KADEJIPA TEOPETUYHOI ®I3NKU
JIbBIBCBKOT'O HAIIOHAJIBHOI'O YHIBEPCUTETY IMEHI IBAHA ®PAHKA

PI3JIBJIHI TMCKYCII 2016

[TPOT'PAMA 1 TE3U JOIIOBLIEN

JIbBiB, 11-12 ciuag 2016 poky
Ayn. 10 (Byn. dparomanosa, 12)



PI3IBAHI TNUCKYCII 2016

11 ciunsg 2016 poky

09:30 Binkpurrsa. I. Bakxapuyx
FosoByrounit: FO. T'omoBaua
09:30+¢-10:15 M. Zarichnyi, Non-Archimedean spaces everywhere

10:15-11:00 A. Illsatixa, HepiBHOBaXKHUIT BIATYK 3aps0BO BIOPSIIKOBAHOI CHCTEMH
HAa BEJIHKI eJIEKTPUYIHI I0JId

11:00-11:30 Kapa
11:30-12:15 S. Kondrat, Charging supercapacitors with nanoporous electrods

12:15-13:00 O. /lepotcko, TemmoeMHiCTh KBAHTOBUX CIIHOBHUX MOJIe el
3 BHCOKOTEMIIepaTyPHUX PO3BUHEHD

lonosytounii: FO. CureHKo

14:30-15:15 V. Tkachuk, Relation of entanglement with mean spin
and spin correlations for pure and mixed states

15:15-16:00 5. Hosocadaud, Beanki MOpOKHUHA B PO3IIOJILI TaJaKTUK:
HMOXOJIKEHHS, eBOJIIONIS, THHAMIKA

16:00-16:30 Kasa

16:30-17:00 O. Cepeienro, PenikTosi rpasitTaliiiii XBUIi B KOCMOJTOTIYHAX MOIEIAX
3 IMHAMIYHOIO TEMHOIO eHeprieto 3a ganuvu Planck-2015

17:00-17:20 M. I[iowc, EBomionig 30ypeHb TeMHOI eHepril B MOJI rajJgo TeMHOI MaTepii

17:20-17:40 P. Heomenxo, Tunamika posmupennsa Beecsity npu B3aeMoil
MizK TeMHOIO €Hepri€io i TEeMHOI0 MaTepi€io

17:40-18:00 X. I'namenxo, CucreMa ABOX YACTHHOK YV CPEPUIHO-CUMETPUIHOMY HTPOCTOPL
3 HEKOMYTATUBHICTIO KOODJANHAT KAHOHITHOTO THILY

18:00-18:20 [. Baxapuyx, Boze-aiinmraiiniBchbKa KOHJIEHCAIlS B i/leaJbHOMY 003e-ra3i
B 30BHINITHBOMY TIOJTL



12 ciung 2016 poky

lonosytounii: B. HoBocaaanmii

09:30-10:15 Yu. Sitenko, Self-adjointness and the Casimir effect
in background magnetic field

10:15-11:00 Yu. Holovatch, From transport networks to online role-playing games
11:00-11:30 Kasa
11:30-12:15 4. Invnuyvrud, MogeaioBanHus NOMIMPEHHS HEIMyHHHUX 3aXBOPIOBAHbL Ha rpadi

12:15-13:00 O. Ilempyx, MoaenioBaHHA KapT HOJISAPU3AIil paioBUIIPOMIHIOBAHHSA
3aJIMIIKIB HAJTHOBHUX 3ip

losioByrounii: B. Tkauyk

14:30-15:15 A. /Jlysipax, JuHamika 3apgizKeHOT0 pOTATOPA

15:15-16:00 B. Ienamiox, BILIUB KBAHTOBOIO BUMIPIOBAHHS Ta, B3a€MOIiL
“KybiT—TepMocTaT’ Ha YUCTOTY BIJKPUTOI KBAHTOBOI CUCTEMHU:
0COBJIMBOCTI TIEPENOBHEHOTO HA3UCY BEKTOPIB CTaHy

16:00-16:30 Kasa

16:30-17:00 A. Kysvmark, ['eomerpiss MHOIOBHY €BOJIIOIIRHUX CTAHIB JBOX CIIHIB
3 aHI30TPOMHOI0 B3AEMOJIIEI0

17:00-17:20 X. [atidyxiccora, PopMyBaHHS IETE/Ib B IOJIMEPaxX B HEBIIOPSIKOBAHUX CEPEIOBUIIAX

17:20-17:40 HU. I'ymewrox, TepmogmHAMIUHI BEeJIMIMHN CUCTEMH TBEPJNX KYJIHOK
y CJIaDOHEPIBHOBAYKHOMY TEILIOMPOBIITHOMY CTAIllOHAPHOMY CTaHi

17:40-18:00 M. Samar, One-dimensional Coulomb-like problem and minimal length
18:00—-18:20 B. Bactoma, EnekTpoannaMika y TpOCTOPI 31 CMIHOBOIO HEKOMYTATHBHICTIO KOOPIUHAT

18:30—... 3akpurrs. CBATKOBUIl KOHIEPT



Non-Archimedean spaces everywhere

Mykhailo Zarichny:
Department for Geometry and Topology, Ivan Franko National University of Lviv

The Archimedean property means that there is no infinitely small or infinitely large elements in the
given space. We will focus on the notion of non-Archimedean metric (ultrametric), i.e., a metric d on a
set X satisfying the strong triangle inequality: d(x,y) < max{d(z, z),d(z,y)} for all z,y,z € X.

The first examples of ultrametric are the p-adic metrics on the rationals Q (see, e.g., [1]). Ultrametrics
also appear in biology (e.g., in phylogenetic tree construction; |2]), physics (e.g., |3]), mathematical
economics, theoretical computer science (e.g., for metrization of the space of probability measures [4])
etc.

In the talk, we discuss how ultrametric spaces appear in the fractal geometry (see [5] for the case of
the idempotent measures).

[1] N. Koblitz, p-adic Numbers, p-adic Analysis, and Zeta-Functions. - Springer-Verlag, 1977.
[2] V. R. Srinivas, Bioinformatics: A Modern Approach. - Phi Learning Pvt. Ltd. (2009)

[3] R. Rammal, G. Toulouse, and M. A. Virasoro, Ultrametricity for physicists, Rev. Modern Phys. 58 (1986),
765-788.

[4] E. P. de Vink and J. J. M. M. Rutten, Bisimulation for probabilistic transition systems: a coalgebraic
approach. ICALP ’97 (Bologna). Theoret. Comput. Sci. 221 (1999), no. 1-2, 271-293.

[5] N. Mazurenko, M. Zarichnyi, Idempotent ultrametric fractals, Visnyk of the Lviv Univ. Series Mech.-
Math.2014. Issue 79. P.111-118.

