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B wu3marensctBe «Springer Nature Switzerland»
BbIIZIAa B cBeT MoHorpadus corpyauukoB JIUT wu
JIT® B COaBTOPCTBE € MOHIOJBCKMMH  YYEHBIMHU
«Meroabl  KO-HEYHBIX  Pa3HOCTEM M KOHEYHBIX
3JIEMEHTOB BBICOKOT'O MOPS/AKA ISl PEIICHUs] HEKOTOPBIX
YPaBHEHHMH B YaCTHBIX IIPOM3BOAHBIX», MOCBSIICHHAS
MIOCTPOGHUIO  METOJOB KOHEYHBIX  pa3HOCTEH U
KOHEYHBIX  3JIEMEHTOB  BBICOKOTO  HOpsSKa IS
YHCJICHHOTO PELIEHUs MHOTOMEPHBIX Kpae-BbIX 3ajau, B
YaCTHOCTH, JUI YpaBHEHUsS [elbMronblia U BOJHOBOIO
ypaBHEHMs, YypaBHeHHMa broprepca U  ypaBHe-HUSA
IIpénunrepa. HecMoTpst Ha TO, YTO 3a IOCJIEAHUE [1BA
JIECATUIIETHsT OBLJIO OIMyOJIMKOBAHO MHOXECTBO pPaboT
10 3TOH TeMaTuke, OCTAIOTCS OTKPBITHIMUA BOIPOCHI
peanu3a-uu 3THUX METOAOB IPH YHCICHHOM pEIICHUH
MHOTOMEp-
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Springer Nature Switzerland published a monograph
“High-Order Finite Difference and Finite Element Methods
for Solving Some Partial Differential Equations” by
MLIT and BLTP researchers in collaboration with
Mongolian scientists. It is devoted to the construction of
high-order fi-nite difference and finite element methods
for the numeri-cal solution of multidimensional
boundary-value problems (BVPs), in particular, for the
Helmbholtz and wave equa-tions, Burgers’ equation, and
the Schrodinger equation. Despite the long history,
especially in the development of the theoretical
background of these methods, there remain open
questions about their constructive implementation in
the numerical solution of multidimensional BVPs that
have additional requirements on the physical parameters
or desirable properties of approximate solutions.
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HBIX KpPaeBBIX 3a/1a4, UMEIOMNX JOTOIHUTENBHBIE TPeOo-
BaHUS K (PM3WYECKUM MapaMeTpaM HIH OCOOCHHOCTSIM
TIPHOIMKEHHBIX PEIICHUH.

Momnorpagus ocHOBaHa Ha pe3yJbTaTax HCCIIEI0Ba-
HUH aBTOPOB W COJCPKUT HOBBIE KOHCTPYKTHBHBIC TOJ-
XOIBI K YHCICHHOMY PEIICHHUI0 MHOTOMEPHBIX KPaeBbIX
3a1ay.

Knura OymeT mone3Ha yutarensM, acCliipaHTaM U UC-
CIIeZOBATEISIM, HHTEPECYIONUMCS BBIYUCIUTEIBHON (Hu-
3UKOH, IPUKJIAJHOW MaTEMATUKOM, YUCIIEHHBIM aHAJIU30M
¥ TIPUKJIaTHBIMU HayKaMH.

Vandandoo U., Zhanlav T., Chuluunbaatar O., Gusev A,
Vinitsky S., Chuluunbaatar G. High-Order Finite Difference and
Finite Element Methods for Solving Some Partial Differential
Equations. Springer Nature Switzerland AG, 2024.

