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ADAPTIVE SENSORY SYSTEM FOR MULTIPARAMETRIC INDUSTRIAL
PROCESS MONITORING
N.G. Besednyi D.G. Korzufi
LLC ¢LI MANTECHE®

*Petrozavodsk state university

Annotation. The paper addresses the problem of developing sers@tems for the
multiparametric monitoring of industrial processes in the context of big data, numerous streams of
rapidly changing information, and a dynamically evolving operational environment. The authors
propose a model of an adaptive sensory systased on a servieariented architecture with
adaptive control algorithms. The proposed model is examined using the example of an industrial
equipment vibration diagnostics system. The model enables the dynamic adaptation of data
collection parameters based the reatime assessment of equipment condition and data quality
metrics. The proposed model establishes a foundation for developing adaptive sensory systems that
can adjust to any production conditions, ensuring reduced computational load without
compomising monitoring quality
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IMPLEMENTATION OF LARGE LANGUAGE MODELS FOR ANALYSIS
OF OPEN RESPONSES IN EMPLOYEE TESTING REPORTS
M.A. Vaidov

RussianTechnological University MIREA

Abstract. The article is devoted to the study of the application of Large Language Models
(LLM) for analyzing operended responses in professional employee testing processes. The main
focus is placed on evaluating the effitty of LLMs compared to traditional methods such as
manual expert review and automated rating techniques. A critical analysis of the advantages and
limitations of each approach is carried out in terms of data processing speed, assessment accuracy,
costs, ad scalability. Special attention is given to the integration of LLMs into corporate
information systems, as well as issues of standardization and objectivity in evaluation. The practical
significance of combining LLMbased analysis with expert review isntbnstrated, showing its
potential to reduce labor costs, improve report quality, and enhance result reproducibility. As a
result, a conceptual model of a system is proposed that provides preliminary automated assessment,

17



expert correction, and final regogeneration. The proposed approach contributes to increasing
objectivity, reducing costs, expanding data analysis capabilities, and improving strategic personnel
management in corporate HR practices.

Keywords: LLM, openended response analysiprofessional testing, HR analytics,
automation of competency assessment, corporate information systems.
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RESEARCH AND DEVELOPMENT OF A HYBRID ANOMALY
DETECTION SYSTEM AND MULTI! -LEVEL THREAT MODELIN
INDUSTRIAL CONTROL NETWORKS
A.A. GribanoV, A.A. MeshcheryakovaK.E. Bulgakov
FSBEI HE ¢Voronezh State University of

G.F.Mor ozove

Summary. This article addresses the pressing issue of ensuring cybersecurity for industrial
enterprise control networks. With the deep convergence of information and operational
technologies, automated control systems are increasingly becoming targets for caapdisti
cyberattacks. In this article, we propose a comprehensive solution that includes the development of
a multrlevel threat model adapted to the specifics of industrial environments and based on the
Purdue architecture, as well as the creation of aidthylmmomaly detection system. Our system
combines fast statistical time series analysis methods, such as EWMA and CUSUM, to detect gross
deviations in traffic with more sophisticated machine learning algorithms, including deep
autoencoder and Os@lass SVM,to detect hidden attacks. The effectiveness of the proposed
approach has been proven on a dataset simulating network traffic and cyberattacks in a process
control system environment. According to the results, the hybrid approach significantly outperforms
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each of the methods individually, achieving a finald€bre of 0.97.
Keywords: cybersecurity, control systems, anomaly, model, detection system.
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SELF-TUNING AND SELF-DIAGNOSING MICROCLIMATE CONTROL
SYSTEM BASED ON DYNAMICALLY VERIFIABLE SENSORS AND EDGE
COMPUTING
A.A. GribanoV, A.A. MeshcheryakovaA.l. Goncharovg D.M. IsmailoV
FSBEI HE ¢Voronezh State University of

G.F. Morozove
Summary. The article presents the concept and theoretical foundations for building an
intelligent microclimate control system designed for facilities with increased requirements for
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accuracy and reliability in maintaining specified parameters. The system is dradbdee key
technologies: selfuning control algorithms, continuous sdihgnostics and dynamic sensor
verification, as well as the use of edge computing to ensure fagimealesponse. The paper
proposes mathematical models for implementing theesysincluding adaptive PID controllers,
models based on state observers, and Kalman filters for sensor diagnostics. The effectiveness of
using edge architecture to reduce delays and increase system fault tolerance is justified

Keywords: microclimate conwl, selttuning system, selfiiagnostics, dynamic calibration,
edge computing, adaptive control, PID controller, Kalman filter.
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ARTIFICIAL INTELLIGENCE AS A CATALYST FOR INNOVATION IN
PROGRAMMING

L.V. Zykova
Rubtsovslkndustrial institute(branch)ofthe¢ A | StadelechnicalUniversity
named after | . 1. Pol zunove

Annotation. The article examines the role of artificial intelligence as a key catalyst for
innovative processes in the field of programming. It provides gpoamensive analysis of current
technological trends that demonstrate the transformation of software development approaches
under the influence of Al technologies.

Keywords: artificial intelligence, programming, software development innovations, and
codingautomation.
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Annotation. The article presents the development of a clgamver cloud file storage system
based on ASP.NET Core and WPF. Formalized infological and datalogical models are proposed to
ensure the normalization of data storage and deduplication. A numerical matmodnfaging user
disk quotas and a mechanism for transactional processing of critical operations is described.
Experimental studies of the effectiveness of the Blake3 cryptographic hash function have been
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Annotation. Automatization of accounting for extracurricular activities of students is very
important for educational institutions, as it redudes tburden on staff of educational institutions,
helps in quality control of the educational process, and also stimulates student involvement in
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Keywords. Database, extracurricular activities, data models, attendance remgasization
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Annotation. Abstract. A dynamic analysis of highequency rotor systems mounted on
elastic supports has been carried out. An algorithm for calculating critical speeds and dynamic
amplitudes of bending vibrations of the rotor in the operating range of its rotasipeetls is
presented. A dynamic calculation of a real rotor system of a pneumatic spinning machine and an
analysis of the operation of the bearing supports of the rotor system have been performed.

Keywords: high-speed rotary systems, elastic supports, dycenaritical speeds, wear.
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mMikzh jmMise jdadets L OadMmwils s Mdeseodz" 7 BJLWOL C

b,,W,n. Gkt fsLotd"jls CsdhstkzCldsdr &d dj
Ctedlsd yj ¢Sz ) Ciitafedipilds ¢ di  QHOOL sdz OB Y
tOMMBOstedes O ds?2 S tdfmlstezS ydd.

2 odzOdzdL HIdZOBICd teslststedy 2 fdMmisj &

[HdzddZE dL tGshdsed 2 HJ&ZOKBJUjMSdE § Ot
OB dzdlszHO o' dzgzyHjdedzgr 7 StsdzjBOdd?2 tuw. 1O
otsL dBlzh O h j 2 dz0 &ite Iz 1 Yaf to Y iff ts gl fid dziz t
L CMyj desedzBihfp) sPm. 2) .

tdM.t DMy sdzOY Maj BO [ &

l Jdzdyddz® ddzj ceydtsdzdats? MmMddzr SftcjHJdzw s
t =f ¥*(y+e). (11)
1Hirftesede o BB Misd [€(teQ dfigpdidsg ¥ H Q3OS J
teDydDif jtej By N Jdedv o BYStO-, LOBRIRMYVHIJJ ¢t
D =R/c; D,=R/c, , (12)
GHJ
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Fef‘:|-| Rz_ |

J sk jlsMisadd ) &jiktsHtsd fMdd HJdO
9" 6Oy jded J o3
=0 v3(y+e), (13)

GHdi'I'UthSGCfB 9 d34 Misi ©OBE & izsd dgedzeddzs. 2501 &) iz
Colsster 2 9 Mlkeo jlsmMisadd M d&j IsBHBAR dzO Yyl

9 odH]
. 1 [ _
U =y, +dif +E[R1(I 1% Re(l - 1,)7]. (14)

1HiBRIR - t6j OCydd s j H ¢ dzd, Woelzis 220 W@ dzr dz"
f OO®RjIster (a4, Solbtste' j ftejHjdvslsmw dr |
On :

y(ll) =- Dl; y(lz) = Dz- (15)
4 kyibtsd®k Efesed?2 (15), fjtojatsHwY ¢
f OteOd3j Istc O3 @HtGOifisdleg@fEdew IZ
141-b, @ PI? € - b, WL b, 02
—_db- — d=—g&b, - . 16
et (B LE g g g g

1 sfpdzj twwWHO f(tojsBteOLtsoOded?2 of Oy j dad
ftod ©WOBGBYJ 2 kovdkezgx fYeomshlsd
A
y= 1- UII Yz J-ul ’ (17)
. 1®é e (1- b))? 1- b, ra_?
HUY = 3E] I(l bz) (1 bl) 3e\N(b bl) +V\4(b bl)uy

3 tjLEzdz IsOT dMmMmdzj Hise Odzd 2

] SOyjfmbej fJteddjtcd® wOMMBslij O td
fpdzy Hize W d B § DO &S IKt@dBP 1, B34 5 14503, 8 5 | T,
112 [dsd3,5B8=200°[] ) On=Mm=600C°1 / d3i= 0, 63 G/ d33.

10 thdatse Oded d ydmdzj dedetsets Oy s
Metstsfiysg 68310 hdpz  MSC dze yj ded v t6j L tsdzOdzic
fMdmisd &3 d ®edMfjuiddy Jj Efls®22 wdeeos sl
tetslstste® Hisd dz0 EZHtspRprise SKe4st 5 & 0f.dagd d ¢

10 tdfMm. 3 Hd&Y OMMBEOtdo Oj 3?2 (a4 §tod

Hd dzOdsd U M sa=t/j § es@ddBd dshisd s ( e yj 2
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RL fdzkzyjdedes?2 L OadMmddsmisd Mmdzj Hizj Is,
e sesflsy 2 ntedB @ fo jOkir4 (58 0') B dedzOBd Ui MEdj ¢
Mudls dLedBO 90O tu4 MsftsmisOo g dzrls. i eodziCdzd
tcOBBYdr MEBMisWws (8 wWodw jlsiMv HBMISOItsY
eslststc® o fHtsyd MMy 1 CMf dz2 Ols Oy d d tc ¥ h  fgzdzt
gL dtsMd fsHhdfddSitser a ittt d, Mdzj HiS9 OIs
L OL 516 0. lted ko J dzd yd dzdnp 016 @ siftstaty o2 - fifsCH ] tdsts frids
o jddyjdd] ORfddlszhHn' CwdzjBOdzd? tslststcO,
fsHh JfddStser n f tste. Clss o Mottt ByYjte H!
oMmj 2 toltods?2 MdMmilsj &3 d otL ddC detse j dzds ¢

[ dzw zd3j dz' M jQzed W s H"L fifsdg] $ s " = Yt o
teslsstcdzr = MdMisjdz o tOBYj B3 HJOY OL tsdzj 1
fsHh Jfded S 50" A sf stcOn ftod d3d dgv Is a3d Is O«
BOIs j tod Odzr [ 3], mMf smMsemMlselzs h dj sSBtcOL 59 ¢
fdzj desC L O Whdud Ist Welj jOSds/@ O L B JtcOlsj dz' desets ff §

