢ -ÁÊä ÏÎÅ ÓÚÅȤ

ÒÏËÉÅ ÓÐÅËÔÒÕÍ ÄÚÉÁčÁÎÉÁȟ ÚÁÂÉÊÁÊä ÂÁËÔÅÒÉÅ ÇÒÁÍ-ujemne i gram-ÄÏÄÁÔÎÉÅȟ ÎÉÅËÔĕÒÅ ×ÉȤ

ÒÕÓÙ É ÇÒÚÙÂÙȟ Á ÎÁ×ÅÔ ËÏÍĕÒËÉ ÎÏ×ÏÔ×ÏÒÏ×ÅȢ -ÅÃÈÁÎÉÚÍ ÉÃÈ ÐÒÚÅÃÉ×ÄÒÏÂÎÏÕÓÔÒÏÊÏȤ

×ÅÇÏ ÄÚÉÁčÁÎÉÁ ÐÏÌÅÇÁ ÐÒÚÅÄÅ ×ÓÚÙÓÔËÉÍ ÎÁ ÄÅÓÔÁÂÉÌÉÚÁÃÊÉ ÂčÏÎÙ ÂÉÏÌÏÇÉÃÚÎÅȟ ÍÉÎȢ Ô×ÏÒÚä 

× ÎÉÅÊ ËÁÎÁčÙȢ .ÉÅËÔĕÒÅ Ú ÎÉÃÈ ÍÁÊä ÚÄÏÌÎÏĢç ×ÚÍÁÃÎÉÁÎÉÁ ÏÄÐÏÒÎÏĢÃÉ ÐÏÐÒÚÅÚ ÄÚÉÁčÁÎÉÅ 

jako immunomodulatory.  

.Á ÓËÕÔÅË ×ÚÒÏÓÔÕ ÍÏÃÙ ÏÂÌÉÃÚÅÎÉÏ×ÅÊ ÓÕÐÅÒËÏÍÐÕÔÅÒĕ× ÏÒÁÚ ÍÅÔÏÄ ÎÕÍÅÒÙÃÚÎÙÃÈȟ 

wčÁÓÎÏĢÃÉ ÍÁčÙÃÈ ÐÅÐÔÙÄĕ× ÍÏÇä ÂÙç ÄÚÉÓÉÁÊ ÏÐÉÓÁÎÅ Ú ÄÏĢç ÄÏÂÒä ÄÏËčÁÄÎÏĢÃÉä - za-

Òĕ×ÎÏ ÎÁ ÇÒÕÎÃÉÅ ÍÅÃÈÁÎÉËÉ ËÌÁÓÙÃÚÎÅÊ jak i mechaniki kwantowej. Niemniej wraz ze 

×ÚÒÏÓÔÅÍ ÒÏÚÍÉÁÒĕ× ÐÅÐÔÙÄĕ× ÐÒÚÅ×ÉÄÙ×ÁÎÉÁ ÔÅ ÓÔÁÊä ÓÉö ÃÏÒÁÚ ÍÎÉÅÊ ÄÏËčÁÄÎÅ Á ÃÚÁÓ 

ÏÂÌÉÃÚÅď ÐÏÔÒÚÅÂÎÙ ÎÁ ÉÃÈ ÕÚÙÓËÁÎÉÅ ÃÏÒÁÚ ÄčÕŀÓÚÙȢ 7ÒÁÚ Ú ×ÉÅÌËÏĢÃÉä ÐÅÐÔÙÄĕ× ÃÏÒÁÚ 

×ÙÒÁľÎÉÅÊ Õ×ÉÄÁÃÚÎÉÁ ÓÉö ÈÉÅÒÁÒÃÈÉÃÚÎÙ ÃÈÁÒÁËÔÅÒ ÄÙÎÁÍÉËÉ ÐÅÐÔÙÄĕ× É ÂÉÁčÅËȢ 4Ï ×ÙȤ

ÍÁÇÁ ÏÄÐÏ×ÉÅÄÎÉÃÈ ÎÁÒÚöÄÚÉ ÔÅÏÒÅÔÙÃÚÎÙÃÈ ÓčÕŀäÃÙÃÈ ÄÏ ÉÃÈ ÏÐÉÓÕ × ÒĕŀÎÙÃÈ ÚÁËÒÅÓÁÃÈ 

ÓËÁÌ ÃÚÁÓÕ É ÄčÕÇÏĢÃÉȢ 

0ÏÎÉÅ×Áŀ ÄÙÎÁÍÉËÁ ÐÅÐÔÙÄĕ× ÏÒÁÚ ÂÉÁčÅË ÊÅÓÔ ÐÏ×ÉäÚÁÎÁ Ú ÉÃÈ ÆÕÎËÃÊä × ÏÒÇÁÎÉÚÍÁÃÈ 

ŀÙ×ÙÃÈȟ ×ÉöÃ ÐÏŀäÄÁÎÅ ÊÅÓÔ ÓÚÃÚÅÇĕčÏ×Å ÚÒÏÚÕÍÉÅÎÉÅ ÉÃÈ ÄÙÎÁÍÉËÉ × ÒÏÚÔ×ÏÒÚÅ ×ÏÄȤ

ÎÙÍȢ $ÌÁÔÅÇÏ ÔÅŀ ÍÅÔÏÄÙ ÆÉÚÙËÉ ÓÔÁÔÙÓÔÙÃÚÎÅÊ ÏÒÁÚ ÔÅÒÍÏÄÙÎÁÍÉËÉ ÍÁÊä × ÉÃÈ ÏÐÉÓÉÅ ÄÕŀÅ 

znaczenie.  

.Á ×ÙËčÁÄÚÉÅ ÚÏÓÔÁÎä ÚÁÐÒÅÚÅÎÔÏ×ÁÎÅ ÒĕŀÎÅ ÐÏÄÅÊĢÃÉÁ ÄÏ ÏÐÉÓÕ ÐÅÐÔÙÄĕ×Ȣ 7 ÓÚÃÚÅÇĕÌȤ

ÎÏĢÃÉ ÚÏÓÔÁÎÉÅ ÚÁÐÒÅÚÅÎÔÏ×ÁÎÙ ÆÏÒÍÁÌÉÚÍ ÍÅÚÏÓËÏÐÏ×ÅÊ ÔÅÒÍÏÄÙÎÁÍÉËÉ ÎÉÅÒĕ×ÎÏ×ÁȤ

ÇÏ×ÅÊȟ ÇÄÙ ÐÏÊÁ×ÉÁÊä ÓÉö ÐÒÏÃÅÓÙ ÎÉÅÍÁÒËÏ×Ï×ÓËÉÅȢ  
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Nowa metoda detekcji stanu rezonansÏ×ÅÇÏ ÄÏÍÉÅÓÚËÉ × ÐĕčÐÒÚÅ×ÏÄÎÉȤ

kowym materiale termoelektrycznym 

 
A new method of detecting the resonant state of an impurity in a semiconductor ther-

moelectric material 

 

"ÁÒÔčÏÍÉÅÊ 7ÉÅÎÄÌÏÃÈÁ1, Shantanu Misra2, Anne Dauscher2, Bertrand Lenoir2, Chris-

tophe Candolfi2 

 
1!ËÁÄÅÍÉÁ 'ĕÒÎÉÃÚÏ-(ÕÔÎÉÃÚÁ ÉÍȢ 3ÔÁÎÉÓčÁ×Á 3ÔÁÓÚÉÃÁȟ +ÒÁËĕ× 

2Institut Jean Lamour, CNRS ɀ 5ÎÉÖÅÒÓÉÔï ÄÅ Lorraine, Nancy Cedex, France 

 

 
 

3ÔÁÎÙ ÒÅÚÏÎÁÎÓÏ×Å ÄÏÍÉÅÓÚÅË É ×Ù×ÏčÁÎÅ ÉÃÈ ÏÂÅÃÎÏĢÃÉä ÚÍÉÁÎÙ × ÓÔÒÕËÔÕÒÚÅ ÅÌÅËÔÒÏȤ

ÎÏ×ÅÊ ÍÅÔÁÌÉ É ÐĕčÐÒÚÅ×ÏÄÎÉËĕ× Óä ÊÅÄÎä Ú ÍÅÔÏÄ ÐÏÐÒÁ×Ù ×ÙÄÁÊÎÏĢÃÉ ËÏÎ×ÅÒÓÊÉ ÅÎÅÒȤ

ÇÉÉ × ÍÁÔÅÒÉÁčÁÃÈ ÔÅÒÍÏÅÌÅËÔÒÙÃÚÎÙÃÈȟ Ú ËÔĕÒÙÃÈ ÄÚÉöËÉ ÅÆÅËÔom Seebecka i Peltiera mo-

ŀÅÍÙ ÂÕÄÏ×Áç ÎÉÓËÏÁ×ÁÒÙÊÎÅ ÇÅÎÅÒÁÔÏÒÙ ÎÁÐÉöÃÉÁ É ÍÏÄÕčÙ ÃÈčÏÄÚäÃÅȢ $Ï ÔÅÊ ÐÏÒÙ 

Çčĕ×Îä ÍÅÔÏÄä ÐÏÚ×ÁÌÁÊäÃä ÎÁ ÉÄÅÎÔÙÆÉËÁÃÊö ÒÅÚÏÎÁÎÓÏ×ÅÇÏ ÃÈÁÒÁËÔÅÒÕ ÄÏÍÉÅÓÚËÉ × 

ÄÁÎÙÍ ÍÁÔÅÒÉÁÌÅ ÂÙčÁ ËÏÎÓÔÒÕËÃÊÁ ÔÚ×Ȣ ËÒÚÙ×ÅÊ )ÏÆÆÅ-0ÉÓÁÒÅÎËÏȟ ÐÏÚ×ÁÌÁÊäcej na wizua-

ÌÉÚÁÃÊö ÐÏÄÂÉÃÉÁ ÔÅÒÍÏÓÉčÙ ÐÒÚÙ ÄÁÎÅÊ ËÏÎÃÅÎÔÒÁÃÊÉ ÎÏĢÎÉËĕ× × ÍÁÔÅÒÉÁÌÅ ÄÚÉöËÉ ÏÂÅÃÎÏȤ

ĢÃÉ ÄÏÍÉÅÓÚËÉȢ *ÅÄÎÁË ÔÁ ÍÅÔÏÄÁ ÎÉÅ ÊÅÓÔ × ÓÔÁÎÉÅ ÒÏÚÒĕŀÎÉç ×ÚÒÏÓÔÕ ÔÅÒÍÏÓÉčÙ ÎÁ ÓËÕÔÅË 

ÐÏ×ÓÔÁÎÉÁ ÓÔÁÎÕ ÒÅÚÏÎÁÎÓÏ×ÅÇÏ ÏÄ ÉÎÎÙÃÈ ÍÏŀÌÉ×ÙÃÈ ľÒĕÄÅč ÐÏÄÎÉÅÓÉÅÎÉÁ ÔÅÒÍÏÓÉčÙȟ ÎÐȢ 

Ú×ÉäÚÁÎÙÃÈ Ú ×ÙÓÔäÐÉÅÎÉÅÍ ËÏÎ×ÅÒÇÅÎÃÊÉ ÐÁÓÍ ÚÂÌÉŀÁÎÉÁ ÓÉö ÍÁËÓÉÍĕ× Ä×ĕÃÈ ÐÁÓÍ 

ÄÏ ÓÉÅÂÉÅ Ȣ 7 ÐÒÁÃÙ ρ  ÎÁ ÐÏÄÓÔÁ×ÉÅ ÔÅÏÒÅÔÙÃÚÎÙÃÈ É ÄÏĢ×ÉÁÄÃÚÁÌÎÙÃÈ ÂÁÄÁď ÎÁÄ ÊÅÄÎÙÍ 

Ú ËÌÁÓÙÃÚÎÙÃÈ ÍÁÔÅÒÉÁčĕ× ÔÅÒÍÏÅÌÅËÔÒÙÃÚÎÙÃÈ ɀ SnTe ɀ ÚÁÐÒÏÐÏÎÏ×ÁÌÉĢÍÙ ÎÏ×ä ÍÅÔÏÄö 

ÄÅÔÅËÃÊÉ ÓÔÁÎÕ ÒÅÚÏÎÁÎÓÏ×ÅÇÏȟ ËÔĕÒÁ ÐÏÚ×ÁÌÁ ÒÏÚÓÔÒÚÙÇÎäç ÒÅÚÏÎÁÎÓÏ×äȾÎÉÅÒÅÚÏÎÁÎȤ

ÓÏ×ä ÎÁÔÕÒö ÄÏÍÉÅÓÚËÉ ÄÚÉöËÉ ÁÎÁÌÉÚÉÅ ÎÉÓËÏÔÅÍÐÅÒÁÔÕÒÏ×ÅÊ ÏÐÏÒÎÏĢÃÉ É ÒÕÃÈÌÉ×ÏĢÃÉ ÎÏȤ

ĢÎÉËĕ×Ȣ /ÂÌÉÃÚÅÎÉÁ ÔÅÏÒÅÔÙÃÚÎÅ ×ÙËÏÎÁÎÏ ÐÒÚÙ ÕŀÙÃÉÕ ÍÅÔÏÄÙ +ÏÒÒÉÎÇÉ-Kohna-Rosto-

kera z prÚÙÂÌÉŀÅÎÉÅÍ ÐÏÔÅÎÃÊÁčÕ ËÏÈÅÒÅÎÔÎÅÇÏȟ ×ÐčÙ× ÄÏÍÉÅÓÚÅË ÎÁ ÓÔÒÕËÔÕÒö ÐÁÓÍÏ×ä 

ÐÒÚÅÁÎÁÌÉÚÏ×ÁÎÏ ÐÒÚÙ ÕŀÙÃÉÕ ÍÅÔÏÄÙ "ÌÏÃÈÏ×ÓËÉÃÈ ÆÕÎËÃÊÉ ÓÐÅËÔÒÁÌÎÙÃÈȟ ÎÁÔÏÍÉÁÓÔ ×čÁȤ

ÓÎÏĢÃÉ ÔÒÁÎÓÐÏÒÔÏ×Å ÚÂÁÄÁÎÏ ÐÒÚÙ ÕŀÙÃÉÕ ÆÏÒÍÁÌÉÚÍÕ +ÕÂÏ-Greenwooda. Wyniki teore-

tyczne skonfrontowaÎÏ Ú ÄÏĢ×ÉÁÄÃÚÁÌÎÙÍÉȟ ÏÔÒÚÙÍÕÊäÃ ÂÁÒÄÚÏ ÄÏÂÒä ÚÇÏÄÎÏĢçȢ !ÎÁÌÉÚÁ 

ÐÏÒĕ×ÎÁ×ÃÚÁ ×čÁÓÎÏĢÃÉ ÔÒÁÎÓÐÏÒÔÏ×ÙÃÈȟ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÁ ÄÌÁ 3Î4Å ÄÏÍÉÅÓÚËÏ×ÁÎÅÇÏ 

Indem (domieszka rezonansowa) oraz Manganem, Galem (domieszki nierezonansowe 

ÐÏ×ÏÄÕÊäÃÅ ËÏÎ×ÅÒÇÅÎÃÊö ÐÁÓÍ  ÏÒÁÚ *ÏÄÅÍ ÄÏÍÉÅÓÚËÁ ÎÉÅ ×ÐčÙ×ÁÊäÃÁ ÎÁ ÓÔÒÕËÔÕÒö 

ÐÁÓÍÏ×ä 3Î4Å  ÐÏËÁÚÕÊÅ ÃÚÕčÏĢç ÎÁÓÚÅÊ ÍÅÔÏÄÙ ÎÁ ×ÙÃÈ×ÙÃÅÎÉÅ ÓÔÁÎÕ ÒÅÚÏÎÁÎÓÏ×ÅÇÏȟ 

ÐÏÍÉÍÏ ÐÏÄÏÂÎÅÇÏ ×ÐčÙ×Õ )Îȟ 'Á É -Î ÎÁ ÔÅÒÍÏÓÉčö 3Î4ÅȢ -ÅÔÏÄÏÌÏÇÉÁ ÔÁ ÚÏÓÔÁčÁ ÄÏÄÁÔȤ

kowo potwierdzona przez analizy przeprowadzone dla kolejnego klasycznego termoe-

ÌÅËÔÒÙËÁ 0Â4Å ÄÏÍÉÅÓÚËÏ×ÁÎÅÇÏ .Á É 4Ìȟ ÉÌÕÓÔÒÕÊäÃ × ÊÁËÉ ÓÐÏÓĕÂ ÐÏÐÒÚÅÚ ËÏÍÂÉÎÁÃÊö 
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ÐÏÍÉÁÒĕ× ×čÁÓÎÏĢÃÉ ÔÒÁÎÓÐÏÒÔÏ×ÙÃÈ × ÎÉÓËÉÃÈ ÔÅÍÐÅÒÁÔÕÒÁÃÈ ÍÏŀÎÁ ÏËÒÅĢÌÉç ÒÅÚÏÎÁÎȤ

sowy charakter domieszki.  

