XYPHAN “COMPUTATIONAL NANOTECHNOLOGY”
(BBIMUCNUTENbHBIE HAHOTEXHOJ1IOTUMN)
HayuHell peyeH3upyembili HeypHan
ISSN 2313-223X Print

ISSN 2587-9693 Online
Tom 10, Ne 1, 2023

KoHuenuus xypHana

*ypHan Computational nanotechnology nybavkyeT peueHsvpyemble Hay4YHO-UCCNeA0BaTeNbCKME PaboTbl MO MaTeMaTUYECKOMY
MOZE/IMPOBAHMIO MPOLECCOB MNPU CO34aHUMU HAHOCTPYKTYPUPOBAHHbIX MaTepuanoB 1 yCTPoicTe. Pa3paboTka yCTPOWMCTB HaHO3/IEK-
TPOHUWKM, HAHONPOLIECCOB HY}KAAETCA B NPUBNEYEHUMN KBAHTOBbIX BbIYMUCIEHUI, NO3BONAIOLLMX NPOBOAUTbL MPOrHO3MPOBaHWE CTPYKTY-
pbl BewecTsa. Paborta Hag HaHonpoLeccamu TpebyeT pa3paboTKM KBAHTOBbIX KOMMbIOTEPOB C MPUHLMMMAILHO HOBOWM apXUTEKTYPON.

B cooTBeTCTBMM C pelleHuem lMpe3nanyma Boicluei aTTecTalmMoHHONW Komuceun MuHo6pHayKu Poccum kypHan «Computational
nanotechnology» Bk/itoueH B MepeyeHb BeAyLMX peLLeH3UpYeMbIX HayUHbIX YKYPHaAN0B U U3aHUI, B KOTOPbIX A0/XKHbI 6bITb Ony6-
JIMKOBaHbl OCHOBHbIE HayuYHble pe3ynbTaTbl AUCCEPTaLMIA HA COMCKAHME YYeHbIX CTeneHel KaHauaaTa u goktopa Hayk (http://vak.
ed.gov.ru/) no cnegyoWwmm cnewmanbHOCTAM:

1.2. KomnbloTepHble HayKn U MHPOopmaTUKa

1.2.1. WcKyccTBEHHbI UHTENNEKT U MAMHHOE 0by4YeHne

1.2.2. MatemaTnyeckoe mMoAennmpoBaHue, YAC/IEHHbIE METOAbl U KOMMIEKCbl MPOrpamm
1.2.3. TeopeTunyecKkan MHPpopmaTUKa, KMbepHeTMKa

1.2.4. KnbepbesonacHocTb

NHPOpPMaLMOHHbIE TEXHONOTUU U TENEKOMMYHUKALMK

N
w

2.3.1. CuctemHbI aHanus, ynpasneHune n obpaboTka MHbopmaLmm

2.3.2. BbluMcAUTENbHbIE CUCTEMbI U UX SN1EMEHTbI

2.3.3. ABTOMAaTM3auMA U yNpaBAeHUe TEXHONOMMYECKMMM NpoLLeccamm 1 NPOM3BOACTBaMMU

2.3.4. YnpaBneHue B OpPraHn3aLMOHHbIX CMCTEMAX

2.3.5. MaTtemaTn4eckoe 1 nporpaMmHoe obecrneyeHne BbIYUCUTENbHBIX CUCTEM, KOMMIEKCOB U KOMMbIOTEPHbIX CeTel
2.3.6. MeTogabl 1 cucTembl 3aWmTbl MHGOpPMaLmm, nHopmaLmoHHaa besonacHocTb

2.3.7. KomnbloTepHOe MoAeNnpoBaHMe U aBTOMATU3aLMA NPOEKTUPOBaHNA

2.3.8. MHbopmaTMKa 1 MHGOPMALMOHHbIE NPOLLECChHI

2.6. HaHoTexHoOnoruu u HaHomarepuanbl

2.6.6. HaHOTexHO/MIOTMM M HaHOMaTepuanbl

HayyHoe uuTtupoBaHue KypHana: Poccuitckmit MHaekc HayuHoro LuTtuposaHua (PUHLY), East View Information Services,
Ulrichsweb Global Periodicals Directory, CrossRef, MathNet.

PepakuMOHHAA NonuTMKa Mspatenbckoro goma «tOp-BAK» ocHOBbIBaeTcA Ha MpUHUMNaX, cOOPMyNMpPOBaHHbIX KomuteTom
Mo 3TUKe Hay4yHbIXx Nybankaumin (Committee on Publication Ethics), n cobntogaet Kogekc aTMKKM HayyHbIX NybanKkaumii Hekommepye-
CKOro napTHepCTBa «KOMMUTET MO 3TUKE Hay4YHbIX MyBANKaLUIA».

PeueH3upoBaHue
Bce cTatbu, nybavKyemble B XKypHasie, NPOXOAAT ABOMHOE peLieH3MPOoBaHWe, a TaKXKe NPOoBepAloTCA NporpaMmmon AHTUNAaruat
no 6asam PUHL, PI6. MogpobHble NpaBuaa peLeH3npoBaHMA NpeacTaBneHbl Ha caTe M3aatenbckoro aoma «HOp-BAK» www.urvak.ru

[naeHblli HayuHbIN pegaKkTop, npeaceaaTtesb peaakuMoOHHOM Konnerum — lonog AsnekcaHdp Muxalinosud, ROKTOP GU3MKO-MaTe-
MaTUYeCKMX Hayk, npodeccop, r. MockBea, Poccuiickas Geaepaumsa

[NaBHbIM pegaKTop, AMPEKTOP N0 MapPKeTUHry — Acmpeboea EneHa BaadumuposHa, KaHA. Gu3.-maT. HayK, M3gatenbckuin fom
«HOp-BAK», r. MockBa, Poccuiickaa deaepauns

KomnbloTepHas BepcTka Homepa — [lonosa H.
MepeBopg Tekcra — Koxanuesa A.
[Au3aiiH 06n0xKu — MeaHos O.

