BectHuk /loHenkoro HanuoHaabHOro ynusepcurera. Cepus I': Texunueckue Haykm. 2025. Ne 2.

ABTOp(BI) M HA3BAHHE CTATBH
Author(s) and title of the article

AHHOTaINA

Annotation

KiroueBble ciioBa

Keywords

Konres I'U., Topuna E.M. Tpan3ucropusie
OIHOKONbIIEBEIe RC-aBroreHepatopsl c
(bUIIBTPOM HU3KHX YacTOT

Koptev G.1., Torina E.M. Transistor single-
ring RC-oscillators with low-pass filter

ITpencraBneHsl pe3ynbTaThl aHAIN3a
onHokojbleBoro RC -aproreneparopa c
¢unsTpom HmwkHUX yactor (OPHY) B
nenu oOpaTHOW CBS3M, MOCTPOECHHOTO
Ha OJTHOM aKTHBHOM 3JieMeHTe (AD) B
Bune  auddepeHIHanbHOd  Mapsl
MOJIEBBIX TPaH3UCTOPOB. [TokazaHo, 4To
B OTCYTCTBHH Oy(pepHOTO MTOBTOPUTEIS
3a CcYeT HENMHEHHOCTH Harpys3Ku
BO3HMKAET JIOMOJTHUTEIBHBIA  CIBHUT
(a3, 4TO MO3BOJISET YIMPOCTUTH CXEMY
OHY u ynyummth (QIyKTyalHOHHEIE
XapaKTepUCTHKH reHepaTopa.
Hcnonb3oBanne MOoAU(UIIMPOBAHHOTO
¢GuIbTpa M HENMHEWHOTro  pexuma
YCUIIUTENS MO3BOJISIET CHM3UTH
TpeOyeMblil KOAQPUIIMEHT yCUIICHH S, a
TaKk)Ke 3allUTUTh T'€HepaTop OT CphbIBa

The analysis results of single-ring RC -
oscillator with low-pass filter (LPF) in
the feedback loop, built on one active
device (AD) in the form of a differential
pair of field-effect transistors are given.
It was shown that without buffer
followers an additional phase shift
occurs in phase balance because of non-
linear load. It allows us to make LPF
scheme simpler and to improve
oscillators fluctuation characteristics.
Using modified filter amplifiers non-
linear mode allows to reduce the
required gain. Moreover, it allows to
protect oscillator from disruption of
fluctuations without using additional

RC-ABTOI'EHEPATOP,
®A30BBIN VM,
TIOJIEBO TPAH3UCTOP,
JIUDOOEPEHIMAJILHA S

[TAPA TPAH3UCTOPOB,
TPEX3BEHHASI RC-L{EITb

RC-OSCILLATOR,
PHASE NOISE,
FIELD-EFFECT
TRANSISTOR,
DIFFERENTIAL PAIR
OF TRANSISTORS,
THREE-LINK RC-
CIRCUIT

KoJIcOaHMI 0e3 HCTIONB30BaHUS | Circuits. The  results  obtained
JIOTIONHUTENbHBIX 1emneil. Pesynbrarel, | theoretically were confirmed by
MOIy4YEHHBIE TeopeTnyeckd, | computer modeling.
MOATBEPIKICHBI KOMITBIOTEPHBIM
MOJICJIMPOBAHUEM.
UccrnenoBanne Bo3MOXHOCTH co3manums | Investigation of the possibility of
MOJIENIM  Ta30aHANM3aTOpHOM cucTeMbl | creating a model of a gas analyzer
JIa3epHOTO  JCTEKTHpoBaHMs  yTeuek | system for laser detection of methane
Caporuerko  C.E Axannes  BJL | METaH3 € HCTIONH30BAHHEM — MHHH leaks using mini unmanned aerial
T . | 6ecrmnoTHBIX JetarenbHbIX armaparoB | vehicles (UAVs) on a modern element | JIASEPHBIN
MonenupoBaHue ra3oaHajn3aTopHON o N . < LASER DETECTOR
CHOTOMBL  MA3CPHOIO CTeKTHDOBAHMS (BIUIA) nHa coBpemenHoW snemeHTHOH | base that allows leak detection at gas | JETEKTOPHbBIN COMPLEX
TeueK MeTaHa E ncnonbilOBaHneE/l P 0aze, TO3BOJSIIOIIMX  OCYLIECTBILTH | transportation infrastructure facilities in | KOMITJIEKC, SUBSTAN éE
%CCHI/IHOTHHX CTATONbHbIX AIIADATOR JICTCKTAPOBAaHME yTedek Ha oObekTax | real time and safe conditions. The | AETEKTUPOBAHUE DETECTION
P ra30TPaHCHOPTHOW WH(pacTpykTypsl B | experimental technique consists in | BEHIECTB, YTEUYKA METHANE ’ LEAK
. . peapHOM  Macmtabe  BpemeHum W | modeling the spectral characteristics of | METAHA, ’
Savotchenko S.E., Akapev V.L. Simulation . . . GAS ANALYZER,
. OezomacHeIX  ycnoBmsX.  Meromuka | an air-methane gas mixture in order to | TASOAHAJIM3ATOP,
of a laser methane leak detection gas UAV DRON
analvzer svstem using mini drons HCCIICTIOBAHUS 3aKITFOYaeTCs B | develop a prototype laser gas analyzer | BITJIA
y M & MOJIETTUPOBAHIHI CIIeKTpaJIbHBIX | operating in the optimal spectral range
XapaKTepUCTHK  BO3AYIIHO-MeTaHOBOW | to determine the concentrations of its

ra3oBod CMeCH C UENIbI0 pa3paboTKu
MPOTOTHIIA JIA3EPHOIO Ta30aHAJIM3ATOPA,

components. The choice of an element
base for the development of a prototype




paborarorero B OINTUMAITBHOM
CIIEKTPATEHOM JIManasoHe TSt
OIpeIeNIeHust KOHIIEHTPALU# ee
KOMITOHEHTOB. O0ocHOBaH BBIOOD
ANIEMEHTHOW 0a3bl Il pa3paboOTKU

TIPOTOTHIIA JTA3EPHOTO AETEKTOpA METaHa ¢
Y4EeTOM IUIAHHPYEMOTO pa3MeIIeHHs Ha
OECTIMITOTHBIX JICTAaTeNIBHBIX — armaparax
Kiacca MuHH. [IpoBeneHo MozenmpoBaHie
CIIEKTPOB TIOIIOMIEHUS IETEKTHPYEMBIX
BEIIECTB, HA  OCHOBE  KOTOPOTO
OIIpe/IeTIeHbl ONTHMANBHBIC JIUAIa30HbI
IMH  BONMH  Jiazepa.  [Ipaxtudeckas
3HAUMMOCTh 3aKJIIodaeTcss B TOM, YTO
HpeyIoKeHa MOZIENb MOCTPOEHUS
npuoopa, TPOM3BENEH  pacdeT  ero
TEXHUUYECKHX XapaKTePUCTUK U BBITIOTHEH
nionbop KOMITOHEHTOB CHCTEMBL
Pazpaborana (yHKIMOHANIBHAs —cXema
JIa3epHOTO JIETEKTOpa W TOHOOpaHbl ec
OITHYECKNE KOMITOHEHTHI. [Ipeioxensl
MOJIENIN  HICTIONIb30BAHMS  Pa3pabOTaHHON
CHCTEMBI  JIa3epHOTO  JETEKTHUPOBAHMUS
MetaHa Ha MuHH BITJIA ¢ npuBsizkoii k ero
CpedHell CKOpPOCTH, BBICOTHI IMOJIETa U
KOHCTPYKIIIOHHBIMU 0COOEHHOCTSIMU.

of a laser methane detector is justified,
taking into account the planned
placement on UAVs of the mini class.
The absorption spectra of the detected
substances are modeled, on the basis of
which the optimal wavelength ranges of
the laser are determined. A model of the
device construction is proposed, its
technical characteristics are calculated
and the system components are selected.
The functional scheme of the laser
detector has been developed and its
optical components have been selected.
The models of using the developed
methane laser detection system on a
mini UAV with reference to its average
speed, altitude and design features are
proposed.