1

s dMtsS dzdlsj ttOlslzter
1. 1 OB OC 59, R. [ . v sted Wi [G tsdzjBCOZEdR,/ 1
5601 .
2. ANdqddffse, ¢.1. stsdzjBOdzgdw HJ Wistcd3d t
[.: [ Ohddtsiisitens3jelzdfj., 1970.
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tEBysemed?2 ddznEzMmlstcd Odz! dzf 2 ddemisdlskzls (W
CcsmMizH Omispgdafla PMCd2 Edzdoe jtemdlIsj s d d3.
b dzdzts s Oy thtsB N jMlsoets Fl utter tcOL OB SIsYyd¢tso i to
cOL dzdydz" = BdBdZItSlsj ¢ HEZY EftcOQodzj dzdWw MsMmistsw dzd j &
SOYHOY L {Isdn BdBddstlj§ Hddyls/Od Chfa s R tots fy lOEZHAERA Is
tcOMME OL Ols+ B e j dzdztsMmlsw s COYHEB2 dL dedr, fto
oftesm HdzW COCdm s CIstse fSHatSHdIs COYHOW BB
sdzs yjor jfhdetca @r , st ate management, Wttdzlsj dzt

A COMPARATIVE ANALYSIS OF SOLUTIONS FOR IMPLEMENTING
APPLICATION STATE MANAGEMENT IN THE FLUTTER FRAMEWORK
L.A. Popova, O.N. Karikh
Rubt sovsk I ndustri al |l nstitute (branch
Uni versitye
Annotation: The Flutter deva@per community offers a variety of libraries for managing
widget state and separating graphics and logic. Each of these libraries has its own advantages and
disadvantages. In this article, we want to discuss the features of each, conduct a comparative
analsis, and create a short test to help you decide which library is best for your project.
Keywords: flutter, state management, frontend development, libraries.
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SHdMisteOdzd ydz" » dzj dzHddzctso B Jj L Mdzsy dzts?2  dz
tcOB SIS tcOLodIsdJ ftesHEZCISO sMisOdztse dIsmw
BOMOEsJicso Odzdj BEZHJjJIs IstcjBBO OIS oMMy Bisdz b

l HOdzdzts?2 MO | BRZHEIL tOMMdsilstej dz@f  Iste
Hdzvw State management : Bl oC, Provider,
Cedlsjtedwds d Blsojilsdds dz® O4d©OF ey, dagdy § BSOF
ofMmj ets.

RdW stedzOydw s tcOmMmdzOlstcedo ©Oj di3Fr = B dB
ProviderT sH dzts dL mMOdr = ftetsMmisr =~ d tOmf ok
Z{ tcOo dzj dzd W mMemMsswdzdJ &3 o ts Flutter. { dz
L WWjiSldodes?2  jtojHOYd ofefylgtswsded | 3 jtejL HJ
10 IsjSCEhd?2 dBsdj dzls HOdzdzOW BdB dRZIBISj C O
LIsts dzgj Bjdaw jIs Issets, ybts sdz0 MOBOW dzj ¢ ¢ |
o Oted Odzlstseo [ 3] .

Bloc (Business Logic Componenty tsH dzts dL mMoOod3" - Bt
MistelzC Iskztcd tcts ad@@fdadz” R dzwic j P ff e O 9 dzj dzd v MemissWw
ftcj ot smn SH dats tcOL HJdzvjlis f sdz' L 59 aiksjcdf CilgC, d
sB My j ydooOw yylksSks MmMlstcClsktcl HBY BKOB
[3].

Riverpod MBLHOd d&O =shdatssj Provider,
ftcj HdzOG OW Btsdz' h Iz cdB S tsmlis: d kdazkzyhj dzd
sMtsB j dedets ~tstes" 5 Y SHeBHdIs HAvY Ctkzf d -
wWeodzw jlsiqw dzgsedyStd3 dz0 tor dzb j ® Mmewrd M
Csdzdyjmlsej EZyjBdzr » dBOIjtedOdzse dzOL 9 Odzdztsc

[ dBHdSO dMmMmdzj His9 Oded W

[ dzw QdzOdzdL © BdBAZIEBIS] ¢ dz' MtcOo dzd &3 (d -
S dmods dadd .

[BI jd&& h OB d&zts daifsemdets RAFHO . S sH, Clstster 2 ISC
AfMdzizy j B dzf dga ST HstO3, yOMmis! dzdMmisddzc © f toscteC
HAWE dzC ydsdzdteso Odzdwvy MOd3s?2 BdBdZdSlIsj € d, dzt
yofmis: & d&scdSd fteddsyjddy. 1sd ] §sddr

o jdzduydoeo Ojls ot d3j dzdz" J L OlstcOlsT Hdzv dzOf ¢
dzj sBrsHd B, yYlsts BdBdzd s gOzEHEmMiEi yd o B gz
] stetse  auActsH @ .dz mMdzsy detsmisd BdBdZdBISj ¢ d
tcOL tcOBBIsyd<c O Hdzv 4 dmtf sdz! L s Odzed W . 1
BdBdzdlsj $d ItejBlkztls Gls ftoesdctcORBBdMISO 8BS

s 0.

1 O8 d Md d3ts i) Is Contexts BulBlGantexdi zdzd o j tMOdz! dzr 2 1
Fl utter, fsLosdzws hd?2 tBteOh Ol Mw € HBYJ
( Mdzd BdBdZIBISjCO ttjOdJLso OO d&O oL Od Bt
Btsdz h d dzfls e 5, ss ftosetORBBIMIsE dzj sB&: tsHJ
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. LO Isjds 9 COCtsd3 dZdd Mlsy HJjtejoO od
2 s3] dzls OB BISOjIs, YylstsBr™ dLBjGOL
sOBdtelkz j dzgsMmls d Otecn d Is JuSldsiAndsoz@iAs i) IS
si ¢d MmMdzj His9 Ol Msecses®Bz MlsOdzH Ot
Cseo hOdzsn O Y EIsOdzdykz © GCtH] B
si¢d ®tBiMfjude Ol! twOMMdLwj dshis!
Ctsor d&3d otcj dzj dzdzr d&3d L OlstcOlsOd3d, dzi fd3t
OLtskmMss@digmsbtshls! BB @By Ctgh 59 €
CsBf Jdzv ydd d mdzdy Ols! 9 J oW Is dzts s
(Runti me errors).
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2.

tdLkzd sOIkr dmMMmdzj His9 Odad v .

Provider.

[ Bl jJd3 h OB dzts dzfizt§ dztf B3O dz'H @' 2 . codzv j Isfqw  dzd
MlsOdzH Otclsdz” d3d ddemistczdzj dzgls Od3d FIl utt er . R
ftotsmisr 7 ftoddztsy 4 ded 2, CBGHO IItejBlzjlsmw MmH
[2].

] stets@ or b O 2 . codzv jIsfmw fJteor d3 d dzf
teJ ¢ 5 d3dsdzHdlaslz yOls ¢ deso dys Oz f sfmdzy Ists@ts, ¢
Cesdzyd fydqv ddd wWtej 2 BotsteC O [ 5] .

1 OoadMmd dztsmls ! sls 1 Bagdmd Gontfesqtj.Is fted o tsH
hdB SO ftod dzi ftcOo ddz' detsdy §f sfilstetsj dzdd H J
OMmhlsOBdtelz ] d3ssMmlis d Otern disCU9s@®Me.dzOY j Ml
sets? Otendlsj SClsizter d tmlsQoadzw jIs {1 Ists daC
OjIsy HJ OIS+ { tcOo d elztsdzts[ ¢ tc QL HEjtedWAACJO B(
sdzdIsdzz dzj MistczC sktcedtctso Odzdzz® ff tots G tc O d3C
sCOL sMmMists dqd § ®MIs: 1 tcd o smhddse $CO A3 uan t & figdz
dzj o 5L 3ty dets s d ftetseo jtod s MsteizCIlskzts
fddvydd [2].
sSBREHj Odz dzets Y tSHaBHdI HAY dtsedys e, ¢
did3 EftcOodzj dzgdw MtsMmistswdzdj d3. 1 SH A SHC

N dedRdz'S figdn MisteOded yOd ddzd ML HOdzd

[BIl jd3 h OB dzsdatlzsftsC § sHOutejBljls ftsL HOdzd
tSIsH J dzi dz' n W02 dtse H dzw COYHB?2 dzj B tsdz! " t52
ftsdz L tso Olsj dzj 3. 1 OBy HAzY jIs tcOL tc OBastisdWz) ISt
LOf ElsOls! Mw o CtSH] © HBEZEsMesydsts?2  jtemyd §
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l stets@ o nIsTHIPSC d 2 . stejBlzjls f tsdzd d30 dz
flecetcOBBBtetso Odzd v , tcOB SIS n Str eams
ftiosctcOBBRBJtotso Odzed W . o dzsy dz@ Hdzvw deso dyS tse
Wictsdzls j dzv 4P L tc OB SIS C

1 O dMmd d3tsMls sls) Baudfhfd®ons©@&KYy 4y C0O0¢ d
ZOoOdzdydd SCtdlsj CMisO HEzy fsdMEO © Hjtejoj s

[ OMmMh sOBdtelz] dizsMmis: d Oten  Isj Cds Iz te dzB)ts C 1P tc |
COLHjdzvjIs ctOWdSlz o dsedSkz dd dzj df tsL o
1 QawLr oa0Ojls jJHddzr 2 Mmisd dz CsHO, ftLotdww
d ftd IsjSkyc¢j SCOHttse [ 4] .

[ € OL skMmls s52atd p Hsdgisw .. 1 d HTdsilstow dz0 fmis
MomMisswdzd?2 d oLOddsHj2Mlsadw dzsecdSd M cto
ftod dzj ftcOo bt defs fipiglso O odHy jlsse [ 3] .

RIssgOder mMh Ow Milstese sMmls! d WEkd€ yd tsdz0dz
ftotsj SO, BHAOC 1t sCEfOjlsmy, CteHO ¢
I sLosdzv jIs fsHHjteydoOls: d twOmhdqewis! fofs
dL H] OO cslsydSseo. 1 tSHAaBHI Isd ¢t H
Bdes e sC tcOlsdes L OB HAZY jIs ttOBSIskE dzOH dBOdzj dz

Riverpod.

[Bl jd3 M OB dzsdzdas® jsSH dAfBH O. | mMtsyd IsOdzd d
QoalssBOIsdyud MEts2 GJjdzgjtceOydd SCSBHO CdzOmMMtse
Hsotgds CBtslsCdj MesCd [ 6] .

]l stetse adfgnyd.v¥v dyd med?2. lotsHdls MmMtsBMise jd
slsdzd yo#s Ismw tsls MisOdzH Olstso , fteddgviIsr n )
fJted Mistets2Cd d3 hdzj dzedv d BIEOLO tsIs ftedor 1

1 O dfnd &3 Mis sls 1BuiOod{@ur@ig. dzxj . ftoj d di3lz"
BdBdzdtslsj ¢d fjteijH Htokzeddidd. uwtMmistswddj = te
HsMiskzf € dgj &3z ¢ dzsB Odzj dz dL dz¢ BSGBS 9 dHY J K

[ OMmMh sOBdtelz j] dzgtsMis d Otn dlsjfis@uzOw 1 thisht

BsH EZzdzr dzsyls d t©OLHjdzj dad B ¢ fs9sdizd s cf
fcsCOL" 90jls ftod tOLtOBISS | Mdztsy dzg" = d d3dzat

[COL Mt PO Miv'"r. MsE OW . MieOdzd dzdJ ME
HjtcjoO odHYjlstse tjNhOJjls fttsBdzj dzz BtSdzr h
ftotsc tcOd3d3" . OS] or vw@deh JE ME sdzxh g dzBIs 9jtd v
S dazyydd [6] .