YKypHan BbinyckaeTtca npu yyactumn: MOCKOBCKUI rocyAapcTBEHHbIV yHUBepcuTeT M. M.B. JlTomoHocoBa, MHCTUTYT MaTepuanose-
aeHuns XHL, IBO PAH, ®U3UKO-TEXHUYECKMIA MHCTUTYT AKagemunu Hayk Pecnybamkm Y3bekucraH

HavmeHoBaHue opraHa, 3apernctpupoBsasLuero depepanbHana cayba no Hag3opy B chepe €BA3U, MHPOPMALMOHHbIX
usgaHue TEXHO/IOTUI 1N MACCOBbIX KOMMYHUKaLUWIA. PErMcTpaLmoHHbIiN Homep 1 aata
NPUHATUA pelleHuns o pernctpaunm: NN Ne ®C77-58561 ot 14.07.2014

ISSN ISSN 2313-223X Print
ISSN 2587-9693 Online
MepuoguyHocTb 4 pasa B rog

Yupegurtenb u usparennb
Appec yupeautens u usparensa
Tunorpadums

Caur

E-Mail

TenedoH pegakuumn

Appec pegakummn

Moanucka u pacnpocTpaHeHue

Tupax

J[laTa BbIxoga B cBeT

«M3patenbckuii gom «HOp-BAK», r. MockBa, Poccuiickas degepaums
121069, r. Mocksa, yn. Nosapckasn, 4. 23A/21

TUPAMMW.RU r. Mocksa, yn. MNpasapl, 4. 24, ctp. 5, Ten. (495) 585-08-95
http://www.urvak.ru

cn@urvak.ru

8-495-932-47-09, 8-916-393-18-27

121069, r. Mocksa, yn. Mosapckas, a. 23A/21

ypHan pacnpocTpaHsaeTcs TONbKO N0 NOAMMUCKE.

MHpaekc no Katanory areHtctBa «loyta Poccnn»:

N0573 «Computational nanotechnology».

CBobogHas LeHa.

AreHTcTBO «Ypan-Mpeccy, http://www.ural-press.ru

140 3k3. dopmar 60 x 84 1/8. Neyvatb odpceTHan. bymara opceTHasa No 1.
MNeu. n. 9,25

30.03.2023




JOURNAL “COMPUTATIONAL NANOTECHNOLOGY”
Scientific peer-reviewed journal

Vol. 10, No. 1, 2023

ISSN 2313-223X Print
ISSN 2587-9693 Online

The concept of the Journal

“Computational nanotechnology” journal publishes peer-reviewed scientific research works on mathematical modeling of processes
while creating nanostructured materials and devices. The development of nanoelectronics devices, nanoprocesses needs to involve
quantum computing allowing prediction of the structure of matter. Work on nanoprocesses requires the development of quantum
computers with a fundamentally new architecture.

In accordance with the decision of the Presidium of the Higher Attestation Commission of the Ministry of Education and Science
of Russia, the journal “Computational Nanotechnology” is included in the List of leading peer-reviewed scientific journals and
publications in which the main scientific results of dissertations for the degree of candidate and doctor of sciences should
be published (http://vak.ed.gov.ru/).

The journal publishes peer-reviewed scientific articles on the following scientific specialties:

Computer Science

Artificial Intelligence and Machine Learning

Mathematical Modeling, Numerical Methods and Complex Programs
Theoretical Informatics, Cybernetics

Cybersecurity

Information Technology and Telecommunication

System Analysis, Management and Information Processing

Elements of Computing Systems

Automation of Manufacturing and Technological Processes

Management in Organizational Systems

Mathematical and Software of Computers, Complexes and Computer Networks
Information Security

Computer Modeling and Design Automation Systems

Informatics and Information Processing

Nanotechnology and Nanomaterials
Nanotechnology and Nanomaterials

The Journal is indexed and distributed by: Russian Science Citation Index (RSCI), East View Information Services, Ulrichsweb Global
Periodicals Directory, CrossRef, MathNet.

The editorial policy of the Publishing House «Yur-VAK» is based on the principles formulated by the Committee on Publication
Ethics and complies with the Code of Ethics for Scientific Publications of non-profit organization “Committee on the Ethics of Scien-
tific Publications”.

Peer review

All articles published in the journal undergo double peer review, and are also checked by the Anti-Plagiarism program at the RSCI
and RSL bases. Detailed review rules are presented on the website of the Publishing House “Yur-VAK” www.urvak.ru

Editor-in-chief — Alexander M. Popov, the Doctor of Science in Physics and Mathematics, professor of the Lomonosov Moscow State
University, the full member of the Russian Academy of Natural Sciences on department “Applied mathematics and management”,
the member of the American Physical society, Moscow, Russian Federation

Deputy Editor-in-Chief — Elena V. Yastrebova, Cand. Sci. (Phys.-Math.), Publishing House “Yur-VAK”, Moscow, Russian Federation
Computer layout of the number — Popova N.

Translator — Kozhalieva A.

Cover Design — Ivanov O.

The journal is published with the participation of: Lomonosov Moscow State University (Moscow, Russian Federation), Materials
Science Institute Khabarovsk scientific center of Far East office of the Russian Academy of Sciences (Khabarovsk, Russian Federation),
Physical-technical Institute, “Physics-Sun”, Academy of Sciences of the Republic of Uzbekistan (Tashkent, Uzbekistan)

Name of the authority that registered The publication is registered with the Federal Service for Supervision of Com-
the publication munications, Information Technology and Mass Communications (Roskom-
nadzor). Media Registration Certificate: PI Ne FS77-58561 dated 14.07.2014
ISSN ISSN 2313-223X Print
ISSN 2587-9693 Online
Publication Frequency 4 times a year
Founder “Yur-VAK” Publishing House, Moscow, Russian Federation
Printing House TIRAZHI.RU Moscow, Pravda str., 24, bld. 5, phone: (495) 585-08-95
Web-site http://www.urvak.ru
Postal adress 23A/21, Povarskaya str., Moscow, 121069, Russian Federation
E-Mail cn@urvak.ru
Tel. 8-495-932-47-09, 8-916-393-18-27
Subscription The journal is distributed by subscription only.

Index according to the catalog of the « Pochta Russia»:
PO 573 «Computational nanotechnology». Free price

Cicrulation 140 copies. Format 60 x 84 1/8. Offset printing. Offset paper No. 1.
Pr.sh. 9,25

The official public release date 30.03.2023




COCTAB PEAKOJINTETUN U PEACOBETA
KYPHAJIA “COMPUTATIONAL NANOTECHNOLOGY”

FnaBHbIA Hay4HbI pegaKTop,
npeacepartenb pesakLMOHHON KOMJIErUn JKypHana

Monos AnekcaHap Muxainosuuy — a-p ¢us.-mat. Hayk, 3acny-
KeHHbIV npodeccop MIY wmm. M.B. JlomoHOCOBa, AeNCTBU-
TenbHbIM YneH PAEH no otgeneHuto «lMpuknagHas matemaTuka
W ynpasneHune», uneH AMepuKaHckoro ®usmnyeckoro obuiectsa,
JlaypeaT J/IoMOHOCOBCKOM Npemuu nepBoli ctenenHun, r. Mocksa,
Poccuiickaa ®epepauns

PEOAKUMOHHAA KONNEMNA XXYPHANA

A6gukeeB Huas MycTAKMMOBUY — [-p TEXH. HayK, Npodeccop,
OVPEKTOP MHCTUTYTA NPOMbILNAEHHOW MOAUTUKU U MHCTUTYLLMO-
HanbHOro pa3BuTMA, PUHAHCOBLINM yHMBEPCUTET Npwu Mpasutenb-
ctBe PO, r. MockBa, Poccuiickas ®epepaumsa