[Momeryn E.[I. ccnemoBaHue BEIOPOCOB OT
TOYEYHBIX HWCTOYHHMKOB C  IOMOILBIO
TEpPMOaHEMOMETPA

Pometun E.D. Investigation of emissions
from point sources using a
thermoanemometer

Crathsi  TIOCBAIIIEHA  HCCIIEJOBAHHIO
BBIOPOCOB OT TOYEYHBIX HCTOYHUKOB C
HCTIONb30BaHUEM TEepMOaHEMOMETPA
MOCTOSIHHOW Temrteparypsl.  [IpuBomurest
OIMNCaHWe  TYpOYNCHTHBIX  CTPYHHBIX
TEYCHUH B TIPU3EMHOM CJI0€ aTMOC(ephbI,
X CTPYKTypa W IWHAMHKA. Pe3yrmsrarst
HCCIIEIOBAHUI TIOATBEPKAAIOT
KJIaCCHYECKHE TPEICTABIICHUS O PA3BUTHI
cTpyil. BbllonHeHO — MozAenMpoBaHUE
BEPTUKAIBHOTO 0CECHMMETPUYHOTO
TedeHNs] Ha JabOpaTOpHOW YCTaHOBKE.
IIpoBeneHHbIE 3KCIIEPUMEHTHI NIO3BOJIIIOT
yDIyOUTh TTOHMMaHKHE TOHKOM CTPYKTYPbI
TypOYJICHTHOCTH U MOTYT OBITh TIOJIC3HBI
U1 JATbHEHINMX — UCCIICIOBAaHMM B
00acTH  MOICIMPOBAaHUS  TEIUIOBBIX
BBIOPOCOB H a3POJIMHAMHUKH.

The article is devoted to the study of
emissions from point sources using a
constant temperature
thermoanemometer. The description of
turbulent jet streams in the surface layer
of the atmosphere, their structure and
dynamics is given. The research results
confirm the classical ideas about the
development of jets. A simulation of
vertical axisymmetric flow on a
laboratory  installation has  been
performed. The experiments carried out
make it possible to deepen the
understanding of the fine structure of
turbulence and may be useful for further
research in the field of modeling
thermal emissions and aerodynamics.

TEPMOAHEMOMETP
IMOCTOSHHOU
TEMIIEPATYPBI,
AKOJOTMUYECKUN
MOHUWUTOPHHI,
TTPU3EMHBIN
ATMOC®EPBI,
N30TEPMUYECKUE
TEUEHUS
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[IpoBeneH cCpaBHUTENBHBIM  aHAIU3
YETHIPEX METOIOB TIIYOOKOT0 00yUCHHUS
(CNN, LSTM, Transformer, MLP) mis

A comparative analysis of four deep
learning methods (CNN, LSTM,

Bommapeuko B ®egopos M ACTIOSHABAHIA DYKOIHCHOMO TOKCTa Transformer, MLP) for handwritten text HANDWRITTEN
I/Icciep OBAHIC ’ I\;I’eTO OBH P o 601<(;r(; pl'[ OBCICHO 06p1}I,eHI/Ie 0 o eHKa; recognition was conducted. The models | PACTIO3HABAHUE TEXT
o6 qesm 51 A aCHOBIZaBaHPI?[ M(I: en:f/'l a Ha6(})l X TAHHBIX ML;IIST were trained and evaluated on the | PYKOIIMCHOI'O RECOGNITION,
e oro toner P ENI[‘NIST AM HPRHV?ES Posmran, | MNIST, EMNIST, 1AM, and RIMES | TEKCTA,  TJIVBOKOE | DEEP LEARNING,
124 oo a0 CNN o | datasets. The results show that CNN | OBYYEHHE, CNN, LSTM, | CNN, LSTM,
Bondarenko VI.. Fedorov M.D. Research HaHBbICmeﬁ, TOUHOCTH (9;[0 4% ma achieves the highest accuracy (99.04% | TRANSFORMER, MLP, | TRANSFORMER,
on dee leami'n.’ methods for. h:andwritten MNIST) wu MI/IHI/IMaHBHbIX. noOTe B, | " IST) and the lowest loss, making | MNIST, = EMNIST, = IAM, | MLP, IST,
text recrz) nitiong enas o8 naubonce HHHEKTHBHOI Ij] ;; it the most effective method for this | RIMES EMNIST, IAM,
£ A . 8 task. Recommendations for further RIMES
JIaHHOM 3a/1aui. [Ipennararorcs .\
. development of recognition models are
PEKOMEHOAINN 10 JaJIbHCUIIEMY
. proposed.
Pa3BUTHIO MOJISJICH paco3HABAHMS.
B  nmaHHOW  cratbe  paccMOTPEHO
MPUMEHCHHE  METOJI0OB  TIIyOOKOTO
oOyuenuss u komrmbtotepHoro 3penms | This article discusses the use of deep
JUTS. aBTOMaTHYECKOro BeiAencHus U | learning and computer vision methods
kimaccuukamum  ronb(d-ymapoB  Ha | to automatically extract and classify
BHJICO M aHAJIN3a TEXHUKHU UTPOKOB, uTo | golf shots on video and analyze players'
SIBIISICTCS Ba)KHOW 3amavell B obmactw | technique, which is an important task in
cnopruBHOro  aHamm3a.  Ommcana | the field of sports analysis. The | ABTOMATUYECKOE AUTOMATIC SWING
Hectpyruna E.C, lanun PIO. . DETECTION, DEEP
pa3paboTrka cucremsl aHHOTHpoBaHHS | development of a data annotation and | BBIAEJIEHUE VYIAPOB,
Hcnons3oBanue METOIOB TITyOOKOTO . . . . LEARNING,
JaHHBIX © Kiaccuuranuu roiasd- | golf swing classification system is | [JIYBOKOE OBYUYEHUE,
00y4eHHsI U KOMITBIOTEPHOTO 3PEHMS JUIS . . COMPUTER VISION,
yaapoB, mo3Boisitoinas apromarndeck | described that allows  automatic | KOMIIBFOTEPHOE
aBTOMAaTHYCCKOTO  BBIACICHHUSA  TOJb(}- .. . VIDEO DATA,
pacmo3HaBarh pasinuHbie Gas3sl roab(- | recognition of different phases of a golf | 3SPEHUE,
yZ1apoB Ha BUJIECO . . . : MULTILAYER
yaapa U KJIHOUYCBBIC TOYKH Kitomikd Ha | swing and key club points in video | BUJEOJAHHBIE,
. . v o PERCEPTRON,
. . . BU/I€03AITUCSX. Hast anHaimmza | recordings. Multilayer perceptrons and | MHOT'OCJIOMHbBIN
Nestrugina E.S., Ganin R.IU. Modeling L . CROSS-
. . . BHJICOKAIPOB ucnonp3yroTes | cross-validation mechanisms (k-Fold) | [IEPCEIITPOH, KPOCC-
circularly polarized navigation antenna on 9 . VALIDATION, K-
. . MHOTOCJIONHBIE HEePCEeNTPOHBI n | are used to analyze video frames. The | BAJIMJALINA, METO/] K-
aerial vehicle . FOLD METHOD, F1-
MexaHm3Mbl  Kpocc-Bamuparun (k- | proposed  approach  achieves an | FOLD, FI-SCORE SCORE
Fold). [pemioxxeHHBIH mogxox | accuracy of 98,75% when automatically
mocturaer TtouHoctH 98,75% mpwm | identifying and classifying impact
aBTOMATHYECKOM BEIJICTICHUHT u | phases. Additionally, the F1-score and
KIJ1acCH()UKAIIH ¢ba3 yaoapa. | MAE metrics are evaluated for various
JlomoaHUTENBEHO OLICHMBAIOTCS | System components.
Mmerpukn Fl-score u MAE mus

Pa3JIMIHbIX KOMIIOHCHTOB CUCTCMBI.