 

[1]  B. Wiendlocha et al, Residual resistivity as an independent indicator of resonant levels in 

semiconductors, Materials Horizons 2021, 8, 1735 
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Anomalies in ╫ᴼ▼■■ transitions 

 
Mariusz Witek 

 

Instytut Fizyki Jädrowej PAN, Krakĕw 

 

 
 

The flavour anomalies in the ὦO ίὰὰ transition receive large attention. Apart from the 

recent update on lepton-flavour-universality, LHCb has new results on the rare decay 

ὄᴼ‘‘ , angular distributions of charged ὄ mesons decaying to ὑᶻ‘‘  and 

ɮ‘‘Phimumu, and analyses of radiative and ὄ decays to ὑᶻὩὩ  at low-q2, and most 

recently on the ὄᴼה‘‘  decay rate with full run-2 data. 
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Spektroskopia pasma B molekularnego tlenu 

 
Spectroscopy of molecular oxygen B band 

 

Szymon 7ĕÊÔÅ×ÉÃÚ, Katarzyna Bielskaȟ *ÏÌÁÎÔÁ $ÏÍÙÓčÁ×ÓËÁ, Aleksandr Balashov, 

-ÉÃÈÁč 3čÏ×ÉďÓËÉ, Agata Cygan, MarÉÕÓÚ 0É×ÉďÓËÉ, Marcin Boberȟ 3čÁ×ÏÍÉÒ "ÉÌÉÃËÉ, Ro-

ÍÁÎ #ÉÕÒÙčÏ, Daniel Lisak 

 

5ÎÉ×ÅÒÓÙÔÅÔ -ÉËÏčÁÊÁ +ÏÐÅÒÎÉËÁȟ 4ÏÒÕď 

 

 
 

Badania ÁÔÍÏÓÆÅÒÙ ÐÏÄ ËäÔÅÍ ÚÁÎÉÅÃÚÙÓÚÃÚÅď É ÇÁÚĕ× ÃÉÅÐÌÁÒÎÉÁÎÙÃÈ ÊÅÓÔ ÏÂÅÃÎÉÅ ÐÒÏȤ

×ÁÄÚÏÎÅ ÍȢÉÎȢ ÚÄÁÌÎÉÅ ÐÒÚÙ ×ÙËÏÒÚÙÓÔÁÎÉÕ Ú ÓÁÔÅÌÉÔĕ× ÃÚÙ ÓÉÅÃÉ ÓÐÅËÔÒÏÍÅÔÒĕ× ÒÏÚÍÉÅÓÚȤ

ÃÚÏÎÙÃÈ ÎÁ ÃÁčÅÊ ËÕÌÉ ÚÉÅÍÓËÉÅÊȢ 7 ÂÁÄÁÎÉÁÃÈ ÔÙÃÈ ×ÉÄÍÏ ÔÌÅÎÕ ÃÚöÓÔÏ ×ÙËÏÒÚÙÓÔÙ×ÁÎÅ 

jest do kalibracji otrzymanych danych, dlatego tak istotne jest posiadanie danych labora-

ÔÏÒÙÊÎÙÃÈ ÏÄÐÏ×ÉÅÄÎÉÏ ×ÙÓÏËÉÅÊ ÊÁËÏĢÃÉȢ 

0ÁÓÍÏ " ÔÌÅÎÕ ÐÏčÏŀÏÎÅ × ÏËÏÌÉÃÁÃÈ φψω ÎÍ ÂÙčÏ ÄÏÔÙÃÈÃÚÁÓ ÒÚÁÄËÏ ×ÙËÏÒÚÙÓÔÙ×ÁÎÅ 

ÍȢÉÎȢ ÚÅ ×ÚÇÌöÄÕ ÎÁ ÂÒÁË ÄÏËčÁÄÎÙÃÈ ÓÐÅËÔÒÏÓËÏÐÏ×ÙÃÈ ÄÁÎÙÃÈ Ìaboratoryjnych. Zdecy-

ÄÏ×ÁÎÉÅ ÃÚöĢÃÉÅÊ ÂÙčÏ ×ÙËÏÒÚÙÓÔÙ×ÁÎÅ ÏËȢ ρυ ÒÁÚÙ ÓÉÌÎÉÅÊÓÚÅ ÐÁÓÍÏ ! ÐÏčÏŀÏÎÅ × ÏËÏÌÉȤ

cach 762 nm, najsilniejsze z pasm atmosferycznych molekularnego tlenu. Wiele ostatnich 

ÂÁÄÁď ×ÓËÁÚÕÊÅ ÊÅÄÎÁËȟ ŀÅ ÊÅÄÎÏÃÚÅÓÎÅ ×ÙËÏÒÚÙÓÔÁÎÉÅ × ÐÏÍÉÁÒÁÃÈ pasm A i B prowadzi 

ÄÏ ÚÎÁÃÚÎÉÅ ÄÏËčÁÄÎÉÅÊÓÚÙÃÈ ×ÙÎÉËĕ× × ÚÁÓÔÏÓÏ×ÁÎÉÁÃÈ ÔÁËÉÃÈ ÊÁË ÍÏÎÉÔÏÒÏ×ÁÎÉÅ ÓÔÁÎÕ 

×ÅÇÅÔÁÃÊÉ ÃÚÙ ÐÏÍÉÁÒÙ ÐÒÏÆÉÌÉ ÃÉĢÎÉÅÎÉÁ É ÔÅÍÐÅÒÁÔÕÒÙ × ÁÔÍÏÓÆÅÒÚÅ ρ Ȣ 0ÏÎÁÄÔÏ ÐÁÓÍÏ " 

ÍÏŀÅ ÂÙç ËÏÒÚÙÓÔÎÉÅÊÓÚÅ × ÐÏÍÉÁÒÁÃÈ ÚÄÁÌÎÙÃÈȟ ÇÄÙ ÂÁÄÁ ÓÉö Ģ×ÉÁÔčÏ ÐÒÚÅÃÈÏÄÚäÃÅ ÐÒÚÅÚ 

ÃÁčä ÁÔÍÏÓÆÅÒöȟ ÇÄÚÉÅ ÓÉÌÎÅ ÌÉÎÉÅ ÁÂÓÏÒÐÃÙÊÎÅ ÐÁÓÍÁ ! Óä ÊÕŀ ×ÙÓÙÃÏÎÅȢ 

0ÒÚÅÄÓÔÁ×ÉÏÎÅ ÚÏÓÔÁÎä ×ÙÎÉËÉ ÐÏÍÉÁÒĕ× ËÓÚÔÁčÔÕ ÂÌÉÓËÏ φπ ÓÁÍÏÒÏÚÓÚÅÒÚÏÎÙÃÈ ÌÉÎÉÉ 

widmowych z pasma B O2 ς  ÚÍÉÅÒÚÏÎÙÃÈ ÚÁ ÐÏÍÏÃä Ä×ĕÃÈ ÔÅÃÈÎÉËȡ ÓÐÅËÔÒÏÓËÏÐÉÉ ÓÔÒÁt 

×Å ×ÎöÃÅ #2$3ȟ ÃÁÖÉÔÙ ÒÉÎÇ-ÄÏ×Î ÓÐÅÃÔÒÏÍÅÔÅÒ  σ  ÏÒÁÚ ÓÐÅËÔÒÏÓËÏÐÉÉ ÓÚÅÒÏËÏĢÃÉ ÍÏȤ

Äĕ× ×ÎöËÉ #-73ȟ ÃÁÖÉÔÙ ÍÏÄÅ ×ÉÄÔÈ ÓÐÅÃÔÒÏÓÃÏÐÙ  τ Ȣ 7ÙÊäÔËÏ×Á ÃÚÕčÏĢç ÓÐÅËÔÒÏÍÅȤ

ÔÒÕ ÐÏÚ×ÏÌÉčÁ ÎÁ ÒÅÊÅÓÔÒÁÃÊö ×ÉÄÍ ÃÈÁÒÁËÔÅÒÙÚÕÊäÃÙÃÈ ÓÉö ÓÔÏÓÕÎËÉÅÍ ÓÙÇÎÁčÕ ÄÏ ÓÚÕÍÕ 

nawet φυπππȢ 5ÍÏŀÌÉ×ÉčÏ ÔÏ ÚÂÁÄÁÎÉÅ ÓÕÂÔÅÌÎÙÃÈ ÅÆÅËÔĕ× ËÓÚÔÁčÔÕ ÌÉÎÉÉ ÎÁ×ÅÔ × ÚÁËÒÅÓÉÅ 

ÎÉÓËÉÃÈ ÃÉĢÎÉÅďȢ 7 ÔÁËÉÃÈ ×ÁÒÕÎËÁÃÈ ÃÉĢÎÉÅÎÉÅ ÚÁÌÅÄ×ÉÅ ρȢρ Ë0Á  × ÍÏÄÅÌÏ×ÁÎÉÕ ÔÙÃÈ 

ÌÉÎÉÉ ×ÉÄÍÏ×ÙÃÈ ËÏÎÉÅÃÚÎÅ ÂÙčÏ ÊÅÄÎÏÃÚÅÓÎÅÇÏ Õ×ÚÇÌöÄÎÉÅÎÉÅ Ú×öŀÅÎÉÁ $ÉÃËÅÇÏ É ÅÆÅËȤ

Ôĕ× ÚÁÌÅŀÎÙÃÈ ÏÄ ÐÒöÄËÏĢÃÉ ÁÂÓÏÒÂÅÒÁ υ Ȣ 7ÙÚÎÁÃÚÏÎÅ ÐÏčÏŀÅÎÉÁ ÌÉÎÉÉ ÃÈÁÒÁËÔÅÒÙÚÕÊäÃÅ 

ÓÉö ÎÉÅÐÅ×ÎÏĢÃÉÁÍÉ ÎÁ×ÅÔ ÐÏÎÉŀÅÊ τπ Ë(Ú ÚÏÓÔÁčÙ ×ÙËÏÒÚÙÓÔÁÎÅ ÄÏ ×ÙÌÉÃÚÅÎÉÁ ÎÏ×ÙÃÈ 

×ÁÒÔÏĢÃÉ ÓÔÁčÙÃÈ ÓÐÅËÔÒÏÓËÏÐÏ×ÙÃÈ ÄÌÁ ÓÔÁÎĕ× 83ɫg- oraz b1ɫg+Ȣ 0ÏÎÁÄÔÏ ÕËčÁÄ ÅËÓÐÅÒÙȤ

mentalny poz×ÏÌÉč ÎÁ ÏÓÉäÇÎÉöÃÉÅ ×ÙÓÔÁÒÃÚÁÊäÃÏ ×ÙÓÏËÉÅÊ ÃÚÕčÏĢÃÉȟ ÁÂÙ ÍÏŀÌÉ×Á ÓÔÁčÁ ÓÉö 
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ÂÅÚÄÏÐÐÌÅÒÏ×ÓËÁ ÓÐÅËÔÒÏÓËÏÐÉÁ ÎÁÓÙÃÅÎÉÏ×Á ÔÁË ÓčÁÂÙÃÈ ÌÉÎÉÉ ×ÉÄÍÏ×ÙÃÈȢ .ÁÌÅŀÙ ÐÏÄȤ

ËÒÅĢÌÉçȟ ŀÅ Óä ÔÏ ÐÉÅÒ×ÓÚÅ ÔÅÇÏ ÔÙÐÕ ÐÏÍÉÁÒÙ ÄÌÁ ÍÏÌÅËÕÌÁÒÎÙÃÈ ÐÒÚÅÊĢç ÍÁÇÎÅÔÙÃÚÎÙÃÈ 

dipolowych. 

 

[1]  I. E. Gordon, L. S. Rothman, G. C. Toon, J. Quant. Spectrosc. Radiat. Transfer 112, 2310 

(2011). 

[2]  *Ȣ $ÏÍÙÓčÁ×ÓËÁȟ 3Ȣ 7ĕÊÔÅ×ÉÃÚȟ 0Ȣ -ÁÓčÏ×ÓËÉȟ !Ȣ #ÙÇÁÎȟ +Ȣ "ÉÅÌÓËÁȟ 2Ȣ 3Ȣ 4ÒÁ×ÉďÓËÉȟ 2Ȣ #ÉÕȤ

ÒÙčÏȟ $Ȣ ,ÉÓÁËȟ *Ȣ 1ÕÁÎÔȢ 3ÐÅÃÔÒÏÓÃȢ 2ÁÄÉÁÔȢ 4ÒÁÎÓÆÅÒ 169ȟ ρρρ ςπρφ Ƞ σ  *Ȣ $ÏÍÙÓčÁ×ÓËÁȟ 3Ȣ 

7ĕÊÔÅ×ÉÃÚȟ 0Ȣ -ÁÓčÏ×ÓËÉȟ +Ȣ "ÉÅÌÓËÁȟ !Ȣ #ÙÇÁÎȟ - 3čÏ×ÉďÓËÉȟ 2Ȣ 3Ȣ 4ÒÁ×ÉďÓËÉȟ 2Ȣ #ÉÕÒÙčÏȟ $Ȣ 

Lisak, J. Quant. Spectrosc. Radiat. Transfer 242 (2020) 106789. 

[3]  D. A. Long, A. Cygan, R. D. van Zee, M. Okumura, C. E. Miller, D. Lisak, J. T. Hodges, Chem. 

Phys. Lett. 536, 1 (2012). 

[4]  !Ȣ #ÙÇÁÎȟ $Ȣ ,ÉÓÁËȟ 0Ȣ -ÏÒÚÙďÓËÉȟ -Ȣ "ÏÂÅÒȟ -Ȣ :Á×ÁÄÁȟ %Ȣ 0ÁÚÄÅÒÓËÉȟ 2Ȣ #ÉÕÒÙčÏȟ /ÐÔȢ Express 

21, 29744 (2013). 

[5]  +Ȣ "ÉÅÌÓËÁȟ *Ȣ $ÏÍÙÓčÁ×ÓËÁȟ 3Ȣ 7ĕÊÔÅ×ÉÃÚȟ !Ȣ "ÁÌÁÓÈÏÖȟ -Ȣ 3čÏ×ÉďÓËÉȟ -Ȣ 0É×ÉďÓËÉȟ !Ȣ #Ùgan, 

2Ȣ #ÉÕÒÙčÏȟ $Ȣ ,ÉÓÁËȟ Simultaneous observation of speed dependence and Dicke narrowing 

for self-perturbed P-branch lines of O2 B bandȟ ×ÙÓčÁÎÅ ÄÏ *Ȣ 1ÕÁÎÔȢ 3ÐÅÃÔÒÏÓÃȢ 2ÁÄÉÁÔȢ 

Transfer. 
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New dynamical abilities of the NuWro Monte Carlo event generator for 

neutrino-lepton and neutrino-nucleus interactions 

 
Dmitry Zhuridov 

 

5ÎÉ×ÅÒÓÙÔÅÔ 7ÒÏÃčÁ×ÓËÉȟ 7ÒÏÃčÁ× 

 

 
 

4ÈÅ Ô×Ï ÎÅ× ÄÙÎÁÍÉÃÓ ×ÅÒÅ ÒÅÃÅÎÔÌÙ ÉÍÐÌÅÍÅÎÔÅÄ ÔÏ ÔÈÅ Ȭ.Õ7ÒÏȭ 7ÒÏÃčÁ× Neutrino 

Event Generator: (1) neutrino-electron scattering processes; (2) updated Valencia model 

for neutrino -nucleus multinucleon knockout, which was encoded in a separate package 

ȬςÐςÈȭ ÂÙ *ÏÁÎÎÁ 3ÏÂÃÚÙËȢ In particluar, the second one can independently compute two-

particle-two-hole (2p2h) and three-particle-three-hole meson exchange current reac-

tions. We will discuss the enriched NuWro functionality, its advantages and potential for 

the T2K, Hyper Kamiokande and other neutrino experiments. 
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Poszukiwania ciemnej materii ɀ aktualny stan i perspektywy  
 

Searches for Dark Matter ɀ Present Status and Perspectives 

 

Grzegorz Zuzel 

 

5ÎÉ×ÅÒÓÙÔÅÔ *ÁÇÉÅÌÌÏďÓËÉȟ +ÒÁËĕ× 

 

 
 

3ÚÅÒÅÇ ÏÂÓÅÒ×ÁÃÊÉ ÁÓÔÒÏÎÏÍÉÃÚÎÙÃÈ ×ÓËÁÚÕÊÅ ÎÁ ÔÏȟ Éŀ Ç×ÉÁÚÄÙ × galaktykach oraz gro-

ÍÁÄÙ ÇÁÌÁËÔÙË ÚÁÎÕÒÚÏÎÅ Óä × ÈÁÌÏ ÎÉÅĢ×ÉÅÃäÃÅÊ ÍÁÔÅÒÉÉȟ ÐÏÓÉÁÄÁÊäÃÅÊ ÍÁÓö ÃÏ ÎÁÊÍÎÉÅÊ 

Ï ÒÚäÄ ×ÉÅÌËÏĢÃÉ ×ÉöËÓÚä ÎÉŀ ÍÁÓÁ ÍÁÔÅÒÉÉ ×ÉÄÚÉÁÌÎÅÊȢ )ÓÔÎÉÅÎÉÅ ÔÅÊ ȵÃÉÅÍÎÅÊ ÍÁÔÅÒÉÉȱ ÐÏȤ

Ô×ÉÅÒÄÚÁÊä Òĕ×ÎÉÅŀ ÏÂÓÅÒ×ÁÃÊÅ É ÍÏÄÅÌÅ ÓÔÒÕËÔÕÒ ×ÉÅÌËÏÓËÁÌÏ×ÙÃh oraz pomiary anizo-

ÔÒÏÐÉÉ ÐÒÏÍÉÅÎÉÏ×ÁÎÉÁ ÍÉËÒÏÆÁÌÏ×ÅÇÏ ÔčÁȢ 4ÅÏÒÉÅ ÒÏÚÓÚÅÒÚÁÊäÃÅ -ÏÄÅÌ 3ÔÁÎÄÁÒÄÏ×Ù 

ÐÒÚÅ×ÉÄÕÊä ÉÓÔÎÉÅÎÉÅ ÃÚäÓÔÅË ÂöÄäÃÙÃÈ ËÁÎÄÙÄÁÔÁÍÉ ÎÁ ÃÚäÓÔËÉ ÃÉÅÍÎÅÊ ÚÉÍÎÅÊ ÍÁÔÅÒÉÉ 

ÏËÒÅĢÌÁÎÅ ×ÓÐĕÌÎÙÍ ÍÉÁÎÅÍ ÓčÁÂÏ ÏÄÄÚÉÁčÕÊäÃÙÃÈ ÃÚäÓÔÅË ÍÁÓÙ×ÎÙÃÈ 7)-0Ó.  