AHppees Banepuii ®uannnosuy — a-p ¢u3.-maT. HayK, CTapLUmit
HayYHbIM COTPYAHUK UHCTUMTYTa npobnem 6esonacHoro passu-
TUA aTOMHOW 3HepreTuku Poccuiickoli Akagemun Hayk, r. Mo-
cKBa, Poccuiickan Pepepaums

AdoHuH AHapen HukonaeBuu — a-p TeXH. HayK, AOUEHT, Npo-
deccop Kadeapbl maTepuanoBeseHUa U HaHOTexHonornn ben-
ropoO/CKOro rocyAapCTBEHHOIO HaUMOHaNbHOIO UccaefoBaTeb-
CKOro yHUBepcUTeTa, I. benropop, Poccuiickas ®epepaumsa

BapaxHuH Bnagumup BopucoBuy — a-p TexH. HayK, BeayLMi
HaYYHbIM COTPYAHMK nabopatopmm MHGOPMaLMOHHbIX PECYPCOB
PenepanbHOro MccnesoBaTeIbCKOro LeHTPa MHPOPMaLMOHHbBIX
M BbIYMCINTENIbHBIX TEXHONOTUI; 3aBeayloWwmin Kadbenpoin ma-
TEMaTUYeCKOro MOAEeIMPOBAHNA MeXaHUKO-MaTeEMATUYECKOro
¢dakynbTeTa HOBOCMBUPCKOrO rocysapCcTBEHHONO YHUBEPCUTETA,
r. HoBocnbupck, Poccuitickan ®eaepaumn

Benos AnekcaHap Bnagumuposuu — npodeccop, pykosoauTenb
AenapTameHTa NpuKaagHoin matematnkn MUIM um. A.H. Tu-
xoHoBa HWY BLUS

BectyruH AnekcaHap PoanbAoBuy — A-p TexH. HayK, AeKaH
CaHKT-lMeTepbyprckoro rocyfapCcTBEHHOrO YHUBEpPCUTETa aspo-
KOCMMYECKOTo NpnbopoCcTpoeHms, 3aBeayolmii Kadbeapon mu-
KPO- M HAHOTEXHONOTMIA 33POKOCMMUYECKOTO NPMBOPOCTPOEHMS,
r. CaHKkT-TMeTepbypr, Poccuiickan depepaumn

BoesoauH Bnagumup BaneHTMHOBMY — A-p PU3.-maT. Hayk,
npodeccop, uneH-kopp PAH, 3am. aupektopa HWBL, MIY
mMm. M.B. JlomoHocoBa, 3aB. Kadeapolh CynepKoMMbloTepPOB
M KBaHTOBOW MHPOPMATUKK, I. MockBa, Poccuiickaa Pepepauma

lpywo AneKkcaHpap AneKcaHppoBud — a-p ¢u3.-maT. HayK, Npo-
deccop, uneH-kopp. Akagemun kpuntorpadum PO, nfin GUL, NY
PAH, BMuK MTIY nm. M.B. JlomoHocoBa, r. Mocksa, Poccuitckan
Pepepauus

AHecTtpoBckuii KOpuit HUKonaesuy — a-p ¢u3.-mat. HayK, Npo-
deccop, akagemuk PAEH, Beaylumin Hay4YHbIV coTpyaHUK Hauu-
OHanbHoro MccnepoBaTenbckoro LeHTpa «KypuaToBCKUIA MHCTU-
Ty™ (MIHCTUTYT sgepHOro cuHTesa), naypeat focyfapcTBEHHOM
npemun CCCP (1981), naypeaT JIOMOHOCOBCKOW npemun MY
|- ctenenn (1976), naypeaT KypuatoBckoi npemum PHL, «Kyp-
4YaTOBCKUM MHCTUTYT» (2001), r. Mockea, Poccuiickas Peaepaumn

Enusapos leopruii CepreeBuy — A-p TexH. Hayk, gupektop ®ryn
HWUW «KBaHT», naypeat J/leHUHCKol npemun, r. Mocksa, Poccuin-
cKaa Pepepauus

3aBoauHCKUiA Buktop Mpuropbesuy — a-p ¢us.-mat. HayK, nNpo-
deccop, aupeKTop MHCTUTYTa MaTepuanoBeaeHns XabaposcKo-
ro Hay4yHoro LeHTpa [JanbHeBOCTOYHOro oTAeNeHns Poccuitckol
Akagemun Hayk, r. Xabaposck, Poccuiickas degepauyms

Kpyk EBreHuii ABpamoBUuY — A-p TeXH. HayK, Npodeccop, nay-
peat npemun npasutensctea CaHKT-MeTepbypra, 3acnyeHHbll
neAtens Hayku PO, aupektop NHcTUTYTa MHGOPMALMOHHBIX CU-
cTem M 3awmTbl MHGopmaumm (CMNB6IYAM), r. CaHkT-MeTepbypr,
Poccuiickaa depepauns

NleBuH Bnagmmup KOHCTaHTUHOBUY — AeNCTBUTENbHbIN Y/eH
PAH, uneH Bropo OTaeneHnsa HaHOTEXHONOTMIA U MHPOPMALNOH-
HbIX TexHoMornM PAH, A-p TexH. HayK, Nnpodeccop, Hay4YHblIl py-
kosoauTtenb ®IYN HUW «KeaHT», naypeat JIeHUHCKOW npemum
1 focypapcteeHHoM npemun, r. Mocksa, Poccuiickas Pepepauus

THE EDITORIAL BOARD
AND THE EDITORIAL COUNCIL
OF “COMPUTATIONAL NANOTECHNOLOGY” JOURNAL

Scientific Chair of the Editorial Board

Alexander M. Popov — Dr. Sci. (Phys.-Math.), professor of the Lo-
monosov Moscow State University, the full member of the Rus-
sian Academy of Natural Sciences on Department of Applied
mathematics and management, the member of the American
Physical Society, Moscow, Russian Federation

EDITORIAL BOARD

Niyaz M. Abdikeev — Dr. Sci. (Eng.), Director of the Institute for
Industrial Policy and Institutional Development of the Finance
University the Government of the Russian Federation, Moscow,
Russian Federation

Valery F. Andreyev — Dr. Sci. (Phys.-Math.), senior research as-
sociate of Institute of Problems of Safe Development of Nucle-
ar Power of the Russian Academy of Sciences, Moscow, Russian
Federation

Andrej N. Afonin — Dr. Sci. (Eng.), professor, Department of Ma-
terials Science and Nanotechnologies of the Belgorod State Na-
tional Research University, Belgorod, Russian Federation