TexHOMOTHS KOHTEHHEPHOW BUPTYAIH3ALUU TPHOO-
peraer Bce Oonbliee pacHpOCTPAHCHNWE KAaK B MPOMBIII-
JeHHOCTH, Tak U B Hayke. CooOmectBo JI®BD Tarke
MIPOSIBIISIET 3HAUYUTENBHBIN HHTEPEC K BHEAPECHUIO KOHTEH-
HEpPHBIX TEXHOJIOTHH Ul PAacHpOCTPAaHEHUs] IPOrpaMM-
HoOro oOecreueHus. VHKancynmmpoBaHHE MPOrPaMMHOTO
oOecrieueHns] BHYTPHU KOHTEHHEPOB IIOMOTACT YUEHBIM
CO371aBaTh MOPTaTUBHBIC U BOCIPOM3BOJMMBIE HCCIIENO-
BaTenbCKUe cpenpl. OmHako MaciTaOHOE BBITOTHEHHE
KOHTEHHEPH3UPOBAaHHBIX PabOYnX HArpy30K ¢ MOMOIIBLIO
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pacrpeieieHHbIX BBIYUCIUTENLHBIX HH(PACTPYKTYpP CO-
MPSDKCHO ¢ HEKOTOPBIMHE ITPOOIeMaMu, OJJHON 13 KOTOPBIX
siBisieTcst 3 peKTUBHAS TOCTaBKa KOHTEHHEPOB. B Tmny-
HOM CIICHAPUU TBICSIYU KOIHUH MOJTb30BATEIbCKUX KOHTEH-
HEpOB JIOJDKHBI OBITH JOCTABICHBI HA pabovne y3IIbl OJJHO-
BPEMEHHO, YTO CO3/1acT YPE3MEPHYIO Harpy3Ky Ha peecTp
KOHTCHEpoB. B crarbe OmuChIBaeTCs, KaK MOXKHO IIO-
CTPOUTH PEECTpP KOHTEUHEPOB, CIIOCOOHBINH CIIPABUTHCS C
TAKUMH BBICOKMMH Harpy3KamH, JaeTcsi 0030p OCHOBHBIX
CYIIECTBYIOIMUX MyOmMuHbIX cepBrcoB Ha 6aze CVMES, a
TaK)Ke MPUBOIUTCS MPUMEP peaTH3aluu MOJOOHOTO cep-
Buca B OMU ¢ ucnons3oanuem GitLab.

Balashov N. JINR Container Distribution Service // Phys.
Part. Nucl. 2024. V. 55, No. 3. P.625.

AKTUBHBIE HUCCIICAOBAHHUA BO3MOXHBIX HpHMeHeHHﬁ
CHCTEM, OCHOBaHHBIX Ha JDK03e(DCOHOBCKMX MeEpexojax,
CBEPXIIPOBOJTHUKOBOW ~ JJICKTPOHUKE W  CIHHTPOHHKE,
00yciTaBIMBaOT HEOOXOAUMOCTE pa3zpabotku 3¢dpdexTus-
HOTO HMHCTPYMEHTapHsl JUIl MaTeMaTHYeCKOro MOJIEIH-
pOBaHHUSI TaKUX CUCTEM. B pamMKax COBMECTHOIO IpOeK-
ta JINT n JIT® pa3zBuBaercst skocucTeMa Ha 0aze cpeibl
Jupyter ¢ ucrionp3oBanueM Python-6ubmuoTex ¢ pa3merte-
HUEM MaTtepualoB B Bujae Jupyter Book. OTnnuurensHOM
OCOOCHHOCTBIO TAKOTO IIPEJCTABICHHS SIBISIETCS BO3-

The monograph is based on the results of the authors’
research and contains new constructive approaches to the
numerical solution of multidimensional BVPs.

The book will be useful to readers, graduate students
and researchers interested in computational physics, applied
mathematics, numerical analysis, and applied sciences.

Vandandoo U., Zhanlav T., Chuluunbaatar O., Gusev A.,
Vinitsky S., Chuluunbaatar G. High-Order Finite Difference and
Finite Element Methods for Solving Some Partial Differential
Equations. Springer Nature Switzerland AG, 2024.

Container virtualization technology is gaining more
and more traction in both industry and science. The
VBLHEP community has also shown significant interest in
adopting container technologies for software distribution.
Encapsulating software inside containers helps scientists
create portable and reproducible research environments.
However, running containerized workloads at scale via
distributed computing infrastructures has some challeng-
es, one of which is efficient container delivery. In a typical
scenario, thousands of copies of user containers need to be
delivered to worker nodes simultaneously, posing an ex-
cessive load on the container registry. The paper describes

how to build a container registry able to cope with such
high loads, reviews existing major public services based
on CVMFS and shows an example of such a service im-
plementation at JINR using GitLab.

Balashov N. JINR Container Distribution Service // Phys.
Part. Nucl. 2024. V. 55, No. 3. P.625.