 #ÉÅÍÎÅÊ ÍÁÔÅÒÉÉ ÐÏÓÚÕËÉ×Áç ÍÏŀÎÁ ÍÅÔÏÄÁÍÉ ÐÏĢÒÅÄÎÉÍÉ ÏÂÓÅÒ×ÁÃÊÅ ÁÓÔÒÏÎÏÍÉÃÚÎÅȟ 

ÒÅÊÅÓÔÒÁÃÊÁ ÐÒÏÄÕËÔĕ× ÒÏÚÐÁÄÕȾÁÎÉÈÉÌÁÃÊÉ ÌÕÂ Ú ×ÙËÏÒÚÙÓÔÁÎÉÅÍ ÁËÃÅÌÅÒÁÔÏÒĕ× ÐÏÐÒÚÅÚ 

ÂÁÄÁÎÉÅ ÂÒÁËÕÊäÃÅÊ ÅÎÅÒÇÉÉȾÐöÄÕ  ÏÒÁÚ ÂÅÚÐÏĢÒÅÄÎÉÍÉȢ 7 ÔÙÍ ÏÓÔÁÔÎÉÍ ÐÒÚÙÐÁÄËÕ ÄÏËÏȤ

ÎÁč ÓÉö × ÏÓÔÁÔÎÉÃÈ ÌÁÔÁÃÈ ÏÇÒÏÍÎÙ ÐÏÓÔöÐȢ /ÐÒÁÃÏ×ÁÎÏ ×ÉÅÌÅ ÔÅÃÈÎÏÌÏÇÉÉ ÕÍÏŀÌÉ×ÉÁÊäȤ

ÃÙÃÈ ÂÕÄÏ×ö ÄÅÔÅËÔÏÒĕ× Ï ÄÕŀÅÊ ÍÁÓÉÅ ÒÚöÄÕ ÔÏÎ ȟ ÎÉÅÚ×ÙËÌÅ ÎÉÓËÉÍ ÂÉÅÇÕ ×čÁÓÎÙÍȟ Á 

ÕÍÉÅÊÓÃÏ×ÉÅÎÉÅ ÉÃÈ × ÐÏÄÚÉÅÍÎÙÃÈ ÌÁÂÏÒÁÔÏÒÉÁÃÈ ÐÒÁËÔÙÃÚÎÉÅ ÅÌÉÍÉÎÕÊÅ ×ÐčÙ× ÐÒÏÍÉÅȤ

niowania kosmiÃÚÎÅÇÏ ÎÁ ÒÅÊÅÓÔÒÏ×ÁÎÙ ÓÙÇÎÁčȢ 0ÏÚ×ÁÌÁ ÔÏ ÎÁ ÉÄÅÎÔÙÆÉËÁÃÊö ÎÁ×ÅÔ ÐÏÊÅȤ

ÄÙÎÃÚÙÃÈ ÏÄÄÚÉÁčÙ×Áď 7)-0-ĕ× ÃÉäÇÕ ÒÏËÕȢ *ÁË ÄÏÔäÄȟ ÄÌÁ ×ÉöËÓÚÏĢÃÉ ÐÒÏ×ÁÄÚÏÎÙÃÈ 

ÅËÓÐÅÒÙÍÅÎÔĕ×ȟ ÔÁËÏ×ÙÃÈ ÊÅÄÎÁË ÎÉÅ ÚÁÏÂÓÅÒ×Ï×ÁÎÏȟ ÃÈÏç ÄÌÁ ÆÉÚÙËÉ ÃÚäÓÔÅË ÅÌÅÍÅÎȤ

tarnych oraz kosmologii odkÒÙÃÉÅ É ÏÐÉÓÁÎÉÅ ÎÏ×ÙÃÈ ÃÚäÓÔÅË ÂÙčÏÂÙ ÎÉÅ×äÔÐÌÉ×ÉÅ ×ÙÄÁȤ

rzeniem o ogromnym znaczeniu. 

7 ÒÁÍÁÃÈ ÒÅÆÅÒÁÔÕ ÐÒÚÅÄÓÔÁ×ÉÏÎÙ ÚÏÓÔÁÎÉÅ ÐÒÚÅÇÌäÄ ÎÁÊÎÏ×ÓÚÙÃÈ ×ÙÎÉËĕ× ÅËÓÐÅÒÙȤ

ÍÅÎÔÁÌÎÙÃÈ ÏÒÁÚ ÐÅÒÓÐÅËÔÙ×Ù ÒÏÚ×ÏÊÕ ÏÂÓÚÁÒÕ ÂÁÄÁď Ú×ÉäÚÁÎÙÃÈ Ú poszukiwaniami 

ÂÅÚÐÏĢÒÅÄÎÉÃÈ ÏÄÄÚÉÁčÙ×Áď ÃÚäÓÔÅË ÃÉÅÍÎÅÊ ÚÉÍÎÅÊ ÍÁÔÅÒÉÉȢ 
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rentza / Plasmonic resonances of nanoparticles and nanocha-

ins - numerical calcula-tions with Lorentz friction 

P8 
,ÐÊÏÈėɯ*Ü×ÊáàĘɪ

ski 

3Ö×ÖÓÖÎÐÊáÕÌɯ×ÙáÌÑĭÊÐÌɯÍÈáÖÞÌɯ×ÖÔÐýËáàɯÍÈáëɯÜėÈÔÒÖÞàÊÏɯ

ÐáÖÓÈÛÖÙĞÞɯ"ÏÌÙÕÈɯÈɯÒÙàÚÛÈÓÐáÈÊÑëɯ6ÐÎÕÌÙÈ / An interaction-

driven transition between the Wigner crystal and the Frac-

tion-al Chern insulator in topological flat bands 
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P9 

#ÈÞÐËɯ,ȭɯ-ÈėýÊá 

Ryszard J. Rad-

ÞÈĘÚÒÐ 

1ÖÓÈɯÖËËáÐÈėàÞÈÕÐÈɯÚ×ÐÕ-ÖÙÉÐÛÈɯÕÈɯÞėÈĭÊÐÞÖĭÊÐɯÛÌÙÔÖËàÕÈɪ

miczne SmB6 / The influence of the spin-orbit interaction on 

the thermodynamical properties of SmB6 

P10 Edward Rydygier  
,ÌËÐÈɯÑÈÒÖɯÕÈÙáýËáÐÈɯ×ÖáàÚÒÐÞÈÕÐÈɯÞÐÌËáàɯÍÐáàÊáÕÌÑ / Media 

as a tool for acquiring physical knowledge 

P11 
Karolina Skrzydel-

ska 

!ÈËÈÕÐÌɯ×ÖËÞĞÑÕÐÌɯÕÈėÈËÖÞÈÕàÊÏɯÉÖáÖÕĞÞɯ'ÐÎÎÚÈɯÞɯÈÒÊÌÓÌɪ

ratorach wysokich energii / Study of doubly charged Higgs 

bosons at high energy accelerators 

P12 Roman Szostek 
6àÑÈĭÕÐÌÕÐÌɯÊáàÔɯÑÌÚÛɯÊáÈÚɯÞɯÒÐÕÌÔÈÛàÒÈÊÏ / Explanation of 

what time in kinematics is 

P13 Ryszard Wojnar 
/ÙáÌÒÚáÛÈėÊÌÕÐÈɯ ÙĞÞÕÈÕÐÈɯ ÍÈÓÖÞÌÎÖɯ/ Transformations of 

wave equation  

P14 /ÈÞÌėɯ9ÈÑËÌÓɯÌÛɯal. 
Application of neutron scattering for in-operando studies of 

hydro-phobic MOFs under medium water pressure 

P15 2áàÔÖÕɯ9ÐýÉÈ 

1ÖáÞÐÑÈÕÐÌɯ ÔÌÛÖËɯ ÖÉÓÐÊáÌÕÐÖÞàÊÏɯ ËÓÈɯ ÊÈėÌÒɯ %ÌàÕÔÈÕÈ / 

Development of computational methods for Feynman inte-

grals 

 

 

Sesja ×ÖÚÛÌÙÖÞÈɯÖËÉýËáÐÌɯÚÐýɯáÈÙĞÞÕÖɯÚÛÈÊÑÖÕÈÙÕÐÌɯÞɯ.×ÌÙáÌɯ-ÖÝÈɯÖÙÈáɯáËÈÓÕÐÌɯáÈɯ

×ÖĭÙÌËÕÐÊÛÞÌÔɯ×ÓÈÛÍÖÙÔàɯ9..,ȭɯ*ÈŊËÈɯáɯÖÚĞÉɯáÎėÈÚáÈÑëÊàÊÏɯ×ÖÚÛÌÙɯȹÕÐÌáÈÓÌŊÕÐÌɯÊáàɯ

stacjoÕÈÙÕÐÌɯÊáàɯáËÈÓÕÐÌȺɯ×ÙáÌËÚÛÈÞÐɯÕÈɯ×ÖÊáëÛÒÜɯÚÌÚÑÐɯƗɯÚÓÈÑËÖÞëɯ×ÙÌáÌÕÛÈÊÑýɯËÖÛàɪ

ÊáëÊëɯ×ÓÈÒÈÛÜɯ×Ö×ÙáÌáɯ9..,ȭɯ#ÓÈɯÖÚĞÉɯÜÊáÌÚÛÕÐÊáëÊàÊÏɯÞɯáÑÌňËáÐÌɯÚÛÈÊÑÖÕÈÙÕÐÌɯÜËÖɪ

ÚÛý×ÕÐÖÕÈɯÉýËáÐÌɯ×ÙáÌÚÛÙáÌĘɯÕÈɯÞàÞÐÌÚáÌÕÐÌɯ×ÓÈÒÈÛÜɯÞɯ.×ÌÙáÌɯ-ÖÝÈȭɯ.ÚÖÉàɯáÎėÈÚáÈɪ

ÑëÊÌɯ×ÓÈÒÈÛɯÖÕÓÐÕÌɯÜËÖÚÛý×ÕÐëɯ×ÓÐÒɯÞɯÍÖÙÔÈÊÐÌɯ×ËÍȮɯÒÛĞÙàɯÜÔÐÌÚáÊáÖÕàɯáÖÚÛÈÕÐÌɯna stro-

nie Zjazdu. 
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[P1] Badanie dynamiki molekularnej interakcji ÕËčÁÄÕ  

kwas hialuronowy - fosfolipid 

 
Molecular Dynamics Study on Interactions in the Hyaluronan -Phospholipid System 

 

0ÉÏÔÒ "ÅčÄÏ×ÓËÉ 

 

0ÏÌÉÔÅÃÈÎÉËÁ "ÙÄÇÏÓËÁ ÉÍȢ *ÁÎÁ É *öÄÒÚÅÊÁ ¡ÎÉÁÄÅÃËÉÃÈȟ "ÙÄÇÏÓÚÃÚ 

 

 
 

3ÍÁÒÏ×ÁÎÉÅ ÃÈÒÚäÓÔËÉ ÓÔÁ×Ï×ÅÊ ÊÅÓÔ ÂÁÒÄÚÏ ×ÙÄÁÊÎÙÍ ÐÒÏÃÅÓÅÍ ÍÏŀÌÉ×ÙÍ ÄÚÉöËÉ ÉÎÔÅȤ

ÒÁËÃÊÉ ÍÉöÄÚÙ ÊÅÊ ÓËčÁÄÎÉËÁÍÉȢ /ÄÐÏ×ÉÅÄÚÉÁÌÎÅ ÚÁ ÔÏ Óä Ä×Á ÍÅÃÈÁÎÉÚÍÙȡ ÓÍÁÒÏ×ÁÎÉÅ 

hydratacyjne i synergia smarowania. O ile pierwszy z nich jest dobrze opisany, zrozumie-

nie drugiego jest badane dopiero od kilku lat. Celem pracy jest zrozumienie jak interakcje 

ÍÉöÄÚÙ ÓËčÁÄÎÉËÁÍÉ ÃÈÒÚäÓÔËÉ ÚÁÐÅ×ÎÉÁÊä ÓËÕÔÅÃÚÎÅ ÓÍÁÒÏ×ÁÎÉÅȢ 0ÒÚÙÇÌäÄÁÍ ÓÉö Çčĕ×Ȥ

ÎÉÅ ÆÉÚÙÃÚÎÅÍÕ É ÃÈÅÍÉÃÚÎÅÍÕ ×ÉäÚÁÎÉÕ Ä×ĕÃÈ ÐÏÄÓÔÁ×Ï×ÙÃÈ ÓËčÁÄÎÉËĕ×ȟ Ë×ÁÓÕ ÈÉÁȤ

luronowego i ÆÏÓÆÏÌÉÐÉÄĕ×ȟ ËÔĕÒÅ ÓčÕŀä ÊÁËÏ ÅÌÅÍÅÎÔÙ ÂÕÄÕÌÃÏ×Å ÓÍÁÒÕ ÃÈÒÚäÓÔËÉ ÓÔÁ×ÏȤ

wej ɀ ÃÉÅÃÚÙ ÓÙÎÏ×ÉÁÌÎÅÊȢ )ÃÈ ÉÎÔÅÒÁËÃÊÁ ÊÅÓÔ ÚčÏŀÏÎÁȟ ÐÏÎÉÅ×Áŀ ÍÁÓÁ ÃÚäÓÔÅÃÚËÏ×Áȟ ÓÔöȤ

ŀÅÎÉÅ É ÉÎÎÅ ÃÚÙÎÎÉËÉ ÍÏÇä ÚÎÁÃÚäÃÏ ÚÍÉÅÎÉç ÐÏ×ÓÔÁčÅ ËÏÍÐÌÅËÓÙȢ 7 ÐÒÁÃÙ ÐÒÚÅÄÓÔÁȤ

wiono badanie dynamÉËÉ ÍÏÌÅËÕÌÁÒÎÅÊ ÕËčÁÄĕ× Ë×ÁÓÕ ÈÉÁÌÕÒÏÎÏ×ÅÇÏ Ú ÌÉÐÉÄÁÍÉ × ÏÂÅÃȤ

ÎÏĢÃÉ ÊÏÎÕȢ 7ÙÎÉËÉ ÐÏËÁÚÕÊäȟ ŀÅ ÆÏÓÆÏÅÔÁÎÏÌÏÁÍÉÎÁ ÌÅÐÉÅÊ ×ÉäŀÅ ÓÉö Ú (! ÎÉŀ ÆÏÓÆÁÔÙÄÙÌÏȤ

ÃÈÏÌÉÎÁ ÚÅ ×ÚÇÌöÄÕ ÎÁ ÇÒÕÐö ÁÍÉÎÏ×äȟ ËÔĕÒÁ ÐÏ×ÏÄÕÊÅ ÂÁÒÄÚÉÅÊ ÂÅÚÐÏĢÒÅÄÎÉÅ ×ÉäÚÁÎÉÁ 

wodorowe. Kolejnym czynnÉËÉÅÍ ×ÚÍÁÃÎÉÁÊäÃÙÍ ÅÆÅËÔ ÊÅÓÔ ÏÂÅÃÎÏĢç ÊÏÎĕ× Ä×Õ×ÁÒÔÏȤ

ĢÃÉÏ×ÙÃÈ × ÐÏÂÌÉŀÕ ÍÉÅÊÓÃ ËÏÎÔÁËÔÕȢ .Á ËÏÎÉÅÃ ÒÏÚ×ÁŀÁÍ Òĕ×ÎÉÅŀ ÒÏÌö ×ÏÄÙ × ÂÁÄÁÎÙÍ 

ÕËčÁÄÚÉÅȟ ÐÏÎÉÅ×Áŀ ÍÏŀÅ ÏÎÁ ÂÙç ÄÏÄÁÔËÏ×ÙÍ ÃÚÙÎÎÉËÉÅÍ ÕÔÒÚÙÍÕÊäÃÙÍ ÓÔÁÂÉÌÎÏĢç 

struktury biomolekularnej.  
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[P2] Kolosalna brownowska, lecz niegaussowska dyfuzja wymuszona przez 