HepisHoBaxkHuuii BiATYK 3apg/10BO BIOPSIAKOBAHOI CHUCTEMHU HA BEJIUKi €JIEKTPUYHI TOJIs

0. Mamsees,"? A. Illsatixa,' T. /Tesepo,® orc. Ppipirc?
Unerutyr disukn Kongencosanux cucreM HAH Vkpainn, JIbis
2 IIxxopazKTayHehLKH yHIBepeuTeT, Bamunrron, okpyr Komym6ia, CIIIA
3Crendopacekuit yuisepeuter, Crendopa, Kamidopnia, CITTA

MerogamMu HepiBHOBaXKHOI TeOpil JAMHAMIYHOIO CEPEJHBOIO I0JIsi ITPOBEJIEHO TOYHHIT pO3paxyHOK
HEJIHITHOTO BIATYKY 3aps0BO BIOPSIKOBAHOI cUCTeMH. BUBYAETHCA K HAKIAJIAHHSA BEJIUKOTO €jie-
KTPUYIHOTO TOJs BIUITUBAE HA BEJUYWHY IMOCTIHHOTO eTeKTPUYHOrO CTPYMY Ta 3HAUYeHHS IapaMmeTrpa
3aps/I0BOI'0 BIIOPSAKYBAHHS €JeKTPOHIB IPOBIIHOCTI. 30KpeMa, JOCTLIKYEThC 3apsiI0BO BIIOPSIKOBA-
Ha dasza momeni Panikosa-Kimbana, 1Mo TPOgBIge MIAHA P aHOMAIBHUX BIACTHBOCTEH BKIIOYAKYN
BUHUKHEHHS CTAHIB Y 3aps/I0Biil NIIJIMHI TPU HiJBUIIEHH] TemiepaTypu. Po3paxyHKu IPOBOJAMIKCS JIJ1sd
pizumx BesmumH B3aemoil U, ski Bimnosimators Bumagkam mertaniqaoi dasu (U = 0.5), KBAaHTOBOI
kputuanoi Toukn (U = 0.86), ta kpurnanoro mortiBcbkoro aiesektpruka (U = 1.4). Iokazawo, 1o
MUIMHHI CTAHH CIIPUYUHSIOTH CYTTE€BUM BILUIMB HAa TPAHCIOPTHI BAACTHBOCTI, 30KpeMa Ha HeTIHIHHUR
BIATYK CHCTEMW ITPU BEJUKHUX MOCTIHHUX eJIeKTPUYHUX TOJISAX Ta Ha 3HUKHEHHd ocIuIdarniit bioxa.



Charging supercapacitors with nanoporous electrods

S. Kondrat
Forschungszentrum Jiilich, Germany

Supercapacitors have exceptional power density and cyclability, but the stored energy density is still
small comparing to conventional batteries. It can be increased by fabricating electrodes with nanosized
pores, but this may lead to a reduction of power density. We will discuss these issues from a theoretical
perspective using phenomenological mean-field type models and molecular dynamics and Monte Carlo
simulations. I shall also consider the effect of ionophobicity of pores towards ions and scrutinize various
charging mechanisms. If the time allows, I will also say a few words about Ising helping us understand
the thermodynamics of supercapacitors.

TenyioeMHICTH KBAHTOBUX CIIIHOBUX MoJeJjieil 3 BUCOKOTEMIIEPATYPHUX PO3BUHEHbD

0. Jepotcko
Tacturyt ¢isuku koumencorannx cucrem HAH Vkpaiau, JIsBiB

Mogsa iiTuve mpo KBaHTOBI CIiHOBI Momesi (HanpukJaaz, cmid-1/2 antudepomarnernk [aiizentep-
ra Ha TPATIi KaroMe) i CHOJYKH, MATHITHI BJACTHBOCTI SIKHX MOYKHA OIHCATH 3 JIOMOMOTOK TaKHX
mogiesiedi. TepmonuHaMiaai BeTUIUHA (MATHITHY TEIUIOEMHICTD YW MAUHITHY CHPUAHSTJIABICTD) MOXKHA
BHMIDSITH 3 BHCOKOIO TOUHICTIO. Uu MoxKe Teopis mepeadaduTi aKypaTHO TeMIEpaTypHi 3a71eKHOCTI
TepmoamHaMidauX Beandun?! [le 103B0HI0 6 BU3HAYNTH HApAMETPH CIIHOBOIO IaMiJbTOHIAHA MOJETI,
K Peai3yeThbCd y Till 9W 1HIMH CIIOYII.

Jlist TakuX IrpaTok sK, HAPHUKJAJ, pocTa KybidHa rparka moTpiOHuii pesysnbrar mae (4ucI0BHiA)
meroj KBauToBe Monre Kapuo. [[ammuit yHiBepcaabuuil (anamituanuii) meron — metos dbyHkiii ['pina —
Ma€ HaJITO HU3bKY TOYHICTH 1 HeMpUAATHUIL Jist nperu3iinoro anasrisy.| Ao x y Mogeni € dbpycrparti
(mero kBanToBe MonTe Kapso e mpaifioe), To cutyalisi 3Ha4H0 CKJIanima. Tak, 10 choromHi we €
3pO3YMLUINM, 94U TeIIOEMHICTh ciin-1/2 anTudepomarnernka [aiizenbepra Ha TpaTIi Karome Crpabii
Ma€e (J0JATKOBUIT) HU3bKOTEMIIEpATYPHUil MK, 60 Iisi 0COOIUBICTH OTPUMAHA JIWIIE METOJOM TOYIHOL
JiaroHasizanii 1jis rpatku 3 18 By3uiB i MoxkIMBO(?) 3HHKAE Yy TEPMOJMHAMIYHIH TPAHUIL.

['pyna dbpaHIy3bKUX TEOPETHKIB 3alPONOHYBaTa (YUCIOBHIA) METOJ| 3HAXO/ZKEHHST TeMIIePATyPHOI
3aJ1€2KHOCT1 TEIJIOEMHOCTI UM CIPUHHATINBOCTI, AKUil BUKOPUCTOBYE BUCOKOTEMIEPATYPHI PO3BUHEHH
[1,2,3]. Crapa imest anasizy BHCOKOTEMIIEDATYPHUX PO3BUHEHbB, OJHAK, ICTOTHO MoaudikoBana. Y CBOTi
JIOTIOBI/IL s1 KOPOTKO TosicHio MeTon Beprio, Mirima i Joiie [1,2,3].

[1] B. Bernu and G. Misguich, Phys. Rev. B 63, 134409 (2001).
2] G. Misguich and B. Bernu, Phys. Rev. B 71, 014417 (2005).
[3] B. Bernu and C. Lhuillier, Phys. Rev. Lett. 114, 057201 (2015).

Relation of entanglement with mean spin and spin correlations for pure and mixed states

A. M. Frydryszak', M. I. Samar®, V. M. Tkachuk?
"nstitute of Theoretical Physics, University of Wroctaw, Poland
2Department for Theoretical Physics, Ivan Franko National University of Lviv

We consider the geometric measure of entanglement. For pure state we find the relation between the
mean value of spin and the geometric measure of entanglement of this spin and an arbitrary quantum
system. The geometric measure of entanglement for mixed two spin states formed on subspaces spanned
by | 1), | 41) or | 1), | I{) is studied. The relation of entanglement of two spins in these cases with
spin correlations is found. These results allow to quantify the entanglement for pure and mixed states
on the experimental level by measuring the mean spin and spin correlations for pure and mixed states,
respectively.