Active investigations into possible applications of
systems based on Josephson junctions, superconducting
electronics and spintronics necessitate the elaboration of
effective tools for the mathematical modeling of such sys-
tems. Within a joint project between MLIT and BLTP, an
ecosystem on top of the Jupyter environment using Python
libraries and publishing materials in the form of Jupyter
Book is being developed. A distinctive feature of this rep-
resentation is the ability to accompany the computing code
with a description of the problem being solved with formu-
las and graphs. It is noteworthy that a number of tasks en-
tail numerous resource-intensive calculations, which leads
to the need for the significant speedup of computational
circuits implemented in Python and to the development of
parallel algorithms.
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MOYKHOCTB COTIPOBOJHUTD BBIYMCIUTEIEHBINA KO ONTMCAHH-
eM pemaeMoi 3anauu ¢ Gopmynamu U rpapukamu. [Ipu
9TOM psifA 3amad TpeOyeT MPOBEACHUS MHOTOYHCICHHBIX
PECypCOEMKUX PacueToB, YTO MPHUBOIUT K HEOOXOIMMO-
CTH CYIIECTBEHHOTO YCKOPCHHS BBIYHCIHTEIBHBIX CXEM,
peanu3oBaHHBIX Ha Python, u pa3paboTke mapamienbHbIX
aJTOPUTMOB.

Pazpabotansl 1 pa3MeIIeHBl B OTKPBITOM TOCTYIIC B
skocucreme ML/DL/HPC mnardopmer HybriLIT (JIMT
OUAN) sexrponnsie kaurH Jupyter Book mst 3amag mo-
JIETUPOBAHMS TUHAMUKUA THOPUIHBIX CTPYKTYp, COCTOS-
IIUX U3 JHKO3e()COHOBCKUX MEPEXOJ0B M MarHETHUKOB [ 1],
a Tak)Ke MOJCITHUPOBAHUS ITWHAMHUKH JK03e(PCOHOBCKOTO
nepexoia IMoj BO3JACHCTBHEM BHEIIHEro u3iaydyeHus [2].
Pesymnprarsl, npencraBieHAbIE B [3], OCHOBaHBI Ha pa3pa-
OOTaHHBIX aJITOPUTMAX JIJIsl BRIUUCIICHHSI BOJIBT-aMIICPHO
XapaKTePUCTUKU J1K03e()COHOBCKOTO TIEPEXOia IOJ BO3-
JeHCTBHEM BHEIIIHETO M3IYUYCHHUS U pacdeTa 3aBUCUMOCTH
WUPUHBI cTyneHbku [llanupo OT aMIIUTYabl BHEUIHETO
u3nydyeHus. Bce neTtanu NpoOBENEHHBIX HCCIEI0BaHUI
MPEJCTaBICHbl B [2], I1le TakKe OMHCAHbI MOIXOIbI TO
YCKOPEHHUIO BBIYHCIUTENBHBIX CXEM C HCIOJIh30BaHHEM
CIeaI3UPOBaHHbIX Onbanorex Python.

1. bawawun M. B., bymenxo 0. A., Kynuxoe K. B., Heua-
esckuti A.B., Paxmonos H.P, Paxmonosa A.P., Cmpenvyo-
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6a O.U., 3yes M.HU. VHCTpyMeHTapuil Ui MOACIHPOBAHUS
THOPUIHBIX HAHOCTPYKTYp CBEPXIPOBOJHHUK/MArHeTuk. http://
studhub.jinr.ru:8080/books (2022-2024).

2. Paxmonosa A.P., Cmpenvyosa O.H., 3yes M. H., Pax-
monoe U.P. Python-wHCTpyMeHTapuil Ui MOIECIUPOBAHUS
JMHAMHUKH  JKO3e()COHOBCKOTO TI€pexofa IO BO3/EHCTBHEM
BHEIITHETO W3TY4CHUSL. http://studhub.jinr.ru:8080/jjbook
(2023-2024).

3. Rahmonova A., Rahmonov 1., Streltsova O., Zuev M.
Toolkit in Python for the Simulation of a Shapiro Step on the
Current-Voltage Characteristic of a Josephson Junction // Phys.
Part. Nucl. Lett. 2024. V.55, No. 3.

[Ipennaraercst NpUHIMIIHAIbHAS CXEMa peayin3a-
UM aHAJOTOBBIX YHHMBEPCAJIbHBIX KBAaHTOBBIX BEHTHU-
Jel, OCHOBaHHBIX Ha (PU3NYECKUX KBAHTOBBIX TOUKAX.
KBaHTOBBIE TOYKM BBIIENSAIOTCS KaK IPHUBICKATEIbHBIC
KaH/W/AAThl JJIs1 KBAHTOBBIX BBIUYMCIICHUH Onaromapsi CBO-
el MacImTadupyeMOCTH, YHHMBEPCAJIBHBIM MEXaHH3MaM
YIpaBJICHUs, MPOCTOTE TPOW3BOACTBA M HAKOIJICHHBIM
OOIIMPHBIM 3HAHUSM B OOJIACTH KBAaHTOBBIX HAHOCTPYK-
Typ. OOCYXIal0TCsI COCTOSIHUSI KyOUTa, OCHOBaHHBIC Ha
JIOKaJIU3alluK JIEKTPOHOB B CHCTEME BEPTUKAIBHO CBS-
3aHHBIX TUJIUHAPUICCKUX KBAHTOBBIX TOYCK, U IIpEjiara-
eTCs MCIONB30BaTh ISl UX MAHUIYJSIIUU WHTCHCUBHBIN
OecceneBckuii Ta3ep. Ha oCHOBaHMM BBIIEH3IOKEHHOTO