Vladimir B. Barakhnin — Dr. Sci. (Eng.), Associate Professor; lead-
ing researcher at the Laboratory of Information Resources; Head
at the Department of Mathematical Modeling of the Faculty
of Mechanics and Mathematics of the Federal Research Center
for Information and Computing Technologies of the Novosibirsk
State University, Novosibirsk, Russian Federation

Alexander V. Belov — Professor, Head of the School of Applied
Mathematics, HSE Tikhonov Moscow Institute of Electronics and
Mathematics (MIEM HSE)

Alexander R. Bestugin — Dr. Sci. (Eng.), the dean of St. Peters-
burg State University of Aerospace Instrumentation, to the Head
of the Department Mikro- and Nanotechnologies of Space In-
strument Making, St. Petersburg, Russian Federation

Vladimir V. Voevodin — Dr. Sci. (Phys.-Math.), professor, Cor-
responding Member of the Russian Academy of Sciences, dep-
uty director of SRCC Lomonosov Moscow State University, chair
of Department of Supercomputers and Quantum Informatics,
Moscow, Russian Federation

Aleksandr A. Grusho — Dr. Sci. (Phys.-Math.), professor, Corre-
sponding Member of the Russian Academy of Javascript Cryptog-
raphy, Federal Research Center of Informatics and Management
of the Russian Academy of Sciences, professor of the Lomonosov
Moscow State University, Moscow, Russian Federation

Yury N. Dnestrovsky — Dr. Sci. (Phys.-Math.), professor, acade-
mician of the Russian Academy of Natural Sciences, leading re-
searcher of the National Research Center “Kurchatov Institute”
(Institute of Nuclear Synthesis), Moscow, Russian Federation

Georgy S. Yelizarov — Dr. Sci. (Eng.), the director of Federal State
Unitary Enterprise Scientific Research Institute “Kvant”, Moscow,
Russian Federation

Victor G. Zavodinsky — Dr. Sci. (Phys.-Math.), Professor, Director
of Materials Science Institute Khabarovsk Scientific Center of Far
East Office of the Russian Academy of Sciences, Khabarovsk, Rus-
sian Federation

Yuri G. Kabaldin — Dr. Sci. (Eng.), Nizhny Novgorod State Techni-
cal University, Nizhny Novgorod, Russian Federation

Evgeny A. Kruk — Dr. Sci. (Eng.), Professor, the Honored work-
er of science of the Russian Federation, the director of Institute
of Information Systems and Information Security (St. Petersburg
State University of Aerospace Instrumentation), St. Petersburg,
Russian Federation

Vladimir K. Levin — Dr. Sci. (Eng.), the corresponding member
of the Russian Academy of Sciences, professor, the deputy direc-
tor of Federal State Unitary Enterprise Scientific Research Insti-
tute “Kvant”, Moscow, Russian Federation




Jlnswuy, AnekcaHgp BanepbeBud — a-p TEXHUYECKUX HAyK, NPO-
deccop, npopeKkTop No HayyHol pabote MpKyTcKoro rocyaap-
CTBEHHOrO YHUBEpCcUTeTa NyTei coobueHus, r. UpkyTck, Poccuii-
ckaa Pepepauus

MenbHUKOB AneKcaHap Bnagumuposud — a-p d13.-maTt. Hayk,
3aMecCTUTENIb PYKOBOAMTENA OTAENEeHUA TOKamakoB KypuyaTtos-
CKOTO KOMMJIeKCca TePMOSALEPHON 3HEPreTUMKM U MNNAa3MEHHbIX
TexHonornit HUL, «KypuyaToBCKMiA MHCTUTYT», Npodeccop Kade-
Apbl GU3MKKM Niasmbl HaLMOHaNbHOTO AAEPHOrO YHUBEPCUTETA
MW®W, r. Mocksa, Poccuitckas ®epepaumn

Monotkos Cepreii HuKonaesuu — a-p Gpu3.-mat. Hayk, YieH-
Kopp. Akagemun Kpuntorpadum P®, rnaBHbIi HayuHbli1 cOTPYA-
HUK MHCcTUTYyTa dm3mnkm TBepaoro Tena PAH, r. Mocksa, Poccuit-
cKas Pepepaumns

Heenos Uropb Muxaiinosuu — a-p ¢o13.-MmaT. HayK, 3aB. MeX-
OyHapogHoi nabopaTopueit mogenvMpoBaHus 6uononMmepos
1 bBuocmuctem MHCTUTYTa BUOUHKeHepun, npodeccop Kadeapbl
MHPOPMALMOHHBIX  TEXHONOMUI  TOMJ/IMBHO-3HEPreTUYeCKoro
Komnnekca (MTTIK) YHuBepcuTeTa MHPOPMALMOHHBIX TEXHO-
NOTUI, MeXaHWKu U onTukn MTMO, r. CaHkT-MNeTepbypr, Poccuii-
cKaa Pepepauus

HukoHoB Bnagumup Meb6oBuY — 4-p TEXH. HayK, Y1eH npe3ngu-
yma PAEH, HapoaHbIli XyaoxHUK Poccun, r. MockBa, Poccuiickan
depepaunsa

CyetuH Hukonait BnagucnasoBuy — a-p ¢u13.-maT. Hayk, npo-
deccop, OMpeKTop Mo Hayke U uccneposaHuam WUT knactep
doHp «CronkoBoy, r. Mocksa, Poccuiickaa ®Pepepauns

Yyb6paeBa /inaua UropeBHa — uneH-koppecnoHaeHT PAH, a-p
TEXH. Hayk, 3aB. Kadegpoh «MHPOpMaLMOHHbIE TEXHONOTUU
B 3/IeKTPOMEXaHMKe U poboToTexHuKe» CaHKT-lMeTepbyprckoro
rocyapcTBEHHOIO YHMBEPCUTETA a3poKoCcMMUYecKkoro npubopo-
ctpoenus (M'YAN), ampektop HUM MHHOBALMOHHbIX TEXHONOTUIA
B 3/1IeKTPOMEXaHUKe U anekTpoaHepreTuke YA, r. CaHkT-Me-
Tepbypr, Poccuiickas ®epepauyma

detucos Bnagumup AHapeeBud — a-p TeXH. HayK, npodeccop,
ANPEKTOP MHCTUTYTa a3pPOKOCMUYECKMX MPUBOPOB M cUCTEM
T'YAT, 3aB. Kadeapoi CUCTEMHOrO aHanAn3a u Noructmkm MYAr,
Hay4YHbIi KOHCYbTAHT KOMUTETA NO TPAHCMOPTY accoumaunm Ce-
BepO-3anafHbix cybbekToB PO 1 3akoHoaaTenbHoro cobpaHus
CaHkT-MeTepbypra, [elcTBUTENbHbIA YneH MexayHapoaHowm
akagemuu nHdopmaTtnsaumm, A-p byaanewwTckoro TeXHMYECKOro
YHUBEpCUTETa, 4-Pp TeXH. HayK AH BeHrpuu, r. CaHkT-lMeTepbypr,
Poccuiickas ®epepauma