Benuki mopoxkHuHI B PO3IOIiJl raJakTUK: MOXO>KEHHs, €BOJIIOIid, TUHAMIKA

b. Hosocaodaut, M. Lo
Acrporomiunra obcepBaTopis Ta kKadeapa acTpodi3uK,
JIbBiBCHKMIT HAIlOHAILHUI yHIBepcuTeT iMeHi [Bana Ppanka

[TosicHenHs MOXO/zKEHHs, €BOJIONIT Ta (pOpMyBaHHS BeJTMKOMACIITabHOI cCTpYKTYpHu BeecBiTy BuMa-
ra€ 3HaHHsd NPHPOIU, BMICTY Ta BJIACTHBOCTell dpyHIAMEHTAJIBHUX CKJIaI0BuUX BceecsiTy - maTepil, dKa
OIUCYEThCS CTAHIAPTHOIO MOJIEJLTIO (DI3UKH eJIeMEeHTAPHUX YACTHHOK, Ta IIPUXOBAHUX CKJIAI0BAX (TeMHA
eHeprisi, TeMHa MaTepis), HPUPOJA SIKAX € HOKU-IIO TUIbKH 3/0TaHO00. 3 iHINOT CTOPOHH - XapaKTe-
PUCTUKHU BEJIUKOMACIHITAOHO! CTPYKTYPH € TOJIOBHUM TECTOM KOCMOJIOTTYHUX MO/Ie/ieil 1 Mojeseii TeMHoT
MaTepii Ta TeMHOI eHeprii. B J0MOBiI BUCBITIEHO Pe3y/IbTaTH aHAJII3y €BOJIONIT Ta JUHAMIKHA TTPUXO-
BAHWX KOMIOHEHT y HARIPOCTIMMX (3 TOYKH 30py AUHAMIKH CYIITBHUX CEPEJIOBHII) €JIeMEHTAX BeJd-
KoMacmTabHol cTpYKTYypu BceecBiTy - BetmKux nopoxkuunax. [Ipumyckaerbes, 10 BOHH € pe3yJIbTaToOM
€BOJIIONIIT 110YAaTKOBUX a/1abaTuuHuX 30ypeHb METPUKHU IIPOCTOPY-4acy Ta I'YyCTUHU 1 MBUIKOCTI dyH 14~
MEHTaJIbHUX CKJIaJIoBUX BeecBity, gKi Oy/iu 3reHepoBani B eroxy panuboi indyisrnii. [TpuBoggarsesa ancio-
Bi pO3B’'SI3KM cucTeMU JudepeHIliaJ bHuX PIBHAHD, SKi ONUCYIOTh €BOJIONII0 C(hePUIHO-CUMETPHIHOTO
30ypeHHS B 3-KOMIIOHEHTHOMY CePeIOBUII BiJl paHHLOI €1oXHU J10 cydacHol. lloka3ano BILIMB pi3HHUX TH-
iB TeMHOI eHeprii Ha TPodiab 'YCTUHH 1 MIBHIKOCTI MaTepil B 06/1aCTi BEJUKUX TOPOKHUH B PO3IIOILIL
TaTaKTHK.

PenikToBi rpasiTariiiHi XBuJii B KOCMOJIOTIYHIX MOJIEJIIX 3 JUHAMIYHOIO TEMHOIO €HEpPTi€io
3a manuMn Planck-2015

0. Cepeienko, B. Hosocadiud
Actponomiuna obcepBaTopis, JIbBIBChbKHIil HalliOHAIbHMI yHiBepcuTeT iMeHi [Bana PpaHka

Mu BCTAHOBJIIOEMO CIOCTEPE:KYBaJIbHI 0OMEKeHHS Ha BKJaJl TEH30PHOI MOJU 30YpeHb B KOCMOJIO-
TMYHAX MOJEIIX 3 JUHAMIYHOIO TEeMHOIO €Hepri€io sl pi3HUX cieHapiiB iHdsgmii. Momgemwto TeMHOL
eHeprii € MiHIMAJIbHO 3B’sI3aHe KJIACHYHE CKAJISIpHE ToJe 3 0ApOTPOIHUM pIiBHSIHHAM cTaHy. Bukopn-
crani nabopu JlaHux BKJIO4YaoTh jani Kocmiunoi obcepsaropii Planck 2015 poky miomo anizorporil
PeTiKTOBOrO BUIIPOMiHIOBaHHS Ta Jin3yBanus, nani Planck /BICEP2+Keck momo B-moau moaspusarii,
OapioHHl aKyCTHYHI OCIUIAIII 3 orisiiB Heba SDSS Tta 6dFGS, cekTp moTyKHOCTI raJakTUK 3 OLJIsLy
Heba WiggleZ, nani momno crabkoro stinsysanasa 3 CFHTLenS ta kpusi cBiTHOCTI HagHOBUX THNY la 3
koMmmiaamil JLA. Mu TakoxX ZOCTIIKYEMO iCHYIOYI BHPOIZKEHHS MiXK ITapaMeTpaMH TeMHOI eHepril Ta
IHIMIMHA KOCMOJIOTTYHUMHA MapaMeTpaMH.

EBogronis 30ypeHb TeMHOI €Heprii B IOJIi rajio TeMHOI MaTepil

M. Iiowc, B. Hosocadauti
Actponomiuna obcepBaTopis Ta kadeapa acTpodizuku,
JIpBIBCHKUI HalllOHAJBbHUM VHIBepcuTeT iMeHl IBana Ppanka

Mwu posrasgaaeMo eBOIONI0 30ypeHb TPhOX-KOMIOHEHTHOTO Cepe/IOBUINA, a caMe: TeMHOI MaTepil,
TEeMHOI eHeprii Ta peJIdITHUBICTCHKOI peYOBHHHU. TeMHa eHepris IpelcTaBieHa KBIHTECEeHIIHHUM CKaIsIp-
HUM TI0JIEM, SKe B TiAPOJMHAMIYHOMY HAOJIUKEHI XapaKTepPU3YETbCH TPbOMA MapaMeTpaMH: IapaMe-
TPOM TYCTHHU (g, TAPAMETPOM DIBHSAHHS CTaHy w Ta epeKTUBHOIO MBUIKICTIO 3BYKY 2. 36ypeHns €
chepruIHO-CUMETPUIHUMU, & JJIsd 30yPeHHsl TeMHOT MaTepil BBOANTHCS (DEHOMEHOJIOTTYHA MITYYHA B’ d3-
KiCTb, IO BipiaJi3ye cucTeMy MpH JOCATHEHHI aMILTITYI0I0 3HAYEHD BiJIHOCHOTO 30ypenus A,;, = 178.



PiBHsIHHS eBOMONII (7Ba pIBHSAHHS 30eperKeHHs JIJIs TeH30pa MOMEHTY-IMIYJIbCy Ta piBHAHHS AifH-
mraifHa /s KOMIOHEHT MeTPHYHOTO TeH30pa) PO3B’I3YI0ThCS YUCETBHO /ISt TIEHTPAJILHOT 061acTi ra-
Jto. TTokazano, 110 Mojie/ii TeMHOT eHeprii 3 MeHITuM 3Ha4YeHHsd eDEeKTUBHOI MBUIKOCTI 3BYKY CHJILHIIIE
BILTUBAIOTH Ha JIMHAMIKY (pOpMYBaHHS Tajio Ta iX ¢gizuuni napamerpu. Leit edbekT MOXKHA BUKOPHCTATH
JIJIST OIIIHKY HUKHBOI MexKi 3HaYeHHs e(peKTHBHOI MBUIKOCTI 3BYKY TeMHOI eHepril Ha OCHOBI criocTepe-
JKYBAHHUX JAHUX MPO (PI3UIHI Ta CTATUCTHIHI XapaKTEePUKH raJio0 TEMHOI MaTepii.

