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B nocnennue necsrunetns Obu1 chOpMYITUPOBAH Psijl
CBUICTENIECTB U MEpP HEKJIACCHYHOCTH KBAHTOBBIX CHCTEM.
BonpIMMHCTBO M3 HUX OCHOBAHBI Ha MIPUHIIUIINATILHON He-
BO3MO)KHOCTH KJIACCHYECKOTO CTaTHCTHYECKOTO OIHCa-
HUS KBAaHTOBBIX cUCTeM. B wactHOCTH, pyHKIMS Buraepa
oOlagaeT BCeMU CBOMCTBAMHU INPaBHIBHOTO CTAaTHCTHYE-
CKOTO pacHpesieieHus, 3a HCKIIOYCHHEM CBOMCTBa He-
orpunaresbHocTd. C GU3NUECKOM TOUKHU 3PEHUS TTOJI0KH-
TENLHOCTh Pacipe/ieieH s BEPOSITHOCTH siBIsieTcst hyH1a-
MEHTAJIbHBIM 3JIEMEHTOM KJIACCUUECKOW CTaTHUCTUYECKOU
napaaurmel. CieoBaTebHO, HECYIIECTBOBAHHIE TOTOXKHU-
TEJBHO OTIPEeNICHHBIX PaCTIpeIeIeHUIl BEPOSITHOCTH CITy-
JKUT HEKOTOPBIM WHAMKATOPOM HEKJIACCHYHOCTH (hU3nde-
CKOM CHUCTEMBI.

Oyukuus BurHepa st KOHEUHOMEPHBIX CHUCTEM
MOXET OBITh COCTaBlIeHa KaK [yalbHOE IMPOU3BEICHUE
MaTpuIbl IUIOTHOCTH U sjapa CrparoHoBuda—Bers.
B pamkax noaxona Kengaka u JKuukoBCKOro paccMoTpeH
WHIUKATOP HEKJIACCUMYHOCTH KOHEYHOMEPHON KBAaHTOBOM
CHUCTEMBI, 3aBHCAIIEH OT 00beMa OTPHIATENbHONH YacTH
¢byukuuun Burhepa. JlaHHBIH WHIAKATOpP OMPEACIIACTCS
HaJ YHUTapHO-HEIKBUBAJICHTHBIMHU KJIACCAMU KBaHTOBBIX
COCTOSTHUH, T. €. IPeNICTaBIsIeT cCOO0H HHBApUAHT, OTHAKO,
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TaK Kak JUIs 3aJJaHHOTO KBAHTOBOTO COCTOSIHMS (DyHKIIUSI
Burnepa He eAWHCTBEHHA, 3HAUCHHWE HHAWKATOpa 3aBHU-
CUT OT BBIOOpa mpencrasnerus (ysknun Buraepa. C
MIOMOIIBIO SIBHOHM MapaMeTpH3alUy POCTPAHCTBA MOMY-
nei ¢ynkiuii Burnepa paccumTaHBI COOTBETCTBYIOIIHE
naankatopbl Kenpaka—XKwmakosckoro (KZ-mHamkaropst)
JUISL TPEXYPOBHEBOH CHCTEMBI C BBIPOXKICHHBIMH YHHUTAp-
HO-HEIKBUBAJICHTHbBIMU siipamMu  CtparoHoBuda—Beiins.
Jns cimydast KyTpuTa IPOBEICHHBIE PACUCTHl BBISBIIA-
IOT TPH KJacca COCTOSHHN: «aOCOMIOTHO KilacCHYecKue/
KBaHTOBBIE» COCTOSTHHSA C HYJIEBBIM U HEHYIEBbIM KZ-nH-
JIUKaTopamMH JUIsl BCEX 3HAUEHUN IapaMeTpoB MOXYJeEH
COOTBETCTBEHHO U «OTHOCHUTEJILHO KBaHTOBbIE/KJIacCHYe-
CKHE» COCTOSHMS, KIIACCHYHOCTH/KBAHTOBOCTH KOTOPBIX
YyBCTBUTENbHA K MpeICTaBIcHUIO (QyHKuuu Buraepa.
Tak, Bce YHCTBIE COCTOSHUSI KyTPUTa OTHOCSTCA K «abco-
JIFOTHO KBAHTOBBIMY» COCTOSIHUSIM.
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PeanuzoBaH nmoaxol K MHTEPAKTMBHON BH3yalln3a-
UM JTaHHBIX JUIS HayYHBIX BBIYMCICHHH B paMKax Ipo-
ONIeMHO-OpHEHTHPOBAHHOTO cepBHca saas.jinr.ru. s
MHTETPALNY BU3yalU3alu JaHHBIX B CTPYKTypy Django
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Over the past decades, some evidence and measures
of the nonclassicality of quantum systems have been for-
mulated. Most of them are based on the primary impossi-
bility of a classical statistical description of quantum sys-
tems. Particularly, the Wigner function possesses all the
properties of a proper statistical distribution except for the
non-negativity of the latter. From a physical point of view,
the positiveness of probability distributions is a fundamen-
tal element of the classical statistical paradigm. Therefore,
the non-existence of positive definite probability distribu-
tions serves as a certain indication of the nonclassicality of
a physical system.

