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PROSPECTS FOR TEREATION OF COMHKER ROBOTIC
DOGS

Abstract: This article examines the prospects for developing commercial small
sized robotic dogs. Theoretical and experimental results from testing motion corudrol alg
rithms for these robots based on adaptive kinematic gait planners are presentetl. The a
vantages and didaantages of various control methods are analyzed. The feasibility of
various motion modes for robotic dogs using the proposed approach is demonstrated.

Keywords:machine learning, optimal control, robotics, walking robots, robot dog,
small robots.
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A.V. GorodilgwPh.D kaverina@mail.ru
A.l. KononovaD. Sc., associate profesfiorc@bk.ru
National Research University of Electronic Technology (MIET), Moscow, Rus

APPLICATION OFROBOTIC MANIPULATOR
FOR PRODUCT QUALINSPECTION

Abstract Approach to product quality inspection using a robotic manipulator
equipped with a camera is presented. The method enables detailed examination of objects
from multiple viewpoints without the need for specialized inspection fixtures. Ae-exp
rimental study was conducted involving automated robot motion, image acquiartmn,
comparison using SSIM, MAD, and ORB metrics. The results demonstrated rekable d
fect detection despite positioning inaccuracies and variations in ambient lightingd-The a
vantages of flexibility and applicability to products of different shapes atdidiged,
along with limitations related to inspection duration and positioning repeatability..

Key words robotic manipulator, quality inspection, machine vision, imag®a-co
parison, defect detection, SSIM
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WHEELED WALKINGOPRILSION UNIT FOR
ANALLETERRAIN VEHICLE

Abstract This article examines the design and operating principle of a wheeled
walking vehicle propulsion system, which utilizes a articuldeager design. A mecima
ism is presented that provides adjustable lift of the vehicle's front end when overcoming
obstacles. The ability to adaptively change the height and angle of the support foot is
achieved, which ensures increased cammtry ability on rough terrain while maintai
ing the efficiency of the wheel mode.

Keywords:wheeled walking propulsior, articulatéelver mechanism, overcoming
obstacles, crossountry ability, kinematics.
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DEVELOPMENJF A 3D RECONSTRUCTI@GNGORITMBASED
ON LASERSTRUCTUREDLUMINATION

Abstract The article discusses the task of thdemensional reconstruction of the
underlying surface of a lunar rover usingeahnical vision system. To achieve thisj-a s
mulation environment has been developed that allows for the imitation of the rover's
movement in conditions similar to those on the Moon. An analysis of existing methods of
technical vision systems for thre@mensional reconstruction of the underlying surface
has been conducted. An algorithm for tho#mensional reconstruction based on laser
structured illumination has been developed. The developed algorithm has been tested in
the simulation environment

Key words Lunar surface, modeling environment, laser structured illumination,
stereo vision, technical vision system, digital terrain model.
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APPROACHO USINGAUVSEQUIPPERVITHMULTILINK
MANIPULATORSORLIFTINGOPERATIONS

Abstract The paper presents an approach to the use of tygitahomous unde
water vehicles (AUVs) equipped with mulink manipulators (MMs) for lifting and
transporting underwater objecihe capabilities of the propulsion and steering complex
(PSC) in such AUVs do not allow for generating sufficient verticalghto lift heavy b-
jects. To address this, the paper proposes using the weight of the transported object to
createanozer o AUVOs trim angle by changing t
nonzero trim angle, the underwater vehicle can use the caabodf a more powerful
marching PSC for diving, surfacing, lifting, and transporting the work objects secured in
the MM's grip.
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UUVTO A WORKOBJECTUSINGTELESCOPIGUPPORTS

Abstract Accurate positioning of underwater vehicles on irregular seabed surfaces
Is essential foperforming inspection and maintenance tasks on underwater infrastru
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ture. Existing approaches, including static landing platforms, manipddat®d docking,

and dynamic hovering, often fail to provide sufficient rigidity and stability under-co

plex terran and high reactive forces. This work proposes a new stabilization method
based on four automatically deployabl e t
hull. Each leg can be adjusted independently, allowing the vehicle to adapt to uneven
seabed topagphy and maintain a precise orientation. The proposed method offers a rel
able solution for rigid fixation of underwater vehicles during operations requiring high
stability.