Aunnamika po3mupenHs BcecBity nmpu B3aemozii Mizk TEMHOIO €HEPTi€ro
i TeMHOIO MaTepieo

P. Heomenxo, B. Hosocadauti
ActponoMmiuna obcepBaTopis, JIbBIBChKHIil HaliOHAIbHMI yHiBepcuTeT iMeHi [Bana PpaHka

Posriignyro mojesnb TeMuol eneprii 3 0apOTPONHUM DIBHAHHSAM CTaHy, KA B3a€MOJE€ 3 TEMHOIO
MaTepi€o TpaBiTaIiifHO Ta iHIMOI CUJIOI0, IO MPU3BOIUTH JIO OOMIHY €HEPri€lo-iMITyTbCOM MiXK HUMHU.
O06u /1Bl KOMIIOHEHTH ONUCYIOThCS HAOJIUKEHHSM 11eaJbHOI PIIMHE, TapaMeTpaMu SKOl € ImapaMeTp piB-
HAHHS CTaHy, HapaMeTp I'VCTHHHU Ta e(eKTHUBHA MBHUIAKICTH 3BYKY. Po3ryIgHyTO pi3HI BHAH B3aeMOiit
MizZK HUMH, 3aJIEKHUMH BiJl rycTuH eHeprili nux kommnonent. Ha ocuosi piBusinb Afinmraiina ta 3a-
ra/IbHOKOBapPIiaHTHUX PiBHAHD 30€pezKeHHs OTPUMAHO PIBHAHHS, 9Ki OMUCYIOTH AUHAMIKY PO3IIHPEHHS
OJIHOpiIHOTO i30TpomHOr0 BeecniTy Ta €BOJIOINII0 IrycTHH 000X KOMIIOHEHT JIJIsi PI3HUX 3HAYEHb apaMe-
Tpa B3aemo/ii. [lokazamno, mo /i nuX B3a€MO/Iii iCHYIOTH 00/1acTi 3HAaYeHDb [TapaMeTpiB TeMHOI eHepril
Ta TeMHOI MaTepil Ta mapamMeTpa B3a€MO/Il, /I/Id IKUX I'YCTHHU TeMHOI eHepril 1 TeMHOI MaTepil MOXKYTh
Ha0yBaTHU BiJ €MHUX 3Ha4YeHb. J[71d BUAIIEHHS KIacy MoJeseil, B SKUX eHeprisd MPUXOBAHUX KOMIOHEHT
€ 3aBK/IM JIOJIATHHOIO, 3HAM/IEHO Bi/IIOBIIHI YMOBHU J0/JIAQTHOCTI /Ui X KoMIoHeHT. [IpoanaJsiizoBaHo
JIMHAMIKY pO3IIupeHts BcecBiTy 3 1MUMU B3a€MOJIiSIMU.

EnexTpoamHamika y nmpocTopi 3i CHiHOBOI0O HEKOMYTATUBHICTIO KOOPANMHAT

B. Bacroma
Kadenpa Teoperuunoi di3zuku,
JIbBIBCHKUI HaIioOHAIbLHUE YHIBepcuTeT iMeHi IBana @panka

HekoMyTaTUBHICTB OlepaTOPiB KOOPMHAT BUHUKAE B Teopil ¢cTpyH [1| Ta B KBaHTOBIi rpasitamii [2].
Tak 3BaHa KaHoHiYHA HeKOMyTaTuBHICTD [X;, X;] = i6;;, ne 0;; € MOCTIiiHOIO MATPHUIEIO, 3 OUEBUIHICTIO
He € iIHBapiaHTHOIO BiJIHOCHO IOBOPOTIB CUCTEMHU KOOD/JUHAT. [HBAPIAaHTHOCTI HEKOMYTATUBHOI aJiredpu
BiTHOCHO TTIOBOPOTIB MOXKHA, JJOOUTHUCH, 30KPEMa, MOKIATAI0YH KOOPJAMHATHUN KOMYTATOD PIBHUM MEBHI
dbynkmii crniny. Tak B [3]| BBesmeHO HEKOMYTATHBHI KOODAWHATH 3CYBAOYH KOMYTATHBHI KOODJHHATH HA
oneparopu cuiny X; = x; + 0s;.

Hawmm 3anmponoHoBaHO pesIATHBICTChKe y3araJbHEeHHT TaKOol HEKOMYTATHBHOCTI MIJISXOM 3CYBY KOMY-
rTaTuBHUX Koopauuar wHa marpuri lipaka X* = x# + i0y*. Bignosigna ajredpa Mae BUIJIS]I

(X, XV] = 2i0%01, [XH, 0] = 20(y 0 — ),
(X0, P = —igp,  [PH,PY] =0, [Proo] =0, 1)
{Uaﬁv 075] =1 (770470'65 — NByOas — NasO By + 77,36004'\/) s
e ot =i [y, 4] /2, " e Terzopom MinkoBcbKoro. BukopucroBytoun BropsakyBaHHs Beilis 3Haiite-
HO aHAJIOr 31pKOBOro Jo6yTKY MOosiiu jijist 3aIpONOHOBAHOI airedpu.

Buaiieno dyukiio Jlarpanka eJeKTPOMArHiTHOIO IOJd B TaKOMY HEKOMYTATHBHOMY IIPOCTOPI.
Chin 3ayBakKuTH, IO €JIeKTPOMATHITHE MOJI€ B HEKOMYTaTHBHOMY IIPOCTOPI cTae HeabeleBUM. 3 YMOBH
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iHBapiaHTHOCTI KOBapiaHTHOI MOXiTHOI BIIHOCHO JIOKAJHHUX KaJiOpYyBAJbHUX HEPEeTBOPEHH OTPUMAHO
BUIJISA, IMX KaJIiOpyBaJIbHUX MEPETBOPEHHA /I €I€KTPOMArHITHOTO TIOJIM.

Bapimotoun jiito, orpuMano TouHi piBHAHHS 10Jd. [ piBHAHHS € HeJIHIAHUME, 10 TPU3BOIUTH JI0
B3a€MO/Iil eTeKTPUIHOTO 1 Mar"iTHOTO moJiB. Taky B3a€MOII0 TPOLTIOCTPOBAHO HA JEAKHX CHCTEMAaX.
3okpeMa, MOKa3aHo, IO €JeKTPOCTATHYHE I0Je TOYKOBOI'O 3apsiy B HOCTIHHOMY MArHiTHOMY IIOJI B
HmepoMy HaOJIHKeHHI M0 MapaMerpy HeKOMYTATHBHOCTI 3aJIMIIAETHCS Mponopuiiiaum 1/r, ame 3apsn
€KPAHYEThCd MArHITHUM TOJIEM [IPUYOMY €KPAHyBaHHS € aHi30TponHuM. TOYHO PO3B’SA3aHO 33124y PO
PyX ILIOCKOI XBHJI B MOCTIfIHOMY €/JIeKTPUYHOMY i MarmiTHomy nojgx. [lokazano, 1o 30BHINTHE 1O
MoaudikoBye oToHHE JIuciepciiiie criBBijHomenng. KpiM Toro, 3a J0MOMOrow y3arajbHeHOro Ha pe-
JIATUBICTCHKHUI BUIAI0K MeToy BorosoboBa-KpuioBa po3riasHyTo B3a€MOJII0 JBOX ILIOCKAX XBHJIb.
OTpuMani pe3yJbTaTu IMOPIBHIHO 3 AHAJOTTYHUME Pe3yIbTaTaMH JIjIs1 KAaHOHIYHOI HEKOMYTAaTUBHOCTI.