The Wigner function of a finite-dimensional system
can be constructed via dual pairing of a density matrix
with the Stratonovich—Weyl kernel. Following Kenfack
and Zyczkowski, we consider the indicator of the non-
classicality of a finite-dimensional quantum system,
which depends on the volume of the negative part of the
Wigner function. This indicator is defined over the unitary
non-equivalent classes of quantum states, i.e., represents
an invariant, but since for a given quantum system there

is no unique Wigner function, it turns out to be sensitive
to the choice of representations for the Wigner function.
Based on the explicit parameterization of the moduli space
of the Wigner functions, we compute the corresponding
Kenfack—Zyczkowski (KZ) indicators of a 3-level system
for degenerate, unitary non-equivalent Stratonovich—Weyl
kernels. In the case of qutrit, our calculations reveal three
classes of states: the “absolutely classical/quantum” states,
which have zero and non-vanishing KZ indicators for all
values of the moduli parameters correspondingly, and
the “relatively quantum/classical” states whose classical-
ity/quantumness is susceptible to a representation of the
Wigner function. Herewith, all pure states of qutrit belong
to the “absolutely quantum” states.
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An approach to interactive data visualization for sci-
entific computing is implemented within the saas.jinr.ru
problem-oriented service. To integrate data visualization
into the Django framework, Bokeh and Dask, as well as the
JINR cloud for service scaling, are used. The application
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ncnonb3oBach, Bokeh u Dask, a taxxke obmako OUSAN
JIIsL MaCHlTaGHpOBaHI/ISI CHUCTEMBI. HpI/IMeHeHI/Ie O6J'Ia’~IHI)IX
TEXHOJIOTHH JaeT BO3MOXXHOCTh TUHAMHUYCCKH Iepepac-
TIPEIeNATh HATPY3Ky MEXIy BHPTYAJIbHBIMH MaIldHAMU,
YTO TO3BOJISICT KOHTPOJIMPOBATh OaylaHC Mexay dhdek-
THBHBIM HCIIOJH30BAaHUEM OOOpPYIOBaHHUA U YIOOCTBOM
JUIS. KOHEUHBbIX ToJib3oBarenieil. [lpeacraBieHHas apxu-
TEKTypa, HECMOTPSI Ha €€ MMPOCTOTY U OPUCHTHPOBAHHOCTh
Ha HEOOJBIIOe YHCIIO KIMESHTOB, 00JIalaeT XOPOIINM I10-
TEHIIMAJIOM MacIITaOUpPyeMOCTH, a TOJlyuYeHHas CHCTeMa
BH3YaJIU3al[MK JaHHBIX IOKa3aja IPOM3BOAUTEILHOCTB,
JIOCTATOYHYIO ISl pealbHOTO HayYHOTO BU3YAIBHOTO aHa-
JIM3a He OYeHb OONBIIMX HAaOOpPOB MAaHHBIX. Peann3oBaHbl
JIBa PEXKHMMa IIPOCMOTpPa rpa()UKOB: CTAHIAPTHBIN U pacTe-
PU30BaHHBIN, PA3TUYAIOIIHECS 110 IPON3BOAUTEIEHOCTH H
HaOopy ¢yHKuui. VToroBasi apXuTekTypa mporpaMMHOTo
00eCIICUCHUsT U TIPUKITATHBIC PEIICHUS, a TaKXKe HEKOTO-
pBI€ OIICHKH IPOM3BOAUTEIIEHOCTHA MOTYT OBITh HCIIONB30-
BaHBI B Ka4eCTBE MIpUMeEpa MpH pa3paboTKe APYTUX Hayd-
HBIX MPUIOKCHUA Ha OCHOBE 00JIaYHOM HHPPACTPYKTYPHI.