B cratbe paccMOTpEHBI  METOAbI
pacno3HaBaHus 00pa30B, peIIAOIIUe
AKTYaJIbHYIO 3ajaqy aHaJM3a
n3obpaxennii. Cpean pacCMOTPEHHBIX
METOJIOB OT/IaHO MIpeoYTeHNE
CHCTEMaM paclo3HaBaHHs 00pa3oB Ha
OCHOBE HCKYCCTBEHHOTO HHTEJIICKTA.
Hambonee »>¢pdexTnBHON © TOYHOH

The article considers the methods of
pattern recognition, solving the actual
problem of image analysis. Among the
considered methods, preference is given
to pattern recognition systems based on

Cantanaeea E.A.,, Kymemxko C.M. | MeTomukoit SIBIISICTCA metonuka | artificial intelligence. The most
[Ipumenerne MeTOIOB pacmo3HaBaHUS | oOyueHHs ITyOOKMX HelpoHHBIX cerell. | effective and accurate technique is the
. . PATTERN
00pa30B IpHY aHATN3E COCTOSHUS BOOUTEIS | ABTOpaMu 05110 paspaborano | technique of training deep neural | METO/JbI
RECOGNITION
JUIs  OLEHKM CTeNeHH YCTANOCTH C | MOOMIbHOE NPUIIOKEHHE st | networks. The authors developed a | PACIIOSHABAHUS METHODS
HCIIOJIb30BaHUEM HEHPO-CETEeBBIX | ONMpENeNICHUs] YCTaJOCTH BoauTess, | mobile application for driver fatigue | OBPA3OB, ’
N . < ARTIFICIAL
TEXHOJIOTHIA OCHOBaHHOE Ha  ucnoib3oBaHuM | detection based on the use of | MCKYCCTBEHHBIN
. . . INTELLIGENCE,
CBEPTOYHBIX HEHPOHHBIX cerell. | convolutional neural networks. The data | MHTEJIJIEKT, CONVOLUTIONAL
Saltanaeva  E.A.,  Kutsenko = S.M. | JlauHsle NIpeJBapUTEIBHO Obutn | was pre-processed, namely it was | CBEPTOUHBIE NEURAL
Application of pattern  recognition | oOpaboransl, a uMeHHO OHHM Obutd | manually cleaned by removing | HEMPOHHBIE CETH,
. s . . . NETWORKS,
techniques in driver condition analysis for | ounmiensl BpyuHyro myTeM ymaienus | unwanted images that were not | COCTOSAHUE BOAMUTEJIA
. . . o DRIVER STATE
fatigue assessment using neural network | HeKenaTembHBIX n3obpaxennd, | necessary for model building. The data
technology KOTOpBIE HE SIBJSUTHCH HE0OXOoAMMBIMH | contains about 7000 images of people's
s moctpoenns wmoxpenn. Jlammbie | eyes under different lighting conditions.
comepxxar oxonmo 7000 wm3obpaxenwmii | The proposed mobile application is
I71a3 JIIOCH NpY Pa3IMYHbIX yCiaoBusAX | quite robust and efficient and will
OCBEUICHHUS. [MpennoxxenHoe | increase the public availability of driver
MOOMJIBHOE TPHIIOKCHHE qocTaTouHo | fatigue monitoring systems.
HAeXKHO U 3()(HEKTUBHO, U TMO3BOJUT
TOBBICUTH OOILIEOCTYITHOCTh CHUCTEM
KOHTPOJISL YCTaJIOCTH BOJMTEIISI.
PaccmarpuBaercs Boripoc | The article considers the issue of
aBTOMAaTH3allMM MpOILEcCOB aHanmu3a | automation of the processes of
nHpopManuu 00 ys3BUMOCTX | collection, processing and analysis of
3sepes UL, Egumos A.O. ABToMaTsaims MIPOTrPaMMHOTO 00ECIHEUYEHHs C IIEIbI0 1nf0rmat1.0.n. on identified software
0GpaGoTKH WH(OPMALIH O BHIABICHHH 3¢ PEKTHBHOTO ynpasieHus | vulnerabilities in order to ensure
T3BHMOCTEH IIPOrDAMMEOIO OBeCMedeHILs WHPOPMALTMOHHON 6e3omacHoCcThIO | effective management of information | YASBUMOCTHU, VULNERABILITIES,
]}; - emerr)l ng sanad vipapienns n | AETOMATH3MPOBAHHBIX cucreM. | security of automated systems. A | [IPOTPAMMHOE SOFTWARE,
I EH;ITmpemeHnﬁ A ymp [pennoxxen mopspok  cootHecenust | formalized procedure for correlating the | OBECTIEUEHUE, ALGORITHMS,
P p MAHHBIX  TexHW4yeckoro  macropta | data of the technical passport of an | AJITOPUTMBI, UML- | UML-MODELS,
Zverev G.I. Efimov A.O. Detection and aBTOMAaTH3UPOBAHHOM cucTeMsl, | automated system containing | MOJIEJIN, VHPABHEHJ/IE, MANAGEMENT,
LT . coJleprKaIero CBEICHHUSA o | information on the installed software | IIPUHATUE PEILIEHWI DECISION MAKING
recognition of plants in nature using . L
MPOrpaMMHOM obecrieueHny, c | with the data of specialized

convolutional neural networks

JAaHHBIMM 0a3 JAaHHBIX YSA3BUMOCTEH.
Onucassl METO/BI
ABTOMATHU3UPOBAHHOTO coopa
nH(pOpMaLMK 0 BEPCHUSIX NPOTPaMMHOTO

vulnerability databases is proposed.
Methods of automated collection of
information on software versions are
described, and algorithmic models and




obecrieueHns, a TaKKE IMPEICTABIICHbI
anmroputMbl 1 UML-nuarpammel,
ONMKCHIBAIOLINE  IOCIEAOBATEIBHOCTD
MPOLIECCOB UACHTU(DUKAIINH,
KinaccupuKaMu W WHTEpIpeTanuu
BBISBIICHHBIX YS3BUMOCTEN.
Paccmarpusarorcs BONPOCHI
HUHTETPalil METOIUKH B CHCTEMBI
NOAAEPKKA  TIPUHATHA  pELICHHUH,
obecrieunBaromue aJaNTUBHBII
MOHHUTOPHHT COCTOSHHUSI 0€30IaCHOCTH
U yTIpaBlIeHHE PUCKAMH, CBSI3aHHBIMHU C

JKCIUTyaTaluen IIPOrPaMMHOTO
obecneuenus. Iloaxon HampasieH Ha
MOBBIIIEHHUE OIIEepPaTUBHOCTU u

UML diagrams describing the sequence
of  processes of identification,
classification and interpretation of
identified vulnerabilities are presented.
The issues of integration of the
proposed methodology into decision
support systems providing adaptive
monitoring of the security status and
risk management associated with the
operation of vulnerable software are
considered. The presented approach is
aimed at increasing the efficiency of
processing vulnerability data,
minimizing the time spent on their
analysis and increasing the accuracy of

TOYHOCTH 00pabOTKHM JaHHBIX B Heisix | forecasting  possible  information

pemieHuss  3ajad  ympaBieHHMss W | security threats in order to solve

MPUHATHUS PELLICHUH. management and  decision-making
problems.