RIsBGHdZO dL MOd 7 WkdS ydesdzOdz! dzr = d  j te
mMiBw r~tteshts COC o tOBBIS] dzZOH &BOdzj dz' € d «
JHABZOCt sy dets o Hj dzdls! dei MEtsdz €58 dzj HisSMIs
9 nBBHO, Ylsts HJjA&ZOjIs provider ofmy jhyv &Bdzj
dsodLdz s HOdgdes?2 BB ARZIBIjCd tsyj dz@ dBOdz
osftecsmMse dz0@ WtstkzddOR, yYlsts Hj &zOjls BLOC da

76



v OB dzd youl
sicOQodzj dzd i &ud& EBEEO® gmMmMdzjHEzjidd" = B(J

stedlilsj ted 2 Provider Riverpod BLoC

[BI jdg@ h OB 1dL ¢ d?2 dtejHdzd 1T MsC d
CtsH O

l stets@ 9 - S 1dL¢€dd wtejHdzd 1 MmsC(

1 O d Mmd d3ts M || Il " Ms¢ g - Il 7" ms¢ ¢
BulidContext

[OmMhkOed] 1dLcoq J1rfmssd I s

q fls to 1
Oidlsj S skt

[5COLsEMIS] 1dLSOY 1rmscd wtjH d

) OC dzs yg dad §

] tcjLlzdz sOIsj By dzs f sHo i MIsd dlstsa, Y
dz) sBaBHd®Bs dL zydls! d ftsttOBBISOIs! M BdBI
SlsftcOo dzgts?2 IssySts?2 o dBddte St ate management
Htczedd3 BdBdzdtslsj ¢ d kidsdeisca @O gL Bl PDists 9 €
MOksy 90Oy detsy , Ul ts sdzlsyy dzt Isthhh j daB®ls! BEZH jIs L
Jets BOMhMIsOB d d&OMEsdz Ct5 o O dzOT fidstOBAgrd2 |,
Isw y vy dzr 2, Istcj B89 Olsj dz/ dz" 2 d CteO2 dzj fmis C
dz0 € ts Yetizg tz M j Mise tsd3 s fdzds\@i. d3 Pdzjo v i Afrpls
WlEdzS yd s dzOdzd dzs lslgts BH ©>C, Ptc jdHsIMa BHJIS | 6t
RS dzsH " d3, Yylss HJdZOJIs Jets 9" BBt BESdZ] ] toc
BloC.

df dmtsC dzdlsj tcOlskzter

1. BLoC: tcOL B St f OlslIstg jcEdtcifn J[URLdz] € Is
https://education.yandex.ru/handbook/flutter/article/blmmborpatterna

2. Flutter Providerd tsB1 WMdzj dzdj tcOBBIsT [ ICURLC Istcts
https://dartflutter.ru/flutteprovider/

3. State Management in Flutter: Provider vs Riverpod w& Bl dzj € Is tc ts dzdz'
tc | Mz 6 MURL: https://ms3byoussef.medium.com/statanagemenin-flutter-
providervs-riverpodvs-bloc-333795f0df22

4 . l 94 HJdzd J ) BdBdzdtslsj Sk FI uitURe:r Bl
https://medium.com/nuanced-
programming/%D0%B2%D0%B2%D0B6%D0%B4%D0%B5%D0%BD%D0%B3
%D0%B5%D0%B2
%D0%B1%D0%B8%D0%B1%D0%BB%D0%B8%D0%BE%D1%82%D0%B5%D
0%BA%D1%83flutter-bloc-566fd9797d77
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ANALYSIS OF THE ONLINE TICKET SALE PROCESS FOR SUBURBAN
BUS ROUTES
L. A. Popova, D. I. Mikhalev, D. N. Shevchenko
Rubtsovsk industrial institueb r anch) of the c¢AIltai St at

after | . 1. Pol zunove

Annotation. This paper presents the development of software for automating ticket sales on
suburban bus routes using the case of the Rubtsovsk district in the Altai region. The study analyzes
key challenges associated with integrating with legacy systems based oirethied DBMS,
ensuring mobile access for drivers, implementing secure user authentication, and maintaining the
reliability of realtime financial transactions. Functional and architectural requirements for the
system are defined, including waybill lifecgcimanagement, fare calculation, ticket sales, and
reporting. The technological stack based on a Flask backend and a Flet mobile application is
justified as an optimal solution to provide a scalable thager architecture with secure
authorization mechasins and support for offline operation. Based on the analysis,
recommendations for further system design and implementation of a comprehensive ticket
management platform are proposed.

Keywords: ticketing automation; suburban bus transportation; mobile egin;
information systems architecture; Firebird database; distributed systems; authentication; offline
mode; REST API; Flet framework.
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DEVELOPMENT OF A SERVICE FOR MONITORING ARBITRAGE
OPPORTUNITIES ON CRYPTOCURRENCY EXCHANGES BASED ON
DATA AGGREGATION
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Annotation. This article presents the development of a software complex for automated
monitoring of arbitrag opportunities on cryptocurrency exchanges. The architecture of the system
based on a microservice approach using the Spring Framework is presented, algorithms for data
aggregation and detection of price imbalances are implemented. The system allowsyalyze
guotes on leading exchanges (Bybit, Bitget, MEXC) in real time and identify potentially profitable
arbitrage operations.

Keywords: cryptocurrency, arbitrage, cryptocurrency exchange, price monitoring, Spring
Framework, REST API, microservice hitecture, financial technologies.
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f cflls sy M dBosddssteddzc® dd OdzOdzdL O
Bdty Od3d .

pteBdIlstcOy dzr | §jtOydd dzO0 W JdzOdmser n
Ldz2Oydlsj dzt dg" = o' ydMmdzdilsj dz' dz@ = toj Mkztemtse
sBi Jdise HOdzgdzer . |1 Efdzse dwih O@dzsfdsk s @ tscif
L OHOYO Qo lssBOIsdL Oydd Bsded ssted dze © Yy J dat
stz OCkEZzOdz desfyls: .
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1 OzydzOvw detseo dL dzO OB SIS’ L OCdzt yoO,jlsmw o
tcOL dzstctsH dz' n H Odzdz" n Ctedf stso Odz® Isdz" n B dtc
o tcj d3j dzd H dzwvw 90 el telfdy dzr ~ otsL Bsy desMls j
BOMh IsOBdtelzj BBs?2 Oterndlsj Slskter HdzW BOBSISS

t OmMmdsslstedds sftej HY dzj dgd W dzj S Blsster 7 € dz¥ 1

stedif sse DdesOls Wzs 9 d H dzts My Is ! ydgwtetse 52 o Odzs
teOMyy Isdz" - J Hd dzd Yy Cslststotsdd L tsm OAlzOY d o P gzE
mMdmilsj &30, Mo OdzdzOW dz2O Isj ~dzsdzsEcdd B dzZS§ 1

A dzZlstcOdzd L s OlzlizBY f dzPtsff OtedZO, dzO C BlsBte(s]
ststcetso Ols! Ctdflstso Odzs sOdRd. 1 Blsdazdydy Gl
Z§fcOo dzv & IsmW CsRYf Oded § 2 d dzag j ff tg cu@dzdpr &y d
Cdastcsdzdtolz j &3z d L OyOMmlskze EZHBdEz® H dzw
o My O ls o COyjMmlsej HBo jtojdedzr n Istej s’ .
9JHW Cdzded LOCOLtse d MtsHj2Mlseakzw ftetso jHJ

BYB!T & MEXC

t dmi.f Hesisdfr ypijdaldadQfd2d L s Odzdz" = Ctedtff IsStso ¢

{ OMMdBslstedd MistcOlsjecdd OwedliOy O:

P2P (Peeto-Peer ) O L so Odzdd yYdJ dzso’ n
Hjyj delstcOdzdL 5o Odzdz d3q f &zOIs Y 5t &30 id , G H
fsMtejHdzdSd [3]. J[HA&ZOCH COC RRBOORd HOYNS]
By des d dz0 yj dzgstcOdzd L s Odzdz" = B dtey On .

stoj EEsd df 20 fPdmaidsits@py , ftoj HY SdzOc O h OV
Ctsdzo jtelsOyds Istcjnrm 90dz6ls HdzW dLodzj yj dedw
[4].

I dz@Oh j2 1©OBtls] BbkHjl FROBLDGEsEPHRO. N
BOC W Hdzts?2 Hj BsdzmisteOydd ©OL ddyd2 i) HmlsC

t dfisr2 GO, lstORPOEOF s HEEO
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L N

Buy 1 BTC with Buy 15 ETH with
$50,000 USDT 1 Bitcoin BTC

Triangular Arbitrage

m Sell 15 ETH for
$52,000 USDT

t dMig R3] B3O, BlstcOy O h OW Mkls! ©tej 26t

[fMdzsoder &5 §&SCOLOIjdzjds HdAW o wodyj dgd W
Wo dzv j Isfpw  fiptfsmjizls gy BsMO d ftoj HdztsyJ ded W
tOfuils fsdLoHIEEMY (6 ¥iStdkd

.. 0 O
Y nnb

0

0 i1y j dzOT gdpded BOdz' dzOW Y j 2O, 5 (bt
OCIsd o, ddzd d&d dzd BOdz dzOwv Mk BBO, Cslststolz®
¢ tsls ste®Rmils OV Ismw .

1 di yj dz0 i ¢ Isys &B0OS d &30 dz' dzOw  yj dz0, Cslst
L Of d&zOIsdls' L O CsdeStcjlsdgr 2 Istso Ote ddzd EfMmdzza
ltesyj dzls ®fitc fs@ OL(OIls j dz' fsLotsdzwes h d2

teOL dzd ydz' = Stodfilstso Odzs Isdgr = OCIlsdotse .
I dzOh j i3 Mmeng W] Pn@&dH tadfiph@ddsmy  Mtej H
OdzOdzdL qtelzj &3 = B dtey .
[ dzv tOmyy IsO uo[fr]lstsﬂ ftedB" dzd M EyY lstsdz ¢
o Y Q "Q,

GHR, T ydmlsOw facidses dgef Mmdw L O fsCkfSkz dzO B«
yj 2§ sadmmdy L O fesHO) 2z diy desPey J M d3®‘1
[ dzv tsyjdeSd lsjdydoOod dses HBSABSHO 9

W tstc 3z dzO:

5 0 —
B
¢ HPLT OB Mtsdzs Is dzOWI T tasidB sz dzo j Mlsdelzj &8 & Mt j H i
sdfMlsj B0 Wdd stk ls ¢ s i
Ctodlsjtod® :

~

v Y
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GHJ 1 @d dzd dz© dz! dzr 2 fstesd yYydmlsts? ftcod B " dzd
dme dzt yj dedvw dGBOdzsL dzOydlsj dz dzn = 6§ JjteOyd?2,
Codz) BOdzdW s tor dzg€ © d Hts sdzdad s dzt dzr d&3d d L +
it OLOBESISE O
Java BT zZO 9" BtcOdz o COyjMmlsej GMmddase datsc
J ) detsmls s & | tesdLotsHdIsj dz dzgsfls! ¥ Jdva B 5G|
prise Edi ti on ftcj HSMISOo dzWw jIs AP C
CO Ctokzf dzr =, Bz slztctso dzj 9 7 -, dzOH j
Ndded2, Ctlster j d3do ddv s ds@fiyh IsfQista]jtedaty figlkf dg
ddzlsj ctcdtoczes sqfw M EMlsOtcj oh ddizd § tcdd
sBJMfjydoeoOjls B" Mistclzt tOLWOBESISS 2
JPA Eftesh Ojls tOBtslskz M BOL 52 HOC
sMmisOomalzj js fixtajsH Mise O H dzw dgdzlsj ctcOYyd
dz' LsoOdedj Java 17 M HsdzetshMtotsydss?2
f OMmdesmis! Hteddzsy jdedw [ 6, 7].

tej OdzdL Oydd WERS ydsdzOdzO dtsdzdlststcd d
tcOL tcOB tsls O dzO RESTce QR L sO®©@dzdd0 Y ¢ Istiiztic
dzj dzgdvw tslseo jIsflse j dedzetsisd &BjYHE B8RS
dzv j Is Mlstets g s s toj HJ dzj dedz" | L OH Oyd,
sjMlsdtotseo Odzd™w d HOdz! dzgj 2N jets tcOf
J GtcOydw o das fodedoddzf| L BFPOdz&B Y Jj toj L C
Yydzr = {1 deHff sddzlstse , Yybsts fsLotsdzw jls s
@JBBZBHd@Bth OkzlsjdalsdWd<sOydd. Clsts
B d Mded 3 Ojls btejBtsaOdedw € BJjL S OM
dd s kjskhidrn yjdkdr, GBI j BO-R Itstects
K lsfpw hdeso 52 HdzZW or wWodzj dzgdWv OteB d Istc Oy

&
Q

85 0S5
NG R ® -
OFF3I T

WS g W G T
38 9
s

T IEPFIOREFI L
SnH g
=
)

fozFws QO Fw
Q—.