[1] N. Seiberg and E. Witten, JHEP 09, 032 (1999).
[2] Doplicher, K. Fredenhagen, and J. E. Roberts, Phys. Lett. B 331, 39 (1994).
[3] H. Falomir et al., Phys. Lett. B 680, 384 (2009).

CucreMa ABOX YaCTHHOK Y CHEPUUYHO-CUMETPUYHOMY HPOCTOPi
3 HEKOMYTATUBHICTIO KOOPANHAT KAHOHIYHOTO TUITY

X. I'namenko
Kadenpa teoperuunoi di3zuku,
JIbBIBCHKUI HalllOHAJIBLHUM VHIBepcuTeT iMeHl IBana Ppanka

Posriigtaerbest HekoMyTaTuBHUI HPOCTIP 13 30epezkeHo0 chepudHOI0 CUMETPIEI0, IKUl XapaKTepu-
3yI0ThCS TAKUMH CITIBBITHOIEHHSIMHA /IS OIIePATOPIiB KOOPANHATH Ta IMIYJIHCY

[XZ', XJ} = z'oz(aibj — Gjbi), (1)
[Xi, Pj] = ihdij, (2)
[P, Pj] =0, (3)

Jie o« — 0e3po3MipHa KOHCTaHTa, a;, b; — J10IaTKOBI KOO IMHATH, STKi ONUCYIOTHCS TAPMOHIYHUM OCITHJISI-
topom [1,2]. V 3aranbHOMY BHIAAKY PI3HAM YacTHHKAM y HEKOMYTATHBHOMY MPOCTOPI MOXKYTb BiAMO-
BiJlaTu pi3Hi TEH30pH HEKOMYTATHBHOCTI. 3BarKarodyu Ha Iie, iCHY€e MpodjeMa OIMUCY CUCTEMHU YaCTUHOK
y TPOCTOP1 3 HEKOMYTATUBHICTIO KOOPJIWHAT.

Mu mocaiizKyeMo CucTeMy JIBOX JaCTHHOK Y c(PEePUIHO-CHMETPHIHOMY HEKOMYTATUBHOMY HMPOCTOPi
(1)-(3). Iokazano, MO KOOPJAMHATH IEHTPA MAC CHCTEMH 33/[0BOJIHHIIOTH HEKOMYTATHBHY aJjrebpy i3
edeKTUBHUM TEH30POM HEKOMYTATHBHOCTI. 1K MpUKJIa 1 JIBOIaCTHHKOBOI CUCTEMH PO3TJISIAETHCS aTOM

BOJHIO. MU 3HAMIILIN TONPABKH 0 eHePIeTUYHUX PIBHIB aTOMa, 3yMOBJICHI HEKOMYTAaTHBHICTIO KOOD/IU-
mat (1).

[1] Kh.P. Gnatenko, V.M. Tkachuk, Phys. Lett. A 378, 3509 (2014).
[2] Kh.P. Gnatenko, Yu.S. Krynytskyi, V.M. Tkachuk, Mod. Phys. Lett. A 30, 1550033 (2015).



Self-adjointness and the Casimir effect in background magnetic field

Yurii Sitenko
Bogolyubov Institute for Theoretical Physics of NAS of Ukraine, Kyiv

We study the influence of a background uniform magnetic field and boundary conditions on the
vacuum of a quantized charged massive matter field confined between two parallel neutral plates. The
admissible set of boundary conditions at the plates is determined by the requirement that the operator
of one-particle energy be self-adjoint. A generalization of the MIT bag boundary condition is proposed.
We show that, in the case of a sufficiently strong magnetic field directed orthogonally to the plates and
a large separation of the plates, the Casimir force is repulsive, being independent of the choice of a
boundary condition, as well as of the distance between the plates.

From transport networks to online role-playing games

Yurij Holovatch?
nstitute for Condensed Matter Physics of NAS of Ukraine, Lviv
2Doctoral College for the Statistical Physics of Complex Systems,
Leipzig-Lorraine-Lviv-Coventry (L*)

I make a brief review of two different projects our group has participated in. One concerns empirical
analysis and modeling of public transportation networks [1, 2, 3|, another one deals with analysis of
human behavior in a virtual environment of a massive multiplayer online game [4, 5]. A common feature
of these studies which target entirely different, on the first sight, subjects is that in both cases we deal
with complex systems of many interacting agents, displaying collective behavior that does not follow
trivially from the behaviors of the individual parts.

Often our analysis was motivated and carried on using our former experience in studies of interacting
many particle systems by tools of statistical physics and complex network theory. Participants of the
Workshop are welcome to join discussion about advantages and drawbacks of such approach.

This work was supported by the Seventh Framework Program of the FKuropean Union within
the International Research Staff Exchange Scheme Grants Nos. Nos 612669 Structure and Fvoluti-
on of Complex Systems with Applications in Physics and Life Sciences, 612707 Dynamics of and in
Complex Systems, 295302 Statistical Physics in Diverse Realizations, 269139 Dynamics and Cooperative
Phenomena in Complex Physical and Biological Media.

[1] C. von Ferber, T. Holovatch, Yu. Holovatch, V. Palchykov. Eur. Phys. J. B 68 (2009) 261.

[2] B. Berche, C. von Ferber, T. Holovatch, Yu. Holovatch. Eur. Phys. J B 71 (2009) 125; Adv. Complex Syst.
15 (2012). 1250063; J. Transport. Security 5 (2012) 199.

[3] C. von Ferber, Yu. Holovatch. Eur. Phys. J ST 216 (2013) 49.
[4] M. Szell, S. Thurner. Social Networks 32 (2010) 313.
[5] O. Mryglod, B. Fuchs, M. Szell, Yu. Holovatch, S. Thurner. Physica A 419 (2015) 681.



MogpesmtoBaHHs MONMIMPEHHd HEIMyHHHX 3aXBOPIOBaHb Ha rpadi

. M. Invruyvrut
IacturyTt ¢isuku xkoumencopanux cucrem HAH VYkpainu, JIsBiB

OOroBOPIOIOTHCS 3arajbHI acleKTH TOOYIOBH eIliIeMiOJOTiYHIX MOJeeil y MpocTopi i3 HYJIhOBOIO
po3MipHicTIO Ta Ha Tpadi. K imocTpalliio po3rIsHyTo Moaeab S1.S HeIMyHHOTO 3aXBOPIOBAHHS Ha Tpa-
di, nobyoBaHOMY Ha BEpIIMHAX KBAaJPATHOI I'PATKHU i3 (PIKCOBAHUM Ta BUIIAIKOBUM paJiycoM iH(pIiKy-
BaHHsA. BUKOPHUCTOBYIOYM METOJ, KOMIPKOBOTO aBTOMATY BHBYEHO KPHUTUYHI BJIACTUBOCTI TaKOT MOJEi
y CTAI[lOHApHOMY CTaHI Ta OTPUMAaHO il PO3B’A30K y CEpeIHbO-IOJIBOBOMY HaOuzKeHHi. JlocimzKeHo
0COOJIMBOCTI KJIACTEepU3aIlil CHCTeMH IIPH 11 pyci 10 KPUTHIHOI TOYKH.