ÎÉÅÒĕ×ÎÏ×ÁÇÏ×Ù ÓÚÕÍ 

 
Colossal Brownian yet non-Gaussian diffusion induced by nonequilibrium noise 

 

Karol "ÉÁčÁÓ 

 

5ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉ w Katowicach, $äÂÒÏ×Á 'ĕÒÎÉÃÚÁ 

 

 
 

7 ÂÁÄÁÎÙÍ ÕËčÁÄÚÉÅ ×ÙÓÔöÐÕÊÅ ÂÒÏ×ÎÏ×ÓËÁȟ ÌÅÃÚ ÎÉÅÇÁÕÓÓÏ×ÓËÁ ÄÙÆÕÚÊÁȟ × ËÔĕÒÅÊ ĢÒÅÄȤ

ÎÉÅ ÐÒÚÅÍÉÅÓÚÃÚÅÎÉÅ Ë×ÁÄÒÁÔÏ×Å ÃÚäÓÔÅË ÒÏĢÎÉÅ ÌÉÎÉÏ×Ï Ú ÃÚÁÓÅÍȟ ÇöÓÔÏĢç ÐÒÁ×ÄÏÐÏÄÏȤ

ÂÉÅďÓÔ×Á ÐÏčÏŀÅÎÉÁ ÃÚäÓÔÅË ÊÅÓÔ ÇÁÕÓÓÏ×ÓËÁȟ ÌÅÃÚ ÆÕÎËÃÊÁ ÇöÓÔÏĢÃÉ ÐÒÁ×ÄÏÐÏÄÏÂÉÅďÓÔ×Á 

przyrosÔĕ× ÐÏčÏŀÅÎÉÁ ÃÚäÓÔÅË ÍÁ ÅËÓÐÏÎÅÎÃÊÁÌÎÉÅ ÚÁÎÉËÁÊäÃÙ ÏÇÏÎȢ :ÁÃÈÏ×ÁÎÉÅ ÔÏ ×ÙȤ

×ÏčÁÎÅ ÊÅÓÔ ÐÒÚÅÚ ÚÅ×ÎöÔÒÚÎÙ ÎÉÅÔÅÒÍÉÃÚÎÙ ÓÚÕÍ ÄÚÉÁčÁÊäÃÙ ÎÁ ÃÚäÓÔËö ÕÍÉÅÓÚÃÚÏÎä × 

ÐÅÒÉÏÄÙÃÚÎÙÍ ÐÏÔÅÎÃÊÁÌÅȢ /ÂÅÃÎÏĢç ÅËÓÐÏÎÅÎÃÊÁÌÎÅÇÏ ÏÇÏÎÁ × ÓÔÁÔÙÓÔÙÃÅ ÐÒÚÙÒÏÓÔĕ× 

prowadzi do kolosaÌÎÅÇÏ Ú×ÉöËÓÚÅÎÉÁ ×ÓÐĕčÃÚÙÎÎÉËÁ ÄÙÆÕÚÊÉȟ ÚÎÁÃÚÎÉÅ ÐÒÚÅ×ÙŀÓÚÁÊäÃÅÇÏ 

ÂÁÄÁÎä ×ÃÚÅĢÎÉÅÊ ÓÙÔÕÁÃÊö ÚÎÁÎä ÐÏÄ ÍÉÁÎÅÍ ͼÇÉÇÁÎÔÙÃÚÎÅÊͼ ÄÙÆÕÚÊÉȢ  
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[P3] 4ÅÒÍÏÌÕÍÉÎÅÓÃÅÎÃÊÁ ÎÉÓËÏÔÅÍÐÅÒÁÔÕÒÏ×Á ËÒÙÓÚÔÁčĕ× ɼ-Ga2O3 

 
Low temperature thermoluminescence of ɼ-Ga2O3 crystals 

 

Konrad Jacek Drozdowski 

 

5ÎÉ×ÅÒÓÙÔÅÔ -ÉËÏčÁÊÁ +ÏÐÅÒÎÉËÁȟ 4ÏÒÕď 

 

 
 

4ÌÅÎÅË ÇÁÌÕ 'Áς/σ ÎÁÌÅŀÙ ÄÏ ÇÒÕÐÙ ÐÒÚÅÚÒÏÃÚÙÓÔÙÃÈ ÔÌÅÎËĕ× ÐĕčÐÒÚÅ×ÏÄÚäÃÙÃÈ Ï ÄÕȤ

ŀÙÃÈ ÐÅÒÓÐÅËÔÙ×ÁÃÈ ÁÐÌÉËÁÃÙÊÎÙÃÈȢ 3ÐÏĢÒĕÄ φ ÏÄÍÉÁÎ krystalograficznych tlenku galu 

ÎÁÊÂÁÒÄÚÉÅÊ ÓÔÁÂÉÌÎä ÏÄÍÉÁÎö ÓÔÁÎÏ×É ɼ-'Áς/σ Ï ÔÅÍÐÅÒÁÔÕÒÚÅ ÔÏÐÎÉÅÎÉÁ ÏËȢ ρχωσ Ј# ÐÏȤ

ÚÏÓÔÁčÅ ÏÄÍÉÁÎÙ ÔÏÐÉä ÓÉö × ×ÙÒÁľÎÉÅ ÎÉŀÓÚÙÃÈ ÔÅÍÐÅÒÁÔÕÒÁÃÈ Ȣ 4ÅÎ ÆÁËÔ ×ÒÁÚ Ú ÍÏŀÌÉȤ

×ÏĢÃÉä ÈÏÄÏ×ÌÉ ËÒÙÓÚÔÁčĕ× ÂÅÚÐÏĢÒÅÄÎÉÏ Ú ÆÁÚÙ ÃÉÅËčÅÊ ÐÏ×ÏÄÕÊÅȟ ŀÅ ÔÏ ×čÁĢÎÉÅ Ú ɼ-

'Áς/σ ×ÉäŀÅ ÓÉö ÎÁÊ×ÉöÃÅÊ ÎÁÄÚÉÅÉ ÎÁ ÒÏÚÍÁÉÔÅ ÚÁÓÔÏÓÏ×ÁÎÉÁȢ *ÅÄÎÙÍ Ú ÎÉÃÈ ÊÅÓÔ ÄÅÔÅËÃÊÁ 

ÐÒÏÍÉÅÎÉÏ×ÁÎÉÁ ÊÏÎÉÚÕÊäÃÅÇÏȟ ÃÚÙÌÉ ×ÙËÏÒÚÙÓÔÁÎÉÅ ɼ-Ga2O3 jako scyntylatora. 

Termoluminescencja jest rodzajem niestacjonarnej luminescencji, ktĕÒÁ ÐÏÊÁ×ÉÁ ÓÉö 

ÐÒÚÅÊĢÃÉÏ×Ï × ÃÚÁÓÉÅ ×ÚÒÏÓÔÕ ÔÅÍÐÅÒÁÔÕÒÙ ÓÕÂÓÔÁÎÃÊÉ ×ÃÚÅĢÎÉÅÊ ×ÚÂÕÄÚÏÎÅÊ ÐÒÏÍÉÅÎÉÏȤ

×ÁÎÉÅÍ ÊÏÎÉÚÕÊäÃÙÍȢ :ÁÃÈÏÄÚÉ ÂÏ×ÉÅÍ ×ÔÅÄÙ ÔÅÒÍÉÃÚÎÅ Õ×ÁÌÎÉÁÎÉÅ ÎÏĢÎÉËĕ× čÁÄÕÎËÕ 

Ú ÐÕčÁÐÅËȟ Á ÎÁÓÔöÐÎÉÅ ÉÃÈ ÒÅËÏÍÂÉÎÁÃÊÁ ÚÅ ÚÊÏÎÉÚÏ×ÁÎÙÍÉ × ÐÒÏÃÅÓÉÅ ×ÚÂÕÄÚÅÎÉÁ cen-

ÔÒÁÍÉ ÌÕÍÉÎÅÓÃÅÎÃÊÉȢ 0ÏÍÉÁÒ ÔÅÒÍÏÌÕÍÉÎÅÓÃÅÎÃÊÉ ÊÅÓÔ ÚÁÔÅÍ ×ÁŀÎÙÍ ÎÁÒÚöÄÚÉÅÍ ÄÏ ÂÁȤ

ÄÁÎÉÁ ÐÕčÁÐÅË čÁÄÕÎËÏ×ÙÃÈȟ ËÔĕÒÙÃÈ ÏÂÅÃÎÏĢç × ËÒÙÓÚÔÁÌÅ ÍÁ Ú×ÙËÌÅ ÎÅÇÁÔÙ×ÎÙ ×ÐčÙ× 

ÎÁ ÊÅÇÏ ×čÁÓÎÏĢÃÉ ÓÃÙÎÔÙÌÁÃÙÊÎÅȢ 

#ÈÏÃÉÁŀ ÒÏÚÍÁÉÔÙÃÈ ÁÒÔÙËÕčĕ× ÎÁ ÔÅÍÁÔ ɼ-'Áς/σ ÕËÁÚÁčÏ ÓÉö ÄÏ ÔÅÊ ÐÏÒÙ ÎÁÐÒÁ×Äö ÄÕŀÏ 

É ÃÏ ÍÉÅÓÉäÃ ÐÒÚÙÂÙ×ÁÊä ËÏÌÅÊÎÅ ȟ ÁËÕÒÁÔ ÄÏÎÉÅÓÉÅÎÉÁ ÎÁ ÔÅÍÁÔ ÔÅÒÍÏÌÕÍÉÎÅÓÃÅÎÃÊÉ ÔÅÇÏ 

ÍÁÔÅÒÉÁčÕ Óä ÒÁÃÚÅÊ ÓËäÐÅȢ /ÐÕÂÌÉËÏ×ÁÎÅ ×ÙÎÉËÉ Óä ÎÉÅËÏÍÐÌÅÔÎÅȟ ÏÇÒÁÎÉÃÚÁÊä ÓÉö ÄÏ 

ÐÅ×ÎÙÃÈ ÚÁËÒÅÓĕ× ÔÅÍÐÅÒÁÔÕÒȟ ×ÚÇÌöÄÎÉÅ ÎÉÅ ÚÁ×ÉÅÒÁÊä ÁÎÁÌÉÚÙ ÉÌÏĢÃÉÏ×ÅÊȟ ÔÚÎȢ ÎÉÅ ÚÏȤ

ÓÔÁčÙ ÐÒÚÅÄÓÔÁ×ÉÏÎÅ ÐÁÒÁÍÅÔÒÙ ÐÕčÁÐÅËȢ .Á ÎÉÎÉÅÊÓÚÙÍ ÐÏÓÔÅÒÚÅ ÚÏÓÔÁÎä ÚÁÐÒÅÚÅÎÔÏȤ

×ÁÎÅ ÔÅÒÍÏÌÕÍÉÎÅÓÃÅÎÃÙÊÎÅ ËÒÚÙ×Å ÊÁÒÚÅÎÉÁ ËÒÙÓÚÔÁčĕ× ɼ-Ga2O3 wyhodowanych w 

"ÅÒÌÉÎÉÅ ÍÅÔÏÄä #ÚÏÃÈÒÁÌÓËÉÅÇÏȟ ÚÍÉÅÒÚÏÎÅ × ÚÁËÒÅÓÉÅ ρπ-350 K. Wykazana zostanie 

ÓÉÌÎÁ ÚÁÌÅŀÎÏĢç ËÓÚÔÁčÔÕ ËÒÚÙ×ÅÊ ÏÄ ËÏÎÃÅÎÔÒÁÃÊÉ ×ÏÌÎÙÃÈ ÅÌÅËÔÒÏÎĕ× × ËÒÙÓÚÔÁÌÅȟ ÊÁË 

Òĕ×ÎÉÅŀ ÚÏÓÔÁÎä ÐÏÄÁÎÅ ÐÁÒÁÍÅÔÒÙ ÐÕčÁÐÅË ×ÙÚÎÁÃÚÏÎÅ ÍÅÔÏÄä ÄÏÐÁÓÏ×ÁÎÉÁ ËÒÚÙ×ÙÃÈ 

× ÏÐÁÒÃÉÕ Ï ÒÏÚ×ÉäÚÁÎÉÁ Òĕ×ÎÁď ËÉÎÅÔÙÃÚÎÙÃÈȢ 
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[P4] Jonizacja dysocjacyjna 3,4 dihydro-2H-piranu indukowana zderze-

niami z elektronami i fotonami 
 

Dissociative ionization of 3,4 dihydro-2H-pyran induced by collisions  

with electrons and photons 

 

-ÉÃÈÁč *ÕÒËÏ×ÓËÉȟ 4ÏÍÁÓÚ *Ȣ 7äÓÏ×ÉÃÚ 

 

0ÏÌÉÔÅÃÈÎÉËÁ 'ÄÁďÓËÁȟ 'ÄÁďÓË 

 

 
 

2ÏÚ×ĕÊ ÃÙ×ÉÌÉÚÁÃÙÊÎÙ ×Ù×ÉÅÒÁ ÏÇÒÏÍÎÙ ×ÐčÙ× ÎÁ ÓÔÙÌ ŀÙÃÉÁ É ĢÒÏÄÏ×ÉÓËÏȟ × ËÔĕÒÙÍ ŀÙȤ

ÊÅÍÙȢ :×ÉöËÓÚÏÎÅ ÔÅÍÐÏ ŀÙÃÉÁȟ ÓÔÒÅÓȟ ÐÒÚÅÔ×ÏÒÚÏÎÁ ŀÙ×ÎÏĢç ÏÒÁÚ ÚÁÎÉÅÃÚÙÓÚÃÚÅÎÉÅ ĢÒÏȤ

ÄÏ×ÉÓËÁȟ ÐÒÚÙÃÚÙÎÉÁÊä ÓÉö ÄÏ ×ÚÒÏÓÔÕ ÚÁÃÈÏÒÏ×ÁÎÉÁ ÎÁ ÎÏ×ÏÔ×ÏÒÙ ρȟς Ȣ *ÅÄÎä Ú ÍÅÔÏÄ 

ÌÅÃÚÅÎÉÁ ÏÎËÏÌÏÇÉÃÚÎÅÇÏ ÊÅÓÔ ÒÁÄÉÏÔÅÒÁÐÉÁȟ ËÔĕÒÅÊ ÄÚÉÁčÁÎÉÅ ÓÐÒÏ×ÁÄÚÁ ÓÉö ÄÏ ÕÓÚËÏÄÚÅÎÉÁ 

$.!Ⱦ2.! ËÏÍĕÒËÉ ÎÏ×ÏÔ×ÏÒÏ×ÅÊ ÐÒÚÙ ÕŀÙÃÉÕ ÐÒÏÍÉÅÎÉÏ×ÁÎÉÁ ÊÏÎÉÚÕÊäÃÅÇÏȢ Na pozio-

ÍÉÅ ÍÏÌÅËÕÌÁÒÎÙÍ ÐÒÏÍÉÅÎÉÏ×ÁÎÉÅ ÔÏ ×Ù×ÏčÕÊÅ ÊÏÎÉÚÁÃÊöȟ ×ÚÂÕÄÚÅÎÉÅ É ÆÒÁÇÍÅÎÔÁÃÊö 

ÃÚöĢÃÉ ÓËčÁÄÏ×ÙÃÈ ÈÅÌÉÓÙȟ Á × ÏÓÔÁÔÅÃÚÎÏĢÃÉ ÚÅÒ×ÁÎÉÅ ÊÅÄÎÅÊ ÁÌÂÏ ÏÂÕ ÎÉÃÉ $.!Ȣ W konse-

kwencji zachodzi ÓÔÒÕËÔÕÒÁÌÎÁ É ÃÈÅÍÉÃÚÎÁ ÍÏÄÙÆÉËÁÃÊÁ $.!ȟ ËÔĕÒÁ prowadzi np. do 

ÕÔÒÁÔÙ ÚÄÏÌÎÏĢÃÉ ÐÏÄÚÉÁčĕ× ËÏÍĕÒËÏ×ÙÃÈȢ *ÅÄÎä Ú ×ÁÄ ÒÁÄÉÏÔÅÒÁÐÉÉ ÊÅÓÔ ÏÄÄÚÉÁčÙ×ÁÎÉÅ 

ÎÁ ÚÄÒÏ×Å ÔËÁÎËÉ ÏÔÁÃÚÁÊäÃÅ ÇÕÚÁ σ Ȣ 

0ÒÏÃÅÓÙ ËÏÍĕÒËÏ×Å ÚÁÃÈÏÄÚäÃÅ ÐÏÄ ×ÐčÙ×ÅÍ ÐÒÏÍÉÅÎÉÏ×ÁÎÉÁ Óä ÐÒÚÅÄÍÉÏÔÅÍ ×ÉÅÌÕ 

ÂÁÄÁďȢ /ÂÅÃÎÉÅ ÐÒÏ×ÁÄÚÏÎÅ ÐÒÁÃÅ ÂÁÄÁ×ÃÚÅ ÓËÕÐÉÁÊä ÓÉö ÎÁ ÐÏÚÎÁÎÉÕ ÐÒÏÃÅÓĕ× ÆÒÁÇȤ

ÍÅÎÔÁÃÊÉ Ú×ÉäÚËĕ× ÂÉÏÌÏÇÉÃÚÎÉÅ ÃÚÙÎÎÙÃÈ É ÉÃÈ ÁÎÁÌÏÇĕ×Ȣ 0ÒÚÙËčÁÄÅÍ ÊÅÓÔ σȟτɀdihydro-

2H-piran (C5H8/ ȟ ÈÅÔÅÒÏÃÙËÌÉÃÚÎÙ ÅÔÅÒȟ ËÔĕÒÅÇÏ ÐÉÅÒĢÃÉÅď ÊÅÓÔ ÂÁÚä Ú×ÉäÚËĕ× ×ÙÓÔöÐÕȤ

ÊäÃÙÃÈ × ÏÒÇÁÎÉÚÍÁÃÈ ŀÙ×ÙÃÈȟ Á ÔÁËŀÅ ÕŀÙ×ÁÎÙ ÊÅÓÔ ÄÏ ÓÙÎÔÅÚÙ ÌÅËĕ× ÐÒÚÅÃÉ×ÎÏ×ÏÔ×ÏȤ

rowych [4]. 