Qog_p,q_.m- — - -

=

H_EE‘S'I_W;UQ'-‘:R'_ ﬁ_“"qq—”l\)ﬂg‘:’s”’

v OB dzd yo 1
v OB dzdyoO S tdiftsdej dzlstse MmdMmilsj d3f d3ts

Routers Controllers Services Repositories Models
GET Arbitrage Arbitrage PriceSnapshot | Arbitrage
{apilvl/arbitrage/opportunities/{cu Controller Service Repository Opportuni
rency} ty
GET /api/vl/arbitrage/opportunitie Arbitrage Arbitrage PriceSnapshot | Arbitrage
Controller Service Repository Opportuni
ty
GET /api/vl/charts/currency/ Chart Controller - PriceSnapshot | CharData
{currency} Repository
GET /api/vl/charts/currencies | Chart Controller - PriceSnapshot Currency
Repository
GET /api/vl/market/fetch/bybit | MarketDataContrqg ExchangeD| CryptoMarketRepos| Price
ller ata Service tory Snapshot
GET /api/vl/market/fetch/bitget | MarketDataContrg ExchangeD| Currency Repository Crypto
ller ata Service Market
GET /api/vl/market/fetch/mexc | MarketDataContrg ExchangeD - Exchange
ller ata Service Price
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I ¢Ooyjfmlsaj MmMdmisj & ki tcOs dRodmfeSOLEEAL O dzd
Bsh dzO W sB i ¢z9 i digs dzdzO W gL f ®lsCter Isr o3

ftej Jiszh jflso O wodzws sw dzOH j ¥ dZBON Hiskw O daL
OB &IST f) ARIOdztal W CIsd o dzsj Iz teCmvdz] sitlg d ogdzHC
LOf st otejdsj dzgder & tWHBe, O OCY] ofMmlist
slsC OL 5k fls sPosigfeS@®Uisdi. M j ydo Oj ls  yj dzts fyls dzts ik
BjnOdedL B odzj M dzgdn SCARDI) 2 d kttOdzst OC yd?2

[ iz C b0 f s e s @ualdtissss gsdzc © © | n t

sdzs yjorj ddasjcectcOydtsdader j IstsySd:

1 FeignClientd &3sfyls ¢ o dzj hdzdd3 APl Bdtey;

1 JPA Repositoriess OB Mistc ©OC ydw HsMiszf © € H Odzdz
1 Spring Controller§ REST APIH d&¥ tc ts dzls; j dzH O

1 Scheduled TasksOQo ss®iZ3OIsdL Oydw sy Mmtse ;

7 DTOPatterriB j L 5 OfMdzOW f jtcj HOYO HOdzdz" »
1 ORMEntitiesi Mz dzgsisd dzO BMdzse § IsOBdzdy B (
1 Serviceitcj Odzd L Oy dizs e 1fdzj M

1 Liquibasei nd Misj 3O BdectcOydd d ttoOMEOCd B
0]

tc

H

d

)

t OMMdiislstcdd3 MistczCIsktcz Btsdzj j]  SHtcsB dzts:

dbtcrdilsj Ssktc® MdMmlsj 3 osmistetsj dzO@ 5 d3dzts
tcOLHJjdzdzd j ©3 Blso j Ismise j dzdzts iyt dels f3g ¥ H 2 € dshizdf
OoLOdBBH j2MlsalzjIls M BLCjdHBR yjtejL REST
Lictse J dz C sdzls tc s dzdzj tc 5o QoffisEte O BJO IsH jo dBjj dsd tdHZT TIsP
BdLaAgSEdSCd Mjtcodmdzsdze mdztse .

g jtodmdze 2 Mdzts?2 MBH ity Pls t ¥ age S édwisg e3r
OteB dIstc Oy dz' ~ otsL BBsy detsmls § 2 d ExchangeD:
Rdzsj cteOydw fp odzjhdzedd3sd Bdtey Odzd ,s5MizBIg Btse:
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qdzC Of Mz dzd el jls oL OddssH j2flsadi fl APl Sidt
MEXC.

A
A 4

charts.html (Frontend) |«

Y

Spring Boot App External Exchanges

A

Controllers (REST API)

Services
v ) }
Feign Client JPA Repository Scheduler
A
External APIS Database JPA Entities

t dMi.e 5] ©30 tBNM j2 Otendlsi Slskzter  BIssC

1 dzOdzd tetso h d € Dat aFetchSchedul er tsB j M
HOdzdzr 7 M o dgj " dad R B dtc) fn 1 o dizsy jeded2rdzis ds H G
MortcOdgv 8 Isfqw o toj dzWw y d ts dzdzlz © BOLEZ HOdzdz =
Colster 2 ftojHESMIsOQoadzv jIs OBMlstcOC yds HAzV to
9 Cdzt yojls Mmkh desmisd Ctcedf lstsB d ey, 9 Odz¥ Is (
tsis dztsh j dzd wCdigifdzts & o diz

l s s ¢C H Odzdz" A o MmdMmlsj d3j dZzO0yd dz0j Isfqpw
f zOdzdteso N S 53, fosHsdy Ojlsmw yjtojL <dzdj
Mdtcoadmde d3 Mdzsj &3 d MshtcOdzy jlsfqw o BOLE |
LOftcOh doOjIs HOdzdzr | ydtej L Qeslsizlsdbdziizdds 3O d
BOL T YJtejL tcjiftsLdkstedd d bttOdhW stedzd okl
SlstsB Oy J dpcfitls jacWg 2ENJ .

price_snapshot
" 0.1 b/
id & integer —G~+————€ currency_id & integer crypto_market
*
ticker varchar(10) NN crypto_market_id & integer NN 3 ; id 2 integer
name archar(64) NN price Jeci 20,8) NN name varchar(64) NN
volume jecimal NN apiUrl archar NN
timestamp timest NN

tdmiy BsOzsedyd M¢ OW dsH j dz2 B OL T
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[ Ok Odzsed yj M OW BsHJ dz BOLT HOdzdzr = 6]
stgreSQL d o98des JOhEBN esfiflstEmdzigo Vv L Odadz" |

¢ d d3.
"stedffIlssBdtey O" (crypto_mar
ttd3dOyde  Ibtttesoa' a § dzch OHCOR d MtSH ]
Odzdd Bdteyd d URL JJ4 API.

dzts i Is "stedffilstse Odzt Is ©"M{f(tec@ortsryedadcCy )y div
s M Izdz,q’QG)dzJI dzr &3 IsdS¢Jjtetsdyz d ¢ tsdzdzr d3
stc Ozt dzOw MmEkh dzsis! " A j degso 82 Mmdzd dizgts € ™
s lsr | ~lcOdzv" dmlssteduyu MSdy HOdzdzr § t

$d dO Bdt)lkz d oLQzrsysly wijteiglze fp dsjtd widdisif
s fYtsmdzy LOfwWIsts2, Bl Jd3 ktetso L O

N T
of @o
&
M7
&
7
=
d

Ir3o 0 go
L)

ogs
§PRO-ANOFN

§O " o>mTr =g

rdv sfldidL Oydd LOftsfses ML HO - el
oty i3 " do O'dBOSEH' QO Ylsts tBIMYJjudoOjls @ Mss
OkOkdL ] dhbsttedyiMSds HOdd = d §dmsj
COL dzd yder 8 Isscso’ &8 § dzsh OHSC OdB]. f BHJ
HOdzdzr = YJtejL BeteOdedyj dedv kdzed$ Odzt detsfylsd o

{fdmOdedj ddzlsj et j?2mO

I'i-§dalsj oW j 21 fndfr] Jd 3" f tEfjlsHdfrplaifse difisjdisv Isiglzes |
OQodzj dedw M odL EO dzc{Lqu’JQ HOdzdz" =~ 9 6§
d&zOjIs ddzlsj cOCIsd o dzr 2 CtcOW dS yj da tsls
flssoOQdzé Is dzO t©WOL dzd ydz' n Bty On . |
dZzdtslsj € d Cha@ tL uyxsond HAEO{tds@B tSisT M o
My judoeaOjls ff dzOodets] tslstsBtcOy jdzedj dL d3j
O dzj dz! EftcOoadzj dzgdV o o jtomndzj?2 YyoOfglsd
stes2Cd f OtcOdj stetso BlstsBtcOY jdzdW. 1 t5
g Is B Mistets f jtoj Cdzt yoOls' Mw dBBjyHEZ ©OL
s MdMmlsj BO OoaltsdBOIsdyjMcd HtHEwkzY Ojls
dzdz" - . Il T OHOs M dj My dm¢< d fjtedHO 9
JHBMsOodzvs s cdBSCdj oL d3ts ez §ldsd) BHsdptz B
3 dad dzed 2 o Isjuyd dedd ded MGBsdz? Sdna Bdzzls HE
RdeW stc d3O Yy d ts dzdzO W f ©dzj dz ) dzd » dzj 2 Y O fi
rweo dzj dedz’ J OtcB dIlstc Oy dz" j otsL d@3sy desmisd o

fr]l;’tsc{Wlsq’W. SO HOVW oL @EHHAERS Mdsls H | tdte joztshig l4sC
stso ts2 gdzHd S Oydj ? ftode " dz desfmisd, G F
CSHsAtsHAZ | SiziOted dadzetsO f pff @z d2?2 dzr J . .
ECOLOdr Bdteyd HEY §sSkfSd d {tet
On, oj @MUY cydBs@™ tcf ted B dz'

¢
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s Yd ded §
L
3

wggoq

te
dz
d
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Q,'-‘=RI"‘"-‘=R8_ [ I L
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bdz O] ftesojH,jddzgs? tcOBE&lST My
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Ctodflstso Odzé Isdz = By OF . [Mdzse dzr 8  H M
fsdzdzsW ZdzC yd s dzOdzr des?2 MmdMmlsj o' , MY sftse dats?

Yjdetso j HdMftetsf steydd dixHkz ojHEMdBd bt
MEXC.

Crypto Arbitrage Monitor

Currency:  CHILLGUY Time Period: 24 Minutes  ~  Zoom: 12 Points  w Load Chart Random Currency
4 Pointz
Fetch Fresh Data

7 Points:

Range: $0.019950 - $0.020230 Current Spread: 0.7018% Updated: 01:41:26 10 Points

12 Points

CHILLGUY Price Comparison - Synchronized Time
Bitget MEXC Bybit
0.020250 Opitge o

0.020200
0.020150
0.020100

0.020050

Price (USDT)

0.020000
0.019950

0.019900
01:17 01:19 01:21 01:23 01:26 01:28 01:30 01:32 01:34 01:37 01:39 01:41

Time

Arbitrage Opportunities

Found 2 arbifrage opportunities!