LWimenes Anekceit BopncoBuY — KaHA. Ppu3.-MaT. HayK, CTapLnii
Hay4HbI coTpygHUK MIY BMK, WcnonHutenbHbl AnpekTop
rpynnbl KomnaHuin PCK (Poccuiickue cynepkomnbioTepsl) KIAY,
r. MockBa, Poccuiickan ®egepaumsa

PECNYBJ/IUKA Y3BEKUCTAH

MymuHoB Pamusynna A6gynnaesud — a-p pus.-maT. HayK, aKa-
AeMUK Akagemum Hayk Pecnybnunkm Y3bekuncraH, PUsnKoTexHuU-
YECKU MHCTUTYT, MHCTUTYT MaTepuanosegeHuns HayuyHonpoms-
BOACTBEHHOE 0bbeauHeHne «Pusnka-ConHue» AKaZeMnn HayK
Pecny6nvkn Y3bekucTaH, r. TalKeHT

Paxumos Pyctam XakMmoBUY — A-p TexH. HayK, MHcTuTyT Matepu-
anoseaeHua HayyHo-npomsBoacTBEHHOE 0b6beauHeHne «Ddusu-
Ka-ConHue» Akagemnn Hayk Pecnybanku Y3beKucTaH, r. TallKeHT

Apunos Mepcaung, — g-p ¢u3.-mat. Hayk, npodeccop PakynbTe-
Ta MHdopmaTtukm u MpuknagHoro nporpammupoBanma Hauwmo-
HanbHOro YHuBepcuTeTa Y3bekuctaHa, 3acny:KeHHbIW yyeHblli
Y36€eKuncTaHa, r. TalKeHT

MUmamoB IpKuH 3UHHYHOBUY — A-p $u3.-MmaT. HayK, npodeccop,
npodeccop TalKEHTCKOro yHuWBepcuteTa WHPOPMALMOHHbBIX
TEXHONOIWW, T. TalWKeHT

3axupoe IpKUH ArsamoBud — a-p GM3.-MaT. Hayk, Nnpodeccop,
npodeccop TalIKEHTCKOro yHuBepcuUTeTa WHOOPMALMOHHBIX
TexHoNorni, HauuoHanbHbIM KoOpAMHATOpP OT Y3beKucTaHa
nporpaMmm Hay4YHO-TEXHWUYECKOro CoTpyAHuYecTBa EBponeicko-
ro Coto3a, r. TalWKeHT

Papykanos Canu Awmposuy — a-p ¢du13.-mat. HayK, npodeccop,
OTU HMNO «Pusmka-ConHue» AH PY3, . TalKeHT

Alexander V. Livshits — Dr. Sci. (Eng.), Professor, the vice rector
for scientific work the Irkutsk State Transport University, Irkutsk,
Russian Federation

Alexander V. Melnikov — Dr. Sci. (Phys.-Math.), the Deputy Head
of the Tokamak Department, National Research Centre “Kur-
chatov Institute”, professor of the Plasma Physics Chair of the Na-
tional Nuclear Research University MEPhI, Moscow, Russian
Federation

Sergey N. Molotkov — Dr. Sci. (Phys.-Math.), Corresponding
Member of the Cryptography Academy of the Russian Federa-
tion, chief researcher, Institute of Physics of Solid Body of RAS,
Moscow, Russian Federation

Igor M. Neyelov — Dr. Sci. (Phys.-Math.), chief of International
Laboratory of Biopolymers and Biosystems Modeling, Bioen-
gineering Institute, professor of the University of Information
Technologies, Mechanics and Optics, Moscow, Russian Fede-
ration

Vladimir G. Nikonov — Dr. Sci. (Eng.), member of the Natural
Sciences Academy, People’s Artist of Russia, Moscow, Russian
Federation

Nikolai V. Suetin — Dr. Sci. (Phys.-Math.), Professor, Director
of Science and Research IT Cluster Fund “Skolkovo”, Moscow,
Russian Federation

Lidiya I. Chubrayeva — Dr. Sci. (Eng.), the corresponding mem-
ber of the Russian Academy of Sciences, the Department Chair
“Information Technologies in Electromecanics and a Robotics”
St. Petersburg State University of Aerospace Instrumentation,
the director of scientific research Institute of Innovative Technol-
ogies in Electromecanics and GUAP Power Industry, St. Peters-
burg, Russian Federation

Vladimir A. Fetisov — Dr. Sci. (Eng.), Professor, the director
of St. Petersburg State University of Aerospace Instrumentation
GUAP, the Department Chair of the System Analysis and GUAP
Logistics, the scientific consultant of Committee for Transport
of Association of Northwest Territorial Subjects of the Russian
Federation and Legislative Assembly of St. Petersburg, the Full
member of the International Academy of Informatization,
the doctor of the Budapest Technical University, the Doctor
of Engineering of Hungarien Academy of Sciences, St. Peters-
burg, Russian Federation

Alexey B. Shmelyov — Cand. Sci. (Phys.-Math.), senior research
associate, Moscow State University, executive director RSK group
of companies (the Russian supercomputers), Moscow, Russian
Federation

REPUBLIC OF UZBEKISTAN

Ramizulla A. Muminov — Dr. Sci. (Eng.), Academic, Physical-Tech-
nical Institute, SPA “Physics-Sun”, Academy of Sciences of the Re-
public of Uzbekistan, Tashkent

Rustam Kh. Rakhimov — Dr. Sci. (Eng.), head of “Physics-Sun”,
Institute of Materials Science Uzbekistan Academy of Sciences,
Tashkent

Mersaid Aripov — Dr. Sci. (Phys.-Math.), Professor, Informatics
and Applied Programming Department, the National University
of Uzbekistan, Honored scientist of Uzbekistan, Tashkent

Erkin Z. Imamov — Dr. Sci. (Phys.-Math.), Professor of Physics
Department TUIT, professor of the Tashkent University of Infor-
mation Technologies, Tashkent

Erkin A. Zahidov — Dr. Sci. (Phys.-Math.), Professor, Tashkent
University of Information Technologies, the national coordina-
tor of Uzbekistan programs scientific-technical cooperation with
European Union

Sali A. Rajapov — Dr. Sci. (Phys.-Math.), Professor, Institute
of Materials Science, “Physics- Sun”. Uzbekistan Academy of Sci-
ences, Tashkent