Key words unmanned underwater vehicle, telescopic supports, automatic docking,
triangulated surface.
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APPROACHIO SOLVINGITHEINVERSBDYNAMIC®ROBLEM
OF AN UNDERWATERULTILINKMANIPULATOR

Abstract Thepaperconsiders a modification of the recurrent algorithm for solving
the reverse dynamics problem for underwater nfinki manipulators. The developed
modification takes into account the dependence of viscous friction forces on the actual
velocity of the inallent flow due to the relative position of the manipulator links. By
means of preliminary virtual purging of a separate link in the SOLIDWORKS Flew S
mulation environment, experimental data was obtained, which were used to calculate the
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actual velocities othe incident flow to the segments of the link. A numerical simulation

of the operation of the developed algorithm was performed in the MATLAB/Simulink.
The results of the simulation showed the effectiveness of using the developed anodific
tion of the algathm to increase the accuracy of the calculations.

Key words underwater multilink manipulator, inverse dynamics, wake, incident
flow, unmanned underwater vehicle.
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Abstract: The experience of manned flights on the ISS has shown that under the
influence of a complex of unfavorable factors of orbital flight, the reserves of adaptation
and performance capabilities of cosmonauts decrease. In the final flight stages,sthis is a
sodated with an increased risk of reducing the effectiveness of flight operations. In this
regard, it is relevant to develop methods for monitoring performance reserves wien mo
eling crew activities in complex grourzhsed experiments, an example of whickhes
pre- and posfflight experiments at the Yu.A.Gagarin Reseach&Test Cosmonaut Center
and longterm isolation experiments at the IMBP RAS (MABS0, SIRIUS series, et
al.).

An integral part of the programs of these experiments is the monitoring of the
cosmonauts' performance capabilities at certain stages of the flight, which are the most
difficult in terms of safety criteria. For this purpose, realistic models of operator activity
are used, implemented on semaitural stands and in the form of computardels. An
integral part of the programs of these experiments is the monitoring of the cosmonauts'
working capacity at certain stages of the flight, which are the most difficult in terms of
safety criteria. During the isolation experiments, various appesat assessing thenco
dition of a cosmonaut by speech were developed (expert assessments by megdical ps
chology specialists, objective assessments of acoustic characteristics of speech, content
analysis of speech communication in groups). These methedgpplicable to the conrd
tions of pre and posfflight experiments. In practice, there is a need for further ingrov
ment on a contactless basis of methods for detecting human disorders by speech, among
which are considered promising neural network tectgietoshowing a high percentage
of accurate recognition of controlled conditioif$ie report examines the possibility of
expanding the methodological equipment of-med postlight experiments with co-
tactless methods based on neural network technoltgieetecting the human condition
by speech, focusing on the acoustic analysis methods of speech information, used in is
lation experiments.

Keywords:cosmonaut activities, grourzhsed flight program modeling, perfo

mance monitoring, contactless tecloweés, acoustic analysis of speech information,
neural network models, speech detection.
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Abstract The article examines the principles of organizing "delicate" robestic a
sembly for the serial production of small spacecraft. A comprehensive approaeh is pr
sented, combining the moderniet of the spacecraft's structutalout schememple-
mentation of serial parallel assembly technoldbg adaptation of components fori-un
versal tool gripping, and the integration of machine vision systems based on ArUco
markers. It is shown that theplementation of these solutions resolves the contradiction
between high reliability and mass production, ensuring the required accuracy, flexibility,
and a foundation for the transition to matbased manufacturing of spacecratft.

Key words robotic asembly, small spacecraft, design for manufacturability; fi
turebased assembly, machine vision, ArUco markers.
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Recommendations are given on implementing the principles of robotic assembdly for a
vanced smalspacecrafts.