Kymxesa C.K., [osramp B.A. Anamms
MIPOTOKOJIOB ~ CBSI3U  JUISi  aBTOHOMHBIX
OECIMJIOTHBIX JIETAaTEJbHBIX  aIllapaToB,
BBITTOJTHSIOIINX COBMECTHBIH MOJIET

Kuizheva S.K., Dovgal V.A. Information
technologies for visualization of the social
graph

CucremMa CBSI3H SIBISIETCSI BayKHEHIIEH
YacTBI0 CHCTEMBI TPOEKTHPOBAHUSA
aBTOHOMHOTO 0OEeCIIMIIOTHOTO
nerarenpHoro ammapata (BITJIA). Ona
JOJDKHA y‘-II/ITI)IBaTI) paBJ’lI/I‘[HBIe
¢axropsl, BKiIOYas 3(P(EKTHBHOCTS,
HaJeXHOCTh U MoOUIbHOCTE BITJIA. B
cTarhe JaH aHalu3  MPOTOKOJIOB,
TIOJIICP>KUBAFOIIIUX TEXHOJIOTHIO
GecripoBOIHOM CBSI3H TPYIIIBI
OCCIMIOTHUKOB, 00CyXIarTCst
siaeucThie  ceTd. llenmplo  cTarhbH
SBISICTCS ~ 0030p  TONHOTO  CTeKa
KOMMYHUKAITHOHHBIX TPOTOKOJIOB IS
BITJIA, mpuMmeHsrormmxcs s oOMeHa
JIaHHBIX B TIPOIECCE BBHITIOTHEHHUS
OJIeTA.

The descriptions of the elements of
computer technology devices for the
creation of specialized automated
systems for scientific research of radio
control based on the echo effect are
given. The mechanism of phonon echo
formation is given. The communication
system is a crucial part of the design
system of an autonomous unmanned
aerial vehicle (UAV). It has to consider
various factors including efficiency,
reliability and mobility of the UAV. The
paper analyzes the protocols that
support the wireless communication
technology of a group of drones and
discusses mesh networks. The aim of
the paper is to review the complete stack
of communication protocols for UAVs
used for data exchange during flight
execution.

CETEBAY CHUCTEMA
VIIPABJIEHUS], MOJEJIb
CETEBOM CUCTEMBI
VIIPABJIEHUS,
BECITPOBO/IHBIE
TEXHOJIOTUY,
ABTOHOMHA
CHCTEMA,
BECITUJIOTHBIA
JIETATEJIbHBIN
ATIITAPAT, POI1 IPOHOB,
BECITPOBO/IHA S
KOMMYHUKALIMOHHA
S SYEUCTAS CETh

NETWORKED
CONTROL SYSTEM,
NETWORKED
CONTROL SYSTEM
MODEL, WIRELESS
TECHNOLOGIES,
AUTONOMOUS
SYSTEM,
UNMANNED
AERIAL VEHICLE,
DRONE SWARM,
WIRELESS
COMMUNICATION
MESH NETWORK




B pabote peCTaBICHA
MareMarudeckas MoaCjiab AUHAMHUKHU
COCTOSTHHUIM CHCTEMBI 110 aBTOMATH3AIUN

The paper presents a mathematical
model of the dynamics of the states of

TEXHOJIOTHYECKHUX mpoueccoB | the system for automation of

yropaBjeHus By3oM, omuchiBatomas | technological processes of university

B3aMMOJICHCTBHE MEXIYy YacToToi | management, describing the interaction

BO3HUKHOBEHUS mpooIIeM, ux | between the frequency of occurrence of

naeHTUGUKanued W Helrpammszanueil. | problems, their identification and

[Toxazarenem spdexruBHOCTH | neutralization. The indicator of the
I'paues M.M. Maremartndeckass MOJAETH | pead3allui permeHuns apisiercs | effectiveness of  the solution | ABTOMATU3ALINA, AUTOMATION,
JTUHAMUAKA COCTOSTHUH CHCTEMBI | BEPOSATHOCTh YCHEImIHOTo pemieHns | implementation is the probability of | TEXHOJIOTTYECKUE TECHNOLOGICAL
¢ynkuuonupoBanus BY3a B ycnoBusx | mpoOiem BO3HUKAIOIIUX B | successful solution of problems arising | [IPOLIECCHI, PROCESSES,
aBTOMaTH3aIu1 TEXHOJIOTHUECKUX Tporeccax By3a. | in the technological processes of the | YIIPABJIEHUE, MOJIEJIb | MANAGEMENT,

Mopgenb MO3BOJISET penraTh npsamyto u | university. The model allows solving | PEIIIEHUS, SOLUTION MODEL,
Grachev M.I. Mathematical model of the | obparHyro 3a/aum, onpenenss | direct and  inverse  problems, | [IOKA3ATEJIb SOLUTION
dynamics of the states of the university | xapakTepucTuku cucremsl, | determining the characteristics of the | SODPEKTUBHOCTU IMPLEMENTATION
functioning system in the conditions of | HeoOxoxumbIe JUISt JIOCTIDKeHHUs | system necessary to achieve a given | PEAJIM3ALIN EFFICIENCY
automation 3aJaHHOTO YPOBHS nokazarenst | level of the indicator of the | PEHIEHUA INDICATOR

3¢ GEKTHBHOCTH peann3anun pemreHus, | effectiveness of  the solution

YTO JIOCTHUraeTcsi 3a CUeT BHeApeHHus | implementation, which is achieved

MIpOrpaMMHO-aNIapaTHeIX KomiuiekcoB | through the implementation of software

W TepermoAroToBKH  KaapoB. Oto | and hardware systems and retraining of

obecrieunBaeT npunstue | personnel. This ensures the adoption of

000CHOBaHHBIX ynpasiendeckux | sound management decisions and

peIIeHHiA u noBbimenue | increased efficiency in achieving the

s deKkTHBHOCTH TOCTHKEHNMS 1eeBbIX | target indicators of the university.

TroKazarenei By3a.

B Hacrosimeit pabore mpencraBieHbBI

paccMOTpPEHbI OCHOBHBIE KOMIIOHEHTHI -

(yHKIMOHATBHBIE 6noku | In this paper, the main components are
}[E,)igl)eﬂnl;:f[KOB:LAﬁ.B. Kyﬂg:;ﬁzlc %i’ paspabarbiBaeMoit ACHU | considered - the functional blocks of the
KOMIOHEHTEL anl“OMaTI/BI/IpOBaHHOﬁ panvoKaHaioB, HUX (YHKIHOHAJIbHbIC dev.eloped.ASRS of radio channels,
CHCTEMbL HayTHbIX - 0COOEHHOCTH, a TaKKe 'Fhell" fupctlonal features, as well as the

B3aMMOJCHCTBHE MEXIy HHUMH [uig | interaction between them. To provide an | ACHU, I[I5MMUH, | ASRS, TEMPEST,
pamuoxananos [ISMIH obecrneueHnsT KOMIUIEKCHOTO Toaxona K | integrated approach to the study of radio | PAJITMOKAHAJIBI, RADIO CHANNELS,
Tretiakov LA Kulikova A, | HecrenoBamio panrMoKaHaIOB chann§ls, functional ’ blqck§ for | OGHAPY>XEHMUE, DETECTION,
Dolbeshchenkova, NV. Stupak V. A? [Mpennoxens! GpyHkunoHansHbie 610ku | detecting electromagnetic rad@hon and | [IOJABJIEHUE SUPPRESSION
Components of the auto’mate d system of JMETEKTUPOBAHUS  DJIEKTPOMArHUTHBIX 1eads, ~automated detection  of
scientific research of radio channels W3ITy4YeHUH u HaBOJIOK, 1nform.at1on leakage channels,. anq the
TEMPEST aBTOMaTHU3UPOBaHHOTO  OOHapyxkenus | formation of a broadband barrier signal

KaHaJIOB yTeUYeK uHpopmaiuu, | are proposed.

bopmupoBaHHs IIMPOKOIIOJIOCHOTO

3arpaiuTCIbHOIO CUIrHalja.