3amponoHoBaHO TakoK Mojeab SIC, dKa € yzaraabHeHHAM Mozeni SIS Ha BUMAI0K HAOYTTS 30Y-
JIHUKOM PE3UCTEHTHOCTI 10 icHyouux mnpeneparis. [Iisxom anagiTH4HOrO MOJIE/IIOBAHHS JAHUX KOM-
' IOTEPHUX CUMYJLIINA OTPUMAHO MPOCTY aHAJITUYHY 3aJI€KHICTH MONTUPEHOCTI MYJIBTHPE3UCTEHTHOTO
30yHUKA 3aJI€KHO BiJl napaMeTpiB Mojie 1. BuB4yeno xapakTepHi mpocTOpoBi Mab/IOHU TIOTTHPEHHS 000X
THIIB 30YVIHUKIB.

OOCYIKYIOTBCS MOAAJIBIIN MEePCIeKTUBH HiIXOAY V KOHTEKCTI elmiaeMiOIoTIIHIX MojesIeil Ha Mepe-
JKax i3 3a/laHUMU BJIACTUBOCTSMHU Ta HAOJIMYKEHHS MOJIEJIOBaHHS JI0 clienudivHux corio-reorpadidnux
peaJtiii.

[1] W.O. Kermack, A.G. McKendrick, A contribution to the mathematical theory of epidemics, Proceedings of

Royal Society London. A, 115 (1927) p.700-721

[2] N.Boccara, Automata network models of interacting populations, in Cellular Automata, Dynamical Systems
and Neural Networks, Mathematics and Its Applications series, E. Goles and S. Martines, Eds. Vol. 282,
Springer, 1994, 192 p.

[3] H. Situngkir, Epidemiology Through Cellular Automata: Case of Study Avian Influenza in Indonesia, 2004,
arXiv:nlin/0403035.

[4] J.Ilnytskyi, Y.Holovatch, Y.Kozitsky, H.Ilnytskyi, Computer simulations of a stochastic model for the non-
immune disease spread, Bicauk HY «J/IbsiBceka Ilomitexnikay No. 800 (2014), ¢.176-185.

[5] J.M. Ilnytskyi, Y. Kozitsky, H. Ilnytskyi, O. Haiduchok, Stationary states and spatial patterning in an SIS
epidemiology model with implicit mobility, Physica A, submitted.

MogenoBaHHd KapT MOJISPU3alil paJioOBUIPOMIHIOBAHHS 3aJIUINKIB HAJHOBUX 3ip

0. Ilempyx, P. Bandiepa, B. Bewwner
lacTuryT npukmaganx npobrem mexaniku i maremarnkn HAH Vkpainu, JIbsis,
Actpodizuana obceparopist, Popenitist

Sa/MIIKy HAIHOBUX 31P BBAKAIOTHCS OCHOBHUMH MPUCKOPIOBAYAMH KOCMIYHUX ITPOMEHIB 3 €Hepri-
avu 10 10% eB. JleTekTyBaHHS KOCMIUHEX IPOMEHIB 10 TaKUX eHepriii He mae indpopMarii Ipo yMoBH
B KOHKPETHOMY O0’€KTi, OCKLJIbKI Ta/IAKTHYHI MArHiTHI MOJIS BIIXUJIAIOTH X TPACKTOPIT Bi/l HATTPAMKY
Ha jkepesa. ToMy poOUTH BUCHOBKH ITPO BiIIOBIIHI (PI3HMYHI IPOIECH MOXKHA JIMIIIE 31 CIIOCTePEKEeHb
BUIIPOMIHIOBaHHS, dKe TeHePYEThCd MUMU PeJIITHBICTCHKUMH JacTUHKaMu. HuHI cmocTepexkerHs mMpo-
BOJATHLCSA K HA3eMHUMH iHCTPYMEHTaMHU, TaK i 0O6cepBaTOpigMH KOCMIUHOTO 0a3yBaHHM, Bil paJio 10
JKOPCTKOT'O raMa-ianazony. Jani Micrarb iHgopMariito mpo crineKTpu, po3IHo/iii HOBEPXHEBOI SCKPABOCTI
Ta MOJISIPU3AI0 CHHXPOTPOHHOTO BUIpOMiHIOBaHHS. [IpoTe mepeBaKHO aHaJII3yIOThCS JIUIIE CHEKTPH
Ta OJIHOBUMIpHI 3pi3u ACKpaBoCcTi. Y HAIIKUX IOMepe HiX poboTax Gy/I0 PO3BHHYTO METO/I MO/IE/TIOBAHHS
KapT SCKPaBOCTI B PI3HHUX Jlalla30HaX /14 3aJUIMIKIB HATHOBUX, SIKi €BOJIOMIOHYIOTH B MiK30PIHOMY
CepeJIOBUIII 3 OTHOPIIHUM Ta HEOIHOPITHUM PO3MOMIIAMA TYCTHHU YU MAHITHOTO MOJIA. Y Iifl J0moBiTi
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MPEJICTABICHO PO3BUTOK METOMY JIJIsT MOAETIOBAHHS KAPT PO3MOALTY TOJISPU30BAHOTO PATIOBUTPOMIHIO-
Banng nux 00’ekriB. Ile BuMara/so po3B’s3Ky JIBOX OCHOBHHMX 3aJad4: y3araJbHEHHS KJIACUYHOI Teopil
CUHXPOTPOHHOTO BUITPOMIHIOBAHHSA Ha BUIAJ0K HASBHOCTI BUIMAJIKOBOI KOMIIOHEHTH MAarHITHOTO IMOJIs
Ta MOOYJI0BY i pO3B’d3yBaHHsd PIBHAHHS, dKE OIMCYE €BOJIIOIIIO 1€l KOMIIOHEHTH Ha (PPOHTI yjapHOI
XBHJI Ta B 00’eMi 3a/IUIIKY 3 BpaxXyBaHHAM i1 B3a€MOJIil 3 KOCMiYHUMH NPOMEHAMH.

Junamika 3apsaaKeHOoro poTaTopa

A. Jysipax
Iacturyt dizuku xkoumencoranux cucrem HAH Vkpainu, JIsBi

Posrasaerbes pyx 3apsiizKeHOTO poTaropa — OAHOrO 3apsaiy (abo KiIbKOX), Ha AKHIA HAK/IAIEHO
JKOpCTKY B'si3b (B's131). JImHamika poratopa BUBOAWTHCA i3 piBHsHHS Jlopenma—/lipaka, mTOMOBHEHOTO
npunnunoM 1 Anambepa-J/larpanxka, i IPEBOANTH 10 HETIHIHHONO piBHAHHS 2-TO MOPSAKY IMOI0 KYTO-
Bol mBHIKOCTI. [loro MoKHa 3BecTH 10 piBHsHHS Emmena-®ayiepa, ske He PO3B’S3YETbCS ¥ TepMiHAX
Bigomux ¢yukiuiit. Jloc/ijzkeHO acUMITOTUKU p-HY poraropa 1 nobyjoBano itoro dazosuili noprper.
[Tokazano, 1o Jiniiie onHa (pa30Ba TPAEKTOPid — cemaparpuca — Mae (PI3UIHUN CeHC, ONUCYIOUN T'ajlib-
MYBaHHS POTATOPA. YCI iHII TPAEKTOPIl OMUCYIOTH HEOOMEYKEHUH PO3riH poTaTopa 3a CKIHYEeHHUI Jac.