Spread: 0.7018%
Buy on at 50.019950

Sell on at 50.020090
Net profit: 0.50% (after 0.2% fees)
Spread: 0.5013%

Buy on at 50.019950

Sell on at 50.020050
Net profit: 0.30% (after 0.2% fees)

tdmi Ok ds L Oadmddismisd hjddsj ey 2ofifgj d3d

S BBmdzseo dz" &3 HEBMIstsd dzmis b HRS s Y fizls 5 dsusaldg HNde
sBtcOBSISCd HOdzdz = M ddzlsjtco Odzsdz tsB dztso dzj
OterdIlsj Ssktclz, ClststcOVY ffLotdzdls dzj 6E 5 HTESE
tOMmMud SO ydmbsts?2 ftde" dd §smda Stskdmnd?,
M OHOf  BEda@detsdy d ftsHtesBds?2 odLEZOddL Oyd.

v PpOizdL Oydw ItejBlzjls foMmistw dzdats?2 tc OB
Csdsf ! s lsj toj ftsdz2 L so Ols j dzw Yls ts s tc Odzd yd
toj h j dad W 1 Ists? f tctsB dzj d3r f dzOdzd telz j Ismw tc OL
o wRisy dats fyls* & dzj ftcjtor o dzgse s Bsdzd ststed dzg O
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f zOdzdtelz j Isfqfw H BB OO dIs! tcj OdzdL Oyd s d3d ~ O dat
MH] dztC¢ yYdtejL Ikteetsor j API B JtsyeJ & ¢ th dzruzlizty
OteB dIstc Oy O.

l1jtemMyf jCIlsder tOa ©diis®t Byddhdzls ke tcOyds ) H
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tcOL tcOBBISCEZ d3tse d dz' dgts ¢ isH Qfdigj ddddissicjtdzd d3ts dadds ts te
MeLHOdd] WOMh dqted dzadets?2 OdzOdzdlIsd ygd ME ts2 ff dzC
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sBtcOL s9 Ols j dz! dz,lsGts Eytcj yHjdzedw or Mh jets BB
dMmmdzi Hise Ols j dz! iy Shipf2d 2f tzcdef]l® jJ ~tediEdls J Is *

O dzdzts s Oyl @ls! v fsfowh j g0 fesjSlsdictse Odzd® B OL T
Cdzs yjorn MbOHdd: Ctdyjflbkzod dkzs, dsedyjmsks
bsteidlks kv  fewid d MBLHOY MW Codyjflskod dz
tcOL OB PY 9 @2 destc BOdZd L 59 OdzdzOW d destedzOdzd L 59 OdzdzO™
clstesdy § &OfCde. 100 jehOshdds hOcsd MlsOdsse
pCds yor h jj fwfmstesjddy kOBddy M Mikhdshlsy dd d
s5CdzyOlsj dz dzgs? fltekClskter BOL'T HOdzdz 7.

sdzt yjor j Biplzseo Q:Odzdz’ », fHtetsjCIsdtesoOdedj, SCtsdzyy
BsHjd , WdLdyujmSov &sHjd , dssoydwy vjdo, ¢l st
MstczCIsktc® B OL T H Odzdz" n

DEVELOPMENT OF A DATABASE FOR ACCOUNTING CONSUMABLES
FOR SERVICING OFFICE EQUIPMENT
K.O. Savvateely I.D. Tokare¥
Lysva branch of the Federal State Autonomous Educational Institution of Higher

Education "Perm National Research Polytechnic University"

Abstract. The article is devoted to database design, which goes thtbugd key stages:
conceptual, logical and physical. At the first stage, connections are formed and a conceptual model
is created in Chen notation. Then, unnormalized and normalized schemes are developed using the
Crow's Foot notation. The final step isysital modeling, including the construction of tables with
entities and attributes, as well as the formation of the final database structure.

Keywords: databases, design, conceptual model, logical model, physical model, Chen
notation, crow's feet, normadition, data schemas, database structure

I'e dHJdedj

) Mootcj dgj dedz" = e OdzdL Oydwer 1 WWJjCIsdoe d
JdetcOjls 90y dzzt totsdzr, M j dzdets f tod tsB Mdzlz
MmMdmilsj BOIsdL Jicse Odzdzts e s € 5 dzls te 5 dzW Bsy JIs 1]’
fslsjtewds d Mmdedy Jdede GCOyJmlsea O tOBBIST . t .
dmf sdz' L s Odzd | BOL'T H Qdzdz' =, CslststcOW  {f 51
d deW sted3Oyd ¥ ts BOIsj ted ©OdzO~R , slsfmdzj y do Ols
ftetsL tOydztsfls Eyy sdz" 7 § te®yj fMfg@akzdzr £ O it G
Qo lssdizOIsdL Oydd tcOB slsT fsor h jdad® Is sy dz

COMYtejHjdzjdd® toj Metemse .

95


https://www.postgresql.org/docs/16/index.html

[f§dMOdedj] ftojHAZ] Isdes?2 B dZzOMIsd
stsotcj dgj dedz" | e OdzdL Oydd, o¢dz& yow o fy
OCIsdodets Htedd3j dgveIs o yd mdzdhisej=lg! 2dzlz § ts odin j 6
HyWliIsj dz' desis( . r dzw f SHHJ] oY Odad W tcOB Silstsf
Isd ~ded yd ME 54 sBMmdzzy do Oded | , Colstets ]
dmMf sdz L s9 Odzd § d3 twOL dzd ydz' = tcOfMmn SH B otAsdzd j C
fJyOlsdzr = tOMn BHdZ »n &I CdEgeodzjHAES S odz] OISt
tcOB SIS Isj mndzd yd MEtsets JjtemMsdzOdzO d&Of tw i3kz
ssydzsets tsBi MY Jyd dzdvw dzj sBrtsHd B i3 ttOMna BSH

Hjtc! VL dzts?2 f tetsB dzj A3tz 2 i tod dmfsdz! L 59 O
dzj HeMisOlsydes Issydetsy S ckp@nddz - §f KOs &
f cOQo d dzts dr EZyvls ojHY MW otclkzydzzt BJL
sBJ M 4 yud dzed v, ybsts ftodotsHdls € Mkl jSCIlsdo
tcOfmyy sOn. JIlMmiklMmlsod) JjHddts?2 MmMdmlsj &3" kY
CtcOS Mo jJd HBdZesMtetsydetsy § dzOdzd tetso Odzd
Codzlstetsdzr Isj Shdr MisOStse.

glzh jMmise j dzdets? ftotsBdzj B2 SOC i MlsOdaetse
HOdzdzr = 5 toj Odz! desdz ff slste i@ dzi etf d s A3 Is g tc dn@s
LOCEYfsyder » L Ovetl ffipgditsicdpts | Bz 9 dIf sL dydd
OSB3 dzOdd3d deseo OdgdW d3 k34 dd3d dbsmw dLB" |
dzj s Isd 3Oz dets sz tcOMY toj H j dzd dzd ¢ tej Mztemtse ,
dzj sBrSHdB" » tOMaBHA = d&OIjted Odzsoe , dzd B 5
Bsclzls ddf OROF Isd ¢ tod d3j dz dzd W .

1 OdBtsdz! h Iz OCskzOdz! dztsls HOdzdzOW ff totsB d
S OdzdL Oydqwa M BeteOdzd yd dedzr &3 W d dzOdzind te ts
W d dzd O dz' okL o . ) f sHtsB dz' n Edztse d W n ts f
dzj sBrBHJ B | BOIs j tod O@xs ¢ dz&s i tc difisdz@dpdstg wsiad
Bddzed 3L Oydd dLHjtey ¢ d tOydosdOdz desegts
Qo lssdizOIsdL qteso Odgdzts 6 5 Zyy IsO© HSY sSdzdzed Is § dz
cOMrtsHBS Oded J &3 BOIsj tcd Odziso IstezH dzs ls
EmMistets?2 Mise © ddndfds df dz'sjo OO filsritsH dzf J dBOIsj ted O d

[ dzw tej hj ded Vv o hjsfdhnOded n ftotss dzj o3
OolssBOIsdL Jteso Odzgdzs?2 MdMmlsy &3y tOMyy s d |
mMdMmisj B3O HBd 2O Eydlsr 9 Ols! MsOlsdmisdSEz d
EmMstets2 Misoa © FHeE®O&ddqrMo o OMratsHdz 7 BOIs] toc
BOL'T HOdzdz" n d Odze stcd Is dG3ts OzOdzdL O {f ts1
fslstejBdatsMMisd d B i M juydls Btsdzj j Istsydstsj,

ltetsj CIsdteso Odzdy BOLT™ HOdzdz -
[ dzv tcOLtcOBtslsCd BOL'T H Otzdzr rj v dzjS tsedayg Hf ds
ksedyj mMSkr d Wdrdyj Mk dsHjdr. 1 OyOls:
stsdzyj f sz Odz! ide@s dstdsHgjOdy'j dzd J § toj H A3 Is dats 2
tcOL tcOB OIs™ 9 Oj Isfpyw BOL O H Odzdz" n , BJL i tc

96



Codzyj f sz0dz dats?2 Bts HG fifafts df'teltsly S Wsfig e tsfg d@jdad g & b d
5§ dmoOdad v dSISHJdZQ’- |

g zh desiilsj Odz! dz" 2 ddzd OBMlstcOCIsdgr 2 BI j &
LdzOyd dzedy HAzw HtejHAB sdets? B dZOMIsd [ 1] . s
9" tcOy j dadets j mizh | fr]Isao[ISszJI dz" d3 9 J HddzfMmls
ftowsiBe sdz! dzd € 53 dzO A J o3

Oblstcd B ZISOtcOCIsjtedMIsd S © MEh dtsmisd, L dz0yd
ftoj Hd3] Isdes?2 B dzOMIsd d ftoj HdzZOL dzOyj dzdzOW ¢
Ctsdzd yJ Mlse j dedzts 2 ~nOtcOCIsjtedmlsd S d d dzd o
sBtSL dZOYOj sy o Odzsdz dzO Mnr j B4 [ 2] .

[sslp j ded/jsC OL T 90jls MawLd dBjYHE BBl j S5O
Mad &4 .

r dzw tcOB SIsT u’tGJuJHszlsO ct OfmMyy ls  OMQ- s
mMizh datsmyls ¢ ch D tsPfigsg Of Olsjtcd Odz' e, 9 (Bt
MowrLd djyHE sznlstets?fr]lsaOd3c{ G Bdd » ¢ teZDESE H
Oy HOY orf Hjdjd Mmihdshisd BOL" HOdd -

lLufMstesI MPINE@®&H A J] [ OljtedOdzr (HOdzdz | 5

2.V Mlstes2 Mise O (cdewBtsd3,qu’W sB kZMmistets?2 Mise C

3. OmMratsHdzr J [ OljtedOdzr (ddaW tstedzsOydw s toC

4vjnddtO (ddWsttddOydy 5 oadHOR Isjrdd$d)

550k jetstedY uvfstes2Misa O ( dJdW stedzOydw s ¢
b.utsmlsswdzdj (JdaW stedsOydwy 5 9adHOR Mtshmistsw
7.stef zfp (dJdaW stedZOydw t Ctstef zMOR) ;
8B.sOBddzjIs (ddaW stcdsOydw s ¢OBddzj IsOR) ;

9.l dH" { OfmMAatsHdE [ OljtedOdzO ( ddaW sted3Oyc

10.b tc OISO (LEQuYdstsHf sIstcj B dzj dedw EkMmlstets?2 Mise teC

{ftejHjdjdr MmewiLd d&iyHE MM dshlsw i3d M
sB d&zOMisd o IsOBddyj 1.

v OB dzd yo 1

gowLd MkzhdsMmisj?2 M ftojHd3j Isdets? B
dlzh dgsfmlse oW ! g lzh dztsfyls v d{
vindd S Isdesdlsmwy € |[sOlsjcstedWw JHnddz ¢ o3
ststef 2fy) |1 Cdz¥ yOjls o flsOBddzjls JHddz €65 o3
Viflstets2 M [ IsdesmdIlsfmw € |sOlsjcetstedW [ desedj €

viistes2 it OMYf sdztsy j dz §s OB Jdzj Is [ desedj ¢

1
2
3
4 UMt 2MRAB) jIs MsOskAusmiseY ddj |f escdj G
5
6

[Okjedoqo |dHdd 6 &

vtej BlzJ Ismw  H O

7 |umbses2 M b d o 0 dad !

t OfatHdy § [f desedj Cfs

viilstets2 Mise O

8 |[uteOIs" LR ¥ Is LOUde[Om:BHme |

Jd HddsHUzs A3z

97



EOdz dzOw cHipaivj 2 & clgted dBfpdets dzis ks O
jdz0 20 twdmbkdSj 1.