Pomiary jonizacji C5H8/ ÉÎÄÕËÏ×ÁÎÅÊ ÅÌÅËÔÒÏÎÁÍÉ ÚÏÓÔÁčÙ ÐÒÚÅÐÒÏ×ÁÄÚÏÎÅ ÎÁ ÓÐÅËÔÒÏȤ

metrze masowym w zakresie mas od 10 do 90 amu. Na podstawie analizy widm maso-

×ÙÃÈ ÚÉÄÅÎÔÙÆÉËÏ×ÁÎÏ ÐÏÓÚÃÚÅÇĕÌÎÅ ÊÏÎÙ É ×ÙÚÎÁÃÚÏÎÏ ËÒÚÙ×Å ÊÏÎÉÚÁÃÊÉȢ :ÍÉÅÒÚÏÎÏ 

Òĕ×ÎÉÅŀ ÅÎÅÒÇÉö ÐÏÊÁ×ÉÁÎÉÁ ÓÉö ÐÏÓÚÃÚÅÇĕÌÎÙÃÈ ÆÒÁÇÍÅÎÔĕ×Ȣ .Á ÔÅÊ ÐÏÄÓÔÁ×ÉÅ ×ÙÚÎÁȤ

ÃÚÏÎÏ ËÁÎÁčÙ ÒÏÚÐÁÄÕ σȟτɀdihydro-2H-ÐÉÒÁÎÕȢ 0ÏÚÎÁÎÉÅ ĢÃÉÅŀÅË ÆÒÁÇÍÅÎÔÁÃÊÉ É ÅÎÅÒÇÉÉ 

ÐÒÏÇÏ×ÙÃÈ ÍÁ ÚÎÁÃÚÅÎÉÅ ÄÌÁ Ú×ÉöËÓÚÅÎÉÁ ÅÆÅËÔÙ×ÎÏĢÃÉ ÌÅÃÚÅÎÉÁ ÐÒÚÙ ÍÉÎÉÍÁÌÎÙÃÈ ÓËÕÔȤ

ËÁÃÈ ÕÂÏÃÚÎÙÃÈ σ Ȣ 7ÙÎÉËÉ ÔÅ ÐÏÒĕ×ÎÁÎÏ Ú ÐÏÍÉÁÒÁÍi rozpadu 3,4ɀdihydro-2H-piranu 

ÉÎÄÕËÏ×ÁÎÅÇÏ ÐÒÏÍÉÅÎÉÏ×ÁÎÉÅÍ ÓÙÎÃÈÒÏÔÒÏÎÏ×ÙÍȟ ËÔĕÒÅ ×ÙËÏÎÁÎÏ ÐÒÚÙ ÕŀÙÃÉÕ ÔÅÃÈȤ

ÎÉËÉ 0%0)#/ ÎÁ ÓÙÎÃÈÒÏÔÒÏÎÉÅ %ÌÅÔÔÒÁ × 4ÒÉÅĢÃÉÅȢ 

 

[1]  W. Kitajewska et al., Choroby cywilizacyjne i ich prewencja. Journal of Clinical Healthcare, 

2014; 1: 3ɀ7 
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[3]  +Ȣ "ÕÊËÏ ȵ0ÏÄÓÔÁ×Ù ÒÁÄÉÏÔÅÒÁÐÉÉͼ 7ÁÒÓÚÁ×Áȟ ςπρπȟ 6ÉÁ -ÅÄÉÃÁȟ )33. ςπψρɀ1020 

[4]  M. J. Han et al., Syntheses and Biological Activity of Poly (methyl 3,4-dihydro-2H-pyran-2-

carboxylate-alt-maleic anhydride) Derivative. Journal of Bioactive and Compatible Poly-

mers, 1990; 5: 80ɀ88 
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[P5] ,ÉÎÅÁÒÎÅ ËÏÎÓÔÒÕËÃÊÅ ÇÅÏÍÅÔÒÙÃÚÎÅ ËÏÒÅÓÐÏÎÄÅÎÃÊÉ ×ÅËÔÏÒĕ× τ$ É σ$ 

347ȟ ÚÁ×ÉÅÒÁÊäÃÅ ËÏ×ÁÒÉÁÎÔÎÅ ÔÅÒÎÁÒÎÅ ÐÒÚÙÓÐÉÅÓÚÅÎÉÅ ÒÅÌÁÔÙ×ÉÓÔÙÃÚÎÅ 
 

Linear geometrical constructions of the correspondence of 4D and 3D vectors in SR, 

containing covariant ternary relativistic acceleration 

 

Grzegorz M. Koczan 

 

3ÚËÏčÁ 'čĕ×ÎÁ 'ÏÓÐÏÄÁÒÓÔ×Á 7ÉÅÊÓËÉÅÇÏ × 7ÁÒÓÚÁ×ÉÅ, Warszawa 

 

 
 

.Á ÐÏÐÒÚÅÄÎÉÍ .ÁÄÚ×ÙÃÚÁÊÎÙÍ τφ :ÊÅľÄÚÉÅ &ÉÚÙËĕ× 0ÏÌÓËÉÃÈ ÁÕÔÏÒ ÐÒÚÅÄÓÔÁ×Éč ÎÁ ÐÌÁȤ

ËÁÃÉÅ ÎÏ×ä ÄÅÆÉÎÉÃÊö ×ÒÁÚ Ú ËÏÎÓÔÒÕËÃÊä σ$  przyspieszenia relatywistycznego oraz jej 

konsekwencje w ramach STW. Natomiast w publikacji pokonferencyjnej w Acta Physica 

0ÏÌÏÎÉÃÁ ! ρσω ςπςρ  ÐÏÄÁč ËÏ×ÁÒÉÁÎÔÎÅ ÕÏÇĕÌÎÉÅÎÉÅ ÔÙÐÕ τ$ ÔÅÇÏ ÐÒÚÙÓÐÉÅÓÚÅÎÉÁȢ 7 

ÍÉöÄÚÙ ÃÚÁÓÉÅ ÕËÁÚÁčÁ ÓÉö ÐÕÂÌÉËÁÃÊÁ ÐÒÅÐÒÉÎÔÕ ÁÒ8iv autora w Results in Physics 

ςτ ςπςρ ȟ ÚÁ×ÉÅÒÁÊäÃÁ ÍÉöÄÚÙ ÉÎÎÙÍÉ ÔÁÂÅÌö ËÏÒÅÓÐÏÎÄÅÎÃÊÉ ÐÏÍÉöÄÚÙ ×ÉÅÌËÏĢÃÉÁÍÉ τ$ 

i 3D w STW. 

7ÏÂÅÃ ÐÏ×ÙŀÓÚÅÇÏ ÎÁ τχ :ÊÅľÄÚÉÅ &ÉÚÙËĕ× 0ÏÌÓËÉÃÈ × "ÙÄÇÏÓÚÃÚÙ ÁÕÔÏÒ ÐÏÓÔÁÎÏ×Éč ÐÏȤ

ÄÁç ĢÃÉĢÌÅ ÇÅÏÍÅÔÒÙÃÚÎÏ-konstrukcyjne umocowanie ÚÁÒĕ×ÎÏ ËÏÒÅÓÐÏÎÄÅÎÃÊÉ τ$ É σ$ȟ 

ÊÁË É ÓÁÍÅÇÏ ÎÏ×ÅÇÏ ÔÅÒÎÁÒÎÅÇÏ ÐÒÚÙÓÐÉÅÓÚÅÎÉÁ ÒÅÌÁÔÙ×ÉÓÔÙÃÚÎÅÇÏȢ :ÁÔÅÍ ÎÁÊ×ÁŀÎÉÅÊȤ

szym elementem plakatu jest prosta konstrukcja 4D ternarnego przyspieszenia relatywi-

stycznego oparta na standardowym cztero-przyspieszeniu ɀ co ÓÔÁÎÏ×É ÕÏÇĕÌÎÉÅÎÉÅ ÐÏȤ

ÄÁÎÅÊ ×ÃÚÅĢÎÉÅÊ ËÏÎÓÔÒÕËÃÊÉ σ$Ȣ /ÄÐÏ×ÉÅÄÎÉÅȟ ÎÉÅÃÏ ÐÏÄÏÂÎÅȟ ËÏÎÓÔÒÕËÃÊÅ ËÏÒÅÓÐÏÎÄÅÎȤ

ÃÊÉ Ú τ$ ÄÏ σ$ Óä ÎÁÒÙÓÏ×ÁÎÅ ÎÁ ÐÌÁËÁÃÉÅ Òĕ×ÎÉÅŀ ÄÌÁȡ ÐöÄÕȟ ÐÒöÄËÏĢÃÉ ÏÒÁÚ ÓÉčÙȢ -ÅÔÏÄÁ 

ËÏÎÓÔÒÕËÃÊÉ ÕÚÁÌÅŀÎÉÏÎÁ ÊÅÓÔ ÏÄ ÒÚöÄÕ ×ÉÅÌËÏĢÃÉ ÆÉÚÙÃÚÎÅÊ ÏÒÁÚ od tego czy jej wektor 4D 

jest czaso-podobny czy przestrzenno-ÐÏÄÏÂÎÙȢ 0ÏÄÊöÔÅ Òĕ×ÎÉÅŀ ÚÏÓÔÁčÙ ÚÁÇÁÄÎÉÅÎÉÁ ËÏÎȤ

strukcji odwrotnych z 3D do 4D.  
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[P6] Spektroskopia m ssbauerowska 151Eu oraz 57&Å × ÂÁÄÁÎÉÁÃÈ Ú×ÉäÚȤ

Ëĕ× ÎÁ ÂÁÚÉÅ %Õ&Å2As2 
 

151Eu and 57Fe Mossbauer spectroscopy of EuFe2As2-based compounds 

 

+ÁÍÉÌÁ +ÏÍöÄÅÒÁ1ȟ !ÒÔÕÒ "čÁÃÈÏ×ÓËÉ1ȟ *ÁÎ ½ÕËÒÏ×ÓËÉ2, Zbigniew Bukowski3 

 
15ÎÉ×ÅÒÓÙÔÅÔ 0ÅÄÁÇÏÇÉÃÚÎÙȟ +ÒÁËĕ× 

2!ËÁÄÅÍÉÁ 'ĕÒÎÉÃÚÏ-(ÕÔÎÉÃÚÁ ÉÍȢ 3ÔÁÎÉÓčÁ×Á 3ÔÁÓÚÉÃÁȟ +ÒÁËĕ× 
3)ÎÓÔÙÔÕÔ .ÉÓËÉÃÈ 4ÅÍÐÅÒÁÔÕÒ É "ÁÄÁď 3ÔÒÕËÔÕÒÁÌÎÙÃÈ PANȟ 7ÒÏÃčÁ× 

 

 
 

:×ÉäÚÅË %Õ&Å2As2 ÃÈÁÒÁËÔÅÒÙÚÕÊÅ ÓÉö ÐÏÒÚäÄËÉÅÍ ÍÁÇÎÅÔÙÃÚÎÙÍ σd ÔÙÐÕ ÆÁÌÉ ÇöÓÔÏĢÃÉ 

spinowej (spin density wave - SDW) z temperatÕÒä ÐÒÚÅÊĢÃÉÁ ÍÁÇÎÅÔÙÃÚÎÅÇÏ 4SDW=192K. 

0ÏÎÁÄÔÏ × ÔÅÍÐÅÒÁÔÕÒÚÅ ρω+ ÄÏÃÈÏÄÚÉ ÄÏ ÁÎÔÙÆÅÒÒÏÍÁÇÎÅÔÙÃÚÎÅÇÏ ÐÏÒÚäÄËÏ×ÁÎÉÁ %Õ2+  

× ÐčÁÓÚÃÚÙľÎÉÅ a-bȢ $ÏÍÉÅÓÚËÏ×ÁÎÉÅ Ú×ÉäÚËÕ ÍÁÃÉÅÒÚÙÓÔÅÇÏ %Õ&Å2As2 ÍÏŀÅ ÐÒÏ×ÁÄÚÉç 

ÄÏ ÐÏÊÁ×ÉÅÎÉÁ ÓÉö ÎÁÄÐÒÚÅ×ÏÄÎÉÃÔ×Áȟ ÃÚÅÍÕ ×ÓÐĕčÔÏ×ÁÒÚÙÓÚÙ ÚÁÎÉË ÐÏÒÚäÄËÕ ÍÁÇÎÅȤ

tycznego typu SDW.  

:×ÉäÚËÉ Ú ÒÏÄÚÉÎÙ %Õ&Å2As2 ÚÏÓÔÁčÙ ÐÒÚÅÂÁÄÁÎÅ ÍÅÔÏÄä ÓÐÅËÔÒÏÓËÏÐÉÉ Íssbauerowskiej 
151Eu oraz 57Fe w funkcji temperatury [1-3]. W niskich temperaturach obserwowana jest 

ÏÂÅÃÎÏĢç ÎÁÄÐÒÚÅ×ÏÄÎÉÃÔ×Á ÏÒÁÚ ÍÁÇÎÅÔÙÚÍÕ ÔÙÐÕ 3$7 ÚÅ ÚÎÁÃÚÎÉÅ ÚÍÎÉÅÊÓÚÏÎä ÁÍȤ

ÐÌÉÔÕÄäȢ *ÏÎÙ %Õ2+  ÐÏÒÚäÄËÕÊä ÓÉö ÍÁÇÎÅÔÙÃÚÎÉÅ ÂÅÚ ×ÚÇÌöÄÕ ÎÁ ÄÏÍÉÅÓÚËÏ×ÁÎÉÅȟ ÚÁÔÅÍ 

ÎÁÄÐÒÚÅ×ÏÄÎÉÃÔ×Ï ×ÓÐĕčÉÓÔÎÉÅÊÅ Ú ÐÏÒÚäÄËÉÅÍ ÍÁÇÎÅÔÙÃÚÎÙÍ ÐÏÃÈÏÄÚäÃÙÍ ÏÄ ÅÌÅËÔÒÏȤ

Îĕ× ÔÙÐÕ τf ÊÏÎĕ× %Õ2+Ȣ $ÏÍÉÅÓÚËÏ×ÁÎÉÅ ÐÏ×ÏÄÕÊÅ ÒÅÏÒÉÅÎÔÁÃÊö ÍÏÍÅÎÔÕ ÍÁÇÎÅÔÙÃÚȤ

nego Eu2+  z kierunku osi a na kierunek osi c [1-σ Ȣ 0ÏÎÉŀÅÊ ÔÅÍÐÅÒÁÔÕÒÙ ÐÒÚÅÊĢÃÉÁ ÍÁÇÎÅȤ

tycznego Eu2+  obserwowane jest pole transferu na Fe. 