PECNYBJ/IMKA KA3SAXCTAH

HypcyntaHos EpnaH flayt6ekoBud — o-p ¢$u13.-maT. HayK, npodec-
cop, 3aB. Kadpegpoit «MatemaTMKn 1 MHGOPMATUKM» KasaxcTaH-
ckoro ¢punmnana MIY umenu M.B. JlomoHocoBa, . AcTaHa

PECNYB/INKA ASEPBANAXAH

UckeHpep3age InbumH Bapart ormbl — A-p TexH. Hayk, npodec-
cop, Jlaypeat locypapcteeHHow Mpemun no nutepatype «Kbi3bin
Kenme», 3acny»KeHHblt neaaror AsepbaiiaskaHckol Pecnybivku,
MoyeTHbI aesaTenb KynbTypbl AsepbaiiaskaHcKol Pecnybivku,
MoueTHbI yyeHbI EBponbl, nocon kynbTypbl UNESCO; 3aBeay-
fowmnin Kapegpoi «MeTponorum n ctaHgapTmsauum» Asepbains-
YKAHCKOTO TEXHUYECKOr0 YHMBEPCUTET], T. baKy

CWA

Yuegiang Liu — a-p ¢pu3.-mat. HayK, General Atomics, Can- [iuero,
KanudopHusa

FTEPMAHUA

Peter John — g-p TexH. HayK, OOKT. 3KOH. HayK, aAvpektop RPE
InfraTherm GjmbH, r. /iuxteH6epr

XblobepT Merep — 4-p TexH. HayK, npodeccop, MHCTUTYT nerkoi
TEXHUKM M TexHonorum nonmmepos (ILK), TexHuueckuii yHusep-
cuteT [pesaeHa, NpesnaeHT W raBHbIA UCMONHUTENbHBIN Au-
pekTop Carbon Composites, r. ipe3geH

BENbrnAa

OHreHa [3ko3e¢ — A4-p TeXH. HayK, 3aMecTUTeNb AMPEKTopa fa-
6opatopun GM3MKM Nnasmbl KoponeBCKOM BOEHHOW akagemuu
benbrun, naptHep TPexcTopoHHero Knactepa Euregio (TEC),
r. bptoccenb

PEAAKLMOHHbIA COBET }XYPHAJIA

AHppoHoB MBaH HuKonaesuY — a-p TexH. Hayk, npodeccop, 3as.
Kadeapoin MexaHUKK, YXTUHCKUIA TocygapCTBEHHbIA TexHu4e-
CKWI1 yHUBepCUTET, T. YXTa, Poccuiickan denepaums

BbikoB Uropb KOpbeBuY — 4-p TexH. HayK, npodeccop, 3aB. Kade-
Apont MawuH n obopynoBaHUa HEGTAHON M ra30BOIM MPOMbILL-
NEHHOCTU, YXTUHCKUIA rOCyAapCTBEHHbIN TEXHUYECKMIA YHUBEP-
cuTeT, I. YxTa, Poccuitckas ®epepauma

Mpuropaw Oner Baagumunposuy — A-p TexH. HayK, npodeccop,
3aB. Kapeapoi SNEKTPOTEXHUKM, TENIOTEXHWUKM U BO3OOHOBASAE-
MbIX UCTOYHWMKOB 3Heprum, KybaHCcKuii rocyaapcTBeHHbIN arpap-
HbI yHMBepcuTeT, 1. KpacHogap, Poccuiickaa Pepepauma

EmenbaHoB Baagumup Unbuu — a-p dus.-mat. Hayk, npodec-
cop, dusnyeckuii dpakynsteTr MIY nm. M.B. JlomoHocoBa, . Mo-
cKBa, Poccuiickas depepaumsa

Kapaes AnaH KaHamaToBuu — 4-p TexH. HayK, KaHA4. ¢u3.-marT.
HayK, npodeccop, rm.H.c. PuHaHCOBOro yHUBepcuTeTa npu lMpa-
BuTenoctee PO, r. MockBa, Poccuiickas Peaepaums

KabanauH lOpuit feoprueBnuy — a-p TexH. HayK, npodeccop
HuKeropoackoro rocyapcTBEHHOIO yHUBepcUTeTa, I HUXKHUI
Hosropoa, Poccuitickan ®egepaumn

XanaeB Muxaun Muxaiinosuu — a-p ¢u3.-mat. HayK, npodec-
cop, npodeccop dpakynsteta BMK MIY nm. M.B. JlomoHoCOBa,
r. MockBa, Poccuiickas ®egepaumsa

Yucrakos Bnagumup BceBonogoBuy — KaHA. TEXH. HayK, Npo-
deccop, rasHbIl pegakTop M3gatenbckoro goma «HOp-BAK»

REPUBLIC OF KAZAKHSTAN

Erlan D. Nursultanov — Dr. Sci. (Phys.-Math.), Professor, depart-
ment chair “Mathematics and Information Scientists” Kazakh-
stan branch of Lomonosov Moscow State University, Astana

REPUBLIC OF AZERBAJAN

Elchin B. Isgandarzada — Dr. Sci. (Eng.), Dr. Sci. (Phil.), professor;
Head at the Department “Metrology and Standardization”
of the Azerbaijan Technical University, Baku

USA

Yueqiang Liu — PhD (Phys.-Math.), Principle Scientist, General
Atomics, San Diego, California

GERMANY

John Peter — Dr. Sci. (Eng.). Dr. Sci. (Oec.), RPE InfraTherm GmbH,
Lichtenberg

Jager Hubert — PhD, Professor, Institute of Lightweight Engineer-
ing and Polymer Technology (ILK), Technische Universitat Dres-
den, President and chief executive officer Carbon Composites,
Dresden

BELGIUM

Ongena Josef — PhD., President of Belgian Physical Society, Re-
search Director of Plasma Physics Laboratory, Belgian Royal Mil-
itary School, Brussels

EDITORIAL COUNCIL

Ivan N. Andronov — Dr. Sci. (Eng.), Professor, department chair
of Mechanics, the Ukhta State Technical University, Ukhta, Rus-
sian Federation

Igor Y. Bykov — Dr. Sci. (Eng.), Professor, department chair of Cars
and Equipment of the Oil and gas Industry, the Ukhta State Tech-
nical University, Ukhta, Russian Federation

Oleg V. Grigorash — Dr. Sci. (Eng.), Professor, Head of the De-
partment Electrician, Heating Engineer and Renewables
of Kuban State Agrarian University, Krasnodar, Russian Fede-
ration

Vladimir I. Emelyanov — Dr. Sci. (Phys.-Math.), professor, Physics
Department of Lomonosov Moscow State University, Moscow,
Russian Federation

Alan K. Karaev — Dr. Sci. (Eng.), Professor, Chief researcher,
Department of Public Finance, Financial University under
the Government of the Russian Federation, Moscow, Russian
Federation

Mikhail M. Khapaev — Dr. Sci. (Phys.-Math.), Professor, CMC De-
partment of Lomonosov Moscow State University, Moscow, Rus-
sian Federation