Keywords Small spacecraft, robotic assembly, serial production
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Abstract The article examines the relevarafehe use of modern airships in war
ous fields of activity, and also presents a mathematical model for desdnibimgo\e-
ment The main attention is paid to the compilation of a system of differential equations
that take into account the forces actingtio@ airship and the mechanism for calculating
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DEVELOPMENJF KNOWLEDGBASES
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Abstract This article focuses on creating knowledge bases for the performance a
sessment service for researchers and educators. Theifefd Graphic Visualization of
Activity method, its advantages and disadvantages, is described. The need to supplement
the method with an expert system mechanism that allows taking into account the divers
ty of parameters of teachers' activities is enspgeal. An example of the architecture of
an expert system for evaluating discipline is given.
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Abstract This article provides an overview of modern methodological approaches
to the semioticner esent ati on and analysis of ncurr.i
formation Securityo. Based on the an-alysi
cal activity visualization (UGVA), semantic graphs, semiotic networks and cognitive
knowledgediagnostic maps, the development of a semiotic method for assessinds the ba
ance and structure of educational programs is proposed. The relevance of the research is
determined by the need to integrate semiotic models into digital educational systems in
orde to increase the effectiveness of analysis and deemaiing.
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Abstract The study examines how different magnetometer rotation scenarios on an
unmanned aerial vehicle affect the accuracy of its calibration using ellipsoid fittmg. Se
eral datasets with varying degreesoaentation coverage were collected, for which-cal
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ONTOLOGICAUMODELFORTHE CLASSOF
STRUCTURALOADCALCULATIONASKS

Abstract The article presents an ontological model that formalizes the knowledge
required for calculating loads on a building structure according to the documents Code of
Practice (©P)20.13330.2016, @ 14.13330.2018, ando 385.13258.2018. The model
provides a structured representation of load types, their combinations, applicatien cond
tions, and regulatory formulas, and also links them to regional coefficients from related
standardsThe developed ontology is designed to support engineering calculations and
automated verification of requirement consistency. The paper describes the method used
to construct the model and demonstrates its capability to enhance the accura@r and m
chinereadability of regulatory data.

Keywords Ontological model, load calculation, Codes of Practice, load typology,
regional coefficients, requirement consistency checking.
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INVESTIGATIOOF MRIITMAGECOMPOSITIONMETHODEOR
MARKINGTHEMFORTHE DIAGNOSI®F MULTIPLESCLEROSIS

Abstract the article discusses the possibility of using methods of composing two
MRI images obtained using different imaging methods to reduce the time needed to mark
up the data.

Keywords multiple sclerosis, central vein symptepautomationgiagnostics, d-
ta markup.
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A SYSTEMOF INFERENCEBND COMMUNICATNBEHAVIOR
FORA COMPANIOROBOTBASEDON MOVEMENT
IN A SEMANTIGRAPH

Abstract: We researchhie problem ohatural textunderstanding by a companion
robot and constructing natural languaggrencefrom theincomingtext. To solve the
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problem,we suggest aapparatus of scenariofif¢therd productior), where each scan

rio connects the meanings of individual statementsadiogs semantic representations

of related situations to be constructed based on the incoming statementthdgjingn
mechanism, the-B companion robot builds a context graph to a given depth, evaluating
some situations in this graph as emotionalgngicanti a setof d-scenarioss used for

this purposeWe show that the relevant speech behavior of the robot is provided by
searching for a path in the semantic graph from the initial situation (the meaning of the
incoming utterance) to the nearestationally significant situation (dcenario).

Keywords: text comprehension, natural language inference, companion robots,
emotional computer agents, automatic dialogue maintenance
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sOo¢dy ¢0O0¢ Ilridium ddzd Wi renb-sakud,j duy tcj
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COMPARISONF STANDARIAND ACCELERATER-MEANS
ALGORITHMBORCLUSTERINGIABETIPATIENTSBASEDON
BIOMEDICAINDICATORS

Abstract This article presents eomparative analysis of the performance eof k
means clustering algorithms and its accelerated version, Elkamsaiks, on a dataset of
diabetes health indicators. A computational experiment compared the speed and accuracy
of clustering with three initialetion methods under identical starting conditions.
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tcOdzdzj J] ©" wWeodzjdedj dzdy, CBlstster j dzgOatsHW IS
LOHOYJ?2 o© ftosWddzOCIlsdS ] L OBtsdzj 8 Oded W .
[Hdzs2 dL dzOdetsdzjj dL o jMmlsder » d3sH j dzj 2
HOdzdzr = W 9 dzv j Knfgangd 10226 s tif dolg dg dztspylg jd2dzlzd2 GBlz L. s o3
d toj OdzdL s Odzdz" 2 o iz @fsdzo flas?2 Wistedzy d.