Jupyter Book electronic books for the tasks of sim-
ulating the dynamics of hybrid structures that comprise
Josephson junctions and magnets [1], as well as of simulat-
ing the dynamics of a Josephson junction under the influ-
ence of external radiation [2], are developed and publicly
available in the ML/DL/HPC ecosystem of the HybriLIT
platform (MLIT JINR). The findings presented in [3] are
based on developed algorithms for calculating the cur-
rent-voltage characteristic of a Josephson junction under
the influence of external radiation and for computing the
dependence of the Shapiro step width on the amplitude of
external radiation. All details of conducted investigations
are given in [2], where approaches to speed up computa-
tional circuits using specialized Python libraries are also
described.

1. Bashashin M., Butenko Yu., Kulikov K., Nechaevskiy A.,
Rahmonov 1., Rahmonova A., Streltsova O., Zuev M. Toolkit for
the Simulation of Superconductor/Magnetic Hybrid Nanostruc-
tures. http://studhub.jinr.ru:8080/books (2022-2024).

2. Rahmonov I., Rahmonova A., Streltsova O., Zuev M. Py-
thon Toolkit for the Simulation of the Josephson Junction Dy-

namics under the Influence of External Radiation. http://studhub.
jinr.ru:8080/jjbook (2023-2024).

3. Rahmonova A., Rahmonov 1., Streltsova O., Zuev M.
Toolkit in Python for the Simulation of a Shapiro Step on the
Current-Voltage Characteristic of a Josephson Junction // Phys.
Part. Nucl. Lett. 2024. V.55, No. 3.

A schematic diagram for the implementation of ana-
log universal quantum gates based on physical quantum
dots is proposed. Quantum dots stand out as compelling
candidates for quantum computing due to their scalabili-
ty, versatile control mechanisms, ease of production, and
extensive knowledge in the field of quantum nanostruc-
tures. In this work, we discuss qubit states based on the
electron localization in a system of vertically coupled cy-
lindrical quantum dots and propose to use intense Bessel
laser beams for their manipulation. Based on the above,
we describe experimental setup schemes for the possible
implementation of single-qubit rotations, two-qubit (on
the example of CNOT) and multi-qubit (on the example
of Toffoli) quantum gates. Considering that single-qubit
rotations in conjunction with a CNOT gate constitute a
universal set of quantum gates, the findings of this study
hold high importance.
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OIHCBIBAIOTCSI CXEMBI SKCIEPUMEHTAIBHBIX YCTAaHOBOK
JUTS BO3MOXKHOUM peaiu3aluu OJHOKYOWUTHBIX Bpallle-
HuH, AByXKyOMTHBIX (Ha mpumepe CNOT) m MHOTOKY-
outHbIX (Ha npumepe Toddonn) KBaHTOBBIX BEHTHIICH.
[TockonbKy OTHOKYOUTHEIC BPALICHHS B COYCTAHUH C BCH-
tiieM CNOT cocTaBisifoT yHUBEpCaIbHBIN HaOOp KBaH-
TOBBIX BEHTUJIEH, pe3yJbTaThl ’TOr0 UCCIIETOBAHUS UMEIOT
OoIpIIoe 3HAYCHHE.

Sargsian T. A., Mantashya P. A., Abgaryan V. S., Vinni-
chenko M.Ya., Hayrapetyan D.B. Single-Qubit Rotations and
Multi-Qubit Quantum Gates Controlled by Intense Bessel Laser
Beams in a System of Vertically Coupled Cylindrical Quantum
Dots // IEEE Access (in press).

Sargsian T. A., Mantashya P. A., Abgaryan V. S., Vinni-
chenko M.Ya., Hayrapetyan D.B. Single-Qubit Rotations and
Multi-Qubit Quantum Gates Controlled by Intense Bessel Laser
Beams in a System of Vertically Coupled Cylindrical Quantum
Dots // IEEE Access (in press).