QopMaapHAN PO3TILA] poTaTopa 3 KiMTbKOMa 3aps/IaMu MPUBOIUTH 10 HOMUJIKOBOTO Pe3yabTaTy —
3aHAJITO CUJILHOTO TaJbMyBaHHs, O€3BiIHOCHOrO J0 3HAKY 1 po3MimeHHs 3apsaiB. [lapamokc po3s’d3y-
€ThCST BpaXyBaHHAM B3a€MOJIl 3apsiIiB MizK co00I0, IO TeHepyeThes moTeHIiatamu JIbenapa-Bixepra, i
HOPOJZKY€E HereHTpabHi cusm Jlopenna (60 meHTpasbHi CHJIM TOBHICTIO KOMIIEHCYBATUCA O B'S35IMHU).

BrinB KkBaHTOBOTO BUMIPIOBAaHHS Ta B3a€MO/Iil “KybiT—TepmMocTaTr”’ Ha 4UCTOTY BLAKPUTOIL
KBAHTOBOI CHCTEMH: OCODJIMBOCTI mepenoBHEHOTO 0a3mucy BEKTOPIB CTaHY

B. B. Ienamiok
IacturyT isuku xkonmencopanux cucreM HAH Ykpainu, JIsBiB

Po3risiHyTo movyaTkoBuii cTaH KybiTa, sSKWil BUHHUKAE BHACJIIOK HeCeJeKTHBHUX BUMIpIOBaHb [1]
Ha TepernoBHEHOMY 0a3Mci, KOJIH KiIbKICTh Pe3yabTaTiB BUMipioBaHb N = 3 HEpeBHINYE PO3MiPHICTH
n = 2 T'umbbeproBoro npocropy BekTopiB crany. s jemoncTpalii ocobsimBocTel, siKi BUHUKAIOTH
BHAC/IIOK BUKOHAHHS HepiBHOCTI N > n, MU B34/ IIPOCTY CIIH-O030HHY CHCTEMY, K& OIHUCYETHCS
TOYHO PO3’A3yBaHOI0 MOJEJLTI0 3 po3dasysannsam [2|. Ha mporeaypy BumipooBaHHs 0ya0 HAKIAIEHO

BHACJIJIOK B3aemoii “KybiT—TepMocTar’.

[Tokazano, 1o Ha BijMiHy Bij npoekiiiitnoi cxemu don Hoiimana npu N = n = 2, Halibuibir 3Mmi-
MaHuit ctal KybiTa, IKuil BUHUKAE BHACJII0K HECEJEKTHBHOIO BUMIPIOBAaHHSI, V¥ 3arajbHOMY BHUIAJIKY
MOYKe 3ajiexkaTH BiJ Temreparypu fioro orodenus. g He3BuvuHa 0COOJMBICTH J03BOJIAE PO3TJIALATH
“memnepamypro-Konmpoavosare” ouniients: Kyb6ita [4] y monmoBreHHst 10 “Qunamivnozo” oUUIIEHHS,
IpoaHAII30BAaHOroO pamire [3].

Takozk po31UIgHYTO KiJIbKA PI3HOBUIHOCTEN ITOBTOPHUX KBAHTOBUX BUMIPIOBaHb HA/l CUCTEMOIO “KyO0iT—
TepMocTaT’ Ta MPOAaHAJJI30BAHO iX MEPCIEKTUBHICTh 3 TOUYKH 30PYy JA0/ATKOBOTO OYHUINEHHS BiIKPUTOL
KBAHTOBOI CUCTEMH.

[1] H.-P. Breuer and F. Petruccione, The Theory of Open Quantum Systems, Oxford University, Oxford, 2007.
[2] V.G. Morozov, S. Mathey, and G. Ropke, Phys. Rev. A 85, 022101 (2012).
[3] V.V. Ignatyuk, V.G. Morozov, Phys. Rev. A 91, 052102 (2015).
[4] V.V. Ignatyuk, Phys. Rev. A 92, 062115 (2015).
I

[5] J. Dajka, B. Gardas, and J. Luczka, Int. J. Theor. Phys. 52, 1148 (2013).
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l'eomeTpis MHOroBHOYy €BOJIIOIIMHUX CTAHIB JBOX CIIHIB 3 aHI30TPOMHOIO B3aEMOJIIEI0

A. Kysvmaxk
Kadenpa reoperuanoi ¢dizukn
JIbBiBCHKUMIT HAIIOHAILHUEI yHIBepcuTeT iMeni [Bana Ppanka

JlociizKeHO eBOJIIOIII0 CUCTEMHU JIBOX CIIHIB B MATHITHOMY TOJI B3a€MO/Iisi MiK SIKUMU OIUCYETHCS
aHi3oTponHUM ramijibroHianoM [aiizenbepra. [lokazano, 10 Taka eBOJIIOINIS BiJIOYBAETHCS HA JIBOTIAPa-
MeTPUIHOMY MHOTOBH/II, TeOMeTPid IKOTO 3aJeXKUTh Bi/l CIIIBBITHOIIEHH MizK ITapaMeTpaMu B3a€MOIil.
Y BHIIQJIKY, KOJHA TaKe CIiBBiIHOIIEHHS € PAIlOHAILHIM YHCJIOM, MHOTOBHJI € 3aMKHYTHM 1 Mae (hopmy
Topa. Takoxk O0y/I0 JTOCTIIKEHO TeOMETPil0 MHOTOBHIY, Ha IKOMY BiAOYBAETHCS €BOIONIA CUCTEMH JIBOX
CITIHIB, IO ONMHUCYIOThCS MOojesLT0 /I3somuncbkoro—Mopist, 3 j1o1aTKOBOIO /£ Z B3aemojieo. B oMy
BUIIQIKy OTpUMaHi momiOHi pesynbrarn. A came, KOJU CIIBBITHOIIEHHS MiK MapaMeTpaMu B3aEMOJIIT
OyJe pallioHaJIbHUM YHCJIOM, TO JaHuit MHOTOBHI Oyie TopoM. Ha 3aBepimrennsa 6ys10 mpoaHasi30BaHO
3aIIyTaHICTh CTaHIB, AKi HAJEXKATh JI0 IUX MHOTOBHIIB. 3HA#IEHO JIiHII, HA SKHX 3HAXOIATHCS CTa-
HU 31 CTAJIOI0 3aIIYTAHICTIO, & TaKOXK 3HAIeHO 3a/IeKHICTh TYCTUHW TaKUX JiHIf Ha MHOTOBHUI BiJI
CITIBBIJTHOIIIEHHS MiK ITapaMeTpaMH B3a€MO/III.

PopmMyBaHHY IMETEJb B MOJIIMEPAX B HEBNOPAAKOBAHUX CEPEIOBUIIAX

X. Tatidykiecoka, B. Baasayvka
Iacturyt dizukn koumencoranux cucrem HAH Vkpainu, JIsBin

B poboti anasizyerbcst iMOBIpHICTD (DOPMyBaHHS OKPEMOI HETJII Ta JOBI'OMY I'HYYKOMY JIAHIIOXKKY
B cepenoBHIi 3 6e371a10M y BUNAAKY 3arajbHol BUMIpHOCTI d. CTpyKTypHI HEOTHOPITHOCTI B 3a1a4i €
CKOPeJbOBaHl Ha BEJIWKWX BiJACTAHSIX I 3TiIHO 31 cTernmeHeBUM 3akoHOM ~ r~ % B pamkax momesi Here-
PEPBHOTO JIAHIIOXKKA 13 3aCTOCYBAHHSAM METO/LY IIPSIMOTO TIOJIIMEPHOTO IIepeHOPpMYBaHHs, OY/IH OTpUMaHi
3HaYeHHA KPUTHIHUX TTOKA3HUKIB, IKi KePYIOTh CKeHJIHTOM iIMOBIDHOCT1 YTBOPEHHS MeTe/h B 3aJI€2KHO-
cTi Bl 1X JioBKUHU. KUIBKICHO 1OKAa3aHO 3HUZKEHHS IMOBIPHOCTI YTBODEHHS le€Te/b B CEPEIOBHUII 31
CKOPEJIbOBAHUM 0e371a[0M.