1 d Mdsslstew dz0 ftosmistslskz toj OdzdL Oydd- d N
Yd M OEZE s tk-theadss B &ZOH O jIs tcWHBdR EtcOded b ded 2 .
dzj &z & o' BBtk dOYOd dzts?2 dadzdydoOdzdL ®ydd
Hidedd cdzsBOdz! detsets dB3ddzed B2 BO yj dzj ats2 Wik
or ydmdzd s j dz¢ dzOwv Mmdztsy detsfyls? o Ottz@B BIs § | M §
yd mise j Odz' Isj tedzOIlsd o T ftej HdzsY §J &z B d3dL
means [5,6], dmMftd LEzshd2 dzjtcOo j difplso s
Yyd Mlso © or ydmdzj dzgd?2 tcOfmMmlsswdzgd?2 dzO € O H 2

Ajdzi 8 HOdzdets?2 tcOBBIsT WwWodzw jIlsmw dzndzB dzd |

LYW jClsdo desfls -mOazs s tcd Is-Bs & m& 0 dz0 k o5 Hzd y d dzf
dz" n, O OS¢ ByjdCO osddwddw MftsmMtse O dd
C zOflsj edL Oydqd, MmkOsdd dsmls! d MS sl

Ajd ¥ Lk@ea@syd dzv j Is ks o GOdugs(toys o, yJj dzlsts
X, ép0ddi3j todzsds fesmiscOdmiss j, ftod Sthsttd
sl COYHEB2 dL L OHOddz & Ists VAL SE ,HAB dzade@ 3 @0 J
hjets € dgj?2 yYjdestesdHO HBMisdcec OdzO d&d dzd di3kz d3

2

argminA X,...X)= B min  X-A; . (1)
MLk

b dze steldntedgste j P OjIs 1t sk L OHOYk HkZkjdk dls
Bdetsy § Miso O 9 j ¢ ssde&oz] fzpPpw fzmu § @d? d Hnjv= ¢ dzOH
1.k, GHJ ¢ O wmsuideQfigldsj bstsySd, Bdzdy O2h dJ
Y dzste . dHEOSC § HECHBLEANER-O Sz ddz0B 92 s @O dze sted Is
k-means dL o jMmisdzr 2 SOCyj] COC OdzetstodIlstig- [ dztss
olstcjdedw Mdzj HEzeEhdr Hekzms h OcBo:

[ Odks[ e sHdz" = C dzOMIsjtcder = yJj delstese ( y,j dz

ZOG 1. ufBLHOdM] ; dztstmpOm O S dAfy sz €D N1 52
Bdzd y O2" j sk dz@ iz te @ ( yJ destesdHiz) .

ZzOcl2ydmdzj dzdj deseor 7 € dzOMmiIsj tcdz" » yJ dzlst

l solsstejdzedj P Oese 1 d 2, C0O0 odzzlste(
ftoj CtcOlswIsmw .

l Oy dzts tslsd3d sdIs! , k-mgarsdzjots BGdacHEtaRiSs dfjj tc o S«
Mftesc desL qteso Ols! Ctsdzd Yjsilszaas y § @O M | td s d (
tejLbEdz SO LOsadMmdl ls d&OyYyoOdz dztscts o' BtSts
tcj OdzdL zjIs dzsC Odz dgr 2 ftsdmC d dzgj ¢ @teOdzls(d
BzddO yjdzj os?2 WEkdCydd. 1 tilstsdRdz SHAESS OIS
oJMmMisd ¢ MmMke tcfjdd ddRdz!, detogfiats e o sHJISs-C  dzj
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CtcOlsdzsets LOfEMCO OdzetstedlsdzO ) tOL@zd ydz'
HyYdetsfisd tojL kzdz' sOIO.

s d&zOMmMmd yj MS d 2meddhsdeCs el @GxH k2 dIsj tcOfggdd o
Mswdadw sIs COYHB2 Iyt d HOdzdz =] dadsls' o )
Bdzdy 02hd2 CdzOMmlsjte. 1td twOBBIs] M B h(d
C o' mMsC 2 orf ydmdzd O NdZ' dedts 2d Isfiy darODRdgtsthg I M ls o t
sBl | ShkbSisdzd yj Mis o t501%eddQ fighy jtotelttsam,ls + ) .