Hecoga A.B., Konecenkos A.H.
KoMOWHUpPOBaHHEIA METOI CETMCHTAIUN
n300paKeHU Ha OCHOBE AJITOPUTMOB
SLIC u Random Forest mis MmoHUTOpHHTA
JIECHBIX MACCHUBOB M0 JaHHBIM J[33

Nesova A.V., Kolesenkov A.N. Combined
approach based on SLIC method and
Random Forest algorithms for monitoring
forests based on remote sensing data

PaccmarpuBaercsi 3amada pa3pabOTKH
METOJla CEerMEHTALUH HW300paKeHU
JUIs BBISBJIICHHUS U3MEHEHUH B JIECHOM
MOKpOBE B  LeMIX  JajJbHeHen
pa3paboOTKK  aJropuTMOB,  KOTOpBIE
NPUMEHSIOTCS AUl peleHus] 3a1ad
MOHHUTOPHHTA JIECHBIX MAaCCHBOB, B
YacTHOCTH, MOHHUTOPHMHIA CIUIONIHBIX
pybok ieca. llempto maHHON paboTHI
SIBISIETCSI pas3BuTHE MeTona
CEeTMEHTallMU  HW300pakeHWH  Ams
IIPUMEHEHHS B pa3paboTKe alropUTMOB
JUIs  OOHapy>KeHUs] M KapTHPOBAHUS
CILTOIITHBIX pyOoK neca c
UCIIOJIb30BaHUEM CIIy THUKOBBIX
JTAaHHBIX CpenHero paspelieHus
Sentinel-2. CermeHTaIust 1300paKeHUH
MPOBOJUTCSA c HCIIONIb30BAaHHEM
aNropuT™Ma CYIEpIHUKCEIBLHOM
cermenTanuu SLIC, a ToqHOCTH paboThHI
MIPOBEPSIETCSI C TIOMOIIBIO AJITOPUTMA

MAaIInHHOTO o0yueHus
KOHTPOJIUPYyEeMO KJaccu(BUKAITUH
Random Forest U Habop
COOTBETCTBYIOIIUX METPUK u
STAJIOHHBIX 00pa3uoB. Omnpenenenue

ONTHUMAJIBHBIX HadaJbHBIX MapaMeTpOB
METOJia CEerMEHTAlMH HW300paKeHUH
MPOU3BOAMIACH Ha OCHOBAaHMU MAacoOK
meca m pyOOK seca, TOIYYEHHBIX B

pesynbTare  paboOTBl C  JTaHHBIMH
JUCTAHIIMOHHOTO 30HIUPOBAHUS
3eMiH, pa3NUYHBIX BEreTaIllMOHHBIX

nuanexcoB (NDVI, EVI, NDWI) u T.1.
[MpoBenena ycremiHass CEerMEHTALUs
M300paKeHWd Ha CErMEHTHI a B
nocjeaylomeM Ha Kiaccel, roe 1 -
COOTBETCTBYIOT BBIpyOKam Jieca, a 0 -

3HAYEHHUSAM Jieca, a  BH3yallbHOE
MpeJCTaBiIcHue pabOThl  aIropuTMa
JIOKa3aJ10 YCIIEITHY O paboty

MPEAJIOKEHHOIO METO/la Ha TECTOBBIX
JTaHHBIX.

The paper considers the problem of
developing image segmentation method
for detecting changes in forest cover for
the purpose of further development of
algorithms that are used to solve forest
monitoring problems, in particular,
monitoring clear-cutting. The aim of
this work is to develop image
segmentation method for use in
developing algorithms for detecting and
mapping clear-cutting using Sentinel-2
medium-resolution  satellite.  Image
segmentation is performed using the
SLIC superpixel segmentation
algorithm, and the accuracy of the work
is verified using the Random Forest
supervised  classification = machine
learning algorithm and a set of
corresponding metrics and reference
samples. Determination of the optimal
initial parameters of the image
segmentation method was made on the
basis of forest and forest-cutting masks
obtained as a result of working with
Earth remote sensing data, various
vegetation indices (NDVI, EVI,
NDWI), etc. Successful segmentation of
images into segments and then into
classes was carried out, where 1
corresponds to forest clearings, and 0
corresponds to forest values, and a
visual representation of the algorithm's
operation proved the successful
operation of the proposed method on
test data.

METOJI CETMEHTALIMA
W30BPAXKEHUI, JIECA,
MOHUTOPUHT, PYBKH
JIECA,
JIMCTAHLIMOHHOE
30H/IMPOBAHME
3EMJIM, SLIC, NDVI,
RANDOM FOREST,
KOHTPOJIUPYEMASI
KITACCUDUKALIMS

IMAGE
SEGMENTATION
METHOD, FORESTS,
MONITORING,
FOREST
CLEARINGS, EARTH
REMOTE SENSING,
SLIC, NDVI,
RANDOM FOREST,
SUPERVISED
CLASSIFICATION




Bammposa O.M., Ilpaxos U.B., Ymakos

B Hacrosmieii crarbe aHO OIMCaHHE
MPOTPaMMHOTO MPOJyKTa,
MpeAHA3HAYEHHOTO 11 MOHUTOPUHTIA U
aHam3a paboThl MHKPOIIPOIIECCOPHOTO