Vladimir V. Chistyakov — Cand.Sci. (Eng.), Professor, Editor-
in-chief of Publishing House Yur-VAK, Moscow, Russian Fede-
ration




Maprt 2023 148 cTpaHuy,

COAEPXKAHUE

ABTOMATU3ALUNA U YNIPABZTEHUE
TEXHONOTMYECKUMMU NPOLEECCAMU U NPOU3IBOACTBAMMU

KOJIMYECTBEHHAA OLEHKA HEONPEAENEHHOCTHU
CPEAHEIO 3A30PA U HATATIA B COMPAXEHNAX
OAHOWUMEHHbBIX MPOMEXYTOYHbIX U KPAUHUX PASMEPHBIX TPYMM ... ...,

YuepuK H.H., KaHA,. TEXH. HAyK, AOLEHT

PA3SPABOTKA MUKPOMPOBOAOB
C MATHUTHO-MATKUM CTEKNTAHHBbIM NMOKPbLITUEM
ONA TEXHONOTUYECKUX MPUMEHEHMIM. .. ..ot

Ubpazumoe X.d., lepacumosa A.A., KaHA. TEXH. HAYK, AOLEHT,
LleweHuH E.B., Y4ym M.

MATEMATUYECKOE MOAE/IMPOBAHMUE,
YACNEHHbLIE METOAbl U KOMMNNEKCbI MPOrPAMM

NCCNEAOBAHUE METOAO0B ABTOMATUYECKOIO CLULMBAHUA
NAHOPAMHDBIX UBOBPAMEHMM . .. ..ottt et e e et

Muxaiinoea C.C., o-p 3KOH. HayK, Npod.,
AaHunoea C.A4., KaHA. TEXH. HAYK, JOLEHT,
lpuHesa H.B., KaHA,. 9KOH. HayK, AOLEHT

AHANN3 TOYHOCTU AKTYAJIbHbIX AITOPUTMOB
ONPEAENEHNA COOBLUECTB B CETAX
MPU PABOTE C TPA®OBbIMU BASAMU AAHHDBIX . .. ... e

Kasakoea E./[].

KOMMNbOTEPHOE MOAE/TMPOBAHUE
M ABTOMATU3SALUA MPOEKTUPOBAHUA

NOCTPOEHWE TPAEKTOPUN ABUXEHUA YHUBEPCA/IbHOIO LWAPHUPA
B KOHOUTYPALMOHHOM NMPOCTPAHCTBE B R, . ... ittt e

JlamomkuH A.E., Muctopa H.E., KaHz,. ¢13.-MmaT. Hayk,
Mumiowos E.A., a-p du3.-maT. Hayk, Npood.

CUCTEMHDbIA AHANU3, YNPAB/IEHUE
N OBPABOTKA UH®OPMAL WU, CTATUCTUKA

O CPABHUTE/NIbHOWN 3®DEKTUBHOCTU OBHAPYEHUA PA3NTIALKU
B MHOTOMAPAMETPUYECKUX TEXHOJTOTUYECKUX MPOLLECCAX
C MOMOLLbIO MHOTOMEPHbIX ABOMHBIX KOHTPOJIbHBIX KAPT ... ..o\t

YecanuH A.H., KaHA,. TEXH. HAYK,
IpodseHckuli C.A., o-p TEXH. HayK, Npod.,
Ywkoea H.H., boromuH K.B.,

Cmasyee A.B., KaHf,. d13.-MaT. HayK

MATEMATUYECKOE U NPOTPAMMHOE OBECNEYEHUE
BbIYNCNUTE/IbHBIX CUCTEM, KOMMNJIEKCOB
N KOMNbIOTEPHbIX CETEU

MCNONb3OBAHUE TEH30OPHO MOAENHU
ANA ObPABOTKMU HEONPEAENEHHOCTH
B CZTIOXKHDbIX AUHAMUYECKUX CUCTEMAX. . ... e

Bosniocoea A.B., KaHA,. TeXH. HAYK, OOLUEHT

OBHAPYXEHUE NELWEXOAO0B U OTCJIEXUBAHUE UX TPAEKTOPUN ABUKEHUA
C UCNO/Ib3OBAHUEM METOAA ®OHOBOM CETMEHTALMU HA OCHOBEKNN ........................

Jloy Li3a43H, BaHb Ct0343H, Jlu L|3a4xcd

ISSN 2313-223X Print T. 10. Ne 1. 2023 Computational Nanotechnology
ISSN 2587-9693 Online



COAEPYAHUE

BbIMUCNUTENNbHBIE CUCTEMbI U UX SNEMEHTDI

CUHTE3 TOHA/IbHOTO APUGMETUYECKOTO YCTPONCTBA
TABJTUHHOT O TUI A . o e i et e e e 95

KoxcesHuKkos A.A., KaHA. GU3.-MaT. HAYK, OOLEHT

METOAUKA PASPABOTKN CKOPOCTHOIO KOMIMUIATOPA

HA OCHOBE MOAU®ULIUPOBAHHOIO METOAA

ONTUMU3ZALUU LOOP FUSION:

MOAENIN U UHCTPYMEHTDI ETO PEAJIUBALINUN ... ... e 103

Jlo2zyHos B.A., KaHf,. TexH. HayK, XapuH U.A.

HAHOTEXHO/Z10T'MK U HAHOMATEPUADbI
NOBbIWEHWE HALEXHOCTU NPEACKA3SAHUA BEMAETPACEHUM . ...t 112
Paxumoe P.X., o-p TexH. HayK (Pecnybivka Y36eKucTaH)

®AKTOPbI 9OPEKTUBHOM FEHEPALLUU SNEKTPUYECTBA
B CO/THEYHOM 3/IEMEHTE C HAHOTETEPONMEPEXOAAMM .. ... ... . i 119

MymuHoe P.A., akageMmuK, a-p ¢o13.-mart. HayK, npod.,
Umamoe 3.3., o-p dn3.-maT. Hayk, Npodod.,

Paxumoe P.X., o-p TEXH. HaYK,

Ackapoe M.A. (Pecnybnuka Y3bekuncraH)

ATOMHAA UINEKTPOHHASA CTPYKTYPA KBAHTOBbIX TOYEK
HA OCHOBE CDSE . ... e e i i i e e 128

3aso0uHcKuii B.T., a-p dn3.-maT. HayK, Npod.,
lopkywa O.A., KaHz,. dU3.-MaT. HayK

MOAENN MACLUTABUPOBAHUA INNIEKTPUYECKUX CBOMCTB
®OTO- U BETA-NPEOBPA3OBATE/IEM C HAHOTETEPOMEPEXOAAMM ... ... ..ottt 138

JAonzononoe M.B., KaHg,. $U3.-MaT. HAYK, AOLEHT,

Enucoe M.B.,

Padxanoe C.A., A-p dus.-mart. Hayk (Pecnybanka YabekucrtaH),
Yunypa A.C.