J tcOB tsls j [ 5] ftcj Hdztsy J dzO sflsdddL dt
k-means, sfdetse Odadzlzs 2O dMf tsdz! L so Otz d  dz
CteOh jdedw ydmdzO o ydmdzj ded?2 tOMmMMmistswdzd 2 .
BJGOIs! ddhdedms o" ydmdzj ded2 twOmMmlstswded2,
Bsyjls fjtej2lsd © Htokzets?2 CidzOMsgiedzls ] ™ BHj
k-means:

-1 dzv COYHEY KOWHE G 5 X jsdalsitg fefjH® O s W
CloOdf UBX. [Mmdd dLejMmisds, ykb®Hisj gre jsjj Ct
hjot yj doeicd Q0 day d3lz B 565/, H sl ofajtip-j f)yy
Missw defgtsqdets f testf ZMmisdls .

-1 BHHj Y do Of IsMY & j &Adz" V[ figdedd dag jydpls te ts d H
ded dzd ! dzj L dzQte it bs Qs fpts , dff dzlshs] g fipjj AzOL dzOu J
dzj IstejBlzjlsmw.

-ltcd ®tBdSodzj dzdd yJ destcsdHtse dzso '’ j 0O
BJ L Y towdgsldysizj dzdv ( 2) :

=~ A/_)gnev\r A/_)(jpld- - A/QId_)gnew_ (2)
Clts Lo dzV jIs tsBdatso dzvIs! dadydedj d o j ton

-t Mdzd wOmMMmlstswdzdjy dwBiYHE Hokdw yj dzlster
ssy¢d LOo jHBRS dgj dBsckzls fjtej2Iisd ®ds tsHC
dzd s j d&zC d@®Isfts! yYydmdzs ftotse jtetsC .

-Mtc Odzj dzd j Alshisfdy' dfdtss G tcOdedy Hdzw € Qig-H 52
stcsdHBe, Cttsdzj IsjCkhjats.

J AzHh jd&3 Mz yoj o' ydmdzdis j dz' dzOw- fdzts
means BMsOY Ismw IsOCB2 X J, kKmea&hsOaVkdy. dzQ@ fitsin d
dzO0 fdeCO€ IsOdze stedIsd3 H | dBsdeMistcJtelz-Ll 6 tc@®-Qd lfj
dzj j, BGiMtse j dedzt®d, f lBdg] B Jsdizdzts B d3d dzd L RO RS BEOL d3j
d O IsO¢y] or MsCts?2 C dzOMisj todats? tcOL H j dzd d3t

bz stedlsds sMtsB jdadets + WW jCIsde jdz dzO dls g
CSGHO dHjrdzlstfetisylsd dzj d3j dgv e Isfpw d csoddyr
dzw s hjj Btsdz hdJdzmlsets or ydmdzj dzd 2 .

ltetso jHjdgr or ydmdzdlsj dzv dz" j + €Sy jtesd d3j dal
tcO HOdzdz" 7 85 fSCOLOLjdZYR LHBs ! W toj MY E
shdeseo ] SftesMO A | dzstictOs WiffszO € Is dz6 jo 5 dz£O B f dzJ
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(CDC) [8]: Diabetes 5000 (5000 9 Chistetso H Odzdz" -
Diabetes 16 000 (16000 o jSCIlststeso HOdzdzg" » t©OL O34
] COYHBsd 1+ CMY jtod d3j dals § o GC0OyJ mMlsoe j
CoOHtOIs [ 98¢ dzdH o O tc @y lsds®@ Wi d?'. dz" Redztfyyid dBlsite
h jMmlse dzw dztsfy! Istcj A3 M smisB Odkd: Mdzz yO2 dats
(randon) ; oreitc dMatHd = o jClsttcso H Ofzdz =
Htspoin) ; HtojHO OtedIlsy dz detsy Mz yO2 detsy tOMHY te