TepmogmHaMivyHi BEIMYUHU CUCTEMU TBEPAUX KYJILOK y CJIA00HEpPiBHOBA>KHOMY
TEIJOIPOBIAHOMY CTAI[iOHAPHOMY CTaHi

u. A. lymenrox
IacturyT $isuku xonmencoBannx cucreM HAH Ykpainu, JIsBiB

CrarmionapHuii ctan a3y, Yepe3 sIKUil Tede Terio, sIKiCHO BiAPI3HAETHCA BiJl PIBHOBaXKHOTO. 3aa-
4a OGUHC/ICHHA IIOTOKY TeILIa PO3B’a3yeThes B Kinerwuniii Teopii (mamp. [1]) ta meromom I pima—Ky6o
(mamp. [2]). Ognak, npo6iema po3paxyHKy TE€PMOIMHAMIYHUX XapAKTEPUCTUK CHCTEM Y CTAIIOHAPHOMY
CTaHi — TUCKY, BHYTPIIIHLOI eHepril uu eHTpoIrii — mepedyBae Ha MOYATKOBHX €TAllaX CBOIO BUPIIIEHHS
|3-6]. B pamkax miaxomy cymiabHOro cepemopuina 6ys0 3anponoHoBano |7| cmocib po3paxyHKy TepmMo-
JUHAMITHUX BEeJWYHWH a3y HU3bKOI I'YCTUHU y TEIJIONPOBIAHOMY CTAaIlIOHADHOMY CTaHl /I BUITAJIKY
cJIADKOI'O BiIXWMJIEHHS BiJl pIBHOBArH.

OjHaK npu 3MilIeHHI B 00J1aCTh NPOMIXKHUX 1 BUCOKHX T'YCTHH, BCE OLIbIIE MPOSBISETHCS TOTEHIT-
aJ1 B3aeMoJIii, 30KpeMa, po3mipu MoJekysr. 11106 iX BpaxyBaTh, MU 3a JOIOMOIOI0 TOTO K c1ocoby 7]
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PO3PaxOBYEMO THUCK, BHYTPIIIHIO €HEPrilo Ta eHTPOIiI0 MOAEIbHOI CHCTEMI TBEPIUX KYJIbOK V cJIaboHe-
PIBHOBaXKHOMY TeILIOMPOBITHOMY CTAI[IOHAPHOMY CTaHI.

AnaniTiudHi BUpa3n 1JIg MUX BeINYWH 3HaNIEHO B HAOAMKEHH] 4-10 TOPSIKY 3a I'PaIi€HTaMI TeMIIe-
paTypu ILIAXOM IHTeI'PYBAHHY BIAMOBIIHUX JOKAJBHAX I'YCTHH B3J0BXK TEIJIOBOTO MOTOKY. Ilokazano,
10 I'PAIIEHTHI BHECKH JIO0 BHYTPIIIHLOI eHepril 3ajexKaTh Bij 06’eMy, a eHTpolid 3a10BoJibHse 1I-e Ha-
JaJ10 TePMOJMHAMIKHY JI;T1 HePIBHOBAaYKHWX MpoTieciB. Po3paxyHku mpoBesieHo 414 BuMipHOcTel 3D, 2D
ta 1D.

[1] Hdx. ®eprwrep, I'. Kamep, Maremarudeckast Teopust TPOIECCOB mepeHoca B raszax, Mocksa, Mup, 1976.
[2] I. H. 3ybapes, HepasrosecHast craructuyaeckas Tepmonnaamuka, Mocksa, Hayka, 1971,

[3] T.S. Komatsu, N. Nakagawa, S.-i. Sasa, H. Tasaki, J. Stat. Phys. 134, 401 (2009).

[4] T. S. Komatsu, N. Nakagawa, S.-i. Sasa, H. Tasaki, J. Stat. Phys. 142, 127 (2011).

[5] N. Nakagawa, Phys. Rev. E 85, 051115 (2012).
| G
]

=2

[ . P. Morriss, D. P. Truant, Phys. Rev. E 87, 062144 (2013).
[7] M. A. I'ymemox, npenpuat ICMP-14-11U (JIbsis, 2014).

One-dimensional Coulomb-like problem and minimal length

M. I Samar and V. M. Tkachuk
Department for Theoretical Physics, Ivan Franko National University of Lviv

We present the definition of inverse position operator X ~! in general case of deformed Heisenberg
algebra leading to minimal length, which satisfy invertibility condition X !X = XX~! = 1. Energy
spectrum and eigenfunctions for 1D Coulomb-like potential in general case of deformed space with mini-
mal length are found exactly. We analize the energy spectrum for different partial cases of deformation
function and find that depending on the kind of the deformation function different dependence on
parameter of deformation of the energy correction term and even different sign of this term can be
obtained.

Penning trap with an inclined magnetic field

Yurij Yaremko®, Maria Przybylskd®, and Andrzej J. Maciejewski
pInstitute for Condensed Matter Physics of NAS of Ukaine, Lviv
gInstitute of Physics, University of Zielona Goéra, Poland
fInstitute of Astronomy, University of Zielona Géra, Poland

Modified Penning trap with a spatially uniform magnetic field B inclined with respect to the axis of
rotational symmetry of the electrodes is considered. The inclination angle can be arbitrary. Canonical
transformation of phase variables transforming Hamiltonian of considered system into a sum of three
uncoupled harmonic oscillators is found. We determine the region of stability in space of two parameters
controlling the dynamics: the trapping parameter £ and the squared sine of the inclination angle 9.
If the angle ¥y is smaller than 54 degrees, a charge occupies finite spatial volume within processing
chamber. A rigid hierarchy of trapping frequencies is broken if B is inclined at the critical angle: the
magnetron frequency reaches the corrected cyclotron frequency while the axial frequency exceeds them.
Apart from this resonance we reveal the family of resonant curves in the region of stability.

In the relativistic regime the system is not linear. We show that it is not integrable in the Liouville
sense. The averaging over the fast variable allows to reduce the system to two degrees of freedom. An
analysis of the Poincaré cross-section of the averaged systems shows the regions of effective stability of
the trap.
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Boze-aiiamiTaiiniBcbka KOHOEHCAIlid B iealbHOMY 003e-ra3i B 30BHIIITHBOMY IIOJIi

1. Baxapuyx
Kadenpa reoperuanoi ¢dizukn
JIbBiBCHKUIT HaIllOHAJIBbHUN YHIBepcuTeT iMeHl IBana Ppanka

PospaxoBano temueparypy 0Oo3e-aliHImITailHIBCLKOT KOHJIEHCAIT i/lea/IbHOrO 003e-ra3y B 3a/1€2KHO-
cri Bij mapamerpiB moTeHmiaay 30BHiIHKOrO moJist [1]. OG4uHCIeHO TeMIepaTypHY 3aiekHICTh 603e-
KOHJeHCAaTHOT dpakiii. OTpuMaHi BeIMInHN TOPIBHIHO 3 Pe3yabTaTaMu iHIuX pobit [2,3].
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