O KYPHAJIE.

NPABU/IA PELLEH3UPOBAHUA ABTOPCKUX 3K3EMNNAPOB CTATEM,

NOCTYNAIOLLMX B U3AATENbCKUI JIOM «IOP-BAK»

(B PEAAKLMIO YXYPHA/IA «COMPUTATIONAL NANOTECHNOLOGY»).

NPABA U OBA3AHHOCTU ABTOPOB. TPEEOBAHUSA K MYB/IUKALUAM.

NOPAAOK MPEAOCTABNEHUA MATEPUANIOB HA MYBAIUKALMIO . . .. ..o oo 147

8 Computational Nanotechnology Vol. 10. No. 1. 2023 ISSN 2313-223X Print
ISSN 2587-9693 Online



March 2023 148 pages
CONTENTS

AUTOMATION OF MANUFACTURING
AND TECHNOLOGICAL PROCESSES

A QUANTITATIVE ESTIMATION OF THE UNCERTAINTY

OF THE AVERAGE CLEARANCE AND INTERFERENCE

IN THE CONJUGATIONS OF THE EPONYMOUS INTERMEDIATE

AND EXTREME DIMENSIONAL GROUPS . ... ..o i i e e 11

N.N. Chigrik, Cand. Sci. (Eng.), Assoc. Prof.

DEVELOPMENT OF MICRO-CONDUCTORS
WITH MAGNETICALLY SOFT GLASS COATING
FOR TECHNOLOGICAL APPLICATIONS . . ... e e 30

Kh.F. Ibragimov,
A.A. Gerasimova, Cand. Sci. (Eng.), Assoc. Prof.,
E.V. Sheshenin, M. Chut

MATHEMATICAL MODELING, NUMERICAL METHODS
AND COMPLEX PROGRAMS

INVESTIGATION OF METHODS OF AUTOMATIC STITCHING
OF PANORAMIC IMAGES . . .o e e e e e e e e e 36

S.S. Mikhaylova, Dr. Sci. (Econ.), Prof.,
S.D. Danilova, Cand. Sci. (Eng.), Assoc. Prof.,,
N.V. Grineva, Cand. Sci. (Eng.), Assoc. Prof.

ANALYSIS OF THE MODERN ALGORITHMS’ ACCURACY
FOR COMMUNITIES IDENTIFICATION ON NETWORKS
WHEN WORKING WITH GRAPH DATABASES . . . . ... i 49

E.D. Kazakova

COMPUTER MODELING AND DESIGN AUTOMATION SYSTEMS

THE TRAJECTORIES CONSTRUCTION OF THE UNIVERSAL JOINT MOVEMENT
IN THE CONFIGURATION SPACE IN R3. . ... e 60

A.E. Lamotkin, N.E. Misyura, Cand. Sci. (Phys.-Math.),
E.A. Mityushov, Dr. Sci. (Phys.-Math.), Prof.

SYSTEM ANALYSIS, INFORMATION MANAGEMENT
AND PROCESSING, STATISTICS

ON THE COMPARATIVE EFFICIENCY

OF CHANGE POINT DETECTION

IN MULTIVARIATE TECHNOLOGICAL PROCESSES

USING MULTIDIMENSIONAL DOUBLE CONTROL CHARTS ... ... e 67

A.N. Chesalin, Cand. Sci. (Eng.),

S.Ya. Grodzensky, Dr. Sci. (Eng.), Prof.,
N.N. Ushkova, K.V. Bolotin,

A.V. Stavtsev, Cand. Sci. (Phys.-Math.)

MATHEMATICAL AND SOFTWARE OF COMPUTERS,
COMPLEXES AND COMPUTER NETWORKS

USING A TENSOR MODEL TO HANDLE UNCERTAINTY
IN COMPLEX DYNAMICAL SYSTEMS . . ..o e e e e e e e 79

A.V. Volosova, Cand. Sci. (Eng.), Assoc. Prof.

PEDESTRIAN DETECTION AND TRACKING OF THEIR MOVEMENT TRAJECTORY
USING THE BACKGROUND SEGMENTATION METHOD BASEDONKNN . ............. ... ... .. it 88

Lou Jiacheng, Wen Xuecheng, Li Jiazhe

ISSN 2313-223X Print T. 10. Ne 1. 2023 Computational Nanotechnology 9
ISSN 2587-9693 Online



CONTENTS

ELEMENTS OF COMPUTING SYSTEMS
SYNTHESIS OF A TABLE-TYPE TONAL ARITHMETICDEVICE .. ... ..ottt 95
A.A. Kozhevnikov, Cand. Sci. (Phys.-Math.), Assoc. Prof.
METHODOLOGY FOR DEVELOPING A HIGH-SPEED COMPILER

BASED ON THE MODIFIED LOOP FUSION OPTIMIZATION METHOD:
MODELS AND TOOLS FOR ITS IMPLEMENTATION . ... ... e 103

B.A. Logunov, Cand. Sci. (Eng.), I.A. Kharin

NANOTECHNOLOGY AND NANOMATERIALS
INCREASING THE RELIABILITY OF EARTHQUAKE PREDICTION .. ... ...t 112
R.Kh. Rakhimov, Dr. Sci. (Eng.)

FACTORS OF EFFICIENT GENERATION OF ELECTRICITY
IN A SOLAR CELL WITH NANOHETERO JUNCTIONS . . ... ... e 119

R.A. Muminov, Academician, Dr. Sci. (Phys.-Math.), Prof.,
E.Z. Imamov, Dr. Sci. (Phys.-Math.), Prof.,

R.Kh. Rakhimov, Dr. Sci. (Eng.),

M.A. Askarov (Republic of Uzbekistan)

ATOMIC AND ELECTRONIC STRUCTURE OF QUANTUM DOTS
ON THE BASIS OF CDSE. . ... i i i e i e 128

V.G. Zavodinsky, Dr. Sci. (Phys.-Math.), Prof.,
O.A. Gorkusha, Cand. Sci. (Phys.-Math.)

SCALING MODELS OF ELECTRICAL PROPERTIES
OF PHOTO- AND BETA-CONVERTERS WITH NANO-HETEROJUNCTIONS . ........... ... ... ...t 138

M.V. Dolgopolov, Cand. Sci. (Phys.-Math.), Assoc. Prof.,,
M.V. Elisov, S.A. Rajapov, Dr. Sci. (Phys.-Math.) (Republic of Uzbekistan),
A.S. Chipura

10 Computational Nanotechnology Vol. 10. No. 1. 2023 ISSN 2313-223X Print
ISSN 2587-9693 Online