Sz

t dMmis tldzyj f szOdz dzOW BtsH j dz' 1T

vsO0Cddz BBtOL 53, ftosOdzOdzdL Jtetso O9 ¢ sdzy
Hy Mwis! mMih dsmisj 2: UJrndzd CO,Istsy @2 j ¢ stcgtyts
sOBddz Is, vistes?2 Mise O, Il dHT t OMr BH &G |
LSO L O cetH,0MD Eists2 Mifedds j tcd O dz. [t H,
mMih deshiswdd. 1 tthisttts] dz0 S tsdzyd f lszOdz dzOwW  dit
vjfjt! daj 5B R tsHEEEsY J pMiste sdftsH | diz .

[ sedud ME A6 @B fjuds sy Yo HMlsOo dzj dedd M
Zyy stsd3 ftod ded d©zOj d3ts?2 EtsH j dzd HOdzdz" = (dj 6O
Is. H. ) , dzj L O dimd di3ts § sls ¢ tsdzj ydzts? tc j Odzd |
f dzOlsWtstedzr [ 3] ., [uos {st€@dzd oiPyj se B OL j H O
COC r~tcOdzdIsmw .

rdzv fesmstesj dzgdv dzseduj MEBs2 dBsHjdzd tOL
ftcJ HA&3j Isdets? B dZOMIs(d .

JHddz odH sjrdzdCd HRBsYJls dJd3j Is! slsdetsh §
dme tsHW dL 1 Ists@ ts, Bsy ok 2 M@ @ds ms v dgdf 5 ¢ @M,
CcsOlsjetstedw uvMmbtets2 Mlso ©é BEHJjIs tsHddz ¢t d3d

{JHddz Ctsteflzfl dsydls dddls! o Mmisd dzj Mt
By dzs ME OL Ols! Ylsts Mmoo w L ! B3d Y HEZ MmMEh desmlsv
Cts d3dzetsc d 3.

JH&ZO COjcteOff e OdY smhwv dzO dzj M sdz! ¢

L Issets, Ay dts MEOL OIsy, yYlss Moawer! dBJYHE
LiMstes2 Miso ©Oe BEHJIS d@zsedy & BGHdzs®BE.

{ H dzts mMemissw dzd § EmMistets?2 Mise O Bsy JIs tc C
EmMistets?2 Mise , dimrBHYC @LLOIsY Istseyds 5 dipywdets i3y
cuMmstcs2Mlso ©é d cutMmlsswdzdje BEHJIS dgdese d

98



JHddz COBddzjIls sy jls MHJ ey Ols! o MmMJisBj
Il Issets, W@y dts MEOLOL!, ybts MmMewrL:+ d&iYHE
BzHjls d@descdj § HdEGE.

[JHddz @R- SHdSES d@OIsjtcedOdzO dtsy jls tOMmt
tcOfmMn SHdzd € 50, dmeatHY dL {1 Itsgts, dstsy dzs ¢
ct OmMatsHde j [ OljtedOdzr e d ¢l dHT t O~ SH dz
d3dzts ¢ d 3.

SOC BHdE bkhkts2hlsot &y jls sHdf Gt | S&CE
sHddz eOMatsHdzd C, dBsyJls tsHRaBHdIs: € dzj MC
Bsy des MEC OL Ols Yylsts Mmow ! B YHE MEh dsf

[ OjtedOdzr e BEHJjI dBesedj ¢t d3detse d 3.

JHAdZO L Of d M s mMewLd d3dgyHEZ EMstetgy iglse s
gqdizj Is! bd ¢ts SHdZE LOfdMm! B dn ItcOISOR
Ybsts fowiL ! & yHE MikidadffihlssvHdge j¢ uf s el G
GsHe BREHJIs sSHdd ¢ tHAds®KEZ.

gowlL ! BdyHE MEhdshhiswdd ftosdmMosHdls s
shdzsoldds dzdzd € Odz! dz" 2 CtsH MEkh detsmisd .

[ sedyd MC OV &BsHJ dz o deslsOydd ¢l stetsde
ftcJ HMIsOo dzj d2O dz20 tedMmizdzeC § 2.

—+f x| mawae

tdffasedui s ov dshj d

sO0Cddz sBtOL sd3, foMmistetsj dzO@ dzsedyj M OW ¢
vdfdte! dgj SBaBSHIBSEEjBEAddS VdLduj Mo

AdLrLdyijmSts] ftesjChditsb®dtfpsy P OdzdzOE
tcj OdzdL Oydd BOLT HOdzdzr » dz0@ EMmlstcts? Mise OR
Cdze yjorgjg MmeaweLd, MteczCIlsztc® WO2dse d dc
Hisfiskz ¢ gdeW stcds0Oydd ® G teO@EPYY) dzdno W LYyQ ddo
BiROddL B BjLBYOMdeshlsd.

[seduimSss) d WdLduimSt) ftsjSlsdiese Oc
fsMCtsd Ck tjhjddy, ftoddddOjr j HoY sl
WdLdujmMSsd tesodzj, dBsckls dL dijddls: dsedr

MmOdPICtedMisd ¢ O MEh dsmisj 2 ftjHjdvjlshmv

99



glzh datsls cufmies?2flso O S Ow©OCk,jtdL kzjk

tcOMmMYf sdzsy jdzdj &3 dHjdalsdW d S Oyd tsdadzr dzd H C
9 ¢ dzt ydls: Mo wL dz J 1 dzj o34 dzls T Is OB dzd y, Is ts
slsdtsMWiB istes?2 Mise O, SsOlsjcetstedWw Vilstets?2 Mls
[SHjdz0, dwjted2der 2 desdzgjtce d Rdzo j dzlsOteds 2 dzt

lted 1 Istsdz Isdf HDzzMBtc@R g BB O ygd Mdzsoe ts2
o dHJ Myy syd ¢ O, IsO¢ N d sdz wodzw j Isfyw C
cujtod?2dz 2 dzod@stdemw Gof didnjrS Mistso tsdz o dH | .

g bzh dztsfyls ct OMmMrtsHdz J] [ OlsjtcdOdzr € - OteO
Cdzdyj Msotsdzs dzO®@ MS dzOH ] d &Bd ded BZ3Odz! dzr d3 L Of
mew L dzr | 1 dzj d3gd dzlsT Is OB dzd y, sts ¢ OlstcdB Iz

ID_t OMnr BH dzd ¢ Odzd J ,d Hs Sz jofipls o 5 dzO@ ME dzOH § ,

lted {Istsds Isdf HDEOH-CBHzdE BB O ydhdse 2
odHj Muyybydso, kOC yj d wedvwjlkfw ¢ d
MSCdzOHj& d c¢f dqdzdBOdz dz" 2 L OfOfmé L Ofdmr o O

O ZO dztztsd g OMMEY HOW of Hjdzj dz OlstedBlzlsr o f
d tseteOdzdyd dedw o IsOBdzdyd 2.

v OB d&zd yo -
dlstcdBlzlsr fkh dasfyls j 2
glzh dzsmls dblstcdBlzIST vdtf HOdzdz'|[ Gtc Odzd ydJ dzgd
IDuvMmistes2 Milseo Gu yvY Isyd ¢

SO jeBLd™ Ui

Yy dmdzso &2

g4 sMistsvw dzd § ydmdzse 52 |1 Mmd d3o sdz
s OB ddzi Is ydmdztse t52
LS Mise OF— 7 4 vjChisor 2
djted2dz 2 des|uvj SMistsear 2
RdAzo j dzls Otcdz” 2 |y d Mdzso 52
r o fsmiskzyf|r OlsO
- ID v j ~ded € d gyy Isyd¢
v nddto vdnrndzdCO v SCMstsor 2rs 2 Mmddoe s
IDsOIsjetstedd |[a#yY Isyd¢
sOljetstedw” |IdH vjrnddSd|ydmdzses? |1Mmd d3o sdz
SOIsjestedw vy SMissar 2
. ID g tsMmilsswdedV [&dYyyY syd¢
sty ddd T Eew dq sjCMmser 2165 10 fd ke
IDststclf MO gyy syd¢
syl sl v Chsor 21 Mdde &
ID s OB d dzj Is© gyy syd¢
sOBddzj s ststelf Iz ydidzse s2 |1 fd dzo tsdz
s OB ddzj Is vy SMsser 2irts 5 Mmddie ts
ID { OMrtsHdzd S Ga Yy syd¢
- l dH yd mMdzs o 52
}OE;&E%&% 1 OL 9 Odzd | v CMissoar 2
stsdzd yJ mlso s ydmdztso ts2
[ dded B3O dz' dz" 2 [y d czs o t52
ldHn t Offpasuk|IDl dHO gy Isyde
[ OljtedOdzO |] dH vjCMmMssor 2

100




viNses2 Mlsea O ID vowL g Yy Isyd¢
[ OMrBBH 2 [UmMstes2Mlsos |y dMmdse 52
t OMrBBHdz 2 [ (ydMmdzse 52
D) 0 dfqd gy Isyde¢
c dze Otg! ydfmdzts o 52
AJ o tcOdz! ydmdztso ts2
| Otls ydMmdztso 52
o tcj dz! ydmdztso t52
[ 02 ydMmdztso 52
vteOlIs™ L O G|R¥ dz ydmdztso t52
R ¥ dz! ydmdzts o t52
boclzfmls ydMmdztso 52
4 J dzlsw B tg! ydmdztse t52
J ClswBts! yd mdztso 52
1 Y B! ydmdztse 52
r 4 ¢ OB te! yd mMdzs o 52
AdLdyujMSoOw dBsHjd! ftojHB)sdes2 B EOMIS
ftdHils

Oo dzj dz0 &0 tdfbkdSj 3.

xxxxxx

tdmA3fLdud ME OV d&BHJ &

rdzv  tj OdzdL Oydd Mmdmisj dr of
OstcdBdzlsOIstcdB IzIs " Hdzw MmewL d
BiAHEZ Mehdshiswdd. [ftejHjdjd Isdfr Mew)
OtdBlkIsOr. 1 tMmlstetsj dz@r Ctsdeyd fIskz0Odz' dzOVY d3ts
ZseduyujmMeow d WdLrdyujmMeow dsHjdz2 o dslsOyoc

1 O¢ dz¥ yg dzd J
Il dbtse By ds SlsBilsdls:, yYlsts tOL OB BISS
BOIsjtcdOdztseo Htod wBMAEZEZYdo Odedd W dMmdes?2 Isj
fzlsd ¢ ®GflddddL Oydd odzzlstej dzdzd~ ftetsyj MM
ssdz 5 Eftesh Of Is j Uy delsizc xfdz! MA@ da a dsp Odzd § d3
fsor O s Istsydztsmls 9 JHJddW Zyy s 0O, d3d dz
daj dzgzy dz" | tw©WOMAtsH' . ¢olssdBOIsSdL Oydw EZyy Isdg