5 S dzOfsyfedids F " dd5 kMt Hdzj ded j o5 € sts4cH d dz

G CdzOMIsj tcO® HA&zY Gftcj H ] dzpd@dge . 2@ OO0 R Al
fijtcedd3j dzls ftsolststew dzipw 30 t©WOL Hd&W CCOYHBGTE
Yyd dzlstesdH 59 . rdzv e d Mfjudddw ¢ zictzishis dzets
O dz¢ s to dkimdgissa] Elkants k-meansd Mtf sdz! L s9 Odzd M+ g HJ dzlsc
dz" | yJjdalstesdHr: 9 COYHGBHR LOfEME] BBO O
¥4 dz0OBBtO dzgOyOdz dz" » yYj dzstesdHtses. wWOEC 52
dzd s+ tBh jj otc] i3cHYdADE tkaz] dd MisPEE tso ™
1ts COYHBBREZ Odesstdlsdiz tcOMMmydls Ode
(Max), MmMtcjHdzgjj (Average), d&3d H d O dzdzts j
otoj Bjdzd o' Ysdzdzj dzed¥ OdetstedlsdBO, O OCY
(Std. Dev. )t W@ yddedastse 9 0tcdOydd (V)
WikdS ydd ( mads. Is ©B dz. 1 d 2) . t OL dzd wizf v
G tsto d Is &3@eadgubd Elkands k-meansdzj ftejorhoOjls 0, 1%,
ftojHj dZzOR BOh Jdedets? Istsydesfylsd d f tsdztisfiglgtcy H
ftcd cfHJlesq’uer" dZzO0OyoOdz! dz' ~ Emdzse dw .
CdzOMmils | DigketesHIdB'0 00 B dzs dzO2 H J dzs9f 5 Cted st
v OB dzdypPL Bdz' sOIsT or ydimdzdlsj dz' dgr 7 + S j ted d3g
Diabetes 16 000 (16000 o j ¢ Is htgldsos |, HAAMdPdz" Cadz CdrfdsL | di;
k-means El k aiméass k
random \ point \ average random \ point \ average
1 2Oyd dzdy yjdzjoets?2 WhkdS ydd
Min 663530,48 | 649902,28 | 649762,95| 663441,01| 649770,52| 649763,32
Max 74992417 | 717618,02| 702852,69| 729407,89| 688289,91 | 8661955,25
Average | 688653,47| 667633,87 | 664452,66| 686134,35| 671013,32| 1133032,06
Median | 688629,28 | 667336,03| 662483,88| 683374,29| 667695,75| 667695,82
Std.Dev. | 19819,39 11277,35 14233,92 16412,97 10005,20 | 1794764,50
\ 2,88 1,69 2,14 2,39 1,49 158,40
R 86393,69 67715,74 | 53089,74 | 65966,88 | 38519,39 | 8012191,93
ltojd3v orf ftsdzdgj dedV Odze tsted Is d3
Min 13,82 10,19 16,31 3,17 2,43 4,34
Max 41,77 51,67 83,01 9,58 7,92 12,25
Average 27,53 32,18 36,60 5,47 5,54 7,18
Median 25,43 30,09 32,91 5,10 6,01 7,15
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1 Od dzkz §hQiyjj Mlse s € &zOMIsjtecdL Oydd HtsMisd 6
ZOYyOdz! dzr = yYJjdestesdHBse MyfsMmMsB OB ¢cpoi nt €
crandome d&OBdzt HOE sMw dOdetdz! "dj Ctsdzj B O

otcj dzgj ded o' f sdzdzj-def@ ns vo ECaaedbaglEed@dW ¢
& 2 o'BEEM: &GOCMIdEOD dsj LdOyjddj 866
Ulsts EZSOLT90jls dzO0 oL By dzz® dzj Mis O(d dz' dat
L Oydd.

v OB dzdyPL Bdz 5Ot o' ydfddlsjd d' 5 1 SMYjtdd)
Diabetes 5000 ( 50 01O dede’S s Ste®io d3j ,tc dAs fdsdz® iy 12 1§