This article describes a software product

A.C., Kopampuyk I'H. anaan:HI/IS TepMUHaja peneliHoi 3aUWTHL | o monitoring and analysing the | PASPABOTKA, DEVELOPMENT,
MHKPOIIPOIIECCOPHBIM OIOKOM peneitHoit | PaccmoTpena apXUTEKTypa . . > RELAY
operation of microprocessor relay | PEJJEMHAS 3AIIUTA,
3alIUTHl C HCIIOJIB30BAaHWEM MAIIMHHOTO | Pa3pabOTaHHOTO MPOTPAaMMHOI0 . . PROTECTION,
N protection terminal. The software | MUKPOITPOLIECCOPHBI
oOydeHus MPONYKTa, KOTOPBIH MOJICPKUBACT . . M MICROPROCESSOR
product supports work with real-time | U TEPMUHAJIL,
PaboTy Kax C JaHHbIMH, HOTYHACMEIMH and simulated data, which provides | HEMPOHHAS CETb TERMINAL,
Bashirova E.M., Prakhov I.V., Ushakov | B peampHOM BpemeHH, Tak | . L. p > | NEURAL NETWORK,
convenience in its use. The use of | IPOTHO3MPOBAHMUE,
A.S., Kovalchuk G.N. Control of | cuMynupoBaHHBIMH, YTO 00ECIIEUNBACT g et . .. PREDICTION, DATA
. . N artificial intelligence for prediction of | AHAJIN3 JAHHbBIX
microprocessor relay protection unit using | y1o0CTBO MNpH €ro HCIOJb30BaHHU. . . : ANALYSIS
. . critical events is also considered.
machine learning Taxxe paccMmarpuBaeTcs
UCIIONIb30BaHHE HCKYCCTBEHHOTO
WHTEIUIEKTA Ul TPOTHO3MPOBAHUS
KPUTHUYECKUX COOBITHH.
B nanHOM pabore  wmcciemyroTcs
KOHTPOJIbHBIE 9KCTIEPUMEHTHI B
MOTCHIIMATbHO OCCKOHEUHBIX Kiaccax | In this paper, we consider control
CUHXPOHHBIX, ACHHXPOHHBIX u | experiments in potentially infinite CUHXPOHHBII
Maxkcumenko  M.U.  IlpencraBumocTh | ob6oOmieHHpIx  aBromaToB  Mrmmm. | classes of synchronous, asynchronous, % SYNCHRONOUS,
. ACHMHXPOHHBIN,
KJaccoB aBroMaroB Mwmmm B TepMmuHaX | CHopMyarpoBaHBI kputepun | and generalized Mealy automata. We ABTOMAT MIUTH ASYNCHRONOUS,
0O2POBCKHX U P-aIMIECKUX METPHK cymecTBoBaHMsA  dKcriepuMeHTOB B | formulate the criteria for the existence > | MEALY
. . ... | IPEAEJIBHOE
TEpMHHAX  MpeAeibHbIX  MHOXecTB | of such experiments in terms of limit MHOKECTBO AUTOMATON,
Maksimenko I.I. Representability of Mealy | cnenuanbsHoro «6apoBckoro» | sets of a special "Baer" metric space. It ESPOBCKASI ’METPI/IK A LIMIT SET, BAER
automatic classes in terms of Baer and p- | MmeTpuyeckoro npoctpancTra. | is shown that similar criteria are also > | METRIC, P-ADIC

adic metrics

HOKa3aHO, YTO aHAJIOTUYHBIC KPUTCPUU

satisfied for p-adic metrics, which

P-AJTUUECKAS

METRIC

SR METPUKA

BBINIOJIHEHBI TaKKe U Ui p-agudeckux | confirms the "adelic" democracy of

METPHK, 41O noaTBepkaaeT | control experiments.

«aJICTTbHYIO» JIEMOKPATHUIO

KOHTPOJIBHBIX IKCIIEPUMEHTOB.

[pencraBnenst ocHoBHble mnpuHIMNGEl | The basic principles of syntactic
[Metpora H.K., CuraukoB C.}O., XaMHTOB | CHHTaKCHYECKOro  aHaium3a  TekcTa, | analysis of a text containing a record of

i . . ITAPCHUHI, JIEKCEMA,
PM., Kypasnés II.B. IIpumeHeHue | comepiKaliero 3ammch MaremMarndeckoro | a  mathematical — expression  are TOKEH TIEKCEP. PARSING, LEXEME,
00BEKTHO-OPUEHTHPOBAHHOTO TMOAXONA B | BEIPAXKEHW, OTIMCaHBI npuémsl | presented, techniques for selecting ’ TOKEN, LEXER-
. . . . TOKEHU3ATOP,
CHHTaKCHYECKOM aHau3e IUTA | BBIIEIEHHs apupMeTHIecKux orepanmii | arithmetic operations and operands, and METOJIbI TOKENIZER,
WHTEJUIEKTYaIbHBIX CHCTEM U OIIepaH/IOB, BBIOIHEHNE BoIZCIeHHBIX | the execution of selected elements in the METHODS OF
. CHUHTAKCHUYECKOI'O

9JICMEHTOB B BHIE HcmoimHseMoro koma. | form of executable code are described. AHAJTN3A SYNTACTIC

Petrova N.K., Sitnikov S.IU., KHamitov | [lns nocrpoenus napcepa ucnoib3oBad | To build the parser, an object-oriented ’ ANALYSIS, SYNTAX
; , N . . CHUHTAKCHNYECKOE
R.M., ZHuravlev P.V. An object-oriented | 00beKTHO-OpHEHTUPOBAHHBIM  momxom, | approach was used, which provides for JEPEBO, AJITOPUTMBI TREE, ALGORITHMS
approach to syntactic analysis: | koTopblii TpemycMarpuBacT co3manue | the creation of objects representing ’ OF INTELLIGENT
. 2 . . . MHTEJIUIEKTYAJIBHBIX

methodological aspects for training | 0OBEKTOB, MPEACTABIMIONINX Pa3aH4Hble | various parts of an  arithmetic CUCTEM SYSTEMS

specialists in intelligent systems

qacTu apH(bMequecxoro BBIPpAXKCHUA U
nx B3aHMOHCfICTBH€ JJIA  BBINIOJTHCHUA

expression and their interaction to
perform the required operations. The




TpeOyembix  omeparmid.  [loapoOHO
OIMMCaHbl OCHOBHBLIC 3TAallbl MOCTPOCHUA
napcepa. [IpencraBineH ToOmHBIA HaOOP
KOHTPOJIBHBIX MPUMEPOB, TTO3BOJIFOIIHX
MOHSATh CYTh IMPOTPAMMHOTO IPOIYKTA.
Pe3zynerarst TaKUX HCCIIeIOBAHHUMN
TIPENICTABIIIOT METOIMICCKUA HHTEpeC
Npd  TIOATOTOBKE  CTYNEHTOB IO
HAaIpPaBJICHUIO «IIpuxnaaHoi
HCKYCCTBEHHBI WHTEIUIEKT»: B CTaThe
JIOCTaTOYHO  TONPOOHO  PaccCMOTpEeHa
POJb 3TOTO BHUZA Pa3pabOTOK I 3a/ad
HCKYCCTBEHHOTO MHTEJJIeKTA.
[Iporpamma Hamucana Ha si3bike CH++ H
(YHKIMOHHPYET B ONEPAIlMOHHOM
cucreme Linux.

main stages of building a parser are
described in detail. A complete set of
control examples is presented to help
you understand the essence of the
software product. The results of such
studies are of methodological interest in
the preparation of students in the field of
"Applied artificial intelligence": the
article discusses in sufficient detail the
role of this type of development for the
tasks of artificial intelligence. The
program is written in C++ and operates
in the Linux operating system.

B crarbe nmpensnioxkeH HOBBIM MOAXOA K
BU3yanu3ali TpadoB COCTOSHHUN Ha
OCHOBE TaOJIMYHOTO TIPE/ICTABICHUS,