Balashov N., Kutovskiy N., Sokolov I. Data Visualization
in Cloud Service for Scientific Computations // Mod. Inform.
Technol. IT-Education. 2021. V.17, No. 1. P.109-115.

MeTonoM MOJEKYISIPHON JMHAMUKH MCCIIEI0BaHbI
00pasibl MEIH, Kejie3a U HUKEIS CO CTPYKTYpO# pealib-
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HBIX KPHCTAJJIOB C 3aJJaHHBIMHU Ae(pEeKTaMHu THIIa TIOp, 00-
Jy4aemble HaHOKJIacTepamMu Menu ¢ sHeprueid 1-100 »B/
aToM. MojenupoBaHue M TECTUPOBAHHE MPOBOIMINUCH
¢ moMomsio MomuduuupoBaHHoro maketa LAMMPS,
YCTAaHOBJIEHHOTO HA TIETEPOTEHHOM  BBIYMCIUTEIBHOM
kiacrepe HybriLIT. B paMkax 4uciIeHHOTO MOJEIHPOBa-
HUSI FICCJIEIOBAHO BIMSHHE YAAPHBIX BOJIH Ha JIe(EKTHBIC
CTPYKTypHI THMNA NOp B MuIIeHH. [TomydeHsl moporossie
9HEPruu OOIyUeHHs] HAHOKJIACTEPAMH MEJIH, MEHSIOIIIE
CTPYKTYpy Aedexra B mummeHsx. [lomyuennsie pesynbra-
TBI TTOKA3bIBAIOT OOJIBIIYIO YCTOMYMBOCTE Je(heKTOB THIIA
0P B JKEJI€3HOM MUILIEHU K BO3JCHCTBUIO YIaPHOU BOJIHBI
10 CPAaBHEHUIO C 00pa3naMu MeIH U HUKEIS.

lapunos 3.A4. u op. MonenupoBaHHe OOIydYeHUs] HaHO-
KilacTreépaMu MEIU MCTAUIMYCCKUX MHUIICHEUW C 3aJaHHBIMA
}le(beKTaMI/l CTPYKTYPBI, UMUTUPYIOILIUMHU CBOICTBa PCaNbHBIX
KpucTayuioB /! HOBerHOCTI). PCHTFGHOBCKHG, CHHXPOTPOHHBIC
Y HEUTPOHHBIC HCCIICAOBAHUS (B TIEYATH).

of cloud technologies makes it possible to dynamically re-
distribute the load across virtual machines, which enables
for controlling the balance between efficient hardware uti-
lization and end-user experience. Despite its simplicity and
focus on a small number of clients, the presented architec-
ture possesses good scalability potential, and the resulting
data visualization system has shown performance sufficient
for a real scientific visual analysis of not very large data-
sets. Two modes of viewing charts, namely, standard and
rasterized modes, which differ in performance and a set of
functions, are implemented. The software architecture and
applied solutions presented, as well as some performance
considerations, can be used as an example when designing
other cloud-native scientific applications.
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Technol. IT-Education. 2021. V.17, No. 1. P.109-115.

The molecular dynamics method is used to study
samples of copper, iron and nickel with the structure of
real crystals with specified defects such as pores, irradi-
ated by copper nanoclusters with an energy of 1-100 eV/
atom. Modeling and testing are carried out using a modi-
fied LAMMPS package installed on the HybriLIT hetero-

geneous computing cluster. The effect of shock waves on
defective structures of the pore type in the target is inves-
tigated within numerical modeling. Threshold irradiation
energies of copper nanoclusters, which change the struc-
ture of the defect in the targets, are obtained. The results
show a greater resistance of pore-type defects in an iron
target to the impact of a shock wave in comparison with
the samples of copper and nickel.
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