k-means El k aiméass k
random \ point \ average random \ point \ average
1 20y dedj yd dzjoets? W lzdeS ydd
Min 212455,16 | 479772,12| 212453,39| 212454,92| 479772,12| 212453,31
Max 237559,16 | 495391,33| 237813,45| 242864,05| 495391,33| 258038,61
Average | 222371,45| 490705,56| 219894,06| 222152,50| 491226,40| 22154151
Median | 219951,71| 495391,33| 219363,81| 219975,68| 495391,33| 221431,71
Std.Dev. | 6870,70 7279,98 5894,31 6843,07 7024,83 9032,97
\Y 3,09 1,48 2,68 3,08 1,43 4,08
R 25104,00 | 15619,21 | 25360,06 | 30409,13 | 15619,21 | 45585,30
ltoj BBY o' ftsdzdgj ded W Odzgtsted s d3
Min 4,56 0,30 3,56 0,73 0,08 0,98
Max 28,06 3,63 18,33 3,10 1,10 4,75
Average 10,66 1,64 9,17 1,57 0,55 2,20
Median 8,26 1,69 8,09 1,46 0,57 2,14

Rdzd yd Odzd L O ded o gspiafilsn t€e L dzOydd s j dz’ jdats

dzj ots?2 WEkdzSydd s McOodzj dzd® M rangem
EHOydesdz o' Btstej dzOy O dzimdzrath s\ jHqelsitstsizn.Is ok ltchz g
o jdegdets] EMCtstej dzdg : tc®L MmisTj R lddg M3d arte &g diug di

sy sMisOos dd@3sd3 € Oyd Mise J

1 0dd3j de' " jj ot BB o §sdzdzj dzdV Ek GsBtsd A
ydd point, dzj Mdislstew dz0 § dzsatsj § Oy« Miso t
Mlstets? MaHd®BsMIs! 8 ¢ dzsC Odz! dats sz dsd dzd 3z 3

I'ryuydmdzdlisy dz' dz" § §f &My g3te delipls el s o O @2,
yqdqw caveragee tBiMfjydoojls dOdseBdzj J
fts LdOyjdeds yjdzjots?2 WkdeCydd (dzedL €d?2
tcOL B3OR ) , sMtse j dzdets dzO Btsdz M d A H Odzdz" ~
cpoint & edfeyjmdsd ¢ OC € Byjdz rBtetsh g€,
Lizdz sOlsOd3 9 LOadmMddsmisd tls MistckzC Iskzter
sdzZO HOYIs & 2 t©OLO "lkzHhjj L dOyj dzd
MowLOdes M o MCdd3 tdmMs sd3 o2' Bos OO PdaEIPO)
Yyodz dzr »n yJj dzlstetso . RdzdydoOdzdL Oydw ¢ ©andon

(LO dm&dz¥ yj dedJ & ¢
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Bddz detsfls! , dets IStejBlkjl BSd " jcts otj dgj dad
fMtejHdedj L dzOyjded? . méeazastcd sz yHIsk dzn dzts Kk W
oted &3 dzd, dets ykosigko disgddzd@dzfL @ygd: Ftod
(ddeddyOdzdL Oydw caverageée HAW Diabetes.
tsfls yjdjos2 WkdSydd.

sO0Cdd3 sSBteOLBA, tjSidjdHEz] B2 MisttOIlsj
9" O J dzgdz" &5 HIdMB OO d Mdzsy ddHL OYE Bz
caveragee, MtyjlsoOshow BOdzOdzm d&GjyHE COY
ltotso jHY dedets] dMmMmdzj Hse Odzedj  SHIsoefj-tcH d dz
sddi3dL qteseo Odzdetsc s O asicx Isa3O L BH O OB 3 ¢ 2O M

hdr BIiHdyddzmMSdes HOLOMjIstse . dLHEBGMY jsdssz
i tcd CleOBsIsdzsdz o' BBB6 ] 2Oy oOdz! dzr - Zmdzts o
caveragee, fsCOL OO dz2Od dzeyh d2 B OZOdzin
o ydmdzdisj dz' dets?2 1 WW jSCIsdo desfls v .
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BJuoragas o)l [RFT] 1 RR/SHINY
(fOu )l r i@} (e Bz ) 1]
I Jr [ Brur 1 r JHOKY 4