 

Badania realizowane w ramach projektu Narodowego Centrum Nauki 

2018/29/N/ST3/00705.  

 

[1]  +Ȣ +ÏÍöÄÅÒÁȟ *Ȣ 'ÁÔÌÉËȟ !Ȣ "čÁÃÈÏ×ÓËÉȟ *Ȣ ½ÕËÒÏ×ÓËÉȟ $Ȣ 2ÙÂÉÃËÉȟ !Ȣ $ÅÌÅËÔÁȟ -Ȣ "ÁÂÉÊȟ  

Z. Bukowski, Scientific Reports 11, 11484 (2021) 

[2]  "čÁÃÈÏ×ÓËÉȟ +Ȣ 2ÕÅÂÅÎÂÁÕÅÒȟ *Ȣ ½ÕËÒÏ×ÓËÉȟ :Ȣ "ÕËÏ×ÓËÉȟ +Ȣ 2ÏÇÁÃËÉȟ 0Ȣ*Ȣ7Ȣ -ÏÌÌȟ  

J. Karpinski, Physical Review B 84, 174503 (2011) 

[3]  K. +ÏÍöÄÅÒÁȟ !Ȣ "čÁÃÈÏ×ÓËÉȟ +Ȣ Ruebenbauer, J. ½ÕËÒÏ×ÓËÉȟ 3Ȣ-Ȣ Dubiel, L.M. Tran, M. Babij, 

Z. Bukowski, Journal of Magnetism and Magnetic Materials 457, 1 (2018) 
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[P7] 2ÅÚÏÎÁÎÓ ÐÌÁÚÍÏÎÏ×Ù × ÎÁÎÏÃÚäÓÔËÁÃÈ É ÎÁÎÏčÁďÃÕÃÈÁÃÈ - symulacje 

ÎÕÍÅÒÙÃÚÎÅ Ú Õ×ÚÇÌöÄÎÉÅÎÉÅÍ ÅÆÅËÔÕ ÔÁÒÃÉÁ ,ÏÒÅÎÔÚÁ 

 
Plasmonic resonances of nanoparticles and nanochains - numerical calculations with 

Lorentz friction  

 

Zofia +ÒÚÅÍÉďÓËÁ 

 

0ÏÌÉÔÅÃÈÎÉËÁ 7ÒÏÃčÁ×ÓËÁȟ 7ÒÏÃčÁ× 

 

 
 

2ÅÚÏÎÁÎÓ ÐÌÁÚÍÏÎÏ×Ù ÔÏ ÚÊÁ×ÉÓËÏ ËÏÌÅËÔÙ×ÎÙÃÈ ÏÓÃÙÌÁÃÊÉ ÇöÓÔÏĢÃÉ ÅÌÅËÔÒÏÎĕ× ×ÚÂÕȤ

ÄÚÁÎÙÃÈ × ÏĢÒÏÄËÕ ÍÅÔÁÌÉÃÚÎÙÍȢ -ÏÄÅÌ 0ÉÎÅÓÁ-"ÏÈÍÁ ÐÌÁÚÍÏÎĕ× ÏÂÊöÔÏĢÃÉÏ×ÙÃÈ × 

ÍÅÔÁÌÕ ÌÉÔÙÍ ÂÕÌË  ρ ȟ ÊÅÓÔ Ë×ÁÎÔÏ×ÙÍ ÐÏÄÅÊĢÃÉÅÍ ÄÏ ÔÅÇÏ ÒÅÚÏÎÁÎÓÕ ÐÌÁÚÍÏÎÏ×ÅÇÏ 

z zastosowaniem tz×Ȣ ÐÒÚÙÂÌÉŀÅÎÉÁ ÆÁÚ ÃÈÁÏÔÙÃÚÎÙÃÈ 20!ȟ ÒÁÎÄÏÍ ÐÈÁÓÅ ÁÐÐÒÏØÉÍÁȤ

ÔÉÏÎ  É ×ÓËÁÚÕÊÅ ÎÁ ÏÄÄÚÉÁčÙ×ÁÎÉÅ ÅÌÅËÔÒÏÎĕ× ÍÉöÄÚÙ ÓÏÂä ÊÁËÏ ÉÓÔÏÔÎÅ É Ë×ÁÎÔÏ×Å Õ×ÁȤ

ÒÕÎËÏ×ÁÎÉÅ ËÏÌÅËÔÙ×ÎÙÃÈ ×ÚÂÕÄÚÅďȢ 0ÌÁÚÍÏÎÙ ÐÏ×ÉÅÒÚÃÈÎÉÏ×Å ÂÁÄÁÎÅ ÂÙčÙ ×ÐÒÁ×Ȥ

ÄÚÉÅ ÊÕŀ ÎÁ ÇÒÕÎÃÉÅ ËÌÁÓÙÃÚÎÅÊ ÅÌÅËÔrodynamiki, jak w przypadku klasycznego modelu Mie 

ς  ÄÌÁ ÓÆÅÒÙÃÚÎÙÃÈ ËÓÚÔÁčÔĕ× ÎÁ ÇÒÁÎÉÃÙ ÏĢÒÏÄËĕ× ÍÅÔÁÌ-izolator. Zagadnienie brzegowe 

× ËÌÁÓÙÃÚÎÅÊ ÅÌÅËÔÒÏÄÙÎÁÍÉÃÅ ×ÙÍÁÇÁčÏ ÐÏÄÁÎÉÁ ÚÎÁÎÅÊ Ú ÇĕÒÙ ÆÕÎËÃÊÉ ÄÉÅÌÅËÔÒÙÃÚÎÅÊ 

ÏÂÕ ÏĢÒÏÄËĕ×Ȣ $ÌÁ ÍÅÔÁÌÕ ÔÏ × ÆÕÎËÃÊÉ ÄÉÅÌÅËÔÒÙÃÚÎÅÊ ÕËÒÙÔÁ ÂÙčÁ Ë×ÁÎÔÏ×Á ÎÁÔÕÒÁ ÚÊÁȤ

×ÉÓËÁ ÏÓÃÙÌÁÃÊÉ ÐÌÁÚÍÏÎÏ×ÙÃÈȢ *ÅÄÎÁË ÐÒÚÙÂÌÉŀÅÎÉÅ ËÌÁÓÙÃÚÎÅ ÏËÁÚÕÊÅ ÓÉö ÎÉÅ×ÙÓÔÁÒÃÚÁȤ

ÊäÃÅ ÄÌÁ ÍÁčÙÃÈ ÎÁÎÏÃÚäÓÔÅË ÍÅÔÁÌÉÃÚÎÙÃÈȟ ÎÐȢ ÍÅÔÁÌÉ ÓÚÌÁÃÈÅÔÎÙÃÈ Ï ÐÒÏÍÉÅÎÉÕ ρπ ɀ 100 

ÎÍȟ ÇÄÚÉÅ ÔčÕÍÉÅÎÉÅ ÐÏÐÒÚÅÚ ÔÁÒÃÉÅ ÔÚ×Ȣ ,ÏÒÅÎÔÚÁ ÊÅÓÔ ÂÁÒÄÚÏ ÄÕŀÅ É ÚÎÁÃÚÎÉÅ ÐÒÚÅ×ÙŀÓÚÁ 

ÅÆÅËÔÙ ÒÏÚÐÒÏÓÚÅÎÉÏ×Å ×ÃÚÅĢÎÉÅÊ Õ×ÚÇÌöÄÎÉÁÎÅ ÊÁË ÔčÕÍÉÅÎÉÅ ÄÒÇÁď ÅÌÅËÔÒÏÎĕ× ÚÅ 

×ÚÇÌöÄÕ ÎÁ ÉÃÈ ÓËÏďÃÚÏÎä ÄÒÏÇö Ó×ÏÂÏÄÎä ÏÒÁÚ ÒÏÚÐÒÁÓÚÁÎÉÅ ÎÁ ËÒÁ×öÄÚÉÁÃÈ ÎÁÎÏÃÚäȤ

stek [3]). Pomijane tarcie Lorentza to stratÙ ÒÁÄÉÁÃÙÊÎÅ ÏÓÃÙÌÕÊäÃÙÃÈ čÁÄÕÎËĕ× τ Ȣ 0ÏȤ

ÎÁÄÔÏȟ × Ô×ÏÒÚÏÎÙÃÈ ÄÏ ÔÅÊ ÐÏÒÙ ÍÏÄÅÌÁÃÈ ÎÕÍÅÒÙÃÚÎÙÃÈȟ ÄÏ ÏÐÉÓÁÎÉÁ ×čÁÓÎÏĢÃÉ ÎÁÎÏȤ

ÃÚäÓÔÅË ÓÔÏÓÏ×ÁÎÏ ÆÕÎËÃÊÅ ÄÉÅÌÅËÔÒÙÃÚÎÅȟ ÄÏÐÁÓÏ×ÁÎÅ ÄÏ ÐÏÍÉÁÒĕ× ÅËÓÐÅÒÙÍÅÎÔÁÌÎÙÃÈȟ 

ÁÌÅ ÄÌÁ ÂÕÌËÕ ÌÕÂ ÃÏ ÎÁÊ×ÙŀÅÊ ÄÌÁ ÃÉÅÎËÉÃÈ ×ÁÒÓÔ× ÍÅÔÁÌÉ υ ȟ ËÔĕÒÅ ÂÁÒÄÚÏ ÒĕŀÎÉä ÓÉö ÃÈÁȤ

ÒÁËÔÅÒÅÍ ÔčÕÍÉÅÎÉÁ ÏÄ ÎÁÎÏÃÚäÓÔÅË × ÂÕÌËÕ É ÄÌÁ ÕÌÔÒÁÍÁčÙÃÈ ÎÁÎÏÃÚäÓÔÅË ÔÁÒÃÉÅ ,ÏȤ

ÒÅÎÔÚÁ ÊÅÓÔ ÂÁÒÄÚÏ ÍÁčÅȟ Á ÎÐȢ ÄÌÁ ÎÁÎÏÃÚäÓÔÅË Ï ÐÒÏÍÉÅÎÉÕ ρπ-ρππ ÎÍ !Õ × ÐÒĕŀÎÉ  

×ÒöÃÚ ÇÉÇÁÎÔÙÃÚÎÅ Ȣ :ÁÐÒÅÚÅÎÔÕÊö ÎÁ ÐÌÁËÁÃÉÅ ÏÐÉÓ ÁÎÁÌÉÔÙÃÚÎÙȟ × ËÔĕÒÙÍ ÓÔÒÁÔÙ ÒÁÄÉÁȤ

ÃÙÊÎÅȟ ÔÚ×Ȣ ÔčÕÍÉÅÎÉÅ ,ÏÒÅÎÔÚÁȟ ÚÏÓÔÁčÙ Õ×ÚÇÌöÄÎÉÏÎÅ φ ȟ Ú ÚÁÓÔÏÓÏ×ÁÎÉÅÍ ÐÏÄÅÊĢÃÉÁȟ 

ËÔĕÒÅ ÏÐÁÒÔÅ ÊÅÓÔ ÎÁ ÒÏÚ×ÉÎÉöÃÉÕ ÔÅÏÒÉÉ 20! 0ÉÎÅÓÁ É "ÏÈÍÁ ÎÁ ÐÒÚÙÐÁÄÅË ÎÁÎÏÃÚäÓÔÅË 

ÍÅÔÁÌÉÃÚÎÙÃÈȢ 0ÒÚÅÄÓÔÁ×Éö Òĕ×ÎÉÅŀ ÓÙÍÕÌÁÃÊö ÎÕÍÅÒÙÃÚÎäȟ × ËÔĕÒÅÊ - × ÐÒÚÅÃÉ×ÉÅďÓÔ×ÉÅ 

do stosowanych dotychczas numerycznych modeli - ÐÏÓÔÁç ÆÕÎËÃÊÉ ÄÉÅÌÅËÔÒÙÃÚÎÅÊ ÚÄÅÆÉȤ

ÎÉÏ×ÁÎÁ ÊÅÓÔ Ú ÕŀÙÃÉÅÍ ×ÙÐÒÏ×ÁÄÚÏÎÅÇÏ ÁÎÁÌÉÔÙÃÚÎÉÅ ×ÓÐĕčÃÚÙÎÎÉËÁ ÔčÕÍÉÅÎÉÁ ÄÌÁ ÓÙȤ
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ÍÅÔÒÉÉ ÓÆÅÒÙÃÚÎÅÊ ÎÁÎÏÃÚäÓÔËÉ É ÍÏÄÕ ÄÉÐÏÌÏ×ÅÇÏ ÐÌÁÚÍÏÎÕ ÐÏ×Éerzchniowego). Zapre-

ÚÅÎÔÕÊö ×ÙÎÉËÉ ÏÂÌÉÃÚÅď ÎÕÍÅÒÙÃÚÎÙÃÈ × ÓÙÓÔÅÍÉÅ #/-3/, ÄÌÁ ÉÎÔÅÎÓÙ×ÎÏĢÃÉ ÐÏÌÁ ÅÌÅËȤ

ÔÒÏÍÁÇÎÅÔÙÃÚÎÅÇÏ ×ÏËĕč ÎÁÎÏÃÚäÓÔËÉ ×ÚÂÕÄÚÁÎÅÊ ÐÁÄÁÊäÃä ÆÁÌä ÐčÁÓËä Ú ÚÁËÒÅÓÕ Ģ×ÉÁÔčÁ 

×ÉÄÚÉÁÌÎÅÇÏȟ ÉÎÔÅÎÓÙ×ÎÏĢÃÉ ÊÅÊ ÁÂÓÏÒÐÃÊÉȟ ÒÏÚÐÒÁÓÚÁÎÉÁ É ÅËÓÔÙÎËÃÊÉ ÄÌÁ ÒĕŀÎÙÃÈ ÄčÕÇÏĢÃÉ 

ÆÁÌÉȟ Á ÔÁËŀÅ ÚÁÌÅŀÎÏĢç ÒÅÚÏÎÁÎÓÏ×ÅÊ ÄčÕÇÏĢÃÉ ÆÁÌÉ ÏÄ ÐÒÏÍÉÅÎÉÁ ÎÁÎÏÃÚäÓÔÅËȢ  

 

[1]  Pines, D. (1999). Elementary Excitations In Solids (1st ed.). CRC Press.  

[2]  -ÉÅȟ 'Ȣ ρωπψ Ȣ "ÅÉÔÒßÇÅ ÚÕÒ /ÐÔÉË ÔÒİÂÅÒ -ÅÄÉÅÎȟ ÓÐÅÚÉÅÌÌ ËÏÌÌÏÉÄÁÌÅÒ -ÅÔÁÌÌĘÓÕÎÇÅÎȢ Ann. 

Phys., 330: 377-445.  

[3]  Kreibig, U., & Vollmer, M. (1995). Optical Properties of Metal Clusters. Springer Series in 

Materials Science.  

[4]  Landau, L., Lifszyc, E (1960). Field Theory, ser. Course of Theoretical Physics. Pergamon 

Press.  

[5]  Johnson, P. B., & Christy, R. W. (1972). Optical constants of the noble metals. Physical Re-

view B, 6(12), 4370.  

[6]  Jacak, W. (2015). Size-dependence of the Lorentz friction for surface plasmons in metallic 

nanospheres, Optics Express 23, 4472-4481. 
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[P8] TopolÏÇÉÃÚÎÅ ÐÒÚÅÊĢÃÉÅ ÆÁÚÏ×Å ÐÏÍÉöÄÚÙ ÆÁÚä ÕčÁÍËÏ×ÙÃÈ ÉÚÏÌÁÔÏÒĕ× 

#ÈÅÒÎÁ Á ËÒÙÓÔÁÌÉÚÁÃÊä 7ÉÇÎÅÒÁ 

 
An interaction-driven transition between the Wigner crystal and the Fractional Chern 

insulator in topological flat bands 

 

-ÉÃÈÁč +ÕÐÃÚÙďÓËÉ 

 

0ÏÌÉÔÅÃÈÎÉËÁ 7ÒÏÃčÁ×ÓËÁȟ 7ÒÏÃčÁ× 

 

 
 

We investigate the topological phase transitions between the Wigner crystallization (WC) 

and the Fractional Chern Insulator (FCI) phase. FCIs are quantum liquid phases related 

to the partially fil led Chern Insulators - insulators with non-trivial band topology exhib-

iting a non-zero Hall conductance in analogy to Landau level (LL) physics, but in systems 

preserving translational symmetry [1-3]. Similarly to LL physics, at the low-density limit, 

strongly correlated liquid phases compete with WCs [4-6]. We have shown that the Wig-

ner crystallization occurs on non-trivial bands of Chern Insulators for filling fractions 

when the FCI is absent [7]. In our work, we analyzed the interaction-driven transition  

between crystalline and liquid states have for different lattice models and filling factors. 