101



EmS stedls: BttOBlSE Jdistdoydd, O kOS]
COMy gidsdjjdz tj Mkztemse. 1My 1l HJj O]
JaizMlste Bj deglstsds  ftsor h jdgdw COyjfmlseO tsB fd
ftesdLoHdIj d desflsd S 5B Odzed d .

s S ddlsj Okt
1. rd2bs. 1. JeojHjddd-Jo didi@lezfds". 1B Oy to
L H

[.: R O dsjdsiz'" ) Sfft2 Wiitdj3' 2 8 2i9.0 5 .
2 . s tsdedets dzdzd U . 1 jJGaeé s. 1 OLrT H Odzdz" -
MeftesotsyHj ddj. uigstdyfud ¢l lsidgHms 62 60 3 .
3. stfj26ddz [.1., swfdtedHtdsse J. | z

SQL tej dzv¥ yQits ded® Rdz'BR : L ijuB dBfS Ijalsfrgsﬂ)lﬁCDJZﬁZOS
4. [Jj2it [. vistedw to]fdzvydisdidze DBB@EI. H C
5. MiBtsdzgj deS s ¢. ., A" cE0Odese 1. [ . 1

Eyisdzg'r = LOojHjdzd?2 [/ 1 BH -t6jH.J LG A .B. ¢ .

s{t{vld &, TZBXBI .M.

vrs 004. 65

tor1t o0 fuvsd 16173 roér1v3m rfc vyrvod vl ot
RLTULVZ[S
s.[]. uOoolsrj.jousCOtcj o
[T ojdMCd2 WddzdOdz W jHjttOdz desets Etsiz

SBiOL s Olsj dz' detse s EZytej yHj a3 < P j dz®y b B (
dimfmdzj Hs9 Olsj dz' MSd2 Ytsdzdlilsj - ded yj MS d 3

¢ dzdetsls OYdwimlsOls! j t6OMMBOtede Of sV UUS‘SHanff] 11

Czte yOE h 2 Isted thdsedr j MsOHdd: Stdyjfszod o

)
Wtz sy  Codzyj Bls zd2wds @aPd'd dasHEGOz ) S§ ] Hj dzj
Mkzh detslsw oz . 1 Olsjd3 MBLHOE sMw  dzj dzestedzOdzd L 59 O dzdzO
clsesdy d &OfSde. 10 LOSCH ydljd dsd sOfj orf{
tcOL tcOB Ols™ 9 O8 Isfmw IsOB dzd yr fn d fy 2 fdietg fmlsjwdegdj Is fHv O s & 6
MstczCskEtc® BOL'" HOdd -.

sdzt yjor j Biplzseo Q:Odzdz’ », fHtetsj CIsdtesoOdedj, SCtsdzyy
BsHjd , WdLdujmMCoOY &sHjd , dsksoydy vj ko, ¢l st
MlstckClsktc® BOL' HOdd o

DEVELOPING A DA TABASE FOR ACCOUNTING FOR GOODS IN A TOY
STORE
K.O. Savvateey |.D. TokareV
Lysva branch of the Federal State Autonomous Educational Institution of Higher

Education "Perm National Research Polytechnic University"

Abstract. The article discusses th@tabase design process, which includes three main stages:
conceptual, logical, and physical. First, a conceptual model is formed in Chen notation with the
definition of relationships between entities. Then, unnormalized and normalized schemes are
createdin Crow's Foot notation. At the final stage, physical modeling is performed, where tables
with entities and attributes are developed and the final structure of the database is determined.
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fjtej2d ¢ fombtesjdds: dEscduyj NS d&sHj d]d.
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cottesdz d dzOf Cde fm MewrL dzr di3d OlstedBlZzZIsOdBd

Y4€T npopaxu Toeap 3aneka

PK | ID Yyéta ToBap PK | ID 3anBku
FK | Tosap H————Vuumsizasr npoaasy——H PK | IDTogap //—é FK | Tosap
TOES|

Wrtorosan npudeins KonuuecTeo Toga| pa FK | MpouzeoquTens

FK | Npou3soguTens UeHa 3a Tosap (pyd)
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9 Cdzt ydls: Mo w L dzr j 1 dzj dzjdagldzls O dg O eHd2flagizts 2 Is tin
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KjdadzO L O Isso Ot d I LtOfmisdas] 6 teOded yj daed
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setcOded yj dedv dBsy dets ZoadHjlsy o IsOBddyj 2.
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Yuer npogaxku Tosap 3anBka
PK | 1D Y4éTa INT Al Toeap PK | ID 3anskn INT Al
FK | Tosap INT NOT NULL H——Vuurssser npogawy—H PK | 1D Togap INTAI __——<] FK | Tosap INT NOT NULL
3anExa Ha ToBap
Konuuectso npoaaxkoro Togapa INT NOT NULL Haumerosanme TEXT H— Konmuectso Tosapa INT NOT NULL
WTorosar npubeine INT NOT NULL Konuuecrtso Toeapa INT NOT NULL FK | Mpownssogutens INT NOT NULL e —
FK | MpowussoauTens INT NOT NULL Llexa 3a Toeap (pyG) INT NOT NULL
Llena 2a Tozap (pyf) INT NOT NULL Nata nocrazkm DATE
/—< FK | BoapacTHoe orpaHuugHie INT NOT NULL OmpasnsieT saKa
ugeT orp Mpowseoast
B02pacTHOE OIPaHWYEHHe
MpouzeoauTens
PK | ID Orpanuyenue INT Al
PK | ID Mpoussoawtens INT Al H—
BoapacTHoe orpaniuetue VARCHAR(3) —
Hassanue TEXT
frj | 1 OW  dsSH j dz 50
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H Odzdz" d3d . RM{sdzr Lo Odzdj BOL' HOdzdz" = f L
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hqdedetse s tsBhkyjddwvw, oCdz yow O0OkOSd dzO 1 sOfj tsB
M OIstcd 8 O Ismw BBj - Odzd L A" & j OzihHiz@a d g - 4&(1)2‘
Wistcdzd totso Odzdzs fiyls d L dzsz d3r M dzj dzdzd € O. l1tcj HiMlsOo dzj
ksHiso LOMdIsT, kOSdR €OC MfjydOd dzOv Istej dzd tot
d g4 dzj ded j B stsHtse B MY Judddy ¢ tsdidHsjdsgdsdd
Wteso Odzgdw. [MBtsy odedBOdzedd EHJjdzvjlsmw Btec Odzd L
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PEO TRQOFQF F GO

CYBER-ATTACK PROTECTION BASED ON Al -BASED MODELS
A.S. Shevchenko, M.A. Dolmatova, S.E. Ismagulavy. Rasskazov
Yugra State University
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Abstract. The widespread deployment of artificial intelligence systems in critical
infrastructures has made machine learning models themselves a new target for cyberattacks.
Traditional approaches to information segurare proving ineffective against attacks targeting
vulnerabilities in the underlying algorithms of Al. This article provides a systematic analysis of the
security threats to machine learning models, including attacks during the training and deployment
phases. It examines in detail the mechanisms by which these attacks are carried out under
conditions of varying attacker knowledge. A comprehensive overview of modern security methods
is presented, including specialized model training, anomaly detectidrtharuse of data privacy
and encryption techniques. Particular attention is paid to organizational measures, including the
"security by design" principle and the creation of continuous monitoring systems. This article is
intended for researchers and piteaers in the fields of cybersecurity and machine learning.

Keywords: artificial intelligence, machine learning, cybersecurity, adversarial attacks, model
protection, Al resilience.
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ontsHdZ j oftSLHj2Mksadw. i dz®a de®%s ' y ydzidzj GzOF ©
sh dBtsydats j ftsojHJddJ mMdMmisy &3, Colistetsj
dsted3Odz! dz" 7 kffzseadwih S dz2OOydd[ 2] .

1 8lsj dzyqdOdz dz' § §Yohdisi@fiseode® Mhlsy dgr ~ d M
ddzls j dzdzj CIs© detsmwils BOMh IsOBdz" 2 d dBdsectsetcO
LIss dBtsy jls ftedoa jfMmMisd ¢ BtedOdedL s9 Odadats Bz 3
stcOdzetf G IstlpsR H Odzd s ©Oo Otcd2 dzr - TR J IBOBY FEDBE dzs
slsCwzggdzdy &5 d d&zOtkzh jdds OBl Cwdlsdyj ¢
Mmjt! vy Lde J Myj dzOtedd HtojH 5dZOG0OEs oL BBEH
ftewdize EBZetwtsLkz ydrdzed dzvenHj2, thtsej dzdets € 5
Qo lssdesdzdzs’ dz ItcOdzemf stelstsdz d dz§ 6 i3g HQdgf.dz & @
sBtcOL 53, LOHOYO B M Jj ud ddw Csif dj ¢ Mdzts.
sBlzyjddw fjtejratsHdls dL CObjcetstedd Isjn dad .
o0 der 7 otftosfmse dzZOydtsdzOdz dets?2 d s ) H Iz dz0t

Ajdz ¥ HOdgdets?2 MisOlsy dgd jv ofgaf fig ldsjinds O Isfcfta by dH
FetetsL HdzW d&sHjdi?2 GO dJddktses seBkyjddw J
Otefj dzOdzO 3 stsH 59 LOh dIsr . J tcOdizC On tc
CdzOmMmMdW dydtetsea Ols! dLe jflsdz j Isdfr OGS d
or wodl! MmMJANsgdisEBjjtcdesmisd o dn ®©WOLOdIsd .
Wstcdsd totso Odzad YyJ zsflsdese s ftoj HilsOo dzj dzd v
Euydlsr o0 h jets COC Isjndedud MS d iz fQdAojdejlsdzy j fik
otsf totsfyr . 1 Oy dats 2 MtsMlsOo dzw 8 h j 2 d mmdzj H

jtemy jClsdode 7  d2OftcO@odzj dgd2 Hd&Y HOd daj
feOSkkdyuyjMSdn t©OLEOBKEES, SCktster j &sddd
B ssHise L OMdIsr s lsdatsh jdeder € 1 oatsdz ydd
dCIszOdz! detsfyls Is j d3" sBEzMdzse dzj dzO Miste] dic
dmMS fddddsas js ddalsj dzdzj SIs©O d dr OCIdoedz d3 o dg
mMdMmisj &3r . [ IsMmEklsMlsed] JHJdc?2 &iksHsdEsed
BON ddzdetse s tsBkyjddw MsLHOY I MEh jMmise j dade
ydWtetse ts2 1LCdetsd3d S d d wBh j Misd @Phde H [yg] @iz
2O cOo dzj dzts dzO L Of scdzdzgj dzdj L stsects f tesB j dzO
¢ L Oh dlsj mMdMmlsj &3 RR, sBl jHJdwes h jes
BON ddzdzsets sBRZYjddY d CdBjteBiL B OMmdetsmisd .