b dedets Is: Ay difls Ols+ j HtojHMIsOodzj des Y dMOdzdj d
Zsets BEPeEdkOB sSlsOdzdzsets dzO WL Cj ftesceteOBRB] o
th,j?d3913tGQO Shiny. [tHEkd fftoj HdOL dOyj dz H dzv
d WsSkMmMdtkzjlsmy dzO0 BmMotsjddd BOLEBe™ 7 Yicddyd
HISS (1t). [ OMmdsslst dzOk Hifistelz, ¢ Istizecet0 Isfr jotd@fs: hnd R w
U métsy sfdmOddd It, Jets odLEzOddL Oyds, d&ils
l't, ®tBdzOtlzy jdzdj OdsdBOdzd?2 ots It d HJjSBEY] I
dzc{d3®dsz EHjdzj dzt &3 IstsH S J Gj2ABIdWJdECOydd, |
IssHd & O o€ affcudd] Isd dhgfddafls § Bz dzOud mdzj dzd ) - B Odzd
dzdzs s BEYOj B 7 d + WWjClsdeadetsmils! sy,
~ndzdyjmMSdj tjhjddvw fLotdzWEIls MSLHOPBLr 6dB
st § toed d3d dzd dzdiztsdsjsis ©uiA®Oazdtf Otcd q .
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INTERACTIVEIODULEBASEDON R/SHINYORLEARNING
METHOD®F PRIMARMVANALYSISOF TIMESERIES

Abstract The article presents a description of an interactive educational module
developed in the R programming language using the Shamyework. The module is
designed for novice analysts and students and focuses on mastering the basic principles
and methods of time series analysis (TSA). It examines the structure of the firssfive le
sons, covering the statistical description of TS yvisalization, methods for filling in
missing TS values, detecting anomalies in TS, and decomposing TS into components.
Particular attention is paid to the gamification methodology used in the learning process.
The methodology includes migiames and a sang system, which increases studeamt e
gagement and the overall effectiveness of the learning process. The technical solutions
presented allow for the creation of a flexible and intuitive environment for the practical
application of basic TS analysis medtis.
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l EmMdzscedwers yYydWttseos?2 | CtdsdkdSd tof e
Mse BWOBEISSd HOdd n, OdOdZzdL otj d3j d
Yd 9" n  d@pf jSyxfoO dzddpisse o B dzOMIsd Dat a
jJdegjedd. [HAOSCB IstcOHdydtdader jJ d3j IstsSHT
OmMmitsIstej dzdd MlsOIsdydz" = §ted d&3j tetso , Y of
o jdz fwOCIdyjmMitets sMoatsjded™w dBOKcOd O
Is ¢ j ddzls j e OC Isd o dz" n sBiOL 59 Olsj dz' dz" n d
fedz LsoOljdzvdy + M jteddid delsdtetseo Ols! ) HOd
ZOMsties2Cd HtoscteOBBdRisets B j M J yd ddw [ 1]
sf dMOded] Oterndlsj Slskzter delsgic®6isd o glzfig Os2 BEs f
dzefl s Odzdzese s dzZO BOLJ R/ Shiny, f toj HdzOL dzC
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Abstract Predictingthe crack resistancgfracture toughnesspf metalsis a key
taskof fracturemechanicsdirectly relatedto the safetyof structuresClassicalmethods
for determining,4 (critical stressintensity) and other strengthcharacteristicsequire
the productionof standardizedampleqfor example,CT (Rectangulacompactsample
with an edgecrackfor off-centertensiontests)/CCT(plate with a centralcrack)andde-
structive testing. These approachesare well-developed, but they are often time-
consuminggxpensiveandnot suitablefor rapid assessmertf propertiedirectly on the
product.This reviewanalyzesnodernworks on theapplicationof Al in the mechanicsf
destructionjncluding physicallyinformed neuralnetworks(PINN), classicalneuralnet-
work models(ANN, CNN), hybrid dataprocessingnethod(GMDH) andhybrid architec-
tures.Specialattentionis paidto caseswvheref ladindenterd e e p e cuivesayeused
asinitial data,aswell ascombiningexperimentabndnumericalmodelingdata.The ad-
vantageof Al approaches comparisorwith classicalmethods(J-integral, Paris'slaw,
etc) in termsof accuracyyversatility, interpretability and limitations are discussednd
the conceptof a newhybrid methodfor determiningcrackresistance is proposed

Key words:artificial intelligence, modelsand methodsof dataanalysis,neural
networks predictionof crackresistancgfracturetoughnesspf metals.
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as a result of graphical concentration of data by means of Data Mining (cognitive-visual
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