The article proposes a new approach to
visualizing state graphs based on a

besnernniit H.A., 3opu C.A. [loBbiieHue HOBILAIOII HANISIHOCTE THAIDAMM tabular representation, which increases | KOMIIBFOTEPHOE
3P PEKTHBHOCTH BH3YaJbHOIO . i A marp . | the visibility of diagrams by minimizing | MOJEJINPOBAHUE, COMPUTER
KOMITBIOTEPHOTO MOJIETUPOBAHUS Ha 3a CHCT MHHMMH3ALUH  [ICPECCUCHIH edge intersections. The theoretical | BUSYAJIM3AILIUA MODELING, GRAPH
P AP p€bep.  OmmcaHbpl  TEOpETHUECCKUE ge ) ’
OCHOBE METOJOB BH3yallM3aluy TpadoB OCHOBLL MeTONd ATFODITMEL foundations of the method, the | TPA®OB, I'PA® | VISUALIZATION,
TIEPEX0I0B HDEOGDAZOBAHIS A8, a pTaKnce transformation algorithms, as well as | COCTOAHUMN, GRAPH OF STATES,
pgaMEOBaHHHe’ anteparcpringe | (¢ implemented interactive features are | INHAMHYECKUE DYNAMIC GRAPHS,
e A Zon S o e | Socn. T o | oo The connesy of e | TPABH] CHOPRIIBAUIE | GRAFH FOLDING
y ot v puterm & | cnoxnoctn aNropuT™Ma W TIOKa3aHa gorthi . ’
based on transition graph visualization KOHKYDEHTOCIIOCOBHOCTE  MeTona 1o competitiveness of the method in | MHTEPAKTUBHOCTD
yp A comparison with classical graph layout
CPaBHEHUIO c KIACCHHECKHMHU | 1 o o chown
QITOPUTMAMHU KOMIIOHOBKH IpadoB. & )
[MpemioxeHsl MEpONPHATHS o
CypuxkoBa A.H., ConoBeeBa E.B., HTOBBILICHHIO dbdexrusrocTn Measures are proposed to improve the
CrapocTuH AB Tosbimenne | o oron paGotsl Oioka pasiieneHus efficiency of the thermal operation of
3(1)(1)12:KTI/IBHOCTI/I B. 6n0Kax A3IeTCHUS uerenama  (bPHLI), paccmorpen the slud }; separation unit al:nethod for | BPHIII HEO®TEIUIAM BRNSH, OIL
pasl crocod YTWIM3alUl TeIUIOTHI Tapa, c studge sep ’ . ] 9 | SLUDGE, VACUUM
HEe(TeNIUTAaMOB 32  CYET  yCTaHOBKH spixomsmero w3 EBPHILL a  Take utilizing the heat of steam escaping | BAKYYMHbBIMU HACOC, PUMP
YTHIM3AHOHHBIX CTYICHEH ’ from the sludge is considered, as well as | HATPEBATEJIb ’
YBCIICHHA HHTEHCHBHOCTH increasing the intensity of moisture | UCITAPUTEJIb EVAPORATOR
. . | BRIIApUBaHMUA BJard, OTPAHUYECHHOU S ; < HEATER,
S A Solovos e Sarosin | poanmoioco oo | S e b e perormnce | VHUMSAMOUAMI | kevetiv npar
se. a{ration units due to tlzle installation %f Hacoca, TpCITIOACHa cxema multi-stage esa olzéltion unit for sludge EXCHANGER
reg cling stages MHOOCTYIICHYATOH BEINAPHOH de aterilflg is r% osed ¢
yeling stag YCTaHOBKH o 00€3BOKUBAHHIO W £ 15 prop ’

HedTeniama.




Ha ocHoBe aHanmm3a conpspkeHHOM 3a1aun
I'perua JUISt TUIaCTUHYATBIX
TEIJIOOOMCHHUKOB B TIPEATIONIOKECHHU
JIBIOKEHMSI TETUIOHOCHUTENIE B pexkuMe
W/I€aIbHOTO BBITECHEHHUS C OCPETHEHUEM
TEMITEPATYPHBIX TOJICH IO MOTIePSYHBIM

Based on the analysis of the conjugate
Graetz problem for plate heat
exchangers under the assumption of the
movement of coolants in the ideal
displacement mode with averaging of

Psoxcknx A.B. OueHka  TEIJIOBOM | CEUEHMSIM TMPOTOYHBIX KAHAJIOB U C Zzléltli)(f;ztg;eﬂogiiinn(:l]seran(;hviithc;(;i TUTACTUHYATBIN PLATE HEAT
3P PEKTUBHOCTH IUIACTUHYATOrO | Mepefadell TEeIUIOTHl 4epe3 TEePMUYECKH transfer throuch a thermallv thin TEIIJIOOBMEHHUK, EXCHANGER,
TENI000MEHHNKA 110 KPUTEPHUIO | TOHKYIO MTOBEPXHOCTH oTpenerneH surface. an i dei I” heat exchan }ér with 3AJIAUA I'PETLA, | GRAETZ PROBLEM,
KOMITAaKTHOCTH «UIEATBLHBIIN TEIJIOOOMEHHUK C a mini,mum heat transfer a rge 4 was TIPAIMOTOK, FORWARD FLOW,
MHUHAMAaJIEHON IUIOIIA B0 determined. This made it possible fo TTIPOTUBOTOK, COUNTER FLOW,
Riazhskikh A.V. Assessment of thermal | Temomepenaun. 3T0 MO3BOIIIO BBECTH introduce a{ heat exchan erpefﬁcienc TEITJIOBAS THERMAL
efficiency of a plate heat exchanger by | nmokasarens adexTrBHOCTH i dicaltlor based on thegcom actnes}s/ SODEKTUBHOCTD, EFFICIENCY,
compact criterion TEIJI00OMEHHHKA 1o KPUTEPHUIO o P KOMITAKTHOCTbD COMPACTNESS
criterion. The correctness of using the
KOMITAKTHOCTH. KoppekrHocTh | . Y .
introduced indicator is demonstrated
HCIIOBG30BAaHUS BBEJICHHOTO ITOKA3aTeIs . . .
using a specific example, while the
MPOJCMOHCTPHPOBAHA HA KOHKPETHOM ) .
accuracy of assessing the efficiency of
mpuMepe, TPUA 3TOM TOYHOCTH OICHKH
the heat exchanger was no more than
s dexkTHBHOCTH TEII00OMECHHHKA 1.5%
cocraBmiia He 6oiee 1.5% =
B pabore  paccmorpern  cmHTe3 | The paper considers the synthesis of a
MaTreMaTH4eCKOr mozermy, | mathematical model formalizing the
(dopmanmsytomieii HecTarpioHapHoe 1mone | non-stationary  field of substance
KOHIICHTpAaIlMK BellecTBa B 00beMme | concentration in the volume of a drop in
Karuii B ¢bopme nonycdepsl, | the form of a hemisphere located on a
pacnonoxeHHO# Ha riockoi Tepmudecku | flat thermally inhomogeneous surface.
XBoctoB A.A., Psokckux A.B., XaycToB | HEOTHOPOIHOM noBepxHocTh. | Convective motion of the substance in
WU.A., WBanoB A.B. MouenupoBanue | KonsektuBHOe aBwkeHue BemiectBa B | the volume is caused by thermal
JMUHAMUKHA KOHIICHTPAI[MOHHOTO TIONS B | oObeMe OOyCIIOBICHO TepMOKOHBeKIuelH | convection of the liquid caused by the HEAT AND MASS
noycdepe Ha Tepﬁqnqecxn HCONHOPOIHOU | JKHUJIKOCTH, BBI3bIBAEMOM | temperature .contrast of the. substrate. TEIJIOMACCOOBMEH, TRANSFER,
TUGGYHAUPYIOMIEH TOAT0KKE TEeMITepaTypHBIM KOHTPACTOM MOMIOKKH. | The conjugate equations of TEPMOKOHBEKIIVSI THERMAL
' . CormpsiKeHHBIC YPaBHCHUS COXPAHCHUS conservanon'of momentum, energy a.nd MATEMATIYECKOE CONVECTION,
KHvostov ~ A.A., Riazhskikh A.V, | ummynsca, osHeprum u Maccel s | mass for an incompressible Newtonian
. . N . . MOJIEJIMPOBAHUE MATHEMATICAL
KHaustov [.A., Ivanov A.V. Modeling the | HecxxiMaeMoit HEIOTOHOBCKOH pemtamichk | were solved numerically by the finite MODELING

dynamics of a concentration field in a
hemisphere on a thermally inhomogeneous
diffundating substrate

YHCIIEHHO METOIOM KOHEYHBIX
aneMeHTOB. IlokazaHa CBf3b MeXIy
TEMIEPaTypHbIM KOHTPACTOM HOIJIOKKH
U CKOPOCTBIO POCTa CPEAHEOOBEMHOM
KOHIIEHTpaImu BerecTsa. IIpemioxeHs
BapuaHTbl HUCIIOJB30BaHUA TEPMUYCCKU
HCOAHOPOAHBIX TEIIOOOMEHHBIX
TOBEPXHOCTEH Uil  MHTEHCU(HKALUU
TEIIOMaCCOOOMEHHBIX IIPOLIECCOB.

element method. The relationship
between the temperature contrast of the
substrate and the growth rate of the
average volume concentration of the
substance is shown. Variants of using
thermally inhomogeneous heat
exchange surfaces for intensification of
heat and mass transfer processes are
proposed.