[ dBsHdS O dMhidtse @6z v ¢ zOmm el d SH Odndzts
ML-d@3tsH j dzj 2 Mmbstesdlsmw d&O tw©WOLH]jdzjddd fts WOL
ZzO {Ofj BBlEYJddW, dLeajMmdzr j C€0O¢C " Blsts
J 20 tc O o dzj dzdzts j dm¢ Ox § ded J sBlzyos h j2
dzyd §  Odz! dzts tc @usdylsds j § 3O W @ :dzd E 50 Oded |
h oy dzdzts j otsLHj2Misad| 0 ftdL dzO¢ d,
dodtlkzj di3r j btdz ¢ts fted tsftcjHjdzj deder = Lfi
[ dzw Hi BsdemistcOydd Emists?2 ydoe sfylsd B H J C
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ldLEzOddL Oydw HJj@Bsdhistedclzjls, Yyl Wkdzs
9" BtotsmOds, Yylsts HJjdZOjIs dBsH| dzd, dmf sdz' L I
sftcjHjdzjdzgdgr &3 s Oz Ol OC dzO tslstc@o dzj ded j +

10 {b0Ofy LS @OdzeO®PYd s OMmdz" d3d W o dz¥
dmMfsdz? LsoOdzedjd3 " 9tcO)yH B n ftodd3j tetso ™, !
ontsHZ d3d HOdzdz" dizgd OB BISOE M j 2 disHjdzd[ 3] .
LOC dz¢ yOjlsmw o or ydmdzi dzdd ctcOHdj dzs©O Wk
HisB Oaoddzjfiifdi yd Odz! dets teOMMudlsOdedetse 5 GFOdztsL O3

import numpy as np
import matplotlib.pyplot as plt

def mse_loss(y_true, y_pred):
return (y_true y_pred) ** 2

def huber_loss(y_true, y_pred, delta=1.08):
error np.abs(y_true y_pred)
return np.where(error <= delta, 0.5 * error**2, delta * error

X np.linspace(-3, 3, 180

y_true
mse mse_loss(y_true, x)
huber huber_loss(y_true, x)

plt.figure(figsize=(10, &))
plt.plot(x, mse, label="MSE Los linewidth=2)
plt.plot(x, huber, label='H ', Llinewidth=2)
plt.title('Cpaeuerne uyecTEHTE g (yuEmmi moTeps E Bribpocam')
plt.xlabel( ' Ommuora e
plt.ylabel ( '3nagserre moteps')
plt.legend()
plt.grid(True)

plt.show

[ dfietdOndaj ded j WEdC yd2 §Glsj ! dz® Efr

sdz¢e yjordg o stsHtsdz fslsdotsHj2mlsodw w9
Cobes] YWstthdzdadtlzjls®®CHEf 6 id 100 WU,  dyd dig
jh OjlsmMw vyjtjL oCdsyjddj otOYHjBA o (I
I stséts teOmMMislstedds edmkzdatsS 2 ( Byghim 2 ) &zO
def adversarial_training_step(model, optimizer, images, labels, epsilon=06.683):

adversarial_images = generate_adversarial_batch(model, images, labels, epsilon)

clean_outputs = model(images)

adv_outputs = model(adversarial_images)

clean_loss = nn.CrossEntropylLoss() (clean_outputs, labels)

adv_loss = nn.CrossEntropyloss() (adv_cutputs, labels)

total_loss 8.7 * clean_loss + 6.3 * adv_loss

optimizer.zero_grad()

total_loss.backward()
optimizer.step()

return total_loss|

{ qMi.A RS &z sBYjdd™w f LONdlB2 sl
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[ dzw ftotsd3’ h dzj dzgdzse 5t OL 9 j tOls'da O dzdipd ) IsSj te
Bsdzd Issted dzé O, slsmdzj y o Os h dj Odzts BOdzd d ¢
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-lass AnomalyDetector:
def __init__(self, confidence_threshold=08.8, entropy_threshold=2.08):
self.confidence_threshold confidence_threshold
self.entropy_threshold entropy_threshold

def compute_prediction_entropy(self, probabilities):
~eturn -np.sum(probabilities * np.log(probabilities + 1le-8), axis=1)

1
P
3
4
5
6
T
8

def detect_anomalies(self, model_outputs):
confidences np.max(model_outputs, axis=1)
entropy_values self.compute_prediction_entropy(model_outputs)

low_confidence confidences < self.confidence_threshold
high_entropy entropy_values > self.entropy_threshold

anomalies low_confidence | high_entropy
return anomalies

[ gfir j3sjCsdeco Oded ] OdesdBOLRG2 o ftoj +

it OLtOBBISC O L OMdfisdedly nistchIlB zjIs ddzls] ¢ teC
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0o sBOdL dqtetso Odadz" § § O2 dzO2dzr Isj mMisdtet
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H Odzdz" o3 ;
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1l otsdzt ydtsdzedtelzs h d s ZctesL Od3 ) sB dzOMlis d
dqdzls j dzdzj CIs©O. | Odzt dzgj2h dj dmMMmdzj Hise OdzedW™w H S
BtsdzjJ kdzdoe jtemQd@hdiist , dgiddgtsHstisgj Bz h drn L dzOy
ftesdLosHdIs] dz desmisd dgtsH j dzj 2 d M tsmtse dzr -
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ﬂt@lslsq’alsfr]lslswdchw sBteOL 28 h jets MmMotsj tB tcC
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MATHEMATICAL MODEL OF PIGMENT DISTRIBUTION AND
BRUSHSTROKE STRUCTURE FORMATION: A PDE i STOCHASTIC
MODEL FOR GENERATING REALISTIC DIGITAL BRUSHES
A.S Shevchenko, S.E. Ismagulov, M.M. Rasskazov, Modmatova

Yugra State University
Abstract: The article presents a PBdfochastic model of pigment distribution and
brushstroke microstructure formation for generating realistic digital brushes. The model combines
the advectiordiffusion equation with a ethastic source simulating the contact of individual
bristles with the surface. Accounting for parameters such as pressure, velocity, humidity, and
number of bristles enables reproduction of effects ranging from watercolor bleeding to dry texture.
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DESIGN OF AN INTELLIGENT SYSTEM FOR ANALYZING STUDENT
ENGAGEMENT IN DISTANCE LEARNING BASED ON UML
A.S. Shevchenko, M.M. Rasskazov, S.E. Ismagulov, M.A. Dolmatova

Yugra State University

Abstract. The article presents the design of an intelligent system for analyzing student
engagement in distance learning using the Unified Modeling Language (UML). The proposed
system aims to improve the quality of education throagalysis of student activity, detection of
behavioral patterns, and generation of recommendations for instructors. The paper defines the
systembébs functional requirements and provide
component interactions. Theinciples of building the analytical module are presented, along with
prospects for integrating it into modern educational platforms.

Keywords: intelligent system, UML, distance learning, student engagement, data analysis,
educational technologies.
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MULTIMASS OSCILLATOR WITHOUT ELASTIC CONNECTIONS
S.Yu. Beloglazova
JSC "Initiative" (Kurgan)

Annotation. A multidimensional flat monoreactive oscillator isnstdered, in which free
harmonic linear oscillations of weights can occur. In this case, only kinetic energy participates in
energy exchange. There is no need for elastic elements. The condition for the occurrence of free
harmonic oscillations is the eqitglto zero of the time derivative of the total energy of the system,
which in the case under consideration is exclusively kinetic, which determines the monoreactive
nature of the oscillator.
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ON THE APPLICABILITY OF THE THERMODYNAMIC APPROACH TO

THE GRINDING PROCESSOF MICROPOROUS COATINGS
A. L. Vereshchagih N. S. Aleksee¥
BiyskInstituteof Technologybranch)of the federal government budget educational
i nstitution of higher education c¢Altai
Pol zdnove
Rubtsovsk Industrial Institute (branch) of the federal government budget educational
institution of higher educatiogp Al t a i State Technical Un
Pol zdnove
Annotation. The article presentsan analysisof the destructiveloadsacting on the abrasive
grain during grinding which include the thermochemicalnteractionof the abrasivegrain andthe
workpiece.lt is proposedo considemetalgrindingasa thermophysicaprocessOn this basis the
metal cutting processn mechanicaprocessingefersto closedthermodynamisystemsA method
for selectingthe abrasivematerialof grinding wheelsbasel on the determinationof the isobaric
isothermalpotentialof solid-phasereactionsn Ni/SiC andNi/Al203 contactds presented

Key words: microporous coatings, abrasive processing, grinding wheels, wear of wheels,
chemicalreactionsthermodynamisystem
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IMPROVEMENT OF THE LIFE CYCLE OF HIGH -PRESSURE PIPES AT
THE STAGE OF TECHNOLOGICAL PREPARATION OF THEIR
PRODUCTION
D.V. GoncharukN.P. Shcherbakov

Altai State Technical University I.l. Polzunova
Annotation. The relevance and importance of higiessure pipes (HPP) as the main
component of higipressure fuel lines are considered. The stages of the life cycle of the turbojet
engine ae considered, special attention is paid to the stage of technological preparation of
production (TPP), which is a key factor in improving product quality and reducing production costs.
The problems that arise at this stage are identified, methods fargtte@m are proposed.

Keywords: high-pressure pipes (HPP), fuel lines, life cycle, technological preparation of the
production (HPP).
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STUDY OF POSSIBILITIES OF IMPROVING THE TECHNOLOGICAL
PROCESS OF BENDING ROUND ROLLING PRODUCTS AT THE
ENTERPRI SE OF JSC ¢RZZe
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Annotation. The article describes a technical solution for the development and
implementation of measures to modernize the technological process for manufacturing the "Staples”
part at the JSC "RZZ" enterprise in order to increase labor productivity in its production
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EXPERIENCE IN DEVELOPING AN AUTOMATED CONTROL SYSTEM
FOR THE RUBTSOVSK MINERAL PROCESSING PLANT
|.R. Zagidulirt, M.M. SvintsoV, G.A. Kulyushiri?, G.V. Makarov?, L.P.
MyshlyaeV, V.V. Grachev?
Control System Research Center ELC

Siberian State Industrial Universfty

Annotation. The article is devoted to the development and implementafitimee automated
process control system for the Rubtsovsk mineral processing plant. The paper presents an approach
to building control systems that integrate domestic solutions with the existing infrastructure. The
implementation of control algorithms described, ensuring improved stability of the technological
process and enhanced production efficiency. The results of operating the automatic control system
and the automated equipment stap Ssubsystem are provided. Th
currentdigitalization trends, as observed in recent scientific publications, is confirmed.

Keywords. Control system, import substitution, mineral processing, industrial automation,
digitalization
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IMPROVIG THE QUALITY OF PARTS PROCESSED ON LAPPING

EQUIPMENT
A.S. Litvina

Lysva branch of the Federal State Autonomous Educational Institution of Higher

Education "Perm National Research Polytechnic University"

Annotation. This article discusses and identifies the causes of increased labor ynbéisé
lapping operation, deterioration of the quality of the lapped products, as well as the causes of rapid
consumption of the lapping solution. A device for supplying the lapping solution to the working
area has been developed. The result of the idsé&ma reduction in the auxiliary processing time,
an increase in the quality of the lapped products, and an optimal consumption of the lapping
mixture.

Keywords: lapping operation, lapping tool, lapping solution, product quality, and fixture.
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MODERNIZATION OF THE RPS -75 MANUAL ROLLING MILL
A.S. Litvina
Lysva branch of the Federal State Autononmedscational Institution of Higher

Education "Perm National Research Polytechnic University"
Annotation. This article presents an improvement in the design of the/R8lling mill. A
schematic diagram of the modernization was developed based on tHedttro of an additional pair
of gears that ensure smooth transmission of motion to the rolling rolls.
Keywords: cold rolling, manual rolling mill, working cage, gear mechanisms, gear wheel, rolling
rolls, mechanization.
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PROPERTIES OF A FIXED-VELOCITY ROTATOR
V.D. Pavlov

Vladimir Electromechanical Plant
Annotation. The nonstationary mode of a stabilizedtator, the second remarkable property
of a stabilized rotator, the rotator runout in a stabilized mode, and the rotation frequency
stabilization algorithm are considered.
Keywords: rotator, pendulum, frequency, stabilization, coasting, energy, angutaentom,
cyclotron motion.
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