We used the exact diagonalization method for finite size systems with periodic boundary 

conditions to distinguish different phases, which stability depends on the interaction 

range, controlled by the screening parameter of the Coulomb interaction [8]. The crystal-

line phases are identified by a crystallization strength, calculated from the Fourier trans-

forms of pair correlation density. The Fractional Chern insulator phases are characterized 

using momentum counting rules, entanglement spectrum, and overlaps with correspond-

ing Fractional Quantum Hall states.  

 

[1]  F. D. M. Haldane Phys. Rev. Lett., 61, 2015 (1988)  

[2]  T. Neupert, L. Santos, C. Chamon, and C. Mudry Phys. Rev. Lett., 106, 236804 (2011)  

[3]  N. Regnault and B. A. Bernevig Phys. Rev. X, 1, 021014 (2011)  

[4]  E. Wigner, Phys. Rev. 46, 1002 (1934)  

[5]  K. Maki and X. Zotos Phys. Rev. B 28, 4349 (1983)  

[6]  K. Yang, F. D. M. Haldane, and E. H. Rezayi, Phys. Rev.B 64, 081301 (2001)  

[7]  "Ȣ*Á×ÏÒÏ×ÓËÉȟ !Ȣ$Ȣ 'İëÌİȟ 0Ȣ +ÁÃÚÍÁÒËÉÅ×ÉÃÚȟ -Ȣ +ÕÐÃÚÙďÓËÉȟ 0Ȣ 0ÏÔÁÓÚȟ !Ȣ 7ĕÊÓȟ .Å× *Ȣ 

Phys. 20, 063023 (2018)  

[8]  -Ȣ +ÕÐÃÚÙďÓËÉȟ "Ȣ *Á×ÏÒÏ×ÓËÉȟ !Ȣ 7ĕÊÓ ÁÒ8ÉÖȡςρπυȢπυτψψ 
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[P9] 2ÏÌÁ ÏÄÄÚÉÁčÙ×ÁÎÉÁ ÓÐÉÎ-ÏÒÂÉÔÁ ÎÁ ×čÁĢÃÉ×ÏĢÃÉ termodynamiczne 

SmB6 
 

The influence of the spin-orbit interaction on the thermodynamical properties of SmB6 

 

Dawid M. Načöcz1, Ryszard J. Radwaďski1,2 

 
15ÎÉ×ÅÒÓÙÔÅÔ 0ÅÄÁÇÏÇÉÃÚÎÙȟ +ÒÁËĕ× 

2Centrum Fizyki CÉÁčÁ 3ÔÁčÅÇÏ, Krakĕw 

 

 
 

The compound SmB6, studied for more than 50 years, is now emerging as a strong candi-

date for a three-dimensional Kondo topological insulator (TKI) with a well-defined en-

ergy gap. The value of the energy gap depends on the experimental method and amounts 

approximately to 20 meV (=232 K). 

On the other hand, the experimentally measured specific heat of SmB6 contains a substan-

tial additional  contribution, when we compare it with the experimental results for 

isostructural LaB6 (the reference system). This excess heat in SmB6 is large because the 

entropy associated with this excess, up to 300 K, is 19-23 J/K mol f.u. It corresponds to 

2.3-2.9 R (where the gas constant R = 8.314 J/(K mol f.u.)). This additional entropy would 

indicate a number of addi-

tional degrees of freedom on 

the order of 10 to 16, which we 

interpret as localized energy 

states. Such large numbers are 

not at all expected for the Sm2+  

and Sm3+  ions in the classical 

description of the crystal field 

states in the |J, Jz> basis. We 

have noticed that such de-

scription somehow assumes 

the infinite value of the spin-

orbit coupling, what we think 

is incorrect. 

In this contribution, we reana-

lyze experimentally measured specific heat considering a finite value of the spin- orbit 

coupling. It means that we have changed the description of the Sm ions from the |J, Jz> 

basis to the description in the |LSLzSz> space. The obtained results shown in the figure 
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describes the experimental temperature dependence of the specific heat very well con-

firming the physical adequacy of the description that has been used. Moreover, we think 

that our theoretical description is in agreement with inelastic-neutron-scattering (INS) 

experiments which reveals some in-gap states observing a wide hump of INS intensity 

below 20 meV. 
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[P10] Media jako narÚöÄÚÉÁ ÐÏÚÙÓËÉ×ÁÎÉÁ ×ÉÅÄÚÙ ÆÉÚÙÃÚÎÅÊ 

 
Media as a tool for acquiring physical knowledge 

 

Edward Rydygier 

 

5ÒÚäÄ ÍȢÓÔȢ 7ÁÒÓÚÁ×Ùȟ 7ÁÒÓÚÁ×Á 

 

 
 

¡ÒÏÄËÉ ÍÁÓÏ×ÅÇÏ ÐÒÚÅËÁÚÕ ÏÄ ÄÁ×ÎÁ ÂÙčÙ ×ÙËÏÒÚÙÓÔÙ×ÁÎÅ ÄÏ ÐÒÚÅËÁÚÙ×ÁÎÉÁ ÉÎÆÏÒÍÁȤ

ÃÊÉ ÎÁÕËÏ×ÅÊȟ ÕÐÏ×ÓÚÅÃÈÎÉÁÎÉÁ ×ÉÅÄÚÙ ÏÒÁÚ ÄÏ ÐÏÐÕÌÁÒÙÚÏ×ÁÎÉÁ ÎÁÕËÉȢ $Á×ÎÉÅÊ ÂÙčÁ ÔÏ 

ÐÒÁÓÁ ÆÉÌÍ É ÔÅÌÅ×ÉÚÊÁȢ /ÂÅÃÎÉÅ ÍÅÄÉÁ ÒÏÚÓÚÅÒÚÙčÙ ÓÉö ÎÁ ÉÎÔÅÒÎÅÔȟ ÓÉÅÃÉ ÓÐÏčÅÃÚÎÏĢÃÉÏ×Åȟ 

platÆÏÒÍÙ ÍÅÄÉÁÌÎÅȟ ÂÌÏÇÉȢ 0ÌÕÒÁÌÉÚÍ ÕÍÏŀÌÉ×Éč ÆÕÎËÃÊÏÎÏ×ÁÎÉÅ ÒÏŀÎÙÃÈ ÓÔÁÃÊÉ ÒÁÄÉÏ×ÙÃÈ 

É ÔÅÌÅ×ÉÚÙÊÎÙÃÈȟ ×ÙÄÁ×ÁÎÙÃÈ ÊÅÓÔ ÔÅŀ ×ÉÅÌÅ ÒĕŀÎÙÃÈ ÇÁÚÅÔȟ ÄÚÉÅÎÎÉËĕ× É ÃÚÁÓÏÐÉÓÍȢ 7čÁȤ

ÄÚÅ ÅÄÕËÁÃÙÊÎÅ ÐÏÐÉÅÒÁÊä ÐÏÚÁÓÚËÏÌÎÅ ÚÄÏÂÙ×ÁÎÉÅ ×ÉÅÄÚÙ ÐÒÚÅÚ ÕÃÚÎÉĕ× ÏÒÁÚ ÓÔÁ×ÉÁÊä 

na poÚÙÓËÉ×ÁÎÉÅ ÐÒÚÅÚ ÄÏÒÏÓčÙÃÈ ×ÉÅÄÚÙ ÆÉÚÙÃÚÎÅÊ Ú ÍÅÄÉĕ×Ȣ /ÐÒĕÃÚ ËÏÒÚÙĢÃÉ × ÄÏÔÁÒÃÉÕ 

ÄÏ ÇÒÕÐ ÓÐÏčÅÃÚÎÙÃÈ ËÏÒÚÙÓÔÁÊäÃÙÃÈ Ú ÎÏ×ÏÃÚÅÓÎÙÃÈ ĢÒÏÄËĕ× ÐÒÚÅËÁÚÕȟ ÐÌÕÒÁÌÉÚÍ × ÍÅȤ

ÄÉÁÃÈ ÏÒÁÚ ×ÏÌÎÏĢç ÓčÏ×Á ÓÔ×ÁÒÚÁÊä ÚÁÇÒÏŀÅÎÉÁ ÐÏÌÅÇÁÊäÃÅ ÎÁ ÒÏÚÐÏ×ÓÚÅÃÈÎÉÁÎÉÕ ÎÉÅȤ

wiarygodnych, niezweryfikowanych informacji oraz na lansowaniu pseudonauki. Tablo-

ÉÄÙ Ú ËÏÌÅÉ ×ÙËÏÒÚÙÓÔÕÊä ÉÎÆÏÒÍÁÃÊÅ ÎÁÕËÏ×Å ÊÁËÏ ÃÉÅËÁ×ÏÓÔËÉȟ Á Ú ÎÁÕËÏ×Ãĕ× ÃÈÃä ÚÒÏȤ

ÂÉç ÃÅÌÅÂÒÙÔĕ×Ȣ .Á ÒÙÎËÕ ÊÅÓÔ ×ÉÅÌÅ ÃÚÁÓÏÐÉÓÍ ÐÏÐÕÌÁÒÎÏÎÁÕËÏ×ÙÃÈ ÃÚÅÒÐÉäÃÙÃÈ Ú ÒĕŀȤ

ÎÙÃÈ ľÒĕÄÅč ÉÎÆÏÒÍÁÃÊÉȢ 4ÒÅĢÃÉ ÆÉÚÙÃÚÎÅ ÐÒÚÅÎÉËÁÊä ÄÏ ËÏÍÅÒÃÙÊÎÙÃÈ ÆÉÌÍĕ× ÓÃÉÅÎÃÅ-fic-

ÔÉÏÎȟ ËÔĕÒÅ Óä ÁÄÁÐÔÏ×ÁÎÅ ÐÒÚÅÚ ËÕÌÔÕÒö ÍÁÓÏ×ä Ô×ÏÒÚäÃ ÎÉÅÐÒÁ×ÄÚÉ×Ù ÏÂÒÁÚ ÎÁÕËÉ É 

ÎÁÕËÏ×Ãĕ×Ȣ *ÁË ÚÁÔÅÍ ÓÐÏčÅÃÚÅďÓÔ×Ï ÍÁ ×ÙËÏÒÚÙÓÔÁç ÍÅÄÉÁ ÄÏ ÎÁÕËÉ É ÐÏÚÙÓËÉ×ÁÎÉÁ 

×ÉÅÄÚÙ ÎÁÕËÏ×ÅÊȩ *ÁË ÍÏŀÎÁ Ú×ÅÒÙÆÉËÏ×Áç ÉÎÆÏÒÍÁÃÊÅ ÎÁÕËÏ×Å ÐÒÚÅËÁÚÙ×ÁÎÅ × ÍÅȤ

ÄÉÁÃÈȩ *ÁË ÎÉÅ ÄÁç ÓÉö ×ÃÉäÇÎäç ÄÏ Õ×ÉÅÒÚÅÎÉÁ × ÐÓÅÕÄÏÎÁÕËö É ÎÉÅ ÕÌÅÃ ÆÁÓÃÙÎÁÃÊÉ ÔÒÅȤ

ĢÃÉÁÍÉ ÐÏÐÕÌÁÒÎÙÃÈ ÆÉÌÍĕ× É ÓÅÒÉÁÌÉ Ó-Æȩ 5ÚÄÒÏ×ÉÅÎÉÅÍ ÓÙÔÕÁÃÊÉ ÂÙčÂÙ ÐÏ×ÒĕÔ ÄÏ ÎÁÕÃÚÁȤ

nia fizyki w czteroletnim kursie licealnÙÍȟ ÐÏ×Òĕt ÍÁÔÕÒÙ Ú ÆÉÚÙËÉ É ÕÍÏÃÎÉÅÎÉÅ ÐÒÅÓÔÉŀÕ 

ÎÁÕÃÚÙÃÉÅÌÁ ÆÉÚÙËÉȢ ! ÔÁËŀÅ ÐÏÍÏÃ ÐÁďÓÔ×Á ÒÚÅÔÅÌÎÙÍ ÐÏÐÕÌÁÒÙÚÁÔÏÒÏÍ ÎÁÕËÉ ×ÙËÏÒÚÙȤ

ÓÔÕÊäÃÙÍ ÄÏ ÐÒÚÅËÁÚÕ ×ÉÅÄÚÙ ÎÏ×ÏÃÚÅÓÎÅ ÔÅÃÈÎÏÌÏÇÉÅ ÉÎÆÏÒÍÁÔÙÃÚÎÅȢ 
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[P11] "ÁÄÁÎÉÅ ÐÏÄ×ĕÊÎÉÅ ÎÁčÁÄÏ×ÁÎÙÃÈ ÂÏÚÏÎĕ× (ÉÇÇÓÁ × ÁËÃeleratorach 

wysokich energii 

 
Study of doubly charged Higgs bosons at high energy accelerators 

 

Karolina Skrzydelska 

 

5ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉȟ +ÁÔÏ×ÉÃÅ 

 

 
 

#ÚÙ ÏÓÃÙÌÁÃÊÅ ÎÅÕÔÒÉÎ ÍÁÊä Ú×ÉäÚÅË Ú ÐÒÏÃÅÓÁÍÉ ×ÙÓÏËÏÅÎÅÒÇÅÔÙÃÚÎÙÍÉ × ËÔĕÒÙÃh po-

ÓÚÕËÕÊÅÍÙ ÃÚäÓÔËÉ (ÉÇÇÓÁȟ × ÔÙÍ ÐÏÄ×ĕÊÎÉÅ ÎÁčÁÄÏ×ÁÎÙÃÈ × ÊÅÄÎÏÓÔËÁÃÈ čÁÄÕÎËÕ ÅÌÅËȤ

ÔÒÏÎÕ ȩ 7 ÐÏÓÔÅÒÚÅ ÐÏËÁŀÅÍÙ ÔÁËÉ Ú×ÉäÚÅËȟ ÂÁÚÕÊäÃ Çčĕ×ÎÉÅ ÎÁ -ÏÄÅÌÕ 3ÔÁÎÄÁÒÄÏ×ÙÍ 

ÆÉÚÙËÉ ÃÚäÓÔÅË × ËÔĕÒÙÍ ÏÐÒĕÃÚ ÄÕÂÌÅÔÕ ×ÐÒÏ×ÁÄÚÁÍÙ ÔÒÉÐÌÅÔ ÐĕÌ (ÉÇÇÓÁȢ 0ÏËÁŀÅÍÙȟ ÊÁË 

procÅÓÙ ÏÓÃÙÌÁÃÊÉ Á ÔÁËŀÅ ÉÎÎÅ ÎÉÓËÏÅÎÅÒÇÅÔÙÃÚÎÅ ÐÒÏÃÅÓÙ čÁÍÉäÃÅ ÌÉÃÚÂÙ ÌÅÐÔÏÎÏ×Å ×ÐčÙȤ

×ÁÊä ÎÁ ÐÒÚÅ×ÉÄÙ×ÁÎÉÁ ÐÒÏÃÅÓĕ× × ×ÙÓÏËÉÃÈ ÅÎÅÒÇÉÁÃÈȢ 
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[P12] 7ÙÊÁĢÎÉÅÎÉÅ ÃÚÙÍ ÊÅÓÔ ÃÚÁÓ × ËÉÎÅÍÁÔÙËÁÃÈ 

 
Explanation of what time in kinematics is 

 

Roman Szostek 

 

0ÏÌÉÔÅÃÈÎÉËÁ 2ÚÅÓÚÏ×ÓËÁȟ 2ÚÅÓÚĕ× 

 

 
 

*ÅÄÎÙÍ Ú ÎÁÊ×ÉöËÓÚÙÃÈ ÎÉÅÒÏÚ×ÉäÚÁÎÙÃÈ ÐÒÏÂÌÅÍĕ× ÆÉÚÙËÉ ÊÅÓÔ ×ÙÊÁĢÎÉÅÎÉÅȟ ÃÏ ÔÏ ÊÅÓÔ 

czas. 