Crarbsi MOCBSIIIEHA BOMNPOCY OLICHKH
3G (GEKTUBHOCTH  IPUMCHHUTEIIBHO K
00BbeKTy KOMMYHAaJIbHOTO
sHepretndeckoro kommiekca (KDOC).
Onwmpasch Ha  HCCIIENOBaHHS IO
9HeprodGpHeKTUBHOCTH, MEHEIKMEHTY
u 1udpoBol TpaHCHOPMALIUK ABTOPHI
pa3pabaThIBAlOT CUCTEMY MOKa3aTesei

The article is devoted to the issue of
efficiency assessment in relation to the
facility of the municipal energy
complex (IES). Based on research on
energy efficiency, management, and

>bexTusroCTH 1o TpeM digital transformation of CES, the

HaIpaBIICHUSIM: 3¢ PEKTHBHOCTH authors  develop a  system  of

ggé)(;f;?:robél MeHeH;E/II:}]II:;’ performance indicators in three areas:

> | fuel efficiency, management efficiency,

Kocrrouenko 1.B., Crapeix A.B., JlroOckast ddexrusrocts, UHGPOBH3AILHH. and digitalization efficiency. KOMMYHAJIBHAS MUNICIPAL
O.I' Omnenka 3¢deKkTuBHOCTH O00BEKTa JlonONHUTEILHO 0G0CHOBAHO BBC/ICHHE Additionally, the introduction of the 25](531;1};];}1/1‘IECK3 HEHKA ENERGY SYSTEM,
KOMMYHaJIbHOTO SHEPreTU4eCcKoro peéyHBTaTOBU CTATHCTIICCIIX | oqults of statistical observations of the 5D (DEKTI/IiBHO CTE EFFICIENCY
KOMILJIEKca HADITIONCHIH 38~ CPABHHTCIBHLIM comparative accident rate and the level ’ ASSESSMENT,

YPOBHEM  ABAPHHHOCTH M YPOBHEM | e poat Josses is justified. The ratio of a TOKASATEIIN EFFICIENCY
Kostiuchenko I.V., Starykh A.V., Liubskaia TCIUIOBBIX  moOTeph. B KauccTse set of performance indicators in three JOPEKTMBHOCTH, INDICATORS,
0.G. Assessment of the efficiency of the MHTCTPAILHOTO foxasareis directions to the sum of statistical ?(})11]%)11;/}3;(1)/1 KA, ENERGY, FUEL,
municipal energy complex facility ggsgnof}?;{:m Hziigizzg coefficients is proposed as an integral I dDPOBI/I,3 ALS DIGITALIZATION

5 (1)eKK}fI‘I/IBHOCTI/I o Tpem indigator. This .approach makes it

HApaBICHHAM « cymve posmblg to simplify and gtandardlze the

CTATHCTHICCKIX Koo(dHIIICHTOB calculapon of the.efﬁmency of CES

Takoil moaxo/l MO3BOISET YNPOCTUTD H ent’erp’rlses accqrdmg . to. measurable,

CTAHIApTH3MPOBATH pacuer ij ectlvF:, accessible criteria, and mal.<es

sddextuBHOCTH npeanpuatiii KOC mo it po§s1b1e to condu.ct. comparative

H3MEpHMBIM OObCKTHBHEIM analysis both at the facility (ent.erprlse)

JOCTYITHBIM ’ KpHTEpHSM zlenaeT’ level and at the CES level of regions and

- the industry as a whole.

BO3MOXXHBIM CPaBHUTENBHBIA aHAJIH3

Kak Ha ypoBHE 00beKTa (TIpeanpHsiTHs),

Tak W Ha ypoBHe KOC pernoHos,

OTPACIIU B LIEJIOM.
BuprokoB A.B., CunopoB B.A., OmoBckas
E.B. Hcnonb3oBaHue TeIIOBH30pa MpU
JIMarHOCTUPOBAHWU BOJOTPEHHOTO KOTJIA I;Sﬁrﬁg’BHE%\SHEPATYPA’ ?gli}[df?gliATURE
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Sxosnes I1.B., Anapee B.B., IIuckynos
B.M. MogenupoBanue JIBUYKEHUS
TEIUIOHOCUTENST B THMOax KHUISATHIBHBIX
TpyO HHM3KOTO JaBJIEHHS NPSMOTOYHBIX
KOTJIOB-yTHJIM3aTOPOB

IAkovlev P.V.,, Andreev V.V., Piskunov
V.M. Modeling of coolant movement in
low-pressure boiling pipes bends of right-
of-flow waste-recovery boilers

OnsIT JKCIUTyaTaluu Iy c
MPSIMOTOYHBIMU KOTJIaMH-
YTWIN3aTOpaMH  BBISBHJI  ITpoOieMy

paspylieHus Tpyo B MecTax UX MU3ruoa.
[Ipobnema oOycClIOBIICHA BHKCHUCM
mapa W OKHJAKOCTH C  BBICOKOM
CKOPOCTBIO. 3HaYUTENbHBIE
JIUHAMHYECKHE Harpy3Ku Ha
BHYTPEHHEH  TMOBEPXHOCTH  TPYObI
BBI3BIBAIOT ~ JPO3UOHHBIA  U3HOC C
MOCJCAYIOIUM pPa3pyIICHHEM CTEHKH
TpyOBl.  VYmpaBieHHWEe  JABMIKEHHEM
IIOTOKa JIsI CHHXKCHHS KaCaTCIbHbIX
HaIpsKeHU! Ha BHYTpPEHHEU
MTOBEPXHOCTH SIBIITFOTCSI (N 13%)
HACTOSIIIET0  wccnenoBanus.  Jlis
pelIeHusT  MPOONEeMBI  MPEITIOKEHO
HU3MEHHUTH TEOMETPHIO TPYyOHOTO ITydKa
C TPUMEHEHUEM CIIOKHOH TPaeKTOPHH

n3rn6a.  CpaBHUTENBHBIH  aHAJIM3
BBIIIOJTHEH /ISl IIOBOPOTa TPYOBI Ha
180° ¢ TIOCTOSHHBIM  PaaHyCOM,

IIPOTPECCUBHBIM PAJINYCOM KPUBU3HBI U
IJIaBHBIM  BXOAOM C  YBCJIIMYCHHBIM
paanyCcoM KpPUBU3HBI IPHU OJUHAKOBOM
iare myyka Tpyo.

The experience of operating a
combined-cycle plant with once-
through waste heat boilers revealed the
problem of tube failure at their bends.
The problem is caused by the high-
speed movement of steam and liquid.
Significant dynamic loads on the inner
surface of the tube cause erosive wear
followed by tube wall failure. The
objective of this study is to control the
flow motion to reduce tangential
stresses on the inner surface. To solve
the problem, it is proposed to change the
tube bundle geometry using a complex
bending trajectory. A comparative
analysis is performed for a 180° tube
turn  with a constant radius, a
progressive radius of curvature, and a
smooth entry with an increased radius of
curvature at the same tube bundle pitch.
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