7 ÒÅÆÅÒÁÃÉÅ ÚÏÓÔÁčÏ ×ÙÊÁĢÎÉÏÎÅ ÃÏ ÔÏ ÊÅÓÔ ÃÚÁÓ × ÔÅÏÒÉÁÃÈ ËÉÎÅÍÁÔÙËÉȢ 5ÄÏ×ÏÄÎÉÏÎÅ ÚÏȤ

ÓÔÁčÏȟ ŀÅ × ËÉÎÅÍÁÔÙËÁÃÈ 3ÚÃÚÅÇĕÌÎÅÊ 4ÅÏÒÉÉ 7ÚÇÌöÄÎÏĢÃÉ 347  ÏÒÁÚ 3ÚÃÚÅÇĕÌÎÅÊ 4ÅÏÒÉÉ 

%ÔÅÒÕ 34%  ÃÚÁÓ ÊÅÓÔ ÍÉÅÒÚÏÎÙ ÚÅÇÁÒÅÍ Ģ×ÉÅÔÌÎÙÍȢ $ÌÁÔÅÇÏ ×ÓÚÙÓÔËÉÅ ×čÁÓÎÏĢÃÉ ÃÚÁÓÕ × 

ËÉÎÅÍÁÔÙËÁÃÈ ×ÙÎÉËÁÊä Ú ×čÁÓÎÏĢÃÉ ÚÅÇÁÒÁ Ģ×ÉÅÔÌÎÅÇÏȢ 

7 ÒÅÆÅÒÁÃÉÅ ×ÙÊÁĢÎÉÏÎÅ ÚÏÓÔÁčÏ ÚÊÁ×ÉÓËÏ ÄÙÌÁÔÁÃÊÉ ÃÚÁÓÕȢ 0ÒÚÅÄÓÔÁ×ÉÏÎÅ ×ÙÊÁĢÎÉÅÎÉÅ ÐÏȤ

lega na konstrukcji nowatorskiego technicznego modelu tego zjawiska, a nie jedynie na 

ÊÅÇÏ ËÌÁÓÙÃÚÎÙÍ ÏÐÉÓÉÅȢ $ÙÌÁÔÁÃÊÁ ÃÚÁÓÕ ÊÅÓÔ ÎÁÔÕÒÁÌÎä ×čÁÓÎÏĢÃÉä ÃÚÁÓÕ ÍÉÅÒÚÏÎÅÇÏ ÚÅȤ

ÇÁÒÅÍ Ģ×ÉÅÔÌÎÙÍȢ 

 

[1]  Szostek Roman, 7ÙÊÁĢÎÉÅÎÉe czym jest czas w kinematykach, viXra 2019, 

www.vixra.org/abs/1910.0339  

[2]  Szostek Roman, Explanation of what time in kinematics is, viXra 2019, 

www.vixra.org/abs/1911.0336  

 

 
 

3ÐÏÓĕÂ ÄÚÉÁčÁÎÉÁ ÚÅÇÁÒÁ ÓÙÇÎÁčÏ×ÅÇÏȢ 

*ÅÄÎÏÓÔËä ÃÚÁÓÕ ÊÅÓÔ ÃÚÁÓ ÐÒÚÅÐčÙ×Õ ÓÙÇÎÁčÕ ÔÁÍ ÏÒÁÚ Ú ÐÏ×ÒÏÔÅÍȢ 

3ÙÇÎÁč ÐÒÚÅÐčÙ×Á ×ÚÄčÕŀ ÓÚÔÙ×ÎÅÇÏ ÒÁÍÉÅÎÉÁ ÏÄ ľÒĕÄčÁ ÄÏ Ú×ÉÅÒÃÉÁÄčÁ 

ÏÒÁÚ Ú ÐÏ×ÒÏÔÅÍ ÏÄ Ú×ÉÅÒÃÉÁÄčÁ ÄÏ ľÒĕÄčÁȢ 

  

zwierciadğo 

 

OŜrodek w kt·rym propaguje sygnağ (STE) lub ukğad obserwatora (STW) 

D' 

 

Ŧr·dğo 

 

v0 

 

U 

v 

 
zegar sygnağowy 
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[P13] 0ÒÚÅËÓÚÔÁčÃÅÎÉÁ Òĕ×ÎÁÎÉÁ ÆÁÌÏ×ÅÇÏ  
 

Transformations of wave equation  

 

Ryszard Wojnar 

 

)ÎÓÔÙÔÕÔ 0ÏÄÓÔÁ×Ï×ÙÃÈ 0ÒÏÂÌÅÍĕ× 4ÅÃÈÎÉËÉ 0!., Warszawa 

 

 
 
2ÏÚ×ÁŀÁÍÙ ÐÒÚÅËÓÚÔÁčÃÅÎÉÁȟ ËÔĕÒÅ čäÃÚä Ä×Á ÕËčÁÄÙ ÏÄÎÉÅÓÉÅÎÉÁ ὼȟὸ i ὼᴂȟὸᴂ we 

×ÚÇÌöÄÎÙÍ ÒÕÃÈÕ ×ÚÄčÕŀ ÏÓÉ ὼ Ú ÐÒöÄËÏĢÃÉä ὺ ×ÚÇÌöÄÅÍ ÕËčÁÄÕ ÎÉÅÐÒÉÍÏ×ÁÎÅÇÏȢ 0ÏÄȤ

ÄÁÊÅÍÙ Òĕ×ÎÁÎÉÅ ÆÁÌÏ×Å ÔÚ×Ȣ ÐÒÚÅËÓÚÔÁčÃÅÎÉÕ 'ÁÌÉÌÅÕÓÚÁ ὼ ὼ ὺ ὸȟὸ ὸ oraz prze-

ËÓÚÔÁčÃÅÎÉÕ ,ÏÒÅÎÔÚÁ ὼ  ‎ὼ ὺ ὸȟὸ  ‎ὸ ὼ ὺȾὧ ȟ‎  ρ  ὺȾὧ Ⱦ Ȣ Po 

ÐÒÚÅËÓÚÔÁčÃÅÎÉÕ 'ÁÌÉÌÅÕÓÚÁ Òĕ×ÎÁÎÉÅ ÆÁÌÉ ὥ ὥὼȟὸ Ï ÐÒöÄËÏĢÃÉ u 

‬ὥ

‬ὸ
ό 
‬ὥ

‬ὼ
 

pÒÚÙÊÍÕÊÅ ÐÏÓÔÁç  

‬ὥ

‬ὸ
ς ὺ 

‬ὥ

‬ ὸ ‬ὼ
 ό  ὺ

‬ὥ

‬ὼᴂ
π 

&ÁÌÁ ÏÐÉÓÙ×ÁÎÁ ÔÙÍ Òĕ×ÎÁÎÉÅÍ ÊÅÓÔ ÐÏÓÔÁÃÉ ὥ Ὂὼᴂ ό ὺὸᴂ Ὃὼᴂ ό

ὺ ὸᴂ ÚÇÏÄÎÉÅ Ú ÐÒÚÅÄÓÔÁ×ÉÅÎÉÅÍ Äȭ!ÌÅÍÂÅÒÔÁ ÐÒÚÙ ÚÅÒÏ×ÙÃÈ ×ÁÒÕÎËÁÃÈ ÐÏÃÚäÔËÏ×ÙÃÈȢ 

dla Dla fali harmonicznej ὥ  ὥÅØÐὭ Ὧὼ  ‫ὸ  Ú×ÉäÚÅË ÄÙÓÐÅÒÓÙÊÎÙ ÐÒÚÙÊÍÕÊÅ po-

ÓÔÁç ‫ ό ὺὯᴂ oraz ‫ ό ὺ  Ὧ , co odpowiada dyspersji w dwu kierunkach 

propagacji. Przy tym Ὧ Ὧᴂ oraz ό  ‫ȾὯȟ ×ÉöÃ ‫  ρ ‫ ὺȾό oraz ‫ ‫ρ

ὺȾόȢ 3ÔäÄȟ ÚÁÌÅŀÎÉÅ ÏÄ ÔÅÇÏȟ ÃÚÙ obserwator ÃÚÙ ľÒĕÄčÏ ÆÁÌ ÊÅÓÔ × ÕËčÁÄÚÉÅ ÐÒÉÍÏ×ÁÎÙÍ 

ÌÕÂ ÎÉÅÐÒÉÍÏ×ÁÎÙÍȟ ÏÔÒÚÙÍÕÊÅÍÙ Ú×ÉäÚËÉ ÚÎÁÎÅ ÚÅ ÚÊÁ×ÉÓËÁ $ÏÐÐÌÅÒÁȢ  

 

 
 

/ÂÓÅÒ×ÁÔÏÒ / É ľÒĕÄčÏ ÆÁÌ 3 ÍÏŀÅ ÂÙç × ÕËčÁÄÚÉÅ ÐÒÉÍÏ×ÁÎÙÍ ÌÕÂ ÎÉÅÐÒÉÍÏ×ÁÎÙÍ 

 
4ÅÒÁÚ Òĕ×ÎÁÎÉÅ ÆÁÌÏ×Å ÐÏÄÄÁÊÅÍÙ ÐÒÚÅËÓÚÔÁčÃÅÎÉÕ ,ÏÒÅÎÔÚÁȢ Dostajemy  

ρ  
όὺ

ὧ

‬ὥ

‬ὸᴂ
 ςὺ ρ  

ό

ὧ
 
‬ὥ

‬ὸᴂ‬ὼᴂ
 ό  ὺ  

‬ὥ

‬ὼᴂ 
π 

É ÓÐÒÁ×ÄÚÁÍÙȟ ŀÅ Òĕ×ÎÁÎÉÅ ÔÏ ÍÏŀÎÁ ×ÙÐÒÏ×ÁÄÚÉç Ú ÐÒÚÅËÓÚÔÁčÃÅÎÉÁ ÔÙÐÕ 'ÁÌÉÌÅÕÓÚÁ ÚÅ 

skalowaniem czasu ̔ ὼ  ‌ ὸ oraz Ὄ  ‍ ὸȟ ÐÒÚÙ ÃÚÙÍ ×ÓÐĕčÃÚÙÎÎÉËÉ ɻ i ɼ Óä ÚÎÁÎÅȢ 
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W granicy ὧO  Њ, ‌ O ὺȟÚÁĢ ‍ᴼό. W granicy όᴼὧ, ‌ O πȟÚÁĢ ‍ᴼὧȟ ÃÏ ÏÚÎÁÃÚÁȟ ŀÅ 

ÏÂÁ ÕËčÁÄÙȟ ÐÒÉÍÏ×ÁÎÙ É ÎÉÅÐÒÉÍÏ×ÁÎÙ Óä ÉÄÅÎÔÙÃÚÎÅȢ  
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[P14] Application of neutron scattering for in-operando studies of hydro-

phobic MOFs under medium water pressure 
 

0Á×Åč :ÁÊÄÅÌ1, Juscelino B. Leao2, Markus Bleuel2,3, Grethe V. Jensen2,4, Craig M. Brown2,4, 

Alexander R. Lowe5ȟ -ÉÒÏÓÌÁ× #ÈÏÒäŀÅ×ÓËÉ5, Nikolay Tsyrin 6, Victor Stoudenets6, Yaro-

slav Grosu5,7 

 
15ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉȟ #ÈÏÒÚĕ× 

2National Institute of Standards and Technology, Gaithersburg, Maryland, USA 
3 University of Maryland, College Park, Maryland, USA 

4University of Delaware, Newark, Delaware, USA 
5 5ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉȟ +ÁÔÏ×ÉÃÅ 

6National Technical University of Ukraine Kyiv, Ukraine 
7Centre for Cooperative Research on Alternative Energies, Vitoria-Gasteiz, Spain 

 

 
 

In-operando studies of functional materials provide unique access to their real-time re-

sponse to external stimuli. Pairing the studies with high penetration capabilities of neu-

trons allows us to reach experimental conditions that are not available using x-ray scat-

tering methods. 

In case of Metal Organic Frameworks (MOFs), neutron powder diffraction (NPD) has 

been routinely used to study the response of the framework to pressure, temperature as 

well as to locate guest molecules in the host structure. Our recent studies [1-4] extended 

the NPD to investigate MOFs under hydrostatic water pressures up to 30 MPa (300 bar), 

which constitute typical operating conditions of novel materials for energy applications. 

The NPD permitted the time dependent studies of the system under a wide area of a P-T 

phase diagram. In particular, they allowed decoupling the changes in lattice parameters 

from the total volume of the system, which is usually obtained from P-V isotherms. Sim-

ultaneously, the structural information encapsulated in the powder pattern connects the 

response of the system with the intrusion and extrusion of water into the hydrophobic 

framework. The information obtained in this way also allowed: (1) to connect flexibility 

of the framework with energy dissipation of the system, (2) estimate robustness of the 

time response of the material and finally (3) to propose new mechanism of nanosized 

thermal actuator. 

 

[1]  A Lowe et al, ACS Appl. Mater. Interfaces 11 (2019) 40842-40849 

[2]  M. Tortora et al Nano Letters 21(7) (2021) 2848-2853 

[3]  M. Chorazewski et al. ACS Nano 15(5) 9048ɀ9056 

[4]  P. Zajdel et al J. Phys. Chem. Lett. 12(20) (2021) 4951ɀ4957   
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[P15] 2ÏÚ×ÉÊÁÎÉÅ ÍÅÔÏÄ ÏÂÌÉÃÚÅÎÉÏ×ÙÃÈ ÄÌÁ ÃÁčÅË &ÅÙÎÍÁÎÁ 

 
Development of computational methods for Feynman integrals 

 

3ÚÙÍÏÎ :ÉöÂÁ 

 

5ÎÉ×ÅÒÓÙÔÅÔ ¡ÌäÓËÉȟ +ÁÔÏ×ÉÃÅ 

 

 
 

*ÅÄÎÁ Ú ËÌÁÓÙÃÚÎÙÃÈ ÍÅÔÏÄ ÏÂÌÉÃÚÅÎÉÏ×ÙÃÈ ÄÌÁ ÐÒÏÃÅÓĕ× ÒÏÚÐÒÁÓÚÁÎÉÁ × ÆÉÚÙÃÅ ×ÙÓÏËÉÃÈ 

ÅÎÅÒÇÉÉ ÊÅÓÔ ÏÐÁÒÔÁ Ï ÒÁÃÈÕÎÅË ÐÅÒÔÕÒÂÁÃÙÊÎÙ Ú×ÉäÚÁÎÙ Ú ÄÉÁÇÒÁÍÁÍÉ &ÅÙÎÍÁÎÁȢ :ÁȤ

Òĕ×ÎÏ ÉÓÔÎÉÅÊäÃÅ ÊÁË É ÐÒÚÙÓÚčÅ ÁËÃÅÌÅÒÁÔÏÒÙ ×ÙÍÁÇÁÊä ÃÏÒÁÚ ÄÏËčÁÄÎÉÅÊÓÚÙÃÈ ÏÂÌÉÃÚÅď 

teoretyÃÚÎÙÃÈȟ ËÔĕÒÙÍ ÏÄÐÏ×ÉÁÄÁÊä ÃÏÒÁÚ ÂÁÒÄÚÉÅÊ ÓËÏÍÐÌÉËÏ×ÁÎÅȟ ×ÉÅÌÏÐöÔÌÏ×Å ÃÁčËÉ 

&ÅÙÎÍÁÎÁȢ .Á ÐÌÁËÁÃÉÅ ÐÒÅÚÅÎÔÕÊÅÍÙ ÓÐÏÓĕÂ ÏÂÌÉÃÚÁÎÉÁ ÔÁËÉÃÈ ÃÁčÅË ÐÒÚÙ ÐÏÍÏÃÙ ÔÚ×Ȣ 

reprezentacji Mellin-"ÁÒÎÅÓÁȢ .ÁÓÚÅ ÏÂÌÉÃÚÅÎÉÁ ÄÏÔÙÃÚä ×ÉÅÌÏÓËÁÌÏ×ÙÃÈ ÃÁčÅË ς-ÐöÔÌÏȤ

wych (NNLO) oraz 3-ÐöÔÌÏ×ÙÃÈ ...,/  × ÒÁÍÁÃÈ -ÏÄÅÌÕ 3ÔÁÎÄÁÒÄÏ×ÅÇÏ -3  ÏÂÅÊȤ

ÍÕÊäÃÅÇÏ ÍÁÓÙ×ÎÅ ÃÚäÓÔËÉ 7ȟ :ȟ Ôȟ (Ȣ /ÂÌÉÃÚÅÎÉÁ ÔÅ Óä ×ÁŀÎÅ ÐÒÚÙ ÐÏÒĕ×ÎÁÎÉÕ ÄÁÎÙÃÈ 

ÅËÓÐÅÒÙÍÅÎÔÁÌÎÙÃÈ Ú ÏÂÌÉÃÚÅÎÉÁÍÉ ÔÅÏÒÅÔÙÃÚÎÙÍÉ × ÒÁÍÁÃÈ -3 É ÍÏŀÌÉ×ÙÍÉ ÏÄÃÈÙÌÅȤ

ÎÉÁÍÉ ÏÄ ÐÒÚÅ×ÉÄÙ×Áď -3 × ÐÏÓÔÁÃÉ ÎÏ×ÙÃÈ ÏÄÄÚÉÁčÙ×Áď ÃÚÙ ÔÅŀ ÎÏ×ÙÃÈ ÃÚäÓÔÅË × 

obecnym akceleratorze LHC (ang. Large Hadron Collider) i jego ulepszonej wersji HL-LHC 

(ang. High-Luminosity LHC). :Å ×ÚÇÌöÄÕ ÎÁ ÄÕŀÏ ×ÉöËÓÚä ÐÒÅÃÙÚÊö ÐÏÍÉÁÒĕ× × ÐÌÁÎÏȤ

wanych akceleratorach takich jak FCC, ILC, CLIC, CEPC, precyzyjne obliczenia teoretyczne 

ÂöÄä × ÐÒÚÙÓÚčÏĢÃÉ ÊÅÓÚÃÚÅ ÂÁÒÄÚÉÅÊ ÉÓÔÏÔÎÅȢ 
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